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ABSTRACT

This thesis constitutes an investigation of the synthesis, reactivity and photochromic applications of the
1,2-oxathiine 2,2dioxide heterocyclic ring system.

An extensive series of substituted 4gRathiine 2,2-dioxides was obtained using a tvetep synthetic
route comprising of a sulfene addition the enaminone substratel to afford the 4dimethylamine3,4-
dihydro-1,2-oxathiine 2,2dioxide intermediatesll (Scheme A1)A mild and highly efficient Cope
elimination reaction was employed to introduce the-C3 oxathiine ring double bond leading to the
unsaturated 1,2oxathiine 2,2dioxideslll with full chemao and regio selectivity.

The preparation of the enaminone precursors was accomplished in geneigiiyytelds through the
reaction of r-methylenecontaining ketonedV with DMFDMA The crystal structures of two unique,
stable, organic saltd/ab) resulting from the action of DMFDMA on benzoylacetonitrile were obtained.
The subsequent addition of sulferderivatives, derived from the action of;Eton methanesudnyl
chlorides, proceeded in fair to very good yields and the main structural features of thkhydro-1,2-
oxathiine 2,2dioxidesll were mapped out using extensive NMR experiments amndyXrystallography.

The mechanism, regioselectivity and stereoselectivity of the sulfene additions were also explored, with
the enaminone motif found to direct the addition of the sulfene fragment through a concerted process
that afforded a thermodynamic andlanetic product which constitute a pair ahti/ syndiastereomers.

The foregoing two step transformation to afford the -yfathiine 2,2dioxideslII was further developed
Jvs} JVA v] ¥&¥Slvu §Z} X

The efficient synthesis ofr-methylene ketoneswith either phenyl or 2,&limethylthienyl groups
appended on their structure allowed accesgshe 1,2-oxathiine 2,2dioxide analogue¥Iwhich exhibited
photochemically reversible photochromism as a consequence ofthimphene rings adopng an
antipardlel conformation whichwas established by-pay crystallographyScheme A2)The ringclosed
photo-isomersVll, established by NMR spectroscopy, afforded yeldited coloured species withax

at circa410- 510 nm. UWis spectroscopic studies revealed that, at a photostationary state, the 3,4
dihydro-1,2-oxathiine 2,2dioxides exhibited less intensely coloured, hypsochromically shifted absorption
maxima than their unsaturated derivatives.

The reactiity of the 1,2oxathiine 2,2dioxide system was probed by their use as substrates in various
transformations (Scheme A3) Ring bromination(structures VIIl) revealed a clear bias towards
bromination at the 3position of the heterocycle, whereas thepsition reacted much more slowly and
the 4-position was completely inactive towards ,Br Lithiumbromine exchange of the foregoing
brominated products led to their degradation, thus-Patalysed methods were explored as means of
functionalisation.

The Suzukirosscoupling reaction of the brominated k@ athiinesVIllwith a selection of boronic acids
afforded the target coupled productX in moderate yields with the concomitant formation of homo
coupled,bis-1,2-oxathiine 2,2,2' 2tetraoxide, sideproducts X. Homoecoupling of was found to be the
exclusive result of a Miyaura borylation protocol. The requirement for brominateebXathiine 2,2
dioxidesVlllwas avoided by the use of an efficienHCctivated crossoupling protocol which afforded

a smallibrary of diversely substituted 1,@xathiine 2,2dioxidesIX.

Cycloaddition reactions of-&tyryl substituted 1,xathiine 2,2dioxides with PTAD afforded novel
tricyclic adducts1H[1,2]oxathiino[5,6c][1,2,4]triazolo[1,2a]pyridazinel,3(2H)-dione 8,8dioxides XI,

that rearranged upon contact with silica to afford more stable regioison(®¢Hs Benzyne addition to
mono-, di- and tri substitutedl,2-oxathiine 2,2dioxidesafforded low yields of substituted naphthalenes
Xlllas a consequemrcof cycloaddition across the fixed diene unit of the-@@thiine 2,2dioxide ring with
concomitant retreDiels Alder elimination of S@ading to the aromatised product.
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CHAPTER INTRODUCTION

1.1 Enaminones and Sulfenes
1.1.1 Preface

The followingntroductoryliterature reviewconcernghe synthesis and reactivity tfe 1,2-oxathiine 2,2
dioxide ring systems. SuéfmemberedO,Scontaining heterocycles have bedascribedn the scientific
literature and result from abroad range of transformations on a variety ofubstrates Within the
framework of this PhD project, the addition of sulfenes to enaminoketone derivativeselextedas the
ring synthesisoute of choiceto 3,4-dihydro-1,2-oxathiine2,2-dioxideanaloguesiue to its efficiency and
simplicity, hence,it was deemed necessary that the main features and chemical behaviour of both
enaminoketones and sulfenes be discussed, before any agfiebieir 3,4-dihydro-1,2-oxathiine 2,2-
dioxide addition products is touched upon. Thersatility of both sulfenes and enaminoketonds
paramount to the creation of a sizeable library3p8-dihydro- and 1,2-oxathiine 2,2dioxides (Gsultone
analogues, thusheir use in heterocyclic synthesisust be mapped out to a satisfactory extent in order
to support the rationale behind the selected synthetic rolieveral complementary aspects of this route,
e.g. rate of the reactionssideproduct formationand reproducibility, can also be traced baokthe
reactivity of these interesting starting materials.

1.1.2 Enaminones
1.1.2.1General information

Enaminones (or enaminoketonaw vinylogous amidgsare molecules that contain, as their name
suggests, a carbonyl grotiat neighbousan enamine roiety, thus having the general molecular formula
RICOCR-CRNRPR (R= alkyl, aryl or heteroaryR>= alkyl, aryl, heteroandr H. Their unique structure
results innucleophilic as well as electrophilic sitegth the oxygen, € and nitrogen atoms ¢mable of
nucleophilic attack and the carbonyl carbon an® @osing asan electrondeficient charactet. This
versatile reactivity is brought abowtia resonance formghat allow forthe delocalisation of electron
density between the terminal O anddfoms Schemel.1)%.

(O R3 Oj R3
~ . RS —~ | 7® Rp5
R1J1K2%3\|}1 — RrISYESNR
R? R R2 R

Schemel.1: Delocalisation of electron density in an enaminone

The alternation of double and single bonds in #&aminonestructure dictatestheir conformation in
space as the conjugatedsystem of the carbon, nitrogen and oxygen atoms requires for a planar
arrangemento reach its ground energy statk shouldalsobe added thatdepending orthe substitution
pattern of the enaminone either theE or the Z conformationmay be adoptedas evidencedy the
crystalstructuresin figure 1.1;**%the cyano derivative..1 is observed as th&ans isomer (Fig. 11a),

aWork contained within thizhapter has contributed to the following publicatigAppendix 2, p. 277)largets in
Heterocyclic System02Q 24, pending; DOIhttp://dx.medra.org/10.17374/targets.2021.24.33
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whereasthe di-tert-butyl and estercontaining analogue.2and1.3 (Fig. 11b and Fig. 1.1c respectivgly
adopt thecisconformation thus allowing for optimal space between all substitugnteach case.

Figure 11: Different enaminone derivatives with their respectiugstalstructures(dotted bondsin structure (c) regard the
simulated conformation of the analogué}ermissions applied for)

The differentreactive sitesfound on enaminone systera (1.4) render them quite versatilein organic
synthesis, with a significant amount of their activity having baemstigatedin research papers and
reviews® In the scope of th current researe project, only thel-substituted andl,2-di-substituted
enamindketone analoguewith a dimethylamino terminugl.5) are of interest, sincesuch substrates are
used as precursoris this thesis hence, the followingliscussiorwill focus specifically on #se systems
(Schemel.2).

O R3
Broa_d . Encountered Building blocks
ourzzr:ri]c -~ R = N/R th — ﬂ\/\ <~ | ——> for various
! ' roughou heterocycles
chemistry R? R® this project Y
1.4

Schemel.2: Targeting the scopef reported literature towards monoand disubstituted enaminones
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1.1.2.2Synthesis of moneand di substituted enaminones

When regarding the structure of enaminoketones with substituents aither the 1- and /or the 2-
positions, it becomes apparent that the dimethylaminomethylene moiety is common amongst them, thus
they can beconvenientlyobtained from a group odnalogougprecusor molecules. ldeed Dmethylene
containing ketones can be convertaaltheir respective enaminonesmply and efficiently busingN,N-
dimethylformamide dimethyl acetal (DMFDMAL.6, Scheme 1.3) as a source of the
dimethylaminomethylene fragmenObtained by treatment oflimethylformamide DMF with dimethy!
sulfate and sodium methoxid&¢hemel.3)’, DMFDMA is a versatile reagehat can afford a variety of
addition products, depending on thgrecursors and conditions useth this case, lte acidity of the
protons adjacent to the carbonyl unit of the starting mateigbutilised to bring about an attack on the
electrophilic centralC atom of DMFDMA, with concomitant loss keOH and the resliing methoxy
iminium intermediate undergoes further elimination of MeOtdwards the final, olefinic producfl.5,
Schemel.4)8.

Schemel.4: Mechanism of dimethylaminomethylene addition to &methylene containing ketone

A wide range of acycli@.7 - 1.10) andcyclic(1.11- 1.12) ketones have been convertdd their derived
enaminoketons1.13- 1.18in the same mannét®!! (Schemel.5), with DMFDMA being used either neat

or in an appropriatenigh boiling poinssolvent commonlyPhMe, DMFor xyleng. The reaction is always
carried out at an elevated temperature which indicates an energy barrier, potentially during the formation
of the addition intermediate as this is entropically unfavourable. In most casesptiiproducts can be
efficiently puified via recrystallization osimply by washing with an appropriate solvelmterestingly,
although various substituents on the starting ketoren be tolerated and remain unaltered during the
transformation, phenat groups {GH.OH) have been reportedo be O-alkylated and yield the
corresponding anisyl moieties H,OMe)>*3 (Schemel..6).
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Z N/
— — | X =F, Cl, Br
X X
D. W. Boykin, A. K t al,
1.7 1.13 Eur. J. Med. 0Cyhe”:n., 19;9??3;?925-972
- R'™6 = H, OCH3, OCH,0,
OCH2CH20, Br
1.8 114 M. N. Semenova V. V. Semenov et al.,
) ACS Comb. Sci., 2018, 20, 700-721
o o 0] 0]
R1M\)J\R2 > R1 | R2 R1 = CH3, Et, CH2002Et
N R? = CHj, OCHj3, OEt, Ph
1.9 |
O. Bruno, S. Schenone et al.,
DMFDMA 1.15 Farmaco, 1999, 54, 95-100
| Ar = Ph, 4-MeOCgHy,,
DMF 3-MeOCgH,
1.10
A. N. Komogortsev, M. M. Krayushkin et al.,
J. Heterocyclic Chem. 2019, 56, 3081-3087
0] 0]
~
] . = T X =8, 0, CH,
PhMe
X X
F. A. Abu-Shanab, S. M. Sherif et al.,
1.11 1147 J. Heteroc;clic %nhim., 2009, 466;: :016—827
N—
\ - v \
N=NH Xylene N—NH
Ph Ph
1.12 1.18 T. M. Abu Elmaati, S. B. Said et al.,

J. Heterocycl. Chem., 2003, 40, 481-486

Schemel.5: Various methylene containing ketone systems as precursors to their enaminone counterparts
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A similar conversion was not observed, albeit anticipated, in the case of thecentaining compound

1.10, which retained the enol group upon its enaminone derivatisatforhe hydrazine fragment of the
starting ketonel.12 also remained intact, even op reflux in a high boiling solvefit RegardingNH:
groups in general, it has been reported that they react with DMFDMA towards the formation of amidine
products (.19 Schemd..7); for that reason;NH moieties have the potential to allow for sideactions

and thus need to be protected during DMFDMA treatment. Protection of an amino group has been
exemplified by reacting a halide precurs@r0) with phthalimide and treating the phthaloyl derivative
1.21with DMFDMA to afford the enaminore22, which can be subsequently furnished into a variety of
heterocyclic system$.23 A]18Z % E « EA 3]}v }( 8Z "~u I _ u]v} PE}u% X Vv
then be utilised to cleave the phthaloyl moiety and afféhe aminesubstituted productsi.24, Scheme
1.8).161718 |t should be noted that no examples have been found where the amino group is deprotected
prior to conversion of the enaminone backbone into a heterocycle product.

) )

DMF, 5-8h,
84 - 98%

R'3=H, CH;, OCH3, OH R'3=H, CH;, OCH;
OH groups are converted
to OCH3; groups

Schemel.6: Enaminone formatin with concomitant methylation of reactive OH groups

JOCRCANGIGH
R-N
R—NH, DMFDMA N4 (lj (lj

MeOH or THF N
65-70 "C, N, 119

3h, 65 - 99 ' m {i/?/‘a O,

Schemel.7: Use of DMFDMA towards amidine species
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HN o o
o o DMFDMA 0
0
X N —_ = N _—
Ar)J\/ Cs,CO3, DMF  Ar Ar)j/
O o)

N
1.20 1.21 |
Masked amino group 1.22
unable to interact with DMFDMA
as a tertiary amide (see also Scheme 1.9)
Heterocyclic
core
Ar/\" excess !
N H2NNH2 Ar/\’/ Ar: H, 2,4-C|ZC6H3,
— > O O ——~= NH 4-CICgHy4, 2-MeOCgH,
2
1.24
1.23

Schemel.8W ~D e«lJvP_ }( u]v} PE}u% e HE]VP cingerflon i hefanooyslic products

Z v ul]viv [ (}E&u S]}v v o0°} } u %o ] 2B) as p3guwdd Dmethylene ketones.
Despite the welknown stability of this class of compounds due to resonance, treatment with DMFDMA
at elevated temperatures utilises the two protons of tNetom in the same manner as thBprotons of

the corresponding ketone. Theseaenaminoneg1.26), thus obtained quantitatively, are quite useful
intermediates towards heterocycles with increased heteroatom ad.

0 0
P DMFDMA _ Il ~ _ Ar=Ph, PhACH,CHy, 2,4-(Cl),CeHs,
Ar™ NHy go°c,1h, A N 'I‘ 4-BrCgHy, 2-NO,CqH,
quantitative
1.25 1.26

yield
Schemel.9: Azaenaminones from amide starting materials

Regardingnono-substituted enaminoketonefl .5 R = H) the absence of a substituent on thep@sition

of the ketone allows for further activation of this site through organocataffsisAs it can be seen in the
example of the anisyl derivatiie27(Schemel.10), )-prolineis ableto ameliorate the reactiomate and
afford the desired enaminone systeim 82% yield, as compared with the significantly lower yield (20%)
reported when no catalyst is usedlthough the scope of use for this catalyst is limited Bonethyl
ketones, as any substituent on thep®sitioninducessteric crowding and prevent coatt with proline.
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No cat.

o 20% o 5
/@)‘\ DMFDMA /©)‘\/\N/ (L)-proline: m
neat, 100 "C, I N OH
"o 3h "o :
(L,S)-proling 1.27
82% |

Schemel.10: Catalysis of dimethylaminomethylene addition by proline

Ketones withDmethylene groups orachside of the carbonyinit (1.28) have been found to react twice,
usingan exces®f DMFDMA taafford bisenaminone system$.29with extended conjugation between
the two double bonds and the carbon{Bchemel.11a).2>2® Additionally, it has been reported that the
diphenyl analogue can be further transformed into the amid80 at higher temperatures (15200 °C
instead 0f110°C)?* Structurally similar products can be furnished frdinEunsaturated ketone¢l1.31-
1.32), in which case DMFDMA interacts with the terminal methyl groughe usual fashionvhile the
double or triple bond remains intact throughout the transformati@chemel.11b).252¢

© ©
O) (e}
R % R R X R
Nop” 4 P \'?‘l/A D {a
N~ N N N
| | | |
|
O N
O

0 0
rR._J_R DMFDMA, R\)‘\[R DMFDMA Rj)‘)\[R R = Ph OO
a | | M. 1s0-200°C
1.28 N/ \N N/ O
| | |
1.29 1.30
R = H, Ph, CO,Et

0O DMFDMA 0] Ar: Ph, 4-MeCSH4, 4-MeOCGH4, 4-FC6H4,

Ar/\)J\ PhMe, 110 °C ArWN/ 4-ClCgHj, 4-BrCgH,, 4-CF3CgHy, 3-MeCgHy,

3-MeOCgHy, 2-FCgHy, 2-thienyl, 2-furyl,
| N-methylpyrrol-2-yl

1.31 1.33
b
0 DMFDMA o
o = e
PhMe, 110 °C
s =
Ph Ph
1.32 1.34

Schemel.11: a) Double addition othe dimethylaminomethylidene fragment towards-e@inaminonesb) D EUnsaturated
ketones as starting materials in DMFDMA additions

Parallel to Dmethylene containing ketonesinsaturated compoundbave been observed to behave in
the same fashion as their gaated counterpartgSchemel.12). The enoll.35 being used as a sodium
salt, can be processed with DMFDMA under a set of conditions that differ from the routes seen so far to
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afford its enaminone analogu@.36).2” The azaenone 1.37 canbe converted likewise, owing to the
presence of the neighbouring, electr@imnating N atom2® This specific compound also presents an

interesting example of differeritl- containing groups that stay intact during DMFMA treatment, allowing
for selectivity onhe enone site.

EtO,C CO,Et
Et0,C CO,Et 1. DMFDMA, 2 2

_ EtOH Vi
2. AcOH o)
ONa N—
/
1.35 136
o) o N7

HN HN™ N
Py | DMFDMA _ PPN Ar = Ph, 4-MeCgHy, 4-CICgH,4, 4-MeOCgH,

-N 100 ‘C N
07 N7 ONTR 07 N7 N
| H \( | \(
1.37 1.38

Schemel.12: Reaction with DMFDMA on ketones with similar group®toethylenes

Although DMFDMA is the reagent used predominantly in the preparation of these enaminone systems,
compounds of a similar structure can also effect the sarmansformation?® Specifically,
bis(dimethylamino)methoxymethanel 40, colloquially known as E & I[+ @) alPng W@ithits
tert-butoxy analoguel.4l1, both readily obtainable by alkoxylation of bis(dimethylamino)acetonitrile

(1.39 Schemel.13a), have §Z ]Jols¢C 8§} ~}lvs§ _ SZ ]E Ju SZCo u]v}iu 8Z]v u}
conditions with DNMFDMA(Schemel.13b).

1.39
3
I N7
L
PhMe, 70 ' C |
quantitative
R R

Schemel.13a: Alternative methods of enaminone preparation

19



K

\)\/

60°C O)\A

93 %
0 H
N THF
—> /
N ) MN
n overmght
n=1,2 "
1.42 1.43 1.44
i i
H HCO,Et : J\H R2NH ”J\K\NRZ NR, = NMe,, NEt,, pyrrolidinyl,
\ ) NaOMe , piperidinyl, morpholinyl, N(Me)Ph
1.45 1.46 1.47

Schemel.13b: Alternative methods of enaminone preparation

Jianget al.,?® have also presented an alternative route towards enaminones with functionalised amino
moieties without the use of an acetabntaining reagent. In their worlg terminal alkyne .42 was
treated with secondary, cyclic aminés43in a quite different set of conditions (THF, r.t.) to yield the
enaminone adductsl(44, Schemel.13c). In another variation (Scheniel3d), the hydroxymethylene
derivative of a cyatiketonel .45 obtainedviatreatment of the Dmethylene containing ketone precursor
1.46with ethyl formate and sodium methoxide, can be condensed with an@ne to furnish the target
enaminonel.47.3%32

1.1.2.3Enaminone reactiongeading toheterocyclic systems

The reactivity of the 1;8ubstituted enaminone systems can be thoroughly mapped out, due to the
extended spectrum of transformatiorthat have been reportedvarious research workiescribe the use

of the two activeelectron deficientsites on theenaminoketone systemi.e.the Catoms at the 1and 3
positions, when these compounds are reacted with nucleoptgiigents. Conversely, the O atom possess
nucleophilic propertiesas discussed earlieBdction1.1.2.1), and isable to attack electrophit sitesof
ambient reagentsThe ability of the terminal dimethylamino group to be protonated and cleaiadn

ElcB mechanism is also utilised to complete conversibat leadto eliminated, heterocyclic and, in most
casesheteroaromatic systemsA multitude of pyrroles, oxazoles, pyrazoles, furans and pyrimidines have
been prepared, based on the aforementioned reactivity, using a range of different nucleophilic reagents,
as shown in schem#.14.163314103435 The reactions are commonly carried out in polar, protic solvents
and at elevated temperatures to afford the desired heterocycles. In the case of the fused furan systems
1.51, the formation of the heterocycle is affected intramolecularig the enol hydroxyl group, similarly

to the pyrrolesl.53 where the initial enaminone is first converted to Brsubstituted derivativel.52

which possesses a reactive methylene group utilised to bring forth thectosing reaction.
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1 NTSN §
Ar2 = 3,3',4-(MeO)3C6H2, napthyl | _ Nl/ Ar'] = 4-C|-3-M6006H4
Ar© = 3,3',4-(MeO);3CgHy, napthyl  Ar! Ar1/‘\/g Ar2 = 4-Py
Ar2 Ar2
1.55 1.48
§ (i)
HN/\/ | AN (V")
N
N)\lN % NO, (i)
X ; (6]
Ar1J\) w
Ar? Ar1JS/\N/
1.54 A | 1.49

(iii)
Ar' = X,Y-CgH3, X,Y = H, F, CI, Me,

(v.1) 6
Et, OMe, CF3, Het o) R'6 = H, OCHj3,
Ar? = Imidazol-1-yl OH \ i) OCH,0,
I OCH,CH,0, Br
' 1 -N
0 R \

(0]
R 0 N

EtO,C
R Q ?
Tp 2wy 0«
Ar' A% N Co,et »
Ar? 2 7 R®
O R5
1.53 1.52 S Ar’
1.50

Ar' = 4-MeOCgH,, 4-MeCgH,4 1.51

Ar? = Me, 4-MeOCgHj, 3,4-(MeO),CqH3 Ar' = CgHs, 3-MeOCgHy4, 4-MeOCgH,

R = Me, Bn

Reagents & Conditions: (i) H,NNH,*H,0O, EtOH, r.t. o/n, (ii) H,NNH,*2HCI, MeOH, reflux, 1h, (iii) NH,OH+HCI,
MeOH, reflux, 2h, (iv) AcOH, reflux, 8h, (v) 1. RNHCH,CO,Et, EtOH, reflux, 2. AcOH, reflux, (vi)
(Ho,N)HN=CNHCH,CH,NH-(5-NO,)-2-Py, Cs,CO3, THF or DMF, 80 ‘C, 8h, (vii) NH,"HCO,", HCONH,, AcOH,
reflux

Schemel.14: Range of transformation of enaminoketones into heterocyclic systems

Moreover, pyrazole formation reactions present an additional point of inteast]ifferentregicdisomers
can be obtained depending on the substitution level of the reacting hydrazine, as well as the solvents and
conditions usedSchemel.15). By examininghe relevant literaturé®, it can be suggested that aqueous
conditions favour the formation ahe 3,4substituted isomerseg.g.compoundsl.56), whereas thet,5
subtituted analoguege.g. products1.57) are the favoured productsnderanhydrousconditions.Huang

et al,*® have provided additional insight on the regioselectivity of this conversion by hightigihii the
complexing molecule of the hydrazine reagent also affects which isomer will be foNrmdstituted
hydrazinesulfate affords predominantly the 3;8ubstitutedisomers1.58 as a mixture with their 4,5
substituted counterpartsl.59, whilst changing the complexing agent to hydrochloride, along with the
absence oN-substituents, allows for the selective formation of the fornugon R-substitution of the NH
moiety. Absence of a complexing compound on the hydrazine seems to reshk# irytlisation towards

a 4,5substituted pyrazole systend ©0).

21



Y Pow
1/‘\/8 N,N \N/N\
Ar | / +
Ar? HoNNHoH,O RHNNH,*H,SO4 Al A <
1.56 EtOH, r.t., o/n EtOH/H,0 Ar Ar
reflux
Ar! = 4-Cl-3-MeOC<H o} 1.58 1.59
r2 oo Major Minor
Ar = 4-Py A = N/
2 |
Ar RX, NaH,
DMF, r.t.
H,NNH,+2HCI H
MeOH, reflux H,NNH+HCI N’N
1h EtOH/H,0 |y
reflux Ar' )
Selective Ar
EtCO,CH,NHNH,
1.57 EtOH, 50 °C
R'® = H, OCHj;, OCH,0,

OCHchzo, Br

EtO,C\ N O
2 N—N Ar': ©/\j/ Q
\ .
AI’1/§X F

A2 Ar? = Py
K

1.60

Schemel.15: Effect of solvents, conditions and stabilising agents on the regioselectivity of theops formation

An interesting casefandole formationviathe use of a neighbourinyl atomis presented in the work by
Shahriseet al.,>” wherein the starting enaminon&.62 is prepared by acylation of an aromatic enamine
1.61 Subsequent treatment with elemental iron in acetic acid to reduce the rN@ety of the phenyl
ring eventually yields the ringlosed productl.63with the acyl groups intac(Schemel.16).

DABCO
1,4-Diox.
90°C
20h

Ar Cl

Fe/AcOH
—_——
100 °C
24h

1.63
Ar = Ph, 4-CH3C6H4

Schemel.16: Reaction of an enaminone with an adjacentNkbup towards a substituted indole system
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As @n be expected, theange of heterocyclic products can be expanded into more comptag@bered

ring systemsvia utilisation ofthe ambient substituents on thenaminoketoneln the case othe ring

open precursorsl.64 (Schemel.17), this cyclisation occurs intramoleculatiypder acidic conditions,
wherein the O atom of the enaminone moiety acts as a nucleophile towards the formation of the lactone
ring. Subsequent cleavage of the amidic bond and hydrolysis of the Mblety affordthe isocoumarin
systens 1.65.12

MeOH Enaminone
HCI (cat.) Hydrolysis

r.t.
10-15min

R’ = H,CHj;, OCH,4

1.65

Schemel.17: Fusedactoneformation by aciecatalysed activation of the enaminor@atom

The addition of amidederivativeshas been aother point of recent researchsince it provide access to
novel heterocyclic scaffolds-Qyanoacetamide was found to react with -Hi2substituted enaminones
using sodium hydride, although there seems to be a conflict in the reported data from different research
groups. Wanget al.,*® claim to have isolated the unsaturatgnyridine-2(3H)-one isomer1.67, whereas
Meureret al.,**as well as Z. Wu and cowork&rsuggest that thedHtautomers1.69and1.71areformed
instead

An additional facet of enaminone annulations has been presented by Schehahim consecutive pieces

of research**? in which enaminones a@mbined with either sulfenes or ketenes to afford-8jfiydro-
1,2-oxathiine 2,2dioxides or 3,4ihydro-pyran2-ones, respectivelySchemel.19 and Schemel.20). In
contrast to the reactions reported thus far, these particular conversions were thoroeghlgred by the
research group, with respect to the substitution pattern of the starting enaminone. Absence of a
substituent on the Zoosition of the enaminone$.72was proven to be detrimental for this addition, due

to unfavourable enaminone conformationvith the exception of the -phenyl analogued.74 t 1.75
whereas phenyl and alkyl groups on positiorsfid 2 provide suitable steric and electronic properties

to the substrate, so that it can react with the sulfene and yield the heterocycle prod&%st 1.92 The
N-substituents on the amino terminus were also explored; aliphatic groups were found to activate the
substratevia positiveinductive effecf whereas weakly activating, aromatic groups hinder the conversion,
potentially due to steric hindmce overcoming electron donation, as seen for the attempted analogues
1.93
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{Pyridin-2(3H)-one formation]

O/
O ta O
CN
% H,N = CN
NaH, MeOH =
O O  DMF 66 % O

1.66 1.67
\N/ (o)
AI'1 = H N)J\/CN Ar1 AN CN
S H Ar'-2 = Ph, 4-CICgHy, 4,2-Cl,CgH3
2 NaH, MeOH AN
Ar (e} DMF r H
1.68 1.69

[Pyridin-2(1 H)-one formation ]

NaH, DMF

O o 71 %

1.70 1.71

Ay S
o
= HzN)J\/ A CN

Schemel.18: Ringclosing of enaminones with-@anoacetamide into pyridine-2(3H)-one or a pyridine2(1H)-one system

(0] O\\S//O
R1Jv\N/ O/
| R'] X N/
1.172 |
Q.0 1.182 - 1.184
/S\CI R' = Me, Et, Bn
Et;N
1.185: R" = R? = Me, Alk = Me (49 %)
o [ =soz] 4 1.186: R' = Ph, R2 = H, Alk = Me (45 %)
RJH/\NJW 0 1.187: R' = R2 = Me, Alk = Et (54 %)
R Al RN -AK 1.188: R" = Ph, R2 = H, Alk = Et (54 %)
1173 - 1.180 R2 Ak 1-189:R'=Ph, R? = Me, Ak = Me (43 %)
. . 1.190: R' = Ph, RZ = Me, Alk = Et (41 %)
1185-1192 4 491. R = Me, R2 = Ph, Alk = Et (64 %)
1.192: R' = Ph, RZ = Ph, Alk = Et (80 %)
L e 5%
R1ﬂ\/\,\|‘/ O/
R2 R3 L Alk
RITN N
1.81 RZ Al
1.193
R"23 = Me, Ph

Schemel.19: Transformations of enaminoketones into sultone systems
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The addition of ketene presead a point offurther interest, as here the alki{-substituents opposeéthe
heterocycle formatior(attempted derivatived.97), whileenaminones witlphenyl groupg1.95) proved
to be beneficial for the reaction rate, with the exception of the morpholinyl analogu@8 which
unexpectedly afforded the target compounti€©9(Schemel.20).4

© 0
0 cl cl
1V Cl o) Cl R' = Me, Et, Ph, Bn
R g NX, ——  cI RPN R? = H, Me, Ph
R R , NXz X = Me, Et
1.94 EtzN R
1.97
cl
o) o) cl
kﬁ X cl 0 cl R' = Me, Et, Ph, Bn
R’ 2/ N CeHe, e N R? = H, Me, Ph
R2 Ph £° | X = Me, Ph
0-5°C R2 bh e,
1-95 1.98
o)
17N N/\ 2 = Me, Ph
R2 = Me, Ph
R2 K/O /\
1.96
1.99

Schemel.20: Ketene additions to enaminoketone substrates

In one instanceSchenoneet al,, havealso managed to serendipitously isoldtee intermediate of one
suchketene additionto enaminonel.100* IRand NMRspectrogopicdata led them to the conclusion
that this zwitterion, 1.101, has the structure shown belows¢hemel.21). This finding was confirmed
when the aforementioned compound afforded the lactone prodict02 upon reflux in hexane. This
result may indicate that these conversions proceed through a-stise mechanism, although no such
intermediatewasobtained in the case of sulfene additions. In later chapters regarding the syistloés
3,4-dihydro-1,2-oxathiine 2,2dioxide analogueghe sulfene addition work by Schenondl be revisited
in order to elaborate on the precepts of the formatiohthese compounds

Q 0 c
Ph)J\KN,Ph Cl,CHCOCI \@ cl | n-CeHiz 0 cl
ph EtsN, CeHg /Em reflux 5, N I}I,Ph
1.100 05 ¢ Ph
1.101 1.102

Obtained from

the reaction mixture

Schemel.21: Dipolar intermediate during a ketene addition
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1.1.3 Sulfenes
1.1.3.1Generalproperties

The class of molecules describesisulfenesconsists of the 2 2lioxides of thiocarbonyl compoundise.
thioketones (thiones).103and thioaldehydes (thials).104 following the general molecular formula
RIRC=S@(1.106. They belong to a wider group of sulfur derivatives of carbonylpoundsalong with
sulfines(1.105), thiones 1.103 and thials 1.104) (Schemel.22)*>4¢, With regards to their name, the term
Nepo( Ve A e (JE*S pe C t I]v “yas4a r&fevdndestol ihéialready known ketenes
(RRC=C=01.107), with respect to their structural similarity.

: S//O

R1J|\R2

1.105
Sulfines

R' R2= R, Ar, Het, H

: S

R1”\R2

1.103 -1.104
Thiones/ o _
Thials (R2=H) . US\ ﬂ\
R" "R? | &= R R2
1.106 1.107

Sulfenes Ketenes
——

<

o O

Schemel.22: Derivation of sulfenes and their reduced analogues, sulfines, h@uoarbonyl compounds

In spite of their reactivitythe crystal structure of a sulfene analogidel08), stabilised with quinuclidine
viacoordination,has been reported’ Comparing the bond angles of the sulfene centre reveals a trigonal
planar geometry for the olefinic C atom, along with a near triggnta@har geometry for the adjacent S
atom. Additionally, the length of the bond between the aforementioned atoms appeaetsmaller than

the one computed for the single bond between S2 anqrijurel.2a); thesedatasuggesthe presence

of a double bond between C1 and S1, as well as a planar conformation for the sulfene aociordance

with their generalstructure in Schemel.22. Examination of the atomic charge$ the same atoms in
different sulfene analoguefl.109and 1.11Q Figurel.2b) reveals a concentration of electron density
towards the C atom, which can also be cemerttezbretically.*®

In contrast to a carnyl compound where the bond is polarised due to @atom, the sulfur atom is the

one bearing a partial positive charge on a sulfene, seeing as it is placed between two electron@egative
termini. This reversal in charge is established through resonance betweesaii@dO atoms, stabilising

the positive charge of the sulfur atom and establishing its electrophilic character (Schég)&.
Inevitably, the spcarbon atom has nucleophilic potency, on account of its complimentary negative
charge; this significant charge polarisation is the key element that dictates the chemical behaviour of
these canpounds.
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Bond Length (A) Bonds Angle (9)
S1-C1 1.623 01-51-C1 114,3
S2-C1 1.698 02-51-C1 112.3
51-01 1.424 02-51-01 120.6
51-02 1,435 52-C1-51 124,5
H1-C1-51 117.1
H1-C1-52 117.5

Figure 12: a) ORTEP plot of the crystal structure of a stabilised sulfene derivative with bond lengths and angles of bjterest
Atomic charges calculated for sulfene and its methyl counterffetmissions appliefor)748

Os /CE) N @p/@ @\O'\@ .0 0&_0
~ IS 4 N | JS@

“ > I ) > ( < >
R"” "R? R1J\R2 R1J\R2 R" "R?

Schemel.23: Stabilisation of the sulfur positive charge through resonance forms

1.1.3.2Generation of sulfenes

The most common precursors for the generation of sulfenes aredhesponding alkylsulfonyl chlorides
(RRCHSELI) (.111), which generate the sulfeng&.106) upon treatment with amoderate base(e.g
trimethylamine) via elimination of HCI §chemel.24)*4¢, Thisis a representative example of the
predominantstrategy towards preparing sulfenes, inving theinsitu "@E A o $]}v_ }( §Z -«
from larger precursor moleculed.112. The main problem that encumbers the preparation of these
molecules is their low stability once formed, as they proceed to react &iitier themselvesor their
precursorgowards dimerization[derivatives {.115and 1.116), as seen in the case of monastituted
methanesulfonyl chloridesl(113%4° (Schemel.25). As predicted fronscheme1.25, the dimeric ionic
species 1.116 can react further with sulfene nmmmers to yield a range of oligomers, thus further
increasing the number of different gyroducts.
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EtaN @ / leaving groups -
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1.111 1.106 Cyclic/ acyclic
chains
1.112

Schemel.24: Elimination of HCI on a sulfonyl chloride to afford the sulfene as pargodatersynthetic route niche

R
SO,CI

Et;N Pl K 2 >—H EtsN
/800l ——>| /=S >10,S —>

® O P 2
R R O >—s cl

NHEt;CI

1.113

-2S0; 1.115

R

) Et;N  |0,S
0SS O /= @)—s NEt3

1.116

Schemel.25: Further transformations of nascent sulfenes towards different-gidelucts

The unstable behaviour of sulfenes explains why the formation of these compounds is invariably
combined with their immediate additiod} E %S5} E u}o HO ¢ §Z § e+ vS] vadle "SE %o
(JEu 3]}v }( HSe 238 v (WLESZ &E A 0}% U o0 AZ]Jo }vs Jv]vF
their structure. Most of the preparations shown below as indicative examples (Scheif) are
performed in the presence of such trapping agentsitu®®**5253The sulfene targets can be obtained by

cyclic or acyclic precursork.{17 t1.119, which include but are not limited to sulfonyl chlorides, through
various elimination reactions, as well as thermal or photochemical rearrangements. Notably, strong bases
and reducing agents can bring about the sulfene formation when acting on less aagbstrates than

sulfonyl chloridesi.e. sulfonate estersi.120 and sulfonic acidg (121).54%°
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~ — =S
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I 2 rt., 2h Y \
1.117
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X X =0, NPh X
1.118
©j 210°C <:\f
SO, s0,
1.119 Adducts
Arl o
_0 t-BuOK
Ar'T 87T AR - "‘Si
0, Ar' = Ph, 4-CICgH,4
1.120 Ar? = 4-NO,CgHy,
2,6-(NO,)CgH;
Cl N, Cl
CI/P “P—c /
N\p\/’N 3RCH=S0,
cl’ ¢l N

3RCHpSO,H —————*
2772 EgN,DOM, rt. Oy N___O
1.121

Schemel.26: Representative exampled sulfene formation reactions

It is evident from the findings abovw&chemel.26) that the precursorof a sulfene is required tbe
structurally similarto the prepared sulfene, since the prevalent formation mechanism involves the
cleavage of a labile proton and a leaving groupitémation that breaks awafrom thisnorm can be seen

in the work by Smart and Middletdf where a 1,3ithietane 1,1;dioxide derivativg1.122) is processed
with tris-(dimethylamino)jsulfonium trimethyldifluorosiliconat€1.123 to afford the stable carbanion
1.124, which in turn can be convexd to ditrifluoromethyl-sulfene (1.125 in situ using silicon
tetrafluorate Schemel.27).

FsC CF,
F.C  F FiC
_O TAS*Me,SiFy 3 _siF, _|Fs
Z —_— = < TAS
SSo TMeCN, rt. ®>_SOZ MeCN >:SOZ
FsC CF,
1.124 1.125
1.122
®
N o
TAS*MesSiF,™ : E F\es!.rF
3 2 . \N/ \N/ / \
I I
1.123

Schemel.27: Preparation of a dsubstituted sulfene from a dithietane precursor
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1.1.3.3Reaction overview

Trapping the sulfeneis situwith receptor compounds constitutes the basic concept that underlies the

range of sulfene reactions. EEfent trapping agentscan be used on each occasion tafford
predominantly heterocycliadducts.

R20 1 _
R R =H, Ph
R20 ’
R'=H, Me, Br
R SO, R2 = Me, Et, sec-Bu, i-Bu

R = Ph, 4-MeCgHj, 4-CICgH, 1128

Et,N

R R=H
1.137
,/O
RN
v)
=N
R=H .
(iv)
N 0,5-0 R =H, Me, Et, n-Pr,
7
FS\\ / (6] ] (CHQ)C', Bn, (CHz)zoAn
MeO,S o) 1.131 R R' R' = cCl,, CO,EL
o 1.132
L :
Ly
1.134 N
@ R = Me, CH=CHy,, Ph, 4-FCgHy,, 4-CICgHy,4,
e} SOZMe N 2-FCGH4, 3-FC6H4, 4-BrC6H4, 4-M3C6H4
I o
SO, (+/-)-trans
1.135 1.133

Reagents & Conditions: (i) Et,0, o/n, (i) 1. Et,0, rt., 2. HClg),H,0, 0 "C, (iii) (DHQ),PYR (9%-mol), Bi(OTf)3 or
In(OTf) (36%-mol), PMP (1.32 eq), DCM, -15 °C, (iv) THF, r.tt., 48h, 10 - 44 %, (v) Et;N, MeCN, -40 "C, (vi) t-
BuOK,THF, 0 °C, 72 - 83 %

Ph

QHDW)\/DHQ
PMP : (DHQ),PYR : I DHQ :
N N__N

| Y

Ph

Schemel.28: Spectrum of sulfene additions to various compounds aimingraébered heterocycles

A significant amount of research has been undertaken regarding [2+2] additions to sulEaiesne
1.28); vinyl acetals1.126) andenamines 1.127) bind them in thietane 1:lioxide systems1(128 t
1.129°5%%8%° while aldehydes1(130 and imines.131) act in a similar manner toward&sultones and
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Esultams respectively1(132 t 1.133%. It has also been reported that, in these of addition to
aldehydes, such transformations can occur stereoselectividyuse of an appropriate catalyst.
Moreover, treatment with 3,4dihydro-2H-pyran (1.134), a vinyl ether, can yield the fused thietane-1,1
dioxide1.135 although a dimerizatn of the sulfene precedes this addition, thus broadening the range
of possible products from this additidfShould an ynaminel(136) be usednstead of an enamine, the
obtained system is a thiete Idioxide (.137).>*

Specific research on the use of dierasng witha sulfene analogue has been undertaken by Smart and
Middleton®, whose work was also discussed in the previous secfidh3(2). The derivativel.125
(Schemel.27) can effectively form 4nemberedthietane 1,%dioxidering adducts(1.138 t 1.140 with
butadiene analogue§ hese additions were found taourin a stereoselective manngwhich appears to

be influenced by thérang cisgeometry of the participating alken&chemel.29).

83% F4C SO,
FsC
1.138
® F3C F SiF F3C \/\/\ \\\s,
TAS 950, 3 )=50; g so, SO
E.C MeCN F,C 43% Fs;C 2 F3C 2
’ 0°Ctort. FsC FsC
1.124 1.125 Major Minor
1.139
\/\) — - —
40% ) +
FsC7 S0z FsC7 502
FsC FsC
Minor Major
1.140

Schemel.29: Reactions of dirifluoromethyl-sulfene withs-transdienes

It should be noted that the relativefficiencyof a silfene to react with olefinic compoundswards 4
membered rings is a very useful synthetic tool for preparing heterocyclic systems withdrig strain

that are difficult to obtain otherwise.

Yu, Yang and Xhave provided further insight on the mechanism of such additions by examining the
addition of mesylsulfeng1.141) to imine systems(1.142. Aiming at establishing a mechanistic
explanation of the temperaturglependent formation of either a-br a 6membered ring adduct, they
concluded that a higher temperature allows for conrotatory movement of tmeetnbered intermediate
1.143 which leads to annulatiomto a 4membered Esultam (.144), whereas low temperatures will
mitigate the reactivity of the intenediate andeffect the addition of a second imine molecule towards a
6-membered, sulfaStaudinger productl( 145 (Schemel.30).
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%2 0”0 1.144
1.145 (+/-) trans

(+1-)~(3,5)-trans-(+/-)-(5,6)-cis

(+/-)-(3,5)-cis-(+/-)-(5,6)-trans

+

(+/-)-(3,5)-trans-(+/-)-(5,6)-trans
Schemel.30: Temperaturedependence for the formation selectivity betweenEsultam and a 4zasultam product

Smilar behaviourto that describedearlier (Schemd..28) would be expected of sulfenes when treated
with dienelike molecules. Indeed, a variety of startiolgfin materialswith consecutive double bonds
can undergo heterdielsAlder additionswith sulfere analogues and vyield the expectedn@mbered
heterocycles(Schemel.31). Interestingly,specificketene dimethylacetal®ave been found to interact
with sulfene indifferent fashiors, affording eitherthe 1,2-oxathiine 2,2dioxide1.147, in the case of ta
phenyl analogud.146 or athiopyramone 1,1-dioxide adduct1.149, when the acetyl derivativé.148is
used®’ It can be suggested that the reactivity the Dprotons on the acetyl enone is the driving force
behind the thiopyran formation, hinting that any other reactive species on that terminubavidl priority
over the carbonyD atom. The high proclivity of sulfene towards additions is further established in the
case of the thiadiazepine tdioxide derivatived.15Q where the cycloaddition proceeds with disruption
of the aromaticityof the thiaole ring® Enaminoneg1.73 t 1.80) have been also reported to afford 1,2
oxathiine 2,2dioxides (1.85 t 1.92) upon reacting with sulfenes, as discusseddntion 1.1.2.3, albeit
having limitations on the substitution of the starting materi&i$434* The previously mentionedis-
trifluoromethyl sulfene(1.129 is also met with interegh this nicheas it can produce thiopyrasystems
(1.157), in addition to the 4nembered adducts shown abo¥&chemel.29), by using dienes with the
appropriate conformation and substitution patteris.

Concluding this overview of sulfene reactivity, two cases of acyclic products obtained from sulfene
reactiors are presented below (Schenie32).657 During the first case,he sulfenel.152is initially
attacked by an electromnich olefin (.153 and upon subsequent protonation of th®carbon, a
tetrasubstituted alkene.154) is formed. In the latter case, a [2+2] addition to an enaming&55 can
bring forth a 4memberedintermediate (L.156), which isomerises to the sulfonenamirie457and1.158
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¥ R Ph Ph 0,
0 PN .S
“ /N SO, 72
1 +
RN, S/k\N)\@\ S/k\N
R
1.85 - 1.92 R R1
R=H 1.150a/b
R' = Me, Ph R' = H, OMe, NO,, NMe,, OH, Cl
R? = H, Me, Ph
Alk = Me, Et

R' R’ FsC O
® FsC O w P 8°
TAS (v) e 2 2 1 1 R'=H, Me, -CH,-
S - )=, — : X R?=H, Me, CH
C(CF3),SOzF F.C O — = H, Me, -(CHy),-

RZ R?
1.124 1.125
1.151

Reagents & conditions: (i) MesN, THF/Et,0, 0 "C to r.t., 20 %, (ii) EtzN, Et,0 or CgHg, 0 'C, 16 - 41 %,
(iii) Et3N, 1,4-Dioxane, 0-5 °C, 3-4 h, 53 - 70 % (1.150a)/ 17 - 29 % (1.150b),
(iv) Et3N, THF or CgHg, 0 "C or r.t. (v) SiF4, MeCN, 0 "C to r.t., 41 - 81 %,

Schemel.31: 6Membered heterocyclic systems as products of sulfene additions
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X B X ] X
2 O 4) 0, 4) R2
o) R KN RZ2 _S NS (- J
— C— ~N / ) 802 N
=¢ ] + | R | — 22
R O N 6 45, N
A 2 R
1.152
X i X ] X
1.153 R' = H, Ph
R?=H, Ph
X =0, CH,
1.154

Ph

$0
2
CN {

Ph

Et,0 G \ /—Ph
SO,
1.155 1.156 C {

1.158

Schemel.32: Example®f sulfene additions yielding acyclic adducts

1.2. 1,2-Oxathiine 2,2-dioxide ring systems

1.2.1 1,2-Oxathiine 2,2dioxides
1.2.1.1General properties

These relatively unexploredng systemsare a subgroup of the heterocyclic family of molecules
collectivelycalledl,2-oxathiinesand can be essentially characterised as cy@igltonesystems, wherein

a 4 carbon chain is tethered tmth endsof a sultone {0-SQ-) moiety Schemel.33).54 The first group of
1,2-oxathiine 2,2dioxide systems that will be discussed consi$the fully unsaturated analogues which
possess two neighbouring double bonds that constitute a butadiene chain. It differs from the other 1,2
oxathiine systems presentad schemel.33in the absence of aliphatic character, which has a profound
effect in the structure and chemical behaviour of these species.

\ // \\ // \\ / \\ // \ 7/

.S _S
O (@) |
N
1 2-Oxathiane 3,4-Dihydro 3,6-Dihydro 5,6-Dihydro 1,2-Oxathiine

- 1,2-oxathiine  1,2-oxathiine 1,2-oxathiine P
- , ) , 2.2,
2.2-dioxides | % jioxides  2.2-dioxides  2.2-dioxides | 212 ioxides

Schemel.33: 1,20xathiine 2,2dioxides as the®group of 6membered ring sultones
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The fully unsaturated carbon chain on this analogue is a strong indicator of a planar conforfoation
these molecules, owing to the stability attained through conjugation of the adjac&urbitals Even
thoughthe carba backbone chain has been confirmed to be planacrystallographic dataf derivative
1.1590btainedby Barnettet al®® (Figure 13), as well as by the crystal strurces of analogue$.160and
1.161,%6%7 it is evident that the Enembered ring system is not planar, with the $@iety escaping the
plane of C3C4C5C50, while there are distinct bond length differences between the single and the two
double bonds. Thesfindings suggest that, although 1gathiine 2,2dioxides are @nembered ring
systems with 6Selectrons, they manifest no aromaticity.

Figure 13: Crystal structursof 1,2-oxathiine 2,2dioxideanalogueshighlighting their planar but noaromatic structure
(Permissions applied for)

The presence of two adjacent double bonds on these analogues indicates that they may possess diene
properties, in contrast to other, manunsaturated analogues whiatouldpose as dienophiles. This can
effectively create a versig spectrum of potential Dieldlder reaction strategies, depending on the type

of analogue that is used asstarting material. Furthermore, th8Q unit constitutes another important
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factor that determines their behaviour by polarising bonds and positions, thus giving rise to specific
reactive sites on the ring.

1.2.1.2Synthdic routes

Historically, the unsaturated 1@xathiine systems were first prepared Morel and Verkad®, whose

work regards processing Eor E Junsaturated ketonesl( 162 with concentrated sdiliric acid in acetic
anhydride. The conversion of various substrates was met with moderate to good yields and provided the
first smalllibrary of 1,2oxathiine 2,2dioxide derivativesl(163 Schemel.34).

R R2 R R*  Yield (%)
Me H Me H 40
Et H Me H 43
t-Bu H Me H 60
Acy0O ] 5 Me H Ph H 40
o°ctort. R R Ph H Me H 84
40 -84 % Me Me Me H 54
Me H Me Me 41

Schemel.34 Conversion of unsaturated ketones to the correspondingok&hiine 2,2dioxides

Parallel to the original Moreand Verkadesynthesis of Gsultones, a variation of thiseaction using
chlorosulfonic acid instead of $utic acid brought about the same result with a slightly improved yield
(41% over 40% by Morahd Verkad®), asreported by Eastman and GalfipAlthough other enone
substrates were tested, only mesityl oxidel64was found to react cleanly to afford theeterocyclic
target1.165(Schemel.35).

\ 7/ _
/ﬁ\)\ c>on  © |
Z ACzo, X
1164 0 Ctort, 1.165
1d,41 %

Schemel.35 Chlorosulfonic acid as an alternative reagent for the formation of the dimethyl unsaturated analogue

After these initial explorations, different rationales were sought out towards unsaturated analogues with
novel substitution patterns Schemel.36). RadMoghadamet al. have presented several pieces of
research on the subject, wheretask specifidonic liquid, such as methylsulfonylimidazolium triflate
hydrochloride ((MSIm]TfO-HCis utilised to effect the sulfonylation and concomitant rclgsng ofthe
starting materials1.166 and 1.168 into 1,2-oxathiine productscomprising of two equivalents of
acetophenone(1.167 and 1.169.797%72 An interesting aspect of the reaction is that the presence of a
solvent is detrimental to the yield and th#te best results are obtained when the reagents are mixed
neat. Moreover, albeit producing I@xathiine systems in fairly good yisJdhe scopeof derivatives is
limited to patternsof identical substituentexclusivelyn the 4 and 6 positions of the @membered ring.

In one iteratiorf®, the presence ofn chlorosulfonyl moiety on the ionic moiety leads ttee sulfonyl
chloride derivative of the foregoing dimerisation produs{1.171).
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0 o/S
1 —
R2 R2 S | R2 R"=H, F, CI, Br, Me
1 r.t., 1 1
R 5-10 min, R R
1.166 81-93% 1.167
\\//
O 1
=2 R2 R? R'=H, CH3, F, Cl, Br, I, NO,
) [NMP-CISO3H] O O R2=H, CI
100°C,
R ’ R R
8-15 min,
1.168 86 - 94 % 1.169
\\// \\//
, ©)J\ [MSIM]CISO3-HCI /‘)\I‘\ R=H,F, Cl,Br, |
CF3CO2
R‘]
1.170 3_5 5h, 1171
78 -96 %

Schemel.36: Dimerisation/sulfonylation of substituted acetophenones with ionic liguwlafford 4,6aryl 1,2oxathiine
systems

The strategy of dimerisigulfonylatingan aryl precursomoleculewas further explored by Gaitzset
al..% whose work presents a different route towards 4jéuryl 1,2oxathiine 2,2dioxides. Inthis
approach a terminal arylalkynél.172 is reacted with two different sources of fuit trioxide toyield the
desired heterocyclic systert.(.73 Schemd..37).

(0]
a:SOg- [ j
(0)

1,4-Dioxane/ CHCI; 1:1
| | 0 °C to r.t. or reflux

0 0
3.5-60 h, 0-40 % 4
S R = H, 4-Me, 4-C|,
V& 3-Cl, 4-MeO, 2-MeO,
K 4-Ph, 4-NO,
1172

b: TMSOSO,CI

1,4-Dioxane/ CHCI3 1:1
0'Ctort or-78 Ctort.
or reflux or
0 "C to r.t. to reflux,
4-66h,0-47%

1.173

Schemel.37: Sulfonylating conditions prompting consequent dimerisation of terminal alkynes irtargk8,2-oxathiine 2,2
dioxides
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The vyields range from lonotmoderate due to a proclivity of the activated starting alkynes for-side
reactions, while deactivated substrates failed to afford a-dxathiine product. A small library of
derivatives was nonetheless obtained, allowing the reaction to be thoroughlprexpl

An unusual but interesting route towards the 4énethyl derivative of the unsaturated analogue has
also been reported by Heilmanret al”® Specifically, heating a solution -a2rylamide2-
methylpropanesulfonic acid1.174) in acetic anhydride causes a cascade of rearrangements and
additions, as well as a retfRitter cleavage, which eventually yields thdtoneheterocyclel.165viathe
suggested mechanism shown belochemel.38). Thisroute constitutes one of the two s of an
unsaturated 1,2oxathiine 2,2dioxide being serendipitously synthesised.

\\ //

Schemel.38 Unexpected formation of the 4.@imethyl unsaturated analogue from sulfonic acid precursor

OAc
OAc
o)
% AcO
OAcC OAc
OAc
OAc 1177
0 e
05( =
AN
r.t., ,
8-10 % OAC ac
1.176
o)
g o\ AcQ /oAc
7\
0-S0,
1.178

Shemel.39 Second case of serendipitous -bathiine 2,2dioxide formation
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The second incident of accidental dy%athiine 2,2dioxide formation was reported by Craig and
Steven$’, who produced a furanosyl derivative of the heterocydld 78 intheir effort to deprotect the
acetal protection group on a furanose rirlgX76. Instead of the expected penticetate productl.177,
they obtained its 1,2xathiinesubstituted counterpart in low yields (Scherh&9).

Initially touched upon in sectioh.1.3.3 the hetero DielsAlder iteration between a ketene acetdl. 146
and a sulfene has been explored by Tretel>’. The3,4-dihydro-1,2-oxathiine 2,2dioxide 1.179that
results from the sulfene addition losses an EtOH fragmie&ra subsequent elimination and is isolated as
the 4-ethoxy-3,6-diphenytl,2-oxathiine derivativel.147(Schemel.40).

0.0
'S _ph 'S _ph
o Ot PhCH.S0.CI, o o
A BN - -EoH, ]|
Ph OEt Et,0, Ph OFEt Ph OFEt
. OEt
0 Ctor.t. 20%

Schemel.40 Addition of a sulfene to a ketene acetal, followed by elimination of EtOH

1.2.1.3Reactions with 1,2xathiine 2,2dioxides

Of all the reactions that have been reported for these unsaturated systems, the most exhaustively
explored inthe literature is the substitution of th€® atom of the Bmembered ring with & atom and the
formation of a sultam in the place of the initial sultone. Various research groups have carried out this
transformation with different substitled amines and vajing conditions, thus proving the applicability of

the reaction towards a broad range of sultam derivatives.

Zeid, Ismail and Helferi€® used the 4,&dimethyl unsaturated analogud (165 as a starting material,
which was processed with various suhstitd anilines to create a small library of sultam heterocycles with
aryl substituentsX.180 Scheme..41).

/\\S// R. (?\\S// 0 0

N neat X 0 0

1165 95115 C, 1.180 <
20-70 %

O: ( )
~NH
Schemel.41: Initial explorations of sultam formation from the corresponding amines acting odithéthyl1,2-oxathiine 2,2
dioxide
Further research by Zeid, Badawi and Ismaitroduced more derivative$1.181), including alinked
analogue 1.183, which was obtained along withe mono-substituted productl.182through the use of
benzidine(H.N(GHs).NH) as the reacting amine. Additionally, a brominated analogue of the starting 1,2

oxathiine system(1.184) was processed similarly to yietle brominated sultam heterocycld.185
(Schemel.42.
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\ 7/

Br o)
0 0 R /=
R4 R., .S ' = 0
X neat X
] o
1165  110-150°C, 4 4gq @O
- 0,
20-70 % - \
OH

SO, SO,
O~ O~
= = 0,5

1.182 1.183

0.0
|

| __PhNH, _ |

X neat X
1184  120-150 C, 1.185
35 min

Schemel.42 Expansion of theultam product spectrum, including dimeric and brominated derivatives

The absence of solvent, which had been an established feature of the reaction, was first altered in favour
of using a high boiling point solvent in 1997 Fgnghanekt al,,”® who constructed a small library of
sultams(1.186 viathe aforementioned process with anisole as a solv&uhgemel.43).

% X O A0 O
o) | RNH, )N\J\ s

N PhOCHS, N '

1165  reflux, 6n 1.186 @Cl %/©

Schemel.43 Iteration of the sultam formation using anisole as solvent

The type of solvent that is used fornishthe reaction nay have an effect on the type of product that is
obtained. This was made apparent by Zeid, Ismail and Helfgnigho brought about this variation using
n-BuOH as a solvent and discovered that it rfeajlitate the addition of HO that forms as ay-product

during the formation of the sultam ring, leading to ringeningtowards open-chain enaminosulfonic
acids (1.187) (Schemel.44).

O\\S//O R O\\S/OH
o) RNH, “NH . .
—_— | o R = NH,, NHCOCgH5, CONH,, CSNH,, 4-Py, 2-thiazolo
S n-BuOH, AN
reflux,
1.165 30 -59 % 1.187

Schemel.44 Ring opening of the sultam ring towards an aminosulfonic acid dpetential solvent interference

Elaborating on the reactivity of 4&ubstituted 1,2oxathiine 2,2dioxides with amines and hydrazines, Ali,
Jager and Met2 presented a range of different addition reactions whéteontaining nucleophiles ring
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open and rarrange the Gsultone ring into more complex heterocyclic systemsmoderate yields
(Schemel.45). Various reagents, solvents and conditions have been appliedno aboutthe formation
of pyrrole(1.189 and pyridazin€1.190 rings, as well as thiadiazine fused syst€in$91 t1.192.

@)

Ph
oy "
Ph— N
\

N HoNNH, Ph
1102 1.189
EtOH/DMF, refﬁtf ':bh
Microwave, 0 0 o,
45min, 47 % S 47 %
?
Ph” X" pp
Ph 1.188
a!
H,N . H,NNHPh
S AcOH, ™
EtOH/DMF, reflux, 18h,
Ph Microwave, 51 %
o 20min, 49 % §
Ph Ph \N/Ph
\
028 N-NH Fh
N= o 1.190
1.191

Schemel.45 Reactions of the 4;8iphenyl unsaturated analogue with amines and hydrazines in various conditions

The bromination of unsataited 1,2oxathiines $ also of significant interest, as it provides brominated
precursors for coupling reactions, as seenstshemel.46. Eastman and Gallbbfirst attempted a
bromination of the 4,6dimethyl derivative(1.165 obtainedby the chlorosulfonic acid iteratiorSéction
1.2.1.2) and claimed the produdb bethe 5-bromo analogud.193 This finding was disputed by Barnett
and McCormad®, who postulatedthat it wasin fact the 3bromo analoguel.194that is obtained from
the reaction of Brwith 4,6-dimethyl 1,2oxathiine 2,2dioxide In order to unequivocally validate this
claim, the researchers pressed on to synthesise therddno derivative 1.193 via treatment of
bromomesityl oxidg1.195 with AeO/H.SQ in order to ensure bromide substitution on thegosition.
H-NMR data comparison between this product and the derivative obtained biprBmination (1.194
confirmed the Sbromo structure for the former and th8-bromo structure for the latter compound.his
allegation can be theoretically supported as well, since the double bond next to the eleadtiarawing
SQ moiety is much more polarised and reactive than its- @unterpart, thus an attack on molecular
bromine would be largely favoureby the 3,4 double bondtowards the 3bromo analogue. ther
research on sultone bromination by Gaitzettal 8’ cemented this clainwheren the diaryl counterparts

of the initial 4,6-dimethyl 1,2-oxathiine 2,2dioxide (1.196 were found to afford the dbrominated
products 1.197 under different brominaing conditions. Additionally, these products were processed
under Sonogashira conditions, leading to the functionalisation of thes3tion with an alkyne substituent
(derivativesl.198 scheme 1.46
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\\S//
O/ | Brz 1.193
N ccl,
1.165 \\,,
H— 5572
1.194
O\\S/P !
- ~
O 1.Brp _ _Ac,0 0 | 56.43
/ 2.KOH HS0, AN
1.164 Br
1.195
1.193
a: Br, 00
CHC|3, \7/
fl .S Br
I b , ? Ph——=
. XN PdCl,, PPhj,
b: NBS R R Cul,
CHCI THF/Et;N 2:1,
1.196 o 1.197 reflux, 18 - 24h,
N 55-98 %

R = H, 4-CHs, 4-Cl, 3-Cl, 4-MeO, 2-MeO, 4-Ph

1.198

Schemel.46 Overvew of sultone bromination, with the addition of a Sonogashira coupling on the brominated derivative

Moving away from the reactivity of sultones in substitution/addition reactions, their role as diene has also
beenexamined(Schemel.47). Gaitzsclet al*® first described the Dielélder reaction between the 46
diphenyl Gsultone 1.188with DMAD(1.199 as the dienophile. The reaction producedanzenem-
terphenyl (1.200 and a phthalicanhydride(1.201) in different proportions depending on the conditions
used, as products of BielsAlderretro DielsAlder tandem reaction This conversiomequires fairly
forcing conditions in order to occurefluxing the regents in toluene fails to afford any products, whereas
successful results were obtained only under high temperature or pressure with long reaction times and
an absence of solvenfThe same group explored this conversion further by trying different diefexphi
(1.202 and conditions to arrive at these tsubstituted systemg1.203).82
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_ o, _
O\/O S
W CO,Me  Method A: DCM, /
o/ o Ph O \V
ol 25 °C, 1300 MPa CoMe |
X Method B: neat, PRY, -S03
CO,Me 150 °C, microwave Ph co,Me
1.188 1.199
CO,Me o
CO,Me o) 100:0 (67%, 72 h, method A)
O . O 1.200 : 1.201 = é:)s:27 (44%, 30 min, method
O O O O 74:26 (54%, 20 min, method
B)
60:40 (55%, 18 h, method B)
1.200 1.201

R? R' = H, 4-CHa, 4-Cl, 3-Cl,
+ | DAIDA 4-Ph, 4-MeO, 2-MeO
Various R? = H, CO,Me, CO,Et

R3 conditions R3=H, CO,Me

1.196 1.202 1.203
Schemel.47. DielsAlder/retro DielsAlder transformations of unsaturated @Xathiine 2,2dioxides into triaryl benzenes

Reflecting on the reactivity of the sulfonyl moiety of the sultone ring, ring contraction reactions have been
attempted undereitherthermal or photochemical condition§¢hemel.48). Ancerewicand Vogéef have
shown that treatment of the 4 @limethyl unsturated analogud.165with calcium oxide and quinoline
yields the desulfonated furan derivatide204in moderate yield.

Gorewit and Rosenblurff further illustrated that ether solutions of 4.@li-substituted 1,2oxathiine
systems(1.205 can lose a sulfur monoxide fragment and turn into the correspondimgeBbered
lactones(1.208 when irradiated.This interesting conversion involves mitial photochemiel cleavag

of a SO fragmentvhichaffordsthe vketoaldehydel.206 subsequenphotochemicahbstraction of the
vhydrogenleads to an enolcontaining ketene intermediat¢l.207) that ring-closes towards thdinal
lactone systemAn iteration of this reaction byhe same research group whetke photosensitizer
benzophenone was also added to the reaction mixture affordedd8ykrs of the starting@sultones
(1.209, thus better illustrating the behaviour of these molecules in various photochemical conditions.
Cleavage of sfur/oxygen fragments can be avoided as established by étiatf®, whose work includes
the irradiation of a methanol solution of the kgkathiine 2,2dioxide1.165 which results in the acyclic
sulfonemethylester1.210 as the MeOH adduct of the rirgpen intermediatel.211
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230 °c
47%
H\ __O H..
hv, Et,0 S?\i h M o
WV, ERY L« _nv _ ~ _ s . 0
S0 . R F RF RSN J
3 1.206 1.207 R
0 | 1.208
R AN OO0 53-65%
R = Me, Ph hv, PhCOPh
1.205 Et;0
~
o) 0.0 o)
R g SO
o~ | hv 0 X MeOH 0 2
x M M
1.165 1.210 1.211

Schemel.48 Rearrangement reactions of t¢gXathiine 2,2dioxides under thermal anghotochemical conditions

1.2.23,4-Dihydro 1,2oxathiine 2,2dioxides
1.2.2.10verview

The semisaturated counterparts of 1;@xathiine 2,2dioxides that possess one double bond between C5
and Céform the 3,4dihydro analogue sufamily of 1,2oxathiine systems. This group of compounds,
along with their 3,6 and 5,6dihydro counterparts, costitute the family of dihydrel,2-oxathiine 2,2
dioxides(Schemel.49).

o 0 0 0 o 0

\\ 7/ \ 7/ \\ 7/ \ 7/ \ 7/

/S /S /S /S /S
O O O O | (@] |
N = ™
1,2-Oxathiane 3,4-Dihydro  3,6-Dihydro 5,6-Dihydro 1 2-Oxathiine

L 1,2-oxathiine 1,2-oxathiine 1,2-oxathiine s
- ; ’ ’ 2.2-dioxid
2.2-dioxides I ") tioxides 2 2-dioxides 2 .2-dioxides | 227d1oXides

Schemel.49 3,4Dihydro 1,2oxathiine 2,2dioxides as one of the three sdimilies of semsaturated sultone heterocycles
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Figure 14: Crystal structig ofa 3,4 |ZC E} v o0}Ppu Z]PZo]PZ3]vP ]38+ ~ vA 0}% _ }Vv(}EuU

The crystallographic data obtainddr 3,5,6triphenyl4-dimethylamine3,4-dihydro 1,2oxathiine 2,2
dioxide,1.212 present v ~ VA 0}% _ }V(}@Eu 3]}v Vv o0}P}udfditedinshturaled E A
analogues, witlthe SQ fragment is again outside of the plane of theGBC5C4C3backbone(Figure

1.4)86,

From the above structure, it can be theorised that, although the absence of a second double bond may
reduce the number of reactive sites on the sultone ring, the presence of fully satlucatbons permits

more complex substitution patterns on these systems, thus broadening the range of potartiatives

and target compounds that can be afforded through them.

1.2.2.2Preparation strategiesnd reported reactions

In contrast to their msaturated counterparts, 3;dihydro-1,2-oxathiine 2,2dioxides have not been
explored thoroughly in the established literature, thus only a few methods for their synthesis have been
found. The first one bears a resemblance to the Morel and Verkade rowtartls Gsultones?, as sifuric

acid, along with acetic anhydride, is again utilised to annulate a hydnoage (.213 towards ad-keto-
3,4-dihydro 1,2oxathiine adduc(1.214 Scheme..50).%"

OH H,SO,

ACzO
EtO" "0 30 min
1.213 36 % 1.214

Schemel.50 Sulfonylation and consequening-closing of an enonwith the use of sulphuric acid

Organocatalysis has also been employed as a medasilifatingpericyclic transformationswardsthe
desired3,4-dihydro 1,2oxathiine heterocyclesvia activation of the starting materialdn the work by
Luptonet al,, a carbene catalystNles,1.224) effects the addition of a sulfonyl fluorid#&.215) to a keto
enol ether (.216) towards &4,5,6-tri-substituted 3,4dihydro 1,2oxathiinetargetsystem(1.223, Scheme
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1.51).88 Other research groups have opted for Hi@zabicyclo[5.4. OJundet-ene (DBYU1.225) as a
catalyst base able to effect the addition of sulfonyl fluoridé217, 1.219) to different carbony

containingsubstrates(1.218, 1.220)8°%, Further exploration of these synthetic routeshowcase that
nickeltbased catalysisan be utilisedas another alternative towards 3dihydro-1,2-oxathiine target
system$! from methyl ketme precursorsy.221).

o otmMs  R'=Me, i-Pr, Ph
o R2 = Ac, Bz, CO,Et

2 1
R® R R3 = Ph, 4-CICgH,,
1.216 4-MeOCgHy, 2-BrCgHy, 2-furyl
R~ F
2
1.215 3
_ o R\/\S/F
o) R® 0,S—F s’ ©: 0
1.222 o~ 1.217
R > N & a
1 (iv) R R3 (ii) R2
1.223 2 - ;
=3 = ph R = COMe, COI/-Pr
3-4.
1.221 R3 _ F RS
\/\S/ 1.218
3 (iii)
2
1.219
(0]

11}\ R'=Ph
R R? = CN, Bz

R? " R3=PhCeH,

Reagents & Conditions: (i) IMes (10%-mol), 4 A mol. sieves, THF, 66 °C, 6h, 40 - 88 %, (ii) DBU (20%-mol),
NaHCO;3 (1.0 equiv), DCM, rt, 44 - 77 %, (iii) DBU (5 mol%), K,HPO,4 (1.2 equiv), DMF, 50 °C, 69 - 77%,
(iv) Ni(acac), (20 mol%), K,CO3 (2.0 equiv), MeCN, rt, 69 %

IMes : Mes\N/\N,MeS Q\/j
\—/

1.224 1.225
Schemel.51 Various atalytic routestowardsthe formation of 3,4dihydro-1,2-oxathiine derivatives

It should be noted thathe amount of base used to bring about the annulaanschemel.51may also
have the opposite effect, as wése casdor the nitrophenylanaloguel.226 Theforegoingl,2-oxahiine
system was reported to ringpen with concomitant loss of the S@oiety towards a ketaenol derivative
(1.227) upon treatment with a stoidbbmetric amount of DBUSchemel.52).

