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ABSTRACT

Chapter 1. Introduction
Section 1. Transition metal catalyzed reactions of aryl and vinyl halides with olefins.

The synthesis of arylated and vinylated olefins is of fundamental importance in organic
chemistry. The palladium-catalyzed carbon-carbon coupling of haloalkenes and haloarenes with
alkenes, generally known as the Heck reaction, provides an efficient gateway into such compounds.
R. F. Heck discovered this reaction in 1968. As shown in scheme-1, styrenes and dienes can be
prepared from the corresponding alkenes and aryl or vinyl compounds substituted with a group such
asX=Cl, Br, I, NBF4, OTf, and COCI.

Scheme-1

R X + =\ > Rl\/\Rz

R> Base

Ry = aryl, akenyi
R, = aryl, alkenyl, COOEt, etc

X =1, Br, OSOZCFg

This reaction is important owing to the possibility of preparing not only simple terminal or
1, 2-disubstituted olefins but also numerous complex molecular frameworks, e.g. tertiary and
guaternary stereocenters. Synthetic usefulness of the Heck reaction i.e. explained by the following
facts,
1 The methodology is amenable to a variety of easily available starting materials and this
reaction can tolerate various functional groups.
2 The Heck reaction is remarkably chemoselective; hence educts containing most functional

groups may be used.



Section 2. Nitrenes

Aryl nitrenes are uncharged, electron deficient reactive intermediates possessing a sextet of
electrons in their outer shell. Nitrenes are versatile reactive intermediates to construct heterocyclic
compounds. Nitrenes can undergo many reactions, e.g. inter and intramolecular reaction can be

explained as follow (scheme-2).

H H
Aryl —N + >:< — > Ayl —N
R R
@(vR L
- N R
H

Chapter 2. New catalystsfor Heck reaction

Schene-2

This chapter is divided into two sections
Section 1. Copper (1) and Ni (0) catalyzed reactions of aryl and vinyl halides

Copper iodide and Ni[P(OPh)s] 4 complex are found to activate aryl iodides and vinyl
bromides for the reaction with olefins and akynes to get the corresponding coupled products. The
inter and intramolecular reactions of aryl and vinyl halides with olefins and alkynes in the presence
of Cul and Ni (0) were carried out to obtain the expected coupled product (scheme-3).

Scheme-3

Cu(l) / Ni(o), Ar \

R—X > \
* \Rl K2CO3, NMP, 150 °C \

Ry

R = Anyl, Vinyl X =1, Br R, = COOEt, Ph



@]
CH
N~ % cul)/Ni(0), Ar N
| H K2CO3, NMP, 150 °C =

CHs

Section 2. Novel and Efficient catalyst for Heck reaction

Oxime palladacycles were synthesized and applied for the activation of aryl halides, aryl

iodides, bromides and activated aryl chlorides to react with olefins to achieve high turnover

numbers and turnover frequencies. Oxime palladacycles were synthesized by the literature methods

as shown in scheme-4.

Scheme-4
R R
N MeOH Ny o
+ Lip,pdcl, ——> /
RT Py
% N
R= H, Ph

The reactions of various aryl haides including activated aryl chlorides with olefins in

presence of oxime palladacycles were carried out to get the high turnover numbers and turnover

frequencies as shown in scheme-5

Scheme-5
Palladacycle
RIX + == >
Ry NMP, 150 °C, Base
R, = aryl

R, = Ph, COOEt, etc X = |, Br, Cl

R~ R

2



Chapter 3.

This chapter is divided into two sections
Section 1. Pd catalyzed reactions of p-Bromoacrylic acids with 1, 3dienes.
u-Bromoacrylic acids were prepared from the corresponding esters by bromination and

dehydrobromination followed by hydrolysis as shown in scheme-6.

Scheme-6
@] (|) o
i 0°C,0.5h
R/\J\ (i) Bry DQM, > rJﬁ/KOM LIOH(IN) A |
OMe iy &N, DoM,RT 120 R e — >R OH
THF/H,O
Br Br
12h
E/Z mixture
R = Ph, Furyl

The reaction of p-bromoacrylic acids with 1, 3dienes was carried out in the presence of
PdCly(PPhs)2, ZnCl, as co-catalyst and K2CO3 in NMP at 80100 °C under argon atmosphere to
form glactones in good yield ( scheme-7).

Scheme-7

i |
‘#ISJ\ © PdClz(PPh3)2, chlz AN O
OH +
R
Br

KoCOg, NME’, 6-24h
80-100C

\J
Py

E/Z mixture 1, 3-Dienes
E/Z mixture

=z = =
R =Ph, Furyl, CHs Dienes : ,
S A



Section 2. Reaction of p Bromoacrylic amides with 1, 3-Dienes and Alkynes

p-Bromoacrylic amides were prepared from the p-bromoacrylic acids by treating with
SOCland EtsN, R-NH2. Palladium catalyzed reactions of p-bromoacrylic amides with 1, 3dienes
and alkynes in presence of zinc chloride as co-catalyst and sodium carbonate at 100 °C gave the

expected g-Lactams in good yield (scheme-8).

Scheme-8
O 0
N A |
R/f\NHRl .\ © PdCIyPPh3)z,ZnCly _ . NR;
r NazC O, NMP, 3-12h
, 80-100 C
@) 1, 3-dienes
(E)
OOEt Ph
. = FZ 6
Dienes : A , S
Chapter 4.

This chapter is divided in to two sections.
Section 1la.  Transition metal catalyzed activation of aryl azides

The reaction of aryl azides with alkynes in the presence of varioustransition metal catalysts,
Ni(P(OPh)3)a, Mo(CO)s, NiClo(PPhs)2/Zn, Fe(CO) and reduced copper has been attempted to form

indoles (scheme-9).



Vi

Scheme-9

Rl = O"g, OO‘|3, G, N02
R =C4Hg, Ph
Section 1b. Reactions of aryl and tosyl azide with ol€efins
Copper chloride, Ni(0), Fe(0), Mo, W, Pd, Rh, Ru and Ir catalyzed reactions of aryl and
tosyl azides with olefins were carried out to get aziridines (scheme-10).

Scheme-10

catalyst
Ry
R

1
R

X:$)2N3, N3 R:CIZH3,CH3 R1:Fh
Section 2. Reactions of chloramine-T/ tosyl azide with 1, 6-dienes
Different 1, 6 dienes were prepared by the literature methods and the reactions of 1, 6 dienes
with chloramine- T and tosyl azide in the presence of copper (I) and Ni (0) cataysts have been
attempted to synthesize heterocyclic compounds (scheme-11).

Scheme-11

E
E / cu(l) /Ni(0)

+ TsNNaCl/TsNs > E
E N_

Ts

E=COOR
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This chapter is divided into two sections
Sectionl.  Transtion metal catalyzed reactions of aryl and vinyl halides with olefins.
The synthesis of arylated and vinylated olefins is of fundamental importance in organic
chemistry. The palladium catalyzed caupling reactions of haloalkenes and haloarenes with
alkenes, generally known as the Heck reaction, provides an efficient gateway into such
compounds. As shown in the scheme-1, styrenes and dienes can be prepared from the
corresponding alkene and aryl or vinyl compounds substituted with a leaving group X = Cl, Br, I,
N2BF4, OTf and COCI. This reaction is important owing to the possibility of preparing not only
simple terminal or 1, 2disubstituted olefins but also numerous complex molecular frameworks,
eg. tertiary and quaternary stereocenters. Dienes and alkynes can aso be used as unsaturated

compounds to get the corresponding coupled products. The reaction was discovered by R. F.

Heck in late sixties. Initially, the reaction received much attention for forming new carbon-
carbon bond in a single step and the reaction was not well developed in seventies and early
eighties. Only few research groups continued to explore the reaction. In mid eighties many
research groups focused on developing and exploring the scope and limitations of the reaction.
Scheme-1

HECK REACTION

_ Pd(0)
R X + ==\ Rl\/\RZ

R> Base

v

R, = aryl, akenyl
R, = aryl, alkenyl, COOEt, etc

X =1, Br, OSOZCF3
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M echanism of the Heck Reaction
The most accepted mechanism of this reaction goes through the following organometallic
intermediates. There are two major steps involvedin the reaction mechanism, oxidative addition

and reductive elimination as shown in scheme-2

Scheme-2 Mechanism

Pd|PPh, |,
—2PPhs
HX \ R.X
reductive
e Pd
elimination [PPh3:| 2 oxidative addition
Base

R
\;\ [HPd(PPhg)X ] [RiPd(PPhy),X |

syn hydride
elimination

Ro

* syn insertion

H Pd(PPhg),X R, Pd(PPhg),X

TN

R1 R2 H R2

~_

internal rotation
Synthetic usefulness of the Heck reaction is explained by the following facts
1 The methodology is amenable to a variety of easily available starting materials.
2 The Heck reaction is remarkably chemoselective; hence educts containing most functional
groups may be used.

3 ThePaladium catalyststypically employed are water and air stable.
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Much progress has been made over the past ten years and several reviews have
appeared.? Since it's discovery in the late sixties, most particularly in the last few years, several
exciting breakthroughs have been made in the reaction including

(@) Development of more active and thermally stable catalytic system
(i) New more efficient enantioselective variants and

(i)  Expanded application in organic synthesis.

Catalysts

Paladium (0) phosphine complexes, such as Pd(PPhs), are generally used as Heck
reaction catalysts. However Pd(I1) sdts in the presence of phosphine ligands are more often
employed asinsitu catalysts.

In recent years, new and efficient catalysts (palladacycle) have been synthesized and
applied for the Heck reaction to achieve high turnover numbers and turnover frequencies and to

activate less reactive chlorides.®

PiPr, PiPr,
Po—TFA Pd—TFA
PiPr, PiPr,

Recent applications of Heck reaction
The last decade has seen an extraordinary growth in the use of stereoselective palladium-

catalyzed olefination of aryl and vinyl derivatives for complex total synthesis. In most cases

intramolecular variants offer unprecedented ways to assemble structurally simple precursor
molecule to congested polycyclic frameworks.
The synthetic potential of intramolecular Heck reaction is elegantly demonstrated by the

work of Overman and his group towards the synthesis of morphine as shown in scheme-3.4°



Scheme-3

OMe OH
Pd(OCOCF,) ,(PPhs) O
10 mol %%) - OBn o OH
PMP, toluene, 120 °C -y /N ’

Other examples for the use of palladium-catalyzed cyclisations of aryl halides and vinyl

OBn

halides with tethered alkenes to form quaternary carbon centers were developed by the Overman

group include the total synthesis of scopadulcic acids A and B as shown below in scheme-4.°

Scheme-4

‘ 20 mol-% PPh3

CH3CN, 80°C

I
5 mol-%Pd(OAC) 2

Shibasaki and co-workers reported the total synthesis of capnellene utilizing an
asymmetric Heck reaction-carbanion capture process as a key step.’ In this report, the vinyl
triflate was cyclized in the presence of various carbanions to give key intermediate in the total

synthesis of capnellene with 75% and an ee of 66% (scheme-5).



(82

Scheme-5

2.5 mol-% [Pd(ally)CI] 2
= c \ COOEt

H 6.3 mol-% (s)-BINAP e
> S ——
+ 2.0 eq. NaBr
0
DMSO, 120 C
TBDPSO '
\/\(;cooa 0 750, o (-)2%12-capnellene
a
COOEt 66% ee

The asymmetric carbopalladation followed by further reactions of the alkylpalladium
species was used by Keay and coworkers in the total synthesis of (+)-xestoquinone.® The key
step in this total synthesis is an asymmetric palladium-catalyzed polyene cyclisation of the aryl
triflate as shown in scheme-6.

Scheme-6

Br E Ste—>ps
—_—
_— >
CHO

2.5 mol-% Pd 2(dba)3
10 mol-% (s)-BINAP

>
>

8.0 eq. PMP
toluene, 110 0C

82%
68% ee

Y

(+)-xestoquinone

Significant contributions on the use of domino Heck processes for the synthesis of
steroids and related molecules were disclosed by Tietze et al.® The synthesis of estrone
derivatives was easily achieved by double Heck reaction of bromocompound with hexahydro-

1H-indene as shown in scheme-7.



Scheme-7

/OAc
~
Pd
ar tBu @j; ~ 4
Br 2 mol-% 0T0|)<0T0|

+ >
H-CO = ! DMF/MeCN//H,0, 115 °C
3 g nBu NOAC H3CO

OtBu

Pd/C/Hp
g

HyCO

Lutz et al. developed a novel highly efficient strategy for the enantioselective synthesis of
(-)-Cephalotaxine with two palladium-catalyzed reactions as key steps starting from the
secondary amine to give the pentacycic product as shown in the scheme-8.%°

Scheme8

@] 7mol-% Pd (PP hy), \
< j@f\/ L3 eqTMG <o:©E\/V .
© Br . CH5QN, 45°C o) Br i /

‘OAc 8%

ZI

Y

4 mol-% Pd dimer 0

2.0 eq. nBu 4NOAc < O

MeCN/DMFH 20 @] \
H

115-120 °C

(-)-cephalotaxine

Section 2. Reactionsof Nitrenes

Aryl nitrenes are uncharged, electron deficient reactive intermediates possessing a sextet of

electrons in their outer shell. Nitrenes are most useful reactive intermediates to construct



heterocyclic compounds* Reactions of nitrenes can be discussed under various headings for
example inter and intramolecular reactions?
(@ Intermolecular reactions.

Aryl nitrenes can undergo many reactions as shown in scheme-9

Scheme-9
Ayl —N 4+ R —H ——» Ani—NHR

2 A —N —— > Aryl—N=N—Aryl

H H
Aryi _N + >:< — Ary] — N
R R

(D) Intramolecular reactions

Intramolecular reactions involve cyclisation onto an ortho-substituted or a saturated side
chain giving rise to five membered nitrogen heterocycles. This behavior constitutes one of the
most important synthetic applications of aryl nitrenes because of its scope (scheme- 10).

Scheme-10

N N R
H
A
CEN\B/X N
/
N
H

Common methods of generating Nitrenes.
1. Thermolysis of arylazides at and above 120 °C

2. Photolysis of arylazides under milder conditions.



3. Reduction of nitro and nitrosoarenes.
4. Fragmentation of heterocycles.
Heterocyclic fragmentation which finally leads to arynitrenes is far less important
Synthetically than the methods described above.
5. Photolysis of N-aryloxyaziridine in a quartz apparatus is thought to give nitrenes'®
6. Oxidation of amines
By oxidation of eaminodiphenylamine with litharge is a very old reaction to generate
nitrenes.™
Modern Methods of Generating Nitrenes
1. Thermal deoxysilation of N, O-bis(trimethyl silyl) hydroxylamine.15

2. Copper initiated decomposition of N, N-Dichl oromethanesulfonamide. *®



«“

CONCLUSION

This chapter described the importance of C-C bond formation between the aryl and vinyl
halides with olefins catalyzed by palladium complexes Heck reaction) and mechanism of the
reaction which involves basic characteristic features of the transition metal complexes and their
applications in synthesis of various natural products. This chapter also outlined the synthesis and

application of nitrenes in synthetic organic chemistry.
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This chapter is divided into two sections
Section 1. Nickel (0) and Cu (I) catalyzed reactions of aryl and vinyl halides with olefins
and alkynes.
Introduction and Background

The development of new catalysts for C-C bond formation reaction is a challenging area
in organic synthesis. There are many reactions in which the C-C bond is formed by catalysis of
various transition metal complexes. The most important reaction in which the facile and selective
C-C bond formation is constructed is known as the Heck reaction, catalyzed by palladium
complexes, described in the last chapter. Similar reaction catalyzed by the other transition metal
complexes and transition metal salts will be described briefly below.

Styrene was prepared by the reaction of chlorobenzene with ethylene in the presence of
nickel salts, triarylphosphine and zinc as shown in scheme-1.1

Scheme-1

Cl Ni salts N
+ CH2=C H2 >
PPhg, Zn
Boldrini et al. reported the use of RhCl(PPhg)z, Ni(PPhs)4, [Rn(COD)(PPhg)2] PF4for the
reaction of vinyl halides with akali salts of 3-butenoic acids to furnish dienoic acids containing

3, 5 conjugated double bonds (scheme-2).2

Scheme-2

Br Catalyst
=\—COOH EtOH, 85°C

2-48h




The reactions of aryl and vinyl halides with activated olefins in the presence of catalytic

amount of NiCh(PPhg), and excess of zinc powder in tetrahydrofuran gave the coupled products

(scheme-3).
Scheme-3.
n
NiCl,(PPhs)2 + CH,=CHR; >  CH;=CHR;Ni(PPhs),
Catalyst
RX + CHy=CHR;: R » R—CH =CHR; + R—CH,CH,~R;+ R—R;
Zn (excess), THF
R= aryl, vinyl

S. A. Lebedev et al. studied the effective catalytic system for the activation of aryl and

alkyl bromides with styrene and methyl acrylate to give stilbenes and cinnamates respectively

(scheme-4).*
Scheme-4
L,NiCl,/Zn
R—Br + CH;—CH—CoHs —— RN rer,cHPh
CHaCN, CeHsN
LoNiClo/Zn
R—Br + CH,—CH—COOMe —— » RCH;CH,COOMe
H,0

R=aryl, dkyl L=PPhg

Sustmann et al. reported the reaction of alkyl halides, aryl and vinyl halides with electron
deficient olefins catalyzed by NiCh.6H,0 in the presence of zinc and pyridine in tetrahydrofuran
to give the conjugate addition product (scheme-5).°
Scheme-5

NiCl,. 6H,0

R—X + CH,=—CH—COOEt > RCH,CH,COOEt
THF, Zn, CsHsN

R= dkyl, aryl and vinyl
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S. lyer reported the vinylation of aryl iodides catalyzed by CoCl(PPhg)3, RhCl(PPhg)s,
and IrCICO(PPhy), to give the corresponding cinnamates and stilbenes in high yield using

K2COs and N-methyl pyrrolidinone ( scheme-6).°

' . Catalyst W
@/ ) =\ alys @/\/
w

W=CgHs, COOR

Scheme-6

Vinylation of aryl iodides using Pt(COD)Cl/PPh; as a cataytic system was studied by
Kelkar and it was found that dehalogenated products were formed in the reaction in presence of

orgaric base(scheme-7).’

I W
@/ o= L©N+ ArH
w

W= COOR, Ph

Scheme-7

Kelkar et al. reported the vinylation of 4bromo-4'-hydroxybiphenyl with ethyl acrylate
in the presence of NiCh.6H O, PPhy and organic base to afford ethyl 4-(4'-hydroxyphenyl)
cinnamate with high selectivity (98%) (Scheme-8).%

Scheme-8

NiCly. 6H,0 PP hg COOEt
0L ) ooon g WO /



A detailed study on the copper catalyzed condensation of 2 bromobenzoic acids with b-
dicarbonyl anions to a-arylated-b-dicarbonyl compounds in high yield reported by A. Mckillop

et al. is shown in scheme-9.°

Scheme-9
COOH COOH
NaH
+ CH,COCH,COOEt ————>
Br Cubr $HCOOEt
COCH,
0
COOH
<CN NaH NH
+ %
COOEt CuBr =
Br OH
COOEt
OH

COCH,  cooEt  yan
SR —
Br COOEt  CuBr oH

COOEt
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OBJECTIVE
The aim was to develop new catalysts for the coupling reactions of aryl and vinyl halides
with olefins, alkynes, carbon and nitrogen nucleophiles based on the oxidative addition and

reductive elimination properties of the transition metal complexes and salts.

PRESENT WORK

Our present study involves the investigation of new cataysts for the Heck reaction.
Some of the transition metal complexes which are in lower oxidation state can easily undergo
ligand dissociation, oxidative addition and reductive elimination reactions. Our initial study was
on the reactions of aryl iodides with ol€efins, catalyzed by the low valent nickel complexes for
example, Ni[P(OPh)s]4 and Ni[P(OEt)34+ which affords the expected Heck type coupling
products, stilbenes and cinnamates is shown in scheme-10. The reaction of aryl iodide with

akyne in the presence of Ni[P(OPh)s]4 was aso carried out (Sonagashira coupling) (Scheme-

12).
Scheme-10
/@/I . Ni[P(OPh)3,,K,CO4 /@/\/W
=\ : .
R W  NMP, 150°C, Ar R
R = OCHj, CI W = Ph, COOEt etc.
Scheme-11

Ph

I Ni[P(OPh)3]s, K,CO4 &
+ =—Ph >
CH50 NMP, 150 °C, Ar

CH30




Some of the transition metal sdlts, say copper iodide and copper bromide are known to
catalyze the reactions of aryl halides with various carbon and heteroatom nucleophile. The
reactions of aryl iodides with olefins catalyzed by copper iodide and copper bromide in the
presence of potassium carbonate were carried out to form the expected coupling products in
good yield by using both stoichiometric and catalytic amount of copper salts (scheme-12).
Scheme-12

! R
©/ + = e Cu X, KLOs3 X 2
R R,  NMP,150°C, Ar R1

R

R= OCHjz, Ry =CHO, COOEt, R, =H, CH3
X = Br,|
The reaction of vinyl halide (b-bromostyrene) with olefins in the presence of nickel (0)
complexes and copper salts have been carriedout (scheme-13).
Scheme-13

Ni(0) / Cul, K 2CO3
F>h/\/Br + -\ > PhMW
W NMP, 150°C, Ar

W = Ph, COOEt
Ni(0) = Ni(P(OPh) 3)4,  Ni(P(OEY) 3)4
Cu(l) = Cul, CuBr
The precursors for intramolecular Heck reaction were synthesized from o-iodobenzoic

acid by the following reaction sequences shown in scheme-14.%

Scheme-14
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O O
COOH  soc, @CI Et{N, 0°C-RT @NH
@il RT, 2h g | Allylamine, DCM= | H|
0O
NaH, CHsl, THF @f‘\N/CHa
0°C-Reflux, 2h g | H‘

The intramolecular Heck reactions of alyl-2-iodobenzoate, 1N-allyl-2-iodobenzamide

and IN-allyl- IN-methyl-2-iodobenzamide catalyzed by Ni[P(OPh)s]s and copper sdlts in the
presence of potassum carbonate were performed to get the corresponding heterocyclic
compounds (scheme-15 and 16).

