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Thesis Title: "Synthesis ofIsoindolines and Isoindolinones by
palladium catalyzed Reactions."

Abstract

1soindolin-l-ones (or 2,3-dihydro-l H-isoindol-l-one (phthalimidine) and 1soindoline

(2,3-dihydro-1H-isoindole) moieties are integral parts of some natural products and have

generated considerable interest in recent years for their biological and medicinal

properties. A number of 2-substituted isoindolin-l-one was synthesized and their in vitro

antimicrobial activity was evaluated. A highly regio-and stereoselective method for the

synthesis of (Z)-3-aryl(alkyl)idene isoindolinones through palladium-copper catalysis is

described. The reactions were carried out by heating a mixture of 2-iodobenzamides and

its N-substituted derivatives and alkynes in DMF/THF at 80-85 DC / room temperature

for 16 h / 24 h in presence ofbis(triphenyl phosphine) palladium (II) chloride, copper (I)

iodide and triethylamine to yield 2-alkynyl benzamide which could then be cyclized with

NaOEt in EtOH to the 3-aryl(alkyl)idene isoindolinones. In certain cases, the

isoindolinones could be directly obtained by the palladium-copper catalyzed reaction. It

was attempted to synthesize 3-substituted isoindoline from 2-iodobenzamides and also

from 3-substituted isoindolin-l-ones but failed. The synthesized compounds showed poor

growth inhibition against antibiotic-susceptible standard and clinically isolated strains of

gram-positive and gram-negative bacterial as well as human fungal pathogens.
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Summary

Investigations incorporated in this dissertation entitled "Synthesis of isoindolines and
isoindolinones by palladium catalyzed reactions" have been presented in four sections.
In section-l background of biological importance and the important synthetic reactions

involved in the syntheses are presented. Section-2 & 4 deal with the detailed

methodologoy and experimental procedures for the synthesis of 3-substituted

isoindolinones and isoindolines respectively. Section-3 deals with the detailed biological

importance of3-substituted isoindolin-l ones.

Section-l represents the importance and synthesis of isoindolinone derivatives.

Heterocyclic compounds containing the isoindolinones moiety are of great interest

because of their occurrence in nature and their fascinating pharmaceutical and medicinal

activities. Although various methods have been developed previously for the synthesis of

isoindolinones, only a few of them were mediated through palladium catalysis.

In section-2, the syntheses of 3-substituted isoindolin-l ones 29-38 through the

palladium catalyzed reactions from 2-Iodobenzamides 11-17 are presented. The reactions

were usually carried out by heating a mixture of 2-Iodobenzamide or its N-substituted

derivatives 16, '17 and alkyne 18 inDMF / THF at 80 - 85°C for 16 h in the presence of

bis (triphenyl phosphine) palladium (II) chloride, copper (I) iodide, triethylamine to yield

3-substituterd isoindolin-l-ones 34, 35 directly in excellent yields. 2-Iodobenzamide

11-15 afforded 2-alkynyl benzamide 22-25 through the same reaction with

phenylacetylene 18. 2-Alkynyl benzamides 21-25 were cyclized with sodium ethoxide

with ethanol at 80°C for 4 h to afford the 3-substituted isoindolin-l-ones 29-33. In the

case of (trimethylsilyl) acetylene 19 and n-hexyne 20, the palladium catalyzed reactions

were performed at room temperature for 24 h to yield 2-alkynyl benzamides 26-28 which

were cyclized to form 3-substituted isoindolin-l-ones 36-38 as shown in Scheme 1.

The starting materials 2-Iodo benzamides 11-17 were prepared from 2-Iodobenzoic acids

which were synthesized from anthranilic acids via sandmeyer iodination with potassium

iodide according to the known literature procedure.
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3-substituted isoindolinon

C-C- R' H R'

~C-NHR2 NaOEtJEtOH • ~N-R'
II reflux, 80' C, 4 h
o
21-28 0

29-33,36-38

~:,'
o

34-35
3-substituted 1soindolinones

HC~CRI
18-20

(PPh3),PdCI"CuI,Et3N
DMFrrHF, 80 -85 Clroom
temp., N2 atm, 16 h

{YI
~C-NHR2

II
11-17 0

Scheme-!

Compounds R R"
11 18 21 29 Ph C6H4C1-p
12 22 30 Ph CHzC6H4CI-p
13 23 31 Ph H
14 24 32 Ph CH]
15 25 33 Ph CHzPh
16 34 Ph C6H40Me-p
17 35 Ph Ph
17 19 26 SiMe] Ph
16 27 SiMe] C6H4OMe-P
16 20 28 38 (CHzhCH3 C6H4OMe-P

-:- 36 H Ph
. 37 H C6H4OMe-P

In section-3, the test for the antibacterial and antifungal activity of the compounds 16, 21,

22, 29, 30, 31, 32, 34, 35 through antimicrobial screening are reported. Sixteen bacterial

strains and four fungi strains were used to study the antibacterial and antifungal activity

of the compounds at the higher concentration 200 Ilg/disc. The compound 16 showed

moderate activity (17 mm) against Rhizopus oryzae (fungi). On the other hand rest of the

compounds exhibited very poor activity (Table-4 in section-3).

In section-4, a new strategy of the synthesis of 3-substituted isoindo1ines is presented. At

first we attempted to prepare 2-Iodo-N-substituted benzyl amine by heating a mixture of

2-Iodo-N-p-anisyl benzamide and LiAlH4 / LiAlH4-AICblNaBH4/ Na-Hg in cone

HCllNzH4-KOH in THF/dioxane (scheme 2) at 80°C for 24 h to obtain a bluish coloured

needles. In all cases, spectral data were found to be identical with that of starting

XI



•. materials and small amount of starting materials were decomposed. So we did not carry

out further palladium catalyzed reactions.

RI~Ph
R2 ~ C6HpMe-p

LiAIH4/LiAIH4-AIC1)lNaBH4 •
Zn-Hg,Conc HCIIN2H4-KOH,
reflux 8OOC,24 h

Scheme-2

erI

.
~CH2-NHR2

HC==CR1

(PPh3hPdCI2, CuI, Et3N
DMF/THF, 8OO-85 'C/room
temp., N2 atm, 16h

H R1

3-substituted isoindo1ine

H

LiAIH4/LiAIH4-AICI3, THFJi
reflux, 80°C, 24 h

3-substituted isoindoline

Scheme-3

We also attempted to synthesize 3-Benzylidene-N-p-anisyl isoindoline (Scheme 3) from

3-Benzylidene-N-p-anisyl isoindolin-I-one by the reaction of LiAlH4 in THF at 80°C for

24 h to afford a light yellowish needles. Starting materials also came back and small

amount of the starting materials were decomposed.

•
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Prefatory Note

Unless otherwise stated the following procedures were used throughout the work.

Analytical or laboratory grade solvents and chemicals were used in all experiments and

these were procured from E. Merck (Germany) and Fluka (Switzerland). Commercial

grade of CHC!), n-hexane, ethylacetate, methanol, acetone etc. were purified by

distillation at the boiling point of the respective solvent. Petroleum ether used during this

research work had boiling point 40° - 60°C.

Melting Point:
Melting points were determined on Gallenkamp (England) melting point apparatus

(England) and Paraffin oil bath were uncorrected.

Infra-red (lR) and UV spectra:
The Infra-red spectra were recorded on KBr dise for films with a Shimadzu FTIR

Spectrophotometer and the UV spectra were recorded in dry EtOH with a Shimadzu UV

Visible spectrophotometer at the Department of Chemistry, BUET, Dhaka, Bangladesh.

Nuclear magnetic resonance (NMR) spectra:
The. 1H NMR spectra were recorded in CDC!) with a Ultra shield (Bruker)

Spectrophotometer (400 MHz) at BCSIR, Dhaka, Bangladesh.

Techniques and application of Thin Layer Chromatography (T.L.C):

Thin layer chromatography is considered to be one of the most useful methods for the

separation, purification, progress of the reaction rate and identification of a mixture of

organic compounds which involves an absorbent (usually silica gel) as stationary phase

and a solvent or solvent mixture as a mobile phase. Due to the differential rate of

absorption on the absorbent the compounds of the mixture migrated differently along the

T.L.C. plates. In other words, due to the difference in mobility of the components, solvent

xm



follows the fact that the more polar compound makes faster the mobility of the

components also depends on the polarity ofthe solvent or solvent mixture.

Procedure for the spotting and development of T.L.e plates:

The silica gel and alumina coated T.L.C plates were used. To spot the plates, first a mark

was made about 1 cm up from the bottom of each plate and the solution of the

components were then spotted with thin glass capillaries. More spotting were applied

upon the same place to concentrated the component when the first one was completely

soaked in. In such a way another spotting was made in a horizontal straight line (base

line). The plate was then placed vertically in a suitable solvent in a closed tank, but the

spot was not covered by the solvent. The atmosphere inside the tank was saturated with

the vapour of the same of the solvent. Development of the chromatogram accused by

capillary movement of the solvent up the adsorbent layer. The plates were removed when

the solvent front reached half a centimeter apart from a upper edge. The plates were then

allowed to dry. If the components of the mixture were coloured, the spots were readily

located. If the components were colourless the dried plate was developed with iodine

vapour or UV light. For identification of the sample by TLC at least three different

solvent were tried and the Rr value computed and compared with each case but only the

solvent conditions that gave the best results were mentioned. The ratio of the distance

traveled by a component to the distance traveled by the solvent front was characteristic of

each component and was known as Rr value, i.e.

R r = Distance traveled by the component front
Distance traveled by the solvent front

True reproducibility in Rr values is however, rarely achieved in practice due to minor

changes in a number of variables such as:

i) The particle size of different batches of absorbent.

ii) The solvent composition.

iii) Prior activation and storage conditions ofthe plates.

iv) The thickness of the absorbent layer.

v) Chamber saturation etc.

XIV



Thus, when the Rr values for two different components are almost same or hardly

distinguishable then to study the different characteristic is the only way to distinguish.

Column Chromatography:

Column chromatography has been successfully applied to separate the individual

components (having different Rr values) of the mixture obtained from the reaction. This

technique was also employed for purification of the product.

A long cylindrical column (70 cm long and 2 cm in diameter usually a burette type is

used) made of glass was drown out at one end and packed with glass wool. To the lower

constricted end of the column a stop cork was fitted in order to control the flow of the

eluant. A separatory funnel fitted with a specially made quick fit stopper and fitted with

the eluant was placed at the top of the column and this served as a store of eluant.

The flow of the eluant was controlled by adjusting the stop cork. The column was

prepared by slurry method, silica gel being used as the stationary phase, the column was

made half filled with various type of solvents as light petroleum, ethyl acetate,

chloroform, n-hexane etc. and slurry of silica gel in the chosen solvent was poured into it,

so that the packing was compact and uniform.

Air bubble was removed by making the column as quickly as possible and allowing the

solvent to fall drop by drop through the stop cork of the column. The mixture of the

components was then placed on the upper surface of the slurry of the silica gel and the

mixture was covered in limited area by some amount of dry silica gel. Then the solvent

mixture was passed through the column. The fractions were collected in test tubes about

20 to 30 ml in each at a regular interval of time and the respective fractions were detected

by TLC. The solvent used for elution was chromatographically pure.

xv



Section-l

Isoindolinones (Phthalimidines)
Back ground of the present work
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nucleus I". The parent compound and the 2-unsubstituted derivatives can tautomcrize with

the IH isomer, i.e.isoindolenine or (1 H-isoindole)3l
".h. Isoindole is much more unstable

compared with indole and undergoes rapid oxidation in air to form polymersl'. Isoindole

is thermodynamically more stable than its isoindolenine isomer at room temperaturel'.

The next stable reduction state of isoindole is isoindoline 4. Isoindolinone

(phthalimidine) 5 is the more stable derivative of isoindole.

~NH

4
Isoindoline

(C""I N
~

3
I H-Isoindole
(Isoindolenim

H2
Indole

4

:V:J:
7

S0:;4 ~3 "
NH

6 "'" ""- 2. t
7

1
Isoindole

SQ=;<"4 3I NH6"", 2
7 I o

5
Isoindolin-I-one/Phthalimidin
2,3-Dihydroisoindol-l-one

ce~NCH3""'''''-
6

N-Methyl isoindole

To generate isoindole, phthalimidine ring requires nucleophilic addition or reduction at

the carbonyl group followed by elimination of waterl,. The chemical instability of

isoindole 1 is well documentedlh which prevented its isolation and detailed

characterization until 19723 The preparation of the lirst isoindole derivative, i.e. N-

methylisoindole 6 in 19512 and and the unsubstituted parent isoindole 1 in 19721a.h

demonstrated that the ring system was stable enough for isolation.

II. Structure of isoindole

Isoindole 1 is a bicyclic IOn electron array and complies with the I-lLickei (4n + 2) rule for

aromatic stabilization4• There have been several caleulations of the electronic structure of

isoindoless-8. The distribution of charge density around the isoindole nucleus was



calculated based on the LACO-MO method or the 'frontier electron concept', and the

relatively high electron density found at position 1. Therefore, the expectation is that

electrophilic substitution on carbon will occur most readily at this position. The

semiempirical calculations of Dewar5 and Polansky et al.8 estimate a substantial degree

of resonance stabilization for isoindole with a value of about 56 kcal mol-I which is

significantly larger than the value of pyrrole and is close to that ascribed for indole.

Isoindole 1 should be favored over its tautomer, isoindolenine 3 by about 8 kcal mol-I

according to a molecular orbital calculation of Veber and Lwowski9. Theoretical studies

by Dewar et al. 10 are consistent with structure 1.

III. Naturally occurring isoindole and isoindolinone (phthalimidine)
derivatives

The first isoindolobenzazepine alkaloid (:t)-chilenine 7 has been found in Berberis

empetrifalia Lam. (Berberidaceae) by Fajardo et al.lI; Valuencia et al.12 isolated

nuevamine 8, the first known isoindoloisoquinoline alkaloid and lennox amine 9, an

isoindolobenzazepine structurally related to (:t)-chilenine 7 from Berberis darwinii Hook

(Berberidaceae).

o
<o

7
Chilenine

(
o

9
Lennoxamine

5

o

OMe

o
<o

8
Nuevamine

10 I
(i)-13-Deoxychilenin

OMe

OMe

OMe

OMe

Valencia et al.13 also isolated a series of novel isoindolobenzazepines including (:t)-B-

deoxychilenine 10, pictonamine 11, chileninone 12, (:t)-chilenamine 13, and (:t)-

2



palmanine 14 from three Chilean Berberis species, namely, B. Aclinacanlha Mart. ex

Schult, B. darwinii Hook and B. va/diviana Phil. The isolation of the first known

isoindolobenzazocine alkaloid magallanesine 15 from Berberis darwinii Hook was also

achieved by Valencia el a/.14•

Staurosporine 16 containing an isoindolinone moiety was isolated from Saccharothrix Sp .

. AM-2282IS, and has very interesting biological activities, such as antimicrobial16a,

hypotensivel6h, cytotoxicl6c activities. It is also an inhibitor of protein kinasel6c, and

platelet aggregation 16d.

