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Abstract

This thesis describemanvestigation into the dearomatisation reactions of phenols and naphthols
catalysed by in situ generated hypervalent iodine(lll) species, thereby produamggeaof spire
oxazoline based compounds in achiral and enaamtrached forms.

The first part © this dissertation illustrates the synthesis of spixazolinesvia oxidative
dearomatisation of phenol and naphthol amides mediatedduotbluene as catadyandnCPBA
as terminal oxidant. Different iodoarenes, catalysts, and solvents were scaoweder 4
iodotoluene andnCPBA provided the best results imexafluoroisopropano(HFIP). It was
observed that altering the oxidant, iodoarene and solvent ldihninished yields in most cases.

The stoichiometric and catalytic versions of tiyelisation were also successfully developed.

o R._N
)]\ 4-iodotoluene \(/
R E /\©\ mCPBA . (0]
OH HFIP, 16h, RT
R = Alkyl or aryl 0

The second part of this thesis details the synthesis of novel chiral iodoarenes beaaing chir
appendages. A range of novel iodoarenes possessing chiral ureas, lactategrahtddsamates

were synthesised in good to excellent yields. The newly synthesised chiral iodoarenes were then
employed and studied in the intramolecular oxidative deaisat@n reactions of naphthol
amides to obtain racemic and chiral oxazoline bap@cycles. A significant increase in the
enantioselectivities was observed when alcoholic solvents were used as additives in
dichloromethane or chloroforma « ,Q pvesdtice of excess alcoholic solvent like ethanol,
methanol and HFIRoor selectivties were observed.

R.__O
R
T =

OH Chiral if)doarene (e}
OO Oxidant _ Oe
X solvent(s) 16h, X

RT or 0 °C or -20 °C

R = Alkyl or aryl
X =H or Br

Vi
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Chapter 1 Introduction

1.1 lodine

lodine belongs to the halogen family (group 17). It is represented by synaibol has atomic
number 53. lodine is a bluish black solidthvlustrous properties. lodine is a Rowetal, least
electronegative antighly polarizable, nosradioactive halogeh Compounds of iodine exist in
various oxidation states. It can be foundin0, +1, +3, +5, +7 oxidation states in organic and
inorganiccompoundsThereactivitiesof thehypervaleniodine @mpoundsarresomewhasimilar

to the properties oheavy metal reagenksit without the toxicity issugodine is also found in the

human bdy as it is required for the normal functioning of the tiyrglands and production of

I 0
HO I
CE
NH
I 0 2
I

Thyroxin 1

thyroxin 1.1

Figure 1.1: Structure of thyroxiri.

Due to the environmentally benign nature and inexpensiveness of malimgounds, they have
found huge applications in research and industryhe past ten years, bulk prices of iodine were
within the range of $2A.00 per kilogramAnnually about 30,000 tons of iodiaeeproduced from
the estimatedVorld § total reservoirs of 15 million metric toes found mostly in Japan and
Chile?

IndustribO FDWDO\VLV FRQVXPHV DERXW RI WKH ZRUOGY{V SUI
acid by Monsanto and Cativa praeses involves hydroiodic acid as aaaialyst. lodine is used
in LCD polareers in the polymer industry and also finds vast apptioatin the food, medicine

and pharmaceutical industrigs.



1.2 Hypervalency

In 1969, J. I. Musher used the temK\SHUYDOHQWY IRU WKH LRQV RU PROHF
15-18 having more than 8 electrons in their outermost $hehle first hypervaleniodine

compound iodobenzene dichloride (Ph)Qlvas synthesised by a German chemist named C.
Willgerodt in 1886though it was known for its oxidisg properties since 1893°General features

of hypervalent compounds were sumrsad by K. Akibd in the book 3*+\SHUYDOHQW
& R P S R X ©he férmation of hypervalent bond and possession of more than eight electrons in

the valence shell by main group elements can be categorised into two:classes

x Involvement of dorbitals responsible for ddpr ifsp® hybridisation.

x Generation o& new highly polarisdthreecentre fourelectron (3e4e g bond.

The organic derivatives of polyvalent iodine commonly known as hypervalent iodine compounds
have gained significant research activity in the past three decades. Due to their versatile and

environmentally benign mare, they are widely used in orga synthesis as reagefts.

Compounds of iodine havkeability to form stable polycoordinate, multivalent compounds called
hypervalent compounds when complexed with monodentate electronegative ligands like chloride.
Factors responsible for widesprase of organoiodines in organic synthesis inclodkl reaction
conditions, low toxicity, easy handling and commercial availability of precursors as the key

features bhypervalent iodine compounds.

lodine exists in +3;+5, +7 oxidation states in itsypervalentcompounds. Structures1-1.7
represent the most common types of polyvalent iodine species. While the stra@tr&sare
classified by usinghe Martin-ArduengoN-X-L homenclature rules for hypervalent molecules.
showsthenumber of valencelectrons X being the central atom whilerepresents the number of

ligands attacheéf: 11

g . L L
L -i- S L_i‘\\\- _i‘\L L,'i_'__. L i\\L . L ﬂs\L LL,’I{_I‘\L
A | 2 D 15 177L 7I7L
L L L L L L
10-1:3 1214 10-1-4 1215 14-1-6 14-1-7

1.1 1.2 1.3 1.4 1.5 1.6 1.7

Figure 1.2 Typical structural types gdolyvalent iodine compounds.



In the earlier literature, compounds ofadine(lll) were cHed iodinares whilst derivatives of

ioding(V) were known as periodinanes. However in the modern literature, lambda nomenclature

is used whilst dealing with variable @HQFH LQ RUJDQLF FRPS&kK&6GYa 7KH V\
heteroatom in its nonstandard eate staten) in a clemically neutral compound. Tharhbda

convention is particularly more useful for naming iodonium salts likédPhs it reflects the true

structure of the compounds having tricoordinated iodine &tom.

Hypervalent bonding in orgarmdine compounds can be best explained by molecular orbital
description which involves a 48c bond. In 1951, G. C. Pimentel andER Rundle proposed the
idea of threecentre fourelectron (4€ 8c) bond independently: 14 The charge distribution on
each of the ligarslattached to the central atom in“8&c bond is @5 whilst on hat of central

atom +1.0. In cse of organimdines(lll), three molecular orbitals i.e. bonding, @unding and
nontbonding are produced as a result of interaction of filled 5p orbital of iodine atom and partially
filled atomic orbitals of two lignds L &ached to the centrabdine atom but lingrto each other.

The high polariability of thehypervalent bond is due to the node in the highest occupied molecular
orbital (HOMO) at central iodine atom. As a result, more electronegative groups tend to occupy
apical positions whilst least electronagatsubstituent R bound by normal covalent bond and both
electron pairs occupy equatorial positions giving distorted trigonalrdmpidal shape to the

molecule.

Figure 1.3: Pseudtrigonalbipyramidal structurerad molecule orbital of the 3¢e*bond

On the contrary, bonding in organoiodine(V) compoundsg,Riaving bipyramidal structure, the
normal covalent bond between organic R substituent and iodine are at apical positibfourhils
ligands L are being accommodated by two orthogonal hypervalete @onds. Electronegative

ligands reside at equatorial position while unshared electron pair and organic R sulistiteien

apical positions as shownfigure1.4.



Ar

Figure 1.4: Square pyramidal structure of AulL

1.3 Classification of organoiodine(lll) compounds

Depending upon the number of carbon ligands attached to the central iodine atom, organoiodines

can be classified into three classes.

x Single GBond: lodosyl/iodoso compounds and their derivatives {RU#bere L repesents
the noncarbon ligands and R cée an aryl/ alkyl/ or C&

x Two C-Bonds: lodonium salts fall into this category:(R 9.

x Three Gbonds: (lodanes having threel Gonds are generally unstable).
Apart from the aforementioned categories, some cyclic hypervalent iodine(lll) compounds also
exist derived frono-iodobenzoic acid and are knownlzenziodoxazold.14and benzidazoles
1.15% All these classesf iodine(lll) compoundshave found broad aplications in organic
synthesis: (difluoroiodo)arenes1.8,  (dichloroiodo)arenes 1.9, iodosylarenes 1.10,
[bis(acyloxy)iodo]arenesl.11a, b aryliodine(lll) organosulfonate4.13 of which the most
FRPPRQ H[DPSOH L V1IR \otbbignvsatd THIotlhivim ylidesl.17and iodonium

imines1.18.



Jit
Q R
F Cl Ar—{
| |
Ar—] Ar—I (ArI0), O\H/R
|
F Cl O
(difluoroiodo)arenes (dichloroiodo)arenes iodosylarenes [bis(acyloxy)iodo]arenes
1.8 1.9 1.10 R= CH; (DIB) 11a
R= CF; (BTI) 11b
1.11
(I)H OH
|
Ar—¥ Ar—}
OTs OSO,R
Ar=Ph
Koser's reagent aryliodine(I1l) organosulfonates
1.12

Figure 1.5: Common classs of organoiodine(lll) compounds.

Y Y
[ {
, _
R C: N
X X ol ¢ R

1.14 1.15 1.16 1.17 1.18

X= Me, CF; or 2X=0;
Y= OH, OAc, N3, CN, etc.; Z= H, Ac, etc.

Figure 1.6: Cyclic organoiodine(lll) compounds.

1.4.Hypervalent iodine compounds and their reactivity

Hypervalent iodine basedompounds haveeceivedhuge interest in the past few decades in
organic synthesis as versatile and environalgnfriendly reagnts. One of the fascinating
developments in thigea is the discovery dfiecatalytic role of iodine in various transformations
resulting in the formation of carbasxygen, carbomitrogen and carbeoarbon bonds in organic
compounds. These transfornuets having iodine as a catalyst resembles heavgl roatalysed
reactions but is advantageous due to environmentalisability and efficient utiliation of natural

resources. Some commotiodanes are mentioned in figutd.



L
I(IID): A3-iodanes
1.2
.0
[(OAc), [(OCOCF5), [~ TsO—1—0OH
di(acetoxyiodo)benzene [(Bis(trifluoroacetoxy)iodo)benzene] Todosylbenzene [Hydroxy(tosyloxy)iodo]benzene

DIB BTI 10B HTIB
1.11a 1.11b 1.10 1.12

Figure 1.7: General structure and examples $fodanes.

The aforementioned-iodanes are generally utilised in a wide range of chemical transformations
such as alkene functionalisation, oxidative dearomatisation of electron rich aromatesoraryl
reactions, oxidtion of sulfides and-functionalisation of ketones. A detailed explanation of these

transformations is mentioned $ection 1.5

Hypervalent iodine(V) reagents, like DMP and IBX are employed in the oxidation of alcohols to
obtain tle corresponding carbgl compounds. A fluorinated version of IBX has been developed
by Wirth et al® which exhibits greater solubility in common organic solvents and is used in

oxidative synthetic transformations. Some commbindanes are mentioned iigfire 1.8.

R
L,|‘\L
LY, ‘L

I(V): A>-iodanes

1.5
0 AcO OAc F O oH
\\I,OH \i—OAC F “['
0 0 0
F
0] 0] F O
1.19 1.20 1.21
iodoxybenzoic acid Dess-Martin periodinane FIBX
IBX DMP

Figure 1.8; General structure andRP PR Q H[D P Si@lanés R |



Organe ‘-iodanes have not been reported yet however, inorganic iodine(VIl) reagents exist in the
form of IF7, HslOe, and HIQ (Periodic acids)This dissertation is aimed at-iodanes mediated

transformations hence iodine(V) and (VII) compounds will not be discussed further.

The reactivity of trivalent iogie depends upon the number of carbon atoms and ligands attached
to the entral iodine atomCommon reactions of trivalent iodine compounds occur with BlHss.

The two ligands present at apical positions on the central iodine play a pivotal role in performing
oxidation of several functional groups. These two ligarahactas good leaving gups wherthe

highly electrophilic iodine(lll) atom is attacked by nucleophil€his process is calletigand
exchange ,Q WKLV 3Soddy Hrouyg leaves with energetically favourable reduction of the
hypervalent iodidé(lll) to normal valence I(I).

The ligand exchange in*-iodanescan follow either associative or dissociative pathwayin

dissociative pathwa one of the two ligands departs fraotdaneatom to generate dicoordinated
2.jodanel.1which is then attacked by appropriatecleophile to givd.22 However, associate

pathway involves the addition of the nucleophile to the iodane first heneeatjag square planar
“.jodanel.3then a ligand is dissociated to foin22from 1.3. (Scheme 1.1)

L

-L +| Nu

Dissociative > A l""/I/. }
pathway 3 e

L . A2-iodanes Nu .

o 11 | o

NG MING
™ - |
L L . L A3-iodanes
5. Associative \\‘\\ ) * 1.22
A”-iodanes pathway > Ar I Nu

12 / o

A*-iodanes
1.3

Scheme 11: Possibldigand exchangpathwaysR I*-iodanes with nucleophiles Nu

In the ligand exchange, energeticallydurable reductive elimination of Athappens because of

the tremendous leaving aptitude of the AAJURXS PLOOLRQV WLPH EHWWHU WK
However, Arl can undergo reductive elimination essentially with or without ligand couglimng.

mode of ligand coupling results in the arylation of the incoming nucleophile. The nucleophile and



the aryl group must be present at apical and equatorial positionvas shechemel.2.1° The 3-

iodanes undergo two different kind of reductive elimimagdepending upon the fragmentation of

the hypervalent iodine complé%?! This is illustrated irschemel 2.

"
RO Ligand coupling
Arl—(\l‘\\ —_— Arl—Nu +  AP—I
- 3 1.24 1.25
u

ar Reducti
. eductive
C' .\\\\\\ a—elimination + E
C' : 1.26

Ar—I + L
1.22
L .
C | ' Reductive X
o f—elimination
Al )J\
( | \ ; R R
X Ar—1 1.28
H 4\ R
R
X=C,N,O

1.27
Schemel.2: Typesof reductive elimination of iodane(llgpecies.

1.5 Chiral hypervalent iodine(lll) reagentsn asymmetric catalysis

1.5.1 Historic perspective

Pribramreported the first chal hypervalent iodine compouirad 1907 obtained from the mixture
of L-tartaric acid and iodosobenzeiieHowever structures were not reported at that time. The
suspected cyclic structurds29 1.30are shown in the figure.9below. The optical study of these

two compoundslemonstrated theahirality.



Structure of the first A>—iodanes by Pribram, 1907

HO

HOY'

1.29 1.30

Figure 1.9: First chird hypervalent iodine by Priam.

In 1975, Merkushev repted thefirst chiral amino acid hypervalent iodine(lll) derivatives
however these were not usén any asymmetriaeactions untilin 1990s. The first chiral
hypervalent iodine(V) reagents were reported by Zhdankin in 2000. They used chiral amino acids
to provide chial environment for begt reactivity and stereocontrol in the oxidation of sulfides to

sulfoxides?® 24

\glg ) \\( 5—12 0:; 2
NHBz AcHN 0-1-0 NHAc

0
BZzHN 0-1-0

1.31 1.32
Merkushev, 1975

o
L
N—,
4
R
o

1.33

R = Me, CH,'Pr, 'Pr
Zhdankin. 2000

Figure 1.10: Chiral hypervalent iodine(llland (V)reagentdy Merkushev and Zhdankin
respectively



1.5.2.Developed strategies to control stereoselectivibnd general reactivity patterns

The strong electrophilic nature of the hypervalent iodine and the leaving groups tendency to leave
governs the reactivity of hypervalent iodine compounds. Othesriadikenature and number of

the ligands attached to the central iodine atom also affect and determine its reactivity and
stereoinduction of the proceds.this context, two classes of hypervalent iodine(@Bgentsare
highlightedin figure 1.11.2%26The geeralreactivitymechanisnof 3-iodaneshas been explained

in great detail in schentel.

Class I Class IT

Figure 1.11: Structure classes of hypervalent iodine(lll) compounds.

The reagents of classate excellent oxidisinggentsdue to the presence of heteroathgands
andeffectively permitthis reactivity via ligand exchandeence they are extensively employed in
oxidation reactionsThe class Il reagents are used in the transfer of one of the carbon substituents.
The nduction of chirality is determined by tlehiral environment present around the iodine atom

generated by heteroatom ligaratsnortheteroatom ligands

In enantioselective transformations, the design and development of the catalyst is extremely
important for greater reactivity aridgher steeoinduction.Depending upon the type of chirality
installed on the structures of iodine(lll)/(V) reagents, the hyglent iodine catalysts are dividie

into four families (Figure1.12)

10



Central
chiralit;

01

Type 1 Type 2
Chiral alcohols, amines, Chiral biphenyls,
aminoalcohols, ethers, binaphthyls

esters, amino acids

-0 0

Helical

v chiralit
' Type 3 Type 4

Chiral cyclophanes Chiral resorcinol-lactate

derived core, helicenes

Figure 1.12: Strategies to controtereoselectivity

The type 1 chiral reagents are oxidiseditu to generate chiral hypervalent iodine(lll) reagents.
The chirality is generally present on one or multiple carbon atoms of the catalyst. Chiral alcohols,
amines, amin@lcohols etc. fall undethis category. These heteroatom containing functibesli
possesacoordinative tendency which helps in stabilising intramoleculariyipervaleniodine
intermediate.Many enantioselective transformations employ type | catalysts, howtheer,

inductionachieveds very limitedthus producinglesred products itess enantiomeric excess

The type Il and Il structures incorporate axial and planar chirality. These classes involve chiral
cyclophanes, chiral binaphthyls and chiral biphenilespte reasonable success in terms of

enantiocontrolsing such catalystthe needfor improvement is still present.

In asymmetric hypervalent iodine mediated oxidations, the most successful and promising strategy
for enantioselective induction is by usingliity possessing catalystg 2010, Fujit#’ and
Ishihara?® 2°reportedCz-symmetric iodine catalysts34 1.35bearing conformationally flexible

chiral lactate and lactamid@ms which provided greater enantiocontrol due to the formafian
pecular helical fold1.36 and 1.37 due to different noncovalent interactions around the iodine
atom.(Figurel.13)

11



Chiral resorcinol-lactate derived core

L/
0 [ 0
1 L 1 L 1
R.O)J\_/o d O\A)ko,R J\/o O\A)L R
R? |// R?
R3

R R
X X N _-H-N
_O"‘~l”0_ 0= \‘/I =0
* 'L * * ‘]j(L *
1.36 1.37

Figure 1.13: Helical chiralcatalysts presenting chirality

Sunoj et al*® reported the role of a resorcinol lical catalyst in the enantioselective
spirocyclisation of an amide. The formation of the helical fold by the catalyst bearing chiral
attachments is assisted by a number ofcmralent interactions. The chiral enviroamt provided

by the formation of hetial fold helps to induce enantioselectivity in the products. (Scie8phe
H

1.39 (15 mol %)

N
H
(0) TFA (2 equiv.)
Peracetic acid
(0) N
! 1.38

Nitromethane

CF;

A

(@) (ON
“H.
I N
O
ﬁ/'\o O\rgo
N.. _ f/t]
H
(0]
1.39
3C

Schemel 3: Enantioselective cyclisation of amide by helical chiral iodoarene catélyst.
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1.6. Applications of chiral hypervalent iodines (CHIs)

Recently, huge efforts have been made for the employability of enantiomerically pure hypervalent
LRGLQH UHDJHQWY LQ YDULRXV R[LGDWLYH WUDQVIRUPDWLR(
in organiccompounds. The catalytic role of hypervalent iodine reagentransformations like

oxidation of sulfLGHV W R V XuddtiRnjdli§atiow of carbonyl compounds, dearomatisation of
phenols, functionalisation of alkenes, rearrangement reactions andclgelisations has been
extensively studied over the pastwfelecades. In these manipulations, hypervalent iodine(lll)

species are geraed in situ by oxidation usingtoichiometric amounts of eaxidant i.e. (+

CPBA, oxone, selectfluatc).3" 3 Interestingly, these catalytic transformations are very similar

to the transition metatatalysed reactions, however, possess the advantage of environmental

sustainability and efficient utilisation of natural resources.

In 2005, Ochiai and Kita reportéadepeneéntly the first synthesis ¢fypewalent iodine catalyst
in situby usingcatalytic amounts of iodoarene astdichiometric amounts ¢érminal oxidants?
33The advantages and significance associated wgithg catalytic amounts ehiral hypervalent
iodinein differenttransformations led to therdmation ofmany more catalysts and has opea
whole new horizon for researchefhe generatatalytic cycle for the formation of iodine(lll)

species in situ is illustrated below (schebx®.

Schemel 4: Representation of gener@talytic cycle to obtain hypervalent iodine(lll) species
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Asymmetric transformations promoted by chiral hypervalent iodine complexes has gained
considerablemportance in the recent years. A few enantioselective reactions mediated by these
reagents are méioned below.

1.6.1 Asymmetric oxidation of sulfides

Enantiopure sulfoxideareimportantchiral auxiliariesand useful compounds in their own right
Chiral sulfoxides are utilised in a vast number of reactsuth adDiels-Alder, Michaeladdition,
C-C andC-O bond formation reaction®

Imamotd® and Koset® demonstrated the first synthetic application of chiral I(lll) reagents in the
oxidation of sulfidesl.44to sulfoxidesl.45mediated byl.43 Corresponding sulfoxides were
obtained in good yieldsiti selectivities up to 53%e (Scheme 1.5)

0 =0 R!
Lo "9
R" "0 0 o R2 7R3
\ "
1.42 _ 1.44
o) - . /l Ph - R2 7R3
R o Acetonc?, RT (o) O 1.43 (2.0 eq.)
\ﬂ/ O 30 min. O%\ 0 Acetone, 3h, RT 1.45
0 R! 71-95% yield
- - 5-53% ee
(R,R)-1.41 1.43
R!'=Me, -Bu, Ph generated in situ

Schemel.5: Oxidation of sulfides to sulfoxides

Koser and colleagus synthesised iodine(lll) dibenzoyl tartrates by reacting
(diacetoxyioddbenzene DIBL.11awith dibenzoyilL -tartaric acidl.46 NMR studies proved that

thechiral iodinecompoundL.47exists in polymeric form(Scheme 1.6)

OBz

(0] OBz .
AN
AcO—1-0Ac HOOC\A/'\COOH QI—OJ%(O> /©/ 0
OBz OBz O " S
© 1.46 _ @ 1.48 /©/ RN
DCM, RT 14720eq)

1.11a 1.47 Acetone 1.49

80% yield
30% ee

Schemel 6: CHI promoted &idation of sulfides to sulfoxides
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Varvoglis et al®’ synthesisech new chial iodine catalyst by reacting (diacetoxyiodo)benzene
(DIB) 1.11awith (+)-10-camphorsulfonic acid.50in 80% yield which was then tested by Chen
and worker® in the enantioselective oxidation of sulfides. Gratifyynsulfoxides were obtained

in good yelds but with poor selectivities.

Synthesis of chiral A’—iodane

AcO-1-0Ac 0 SOs;H
% 00 Noas
1.50 _ W

> (@)

O
MeCN/H,0, RT E—Ph
1
1.11a 1.51 OH
Reaction
S 1.51 (1.0 eq.) 048.\‘°‘ O/Sl"
17 R2 > 1952 OR 1°~p2
RTR DCM, RT RT R RTR
1.52 1.53a Yield = 82-92%
ee's = 3-14%
1.53b
0, 0, 0,
@/ “Et ©/ ~7Bu @0 : ©/ “Bn
v .\
\pMe-C6H4
1.54 1.55 1.56 1.57
Yield = 82% Yield = 84% Yield = 92% Yield = 86%
ee's =3% ee's = 6% ee's =14% ee's =3%

Schemel.7: Synthesis of *-iodoane by Chen et all.

Kita et al reported the firsexample of asymmetric oxidation of sulfides to sulfoxides mediated
by hypervalent iodine(V) reagent$The best catalytic activity was achieved by usingri%

of a chiral tartaric acid derivative, 2001% cetyltrimethylammonium bromide (CTAB) in the
presence of iodoxybenzene (Ph)On a cationic reversed micellar system to dgivesulfoxides

in excellentyields with good selectivities (Schertié).
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Schemel .8: 3-iodoane mediated oxidation of sulfides to sulfoxides.

Later on,the same research group reported the succetsea@fforementioned transformation by

using only water as a solvent and Mg®rincrease the enantioselectivity.

In 1990, Koser and Ragported the enantioselective oxidation of sulfiles8by usirg a chiral,
nontracemic [menthliroxy(tosyloxy)iodo]benzenes derived fromSaR,59)-(+)-menthol 1.62
and (R,2S5R)-( #-menthol. Organic sulfides upon reacting wiitiese reagents in DCM yielde
optically active (menthloxy)sulfonium tosylates. For instance, metpytblyl sulfides60 upon
treatment withl.62 gave (+)menthyloxymethyip-tolylsulfonium tosylated.63in 92% vyield as
a mixtureof diastereomergca 58:42 dr)Recrysallisation of the mixture by DM/Et.O gavethe
major diastereomer (+).63which upon hydrolysis by aq. NaOH yielded optically pu8e(@3-
methylp-tolyl sulfoxide (88%yield, >99%e€ 1.49(schemel.9).4
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CI)Ts =
Ph—I.

Q I
~ ~ N
—_— >
o 92%
\ —_
1.48 (+)-1.62 OTs
1.63
(16% dr)
- "
+\()’ \ Aq. NaOH % ~
88%
OTs .
Yield = 88%
(+)-1.63 ee = 99%
1.49

Schemel 9: 3-idoane mediated oxidation of sulfides to sulfoxides reported by Koser et al.

1.6.2 Oxidative .-arylation and .-functionalisation of carbonyl compounds

Ochiai and colleagué&sreportedthe synthesis othiral hypervalent iodine(lll) reagents bearing
axid chirality in 1990which were then tested in the oxidatauglation reactionsf 1,3-diketones

The general mechanism of oxidative arylation of the cgidbmompounds is outlined below.

a—arylation of ketones

Q ligand O ) ligand 0 0
O O) >,() exchange coupling
+ Ar—1I > R R > R)H)L R
R R | Ar—1
Ar = Ar
1.64 1.65 © Ar Arl 1.67
X 1.66

Schemel.10. General mechanism okidative .-arylation of1,3-diketones

Interestingly, the same researcharsl999reported anovelasymmetric arylation reaction of
ketoester enolates bgmployingchiral hypevalent iodine(lll) catalysts such 4$6% and1.6%.
(Schemel.11). It is believed that thehigher reactivity of this saltis because of the ileofugacity
of the aryliodoniosubstituentThe arylation of the in sitproducedenolate from78 with chiral
hypervalent iodine(lll) reagentsyielded .-phenylated 1.70 in moderate yiels and
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enanioselectivities. Despit¢he low inductionachieved it represented a historiceElindmark of
this area.

Schemel.11: Chiral hypervalent iodine mediated arylation of cychketoesters.

Another class of chirdbdonium sés has been synthesised by Olofsson ameworker$3in an
attempt to provide alternative reagents for oxidatiyghenylation of ketones in higher optical

yields however it appears succinatork has been done in this areatlasse catalystwere not

evaluated irsuwch reactions

Chiral diaryliodonium salts
0 OTf 0 OTf
" I,
“Ph /@[ Ph
o O
71

o OTf
I+
"Ph
O
1.72 \\\‘kﬁ’)/ \\\-k(v)/ \\\\k/
5

5
1.73

1

Ph~*

X
O O
(0] (0]
MesHN J\_/ \©/ \ﬁj\ NHMes
1.74

Figure 1.14: Chiral hypervalent iodonium salts by Olofsson et al.

The .-functionalisation reactionsf carbonyl compounds mediated by hypervalent iodpexies

have been much explored. Several groups such as &tkbyyroxyl, acetox$p, sulfonyloxy*%&©)
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and phosphoryloxyf areamong others.-attached to aange of carbonyl compoundBhis gives
rapd access ta-oxygenateatarbonyl compoundshich coud potentially be used in the synthesis
of complex natural product¥he general mechanisfor this transformation is outlined below.
(schemel.12). Mechanistically speaking, the process beugiits the oxidation of iodbenzene
1.75to produce. R V H gdfjghtlJ12in situ which is then attacked by the ehoi6formed by the
starting ketond..77to give rise tal.78which is followed by the todate ion attacko yield the
corresponding.-tosylated ketone.

}u)h O Ar Ht
IR ﬁ’ —=— ArC(O)Me
HO Ar on
178 1.77
1.76

0
OTs ]
Ar)J\/OTs Ph—1

1.79

1.75 mCPBA
TsOH.H,0

Schemell2 *HQHUDO PHFKDQLVP RI .R\V-bxyt§isylatidd bf ketép&s. PHG LD W |

Wirth and colleagué$ in 2005, reported the first enantioselectiveoxytosylation of
propiophenonel.80 mediated by chiral I(1ll) specie%.81 as stoichiometric reagents. Desired
productsl.82were achieved in low yields with 158&showing it to be a feasible protocol foeth
synthesis of nomacemic chiral compounds. (Schefn#&3).