Scheme-15

@) Ni (0) / Cul, K 2CO3 o

| ﬁ NMP, 150°C, Ar " H
|

Ni(0) = Ni(P(OPh})s,  Ni(P(OEtg)4

Cu(l) = Cul, CuBr

Scheme-16
O O
N-CHB Ni)/cul K pc03 N
| H NMP, 150°C, Ar =
CHs

Ni(0) = Ni(P(OPh) 3)4, Ni(P(OEt) 3)4

Cu(l) = Cul, CuBr



The reactions of 4iodoanisole with vinyl ketones, carbon and nitrogen nucleophiles
catalyzed by Ni[P(OPh) 3]s and Cul have been carried out with various modifications of reaction

conditions (scheme 17 and 18).

Scheme-17
COOR
[
J@/ . <COOR Ni[P(OPh)K,CO5 R,
Base, Solvent -
CH30 Ry 100-150°C CH30
R; = CN, COOEt Base = NaH, K 2CO3
R = Et Solvent = Dioxane, NMP
Scheme-18
O
I
R N
Cul, K,CO R
QY e,
CH3O 0O NMP, 150°C, Ar CH-O
3

R = CH3’ CH2CH3, C6H5

The results of inter and intramolecular reactions of aryl and vinyl halides with olefins and

alkynes catalyzed by Ni[P(OPh)3] 4 and Cul are summarized in Table-1 and Table-2



Table 1 : Ni(0) Catalyzed reactions of Aryl and Vinyl halides with Olefins/Alkynes

2(

S.No

Aryl/Vinyl halide | Olefin/Alkyne| Time(h Product Yield %
COOEt
1 C|—@| 24 m@j 87
COOEt
Ph
cro<
95
2 CH3O—®7I =\ 24 (85%)
Ph
CHzO
Ph
(15%)
3 Ckbo—@fl =—Ph 24 CH3O©%Ph 67
4 CH30—®7I O 24 |cH;0 O . 55
COOEt
5 CH3OO| ” L L
COOET
— COOEt
/\/BI' /\/\/ 64
6 Ph™™ cooef| 24 | PP
7 ph B o 2 | P X" 44
9] @]
Jiea SN len SN E
| H H|
0 o)
_CH
N/CHs N 3
9 I H - 48 _ 79
| CH,
|
10 = 24 —

COOEt




Table2: Cul catalyzed reactions of aryl and vinyl halides with olefins

S.No Aryl/Vinyl halide Olefin/Alkyne Time(h) Product Yield %
COOEt
1 CH304®7I 2 @_//_ 78
COOEt CHeO
Ph 20
Ph
Ph 60
A O |a | O
Ph
Me
Me )fcoowle
4 |CHO | = 24 crgo@ sl
COOMe
Me
Me CHO
5 CH@@I — 24 | CHP 40
CHO
6 p h/\/B r =\P N 24 P h/\/\/P h 46
B o A\ COOE
7 | Ph COOEt Ph &
0O O
JeaSENEI e adN b
I ﬁ
o 0
N q
| CHs
0
10 CHp@l s, | 2 _ _

Et

21



RESULTSAND DISCUSSION

The starting materials required for the Heck type coupling reactions were prepared by the
literature methods™ and characterized by the usual spectroscopic techniques. The inter and
intramolecular reactions of aryl and vinyl halides with olefins and alkynes catalyzed by Ni(0)
complex and Cu(l) salts afforded the Heck type coupling products in good yield. The
Ni[P(OPh)3]4 complex was synthesized according to the literature method. > The precursors (4
& 5) for intramolecular Heck reaction were synthesized from o-iodobenzoic acid. The IR
spectrum of the starting material, allyl 2iodoberzoate (4) showed a sharp peak at 1732 cm*
which indicating the presence of carbonyl group of ester. The *H NMR spectrum displayed a
doublet at d 8.0with J = 8.8 Hz corresponding to one of the aromatic proton at 5" carbon and
another doublet at d 7.8 with J = 8.0 Hz confirmed the presence of proton at 3% carbon. The
other two aromatic protons appeared as multiplets at d 7.47.25 and 7.157.0. A multiplet at d
6.1-5.9 appeared indicating the presence of internal olefinic proton and the two terminal olefinic
protons appeared as doublets, one at d 5.5 with J = 17.6 Hz and another at d 5.2 with J = 8.8 Hz.
The C NMR spectrum revealed the two methylenic carbons signals at d 94.15 and 66.10
corresponding to olefinic and methylenic carbon adjacent to oxygen which was identified by
DEPT experiments. The mass spectrum displayed a molecular ion peak at m/z 288. All the above
data confirmed the structure of 4. Similarly the structure of 1N-allyl1N-methyl-2-
iodobenzamide (5) was also confirmed.  The inter and intramolecular reactions of aryl and vinyl
halides with olefins and alkynes catalyzed by Ni(0) complex gave the Heck type coupling
products in good yield. The reaction of 4iodoanisole with styrene catalyzed by Ni[P(OPh)3]4
afforded two products (regioisomers) and characterized by IR, *H NMR and mass spectra. The
IR spectrum of both the products showed a prominent peak at 1600 crit indicating the presence

of C=C of the olefinic systems. The *H NMR spectrum of one of the isomer showed a doublet at



d 6.9 with coupling constant J = 12.1 Hz confirmed the presence of olefinic proton of trans
product. The mass spectrum showed a molecular ion peak at m/z 210 supporting the formation of
the expected product. These above data confirmed the structure of the product, 1-(4-
methoxypheny!)- 2- phenyl- (E)-ethylene. The 'H NMR spectrum of the other isomer showed two
snglets, one a d 4.95 and another singlet at d 4.90 due to the presence of terminal olefinic
protons. The IR spectrum of the product obtained from the reaction of 4-chloroiodobenzene with
ethyl acrylate showed strong absorption bands at 1705 cm™ and 1600 cmi® which indicating the
presence of carbonyl group and C=C of a, b-unsaturated systems. The *H NMR spectrum of the
product displayed two doublets, one at d 6.3 (J = 17.2 Hz) and another at d 7.6 (J = 17.2H2)
which assigned to olefinic protons of the unsaturated esters and its trans stereochemistry. The
mass spectrum of product showed a molecular ion peak at (m/z) 210, which supports the
structure of the expected product.

The IR spectrum of the product obtained from the copper iodide catalyzed reaction of 4
iodoanisole with methacrolein gave a sharp peak at 1660 cm-1. The *H NMR spectrum displayed
asnglet a d 9.5 due to the presence of aldehyde proton and two doublets at d 7.5 and 7.0
confirming the aromatic protons of A;B, pattern. A singlet appeared at d 7.2 corresponding to
olefinic proton. Two sharp singlets at 3.85 and 2.1 could be assigned to methoxy and allylic

methyl protons. The mass spectrum showed a molecular ion peak at m/z 176, which supporting

the structure of the product (12). Similarly the structure of the product (17) obtained from the
reaction of 4iodoanisole with methylmethacrylate was also confirmed.

The *H NMR spectrum (shown in page 54) of the product formed from the reaction of 4-
iodoanisole with cyclooctene displayed two doublets at d 7.3 and 6.8 which assigned to aromatic
protons of A,B, type. A triplet appeared at d 5.8 indicating the presence of olefinic proton and a

singlet 3.85 due to the presence of methoxy protons. A triplet at d 2.6 was assigned for alylic
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methylene protons and a multiplet at d 2.25-2.15 was attributed to the other methylenic protons.
A multiplet appeared at d 1.55-1.45 corresponding to eight methylenic prdons. The mass
spectrum showed a molecular ion peak at m/z 216. The above data confirmed the structure of
the product (14).

The intramolecular reaction of 1N-allyl-1N-methyl-2-iodobenzamide catalyzed by both
Ni[P(OPh)3], and copper iodide gave the expected cyclised product, 2, 4
dimethylisogquinolinone in 79% and 54% yield respectively. IR spectrum of the product showed
sharp pesks at 1699 cm? and 1626 cmt for C=0 and C=C respectively which indicating the
formation of the cyclised product. In the *H NMR spectrum, a singlet at d 2.25 assigned to
alylic methyl and a sinlget at d 6.9 was assigned to the proton on heterocyclic ring of the
product. A doublet at d 8.5 corresponding to the proton of the aromatic ring, which is periplanar
to the carbonyl. The ®C NMR spectrum revealed all the carbon signals of the product and
matching with literature.”® The carbony! carbon appeared at d 162.02 and two signals at d 36.39
and 15.00 confirmed the presence of N-methyl and allylic methyl respectively. Both *H NMR
and 13C NMR spectra shown in page 55. The mass spectrum displayed a molecular ion peak at
(m/z) 173 supporting the formation of cyclised product, 2, 4dimethylisoquinolinone.

The reaction of alyl-2-iodobenzoate catalyzed by the Ni(0) complex gave dehal ogenated

product and Cul afforded the dehalogenated and deallylated product which was evidenced by

the 'H NMR and Mass spectra The reactions of p-iodoanisole with vinyl ketones,
cyclohexenone, benzalacetone and cyclooctene catalyzed by copper salts were unsuccessful, the
reason is that vinyl ketones are easily polymerized before it reacts with the metal complexes in
the reaction medium. Similarly, Ni[P(OPh)s]4 catalyzed reaction of p-iodanisole with carbon and

nitrogen nucleophiles were found to be unsuccessful under various modified reaction conditions.



CONCLUSION
In conclusion, we have found transition metal complex, Ni[P(OPh)3]4 and transition
metal salt copper iodide as new alternative catalysts to catalyze the coupling reaction of aryl

iodide and vinyl bromides with olefins (Heck reaction) and alkynes at high temperature.

EXPERIMENTAL
General

All commercia reagents were obtained from Aldrich Chemica Co., S. D. Fine Chemical
Co. India and LOBA Chemical Co. India. Progress of the reaction was monitored by TLC and
was visualized by UV absorption by fluorescence quenching or b staining or by both. Silica gel
60-120 and 100-200 mesh obtained from S. D. Fine Chemical Co. India and Rico Industrial
Chemicals Co. Indiafor column chromatography.

All melting points were uncorrected in degree Celsius and were recorded on a Thermonik
melting point apparatus. IR spectra were recorded on a perkin-Elmer infrared spectrometer
model 599-B and model 1620 FT-IR. H NMR spectra were recorded using TMS as interrel
reference on Bruker AC-200, Bruker MSL-300 and Bruker -500 intruements using CDCl as
solvent chemical shifts are reported in d. **C NMR spectra were recorded on Bruker AC-200 and
Bruker MSL -300 intruements operating at 50.32 MHz and 75.3 MHz, respectively. Mass spectra
were recorded on FinniganMat 1020C mass spectrometer and are obtained at an ionization
potential of 70 eV.

Preparation of Ni[P(OPh)34
A mixture of nickel nitrate (0.76 g, 4.4 mmol) and triphenyl phosphite (3.9 g, 13 mmol)

in ethanol (10 mL) was charged into a 50 mL conical flask. To this stirred solution, sodium boro
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hydride (0.25 g, 6.94 mmol) in warm ethanol (10 mL) was added slowly for 10 minutes. The
white precipitate obtained was filtered, washed with ethanol and dried.

M.P: 145 °C.

Recrystallisation of Copper iodide*

Copper iodide (1.9 g, 100 mmol) was charged into a 500 mL RB flask equipped with a
magnetic stirring bar. To this stirred reaction mixture, potassium iodide solution (70 mL, 3.5 M)
was added slowly in about 30 minutes with moderate heating (40-50 OC) followed by addition of
charcoa (2.5 g). The mixture was alowed to stir at 45 °C for 1h. The resulting mixture was
filtered through sintered funnel and the filtrate was diluted with water (250 mL). The solution
was allowed to stand for 1h. The precipitated white solid was filtered through a sintered funnel,

washed with water, ethanol and ether. The product was dried in a desiccator (calcium chloride).

Synthesis of Aryl and Vinyl halides

The starting materials, aryl iodides were prepared by the literature method from the
corresponding aromatic amines by diazotisation followed by addition of potassium iodide and
the vinyl bromide prepared from cinnamic acid via bromination, dehydrobromination and
decarboxylation sequence

4-lodoanisole (1)

Yield © 2.29(95%)

Mol.F . G/H710.

M.P : 51 °C.

IR (Nujol) : 2905 1600, 1410, 1305, 840, 760 cm™.

'H NMR (200 MHz,CDCl3) : d 7.5(d,J = 8.7 Hz, 2H), 7.0 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H).



Mass (m/2)

4-chlor oiodobenzene (2)
Yield

Mol. F

M.P

IR (Nujol)

'"H NMR (200 MHz, CDCI3)

b-Bromostyrene (3)
Mol. F
IR (neat)

'H NMR (200, CDCIy)

. 234 (M", 61), 219 (16), 128 (12), 105 (19), 97 (44), 55 (100).

2.13 g (90%)

: GeHaCl |

52 °C

3005, 1600, 1480, 1220, 1100, 770 cm™

© d7.6(d, J=81Hz 2H), 7.1 (d, J= 8.1 Hz, 2H)

. CgH/Br

3015, 3000, 1605, 1470, 1280, 940 cm™

: d7.45-7.35(m, 5H), 7.2 (d, J =17.0 Hz, 1H), 6.75 (d, J =

17.2 Hz, 1H)

Preparation of Allyl -2-iodobenzoate (4)

A 25 mL RB flask equipped with magnetic stirring bar was charged with o-lodobenzoic

acid (2.48 g, 10 mmol) and 1 mL of thionyl chloride and alowed to stir at room temperature for

about 2h. The excess of thionyl chloride was removed by distillation under reduced pressur e and

the acid chloride stored under argon atmosphere. Another 25 mL two necked RB flask was

equipped with magnetic stirring bar, charged with triethylamine (1.01g, 10mmol) and allyl

alcohol (0.58g, 10 mmol) in dry dichloromethane (15 mL). To this, freshly prepared acid

chloride was added slowly at 0°C. and the reaction mixture was allowed to stir for 1h. The

reaction was quenched using dil. HClI (10% by volume) and the product extracted with
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dichloromethane (3 10mL) and the combined organic layer dried over anhydrous sodium
sulphate, concentrated under reduced pressure to give the crude product. The crude product was

purified by silica gel column chromatography using petroleum ether-ethyl acetate mixture (9: 1)

Yield » 272 g (95%)
Mol.F i GHIO,
IR (Neat) : 1732, 1583, 1429, 1294, 1016, 740 cm™*

'H NMR 200MHz, CDCl) : d80 (d, J=88Hz 1H), 7.8 (d, J= 9.0 Hz, 1H), 7.4 (m,
1H), 7.15 - 7.0 (m, 1H), 6.15.% (m, 1H), 5.5 (d, J = 17.6
Hz, 1H), 5.2 (d, J = 8.8 Hz, 1H)

BC NMR (50.35 MHz, CDCly) : d 165.85, 141.22, 134.97, 132.43, 130.89, 127.86, 118.76,
94.15, 66.10.

Mass (M/2) - 288 (19), 231 (100), 203 (35), 117 (7), 104 (11), 76 (44).

Preparation of 1N-allyl-2-iodobenzamide (5)

A 25 mL RB flask equipped with magnetic stirring bar was charged with o-iodobenzoic
acid (2.48 g, 10 mmol) and thionyl chloride (1mL). The reaction mixture was alowed to stir at
room temperature for 1h. The excess of thionyl chloride was removed by distillation under
reduced pressure. The acid chloride was stored under argon atmosphere. A mixture of
triethylamine (1.01g, 10 mmol) and allylamine in dry dichloromethane (15mL) was charged into
another 50mL RB flask equipped with magnetic stirring bar. The acid chloride was added slowly
at @ C for 10 minutes and the reaction mixture dlowed to stir for 1 h. The reaction was
guenched with dil. HCl and the product extracted using dichloromethane (3 10 mL). The

combined organic layer was washed with brine solution, dried over anhydrous sodium sulphate



and concentrated under reduced pressure. The crude product purified by silica gel column

chromatography using pet. ether-ethyl acetate mixture (8.5: 1.5).

Yield . 2629 (92%)

Mol. F : CroH1dNO

M. P : 120°C

IR (CHCl3) : 3340, 1670, 1600, 1230, 770 cm™

4 NMR (200 MHz, CDCk) : d 7.8 (d J = 7.3 Hz, 1H), 7.45 (m, 2H), 7.45 -7.25 (m, 2H),
7.1-7.05 (m, 1H), 6.05 - 5.85 (M, 1H), 5.4 -5.15 (m, 2H)
Hz, 2H), 4.15 (t, J = 6.0 Hz, 2H)

Mass (m/2) - 287 (M", 19), 231 (100), 203 (24), 160 (11), 105 (8), 76 (16)

Preparation of 1N-allyl-1N-methyl-2-iodobenzamide (6)

A 25 ml two-necked RB flask equipped with magnetic stirring bar and a reflux condenser
was charged with sodium hydride (0.58 g, 10 mmol) in dry tetrahydrofuran (10 mL). To this IN-
alyl-2-iodobenzamide in tetrahydrofuran (5 mL) was added slowly a 0°C for 5 minutes
followed by addition of methyl iodide (1.072 g, 7.5 mmol). The reaction mixture was allowed to
reflux for 3 hours and quenched with ice cold water, the product extracted with ethyl acetate
(3x10 mL), dried over anhydrous sodium sulphate and concentrated under reduced pressure. The
crude product was purified by silica gel column chromatography using pet. ether and ethyl

acetate mixture (8.5: 1.5).

Yield : 1.20 g ( 80%)
Mol. F . C11H12|NO
IR ( Neat) © 2986, 1730, 1600, 1040, 740 cm™

'H NMR (200 MHz, CDCl) : d7.75(d, J= 7.5 Hz, 2H), 7.35 - 7.2 (m, 2H), 7.15 - 7.0 (m,
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2H), 7.05 - 7.0 (m, 2H), 6.0 - 5.5 (M, 2H), 5.4 - 5.1 (M, 4H),
4.2 (bs, 1H), 3.6 (bs, 1H), 3.05 (s, 3H), 2.75 (s,3H).
BC NMR (50.35 MHz, CDCl) : d 170.32, 169.92, 142.35, 142.13, 138.75, 132.02, 129.81,
128.12, 127.70, 117.78, 92.37, 91.99, 53.11, 49.08, 35.44,
31.94.
M ass(m/z) : 301(M", 16), 231 (100), 203 (43),174 (65), 146 (5), 127 (5),

105 (10), 76 (7).

General procedurefor Ni(0) and Cu (I) catalyzed reactions of aryl halides with olefins

Ni(0) Catalyzed reactions of aryl and vinyl halides with olefins and alkynes

A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon
balloon was charged with aryl iodide / vinyl bromide (1mmol), olefin (2.5 mmol) / akyne (1
mmol), potassium carbonate (0.275 g, 2 mmol) and Ni(P(OPh)3)s (0.12 g, 10 mol %) in N
methyl pyrrolidinone (4 mL). The reaction mixture was allowed to stir at 140-150 °C for 12-24
hrs and neutralized with dil. HCI (10% by volume). The product extracted with ethyl acetate (3 x
5 mL), the combined organic extracts was dried over anhydrous sodium sulphate and
concentrated under reduced pressure to yield the crude product. The crude product on silica gel
column chromatographic purification using pet. ether and ethyl acetate mixture gave the pure

products.

Cul Catalyzed reactions of aryl and vinyl halides with olefins
A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon

balloon was charged with aryl iodide / vinyl bromide (1Immol), olefin (2.5 mmol), Potassum
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carbonate (0.275 g, 2 mmol) and Cul (0.02 g, 10 mol %) in N -methyl pyrrolidinone (4 mL). The
reaction mixture was allowed to stir a 140-150 'C and neutralized with dil. HCl (10% by
volume). The product was extracted with ethyl acetate (3 x 5 mL), the combined organic extracts
was dried over anhydrous sodium sulphate and concentrated under reduced pressure to yield the

crude product. The crude product on silica gel column chromatographic purification using pet.

ether and ethyl acetate mixture gave the pure product.

Ethyl -3-(4-chlorophenyl)-(E)-2-pr openoate (7)

Mol.F : C1iH1uClO,

IR (Neat) : 2980, 1716, 1638, 1592, 1490, 1269, 1173, 883 cm™*

'H NMR (200 MHz, CDCk) : d 7.65(d, J= 16.2 Hz, 1H),7.5 (d, J = 8.1Hz, 2H), 7.4 (d,
J=8.1Hz, 2H), 6.4 (d, J=16.2 Hz, 1H), 4.2 (g, J = 8.0 Hz,

2H),1.3 (t, J = 8.0Hz, 3H).

Ethyl 3-(4-methoxyphenyl)-(E)-2-propenoate (8)

Mol. F : CioH1402

IR (Neat) : 2985, 1710, 1600, 1510, 1240, 1040, 830 cm™,

'H NMR (200MHz, CDCl3) : d7.6(d, J=17.0Hz, 1H), 7.5 (d, J=8.0Hz, 2H), 6.9 (d, J=
8.0 Hz, 2H), 6.3 (d, J=17.0 Hz, 1H), 4.2 (q,J = 8.0 Hz, 2H),
3.85(s,3H), 1.3(t, J= 8.0 Hz, 3H)

BC NMR (50.32 MHz, CDCl) : d 166.9, 161.2, 143.7, 129.5, 127.0, 115.60, 114.11, 60.00,
55.00, 14.17.

Mass (m/2) : 206(M™, 100), 191 (1), 178 (6), 161 (19), 154 (30), 135 (9),

126 (20), 98 (63).



