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Abstract

In this thesis, iodoarene and chiral iodoarene reagents have been developed and used
FDWDO\WLFDOO\ LQ WKH HQDQWLRVHOHFWLYH F\FOLVDWLR

amidoketones. The results in this thesis are divided into three parts.

In the first part, the development of the catalytic enantioselective cyclisatiomefti¥bxy
but-3-enyl benzoate to thel3ydroxytetrahydrofuran ester using enantiomerically pure chiral
hypervalent iodine reagents generated inisitlescribd. A good enantiselectivity of 7%

ee was obtained with moderate yield.

o)
Chiral jodoarene o o)
O X  Selectfuor: ACid /[:J>
- y > O
MEO 21 MEOH/MECN’ It
Meo

In the second part, the development of catalytic conditions for the cyclisatien of N
alkenylarylamides induced by iodoarenes leading to the formation of different ring sizes is
demonstrated. In addition, the catalytic enantioselective cyclisatioratkedylarylamides
employing chiral iodoarenes giving dihydrooxazines in good yields and moderate
enantioselectivities of up to 64% is achieved.
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2-iodoanisole to afford-Bxazolines in good yields is described.
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iodoarenes is detailed but, unfortunately almost no enantioselectivities was observed.
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1. Introduction to Hypervalent lodine

1.1.lodine
lodine is the chemical element with the symbahd atomic number 58dine, b, is a
bluishblack, lustrous solid that is classified as a nonmetal. It has the highest atomic number
and atomic weight of the stable Group 17 elements (halogens) where it is the least
electronegative and the greatest polarisable elehiefirms compounds with most
elements, but is less reactive than the other halogens. lodine is essential in many biological
organisms including in the human body, where it is present as a hormone in the thyroid gland

Thyroxine 1. This isSmportant in metabolism regulatidn.

o (©
I | HN  OH

HO I
ThyFBXihe 1

1.2.Hypervalent iodine compounds
In 1969 J. I. Musher defined the term hypervalent as molecules of the elements of group 15—
18 having more than eight electrdnsa valence sheflThe first hypervalent iodine
compound iodobenzene dichloride (Ph)@las prepared by German chemist C. Willgérod

in 188634

When iodine is complexed with monovalent ligands, usually electronegative atoms or
electron withdrawing grups such as chlorine or acetate, stable polycoordinate, multivalent

compounds called hypervalent iodine compounds are fotmed.



lodine compounds exist in the +3 oxidation steodine(lll) or 3-iodanesor in the

+5 oxidation stateD V L R G L GHivdaneRThesecompounds contain a central iodine

atom with an unusual bond called an iodine hypervalent bond (Figure 1) that contains a linear
threecenter, fowrelectron 3c- H ERQG /i,i/ IRUPHG E\ WKH RYHUODS R
iodine with the orbitals on the two ligands L. This&&bond is commonly named as a

“hypervalent bond”. This bond is highly polsegtand is weaker and longer than a normal

covalent bondThe existence of this bond in hypervalent iodine compounds is responsible for

their strongly electrophilic reactivity. As two electrons are in a nonbonding orbital, there are

not greater than eight electrons on the iodine atom. Therefore, the original definition of

hypervalent is not valid. In addition, the bond order of thébbnds is formally 0.5 this

explains their long length and relative weakne'ss.
hyperva|ent
3C 4€ pong

coococo —— antibonding

W co 0o _1.% nonbondmg

BN

Al —.|[.
||_\ S eSeS) ﬂt— bOnding
ot L—l—L
1013
pSeudotrigonay
bipyramid
Figure 1

The most common hypervalent iodine compounds areAmid their geometry are
pseudotrigonal bipyramidal. The reason for that is théeSbond dictates the structdre.
The following common classes of iodine(lll) compounds have found extensive applications

in organic synthesis (Figure 2).
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Figure 2

1.3. Reactivity of Trivalent lodine compounds
Trivalent iodine compounds are widely used as reagents in organic synthesis. Their reactivity
is based on the number of carbon and heteroatom ligands on the iodine atom. The most
common type consist of one carbon ligand and two heteroatom ligands 4.€8RHhe two
heteroatom ligands occupy the apical positions of the pseudotrigonal bipyramid and these
iodanes are typically oxidants. lodine(lll) centegs highly electrophilicmaking them liable
to nucleophilic attack, and the two L ligands act as good leaving groups. The leaving process
LV WHUPHG UHGXFWLYH H®@tRy graup/dliRigates \@ithZekdrgekcallyK H

favourable reduction of the hypervalent iodide I(1ll) to normal valencé&¥(l).

11
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In recent years, the organic chemistry of hypervalent iodine compounds has received
considerable attention, due to their oxidising properties and the fact that they are mild and
highly sdective, possess low toxicity and high stability, and are easy to handle and relatively
environmentally friendly. Similar reactivity can be observed with highly toxic hezatal
oxidisers, such as lead(1V), mercury(ll) and thallium(lll) reagents as well as expensive and
rare transition metals. In addition, metal contamination in drug molecules is an important
issue and minimising the use of metals in syntheses is one way to resolve this problem.
Moreover, the possibility of forming a covalent chiral backbone on the iodine raises the

possibility of enantioselective syntheSfs.

1.4.Chiral Hypervalent lodine(lll) Reagents
The first chiral hypervalent iodine compound, diphenyliodonium tartrate was prepared in
1907 by PribraniHowever, the utility of chiral I{l) reagents in oxidative reactions, has
only been realised in the past few decdtfeEhe investigation of chiral hypervalent iodine

reagents in asymmetric transformations is an increasingly noteworthy area of résearch.

1.5. General Reactivities of ChiralHypervalent lodine Reagents
In recent years, great effort has been dedicated to the employment of enantiomerically pure
hypervalent iodine reagents in asymmetric synthesis. Exarmplkide the oxidation of
sulfidV W R V X O1uRrdtioGahisdtion of carbonyl compounds, the dearomatisation of

phenols, the functionalisation of alkenes, rearrangement reactions, and heterocycti8ations.

12



In addition, enantioselective oxidation reactions have been accomplished under catalytic
conditions with chiral hypervalent iodine reagents, in which a catalytic amount of chiral
iodoarene is oxidised to the hypervalent iodine species ingig a stoichiometric €o

oxidant. In the catalytic variant of the reaction, it is not necessary to prepare the hypervalent

iodine compounds, and only a catalytic amount of chiral iodoarene is used as a ptéétirsor.

1.5.1. Oxidation of Sulfds to Sulfoxides

The first synthetically useful application of a chiral iodine(lll) was illustrated by Imaroto
with 10a< and later by Kosét with 11 who performed the oxidation of Sdiés 8 to

sulfoxides 9 in moderate to good yield with selectivities of up to 53% ee with 10 (Scheme 1).

S 100r11 Cg)
RI"7-R? > R °~R2
acetone rt
8 2'53h 9
With 10’ 71 95% yi€ld
_ 5 53% €e
R~ Aryl> alkyl _ _
R2 = Me t BU With 11’ R = Ph’ R? ~ M€

81% yield’ 30% €e

R = Meé' t BU Of Ph

Scheme 1
Kita reported that 10 mol% of a chiral tartaric acid derivative and 20 mol% of
cetyltrimethylammonium bromide (CTAB) used with iodoxybenzene (PhiOa cationic

reversed micellar system led to the oxidation of sulfides 8 to sulfoxides 9 in high yields and

13



moderate enantioselectivities of up to 72% ee (®eh2).This is the first example of the
asymmetric oxidation of sulfides to sulfoxides by using hypervalent iodine(V) redgents.
PhIO, (0'5 €quiV)

CTAB (20 m0|%2 -
di$2 MethoXyybenZoy L

tattaric acid (10 Mojoe) 0
1-5. g2 > 1—§ 2
TR tojuene/H, o’ It R™ "R
8 9
80 100% yi€ld
Up tO 7295 €€
Scheme 2

The same research group in 2000, reported that this oxidation was successful with excellent
yields and moderate enantioselectivities using only water as a solvent in the presence of
magnesium bromide to increase the enantioselectiity.

In 1990, another type of chiral iodane{t) was prepared by Koser and Ray. These were
employed in the oxidation of sulfides and afforded mixtures of sakt&3wjith high yields

and moderate diastereomeric excesses. These salts were separated by satiorstild

hydrolysed to obtain chiral sulfoxides 9 in exest enantipurities (Scheme 3Y.

oTS )
"/O/ ~Ph H X
R* @Ts O
" Lo NaoH

RIS R? s “0°TRt ——» RIS R2

CH,Cl, 13 2 o
i 87 98% yield 70_94% yield

4'57% de 50 99% €€
Scheme 3

Other research groups such as those of Chen and Zimlankin et al®?°and Wirth et af*

have prepared new chiral hypervalent iodine reagents and tested them in the oxidation of

14



sulfides to sulfoxides. Unfortunately, relatively poor enantioselectivities were observed in all

cases.

1.5.2. Dearomatisation reaction

In recent years, there have been several interesting studies in the literature relating to the
chiral hypervalent iogie-mediated oxidative&learomatisation of phenols (Scheme 4). In these
reactions either dimerisation or the formation of ortjubrone monoketals or quinol

intermediates can resuf.

OH - O
| R
R X ]
PhiX Phl NU
X
\u
X = OAC’ CF,CO,

Scheme 4

In 2008 Kita et aP*reported the first enantioselective dearomatisation reaction using a chiral
hypervalent iodine(lll) reagenR|-16. lodaneR)-16 has a rigid spirobiindane and it
converted 4V X E V W tnépMthalsl T3} into orthepirolactones 15 with moderate to good

enartioselectivities and good yields (Scheme 5).

15
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OO " (Ry16 (055 equiy
CHCly 50 C

14

66 87% yield
78°86% €e

R = H’ alkyl’ aryl

Scheme 5
The same group observed thattbaction could be madatalytic by employing 0.15 equiv
of the corresponding iodoarene d7d using IGBPA as a capxidant which generates chiral
hypervalent iodine in sit(Scheme 6§ This catalytic reaction has to be performed at a

higher temperature to enable oxidation of I(I) to I(lll) and the enantioselectivities are

diminished as a consequence.

= . . O
OH (R) 17/(0'15 €quiv) 0
MCPBA (1'3 €quiVy 0]

QO™ e o

CH,Cl, 0 C’'3h

14 15

' 68 69% yi€ld
‘ | 66 70% €e

(R)_17

Scheme 6
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In 2013, Kita et af® reported higher enantioselectivities for this spirolactonisation using a
new precatalyst R)-20. This spirobiindane derivative has an ethyl group in tippgtion to
the iodine and when applied to the spirolactonisation of different naphthol derivatives 18. The

19 were afforded in excellent yields and enantioselectivities of up to 923¢ckeme 7).

R> OH (R) 20 (0°15 equivy RS O
co,H MCPBA (1'3 équiVy

OO ACOH (1 equiv) “
R4 Rl CH,Cl,0 C'712h R* R!

R3 R2 R R?
18 19
50 97% yi€ld
79 929 €€

Scheme 7
In 2010 Ishihar&t al?® designed and prepared severas@mmetric chiral iodoaren&i
and examined them in catalytic oxidative spirolactonisation reactions. Similar to Kita’s
catalyst (R)-20) higher enantioselectivities of up to 92% ee were observed by using 10 mol%
of (R,R}21and 1.5 equiv of @PBA as ceoxidant which generated the chiral iodane(lll)
catalyst in sitScheme 8). The same authors showed that the selective oxidation of the
double bond into an epoxide occurred when uamgxcess of @PBA in this reaction with

good yields and diasteroselectivity.

17



OH (R'R)21 (10 MOI%,) %05
Yy e L
CI_—ICI3/CH3qN:02
[ 200r 0 !
15
4 40794% yield
80 929 €€
SHN J\:/o@/o% NHM
(R'R) 21
Scheme 8

In 2013, Ishiharat al?® employed their @symmetric chiral iodoarene 25 thetandem
enantioselective catalytic oxidative dearomatisation of phenols 22 and theAbiels
reaction. The active hypervalent iodine(lll) species 26 was generated firositthe G-
symmetric chiral iodoarene 25 andCRBA. As a result high to excellent enaselectivities

were observed for the desired cycloheradne spirolactones 23 and the subsequent-Diels

Alder adducts 24Scheme 9).

18



OH 25 (5 10 MOI9%)
N CO,H MCPBA (1'2 equiv)
R
l MEOH (25 €quivy or HFIP (50 eqUIV)
CH,Cl,' 10 € orcH,cl, 20 ¢ |
22 18 24 h
o)
(one pOt)
24
66 98% yi€ld’ 89 99% €€
MesS Mes MesS |\/|es\

H H-. L..--H
)\ [ 41\ L\|/ ] \N/&O
MCPBA K__/O O\H
|n Situ
26

L ligand’ Mes=mesity|

C
Q
<

Scheme 9
In 2013, Harned et &P prepared the new chiral aryl iodide fwatalyst 2Qerived from 8
iodotetralone and tartaric acid and used it with 2.2 equivalent€BBA as ceoxidant in

the asymmetric oxidation of phenols 27 to provide the paiaols 28 with moderate to good

yields and enantioselectivities (Scheme 10).
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G 29 (10 MOl -
R MCPBA (2'2 equiv)
R2 MECN/H,0'0 COrft  R27>y
R3 R3 OH
27 28
21 79% yield
6 60% €€

Scheme 10

1.5.3. Functionalisation of Carbonyl Compounds

$OQRWKHU LPSRUWDQW DSSOLFDWLRQ RI FHctiomadakonrSHUY DO

of carbonyl compounds.

In 1997 Wirth and cavorkersS® UHSRUWHG WKH |LUKWNoSHQIMQ@W LRVHOHFWL
propiophenone 30 utilisinghiral hypervalent iodine(lll) compounds 82 stoichiometric
reagents. They obtained the expected produetiBill15% ee demonstrating that this was a

viable strategy for the preparation of A@temic chiral compounds (Scheme 11).

Et
“ome
/s )
0 TbH oTs
ph)J\/ 32 Ph)KK
- g oTs
20 CH,Cl, 10 & 31
27% yield
159 €€
Scheme 11
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In 1998, the same groups reported derivatives of chiral hypervalent iodine reagent 32 in
which they installed an extra ortho substituent on the benzene ring and examined these
catalystsLQ WKH HQ D QaitdRwaton bff pMploghidnone, which afforded tosylates

in up to 28% eé! and with slightly improved enantioselectivities oftopt0% ee in 20032

In 2007, WirthetaP®* LQYHVWLJIJDWHG WKH ILUVW HQDQWLRVHOHFWL
oxytosylation of ketones by chiral hypervalent iodine catalyst. One year later, they

synthesised several chiral iodoarenes reagents and used.tQ@ernbKytbsylation of

propiophenone derivativeX) using 10 mol% of 38nd nCPBA as a stoichiometric oxidant

and paratoluenesulfonic acid (TsOH) afforded the product 35 in up to 39% ee (Scheme

12)3

33 (10 MOlop)

o) MCPBA (1'5 equiVy o
TSOH (1'5 equiv
MECN’ I't’ 48 h OTS
30 31
( s | 42%yield
: 3 399 ee
|
33
Scheme 12

In 2010, Wirth et af® prepared more chiral iodoarene catalysts 37 and employed them in the
H QD Q W L R \okiy@sylatir_of ptopiophenone but only 26%vess obtained with 70%

yield. Furthermore, they investigated this catalyst in the lactonisatetior of 5ex0-5-
phenylpentanoic acid 35, however poor or no enantioselectivity was obtained for the desired

product 36 (Scheme 13).

21



37 (10 MOlgey
o TSOH'H,0 (20 Mol9g)

o
MCPBA (12 equiV) o 0
36

)

MeCN’ 't 48760 h

35
p 64% yi€ld
304 €€
(L7 0
| Br
37
Scheme 13

One year later, in 2011, Zhaertjal*® prepared new chiral iodoarer®)}-40 and derivatives
containing a spirobiindane scaffold and tested their chiral inducing ability as a catalyst in the
D V\P P H Wosllokylation of ketones 38 usimgCPBA as a stoichiometric oxidant. An
enantioselectivity of up to 58% ee was achieved fdét ttesyloxylated ketones 39 (Scheme

14).

(S) 40 (10 MOI%g

o) MCPBA (1'5 équiV) o
' TSOH (1'5 equiv R
RJ\/R ( ) > R)Kr
EtOAC I't’ OTS
38 39
R ~aryl alkyl 8'53% yield
R ~alkyl' Ph 8 58% €€

Scheme 14
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In 2012, Moran and Rodrigu&zprepared chiral iodoarenes 4dad41b and they tested 41a
as a precatalyst with l©€PBA as the coR [ L G D Q Woxy@sWatoH of propiophenone 30
observing a good yiel(67%) and 18%e. Also, an improved enantioselectivity of up to 51%
ee was obtained for the lactonisation aXs-5-phenylpentanoic acid 38 by employing pre

catalyst 41band n€PBA to obtain the corresponding lactone 36 in 47% yield (Scheme 15).

412 (10 MO|9)

o) MCPBA (3 €qUiV) O
p TSOH (3 €quiv
Ph)J\/ ( ) - Ph
MECN?’ It OTs
30 . 31
67% yield
Ph 18% €€
N
O H OH
412
41b (10 MOI%
0 MCPBA 3equiyy O o o
TSOH (3 equiv o
wooe_ M, PTG 0
CH,Cl,' Tt P
35 36
47% yield
519 €e

Scheme 15

In 2012, Legault et & published the activity of new chiral iodoarenes 4Pascatalysts in
W K-bkytosylation of propiophenone 30. They found that the enantioselectivity slightly
improved to up to 54% ee by employing this new family of iodooxaztlased catalysts in

WKH HQD QW bytedylatibinFoi\pkopibphenone 30 with moderate yields (Scheme 16).
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42a°d (10 MOIog)

o) MCPBA (3 equiV) O
TSOH (3 equiV
MECN/CH,CI, (1:1) oTs
30 ' 24 h 31

43% yi€ld
54% €€ (S

N
//>-Ph
o

42C Cl

72% yi€ld
44% €€ (R)

N
/ -uPh

@)

42d

56% vyiéld
309 €€ (S)

80% yi€ld
48% €€ (R)

J

Scheme 16

Berthiol and coworkers designed a new family of hypervalent iodoarene organocatalysts
based on -dWodo-BINOL-fused maleimides 43. By applying these new catalysts in the
propiophenone oxidation reaction, the enantioselectivity for the expected product was similar

to that previously reported using structurally different organocatalysts (Schedfe 17).
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43 (10 MO|9p)
MCPBA (1'5 equiv)
TSOH (1'5 eqUiV)

O

o}
Ph)J\/

30

CH,Cl,* 20 & 60h

Y

_—

oTs
31

r

R
o @)
SN
O
O
99 .
|

43

\ 21 55% yield
20 46% ee

Scheme 17

In 2015, Legault and Basdevétiroposed a new strategy for this reaction in which the
possibility of higher enantioselectivity could be achieved by using enol derivatives instead of

ketone substrates. This would force the reaction to proceed throudbrad€d intermediate

pathway instead of through arl®nded iodane intermediate (Scheme 18).

Old strategy

-

J

J

o) Chiral AT ©
2 I(llly catalyst \, OTs| 5,2 A R?
+
Al _RZ i cadyst . 2RO
38 le\/Rz 39
L Lower enantjose|ect;Vity
New strategy
OR3 chiral O o
N , ,
le\sz (i caralyst RlJKrR Sn2 AR
+ A" oTs
44 ‘OTS . 39 -
L High€r enantjoselectiVity
Scheme 18
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Using this approach, Legault and Basdevant achieved enantioselectivities of updge 90%
using chiral iodoarene reagents 45 with enol esters 44 as substrates. Eamobé4
synthesised readily from the corresponding ketones or alkynes (SchefA&a8).
stoichiometric and catalytic conditions successfully worked in this reaction. The excellent
enantioselectivity was obtained when the reactias warried out in a catalytic system, using

20 mol% of the catalyt5 with slow addition of a 1:1 mixture ofGPBA/TsSOH.

4515 eqUiV)
OAC MCPBA (1'5 eqUiV) O

2 TSOH (1'5 equiv R2
RPN ( ) Rlikg L 45

MECN’ ' 0°'5 24 h
44 39 >80%

8 94% yield
18'89% €e

Y

Scheme 19

Wirth and Mizar showed that the lactdtased hypervalent iodine reagentcah be

successfully employed in stereoselective reactions of cyclic enol ethieysd@leophilic

attack on the silyl enol ether. This process provided access to several nitrogen and oxygen
substituted cyclic ketones 47 with moderate to high enantidséties and yields (Scheme

20)4
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MECN/CH,CI, (1°1)
N 25 & 274nh
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45 87% yield

46 77 949 €e
NU = NEt,’ NHTS’ NH,’
OH’ OAC’ OMe
( 0 I(OAC), O
SR CEtu
21
Scheme 20

In 2014, Kitaeta? GHYHORSHG DQ DV\PPHWULFdit@boRULQDWLRQ UH
compounds catalysed by chiral iodoarene 50. This was the first example of the
HQDQWLRVHOHFWLYH |-ReoRdtbrs@®ampléyRg b ehlytity syRén R |

consisting of a chiral iodoarene catalyst, HF/pyridine as the fluorine sourceCiigiAras
thecoR[LGD QW ZKLF K-findti QU GuhéeIsedted#d with moderate yields and

enantioselectivities (Scheme 21).

(S) 50 (15 MOlogy

O MCPBA (1'3 equiV) O
HF/pyridine (10 equiv
Tojuene: ry 12745 h F
48 r 49
R™ L MeMthyl 63% yield
659% ee

Scheme 21
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1.5.4. Functionalisation of alkenes

One of the most important reactions in organic synthesis is the asymmetric oxidation of
alkenes which allowthe fast preparation of polyfunctional chiral compoutids. particular,
investigations using chiral hypervalent iodine reagents for this purpose have been reported by

numerous research groufyg®

In 1997 Wirth and Hif® preparedtiree different chiral hypervalent iodine(lll) compounds 32
a-c and tested them in the asymmetric oxidation of styrene under the same conditions that
WKH\ SUHY LR XV O\oxtasyl@ianvofiketones (Btherhe.11 and 12). Either the
dioxytosylated pwducts 52 or the mono(tosyloxy) mono(hydroxy) products 53 were obtained
in up to 21%ee.Shortly after, Wirth and Hitt functionalised these reagents furtbgr
introducing a methoxy group in the ortposition to the iodine atom and the

enantioselectivity was slightly increased up to 53% ee with 34a for dioxytosylated products
52. Three years later, the same research gfaspieved up to 65% der dioxytosylated

product 52 using chiral iodine(lll) 34b (Scheme 22).
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Scheme 22

In 2004, Zhdankiret al*® prepared new chiral amino adi@rived iodobenzene dicarboxylate
(S,S56. 7TKH\ HPSOR\HG WKLV UHDJH Q-lddacarhaxyldtiehGdacioch @ QLR Q L
cyclohexene 54 and dihydropyran 55 whafforded a 1:1 mixture of both diastereomers of

57 and 58 in high yield (Scheme 23).
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Ph,PI’ PhCI
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54

CH,Cl,’ reflux 10 h

55

70% yield
11dr

CH,Cl,’ reflux 2 h
57 58

89% yield
1:1dT

(S'S) 56 (3'0 equivy o
Ph,PI
| - 5 NHBZ
0~ "0
O n

Scheme 23

In 2007, Fujita et at’ prepared two optically active chiral hypervalent iodine(lll) reagents
(R)-62 in which chiral ester derivatives were used instead of chiral amides. They employed
these reagents in the development of a tetrahydrofatmylprocessf acyloxybutenes
(Z/IE)-59. The tetrahydrofuran products 60 were obtained in up to 64% ee with a small
amount of oxdautyl benzoate 61 being formed (Scheme 24). They also showed that the
enantioselectivity was dependent on the electrophilic addition of iodine(lll) toward the
double bond, the substituents on the acyloxybutene subsiratéke nucleophilic addition

of the acyloxy group toward the double bond.
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R1 = Me’ Ph 60 61
R2 = H' Me 16 73% yield 5 23% yield
RS~ SiEty H 20 64% €€

[Cone
I(OAC),

(R).622' R~ Me
(Ry62b’ R~ t BU

Scheme 24

Three years later, Fujie al*® synthesised a new family of lactaterived optically active
hypervalent iodine(lll) reagentR)-64ce and R R)-68. They utilized these reageimsthe
enantioselective oxidative lactonization of orthl&enylbenzoate 67 using stoichiometric
amounts of these iodanes in the presence of dnanesulfonic acid or acetic acid. The
FRUUH YV SRcp6das @Awere formed with high regioselectivity and up to 97% ee

(Scheme 25).
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62€' Rl = Me’' R2 = Me' R3 ~ Ph

Scheme 25

The same research group prepared several oxyisochromanone natural products following
their process using chiral hypervalent iodine reagent generated by sifpplying a catalytic
amount of chiral lactatbased iodoarene with a stoichiometric amounh@GPBA in the
enantioselective oxylactonisation of an ortilkenylbenzoate derivatives .66
Hydroxyisochromarit-one derivatives 67 were obtained in excellent enantioslectivities with
moderate yields which resulted from the realisation of racemigerdiids by a direct

oxidation of 66 by l@PBA. They indicated that the lactate moiety on the chiral iodoarene
precatalyst could be responsible for the high enantioselectivity of oxylactonisation (Scheme

26) .49
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68 (10 15 MOlos) : > ;;\n CeHy,

Coome MCPBA (1'5 equ|v) HO
Ej/\A CF,COOH
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Scheme 26

In 2017, Masson et &P reported the first enantioselective sulforeshd phosphoryl
oxylactonisation of entenoic acids derivatives &®diated by a chiral aryP-iodane.

They used a stoichiometric or catalytic amount of chiral iodoarene 21 andeatimederate

to excellent enantioselectivities for sulfonylexand phosphoryloxy-butyrolactones 70 and

71 with acceptable yields (Scheme 27). Notably, high enantioselectivities with lower yields
were obtained when a stoichiometric amount of chiral icetsaewas employed. However,
using a catalytic amount of chiral iodoarene provided the desired product with lower

enantioselectivities and higher yields.
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HNJKFO OQJ\NHMG
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MCPBA (4'0 equiv) R 0
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: 45 C'120 h 0 '
R R R or 21 (10 m0|%) 3 /\P\ '
R = OPh'OBZ MCPBA (2°0 €qUiV) —0O" R

69 OPo Et,Q/TFE (9°1) -
0 C72h 3 _
51 88% vyi€ld
70 949 €€
Scheme 27

In 2011 Fuijita et a?* developed the enantioselective Prévost and Woodward reactions by
employing hypervalent iodine(lll) reagen®){62a and R)-62c in the oxylactonisation of
alkenes 72. They selectively observed two products depending on the nature of the
nucleophile. When the water was added at thegtion of 1,3dioxolan2-yl cation
intermediate 74 the syproducts $yn73) were obtained in moderate yields with up to 96%
ee. However, when the acetic acid was added at-posiion of the cation intermediate 74

the antiproducts &nti-73) were isolated in good yield and up to 96% ee (Scheme 28).
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Scheme 28

Mufiiz et al®?successfully achieved the first example of an enantioselective diamination of

an alkene using Fujita’s iodan& R)-65. Theyemployed this chiral hypervalent iodine(lll)

reagent in the enantioselective diamination of styrene derivatives 75 which generated
enantiopure diamines 76 moderate to good yields with excellent enantioselectivities of up

to 95% (Scheme 29). In 2013, the same research group investigated new dinuclear binaphthyl

iodine(lll) reagents in the same reaction and obtained the product 76 with up to 32% ee.
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In 2016, Ishihar&t al®*illustrated that the important structural force in chiral hypervalent

iodine reagents is a selective hydrogen bonding arrangeFRigatd4.