The naturally occurring isoindole(2,5-dimethyl-6-methqxy-4, 7-dihydroisoindole-4, 7-

dione) 17 was isolated from sponge Reniera Sp.17.

o
<o

MeO
11

Pictonamine

o

OMe

OMe

o
<o #

12
Chileninone

o

OMe

o

<o #
13

(.:t )Chilenamine
OMe

OMe

MeO

MeO

14
. (.:t )Palmanine

o
OMe

OMe

15
Megallanesine

3

OMe
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A series of cytostatically active metabolites have been isolated from microorganisms in

which a highly substituted hydrogenated isoindolone unit is fused to an 11-to 14-

membered macrocycle.

H
I
N

N N

Me,.".yai"'H

MeaY
16 NHMe

8taurosporine

Me

Mea
a
17

NMe

The isolation of the first two substances (cytochalasin B 18 and cytochalasin D 19) of the

cytochalasin series was achieved by Rothweilerl8 and Aldridge et al.19• The cytochalasins

are a group Of about two dozen structurally related fungal metabolites having a wide

range of biological activities2oa,b.

Ph

a a
18

Cytochalasin B

Ph
,,

HN ,-

Ifa
19

Cytochalasin D

''''111

a

IV. Biologically important isoindole and isoindolinone (phthalimidine)
derivatives

Heterocyclic compounds containing phthalimidine (2,3-dihydroisoindol-l-one) skeleton

have outstanding biological and physicochemical activities, few of these are being cited

here. The I ,2,3,4-tetrahydropyrazino[2, l-a]isoindol-

4



20

H
I
N

N) ~N-<Q>-CIIM'COJI
o 21 0

,f'C-NQO
22 (~N 2327) 0-1

6-one 20 was found to lower blood pressure in spontaneously hypertensive rats21. A new

nonsteroidal antiinflammatory agent indoprofen 21 was synthesized by Li el al. 22.

A novel promising anxiolytic drug is DN-2327. a non-benzodiazepine isoindoline

derivative 22, which has sown in animals to have anxiolytic, taming, antiaggressive and

anticonvulsive effects without relevant sedative properties, or signs of dependence23

DN-2327 showed a higher affinity for the BZ1-GABA receptor in comparison to

diazepam or flunitrazepam.

Bellioti el a/24 discovered a series of isoindolinone derivatives 23 having affinity for the

dopamine D4 receptor. Compounds containing substituents in 3- and 4-positions of the

phenyl ring have the highest D4 receptor affinity.

Ph

o24

VO

Meo ./\~NN N
"'----I

/\
N Y-Ar
"'----I

23 0
X = H orMe
Y =N orCH
Ar = C6Hjetc.

5



The synthesis of a group of cyclic amide analogs, e.g. 24 and 25 of 4-(2'-methoxiphenyl)-

1-[2' -[N-(2" -pyridyl)-p-iodobenzamido ]ethyl]piperazine (p-MPPI 26) as 5-HT1 A receptor

ligands was achieved by Zhuang el a12'. Some of these compounds displayed very high

in vitro binding affinity for 5-HTIA receptors, comparable to or exceeding that of the

parent compound 26.

Norman el al26 prepared a series of isoindolinone derivatives 27 bridged to 4-(1,2-

benzisothiazol-3-yl)-I-piperazinyl moiety with a variety of different bridging units. The

compounds 5-HTla and 5-HT2 receptors and in vivo for their ability to antagonize the

apomorphine-induced climbing response in mice and found as potential antipsychotic

agents. A four-carbon spacer provided optimal activity within the homologous series.

ViN-Z-()~
o 27 l)

OAC

N~

o 28

Z = - (CH2h, - (CH2h etc.

3-(4-Acetoxyphenyl)methylene-2-(2-diethylamino )ethyl-2,J-dihydro-1 H-isoindol-I-one

.28 was found to exhibit local anesthetic activity superior to that of procaine27 Achinami

el al.2M prepared alkylidene isoindolinone derivatives 29 as vasodilators which exhibited

ICso of 5.6 JIM in inhibition of 40 mMK+-i11duced coronary contraction in vitro and

inhibitory effect to the thromboxan A2 analog (U-46619)-induced vasoconstriction. The

isoindolo[2, I-a ]quinolines of type 30 showed protective effect against N2 induced

hypoxia2". Lippmann30 prepared 1,J-dihydro-3-(2-hydroxy-2-methylpropyl]-2H-isoidol-

I-one 31 and found it to be useful in the treatment of ulcers.

6
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N-CH2-o-R
o 29a, R '" OCH]

2%, R'" OH

o

o 30

The study of cytotoxic effectsJ1. of isoindol-I-one derivatives 32 and 33 on leukemia

P388 cells showed that nearly half of the compounds inhibited uridine incorporation, but

only three compounds affected incorporation of thymidine and L-valine. The cytotoxic

effects of the compounds could be related not only to the types and position of the

substituents but to stereoisomerism as well.

CHPh

32 0

Mappicine ketone (MPK) 34, an analog of mappicine 35, a naturally derived alkaloid

isolated from MapiajiJelida Miers. (Olacaceae)J2a has been identified as an antiviral lead

compound with selective activity against herpes viruses HSV -I, HSV -2 and human

cytomegalovirus (HCMV), MPK appears to be herpes virus selective in that it does not

inhibit other DNA or RNA viruses32b

Dihydrothiazoloisoindolones 36 were found to be potent non-nucleosidic HIV reverse

transcriptase inhibitorsJJ

Taylor el al.J4 synthesized a conformationally constrained analog 37b of 5,IO-dideaza-

5,6,7,8-tetrahydrofolic acid (DDATHF) 37a, in which the glutamate moiety is tied back

to the benzoyl ring through an isoindolinone moiety. The preliminary biological

7



evaluation of 37b revealed that it was an excellel\l inhibitor of human CCRF-CEM

lymphoblastic leukenlic cells and a non-competitive inhibitor of mammalian glycinamide

ribonucleotide formyltransferase.

R

36 0
R = H, CHJ

Hexahydroisoindole 38 was found to be a potent herbicidalJS Kim and RyuJ6 developed a

synthetic method for the herbicidal 2,}-dihydro-3-methylene-2-substituted-phenyl-lH-

isoindol-l-one derivatives. Compound 39 showed good herbicidal activity against various

weed species.

o

o

Other important derivatives of isoindole are the metal complexes 40 of phthalocyanines,

d d d -. - 37, I>use as yes an pigments '.

8
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N-D-Cl F

'" N
40

M=Cu
M=Mg

H

o F
39

Cl

V. lsoindolinone in the synthesis of drugs

Isoindolinones (phthalimidines) have been widely used as intermediates for the synthesis

of various important drugs. Shihunine, a popular Chinese drug, sold in Hong Kong, was

isolated about 30 years ago by Inubushi el ({1
3K from Dendrobium iohonense as a

phthalide pyrrolidine alkaloid which they named shihunine as it was a component of

ShiHu. Breuer and ZbaidaJ9 synthesized shihunine 41 from the lactam, spiro[(I-

methylpyrrolidine )-2,3' -(2' -methyl-I' -isoindolinone)] 42 (Scheme 1).

"

42 0 41 0

Scheme 1

Abramovitch el 0140 obtained the ring expanded 2-benzazepin-l-one 44 through the

reaction of 3-substituted-( IH)-l-isoindones 43 (Scheme 2),

9



R

43 0

TI-IF, or CI-IJCN
~

CI-IJC==CNEt2
R= Ph, R=OEt

o

Scheme 2

Recently, Pigeon and Decroix41 developed a new approach to isoindole[2,I-b)

benzodiazepines 46 though an intramolecular cyclization of a N-substituted-3-hydroxy-

isoindolinone 45 (Scheme 3).

iv. PTSA, toluene, refiux, R ~ H, Me, Bu

46
o

Scheme 3

VI. lsoindolinones in the synthesis of natural products
Yedejs el al.41 reported the synthesis of isoindolone 47 having part of the structure of

cytochalasin 0 19.

Marsili el al.43 synthesized isoindolobenzazepinone derivative 49 which are structurally

related to the alkaloid pictonamine 11, from isoindolinone 48 (Scheme-4).

,;

Ph

Ol-I
--CH=CH-CI-I20AC

C02Et
o

10



Ph

48 0

MeOH, hv

49 0

-t-.

Scheme 4

From isoindolinone derivatives 50 Napolitano el al.44 synthesized the

isoindolobenzazepine alkaloids lennoxamine 9 and chilenamine 13 (Scheme 5).

Recently, Othman and Decroix45 reported a synthesis ofbenzo[a]pyrrolo[2,311indolizine

52, a new heterocyclic analog of chilenine alkaloid 7, from the isoindolinone derivative

51 (Scheme 6).

i. Acetylchloride, CH2CI2 •ii. Znc 12 in TH F
iii. Pt-C/H" Acetic acid

- MeO

. Scheme 5

,, ~

COOEt CH}

N I

.. '0D-CH
3

51

1 1

EtOH, NaOH(aq) •reluJ(, 2h



••

Acetone, Et3N
Ethylchloro
formate

Scheme 6

Othman et al.46 also developed a synthesis of benzo[a)thieno[g)indolizinones 54,

polycyclic compounds analogous to the alkaloid nuevamine 8, via an intramolecular u-

amidoalkylation reacti(in of isoindolinone derivative 53 with thionyl chloride (Scheme

7a).

c

0-CI
so

ba
c>

53

~o. :,JCy~S TFA •.

~ or,SOCI2

R OH
R = H, Et, Ph; Y = H,CI

Scheme 7a

Recently, I-leaney and Shuhaibar47 reported a synthesis of the alkaloid nuevamll1e

skeleton, e.g. isoindoloisoquinoline derivative 56 from an u-methoxyisoindolone

derivative 55 (Scheme 7b).

rAT<0 :~Tq~ -0 "0
55 0

56 0

Scheme 7b
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VIlA. Classical methods

VIlA. I. Synthesis of isoindolinones (phthalimidines) through Gabriel's
procedure

In 1885 Gabriel developed48 a general method for the synthesis of y1idenephthalides by

condensation of phthalic anhydride 57 with aryl acetic acid in the presence of sodium or

potassium acetate at 230-250° (a type of Perkin reaction). He also reported that

benzylidene phthalide 58 on treatment with ammonia in alcohol at 100° for 8-10 h

yielded benzylidene phthalimidine 59 (Scheme 8).

CHzCOzH Ph Ph
0

~o
6C',CON, NH,I EtOH

+ .•. ° ioo"c •230-250"C
. . 211 8-12h

57 0 58 0 59 0

Scheme 8

Honzl49 reported the synthesis of methylene isoindolinone 61 by heating aniline and

phthalylidene acetic acid 60 in acetic acid (Scheme 9).

60 0

AcOH
/::, ·QQ-o

61 0

Scheme 9

Perjessy el al.5o reported the synthesis of 3-arylmethylene phthalimidines 64 through a

Gabriel modification of Perkin condensation where phthalimide 62 was reacted with the

corresponding aryl acetic acids 63 (Scheme 10).

,.

~-.
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64 0

o

x = 4-N02, 4-0CH], 3-CI-h, 4-F, 3-0CH], 4-1, 4-Cl, 4-Br, 3-F, 3-1, 4-NH2

Scheme 10

Scartoni el a/.51 reported the synthesis of3-benzyl-3-hydroxyphthalimidin-2-ylacetic acid

65 which yielded 3-benzylidene phthalill1idin-2-ylacetic acid 66. This was subsequently

converted to isoindolobenzazepine 67 (Scheme 11).

~

Ph
t -gtycine.0 0 NaOH,EIOH~
6, 30 mm

. 0"C,12h
58 0 2.2NHCI .

H Ph

HO CH
3
COOH cgQCH2Ph 6N HCI

~, 30 min
~-CH2C02H H,O,O"C, 12h' 0 N-CH2C02H

65 0 66 0

. Polyphosphoric acid 1

67 0

Scheme 11

A senes of benzylidenes phthalill1idines 69 were prepared starting from phthalic.

anhydride21 57. A typical example is given in (Scheme 12).

~o
57 °

CH2C02H

+AO.NaOA~V 250"C

OH

Scheme 12
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VIIA.2. Alkylidene isoindolinones through Grignard procedure

Alkylidene isoindolinones (alkylidenephthalimidines) were synthesized by the action of a

Grignard reagent on a N-substituted-phthalimide and subsequent dehydration52 Ang and

Halton53 applied the Gridnard procedure rcported by Heidenbluth el al.52. to prepare 2-

substituted 3-alkyl-3-hydroxyphthalimidincs 71 through the reaction of alkyl magnesium

halide in ether on phthalimide 70 in benzenc at 55° for 3 h. Dehydration of the alcohols

71 in concentrated sulfuric acid afforded the alkylidenephthalimidines 72 in good yields

(Scheme 13).

R) ,
o I

~

OH C-H

O N-R AlkylmagnesilUl1. ~rlY\N~RR2 H2S04
,Ihalide ~" I •

, 70 0 71 0 72 0

R](Rz)R) = H(COzEt or H) H or COzEt; Me(C02Et or H) H or COzEt; Ph (Me or H) H or
Me; Ph (Me) Me; Ph(H)H; Me(Me or I-I) H or Me; Me(Me) Me; Me(H)H; H(Me or H)
H orMe.'

Scheme 13

Recently. Achinami el 111.28 reported the synthesis of a series of alkylideneisoindolinone
derivatives 75 by following the above GrignaI'd procedure (Scheme 14).

~R2
o ' f~~~

«3 R 0 R CH
3 G . d 3RICI ngnar

It, NHK salt,DMF. It,«NRI Rea¥ent.1t,«NRI
~ 'ReflLL" THF, It

. 73 0
74 0 75 0

R, = (substituted)alkyl,Ph, PhS04; R2 = H, alkoxy, OH, halo, (substituted)alkyl, acyl;

R3, R<= H, alkyl,aryl, alkoxy, OH; n = 0, 1,2.

Scheme 14

VIIA.3. Synthesis of isoindolinones through lithiation procedures

Watanabe el 111.54 reported a synthesis of 3-substituted-phthalimidines 78 from

benzanilide76 through lithiation with n-butyllithium and subsequent reaction with

benzonitrile (Scheme IS).