Schemel.13: Enantioselective-oxytosylation of propiophenone.

Later on, in 2007, Wirth and colleag@®&srepared several chiral iodoarenes catalysts and tested
them inenantioselective-oxytosylation of propiophenone derivatives. In particular, they used 10
mol % of thel.83in .-oxytosylation of propiophenon#&.80 in the presence aitrCPBA as
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stoichiometrc oxidant and PTSA (TsOH) to afforthe corresponding product.82 with
enantioselectivities up to 39%.

Schemel.14: Enantioselective-oxytosylaton of propiophenone

Wirth and worker®, in 2010, reported the synthesis of a new family of chiral iodoarene catalysts
and tested them in tlemantioselective-oxytosylation of propiophenone. However products were
obtained in good yields bwtith relatively low enantioselectivities i.e. 26%. They decided to
investigate the newly developed catalysts in the lactonisation reactions-oab-5

phenylpentanoic acitl.84 Unfortunately, the obtained produdt86showed extremely low or no
enantioselectity. (Schemel.15)

Schemel.15: Lactonisation reactions of&xo-5-phenylpentanoic acid

A year later, Zhangt al®® synthesised a new family of chiral iodoarerie88 possessing a
spirobiindane scaffold and employed them innag\etric .-oxytosylation of ketone$.87to test
their chirality inducing ability. As an oxidantCPBA was used along with PTSA (TsOH) to
afford the desired products89with up to58%ee (Schemél..16).
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Schemel.16: Asymmetric .-oxytosylation of ketonelky Zhang et al.

Moran and Rodriguézin 2012 tested their newly developed chiral iodoarene catalygds-b
along withm-CPBA as ceoxidant in the.-oxytosylation of propiophenorie8Q The product..82
were achievedigood yields and lowei.e. 18%. The newly synthesisekiral iodoarene catalysts
were then tried in lactonisation ofdxo-5-phenylpentanoic acitl.84in the presence af-CPBA.
The desired productis86were obtained in good yields and improved enaetectivities i.e. 51%.
(Schemel.17)

Schemel.17: Hypervalent iodine mediatedoxytosylation ofpropiophenonand lactonisation

of 5-ox0-5-phenylpentanoic acid.

Legaultet al®? developed new iodooxazolifeased chiral iodoarends9la-d which were tested
in the .-oxytosylation ofpropiophenond.80 An improvement in thenantioglectivities were

noted in the obtained produd<82
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Schemel.18: Hypervalent iodine mediatedoxytosylation ofketones

Kita et al>® reported the first example of enantioselective fluorination #ktoestersl.92
medated by catalytic system consisting of chiral iodoar&r88 as catalyst, HF/Pyridine as
fluorinating source andt+CPBA as ceoxidant to give .-fluorinated -ketoestersl.94 in good

yields and enantioselectivities. (ScheinE9)

Schemel.19: Enantioselective fluorination otketoesters catalysed by hypervalent I(lII)

reagents

1.6.3 Functionalisation of alkenes

Asymmetric oxidation of alkenes to achieve multifunctional chiral compouncsnsideredan
important transfamation in organic chemist®f.In this regard, various attempts have been made
to develop new reaction pathways using chiral hypervalent iodimgent$>°° The alkenes can

be activated by the strong electrophilic nature of hypervalent iodine(lll) mesatieus enabling a
vast range of functionalisation reactionin the literature, diaminatioti, dioxygeration®,

aminofluorinatior?®, gemdifluorinatiorf®, 1,2difluorinatiorf* and dicholorinatiof? of alkenes has
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been reportedA general mechanisrfor alkene functionalisation analfew examplesf alkene
functionalisatiorarementionel below. The process begins when the iodoarene(l) is converted to
iodane(lll) which upon interaction withewis acid oBrgnsted aci@llows the addition of iodine
speciesto the alkene to generaggesumed intermediate [A]. This intermediate undergoes
subsequentSy2 nucleophilic attack to afford the intermediate [B] which undergoes another

nucleophilic attack to afford the desired product.

Nu!

1

\/ X BA/LAIININ X

|

) Ar—1"

_/\ LA or BA

Nu! +

g u | —Ar X

\ A I

N X Ar—I1
[

,TNu' Ar /(

! [

\ )\;l:\ Arl

N ‘j X \< oxidant/ HX

Nu? -
, \Nul

B ' )\/Nu2

Product

|

Schemel .20: Pathway of kipervalentioding(lll) mediated alkentunctionalisation reaction.

1.6.3.1 Dioxygenation of alkenes

Masson and colleagUsreported the very first example of enantioselective phosphand
sulfonyl oxylactonisation of 4entnoic acid derivatived.95 catalysed by chiral iodine(lll)
reagents1.10Q Targeted compounds i.e. phosphoryloxly103 1.104 and sulfonyloxy -
butyrolactoned4.101, 1.102were obtained with good to excellent enantioselectivities in moderate

yields. They used stoichiometric or catalytic amounts of chiral iodoaréna
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Schemel.21: Enantioselectiv@hosphory and sulfony oxylactonisation of $entenoic acid

derivatives

Mufiiz andco-worker$* reportedan asymmetric dixygenation reaction of styremelhey used
chiral catalystl.107 bearing an amide groug@he NH groups of the chiral arm engagethe
hydrogen bonding with the acetoxy groups present at the central iodine atom thus resulting in the
formation of two nine membered rings. As a consequence of hydrogen bonding, a supramolecular

helical chiralityis created around theentral iodindodine atomas shown in schenie22.
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Schemel .22: Enantioselective intermolecular asymmetric diacetoxylatfastyoenes.

1.6.3.2 Difluorination of alkenes

Recently, Jacobsen armb-worker$® developed a protocol for the enimselective catalytic
difluorination of alkene4.109catalysed by nely prepared chiral iodoareriel10in the presence
of a fluoride nucleophile ana-CPBA as stoichiometric oxidant particular, they prepared -

fluorinated cinnamidé.111in good yields with high enantioselectivities. (Schelna3)

Schemel 23: Enantioselective catalytic difluorination of alkenes mediated by chiral iodoarenes.
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1.6.3.3.0Oxidative amination of alkenes

Mufiiz andco-worker$® reportedthe oxidative amination of-phenyl allenel.112catalysedy
hypervalent iodine(lll) reagents. Thbtainedpropargylic amine4.114 1.115were formed with
poor enantioselectivity and moderatgioselectivity. Upon coupling iodoarene catalysts with
triphenylphosphine oxide, the internal regmiser was obtained with improvement in

regioselectivity and enantioselectivitfschemel.24)

Schemel.24: Oxidative amin&ion of 1-phenyl allene catalysdaly hypervalent iodine(l11)

reagents

1.6.3.4.Other functionalisations of alkenes

In 2015, Moran and worketrsreported the cyclition of N-alkenylamidesl.116 catalysed by
iodoarenes under oxidative conditiorfave, sixand seveamembered ring with a range of
substitutions were synthesised through this protocol. Preliminary data from the use of chiral
iodoarenes as piaatalysts showhiat enantiocontrol is feasiblé cyclisation forming five

membered enantioenriched xszoline ring is mentioed below.
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Schemel .25 Oxidativecyclization ofN-alkenylamided.116catalysed byhiraliodoarene
1.117

Previous work within our groipinvolved the synthesis afvariety ofamide catalysts kich were
then employedn the cyclistions of ester analogudsl19to give the corresponding products
1.121in moderate to good yields wittkcellent enantioselectivity. CatalyktL20 providedthe
highest enantioselectivity, i.e. 87% but in low yield.

Schemel.26. Cyclisations of ester analogu&sl19with amide catalyst&.120previously

developed in our group.
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1.6.4.Rearrangements

Hypervalent iodine reagents find their use in many rearrangement reactions. oNsimer
transformations have been reported in the literature such as ring expEnsiogsontraction?

and aryl migrationg! The general mechanism for hypervalent iodine(Ill) mediated rearrangements
is illustrated below.

Mechanistically,iodane(lll) speies are added to the alkene resulting in the formation of
intermediatel.123a Loss of iodoarene and ligand gives rise to ¢aebocation intermediate

1.123bwhich undergoes rearraggpent to yield desired product.

I
Ar—I B L\ ]
R? R! 5 R} J—Ar R} ® R!
I ) /, S 1 2 L
> 12 R=—==R ﬁ' R \
R3 \‘ N‘u \l Nu :
e Tl © e
HNu- -~ Arl+L
1.122 - 1.123a L123b —

Rearranged Products

Scheame 1.27: General mechanism of hypervalent iodine mediated rearrangements.

The first oxidative rearrangemaenit .- unsaturated ketonestalysed by hypervalent iodine(lIl)
species waseportedby Wirth and workerg in 2013.They achieved high enantiaéched .-
arylated ketones vienantioselectiveearrangement of ketones mediated by chiral iodoar&hes.
activaion of the hypervalent iodine reagentas achieved by the addition dfe Lewis acid
TMSOTT in order toachievegood conversiorfinstead of a Bansted acid utilised st in these
kind of reaction}k
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Schemel.28: Oxidativeasymmetric rearrangemeoy Wirth and waokers.

Intermediatel.128is formed when iodarfdl) species are added to the alkene. This intermediate
is then opened up by a moleculeabdéohol ROH) to give 1.129 which after rotation around a
single bond ndergoes 1-2ryl migrationwith inversion of configuration tgield thefinal product.

OAc
Ar—1
) ' oA X+ Ar X,
1 c =
R, _\R 3 Rl A'RZ Rl  J=Ar
7/ » _— f
Ar H Ar H Ar” S( :‘ ’'R2
MeO H
1.127 ROH 1.129

1.128
X = OTf, OH, OAc

Ar

2

‘ 9
Rearranged =~ <€———— RO\J H =X
Product { / “
Ar
*

1.130

Schemel.29: Plausiblerearrangemennechanism proposed by Wirth and workers.
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Aryl ketone rearrangemesitatalysed by chiral iodinB() reagents werereported by Wirth and
co-workers in 20182 They observed that the use of orthoesters(anptedthe transformation
and the ketones were converted into aryl ester first and then subsequerdithdiesired products
in reasonkly mockrate yields and selectivities.

Schemel.30: Chiral iodine(lll) reagent mediatedy ketone rearrangemehy Wirth et al

Enolate1.133 attacks iodane(lll) species and forrhd34 Addition of trimethyl orthoformate
takes place td.134 and formsintermediatel.135 Intermediatel.135 undergoes 1;phenyl
migration resulting in the loss of iodoarene and the formatidnl@6which ultimately yields the
desired produstl.132ac.
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Schemel.31: Mechanism ofryl ketone rearrangement catalysed by chiral iodine(lll) reagents

1.6.5.0xidative dearomatisation reactions

Phenol dearomatisation is a powerful strategy in organic synthesis. Phenol and indoles are typical
(hetero)aromatitest substances whidiave often been subjected to dearomatisation reactions.
Numerous methodologies such as oxygenation, dehydrogenation, halogenation, arylation,
allylation, alkynylation, alkylation and cycloaddition reactions have been developed d$or thi
purpos€+8! The adrantageassociated witllearomatising the (hetero)aromatic substrates is that
some of their constient planar carbon atoms can be transformed into stereogenic centres.
Asymmetric protocols such as using chiral reagents, substratbsciural appendagesnd
catalysts can be used to control the three dimensional configuration of these stereogeniCcentres.
81

Unarguably, phenols are the mestensivelyused aromatispeciedor the dearomatisatiodue

to their mildly acidic electronich aromatic nucleophc nature.Depending upon the substitution
patterns and functionalities, phenols can be dearomatised into different reactive species such as

guinones, quinone methidey,clohexadienones (possibly chirahd key natural products

31



Figure 1.14: Synthesis of key intermediates via phenol dearomatisation reactions.

Dearomatisation reactions are greatly affected by the nature of the iodoarene used, reactivity of its
ligands, nature of the starting phe(®lbstrate), nucleophilicity of the intervening species leading

to dearomatisation and also on the reaction conditions like temperature and type of the solvent
used.In the associative pathwayArl and leaving group leaves after the nucleophilic attack
hapenshence providinghe opportunity of stereocontrol. Howevar the dissociative pathway
phenoxinium iorl.141ais formed after the departure of Arl and leaving group which subsequently
undergoes attack by the nucleophileoetho- or para- position. The main disadvantage of this
process is thdack of stereocontrol due to the eadgparture of Arl groupMoreover, the
dearomatisation via ligand couplirgan occur in two possible ways and of course with the
advantage of stereocontrdh the first modeof dearomatisation, intermedialel 38 undergoes
rearrangement and ligand is added todftko- positionwith the elimination ofArl group at the

last stage thus providing the opportunitystére@ontrol. In the second cadbge adlition of the

Arl group happensat theortho- position of aromatic ring then the resulting intermediafel2a
undergoes rearrangement causing the addition of the ligand @thbeposition and subsequent
departure of Arl group after the dearomatisatias happened general explanation of possible

ionic and ligand coupling pathwaissoutlined in schem#.32.
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Schemel.32: Possible pathways of phenol dearomatisatiatalysed by chiral iodine(111)
reagents.

1.6.5.10xidation of phenolic substrates toguinones andquinols

Yakuraand Konishjin 2007 reported the synthesis pfquinonesl.144from p-alkoxyphenols

1.143in the presence of catalytic amounts ebdophenoxyacetic acid and Oxone as terminal

oxidant (Schemé.33).22

OH
R2 4-IC6H4OCH2C02H (20 mOl %) R2
Oxone, MeCN-H,O (2:1), RT, 16-40h
R 53-99% R!
OR3 0
1.143 1.144

R'=H or MeCH,CH,CMe,
R?=H, 1-Bu, MeCH,CH,CMe,, -Bu Ph,SiOCH,, N;CH,, phthalimide
R3= Me or Et

Schemel.33 Catalytic oxidation op-alkoxyphenols t@-quinones
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The reaction op-substituted phenolk.145with catalytic amount of 4odophenoxyacetic acid

and terminal oxidant Oxone affordpetjuinols1.146in excellent yields. (Schenie34) .83 84

OH 1)
R 4-1CgH,OCH,CO,H (5 mol%) 5
Oxone, THF or dioxane, H,O, RT, 2-16h R
43-87%
R2 R? OH
1.145 1.146

R'=H, Me, Pr, Ph, Br
R%= Me, Et, Bu'COOCH,, Br, CN

Schemel.34: Catalytic oxidation ofp-substituted phenols having atkyl or aryl group at para

position.

1.6.5.2.0Oxidative spirocyclisation of aromatic substrates

Kita and ceworkers reported the first example of oxidative spirocyclisation reaction based upon
the in situ generation of iodine(lll) species amdtCPBA as terminal oxidant. The oxidation of
phenolic substratesl.147 with mCPBA in DCM in the presence ofi mol% p-
[bis(trifluoroacetoxy)iodo]toluene and TFA at room temperature gave desired spiroldctbftes

in good yields®

OH (0]

4-MeCgH,I(OCOCF3), (0.01 equiv.) mCPBA (1.5 equiv.)

TFA (50 equiv.) DCM, RT, 2h
CO,H 71%

(0]

O
1.147 1.148

Schemel .35 Catalytic oxidative spocyclisation reaction adubstitutecohenol.

In 2010, Kitaet al reporteal the catalytic synthesis of biologically active polyspirocyclok2%a
dienones. The desired proddci5lwas isolated in low yields perhaps due to the oxidation of the
starting material.149by m-CPBA to affordunwanted product¥.
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OH O

HO @—1 (0.1 equiv.)

o) I\ 1.150 _ 0
=~ . (0]
mCPBA (3 equiv.), (CF3),CHOH, DCM, RT, 1h
N\
HO
HO O

1.149 1.151
25% Yield

Schemel.36. Synthesis of bioactive polyspirocyclohe2d-dienones via catalytic

spirocyclisation.

Ishihara and cavorkers reported the enantioselective catalytic spirocyclisation of phenolic
substrates by employiraghiral, norracemic orgnic iodides as catalysts. Specifically, naphtholic
substrated.152 underwent oxidative dearomatisation in thesprece of chiral iodoarere153
possessing a rigid spirobiindane backbone to give optically active protidéid with high

enantioselectivies. (Schemel .37)87-%°

Schemel .37 Enantioselective catalytimxidative spirocyclisation reactions using chiral

iodoarenes as catalysts.

The same group reported the synthesis of conformationally flekdbeymmetric i@oarene
catalyss and employedthem in the aforementioned yclisation of 1.152 (Scheme 1.38).
Commonly known ad® generationl VKLKDUD TV SthisHdreBs\Dchinal/ ivtivares has
provedto be thebest in terms of applicability and enantioseldttivn numerous oxidation
reactions This isdue to the peculiar structural featuvdsich creates an ideal environment around

the iodine atom for better reactivity and enhanced enantiocéhtrol.
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Schemel.38 Enantiosedctive catalytic oxidative spirocyclisation reactions using chiral

iodoaenes asatalysts.

Kita and workers reported the synthesis of new chiral iodoarene cat@yktLb6 which was
employed in the oxidative dearomatisation of various phenolic substhié&&in the presence of
MCPBA asterminaloxidant and acetic acid to afford the desired spirolactdrigs/in excellent

yields and high enantioselectiviti¥'s(Schemel .39)

Schemel.39. Enantioselective catalytic oxative spirocyclisation reactions using chiral

iodoaenes as catalysts.

Ishihara and colleagu¥sievelopedC,-symmetric chiral iodoarenels107a and tested it in the
tandem enantioselective catalytic dearomatisation of phenolic substréé&sand DielsAlder
reaction. The terminal oxidamCPBA oxidised the chiralodine(l) 1.107ato chiral odine(lll)
1.107 in situ which c#alysed the reactioto producecyclohexadienone spirolactonésl59
enantioselectivelyand the corresponding Diefdder adductdl.160 (Schemel..40)
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Schemel 40 Synthesis of enantiomerically pure cyclohexadierspgimlactones.

They observed that the use of alcoholic solvents such as HFIP or metsaraalditives
preferentially pushes the reactidowardsan associative pathway to yield enantioenriched
spirocycles The use of alcoholic additives not only provided better yields of the products but also
better selectivitiesA dramatic increase in the enantioselectivities of the electron deficient
naphthols was also noted and attributed to use of HFIP.

Harned andvorkers in 2013 subjected phenolic substraté$1to asymmetric oxidation in the
presence of newly developed chiral iodoarene catal{&? to afford differentp-quinols 1.163
with moderate to good yields and enantioselectivitig&chemel 41)
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Schemel 41: Synthesis of enantiomerically pure quinols

Ariafard et al® investigated the mechanism of a PIDA mediated oxidative phenol dearomatisation
in 2019 by employing DFTcalculationsThey found that the formation of the key intermediate i.e.
dearomatised phenolate iodine(ll1)161b species is essential for the reactito proceed.
Experimental calculations suggedthe formation of such kind of inteediate is mandatory for

the reaction to proceed via associative pathway. It was also observed that in a polar solvent, the
associative and dissociative pathways can be extremely competitivefolinelghat by resorting

to the conventional phenol dearomsation mechanism, dearomatisation should preferentially take
place via dissociative pathway only, which was inconsistent with the experiteschemat

explanation is given belowschemel .42)

The phenol attacks thelectrophilic iodine of the PIDA thurms a key intermediaté.161b
which could either undergo associative or dissociative pathway to give the desired prbduct.
formation of the hydrogen bonds between the acetoxy group present at the central iidihe wi
molecule of methanol activatéise para position for the nucleophilic attack while in the case of
dissociative pathway acetoxy group present at the iodine leaves resulting in the formhtié2 of
and ultimatelyl.163which is then attacked by tleetoxy group to furnish the desirpobduct
1.164
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Le’ \\
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Schemel 42: Investigation of thexidative phenol dearomatisatiomechanism byriafard et al
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Chapter 2: Background

2.1 Genesis of the research project

2.1.1.Spirocyclisations

Spirocyclic cyclohexadienwes and spirocyclic variantof quinols can be readily obtained by
organoiodane catalysexkidative dearomatisation of phenols tethered at their position 2 or 4 to
form motifs which contain nucleophilic or pronucleophilic centres. Depending upon the ofature
the nucleophile spirocyclisations can generally be divided into three classes i.e. oxa
spirocydisation, azaspirocyclisation and carbspirocyclisation(scheme2.1). From here onward

only oxa spirocyclisation will be discussed.

Scheme2.1: . L W BAKUBTI-mediated ®o-, aza, and carbespirocyclisition®
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2.1.2.0x0-spirocyclisations

In the field of synthetic and medicinal chemistry, ta®®ond is of utmost importand8enerally,
the formation ofa C-O bond involves the nucleophilic substitution oxidative oxygenation.
Spiroheterocyclesontaining GO bond are either important building blocks or extensively used
in thepharmaceutical industry suchResnspiride2.8whichis an antinflammatory bronchodilator
used in the treatment of respiratatisorders® A variety ofspiroheterocyclic derivativesuch as
2.8has been reported in the literature howerdy afew examples of natural products containing

aspiro-oxazoline coresuch a.9, 2.% can be found itheliterature®’

O =N =N
4 oV d-
O \\
NH
N
Ph/\/
2.8, fenspiride - a bronchodilator o 0
2.9a,b, spiro-oxazoline
alkaloids

Figure 2.1: Examples of oxazaspirocycles

Our group has developed a novel protocol for the formation@f@nd via iodane(lll) mediated
oxidative oxygenation of phenols and naphthols to olaasthetically pleasingxazoline based
spirocyclic cyclohexaenones and cyclohexadiees (may or may not be chirdDepending upon
ZKHWKHU QXFOHRSKLOH *R[\JHQ  F BrlQ®adt paréythb WacidhldapR O L F

be further categorised astho- or para- oxidative oxygenation asiewn inscheme2.2

O .

\ 1

o' O T :
| 0
QAc HO™ NI 1 - . e
Ph_E Ligan(;f exchange > th }) reductive elimination‘
OAc OAc (0) 0

-HOAc of Phl
1.11a 2.10b 2.11 2.12
para-oxygenation
OH O
1 O Todane (ITN) )
—_— O
2.13 2.14

ortho-oxygenation
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Scheme2.2 Presumed mechanism péra- andortho- oxygenation of phenals

The process starts with the ligand exchange at hypervalent iodine atom forming interth&@iate
which them undergoes rediva elimination to givecationicderivative of starting phend.11
Nucleophilic oxygen attacks the intermedi@€d.l to furnish he dienone2.12 or 2.14 The
technique forces the generally nucleophilic phenol to express electrophilic character by the
reversal of polarity i.e. umpolung.

We envisaged thapsocyclic frameworks of the typ2.19a,b could be preparedia oxidative
oxygenation of phenols medemt by iodane(lll) species via the aforementioned protocol.
Accordingly, te first aim of this studwas to synthesise oxazoline containing spirocysileslar

to reported in literatur@.9a,b. We envisagedhat a pendant amide would cyclise on to the ring
DIWHU D F WiiodaneALreiQsylthetic analysisf this protocols shown below.

R R
>=N —N O)\ NH H,N
0) o O
Oxidation C—E—N )]\
 — |:{> — + R
O OH OH
2.19 2.18 2.17 2.16 2.15

R = Alkyl, Aryl, H

Scheme2.3 Retosynthetic analysis of spiaxazoline basedpirocycles.

We envsaged that the oxidation of the natural produia should produce spiroxazoline2.18
Thecleavagef C-O bond would give the starting amigel 7and upon breaking-@l bond would
generate the syntho@sl6and2.15

The same stragy can beappliedto accesghe substituted naphthol amidesd to obtain the
complexspiro-oxazoline based compounds which could be racemic or enantidperspirocycle
2.23would form the corresponding amide afteOdond breakag&Ve envisaged that the amide

2.22uponcleaving the &C bond would give the desired synth@h2land2.20
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HN/&

. R7°Non
H

2.22 2.21 2.20

Scheme2.4 Retrosynthetic analysis aaphthol based spioxazoline

The third aim was to develophiral hypervalent iodine precatalysts bearmgnc or di-,
carbamate, urea, lactate, and amide appendages edutthbe converted intthe corresponding

I(111) catalysts in situ for the dearomatisation reactions of naphthol amides to yield enantiopure
spirocycleslt was hypothesised that tfemation of the helical fold by the catalyst bearing chiral
attachments due to a number of remvalent interactions would generate a chirinment due

to the formation of helical fold which would help to induce enantioselectivity in the products.

43



Chapter 3: Results and discussions

3.1 Synthesis ofphenolic amidesubstrates

A range of substituted amidesntaining electrowithdrawing electron donatingheteroaromatic
ring and neutragiroupswere synthesisedsing two different literature proceduf®€®by reacting
4-hydroxybenglamine 2.16 with commercially available acyl chlorides tafford substituted
amides inmodera¢ to good yieldsAmide 3.30 was synthesised using reportedliterature

procedure®

1. TEA or Py O

0 DCM, 0 °C to RT J
/©/\NH2 I 23 hour gg R
HO i R OR HO

2. K4PO,, Dry THF
2.16 2.15 0°CtoRT 2.17
R = H, Alkyl, aryl, hetero 2-3 hour yields upto 78%

Scheme3.1 Synthesis of substitutgzhenolicamides

Amides 3.1to 3.11containing methoxy chlore, broma, methyt and nitre groups were prepared
in moderate to good yields according to the aforementioned procedures. Likewise,affities
3.16containing fluoo- and trifluoromethyl groups were obtainedyood to excéént yield.Next,
we focused our attention on the preparatioarofdes containing heterocyclic functionalities like
indole, pyrrole, furan, thiophene and pyridyl groByd7 to 3.23 Finally, amides 3.24 to 3.30
containingdifferent alkyl substituents were prepared in good to excellent yiilekelmain aim to

synthesiseawide range of substrat@sms to test the scod the reaction
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Amides containing substitution on aromatic ring

0 O O
N N
OH OH MeO OH
31 3.2 33

Yield = 55% Yield = 49% Yield = 61%

0 O o)
N N
OH OH OH
34 3.5 3.6
Yield = 59% Yield = 46% Yield =63%

O Br O O
O,;N
N N : N
H H H
OH OH OH
. 3.7 Br 3.8 3.9
Yield = 68% Yield = 34% Yield = 51%
(0]
H

NO, 3.10
Yield = 45%

3.11 OH

Yield = 61%

Amides containing Fluoro- and CF; on aromatic ring

Srao  ovol ooy

3.12 3.13 3.14
Yield = 54% Yield = 78% Yield = 63%
(0] (0]
N N
OH H
3.16 ©
3.15 Yield = 53%

Yield = 68%

Amides3.1-3.3 and3.5were prepared by method 1 while all the others were synthesised by method 2.
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Amides containing aliphatic substitutions

o O
M N
H H
H
3.24 OH 3.25 O

Yield =42% Yield = 48%

O O
N
OH
3.27 3.28 OH

Yield = 30% Yield =31%

J

! N/\©\
H
OH

3.30
Yield = 75%

Amides bearing heterocyclic rings

OH OH

3.17 3.18
Yield = 65% Yield =39%

O O
OH OH

3.20 3.21
Yield =51% Yield = 78%

0
X N
SRSl
=
N OH

3.23
Yield = 57%

3.26
Yield = 44%

VL

3.29
Yield = 53%

(0]
N
N
a0
3.19 OH

Yield = 43%

O
@)‘\N/\Q\
H
N
= OH

3.22
Yield = 61%

Figure 3.1: Synthesised phenolic amide
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3.2.Synthesis of naphtholic amide substrates

A range of naphtholic amiddésr dearomatisation reactiomgere synthesiseith good to excellent
yields using literature proceduré! In particular, naphthol or naphthol derivati8e3ia, b were
reacted with commercially availableN-(hydroxymethyl)benzamide 3.32a and N-
(hydroxymethylaceamide3.32bin dry ethanol and concentrated sulfuric acid as catalyst to afford

the correspondopnaphthol amide3.33a-d in good to excellent yields.

R\|¢O

NH
OH j\ Ol
Conc. H,SO
+ RN oH SR BN OO
X H EtOH, 50 °C, 8h X
X =H, 3.31a R =Ph, 3.32a then 1 M NaOH 3.33a-d
X =Br, 3.31b R = Me, 3.32b pH=17
Scheme3.2 Synthesis of substituted naphthol amides.
NH NH NH NH
Br Br
71% 59% 53% 63%
3.33a 3.33b 3.33¢ 3.33d

Figure 3.2 Synthesised naphtholic amides for dearomatisation reactions.