OO

=
i

784

H
Ar\N/
O Z

Figure 4

They described the first enantioselective catalytic diacetoxylation of styrenes by employing
chiral hypervalent iodine 78b as a catalyst under mild conditions and the corresponding
dioxygenation products 77 weaforded in good to high yields with up to 94% ee (Scheme

30).
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Scheme 30

In 2007, Wirth et aP°reported the first efforts towards the enantioselective aziridination of
alkenes employing two methods. First, employing chiral iodoarene 50 undsr Che
conditions:® and second using stoichiometric Imamoto’s redgéont Both reagents

provided the expected aziridine 81 in low enantioselectivity (Scheme 31).

0 o Ph
50 0r 10 (1 equiVy
Py D+ N—NH, - N-N
CH,Cl' Tt
79 5 o Ph
80 o1

With 10’ 10% yield’ 3% e
With 50’ 60% yi€ld’ 8% €€

3, QI
0 |
'|—Ph |

e
50
10

With MCPBA (1'8 €quiVy
and K,CO4 (3 equiVy

Scheme 31
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In 2012, Wirth et aP’ investigated the first stereoselective oxyaminations of alkese
derivatives 82 promoted by Ishihara's reatfgii® R)-21, to give bicyclic compounds 83 in
good yields and up to 96% ee. However, derivatives of 83 were cyclised in only low to

moderate eantioselectivities (Scheme 32).

(R'R)-Zl (12 €quiVy

0 TMSOTF (2 equivy JZITS
TSNH, (0’5 equiV N
S oy LS
o 78 & 3n Ph
83
72% yi€ld
96% €€
NCeH4 4 CF, NCGH4 "4 CF,
S CeHa
84 85 86
45% yi€ld 30% yield 80% yi€ld
399 €€ 799, ee 61% €€
Scheme 32

In 2014, Wirth et aP® synthesised a new chiral hypervalent iodine(lll) reagent 90 and used it
as an efficient reagent for the enantioselective intramolecular diamination of alkenes. A
stoichiometric amount of 90 afforded the desired bicyclic products 88 in good yields with
excellent enantioselectivities of up to 94%. They alsltieved moderate enantioselectivities

using 20 mol% of precatalyst 91 with sodium perborate asoxicant. This led to formation
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of the bicyclic products in good yields and up to 86% ee. The Cbz and (X) groups were easily

removed by reduction using lithium aluminium hydride and resulted in free diamine products

92 (Scheme 33).

ome
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1 ACO” NoAc
2 R2
H n RERZR

90 (1'1 equiv) N
N N\M
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N
| N X\N/Cbz
H pPh PhR | NF N
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87 I\';‘I‘GCC,‘NN-" (35 ,' 5) ) 45 72% yield
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Pd/C’ H,
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With LiAIH,
H
N 2
Ph “R1
P
89

Scheme 33

In 2013, Nevadet al®® reported the first regioselective aminofluorination of alkenes by the

synthesis of a new chiral aryliodo difluoride reag@t The aminofluorination of alkenes 92

39



proceeded with high regioselectivityithout any additive bgmploying stoichiometric
amounts of 94. Thseix-endoeyclised products 93 were isolated79% yield with up to 88%
ee. The same authors expanded the procedure to give BeMdn E H UltbGnated
azepanes 96 in good yields and up to 77% ee using 94 glitla@atalytic amount of a gold

complex ([2PicAuNTf,]) was required (Scheme 34).

Rl Rl . Rle R2
O N oh@s ey Ry R
R2 Tojuene: ry 17 h
92 F
_ 93
R~ TS CbhZ - .
RL= any] 63 90% yi€ld
= aui/ | 61 88% €e
R< ™ alky

98 (2'5 equiv)

R, R o F,
CH,Cl, Tt 274 d N T
R

95
96

46 64% yield
61 779% ee

Scheme 34
One year later, Kita at ¢ developed a catalytic system for the enantioselective
intramolecular aminofluorination of alkenes. They used a catalytic amount of chiral

iodoarene 50 in the presence d@BPA as the coxidant and the less costly fluorine source
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HF. The expected fluorin@d products 97 were obtained in good yields and up to 70% ee

(Scheme 35).

(R) 50 (15 MOl%)
R R MCPBA (1'3 €quiV) R

N NHPG HF (10 €quiv) RAOI/PG

Toluene: rt 12745 h

95 :
PG™TS'NS 97
R = Ph' Me

43 65% yield
45 70% €€

(R)_SO

Scheme 35

Very recently, Jacobsat el®° described the enantioselective catalytic difluorination of
alkenes by a chiral iodoarene with a nucleophilic fluoride source @RB as a

stoichiometric oxidant. They prepared chiral aryl iodi@®® and utilised it in the
enantioselective 1;d8ifluorination of cinnamide 98. The expected product 99 was obtained in

moderate yield and excellent enantioselectivity of 93% ee (Scheme 36).
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Scheme 36

In the same year, the same authors reported the development of an enantioselective catalytic
fluorolactonisation reaction for the synthesis dfubroisochromanones 101 induced by

chiral iodoarene reagents 102 usingpiffidine as a nucleophilic fluoridsource and

MCPBA as ceoxidant. The expected products containing fluctiearing stereogenic centres
were formed with excellent enantioselectivity (Scheme®3They also found that the
regioselectivity of the lactoragion reactions obtained using this nucleophilic fluorination
systems was the same as when using asymmetric electrophilic fluorination systems

previously establishef.
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Scheme 37

In 2016, Fujita et at? achieved enantioselective oxidativeQdond formation with chiral
hypervalent iodine reagents under métaé conditions. They applied their lactdt@sed

chiral hypervalent iodine reagents &2d 65 in the enantioselective intramolecular
oxyarylation of alkene substrates 103. Thiif®rded the carbocyshtion products 104 with
high enantioselectivities of up to 95% ee. The presence of a silyl protecting group on the

alcohol led to higher selectivities (Scheme 38).

OR
62a'b Of 65 (20 MO|9) 3
= CH,Cl,’ 8010 40°C'16 h
103 104
R ~ H TBS 39 90% yield
61 95% €e
O
0 0
0L =y e
|(OACy, :
622 R i Me (R’R)_65
62b’ R ~ tBU

Scheme 38
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In 2013, Wirth et af*achieved the first stereoselective rearrangement reactions of aryl
substituted alkenes 105 mediated by chiral hypervalent iodine(lll) reagents 21. The
rearranged product 1@8as obtained in high yield with enantioselectivities up to 99% ee
(Scheme 39). They proposed a reaction mechanism in which the double bond of the alkene is
activated by the hypervalent iodine reagent to generate intermedndteci is stabilised by

the formation of a phenonium ion Bllowed by a second nucleophile attack to generate the

1,2-migration products 106 (Scheme 40).

(R'R) 21 (1'5 equivy O  OCH,CF,4

TMSOTf (3 equiV)
RJ\/AAr > R OCH,CF;
r

CH,Cl,/CF;CH,OH (1:3)

105 40 €015 & 14h
_ 106
R ~ alkyl' ary| - -
Ar = ary| 8 92% yi€ld
52 999, €€
|(OAC),
HN)K‘/ \©/O\)J\ NHME
(R’R) 21
Scheme 39
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Very recently, Wirth et at* developedhe stereoselective rearrangement of different
disubstituted alkenes 107 under b&ee conditions using chiral hypervalent iodine(lll)
derivatives 7 KH\ R E VafiyatedHketones 108 in moderate to good yields with high
enantioselectivities of up to 92% (Scheme 41).

(R'R) 65 (1'5 equiV)

P TSOH (1°2 €quivy o)

R . MEQOH )J\/RI
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: ! !

78 © 159 A
107 108
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OV@OJOW
(R’R)_65
Scheme 41
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In 2016, Silva Jr et &P investigated the asymmetric oxidative rearrangement of non
functionalsed olefins mediated by chiral hypervalent iodine(lll) species generated in situ
form chiral iodoarene 111. They utilised various dif2ydronaphthalenes derivatives 109 in
the asymmetric ring contraction reaction using their metal free conditions and obtained
optically active isubstituted indanes 110. These were isolated as either an acetal or an
alcohol in high enantioselectivities of up to 78% ee with very short reaction times (Scheme
42).

iy (R'Ry 111 (20 €quivy 0 |

MCPBA (2'0 equivy \_OR
(") CSA (20 équivy :

= iiy MEOH (50 equiv) =

TFE/CH,Cl,’ (1:1 110
109 i 222 () -

40 10778 & 5min R = H or alkyl
R = OAC’ OBZ'NHAC 41 88% yield

34 78% ee

(R'R)_lll

Scheme 42

In 2014, Muiiiz et af® studied the oxidative amination of allenes mediated by a chiral
hypervalent iodine reagent 68. They subjectgahényl allened.12 to their conditions
without any additive and the corresponding internal propargylic amineswdrE3obtained
with low endioselectivity and moderate diastereoselectivity. After the combination of the
hypervalent iodine reagent with triphenylphosphine oxide the internal regioisomer was
observed with a slight improvement in diastereoselectivity and an increase of the
enantiomec excess up to 22% ee (Scheme 43).
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2. Aims and objectives

Tetrahydrofuranylation of btB-enyl benzoate 115 was carried out by Fujita & aking the
optically active hypervalent iodind) reagents 62bn the presence of BFOE® in
dichloromethane af78 °C. This process gave exclusivelp@izoyloxytetrahydrofuran 116

in 48% vyield and up to 58% ee

0 62b ) ) [O)
BF.-OEt, (1'3 équiv .
Ph)J\O/\/\ 3P ( g =) Ph)J\O\‘
115 116
f yield = 48%
@)
o) J<
j)ko
|(OAC),
62b
Scheme 44

1. The objective of this work was to developatalytic enantioselective cyclisation
reaction of substitutedut3-enyl benzoatemediated by iasitugenerated chiral

hypervalent iodine species at room temperature.

2. The second objective of this work was to develop a catalytic enantioselective

cyclisation of amide analogues using chiral aryl iodigtle®om temperature.

- r
@) in sjtu generatjon j‘\
Of i0dine(lll) N=~0
A _
A N/\Mﬁ\ Xi — Ao
H OXidant n
so|vent rt’

48



3. The third objective of this work was to develop catalytic conditions for the
cyclisation of propargyl amides and the enantioseledivd-OLVDWLRQ R

amidoketones.

O
M
r
A H/\R o

in’sjtu generaton )\
OR Of iodine Il NZ 0
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Ar)J\ /\)J\R
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3. Results and Discussions

3.1.Cyclisation reactions of esters containing a pendent alkene.
Previously in the Moran grouip.Hammet and E.Bennett unpublished results) optically
active iodoarenes were prepared and employed as catalysts in the oxidative cyclisation of

substituted buB-enyl benzoates 115 to form thén@droxytetrahydrofuran estet46

(Scheme 45).
O Chiral jogoarene O ;[c}
©)Lo/\/% selectfiuor: Acid ©)LO
S 2:1 MEOH/MECN’ It S
115 116

18 71% yield
11 87% €€

Scheme 45

It was found that separation conditions for the phenyl cyclisation prod@at(RL= H) could
not be obtained on our chiral HPLC columns therefore enantioselectivity could not be
ascertained. For this reason simple derivatives dil®ere prepared and sied. All of the

products 116k could be separated by chiral HPLC.

The cyclisation reactions were performed, first with iodobenzene to generate racemic samples
of products 115 ityields reanging from :88% Then the reactions were repeated using
catalytic amounts of the chiral aryl iodide 1281ad 123a to generate the chiral iodine(lll)

speciesn situin the presence of Selectfluor as oxidant (Scheme 46).
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Scheme 46
The analogues 116l were synthesised to see how the various arene substituents affected the

yield and enantioselectivity and the results of these cyclisations are summarised in Table 1.

Entry Substrate Catalyst Yield®P % e€ %
1 115b 120a 71 20
2 115c 120a 32 17
3 115d 120a 42 17
4 115e 120a 51 14
5 115f 120a 19 16

51



6 115g 120a 18 26

7 115h 120a 30 11

8 115b 123a 20 87

[a] The reaction was typically carried out in acetonitrile (ImL)s@H, rt, 1836 h.
[b] Yield calculated after column chromatography.
[c] Determined by chiral HPLC analysis.

Table 1

Generally, the highest yields were observed when R was an electron donating group such as
p-methoxy 116kand pt-butyl 116eas these gups rendered the ester more reactive. Other
analogues were prepared, but these cyclised in very low yields. The highest enantioselectivity
obtained was 87% ee for theMeO substrate 115bsing 2:1 MeOH:MeCN as solvent,

dimethylamine derived amide cataly®?3a, and TFA as acid.

Importantly, the catalytic reaction was only found to occur using Selectfluor as the oxidant:
mMCBPA, Oxone, HO. and sodium perborate were all found to be ineffective and starting

material was recovered.

With these results in hand, the intention to reproduce and improve the previous results of our
groupwas attempted agaifirst, starting material 115ksed for the cyclisation reaction was
prepared in 93% yield in one step from treatment of readily availatnletpexybenzoyl

chloride with 3butenol in CHCI; in the presence of base {8} and DMAP at 0 °C/

Combound 115evas also prepared by our group in 74% yield (Scheme 47).
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Scheme 47
Next, the synthesis of several chiral iodoarenes using a Mitsunobu reaction was attempted.
Following the literature procedure reported by Tsujiyama and coalftiisdoresorcinol
118 was prepared from resorcinol 117 with iodine using NaidTRen a double Mitsunobu
reaction of 118vith optically active ethyl lactat®19a was effected with diisopropyl
azodicarboxylate (DIAD) and triphenyl phosphine (E)Rb give the ethyl lactate derived
aryl iodide (20a) in 73% yield. Diester 120a was hydrolysed with NaOH to give the chiral
C2-symmetric acidl21 in quantitative yield. The chiral acid 121 was converted into the acid
chloride122 using oxalyl chloride and treated with dimethyl amine to generate amide 123a in
60% vyield. We also synthesised the noves@mmetric chiral iodoarene 12@md 123b via
esterification to give 120m 50% yield and amidation to give 128b54% yield (Scheme

48).
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Scheme 48

The utility of using catalytic amounts of these chiral iodoarenes for the enantioselective
cyclisation of 115b to tetrahydrofuran 118bthe presence of Selectfluor as oxidant using
different acids and solvents was examined (Table 2). Firstly, the readtioh20a using the
conditions shown in scheme 49 was repedtedortunately the yield was very low and as a
result, the enantioselectivity was not obtained (entry 1). The use of diestegd\&dh16b
with 41% ee (entry 2). In contrast, the use offvid{alkylamides) 123a anti23bfurther
increased the enantioselectivity (entries 3 and 4) NBis(hethyl amide)l23a was the best

precatalyst for enantioselectivity giving 116lith 77% ee but with low yield 20% (entry 3)
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and the use of biskdiisopropyl anide) slightly dropped the enantioselectivity to 65% ee but
with better yield 34% (entry 4).

The cyclisation reaction of 115kas carried out previously in our group with chiral catalyst
123a and the enantioselectivity for tetrahydrofuran Irsgiorted wa87% ee. However,
separation of the peaks via chiral HPLC was not complete when using 3% isopropanol and
97% hexaneThisanalysis was repeated to improve the separation by washing the chiral
HPLC column with ethanol (HPLC grade) and changing the HPLC conditions to 3% ethanol
and 97% hexane. This resulted in complete separation of the peaks and the highest

enantioselectivity observed was 77% ee.

O
o] Chiraj jogoarene O /E)
0" X Se|ectfluor: ACid - 0
R o 2:1 MEOH/MECN' It _
115b R~ p OMe 116b R ~ p OMe
115fR " pi Pr 116f R " pi Pr
Scheme 49
Entry Precatalyst Solvent Acid Yield % ee %
1 120a MeOH:MeCN (2:1) TFA >10 N.D.
2 120b MeOH:MeCN (2:1), Triflic acid 33 41
10 equiv HO
3 123a MeOH:MeCN (2:1) TFA 20 77
MeOH:MeCN (2:1), Bis(trifluoromethane) 35 65
4 123b 5 equivHO sulfonimide
N.D. = Not Determined
Table 2
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The use of-butyl ester catalyst 120bas investigated next (Scheme 50) and the results are
showed in Table 3. Previous investigations within our group and gttfeisave shown that

the solvent composition is important in enantioselective reactions with iodine(lll) reagents.
First MeCN in the presence of TFA for the cyclisation reaction with 10 mol % of waeb
screendwhich afforded the product in low ee and 22% vyield (entry 1). However, it was
decided to use the same optimised conditions (2:1 MeOH:MeCN, acid and Selectfluor at rt)
that were used by our group for this reaction with 120a. The use of a 2:1 mixturthahole
and acetonitrile with either TFA or triflic acid did not improve the yield b (entry 2, 3).
However, when 10 equivalents of® and triflic acidwere usegdthe enantioselectivity of
116bincreased to 41% ee and the yield increased to 33% @ntiry contrast using the
stronger acid bis(trifluoromethane)sulfonamide afforded 116b in low yield (entry 6).
Unfortunately other solvent ratios of methanol and acetonitrile gave the product in very low

conversion therefore the enantioselectivity wasatmained.

0 120b (10 MOl o
selectfluor (2 equivy Eo
O/\/\ > O
acid (2 equiv) @

Meo sojvent: r Meo
115b vent t 116b

Scheme 50
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Entry Solvent Acid Yield % ee %

1 MeCN TFA 22 1

2 MeOH:MeCN (2:1) TFA <5 N.D.
3 MeOH:MeCN (2:1) Triflic acid <5 N.D.
4 MeOH:MeCN (2:1), 5 equiv O  Triflic acid <5 N.D.
5 MeOH:MeCN (2:1), 1@&quiv BO Triflic acid 33 41

6 MeOH:MeCN (2:1), 10 equiv ¥D Bis(trifluoromethane) <5 N.D.

sulfonimide

N.D. = Not Determined

Table 3
Next, the reaction conditions veeoptimised with catalyst 123a in the presence of Selectfluor
at room temperature (Scheme 51). As shown in Table 4, the highest enantioselectivity of
116bwas up to 77% ee, which was obtained with low yield when a 2:1 mixture of methanol
and acetonitrile with trifluoroacetic acid (TFA)ere used together (entry 3). Otherwise, the
use of a 2:1 mixture of trifluoroethanol and acetonitrile increased the yield up to 83% but the

enantioselectivity unfortunately dropped off to 35% ee (entry 6).

As mentioned above the enantiomeric excessngadetermined when the product 116b was
obtained with very low conversion using other solvent ratios of methanol and acetonitrile
(entries 2 and 4). Notably, solvents such as dichloromethang&(§Hetrahydrofuran

(THF), and toluene were also screened but no cyclisation product was formed.
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1232 (10 MOlo)

0 X _
Selectfluor 2 equiv
MeO acid eqU|V e
115b Q/enp r MEO 116b
0] 0]
123a
Scheme 51
Entry Solvent Acid Yield % ee %
1 MeCN TFA 21 34
2 MeOH:MeCN (1:1) TFA <5 N.D.
3 MeOH:MeCN (2:1) TFA 20 77
4 MeOH:MeCN (5:1) TFA <5 N.D.
5 MeOH:MeCN (1:5) TFA 14 35
6 TFE:MeCN (2:1) TFA 83 35
7 MeOH:MeCN (2:1), Bis(trifluoromethane) 35 33
5 equiv HO sulfonimide
N.D. = Not Determined
Table 4
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Next, these investigations we carried out using a catalytic amount of chiral aryl iodide 123b
in the enantioselective cyclisation reaction of 1irbthe presence of both different acids and
solvents (Table 5). When the reaction was performed with bis(trifluoromethane)sulfonimide
using a 2:1 mixture of methanol and acetonitrile as solvent witadtigion of water (5

equiv), a slightly higher enantioselectivity up to 65 % ee and 35 % yield of the desired
product 116bwas obtained (entry 4) compared to performing the reaction without water
(entry 3). In contrast, low conversion to 11%hs observelly employing 10 equivalents of
water with bis(trifluoromethane)sulfonimide. Lower yields of the product 116b were
observed when trifluoroacetic acid (TFA) and triflic acid were used in a 2:1 mixture of
methanol and acetonitrile. Therefore, an ee was Intaireed in these cases (entry 1, 2 and 5).
The product 116kvas not produced by using bis(trifluoromethane)sulfonimide as acid and a

mixture of 2,2,2trifluoroethanol (TFE) and acetonitrile as solvent.

O
123b (10 MOI%) O -
O X -
selectfluor (2 equiVv O
M€O acid (2 equiv
115b sojvent’ rt) MEO 116b
N)J\/ij j)k
123b’'R ~
Scheme 52
Entry Solvent Acid Yield % ee %
1 MeOH:MeCN (2:1) TFA <5 N.D.
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2 MeOH:MeCN (2:1) Triflic acid 13 N.D.

3 MeOH:MeCN (2:1) Bis(trifluoromethane) 32 57
sulfonamide
4 MeOH:MeCN (2:1), Bis(trifluoromethane) 35 65
5 equiv HO sulfonimide
5 MeOH:MeCN (2:1), Bis(trifluoromethane) <5 N.D.
10 equiv HO sulfonimide

6 TFE:MeCN (2:1) Bis(trifluoromethane) N.R. -

sulfonimide

N.R. = No Reaction, N.D. = Not Determined

Table 5
finally tried another substrate 11%hs examined with both chiral catalysts 123a and 123b

with the best conditions for formation of the product 1b6bunfortunately the reaction with
these conditions gave the product 1it6¥ery low yield so the enantioselectivity was not

obtained.

A plausible mechanism for the cyclisation reaction is shown in Scheme 53. Utilising
Selectfluor in the oxidation of chiral iodoarenes will produce the active hypervalent
iodine(lll) species, which then coordinates to the alkene substrate and the lone pair on the
carbonyl xygen attacks the activated alkene, resulting imssmbered ring formation 124.
Methanolacts as nucleophile and attatke ing 124 to give the carbocation 125 which then
hydrolysed then followed by proton transfer and ring opening to form alcohol 126 which can

re-cyclise to give the tetrahydrofuran product iiiéh elimination of the iodoarene.
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Scheme 53

3.1.1. Conclusion and future work

In conclusion, three different chiral aryl iodides were synthesised and screened as catalysts

(120b and 123a, b In general the cyclisation reaction of substituted®eahyl benzoate 115

proceeded with low to moderate enantioselectivity by using dimethylamine derived aryl

iodide (123a) but with low yield. Our future work is to find better conditions and catalysts to

obtain higher selectivities and yields and apply these tiondiwith different substrates.
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3.2.Cyclisation Reactions of Amides Containing a Pendent Alkene

Based on the cyclisation reactions of the ester masdian the previous chapter, it was

wished to extend this concept towards the cyclisation of amides. Themwasr&tarted using
catalytic amounts of Phl applying similar conditions to those used for the ester to cyclise the
amide analogues 148cheme 54). Although, it seemed likely that an activating group would

be required on the nitrogen atom to permit formation of pyrrolidine 129.

O 0O NR
’ Xi Nt 1
Ar)J\N/\/\ Phl* OXidant ACid _ )J\ /E)
R MECN’ It Ar~ =0
128 129

Scheme 54

Analogous to the ester mechanism, the active hypervalent iodine(lll) species would be
produced through the oxidation of the chiral aryl iodide using Selectfluor. This could
coordinate to the alkene substrate 128 and the lone pair on the nitrogen atom could attack the
activated alkene resulting in sirembered ring formation i.e. 130. Methanolld be act as
nucleophile and attack thang 130 to give the carbocation 131 which could be hydrolysed

then followed by proton transfer and ring opening to form amine 132 which cecydlise

to give the pyrrolidine product 129 with elimination of the iodoarene (Scheme 55).
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Scheme 55

This study conmmenced with the synthesisufstrate 130a in high yield (86%) using a
literature procedur® The reaction of -amino-3-butene hydrochloride 132 with benzoyl
chloride 133a in dry dichloromethane in the presence of bagg)(rmed 130a (Scheme

56).
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O O

_ Et,N
HZN/\/\ HCl &+ Ph)kCl 3 — ph)J\N/\/\
CH,CI,’0 C H
133a 1282 86% yield
Scheme 56

The next plan was to perform the cyclisation reaction using these conditions: 0.2 equiv. of
Phl, 2 equiv of Selectfluor, 2 equiv of TFA in MeCN at room temperature. After the reaction
was performed we were surprised to find thatkhepectrum was different to that expected

for 129. After further investigations, it was determined thahsembered ring 134a was

formed in moderate yield (Scheme 57). Obviously, the initial ring closure was successful but

the subsequent ring opening anetyelisation did not occur.

Ph
— nAo
0 PhI (20 MOI9%) (_A_OH
ej|ectfjuor equiv
ph)J\N/\/\ Selectitior 2 eqtivy 1342 66%
| .
H TFA (2 equiVv
1282 /E)
X, o
129
Scheme 57

Pleased with this result, we decided to investigate to see the effects on the yields of the
cyclisation with different amides. These substrates were synthesised applying the same
method as fol28a by treating the amines hgdhloride with different acididorides133b-f

to give products 128bin good yields (Scheme 58).
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O o)

HoN" >N X "HCI Et;N
2 + R)J\Cl 5 > R)J\ N/\/\
CH,Cl,’0 C |
H
133b R ~ (p_OME)CgH, 128b R = (p.OM&)CgH, 94%
1330 R _ (p_NOz)C6H4 128C R : (p_NOZ)C6H4 64%
133d R ~ (p ClyCgH, 128d R ~ (p ChCgH, 42%
1336 R ~ 2 fury| 128€ R ~ 2 furyl 63%
133f R ~ Me 128f R = M€ >99%
Scheme 58

The addition of a catalytic amount of Phl and Selectfluor to an acetonitrile solution of
different alkenyl amide$28b-e led to the direct cyclisation to afford 5ghydro-4-H-1,3
oxazine derivativesl@4a<) in low to moderate yield as shown in Table 6. It is noteworthy
that, complete conversation was observed from the NMR but in general the yield was low.
The highest yld (40%) was obtained when the Ar wasitro substituted phenyl (entry 2).
However, the lowest yield (14%) was observed when the aryl group was a furan ring (entry
5). Whereas, when the Ar incorporated electronically donating groups aptistion of the
phenyl ring p-MeO) the yield was 28% (entry 1). When Ar was-ehjoro substituted phenol
the yield obtained for the product 134as only 23 % (entry 4). It is worth mentioning that

the acetamide analogue 1284s prepared in excellent yield, but it failed to cyclise (entry 5).