1-(4-M ethoxyphenyl)-2-phenyl-(E)-ethylene (9)

Mol. F . Cl5H 140
M.P : 135°C
IR (CHC) : 2923, 1599, 1375, 1251, 814 cm 1

H NMR (200MHz,CDChk) : d7.6-725(m,8H),7.1(d, J=17.7Hz, 1H), 69 (d, J= 8.5
Hz, 2H), 3.85 (s, 3H).
M ass(m/z) : 210(M*¥, 100), 195 (25), 179 (17), 165 (66), 152 (59), 115

(26), 105 (25), 91(41), 77 (29).

1-(4-methoxyphenyl)-1-phe nylethylene (10)

Mol.F : CasHw1O.

IR (CHCl) : 2923, 1600, 1453, 1245, 835 cm™.

'H NMR (200 MHz, CDCL) : d7.45 - 7.25 (m, 7H), 6.9 (d, J= 8.5 Hz, 2H), 4.95 (s,1H), 4.9

(s, 1H), 3.85 (s, 3H).

Ethyl 5phenyl-(2E, 4E)-2,4 -pentadienoate (11)

Mol. F : C13H1O2.

IR (CHCL) : 2981, 1708, 1625, 1448, 1367, 1175, 841, 731 cm™™

'H NMR (200 MHz, CDCl) : d 7.6 - 7.3 (m, 6H), 6.95 - 6.85 (m, 2H), 6.0 (d, J= 13.0 Hz,
1H), 4.2 (g, J = 8.0Hz, 2H), 1.3 (t, J = 8.0 Hz, 3H).

M ass(m/2) © 202 (M*,14), 157 (17), 129 (100), 115 (7),77 (36), 63 (18)

3-(4-methoxyphenyl)-2-methyl-(E)-2-pr openal (12)

Mol.F : C1aHR0o



IR (Neat) : 2920, 1660, 1600, 1320, 1240, 860 cm™*
H NMR (200 MHz, CDCl) : d 9.5(s, 1H), 7.5 (d, J = 8.1Hz, 2H), 7.2 (s, 1H), 7.0 (d, J =
8.2 Hz, 2H), 3.85 (s, 3H), 2.1 (s, 3H).

Mass (m/2) : 176 (M*, 43), 161 (5), 145 (27),76 (100).

1, 4-Diphenyl-(1E,3E)-1,3-butadiene (13)

Mol.F  CieHu
M.P : 151 °C
IR (CHCIy) : 2985, 1600, 1460, 1230, 780 cm™

'H NMR (200 MHz, CDCL)  : d 7.6 - 7.25 (m, 10H), 7.2 (d, J=14.2 Hz, 2H), 6.8 (d, J
= 14.2Hz, 2H)

Mass (M2) © 206 (M*,13), 130 (49), 104 (100), 91 (89), 77 (54)

1-(4-M ethoxyphenyl)-1-cyclooctene (14)

Mol.F : CiHx0

IR (Neat) : 2925, 1601, 1470, 1040, 940, 780 cm’™

'H NMR (200 MHz, CDClL) : d7.3(d, J=80 Hz, 2H), 6.8 (d, J=8.0 Hz, 2H), 5.8 (t, J=
7.5Hz, 1H), 3.85 (s, 3H), 2.6 (t, J= 85 Hz, 2H), 2.25 - 2.15
(m, 2H), 1.55 - 1.45 (m, 8H)

Mass (m/2) ;216 (53), 188 (98), 201 (11), 173 (40), 159 (40), 134 (36),
128 (31),121 (59), 115 (65), 91 (59), 77 (4), 65 (31).

1-(4-Methoxyphenyl)-2-phenylacetylene (15)

Mol. F o GsHeO

IR (CHCly) . 3057, 2108, 1597, 1487, 1443, 1242, 882 cm™.



4 NMR (200 MHz, CDCl) : d7.5- 7.1(m, 7H), 6.9 (d, J = 8.5 Hz, 2H), 3.85 (s, 3H).

2,4-Dimethyl -1,2-dihydro-1-isoquinolinone (16)

Mol. F : CuHuNO
M.P : 75°C
IR (CHClIy) © 2932, 1699, 1626, 1437, 1386, 768 cm™.

'H NMR (200 MHz, CDCk) : d85(d, J=8.1Hz, 1H), 7.65 - 7.45 (m, 3H), 6.9 (s, 1H), 3.55
(s, 3H), 2.25 (s, 3H).

BCNMR (50MHz,CDCly : d 162.04, 137.12, 131.61, 130.00, 127.73, 126.32, 125.69,
122.08, 111.64, 36.39, 15.00.

Mass (m/2) © 173 (M*, 100), 158 (14), 144 (38), 115 (7.5), 104 (11), 77 (4).

M ethyl-2-for myl-3-(4-methoxyphenyl)-(Z)-2-pr openoate (17)

Mol. F : C1H10s.

IR (Neat) . 2951, 2838, 1711, 1630, 1605, 1034, 836 cm™.

'H NMR (200 MHz, CDCL) : d 7.7 (s, 1H), 7.4 (d, J = 8.0 Hz, 2H), 6.9 (d, J= 8.0 Hz, 2H),
3.85 (s, 3H), 3.75 (s, 3H), 2.15 (s, 3H).

M ass (m/2) © 206 (100), 195 (41), 146 (97), 103 (41), 91(39), 77 (35).



Section 2. Synthesis of oxime and amino palladacycles and their application in the catalysis

of Heck reaction.

INTRODUCTION AND BACKGROUND

The transition metal catalyzed C-C bond formation in organic synthesis is very attractive

in recent years. The design of structurally important, more selective and active catalysts are

attractive prospects in C-C bond forming reactions, for example, synthesis of more active

catalysts for Heck reaction. Some of the new, novel and active palladium catalysts for the Heck

reaction is described below in detail.

A structurally important N-heterocyclic carbene palladium catalysts were synthesized and

applied for the coupling of aryl halides with olefins in homogeneous catalysis as reported by W.

A.Herrmann et al. as shown in scheme-1%

Scheme-1
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Robin et al. demonstrated the synthesis of extremely highly active orthopalladated
triaryphosphite as catalysts in biaryl coupling reactions which gave unprecedented high turnover
numbers upto 1000000 and turnover frequencies of nearly 900000 in Suzuki reaction and
turnover numbers upto 830000 in the Stille reaction (scheme-2).*

Scheme-2

catalyst
R Ry R

E = B(OH), (suzuki) and E =SnRj(stille)

R1

@) Ar
Pd/ 4 \ A
CHs \ P_ _OAc
2\ P
CHg

Ar = 2,4 - BulCgHs, Ar = 2-MeCgHs

Shaw et al. reported new tri(1- naphthyl)phosphine palladacycles which are very active

catalysts for Heck reaction asshownin scheme-3'®



Scheme-3
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The new cyclopalladated, phosphine free thermally and air stable imine complexes are
exceptionally highly active catalysts for the Heck reaction leading to more than million turnover
numbers in some cases, reported by M. Ohff et al. as shown in scheme-4.*°

Scheme-4

S NS A

0,CCF4 Pd —OAc Pd — OAC
2 2 2

Bis-pincer-cyclopalladates containing an ethynediyl or butadiynediyl-bridge, have been

used as catalysts for the Heck reaction (scheme-5).%°



Scheme-5
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OBJECTIVE

3¢

Our aim was to synthesis structurally important and more stable dimeric palladium

complex as a catalyst for the coupling of aryl iodides, bromides and activated chlorides with

olefins to achieve high turnover numbers and turnover frequencies. We were also interested in

the synthesis of oximepalladacycle, which has a covalent palladium-carbon bond that could

stabilize the complex at high temperature and activate aryl chlorides for Heck reaction.

PRESENT WORK

The present work involves designing and synthesizing very active dimeric oxime and

amino palladacycles and their application in activating aryl halides including an activated aryl

chloride for Heck type coupling reactions. Palladacycles were synthesized according to the



literature method from easily avalable starting materials like benzaldehydeoxime,

benzophenoneoxime and N, N-dimethylbenzylamine with lithium tetrachloropalladate as shown

in scheme-1.2
Scheme-1
R R
\ _OH _ MeOH \N/OH
N + LpPCly —mm8M8 >
RT F/d
,
R=H, Ph
/Me
N e MeOH NC_
| + Li,PdCcl, ————> F/ Me
Me RT Sl/d\
, «

The reactions of various aryl halides, aryl iodide, bromide and an activated aryl chloride
with olefins in presence of amino and oximepalladacycle using different cocatalysts AlCls,
NBusBr and ZnC} were studied in both small and large scale with 0.001 g of dimeric palladium

catalyst to achieve high turn over numbers and turnover frequencies (scheme-2).

Q/X Palladacycle @/\/Rl
+ >
‘R,  KeCOs NMP, Ar

R 150 OC R

Scheme-2

R = OMe, NO,, Cl, CN, H X =1 Br, Cl
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Pd
»Z/ \Cl »ZZ/ \CI

2
1 2, R=H
3, R=Ph
The results of reactions of various aryl halides with olefins catalyzed by amino and

oxime palladacycles are summarized in table-3



Table-3 : Heck vinylation of aryl halides catalyzed by amine and oxime palladacycle

41

S. Reactant  Olefin Cataly Product Time Yidd TON TOF
No. S (h)
1 4-lodo Ethylacryl 1 4-Methoxy 8 83 89,540 11, 190
anisole (50 ate (100 Ethyl
mmol) mol) cinnamate
3 2 0 453 226
2 4 Styrene (60 1 4-Methoxy 48 76 76, 000 1, 740
lodoanisol  mol) stilbene
e (50 2 48 92 1,38,666 2, 888
mmol) 3 6 97 485 80
3 lodobenze Ethyl 2 Ethyl 7 96 1, 45, 454 20,778
ne (50 acrylate cinnamate
mmol) (200 mmoal)
4 Bromo Ethylacrylat 1 ethylcinnama 34 0 90,000 2,647
benzene e te
(50 mmol) (100 mmoal) 2 37 52 72,000 1, 946
3 1 89.8 437 437
5 bromoben  Styrene 1 stilbene 29 86.6 86, 666 2,988
zene (60 mmol) 2 48 52 78, 000 240
(50 mmd) 3 1 9% 483 483
6. 4Chloro  Ethyl 1 4-Nitroethyl 31 51 287
nitro acrylate cinnamate
benzene(5 (10 mmol) 2 30 60 300
mmol)
7. 4 Styrene 1 4ANitro 42 71 70, 000 1, 666
Chloronitr (60 mmol) stilbene
0 2 40 69 350
benzene
(50 mmoal)
8 4 Styrene 2 4-Cyano 24 78.5 350
Chloroben (6 mmol) stilbene
z0
nitrile (5
mmol)
9 2Bromo  Ethyl- 2 2-Pyridyl- 48 68 4, 090
pyridine acrylate ethyl
(5mmol) (10 mmol) acrylate
10.  4Chloro  Styrene F 4-Methyl- 12 18
toluene (2 (4 mmol) stilbene
mmol) 24 28

Co-catalyst : AICl3 ; temperature 130 °C
Co-catalyst : BuyNI; Temperature 130 °C



RESULTSAND DISCUSSION

The amino and oxime palladacycles were synthesized and characterized by IR, *H NMR
spectraand CHN analysis. The IR spectrum of benzal dehydeoxime palladacycle showed a broad
peak at 3370 crmi* and a sharp peak at 1625 cm™ indicating the presence of O-H and C=N groups
respectively. The *H NMR spectrum gave a sharp singlet at d 8.1 confirming the presence of
imine proton and a broad singlet a d 9.5 due to the oxime O-H proton. The above IR and H
NMR spectra data were identical with the literature values® The IR spectrum of
benzophenoneoxime palladacycle showed a sharp pesk a 1628 cm™ and a broad peak at 3440
cm for C=N and O-H groups correspondingly. TheH NMR spectrum displayed a broad singlet
a d 9.3 and multiplet at d 7.57.0 that could be assigned to O-H and aromatic protons
accordingly. Further the formation of benzophenoneoxime palladacycle was confirmed by the
elemental analysis.

The product obtained from the reaction of N,N-dimethylbenzylamine and lithium
tetrachl oropalladate gave a sharp peak at 2990 cm™ in IR spectrum. In the *H NMR spectrum a
sharp singlet appeared at d 3.4 is attributed to N-CHs protons where as aromatic protons
appeared as multiplet between d 7.6-7.3. In addition to these, the elemental analysis also
supported the structure of the complex.

The 'H NMR spectrum of the product obtained from the reaction of 4iodoanisole with
styrene catalyzed by palladacycle showed a doublet at d 6.9 with coupling constant J = 12.1 Hz
which confirmed the presence of olefinic protons and trans geometry of the product. The mass
spectrum showed a molecular ion peak at m/z 210 corresponding to the product. These above

data confirmed the structure of one of the product, 1-(4-methoxyphenyl)-2-phenyl-(E)-ethylene.



The IR spectrum d the product obtained from the reaction of aryl iodide with ethyl
acrylate showed a sharp peak at 1696-1705 cm™ indicating the presence of ester carbonyl and
another pesk at 1600 cm* indicating the presence of C=C of a, b-unsaturated ester. The *H
NMR spectrum of the product showed two doublets, one at d 6.3 with coupling constant J= 17.2
Hz and another a d 7.6 with coupling constant J = 17.0 Hz for olefinic protons of the
unsaturated esters. The trans stereochemistry of the double bond was confirmed lased on the
coupling constant value (12-18 Hz for trans isomer). The mass spectrum of product showed
molecular ion peaks supporting the expected products.

The IR spectrum of the product from the reaction of 4chlorobenzonitrile with styrene
showed sharp peak at 2225 cni* (C° N) and 1600 cm™ (C=C). *H NMR spectrum of the product

displayed a doublet at d 7.65 with coupling constant, J = 8.0 Hz assigned for the aromatic

protons of A B2 type and amultiplet at d 7.55 - 7.50 indicating the presence of aromatic protons
(4H) and another multiplet at d 7.45-7.50 due to other aromatic protons (4H). The mass spectrum
showed a molecular ion peak at (m/z) 204 for the expected product. The above data confirmed
the structure of 1(4-cyanophenyl)-2-phenyl-(E)-ethylene (25). Similarly, the other cinnamates
and stilbenes were characterized by the usual spectroscopic methods.

The reaction of p-chloronitrobenzene with styrene gave the corresponding nitro
substituted stilbene which was confirmed by IR and *H NMR spectral data. The IR spectrum
showed a sharp pesk at 1604 cm due to the presence of C=C group. In the *H NMR spectrum, a
multiplet at d 7.6 - 7.2 is assigned to aromatic protons and a doublet at d 8.3 with J = 16.2 Hz
confirmed the presence of olefinic protons and their trans stereochemistry. Similarly, the
product of p-chloronitrobenzene with ethyl acrylate was aso characterized. Two sharp peaks at
1714 cm* and 1645 cm™ are due to the presence of carbonyl and C=C groups respectively. The

'H NMR spectrum showed two doublets, one at d 7.7 (J = 14.8 Hz) and another at d 6.6 (J = 14.0



Hz) which supporting the presence of olefinic protons. Two aromatic protons A2B> type
appeared as a doublet at d 8.3 with coupling constant J = 7.5 Hz and other two protons appeared
as adoublet at d 7.2 Hz with coupling constant J = 7.5 Hz. The mass spectrum showed a
molecular ion peak. The above data confirmed the product (23).

The product formed from the reaction of 2bromopyridine with ethyl acrylate showed
sharp peaks at 1705 cm™ and 1620 cni* for C=0 and C=C groups. The *H NMR spectrum

showed two doublets at d 7.55 @ = 17.0 Hz) and 6.8 = 17.0 Hz) confirming the presence of

olefinic protons of a, b-unsaturated ester. The above data confirmed the structure of product (26)

CONCLUSION

Highly stable dimeric amino and oxime palladacycles were found to be efficient catalyst
for Heck reaction. Both aryl bromides and an activated aryl chloride could be reacted with

olefins to give high turnover numbers and turnover frequencies



EXPERIMENTAL
Preparation of Benzaldehydeoxime and Benzophenoneoxime

The oximes required for the synthesis of palladacycle catalysts were prepared based on
the literature methods (from the reaction of corresponding adehyde and ketone with
hydroxylamine hydrochloride). The aryl iodides were prepared according to the literature

methods from the corresponding amino compounds.

Synthesisof [di-mchlor obis(benzophenoneoxime -6-C,N)dipalladium (I1) (18)*

A 50 mL RB flask was equipped with magnetic stirring bar and argon balloon charged
with a mixture of palladium chloride (0.885 g, 5mmol) and lithium chloride (0.43 g, 10 mmol) in
dry methanol (10mL) and the reaction was allowed to stir for 1h at room temperature. After 1h, a
solution of a mixture of benzophenoneoxime (0.98 g, 5 mmol) and sodium acetate (0.41 g, 5
mmol) in dry methanol (5 mL) was added slowly with stirring. The reaction was allowed to stand

for a day and then diluted with distilled water (200 mol); the yellow solid formed was filtered

and dried.
M.P - 180 °C.
IR (Nuijol + 3280, 3200, 1629, 13388, 1039, 1024 cnil.

H NMR (200 MHz, CDCk) : d 85 - 8.2 (bm, 2H), 7.6 - 6.4 (m, 18H).
Analysis Calculated : C (46.18), H (2.98), N (4.14)
Found : C (46.29, H (2.90), N (4.11).
Synthesisof [di-mchlor obis(benzaldehydeoxime-6-C,N)dipalladium (I1) (19)%
A mixture of lithium chloride (0.43 g, 10 mmol) and palladium chloride (0.885 g, 5
mmol) was charged into a 25 mL RB flask equipped with magnetic stirring bar and it was

alowed to heat at 100 °C for 45 minutes, the reaction mixture under distillation at reduced
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pressure at 5 mm gave dry solid, to this dry methanol (15mL) was added, followed by addition of
a mixture of benzaldehydeoxime (0.785 g, 5 mmol) and sodium acetate (0.41 g, 5 mmol) in dry
methanol (5 mL). The reaction mixture was allowed to stand for 1 day and diluted with distilled

water (200 mL), yellow crystals formed, filtered and dried.

Yidd : 1.56 (60 %)
M.P : 200°C
IR (Nujol) : 3410, 1622, 1595, 1189 cmi*

'H NMR (200 MHz, CDCh) : d 9.65 (s, 2H), 8.05 (s, 2H) 7.9 - 7.8 (m, 2H), 7.5 - 7.3 (m, 4H)

Synthesisof [di-mchlor obis(dimethylbenzylamine--6-C,N)dipalladium (I I)23

A 50 mL RB flask was equipped with a magnetic stirring bar and argon balloon was
charged with a mixture of PdCl, (.885 g, 5 mmol) and LiCl (0.43 g, 10 mmoal) in dry methanol
and the reaction is allowed to stir for 1 hour. After one hour a solution of a mixture of N,N-
dimethylbenzylamine and sodium acetate (0.41 g, 5 mmol) in dry methanol (5 mL) was added
dowly with stirring. The reaction was alowed to stir for a day and then diluted with distilled
water (200 mL). A pale yellow colour precipitate was formed, filtered and dried.
IR (Nujol) : 2932, 1597, 1043, 940, 862 cmit
'H NMR (200 MHz, CDClg+ DM SOg) : d 7.21-7.02 (m, 4H), 6.9 - 6.85 (m, 4H), 3.92 (s, 4H),

2.72 (s, 6H)

General procedurefor the Heck reaction catalyzed by Palladacycle.
Small scalereaction
A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon

balloon was charged with aryl iodide / bromide/chloride (5 mmoal), olefin (10 mmol), Potassium



carbonate (2.75 g, 10 mmol) and paladacycle catayst (0.001 g, 0.005 mmol) in N-methyl
pyrrolidinone (10 mL). The reaction mixture was alowed stir a 140-150 °C for 424 h and
neutralized with dil HCI (10% by volume). The product was extracted with ethyl acetate (3 x 5
mL), the combined organic extracts dried over anhydrous sodium sulphate and concentrated
under reduced pressure to yield the crude product. The crude product on silica gel column

chromatographic purification using pet. ether-ethyl acetate mixture gave the pure products.

Largescalereaction for TON and TOF

A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon
balloon was charged with aryl iodide / bromide /chloride (75 mmol), olefin (150 mmol),

potassium carbonate (20.7 g, 150 mmol) and palladacycle catalyst (0.001 g, 0.005 mmol) in N-

methyl pyrrolidinone (100 mL). The reaction mixture was alowed stir at 140-15(° C for 424 h
and neutralised with dil HCI (10% by volume). The product extracted with ethyl acetate (4 x 50
mL), the combined organic extracts was dried over anhydrous sodium sulphate and concentrated
under reduced pressure to yield the crude product. The crude product on silica gel column

chromatographic purification using pet.ether -ethyl acetate mixture gave the pure products.

Ethyl 3-(4-methoxyphenyl)-(E)-2-propenoate (20)

Mol. F : CoH1403

IR (Neat) : 2985, 1710, 1600, 1510, 1240, 1040, 830 cmi.

'H NMR (200MHz, CDCls) : d7.6(d,J=17.0 Hz, 1H), 7.5 (d, J = 85 Hz, 2H), 6.9 (d, J =
8.5Hz, 2H), 6.3 (d, J = 17.0 Hz, 1H), 4.2 (g, J = 8.0 Hz,
2H), 3.8 (s, 3H), 1.3 (t, J = 8.0 Hz, 3H).

BC NMR (50.35MHz CDClg) : 166.9, 161.2, 143.7, 129.5, 127.0, 115.60, 114.11, 60.00,



55.00, 14.17.
Mass (m/2) : 206 (100), 191 (1), 178 (6), 161 (19), 154 (30), 135 (9), 126
(20), 98 (63).

4-Methoxy stilbene (21)

Mol. F : CsH140.
M.P 1 135°C
IR (CHC) © 2923, 1599, 1375, 1251, 814 cm™.

'H NMR (200 MHz, CDCl)  :76 - 7.25(m, 7H), 7.1 (d, J= 8.0 Hz, 2H), 6.9 (d, J = 12.1
Hz, 1H), 3.85 (s, 3H).