As discussed earlieBdctions1.1.2.3 and 1.1.3.3), Schenoneet al.*424344 provided a robust synthetic
route to substituted 3,4dihydro-1,2-oxaxthiine 2,Aioxides via addition of sulfenes to enaminone
derivatives(Schemel.53).
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OH
DBU (100 mol%) S
DCM, rt
42 % 0 NO,

1.226 1.227
Schemel.52 Basecatalysed ringppening of a 3,4lihydro 1,2oxathiine analogue under basic conditions

O 0. 0
o HzC=S/i W R' = Me, Et, Ph, Bn
o) o) R? = H, Me, Ph
R1ﬂ\/\NR3R4 T T RUXYA\RIRY R"2 = (CHy)s, (CH2)s, (CHy)g
R2 R2 R34 = Me, Et, Ph
1.73 - 1.80 1.85-1.92 R34 = piperidinyl, morpholiny!
J 0,0
Hzc:S\ O/S
bo) R" = Me, Ph
— . N7 | NR2R3 R23=Me, Et, Ph
23-70% R23 = piperidinyl
X piperidiny
o) R1J\N
NES | ZSNR2RS 1.229
1J\\ N - n
RN
Cl (e} 00
N \ 7/ \
1.228 HC=S, o3¢ g
°© DBN Q |
R' = Ph N7 NRZR®|  CeHg " “NRZR?
R23=M )\\ | reflux | Het
o P‘h & lph N 40-72% -
3 - . - 1.231
R4 = Not isolated
piperidinyl 1.230
\\// \\//

HCS

Q PH R34 = H, Me, Et, i-Pr,
SNR3RE ——m "'NR3R4 NR3R4 CH,CH,OCHj, Ph
R34 = piperidinyl,

N-methylpiperidinyl,

1.232 Major Minor morpholinyl
1.233
DBN :
—
( N

1.235

1.234

Schemel.53 Explorations on the addition of sulfenes to enaminones towardsiBdro 1,2oxathiinederivatives
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Thesubstitution patterns on the enaminone were found to have an important effect on the yield of this
conversion, but once their impact was thoroughly explored, more complex systemshe tricyclic
derivatives1.229 t 1.230, were synthesisd (Schemd..53).%2 The presence of a chlorine substituent on
the sulfene was singled out, as no adducts of these additions could be isolated; instead, the eliminated
counterparts of these compoundd4.231) were affordedvia treatment of the sulfene additin crude
product mixtures with 1,%liazabicyclo(4.3.0)neB-ene (DBN1.235, thus confirming the addition of the
chlorosulfene fragment to the enaminone substrates. Additionally, when phenylsulfene was employed
with enaminones derived from cyclohexanotige afforded 1,2oxathiine adducts were obtained as pairs

of anti/synisomers (L.233), this time without any detrimental effect by thé-substituents of the starting
enaminoketonedl.232 Theanti- isomerwas always obtained as the major isomer, althouigh fiack of
stereoselectivity led the research team to the conclusion that the reaction proceeds through-aistep
mechanism involving the intermediafe234shown below??

Mosti et al. further expanded the range of 1@xathiinecontaining heterocyclicystems, obtaining the
indole-fused analogued.237 (Schemel.54).32 Two of these compounds were selected to assess the
proclivity of these species for oxidation reaction® treatment with 2,3dichloro-5,6-dicyancl,4-
benzoquinone (DD@,.240. The dimethylanmo derivative(R = Me)proceeded to eliminate thé/le;N
moiety, as well as an-Hragment towards the aromatised produdt238 Interestingly, its morpholino
counterpart(NRR = moipholinyl)was found to aromatise and eliminate on the Jdsition withoutloss

of the morpholine leaving group, yielding the indole derivative39

P
(i) N
R = Me J
O\\//O /N

0
/, /S
i HZC:S\i 7 1.238
J Z "NR'R? —O> Vi NR'R? — '
| 40-77 % |
N N
/ /
1.236 R'2 = Me, Et, Ph, g
R'2 = pyrrolidinyl, (il N
piperidinyl, $ i N
morpholinyl N @
1.237 NR1R2=[ j N
o 1.239

Reagents & Conditions: (i) DDQ, CgHg, 10 h, 27 %, (i) DDQ (exc.), CgHg, 1 d, 17 %

(0]
N
Cl =
DDQ :
cl N
N
(@]
1.240

Schemel.54 Indole analogues of 3:dihydro-1,2-oxathiine 2,2dioxides and mapping of their elimination potential

Singhet al have also presented a similar case of sulfene additionQX&unsaturated enaminone
precursorsl.241 highlighting the preference of the sulfene fragment towards the more polarised double
bond adjacent to the dimethylamino group, rather thtre styryl maety (Schemel.55). Furthermore,
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the 1,2oxathiine adductd..241were found toundergo an eliminatiomeactiontowards the unsaturated
derivativesl.243 in asimilarfashionto the conversionseportedearlier(Schemed.53-2.54) viacleavage
of the dimetylamino groupunder an excess of basé room temperaturealthough it seems an absence
of 3-substituents is vital for thisliminationto take place’

\ 7/ O\\ /7

o o/s O/s R'=Ph,
W _ _CHz80,Cl Et;N, DCM \)\J 4-MeOCgH,
1 i ’
RI™X III Et,N, DCM i N7 30min o1 N 4. 0iGH,
0 °C, 30 min | 72-82%
1.241 85-91 % 1.242 1.243

Schemel.55 Addition of a sulfene to am) Eunsaturated enaminoketone starting material wshhbsequent baseatalysed
elimination

1.2.3 Applications

Apart from being useful scaffolds for more complex systems in heterocyclic synthesis as established in
sectionsl.2.1.3and 1.2.2.2, 1,2-oxathiine 2,2dioxide systems havalsobeen met with inteestin the

field of lithium battery developmentithography, photoresist systems, as well as bioactive agents (albeit

to a limited extent).Specifically, te unsaturated analoguek.244have found use in lithium secondary
battery technologies§chemel.56). Different patents havexemplifiedtheir use aghermo-stabilising

agents in the noraqueous electrolyte solution of the battéfy®, as well as an additive to enhance the
performance of the positive electrode of the devite

O 0
\\S’/ R = H, CH3, C,Hs5, C3Hg,
0o~ | F, H,C=CHCH,, Ph, PhCH,,
A cyclopentyl, cyclohexyl
R R
1.244

Schemel.56 Derivatives of 1,2xathiine 2,2dioxide used in lithium secondary battery systems

Further derivative41.245 t 1.246) have also been utilised in lithographic printing, as components in the
IR photosensitive mixtures that are applied to the plate so atet@lop the image forming layes¢heme
1.57).%8

R4
1.245 1.246

Schemel.57: Lithography as another niche for 1gathiine analogue applications

Finally, the ability of these heterocyclic systems to Hopgn when irradiated has been utilised in the
development of phtosensitive material§1.247) to be used in photoresis{photo-acid generating)
systems (Schemk58).%°
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0 | hv | JA Y R' = H, F-l, CH3-C4gHy1, C1.1g alkoxy, Cy.19 alkenyl,
N Ngs H200 R OH  ph, cycloalkyl, haloalkyl

R? R*

R1
R2

1.247 1.248
Schemel.58 Formationof a ringopen sulfonic acid as a relay of the presence of irradiation in photoresist system

The application changes drastically when the-df#ydro derivatives are concerned. Waegal.&” have
reported that the styryl derivativel.214 (Section 1.2.2.1) performed efficiently when tested for
antiangiogenetic properties, although no specific mode of action was ascertained. This finding led to
further screening of this compound for afitimour activity again murine sarcoma, wherein it effected a
reductionon the growth of tumour weight without causing serious damage on liver and spleen tissues
(Figure 15).

Figure 15: Antitumour activity of a 3,4dihydro 1,2oxathiine derivative when screened against murine sarcoma
(cyclophosphamidéCTX) used ascontro)

1.3 Aims of present study

Theaim of the present work is to explore tretructure,synthesis and reactivity of the relatiyedcarcely
studied class of6-membered heterocycles known as 4gRathiine 2,2dioxides and their 3 4lihydro-
derivatives.

Qulfene additionto a diverse range of enaminoketones, obtained from reactimgethylene ketones with
DMFDMAWwiill be studiedto extendaccesgo the 3,4dihydro-1,2-oxathiine 2,2dioxidering system

The hitherto unexplored ring transformation of tdeamino-3,4-dihydro-1,2-oxathiine 2,2dioxide to the
fully unsaturated 1,2xathiine 2,2dioxidesystemwill be subsequentlyexamired under different sets of
conditions

The 3,4dihydro-1,2-oxathiine 2,2dioxide and the 1:dxathiine 2,2dioxide units will beutilised as the
central scaffold in a photochromic dithienyl etheneAttempts towards the preparation of an
electrochromc 1,2o0xathiine 2,2dioxide separated viologen will be dzped.

The reactivity of the 1xathiine 2,2dioxides will be studied by -B activated coupling
bromination'transition metal mediated chemistry (SuzuBuziki-Miyaura, Heck) and metalation to
afford a diverse library of 1;@xathiine 2,2dioxidesthus mappingout the reactivity of these ring systems
Finally, the behaviour of the fixed diene moiety of the IgRathiine 2,2dioxides towardsvarious
dienophiles as well asbenzyne will be interrogatedto afford new routes to substituted aromatic
compounds
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CHAPTER SYNTHESIS OF ENAMINONES ANDXAZHIINE 2;RIOXIDE TARGBYSTEMS

2.1 Preparation of Enaminone Precursors

2.1.1 Analogue library andtructural features

In order to gain access to the desired-byZathiine 2,2dioxidesviathe sulfene addition protocoh series

of enaminones were prepared by the reaction Af & ] }qnethyleneketones with dimethylformamide
dimethyl acetal (DMFDMAjuided byestablished literaturgoroceduresDuring the first example, heating
acetophenone in neat DMFDMA overnight gave, after evaporation of the volatiles and trituration with
EtO, the enaminoketoné.as yellow/orange crystals in 8% yield. The formation & 1was initially
ascertained byH-NMR spectroscopy with the doublets .71 and at&.80 withJ= 13.4 Hzonfirming

the presence of two olefin protonwith a trans configuration while the broagnedsinglet at @.92and

at G3.13 refer to the NMgterminus (Figure 2.1). The latter signals are broadened as a consequence of
the differential shielding experierd by each NMe group due to the restricted rotation about the partial
GN double bond arising from the extended delocalisation of thatdin lone pair electrons; this
behaviour may be linked to that of amides suchNal¥-dimethyl formamide'® The*GNMR gectrum,

with a characteristic carbonyl peak @&l88.7, also exhibits signals for the olefiniatGms at 32.2 and

at G154.2 and weak signals a@37.2 and (45.0, which are assigned to the different NMe unii.
spectroscopy further confirmed the emdanone structural scaffold with a characteristic sharp peak
observed at1537cm? evidencing the C=0 stretching, although this value deviates from the values that
are common for unsaturated ketone system$§6-1685 cnt) as a consequence of the conjugatiwith

the electron donating NMeunit. The anticipatedn/z peak for the molecular ion at 176.1072 for [M+H]
(GaHisNO requiredm/z 176.1070 fofM+H]) was observed in the mass spectrum2of, thus further
attesting to the successful formation 2fL.

Figure 21a: tTH-NMR spectrum of enaminorz 1

®Work contained within this chapter has contributed to ttilowing publication/Appendix 2, p. 306rg. Biomol.
Chem, 2019 17, 95859604 DOl:https://doi.org/10.1039/C90B01657K
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Figure 2.b: 1I3GNMR spectrum of enaminorz1

As discussed in sectidnl.2.2 the mechanism of this conversiokdly involves the formation of an
enolate ion from the deprotonation of the starting material by the methoxy fragment of DMFDMA.
Subsequent attack of the enolate on the methylene centre of methoxy substituted iminium fragment
produces a hemiaminal type ietmediate, which undergoes an E1cB elimination tow&ds(Scheme
2.1). Variousother Dmethyleneketonesvith substituents on the dand/or 2- positions weregprocessed
through the same protocol to afford their enaminone counterparts in googirellent yieldsTable 2.}

Scheme ZL: Mechanism of dimethylaminomethylene addition through reaction with DMFDMA
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Entry Corrl\‘l'[c’)‘_’“”d R = Yield (%)
1 2.2 98.4
2 23 CQEt 57.0
3 2.4 97.2
4 25 CN 56.7
5 2.6 H 84.9
6 2.7 H 84.4
7 28 H 98.6
8 2.9 H 50.6
9 2.10 H 92.8
10 211 H 85.8
11 212 H 78.6
12 213 H 76.8
13 2.14 n/a 79.1

Table 21: Enaminones prepared by reflux in neat DMFDMA

It is apparent from &ble 2.1that a wide variety of substituents are tolerated on theodsition of the
ketone substrate, includingara-substituted aryl groups2(11), both electronrich 2.7, 2.8) and electron
deficient @.6) heterocycles, as well as styr®19, 2.10) and phenylethynyX.13) groups. Additionally, the
r-methylene group (Rin table 2.1) may be substituted with aryl grougs2and?2.4), as well as with an
ester or a nitrile function2.3, 2.5). Finally, the use of toluamide-tarbon is re@ced with anN atom)
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Al8Z D& D @& sposde ]Jv v Z 1 [ v u]l2}4).38it was ihé Rase with analogRel,

the significant structural differences between the ketone starting materials and the enaminone products
proved to be quite useful in ascertaining the success of this convevadh-NMR spectroscopy. As it
can be seen in the examples belérigure 2.2)the presence of one (for gdiubstituted derivatives) or two

(for mono-substituted derivatives) olefin signals betwed® t 8, in conjunction with either one or two
signals atirca G3, unequivocally confirms the formation of the target compoundsreover, the nature

of the substituents on the enaminoketonestable 2.1has an apparent influence on the appearance of
their 'H-NMR spectra, as it is illustrated by th&NMR spectra foR.4 and2.14 (Figure 22). For the 1,2
bis(4methoxyphenyl) substititd example2.4, the olefinic proton (H) is relatively deshielded and
appears as a singlet & .35 due to of conjugation with the adjacent C=0 group.

Figure 22: SelectedH-NMR spectra examples of enaminone produz#(above) and.14 (below)
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Substituting the GZ3 double bond with the electrewithdrawing imine bond in analogu&14results in

a further downfield shift of 3H to &.93. An even more striking differencetiveen the'H-NMR spectra

of 2.4 and 2.14 is the appearance of the signal for the NMerminus. Unlike théH-NMR spectrum of

2.1the NMe groups foR.4 are equivalent and resonate as a sharp singlet accounting for 6 ®.a8
whereas, for2.14 the NMe groups are markedly neasguivalent, presumably as a consequence of
enhanced restricted rotation about the-83 bond during the NMR spectrum acquisition process, which
stems from a more efficient delocalisation of the nitrogen atom lone pair riegulh an increase of the

N-C bond order. These findings are in accordance with previous research work on analogous enaminone

system§]

Figure 23: 13GNMR spectraf 2.4and2.14
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The behaviour leading to the appearance of the signals for the NMe groups noted'tH-iMR spectra
for 2.1, 2.4and2.14 is also manifegtd in the respective'*C NMR spectra with éhonefor 2.4 affording a
weak singlet atG13.45 whereas tle onefor 2.14 affords distinct intense signals a&32.73and G38.82.
Further interest is presented by tHéatom of the carbonyl unit of the enaminone, which appears to be
typically highly deshielded@93.98 for2.4and GL75.25 for2.14) by virtue of the electron withdrawing
adjacent double or imine bondrigure 2.3.

Interestingly, in théH-NMR spectrum of the thiengnalogue2.8the signal for the NMeunit also appears
as two slightly broadened singlets, similar to thadE, due to hindered (slow) €3 rotation during the
acquisition of the NMR spectruririfure 2.4 Of further interest is the appearance of the signals fét 2
and for 3H which resaate at &.62 and &.77 and appear as doublets willx 12.3 Hz, which is typical
for trans-alkene protons of enaminoketonﬁs.

Figure 24: 1H-NMR spectrum o02.8

Figure 25: 33GNMR spectrum 02.8
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The Me groups of the NMé¢erminus reflect the broadened behaviour observed in tHeNMR spectrum

and in the'3 GNMR spectrum o2.8they appear as two separate broad peaks, resonatin@a.29 and
G15.05, thus providing further evidence of the restrictedCR bond rotationKigure 2.%.

A comparison of the foregoing broa#C signals for the methyl groups ar8 with the two sharppeaks
observed for the NMe units in thHeGNMR spectrum of the azaerivative2.14 (Figure 2.3suggested

that there is more extensive delocalisation leading to an essentially rigid syst&rifhmwhich in turn is

likely to have a much higher energgrber for rotation.

The distinct differences for the NMsignal between enaminones with different substituents on the 1
and 2positions led to the postulate that the aforementioned restricted rotation suffered by tHe3N

bond was consistent amongst em&one analogues and was directly affected by electronic effects
imparted by the substituents. Further investigation of the behaviour of this bond rotation was thus
deemed of interest, and Variable Temperature WNR spectroscopy was employed in ordeexamine

the respective rotation under a gradient of increasing temperatdté sample of the furyl analogu&7

was used for this experiment with deuterated DMSO as the solvent, as the aforementioned derivative
presented dH-NMR spectrum thafollowed the signal pattern commonly seen for analogous compounds
(e.g.phenyl @.1) and thienyl 2.8) derivatives). Consecutive spectra acquisition after intervals ¢fC10
temperature increase affordedstacked plot ofH-NMR spectra between Z&Zand 0 °C Figure 2.5. As

is evident from the spectra, the initial two sharp singlets corresponding to the methyl groups of the NMe
unit broaden as the temperature increases, while they appear increasingly closer to each other, until they
coalesce into a brahsinglet from 5% to 65°C, placing the coalescentamperatureat approximately 60

°C. This is evidence of the two methyl groups gradually becoming equivalent at higher temperatures,
which in turn indicates the anticipated acceleration of the€CBl bondrotation speed upon the input of

heat into the enaminone system. It can thus be suggested that 8 Mond rotates at a specific speed

for each enaminone analogue and that this rotation speed can be tangibly influenced by electron donation
or withdrawaleffects from ambient substituents.

Figure 26: Overlaid spectra of VIH-NMR run on analogu2.8 from 25°to 70°C at a 1@ temperature increase pace (5
increase to reach 7C)

Apart from exploring the thermal features ehaminone systems, the coalescence temperature found by
VT-NMR spectroscopy was further utilised in the calculation of the free enthalpy of rotation activation for
the NMe terminus, 45, during coalescence. If the coalescence of the two singlets into one broad singlet
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is considered a chemical process with an exchange rate congtantturring at 60C or 333 K, it is possible
to use the Eyring equation for this calculatitm

&L &—— C:{)Q)A El

where fis the transmission coefficient, ks the Boltzmann constant and h is the Planck constant. With
the transmission coefficienfassumed to be equal to 1, solving the above equation4értransforms it

as follows K, =1.38x 102 J/K, h = 6.63 1024 Js)

2L zp‘" FZG\ A L@ EZ LAV A L 4%@uzyw{EZ4—

GLT PR\

The constank: can be calculated at the coalescence temperature using the maximum peak separation in
Hz at the lowest temperature (2%, spectrum acquired at 600 MHZz):
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The previous equation can now produce the value 46mwith R =8.31 JmolK:
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This value is in good agreement with the free enthalpy of rotation activation fophleayl analogue.1,

which has been studied in a similar fasiHf8and found to have &G value of 63.KJImot. It is clear that

the foregoing calculations can be reproduced for any enaminone analogue with two distingnidttey|

group signals to ascertain the amount of energy that is required so that the respect@&bdnd can
rotate freely. This can be used to evaluate bond rotation speed between different derivatives, whereas it
can further be used as an indication tbe reactivity of a specific analogue.

The'H-NMR spectra of the styr@.9 and phenylethynyR.13analogues merit some specific comments,

as they are indicative of the differences between alkenyl and alkgoykaining enaminone derivatives.

In the casef the styryt analogue2.9,the expected signals for the enamino un@(28 for 2H and G.79

for 3-H,J=12.4 Hz;2.91 and G3.16 for the Me groups of the NM&rminus) are joined by the alkene
signals that appear as doublets &.85 and G7.58 withJ=15.7 Hz, a typical value of thans-akene
protons (Figure 2.7 The absence of such protons on the triple bofi@.13attests that the two protons

of the enaminone scaffold a.32 and .74 are the only olefinic protons in the compaljiwhilst the
sharpness of the two singlets for the NMerminus atw2.91 and 3.16 can be directly correlated with the
effect of the triple bond on the rotation of the-83 bond rotation; it appears that the presence of the
triple bond has the apparentffect of decreasing this bond rotation to a greater extent than the double
bond does, thus allowing for sharper singlets for these pivotal distinct Me moieties than the broadened
signals seen on the styryl analogi®.

The triple bond adjacent to the daonyl groupin 2.13was further found to have a profound effect on the
sharpness of the Wle signals in th&GNMR spectrumRigure 2.8. Examination of the relevant spectrum
shows a broad peak afl74.78 that corresponds to the carbonyl carbon, as aglh signal atGL02.17

and at G158.22 for the alkenyl carbons of the central double bond. The two alkyatdms resonate
closely at G86.53 and G87.79, with their peaks also being quite broadened, thus illustrating a
spectroscopic behaviour that differs from the other previously observed enaminone examples.
Conversely, the two methyl groups of the NMerminus appear as a sharp signal @7.36and at G
45.36, which comes in tandem with previous spectroscopic observations on enaminones with electron
withdrawing substituentsd.g.2.14, Figure 23).
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Figure 27: 1H-NMR spectof 2.8and2.13

Figure 28: 3GNMR spectrum 02.13
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The structure of prepared enaminones could be further verified by their IR spectroscopic profile; more
specifically, the stretching band corresponding to the carbonyl unit was typically observedeipet &80

and 1630 crm. As previously commented, such C=0 stretching band values deviate from the values that
are common for unsaturated ketone systent6851666 cmt). This decrease in frequency can be
attributed to the extended conjugation caused by theighbouring double bond in conjunction with the
donation of electron density by thid atom of the amino terminus, with both of these effects allowing for
C=0 bond stretching at lower frequencies. This significant shift in the carbonyl stretching frequency
unequivocally confirms the conversion of anmethyleneketone precursor into its enaminone
counterpart.

Whilst the geometry of the monosubstituted enaminoketor$, 2.6- 2.13could be readily established

by examination of their 4 t3-H coupling cortants, NOE NMR experiments were employed to determine
the geometry of the 1,2listubstituted compound®.2 - 2.4. Specifically, the spatial proximity between

the NMe unit and the protons on the -2ubstituent was examined to ascertain their position on @2

C3 double bond. The NOE NMR spectrun®.@fis an indicative example, wherein two key spatial
correlations can be seen, one between the vinyl proton and the Me groups of the lNMend another
between the foregoing aliphatic signals and a signatHeraromatic protons atirca G/.2 (Figure 2.9).
Furthermore, the absence of a similar NOE contour between the vinyl proton and any of the aromatic
signals provides supplementary evidence af-aconfiguration for the 2phenyl group and the NMe
terminus, thus broadening the range of enaminones viiélgeometry so as to include -dubstituted
enaminone systems as well as mesubstituted enaminone systems.

Figure 29: NOE NMR dt.2 showing key correlations that det®acisgeometry

Given its effectiveneds ascertaining spatial relationships between proximal groups on the enaminones,
NOE spectroscopy was limited by the requirement of protons being present on-shbstituent. In
analogues where the-8ubstituent d the enaminoketone did not possess any H atoms, attempts to grow
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crystals suitable for examination by-ray crystallography were undertaken. This technique was
specifically utilised for the cyano derivati&5, prepared in 56.7 % vyield by heating a solutof
benzoylacetonitrile2.15 in DMFDMA at reflux overnighS¢heme 2.2 The crystal structure of this
analogue shows that the CN moiety is indeésto the amino terminus, thus confirming the preference
for anE geometry once moreHjgure 2.1

Sheme 22: Preparation of the cyano enaminone analogug

Figure 210: Xray crystallography structure of analogés, showing the adopte& geometry thermal ellipsoids shown at 50
% probability level

The preparation o2.5wasaccompanied byn unexpected aspect: the formation atable ionic species
arising fromthe union of two molecules dhe startingmaterial2.15(Scheme 2.3During theforegoing
DMFDMA addition tdbenzoylacetonitrile, a highl polar compound was isolated from the reaction
mixture by column chromatographyvhich could not be unequivocally characterized after an extensive
array of spectroscopic experiment$-NMR spectroscopy revealed the presence of 10 aromatic protons
in theregion of &.39 t17.52, along with a downfield singlet &B.02 accounting for 1 proton and 1 singlet
in the aliphatic region (3.09) which integrated to 12 protons. The relevai@NMR spectrum hinted at
the preservation of the carbonyl moiety due #opeak atG.90.04, whereas the presence of three peaks
at circa G54 could be interpreted as one carbon environment with splitting from a neighbodting
nucleus®% Typical vibration frequencies at 2199 and 1612'émthe IR spectrum of this compodn
pinpointed the CN an€O groups respectively, but no further information could be inferred as to how
these groups were connectedrortunately, it was possible tgrow crystals ofsuitable quality from
EtOH/hexandor X-ray analysisrevealng that the stle-product was a salt comprising of a carbann
dimer[and a NMg* counterion @.53). Interestingly, a repeat of this preparatiarsing PhMe as solvent

at room temperatureyieldedthe target compound?.5 together with a different salt, the structure of
which was also ascertainedia X-ray crystallography and found to contain the aforementioned
carbanionc unit boundwith a different counterion (MeNCH=KMe,, 2.5b). A comparison of the yields
recorded for tte two routestowards themain product2.5 alsorevealed that allowing more space to the
reactantsby using PhMameliorated the efficiency of the transformatio(85.0% for the solvent run at

r.t. over 567 %for neat DMFDMA run at reflux), thus indicating that use sblvent may be beneficial
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for the formation of this derivativeThe'H-NMR spectra obtained for thessdeproductsare shownin
Figure 2.11, whilst their 3D structures are presented in Figure 2.12

Scheme 2: lonic species as sigroductsof enamirone formation

Figure 211: Crystal structure abnic sideproductobtainedviathe initial reaction protocolZ.58) (above) Crystal structure of
ionic speciebtained by using PhMe as solveBat5h) (below)
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Figure 212: 1TH-NMR of the cyananalogue2.5and the two sideproducts2.5aand2.5b

In conjunction with the chemical behaviour of the reactants, the crystallographic datanelk for the
structure of these sidg@roducts can be utilised to propose a mechanism for their formatBonéme 2%

It can be deduced that the presence of the strorejbctronwithdrawingCN moietyin benzoylacetonitrile
(2.19 is pivotal to theformation of the bisbenzoyl carbanion by stabilising the corresponding enokste,
no other starting ketone afforded similar dimitke speciesipon treatment with DMFDMA, including the
estercontaining analogue 2.3. This feature can be viewed as a threshold of tendency towards
A Ju E]I §]}v_ UsuBj&c t@ theelectronwithdrawing character of the Zubstituent. In order to
further explore this unusual behaviour, the isolated enaminone prodach) (was redissolved in
DMFDMA and dated to reflux over 22 to test ifthe foregoing carbaniomvould be generatedunder
these conditions, althouglinfortunately this only resulted indecompaosition of the enaminon@.5;
hence, it can be suggested that the formation of #de-products2.5aand2.5binvolves both the starting
material2.15and the enaminone produ@.5, and a proposed route can be constructed (Scheme 2.4)
Such aoute presumably includes the initial formation of the enolate ®16, which is followed by its
transformationto the enaminone2.5 through the established DMFDMA addition mechanism and its
consequent addition to asecond 2.16 ion to produce the dimefike intermediate 2.17. The
dimethylamino unit on this species is able to be protonated and cleaved in the presérideOH,
whereas the methoxy ion that forms as a result can cleave the acigioton on the eliminated
intermediate 2.18 towards the key carbanio2.19 Molecular clustering may favour this chain of
transformations, as evident by the lowside-product yield (35 %for 2.5b over 14.0% for2.58 when
carrying out the conversion in a solvent. The presence of PhMe also appears to influence the mechanism
that furnishes these ionic species, as the different counterions on the two ionic compbeawuddo arise
from different rearrangements that take place during their formation. Sokfege# conditions were found

to be suitable foran Si2 attack on the electrophilic methyl group on the iminium fragment of DMFDMA
(2.20, documentedn section1.1.2. by the aforementioned dimethylamine fproduct towards the
tetramethylammonium cation ir2.5a%, whereas the presence of PhMe led to the direct addition of
Me,NH to2.20and the formation of the bislimethylamino cation ir2.5binstead
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Scheme 2i: Proposed mechanism fdine formation of sideproducts2.5aand2.5b
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Apart from 2.5, the use of PhMe as solvent wégrther employedfor the preparation of other
enaminoketoneanaloguesipon examination of the relevant literatuf&f°|For these derivatives, PhMe
solutions of the starting ketones with DMFDMA wéeated under reflux over varying time periods to
produce the short seriesf enaminoketoneshown intable 2.2

Entry | Compound No. R R t(h) | Yield (%)
1 2.21 6 77.0
2 2.22 H 120 60.0
3 2.23 H 6 77.3

Table 22: Enaminones prepared using PhMe as solvent

The three derivatives2(21 t 2.23 that were preparedvia this iteration of the original protocol were
afforded in good yields upon solvent removal angCEtrituration. Of note is the case of the methoxy
analogue2.22, which required 6 days to reach reaction completion and was only isolated in a noticeably
lower yield (60.0%).Although this iteratiomprovided satisfactory resultghe initial methodwas efficient
enoughso that nofurther research regardingse of solventsvasrequired

The last alternative routeevaluated for the reaction between Dmethyleneketones and DMFDMA
involved the use ot-proline as an organocatalyst, mirroring the research work discussed in section
1.1.2.The proposed mechanism, previewed fgralogue2.1in Scheme 2.5, involves the formation

of an imine intermediateZ.24) which can attack DMFDMA with consent cleavage of MeOH, facilitated

by the carboxylic end of the amino acid. Abstraction of the second acidic proton and loss of a second
MeOH fragments affords an iminium intermedia®235), which is hydrolysed towards the enaminone
target and the retrieed catalyst.

An assessment of the foregoing mechanism hints at a potential detrimental effect-efibsBituent on

the starting r-methyleneketone due to steric interference, which could also explain the screening of this
catalytic process solely amono-substituted starting materiTo ascertain this hypothesis, specific
derivatives 2.1, 2.5and2.6), which had already been prepared, were synthesig@dravia this protocol,

along with one new analogu@.@6), thus compiling a small compound library thaslewn intable 2.3.

In spite of the small number of prepared analogues, a few interesting ingightbe obtained from the
presented dataWith recards to method reproducibility, juxtaposition of the obtained and the literature
reported yields illustrates that the catalytic conversion proceeds as anticipated, whilst any discrepancies
in yields may derive from different purification procedures (retalisation instead of column
chromatography).
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Scheme &: Proposed mechanism ofproline catalysis of dimethylaminomethylene addition

cony [0 [ [ | Y| R e,
1 2.1 H | 35| 852 1 90.0
2 25 CN | 3 | 620 - -
3 2.6 H 2 | 833 1 88.0
4 2.22 H | 16 | 571 - -
5 2.26 H | 16 | 821 2 82.0

Table 23: Enaminone systems obtain&ih L-proline organocatalysis
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Comparing the yields of the pheni@.1) and pyridyl 2.6) derivatives with the yields reported using the
original, uncatalyzed method reveals that the expedtettease in yield is not unilateral but dependent

on the substituents on thesubstrate; althoug the phenyl analogue responds well (B%%6after 3.5 h at
80°Cversusb9.0%after reflux overnighy, its pyridyl counterparappears tdbe affected bythe activation
potency of the catalysbnly in terms of shorter reaction time (2 h over 16 B} evigénced by the
practically identical yieldsetween the twosets of conditions(83.3 %for the organocatalysis ruat 80°C

and 84.9 %for the initial ru). dZ]e ~+8 Pv v C_ ]Jv C] o ]+ o+} A] v$§ ]v §Z .
analogue2.22, as the usef L-proline for the preparation of this enaminone (entry#able 2.3 resulted

in a 57.1 % yield after chromatographic purification, which is quite close to the yield recorded for the non
catalysed attempt of this reaction in PhMe (60.0 %, entryahle2.2) after trituration of the crude with

EtO. Despite the inefficiency of this method in improving the synthesis of this analogue, the recorded
yield was achieved after 16 h of reaction time, which is a significant improvement over the 120 h of
reactiontime required to reach a similar conversion extent during the solventlruthe case of the 2
substituted cyano derivative.5, use of the catalyst resulted imaarginallyhigher yield (62.06 over 567

%), but this is noticeably lower than thgeld reported when PhMe is used as solvent (85)0These
findings cement the claim of substitutioan the 2position hindemgthe ameliorating effect of-proline,

thus resulting irthis methodbeing avoidedor further di-substitutedanaloguegFigure2.13).

Figure 213: Effects of organocatalysis towards selected enaminones
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2.1.2 Attempts at double substitutiorusingDMFDMA

Another point of interest during the synthesis of the enamingmecursorsrevolved around thenotion

that a ketone witha methylene uniton either side of the carbonylgroup would undergo two
dimethylaminomethylene unit additions usimag leasttwo equivalents of DMFDMA, as established by the
relevant literaturg?FF-| Three target analogue30- 2.32) were selected to be prepared in order to

test method efficiencylong withsubstate toleranceandthe results of these attempts are showntable

2.4,
Entry Substrate | Product | Solvent | Temperature {C) | Catalyst | t(h) Yield (%)
1 2.27 2.30 PhMe 110 - 24 n/a
2 2.27 2.30 - 103 - 16 n/a
3 2.21 2.30 - 80to 103 L-proline 2 n/a
4 2.28 231 - r.t.to 70 - 1 10.0
5 2.28 2.31 PhMe 0to 35 - 3 59.1
6 2.29 2.32 - 103 - 6 70.1

Table 24: Attempts at double DMFDMA substitution

The findings from these reaction attempts indicate a discrepancy with the research wahkdgdet al.,
and by Taylor and Skotnicki, as the methods described in these publiggfisheme 2.63hould have

theoretically been replicated in terms of reagents and reaction conditiorts rasulted inthe same

results
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Scheme &: Reported literature conditions for double DMFDMA substitm

In the case of the diphenghalogue2.30, heating a solution of the starting keto2e27with DMFDMA in
PhMe for 24 h (entry 1, Table 2.4) only afforded the monosubstituted sp2dég¢Figure 2.14a). Further
attempts to obtain the bisnaminone2.30from either2.27(entry 2, Table 2.4) or the moramlduct2.21
(entry 3, Table 2.4) using neaIBPDMA olL-proline organocatalysis did not fare any better, only affording
a small amount of a sidgroduct that was identified as the pyrahone derivative2.33 (6.7 % yield)
(Figure 2.14c,d)*H-NMR analysis of the crude reaction mixture before chrorgedphic purification
showed no signals attributable to the 3ggphenylpyranrd-one 2.33(Figure 2.14b), although two singlets
at .49 and@.58 were observed, presumably corresponding to the vinyl proton and the: Biphatic
protons.

Figure 214: a)'H-NMR spectrum of the monsubstitutedanalogue2.21, b) tH-NMR of the final crude mixture towar@30,
showhg potential signals for the benaminone analogue, éH-NMR of pyrard-one .33 sideproduct, d)13GNMR spectrum
of 2.33
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These findings denote th&t30does form to a small extent but, upon contact with atmospheraisture
or O molecules trappeth the silica matrix, it canyclisein silicatowardsthe more stable conjugated
system2.33(Scheme 2.7).

Scheme Z: Isolation of a pyranone heterocyd2.33) upona double DMFDMA substitution attempt

In search for a plausible explanation of the inactivatio2.@fl towards a second DMFDMA substitution,
the signal corresponding to the dimethylamino group281was examined. These two methyl groups
afford a broaderd singlet, which is indicative oélativelyslow bond rotation and a high doublend
character for theGN bond (examined in sectiagh1.1). It can thus be suggested that there is a significant
resonance stabilisation effect, which is greater than tladiserved for typical enaminone systems
exhibiting distinct sharp NMsesinglets in theifH-NMR spectra. Enolate formation actively negates this
electron cloud delocalisation, henaedeprotonation of2.21is tied to a high energy barrier that needs to
be overcome before any further interaction 21 with DMFDMA can occur (Scheme 2.8).
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Scheme &B: Inactivationof 2.21towards DMDMA substitution owing to stabilisation tkugh resonance

Concerningthe non-substituted analogue 2.31 (1,5-bis(dimethylamino)pentdl,4-dien-3-one), the
intuitive strategy of using acetone as the starting ketone was abandoned due to concern that the
foregoing behaviour of the diphenyl counterpa2t27 would also manifest during the addition of
DMFDMA to acetone. Ftinis reason, synthesis of the besxaminone2.31required a different precursor,
which was elected to be-8xopentanedioic acid2(28), in accordance witthe experimental protocol by
Taylor and Skotni Unfortunately, repeating ths experimental procedure led mostly to starting
material decomposition, with the target compound being obtainéd &w yield (10.06). Using a solvent
(PhMe)and mixing the reagents at a lower temperature seems to have rectified this process, resulting a
greatly ameliorated yield (59.%). The isolated compound could be readily identifieh *H-NMR
spectroscopy by the characteristic set of doubletsGit97 and G7.52 = 12.8 Hz) for the two sets of
trans protons, along with the anticipated singlet &2.88 (Figure 2.14. The 3 GNMR validated this
evidence on account of the carbonyl peak @&l86.95, as well as the broadened signal @41.09
correspondng to the 4 aliphati€€atoms of the 2 NMgtermini (Figure 2.15b).

Figure 215a: 'H-NMR spectrum of the bisnaminone2.31
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Figure 215k 1I3GNMR spectrum of the bisnaminone2.31

It can thus be inferred that highgemperatures are detrimental for the conversion, as the carboxyl
moieties on the starting material can be deprotonated by the methoxy fragment of DMFDMA to produce
an intermediate that is capable of undergoing rapid decarboxylation towards acetone. puabess is
thermodynamically favoured due to the release o.Géthereas the volatile acetone escapes the reaction
mixture without interacting with DMFDMASEheme 2.9a Conversely, a lower temperature allows for
proton cleavage to occur at the-positionstowards an enolate ion that can attack the dimethylamino
fragment of DMFDMA and afford the carboxyl intermediai84, which can be consequently converted
into the desired enaminone2.31 after an elimination process that includes decarboxylation and
elimination of a methanol fragment.

Testing the same transformation to the analogous and&9was met with success without the use of a
solvent or a catalyst, hinting at the pivotal role of the secbhatom in containing the delocalisation of
electron cloudon the enamine unit of the moneubstituted intermediate?.35. As a result, the carbonyl
group has the capacity of being involved in the enolate formation that is necessary for the addition of the
second dimethylaminomethylene moiety and the furnishing targetcompound2.32 (Scheme 2.9pb

This analogue provides an interesting set of spectroscopic data, as the two dimethylamino termini appear
to behave differently Eigure 2.8); the enoneadjacent group is observed as a singlet that denotes the
equivalerce of the two methyl groups, whereas the terminus in proximity to the imine moiety translates
into two sharp singlets, which is evident of a high double bond character for the cartvogen bond.
Moreover, the two olefinic signals are also influencedh®ypresence of the secoridlatom, as the proton

of the imine group is further deshielded by virtue of a negative inductive effédmse assignments can
also be aligned with previous enaminone exampkg, 2.14) thatinclude similar proton environments

as thosefor 2.32
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Figure 216: 1H-NMR spectrum of the bisnaminone2.32juxtaposed with the spectra of analogu2® and2.14

Scheme @a Observation®n the formation of bissnaminone2.31
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Scheme Ab: Observations on the formation of bésxaminone2.32

2.2 Sulfene addition to enaminones towards 3dihydro 1,2oxathiine 2,2dioxides

2.2.1 Analogue library andeaction overview

With the enaminone precursor library at hand, theycloadditionwith sulfenes was subsequently
explored. In accordance with the research undertaken by Scheabaé (discussed in sectiork1.2.3

and 1.2.2.2), the sulfenes used were preparéd situfrom their corresponding sulfonyl chlorides upon
treatment with EtN in the presence of the enaminone substratés aqueous workip, followed by

either crystallisation or column chromatography was used to isolate the pure prodtetlibrary of 3,4
dihydro-1,2-oxathiine 2,2dioxide adducts produced by this conversion is detailedtable 2.5
Examination of the analogue structures juxtaposed with their respective yields presents valuable insights
into the governing precepts of sulfene additidthere apears to be an increase in the yield when moving
from lower to higher phenyl substitution patterns, as seen in the examples of-gheefyl .52 37.4 %

entry 16), 3,&diphenyl .43 44.0%, entry 8), 54liphenyl .41, 78.1%, entry 6) and 3,5;8iphenyl

(2.36, 77.0%, entry 1) derivatives, which constitutes evidence of electron donating effects influencing the
reaction. In contrast to this trend, EW groups on thep6sition of the heterocycl@roduct appear to
moderate the yield of the reactiore(g pyridyl analogue2.44, 9.7 %, entry 9, phenylethynyl analogue
2.51, 348 % entry 16), whereas withdrawal of electron density thre 2-position of the respective
reacting enaminones seems tieactivate then completely (attempts toward®.38 2.39and 2.53). This

loss of reactivity can be correlated with thd-NMR findings on such enaminone analogueg.@.11and

2.14), presented in sectio@.1.1 The resonance of the NManit aliphatic signals as two distinct, sharp
singlets €.9. G3.29and G3.48for 2.5, (3.17 and (3.21 for2.14) indicates that electron withdrawing
groups permit electron density to be donated by the termiNaitom of the NMe unit leading to a GB3I

bond with a high double bond character. This discrepancy in the electron density on these analogues may
in fact be the cause of their inability to interact with the sulfene species, given that all other analogues
were found to undergo this transformatioifihis insight is particularly important, as it shows that, despite
the presence of a nucleophilic centre on the sulfene (electron@akom) and an electrophilic unit on

the enaminone (imincCatom), no bond formation occurs, inferring that the enone ntpiis pivotal to

the success of this addition which is indicative of a potential hetero-Bldisr mechanistic route for the
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formation of these heterocyclic adductsigure 2.T). The foregoing observations could pave the way for
further experimentsisinga more extended series of structurally diverse enaminoketamesderto build
up a series of empirical rules for substituent reactidgtyingsulfene additions to enaminoketones

R
1 2.2 2.36 16 77.0
2 2.2 2.37 16 60.0
3 25 2.38 CN 16 0.0
4 2.3 2.39 CQEt 16 0.0
5 2.21 240 20 48.0
6 2.2 241 H 16 78.1
7 2.4 242 H 16 78.8
8 2.1 2.43 H 16 44.0
9 2.6 244 H 16 9.7
10 2.26 245 H 16 65.2

Table 25a: Library of 3,4ihydro 1,2oxathiine 2,2dioxides with varying-35- and 6 substituents
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Entry S,\](I)\_A' Pl\rlc(’)‘_i R R R t (h) Y(i;)')d
11 2.22 246 H 18 | 76.7
12 2.23 247 H 4 54.1
13 2.9 248 H 19 | 723
14 2.10 249 H 19 | 60.5
15 2.7 250 H 17 | 66.9
16 2.13 251 H 16 | 34.8
17 2.1 252 H H 16 | 374
18 2.14 253 -* 16 0.0

*N atom on the 2position instead of &atom

Table 25b: Library of3,4-dihydro 1,2oxathiine 2,2dioxides with varying-35- and 6 substituents

Figure 217: Failure of sulfene addition on enaminones with imlike moieties hinting at a concerted mechanistic process with
the enone as a die requisite

Surprisingly, substitutioron the 3position of the 1,2oxathiine 2,2dioxide productseems tobe
inconsequential forthe formation of the heterocycle productsvhen comparing the pair of phenyl
substituted example®.36 and 2.41, the presenceof the 3phenyl group seems to have practically no
effect on the yields of the 1;8xathiine 2,2dioxides (77.@%6for 2.36, 78.1% for2.41). Only the presence
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of the EW trifluoromethyl (GFmoiety on theparaposition of the 3phenyl ring (exampl@.37) seems to
affect the yield, albeit to a small extent (60®for2.37, 78.1% for2.41). Ths *«S P v regsponse to the
presence of an activating but bulky group, such as a phenyl ring, on the sotfestitutes an indication
that steric hindrancenay prevail over electronic effeat the mechanism of this reaction.

The prepared heterocyclic systems share specific spectroscopic features that are characteristic for the
3,4-dihydro-1,2-oxathiine2,2-dioxide groupand thus indicative of the success of a sulfene addition. An
examination of the!H-NMR spectra of selected analogudsgiire 2.18) reveals than the key signals
correspond to the aliphatic protons of the 1¢Xathiine backbone, observed betwee®.0 and (5.0,
along with the six NMgprotons that appear as a sharp singletata .3 and the olefinic 1 (whenever
present) which is commonly observed ne@6.0. Comparing signals for various substitution patterns
highlights the effect of the -phenyl groy in shielding the adjacent proton, whereas thea@ino group

is found to have the converse effect osHddue to a negative inductive effect by tNeatom. An exception

to this trend is seen in the case of &Bbstituted analoguese(g. furyl analogue2.50 (Figure 2.18b)),
where the peak for 3 was always shifted upfield and was observed between the signalsHantl 5

H. With regards to analogues with no substituents on thpoS8ition (Figure 2.18c and dhe two
diastereotopic protons 3, v 4H appear to resonate at different frequencies and present different
coupling constants when coupled to the neighbouringl 4thus affording a largeka for the pair inan
anti- arrangement and a smallek; ufor the protons that aresynto each other. It should be noted that
the aforementioned signals relate to only one of the two possibled#ydro-1,2-oxathiine 2,2dioxide
isomers that can be obtained from a sulfene addition to an enaminoketone, constituting a facet of these
heterocycles formation that will be elaborated upon during later sections of this discussion.

Figure 218 Representative examples 8f4-dihydro-1,2-oxathiine 2,2-dioxide’H-NMR spectra (spectrum f@&.41(c) was
obtained from a 8&AcMe sample)

As it can be deduced from trexamples in Figure 2.18, examination of theinalcoupling constants for
the 3-H and 4H doublets observed for the synthesised-b)athiine 2,2dioxides can provide evidence of
potential structural differences édween analogues with differergubstitution patterns. The range of
values for the four sets of isolated derivatives (3;8bstituted, 3,6substituted, 5,6substituted and 6
substituted) are detailed belowl &ble 2.§.
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Substitution pattern 33n(Hz)

79195

11.1t11.4

8.31t9.1

114

Table 26: Vicinal coupling constants wérious 3,4dihydro 1,2oxathiine 2,2dioxides

In the case of derivatives with substituteddhd 5,6 positions, the three aliphatic protons are arranged

v v [ *%]v % 35 Ev A]J3Z 3A} }pudedn] ¥ Bas)Mmds the dayearticoupling
constant was utilised for comparable results. Evaluation of the contentalié t2.6reveals that the
absence of a substituent on the position of the 1,2oxathiine ring induces an increase on theinalJ
values fromcirca8.4 Hz tacircall.2Hz, which is equivalent to a proportional increase onttaes-axial
dihedral angles betwaethe 3 and 4 protons'®81% This can be attributed to the empty space previously
occupied by the bsubstituents, which allows for a different arrangement of the surrounding groups on
the 3- (when present), 4and 6 positions, leading to a potential d@stion of the C3C4C5C60 plane
towards a conformation of lower energy. The various substitution patterns ofliBydro 1,2oxathiine
systems can thus be divided into 2 groups, with the first one comprising of derivatives with a planar C3
C4C5C60 bakbone (3,5,6ubstituted and 5,&ubstituted analogues, also seen in sec11<ﬂ12. and

§Z ¢ }V %0}% po § C E]A 3]1A « LECBRC60MuRit §3,638bstituted and 6
substituted analogues). These results also indicate that the structure ofdit8;dro 1,2oxathiine 2,2
dioxide can be influenced by both the inherent torsion between the atoms of th@xathiine ring and

the substitution leel of the molecule.

The effect of this structural alteratiofor 5-H analogues may be correlated witie unusual behaviour
observed for derivativ®.43;, 'H-NMR analysis of a&ay-old CDGIsample of this analogue afforded the
product peaks along with an additional set of signals, which were identified as the signals of the starting
enaminone2.1 (Figure 2.1
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Figure 219: Appearance of startinmaterial signals of a CRGample of2.43after 5 days in solution

Theforegoing data infers that the 3;dihydro 1,2oxathiine product reverts back to its enaminoketone
precursor2.1, whereas the phenylsulfene fragment potentially decomposes and thétiregphenyl ring
signals and are not resolved from the aromatic signals in the spectrum. The extent of this reversion
reaction was examined over timeéa consecutive!H-NMR measurements of CRGamples 0f2.43
(deuterated solvent was used as suppliedpng with the analogou.36 and 2.41, between daily (or
longer) intervalsTable 2.7.

Table 27: Table of reversion yields between 3 analogousd¥ydro 1,2oxathiine 2,2dioxides

As it can be seen imable 2.7 only the 3,6-substituted derivative 2.43 underwent reversion to the
enaminone precursor, with the other two analogu@s36and2.41) preserving their structural integrity
after almost 1 month in solution to CRCTaking into consideration the results regarding the correlation
between the coupling constants of various -8lhydro-1,2-oxathiine systems and their respective
structures Table 2.6eU ]S u C §Z }E]e §zZ § L£ACECqO©FPpakIsone orzi43induces

an increase in the total energy of this heterocyclic system, thus making it less stable and susceptible to
cycloreversion when left in CD&olution for more thara few hours. It should be added that, regardless
of the structure of the 1,xathiine 2,2dioxide heterocycle, the electredonating effects of the phenyl
group may also be a determining factor for this type of ratamsformation.

The behaviour 3;@liphenylderivative2.43was further investigated with regards to the effect ai0Hon

its isolation from the reaction mixturélhe generalwork-up procedurdor the sulfene additions included
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a HO wash othe reaction mixtureupon complete conversiorio remaove triethylammonium chloride
(E&N'HCI, Scheme 2.1)) however, such ionic species werund to bereadily adsorbed onto the
stationary phase during chromatographic purification of the produtigs an agueous wash was deemed
gratuitous as it lengthenedhe workup process without meriting a full removal of ionic impurities.
Moreover, washing the reaction mixture with water was also found to have an effect on the reactian yield
The first attempt at synthesising the 3d@phenylanalogue2.43 wasmet with limited success (10.%
yield) afterawork-up process that included an agueous wash (thorough contact with significant amount
of HO), but a second run of the same reactidaring which the crude product was only triturated with
water without aqueous washing (brief contact with a small amount eD}allowed for substantially
better results (44.%6 yield) Aqueous washing was thus omitted from the general sulfene addition-work
up process upon these findings.

Scheme 2L0: Correlation betweenantact with HO and yield of 12xathiine 2,2dioxide product

Parallel to the information accrued from the analysis of theNMR spectra of the 3;dihydro-1,2-
oxathine 2,2dioxides, characteristic peaks were sought out from*i@&NMR spectra of the 8;dihydro-
1,2-oxathiine 2,2dioxide products, with key signals denoting the presence of theogakhiine ring
system. Using the 5;@iphenylanalogue2.41as anexample (Figure 2.20he equivalent methyl groups
of the amino terminus appear as a singittirca G0, while the two aliphatic carbons of the heterocycle
are distanced significantly with C4 found @3 and C3 ai@®4, on account of the electrewithdrawing
SQ group deshielding C3. The olefinic pair of C5 and C6 are affected kyatioen in a similar fashion,
with the former being observed at5122 (typical for alkenyC environments) and the latter being
deshielded to such an extent that its corresponding peak appears downfiehi4S.

An additional piece of characterisation data thatbstantiates the conversion of enaminones to -1,2
oxathiine adducts regards the appearance of IR peaks which result from vibrations of thenGS
and the loss of the C=0 key signatiata 1600 cm'. Indeed, the IR spectra of the isolated -8jydro-
1,2-oxathiine 2,2dioxides exhibited key bands atrca 1365 cm' and circa 1170 cm! which are in
accordance with previous research work on the synthesis of such heterocyclic $JEt#4 (Figure
2.20).
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Figure 220: Typical3GNMR spectrum of a 3;dihydro-1,2-oxathiine 2,2dioxide systemZ.41)

Figure 221: IR spectrunof 2.41

The final piece of characterisation data involves the mass spectra of these heterocycles, through which
their molecular weight could be ascertained. The mass spectrum of the tripheriyative2.36 (Figure

2.22) presents a molecular ion at/z 406.1471 [M+H]which is in perfect agreementith the expected

m/z of 406.1471for G4H.aNG;S. A second peak is also presentrde 297.1278, which interestingly
closely aligns with that for 2,3#siphenylfuran 2.54) (expectedm/z of 297.1235 [M+H]); this species

may arise during the mass spectral analysis by loss glMand S©with concomitant ring contraction
(Scheme 2.1).
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Scheme 2.1: (Above) Elimination and rirgpntractionof 2.36towards the furan derivativ@.54 duringmassspectrum
acquisition, (below) preceding research by Morel and Ve the formation of the analogous furan systén®6

Such grocess has been previously explored in the literature during documentation of the thermolysis
of 4,6-dimethyl1,2-oxathiine 2,2dioxide @.55) performed by Morel and Verkadf€ and ther presented
findings provided a synthetically useful route to -2linethylfuran .56, Scheme 2.1), which serves as

a diene in cycloaddition chemistry and natural product synthgsts?

Figure 222: Mass spectraf 2.36showing a molecular ion fo2.54

Aspreviously mentionedthe reported yieldsn table 2.5and the previous characterisation discussion
both relate to one isolated compound, even though two disti@gt-dihydro-1,2-oxathiine 2,2dioxide
isomersmay arisefrom a sulfeneaddition, i.e. an anti- (Ph and NMgon opposite sides) and syn (Ph
and NMe on the same side) diasterater (Scheme 2.1R Theanti- diastereomerwas typically afforded
as the major or sole isomer and for this reason all yields regardindildydro-1,2-oxathiine 2,2dioxide
systems refer to this isomer, unless otherwise stated. The méyor counterpart was not without
interest,as is presencén the crude mixtures of these convers®seems to be dependent on the product
substitution pattern; in fact, only tsubstituted 3,4dihydro 1,2oxathiine analogues afforded reaction
mixtures that contained both isomers. Derivatives with-8igubstitution patterns exhibited no minor
isomer formation, albeit the presence of two chiral centres, whereas the absence-siilbs8tuent on
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the structure of 5,6&di-substituted systems connotes that no pairs of diastereomers may form for such
analogues. Even whehe syn diastereomermwas indeed observedhe almost identical polarityt shares

with the major anti- isomer made itsfull isolation unattainable in almost all occasions. THENMR
spectrum of the crude mixture for analog2e36 presentsa representatie example, wherexcept for

the signals of the major prodtican additional set of signals can fweind with a % 4= 5.9 Hzindicating a

syn arrangement for 2H and 4H; comparison of this value witihe one observedor the main set of
doublets, X4 = 8.0 Hz, conveys the fact that there is indeed a mafd and a minorsyn isomer that
have resulted from this additiomt a 10: 1 ratio @Hgure 2.23).The chemical behaviour of these
conformational isomers will be revisited in the following sections, as the proportion in which they form
reveals a stereoselectivity effect, which may be tethered to the mechanism of the sulfene addition.

Scheme 2.2: Isomer products of specific sulfene additions

Figure 223: IH-NMRof isomer mixture for the triphenyderivative2.36

Further insights to this reaction weigleanedfrom attempts to convert the bignaminone systems to
their corresponding 34lihydro-1,2-oxathiine 2,2dioxides(Scheme 2.183 The addition of phenyl sulfene
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to the bisenaminoneanalogue2.31did not yield he desired heterocyclg.57, possibly due to extensive
stabilisation of the enaminone through resonance. The imino countegh@abehaved more predictably
under the same conditions and formed the expected heterocycle with sulfene, but its potential low
stability led to the elimination of a HNMdragment, giving rise to the unsaturated analogli&8in 8.8

% yield as the only isolated compound from this run. Examination of'H&IMR spectrum of this
compound conveys structural information that mirror ¥ of its enaminone precursoR.82, section
2.1.2), as the terminal amino group appears as two singlets (one for each Me group) which points out the
inability of the MeN-C bond to rotate due to its high double bond charactgg(re 2.2% These datare
evident of a 3,4dihydro adduct forming at first but eliminatirig situtowards a system with a higher level

of conjugation. In turn, such an observation highlights the abilithefof the enaminone substituents

direct sidereactions m the desired3,4-dihydro-1,2-oxathiine 2,2dioxideadducts

Scheme 2.3: Sulfene addition attempts using l®aminone systems

Figure 224: 1H-NMR spectrum of the unsaturated derivati2e8

The use of excess amounts of sulfonyl chloride agld Etorder to ensure reaction completion presents
another point of discussion, along with the sigeducts that arise as a result. A common trend thats
always observed for additions of a substituted sulfene was the formation of dimerisatiopsidacts
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originating from the portion of the sulfene that did not react with the enaminone substrate. Although,
the mechanism of their formation has alreadgdn documented $ection 1.1.3.@@, isolating and
characterising these compounds would confirm such literature data. The additiorsMfirdd a THF
solution of phenylsulfonyl chlorid259was carried out to that end. Analysis of the crude reaction mixture
by 'H-NMR spectroscopy revealed a significantraatic load besides trace solvent and salt impurities,
along with two singlets appearing &%.62 and &.14 with a 1 : 0.4 integral ratio, both of which signals
had been observed in the reaction mixtures of various additions of phenylsulfene to enarifamare
2.25. Moreover, the triplet and apparent sextet signalscata G.3 and G.0, respectively indure 2.25
can be assigned to the triethylamine hydrochloridegmgduct. Of note is the peak a&irca G3.0, which
appears to be more complex tha quartet on account dfN-H coupling manifested by the methylene
protons on the ethyl groups:?

Figure 225: 1H-NMR spectrum of the sulfene dimerization reaction mixture

Figure 226: Trand Cisisomers of stilbene2.60a/b) isolated from the dimerization of phenylsulfene

Upon purification by recrystallisation, a mixture of the two compounds which exhibited a singBtGit
and at &.14 was subjectedtchromatographic separation which afforded aetated fraction containing
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both components, followed by a second fraction containing a single component. Comparisontif the
NMR signals of the isolated compound with literature souréded to the conclu®n that it wastrans-
stilbene2.603 whereas the same research work validated the structur@sstilbene2.60bfor the other
compound(Figure 2.26).

As there is no singlet corresponding to the benzyl protons of a potential ionic-tikmerompound,tican

be suggested that this bgroduct is triethylammonium chloridde¢ENHCI), which consequently leads to
the conclusion that any dimerisation of the situ formed sulfene with itself or the starting sulfonyl
chloride has exclusively one outcomieg. ring-closing to 4membered dimeric intermediatesl(3-
dithietane 1,1,3,3etraoxides) that are eventually converted into the stilbene isom280aand 2.60b
via two consecutive Sextrusions (Scheme 2.14),dacordance with the established Iiteratﬂﬁ

Scheme 2L4: Overview of sulfene dimerizatioBQ extrusionto arrive ata pair ofstilbeneisomers2.60a/b

2.2.2 Exploration of the sulfene addition mechanism

The discovery ofnti/syn diastereaner selectivity as a recurring trend during tlsgnthesisof tri-
substituted3,4-dihydro-1,2-oxathiine systemge.g 2.36, 2.40), alorg with the effects of substituents in
the reaction yield incentivised the examination of the obtained information towards determining the
mechanism for this specific transformation. Schenenaisolated the ring-openedintermediate(2.61)

of an analogouslichloraketene addition $cheme 2.15noted insection 1.1.2.3), but no similaispecies
were obtained by thisr any other research group for the case of sulfene additions.

Scleme 215: Ringopen intermediate 2.61) isolated from a dichloroketene addition reaction mixture

The absence of any intermediate of this kindhe 'H-NMRspectra of reaction mixture aliquots at various
time points was the first observation suggestive of a concerted, hetero-Bigés process. In order to
gain a more thorough understanding of how such a mechanism would operate, additional research on the
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two obtained3,4-dihydro-1,2-oxathiine 2,2dioxideisomers was essentjalthough thesyn isomer was
unattainable for examinatiomising the initialwork-up and purification processetue to its ceelution
with the majoranti- isomerduring chromatographiseparation, as seen for the benzyl exampld0
(Figure 2.27).

Figure 227: Ceelution of theanti/synisomers ofanalogue2.40

Pleasingly, switching the silica for alumina for the chromatographic separation allowed farcttessful
isolation of thesyn isomer 0f2.40, 2.40b, in 246 %yield Scheme 2.1 as evident by the coupling
constant between 3H and 4H beingrelatively smaller than that for the majanti- product2.40a(3%, 4syny

= 6.3 Hz as compared duaniy= 9.5 HzFFigure 2.28)An estimation of the proportion of these two isomers
could only be obtained from th#+NMR spectrum of the crude mixture for this repeat run, wherein they
were observed ina 1 : 1.27 ratianti/ syn) by comparing the integrals of the signal faH®or each isomer.
Contrary to the first run of this sulfene additiofigure 2.2y, here thesyn diastereomer was the
prevalent product instead of thanti- diastereomer which had been hitherto unseemroughout the
syntheses of 34lihydro-1,2-oxathiine systems.

Scheme 2L6: Isolation of thesyn isomer from a sulfene addition reaction mixture
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Figure 228: 'H-NMR spectra of thanti- (2.40g above) andgyn (2.40b below) isomers of derivativ2.40

Upon the isolation of this isomer, it was discovered that its €Ex@hple solution showed an additional

set of signals after standing at room temperature for & feours; this extra set of signals was attributed

to the majoranti- isomer2.40a This interesting behaviour led to the conclusion that, when in solution
with CDGl(solvent used as purchased), this diastereomer was able to epimerise at C4 towards its more
stable counterpart. A plot illustrating the gradual conversion of isothé0bto the anti- isomer2.40a

over time is shown ifrigure 2.29

Figure 229: Developing signals of the major isomer in a @Bdllition of thesyn isomer2.40bover 6 days

In order to further explore the epimerisatioof 2.40bto its anti- counterpart2.40a acircal-year old
sample of2.40bwas subjected téH-NMR analysis using-AcMe as a solverfFigure 2.3Q)A comparison
of the obtainedH-NMR spectrum with atH-NMR spectrum of.40ain d®-AcMe showed the full
epimerisation of thesyn isomer, which clearly indicates that the NMR solvent hagimotal effect on
the epimerisation process, whereas the complete absence of a second set of kdihygid-1,2-
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oxathiine signals also hints at a potensgh antiisomeiisationof 2.40bin solid state, which cements the
postulation that there is a significantihdency of2.40bto convert into2.40aover time.

Figure 230: Full epimerisatiomf 2.40bto 2.40ain the solid state (1 year old stored sample)

Scheme 2L7: Suggested epimerisation proces20t0bto 2.40a
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This gradual epimerisation may be possible due to the unstaleconformation of the NMeand Ph
groups, as well as a contribution from the NMeoiety (Scheme 2.17). The@bond betweerthe C3and
C4substituentscan shift towards the electron deficient C3 atom with concomitant donation of the lone
pair of the amine, affording a ringpened intermediate, in whictihe SQunit canassist in the stabilisation

of the negativecharge centred on C@&ven tirther via protonation of one of the twdO atoms when a
proton source is presentgnd which is able teing close with the two substituentanti to each other
(Scheme 2.1 The proximal enol moiety may also facilitate such a process by stabilising the
aforementioned intermediate, but at this stage its potency to behave as such had not been supported by
any other experimental data.

This evident bias towards tremti- diastereomerwas a valuable result, as it could be utilised to explain
the trend of thesyn-isomer being the minor isomer in almost all cases, as well as its challenging isolation.
Furthermore, it proved that there is indeed a thermodynamic difference between the two possible 3,4
dihydro 1,2oxathiine isomers that can be obtained fronsafene addition.

Upon these observations, it was postulated that such differences in the thermal stability of the
heterocyclic adducts could be utilised in order to acquire a foothold on the mechanistic aspects of the
addition of sulfenes to enaminonesinge the benzyl analogu2.40 was the 3,4dihydro 1,2oxathiine
system with the most reaction runs and the highest minor isomer level, examination of the differences on
the reaction conditions between the runs could be promisingly correlated with the ddtithe two
diastereomers. The reaction was indeed repeated twice throughout these explorations. During the first
run, 1,2 eq of BN and phenylmethanesulfonyl chloride were used andittstu formation of the sulfene

was carried out at T =-B°C, follaved by a 4 h stirring at room temperature for reaction completion,
although an additional 0.4 eq of the starting sulfonyl chloride aBd Bfere required for full consumption

of the starting enaminone (again added at T =5)°C) with subsequent stirringt room temperature
overnight. Of note is that, as this run was performed prior to the optimisation of the reaction procedures,
the reaction mixture received an aqueous wash during wgrkThis protocol yielded amti/ synratio of
1:0.7. Repeating theeaction with 1,3 eq of the aforementioned reagents, sulfene formation at the same
temperature and an overnight stirring at room temperature successfully converted the entirety of the
starting material with a 1 : 1 ratio of diastereomers. Finally, whersdrae stoichiometric amounts were
used at a lower temperaturd,e. -10 to -5 °C during sulfene formation, aanti/synratio of 1 : 1.27
revealed thathe syn isomer was the major component after an overnight stirring at room temperature.
These findingsra detailed in &ble 2.8

. Eqg of formed | T of sulfene Isomer ratio
Reaction run qsulfene formation (°C) T Aqueous wash (anti : syn

1 1.2 (+0.4) 0-5 20 1:0.70

2 1.3 0-5 16 1:1

3 1.3 (-10)- (-5) 16 1:1.27

Table 28: Varying reaction conditions with the respective ratios of observed isor@et6d: 2.40b)

As it can be seen imble 28, the use of additional amount of sulfene starting reagents may potentially
influence the final isomer t, whereas the same can be implied about aqueous washing of the reaction
mixture. More importantly, the temperature gradient over runs 2 and 3 resulted in the increase of the
syn isomer. This particular piece of data hints at a correlation betweenehgerature of the reaction

and the preference of a specific isomer, thus prompting the conclusion thagythediastereomer is, in
fact, the kinetic product of the reaction, favoured at lower temperatures, and thatath@ isomeris
respectively the themodynamic diastereomer, the stability of which allows for it to be favourader
higher reaction temperatur¢Scheme 2.18
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Scheme 2.8: Effect of temperature on the isomer preference during a sulfene addition

At this point, the potential acidatalysed elimination of theyn isomer2.40btowards the unsaturated
derivative2.62, by virtue of theanti- arrangement of 3H and the NMegunit, was sought out in order to
provide additional information about the behmwur of this diastereomer. Heating a PhMe solution of
2.40balong with a catalytic amount gftoluenesulfonic acidp-TsOHYo reflux for 1.5 h resulted in its
epimerisation into theanti- isomer, whereas a small amount of the unsaturated analogL&2was also
observedvia'H-NMR examination, which may have originated from the elimination of eithénefwo
isomers, hinting that the rate of epimerisatiaf2.40bis higher than the rate of its potential elimination
(Figure 2.31a). Reflux overnight alledv for the elimination to proceed further, although a residual
amount of theanti- isomerpersisted (Figure 2.31b). Chromatographic separation of the obtained crude
afforded a mixture where the eliminated produ@t62 was the prevailing component, affording an
estimated yield otircal5% (Figure 2.31c). The poor conversion may be a result of potential degradation,
but this whole set of data indicates thapimerisation of thesyn isomer is favoured over its direct
elimination, since thenti- diastereomerforms at a much higher amount as compared to the eliminated
derivative2.62(Scheme 2.18).

Scheme 2L9: Syranti epimerisation of2.40favoured over direct elimination ta.62
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Figure 231: Acidcatalysed elimination attempts of th&yn isomer2.40b

The experimental findings described throughout this section, as well as the reactivity assessment in
section2.2.1, contain several indications regarding the mechanism of sulfene addition. These can be
summarised in the following points:

x Enaminones with an EW-bstituent favouring delocalisation of the €3 double bond are
completely inactive towards sulfene addition

X Increasing the electron density on the reacting sulfene with a bulky ED group does not produce
the expected increase iractivity, as seen ianalogue.36and2.41

x For 3,5,6substituted systems, the addition usually affords a mapgmtij and a minor éyn
diastereomer, with the majoranti- isomerbeing thermally favoured and the minsyn isomer
being kinetically favowed

X Thesyn isomer is the less stable of the two, to the point of being able to readily epimerise
towards theanti- isomereven at room temperature.

These main results converge to the general conclusion that the addition of sulfenes to enaminones
proceedsthrough a concerted, hetero Dielslder mechanistic route, where the sulfene dienophile can
approach the diene in either aexoor anendomanner to afford two sets of enantiomers that share a
diastereomer relationshipScheme 2.20)laking into consideration the identical nature of enantiomeric
compounds under NMR examination, these sets of products match the characterisation data of the
prepared 3,4dihydro 1,2oxathiine targets.