Mechanistically speaking, the unsaturatdd(hydroxymethyl)amide upon protonaion by
concentrated sulfuric acldsesawater moleculeesultantlyforming a iminium ion intermediate
AZKLFK XQGHUJRHYV V XE VidigckthQaMh® NepitboFayddeuces khidesiEed
naphthol amide(scheme3.3).
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. L + HO
R® N° OH__H ~ RN H, R NQ
H H U - I +
H
3.32 3.34 335 131 X
R =Me, Ph + ’

Scheme3.3 Procedure for theysthesis of substitutedaphthol amides.

3.3. Oxidative dearomatisationreactions of phenolic substrates

Newly synthesised phenolic #es were then tested in oxidative dearomatisation reactions.
Initially, we started our investigation with the amiglé and commercially available iodane(lll)
reagentsn stoichiometriocquantities The reaction was carried out in fluorinated solventTikE.

The results of our in\gtigation are summarised below.

Ph

5 r

Ph N Conditions N
H >
OH O

3.1 3.37

Scheme3.4 Oxidative dearomatisation reaction of amgig
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Entry Reaction conditions i
1 PIFA (1.5 equiv.), TFEAL0°C, 1hr N.D.
2 PIFA (1.5 equiv.), TFE,®°C, 1hr 1'3' thilf%?\;lmt
3 PIDA (1.5 equiv.), TFE, 8°C, 1hr s1 I‘\’f’OF’Sf&dUCt
4 RVHUTV 5HDIHQW AlosgmxLy | 4°% Product
5 RVHUTV SHDJHQW  °chmxLy | % ¥ Froduc

Yieldswere determined by adding 1,3rimethoxybenzene as internal standaydD. = No development
Table 1: Optimisation of reaction conditions.

Amide 3.1 gave the desired spirocycle in 60% yield in the presence of freshly prepakédi Kb V
reagent in TFE (tdb 1, entry 5) at 56C after one hour. However desired product was not obtained
whenthe reaction was carriedut using PIFA in TFE atA10 °C (table 1, entry 1)only starting

material was recovered. Repeating the same reaction°a §ave only 14% product whikbe

majority of the starting material was recovered (table 1, entig#jocycle3.37was obtained in

31% and 45% yields ithe presence of PIDAandRVHUfV UHDJHQW ZKHQ WKH UHL
out at 50°C and AL0 °C respectively (table 1, entry 3 & 4).

Later on, ve focused our attention to develagpatalytic version of this transformationhe aim

of this was togener#e hypervalent iodinelll) speciesin situ which would catalyse the reaction
and givethe desired spirocycleThe transformation was carried out at different temperatures, in
the presence of differeidoarenes and solvents to obtain the correspondingcygple of amide

3.1

49



3.3.1. Screening of iodoarenes in MeCN

Iodoarene N

Ph H/\©\ Oxidant, Acid \/@
OH Solvent o

Temperature, time
3.1 3.37

Scheme3.5 Oxidative dearomatisation reaction of am&l&in acetonitrile.

Entry | Oxidant lodoarene Acid | Solvent | Temperature | Time (gris(ljde)
1 m??ePcEA z’g’g‘;‘;";z"'e ZT;A_ MeCN RT 16h | N.D.
2 ”;_%Pe%_A Z'Tgﬁ‘;iozo'e A | MeCN RT 16h | N.D.
4 ”;gpe%_A 'Ofgkﬁglﬁzne A | MeCN RT 16h | N.D.
5 ”;%PeiA 5_>|<§)/|dec;r;_ A | MecN RT 16h | N.D.

2 0. 10 mol%
6 ”;_%Pe%’_* 2"?3?;%';2”‘3 A | MeCN RT 16h | N.D.
7 ”;gpei_A 3"?8'?;%'";/‘2”9 A | MeCN RT 16h | Traces
8 ”;gpei_A 4"?8'?;%'";/‘2”9 A | MeCN RT 16h | N.D.
9 ”;ZPGE;_A 2"1’3?:]‘;'";2”9 A | MecN 60°C 16h | Traces

Table 2: Optimisation of reaction condinsin MeCN mediated by a variety of iodoarensD. = No development

Earlier on we tried the conditions reportedtie literaturé® to obtain the spirocycld.37 but no
development was madgable 2, entry 1)So, we then attempted the same cyclisatamout

adding any acid as aitide but again no reaction was evideAtrange of commercially available
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iodoarenes were tested as precatalysts in acetonitrile and terminal ox@RBA (table 2, entries
1-9). Our experimentation revealed tloaly 3-iodotoluene and-2dotoluenegyielded the targeted
product in trace amount§lable2, entries 7 & 9)However no significant development was noted
in the case of other experiments.

3.3.2. Screening of iodoarenes in DCM

: , Yield
Entry | Oxidant lodoarene Solvert | Temperature | Time (Crude)
m-CPBA 5-iodo-m-xylene o
1 2.2 eq. 10 mol% DCM RT 16h <5%.
m-CPBA 4-iodotoluene 0
z 2.2 eq. 40 mol% DCM RT 16h &

Table 3: Optimisationof reaction conditions in dichloromethane.

We tested the amide.1 cyclisation reaction(scheme 3.5 in halogenated solvent i.e.
dichloromethanelodoarene precatalysts likeiodo-m-xylene and4-iodotoluene were employed
in the presence of oxidamCPBA in an attempt to obtain the desired spirocycle. Unfortunately,
extremelylow yields wereobserved in botlhasegtable3, entry 1 & 2) It was also noted that the

increase of catalyst loading (tal@eentry 2) did not helmuch

3.3.3. Screening of iodoarenesnd oxidantsin fluorinated solvents

i s

Ph H /\©\ lodoarene, Oxidant N\/@
OH Solvent 0

Temperature, time
31 3.37

Scheme3.6 Oxidative dearomatisation reaction of amilé&in fluorinated solvents

In the light of above experimental observations, we concluded that appolarsolventsuch as
TFE or HFIPis needed for the aforementioned transformation to give the desiredysjerac
reasonablgields.We began testing different iodoarenspreatalysts in the presence of oxidant
mMCPBA in order to obtain the desired produgtatifyingly, we obtained the desired spirocycle in
low to moderate yields using fluorinated solveREIl(tabled, entries 13 & 5). We also observed
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that elevated temperatuproved detrimental for the reaction and gave the desired product in
extremely low yield (tabld, entry 4).Increase in catalyst load significantly increased the rate of

reaction andesulted in enhanced yiefthble4, entry 5)

: . Yield
Entry | Oxidant lodoarene Solvent | Temperature | Time (Crude)
m-CPBA 2-lodoanisole 0
1 22 eq. 10 mol% TFE RT 16h 13%
m-CPBA lodobenzene 0
2 22 eq. 10 mol% TFE RT 16h 25%
m-CPBA | 2-lodotoluere 0
3 2.2 eq. 40 mol% TFE RT 16h 28%
5-lodo-m-
4 ”E%PGBA xylene TFE 60°C 16h | <10%
< €. 10 mol%
m-CPBA | 4-lodotoluene 0
5 2.2 eq. 40 mol% TFE RT 16h 53%
5-lodo-m-
6 ”;CZPeBA xylene HFIP RT 16h | 22%
< &4 10 mol%
m-CPBA | 4-lodotoluene 0
7 2.2 eq. 10 mol% HFIP RT 16h 33%
m-CPBA | 4-lodotoluene 0
8 2.2 eq. 10 mol% HFIP RT 48h 45%
m-CPBA | 4-lodotoluene 0
9 22 eq. 40 mol% HFIP RT 16h 75%
Oxone 4-lodotoluene 0
10 22 eq. 20 mMol% HFIP RT 24h 19%
Selectfluor | 4-lodotoluene 0
11 2.2 eq. 20 mol% HFIP RT 24h 15%
Peracetic
12 Acid | 4lodotoluene | g RT 24h | 33%
2.2 eq 20 mol%
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13 ”;%Pe%_A 4";’3?;‘3';32“3 HFIP RT 16h | 48%
14 ”;gpe'ff 4"38?}2%';3 °M¢ | HFIP RT 16h | 67%
15 ”;gpe'ff 20'?:]‘(')'% HFIP RT 16h | 70%
16 ”Egpe'z_A 2‘2’8?&5}"'8 HFIP RT 16h | 32%

Table 4: Optimisationof reaction conditions ifluorinated solvents

Spirocycle3.37was formed in low to moderate yields in the presence of trifluoroethanol (TFE)
mediated by different iodoarene precatalysts. So we decided to test our reaction in
hexafuoroisopropanol (HFIP)Due to its unique featureBlFIP isusually described as a pola
low-nucleophilic solvent with high ability to stabilize aromatic radical cati®msneering work

from Kita showedhe powerful oxidising ability of hypervalent iadi compounds in combination

with HFIP 102

Gratifyingly, smooth dearomatisation cydtion occurred in the presence cfodotoluene
precatalyst andnCPBA as oxidant and gauhe spirocycle in 75% yieldtable 4 entry 9)
Changing the oxidant froormCPBA to Oxone, Selectfluor or Peracetic algd to lower yields
(table4 entries 1012). Substituting iodoarene for other iodoarenes also proved detrimental to the
reaction (table 3 entry 6 & 16 owever using 20 mol % of iodobenzene surprisingly gaee th
product in elevated/ield (table 4 entry 15. The use of 4odotoluene was preferred over
iodobenzene as it exists in solid form making the measuring and handlindBaasy. upon the
optimised conditions oxidative dearomatisation cydigon of phenolc amide 3.1 was best
achievedwhen4-iodotoluene andnCPBA wereused agprecatalyst and oxidant respectively in

HFIP which turned out to be the best solvent for this transformation

Having optimised the reaction conditigasrange of substituted phdiwoamides were subjected
to oxidative dearomatisation spirocyclisation reactions mediatedidyodoluene (2640 mol %)

andmCPBA as oxidanin HFIP. Theobtained novespirocyclesare mentioned below.
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)J\ 20-40 mol% 4-iodotoluene N
R™ON /\©\ mCPBA VQ
OH HFIP, RT, 16hr o)

Scheme3.7. Phenoldearomatisation mediated byigHotoluene.

—QO,
—N =N =N =N =N
(0] (0] (0] (0] (0)
(0} O (0} @) (0]
3.37 3.38 3.39 3.40 3.41
using 65%° 56 % 26 % 36 %"
20 mol% 4-iodotoluene = 67%*
40 mol% 4-iodotoluene = 71%"“
NO,
O,N 0N Br Br
=N =N =N =N =N
(¢) O (e}
O (0} 0 O O
3.42 3.43 3.44 3.45 3.46
60%“ 56% 30%“ 50%"“ 65%

Figure 3.3 Synthesisedubstituted spirocyclesontaining neutral, electron donating and electron

withdrawing groups.

A range of substitutkspirocycles containing phenrytolyl-, nitro-, dinitro-, broma, chlorc, and
methoxy groups were prepared from correspondamgides in moderate to good ysl It was
observed that all the starting material was consumed after 16hr and no amoutingfreiterial
was noticed in the crude NMR of the reaction mixt@empound3.37was obtained using 20 and
40 mol% 4iodotoluenein 67% and 71% isolated yielddowever, poor purification techniques
led to the loss of the product and hence decrease yield of compound$.40 3.41and3.44

Amides containing fluoro and trifluoromethy groups underwent smooth oxidative

dearomésation reaction to produce correspondspiyocyclesn excellent yield
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CF, e CF, F

F F5C
—N =N —N =N =N
0

(0] (0] (0) (0]
O (0] o) (0] O
3.47 3.48 3.49 3.50 3.51
86%" 63%" 70% 61%" 94%"

Figure 3.4 Synthesisedxazolinespirocycles containing fluor@nd trifluoromethy groups.

We next planned to test heterocyclic amides irddsromatisation reactiorGratifyingly, smooth

dearomatisation was observed. It was noted that the simultaneatieradfl the oxidant i.e.
MCPBA led tothelower yields in case of spirocycledowever dding mCPBA in portions over
4 hours gave augmented yields in case of spirocgck$3.54and3.57. Full consumption of the
starting material was observed in cagsprocycles3.54and3.58howevera pure sample of the

product could not be obtainedieto the highly unstable nature of the spirocycle.

Spirocycles bearing heterocyclic rings

4 4 z

L A A / /
=N =N —N =N =N
o (¢} o) o (e)
0} ¢} 0 O (¢}
3.52 3.53 3.54 3.55 3.56
62%"“ 43% decomposed 70%" 30%"
N\ /) NQ 7/
N
—N =N
(o) é (¢}
O ¢}
3.57 3.58
56% decomposed

Figure 3.5. Synthesised oxazoline spirocycles containing heterocyalisri
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Newly developed dearomatisation conditions wibwen applied to amides possessaikyl and
cyclic alkyl substituentsSpirocycle3.59was achieved quantitatively howeagpure sample of it
could not be obtained due toe stability issues. Spirocyel3.60 was obtainedin 41% isolated
yield without the detection of any starting material in the crude NMR of the reaction mixture.
Spirocycle3.61 was not formed however only starting material was observed in the reaction
mixture. It is believed thahe presence of the chloride substituents affected the nucleophilicity
of carbonyl oxygen due to thestrongelectronwithdrawing ability thus making the nucleophile
less reactivdor intramolecular attack to furnish the desired spirocyltleasalsonotal that the
amides possessingyclic alkyl substituents/ere not the ideal substrates for this transformation as
3.62was obtainedn extremely low yield while spirocycl8.63 was not observed in the crude
NMR of the reaction mixture at al\ complex poton NMR of the raction mixture was obtained
pointing towards th@otential instabilityof the producor chang in the reactivity of the amide
Further attempts to optimisiee reactions conddns for the cyclic alkyl substituents were deemed

unnecessary at this point.

Spirocycles bearing Aliphatic Substituents

cl1 Cl
Cl
=N =N —N —N =N
(0] O

O 0] 0) o
3.59 3.60 3.61 3.62 3.63
decomposed 41% Not obtained <7% product Not obtained

Figure 3.6. Oxazoline spirocycles containing aliphatic substituents.

56



3.3.4. Attempted synthesis of naturalproduct precursor

Wesubjected ta amide3.30to the conditions required for the spirocyclisations of phenolic amides
to obtain the desired natural product precu&sa@B8 Sadly, only a trace amount of the expected
product was noticed in the crule-NMR. The reaction was not further optimised

H

2 g

40 mol% 4-iodotoluene N
H II}]I mCPBA (2.2 equiv.) >< _
HFIP, RT, 16hr
OH O

3.30 3.64

Scheme3.8 Attempted synthesis of natural product precursor.

3.3.5. Effect of substituenton the reaction

In order to investigate theffects of the substituent on tiheaction we decided to structurally
amend the model substr&d. For this purpose, we synthesised andid& from the commercially
available amin&.65and benzoyl chlorid8.66 (scheme3.9) in order to have a substituent on the
cyclohexadienone rinf We alsoenvisaged that the presence of the proton of the hybgosyp

may or may not be necessd#woy the reactia to proceed

(0] (0]
Cl NH Cl N
j©/\ 5 n Cl L j@/\ﬂ
HCl Dry THF
MeO 0 °C to RT, 3hr MeO
3.65 3.66 95% 3.67

Scheme3.9 Synthesis of substituted ami@e57.

To test this hypothesis,esubjected the newly synthesised anBd&/to the conditions required

for the dearomatisatiofscheme3.10). Ungratifying, the reetion failed to produce the expected
product and almost all the starting amide was recovered. Our investigation proved that for the
dearomatisation to happsmoothly the presence of the proton of the phenolic gronpasdatory

and the presence of thlloro- substituent may also have impacted the reaction.

Cl mCPBA (2.2 equiv.)
D/\yl 4-iodotoluene (0.4 equiv.) = 0 Cl
MeO HFIP, 16hr, RT
3.67 (6]
3.68
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Scheme3.10 Attempted dearomatisation of ami8e?7.

We turned our attention to investigate whether the reagironeeds via radical pathway or
associative/dissoaiive pathway. For this purpose, we subjected an3deto the typical
dearomatisation conditions and dadl free radical inhibitor TEMPO (2,2,6,6
Tetramethylpiperidiril-yl)oxyl (scheme3.11). Our investigation revealed that the reactiahrubt

follow a radical pathway and proceeded as usual to form the desired spirocycle in 66% yield

without forming any side product or the remaining starting material

o —N
mCPBA (2.2 equiv.) 0
/©/\E 4-iodotoluene (0.4 equiv.)
HO HFIP, 16hr, RT

3.5 TEMPO (1.0 equiv.)
O

66%
3.41

Schemed.11 Dearomatisation of amid&5in the presence of TEMRO

Having known that thepara- oxidative dearomatisation of the phenols is indeed feasible, we
decided to apply the developed protocol for the dearomatisationsubftituted 2
hydroxybenzamide In order to do so, we prepardde requisiteamide according to the
aforementioned conditis and subjected it to the dearomatisation reaction mediated by 4
iodotoluene andnCPBA as terminal oxidar{scheme3.12). Sadly, the targeted spirocycle could
not be obtained whilst a complicated mixture was obtaMéltried the ame reaction again but
instead of using HFIP we resorteduse dichloromethane as solvent. However,noticeable
developmentould be madeFurther attempts to develop the conditions for this transformation

were deemednnecessaryScheme3.12
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OH 0 OH O
©/\ N K,CO;3 N
+ > H
Dry THF
0
3.69 3.70

°C to RT, 2hr

3.71

35% yield
OH (0] 0
mCPBA (2.2 equiv.) N\: <:>
N _ N
H 4-iodotoluene (0.4 equiv.) o
HFIP, 16hr, RT
3.71 3.72

Not obtained
Scheme3.12 Dearomatisation of amid&71in the presence of TEMPO

We hypothesised that the iodoaren&(lj4 undergoes oxidation by the terminal oxiden@PBA

to generate iodane(l13.76 species in situ which is then attackeyl the nucleophilic hydroxyl
group of the phend.1to produce intermediate fscheme3.13). The intermediate A is capable
of following either dissociative or associative pathway to form the desired spirotydiee
associative pathway, intramoleculdtaak of the nucleophile happens after which Arl group and
ligand depart to produce the spirocycle. Howevethedissociative pathway the Arl group has
already left forming the cationic intermediate B which affter nucleophilic attack generates the
corresponding spirocycleg.37. The plausible mechanism dhe phenol dearomatisatiois
discussed in schen®13
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O
/@/\N J\ Ph
H
HO
31

HFIP or m-CBA

m-CBA RO - ¥ —0OR
Ar*
HFIP 3.76

— o -

"
@,

0)

Cl

3.75 0
L-=1-0
Ar*
L = [OC(CF3), or OCO(3-CIC4Hy)]

Dissociative intermediate B

Scheme3.13 Plausible mechanism of pherddaromatisation

3.4. Oxidative dearomatisation reactions oinaphtholic substrates

The newly developed dearomatisation strategy could be applieddolisituted naphthol amides
to obtainoxazoline based spirocycle¥/e started our investigation witlhe amide3.33 and
subjected it tdhe conditions which woulgroduce spirocycle. A range of solvents, iodoarenes
and oidants were tested during thsocess. The resultsf our investigation are summarised
below.(Table5)
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34.1. Optimisations in MeCN

NH 7=N
O
OH o (0]
OO Conditions O‘
3.33a 3.77

Scheme3.14 Dearomatistion of amide3.33a in acetonitrile

. : : Yield
Entry Oxidant lodoarene Acid Solvent Time (Crude)
1 | mMCPBA (2.2 eq.) Z'fg‘r’:cr)‘l[;)o'e S MeCN 16h 35%
, | mcPBA(2.2eq) 2"203‘;?‘;;0'6 PTSA| MeCN 16h | 28%
2-lodoanisole =
3 | Selectfluor(3 eq.) 20 mol% S MeCN 16h N.D.
2-lodoanisole | & | MeCN/HO
4 m-CPBA (3 eq.) 20 mol% S 91 16h 10%
5 | mCPBA (2.2eq)| 2'odoanisole | & | N 16h | 48%
' ' 40 mol%

Crude yelds weredetermined by adding 1,3tmethoxybenzene as internal standa¥d. = No development
Table 5: Optimisation of the reactioim acetonitrile

We initiated ourexperimentatiorwith amide 3.33a 2-iodoanisole ashe standard iodoarene in
acetonitrileas the standarsiolvent.It was noted that the use of acids such as AcOH, PTSA as
additives led taliminishedyields(table 5, entry 2)The utilisation of dual solvent system also led
todiminshedyields (table 5, entrgf). Moreover no noticeable development was made by changing
the oxidant to Selectfluor (table 5, entry Bicreasing the catalystadng from 20 mol% to 40
mol% hada favourable influence on the rate of the reaction gane augmentegield (table 5,
ertry 5). Keeping in view the results, we decided to changéoth@arene to 4odotoluene anthe
solventto HFIP or TFE.
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3.4.2. Optimisations in fluorinated solvents

O Ph
S

NH

OH Conditions

3.33a

3.77

Scheme3.15 Dearomatisation of amid&33a in fluorinated solvents

: : Yield
Entry Oxidant lodoarene Solvent Time (Crude)
2-lodoanisole 0
1 m-CPBA (3 eq.) 20 mol% TFE 16h 39%
4-lodotoluene 0
2 m-CPBA (2.2 eq.) 20 mol% HFIP 16h 46%
3 m-CPBA (2.2 eq.) 4-lodotoluene HEIP 16h 750
40 mol%
4-lodotoluene
4 | Selectfluor(2.2eq.) 20 mol% HFIP 48h 320
4-lodotoluene
5 Oxone (2.2 eq.) 20 mol% HFIP 48h N.D.
Peracetic acid (2.2 4-lodotoluene 0
6 eq.) 20 mol% HFIP 6 days 52%
4-lodotoluene | HFIP:H20
7 Selectfluor (2.2 eq. 20 mol% 12 6 days N.D.
4-lodotoluene | HFIP:HO 0
8 Oxone (2.2 eq.) 20 mol% 1: 6 days | 28%.
9 H:05 (2.2 eq.) 4-lodotoluene HFIP 6 days | Traces
' ' 20 mol%
HFIP:HO
4-lodotoluene 6 davs 0
10 m-CPBA (2.2 eq.) 20 mol% -1 Yy 3%
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11 . RV Hreaggent (1 equiv.), HFIP, 16hr, RT N.D.

12 .RVHUTIV UHDJHQW HTXLY 1 <5%

Crude yields were determined by adding 1-fBifiethoxybenzene as internal stand&d. = Nodevelopment

Table 6: Optimisaton of the reaction in acetonitrile.

It was observed that changitige solvent to TFE ld to an increase in the product yield when the

reaction was mediated byi@doanisole ananCPBA (table 6, entry 1)Replacing Ziodoanisole

with 4-iodoanisole in HFIP qovided a significant increase in the product yield while an increase

in the catalyst loading (from 20 mol% to 40 mol%) gave the product in the highes{tslel 6,

entries 23). It was also noted thhachanging the oxidant froomCPBA to Selectfluor, Oxuwe,

Peracetic aci&and H20. proved detrimental for the reaction (table 6, entridDW It was also

IRXQG WKDW WKH XVH RI FRPPHUFLDOO\ DYDLODEOH LRGDQH
failed to provide thalesiredresults(table 6, entries1t12).

Having optimised the reaction conditionlfferentsubstituted naphtholic amides were subjected
to oxidative dearomatisation spirocyclisation reactions mediateddnjodoluene (20nol %) and

MCPBA as oxidant in HFIP. The obtained novel spirocyelesmentioned below.

Phg: N Phc?:N 2: N 2: N

3.71 3.78 3.79 3.80
Pure yield = 54 % Pure yield =51 %  Crude yield =25 % Traces

Figure 3.7. Naphhol amide derived spirocycles.
A pure sample of the spirocycB79could not be obtained duetiee instability of the product.

3.4.3.Investigation of the reaction mechaism

We focusedour attention to investigate whether the reaction proceeds via radical pathway or
associative/dissociative pathway. For this purpose, we subjected &mB®to the typical
dearomatisation conditions and added free radical inhibitor TEMPO (2,2,6,6
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Tetramethylpiperidinrl-yl)oxyl andgalvinoxyl, free radicalOur investigation revealed that the
reaction did not follow a radical pathway and proceeded as usieairidhe desired spirocycle in
70% (with 40 mol% 4iodotoluene)and 37%(with 20 mol% 4iodotduene)yield respectively
without forming any side product.
Os_Ph
Y

Ph
NH 7=N
mCPBA (2.2 equiv.) 0

OO OH 4-iodotoluene (0.4 equiv.) O‘ 0
HFIP, 16hr, RT
TEMPO (1.0 equiv.)

3.33a 3.77
Yield = 70%

Ph
NH 7=N
mCPBA (2.2 equiv.) (0]
OH . ' 0
OO 4-iodotoluene (0.2 equiv.) O‘
HFIP, 16hr, RT
3.33a galvinoxyl free radical
(1.0 equiv.)

3.77
Yield =37%

Schemed.16 Dearomatisation of amide92ain the presence of freadical inhibitors.

Mechanistically speakindghe iodoarene(l) undergoes oxidation by the teahoxidantmCPBA

to generate iodane(lll) specigssitu which is then attacked by the nucleophilic hydroxyl group

of thenaphtholto produce intermediat. The intermediat€ could either followdissociative or
associative pathway tgive the targetedspirocycle. In the associative pathway, intramolecular
attack of the nucleophile happens after which Arl group and ligand depart to produce the spirocycle
with the advantage of stereocontrblowever, inthe dissociative pathway the Arl group has
already I& forming the cationic intermediaf® which after the nucleophilic attack generates the
corresponding spirocycld.77 in a racemic manneiThe plausible md@nism of thenaphthol

dearomatisation is discussed in schéhie.
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m-CBA RO-1-0OR 3.33a
]
Ar* Q_/
HFIP or m-CBA

HFIP 3.76

Cl

3.75 0
L=1-0
Ar*
L = [OC(CF;), or OCO(3-CIC4H,)]

Ar*-1

m-CPBA 74

Scheme3.17 Plausible mechanism of naphthol amide cyclisation.

3.5. Functionalisation of the spirocycles

The synthesisedmides were subjected to the functionalisation reactiBreshly synthesised
spirocycles3.41and3.77were reacted with (1.6 M) solution ofmethylithium in hexanesNleLi)

in anhydrous tetrahydrofuran atg8 °C. Gratifyingly, the corresponding spiralcohols were
obtained in good to excellent Yas with 5:1dr in both cases. (Schen&18 In the case of
compound3.82 the major diastereomer showed the interaction (nOe) between the protons of the
methylgroup and methylene grouptbe oxazoline ring however no such interaction was observed

in case of the minor stereocisom@ee experimentalection,page 153)
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Me OH
3.81

MelLi (1 equiv.)
-78°C, 1.5hr
THF
341
5:1dr
77% yield

7—N =N
o}

0 MelLi (1 equiv.) Me
‘ -78 0C 1.5hr O‘

HF

Y

3.82
S5:1dr
67% yield

nOe

no nOe
— N ’( >:N
(L Jer

Major Diastereomer Minor Diastereomer

OY

Scheme3.18 Reaction of spirocycl8.41and3.77with metyl lithium.

We tried to reduce thepirocycle3.41using Pd/C in an admixture of ethyl acetate and methanol
in the presence of hydrogen gas using a balloon but sadigabgondid not work and almost all
the starting material was recovered. Next,caied outa cnjugate addition to the spirocycle

3.41by using cuprous iodide and methtylium but sadly this reactioalsodid not work.

3.6.Synthesis of six membered spirocycles

Having confirmed that the dearomatisation of phenols and naphiteolsypervalent iodine
species is feasible to construct five membered spirocycles, we decided to prejghes class of
amides by reacting tyramin8.83 with commercially available acyl htorides using the
aforementioned proceduf® Amides 3.84ac were obtaied in good to excellent yield when
appropriate acyl chlorides were reacted with tyrandr&8 These anideswould generate six

membered spirocyclagon subjecting to the dearomatisation conditigBsheme 3.19)
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0°C to RT
3.83 2.15 2-3 hour 3.84a-¢
R = Aryl yields upto 68%

H
NH, 0 N__R
PR K;PO,, Dry THF /@N hid
. >
HO R HO 0

OMe
H H
N J: j N7(©/ Nﬁ/@/
/©/\/ (0] /©/\/ (0] /©/\/ (0]
HO HO HO

3.84a 3.84b 3.84¢
63% 68% 54%

Scheme3.19: Synthesiof substituted amide3.84ac.