15



rVlCONHR
76

Ph Ph_
l.n-BuLi 6=NH ~N-CHPh
THF-hexane~ ~ PhCHO~ 0 NR
2-C6HsCN, .
in THF hexane CONHR
3.H20 77 78 0

Scheme 15

Parham el al. 55 prepared N-phenylphthalimidine 81 by selective halogen-lithium

exchange in bromophenyl-alkylhalides 79 with n-blltyllithillm followed by treatment with

phenyl isocyanate (Scheme 16)

~

CH2CI ~CI-I2CI

O n-BuLi ~ 0 PhNCO
_100°C ~

79 . Br . 80 Li

~Ph

81 0

Scheme 16

Parham and Jones56 also synthesized N-phenylphtha-limidine derivative 84 from 2-

bromobenzonitrile 82 and n-blltyllithium at-78° followed by the reaction with phenyl

isocyanate (Scheme 17).

rQJ:
,CN .

n-BllLi ~o TI-IF-Hexane
Br -78 °C

82

nrCN

~ PhNCO~

Li
83

NH

Scheme 17

Hendi el al.57 reported a parham-type cyclization58 in which N-acyl-2-bromobenzamides

85 participated in metal-halogen exchange with n-BuLi to form N-Acyl-2-lithioben-

zamides 86. The resulting ortho-lithio intermediates 86 then underwent cyclization to

afford 3-alkylidenephthalimidines 87 (Scheme 18).

16
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1. NaH, 2S"C
2. n-BuLi, _780 C

o

Scheme 18

86

o

59 .Campbell et al. developed a synthesis of isoiiJdolilnones 91 through a lithiation

procedure (Scheme 19).

2n-BuLi. THF
-20 to O"C •

Li

~C~NCH'
I

89 OLi

R)
/

N

RAH2 •
00 C to rt. or
-78 'C,
1,1 ffimol equiv
BF3-OEt2

fi) 130°CL. •

91a-d 0
a, R] = Et, R2 = Ph
b, R]= Pr, R2 = Ph
c, R] = Ph, R2 = Ph
d, R] = Bu, R2 = Pr

Scheme 19
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Recently, Jozwiak and Sadokierskaw reported the sYliihesis of hydroxyazaisoindolinones

and their successful conversion to azaisoindoleacetic acids as effective precursors for the

corresponding 4b-phenyldihydroazaisoindol [2, I-a] quinolinediones 95 (Scheme 20).

~

PhOHo NHPh---.L.~N-Ph~N 'Ill

N
92 o' 93 0 ~

h .. COOH

O IV
N-Ph-

N
94 0

Scheme 20.Realjgents and conditions: (i) 1. BlILi, THF, -78 to 0°; 2-methyl benzoate, in

THF, _78° to RT; (ii) diethylmalonate, methanesulfonic acid, (AcOh, 100°,

(iii) 20% HCl solution, heated upto boiling; (iv) I. oxalylchloride, C2H4Clz,

reflux, 0, 2 h; 2. AlCI), C2H4CIz, reflux, 2 h.

A series of 3-sllbstituted-isoindolinones 23 having affinity for the dopamine D4 receptor

was prepared by Belliotti et al.24 starting from isoindolinoneacetic acid 96 (Scheme 21).

o
i, ii, iii. i~

o

Ar
IC:)
I
H

K2CO),
CH)CN,82°C

OTs

o

1\
N YAr
L..J

Y=N, CH

Ar = 3,4-dimethylphenYl, 2-naphthyl, 4-methylphenyl, 4,5-dimethyl-2-thiazolyl,

phenyl, 4-methyl-2-pyridyl, 4-chlorophenyl and 4-methoxyphenyl.

Scheme 21. Reagents. (i) NaH, DMF; (ii) Mel; (iii) NaBH4. MeOH; (iv) P-TsCI, TEA in

CH2Clz.
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Couture et al.61 developed the synthesis of a series of 3-(alkyl and ary)methylene -2,3-

dihydro-l H-isoindol-l-one derivatives. Treatment of phosphorylated amides 98 with

KHMDS (2.2 equiv.) in THF at 78° followed quenching with selected aromatic and

aliphatic carboxaldehydes affords a mixture of E-and Z-isomers of 2-alkyl-3-(aryl and

alkyl) methylene-2,3-dihydro-l H-isoindol-l-ones 99 (Scheme 22).

Rz
o

I - IV~

Rz

x = 2- or 3- Cl, Br, FRj = 4-OMeC6H4CHz, Me.

Rz =H, OPr.

Y=CH,N.

Rj = Bn, Ph, i-Pr.

Scheme 22. Reagent and conditions: (i) KHMDS (2. 2 equiv.). THF, _78° to RT 2 h; (ii)

R3CHO, THF, _30°, (iii) _30° to RT 0.5 h; (iv) aqueous HC!.

VIlA. 4. 3-Alkylidene sioindolinones through wittig reaction.
Flitsch and Peters6Z synthesized 3-ethoxycarbonyl-methyleneisoindolin-l-ones

(phthalimidines) 100 from the reaction of phthalimides 70 with Wittig reagents at 140°

(Scheme 23).

70

o

NR (C6HS)3P=CHCOOCzHs ~
140'C .

R=H,CH]
o 100

CHCOzCzHs

o

\.

Scheme 23

Mali and Yeoa63 described a novel synthesis of N-substituted-3-

carbethoxymethylphthalimidines 104 from secondary benzamides through a combination

oflithiation and Wittig reaction (Scheme 24)
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ifNHR'
101

1. n-C4H9Lil
TMEDAITHF, (9 C.-2. DMF/ether,
DoC to rt

104 H

o

. 103

101-10411-e) R] = H, t) R] = OCH]; a) R2 = CI-I]; b) R2 = Ph, c) R2 = C6H40Me-o, d)
R2 = C6H40Me-m, e) R2 = C6H40Me-p, f) R2 = Ph)

Seheme24

Epsztajn et al.64 described the synthesis of the 3-hydroxy-5-azaisoindolin-I-ones 106 and

their conversion to 2-aryl-2,3-dihydro- 3-oxo-l H-azaisoindole-I-acetic acids 107 and

subsequent cyclization to the corresponding dihydroazaisoindolo[2, I-a ]quinolinediones

108 (Scheme 25).

~L\Q>-R-"-- NO
105 0 106

OH

o

o

R

108 0

COOH

107 0
R=H,OCH]

Seheme 25. Reagents and conditions .. (a) i. Buii, THF, -78 to 00; ii. DMF, -78 to 00; (b)

Wittig reagent, 170°, 0.7 h; (c) i. oxalyl chloride, ChC2H4; ii. AICI),
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VIIA.5. Synthesis of isoi~doJinones through Diels-Alder reaction

An efficient approach for the synthesis of hexahydroisoindolones 112 was reported' by

Gutierrez el al65 (Scheme 26)

o
~HJC CI+ HK"",./~R_

109 I "n
. . OEt . 110

o 0
NH NH

0
Ha

--Hb +

Hc R
CH]

112b 112c
R = 1-1,Ph

Scheme 26

An isoindolinone ring was Synthesized through a series of steps which started with a

Diels-Alder reaction of the Danishefsky diene 113 with 4,4-diethoxybut-2-ynal 114 by

Taylor el al.J4 (Scheme 27)

OMe
,) CHO

TMSO~ + ~H(OEth

113 114

):CHO

U
TMSO CH(OEth

115

HC!~CHO

HO CI-IO
116

Scheme 27
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VIIA.6. Synthesis of isoindolinones through reduction processes

Brewster el al.66 reduced N-alkylphthalimides 70 to phthalimidines 119 under

Clemmensen condition (Scheme 28).

Zine amalgam
HCl H?O, Reflux. 2h

• •
~NR

70 0
R = CH3, CzHs, CHzPh

~~:
119 0

Scheme 28

Melewska el al.67 reported a synthesis of N-methyl-isoindolinones 121 by regioselective

reduction of 70 using Lawesson's reagent (LR) to yield monothioimides 120 followed by

desulfurisation of 120 with Raney nickel (Scheme 29)

Scheme 29

A series of isoindolinone derivatives2!> 27a-c.attached to the 4-(1,2-benzisothiazol-3-yl)-

I-piperazinyl moiety were prepared by a variety of methods (Scheme 30).

22.



Scheme 30. Reagenls: (i) Ethanolamine or 3-amino-l-propanol, 205-210°; (ii) trans-4-

aminocyclohexanol hydrochloride, KZC03, toluene, H20 reflux; (iii) SOCIz,

toluene, 60°; (iv) Et3N, CI-bClz, MsCI, 0°; (v) 3-(I-piperazinyl)-1,2-

benzisothiazole, Et3N, CH3CN, reflux.

A method for the reduction of phthal imide to the 3-hydroxyisoindolinone 126 and a

coupled product 127 was performed6s by a low-valent-titanium reagent in an aromatic

solvent or in the absence of solvent (Scheme 31).

I. TiCI,-21l
I Hi'c. 20 h
Neat or xylene ••
2.10% K,COJ

Scheme 31

The coupled product 127 (23%) and phthalimidine 128 (44%) were obtained in the

absence of solvent. In p-xylene, three monomolecular reductive products were produced

(phthalimidine 128 24%, 3-hydroxyisoindolinone 126 19% and phthalide 122 11%); no

coupling product was isolated.

Luzzio and Zacherl69 described the synthesis of isoindolinolle (Scheme 32).
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Raney
nickel
4ethanol

o

«Aluminium

O NPMB amalgam •
THF/Water

129 0

H H

~

OH Thiophenol ~SC6HS

O NPMB dichloromethane. • 0 NPMB
p-toluene sulfonic aCla

130 0 . 131 0
. m-chloroperbenzoi1

acid, methylene
. chloride .
R H H S02C6HS

rQr{.NPMB 41.NaH, THF/DMSO~NPMB
orTHF/HMPA

2. CH,I, 132
133 0 or p Phenethylbromide, etc. 0

PMB ~ p-methoxybenzyl

R = CH), CH2CI-I2C6H\, CI-I2CI-I2COCH3, CH2CH2COOCH3

Scheme 32

Zhuang el a/.25 developed the synthesis of a group of isoindol-I-ones 24, cyclic amide

analogs ofp-MPP126 as 5-HT'A receptor ligands (Schemes 33 and 34).

~

OMeo /\ ClCH,CN. (JoMe

N NH ~ /\ LAH.

135 "'--/ 136 N\ fN"\
"---I CN

rAY
oMe

~/\ NH2N N---V
137 "'--/

138

140
COOLi

139

O{Y°~ NH, .0
~N N/"'V [QroMe

147 '------Io ~I. p-TsOII.I'hH . 0 r\ ~N
2. NaBII. . 24 NJ
Scheme 33

o
Scheme 34
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VIIA.7. Synthesis of isoindolinones through condensation reactions
, using phthalaldehyde as starting material

Yamamoto showed70 that an equimoiar mixture of phenyl isocyanate and phthalaldehyde

141 on heating at 1700 for 4 h afforded N-phenylphthalimidine 142 (Scheme 35).

~CHO

CHO
141

ArNCO 61'170"C • ~N-Ar+C02

. 142 0

Scheme 35

DoMinhet al.7] described a reaction of phthaIaldehyde 141 with ammonia and amines in

MezS04 (Scheme-36). Major products were phthalimidines 143 and 3-(2-

cyanophenyi)isoquinoline 144.

CHO «OHV RNH,. 0 NR -H,~
~ -Me,S04

CHO .
141 142 OH

Scheme 36

Grigg et al.72 investigated the reaction of o-phthalaldehyde 141 with a-amino acids 145

in boiling acetic acid and observed that a rapid reaction (5-10 min) accurred to give the

N-substituted-isoindolin-I-ones 147 (Scheme 37) in good yield.

@:CHO
14 CHO
1

~] ~H H H
H2N-CHC021-1 0 '\(j) I ~ I

145 ~ N-9-CO,1-I --- N-9-C021-1

in boiling acetic acid OH H R, . R]

146 147 0

R, = H, Ph, Me, iPr, CH,Ph, CH,OH

Scheme 37

A new route to isoindolinone derivatives was developed by Netkens and Zwanenburg73

as outlined in Scheme 38.
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cQ(GIOORO

COOl-I '\"y0 " K_
I( / EI,ll /\.' 151 CliO ~N---... /0\ --'-+I-I,N 0 -. BNH, ,)B:::- _ CH,CN 1\/ 'Er

148 Et bl . reflux, 311
\49 150 0

R ~ H, CH,Ph

+ H,O

Scheme 38

Allin el al74 subsequently discovered that the reaction of a-amino acids 155 and amino

alcohol 156 with o-phthalaldehyde 141 produced the corresponding phthalimidines 157

and 158, respectively, in good yields (Scheme 39).

~

'R[ - CHCNN 1
cAmmo

)-OH alcohol
158 0 R2 156

w:cC1

-

10

+

CHO
14\

155: L-valine, L-alamine, L-phenylalanine, I.-serine, DL-Ieucine, DL-isoleucine; 157 :

R = CH(CH])2, CH], CI-bPh, CH20I-!, CI-hCl-I(CH])2, CHCI-I]CI-IzCH] respectively; 156

: 2-amino-3-methybutanol, 2-amino-l-butanol, 2-amino-I-phenylpropanol, 2-amino-l- .

propanol; 158 : R[/R2 = CI-I(CH])2/H, CI-bCH]/H, CI-I]/Ph, CH]/I-I respectively.

Scheme 39

Recently, Allin el aloJ
' have studied the reaction of a-amino alcohols 160 with 2-

formylbenzoic acid 159 as part of an on-going investigation into the preparation and

reactivity of the isoindolinone ring system. They have reported the extremely high

diastereoselectivity of the reaction to produce the tricyclic y-Iactam products 161

(Scheme 40) through condensation of a-amino alcohols 160 with 2-formylbenzoic acid

159, This class of heterocycles can ad a N-acyliminium ion precursors in the synthesis of

substituted-isoindolinone derivaiives 163 (Scheme 41). The treatment of the (+1-)-
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valinol derived tricyclic lactam 162 with titanium tetrachloride at room temperature in

dichloromethane prior to addition of allyl trimcthylsilane afforded the desired substituted-

isoindolinone 163 in 96% isolated yield.

160: (+/-) valinol, (8) phenylglycinol, (II) phenylglycinol, (S) phenylalaninol, (R)

phenylalaninol; 16b: R = Ph, CI-I2Ph: 161b : R = Ph, CI-I2Ph;

Scheme 40

20"C
~0J- TiCI4

. N CI-bCI) •

'. ~TMSo
(+/-)-162

Schcmc 41

(+/-)-163

VIIA.S. Synthesis ofisoindolinones through rearrangement reactions

A new route to pheny!methyleneisoindolinones was reported by Guillaume! el al.76. The

alkaline hydrolysis of 2-(2-benzofuranyl)benzonitriles 164 led to Z-2,3-dihydro-3-(2-

hydroxyphenylmethylene )-(1H)-isoindolin-l-ones 167 by rearrangement (Scheme 42),.

The formation ofthc amide 165 or the acid 166 depended on the solvent used.

R

I-12NOC

R

(i)••

27

CN

o
164

R = 1-1,OCI-I]

(ii) ••



R

165 +

R

Scheme 42. Reagents and conditions. (i) KOI-] (3.2 equiv.), ethanol, relux; (ii) KOH (3,2
equiv.), ethyleneglycol or l11ethoxyelhanol, nitlux.

Heaney and Shuhaibar"7 developed a route 3-l11ethoxy-2phenylethylisoindolin- I-one 55

which function as a precursor to synthetically useful acylil11inium ions (scheme 43) .