This rationale was further explored in tandem with the Woodwhiaffmann rules for cycloaddition
reactiong® and it was found to be in accordance with them. It is dictated by these rules that systems of
[4+2] «-electrons can undergo thermal cycloadditions with disrotatory movement of the frontier lobes on
the Highest Occupied Molecular Orbital (HOMO) of the diene, so that they can interact ane-fanmals

with the Lowest Occupied Molecular Orbital (LUMO) of trendphile Scheme 2.21

92



Scheme 20: Exdendoapproaches leading to amnti- and asyn pair of enantiomers

Scheme 21: Disrotatory movement of frontier orbitals allowing for the formatiof «-bonds

The dienophile can also approach from either one of the two sides of the plane defined by the diene
towards enantiomer pairs. Although the regioselectivity of such cycloadditions is subject to the ambient
substituents on both reactants undeegeral WoodwareHoffmann rules, the presence of clear electron

rich (enaminone O atom, sulfene?sparbon) and electron poor (enaminone C4 atom, sulfene S atom)
sites on both starting materials (as describedsgctions1.1.2.1 and 1.1.3.1) suffices for absolute
regiospecificity during sulfene additions (Scheme 2.22

When considering thexoandendoapproaches of the dienophile, the Woodwaktbffmann rules can be
utilised to predict which of the two is the most favourable. Duringanaddition, any sidegroups on the
dienophile are facing away from the diene system, as opposed endoaddition, where these groups

are proximal to the diene. Intuitively, the steric crowding that occurs during the latter case renders such
an approach difavoured by increasing the energy of its transition state, thus the major product of such a
reaction is theexoadduct. This trend does not come without exceptions; specifically, the p orbitals of the
diene HOMO have the potential of interacting with aogégted moieties appended on the dienophilia
Secondary Orbital Interactions (SOIs). These interactions are able to stabilise the transition state of the
endo approach to such an extent that thendo adduct is obtained as the major product of the
cycloaddtion (Scheme 2.23).
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Scheme 22: Approaches from both sides of the diene plane afford pairs of enantiomers with substdapendent
regioselectivity

Scheme 23: Secondary orbital interactions as the driving forcéhef otherwise disfavoureéndoapproach

These tenets regarding Diefdder cycloadditions can be directly applied in sulfene additions, with the
sulfene as the dienophile and the enaminone as the diene. The HOMO of the latter is suffiméaribed

by the carbonyl O atom and the terminal amino group to interact with the LUMO of the sulfene through
disrotatory movement towards the 3;dihydro 1,2oxathiine addition product. Following the general
trend, the approach of the sulfene may occur inexoor anendofashion but the presence of the aryl

ring group on both the spsulfene carbon and the enaminone C2 creates a fertile ground for SOls,
potentially in the form of<-stacking between the aryl rings. This means that, in low temperatures, the
transition state of theendo approach is stabilised enough to overcome the éxggtsteric hindrance
between the sulfene aryl group and the ambient moieties of the enaminone and make this approach more
favourable over theexoone. At this point, a comprehensive description of the mechanistic process can
be attempted; upon then situformation of the sulfene at a lowered temperature, tleadoapproach
occurs to a greater extent, allowing tlsgn diastereomer to be the prevalent isomer while the reaction

is under kinetic control. Heating the reaction mixture to room temperature creamsditions of
thermodynamic control, thus the sulfene molecules that form at this stage are mainly subject to steric
interactions and theexodienophile attack is favoured. Consequently, #rai- isomeris the preferred
product, whereas concomitant epimsation of the less thermally stabkyn isomer tips the balance
further in favour of the former. By the time of full consumption of the starting enaminone attte
diastereomelis the major component inside the reaction mixture, which is confirmetHdyMR analysis

of reaction mixture aliquotsJcheme 2.24). The amount of the minor isomer that has persisted is
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dependent on the efficiency of the SOls taking place during the initial stage of the reaction, as well as the
inherent thermal stability of theliastereomer upon its formation.

Scheme 24: Overview of the proposed mechanistic procedures of a sulfene addition

Scheme 25a Mechanistic elements of sulfene additions towa8j6-disubstituted systems

More conclusions can be drawn when examining sulfene additions with differing substitution patterns.
Absence of an aryl substituent on thepbsition of the enaminone negates any prospect of SOIs with the
sulfene aryl moiety, thsithe addition is exclusively influenced by steric hindrance effects, resulting in the
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formation of theanti- diastereomemwith absolute selectivity. In the case of &Bsubstituted 3,4dihydro
1,2-oxathiine derivatives, no substituents on the sulfene are consequent to the formation of one
enantiomer pair since there is only one chiral centre on the heterocyclic produttsr(e 2.2%/b).

Scheme 25b: Mechanistic elements of sulfene additions towafJ6-disubstituted systems

In order to finalise the framework for the proposed sulfene addition mechanism, the failed attempts
towardsanaloges2.38 2.39and2.53have to be incorporated into it. It appears that, apart from steric
interactions or SOls between the enaminones and sulfenes, electronic effects also have a pivotal role in
the fate of these conversions, enough so to overshadow therdactors(Scheme 2.26

Scheme 26: Electronwithdrawing effects of nitrile and ester moieties as the determining factor ofokathiine formation

In the cases 02.38 and 2.39, the presence of a p orbit@lontaining C atom on the-2osition of he
enaminone and the potential SOls it can form with the sulfene phenyl group do not suffice for the addition

to occur, asthe electrorA13Z E AJvP Vv]3E]Jo Vv 8 E PE}p%e+ E +3E Jv §Z (.
the cycloaddition process. By extensjcsynthesising.53 fails for similar reasons, as any stabilising
effects from interaction with the p orbital of the $hybridised N atom are completely countered by its
electronegative character
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At this juncture, it is prudent to present a general scheme which indicates the likely possible products that
arise from sulfene addition to an enaminone starting matevialthe in situgeneration of the sulfene
species from the sulfonyl chloride precar§Scheme 27).

Scheme 27: General scheme of the range of products from the addition of a sulfene fragment to an enaminone species

At the beginning of this study it was anticipated that the addition of sulfenes to emk@atones would
provide a rapid access to the 3#hydro-1,2-oxathiine 2,2dioxide ring system for further exploration,
based upon prior research on sulfene addition by Scherstrad, (Sections1.1.2.3and1.2.2.2). Whilst
this approach was indeed effent, it is apparent from the foregoing discussion that the sulfene addition
process is complex and would merit much additional exploration. However, with a library-dih$dto-
1,2-oxathiine 2,2dioxides to hand, it was timely to explore their transfation into the unsaturated
derivatives (1,2xathiine 2,2dioxides) and study their subsequent reactivity.

2.3 Elimination towards 1,2xathiine 2,2dioxides

2.3.1 Acidcatalysed elimination attempts

After a selection of saturate®,4-dihydro-1,2-oxathiine 2,2dioxides had been prepared, a suitable
transformation was required for their conversion into their unsaturated-dxathiine 2,2dioxide
counterparts. Prior to obtaining the-inino .58 and 6benzyl 2.62) analogues $ections2.2.1 and
2.2.2), it had already been theorised that the saturated -by&thiine 2,2-dioxide systems had the
potential to undergo elimination of the HNManit irrespective ofanti/ synisomerism, due to the acidity

of 3-H and the leavig group potency of the aminmoiety upon protonation(Scheme 2.28).

In order to ascertain the efficiency of such a conversion, two of the saturated analdGésuid2.41)
were elected as preliminary examples. The first attempts were carried out ugirapaent of increasing
equivalents ofp-TsOH in DCM under reflux overnight and afforded none of the desired unsaturated
derivatives 2.63 and 2.64), asevidenced by TLC ant-NMR analysis. Switching the solvent to PhMe,
along with a catalytic amount qd-TsOH, allowed for the conversion to occur albeit incompletely, while
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the obtained crude mixtures had multiple components (indicative of degradation under refluxing PhMe)
and required chromatographic purificatig®cheme 29).

Scheme 28: Features of 34lihydro-1,2-oxathiine 2,2dioxides relating to elimination

Scheme 29: Acidcatalysed elimination attemptsn 2.36and2.41

Full purification of the eliminatednalogue®.63and2.64necessitated timeconsuming chromatographic
purifications of multicomponent mixtureef the unsaturated productsand the saturated starting
materials,along withdecomposition sidgroducts. Forhis reason, lte isolation 0f2.63and 2.64 from
the crude mixtures of the foregoing attempts was suspended so thabee robust elimination route
could be developed for the efficient compiling of a library of unsaturateebke2hiine 2,2dioxides.

2.3.2 Cope elimination: Reaction overview and substituent study

With the basic properties of the NM@roup unable to be exploitetb a satisfactory extentthe syn
relationship between the amino moiety and the-Batom on theanti- isomerring skeleton inferred that
a syn elimination strategy would be a viable alternative. One such strategy is the Cope elimination
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protocol, which was first reported by Arthur C. @dp 1949, regarding the thermal elimination lfN-
dialkylhydroxylamine from an trialkylamifd-oxide containing a-proton (generated by th&l-oxidation

of the respective amine) towards the formation of an alkegstem (Scheme 20).11511 The protocol As

a wide range of applications in organic synthesis and has been thoroughly reviewed over the
yearS]..18\119,120

Scheme &0: General process of a Cope elimination

In the present work it was envisaged that oxidation of the nitrogen centre upon reactiommw@EiPBA
could bring forth arN-oxide capable of cleaving the proximaH3n a parallel fashion as shownScheme
2.30. Consequent formation of a &34 double bod and cleavage of a HONMeagment would furnish
the unsaturated target systems as seen in Scheme 2.31.

Scheme A1: Mechanistic overview of the Cope elimination conversion

Indeed, initial attempts of this reaction were successful and t@ffeeient; stirring a DCM mixture of the
reacting 3,4dihydro 1,2oxathiine system ancth-CPBA at room temperature overnight was sufficient for
complete conversion, affording reaction mixés which could be relieved of the residual oxidant during
a workup process of agueous washes with reducing agentsS®pand strong bases (NaOH). The
reaction allowed for consistent substituent tolerance, as illustrated by the library of analoguess that
detailed intable 2.9

The structure of unsaturated I-@xathiine 2,2dioxide products could be readily ascertained'ByNMR
spectroscopy, as previewedfigure 2.32 Trisubstituted analogues can be easily recognised by a singlet
near @.0, while 3-substituted systems presented pairs of doublets wiith (7.0 Hz, which is compatible
with a single bond between two $ybridisedCatoms. Substitution on the-&nd 6 positions leads the

3-H and 4H to be parts of @isalkene system with an expectekl, of circal0 Hz, whereas the presence
of one substituent results in the splitting of the signal foH4into a double doublet withthe
aforementioned typical values faksand J s Of note is the observation that-H is always the more
deshielded of the two (or three) protons of the 19Rathiine centre due to a negative inductive effect by
the SQ group which is amplified by cargation with the CZ4 double bond.

Additionally, a main indicator of a successful Cope elimination is the absence of toealhdne
backbone aliphatic signals, as well as the 6H singlet for the,NM#gs is evident by assessing t@e
environments onte *GNMR spectra of the eliminated analogues, where the exclusive presence olefinic
signals denotes the backbone?sprbon chain of the 1;@xathiine ring Figure 2.33 Further examination

of the 3 GNMR ofexamples2.63, 2.64, 2.67 and 2.76 reveals that substitution of C3 or C5 with a phenyl
group has a deshielding effect on theSatoms by virtue of the ring current caused by this substituent.
Interestingly, C4 shifts upfield upon phenylation of the8sition, presumably due to electron donation
countering the S@mediated electron density withdrawal, although it appears to be deshielded when the
same substituent occupies thedmsition through a negative inductive effect.
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Entry Corlr\‘l%‘?””d R R t (h) Y(LZ')d
1 2.62 45 | 676
2 2.63 4 62.0
3 2.64 3 98.2
4 2.65 4 77.0
5 2.66 2 83.8
6 2.67 H 17 | 79.0
7 2.68 H 20 | 720
8 2.69 H 2 88.5
9 2.70 H 16 | 89.7
10 2.71 H 16 92.5
11 272 H 2 92.1
12 273 H 2 87.0
13 2.74 H 2.5 91.1

Table 29a: Library of unsaturated 1,8xathiine 2,2dioxide products of £ope elimination
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Figure 232: Representative examples 8#-NMR spectra for 1;xathiine 2,2dioxides (Insert in (d) shows the flow of electron
density towards the EW $@roup causing deshielding oft)

Figure 233: 13GNMR spectra of indicative k@xathiine 2,2dioxide examples

Whilst the formation of the diene backbone was confirmed from the and 3 GNMR spectra of the
unsaturated analogues, the preservation of the @®@iety throughout the elimination could be
evaluatedvia IR spectroscopy. Two key bandsiatal370 cm‘and 1175 cm, similar to those noted for

the saturated analogues, could also be observed in the IR spectra of these compounds, thus proving
unequivocally that the obtained products were the eliminated counterparts of thedsdro species.

With regards to mass spectrometry, the eliminated -d¥athiine 2,2dioxides were found to behave
differently to their saturated precursors and fragment extem$ivduring spectrum acquisition. Despite
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the complexity of the resulting mass spectra, th& peak of the anticipated molecular weight was always
prevalent, thus definitively verifying the success of the converditgu(e 2.34).

Figure 234: MS spectrum of the benzyl analogRé?2

Indicative of its good reproducibility, the Cope elimination produced good to excellent yields throughout
the analogue library itable 2.9and for this reason it was the most efficient step of the synthesis route
to 1,2-oxathiine 2,2dioxides from r-methylene containing ketonedt should be noted that broadening

the range of 1,2oxathiine heterocycles through this elimination protocol hagkb hitherto unexplored

in the literature and its consistent efficiency clearly highlights its suitability for this type of amine
containing substrate. Hencepmparison of the obtained yields for the synthesised derivatives offers
limited insights, as thee attained yields do not fluctuate drastically. The stgndloguesZ.69 t2.73) are

of particular interest, as they all appear to be afforded in consistently very good yields, together with the
5,6-phenyl @.64) and furyl 2.74) analogues. This congsit trend of effective conversions can be
associated with the extended systems on the Bubstituents. Since the formation of aC3 double

bond expands these conjugated systems, the elimination is favoured further in the case of these
analogues as compad with the other entries in table 2.9. It can thus be postulated that this
transformation is driven by factors relating to the emerging double bond on the eliminated product.

The exact structure of these unsaturated derivatives had already been expliar¥day crystallography,

as discussed in sectid2.1.1 However, the substitution pattern of these literature examples is different

to that of the analogues that were prepare@tthe aboveCope elimination protocol. In order to confirm

the establishd structure, a crystal of the triphenyl derivati2e63 was successfully growwy final year
student Kelechi Anozie (University of Huddersfigddd subjected to Xay analys The 3D data
obtained point out to the literature v3] ]% 3 ~ VA 0}% _ }v(}Eu.§Pbuwpesdapsg $z ~
the C3C4C5C60 plane and the-£3C4 angle measured at 114,Thus leading to the suggestion that

this conformation of 12-oxathiine 2,2dioxide ring systems seems to be prevalent regardless of their
substitution patterns (Figure 2.35

A final point of interest for this reaction is its convenient regioselectivity; a potential setback that escorted
the synthesis of the pyridyanalogue?.68was the undesired oxidation of tHéatom to its respectivéN-

oxide. This sideeaction could potatially cause problems with arriving at the desired product, although
upon reaction completion and an aqueous washing waokthe obtained product was pleasingly found

to contain no extra O atoms, as evidenced by their mass spegtid {00:S requires am/z of 286.0536

for [M+HJ, Figure 2.36), which pointed out that the elimination had occurred regioselectively (Scheme
2.32). Nonetheless, it should be noted that no conclusive empirical data regarding the nature of this
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regioselectivity was obtained; emanation of the literaturé?! suggests that pyridyN-oxides are able to
preserve their integrity during washes with aqueous343, thus it can be assumed that the oxidant-(
CPBA) forms aN-oxide exclusively with the NMenoiety without interacting withthe pyridine ring on
2.68

Figure 235; Crystal structure of analogue63(thermalellipsoids shown at 50 % probability leyvel

Scheme A2: Eliminated exampl2.68as an indicative example of the selectimeCPBA oxidation of the NM&rminus

Figure 236: MS spectra 02.68 whereinno m/z peaks of a potential dxide can be observed

103



2.3.3 Onepot synthesis ob-substituted 1,2oxathiine 2,2dioxides

Once the two key reactions (sulfene addition and Cope elimination) to arrive at the desirexattiine
2,2-dioxide species had been examined to a satisfactory effect, the iteration of their consecutive use on a
starting enaminone to arrive directly ahe¢ unsaturated 1,2xathiine target system became a viable
alternative to improve the timeefficiency of this synthetic route. As early as the synthesis of the first 3,4
dihydro 6phenyl analogue2.52 the possibility of proceeding with the Cope eliminatiavithout
purification of the saturated 3:ihydro system had been considered, due to the low yield of the latter.
When the same sulfene addition was attempted on the pyriegaminone substrat@.6, the 3,4dihydro-
1,2-oxathiine product2.77 was unattanable through standard purification procedures, albeit being
observed in théH-NMR spectrum of the reaction mixture. In order to tackle this drawback, a repeat run
of this sulfene addition was carried out where DCM was opted for the solvent for the sg&reration

and addition instead of THF (Scheme 2.33

Scheme B3W " %4}35 SA} 5 %o 03 E W&yl 2ddthies2,8dioxide Q.78

After the complete consumption of the starting enaminome;CPBA ws immediately added to the
reaction mixture, and the standard Cope elimination protocol was followed from this powgards.
Chromatographic purification of the resulting crude mixture afforded the unsaturated target analogue
(2.78 in a 35% yield over thtwo steps, as indicated by the characteristic sétbMR signals ah6.61,

6.77 and 6.97, denoting the presence of the-@& chain, along with two signals ai7.56 and 8.75
corresponding to the pyridine ring (Figure 2.37).

This synthetic alteration not only served as a solution to arrive at a previously unobtainable derivative,
but also paved the way for the utilisation of this epet synthesis alternative towards analogous meno
substituted 1,2oxathiine 2,2dioxide targetcompounds. The general procedure included thelgebf a
sulfene addition on the starting enaminone as previously established, meticulous drying of the crude
saturated intermediate upon filtration of the salt precipitate -dessolution in DCM and additioof the
oxidising agent according to the general Cope elimination protocol. The obtained reaction mixtures were
subjected to the standard worldp process of aqueous washes and the resulting crude products could be
readily purifiedvia sinter column chromtmgraphy. A library of the heterocyclic systems obtained using
this method is shown itable 2.10
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Figure 237: I1H-NMR spectrum 02.78

Sulfene Addition .
0,
Entry Compound No. R Solvent Overall yeld (%)

1 2.76 THF 63.7
2 2.78 DCM 34.9
3 2.79 THF 78.7
4 2.80 THF 55.9
5 2.81 DCM 3.7
6 2.82 THF 34.0
7 2.83 THF 44.8
8 2.84 THF 15.8

Table 210: Analogue library of monsubstituted 1,2oxathiine 2,2dioxides preparediathe onepot, two-step synthetic route
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The findings inable 2.10suggest that the ong@ot method offers comparable results with the initial
protocol of distinct sulfene additiohCope elimination steps. Donation or withdrawal of electron density
appear to have beneficial (anisyl analogR&9, 787 %yield, entry 2) or detrimental (nitrophenyl
analogue2.81, 3.7 %yield, entry 4) effects on the overall yield respectively; thitibe expected as the
substituents on the 6position of the 1,20xathiine heterocycle have been found to clearly influence the
reactivity of enaminones during sulfene addition (Tabl),2as well as the potency of the 3#hydro-
1,2-oxathiine analogugowards the Cope elimination process (Tabl8)2Moreover, heteroaromatic
substituents seem to mitigate the extent of the conversion, as indicated by the overall yields for the
pyridyt (2.78 349 % and thieny (2.82 34.0%) analogues, whilst the presence of a strong electron
withdrawing moiety on theo- position of the ambient phenyl group may hinder the -b)athiine
formation even further, as evidenced by the particularly low yield foraimitrophenyl derivative Z.81),
potentially due to steric interference during the addition of the sulfene fragment which does not occur
when a similar substituent is appended on thera position €.g.cyanophenyl analogu2.80obtained at

55.9 %overall yield).

To summarise, the aditbn of DMFDMA was found to convertmethyleneketones to their enaminone
derivatives bearing aryl, heteroaryl, alkenyl, alkynyl, ester and nitrile substituents in fair to excellent
yields. Various protocols were evaluated for efficiency and suitability the only limitation appears to

lie in the potency of the starting ketone to enolise. The library of enaminones was processed through a
sulfene addition protocol towards-dimethylamine3,4-dihydro-1,2-oxathiine 2,2dioxides in moderate

to fair yields wih various aryl, heteroaryl, alkenyl and alkynyl substituents on th&and 6 positions,
whereas enaminones with electron withdrawing substituents such as CN aiiRl @@re found to be
inactive. Important aspects of the sulfene addition reaction waghlighted, and the obtained saturated
derivatives were subjected to a very mild Cope elimination of tlitrdethylamine moiety in order to
produce their unsaturated 1;8xathiine 2,2dioxide counterparts in good to excellent yields. The two
foregoing transformations could also be conducted in a g process to arrive at 1;@xathiine 2,2
dioxide species directly from their enaminone precursors.
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CHAPTER 3: APPLICATION OPBXZTHIINE 2;RIOXIDE SYSTEMS AS PHOTOCHROMIC MATERIALS

3.1 Preface

With an efficient route developed for the synthesis of -8jfiydro- and unsaturated 1,2xathiine 2,2
dioxides (Chapter 2) it was envisaged that thedxathiine 2,2dioxide moiety could be incorporated as
the central core in a photochromic dithienylethemygpe system when appropriately substituted with
(hetero)aryl groups. In particulacpompound2.64 and its dihydro precursa2.36could be considered as

a variant ofcisstilbene2.61b, which is well known to undergo reversible photocyclization to afford a
dihydrophenanthrene intermediate, which after irreversible aerial oxidation affords phenanth3ehe
Figure 31) 122123124

Figure 31: Stilbene photocyclization its parallel in triphenyl substituteddxathiine 2,2dioxide systems

Towards an understanding of sucltanversion, the phenomenon of photochromism and in particular
the niche of dithienylethene photochromic systems requires some introductory explanation.

3.2 Literature precedent

3.2.1 Photochromism and photochromic compounds

Glem H. Brown, in his bookZW Z}35} Z E(karjstijting volume 1l of the series Techniques of
Chemistry®), (]v.  %Z}3} Z&E}u]eu <~ E A E+*]J] o Z vP }( <]JvPo Z u]
states having distinguishably different absorption spectra, such chhegs induced in at least one

]E S§]}v C 8Z S1}v }( o S &} A move §énefll ddfirsitjgrvregards photochromism
as a physicochemical phenomenon during which a molecule undergoes a reversible structural
rearrangement upon absorbing ekeomagnetic (EM) radiation, commonly in the UV rangath the
rearranged structure typically absang at longer wavelengths that fall within the visible region of the
electromagnetic spectrurfFigure 32)26127128129130 \When the photogenerated isomer is thermally stable

¢Work contained within this chapter has contributed to the following publicatidppendix 2, p. 327PDrg. Biomol.
Chem, 2019 17, 95789584; DOI: https://doi.org/10.1039/C90B02128K
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but photochemically reversibl&§ Z 3§ @®&8C% % Z}5} Z<Eppliedut.g dithienylethene3.2a,
[Scheme 3h), whereas those photoisomers that thermally revert to their original colourless structure
K%}V e §]}v }( JEE ] Fpe piES} Z0@E } e'y_spiropyran3.2b[Scheme ap). An
important aspect of Rype photochromic molecules is that even though their photoisomers are thédymal
stable, they can be driven back to their initial foxma a photochemical reversion transformation upon
irradiationwith a different wavelength of EM radiation.

Figure 3: U\ Vis spectrum of a photochromic compound bef@pale yellow) and after irradiation (red)

Scheme 3.: (a) P-type and(b) T-type photochromic compounds
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In the established literature, photochromic materials have been developed as classes of compounds, with
each class having a specific photoresponsive moiety and a mechanism of conversion. The most widely
explored classes are presentedfTiable 31]'31132

Spiropyran§313 (X =
CH),
Spirooxazines® (X = N)
T-type
(UV induced ring
opening)

Naphthopyran&®
T-type
(UVinduced electrocyclig
ring-opening)

Substituted quinon€e's’
P-type

(UV inducedgpara tana

isomer interconversion)

Azobenzene'§?
P-type or T-type
(UV inducedrans-cis
isomerisation)

Diarylethene&*®
P-type
(UVinduced electrocyclig
ring-closing)

Fulgidd&J+
P-type
(UV induced electrocycli
ring closing)

Table 31: Main classes of photochromic compounds

The compound classes|irable 31|highlight the variety of different conversions thharing about the
photochromic activity of the foregoing molecules. Severe structural alterations, such @ggnmg €.9.
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spiropyrans/spirooxazine8.3, naphthopyrans3.4), ringclosing (diarylethenes$.7, fulgides3.8) and
group migratiorreactions €.g.quinone derivative8.5) have been utilised for these purposes, along with
less drastic transformationgg. trans-cisisomerisation processes (azobenzee).

Photochromism constitutes a research field that is met with significant camiadeinterest, as -Type
photochromes such as spirooxazir®8“+1%2and naphthopyrang.4**2are widely utilised in the optical
lens industry in the production of high value ophthalmic photochromic sunglaissesunglasses where
the lens is capable akversibly changing from colourless ¢ather grey or brown upon exposure to
sunlight. This is made possible by imbibing or coating the lens with photochromes which undgpgo T
photochemical transformations as a result of their interaction wiblar UV radiation. Further
applications include optical memory storage unitstype photochrome3, where the changes in the
absorption and transmittance of light is used to store and reproduce informifith as well as
molecular switches, in which case theadiges in their propertieand structurecaused by photochromism
allow for signal processing in optoelectronic syst&f#té’ 148 Aspresented in the introductory preamble
to this chapter the synthetic route towards 1;8xathiine 2,2dioxides allows for nefltbouring
substituents on positions-gand 6 of the 1,2oxathiine core that areseparated by a double bonghs
established in Chapter 2), thussembing the general structure of diarylethene photochromic materials

3.2.2 Diarylethene photochronic systems

Elaborating on the work reported by Malloeya concerning the photocyclization of stilbenes, Kellogg
et al. prepared heterocyclic derivatives of stilben@s9 - 3.13) in which the terminal phenyl rings were
replaced with heterocyclic uts (thiophene and furan) and examined their thermally reversible

photocyclization reactions in the presence of iodine as an oxif&aitdme 2).14°

Scheme 2: Selected heterocyclic stilbermaloguesnvestigated by Kelloget a

Irie and Mohri capitalised upon the initial work of Kellogg and established the reversibiliti)-df, Z-
di(thiophen3-yl)ethene systemg3.14U S Eu N 15Z] vCo 8Z v e U AZ v 38Z 35Z]}%
appropriately substituted to produce the active hexatriene 150
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Scheme &: Photochromic dithienylethene reported by ld@d Mohri

The structuralarrayof thisclass of pbtochromes constitutes the basis of their photochromic activity, as
it places three double bonds in the appropriate conformation for aitdWiced 6 Selectrocyclisation
reaction to occur. The result is a new ring system which possesses extended conjagdtibas absorbs

in the visible spectrumggneralstructure3.15/Scheme 31).

Scheme 3L Photochemical cyclisation ofdtithienylethene photochromic moiety3(15) leading to extension of the-
conjugated system

Table 32: High longevity and favourable thermal properties as driving factors of thiophene photochrome efficiency

Although heteroaromatic rings have been studied alongside phenyl groups in diarylethene
unitg 24244 4thiophene groups have prevailed tie commonly used building blocks; the efficiency of
this heteroaromatic ring is illustrated[ifable 32| which previews the longevity and thermal stability of a
bis-thienyl photochrome unit compared to the other aromatic counterparts. In conjunction with these
data, a comparison of the aromatstabilisation energy of benzene, pyrrole, furan and thiophene
indicated that the energy barrier required to be overcome for the 4gf@psing to occur is lowest in the
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case of thiophene, thus confirming their advantage as diarylethene building blockstbeering systems
Moreover, the thermal stabilitpf the ringclosed formcan be enhanced ke presence ofusually) alkyl
or arylgroups on the periphery of the three double bond systemthe ringopen form Furtherstudies
of di(hetero)aryl ethenes have also shown thapon ringclosing, theHatoms of the newly formed single
bond can be eliminated via contact wigtmospheric @(geneal structure3.16[Scheme ), which can
be countered if these positions are substituted (general strucﬂulé)

Scheme &: Substitution on key positions of the photochrome unit suppresses undesiretinhination

Thesestructural requiremens make for a large variety of di(hetero)aryl ethene analog{8%8 t 3.23),

where the two (hetero)aryl groups are either identical or different and the ethene backbone moiety is
either an open or a closed ring syst¥Ai>31541551% (Figure 33). Another structural feature that is
common amongst these species is the presence of a perfluorocyclopentene ring as the backbone of the
photochrome unit, which was found to be beneficial for their photochromic activity by virtue of the stable
FC bonds allowing for fatigue resistar@.

Figure 33: Typical examples of different types oftttero)ryl ethene photochromes
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The conversion of diarylethenes to theing-closed forms occurs via an electrocyclisation process, which
needsto be in accordance with the Woodwatdoffmann ruI under photochemical conditionshe
cyclisationproceeds througha conrotatory mation of the opposing bonds during the stage of the
formation of the new bond(1,3,5hexatriene exampldScheme3.7h). As a result, amntiparallel
conformation of the two aryl groups3(24) is required for the photocyclisation to occur; tiparallel
conformation 3.25 is able to afford a ringlosed form only through disrotatory movement of the
participating bonds, which is sterically hindered due to the presence of the two methyl groups, thus
denying the possibility of a thermal cyclisation for these systfSebgme3.7p). This indicates that in a
population of photochromic molecules, only the percentage that has the necessary conformation will
undergo the cyclisation reactiowhich constitutes the quantum yieldof photochromic conversion in a
solution of the compound.

Scheme 3%: Diagram of molecular orbitals for 1,3f@exatriene, highlighting the necessity of conrotatory orbital movement

Scheme3.7: Antiparallelconformation of big(2,5-dimethylthienyl)etheneas an inducing factasf photochromic activity
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A valuable aspect of the photochromism of these systems is their ability to undergo multiple cycles of
photocycliséion under UVirradiation followed by reversion to the initial rirgpen form under visible

light (colloguially known as bleachif®) {Figure 34). Thisendurance against fatigue caused by
photochemical degradation makes di(hetero)aryl ethermsent candidates as key components in
molecular switches and optical memory urfitf>

Figure 34: Performance of 2;Bis(2,4,5trimethylthien-3-yl)maleic anhydrid€3.26) during a high number of
irradiation/photoreversion cycleswvhere fatigue occurs only afteirca5000 repeats (original picture taken frokh Irie, M.
Mohri, J. Org. Chem1988,53, 803808 and modifie

Apart from the active diarylethene unit, the backbone moiety attached to the ethenic bond has also been
explored in recenyears. Concerning examples with internal alkene backbone scaffolds and two adjacent
2,5dimethyl3-thienyl groups, a search tife relevantliterature revealedseveral ring systentonnecting

the two carbons of the central double borwh the photochrome Cyclopropene and cyclobutene ring

systems have been scarcely developed, presumably due to the difficulty of synthesising compounds with
high internal angletrain{Scheme 3).1>81°

Scheme 3&: Strained 3and 4membered ring systems as backbone groups on dithienylethene
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Of note is the cyclopropenon8.27 which undergoes a Umediated CO elimination towards the
respective aliine 3.28 whereas introducing a second carbonyl, as seen for the cyclobutenyl analogue
3.29 allows for the anticipated photocyclisation of the hexatriene fragmémbving towards more
thermally stable ring systemg\-containing 5membered heterocycles .30, have been
utilised to host the two thienyl groups with the correct conformation to photocyclise under UV radiation
and revert back to the ringppen forms with the use of visible light. ImidaZ6%° and maleimidé®?
systems have been developed to that end, while ionic species with imidazolium backbone rHBieties
have also been explored.

Scheme 2: Nitrogenbased heterocyclic dithienylethene photochromes

In a similar fashion,-Bhembered heterocyclic arrays that contain one or m8atoms @.31) have been
examined for their effect on the photochromic activity of the dithienylethene active site. Thiopt{étte
dithiole'® and thiazolé®” systems were found to manifest the anticipated activity, although the thione
containing analogu8.32was interestingly found to undergo thex@lectrocyclisation without producing

a coloured ringclosed for Scheme 3.0). Fused thiophene systems with appended phosphole units
are of particular note, as thegemonstrate further remote functionalisation of the ambient structure of

the photochromg™]

The fused thiophene analoguegScheme 3.0jwere also furnished with a furan ring as the backbone for
the dithienylethene unit, leading to furgithienylethene syster@ (3.33 with comparable results.
Further research on furabased photochromes (exampl8s34) offered less promising result§ as the
ring-closed forms were thermally unstable and susceptible to fatigpen consecutive cycles of UV

irradiation/ visible light photoreversio[Scheme 3.1).
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Scheme 3.0: Sulfurbased heterocyclic scaffolds on dithienylethene systems

Scheme 3.1: Photochromic candidates with a central furan ring system
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In addition to the more commonl-, O- and S heterocycles, silole and phosphaiags 38.35, 3.36) that
contain the key double bond of the hexatriene unit have also been explored, although they reportedly
failed to produce photochromes that photocyclise reversitSlyHowever, further developments ithis
area brought forth phosphole systems that are fused with polycyclic scaffoi@37) and manifest

satisfying photochromic propertigS¢heme 3.2).

Scheme 3.2: Silicon and phosphorus as heteroatoms on cyclic backbone moieties of photochromic candidates

With regards to @nembered cyclic backbone systems, the examples described in the literature comprise
a broadrange of nitrogen oxygen and sulfurbased heterocycles that are able to host the two key

thiophene groups and allow for reversible photocyclisafi8oheme 3.3h,b).17+172173

Scheme 3.13aClasses of bi,5-dithienyl ethene photochromes with heterocyclic backbene
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Scheme 3.3b: Classes of big,5-dithienyl ethene photochromes with heterocyclic backbsne

Various research groups have developed quinoloBe38@), quinolines 8.38h), fused triazoloquinolines
(3.38cand 3.38d), pyridazinones338€) and thiazines3.39) as capable backbone scaffolds. The bridged
oxazine syster3.40is of further interest, as it requires light on the cusp of the visibldV boundary at

395 nm for the photoreversion reaction, which falls outside the typical rangesifi&ilight irradiation
wavelength ¢irca570 nm).

Finally, Z7membered systems have also been utilised but to a much more limited eXfdnterestingly,

the photochromicsystem3.41is also a dimeric species with two independent dithienylethene units
appended to it, leading to an intermediate where only one of the dithienylethene units has generated the
ring-closed form and the final isomer wherein both dithienylethene units have undergone

photocyclisationf$cheme 3.4).

Scheme 3.4: Dimericspecies3.41lasan example of a-membered heterocyclic backbone core

As it can be deduced from the aforementiongdrature findings, e synthesis of novel dithienylethenes
with derivatised heterocyclic backbone unigsnains an active area of researelsthe central ringhas an
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active role on the features of the photochromic activi@iven tlis potentialinfluenae, novel diarylethene
candidates with3,4-dihydro-1,2-oxathiine 2,2dioxide and 1,2xathiine 2,2dioxide backbone will be

synthesisedusing the methodology discussed in Chapteard then examined for photochromic
properties

Note: Compounds already symsised in chapter 2 with the general structure numbeg@n¢Xhave been

renumbered in this chapter with the general number Xfor ease of reading and continuity.

3.3 Explorations on photochromic activity of 1,@athiine 2,2dioxide systems

3.3.1 Sythesis of diarylethene photochrome candidates based upon a-@xathiine 2,2dioxide core

Key to the synthesis ohe targetphotochromicsystems3.43- 3.46and 3.48- 3.51which are presented

in|Figure 35|are the three thiophene containing methylene keton@$2, 3.53 and 3.54 (Figure 3),

whereas the synthesis 8t42and3.47commencing from commercially available deoxybenzoin has been
described in chapter 2.

Figure 35: Targetstructures ofthe 1,2oxathiine2,2-dioxide photochrome candidates

Figure 36: Target thiophene containinmethylene ketones

The most readily accessible methylene ketone ®&2 which could conveniently be prepared from
commercially available starting materials, -8linethylthiophene and phenylacetyl chloride, by a Friedel
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Crafts acylation reaction. Examination of the literature revealed two additional rout85&) an early
report which employed a Fried&rafts acylatiorusingCS as the solvent and AlCis the Lewis acid
catalyst’® and a more recent Rdatalyzed carbonylative Suzuki crassipling protocol between benzyl

halides with potassium aryltrifluoroborat&$ (Scheme 3.5).

Scheme 3.5: Previous research work on furnishimgthyleneketone3.52

Upon optingfor an AlGHcatalysed FriedeCrafts acylation method, it was deemed necessary to use a
solvent able to efficiently dissolve the inorganic Lewis acid and keep it in solution with the starting chloride
2.55and 2,5dimethylthiophene2.56. A mixture of Mel, and DCM was utilised to that end and after a
short reaction time the target ketone was obtained in 77.1 % yield after distillfBoheme 3.6).

Scheme 3.6: FriedelCrafts acylation of 2;8imethylthiophene toward«etone3.52

Confirmation of this product was made possible by NMR analysis, wherein the characteristic singlets for
the protons of the thiophene ring and substituents a2.42 (Me), 2.68 (Me) and 7.09-H), as well as the
r-methylene protons atw4.11, were identified in théH-NMR spectrumRigure 37). Of note is the
observation that the proton on the thiophene ring is split by the protons of the proximal methyl group
with 4 C1.0 Hz, giving rise to apparent singlets which resolve into multiplets upon a Gaussian
multiplication of the'H-NMR spectruniRigure 38). Locating the 3 aliphatic carbon environmentsat
15.07, 16.19 and 48.40, along with the carbo@dtom at w193.57, on the* GNMR spectrum also
highlights the structural features of thsmpound|[Figure 37), while the anticipated C=0 stretching of

the carbonyl moiety is observed 4663cm™ on the respective IR spectrum.

This acylatiorfollows the established mechanistic route of Frie@ehfts conversionfScheme 37);
cleavage of the chloride leaving group by A#fibrds the acyum intermediate, which is attacked by the

3- position of the disubstituted thiophene ring. Loss of a proton completes the electrophilic aromatic
substitution process with the thiophene ring regaining its aromaticity.
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Figure 37: 1H-NMR (above) antFGNMR spectra (below) of methyleneketoBes2

Figure 3: Longrange(*J)) coupling between thienyl proton and proximal methyl group protons3.52
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Scheme 3.7: Mechanism of the Fried&lrafts acylation towards methyleneketoBe52

After the initial success of the Friedetafts acylation protocol in furnishing tlieregoing ketone3.52,
the same strategy was sought out to produde tanalogous bithienyl ketone3.53 The literature
established routes for this compound comprised of the conversion of a hydteteye precursoB.57to
the corresponding thiol and its subsequent cleavage under basic conditions well as a Fried€rafts
acylation of 2,Edimethylthiophene by the acid chlorid®.58 mediated by Sn&linstead of the more

common AIGH?8(Scheme 3.8).

Scheme 3.8: Literaturebased synthetic routes towards the bisthiekgtone3.53

Given the relatively simple structure, theidchloride3.58was deemed a more suitable precursor, thus
a FriedelCrafts acylation approach was opted for to arriveé &3 . The lack bcommercial
availability necessitated the synthesis68from suitable precursors, and examination of the relevant
literature!®®cemented a preparative route comprising of three steps, in whickdytethylthiophene
3.56 would be acylated with ethythloroglyoxylate (ethyl chlorooxoacetat®59 and the resulting
ketoester3.60would hydrolyse with concomitant reduction of theketo group employing #NH in a
Wolff-Kishner Huang Minlomodification reduction process. The resulting carboxylic & would
subsequently be treated with SQ@ afford the requiredchloride3.58 which in turn can be used in the
FriedelCrafts protocol that was previously selected for the phenyl ketanenterpart 3.52

The initial acylation with ethyl chloroglyoxylate to arrive at the e8té0proceeded efficiently in MeNO
with a 70.0% yield. The structure of the product was confirmedNMR spectroscopy, as the presence
of a triplet and a quarteat wl.40 and 4.39 respectively, in conjunction with the characteristic thiophene
singlet at w7.09 (4H), denote a thienytontaining ester. Moreover, thewvo key signals of the carbonyl
units at w164.04 and 180.59 on théGNMR spectrum o08.60clearl highlightthe r-keto ester moiety,
as the former signal appears quite upfield on account of the eleetimmating adjacen atom
b). These groups provide additional characteristic evidena¢R spectroscopy, by means of their
vibration resonating a1668cm? ( r-keto group) andl732cm! (ester C=0 bond).
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The transbrmation follows the aforementioned mechanistic aspects of a Fri€uafts acylationi.e.
formation of an acylium ion, attack by the thiophene starting material and loss of a proton to restore the
aromaticity of the thiophene group, as discussed eaftieketone3.52 :

Scheme 3.9: Synthetic route for the preparation of ketorge53

Figure 3.9alH-NMR spectrum of glyoxylate est8r60
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Figure 3b: I3GNMR spectrum of glyoxylatster3.60

Reducing the bridging carbonyl group tonathylene unit and hydrolysing the ester moiety was carried
out in ethylene glycol using:NNH to form the hydrazone intermediate and a subsequent excess of KOH
to both complete the WolfKishner Huang Minlomeduction process and hydrolyse the ester bond
[Scheme 20). The final carboxylic acid prod&61, isolated in 92.0 % yield, could be readily recognised
by the establishedpectroscopic techniques; apart from the expected set of single&s33 (Me), 2.39
(Me) and 6.55 (4H)), the methylene moiety resonates as a singletdts0 and the carboxylic proton can

be observed as a broad singlet a0.94. The reduction conveesi can be further ascertained by the
presence of an aliphatic signal aB83.79, while in a similar fashion, the carbox@iatom resonates atw
177.86[Figure 310). Definitive characterisation data is also offered by IR spectroscopy, as the carboxyl
group produces a strong sharp CO peak&Q0cn?, due to the effect of the electronegativ@ atom in
reducing the CO bond length and increasing the vibnafrequency, as well as a broad strong peak at
2917 cm‘ on account of the OH stretch.

Scheme 20: Wolff-KishnerHuang Minlorreduction and ester hydrolystewards3.61via use ofH,NNH and KOH
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Figure 310: 1H-NMR (above) antPFGNMR (below) spectra of carboxydicid3.61

TheWolff-Kishner Huanlinlon transformation begins with an attack of theketo group by hydrazine

and formation of a hydrazone kgn addition t elimination process. Addition of the KOH prompts the
deprotonation of the terminal Nkgroup, with the electron density flowing towards thecarbon, which

is protonated by the resulting J. Further deprotonation results in thedeavage of a Nragment and

the recurrence of the enolate ion that receives a proton from the ambiefit, lvhereas the large excess

of KOH allows for a concomitant attack on the ester carbonyl bond with consequent cleavage of the
ethoxy moiety group anthe furnishing of the desiredcid3.61{Scheme 21).

125



Scheme 21: Mechanism of th&Volff-Kishner Huang Minloreduction/ester hydrolysis to afford the ac®i61

Upon arriving at the carboxylic acdd6l, its conversion to the corresponding chlori@ddb8was carried

out efficiently through use of SQ@k the source of the chloride group and DMF as the catalyst. The acid
chloride was used for the next step without further purification to preserve the integrity of the compound.
Use of the foregoing Fried€lrafts protocol with 2 &limethylthiophene as the nucleophile successfully
yielded the target keton@.53in 46.7 % overayield from3.61{Scheme 22).

Scheme 22: Final steps towards the bihienyl ketone3.53

Juxtaposition of théH-NMR spectrum of the obtained product with literature ¢t "provides clear
evidence of the success of the reaction, as the 4 key singlets of the Me groups are observed between 2.30
and w2.70 and the 2 signals for the thiophene ring protons egopat w6.48 and 7.05. The pivotat
methylene protons also have a distinctive resonanceva92, thus revealing the presence of the ketone
moiety. The 5 foregoing aliphatic proton environments are also reflected on'¥8&IMR spectrum of

3.53 wherein their respectiv€atoms are observed betweenl3.44 and 16.13 (4 methyl groups) amd

41.14 (methylene carbon), while the carbo@dtom is apparent atl93.24 as anticipatefFigue 311).

The characteristic vibration frequency b866cm is furthermore observed on the IR spectrum as clear
evidence of a carbonyl functional group being present in the compound.
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Figue 311: IH-NMR (above) an®GNMR (below) spectra dfetone3.53

The mechanism of the chlorinatiari 3.61is brought about by SO the presence of a catalytic amount

of DMFBcheme 23). The latter is able to activate the chlorinating agent by forming a chloroiminium ion
(Vilsmeier reagent) which interacts with the carbaxycid towards an intermediate that allows for the
migration of the chloride, followed by the regeneration of the catalyst and the formation of the desired
chloride derivative3.58 Thisreactive species can readily undergo a nucleophilic substitutiothby
electron rich 2,5&dimethylthiophene systemriathe mechanism established earlier.
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Scheme 23: Chlorination mechanismof 3.61with consequent FriedeCrafts acylation with 2;8imethylthiophene towards
3.53

After the successful formation of the Hisienyl ketone3.53, it was postulated that the aforementioned
FriedelCrafts protocol would be effective in yielding thghenyl isostere3.54, upon combining the acid

chloride 3.58 with benzenein the presence of Al€linterestingly, applying this strategy failed to afford
3.54, since a examination of the'H-NMR and*GNMR spectral data obtained for the only isolated

compound showed none of the signals reported for the target compound as described in the Iiture
Figure 31.2p).

Figure 3.12atH-NMR spectrum of théhienopyranone3.62

Moreover, absence of any aromatic signals denoted that no incorporation of the benzeie¢yrhad
occurred in any fashion. The presence of a singlet&aB5 and at&7.41, along with 4 aliphatic singlets
between w2.30 and 2.56, hinted at the presence of two thiophene ring moieties which existed in
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conjunction with two r-methylene protons, a suggested by the singlet &8.67. These findings indicated
the formation of a ketonecontaining dimeilike species, although an explanation was required for the
sole observed deshielded aliphatic proton environment. To that end, the observation opfaidu
carbonyl carbon environment on tHEGNMR spectrum pointed out to an ester borfgFigure 312)),
which was confirmed by the relevant IR peakKl@ab6cm. This ester group could be the product of an

0}o }v ve 8]}v SA v 3Z 3A} @& }vCo PE}u%ee }( $ZQdftinwitdE] _ }u
the *H-NMRdata if the singlet atw6.85 was attributed to a vinyl proton. Indeed, the appearance of two
alkene carbon environments ati04.37 and 126.74 revealed the presence of an enol ether fragment and
prompted the assignment of théhieno[3,4c]pyranone structure to the obtained sid@roduct 3.62
[Scheme 24}, which was proven to be correct after the respectivizwas observed on 81MS spectrum
(305.0660 for [M+H] GeHi60.S requires arm/z of 305.0664 for [M+H]).

Figure 312b: 13GNMRspectum of the thienopyranone3.62

Scheme 24: Failed attempt at synthesisingghenylanalogue3.54with the serendipitous formation of the fused pyranone
3.62
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Based on the characterisation data of this sgteduct, it can be theorised that the chlorid&58

puv EP} o ZZ}u}l@®E&Je[ €E S]}v Jv §Z HaEerthan infefacongwith benzene,
leading to a ketechloride dimetlike intermediatethat is able to tautomerise to the enol form under acidic
conditions. This brings forth a nucleophiicatom on one monomer which is capable of a nucleophilic
attack on the acid chloride moiety of the other monomer towards an ester bond with concomitant
cleavage of the chloride leaving group. Deprotonation of the foregoing oxygen atom eventually affords

the thieno[3,4c]pyranone derivative3.62(Scheme 25).

Scheme 25: Proposed mechanism for the formation of the fused pyrandegvative3.62

The formation of this novel compound abe attributed to the fact that the thiophene moietynahe
starting acid chloridés more electron rich than benzene and is tlaumore favoured substratéor the
pivotal acylationstep, whereas theing-closingstep is also beneficial by virtue of the suitable proximity

of the enolOatom and the chloride carbonyl group towards the formation of a thermodynamically stable
6-membered pyranone ringA final point of interest for this interesting sigwoduct regard the HZ
geometry of the central double bond. Ascertaining this structural feature was made possible by
examination of the NOESY spectrunB8d?2, which revealed two key correlations that pinpoint the vinyl
proton between 2 thienyl methyl groups, in addit to only one correlation for the thienyl proton, thus
pointing out to theZisomer|Eigure 313).

Due to the aforementioned setback during the pregi@on of ketone3.54, an alternative strategy was
required. The previously noted method of producing the ketone from a thiol precursor had been
successfully attempted towards this analalthough a synthetic route for the initial hydrekgtone

(3.63 was deemed quite timeonsuming a prerequisitéd further search of the literature provided an
additional route towards this compound by utilising an eatiier precursor 8.64) but this strategy also
required several complex reagents in order to be carried®{Bcheme 26).
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Figure 313: NOESY spectruaf 3.62

Scheme 26: Literatureestablished alternatives towards thephenyl ketone3.54

Before any of these routes were examined in further dettie possibility of attaining.54 via the
formation of a Weinreb amide intermediate was examined. This class of reactive amides have been
thoroughly explored in literaturg?®3184and an important aspect of their reactivity regards their affinity
towards nucleophilic species in carbonyl substitution reactions. It was thus envisaged that converting the
carboxylic aci®.61to the corresponding chlorid®.58and reacting this witlN,O-dimethylhydroxylamine
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would furnish the amide analogu&.65 which would interact with a phenyl nucleophile.g.
phenyllithium, to afford the target ketongScheme 27).

Scheme 27: Suggested synthetic route 8f54viaa Weinreb amide intermediate3(65)

Fortunately, treating a solution of the crude acid chlori@eég8 with N,OGdimethylhydroxylamine
hydrochloride and pyridine in DCM in accordance with literature proté€dfproduced the anticipated
Weinreb amide3.65, as confirmed upon characterisation of the isolated proq&igure 314).

Figure 314: 1H-NMR (above) an®GNMR (below) spectra of the Weinreb amisigecies3.65
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The acquiredH-NMR spectrum shows the common 3 signals for the substituted thiophene moiety (2
singlets atw2.33 (Me) and 2.37 (Me), 1 singlet a6.56 (4H)), in addition to 3 singlets at8.18, 3.59 and

3.60, which correspond to the two methyl groups of the amide terminus and rtheethylene unit,
respectively. Locating these aliphatic signals between 12.99 and 61.15 (two peaka aB2) along with

the shielded amide CO peak @t 7226 provides additional evidence of the success of the transformation

as does the respective IR stretching band@&5cm?, which is in accord with the typical range of amide
carbonyl vibration frequencies.

Upon its successful isolation in 62.0 % yithd, amide3.65was treated with PhLi in anhydrous THF at
70°C and was pleasingly converted to the phenylket8rilin 50.6 % yield after aqueous MH solution
guenching. A repeat of these two steps in order to reach a larger amount of obtained két8e2f for
Weinreb amide formation and 65.8 % for phenyllithium addition) managed to both ascertain the
reproducibility and scalability of this method as well as establish this strategy as a novel and efficient
synthetic route toward33.54[Scheme 328}. Characterisatiorof ketone 3.54 validated this method by
direct comparison with literature datg{gure 315a,b)" {84

Scheme 28: Synopsis of the Weinreb amide alternative route to furrdsid

Figure 3.15atH-NMR spectrum of keton8.54
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The phenyl ring signals that were absent in the previous attempt to prepaScheme 3.23) could be
observed betweenw7.46 and 8.01 in th&H-NMR spectrum, and the presence of the 4 key singlets for the
thiophene ring, the methyl groups and the methylene unit illustrate the remainder of the ketone
structure. Further evidence for successful acylation can be found fronf*@&&MR spectrum, wérein

the carbonylCatom resonates ami97.31 and the adjacent-methylene carbon appears at88.42. The
carbonyl key stretching frequency b683cn! was observed on the IR spectrum 8564

Figure 315b: 13GNMR spectrum of keton&.54

Scheme 29: Mechanism of the formation of Weinredmide3.65and its subsequent phenylation towar8s54

The mechanistic routeotarriveat 3.54 presumably includes two consecutive nucleophilic substitutions

on the pivotal carbonyl group of the acid chlori8i®8{Scheme 29). Atack by the electron rich atom
of the reacting amine bring forth a quaternary intermediate that is converted to the amide pr&d6ist
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through cleavage of the chloride leaning group and deprotonation of the amino moiety. Subsequent
attack of this amide pthe extremely reactive phenyl anion is carried out efficiently as the Weinreb amide
species has the ability to coordinate with the lithium cation and stabilise the intermediate of this
transformation due to the oxygen atom on the methoxy group. Finalligvage of the amide bond upon
guenching the reaction mixture with a weak acid ¢8Hag.) restores the carbonyl unit and yields the
desired ketone. The foregoing synthetic routes that led to the compilation oftlinee methylene
ketones,3.52 t 3.54, are summarised

Scheme R0: Summary of rotes to the thienylketone8.52 3.53and3.54

Enaminone Temperature| Time Yield

1 2
Entry Ar Ar No. Solvent C) (h) %)
1 3.66 - 103 16 82.1
2 3.67 - 103 16 60.0
3 3.68 PhMe 110 2.5 85.5

Table 33: DMFDMA addition on the 8methylene ketone$.52 t 3.54
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The methylene ketone8.52 t 3.54 were transformed into their respective enaminon8$6 t 3.68in
fairly good yields upon reaction with DMFDMA employing the protocols establistettjrer 2
. In a similar fashion to the other enaminersystems visited inhapter 2, these thienytontaining
analogues present key signals on their NMR spectra, as seen for-théeigl examples.67[Figure 316).
In additionto the previously noted singlets of the thiophene methyl groups betweril2 and 2.42 and
the thiophene ring protons found betweemn6.43 and 6.45, the vinyl proton resonates .30 and the
NMe; unit is observed as a broadensinal atw2.77.

Figure 316: 1H-NMR and3GNMR specta of enaminonesystem3.67

The*GNMR spectrum proves further structural evidence, with the key CO signal obserwgtbat37
and the two carbon atoms of the double bond affording two olefin signalslé7.24 and 154.2fFigure]
. The remaining characteristic signal for the two methyl groups of the,Nkfeappeared obscured

initially, but analysis by HSER showed a contour that connects the NME-FNMR singlet atw2.77
with a broadened®*GNMR signal atv2.43|Figure 317).
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Figure 317: Key'H-13C correlation between the protons and carbons of the Nkéeminuson 3.67

Upon the preparation 08.67, it was postulated that the presence of two proteontaining thiophene
rings could be utilised to provide evidence of Bigeometry for this enaminone by means of NOE

spectroscopy, as shown|iigure 318

Figure 318 NOE NMR deployed @scertainthe Egeometry ofanalogue3.67 parallel to its bisphenyl counterpar.69

In a similar fashion to the bjghenyl analogu&.69, the 6 NMe protons present the predicted correlations
with the vinyl proton atwr.30, as well as the bklbone proton of the adjacent thienyl group on C2at
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6.43. This particular proton shows no cdatioon with its vinyl counterpart, thus illustrating that the
thienyl moiety at C2 and the NMé&rminus share &isconfiguration, whereas the vinyl proton at7.30
also shows the anticipated correlation with the backbone proton of the thienyl grouplofwe.45),
evident of an gransconformation for the single bond of the enone unit and, consequentlggometry

for the bisthienyl analogue3.67.

A final point of interest for the enaminoné&s66 t 3.69was encountered during comparison of théit
NMR spectrawhereinthe NMe: unit on each derivative produced singletof different width. This
variation in thesharpness othese signals coule directly correlated to theate of the G-N bond
rotation in each enaminonenalogudigure 319). As it can be seen on the overlaid spectra, the broadest
singlets belong t@.67 and 3.68, indicating that the pesence of a 2;8imethylthienyl group on theD
position of the enaminone structure restricts the rotation of the aforementioned bond and lowers its rate
of rotation, potentially by virtue of unfavourable steric interactions between the 2 pairs of metbypgr

on the thienyl moiety and the amino terminus. Absence of such moieties in analddifzsd3.69allows

the unfettered bond rotation, leading to a greater rate of rotation and, as a result, sh#tdMR signals

for the N-methyl groups. In order toonfirm this steric effect on the rotation speed, aMIIR experiment
was carried out using a deuterated DMSO sample of thnzthylthienyl derivative3.68 with an
increasing temperature gradient from 250 70°C. The broad NMssinglet at w2.74 was indeed found

to sharpen consistently as the temperature increased, which was evident of-thédhd rotating at a
higher rate, as the aforementioned steric clashes are mitigated by the introduction of thermal energy to
the enaminonesystem, mirroring the VMR finding presented in ChaptefRdure 30). This influence

of the substituent of the osition on the rotation of the Me; unit places the two substituentis close
proximity and, as a result, constitutes indirect evidence of EBgeometry being a general structural
feature for enaminone systems with the foregoing substitution patterns.

Figure 319: OverlaidtH-NMR spectrdor 3.66 (blue),3.67(red), 3.68(green) and.69(purple), presenting the key singlets at
2.6 t 2.8 for the NMe protons
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Figure R0: Overlaid VINMR spectra 08.68between 25°and 70°C, illustrating the increasingCbond rotation rate

Upon arriving at this enaminoreeries3.66 t 3.68, the corresponding 3:dihydro-4-dimethylaminal,2-
oxathiine 2,2dioxide photochromic candidates43 t 3.46were constructed in good yieldga the sulfene
addition reaction detailed isection2.2. The results of this conversion are summarisg¢@iable 34| As
expected, the common spectrosdopfeatures of 3,4lihydro-1,2-oxathiine 2,2dioxides that were
mapped out in Chapter 2 were observed during the characterisation of the thiemghining analogues
3.43t3.46.

Entry Art Ar? R Product No. Time (h) Yield (%)
1 3.43 16 71.0
2 3.44 3 52.6
3 3.45 4 52.7
4 H 3.46 3 55.0

Table 34: Sulfene addition towards the 3dihydro-1,2-oxathiine 2,2dioxides3.43 t 3.46
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Figure 21: 1HNMR spectra of the bithienyl analogue3.45

Figure 2: IH-NMR spectra 08.46 (insert shows the deconvolution of peakisa Gaussian multiplication of tHél-NMR
spectrum)

As seen on th&+NMR spectra ofxamples3.45and3.46[Figure 22}, the key signals for theld and 4
H appear betweermB8.5- 5.0, with a coupling constant of 7.9 Hz in case of the phenyl ana®géand

V [ % 33 @YsyAd 3.Z Hz anda@my = 9.0 Hz for analogu@46. Moreover, the NMe units in
both compounds resonate in the range betwee®.23 t 2.30, while the substituted thienyl groups on

the 5 and 6 positions produce the commonly noted four aliphatiel(92 t 2.38) and two neaaromatic
(w6.23 t6.67) signals.
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Figure 23: 13GNMR spectrum of the bithienyl analogue3.45

The heterocyclic scaffolds 8f43 t 3.46were also confirmed bfPGNMR spectroscopfFigure 33), as

their key spectroscopic elements were successfully located. The two aliphatic carbons C3 and C4 on the
bisthienyl analogue3.45 producee two signals atw70.97 and 62.09 respectively, while the olefinic C5
resonates atwl18.01 and the deshielded C6 @145.35. The pivotal NMsignal is also found an0.71

and the remaining characteristic peaks of the thiophene methyl groups are rsdretween wl3.85

and wl5.31. The key vibration frequencies of thes&@gment could also be successfully located on the

IR spectrum 08.45as sharp peaks at 1385 and 1153'cm

Finally, unequivocal evidence of the sulfene addition success was othtaarmass spectrometr

, in accordance with the findings for the 3jihydro-1,2-oxathiine 2,2dioxide analogues of Chapter

2. The HRMS spectrum ®#5shows a peak an/z 474.1236 for a [M+H] fragment which mathes the
theoretical value 0f474.1226 for them/z of a [Mi+H] fragment for the formula @H:sNG;S. Aswas
previouslynoted in section2.2.1, the base peak ain/z 365.1040 correlates to the furan syste3n70,

which is formed during MS analysis through pyscs of the 1,2xathiine 2,2dioxide centre unit and has

the formula G:HcOS with an anticipatedn/z value of 365.10323cheme 31).

Scheme &1: Pyrolysis 08.45
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Figure R4: MS spectrunof 3.45, illustrating the presence of the situformed furan derivative3.70

In tandem with acquiring spectroscopic data for the compiathlogue library, crystals of adequate
guality for single crystal-iKy crystallographic analysis were obtained for thethisnyl analogue3.45
from EtO and hexane (stored a0 °C for 24 h) in order to illustrate its exact 3D configura
. The crystal structure proves that theH3and 4H atoms are in &rans-axial arrangement with a
torsion angle oftirca 155 for HC3C4H, which is in accordance with the coupling constant of 7.9 Hz
recorded for their corresponding doublets. The rest of the-dxathiine backbone in this structure
JOOUeSE § « §Z 3 8Z "~ VA 0}% _ }v(}CEulQ]Z}.@is noE dphly addpted fos fHev
tri-phenyl analogue but seems to be a structural trend for such heterocyclic systems withtheo8Q
escaping the GB4C5C60 planem a similar fashion, with thee-S3C4 angles measured at 110.3
An important issue that arose during the synthesis of these photochromic candidates was whether the
two neighbouring thiophene units would adopt ttemtiparallel conformation which is requie for a
reversible photochemical cyclisatid¥l. Further examination of the crystal structure seen 3#5
highlights that the heteroaromatic rings are indeed positioned in this array, which is a promising indication
of photochromic activity. It should beoted that these findingslo not point out to any other analogus
adopting the desire@ntiparallelconformation.

Figure R5: Crystal structuref 3.45(various viewpointsthermal ellipsoids shown at 50 psobability leve)

The final step for the preparation of the photochromic candidate librang.d® t 3.51 involved the
employment of the Cope elimination protocol described in secttoB.2 to furnish the eliminated
derivatives3.48 t 3.51from their satuated precursors.43 t 3.46in very good yieldglable 35).
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Entry Art Ar? R Product No. Time (h) Yield (%)
1 3.48 16 71.1
2 3.49 5 78.0
3 3.50 5 83.5
4 H 351 3 .7

Table 35: Cope elimination runs towardsalogues3.48 t3.51

As was the case for the analogues presented in chapter 2,,faexathiine 2,2dioxides3.48 t 3.51were
examined by NMR spectroscopy to ensure the success of the eliminatiofFggap(326). In the'H-NMR
spedrum of analogue3.48, the vinyl proton appears to resonate a7.04 and the thienyl proton atv
6.38, while the methyl group signals appear aR.15 and 2.29. Further structural evidence can be
obtained by the* GNMR spectrum 08.48 wherein the C3C6 backbone chain is identified by signals at
w119.48, 133.90, 135.68 and 149.48. Moreover, the key IR pedk3satcm' and 1178 crit complete

the identification of the 1,20xathiine centre by illustrating the presence of the;Sfibiety of the
heterocycle.The nonsubstituted analogue.51 presents an additional spectroscopic feature, as in this
instance there are protons on the @nd 4positions vhich produce a set of doublets at6.61 and 6.90
with %.4= 10.2 HzRigure 7).

It was anticipated that, upon exposure of either of the candid&d2 t 3.51to UV radiation, a reversible
electrocyclic reaction would occur towards a colouredtfgsed species with extended conjugation (red
coloured conjugated system iB.42closed t 3.51-closed[Scheme B2). It was postulated that the
coloured species would be thermally stable so that they could remain intact until the reverse reaction
would be initiated by irradiation witlvisible light. Furthermore, theextension of lateral conjugation
accomplished by the 3;double bond on the unsaturated analogues, in addition to the presence of a 3
phenyl ring, would be studied to ascertain their effect on the photochromic response.
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Figure 36: 1H-NMR (above) anéBGNMR (below) spectra of the unsaturatedadogue3.48

Figure 7: 1H-NMR spectrunof 3.51showing the characteristic doublets fotBand 4H
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Scheme &2 Photoconversion to the ringlosed forms and reversion with visible light

3.3.2 U\WVis spectrophotometric studies

With the series of 1;xathiine 2,2dioxides3.42 - 3.51fully prepared, their photochromic response in
dilute hexane solutions was examihaising the bespoke UVisNIR Shimadzu spectrophotometer

<U]% % A]3Z v -¥ilvrradmbdn Byste rror! Reference source not founy.

Figure 38: Irradiationequipmentused for the UWis spectrophotometric studies

Exposinghexane solutions of the 3;dihydro analogue8.43- 3.46to UV radiation @ = 260t 380 nm,

150 W) induced a yellow/orange colour development wifhxin the range 413 to 441 nm. Prolonged
irradiation times of up to 155 min led to a photostationatgte (PSS) for each analogue,a point where

no further increase in absorption would be observed on thewi/spectrunjigure 29). The absorption

and ,max Values for each analogue, along with the irradiation times, molar absorption coefficients and
percentages of ringlosed forms, are summarisedTrabIe 36| The 5,&diphenyl analogué.42 showed

no observable photochromic response and is thus omitted tFﬁabIe 36| whereas the remaining four
analogues showed various levels of activity, with thph&nyl bisthienyl example3.45 affording the
highest absorption value at a PSS, followed by itsswudstituted counterparB8.46with a notably lower

Anax, evident of a potential benefit to the actty bythe 3% Z vCo PE}Iu% X dZ ~u]AB.43 ECo_
and3.44were less active, but the significant difference between the absorption values on their PSS is met
with interest, as it suggests that the phenyl and thienyl groups require specific positions for an optimal
photochemical interaction. Although the findinggFigure 29|constitute evidence of a photochemical
response to UV irradiation which reflects the anticipated cyclisation, any attempts at convéeimigdg

closed forms 3.43-closed t 3.46-closeqd into their ringopen counterparts 3.43 t 3.46) via irradiation

with visible light failed to proceed completely, indicating that the observed photochromic activity is not
fully reversible.

145



Compounds| Qu Absorbance atQax [ . - pgg (mact dm? Tlrgg Sto % Closed
No. (nm) A Poss cm) ©) form”

343343 | ,_, 0 0.03 61 20 min 2
closed

344344 | 413 | oot 0.23 489 30 min 5
closed

345345 | 414 | o001 0.55 1300 2h35min| 2
closed

3.46/3.46- 441 0.01 0.38 1524 2 h 15 min 8
closed

* Calculated by the ringlosed/ringopen integral ratios of the respective thiophene ring protons on'the
NMR spectra of postradiation samples

Table 36: Key UW:is values of the saturated ¢Xathiine 2,2dioxide analogueé3.43 t 3.46)

—3.45
----- 3.45-closed
—3.46
----- 3.46-closed
—3.44
----- 3.44-closed
—3.43
----- 3.43-closed

absorbance

cfe-
-
S e cccccaaa.

L LR R R

310 360 410 460 510 560 610
wavelength /nm

Figure 39: Absorption spectra (in hexane) of 3jthydro-1,2-oxathiine 2,2dioxides3.43 t 3.46beforeirradiation and at the
photostationary state (PSS)
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The photochromi@otencyof the unsaturatedspecies3.48 t 3.51in hexane solutions was next examined
by UV irradiation (& = 260t 380 nm, 120 and the findigs are previewed In

a similar manner t8.42, the solution of3.47failed to exhibit any photochromism, hence it is not included
in the teble below. Overviewing the behaviour of the active candidates shows that, in the case of the
unsaturated 1,2oxathiine 2,2dioxide systems, absence of the phenyl group on thS§ition results in
an increase in the absorption maximangf= 0.82 for3.50' Amax= 0.94 for3.51), which is a contrasting
trend to that observed for their 3dihydro counterparts (A= 0.55 f0r3.45 Amax= 0.38 for3.46[Table]
. Further evaluation of these WVis findings reveals that the introduction of the-C3 double bond
augments the activity for the bithienyl derivatives3.50and 3.51in terms of maximum absorption but
mitigates it for the thienyphenyl analogue8.48band 3.49, as evidenced by thexceptionally weak red
huethat was observedipon irradiation tothe PSS.

Time to
Compounds at PSS (matdm? %Closed
P @oc [ Apsorbance at@u | ¥ >(1 PSS o
No. (nm) cm?) (s) form
3.48/3.48 513 0 0.01 25 15 min 2
closed
3.49/3.49 481 0.01 0.07 125 20 min 0.5
closed
3.50/3.50 503 0.03 0.82 1708 45 min 38
closed
3.51/3.51 494 0.01 0.94 1541 50 min 9
closed
* Calculated by the ringlosed/ringopen integral ratios of the respectivet protons on théH-NMR spectra of
postirradiation samples

Table 37: Key UWis values of the unsaturated 1gXathiine 2,2dioxide analogueg3.48 t 3.51)

Jixtapositionof the findings ifTable 36jand Table 37|presents an additional insight on the photochromic
behaviour of these compmds|scheme 1-33}; comparing of the absorption angnaxVvalues for the 3,4
dihydro candidate8.43 t 3.46with those of the unsaturate®.48 t 3.51 suggests that the presence of a
double bond between @ and G4 not only induces a consistent decrease in the time required to establish
a PSS, but also results in a bathochromic shift in the wavelength of maxabsorption, with the specific
examples of the@axfor 3.50-closed(503 nm) and.51-closed(494 nm) being considerably higher than
those for their 3,4dihydro precursor8.45closed(414 nm) and.46-closed(441 nm). Presumably, this
can be directly conected to the increase in the level of conjugation that transpires when moving from
the saturated3.43 t 3.46to the eliminated system8.48 t 3.51 Supporting this conclusion, an additional
bathochromic shift can be observed when the conjugation levelribdr extended with the C3 phenyl
group, as seen by examining th@.xof 3.50 and 3.51503 nm and 494 nm respectively).
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Figure 330: Absorption spectra (in hexane) thie unsaturated 1,2xathiine 2,2dioxides3.48 t 3.51before irradiation and at
photostationary state

Scheme 33: Structures othe active candidate8.23and3.24beforeandafter irradiation
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More clearly defined absorption peaks for the unsaturated analo@.88 and 3.51 as compared with
their saturated precursors3.45 and 3.46 led to additional explorations on reversion of the
photocyclisation by visible light. A hexane solutiorB&0wasUV irradiated for 45 min until it reached

its PSS, witlthe generation of an intense red hueli = 503 nm)||€igure 331|and attached inserts)
confirming the presence of the ringosed isomeB.SOcIosed[Scheme 133}. Subsequently, visible light
bleaching (;+ = 455 t 650 nm) of the foregoing red solution was efficiently accomplished after 25 min.
The colouration and bleaching cycle®50in a PhMe solution was repeated 10 times to illustrate the
reversibility of this process (insert (§ffigure 331}, with substantial resistance to fatigue due to
decomposition.