Gratifyingly, newly prepared amides underwent smooth dearomatisation to produce the
corresponding six membered spirocyaidsen subjected to treready developed dearomatisation
conditions Spirocycle3.85awas isolatedn 51% yield and spirocyclé.85bwas achieved in 81%
isolated yield However, it was noted that the starting am#d®4cwas fully converted t@.85¢
but a pure sampleould not be obtained as the compound decompdsgadg the purification
(Scheme 3.20)

E R 4-iodotoluene (0.4 equiv.) N
/©/\/ A mCPBA (2.2 equiv.) J§
0 - O R
HO HFIP o
3.84a-c 3.853,1)
X ) )
| I
o (0] o
cl o
3.85a 3.85b 3.85¢
51% 81% Decomposed

Scheme 20 Synthesis of substituted amid&@84ac.

Compound3.85ahas previously been reported. Se®©rg. Chem 1991, 56, 435.
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3.7. Summary

In conclusionthe synthesis dive memberedpiro-oxazdinesand six membered spirocycleis
oxidative dearomatisation of phenol and naphthol amides mediatedoblptéluene as catalyst

and mCPBA as terminal oxidant. Different iodoarenes, catalysts, and solvents were scanned,
however, diodotoluene andhCPBA provided the best resultslimexafluoroisopropangHFIP). It

was observed that altering the oxidant, iodoarene and solvent led to diminished yields in most
cases. The stoichiometric and catalytic versions of the cyclisation were also successfully

developed.
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Chapter 4: Enantioselective oxidative cyclisation of naphthol amides

Having confirmed that the oxidative dearomatisation of naphthatls hypervalent iodine
compounds is indeed feasible, our attention refocused upon the developareahantioselective
variant of the reactiorf.o the best of our knowledge, no such protocol has been repeftaein

the literature.

Initial experiments aiming to achiettee transformation of interest focused upon the utilisation of
Ishihara typeCz-symmetric chiral iodoarenes in the presencenGPBA as terminal oxidant.
These kind of iodoarenes had already been fagetie enantiodective g/clisation of carboxylic
acidsand can readily be synthesis€dhe preparation of £symmetric chiral idoarenes started
with the iodination of the resorcirtdf 4.1 followed by Mitsunobu reaction of.2 with (-)-(S-
ethyl lactate4.3. Theobtained estet.4was tha subjected to base hydrolysis to furnish the diacid

4 5which was elaborated th6 via the acid chloride.

OH
OH OH “J\COOEt 0 I 0
I, NaHCO, I (5)-43 EtO)K‘/O 0\)]\0Et
_— - -
H,0, 49% DIAD, PPh; =
OH OH THE, 78% i
4.1 4.2 .
THF | NaOH
90% | MeOH

o I o) 1.50Cl, 0 I 0
2. 2,4,6-trimethylaniline (@] O
N ¢} O\)J\ N - HO)K( \_)]\OH
| H | DCM, Pyr, 65 % =
H - H
4.6 4.5

Scheme4.1 Synthesis of @symmetric iodoarené.6

Similarly, iodination of4.7 formed4.8 1% which after reaction witliS)-methyl-2-hydroxy-3-
phenylpropanoaté.9 under Mitsunobu conditions gave the ided iodoarend.10in good yield.

Ph

1 l 0 I 0
HO OH HO ou HO  "COOMe Mo 0
I,, NaHCO; (s)-4.9 MeO” OMe
— > =
P Ph

H,0, 53% DIAD, PPh;
CO,Me CO,Me THEF, 70% CO,Me
4.7 4.8 4.10
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Scheme4.2 Synthesis of &symmetric iodoaren4.10.

4.1.Screening of conditions

At the autset of the projecbnly iodoarenet.6 and4.10wereknown. So we decided to develop
the condiions for the enantioselective dearomatisatadnnaphtholamide 3.33 using these

iodoarenes andxidants

OH Precatalyst (10-20 mol%) S o
oxidant O‘
OO Anhydrous Solvent(s)
Temperature, Time, N
3.33a P 2 3.77

Scheme4.3 Enantioselective dearomatisation of naphthol ar8i@8aby different G-symmetric

iodoarenes.
' : Pureyield | eé
Entry Oxidant Precatalyst | Solven{s) | Temp. | Time (%) (%)
55%
m-CPBA 4.10 | MeCNEtOH | RT | 24n A
1 20 mol% . product
(2.4 eq.) 2:1 product
4.10 42%
? r(nZ-iF(;BA)\ 20 mol% MeCN RT 24h Product 3
oo 40% SM
3 mCrBA 46 DCM RT | 18h 31% 5
(2.2 eq.) 20 mol%
Peracetic acig 46 DCM i
4 (3.0eq) | 20mol% RT | 18 _ S
m-CPBA 4.6 DCM:MeOH o
> (1.2eq) | 10 mol% 31 £0°C | 18h 36% 14

|solated yields after column chromatograp%Enantiomeric excess were determined by using chiralpak IB
column (Petroleum etherdgropanol 80:20Flow rate 1 mL/ mih © Complex reaction mixture was obtained.

Table 7: Optimisation of thalearomatisationeactionconditions
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Our experimentation showed that theciease in the catalyst load improved the overall yield of
the reactiorhowever a significant decline was observed in the selectiVitiess also notethat

the use of alcoholic solvents like MeOH and Etldd favarrableinfluence orthe rate of reaction
significantly (table 7, entries2 and 5)Keeping in view these ralis, we @cided to decrease the
catalystoad to 10 mol%, oxidant to 1.2 equiv. and replaced acetonitrileamitixture of solvents

i.e. DCM:Methanol(3:1) while leaving the reaction mixture to stir & °C for 18 hours. To our
delight, enantioselewity considerably improved but at the expense of the rate of the reaction.
(table 7, entry 5)

Having confirmed that the enantioselective oxidatiearomatisation of the naphthols is indeed
feasible we decided to prepare our own novel iodoarene phgstatThe aim to develop these
iodoarenes was to test their oxidisipgtential in the oxidative dearomatisation reactions under

various conditions.

4.2.Synthesis of novel iodoarenes

4.2.1.Synthesis of G & C, symmetric iodoarenes bearing chiratarbamate appendages

With a view to developovelchiral iodoaren@recatalysts, the focus was shifted on the preparation
of Co-symmetrical chiral iodoarenes possessing optically active lactate maitfally, we
synthesisedCi-symmetrical chiral odoar@es bearingcarbamate appendage$hese were
synthesised by couplin@-iodoisocyanatobenzené.12 with commercially available optical
lactates4.19 2-lodoisocyanatobenzenke12 was prepared from-bdoaniline 4.11 following
literature procedur®® The same methodology was used to prep@sesymmetrical chiral
iodoarenes. For this purpose, diisocyanatoiodobernkd®prepared from 20doisophthalic acid
4.17following theliterature procedurandwassubsequentlgoupled with differentactates in the
presence of Cul in DMF. Howevethe synthesis of diisocyanatoiodobenzdnt8 came with
challenges. The synthesis 418 can beachievedthrough two different routes as explained in
schemet .4

At the autset of thaesearch, we tried taeess the diisocyanatoiodobenzdriBvia route A 2,6-
Dinitroiodobenzend.18was obtained in good yield by iodination of commercially avail2ite
dinitroaniline4.13'%® Several methods were tried for the reductiod.®B8to obtain4.14 however,

sady none worked or partially workeld”113 The results are summarised in table 8.
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NH, NCO

[ I
Triphosgene
110 °C, reflux, 12h

4.11 Quantitative 4.12
I 1 I NH,
OCN NCO H,N NH
. \©/ FGI 2 \©/ 2 FGI OZN\©/N02 N OZN\©/NOZ
4.18 4.15 4.14 4.13
I I NH,
Route B OCN NCO HOOC COOH (¢  HOOC COOH
——— —
4.18 4.17 4.16
Scheme4.4 Synthesis and retrosynthetic pathways to actdssand4.18
NH, I I
OQN\©/NO2 OZN\©/NOZ H2N\©/NH2
NaNO,/HC1 Conditions =
KI/H,0, 63%
4.13 4.14 4.15
Scheme4.5 Preparation and deiction of4.14.
Entry No. | Reactant Conditions Product
1 Fe Powder/CaG) EtOH/H,0, 60°C, 1h N.D.
2 FePowder/NHCI, EtOH/H0, 85°C, 4h N.D.
3 NaBHs/Charcoal N.D
H2O-THF (1: 0.5ml), reflux, 5660°C, 2h o
4 4.14 10% Pd/C, Hgas N.D
Dry methanol, overnght, RT T
5 10% Pd/C, NH4.H20 (20 equiv.), Dry methanol, N.D
Reflux, 90°C, 1h o
6 HSICls, DIPEA, Dry MeCN, (°C to RT. N.D.
7 Iron Powder, AcOH, Traces
60°C, 2h.

Table 8: Reaction conditions for the reduction4fi4to 4.15
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Partial reductioralong withdehalogenation was observed upon using iron powder in acetic acid

(table 8, entry 7,). However no product was observed in all other cases, whatsoever.

In order to obtain diisocyanatoiodobenzdnt route B was adopted. Commercially available
aminoisoplthalic acid4.16was used to obtakh 18directly. In particular, 2aminoisophthalic acid
was converted into4.17 which was then used in the presence of triethylamine and
diphenylphosphory azidéDPPA) in dry benzene to produee18* Unfortunately,the desired

productcouldnot obtained.

NH,

I I
H H HOOC COOH OCN NCO
0oC €00 NaNOy/H,80, TEA, DPPA ; é
KI/H,0 o 0 °C to Reflux
18

Dry benzene
4.16 4.17 4.
Yield= 80%

Scheme4.6. Attempted synthesis @f.18

Instead of obtaining.18directly,anindirect route was followed as shown in schel& For this
purpose, Zaminoisophthalic ad 4.16wasiodinatedto obtain2-iodoisophthalic acid.17in 80%
yield.}* Upon refluxing4.17in SOCL for 2 hoursthe corresponding acid chloride was generated
which upon azidation and subsequeefiuxing in toluene for 3 hours afforded.18 almost
guantitatively. IR analysis confirmed tlpgesencef isocyanate peakonfirming the formation

of 4.18

NH, I I
HOOC COOH NaNOHLSO HOOC COOH 1. SOCl,, Reflux, 2hr OCN NCO
2/H2 4 -
KI/H,0 2. NaNy/H,0, THF, 2hr
3. PhMe, Reflux, 2hr
4.16 4.17 4.18

Yield= 80%
Scheme4.7. Indirect synthesis o4.18

After successfully synthesisirgl2and4.18 we then synthesised different &hd G-symmetric

iodoarene precatalysiyy reacting them with appropriate lactates
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NCO J\

o
N

oo

+ HO COzR CuL Dry DMF
1 hour, RT - 0)
4.12 4.19 4.20
R=Et4.19a R = Et 4.20 (94%)
R = menthyl 4.19b R = menthyl 4.21 (71%)
R='Bu 4.19¢ R='Bu 4.22 (53%)
I
OCN NCO 0 ITI l l;l U
J\ R. O_N N_o M _r
+ HO”COR Cul,Dry DMF 0 \n’ \n/ Y 0
419 1 hour, RT - (o) 0 =
4.18 R = Et, menthyl, ‘Bu

R =Et4.23 (98%)
R = menthyl 4.24 (40%)
R='Bu 4.25 (35%)

Scheme4.8 Synthesisof C; and G-symmetric iodoarene precatalysts possggschiral

carbamate appeade

It was notedduring the purification of these carbamates that theye intolerantof silica and
started disintegratingluring the purification procesd®Ve also synthesised other carbamates
following a different procedurg® **For this purposd€S)-2-amino3-phenylpropasl-ol 4.26 was
converted t@l.27aand4.27band then coupled with.18to give corresponding carbamate28a,

b in excellent yields.

(0)
HO NH, phthalic anhydride HO N
DMF, reflux, overnight 0
Ph 93% Ph
4.26 4.27a

(Boc),0, DIPEA

THF, 0 °C, 6hr, RT, overnight

NH,
HO/\[

Ph 99% Ph
4.26 4.27b
I Ph _Ph
H [ H Z
OCN NCO H @ )\/ i i :
O N N (0]
4 HO N \® Triethyl amine SN \n/ \n/ ~">N7 @
—_—
anhydrous DCM H 0 0 H
4.18 Ph overnight, RT
4.27a, b 4.28a, b
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Ph 1 _Ph
H H z J<
S AN o A o A
H o 0 H

Scheme4.9 Synthesis of @symmetric iodoarene precatalypisssessing chiral carbamate

appendage

4.2.2.Synthesis of G & C,-symmetric iodoarenes bearing chiraurea appendages

Keepingin view the instability of thearbamates, we decidito prepae another class abdoarene
precatalysts possessiagoligoureafoldamer. Oligoureas are well known for their helicityThe
mainidea for the synthesis of iodourea basathlysts was that the wemiteractions between the
chiral arms with either thelectrophilic I(Ill) centre owith the ligands on I(lI)\would supply a
suitable chirakenvironmentoy forming a helical supramolecular fdior chiral induction At the
outset of the project we prepared-€ymmetric iodoarene$.29 and4.31 (scheme4.10 having
chiral urea arm but later we decided to synthesissy@metric iodoarenes as wécheme
4.13 118

Scheme4.1Q Preparation of Gsymmetric iodoarenes having chiral urea appendages.
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The reaction oft.12with different chiral aminé.26 and4.30in anhydrousIHF produced various
Ci-symmetric ureaodoarens4.29and4.31 Specifically speaking,S)-2-amina3-phenylpropan
1-ol 4.26 upon reaction witht.12 produced4.29 in 95% vyield. Likewise(S)-1-phenyletharil-
amine 4.30 reacted with4.12 in THF to afford4.31 in 96% yield We also madeéwo other
marginallystructurally different iodoarened.B84and4.36) bearinga chiral urea arm. Benzil-
alaninae 4.32and methyilL-leucinate upon reaction with12gave4.34and4.36in 88% and 73%
yield respectively!!®

Schemed.11: Preparation of Gsymmetric iodoarenes having chiral urea appendages.

After successfully preparingifferent Ci;-symmetric urea based iodoarenes we refocused ou
attention to develop £&symmetric urea based iodoarer@gterent commercially availablamino
acid oraminoalcoholswere reacted with diisocyanatoiodobenzdn&8to achieve the desired
ureas. Specifically speakingbis-urea 438a and 438b were synthesed by the reaction of
diisocyanatoiodobenzent 18 with (S)-2-aminopropari-ol and (§-2-aminobutanl-ol in 81%

and 90% yields respectiveff®
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Schemed.11 Preparation of &symmetric iodoarenes possessing chiral apgeendages.

Similarly, bisureas4.38c and4.38d were synthesised by the reaction of diisocyanatoiodobenzene
4.18with (§-2-amino3-phenylproparil-ol and(1R,2R)-2-amino-1,2-diphenyletharil-ol in good
yields. The reaction of(1R,2S-2-amino2,3-dihydro-1H-inden1-ol and L-phenylalaninewith
diisocyanatoiodobenzere18 produced bisireas4.38e and4.38f in good yields Bis-urea4.40

was synthesiseda a different method. We started with the protectiotheamino group ofS)-
2-amino-3-phenylproparil-ol 4.26 then subjected the obtained crude to the conditions which
would allowo-acylation!'® 2 Gratifyingly, we obtained the desired compodn@ in good yield.

Next, the compound.39 was stirred in 2ml of TFA overnight to obtain the hydrochloride falt

the desired compourfd39awhich upon coupling witd.18generated the targetedigea n 49%
yield.'? (Schemet.12).
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Scheme4.12 Synthesis of &symmetric iodoarenes40.

We refocusedour attention on the incporation of another urea moieipto the already
synthesisedis-ureas.For this purpose, we started auarestigation by choosing.38c asthe
model substratand subjeted it to Mitsunobu condition'€? We tried different procedur&s: 124
to removethe phthalide grougrom 4.38however none workedn each casa complex mixture
was obtained which didot containeitherstarting material or the produé¢ience4.40bcould not
be obtained(Schemet.13

Scheme4.13 Attempted synthesis af.40b.

In order to add another urea moiety idt@3c directly the two hydroxyl groups anneedto be
activated in order to do a Rittgrpe reaction. Specifically speaking, the tosylateeubens.41la
upon reaction with phenyl cyanatei 4.42b would produce the desiredompound4.41b.
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Unfortunately, d attempts to tosylatéhe free hydroxyl groupsvereunsuccessful and hentdee
Ritter-type reaction couldot be carried out?® 126 (Schemet.14)

Schene4.14 Attempted synthesis aétrauread.41b.

As a last resort we subrteti4.38c to Appel reaction conditiondVe added the bigrea4.38c to
a solution of carbon tetchloride and DMF followed by the addition of triphenyl phosphine and
sodium azide wtter inert conditions and left the reaction mixture to stir overrifgi8adly, an

unknown mixture of compounds was obtained which was discaf8edemet.15

Scheme4.15 Attempted synthesis @f40b.

We also tried to nlee an iodoarene possessing chiral urea and amide bBrmrderto achieve
this, we tookd4.38f and refluxed it in thionyl chloride for two hout.After suchtime, wetreated

it with L-phenylalaninol however the desired compodrBcould not be obtairte (Schemet.16)
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Scheme4.16 Attemptedsynthesis othiral iodoarene having urea and amidesarm

4.2.3.Synthesis of G-symmetric iodoarenes bearing chiral ureacarbamatearm

Next we synthesised another class @Fsymmaeric iodoarenescontaining ureacarbamate
functionalitieson thechiral arm We coupled commercially available isocyandi#4with (S)-2-

amino-3-phenylproparil-ol 4.26in dry THF using aforementioned procedure and obtah48
quantitatively.!® Subseqantly, we treatedit with 4.18 in the presence of triethasinine in
dichloromethane and left it to stir for 18 hours. Gratifyingly, iodoadedAéwas obtained i165%

yield. (Schemet.17)

Scheme4.17 Synthesis of chiral idoarenéhaving ureacarbamate arm.
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4.2.4.Synthesis of G-symmetric iodoarenes bearing chiral amide arm

lodoarens bearing an amide arm had been previously synthesised and tested in enantioselective
.-oxidation ofketones in our groufr® So it would be worthwlé to prepare this kind of catalyst

and to explore their reactivity in enantioselective spirocyclisation reastidve refluxed?2-
iodoisophthalic acidt.17in SOC} for two hours and then cowgd it withthe hydrochloride salt

of methytL-leucinate4.35a and ethyl L-phenylalaninatet.35b to obtain the desired bimmide

4.47a-b in 40% and 67%yields respectively

Scheme4.18 Syrthesis ofCo-symmetric iodoarené.47a-b bearing chiral amide argn
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4.25. Synthesis ofC,-symmetric 3-iodanes

We envisaged that it would be advantageousotoverta few novel iodoarereeto 3-iodanesto
evaluatethem later in the enantioselective spirocyclisation reactioisthis purpose, we chose
iodoarene4.38cas a model substrate and subjectetbitwo different conditions that would
generate I(I11) specie¥® 1 Unfortunately, analysis showed tecanposition of the starting

iodoarendghereforethe corresponding iodoarene(lll) could not be obtained. (Schetg

Schemed.19 Attempted gnthesis of G-symmetric ioén€lll) .

4.2 6. Enantioselective oxidativecyclisation of naphthol amides

Having synthesisednovel C: and C,-symmetric iodoarenes containing chiral urea, chiral
carbamate, chiral amide and chitakacarbamate arms we decided to explore their oxidising
potential in the enantioselective naphtholidenspirocyclisationAt the beginning, most of the
reactionswvere carried ouih polar aprotic solvestike acetonitrileor acetonitrilen combinatia

with alcoholic solvents however extremely poor enantioselectivtias enantioselectivities were
obtained.

Scheme4.20 Enantioselective dearomatisation of naphthol ar8i@&a, b by different G and

C>-symmetric iodarenes.
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Entry | Reactant | Precatalyst| Solven{s) | Temp. | Time | Yield (%)?®° (g/f;
1 333 | g | MecN RT | 18h e 2
5 333 23 'rzni?% MeCN RT | 18h 2394 d
3 3.3% 23 'rzn%?% MeCN RT 18h 2094 d
4 3.33a 23 'r?,’]%?% MeCN RT | 18h <59 _d
5 3.33a 25‘ 'riifl% MeCN RT 18h N.R. d
6 3.33a 204Eﬁ§|% MeCN RT 18h 3094 d
7 3.33a 23 '%%Cl% MeCZN: :1EtOH RT | 18h 2?222 1
8 3.33a 23 'r?]%‘l’% HFIP 40°C | 18h ‘113222 3
9 3.33b 23 'r?]%‘l’% HFIP 40°C | 18h iiz//g‘;‘ 4
10 3.3% 204;1‘3'% HFIP 40°C | 18h 36%°? d
11 3.33a 4.23 Dry EtOAc | RT 18h N.R. N.D.

20 mol%

Table 9: Optimisation of thalearomatisationeactionconditions

& Crude yields were determined by adding 1;BiBnethoxybenzene as internal standArsblated yelds after

column chromatography Enantiomeric excess were determined by using chiralpak IB column (Petroleum
ether:Isopropanol 80:20‘3.Pure sample couldoh be obtained. N.R. = No reaction. N.D. No development
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Based upon thebtainedresults, we corludedthat thesolvents that performed the best in the
racemic series were completely unsuitable for the enantioselective regabten9, entries -6

and 810). Substituting solvent to ethyl acetate lead to diminished yield while the addition of
ethanolas additive along with acetonitrile increased the rate of reaction but at the cost of

enantioselectivity. (table 9, entries 7)11

Next, we subjected amid@33ato dearomatisation conditions in the presenc&€otnd G-
symmetricurea based iodoaren&he results of our investigation are summarised below. (table
10).

Scheme4.21 Enanticelective dearomatisation of naphthol anBdé3amediated by different C
and G-symmetric iodoarenes

: Yield ee
Entry | Reactant | Precatalyst| Solent(s) Temp. Time %)% | (%)
4.38a 0
1 3332 | 20mol% | MeCN iztgeﬁ g‘Thr) 18h | 30962 | b
4.38b +20 °C (4hr
2 3.33a 20mol% MeCN then I(?T ! | 18n <109 | _°
4.38d 120 °C (4hr) 0 b
3 3.33a 20 mol% MeCN then RT 18h | <109¢ | °
4.36
4 3.33a 20 mol% MeCN RT 18h | <50 | P
4.34 ond b
5 3.33a 20 mol% MeCN RT 18h | 20% B
4.36 Peracetic acid, DCM£10°C (6hr) then
6 3.33a 20 mol% RT N.R. | N.D.
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4.38f Selectfluor, TFA, DCM,+10°C (6hr)

20 mol% then RT N.R. | N.D.

7 3.33a

aCrude yields were determined by adding 1;BiBnethoxybenzene as internal stand&rure sample could not be
obtained. N.R. = No reaction. N.D. No development

Table 10: Optimisation of thelearomatisationeactionconditions

Lowering theemperature te20 °Chadadisfavaurableeffect upon theeaction as it led to lower
yields (table 10, entries-3). The use of iodoarends36 and4.34 also provided poorer yields
(table 10, entries-8). Trying oxidants other thamCPBA failed to produe the desired product

andled tocomplex reaction mixturggable 10, entries-8).

Ishiharaet al%? showedhatthe addition ofalcoholic solvents like HFIP dvieOH to the reaction
mixture improved the yield and tleeof products of oxidativertho-lactonisation. Accordingly,

we decided to carry out further eeimentsemploying similar modifications

Scheme4.22 Enantoselective dearomatisation of naphthol anBd&Bamediated by different C

and G-symmetric iodoarenes.
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Entry | Reactant | Precatalyst| Solven{s) | Temp. and Time ViEse Co)

)2 | (%)
1 3.33a 104;§§|% DCM tﬁzﬁo%(slrgr)" Traces| N.D.
> | 333 | 1omob | PM | menrrish | <10% | ND
s | swm | | ooeon| e | s |
o | amm | aghmas | POMNEON | e | |
s | sam | 2 0ouueon | Smeon | g |
o | sam | 2 oouueon| mcon | g |
7| sma | 43| ooweon| e | e | o
s | swm | 4% |ooMeOn| ey | e | o
9 3.33a 154;';% DCM RT, 18hr N.R. N.D.
10 3.33a lé.r?]%?% MeOH RT, 18hr <5%?2 N.D.
n | s | g8, DOUMEOH | e | oy | o
L | s | OO SEOEN | e |

4 Crude yields were determined by adding 1-;BiBnethoxybenzene as internal standArsblated yields after

column chromatography Enantiomeric excess were determined by using chiralpak IB column (Petroleum
ether:Isopropanol 80:20N.R. = No reaction. ND. No development
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Table 11: Optimisation of thelearomatisationeactionconditions of amid&.33a, b.

It was noted the rate of reaction vedightly faster when anhydrous methanol was added as additive
alongwith dichloromethane however it failed to improve the enantioselectivitibe(11, entries

3-6, 11:12). In some other casdabe use of dichloromethane and methamete not found to be

useful as it led to lower yieldsable 11 entries 78). It was dso observed that the reaction did not
proceed as expected upon using iodoarene 4.47, 4.40 and 4.38e. Our analysis of the crude mixture

showed the presence of unreacted starting material in all these cases (table 11, eritfigs 2, 8

4.2.7.Summary

New chral C; and G-symmetric iodoarenes were successfully designed and evaluated in oxidative
spirocyclisation of naphthol amidas an attempt to improve the overall yield of the reaction and
enantioselectivityYet, it remains rather elusive &ttain high eantioselectivities and high yields
simultaneouslyAs a matter of fact, the solvents whichvg augmented yields resedtin the
formation of racemic product whilst the solvents which promote asymmetric inductioneaffford
low yields. The futue work will be the continuation of our investigation into developing
enantioselective conditions for the cyclisation of naphthol amides by designiegauadtinghew

chiral iodoarenes.
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4.2 .8.Future work

We have describeflypervdent iodine(lll) pronoted dearomatisation of phenol and naphthol
amidedeading to the formation of a library of novel functionalisp@docyclesAlthough we have
shown a wide reaction scope by altering the/ aiidyl substituent attached to the amide moiety to
access morehan % novel oxazoline basedpirocycles however research into hypervalent
iodine(lll) mediated dearomatisationof phenols naphthols and indolesemains under
investigated.

Moreover, he developedstrategy for the dearomatisation of phenols and naphteisbe

extended to the indoles access complexxazoline based spirocycles containing indole derived
core.(Schemed.23.

Scheme4.23 Hypervalent iodie(lll) mediated dearomatisation of indoles.

Additionally, further investigation into enantioselectidearomatisation of naphthalemains a
major challengef-or thispurposenewiodoarene precatalyst(spntaining optically active lactam

moiety shall be synthesised and evaluated in order to get enantioenmelpddhol based
spirocycles(schemet.24).

Scheme4.24 lodoarene precatalyst(s) containing chiral lactam moiety
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Chapter 5 Experimental

Unless otherwise stategroton(*H NMR, 300, 400MHz) andcarbon(**C NMR, 100, 75 MHz)

spectra were recorded deuterated chlorofornCDCls) solution at room temperatur€nhemical

shifts are reported in parts per million (ppwiile thecoupling constats, J, are in hertz (Hz).
Multiplicities areprovidedDV 3V"~ VLQJRMBOHYG  3&° WULSOHW 3T° TXL
3GG° GRXEOHW:EWGRXEOQHW\VRIGG™ GRXEOHW RI GRXEOHW R
(multipl HW  3W & o6f dovitdisiafidred (IR) spectra (cr) were recordedn Nicolet 380

sped¢rum spotlight system, equipped wighdiamond probe ATR attachmentow and high

resolution mass spectra (m/z) were obtained in the electrospray (ESI) Melti@g points

(uncorrected) were measuredaStuart SMP1@pparatus.

All reagents and solventsere purchasedrom commercialsourcesand used without further
purification except THF (freshly distilled fro Na/benzophenone under argdif)e reactions were
monitored by thin layer chromatography (TLC) using silica gel £ ffe-coated plates. Spots
were visualized with a UV lamp, KMnO4 stain or vénilstain. Flashchromatographic
separations were performed on Aldrich,-BH1, 60A silica gel as per literature conditions.
Enantiomeric excesses were determingith analytical chiral column<Chiralpak IA and
Chiralpak 1B wth UV detector at 254 nmor 286.16nm

Svynthess of Benzamides

General Procedure A

To a solution of the amine (2.44 mmol, 1 equiv.) and base (1 equiv.) in DCM (12 mtg atds
addedan acid chloride (1 equiv.) which was left tarsat room temperature for-2 hours. The
reaction mixture was diluted with DCM (50 migyenchedvith NaHCQ: (25 mL)and theorganic
layer was separated and concentrated under vacuum. The obtained residugegdasith MeOH

(25 mL) and DCM (5 ) and NaOH (1 M, 18 mL) was added. After stirring for 10 minutes at
room temperature, TLC analysis shoveeybis-acylated product was cleaved to give the desired
moncacylated product. The reaction mixture was aadifwith glacial acetic acid until neutral
andthen concentrated under vacuurhe poduct was extracted with DCM (50 mL) and washed
with brine (50 mL) The organic layemwasdried over MgS@) filtered and concentrated under
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reduced pressure. Organic regdwere purified by recrystallisation (MeOldtRoleum) to give
thedesired product assolid. (5060% yield).