.j

~ _-0 0 168

CHO OH

(i) SOCI2 or P203CI4
.• (ii) MeOH

169

Scheme 43

VIIA.9. Synthesis of isoindolinoncs through photochemical reaction

Freccero et al.77 reported a synthesis of 3-hydroxyisoindolinones 171 by photochemical
reactions of phthalimides 70 (Scheme 44)

x = H, SiMe3, CHPh2
Y = H. Ph

Scheme 44

~:R
70 0

R=H,Me

+ PhCI-lXY

170

hv

171 0
R=H,Me

Y
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Weidner-Wells el a/.n showed that N-methylphathalimide (NMP) 70 undergoes a

photolysis reaction with phenylcyclopropane in acetonitrile to give isomeric spirotetrahy

drofuranyl lactams (172 and 173). When the reaction was caried out in the nucleophilic

solvent MeOH, hydroxylactam 174 and l-methoxy-3-phenylpropane were obtained

(Scheme 45).

~:MnC>-\Q) h"ICII,CN,69:Ph, 69~:Ph
70 0 PC(Phenylcyclo propane) 172 0 173 0

1 hv/MeOHPh
HO OMe + Ph~OMe

174 0

Schemc 45

Griesbeck el 0/7'J photochemically transformed N-phthaloylcysteine derivative 175 by

elimination, decarboxylation and via elect'ron transfer cyclization to isoindolone

derivatives 176 (Scheme 46). The excited singlets were prone to elimination and y-H

abstractions to yield compound 177 whereas the triplets on cyclization afforded I, 3, 4,

1Ob-tetrahydro-I Oh-hydroxy-6/-l-[1.4]lhiazino [3, 4-0] isoindol-6-ones 176.

«0 rSMe hvo N~"'H Solvent
COOH

175 0 176 0
R=H,COOH

Schcmc 46

29

o

COOH



VIIA.IO. Synthesis of. isoindolinoes through miscellaneous
processes.

Rowe el al. X(J reported that the treatment of benzo-2-nitrophenylhydrazide-2-acrylic acid

178a with boiling dilute Na2CO} solution, H20 or nitrobenzene afforded 2:(2-

nitrophenylamino) isoindolinone-3-acetic acid 179a. When isoindolinone derivative 179a

was boiled with acetic anhydridc with or without addition of pyridine or retluxed with

toluene in the presence of phosphorus trichloride. 1 molecule of water was eliminated.

yielding 2,5-diketo-3-(2' -nitrophenyl)isoindolinopyrazolidocoline 180a which was

readily hydrolyzed to 179a preferably by acids (Scheme 47). Similarly, other compounds

179b-e and 180b-e were synthesized.

Pojer el al.xl preparedmethyleneisoindolinone 182 by relluxing acetylbenzoic acid or its

methyl ester 181 with aniline (Scheme 48)

An interesting approach to isoindolinone 184 was published

o

~CONJlNJlY-Y •

CH= CHCOzH
178a-e

194,195.196 X Y 0
a N02 H
b N02 C1-l} N-NY'c NMe NOz
d CI H
e H N02 180a-e o X

Scheme 47

o

181 0

Aniline •rcllux 6 h
R = H. CI-IJ

Scheme 48
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by Whelton and HuitricX2 involving the reaction of the nitrolactone 183 with bases. The

reaction of 183 with aniline led to the phthalimidine 184 (Scheme 49).

N02 6 N02

N-Q)••
Tluene
retl ux, 18 h 184

183 0 0

Scheme 49

Camileri and Cassolax3 repoted a reaction in which the 2-( I-aminoethyl)benzoate anion

cyclized to the lactam 3-methylisoindoline 187 at high pH. 2-(l-Aminoethyl)benzoic acid

185 (prepared by catalytic hydrogenation of the oxime of 2-acetyl benzoic acid) was

cyclized in presence of 0.] M-NaOH to yield lactam 187. They proposed the mechanism

shown in Scheme 50.

187 0

Scheme 50

Kimura el al. X4 synthesized a new macrocyclic polyamine 191 containing a phthalimidine.

ring (Scheme 51).

A general procedure for 2,3-dihydro-3-methylene-2-substituted-] H-isoindol-I-ones (3-

methylenephthalimidines) 192 was developed by I-lowe and SheitonX5 (Scheme 52).

An improved method for the synthesis of phthalimidine
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&1o OMe
188