Mass (m/2) : 210 (M, 100), 195 (25), 179 (17), 165 (66), 152 (59), 115
(26), 105 (25), 91(41), 77 (29).

Ethyl - 3-phenyl-(E)-2-propenoate (22)

Mol. F : CuHO2

IR (Neat) : 2980, 1716, 1638, 1592, 1490, 1269, 1173, 883 cmi.

4 NMR (200 MHz, CDCl) : d7.7(d, J=80Hz, 1H),7.6 - 7.5 (m, 2H), 7.4 - 7.25 (m, 3H),

1.45 (d,J = 16.0 Hz, 1H), 4.25 (g, J = 8.0 Hz, 2H), 1.35(t, J=

8 Hz, 3H).
1, 2-Diphenyl-(E)-ethylene (22a)
Mol. F : CiHp
M.P : 120°C
IR (Nujol) : 2855, 1602, 1506, 1375, 920, 765 cmi™.

4 NMR (200 MHz, CDCl) : d 7.6 (d, J = 14.0 Hz, 2H), 7.45 -7.25 (m, 10H)

M ass (m/2) : 180 (M ™, 100), 104 (42), 77 (100).



Ethyl- 3-(4-nitrophenyl)- (E)-2-propenoate (23)

Mol. F . C12H11N O4.
M. P 1 62°C
IR (Nujol) . 2925, 2854, 1714, 1645, 1109, 1029, 960 crri™

4 NMR (200 MHz, CDCl) : d 83(d,J=75Hz, 2H), 7.7 (d, J=14.8 Hz, 1H), 7.2 (d, J =
7.5 Hz, 2H), 6.6 (d, J=14.8 Hz, 1H), 4.2 (g, J=7.0 Hz, 2H),
1.3 (t, J = 7.0 Hz, 3H).

Mass (m/z) : 233 (M*, 5), 188 (43), 144 (61), 76 (100).

1-(4-nitrophenyl)-2-phenyl -(E)-ethylene (24)

Mol. F : CiaH1NOo.
M.P : 96°C
IR (Nujol) © 1604, 1034, 850, 765 cmil.

4 NMR (200 MHz, CDCk) : d83(d, J=16.2 Hz, 2H), 7.6 - 7.2 (m, 9H).

M ass (m/2) . 225(M*, 69), 178 (100), 151 (15), 165 (11), 77 (8).

1-(4-cyanophenyl)-2-phenyl-(E)-ethylene (25)

Mol. F : CsHuN
M.P : 103 °C
IR (Nujol) : 2854, 2225, 1600, 1504, 1377, 922, 768 crri.

4 NMR (200 MHz, CDCk) : d 7.65(d, J=8.0Hz, 2H), 7.55 - 7.50 (m, 4H), 7.45 - 7.25 (m,
4H), 7.2 (d, J = 14.0 Hz, 1H).
M ass (m/2) : 204 (16), 190 (49), 177 (20), 165 (19), 151(11), 127 (8), 113

(6), 102 (41), 76 (59).



Ethyl- 3-(2-pyridyl)- (E)-2-pr openoate (26)

Mol. F : C1oH1NO,.

IR (Neat) : 2983, 2854, 1705, 1620, 1043, 944, 776 ci™.

'H NMR (200 MHz, CDCl) : d 855 - 850 (m, 1H), 7.6 (m, 1H), 7.55 (d, J =17.0 Hz, 1H),
7.3(d, J= 6.0 Hz, 1H), 7.2-7.1 (m, 1H), 6.8 (d, J =17.0 Hz 1H),
42(q, J = 7.4Hz, 2H), 1.34 (t, J = 7.5 Hz, 3H)

BCNMR (50.35MHz, CDCl3):d 166.78, 153.20, 150.30, 143.47, 136.90, 124.34, 124.23,

122.66, 60.72, 14.42.



51

References

1. Colon, I. USpatent, US4, 334,081, Chem. Abstr. 97, 720524 (1982).

2. Boldrini, G. P.; Savoia, D.; Tagliavini, E.; Ronchi, A.V. J. Organomet.Chem 1981,
C-16, 21

3. Boldrini, G. P.; Savoia, D.; Tagliavini, E.; Trombini, C.; Ronchi. A. V. J. Organomet. Chem
1986, C62, 301.

4. Lebedev, . S. A.; Lopatinag, A. V.; Patrov, E. S.; Beletskaya, |. P. J. Organomet. Chem,
1988, C-53, 344.

5. Sustmann, R.; Hopp, P.; Hall, P. Tetrahedron. Lett., 1989, 30, 689.

6. lyer, S. J. Organomet. Chem, 1995, C-27, 490.

7. Kelkar, A. A. Tetrahedron Lett., 1996, 37, 8917.

8. Kelkar, A. A. ; Hanaoka, T.; Kubata, Y.; Sugi, Y. Cat. Lett., 1994, 29, 69.

9. Bruggink, A.; Mckillop. Angew. Chem. Int. Edn Engl. 1974, 13, 340.

10. Marvel, C. S;; Moyer, W. W. Jr. J. Org. Chem, 1957, 22, 1065.

11. Vogel's Textbook of Practical organic chemistry, Vth Edn. 929.

12. Inorganic Synthesis XVI11, 119.

13. Duddeck, H.; Mantred Kaiser, Spectrochimica Acta, 1985,41A, 913.

14. Inorganic synthesis XX1I, 101

15. Vogel's Textbook of Practical organic chemistry, Vth Edn., 511.

16. Hermann, W. A.; Elison, M.; Fischer, J.; Kocher, C.; Artus, G. R. J. Angew. Chem. Int.
Edn.Engl., 1995, 34, 2371.

17. Albisson, D. A.; Bedford, R. B.; Lawrence, S. E.; Scully, P. N. Chem. Commun. 1998,
2095.

18. Shaw, B. L.; Perera, S. D.; Staley, E. A. Chem. Commun., 1998, 1361.

19. Ohff, M.; Ohff, A.; Milstein, D. Chem. Commun. 1999, 357.



20. Zhang, Ch.; Trudell, M. L. Tetrahedron Lett., 2000, 41, 595.
21. Voge's Textbook of Practical organic chemistry, Vth Edn., 1048.
22. Onoue, H.; Minami, K.; Nakagawa, K. Bull. Chem. Soc. Jpn. 1970, 43, 3480.

23. Brisdon, B. J.; Nair, P.; Dyke, S. F. Tetrahedron, 1981, 37, 173.



Spectra



vze6 | 264 [0z || ooot | ome ok
9ok’ | s€Z [6e}| eso0 | €92 | 6
iwzo | 2oz Jeidfero ]| osz Qg
8200 ] Szi [ab |l EEVO | 287 [ 4
g9z6 | 989 [0 (i se00 | ezZ |9

' 9LLe | B9 st |l ogoo | ez | S
1izo | zee ipy || @s00 | szE | v
go00 | #66 iev||ws00 | zee | ¢
9et'0 | €6 |zt || oavo | €51 2
8000 | ees [t || peoo | ooD b
Wwiey | (wdd) |oN|| MBepH | {rudd) {aN

L 0z m.,m 0t 5'¢ Gt Gy 05 . mrm os 59 oL ) X s'g L) §6
TP TERTE RV TR
eun cuu

b .
o
4 ' OO
L <
4
[=3
ampeiaduin] | 00000k TZHT DA deams
TZeig | jUAcy siwod | ZBLE_IUN0Q SIog jELIBEG | 215 Sluejsuel jo AquIng | HL SNaPRN | E1700T {ZHw) Xauanbaiy
T T oseesy eEiS0mL SiEg | - 100072015 0/HS IV WG] | 0BYO'E [995) Sl UOHSIbIY
DZOLED
1 e BL

Z01-89D )



a N—CHs

16 cqy

- J/Jl/'.“‘f i( ,{ _,%
. —_J\_Jm-l_l e . ,_f”..__AMA____.A;
TR
. S N £ N I D DU .
.
" |
| ;
I .
| ! l
i |
|

S N

E
|
¥

s 'tL-“‘er‘r{-Wrﬁv'Ml‘

1
|
“!
i

¥ ik n.-J ek

|

! )
Vbbb AL K “h‘r‘ﬂmv\'lﬁ.‘r‘.k".'ﬂ‘n-'m”M‘h”m

5
T

o™

\ ol s : 3
T 1l TiY 01 T T

TN
v



5€

Chapter 3.
This chapter isdivided into two sections.
Section 1. Palladium catalyzed reaction of a-bromoacrylic acids with 1, 3-dienes.
INTRODUCTION AND BACKGROUND

The palladium catalyzed G-C and C-X single bond formation is a challenging area in
synthetic organic chemistry. The activation of bifunctional molecule for the reaction with
alkynes and dienes in the presence of palladium catalyst to form complex organic moleculesis a
recent development in palladium chemistry. Such type of innovative reactions catalyzed by
palladium complexes are described below in details.

The palladium-catalyzed arylannulation of 1, 3-dienes with functionally substituted aryl
halides proceeds under mild conditions to yield a wide variety of functionally substituted

carbocycles with good stereo and regio selectivity (scheme-1).

Scheme-1
CH,CH(COOEY), Pd (OAC), N(Bu),Cl COOEt
Na,COs/ Li,CO.
@ * C4HgCH=CH—CH=CH, " " COOET
| DMF, 60-80 °C NN
1-17 days

- OO0YX

Aryl halides bearing heteroatom- or potentia carbanion-containing functionality in ortho
position, have been shown to react with 1, 2-dienes in the presence of a palladium catalyst and a
carbonate base to afford five and six membered hetero- and carbo cyclesin high yield (scheme-

2).2



Scheme-2

Pd (OAc)) PPhs

XH y
@i + CHy=C=CHR Y9 R
|

K,CO34/ Li,CO4
63-97%

X=NR O

Monocyclic and bicyclic 6-membered ring heterocycles and carbocycles were
synthesized by the palladium-catalyzed annulation of 1, 4dieneswith aryl halides bearing ortho-
heteroatom and carbanionstablizing groups (Scheme3). The mechanism involves aryl
paladium complex formation, addition to the diene, palladium migration and intramolecular p-

alyl palladium displacement.®

Scheme-3
R
| X
Pd(OACc),, Na,CO
@[ + X ( )23d 265:7 @[j/\
<H BwN Cl, sdays, 0
X =NR, O

Synthesis of 3-Hydroxyalkylbenzo[b]furans via the palladium-catalyzed heteroannulation
of silyl-protected alkynolswith 2iodophenol is shown in scheme-4.*

Scheme -4
(CHZ)nORl Pd (OAC)Z, N3.2CO3

OH
@( + | | Licl, DMF,100 °C @j/ (CH2)nOH
| KF.2H 20, NBnEt3Cl o

MeCN, reflux
R

R, =H, TES, TIPS, TBDMS R=TMS, TBDMS
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A simple, convenient and regioselective route to synthesis of tri- and tetra- substituted
pyrones by the palladium catalyzed reactions of vinylic iodides; bromides or triflates bearing

ester functionality withinternal akynesis shown in scheme-5.°

Scheme-5
O 0
Ry 5 mol% Pd(OAc), Ry R
OR L Na,COs, LiCl 0 g o)
+ R3———R4 - > _ +
25-79%
R3 R4
R =Me Ph, B R,=H, Ph, Me
Rs=Me Ph R4=Ph, Me

Ortho-substituted phenols have been reported to react with various alylic acohols in the
presence of palladium catalysts to give heterocyclic compounds in very good yield (scheme-6).°

Scheme-6
OMe OMe

[
Rd(OAC),, DM F N
. //\ﬁ (OAC), .
NaHCOs, 95%

OHC OH OH OHC O

Larock et al. developed a methodology involving the palladium-catalyzed reaction of
bifunctional molecule bearing halogen and a carbon nucleophile with vinyl cyclopropanes to
form five membered carbocyclic rings as shown in scheme-7.”

Scheme-7

COOMe
MeOO COOMe

COOMe
.\ M Pd(OA c),, PPh, . 4

Bu,NCI, DMF, 80%




A highly convergent route to the synthesis of benzofurans by the palladium mediated
reaction of o-iodophenol with terminal acetylenes and copper iodide as co-catalyst for this

reaction (scheme-8).®

OH Pd(OAc),, (PPhg),
+ =——Ph > |
Piperidine, Cul, 80% e) Ph

Larock et al. developed a methodology towards the synthesis of bicyclic compounds by

Scheme-8

activating bifunctional molecule bearing a halogen and carbon nucleophile for the reaction with
1, 4cyclohexadiene (scheme-9).°

Scheme-9

COOH COOEt

EOO
@i\ COOH RA(OA Q),, Bu;NCl
+ >
I AcONa, DMF J

5days, 64%

The palladium catalyzed reaction of o-iodophenol with allenes gave the substituted
benzofuran derivatives having exocyclic double bond (scheme-10).%

Scheme-10

OH
CeH17 py(onc),, Prh 0

K,005, 100 °C
71% |
@) (@]

Larock et al. exploited the palladium-mediated activation of bifunctional molecules with

dienes and alkynes. The last example is the reaction of o-iodobenzaldehyde with internal akyne



in presence of palladium acetate and tetrabutylammonium chloride to give the substituted

indenones in very good yield (scheme-11).1!

Scheme-11
CHO PA(OAC),, NaOAC Ph
. Ph— R OU
| BusNCIl, 84% Ph
o
OBJECTIVE

The objective of the study was to develop an efficient synthetic methodology towards
synthesis of biologically important butyrolactone by palladium catalyzed reaction of bifunctional
molecule such as a -bromoacrylic acids with 1, 3 dienes. The reaction involves the formation of
p-alylpalladium complex as intermediate and the subsequent nuleophilic attack of the carboxylic

oxygen on p-alylpalladium to form the expected lactone.
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PRESENT WORK

Our present study involves the activation of olefinic bifunctional molecule bearing
halogen and an oxygen nucleophile to react with 1, 3-diene in the presence of palladium catalysts
to form a new class of gbutyrolactones. This reaction goes through p-allylpalladium
intermediates followed by attack of the nucleophile on the p-allylpalladium complex to form
cyclised product. To study the palladium catalyzed reactions of bifunctional molecules, different
a-bromoacrylic acids were synthesized based on the literature methods. The a-bromocinnamic
acid and 3-furyl-2-bromo-2-propenocic acid were synthesized from the corresponding acrylic
esters, methylcinnamate and 3-furyl-2-propenoic acid-methyl ester by bromination,

dehydrobromination and followed by hydrolysis as shown in scheme-12.12

Scheme-12
0] o) @]
/\J\ (i) Br,, DCM, 0°C, 30 min. #\J\O LiOH (IN) #’ﬁJ\
R OMe ~ R Me ———> o OH
(i) E;gN, DCM, RT, 12h Br THF/H,012 h Br
E/Z mixture
R = Ph, Furyl

(2) a-Bromocrotonic acid was synthesized from crotonic acid by bromination and

dehydrobromination using excess of pyridine based on the literature method (scheme-13).

Scheme-13
O Br O o)
/\)k Br,, DCM. Pyridine, 90 °C
N OH ——» OH > 7 OH
0°C, 10 min. 2h
Br Br

Initialy the reaction of a-bromocinnamic acid with 1, 3-cyclohexadiene was carried out

in the presence of PdCly(PPhg), as catalyst. Copper iodide was used as co-catalyst in this reaction



and potassium carbonate as base and N-methylpyrrolidinone as solvent at 90-100 °C. The
expected cyclised product was obtained in 30% yield (scheme-14).

Scheme-14

o
m |

AN | PdCIAPPhg),, Cul Ph N 0

Ph OH + 3)2, >
5 K,CO3, NMP, 6-24h

' 90-100 °C, Ar

E/Z mixture E/Z mixture
Later, a detailed study on the reactions of various a-bromoacrylic acids with 1,3 dienes

was carried out with PdCly(PPhg), as catalyst(10 mol %)and ZnCl, was found to be the more

effective co-catalyst than copper iodide for this reaction. Potassium carbonate was used as a base

and the reaction was carried out at 90-100 °C. The butyrolactones were obtained in 22 to 74 %

yield (scheme-15) and the results are tabulated in table-4.

Scheme-15
I
NN
AN PdCl,(PPhg),, ZnCl, R @)
R OH + >
B K,CO5 NMP, 6-24h
r 90-100 °C, Ar

E/Z mixture 1, 3 Dienes E/Z mixture

= = =
R =Ph, Furyl, CH; Dienes : ,
N NN AN



Table 4. Reactions of a-bromoacrylic acids with 1, 3dienes

SNO a -Bromoacid 1,3Diene | Time(h) Product Yield, %
OH
61
oh . Ph o]
(ZE, 1.3:1)
2 (0] =z 23
J,:gLOH A (E:Z2,3.3:1) 'e)
Ph Br o1
3
61
4
22
5
43
6 55
7 52
8 74
(E:Z,1.5:1)
° o]
®
10 24 _
(ZE, 1.3:1) J—




RESULTSAND DISCUSSION

The a-bromoacrylic acids were prepared from the corresponding acrylic esters by
bromination, dehydrobromination followed by hydrolysis. The IR, *H NMR,3C NMR and Mass
spectral data confirmed the structure of bromoacrylic acids . A mixture of E and Z a-
bromocinnamic acids were synthesized from methylcinnamate. The IR spectrum of the mixture
of products showed a broad peak at 3400 cm™ and a sharp pesk at 1680 cmit indicating the
presence of O-H and C=0 groups respectively. The 'H NMR spectrum of the product gave a
broad singlet at d 9.5 corresponding to COOH group and two sharp singlets, at d 8.45 (calculated
chemical shift: d 8.33) and 7.60 (calculated chemical shift: d 7.40) confirmed the presence of
olefinic protons of Zand E isomers respedively. The ratio of the isomer was determined based
on the integration of olefinic protons. The stereochemistry of a-bromocinnamic acid was
comfirmed by the literature evidence.* The mass spectrum of the product showed molecular ion
peak at m/z 226 further evidence for confirming the structure of a-bromocinnamic acid.

In a similar manner the structure of a-bromocrotonic acid was also deduced. The IR
spectrum gave a broad pesk at 3300 cm™ (O-H) and a sharp pesk at 1678 cm™ (C=0). The H
NMR spectrum displayed a broad singlet at d 9.4 for O-H proton and a quartet at d 7.5
corresponding to olefinic proton. The mass spectrum of the product showed a molecular ion peak
a m/z 166. The above data confirmed the structure of a-bromocrotonic acid. The
stereochemistry of the double bond was determined by comparing the chemical shifts with the
calculated chemical shift value (d 7.42) based on empirical rules.”

The structure of the product (34) obtained from the palladium catalyzed reaction of a

mixture of E/Z) a-bromocinnamic acid with 1, 3-cyclohexadiene was confirmed by IR, H



NMR, ®C NMR and mass spectral data. The reaction goes through the formation of p-
dlylpaladium intermediate and the attack of oxygen nucleophile on the p-alylpalladium

complexes to fam a, b-unsaturated lactone (Figure-1).

Figure -1
O
o o] :
Rd(0) © RNy S0 zn
R™ OH —_— R OH ——  »
Br oxidative addition Br—FFI— L insertion of di eneBr\ o
L L/ \L

O
R o]
_—

The IR spectrum of the product showed a sharp peak at 1745 cmi' and 1640 cm™

indicating the presence of C=0 and C=C groups of lactone respectively. The 'H NMR of the
product showed two multiplets, one at d 4.8 - 4.7 and another at d 3.6 - 3.45 corresponding to the

presence of ring junction protons of the product as shown below in figure-2. The olefinic proton

of E (34a) and Z (34b) isomers was confirmed by comparing the observed chemical shift value
with theoretical values. In the case of E-isomer, olefinic proton appeared at d 7.6 (theoretica: d
7.5) and the proton of Z-isomer showed a doublet at d 6.9 (theoretical: d 6.86) with alylic
coupling.

Figure -2
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E-isomer Z-isomer
The stereochemistry of the ring junction protons was determined by the coupling
constants values obtained from the homonuclear proton decoupling experiments. The *H NMR ,
BC NMR spectra and spectra of decoupling experiments of the product are shown on page 112,
113 (344) and 114, 115 (34b). The irradation of the proton at d 6.15 - 6.00 gave a clean doublet
a d 4.75 with coupling constant, J = 6.0 Hz, which determined the cis -stereochemistry of the
ring junction. The stereochemistry of double bond was aso determined by the calculation of
chemica shifts for olefinic proton of both E and Z isomer based on the literature and by 2D
NOESY experiments as shown on page 116.
The connectivity between the olefinic proton and methylenic protons of cyclohexyl ring was
observed as shown in figure 3.

Figure -3



The ¥ C NMR spectrum revealed all required carbon signals of the product. The two
signals appeared at d 171.34 and 168.13 corresponding to carbonyl carbon of E (34a) and Z
(34b) isomer of lactone. The mass spectrum of the product showed a molecular ion peak

appeared at m/z 226. The structure of the product, 3- (1-phenyl-methylidene)-2,3,3a,4,5,7a-

hexahydro(b)furan 2-one (34) was confirmed based on the above spectroscopic data

The product (35) of the palladium catalyzed reaction between (E/Z) a-bromocinnamic
and 2methyl 1, 3 pentadiene showed a prominent peak at 1748 cm™ and a sharp peak at 1646
omlin infrared spectrum indicating the presence of C=0 and C=C of butyrolactone respectively.
The *H NMR spectrum displayed a multiplet at d 3.3 - 2.8 corresponding to alylic methylene
protons of the lactone ring of the product as shown below (figure-4). The comparison of H
NMR spectra of lactone (35) with (34), showed absence of one of the ring junction proton at d
4.9 - 4.7 indicating the formation of quaternary center adjacent to oxygen atom of the product
and the mode of insertion of 1, 3-diene between palladium and vinyl carbon in the reaction
mechanism. The ratio of isomers was determined based on the integration of protonsof E and Z .

Figure -4

/

(m3.3-2.8)

In addition, the mass spectrum of the product showed a molecular ion peak at m/z 228
corresponding to the expected 5-methyl-3-(1-phenylmethylidene)-5- ((E)- 1- propenyl)tetrahydro-
2-furanone (35).