Figure 331: Absorption spectraf 3.50(initial, after UV activation andfi@r visible light bleaching), insert (a): recyclability after
10 UV activation and visible light bleaching cycles, inser8(®hexane solution before (right) and after (left) UV irradiation

In tandem with these spectrophotometric evaluations, the mahemical cyclisatiorould be further
explored via 'H-NMR spectroscopy. Repeating the UV irradiation experimens.60 in CDGIl and
recording consecutiveH-NMR spectra over time revealed the presence of new signals attributddb
closedat (.05, 2.11, 2.12, and 2.22 for the thiophene methyl groups, at 5.96 and 6.07 for the thienyl
protons and atw6.83 for 4H [Figure 332).

Comparison of the integrals forH4 in3.50( .89 and3.50-closed( @&.83) of the CD&$olution revealed

a ratio of 5: 3 (3.50/3.50closed at the photostationary state The presence of two possible
conformations, parallel andntiparalle] may substantiate this finding, since only the latter conformers
may yield a photochromic response.
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Figure 332: StackedH-NMR spetra (W5.5 t 7.7, CDG) after increasing UV irradiation intervals (10 min to 2.5Qwing the
gradual emergence of signals f50-closedupon irradiation of a solution .50

Repeating these experiments for the analogdiS1 afforded comparable rasdts; upon 50 min of
irradiation, the previously seen strong red hue was observed agai@at= 494 nm, revealing a
bathochromic shift accompanying the presence of a phenyl group on-giasiion of the oxathiine ring.
A CDGlsolution of this derivative displayed similar signals to those for-peéhyl counterpart 3.50)
when irradiated for 30min, which were attributed t8.51-closed the methyl groups were observed &
2.01, 2.08, 2.11 and 2.22, the thiophene ring protonsiata (5.92 and 5.99 and the two X@xathiine
2,2-dioxide protons 3H and 4H at G5.38 and 6.82Kigure 333).

Figure 333: IH-NMR of analogu8&.51after 30 min of UV irradiation, illustrating the protons of the rtigsed form

The muliplicity observed for the upfield thienyl proton atb.92 and the methyl group an2.11 is an
indication of longrange coupling between these two nuclei, withJa= 1.0 Hz, previously touched upon
in section3.3.1. Moreover, irradiation for more than 30 min afforded additional decomposition signals,
which prevented the calculation 0f2a51/3.51-closedratio at the PSS. At t = 30 min, the ratio of integrals
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for the 4-H protons of the two isomers@.90for 3.51, G5.82 for3.51-closed was found to be 101 as
seen ifFigure 33

A final point of interest congeed the potential of these photochromic IXathiine systems to exhibit
solidstate photochromism. This aspect of photochromic compounds has been studied by various
research groups and allows for a broader range of potential applications for such sy&&H To
ascertain the potential of solidtate photochromisma preliminary investigation was carried out, wherein

a finely powdered sample of the unsaturated-tigenyl phenyl analogud.50was irradiated witha hand

held TLC inspection lanfBpectroline, 8 W365 nm) for 30 s, causing a drastic change in the colour of the
powder from pale yellow to retbrown. Uponts irradiation, the sampleemained stable for several hours,
before beingpartially bleached by irradiation with a white light source for 20 min (flashlight tool, Samsung
Galaxy A2117F/DSN® mobile phone), leading to a colour change frobmowed to orang
rror! Reference source not foundl. The fast response of this derivative clearly haifts its
proclivity towards the ringtlosing conversions examined earfigcheme 33), while also paving the way

for future optimisation of its photohromic properties.

Figure 334: (a) Preirradiated3.50solid sample, (b) Postradiation photograph 08.50solid sample (30 s), (¢) Bleaching of
3.50 solid sample after 20 min of visible light irradiation

In summary, the sulfene addition strategy previously described in chapter 2 has been applied to three
new 2,5dimethylthiophene containing enaminoketones, iwh were obtained from threer-methylene
ketone precursors furnishedia various synthetic routes. The resulting &l#ydro-1,2-oxathiine 2,2
dioxides3.43 t 3.46 underwent a smooth Cope elimination of the dimethylamino function to afford the
1,2-oxathiine 2,2dioxides3.48 t 3.51 Both the saturated and unsaturated serief analogues were
subjected to spectrophotometric studies, wherein theitype photochromic activity was mapped out

and correlatedwith their structural features.
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CHAPTER 4: REACTWOF 1;DXATHIINE 2;RIOXIDES

4.1 Preface

Given the immense interest in the properties of small heterocyclic entities by both the pharmaceutical
and materials sectors and the present paucity of examples of diversely substitutexdtffline 2,2
dioxides in the Iiteratur191 It was envisaged that the ready access to-dxathiine 2,2dioxides
described in chapter 2 could be capitalised upon by exploration of their reactivity leading to further
functionalised eamples thus providing a more extensive library ofd@@thiine 2,2dioxides.

On account of the advances reported in modern day transition ratdiated chemistry, an obvious
reaction to examine was that of bromination which would subsequently enablemétiated coupling
reactions, such athe Suzuki coupling>!%31°4 and the Miyaura borylation'® reaction, to be examined.
Furthermore, the norbrominated 1,2oxathiine 2,2dioxide substrates could be examined in a
complementary €H activated couplingtudy Scheme 4.).1%

Scheme 4L: Bromination and palladiurnatalysed crossoupling reactions on 1;8xathiine 2,2dioixide systems

Cycloadditions, such as the Didlsler and hetero Dielélder reaction, provide an efficienpproach to
complex carbocyclic and heterocyclic systéfi&81%° As a consequence of having to hand a short series
of 6-substituted 1,2oxathiine 2,2dioxides, in which the-8ubstituent contains an unsaturated group and
thus affords an extended conjugated moiety comprising of tBeC& unit and the unsaturated 6
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subsituent, (hetero) DielsAlder transformations leading to a series of novel fusedakthiine 2,2
dioxides will beexplored (Scheme 2).

Scheme £: (Hetero) DielsAlder reactions on -@lkenytl,2-oxathiine 2,2dioxide analogues

The application of betyne chemistry has also featured prominently in recent years providing a facile
approach to arylatiorvia bond insertion reactions and also to the formation of berfiused analogues
though cycloadditiong?0201202203204205 Thyg jt js anticipated that explation of the behaviour of 1;2
oxathiine 2,2dioxides towards benzyn&¢heme &) would provide a complementary link between the
proposed Pemediated chemistry and investigations of cycloadditions.

Scheme 4&: Benzyne transformations of substituted dgRathiine 2,2dioxides
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Note: Compounds already synthesised in chapter 2 with the general structure numBetiigave been
renumbered in this chapter with the general number#hXfor ease of reading and continuity.

4.2 Bromination ofmono-, di- and tri- phenylsubstituted 1,2-oxathiine 2,2dioxides

After the compilation of a small library of l¢Xathiine 2,2dioxides withmono-, di and tri- aryl

substitution(Chapter2), the reactivity of theseariously substitutedystems towardsnolecular bromine
was examined. The proposed mechanistic pssesfor the formation of brominated products follosv
the literature findings detailed in the introduction chapt@@hapter Up{F5F4{with an additional focus on
the potential bromine substitution at the-4or the 5 positions in analogues where thepdsition is
already substituted and thus unavailalffecheme 4).

Scheme 4: General mechanism of k@kathiine 2,2dioxide brominationpreviewingthe possible sites of Battack

The addition of Brinvolves the established bromonium mechanisia interaction of B with the less
stericallyhindered and most reactive of the two double bondke electrorwithdrawing S@moiety is
able to deactivatehe C3C4 bondas well as allow for negative charge stabilisation on C3; thereifore,
systems wherghe C3C4 bond is less hindered than the-C6 bond the formermay be favoured for
bromoniumion formation. The subsequent elimination of HB®mwards the3-bromo product4.1 may
occur via an E mechanism, as the proton on the-gsition and the bromine cannot adopt the
antiperiplanar arrangement required for ar2 Elimination route on a closed ring conformation. It was
also postulated that absence of a proton on the@&tion would result in the cleavage ofH4 as the only
available proton, thus furnishing a-Btomo oxathiine system4(2); alternatively, formation of a
bromonium ion about the G&84 double bond would be disfavoured oisiostituted 1,2o0xathiine 2,2
dioxides and instead the oxathiine ring could undergo bromination-&t(€3, Scheme 4). Apart from
assessing the reactivity of I¢kathiine 2,2dioxide systems, testing these hypotheses would afford a
library of brominated 1,2xathiine 2,2dioxides to bedrther converted into highly substituted systems.
The findings from these bromination attempts are summarisetiole 41.
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Entr izretlr?;jl R Product Solvent Time | Egof | Yield
y No. ) | Bn (%)
No.
1 4.4 4.8 CHG 24 15 0.0
2 4.5 4.9 CHG 72 1.0 73.2
3 4.6 H 4.10 CHd 24 1.1* 86.6
4 4.7 H 4.11 1,2DCE| 96 2.7 45.9
*0.25 eq of pyridine was added to achieve reaction completion after a further 15 min reflux time

Table 41: Bromination attempts on different phenglubstituted 1,2oxathiine 2,2dioxides

Overnight refluxof the 3,5,6triphenylderivative4.4in CHGlwith Brwas unsuccessful, thus pointing out
that the absence of the aforementiodereactive protons on the-3nd 5positions, along with the steric
hindrance caused by the three phenyl groups, prevented apgdglition. Moreover, as it can been seen
in table 41, bromination on the 4osition of the 1,2oxathiine centre was not obseed despite the
consistent availability of this position amongst analogdgst 4.7.

In order to examine the bromination at lower substitution levels, the-dipghenyl analoguet.5 was
studied next. In this instance the bromination was complete after 42 feflux in CHGI The dibromo
intermediate4.9a(Scheme 4) was observed as indicated by the presence of two sets of upfield doublets
(.38 and ®.58) withk 4= 5.2 Hz in a sample withdrawn from the reaction mixture during the first hour
of the 72 h reflux period. Due to the vinyl proton signadt&resonating in the aromatic region & .62,

an additional NMR measurement in-4cMe was required to unequivally pinpoint the 4H singlet
(Figure 41).

Confirming the theorised mechanistic route in schemé 4n overview of this conversion is shown in
scheme 4. It should be noted the observed regioselectivitytios transformation derives from the
increasedacidity for 3H, which in turn is a result from the withdrawal of electron density towards the SO
group on the 1,2oxathiine ring.
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Figure 41: StackedH-NMRspectra after 1.5 h and 72h of reaction tinidystratingthe doubletsignalsof the 3-H and 4H on
the 3,4dibromointermediate4.9aand pinpointing the vinyl proton ¢f.9in ads-AcMesolution

Scheme 4: Mechanism for the bromination of analogdes

Parallel tathe assessment of th+NMR spectrum o4.9, additional data was required to clearly indicate
the presence of bromine on the obtained product. Utilising the typical behaviour of bromo compounds in
mass spectrometry, the relevant mass spectrumd &foffered unequivocal evidence of a bromine atom

by virtue of the twom/z peaks at 384.9500 and 386.9481 which are attributed to the two isotopes of
bromine ([M+Na] and [M+Na+2]for "Br and®Br respectively). In nature these isotopes share a 1:1
ratio?®, which is directly translated to the 1:1 ratio of the foregoinfz peaks, as seen figure 42.

Figure 42: Mass spectrunof 4.9, showing the key pair afi/z peaks hinting at the two bromine isotopes

The reactivity for thetwo double bonds in the 1;@xathiine 2,2dioxide ring was more thoroughly
examined in the case offghenytl,2-oxathiine 2,2dioxide4.6 (Scheme 4) The formation o#4.10was
confirmed by*H-NMR spectroscopy which revealed a doublet@.32and at G7.10 with,s= 7.3 Hz
(Figure 43). No products other thad.10were obtained or observed during this attempt which confirms
that the conversion proceeds regioselectively towards thisrdno product under these conditions.
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Moreover, the use of a small amount of pyridine (0.25 eq) as a base in order to ensure the complete
deprotonation of the dibromo intermediate towards the motwominated 4.10 suggests that the
absence of the stabilising phdrgroup on the §position is detrimental to the elimination of HBr.

Scheme 4: Bromination of the henyl analogud.6

Figure 43: 'TH-NMRspectrum of4.10with the characteristic7 Hz coupling between-H and 5H

Finally, the 3,8liphenyl analogud.7was examined in order to complete the assessment of the reactivity
of the 1,2oxathiine ring double bondsnitial attempts using CHGls a solvent, alongithh pyridine as a
base, resulted in partial starting material consumption and consequently low yields 223 %) of
brominated product4.11 The only efficient alternative was to switch the solvent to-dighloroethane
(1,2-DCE), so as to utilise its har boiling point (83C over 6 C) and achieve a higher conversion. Even
under these conditions, only a moderate yield 4fl1 (45.9 %) was achieved after 96 h of reflux,
illustrating a significant difference in reactivity between the €34 and the CFC6 double bonds.
Bromination at the 5position of4.11was initially ascertainetly comparison of thé*GNMR spectrum

of 4.11with that of 4.7 (Figure 44). TheC5 atomwas found tobe shielded to a small extent (upfield shift
from @GL02 to 100) due to the bromine atom, while the neighbouring C4 is conversely deshigiti2g (

to 134).

The small shielding effect noted for C5 upon its bromination is observed in contrast to the increased
electronegativity of bromine over carbon (Pauling electronegativity value of 2.96 and 2.55 respé&t}jvely
such a contradictory finding can be attributed to the considerable atomic size difference between the two
elements, which factors for poor orbitalverlap and a consequent poor electrarithdrawing effect by
bromine, resulting in C5 resonating at similar frequencies oF¥B&IMR spectra of.11and4.7.
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Figure 44: Overlaid3GNMRspectrumof 4.11 (bottom) and 4.7 (top), illustrating the upfield shift of C5 and downfield shift of
C4 due to bromine substitution

Although the observed chemical shifts are in accordance with the theoretical precepts of this
transformation Echeme 41), definitive data was required toonfirm the anticipated Sromo structure.

To that end, HMBC and NOESY experiments were carried out, so that the proton ofdxathjihe ring
could be pinpointed on the-4osition. As seen in the HMBC spectrund dfl (Figure 45a), the pivotalC

atom at G51.85 has a long range correlation with the signal@t87 accounting for two aromatic
protons. This illustrates that these protons belong to thphnyl group so it can be inferred that the
multiplet at .64 corresponds to thertho protons d the 3-phenyl group by process of elimination. The
key correlation between these two aromatic protons and their vinyl counterparGan2 (observed on
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the NOESY spectrurijgure 45b) places the latter on the-4position and unequivocally attests the
assigned 5bromo structure o#.11(Scheme 4).

Figure 45: a) HMBC spectrummf 4.11, showing the longange correlation between C6 and thetho protons on the éphenyl
group, b) NOESY spectrumdof 1, bearing the key correlation between the aromatic protons@.64 and 4H at &7.02

Scheme 47: Bromination of 3,&liphenylanalogue4.7

This difficulty in attaining reaction completion for dogue4.11 points to theunreactivity of the CEC6
double bond, which may be associated with the; 8&yment of the 1,2xathiine ring. Even though the
O-1 atom is capable of lone pair donation as a means of increasing the reactivity mriotkimal double
bond, such a process is countered by the electnatihdrawing S@fragment opposing the presence of
any adjacent positive charge. Moreover, the absence of asybstituted bromo products arising from
the conversions presented table 41 suggests that the osition is the least reactive site on the 4,2
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oxathiine scaffold, thus highlighting an order of decreasing reactivity between the three substitution sites
on these heterocyclic systemBigure 46).

Figure 46: Order of decreasing reactivity between different sites of adk&thiine 2,2dioxide system

The last bromination test regarded the attempted substitution on thpoéition via use of a different
protocol. It was thought thalN-bromosuccinimideN\BS in ag. DMSO would pose as an alternative source
of bromine and interact with the 5;8iphenylanalogue4.5towards the bromonium intermediate shown

in scheme 4.1, which may permit a nucleophilic attack¥ bin C3 tdoring forth a bromohydrin product
(4.12). Unfortunately, no addition was detected, even at increased NB3Adjuivalence and temperature
(Scheme &).

Scheme 4&: Attempt at furnishing the bromohydris.12

4 3 Reactions with brominated.,2-oxathiine 2,2dioxides

4.3.1 Brominelithium exchange attempts

Upon their syntheses, the brominated 1gathiine 2,2dioxide derivatives4.9 t 4.11 were examined

with regards to their performance as substrates for various transformations. Theffitstge involved a
lithium/bromine exchang®82% to arrive at lithiated intermediatese(g. 4.13 Scheme 4) capable of
attacking electrophilic reagents and functionalising the starting-ok&hiine 2,2dioxides. Applying
established literature protocot¥®?!'?12 on analogues4.9 and 4.11 with anhydrous DMF as the
electrophile resulted in apparent degradation of the starting materials eveR&C, with no isolation of

the desired productgd.14and4.15.

The apparent sensitivity of bromd,2-oxathiine 22-dioxides in the presence of organolithium reagents
directed the scope of research towards alternate approaches to functionalisation employing the-bromo
oxathiine 2,2dioxide substrates.
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Scheme A: Attempts to functionalisé.9and4.11through lithiumbromine exchange and consecutive formylation using DMF

4.3.2 Suzuki coupling reactions

After the foregoing explorations of organolithivbased reactions, the next aspect of organometallic
chemistryregarded the use of the brominated tgXathiine 2,2dioxides as substrates in Suzuki cross
coupling reactions. This transformation was first explored by Setzakiin 197%*3, wherein the coupling
of alkenyl or alkynyhalides 4.17, 4.19) to alkenyl laronic esters4.16) towards dienes4.18) or enynes
(4.20 was accomplishedathe use of a palladium(0) catalyst and a suitable base (Schel@e 4.
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Scheme 4.0: First Pemediated crossoupling attempts by Suzuét a

In the years after the discovery of this transformation, its scope was broadly expanded to ailthe f
formation of CC bonds between variousalides 4.21) and boron containing specie4.22) by utilising
palladiumbased catalytic arrays (Schemé ¥a) 24215 Given the commercial availability of a wide range
of such boronic acids and esters, this ssooupling protocol was attempted with the brorrig2-
oxathiine 2,2dioxides using the set of conditions developedWy et al. in their attempt to furnish
arylated 2pyrones 4.25 from their bromo/ pseudeénalo precursors4.23) and various boronic acids
(4.24), on account of the structural similarity betweenpgrone and 1,2xathiine 2,2dioxide
heterocycles (SchemeMlb).216

Scheme 4L1: (a) General scope of Suzuki crossipling transformations, (xperimental conditions selected for attempting
the transformation on bromel,2-oxathiine 2,2dioxide analogues

In accordance with the adopted literature protocol, different aryl boronic acids / esters were used as
coupling partners to the brominated l@xathiine 2,2dioxides, while Pd(OAcyas selected as the
catalyst,PCys wasutilisedas a ligand and:KPQ-3H;O as the base. In the case of the solvent, the reacting
bromo-1,2-oxathiine 2,2dioxides were found to be only partially soluble in MeOH, prampthe use of
dimethylacetamidgDMA)as solventThe results from the attempted couplings aemmarisedn table

4.2.
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Product Time | Yield

Al/a | S.m. No. R Ar No. Solvent | Temp/re CC) (d) (%)

1 4.9 4.4 DMA 60 2 40.0

2 4.10 H 4.7 DMA 70 1 27.5*

3 4.11 - 4.4 DMA 70 2 0.0

4 4.9 4.26 DMA 75 4 16.3
DMA

5 4.9 4.26 MeOH 60 1 58.1
11
DMA

6 4.9 4.27 MeOH 60 1 36.2
1.1
DMA

7 4.10 4.28 MeOH 65 1 0.0
1.1

* Dimer-like speciegl.29also obtained in 10.0 % yield (Scheme 4.12a)

Despite the initial success in appending a phgnylip at C3.9and4.10, the same conversion was found
to fail completely in the case of thelifomo derivative4.11, which is indicative of either a strong steric
hindrance caused by the neighbouringpBenyl substituent and/or thaunreactivity of the 5bromo
position asdiscussd previoudy (Section 4.2). The formation of the homo } u % o0]v P
diphenyt €1 Whi(l,2} £ SZ]]v < -tatrabkiddsi29 in 10.0 % vyield during the attempt of phenyl
coupling to4.10presented an additional point of interest, adinted at the tendency of this heterocyclic
substrate to favour € bond formation between proximal XgXathiino ligands (Schemelf£a). The
catalytic route of this sideeaction probably involves a transfer of a -bgathiino ligand via

Table 42: Suzuki coupling attempts towards various-tiyathiine 2,2dioxides
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transmetalaton to a Pd complex that already contains this ligand, followed by the final isomerisation and
reductive elimination steps to furnish29(Scheme 4.2b).

Scheme 4.2: a) Obtainedproducts(4.7and4.29) from the Suzuki coupling @h10, b) Proposed catalytic cycle towards the
formation of the dimedike compound4.29

The correspondingH-NMR spectrum of 4.32 showed two characteristic doublet&a63 and G .48with
Js = 74 Hz for both pairs of -l and 5H (Figure 47). The dimeric structure o#.29 was further
corroborated by mass spectrometry which gave a molecular ion [M+d&37.0126 which is in good
agreement with that calculated for the [M+Napn of4.29at m/z437.0132 The formation of this side
product indicated that a Rdatalysed homecoupling conversion would be favoured in brominated-1,2
oxathiine 2,2dioxides systems, although such dirii&e species were not obtained during the formation
of the other coufing products.
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Figure 47: 'TH-NMR spectrum o4.29

Apart from the 1,2oxathiine 2,2dioxide substrates being consumed in hogaupling processes, poor
solubility of the base iDMAwas also suspected of mitigating the effiaigrof the conversion. Employing
the initial protocol to produce the -&nisyl analogud.26 afforded the product in an unexpectedly low
yield (163 % entry 4, Table 2), illustrating that this method offered poor reproducibility, and the large
amount of ®lid residue observed in the reaction mixture during the reaction directly supported the claim
that DMA was unable to contain all reagents in solution to allow for an efficient conversion. This
necessitated a modification in the reaction agi and a mixtee of DMAMeOH 1:1 was consequently
selected as a more suitable solvent system. The drastic increase in yield%5€ntry 5, Table 2)
confirmed that tackling the solubility issue proved indeed to be beneficial to the fate of the
transformation. Adopting this optimised set of conditions, the trifluoromethylphenyl analdgeéwas
readily obtained albeit in low yield (36%), presumaby} due to the electrorwithdrawing effect of the GF
group. An attempt to effect the coupling df10with pyridyl pinacol ester afforded no oxathiine 2,2

1} A&] JU% O0]VP % E} p S ebipyridiney @30 waslbbderved byH-NMR analysis of an
aliquot of the reaction mixture as a hormmupling sideproduct?’, along with the unreacted starting
material (Scheme 43). The most plausible explanation for this loss of reactivity involves the complete
deactivation of the reacting boronic ester causedtbg pyridyl ring, which places a significant energy
barrier on any interaction with substrat9.

Scheme 4.3: Homocoupling of the pyridyl boronic ester as the preferred route over the formatioh 28
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4.3.3 SuzukMiyaura borylation

In a complementary manner to the foregoing Suzuki comsling reactions, the Suztiiiyaura Pd
catalysed borylation of the 5;@iphenyl analogud.9was attempted in order to provide a borylated 1,2
oxathiine 2,2dioxide derivative4.31) that could be subsequently coupled to an aryl halide under Suzuki
crosscoupling conditiong!821® Although the initial attempt using Pd(OAdayas unsuccessful, further
attempts with Pd(dppf)Gland varying equivalents of the borylating agenip{B.) and the base (KOAc)
revealed an inclination of the starting brominated heterocycle to react with itself leading to the 5;5',6,6'
tetraphenyH3,3-bi(1,20xathiine)] 2,2,2',2tetraoxide 4.32 (analogous to the $henyl dimeric species
4.290bserved earlier), rather than afford the anticipated boronic egt&1 from the addition of a Bpin
fragment (Scheme 44).

The formation of this product was first postulated due to the absence of anydiiptmatic signals on the
'H-NMR spectrum o#.32(Figure 48a) and this claim was confirmed by mass spectrometry (Fig8tg,4.

in conjunction with a literature precedent that presented analogous cases of borylation/dimerization
processe$?°221Obtainingthis dimerlike derivative highlighted the dimerisation potency of brominated
1,2-oxathiine 2,2dioxides that was first encountered during the Suzuki camgpling attempt, although

the stark difference in reaction conditions between the Suzuki and Siviykiura protocols merited an
explanation of the behaviour 6£.9 during borylation. To that end, different conditions were used to
explore this side reaction and the findings are presented in talde 4.

Figure 48: a)H-NMRspectrumof 4.32, b) Mass spectrum af.32
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Scheme 4L4: SuzukiMiyaura borylation attempbn 4.9

AR AP e
1 (Zd;(?r:o% 1.1 3.0 DMF 85 5 0.0
2 Pdggﬂjﬁgw 2.0 3.0 | 14Dioxane| 80 16 | 133
3 Pdggﬂzrfgcwl 0.5 30 |14Dioxane| 80 16 | 256
4 Pdgigﬂzr?oﬁ))c'w 0.5 25 | 14Dioxane| 80 15+ | 513
5 Pdggﬂzr?o%c'v' 2.0 10 | 1,4Dioxane| 80 1 37.4
*16 h stir at room temperature, followed by 1.5 h heating at°80

Table 43: Variation of reaction conditions for a Suztkiyaura catalysed homooupling of4.9

As is evident from the table above, tiyeeatest yield oft.32resulted when 0.5 eq of-Bin,and 2.5 eq of
KOAC are used, which was indicative of the boron est&tbeing formedn situ but immediately coupled

to the bromo precurso#.9towards4.32X dZ]Js Jv & +« " Ju E]e S]}v_S v v C v
polarisation of the carbottboron bond on the reactive estet.31 caused by the electrowithdrawing
nature of the adjacent SOnoiety, which suggests that brominated igRathiine 2,2dioxides are more
efficient substrates in Suzuki cressupling protocols. Interestingly, nho boronic ester was obtained even
at 1 eq ofbase and 2 eq of:Binz (entry 5, Table 8); instead, the homeaoupling product, along with the
3,4dihydro precurso.5, were observed in a 2:1 ratio Bi#-NMRanalysis of the crude mixture. The
foregoing finding relays the fact that, meq of4.9 at the start of a high Bin; excess reaction rurf/ 3 eq

of 4.9 reacts withx/3 eq of KOAc in a SuztMiyaura borylation cycle towards the boronic esteB],
which is subsequently coupled to anothet3 eq of 4.9 in a Suzuki coupling cycle mediated by the
remaining 2x/3 eq of KOAc to furnish.32 The finalx/3 eq of 4.9 is concomitantly consumed by the
excess Bpin; and is converted t@.5 during the aqueous wash, thus producing the observed 2:1 ratio of
4.32 4.5(Scheme 4.5).
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Scheme 4L5: Obtained products from a SuztMiyaura borylation attempt with 2 eq of;Bin; and 1 eq KOAc

The foregoing observations can be combined to cement a proposed mechanistic cycle that gives rise to
the homo-coupling specied.32 Upon the initial oxidative addition @f.9to the Pd complex and the Br

/OAc ligand exchange, the Bpin fragment is intredd to the intermediate complexX.31A via
transmetalation, followed by an isomerisation process to arrive at a cis arrangement of theattRine
2,2-dioxide and Bpin ligands. TheB®ond formation can thus occur during the final reductive elimination
step to afford the reactive boronic estdr31(Scheme 4.6).

Scheme 4L6: First catalytic cycle towards the boronic este31
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In a second catalytic cycle, tirtermediate 4.31Aforms again but interacts with the boronate species
4.33that derives fronthe addition of an AcQon to the nascent boronic estdr31 Isomerisation of the
resulting complex.31Bleads to the two 1,2xathiine 2,2dioxide fragments adopting eisdisposition
and couple intat.32viareductive elimination (Schemey).

Scheme 417: Second catalytic cycle towarf$',6,6tetraphenyt[3,3-bi(1,2-0xathiine)] 2,2,2',2tetraoxide4.32
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With regards to the precursavxathiine 2,2dioxide4.5, a similar cycle to that on schemel8.includes
the Br/OAc ligand exchange step towards31Awith use of a different AcQBource,i.e.the boronate by
product4.34(Scheme 4.7), while the excess;Bin; allows for the consecutive transmetallation step. The
boronic esterd.31that is eventually furnished can patgally undergo a Pdatalysed hydrolysi& upon
aqueous quenching during the reaction warg, thus affording4.5 as the minor product of this
conversion (Scheme 18).

Scheme 4L8: Catalyticcycle furnishing the dihydro precursérs

Absence of aBin,, as was the case for the highest yield attempt (entry 4, TaB)e gresumably allows

for a higher amount of the dimdike system4.32through the first two catalytic cycles of boronic ester
(4.31) furnishing and € bond formation(Scheme 4.6, Schere 417), since there is not enoughyin,

to divert the intermediate4.31Afrom being transmetallated intd.31Band, eventually, converted into
4.32 Moreover, comparison of entries 3 and 4 in tablgd ghowsthat long reaction times (>1.5 h) can be
detrimental for this transformation, as evident by the drop in yield when the reaction remains & 80
overnight.

This preliminary survey of the reactivity of brominated -tyathiine 2,2dioxides in traditional Rd
mediated coupling reactions illustrated that these heterocycles are more suitable for coupling with aryl
boronic acids under Suzuki coupling conditiontheathan being converted into boronic esterma the
SuzukiMiyaura borylation and subsequently coupled to aryl halides through the aforementioned Suzuki
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and for this reason, alternative methods ofdbond formation were sought out.

4.4 Reactions with unsaturated 1;®xathiine 2,2dioxides

4.4.1 GH activation coupling reactions

Following on from the exploration of the reactivity of the brominated-@@thiine 2,2dioxides towards
Pd-catalysed coupling reactions, it was rationalised that the next area of research should regard the
possibility of functionalising the unsaturated system$ t 4.7 through CH activation crossoupling
protocolg?3224 that utilised aryl halides as coupling partners. Indeed, ascertaining the success of such a
conversion would be quite useful in further exploring the reactivity ofdk&thiine 2,2dioxides, as well

as in establishing an interesting and more efficient alteireato furnishing pohsubstituted derivatives
through traditional bromination and Suzuki coupling reactions. The work of Peteilawas elected as

a suitable literature templat&®, sincethe coumarin system4.35that were used as substrates to afford
selectively substituted counterparts4.36) contained an D Eunsaturated lactone unit that was
considered to be analogous to the Eunsaturated sultone unit of the 1,@xathiine 2,2dioxide starting
materials (Scheme #9).

Scheme 4.9 Literatureestablished attempt towards-8ubstituted coumarin systems through eHCactivation crossoupling
protocol

Initial application of this protocol to the 1,@athiine 2,2dioxide4.5was met with pooreproducibility,
as the excess of the starting material (3 eq for 1 eq of Phl, Schet@eallowed for its Pdatatalysed
dimerization in a parallel manner to that observed for the brominated derivaiivesctiors 4.3.2 and
4.3.3. Specifically, overnighteating at 80°C of the coupling partners, Pd(RRhand AcOAg in DMF
afforded a mixture of unreacted startimngaterial4.5, coupling product.4and the [3,3'bi(1,20xathiine)]
2,2,2' 2tetraoxide4.32at a 1: 0.56: 0.35 ratio, as calculated by thetégrals of the respective singlets
on theH-NMR spectrum of the crude mixture (Figur@)4.

Scheme £0: Initial GH activated coupling attempt of the 5diphenylanalogue4.5with Phl towardst.4
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Figure 49: ITH-NMR spectrum of the crude mixture from theHCactivated couplingttempt on4.5

This finding further cemented thereviously observed tendency of i¢Xathiine 2,2dioxide systems to
undergo homecoupling processes in the presence ofdadhalysts. Unfortunately, the aforementioned
three components were found to have very similar Wlues, thus rendering their routine
chromatographic separation ineffective. The coupling reaction was consequently repeated using 1 eq of
the starting 1,2oxathiine 2,2dioxide and 3 eq of the iodide. Pleasingly, this iteration yielded the triphenyl
product4.4in 39.2 % yield with absencd the dimeric sideproduct4.32, prompting further attempts of

this transformation with varying aryl iodide reagents (Tabl).4valuation of the foregoing findings
shows several interesting insights on the behaviour ofak&thiine 2,2dioxides undeiGH activation
coupling conditions. Comparison of the yields between the attempts using thdigh@nyl @.5) and the
6-phenyl analogue4(6) indicates that the presence of a phenyl group on thgoSition is moderately
beneficial for thisconversion (32 %for 4.5 over 321 %for 4.6), mirroring the reactivity of their
respective 2bromo analogues during the Suzuki coupling exploraticgstion 4.3.2). Following on
similar behaviour, the 3;8iphenyl derivativel.7was found to be complely inactive in terms of coupling

on the 5position, in a similar fashion to the brominated counterpduil As the best results from these
attempts were obtained using the 5dphenyl analoguel.5, it was used as the starting material for
further attempts using varying aryl iodides. A very interesting trend was revealed after the isolation of the
methoxyphenyl 4.26) and trifluorophenyl4.27) analogues at 29 %and 567 %yield respectively; there
appears to be a gradient of increasing yield when mgp¥iom aryl iodides with an ED substituent to aryl
iodides with an EW group (Z5%for 4.26, 392 %for 4.5and 567 %for 4.27). The opposite trend can be
inferred from the findings of the Suzuki attempts toward the same analogues regarding the rgaaftivit
boronic acids, with an EW substituent on the aryl group mitigating the extent of the conversion and an ED
one increasing it (58 %for 4.26, 40.0% for4.5and 362 %for 4.27, Figure 410).
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Entry Suzs(;[.rate R Ar Product No| Time (h), Yield (%
1 4.5 4.4 16 39.2
2 4.6 H 4.7 16 32.1
3 4.7 - 4.4 16 0.0
4 4.5 4.26 16 25.9
5 4.5 4.27 2 56.7
6 4.5 4.28 1 68.0
7 4.5 4.28 16 0.0*
8 4.37 4.38 0.5 32.8
9 4.39 H 4.40 2 82.3

*Dimer-like specie#t.320bserved byH-NMR spectroscopy on the reaction mixture

Table 44: GH activated coupling of 1,@xathiine 2,2dioxides with varying aryl iodides

This is a cleaindication that the Suzuki coupling protocol shows a reactivity profile which is
complementary to that of the €l activation coupling reaction, prompting an even more general
conclusion with respect to the use of these transformations towards the fundigateon of 1,2oxathiine
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2,2-dioxides: employing a Suzuki coupling reaction is evidently a more reliable strategy towards
appending electromich groups on the position of the 1,20xathiine scaffold, whereas the coupling of
electronpoor groups on theamne position can be carried out more efficiently by opting fét &ctivation

as the coupling protocol. Moreover, the complatareactivity of the 5position of the 1,2oxathiine 2,2
dioxide during both coupling protocols highlights that any substituent on this position has to be
introduced during the preparation of the X@Xkathiine core unitj.e. its presence is necessary on the
enaminone precursor discussed in Chapter 2.

Figure 410: Correlation between yields andayl substituents across Suzuki antil @ctivation coupling protocols

Apart from the electronic effects on the yields observed for thigpting protocol, the reaction time was

also found to have a profound influence on its success. Careful TLC monitoring of the reaction progress
for the trifluorophenyl analogud.27 ascertained that the starting materidl5was fully consumed after

2 hours of heating at 80C, rendering the overnight heating period redundant. The time expediency of
this reaction was even more pronounced in the case of the pyridyl group coupling, which required only 1
hour to completion and afforded the-Byridyl 1,2oxathine 2,2dioixide analogu&.28in 68.0 % yield. A
repeat of this reaction, wherein the reaction mixture was given the initial overnight heating period, failed
to afford the target compoundt.28 and the only product observed in thé&+-NMR spectrum of the
reaction mixture was the dimeric sigmoduct 4.32 (Scheme 4£1). This finding emphasises the
importance of a reduced reaction time towards reaction success, as long reaction times are not only time
consuming, but they allow for the dimerisation of the stag materials, which is presumably a slower
process than the desired coupling process. The dimeriemioduct formation can be further examined
using these data; the isolation of thep¥ridyl coupling product.28 after a short reaction time (1 h),
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along with the fact that the same attempt affords the dimerization prodd@2as the sole product after
a full overnight period of heating at 8C, may indicate that the coupling produt28forms initially but,
due to the significant EW character of thgrjgline substituent, interacts with the palladium catalyst at
longer heating periods towards complexes that lead to the hamopling of the 1,2xathiine starting
material through transmetallation processes that are favoured by virtue of the aforememtidrezmal
stability of the dimedlike specie%t.32(Scheme £1).

Scheme £1: Effect of reaction time on the formation of different produgt28and4.32
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However, given the presence of trace amounitd.32in the reaction mixture of.28after 1 h of reaction

time (as observed by TLC), this proposed route does not preclude the possibility of the dimerization
occurring before the formation of the couplingqauct (through interaction between identical Pd
complexes as seen under Suzuki coupling conditions (ScheiBg et it still presents an additional
pathway of product loss which further cements the importance of short reaction times and meticulous
monitoring of the reaction.

After this modification on the reaction time, the versatility of this conversion was tested by varying the 5
and 6substituents of the 1,dxathiine substrate. The 5dianisyl derivativel.38was obtained in a lower
yield to its 56-diphenyl counterpart.28 (32.8 % over 68.0 %, Figurd 1, while 6styryl 1,2oxathiine
2,2-dioxide4.39offered the best results amongst these coupling attempts, as it was efficiently coupled to
iodobenzotrifluoride towards the 3;8isubstituted analgue4.40in 82.3 % yield.

Figure 411: 1H-NMR spectrum of the-pyridyt5,6-dianisyl 1,20xathiine analogud.38

Scheme £2: Synthetic strategy towards t@Xathiine 2,2dioxide analogues with electrepoor aryl 3substituents

In summary, €4 activation coupling was thoroughly explored as a viable method of appending an aryl
group on the 3position of the 1,2oxathiine 2,2dioxide scaffold, with particular efficiency in electron
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poor aryl groups. Furthermore, the generahgyetic route of preparing a 1;8xathiine 2,2dioxide as
discussed in Chapter 2, with the desiredahd 6 substituents already present as moieties on the
enaminone precursor, and subsequently functionalising thpo8ition via GH activation coupling
constitutes a valuable strategy that allows access tsuBstituted 1,2oxathiine systems that would
presumably be more challenging to prepare through addition of elegpmor sulfenes to enaminone
substrates.

4.4.2 Exploration ottycloaddition reactions

After the activity of unsaturated 1;@xathiine 2,2dioxide systems in Pchtalysed crossoupling
conditions was explored, a different facet of their reactivity was sought to be mapped out through
cycloaddition / (hetero)DielsAlder transformations. During the initial exploration of the reactivity of
these compounds, examination of the relevant Iitera@had highlighted their diendike properties

by virtue of their conversion into polyubstitutedbenzenes4.43) or fused cyclic anhydrides44, even
though these reactions were tmd to only occur under forcing conditioresg. pressures of up to 1300
MPa and temperatures of up to 18C (Scheme 4.23, also seerséttion1.2.1.3 A common element of
these surveys was the use of @lkbustituted 1,2oxathiines 2,Alioxides 4.41) and triple bond
containing dienophiless(g.DMAD 4.42) in DielsAlder/ retro DielsAlder routes, which prompts the need

for further examinations using different dienophiles.

Scheme £3: Literature findings oielsAlder/retro DielsAlder conversions of 1,8xathiine 2,2dioxides
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these heterocycles to undergo cycloadditions; hence, it was proposed thabviagttynyl groups on the
periphery of the 1,20xathiine ring would constitute alternative diene moieties along with one of the two
internal double bonds of the 1;@xathiine ring (bondi red,4.45 t4.50, Figure 4.12)The use of different
dienophiles walld also be of interest in ascertaining the behaviour of such compounds and expanding the
range of different cycloadducts.

Figure 412: Library of starting materials for cycloaddition reactions

The first heterodienophile thatvas used for these explorations wégphenytl,2,4triazoline-3,5-dione
4.51(PTAD¥?® The synthesis of this triazoline heterocycle is commonly brought atiathe oxidation
of 4phenyl urazolel.52using various oxidising agents, with the presencé bibeing readily monitored
by its characteristic wine red colour owing to the N=N bond (Scher4) 42’ One particularly effective
oxidising agent is iodobenzene diacetate which when mixed with finely gré&2dn DCM results in the
formation of4.51in circa30 min?%®

Scheme 424: Preparation of PTAR.61) through the oxidation of henylurazolet.52

The heterocyclic scaffold in PTAD contains a-ikeafragment that draws electron density away from

the N=N bond, thus making it quite reactias a dienophile by virtue of its low energy LU¥f®or this
reason, PTAD is a commonly used reagent in various cycloaddition transformations that have been
documented in the literature. As can be expected, hetero PAddler conversions where PTAD
participates towards the formation of pyridazifmsed heterocycles have been found to occur using a
broad range of diene substrates, which is not limited to common butadiene derisbut also
includes polyaromatic, bicyclic anem¥embered functionalised ring systems (Scheme 422532233 The
increased reactivity of PTAD has been interestingly utilised in its use as a protecting groupchiseag

diene sygems @.53), as it can be added to them towards bridged bicyclic adddcig)land subsequently

be cleaved through treatment with a base (Scheme 4226).
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Scheme £5: Range of Diellder cycloadditions of PTADtarious diene syste W

Scheme £6: Protection of a diene moietyia conversion to a PTAfycloadduc#d.54and deprotection under basic conditions

The ability of PTAD to interact with olefins can be further demonstrated with alkenypounds in [2+2]
cycloadditions. Although theoretically such conversions do not occur thermally and require
electromagnetic irradiation to proceed according to the Woodward/Hoffmann me key N=N
double bond on PTAD permits the formation of dipolar intermedia4esy that afford the 4membered
cycloaddition products through a stepwise mechanism (Scheme?”)Starting from vinyl ethers,
polycyclic systems and adamantene derivatives, variememberedN-heterocycles have been furnished
through this transformation, thus expanding the spectrum of synthegpiglications for PTAE%237238 The
N=N double bond is alternatively able to interact with olefins bearing protons on the allylic position and
form diradical intermediate specied.66). This results in the cleavage of thesgghbouring protonyia

Vv Av u Zv]e3d] E}us ZphndductEWyhkdre only one of the kisyatoms is tethered to
the starting materiaf® Simple alkene systems, as well as cyclic, polycyclic and silyl species, have been
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As can be deducethis profound versatility of PTAD can be the underlying cause of regioseleisBuiés
during its interaction with multifunctional substrates; however, examination of the relevant literature
sources indicates that these foregoing conversions manifgsa@dient of thermodynamic preference; the
[2+2] cycloaddition has been found yield the strained butkinetically favoured diazetidine adducas

low temperatures whereas the more thermally stable rinjgo v N v _ % &ejohiaified at higher
temperatures??¥Similarly additional research on the addition of PTAGstgrene é.57) revealed that the
addition of PTAD yields areactivjvs Gu ] § §Z2 § v pv EP} v v & S8]}v
to afford the ringopen aromatic analogué.58 as opposed to the bridged bicyclic Dislsler adduct
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4.59, which is obtained at room temperature (Scheme 4.@Ihese observations have significant
importance in employing suitable conditions to guide the behaviour of PTAD according to the desired
synthetic target, as it is shown in the exampif €)-5-methylhexal,3-diene @.60, Scheme 4.28b

Scheme £8: Thermodynamic precepts of PTAD additions, illustrated in the examples of sty&meand the dienel.60

For the present project, PTAD was synthesisethffinely ground commercially available phenylurazole
(4.52 upon treatment with iodobenzene diacetate in DCM. The oxidation process was apparent by virtue
of the gradual colour change of the reaction mixture from opaque white (the phenylurazole is highly
insoluble in DCM) to wine red, whereas trituration of the crude product obtained upon filtration of
unreacted starting material provided the target reagent in 58.2 % yield (Schemge 4.29
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Scheme £9: Preparation of PTAOsing ioddenzenediacetate as the oxidising agent

Prior to any attempts at a hetero Diefdder reaction between PTAD and the styryl analogues 44436,

it was deemed essential to screen one of the phesubstituted 1,2oxathiine 2,2dioxides against this
hetero-dienophile, in order to ascertain the potential formation of either a [2+2] or hetero PAddier

adduct. In the case of such adducts being observed or isolated, this would pose a regioselectivity problem
during the addition to the styryl derivatives, taking antconsideration the foregoing literature
observations on PTAD regioselectivity. Interestingly, stirring a solution of thdifhénylanalogue4.5

at either room temperature or at reflux did not yield any of the potential cycloaddition produiétsor

4.62 and the starting material was retrieved intact (Scheme %.B@sed on this finding, the addition of
PTAD could be attempted without any regioselectivity concerns.

Scheme 4&0: Attempt at the [2+2] or Dielélder cycloaddition of PTAD to the-CB dieme moiety of a 1,xathiine 2,2dioxide
system 4.5)

Overnight stirring of a solution of the styryl 1gRathiine 2,2dioxide4.45and PTAD ii,2-DCE resulted

in the loss of the characteristic wine red colour of the heterodienophile, which was indiaztiae
potential addition to the starting material. Examination of the crude mixtuie NMR spectroscopy
confirmed the presence of an addudt$3g, as evidenced by three complex signal<at37, &.82 and
(%.32 attributed to protons 104, 5H and 6H respectively, as well as the absence of any peaks of the
starting material (Figure 4.)3Although not observed initially, it was theorised that the additional
required signal for 14H resonated in the same region as the aromatic protons of the threeydlggoups.
Interestingly, purification of this product through a column of chromatography silica with DCM as the
eluent afforded a white solid with a significantly differéhleNMR spectrum to that shown in figure 4.13.
Here the purported fourth key proto had shifted upfield and was visible as a doublet of doublet&at
7.12, whilst the other three complex peaks seen on¥HeNMR of the crude product also appeared at
different chemical shifts (.48, .96 and (.15) as doublets (Figure 4.14). Thaadihgs indicate that,
upon chromatographic separation, a new produt6@b) is obtained to that originally obtained from the
reaction mixture, pointing out to a potential rearrangement / isomerisation of the initial adduct during
contact with silica.
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Figure 413: 1H-NMR of the crude mixture from the addition of PTAD to the sigmglogue4.45

Figure 414: 1H-NMR spectrum of the compound 4163b, as obtained from chromatographic treatment (blue), compared with
the foregoing spectrum dahe respective crude mixture (red)
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Performinga Gaussian multiplication on thiskNMR spectrum o#.63b decreased the line broadening

and improved the resolution of the spectrum to reveal that the doubletG& 14 and the doublet of
doublets at G7.11 to each be doublets of doublets of doublets (ddd), whereas the initial double@® at
5.48 and %.96 were found to be doublets dbublets (dd), (Figure 4.15). The coupling constants of these
signals are shown in the table of figure 4.15, illustrqspecific spatial relationships between the protons
which correspond to these signals; The most deshielded of the f@drl{l) is adjacent to the most
shielded proton at&.48 (= 3.6 Hz), while also being proximal to the proton resonatin@gatl4 (0= 1.7

Hz), as well as to the proton at 5.96 ppiw 0.5 Hz). Similarly, the proton &5.15 appears to neighbour

the proton at .96 withJ= 6.1 Hz and be coupled to the protons@t.11 (= 1.7 Hz) and®%.48 = 1.0

Hz). The presence of lomgnge coupling between the protons a®.15 and /.11, in conjunction with

the absence of such coupling for the protons @.48 and .96, points to an ABCD pattern for the 4
protons, wherein the two deshielded protons B and C@&t14 and G7.11 are plaed in close proximity

and the two shielded protons (A, D) are placed in the periphery, far enough from each other so that no
longrange coupling can occur. This pattern leads to the suggested strueBeé shown below, where
theC9 ii }pu o }v BIPE § _ SA v ii v i1 ~%E epu 0C p%}v }vs
that a central butadiene fragment can connect the olefinic protons, with the aliphatic protons appended
on each end of this unit.

Figure 415: Spectroscpic features of pospurification product4.63b

Additional evidence for the proposestructure 4.63b was obtainedvia 2D-NMR experiments that
provided more information regarding the position o#Dat .48 (Figure 4.16). In particular, the HSQC
spectrum of4.63bsuggested that the foregoing proton is situated oG@atom that resonates ai@®3.07.
Utilising this information, the HMBC spectrum of the compound presented arbomge correlation of
this arbon with the adjacent proton at/.11, as well as one with the aromatic protonscata G/.56;

as theorised, no such correlation was observed with either of the other protons of the tricyclic Gore (
5.96 and (.14), thus this aliphatic carbon had to %o ]v %0 }]Vv $ e §Z -pdsifian, Svhich B in
direct agreement with the butadienyl structure shown above (Figure 4.15).
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Figure 416: Locating theCatom of the pivotal proton at 5.48 ppm by HSQE®IR (above) angdlacing it on the 9position by
observing two longange correlations on the HMBIMR (below) 0f4.63h as well as noticing the absence of such correlations
(red box)with the other two distanced protons (B and 6H)

At this point, the need to provide dimitive evidence of the triazolinedione ring fragment having
maintained structural integrity throughout the observed rearrangement became a pressing matter, as it
required suitable characterisation data that highlighted the presence of the key functiomabs of this
heterocycle. Fortunately, the presence of two amide bondé.@38bcould be readily utilised in searching

for the corresponding vibration frequency of the amide carbonyl group, which was indeed found at 1712
cmon the IR spectrum ef.63k the standardvibration frequencies of the S@oiety were also observed

at 1384 and 1165 ciy thus illustrating the suggested tricyclic scaffold of andx&thiine 2,2dioxide and

a triazolinedione ring system.

After the acquisition of these findings, it was postulated that the initial product of the hetero-Bidéx
reaction4.63awas susceptible to a migration of the-Ca0 double bond, on account of the acidity of the
10aH and the consequent activation of the aémentioned vinyl moiety. When in contact with the silica
gel, this double bond could cleave the acidic protons of the silanol matrix with concomitant elimination
of 10aH towards the more acidtable4.63bisomer (Scheme 4.31).
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It is of special note thahis hetero DielsAlder cycloaddition protocol of PTAD to theatyryl 1,2oxathiine
2,2dioxide analogue4.45 affords a 1H-[1,2]oxathiino[5,6c|[1,2,4]triazolo[1,2a]pyridazinel,3(2H)-
dione 8,8dioxidesystem which is a novel condensed heterocyclic sigiem.

Scheme &1 Formation of the tricycliadduct4.63a followed by silicanediated isomerisation td.63b

In order to ascertain the reproducibility of this cycloadditiobrearrangement transformation and further
establish whether this behaviour is common between this type of polycyclic system, the other styryl
analogues4.46 t 4.48 were also reacted with PTAIhder the foregoing conditions and the results of
these attempts are summarised below (Tabl&)4.Parallel with these attempts, the phenylalkynyl
analogued.49was also treated with PTAD under the similar set of reaction conditions, with the starting
material 4.49 being retrieved unaltered even upon heating the reaction mixture to reflux, whereas a
similar attempt using the furyl analogde50was also met without success and unfortunately led to the
degradation of the compound with no cycloadduct ideietf.

S. M. Temperature| Time | Intermediate | 10a | Product| 9-H .
ENtryl No. | R (C) (h) No. H(wq No. (we | YIE1d00)
1 4.45 H 20 16 4.63a 5.37 | 4.63b 5.48 60.3
2 4.46 | MeO 20 16 4.64a 5.36 | 4.64b 5.48 66.7
3 447 | Ck 50 19 4.65a 5.40 | 4.65b 5.49 38.6
4 448 | NG %% ((1262 T]))/ 38 4.66a 5.41 | 4.66b - n/a*
*Product observed in théH-NMR spectrum of the crude mixture but decomposed during purification

Table 45: Attempts towards thdormation of variously substituted tricyclic X¢Xathiine 2,2dioxides

The findingsin table 45 follow the anticipated behaviour of these analogues during a thermal
cycloaddition reaction; analogud.46 is activated by the electron donating Me@roup am was
converted in a higher yield than its nemibstituted counterpart (6§ %over 60.3 %). Similarly, electron
withdrawal caused by the €§roup prevented the full conversion of the starting matedial7and led to

a lower yield for the respective tyclicadduct4.65b (38.6 %). Even greater deactivation of the diene
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moiety by thep-NQ; group in4.48reduced the reactivity even further, with the adduti66aonly being
observed in théH-NMR spectrum of a reaction mixture aliquot (Figure 3.17

Figure 417: 1H-NMRof the crude mixture from the addition of PTAD to the nitrophenyl analog4é

The isolation of PTAD addudt§3b t4.65bprompted the additional challenge of acquiring a pure sample

of the initial adduct 4.64a solely for the purposes of the elaboration of the structural relationships that
were initially observed on the phenyl analogdé3a Repeating the PTAD addition 46 and 4.47
afforded the crude adductd.64aand 4.65a respectively; all attempts at crystallisation failed to afford
pure material, however triturating the crude adduct mixtures with AcMe afforded sufficiently pure, small
guantities of each adduet.64aand4.65g without any reorganisation of their structure. Unfortunately,

this trituration process was accompanied by very significant loss of mass and would thus be unsuitable as
a general purification protocol. The methoxy analogué4amerited a useful example of identifying the
location of the key protons through 2D NMR spectroscopic techniques, as well as confirming the foregoing
structural rearrangement by comparison with data from the sitiemted 4.63hb.

Starting with the COSY esgira 0f4.643 the correlations found between the aliphatic proton &5.37

and the protons at@.79 and G5.39 points out the proximity of-61 and 6H to the central 104, which

can be achieved in a tdthydropyridazine scaffold (Figure 4.18). Theseelations disappear in the COSY
spectrum of4.64b, constituting evidence of a migration of the aliphatic proton of the-Jasition away

from 5-H and 6H. Moreover, the absence of any correlations between the olefinic protor®at3 and

G7.09 on tle COSY spectrum df64b confirms the earlier postulation that the two aliphatic/olefinic
proton pairs are distanced with eadiher in this analogue.
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Figure 418: Differences in the COSY correlatibesween4.64aand4.64bhighlighting the silicaenabled migration of the
aliphatic 10aH

Placing the migrating proton on the carbon adjacent to the @6up (C9) od.64bcan be crosshecked
by examining its proximity to the phenyl group that is appended on this carbon. PénfpiNOESY
experiments for4.64aand 4.64b cements thishypothesis(Figure 4.19); the absence of a correlation
between theortho aromatic protons atw7.70 and the aliphatic proton an5.36 on4.64arequires the
interjection of the vinyl 1H (w7.49) between these two proton environments to prevent any spatial
proximity, whereas further absence of correlations with any of the aromatic protons on the compound
necessitates that the proton aib.36 ocupies the central 18gosition.
Conversely, such contours can be observed on the NOESY spectduédlmfwherein the respective
aliphatic proton atwb.48 is in clear proximity with the distinottho aromatic protons of the $henyl
group (wW/.55). A Bnilar contour is seen for the vinyl 48 (w/.09) and these two aromatic protons, albeit
having a lower magnitude than the aforementioned contour of the aliphatic protdt ¢his drop in
}vSIUE ~JvS ve]SC_ Jv] S ¢ 8Z § §Z]e pqdstich ddserdodheRFhenyl gndhp] o
than the vinyl proton, thus placing it on the Position. The aliphatic/olefinic pair ot and 6H shows
analogous correlations with the proximal aromatic protons of the anisyl group on both isomers, thus
illustrating that this side of the tricyclic system is not affected throughout treatment with silica. The
foregoing findings for both pairs of isomet63db and 4.64d b establish repeating structural patterns
for their tricyclic backbone units, thus unequivocalsigning the 10aydro structure for the presilica
derivatives4.63a t 4.66aand the Shydro structure for the rearranged derivativé$3b t4.66h
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Figure 419: Spatial proximity of pivotal protoren 4.64aand4.64bsupporting their suggested structures

In conjunction with the foregoing spectroscopic data, mass spectrometry was employed to verify the
} HLEE v YO v Jelu E]e S]}v % E} e+ oleculaySweighf oBSZE®m®B_"GE ]}
Examination of the mass spectrum of the fmica adductd.65ashows that the compound is observed

as the [MH] molecular ion with arm/z value 0f552.0846, which is in quite good agreement with the
calculatedm/zvalue 0f552.0843 foiG7H1eFN:OsS. A different molecular ion, [M+Hl]s observed on the
respective mass spectrum df65b, with the m/z value 0f576.0815 matching the calculated value of
576.0819 for the aforementione@/HisFNsOsS formula. Evident of th&lentical chemical formulas of

the two adducts4.65aand 4.65h, this data indicates that the molecular weight 465ais preserved
during contact with silica, thus clearly pointing out to a isomerisation process towash

Although the foregoing spectroscopic data provided multifaceted evidence of the suggested structures
and in silicatransformations, the complexit of these cycloadducts suggested the need faray
crystallography in order to confirm their structural features by examining their crystal structures.
Unfortunately, all attempts to grow crystals of suitable quality fara)X crystallographic analysiseve
unsuccessful, as these compounds appear inclined to form amorphous materfaié powders), rather

than crystals with established matrices.

The foregoing explorations of PTAD cycloadditions highlighted that the hdienophile interacted with

the styrylsubstituted 1,2oxathiine 2,2dioxides4.45 t4.48in aregioselective [4+2] process, despite the
presence of a double bond between C3 and C4 on th@da#hiine ring core. The phenyl substituent on
the 3 position was thought to deter contact thi PTAD in a potential [2+2] addition, but in the absence
of such a group, as in thesbyrylanalogue4.67, it was postulated that PTAD could initially interact with
the diene moiety o#.67towards the established moradduct4.68with concomitant disrupion of the
three-double bond conjugated system, leading to the reactiveG23double bond being available for
cycloaddition towards the biadduct4.69(Scheme 482).
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Scheme 82W ~uPP «§ @&} usS }( addiiootowavdsipolycyclic addudt69

In order to examine this potential transformation, a solution4o67 and 1 eq of PTAD in [2CE was
stirred at room temperature overnight, with gradual loss of the characteristic wine red colour. TLC
monitoring showed thathe reaction was incomplete, hinting at the formation of 0.5 eq of the theorised
adduct4.69 and 0.5 eq the starting material remaining unreacted. Interestingly, addition of a second
equivalent of PTAD and stirring the reaction mixture for further 3chrait complete the conversion,
whereas the'H-NMR spectrum of a reaction mixture aliquot showed three complex signals that mirrored
the ones observed for the-Bhenyl analogud.63a(Figure 4.13). Heating the solution at 8D appeared

to drive the reactio further towards completion (indicative of a thermodynamic conversion) and the
resulting crude mixture was purified in a silica column as established earlier. ExaminatiorteNMR
spectrum of the obtained solid provided particularly insightful dataw this conversion (Figure2Q).

Figure 420: 1H-NMR spectrum o#.70depicting the spin pattern seen for previous PTAD adducts (inserts show regions of the
same spectrum after Gaussian multiplication)
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The four signals commonly found amongst the isomerised adduié3b t 4.66bwere also observed in
this case, although thenost upfield one was found to correspond to two diastereotopic protons as a
doublet of doublets of doublets (ddd). The same multiplicity was seen for the signaislat andws.98,
whilst the proton at w5.93 was found to be split only by the proton a6.11. The presence of two
diastereotopic protons as part of a methylene unit could be confirmed by use of EBERMR
spectroscopy(Figure 421). Two aliphatic signals resonating w#6.92 andws6.05 are seen on th€G
NMR of4.70, with the one w16 92 appearing negatively phased on the DEPIGOMR spectrum, which
points out to the anticipated GH¢arbon environment. This finding, in conjunction with the overwhelming
resemblance of théH-NMR spin pattern o4.70with the spectra recorded for thehgnyl analogued.63b

t 4.66h provides unequivocal evidence that the meadduct4.68is the sole product of this attempt,
with the assorted, silicanediated rearrangement occurring as usual to produce the regioiseh¥éin
69.8 % yield.

Figure 421: (Below)'3GNMRspectrum 0f4.70, (@above)DEPTI98GNMR pectrumof 4.70, showing the negatively phased £H
signal

Upon the confirmation of its structure, thiermation route for4.70can substantiate further insights on
the compatibility of 1,2oxathiine 2,2dioxides with PTAD. The conclusion that no [2+2]oegldition
occurs even at 2 eq of PTAD is a clear indication that th€4C8ouble bond of the 1,@xathiine ring
system can be kept inactive towards PTAD at room temperature, potentially due to low reactivity by virtue
of the adjacent, electrowithdrawing SQ function (Scheme 4.27). With the cycloaddition occurring
regioselectively towardg.68, the aforementioned G&4 double bond is unencumbered and is readily
protonated by the acidic silanol matrix towards/0(Scheme 483).

After the PTAD addition to a styryl analogue with no substituent on thesiion, the same conversion
was attempted on a styryl derivative bearing an electwithdrawing 3aryl substituent, in order to
further assess the influence of this position oe thehaviour of these 1;8xathiine 2,2dioxide analogues

in the presence of this heterdienophile. To that end, the-@-trifluoromethylphenyl}6-styryl 1,2
oxathiiine derivative4.40 was treated with PTAD following the foregoing method and performing a
chromatographic purification of the crude product. Unfortunately, even after a prolonged heating period
at 50°C, the cycloaddition produet.71was only obtained at 17.6 % yield, as evidenced by the key four
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signals on théH-NMR spectrum of the isolate pduct (Scheme 84), indicating a significant deactivating
effect credited to the 3rifluoromethylphenyl group of the 1;@xathiine core unit.

Scheme 43: Regioselective [4+2] addition BTAD tet.67with subsequent reaangement toward<,.70

Scheme 84: Attempt at the addition of PTAD to thetBfuoromethylphenyl analogud.40

Following the thorough exploration of PTAD addition to the series of styryl substituteakatBiine 2,2
dioxides, a series of different dienophiles were examined in their ability to undergo similar
transformations with thestyryl analogue4.46and4.47. These attempts at Dielslder conversions are
shown in table 4.

Unfortunately, the methoxycontaining 6styryl 1,2-oxathiine systend.46 was found to be completely
inactive when heated to various temperatures in the presence of different dienophiéeslimethyl
fumarate, maleic anhydride and dimethyl acetylenedicarboxy@®AD) In all cases, the starting
material either decomposed due to prolonged heating times or it was retrieved unchanged. A variation
of such a transformation was attempted widh47 and 3,4dihydro-2H-pyran in an inverse demand Diels
Alder addition attempt, but even after 6 daggheating the two compounds imxylene, no adducts were
observed by either TLC 8#+NMR spectroscopy.
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S. M. . . Product Temperature| Time | Yield
Entry No. R Dienophile No. Solvent C) ) (%)
1 4.46 MeO 4.72 PhMe 110 120 0.0
2 4.46 MeO 472 PhO 200 16 0.0
3 4.46 MeO 473 PhMe 80 16 0.0
4 4.46 MeO 474 - 195 16 10.0*
5 4.47 CE 4.75 o-xylene 80 120 0.0
*Aromatised derivative obtained instead.{6).

Table 46: DielsAlder attempts using the styryl analoguég6and4.47

Of note is the attempt at the cycloaddition of DMADAtd6 (Entry 4, Table 4.6) in the absence of solvent.

In this instance, the aromatised adduct (dimethyld#methoxyphenyB3-phenylbenzof][1,2]oxathiine
5,6-dicarboxylate 2,2lioxide)4.76was isolated in 10.0 % yield, presumably upon dehydrogenation of the
nascent DielsAlder product4.74 (Scheme 4.35). This derivative was serendipitously isolated during
chromatographic separation of the crude mixture components and an examination ofHiNMR
spectrum showed singlets d&.41 and .63, along with 3 alipdtic singlets atG3.65, G3.86 and G3.93,
suggestive of a structure with 2 protons on the central polycyclic unit (Figug®. 4Ris requisite is met

for the fused structuret.76, whereashe presence of twd*GNMR signals atG165.94 andGL67.71 also
indicates the presence of the two ester moieties which are appended on the central phenyl unit.
Furthermore, the vibrations of these groups are observed in the IR spectrum appear as stretches at 1719
and 1728 cm, falling within the range where ester Cv{rations are commonly observed. Locating the
established S¢vibration frequencies at 1180 and 1373 tmeassures that the 1;8xathiine ring has been
preserved, thus definitively proving that this sigeoduct has the proposed 1-l2enzooxathiine strucire.

It should finally be noted that this observed DMAD addition/ aromatisation sequence constitutes a novel
route towards benzdused 1,2oxathiine 2,2dioxide ring systems, which may form an attractive strategy

to construct diversely substituted analoggiupon future optimisation to ameliorate yields.
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Figure 422: 1H-NMR (above) andEGNMR (below) spectra of sigeroduct4.76

Scheme 4&5: Formation of the Dielé\lderadduct4.74, followed by its dehydrogenation towards the aromatiestyabilised
benzo derivativet.76
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4.4.3 Attempted benzyne addition to 1;®xathiine 2,2dioxides

The last reaction which was used to probe the reactivityl @oxathiine 2,2dioxide systems was the
addition of benzyne, in an attempt to explore the dielile properties of the GE6 diene moiety in less
forcing conditions than those seen in the preceding literattif® The reactive benzyne species has been
met with great interest in recent literature and the most convenient method of preparation involves the
use of a disubstituted benzene precursag. 2-(trimethylsilyl)phenyl trifluoromethanesulfonatd.77
(Scheme 4.36). The silicon centre on this commbhas high affinity to fluorine, so interaction with a
fluoride sourcege.g.CsF, would allow for the cleavage of the trimethylsilyl group and the sulfonate ion to
furnish the beznyne intermediate sit42 In accordance with this preparation protocol, adding a
MeCN solution of Ztrimethylsilyl)phenyl trifluoromethanesulfonatd.77 in a solution of the @nisyl
analogue4.78 with suspended CsF and stirring the resulting mixture overnight at room temperature
yielded a norpolar product ¢4.80) in a meagre 8.2 % yield which was identified a$4-1
methoxyphenyl)naphthalene by comparing th&é NMR signals with literatursourced data (Figure 4.23).
The isolation of this compound indicated that, upon their intéi@gt, the 6-anisyl 1,2oxathiine substrate
andthe in situformed benzyne species must undergo a cycloaddition reaction towards a bridged bicyclic
adduct @.79), whichpresumably collapses into thesubstituted naphthalene systed.80through loss

of an s fragmentviaa retroDielsAlder process (Scheme 4.36).

Despite the low yield, this transformation showed that the -ty&thiine 2,2dioxide ring system had
potency for interacting with benzyne in cycloaddition processes, thus pointing out to furtptarations

of this reaction by varying the substitution pattern of the reacting heterocycle. To that end, four phenyl
substituted 1,2oxathiine analogues4.4 t 4.7, along with the §4-cyanophenyl) derivativd.81, were
reacted in a similar manner with beyne with a view to their conversion into substituted naphthalenes;
the results of these attempts are presented in tabl@. 4.

Figure 423: 1H-NMR spectrum o#.80
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Scheme 4.36Generation of benzyne species and subsequent addition to-axXathiine 2,2dioxide analogue4(.78)

Entry | S.M. No. R R R Product No. | Time (h) | Yield (%)
1 4.74 H H 4.80 16 8.2
2 4.6 H H 4.82 2 0.0
3 4.81 H H 4.83 2 0.0
4 4.5 H 4.84 2.5 0.0
5 4.4 4.85 3.5 32.0
6 4.7 H 4.86 16 22.0

Table 47: Attempted cycloadditiorof benzyne to 1,2dxathiine 2,2dioxide analogues

The findingsn table 47 portray an interesting reactivity profile for the interaction of dgathiine 2,2
dioxides with benzyne. Comparing the results for the naphthalene derivati®@s4.82and4.83clearly
indicates that starting analogues with only one aryl group on thE$tion appear to be completely
inactive and require an ED substituent as part of the aryl group to manifest -tliendehaviour.
Introducing a second phenyl group, as is the case with starting anatbgugoes not appear to improve
the reactivity, amo naphthalene product was obtained from this attempt. However, the presence of three
phenyl groups on the-35-and 6 positions of the 1,xathiine 2,2dioxide scaffold appears to offer much
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better results, with the 1,2 4riphenylnaphthalene adduet.85being isolated in 32.0 % yield. With the 3
and 6 substituents in place, the absence of th@Benyl group appears to be mildly detrimental to the
conversion, as the 1;diphenylnaphthalene product.86 could be isolated in a lower yield than its
triphenyl counterpart (22.0 % over 32.0 %). Of note is the fact that the initial reaction time of 16 h
(overnight,e.g.anisyl analogud.80) had to be reduced to 23.5 h for subsequent analogues, on account
of additional sideproducts being observed by TEE€weak spots over longer time periods. An exception
to this modification was seen in the case of the-dighenyl analoguet.86, wherein the presencefo
phenyl groupson the two ends of the diene moietlg presumably able to direct the benzyne species
towards the desired [4+2] cycloaddition.