General Procedure B

A solution of acyl chloride (2 mmol) in THF (4 mL) was cooled f&CQunder nitrogen. Potassium
phosphate tribasic (2.5 mmaoljas added in one portion followed by the aen(2 mmol). The
mixture was stirred for-2 hour at room temperature then the reaction mixture was concentrated
under reduced pressure. Water (6 mL) and EtOAc (2 mL) were added, the organic layer separated
andthen washed with 0.5 N HCI (5 mL) followed kmater (5 mL). The organic layer was dried

over MgSQ, filtered and concentrated under reduced pressure. The crude product was purified by
recrystallisation in EtOA¢iexanes.

General Procedure C

Svynthesis of Subtituted Naphthol Amides

To the appropriate aphthol or substituted naphthol (1.0 g, 6.94 mmol) and unsaturated
hydrocarbon amide (1.05 g, 6.94 mmol) were dissolved in anhydrous ethanol (100 mL).
Concentrated sulfuric acid (10 mL) was added dropwise and the reaction mixture was stirred for 7
hours &50°C. After such time, the reaction mixture was cooled down and washed with 1 M NaOH
(50 mL). The combined organic layers were dried over Mg$fered and concentrated under
reduced pressure. The residue was recrystallised from H&thykacetated afford the desired

product.

Synthesis ofN-(4-hydroxybenzyl)benzamide3.1

Procedure A was used to obta&in(4-hydroxybenzyl)benzamidas colourless solid. Yield (1.03
g, 55%).

FT-IR (cm* =3397, 3073, 2820, 1614.
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1H NMR: (DMSO -ds 0+] 9.31 (br, s, 1H)8.96 (br, s, 1H), 7.90 (d,= 7.1 Hz, 2H), 7.54
7.44 (m, 3H), 7.14 (d] = 8.4 Hz, 2H), 6.73 (d] = 8.4 Hz, 2H), 4.38 (d] = 6.0 Hz, 2H).

13C NMR: (DMSO-ds 0+] 166.5, 156.7, 134.9, 131.6, 130129.0, 128.7, 127.7, 115.4,
42.6.

HRMS: P ] FD O F 1:8:sNRAIM&Na] * 250.0838, found 250.0840.

Melting Point: 151- .

Svynthesis of 4chloro-N-(4-hydroxybenzyl)benzamide3.2

Compoundwas prepared using general pedures A as ofivhite solid (Yield 1.03 g, 49%).
FT-IR (cm? =3353, 3176, 2921, 1630.

1H NMR: (DMSO -ds 0+] 9.29 (s, 1H), 9.02 (br, 1H), 7.90 @= 8.6 Hz, 2H), B4 (d,J
= 8.6 Hz, 2H), 7.12 (d] = 8.5 Hz, 2H), 6.71 (d] = 8.5 Hz, M), 4.35 (dJ = 6.0 Hz, 2H).

13C NMR: (DMSO-ds 0+] 165.3, 156.7, 136.4, 133.6, 130.1, 129.6, 129.1, 128.8, 115.4,
42.7.

HRMS: P ] FD O F 1:8:1:CRIO; §+H] * 262.0629, found 262.0631.
Melting Point: Lit erature M.P.131 196 » Experimental M.P. 195 .

Svynthesis ofN-(4-hydroxybenzyl)-4-methoxybenzamide3.3

Compoundwas obtained as offhite crystalline solid through general method B (1.29 g, 61%).
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FT-IR (cm* =3257, 3009, 2971, 2936, 2836, 1604.

H NMR: (DMSO -ds 0+] 9.26 (s, 1H), 8.78 (br, 1H), 7.86 (@= 8.9 Hz, 2H), 7.11 (dJ
= 8.5 Hz, 2H), 6.99d, J = 8.9 Hz, 2H), 6.70 (d] = 8.5 Hz, 2H), 4.34 (d] = 6.0 Hz, 2H), 3.80 (s,
3H).

13C NMR: (DMSO -ds, 0+] /165.9, 161.9, 156.6,31.8, 130.5, 129.5, 127.1, 115.4, 113.9,
55.8, 42.5.

HRMS: P ] FD O F 1sB1sNR4JM&H] * 258.1125, found 258.286.
Melting Point: 155 .

Svynthesis ofN-(4-hydroxybenzyl)-4-methylbenzamide3.4

Compoundvas obtaied as light yellow crystalline solid through general method A (Yield 0.35 g,
59%).

FT-IR (cm* =3017, 2922, 1628, 1508, 1237, 745.

1+ 105 &'&0 047}67/(d,J = 8.1 Hz, 2H), 7.23.19 (m, 4H), 6.80 (dJ = 8.3 Hz,
2H), 6.33 (tJ= 5.7 Hz 1H), 5.57 (s, 1H), 4.35 (d,= 5.7 Hz, 2H), 2.38 (s, 3H).

13C NMR: (DMSO -ds, 0+] /167.5,155.5, 142.1, 131.4, 130.0, 129.4, 129.3, 127.0, 115.7,
43.7, 21.5.

HRMS: P ] FD O F {:B1sNRAJM&H] * 242.1176, found 242.1180.

Melting Point: 133 ..
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Svynthesis ofN-(4-hydroxybenzyl-2.4,6trimethylbenzamide 3.5

Compoundwas prepared by general method B as pale yellow solid (Yield 0.81 g, 46%).

FT-IR (cm* =3373, 3163, 2917, 1620.

1H NMR: (DMSO -de, 400 MH]  /9.29 (s, 1H), 8.61 (br, 1H), 7.14 @z= 8.5 Hz, 2H), 6.83 (s,
2H), 6.71 (M, 2H), 4.30 (d,= 6.0 Hz, 2H), 2.23 (s, 3H), 2.13 (s, 6H).

13C NMR: (DMSO-ds 0+] 169.5, 156.7, 137.5, 136.334.0, 130.0, 129.3, 128.0, 115.4,
42.2,21.1, 19.3.

HRMS: P ] FD O F 1/8:dNRAJM&H] * 270.1489, found 270.1496.
Melting Point: 150- .

Synthesis ofN-(4-hydroxybenzyl)-3,5-dimethylbenzamide 3.6

Compoundwas prepared by general method B as beige colour solid (Jild, 63%).
FT-IR (cm® =3260, 2914, 1621, 1515.

1H NMR: (DMSO -ds 0+] 9.28(s, 1H), 8.83 (1= 5.9 Hz, 1H), 7.50 (s, 2H), 7.14 (s, 1H),
7.12 (d,J = 8.4 Hz, 2H), 6.71 (d] = 8.4 Hz, 2H), 4.34 (d] = 5.9 Hz, 2H), 2.31 (s, 6H).

13C NMR: (DMSO-ds, 0+] /166.7, 156.7, 138.0, 135.0, 132.8, 130.4, 129.1, 125.8, 115.4,
42.6, 21.3.

HRMS: m/z calcy G | RHA/NO. [M+H] © 256.1332, found 256.1339.
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Melting Point: 165 .

Svynthesis of 2,3dichloro-N-(4-hydroxybenzybenzamide3.7

Compoundwas prepared by general method B as white solid (Yield 1.3 g, 68%).
FT-IR (cm® =3331, 3066, 1624, 772.

1H NMR: (DMSO -ds 0+] 9.33(s, 1H), 8.96 (] = 5.6 Hz, 1H), 7.70 (d] = 7.3 Hz, 1H),
7.427.34 (m,2H), 7.16 (d,) = 8.2 Hz, 2H), 6.74 (d] = 8.2 Hz, 2H), 4.34 (d] = 5.8 Hz, 2H).

13C NMR: (DMSO -d, 0+] /166.0, 156.8, 139.9, 132.5, 131.4, 129.5, 129.1, 128.9, 128.6,
127.8, 115.5, 42.5.

HRMS: P ] FD O F 1:811:CRND.M+H] * 296.0240, foun@96.0250.
Melting Point: 161- .

Svynthesis of 2,5&dibromo-N-(4-hydroxybenzyl)benzamide3.8

Compoundwas prepared by general method B as dark brown solid (Yield 1.93 g, 34%).
FT-IR (cm? =3290, 3076, 1628, 1580, 16, 1310, 1225.

1H NMR: (DMSO -de 0+] 9.32 (s, 1H), 8.94 (] = 5.7 Hz, 1H), 7.6Z.54 (m, 3H), 7.20
(d,J = 8.3 Hz, 2H), 6.73 (d] = 8.3 Hz, 2H), 4.32 (d] = 5.8 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /166.1, 156.9, 141.4, 135.2, 134.0, 131.79.4, 129.2, 121.0,
118.6, 115.5, 42.6.
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HRMS: P ] FD O F 148::BRNDM+H] " 383.9229, found 385.9231.
Melting Point: 187- .

Synthesis of N-(4-hydroxybenzyl)-3-nitrobenzamide 3.9

Compoundwas prepared by geramethod A as beige powder (Yield 2 g, 45%).
FT-IR (cm® =3080, 3022, 1634, 1530, 1344, 1223.

1H NMR: (DMSO -ds 0+] 9.50 (s, 1H), 9.35 (] = 5.7 Hz, 1H), 8.72 (t) = 1.7 Hz, 1H),
8.398.32 (M, 2H), 7.77 (] = 8.1 Hz, 1H), 7.15 (dJ = 8.4 Hz, 2H), 6.73 (d] = 8.4 Hz, 2H), 4.40
(d,J=5.7 Hz, 2H).

13C NMR: (DMSO-ds, 0+] /164.3, 157.0, 148.3, 136.3, 134.2, 130.6, 129.7, 129.3, 126.3,
122.5, 115.5, 43.0.

HRMS: P ] FD O F 1:8:12NFOJ[M+H] * 273.0870, found 273.0874.
Melting Point: 168 .

Synthesis ofN-(4-hydroxybenzyl)-3,5-dinitrobenzamide 3.10

Compoundwas prepared by general method B as yellow solid (Yield 2.1 g, 45%).
FT-IR (cm?® =3435, 3107, 1644, 1530, 1350.

1H NMR: (DMSO -d, 400 0+]  /9.64 (t,J = 9.3 Hz, 1H), 9.35 (s, 1H), 9.10 @z 1.8 Hz, 2H),
9.00 (t,J = 1.8 Hz, 1H), 7.17 (dJ = 8.3 Hz, 2H), 6.73 (d] = 8.3 Hz, 2H), 4.44 (d] = 5.5 Hz,
2H).
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13C NMR: (DMSO-ds, 0+] /162.3, 157.0, 148.7, 137.4, 129.5, 129.3, 12821.3, 115.6,
433.

HRMS: P ] FD O F 1481:NEOsJ[M#+H] *318.0721, found 318.0717.
Melting Point: 204 .

Synthesis ofN-(4-hydroxybenzyl)-2-phenylacetamide3.11

Compound was obtained as white solid through g¢meethod B0.91g, 46%).

FT-IR (cm? =3218, 3060, 16121588, 1482

IH NMR: (DMSO-ds, 400 MHz) / 9.29 (s, 1H), 8.43 (br, 1H), 7.3222 (m, 5H), 7.03 (d,
J=8.5 Hz, 2H), 6.69 (d, J= 8.5 Hz, 2H), 4.41 (d, J= 6.0 Hz, 2H), 3.44 (s, 2H).

13C NMR: (DMSO-ds, 75MHz) / 170.3, 156.7, 136.9, 130.0, 129.4, 129.0, 128.6, 126.7, 115.4,
42.8,42.3

HRMS: P ] F D O EEYs81sNRAUM+H] *241.1103 found241.110.
Melting Point: 173175

Svynthesis of 2fluoro-N-(4-hydroxybenzyl)benzamide3.12

Compoundwas prepared by general method B as beige coloured solid (Yield 1.40 g, 54%).

FT-IR (cm®  =3400, 3224, 3078, 1614.
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1H NMR: (DMSO -ds 0+1]:9.30 (s, 1H), 8.74 (] = 6.0 Hz, 1H), 7.6F.57 (m, 1H), 7.52
7.47 (m, 1H), B0-7.24 (m, 2H), 7.13 (d] = 8.4 Hz, 2H), 6.71 (d] = 8.4 Hz, 2H), 4.33 (d] =
5.9 Hz, 2H)

13C NMR: (DMSO-ds, =~ 0+] :/164.0, 159.6 (dJ = 248.6 Hz), 156.7, 132.7 (d,= 8.4 Hz),
130.5 (d,J = 3.3 Hz), 129.8, 128.9, 124.9 (1 3.3 Hz), 124.7 (d] = 14.6 Hz), 116.5 (d] = 22.3
Hz), 115.5, 42.6.

HRMS: P ] FD O F 1:8:FR® [M+H] * 246.0925, found 246.0928.
Melting Point: 129 ..

Svynthesis ofN-(4-hydroxybenzy-4-(trifluoromethyl)benzamide 3.13

Compoundwas prepared by general method A as white solid (Yield 1.5 g, 78%).
FT-IR (cm? =3355, 3193, 1635, 1190.

1H NMR: (DMSO -ds 0+] 9.30 (s, 1H), 9.18 (] = 5.6 Hz, 1H), 8.07 (d] = 8.1 Hz, 2H),
7.85 (d,J = 8.2 Hz, 2H), 7.14.12 (m, 2H), 6.78.70 (m, 2H), 4.38 (d] = 5.7 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /165.2,156.7,138.6, 131.7, 131.3, 129.9, 129.1, 122%8 (q,
J=272 Hz), 115.5, 42.8.

HRMS: P | FD O F {sB12FRIO; [84+H] * 296.0893, found 296.0896.

Melting Point: 155 ..
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Synthesis ofN-(4-hydroxybenzyl)-3-(trifluoromethyl)benzamide 3.14

Compoundwas prepared by general method A as light pink solid (Yield 1.2 g, 63%).
FT-IR (cm® =3307, 3139, 1632, 1441.

1H NMR: (DMSO -ds, 400 M+]  /9.34 (s, 1H), 9.21 (] = 5.7 Hz, 1H), 8.23 (s, 1H), 8.19 (@=
7.8 Hz, 1H), 7.90 (d] = 7.8 Hz, 1H), 7.72 () = 7.8 Hz, 1H), 7.14 (d,)= 8.4 Hz, 2H), 6.72 (]
= 8.4 Hz, 2H), 4.39 (d] = 5.8 Hz, 2H),

13C NMR: (DMSO-ds, 0+] /16501, 156.8, 135.7, 131.8, 130129.8, 129.7, 129.4, 129.2,
128.2 (qJ = 32.0 Hz),124.2 (qJ = 272.2 Hz), 115.5, 42.8.

HRMS: P ] FD O F {:8:2FRIO; [81+H] * 296.0893, found 296.0898.
Melting Point: 154 .

Synthesis ofN-(4-hydroxybenzyl)-3,5-bis(trifluoromethyl)benzamide 3.15

Compoundwas prepared by general method A as pink solid (Yield 2.4 g, 68%).
FT-IR (cm® =3272, 3140, 1642, 1286, 1142.

1H NMR: (DMSO -ds 0+] 9.42 (t,J=5.6 Hz, 1H), 9.34s, 1H), 8.54 (s, 2H), 8.31 (s, 1H),
7.16 (d,J = 8.4 Hz, 2H), 6.73 (d] = 8.4 Hz, 2H), 4.42 (d] = 5.7 Hz, 2H).

13C NMR: (DMSO-ds, ~ 0+] /163.4, 156.9, 137.0, 131.0 (= 33.1 Hz), 129.5, 129.4, 128.6
(q,J = 2.8 Hz), 125.3 (9] = 3.5 Hz), 123.79, J = 273.1 Hz), 115.5, 43.1.
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HRMS: P ] FD O F 1s811FRI0; [81+H] * 364.0772, found 364.0770.
Melting Point: 176 .

Synthesis of 3fluoro-N-(4-hydroxybenzyl)-4-methylbenzamide3.16

Compoundwas prepared by geral method B as pink solid (Yield 1.78 g, 53%).
FT-IR (cm? =3314, 3012, 1630.

1H NMR: (DMSO -ds 0+] 9.30 (s, 1H), 8.96 (f] = 5.8 Hz, 1H), 7.64 (m, 2H), 7.38 (=
8.0 Hz, 1H), 7.12 (dJ = 8.4 Hz, 2H), 6.71 (dJ= 8.4 Hz, 2H), 4.40 (dJ = 5.9 Hz, 2H), 2.30 (s,
3H).

13C NMR: (DMSO-ds, 0+] /165.1 (d,J = 2.3 Hz), 162.0, 159.6, 156.7, 134.614; 7.0 Hz),
132.0 (d,J = 5.1 Hz), 130.1, 129.1, 128.2 (= 17.5 Hz), 123.5 (d] = 3.4 Hz), 115.5, 114.1 (d,
J=23.6 Hz), 42.7, 14.6,J = 3.3 Hz).

HRMS: P ] FD O F {:814FR®@ [M+H] *260.1081, found 260.1086.
Melting Point: 131- .

Synthesis ofN-(4-hydroxybenzyl)furan-2-carboxamide 3.17

Compoundwas prepared by general method B as pinkdgddield 1.15 g, 65%).
FT-IR (cm® =3119, 2815, 1633, 1591, 1513, 1221, 1184, 1038.

1H NMR: (DMSO -de 0+] 9.29(s, 1H), 8.81 (tJ = 6.0 Hz, 1H), 7.83 (s, 1H), 7.4210 (m,
3H), 6.71 (d,J = 8.4 Hz, 2H), 6.65.61 (m, 1H), 4.31 (d] = 6.1 Hz, 2H).

99



13C NMR: (DMSO-ds, 0+] /158.1, 156.7, 148.4, 145.4, 130.1, 129.1, 115.4, 113.8, 112.3,
41.9.

HRMS: P ] FD O F 128::NR4JM&H] *218.0812, found 218.0815.
Melting Point: 162 .

Synthesis ofN-(4-hydroxybenzyl)-1H-pyrrole -2-carboxamide 3.18

Compoundwas prepared by general method B as brick red powder (Yield 1.37, 39%).
FT-IR (cm® =3417, 3115, 2838, 1650, 1526, 1513, 1334, 1188.

1H NMR: (DMSO -ds 0+] ¥1.44 (s, 1H), 9.30 (s, 1H), 8.41Jts 6.0 Hz, 1H), 7.10 (dJ =
8.4 Hz, 2H), 6.865.84 (m, 1H), 6.85.80 (m, 1H), 6.71 (d] = 8.4 Hz, 2H), 6.16.06 (m, 1H),
4.31 (d,J = 6.0 Hz, 2H).

13C NMR: (DMSO-ds, 0+] /161.0, 156.6, 130.7, 129.0, 126.8, 121.7, 115.4, 110.3, 109.0,
41.8.

HRMS: m/z ¢cD O F 1 GoHIENQOM+H] *217.0972, found 217.0976.
Melting Point: 175 .

Svynthesis ofN-(4-hydroxybenzyl)-1H-indole-2-carboxamide 3.19

Compoundwas prepared by general methdés redsolid (Yield 1.37, 39%)

FT-IR (cm? =3407, 348 1631, 1613, 1596, 1574, 1446 1233
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1H NMR: (DMSO -ds 0+] 1160 (s, 1H), 9.31s, 1H), 892(t, J= 6.0 Hz, 1H), %0 (d,J =
8.0 Hz, 1H), 7.42(d, J = 80 Hz, 1H), 7.197.14(m, 4H), 7.057.01(m, 1H), 6.8 (d, J = 8.4 Hz,
2H), 440(d, J = 6.0 Hz, 2H).

3C NMR: (DMSO-ds, 0+] /1614, 1567, 136.9, 132.2, 130.2, 129.1, 127.6, 123.7, 122.0,
120.1, 115.5, 112.8, 103.0, 42.2.

HRMS: P ] F D O FoYeB1sNEO [M+H] " 267.1128,found 267.1129
Melting Point: 17517

Synthesis ofN-(4-hydroxybenzyl)thiophene2-carboxamide 3.20

Compoundwas prepared by general method B as light brown solid (Yield 0.97 g, 51%).
FT-IR (cm™): =3073, 2827, 1613, 1548, 1510, 1239.

H NMR: (DMSO-ds, ~ 0+] /9.29 (s,1H), 8.93 (0 = 5.8 Hz, 1H), 7.80 (d] = 3.7 Hz, 1H),
7.74 (d,J = 5.0 Hz, 1H), 7.13 (m, 3H), 6.72 (@= 8.4 Hz, 2H), 4.34 (d] = 6.0 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /161.4, 156.8, 140.6, 131.2, 130.1, 129.1, 128.4, 12836,
42.7.

HRMS: P ] FD O F 1:B11NR43 [®1+H]" 234.0583, found 234.0587.
Melting Point: 191- .

Svynthesis of 3chloro-N-(4-hydroxybenzyl)benzoblthiophene-2-carboxamide3.21
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Compoundwas prepared by general et B as light brown crystalline solid (Yield 0.2 g, 78%).
FT-IR (cm® =3242, 3062, 2357, 1606, 1519, 1268, 1239.

1H NMR: (DMSO -ds 0+] 9.34 (s 1H), 8.90 (tJ = 5.8 Hz, 1H), 8.12 (m, 1H), 7.90 (m,
1H), 7.60 (m, 2H), 7.20 (d,= 8.3 Hz, 2H)6.74 (d,J = 8.3 Hz, 2H), 4.41 (d] = 5.9 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /160.7, 156.9, 137.1, 136.5, 132.9, 129.5, 129.2, 128.0, 126.4,
124.0, 123.0, 119.2, 115.6, 43.1.

HRMS: P ] FD O F 1e81.CRIO,X[M+H]"318.0350, found 318.0350.
Meltin g Point: 200 .

Synthesis ofN-(4-hydroxybenzyl)picolinamide 3.22

Compoundwas prepared by general method B as brown solid (Yield 1.16 g, 61%).
FT-IR (cm?® =3175, 2850, 1632, 1531, 1514, 1231.

IH NMR: (DMSO-ds, 4 0+] /9.30 (s, 1H), 9.18 (] = 5.8 Hz, 1H), 8.68.61 (m, 1H), 8.05
7.95 (m, 2H), 7.59.56 (m, 1H), 7.15 (d] = 8.2 Hz, 2H), 6.70 (d] = 8.2 Hz, 2H), 4.40 (d] =
6.2 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /164.2, 156.8, 150.6, 148.9, 138.2, 130.29.3, 126.9, 122.4,
115.5, 42.5.

HRMS: P ] FDOFYTG IRU Pi3HiMNBOR [MFid* PRIDIZ2, found 229.0975.

Melting Point: 182 .
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Synthesis ofN-(4-hydroxybenzyl)nicotinamide 3.23

Compoundwas prepared bgeneral method B gsle yellowsolid (Yield 0.969, 479%).
FT-IR (cm? =3173 2847, 1638, 142, 1525, 1236.

1H NMR: (DMSO -ds 0+] 9.31(s, 1H), 9.8 (t, J= 56 Hz, 1H),9.04 (d,J = 1.7 Hz, 1H),
8.71-8.60 (m, 1H),8.21 (d,J = 7.9 Hz, 1H),7.51 (dd, J; = 7.9,J, = 4.8 Hz, 1H, 7.14 (d, J = 83
Hz, 2H), 6.2 (d, J = 83 Hz, 2H), 4.40 (d,) = 5.9Hz, 2H).

13C NMR: (DMSO -ds, 0+] /165.1 156.8, 12.3, 148.9, 18.5, 1304, 1299, 129.1, 123,
122.4, 115.5, 42.5.

HRMS: P ] FD O F 1 GF DROUF PGH{1R2D, BM+H] *229.0972, found 229.@9.
Melting Point: 183-186 -

Svynthesis ofN-(4-hydroxybenzyl)acetamide3.24

Compoundwas prepared by generakthod A as pale yellow sticky solid (Yield 0.28 g, 42%).
FT-IR (cm? =3017, 2812, 2690, 1626, 1593, 1514, 1222.

1H NMR: (DMSO -ds 0+] 9.28 (s, 1H), 8.21 (] = 5.8 Hz, 1H), 7.04 (d] = 8.3 Hz, 2H),
6.70 (d,J = 8.3 Hz, 2H), 4.11 (d] = 58 Hz, 2H), 1.84 (s, 3H).

13C NMR: (DMSO-ds, 0+] /169.4156.7, 130.2, 129.1, 115.5, 42.4, 23.2.

HRMS: P ] FD O F §HG:N® [M4&]* 166.0863, found 166.0862.
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Melting Point: 116- .

Svynthesis ofN-(4-hydroxybenzyl)pivalamide 3.25

Compoundwas prepared by general method®brown solid (0.8 g, 48%).

FT-IR (cm®  =3418, 3121, 2963, 2932, 1627.

1H NMR: (DMSO -ds 0+] 9.23 (s, 1H), 7.92 (br, 1H), 7.00 @z= 8.5 Hz, 2H), 6.68 (d]
= 8.5Hz, 2H), 4.14 (dJ = 6.0 Hz, 2H), 1.11 (s, 9H).

13C NMR: (DMSO-ds, 750+] /177.6, 156.5, 130.8, 128.5, 115.3, 42.0, 38.4, 27.9.
HRMS: P ] FD O F 1:B:/NR4M&H] *208.1332, found 208.1337.
Melting Point: 135 .

Svynthesis 0f2,2.2trichloro -N-(4-hydroxybenzyl)acetamide3.26

Compound was prepared by general mett®ads pale yellow sticky solid (Yield 81 g, 49%).
FT-IR (cm?® =3250, 3061,2850, 1631, 1556, 1385, 1254.

1H NMR: (DMSO -ds 0+] 9.28 (s, 1H), 8.21 (1] = 5.8 Hz, 1H), 7.04 (d] = 8.3 Hz, 2H),
6.70 (d,J = 8.3 Hz, 2H), 4.11 (d) = 5.8 Hz, 2H), 1.84 (s, 3H).

13C NMR: (DMSO-ds, 0+] /169.4, 156.7, 130.2, 129.1, 15542.4, 23.2.
HRMS: P | FD O FYHGChER®* [M+H]* 267.9®3, found267.9698

Melting Point: 141-142
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Synthesis ofN-(4-hydroxybenzyl)cyclopropanecarboxamide3.27

Compoundwas prepared by general met®adspink solid (Yield 021 g, 30%).
FT-IR (cm? =3280, 3181, 2954, 1634, 1599, 1575, 1385, 1246.

1H NMR: (DMSO -ds 0+] 9.2(s, 1H), 842 (t, J = 55 Hz, 1H), 7.6 (d, J = 7.9 Hz, 2H),
6.70 (d,J = 7.9Hz, 2H),4.15 (d, J = 6.0Hz, 2H), 160-1.55(m, 1H), 0.710.61 (m, 4H)

13C NMR: (DMSO -ds, 0+] /M172.8§156.7,130.2,129.1, 115.4, 42.3, 14.0, 6.6.
HRMS: P ] FD O EE1:814NRAUM+H]* 192.1019 found192.1@2.
Melting Point: 115118

Svynthesis ofN-(4-hydroxybenzylcyclohexanecarboxamides.29

Compoundwas prepared by general meti®adsbeige colouredolid (Yield0.53g, 61%).
FT-IR (cm? =3277, 2929, 2853, 1625, 1592, 1541, 1515, 1366, 1207R.116

IH NMR: (DMSO -ds 0+] 9.24(s, 1H), 807 (t, J= 5.8 Hz, 1H), 7.0 (d, J = 8.3 Hz, 2H),
6.67(d,J = 8.3 Hz, 2H), 4.0 (d, J = 59 Hz, 2H),2.152.07(m, 1H), 1.691.58 (m,5H), 1.371.1
(m, 6H).

13C NMR: (DMSO-ds, ~0+] /175.4, 156.6, 130.4, 128.7, 115.4, 44.5, 41.8, 29.7, 26.0, 25.7.
HRMS: P ] F D O FYB2NRAM+H] * 234.1489 found234.1488.

Melting Point: 119-120°C.
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Synthesis ofN-(4-hydroxybenzyl)formamide 3.30

Compoundwas prepared bysing known literature procedues yellow solid* (Yield 2.3 g,
95%).

FT-IR (cm*  =3254, 3023, 2889, 2818, 2692, 1651, 1597, 1537, 1512, 1455, 1381, 1330, 1245,
1172, 1085, 828.