The IR spectrum of product formed from the palladium catalyzed reaction of a mixture of

(E/Z) a -bromocinnamic with 2, 3 dimethyl-1, 3-butadiene displayed two strong absorption bands
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at 1754 cmland 1658 cm™ for C=0 and C=C groups of lactone. The *H NMR spectrum of the
product showed two singlets, one at d 1.8 and another one a d 1.5 due to the presence of
allylmethyl and quaternary methyl protons. Two singlets appeared at d 5.1 and d 4.9, which was
assigned to termina olefinic protons of the product (36). The ratio of the E and Z isomer
calculated based on the integration of protonsin *H NMR spectrum.

The product obtained from the reaction of (E/Z) a-bromocinnamic acid with isoprene
showed a prominent peak at 1753 cmi! and 1655 cm™ in infrared spectrum indicating the
stretching frequency of C=0 and C=C groups of lactone @7). The 'H NMR spectrum of the
product (37) is shown in page 117 displayed a singlet at d 1.8 confirming the presence of dlylic
methyl proton. The two multiplets,at d 5.0 and 3.1 - 2.9 due to the presence of ring junction
protons of butyrolactone (37), as shown below (Figure-4).

Figure -4

(m, 4.95-5.0)

0 //(35.1)

H H
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The IR spectrum of butyrolactone obtained from the reaction of (Z)-a-bromocrotonic
acid with 2, 3dimethyl-1, 3 butadiene showed prominent pesks at 1755 cm™ (C=0) and 1681
cm? (C=C). The *H NMR spectrum of the pr oduct (shown in page ) displayed a multiplet at d
2.65-2.50 indicating the presence of methylenic protons of cyclised product with coupling of
allylic and geminal proton and there were two singlets at d 5.1 and 4.9 corresponding to terminal
olefinic protons. At d 1.91.75 two doublets were overlapped with an integration of 6 protons

showing the presence of two alylic methyl protons of the cyclised product. The “*C NMR



(spectrum is shown in page 118) reveded all the carbon signals. The carbonyl carbon of lactone
appeared at d 170. The mass spectrum of the product showed a molecular ion peak at nv/z 166.
The above spectroscopic data proved the structure of expected butyrolactone (38).

The product formed from the reaction of (Z)-a-bromocrotonic acid and 2methyl 1, 3
pentadiene showed a sharp peak at 1753 cnit in the infrared spectrum indicating the presence of
C=0 group of lactone. The®H NMR spectrum displayed a multiplet at d 6.8 - 6.7 confirming the
presence of olefinic proton of a, b- unsaturated system of lactone and a multiplet appeared at
5.85 - 5.60 could be assigned to other olefinic proton adjacent to methyl group. A doublet with J
=135 Hz a d 5.5 showed the presence of other olefinic proton. The methylenic proton of
lactone was identified by a multiplet at d 2.85 - 2.60. One of the alylic methyl appeared as a
doublet with coupling constant, J = 8.0 Hz at d 1.9 and the other a d 1.7. The *C NMR
spectrum of the product revealed signals for al carbons of the product. The carbonyl carbon
signd appeared at d 170.92 and methylenic carbon at d 32.36 in DEPT spectrum. The mass
spectra showed a molecular ion peak at Yz 166. All the above spectroscopic data confirmed the
structure of expected product 3-((E)-ethylidene)-5-methyl-5((E)-propenyl)tetrahy dro- 2-furanone
(39).The 'H NMR and *3C NMR spectra shown on page 119.

The IR spectrum of the product obtained from the reaction of a -bromocrotonic acid with
1, 3cyclohexadiene showed two strong absorption bands at 1750 cmit and 1701 cm™ for C=0
and C=C bonds respectively. The *H NMR spectrum (on page 120) displayed a quartet at d 6.8
with J = 7.0 Hz which corresponding to olefinic proton on b-carbon. Two olefinic protons of the
cyclohexene ring appeared as multipletsatd 6.3 - 6.1 and d 6.15 - 5.95. Ore of the ring junction
proton which is adjacent to oxygen atom appeared as a multiplet at d 4.75 -4.65. The other ring

junction proton appeared at d 322 - 3.0 as a multiplet with alylic and vicinal coupling. A

multiplet at d 2.15 - 2.05 is assigned for allylic methylenic protons (2H) and one methylenic
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proton. A doublet appeared at d 2.0 with coupling constant J = 9.0 Hz confirming the alylic
methyl protons. The mass spectrum displayed a molecular ion pesk a m/z 166. All the data
mentioned above confirmed the structure of the expected product 3-((E)-ethylidene)-
2,3,3a,4,5,7a-hexahydrobenzo (b)furan-2-one (40).

The reaction of 3furyl-2-bromo-2-propenoic acid (33) with isoprene gave the expected
product in low yield and the product was characterized by the usual spectroscopic methods. The
IR spectrum showed sharp peaks at 1747 cm™ and 1643 cmi* corresponding to the carbony! and
C=Cof a, b-unsaturated system respectively. The 'H NMR spectrum (shown on page 121)
displayed a doublet at d 7.85 indicating the presence of aromatic proton and a singlet at d 7.5
assigned to the olefinic proton of the a, b-unsaturated system. The other two protons of furan

ring appeared a d 6.85 and 6.5. The terminal olefinic proton of the isoprene system appeared as

two singlets, one at d 5.1 and another at d 4.9. A multiplet at d 4.85 - 4.75 was due to the proton
which is adjacent to the oxygen atom and two diastereotopic methylenic protons of the lactone
ring gave two multiplets at d 3.2 3.1 and 2.95 - 2.85. A singlet a 1. 8 confirmed the presence of
alylic methyl protons. The mass spectrum of the product showed a molecular ion peak a m/z

204. These data confirmed the structure of the expected product 3-(1-(2-furyl)- (E)-
methylidene)-5-isopropenyl tetrahydro- 2-furanone (41).

The product obtained from the reaction of 3-furyl-2-bromo-2-propenoic acid (33) with 1,
3-cyclohexadiene showed prominent peaks at 1740 cm™ and 1652 cm™. The ratio of isomers
(E/Z) was determined based on the 'H NMR spectrum. The proton NMR spectra of both the
isomers are shown on page 122 (42a) and 123 @2b). A molecular ion peak appeared at Mz 216
supported the formation of the expected lactone 3-(1-2-furyl)-methylidene-2, 3, 3a 4, 5, 7a-
hexahydrobenzo(b) furan-2-one @2). The paladium-catalyzed reaction of a-bromocinnamic

acid (28) with phenyl propiolate was unsuccessful.
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CONCLUSION
We have developed novel palladium catalyzed methodology towards the synthesis of a

new class of a, b-unsaturated butyrolactone from simple precursors such as a-bromoacrylic

acids and 1, 3dienesin good yield.



EXPERIMENTAL

Preparation of a-Bromomethylcinnamate (27)

A 100 mL RB flask equipped with magnetic stirring bar was charged with methyl
cinnamate (3.24 g, 20 mmol) and dichloromethane (30 mL). To the stirred solution, bromine (3.2
g, 20 mmol) was added slowly a O °C for 10 min. After addition of bromine, the reaction
mixture was allowed to stir for 30 min. To this reaction mixture, triethylamine (2.02 g, 20 mmol)
was added dowly a 0 °C and the reaction mixture was alowed to stir for 12 h. The reaction
mixture was neutralised with dil HCl (10% by volume) and the product extracted with
dichloromethane (3 10 mL). The combined organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give the crude product (Z:E, 0.6:0.4) which

was purified by silica gl column chromatography using a mixture of petroleum ether-ethyl

acetate (9:1).

Yield : 4.3 9(89%)

Mol. F . CH9BrO;

IR (Neat) : 2932, 1705, 1610, 1040, 860, 755 cm’*

'H NMR (200, MHz, CDCl3) : d83(s, 0.6H), 7.9 - 7.8 (m, 2H), 7.5 - 7.3 (m, 3.4H), 3.9
(s,1.8H), 3.8 (s, 1.2H)
Mass (m/2) : 241 (M*, 35), 226 (14), 210 (40), 161 (100), 77 (60).
Preparation of a -bromocinnamic acid (28)
A 250 mL RB flask equipped with magnetic stirring bar was charged with a-
bromomethycinnamate (2.4 g, 10 mmol) and 25 mL of THF. To the stirred solution, lithium
hydroxide (1N, 1.15 g in 50mL of water) was added slowly at 0°C and the reaction mixture was

allowed to stir for 12 h. The reaction mixture was neutralised with dil HCl and the product



extracted with ethyl acetate (3 15 mL). The combined organic layer was dried over anhydrous
sodium sulphate and concentrated under reduced pressure to give a-bromocinnamic acid in 92%
yield. (1.3:1, Z: E). The crude product was purified by column chromatography using 100200

mesh silicagel and petroleum ether-ethyl acetate mixture (8:2).

Yield . 2.19 (92%)

Mol. F . CgH7BrO,

M. P . 5%

IR (Nujol) : 2860, 1680, 1450, 1390, 1260, 930, 810, 780 cm™

'H NMR (200 MHz, CDCL) : d 9.0 (bs, 1H), 84 (s, 1H), 7.95 - 7.7 (m, 2H), 7.6 (s, 1H),7.50
-7.35 (m, 8H)

“C NMR (50MHz,CDCly) : d 169.59, 169.34, 143.84, 143,53, 134.78, 133.60, 131.15,
130.94, 129,61, 128.81, 111.75, 110.94

M ass (m/2) © 226 (M", 31), 147 (100), 129 (38), 118 (7), 102 (42), 77

(26).

Synthesisof (Z)- a -bromaocrotonic acid (29)

A 30 mL solution of crotonic acid (4.3 g, 50 mmoal) in dichloromethane was charged into
100 mL RB flask equipped with magnetic stirring bar. To the stirred solution, bromine (8 g, 50
mmol) was added dlowly at 0 °C for 15 min and the reaction mixture was continued to stir for
1h. Concentration of dichloromethane under reduced pressure gave white solid, dibromocrotonic
acid in 100% yield. Dibromocrotonic acid (5 g, 20 mmol) and pyridine (10 mL) were charged
into 100 mL RB flask equipped with magnetic stirring bar and the reaction was allowed to stir at
90 °C for 2h. The reaction mixture was neutralized with dil.HCI ( 10% by volume) and the

product extracted with ethyl acetate (3 10 mL). The combined ethyl acetate layer was dried
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over anhydrous sodium sulphate, concentrated under reduced pressure to give a-bromaocrotonic

acid.

Yield : 1.0 g (30%)

Mol.F . C4HsBrO2

M.P : 97°C

IR (CHCL) : 3300, 2995, 1678, 1600, 1410, 1260, 1220, 770 cm™*

'H NMR (300 MHz, CDCl) : d 9.4 (bs, 1H), 7.55 - 7.5 (q, J= 7.5 1H), 2.0 (d, J=7.5 Hz, 3H)
BC NMR (75MHz,CDCly) : d 167.49, 144.20, 117.12, 18.17.

Mass (m/2) . 166 (M*, 82), 164 (100), 119 (14), 107 (1), 79 (3)

Synthesisof 3-furyl-2-propenoic acid (30)

A 100 mL RB flask equipped with magnetic stirring bar was charged with freshly
distilled furfural (6.88 g, 70 mmol) and pyridine (7.5 g, 94 mmol). The reaction mixture was
allowed to heat at 100 °C for 3 h. The reaction mixture was neutralized with dil.HCI (10% by
volume) and the light brown color solid obtained was filtered , washed with water and dried over

desicator for 12 h to give the pure product .

Yield : 439 (56%)

Mol.F : CHO3

M.P : 148 -150°C

IR (Nujol) : 3390, 1680, 1605, 1056, 960, 863 cm™

4 NMR (200 MHz, CDClL) : d 10.50 (bs, 1H), 7.55 - 7.45 (m, 2 H), 6.75 (d, J=7.0 Hz, 1H)
6.50 (d, J =7.0Hz, 1H), 6.25 (d, J=12.9 Hz,1H)
BCNMR (50 MHz, CDCls) : d 168.11, 151.01, 146.16, 131.42, 116.79, 115.91, 113.23.

Mass (m/2) © 138(M"*, 100), 121 (31), 110 (23), 92 (27), 82 (16)



Synthesisof 3-furyl-2-propenoic acid-methyl ester (31)

A mixture of 3furyl-2-propenoic acid (3.72 g, 30 mmol) and dry methanol (25 mL) was
charged into 25 mL RB flask equipped with magnetic stirring bar. To the stirred solution,
freshly distilled thionyl chloride (3 mL) wes added slowly at 0 °C for 25 min. The excess of
thionyl chloride was removed by distillation and the product obtained was purified by column

chromotography using 60-120-mesh silica gel and petroleum ether -ethyl acetate mixture (9:1).

Yidd : 3.13 g (76%)
Mol.F . CHO3,
IR (Neat) : 2905, 2950, 1698, 1660, 1600, 1430, 840, 750 cm™

4 NMR (200 MHz, CDCl) : d 7.45(d, J = 14.6 Hz, 1H), 6.6 (d, J = 7.0 Hz, 1H), 6.45 (s,
1H), 6.3 (d, J = 14.7 Hz, 1H), 3.8 (s, 3H)
BCNMR (50 MHz, CDCls) : d 164.08, 149.56, 144.45, 129.28, 115.38, 114.50, 112.51,

53.00.

Synthesisof 3-furyl-2-bromo-2-propenocic acid-methyl ester (Z:E, 1.5:1) (32)

A solution of 3-furyl-2-propenoic acid-methyl ester (2.72 g, 20 mmol) in dichloromethane
(25 mL) was charged into 25 mL RB flask equipped with magnetic stirring bar. Bromine (3.2 g,
20 mmol) was added to the stirred solution at 0 °C and allowed to stir for 30 min. To this stirring
solution, triethylamine (4.04 g, 40 mmol) was added dropwise at 0 °C and continued to stir at
RT for 12 h. The reaction mixture was neutralised with dil.HCI and the product extracted with
dichloromethane (3 © 10 mL). The combined organic layer was dried over anhydrous sodium
sulphate, concentrated under reduced pressure to get the pure product.
Yield : 369 (85%)

Mol. F . CgHBros
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IR (Neat) : 2995, 1690, 1597, 1470, 1330, 1020, 790, 760 cni’
H NMR (200 MHz, CDCl) : d 7.5(s, 1H), 7.4 - 7.2 (m, 2H), 65 (d, J = 5.5 Hz, 1H), 3.90

(s 3H)

Synthesisof 3-furyl-2-bromo-2-propenoic acid (33)

Yield : 209 (90%)

Mol. F : G/H7/BrOs

M.P : 140°C

IR (Nujol) : 2920, 1670, 1595, 1460, 1420, 1340, 1030, 790 cm™

4 NMR (200 MHz, CDCk) : d7.6- 7.2 (m, 3H),7.1 (bs, 1H), 6.5 (d, J = 7.0 Hz, 1H)

General procedurefor the Pd catalyzed reaction of a -bromoacrylic acid with 1, 3-dienes.

A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon
balloon was charged with a-bromoacrylic acid (1 mmoal), 1,3 diene (2 mmol), PdClx(PPhg),
(0.07g, 0.1 mmoal), potassium carbonate (0.275 g, 2 mmol), zinc chloride (0.067 g, 0.5 mmol)
and degased N-methylpyrrolidone (4 mL). The reaction mixture was flushed with argon thrice
and allowed to stir at 90 °C for 2-48 h. The reaction mixture was neutralised with dil. HCI and
the product extracted with ethyl acetate (3~ 5 mL). The combined organic layer was dried over
anhydrous sodium sulphate and concentrated under reduced pressure to give the crude product.
The crude product on silica gel column chromatographic purification using a mixture of
petroleum ether and ethyl acetate (8:2) gave the corresponding lactones in moderate to good
yields.

3- (1-Phenylmethylidene)-2,3,3a,4,5, 7ahexahydr o(b)furan -2-one (34)
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E:233:1)
E-isomer (34a)
Mol. F : C1sHu10O2
IR (Neat) : 3000, 1745, 1640, 1440, 1230, 1180, 1000 cm*
'H NMR (200MHz, CDCls) : d7.6-7.3(m, 6H), 6.45 - 6.35 (m, 1H), 6.15 - 6.0 (M, 1H),
4.8 - 4.7 (m, 1H), 3.6 - 3.45 (m, 1H), 2.3 - 2.0 (M, 3H), 1.55 -
1.35 (m, 1H).
BC NMR (75MHz, CDCly : d 171.34, 136.00, 134.37, 134.06, 130.89, 129.56, 129.51,
128.80, 122.79, 37.87, 23.43, 22.42.
Z -isomer (34b)
'H NMR (200MHz, CDCl3) : d7.95 - 7.85 (m, 2H), 7.45 - 7.30 (m, 3H), 6.90 (d, J= 6.0
Hz,1H), 6.25 - 6.15 (m, 1H), 5.95 - 5.85 (M, 1H), 4.95 - 4.85
(m, 1H), 3.25 - 3.15 (m, 1H), 2.25 - 1.75 (m, 4H).
BC NMR (75MHz, CDCly : d168.13, 138.44, 133.22, 130.20, 129.01, 128.70, 127.66,
123.48, 72.27, 40.96, 24.38, 21.64.
M ass (m/2) : 226 (M*, 62),208 (27), 181 (30), 165 (42), 141 (50), 115(87),

104 (38), 91 (86), 77 (38).

5-M ethyl-3-(1-phenylmethylidene)-5-((E)-1-propenyl)tetrahydro-2-furanone (E&Z, 2:1)

(35)
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Mol. F . CisH1602
IR (Neat) : 2921, 1748, 1646, 1604, 1495, 1451, 1217, 1178, 1109 cnit
'H NMR (200 MHz, CDCl) : d7.8-7.7(m,4H), 7.6 - 7.3(m, 3H), 6.9 - 6.8 (M, 2H), 5.85 -
5.55 (m, 1H), 5.35 - 5.15 (m, 2H), 3.3 - 2.8 (m, 2H), 1.8 (d,
J=5.4Hz, 3H), 1.6 (s, 3H), 1.5 (s,3H)
BC NMR (50.35 MHz, CDCl) : d 168.70, 168.19, 139.97, 139.46, 139.01, 136.77, 133.89,
133.84, 130.77, 130.05, 129.89, 129.49, 129.02,128.21,
125.96, 125.56, 125.41,123.42, 82.63, 81.86, 74.14, 44.50,
38.93, 27.47, 26.92, 25.88, 18.53, 17.76.
Mass (M/z) . 228(M", 7), 213 (2), 200 (2), 187 (3), 173 (7), 144 (45),

121 (10), 116 (100), 105 (23), 91 (13), 77 (16).

5-1sopropenyl-5-methyl-3-(1-phenylmethylidene)tetr ahydro-2-furanone (E&Z, 4 : 1) (36)

Mol. F : CisH1602

IR (Neat) - 2978, 1754, 1658, 1445, 1377, 1317 cmi
4 NMR (200 MHz, CDClL)  : d 7.8(d, J=8.1Hz, 0.8H), 7.6 - 7.3 (m, 4H), 6.9 (s, 0.2H) 5.1

(s, 1H), 4.9 (s, 1H),3.2 - 2.8 (m, 2H), 1.8 (s, 3H),1.5



(s, 3H).

BC NMR (50.35 MHz, CDCl) : d 171.47, 146.47, 139.60, 136.85,134.68, 130.71, 130.01,
129.90, 129.45, 128.98, 128.14, 125.64, 125.46, 111.00,
84.73, 83.71, 43.09, 39.67, 26.87, 26.33, 18.65.

M ass (m/2) : 228(M*, 1), 184 (36), 169 (10), 157 (8), 151 (23), 144 (100),

129 (23).

5-1sopr openyl-3-(1-phenyl-(E)-methylidene)tetr anydr o-2-fur anone (37)

Mol.F o CiHuO2

IR (CHCl) : 2923, 2853, 1753, 1655, 1449, 1043, 906 cm™

'H NMR (300 MHz, CDCl)  : d 7.6 - 7.3 (m, 6H), 5.1 (s, 1H), 5.0 (m, 1H), 4.9 (s, 1H), 3.45
-3.35 (m, 1H), 3.1 - 2.9 (m, 1H), 1.8 (s, 3H).

BC NMR (75 MHz, CDCly) : d 142.10, 136.12, 129.46, 129.34, 128.39, 124.58, 123.66,
113.26, 112.37, 79.11, 32.26, 16.33

M ass (m/2) : 214 (M*, 12), 186 (5), 170 (7), 144 (44), 115 (100), 91 (7),
77 (7)

3-((E)-Ethylidene)-5-isopr penyl-5-methyltetrahydro-2-furanone (38)

o]



Mol.F
IR (Neat)

'H NMR (200 MHz, CDC)

BC NMR (50 MHz, CDCl3)

Mass (m/2

8C

. C10H1402
. 2978, 2926, 1755, 1681, 1443, 1378, 1023, 987, 713 cnmit

© d6.85-6.75 (m, 1H), 5.1 (s, 1H), 4.9 (s, 1H), 2.58 - 2.65 (m,

2H), 1.9 - 1.75 (m, 6H), 1.4 (s, 3H)

. d 170, 147, 136, 128, 111, 84, 38, 25, 18, 15.

© 166 (M*, 4), 151 (30), 125 (23), 105 (7), 91 (16), 82 (100).

3-((E)-Ethylidene)-5-methyl-5((E)-pr openyl)tetr ahydr o-2-furanone (39)

o]

Mol.F
IR (Neat)
'H NMR (200 MHz, CDCl3)

BC NMR (50 MHz, CDCl3)

Mass (m/2)

: C1oH1402

2972, 2919, 2850, 1754, 1680, 1379, 1133, 973, 716cm’*

© d6.85 -6.65 (M, 1H), 5.6 - 5.20 (M, 2H), 3.1 2.95 (m, 1H),

2.65 - 2.45 (m, 1H), 1.8 - 1.6 (m, 9H).