O Phl (20 MOI%
)J\ 5e|ectfﬁuor (2 equiv) NJ\O
R NM >
i\ TFA (2 eqUivy K)VOH
MeCN-’ It ]
128D f 134be
Scheme 59
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entry supstrate proguct yield %
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veo " N
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Cl

w
Ir-=z2
;;
Z—
§_§O
O
I
N
w

Cl
134d

N
=~
.
Ir-=
;;
@]
Z—
&go
@)
T
~

128€ 134€
O
5 Me/ﬂ\N/“\«/§§ . il
| no reactjon
H
128f
Table 6

Concurrent work in the Moran group had shown thaid®anisole can act as a superior

catalyst than iodobenzene in similar reactions. Considering our results above, we decided to
use 2iodoanisole instead of iodobenzene with the same conditions and tisatoyc

reaction worked well for a variety of arylamides affording the corresponding products in high

in good to high yields (Table 7). The highest yield 83% was obtained when the arylamides
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bearing phenyl ring. Arylamidderivatives bearing electratonding substituents such as
methoxyl at the pargositions of benzene ring provided the desired oxazine in 58% vyield
(entry 2).While arylamides derivatives bearing electsithdrawing substituents such as
nitro and chloro group at the papmsitions of benzene ring afforded the desired oxazine in
slightly higher yields65% and 68%espectively (enyr 3 and 4). Additionally, heterocycle

substrate, 2uryl, also successful reacted to provide the desired oxazine in 62% yield (entry

5).
- _ R

@) 2 i0doanjsole (20 moI%) )\

)J\ selectfjuor (2 equiv) NZ> 0
RSN S X - V\/OH
H TFA (2 equivy

MECN"’ I't -

128a’e 134a €
Scheme 60
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entry Supstrate product yi€ld %

0
NN © H
1 \ S '\Jfo 83
H

128a 134a
o) MEO
AN o)
N = OH 58
2 Meo : N
128b O.N 134b
0] 2
N © OH gg
3 H N
O,N
128¢C 134C
o cl
|
H
Cl
128d 134d
o)
7 | o
5 XN O OH 62
\ 0 \
128¢e 134€
Table 7

Below is the proposed mechanism for the cyclisation reaction. The iodoarene is oxidised to
the iodine(ll) species by the Selectfluor, which then coordinates to the alkene of the

substrate. The lone pair on the carbonyl oxygen attacks the activated alkene, thus forming the
six membered rings. Displacement of the iodoarene by TFA generates an unstabte speci
which can be hydrolysed by aqueous sodium hydroxide solution to form the stable alcohols
134 (Scheme 61).
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Scheme 61

Under similar reaction conditions, the formation of five membered rings has been
investigated by anothenember of the Moran grouplf Alhalib) in which various N

allylamides 137 were prepared in a similar fashion to the above and these amides cyclised to
oxazoline 138 in good yields. Annulations of aromatic substituents bearing electron-
withdrawing groups such ashMe and pOMe worked well and provided the desired products
138band 138an slightly high yields compad to electrordonating groups such as\»

and p€l that afforded the products 138dd 138en 69%yield in both cases. Similarlyhe
heteroaromatic-2uryl substrate was tolerated well undleese cyclisation conditions and
afforded the interesting biheterocyclic product 18879% yield. The success thfe

cyclisation reaction of diand trisubstituted alkenes was found to be dependent on the alkene
substituent. When,1-disubstituted alkersavere subjected tthe cyclisation conditions the

cyclisation reaction worked with the methyl derivative and afforded the product 138g in a
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superior yieldof 81% whereas the cyclisation did not work with the phenyl derivative. One
diastereomer 138vas observed in 56% yield when-@¢i2-disubstituted alkene was
subjected to the cyclisation conditions. However, the cyclisation reactionsobstituted

alkene was unsuccessful (Scheme 62).

- Al
o 2 i0doanisole (20 MO|9p)
)J\ SE|eth|u0r (1 qUiV) )\O
Pz >
MECN’ I't OH
137’ 138a’]

Oome o]
Me [P [ \j

\_K/OH \_&OH OH \_&OH

1382 62% 138b 72% 138C 79% 138d 69%

NO,
ome
: A O
NKNe) N~ ~O

\_& N“>0
OH OH
OH

138€ 69% 138f 79% _
138g R = M€ 81%
o) 138h R~ Ph 0%

N
O

138i (+) 56%

MeO

I
O..

Scheme 62
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With a desire to prepare more substituted products, amides 137] anwvéB¥krepared by a

known literature proceduré@.’*N-Alkenyl phthalimides 140j and40k were synthesised by

thereaction of alkenyl halides39 with potassium phthalimide using®0s in DMF at 140

°C. Compounds 140j ant4Ok were treatedvith ethylenediamine in ethanol & 7C to give

the free alkenylamineshich were directly converted to the amides 137] and 137k by

addition of the acid chloride to provide the products in good yield (Scheme 63).

1 2 O
R K,CO4 R?
@I@ + 3 o N R2
X R® DMF 140 C _
139 X = CI' R1 = CH, o R
R2TR3™H 140§’ 61%
139k: X BRI~ H 140k’ 93%
R?2~ R3~ CH,
Ethy|enediamine
EtOH’ 78 °C
o BB cocrEgN R R
3
|'4 CH,Cl,’ Tt 2
137j' 29%
137k’ 48%
Scheme 63

Finally, by applying reaction conditions to these two amides the cyclisation worked with 137]

giving the corresponding cyclised product 188ja 1:1 mixture of diastereomers in 74%

combined yield (Scheme 64).

2 i0doanisole (20 Mojy
selectfluor (2 equiv)

Ph

N%k

O

0
Ph)J\HJ\/

137j

TFA (2 €qUiVy
MECN’ I't

Scheme 64
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In contrast, no cyclisation reaction occurred when trisubstituted alkeneni&7ised instead

fluorine containing biamide 141 was obtained in 33% vyield. (Scheme 65).

2 jogoanjsole (20 Mo|o,

0 .
P &)\ SEIECHIton (2 eqHi) Néko
Ph N
H

TFA(ZeqUW)

Y
|
c?([
T
|

MEeCN"’ It
137k
0O e} 138k
- Nnot opserveqd
Ph)J\ N NJ\
H H
141’ 33%
Scheme 65

A plausible reactiomechanism for this reaction is proposed in Schemé&ié&, fluorine
cation produced frorBelectfluor attacks the double bond generatmgrmediate (1)
followed by insertion of the acetdrile into intermediate (I) (a Ritter reaction) producing

nitrilium ion (I1) which undergoes hydrolysis to the corresponding amide 141 upon aqueous

work-up.
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Scheme 6

Pleased with the formation of fivand sixmembered rings using oaatalytic conditions,

the scope of the procesms wished to expand to include sevand eightmembered ring
formation. Substrates 144 and 145 were prepared according to the literature procedure
reported by Michael and Cochr&niN-Alkylation of phthalimide with the corresponding
alcohol under Mitsunobu conditions produced a4# 143 in good yield. This was cleaved
with ethylenediamine in ethanol & 7C to give free alkenylamineghich were used directly
in the second step to pare 144 and 145 by addition of the benzoyl chloride to provide the

products in moderate yield (Schemg.67
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0
0
PPh,’ DIAD ©i§N
= >
+ -
NH + HO AN o 5 M\:
O 142N~ 1° 83%

143N~ 2 36%

Ethylenediamine

EtOH’ 78 °C
0
/ PhCOCI P
y EtsN
144N~ 1 12%
145N~ 2 48%
Scheme @

Then, the cyclisation reaction of 144 alvb was attempted using our standard conditions.
The severmembered ring 146 was successfully formed in 30% yield. However, the eight

membered ring 147 was not formed (Sche®e 6

o 27 jogoanjsoje (20 MOl9gy Ph
)J\ /\W selectfjuor 2 equiv) NJ\O oH
Ph~ >N “ -
0 TFA (2 equiV) K_}X\/
MECN’ I't n
144 n = -
en=a 146 N = 10 30%
147N~ 2 0%
Scheme 8

With an effective cyclisation process in hand, it was turneattieation to the use of chiral
iodoarene catalysts in order to see if high levels of enantioselectivity were possible (Scheme

69).
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sejlectfjuor (2 equiv)
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MECN’ It (A0,
1282
134aR~ H
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Vs

R)Krojijog%

1202 R ~ OEt
120b R~ Ot BU
1232 R ~ NMe,

123b R~ N(i Pr),
123C R = NHMES

Scheme 6

Thework on iodoarene$20a, 120h123a, 123kand 123avas focusseds these chiral
iodoarene afforded the best enantioselectivities in the cyclisation of the ester analogues and
have been shown to be effective in several enantioselective oxidation reactions of styrene

derivatives'® The results of this study of precatalysts is swarised in Table 8.

The use of dimethylamide catalyst 123a led to formation of 134a in very good yield with
moderate enantioselectivity of 64% ee (entry 1). Interestingly, the amount of catalyst could
be lowered to 10 mol% without a drop in yield. Varying the temperature of the cyclisation
was also attempted in the hope of improvingaeligy. Performing the reaction at 3¢ and

at -10°C afforded the product in low selectivity in the former case and about the same in the
latter (entries 2 and 3). In the same way, lower selectivity was obtained when
bistrifluoromethanesulfonimide wased instead of TFA (entry 4). Also, when methanol was
used as a solvent instead of performing acetonitrile only the formation of methyl ether 148

was observed but in low yield and low selectivity (26%) (entry 5). However, performing the
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reaction with 1:1 or 2:1 acetonitrile/methanol mixture as solvent led to separable mixtures of
134a andl48 being formed (entries 6 and 7). In this case, the enantioselectivity of ether 148
was 62% this was the same as the highest enantioselectivity recorded for 134a. After that, a
few other related catalysi20-123 were screened but unfortunately no improvement in
selectivity was observed. With diisopropylamide catalyst 128mplete conversion to ether

148 with enantiomeric excess 50% ee was observed by changing the solvent to a 1:2 mixture
of MeCN and MeOH (entry 9) instead of MeCN that afforded the desired product with very
low conversion therefor the enantioselectivity was not determined (entry 8). Bcakapysts
mesityl amidel23cand ethers 120a provided the dedipeoduct in moderate yields and
enantioselectivites (entries-1Q). With tbutyl ester catalyst 120énd the mixed solvent

system lower selectivity was observed for both products 134a and 148 but a swap in the

major enantiomer formed was noted (entry. 12)

Entry Catalyst Solvent Yield %* ee%  Yield%® eed
134a 134a 148 148
1 123a MeCN 86 64 0 -
2° 123a MeCN 75 34 0 -
3 123a MeCN 10 58 0 -
4¢ 123a MeCN 11 26 0 -
5 123a MeOH 0 - 10 26
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6 123a  1:1 MeCN/MeOH 37 42 28 48

7 123a  1:2 MeCN/MeOH 51 52 34 62

8 123b MeCN <5 n.d. 0 -

9 123b  1:2 MeCN/MeOH 0 - 99 50

10 123c MeCN 53 50 0 -

11 120a MeCN 23 44 0 -

12 120b  1:1 MeCN/MeOH 49 30 64 32
[a] Yield of isolated product. [b] Determined by chiral HPLC analysis.

[c] Reaction performed at 3C. [d] Reaction performed at0 °C.
[e] Bistrifluoromethanesulfonimide used instead of TFA.

Table 8

At this point, thinkng about developing some novel catalyst structures but based on the
pioneering work of otherwas decidedSpecifically, it were intrigued by the possibility of
using chiral vinyl iodides as catalysts instead of aryl iodides following on from the seminal

work of Wirth”® using achiral vinyl iodidesHigure 5.

L/r‘ N-R
MO

R" = chira] ester or amjge group

(. J

Figure 5
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It was envisaged that a hydrogeond between thedN and the ligand oxygen would enable
formation of a macrocyclic ring similar to that reported for the Ishikafjaa catalyst
(Scheme 9) and Figure %he work was initiated with the preparation of chiral amide 152.
The first step was the treatment ofugnoic acid149 with 47% aq. HI solution at 90 °C
which resulted in the formation oZ)-3-iodobut2-enoic acid 150 in 71% yieltf.In the next
step, amide 152 was prepared accordingly to the procedure reported by’ f@)adr.
lodobut2-enoic acidl50was coupled with§)-methyl 2amino3-phenylpropanoate

hydrochloride using 3 which provided the corresponding amide 152 in 40% vyield (Scheme

70).
o) I @)
/OH Hr a7%2q MOH
149 90 C’'2h H
150" 71%
I @) @) | o Ph
. T,P" Et;N
)\(U\OH + Ph/\HkO/ HCl = 7@ — )\HJ\N/@(OMG
H NH, CH,Cl,’0 C H
24 h H O
150 151 152’ 40%
Scheme 70

In addition, the ester analogue 1Wwds prepared by a similar pathway in two steps. First,

ester 153 was prepared according to a literature procédiaesterification of bu-ynoic

acid 149 with (Dlactic acid ethyl ester using DMAP and DIC in 29% yield. Then the

alkynyl ester 153 was stere®@ QG UHJLRVHOHFWL Y-lodalkényRQedb8 UPHG LQ

by AcOH in the presence of Nal to provide 154rinderate yield (58%) (Scheme)74
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Lastly, these new catalysts 152 and 154 vagplied in the cyclisation reaction of N
allylbenzamide substrati87a for the preparation @ive-membered rings butinfortunately
there was no product found By NMR analysis of the crude mixture in both cases. The

starting material was recovered (Scher@g 7

o) catalyst (10 mm%?/
sejlectfluor 2 equi )
N/\/ X .
H TFA (2 €qUiVy N7 N0

MECN’ I't
137a \_K/

OH

e oh N
| o | @) 5
)\HLN/Q(OMG MO ~
H
H H @] ©

154

152

Scheme 2
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3.2.1. Conclusion and future work

The catalytic oxidative cyclisation reaction ofalkenylarylamides using iodoarenes with
Selectfluor as oxidant at room temperature to generate I(lll) has been demonstrated for
several examples in good yields. Figex- and sevemaembered heterocycles were
successfully formed however eightembered rings were not obtained. In addition, chiral
aryl iodides have been evaluated in the cyclisation reactioratifévylarylamides with good

yields and moderate enantioselectivities being obtained. This work has been published.

Future work

Pleased with the successegh@cyclisation of Nalkenylmides using conditions of 2-
iodoanisole as the catalyst and Selectfluor as oxidanattetionwasturnedto prepare

further heterocyclic products. The substrate 155 was prepared following the literature
proceduré® Specifically, N(but-3-en-1-yl)benzamide 128a was coupled with itself using the
second generation Grubb’s catalyst providing the desired product in 44% vyield. Then, the
cyclisation reaction of 155 was attpted using our cyclisation conditions. The reaction

worked well and the cyclised product 156 was isolated in 69% yield (Scheme 73).

O
Grupbs 2 catalyst H
H CH,Cl,’ 42 € 15 H
128a 155’ 449,

2’ jogoanijsole (20 MOI%s
Selectfiuor (2 equivy

-
€

TFA (2 €qUiVy
156’ 69% MECN" Tt

Scheme 3

Future work will focus on the development of this tandem cyclisation prtzcgenerate
products with a mixture of ring sizes and substituent
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33. &4\FOLVDWLRQ 5HDFWLRQV R-Aatddke®irs J\O DPLG

After the sucess with alkene substrates, the extension of this methodology to the catalytic
cyclisation of related propargyd P L G H \Vaidbldetonesvas decided to investigatia
these cases-situ generated iodine(lll) species were expected to mediate formation of

substituted Zxazolines bearing a ketone rather than an alcohol d&cheme Z).

o
AF)LM/\R
(@)

iR-SitY gEREFatieA ir
R efiedine(ll) N7 o
o o 8Xidant
M selvent ©
AFTN R
Scheme 4

Previously, the Moran group reported a catalytic procedure for the diastereoselective
LQWUDPROHFXO DD ORN Fkelogdievy Ldh@ ioddbénzene under oxidative
conditions (MCPBA as the oxidant in the presence afg®H in MeCN at room temperature)
that generated iodine(lll) species in sifinese iodine(lll) species mediated the cyclisation of
/- D O N\ @atOesters 157 to provide cyclopentanes 158 in moderate to high yields with

excellent diastereoselectivity (Schent®.?

O O
20 MO|% Ph
R1 OR?2 MCPBA (2 eqUiV)
TSOH'2H,0 (1’5 equiVy
AN r MeCN’gt

157 A 158’ 21°88% yield
Up t0 >20:1 dr

Scheme B
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Initially, alkyne substrate 160 was synthesised in good yield (73%) by a known literature
procedur®’ via the amidation of propargyl amine using benzoyl chloride inGT#h the
presence of triethylamingcheme ).

o)
Cl O

NH. HCI Ph)J\N N
Ph/ ’ - H/\Ph

Triethylamine
159 CH,Cl,’ 24 h' It 1602 73%

Scheme B

With N-(3-phenylprop2-yn-1-yl)benzamide 160 in hand, its cyclisation was investigated

using reaction conditions previously reported. Representative results are shown in Trable 9.
agreement with our previous results wittalkenylamides the use ofi@doanisole instead of
iodobenzene provided the desired oxazine heterocycles 134 in high yield. For that reason we
decided to use Bdoanisole as precatalyst an@RBA as stoichiometric oxidant in the

presence of @=sOH in acetonitrile at room temperature, after reaction for 12 h, the cyclised
product 161a was formed in 92% vyield as determinetHoMMR analysisof the crude

reaction mixture (entry 1). Whereas, subjecting iodobenzene as precatalyst the yield for 161a
decreased to 60% (entry 2). It was evidenced that, ithéd2anisole was the best iodoarenes

for this type of the cyclisation. In contrate reaction did not proceed in the absence of
iodoarene catalysts and the starting material Ig8mcompletely recovered (entry 3). In the
same waya small amount of product (<5%) was detected when the Oxone was used as
oxidant (entry 4)Switching the acid to TFA dropped the yield of 161a significantly to 19%
(entry 5).In addition, only 37 % yield for 161a was obtained by switching the solvent to less
polar solvent as C4l» (entry 6). To study the effect of the number of equivalents of oxidant

and/or acidrarious ratios were investigated 2 equi€RBA and 2 equiv TsOH4®, 1:1 and
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3:1 afforded the desired product with low yields (entri€). Notably, the formation of the
six-membered ring was not observed under any conditions studied.

Ph Ph

o 2 jodoanijsole (20 mOI%) N)\O + NJ\O

)J\ MCPBA (3 €quiVy
Ph N
P

p TSOH'H,0 (3 equiv O
MECN" I't
1604 “stangarg congitjons 1614 notlgsserved
Scheme 7
Entry deviations from "standard conditions” Yield %°
1 none 92 (73§
2 iodobenzene instead ofi@doanisole 60
3 no Ziodoanisole 0
4 Oxone instead ah-CPBA <5
5 TFA instead of TsOH.FD 19
6 CHzCl: instead of MeCN 37
7 2 equivmCPBA and 2 equiv TsOH4® 54
8 1 equivmCPBA and 1 equiv TsOH 44
9 3 equivmCPBA and 1 equiv TsOH 4@ 41

a) Yield determined by NMR using 1,3tEmethoxybenzene as an internal standard.

bYield of isolated compound.

Table 9
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With the suitable reaction conditions established, the scope and generality of the cyclisation
process for different propargyl amides 160 watout to extend.

Initially, various propargyl amides substrates 160are synthesised in moderate to good

yield following the procedure reported by Frank Romirfjstarted from the reaction of 3-
arylprop2-yn-1-amine hydrochloride 159&with benzoyl chloride in CkCl> in the presence

of trimethylamine at room temperature. As illustrated in Sche8nall7of the desired alkyne
amides were obtained in good to excellent yields. The propargyl amide was obtained in good
yield (73%) when the aryl group was a phenyl ring. In the case of aryl groups containing
electrondonating groups (OMe and Me) the amide products were obtained in good vyields.
However, electromwithdrawing groups (N@and Cl) at the para position of the phenyl ring
afforded the amides with good to excellerigs (8499%). Additionally, a heterocyclic

substrate containing iyl a substituent provided the corresponding amide in excellent

yield.
@)
@)
‘HCl Ar)kCI )J\
/NHZ » Af N/\
Ph Triethylamine: b NNpp,
159a'f CH,Cl,’ 24 h' It 1608
o 0 O
X
@H Ny ﬁﬁ Ny H Ph
MeO Cl
160a' 73% 160b’ 63% 160€’ 99%
O @) o
N N
ﬁ H\Ph Ill/\Ph VN
O,N \ H Ph
160d 84% 160€’ 63% 160f’ 98%
Scheme 8
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In addition, alkylsubstituted propargylic amides substrates 160gere synthesised by a
Sonogoshira reaction from the appropriate aryl iodide and propargylamides with a palladium
catalyst PdC(PPh). and with Cul as caatalyst in THF in the presence ogEtat room
temperature (Schem®)#In general these satrates were isolated in moderate ggelvith

the exception of the fienyl product 1600 which was afforded in very low yield. Under

these conditions, relatively high Pd loadings were required to achieve moderate conversions

of amide.

PdCIZ(PPhg)2 (4 MOI%)

o)
|
X + )J\ ;N h
R Ph- NS _P
©/ H/\\ CUI (2 MOlgsy THF It
163g © 164 160g O
i ; °
Ph™ >N Ng Ph)J\N o )LN
I AN N NN
cl
1609’ 34% 160h’ 49% 160i’ 47%
o) o)
o)
Pt X phAN Ph)l\'?' X
T | A oMe v
owme
160" 37% 160k’ 41% 160" 36%
o)
O )J\
Ph N 0]
Ph)J\N S 0 A )]\
T O Ph~ NN
[ AN
99 ® P S
160M* 41% 160N 24% 1600° 9%

Scheme @



Various phenyl amide and alkyne substituents 1&0aere then subjected to the optimised
catalytic conditions to test the scope of the cyclisation and the results are summarised in
Table 10 and Table 11. In genlethe yields were moderate to good with different phenyl
amide and alkyne substituents. Substituents on the phenyl amide were examined, and
substrags successfully cyclised wittaraimethoxy and the moderately electwithdrawing
para-chloro group afforghg the corresponding @xazoline derivatives in 50 and 75% yields
respectively (entries 1 and 2). However, the substrates bearing a megitytrophenyl

group did not work (entry 3 and 4). Presumably, the elesatitmdrawing nitro group

reduces theurcleophilicity of the amide and prevents the cyclisation from occurring. It is
unclear why the mesityl group prevents cyclisation, although its large steric bulk is its most

notable feature.

o) 2-i0d0aniSO|e 20 MOJoy o O
MCPBA (3 eqUiV) r
r A
AT pTSOH'H,O (3 equiv N—
160b O MECN-' It 161b O
Scheme 80
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entry supstrate product yi€ld %

0 O
O
N MEO Ph
H/\ g 50
1 Ph N
M€EO
160b 161
0 b o
2 | H IS Ph \N 75
c 160¢
161C
O
N/\
3 H ™S Ph no reactjon i
O,N
160d
O
N/\
H AN
4 Ph no reactjon -
160€

Table 10

Similarly, substrates with different alkyne substituents were examined and were cyclised
giving the corresponding @xazoline products in varying yields depending on the position of
the substitution on the alkyne ahown in Table 11. Alkyl substituents on the phenyl ring led
to diminished yields (entries 1and 2). Chlorine and methoxy were well tolerated at the para
position and the correspondingfazoline derivativesvere produced in 52 and 68% yield
respactivly(entries 3 and 4). However, when the functional groups methoxy and nitro were in
the metgoosition, the yields were lower than theara-substituted in case of methoxy group
(entries 5) whereas in the case of nitro group, the reaction did not occuntrgzs(8). This

can be explained by the electratthdrawing nitro group reduces the nucleophilicity of the

amide and prevents the cyclisation from occurring.
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entry supstrate product yi€ld %

0 O
PN 0
1 Ph H N />/Ph 35
160g 1619
@) @)

o
2 Ph)J\N <
H % N/ Ph 5
160h 161h
O 0
S W o
N X »—Ph 68
160i Cl 161 N
®) Cl
0
4 Ph/M\N S
H o S °_pn 52
/,
160 omve MEO 161 N

@)
5 Ph)J\ N \\ oMe O
" MEO © 14
160k )P
N
Ph N
6 H X NO,
160l no reactjon )

Table 11

With a desire to expand the scagehis transformt@on further, other aromatic rings were
installed and they were all tolerated and the results are summarised in Tablut&ny-
substituted 160#vorked well under these conditions and the desirerazoline products
161f was obtained in good yield (entries 1). When the naphthyl ring substrate 160m was
treated with the optimised cyclisation conditions the desirexiazoline productd6lmwas

formed with a high yield of 75% (entries 2). In the same way, the reaction pedceed
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and the cyclised produd&60n was obtained in 82% yield, when compo@66n with
biphenyl substituent on the alkyne moiety was subjected to reaction conditions (entry 3).
However, the cyclisation failed to produce thexazoline when a thienyl gup was attached

to the alkyne (entry 4).

entry Supstrate product yield %
O O
LN, DT .
\ Ho Spn o N
160f 161f
O O
0]
2 Ph)J\N
ey OO G
¢ :
160mM 161M

o
s ®
Ph” N
H X o)
o
160N O O ’\/?/Ph 82
o

161N
4 iy
H = no reactjon

1600 S_/

A

Table 12

The plausible reaction pathway for the cyclisation of propargyl amides is illustrated in
Scheme 8. The initial step is the active hypervalent iodine(lll) specigemeratedn-situ

from oxidation of the aryl iodide by@PBA and TsOH. The next step lnetelectrophilic
iodine(lll) species activates the triple bond leading to intramolecular attack by the oxygen of

the amide moietyesulting in a Eexadig cyclisation. Subsequent addition of water lead to
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loss ofthe iodoarene form alkenyl(aryl)iodine intermediate @éberategnol 166.

Tautomerisation of the resulting enol can provide the oxazoline product 161.

oXjgatjon
MCPBA’
TSOH
Ar
O %
i [ -0
)J\ L kl.4L .
Al N r r TSOH
Ny ——= A N
H

- H \_S/
160 L= OTs @, (
TSO” NAf

All

S PE—
\_SﬁO \_S/R o \_\%/R
R dH) H 8 HZ%\ '/;o)
161 . e H T,
Scheme &

With these results in handsamidoketones 172 were selectedest our iodoarereatalysed
cyclisation strategy as the products would provide an alternative approackxaadine

formation. These are readily prepared by alkylattoh W KH F R U UketdeSRiQIGNe] J

by decarboxylation (Scheme 82).
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Scheme 82

Firstly, following a literature procedure reported by W&hgompounds 169 were prepared

LQ JRRG WR KLJK \LHOGV E\ WKH DketdbeseDugiigRIQ RI WKH FRUL
(hydroxylmethyl)benzamide in the presence of boron trifluoride etherate (Sci3¢malB

the desired products were obtained in moderate to excellent yieltisa \phenyl ring in both

WKH DPLGH PRL FK&dedietle lespettiveproduct 169a was isolated in 96%

\LHOG 6LPLODUO\ DQ H[FHOOHQW \LHOG RI -ZDV REWDLC

position of the amide group was substituted with a paedhoxy group whereaspara- nitro
JURXS OHG WR ORZ \LHOG RI| SHBRGQGMXFRe®RstErsAEANY HVSRQGLC

169 ZHUH REWDLQHG LQ DQG \ L Hk@aesterkhhesyHrimgWas HO\ ZKH

substituted with the moderately electiwithdrawing paraehloro and paranethoxy groups.