This substituentnediated increase in dienkke activity provides additional information about the
chemical reactivity of 1;2xathiine 2,2dioxides, albeit offering moderate to low conversion yields which
require fuure optimisation. Evidently, phenyl groups on theaBd 6 position of the 1,2oxathiine unit
are pivotal for the conversion to occur in a tangible yield, wherephényl substitution is capable of a
beneficial effect only in cases when the aforemenédrheterocyclic core is already activated on the

Ag Eulv]_ }( $Z IFigure 323 C

Figure 424: Effect of different substitution patterns in the success of benzyne addition

It should finally be noted that the foregoing transformations constitute the first examples of a Diels
Alder/retro DielsAlder process involving X@athiine 2,2dioxide heterocycles without the use of forcing
conditions (such as high temperatures and prees)y while they also highlight the general effect that the
ambient substituents have on directing the reactivity of the-&@thiine centre unit towards further
functionalisation.

To summarise, the reactivity of gxathiine 2,2dioxides was probed by use of four prominent, phenyl
substituted analogues. After the examination of how these compounds behaved in the presence of
molecular bromine, the successfully synthesised brominakedvatives were tested in bromirghium
exchange processes and-Patalysed crossoupling reactions. The former did not provide any tangible
results, while the latter allowed for the functionalisation of the brominated positions, despite persisting
limitations. Employing a-B activation crossoupling method as an alternative was found to solve the
setbacks encumbering previous functionalisation protocols, whereas the dimerisatioresicton of the
1,2-oxathiine 2,2dioxide starting materials thatwvas prevalent throughout the palladium chemistry
explorations was thoroughly examined. The styryl, ethynyl and furyl analogues were also utilised in the
attempt to expand the 1,dxathiine 2,2dioxide scaffold into more complex polycyclic structuvéss
cycloaddition reactions, wherein the most prominent was the addition of PTAD to &iymyaining
derivatives. The structure of these hetefdelsAlder products was elucidated by various-RBIR
spectroscopic techniques and their behaviour on exposure iasifas tentatively examined. PTAD was
also attempted to interact with the diene moiety of the 1gathiine 2,2dioxide unit without any success,
prompting the use of benzyne as a prospective dienophile. Albeit at a limited extent, the [4+2] addition
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of benzyne to the 1,xathiine starting materials was ascertained but found to occur only in analogues
where the tvo endsof the diene moiety were phemgubstituted.
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CHAPTER 5: CONCLUSIONS

5.1 General comments

Theresults and discussigresented in theprevious three chapters of this thesis provide a multitude of
information with respect to the enaminoketone precursors, the-8idydro-1,2-oxathiine 2,2-dioxide
sulfene adducts and the unsaturated IgRathiine 2,2dioxide systems. The conclusions thatided from
evaluating this informatiore summarised in the followingections

5.2 Conclusions Pertaining to Chapter 2

The enaminone derivatives, which were used as the fundamental precursor units for the development of
1,2-oxathiine 2,2dioxide systemsveresynthesised ib1 t99 % C] o « (E}u S$Z Emetlglgne }( r
containing ketones and DMFDMA. After using different reaction conditienssflux of neat compounds,
use of solvent, organocatalysis) and tailoring the synthetic protocol to theirements of each starting
material, a library of enaminone analogues was successfully compiled. The characterisation of these
species by NMR spectroscopy presented consistent features, with the key alkenyl protons resonating as
either a pair of doubletin the range & t 8 with Jof the order of 12.5 Hgmono-substituted analogues)
or a singletin the range & t 8 (di-substituted analogues). The aliphatic protons on the Nieiety of
these compounds were of particular interest, as tHeNMR signals could be used as a direct indicator
for the electron density throughout the enaminone structural scaffold. Eleewithdrawing
substituents, as well as the absence ofsubgituent, appear to allow for the delocalisation of electrons
between theOandN termini, resulting in a higér order GN bond with relatively reduced rotatioabout
the bondand subsequent noequivalence of the methyl groups of the NMmit.
Furnishingenaminone analogues with two enamine functions on their structure proved to be more
challenging tharit was describedn the relevant literature. It appears that the addition of the first

Ju 8ZCo u]viu 8ZCo v pv]3 8} | 3}v -fetByene@GrelE digtcallgrdduces the
E 3]A]8C }( 8Z -« -protons, 3eading to a thermodynamic barrier for the formation of a
Nlp oo Vv ulJviv _ eCe5 uX dZ]e }v ope]}v }IVSE ] 8¢ % E JvP E « (
derivatives weraeadiy isolated, while it further presents the need for synthetic alternatives in order to
achieve the synthesis of such analogueg, use of dioic acids instead of acetone derivatives.
The preparation of the known enaminone derived from benzoylacetonitrde met with a remarkable
observation that, in addition to the isolate)-2-benzoyi3-(dimethylamino)acrylonitrilg57 - 85 %),a
unique extensively delocalised room temperature stable carbani@y2,4-dicyanel,5-dioxo-1,5
diphenylpent3-en-2-ide, wasobtained accompanied by a cation counterion that varied depending upon
the severity of the reaction conditions:r&y crystallography was employed to elucidate the structure of
the anion and each counterion, whereas the formation of these ionicgidducts deviates from the
literature precedent and illustrates further aspects of enaminone synthesis.
The aldition of anin situprepared sulfenalerivative, derived from the action of 4& on the respective
sulfonyl chlorideto an enaminone substratmwards a 3,4dihydro-1,2-oxathiine 2,2dioxide ringproved
to have more facets than tise presented previouslyin the literature. Enaminone analogues with
electronwithdrawing substituents or extensively delocalised electron densgy ¢ }pu o v u]v}v
analogues) were found to be completely inactive towards sheneaddition, whereaghe rest of the
analogues afforded the heterocyclic adduct in various yi€l@s 79 %) The obtained,4-dihydro-1,2-
oxathiine 2,2dioxideadducts could be readilyecognised byH-NMR spectroscopy by virtue of the key
signals for the aliphati€ws.5- 4.5 for 3H, wi4.2-5.0 for 4H)and (wherever present) the olefinic protons
(5-H resonating atwb.8 - 6.0) of the 1,20xathiine 2,2dioxide core, as well as the alaateristic singlet
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corresponding to the NMegroupat wW2.1 t 2.4. Further characterisation was made possiblé/NMR
spectroscopy, as thaliphaticcarbon environments could be readily obsentstween w60 t 35, along
with the deshielded signal forébeing (commonly) the most downfield peak of the spectmitroirca w
150. The IR stretching frequencies of thes&@gment atcircal065 and 1170 crhserved as confirming
evidence of the &5 bond formation, with the values of these frequencies fluchgato a limited extent
between different analoguesthe mass spectral fragmentation pattern of the-8jdydro-1,2-oxathiine
2,2-dioxides was of interest exhibiting the expected molecular ion and a base peak, which corresponded
to elimination of the NMeand SQfunctions to afford a polysubstituted furan system

The coupling constants of the protons on thea®d 4 positions of the3,4-dihydro-1,2-oxathiine 2,2
dioxidering system were more thoroughly examined by being screened againstiigitution patterns

of the respective derivatives. The comparison of how these constants varied in eetporhanges in
substitutionpattern highlighted the fact that the ambient substituents of the -b®athiine ring unit had

a distinct effect on thegeometry of the heterocycliogng. In particular, the absence of a substituent on
the 5 position in 3,6disubstituted derivatives was correlated to a different conformation of theG83
carbon chainwhich caused an increase in the dihedral angle betw&éhand 4H that was indicated by

an increase of th&value(11.1 t11.4 Hz, as compared with the 7t®.5 Hz rangdor 3,5,6 and 5,6
substitutedanalogues) This differencén conformationhas been tentativelassociated with a tendency

of the 3,6-disubstitutedanalogues to revert back to their enaminone precursasr timethrough a retro
DielsAlder process, which was interestingly not observed for 3An@ 5,6substituted derivatives.

The regioselectivity ahe sulfene addition was efficientlprobed using styrydontaining as well as imine
containing enaminone precursorsthe exclusive formation of the desired 1gathiine 2,2dioxide
adducs in both casepointed out to the enamine fragment of the starting material having a clear directing
effect on the adding sulfene.

An aspect othe sulfene addition to enaminondsarely havingbeen explored by previolys published
research was the mechanism of the addition. Bheervation that there weréwo sets of signals present

in the *H-NMR spectia of the crude mixturesfor 3,5,6trisubstituted analoguesf 3,4dihydro-1,2-
oxathiine 2,2dioxideshinted at the formation of aranti- and asyn diastereomer of the heterocyclic
product. Repetition of the sulfene additionnder different sets of conditns on a specifienaminone
analoguerevealed evidence ofthermodynamic &nti) and a kineticgyn) product. It was thus concluded
that the addition of sulfene followed the concerted mechanism of a hef@éelsAlder reaction; arexo
approach influenced by steric interactions between the enaminone and the sulfgmeduces the
thermally stableanti- isomer, whereassecondaryorbital interactions are able to favour the kinetic
product gyn isomer). Absence of a pichiral centre on the reactm sulfene leads to no diastereomers
of the 5,6substituted analogues, whereas mosabstituted enaminones offer no substituents for
secondaryorbital interactions and thus only thanti- isomeis of the 3,6-substituted analogues are
afforded from the addittn. These claims highlight the effect of the reaction conditions on the
stereoselectivity of the addition, thus paving the ground for future attempts that may potentially allow
for the asymmetric synthesis of either one of the teleserveddiastereomerdor the3,5,6trisubstituted
analogues.

After initial attempts at the acigtatalysed elimination of ,3-dihydro-1,2-oxathine 2,2dioxides -TsOH

in refluxing PhMe) was found to be troublesome due to long reaction times, incomplete conversions and
difficulty of product purification, he Cope eliminatiorreaction was employed instead to furnidh2-
oxathine 2,2dioxide derivativesThis protocol offeredhigh reproducibility and good to excellent yields
under exceptionally mild conditions (DCM{@0°C) Inde=d, utilising an oxidant to produce thi¢oxide

of the NMe group allowed for its elimination with concomitant formation of aC2& double bond. It was
further observed that the conversion occurred with complete regioselectivity, as no epoxides deriving
from oxidation of the G&6 double bond were observed. In the case of the styoptaining analogues,
not only was epoxide formation not observed, but the increase in the extent of delocalisatidine
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product appears to favour the elimination, resulting consistently high yields for these derivatives.
Chemoselectivity was an additional beneficial aspect of this protocol, as it was shown that ambient
oxidisable groups on specific 1gRathiine substrates remained chemically unaltered throughout the
oxidation/ elimination process. The elimination products could be readily identified*HH{NMR
spectroscopy, where the key protons of the diene@3chain were observed as sets of doub{etone
singlet for trisubstituted analogues) at6.5- 7.1 with coupling constants that were typical ofalkene
protons or vinyl protons connecteda a single bond. The observation that no alipha#@NMR signals
corresponding to the sghybridisedCatoms of the 1,2oxathiine ring unit or the adjacent NMenoiety
served as additional evidence that the elimination had succeeded, whereas the preservation ofthe SO
connecting function was ascertained by IR spectroscopy, wherein the aforementioned key stretching
frequencies were again observed. Unequivocatience of their structure was finally obtained byray
EC*3 00}PE %ZCU AZ] Z Joopu+s3E § §Z J]E Z 385 E} C o] *SCEM S
with the C3C4C5C60 chain being relatively planar and the;$fup escaping this plane.
After the foregoingsulfene addition and Cope eliminatitransformations were explored to a satisfactory
extent, thetwo 8 % *Cv3Z 8] E}us 5Z 8§ 8Z C }ved]3us A «%Pp&E3IHE} Ao
that included the sulfene additioto an enaminme precursor, removal of the solvent (if THF was used),
and immediate oxidant addition on the crude 3jhydro intermediate. The standard wotp procedure
of the Cope elimination, followed by chromatographic purification of the final mixture, affordeduga
6-substituted 1,2oxathiine 2,2dioxide analogues. Even though the recorded yidtsthis "} v-%0} 3
protocol were found to fluctuate vastly depending on the electronic and steric features of the 6
substituent, comparing the yields of the originalo step transformation v. §Z 2AWW}S_u §Z} (}&E
the same analogue pointed out a significant yield increase when the latter was employed. This variation
could thus be adopted in future attempts towards fRathiine 2,2dioxide systems; howevea more
thorough examination of the crude saturated intermediate would be warranted in order to determine
whether the Cope elimination can be carried aumediately or if the 3,4lihydro analogue requires full
purification before its elimination.
A broader understanding of enaminone synthesis using DMFDMA was achieved, highlighting the potential
effects of solvent use, reaction conditions and catalysis. The addition of sulfenes on enaminones was
investigatedin order toassess the structural feates of the 3,4dihydro 1,2oxathiine products, as well
as arrve at a plausible mechanism suggestion, whereas Cope elimination was found to be particularly
efficient in producing fully unsaturated tgXathiine analogued-uture research work may use thece
route to furnish 1,2oxathiine 2,2dioxides with various ambient substituents, ablebefunctionalised or
interact with each other towards analogue libraries of increasing complexity.

5.3 Conclusions Pertaining to Chapter 3

Upon the development of 2;oxathiine 2,2dioxide analogues using the foregoing route, it became
apparent that the 5and 6 positions of the heterocyclic core could be occupied by dimethylthienyl
substituentsleading to a 1,xathiine 2,2dioxide moiety that could exhibjpotential photochemically
reversiblephotochromic activity. To that end, three nofuu & ] 0o C Amgthylene ketones
were obtained through a branching synthetic route starting fromdrgethylthiophene.

The first of these ketones was affordeth use d a Friedelcrafts acylatiorof 2,5-dimethylthiophenewith
oxalyl chloride$}A E -« -ketorester, a WoltKishner Huang Minlon reduction/ ester hydrolysis to
furnish a carboxylic aciderivatisation into the acid chloridend a second Fried€@rafts aglation using
2,5dimethylthiophene to afford the desiredketone, 1,2-bis(2,5dimethylthiophen3-yl)ethanl-one.
Appending a phenyl group adjacent to the carbonyl umjitusing benzene ithe foregoingacylation
protocolproved to be more challenging, by virtue of the decreased reactivity of benzene compahed to
dimethylthiophene moiety, resulting in the startingcid chloride undergoing a selcylation to yielda
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novel, fused pyranone derivative (9-4-((2,5dimethylthiophen-3-yl)methylene)l,3-dimethyt4H-
thieno[3,4-c]pyran6(7H)-one. Overcoming this setback requirgde conversion othe aforementioned
chloride into a Weinreb amide anithe subsequent addition of phenyllithium to arrive at the target
isostere  ketone 1-phenyl2-(2,5dimethylthiophen3-yl)-ethanone The third ketone (1-(2,5
dimethylthiophen3-yl)-2-phenylethanong presented a more straightforward synthesigwolving a
FriedelCrafts acylation of 2;8imethylthiophene with phenyl acetyl chloride.

Reation of the obtained2,5-dimethylthienyl substituted methyleriestones with DMFDMAroceeded
smoothly to affordthe anticipated enaminoketonedhe addition of sulfeneto which, afforded the 4
dimethylaming3,4-dihydro-1,2-oxathiine 2,2dioxide adducts ingood yield, and a subsequeiope
eliminationgave the unsaturated 2;8imethylthiophene substituted 1;®@xathiine 2,2dioxides. The 2;5
dimethylthiophene ringsof 5,6-bis(2,5dimethylthiophen3-yl)-3-phenytl,2-oxathiine 2,2dioxide were
shown, by Xay crystallography, tadopt an antiparallel conformatioand thus facilitate photochromic
behaviour upon U¥fradiation which promoted a reversible electrocyclic rzigsure to afford a coloured
photoisomer.

The UWis spectrophotometric studies were carried out tdme 3,4dihydro and unsaturated 2;5
dimethylthienyl substituted 1:dxathiine 2,2dioxides and provided several insightanto their
photochromicbehaviour both series of 1,2xathiine analoguesxhibited aphotochromt responsevith

that exhibited by theunsaturated derivativeseing more pronounced than that dhe 3,4dihydro
analoguesThe presence of a &3 double bond was shown to cause a bathochromiz] (3 } (a®Z
the ringclosedcoloured photoisomermeasuredat the photostationary state. Thanfluence of the C3
phenyl groupon the photochromic properties was also determined and indu@ed additional
bathochromic shift in both the 3;dihydro and unsaturated series afolecules Further confirmation of
the photochromic activity was achieved By-NMRspectroscopyas the Uvnediated formation of the
ring-closed form of the photochromic unit could be readily monitored by consecutive cycleb/of
irradiation/ 'H-NMR measurement oan unsaturated candidaté€5,6-bis-(2,5-dimethylthiophen3-yl)-3-
phenytl,2-oxathiine 2,2dioxide) and observation of the emerging signals of the +itgsedcoloured
form. Finally, solid state photochromism was als@lered, with a powdered sample d&,6-bis-(2,5
dimethylthiophen3-yl)-3-phenyt1,2-oxathiine 2,2dioxide undergoing a draatic colour changeafter a
short period of UV irradiation. It should be noted that the photochromic properties cbgazhiine 2,2
dioxide have potential for future exploration; different thiophehased substituents can be incorporated
on the 1,2oxathiine core unit to screen their photochromic response, whereas thel3tituent of the
6-membered heterocycle could be further functidis®d to bear electromdonating and electron
withdrawing groups in order to examine their potential effect on the photochromic properties of the
photochrome candidate.

Literature protocols were successfully adopt@dmodified as requiredo arrive atmethylene ketones
containing mixed aryl groups. The established sulfene addition/ Cope elimination route was used to arrive
at a small library of 1;@xathiine photochrome candidates, which were examined in spectrophotometric
studies to assestheir photochromic properties, along with how these are affected by the backbore 1,2
oxathiine scaffold. Functionalisation of thep8sition can be utilised to further investigate the
photochromic response of these species in future research.

5.4 Conclu®ns Pertaining to Chapter 4

This chapter was concerned with increasing the structural diversity of the synthesiseratf#ine 2,2
dioxides by application of selected chemical transformations and also with examining thzatti#ine
2,2dioxide ring 8 a heterocyclic building block. The first reaction that was attempted was the
bromination of selected unsaturated I¢Xkathiine 2,2dioxides with varying phenyl substitution patterns.
Bromination revealed that, between the, 3+ and 5 positions of thel,2-oxathiine ring, the JPosition is

the most reactive, followed by the-position, which required a greater heat input and longer reaction
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time to be substituted by bromine, and lastly thepdsition, which was completely inactive towards
substitution, pesumably due to its significant deficiency in electron density.

Functionalisation of the brominated k@ athiine analogues was initially attempted by bromiliteium
exchange and subsequent quenching of the anion with an electrophilic, although this dnettsofound

to be ineffective, as it led to the degradation of the brominated starting/&t°C reaction temperature.
Opting for less forceful conditions, a Suzuki cromgpling protocol using aryl boronic acids and esters
bearing electrordonating and &ctronwithdrawing groups was examined next. Upon optimising the
reaction solvent to ensure sufficient dissolution of all reagents, the recorded yields, whilst moderate,
pointed out a beneficial effect of electretich boronic acids and a complementarytigating effect of
electronpoor coupling agents on the extent of the transformation. An additional facet of this reaction
regarded the isolation of a homooupled bisl,2-oxathiine derivative, &,6-dipheny}3,3-bi(1,2
oxathiine)] 2,2,2',2tetraoxide, which was isolated along with the target coupling product. The formation
of this bis1,2-oxathiine was rationalised by the transmetallation of the-&&thiino ligands between
identical Pdcomplexes, whereas extended conjugation and consequent thermiilistdavoured it over

the desired coupling products. The scope of this coupling protocol was thus limited to use of etédtron
boronic reagents, meriting future optimisation towards developing a catalytic system which allows the
hetero-coupling mechaism to proceed seamlessly with various boronic reagents.

Further inability of the Suzuki coupling reaction to allow the incorporation of elestittimdrawing aryl
groups €.g.pyridyl group) on the 1;®xathiine 2,2dioxide system required an alternativeethod to be
adopted. The Miyaura borylation was examined for this purpose, however consecutive attempts of this
protocol consistently resulted in the exclusive formation of a hesbapled species similar to that
isolated during the Suzuki creseupling d@tempts. Further attempts at Miyaura borylation were
abandoned in favour of a more efficient coupling method; different brelyboxathiine 2,2dioxide
substrates could be screened in future attempts in order to ascertain the consistency of the foregoing
homo-coupling trend. The catalytic system used could also be adjusted to reduce its reactivity, in the
hopes that it can selectively catalyse the borylation process without interacting with the formed boronic
ester any further.

The attempted Pdtatalysed avsscoupling reactions on the brominated 1¢Xathiine 2,2dioxides
illustrated that the electromoor nature of these substrates (owing to the electwithdrawing S@
group) renders their functionalisation fairly troublesome and in need of substantishigation. The last
coupling protocol alternative that was explored involved the use of the parent unsaturated counterparts,
1,2-oxathiine 2,2dioxides, along with aryl iodides in aHCactivation crossoupling protocol. The results

of this transformatim were much more promising than the previous coupling methods, with a small
library of coupling products being compiled in 882 % yield, including analogues with either-atgryl
substituent or a g4-pyridyl) group that had been completely unattainalia previous protocols. The
diverse range of coupling products allowed for a comparison of the reactivity between the aryl iodides,
with electronpoor analogues offering better results than electrooh ones. The advantage of this
method, as compared tprevious protocols, is further pronounced by the shorter synthetic route it offers,
since the bromination step can be omitted, resulting in higher yields of functionalised products. It should
be noted that the successful incorporation of a pyridyl functim the 1,2oxathiine 2,2dioxide structure

could aid in the future synthesis of a &§4-pyridyl) derivative that could be further developed into a
VIA o o SE} ZE}uDb]IZIAP@®IA v C <p § Ev]e]NRtokB. The dast]vwaluable
insgght obtained from the @ activation coupling regarded the profound effect of the reaction time on
the obtained products, as long heating periods seem to favour the formation of the {oonnged
products even after the desired coupling product has sustdly formed.

Cycloaddition reactions on Xgkathiine 2,2dioxides bearing alkenyl or alkynyl groups were examined
using various dienophiles and most prominertiphenyt1,2,4triazole-3,5-dione (PTAD). A small series

of 3-phenyl6-styryl analogues wafound to afford novel tricyclic adducts in 3867 % yield upon
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interaction with PTAD in 1;RCE at either room temperature or reflux, with electrdonating effects
ameliorating the yield of this conversion. These nowl{1,2]oxathiino[5,6c]|[1,2,4]triazolo[1,2
a]pyridazinederivatives presented an unexpected point of interest, as the aforementioned yields do not
regard the anticipated Dielalder adducts but their rearranged, diemgentaining counterparts instead,
which form during the chromatographpurification process, presumably upon contact with the silanol
matrix on the silica gel. Avoiding chromatography by means of AcMe trituration afforded pure samples of
the initial DielsAlder adducts with their structure intact and their characterisatiorsveambined with
extensive 2D spectroscopy analysis in order to validate the proposed rearrangement. The phenylethynyl
and furyl substituted 1,2xathiine derivatives remained inactive towards PTAD addition or fully degraded
under the foregoing conditions.

PTAD was also added(9-6-styryl-1,2-oxathiine 2,2dioxide, which is devoid of a-8ubstituent, in order

to examine whether the unhindered €34 double bond was reactive. Interestingly, ne@3double bond
addition was observed even with excess amaunit PTAD, and the formed moadduct behaved in the
aforementioned fashion of being rearranged during purification. In an attempt to explore the electronics
of the addition further, a styryl analogue with an electraithdrawing 4CEGsHs- group on the 3position

was combined with PTAD, with the low yield of the resulting adduct offering clear evidence of the
influence that the surrounding substituents may have on the diene reactivity of any-stmdining
analogue. In contrast to the interesting find® of the PTAD addition, attempting similar Diglder
reactions using other dienophiles (dimethyl fumarate, maleic anhydride), failed to afford any
cycloadducts, with the exception of a fused productimethyl 7-(4-methoxyphenyh3-
phenylbenzog][1,2]oxathiine5,6-dicarboxylate 2,2lioxide that was obtained in low yielctifcal0 %)

after a DMAD Dielglder addition/ aromatisation process.

These cycloaddition reactions present ample room for future work; asatidition of PTAD to-étyryl
derivative was covered to a satisfactory level, further interest would be drawn in the reaction being
attempted on a 3styryl analogue to afford a novel, alternate condensed heterocyclic ring system. Finally,
the obtained trcyclic adducts (rearranged or not) could be screened for their reactivity in specific
reactions, such as oxidation using DDQ towards a highly conjugated tricyclic system and basic cleavage of
the PTAD fragment towards a fused pyridazine system.

The last eaction that was utilised to probe the reactivity of 9®athiine 2,2dioxides was the addition of
benzyne that was generateih situ from the effect of fluoride ion on2-(trimethylsilyl)phenyl
trifluoromethanesulfonate~<} C «Z][« E P v SatengpZof this| &dditon led to the isolation

of a naphthalene analogud-(4-methoxyphenyl)naphthalendn 8 % yield, deriving from the addition of
benzyne to the 1,2xathiine core and consequent retro Didider cleavage of SCFurther attempts at
benzyne addition showed its extent to be quite limited, with mossubstituted and 5,&ubstituted
starting materials being retrieved unaltered. However, the presence of a substituent onrgbsitBon of

the 1,2oxathiine ring appeared to contradict the fgoing trend of low reactivity, with examples of 3,6

and 3,5,6substituted naphthalenes being isolated in moderate yieldst22 %). These findings highlight

the importance of substitution on th8- and 6 positions of the C&E6 chain of the reactingZpxathiine
2,2-dioxides, so that they can exhibit measurable didike properties. Future developments of this
reaction would encompass the extensive optimisation of yields for the naphthalene adducts, along with
use of benzyne variants (pyridyne, indody to assess their compatibility with 1¢gXathiine 2,2dioxides.
Bromination of selected 1;8xathiine 2,2dioxide analogues provided valuable insights about the
reactivity of these heterocycles. Adopting different coupling protocols allowed for furadigation of the
3-position of the 1,2oxathiine ring while cycloaddition reactions afforded novel fused derivatives and
naphthalene productdncreasinglie range of different 1 2xathiine analogueBy use of these reactions,
exploring the reactivity othe fused adducts and using 1gRathiine 2,2dioxides in more reactions to
further screen their chemical behaviour are all promising niches of future research regarding these
heterocyclic systems.
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CHAPTER EXPERIMENTAECTION
6.1 Equipment and Reagén

Reagents were purchased from Alfa Aegsrtos,Apollo Scientific Fluorochem, Manchester Organics
Sigma Aldricland VWRand were used as supplieohless indicated otherwise.

Reactions werstirred / heated usinggtirrer hotplates supplied by eithéteidolph MR3001Kr Asynt ADS
HRNT,employingAsynt RrySyrnaluminiumheating blocks.

Thin Layer Chromatography separations waeeformed on either Merck TLC Aluminium sheets (silica gel
60 A F254), or on Alugramgacoated TLC sheets (silica gel 60 A F254) or on Fluorochem aluminium backed
TLC sheets (silica gel 60 A F2B#)ployinga variety of eluent systems of differing polaritflash and

short column (sinter) romatographic separations were performed on eitbdrichchromatography

silica (60 A, 23@00 mesh, 4007 ...us }@E ~é&B0 Wleshj 63111 ..u*U }E }v &ou}E}
chromatographysilica (60 A, 407 ...usU }E }v  hputrkl G6; (80-200 pm 60 AALO; was
activated by mixing AD; (300 g) withHO (9 mL) prior to flash column chromatography separations.

NMR spectra were recorded on a Bruker Avance 400 instruriidmt@0 MHZz}*C 100 MHZF 376 MHz)
in commercial deuterated solvents which typically contained tetramethylsilane (TMS) as aahshnifi
reference (FluorochemFFIR spectra were recorded areat samples using Nicolet 380 FIR equipped
with a diamond probe ATR attachment. Accurate mass measurements were obtained fromakative
Physical Organic Solution$POS) centre athe University of Huddersfield. Melting points were
determined in capillary tubes, using a Stuart SMP10 melting point apparatus, and are uncorrected.

U\tvisible spectra were recorded fepectroscopic grade hexamselutions of the samples (10 mm path
length quartz cuvette, PTFE capped, concentration in the range 10° moldnr®). A bespoke Shimadzu
UW-3600 Plus UWisNIR spectrophotometer was used and equipped with a single cell Peltier
temperature controlled (23 °C) stirred fluorescence cell holdéaciiment. The spectrophotometer
sample chamber door was modified to accept activating irradiation delivered from the light source by
liquid light guides (Newport 77557, Newport 77569). Irradiation was provided by a xenon ozone free arc
lamp (Newport 6255powered by an Oriel 30WVatt xenon arc lamp source (Newport 66906) with power
manually limited toeither 120 or 150 Watts. An inline destilled water liquid filter (Newport 6177),
multiple filter holder (Newport 62020), UGL11 filter (Newport R3G11), fibe optic coupler (Newport
77799) completed the irradiation equipment. Spectgb@- 750 nm) were recorded prior to (ground
state) and immediately after cessation of activating irradiation phatostationarystate (PSS) or steady
state (sample dependent irradiation time). Activation of the colourlessing-opened forms of the
photochromicdithienylethenesto a PSSwvas achieved by using UV irradiation using different Newport
filters 255- 390 nm(GG420, UG11, KG3, GG455, BG3, BG40, GG400).gleddhie colouredring-
closedforms)was inducedy irradiation with visible light 455 nm(filters NewportFSQGG455%. Forthe
fatigue cycles, the colourlesmg-openedforms of the photochromidithienylethenes were activatetb

a photostationary st using a Spectrolineandheld UVTLC inspectiohamp ENR8SOC/FE (8 watts).

The followingd-arylbut-3-en-2-one precursors foChapter2 were obtained by a standard basatalysed
aldol procedure, see for example chlual.and possessed spectroscopic and physical data in agreement
with literature data: B-4-(4-methoxyphenyl)bu3-en-2-one?®, (B)-4-(4-nitrophenyl)but3-en-2-one?*,
(E)-4-(4(trifluoromethyl)rhenyl)bu'eS-en—Z-on (B-4-(2-bromophenyl)but3-en-2-one?*®,

5,6-Bis(4methoxyphenyhl,2-oxathiine 2,2dioxide and (B-6-styryt1,2-oxathiine 2,2dioxide were
prepared using the optimisesulfene addition/ Cope elimination synthetizethods devised in Chapter 2
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of this thesis by final year student Ochola W. Ogw@hgiversity of Huddersfield) as part of their final
year research project module.

6.2 Chapter 2 Compounds
6.2.1 Preparation of enaminoketones

6.2.1.1 Preparation of dimethylamino}1-(aryl)prop-2-en-1-ones

(B-3-(Dimethylamino)1-phenylprop-2-en-1-one 2.1

Acetophenone (8.75 mL, 75.0 mmol) was dissolved in DMFDMA (40.00 mL, 301.1 mmol, 2.5 eq) under a
N; atmosphere and the solution was stirred at reflux overnighion cooling, evaporation of the volatiles

under reduced pressuiforded an orange solid, which was purified by recrystallisafimm EtOA¢

Hexane to afford the product (9.03 g, 69%) asoyelbrange filamentous crystalsk= 0.7 {0%EtOA¢
Hexane)m.p. = 91- 93 (from EtOAc/ Hexane, lit. m.p89 - 92°0?%;, vimax (neat): 2981, 2904, 2806, 1639

(C=0), 1595, 1581537, 1482, 1428, 1409, 1362, 1310, 1272, 1231, 1205, 1121, 1051, 1024;r&14

'H-NMR (400 MHz, CDXW w X081 ~«U 1T,U ED U iXii 3=12.4 H4, BDvinyH),X89 ~ U

7.45 (m, 3H, ArH), 7.80 (@ 12.4 Hz, 1Ht-vinykH), 7.887.90 (m, 2H, ArH}3GNMR (100 MHz, CREI

w ioXToU 0nAXIiTU 8TXTTU iToXAiIU iToXiTU iTiX606U ioiXAAU iAdXTAU 166X

(B)-3-(Dimethylamino)}1-(4-pyridyl)-2-propen1-one 2.6

4-Acetylpyridine (10.00 g, 82.5 mmol) was mixed with DMFDMA (12.82 mL, 99.0 mney) lu2der a

N, atmosphere and the resulting mixture was heated to° & L-proline (0.95 g, 10 %nol) was
subsequently added and the reaction mixture was stirred at the same temperature for 2h and 15 min.
After the removal of the volatile componentsder reduced pressureghe crude solid so obtained was
recrystallised twice from EtOAc/ Hexane to yield the product (12.11 g, 83.3 %) as a pale brown=solid. R
0.2 (50% EtOAc/ Hexane); m.p. = 10B1°C (from EtOAc/ Hexane, lit. m.p. = 1157 °CF*’; Vmax (Nea):

3031, 2912, 2821, 1635 (C=0), 1593, 1559, 1520, 1484, 1430, 1409, 1365, 1319, 1271, 1235, 1129, 1057,
1012 cm’; 'H-NMR (400 MHz, CBGW w TX30 ~+U 1,U ED U iXidJ=4R2Ha)1ED U i X
vinykH), 7.68 (m, 2H, Py), 7.84 (dJ= 12.2 Hz, 1Ht-vinykH), 8.70 (m, 2H, Py); 3 GNMR (100 MHz,

CDGCle W37m5, 45.34, 91.72, 121.22, 147.22, 150.21, 155.24, 186.64.
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(B-3-(Dimethylamino)1-(furan-2-yl)prop-2-en-1-one 2.7

2-Acetylfuran (5.00 g, 45.4 mmol) was dissolved in DMFDMA (15.07 mL, 113.5 mmol, 2.5 eq) under a N
atmosphere and the mixture was heated to reflux overnight. Upon reaction completion, all volatile
components were removednder reduced pressure. The obtained crude was crushed into a thin powder
and triturated with E£O to afford the title compound (6.33 g, 84.4 %) as a brown sgkd) R (4 % MeOH/
CHG); m.p. = 83 85°C (from DMFDMA, lit. m.p. = 884 °C¥*8, vmax (neat): 3111, 2914, 2808, 1635
(C=0), 1573, 1537, 1491, 1461, 1385, 1350, 1285, 1256, 1160, 1123, 106411 026NMR (400 MHz,
CDG*W w X081 ~«U i,U ED +U 1Xii J=41Q.5H 1ERvinybHY) & 4506.46 (n, 1H, furyl

H), 7.03- 7.04 (m, 1H, furyH), 7.46- 7.47 (m, 1H, furyH), 7.78 (dJ= 12.5 Hz, 1Ht-vinykH); *GNMR

(100 MHz, CD§{ w37.27, 45.00, 91.47, 111.77, 113.27, 144.11, 153.48, 154.83, 177.45.

(B)-3-(Dimethylamino)}1-(thiophen-2-yl)prop-2-en-1-one 2.8

2-Acetylthiophene (2.57 mL, 23.8 mmol) was dissolved in DMFDMA (7.90 mL, 59.4 mmol, 2.5 eq) under a
N, atmosphere and the solution was stirred at reflux overnighob full consumption of the starting
material as monitored by TLC, the volatile components were removed under reduced pressure. The
resulting crude solid was triturated with J& to afford the title compound (4.25 g, 98.6 %) as an orange
solid; R= 0.2 (8% EtOAc/ Hexane); m.p. = 11215°C (from DMFDMA, lit. m.p. = 12424°C (from
xylene)¥*®: vinax (neat): 1632 (C=0), 1542, 1514, 1483, 1432, 1408, 1352, 1284, 1247, 1202, 1112, 1085,
1065, 1012 cm; *H-NMR (400 MHz, CREIW2.91 (s, 3H, NMe), 3.12 (s, 3H, NMe), 5.624d12.3 Hz,

1H, r-vinykH), 7.06-7.08 (m, 1H, thienyH), 7.45 7.47 (m, 1H, thienyH), 7.61- 7.62 (m, 1H, thienyH),

7.77 (d,J= 12.3 Hz, 1Ht-vinykH); ®°GNMR (100 MHz, CRIws7.29, 45.05, 970, 127.58, 128.38,
130.27, 147.46, 153.60, 180.84.

(B)-3-(Dimethylamino}1-(4-iodophenyl)prop2-en-1-one 2.11

d-Jodoacetophenone (3.00 g, 12.2 mmol) was dissolved in DMFDMA (4.05 mL, 30.5 mmol, 2.5 eq) under
a N atmosphere and the solution was heated at reflux overnight. Upon removal of volatile components
under reduced pressure, the obtained crude mixture was triturated wilOBb afford the target
compound (3.15 g, 85.8 %) as an orange solid;R3 (50 % EtOAc/ Hexane); m.p. = 4168°C (from
DMFDMA)vmax (neat): 2360, 2342, 1634 (C=0), 1562, 1515, 1472, 1409, 1350, 1301, 1268, 1233, 1177,
1104, 1062, 1049, 1005 cin'H-NMR (400 MHz, CREW2.92 (br. s, 3H, NMe), 3.15 (br. s, 3H, NMe),
5.65 (d,J= 12.6 Hz, 1Hy-vinykH), 7.61- 7.63 (m, 2H, ArH), 7.747.76 (m, 2H, ArH), 7.80 (8 12.6 Hz,

1H, t-vinykH); ®*GNMR (100 MHz, CREMB7V86, 45.16, 91.62, 97.91, 129.19, 137.31, 139.86, 154.55,
187.44;HRMS: Found [M+HF 302.0036Ci1Hi2lINOrequires [M+H]= 302.0040.
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(B-3-(Dimethylamino)1-(naphthalen2-yl)prop-2-en-1-one 2.12

1-Acetylnaphthalene (1.79 mL, 11.8 mmol) was dissolved in DMFDMA (3.90 mL, 29.4 mmol, 2.5 eq) under

a N atmosphere and the resulting reaction mixture was heated at reflux overnight. Upon removal of the
volatile components under reduced pressure, the crude oil eluted through a sinter column (silica, wet
loading, 0 % to 20 % EtOAc in DCM) to yield the targ@ipound (2.09 g, 78.6 %) as an orange @i R

0.1 (50 % EtOAc/ Hexaneyax(neat): 2910, 1639 (C=0), 1544, 1502, 1460, 1417, 1392, 1347, 1308, 1267,
1234, 1208, 1174, 1140, 1089, 1058, 1022',ctH-NMR (400 MHz, CBEW2.88 (s, 1H, NMe), 3.06 (s,

1H, NMe), 5.53 (d]= 12.6 Hz, 1Hs-vinykH), 7.44-7.57 (m, 5H, ArH), 7.857.86 (m, 1H, ArH), 7.85 (dl,

=12.6 Hz, 1Ht-vinykH), 8.26 (app. s, 1H, ArHJGNMR (100 MHz, CREW w 16 XTTU dAXiTU 66X o1
124.97, 125.98, 126.12, 126.49, 128.129.32, 130.47, 133.74, 140.31, 155.11, 193.70.

6.2.1.2 Preparation ofl-(dimethylamino)-5-(aryl)penta-1,4-dien-3-ones and1-(dimethylamino)-5-
phenylpentl-en-4-yn-3-one

(1E 4B)-1-(Dimethylamino)}5-phenylpental,4-dien-3-one 2.26

Under a Natmosphere, 4henyt3-buten-2-one (5.00 g, 34.2 mmol) was dissolved in DMFDMA (11.4 mL,
85.5 mmol, 2.5 eq) and heated to 80, before the addition dafproline (0.39 g, 3.4 mmol, 10-f%0l). The
reaction mixture remained stirring at 8C€ overnight. Upon reaction completion, the volatile components
were removed by rotary evaporation and the crude solid so obtained was triturated witht&tafford
the title compound as a yellowrown solid (5.65 g, 82.1 %)=R0.3 (4% MeOH/ CHEIm.p. = 90 95°C
(from DMFDMA, lit. m.p. = 986 °C (from EtOAc/ Hexad@)vmax (neat): 3020, 2916, 1639, 1616 (C=0),
1577, 1549, 1496, 1484, 1432, 1365, 1345, 1275, 1219, 1200, 1158, 1116, 1H3B-biR (400 MHz,
CDG*W w X006 ~2)U3.12s, BB, NMg 5.27 (dJ= 12.5 Hz, 1H,-B), 6.79 (dJ= 15.8 Hz, 1H,-4
H), 7.29-7.37 (m, 3H, ArH), 7.53.55 (m, 2H, ArH), 7.55 (@ 15.7 Hz, 1H-B), 7.75 (dJ= 12.5 Hz, 1H,
1-H); ®*GNMR (100 MHz, CRCW37#27, 44.99, 96.39, 127.88, 128.31, 128.71, 129.233234.38.49,
153.46, 186.32.

(1E4B)-1-(Dimethylamino)}5-(4-methoxyphenyl)pental,4-dien-3-one 2.22 Method 1

(B-4-(4-Methoxyphenyl)but3-en-2-one (6.93 g, 39.3 mmol) was dissolved in PhMe (50 mL) and mixed
with DMFDMA (8.6 mL, 118.0 mmol, 3 egnhder a N atmosphere The mixture was refluxed for 5 d.
Upon reaction completion (monitored BiA-NMR) the volatile components of the mixture were removed
under reduced pressure. The resulting solid was triturated wit BEb afford the product (5.46 g, 60.0
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%) as a yellow solid;R0.2 (4 % MeOH/ DCM); m.p. = 2A®2°C (from DMFDMA)imax (Neat): 2996,

2909, 2837, 1653, 1610, 1597 (C=0), 1573, 1531, 1509, 1434, 1417, 1405, 1355, 1300, 1269, 1247, 1170,
1144, 1084, 1026 ci 'H-NMR (400 MHz, CBEW w TX6086 ~+U 1,U ED *U iXi0 ~U 1,U I
MeO), 5.25 (dJ=12.5 Hz, 1H,-R), 6.67 (dJ= 15.9 Hz, 1H-H#), 6.87-6.89 (m, 2H, ArH), 7.4&.50 (m,

2H, ArH), 7.53 (dl= 15.9 Hz, 1H,-B), 7.73 (dJ= 12.5 Hz1H, 1H); 3 GNMR (100 MHz, CREMB7w3,

44.90, 55.33, 96.40, 114.17, 126.16, 128.55, 129.40, 138.26, 153.14, 160.61, 186.54; HRMS: Found
[M+H]'= 232.1334C14H7NG: requires|M+H]=232.1335

(1E4B-1-(Dimethylamino}5-(4-methoxyphenyl)pental,4-dien-3-one 2.22 Method 2

(B-4-(4-Methoxyphenyl)but3-en-2-one (0.05 g, 0.3 mmol) was dissolved in DMFDMA (2 mL) and heated
to 80°C.L-proline (3.5 mg, 0.03 mmol, 10-&tol) was added and the reaction mixture remained at this
temperature overnight. The volatile components were subsequently removed under reduced pressure
and the crude product so obtained was purified by column chromatography (silica, wet loading, 0 % to 2
% MeOH/ DCM) to yield the title compound (0.04 g, 57.1 %) as a yellowgittidgentical'H-NMR signals

to 2.22 preparedabove;

(1E4B-1-(Dimethylamino}5-(4-nitrophenyl)penta-1,4-dien-3-one 2.23

(B)-4-(4-Nitrophenyl)but3-en-2-one (1.00 g, 5.2 mmol) was dissolved in PhMe (25 mL) and mixed with
DMFDMA (1.73 mL, 13.0 mmol, 2.5 agyler a N atmosphere The reaction mixture was refluxed for 6h

and the volatile components were removed under reducedsptee. The crude product so obtained was
filtered through a sinter column (silica, wet loading, 0% to 5% MeOH/;Chi@l trituration of the
obtained brown solid with E© afforded the title compound (0.99 g, 77.3 %) as an orange sehd).B

(4 % MeOHCHG); m.p. = 152 154°C (from MeOH/ CH#J vimax (Neat): 3035, 2912, 1650, 1614 (C=0),
1593, 1537, 1505, 1436, 1424, 1355, 1335, 1302, 1265, 1089'6MIMR (400 MHz, CBGW w TX6i ~<U
3H, NMe), 3.17 (s, 3H, NMe), 5.28¢,12.2 Hz, 1H-Bl), 6.89 (dJ= 15.9 Hz, 1H,-4), 7.58 (dJ= 15.9

Hz, 1H, 8H), 7.65 7.68 (m, 2H, ArH), 7.80 (@ 12.2 Hz, 1H-#), 8.20- 8.22 (m, 2H, ArH}¥.GNMR (100

MHz, CDGk VB7\85 45.18, 96.54, 124.05, 128.31, 132.38, 135.54, 142.37, 147.79, 154.12, 184.94; HRMS:
Found [M+HF 247.1082Ci3H:14N.O; requires[M+H[=247.108.

(1E4B-1-(dimethylamino)}5-(4-(trifluoromethyl)phenyl)penta-1,4-dien-3-one 2.9

(B-4-(4-(Trifluoromethyl)phenyl)buB-en-2-onewas dissolved in DMFDMA (7.75 mL, 58.3 mmol, 2.5 eq)
under a Natmosphere The mixture was heated to reflux overnight. Upon reaction completion, all volatile
components were@emoved under reduced pressure and the obtained crude was crushed into a powder
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and triturated with 1:1 EXO/ P.E. to yield the product (3.17 g, 50.6 %) as a yellow sgti@®. R(4 % MeOH/
CHG); m.p. = 132 133°C (from DMFDMAYmax (neat): 3062, 296, 2803, 1653, 1613 (C=Q%37, 1422,
1360, 1318, 1264, 1161, 1111, 1089, 1063, 1009 &HhNMR (300 MHz, CREM2.91 (s, 3H, NMe), 3.16
(s, 3H, NMe), 5.28 (dF= 12.4 Hz, 1H-H), 6.85 (dJ=15.7 Hz, 1H M), 7.58 (dJ= 15.7 Hz, 1H-B), 759
-7.66 (m, 4H, ArH), 7.79 (@ 12.4 Hz, 1H#);*GNMR (100 MHz, CREM3 729, 45.13, 96.42, 124.05
(q,J= 272 Hz(Rs), 125.65 (gJ= 3.8 Hzp-ArGCE), 127.93, 130.63, 130.65 (@ 32 HzGCFE), 136.61,
139.35, 153.86, 185.555~NMR (376.5 MHZCDG) w-62.66 (s, 3F); HRMS: Found [M&#4270.1100,
GiaHhiasNOrequires[M+H['=270.1103

(1E4B)-1-(2-Bromophenyl}5-(dimethylamino)pental,4-dien-3-one 2.10

(B-4-(2-Bromophenyl)but3-en-2-onewas dissolved in DMFDMA (7.40 mL, 55.5 mmol, 2.5mdgr a N
atmosphereand the reaction mixture was heated to refluxesmight. Upon reaction completion (as
monitored by TLC), the reaction mixture was condensed under reduced pressure to remove the volatile
components. The product was thus obtained (5.77 g, 92.8 %) as abbtagi oil thatwas sufficiently

pure for furtheruse R= 0.3 (4 % MeOH/ CHVmax (neat): 2908, 2803, 1654610(C=0), 1541, 1463,

1416, 1351, 1258, 1217, 1199, 1082, 1020-,ctH-NMR (300 MHz, CBEW w TX &1 ~+U 1,U ED U
3H, NMe), 5.31 (dl= 12.5 Hz, 1H,-®), 6.71 (dJ=15.8 Hz, 1H-#), 7.14-7.19 (m, 1H, ArH), 7.277.30

(m, 1H, ArH), 7.577.63 (m, 2H, ArH), 7.75 (@ 12.5 Hz, 1H-#), 7.86 (dJ= 15.8 Hz, 1H-B); * GNMR

(100 MHz, CD&XAWB7wW27, 45.08, 95.90, 125.26, 127.51, 127.62, 130.16, 131.4271.3385.95, 136.83,
153.71, 186.03; HRMS: Found [M#*#280.0328, CisH14"°BrNOrequires [M+H]=280.0331.

(B-1-(Dimethylamino)}5-phenylpent1-en-4-yn-3-one 2.13

4-Phenylbut3-yn-2-one (3.03 mL, 20.8 mmol) wakssolved and mixed with DMFDMA (6.92 mL, 52.0
mmol, 2.5 eq, an additional 5 mL were added to ensure smooth stirring of the mixture) under a N
atmosphere. The resulting reaction mixture was heated at reflux overnight. Upon reaction completion,
the volatie components of the mixture were removed under reduced pressure and the obtained crude
oil was mixed with EO prompting the precipitation of the title compound, which was filtered and crushed
into a pale brown powder (3.18 g, 76.8 %) R.1 (20 % EtOAdexane); m.p. 80- 82°C(from DMFDMA,

lit. m.p. = 86- 87°C from EtOAc/HexaI@)vmaX (neat): 1621 (C=0), 1558, 1488, 1441, 1405, 1343, 1308,
1267, 1207, 1193, 1178, 1115, 1025%¢AH-NMR (400 MHz, CRCIW2.88 (s, 3H, NMe), 3.17 (s, 3H,
NMe), 5.33 (dJ= 12.6 Hz, 1Hr-vinykH), 7.33- 7.41 (m, 3H, ArH), 7.547.57 (m, 2H, ArH), 7.74 (@z

12.6 Hz, 1Ht-vinykH); 3GNMR (100 MHz, CREGMB7v86, 45.36, 86.53, 87.79, 102.17, 121.38, 128.45,
129.55, 132.40, 158.22, 174.78; HRMS: Found [M=BR00.1068CisH:sNOrequires [M+H]=200.1073
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6.2.1.3 Preparation of 1 2lisubstituted 3-(dimethylamino)prop2-en-1-ones

(B)-3-(Dimethylamino}1,2-diphenylprop-2-en-1-one 2.2

Deoxybenzoin (15.00 g, 76.4 mmol) was dissolvéahtFDMA(25.00 mL, 188.0 mmol, 2.5 eg)der a N
atmosphereand the mixture was stirrednderreflux overnightUpon cooling, evaporation of the volatiles

under reduced pressurafforded a yellow- orange solid, which was purified by recrystallisation (EtOAc/
Hexane). The product (16.45 g, 87%) was isolatqmhbsyellow crystals; R 03 (G0 %EtOAE Hexane,
alumina);m.p. = 130 131°C (from EtOAcHexane), (lit. m.p. £29- 130.5°C¥®% vinax (neat). 2915, 1616,
1578,1542(C=0), 1495, 1440, 1421, 1402, 1384, 1320, 1300, 1225, 1184, 1156, 1118, 1081, 1052, 1025
cm?; 'THNMR (400 MHz, CDYW2®3 (s, 6H, Mey), 7.15-7.20(m, 3H, ArH)7.24-7.31(m, 5H, ArH)7,36

(s, 1H,vinykH), 7.2-7.44 (m, 2H, ArH)®GNMR (100 MHz, CBEW w 3T1XfAoU {iiXd6U iToXiil
127.64, 128.75, 129.24, 132.13, 137.32, 141.81, 153.73, 194.84.

(B)-Ethyl 2benzoyt3-(dimethylamino)acrylate2.3

Under aN; atmosphere, gyl benzoylacetate (10,0 g, 52,0 mmol) was dissolved in DMFDMA (17.3 mL,
130.1 mmol, 2.5 eq) and the solution was stirred at reflux overnight. The volatile components were
removedunder reduced pressure artte resulting orangdrown oil was mixed with brine (80mL) and

the product was extracted with EtOAc (5 x 75 mL). The extracts were washed with brine (3 x 30 mL) and
HO (100 mL), dried with N8Q and the solvent evaporatednder reduced pressurel'he orange oil so
obtained was triturated with DCMprompting the product to precipitate as yellow crystals that were
filtered and recrystallised from EtOAc (7.26 g, 57.0 95;05 (50 % EtOAc/ Hexane); m.f3= 65 °C

(from EtOAc, lit. m.p. = 6365 °C (from E4O/ Heptane)}®!; vmax (Neat) 2983, 29272817, 2360, 2341,

1680 (C=0), 1615, 1583 (OC=0), 1484, 1430, 1366, 1309, 1269, 1214, 1161, 1139, 1083, 1028, 1002 cm
'H-NMR (400 MHz, CREIW.87 (t,J= 6.3 Hz, 3H, O@EHs), 2.96 (br s, 6H, NMg 3.94 (dJ= 6.5 Hz, 2H,
OG+CH), 7.367.46 (m, 3H, ArH), 7.7279 (m, 3H, ArH/ vinHl); ®*GNMR (100 MHz, CREIwi3.89,

41.90, 46.86, 59.68, 99.72, 127.96, 128.87, 131.70, 141.04, 155.82, 168.76, 194.18.
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(B-3-(Dimethylamino)1,2-bis(4methoxyphenyl)prop2-enone2.4

Deoxyanisoin (2.50 g, 9.8 mmol) was dissolved in DMFDMA (3.23 mL, 24.4 mmol, itnBezxcp N
atmosphereand the mixture was heated at reflux overnight. After the reaction completion was confirmed
by TLC, the volatile components of the mixture were removed through rotary evaporation, thus affording
the title compound (2.95 g, 97.2 %) as an off white sétid;02 (20% EtOAc/ Hexane); m:pl119- 121

°C (from DMFDMA, lit. m.p. = 11920°C¥°? vmax(neat): 2987, 2964, 2929, 2834, 1622, 1601, 1579, 1556
(C=0), 1504, 1456, 1439, 1410, 1382, 1293, 1234, 1168, 1119, 1103, 1081, 1054, 1 &i2INMHR (400

MHz, CDGeW w iX 61 ~«)J3.G9\(, BH) 2 x OMe), 6481 (m, 4H, ArH), 7.04.06 (m, 2H, ArH),

7.35 (s, 1H, vinyH), 7.41- 7.43 (m, 2H, ArH}3GNMR (100 MHz, CREIw3.45, 55.19, 55.24, 111.28,
112.77, 113.16, 129.97, 131.00, 133.004.22, 153.07, 157.98, 160.56, 193.98.

(B-2-Benzoyi3-(dimethylamino)-acrylonitrile 2.5 Method 1

Benzoylacetonitrile (12.0 g, 82.7 mmol) was dissolved in DMFDMA (27.4 mL, 206.7 mmolupdeeq)

N, atmosphereand washeated underreflux overnight.Upon cooling the volatile components of the
reaction mixturewere removedunder reduced pressurandthe resulting crude produatvaspurified by
column chromatographysilica wet loading4% to 10% MeOH in DGIb yield two fractions:

Fraction 1(B-2-Benzoy3-(dimethylamino)acrylonitrile2.5(9.36 g, 567 %) asan offwhite solid R= 06

(10 %MeOH/ EtOAC)M.p. = 11%- 113 C (from MeOH/ DCM, lit. m.p.128-129°C(from EtOHYPZ, Vinax
(neat) 2924, 2191 (CN), 1640=0) 1586, 1568, 1444, 1426, 1412, 1318, 1300, 1229, 1180, 1135, 1095,
1070, 1056, 10272AH-NMR (400 MHz, (CRBPW w 1 XT3 NMel 3i4&)(s, 3H, NMe), 74061 (m, 3H,
ArH), 7.767.79 (m, 2H, ArH), 7.95 (s, 1H, vy *GNMR (100 MHz, CRLW 3@.0, 48.3, 79.7, 120.3,
128.1,128.2, 131.5, 138.5, 159.4, 190.3.

Fraction 2Tetramethylammonium B-2,4-dicyanel,5-dioxo-1,5-diphenylpent3-en-2-ide 2.5aas yellow
crystals; R= 0.3 (10% MeOH/ DCM); m.p. : Decomposition after’@Gfrom MeOH/DCM)Nmax (neat)
3031, 2199 (CN), 2186 (CN), 1§C20,) 1596, 1574, 1483, 1448, 1318295, 1241, 1176, 1109, 1074,
1026, 1002H-NMR (400 MHZ.-DMSQW w 1Xi0 NM)j 7,%£7.39 (m, 10H, ArH), 8.02 (s, 1H,
vinykH); *GNMR (100 MHz, CRLW 54.38(t, J= 4 Hz), 86.68, 118.62, 127.75, 127.96, 130.21, 139.76,
152.52, 190.04; HRS Found [M-NMey]'= 299.0825C3H23Ns0, requires [MNMey] = 299.0821
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(B-2-Benzoyt3-(dimethylamino)-acrylonitrile 2.5 Method 2

A solution of2-benzoylacetonitrile (2.00 g, 13.8 mmah) PhMe (50 mL) containing DMFDMA (2.02 mL,
15.2 mmol, 1.1 eq) under a;Mtmosphere was stirred overnigland the solvent was subsequently
removedunder reduced pressurdrecrystallisation of the obtained crudextuire from EtOH afforded a
precipitate (solid 1), while the filtrate yielded a second precipitate (solid 2) upon cooling:

Solid 1:(B-2-Benzoy3-(dimethylaminojacrylonitrile2.5(2.34 g, 85.0 %) as yellow filamentous crystals;
with identical'H-NMR sigalsto 2.5 preparedabove.

Solid 2N-((Dimethylamino)methyleneN-methylmethanaminiun{B-2,4-dicyanol,5dioxo-1,5-diphenyl
pent-3-en-2-ide 2.5b (90 mg, 3.5 %) as a sulhite solid; R= 0.1 (4% MeOH/DCM); m.p. = 14847°C

(from EtOH)vmax (neat) 3044, 2203 (CN), 2195 (CN), 16880) 1605, 1574, 1495, 1442, 1423, 1413,
1369, 1337, 1250, 1168, 1114, 1066, 1025, 188NMR (400 MHz, CREW3.29 (s, 6HNMe,), 3.32(s,

6H, [(NMey]*), 7.267.40 (m, 6HArH), 7.567.58 (m, 4H, ArH), 8.04 (&, vinylH), 8.16 (s, 1H, MECH);
3GNMR (100 MHz, CRIW3%35, 46.51, 87.86, 120.09, 128.12, 128.32, 130.51, 139.77, 154.69, 157.49,
192.16; HRMSFound [MMe:N=CHNMg" = 299.0824,G4H4N4O, requires [MMe:N=CHNMg~ =
299.0826.

(B-2-Benzoyi3-(dimethylamino)-acrylonitrile 2.5 Method 3

2-Benzoylacetonitrile (3.00 g, 20.6 mmol) was suspended in DMFDMA (3.29 mL, 24.8 mmol, 1.2 eq) under
a N2 atmosphere and the mixture was heated to°80with full dissolutionL-proline (0.24 g, 2.1 mol, 10
%mol) was added and the resulting reaction mixdwuvas stirred overnight at the same temperature. The
volatile components were removednder reduced pressurand the crude mixture so obtained was
purified by column chromatography (silica, wet loading, 0 % to 10 % MeOH/ DCM) to afford the product
(2.56 g62.0 %) as an offihite solid with identicatH-NMR signal$o 2.5 preparedabove;

(B)-4-(Dimethylamino}1,3-diphenylbut-3-en-2-one 2.21

1,3-Diphenylacetone (10.00 g, 47.5 mmol) was dissolved in PhMe (75 mL) and DMFDMA (7.57 mL, 57.0
mmol, 1.2 eq) was addaghder a N atmosphere The resulting reaction mixture was stirred at reflux for

6h. The volatile components of the reaction mixture eeemovedunder reduced pressurt® afford a

crude mixture that was purified by Kugelrohr distillation as an orange oil (9.74, 77%) that turned into a
yellow solid over the course aifrca3 weeks; R 0.2 (20% EtOAc/ Hexane); m.p.=48°C (from PhMe);

Vmax (neat} 3056, 3025, 2919, 2806, 1626, 159862 (C=0) 1491, 1452, 1419, 1406, 1385, 1312, 1265,
1208, 1182, 1151, 1100, 1058, 102%NMR (400 MHz, CDEW w TX 06 ~))3B2s, RiHy-CH),
7.00-7.02 (m, 2H, ArH), 7.:27.22 (m, 5H, ArH), 7.267.31 (m, 3H, ArH), 7.65 (s, 1H, vly] *GNMR
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(100 MHz, CDgMW43v10 (br), 45.87, 110.48, 125.94, 126.83, 127.87, 128.07, 129.26, 132.70, 137.02,
137.86, 149.79, 196.04; HRMS: Found [M=p6.1539C sHisNOrequires [M+Hi= 266.1539.

3,5-Diphenyt4H-pyran-4-one 2.33 (Attempted preparation of (1E4B5-1,5bis(dimethylamino®,4-
diphenylpental,4-dien-3-one 2.30)

Diphenylacetone (10.0 g, 47.5 mmol) was dissolved in PhMe (50 mL) and mixed with DMFDMA (13.90 mL,
104.5 mmol, 2.2 eq) and refluxed overnight. The volatile components were removed under reduced
pressure and a fresh amount of DMFDMA (7.57 mL, 57.0 mmaéq). ®as added. Upon heating to 80
°C,L-proline (0.55 g4.8 mmol,10% mol) was added, and the reaction mixture was stirred for 2h, before
being further heated to reflux overnight. Evaporation of the volatile components under reduced pressure
produced acrude mixture which was chromatographed in a silica columet (oading,10% to 50%
EtOAc/Hexane}o produce a solid that wasecrystallised from EtOAcHexane to afford the title
compound (0.8 g, 6.8)as an off white solidR = 0.2 {0 %EtOA¢ Hexane)m.p. = 185 186°C (from

EtOA¢ Hexane lit. m.p. = 185 186 °C§** vmax (Neat): 3024, 2846, 2355, 168&€=0) 1636, 1614, 1596,

1576, 1556, 1515, 1491, 1445, 1397, 1354, 1337, 1298, 1277, 1242, 1154, 1109, 1085, 1072, 1027, 1001
cm?®; 'H-NMR (90 MHz, CDgIW 783 (s, 2H, X vinykH), 7.58- 7.55 (m, 4H, ArH), 7.457.37 (m, 6H,
ArH);*GNMR (100 MHz, CREW 1%5,5 (1C, CO), 152,4 (4C, 2C=C), 131.3, 130.2, 128.9, 128.5, 128.4

6.2.1.4 Preparation of enaminones from amides and carbaxgcids

(B)-N-((Dimethylamino)methylene}4-methylbenzamide2.14

p-Toluamide (2.00 g, 14.8 mmol) was dissolved in DMFDMA (4.92 mL, 37.0 mmol, 2.5 eq) upder a N
atmosphere and the solution was heated at reflux overnight. Upon reaction completion as monitored by
TLC, the volatile components of the reaction mixture were removed under reduced pressure and the
obtained solid was triturated with KD to afford the tite compound as a white solid (2.23 g, 79.1Ry»

0.7 (10 % MeOH/ DCM); m.p. = 1:a12°C (from DMFDMAYmax (neat): 3275, 2938, 1720, 1668 (C=0),
1610, 1573, 1516, 1444, 1382, 1364, 1316, 1252, 1208, 1184, 1125, 1067, 1H3@A-bR (300 MHz,
CDGle W2.40 (s, 3HMeGHs), 3.17 (s, 3H, NMe), 3.21 (s, 3H, NMe), 7.223 (m, 2H, ArH), 8.1:8.19

(m, 2H, ArH), 8.63 (s, 1H, vit§); *GNMR (75 MHz, CGMWL9wt 1, 32.73, 38.82, 126.17, 127.31, 131.57,
139.79, 158.12, 175.25; HRMS: Found [M+H]91.1175C 1Hi4aN>O requires[M+H] =191.1255
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(EB-1,5(dimethylamino)}penta-1,4-dien-3-one 2.31

Under a Natmosphere, 1,3acetonedicarboxylic acid (2.00 g, 13.7 mmol) was suspended in PhMe (40 mL)
and cooled to GC in a flamedried flask. DMFDMA (4.00 mL, 30.1 mmol, 2.2 eq) was subsequently added
dropwise at the same temperature. Upon complete addition, thaction mixture was heated to 3%
prompting effervescence, before being allowed to reach room temperature over 3h. Upon reaction
completion as monitored byH-NMR, the reaction mixture was condensed under reduced pressure and
the resulting crude mixturevas triturated with EfO to yield the title compound (1.36 g, 59.1 %) as a
brown solid; R= 0.7 (4% MeOH/ DCM); m#3102- 105°C (decomposition after 58, from PhMe, lit.

m.p. = 108 110°C (from cyclohexan Vmax (Neat) 3346, 2884, 2801, 2360, 2342, 158E0) 1494,

1415, 1349, 1266, 1225, 1155, 1053%cAH-NMR (400 MHz, (CBPW w 1X0606 ~+U §),,407(®) ED
= 12.7 Hz, 2H, 2 t-vinykH), 7.52 (dJ= 12.7 Hz, 2H, 2 xvinytH); 3 GNMR (100 MHz, CREW41M09
96.82, 150.23, 186.95.

(B-3-(Dimethylamino}N-((B-dimethylamino)methylene}2-phenylacrylamide2.32

Under a Natmosphere, phenylacetamide (5.00 g, 35.4 mmol) was dissolved in DMFDMA (26.4 mL, 198.7
mmol, 5.6 eq) and the solution was heated to P@0for 4h in a distillation array (MeOH distilled a¢-70

95° C). Due to th formation of the stable monosubstituted product, an additional amount of DMFDMA
(6mL) was added, followed by 2h of reflux heating, to ensure reaction completion. Upon removal of the
volatile components by rotary evaporation, the crude mixture was trieslawith EtOAc/P.E. (1:1) to

yield the product (6.15 g, 70.1 %) as a pale yellow solid;06 (4% MeOH/DCM); m.p. = 2Qr11°C

(from DMFDMA)ymax (Neat): 3013, 2911, 2818, 1628, 1593 (C=0), 1552, 1495, 1435, 1421, 1384, 1328,
1283, 1266, 1204, 1173086 cm'; 'H-NMR (400 MHz, CREW w TX 00 ~ 9)U3.63 (5, BHh) NMe),

3.06 (s, 3H, NMe), 7.17.32 (m, 5H, ArH), 8.13 (s, 1H, B5®.43 (s, 1H, N+{; *GNMR (100 MHz,
CDGs W34w79, 40.93, 43.22, 107.56, 125.72, 127.15, 132.19, 138.28, 156841, 179.31; HRMS:
Found [M+H]= 246.1600¢C;4H:sNsO requires [M+H]= 246.1601.
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6.2.2 Preparation of 3,4Dihydro-1,2-oxathiine 2,2dioxides

6.2.2.1 Sulfene additionto 1,2-disubstituted enaminone precursors

4-(Dimethylamino)}3,5,6triphenyl-3,4-dihydro-1,2-oxathiine 2,2 dioxide2.36

(B-(Dimethylamino}1,2-diphenylprop2-en-1-one2.2(10.0 g, 39.7 mmol) was dissolved in THF (120 mL),
warmed to facilitate dissolution and mixed witkN (6.17 mL, 44.5 mmpll.1 eq. The mixture was
subsequently cooled t® °C, before the dropwise addition of a solution of phenylmethanesulfonyl
chloride(8.48 g, 44.5 mmoll.1 eq in THF (80 mlnder an N atmosphere at the same temperature
The reaction mixture was allowed to reach room temperature overnight. Filtration through alumina and
solvent removaunder reduced pressurafforded anorange oilwhich wasdissolvedin EtOAc (100 mL)
and washed with water (50 mL}he organic layer was dried over4S&, condensed under reduced
pressure and the resulting solid yielded the title compoyt@.52 g, 70 %) asa white solid after
recrystallisation fromEtOH/Hexane R = 0.9, 10 %EtOA¢ Hexane)m.p. =139- 142°C (fromEtOAGg;

Vmax (Neat): 2972, 2938, 2899, 1644, 1494, 1455, 1446, 13B5Q), 1332, 1266, 1227, 11§D-SQ),
1169, 1154, 1102, 1093, 1071, 1036, 1025, 100%; éatNMR (400 MHzCDG) W 2\83 (s, 6H, NM#,

4.49 (dJ=8.0 Hz, 1H,-#), 4.96 (dJ= 8.0 Hz, 1H,-Bl), 7.17-7.31 (m, 10H, ArH), 7.4Z.45 (m, 3H, ArH),
7.59-7.61 (m, 2H, ArH}3.GNMR (100 MHz, CRWA4MeE5, 62.28, 71.71, 122.80, 127.71, 127.85, 128.22,
12902, 129.14, 129.25, 129.50, 129.88, 129.95, 131.73, 132.82, 137.27, MBS Found [M+H] =
406.1471 GaHsNOsSrequires[M+H] = 406.1471.

6-Benzyi4-(dimethylamino)-3,5-diphenyl3,4-dihydro-1,2-oxathiine 2,2dioxide 2.40a

4-(Dimethylamino}1,3-diphenylbut3-en-2-one2.21(5.00 g, 18.8 mmol) was dissolved in THF (50 mL) and
mixed with E4N (3.14 mL, 22.6 mmol.2 eq). The mixture was cooleddinca3 °C, before a solution of
phenylmethanesulfonyl chloridét.30 g, 22.6 mmol, 1.2 eq) in THF (40 nnideu a N atmospherewas

added dropwise over 15 min with the temperature maintained undé€5Upon complete addition, the
reaction mixture was allowed to reach room temperature overnight (additional amounts (0,4 eq) of
reagents added until no starting material was observed bhC). Filtration through a thin alumina afforded

a filtrate which had the solvent removed by rotary evaporation. The resulting crude was dissolved in EtOAc
(80 mL), washed withJ@ (2 x 80 mL), dried with B®Q and condensedinder reduced pressurelhe

crude mixture was purified by column chromatography (silica, dry loading, 10% to 30% EtOAc/ Hexane)
and the obtained solid was recrystalised from EtOAc/ Hexane to yield the product (3.78 g, 48.0 %) as a
white solid; R= 0.5 (20% EtOAc/ Hexane); m.p. = 1336°C (from EtOAc/ Hexanekax (neaty 2935,
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2834, 2788, 2010, 1667, 1600, 1495, 1454, 1442, 1428, 1360}, 1313, 1223, 1182X%SQ), 1119,

1091, 1067, 1031 ch H-NMR (400 MHz, CREW w TXi6 ~ed), 348 dHD15.3 Hz1H, PhCH),

3.56 (dJ=15.3 Hz1H, PhCH), 4.51 (1H,X 95Hz, 4H), 4.76 (1H, dI= 9.5 Hz, 3), 7.187.45 (m, 13H,

ArH), 7.577.60 (m, 2H, ArH}GNMR (100 MHz, CREW 3097, 37.89, 40.82, 62.59, 70.51, 122.86,
126.84, 127.88, 128.42, 129, 128.69, 129.06, 129.18, 129.53, 129.80, 131.03, 135.84, 137.10, 148.67;
HRMSFound [M+H}E 420.1627 GsHsNGsS requires [M+HF 420.1628.