o
T Ts Ts Tss" / " /NH

~~~H.

/N~ IN_TS /N~ IN_TS
Ts N Ts N

I I
Ts 0 Ts
1~ 190

N-N N (i) 48% HBr I AcOH

H/L~~-H
H

191

Scheme 51

OCCIl

'
COOH

R = C6Hj, 3-CFJC6Hj, CH2C6Hj

H H

Scheme 52

3-carboxylate was reported by Othman and Decroix45, (Scheme 53).

~CH'COOEtNBS •

193 COOEt

CH)
H)C ~ CH,NH2 COOEt

~CHBrCOOEt \.X95 . 60N ~H)

com:t COOEt ~
194 BBr] a CH)

NH 196

197 a

Scheme 53
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A facile synthetic method for the herbicidal 2,3-dihydro-3-methylene-2-aryl-1 H-isoindol-

I-one system 202a-c was described by Kim and Ryu36 (Scheme 54).

CH

H H
HH

OH K2CO)
R) Acetone R)

Cl reflux
R4X •

Rz 201
Rz

R( F R1
F

200 202a-c

198,200,202 R1 R2 R3
a H H F
b H H CI
c H OCI-!] H
d H CH] CH]
e Cl H CI

201, R4X: a) propargyl bromidc, b) cthyl iodide. c) 2-chloropropionitrile

Scheme S4

VIIB. Synthesis of isoindolinones through metal mediated reactions v'

Several methods of synthcsis of isoindolinoncs (phthalimidincs) under metal catalysis

were discussed by Wilkinson el a/.x" wherc various starting compounds including Schiff

bases, aromatic nitrites, ketoximes, phenylhydrazones, semicarbazones and azines have

been carbonylated. A series of isoindolinones 204 wcre produced by the carbonylation of

Schiff bases 203 of aromatic and aliphatic amincsx7xx. The reaction was catalyzed by

metal carbonyls like pentacarbonyl iron and octacarbonyl dicobalt. The best results were

33
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obtained from cobalt-catalyzed carabonylation which was performed in the temperature

range 200-230° under a CO pressure of 100-200 bar (Scheme 55). The reaction was also

catalyzed by Pd(Il)-acetate under milder condition (Scheme 56). Polar solvents were

found to inhibit the reaction.

X

203

Fe(CO),/ X
NR2 + CO (CoMCO):

RI, R2 = alkyl, aryl
X = CHO, N02, NH2

Scheme 55

~N~Q. +CO

205

Pd(OAc),
O"C - b~13 , 1.5 ar

Scheme 56

N-Q
91c 0

v

Phthalimidine der:vative 207 was synthesized rrom the carbonylation of aromatic nitrile

206 under a pressure or CO containing variable amounts of hydrogen in the presence of a

cobalt catalyst; the best yields were observed when a small quantity of pyridine was

added to the reactionH9 (Scheme 57).

2PhCN + CO + H2

206

Co2(COh, Py ~
230"c' 270 bar ~N -ell,Ph.Nil,

207 0

Scheme 57

3-Substituted-phthamidines 209 were prepared from the carbonylation of aromatic

ketoximes 208 in the presence or hydrogen and the catalyst octacarbonyl dicobalt. The

reaction was more selective with diaryl ketoximes than with arylalkyl ketoximes89

(Scheme 58).
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X

R

208

Co,(CO)g
NOH + CO + 1-12 25<>"C, 285 bar"'

X = 1-1,R = Ph
X = benzo, R = Me

Scheme 58

R

gqNII+H'O

209 0

The same reaction applied to the (I-mcthyl ether of benzophenone oxime resulted in 3-

phenyl phthalimidines.

It was reported that benzophenone phenyl hydrazones 210 gave nse to 3-

phenylphthalimidine 211 in the presence of oetacarbonyl di-cobalt without hydrogen gas

at but at higher temperature (230-240°) 3-phenyl-N-(N'-

phenylcarbamoyl)phthaiimicine 212 was obtained via insertion of CO into the nitrogen-
. 8890llltrogen bond . (Scheme 59).

210

~H

211 0
Ph

~N-CO-NHPh

212 0

Scheme 59

In the case of unsymmetrically substituted diaryl ketone phenyl hydrazones, e.g. 213, a

mixture of isomeric phthalimidines 214 and 214 wcre obtained (Scheme 60).

Ph Ph . Ph

ffN-N'''" C"~~O)«NCON",>~NCONC'-C'",CH,")
213 214 0 215 0

Scheme 60



Phthalil11idine 217 was also prepared Ii'om acetophenone-I, l-dil11ethylhydrazone 216

through carbonylation reaction mediated by I'd (lI)-acetate under much. milder

conditions9o (Scheme 61).

Ph

If I'd(OAcj,

O N-NMe2CO, 1.5 bar •
100"C

216

Scheme 61

217 0

,/

3-Phenylphthalimidines 211 and 219 were obtained when benzophenone semicarbazone

218 reacted with CO in the presenCL'of cobalt catalyst at higher temperature (2450)89,9U

(Scheme 62),

Ph>= C02(CO)X
N-NHCONH2 CO, 245'(.'.

Ph 218 .
~NH

211 0

Ph

+ ~NCONHCHPh2

~ .

Scheme 62

Benzaldehyde azine 220 also gave different N-substituted-phthalil11idines 128 and 207

under the reaction with CO in the presence of cobalt catalyst (Scheme 63),

Ph~N'N~Ph CO~~O)s. rl)rNH + rl)rNI-I

220 ~~
128 0 . 207 0

R = ('H2I'h, CONHCl.hl'h

Scheme 63

Thompson and Heek 91 described the carbonylation of the palladium acetate complex 221

to yield 3-acetoxy-2-phenylphthalimidine 224, The carbonylation of 221 in presence of a

nucleophile, e,g, aniline, led to 3-anilino-2-phenylphthalimidines 225 rather than the

acetate (Scheme 64),
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nPd;~
1/2~~ ~,P+2CO

22\ R1 R2

o

~-'" ',,~:,~"
H L
225

a, L ~ C.H,NH
b, L~CHJO
C, L = C,H,O

Scheme 64

o

Pd(OAc)i0.02 equiv) ~(CH2)n
1'1'111(0.04 equiv) 0 \~ N-R
n-Bu]N. CO

227 0

Mori el al.92 developed a synthesis of benzolactams, i.e. isoindolinone, isoquinoline and
benzazepinone derivatives by palladium catalyzed amidation. In a typical example, N-
benzyl-o-bromobenzylamine 226 was treated with n-Bu]N, PPh] and a catalytic amount
of Pd(OAch in presence of CO at 100" 1'01' 26 h to afford N-benzylisoindolin-l-one 227
(Scheme 65).

rAr(CH2)n- NHR

~- Br226

Scheme 65

However, o-bromo-N-(o'-bromobenzyl )phenylethylamine 228, was cyclized to yield
isoindolinone 229 and isoquinolinone 230 in a 2.6 : I ratio under the same conditions
(Scheme 66). .

Ii

~N~I:::?h:~:~~~~u~~\Ui:)~N .0 +rQTJ 61
228 0 229 () ~ ~r-~

o 230 Br

Scheme 66

Brunet et al.93 dcveloped cobalt carbonyl catalyzed carbonylation of arylhalides 231

under phase-transfer-catalysis conditions for the synthesis of benzolactam 233 (Scheme

67).
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Scheme 67

Dikshit94 reported a novel reaction of 3-(3',4'-dimethoxyphenyl)-3,4-dihydro-i-oxo-IH-2-

benzopyran-4-carboxylic acid 23411 and 3-phenyl-3,4-dihydro-l-oxo-1 H-2-benzopyran-4-

carboxylic acid 234b to yield 2,3-dihydro-3-arylmethylene-1 H-isoindol-l-ones 237a,b

(Scheme 68).

R

.23411,b 0

234a R ~ OMe
b R~H

R

R DPPA. NEt]
• •

t-BuOI-!, reflux
4h

R
R

o
~

01'(01')2
NI-I

R

23711,b 0

235a X ~ N]
b X ~ N

Scheme 68

38

R

o
COX

0
4(OPh)2

235a,b

237a R ~ CH]
b R~H

R



Larock el al.95 carried palladium-promoted olefination reaction of thallated N-

methylbenzamide 238 with methyl acrylate to yield an isoindolinone 239 (Scheme 69).

o 0

~

CONHCHJ I-J,C=CHCO,CI-I.00' «O - -'. NCH -HPdX 0Li,PdCI,(1equiv) ]. NCH]

TI(O CCF) CHJCN .
238 2] 2 NaH (1.5 equiv) H THC02CH] 239 CHC02CH]
. 80'C, 5 h PdX

Schcmc 69

Grigg el a/96 reported intramolecular I-leek reactions for the preparation of isoindolinone

derivatives 241, 242, 244-246 (Scheme70).

o

+

o

Schemc-70

Burns el a/.97 developed a palladium-catalyzed tandem cyclization-anion capture process.

They reported that enamide 247 undergoes regiospecific5-exo trig-biscyclization (DMF,

800) followed by hydride capture to afl()J'(1the tricyclic products 248 (Scheme71).

rQ(' ~ P:,O). 0
~ 0. 0 R(Y) = Ph(H); Me(H); Me(Ph)

Schcmc 71. Reagenls and condiliolls: (i) Pd(OAc)2, PPh], BU4NCI, sodium formate,
DMF OrCH]CN, 800/100°, 6/16 h.
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Cho et al.98 synthesised isoindolinones 250 via carbonylative cyclization of 2-(2-

bromophenyl)-2-oxazolines 249 by a bimetullic palladium nickel catalyst system with

carbon monoxide (3 atm) in alcohol as shown in Scheme 72.

R = Me, lOt, Pri

+
CO, ROH

• •
I

0:)
~N

Br
249

Scheme 72. Reagents and conditions PdCh(I'Ph3h, NiCh.6H20, PPh3, Et3N, 3 atm, 1000.

A synthesis o'f tricyclic isoindolinone 253 by the palladium-catalyzed carbonylative

cyclization of 2-bromobenzal dehyck 251 with diamines 252 was carried out by Cho et

al.99 (Scheme 73).

rAY.,' CHO
~. +

Br
251

Scheme 73. Reagents and conditions: (i) 2-Bromobenzaldehyde(2 mmol), ethylenedia-

111ine(3 11111101),(PPh3)2PdCh (0,03 11111101),PPh3(0.08 m11101),Et3N(5 mmol),

CH3CN(10 ml), CO (13 atm), 1000,20 h.
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VIII. Synthesis of Isoindolines

A synthesis of pyrazino [2,I-a]isoindole derivative 2 via isoindolinone 1 was developed

by Ferland et a/.zl (Scheme 1). The analogue, e.g. 1,2,3,4-tetrahydropyrazino [2,1-

a]isoindol-6-one was found to lower blood pressure in spontaneously hypertensive rats.

C,H] f H)C NHz
'. N

N)~
I

N -CH2CH(OCzHsh-----=rr.II

2a 1 0 2b

Scheme 1. Reagents: (i) MeOH, IN HCI, Hz, Pd/C; (ii) THF, 1M diborane in THF.

An effective reaction of Schiff bases with certain functionlized organolithium reagents

was described by Bradsher and HuntlOOfor the synthesis of I, 2-diarylisoindolines 4

(Scheme 2).

4: a) Ar = Arl =Ph; b) Ar = 4-BrC6H4• Arl = Ph; c) Ar = 2-BrMeC6H4, Arl = Ph;

d) Ar = Ph, Arl = 3,4-(OCH])zC6H).

Scheme 2

Couture et a/.IOI, recently reported that 2-alkyl-2,3-dihydroisoindol-l-ones 5 are easily

and regioselectively deprotonated at the 3-position of the heterocyclic nucleus with

LDA, thus providing ready access to 3-substituted and / or functionalized isoindolinones

6 and consequently to the corresponding isoindolines 7 (Scheme 3).
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~

I.LDA,THF

O . -78°C, 15 min
. NR 2. E+, THF •

-78°C to rt, 2h
5 0 3. H20+

Scheme 3

E

BHJ,THF ~O.
Reflux, 12fr ~NR

7
R = Me, C6H40ME(P)
E=Me, Bn

Ciganek'02 prepared a mixture of N-4-pentenylisoindole 9, isoindoline 10 and

isoindolinone 11 by the reduction of NA-pentenylphthalimide 8 with sodium bis(2-

methoxyethoxy)aluminium hydride; N-4-pentenylisoindole 9 was the major product

(Scheme 4).

o

~

. NaAIH2(OCH2CH20Me), •. ~ A A ~ rQq
NR Bz,IS-20C ~NV V ~ + NR+ NR

R = (CH,hCH = CH, ""'-

If 0 9 10 II 0

Scheme 4

Simons, Stobaugh and Takahashi, reported the quantitative formation of 2H-isoindole
derivatives 16-18 (Scheme 5)IOJ-I07.

~:} (Bt-H)

14 H 16
rArCHO NU2
~ + H2N -R __ (_B_t-_H_)+_(_M_E_T_)~~60. NR

CHO 13 ~
12 ~SH 18 0

HO (MET) CX(,;::--15 NR
NUl = NU2= Bt, SCH2CH20H ~ ""'-
R = p-tolyl

17 NUl

Scheme 5
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Section-2

Present work:
A Highly Regio- and Stereos elective Synthesis of (Z)-3- Aryl
(alkyl )idene isoindolin-l- ones by Palladium - catalyzed

Annulation of Terminal Alkynes .



.2.1 Rationale for present work
Heterocyclic compounds containing the isoindolinone skeleton have generated

considerable interest in recent years as reflected by recent articles dealing with their

synthesis and emphasizing their biological and medicinal properties. Our interest in
,

isoindolinones stemmed from their fascinating chemistry, pharmaceutical and medicinal

properties (as described in section-I). Naturally occurring and synthetic isoindolin-1-

ones have a range of biological activities20 including antihypertensive21,

antiinflammatorl2, antipsychotic23-26, anesthetic27, vasodilatorj8, antiu1cer3o,

antiviral32-33 and antileukemic34 properties. A number of isoindolin-1-ones have been

found to be potent herbicides36. 1soindolin-1-ones have also been extensively used for the

synthesis of various drugs39,38and naturally occurring compounds43,45-46.

A number of methods have been developed for the synthesis of isoindolines and

isoindolinones (phthalimidines). They fall under the following catagories: (i) high

temperature procedures based on Gabriel's method48 for the synthesis of phthalides and

phthalimidines, involving the reaction of phthalides with substituted amines49 or the

reaction of phthalimides with aryl acetic acids5o, (ii) a Grignard procedure52, (iii)

Lithiation procedures54.55,57,61,101,(iv) Wittig reactions on phthalimides or benzamides62.

64, (v) Diels-Alder reactions34,65, (vi) reduction66 of N-substituted phthalimides to the

corresponding phthalimidines; (vii) Condensation of phthalaldehyde with phenyl
. . "d 70-72107 b I'd 73 .. h h 108Isocyanate, ammes, u-ammoaci s " oroxazo I ene , or Immop osp oranes ;

(viii) rearrangement reactions of benzofurans or phthalides46,76, (ix) phtochemical
. 77.78 d () . II d 8081.8285 B'd h b I' IreactIons an x mlsce aneous proce ures' '. eSI es tea ove c aSSlca

methods, several metal (e.g. cobalt or rhodium carbonyl complexes) mediated synthesis

of isoindolinones have also been reported86, but few examples of palladium

catalysis92,95,97-98have appeared,

Palladium-catalyzed reactionslO9 have been extensively utilized for carboannuiation11O

and heteroannulation Ill. Aromatic heterocycles can be accessed via palladium catalyzed

cyclizatons allow synthesis of a wide variety ofheterocycles112 using vinylic compounds,

terminal alkynes and allenes.
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In view of the extensive natural occurrence and biological importance of isoindolin-l-one

derivatives we planned to develop a general and facile method for the synthesis of

isoindolin-l-ones. We became interested in the palladium catalyzed heteroannulation for

the synthesis of isoindolinones.

2.2 Results and discussion
We now report a new strategy for the synthesis of isoindolinones 29-38 by the

palladium-catalyzed condensation of 2-Iodobenzamides 11-17 with terminal alkynes

18-20 and subsequent cyclization (Scheme-I)

3-substituted isoindolinon

C~C-~ ~H ~
~C-NHR2 NaOEt/EtOH • 0' N-R2

II reflux, 80' C, 4 h
o
21-28 0

29-33,36-38

~:,'
o

34-35
3-substituted isoindolinones

HC~CR'
18-20

(PPh,),PdCI"CuI,Et,N
DMFrrHF, 80 -85 Clroom
temp., N, atm, 16 h

~~-NHR2
II

11-17 0

Scheme -1

Compounds R' R'
11 18 21 29 . Ph C6H4CI-v
12 22 30 Ph CH2C6H4CI-v
13 23 31 . Ph H
14 24 32 Ph CH3
15 25 33 Ph CH2Ph
16 34 Ph C6H40Me-v
17 35 Ph Ph
17 19 26 SiMe3 Ph
16 27 SiMe3 C6H4OMe-v
16 20 28 38 . (CH2)3CH3 C6H40Me-n

36 H Ph
37 H C6H40Me-n

Our results (Table-I) demonstrate that a number of 3-Aryl(alkyl)idene isoindolin-l-ones

were formed without any formation of the corresponding Isoquinolinones.
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Table -1: Palladium-catalysed reactions of 2-iodobenzamides (11-17) with terminal alkynes (18-20) leading
to isoindolinones 29-38 (Scheme 1, page 42)

Entry 2-iodobenzamide (Rz) Alkynes (Rl) Conditions 2-Alkynyl Conditions isoindolinones [%r
bezamides 1%1"

I. 11 (C6H4CI-p) 18 (Ph) A 21 [80] C 29 [80],