2-)XU\O V X E\kdwolLedteX V696DV DOVR SUHSDUHG tbénzamidd HOG 2WK

D O L S Kkbtesidrs 169g were also prepared in yields ranging from 48 to 82%.
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O O
O n
N R OR |
X N H ' L
R+ L© 168 !
_ H
167 BFy OEty 2 hr It 160

O O O @)

I I

H H

O“>MOEt  Meo O” > OEt O,N

1692 96% 169b’ 94% 169d’ 39%
0 o 0
o 0
Ph)]\N Ph)J\N Ph)J\N
| |
| H H
H 07 okt cl O~ ~OFEt Oowme o)
169i* 81% 169j* 92% 169p’ 46%
O O 0 o) O O
Ph)J\N/jjj\ Ph)J\N Ph)J\rTl/fJ\
! I
H H
O~ ~OMme H O“ SOEt O~ ~OEt
1699’ 48% 1690 55% 1695 82%
Scheme 8

A plausible mechanism for the reaction is described in Schéntear8t the Lewis acid B
activates théydroxyl group making it a good leaving group which results in the formation of
iminium cation intermediate 170. Nucleophilic attack of etel&/1 results in the formation

RI1-EHQ]D Pke®Rsterd69.
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7
16 170 171
-
O O
N R
|l| n
07 ~OR
169

Scheme &

7KH QH[W VWHS L Q-aMiddketdn«ld Y2 Kvak\the dedlboxylation of substrates

169 via a known procedure developed by K&koy treatment of compounds 168avith

DMSO, LiCl and water under reflux for 24 h (Scheme 85). BothalkyQ G D U\O
amidoketonesvere prepared in moderate to good yields. 7afitloketone 172a was

obtained in 50% yield, and 172b was obtained in 41% when the phenyl ring on the amide

group was substituted with a panaethoxy group while the presence of a parte group

led to a superior 73% yield. Modification of the aryl ring next to the ketone with gidase,
para-methoxy and 2k X U\O JURXSV OHG W RmMiddketoreR UrRIHY2d&@Q G L QJ
172pbeing prepared in 29%, 85% and 54% yields respectively. In addition, switching the

DU\O ULQJV QH[W WR WKH NHWRQH ZLWK -BnridddéR€OnadsUR XSV DI

172¢sin yields ranging from 31 to 65%.
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LiCl’ H,O
L H Y
O A 160 C 24h

! |
H
i Meo H o
1722 50% 172b’ 41% 172d" 73%
ph)J\ /\)K©\ ph)J\ /\)J\©\ Ph)J\ /\)KO
1721’ 29% 172j" 85% 172p’ 54%

Ph~ >N , |
A H H

1729’ 65% 172" 31% 1725’ 50%

Scheme 85

A plausible mechanism for the Krapcho decarboxyl&fiogaction is shown in Scheme 86.
The reaction follows aBy2 mechanism. Chloride ion attacks the alkyl carbon resulting in the
elimination of an alkyl halide which provides anionic intermediaté73which undergoes

decarboxylatiorto provide enolate intermediate 174 which is protonateldetdinal product

172.
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j\ Of\ - © o O%
R E o " R)J\N o
' R Cl H :
O R N
169 173

R)J\N/\)J\R' - ROONTRR
| OH 4
H
170 174 HcOH

Scheme 86

7KH F\FOLVZvamMoketGneR 172 was successful under the same conditions as
propargyl amides 16(bcheme 8) In accordance with the results for the propargyl amides,
iodobenzene was an inferior pratalyst to Zodoanisole and subjectirgher oxidants, acids

and solvents led to lower yields of 161.

Al
2°jodoanjsole (20 Mo|o,
© © MCPBA (3 €quiv) ) N)\o
Ar)J\N/\/)J\Rl -\
H R? p TSOH'H,0 (3 equiV) R2 O
MECN-" It R?
172 161

Scheme 87

The scope of the-amidoketonesubstrates and the functional group compatibility was
investigated under our optimal cyclisation conditions (TaB)e A variety of -
amidoketones having electralonating and electrowithdrawing groups on the amide aryl
ring were tested. The cyclisation of(Bloxo-3-phenylpropyl)benzamid&72a afforded 2

oxazoline in good yield (77%) (entry 1). Similarly, substrate 1i7&ng ap-methoxy
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substituent afforded the product 16ib77 % yield (entry 2). However, the expected
oxazoline was not observed when substrate 172d withigpgroup was subjected to the
reaction conditions (entry 3). Presumably, the nitro group lowered the nucleophilicity of the
amide. Next, substrates with electtdonating and electrowithdrawing substituentis the
para{osition of the ketone aryl ringere successfully tolerated in this cyclisation. In the
case of the &2l substituent, the correspondingfazoline 172i was isolated high yield

(84%) compared to the@Me substituent72j which gave the correspondingpfazoline

161jin 46% yield (entries 4 and 5). Af@ryl group was also tolerated and the desired
cyclisation product 161pvas isolated in excellent yield (95%) (entry 6). Alkyl ketone
substrates were also successfully converted indxazolines with moderate to good yields.
For example, the substrates 17l 172rwith methyl and ethyl groups underwent
cyclisation to givahe 2oxazolines in 63%nd 56% yields, respectively (entries 7 and 8).
Interestingly, the presence of a methyl group adjacent to the ketone led to the corresponding

2-oxazoline 161%eing isolated in 75% yield (entry 9).
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entry Supstrate prOdUCt yield %

0 0 O
O
1 N/A\V/M\Ph <i::>-< :I/M\Ph 7
[ H !

172a

161a
O @) e}
N/A\V/M\Ph Meo O ph 77
2 H {
MeO N
172b
161b
o) o)
N/\)J\Ph no desired -
3 H proguct
OoN 172d
o)
o) o)
P Ph_(
4 Ph” °N \<\ 84
H N cl
172i Cl 161i
o) o) O
PR °
5 Ph” N Ph—( 46
N ome
172] OMe 161
o)
o) o) 0o
=
6 Ph/ﬂ\N = Ph—C O_/ 95
H N
O_/
172p 161p
o)
o) o) 0
S . N Ph*\ﬁg 63
H
172q 161q
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entry Supstrate proguct yield %

0 0 O
o) 56
8 Ph)J\ N /\)J\/ Ph—( j)k/
H N .
1721 161
o) o) o
9 Ph)J\ N o) 75
H Ph\<\
1725 N— 161s

Table 13

Unexpectedly, mitrophenylamide, 172did not yield the cyclised product. Instead, alcohol
175 was isolated in 66% vyield. It is possible that, the product tr&fydhave formed under
the reaction conditions but it was instantly hydrolysed due to the influence of the electron-

withdrawing nitro group on the aromatic ring (Scheme 88).

- N0, -
0 0 2i0doanisole (20 Moj9p)
MCPBA (3 €qUiVy
H/\)J\Ph - -
p TSOHH,O (3 €quiV)
O,N MECN" It N”"0
172d
o}
. P _
O O 161d
not opserveqd
o OH -
OzN 175' 66%
Scheme 8

In addition, the effect of introducing substituents on the tether Ramiddkeétones was

investigated te@xplorehow these affected the cyclisation reaction

98



Compound 172wvas prepared followig the procedure reported bykKeau®® by conjugate
addition reactionof benzamide with phenylbut2-en-1-one using &atalytic amount of
Pd(PhCN)Cl>. Then, the cyclisation reaction was attemptedgisur conditions. Cyclisation

was very efficient although no diastereoselectivity was observed (Sci#me 8

0 O 0 0
_— HZNJ\Ph (1 eqUiV) NMPh
- H
Pd(PhCN),Cl,
176 60 & 24h 172t 25%

27jogoanjsole (20 Mooy
MCPBA (3 equiV) MECN-' It
TSOH'H,0 (3 equivy

o
Ph Ph
\<\N

161t 88% 121 df

Scheme 8

Amidesl172uand 172v were prepared in moderate yields via the procedure developed by
Khan and coauthof$ Accordingly, acetophenone, benzaldehyde, and various nitriles were

treated with acetyl chloride and Fe@t room temperature (Schemg.90

CH,COCI (15€qUYy o ph O

o o
FeCl, (1 equiv
P+ ph d ) =R)J\H)\/U\Ph

RCN' " 24 h

172U R ~ M€’ 44%
172V R ~ Ph’ 35%

Scheme 90
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The probable mechanism reported for this reaction is described in Schemes§ aldol
condensation occurred via nucleophilic attack by the enolate on the carbonyl carbon of
benzaldehyde generating an intermediatéfollowed by acetylation to form an intermediate
178. Subsequent insertion of the alkyl or aryl nitrile into intermediate 178 (a Ritter reaction)
would produce nitrilium iord79 with removal of acetate and by hydrolysis and

WDXWRPHULVDWLRQ ZR Xan@o 8dtoReyl/y/Z H WKH GHVLUHG

(_O
' me |- FeC|3

ph)K L phw
(5. 9
\)

»\Me me ‘ 0
- M /\N 1 O Me)J\OH

179

O Ph O
Tautomerjsm )J\
/L% Workup ph%H o R H)\/U\Ph

172

Scheme 9
Then both amides 172and 172v were treated with our standard reaction conditions, but
unfortunately with amide 172tnere was no product observed, whereas with 172v a moderate
yield of the desired cyclised product 161v was observed. Unfortunately, no diasteroselectivity
was observecithe formation of 161v but interestingly, switching the acid from
trifluoroacetic acid to geluenesulfonic acid improved the selectivity for 161v to 5:1, albeit

with loss of yield (Scheme 92).
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2 j0goanjsole (20 Mo|y, @)

O Ph O m .
CPBA (3 €quiV
M AL C R Oy e
R- N Ph — - R—
H p TSOH'H,0 (3 €quiV) N—\pp,
MECN' It
11772;/ '; ; '\F{'E 161U R = M€’ no reactjon
161V R ~ Ph’ 48%°'1'3:1 df
Scheme 2

A plausible reaction mechanism for this cyclisation is proposed in Scheme 93. First, 2-
iodoanisole is oxidised to generate the active iodine(lll) species by utili€BPmand p
TsOH. Second, the active ioditig(species activates the carbonyl ketone leading to the
formation of iodine(lll}enolate 181. The next step is the oxygen of the amide naitatks
the enolate intermediafié81 whichresultsin a 5exotrig cyclisationproviding the oxazoline

product 161 with reductive elimination of the iodoarene.

. OXjgatjon
ATl ————— b==b = 5rs
MCPBA Ar
TSOH oTs

Al

0 mﬂ_ 0 Clb

AVJLH/\&LR Ar Ar)hmR
H 181

H
172 l'An

"TSOH
0
0
oo
N— 161

Scheme 8

The catalytic cyclisation reaction of both propargyl amides 160 ardidoketones 172

using 2iodoanisole are successfully achieved providitggoxazoline products61 with
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moderate to good yields however the reaction wifmidoketones shows superior substrate
scope. In addition, the cyclisation of propargyl amides 160 cannot be rendered
enantioselective by the use of a chiral iodoarene whereas the saative cyclisation of

-amidoketones 170 should be possible using a chiral iodoarene (Scheme 94).

O 0 0
Ay « A~y
H AN Ar' H
160 172
can not make can make
enantjosejectjve enantjosejectjve
With Chiral catalyst O With Chiral Catalyst
o ]
Ar\<\ j)kAr
N— 161
Scheme @

'LWK DQ HIIHFWLYH F\FOLVDWLRQ UHDFWLRQ LQ KDQG
amidoketone substrate 17®&8s investigateds the product 161s contains a stereogenic
centre. Several chiral iodoarenes were screened for their ability to mediate the
enantioselective cyclisation of 161s and it seemedhieatesults were in stark contrast to the

enantioselectiveyclisation of Nalkenylamides 128 (Schem#&)9

o o  Cawlyst20moly)  Ph

MCPBA (3 equiv o
O
Ph)J\N - > N>/\
H p TSOH'H,0 (3 equiVy

1202 R = OEt’ 120b R = Ot BU
1233 R ~ NMe,’ 123b R = Ni Pry,

(.

Scheme 9
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As shown in Table 14. The best results were obtained using the esteenti2ZlD20bwhich
gave the product in high yields @24.%) and a slight increase in enantioselectivity (entry 1
and 2). Interestingly, the use of 12[@ll to the formation of the product with opposite
configuration. Moreover, using 1:1 MeCN/MeOH mixture as solvehtdea decrease in
yield and enantioselectivity (entry 3). Using amide precatalysts 123a angi@ated the
product 161sn good to high yield 67% and 94% respectively, but with poor

enanioselectivity (entry 4 and 5).

Entry Catalyst Solvent Yield % ee %

1 120a MeCN 91 11

2 120b MeCN 82 14

3 120b MeCN:MeOH (1:1) 42 10

4 123a MeCN 94 9

5 123b MeCN 67 5
Table 14

Considering the mechanistic similarities between the process by Moran and Rodriguez
illustrated earlier (Scheme 15) and the one under investigation, it was decided to test their
catalyst and a new>ymmetric chiral iodoarene 188. First, pseudoephedrine derivative 185
was prepared by converting@o-3-methylbenzoic acid 182 toiddo-3-methylbenzoyl

chloride 183 and then adding a solution of (1Sg®udoephedrine hydrochloride 184. In

line with the published procedure, 188re isolated in moderate yield as a mixture of four

rotamers (Schemes®>’

103



OH
o | | O C

oxaly| chloride cl

OH . + y

CH,Cl,’ DMF" It 2

183 184
o’crt
24 h

185’ 45%

182
Et,N' THF

Scheme 8

Second, the new chiral iodoarene 188 synthesised in a similar manner as
pseudoephedrine derivative 185 but from commercially availaldddsophthalic acid 186.
This was converted into iBdoisophthaloyl dichloride 187 which was then added slowly to a
solution of (1S,2Spseudoephedrine hydrochloride 184. Gratifyingly, the desired compound

188 was obtained as a winsolid in 48% yield (Scheme 97).

O

O I O
© oxaly| chloride (_DH
HO OH » ClI Cl Ph :
CH,Cl,’ DMF" It /Ajg/
H,
187

186 184

0°Crt |Et,N' THF
24h

- 0 1 O
Ph_ /L\/Ph
o
OH | | OH

188’ 48%

Scheme 97
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Next, the cyclisation reaction of 172t was attempted using pseudoephedrine derivative 185
and new catalyst 188 under our conditions (Table 15). Employing pseudoephedrine derivative
185 provided almost racemic product with low yield when MeCN was used as a solvent
(entry 1). The cyclisation of 1728d not occur when the solvent was changed to methanol
(entry 2). In contrast, using our new catalyst bispseudoephedrine derivative 188 led to very
poor conversion of the starting material 172s into 161s when MeCN was used as a solvent;
consequently he selectivity was not determined (entry 3). However, no cyclised product was
observed when utilising other solvents such as MeORQOGHNd DMSO. It was apparent

that 188 exhibited very poor solubility in all of these solvents, which probably explains the

lack of conversion to product (entry 4,5 and 6)

o o CatalySt (20 MOIog) Ph
MCPBA (3 equiVy >\O
o]
PhA N/\Hk : - N’
H p TSOH'H,0 (3 equivy \)T/<
sojvent rt
172S 161S
Scheme 8
Entry Catalyst Solvent Yield % ee %
1 185 MeCN 39 4
2 185 MeOH N.R. -
3 188 MeCN <5 N.D.
4 188 MeOH N.R -
5 188 CH:ClI2 N.R. -
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6 188 DMSO N.R. -

N.R. = No Reaction, N.D. = Not Determined

Table 15
Next, we applied the new catalysts 152 and 154 in our cyclisation reaction but, unfortunately
the cyclisation of 172s did not occur when employing our new chiral organoiodines 152 and
154 and this was confirmed By NMR analysis of the crude mixture in both cases. The

starting material was recovered in both cases (Sch8éjne 9

152 0r 154 (20 Mojggy PN

i 7 ‘mcPBA (3 equiv) ~0 0
Ph)J\N - - N\/%/<
H p TSOHH,0 (3 €quiVy
MECN’ ft
1725 1615

not opserveq

N

Ph
I O I O
e
PO SN
H H O H O
152 154

Scheme 9

At this point,other types of chiral iodoarenes were decided to tdkeigyclisation reaction

and to see whether both the selectivity and yield could be improved.

The efficacy of bisodide R)-190as a catalyst was decided to investigatéhe cyclisation
of 172s It wassynthesise@ccording to the to the literature procedtir(R)-(+)-2,2-
Diamino-1,1'binaphthyl189 was treated with potassium iodated sodium nitrite and then

added 47% aqueous HBr to provide the cataRstlO0 in 47% yield (Scheme 100).
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NH, 47% aqueous HBr |

L e A

R'(*) 189 R () 190’ 47% yield

20, e, OO
NH, NaNoO, (8 €quiv) - |

Scheme 100

Using 20 mol% of 50 under our conditions led to formation of cyclised productii@igh

yield but with essentiallymenantioselectivity (Scheme 101).

o O  (Ry190 (20 Moy PN
Ph)J\N% MCPBA (3 equiVy r\%O o)
H p TSOH'H,0 (3 equiV) \/%/<

172S MECN’ It 161S

75% yi€ld

0,
I

(R) 190

Scheme 101

Next, W K-&midoketone 172a was decided to convert to the corresponding enol acetates in a
bid to improve the enantioselective cyclisation inspired by the work report@ddaevant
andLegault? It was anticipated that treatment ehmidoketoned 72a with LDA followed

by acetic anhydde would generate enol acetate 191. Unfortunately, the expected product
ZDV QRW REV Havidb@cih@Q M2WEstbbtained in 24% yield{&me 1Q). It

seemed that, after the formation of the enolate the acetic anhydride was not reacted as a
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nucleghile and the enolate intermediate was redu¢é® S U Ramiddaldohol 191 instead
of the corresponding enol acetates 190. The reductive transformation of 172a into #92 mer

further investigation to improve both yield and range of example.

O O

LDA
Ph)J\N/\)J\Ph

H

O O
1722 )J\O)J\

. o) OAC
Ph)J\H/\/\Ph

191
not opserveqd

Y
@) OH
Ph)J\H/\)\Ph
192’ 24% yield
Scheme 1@

3.3.1. Conclusion and future work
,Q FRQFOXVLRQ WKH FDWDO\WLF F\&tidokediéd ig BRI SURSDU.
iodoanisole as a catalyst to providexazolines is reported. The catalytic enantioselective
F\FOLVDW L R Qardittbkefoviek RA3 aRd investigated with varichigal iodoarenes
but, unfortunately the enantiomeric excess for the correspondrgzblines was very low

and the highest enantioselectivity obtained was 14% ee by employing ester precatalyst 120b

The future work will be the continuation of our irstigation into developing enantioselective
FRQGLWLRQV IRU WwidbketoRésuhsale L R@prBparing different chiral

iodoarenes.
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Experimental

General experimental

'H NMR spectra were recorded at 400 MHz in CP@iless otherwise state@hemical

shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (CDGI 7.26 ppm). Data are reported as follows: chemical shift, integration,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartat= broad, m = multiplet), and
coupling constants (Hz}>C NMR was recorded at 100 MHz in CR@inless otherwise

stated with complete proton decoupling. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent as the internal stan@@Clk: 77.4 ppm). Mass
spectrometry (m/z) was performed in ESI mode, with only molecular ions being reported.
Infrared (IR) spectran@ are reported in cth Bands are characterized as broad (br), strong
(s), medium (m) and weak (w). Melting points wdetermined on a Stuart SMP10. All
purchased reagents were used as received without further purification. Petroleum ether refers
to the fraction boiling at 460°C. The solvents used were hexane ethandl2propanol

(all of HPLC grade purity, Fisher Eatific). HPLC analysis was performed with analytical

chiral columns Chiralpak lAandChiralpak IBwath UV detectoat 254 nm.
Experimental for Tetrahydrofuranylation Reactions

Synthesis of but3-en-1-yl 4-methoxybenzoate, 115158

@)
O/\/\

MeO

According to literature procedureported by Harried et &l To a solution of 4-

methoxybenzoyl chloride (3.0 g, 17.5 mmol) an@l#nethylamino)pyridine (DMAP) (0.2 g,
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1.75 mmol) in CHCI> (30 mL), was added Butanol (1.5 mL, 17.5 mmol). The mixture was
cooled to 0 °C and &l (2.5 mL, 17.5 mmol) was added slowly. The resulting mixture was
stirred overnight at room temperature. The resulting mixture was treated with 5% solution of
HCI (20 mL) and NaHC®(0.5 M, 20 mL) and washed with brine (10 mL) then extracted

with CHCI> (2 x 30 mL). The organic layers were dried over anhydrous Mg@8@the

solvent removed under vacuum to give the product as a yellow oil (3.39 g, 93% yield).
IR: 2961 (W, 1707 (m), 1605 (m), 1510 (m), 1248 (omp'*

IH NMR: /2.45 (2H, g, ¥ 6.4 Hz), 3.78 (3H, s), 4.28 (2H, t=3.9 Hz), 5.04 (1H, dd, 3
1.4, 10 Hz), 5.11 (1H, dd, 91.6, 17 Hz), 5.7%-87 (1H, m), 6.85 (2H, d, = 8.7 Hz), 7.93

(2H, d, J= 8.7Hz).

13C NMR: /33.4, 55.5, 63.8, 113.8 (2C), 117.4, 122.9, 131.7 (2C), 134.4, 163.5, 166.4.
HRMS: m/z calc'd for [M+H] C12H1sNOs* 207.1016, found 207.1017.

Synthesis of §)-tetrahydrofuran -3-yl 4-methoxybenzoate, 116b:

H O

O

M€O

To a stirred solution of 115(®.1 g, 0.48 mmol) and 1236.03g, 0.05 mmol) in a 2:1

mixture of methanol/acetonitrile (3 mL) was added Selectfluor (0.34 g, 0.97 mmol) followed
by bis(trifluoromethane)sulfonamide (0.27 g, 0.97 mmol) and water (0.02#2 mmol).

The reaction was allowed to stir at room temperature overnight. The mixture was washed
with water (2 x 5 mL) and brine then extracted with EtOAc (2 x 10 mL). The organic layer

was dried over anhydrous Mg%@énd the solvent was removed undacwum. The residue
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was purified by flash chromatography on silica gel (eluent: petroleum etl&/BEGAC

20:1 to 5:1) to givel25aas a colourless oil (0.04g, 35% yield, 57% ee).

HPLC: The ee was determined on a Chiralpak 1A 254 nm hexane/ethanohg(8di® as

eluent, 1 ml/min). Retention times were 17.9 min and 18.7 min.
IR: 2931 (w), 1707 (m), 1604 (m), 1511 (m), 1252cs)*

IH NMR: /2.092.19 (1H, m), 2.22.32 (1H, m), 3.86 (3H, s), 3.8805 (4H, m), 5.4%.55

(1H, m), 6.91 (2H, dJ = 9.0 Hz), 7.99 (2H, d, 3 9.0 Hz).

13C NMR: /33.3, 55.8, 67.5, 73.6, 75.4, 113.9 (2C), 122.7, 132.0 (2C), 163.5, 166.1.
HRMS: m/z calc'd for [M+H] Ci12H1504" 223.0965, found 223.0965.

Procedure for preparation of chiral iodoarenes:

2-lodobenzenel,3diol, 11858

HO OH

According to literature procedureported by Tsujiyama and coauthét&esorcinol 117

(5.50 g, 49.9 mml) was added to deionised water (30 mL). The solution was placed in an ice
bath and iodine (19.0 g, 74.9 mmol) and NaH@®?70 g, 79.9 mmol) were added in one
portion. The resulting mixture was stirred at room temperature for half an hour. The
precipitate was filtered and the filtrate was extracted twice with diethyl ether (2 x 50 mL),
dried over MgS@, and concentrated to give 1a8 a white solid (4.7 g, 40% yield), m.p

106-109°C (lit.8¢ m.p. 107109 °C)
1+ 105 + 0V = 8.0-Hz)37.10 (1H, t, J = 8.0 Hz).
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13C NMR: /77.5, 107.5 (2C), 130.5, 155.9 (2C).
HRMS (m/z): [M]' calcd for GHsIO,* 235.9334, found, 235.9333.

((2R,2'R)-Diethyl 2,2'-((2-iodo-1,3phenylene)bis(oxy))dipropanoate, 120&*

/\Ojj)\/o\ilj/o\ﬁ(io/\

A solution 0f118 (0.50 g, 2.12 mmol) was dissolved in THF (20 mL) withsRPH4 g,

5.3 mmol) and--ethyl lactate (0.@nL, 5.3 mmol) in an ice bath (0 °C) under. N

Diisopropyl azodicarboxylate (DIAD, 1.9 M in toluene, 1.04 mL, 5.3 mmol) was added
slowly, and the mixture was stirred for 1h in ice bath. The mixture was stirred overnight at
room temperature. The resulting mixturesweancentrated under vacuum and purified by
flash column chromatography on silica gel (eluent: 9:1 petroleum eth@d/EGOAC) which

afforded120a as a colourless oil (1.27 g, 73% yield).
IR: 2984 (w), 1749 (m), 1586 (w), 1458 (m), 1248 @m)'.

IH NMR: /1.20 (6H, t, J 7.3 Hz), 1.65 (6H, d, 3 6.8 Hz), 4.13-4.23 (4H, m), 4.71 (2H,

g, J= 6.9 Hz), 6.33 (2H, d, 3 8.3 Hz), 7.09 (1H, t, 2 8.3 Hz).

13C NMR: /14.3 (2C), 18.8 (2C), 61.5 (2C), 74.4 (2C), 80.8, 107.1 (2C), 129.7, 158.4 (2C),

171.8 (2C).
HRMS: vz calc'd for [M+H] CieH22106" 437.0456, found 437.0454.

((2R,2'R)-Di-tert-butyl 2,2'-((2-iodo-1,3phenylene)bis(oxy))dipropanoate, 1208/
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oﬂvo@ jA o<

This compound was prepared according to the procedure for 120a usiAguty) lactate

(2.5 g, 10.6 mmol) providing 1204s a colourless oil (1.29 g, 61% yield).
IR: 2984 (w), 1727 (s), 1581 (w), 1455 (s), 1235cts)".

IH NMR: /1.41 (18H, s), 1.66 (6H, d,5J6.8Hz), 4.64 (2H, q, ¥ 7.2Hz), 6.35 (2H, d, &

8.0 Hz), 7.11 (1H, t, & 8.0 Hz).

13C NMR: /18.8 (2C), 28.2 (6C), 74.8 (2C), 80.7, 82.3 (2C), 106.8 (2C), 129.6, 158.6 (2C),

171.2 (2C).
HRMS: vz calc'd forfM+H] " CzoH30lO6" 493.1009, found 493.1042.

((2R,2'R)-2,2"-((2-1 odo-1,3-phenylene)bis(oxy))dipropanoic acid, (12%)

Son e

To a solution ofL20a (1.1g, 2.5 mmol) in THF (7 mL) and MeOH (7 mL) was added 2 M

NaOH (7 mL) and lefto stir at room temperature overnight. The reaction mixture 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 anhydrous Mg&@d the solvents were removed in vacuum

to give analytically puré21 as a white solid (3g, 97% vyield).

IH NMR (DMSO-ds, 400MHz): /1.58 (6H, d, ¥ 6.7 Hz), 4.88 (2H, q, 3 6.8 Hz), 6.42

(2H, d, J= 8.8Hz), 7.24 (1H, t, ¥ 8.1 Hz).
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13C NMR (DMSO46, 100 MHz): /9.3 (2C), 73.7 (2C), 80.5, 106.8 (2C), 130.6, 158.7

(2C), 173.6 (2C).
HRMS: vz calc'd for [M+H] CieH22106* 380.9757, found 380.9755.