4-(Dimethylamino)3,5,6triphenyl-3,4-dihydro-1,2-oxathiine 2,2 dioxide2.40b

(B)-(Dimethylamino)l,3-diphenylbut3-en-2-one 2.21(5.00g, 18.8 mmol) wadissolved in THF (125 mL),
mixed with E4N (3.42 mL, 24.5 mmol, 1.3 eq) and cooled dowrl@°C. To it, a solution of PheFOClI

(4.67 g, 24.5 mmol, 1.3 eq) in THF (100 ma3 added dropwise under a;tmosphere, with the
temperature maintained under @C. The resulting reaction mixture was allowed to reach room
temperature overnight, before being filtered through alumina. Removal of the solvent under reduced
pressure affoded a crude mixture which was purified by column chromatography (alumina, dry loading,

10 % EtOAc/ Hexahéo afford the desired isomer as a white solid (1.94 g, 24;63%)0.4 (20 % EtOAc/
Hexane); m.p. = 101102°C (from EtOAc/ Hexane)ax(neat):2863, 2796, 1657, 1600, 1493, 1453, 1362
(0-SQ), 1290, 1247, 1187, 116348D), 1102, 1071, 1041 ci'H-NMR (400 MHz, CBEW w TXido ~+U 0
NMey), 3.52 (dJ= 15.3 Hz, 1H, PH;, 3.68 (d, 15.3 Hz, 1H, RH)C4.67 (dJ= 6.3 Hz, 1H,-#), 4.79 (d))

= 6.3 Hz, 1H,-Bl), 7.21- 7.41 (m, 13H, ArH), 7.55.57 (m, 2H, ArH}>GNMR (100 MHz, CREMB7\80,

42.03, 64.76, 68.09, 120.74, 126.88, 127.89, 128.29, 128.61, 128.64, 128.78, 129.33, 129.44, 129.79,
130.58, 136.181.36.90, 148.37; HRMS: Found [M##420.1627CsHsNO:Srequires|M+H] = 420.1631.

4-(Dimethylamino)5,6-diphenyl3-(4-(trifluoromethyl)phenyl)-3,4-dihydro-1,2-oxathiine 2,2 dioxide
2.37

A solution of trifluoromethylgenylmethanesulfonyl chloride (4.50 g, 17.4 mpihll eq in dry THF (35
mL) was added dropwise oveirca20 min into a vigorously stirred solution d<{dimethylamino)1,2-
diphenylprop2-en-1-one 2.2 (3.9 g, 15.5 mmol) anB&N (2.42 mL, 17.4 mmpll.1 eq in THF (50 mL)
under a N atmosphere, while the temperature remagd under 5°C. Once the addition was completed,
the reaction mixture was allowed to reach room temperature overnigtration through aluminna gel
yielded afiltrate which was condensednder reduced pressurto afford an orange oil. Dissolution in
EtOAc (60 mL) was followed by two washings wih (0 mL), andthe obtained organic layexas dried
over NaSQ andhad the solventemoved by rotary evaporatiotowards acrude mixture that afforded
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the product (4.40 g, 60 %) asa white solid throughrecrystallisatiorfrom EtOA¢ Hexane R= 0.9 B0 %
EtOA¢ Hexane, aluminan.p.= 124- 128°C (fromEtOA¢ Hexang; Qax(neat) 2833, 2794, 2248, 2222,
2179. 2159, 2041, 2028, 2005, 1978, 1955, 1662, 1620, 1491, 1446, 1421, 1370-38H41323, 1223,
1186, 11630-SQ), 1114, 1098, 1069, 1049, 1035, 1018, 1006¢;ciH-NMR (400 MHz®*-AcMe W2 &2
(s,6H, NMe), 4.79 (1H, dJ= 87 Hz, 4H), 5.42 (1H, d= 87 Hz, 3H), 7.227.27 (8H, m, ArH), 7.35.38
(2H, m, ArH), 78- 7.87 (m, 2H, ArH), 88- 8.07 (m, 2H, Ar-H); ®*GNMR (100 MHz5-AcMe) W413,
61.90, 70.88, 124.2 (4= 270.0 HZCR;), 123.58, 125.84 (d= 4.0 Hz,0-ArGCER), 127.65, 127.97, 128.07,
129.06, 129.08, 130.06, 130.76 (5 32 HzGCF), 131.05, 133.29, 136.66, 137.03, 147.88:NMR
(376.5 MHzd®-AcMe) w63.20 (s, 3F)HRMSFound [M+H] = 4741333, GsH,oR:NGsS requires [M+HE
474.1345.

4-(Dimethylamino}5,6-diphenyl3,4-dihydro-1,2-oxathiine 2,2dioxide 2.41

Under a Natmosphere, B-(dimethylamino)1,2-diphenylprop2-en-1-one 2.2 (13.00 g, 52.0 mmol) was
dissolved in anhydrous THF (60 mL), followed by the additié&Nf(8.20 mL, 58.5 mmplL.1 eq. The
solution wascooled downto circa0 °C and the mixture was stirred vigorously throughout the dropwise
addition of a methanesutinyl chloride (4.34 mL, 56.0 mmdl.05 eq solution in THF (40 mL) owarca

20 min, while the temperature remained below&.Upon completeaddition, the reaction mixture was
allowed to reach room temperature overnighmndwas subsequentlfilitered throughalumina The filtrate
was washed withHO (50 mL)dried over NaSQ andthe solventwasremovedunder reduced pressure
to afford a crude mixture that was purifiedy recrystallisatiodrom EtOA¢ Hexane. Thétle compound
(10.03 g, 53 %) was thusobtained asa white solid;R = 0.4 b0 %EtOA¢ Hexane)m.p. = 157 159°C
(from EtOAc/ Hexane)mw (neat} 3398, 2830, 2781, 1658, 1493, 1443, 1376, 1339, 1280, 1260,
1225, 1192, 1173 (SQ), 1149, 1114, 1101, 1072, 1045, 1004 ctH-NMR (400 MHzdP-AcMe) W2 80

(s, 6H, Wey), 3.78 (dd J=9.1, 14.0Hz, 1Hanti-3-H), 3.95 (dd J=7.5, 14.0Hz, 1Hsyn3-H), 4.46 (dd,J =
7.5,9.1Hz, 1H4-H),7.14-7.23(m, 10H, ArH*GNMR (100 MHz,%d D W w i6XiTU 81X2.41) 01X b0
127.26, 127.84,127.86, 128.82, 129.09, 129.97, 133.74, 136.98, 148.00; HRMS: Fourw 3B0:H]55,
GigthoNOsSrequires[M+H]= 330.1158.

4-(Dimethylamino}5,6-bis(4methoxyphenyl}3,4-dihydro-1,2-oxathiine 2,2dioxide 2.42

Under a N atmosphere,(B)-3-(dimethylamino}1,2-bis(4methoxyphenyl)prog2-enone 2.4 (2.00 g, 6.4
mmol) was dissolved in THF (40 mL), mixed wiN EL.35 mL, 9.5 mmol, 1.5 eq) and then cooled down
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to -5 °C. A solution oMeSQCI (0.75 mL, 9.5 mmol, 1.5 eq) in THF (10 mL) was subsequently added
dropwise, while the temperature was maintained @tca0 °C. Upon complete addition, the reaction
mixture was allowed to reach room temperature overnight, before being filteredugh alumina. The
filtrate had the solventemoved under reduced pressuamd the crude mixture so obtained was purified

in a sinter column (alumina, wet loading, n. DCM) and obtained as a pale yellow colloid (1.97 g, 78.8 %);
R =03 (20% EtOAc/ Hexaneji.p. =39 - 65°C(from DCMwide rangécolloid); vmax (neat): 2936, 2835,
2783, 1606, 1575, 1509, 1455, 1413, 1366@®), 1283, 1245, 1167 (SQ), 1094, 1030, 1014 cin'H-

NMR (400 MHz, CBEW w X170 ~<))3®1WdEDRB.3 Hz, 2H, 2 x13), 3.74 (s, 3H, OMe), 3.77 (s,
3H, OMe), 4.27 (t)= 8.3 Hz, 1H,-H), 6.66- 6.68 (m, 2H, ArH), 6.7%.78 (m, 2H, ArH), 7.077.11 (m,

4H, ArH)BGNMR (100 MHz, CREWIOVE 2, 42.71, 55.13, 55.20, 63.92, 113.24, 113.64, 51925.48,
128.78, 130.57, 131.07, 148.14, 158.85, 159.75; HRMS: Found*HvB98]1377,CoHaNGSrequires
[M+H}'=390.1373

6.2.2.2 Sulfene additionto 1-aryl enaminone precursors

4-(Dimethylamino)}3,6-diphenyl1,2-oxathiine 2,2dioxide 2.43

3-(Dimethylamino}1-phenylprop2-en-1-one 2.1 (12.00 g,68.5mmol) was dissolved in anhydrous THF
(200 mL) and cooled toirca5 °C. After the addition oE:N (15.20mL,109.6mmol, 16 eq),a solution of
phenylmethanesulfonyl chloride20.90g, 109.6 mmol, 16 eq) in anhydrous THAZ0 mL)was added
dropwiseunder a N atmosphere with the temperaturemaintainedunder 5°C. The reaction mixture was
subsequently allowed to reach room temperature overnight, befibre formed solid wadiltered and
washed twice with kD to afford the title compound (15.96 g, 44.0 %) as a pale yellow &otid).4 60
%EtOAC Hexare); m.p.= 1421145°C (from THFY¥max(neat):3388, 2831, 2783, 1659, 1575, 1494, 1469,
1452, 1367Q-SQ), 1313, 1272, 1222, 1176{5Q), 1117, 1105, 1072, 1039 dptH-NMR (400 MHzj°-
AcMe W284 (6H, s, NMg), 4.4 (1H, dd J= 25,116 Hz, 4H), 496 (1H, d J= 116 Hz, 3H),6.25(1H, d,
J=25Hz, 5H),7.46-7.49(m, 6H, ArH)7.65- 7.68 (m, 2H, ArH)7.70- 7.74(m, 2H, ArH)"*GNMR (100
MHz, d5-AcMe) W 427, 63.08, 64.60104.38, 125.0212869, 129.24 129.36, 129.76 (2C), 129.86,
131.81,150.5% HRMS Found [M+H] = 330.1159GgH1aNGsS requires [M+H} 330.1158

4-(Dimethylamino)}3-phenyk6-(pyridin-4-yl)-3,4-dihydro-1,2-oxathiine 2,2dioxide 2.44

3-(Dimethylamino}1-(4-pyridyl}2-propen1-one 2.6 (5.00 g, 28.4 mmolvas heated in THF (50 mL) to
dissolution and mixed with Bl (10.3 mL, 73.8 mmol, 2.6 eq). The solution was cooled dowinc&b °C,
before the dropwise addition cd solution ofphenylmethanesulfonyl chloride (14.08 g, 73.8 mmol, 2.6
eq) in THF (60 mL) over 20 mimder a N atmosphere, with the temperature remaining undef®. The
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reaction mixture was allowed to reach room tempenae overnight before beingpoured intoHO and
extracted with EtOA®(x200 ml) and DCM (% 450 mL). The combined extracts were dried ovesSTy
condensed under reduced pressureand the resulting crude was attempted to be purified by
recrystallisatim from EtOAc. During heating, the formation of a blaumlecipitate prompted the
decantation of the mother liquor, which was cooledroom temperatureaffording orange crystals that
were filtered and recrystallized from EtOAc to afford the product (0.957%) as yelloverange crystats
R= 0.3 (4% MeOH/ DCM); m.p. = £2206°C (from EtOACkmax (Neaf): 3046, 2979, 2942, 2800, 2359,
1651, 1594, 1548, 1495, 1474, 1454, 1410, 1368Q@)p 1315, 1278, 1220, 1178 E&D), 1117,1099,
1072, 1056, 1040 cm H-NMR (400 MHz, CREM2.29 (s, 6H, NM#, 4.45 (ddJ= 2.6, 11.3 Hz, 1H; 4
H), 4.61 (dJ= 11.3 Hz, 1H,-B), 6.17 (dJ= 2.6 Hz, 1H,-B), 7.467.51 (m, 5H, ArH/PyH), 7.5456 (m,
2H, ArH), 8.68.70 (m, 2H, PyH¥GNMR (100 MHz, CREW w 6iXTAU 07XTiU 08X0oTU i16Xd0U
129.34, 129.71, 129.97, 138.99, 148.14, 150.49; HRMS: Found*[M381].1117 C7HisN.OsS requires
[M+H}=331.1111.

4-(Dimethylamino}6-(furan-2-yl)-3-pheny}3,4-dihydro-1,2-oxathiine 2,2dioxide 2.50

(B-3-(dimethylamino}1-(furan-2-yl)prop-2-en-1-one 2.7 (3.00 g, 18.2 mmol) was dissolved in THF (50
mL), mixed with EN (3.80 mL, 27.2 mmol, 1.5 eq) and cooled dowrbteC. A solution of PhGSEIQCI

(5.19 g, 27.2 mmol, 1.5 eq) in THF (60 mL) was then added dropmdse a N atmosphere with the
temperaturemaintained at below OC. Upon complete addition, the reaction mixture was stirrediata

0 °C for 1h, before being allowed to reach room temperature overnight. Reaction completion was
ascertained byH-NMR and the mixture was filtered through alumiaaporation of the solvent on the
filtrate under reduced pressure afforded a crude mixture which was purified by column chromatography
(alumina, dry loading, 20 % to 50 % EtOAc/ Hexane). The obtained yellow solid was triturated@ith Et
and crushed into a off-white powder (3.88 g, 66.9 %)=R0.2 (20 % EtOAc/ Hexane); m.p. =41236°C

(from EtOAc/ HexaneYmax (neat): 3153, 2978, 2951, 2866, 2834, 2790, 1670, 1565, 1488, 1454, 1375 (O
SQ), 1343, 1315, 1225, 1185&D), 1160, 1115, 1102, 1074, 183025 crt; 'H-NMR (400 MHz, CREI

W IXT0 ~eU ) AU1HEdDJ= 2.4, 11.2 Hz, 1H;H), 4.54 (d)= 11.2 Hz, 1H,-B)), 5.93 (dJ= 2.4 Hz,

1H, 5H), 6.47-6.48 (m, 1H, furyH), 6.62- 6.63 (m, 1H, furyH), 7.44- 7.46 (m, 4H, ArH, furH),7.52-

7.54 (m, 2H, ArH}*GNMR (100 MHz, CREMW41wL9, 63.85, 64.47, 101.69, 109.13, 111.74, 129.07,
129.24, 129.82, 142.70, 143.85, 145.94; HRMS: Found [M-32D.0955C;sHi1zNQiSrequires[M+H] =
320.0954.

4-(Dimethylamino)}6-phenyl-3,4-dihydro-1,2-oxathiine 2,2dioxide 2.52

(B-3-(dimethylamino)1-phenylprop2-en-1-one 2.1 (12.00 g, 68.5 mmol) was dissolved in THF (200 mL)
and mixed with EN (12.41 mL, 89.1 mmol, 1.3 edhe resulting solution was cooled down te °C,
before a solution of MeS@QI (6.91 mL, 89.1 mmol, 1.3 eq) in THF (80 mL) was added dropderea N
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atmosphere, with the reaction temperature monitored under®°G. After the addition, the reaction
mixture was allowed to reach room temperature overnight (an additional 1.5 eq of the sulfonyl chloride
and trimethylamine were required to achieve reaction completion). The mixture was subsequently
filtered through alumina and the solvent was remowater rediced pressureConsecutive triturations
with EtOAc and EtOH afforded the title compound (6.49 ¢} 8§ as a white solid;R 0.7 (50% EtOAc/
Hexane); m.p. = 17-3L75°C (from THF, lit. m.p. = 7€ (from aojﬂ Vmax (Neat): 2972, 2918, 2439, 1676,
1512, 1492, 1474, 1448, 1379-8W), 1251, 1272, 1226, 1187, 1167, 11365Q), 1105, 1078, 1026 cm

L I1H-NMR (400 MHZzD; K « B.04 (s, 6H, NM#, 4.20 (dd, J = 9.1, 14.0 Hz, &htj-3-H), 4.30 (dd, 6.7,
14.0 Hz, 1Hsyn3-H), 4.88 (ddd,)= 3.3, 6.7, 9.1 Hz, 1H;H), 6.08 (dJ= 3.1 Hz, 1H,-Bl), 7.46- 7.54 (m,

3H, ArH), 7.667.68 (m, 2H, ArH}3GNMR (100 MHZD, K « \VB8.85, 40.32, 42.34, 59.52, 95.92, 125.45,
128.91, 130.21, 131.27, 154.34RMSFoundM+H] =254.0853 CioHisNO;sSrequires[M+H] = 254.0815.

6.2.2.3 Sulfene additionto 1-styryl enaminone precursors

(B-4-(Dimethylamino)3-phenyk6-styryl-3,4-dihydro-1,2-oxathiine 2,2oxide 2.45

(1E 4B)-1-(Dimethylamino}5-phenylpental,4-dien-3-one 2.26 (2.5 g, 12.4 mmol) was dissolved in THF

(35 ml), mixed with EN (6.05 mL, 43.4 mmol, 3.5 eq) and cooled -i® °C. A solution of
phenylmethanesulfonyl chloride (8.27 g, 43.4 mmol, 3.5 eq) in THF (35 mL) was then added dropwise
under a Natmosphere witlthe temperature maintained atirca0 °C. The reaction mixture reached room
temperature overnight, before being filtered through alumina, and the obtained filtrate had the solvent
removed through rotary evaporation. The crude product so obtained was edrifiy column
chromatography (alumina, dry loading, 20% to 30% EtOAc/ Hexane) to yield the product (2.87 g, 65.2 %),
as a pale yellow solid;R0.5 (20% EtOAc/ Hexane); m.p. = 1226°C (from EtOAc/ Hexana)ax(neat):

2830, 2793, 1651, 1496, 1468154, 1368 (€5Q), 1315, 1268, 1228, 1191, 117090), 1073, 1039 cm

L IHNMR (400 MHz, CREGM2.25 (s, 6H, NM#, 4.38 (dd,J= 2.4, 11.2 Hz, 1H;H), 4.53 (d)= 11.2 Hz,

1H, 3H), 5.50 (dJ= 2.6 Hz, 1H,-Hl), 6.55 (dJ= 15.9 Hz, 1H, PRECH) 7.04 (d,J= 15.9 Hz, 1H, PRE),
7.32-7.39 (m, 3H, ArH), 7.447.46 (m, 5H, ArH), 7.527.55 (m, 2H, ArH}3GNMR (100 MHz, CREW w
41.24, 63.35, 64.58, 108.09, 119.62, 127.06, 128.77, 128.83, 129.23, 129.26, 129.75, 129.76, 131.72,
135.59, 149.60; HRMS: Found [M#HB56.1323C0H1NOsSrequires [M+H]= 356.1315.

(B)-4-(Dimethylamino)6-(4-methoxystyryl}3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.46

(1E4B)-1-(Dimethylamino}5-(4-methoxypenyl)pental,4-dien-3-one 2.22 (5.00 g, 21.6 mmol) was
dissolved in THF (60 mL) and DCM (15 mL), mixed wNH'ES3 mL, 54.0 mmol, 2.5 eq) and the mixture
was cooled ta5 °C. A solution of PhGEQCI (10.30 g, 54.0 mmol, 2.5 eq) in THF (60 mLP&M (10
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mL) was subsequently added dropwise under.atshosphere over 20 min atirca0°C. Upon complete
addition, the reaction mixture was stirred for 2h at®, before being allowed to reach room temperature
overnight. Reaction completion was verifieh 'H-NMR spectroscopy of an aliquot of reaction mixture,
prompting the filtration of the reaction mixture through alumina and the evaporation of THF under
reduced pressure. The crude product was purified by column chromatography (alumina, dry lo@ding, 2
% to 50 % EtOAc/ Hexane). Collected fractions had the solvents removed under removed pressure and
triturated with hexane to afford the title compound (6.39 g, 76.7 %) as a yellow sekdPDR5 (20 %
EtOAc / Hexane); m.p. = 12327°C (from EtOAc/ Hane);vmax (Neat): 2976, 2938, 2831, 2781, 1601,
1510, 1495, 1453, 1372 {803), 1319, 1251, 1226, 1169 &D), 1109, 1015 cri *H-NMR (400 MHz,
CDGeW w TXThA ~<)J)383\(s, BHD OMe), 4.39 (dd; 2.2, 11.1 Hz, 1H;H), 4.52 (dJ=11.1 Hz]1H,

3-H), 5.43 (dJ= 2.5 Hz, 1H,-H), 6.43 (dJ= 15.9 Hz, 1H, AHECH), 6.88 6.91 (m, 2H, ArH), 6.99 (8

15.9 Hz, 1H, AKE=CH), 7.38- 7.41 (m, 2H, ArH), 7.447.45 (m, 3H, ArH), 7.537.55 (m, 2H, ArH}3G

NMR (100 MHz, CREMWI1W8 (2C)55.35, 63.32, 64.61, 106.79, 114.29, 117.42, 128.35, 128.44, 129.21,
129.36, 129.72, 129.74, 131.32, 149.89, 160.18; HRMS Found*[M3B$.1417 GiHsNQiS requires
[M+H}'=386.1424

(B)-4-(Dimethylamino)6-(4-nitrostyryl)-3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.47

(1E4B)-1-(dimethylamino}5-(4-nitrophenyl)pental,4-dien-3-one 2.23 (0.92 g, 3.7 mmol) was dissolved

in THF (15 mL) and DCM (20 @hg then mixed with BN (0.90 mL, 6.7 mmol, 1.8 eq). The mixture was
cooled to-10 °C before the dropwise addition of a solution of PR®BICI (1.27 g, 6.7 mmol, 1.8 eq) in
THF (15 mL) under & Btmosphere atirca-7 °C. The resulting reaction mixture was stirred&C for

2h and was subsequently allowed to reach room temperature over 1h. Filtration of the salt precipitate
through alumina and subsequent removal of solvents and other volatile components under reduced
pressure afforded a crude mixture that was purified by column chromatography (alumina, dry loading, 20
% to 100% EtOAc/ Hexane), yielding a solid which was triturated wihaid crushed into an e¥fellow

solid (0.80 g, 54.1 %);R0.1 (20 % EtOAc/ Kane); m.p. = 156158°C (from EtOAc/ Hexana)ax(neat):

2787, 2359, 2341, 1619, 1590, 1506, 1498, 1456, 1375Q 1335, 1267, 1226, 1189, 1139-%0),

1107, 1072, 1053, 1038 cintH-NMR (400 MHz, CREW w TX710 ~«)J4@0WYddB 2.5,11.3 Hz,

1H, 4H), 4.55 (dJ= 11.3 Hz, 1H-B), 5.64 (dJ)= 2.5 Hz, 1H,-B), 6.70 (dJ= 15.8 Hz, 1H, AFECH, 7.07

(d,J= 15.8 Hz, 1H, AFEQH), 7.45- 7.54 (m, 5H, ArH), 7.58.60 (m, 2H, ArH), 8.28.24 (m, 2H, ArH);
BBGNMR (100 MHz, CDEMWI1WE5, 63.30, 64.69, 123.78, 124.22, 124.30, 127.56, 128.90, 129.02, 129.24,
129.32, 129.70, 129.95, 141.92, 147.55; HRMS: Found [M#H].1168 GoH0N.OsSrequires[M+H] =
401.1169.
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(B)-4-(Dimethylamino)3-phenyt6-(4-(trifluoromethyl)styryl)-3,4-dihydro-1,2-oxathiine 2,2dioxide
2.48

(1E4B)-1-(dimethylamino}5-(4-(trifluoromethyl)phenyl)pental ,4-dien-3-one 2.9 (3.00 g, 11.1 mmol)
was dissolved in THBO mL), mixed with Bl (2.77 mL, 20.0 mmol, 1.8 eq) and cooleebt?C. A solution

of PhCHKHSQCI (3.80 g, 20.0 mmol, 1.8 eq) in THF (50 mL) was then added dropwise updénadyphere

at the same temperature. The resulting mixture was stirred for 26@tC and was subsequently allowed

to reach room temperature overnight. The salt precipitate was filtet@dugh alumina and the filtrate
had the solvent removed under reded pressure. The obtained crude mixture was purified by column
chromatography (alumina, dry loading, 30 % to 50 % EtOAc/ Hexane) and the obtained solid was triturated
with EtO and crushed into an effhite powder (3.40 g, 72.3 %);=R0.1 (20 % EtOAc/ Kane); m.p. =
128-129°C (from EtOAc/ Hexanekax (neat): 2980, 2948, 2359, 2341, 1652, 1613, 1496, 1455, 1414,
1376 (GSQ), 1321, 1267, 1221, 1188, 1163-80), 1105, 1063, 1044, 1013 dmH-NMR (400 MHz,
CDG* W2.26 (s, 6H, NMg#, 4.39 (ddJ= 2.7, 11.1 Hz, 1H;H), 4.54 (dJ=11.1 Hz, 1H,-B), 5.58 (dJ=

2.7 Hz, 1H, &), 6.63 (dJ=15.9 Hz, 1H, AHECH, 7.05 (dJ= 15.8 Hz, 1H, AFEH), 7.45- 7.46 (m, 3H,
ArH), 7.53 7.55 (m, 4H, ArH), 7.6177.63 (m, 2H, ArH}¥3GNMR (100 MHZCDGl» WAM22, 63.35, 64.63,
109.77,122.02, 124.04 (@ 270 Hz(Rs), 125.79 (q)= 3.7 Hz9p-ArGCE), 127.17, 129.07, 129.27, 129.73,
129.85, 130.13, 130.34 (= 32 HzGCFR), 139.04, 149.16°~NMR (376.5 MHLDG) w62.64 (s, 3F);
HRMS: Found [M+H} 424.1191G1H0RNGsSrequires[M+H] =424.1192

(B-6-(2-Bromostyryl}4-(dimethylamino)-3-pheny}3,4-dihydro-1,2-oxathiine 2,2dioxide 4.29

(1E4B-1-(2-bromophenyl}5-(dimethylamino)pental,4-dien-3-one 2.10 (5.00 g, 17.8 mmol) was
dissolved in THF (60 mL), mixed witBNE(5.46 mL, 39.2 mmol, 2.2 eq) and cooled3dC. At this
temperature, a solution of PhGSQCI (7.45 g, 39.2 mmol, 2.2 eq) in THFr(&) was added dropwise
under a N atmosphere The resulting reaction mixture was stirred for 2 2 °C and then allowed to
reach room temperature overnight. Filtration of the reaction mixttlhreough aluminaand removal of the
solvent under reduced pressure afforded a crude mixture which was purified by column chromatography
(alumina, dry loading, 30 %@Ac/ Hexane). The solid so obtained was triturated witOEind crushed
into a pale yellow powder (4.68 g, 60.5 ®¥ 0.1 (20 % EtOAc/ Hexane); m.p. =-1P#)°C (from EtOAc/
Hexane)vmax (Neat): 2978, 2936, 2863, 2837, 2794, 2359, 2343, 1657, 1498, 1437, 1364 (SQ),
1337, 1310, 1280, 1259, 1207, 11863Q), 1171, 1149, 1092, 1076, 1046, 1022'cth-NMR (400 MHz,
CDE*W w iXi0 ~<«J437WddEH2.4, 11.4 Hz, 1H;H), 4.55 (dJ=11.4 Hz, 1H,-B), 5.55 (dJ=

2.4 Hz, 1H, %), 6.50 (dJ= 15.4 Hz, 1H, AHECH, 7.14-7.18 (m, 1H, ArH), 7.28.32 (m, 1H, ArH), 7.34
(d,J=15.4 Hz, 1H, AFGQH), 7.45-7.46 (m, 3H, ArH), 7.53.55 (m, 3H, ArH), 7.557.61 (m, 1H, ArH);
BGNMR (100 MHz, CDEWI1V23, 63.33, 64.58,0D.35, 122.49, 124.63, 126.95, 127.55, 129.21, 129.24,
129.75, 129.78, 129.80, 130.35, 133.37, 135.68, 149.41; HRMSEd [M+H]= 434.0421C0H0"°BrINQS
requires[M+HJ'=434.0423
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6.2.2.4 Preparation ofl-(Dimethylamino)}3-phenyt6-(phenylethynyl}3,4-dihydro-1,2-oxathiine 2,2
dioxide2.51

(B-1-(Dimethylamino)s-phenylpentl-en-4-yn-3-one 2.13(2.00 g, 10.0 mmol) was dissolved in THF (30
mL), mixed with EN (4.20 mL, 30 mmol, 3.0 eq) and cooled down 40 °C. To this, a solution of
PhCHSQCI (5.73 g, 30.0 mmol, 3.0 eq) in THF (30 mL) was added drapwisea N atmospherewith

the temperature maintained atirca-5°C. Upon complete addition, the reaction mixture was stirred at
10°C for 2 h and was then allowed to reach room temperature overnight. Filtration of the precipitated
salts through alumina and removal of the solvent under reduced pressure afforded amixitee that

was purified by column chromatography (alumina, dry loading (n. DCM), 10 % to 20 % EtOAc/ P.E.). The
fractions containing the product were combined and condensed under reduced pressure to produce a
yellow solid that was triturated with ED toyield the target compound (1.23 g, 34.8 %) as amiite

solid; R=0.3 (20 % EtOAc/ Hexane); m.p. =41P80°C (from EtOAc/ P.Evhax(neat): 2779, 2214, 1647,
1488, 1455, 1442, 1366 {80), 1316, 1299, 1280, 1258, 1228, 11825Q), 1168, 11081071, 1050,

1032 cmt; *H-NMR (400 MHz, CREM2.2¥7 (s, 6H, NM#, 4.35 (dd,)= 2.7, 11.3 Hz, 1H;H), 4.50 (dJ=

11.3 Hz, 1H,-81), 5.90 (dJ= 2.7 Hz, 1H,-Bl), 7.35 7.42 (m, 3H, ArH), 7.44 .45 (m, 3H, ArH), 7.577.53

(m, 4H, ArH)¥3GNMR (100 MHz, CDGIW41v28, 63.53, 64.85, 80.78, 91.69, 114.60, 120.93, 128.54,
128.87, 129.24, 129.68, 129.71, 129.84, 131.92, 13HEWS Found [M+H]= 354.1157 GoHhoNG;S
requires [M+H]=354.1158

6.2.2.5 Preparation ofE2)-1,2-diphenylethene2.60a/b

A solution of EN (3.65 mL, 1 eq) in THF (10 mL) was cooled dowrf@adhd mixed dropwise with a
solution of PhCHBQCI (5.00 g, 26.2 mmol, 1 eq) in THF (40 mL), while the temperature vasimed

under 5°C. The reaction mixture was allowed to reach room temperature for 4 h, before being filtered
through alumina and the filtrate was condensexdder reduced pressurélhe crude mixture so obtained

was triturated with hexane, affording a mixe of the two isomers as a pale yellow solid. Isomer
separation by column chromatography (silica, dry loading, 10% EtOAc/ Hexane) yielded an aliquot of the
(B-isomer for characterisation:

(B-1,2-Diphenylethene2.60aas a white solidR = 0.8 (10% EtOAc/ Hexane); m.p. =-123°C (from
EtOAc/ Hexane, lit. m.p. = 126 (from EtOAc/ Hexané)} vmax (neat): 3058, 3020, 1597, 1577, 1494,
1451, 1331, 1300, 1220, 1154, 1072, 1028,ctH-NMR (400 MHz, CRDEW w6, [ 2~xsvinyH), 7.25
-7.29 (m, 2H, ArH), 7.35.39 (m, 4H, ArH), 7.52.54 (m, 4H, ArH}*GNMR (100 MHz, CREW126.54,
127.65, 128.71, 137.34.
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6.2.3 Preparation of 1,2xathiine 2,2dioxides

6.2.3.1 Preparation of 3,5:&isubstituted 1,2-oxathiine 2,2dioxides

3,5,6(Triphenyl}1,2-oxathiine 2,2dioxide 2.63

4-(Dimethylamino}3,5,6tripheny}3,4-dihydro-1,2-oxathiine 2,2 dioxide2.36 (5.54 g, 13.7 mmol) was
dissolved in DCM (70 mL) and the solution was cooled dowri@ %o this, a solution ofi-CPBA (4.18 g

(75% corr.), 24.2 mmol, 1.7 eq) in DCM (40 mL) was added dropwise o¥@ydhile the temperature

was maintained below . e reaction mixture was left to reach room temperature over 4 h and was
subsequently washed with,B (75 mL), N&Qaq) (0.7 M, 110 mL), NaQig (1 M, 50 mL) and 4@ (60

mL). The organic layer so obtained was dried wittBS@rand the solvent was removeahder reduced
pressure The crude product was purified by column chromatography (40% DCM in hexane) to afford the
title product as yellow crystals (3.05 g, 62.0 %¥% K7 (20% EtOAc/Hexane); m.[d58- 160°C (from
DCM/Hexane)yvmax (neat): 3060, 3028, 2919, 1621, 1575, 1541, 1488, 1445, 13683)) 1350, 1286,

1270, 1231, 1186 (SQ), 1130, 1073, 1033, 1011, 1000EtHNMR (400 MHz, CDEW w 6 Xii ~+U i,U
H), 7.23-7.37 (m, 10H, ArH).44-7.48 (m, 3H, ArH), 7.6&.69 (m, 2H, Ad); > GNMR (100 MHz, CREI

wWL18.98, 127.74, 128.20, 128.34, 129.05, 129.12, 129.20, 129.28, 129.89, 129.95, 130.26, 131.10, 133.99,
134.10, 135,80, 152.14; HRMBund[M+Na] = 383.0712C:Hs0OsSrequires [M+Na]= 383.0712.

6-Benzyt3,5-diphenyt1,2-oxathiine 2,2dioxide 2.62

To a solution of #enzyt4-(dimethylamino)3,5-diphenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.40a
(2.00 g, 4.8 mmol) in DCM af0 was added a solution o0-CPBA1.33 g (75 % corr.), 5.8 mmol, 1.2 eq)
in DCM (25 mL) dropwise, with the temperature remaining bel8W 5The reaction mixture was left to
reach room temperature over 4 h (an additional 0.3 eq ofCPBA were added to achieve reaction
completion). The radting solution was washed with,8 (25 mL), N&Q (ag)(0.7 M, 2 x 25 mL), NaQ#l
(1M, 25 mL) and # (20 mL) again. The obtained organic layer was dried witB@land DCM was
removed through rotary evaporation to afford a crude mixture that was ystallised from EtOAc/
Hexane to yield the product (1.21 g, 67.6 %) as a white sekd) R (n. DCM); m.p. = 11011 °C (from
DCM)vmax(neat): 3062, 3026, 1634, 1601, 1576, 1557, 1493, 1454, 1444, 1421, 1:383)(Q349, 1286,
1264, 1224, 1175 (0,), 1155, 1105, 1072, 1031, 1002 &MH-NMR (400 MHz, CREW 3w8 (s, 2H,
PhGH,), 6.85 (s, 1H,-#), 7.21- 7.47 (m, 13H, ArH), 7.59.62 (m, 2H, ArH}¥*GNMR (100 MHz, CQLW w
37.52, 119.73, 127.18, 127.74, 128.59, 128.59, 12888,82, 128.88, 129.00, 129.07, 129.07, 129.88,
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129.91, 132.65, 133.89, 135.11, 135.32, 154.48; HRMS: Found fM=I8B2.1315 GsthdOsS requires
[M+NH]*=392.1315

6-(4-Trifluorophenyl)-3,4-diphenl-1,2-oxathiine 2,2 dioxide2.65

4-(Dimethylamino)s,6-diphenyt3-(4-(trifluoromethyl)phenyly3,4-dihydro-1,2-oxathiine 2,2 dioxid&.37
(2.00 g, 4.2 mmol) was dissolved in DCM (25 mL)antkd to5 °C. A solution om-CPBA (1.83 (5%
corr.), 10.6 mmol, 2.5 eq) in DCM (15 mL) wesn addeddropwise while the temperature was kept near
5 °C, and the resultingeaction mixture was stirred for 4 hoursfter the addition Upon reaction
completion, e reaction mixture was washed with®l (25 mL)N&SQaq) (0.7 M, 40 mL)NaOhkg (1 M,
20 mL) andvith HO (30 mL) again. Thabtainedorganic layewascondensedunder reduced pressure
to afford a yellow solidhat was purifiedoy trituration with EtOHto yieldthe product (1.38 g, 7.0 %) as
yellow crystalsR = 05 (10 %EtOA/ Hexane)m.p. = 16% 163°C (from DCMWmax (neat) 3060, 1617,
1576, 1557, 1488, 1446, 1415, 13&>3Q), 1350, 1324, 1275, 1170Q), 1116, 1068, 1035, 1016,
1008 cm'; *H-NMR (400 MHZ®-AcMe) W7\82- 7.44 (m, 10H, ArH), 7.54 (s, ¥H), 7.89 (n, 2H, Arh|
8.02(m, 2H, Arbt *GNMR (100 MHzi’-AcMe): wL18.99, 123.74 (q}=270.0 Hz, GF, 126.02 (g)=3.7
Hz,0-ArGCE), 128.07, 128.30, 128.55, 129.08, 129.32, 129.34, 130.60, 130.82, 1313683 Hz,CG
CR), 132.62, 133.44, 135.41, 135.61, 153.&NMR (376.5 MHz*-AcMe): w-63.34 (s, 3E)HRMS:
Found [M+NH]* = 446.1042, £H:s/0sS requires [M+NHF = 446.132.

6.2.3.2 Preparation ofB)- E2,2-dioxido-3,5-dipheny}1,2-oxathiin-6-yl)-N,N-dimethylformimidamide
2.58

(B)-3-(dimethylamino}N-(B-dimethylamino) methylene}2-phenylacrylamide2.32 (3.00 g, 12.2 mmol)

was dissolved in THF (35 mL), mixed withlE2.22 mL, 15.9 mmol, 1.3 eq) and cooled down tG€.0To

that solution was added dropwise a solution of PBSBICI (3.03 g, 1.3 eq) in THF (30 mhgler a N
atmosphere, with the temperatr maintained undefC (additional amounts of Phe3FCIl and EN (0.3

eq) required to ensure reaction completion). The resulting mixture was filtered through a layer of alumina
and THF was removed by rotary evaporation. The crude mixturecthvasnatographed in an alumina
column (dry loading, 40% DCM/ Hexane) and the fractions containing the main component of the mixture
were combined, washed with NaQ (aq)(25 mL) and D (2 x 25 mL), dried over 0 and condensed
under reduced pressurdhe resulting crude mixture was recrystallized from EtOAc/ P.E. to yield the title
compound 0.38 g, 8 9% as yellow crystals;R 0.3 (4% MeOH/ DCM); m.p. = 24%7°C (from EtOAc/
P.E.)vmax(neat): 3041, 2929, 1631, 1614, 1595, 1574, 1519, 144%, 1872, 1342 (3Q), 1294, 1272,
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1258, 1211, 1175 (SQ), 1100, 1076, 1031 cip!H-NMR (300 MHz, CREW w iXid ~+U 1,U ED U
3H, NMe), 7.15 (s, 1H;H), 7.227.44 (m, 6H, ArH), 7.57.60 (m, 4H, ArH), 8.20 (s, MihyFH); B°GNMR

(100 MHzCDGJ WB5w4, 41.34, 104.76, 126.81, 127.17, 128.14, 128.59, 128.82, 129.12, 129.62, 131.49,
136.09, 136.80, 152.75, 153.42; HRMS: Found [M=H}55.1111,CoHisN.OsS requires [M+H] =
355.1117.

6.2.3.3 Preparation of 5lisubstituted 1,2-oxathiine 2,2dioxides

5,6-Diphenytl,2-oxathiine 2,2dioxide 2.64

4-(Dimethylamino}5,6-diphenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.2 (3.00 g, 9.1 mmol) was
dissolved inrDCM (30 mL) and the solution was cooled down &€5m-CPBA (2.72 g (75% corr.), 11.8
mmol, 1.3 eq) was added dropwise as a DCM (35 mL) solution, with the temperature maintained under 5
°C. The reaction mixture was subsequently allowed to reach room temtyre over 4.5h, before being
washed with HO (30 mML)N&SQaq) (0.7 M, 2 x 50 mLINaOHhq) (1M, 30 mL) and finally with,8 (30 mL)
again. The organic layer was dried oves®aand DCM was removed by rotary evaporation. The product
was thus obtained (1.87 g, 72.3 %) as a-hke solid; R= 0.8 (30% EtOAc/ Hexane); m.p. = 1585

°C (from DCMNmax(neaf): 3079, 1616, 1574, 1545, 1487, 1444, 1372, 1358@)) 1294, 12371182 (G
SQ), 1164, 1149, 1093, 1069, 1033, 1005'%H+-NMR (400 MHz, CREW w 0 X8 102 Kz, 1H,-B),
7.03 (d,J= 10.2 Hz, 1H,-4), 7.18- 7.34 (m, 10H, ArH}*GNMR (100 MHz, CREW 117.49, 118.83,
128.20, 128.33, 129.00, 129.18, 129.480.45, 131.10, 135.29, 139.32, 153.63; HRMS: Found {M+H]
285.0587 G6H12053S requires [M+HF 285.058

5,6-Bis(4-methoxyphenyl}1,2-oxathiine 2,2dioxide 2.66

4-(Dimethylamino)s,6-bis(4methoxyphenyh3,4-dihydro-1,2-oxathiine 2,2dioxide 2.42 (0.64 g, 1.6
mmol) was dissolved in DCM (25 mL) and cooled®® &nd subsequently mixed dropwise with a solution
of m-CPBA (0.81 g (75% corr.), 3.3 mmol, 2 eq) in 2CIVhL) at the same temperature. Upon complete
addition, the reaction mixture was allowed to reach room temperature over 2h, before receiving
consequent washes with,B (15 mL), N&Qaq) (0.7 M, 20 mL), NaQlg (1 M, 15 mL) and again® (10

mL). Theobtained organic layer was dried overJ8& and DCM was removaghder reduced pressure

to afford the title compound (0.47 g, 78.8 %) as anvdifte solid; R= 0.7 (50% EtOAc/ Hexane); m.p. =
143- 145°C (from DCMymax (Neat): 3084, 3024, 2936, 2841%99, 1539, 1503, 1445, 1417, 1372, 1356
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(0-SQ), 1313, 1291, 1250, 1185, 1155$0), 1124, 1106, 1085, 1033, 1021 EMHNMR (300 MHz,
CDGl*W w iX66 ~+U i,U KD sU iX0iJ=202 HAJLH:D), 61726 D (m,2HJ ArH), 6.83
-6.88(m, 2H, ArH), 6.99 (d= 10.2 Hz, 1H,-B), 7.10- 7.14 (m, 2H, ArH), 7.237.28 (m, 2H, ArH}3G

NMR (75 MHz, CRGIWS5480, 55.33, 113.65, 114.64, 115.76, 117.81, 123.56, 127.69, 130.15, 131.09,
139.81, 153.26, 159.40, 161.03; HRMS: Found [M=345.0789 GisHicOsSrequires [M+H]=345.0794

6.2.3.4 Preparation of 38lisubstituted 1,2-oxathiine 2,2dioxides

3,6-Dipheny}tl,2-oxathiine 2,2dioxide 2.67

4-(Dimethylamino)3,6-diphenytl,2-oxathiine 2,2dioxide2.43(0.50 g, 1.5 mmol) was dissolved in DCM
(15 mL) and cooled down ®°C.Asolution ofm-CPBA (0.50 @5 %corr.), 2.4 mmol, 1.6 eq) in DCM (5
mL) was added dropwis# the same temperatureTte resulting reaction mixture was allowed to reach
room temperature overnight. Consequent wastwith HO (35 mML)NaSQq) (0.7 M, 55 mL) NaOhhq
(1M, 25 mL) and again with,B (30 mL) yielded an organic layer which was condensddr reduced
pressureto afford the product (0.34 g, 79 %) as pale yellow crysits0.8 (4% MeOHDCM);m.p. =

130- 132°C (from DCMNmax (Neat) 3063, 1633, 1559, 1493, 1447, 138830Q), 1336, 1264, 1173X
SQ), 1071, 1031, 1010 ciH-NMR (400 MHz, CREW6%8 (1H d,J= 7.1 Hz, &), 6.96 (1H, d]= 7.1
Hz, 4H),7.47-7.50(m, 6H, ArH),7.64- 7.67(m, 2H, AiH),7.77-7.83 (m, 2H,Ar-H); *GNMR (100

MHz, CDG)} wL01.60, 125.49, 127.66, 128.98, 129.01, 129.05, 129.87, 130.12, 130.65, 131.13, 134.48,
156.02 HRVIS Found [M+H] = 285.0584 G¢H:120sS requires [M+H 28&.0580

3-Phenyt6-(pyridine-4-yl)-1,2-oxathiine 2,2dioxide 2.68

4-(Dimethylamino}3-phenyt6-(pyridind4-yl)-3,4-dihydro-1,2-oxathiine 2,2dioxide 2.44 (0.60 g, 1.8
mmol) was dissolved in DCM (10 mL) and cooled dowrf@ 5 stution of m-CPBA (1.08 @5 %corr.),

4.5 mmol, 2.5 eq) in DCM (15 mL) was added dropwise, with the temperature maintained ufder 5
Upon complete addition, the reaction mixture was allowed to reach room temperature over 4 h, before
being washed with $D (15 mL), N&Qaq)(0.7 M, 2 x 13 mL), Na@ki(1M, 15 mL) and # (15 mL) again.
The organic layer was dried overJS& and the solvent was removed by rotary evaporation. The crude
mixture so obtained was recrystallised from EtOAc/ Hexane to afford the product (0.37 g, 72 %) as yellow
crystals; R= 0.6 (10 % MeOH/ DCM); m.p. = 2413°C (from EtOAc/ Hexanekax (neaf): 3053, 1637,
1594, 1550, 1492, 1447, 1410, 1352 48] 1326, 1267, 1250, 1222, 1175 48, 1067, 1023 cth 'H-

NMR (400 MHz, CREM6. % (d,J= 7.0 Hz, 1H,-#), 6.95 (dJ= 6.9 Hz, 1H,-B), 7.487.63 (m, 7H, ArH/
PyH), 8.78.76 (m, 2H, PyHY)GNMR (100 MHz, CREWMLOW.47, 118.63, 127.79, 127.91, 129.18, 129.59,
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130.43, 136.99, 137.81, 150.74, 153.14; HRMS: Found [M-28p.0533CisHiiNGs;S requires [M+HE
286.0532.

6-(Furan2-yl)-3-phenyl1,2-oxathiine 2,2dioxide 2.74

4-(Dimethylamino)-(furan-2-yl)-3-phenyl3,4-dihydro-1,2-oxathiine 2,2dioxide2.50(2.50 g, 7.8 mmol)

was dissolved in DCM (60 mL) and cooleebttC. At this temperature, a solution of-CPBA (2.89 g (70

% corr.), 11.mmol, 1.5 eq) in DCM (50 mL) was added dropwise over 10 min. Upon complete addition,
the reaction mixture was allowed to reach room temperature over 2.5 h, at which point reaction
completion was confirmed by TLC. The mixture was washed w@h(&0 mL), N&Q (aq) (0.7 M, 2x 50

mL), NaOkhg) (1 M, 50 mL) and 4@ (50 mL) again. The resulting organic layer was dried oy&ONand

DCM was removed under reduced pressure to afford the title compound (1.95 g, 91.1 %) as a yellow solid.
R= 0.4 (20 EtOAc/ btane); m.p. = 117118°C (from DCM)Vmax (neat): 3136, 2359, 2342, 1645, 1547,
1494, 1480, 1449, 1356 {80Q), 1285, 1248, 1228, 1175-&D), 1066, 1053, 1034, 1011 cptH-NMR

(400 MHz, CDEAW w0 I®d02HzU1H,-Bl), 6.56-6.67 (m, 1H, furyH), 6.92 (dJ= 7.2 Hz, 1H,-#),
6.93-6.94 (m, 1H, furyH), 7.44-7.47 (m, 3H, ArH), 7.55.56 (m, 1H, furyH), 7.59-7.61 (m, 2H, ArH);
B3GNMR (100 MHz, CREIW10@.00, 112.67, 112.77, 127.63, 1&%, 129.04, 129.82, 130.19, 134.29,
145.58, 145.77, 147.55; HRMS: Found [M+&&P7.0190C4H00sS require§M+Na] =297.0197

(B)-3-Phenyt6-styryl-1,2-oxathiine 2,2dioxide 2.69

(B)-4-(Dimethylaminoj3-phenyt6-styryl3,4-dihydro-1,2-oxathiine 2,2o0xide2.45(0.70 g, 2.0 mmol) was
dissolved in DCM (25 mL), cooled down ®fC0and mixed with a solution ai-CPBA (0.69 @5 %corr.),

2.8 mmol, 1.4 eq) in DCM (15 mL) dropwise, withtdmperature remaining under 8C. Upon complete
addition, the reaction mixture was allowed to reach room temperature over 2h, before receiving
consecutive washes with,8 (20 mL), N&Q (ag)(0.7 M, 2 x 15 mL), NaQigd (1 M, 15 mL) and 4@ (15
mL). Theobtained organic layer was dried overJdS& and DCM was removed under reduced pressure
to yield the title compound as a yellow solid (0.54 g, 88.5 #)PR5 (50 % EtOAc/ Hexane); m.p. =155
158°C (from DCMymax(neat): 3025, 1627, 1602, 1540,9% 1448, 1356 (3Q), 1291, 1263, 1199, 1169
(0-SQ), 1069, 1032 crf *H-NMR (400 MHz, CREW6.07 (d,J= 7.1 Hz, 1H,-B), 6.67 (d,J= 16.0 Hz,
PhGi=H), 6.88 (d,J= 7.1 Hz, 1H,-#), 7.33 7.42 (m, 4H, ArH/Ph&CH), 7.437.47 (m, 3H, ArH), 7.50
7.53 (m, 2H, ArH), 7.607.63 (m, 2H, ArH}*GNMR (100 MHz, CREWL0®.45, 118.63, 127.57, 127.60,
128.98, 129.00, 129.04, 129.64, 129.84, 130.25, 134.85, 13B5&5, 155.07; HRMS: FoudHNg*=
333.0562 GigH140sSrequires[M+N4d*=333.0564
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(B)-6-(4-Methoxystyryl)}-3-phenyt1,2-oxathiine 2,2dioxide 2.70

(B-4-(Dimethylamino)e-(4-methoxystyry3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.46 (3.50 g,

9.1 mmol) was dissolved in DCM (75 mL) and cooled’@ 0o this, a solution of-CPBA (3.14 g (70 %
corr.), 12.7 mmol, 1.4 eq) in DCM (50 mL) was addepwise, with the temperature maintained under

2 °C. Upon complete addition, the reaction mixture was allowed to reach room temperature overnight.
Dilution to 200 mL allowed for subsequent washes wit® 7’5 mL)N&SQ (aq)(0.7 M, 2 x 75 mL), NaOH

@g (1.0 M, 75 mL) and again® (70 mL). The organic layer was dried oveiSleand the solvent was
evaporated under reduced pressure to afford the title compound (2.78 g, 89.7 %) as an orange=solid; R
0.7 (50 % EtOAc/ Hexane); m.p. = 2@B7°C (from [CM); vimax (neat): 2962, 1631, 1598, 1571, 1540,
1509, 1444, 1361 (SQ), 1311, 1298, 1251, 1171 &W), 1151, 1070, 1026 cmH-NMR (400 MHz,
CDG*W w iX06iA ~«U i,UJKD4 Hd, 1ichl), 6.58)(dJ= 15.8 Hz, 1H, AHKECH), 6.87 (dl=7.4

Hz, 1H, #), 6.91- 6.93 (m, 2H, ArH), 7.31 (@ 15.8 Hz, 1H, AHECH), 7.43- 7.47 (m, 5H, ArH), 7.60
7.62 (m, 2H, ArHY*GNMR (100 MHz, CREMW65w2, 104.48, 114.46, 116.35, 127.51, 128.01, 129.01,
129.18, 129.23, 129.6130.38, 134.11, 135.40, 155.52, 160.91; HRMS: Fouric-[840.0761CioH1604S
requires[M]* = 340.0763.

(B)-6-(4-Nitrostyryl)-3-phenyl1,2-oxathiine 2,2dioxide 2.71

(B)-4-(Dimethylaminoye-(4-nitrostyryl)}-3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide 2.47 (0.60 g, 1.5
mmol) was dissolved in DCM (25 mL) and coole8 €. At this temperature, a solution of-CPBA (0.52

g (70 % corr.), 2.3 mmol, 1.5 eq) in DCMr(t§ was added dropwise over 10 min. The resulting reaction
mixture was allowed to reach room temperature overnight. Consecutive washes ¥@t{6d mL), N&Q

@9 (0.7 M, 2 x 50 mL), NaQ4d (1M, 50 mL) and 4D (50 mL) afforded an organic layer whicaswdried
over NaSQ and had the solvent removed under reduced pressure. The title compound was thus obtained
(0.49 g, 92.5 %) as yellow crystals: B.7 (50 % EtOAc/ Hexane); m.p. = 2382°C (from DCM Wmax
(neat): 3060, 1607, 1590, 1514, 1446,333SQ), 1259, 1168 (€Q), 1104, 1060, 1034, 1009 cptH-
NMR (400 MHz, CBEW w 0 34 @.2-H1) 1H,-B), 6.80 (dJ= 15.8 Hz, 1H, AHECH), 6.90 (dl= 7.2

Hz, 1H, 4#), 7.37 (dJ= 15.8 Hz, 1HArGH=CH), 7.46- 7.48 (m, 3H, ArH), 7.617.66 (m, 4H, ArH), 8.24
8.26 (m, 2H, ArH}*GNMR (100 MHz, CREGMLO®.58, 122.69, 124.31, 127.66, 128.00, 128.41, 129.13,
129.91, 130.22, 132.52, 136.45, 141.36, 147.90, 153.88; HRMS: Found B8H.0504,CsHisNG:S
requires [M} =355.054.
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(B)-3-Phenyt6-(4-(trifluoromethyl)styryl)-1,2-oxathiine 2,2dioxide 2.72

(B-4-(Dimethylamino)3-phenyk6-(4-(trifluoromethyl)styryl}3,4-dihydro-1,2-oxathiine  2,2dioxide 2.48

(2.00 g, 4.7 mmol) was dissolved in DCM (50 mL) and cool&d@ A solution om-CPBA (1.64 g (75 %
corr.), 7.1 mmol, 1.5 eq) in DCM (50 mL) was thdded dropwise at the same temperature. Upon
complete addition, the reaction mixture was allowed to reach room temperature over 2 h. Subsequent
washes of this mixture with4@ (75 mL), N&Q (aq)(0.7 M, 2 x 50 mL), NaQiz(1 M, 60 mL) and 4@ (60

mL) dforded an organic layer which was dried N&@ and had the solvent removed under reduced
pressure. The title compound was thus obtained as yellow crystals (1.64 g, 92:+ %3 R0 % EtOAc/
Hexane); m.p. = 22221°C (from DCMVmax(neat): 3039,1631, 1610, 1542, 1514, 1492, 135930Q),

1323, 1266, 1263, 1164 {80), 1119, 1108, 1067, 1032, 1014 ¢H-NMR (400 MHz, CREM6.1R (d,
J=7.1Hz, 1H,-H), 6.73 (dJ= 15.6 Hz, 1H, AHECH), 6.88 (dl= 6.1 Hz, 1H,-#), 7.35 (dJ=15.6 Hz

1H, Ar€=CH), 7.45- 7.47 (m, 3H, ArH), 7.597.65 (m, 6H, ArH}3GNMR (100 MHz, CBGW w {idoX0ofiU
120.99, 123.92 (= 271 Hz, G}; 125.92 (gJ= 3.2 Hz9-ArGCER), 127.62, 127.63, 128.63, 129.09, 130.05,
130.06, 131.01 (ql= 33 HzGCFR), 133.62, 135.80, 138.53, 154.3F-NMR (376.5 MHZLDG): w62.64

(s, 3F); HRMS: Found [M] 378.0532(;9Hi13R:0sSrequires[M]* = 378.0537.

(B)-6-(2-Bromostyryl)}3-phenyl1,2-oxathiine 2,2dioxide 2.73

(B-6-(2-Bromostyryh4-(dimethylamino)3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide4.29(3.00 g, 6.9
mmol) was dissolved in DCM (60 mL) and cooled®®.® solution of-CPBA (2.39 g (75 % corr.), 10.4
mmol, 1.5 eq) in DCM (60 mL) was then added dropwise, while the temperature remained Gaddite
reaction mixture was allowed to reacbom temperature over 2h, before being washed witfOH75 mL),
Na&SQ (a)(0.7 M, 2 x 50 mL), NaQkl(1 M, 75 mL) and4® (75 mL). The resulting organic layer was dried
over NaSQ and the solvent was removed under removed pressure to yield thedittepound (2.34 g,
87.0 %) as yellow crystals;=R0.75 (50 % EtOAc/ Hexane); m.p. = 12325°C (from DCM)Vmax (neat):
1627, 1539, 1435, 1359 {80), 1304, 1252, 1174 (SQ), 1069, 1022 crfj *H-NMR (400 MHz, CBEW w
6.10 (dJ= 6.6 Hz, 1H,-bl),6.61 (d J= 15.6 Hz, 1H, AHECH), 6.87 (d}= 6.6 Hz, 1H,-#), 7.19-7.20 (m,
1H, ArH), 7.307.32 (m, 1H, ArH), 7.447.47 (m, 3H, ArH), 7.577.68 (m, 5H, ArH / At&-H); *GNMR
(100 MHz, CD&X4'W106.29, 121.38, 125.17, 127.16, 127.63, 12788.75, 129.05, 129.94, 130.19,
130.50, 133.59, 133.77, 135.18, 135.47, 154.65; HRMS: Fouhd: [BH7.9768CisHis'*BrQsSrequires
[M]*'= 387.9769.
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3-Phenyl6-(phenylethynyl)1,2-oxathiine 2,2dioxide 2.75

4-(Dimethylamino)3-phenyt6-(phenylethynyh3,4-dihydro-1,2-oxathiine 2,2dioxide 2.51 (1.10 g, 3.1
mmol) was dissolved in DCM (15 mL) and cooled dowrf@ @ solution ofn-CPBA (1.00 g (75 % corr.),

4.4 mmol, 1.4 eq) in DCM (15 mL) was subsequently added dropwisreath °C. The resulting reaction
mixture was allowed to reach room temperature overnight and was subsequently washed x@it(46l

mL), NaSQ (a)(0.7 M, 40mL), NaOkkq (1 M, 30 mL) and (30 mL). The organic layer was dried over
NaSQ and DCM was removed under reduced pressure. The crude solid so obtained was triturated with
EtO to yield the title compound (0.81 g, 84.4 %) as a yellow sehkdDR 20 % EtOAc/ Hexane); m.p. =
133-135°C (from DCMymax(neat): 2203, 1622, 1546, 1488, 1441, 13635®), 1280, 1270, 1251, 1177
(0-SQ), 1155, 1126, 1063, 1031 cptH-NMR (400 MHz, CREM6.38 (d,J= 7.1 Hz, 1H,-B), 6.80 (dJ

= 7.1 Hz, 1H,-#), 7.37- 7.47 (m, 6H, ArH), 7.537.56 (m, 2H, ArH), 7.587.62 (m, 2H, ArH}}GNMR

(100 MHz, CD¢1 w81.14, 98.52, 111.43, 120.50, 127.69, 128.02, 128.66, 129.09, 129.87, 130.23, 130.27,
132.05, 137.37, 139.86{RMS Found [M] = 308.0491CisH:20sSrequires [M} = 308.0502

6.2.3.5 Preparation o06-phenyl1,2-oxathiine 2,2dioxide 2.76

4-(Dimethylamino)-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide2.52(6.40 g, 25.3 mmol) was dissolved
in a mixture of DCM (50 mL), THF (25 mL) ai@ (3 mL). After being cooled down t8@ the solution
was mixed dropwise with a aglon of m-CPBA (9.29 ¢5 % corr,)40.4 mmol, 1.6 eq) in DCM (75 mL),
while the temperature was maintained below®E. The resulting reaction mixture was stirred to room
temperature over 3h, before being washed withH(100 mML)N&SQ (ag)(0.7 M, 2 x 50 mLNaOHagq) (1

M, 75 mL) and ¥D (80 mL) again. The obtained organic layer was dried ov#3Nand DCM was
removedunder reduced pressuré he title compound was thus obtained (4.35 g,/8%) as a white solid;
R= 0.7 (50% EtOAc/ Hang); m.p. = 86t 87 °C (from DCMmax (neat): 3109, 3080, 3040, 2358, 1638,
1623, 1548, 1493, 1450, 1346-8®), 1315, 1273, 1178 (SQ), 1135, 1048, 1034, 1001 cpmtH-NMR
(300 MHz, CDE&AW w 0 38@.8HzU1H,-H), 6.65 (dJ)= 10.1 Hz, 1H,-B), 6.94 (ddJ= 6.8, 10.1 Hz,
1H, 4H), 7.45-7.49 (m, 3H, ArH), 7.717.74 (m, 2H, ArH}3GNMR (100 MHz, CEML0®.13, 118.88,
125.69, 129.01, 130.63, 131.40, 134.50, 157HMBMS Found[M+Nd* = 231.0095CioHsOsSrequires
[M+Ng*=231.0086.
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0 X1TX d % #Synthesis route tol,2-oxathiine 2,2dioxides

6-Phenytl,2-oxathiine 2,2dioxide2.76

(B-3-(Dimethylamino}1-phenylprop2-en-1-one 2.1 (2.00 g, 11.4 mmol) was dissolved in THF (40 mL),
mixed with E4N (2.38 mL, 17.1 mmol, 1.5 ag)der a N atmosphereand cooled to5 °C. To this solution

was added dropwise a solution of Me®D(1.33 mL, 17.1 mmol, 1.5 eq) in THF (20 mL), and theimgsult
reaction mixture was stirred aR °C for 1.5 h, then allowed to reach room temperature overnight. Upon
reaction completion, the reaction mixture was filtered through alumina and the filtrate was condensed
under reduced pressure. The crude intermediatas redissolved in DCM (35 mL), cooled tCCand

mixed withm-CPBA (3.41 g (75 % corr., 14.8 mmol, 1.3 eq) at the same temperature. This reaction mixture
was also allowed to reach room temperature overnight, before being washed w@h&0 mL), N&Q

@ag(0.7 M, 60 mL), NaQ(1 M, 40 mL) and 4@ (40 mL), dried over N&Q and condensed under reduced
pressure. The crude product so obtained was purified in a sinter column (silica, dry loading, n. DCM) to
yield the product (1.51 g, 63.7 %ver 2 st@s) as an offwhite solid;*H-NMR signalsvere identical to

those provided foR.76 prepared by the twestep process.

6-(Pyridin-4-yl)-1,2-oxathiine 2,2dioxide 2.78

(B)-3-(Dimethylamino}1-(4-pyridyl}-2-propenl-one 2.6 (10.0 g, 56.7 mmol) was dissolved in DCM (150
mL), mixed with BN (12.65 mL, 90.7 mmol, 1.6 egider a N atmosphereand cooled tc5°C. A solution

of MeSQCI .05 mL, 90.7 mmol, 1.6 eq) in DCM (10 was then added dropwise, with the temperature
maintainedat circa0 °C. Upon complete addition, the reaction mixture was allowed to reach room
temperature overnightA further 0.4 eq of MeSQI and BN was required for complete starting material
consumption which was confirmetly TLCAsolution ofm-CPBA19.0 g (75 % corr.), 85.1 mmol, 1.5 eq)
in DCM (16 mL) wasubsequentlyadded dropwise atirca2 °Cand the mixture was allowed to reach
room temperature over 2 lRReaction completiowas confirmed/ia*H-NMR, so the final @ction mixture
was washed wittNaOhhg)(1 M, 200mL),NaSQ (2g(0.667 M, 250 mLNaOkkq(1 M, 200mL)again,and

HO (2@ mb. The resulting organic layer was dried ovep®@ and the solvent was removed dar
reduced pressure. The crude product was purified by column chromatography (alumina, wet |G&8ing
to 100% DCM in hexap@nd theobtained solid was triturated with ED to afford the title compound
(4.149,34.9% over 2 stepyas an offwhite sold; R= 0.3 (4% MeOH/ CHEIm.p. = 136 132°C (from
DCM/ Hexane)Vmax (neat): 3085, 1638, 1595, 1549, 1495, 1410, 1370, 13524) 1329, 1274, 1226,
1176 (3SQ), 1141, 1065, 1042, 1009 dptH-NMR (400 MHz, CREW w 0 X=06.7-H4)1H,-B), 6.77
(d,J=10.2 Hz, 1H,-B), 6.97 (ddJ= 6.7, 10.1 Hz, 1H;H), 7.55 7.57 (m, 2H, PyH), 8.78.75 (m, 2H,
PyH):*GNMR (100 MHz, CREM102.79, 118.85, 121.31, 133.60, 137.78, 150.79, 154.81; HRMS: Found
[M+H] = 210.0221GHNGsSrequires [M+H]= 210.0223.
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6-(4-Methoxyphenyl}1,2-oxathiine 2,2dioxide 2.79

A solution of CE8QCI (2.84 mL, 36.6 mmol, 1.5 eq) in THF (30 mL) was added dropwise to a solution of
(B)-3-(dimethylamino)1-(4-methoxyphenyl)prop2-en-1-one (5.00 g, 24.4 mmol) and 4&t (5.10 mL, 36.6
mmol, 1.5 eq) in THF (85 mir)der a N atmosphere with the temperature maintained eirca-5 °C. The
resulting mixture was stirred at 05 °C for 2 h and then at room temperature overnight. Reaction
completion was ascertained by TLC and the reaction mixture was filtered through alumina and its solvent
was removed under reduced pressure. The cradeobtained was relissolved in DCM (50 mL) and a
solution ofm-CPBA (7.29 g (75% corr.), 31.7 mmol, 1.3 eq) in DCM (50 mL) was added dropiwias at

°C. This mixture was also allowed to reach room temperature overnight and was subsequently washed
with HO (70 mL), N&Q (aq)(0.7 M, 2 x 40 mL), NaQigl(1 M, 50 mL) and4® (50 mL). Drying over p&Q

and removal of DCM under reduced pressure afforded a crude mixture which eluted through a sinter
column (silica, wet loading, n. DCM) to afford théetitompound (4.57 g, 78 %over 2 steps) as an off

white solid; R= 0.8 (n. DCM); m.p. = 886 °C (from DCM)ymax (Neat): 3077, 1626, 1604, 1547, 1508,
1467, 1423, 1371, 1346 {80), 1314, 1272, 1250, 1190, 1174-%0Q), 1139, 118, 1045, 1022 cimH-

NMR (400 MHz, CREW w iX60 ~+U i, UJK®8 H, 10xBlj, 6:58)(dJ= 10.2 Hz, 1H-B), 6.91
(dd,J=6.8, 10.2 Hz, 1H;H), 6.94 6.97 (m, 2H, ArH), 7.66.68 (m, 2H, ArH}3GNMR (100 MHz, CRQEI
wb5.52, 98.40, 114.44,17.63, 123.13, 127.53, 134.81, 157.63, 162.19; HRMS: Found‘[iM28§.0371,
GiiHi0OsSrequires [M+H]=239.0376

4-(2,2-Dioxido-1,2-oxathiin-6-yl)benzonitrile 2.80

A solution of CE8QCI (2.84 mL, 36.6 mmol, 1.5 énq)THF (30 mL) was added dropwise solution of
(B-4-(3-(dimethylamino)acryloyl)benzonitrilé4.89 g, 24.4 mmoBnd EtN (5.10 mL, 36.6 mmol, 1.5 eq)

in THF (70 mWwnder a N atmosphere with the temperature being maintained under°C. After the
addition, the reaction mixture was stirred atirca-5 °C for 2h, before being allowed to reach room
temperature overnight. TLC showed that the starting material was present, so an extra 1 espGQ@H

and EtN were added at10 °C and the mixture was stirred at the same temperature for 30 min, before
being allowed to reach room temperature over 2h. Monitoring by TLC showed reaction completion, so
the formed precipitate was filtered through reaction completion and the filtrate tiedsolvent removed
under reduced pressure. The crude intermediate was dissolved in DCM (40 mL), cool€daincbmixed

with a solution ofm-CPBA (7.29 g (75 % corr.), 31.7 mmol, 1.3 eq) in DCM (60 mL) dropwise at this
temperature. This mixture was all@d to reach room temperature overnight, before being washed with
HO (70 mL), N&Q (a)(0.7 M, 2x 40 mL), NaOky(1 M, 50 mL) and 4@ (50 mL). The organic layer was
dried over NaSQ and DCM was removed under reduced pressure. Purification of tleeqroduct in a
sinter column (silica, wet loading, n. DCM) yielded a solid which was triturated widht&afford the

pure product (3.18 g, 59 %over 2 steps) as a white solid;R0.6 (n. DCM), m.p. = 206205°C (from
DCM)vmax(neat): 3083, 228, 1626, 1550, 1503, 1414, 1351:%0), 1276, 1184 (3Q), 1136, 1046 cm

L IHNMR (400 MHz, CREW w 0 3Hi®5 Hz1H,-Bl), 6.76 (dJ= 10.0 Hz, 1H,-B), 6.98 (ddJ= 6.5,

234



10.0 Hz, 1H,4#), 7.75 7.77 (m, 2H, ArH), 7.827.84 (m, 2H, Arli}*GNMR (100 MHz, CREGM102.53,
114.62, 117.92, 120.73, 126.04, 132.76, 133.83, 134.61, 155.22; HRMS: Found §\28A]0224
GiaH/NGsSrequires [M+H]=234.0223

6-(2-Nitrophenyl)}-1,2-oxathiine 2,2dioxide 2.81

A solution of CE8QCI (1.26 mL, 16.2 mmol, 1.5 eq) in DCM (15 mL) was added dropwise to a solution of
(B)-3-(dimethylamino)1-(2-nitrophenyl)prop2-en-1-one (2.38 g, 10.8 mmol) and 4&t (2.26 mL, 16.2
mmol, 1.5 eq) in DCNA0 mL) under a Natmosphere with the temperature maintained at°€. Upon
complete addition, the reaction mixture was allowed to reach room temperature overnight, but reaction
incompletion as observed by TLC prompted the addition of an extra 1 eg8D4H(0.84 mL, 10.8 mmol)

and EiN (1.50 mL, 10.8 mmol) aircal0°C. The mixture was stirred at this temperature for 1h, before
being allowed to reach room temperature for 2h. TLC examination showed full starting material
consumption, thus a solution oh-CPBA (3.23 g (75 % corr.), 14.0 mmol, 1.3 eq) in DCM (10 mL) was
added dropwise atirca5 °C. The mixture was then allowed to reach room temperature over 72h, before
being washed withhO (50 mL), N&Q (aq)(0.7 M, 2x 30 mL), NaOklg) (1 M, 40mL) and KO (40 mL).
Drying over Ng5Q and removal of DCM under reduced pressure afforded a multicomponent crude
mixture which was chromatographed in a silica column (dry loading, 20 % to 50 % EtOAc in P.E.). The
fractions containing the product were regtalised from EtOAc/P.E. produced the title compound (0.01

g, 3.7 %) as a brown solid;R0.4 (50 % EtOAc/ Hexane); m.p. = 1446 °C (from EtOAc/ P.E¥nax

(neat): 1652, 1605, 1563, 1530, 1442, 13455@®@), 1290, 1245, 1180 ¢SQ), 1137, 1089, 4B, 1032 cm

‘1 IHNMR (400 MHz, CR¥EIW6.16 (d,J= 6.7 Hz, 1H,-Bl), 6.71 (dJ= 10.3 Hz, 1H,-B), 6.92 (dd)= 6.7,

10.3 Hz, 1H,-#), 7.62-7.74 (m, 3H, ArH), 8.068.02 (m, 1H, ArH}*GNMR (100 MHz, CRCM10w.34,
120.02, 124.88, 126.24131.32, 131.93, 133.16, 133.66, 147.82, 154.58; HRMS: Found [M=Na]
275.9932 G oHNG:Srequires [M+Na]=275.9945

6-(Thiophen2-yl)-1,2-oxathiine 2,2dioxide 2.82

A solution of CEBQCI (2.57 mL, 33.1 mmol, 1.5 eq) in THF (60 mL) was added dropwis&Cato a
solution of (B-3-(dimethylamino}1-(thiophen2-yl)prop-2-en-1-one 2.8 (4.00 g, 22.1 mmol) and &t

(4.61 mL, 33.1 mmol, 1.5 eq) in THF (60 mL) underagnhdsphere. The restihg reaction mixture was
stirred atcirca0 °C for 1 h and then at room temperature overnight (additional 2 eq SQEI/EEN

were required for reaction completion). Upon filtration of the salt precipitate through alumina, the
mixture had the volatile components removed under reduced pressure before beitiggelved in DCM

(50 mL). After the temperature was lowered-®°C,a solution oim-CPBA (6.61 g (75% corr.), 28.7 mmol,

1.3 eq) in DCM (50 mL) was added dropwise at the same temperature, before being allowed to reach
room temperature overnight. Upon reaction completion as monitored B)MMR, the reaction mixture

was washd with HO (100 mL), N&Qaq) (0.7 M, 2x50 mL), NaO# (1 M, 60 mL) and4® (70 mL). The
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organic layer was dried over p&0 and DCM was removed under reduced pressure to produce a crude
mixture which eluted through a sinter column (silica, wet loagli70 % DCM/ P.E.), affording a solid that
was triturated with E1O to yield the title compound (1.60 g, 34.0 % over 2 steps) as a light brown solid; R
= 0.8 (1 % MeOH/ DCM); m.p. =-&B°C (from DCM/P.E., decomposition after®);vmax (neat): 1620

1545, 1409, 1351 (SQ), 1220, 1171 (€Q), 1140, 1026 crt; *H-NMR (400 MHz, CREIW6.27 (d,J=

6.7 Hz, 1H, %), 6.60 (dJ= 9.8 Hz, 1H,-Bl), 6.89 (ddJ= 6.7, 9.8 Hz, 1H;H), 7.11- 7.13 (m, 1H, thienyl

H), 7.48 7.50 (m, 1H, thienyH),7.53-7.55 (m, 1H, thienyH);"*GNMR (100 MHz, CREIv®9.13, 118.39,
128.44, 128.53, 129.81, 134.23, 134.61, 152.89; HRMS: Fouhd PB.9752CHO:S requires [M} =
213.9758.