2. 12 (CHzC6H4CI-p) 18 (Ph) A 22 [84] C 30 [75]

3. 13 (H) 18 (Ph) A 23 [78] C 31 [60]

4. 14 (CH3) 18 (Ph) A 24 [70] C 32 [62]

5. 15 (CHzPh) 18 (Ph) A 25 [76] C 33 [60]
."

6. 16 (C6H40Me-P) 18 (Ph) A - - 34 [80]"

7. 17 (Ph) 18 (Ph) A - - 35 [80]"

8. 17 (Ph) 19 (SiMe3) B 26 [70] C 36 [65]

9. 16 (C6H4OMe-p) 19 (SiMe3) B 27 [70] C 37 [75]

10. 16 (C6H40Me-P) 20 [(CHZ)3CH3] B 28 [90] C 38 [60]

II. 11 (C6H4CI-p) 18 (Ph) D 21 [60] C 29 [70]

12c. 16 (C6H4OMe-p) 18 (Ph) E - - -

13. 11 (C6H4C1-p) 18 (Ph) F 21 [75] C 29 [72]

14. 12 (CHzC6~CI-p) 18 (Ph) G 22 [45] C 30 [70]

15. 11 (C6H4CI-p) 18 (Ph) A 21 [80]
.

H 29 [50]

"yields are based on 2-iodobenzamides.
byields are based on 2-alkynyl benzamides.
cthe entry 12 afforded only deiodinated product 39.
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The reaction were usually carried out by heating a mixture of 2-Iodobenzamide or its N-

substituted derivatives 11-17 (1 mmol) and alkyne 18 (1.2 equiv.) in DMF/THF (10 ml)

at 80-85 °C for 16/24 h in the presence of bis(triphenyl phosphine) palladium (II)

chloride (3.5 mol%), copper (I) iodide (8 mol%) and triethylamine (4 equiv.) [entries

1-7, condition A].

However with (trimethylsilyl)acetylene 19, and n-hexyne 20, 1.2 equiv. of the alkynes

were used and the reactions were performed at room temperature for 24 h (entries 8-10,

condition B). In the case of entries 6-7 the cyclized products, e.g. the isoindolinones

34-35 were obtained directly usually in excellent yields. But in other cases (all entries

except 6-7) the open chain condensation products 21-28 were the major products which

were cyclized in the same pot, after removal of solvent, by refluxing with sodium

ethoxide in ethanol (condition C) for 4 h to afford the isoindolinones 29-33, 36-38

respectively in good yields. The cyclization was also carried out with pure open chain

products which were isolated and characterized completely. The yields of the cyclized

products were almost the same in both cases.

When trimethylsilyl acetylene 19 was used as the alkyne (entries 8-9), the trimethylsilyl

group was completely removed under the cyclization condition C to afford 3-methylene

isoindolinones 36, 37.

It was observed that the alkyne (phenylacetylene) underwent considerable dimerization116

during the heteroannulation reaction which led to somewhat reduction in yields of the

desired products.

2.2.1 Starting materials

Synthesis of 2-Iodobenzamides 11-17

2-Iodobenzamides 11-17 have been used as starting materials because of their easy

availability from anthranilic acid. Diazotization of anthranilic acid (2-aminobenzoic acid)

followed by sandmeyer iodination with potassium iodide afforded 2-Iodobenzoic acid

shown in Scheme 2 (page 45).
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CaCI
3

R2NH2
4 -10
in dry benzene, ice bath rrJ(C-NHR'

II
11-17 a

Scheme 2

4, 11 R2 = C6lLtCl-p

5, 12 R2 = CH2C6lLtCl-p

6,13 R2 =H

7,14 R2 = CH3

8, 15 R2 = CH2Ph

9, 16 R2 = C6lLtaMe-p

10, 17R2=Ph

2-Iodobenzoic acid was converted to 2-Iodobenzoyl chloride by heating with PCls at 80

°c for 2 h. 2-Iodobenzoyl chloride (l mmol) was treated with a solution of the primary

amine 4-10 (2.02 equiv.) in benzene to obtain 2-iodobenzamides 11-17 shown in

Scheme 2. The products were characterized by its UV, IR and IH NMR. The IH NMR

and IR spectra of the compounds 11-17 (Fig. 27-31, page 94-100; Fig. 14-19, page 81c

86) showed absence ofNH2 group except compound 13 (Fig. 29, page 97; Fig. 16, page

83). 11~12 (Fig. 27-28, page 94-96; Fig. 14-15, page 81-82) and 14-17 (Fig. 30-31,

page 99-100; Fig. 17-19, page 84-86» exhibited an NH proton signal in their IH NMR

spectra at 05.76 - 7.09 (br S); in the IR spectra NH stretching vibration appeared at 3230

- 3362 cm-I and C = 0 stretching vibration at 1634 - 1653 cm-I; UV absorption was

found in the region A.max 223-272 nrn (Fig. 1-6, page 68-73). In IH NMR spectrum of

the compound 13 (Fig. 29, page 97) the chemical shift Ii 5.85 (singlet) for NH2 proton

was observed. All spectral data of the compound 13-17 were identical to the reported

datall3.
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2.2.2 Role of catalysts
In general for the palladium catalyzed reaction of 2-iodobenzamides with alkynes

bis(triphenyl phosphine) palladium (II) chloride (3.5 mol%) was used as a catalyst and

cupprous iodide (8 mol%) was used as a co-catalyst. Bis(triphenyl phosphine) palladium

(II) chloride along with copper (I) Iodide was found to be the catalyst of choice. The

palladium-catalyzed reactions of 2-Iodo-N-p-chlorophenyl benzamide 11 with the

alkynes 18 was carried out in the presence ofPd(OAc)2 (5 mol%) and copper (I) iodide (5

mol%) under the same reaction condition, the substituted alkynyl compound 21 in 60%

yield (Scheme 3, Table 1, entry 11) was obtained. We have attempted phase transfer

catalyst reactions I14of 2-Iodo benzamides 16 with the alkynes 18 (condition E) in the

presence of Pd(OAc2) (5 mol%) K2C03 tetra butylammonium chloride (1 equiv.) and

DMF (10 ml) at 80°C for 16 h (Scheme 4, Table-I, entry 12) and deiodinated product

39 was obtained. We have also carried out the palladium catalyzed reactions of 2-iodo

benzamides with terminal alkyne in the presence of tetrakis(triphenyl phosphine)

palladium (0), Et3N and ZnCh in DMF at 100°C (Scheme S, page 47) according to the

conditions of Liao and Chengl15 (condition G) to yield 2-alkynylated product 22. Usually,

the yield of the 2-alkynylated product 22 was higher from the reaction with (PPh3hPdCI2

and CuI than with (PPh3)4Pdand ZnCh procedure (Table 1, entry 2 and entry 14)

~~-NH-{5\-Cl HC=C-Ph,Pd(OAc)2~~C C--(Q)-Pho.
II ~ CuI,Et3N,DMF,80'c, 16h NH Cl
o

11 0
21

Scheme 3

~:-NH U OCH,HC=C-" "OAo, •0
II ~ K2C03, t-BU4NQ DMF~ -@-OCH

16 0 800C 16h CII-NH 3
, 39 0

Scheme 4
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Io C=C-Ph
C-NHCHZ--o--Cl HC=C-Ph,(PPh3)4Pd.~ ~

12 ~ ~ ZnCl"Et3N,DMF, NHCHZ-Y--CI
" IOO°C,16h 22 0

Scheme 5

From the observations shown in Table-I, it is revealed that the catalyst system e,g

Pd(PPh3)4 with ZnCh and Pd(OAch with CuI can also be used for heteroannulation

reaction of 2-iodobenzamides. Howerver, from all considerations the bis(triphenyl

phosphine) palladium (II) chloride-copper (I) iodide catalyst system was found better for

the heteroannulation processes.

2.2.3 Role of Co-Catalysts

The yield of 2-alkynylated benzamides was covered by the reaction in the presence of

(PPh3)2PdCh as a catalyst and in the absence of CuI as a Co-catalyst. The yield of 2-

alkynylated benzamides was also dropped by the use of ZnCh instead of CuI as Co-

catalyst (Table 1, entry I, 13)

~

lo _ C=C-Ph

CO-NH-{5\--CI HC=C-Ph,(PPh3hPdCIz• rQ'(""= ---u-
~ ZnCIz,Et3N,DMF,sooe,16h~NH~el

o

Scheme 6

It was found that the alkynylation of the 2-iodobenzamides could be done with palladium

catalyst alone; however, the yields improved significantly when CuI was used as a Co-

catalyst.

2.2.4 Role of Solvent

Although many palladium-catalyzed reactions have been reported to be carried out in

triethylamine as a solvent and a base, we have found that 2-Iodobenzamides and 2-lodo-

substituted benzamides were sparingly soluble in Et3N and did not undergo reaction in it.

2-lodo benzamides were highly soluble in tetrahydrofurane (THF) and dimethyl
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formamide (DMF) and underwent the complete reaction in it. In our cases THF was

found to be the solvent of choice where maximum yields (60-90%) were obtained.

2.2.5 Role of Base
Triethylamine was the base of our choice as was observed by the previous works

ll6
. The

use of NaHC03 instead of Et3N under the same reaction conditions afforded a poorer

yield in the presence ofK2C03 no reaction occurred under the same reaction condition A.

2.2.6 Effects of Temperature and Time
The reaction at 80°C for 16 h was found to be the optimum condition for the alkynes 18

with aromatic substituent. Further increase in temperature did not lead to any noticeable

change in the product yields. In the case of nonaromatic alkynes e.g trimethylsilyl

acetylene 19 and n-hexyne 20, the reactions at higher temperature gave poorer yields due

to the higher volatility of the alkynes. The reactions at room temperature for a longer

period (24 h) afforded the maximum yields.

2.3 Characterization of products
The isoindolinones and open chain condensation products gave satisfactory spectroscopic

(IR, UV and !H NMR) data. The structures of the cyclized products (isoindolinones) and

acyclic products (2-alkynyl benzamides) were established on the basis of the following

observations:

(i) 2-Phenylethynyl-N-substituted benzamides 21-25 (Fig. 32, 34 page 101, 104) and 2-

Hexynyl-N-p-anisyl benzamide 28 exhibited an NH proton signal in their lH NMR

spectra at 87.79 - 9.25 (br.S) and no olefinic proton sigrtal. Appearance of two dublet at

84.65 and 82.93 in the IH NMR spectra were assigned to be 2-H, 3-H of products 22

(Fig. 34, page 104) and 24 respectively. In the IR spectra, products 21-28 (Fig. 20,22

page 87,89) exhibited C '" C stretching frequencies appeared at 2205 - 2215 cm-
1
, NH

stretching vibration at 3242-3500 cm-I and C = 0 stretching vibration at 1636-1653

cm-1; UV absorption was found in the region A.m•x 283.6 - 284.4 urn and 293.5-301.2 urn

(Fig. 7,9 page 74,76). In the case of2-alkynyl benzamides 21-25 (Fig. 32, 34 page 101,

104),28 the lH NMR spectra showed chemical shift positions at aromatic zone (87.18 -

8.14).
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(ii) 2_trimethylsilylethynyl-N-substituted benzamides 26-27 displayed the following

data: 'H NMR spectra HN proton signal at 88.9 - 9.2 (br S), TMS - H proton signal at

80.15 - 0.3, Ar-H proton signal at 86.8-8.2 and no olefinic proton signal. The IH NMR

spectra of the compound 2-(2' -trimethylsilylethynyl)-N-p-anisyl benzamide 27 showed

singlet at 83.5 for Ar-OCH3 proton. In the IR spectra C '" C stretching frequency at

2150 - 2160 cm-I, C = 0 stretching vibration at 1660 cm-I and NH stretching vibration

at 3330 cm-I and UV absorption in the region 248.6-249.8 nm. The above data were

absent in case ofthe corresponding cyclized products 29-33 (Fig. 35, 36 page 106, 108;

Fig. 23-24, page 90-91), exhibited characteristic vinylic proton signals in the IH NMR at

86.58-6.87. Cyclized products 34-35 (Fig. 37-38, page 110-112) exhibited

characteristic vinylic proton signals in the 'H NMR at 86.84 - 6.87. The 'H NMR spectra

of the compounds 36 - 37 gave exomethylenic proton signals as double doublets at

84.76-5.2 and 84.72-5.16. 3-Pentylidene-N-p-anisyl isoindolinone 38 gave vinylic proton

signal at 85.18 and characteristic y-Iactam IR absorption at 1700 - 1714.6 cm-
I

(Fig.

23-26, page 90-93).

The heteroannulation reaction of 2-Iodobenzamides with alkyne in the presence of

palladium-catalyst and copper (I) Iodide showed regio- and stereoselectivity. We have

established that all the isoindolinones have the (Z)-configuration by comparing them with

known compoundsl13 31, 33-35.

2.4 Mechanism of Palladium-catalyzed Reactions of 2-Iodobenzamides
with Terminal Alkynes

Although the detailed mechanism of the reaction is yet to be clarified, it can be perceived

that the reaction proceed according to scheme 7 (page 50). From our observations it was

clear that the presence of palladium catalyst and copper (I) Iodide was very essential for

the success of the heteroannulation reactions. The key steps of the plausible mechanism

were based on the following observation.
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~IONHR2

11-17

a HC=CR'

~

CUIIEt3N

(j) e
(Et]NH)1

Cu-C=C-R' (I)
(1')

(j) e
_~ (EI]NH)I

( ')

L L
'-.,1

rQt:~N~1R~-R'

(HI !\

(PPI1.~)~'I)dCI2

HC=CR' (18 - 20)

KCUIIEI]N

(j) e
(EI]NH)X (A)X ~ IICI

(l'I'h]i,Pd-(C=CR' h
(B)

t'--R'C=C~;) CR'

(PPh3J,Pd(O)

(CI

H-C.,C-R'
: L

L II'-.,'
rU"d-' rQtL'-.,p~~1

~C-NHR2 ....E.- 0
(G) g C-NHR2

(E) g

~C=C-R'

CONHR'
21 - 28

Scheme 7

(i) Formation ofPd(O)

The formation. of 2 -alkynyl benzamide derivatives 21-28 was catalyzed by (PPh1)2PdCIz

in the presence of CuI. It could be suggcsled that Pd(O) must be intermediate involved in

the catalytic process, as originally proposed by sonogashira et at. 117 in the arylation of

terminal alkynes 18-20. The reduction of Pd(lI) to Pd(O) in the presence of Et1N, CuI and

alkynes took place. The formation of the dimersl18 of the alkynes (RI-C=C-C=C-R')

under the reaction conditions supports the above action.
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HC=CR1

(PPh]hPdCI2 •• (PPh])2Pd-(C CRI)2
Cui, Et]N B

-- ••- (PPh]hPd(O) + RiC C-C CR1

C D
Scheme 8

(ii) In the. catalytic cycle 2-iodobenzamides 11-17 oxidatively added to

bis(triphenylphosphine) palladium (0) C to generate a a-aryl palladium (II) complex E.

~

Io +

CONHR2

11-17

Scheme 9

(iii) Then the terminal alkynes through the copper salts Cu-C= C-RI (F) (formed as

intermediates .with CuI) underwent the transmetallation reaction with the a-aryl

palladium complexes to give a-alkynyl palladiulll complexes H (path a.) In the absence

1
Cui

G

HC~CRI
L. ] H,o 't-l • ~Pd"IC=CRI

2

Et]N
EEl e

(Et]NH)I

Scheme 10



of cuprous iodide, the aryl or alkynyl palladium complexes H could also be generated

from palladium complexes J which could be formed through the co-ordination of the

alkynes 18-20 with palladium complexes E giving rise to the coordinated complex G and

then J by subsequent insertion of the palladium into the C-H bond of the alkynes and

elimination of HI in the presence of Et3N (path b). The co-ordination of alkynes with

palladium complex has been suggested by several investigators! 19.

(iv) The alkynyl palladium complex H regenerated the original bis(triphenylphosphine)

palladium (0) C (which could then continue the catalytic cycle) through the reductive

elimination of the substituted products to afford the 2-alkynyl benzamides 21-28.

LzPd(O) +

C
L=PPh3

Scheme 11

~c::
. C/
21 - 28 1\o

Cyclization of Acyclic Products 21-28

Usually the cyclization of the acyclic products 21-28 was performed with sodium in