: d 170.92, 139.40, 135.19, 127.79, 123.87, 74.36, 32.36, 25.75,

18.42, 15.73.

© 166 (M, 4), 151 (20), 123 (13), 111(8), 107 (13), 95 (25), 91

(30), 82 (100), 69 (18).

3-((E)-Ethylidene)-2,3,3a,4,5,7ahexahydr obenzo(b)fur an-2-one (40)



81

Mol.F : CroH20;

IR (Neat) : 3056, 2928, 1750, 1701, 1590, 1380, 996, 925 cm*

H NMR (200 MHz, CDCk) : d 6.8(q,J = 7.0Hz, 1H), 6.3 - 6.1 (m, 1H), 6.15
595 (m, 1H), 4.75 - 4.65 (m, 1H), 3.2 - 3.0(m, 1H), 2.15-
2.05 (m, 3H), 2.0 (d, J = 7.0 Hz, 3H), 1.5 - 1.35 (m, 1H)

Mass (m/2) © 166 (M*, 11), 136 (48), 122 (48), 105 (27), 91 (39), 79 (26).

3-(1-@2-Furyl)- (E)-methylidene)-5-isopr openyltetr ahydr o-2-furanone (41)

Mol.F : Ci2H2Os
IR (Neat ) . 2024, 2854, 1747, 1643, 1473, 1091, 904, 758 cm'.
H NMR (300 MHz, CDCl) : d7.85(d, J=8.1Hz), 7.5 (s, 1H), 6.85 (s, 1H), 65(d, J= 8.0
Hz, 1H), 5.1 (s, 1H), 4.9 (s, 1H), 4.85 (s, 1H), 3.2 - 3.1 (m,
1H), 2.95 - 2.85 (m, 1H), 1.8 (s, 3H).
M ass (m/2) . 204 (M*, 2), 160 (2), 149 (5), 134 (20), 106 (100), 91(8),78

(9), 57 (6).

3-(1-2-furyl)-methylidene -2, 3, 3a, 4, 5, 7a-hexahydrobenzo(b) furan-2-one (42)



E:Z,1.3:1
Mol.F
IR (CHCl)

E-isomer

i C13HO3

: 3019, 2923, 1740, 1652, 1492, 1177, 1019 cm™*

4 NMR (300 MHz, CDCl) : d 7.55 (s, 1H), 7.25 (s, 1H), 6.756.65 (d, J= 4 Hz, 1H), 6.5 (d,

E-isomer

Z-isomer :

M ass (m/2)

J =4 Hz, 1H), 6.20-6.10 (m, 1H), 6.05 - 5.95 (m, 1H), 4.8 - 4.7
(m, 1H), 3.55 -3.45 (m, 1H), 2.15 - 1.95 (m, 3H), 1.45- 1.25
(m, 1H).
d 7.97.8(d, J = 4 Hz, 1H), 7.5 (s, 1H), 6.8 (s, 1H), 6.5 (M, 1H),
6.15-6.05 (m, 1H), 5.955.85 (M, 1H), 4.9-4.8 (m, 1H) 3.25-3.25

(m, 1H), 2.15-1.75 (m, 4H).

© 216 (M, 52), 170 (24), 159 (37), 128 (49), 115 (57), 91 (100).
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Section 2. Palladium catalyzed reaction of a-bromoacrylic amideswith 1, 3-dienes.
INTRODUCTION AND BACKGROUND
Paladium mediated reactions of bifunctiona molecule bearing halogen and soft

nucleophile with alkynes and dienes to construct five and six membered carbocycles and
heterocycles are very attractive reactions in synthetic organic chemistry. This kind of palladium-
catalyzed reactions of bifunctional molecule bearing nitrogen nucleophile are discussed below.

The palladium-catalyzed reaction of o-iodoaniline with 1, 3diene using triethylamine as
a base gave cyclised product reported by Connor et al. as shown in scheme-16. 1°

Scheme-16

|
(L e
+ >
NH, BN, 70% N

H

Kundu and coworkers reported the palladium catalyzed highly regio-and stereo-
selective synthesis of (Z)-3-aryl(akyl)ideneisoindolin-1-ones by annulation of alkynes with

ortho- iodobenzamide (scheme-17).Y’

Scheme-17
~CR,
| =
ﬁH Pd catalyst C
NHR1  Cr,  culEtaN DMF - NHR;
O 0
H
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or NaOEt, EtOH \\

O



The palladium-catalyzed coupling of 2iodoaniline and the corresponding N-methyl,N-
acetyl and tosyl derivatives with a wide variety of internal alkynes provides 2, 3disubstituted

indolesin good yield as shown in scheme-182

Scheme-18
||?1
| Pd(0) N
__ K,COs, LiCl
+ Ro———R3 - > // "Ro
NHR, 100° C, 20-40 h
Rs3

Larock et al. developed an efficient palladium catalyzed synthesis of isoquinolines,
tetrahydroisoquinolines, pyridines from ortho-functionally substituted imines with internal
alkynes in moderate to good yield (scheme- 19).19

Scheme-19

oy BY Pd(OAC); PPh "
_ Na2C03
+ R——R» . > _
| DMF, 100°C R,

65-96%
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OBJECTIVE

Our aim was to study the palladium-catalyzed activation of bifunctional vinyl haides, a-
bromoacrylic amides with 1, 3dienes and alkynes to form a, b-unsaturated butyrolactams. The
reaction involves the formation of oxidative addition complexes with vinyl halide and then the
insertion of 1, 3 dienes between the carbon-palladium bond leading to p-allylpalladium
complexes and the heteroatom nucleophile attack on the p-allylpalladium complexes, which

leads the expected lactams.

PRESENT WORK

Our present study involves the synthesis of various a-bromoacrylic amides and
palladium catalyzed reaction of a-bromoacrylic amides with 1, 3 dienes to form a new and
novel class of butyrolactams. a -Bromoacrylic amides were synthesized from the corresponding
a-bromoacrylic acids by treating with SOClL and then the reaction of acid chloride with

substituted anilines in the presence of triethylamine at room temperature (scheme-20).

Scheme-20
J
AN 8002 RT,2h
R OH Cl —>
Br EtsN, DCM 0°C-RT
R =Ph, Me
R1=N02, OCH3

Initial study was on the reaction of 1N-(4-methoxyphe nyl)-2-bromo-3-phenyl-(E)-2-
propenamide with 1, 3 cyclohexadiene catalyzed by PdCh(PPhg), and cocatalyst, zinc chloride
to yield the expected butyrolactam, 1 (4-methoxyphenyl)-3-(1-phenyl-(E)-methylidene)-2,3,3a,

4,5, 7a hexahydro-1H-2-indolone as shown in scheme-21.



Scheme- 21

0O
/\)\N oc RACl(PPhg)2, ZnCl Ph/\ N—<: :)—OCH3
H
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90°C, 12 h

Similar reactions of various a-bromoacrylic amides with different 1, 3-dienes and
alkynes were carried out in the presence of PACIAPPhg), and zinc chloride at 90-100 °C under
argon atmosphere to yield the corresponding substituted butyrolactams in good yield (scheme-22

& 23).Theresults of reactions of a -bromoacrylic amides with 1, 3 dienes are tabulated in table-5.

Scheme-22

O
Na2®3 NMP, Ar

90-100 °C

R=PhMe R; = NO,, OCHs

0 0
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Scheme-23
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Br Nay 03, NM P, Ar —
90 °C, 12 h Ph R

R;=COOMe, H R =Ph, CgHi3



Table 5. Palladium catalyzed reaction of a -bromoacrylic amides with 1, 3-Dienes

8¢

S.No | a Bromoacrylicamide 1, 3Diene Product Time(h) | Yield(%)
L CONHPh-4-OM O
-4-OMe
Ph”  Br © Ph" X" "N-Ph-4-OMe
. 24 53
E
2. o
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RESULTSAND DISCUSSION
The reactions of a-bromoacrylic amides with 1, 3dienes in the presence of palladium
catalyst afforded the expected products which were characterized by IR, NMR and Mass

spectroscopic studies. The reaction involves the oxidative addition of vinyl halide to palladium

and the insertion of 1, 3-dienes in between the carbon-paladium bond, which led to the
formation of p-alylpaladium intermedate and then attack by nitrogen nucleophile leads to

expected a, b-unsaturated lactams (figure-1).

Figure -1
O
0] O
Pd(0) RTY NHR;
RT Y NHRy, ——» R NHR————>
Br oxidative addition Br—Pd—L insertion of diene ~ed
L % N

0
RTY NR;
—_—

The precursors, a-bromoacrylic amides required for the palladium-catalyzed reaction
with 1, 3dienes were synthesized from corresponding a-bromoacrylic acids. Also, the 1, 3
dienes were prepared according to the literature methods.™® Both isomers, 1IN-(4-
methoxyphenyl) - 2-bromo- 3- phenyl-(Z2)-2-propenamide  (43) and  1N-(4-methoxyphenyl) -2-
bromo- 3-phenyl- (E)-2-propenamide (44) were prepared and characterized by the usua
spectroscopic methods. The IR spectrum showed a broad pesk at 3300 cm™ and a sharp peak at
1651 cmi indicating the presence of N-H and C=0 groups of amide. The *H NMR spectrum

displayed abroad singlet at d 8.5 corresponding to proton on nitrogen and another singlet a d 8.4



due to the presence of olefinic proton of Z isomer (compared with calculated chemical shift for
olefinic proton of the Z-isomer, i.e. d 8.2. The olefinic proton of E-isomer overlapping with
aromatic protons (theoretical chemical shift d 7.36) and a singlet at d 3.79 confirmed the
presence of methoxy proton. There was a multiplet at d 7.5 - 7.3 corresponding to the aromatic
protons. The mass spectrum showed a M+1 peak at m/z 333. These above data confirmed the
dructure of IN-(4methoxyphenyl)-2-bromo-3- phenyl-2- propenamide. In the literature, the NOE
technique has been demonstrated to differentiate the olefinic protons of Z and E isomer of similar
compounds.® Irradiation of the amide proton signd of Z isomer resulted in large negative
enhancement of 34% for the olefinic proton of Z isomer but no enhancement was observed for
the E isomer. The proton NMR and NOE irradiation spectra of both the isomers are shown on
page 124, 125. The structure of the product obtained from a-bromocrotonic acid and p-anisidine
was also characterized by IR, *H NMR, **C NMR and Mass spectral analysis. The IR spectrum
showed a broad peak corresponding to N-H stretching frequency at 3330 cm? and another sharp
peak at 1650 cmit indicating the presence of C=0 group of the product. The *H NMR spectrum
displayed a broad singlet at d 8.5 for amide proton. A quartet and doublet overlapping which
corresponding to the olefinic and aromatic protons at d 7.50 - 7.40 is also observed. The methoxy
proton of the product appeared at d 3.80 and allylic methyl protons appeared as a doublet at d 1.9
with coupling constant of J = 4.0 Hz. The mass spectrum of the product showed a molecular ion
pesk a miz 271. The above spectroscopic data confirmed the structure of 1N-(4-
methoxyphenyl) - 2-bromo-(Z) -2-butenamide @5). Similarly, the structure of IN-(4-nitrophenyl)-
2-bromao 3- phenyl- 2- propenamide was confirmed based on spectroscopic data.

The palladium-catalyzed reaction of a-bromoacrylic amides with 1, 3-dienes and alkynes
to form a new class of butyrolactams was carried out. All the products obtained from the reaction

of a-bromoacrylic amide with 1, 3-diene and alkynes were characterized by IR, NMR and mass
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spectra. IR spectrum of the product obtained from IN-(4-methoxyphenyl)-2-bromo-3-phenyl-
(2)- 2-propenamide (43) with 1, 3cyclohexadiene showed a sharp peak at 1681 cm* and another
peak at 1645 cmi® indicating the presence of C=0 and C=C groups respectively. The '"H NMR
spectrum showed a doublet at d 7.6 with the alylic coupling of J = 4.0 Hz which confirmed the
presence of olefinic proton of the product and that was compared with the calculated chemical
shift values based on empirica rule. A multiplet at d 7.55 - 7.40 due to aromatic proton and the
olefinic protons of cyclohexene ring appeared as multiplets, one at d 6.15 - 6.05 and another at d
5.85 - 5.70. One of the ring junction proton which is adjacent to nitrogen atom appeared as a
multiplet at d 4.60 - 4.50 and another multiplet appeared at d 3.65 - 3.55 confirmed the other ring
junction proton of the product. The chemical shift assignment product is shown in Figure-2. The
'H NMR and * NMR spectra of the product 49 shown on page 126.

Figure-2.

(d, 7.6)
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A N@—OCHS
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/ (m, 4.6-4.5)
(m, 3.65-3.50)

The stereochemistry of the ring junction protons was determined based on coupling
constant value obtained from the homonuclear proton decoupling experiment. The irradiation of
proton signa at d 5.85 - 5.75 gave a clean doublet at d 4.5 with coupling constant J = 6.0 Hz
(Figure-3).

Figure -3
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The proton decoupling NMR spectra and 2D COSY spectrum are shown on page 127 and
128. The stereochemistry of the double bond was confirmed by comparison with calculated
chemical shift value for olefinic proton based on empirical rules and 2D NOE experiment. The
2D COSY spectrum is shown on page-. The ©* C NMR spectrum revealed all the carbon signals
corresponding to the structure of the product. A carbonyl carbon signal appeared at d 168.65 and
asgnal a d 158.19 corresponding to the b-carbon of unsaturated lactam (figure-3). Two
methylenic carbon signals appeared at d 24.45 and 23.93 which was confirmed by DEPT
spectrum.

Figure -4

(158.19)

(168.65)

(23.93) /

(24.45)
The mass spectrum gave a molecular ion peak at m/z 331 corresponding to the molecular

weight of expected product. The above spectroscopic data confirmed the structure of product 1-

(4-methoxyphenyl)- 3- (1- phenyl-(E)-methylidene)-2,3,3a,4,5,7a hexahydro- 1H-2-indolone (49).



The IR spectrum of product obtained from the palladium catalyzed reaction of IN-(4-
methoxyphenyl) - 2-bromo- 3- phenyl-(Z)-2- propenamide (43) with isoprene showed a sharp peak
at 1681 cmi® confirming the presence of carbonyl group of unsaturated system. The *H NMR
spectrum displayed a doublet merged with a multiplet at d 7.6 - 7.4 and indicating the presence
of olefinic proton (with alylic coupling of J =4.0 Hz) of a, b-unsaturated system and multiplet
corresponding to aromatic protons. A doublet appeared at d 6.9 with J = 8.0 Hz which assigned
for aromatic protons of A,B, pattern. The terminal olefinic protons appeared as two singlets, one
a d 5.05 and another at d 4.90. One multiplet appeared at d 4.854.75 indicating the presence
one of the lactam ring protons adjacent to nitrogen atom of the product. The presence of two
methylenic protons of the lactam was confirmed by the appearance of two separable multiplets,
one a d 3.553.25 and another at d 2.95-2.65 with alylic, vicinal and geminal coupling. The
alylic methyl proton appeared a d 1.6 as a singlet. The mass spectrum showed a molecular ion
peak at m/z 319. The alove spectral data confirmed the structure of the expected product, 5
isopropenyl- 1- (4-methoxyphenyl) - 3- (1- phenyl-(E )-methylidene)tetrahydro- 1H-2- pyrrolone (50).
The *H NMR spectra is shown on page 129. Similarly, the structure of product obtained from the
reaction of 43 with ethyl-(2E)-2,4- pentadienoate was also confirmed. The IR spectrum showed a
sharp pesk at 1687 cmi* due to the presence of carbonyl group of the product. The *H NMR
spectrum (page no. 130) showed a multiplet between d 7.6 - 7.3 for aromatic and olefinic proton
of a, b-unsaturated system and doublet at 6.9 with J = 8.0 Hz corresponding to AB- type
aromatic protons. A multiplet appeared at 6.85 - 6.80 was assigned to olefinic proton on b carbon
to the ester group (figure-4). A doublet at d 5.8 with J = 13.0 Hz confirmed the presence of other
olefinic proton of the unsaturated ester group. A multiplet appeared at d 4.90 - 4.75 indicating
the ring junction proton which is adjacent to nitrogen atom and a quartet at d 4.2with J=8.0 Hz

assigned to OCH, of the ester group. A singlet at d 3.81 was attributed to methoxy protons. Two
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multiplets appeared, one at d 3.65--3.40 and another at d 3.10 - 2.90 confirming the presence of
methylenic protons of lactam ring with geminal, vicinal and allylic caupling. A triplet at d 1.25
confirmed the presence of methyl proton (figure-4).

Figure 4

(d7.6)

(m,3.60-3.:1)/ / N

(m, 3.1-2.9) (dd,6.90-6.85)

The *C NMR spectrum (page no. 130) showed two signals at d 167.83 and 165.23 due to
carbonyl carbons of lactam and ester respectively. Two methylenic carbon signals appeared at d
60.43 and 31.43, which was reliably confirmed by DEPT experiment. The mass spectrum
showed a molecular ion peak at m/z 377. The above spectroscopic data confirmed the structure
of ethyl-3-(1-(4 methoxyphenyl)- 5 oxo-4-( 1-phenyl-(E)-methylidere)tetrahydro- 1H -2-pyrrolyl) -
(E)-2-propenoate(51). The stereochemistry aso confirmed by 2D NOESY and COSY
experiments (page no. 131 and 132).

The product obtained from the reaction of 45 with ethyl-(2E)-2,4-pentadienoate was
characterized as follows. The IR spectrum showed two sharp pesks at 1704 cmi* and 1674 cm™
due to the presence of carbonyl groups of unsaturated ester and lactam respectively. The H
NMR spectrum showed two doublets at d 7.4 and 6.9 indicating the aromatic protons of A:B
type. The proton on b-carbon of a, b-unsaturated ester appeared as a doublet of doublet at d
6.85-6.75 with the coupling constant, J = 4.0 Hz, 12.5 Hz. The ol€efinic proton of unsaturated

lactam showed amultiplet at d 6.7 - 6.6 due to the vicinal coupling with CH3 and alylic coupling



with methylenic proton of lactam ring. The proton on a-carbon of unsaturated ester appeared as
adoublet with J = 12.5 Hz indicating the transstereochemistry of olefinic protons. A multiplet
a d4.85 - 4.75 due to proton of lactam ring, which is adjacent to nitrogen atom, which was
strong evidence for the formation of lactam. A quartet at d 4.2 and asinglet at d 3.74 are due to
the presence of OCH, and OCH 3 protons respectively. Two distinct multiplets appeared, one at d
3.15 - 3.0 and another at d 2.60 - 2.50 for CH2 proton of lactam ring indicating that these protons
have vicina coupling, geminal coupling and alylic coupling. A doublet at d 1.83 with J= 4.0 Hz

and atriplet at d 1.27 with J= 5.0 Hz is attributed to allylic CHsz and CH3z groups. The important

chemical shift values and the corresponding protons are given in figure-5

Figure -5
(m 6.75-6.65)
(m, 4.75-4.65)
H —>(d, 5.8)
(m, 3.153.0) COOCHZCH3
(m, 2.652.50)
(dd,6.85-6.80)

The *3C NMR spectrum showed two signals at d 165.45 and 165.72 due to the presence
of carbonyl carbons of lactam and ester, respectively while the other two signals appeared at d
159.77 and 159.69 were assigned to the b-carbons of unsaturated lactam and ester respectively.
The *H NMR spectrum is shown on page 133. The mass spectrum showed a molecular ion peak

a m/z 315 which confirming the expected product. The above spectroscopic data proved the

structure of product (52). Similarly the structure of product, ethyl-2-ethyl-3-[4-[(E)-ethylidene]-
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1- (4-methoxyphenyl) - 5-oxoxotetrahydro- 1H -2- pyrrolyl] - (E)- 2-propencate  (53) obtained from
the paladium catalyzed reaction of 45 with ethyl-2-ethyl-(2E)-2,4- pentadienoate was deduced
from the spectroscopic data such as IR 'H NMR, **C NMR and Mass. The proton and *C NMR
spectra are shown on page no. 134.

A mixture of E€/Z, 8:2) lactam (54) obtained from the reaction of mixture of 48 (Z/E,
9:1) was also characterized. The IR spectrum gave a sharp peak at 1693 cm™ corresponding to
carbony! stretching frequency. The *H NMR spectrum showed two doublets between d 8.80 -
8.70 for A,B; type of aromatic proton and aromatic protons appeared as a multiplet between d
7.8 - 7.3. The alefinic proton of the cyclohexene ring of lactam appeared as multiplets at d 6.25 -
5.85. There were two multiplets at d 4.85 - 4.70 and 4.75 - 4.65 could be assigned to ring
junction praon which is adjacent to nitrogen atom with the integration of 0.2 H and 0.8 H
respectively, which determined the ratio of the isomers. The **C NMR spectrum revealed al the
required carbon signals of both the isomers. The mass spectrum gave a molecular ion peak at nvz
346. These above data helped us to prove the structure of the product (54). One of the isomer
separated from the mixture by column chromatography.

The IR spectrum of the product from the reaction of 47 with ethyl-1, 3 pentadienoic acid
ester showed sharp pesks at 1682 and 1705 cmit indicating the carbonyl stretching frequency of
both lactam and ester groups. The 'H NMR spectrum (page no. 135) showed all important
protons as multiplets at d 4.55 - 4.45, 340 - 3.25 and 2.65 - 2.45 supporting the formation of
expected lactam product. The presence of cyclohexyl ring protons was confirmed by the
appearance of multiplet a d 20 - 1.2. The C NMR spectrum (page no. 135) was clearly
indicating the presence of two carbonyl carbons by showing two sgnals at d 168.74 and d

165.51. The mass spectrum of the product gave a molecular ion peak at m/z 353, which is the



further evidence for the formation of expected lactam product. All these data confirmed the
structure of required lactam (56).