6-(4-lodophenyl)1,2-oxathiine 2,2dioxide 2.83

(B-3-(dimethylamino}1-(4-iodophenyl)prop2-en-1-one2.11(2.00 g, 6.6 mmol) was dissolved in THF (25
mL), mixed with EN (1.01 mL, 10.0 mmol, 1.5 eq) and cooled downl®°C, before being mixed
dropwise with a solution of GBQCI (0.77 mL, 10.0 mmol, 1.5 eq) in THF (10umdér a N atmosphere,

with the temperature maintained undef °C. The resulting reaction mixture was stirred2°C for 2 h

and wasthen allowed to reach room temperature overnight. The precipitated salt was filtered through
alumina and the filtrate was condensed under reduced pressure to yield the crude intetmedtsich

was dissolved in DCM (20 mL) and cooled dowrf@ @ropwise addition of@-CPBA (1.97 g (75 % corr.,
8.6 mmol, 1.3 eq) in DCM (25 mL) at®°C produced a second reaction mixture which was allowed to
reach room temperature overnight. Thisxture was subsequently washed with@H(40 mL), N&Q (aq)

(0.7 M, 40 mL), NaOH (1 M, 30 mL) an® K80 mL), dried over h&Q and condensed under reduced
pressure to yield the title compound (0.99 g, 44.8 % over 2 steps) as-ahitdfsolid; R= 0.8(n. DCM);
m.p. = 137 139°C (from DCMNmax (neat): 3085, 2923, 1633, 1621, 1581, 1550, 1483, 1455, 1398, 1361,
1345 (GSQ), 1315, 1274, 1261, 1179®D), 1133, 1121, 1063, 1045, 1004 EmMHNMR (400 MHz,
CDCle W6.44 (dJ= 6.8 Hz, 1H,-Bl), 6.67 (dJ= 10.1 Hz, 1H-H), 6.92 (ddJ= 6.8, 10.1 Hz, 1H;H), 7.42
-7.44 (m, 2H, ArH), 7.797.81 (m, 2H, ArH}3GNMR (100 MHz, CREMB8W9, 100.46, 119.39, 127.01,
130.12, 134.29, 138.25, 156.64RMS Found [M} = 3339138,CioH;10:Srequires [M] = 3339142

6-(Naphthalen1-yl)-1,2-oxathiine 2,2dioxide 2.84

(B-3-(dimethylamino}1-(naphthalen2-yl)prop-2-en-1-one 2.12 (0.5 g, 2.2 mmol) was dissolved in THF
(20 mL), mixed with BN (0.46 mL, 3.3 mmol, 1.5 eq) and cooled0 °C. To this solution was added
dropwise a solution of MeSOI (0.26 mL, 3.3 mmol, 1.5 eq) in THF (8undgr a N atmosphereat circa
-5°C and the resulting reaction mixture was stirred@fC for 2 h, b#ore being allowed to reach room
temperature over 72 h. Filtration of the precipitated s#itough aluminaand removal of THF under
reduced pressure afforded the crude intermediate, which was dissolved in DCM (10 mL), coohé&tl to O
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and mixed dropwise wiit a solution oin-CPBA (0.67 g (75 % corr.), 2.9 mmol, 1.3 eq) in DCM (10 mL) at
the same temperature. Upon complete addition, the reaction mixture was stirred to room temperature
overnight, before being washed withb® (30 mL), N&Q (aq)(0.7 M, 30 mL)NaOhkg 1 M, 25 mL) and

HO (25 mL). The organic layer was dried oveiSeand DCM was removed under reduced pressure.
The crude mixture so obtained was purified by column chromatography (silica, dry loading, 20% to 30 %
EtOAc/ P.E.) and the resultisglid was triturated with P.E. to yield the title compound as anndfite

solid (0.09 g, 15.8 % over 2 steps)=R.3 (2 % MeOH/ DCM); m.p. =-82 °C (from EtOAc/ P.EWnax
(neat):3086, 3051, 1631, 1561, 1508, 1366, 13538(®), 1276, 12491176 (GSQ), 1145, 1107, 1059,
1032 cnmt; *H-NMR (400 MHz, CREMW6.31 (d,J= 6.6 Hz, 1H,-Bl), 6.71 (dJ= 10.2 Hz, 1HB), 6.99 (dd,
J=6.6, 10.2 Hz, 1H;H), 7.49- 7.67 (m, 4H, ArH), 7.907.99 (m, 2H, ArH), 8.28.26 (m, 1H, ArH}}G
NMR(100 MHz, CD& W0 30, 118.98, 124.86, 124.89, 126.68, 127.69, 128.39, 128.63, 129.07, 130.86,
131.96, 133.67, 134.28, 158.97; HRMS: Found #\2p8.0343 Ci4sH:00sSrequires [M] =258.0345

6.3 Chapter 3 compounds

6.3.1 DMethylene ketone precusors and their precursors

1-(2,5-Dimethylthiophen3-yl)-2-phenylethanone 3.52

In a flamedried flask, 2,5imethylthiophene (10.00 g, 89.1 mmol) was dissolved in DCM (30 mL) and
mixed with phenylacetyl chloride (14.15 mL, 106.9 mmol, 1.2 eq). The mixture was cooled dowh to O
°C and a solution of AKJL4.25 g, 106.9 mmol, 1.Z3ein DCM (30 mL) and Mel(@0 mL) was added
dropwise, while the temperature was maintained belowG A Cagtrap was used during the addition

to create a dry atmosphere and allow for a smooth HCI release. Upon complete addition, the reaction
mixture was allowed to reach room temperature over 2.5 h, before being poured intacic@ 60 mL).

The organic layer was separated and the aqueous phase was extracted with DCM (3 x 80 mL). The
combined organic layers were washed witbOH(2 x 100 mL), dried ov&laSQ and the solvent was
removedunder reduced pressureThe crude mixture so obtained was purified by Kugelrohr distillation

to yield the title compound (15.83 g, 77.1 %) as a dark red@ilOF (10% EtOAc/ Hexane); b.p. =130
135°C (0.06 mbarVmax(neaf): 3028, 2919, 1736, 1663 (C=0), 1602, 1548, 1477, 1452, 1358, 1307, 1247,
1222, 1186, 1162, 1125, 1073, 1030%¢AH-NMR (400 MHz, CREW w TXdT ~«U-Me)l)28& {syv Co
3H, thienyiMe), 4.11 (s, 2Hs-CH), 7.09 (s, 1H, thierw), 7.5-7.29 (m, 3H, ArH), 7.3838 (m, 2H, ArH);
BBGNMR (100 MHz, CREW1m07, 16.19, 48.40, 126.15, 126.82, 128.61, 129.55, 134.79, 135.07, 135.19,
148.57, 193.57; HRMSoundM+H] =231.084Q G4H40S requires [M+Fi}231.0838.
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Ethyl2,5-dimethylthiophene-3-glyoxylate 3.60

In a flamedried flask, 2,&limethylthiophene (10.0 g, 89.0 mmol) was dissolved in MeMO mL),
followed by the addition of ethyl oxalyl chloride (11.90 mL, 107.0 mmol, 1.2 eg)nitture was cooled
down to 0- 5anda solution of AlGI(14.24 g, 106.8 mmol, 1.2 eq) in MeN@5 mL) was added dropwise
with the temperature maintained under®®. A Cagtrap was used during the addition to create a dry
atmosphere and allow for a smooth HCI release. Upon complete addition, the reaction mixture reached
room temperature over 2 h, before being into ia@r¢al00 mL). The product was extracted with@{(2

x 100 mL, 50 mL) and washed withCH(3 x 100 mL), NaH&Eg) (1M, 2 x 40 mL). The resulting organic
layer was dried with N&Q, the solvent was removeaghder reduced pressurand the crude mixture was
purified by Kugelrohr distillation to afford the &ticompound (13.22 g, 70.0 %) as a yellow liquid;0R7
(10% EtOAc/ Hexane); b.p. = :4D45°C, 0.07 bar, (lit. b.p. = 1PC (0.001 bar}y5, vmax (neat) 2982,
2923, 17370C=0)1668(C=0) 1549, 1477, 1446, 1378, 1284, 1207, 1116, 1018 #HiNMR(400 MHz,
CDG) W1MO (t,J=7 Hz, 3H, OGEHs), 2.41 (s, 3H, thiemle), 2.70 (s, 3H, thierlle), 4.39 (gJ= 7 Hz,
2H, OELCH), 7.09 (s, 1H, thiemH); *GNMR (100 MHz, CRIW 1402, 14.80, 15.90, 62.06, 126.81,
131.22, 135.90152.51, 164.04, 180.59.

2-(2,5Dimethylthiophen-3-yl)acetic acid 3.61

Ethyl 2,5dimethylthiophene3-glyoxylate3.60(12 g, 56.6 mmol) was slowly dissolved in HQROHI (50

mL). Upon complete dissolution, hydrazine monohydrate (4.87 mL, 62.3 mmol, 1.1 eq) was added. The
reaction mixture was heated for 1 h at 70, and then allowed to reach room temperature to allow the
addition of KOH (8.07 g, 143.8 mmol, 2.5 eq), ¥adld by further heating at reflux for 4.5 h, with forming
HO being removed azeotropically. The reaction mixture was afterwards allowed to reach room
temperature and poured into # (50 mL). The pH was adjustecticca?2 and the solid that formed was
extracted with EtOAc (2 x 100 mL). After it was washed with brine (100 mL)@n@d 6D mL), the organic
layer was dried over N8Q and the solvent was removed under reduced pressure to afford a brown
orange solid (8.88 g, 92.0 %8 += 0.5 (50% EtOAc/ Hexgnen.p. = 67 69 °C (from EtOAc, lit. m.p. =67

68 °C¥°": vmax (Neaty 2917, 2669, 2566, 2360, 1822, 1690=0) 1573, 1496, 1437, 1409, 1303, 1276,
1213, 1198, 1144, 1122, 1075, 103#:NMR (400 MHz, CREW w TX i1 ~e«U -Me)l 254D](sy 8H
thienykMe), 3.50 (s, 2Hr-CH), 6.55 (s, 1H, thieny), 10.94 (br s, 1H, COOHENMR (100 MHz, CREI
wi2.95, 15.13, 33.79, 127.10, 127.98, 133.56, 135.83, 177.86.
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1,2-Bis(2,5dimethylthiophen-3-yl)ethan-1-one 3.53

2-(2,5Dimethylthiophen3-yl)acetic acid3.61(10.00 g, 58.8 mmol) was dissolved in DCM (100 mL) and
mixed with SO€(6.40 mL, 88.2 mmol, 1.5 eq). After the additioddlF (10 drops), the reaction mixture

was stirred at room temperature for 1 h. Upon evaporation of the volatile components, the resulting
blackbrown oil (12.06 g) was used for the next step without purification. In a fldriea flask, 2,5
dimethylthiophere (5.60 mL, 48.9 mmol) was dissolved in MefBD mL) and mixed with the crude acid
chloride (11.06 g (theor.), 58.8 mmol, 1.2 eq). The solution was cooled down36@ and mixed with

AIC} (6.52 g, 48.9 mmol) in small portions, with the temperaturmagning under 3C. The mixture was
afterwards stirred at room temperature for 2 h, before being poured into axe€80 mL). Addition of

HO (70 mL) and extraction with DCM (2 x 200 mL, 50 mL) produced an organic layer that was washed
with HO (2 x 10GmL), NaCQ (aq)(2 x 100 mL), dried over b&Q and had the solvent removed under
reduced pressure. The crude mixture was purified by column chromatography (silica, dry loading, 10%
EtOAc/ Hexane) and the obtained solid was triturated wiipentane to yield the product (5.97 g, 46.7

%) as an ofivhite solid; R= 0.5 (10 % EtOAc/ Hexane); m.p. = 88°C (from EtOAc/ Hexane, lit. m.p. =
44—460 Vmax (Neat): 2949, 2915, 2872, 1666 (C=0), 1548, 18445, 1417, 1373, 1355, 1313, 1221,
1167, 1125, 1038 chi'H-NMR (400 MHz, CREW w TXTii ~e« UMe)J2.83Z (s, B8R, thierle), 2.42

(s, 3H, thienyMe), 2.66 (s, 3H, thierydle), 3.92 (s, 2H-CH), 6.48 (s, 1H, thierm), 7.05 (s, 1H, thienyl
H);*GNMR (100 MHz, CBEML3wt 4, 15.07, 15.19, 16.13, 41.14, 125.94, 127.33, 129.62, 132.58, 135.03,
135.17, 135.48, 148.36, 193.24; HRMS: Found [M=P§5.0729C.H:160S requires[M+H]" = 265.0715.

(9-4-((2,5Dimethylthiophen-3-yl)ymethylene)1,3-dimethyl-4H-thieno[3,4-c]pyran-6(7H)-one 3.62

2-(2,5Dimethylthiophen3-yl)acetic acid3.61 (4.00 g, 23.5 mmol) was dissolved in DCM (40 mL) and
mixed with SO[(2.55 mL, 38 mmol, 1.5 eq). DMF (6 drops) was subsequently added and the mixture
was stirred at room temperature for 1h. Upon evaporation of the volatile components, the crude chloride
(4.57 g) was used in the next step without further purification. In a flamed flask, benzene (1.53 g,
19.6 mmol) was dissolved in Meh@0 mL), mixed with the chloride (4.57 g (theor.), 23.5 mmol, 1.2 eq)
and cooled down to 8C. AIGI(3.13 g, 23.5 mmol, 1.2 eq) was then added in small portions, while the
temperature remained unde8 °C. Upon complete addition, the reaction mixture was allowed to reach
room temperature over 2 h, before being poured into iceqa50 mL). Extraction with ED (2 x 100 mL)

and EtOAc (50 mL) afforded an organic layer that was washed with Nakg(30< 50 mL) and 8 (2 x

75 mL), dried over N&8Q and condensedunder reduced pressure Purification by column
chromatography (silica, dry loading, 0% to 15% EtOAc in hexane) afforded a solid which was recrystallised
from EtOAc/ Hexane to produce thide compound (0.32 g, 10.7 %) as light brown crystats;R6 (20%
EtOAc/ Hexane); m.p. = 14447°C (from EtOAc/ Hexanekax (neat): 2914, 2357, 1756 (OC=0), 1637,
1581, 1556, 1494, 1446, 1383, 1311, 1257, 1207, 1145, 1074, 1034+£NMMR (400MHz, CDGPW w TXT1
(s, 3H, thienyMe), 2.42 (s, 3H, thierylie), 2.44 (s, 3H, thierplie), 2.56 (s, 3H, thierlie), 3.67 (s, 2H,
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r-CH), 5.85 (s, 1H, thiemH), 7.41 (s, 1H, vinil); ®*GNMR (100 MHz, CREMI2w 4, 13.41, 15.05, 15.29,
31.87, 104.3, 126.05, 126.54, 126.74, 128.64, 130.64, 131.40, 134.88, 135.58, 140.95, 166.44; HRMS:
Found [M+H]= 305.0660Ci¢H:160:S requires [M+H]= 305.0664.

2-(2,5-Dimethylthiophen-3-yl)-N-methoxy-N-methylacetamide 3.65

In a flamedried flask2-(2,5-dimethylthiophen3-yl)acetic acid.61(7.00 g, 41.2 mmol) was dissolved in
DCM (70 mL) and mixed with SE@148 mL, 61.8 mmol, 1.5 eq). After DMF (10 drops) was added as well,
the mixture was stirred at room temperature for 2 h under a dry atmosphere. The volatile components
were removed by rotary evaporation and the crude chloride (7.93 g) was used on the next reaction
without further purification. In a flamelried flask and under &, atmosphere, a solution oN,G
dimethylhydroxylamine hydrochloride (5.22 g, 45.3 mmol, 1.3 eq) in pyridine (7.33 mL, 90.6 mmol, 2.2
eq) was cooled down at@°C and mixed with a solution of the chloride (7.93 g, 41.2 mmol) in DCM (110
mL), while the temperatue remained under 3C. Upon complete addition, the reaction mixture was
allowed to reach room temperature, before being diluted with DCM (200 mL). After being washed with
HO (3 x 100 mL), the isolated organic layer was further washed with a saturateaslsgNaHCgsolution

(125 mL). Drying ové&&SQ and removal of the solveninder reduced pressuraforded a crude mixture
which was purified by column chromatography (silica, wet loading, 0 to 10% EtOAc/ DCM) to afford the
product as a reabrange oil (59 g, 64.8 %);:R 0.5 (n. DCM)max (Neat): 2918, 2361, 1665 (C=0), 1576,
1413, 1378, 1285, 1176, 1144, 1097, 1002 ,cthi-NMR (400 MHz, (CREW2.82 (s, 3H, thienyWe),

2.37 (s, 3H, thiemy\e), 3.18 (s, 3H, Ne), 3.59 (s, 2Hr-CH), 3.60 (s, 3H, OMe), 6.56 (s, 1H, thiddyl
BGNMR (100 MHz, CREMW 1«99, 15.15, 32.26, 32.32 (2C), 61.15, 127.15, 129.57, 132.45, 135.40,
172.28; HRMS: Found [M+H]214.0893CioHisNOG:Srequires [M+H]= 214.0896.

1-Phenyt2-(2,5-dmethylthiophen-3-yl)-ethanone 3.54

In a flamedried flask and under a Natmosphere, 22,5dimethylthiophen3-yl)-N-methoxy-N-
methylacetamide3.65(5.00 g, 23.5 mmol) was dissolved in dry THF (140 mL) and cooled dei@?@

A solution of phenyllithium iiBwO (43.30 mL 1.9 M soln., 82.3 mmol, 3.5 eq) was then added dropwise
with the temperature maintained undei70 °C. After the addition was oepleted, the reaction mixture

was stirred at70°C for 1 h, before being quenched with saturated:8Haqueous solution (160 mL). The

pH was adjusted to 78 and the product was extracted with DCM (200 mL, 100 mL). The resulting organic
layer was washewvith brine (300 mL), dried over pB&Q and the solvent was removeadhder reduced
pressure The crude mixture so obtained was purified by column chromatography (50 to 60% DCM/ P.E.)
to yield the product as a pale green solid (3.56 g, 65.8%%4)0.6 (50%®CM/ Hexane); m.p. = 554°C

(from DCM/P.E, lit. m.p. = 55-57°C (from MeOH/ bO Vmax (Neat): 2916, 2875, 2356, 1683 (C=0),
1593, 1578, 1444, 1399, 1336, 1215, 1204, 1182, 1140, 1075, 1028tMMR (400 MHz, CBEW w TUT8
(s, 3H, thienyMe), 2,37 (s, 3H, thienyMe), 4.12 (s, 2Hr-CH), 6.49 (s, 1H, thiemH), 7.467.49 (m, 2H,
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ArH), 7.557.59 (m, 1H, ArH), 7.98.01 (m, 2H, ArH}3GNMR (100 MHz, CDEMWL3uL8, 15.18, 38.42,
127.22, 128.46, 128.66, 129.25, 132.73, 133.16, 135.69, 136.69, 197.31.

6.3.2 Enaminone precursors

(B)-(Dimethylamino}1-(2,5-dimethylthiophen-3-yl)-2-phenylprop-2-en-1-one 3.66

1-(2,5Dimethylthiophen3-yl)-2-phenylethanone3.52 (10.00 g, 43.4 mmol) was dissolved in DMFDMA
(14.91 mL, 108.5 mmol, 2.5 eginder a N atmosphereand the solution was stirred at reflux overnight.
After removal of the volatile components by rotary evaporation, the oramgesvn oil so obtained
solidified after 1 h. Recrystallisation from EtOAc/ Hexane afforded the product (10.17 g, 85 p&dtg
yellow crystals; & 0.2 (50% EtOAc/ Hexane); m.p. =8B°C (from EtOAc/ Hexanekax (neat): 3048,
2911, 16201563(C=0), 1494, 1482, 1431, 1388, 1371, 1342, 1318, 1285, 1221, 1197, 1157, 1142, 1106,
1071, 1057, 1037, 1022 cn'H-NMR (4@ MHz, CDg)IW 2\82 (s, 3HthienytMe), 2.41 (s, 3Hthienyk
Me), 2.72 (s, 6H, NME 6.49 (s, 1HhienykH), 7.147.21 (m, 3H, ArH), 7.2629 (m, 2H, ArH), 7.28 (s, 1H,
vinytH); ¥*GNMR (100 MHz, CRYW14w2, 14.98, 43.56, 113.63, 126.306.74, 127.55, 131.94, 134.96,
136.89, 137.48, 139.33, 153.56, 190.86; HRMS: Found [M-£286.1268 G/HisNOSrequires [M+H]=
286.126.

(B-3-(Dimethylamino)1,2-bis(1,5dimethylthiophen-3-yl)prop-2-en-1-one 3.67

1,2-Bis(2,5dimethylthiophen3-yl)ethan1-one 3.53(5.00 g, 18.9 mmol) was dissolved in DMFDMA (6.29
mL, 47.3 mmol, 2.5 eg)nder a N atmosphereand stirred at reflux overnight. After removal of the volatile
components by rotary evaporation, the reaction mixture was mixed with brine and extracted with EtOAc
(3 x 50 mL). The extracts were washed wit® 40 mL), dried over MaQ and the solvent s removed

by rotary evaporation, producing a crude mixture that was purified by column chromatography (alumina,
wet loading, n. DCM) to yield the product (3.62 g, 60.0 %) as-aresdje oil. R= 0.4 (50% EtOAc/
Hexane)vmax (Neat): 2914, 2858, 1628518, 1553 (C=0), 1488, 1424, 1390, 1313, 1224, 1205, 1179,
1116, 1060, 1014 ci'H-NMR (400 MHz, CREW w TXiT ~e« UMe)J2.8Z (s, B8R, thierle), 2.37

(s, 3H, thienyMe), 2.42 (s, 3H, thierlle), 2.77 (s, 6H, NMg 6.43 (s, 1H, thierHl), 6.45 (s, 1H, thienyl

H), 7.30 (s, 1H, vinid); ®*GNMR (100 MHz, CREMA3vBO, 14.44, 14.97, 15.34, 42.43, 107.24, 126.51,
129.66, 132.76, 133.81, 134.44, 134.74, 137.60, 139.39, 154.24, 190.37; HRMS: Foutrd 326-H149,
Gi7H1NOS requires[M+H]"= 320.1137.
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(B)-3-(Dimethylamino)}2-(2,5-dimethylthiophen-3-yl)-1-phenylprop-2-en-1-one 3.68

1-Phenyt2-(2,5dimethylthiophen3-yl)-ethanone3.54 (2.5 g, 10.9 mmol) was dissolved in PhMe (60 mL)
and mixed with DMFDMA (1.6 mL, 12.0 mmol, 1.1 eq) under &bsphere. The mixture was then
stirred at reflux for 2.5 h, and afterwards poured inteCH(10 mL). Extraction with EtOAc (2 x 25 mL)
affordedan organic layer that was dried over 48& and condensed by rotary evaporation to yield the
product (2.65 g, 8% % as a pink solid;R 0.3 (50% EtOAc/ Hexane); m.p. =-1015°C (from EtOAC);

Vmax (Neat): 2913, 1599, 1581557(C=0), 1492, 1442, 1391317, 1301, 1289, 1227, 1205, 1176, 1155,
1135, 1111m 1037, 1022 ciitH-NMR (400 MHz, (CREW w TX10 ~ e« UMe)\2.364$, 8K thienyl

Me), 2.79 (s, 6H, NME 6.44 (s, 1H, thieryl), 7.26 7.32 (m, 2H, ArH), 7.42.43 (m, 3H, ArH}3GNMR

(100 MHz, CD&X WL3wW'7, 15.37, 42.82, 43.36, 105.30, 127.53, 128.36, 129.26, 129.76, 133.23, 133.81,
134.60, 141.91, 154.21, 194.35; HRMS: Found [M=P§6.1266C /Hi1sNOSequires [M+H]= 286.126.

6.3.3 Preparation oB,4-Dihydro 1,2-oxathiine 2,2dioxide targets

6-(2,5-Dimethylthiophen-3-yl)-4-(dimethylamino)-3,4-dihydro-3,5-diphenyl-1,2-oxathiine 2,2 dioxide
3.43

3-(Dimethylamino}1-(2,5dimethylthiophen3-yl)-2-phenylprop2-en-1-one 3.66 (6.00 g, 21.0 mmol) was
dissolved in THF (70 mL) and mixed wighE8.51 mL, 25.2 mmol, 1.2 eq). The solution was then cooled
down to 0°C, before the dropwise addition of Ph&&@A (4.80 g, 25.2 mmol, 1.2 eq) dissolved in THF (50
mL)under a N atmosphere while the temperature was maintained undeP®. Upon complete addition,

the reaction mixture was allowed to reach room temperature overnight. Reaction completion was
achieved with the addition of 0.4 eq of PhSIBCI and BN (at 5°C) and 1 h of stirring. The reaction
mixture was subsequently filtered through a thin layer of alumina and the filtrate was condensied
reduced pressureThe solid so obtained was dissed in EtOAc (120 mL), washed witdfOH2x 60 mL),
dried over NaSQ and the solvent was again removed by rotary evaporation. The crude mixtase
recrystallized from EtOAcHexane toafford the product (6.57 g, 71.0 %) as an-wafiite solid; R= 0.9
(50% EtOAc/ Hexane); m.p. = 14850°C (from EtOAc/ Hexane)nax (Neat): 2913, 2859, 2824, 2782,
1650, 1496, 1479, 1441, 1363-8®), 1285, 1216, 1183 (SQ), 1167, 1126, 1086, 1073, 1054, 1038,
1027 cm'; 'H-NMR (400 MHz, CREW w TXiT ~eY-Me)J2.2@ {s,\6H, NMg 2.31 (s, 3H, thienyl

Me), 4.56 (dJ= 7.9 Hz, 1H,-#), 4.89 (dJ= 7.9 Hz, 1H,-Bl), 6.50 (s, 1H, thieny), 7.2%7.28 (m, 5H,
ArH), 7.427.44 (m, 2H, ArH), 7.5861 (m, 3H, ArH}*GNMR (100 MHz, CREW1420,15.06, 40.55,
62.33, 70.99, 123.93, 126.09, 127.47, 127.95, 129.22, 129.26, 129.45, 129.52, 129.87, 131.90, 136.07,
137.16, 138.28, 144.90; HRMS: Found [MH0.1345C4HsNBS requires [M+H]= 440.1349.
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4-(Dimethylamino)}5-(2,5-dimethylthiophen-3-yl)-3,6-diphenyl1,2-oxathiine 2.2dioxide 3.44

(B)-3-(Dimethylamino}2-(2,5-dimethylthiophen3-yl)-1-phenylprop2-en-1-one 3.68 (2.00 g, 7.0 mmol)

was dissolved in dry THF (25 mL), mixed wiN Et.27 mL, 9.1 mmol, 1)) and cooled down to €. A
solution of PhCEBQCI (1.73 g, 9.1 mmol, 1.3 eq) in THF (25 mL) was then added drapwisea N
atmosphere, while the temperature remained unde?@. Upon complete addition, the reaction mixture

was allowed tareach room temperature over 3 h (additional amounts of PAS8TCI and EN (0.3 eq)

were required to ensure reaction completion). The reaction mixture was subsequently filtered through
alumina and the solvent was evaporatedder reduced pressur& he crue mixture was purified through
column chromatography (alumina, dry loading, 50% to 75% DCM in hexane) and the obtained solid was
recrystallized from EtOAc/ Hexane to afford the product (1.62 g, 52.6 %) as a white soli3R50%

DCM/ Hexane); m.p. =3B - 135°C (from EtOAc/ Hexanekax (neat): 2941, 2832, 1495, 1446, 1369 (O

SQ), 1339, 1317, 1266, 1240, 1225, 11783Q), 1152, 1134, 1099, 1061, 1050, 1037, 1025, 100§ cm
'H-NMR (400 MHz, CREW w iX 31 ~e«UMe)2.2643%, 6H bIME 242 (s, 3H, thienyMe), 4.28 (d,

J=8.1 Hz, 1H,-#1), 4.92 (dJ= 8.1 Hz, 1H,-Bl), 6.72 (s, 1H, thiemd), 7.227.26 (m, 5H, ArH), 7.42.45

(m, 3H, ArH), 7.58.58 (m, 2H, ArH*GNMR (100 MHz, CRCIW13m7, 15.40, 40.80, 61.94, 71.26,
117.44, 27.40, 127.91, 128.25, 129.03, 129.24, 129.48, 129.88, 131.75, 132.39, 133.09, 134.50, 135.59,
148.59; HRMS: Found [M+H]440.1335CG4HsNG:S requires [M+H]= 440.1349.

4-(Dimethylamino}5,6-bis-(2,5-dimethylthiophen-3-yl)-3-phenyt3,4-dihydro-1,2-oxathiine 2,2dioxide
3.45

3-(Dimethylamino}1,2-bis(1,5dimethylthiophen3-yl)prop-2-en-1-one 3.67 (2.00 g, 6.3 mmol) was
dissolved in THF (25 mL), mixed witfNHtL.05 mL, 7.6 mmol, 1.2 eq) and cooled down %G.0A solution

of PhCKESQCI (1.4449, 7.56 mmol, 1.2 eq) in THF (20 mL) was then added dropwise Updénasphere,
with the temperature mantained below 3C. Upon complete addition, the mixture was allowed to reach
room temperature over 4h (reaction completion was achieved after the addition of an extra 0.3 eq of
PhCHSQCI and EN). After it was filtered through a thin layer of aluminhgtreaction mixture was
condensedinder reduced pressurand the obtained oil was dissolved in EtOAc (50 mL), washed y@th H
(2 x 25 mL), dried over B8Q and had its solvent removaghder reduced pressurdrecrystallisation for
the crude mixture from EDAc/ Hexane afforded the product (1.57 g,52) as an ofwhite solid; R= 0.8

(n. DCM); m.p= 135-138°C (from EtOAc/ Hexane)max (neat): 2915, 2857, 2836, 2785, 1645, 1496,
1440, 1367 (€8Q), 1287, 1244, 1181, 1157 &D), 1136, 11101055, 1035 cm; *H-NMR (400 MHz,
CDGeW w iXii ~e*U-Me))2RZ (s, V3 pthierlle), 2.23 (s, 6H, NMg 2.28 (s, 3H, thieryle),
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2.38 (s, 3H, thiemyMe), 4.32 (d,J= 7.9 Hz, 1H,-B)), 4.85 (dJ= 7.9 Hz, 1H,-#), 6.32 (s, 1H, thiend),

6.67 (s, 1H, thienyH), 7.42- 7.43 (m, 3H, ArH), 7.557.57 (m, 2H, ArH}}GNMR (100 MHz, CRCIW w
13.85, 14.58, 15.02, 15.31, 40.71, 62.09, 70.97, 118.01, 125.96, 126.71, 129.21, 129.41, 129.55, 129.87,
131.92, 132.31, 134.89, 134.98, 135.29, 1381415.35; HRMS: Found [M+H] 474.1236 GaHNO:S

requires [M+H]= 474.1226.

4-(Dimethylamino}5,6-bis(2,5dimethylthiophen-3-yl)-3,4-dihydro-1,2-oxathiine 2,2dioxide 3.46

(B)-3-(dimethylamino}1,2-bis(1,5dimethylthiophen3-yl)prop-2-en-1-one 3.67 (1.01 g, 3.2 mmol) was
dissolved in THF (20 mL), mixed witeNEt0.57 mL, 4.1 mmol, 1.3 eq) and cooled dowgitoa0°C. A
solution of CE5QCI (0.47 mL, 4.1 mmol, 1.3 eq) in THF (10 mL) was subsequentlycdrdgedseunder

a N atmosphere with the temperature monitored under . The reaction mixture was allowed to reach
room temperature over 3 h (additional amounts of SSBCI/EtN (0.4 eq) required to achieve reaction
completion). Filtration through a thialumina layer and removal of the solvent by rotary evaporation
afforded a solid that was triturated with EtOAc, dissolved in DCM and eluted through a sinter column
(alumina, n. DCM). The title compound was thus obtained as a white solid (0.70 g, 65%)5 80%
EtOAc/ Hexane); m.p. = 14446°C (from DCMymax (Neat): 2984, 2916, 2602, 2490, 2360, 1475, 1440,
1385 (BGSQ), 1346, 1289, 1252, 1235, 1200, 11535@Q), 1129, 1112, 1066, 1031, 1002 &tH-NMR

(300 MHz, CD&AW w i X031 ~e«UMe)\2.B74$, 8H thierie), 2.26 (s, 3H, thiermlle), 2.30 (s, 6H,
NMe,), 2.38 (s, 3H, thierye), 3.54 (d,J= 9.0 Hz, 1H,-Bl), 3.55 (dJ= 7.7 Hz, 1H,-Bl), 4.17 (ddJ= 7.8,

9.1 Hz, 1H,4), 6.23 (s, 1H, thienyl), 6.55 (s, 1H, thienyd); *GNMR (100 MHz, CDGIWL3W1, 14.42,
14.98, 15.32, 40.25, 42.53, 63.26, 117.11, 125.88, 126.56, 129.64, 131.43, 134.77, 134.94, 135.27, 138.26,
145.50; HRMS: Found [M+K]398.0910CisHsNG:Ss requires [M+H]= 398.0913.

6.3.41,2-Oxathiine 2,2dioxide targets

6-(2,5-Dimethylthiophenyl)-3,5-diphenyl1,2-oxathiine 2,2dioxide 3.48

A solution ofm-CPBA (1.12 g (75 % corr.), 6.5 mmol, 1.9 eq) in DCM (15 mL) was added dropwise to a
solution of 6(2,5-dimethylthiophen3-yl)-4-(dimethylamino)3,4-dihydro-3,5-diphenytl,2-oxathiine 2,2

dioxide 3.43 (1.00 g, 2.3 mmol) in DCM (25 mL), with the temperature maintained bel&@. &Jpon
complete addition, the reaction mixture was allowed to reach room terapge overnight. Subsequent
washes of the mixture with 4@ (15 mL), N&Q (aq)(0.7 M, 2 x 15 mL), NaQlg (1M, 15 mL) and ¥ (12
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mL), followed by drying over B&Q and removal of DCMinder reduced pressurafforded a crude

mixture that was recrystised from EtOAc as yellow crystals (0.96 g, 71.1 #6)0R (n. DCM), m.p. =

143 - 145°C (from EtOACNmax (neaf): 3062, 2961, 1613, 1537, 1494, 1442, 135%5@®), 1284, 1270,

1228, 1178 (€8Q), 1146, 1113, 1075, 1035, 1003 EH-NMR (400MHz, CDGk W2.15 (s, 3H, thienyl

Me), 2.29 (s, 3H, thieryle), 6.38 (s, 1H, thieny), 7.04 (s, 1H-H), 7.22 7.34 (m, 5H, ArH), 7.44 .46

(m, 3H, ArH), 7.68.67 (m, 2H, ArH}3GNMR (100 MHz, CREMLAVBO, 15.03, 119.48, 125.94, 127.74,
127.87, 127.97, 128.66, 128.85, 129.02, 129.84, 130.08, 133.52, 133.90, 135.68, 136.39, 141.08, 149.48;
HRMS: Found [M+H} 395.0777G2H160:S requires[M+H] = 395.0770.

5-(2,5-Dimethylthiophen-3-yl)-3,6-diphenyt1,2-oxathiine 2,2dioxide 3.49

A solution ofm-CPBA (0.68 g (75 % corr.), 3.0 mmol, 1.3 eq) in DCM (25 mL) was added dropwise to a
solution of4-(dimethylamino}5-(2,5-dimethylthiophen3-yl)-3,6-diphenytl,2-oxathiine 2.2dioxide 3.44

(2.00 g, 2.3 mmol) in DCM (25 mL), with the temperature maintained bet@v8pon complete addition,

the mixture was allowed to reach room temperature over 2 h, before receiving subsequent washes with
H.O (15 mL), N&Q (ay(0.7 M, 2 x 15 mL), NaQ& (1 M, 15 mL) and 4@ (10 mLagain. The organic layer

so obtained was dried over b#Q and the solvent was removaahder reduced pressuraffording the
product (0.71 g, 78.0 %) as a pale yellow solid 08 (60% DCM/ Hexane), m.p. = 1288°C;Vnax(neat):

3025, 2914, 1625, 1577, 1552, 1488, 1446, 1363Qp 1321, 1264, 1223, 1182 &D), 1170, 1153,
1139, 1086, 1067, 1035, 1009 ¢mH-NMR (400 MHz, CREW w (X381 ~+UMe)lu2.4%(s,\86,0
thienyl-Me), 6.63 (s, 1H, thieryd), 6.89(s, 1H, 4H), 7.297.37 (m, 3H, ArH), 7.40.47 (m, 5H, ArH), 7.64

7.67 (m, 2H, ArH}*GNMR (100 MHz, CRECMW13wm6, 15.34, 113.75, 125.31, 127.66, 128.26, 128.37,
129.01, 129.88, 129.89, 130.23, 130.87, 131.54, 133.68, 134.04, 134.81, 138.08; HE2MS: Found
[M+H] = 395.0768(2H160:S requires [M+H]= 395.077.

5,6-Bis(2,5-dimethylthiophen-3-yl)-3-phenyl1,2-oxathiine 2,2dioxide 3.50

A solution ofm-CPBA (0.68 g (75 % corr.), 3.0 mmol, 1.1 eq) in @CML) was added dropwise to a
solution of 4(dimethylamino}5,6-bis-(2,5dimethylthiopher3-yl)-3-phenyt3,4-dihydro-1,2-oxathiine
2,2-dioxide 3.45(1.30 g, 2.7 mmol) in DCM (20 mL), while the temperature remained uné@r Bhe
mixture was then allowetb reach room temperature over 1.5 h (reaction completion was achieved after
the addition of an extra 1.3 eq of4BPBA). Subsequent washes of the reaction mixture with(H5 mL),
NaSQ @aqg(0.7 M, 2 x 15 mL), NaQd (1 M, 15 mL) and 4@ again (10 fn) yielded an organic layer that
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was dried over N&Q and condensedinder reduced pressureThe crude mixture so obtained was
purified in a sinter column (silica, dry loading, 10% EtOAc/ Hexane) and yielded the title product as brown
crystals (0.96 g, 83.%); R= 0.4 (10% EtOAc/ Hexane); m.p. =-132°C (from EtOAc/ Hexaneyiax

(neat): 2910, 2853, 1627, 1556, 1494, 1433, 1358@), 1342, 1319, 1259, 1231, 1182, 11665Q),

1142, 1132, 1062, 1036 cintH-NMR (400 MHz, (CREW w i X 00 emnwtMé),2.3979, 3H, thienyl

Me), 2.35 (s, 3H, thiemydle), 2.42 (s, 3H, thierydle), 6.29 (s, 1H, thiem), 6.56 (s, 1H, thiend), 6.90

(s, 1H, 4H), 7.437.46 (m, 3H, ArH), 7.6265 (m, 2H, ArH}3GNMR (100 MHz, CREGWL3v65, 14.79,

15.05, 15.28, 114.08, 125.23, 125.52, 127.66, 128.25, 128.97, 129.73, 130.08, 130.90, 133.23, 133.64,
135.06, 135.97, 137.23, 141.42, 149.60; HRMS: Found [M=M&]L.0467 GoH.00:S requires [M+Naf

= 451.0467.

5,6-Bis(2,5dimethylthiophen-3-yl)-1,2-oxathiine 2,2dioxide 3.51

A solution of mCPBA (0.30 g (75 % corr.), 1.3 mmol, 1.3 eq) in DCM (1Waslgdded dropwise to a
solution of 4-(dimethylamino}5,6-bis(2,5dimethylthiophen3-yl)-3,4-dihydro-1,2-oxathiine 2,2dioxide
3.46(0.40 g, 1.0 mmol) in DCM (10 mL), with the temperature remaining urf&rthe resulting reaction
mixture was afterwards stirred to room temperature oveh 3anadditional amount of MCPBA (0.6 eq)
was required for reaction completion), before being washed wit® KLO mL), N&Q (aq) (0.667 M, 15

mL), NaOhg (1 M, 10 mL) and 4@ (10 mL) a second time. Upon drying the organic layer witSQla

and removing DK through rotary evaporation, the product was obtained as a pink solid (0.27 g, 77.7 %);
R= 0.2 (30% EtOAc/ Hexane); m.p. = 1386 C (from DCMNmax (neat): 3064, 2916, 1622, 1557, 1545,
1494, 1442, 1363 (SQ), 1249, 1223, 1186, 1174 &D), 1141, 1115, 1055 cin'H-NMR (300 MHz,
CDG*W w iX0di ~e+UMe)R.2%(, 88,ahiemlle), 2.32(s, 3H, thiemMe), 2.40 (s, 3H, thienyl
Me), 6.22 §, 1H, thienyH), 6.48 (s, 1H, thienyd), 6.61 (dJ= 10.2 Hz, 1H-4), 6.90 (dJ= 10.2 Hz, 1H,
3-H); ®*GNMR (100 MHz, CREW13vw67, 14.68, 15.02, 15.26, 112.68, 118.06, 125.03, 125.46, 128.25,
130.36, 135.05, 136.01, 137.28, 138.98, 141.79,8lBHRMS: FoundM+NHi]*= 370.0587, GHi60:S
requires[M+NHs]*= 370.0600.
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6.4 Chapter 4 compounds

6.4.1 Preparation of bromel,2-oxathiine 2,2dioxides

3-Bromo-3,6-diphenyl1,2-oxathiine 2,2dioxide 4.9

A solution of Br(2.81 mL, 17.6 mmol) in CH@EO0 mL) was added dropwise to a solution of8igheny}
1,2-oxathiine 2,2dioxide 4.5 (5.00 g, 17.6 mmol) in CHC200 mL). The resulting reaction mixture was
stirred at 70°C for 72 h, before being diluted with CE#61300 mL and washed with an agueousSi@;

solution (250 mL) and-B® (2 x 150 mL). Upon drying the organic layer wittSesand removal of the

solvent by rotary evaporation, the product was triturated with #@OEtOAc/ EO as an offvhite solid

(4.68 g, 73.2 %);:R 0.6 (20% EtOAc/ Hexane); m.p. = 1338°C (from EtOAc/ Hexane)yax (neat):

3041, 1621, 1546, 1489, 1446, 137730Q), 1339, 1272, 1188 (8Q), 1157, 1124, 1108, 1008, 1000-cm
LIHNMR(400 MHz, 86 D W w7&Z (i, 10H, ArH), 7.62 (s, 1FH®GNMR (100 MHz,%AcMe):

wL10.58, 119.64, 128.48, 128.56, 129.13, 129.19, 129.23, 130.68, 130.80, 134.54, 140.21, 152.09; HRMS:
Found [M+Na]= 384.9500, GH1"°BrQsS requires [M+Naj 384.9504.

3-Bromo-6-phenyltl,2-oxathiine 2,2dioxide 4.10

A solution of Br(0.78 mL, 15.2 mmol, 1.1 eq) in CHB0 mL) was added dropwise to a solution ef 6
phenytl,2-oxathiine 2,2dioxide 4.6 (2.87 g, 13.8 mmol) in CHELO0 mL). After the addition was
complete, the reaction mixture was heated at reflux overnight. Due to reaction incompletion, pyridine
(0.28 mL- 3.5 mmol, 0.25 eq) was added and the mixture was heated at reflux for 15 min. Subsequent
dilution of the reaction mixture with CHCQb 200 mL allowed for washing with an aqueous®a;
solution (150 mL), a dilute aqueous HCI solution (1 M, 100 mLH#&@100 mL). The obtained organic
layer was dried with N&Q and the solvent was removednder reduced pressuré yield a crude
mixture, which was triturated with 20 % EtOAc/ P.E. to afford the title compound (3.43 g, 86.6 %) as an
off-white solid; R=0.4 (20 % EtOAc/ P.E.); m.p. = 1382°C (from CHe)t vmax(neat): 3037, 2918, 2849,
1626, 1542, 1494, 1447, 1365-8W), 1261, 1179 (Q), 1070, 1035, 1006 ctnHNMR (400 MHz,
CDG*W w 0 34V7.3-Hi 1H,-#), 7.10 (dJ= 7.3 Hz, 1H,-B), 7.44-7.52 (m, 3H, ArH), 7.69.71 (m,

2H, ArH)*GNMR (100 MHz, CEMLOW.57, 110.98, 125.55, 129.12, 130.07, 131.53, 135.09, 159.43;
HRMS: Found [M+N&aj 308.9186, GH;"°BrQ:S requires [M+NafF 308.9191.
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5-Bromo-3,6-diphenyt1,2-oxathiine 2,2dioxide 4.11

A solution of Br(1.96 mL, 38.0 mmol, 2.7 eq) in DZE (50 mL) was added dropwise to a solution ef 3,6
diphenytl1,2-oxathiine 2,2dioxide4.7 (4.00 g, 14.1 mmol) in 1;RCE (200 mL). The reaction mixture was
then heated at reflux for 96 h and was subsequently washed with an aqueoggsolution (2 x 150
mL) and EO (250 mL). The obtained organic layer was dried oves@and the solvent \as removed
under reduced pressureThe crude product was purified by trituration with.@tyielding the product
(2.35 g, 45.9 %) as a yellow soligk R.5 (10% EtOAc/ P.E.), m.p. = 1067 °C (from EtOAc/ P.EWnax
(neat): 3032, 2358, 1613, 1578, 156489, 1445, 1371 (6Q), 1354, 1318, 1298, 1252, 1179-%0),
1141, 1073, 1034, 1012 cyntH-NMR (400 MHz, CBEW w 6 X i1 -H): ©.487131 §m, 6H, ArH), 7.62
7.65 (m, 2H, ArH), 7.8688 (m, 2H, ArH}*GNMR (100 MHz, CREMRVB0, 127.79128.39, 128.87,
129.19, 129.21, 130.52, 130.66, 131.31, 133.62, 135.96, 151.85; HRMS: Found" M3B8&P500,
CieH11°BrGsS requires [M+Nak 384.9504.

6.4.2 Suzuki Coupling/ Miyaura Borylation products

3,5,6(Triphenyl}1,2-oxathiine 2,2dioxide 4.4 (2.63)

In a flamefried flask,3-bromo-3,6-diphenytl,2-oxathiine 2,2dioxide4.9 (0.40 g, 1.1 mmol), PhB(QH)
(0.20 g, 1.7 mmol, 1.5 eq), Pd(OA€)012 g, 0.06 mmol, 5-%hol), PCy(0.031 g, 0.11 mmol, 10%hol)

and KHPQ-3H:0 (0.75 g, 3.3 mmol, 3.0 eq) were charged neat undetJon the addition oDMA (10

mL), the reaction mixture was heated to 76 for 48 h, at which point the reaction was completed, as
monitored by TC. The solvent was removed azeotropically using PhMe and the resulting crude mixture
was purified in a sinter column (silica, wet loading, n. DCM), to afford the title compound (0.16 g, 40.0 %)
as a yellow solid; théH-NMR signalsvere identical to2.63 prepared by the Cope elimination protocol
describedn section6.2.31.

3,6-Diphenylt1,2-oxathiine 2,2dioxide 4.7(2.67)

In a flamedried flask, 3romo-6-phenyltl,2-oxathiine 2,2dioxide4.10(0.40 g, 1.4 mmol), PhB(QK).25
g, 2.1 mmol, 1.5 eq), Pd(OA¢).015 g, 0.07 mmol, 5-%ol), PCy(0.039 g, 0.14 mmol, 10%ol) and
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K:HPQ-3H0 (0.95 g, 4.2 mmol, 3.0 eq) were charged undeDMA (10 mL) vas added and the mixture

was heated to 78C for 48 h. Upon reaction completion as monitored by TLC, the reaction mixture was
poured into HO (40 mL) and extracted with EtOAcx(80 mL). The extracts were washed withOH100

mL), brine (100 mL) and driedith N&SQ. Removal of the solvent under reduced pressure afforded a
crude mixture containing two components, which were separated via column chromatography (silica, wet
loading, 50% DCM/ P.E.):

Fraction 1: Title compound (0.11 g, 27.5 %) as a palewyslitid; the'H-NMR signalsvere identical to
2.67prepared by the Cope elimination protocol describedection6.2.34.

Fraction 2: §,6-Dipheny}3,3-bi(1,2-0xathiine)] 2,2,2',2tetraoxide 4.29 (0.02 g, 10.0 %gs an orange
solid; R= 0.3 (20% EtOAc/ Hexane); m.p. = 2230°C (decomposition after 238, from DCM/ P.E.);
Vmax(neat): 1614, 1537, 1490, 1445, 13763Q), 1340, 1309, 1266, 1237, 1183%0), 1064, 1032, 1004
cm®; 'TH-NMR (400 MHz, CREMW6.68 (d J= 7.4 Hz, 2H, 2 *%I3), 7.47-7.51 (m, 8H, ArH/ 2 xH), 7.76

7.77 (m, 2H, ArH}¥*GNMR (100 MHz, CRGWLO®.06, 124.24, 125.81, 129.18, 130.04, 131.61, 131.90,
157.17; HRMS: Found [M+Na]437.01260H1406S requires [M+Na]=437.0132.

3-(4-Methoxyphenyl}5,6-diphenyl1,2-oxathiine 2,2dioxide 4.26

Under a Natmosphere 3-bromo-3,6-diphenytl,2-oxathiine 2,2dioxide4.9(0.40 g, 1.1 mmol), AnB(QH)
(0.25 g, 1.7 mmol, 1.5 eq), R@9.031 g, 0.11 mmol, 10-#hol) and KHPQ-3HO (0.75 g, 3.3 mmol, 3 eq)
were charged neat. A suspension of Pd(QAxP12 g, 0.06 mmol, 5-#ol) inDMA(7.5 mL) and MeOH

(7.5 mL) was subsequently added and the reactiaxtuné was heated at 68C overnight. Upon reaction
completion as monitored by TLC, the mixture was poured in@® {5 mL) and the product was extracted
with EtOAc (4« 20 mL). Extracts were washed wiht. NaHC&aq)(40 mL) and brine (40 mL), dried ove
NaSQ and the solvent was removed under removed pressure. The obtained crude was purified in a sinter
column (silica, wet loading, n. DCM) and the obtained solid was triturated wi ttafford the title
compound (0.25 g, 58.1 %) as a pale yellovdsgl=0.4 (20% EtOAc/ Hexane); m.p. = 1448°C (from
DCM);Vmax (neat): 1604, 1510, 1444, 1364-8m), 1305, 1272, 1254, 1228, 1180-$B), 1127, 1035,

1007 cmt; 'H-NMR (400 MHz, CREW w iX6fA ~+U i,U K DH) B.95)6®8 (e RHATK), 8.22

-7.34 (m, 10H, ArH), 7.60.62 (m, 2H, ArH}3GNMR (100 MHz, CREMB5w6, 114.54, 119.06, 122.15,
128.16, 128.27, 129.13, 129.16, 129.22 (2C), 130.09, 131.21, 132.26, 133.87, 135.98, 151.50, 161.03;
HRMS: Found [M+N&at 413.0813G3HisOsSrequires [M+Na]=413.082.
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6-(4-Trifluorophenyl)3,4-diphenl-1,2-oxathiine 2,2 dioxide 4.27 (2.65)

3-Bromo-3,6-diphenytl,2-oxathiine 2,2dioxide4.9(0.40 g, 1.1 mmol), @&H,B(OH) (0.31 g, 1.7 mmol,

1.5 eq, Pd(OAg)(0.012 g, 0.06 mmol, 5-%hol), PCy(0.031 g, 0.11 mmol, 10-#6ol) and KHPQ-3HO

(0.75 g, 3.3 mmol, 3.0 eq) were mixed neatler a N atmosphere before the addition of a 1:1 mixture

of DMAIMeOH. The reaction mixture was heated to 80 overnight. Upon reaction completion as
monitored by TLC, the mixture was poured int®OH20 mL) and extracted with EtOAcx20 mL). The
extracts were washed with sat. NaH§£9 (40 mL) and brine (40 mL), dried over.8l@ and the solvent

was removed nder reduced pressure. The obtained crude mixture was triturated witd Eind the
obtained solid eluted through a sinter column (silica, wet loading, n. DCM) to yield the product (0.17 g,
36.2 %) as yellow crystals; tHe-NMR signalsvere identical t02.65 prepared by the Cope elimination
protocol describedn section6.2.31.

5,5',6,6 TetraphenyH3,3'-bi(1,2-oxathiine)] 2,2,2',2-tetraoxide 4.32

To a flamedried flask 3-bromo-3,6-diphenytl,2-oxathiine 2,2dioxide4.9(0.5 g, 1.38 mmol),Bin, (0.16

g, 0.7 mmol, 0.5 eq), KOAc (0.34 g, 3.5 mmol, 2.5 eq), Pd@pfd) 12 g, 0.14 mmol, 10%h0l) were
charged and dissolved in 1gdoxane (20 mL, separately degassed overfdd 30 min)under a N
atmosphere The reaction mixture was stirred at 80 for 1.5 h and afterwards diluted with®l (30 mL).
Extraction with EtOAc (650 mL) and DCM (50 mL) produced an organic layer that was washed with brine
(150 mL), dried over N&D, and condensed by rotary evaporation towards a crude mixture which was
purified by column chromatography (silica, wet loading, n. DCM). The title compound was thus obtained
(0.20 g, 51.3 %) as a yelkmrange solid; R= 0.5 (20% EtOAc/ Hexane); m.p.c@maposition after 190C;

Vmax (Neat): 3062, 1609, 1533, 1486, 1442, 1364S(®), 1329, 1317, 1284, 1191 &M), 1154, 1126,
1102, 1073, 1035, 1008 ¢m'H-NMR (400 MHz, CRCIW w - .88 (m, 20H, ArH), 7.56 (s, 2H, 2 x vinyl
H); ®*GNMR (100 MHz,[C4 « WL 19,69, 123.78, 128.33, 128.67, 129.10, 129.36, 129.45, 130.55, 130.89,
134.83, 136.75, 153.46; HRMS: Fo{iMdNg "= 589.0749Cs:H,:0sS requires[M+Ng "= 589.0758.
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6.4.3 CH Activation Coupling Products

3,5,6(Triphenyl}1,2-oxathiine 2,2dioxide 4.4(2.63)

5,6-Diphenytl,2-oxathiine 2,2dioxide 4.5 (0.40 g, 1.4 mmol), Pd(P&h(0.16 g, 0.14 mmol, 10-%ol)

and AcOAg (0.26 g, 1.6 mmol, 1,1 eq) were charged into a-fliaie flask under B DMF (5 mL) was
added, followed by Phl (0.47 mL, 4.22 mol, 3.0 eq) and the resulting suspension was heateétCto 80
overnight. Upon reaction completion as monitored by TLC, the reaction mixture was poured@t{aM

mL) and extractewvith EtOAc (4 x 15 mL). The extracts were washed wi{th(bl0 mL), dried over MaQ

and the solvent was removed under reduced pressure. The obtained crude product was processed
through a sinter column (silica, wet loading, n. DCM), yielding a solid which was triturated »@tkoEt
produce the title compound (0.20 g, 39.2 %) as a yedlolid; the *H-NMR signalsvere identical to2.63
prepared by the Cope elimination protocol describiedection6.2.31.

3,6-Diphenytl,2-oxathiine 2,2dioxide 4.7 (2.67)

6-Phenyt1,2-oxathiine 2,2dioxide4.6(0.21 g,1.0 mmol), AcOAg (0.18 g, 1.1 mmol, 1.1 eq) and Phl (0.33
mL, 3.0 mmol, 3.0 eq) were mixed as solidder a N atmosphere. DMF (5 mL) and Pd(RP{®.12 g, 0.1

mmol, 10 %mol) were added and the reaction mixture was heated to°80overnight. Upon reaicn
completion as observed by TLC, the reaction mixture was poured p@o(H) mL) and extracted with

EtOAc (5¢< 20 mL). The extracts were combined, washed wit® KBO mL), dried over NaQ and the

solvent was removed under reduced pressure. The crude mixture so obtained eluted through a sinter
column (silica, wet loading (DCM), 20 % to 50 % EtOAc/ P.E.), yielding a solid that was recrystallised from
EtOAc/P.E. to afford the title compound a pale yellow solid (0.09 g, 32.1 %); tH&NMR signalsvere

identical t02.67 prepared by the Cope elimination protocol describedection6.2.34.
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3-(4-Methoxyphenyl}5,6-diphenyl1,2-oxathiine 2,2dioxide 426

5,6-Diphenytl,2-oxathiine 2,2dioxide4.6 (0.20 g, 0.7 mmolp-MeOGH4I (0.49 g, 2.1 mmol, 3.0 eq) and
AcOAg (0.13 g, 0.8 mmol, 1.1 eq) were mixed flarae-dried flask under a Natmosphere. After the
addition of DMF (5 mL), Pd(Ppi{0.08 g, 0.07 mmol, 10-%60l) was added portionwise and the reaction
mixture was heated to 80C overnight. Upon reaction completion as monitored by TLC, the reaction
mixture was diluted with EtOAc (100 mL) and washed wi® K60 mL) and brine (60 mL). The organic
layer was dried over N&Q and the solvent was removed under reduced pressure. The crude mixture so
obtained was purifiedby column chromatography (silica, digading, 20 % EtOAc/ P.E.) with the fractions
containing the product being combined and condensed under reduced pressure. The resulting solid was
recrystallised from EtOAc/ P.E. to produce the title compound (0.07 g, 25.9 %) as a yellotheséiie;
NMRsignalswvere identical tod.26 prepared by theSuzuki couplingrotocol describedn section6.4.2.

6-(4-Trifluorophenyl)-3,4-diphenl-1,2-oxathiine 2,2 dioxide 4.272.65)

Under a Natmosphere 5,6-diphenyt1,2-oxathiine 2,2dioxide4.6 (0.20 g, 0.7 mmol), @&Hil (0.31 mL,

2.1 mmol, 3.0 eq) and AgOAc (0.13 g, 0.8 mmol, 1.1 eq) were charged into -@flachtask. DMF (5 mL)

was added, followed by Pd(P#h(0.08 g, 0.07 mmol, 10-#60l) in small pdions, and the reaction
mixture was heated to 88C for 2 h. Upon reaction completion, the reaction mixture was filtered through
celite and the precipitate was washed with EtOAc. Removal of the solvents by rotary evaporation afforded
a crude mixture whichwas triturated with E4O to afford the product (0.17 g, 56.7 %) as a pale yellow
solid; the *H-NMR signalsvere identical to2.65 prepared by theSuzuki couplingrotocol describedn
section6.4.2.
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5,6-Diphenyt3-(pyridin-4-yl)-1,2-oxathiine 2,2dioxide 428

5,6-Diphenytl,2-oxathiine 2,2dioxide4.6 (0.20 g, 0.7 mmol),-tbdopyridine (0.43 g, 2.1 mmol, 3.0 eq)
and AgOAc (0.13 g, 0.8 mmol, 1.1 eq) were charged into a-fisiee flaskunder a N atmosphere DMF

(10 mL) was added, followed by Pd(BP0.08 g, 0.07 mmol, 10 #6ol) in small portions, ah the
reaction mixture was heated to 8C for 1 h. Upon reaction completion, the reaction mixture was filtered
through celite and the precipitate washed with EtOAc. Rotary evaporation of the solvents afforded a crude
mixture that was purified by column obmatography (silica, dry loading, 40 % to 60 % EtOAc/ P.E.) to
yield the title compound (0.17 g, 68.0 %) as a pale yellow selid0R (50 % EtOAc/ P.E.); m.p. =144
146°C (from EtOAc/ P.Evyax(neat):1592, 1558, 1540, 1371 {80), 1181(0-SQ), 1133, 1073 crhy 'H-

NMR (400 MHz, CREIwr.25-7.29 (m, 4H, ArH), 7.3%.38 (m, 6H, ArH), 7.577.58 (m, 2H, PyH), 8.70
-8.71 (m, 2H, PyH}*GNMR (100 MHz, CREIwL18.95, 121.25, 128.33, 128.64, 129.05, 129.37 (2C),
130.68, 130.78, 1B38, 135.24, 136.76, 137.47, 150.55, 153.ARMS:Found [M+H] = 362.0843,
GaHisNGsSrequires [M+H]= 362.0845.

5,6-Bis(4methoxyphenyl}3-(pyridin-4-yl)-1,2-oxathiine 2,2dioxide 4.38

5,6-Bis(4methoxyphenyh1,2-oxathiine 2,2dioxide(0.50 g, 1.5 mmol),-tbdopyridine (0.89 g, 4.4 mmol,

3.0 eq) and AgOAc (0.27 g, 1.6 mmol, 1.1 eq) were charged into adtéddlaskunder a Natmosphere

DMF (5 mL) was added, followed by Pd@RB.17g, 0.15 mmol, 10 %&ol) in small portions, and the
reaction mixture was heated to 8@ for 0.5 h. Upon reaction completion, the reaction mixture was
filtered through celite and the precipitated was washed with EtOAc, followed by rotary evaporation of
the solvents. Chromatographic purification of the crude mixture (silica, dry loading, 0 % to 10 % MeOH/
EtOACc) yielded a solid that was triturated with EtOAc and the triturate was condensed under reduced
pressure to afford the title compound (0.20 g, 32.8 % paed solid; &R 0.3 (50 % EtOAc/ P.E.); m.p. =
134 - 138°C (from MeOH/ EtOAcYmax (neat): 1600, 1591, 1568, 1531, 1514, 1499, 1460, 1444, 1413,
1366 (GSQ), 1302, 1292, 1251, 1173&D), 1137, 1117, 1107, 1071, 1025, 1015%cAH-NMR (400

MHz, ©C} « WB.80 (s, 3H, OMe), 3.83 (s, 3H, OMe), 66.88 (m, 2H, ArH), 6.8%.91 (m, 2H, ArH), 7.19

(s, 1H, 4H), 7.19-7.21 (m, 2H, ArH), 7.300.32 (m, 2H, ArH), 7.577.58 (m, 2H, PyH), 8.68.71 (m, 2H,
PyH);*GNMR (100 MHz, CREMB5v86,55.40, 113.83, 114.83, 117.21, 121.19, 123.08, 127.59, 130.06,
130.24, 131.07, 137.24, 137.98, 150.21, 153.61, 159.66, 161.40; HRMS: Found #M2R]1054
GaHisNGsSrequires [M+H]=422.10®.
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(B)-6-Styryk3-(4-(trifluoromethyl)phenyl)-1,2-oxathiine 2,2dioxide 4.40

(B-6-Syryl-1,2-oxathiine 2,2dioxide (0.50 g, 2.1 mmol), -€ECGHal (0.94 mL, 6.4 mmol, 3.0 eq) and
AgOAc (0.39 g, 2.3 mmol, 1.1 eq) weharged into a flamearied flask under a Natmosphere. DMF (15
mL) was added, followed by Pd(RBJR(0.24 g, 0.2 mmol, 10 #60l) in small portions, and the reaction
mixture was heated to 88C for 2 h. Upon reaction completion, the reaction mixture wiésréd through
celite and the precipitate was washed with EtOAc. The solvents were removed under reduced pressure
to produce a crude mixture that was triturated with,&f DCM (1:1) to yield the title compound (0.65 g,
82.3 %) as an orange solid;=R0.3(20 % EtOAc/ P.E.); m.p. = 29B5°C (decomposition after 19%,
from DMF/ EtOACNmax (neat): 1631, 1616, 1543, 1353, 1326-8®), 1263, 1195, 1170 (SQ), 1153,
1111, 1064, 1017 ciH-NMR (400 MHz, CREMB.10 (d,J= 7.1 Hz, 1H,-Bl), 6.68(d, J= 15.9 Hz, 1H,
PhCH=B), 6.96 (dJ= 7.1 Hz, 1H,-#), 7.36- 7.42 (m, 4H, ArH/ P#&CH), 7.517.53 (m, 2H, ArH), 7.69
-7.74 (m, 4H, ArH}EGNMR (100 MHz, CREIWL05.25, 118.38, 123.74 (4= 272 Hz, GJ; 126.02 (g,

= 3.7 Hzp-ArGCR), 127.72, 127.84, 129.03, 129.92, 130.64, 131.544{®3 Hz, €F), 133.23, 133.75,
134.97, 136.57, 155.93)~NMR (376.5 MHzZCDG)): w-62.90 (s, 3F)HRMSFound [M]" = 378.0530,
GigHhsR0sSrequires [MT = 378.0532.