ethanol under reflux for 4 h. Some of the cyclizations were also carried out with

Pd(OAch, LiCl, K2C03 in DMF at 100°C for 16 h (condition H)95 with considerable

yields (entry 15). From our observations it was obvious that the 5-exo-dig attack was

dominant over the 6-endo-dig attack. In all cases we obtained the isoindolinones

exclusively. The proposed mechanism is given in Scheme 12 and 13 9 (page 53).
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EtOH 0) .

rA'(O lC ~~/ 29-33 0~ tJ 36-38
C/ " 2II R
o

NaOEt~
EtOH

o
Scheme 12

. AcOPd R1 H R1

Pd)AC), ~N-2 ~K J.LiCI 0 -2
2. H20' NK

frC~C-RI Pd(OAC))&lC~~~/ 0 29 0

~ NHR' ~~) -HOAc PdOAc

C/ C/'R' ~I R1

21 ~ ~ ~ 0 "",R J. LiCI. rlrL"" 2

NR 2.H,O ~NR

0720

Scheme 13

2.5 Conclusion

We have demonstrated a convenient, general and facile method for the synthesis of

3-substituted isoindolin-l-ones from the reaction of 2-Iodobenzamides with terminal

alkynes by a (PPh3)2PdCIz-CuI-Et3N system. We have used THF as a solvent in the

palladium catalyzed reaction. The most important features of the synthesis are that

readily available, inexpensive starting materials are used under relatively mild reaction

conditions and relatively good yields. Also no toxic and hazardous compounds are

produced by this procedure. We hope this will be of interest to many organic and
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medicinal chemists active in this area and stimulate more activities in this promising area.

The reaction is highly regio- and stereoselective in case of the aromatic alkynes. A

variety of functional groups can be introduced at the 2 and 3 positions of the

isoindolinone derivatives by this procedure. Thus biologically and medicinally important

isoindolinones could be synthesized ina facile manner through proper choice of terminal

alkynes andN-substituted 2-Iodobenzamides utilizing (PPh3)2PdCh-CuI-Et3N system.

2.6 Experimental

Preparation of 2-Iodobenzoic acid

28g (0.20 mol) of anthranilic acid I was dissolved in 200 ml of distilled water containing

28 ml of concentrated sulphuric acid in a large flask. The mixture was cooled to 5 DC - 0

DC and was stirred mechanically. The resulting mixture was diazotised by gradual

addition of a cold solution of sodium nitrite (13.8g, 0.2 mol) in water (25 ml). A solution

of potassium iodide (53.1g, 0.32 mole) in 1M sulphuric acid (100 ml) was added to the

resultant clear solution. Then the mixture was heated to boiling for 10 minutes and

cooled. The residue obtained by filtration was crystallized from hot water to yield 2-

Iodobenzoic acid 2 (26.0 g, 92.8%), Melting point 161 - 162 DC, Lit m. p. 162 DC.

Preparation of 2-Iodobenzoyl chloride
A mixture of2-Iodobenzoic acid (20g, 80.68 mmol) and PCIs (16.8g, 80.57 mmol) was

stirred mechanically and heated at 80°C for 2 h. HCI and POCl3were removed from the

reaction mixture under reduced pressure. Then the pure 2-Iodobenzoyl chloride 3 was

obtained by vacuum distillation in excellent yield.

Preparation of 2-Iodo-N-p-chlorophenyl benzamide 11

2-Iodobenzoyl chloride 3 (3.15g, 11.82 mmol) was dissolved in dry benzene (30 ml)

under nitrogen atmosphere and cooled under ice bath. To the resulting solution was added

a solution ofp-chloroniline 4 (3.04g, 2:02 equiv.) in benzene (10 ml) slowly with stirring.

The residue obtained by filtration was washed with dilute HCl (3x50 ml), saturated

NaHC03 solution (3x50 ml) and distilled water (3x50 ml) and finally the residue was

washed with ether (2x25 ml). The crystalline powder obtained was crystallized from
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ethanol to yield 2-Iodo-N-p-chlorophenyl benzamide 11 (2.5g, 79.4%) as a colourless

needles, m.p. 141-142 DC.

IR: ym.xCKBr)3351.1, 1653.8, 1595.0, 1516.9, 1493.8, 1398.3, 1314.4, 1092.6, 824.5,

717.5,689.5,511.1 em-I.

UV(EtOH): Am•x272, 223.8 run

IHNMR (400 MHz, CDC1]) : 0 7.09 - 7.93(m, 9H)

Preparation of 2-Iodo-N-p-Chlorobenzyl benzamide 12
The compound 12 was synthesised from 2-Iodobenzoyl chloride 3 (3.15g, 11.82 mmol)

and p-chlorobenzylamine 5 (3.38g, 2.02 equiv.) in dry benzene by following the

procedure described above for the compound 11. After usual work up, the title compound

12 (3g, 88.75%) was obtained as a gum. It was crystallized from ethanol to obtain a

brown coloured crystal, m.p. 164 - 165 DC.

IR: vm.x(KBr) 3276.8, 3059.9, 3029.0, 2921.0, 2845, 1647.1, 1584.4, 1488.9, 1468.8,

1419.5,1428.2,1407.9,1323.1,1298,1265.2,1086.8, 1012.6,994.2,827.4,790.8,746.4,

716.5,638.40 em-I.

UV(EtOH): Am•x326.4, 305.2, 275.4, 227.6, 208.0 run.

lHNMR (400 MHz, CDC1]): 0 4.58(d, 2H, J = 4.08 Hz), 6.16 (brS, lH-NH), 7.10(t, lH,

J = 7.09 Hz, Ar-H), 7.26 - 7.37 (m, 6H, Ar-H), 7,84 (d, IH, J = 7.49, Ar-H).

Preparation of 2-Iodobenzamide 13
The title compound 13 was synthesized from 2-Iodo benzoyl chloride 3 (3.15g, 11.82

mmol) and ammonia solution 6 (0.41g, 2.02 equiv.) in dry benzene by following the

procedure described above for the compound 11. After usual work up, a light yellowish

gum was obtained and it was crystallized from ethanol to yield, 2-Iodobenzamide 13

(2.8g, 88.89%) as a white needles, m.p. 186-187°C.

IR: vm.x(KBr) 3361.7, 3180.4,1624.0,1583.4,1396.0,661.5,628.8 em-I.

UV(EtOH) : Am•x229.4, 217.6, 211.20 run.

IHNMR (400 MHz, CDC1]): 5.85 (S, 2H, -CONHz), 7.12 (t, lH, Ar-H, J = 6.92 Hz),

7.39 (t, IH, Ar-H, J = 7.44 Hz), 7.48 (d, IH,Ar-H, J = 6.26 Hz), 07.89 (d, lH, Ar-H, J =

7.93 Hz)
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Preparation of 2-Iodo-N-methyl benzamide 14
This was synthesized from 2-Iodobenzoyl chloride 3 (3.l5g, 11.82 mmol) and methyl

amine 7 (0.74g, 2.02 equiv.) in dry benzene by following the procedure described above

for the compound 11. After usual work up, the title compound 14 (2.7g, 85.70%) was

obtained as a gummy solid. It was crystallized from ethanol to obtain a colourless

amorphous powder, m. p. 145 - 146°C.

IR: vmax(KBr)3285.5, 1628.8, 1585.4, 1544.9, 1406.0, 1311.5, 1258.5,761.8 em-I.

VV (FtOH):A.max 228.60, 201.2 om.

iH NMR (400 MHz, CDCI3): I) 3.02 (d, 3H, -CH3, J = 4.9 Hz), 5.76 (brs, -NH, IH),

7.09 (d.d, IH, Ar-H), J = 6.01 Hz), 7.34 - 7.40 (m, 2H, Ar-H), 7.85(d, IH, Ar-H, J = 7.94
Hz).

Preparation of 2-Iodo-N-benzyl benzamide 15
The compound IS was synthesized from 2-Iodo benzoyl chloride 3 (3.15g, 11.82 mmol)

and benzylamine 8 (2.55g, 2.02 equiv.) in dry benzene by following the procedure

described above for the compound 11. After usual work up, the title compound IS (3.1Og,

98.41 %) was obtained as a colourless gum. It was crystallized from ethanol to obtain a

colourless needles, m.p. 124-125 °C.

IR: vmax(KBr)3275, 1640, 1585, 1550 cm-J•

iH NMR (400 MHz, CDC!}): I) 4.60(d, 2H, J = 5 Hz), 6.28 (br S, IH), 6-97-7.52 (m,

8H), 7.95 (m, IH).

Preparation of2-Iodo-N-p-anisyl benzamide 16
The title compound 16 was synthesized from 2-Iodobenzoyl chloride 3 (3.15g, 11.82

mmol) and anisidine 9 (2.94g, 2.02 equiv.) in dry benzene by following the procedure

described above for the compound 11 to obtain the compound as a bluish gummy solid. It

was crystallized from ethanol to obtain a bluish coloured needles 16 (2.95g, 93.65%),

m.p. 174 - 175°C.

IR: vmax(KBr): 3308, 1651, 1597, 1512, 1462, 1414, 1315, 1299, 1248, 1232, 1028,825,

741 cm-J•
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UV(EtOH): Am•x271.0, 262.0, 253.4, 236.8, 218.40 run.

IH NMR (400 MHz, CDCh): 4.19 (S, 3H, -OCH3), 7.27- 7.93 (m, 8H), 8.27 (d, IH, J =

7.91 Hz)

Preparation of 2-Iodo-N-phenyl benzamide 17
The compound 17 was synthesized from 2-Iodobenzoyl chloride 3 (3.15g, 11.82 mmol)

and Aniline 10 (2.22g, 2.02 equiv.) in dry benzene (30 ml) by following the procedure

described above for the compound 11. The crystalline colourless powder obtained from

ethanol to yield colourless needles (3.10g,98.4%), m.p. 144-145 DC.

IR: vm.x(KBr) 3230.50, 1647.1, 1596.9, 1541.0, 1488.9, 1442.7, 1328.9, 754.1, 696.3

UV(EtOH): Am•x233.0, 211.4 run.

IH NMR (400 MHz, CDCI3): 06.85 - 7.92 (m, 9H).

Synthesis of 2-(2'-Phenyl ethynyl)-N-p-chlorophenyl benzamide 21
A mixture of 2-Iodo-N-p-chlorophenyl benzamide 11 (O.5g, 1.399 mmol), bis (triphenyl-

phosphine) palladium (II) chloride (0.034g, 3.5 mol %), copper (I) iodide (O.02Ig, 8

mol%) and triethyl amine (0.56g, 4 equiv.) was stirred in THF (10 ml) under nitrogen

atmosphere for 1 h. Then phenyl acetylene 18 (0.17g, 1.2 equiv.) was added to the

reaction mixture. The solution was heated at 80 - 85 DC for 16 h. The progress of the

reaction was monitored by TLC (n-hexane-chloroform 1:1). After completion of the

reaction, the mixture was then evaporated to dryness under reduced pressure and the

residue was extracted with chloroform (3x50 ml). The combined chloroform extracts

washed with distilled water (3x50 ml), dried over anhydrous NaZS04, filtered and

concentrated under reduced pressure to obtain reddish gum. The latter was purified by

chromatography on a column of silica gel (60-120 mesh) with n-hexane and n-hexane-

chloroform (1:1). The n-hexane fraction afforded dimer 124 of phenyl acetylene and n-

hexane-chloroform fraction yielded the compound 21. Both the faction were crystallized

from n-hexane-ethylacetate to afford a greenish crystal compound 21 (0.40g, 80%), m.p.

160-161 DC and colourless needles of dimer ofPhenyiacetyienel16 (30 mg) m. p. 85-86

DC.
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Compound 21

IR: vmax(KBr) 3242.10, 3171.7, 2205.0,1653.8,1589.2,1512.1,1493.8,1397.3,1312.5,

1093.6,818.7,756.0,685.8,505.3 em-I.

UV(EtOH): Amax301.0, 281.6, 265.2, 217.2, 208.2, 201.4 urn.

lH NMR (400 MHz, CDCI3): 8 7.26 - 7.67(m, 12H, AT-H), 8.14 (t, lB, AT-H, J = 5.22

Hz), 9.25 (brS, lB, NH).

Dimer of phenylacetylene
IR: vmax(KBr) 1592.1, 1569, 1511.1, 1484.1, 1438.8, 1176.5, 1157.2, 1067.5, 1024.1,

987.5,915.2,847.7.

UV(EtOH): Am•x293.2, 242.6, 20.8, 203.0 urn.

lH NMR (400 MHz, CDCI3): 8 7.34-7.57 (m, lOH, AT-H).

Synthesis of2-(2'-Phenyl ethynyl)-N-p -chlorobenzyl benzamide 22

The title compound 22 was synthesized from 2-Iodo-N-p -chlorobenzyl benzamide 12

(0.50g, 1.488 mmol), bis (triphenyl phosphine) palladium (II) chloride (0.036g, 3.5

mol%), copper (I) iodide (0.023g, 4 mol %), triethylamine (0.69, 4 equiv.) and phenyl

acetylene 18 (0.18g, 1.2 equiv.) in THF (10 ml) by following the procedure described

above for the compound 21. After usual work up and column chromatography, the

compound was obtained as a gum. It was crystallized from n-hexane~ethylacetate to

obtain greenish white solid (0.42g, 84%), m.p. 110-111 DC.

IR: vm.x(KBr) 3279.7, 2210, 1636.5, 1592.1, 1539.1, 1490.9, 1442.7, 1432.0, 1300.9,

801.4,756.0,691.4,541.0 em-I.

UV(EtOH): Amax301.0, 284.0, 237.00 urn.

lH NMR (400 MHz, CDC!)): 8 4.65(d, 2H, J = 5.42 Hz), 7.12-7.60 (m, 12H, AT-H),

7.79 (brS, lB, NH), 8.13 (t, lB, AT-H, J = 5.05 Hz).

Synthesis of 2~(2'-Phenyl ethynyl)benzamide 23

The compound 23 was synthesized from 2-Iodobenzamide 13 (0.50g, 2.024 mmol), bis

(triphenylphosphine) palladium (II) chloride (0.05g, 3.5 mol %), copper (I) iodide

(0.031g, 8 mol %), triethyl amine (0.82g, 4 equiv.) and phenylacetylene 18 (0.25g, 1.2
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equiv.) in DMF (5 ml) by following the procedure described above for the compound 21.

After usual work up and column chromatography, the compound was obtained as a gum.

It was crystallized from n-hexane-ethyl acetate to obtain a colourless amorphous powder

(0.39g, 78%), m.p.159 - 160°C.

IR: Ymax(I<Br)3500, 3200, 2210,1650,1620,1490,1400,1110,760,690 em-I.

VY (EtOH): Amax301.2, 284.4 nm.

IH NMR (400 MHz, CDCI3): 87.30-8.02 (m, 9H, Ar-H), 8.20 (brS, NH2)

Synthesis of 2-(2'-Phenyl ethynyl)-N-methyl benzamide 24

This was synthesized from 2-lodo-N-methyl benzamide 14 (0.50g, 1.916 mmol), bis

(triphenyl phosphine) palladium (II) chloride (0.047g, 3.5 mo1%), copper (1) iodide

(O.027g, 4 mol %), triethyl amine (O.77g, 4 equiv.) and phenyl acetylene 18 (0.23g, 1.2

equiv.) in DMF (5 ml) by following the procedure described above for the compound

21.After usual work up, a greenish gum was obtained. It was purified by column

chromatography with 5% ethyl acetate in n-hexane to obtain the colourless amorphous

powder compound (0.35g, 70%), m.p. 103 - 104°C.

IR: Ymax(I<Br)3300, 3000, 2215, 1650, 1540, 1410, 1320,760,690 em-I.

VY (EtOH): Amax301.2, 283.6 nm.

IH NMR (400 MHz, CDCh): 8 2.93(d, 3H, J = 5 Hz, CH3), 7.18 - 7.94 (m, 9H, Ar-H

and lH,NH).

Synthesis of 2-(2'-Phenyl ethynyl)-N-benzyl benzamide 25
The title compound 25 was synthesized from 2-lodo-N-benzy1 benzamide 15 (0.50g,

1.484 mmol), bis (triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol%),

copper (I) iodide (0.023g, 8 mol %), triethylamine (0.609, 4 equiv.) and phenyl acetylene

18 (0.18g, 1.2 equiv.) in DMF (10 ml) by following the procedure described above for

the compound 21. After usual work up and column chromatography, the compound as a

gum. It was crystallized from n-hexane-ethylacetate to obtain colourless needles (0.380g,
~

76%).
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Synthesis of 2-(2'-Trimethylsilyl ethynyl)-N-phenyl benzamide 26

Bis (triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol%), copper (1) iodide

(0.023g, 8 mol %), triethyl amine (0.62g, 4 equiv.) were added to a solution of 2-lodo-N-

phenyl benzamide 17 ( 0.5g, 1.548 mmol) in DMF (10 ml). The mixture was stirred for

I h under a nitrogen atmosphere at room temperature. Then trimethyl silyl acetylene 19

(0.18g, 1.2 equiv.) was added dropwise to the mixture, stirring continued for 24 h at room

temperature. The reaction mixture was evaporated to dryness under reduced pressure, the

residue extracted with chloroform (3x50 ml), the organic extracts washed with distilled

water (3x50 ml), dried over anhydrous Na2S04, filtered and concentrated under reduced

pressure. The residue was purified by column chromatography on silica gel to afford

colourless small needles compound 26 (0.35g, 70%), m.p. 95 - 96 DC.

IR: vmax(KBr)3300, 2160, 1660 em-I.

VV (EtOH): Amax248.6 nm.

IH NMR (400 MHz, CDCh): 0 0.15, (S, 9H, TMS-H), 6.90 - 8.20 (m, 9H, Ar-H), 9.00