((2R,2'R)-2,2"-((2-1odo-1,3-phenylene)bis(oxy))biskl,N dimethylpropanamide), 123a’’

oo b

To a solution of 121 (0.87 g, 2.29 mmol) in £&Hb (10 mL) and 1 drop of DMF was added
oxalyl chloride (1.57 mL, 18.3 mmol) and the mixture was stirred overnight urd@&hksl
resulting mixture was concentrated under vacuum. The residue was dissolvetCin(6H

mL) at 0 °C and dimethylamine hydrochloride (0.34 g, 4.17 mmol) was added. After 0.5 h,
EtN (1.16 mL, 8.34 mmol) was added. After stirring overnight, the reaction mixture was
poured into HCI (1 M, 20 mL) and extracted with brine and@@H(25 mL) The organic
layers were dried with MgS(and the solvent was removed in vacuum to give the pure

product as a white solid (0.54 g, 59% yield).
Melting point: 195197 °C
IR: 2939 (w), 1650 (m), 1587 (m), 1460 (m), 1345 (w)'tm

IH NMR: /1.70 (6H, d, J 6.6 Hz), 2.92 (6H, s), 3.11(6H, s), 4.95 (2HJ ¢,6.8 Hz), 6.46

(2H, d, J= 8.4Hz), 7.16 (1H, t, ¥ 8.3 Hz).

13C NMR: /18.0 (2C), 36.8 (2C), 37.2 (2C), 76.6 (2C), 78.9, 106.4 (2C), 130.7, 157.9 (2C),

170.9 (2C).

HRMS: Mz calc'd for [M+H] CieH24IN204* 435.0775, found 435.0796.
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(2R,2'R)-2,2-((2-1 odo-1,3phenylene)bis(oxy))biskl,N-diisopropylpropanamide), 123b?’

O I O
*Nkofjoﬁ*
This compound was prepared according to the procedure for 123a using diisopropyl amine

(0.26 mL, 1.82 mmol) providing 123#s a yellow solid (0.38 g, 76% yield).
Melting point: 125128 °C.
IR: 2967 (W), 1642 (m), 1622 (s), 1584(m), 1128 (my*.

IH NMR: /0.90 (6H, dJ = 6.4Hz), 1.18 (6H, d,J = 6.8Hz), 1.28 (6H, d, ¥ 6.8Hz), 1.40
(6H, d, J= 6.8 Hz), 1.66 (6H, d, 3 6.8 Hz), 3.233.35 (2H, m), 4.46+.59 (2H, m), 4.82 (2H,

g, J= 6.8 Hz), 6.52 (2H, d, 3 8.6 Hz), 7.082.16 (1H, m).

13C NMR: /18.3 (2C), 20.2 (2C), 20.9 (2C), 21.0 (2C), 21.3 (2C), 46.8 (2C), 48.0 (2C), 78.3

(2C), 78.9, 106.3 (2C), 130.3, 158.0 (2C), 169.9 (2C).
HRMS: m/z calc'd for [M+H] Ca4Ha0N204" 547.2027, found 547.2024.
Experimental for Amide Cyclisation Reactions

Synthesis ofN-(but-3-en-1-yl)benzamide, 128a°

O
N%

H

According to literature procedure reported by 'Y,R d Bblution of lamino3-butene
hydrochloride (0.5 g, 4.7 mmol) and triethylamine (1.3 mL, 9.3 mmol) isGEH10 mL)

was cooled to 0 °CGhen benzoyl chloride (0.6 mL, 5.11 mmol) was added dropwise and the
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mixture was stirred overnight at room temperatdihe mixture was diluted with diethyl

ether (20 mL) and filtered. The solvent from the filtrate was removed under vacuum, and the
residue was dissolved in ether (20 mL) and again filtered and concentrated under vacuum. To
the crude product NaOH (3 M, 20 mL) was added and the resulting mixture was stirred
overnight at room temperature. The resulting mixture was extracted with diethyl ether twice

(2 x 30 mL). The organic layers were dried over anhydrous M@8@the solvents were

removed under vacuum tovgi 128aas a light yellow oil (0.65 g, 80% yield).
IR: 3314 (br), 3077 (w), 2978 (W), 2931 (w), 1640 (s), 1541 (s}.cm

IH NMR: /2.36 (2H, g, ¥ 6.2 Hz), 3.51 (2H, gl = 6.2 Hz), 5.09 (1H, d] = 9.5 Hz), 5.14
(1H, d, J= 16 Hz), 5.745.88 (1H, m), 6.34 (1H, br), 7.39 (2H, t=J.2 Hz), 7.46 (1H, t, 3

7.2 Hz), 7.73 (2H, d, 3 7.2 Hz).
13C NMR: /34.0, 39.2, 117.4, 127.1 (2C), 127.2 (2C), 128.7, 131.6, 134.9, 167.9.
HRMS: m/z calc'd for [M+Na] C1iH1sNONa+ 198.0889, found 198.0905.

Synthesis ofN-(but-3-en-1-yl)-p-methoxybenzamide, 128b:
O
NM

H
M€O

This compound was prepared according to the procedure for 128a usietippxy benzoyl

chloride (0.70 mL, 5.11 mmol) giving 12&s a yellow wax (0.84 g, 64% yield).
Melting point: 6365 °C

IR: 3312 (br), 3081 (w), 2836 (W), 1629 (m), 1606 (s), 1502 (m}.cm
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IH NMR: /2.36 (2H, q, ¥ 6.6 Hz), 3.49 (2H, q] = 6.4 Hz), 3.82 (3H, s), 5.0619 (2H,

m), 5.755.88 (1H, m), 6.26 (1H, br), 6.89 (2H, 3= 8.8 Hz), 7.71 (2H, d] = 8.8 Hz).
13C NMR: /34.1, 39.1, 55.5, 114.1 (2C), 117.3, 127.3, 129.0 (2C), 135.8, 162.4, 167.3.
HRMS: m/z calc'd for [M+H] C12H16NO2" 206.1176, found 206.1176.

Synthesis ofN-(but-3-en-1-yl)-p-nitrobenzamide, 128c:

This compound was prepared according to the procedure for 128gpusitingbenzoyl

chloride (0.95 g, 5.11 mmol) giving 128s a light yellow solid (0.65 g, 64% yield).
Melting point: 9496 °C.
IR: 3284 (br), 3112 (w), 2940 (w), 1633 (m), 1596 (w), 1509 (s).cm

+ 105 / 3 = @.8 Hz), 3.56 (2H, g} = 6.3 Hz), 5.12-5.23 (2H, m), 5.571

(1H, m), 6.26 (1H, br), 7.90 (2H, d, J = 8.7 Hz) 8.28 (2H, d, J = 8.7 Hz).
13C NMR: /33.9, 39.4, 118.2, 124.2 (2C), 128.4 (2C), 135.3, 140.6, 149.9, 165.9.
HRMS: m/z calc'd for [M+H] CriH1aN20s* 221.0921, found 221.0920.

Synthesis ofN-(but-3-en-1-yl)-p-chlorobenzamide, 128d:

O

o
H
Cl
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This compound was prepared according to the procedure for 128a ushitg @benzoyl

chloride (0.7 mL, 5.11 mmol) giving 128 a white solid (0.41g, 91% vyield).
Melting point: 7374 °C.
IR: 3298 (br), 3022 (w), 2945 (w), 1636 (s), 1538 (s), 1277 (m}.cm

IH NMR: /2.37 (2H, g, ¥ 7.2 Hz), 3.51 (2H, g] = 6.5 Hz), 5.12 (1H, d] = 10Hz), 5.14
(1H, d, J= 17Hz), 5.745.89 (1H, m), 6.14 (1H, br), 7.38 (2H, 3= 8.2 Hz), 7.67 (2H, d, J

= 8.2Hz).
13C NMR: /34.1, 39.2, 117.9, 128.6 (2C), 129.2 (2C), 133.4, 135.6, 138.0, 166.8.
HRMS: Mz calc'd for [M+H] C1iH1sCI*SNO,;* 210.0680, found 210.0675.

Synthesis ofN-(but-3-en-1-yl)furan -2-carboxamide, 128e:

This compound was prepared according to the procedure for 128a usiethgxy benzoyl

chloride (0.5 mL, 5.11 mmol) giving 12&es a colourless oil (0.48 g, 63% vyield).
IR: 3297 (br), 2980 (w), 1639 (m), 1592 (m), 1300 (m)tm

IH NMR: 2.29 (2H, g, J = 7.1 Hz), 3.43 (2H, ¢= 5.4 Hz), 5.01 (1H, d, 3 9.6 Hz), 5.05

(1H, d, J = 17 Hz), 5.66-79 (1H, m), 6.41 (1H, dd, J = 1.7, 3.4 Hz), 6.59 (1H, br), 7.03 (1H,
d, J = 6.4 Hz), 7.36 (1H, s).

13C NMR: /33.8, 38.3, 112.0, 114.0, 117.2, 135.2, 144.0, 148.1, 158.6.

HRMS: m/z calc'd for [M+H] CoH12NO2" 166.0863, found 166.0860.

Synthesis ofN-(but-3-en-1-yl)acetamide, 128f:
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HyC” ONT"X
|
H

This compound was prepared according to the procedure for 128a usietippxy benzoyl
chloride (0.4 mL, 5.12 mmol) giving 128k a brown oil (0.57g, 97% yield).

IR: 3289 (br), 3079 (W), 2929 (w), 1633 (m), 1552 (m)’tm

IH NMR: /1.86 (3H, s), 2.08-2.24 (2H, m), 3.3129 (2H, m), 4.92 (1H, d, J = M), 4.96

(1H, d, J= 17Hz), 5.575.74 (1H, m), 6.85 (1H, br).
13C NMR: /23.2, 33.7, 38.9, 117.1, 135.4, 170.9.
HRMS: m/z calc'd for [M+H]" CsH12NO* 114.0913, found 114.0916.

Preparation of 2{(but-3-en-2-yl)isoindoline-1,3-dione, 140j%*

N~<:

o
Prepared a ccording to a literatprecedure reported by Minakata arwhuthors® To a
stirred solution of potassium phthalimide (2.6 g, 14.1 mmol) and potassium carbonate (0.50
g, 3.64 mmol) in dry DMF (25 mL) at room temperature was addgdde-1-butene (1.84
mL, 18.2 mmol). The flash was fitted with a reflux condenser and heated to 140 °C overnight
under N atmosphere. The mixture was cooled to room temperature and ice cold water was
poured into the mixture with rapid stirring. The resulting white precipitate was collected by
filtration and rinsed with cold water giving 148 a white solid (1.7 g, 61% vyield), m.p 87-

88°C (lit. m.p. 8687 °C).
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IR: 3460 (br), 1769 (m), 1698 (s), 1469 (m), 1383 (s), 1139 (m), 715 (&) cm

IH NMR: /1.57 (3H, d, ¥ 7.2 Hz), 4.92 (1H, pentel = 7.0 Hz), 5.15 (1H, d, J = 10 Hz),
5.22 (1H, d, E 17 Hz), 6.18 (1H, ddd ,917, 10, 6.7 Hz), 7.69 (2H, dd=J5.3, 3.1 Hz),

7.81 (2H, dd, ¥ 5.4, 3.1 Hz).

13C NMR: /18.6, 49.3, 116.7, 123.5 (3C), 132.4, 134.2 (2C), 137.2, 167.7 (2C).
HRMS: m/z calc'd for [M+H] Ci2H12NO2" 202.0863, found 202.0866.

Synthesis of 2(3-methylbut-2-en-1-yl)isoindoline-1,3-dione, 140k>2

O

o

This compound was prepared according to the procedure fou&#@j 3,3 dimethylallyl
bromide (2.1 mL, 1.8 mmol) giving 140k as a light brown solid (2.8 g, 93% yield), m.p 101-

103°C (lit. m.p. 100102 °C).
IR: 3034 (br), 2902 (w), 1765 (m), 1697 (s), 1425 (m), 1382 (s), 718 (¢) cm

IH NMR: /1.68 (3H, s), 1.80 (3H, S), 4.24 (2H, d, J = 7.5 Hz), 5.25 (1H; 7.3 Hz), 7.64-

7.70 (2H, m), 7.78-.82 (2H, m).
13C NMR: /18.3, 25.9, 36.1, 118.6, 123.4 (3C), 132.6, 134.1 (2C), 137.5, 167.7 (2C).
HRMS: m/z calc'd for [M+H] Ci3H14NO2" 216.1019, found 216.1022.

N-(But-3-en-2-yl)benzamide, 137!
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According to literatur@rocedure reported by Trost et’allo a solution of 140{1.0 g, 4.9

mmol) in ethanol (16 mL) was added ethylenediamine (0.7 mL, 9.9 mmol) and the solution
was heated to reflux for 4 h. The resulting mixture was cooled to room temperature and the
solid was removed by filtration through a pad of celite. The solid was washed with ethanol
(20 mL) and the combined washings were washed with water (10 mL) then brine (10 mL)
then extracted with C#Ll> (3 x 20 mL). The organic layers were dried over anhydrous
MgSQs and were used immediately to prepare Mdich was prepared accordingtie
procedure for 128a using benzoyl chloride (0.64 mL, 5.47 mmol) to yieldal®@Fijte solid

(0.26 g, 29% yield), m.p 888°C (lit. m.p. 8687 °C)
IR: 3296 (br), 2972 (w), 1632 (m), 1537 (s), 692 (s)'tm

IH NMR: /1.35 (3H, d, ¥ 6.8 Hz), 4.744.86 (1H, m), 5.13 (1H, d,< 10 Hz), 5.23 (1H,
d, J= 17 Hz), 5.875.99 (1H, m), 6.06 (1H, br), 7.43 (2H, t, J = 7.2 Hz), 7.49 (1H=t7.2

Hz), 7.78 (2H, d, ¥ 7.3 Hz).
13C NMR: /20.7, 47.5, 114.8, 127.2 (2C), 128.9 (2C), 131.8, 135.0, 139.8, 167.0.
HRMS: mz calc'd for [M+H]' C11H1aNO* 176.1070, found 176.1075.

N-(3-Methylbut-2-en-1-yl)benzamide, 137k:

PN

H

O
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This compound was prepared according to the procedure fous®ig 140k(2.0 g, 9.3
mmol) and benzoyl chloride (1.19 mL, 1.02 mmol) giving 137k as a light yellow oil (0.84 g,

48% vyield).
IR: 3303 (br), 1633 (s), 1533 (s), 1488 (m), 1289 (m), 1050 (M), 692 (3) cm

IH NMR: /1.68 (6H, d, ¥ 11 Hz), 3.99 (2H, t, 3 6.3 Hz), 5.26 (1H, t, 3 6.7 Hz), 6.47

(1H, br), 7.36 (2H, t, & 7.3 Hz), 7.44 (1H, t, 3 7.3 Hz), 7.76 (2H, d, 3 7.8 Hz).

13C NMR: /18.2, 25.9, 38.4, 120.4, 127.2 (2C), 128.7 (2C), 130.1, 134.9, 136.9, 167.7.
HRMS: vz calc'd for [M+H] Ci2H16NO™ 190.1226, found 190.1228.

Synthesis of 2(pent-4-en-1-yl)isoindoline-1,3-dione, 1429

O

N N\—

O

Prepared according to the literature procedure reportddidhael and Cochraff To a

solution of triphenylphosphine (6.0 g, 23.2 mmol) in THF (25 mL), diethyl azodicarboxylate
(DIAD) (4.6 mL, 25 mmol) was added dropwise at 0 °C undes atiosphere and stirred

for 5 min. Then, 4senteni-ol (2.40 mL, 23.2 mmol) was added dropwise aindesl for 5

min. Lastly, phthalimide (3.4 g, 23.2 mmol) was added in one portion and the ice bath was
removed. The mixture was stirred overnight. Thdrerane was added and the reaction

mixture was filtered. The filtrate was dried over Mg3@d concemated under vacuum to

give the crude product. Purification by flash column chromatography on silica gel (eluent: 9:1

petroleum ether 460/ EtOAc) gave 142 as a colourless oil (4.09 g, 83% yield).

IR: 2939 (W), 1772 (m), 1702 (s), 1640 (w), 1437 (m), 1393 (s), 1071 (m), 716 &) cm
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1+ 105 / + SRA®Y), 2.07 (2H, q, J = 7.4 Hz), 3.65 (2H, & 3.3 Hz),
4.93 (1H, dd, ¥ 10, 1.5 Hz), 5.02 (1H, ddd, 317, 3.4, 1.6 Hz), 5.77 (1H, ddt=117, 10,

6.6 Hz), 7.67 (2H, dd, 3 5.5, 2.9 Hz), 7.79 (2H, dd, J = 5,5, 2.9 Hz).

3¢ 105 / & &
HRMS: m/z calc'd for [M+H] C13H14NO2" 216.1019, found 216.1020.
Synthesis of 2(Hex-5-en-1-yl)isoindoline-1,3-dione, 1434

O
N

O

\

This compound was prepared according to the procedure for 142 ustbeehelxol (3.0

mL, 25 mmol)giving 143 as a colourless oil (2.05 g, 36% vyield).
IR: 2936 (w), 1771 (m), 1703 (s), 1640 (w), 1466 (m), 1394 (s), 1039 (w), 717 {5) cm

1+ 105 / + SRAQNY), 1.59 (2H, pent,F7.6 Hz), 1.99 (2H, g, J = 7.4 Hz),
3.58 (2H, t, = 7.4 Hz), 4.83 (1H, d, 3 10 Hz), 4.90 (1H, dd,3 17, 1.6 Hz), 5.67 (1H, ddt,

J=17, 10, 6.5 Hz), 7.61 (2H, dd, J = 5.5, 3.1 Hz), 7.72 (2H, dd, J = 5,5, 3.1 Hz).
3¢ 105 / & &
HRMS: m/z calc'd for [M+H] C14H1eNO2" 230.1176, found 230.1179.

Synthesis of N(pent-4-en-1-yl)benzamide 144>
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This compound was prepared according to the procedure fousig 142 (1.0 g, 9.3
mmol) and benzoyl chloride (1.19 mL, 1.02 mmol) giving 144 as a yellow wax (0.21 g, 12%

yield).

IH NMR: /1.68 (2H, pent, ¥ 7.3 Hz), 2.10 (2H, g, 3 7.4 Hz), 3.41 (2H, q, 3 6.9 Hz),
4.96 (1H, d, E 10 Hz), 5.02 (1H, dd,d 17, 1.7 Hz), 5.75.85 (1H, m), 6.78 (1H, br), 7.36

(2H, t, J = 7.5 Hz), 7.45 (1H, t,37.5 Hz), 7.74 (2H, d, 3 7.4 HZ).
13C NMR: /29.0, 31.6, 39.9, 115.6, 127.2 (2C), 128.8 (2C), 131.7, 135.0, 138.2, 167.9.
HRMS: m/z calc'd for [M+H]" C12H1eNO™ 190.1226, found 190.1228.

Synthesis of N(hex-5-en-1-yl)benzamide, 145%°

@)
NS X

H

This compound was prepared according to the procedure fou&®ig 143 (1 g, 4.37 mmol)

and benzoyl chloride (0.56 mL, 4.80 mmol) giving 145 as yellow oil (0.45 g, 48% yield).
IR: 3298 (br), 3064 (w), 2929 (w), 1632 (s), 1539 (sf’tm

IH NMR: /1.424.53 (2H, m), 1.57.67 (2H, m), 2.09 (2H, q,3 6.7Hz), 3.44 (2H, q, &
6.8 Hz), 4.95 (1H, d, 3 10 Hz), 5.01 (1H, dd, 3 17, 1.6 Hz), 5.73-86 (1H, m), 6.26 (1H,

br), 7.41 (2H, t, ¥ 7.4 Hz), 7.48 (1H, t, 3 7.2 Hz), 7.75 (2H, d, 3 7.3 Hz).
13C NMR: /26.5, 29.4, 33.7, 40.3, 115.2, 127.2 (2C), 128.8 (2C), 131.6, 135.1, 138.7, 167.9.
HRMS: m/z calc'd for [M+H] Ci3H1eNO* 204.1383, found 204.1391

Representative procedure for Z2odoanisolecatalysed cyclisation:Synthesis of (2
phenyl-5, 6-dihydro-4H-1, 3-oxazin-6-yl) methanol, 134a’’
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I\JOJAOH

To a stirred solution of 128a (0.1 g, 0.57 mmol) ani BRGRDQLVROH / PPRC
DFHWRQLWULOH P/ ZzDV DGGHG 6HOHFWIOXRU J F
1.14 mmol). The reaction was stirred overnight at room temperature. The mixture was

washed with NaOH (2 M, 5 mL) and extracted with2CH (2 x 10 mL). The organic layers

were dried over anhydrous Mg%@nd the solvents were removed under vacuum. The

residue was purified by flash chromatography on silica gel (eluent: 4.1 EtOAc/petroleum

ether 4060) to givel34a asa colourless oil (0.0§, 48% yield).
IR: 3220 (br), 2931 (w), 2860 (w), 1648 (s), 1352 (m)tm

1H NMR: /1.681.90 (2H, m), 3.50 (1H, br), 3.51 (1H, ddd;=)17, 11, 5.3 Hz), 3.64 (1H,
ddd, J= 17, 5.3, 2.5 Hz), 3.71 (1H, dd=J12, 5.7Hz), 3.77 (1H, dd, & 12, 4.0 Hz), 4.20-

4.28 (1H, m), 7. 33 (2H, t,9 7.4 HZ), 7.39 (1H, t, 3 7.4 HZ), 7.86 (2H, d, 3 7.4 H2),
13C NMR: /23.4, 42.8, 65.3, 75.8, 127.3 (2C), 128.4 (2C), 130.8, 134.0, 156.1.
HRMS: m/z calc'd for [M+H] C1iH1aNO2" 192.1019, found 192.1029.

Synthesis of (2(p-methoxyphenyl)-5,6-dihydro-4H-1,3-0xazin-6-yl)methanol, 134b?’

'\JOJAOH

This compound was prepared according to the procedure for 134a usin¢01Pg§b0.52

M€O

mmol) giving 134bas a yellow oil (0.07 g, 58% yield).

125



IR: 3155 (br), 2933 (w), 2858 (w), 1646 (m), 1511 (m)tm

IH NMR: /1.781.93 (2H, m), 2.42 (1H, br), 3.55 (1H, ddds 17, 11, 5.2 Hz), 3.67 (1H
ddd, J= 17, 5.2, 2.8 Hz,), 3.76 (1H, dd=1.2, 5.6 Hz), 3.81 (3H, s), 3.86 (1H, dds 12,

3.4 Hz), 4.294.35 (1H, m), 6.86 (2H, d,39.1Hz,), 7.83 (2H, d, & 9.1Hz).
13C NMR: /23.5, 42.8, 55.7, 65.7, 75.7, 113.7 (2C), 126.5, 128.9, (2C), 155.6, 161.8.
HRMS: m/z calc'd for [M+H]" CioH16NOs* 222.1125, found 222.1126.

Synthesis of (2p-nitrophenyl)-5,6-dihydro-4H-1,3-0xazin-6-yl)methanol, 134c’’

I\IOJAOH

This compound was prepared according to the procedure for 134a using 128c (0.1 g, 0.45

O,N

mmol) giving 134as a white solid (0.07 g, 65% vyield).
Melting point: 148150 °C.
IR: 3264 (br), 3107 (w), 2865 (w), 1651 (m), 1513 (m), 1337 (mfcm

1H NMR: /1.862.01 (2H, m), 3.65 (1H, ddd,J17, 11, 5.4 Hz), 3.73:96 (3H, m), 4.36-

4.44 (1H, m), 8.08 (2H, d,98.7 Hz), 8.22 (2H, d, J = 8.7 Hz).
13C NMR: /23.8, 42.9, 65.9, 75.9, 123.8 (2C), 129.6 (2C), 140.4, 149.2, 153.9.
HRMS: m'z calc'd for [M+H]" C1iH13N204" 237.0870, found 237.0877.

Synthesis of (2(p-chlorophenyl)-5,6-dihydro-4H-1,3-0xazin-6-yl)methanol, 134d?’
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Cl

I\IOJAOH

This compound was prepared according to the procedure for 134a usin¢01P§¢0.48

mmol) giving 134das a colourless oil (0.072 g, 68% vyield).
IR: 3189 (br), 2982 (w), 2859 (w), 1723 (W), 1645 (m), 1275 (m){cm

IH NMR: /1.761.87 (2H, m), 2.70 (1H, br), 3.55 (1H, ddds 17, 11, 5.6 Hz), 3.67 (1H,
ddd, J= 17, 5.3, 2.5 Hz), 3.75 (1H, dd=J12, 5.7 Hz), 3.84 (1H, dd, 12, 3.7 Hz), 4.26-

4.36 (1H, m), 7.31 (2H, d,98.5 Hz), 7.81 (2H, d, 3 8.5 Hz).
13C NMR: /23.3, 42.8, 65.2, 75.9, 128.6 (2C), 128.7 (2C), 132.4, 136.9, 155.8.
HRMS: Mz calc'd for [M+H]" C11H1aN35CIO; * 226.0629, found 226.0639.

4.2.11 Synthesis of (2furan-2-yl)-5,6-dihydro-4H-1,3-0xazin-6-yl)methanol, 134e*’

O I\IOJAOH

This compound was prepared according to the procedure for 134a usin@112§e0.61

mmol) giving 134eas a colourless oil (0.07 g, 62% vyield).
IR: 3078 (br), 2994 (w), 1664 (m), 1570 (m), 1481 (m), 1288 (m}.cm

IH NMR: /1.742.00 (1H, m), 3.22 (1H, br), 3.54 (1H, ddds 17, 11, 5.3 Hz), 3.65 (1H,
ddd, J= 17, 5.3, 2.7 Hz), 3.75 (1H, d=}4.9Hz), 3.85 (1H, s), 4.19 (1H, br), 4.2434 (1H,

m), 6.41 (1H, s), 6.80 (1H, s), 7.45 (1H, ).

13C NMR: /23.7, 42.5, 65.4, 75.8, 111.5, 112.0, 144.6, 147.4, 149.4.
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HRMS: m/z calc'd for [M+H] CoH12NOs* 182.0812, found 182.0820

Synthesis of(4-methyl-2-phenyl-4,5-dihydrooxazol-5-yl)methanol, 134j:"’

O OH O OH
e O
N N—",

This compoundavas prepared according to the procedure for 134a using 137 (0.1 g 0.57
mmol). The residue was purified by flash chromatography on silica gel (eluent: 2:1

EtOAc/petroleum ether 460) to givel34j asa yellow oil (0.08 g 74% yield).
IR: 3231 (br), 2926 (w), 2361 (W), 1643 (m), 693 (s)'tm

H NMR (major isomer): 1.38 (3H, d, ¥ 6.7 Hz), 3.73 (1H, dd,3 12, 6.0 Hz), 3.8B8.91
(1H, m), 4.08 (1H, pentet,3J7.0 Hz),4.284.34 (1H, m), 7.39 (2H, t,3d 7.4Hz), 7.48 (1H,

t,J=7.4 Hz), 7.94 (2H, d, 3 7.7 Hz,).

13C NMR (major isomer): 21.6, 62.8, 63.8, 87.3, 127.8, 128.5 (2C), 128.6 (2C), 131.8,

163.3.

'H NMR (minor isomer):/1.31 (3H, d, ¥ 7.1 Hz), 3.73.91 (2H, m), 4.3%.49 (1H, m),

4.734.81 (1H, m), 7.39 (2H t,3 7.4 Hz,), 7.48 (1H t, 3 7.4 Hz), 7.94 (2H, d, 3 7.7 Hz).