1H NMR: (CDCl3, 300 0+] /8.30(s, 1H),7.18(d, J = 85 Hz, 2H), 682(d, J = 85 Hz, 2H),5.80
(s, 1H), 5.10(s, 1H), 4.43(d, J = 5.8 Hz, 2H).

13C NMR: (DMSO -ds, 0+] M161.3,156.7,129.5,129.1, 115.5, 40.7
HRMS: P ] FD O FogHGoN®R [M+H]* 152.0706 found152.0710.
Melting Point: Literature M.P. 2124126 °C Experimental M.P. 121-123 °C.

Svynthesis ofN-((2-hydroxynaphthalen-1-yl)methyl)benzamide3.33a

Compoundwas prepared by general method C as light brown solid (Yiékl@ 71%).

FT-IR (cm* =3265, 3130, 1660, 1650.

1H NMR: (DMSO -ds 0+] 20.29 (s, 1H), 9.12 (8 = 5.1 Hz, 1H), 8.10 (d] = 8.5 Hz, 1H),
7.91-7.89 (m, 2H), 7.827.77 (m, 2H), 7.47 (m, 4H), 7.31 &= 7.4 Hz, 1H), 7.21 (d] = 8.9 Hz,
1H), 4.88 (d,J = 5.2 Hz, 2H.
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13C NMR: (DMSO-ds 0+] 168.0, 154.4, 134.1, 133.831.9, 129.8, 128.7, 127.9, 126.9,
123.3, 123.1, 119.4, 116.1, 34.9.

HRMS: P ] FD O F 1sB8:1sNRUM&H] ¥ 278.1176, found 278.1181.
Melting Point: 177- .

Synthesis ofN-((6-bromo-2-hydroxynaphthalen-1-yl)methyl)benzamide3.33b

Compoundwas prepared by general method C as pale yellow solid (Yield 0.95 g, 59%).
FT-IR (cm? =3462, 3425, 3148, 1624, 1572, 1501, 1293.

H NMR: (DMSO-ds, ~ 0+] /10.40 (51H), 9.07 (tJ = 5.1 Hz, 1H), 8.09 (d] = 2.1 Hz, 1H),
8.03 (d,J=9.1 Hz, 1H), 7.8.86 (m, 2H), 7.78 (d] = 8.9 Hz, 1H), 7.59 (ddh= 9.1 Hz,J»= 2.2
Hz, 1H), 7.547.52 (m, 1H), 7.46.42 (m, 2H), 7.25 (d] = 9.0 Hz, 1H), 4.84 (d] = 5.2 Hz, ).

13C NMR: (DMSO -ds, 0+] /167.8, 154.8, 134.1, 132.5, 131.9, 130.4, 130.0, 129.7, 129.0,
128.7,127.9, 125.8, 120.5, 116.5, 115.9, 34.7.

HRMS: P ] F D O F Ys81BROD, pvI+H] * 356.0281, found 356.0282.
Melting Point: 211- .

Svynthesis ofN-((2-hydroxynaphthalen-1-yl)methylacetamide3.33c

Compoundwas prepared by general method C as beige solid (Yield 0.8 g, 53%).
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FT-IR (cm*  =3243, 3097, 2357, 2340, 1622, 1555, 1225.

1H NMR: (DMSO -ds 0+] 10.16 (s, 1H), 8.46 (§ = 5.0 Hz, 1H), 7.93 (d] = 8.5 Hz, 1H),
7.81 (d,J=8.1 Hz, 1H), 7.75 (d] = 8.8 Hz, 1H), 7.5(7.45 (m, 1H), 7.31 (] = 7.4 Hz, 1H), 7.17
(d,J = 8.8Hz, 1H), 4.62 (dJ = 5.4 Hz, 2H), 1.84 (s, 3H).

13C NMR: (DMSO -d, 0+] /170.7,154.2, 133.71,29.7, 128.7, 128.6, 127.0, 123.2, 123.1,
119.3, 116.3, 34.0, 22.7.

HRMS: P ] FD O F 1:8:1aNR4JM&H] *216.1019, found 216.1022.
Melting Point: 163 .

Svynthesis ofN-((6-bromo-2-hydroxynaphthalen-1-yl)methyl)acetamide3.33d

Compoundwas prepared by general method C as pale yellow solid (Yield 1.67 g, 63%).
FT-IR (cm? =3316, 3163, 1620, 1551, 1255, 1158, 1075.

1H NMR: (DMSO -ds 0+] 10.32 (s, 1H), 8.42 (§= 5.0 Hz, 1H), 8.10 (d] = 2.1 Hz, 1H),
7.90 (d,J= 9.1 Hz, 1H), 7.78 (d] = 8.9 Hz, 1H), 7.55 (ddli = 9.1 Hz,Jo = 2.1 Hz, 1H), 7.22 (d,
J=8.9 Hz, 1H), 4.60 (d] = 5.4 Hz, 2H), 1.81 (s, 3H).

13C NMR: (DMSO -ds, 0+] /170.9, 154.7, 132.3, 130.4, 129.9, 129.7, 128.9, 125.7, 120.4,
116.7,115.4, 34.0, 22.7.

HRMS: P ] FD O F 1:82BRNO: [81+H] *294.0124, foun@94.0128.

Melting Point: 197 .
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Synthesis of Spirocycles

General Procedure D for Cyclisation of Benzamide and Naphthddmide Analogues

To a stirred solution of amide (1g.) in solvent (6 mL) was added-CPBA (2.2 equiv.) and-4
iodotoluene (40 mol %). The resulting mixture was stirred overnight at room temperature. After
such time, saturated solution of NaH§© mL) was added to theaction mixture followed by

the addiion of water (6 mL). The organic layer was extracted by using ethyl acetate (10 mL x 3),
dried over MgS@ filtered and concentrated to afford the corresponding spirocycles.

Svynthesis of 2phenyl-1-oxa-3-azaspiro[4.5Heca2,6,3trien-8-one 3.37

Compoundwas synthesised according to the aforementioned general procedure D as brown oil
(158 mg, 67%).

FT-IR (cm? =3160, 29911668, 1650, 1630, 1251.

1+ 105 '062 0+]7.90 (d,J = 7.4 Hz, 2H), 7.60 (t) = 7.5Hz, 1H), 7.52 (tJ = 7.6
Hz, 2H), 7.23 (dJ = 9.9 Hz, 2H), 6.27 (d] = 9.9 Hz, 2H), 4.13 (s, 2H).

3¢ 105 '062 0+]1856.0, 162.1, 147.7, 132.1, 129.2, 128.5, 128.4, 129.%, 84.1.
HRMS: P ] FD O F 148:2NRAM&H] * 227.0946, found 220945.

Svynthesis of 2(4-chlorophenyl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.38

Compoundwas obtained as brown solid (33 mg, 65 %) usingydreeral procedure D.

FT-IR (cm* =3052, 2920, 2870, 1714, 1672, 169835, 1596, 1490, 1337, 1261.
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1H NMR: [CDCI 5 0+] @.98(dJ=8.8Hz, 2H), 7.41 (d] = 8.8 Hz, 2H), 6.92 (d] = 10.0
Hz, 2H), 6.30 (d,J = 10.0 Hz, 2H), 4.12 (s, 2H).

CNMR:[(CD3):&2  0+] 184.3,164.3, 155.6, 136.6, 130.0, 12929.0, 128.9, 79.5, 64.4.
HRMS: P ] FD O F 1B10CRIO; §+H] * 260.0473, found 260.0477.

Synthesis of2-(4-methoxyphenyl}1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.39

Compoundwas synthesised using general procedd as colourless oil (28 mg, 56 %).
FT-IR (cm? =3080, 2925, 1666, 1648, 1632, 1608, 1253.

1H NMR: (CDCl 5 0+] 7.87 (d,J = 8.8 Hz, 2H), 6.9%.91 (m, 4H), 6.27 (dJ = 9.9 Hz,
2H), 4.08 (s, 2H), 3.84 (s, 3H).

13C NMR: (CDCl, 0+] /184.8,163.3, 162.6, 146.3, 130.2, 128.8, 119.4,01179.1, 64.5,
55.5.

HRMS: P ] FD O F 1s813NR4JME&" 256.0968, found 256.0970.

Synthesis of 2(p-tolyl)-1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.40

Compoundwas synthesised using general procedure D as lightrboil (13 mg, 26 %).s
FT-IR (cm? =3110, 29351664, 1646, 332, 1083, 973.

1H NMR: (CDCl 5 0+] 7.86 (d,J=8.1Hz, 2H), 7.27 (d] = 9.7 Hz, 2H), 6.97 (dJ = 9.9
Hz, 2H), 6.32 (dJ = 9.9 Hz, 2H), 4.14 (s, 2H), 2.43 (s, 3H).
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13C NMR: (CDCls, 0+] /184.7,163.5, 146.242.6, 129.3, 128.8, 128.4, 124.0, 79.1, 64.6,
21.6.

HRMS: P ] FD O F 1s:814OR[M+&] * 240.1019, found 240.1022.

Svynthesis of 2mesityl-1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.41

Compoundwas obtained throughegeral procedure D as pale yellow oil (36 mg, 36 %).
FT-IR (cm?® =3040, 2921, 2830, 1716, 1671, 1635, 1611, 1574, 1429, 1248.

1H NMR: (CDCl 5 0+] 6.94 (d,J=10.0 Hz, 2H), 6.86 (s, 2H), 6.25 (= 10.0 Hz, 2H)
4.12 (s, 2H), 2.34 (s, 6H), 2.25 (s, 3H).

13C NMR: (CDCls, 0+] /184.7,163.9, 146.1, 041, 137.0, 128.7, 128.5, 124.6, 78.8, 64.6,
21.2,19.9.

HRMS: P ] F D O F §:B17NRAM&H] * 268.1332, found 268.1341.

Svynthesis of2-(3-nitrophenyl) -1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.42

Compoundwas synthdased using general procedure D as pale yellow oil (30 mg, 60 %).
FT-IR (cm? =3059, 2976, 2871, 1695, 1645, 1635, 1579, 14397, 1265, 1212.

1H NMR: (CDCl 3 0+] 8.79 (t,J = 1.93 Hz, 1H), 8.4B.37 (m, 1H), 8.38.28 (m, 1H),
7.66 (t,J = 8.20 Hz, 1H), 6.95 (dl = 10.1 Hz, 2H), 6.33 (dl = 10.1 Hz, 2H), 4.19 (LH).

111



13C NMR: (CDCl 3, 0+] /184.4,161.4,145.234.1, 129.8, 129.2, 128.5, 126.4, 123.5, 79.9,
64.7.

HRMS: P ] FD O F 1:B10NFOW[M+H] * 271.0713, found 271.0719.

Svynthesis of2-(3,5dimethylphenyl)-1-oxa-3-azaspiro[4.5]deca?,6,3trien-8-one 3.43

Compoundwas synthesised using general procedure D as yellow oil (56 mg, 56 %).
FT-IR (cm® =3102, 1672, 1652, 1634, 1601, 1209.

1H NMR: (CDCls,  0+] /7.60 (s, 2H), 7.20 (s, 1H), 6.94 @@= 10.0 Hz, 2H)6.29 (d,J =
10.0 Hz, 2H), 4.14 (s, 2H), 2.40 (s, 6H).

13C NMR: (CDCls, 0+] /184.8,163.9, 146.2, 138.4, 135.9, 134.0, 129.0, 126.3, 79.2, 64.6,
21.3.

HRMS: P ] FDOF G TRiHND284.1176, found 254.1180.

Svynthesis of 2(2,3-dichlorophenyl)-1-oxa-3-azaspiro[4.5]deca?,6,3trien-8-one 3.44

Compoundwas synthesised using general procedure D as colourless oil (30 mg, 30 %).
FT-IR (cm® =3060, 2991, 1667, 1634, 1414, 1195.

1H NMR: (CDCl 5 0+] 7.697.67 (m, 1H), 7.6.60 (m, 1H), 7.3%7.27 (m, 1H), 7.00 (d,
J=10.0 Hz, 2H), 6.32 (d = 10.0 Hz, 2H), 4.20 (s, 2H),
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13C NMR: (CDCl 5, 0+] /84.6,161.7,145.6,134.7,133.1,132.1,129.6,129.1, 128.4, 127.3,

79.6, 64.8.

HRMS: P ] F D O FoLBeQIRIO; [M+H]* 294.0083, found 294.0080.

Synthesis of 2(3,5-dinitrophenyl) -1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.45

Compoundwas synthesisedsing general procedure D as yellow oil (50 mg, 50 %).
FT-IR (cm™): =3069, 1664, 1632, 1538, 1342, 1281, 1251.

1H NMR: (CDCl 5 0+] 9.199.18 (m, 1H), 9.1®.09 (m, 2H), 6.94 (d] = 9.9 Hz, 2H),
6.36 (d,J = 9.9 Hz, 2H), 4.24 (s, 2H).

13C NMR: (CDCls, 0+] /184.2,159.7, 148.7, 144.6, 141.3, 129.5, 12823 .4, 80.8, 65.0.
HRMS: P ] FD O F 148¢N:RdIM&H] " 316.0564, found 316.0564.

Svynthesis of2-(2,5-dibromophenyl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien -8-one 3.46

Compoundwas synthesised using general procedurs bgat brown oil (32.5 mg, 65 %).

FT-IR (cm* =3063, 2920, 2841, 1718, 1670, 1634, 1576, 14338.

1H NMR: (CDCl 5 0+] 7.90 (dJ=2.5Hz, 1H), 7.54 (d] = 8.5 Hz, 1H), 7.45 (dd}1 = 8.5
Hz,J» = 2.5 Hz, 1H), 6.99 (d] = 10.0 Hz, 2H), 6.32 (d} = 10.0 Hz, 2H), 4.20 (s, 2H).
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3CNMR: (CDCls;, 0+] /184.6,161.5,145.4,135.6, 135.3, 134.8, 129.8, 129.1, 121.2, 120.8,

79.9, 64.8.
HRMS: P ] F D O F 148¢BriN0O: [#1+H] * 381.9073, found 381.9070.

Svynthesis of 2(2-fluorophenyl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.47

Compoundwas synthesised using general procedure as D light brown oil (51 mg, 86 %).
FT-IR (cm? =3115, 293, 2856,1654, 141, 1536, 1066 978, 756, 695.

1H NMR: (CDCl 5 0+] 7.907.84 (m, 1H), 7.54.46 (m,1H), 7.237.14 (m, 2H), 6.95 (d,
J=10.1 Hz, 2H), 6.30 (dl = 10.1 Hz, 2H), 4.17 (s, 2H).

3C NMR: (CDCls, 0+] /184.6, 161.5 (dJ = 259 Hz), 145.8, 133.6 (d,= 8.9 Hz), 131.1,
129.0, 124.2 (d) = 3.7 Hz), 116.9d, J = 21.7 Hz), 115.0 (d] = 10.1 Hz), 78.7, 65.0.

HRMS: P ] FD O F 148l10FRQ; [®+H] " 244.0768, found 244.0770.

Svynthesis of2-(3-(trifluoromethyphenyl) -1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.48

Compoundwas synthesised using gengreocedure D as yellow oil (50 mg, 63 %).
FT-IR (cm?® =3046, 2936, 2836, 1714, 1670, 163626, 1571, 1409, 1320, 1250.

1H NMR: (CDCl 5 0+] 8.22(s, 1H), 8.14 (d}= 8.0 Hz, 1H), 7.78 (d] = 8.0 Hz, 1H), 7.58
(t, J= 7.8 Hz, 1H), 6.93 (d] = 10.1 Hz, 2H), 6.31 (dl = 10.1 Hz, 2H), 4.15 (H).

114



13C NMR: (CDCl;, 0+] /184.6,1@.2, 145.6, 131.6, 131.2 (&= 33 Hz), 129.2, 129.0, 128.6
(q,Jd=3.8 Hz), 127.5, 125.4 (d,= 3.7 Hz), 123.8 (q] = 273.3 Hz), 79.7, 64.7.

HRMS: P ] FD O F 1sB1dFRIO: [81+H] " 294.0736, found 294.0741.

Synthesis of 2(4-(trifluoromethyphenyl) -1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.49

Compoundwas synthesised using general procedure D as pale yellow oil (70 mg, 70 %).
FT-IR (cm? =3048, 2934, 2850, 1715, 16713535, 1620, 1575, 1412, 1320, 1249.

1H NMR: (CDCl 5 0+] 8.08(dJ=8.2 Hz, 2H), 7.71 (d] = 8.2 Hz, 2H), 6.96 (d] = 10.0
Hz, 2H), 6.32 (dJ = 10.0 Hz, 2H), 4.20 (s, 2H).

13C NMR: (CDCls,  0+] /184.7, 1622, 145.7, 133.6 (q] = 32.7Hz), 130.1, 129.0, 128.8,
125.5 (qJ = 3.69 Hz), 123.8 (q] = 272.5 Hz), 79.7, 64.7.

HRMS: P ] FD O F {sB1oFRIO; [81+H]* 294.0736, found 294.0741.

Svynthesis of2-(3,5-bis(trifluoromethyphenyl) -1-oxa-3-azaspiro[4.5]deca?,6.9trien-8-one 3.50

Compoundwas synthesised using general procedure D as blood red oil (61 mg, 61 %).
FT-IR (cm? =3078, 2980, 1674, 1636, 1602, 139830, 1250.

1H NMR: (CDClI 5 0+] 8.42 (s, 2H), 8.03 (s, 1H), 6.95 @@= 10.0 Hz, 2H), 6.34 (d] =
10.0 Hz, 2H), 4.20 (s, 2H).
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13C NMR: (CDCls,  0+] /184.3, 161.0, 145.1, 132.3 (= 34.4 Hz), 128, 128.9, 128.6 (q,
J=3.8 Hz), 125.3 (q] = 3.7 Hz), 123.0 (¢] = 272.8 Hz), 80.1, 64.7.

HRMS: P ] FD O F YBsR:RQ@4 [+H] *361.0537, found 361.0540.

Svynthesis of 2(3-fluoro-4-methylphenyl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one3.51

Compoundwas syithesised using general procedure D as light brown oil (75 mg, 94 %).
FT-IR (cm? =3056, 2961, 1678, 1632, 1602, 1389, 1283, 1252.

1H NMR: (CDCl 3 0+] 7.647.56 (m, 2H), 7.28.22 (m, 1H), 6.93 (dJ = 10.1 Hz, 2H),
6.30 (d,J = 10.1 Hz, 2H), 4.11 (s, 2H), 2.33 (= 1.6 Hz, 3H).

3C NMR: (CDCls, 0+] /184.7, 1610 (d,J = 245 Hz), 146.0, 131.6 (d= 5.3 Hz), 129.5 (d,
J=17.5Hz), 128.9, 126 (d,J = 9.0 Hz), 124.0 (d) = 3.8 Hz), 115.0 (dJ = 25 Hz), 79.4, 64.6.

HRMS: P ] FD O F 1s83FR® [N+H] " 258.0925, found 258.0929.

Svynthesis of2-(furan-2-yl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.52

Compoundwas synthesised using general procedure D as colourless oil (31 mg, 62 %).
FT-IR (cm? =3128, 2872, 2779, 1715, 1672, 1635, 1560, 1479, 1399, 1266.

1H NMR: (CDCl 5 0+] 7.657.92(m, 1H), 7.84.82 (m, 1H), 7.50 (] = 3.7 Hz, 1H), 6.99
(d,J=10.1 Hz, 2H), 6.32 (dl = 10.1 Hz, 2H), 4.20 (s, 2H).

13C NMR: (CDCl 3, 0+] /1845, 155.6,146.1, 145.4, 141.8, 129.1, 115.7, 111.8, 79.5, 64.3.
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HRMS: P ] FD O F 1.BoN® [M4&]* 216.0655, found 216.0655.

Svynthesis of 2(1H-pyrrol -2-yl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.53

Compoundwas synthesised using general procedure D as reddish oil (43 mg, 43 %).

FT-IR (cm* =3100, 2942, 2830, 1671, 1635, 1620, 1448, 1270.

1H NMR: (CD Cls 0+] 10.70 (s, 1H), 6.9%5.90 (m, 3H), 6.85.79 (m, 1H), 6.2%.25 (m,
3H), 4.10 (s, 2H).

15C NMR: (CDCls, 0+] /184.8, 158.6, 145.9, 129.1, 123.3, 118.8, 114.4, 110.3, 79.2, 63.7.
HRMS: P ] FD O F 1:81NFOJ[M#+H] * 215.0815, found 215.0821.

Svynthesis of 2(thiophen-2-yl)-1-oxa-3-azaspiro[4.5]deca?,6,93trien-8-one 3.55

Compoundwas synthesised using general procedure D as pale yellow oil (35 mg, 70 %).
FT-IR (cm® =3090, 2861, 2760, 1667, 1648, 1633, 1428, 1250.

1H NMR: (CDCl 5 0+] 7.62 (ddJ=3.7 Hz,J2 = 1.1 Hz, 1H), 7.53 (dd}s = 3.7 Hz,J2 =
1.1 Hz, 1H), 7.13 (ddh = 5.0 Hz,J, = 3.7 Hz, 1H), 6.95 (d] = 10.1 Hz, 2H), 6.30 (d] = 10.1
Hz, 2H), 4.11 (s, 2H).

13C NMR: (CDCl 3, 0+] /184.7,159.2,146.0, 131.7, 131.0, 129.0, 128.9, 127.9, 79.9, 64.6.

HRMS: P ] FD O F 1:BN®S[M+H]* 232.0427, found 232.0429.
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Synthesis of 2(3-chlorobenzo[blthiophen-2-yl)-1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.56

Compoundwas synthesised using general procedure D as pale yellow oil (15 mg, 30 %).
FT-IR (cm? =3148, 3051, 2838, 2741, 1671, 1643, 1633, 1517, 1228.

14 NMR: (CDCl 5 0+] 7.967.94 (m, 1H), 7.84.82 (m, 1H), 7.5F.50 (m, 2H), 6.99 (df,
Ji1=10.1 HzJo = 3.1 Hz, 2H), 6.32 (dth = 10.1 Hz,Jo = 3.1 Hz, 2H), 4.20 (s, 2H).

CNMR: (CDCl;, 0+] /184.7,158.5,145.5,138.1, 137.0, 129.2,82¥25.6, 125.2, 123.5,
122.7,122.1, 79.9, 64.6.

HRMS: P ] FD O F 16810CRO:RX[M+H]* 316.0194, found 316.0195.

Svynthesis of 2(pyridin -2-yl)-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-one 3.57

Compoundwvassynthesised using general procedure D as pale yellow oil (28 mg, 56 %).
FT-IR (cm? =3054, 2851, 2760, 1671, 1633, 1522, 1483, 1345, 1265.

1H NMR: (CDCl 3 0+] 8.768.74 (m, 1H), 8.08.04 (m 1H), 7.83 (tdJ: = 7.8 Hz,J> =
1.8 Hz, 1H), 7.4&.43 (m, 1H), 6.98 (d] = 10.2 Hz, 2H), 6.30 (dl = 10.2 Hz, 2H), 4.20 (s, 2H).

13C NMR: (CDCl 3, 0+] /184.6,150.1, 145.7, 136.9, 129.0, 126.2, 124.2, 80.0, 64.7.

HRMS: P ] FD O F {:B10NEOJ[M+H] * 227.0815, found 227.0818.
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Synthesis of2-(tert-butyl) -1-oxa-3-azaspiro[4.5]deca?,6,9trien-8-one 3.60

Compoundwas synthesised using general procedure D as colourless oil (196 mg, 41 %).
FT-IR (cm® =2972,2872, m1663, 1633, 1609, 1480, 1395, 1267, 1129.

1H NMR: (CDCl 5 0+] 6.82(d,J=10.1 Hz, 2H), 6.24 (dl = 10.1 Hz, 2H), 3.87 (s, 2H),
1.26 (s, 9H).

13C NMR: (CDCls, 0+] /184.4,161.4, 145.2,134.1, 129.8, 128.5, 126.4, 123.5, 79.9, 64.7
HRMS: P ] FD O F 1.B:sNRAIM&H] * 205.1103, found 205.1110.

Synthesis ofN-(4-hydroxybenzyl)formamide 3.67

Compoundwas prepared by general method Andiste powder (Yield 2 g, 45%).

FT-IR (cm® =3248,3076,3000, 2929, 2853, 1632, 1574, 1546, 1462, 1427, 1354, 1282, 1182,
1063, 1094, 974, 937, 872, 814, 756, 698, 654.

1H NMR: (DMSO -ds 0+] 9.06(t, J=6.3Hz, 1H),7.907.88(m, 2H), 7.65(t, J = 8.0Hz,
1H), 7.567.46 (m, 3H), 7.38 (d,J = 2.2 Hz, 1H), 7.10 (d,J = 8.0Hz, 1H), 4.41(d, J = 6.3 Hz,
2H), 3.82 (s, 3H).

13C NMR: (DMSO -d, 0+] /166.6, 153.8, 134.7, 133.4, 131.7, 129.3, 128.8, 127.8, 129.7,
121.1, 113.1, 56.5, 42.1

HRMS: P ] F D O FY:B1sCRIO; [M+H]* 276.0786 found276.05.
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Melting Point: Literature®® | f &Experimental: 119.20°C.

Svynthesis of4-chloro-N-(2-hydroxymethyl)benzamide3.71

Compoundwas prepared by general method Avaow solid (Yield 0.22 g, 35%).
FT-IR (cm? =3351, 3184, 2934, 163, 1565, 1440

1H NMR: (DMSO -ds 0+] 9.60 (s, 1H)9.Q2 (t, J = 5.5Hz, 1H), 7.94 (d, J = 8.4 Hz,2H),
7.60 (d, J = 8.4 Hz, 2H), 7.10-7.08(m, 2H), 6.80:6.78(m, 2H), 4.43 (d, J = 5.7 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /1660, 155.3, 136.6, 133.5, 129.7, 128.9, 128.6, 128.3, 125.6,
119.3, 115.5, 38.6.

HRMS: P ] F D O EY:8:1:CRO: [M+H]* 262.0@9, found262.0&8.
Melting Point: 190-194 °C.

Svynthesis of 2phenyl-2H,4'H-spiro[naphthalene-1,5-oxazol}2-one3.77

The compound was prepared by general procedure D to give the pure product as a pale yellow oil.
(26 mg, 52%).

FT-IR (cm? =3160, 3053, 2869, 1715, 1673, 1652, 1603, 1569, 1547, 1367, 1338, 1283, 770.

1H NMR: (CDCl 3 0+] 8.088.06 (m, 2H), 7.5.35 (m, 8H), 6.21 (d] = 10.0 Hz, 1H),
4.48 (d,J = 15.4 Hz, 1H), 4.01 (dl = 15.4 Hz, 1H).
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13C NMR: (CDCIs 75 MHz) / 197.7, 164.2, 145.8, 142.3, 131.8, 130.9, 129.6, 129.0, 128.9, 128.7,
128.5, 126.9, 125.5, 123.6, 86.5, 69.7.

HRMS: P ] F D O F 1s81aNRAM&H] * 276.1019, found 276.1019.

HPLC: ChiralpakIB, 254 nm, hexane/IPA gradient (100:0 to 90:10 over 35 ndinjL/min,
retention time (12.948, 15.064).

Synthesis of 6bromo-2'-phenyl-2H,4'H-spiro[naphthalene-1,5'-oxazol}2-one3.78

This compound was obtained using general procedure D. (Yield, 25.5 mg, 51%).

FT-IR (cm® =3273, 3060, 2922, 2869, 1718, 1679, 1655, 1602, 1579, 1556, 1483, 1367, 1338,
1283, 1246.

1H NMR: (CDCl 5 0+] 8.088.05 (m, 2H), 7.577.42 (m, 6H), 7.34.31 (m, 1H), 6.28 (d,
J=10.0 Hz, 1H), 4.51 (d} = 15.0 Hz, 1H), 4.02 (d] = 15.0 Hz, 1H)

13C NMR: (CDCls, 0+] /196.8, 164.2, 144.0, 140.9, 133.6, 132.1, 131.89, 130.9, 128.7, 128.5,
127.3, 126.7, 124,8.22.8, 86.1, 69.6.

HRMS: P ] FD O F {s81:BRIO, B+H] * 354.0124, found 356.01%1

HPLC: Chiralpak 1B, 254 nm, hexane/IPA gradigd00:0 to 80:20 over 35 min), 1 mL/min,
retention time (21.175, 23.621).

Functionalisation of Spirocycles

General Procedure E

To the solution of the corresponding spirocycle (1 equiv.) in dry THF (5 mL) under argon
atmosphere was added MeLi (1.2 equiv., D LQ KH[DQH G UR® 5Vhihu2sVThe
reaction mixture was stirred at the same temperature fourd fihe reaction was monitored with
TLC. The reaction was quenched with saturated 8 VR O X W L R Q°C. ARueou Vdlyer

121



was extracteé with ethyl acetate (2 x 5 mL), combined organic layers were washed with brine,
dried over MgS@ filtered and cocentrated. The residue was purified by flash column
chromatography using Pet. ether: Ethyl acetate (4:1 then 2:1) to yield the correspoading.