The IR spectrum of the product obtained from the reaction of amide 43) with 1-phenyl-
1, 3butadiene showed sharp peaks at 1683 cm™ and 1605 cm™ indicating the presence of C=0
and C=C bonds respectively. In the 'H NMR spectrum of the product, a multiplet appeared & d
7.65 -7.25 confirming the presence of aromatic protons (13H). A doublet at d 6.85 with coupling
constant, J = 8.0 Hz was attributed to aromatic protons of A2B> pattern. A doublet of doublet
appeared at d 6.65 (J = 4.0 Hz, J=12.5 Hz) could be assigned to olefinic protons of the product.
A doublet at 6.10 assigned for other olefinic proton. The most important proton which appeared
asamultiplet at d 4.90 - 4.80, 3.65 - 3.50 and 3.15 - 2.95 confirmed the formation of expected
cyclised product 1-(4-methoxyphenyl)-5-[ 2-phenyl-(E)- 1-ethenyl]-3-[ 1-phenyl-(E)-
methylidene]-tetrahydro- 1H-2-pyrrolone (55). The product obtained from the reaction of 1N-(4-
methoxyphenyl) - 2-bromo- 3- phenyl-(2)-2-propenamide (43)  with phenyl propiolate in the
presence of palladium catalyst was characterized by the usual spectroscopic method. The IR
spectrum gave a strong absorption band at 1705 cm™ and the * H NMR spectrum showed a
multiplet at d 7.75 - 7.25 was assigned to aromatic protons (13H) and two singlets at 3.84 and
372 with an integration of 3 protons of each indicating the presence of two methoxy groups. The
mass spectrum displayed a molecular ion peak a m/z 411. The above data confirmed the
structure of the expected product (67). Similarly the structure of the praduct (58) obtained from

the reaction of amide (45) with 1, 3cyclohexadiene was aso confirmed.
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CONCLUSION
A new and novel methodology was developed towards the synthesis of a, b-unsaturated
butyrolactams by the palladium catalyzed reactions of a-bromoacrylic amides with 1, 3 dienes

and akynes.

EXPERIMENTAL
General procedurefor synthesis of bromoacrylic amides

A 25 mL round bottomed flask equipped with a calcium chloride guard tube was charged
with a- bromoacrylic acid (10 mmol) and freshly dstilled thionyl chloride (1.62 g, 12 mmol).
The reaction mixture was allowed to stand for 2 h at room temperature. The excess of thionyl
chloride was removed by distillation and the pure acid chloride obtained was stored under argon
atmosphere.

A mixture of dry triethylamine (10 mmol) and substituted anilines (10 mmoal) in dry
dichloromethane (25 mL) was charged into a two necked round bottomed flask equipped with a
magnetic stirring bar and argon baloon. To the stirring solution, the freshly prepared acid
chloride was added slowly at 0°C for 10 min. and the reaction was allowed to stir for 1h at RT.
The reaction mixture was neutralized with dil. HCI and the product extracted with
dichloromethane (3 © 10 mL). The combined organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give the crude product. Silica gel column
chromatographic purification of the crude product using a mixture of petroleum ether and ethyl
acetate (9:1) gave the product in high yield.
a-bromaacrylic amides
1N-(4-methoxyphenyl)-2-bromo-3-phenyl-(Z )-2-pr openamide (43)

Mol. F : C16Hl4BrN02



M.P : 107 -108°C

IR (Nujol) : 3294, 2925, 2854, 1651, 1608, 1596, 1460, 1446, 1309,
1033, 825, 690 cmi’,

'H NMR (200 MHz, CDCl) : d 85 (bs, 1H), 8.4 (s, 1H), 7.8- 7.6 (m, 2H), 7.5 (d, J=8.0
Hz, 2H), 7.5 - 7.3 (m, 2H), 6.9 (d, J= 8.0 Hz, 2H), 3.79 (s,
3H).

BC NMR (50.32 MHz, CDCh) : d 160.14, 156.87, 138.05, 133.97, 131.02, 130.15,

129.74,128.34, 122.17, 114.12, 55.34.
M ass (m/2) : 333 (M+1, 83), 271(11), 252 (100), 211(58), 181(28), 122

(33), 102 (45).

1N-(4-methoxyphenyl)-2-bromo-3-phenyl-(E)-2-propenamide (44)

Mol. F © C1sH14BrNO,
M.P - 137 -138°C
IR (Nujol ) - 3263, 2923, 1650, 1616, 1184, 1024, 918, 825, 694 ci™.

'H NMR (200 MHz, CDCl)  : d7.45 - 7.2 (m, 8H), 6.85 (d, J = 7.8 Hz, 2H), 3.78 (s, 3H).

BC NMR (50.32 MHz, CDCly) : d 162.60, 157.08, 136.65, 134.48, 130.29, 128.89, 128.41,
122.20, 116.50, 114.30, 55.60..

Mass (m/2) : 333 (M+1, 83), 271(11), 252 (100), 211(58), 181 (28), 122

(33), 102 (45).

1N-(4-methoxyphenyl)-2-bromo-(Z)-2-butenamide (45)
Yield : 1.25 g (92%)

Mol. F : CiiH12BrNO>
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M.P : 59 - 60 °C

IR (Nujol) © 3330, 2954, 1650, 1596, 1413, 1029, 831, 732 cmt

'H NMR (200 MHz, CDCl) : d 85 (bs, 1H), 7.5 (m, 1H), 7.45 (d, J= 8.0 Hz, 2H), 6.8 (d,
J=80Hz, 2H), 38 (s, 3H), 1.9 (d, J= 2.0 Hz, 3H).

BC NMR (50.32 MHz, CDCly) : d 159.58, 156.90, 137.93, 130.47, 122.16, 119.37, 114.19,
55.45, 17.77.

Mass (m/2) : 271(M*, 43), 270 (6), 269 (47), 190 (25), 162 (12), 147 (65),
108 (49), 80 (16).

1-N-cyclohexyl-2-bromo-(2Z)-2-butenamide (46)

Yield : 0.925 g (74%)
Mol.F : CloHleBrNO
IR (Nujol) © 3417, 2931, 1658, 1620, 760 cm™

4 NMR (200 MHz, CDCk) : d7.4(qg, J=6.0 Hz, 1H), 65 (bs, 1H), 3.8 - 3.6 (m,1H), 1.95
(d, J= 60Hz, 3H), 1.8 - 1.2 (m, 10 H).
“C NMR (50.32 MHz, CDCL) : d 160.34, 136.30, 119.54, 48.78, 32.42, 25.22, 24.34, 17.10
Mass (m/2) © 247 (M, 17), 245 (18), 204 (11), 166 (100), 147 (58), 121
(23), 98 (31).

1-N-cyclohexyl-2-br omo-3-phenyl-(Z)-2-pr openamide (47)

Yield : 1.31 g (85%)
M. P : 109 -111°C
Mol. F : CisH1sBrNO
IR (Nujol) : 3309, 2920, 2854, 1645, 1616, 1020, 757 cm™

'H NMR (200 MHz, CDCl) : d8.31(s, 1H),7.8- 7.7 (m, 2H), 7.5 - 7.35 (m, 3H), 6.74

(bs,1H), 4.0 - 3.8 (m, 1H), 2.1 - 1.9 (m, 2H), 1.8 - 1.5 (m,



101

3H), 1.5 - 1.10 (m, 5H).
BC NMR (50.32 MHz, CDCly) : d 161.62, 144.53, 130.11, 129.77, 128,61, 115.92, 49.72,
33.00, 25.79, 25.00.
Mass (m/2) : 308(M*, 4), 210 (12), 183 (12), 145 (13), 131(19), 116 (4),
91(5), 76 (10).

1N-(4-nitrophenyl)-2-br omo-3-phenyl-2-pr openamide (48)

Yidd . 1.25 g (82%)

Mol. F : CisH1BrN O3

M.P 1127 - 128 °C

IR (Nujol) . 3330, 1683, 1598, 852 cri’

'H NMR (200 MHz, CDCL) : d 89 (bs, 1H), 85 (s, 0.9 H), 8.30 (d, J= 8.0 Hz, 2H), 7.8 -
7.70 (m, 4H), 7.55 - 7.35 (m, 3.1H)

Mass (m/z) 1 346 (M", 2), 267 (34), 221 (10), 183 (23), 102 (100), 91 (8).

General procedure for the palladium-catalyzed reactions of a-bromoacrylic amides with 1,
3-dienes.

A 25 mL RB flask equipped with a magnetic stirring bar, reflux condenser and argon
balloon was charged with a-bromoacrylic amide (1 mmol), 1, 3diene (2 mmol), PdCl,(PPhg),
(0.07g, 0.1 mmol), sodium carbonate (0.275 g, 2 mmol), zinc chloride (0.067 g, 0.5 mmol) and
degassed N-methylpyrrolidone (4 mL). The reaction mixture was flushed with argon thrice and
allowed to stir at 90 °C for 248 h. The reaction mixture was neutralized with dil. HCI and the
product was extracted with ethyl acetate (3~ 5 mL). The com bined organic layer was dried over

anhydrous sodium sulphate and concentrated under reduced pressure to give crude product. The
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crude product on silica gel column chromatographic purification using a mixture of petroleum

ether and ethyl| acetate gave the corresponding butyrolactams in moderate to good yield.

1-(4-methoxyphenyl)-3-(1-phenyl-(E)-methylidene)-2,3,3a,4,5,7ahexahydro-1H-2-indolone

(49)

Mol.F : CoH210:N
M.P : 135 -137°C
IR (Nujol) : 3018, 2935, 1681, 1645, 1608, 1290, 1247, 1033, 692 ct

4 NMR (200 MHz, CDCl) : d7.6(d, J=4.0 Hz, 1H), 7.55 - 7.4 (m, 5H), 7.3 (d, J= 8.0
Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 6.15 - 6.05 (m, 1H), 5.85 -
5.7 (m, 1H), 4.6 - 4.5 (m, 1H), 3.8 (s, 3H), 3.65 - 3.50 (M, 1H),
225- 2.0 (m, 3H), 1.6 - 1.45 (m, 1H).

BC NMR (50.32 MHz, CDCL) : d 168.65, 158.19, 136.52, 135.60, 133.25, 130.00, 129.77,

129.13, 126.63, 123.27, 114.64, 55.76, 54.77, 36.51, 24.45,

2393,

Mass (m/2) : 331 (M*, 100), 302 (15), 212 (18), 179 (12), 165 (22), 134

(19), 115 (37), 91 (24), 77 (54)

5-isopropenyl-1-(4-methoxyphenyl)-3-(1-phenyl-(E)-methylidene)tetr anydro-1H-2-

pyrrolone (50)
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NO— OMe

Moal.F
M.P
IR (CHCly)

'H NMR (200 MHz, CDCl)

BC NMR (75 MHz, CDCly

Mass (m/2)

Analysis : Calculated

Found

. 021H 2102N
1183 -184°C
: 3016, 2839, 1704, 1674, 1512, 1180, 831, 761 cm™

© d7.65 - 7.4 (m, 8H), 6.9 (d, J = 8.0 Hz, 2H), 5.05 (s, 1H), 4.9

(s,1H), 4.85 - 4.75 (m, 1H), 3.82 (s, 3H), 3.55- 3.25 (m, 1H),

2.95- 2,65 (m, 1H), 1.65 (s, 3H).

: d 168.83, 157.56, 144.51, 136.09, 131.51, 130.07, 129.10,

124.15, 114.81, 114.36, 63.11, 55.76, 31.62, 16.75.

© 319 (79), 304 (23), 278 ( 66), 174 (12), 160 (24), 128 (48), 115

(100), 91 (21), 77 (14).

: C(78.98), H (6.60), N (4.37)

© C(78.01), H (6.43), N (4.10)

Ethyl3-(1-(4-methoxyphenyl)-5-oxo0-4-(1-phenyl-(E)-methylidene)tetr ahydro-1H-2-

pyrrolyl)-(E)-2-propenoate (51)

Mol.F

Ca3H2N O4



M.P
IR (Nujol)

'H NMR (200 MHz, CDCl)

BC NMR (50.32 MHz, CDCl) :

Mass (m/2)

Analysis Calculated

Found

104

147 -148°C
3018, 1716, 1687, 1652, 1512, 1215, 1035, 757 cm*

d 7.6 - 7.3 (m, 8H), 6.92 (d, J= 8.0 Hz, 2H), 6.9 - 6.8 (m,
1H), 5.8 (d, J = 13.0 Hz, 1H), 4.9 - 4.75 (m, 1H), 4.2 (g, J
=7.5 Hz, 2H), 3.81(s, 3H), 3.65-3.40 (m,1H), 3.1- 2.9 (m,
1H), 1.25 (t, J = 7.5Hz, 3H).
d 167.83, 165.23, 157.05, 146.25, 135.08, 131.84, 130.59,
129.43, 128.94, 128,52, 123.08, 113.99, 60.43, 57.59,55.12,

31.43, 13.86.

: 377 (M*, 100), 348 (29), 304 (51), 204 (20), 160 (25),

116 (100).

© C(73.19), H (6.14), N (3.71)

. C(72.60), H (6.32), N (3.22)

Ethyl-3-[4-[(E)-ethylidene]-1-(4-methoxyphenyl)-5-oxotetrahydr o -1H-2-pyrrolyl]- (E)-2-

propenoate (52)

O

A NOOCHg

COOEt
Mol.F
IR (Nujol)

'H NMR (200 MHz, CDCk)

. CigH210N
: 3016, 2839, 1704, 1674, 1369, 1180, 975, 761 cmt

- d7.4(d, J=8.0Hz 2H), 6.9 (d, J = 80 Hz, 2H), 6.85 - 6.75

(dd, J, = 40 Hz, 3, =12.5 Hz, 1H), 6.75 - 6.65 (M, 1H), 5.8

(d, J=125Hz,1H), 4.75 - 4.65 (m, 1H),4.1 (q, J= 7.5Hz,
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2H), 3.78 (s, 3H),3.15 - 3.05 (m, 1H), 2.65 - 2.50 (m, 1H),
1.6 (d, J=4.0 Hz3H), 1.25 (t, J = 7.5 Hz, 3H).

BCNMR (50.35MHz, CDCl3) : d 167.45, 165.72, 159.77, 159.69, 150.32, 131.4 0, 130.10,

129.77, 123.89, 121.54, 114.11, 60.56, 55.38, 54.57, 29.28,

14.69, 14.17.

Mass (m/z) : 315(M"7, 100), 286 (41), 270 (17), 242 (83), 134 (26), 106
(25), 91(12).

Ethyl-2-ethyl-3-[4-[(E)-ethylidene]-1-(4-methoxyphenyl)-5-oxoxtetr ahydro -1H-2-pyrrolyl]-

(E)-2-propenoate (53)

oo

CoHs
COOEt
Mol. F : CodH=sNO4
M.P : 119°C
IR (Nujol) © 2925, 1703, 1672, 1512, 1043, 831 cm™*

'H NMR (200 MHz, CDCk) : d7.3(d, J = 8.0 Hz, 2H), 6.8 (d, J= 8.0 Hz, 2H), 6.7 - 6.6 (m,
1H), 65 (d, J = 4.0 Hz, 1H), 5.0 - 4.9 (m, 1H), 4.2 (g, J = 7.0
Hz, 2H) 3.77 (s, 3H), 2.3 (g, J= 7.5 Hz, 2H), 1.75(d, J = 4.0
Hz), 1.3 (t, J= 7.0 Hz, 3H), 1.0 (t, J = 7.5 Hz, 3H).

BC NMR (50.35 MHz,CDCly) : d 166.99, 166.48, 157.25, 140.42, 135.86, 130.90, 129.35,
124.50, 121.50, 113.88, 60.43, 55.03, 54.88, 29.34, 20.11,
14.30, 3.79, 13.64.

M ass (m/2) : 343 (M*, 49), 328 (9), 314 (28), 254 (15), 173 (18),

134 (49), 108 (37).
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Analysis . Calculated : C (69.96), H (7.33), N (4.07)
Found - C(69.90), H (7.06), N (4.14)

1-(4-nitrophenyl)-3-[1-phenyl-(E)-methylidene]-2,3,3a,4,5,7a-hexahydr o-1H-2-indol one (54)

-

E/Z (8:2)

Mol. F : C2aH18N203

M.P 102 - 113°C

IR (Nujol) : 3018, 2929, 1693, 852 cm™

'H NMR (200 MHz, CDClk) : d 8.80 - 875 (m, 2H), 7.8 - 7.30 (m, 7.8H), 6.25 - 5.885 (m,
2H), 4.85 - 4.75 (m, .2H), 4.75 - 4.65 (m, 0.8H), 3.75 - 3.60
(m, 0.8H), 3.45 - 3.30 (M, 0.2H), 2.2 - 2.0 (m, 3H), 1.65 -
1.45 (m, 1H).
BC NMR (75MHz, CDCly : d 168.96. 168.26, 145.31, 143.78, 139.66, 135.05, 134.66,
134.14, 132.73, 130.92, 130.01, 129.01, 128.52, 127.97,
126.08, 124.43, 123.24, 121.62, 119.70, 119.20, 55.15,
53.26, 35.62, 23.41, 23.50.
Analysis :Calculated : C(72.62), H (5.21), N (8.06)
Found 1 C(72.32),H (5.22), N(8.01)
1-(4-methoxyphenyl)-5-[2-phenyl-(E)-1-ethenyl]-3-[ 1-phenyl - (E )-methylidene}tetrahydro-

1H-2-pyrrolone (55)
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o)
PR NGOCH3

Ph
Mol. F : C26H23NO2
IR (Nujol) : 2925, 1683, 1603, 1170, 970, 862 cm™
'H NMR (200 MHz, CDCl;) : d7.65-7.25 (m, 13 H), 6.85 (d, J = 8.0 Hz, 2H), 6.65 (dd,
Ji = 4.0Hz, J2 = 13 Hz, 1H), 6.10 (d, J = 4.0 Hz, 1H), 4.9
(m, 1H), 3.78 (s, 3H), 3.65 - 3.50 (M, 1H), 3.15 - 2.95 (M, 1H).

Mass (m/2) - 381 (M", 25), 350 (35), 304 (23),277 (40), 105 (100), 77 (63)

Ethyl, 3{1-cyclohexyl-5-ox0-4-[1-phenyl-(E)-methylidene]tetrahydro-1H-2-pyrrolyl-(E)-2-

propenoate (56)
QO
COOEt
Mol. F . C22H27N03
M.P : 153-154°C
IR (Nujol) . 3016, 2921, 1712, 18683, 1041, 763 cmit

'H NMR (200 MHz, CDCl;)  : d 7.60 - 7.30 (m, 5H), 6.90 - 6.80 (dd, J; = 4.0 Hz, J, = 12.5
Hz, 1H), 6.0 (d, J=12.5 Hz, 1H), 45 - 4.4 (m, 1H), 4.2 (q, J =
1.0Hz, 2H), 4.0 -3.8 (m, 1H), 3.45 - 3.25 (m, 1H), 2.85 - 2.60
1.1 (m, 1H), 2.0- 1.20 (m, 10H).

BCNMR (50.35MHz, CDCl) : d 168.74, 165.51, 148.78, 135.54, 135.38, 130.53, 129.55,
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129.34, 128.52, 121.99, 60.61, 55.61, 52.35, 48.49, 32.87,
32.35, 31.71, 29.61, 25.67, 25.24, 24.72, 14.01.

Mass (m/z) : 353 (M*, 75), 324 (15), 280 (61), 270 (37), 224 (46), 198
(64), 183 (100), 105 (84), 77 (14).

Analysis Calculated : C(74.77),H (7.69), N (3.96)

Found : C(74.14), H (7.40), N (4.02)
M ethyl-1-(4-methoxyphenyl)-2-oxo-4-phenyl-3-[ 1-phenyl-(E)-methylidene-2, 3-dihydro-1H-
5-pyrrolecar boxylate (57)
I

Ao

Ph COOMe

Mol.F : CosHaNO4

IR (CHCL) . 1616, 1596, 1514, 1492, 1249, 1031, 932 cm™.
4 NMR (CDCl3, 200 MHz) : d 8.14 (d, J = 8.0 Hz, 2H), 7.75 - 7.25 (m, 13H), 3.74 (s, 3H),
3.18 (s, 3H).

Mass (m/2) 411 (M*, 100), 352 (9), 325 (18), 210 (58), 105 (18), 77 (12).

3-[(E)-ethylidene]-1-(4-methoxyphenyl)-2, 3, 3a, 4, 5, 7a-hexahydro-1H-indolone (58)
N@OMe

Mol. F . C17H19NO4
IR (CHCl) : 2923, 1683, 1603, 1430, 1047, 932 cm™*

'H NMR (200 MHz, CDCk) : d 7.4 (d, J = 8.0 Hz, 2H), 6.9 (d, J = 8.0 Hz, 2H), 6.8 - 6.7 (m,
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1H), 6.0 - 5.9 (M, 1H), 5.7 - 5.6 (M, 1H), 4.6 - 4.5 (M, 1H),
3.78 (s, 3H), 3.3- 3.2 (m, 1H), 2.1 - 1.9 (m, 3H), 1.76 (d, I =
4.0Hz, 3H), 1.6 - 1.5 (m, 1H).

Mass (m/2) - 271 (M*, 23), 240 (50), 164 (43), 139 (27), 105 (100), 76 (60)
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Chapter 4

This chapter is divided into two sections.
Introduction and Background

The carbon-hetero bond formation reactions catalyzed by transition metal complexes has
been a very attractive reaction to be studied in last two decades, especialy, the formation of
indoles, aziridines and other heterocycles which are important part of most of the biologically
interesting natural products. The indole nucleus is prevalent in a wide variety of biologically
active, naturally occurring compounds and numerous approaches to its synthesis have been
reported including many employing transition metals® particularly palladium?. Transition metal
catalyzed nitrogen atom transfer reactions are a fascinating way to construct novel heterocyclic
compounds. These reactions are not established much and there are a few reports on the nitrogen
atom transfer reactions mediated by transition metal complexes described below in detail.

Kahn et al. reported the copper catalyzed decomposition of benzenesulfonyl azide in
hydroxylic medium to form aziridines. Subsequently Mansuy et al. studied the iron and
manganese porphyrin catalyzed aziridination of alkenes by tosyl and acyl-iminoiodobenzene
(scheme -1).