13C NMR (minor isomer):/ 15.6, 61.3, 63.7, 82.9, 127.8, 128.5 (2C), 128.6 (2C), 131.8,

163.2.

HRMS: m/z calc'd for [M+H] C1iH1aNO2" 192.1019, found 192.1026.
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N-(3-Acetamido-2-fluoro-3-methylbutyl)benzamide, 141.:

This compounavas prepared according to the procedure for 134a using 137k (0.1 g 0.53
mmol). The residue was purified by flash chromatography on silica gel (eluent: 10:1

EtOAc/petroleum ether 460) to givel4l asayellow wax (0.05 g 33% vyield).
IR: 3297 (br), 1643 (s), 1552 (s), 1471 (m), 1287 (m), 1024 (m), 695 (3) cm

IH NMR: /1.42 (2x3H, s), 1.94 (3H, s), 3.4054 (1H, m), 3.96 (1H, dddd,=J33, 14, 6.9,
2.8 Hz), 4.99 (1H, ddd, 3 49, 8.6, 2.8 Hz), 5.72 (1H, s), 6.70 (1H, br), 7.43 (2H=t, J

7.4 Hz), 7.50 (1H, t, ¥ 7.4 Hz), 7.78 (2H, d, 3 7.8 Hz).

13C NMR: /23.1 (d, J= 4.0 Hz), 23.3 (d, & 3.2 Hz), 24.7, 40.9 (d,922 Hz), 55.7 (d, ¥

20 Hz), 95.1 (d, ¥ 177 Hz), 127.3 (2C), 128.9 (2C), 132.1, 134.3, 168.1, 170.7.
19F NMR: /-194.13 ppm.
HRMS: m/z calc'd for [M+H] C14H20FN202" 267.1503, found 267.1506.

Synthesis of (2phenyl-4,5,6,7tetrahydro-1,3-0xazepin7-yl)methanol, 1467’

O OH

This compound was prepared according to the procedure for 134a using 144 (50 mg, 0.29

mmol) giving 146as a yellow oil (0.024 g 30% vyield).

IR: 3374 (br), 2945 (w), 2875 (w), 1598 (s), 1428 (m)tm
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IH NMR: /1.5241.95 (4H, m), 2.16 (1H, br), 3.4255 (2H, m), 3.66.83 (2H, m), 4.35-

4.44 (1H, m), 7.35-44 (3H, m), 7.49 (2H, d,3 6.7 Hz).

13C NMR: /25.4, 28.9, 51.5, 61.9, 67.6, 127.4 (2C), 128.7 (2C), 130.6, 136.9, 172.6.
HRMS: m/z calc'd forfM+H]* C12H16NO2" 206.1176, found 206.1180.

Representative procedure for chiral iodoarenezatalysed cyclisation

Amide 128a (1 equiv) was dissolved in solvent and chiral iodoarene (0.1 equiv) was added,
followed by trifluoroacetic acid (2 equiv) and Selectfluor (2 equiv). The mixture was stirred
overnight at room temperature, then agueous NaOH solution (2 M) was added and the
mixture extracted with C#Cl.. The organic layers were combined and dried with anhydrous
magnesium sulfate, filtered and concentrated undarura. The residue was purified by

flash chromatography (petroleum ether/EtOAcC) to furnish 134a or 148.

(2-Pheny}5,6-dihydro-4H-1,3-0xazin-6-yl)methanol, 134a’’

I\IOJAOH

HPLC: chiralpak IA 254 nm hexane/EtOH gradient (100:0 to 80:20 over 25 min), 1 mL/min.
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6-(Methoxymethyl)-2-phenyl-5,6-dihydro-4H-1,3-oxazine, 148*’

O

T fOCHg

Up to 0.12 g, 99%. Colourless oil.

IR: 2927 (br), 2860 (W), 1651 (s), 1346 (W), 1274 (mYTm
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1+ 105 1/7441.86 (1H, m), 1.92.04 (1H, m), 3.46 (3H, s), 3.5877 (4H, m), 4.37%-.46

(1H, m), 7.327.44 (3H, m), 7.91 (1H, d, J = 7.5 Hz).
13g 105 24.2,42.6,59.9, 74.1, 75.3, 127.3 (2C), 128.3 (2C), 130.7, 134.2, 155.9.
HRMS: mz calc'd for [M+H] Ci2H1sNO,* 206.1176, found 206.1185

HPLC: chiralpak IA 254 nm hexane/EtOH gradient (100:0 to 80:20 over 25 min), 1 mL/min.
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(Z)-3-lodobut-2-enoic acid, 150’
MOH
H

Following the literature procedure reported by Watid coauthor$® a 47% ag. HI solution

(3.65 mL, 22.8 mmol) was added dropwise tou2ynoic acid 149 (1.5 g, 17.8 mmol). The
solution was heated at 90 °C with stirring for 2h. After cooling to r.t, a 5% a§.06

mL) solution was added. The organic phases separated, and the aqueous phase was
extracted with (2 x 30 mL) ED. The combined organic phases were washed with brine (20
mL) and dried over MgS£filtered and concentrated under reduced pressure to give 150 as a

white solid (2.69 g, 71% yield), )m 100402°C (lit. m.p. 111 °C).

IR: 2246 (W), 1671 (m), 1613 (s), 1428 (m), 1216 (s), 1084 (m), 861 () cm
1+ 105 / + Vv + Vv + EU

3¢ 105 /

HRMS: m/z calc'd for [M+H] CsHelO2" 212.9407, found 212.9407.

(S,2)-Methyl 2-(3-iodobut-2-enamido)3-phenylpropanoate, 152

1-Propanephosphonic acid anhydride solutiog?(B50% in DMF, 2.07 mL, 7.08 mmol, 3

equiv) was dissolved in Gi&l> (40 mL) and cooled to 0 °Triethylamine (1.97 mL, 14.2
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mmol, 6 equiv) and4)-3-iodobut2-enoic acid 150 (0.50 g, 2.36 mmol, 1 equiv) were added.
The reaction mixture was left to stir at O f&@ 0.5 h, thenl()-methyl 2amino 3-
phenylpropanoate hydrochloride (0.51 g, 2.36 mmol, 1 equiv) was added. After stirring
overnight at room temperature, the reaction was quenched ytl{20 mL) and extracted

with EtOAc (3 x 10 mL). The combined organics were dried (MgSitered and

concentrated under vacuum. The crude product was purified by flash chromatography (1:1

petroleum ether/EtOAC) to provide 152 as a yellow oil (0.35 g, 40% vyield).
IR: 2980 (br), 2970 (m), 1745 (m), 1667 (s), 1539 (m), 1211 (s), 700 (8) cm

IH NMR: /2.66 (3H, d, ¥ 1.5 Hz), 3.16 (2H, ddd, <19, 14, 5.6 Hz), 3.72 (3H, s), 4.96

(1H, dt, J = 7.8, 5.9 Hz), 6.26:24 (2H, m), 7.11 (2H, d,d 7.3 Hz), 7.217.31 (3H, m).

13C NMR: /36.4, 38.1, 52.7, 53.5, 108.1, 127.5, 128.1, 128.9 (2C), 129.7 (2C), 136.1, 164.1,

172.2.
HRMS: m/z calc'd for [M+H] C14H17INO3s™ 374.0248, found 374.0244.

1-Ethoxy-1-oxopropan-2-yl but-2-ynoate, 153:

O
~ O

Following the literature procedure reported by Kennedy and’Malkolution of 2outynoic
acid (1.0 g, 1.2 mmol, 1 equiv),-ethyllactate (1.4 mL, 1.2 mmol, 1.1 equiv), DIC (2.2 mL,
1.4 mmol, 1.2 equiv) and DMAP (0.2 g, 0.2 mmol, 0.2 equiv) in@#H20 mL) were stirred
at room temperature undep fr two days. The resulting ntixre was diluted with water
(120 mL), the layers separated and the aqueous layers subsequently extracted@lil(3CH

x 30 mL). The organic layers were washed with ag. Nati@2Q 30 mL), and brine (60 mL)
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then dried over MgS©£and concentrated under reduced pressure. The crude product was
purified by flash column chromatography (9:1 petroleum ether/EtOAc) to provide 153 as a

yellow oil (0.63 g, 29% vyield).
IR: 2981 (br), 2241 (m), 1743 (m), 1711 (s), 1448 (w), 1250 (s), 746 (1) cm

IH NMR: /1.23 (3H, t, 7.2 Hz), 1.47 (3H, d, 3 7.1 Hz), 1.96 (3H, s), 4.16 (2H, q, J =

7.2 Hz), 5.06 (1H, q, 3 7.1 Hz).
13C NMR: /4.11, 14.3,17.1, 61.8, 69.9, 72.1, 87.3, 153.0, 170.2.
HRMS: vz calc'd for [M+H] CoH1304" 185.0808, found 185.0813.

(2)-1-Ethoxy-1-oxopropan-2-yl 3-iodobut-2-enoate, 154

@)

Baahe

| | 3
Following the literature procedure reported by Piers and coauthariask was charged
with a mixture of 153 (0.20 g, 1.09 mmol, 1 equiv), Nal (0.26 g, 1.74 mmol, 1.6 equiv) and
glacial acetic acid (0.46 mL, 7.27 mmol, 6.7 equiv) underTiie mixture was stirred at 115
°C for 2 h. The mixture was cooled down to room temperature, quenched with water (20 mL)
and subsequently extracted with@43 x 10 mL). The organi@ajers were washed with 5%
solution of NaCGQO;z (15 mL), saturated solution of b&0Os (5 mL), dried over MgS@and
concentrated under reduced pressure. The crude product was purified by flash column

chromatography (9:1 petroleum ether/EtOACc) to provide 54 gellow oil (0.19 g, 58%

yield).

IR: 3358 (br), 2968 (m), 1731 (s), 1625 (m), 1377 (w), 1189 (s), 950 (iff) cm
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IH NMR: /1.26 (3H, t, J 7.2 Hz), 1.50 (3H, d, 3 7.1 Hz), 2.74 (3H, s), 4.19 (2H, qd, J =

7.0, 2.2 Hz), 5.15 (1H, q,37.1 Hz), 6.40 (1H, s).

13C NMR: /14.5, 17.4,37.1, 61.8, 69.0, 115.7, 125.1, 163.8, 170.9.
HRMS: m/z calc'd for [M+H] CoH14104" 312.9931, found 312.9937.
(E)-N,N'-(hex-3-ene1,6-diyl)dibenzamide, 155

N/\/\/\/

: O

Second generation Grubbs catalyst, (0.024 g, 0.029 mmol, 0.05 equiv ) was add to a stirring
solution of 128a (0.1 g, 1.71 mmol, 1 equiv) in dryZCH (5 mL). The mixture was refluxed

for overnight at 42 °C underoNThe resulting mixture was filtrate thugh ped of cilete and
washed by CbkCl> (10 mL). The filtrate was dried over anhydrous Mg®@d the solvents

were removed under vacuum. The residue was purified by flash chromatography (3:1

petroleum ether/EtOAC) to provide 155 as a light brown solid (0.082g, 44% yield).
IR: 3324 (br), 2359 (W), 1632 (s), 1536 (S), 1488 (m), 1294 (m), 692 (3) cm

IH NMR: /2.31 (3H, d, ¥ 6.1 Hz), 2.41 (1H, g] = 6.7 Hz), 3.44.59 (4H, m), 5.5%.59

(2H, m), 6.36 (1H, br), 6.44 (1H, br), 7.3851 (6 H, m), 7.7279 (4H, m).

13C NMR: /33.2 (2C), 39.7 (2C), 127.3 (4C), 128.9 (4C), 130.1 (2C), 131.8 (2C), 134.9

(2C), 167.9 (2C).
HRMS: m/z calc'd for [M+H] CaoH23N202" 323.1754, found 323.1753.

2,2'-Diphenyl-5,5',6,6 tetrahydro-4H,4'H-6,6-bi(1,3-0xazine), 156
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To a stirred solution of 155 (0.05 g, 0.16 mmol) anddbanisole (0.0041 mL, 0.062 mmol)

in acetonitrile (2 mL) was added Selectfluor (0.110 g, 0.62 mmol), followed by TFA (0.025
mL, 0.62 mmol). The reaction was allowed to stir at room temperature overnight. The
mixture was washed with 2 M NaOH (2 x 5 mL) and extracted withbGGH2 x 10 mL).

The organic layers werdried over anhydrous Mg%@nd the solvents were removed under
vacuum. The residue was purified by flash chromatogrépi3ypetroleum ether/EtOAc) to

give 156aslight yellow wax (0.0341 g, 69% vyield).
IR: 2859 (br), 2359 (w), 1651 (s), 1445 (m), 134%),(1111 (s), 699 (s) chh

'H NMR: /1.992.15 (4H, m), 3.66 (2H, ddd,=J17, 11, 5.4 Hz), 3.81 (2H, ddd=J17, 5.2,

2.1 Hz), 4.394.45 (2H, m), 7.34.44 (6H, m), 7.93 (2 x 2H, d,3J8.6 Hz).

13C NMR: /23.2 (2C), 43.2 (2C), 76.1 (2C), 127.3 (4C), 128.4 (4C), 130.9 (2C), 133.9 (2C),

155.8 (2C).
HRMS: m/z calc'd for [M+H] CaoH2:N202" 321.1598, found 321.1599.

Representative procedure: Preparation of £hloro-N-(3-phenylprop-2-yn-1-

yl)benzamide, 160a*®
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Following the literature procedure reported by Rominger and coadtHmeazoyl chloride

(0.23 mL, 1.8 mmolwas added dropwise to an ice cooled solution ph&ayt2-propyn1-
amine.HCI (0.30 g, 1.8 mmol) and triethylem@ (0.50 mL, 3.6 mmol) in C¥l> (10 mL) and

the mixture was stirred overnight at room temperature. The mixture was washed with water
and extracted with C¥l> (3 x 10 mL) The organic layers were dried over anhydrous

MgSQs and the solvents were removed under vacuum to give 160 as a whit@® s3lid,

73% yield, m.p 102104°C (lit. m.p. 102103 °C).
IR: 3308 (br), 3053 (w), 1639 (s), 1529 (s), 1486 (m), 1323 (m), 757 (4) cm

1+ 105 += 531 Hiz), 6.441H, br), 7.277.35 (3H, m), 7.447.48 (4H, m),

7.52 (1H, t, ¥ 7.3 Hz), 7.82 (2H, d, 3 7.6 Hz)

3¢ 105 / & & &

(2C), 134.3, 167.4.
HRMS: m/z calc'd for [M+H] C16H14NO" 236.1071, found 236.1070.

4-Methoxy-N-(3-phenylprop-2-yn-1-yl)benzamide, 1608°

This compound was prepared according to the procedure for 160a4usietipoxybenzoyl
chloride (0.24 mL, 1.79 mmol) giving 160b asvhite solid (0.29 g, 63% vyield), m.p 1367

°C (lit. m.p. 155156 °C).

IR: 3246 (br), 1630 (m), 1606 (s), 1552 (s), 1299 (s), 1252 (m), 1025 (s), 692ts) cm
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1+ 105 / + V = 5.2 HzZ 6.34 (1H, br), 6.93 (2H, d=B.8 Hz),

7.297.34 (3H, m), 7.42%.47 (2H, m), 7.79 (2H, d, < 8.8 Hz)

13¢ 105 / & &

132.1 (2C), 162.8, 166.9.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1181.

4-Chloro-N-(3-phenylprop-2-yn-1-yl)benzamide, 160c:

Cl

This compound was prepared according to the procedure for 160adcitgyobenzoyl
chloride (0.23 mL, 1.79 mmol) giving 16@s a white solig0.48 g, 99% yield), m.p 157-

158°C.
IR: 3257 (br), 3073 (w), 1633 (s), 1545 (s), 1487 (s), 1299 (m), 1093 (m), 751ts) cm

1+ 105 += 531 Hiz), 6.37 (1H, br), 7.2B:35 (3H, m), 7.447.46 (4H, m),

7.76 (2H, d, k= 8.2 Hz).

13 105 |/ ,84.3,84.8, 122.7, 128.7 (2C), 128.9 (2C), 129.0, 129.3 (2C), 132.1 (2C),

132.6, 138.4, 166.4.
HRMS: m/z calc'd for [M+H] C16H15**CINO* 270.0680, found 270.0680.

4-Nitro -N-(3-phenylprop-2-yn-1-yl)benzamide, 160d>®
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O,N

This compound was prepared according to the procedure for 160a4usingbenzoyl
chloride (0.33 g, 1.79 mmol) giving 16@d a light yellow solid (0.42 g, 84% yield), m.p

132-134°C (lit. m.p. 131132 °C).
IR: 3288 (br), 3059 (w), 1639 (s), 1602 (w), 1537 (s), 1487 (m), 1262 (m), 626 {fs) cm

'+ 105 / += 551 Hz), 6.52 (1H, br), 7.2837 (3H, m), 7.4%7.46 (2H, m),

7.99 (2H, d, ¥ 8.8 Hz), 8.30 (2H, d, 3 8.8 Hz).

13¢ 105 / & & 1,132.1 (20),

150.1, 165.5.
HRMS: m/z calc'd for [M+H] CieH13N203" 281.0921, found 281.0921.

2,4,6Trimethyl -N-(3-phenylprop-2-yn-1-yl)benzamide, 160e:

This compound was prepared according to the procedure for 160a2u4j6grimethyl
benzoyl chloride (0.30 mL, 1.79 mmajiving 160eas a white solid (0.31 g, 63% vyield), m.p

113-114°C.

IR: 3255 (br), 1630 (s), 1537 (s), 1442 (w), 1287 (s), 845 (s), 756 (&) cm
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'+ 105 / + V + V =53 HzH58A(1H, br), 6.84 (2H, s),

7.297.34 (3H, m), 7.3%.43 (2H, m)

13¢ 105 / & & &

134.5(2C), 134.7, 139.1, 170.7.
HRMS: m/z calc'd for [M+H] C19H20NO" 278.1539, found 278.1532.

N-(3-phenylprop-2-yn-1-yl)furan -2-carboxamide, 160f%°

This compound was prepared according to the procedure for 160&2dsirtyl chloride
(0.18 mL, 1.79 mmolyiving 160fas a brown solid (0.41 g, 98% yield), m.p®RC (lit.

m.p. 92.4 °C).
IR: 3205 (br), 3059 (w), 1640 (m), 1574 (s), 1419 (m), 1487 (m), 1323 (s), 754 fs) cm

1+ 105 += 534 Hiz), 6.47 (1H, dd, 3 3.5, 1.7 Hz), 6.78 (1H, br), 7.15 (1H,

d, J= 3.7 Hz), 7.282.33 (3H, m), 7.38-46 (3H, m)

3¢ 105 / &

147.8, 158.3.
HRMS: m/z calc'd for [M+H] C1aH12N20s" 281.0921, found 281.0921.

General procedure for the Sonogdsra-coupling of aryl iodides with propargylamides.
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R-! N

CUl' THF' N, ’rt

Prepared according to the procedure reported by Cikotiene and co&bNwPsop2-yn-1-
yl)benzamide@.7 g, 6.28 mmoljvas added underaNo a mixture of the corresponding aryl
iodide (3.99 mmol), Pd@IPPh). (0.62 g, 0.88 mmol) and &t (1.84 mL, 13.2 mmol) in

THF (10 mL). The mixture was left to stir for 5 min at room temperature followed by
addition of Cul (0.08 g, 0.44 mmol). Afterstng overnight at room temperature the solvent
was removed by rotary evaporation, and the crude product was purified by flash column

chromatography5:1 petroleum ether/EtOAcC).
Synthesis of N(prop-2-yn-1-yl)benzamide, 164

@)

s
According to literature procedure reported by Ouerghui and coadfi&opargylamine

(4.7 mL, 72.6 mmol), triethylamine (1.3 mL, 9.29 mmol) and DMAP (0.88 g, 7.26 mmol)
were dissolved in C¥Cl> (25 mL). The mixture was cooled in an ice bath, then benzoyl
chloride (8.4 mL, 72.6 mmol) was added dropwise. The mixture was stirred overnight at
room temperature. The mixture was then extracted with 0.1 M aqueous solutions of HCI (2 x
10 mL) and NaOH (2 x 10 mL), washed with water (3 x 20 mL), dried over Mdhéred

and the solvent removed under vacuum to give 164 as a white(ddlitl g, 96% yieldyn.p

107-109°C (lit. m.p. 106 °C).

IR: 3288 (br), 3058 (W), 2930 (W), 1639 (s), 1537 (s), 1448 (m), 1047 (iHf) cm
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1+ 105 / += 28 H3), 4.24 (2H, dd] = 5.2, 2.5 Hz), 6.58 (1H, br), 7.42 (2H, t,

J=17.3Hz), 7.50 (1H, t] = 7.3 Hz), 7.79 (2H, d] = 7.6 Hz).
13 105 |/ & &
HRMS: m/z calc'd for [M+H] CioH10NO* 160.0757, found 160.0759.

N-(3-(P-Tolyl)prop -2-yn-1-yl)benzamide, 160g*

This compound was prepared according to the proceduseng4-iodotoluene (0.87 g, 3.99
mmol) giving 160¢as a light brown solid (0.36 g, 34% yield), m.p 1I3®B°C (lit. m.p. 149-

150 °C).
IR: 3294 (br), 1627 (s), 1577 (m), 1522 (s), 1486 (m), 1282 (s), 848 (s), 689ts) cm

1+ 105 + 0V = 4.8 HZF 6.33 (1H, br), 7.12 (2H, d=B0 Hz),
7.33 (2H, d, ¥ 8.4 Hz), 7.45 (2H, t, 3 7.6 Hz), 7.52 (1H, t, 3 7.5 Hz), 7.81 (2H, d, 3 8.0

Hz).

3¢ 105 / & &

132.1, 134.3, 139.0, 167.4.
HRMS: m/z calc'd for [M+H" C17H1eNO™ 250.1226, found 250.1226.

N-(3-(3,5-dimethylphenyl)prop-2-yn-1-yl)benzamide, 160h:
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This compound was prepared according to the procedwsinyiodo-m-xylene (.58 mL,

4.0 mmol) giving 160ras a brown oil (0.57 g, 49% yield).
IR: 3295 (br), 2915 (w), 1639 (s), 1525(s), 1484 (m), 1286 (w), 689 (8) cm

1+ 105 / + 0V = 5.1 HZAR 6.51 (1H, br), 7.2B40 (3H, m), 7.41%.47

(2H, m), 7.51 (1H, t, ¥ 7.1 Hz), 7.82 (2H, d, 3 7.6 Hz).

13¢ 105 / & &

(2C), 134.2, 138.0, 141.8, 167.4.
HRMS: m/z calc'd for [M+H] CisH1sNO* 264.1383, found 264.1380.

N-(3-(4-Chlorophenyl)prop-2-yn-1-yl)benzamide, 160!

Cl

This compound was prepared according to the procédusengl-chloro4-iodobenzene
(0.95 g, 3.99 mmolyiving 160ias a yellow solid (0.56 g, 47% yield), m.p 17BF°C (lit.

m.p. 177178 °C).

IR: 3271 (br), 1650 (M)1539 (s), 1486 (s), 1305 (m), 1086 (m), 821 (sjicm
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1+ 105 / += 8 Hi), 6.36 (1H, br), 7.28 (2H, d=38.6 Hz), 7.36 (2H, d, 3

8.6 Hz), 7.45 (2H, t, 3 7.5 Hz), 7.53 (1H, t, 3 7.3 Hz), 7.81 (2H, d, 3 8.2 Hz).

13¢ 105 / & & &

134.2,135.0, 167.4.
HRMS: m/z calc'd for [M+H] C1eH15**CINO* 270.0680, found 270.0682.

N-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)benzamide, 160j8*

OMé€

This compound was prepared according to the proceduseng4-iodoanisole (0.94 g, 3.99

mmol) giving 160jas a yellow solid (0.42 g, 37% yield), m.p 1167°C (lit. m.p. 116.5 °C).
IR: 3311 (br), 1639 (m), 1601 (m), 1542 (s), 1240 (s), 1034 (s), 685 () cm

1+ 105 + 0V = 4.8 HZF 6.56 (1H, br), 6.81 (2H, d=B.8 Hz),
7.36 (2H, d, ¥ 8.8 Hz), 7.41 (2H, t, 3 7.6 Hz), 7.49 (1H, t, 3 7.6 Hz), 7.82 (2H, d, 3 7.8

Hz).

13¢ 105 / & &

(2C), 134.2, 160.0, 167.5.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1176.

N-(3-(3-Methoxyphenyl)prop-2-yn-1-yl)benzamide, 160k
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MR owme

This compound was prepared according to the proceéduseng3-iodoanisole (0.48 mL,

3.99 mmol) giving 160las a yellow wax (0.48 g, 41% yield).
IR: 3308 (br), 3062 (W), 1639 (s), 1526 (s), 1484 (m), 1286 (s), 686 ($) cm

1+ 105 / + vV = 5.2 HAR 6.85 (2H, d, 3 8.2 Hz), 6.94 (1H, br),
7.00 (1H, d, = 7.4 Hz), 7.18 (1H, t, 3 7.9 Hz), 7.39 (2H, t, 3 7.6 Hz), 7.47 (1H,t, 3 7.2

Hz), 7.82 (2H, d, & 7.6 Hz).

13 105 |/ 15.3 (2C), 116.9, 123.8, 124.6, 127.4 (2C), 128.8 (2C),

132.0, 134.1, 159.5, 167.5.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1175.
N-(3-(3-Nitrophenyl)prop- 2-yn-1-yl)benzamide, 160I:

@)

This compound was prepared according to the procedusengl-iodo-3-nitrobenzene

(0.99 g, 3.99 mmolyiving 160l as a light brown solid (0.63 g, 36% yield), m.pl99°C.
IR: 3376 (br), 3062 (w), 1642 (W), 1514 (s), 1386 (s), 1124 (m), 967 (8) cm

1+ 105 / += 8% Hi), 6.82 (1H, br), 7.3854 (4H, m), 7.68 (1H, d,37.7

Hz), 7.84 (2H, d, & 7.5 Hz), 8.13 (1H, d, 3 8.9 Hz), 8.21 (1H, s).
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3¢ 105 / & &

134.0, 137.8, 148.3, 167.6.
HRMS: m/z calc'd for [M+H] Ci16H13N20s" 281.0921, found 281.0920.

N-(3-(Naphthalen-2-yl)prop -2-yn-1-yl)benzamide, 160n°

This compound was prepared according to the proc&duseng2-iodonaphthalened(58
mL, 4.0 mmol)giving 160mas a yellow solid0.51 g, 41% vyield), m. p. 10B35°C (lit. m.p.

105.2 °C).
IR: 3385 (br), 2967 (m), 1629 (s), 1530 (m), 1284 (w), 1130 (m), 666 (&) cm

1+ 105 / += 52 Hz), 6.56 (1H, br), 7.38:48 (3H, m), 7.49.61 (3H, m),

7.68 (1H, d, ¥ 7.2 Hz), 7.817.88 (4H, m), 8.32 (1H, d,3 8.4 Hz).