Experimental data for the major diastereomer is provided only.

Synthesis of 2Zmesityl-8-methyl-1-oxa-3-azaspiro[4.5]deca2,6,9trien-8-ol 3.81

The compound was obtained as colourless oil using the general p@ded(i70 mg, 77%)

Spectral data for major stereoisomer is given below.
FT-IR (cm? =3268, 2969, 2720, 1602542, 1506, 1458, 1378, 1268.

14 NMR: (CDCl 5 0+] 7.05(s, 1H), 6.98 (d = 8.5 Hz, 1H), 6.80 (s, 2H), 6.68 (@= 8.5
Hz, 1H), 6.8 (s, 1H), 5.90 (t) = 5.5 Hz, 1H), 4.50 (d] = 5.5 Hz, 2H), 2.30 (s, 9H), 2.20 (s, 3H).

3CNMR: (CDCls;, 0+] /170.8,154.0,138.6,134.6, 134.2, 130.9, 129.3, 128.3, 126.8, 124.5,
115.2, 43.6, 21.1, 19.2, 15.9.

HRMS: P ] F D O F s81NRAJM&H]* 284.1645, found 2811645

Svynthesis of 2methyl-2'-phenyl-2H ,4'H-spiro[naphthalene-1,5'-oxazol}2-ol 3.82

The compound was obtained as colourless oil using the general procedure E. (60 mg, 67%)

Spectral datéor major stereoisomer is given below.

FT-IR (cm*  =3241, 2975, 2851, 2700, 1606, 1523, 1501, 1478, 1346, 1285, 1220.
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IH NMR: (CDCl 5 0+] / ODMRU GLD.YMWRUFRRH) T.48.45 (m, 1H), 7.39
7.34 (m, 3H), 7.29.25 (m 1H), 7.237.19 (m, 1H), 7.1&.14 (m, 1H), 6.51 (d] = 9.8 Hz,1H),
6.00 (d,J = 9.8 Hz, 1H), 4.44 (d]) = 15.4 Hz, 1H), 4.10 (d] = 15.4 Hz, 1H), 2.67 (s, 1H), 1.32
(s, 3H).

13C NMR: (CDCl 3, 0+] A63.2,137.0,134.5,131.6,131.4,128.9, 1288,4, 128.3, 127 .4,
127.3, 124.9, 91.0, 72.7, 60.5, 21.3.

HRMS: P ] FD O F sB1/NRAM&H] * 292.1332, found 22.1336.

Svynthesis of Tyramine Based Amides

Synthesis ofN-(4-hydroxyphenethyl)Benzamide3.84a

Compoundwas prepared by general method B as off white solid (\ejd63%).
FT-IR (cm? =3323, 3025, 1636, 1538, 1511, 1250.

1H NMR: (DMSO -ds 0+] 9.15 (s, 1H), 8.50 (] = 5.7 Hz, 1H), 7.80 (d] = 7.3 Hz, 2H),
7.50 (t,J= 7.2 Hz, 1H), 7.43 () = 7.3 Hz, 2H), 7.01 (d] = 8.3 Hz, 2H), 6.67 (d] = 8.3 Hz, 2H),
3.40 (q,J1= 14.1 Hz,J:= 6.6 Hz, 2H), 2.71 () = 7.5 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /166.6, 156.1, 135.2, 131.5, 130.0, 129.9, 128.7, 127.6, 115.5,
41.8, 34.8.

HRMS: P | FD O F §s8:sNRAJM&H] * 242.1176, found 242.1180.

Melting Point: 158 .
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Synthesis of 4chloro-N-(4-hydroxyphenethybenzamide3.84b

Compoundwas prepared by general method B as white solid (Yield 2.4 g, 68%).
FT-IR (cm? =3307, 2871, 2797, 1650, 1592, 1511, 1240.

1H NMR: (DMSO -ds 0+] 9.20 (s, 1H), 8.62 (] = 5.5 Hz, 1H), 7.84 (d] = 86 Hz, 2H),
7.53 (d,J = 8.6 Hz, 2H), 7.01 (d] = 8.4 Hz, 2H), 6.68 (d] = 8.4 Hz, 2H), 3.40 (gl = 14.1 Hz,
Jo= 6.6 Hz, 2H), 2.71 () = 7.5 Hz, 2H).

13C NMR: (DMSO -ds, 0+] /165.5, 156.2, 136.4, 133.9, 130.0, 129.9, 129.5, 128.8, 115.6,
41.8, 31.8.

HRMS: P ] FD O F 1:814CRIO; [1+H] * 276.0786, found 276.0790.
Melting Point: 178 .

Svynthesis ofN-(4-hydroxyphenethyl)-4-methoxybenzamide3.84c

Compoundwas prepared by general method B as white flséiyd (Yield 1.6 g, 54%).
FT-IR (cm?  =3315, 2890, 1645, 1427.

H NMR: (DMSO -ds 0+] 9.20 (s, 1H), 8.40 (1] = 5.5 Hz, 1H), 7.80 (d] = 8.9 Hz, 2H),
7.00 (m, 4H), 6.68 (d] = 8.4 Hz, 2H), 3.80 (s, 3H), 3.39 (@ = 14.0 Hz,J>= 6.5 Hz, 2H), 2.70
(t, J=7.5 Hz, 2H).

13C NMR: (DMSO-ds, 0+] /166.1, 162.0, 156.1, 130.1, 129.9, 129.4, 127.4, 115.6, 114.0,
55.8, 41.6, 34.9.
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HRMS: P ] FD O F 1s8:/NR4JM&H]* 272.1281, fand 272.1286.
Melting Point: 170 .

Spirocyclisation of Tyramine Based Amides

Svynthesis of 2phenyl-1-oxa-3-azaspiro[5.5]undeca2,7,108trien-9-one 3.85a

Compoundwas synthesisedsing general procedure D as pale yeltml (51 mg, 51 %).
FT-IR (cm? =3067, 2925, 2867, 2761, 1672, 1655, 1653, 1536, 1346, 1279, 1219.

1H NMR: (CDCl 5 0+] 7.90 (d,J = 7.3 Hz, 2H), 7.45 () = 7.3 Hz, 1H), 7.37 () = 7.4
Hz, 2H), 6.9 (d,J = 10.2 Hz, 2H), 6.30 (d] = 102 Hz, 2H), 3.80 (tJ = 6.1 Hz, 2H), 2.00 (1 =
6.1 Hz, 2H).

13C NMR: (CDCl3, 0+] /184.8,154.4,146.7, 133.2, 131.0, 129.0, 128.2, 127.1, 71.6, 40.2,
30.4.

HRMS: P ] F D O F §:B1aNRAJM&H] * 240.1019, found 240.1019.

Svynthesis of2-(4-chlorophenyl)-1-oxa-3-azaspiro[5.5lundeca?,7,10trien-9-one 3.85b

Compoundwas synthesised using general procedure D as pale yellow oil (81 mg, 81 %).

FT-IR (cm* =3053, 2867, 2740, 1673, 1656, 1638, 1596, 1536, 1486, 1398, 1278.
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1H NMR: (CDCl 3 0+] 7.83 (dtJ; = 8.6 Hz,Jo = 2.5 Hz, 2H), 7.33 (dth = 8.6 Hz,J; =
2.5 Hz, 2H), 6.94 (d] = 10.2 Hz, 2H), 6.28 (dl = 10.2 Hz, 2H), 3.73 (i = 6.2 Hz, 2H), 2.00 (t,
J=6.2 Hz, 2H).

13C NMR: (CDCl3, 75 MHz) / 184.5, 153.3, 146.3, 137.0, 131.6, 129.1, 128.5, 128.4, 712, 40.
30.3.

HRMS: P | FD OF 1s8:1:CRIO; @+H] * 274.0629, found 274.0629.

Svynthesis of Ziodobenzenel,3-diol 4.2

Thecompound4.2was synthesisefbllowing literature procedure reported Bgujiyama and co
authors®. To a solution of resorcinat.1 (5.0 g, 45.41 mmol) in deionised wate5(45 ni)

placed in an ice bath were added iodih2 386 g, 48.72 mmphand NaHCQ@(4.30g, 51.28mmol)

in oneportion. The resulting mixture was stirred at room temperature for half an hour. The obtained
precipitates were filtered, extracted twice with diethyl ether (2 x 50 mL), dried over MgS0O4, and
concentrated to givé.2as a white solid9.01g, 84% yield).

FT-IR (cm? =3456, 33631593, 1582, 1491, 1458, 1304, 1278, 1250, 1185, 1159, 1022, 994,
784, 7G.

1H NMR: (CDCl 5 0+] 7.10 (,J= 8.0 Hz 1H), 6.55 (d,J = 8.0 Hz 2H), 5.45 (s 2H).
13C NMR: (CDCls, 0+] /155.9, 130.5, 107.5, 77.5.
HRMS: P ] FD O FOgHGIOR[M+H] * 235.9334, found 235.9333.

Melting Point: Literature M.P.13107-109°C. Experimental M.P. 108109 °C.
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Synthesis of diethyl2,2'-((2-iodo-1,3-phenylene)bis(oxy))(5,2'S)-dipropionate 4.4

To a solution of4.2 (0.50 g, 2.12 mmol)n THF (20 mL) under nitrogen at 0 °C were added
triphenyl phosphine PR{{1.4g, 5.3 mmolandethylL-lactate(0.6 mL, 5.3 mmol)To this mixture
diisopropyl azodicarboxylate (DIAD, 1.9 M in toluene, 1.04,rBL3 mmol) was added dropwise

and the resulting mixture was stirred for an hour in an ice bath and then at room temperature
overnight. Thereactionmixture wa concentrated under vacuum gndified by flash column
chromatography on silica gel (eluentl Qietroleum ether 460/EtOAc) which afforded.4 as a
colourless oil (1.2g, 72% yield)>°

FT-IR (cm?® =298, 1751, 1583, 142, 124.

H NMR: (CDCls,  0+] /7.10(t, J=8.3 Hz, 1H), 81 (d,J = 8.3 Hz, 2H)4.70(g, J = 6.9
Hz, 2H), 4.134.23 (m, 4H), 1.65 (d] = 6.8 Hz, 6H), 1.20 (1) = 7.3 Hz, 6H).

3C NMR: (CDCls, 0+] /1719, 1583, 1296, 1073, 81.0, 74.4, 616, 18.8, 145.
HRMS: P ] F D O FoYsB2IdR'UM+H]* 437.0456, found 437.0454.

Svynthesis of((2R,2'R)-2.2'-((2-lodo-1,3-phenylene)bis(oxy))dipropanoic acid 4.5

To a solution o#.4(1.3g, 2.7 mmol) in THEL10 mL), methanol (16nL) and2 M NaOH (10 mL)

were added and the reaction was left to stir at room temperature overnight. Ttue nesctiire

was cooled to 0 °C, quenched with HCI (1M, 20 mL) and extracted with EtOAc (3 x 30 mL). The
organic layers were dried over anhydrddgSO4 and the solvents were removed in vacuum to

give analytically puret.5as a white solid (3.9, 9% yield)°

FT-IR (cm* =36002700, 2525, 1715, 1581, 1458, 1252
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1H NMR: (DMSO-ds 0+] 7.24 (tJ=8.1Hz 1H), 6.42 (d,J = 8.8 Hz 2H), 4.88 (q,J =
6.8 Hz 2H), 1.58 (d,J = 6.7 Hz 6H).

13C NMR: (DMSO-ds, 100 0+] /173.6, 158.7, 130.7, 107.81.0, 73.4, 19.4.
HRMS: P | F D O FYsB2I0R UM+H]* 380.9757 found380.9755

Synthesis of (5,2'S)-2,2'-((2-iodo-1,3phenylene)bis(oxy))bisN-mesitylpropanamide)4.6

To a solution of4.5 (0.50 g, 2.12 mmol) in TA (20 mL) under nitrogen at 0 °C were added
triphenyl phosphine PRIiL.4g, 5.3 mmol) and ethyl-lactate (0.6 mL, 5.3 mmol). To this mixture
diisopropyl azodicarboxylate (DIAD, 1.9 M in toluene, 1.04 mL, 5.3 mmol) was added dropwise
and the resulting mixgre was stirred for an hour in an ice bath and then at room tenmgerat
overnight. The reaction mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel (eluent: 9:1 petroleum eth&04BtOAc) which afforded .4 asa
colourless oil (1.25 g, 72% vyield.

FT-IR (cm? =325l 1670, 1532, 1469, 1256, 113.

1H NMR: (CDCl 5 0+] 8.08(s,2H), 7.3 (t, J = 8.3 Hz, 1H), 688 (s, 4H), 6.64 (dJ =
8.3 Hz, 2H), 5.00 (g,) = 6.8 Hz, 2H), 2.26 (s, 6H), 2.15 (s, W, 1.77 (d,J = 6.7 Hz, 6H).

13C NMR: (CDCls, 0+] /170.9 1566, 1373, 1352, 130.6, 130, 128.9, 107.0, 80.4, 4.
21.0 18.8, 18.1.

HRMS: P ] F D O FECfoBs6INR@; [M+H] 615.1720 found615.1717
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Synthesis of methyl 3,5ihydroxy -4-iodobenzoate4.8

To a solution o#.7(1.80 g,10.70mmol) in MeOH (B mL), a solution of NIS (20g, 977 mmol)

in MeOH (15 mL) was added slowly at®. The reaction mixture wagaduallybroughtto room
temperature whiletirring. After 16 h the reaction mixture was diluted with ice water and quenched
by saturated N&Gs, then extracted withthyl acetateThe combined organic layers were washed
with brine, dried over N&Qs and concentrated irvacua Recrystallisation withethyl
acetate/ethanol gave the desired compasahite solid in a yield of 2.54 g (8.64 mm&1%o)

with the same spectroscopic data as those previously repdrted.

1H NMR: (DMSO -ds 0+] 10.53(s, 2H), 6.8 (s, 2H), 380 (s, 3H)
13C NMR: (DMSO-ds, ~ 0+] /1660, 158.2. 130.6, 104.8, 81.9, 52.2.
HRMS: P ] F D O FoRHGIQUR[M+H] " 294.9462 found294.9409.

Synthesis of dimethyl 2.2'-((2-iodo-5-(methoxycarbonyl}-1,3-phenylene)bis(oxy))(R,2'R)-bis(3-
phenylpropanoate)4.10

To a stirred suspension of methyl 8lfhydroxy-4-iodobenzoate4.8 (0.5 g, 3.42 mmol),
triphenylphosphine (PBh (2.44 g, 9.30 mmol) and benzy(S-methyt2-hydroxy-3-
phenylpropanoaté.9(1.29 g, 7.18 mmol) in tetrahydrofuran (32.0 mL) &0was added DIAD

(1.55 mL, 7.90 mmol) dropwise over 30 minutes and the resulting mixture was warmed to room

temperature. The reaction mixéwvas stirred overnight. After such time, the reaction mixture was
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concentrated under reduced pressure. The resids purified by flash column chromatography
usingpetroleum ether/ ethyl acetate (@uid then 5:)1to give4.10as a white solid (1.38 g5€0).
Spectroscopic data is in accordance with the previously reportetftiata

FT-IR (cm* =3028, 29521753, 1721, 1577, 1434, 1417, 1325, 1243, 1197, 1113, 1011.

1H NMR: (CDCl5 0+] 7.44(d,J=75Hz, 4H), 7.2 (t, J = 7.3 Hz,4H), 7.8i7.25 (m,
2H), 6.8 (s, 2H), 4.8 (dd, J1 = 7.6 Hz J» = 47, 2H), 3.85 (s, 3H), 3.70 (s, 6H), 3:3.31(m,
4H).

13C NMR: (CDCls, 0+] 770.5,166.0,158.0, 136.0, 131.6, 130.0, 128.5, 127.2, 106.4, 86.2,
78.7,52.5,52.4, 39.0.

HRMS: P | F D O F¥aB2slR'UM+H]* 619.0823 found619.0817

Synthesis ofl-iodo-2-isocyanatobenzend.12

Triphosgene1.08 g, 3.65 mmglwas added to a stirring solution cid@loaniline4.11(2 g, 9.13

mmol) in toluene (50 mL) at room temperature and the resulting solution was refluxed for 12 h.
After cooling the reaction tooom temperatu, the reaction mixture was concentrated under
vacuum (in a fume hood!). The residue was redissolved in 50 mL of hexane and filtered. The
filtrate was concentrated to afford the desired isocyadaigsas pale yellow oiln quantitative

yield which was ued in the next step without further purificatith.

H NMR: (CDCl 5 0+] 7.827.80 (m, 1H), 7.34.30 (m, 1H), 7.14.14 (m, 1H), 6.9%5.90
(m, 1H).
13C NMR: (CDCl 3 0+] 139.5,129.3,129.1, 128.3, 127.2, 125.3, 95.4.
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Synthesis of 2iodo-1,3-dinitrobenzene4.14

Sodium nitrite (0.83), 12 mmol) was added portion wise to sulfuric acid {9 and the mixture
was stirred and heated to O until the full dissolution of the solid. The resultant solutiors wa
cooled below 40C. 2,6Dinitroaniline (2.0g, 11 mmol) dissolved in AcOH (22Lth was added
dropwise to NaN®@solution while the temperature was maintained beloWwGlOThe obtained
solution was stirred for 30 minutes at room temperature. The reactturewvas then poured in
to a stirred solution of Kl (2.9, 12 mmol) in water (20 I at 70°C. The resultanmixture was
stirred for 15 minutes then poured into 200 of H20. The solid material was filtered, washed
with water, and dried to give pale @l solid (2.41g, 75%).

FT-IR (cm™®): =3087, 1530, 1366, 590.

IH NMR: (CDCl 5 0+] 8.15 (d,J= 8.1Hz, 2H), 7.84 (t)= 8.1 Hz, 1H).
13C NMR: (CDCls, 0+] /156.5131.9, 127.3, 83.5.

HRMS: P ] F D O FEEYeBsINFOWJ[M *] 293.9132, foun@93.9136

Melting Point: Literature M.P. 1¥7=113°C, Experimental M.P. = 114116°C.

Svynthesis of2-lodoisophthalic acid4.17

To a solution of 2Aminoisophthalic acid (2.9, 11.04 mmol) in conc. sulfuric acid (1@jnat0

°C was added a solution of NaW(@.159) in conc. HSQu (10 nl) at 0°C. The resulting solution
was stirred gently and 85% phosphoric acid (20 mas added at a rate designed to maintain the
temperature below 1. The mixture was left stirring fortfurs at room temperature. After such
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time, urea (1.3)) was added. The sdlon was stirred for 5 minutes and then poured in to ice and
filtered. A solution of KI (3.6)) in water (4 rh) was added to the filtrate and mixture was heated
for 30 minutes. Té mixture was cooled to ® before filtration. The obtained solid was washe
with sodium bisulfite solution (30 b), and water (30 i) and the dried. Recrystallisation from
hot water afforded beige coloured solid (2¢6%B0%).

FT-IR (cm™): =2783, 2620, 2511, 1678, 1573, 597.

'H NMR: (CDCl 3 0+] 13.36 § 2H), 7.597.57 (m, 2H), 7.5&.49 (m, 1H).
13C NMR: (CDCls, 0+] /169.7 141.6, 130.1, 128.7, 91.5

HRMS: P ] F D O FO§HGIQRMU-H] A290.9158, found290.9161.

Melting Point: Liter ature M.P. 138 = 236238°C, Experimental M.P. = 237-238 °C.

Svynthesis of 2l0do-1,3-diisocyanatobenzened.18

A solution of2-lodoisophthalic acid (1.5, 5.14 mmol) in thionyl chloride (40 Io) was refluxed
for 2h and evaprated under reduced pressure to afford cruded@isophthabyl chloride
quantitatively To a solution of the crude mixture in THF (1% )was added NaiN2.22g in 8
mL water) and stirred in an ice bath for 2h. To the mixed solution was added satuabl€DN
(10 mL_) solution and extracted with toluene (3Q)ndried over MgS@ and evaporated to half
under reduced pressure to give a toluene solution-lid@sophthaloyl diazide. Without
purification, the crude mixture was refluxed for 2 hourdolueneto afford crude Adodo-1,3
diisocyanatobenzene as light browquid (1.42 g, 96%). The progress of the reaction was

monitored by IR
FT-IR (cm™): =3370, 3024, 2251, 2141, 1723, 1573, 1494, 1396, 1214, 781, 728.
1H NMR: (CDCl 5 0+] 7.91(d,J=7.8Hz, 2H), 7.66 (t,J= 7.8 Hz, 1H).

13C NMR: (CDCls, 0+] /139.1,129.71282,122.2,97.1
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HRMS: P | F D O FC§HGINRAIM -CO+2H+H] (259.9446)found 260.9516.

The desired compound was observed as th€{DA-2H+H] and [M-2CO+4H+H] addicts. This

shows the degradation of the desired product to the amine and diamine.

General ProcedureF for the synthesis of G and C,-symmteric carbamates 4.24.22 and 4.234.25

Crude lodoisocyanatobenzedel? or 4.18 (2.04 mmol) was added to a green hetgeneous
mixture ofcorrespondind.-lactate 2.04mmol), reagent grade Cu2.04mmol) and dry DMF (25
mL). The solution was stirred for 2.5 hours at room temperature then diluted with DEEJ40 m
washed with water (40 ) and brine (50 ), dried over MJSQ: and concentrated. The crude
product was purified by flash column chromatography usingeR@Ac (5:1 and hien 4:1) to

afford pure desired product.

Svynthesis of ethyl §)-2-(((2-iodophenyl)carbamoyl)oxy)propanoate4.20

Compound4.20was synthesised using general procedure $4% (0.7 g)yield aslight brown
oil.

FT-IR (cm™): = 3240, 2992, 2910, 2850, 2730, 2253, 1739, 1630, 1587, 1532, 1434, 1299, 902,
715.

1H NMR: (CDCl 5 0+] 7.9 (d,J=8.2Hz, 1H), 7.69-7.67 (m, 1H), 7.277.22 (m, 1H),
7.04 (s, 1H), 6.7%.71 (m, 1H), 5.06 (] = 7.1Hz, 1H), 4.16 (q,J = 7.1Hz, 2H), 1.48 (gJ=7.1
Hz, 2H), 1.22 (t, J = 7.1Hz, 3H).

13C NMR: (CDCl5, 100 0+] /171.1, 152.5, 139.0, 138.0, 129.3, 12323.1, 89.2,69.6, 61.5,
17.1, 14.2.

HRMS: P ] F D O FoYB15INOW[M +H]* 364.0040found 364.0038
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Synthesis of (2S,5R)-2-isopropyl-5-methylcyclohexyl (B)-2-(((2-
iodophenyl)carbamoyl)oxy)propanoate4.21

Compound4.21was synthesised using general procedure F in 71% (0.69 g) yip&deagellow

oil.
FT-IR (cm™): =3310, 2950, 2890, 2253, 1738, 1690, 1575, 1524, 1434, 1213, 902, 720.

1H NMR: (CDCl 5 0+] 8.05(dJ=7.9 Hz, 1H), 7.78 (ddh = 7.9 Hz,J2 = 1.1 Hz, 1H),
7.37-7.33 (m, 1H), 7.10 (s, 1H), 6.82 (tll, = 7.7 Hz, Jo = 14 Hz, 1H), 5.15 (q,J = 7.0Hz, 1H),
4.824.75 (m, 1H), 3.50 (] = 7.0 Hz, 1H)2.021.92 (m, 2H) 1.741.69 (m, 31), 1.57 (dJ=7.1
Hz, 3H), 1.42 (d,J = 7.0 Hz, 1H), 1.23 (t,J = 7.1 Hz, 1H), 0.930.90 (7H), 0.81 (dJ = 6.9 Hz,
3H).

13C NMR: (CDCl s, 0+] /170.6, 152.4, 138.9, 138.129.3, 1253, 88.8 75.5, 69.7, 47.0,
40.6, 34.2, 31.4, 26.3, 23.5, 22.0, 20.7, 17.1, 16.4.

HRMS: P | F D O FoYoB2sINNEO; [M+Na]* 4960955 found 496.0934

Svynthesis oftert-butyl (S)-2-(((2-iodophenyl)carbamoyl)oxy)propanoate4.2?2

Compound4.22was synthesised using general procedure33¥% (042 g) yield aspaleyellow
oil.

FT-IR (cm™): = 3310, 350, 2890, 2253, 1738, 1690, 1575, 1524, 1434, 1213, 902, 720.
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1H NMR: (CDCl 3 0+] 7.93(d,J=8.2Hz, 1H), 7.64 (ddJy = 8.0Hz, J» = 12 Hz, 1H),
7.237.19 (m, 1H), 7.01 (s, 1H), 6.69 (t#l,= 7.6 Hz, J, = 13 Hz, 1H),4.92 (q,J = 7.1 Hz, 1B,
1.42 (d,J = 7.0Hz, 3H), 1.39 (s, 9H).

13C NMR: (CDCls, 0+] /170.1, 152.5, 138.9, 138.2, 129.3, 125.3, 120.5, 89.0, 82.1, 70.0,
28.0, 17.1,

HRMS: P ] F D O F14B1sINNEO, [M+Na]* 414.0173found414.0173

Svynthesis of diethyl 2,2'-((((2-iodo-1,3-phenylene)bis(azanediy!))bis(carbony))bis(oxy))(&.2'S)-
dipropionate 4.23

Compound4.22was synthesised using general procedure % (1.8 g yield as pale yellow

oil.
FT-IR (cm™): = 3310, 2950, 2890, 2253738, 1690, 1575, 1524, 1434, 1213, 902, 720.

1H NMR: (Acetoneds 0+] 8.01(s, 2H), 7.57 (dl = 7.9 Hz, 2H), 7.39 (1] = 8.1 Hz, 1H),
5.10 (q,J = 7.1 Hz, 2H), 4.244.16 (m, 4H), 1.51 (d] = 7.1 Hz, 6H), 1.26 (tJ = 7.1 Hz, 6H).

13C NMR: (MeOD, 0+] /171.5,154.1, 140.0, 128.6, 122.0, 97.1, 69.6, 61.0, 16.0, 13.1.
HRMS: P ] F D O EYsB23INRNAGs [M+Na]* 545.0391found 545.0388

Svynthesis of bis((2S,55)-5-isopropyl-2-methylcyclohexyl) 2.2-((((2-iodo-1,3
phenylene)bis(azanediyl))big&arbonyl))bis(oxy))(2S,2'S)-dipropionate 4.24

Compoundt.24 was synthesiseasing general procedure F40% (0.219) yield ascolourlessoil.
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1H NMR: (Acetone-de 0+] 7.91(s, 2H), 7.60 (dl = 8.4 Hz, 2H), 7.3&t, J= 8.1 Hz,
1H), 5.08 (g, = 7.0 Hz, 2H)4.76 (td,J1 = 10.9 Hz,J> = 4.3 Hz, 2H)2.021.95 (m,5H), 1.70
(d,J=11.7 Hz, 5H)1.531.51 (m, 8H), 1.04 (t = 11.7 Hz, 2H), 0.9.91 (m, 15H), 0.80 (d]
= 7.0 Hz, 7H).

13C NMR: (Acetoneds, 100 0+] /170.2, 153.0, 140.0, 129.0, 119.5, 91.4, 74.6, 69.6, 40.6, 34.1,
31.2, 26.1, 23.5, 21.7, 20.3, 16.7, 16.1.

HRMS: P ] F D O Fo¥:BsINRQsNa[M+Na]* 765.2582found 765.2573

Synthesis of ditert-butyl 2,2-((((2-iodo-1,3
phenylene)bis(azanedil)bis(carbonyl))bis(oxy))(2S,2'S)-dipropionate 4.25

Compoun4.25 was synthesised using general procedure 35% (0501 g) yield as colourless

oil.

1H NMR: (CDCl 5 0+] 7.67 (d,J=8.2 Hz, 2H), 7.23 (t) = 82 Hz, 1H), 6.99 (br, 2H),
4.95 (g, = 7.1 Hz, 2H), 1.44 (d] = 7.1 Hz, 6H), 1.41 (s, 18H).

13C NMR: (CDCl 3 0+] 270.1, 152.5, 138.6, 129.5, 116.7, 82.1, 62/9, 17.1

HRMS: m/z F D O F L&H4sReDs [M+NH4]" 596.1463found596.1461.