6.4.4 Cycloadditn Products

6.4.4.1 PTAD addition reactions

2,5,9Tripheny}5,9-dihydro-1H-[1,2]oxathiino[5,6-c][1,2,4]triazolo[1,2-a]pyridazine-1,3(2H)-dione 8,8
dioxide 4.43b

(B)-3-Phenyt6-styryl1,2-oxathiine 2,2dioxide4.45(0.4 g, 1.3 mmol) was dissolvedli2-DCH10 mL) and

mixed dropwise with a solution of PTAD (0.32 g, 1.6 mmol, 1.2 ég?-InCH10 mL) and the reaction
mixture was stirred overnighdat room temperature. Upn monitoring of the reaction completion B#-

NMR, the solvent was removed under reduced pressure. The crude product was filtered through a short
column (silica, wet loading, n. DCM) and the obtained pale yellow solid was triturated y@thrEtoom
temperature to afford the product (0.38 g, 60.3 %) as anwdifte solid; R= 0.8 (50% EtOAc/ Hexane),
m.p. = 146 147°C (from DCMymax (neat): 3073, 1768, 1712 (NC=0), 1620, 1494, 1455, 1412, 1384 (O
SQ), 1304, 1220, 1165 ¢8Q), 1148, 1103, 1030 cin'H-NMR (400 MHz, CREW w i X 3908, 1.Q)

3.6 Hz, 1H, $), 5.96 (dddJ= 0.5, 0.86.1 Hz, 1H, B, 6.14 (dddJ= 1.0, 17,6.1 Hz, 1H, ), 7.11 (ddd,
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J=0.5,1.73.6 Hz, 1H, 8), 7.33 7.57 (m, 15H, ArH}*GNMR (100 MHz, CREMB6WD5, 63.07, 106.93,

112.26, 125.53, 126.60, 128.53, 128.75, 129.25, 129.35 (2 C), 129.39, 129.92, 130.01, 130.20, 130.28,
133.31, 14217, 148.20, 148.95; HRMS: Found [M+H]486.1121, GeHisNsOsS requires [M+H] =
486.1125.

5-(4-Methoxyphenyl)2,9-diphenyt5,9-dihydro-1H-[1,2]oxathiino[5,6-c][1,2,4]triazolo[1,2-a]
pyridazine1,3(2H)-dione 8,8dioxide 4.64b

(B-6-(4-Methoxystyryl}3-phenytl,2-oxathiine 2,2dioxide4.46(0.40 g, 1.2 mmol) was dissolved in-1,2
1,2-DCH25 mL) and mixed with a solution of PTAD (0.33 g, 1.9 mmol, 1.6 eq)IE 215 mL) dropwise

at room tempeanture, with partial decolouration observed. The reaction mixture was stirred at room
temperature overnight, but following reaction incompletion as monitored by TLC it was heated at reflux
for 1.5 h. Upon full consumption of the starting material, the sotveras removed under removed
pressure and the crude mixture was purified in a sinter column (silica, wet loading, n. DCM). The solid so
obtained was triturated with kO to afford the product (0.40 g, 66.7 %) as a pale pink sehd) R (50 %

EtOAc/ Heane); m.p. = 158160°C (from DCMNmax(neat): 3063, 1770, 1712 (NC=0), 1608, 1512, 1504,
1491, 1442, 1401, 1381 {80), 1307, 1262, 1240, 1170€D), 1144, 1103, 1089, 1020 cmH-NMR

(400 MHz, CDEAW w X061 ~«U i,U KDH1.4|B.5 Mz dHAA9), .92 (ddJ= 0.5, 6.1 Hz, 1H;13),

6.14 (dddJ= 1.1, 1.6, 6.1 Hz, 1H}HH, 6.94- 6.96 (m, 2H, ArH), 7.067.09 (ddd,J=0.5, 1.6, 3.5 Hz, 1H,

10-H), 7.34 7.55 (m, 12H, ArHY®*GNMR (100MHz, CDGPW w AAXTOU AAXO0AU O0TXIidU f10XO6T!
114.60, 125.14, 125.52, 126.67, 128.70, 129.22, 129.33, 129.42, 129.92, 130.04, 130.25 (2C), 142.12,
148.20, 149.12, 160.76; HRMS: Found' [M$15.1148C7H,1NsOsSrequires[M]* = 515.1151.

2,9-diphenyt5-(4-(trifluoromethyl) phenyl)-5,9-dihydro-1H-[1,2]oxathiino[5,6-c|[1,2,4]triazolo[1,2-
a]pyridazine-1,3(2H)-dione 8,8dioxide 4.65b

(B-3-Phenyi6-(4-(trifluoromethyl)styryl}1,2-oxathiine 2,2dioxide4.47(0.30 g, 0.8 mmol) was dissolved

in 1,2DCE (8 mL) and mixed dropwise with a solution of PTAD (0.28 g, 1.6 mmol, 2.0 e)G&E18mL)

at room temperature. The resulting mixture sidneated at 50C overnight, whereupon the initial red
colouration turned into yellow. The reaction mixture was subsequently condensed under reduced
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pressure into a crude mixture, which was purifieddoyumn chromatography (silica, dry loading, 20 % to

30 % EtOAc/ P.E.). The obtained solid was triturated wit® & afford the title compound (0.17 g, 38.6

%) as colourless crystal®;= 0.8 (50 % EtOAc/ Hexane); m.p. = 1¥86°C (decomposition after 15T,

from EtOAc/ P.E.¥max (neat): 1776, 1709 (GFO0), 1620, 1599, 1495, 1405, 1388, 1323@), 1166 (O

SQ), 1115, 1067, 1018 ci'H-NMR (400 MHz, CREW w i XJ&dl.0; 3.8 Hz, 1H;19), 6.01 (ddJ=

0.5, 6.2 Hz, 1H-H), 6.14 (dddJ= 1.0, 1.5, 6.2 Hz, 1H}§, 7.14 (dddJ= 0.5, 1.5, 3.6 Hz, 1H,-H), 7.35

-7.54 (m, 10H, ArH), 7.63.74 (m, 4H, ArH}*GNMR (100 MHz, CREW w AAXTIU 0TiXiiU i16X00
123.65 (q.J= 273 Hz), 125.46, 126.41 & 3.5 Hz), 127.93, 128.9028.98, 129.12, 129.32, 129.40,

129.90, 130.00, 130.38, 132.13 {&, 33 Hz), 137.18, 142.68, 148.07, 148'85NMR (376.5 MHLDG))

w62.89(s, 3F)HRMS: Found [M+N&at 576.0815C7H1sFNsOsSrequires[M+Na] =576.0819

2,5Dipheny}5,9-dihydro-1H-[1,2]oxathiino[5,6-C|[1,2,4]triazolo[1,2-a]pyridazine-1,3(2H)-dione 8,8
dioxide4.70

(B-6-Styrytl,2-oxathiine 2,2dioxide (0.30 g, 1.3 mmol) was dissolved in-DZE (15 mL) and mixed
dropwisewith a solution of PTAD (0.25 g, 1.4 mmol, 1.1 eq) ifDCE (10 mL). The resulting reaction
mixture was stirred at room temperature overnight (gradual decolouration) and the presence of starting
material (monitored by TLC) prompted the addition of 1oédPTAD (0.23 g, 1.3 mmol). Stirring at room
temperature continued for 3 h, before the temperature was increased t&Sfor further 2 h. The solvent
was removed under reduced pressure and the crude mixture was purified in a sinter column (silica, wet
loading, 0 % to 10 % EtOAc/DCM) towards a solid that was triturated witht&yield the title compound
(0.37 g, 69.8 %) as a white solid=F0.5 (n. DCM); m.p. = 19498°C (from EtOAc/ DCMjnax (Neat):

1762, 1704 (NC=0), 1621, 1497, 1458, 1402, 1381305, 1291, 1272, 1182, 1172-$0), 1157,
1142, 1102, 1086, 1032 chn'H-NMR (400 MHz, CREIwWA.24 (ddd,J= 0.7, 4.7, 17.6 Hz, 16yn9-H),

4.28 (dddJ= 0.7, 5.5, 17.6 Hz, 1Hhti-9-H), 593 (d,J= 6.0 Hz, 1H,-Hl), 6.10 (dddJ= 0.7, 1.7, 6.0 Hz,

1H, 6H), 6.98 (dddJ= 1.7, 4.7, 5.5 Hz, 1H,-H), 7.36- 7.46 (m, 10H, ArH}*GNMR (100 MHz, CQEIw
46.92, 56.05, 101.24, 112.35, 125.58, 126.08, 128.42, 128.76, 129.26, 129.27, 129.20, 133.37,
142.09, 148.26, 148.8B{RMSFound [M+H]=410.0800 GoHisN:OsSrequires [M+H]=410.08.
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2,5-Diphenyt9-(4-(trifluoromethyl)phenyl)-5,9-dihydro-1H-[1,2]oxathiino[5,6-C][1,2,4]triazolo[ 1,2
ajpyridazine-1,3(2H)-dione 8,8dioxide4.71

(B-6-Styryt3-(4-(trifluoromethyl)phenyh1,2-oxathiine 2,2dioxide4.40(0.20 g, 0.5 mmol) was dissolved

in 1,2DCE (10 mL) and mixed dropwise with a solution of PTAD (0.11 g, 0.6 mmol, 1.1 e®GE {2
mL). After stirring at room temperature overnight, the presence of starting material prompted the
addition of 0.5 eq oPTAD (0.05 g, 0.3 mmol) and the reaction mixture was heated°at & 72 h, before

the solvent was removed under reduced pressure. The resulting crude mixture was purified by column
chromatography (silica, dry loading, 20 % EtOAc/ P.E.) affordindrahité solid that was triturated with
EtO to yield the product (0.09 g, 17.6 %) as a white solid;(R2 (20 % EtOAc/ P.E.); m.p. = 1567°C
(from EtOAc/ P.E.¥max (neat): 1770, 1715 (NC=0), 1410, 13883Q), 1328, 1184, 1167 (SQ), 1133,
1108, 1069 crt; *H-NMR (400 MHz, CREIW.53 (ddJ= 1.0, 3.5 Hz, 1H;19), 5.98 (ddJ= 0.5, 5.9 Hz,
1H, 5H), 6.20 (dddJ= 1.0, 1.5, 5.9 Hz, 1HH9, 7.08 (dddJ= 0.5, 1.5, 3.5 Hz, 1H,-H), 7.33- 7.51 (m,
10H, ArH), 7.697.71 (m, 2H, ArH),.75- 7.77 (m, 2H, ArH}3GNMR (100 MHz, CREIW66.06, 62.56,
105.71, 112.91, 123.64 (4= 274 Hz), 125.50, 126.32 @ 3.7 Hz), 126.98, 128.48, 128.82, 129.27,
129.39, 130.10, 130.13, 130.41, 132.62)9,33 Hz), 133.14, 133.47, 141.98, 148.20, 148%8NMR
(376.5 MHzCDG): w62.94 (s, 3F¥XIRMSFound [M+H] = 554.0994 G7HisRNsOsSrequires [M+H] =
554.0996

6.4.4.2 PTAD addition reactions te®tyryl1,2-oxathiine 2,2dioxides for purpose bcharacterization
of the silica sensitive initial adducts

Preparation of 5-(4-Methoxyphenyl}2,9-diphenyl5,10adihydro-1H-[1,2]oxathiino[5,6-c][1,2,4]
triazolo[1,2-a]pyridazine-1,3(2H)-dione 8,8dioxide 4.64a

(B-6-(4-Methoxystyryl}3-phenyl1,2-oxathiine 2,2dioxide2.70(0.30 g, 0.9 mmol) was dissolved in-1,2
DCE (10 mL) and mixed with a solution of PTAD (0.19 g, 1.1 mmol, 1.2 &)@®H5 mL) dropwise at
room temperatureand the reaction mixture was stirred at room temperature overnight. Removal of the
solvent was under reduced pressure and trituration of the resulting solid with AcMe afforded a white solid
aliquot of the title compound for characterisatiofilo Robtained on account of silica sensitivity); m.p. =
164 - 168°C (from 1,2DCE)ymax (neat): 1717 (NC=0), 1599, 1503, 1409, 1373@) 1256, 1180 (©
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SQ), 1139, 1089, 1026 ci*H-NMR (300 MHz, CREM5.36 (q,J= 2.3 Hz, 1H, 166), 5.78 (ddJ= 2.2,

5.1 Hz, 1H, H), 6.31 (ddJ= 2.2, 5.1 Hz, 1H;8), 6.88 6.91 (m, 2H, ArH), 7.35.50 (m, 11H, ArH/ 10

H), 7.68- 7.71 (m, 2H, ArH}*GNMR (100 MHz, CREM54M5, 54.86, 55.31, 114.35, 116.66, 125.24,
125.86, 126.96, 128.16, 128.55, 129.20, 129.21, 129.31, 130.39, 130.40, 130.81, 141.45, 141.85, 149.99,
154.64, 160.584RMS: Found [N =514.1062 GoHbiNsOsS require§M-H| =514.1067

Preparation of 29-Diphenyt5-(4-(trifluoromethyl)phenyl)-5,10a-dihydro-1H-[1,2]oxathiino  [5,6-
c][1,2,4]triazolo [1,2a]pyridazine-1,3(2H)-dione 8,8dioxide 4.65a

(B-3-Phenyi6-(4-(trifluoromethyl)styryl}1,2-oxathiine 2,2dioxide4.46(0.40 g, 1.1 mmol) was dissolved

in 1,2DCE (16nL) and mixed dropwise with a solution of PTAD (0.20 g, 1.2 mmol, 1.1 E8)DCE (8

mL) at room temperature. The reaction mixture was stirred at room temperature overnight, before the
solvent was removed under reduced pressure. The resulting solittitveiated with AcMe andh-pentane

to afford a white solid aliquot of the product for characterisatiqiNo R obtained on account of silica
sensitivity); m.p. = 169172°C (from 1,2DCE)yvmax (neat): 1780, 1721 (NC=0), 1495, 1411, 1377, 1325
(0-SQ), 1256, 1182, 1141 (8Q), 1111, 1090, 1058, 1021 dptH-NMR (400 MHz, CBEW w A 381 ~<U
2.3 Hz, 1H, 108l), 5.88 (ddJ= 5.0, 2.3 Hz, 1H;18), 6.33 (ddJ= 5.0, 2.0 Hz, 1H;18), 7.35 7.55 (m, 9H,
ArH/ 10H), 7.63- 7.70 (m, 6H, ArH}3GNMR (100 MHz, CREMb4vB4, 54.59, 115.72, 123.72 (& 272

Hz, Cp), 125.18, 126.16 (§= 3.6 Hzp-ArGCE), 126.55, 128.12, 128.75, 129.11, 129.27, 129.28, 129.40,
130.17, 130.95, 131.92 (@ 33 HzGCFR), 137.54, 141.76, 142.67, 149.85, 15483BNMR (376.5 MHz,
CDGQG) w62.90(s, 3F)HRMS: Found [Mi] = 552.0846C7HisFsNsOsSrequires[M-HJ =552.0843

6.45 DMAD addition reaction

Dimethyl 7-(4-methoxyphenyl}3-phenylbenzof][1,2]oxathiine-5,6-dicarboxylate 2,2dioxide 4.76

A mixture of DMAD (0.12 mL, 1.0 mmol, 1.1 eq) @d-(4-methoxystyryl}3-phenytl,2-oxathiine 2,2
dioxide4.46(0.30 g, 0.9 mmol) was heated to reflux overnight. Upon reaction completion as monitored
by HNMR, the reaction mixture was separated to its components via column chromatography without
solvent removalsilica, wet loading, n. DCM). The obtained solid was triturated from PJ&)/(&2) to
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yield the title compound (0.04 g, 9.5 %) as anvdifte solid; R= 0.9 (10 % MeOH/ DCM); m.p. = 214
216°C (from DCM)max (Neat): 2953, 1747, 1728 (OC=0), 170Z€=0), 1609, 1516, 1491, 1438, 1387,
1373 (BSQ), 1329, 1275, 1247, 1217, 1180-80), 1152, 1112, 1021 citnH-NMR (400 MHz, CREW w
3.65 (s, 3H, OMe), 3.86 (s, 3HM6), 3.93 (s, 3H, GMe), 6.96- 6.98 (m, 2H, ArH), 7.287.30 (m, 2H,

ArH), 7.4 (s, 1H, &), 7.50- 7.51 (m, 3H, ArH), 7.63 (s, 1H} 7.67- 7.69 (m, 2H, ArH}*GNMR (100

MHz, CDGk W52 0, 53.38, 55.37, 114.23, 117.62, 122.12, 127.18, 129.15, 129.32, 129.91, 130.27,
130.53, 130.76, 131.58, 138.58, 144.08, 151.29, 160168,94, 167.71; HRMS: Found [M+Na]
503.0770GsH00sSrequires[M+Na] = 503.0777.

6.4.6 Benzyne addition products

1-(4-Methoxyphenyl)naphthalene 4.80

6-(4-Methoxyphenyll1,2-oxathiine 2,2dioxide4.74(0.5 g, 2.1 mmol) was dissolved in MeCN (25 mL) in a
flame dried flask and mixed with CsF (0.51 g, 3.4 mmol, 1.6 eq) at room temperatdes a N
atmosphere.2-(Trimethylsilyl)phenyl trifluoromethanesulfonatéd.56 mL, 2.3 mmol, 1.1 eq) was then
added dropwise and the reaction was stirred at room temperature overnight. Mixing wih(60 mL)

and extraction with EtOAc (2 x 25 mL) afforded an organic layer which was washed with brine (30 mL),
dried over NaSQ and condensed under reduced pressure. The resulting crude mixture was purified by
column chromatography (silica, dry loading, 10 % EtOAc/ P.E.) and the obtained solid was triturated with
n-pentane to yield the title compound (0.04 g, 8.2 %) as amwbfte solid; R= 0.8 (20 % EtOAc/ Hexanes);
m.p. = 111 114°C (from EtOAc/ P.E., lit. m.p. = 2NA3°C¥°8 vmax(neat): 2991, 2954, 2831, 1607, 1513,
1504, 1461, 1451, 1437, 1422, 1393, 1282, 1239, 1207, 1173, 1143, 1107, 1057, 10'86NNIR (400

MHz, CDGP W3.88 (s, 3H, OMe), 7.027.04 (m, 2H, ArH), 7.397.53 (m, 6H, ArH), 7.837.85 (m, 1H,

ArH), 7.89 7.93(m, 2H, ArH**GNMR (100 MHz, CBEMB588, 113.72, 125.42, 125.72, 125.94, 126.08,
126.92, 127.35, 128.27, 131.13, 131.83, 133.13, 133.84, 139.91, 158.94.

1,2,4Triphenylnaphthalene 4.85

A solution 0f3,5,6(triphenyl}1,2-oxathiine 2,2dioxide4.4(0.50 g, 1.4 mmol) an2i(trimethylsilyl)phenyl
trifluoromethanesulfonate(0.36 mL, 1.5 mmol, 1.1 eq) in MeCN (10 mL) was added dropwise in a
suspension o€sF (0.53 g, 3.5 mmol, 2.5 eq) in MECBmML) in a flame dried flasik room temperature
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under a N atmosphere The resulting reaction mixture was stirred at room temperature for 3.5 h before
being poured into KD (25 mL) and extracted with EtOAc (2 x 25 mL). The organic layer was washed with
brine (30 mL) dried over N&Q and the solvents were removed under reduced pressure. The crude
product so obtained was purified by column chromatography (silica, dry loading, 10C% FEE.),
affording a solid that was washed withpentane to yield theproduct (0.16 g, 32.0 %) as an-oftfite

solid; R = 0.8 (EtOAc/ P.E.); m.p. = 15860°C (from E4O/ P.E.Jit. m.p. =159- 161 °C¥®% vmax (nNeat):

3053, 3019, 1599, 1573, 1491, 1439, 1419, 1379, 1251, 1209, 1141, 1070, 1056, 10B2NNR (400

MHz, CDGk W7.18- 7.35 (m, 10H, ArH), 7.40.61 (m, 8H, ArH), 7.74.76 (m, 1H, ArH), 7.98.01 (m,

1H, ArH)BGNMR (100 MHz, CRCIWI128.76, 126.04, 126.07, 126.26, 126.79, 127.20, 127.37, 127.61,
127.88, 128.33, 130.15, 130.20, 130.94, 131.56, 133.06, 137.14, 137.89, 139.06, 139.79, 140.61, 141.84.

1,4-Diphenylnaphthalene 4.86

A solution of2-(trimethylsilyl)phenyl trifluoromethanesulfonaté.48 mL, 2.0 mmol, 1.1 eq) was added
dropwise to a suspension 8f{6-diphenyll,2-oxathiine 2,2dioxide4.7 (0.5 g, 1.8 mmol) and CsF (0.68 g,
4.5 mmol, 2.5 eq) in MeCN (25 nih)a flame dried flaskt room temperatureunder a N atmosphere.
Upon complete addition, the reaction mixture was stirred at room temperature for 2 h and, upon reaction
incompletion asmonitored by TLC, it was heated to reflux for 1 h. Mixing witB £60 mL) and extraction
with EtOAc (2 x 25 mL) produced an organic layer that was washed with brine (30 mL), dried:@r Na
and condensed under reduced pressure. The resulting crude rixtuas purified by column
chromatography (silica, dry loading, 0 % to 3 % EtOAc/ P.E.), leading to&lfiade solid that was
triturated with n-pentane to afford the title compound (0.11 g, 22.0 %) as amwbite solid; R= 0.9
(EtOAcHexane); m.p. £20- 128°C (from EDAc/ P.E., lit. m.p. = 13233°C (from EtOH}}% Vmax(neat):
3052, 1598, 1573, 1512, 1488, 1469, 1446, 1384, 1238, 1154, 1071, 1628iddMR (400 MHz, CREI
Wr.43-7.57 (m, 14H, ArH), 7.98.00 (m, 2H, ArH}3.GNMR (100 MHz, CREML2%.87, 126.41, 126.48,
127.29, 128.32, 130.17, 131.92, 139.84, 140.83.
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APPENDIX 1: Crystal structure information/ CIF files

checkCIF/PLATON repddr compound 2.5
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checkCIF/PLATON repddr compound 2.5a

269



270



checkCIF/PLATON repddr compound 2.5b
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checkCIF/PLATON repddr compound 2.63
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checkCIF/PLATON repddr compound 3.45
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1,2-oxathiine 2,2dioxides Synthesiy Synthesissection 2.3 (1,2xathiine 2,2ioxides), Reactivity and
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SYNTHESIS, REACTIVITY AND APPLICATIONS OF
1,220XATHIINE 2,2-DIOXIDES
DOI:[http://dx.medra.ord/0.17374/targets.2021.24.33
Orlando D. C. C. de Azevedo, B. Mark Heron, Dimitrios Zonidis
Department oChemical Sciences, School of Applied S@entiniversity of Huddersfield,
Queensgate;iD1 3DHHuddersfield UK
(e-mail: orlando.deaevedo@hud.ac.ukn.heron@hud.ac.ukdimitrios.onidis@hud.ac.uk

Abstract.The structure, synthesis, reactivity and applications of th@ia#hiine 2,2dioxide ring

system are reviewed. This relatively scarcely studied heterocycle can be accessed by a variety of
traditional and modern synthetic chemistry strategies and offeet gotential as a building block

for the construction of acyclic and heterocyclic compounds. Furthermoreghkone ring is an
invaluable reagent for imparting water solubility into a variety of materials including colorants
and polymers.

Contents
1. Introduction
2. Synthesis
2.1.1,2-Oxathiane 2,Alioxides
2.2. Dihydrel,2-oxathiine 2,2dioxides
2.2.1 3,4Dihydro-1,2-oxathiine 2,2dioxides
2.2.2 3,6-Dihydro-1,2-oxathiine 2,2dioxides
2.2.3 5,6-Dihydro-1,2-oxathiine 2,2dioxides
2.3. 1,20xathiine 2,2dioxides
3. Reactivity and applications
3.1.1,2-Oxathiane 2,Aioxides
3.2. Dihydrel,2-oxathiine 2,2dioxides
3.3. 1,20xathiine 2,2dioxides
4. Concluding remarks
References

1. Introduction

1,2-Oxathiine 2,2-dioxides, historically describedaseither 1,4sultones, 1,4utanesultone
or Gsultones, are the relatively scarcely studied isomers in the homologous series of
sultones:??® Indeed the 1;Dxathiine ring is the lesser explored isomertiud sixmembered
heterocyclic systems which contain one sulfur and one oxygen*atbmobjective of this review
is to present the structure, synthesis, chemistry and applications of this interesting class of
heterocycle and will encompass the tetrahydrl,2-oxathiane 2,lioxide), the three isomeric
dihydro- 2, 3, 4 and the fully unsaturatefl 1,2-oxathiine 2,2dioxide systems which can be
considered as SQsosteresof the extensively studied, biologically significant, pyfaone
systemg (Figurel).
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Figure 1. Structure and nomenclature.

2. Synthesis

In this section, the synthesis of monocyclic ring systems is organised by degree of saturation,
commencing with the fully saturated dgRathiane 2,2lioxides and progressing through the three
isomeric dihydro derivatives leading to the fully unsaturateebtathiine 2,2dioxides. It should
be noted that for organisational purposes the transformation of, for example, a dihydro isomer into
the fully unsaturated analogue, is included in the ®githsection rather than in the discussion of
reactivity.

2.1 1,2-Oxathiane 2,2dioxides

Historical routes to 1;®xathiane 2,2lioxides (saturated=sultones)l, which have been
reviewed in the mid 9508 and late 1980%jnclude the vacuum distillatioof Ghalogeno ands
hydroxy sulfonic acid$. The process has been extended to the thermal cyclisatio® of
acyloxysulfonic acidsand of4,4-oxybis(butanel-sulfonic acid)(Scheme 1§.The sulfonation,
dimerization of simple terminal alkenes with dioxane:sulfur trioxide complex, was extensively
studied by Bordwelkt al, and several examples of 4&ubstituted 1,2dxathiane 2,2lioxides
were described (Scheme 2Barium 2,4-diphenybut-3-ene1-sulfonate derived from the ring
opening and thermolysis of 4diphenytl,2-oxathiane 2,2lioxide, underwent halosultonisation
upon treatment with either bromine or chlorine (Schem?® Bhe electrophilic cyclisation of-2
allylphenol to3-ethyl-6-(2-hydroxyphenyl1,2-oxathiane 2,2lioxide was accomplished in 61%
yield upon reaction witbutyl sulfurochloridategeneratedn situfrom SQ and butyl chloride at
low temperature in CG Sulfonation of internal olefins such asétadecene using S@nd a
falling film reactor afforded low yields d@fans-3,6-dialkyl Gsultones'? Progress on the synthesis
of Gsultones was reviewed lyaunersdorfeet al., in 20183

Scheme 1Thermal cyclisation of,4-oxybis(butan€l-sulfonic acid)
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Scheme 2.Sulfonation, dimerization of simple alkenes.Scheme 3.Halosultonisation
reaction.

Fumaronitrilereacts with S@in dichloromethane (DCM) a0 °C to afford the tetrs0;s
adduct, (E)-6,6-(ethenel,2-diyl)bis(1,3,2,4,5dioxadithiazine 2,2,44etraoxide) in 87% yield.
Subsequent sulfonation of styrene in pyridine at low temperature forms an Estiibne which
reacts with further styrene upon warming to affet@-diphenyll,2-oxathiane 2,lioxide
(Scheme 4§#

Scheme 4Sulfonation of styrene with fumaronitrile tet®&0; adduct.

Following from the initial study by Durst and Tin, who described the amediated
cyclisation of 1,3alkanedisulfonate esters in good to excellent yi€ldBjs strategy has been
employed to obtain 5;8iethyl1,2-oxathiane 2,2lioxide7 in 72% yield. Reaction of with "BuLi
at low temperature and quenching with either methyl iodideacetone gave -8ubstituted
derivatives in good vyield (Scheme 8)Intramolecular cyclisation of the sulfur stabilised
carbanion from2,2-dimethyt3-oxobutyl methanesulfonatafforded 4-hydroxy-4,5,5trimethyk
1,2-oxathiane 2,2lioxidein 49% yield; Xray crystallography was employed to firmly establish
the structuré’

Schemeb. Anion mediated cyclisation df,3methandisulfonate esters

The ytterbium triflatemediated aldol condesation between trifluoromethyltrimethylsilane
and isobutyraldehydeafforded the difluoroaldol precurs@ in 49% yield. O-Mesylation was
readily accomplished in 74% with MsCIl ancsftand subsequent deprotonation of the MgSO
function with'BuOK in THF effected the smooth cyclisation to the-dxathiane 2,2lioxide 9
(Scheme 6%
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Schemeb. Formation of difluorinated 1-B8xathiane 2,2lioxide.

During an enantioselective synthesis of Oasomycin A, the tetrasubstituiexathzane 2,2
dioxide 10 was isolated as a significant “pyoduct in up to 25% vyield from the attempted
KociensktJulia olefination. The formation dDwas rationalised by a Brook rearrangement of the
Julia intermediate followed by alkoxide attack on the sulfur atom (8ef®2°

Scheme?. Serendipitous formation of tetrasubstituted-@xathiane 2,2lioxide 10.

Michael addition of methyl phenylacetate anion to phenyl vinyl sulfonate provided a mixture
of the mone and bisadducts from which the former was isolated in 48% yield. Reduction of the
ester to the primary alcohol was accomplished using DIBAL in 93%.y{@eneration of the
alkoxide anion with NaH resulted in cyclisation to thpHenyll,2-oxathiane 2,2lioxide 11 in
86% vyield with elimination of phenoxide. The scope of the reaction was extended to include the
4-bromo and 4hydroxy-phenyl analogues (Seme 8)°

Scheme 8Alkoxide mediated cyclisation to form @sultone.

Tributyltin hydridepromoted free radical reaction of homopropargyl benzosulfonates
resulted in an unexpected rearrangement to affetdb@tylstannyt4-aryl substituted 1;2
oxathiane 2,2dioxides12in moderate yields. Crystal structuresl@frevealed a&is-orientation of
the ring substituents which suggested that the tin hydride reduction of the intermediate radical
occurred stereoselectively irtransfashion (Scheme 9.
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SchemeR. Free radical reaction of homopropargyl benzosulfonates

Both primary and tertiaryD Zalkenols have been cyclised by a phmadoxcatalysed
procedure to afford a diverse range of trifluoromethyla@dltones in excellent yields. A single
electron transfer process, mediated by the photoexcited copper catalyst, affords the trifluoromethyl
radical which adds to the alkenol to generate a second radical that captudsfris@ an
intermediate Cu(ll) complex and subsequently cyclises to the product (Scheffie 10).

Schemel0. Photoredoxcatalysed synthesis of trifluoromethyl substitut@sliltones.

Perhaps the most recently and widely exploited approach to variously substituted 1,2
oxathiane 2,lioxides employs the intramolecularkCinsertion reactions of carbenoids derived
from Ddiazosulfonatesethyl 2diazo2-(alkoxysulfonyl)acetatg) 13 which were conveniently
obtained from the requisitethyl 2(alkoxysulfonyl)acetate via established diazo transfer
protocols. Novikowet al, effected the cyclisation of a series of&drbenoids to afford substituted
-sultones irgood yields (Scheme 18.

Scheme 1. Rh-carbenoid approach to substitut€dultones.

Extension of the foregoing methodology to #tkyl 2(alkoxysulfonyl)acetateerived from
citronellol enabled a quaternary stereocentre to be installeed&f Bpplication to the borneol
derived diazosulfonatb4 afforded two fused=sultones resulting from insertion into theHbond
of the methyl group and the methylene bridge (Schemé&11).

The foregoing rhodium carbenoid cyclisation methodology was complemented by Du Bois
et al, who also simplified the protocol by obviating the requirement to isolatethiyé2diazo
2-(alkoxysulfonyl)acetateand instead cyclised the precursghyl 2(alkoxysulfonyl)acetate
directly employing iodosobenzene and>@Mc)s to generate aryliodonium ylides as surrogate
diazo intermediates. Interestingly, in addition to simple tdi and tetra substitutedGsultones,
strained bicyclic [4.1.0]Gsultones wee constructed by this methodology (Scheme?d.2).
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Scheme 2. Synthesis of strained bicycliGsultones by RH{OAc)s-mediated cyclisation
of in situgenerated aryliodonium ylides.

An extensive series of 3disubstituted 1dxathiane2,2-dioxides has been generated
through an iron phthalocyaniuatalysed alkylation of allylic and benzylic C{s#1 bonds. An
electrophilic iron carbene is purported to mediate the homolytld BGond cleavage and
subsequent G84 bond formation (Scheme I3

Schemel3. Iron phthalocyaningnediated formation of 3;disubstituted 1,2dxathiane 2,2
dioxides.

The oxidation of 4&hloro-4-methyt1,2-oxathiane loxide, derived from the reaction 8f
methylbut3-en-1-ol with SOCb, using HO> gave 4chloro-4-methyl1,2-oxathiane 2,2lioxide;
the route constitutes a unique heteroatom oxidation approach @sttkne unit®

2.2. Dihydro-1,2-Oxathiine 2,2-dioxides
2.2.1. 3,4Dihydro-1,2-oxathiine 2,2dioxides

Lupton et al, have reported th&-heterocyclic carbene (NH&@atalysed annulation of
multiple trimethylsilyl enol ether&5 with various D Eunsaturated sulfonyl fluoridds to afford
the corresponding 3;dihydro-1,2-oxathiine 2,2dioxides17in mockerate to very good yields (40
88%) (Schemd4).?®

Scheme 14NHC-catalysed annulation afimethylsilyl enol ethersvith various D Eunsaturated
sulfonylffluoridesto afford3,4-dihydro-1,2-oxathiine 2,2dioxides

The authors propose that the reaction progresses by the addition of the NHCOde the
unsaturated sulfonyl fluoride with simultames loss of the fluoride and desilylation thfe
trimethylsilyl enol ether generating a sulfonyl azolium and a desilylated enolate, respectively. The
latter then undergoes a conjugate addition to the sulfonyl azolium generating a sulfonyl azolium
enolate hat, after proton transfer and loss of the NHC, formed @seltone. The reaction
conditions were sensitive to the electronic nature of the substrates as afiedicent sulfonyl
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fluoridesgeneratedhe corresponding 3;dihydro-1,2-oxathiine 2,2dioxides in higher yields #n
the electrorrich analogues.
Qin et al, have reported the DBUatalysed annulation ¢E)-2-(4-nitrophenyl)ethend-
sulfonyl fluoride with 1,3-diketonesto afford the condensed monocycli8,4-dihydro-1,2-
oxathiine 2,2dioxides18(Schemel5) DV SDUW RI D VFUHHQLQJ SURMHFW IR
disease? The reactions were performed under mild conditions of DBU catalysis and NgRICO
DCM at rt. The authors postulate that the reattprogressed by the conjugate addition of the
enolizable 1,3liketone to theD Eunsaturated sulfonyl fluoride promoted BpHCQ;, followed
by fluoride activation by DBU and subsequent csation to afford theGsultone

Scheme 15DBU-catalysed annulation af styrykulfonyl fluoridewith 1,3-diketonego afford
3,4-dihydro-1,2-oxathiine 2,2dioxides

The same group has reported the D&falysed annulation betwedt){2-([1,1-biphenyl}
4-ylethenesulfonyl fluoride red the enolizable ketones affordinge tB,4-dihydro-1,2-oxathiine
2,2-dioxides 19 in good yields (Schemé6).3! Once againa catalytic amount of DBU was
employed, but with a weaker basefQy) at a higher temperature (50 °C) in DMBin et al,
havealso preparedmaextensive series of-¢hetero)ary6-heteroary3,4-dihydro-1,2-oxathiine
2,2-dioxides 20 from the treatment oH)-(hetero)arylethenesulfonyl fluorides with a range of acyl
azaheterocycles (Scheme 1%)In a similar way, aNi(acac)-catlysed annulation of-(2)-
phenylethenesulfonyl fluoride with-&cetyl pyridine afforded 4-phenyt6-(pyridin-2-yl)-3,4-
dihydro-1,2-oxathiine 2,2dioxidein 69% yield.(Schemel7).3

Scheme 16DBU-catalysed annulatioof Scheme 17Ni-mediated synthesis of

astyrylsulfonylfluoride with enolizable 3,4-dihydro-1,2-oxathiine 2,2
dioxides

ketonedo afford from styrylsulfonylfluorides and acyl

3,4dihydro-1,2-oxathiine 2,2dioxides substitutecheterocydes

Building upon early work concerning the addition of sulfenes to enaminoké&téhes
Schenoneet al, have reported the synthesis of-8jdydro-1,2-oxathiine 2,2dioxides21 by the
cycloadditionof sulfene, generatad situfrom the action of BN uponmethanesulfonyl chloride
to a series ofnaminoketoneslerived from acetophenarnia fair to good yield (457/7%) (Scheme
18).3" The foregoing sulfene methodology was exploited by Schenone amdrkers to afford an
extensive series of condensed ring systems incorporating,#dihydro-1,2-oxathiine 2,2
dioxide moiety 346 Mahajanet al, have prepare6-styryl substituted,4-dihydro-1,2-oxathiine
2,2-dioxides22 in excellent yield (8891%) by reaction between enaminoketoraesived from
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(E)-4-arylbut-3-en-2-ones,and methanesulfonyl chloridiethe presence of gt in DCM (Scheme
19).47

Scheme 18Synthesis of 34lihydro
1,2-oxathiines from the addition of
sulfenes to aryl enaminoketones.

Scheme 19Synthesis of 34lihydro-
1,2-oxathiines from the addition of
sulfenes to styryénaminoketones

The addition of sulfenes, generated by the action of base on a series of alkanesulfonyl
chlorides, to enaminoketones has been revisited in two studigsniigis et al., with thereported
synthesis ofa series of dhienyl substituted,4-dihydro-1,2-oxathiine 2,2dioxides 23 which
exhibited Ptype photochromisn{Scheme20)* By employing an identicasulfene addition
protocol diverse examples of pefyubstituted3,4-dihydro-1,2-oxathiine 2,2dioxides 24 with
different substituents at-@, G-5 and C6 were obtainedn generally good yields (TablB. The
authors noted that the reaction progressed stereoselectively as the major products adopted a half
chairlike conformation with drans-diaxial arrangemerof R® and NMe as established by-¥ay
crystallography??

Scheme 20Application of the sulfene route to the synthesis of photochromic
3,4-dihydro-1,2-oxathiine 2,2dioxides.

R R2 R3 Yield (%)
CeHs CeHs CeHs 92
CeHs CeHs 4-CRCeHs 60
4-MeOCgH4 4-MeOGsH4 CeHs 68
Bn CeHs CeHs 48 (trang), 25 (cis)
CeHs Bz CeHs 96
CeHs H CeHs 52
4-MeOCgH4 H CeHs 83
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4-CF3CeH4 H CeHs 64

4-CsHsN H CeHs 10
2-NO2CeH4 H CeHs 75
CeHs CeHs H 53
4-MeOCegH4 H H 40
Me 2-FGsHs CeHs 79

Table 1.Structural diversity of 3;4lihydro-1,2-oxathiine 2,2dioxides obtained
from the addition of sulfenes to enaminoketones.

Lei et al, describe an alternative synthesisstyryl substitute®,4-dihydro-1,2-oxathiine
2,2-dioxide 25 in 36% yield by sulfonationmediatedring-closure ofcinnamic acid derived
ketoesteusing acetic anhydride and concentrated sulfuric acid (ScA&ne

Scheme 21Sulfonatioamediated ring closure of an enolisable ketee

2.2.2. 3,6Dihydro-1,2-oxathiine 2,2dioxides

The use of dienes features prominently in the synthesss6afihydro-1,2-oxathiine 2,2
dioxides Bordwell et al, in 1958, examined the sulfonation (dioxe®@; in 1,2DCE) of 2,3
dimethyl1,3-butadiene and obtained a 16% vyield of-dimethy}3,6-dihydro-1,2-oxathiine 2,2
dioxide>! Comparative data for the sulfonation of various-dighes with either S&dioxane or
SOs-DMF has been summarisé@erfontain anato-workers studied the sulfonation of a series of
1,3-dienes using dioxar80; at-30 °C -rt in DCM and obtained the requisi6-dihydro-1,2-
oxathiine 2,2dioxides in low to moderate yields. Of note was the reactiq@H#E)- and (ZE,4E)-
hexa2,4-dienes which led to the same oxathii@é (Scheme 225? Mechanistically the reaction
was thought to proceeda a fast [2+2]cycloaddition to the diene to afford an initi@sultone
followed by a rapid ring cleavagecyclisation process to th€&sultone. In the same work,
sulfonation of substituted allenes afforded oxathiine sulfonic a2rdéScheme 23). Further
examples of diene sulfonation with S@ioxane have been reported by Semenoekal >3

Scheme 22Sulfonation of 1,3ienes to Scheme 23Sulfonation of allenes to
afford 3,6dihydro-1,2-oxathiine afford 3,6dihydro-1,2-oxathiine
2,2-dioxides.

Kawanisiet al, have reported the synthesis3gs-dihydro-1,2-oxathiine 2,2dioxide in 8%
yield by reaction of isoprene withO;-DMF complex2* The reaction of hexafluorobutadiene with
SGs in a sealed ampule at 8C for 20 h gave a complex mixture of adducts which contained
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between 18225 mol% 0f3,3,4,5,6,6hexafluore3,6-dinydro-1,2-oxathine 2,2dioxidewhich was
characterized by’F NMR spectroscopy.

Treatment of the tetrasubstituted cycloprop@Bewvith dimethylchloronium ion in liquid
SO at-78 °C affords the iminium iorR9, which when warmed to 3% in fluorosulfonic acid
undergoes ringpening, sulfonation and cyclisation to B&-dihydro-1,2-oxathiine 2,2dioxide
30 (Scheme 24

Scheme24. Ring-opening of a\-cyclopropylideneN-methylmethanaminiurto afford
a 3,6-dihydro-1,2-oxathiine 2,2dioxide upon sulfonation.

Ring-closing metathesigf vinyl sulfonates, constructed by the basediated esterification
of allylsulfonyl chloride with vinyl alcohols, was accomplished employ@rgbbs{ruthenium
catalystsand has proved to be an efficient andnvenientstrategy to access 3¢gbhydro-1,2-
oxathiine 2,2dioxides®” °® Metz et al, demonstrated the concept with the\ Q W K H-sulltdéheR |/
3lingoodyieldXVLQJ *UXEEVY JHQHUD®dhen@®5).HQG ,, FDWDO\VWYV

Scheme 25Tethered diene metathesis route ®y&dihydro-1,2-oxathiine 2,2dioxide

Later,Cossyet al, expanded this strategy and prepared multipledBygdro-1,2-oxathiine
2,2-dioxides33 in good to quantitative yields (6500%) from the olefin mtathesis of sulfonates
32, derived from the condensation reaction betweenvihg@ sulfonyl chloridesand primary
alkenols (Schemg6). In this same work, the metathesis protocol was extended to encompass the
synthesis of the 3;8ihydro-1,2-oxathiine 22-dioxides 34 from the ringclosing metathesis of but
2-yn-1-yl prop-2-enel-sulfonats (Scheme 26¥

Scheme 26Ring-closing metathesis approach3@-dihydro-1,2-oxathiine 2,2dioxides.

2.2.3. 5,6Dihydro-1,2-oxathiine 2,2dioxides
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Ring-closing metathesikK WLOL]LQJ *UXEEVY FDWDO\VW ,, KDV DOV
unsubstituted 5;8ihydro-1,2-oxathiine 2,2dioxide ring by cyclisation of sulfona& which was
derived by the esterification ethenesulfonyl chlorideith but-3-en-1-ol (Scheme 273° Two 6-
substituteds,6-dihydro-1,2-oxathiine 2,2dioxides 36 have been obtained by a similar protocol
albeit in lower yield (Scheme 28).

Scheme 27Synthesis 06,6-dihydro-1,2-oxathiine 2,2dioxideby an RCM reaction.

Scheme 28Extension of the RCM approach to substituse@ldihydro-1,2-oxathiine 2,2
dioxides.

A ring-closing metathesis reaction has been used to simultaneously construct bot® pyran
one and %H-dihydro-1,2-oxathiine 2,2dioxiderings 37 in high yield. The oxathiine ring served as
a homoallyic alcohol protecting group through thegfomoted 1,4addition of PhMeSiCl which
was subsequently removed by fluoride ion with concomitant cleavage of the oxathiine ring
regenerating the maoallylic alcohol. The protection strategy formed a key step in the synthesis of
fragments of the unnatural enantiomers of the polyene polyol antibiotics Filipin Il and Pentamycin
(Scheme 29§

Scheme 2. Simultaneous RCM to construct a py2ione ring and a
5,6-dihydro-1,2-oxathiine 2,2dioxide ring

A series of novel 4ryl-5,6dihydro1,2-oxathiine 2,2dioxides were obtained by
Motherwell et al, from the addition of a tfibutylstannyl radical to anesulfonate esters of the
homopropargyl alcohd8. The reaction proceedsa ipso-substitution and a subsequerertdo
addition-elimination protocol (Scheme 363 Further examples from this route were reported by
Zhanget al, who also isolated-8ibutylstannyl substituted=sultones!
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Scheme 30Radicatmediated cyclisation route ®6-dihydro-1,2-oxathiine 2,2dioxides

The bromination of 4nethyt3,6-dihydro-1,2-oxathiine 2,2dioxidewith molecular bromine
in chloroform generatk the expecteddibromo adduct 39 in 91% vyield. Basg@romoted
dehydrdhalogenation affordedhe Sbromo4-methyl5,6-dihydro-1,2-oxathiine 2,2dioxide in
excellent yield (95%}Scheme 313* The bicyclic Gsultore 40 was transformed into the diacetate
41 upon ozonolysis and trapping of the intermedpéth a large excess of #4 in acetic anhydride
(Scheme 3253

Scheme 31Double bond migration to afford Scheme 32. Ozonolysis induced ring
cleavage
a 5,6dihydro-1,2-oxathiine 2,2dioxide. to afford monocyclic dihydro oxathiirgl.

The oxidation of 3,4li-'butylthiophene 1ioxide with HO. in TFA induced a ring
expansion to afford the persabstituteds,6-dihydro-1,2-oxathiine 2,2dioxide 43 in low yield
(18%). The initial step of the transformation is thought to involve epoxidation of timAacBand
acid-catalysed ringppening to affordhe carbocatiod2. Methyl group migration and capture of
the new tertiary carbocationic centre affords thensembered ring an8-oxidation completes the
sequence (Scheme 33).

Scheme 330xidative ringexpansion of ghiophene 1,4dioxide to generate
a 5,6dihydro-1,2-oxathiine 2,2dioxide.

2.3. 1,20xathiine 2,2dioxides

Structural studies of the X@Xkathiine 2,2dioxide ring are rare and are typically confined to
articles concerning synthesis and reactivity studtesnvever, Barnetet al, reported the Xay
crystal structure of -§4-bromophenyB1,2-oxathiine 2,2dioxide and concluded that the ring was
a nonraromatic 6Selectron system. Whilst thel@C6=C5-C4=C3 unit is essentially planar the
sulfur function escapes this plane by 0.58 A. Furthermore, there is bond alternatior@h C
exhibiting appreciable single bond character (1.443 A) with t8&€(1.320 A) and G-C4
(1.341 A) showing only minor deviatidrom the typical C=C bondlengff. The bond alternation
and deviation from planarity was also noted for the crystal structure oft8d¥y8-1,2-oxathiine

2,2-dioxide which was obtained in a recent study by Zoretlal, concerning the synthesis of a
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extensive series of 3,5t@aryl-, 3,6diaryl, 3,5diaryl- and 5,6diaryl- 1,2-oxathiine 2,2
dioxides?®4° In the latter study, a facile Cope elimination of thdidhethylamino unit from the
3,4-dihydro-1,2-oxathiine 2,2dioxide precursor was esseltia introduce the 3;4louble bond

into 44 as a consequence of taeti-peri-planar orientation of the dimethylamino group and the
C-3 substituent (Scheme 34). Additional evidence from this study which is suggestive of the bond
alternation of the diene urnf 44 was garnered from coupling constadgs=10.2 Hz andls,5=7.1

Hz for the 5,6dipheny} 45 and 3,6diphenyl46 substituted 1,xathiine 2,2dioxides.

Scheme 34Facile Cope elimination route to afford oxathiine-gi@xides.

The unsaturated 1-@xathiine2,2-dioxide system vasfirst prepared by Morel and Verkade
by the sulfonation ofQ E or EJ unsaturated ketones witlorecd. BSQy in Ac20; moderate to
good yelds were noted for thidirst small library of 1,2oxathiine 2,2dioxide derivativesA7
(Scheme 35%° Additional examples of this sulfonatiayclisation methodology usingoncd.
H.SQu in Ac2O were reported by Klebeet al®’ In a variation of this protocol, the reaction of
mesityl oxide with chlorosulfonic acid in AD gave 4,&dimethyl1,2-oxathiine 2,2dioxide in
41% yield®®

Scheme 35Sulfonatioamediated ringclosure of Imethylene ketones.

Furthervariations of the foregoing strategy include the use of the active ionic liquids such
as methylsulfonylimidazolium triflate hydrochloride [(MSIm)TA@CI] to effect the efficient
condensation and sulfonatiayclisation of acetophenones to afford-djéryl-1,2-oxathiine 2,2
dioxides48in excellent yield (Scheme 36) Comparable results were obtained udiamethyk
2-pyrrolidonium chlorosulfonate, [NMEISO:;H] albeit at higher reaction temperatuf@s.
Unfortunately, the scope of the foregoing protasdimited tothe introduction of identical aryl
groups, derived from the acetophenone, at ttend 6positions of the oxathiine moiety.

Scheme 36Condensation and sulfonati@yclisation of acetopgnones to afford
4,6-diaryl-1,2-oxathiine 2,2dioxides.
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Methylsulfonylimidazolium chlorosulfonate hydrochloride [(MSIM)CKQHCI] in
conjunction with TFAA effected the smooth conversion of a seriessab4tituted acetophenones
into 3-chlorosulfonyl subituted oxathiinegt9 (Scheme 37§

Scheme 37Condensation and sulfonatiayclisation of acetophenones to afford
3-chlorosulfonylated 4 @liaryl-1,2-oxathiine 2,2dioxides.

The sulfonation of a series of ethynylbenzenes with eithers-dB®ane or
trimethylsilylchlorosulfonate (TMSOSAQI) provides a useful, if low yielding, alternative to the
sulfonationcyclisation of acetophenones, to aff@@ However, this protocol also suffers from
the same disadvantage of affording identicaldlaByl substituents in the oxathiine ring (Scheme
38).2

Scheme 38Tandem sulfonylatiorrondensation of ethynylbenzenes.

A serendipitous formation of an oxathiine 2ixide in 810% yield was noted by Craig
and ceworker during the E5Q-Ac20 mediatd deprotection of the acetonide function on the
furanose ring 1 (Scheme 393 Heating a solution of-Acrylamide2-methylpropane sulfonic acid
52in Ac20 also unexpectedly afforded an oxathiine-di@xide (Scheme 40}

Scheme 39Serendipitous formation Scheme40. Ac2O-mediated cyclisation
of an oxathiine 2 dioxide. of 52to afford an oxathiine 2;8ioxide.

Phenylsulfene, generatedsitufrom the action of BN on phenylmethanesulfonyl chloride,
underwent a hetero Dielslder cycloaddition with the benzoyl ketene acetal to afford the -3,4,6
trisubstituted oxathiine 2;@8ioxide 53 directly as a consequence of the facile elimination of
ethanol from the initial addt (Scheme 41

Kawanisiet al, have demonstratl that a fully unsaturated 1gXathiine derivative can be
obtained, albeit in a low yieldjia an AgBFs-assisted dehydrobromination reaction of &
dihydro precursob4 (Scheme 42y
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Scheme4l. Sulfene addition to benzoyl ketene acetal Scheme 42. 1,3
Oxathiine
2,2-dioxide by
elimination
of HBr using AgBFh.

3. Reactivity and gpplications

In this section, the reactivity of the various -byathiine 2,2-dioxide rings is presented
wherein a reaction is a transformation that does not lead to anotfeattizine ring. Where there
is an application associated with the target product this has been discussed.

3.1. 1,20xathiane 2,2dioxides

The chemistryof the 1,2-oxathiane 2,alioxide unit is dominated by its propensity to
undergo ringopening upon the addition of nucleophiles t& @ afford new entities bearing a
sulfobutyl chain (Scheme 43). The foregoing chemistry is particularly attractivenabliés water
solubility to be imparted into a wide variety of molecules and polymers under relatively mild
conditions.

Scheme43. Generic nucleophilic ringpening of thel,2-oxathiane 2,adioxide unit.

The reaction of@Gsultone with carboiased nucleophiles, derived from acidic methylene
compounds, has been widely applied to fluorene derivativgs55>® DQG PKHWHURF'
| O X R U H Q H 9d] forthe Fokmativh of conjugated polymers for modern material applicatio
(Scheme 44§77°

Schemed4. Sulfobutylation of fluorene derivatives.

The living anionic polymerisation of styrene was terminated through the additiga of
sultone to afford a poly(styrene) which was end modified with a sulfonic acid residue and which
possessed a polydispersity index of 1.03 akt af 1.9x1d (Scheme 453°
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Scheme4b. GSultone termination of a living anionpolymerisation.

The C-2 alkylation of ethyl 2methyl3-oxobutanoate has been extensively studied as the
derived5-(ethoxycarbonybs-methyl6-oxoheptanel-sulfonic acids essential for the preparation
of water soluble B-indolese.g. 572! that are keyritermediates for the preparation of water
soluslglgl cyanine dyes which are extensively used in biomedical imaging applications (Scheme
46)°~

Scheme46. Preparation 05-(ethoxycarbonybs-methyl6-oxoheptanel-sulfonic acid

Moving to nitrogerbasednucleophiles, thep? hybridisedN-atom of a variety of nitrogen
containing heterocycles have been sulfoalkylated upon reaction Gsthiitone. Of great
significance is the reaction ofH3indoles to afford derivatives such B8 which are required for
NIR absorbing and emitting cyanine colourants (Schemé&rhaps the best known of these
colorants is indocyanine gre&@ and together with a significant number of derivatitfes.

Scheme47. Synthesis oN-sulfoalkylated Bi-indole 58.

Extensive use has been made@sultone toN-sulfoalkylate azoles (imidazoles and 1;2,3
triazoles) for the preparation of task specific ionic liquids. Typically, the synthesis involves heating
the N-alkyl imidazole in either neaEsultone or in an inert solvent wit@sultone often followed
by a sibsequent acidification step. Examples of representative structures of the azoles are
presented in Figure 23

Figure 2. Representative ionic liquids prepared fragaultone.
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Of note in Figure 2 is the examplel-butyl-3-ethyl1H-imidazol3-ium 4-
chlorobutylsulfonate which was obtained by the nucleophilic-opegning of Gsultone by the
chloride counter ion of the imidazolium ionic liquid upon stirring at@g*

In a similar manner to azoles, substituted pyridigipyridine®® and quinoling’, N-atoms
also effect nucleophilic rinrgpening of theGsultone unit upon heating either neat or in a solvent
to afford water soluble zwitterions (Figure 3).

Figure 3. Selected sulfobutylated pyridinium salts.

The water solubility of he organic azpigment (C.I. Pigment Yellow 150) for inlet
applications has been improved by reaction of the amidé\liatoms of the pyrimidinone rings
with Gsultone (Scheme 485.5-Methyk2-phenyt1,2-dihydro-3H-pyrazot3-one afforded the
sulfobutyl derivative50 upon reaction withGsultone®®

Scheme48. Modification of C.I. Pigment Yellow 150 witf&sultone.

The nucleophilicity of terminal trialkylamine functions in a wide range of polymers, co
polymers and dendrimdik e hyperbranched polymers has been exploited in order topeg G
sultone in a post polymerisation modification to impart either water solubility, surfactant or
gelation properties into the resulting zwitterionic materials (Schem¥®%4J.

Scheme49. Preparation of a zwitterionic, conjugated polymeric fluorescent hydteel.

In a similar manner to the modification of polymers containing pendant trialkylamine
functions, polymers comprising of phenolic units [substituted poly(aryl etiiéones)** and
poly(aryl ether ketone¥¥] or aliphatic hydroxyl functiong.g. poly(cyclodextrins}’® have been
successfully modified upon reaction witesultone in the presence of a base.

Nanospheres have been obtained from sulfobutylated poly@icotol}graft-poly(lactide
co-glycolide)s®” and protorconducting composite membranes incorporating surfacsified
sulfobutylated montmorillonite have been descriféd.Hyperbranched poly(glycerol)
functionalised graphene oxide has been prepaigeadn acidcatalysed sulfobutylation process
(Scheme 50) and employed as a catalyst for the synthesis of a variety of condensed het&focycles.
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In addition to the ionic liquidnediated chloride induced rirapening of Gsultoné?, the
nucleophilic ringopenirg of 3-benzytl,2-oxathiane 2,2lioxides with {eF]fluoride afforded the
[18F]-labelled fluorosolfonate6l, in good radiochemical yields, which were developed for PET
imaging (Scheme 51}° The direct fluorination ofGsultone itself has beesccomplished with
elemental fluorine at low temperature and affords a mixture of the peHl@sutione and the
ring-opened perfluorobutane sulfonyl fluoride (Scheme!51).

Schemes0. Maodification of functionalised grdpene oxide withGsultone.

Schemeb1. Fluorination reactions of 1,@8xathiane 2,2lioxides.
Cyanide ioninduced ringopening of the trisubstituted tgXathiane 2,2lioxide 62 with
subsequent Zn(Cu) couple removal of the sulfonyl chloride gaveéstigano ester in 55% over

threesteps. In the same study, treatment of the enolate derived8amt WK 'DYLVY R[D]JLUL
THF gave the lactol in 85% yield (Scheme 52).

Schemeb2. Versatility of substituted 1;8xathiane 2,2lioxides in synthesis.

The oxathiané3 proved to be a useful starting material for the synthesis of Bakuchiol.
Reduction and elimination provided the exomethylene derivetivehich was desulfonated using
"BusSnLi to afford the dienol intermediagég-routeto Bakuchiol (Scheme 5352

Scheme 53.Synthesis of Bakuchiol.

295



The acidity of the $roton in 4,4dimethyt3-ethoxycarbonyll,2-oxathiane 2,2lioxide has
also been employed to introduce-alBy/l substituent in 85% yield by classical anion chemistry.
Additionally, in this work, a shorseries of Gactones65 were obtained from substitutedd
ethoxycarbonyll,2-oxathiane2,2-dioxides upon treatment with Smin the presence of DMPU
(Scheme 54)13 A related series offlactones66 were constructed in good to excellent yields by
treatment of the anion derived from substitu@ezthoxycarbonyil,2-oxathiane 2,2lioxides with
'BUOOH (Scheme 54). The route provided straightforward access to a key lactone intediediate
for the prepartion of (-)-eburnamonirt#

Schemeb4. Conversion of3-ethoxycarbonyll,2-oxathiane 2,2lioxidesinto lactones.

Reduction of substituted X@athiane 2,2lioxides with LiAlHs in either refluxing EXO or
refluxing 1,4dioxane effected ring cleavage tafford moderate to low yields of-4
mercaptobutanols often together with -tljdydroxybutanes® Treatment of 4,&limethyk1,2-
oxathiine 2,2dioxide with NaBH in ag. NaOH and subsequent hydrogenation ovep Rit
acidification and recyclisation upon heating under vacuum gave thdimgdhyl1,2-oxathiane
2,2-dioxide1?®

In addition to the foregoing reactions and applications ofok#hiane 2,lioxides, a
significant number of patents have claimed variously substit@editones as neaqueous
solvents, electrolytes and additives iritun batteries6123

3.2. Dihydro-1,2-oxathiine 2,2dioxides

In comparison to thel,2-oxathiane 2,Zlioxides ( Gsultone$ there is relatively little
published on the reactivity of the three isomeric dihyt@oxathiine 2,2dioxides.

Qin et al, have shown that by employing a stoichiometric amount of DBU, decomposition
of 3,4dihydro-1,2-oxathiine 2,2dioxide takes place,via loss of SQ, generating theE
hydroxyketones8in 42% yield(Scheme 55¥° The hydrolysis of the sulfonic acigith ag. KOH
solution affords the dipotassium 4methyl2-(sulfomethyl}1,3-pentadiene8-sulfonate 69 in
quantitative fashioiScheme 56)?

Scheme 55Basemediated ringppening of an Scheme 56Preparation of the
acyl3,4-dihydro 1,2oxathiine 2,2dioxide. disulfonic acid69.

Semenovskyet al, have also explored the basediated ringppening of3,6-dihydro-1,2-
oxathiine 2,2dioxides; the @)-4-hydroxy-2-methylbut2-enel-sulfonate potassium salD was
isolatedin 80% vyieldupontreament ofthe requisite /-sultone with a 0.1 Ng. KOH solution
(Scheme 57924
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The electron deficient doubleond of the 5,8lihydro-1,2-oxathiine 2,2dioxide unit has
been utilised as a dienophile in Dieklder cycloadditiors. Metz et al, have shown that
cyclohexal,3-diene undergoes a [4+2Ycloaddition to71 (n=1) in good yield using 2:@li-
utyl-4-methylghenol (BHT) as a catalyst, albeit under forced conditions (Sch&she’
Interestingly, the reaction was found to selectively affordeti@oproduct, which may indicate
strong secondary orbital interactions between the diene and tbgdttfine systemConsidering
the increased reaction time as compared with the correspondiegnbered sultonél (n=0) (6
d versus27 h), it can be suggested that the conformation and bond anglessétiaydro-1,2-
oxathiine2,2-dioxidering have aletrimental effect on the rate of the react{Boheme 58).

The 4hydroxy-5,5-dimethyl derivative/2 has been employed athreecomponent ong@ot
reaction to afford podophyllotoxibased heterolignanswvhich are examples of condensed
[1,2]oxathiino[4,3b]quinoline 1,tdioxides, 73 (Scheme 59)?° The tetracycle33 exhibited mild
insecticidal activity againshustard beetle pefPllaedon cochlearigeduring a broad SAR study
of potential insecticidal agents through inhibition of tubulin polymerization

Several simple alkyl substituted Sgéhydro-1,2-oxathiine 2,2dioxides$?¢'28 have been
incorporated in electrolytes in lithium batteries as have (poly)fluorinated derivatisesl
substituted 5.@lihydro-1,2-oxathiin6-one 1,1dioxides***3! 3 6-Dihydro-1,2-oxathiine 2,2
dioxides have also been employed as additives in the positive electrode film in energy storage
devices:*

Scheme 57Hydrolysis of 4methyt3,6-dihydro  Scheme 58. 5,6-Dihydro-1,2-
oxathiine
1,2-oxathiine 2,2dioxide. 2,2-dioxide unitas a dienophile.

Scheme 59Assembly of condensdd,2]oxathiino[4,3b]quinoline 1,tdioxides
via a mult-component reaction.

3.3. 1,20xathiine 2,2-dioxides

Amongthe reactions that have been reported for the unsaturateddt/#tine 2,2dioxides,
the most exhaustively explored is the substitution ofQketom of the emembered ring with a
substitited N-atom, via an ANRCRC (Addition of NucleophileRing-OpeningRing-Closing)
reaction to afford a sultarAn extensiveange of substituted anilindsenzidinesand benzylamine
have been employed afford sultam&4 and the reaction typically requires heating over 400
either nedf>'34 or in asolvente.g anisole at reflu®to effect completion imoderate tayood
yields (Schemé0). The presence of al¥omine atom on the oxathiine ring is tolerated and bromo
sultams have been isolated.Interestingly, the use dBUOH as the solvent resulted in the
formation of Gaminosulfonic acid¥5 with hydrazine, benzamide, urea, thiourea and electron
deficient aminesubstituted heterocycles (Scheme ¥1).
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Scheme 60Transformation of a Scheme 61.Nucleophilic ringopening of
Gsultoneinto a sultam. 1,2-oxathiine 2,2dioxides

Elaborating on the reactivity of 4gubstituted 1 :dxathiine 2,2dioxides with amines and
hydrazines(Scheme 60 and 61Ali, Jager and Metz presented a range of different addition
reactions whereeaction withN-containingbi-nucleophileded to new heterocyclic products in
moderate yieldérom 4,6diphenyl oxathiin&’6 (Schemes2).138

The branination of unsatwated 1,2oxathiines is also of significant interest, as it provides
brominated precursors fofurther manipulation.Eastman and Galfu first attemptedthe
bromination of the 4@imethyl1,2-oxathiine 2,2dioxide using Bfin CClL andclaimedthatthe
product was the Sbromo analogue77.%8 The latter finding was disputed by Barnett and
McCormack whorepeated the reaction asdowed thathe product was fact the 3bromo4,6-
dimethyl1,2-oxathiine 2,2dioxide isomer 78 (63%) by th NMR spectroscopy and the
unecgt;ivocal synthesis of theblbomo isomer by cyclisation of-lromomesityl oxide (Scheme
63).1

Bromination of a series of 4diaryl substituted 1;®xathiine 2,2dioxides was
unequivocally established by-bay crystallogrphy to afford the dromo derivativesr9 in
excellent yields. The bromine atom was subsequently replaced in a high yielding Sonogashira
reaction with ethynylbenzene to affda (Scheme 64}2

Scheme 62Transformation of oxathiin@6é into other heterocyclic ring systems.

Scheme 63Synthesis of 3and 5 bromao-1,2-oxathiine 2,2dioxides.
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Scheme 64Preparation of phenylethynyll,2-oxathiine 2,2dioxides.

The exploration of 44liphenytl,2-oxathiine 2,2dioxide as the diene in cycloaddition
reactions with DMAD met with success to afford a mixture of terphenydérmad anhydrid&2
through a DielsAlder xetro DielsAlder sequence witadditional cyclisation of the proximal ester
groups to afford the anhydride unit 82 (Scheme 65¥%° This methodology was subsequently
extended by the same group to encompass symmetriediadyd-1,2-oxathiine 2,2dioxides and
a selection of dienophiles to afford an extended series of substitutetdhanyls:

Scheme 65Synthesis of terphenyls by a Digddder xetro DielsAlder reaction sequence.

Reflecting on the reactivity of the sulfonyl moiety of the sultone ring, ring contraction
reactions have been attempted undiher thermal or photochemical conditionslorel and
Verkadehave shown thdteatingvarious4,6-disubstituteell, 2-oxathiine 2,2dioxides inquinoline
in the presence of CaO, 2dsubstitutedfurars 83 can be obtaineth moderateo goodyields
(Scheme 66)*2The thermal S@extrusion process constitutes a useful approach to these relatively
inaccessible substituted furans of whit;4dimethylfuran is a useful building block for long chain
polypropionate¥?®and the A and C ring subunits of taxl.

Scheme 66Thermal extrusion of S£from oxathiines to afford substituted furans.

Ether solutions of 4 li-substituted 1dxathiine2,2-dioxides can lose a sulfur monoxide
fragmentto afford the correspondinduranones84 upon irradiaion. Interestingly, whenthe
photochemical reactionas sensitized by the addition leénzophenong2+2]-dimers85 of the
startirg oxathiines were isolated (Scheme 7).
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Scheme 67Photolysis of 1,2xathiine 2,2dioxides.

Photolysis of 2,4imethyl1,2-oxathiine 2,2dioxide in the presence of MeOH resultshe
formation of the acyclic sulfone esteB6 in an unspecified yield through interception of an
intermediate resulting from an electrocyclic rHogening of the oxathie moiety**® The
propendy of 1,2-oxathiine 2,2dioxidesto ring openuponirradiaion has been utilised in the
developmentommercialphotoresist (photeacid generators) bylasaakiet al, (Schemes8).14’
1,2-Oxathiine 2,2dioxideshave also been ingoorated inlithographic printingsystems askey
components in the IR photosensitive mixtures that are applied poithieg plate’®

Scheme 681,2-Oxathiine 2,2dioxide photoresists.

Similar to theiperhydro andlihydro counterparts, the unsaturateddxathiine2,2-dioxide
analogues have found use in lithium secondary battery technotttigls

4. Concluding remarks

The various 1,2xathine 2,2dioxides are readily accessible by employing established
chemistry in generally good to excellent yields from commercially available starting materials.
Their varied reactivity, which can be harnessed to obtain a multitude of interesting compounds
including sulfonic acids, carbocycles and numerous heterocycles should ensure sustained interest
in the years to come. Moreover, their appearance in modern technological applications such as
printing, energy storage and photochromism continues to grow.
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Author Contribution: This full paper contains examples of novelokghiine 2,2dioxides and
intermediates which | synthesised under the supervision of Professor Heron and which feature in Chapters
2 and 3of this thesis. The specific compounds are compbumbers9a, 9c, 9e, 9f, 6 ([0 (,[da, 9j, 36,

39, 104 10b, 10d1, 10d2, 10f, 10i, 1238 12b, 40, 113 11b, 11d, 11f, 11i, 133 13b and 42 (compound
numbers used as presented in the publication). In addition to their synthesis | undettmik
spectroscopic and purity characterization and also that of thedcursors | drafted the experimental
section of the manuscript, which relates tbet foregoing compounds. In the draft manuscript my
interpretation of their synthesis and NMR characterization data was used alongside data with that of the
other examples contained within the manuscript to produce a comprehensive overview of the synthesis,
structural and spectroscopic features of this class of compounds. | made revisions to the draft manuscript
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Article 1:Short Communication
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Author contribution: This communication describes my investigations concerning the synthesis of novel
photochromic 1,2oxathiine 2,2dioxides which featuresr Chapter 3 ofhis thesis. Under the guidance
of Professor Heron, | completed the synthesialbbf the series of novel photochromic 1g2athiine 2,2
dioxides, their precursors and their spectroscopic / purity characterization. | additionally characterized
their photochromic response. | drafted the whole of the experimental section of the mapusad
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