13¢ 105 /

(2C), 129.6, 131.1, 132.1, 133.5, 133.7, 134.3, 167.5.
HRMS: m/z calc'd for [M+H] C20H1NO" 286.1226, found 286.1232.
N-(3-([1,1'-Biphenyl]-2-yl)prop -2-yn-1-yl)benzamide, 160n:

O
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This compound was prepared according to the procéduseng2-iodobiphenyl 0.70 mL,

4.0 mmol) giving 160ras a light brown solid (0.48 g, 24% vyield), m. p. 11%°C.
IR: 3290 (br), 1630 (s), 1525(s), 1301 (m), 1077 (w), 690 (sf.cm

1+ 105 += 530 Hiz), 6.10 (1H, br), 7.2B:34 (2H, m), 7.35.41 (4H, m),

7.44 (2H, t, = 7.5 Hz), 7.502.60 (4H, m), 7.72 (2H, d,3 7.8 Hz).

3¢ 105 / & &

129.6 (2C), 129.8, 132.1, 133.2, 134.2, 140.9, 144.4, 167.3.
HRMS: m/z calc'd fofM+H]* C22H1sNO* 312.1383, found 312.1392.

N-(3-(thiophen-2-yl)prop -2-yn-1-yl)benzamide, 1600*°

This compound was prepared according to the proceéduseng2-iodothiophene (0.44 mL,
3.99 mmol) giving 160@s a brown solid (0.10 g, 9% vyield), p. 107109°C(lit. m.p. 108.9

°C).
IR: 3332 (br), 2967 (w), 1657 (s), 1601 (m), 1581 (s), 1486 (m), 1292 (8) cm

1+ 105 / += 8% H&Z), 6.36 (1H, br), 6.97 (1H, dd=5.5, 3.8 Hz), 7.22 (1H,
dd, J=3.7, 1.1 Hz), 7.25 (1H, d,34.6 Hz), 7.45 (2H, t, 3 7.4 Hz), 7.52 (1H, t, 3 7.2

Hz), 7.81 (2H, d, & 7.5 Hz) .

13¢ 105 / & &

134.2, 167.4.
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HRMS: m/z calc'd for [M+H] C14H12NOS" 242.0634, found 242.0654.
*HQHUDO SURFHGXUH IRU WKH V\QankKidkstanésRI VWDUWLQJ PD

Ethyl 2-(benzamidomethyl}2-methyl-3-oxopentanoate, 169&°:

O O

O~ -0

N

Following the literature procedure reported by Wang and coautharsnixture of N
(hydroxylmethyl)benzamide (3 g, 19.8 mmol, 1 equiv) and ethyl benzoyl acetoacetate (3.42
mL, 19.8 mmol) was cooled to 0 °C andsBPE®b solution (5.0 mL, 39.7 mmol, 2 equiv) was
added slowly with stirring. The reaction mixture was left to stir at room temperature for 2 h.
The resulting mixture was added to a solution of sodium acetate (6 g) in water (15 mL) mixed
well and allowed to sepaie. The aqueous layer was extracted twice witbGEH10 mL).

The organic layers were dried over anhydrous Mg&tl the solvents were removed under

vacuum givingl69aas a yellow oil (12.2 g, 96% yield).
IR: 3339 (br), 2980 (w), 2360 (w), 1732 (m), 1530 (m), 689 (s}.cm

1+ 105 += 7V H4), 3.8%.98 (1H, m), 4.0%.23 (3H, m), 4.89 (1H, t, 3
6.5), 6.97 (1H, br), 7.40 (2H, t,7.6 Hz), 7.452.53 (3H, m), 7.59 (1H, § = 7.3 Hz), 7.74

(2H, d, J= 8.1 Hz), 8.01 (2H, d, 3 8.1 Hz).

13C NMR: /14.2, 39.3, 53.6, 61.9, 127.2 (2C), 128.8 (2C), 129.1 (3C), 129.2, 131.9, 134.1,

134.3, 135.9, 168.1, 169.3, 194.9.

HRMS: m/z calc'd for [M+H] C1eH20NO4" 326.1387, found 326.1387.
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Ethyl 2-((4-methoxybenzamido)methyl)3-oxo-3-phenylpropanoate, 169b:

O O

Me€O O

This compound was prepared according to the procedure for 169a u@iygridxymethyl)
4-methoxybenzamide (2.0 g, 11 mmol, 1 equiv) and ethyl benzoylacetoacetate (1.9 mL, 11

mmol, 1 equiv) giving 169las a yellow wax (3.7 g, 94% yield).
IR: 3341 (br), 2979 (w), 2931 (w), 1731 (m), 1636 (m), 1499 (s¥.cm

1+ 105 / += 7W H3), 3.80 (3H, s), 3.8594 (1H, m), 4.04.19 (3H, m), 4.89
(1H, t, J= 6.7 Hz), 6.85.94 (3H, m), 7.48 (2H, t, 9 7.5 Hz), 7.58 (1H, t, 3 7.5 Hz), 7.71

(2H, d, J= 8.8 Hz), 8.09 (2H, d, 3 7.5 Hz).

3¢ 105 / & &

134.1, 135.8, 162.4, 167.6, 169.2, 194.9.
HRMS: m/z calc'd for [M+H] C20H22NOs* 356.1492, found 356.1498.

Ethyl 2-((4-nitrobenzamido)methyl)-3-oxo-3-phenylpropanoate 169d:

O,N 0

This compound was prepared according to the procedure for 169a ugnygisxymethyl)
4-nitrobenzamide (1.8 g, 9.0 mmol, 1 equiv) and ethyl benzoylacetoacetate (1.6 mL, 9.0

mmol, 1 equiv) giving 169a@s a white solid (1.33 g, 39% yield), m. p. 144 °C.
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IR: 3376 (m), 3064 (w), 1725 (s), 1666 (m), 1520 (s), 11P8r(E..

1+ 105 += 7W H4), 3.944.03 (1H, m), 4.1G+.25 (3H, m), 4.83 (1H, t, 3
6.0), 7.05 (1H, br), 7.52 (2H, t,998.1 Hz), 7.63 (1H, t, 3 8.1Hz), 7.90 (2H, d, 3 8.6 Hz),

8.06 (2H, d, E 7.8 Hz), 8.26 (2H, d, 3 8.6 Hz).

3CNMR / & & &

135.8, 139.9, 150.0, 166.1, 169.2, 194.9.
HRMS: m/z calc'd for calc'd for [M+H]Ci1sH1eN206" 371.1238, found 371.1250.

Ethyl 2-(benzamidomethyl}3-(4-chlorophenyl)-3-oxopropanoate, 169i:

O O

Cl

This compound was prepared according to the procedure for 169a using N
(hydroxylmethyl)benzamide (1.6 g, 11 mmol, 1 equiv) and etkgt&hlorophenyh3-

oxopropanoate (2.0 mL, 11mmol, 1 equiv) giving 1&9=a colourless oil (3.1 g, 81% yield).
IR: 3342 (br), 3067 (w), 1729 (s), 1639.(s), 1525 (m), 1091 ($).cm

14+ 105 / += 7V HZ), 3.90 (1H, ddd, <3 14, 7.2, 6.4 Hz), 4.02 (1H, dd=J13,
6.6 Hz), 4.09 (2H, dq, 3 7.1, 2.5 Hz), 4.89 (1H, J= 6.7), 7.267.45 (6H, m), 7.72 (2H, t, J

= 8.1 Hz), 7.99 (2H, d, 3 8.5 Hz).

13¢ 105 / & & &

133.9, 134.2, 140.7, 168.2, 168.9, 193.8.

HRMS: m/z calc'd for [M+H] C1gH1*>*CINO4" 360.0997, found 360.0991.
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Ethyl 2-(benzamidomethyl)3-(4-methoxyphenyl)-3-oxopropanoate, 169j%2
@) O
0
@)
ome

This compound was prepared according to the procedure for 169a using-éthyl

methoxyphenyh3-oxopropanoate givin@69j as a yellowish wax (4.3 g, 92% yield).
IR: 3399 (br), 2979 (w), 1724 (s), 1653 (m), 1530 (m), 1181 (g§.cm

1y 105 |/ += TV H2), 3.85 (3H, s), 3.89.96 (1H, m), 4.0%+.22 (3H, m) 4.81-
4.88 (1H, m), 6.95 (3H, d,J 8.8 Hz), 7.39 (2H, t, 3 7.5 Hz), 7.47 (1H, 1 = 7.5 Hz), 7.74

(2H, d, J= 8.1 Hz), 8.08 (2H, d, 3 8.8 Hz).

3¢ 105 / & & &

131.9 (2C), 134.3, 164.6, 168.0, 169.6, 193.3.
HRMS: m/z calc'd for [M+H] C20H22NOs* 356.1492, found 356.1498.

Ethyl 2-(benzamidomethyl}3-(furan-2-yl)-3-oxopropanoate, 169p:

O O
o
O =
O_/

This compound was prepared according to the procedure for 169a using N
(hydroxylmethyl)benzamide (1.3 g, 8.2 mmol, 1 equiv) and eKgfuryl)-3-
oxopropanoate (1.5 g, 8.2 mmol, 1 equiv) giviri®p as a white solid (1.2 g, 46% yield),

m.p. 110112 °C.

152



IR: 3364 (br), 3133 (w), 2979 (w), 1723 (m), 1639 (s), 1275tcm

1+ 105 / += T\ HE), 3.98 (1H, ddd, < 14, 7.3, 6.4 Hz), 4.04 (1H, ddd=14,
7.3, 6.4 Hz), 4.19 (2H, dqg, J = 7.3, 1.4 Hz), 4.61 (LHA,6)4 Hz), 6.58 (1H, dd, 3 3.7, 1.6
Hz), 6.86 (1H, br), 7.38-46 (3H, m), 7.46-52 (1H, m), 7.63.66 (1H, m), 7.7(.76 (2H,

m).

13C NMR: /14.3, 38.9, 53.6, 62.2, 113.2, 120.2, 127.3 (2C), 128.9 (2C), 131.9, 134.3, 148.0,

151.9, 167.9, 168.9, 183.1.
HRMS: m/z calc'd for [M+H] C17H1eNOs" 316.1179, found 316.1179.

methyl 2-(benzamidomethyl}3-oxobutanoate, 169¢f?

This compound was prepared according to the procedure for 169a using methyl acetoacetate

giving 169qgas a light yellow oil (3.92 g, 48% yield).
IR: 3308 (br), 1743 (s), 1708 JimL635 (s), 1530 (s), 1370 (m), 817 (m)'¢m

1+ 105 +  V3.95 (3H; m), 3.95+.01 (3H, m), 6.81 (1H, br), 7.41 (2H, t=J

7.2 Hz), 7.47¢7.53 (1H, m), 7.72 (2H, d,3 7.1 Hz).
3¢ 105 / & & 131.9,134.2,167.9, 169.4,
HRMS: m/z calc'd for [M+H] C13H1eNO4" 250.1074, found 250.1079.

Ethyl 2-(benzamidomethyl}3-oxopentanoate, 169r:
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O O
H
@)
This compound was prepared according to the procedure for 169a using N

(hydroxylmethyl)benzamide (2.0 g, 13 mmol, 1 equiv) and ethyl propionylacetate (1.9 mL,

13 mmol, 1 equiv) giving 169as a white wax (2.2 g, 55% yield).
IR: 3363 (br), 2939 (w), 1736 (s), 1630 (m), 1524 (s), 717 (3}.cm

1+ 105 += 7\8 Ha), 1.17 (3H, t, 3 7.3 Hz), 2.462.67 (2H, m), 3.82 (2H, dt,
J=6.2, 2.0 Hz), 3.96 (1H, t,96.3 Hz), 4.10 (2H, g, J = 7.1 Hz), 7.13 (1H, br), 7.31 (2H, t,

J=7.6 Hz), 7.40 (1H, §) = 7.3 Hz), 7.68 (2H, d] = 8.1 Hz).

3¢ 105 / 36.3, 38.2, 57.4, 61.8, 127.2 (2C), 128.7 (2C), 131.7, 134.2, 167.8,

168.9, 205.6.
HRMS: m/z calc'd for calc'd for [M+H]C1sH20NO4 *278.1387, found 278.1391.

Ethyl 2-(benzamidomethyl}2-methyl-3-oxopentanoate, 169s:

O O
p'
(@)

This compound was prepared according to the procedudsfia using ethyl methyl

acetoacetate (1.9 mL, 13 mmol, 1 equiv) giving 1&9s light yellow oil (3.0 g, 82% yield).

IR: 3345 (br), 2985 (w), 1735 (s), 1645 (m), 1525 (m), 1242 (<}.cm
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1+ 105 /  6(3H,%01Hz), 1.28 (3H, s), 2.05 (3H, s), 3.837 (2H, m), 3.9%.01
(2H, m), 6.99 (1H, br), 7.21 (2H, t,7)6.3 Hz), 7.29 (1H, t, 3 7.6 Hz), 7.56 (2H, d,3 7.4

Hz).

13¢ 105 / & & .2,167.6,

205.7.
HRMS: m/z calc'd for [M+H] C14H20NO4" 278.1348, found 278.1392.
General procedure fa the decarboxylation reaction.

N-(3-0x0-3-phenylpropyl)benzamide, 172a'%3

According to the literature procedure reported<aku et aj®® a flask was charged with 169a
(0.40 g, 1.22 mmol, 1 equiv), LiCI (0.12 g, 2.82 mmoRlOH1.7 mL) and DMSO (22 mL) at
room temperature. The solution was stirred overnight at 160 °C. Thangsalution was
cooled to room temperature and diluted with water (20 mL). The mixture was extracted with
diethyl ether (20 mL x 3). The combined organic extracts were dried over MfjlEDed

and concentrated under vacuum. The residue was purified by flash chromatography (3:1

petroleum ether/EtOAC) to provide a 170a as a white solid (0.15 g, 50% vyield).
Melting point: 9692 °C.

IR: 3239 (br), 3066 (w), 1669 (M), 1553 (m), 1323 (s), 1203 (W), 684 (&) cm
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1+ 105 / += 5\8 H4), 3.89 (2H, g, 3 5.8 Hz), 6.95 (1H, br), 7.41 (2H, t=)
7.4 Hz), 7.47 (3H, t, 3 7.5 Hz), 7.58 (1H, t, 3 7.1 Hz), 7.76 (2H, d, 3 7.5 Hz), 7.97 (2H,

d, J= 7.5 Hz).

13¢ 105 / & & & &

136.8, 167.7, 200.2.
HRMS: m/z calc'd for [M+H] CieH16NO* 254.1176, found 254.1174.

4-Methoxy-N-(3-oxo-3-phenylpropyl)benzamide, 172b:

M€O

This compound was prepared according to the procedure for 172a usingL1%8b4.7

mmol, 1 equiv) giving 172b as a yellow solid (0.54 g, 41% vyield).
Melting point: 110114 °C.
IR: 3395 (br), 2932 (w), 1678 (m), 1503 (m), 1176 (s), 845 (m}.cm

1+ 105 / += 5\8 H2), 3.83 (3H, s), 3.87 (2H, q=5.6Hz), 6.846.92 (3H, m),
7.47 (2H, t, = 7.5 Hz), 7.58 (1H, t, 3 7.5 Hz), 7.72 (2H, d, 3 8.8 Hz), 7.97 (2H, d, 3 8.4

Hz).

13¢ 105 / & & &

136.7, 162.3, 167.3, 199.9.
HRMS: m'z calc'd for [M+H] Ci7H1eNOs™ 284.1281, found 284.1280.

4-Nitro -N-(3-oxo-3-phenylpropyl)benzamide, 172d:
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O,N

This compound was prepared according to the procedure for 172a usin¢0183y] 0.78

mmol, 1 equiv) giving 172d as a white solid (0.17 g, 41% yield).
Melting point: 135138 °C.
IR: 3364 (br), 2929 (w), 1673 (m), 1518 (s), 1345 (s), 1213 (m), 781 (8) cm

1+ 105 += 5 H4), 3.92 (2H, g, 3 5.9 Hz), 7.10 (1H, br), 7.49 (2H, t=J
7.7 Hz), 7.61 (1H, t, ¥ 7.4 Hz), 7.91 (2H, d, 3 8.7 Hz), 7.97 (2H, d, 3 8.5 Hz), 8.27 (2H,

d, J= 8.5 Hz).

3¢ 105 / & & & &

149.9, 165.7, 200.2.
HRMS: m/z calc'd for [M+H] CieH1sN204" 299.1026, found 299.1025.

N-(3-(4-Chlorophenyl)-3-oxopropyl)benzamide, 172i:

Cl

This compound was prepared according to the procedure for 172a usin@.869i 2.46

mmol, 1 equiv) giving 172i as a white solid (0.21 g, 29%yield).
Melting point: 119122 °C.

IR: 3237 (br), 2924 (w), 1673 (m), 1297 (m), 1104 (s), 692 (<f.cm
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1+ 105 / += 5\ Ha), 3.84 (2H, g, 3 5.7 Hz), 7.06 (1H, br), 7.3348 (5H,

m), 7.74 (2H, d, ¥ 7.7 Hz), 7.86 (2H, d, 3 7.7 Hz).

3¢ 105 / & & & &

140.3, 167.8, 198.7.
HRMS: m/z calc'd for [M+H] C16H15>°>CINO,* 288.0786, found 288.0781.

N-(3-(4-Methoxyphenyl)-3-oxopropyl)benzamide, 172

ome

This compound was prepared according to the procedure for 172a using.069; 2.8

mmol, 1 equiv) giving 172j as a yellowish wax (0.67 g, 85% yield).
IR: 3363 (br), 2935 (w), 1676 (m), 1599 (m), 1171 (s), 1302 (m), §3dn{'*.

1+ 105 += 5 H4), 3.88.86 (5H, m), 6.92 (2H, d,< 8.8 Hz), 7.07 (1H,
br), 7.39 (2H, t, ¥ 7.6 Hz), 7.46 (1H, t, 3 7.3 Hz), 7.75 (2H, d, 3 7.7 Hz), 7.93 (2H, d, J

= 8.8 Hz).

3¢ 105 / & & &

134.7, 164.1, 167.7, 198.5.
HRMS: m/z calc'd for [M+H] C17H1sNOs" 284.1281, found 284.1279.

N-(3-(Furan-2-yl)-3-oxopropyl)benzamide, 172p:
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This compound was prepared according to the procedure for 172a usin{0168p 1.49

mmol, 1 equiv) giving 172p as a light yellow solid (0.21 g, 54% vyield).
Melting point: 9296 °C.
IR: 3362 (br), 2928 (w), 1627 (s), 1522 (s), 1281 (m), 688 (3}.cm

1+ 105 / += 5\ H3), 3.85 (2H, g, 3 5.8 Hz), 6.53 (1H, dd} = 3.7, 1.6 Hz),
6.97 (1H, br), 7.22 (1H, d,93.7 Hz), 7.39 (2H, t, 3 7.6 Hz), 7.47 (1H, t, 3 7.6 Hz), 7.59

(1H, s), 7.74 (2H, d] = 8.1 Hz).

13¢ 105 / 112.7, 118.2, 127.3 (2C), 128.9 (2C), 131.8, 134.7, 147.2, 152.6,

167.7, 188.9.
HRMS: m/z calc'd for [M+H] C14H1aNOs" 244.0929, found 244.0969.

N-(3-oxobutyl)benzamide, 172g:%*

This compound was prepared according to the procedure for 172a usin{0148y} 1.61

mmol, 1 equiv) giving 1729 as a colourless oil (0.20 g, 65% yield).
IR: 3332 (br), 2926 (w), 1708 (m), 1637 (s), 1536 (s), 1294 (m), 692 (&) cm

1+ 105 |/ +2.8W(2H, t, E 5.6 Hz), 3.67 (2H, g, 3 5.8 Hz), 6.85 (1H, br), 7.41

(2H, t, J= 7.3 Hz), 7.46 (1H, t, 3 6.9 Hz), 7.74 (2H, d, 3 7.6 Hz).
13 105 |/ & &

HRMS: m/z calc'd for [M+H] C11H1aNO"™ 192.1019, found 192.10120.
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N-(3-Oxopentyl)benzamide, 172r:

This compound was prepared according to the procedure for 172a usin( 1A%y, 2.69

mmol, 1 equiv) giving 172r as a yellow wax (0.17 g, 31% yield).
IR: 3306 (br), 2935.8 (W), 1711 (s), 1633 (s), 1537 (s), 1115 (n").cm

1+ 105 / += W H3), 2.42 (2H, q, 3 7.6 Hz), 2.74 (2H, t, 3 5.8 Hz), 3.66
(2H, q, J= 6.2 Hz), 6.97 (1H, br), 7.38 (2H, t=J7.2 Hz), 7.45 (1H, t, 3 7.2 Hz), 7.73 (2H,

d, J= 7.6 Hz).

3¢ 105 / & &
HRMS: m/z calc'd for [M+H] C12H1eNO2" 206.1176, found 206.1177.
N-(2-Methyl-3-oxobutyl)benzamide, 172s:

@) O

This compound was prepared according to the procedure for 172a usin@ 2a9s 26.1

mmol, 1 equiv) giving 172s as a yellow oil (2.68 g, 50% vyield).
IR: 3359 (br), 2362 (w), 1707 (s), 1645 (m), 1358 (s), 1220 (3).cm

IH 105 / + =@.5 Biz), 2.15 (3H, s), 2.8596 (1H, m), 3.45.51 (1H, m),
3.56:3.65 (1H, m), 6.89 (1H, br), 7.37 (2HJt= 7.3 Hz), 7.44 (1H, t, 3 7.3 Hz), 7.72 (2H,

d, J=7.7 Hz).
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3¢ 105 / & & 131.4,134.3,167.7,211.9.
HRMS: m/z calc'd for [M+H] C12H1eNO2" 206.1176, found 206.1178.

Synthesis of N(4-oxo0-4-phenylbutan-2-yl)benzamide, 17214

O O

This compound was prepared according to the literature procedure reported by Taskasu,
Kiyosei and coauthot$a mixture of benzamide (0.66 g, 5.47 mmol, 1 equi)hénylbut2-
enl-one (0.80 g, 5.47 mmol, 1 equiv) and Pd(Ph&)3.57 mL, 33.1 mmol) was heated
to 60 °C for 24 h. The resulting mixture was diluted with CHid filtrered off. The filtrate
was concentrated under vacuum. The crude product was purified by flash column
chromatography (5:1 petroleum ether/EtOAc) to give B&2a yellow solid (0.67 g, 46%

yield)
Melting point: 140142°C (lit. m.p. 145146 °C).
IR: 3308 (br), 3169 (w), 1683 (m), 1634 (m), 1546 (s), 1293 (m), 802 (8) cm

'+ 105 / += @60 Hz), 3.20 (1H, dd,3 17, 5.9 Hz), 3.48 (1H, dd,3) 17, 4.2
Hz), 4.644.76 ( 1H, m), 7.05 (1H, d,3 7.2 Hz), 7.392.53 (5H, m), 7.59 (1H, t, 3 7.4 Hz),

7.78 (2H, d, ¥k 7.7 Hz), 7.99 (2H, d, 3 7.7 Hz).

13¢ 105 / & & & &

135.0, 137.3, 167.0, 200.1.
HRMS: m/z calc'd for [M+H] C17H1eNO," 268.1332, found 268.1333
Synthesis of N(3-oxo-1,3-diphenylpropyl)benzamide, 172u8®
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Following the literature procedure reportedkiyan and coauthof$,to a stirred solution of
benzaldehyde (0.88 g, 8.32 mmol), acetyl chloride (0.89 mL, 12.5 mmol), and acetophenone
(0.97 mL, 8.32 mmol) in acetonitrile (20 mL) was added E€CB5 g, 8.32 mmol). The

reaction was stirred at room temperature overnight, then quenched with water (50 mL) and
extracted with EtOAc (3 x 70 mL). The organic layer was dried over anhydrous /4980
purified by flash chromatography (2:1 petroleum ether/EtOAc) to bzl as a white solid

(0.98 g, 44%). m.p 10406°C (lit. m.p. 103105 °C).
IR: 3323 (br), 2931 (w), 1660 (w), 1378 (m), 1128 (s), 950 (s}.cm

1+ 105 + 0V = 1¥, 6@ @2),J3.76 (1H, dd,F17, 5.1 Hz), 5.54-
5.60 (1H, m), 6.71 (1H, br), 7.23 (1H, t=J77.4 Hz), 7.272.36 (4H, m), 7.45 (2H, t,3 7.9

Hz), 7.56 (1H, t, ¥ 7.6 Hz), 7.90 (2H, d, 3 8.0 Hz).

13¢ 105 / & & &

136.9, 141.2, 169.8, 199.0.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 268.1332, found 268.1335.

N-(3-oxo-1,3-diphenylpropyl)benzamide, 172\
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This compound was prepared according to the procedure forusit2g benzonitrile giving

172v as a white solid (0.95 g, 35% yield), m.p 155%°C (lit. m.p. 153154 °C).
IR: 3361 (br), 3165 (w), 3064 (w), 1625 (s), 1577 (m), 1402 (m) 684 (&) cm

1+ 105 + =GTG5.4 Hz), 3.89 (1H, dd,F17, 4.9 Hz), 5.74.81 (1H, m),
7.23 (1H, t, ¥ 7.3 Hz), 7.32 (2H, t, 3 7.3 Hz), 7.38.53 (7H, m), 7.57 (1H, t, 3 7.3 Hz),

7.63 (1H, d, = 8.0 Hz), 7.85 (2H, d, 3 7.8 Hz), 7.93 (2H, d, 3 7.8 Hz).

13 105 |/ & & 127.8,128.5 (2C), 128.9 (2C), 129.0 (2C)

129.1 (2C), 131.9, 133.9, 134.6, 137.0, 141.3, 167.0, 199.5.
HRMS: m/z calc'd for [M+Nd&] C22H1dNO=Na" 352.1308, found 352.1304.
Representative procedure for Zodoanisolecatalysed cyclisation: synthesis of

Phenyl(2phenyl-4,5-dihydrooxazol-5-yl)methanone, 161a:

/

N

160 (0.10 g, 0.43 mmol, 1 equiv) was dissolved in acetonitrile (3 mL) aodb2nisole (11

pL, 0.09 mmol, 0.2 equiv) was added, followedrb@BPA (0.29 g, 1.28 mmol, 3 equiv) and
p-TsOH.HO (0.24 g, 1.28 mmol, 3 equiv). The mixture was stirred overnight at room
temperature, then aqueous;8@; solution (5 mL) and saturated aqueous Nakl€@ution

(5 mL) were added and the mixture extracted withClH(10 mL x 2). The organic layers
were combined and dried with Mg&@iltered and concentrated under vacuum. The product
was purified by flash chromatography (9:1 petroleum ether/EtOAC) to provide 161a as a

bright yellow solid (0.076 g, 77% yield).
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Melting point: 104108 °C.
IR: 2922 (br), 2355 (w), 1702 (m), 1650 (s), 1596 (w), 685 (s}.cm

1+ 105 + =G%57.6 Hz), 4.46 (1H, dd, 315, 11 Hz), 5.86 (1H, dd,J11,
7.7 Hz), 7.42 (2H, t, J = 7.5 Hz), 7.4556 (3H, m), 7.63 (1H, t,9 73 Hz) 7.99 (4H, d, ¥

7.7 Hz).

3¢ 105 / & & &

164.5, 195.2.
HRMS: m/z calc'd for [M+H] C16H14NO2" 252.0980, found 252.1026.