Svynthesis of(S)-2-(1-hydroxy-3-phenylpropan-2-ylisoindoline-1,3-dione 4.27a

Compound4.27a was prepared using known literatupeoceduré&®. A mixture of L-phenyl
alaninol .0 g, 6.61 mmol and phthalic anhydridéd(99 ¢,6.61) in DMF (6 mL) was stirred
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overnight under reflux. Distilled water (10 mL) was added to the reaction mixture angitptesi

of thepure productvere collected as off white soliflL.5 g, 81%)
FT-IR (cm™): =3462, 308, 3082, 2938, 1772, 1705, 161, 1497.

1H NMR: (DMSO-ds 0+] 7.78 (s, 4H), 7.200.16 (m, 2H), 7.147.09 (m, 3H), 5.03 () =
6.1 Hz, 1H), 4.481.41 (m 1H), 3.98.92 (m, 1H), 3.78.65 (m, 1H), 3.18.02 (m, 2H).

13C NMR: (DMSO-ds 0+] 168.6, 138.6, 134.8, 131.6,92, 128.7, 126.8, 123.3, 61.1,
55.9, 343.

HRMS: P ] F D O EYB1sNRIIM+H]* 282.1125found282.1124

Melting Point: Literature M.P. 14°=94-96 °C, Experimental M.P. = 93-95 °C.

Synthesis oftert-butyl (S)-(1-hydroxy-3-phenylpropan-2-yl)carbamate 4.27b

Compound4.27 was prepared using known literatymeceduré!®. Boc-anhydride(1.44 g, 6.61

mmol) was added to a solutionlgf)-2-amino-3-phenytl-propanol (1 g, 6.61 mmol) and DIPEA

(1.15 mL, 6.61 mmol) in THF (561L) undernitrogenat 0°C. The mixture was then allowed to

stir for 6h at room temperature. Solvent was removed under reduced pressure and the resulting
residue was disseéd in 100 mL of EtOAc, washed twice with 100 mL of water then with 100 mL

of bring dried over MgS®@ and finally concentrated under reduced pressure to give desired

compound as pale yellow soli¥ield 1.59 g, 95%)
FT-IR (cm™): =3373, 3277, 3075, 1660, 1541, 1367, 1283, 1174, 108, 855, 830, 70Q

14 NMR: (DMSO -ds 0+] 7.28-7.24(m, 2H), 721-7.15(m, 3H),6.60(d, J = 8.5Hz, 1H),
4.70(t, J = 5.4 Hz,1H), 359-3.54 (m, 1H), 330-3.24 (m, 2H), 2.842.79(m, 1H), 2.592.53 (m,
1H), 1.40 (s, 9H).
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13C NMR: (DMSO-ds 0+] 155.6,139.9, 129.6, 128.5, 126/2,8, 63.454.4, 37.2, 27.3.

HRMS: P ] F D O FoYB22NRIIM+H] * 252.1594found 252.1596

Melting Point: Literature M.P. 1 =104-106°C, Experimental M.P. = 96-98 °C.

General procedure G for the synthesis of G-symmetric iodoarenes 4.28a, b

Compounds4.28a, b were synthesised with thslight amendment to th&nown literature
proceduré!®To astirredsolution of theprotected amino alcohdl27a, b(0.40 g, 1.41 mmoknd
triethyl amine Q.2 mL,1.41 mmo) in anhydrous dichloromethat@ mL) was adde@-lodo-1,3-
diisocyanatobenzen®18(0.2 g, 0.70 mmgldropwise and the reaction mixture was allowed to
stir overnightat room temperatur@he reaction mixture was concentratealerreduced pressure
and the reidues were loaded on a shsitica pad and wereuified using petroleum etherthy!l

acetate (5:1) to give the corresponding carbamate.

Synthesis of bis(§)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropyl) (2-iodo-1,3-phenylene)dicarbamate
4.28a

The compound was obtained ugigeneral procedure G as sl oil. (Yield 0.33 g, 56%).

FT-IR (cm™): =3344, 3027, 2955, 1772, 1715, 1700, 1620, 1586, 1495, 1466, 1364, 1277, 1201,
1087, 1013, 917, 785, 758, 698.

1H NMR: (DMSO -ds 0+] 7.71-756 (m, 8H), 7.42 (s, 1H)7.19-7.10 (m, 11H), 693 (s,
2H), 4.894.50(m, 5H), 4.17-4.08(m, 1H), 3.95:3.90(m, 1H),3.39-3.14(m, 4H).

13C NMR: (DMSO-ds 0+] 1%68.3, 153.0, 147.8, 138.7, 136.8, 134.0, 131.4, 128.9, 128.6,
126.9, 123.290.4,64.3, 52.0, 34.7.

HRMS: P ] F DforkCyB33INsNaGs[M+Na]* 871.1235found871.1225.
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Synthesis of bis((S)-2-((tert-butoxycarbonyllamino)-3-phenylpropyl) (2-iodo-1,3

phenylene)dicarbamate4.28b

The compound was obtained using general procedurec@@aslessoil. (Yield 0.58g, 64%).

FT-IR (cm™): =3338, 2978, 1702, 1687, 1589, 1531, 1492, 1468, 1453, 1391, 1292, 1265, 1167,
1091, 1054, 854, 785, 753, 698.

1H NMR: (DMSO -ds 0+] 7.357.15(m, 13H), 6.89 (d,J = 8.3 Hz, 2H), 6.60 (dJ = 8.3
Hz, 1H), 4.043.87 (m, 5H), 3.68.53 (m, 1H), 3.36.25 (m, 1H), 2.82.64 (m, 4H), 1.33 (s,
18H).

13C NMR: (DMSO-ds 0+] 155.6, 154.5, 140.9, 138.8, 128.6, 128.5, 12626.2, 88.6,
78.1, 66.0, 54.4, 37.4, 28.7.

HRMS: P ] F D O Fo¥eB4sINRNAC: [M+Na]* 811.2174found811.2138.

General procedure E for the synthesis of C& C>-symmetric iodoarenes bearing urea arm

To the solution of the correspondispcyanate@.7 mL, 4.34 mmol, 1 equivin THF 60 mL)

kept at 0°C was added the solution of ama (0.73 g, 4.75 mmol, 1.1 equjvin THF (10 mL)
dropwise. The ice bath wasmoved and the reaction mixture was brought to room temperature.
The reaction miture was stirred for-& hours or until the TLC analysis showed the completion.

The reaction miture was concentrated under reduced pressure. The residue were washed hexane
multiple times. Recrystallisation either withichloromethaneéthyl acetate or banol provided

the desired compound.
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Synthesis of §)-1-(1-hydroxy-3-phenylpropan-2-y|)-3-(2-iodophenylurea4.29

Compound4.29was prepared using general procedure E as pale yellow solid. (1.64 g, 95%)

FT-IR (cm™): =3356, 3298, 3021, 2918, 2874, 2821, 1693, 1629, 1607, 1573, 1462, 1432, 1380,
1088.

1H NMR: (DMSO-ds 0+] 7.797.76 (m, 2H), 7.64 (s, 1HY,.317.24 (m, 5H), 7.2.19
(m, 1H), 7.12 (dJ = 8.2 Hz, 1H), 6.74 (tdh = 7.6 Hz,J2 = 1.5 Hz,1H), 4.91 (s, 1H), 3.88.79
(m, 1H), 3.423.34 (m, 2H), 2.82.84 (m, 1H), 2.72.67 (m, 1H).

13C NMR: (DMSO-ds 0+] 1¥55.0,141.1, 139.6, 139.229.7, 128.8, 128.6, 126.4, 124.5,
122.7, 90.4, 62.8, 53.3, 37.7.

HRMS: P ] F D O FoYsB1sINR@% [M+H] * 397.0407found 397.046.

Melting Point: 156157 °C.

Svynthesis of §)-1-(2-iodophenyl)}-3-(1-phenylethyl)urea 4.31

Compound4.31 was prepared using general procedure E as pale yellow €oldg( 96%)
FT-IR (cm™): =3278,2974, 1731, 1636, 1576, 1525, 1494, 1463, 1433, 1276, 1016, 730, 695.

IH NMR: (DMSO-ds, ~ 0+] /7.85 (ddJi = 8.3 Hz,J» = 1.4 Hz, 1H), 778 (dd, J1 = 7.9Hz, ),
= 1.4 Hz, 1H)7.60:7.58 (m, 2H), 7.367.34 (m, 4H), 7.29.24 (m, 2H), 6.74 (tdh = 7.7 Hz,J;
= 1.4 Hz, 1H), 4.824pp.quint,J = 7.3 Hz, 18, 1.40 (d,J = 7.1 Hz, 3H).

140



13C NMR: (DMSO-ds 0+] 1¥54.6, 145.5, 140.9, 139.3, 128.9, 128.8, 127.2, 126.3, 124.5,

122.3, 90.3, 49.3, 23.6.

HRMS: P ] F D O EEYs816NR@[M+H] " 367.0302found 367.0300

Melting Point: 165166 °C.

Synthesis ofl,1-(2-iodo-1,3-phenylene)bis(3((S)-1-hydroxypropan-2-ylurea) 4.38a

Compound4.31was prepared using general procedure Whate solid. (0501 g, 81%)

FT-IR (cm): =3284, 2980, 2851, 2359, 2341, 16326211035, 988, 741.

1H NMR: (DMSO-ds, 40 0+] /7.60 (s, 2H), 7.40 (d = 7.9 Hz, 2H), 7.14 () = 8.1 Hz, 1H),
6.90 (d,J = 7.6 Hz, 2H), 4.78 (2H), 3.703.65 (m, 2H), 3.4B.28 (m,4H), 1.08 (d,J = 6.8 Hz,
6H).

13C NMR: (DMSO-ds 0+] 155.1, 141.6, 128.2, 117.5, 89.7, 65.2, 47812.

HRMS: P ] F D O FC14B22INR@4 [M+H] " 437.0680found437.0698

Melting Point: 249-250°C.

Synthesis ofl,1'-(2-iodo-1,3-phenylene)bis(3((S)-1-hydroxybutan-2-yl)urea) 4.38b

Compound.31 was prepared using general procedure gades yellowsolid. (06 g, 90%)
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FT-IR (cm™): =3290, 2962, 2930, 2873, 2355, 1633, 13563, 1410, 1274, 1223, 1074, 1018,
784, 737, 639.

1H NMR: (DMSO -ds 0+] 7.62(s, 2H), 739(d,J = 8.1Hz, 2H), 7.14 (1] = 8.1 Hz, 1H)
6.84(d,J = 8.1Hz, 2H), 4.78 (s2H), 356-3.42 (M, 4H), 3.35-3.32 (M, 2H), 164-1.54(m, 2H),
1.431.31 (m, 2H) 0.89 (tJ = 7.4 Hz, 6H).

13C NMR: (DMSO-ds 0+] 1554, 1417,128.2,117.5, 89.73%, 53.0, 247, 10.9.

HRMS: P ] F D O FYeB26NRQ4 [M+H] " 465.0993found 465.0990

Melting Point: 252-254°C.

Svynthesis ofl,1-(2-iodo-1,3-phenylene)bis(3((S)-1-hydroxy-3-phenylpropan-2-yl)urea) 4.38c

Compound.31 was prepared using general procedure E as yellow sblild, 85%)

FT-IR (cm™): =3297, 3024, 2919, 1634, 1548, 1465, 1271, 725, 695.

1H NMR: (DMSO -ds 0+] 7.65(s, 2H), 7.2-7.20(m, 12H), 7.10 (t, J = 8.1 Hz, 1H), @9
(d,Jd= 8.1 Hz, 2H), D1 (s, 2H), 385-3.78 (m, 2H), 343-3.32 (M, 4H), 2.89-2.70(m, 4H).

13C NMR: (DMSO-ds 0+] 1552, 1416,139.6,129.7,128.6, 126.41177,90.0 62.8, 533,
37.7.

HRMS: P ] F D O Fo¥eBsiNR@4 [M+H] * 589.1306found589.121.

Melting Point: 265266 °C.
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Synthesis ofl,1-(2-iodo-1,3-phenylene)bis(3((1S,2R)-2-hydroxy-1,2-diphenylethylurea) 4.38d

Compound.31 was prepared using general procedure Wwlate solid. (0.379, 74%)

FT-IR (cm™): =3343, 32132981, 1647, 1587, 1556, 1503, 146396, 1276, 1231, 1068047,
741.

1H NMR: (DMSO -ds 0+] 798(s, 2H), 767 (d, J = 8.8 Hz,2H), 747 (d, J = 7.4Hz, 4H),
7.42(d, J = 7.4Hz, 4H), 7.36:7.32(m, 8H), 7.26:7.20(m, 4H), 7.07.7.06 (m, 2H), 6.996.95 (m,
1H), 5.68 (d,J = 4.1 Hz, M), 4.964.85 (m, 4H).

13C NMR: (DMSO-ds 0+] 1¥551, 144.1,143.2, 141.5128.2, 1281, 127.9, 127.6, 127.3,
127.0,1269, 118.1, 904, 76.0 59.6.

HRMS: P ] F D O FCYsB3siNRQ@; [M+Na]* 735.1439found 735.1441

Melting Point: 221-223°C.

Svynthesis of 1,1'-(2-iodo-1,3phenylene)bis(3((1R,2S)-1-hydroxy-2,3-dihydro -1H-inden-2-yl)urea)
4.38e

Compound.31 was prepared using general procedure &faa/hite solid. (052 g, 63%)

FT-IR (cm™): =3318,3240, 29121682, 1632, 1550, 1465, 1400, 1359, 1231, 1142,, (B
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1H NMR: (DMSO -ds 0+] 8.10(s, 2H), 747 (d,J = 81 Hz, 2H), 729-7.20(m, 11H), 5.23
(d,J=4.1Hz, 2H), 5.12(dd, J1 = 8.7 Hz,J2 = 4.9 Hz 2H), 4.48(q, J = 4.5 Hz 2H), 3.08(dd, )
= 16.2 HzJ, = 4.6 Hz, 2H, 2.82(d, J = 16.1 Hz, 2H.

13C NMR: (DMSO-ds 0+] 1¥55.9,143.6141.9, 141.0, 128.2, 127.6, 126.7, 125.4, 124.5,
118.7,91.3, 72.7, 58.25.6.

HRMS: P ] F D O Fo¥eB2sINR@4 [M+H]* 585.0993found 585.0989

Melting Point: 247-248 °C

Svynthesisof (25,2'S)-2.2'-((((2-iodo-1,3-phenylene)bis(azanediyl))bis(carbony))bis(azanediyl))bis¢3
phenylpropanoic acid)4.38f

Compound4.38f was prepared using general procedure gadsyellow solid. (076 g, 70%)

FT-IR (cm™): =3217, 3025, 2890, 1714, 1638, 1547, 1494, 1464, 1407, 1275, 1214, 1075, 745.

1H NMR: (DMSO -ds 0+] 7.88(s, 2H), 733-7.21(m, 16H), 7157.11(m, 1H),4.484.41
(m, 2H),3.143.08 (m, 2H), 2.92.91 (m, 2H).

13C NMR: (DMSO-ds 0+] ¥73.9,170.7, 155.0, 141.4, 137.8, 129.9, 128.7, 127.0, 118.2,
90.5, 54.5, 38.0.

HRMS: P ] F D O Fo¥eB26INR@s [M+H] * 617.0892found 617.08B.

Melting Point: 227-229 °C
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Synthesisof (S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropyl benzoate4.39

Compound4.39was synthesisebly the known literature proceddfe To a solution of th&.27b

(2.0 g, 3.98 mmyg| triethyl amine Q.78 mL, 5.57 mmglin chloroform @0 mL) kept at °C was
added benzoyl chlorided(60 mL, 5.17 mmgldropwise. The reaction was allowed to stir for 5
hoursunder continuous cooling'he reaction mixture was concentrated under reduced pressure
and the residue were loaded on a short silica pad and were purifigdpesioleum ether: ethyl
acetate (5:1)a afford4.39as colourless oflyield: 1.21 g, 85%)

FT-IR (cm™): =3365, 2978, 1712, 1695, 1601, 1520, 1453, 1389, 1365, 1288, 1158, 1059,
734.

1H NMR: (CDCl 5 0+] 8.07 (d,J=7.4Hz, 2H)7.60 (t,J = 7.5 Hz, 1H), 7.50 () = 7.7
Hz, 2H), 7.347.31 (m, 2H), 7.277.24 (m, 3H), 4.755 1H), 4.334.25 (m, 3H), 2.92.90 (m,
2H), 1.43 (s, 9H).

13C NMR: (CDCl 3 0+] 166.4,162.3,135.4,133230.6,129.3, 129.0, 128.9, 128.7, 126.7,
79.8, 65.750.8, 38.1, 28.3.

HRMS: P ] F D O EEYi8:6NRAJM+H]* 355.1784found 355.17®.

Melting Point: 118119 °C
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Synthesis of (25,2'S)-((((2-iodo-1,3-phenylene)bis(azanediyl))bis(carbonyl))bis(azanediyl))bis3
phenylpropane-2,1-diyl) dibenzoate 4.40

The compound.39(0.2 g, 0.56 mmol) was placed in 15 mL round bottom flask under nitrogen
atmosphere @ °C. TFA (2 mL) was added slowly and the reaction mixtuas stirred overnight

at room temperature. Thea@ion mixture was concentrated under reduced pressure. The obtained
residuet.39awere used as such for the next step. The residue of the comp89adere coupled

with 4.18according to the general pexture Bo give4.40as yellow solid0.12 g, 49%)
FT-IR (cm™): =3288, 3064, 2923, 2852, 1716, 1641, 1538, 599.

1H NMR: (DMSO-ds 0+] 8.058.02 (M, 4H), 7.747.66 (m, 2H), 7.577.52 (m, 4H), 7.41
7.37 (M, 2H), 7.39.30 (M, 10H)7.26:7.21 (m, 4H), 7.14.08 (m, 1H), 4.361.17 (m, 6, 2.99
2.84 (m, 4H).

13C NMR: (DMSO-ds 0+] 166.1, 155.1, 149.8, 138.6, 133.9, 130.1, 129.9, 129.7, 129.2,
128.8, 128.4, 126.7, 88.5, 66.6, 50.2, 37.8.

HRMS: P ] FD O EfoBsslINR@s (M+H)* 797.1831 found 797.1835.
Melting Point: 230232 °C

Synthesis of1-((S)-1-hydroxy-3-phenylpropan-2-y)-3-((S)-1-phenylpropyl)urea 4.45

The compoundl.45 was synthesisedccording to the general procedure Ealsurless 0i(0.41
g, 100%).
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FT-IR (cm™): =3336, 30262927, 2356, 2341, 1610, 1586, 1565, 1493, 1449, 1380, 1253, 1073,
1046, 740, 696.

1H NMR: (DMSO -ds 0+] 7.3%7.16 (m, 10H), 6.40 (d] = 8.6 Hz, 1H), 5.80 (dJ = 8.6
Hz, 1H), 4.84 (s, 1H), 4.51 (d,= 7.3 Hz, 1H)3.71-:3.67 (m,1H), 3.353.25(m, 2H), 2.862.75
(m, 1H), 2.622.57 (m, 1H), 1.67.53 (m, 2H), 0.79 (t] = 7.3 Hz, 3H).

13C NMR: (DMSO-ds 0+] 157.7,145.1,139.6, 129.7, 128128.4,126.6, 63.0, 54.8, 52.9,
37.7,30.511.1.

HRMS: P ] FD O EYoB2sNEO(M+H)* 313.19171 found313.1D9.
Melting Point: 130-131 °C

General procedure | for the synthesis of €& C >-symmetric iodoarenes bearing urea and carbamate

arm

To the solution of the corresponding isocyanat& g02.04mmol, 1 equiv.) in THF30 mL) kept

at 0°C was aded the solution of amine @8 g, 2.24mmol, 1.1 equiv.)and triethylamine (0.57

mL, 4.08 mmol, 2.0 equivih THF (10 mL) dropwise. The ice bath was removed and the reaction
mixture was brought to room temperature. The reaction mixture was stieatght The reaction
mixture was concentrated under redupeessure. The residuwgaswashedwith hexane multiple

times Recrystallisation either with dichloromethane/ ethyl acetate or ethanol provided the desired

compound.

Synthesis ofbenzyl ((2iodophenyl)carbamoyl)-L-alaninate 4.34

The compoundt.34 was synthesisedccording to the general procedure | as paleowesolid
(0.37 g, 88%).

FT-IR (cm™): =3299, 3060, 2979, 2605, 2498, 1720, 1633, 15562, 1463, 1452, 1432, 1318,
1291, 1221, 1164, 1097, 750.
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1H NMR: (DMSO -ds 0+] 7.847.79 (m, 2H), 7.74 (s, 1H), 7.58 @z= 6.9 Hz, 1H)7.39
7.27(m, 6H), 6.77 (1] = 7.4 Hz, 1H), 5.26.12 (m, 2H), 4.33}.26 (m, 1H), 1.36 (d] = 7.4 Hz,
3H).

13C NMR: (DMSO-ds 0+] ¥73.7,154.9, 140.7, 139.3, 136.5, 129.0, 128.9, 12881,
124.9, 122.5, 90.5, 66.3, 48.9, 18.0.

HRMS: P ] F D O EE1/B1INR@s (M+H)* 425.0357 found425.03%.
Melting Point: 161-163 °C

Synthesis ofmethyl ((2-iodophenyl)carbamoyl}L-leucinate 4.36

The compound .36 was synthesised according to the general procedure | as yellow s&8d),(0
73%).

FT-IR (cm™): =3301, 2951, 2868, 1737, 1641, 1573, 1557, 1519, 1463, 1433, 1367, 1273, 1255,
1205, 1155, 1016, 980, 762, 743, 653.

1H NMR: (DMSO-ds 0+] 7.847.78 (m, 2H), 7.72 (s, 1H), 7.51 @= 7.5 Hz, 1H)7.27
(t, J = 8.1Hz, 1H), 6.76 (tJ = 7.5 Hz, 1H), 4.261.21 (m, 1H), 3.65 (s, 3H), 1.7866 (m, 1H),
1.58 (t,J = 7.3 Hz, 2H) 0.9 (d, J = 6.5Hz, 3H), 0.89 (d,J = 6.5 Hz, 3H).

13C NMR: (DMSO-ds 0+] 174.2,155.1,140.7,139.4,128.9, 124.8, 122.5, 90.5,52.3,
41.0, 24.8, 23.2.

HRMS: P | F D O FYB20INR@s (M+H)* 391.0513 found391.05D.

Melting Point: 158160 °C
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Synthesis of bis(8)-3-phenyl-2-(3-((S)-1-phenylpropylureido)propyl) (2-iodo-1,3
phenylene)dicarbamate4.46

The compoundl.46 was synthesisedccording to the general procedure Idask brownsolid
(0.73 g, 65%).

FT-IR (cm™): =3270, 3026, 2961, 1702, 1633, 1584, 1519, 1461, 1398, 1202, 1109, 1109, 1018,
745, 696, 621.

1H NMR: (DMSO -ds 0+]:9.02 (s, 2H), 7.37.19 (m, 23H), 6.45 (d = 8.0 Hz, 2H), 5.87
(d,J = 8.0 Hz, 2H), 4.564.49 (m, 2H), 4.08.95 (m, 6H), 2.82.72 (m, 4H), 1.671.59 (m, 4H),
0.79 (t,J = 7.0 Hz, 6H).

13C NMR: (DMSO-ds 0+] 1¥57.4,154.6144.9, 141.0, 138.2,29.7, 128.7, 128.6, 126.6,
83.9, 66.2, 54.9, 50.2, 37.7, 30.4, 11.2.

HRMS: P ] F D O FC¥eBs2INRQ@% (M+H)* 933.2807 found933.2813
Melting Point: 249-251°C

Svynthesis of{Z2)-N'-hydroxybenzimidamide 4.42a

Known litergure procedure was ustasynthesise this compouit®.To a solution of benzonitrile
(5 mL, 48.48 mmol) in dry ethanol (50uhwas added 50% aq. hydroxylamine (225, 72.73

mmol) dropwise. The resulting solom was refluxed for 3 hours and evaporatedar reduced
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pressure. Residues were purified by flash chromatography using petroleum ether and ethyl acetate

PetEtOAc (1:1) as eluents to afford pure product as white crystals ¢3 $8%).

FT-IR (cm™): =359, 3525, 3419, 292, 1644, 1594, 1576.

IH NMR: (DMSO -ds 0+] 9.65(s, 1H), 7.7:7.67 (m, 2H), 7.38.36 (M, 3H), 5.82< 2H).
13C NMR: (DMSO-ds 0+] ¥51.3,129.9,129.3, 128.5, 125.8.

HRMS: P | F D O FOJHGN4® WI+H)* 137.0709, found 137.070.

Melting Point: Literature M. P.}42=65-66 °C, Experimental M.P. = 65-67 °C.

Svynthesis ofN-Phenylcyanamide4.42b

Known literature procedure was used to synthesise this compBUida stirred solution of
benzamidoxime (2.4§, 17.99 mmol), in pydine (18 niL) at 0°C was added tosyl chloride (3.6

g, 18.9 mmol) under nitrogen. The mixture was stirred & Gor 10 minutesthen at room
temperature for 5 hours. The reaction mixture waentrated under reduced pressure. Residues
were purified by lash chromatography using petroleum ether and ethyl acetatet@&t (5:1

and then 4:1) as eluents to afford pure product as white powdey, @136).

FT-IR (cm?): = 3459, 317, 2988, 2911, 2221, 15.

1H NMR: (DMSO -ds 0+] 10.14 6 1H), 7.5-7.31 (m, 2H), 7.05.97 (m, 3H).
15C NMR: (DMSO-ds 0+] 139.0,130.1, 122.9, 115.3, 112.4.

HRMS: P ] F D O FoJHGN4 @M$H)* 119.0604 found119.0604

Melting Point: Literature M.P. *42=35-36 °C, Experimental M.P. = 36-38 °C.
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General procedire J for the synthesis of G-symmetric iodoarenes bearinaghiral amide appendage

To the solution of the2-iodoisophthaloyl dichloride(040 g, 1.22 mmol, 1 equiv.) in
dichloromethan€40 mL) kept at ®C was added the solution of amine @g} 270 mmol, 2.2

equiv.) and triethylamine (84 mL, 7.32mmol, 6.0 equiv.) in THF (10 mL) dropwise. The ice
bath was removed and the reaction mixture was tdogoom temperature. The reaction mixture
was stirred overnight. The reaction mixture was concentraiger ueduced pressurghe residue

was redissolved in ethyl acetate and washed with 2 M HCI (10 ml). The organic layers were
separated, combined, dd over MgS®@ and concentrated under reduced pressure.
Recrystallisationof the residuewith dichloromethank ethyl acetate provided the desired

compound

Synthesis of dimethyl 2.,2'-((2-iodoisophthaloybis(azanediy))(35,2'S)-bis(4-methylpentanoate)
4.47a

The compoundt.47a was synthesised according to the generatguure] asyellow solid (027
g, 40%).

FT-IR (cm™): =3271, 29552605, 1739, 1650, 1528, 1434, 1267, 1200, 693.

1H NMR: (CDCl3 0+] 7.437.34(s, 3H), 6.30(d, J = 8.5 Hz,2H), 4.854.79(m, 2H), 3.77
(m, 6H), 1.961.63 (M, 6H), 1.020.96 (m 12H).

13C NMR: (CDCls 0+] 173.0,169.0, 143.9, 128.8, 12898.4, 52.5, 51.2, 41.4, 24.9, 22.9.
HRMS: P ] F D O FoYBxINR®s (M+Na)* 569.1119 found569.11 8.

Melting Point: 209-211°C.
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Synthesis of diethyl 2,2((2-iodoisophthaloyl)bis(azanediy))(25,2'S)-bis(3-phenylpropanoate)4.47b

The compoundt.47b was synthesised according to the general procedure J as yellow s38id (0.
g, 65%).

FT-IR (cm™): =3278, 29781731, 1650, 1525, 1368, 1209, 111031, 695.

1H NMR: (DMSO-ds 0+] 8.94(d, J=7.8 Hz, M), 7.43 (t, J = 7.6 Hz,1H), 7.347.29(m,
8H), 7.26:7.21(m, 2H), 7.05(d, J = 7.6 Hz,2H), 4.654.60 (m, 2H), 4.161.08 (m, 4H), 3.18.97
(m, 4H), 1.18 (tJ = 7.1 Hz, 6H).

13C NMR: (DMSO-ds 0+] 171.6, 169.3, 144.3, 137.8, 129.7, 128.7, 128.4, 127.0, 92.0,
61.1, 54.3, 36.9, 14.6.

HRMS: P ] F D O FCoBsINR@5 (M+H)* 643.1300 found643.136.

Melting Point: 184-186°C.
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NOESY measurements for major diastereomer of comound 3.82
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