Scheme-1

Ph
catalyst
Pi=NTs + \__ " ” P’\W +  Phl

catalyst : Fe(TPP)CI, Mn(TPP)CI
Manganese porphyrin complexes were found to be much better catalyst than iron

porphyrins for alylic N-tosylamination of alkenes by tosyliminoiodobenzene (scheme-2).°
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Scheme-2

Mn(TPP)(CIOy)
"N+ PH=NTs ——» Phl + TsNHp+ Z G N
NHTs

A

NHTs

Andersson et al. studied the preparation of various nitrogen precursors and evaluation of
their utility for the copper catalyzed aziridination of olefins. The best results were obtained with

p-nitrotosyliminoiodobenzene and p-methoxytosyliminoiodobenzene (scheme-3).%

Scheme-3
R, CU[(CH3CN)4]CIO,4 SO,Ar
Rl\)\ +  P-NO2.CgH4SO2N=IPh/ 5 mol% _ Rl\/ 5N§ R
R p-MeO-CeH4S02N=IPh CHyON, RT, MS 4A

H Ry

Highly enantioselective aziridination of styrene derivative catalyzed by newly designed
manganese (I11) salen complex was reported by Nishikori et a. (scheme-4)” and also various
chiral metal salen complexes were utilized for asymmetric aziridination and epoxidation of
alkenes. ®

Scheme-4

R
>=< 3 PH=NTs Ra. N R
Rs " ; \

Ry catalyst R/
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catalyst : Ph = 4-t-BuCgHg

Section 1. Transition metal catalyzed activation of aryl azides
OBJECTIVE

Our objective was generating metalnitrenes from simple starting materials such as aryl
azides and their application in the aromatic C-H activation leading to develop a methodology
towards the synthesis of indoles by reacting with alkynes. Our aim was also to apply this

metalnitrene formation process in the synthesis of aziridines and other heterocyclic compounds

by reaction with olefins.
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PRESENT WORK
1 a. Reactions of aryl azideswith alkynes.

The various substituted aryl and tosyl azides were prepared according to the literature
methods. The reactions of aryl and tosyl azides with alkynes in the presence of various transition
metal catalysts Ni[P(OPh) 3]l4, MoCOes, NiClz(PPhg)2/Zn, FeCOs and reduced copper were studied
(scheme-5).

Scheme-5

N R R1
7 =
+ =R —— > |
R olvent

Catalyst : Ni[P(OPh) 3]4, Mo(CO)g, NiCl 2(PPhg)2, F&(CO)s, Cu(reduced)

Iz

Solvent : Dioxane, CH 3CN, Toluene.

R= OCH3, NOZ, CI, CH3
R]_ = C4H9, Ph

1b. Reactionsof aryl azidesand chloraminesT with alkenes.

The transition metal catalyzed reactions of various aryl, tosyl azides and chloramine-T
with akenes in the presence of Ni[P(OPh)3]s, F&(CO)s, Mo(CO), W(CO), PdCl,y(PPhg),,
Rh(PPh)sCl, RuClf{PPhs); and Vaska's complex were studied to form various substituted
aziridines (scheme 6).

Scheme-6
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Catalyst : CuCl, Ni[P(OPh) 3]4, Mo(CO) g, W(CO)6, PdCl2(PPhg)2, IrCI(CO)(PPh3)
Solvent : Dioxane, CH 3CN, Toluene.
R= OCH3, NOZ, CI, CH3

R, = COOH, Ph.
X = Nz, SO2N3z SO,NNaCl
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RESULTSAND DISCUSSION

The aryl azides were prepared according to the literature methods and characterized by
IR and *H NMR spectroscopic studies. The reactions of aryl azide with alkynes in the presence
of various transition metal cataysts, CuCl, Ni(0), Mo(CO)s, W(CO)s, PdClx(PPhg),,
IrCI(CO)(PPhs). failed to give the expected product. Instead, the known 1, 3-dipolar
cycloaddition product was formed under the various conditions. The 1, 3 dipolar cycloaddition
products (two regioisomers) formed were characterized by spectroscopic data The *H NMR
spectrum (Figure-1) of the product (one isomer) obtained from the reaction of p-methoxyphenyl
azide with 1-hexyne displayed adoublet and a singlet overlapping at d 7.6 corresponding to two
aromatic protons of AB, type and ol€efinic proton of triazole ring. A doublet at d 6.95 indicated
the presence of other two aromatic protons of AB, type. A singlet at d 3.85 is due to the
methoxy protons and a triplet at d 2.75 corresponding to alylic methylene protons of alkyl side
chain. Two multiplets appeared at d 1.7 - 1.6 and d 145 - 1.35 indicating the presence of
homoallylic proton and methylenic protons (-CH»CH »CH »CHs) respectively and atriplet at d
0.95 assigned for CHz. The mass spectrum displayed a molecular ion peak at m/z 231. The above
data confirmed the structure of 1, 3dipolar cycloaddition product. Similarly the other isomer
also was characterized by the respective 'H NMR spectrum.

The reaction of chloramine-T, aryl and tosyl azide with olefins (styrene, ethylacrylate and
methyl cinnamate) in the presence of various transition metal catalysts, Ni[P(OPh) 3]s, Mo(CO)s,
W(CO)es, PACIAPPhg),, RhCI(PPhg)s, RUuClyPPhs); failed to give the expected product under
different reaction conditions, including solvent (CHZCN, dioxane, toluene) and temperature (O -
120 °C). The reaction of chloramine-T with styrene in the presence of Fe(CO)s afforded the

expected product, which was confirmed by the IR, *H NMR and Mass spectra. The *H NMR and
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BC NMR spectra are shown on page 152. The mass spectrum displayed a molecular ion peak at

m/z 273. The above data confirmed the structure of the expe cted product 61.

CONCLUSION

In conclusion, the transition metal catalyzed reactions of aryl azides with alkynes failed
to give the expected indole product. Instead the known 1, 3-dipolar cycloaddition product was
formed under various modified reaction candition. The reaction of chloramine-T with olefin in

presence of Fe(CO)s afforded the expected aziridine in good yield.

EXPERIMENTAL
Reactions of aryl azides with alkynes

A 25 mL RB flask equipped with magnetic stirring bar and condenser was charged with
aryl azide (1 mmoal), alkyne (1 mmol) and catayst (10 mol%) in 5 mL of solvent (CHLCN,
dioxane, toluene). The reaction was allowed to stir at 80-100 °C and the solvent evaporated on
rotavapor. The crude product was purified by silica gel column chromatography using pet-ether

and ethyl acetate mixture (8:2).

4-(4-Butyl-1H -1,2,3-triazol-1-yl)phenylmethyl ether (59)

Mol. F : CiH1N3O

IR (Nujol) © 3128, 2954, 1542, 1521, 1463, 1028, 831 cm'*

'H NMR (200 MHz, CDCl) : d 7.6 (doublet and singlet overlapping , d, J = 8.0 Hz, 2H, s,
1H),7.0 (d, J = 8.0 Hz, 2H), 3.83 (s, 3H), 2.75 (t, J= 7.0 Hz,
2H), 1.7 - 1.65 (m, 2H), 1.45 - 1.35 (m, 2H), 0.95 (t, J=7.0

Hz, 3H).
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4-(5-Butyl-1H -1,2,3-triazol-1-yl)phenylmethyl ether (60)

'H NMR (200 MHz, CDCL) : d 7.58 (s, 1H), 7.3 (d, J=8.0 Hz, 2H), 7.05(d, J=8.0Hz 2
H), (s, 3H), 2.6 (t, J=7.0 Hz, 2H), 1.6 - 1.45 (m, 2H), 1.4 -
1.25 (m, 2H), 0.85 (t, J = 7.0 Hz, 3H).

M ass (m/2) - 231 (M", 11), 160 (100), 107 (14), 92 (22), 77 (47).

1-(4-Methylphenylsulfonyl)-2-phenyl azirane (61)

M.P : 56 °C

IR (Nujol) : 2938, 2923, 1595, 1428 cmit

'H NMR (200 MHz, CDCk) : d 7.8(d, J= 8.0 Hz, 2H), 7.4-7.2 (m, 7H), 3.75 - 3.70 (m, 1H),
30(d, J=5.0 Hz, 1H), 2.45-2.40 (s, 3H) 2.40 (d, J = 4.9 Hz,
1H).

3 C NMR (50.32 MHz, CDCl3) : d 144.49, 134.39, 129.60, 128.39, 128.13, 127.76, 126.40,

40.83, 35.72, 21.42.

Mass (m/z) : 273(M*, 1), 184 (79), 155 (91), 118 (20), 104 (14), 91 (100).
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Section 2. Reactionsof Chloramine-T and Tosyl azide with 1, 6-Dienes.
OBJECTIVE

Our am was to study the transition metal catalyzed formation of metal nitrenes by
activating tosyl azides and chloramine-T to develop a methodology towards the synthesis of
nitrogen containing heterocyclic compounds. In literature there were some reports on the
generation of nitrenes from chloramine-T and transfer of nitrogen atom to olefins to form
aziridines. Our strategy was to generate metal nitrenes from easily available simple precursors,
tosylazide and chloramine-T and study their application to the synthesis of new and novel

heterocycles by reacting with 1, 6 dienes in the presence of various transition metal catalysts.

PRESENT WORK

The various 1, 6-dienes were synthesized according to the literature methods. The
reactions of chloramine-T and tosyl azide with 1, 6-dienes have been carried out in the presence
of copper (1) chloride and Ni[P(OPh) 4] 4 to form heterocyclic compounds (scheme- 7).

Scheme-7

E

E .
cu(l) /Ni(o

+ TsNNaCl/TsNs {0 ()= E>©:‘\‘

E N

Ts

E=COOH
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RESULTSAND DISCUSSION

The precursors required for nitrogen atom transfer reactions were synthesized according
to the literature. The IR spectrum of product obtained from the reaction of diethyl malonate with
allyl bromide showed a sharp peak at 1735 cm™*which indicating the presence of carbonyl group.
The 'H NMR of the product displayed a multiplet at d 5.75 - 5.60 confirming the internal olefinic
proton and a doublet at d 5.2 assigned for terminal olefinic protons. A doublet appeared at d 2.6
is due to the presence of allylic methylene protons. A quartet at d 4.2 and a triplet at d 1.3 are
attributed to OCH, and CH3 respectively. The mass spectrum showed a molecular ion peak at
(m/2) 240. The above spectroscopic data confirmed the structure of the product, diethyl 2, 2
didlylmaonate. Similarly, the product of the reaction between the ethyl cyano acetate and allyl
bromide was also characterized by IR, 'H NMR and Mass spectra. The reaction of diethyl 2, 2
diallylmalonate with chloramineT in the presence of copper (I) chloride afforded a cyclised
product. The IR spectrum of the product showed a sharp prominent peak at 1727 cmi* indicating
the presence of carbonyl group. The *H NMR spectrum (page no. 153) gave a doublet at 7.65 for
aromatic protons (2H) of AsB, type and a doublet at 7.35 assigned for other two aromatic
protons of A2B: pattern. A quartet appeared at 4.2 corresponding to OCH2 protons. Methylenic
protons adjacent to nitrogen atom of cyclobutane ring appeared as a doublet a d 3.15. A
multiplet at 2.85 - 2.5 confirmed the four methylenic protons and ring junction proton (two
protons) and tolyl methyl appeared as a singlet at d 2.4. A multiplet appeared at 2.0 - 1.85
indicating the presence of methylenic proton of the product. Two triplets overlapping at 1.25
could be assigned to CH3 protons. The mass spectrum showed a molecular ion peak at m/z 409.

The above spectroscopic data confirmed the structure of expected product 68.
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The reaction of 1, 6dienes with chloramine-T and tosyl azide catalyzed by different
transition metal catalysts, CuCl, and Ni[P(OPh)s]4 was unsuccessful except the reaction of

chloramine T with diethyl 2, 2diallylmalonate in the presence of copper chloride.

CONCLUSION

In conclusion, the reaction of bis-olefin, diethyl 2, 2diallylmalonate with chloramine-T
and tosyl azide catalyzed by copper (1) chloride afforded the expected product in good yield. The
reactions of other bis olefins failed under various modified reaction conditions, catalyst, solvent,

temperature and co-catalyst.

EXPERIMENTAL
Preparation of diethyl 2, 2-diallylmalonate (62)

A 250 mL RB flask equipped with magnetic stirring bar was charged with
diethylmalonate (4.0 g, 25 mmoal), tetrabutylammonium bromide (1 g and alyl bromide (6.6 g,
55 mmol) in 25 mL dichloromethane. To this, 10% sodium hydroxide (50 mL) was added slowly
with stirring at room temperature. The reaction mixture was alowed to stir for overnight. The
reaction mixture was neutralised with dil. HCl and extracted with dichloromethane (3 x 15 mL).
The combined organic layer dried over anhydrous sodium sulphate and concentrated under
reduced pressure. The crude product obtained was purified by silica gel column chromatography
using 60-120 mesh silica gel and a mixture of pet-ether and ethyl acetate (9:1).

Yield : 1.8 g (30%).
IR (Neat) : 2981, 1735, 1599, 1470, 960, 870 cm*
'H NMR (200MHz, CDCly : d5.75- 5.6 (m, 2H), 51(d, J=11.0Hz,4H ), 4.2(q, J=8.0

Hz, 4H), 2.6 (d, J= 7.4 Hz, 4H), 1.3 (t, J = 8.0 Hz, 6H).
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BC NMR (75MHz, CDCls) : d 170.68, 131.86, 118.92, 60.20, 58.08, 38.20, 16.82.

Mass (m/2) © 240 (5), 199 (10), 153 (64), 125 (37), 93 (100), 79 (70), 67 (25).

Preparation of ethyl-2-allyl-2-cyano-4-pentenoate (63)

A mixture of ethyl cyano acetate (2.8 g, 25 mmol), alyl bromide (6.6 g, 55 mmol) and
tetrabutylammonium bromide (0.350 g, 1 mmol) charged into a 250 mL RB flask equipped with
magnetic stirring bar. To this, dichloromethane (25 mL) was added followed by slow addition of
10 % agueous sodium hydroxide (50 mL) with stirring a room temperature. The reaction
mixture was alowed to stir for overnight. The reaction was quenched by addition of dil. HCI (10
% by volume) and the product was extracted with dichloromethane (3 x 15 ml). The combined
organic layer washed with brine solution, dried over anhydrous sodium sulphate and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography using ethyl acetate- petroleum ether mixture (9:1).

Yield : 1459 (31%)

IR (Neat) : 3014, 2301, 1735, 1605, 1470, 1280, 960 cm'*

'H NMR (200 MHz, CDCl) : d 6.0 - 585 (m, 2H), 5.3 - 5.2 (2s, 4H), 4.2 (g, J = 6.0 Hz, 2H),
2.75 - 2.45 (m, 4H), 1.3 (t, J = 6.0 Hz, 3H)

Mass (mz) © 192 (M ™, 1), 164(14), 154(13), 146(10), 124(100), 93(77).

1-[3-allyloxy-(E)-1-propenylbenzene (64)

A 25 mL two necked flask equipped with magnetic stirring bar was charged with sodium
hydride (0.96 g, 40 nmoal), in dry tetrahydrofuran (10 mL). To this, cinnamyl alcohol (1.34 g, 10
ml) was added slowly at ice-cold condition for 10 minutes. After that allyl bromide in 6 mL of

tetrahydrofuran was added and allowed to stir at room temperature for overnight. The reaction
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was quenched with ice-cold water, and the product was extracted with ethyl acetate (3x10 mL).
The combined organic layer washed with brine solution (10 mL) dried over anhydrous sodium
sulphate and concentrated. The silica gel column chromatographic purification of the crude
product gave the pure compound.

Yidd : 1.56 g (89 %).

IR (Neat) : 2923, 1597, 1470, 1045, 960 cmi*

'H NMR (200 MHz, CDCly) : d 7.5 - 7.20 (m, 5H), 6.65 (d, J=14.0 Hz, 1H), 6.40 - 6.20 (m,
1H), 5.4 - 5.2 (dd, J= 15.0 Hz, 6.0 Hz, 2H), 4.2 (d, J= 6.0 Hz,
2H), 4.1 (d, J= 6.0 Hz, 2H)

Mass (m/2) : 174 (M7, 2), 156 (2), 143 (3), 133 (25), 115 (50), 105 (100),
91(48), 77 (50).

Allyl cinnamate (65)

A mixture of cinnamic acid (2.96 g, 20 mmol) and allyl alcohol (1.45 g, 25 mmol) was
charged into a 25 mL RB flask equipped with magnetic stirring bar. To this thionyl chloride (4
mL) was added slowly at O °C for about 10 minutes with stirring. The reaction mixture was
alowed to stir a room temperature for 1 h. The excess of thionyl chloride was removed by
digtillation. The crude product was purified by slica gel column chromatography using a
mixture of pet. ether and ethyl acetate (9.5:0.5).

Yield : 3.29(85%)

IR (Neat) : 3062, 3028, 1712, 1637, 980 cmi*

'H NMR (200 MHz, CDCb) : d 7.8(d, J=14.5 Hz, 1H), 7.50 - 7.25 (m, 5H), 6.4 (d, J= 14.0

Hz, 1H), 6.01 - 5.95 (m, 1H), 5.2 - 5.1(m, 2H), 4.35 (d, J= 6.0
Hz, 2H)

Mass (m/2) © 188(M*, 9), 143 (24), 131 (97), 103 (100), 77 (74).
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N-allyl-4-methyl-1-benzene sulphonamide (66)

A 50 mL RB flask equipped with magnetic dirring bar was charged with a mixture of
alyl amine (1.4 g, 25 mmol) and triethylamine (5 g, 50 mmol) in dry dichloromethane (15 mL).
Tosyl chloride (4.75 g, 25 mmol) in dry dichloromethane (5 mL) was added slowly at 0 °C for
10 minutes. The reaction mixture neutralised with dil. HCl (10% by volume) and the product
extracted with dichloromethane (3x10 mL). The combined organic layer dried over anhydrous
sodium sulphate, concentrated under reduced pressure. The crude product was purified by silica

column chromatography using a mixture of pet-ether and ethyl acetate (9:1).

Yield : 4.69(87%)
M.P : 57°C
IR(M.S.A) : 3249, 2923, 1595, 1460, 1321, 1163, 1064, 812, 707 cm™

'H NMR (200 MHz, CDCk) : d 7.8(d, J=8.0 Hz, 2H), 7.3 (d, J=8.0Hz, 2H), 5.9 - 5.75(m,
1H), 5.2 (s, 1H), 5.1 (s, 1H), 3.6 (m, 2H), 2.4 (s, 3H).
1N, IN-diallyl-4-methyl-1-benzene sulphonamide (67)

A 25 mL RB flask equipped with magnetic stirring bar was charged with a mixture of N-
allyl-4-methyl- 1- benzene sulphonamide (0.422 g, 2 mmoal), alyl bromide (0.484 g, 4 mmol), and
tetrabutylammonium bromide (0.05 g, 15 mmol) in dichloromethane (10 mL). To this 10 %
sodium hydroxide added slowly at 0 °C and allowed to stir at room temperature for overnight.
The reaction mixture was neutralised with dilute hydrochloric acid (10 % by volume) and the
product extracted with dichloromethane (3x5 mL), the combined organic layer washed with
brine solution (1x 5mL), dried and concentrated under reduced pressure. The crude product was
purified by slica gel column chromatography using a mixture of pet.ether and ethyl acetate
(9:D).

Yield : 0.376 g, (75 %)
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IR (M.S.A) : 2081, 2922, 1596, 1442, 1043, 929, 763 cm™*
4 NMR (200 MHz, CDCl) : d 7.8(d, J=8.0Hz, 2H), 7.3 (d, J = 8.0 Hz, 2H), 5.9 - 5.75 (m,
2H), 5.2 (s, 2H), 5.1 (s, 2H), 3.6 (M, 4H), 2.4 (s, 3H).

Mass (m/2) : 251 (M*, 38), 236 (38), 224 (100), 210 (7), 186 (98), 172 (25).

Copper chloride catalyzed reaction of chloramine-T with bis-olefins

A 25 mL RB flask equipped with magnetic stirring bar, reflux condenser and argon
balloon was charged with chloramine T and bis-olefin and copper chloride was added slowly at
0 °C. The reaction mixture was allowed to reflux for 24 h. The mixture was concentrated under
reduced pressure. The crude product was purified by column chromatography using 100-200

mesh silica gel and pet.ether-ethyl acetate mixture (9:1).

Diethyl -1-(4-methylphenylsulfonyl)per hydr obenzo[b]azete-4,4 -dicar boxylate (68)

EOOC
EOOC
N-SO, CHs
Mol .F : CaoH27NSOs
IR (Nujol) : 2978, 2930, 1727, 1446, 1190 cm't

'H NMR (200 MHz, CDCk) : d 7.65 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.2 (q, J =
6.0 Hz, 4H), 3.15 (d, J = 9.6 Hz, 2H), 2.83 - 2.5 (m, 6H), 2.4
(s,3H), 2.0 - 1.85 (m, 2H), 1.25 (two triplets overlapping, 6H).

Mass (m/2) : 409 (M*, 2), 363 (5), 254 (100), 110 (10), 91 (18), 79 (6).
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List of Abbreviations

Ac Acetyl

aq agueous

Bn benzyl

Bp boiling point

Bu butyl

DCM dichloromethane
NMP N-methyl pyrrolidone
DMF N, N-dimethyl formamide
Et ethyl

EtOAC ethyl acetate

g gram

h hour

IR infrared

m molar

mL milliliter

mmol millimole

mp melting point

rt room temperature
TEA triethylamine

THF tetrahydrofuran

TLC Thin Layer chromatography
TMS trimethylsilane

TMSCI chlorotrimethylsilane



" When two organic fragments are found on a metal framework, the

possibility of coupling them becomes an attractive prospect.”

R. Hoffmann

JACS, 1982, 104, 632