(2-(4-Methoxyphenyl)-4,5dihydrooxazol-5-yl)(phenyl)methanone, 161b:

OMme

This compound was prepared according to the procedure for 161a usin¢011A& 0.35

mmol, 1 equiv) giving 161b as a yellow solid (0.073 g, 77% yield).
Melting point: 134137 °C.
IR: 2924 (br), 2849 (W)1694 (m), 1604 (m), 1378 (m), 1301 (s), 688 (sf'tm

'+ 105 / + V = 15, G/Giz), 3#.44 (1H, dd, J15, 11 Hz), 5.82
(1H, dd, J=11, 7.7 Hz), 6.92 (2H, d, J =8.7 Hz), 7.52 (2H,%,7.7 Hz), 7.64 (1H, t, 3

7.6 Hz), 7.93 (2H, d, 3 8.8 Hz), 7.99 (2H, d, 3 7.7 Hz).

13¢ 105 / & & &

134.5, 162.7, 164.3, 195.5.
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HRMS: m/z calc'd for [M+H] C17H1eNOs" 282.1085, found 282.1123.

(2-(4-Chlorophenyl)-4,5-dihydrooxazol-5-yl)(phenyl)methanone, 161c:

Cl

This compound was prepared according to the procedure for 161a usin( &y, 0.37

mmol, 1 equiv) giving 161c as a white solid (0.079 g, 75% yield).
Melting point: 103107 °C.
IR: 2927 (br), 1702 (m), 1649 (m), 1488 (m), 1089 (s), 850 (s}.cm

1+ 105 / + =@%57.8 Hz), 4.46 (1H, dd, 315, 11 Hz), 5.87 (1H, dd,J11,
7.5 Hz), 7.39 (2H, t, J = 8.4 Hz), 7.52 (2H, &5 J.7 Hz), 7.64 (1H, t, 3 7.3 Hz), 7.92 (2H,

d, J=8.3 Hz), 7.98 (2H, d, 3 8.3 Hz).

13¢ 105 / & & &

138.3, 163.7, 195.0.
HRMS: m/z calc'd for [M+H] C16H152°CINO;* 286.0629, found 286.0643.

(2-(Furan-2-yl)-4,5-dihydrooxazol-5-yl)(phenyl)methanone, 161f:
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This compound was prepared according to the procedure for 161a usin@.160f 0.44

mmol, 1 equiv) giving 161f as a yellow solid (0.071 g, 66% yield).
Melting point: 7679 °C.
IR: 3111 (br), 2924 (s), 1700 (s), 1672 (s), 1479 (m), 1097 (&) cm

1+ 105 / + =@%7.3 Hz), 4.47 (1H, dd, 315, 11 Hz), 5.84 (1H, dd,J11,
7.7 Hz), 6.51 (1H, s), 7.05 (1H, d, J = 3.7 Hz), 7.52 (2H=t7J7 Hz), 7.57 (1H, s), 7.64

(1H, t, J= 7.7 Hz), 7.97 (2H, d, 3 7.9 Hz).

13¢ 105 / & &

156.7, 194.8.
HRMS: m/z calc'd for [M+H] C14H12NOs™ 242.0812, found 242.0818.

(2-Phenyl-4,5dihydrooxazol-5-yl)(p-tolyl)methanone, 161g:

O

This compound was prepared according to the procedure for 161a using 160g (0.10g, 0.40

mmol, 1 equiv) giving 161g as a yellow solid (0.037 g, 35% yield).
Melting point: 119122 °C.
IR: 2924 (br), 1722 (w), 1689 (W), 1577 (W), 1247 (s), 709 (s)cm

1+ 105 + P = 45, BTGHZ)) 4.45 (1H, dd,3J15, 11 Hz), 5.84
(1H, dd, J= 11, 7.7 Hz), 7.32 (2H, d, J = 8.1 Hz), 7.42 (2H,%, 2.7 Hz), 7.49 (1H, t, 3 7.4

Hz), 7.89 (2H, d, J = 8.1 Hz), 7.99 (2H, d= 8.1 Hz).
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3¢ 105 / & & &

164.5, 194.9.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1176.

(3,5Dimethylphenyl)(2-phenyl-4,5-dihydrooxazol-5-yl) methanone, 161h:

O
aY,
N

This compound was prepared according to the procedure for 161a usin¢0180iy 0.38

O

mmol, 1 equiv).

The characterisation data could not be obtainedaltleetlow conversion of the compound

161h

(4-Chlorophenyl)(2-phenyl-4,5-dihydrooxazol-5-yl)methanone, 161i:

O
/)
N

This compound was prepared according to the procedure for 161a usir(§.108i 0.35

O

Cl

mmol, 1 equiv) giving 161i as a yellow solid (0.083 g, 84% yield).
Melting point: 106108 °C.
IR: 3063 (br), 2848 (w), 1693 (m), 1586 (m), 1362 (m), 1058 (m), 710 (§) cm

1+ 105 / + =G5%57.3 Hz), 4.44 (1H, dd,915, 11 Hz), 5.78 (1H, dd,J11,

7.5 Hz), 7.42 (2H, t, J = 7.6 Hz), 7.4753 (3H, m), 7.93.99 (4H, m).
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3¢ 105 / & & &

140.9, 164.2, 194.4.
HRMS: m/z calc'd for [M+H] C16H152°CINO;* 286.0629, found 286.6020.

(4-Methoxyphenyl)(2phenyl-4,5-dihydrooxazol-5-yl) methanone, 161j:

O
/)
N

This compound was prepared according to the procedure for 161a usin@.16j, 0.35

O

M€O

mmol, 1 equiv) giving 161j as a yellowish wax (0.052 g, 52% yield).
IR: 3324 (br), 2924 (w), 2836 (w), 1740 (m), 1646 (m), 1598 (s), 1169 (m), 695 {5) cm

1+ 105 + 0V = 15, 7G 62),J4.45 (1H, dd,¥15, 11 Hz), 5.82
(1H, dd, J = 11, 7.7 Hz), 6.99 (2H, d, J = 8.9 Hz), 7.42 (2H=t7J7 Hz), 7.49 (1H, t, 3 7.4

Hz), 7.99 (2 x 2H, d, & 7.8 Hz).

13¢ 105 / & &

193.7.
HRMS: m/z calc'd for [M+H] C17H1eNOs™ 282.1125, found 282.1134.

(3-methoxyphenyl)(2phenyl-4,5-dihydrooxazol-5-yl)methanone 161k:

O

MEO e
g
N

This compound was prepared according to the procedure for 161a usin¢D1@&x 0.19

mmol, 1 equiv) giving 161k as a Yellowish wax (0.0073 g, 14% yield).
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IR: 3326 (br), 2935 (w), 2838 (W), 1744 (m), 1646 (m), 1593 (s), 1170 (m), 695 {s) cm

1+ 105 + 0V = 15, 76 62),J4.46 (1H, dd,3)15, 11 Hz), 5.84
(1H, dd, J = 11, 7.6 Hz), 7.18 (1H, dd, J = 8.3, 2.5 Hz), 7.40-(3H, m), 7.49 (3H, m), 7.99

(2H, d, J= 7.3 H2).

13¢ 105 / & &

193.5.
HRMS: m/z calc'd for [M+H] C17H1eNOs" 282.1125, found 282.1134.

Naphthalen-2-yl(2-phenyl-4,5-dihydrooxazol-5-yl)methanone, 161m:

O
O
/
T
This compound was prepared according to the procedure for 161a usind@.688g, 0.29
mmol, 1 equiv) giving 161nas a light yellow oil (0.072 g, 82% yield).
IR: 3339 (br), 2968 (m), 1694 (w), 1650 (m), 1508 (s), 950 (sf.cm

1+ 105 / + =@%7.4 Hz), 4.43 (1H, dd, 315, 11 Hz), 5.93 (1H, dd,J11,
7.4 Hz), 7.41 (2H, t, J = 7.5 Hz), 7.49 (1H, £ .5 Hz), 7.527.65 (3H, m), 7.91 (2H, t, 3

8.7 Hz), 7.97 (2H, d, 3 7.7 Hz), 8.06 (1H, d, 3 8.1 Hz), 8.64 (1H, d, 3 8.5 Hz).

13¢ 105 / & &

128.9, 131.1, 132.0, 132.6, 134.1, 134.3, 164.6, 199.4.
HRMS: m/z calc'd for [M+H] C20H1eNO2" 302.1176, found 302.1193.

[1,1'-Biphenyl]-2-yl(2-phenyl-4,5-dihydrooxazol-5-yl)methanone, 161n:
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O

/

(T

This compound was prepared according to the procedure for 161a usin¢D1&80g, 0.25
mmol, 1 equiv) giving 161n as a yellow wax (0.078 g, 75% yield).

IR: 3055 (br), 2926 (w), 2871 (w), 1698 (m), 1646 (m), 1252 (mf-cm

'+ 105 / + =G5%511Hz), 3.99 (1H, dd,<J15, 7.4 Hz), 4.81 (1H, dd, 11, 7.4

Hz), 7.337.41 (4H, m), 7.422.50 (6H, m), 7.52%.61 (2H, m), 7.76 (2H, d, <3 8.1 Hz).

3¢ 105 / & &

131.8, 131.9, 137.8, 140.4, 141.2, 164.3, 205.9.
HRMS: m/z calc'd for [M+H] C22H1eNO2" 328.1332, found 328.1329.

Furan-2-yl(2-phenyl-4,5-dihydrooxazol-5-yl) methanone, 161p:

This compound was prepared according to the procedure for 161a usin¢010=p 0.21

mmol, 1 equiv) giving 161p as a brown solid (0.095 g, 95% yield).
Melting point: 7577 °C.

IR: 3335 (br), 2969 (s), 1466 (w), 1378 (m), 1127 (m), 950 (s}.cm
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1+ 105 / + =G5%57.8 Hz), 4.47 (1H, dd,915, 11 Hz,), 5.61 (1H, dd,311,
7.8 Hz), 6.58 (1H, dd, 3 3.8, 1.8 Hz), 7.41 (1H, t, J = 3.9 Hz), 7.45 (2H, &, 2.9 Hz), 7.51

(1H, t, J= 7.3 Hz), 7.71 (1H, s), 8.00 (2H, d=J7.7 Hz).

13¢ 105 / & &

164.3, 185.0.
HRMS: m/z calc'd for [M+H] C14H12NOs*™ 242.0812, found 242.0804.

1-(2-Phenyt4,5dihydrooxazol-5-yl)ethan-1-one, 161q:

o
/
This compound was prepared according to the procedure for 161a usin@1IA&y 0.52
mmol, 1 equiv) giving 161q as a yellow oil (0.062 g, 63% yield).

IR: 2937 (br), 1717 (s), 1651 (s), 1254 (m), 1058 (s), 778 (nt).cm

1+ 105 + 0V = 15, 7B 62),J4.33 (1H, dd,¥15, 11 Hz), 4.96
(1H, dd, J= 11, 7.3 Hz), 7.45 (2H, t, J = 7.6 Hz), 7.53 (1H, t, J = 7.6 Hz), 7.99 (2H: d,3

Hz).
3¢ 105 / & & 2.2,164.2, 208.1.
HRMS: m/z calc'd for [M+H] C11H12NO2" 190.0863, found 190.0866.
1-(2-Phenyl4,5dihydrooxazol-5-yl)propan-1-one, 161r:

@)
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This compound was prepared according to the procedure for 161a usin( 1I{®y, 0.48

mmol, 1 equiv) giving 161r as a colourless oil (0.055 g, 56% vyield).
IR: 2969 (br), 1717 (m), 1643 (w), 1451 (w), 1264 (m), 711 (s}-cm

1+ 105 += 7\8 H4), 2.52.64 (1H, m), 2.62.79 (1H, m), 4.08 (1H, dd,
15, 7.2 Hz), 4.33 (1H, dd,J15, 11 Hz), 4.99 (1H, dd,J11, 7.2 Hz), 7.45 (2H, t, J = 7.4

Hz), 7.53 (1H, t, ¥ 7.4 Hz), 7.99 (2H, d, 3 7.8 Hz).
3¢ 105 / & &
HRMS: m/z calc'd for [M+NH]" CioH17N20." 221.1285, found 221.1284.

1-(5-Methyl-2-phenyl-4,5-dihydrooxazol-5-yl)ethanone, 161s:
o
e
—O

N
This compound was prepared according to the procedure for 161a usin@172s 0.49
mmol, 1 equiv) giving 161s as a colourless oil (0.075 g, 75% vyield).
IR: 3335 (br), 2969 (m), 2928 (w), 2359 (m), 1713 (m), 1646 (m), 950 (8) cm

1+ 105 / + 0V + V =15Hz),4.2131H, d] = 15 Hz), 7.44

(2H,t,J=7.5Hz), 7.52 (1H, t, 3 7.5 Hz), 7.99 (2H, d, 3 7.3 Hz).
3¢ 105 / & &
HRMS: m/z calc'd for [M+H] C12H1aNO2" 204.1019, found 204.1012.

((syn)-4-Methyl-2-phenyl-4,5-dihydrooxazol-5-yl)(phenyl)methanone, 161t:
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O
/
This compound was prepared according to the procedure for 161a usin@.10g 0.37
mmol, 1 equiv) giving 161t as a yellow wax (0.053 g, 54% vyield).

IR: 2925 (br), 1698 (m), 1647 (m), 1448 (m), 1218 (s), 687 (d.cm

1H 105 / + =@.0 Biz), 4.89 (1H, dg,d 10, 6.9 Hz), 6.00 (1H, d,J10 Hz),
7.44 (2H, 1, J = 7.6 Hz), 7.4B:56 (3H, m), 7.64 (1H, t, 9 7.3 Hz), 7.95 (2H, d, 3 8.2 Hz),

8.03 (2H, d, E 8.2 Hz).

3¢ 105 / & & &

134.3, 135.8, 163.7, 194.7.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1167.

((anti)-4-Methyl-2-phenyl-4,5-dihydrooxazol-5-yl)(phenyl)methanone, 161t

O
/
N

This compound was prepared according to the procedure for 161a usin@.16@t 0.37

O

mmol, 1 equiv) giving 161t as a yellow solid (0.034 g, 34% yield).
Melting point: 7273 °C.

IR: 2925 (br), 1698 (m), 1647 (m), 1448 (m), 1218 (s), 687 (d.cm
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1+ 105 / += 67 Hz), 4.52 (1H, pent,36.6 Hz), 5.39 (1H, d, 3 6.7 Hz),
7.42 (2H, 1, J = 7.6 Hz), 7.50 (1H, t=J7.8 Hz), 7.52 (2H, t, 3 7.8 Hz), 7.63 (1H, t, 3 7.5

Hz), 7.99 (2 x 2H, d, & 7.8 Hz).

13¢ 105 / & & &

134.3, 134.8, 163.0, 195.7.
HRMS: m/z calc'd for [M+H] C17H1eNO2" 266.1176, found 266.1167.

((syn-2,4-Diphenyl-4,5-dihydrooxazol-5-yl)(phenyl)methanone, 161v:

This compound was prepared according to the procedure for 161a using 172v (0.10g, 0.42

mmol, 1 equiv) giving 161v as a yellow oil (0.025 g, 18% vyield).
IR: 2918 (br), 1700 (m), 1644 (s), 1447 (m), 1238 (m), 1068 (mj.cm

1+ 105 += 1 Hi), 6.29 (1H, d] = 11 Hz), 6.93 (2H, dd, 3 7.5, 1.8 Hz),

6.987.05 (3H, m), 7.31 (2H, t, 9 7.7 Hz), 7.432.60 (6H, m), 8.06 (2H, d, = 8.1 Hz).

3¢ 105 |/ & & ), 1289 (2C), &

129.2 (2C), 132.4, 133.6, 136.2, 136.7, 165.5, 194.7.
HRMS: m/z calc'd for [M+H] C22H1eNO2" 328.1331, found 328.1330.

((anti)-2,4Diphenyl-4,5dihydrooxazol-5-yl)(phenyl)methanone, 161\%
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This compound was prepared according to the procedure for 161a using 172v (0.10g, 0.42

mmol, 1 equiv) giving 161v as a yellow oil (0.041 g, 28% vyield).
IR: 2918 (br), 1700 (m), 1644 (s), 1447 (m), 1238 (m), 1068 (mj.cm

1+ 105 / += 6% Hz) 5.71 (1H, d,J = 6.6 Hz), 7.29%.40 (5H, m), 7.45-57

(5H, m), 7.63 (1H, t, ¥ 7.5 Hz), 7.94 (2H, t, 7.2 Hz), 8.09 (2H, d, 3 7.3 Hz).

13¢ 105 / & & &

(2C), 129.5 (2C), 132.3, 134.4, 141.4, 164.2, 194.8.
HRMS: m/z calc'd for [M+H] C22H1eNO2" 328.1331, found 328.1330.
N-(2-Hydroxy- 3-ox0-3-phenylpropyl)-4-nitrobenzamide, 175:

O O
N

|
H OH
O,N

This compound was prepared according to the procedure for 161a usin¢011A&y 0.31

mmol, 1 equiv) giving 175 as a light yellow solid (0.069 g, 66% yield).
Melting point: 7577 °C.

IR: 3405 (br), 2969 (M), 1667 (m), 1535 (m), 1368 (w), 1124 (m), 950 (&) cm
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1+ 105 / + 613,.3)5.5 Hz), 4.09 (1H, br), 4.24 (1H, dd¢, 10, 6.8, 3.2
Hz), 5.34 (1H, dd, ¥ 7.7, 2.8 Hz), 6.87 (1H, br), 7.57 (2H, t, J = 7.7 Hz), 7.68 (1Hzt, J

7.7, Hz), 7.95 (2H, d, 3 8.7 Hz), 8.12 (2H, d, 3 8.2 Hz), 8.29 (2H, d, J = 8.7 Hz).

13¢ 105 / & & & &

150.1, 166.3, 199.4.
HRMS: m/z calc'd for [M+H] C16H1sN20s" 315.0936, found 315.0972.

N-((1R,29-1-Hydroxy- 1-phenylpropan-2-yl)-2-iodo-N,3-dimethylbenzamide, 185®

Prepared following the literature procedure reportetbyan and RodrigueZ.2-iodo-3-
methylbenzoic acid (0.5 g, 1.9 mmol) was dissolved in@#H19 mL) at room temperature
and oxalyl chloride (0.32 mL, 3.9 mmol) and DMF (0.01 mL) were added sequentially. The
reaction mixture was stirred overnight, then concentrated under vacuum. The residue was
dissolved in THF (10 mL) and added dropwise to a solution of (:-ps&sidoephedrine
hydrochloride (0.31 g, 1.6 mmol) and triethylamine (0.5 mL, 3.6 mmol) in THF (10 mL) at O
°C. The mixture was allowed to warm twm temperature overnight and then quenched with
water (20 mL) and extracted with EtOAc (3 x 20 mL), dried (MgSfitered and

concentrated. Purification by flash chromatography (silica gel; 1.1 petroleum ether/EtOAc)

provided 185 as a white solid (0.35 g, 45% vyield), m.p: 182°C (lit. m.p. 18185 °C).

185 Exists as four amide rotamers A, B, C, and D. Only NMR data specified for the two

major rotamers A and B.

IR (neat): 3330 (br), 2856 (w), 1607 (s), 1412 (m), 1038 (m).cm
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IH NMR (400 MHz, DMSO€F): /0.97 (3H, d, J= 6.8 Hz), 1.03 (3B, d, J= 6.9 Hz), 2.36
(3HA, s), 2.37 (38, s), 2.62 (3, ), 2.97 (3K, 5), 3.363.44 (1H, m), 4.46 (1M, dd, J=
8.2, 3.6 Hz), 4.66 (1} dd, J= 7.5, 4.6 Hz), 4.82.90 (1}, m), 5.51 (14, d, J= 4.5 Hz),
5.61 (1H, d, J = 3.6 Hz), 6.66:66 (1HF, m), 6.766.82 (1H', m), 7.07 (2K, d,J = 6.7 Hz),

7.207.44 (5H, m; 7HE, m).

13C NMR (100 MHz, DMSQd®): /13.7, 15.8', 26.9", 28.4, 28.7*, 31.%, 52.¢, 60.0",
73.9, 74.1%, 99.¢, 100.1, 124.%, 126.4, 127.¢ (2C), 127.% (2C), 127.4, 127. 7,
128.0% 128.4 (2C), 128.8 (2C), 129.8, 129.3, 129.4, 141.8, 142.#, 143.6', 143.P,

144.6\, 144.8, 170.&, 171.2\.
HRMS: m/z calc’d for [M+H] CigH21INO2 410.0611, found 410.0611.

N2,N3-bis((1S,2S)1-hydroxy-1-phenylpropan-2-yl)-2-iodo-N*,N3-
dimethylisophthalamide, 188:

Prepared following the literature procedure reported by Moran and Rod?{gustag 2-
iodoisophthalic acid (0.5 g, 1.7 mmol) was dissolved irClH(20 mL) at room temperature

and oxalyl chloride (0.59 mL, 6.85 mmol) and DMF (0.02 mL) were added sequentially. The
reaction mixture was stirred overnight, and then concentrated under vacuum. The residue was
dissolved in THF (10 mL) and added dropwise to a solution of (:-ps&sidoephedrine
hydrochloride ( 0.56 g, 2.8 mmol) and triethylamine (1.8 mL, 12.6 mmol) in THF (18 mL) at

0 °C. The mixture was allowed to warm to room temperaiveenight and then quenched

with water (20 mL) and extracted with EtOAc (3 x 20 mL), dried (MgSfitered and
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concentrated. Purification by flash chromatography (silica gel; 1:10 petroleum ether/EtOAc)

provided 188 as a white solid (0.48g, 48% yietd)p 197200°C.
188 Exists as sixteen amide rotamers dHIZNMR data specified for the major rotamers.
IR: 3390 (br), 1611 (s), 1402 (m), 1109 (m), 1046 (m), 699 () cm

IH NMR (400 MHz, DMSO€F): /0.891.14 (6H, m), 2.95 (3H, s), 3.34 (3H, s), 4895
(1H, m), 4.584.70 (1H, m), 4.7%.91 (1H, m), 5.45%.57 (1H, m), 5.5%.71 (1H, m), 6.77-

7.55 (14H, m).
13C NMR data specified for the two rotamers (A) major and (B) minor

13C NMR (100 MHz, DMSQd®): /16.4, 16.6\, 27.%, 28.1, 31.8, 32.1, 60.4, 60.6,
74.8,75.1, 92.8, 92.9", 128.¢ (4C), 128.1 (4C), 128.5, 128.%, 128.8 (2C), 128.§
(2C), 129.3 (2C), 129.8 (2C), 129.% (4C), 129.8 (4C), 144.3 (2C), 144.6 (2C), 145.4,

145.8, 171.¢, 170.2, 171.&, 171. 7.
HRMS: m/z calc’d for [M+H] CasHz2IN204 587.1401, found 587.1400.

(R)-2,2"-Diiodo-1,1-binaphthyl, 190:1°7

Prepared according to the literature procedlremixture of commercialR)-(+)-2,2'-
diamino1,1-binaphthyl (1 g, 3.52 mmol), potassium iod{@&87 g, 35 mmol), and sodium
nitrite (1.69 g, 28 mmol) were placed in flask charged withTie solids were dissolved in

DMSO (60 mL) in a room temperature water bath. Then, 47% aqueous HBr (4.8 mL) was
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added dropwise with intense stirring which led to darkening and visible gas evolution. Then,
the water bath was removed and the mixture was stirred for 2h. The resulting mixture was
poured into 50% aqueous sat. NaH{60 mL) and extraed with CHCI, (60 mL). The
combined organic extracts were washed with 10% ag5a (2 x 30 mL), water (2 x 30

mL), brine (15 mL), and dried over Mg%QO hen, the solvent was removed under vacuum

and the residue purified by flash column chromatography on silica gel (eluent: petroleum
ether 4060) which afforded 190 as a white solid (0.83 g, 47% yield), m.pl1¥6€C (lit.

m.p. 116.5 °C).
IR: 2970 (br), 1573 (m), 1497 (w), 1265 (m), 1097 (m), 827 (sS}.cm

IH NMR: /7.08 (2H, d, ¥ 8.6 Hz), 7.252.33 @H, m), 7.487.54 (2H, m), 7.72 (2H, d,3

8.7 Hz), 7.93 (2H, d, 3 8.1 Hz), 8.06 (2H, d, 3 8.8 Hz).

13C NMR: /100.1 (2C), 126.7 (3C), 126.9 (2C), 127.7 (2C), 128.6 (2C), 130.0 (2C), 133.3

(2C), 136.0 (3C), 145.1 (2C).
HRMS: m/z calc'd for [MH]™ CooH12l" 378.9978, found 378.9974
N-(3-Hydroxy- 3-phenylpropyl)benzamide, 1924%®

@) OH

I=

Following the literature procedure reported by Leg#ldtsolution of diisopropylamine (0.17

P/ PPRO LQ 7+) P/ XQGHU DQ DUJRQ DWPRVSKHUH DW
Butyllithium 2.5M (4.7 mL, 1.2 mmol). The mixture was stirred for 30 min, and th€ N
oxo0-3-phenylpropyl)benzamide (0.25 g, 0.99 mmogsnadded. The resulting mixture was

stirred for 45 min, and then acetic anhydride (0.19 mL, 1.97 mmol) was added. The reaction
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ZDV VWLUUHG PLQ DW i f& DQG DQRWKHU PLQ DW URR
poured into saturated NaHG( mL), and extacted twice with EtOAc (10 mL). The

combined organic layers were washed with brine and dried over MgSO4, and the solvent was
removed under reduced pressure. The crude product was purified by flash chromatography

(1:10 petroleum ether/EtOAc to EtOAc) taopide 192 as a yellow oil (0.06 g, 24% yield).
IR: 3332 (br), 1466 (w), 1378 (m), 1159 (m), 950 (s), 816 (m)cm

IH NMR: /1.922.00 (2H, m), 3.38.47 (1H, m), 3.6%.77 (1H, br), 3.78.88 (1H, m),
4.81 (2H, dd, J = 8.5, 4.4 Hz), 7.09 (1H, br), 72228 (1H, m), 7.32%.36 (4H, m), 7.37%.43

(2H, m), 7.48 (1H, t, & 7.4 Hz), 7.75 (2H, d, 3 7.8 Hz).

13C NMR: /37.9, 38.9, 73.0, 125.9 (2C), 127.9 (2C), 128.8, 128.9 (4C), 131.9, 134.6, 144.5,

168.5.
HRMS: m/z calc'd for [M+H]" CieH1sNO2" 256.1332, found 256.1338.
Representative procedure for chiral iodoarenezatalysed cyclisation

1-(5-Methyl-2-phenyl-4,5-dihydrooxazol-5-yl)ethanon,e 161s

Amide 172s (1 equiv) was dissolved in solvent and chiral iodoarene (0.1 equiv) was added,
followed by nCBPA (3 equiv) and @-sOH.RO (3 equiv). The mixture was stirred overnight
at room temperature, then aqueousS\@ solution (5 mL) and saturated aqueous NakCO
solution (5 mL) were added and the mixture extracted with@H10 mL x 2). The organic
layers were combined and dried with MgS@ltered and concentrated under vacuum. The

product was purified by flash chromatography (9:1 petroleum ether/EtOAc) to provide 161s.
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ee: 14%, determined by HPLC analysis: chiralpak 1B, hexane/IPA gradient (93:7), 1 mL/min.

254 nm; Retention Time (minor) = 5.3 min, Retention Time (major) = 5.8 min.
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