- 9.20( br 5, IH, NH).

Synthesis of 2-(2'-Trimethyl silyl ethynyl)-N-p -anisyl benzamide 27
The title compound 27 was synthesized from 2-lodo-N-p-anisyl benzamide 16 (0.5g,

1.475 mmol), bis (triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol%),

copper (I) iodide (0.022g, 8 mol %), triethylamine (0.69g, 4 equiv.) and trimethyl silyl

acetylene 19 (0.17g, 1.2 equiv.) in DMF (10 ml) by following the procedure described

above for the compound 26. After column chromatography, the compound was obtained

as a gum. It was crystallized from n-hexane-ethyl acetate to obtain colourless small

needles (0.35g, 70%), m.p. 116-117 DC.

IR: vmax(KBr)3330, 3000, 2150,1660 em-I.

VV(EtOH): Amax249.8 nm.

IH NMR (400 MHz, CDCh): 0 0.3 (S, 9H, TMS-H), 3.50 (S, 3H, OCHl), 6.80-8.00

(m, 8H, Ar-H), 8.90 (brS, IH, NH).
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Synthesis of 2-Hexynyl-N-p-anisyl benzamide 28
This was synthesized from 2-Iodo-N-p-anisyl benzamide 16 (0.5g, 1.475 mmol), bis

(triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol%), copper (I) iodide

(0.022g, 8 mol %), triethyl amine (0.59g, 4 equiv.) I-hexyne 20 (0.15g, 1.2 equiv.) in

DMF (10 ml) by following the procedure described above for the compound 26. After

column chromatography the compound was obtained as a gum. It was crystallized from

n-hexane-ethyl acetate to afford colourless needles (0.45g, 90%).

Synthesis of 3-Benzylidene-N-p-chlorophenyl isoindolin-l-one 29

(Conditoin C)
A mixture of 2-(2' -phenylethynyl)-N-p-chlorophenyl benzamide 21 (0.20gm. 0.603

mmol), and sodium ethoxide (0.069g, 1.5 equiv.) in dry ethanol (20 ml) was stired under

nitrogen atmosphere for 4 h at 80 DC(bath temperature). The progress of the reaction was

monitored by TLC (n-hexane-chloroform I: I). At the end ofthe reaction the mixture was

evaporated to dryness under reduced pressure to give a residue. Distilled water (200 ml)

was added to the residue and it was neutralised with dilute 6N HCI solution, extracted

with chloroform (3x50 ml), the organic layer washed with distilled water (3x50 ml),

dried over anhydrous Naz804, filtered and concentrated under reduced pressure, a

gummy greenish residue was obtained. The residue was purified by colunm

chromatography on silica gel. Elution with n-hexane-chloroform (I: I) furnished the

major product 29 (0.16 mg, 80%) as a greenish solid m.p. 135 - 136 DC.

IR: Ym,x(KBr) 3050, 1702.1, 1644.2, 1489.9, 1472.5, 1383.8, 1131.2, 1086.8, 1014.5,

819.7,761.8,726.1,694.3 em-I.

UV(EtOH): A.m,x331.5, 273.5, 237.5 nm.

IH NMR (400 MHz, CDC!]): 1) 6.85 (d, 2H, Ar-H), 6.87 (8, IH, = CH-), 6.96 - 7.06(m,

7H, Ar-H), 7.54 (t, IH, Ar-H), J = 7.48 Hz), 7.68 (t, 1H, Ar-H, J = 7.54 Hz), 7.86 (d, 1H,

Ar-H, J = 7.71 Hz), 7.95 (d, IH, Ar-H, J = 7.46 Hz).
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Synthesis of 3-Benzylidene-N-p-chlorobenzyl isoindolin-l-one 30

This was synthesized from 2-(2' -phenylethynyl)-N-p-chlorobenzyl beznamide 22 (0.20

mg, 0.58 mmol) and sodium ethoxide (0.066g, 1.5 equiv.) in dry ethanol (20 ml) by

following the procedure described above for the compound 29. After usual work up, a

greenish gum was obtained. It was purified by chromatography on a column of silica gel

with 5% ethyl acetate in n-hexane to obtain the title compound 30 (0.15g, 75%), as a

greenish white solid. It was crystallized from n-hexane-ethylacetate, m. p. 127 - 128 DC.

IR: vmax(KBr) 3047.3, 1711.7, 1657.7, 1618.2, 1488.9, 1470.6, 1427.2, 1395.4, 1344.3,

1299.9, 1287.4, 1109.0, 1093.6,1014.5,979.8,959.5,936.4,792.7,758.0, 702.0, 690.5,

622.0,476.4 em-I.

UV(EtOH): Amax323.5, 277.0, 233.0 nm.

IH NMR (400 MHz, CDC1]): 8 4.89 (S, 2H, N-CHz), 6.44 (dd, 2H, J = 7.78 Hz, Ar-H),

6.73 (S, lB, = CH-), 7.01 (dd, 2H, J = 7.72 Hz, Ar - H), 7.07 (dd, 2H, J = 5.64 Hz, Ar-H),

7.29 (dt, 3H, J = 11.0 Hz, Ar-H), 7.54 (t, lB, J = 7.09 Hz, Ar-H), 7.63 (t, 1H, J = 7.37 Hz,

Ar - H), 7.74 (d, 1H, J = 7.54 Hz, Ar-H), 7.91 (t, 1H, J = 8.93 Hz, Ar - H)

Synthesis of 3-Benzylidene isoindolin-l-one 31

The title compound 31 was synthesized from 2-(2'-phenyl ethynyl) benzamide 23 (0.20g,

0.90 mmol), and sodium ethoxide (0.102g, 1.5 equiv.) in dry ethanol (20 ml) by

following the procedure described above for the compound 29 to obtain as a colourless

gum. It was crystallized from n-hexane-ethylacetate to obtain a colourless small needles

(0.12g, 60%), m.p. 184 -185 DC.

IR: vmax(KBr)3250, 3020,1710,1640,1610,1450,1310,1150,770,700,640 em-I.

UV(EtOH): Amax339.2, 241.4 nm.

IHNMR (400 MHz, CDC1]): 86.58, (S, 1H, = CH-), 7.3-8.05 (m, 9H, Ar-H), 9.15 (br S,

1H,NH).

Synthesis of 3-Benzylidene-N-methyl isoindolin-l-one 32

This was synthesized from 2-(2' -phenyl ethynyl)-N-methyl benzamide 24 (0.20g, 0.85

mmol) and sodium ethoxide (0.097g, 1.5 equiv.) in dry ethanol (20 ml) by following the
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procedure described above for the compound 29. After column chromatography the

compound 32 was obtained as a colourless gum. It was crystallized from n-hexane-ethyl

acetate to obtain a colourless small needles (0.125g, 62.5%), m.p. 108-109 °C.

IR: vmax(KBr)3000,1700,1640,1610,1470,1430,1345,1330,1100,1030,1010,770,

760,720,690 em-I.

UV(EtOH): 324.8,272.4 221.8 nm.

IH NMR (400 MHz, CDCb): 8 3.05 (S, 3H, N-CH3), 6.78(S, iH, = CH -),7.25-8.00

(m, 9H, Ar-H).

Synthesis of 3-Benzylidene-N-benzyl isoindolin-l-one 33

This was synthesized from 2-(2' -phenyl ethynyl)-N-benzyl benzamide 25 (0.20g, 0.64

mmol) and sodium ethoxide (0.065g, 1.5 equiv.) in dry ethanol (20 ml) by following the

procedure described above for the compound 29. After usual workup, a light yellowish

gum was obtained. It was purified by chromatography on a column of silica gel with 5%

ethyl acetate in n-hexane to obtain the title compound 33 (0.12g, 60%) as a colourless

needles. It was crystallized from n-hexane-ethyl acetate m.p. 122-123 0c.
IR: vmax(KBr)3020, 1705, 1655, 1495, 1450, 1400, 1350, 1120,950,760,700,630 em-I.

UV(EtOH): A.max323.8 nm.

IH NMR (400 MHz, CDCb): 8 4.94 (S, 2H, N-CH2), 6.52(dd, 2H, Ar-H), 6.73 (S, lH,

= CH-), 7.05 - 7.09 (m, 5H), 7.25-7.29 (m, 3H), 7.53 (td, lH) 7.94 (d, IH, J = 7.5 Hz,

Ar-H).

Synthesis of 3-Benzylidene-N-p-anisyl isoindolin-l-one 34
The title compound 34 was synthesized from 2-Iodo-N-p-anisyl benzamide 16 (0.5g,

1.475 mmol) bis (triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol %),

copper (1) iodide (0.022g, 8 mol %), triethyl amine (0.59g, 4 equiv.) and phenyl acetylene

18 (0.l8g, 1.2 equiv.) in DMF (10 ml) by following the procedure described above for

the compound 21. After column chromatography, tlie compound was obtained as a

yellowish gum. It was crystallized from n-hexane-ethyl acetate to obtain a light yellowish

needles (0.40g, 80%), m. p. 171 -172 °C.
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IR: vmax(KBr)3050, 3020 1714.6, 1676, 1608.5, 1504.4, 1471.6, 1442.7, 1245.9, 1164.9,

1024.1,1008,763.8 em-I.

UV(EtOH): A.max330.6, 276.6, 237.4, 220.2 nm.

IH NMR (400 MHz, CDC!]): (53.71 (8, 3H, -OCH3), 6.82 (d, 2H, J = 7.02 Hz, Ar-H),

6.87 (8, lB, = CH-), 6.96 (m, 6H, Ar-H), 7.66 (t, lB, J = 7.51 Hz, Ar-H), 7.72 (d, lB,

J = 8.16 Hz, Ar-H), 7.85 (t, 2H, Ar-H), 7.94(d, IH, J = 7.54 Hz, Ar-H)

Synthesis of 3-Benzylidene-N-phenyl isoindoIin-l-one 35

This was synthesized from 2-Iodo-N-phenyl benzamide 17 (0.5g, 1.548 mmol) bis

(triphenyl phosphine) palladium (II) chloride (0.036g, 3.5 mol%), copper (I) iodide

(0.023g, 8 mol%), triethylamine (0.62g, 4 equiv.) and phenylacetylene 18 (0.19g, 1.2

equiv.) in DMF (10 ml) by following the procedure described above for the compound

21. After chromatography on a colu!lln of silica gel with 10% ethyl acetate in chloroform

as eluant, the colourless gummy compound was obtained. It was crystallized from n-

hexane-ethyl acetate to obtain a colourless small needles (O.4g, 80%), m.p. 197-198 "C.

IR: vmax(KBr) 3050, 1703, 1651, 1595, 1575.7, 1488, 1469, 1444, 1388, 1319, 1298,

1186, 1124, 1068,931.6,759.9, 694, 638, 627, 513 em-I.

UV(EtOH): A.max323.2, 277, 232.8, 214.6, 209.6 nm.

IH NMR (400 MHz, CDC!]): (56.84 (8, IH, = CH-), 6.85-7.08(m, 10H, Ar-H), 7.55 (t,

lB' J = 7.37 Hz, Ar-H), 7.68 (t, lB' J = 7.48 Hz, Ar-H), 7.86 (d, lB' J = 7.54 Hz,

Ar-H), 7.96 (d, lB' J = 7.42 Hz, Ar-H).

Synthesis of 3-MethyIine--N-phenyl isoindoIin~ I-one 36

The title compound 36 was synthesized from 2-(2'- Trimethylsilyl ethynyl)-N-phenyl

benzamide 26 (0.20g, 0.68 mmol) and sodium ethoxide (.069g, 1.5 equiv.) in dry ethanol

(20 ml) by following the procedure described above for the compound 29 to obtain

colourless small needles (0.13g, 65%), m. p. 98 -99 "C.

IR: vmax(KBr)3000, 1700, 1650, 1595, 1495, 1390, 1180,890,760,720,700 em-I.

UV(EtOH): A.max309.4, 255.2, 223.4 nm.

IH NMR (400 MHz, CDC!]): (54.76, lB' J = 2Hz, = CHz), 5.20 (d, lB' J = 2Hz, = CHz),

7.35-7.98 (m, 9H, Ar-H).
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Synthesis of 3-Methylene-N-p-anisyl isoindolin-l-one 37

This was synthesized from 2-(2'-trimethylsilyl ethynyl)-N-p-anisyl bezamide 27 (0.2g,

0.62 mmol) and sodium ethoxide (0.063g, 1.5 equiv.) in dry ethanol (20 ml) by following

the procedure described above for the compound 29 and obtain colourless powder (0.15g,

75%).

IR: vmax(KBr)3000, 1710, 1640, 1510, 1390, 1300, 1260, 1140, 1030, 830, 780,

700 cm-I.

UV(EtOH): A.max310.6, 255.6, 225.2 run.

IH NMR (400 MHz, CDC!]): () 3.85 (S, 3H, Ar-OCHJ), 4.72 (d, lB, J = 2Hz, = CH2),

5.16 (d, IH, J = 2 Hz, = CH2),6.90-8.00 (m, 8H, Ar-H)

Synthesis of 3-Pentylidene-N-p-anisylisoindolin-l-one 38
The title compound 38 was synthesized from 2-hexynyl-N-p-anisyl benzamide 28 (0.20g,

0.65 mmol) and sodium ethoxide (0.066g, 1.5 equiv.) in dry ethanol (20 ml) by following

the procedure described above for the compound 29 to obtain colourless amorphous

powder (0.12g, 60%), m. p. 159 -160 DC.

IR: vmax(KBr)2985, 1705, 1640, 1610, 1590, 1510, 1400, 1250, 1040, 830, 780,

700 cm-I.

IH NMR (400 MHz, CDC!]): ()0.68 -1.12 (m, 3H, CEJ), 1.18-1.66 (m, 4H, -(CH2)r),

2.32-2.90 (m, 2H, -CH2-), 3.82(S, 3H, OCHJ), 5.18 (t, IH, J = 8 Hz, = CH-), 6.78-7.98

(m, 8H, Ar-H).

Synthesis of 2-(2'-phenyl ethynyl)-N-p-chlorophenyl benzamide 21

(condition D)

A mixture of 2-1odo-N-p-chlorophenyl-benzamide 11 (0.5g, 1.399 mmol), palladium

acetate Pd(OAc)2 (0.015g, 5 mol %), copper (I) iodide (0.021g, 5 mol%) and triethyl

amine (0.56g, 4 equiv.) and phenyl acetylene (0.18g, 1.2 equiv.) in DMF (5ml) under

nitrogen atmosphere for one h. The solution was heated at 80 DCfor 16 h. After usual

workup and colunm chromatography, the compound was obtained as a reddish gum. It

was crystallized from n-hexane-ethylacetate to afford a greenish crystal 21 (0.39, 60%),
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m.p. 160-161 "c. This compound 21 was further cyclized by condition C to obtained the
compound 29 (0.14g, 70%) as a greenish solid, m.p. 135-136 "C.

Synthesis of N-p-Anisyl benzamide 39 (Condition E)

The title compou;Jd 39 was synthesized from 2-lodo-N-p-anisyl benzamide 16 (0.5g,

1.475 mmol), potassi um carbonate (0.51 g, 2.5 equiv.), tetrabuty I ammoni um chloride

(0.4lg,1 eqlliv.), palladium acetate (0.016g, 5 mol%) and phenyl acetylene 18 (0.19g, 1.3

eqlliv.) in DMF (10 ml) under nitrogen atmosphere. The solution was heated at 85 "c for
16 h. The progress of the reaction was monitored by TLC (n-hexane-chloroform I: I).

After completion of the reaction, the mixture was then evaporated to dryness under

reduced pressure and the residue was extrackd with chloroform (3x50 ml). The

combined chloroform extracts washed with distilled water (3x50 ml), dried over

anhydrous NaZS04, filtered and concentrated under reduced pressure. After column

chromatography, the compound was obtain'ed as a greenish gum. It was crystallized from

n-hexane-ethyl acetate to obtain colourless small needles (0.25g, 50'Vo),m. p. 166-167

°C.
IR: vmux(KBr)3269,1639.4,1598.91654.8,1550.7,1500.5,1438.8, 1330.8756.0 em-I.

IH NMR (400 MHz, CDCh): Ii 4.3(s, 2H, OCHJ), 7.07-7.93 (m, 9H), 8.27 (s, IH, NH,

J=7.92 Hz).

Synthesis of 2-(2'-Phenyl ethynyl)-N-p-chlorophenyl benzamide 21

(condition F).

A mixture of 2-Iodo-N-p-chlorophenyl benzamide 11 (O.5g, 1.399 mmo1), bis (triphenyl

phosphine) palladium (II) chloride (0.034g. 3.5 mol%), Zinc chloride (0.015g, 8 mol%),

triethylamine (0.56g, 4 equiv.) and phenyl acetylene (0.17g, 1.2 equiv.) in DMF (5 ml) by

following the procedure described above for the compound 21 (condition A). After usual

workup, a reddish gum was obtained. It was purified by column chromatography with n-

hexane-chloroform (I :1) to afford a greenish crystal (0.375g, 75%), m.p. 160 - 161 "c.
The title compound 21 was cyc1ized by condition C to afford greenish solid compound 29

m. p. 135-136 °C.
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Synthesis of 2-(2'-Phenyl ethynyl)-N-p-chlorobenzyl benzamide 22
(condition G)

The title compound 22 was synthesized from 2-Iodo-N-p-chlorobenzyl benzamide 12

(0.50g, 1.488 mmol), tetrakis (triphenyl phosphine) palladium (0) (0.033g, 3.5 mol%),

triethyl amine (0.6g, 4 equiv.), ZnCh (0.016g, 8 mol%) and phenyl acetylene 18 (0.18g,

1.2 equiv.) in DMF (5 ml) at 100 DC for 16 h. After usual work up and column

chromatography, the compound was obtained as a gum. It was crystallized from n-

hexane-ethyl acetate to obtain greenish white solid (0.225g, 45%), m. p. 110 -Ill DC.

The above compound 22 was then cyclized by condition C to obtain a greenish white

solid 30, m.p. 127-128 DC.

Synthesis of 3-Benzylidene-N-p-chlorophenyl isoindolin-l-one 29

(condition H) from 21 (condition A).

Palladium (II) acetate (0.007g, 5 mol %), LiCI (0.025g, I equiv.) and KZC03 (0.2Ig, 2.5

mmol) were added to a solution of 2-(2' -phenyl ethynyl)-N-p-chlorophenyl benzamide

(0.20g, 0.603 mmol) 21 in DMF (5 ml), and the mixture was stirred for over night at 100

DC(bath temperature). The reaction mixture was evaporated under reduced pressure, the

residue extracted with chloroform (3x50 ml), the combined organic extracts washed with

distilled water (3x50 ml), dried over anhydrous NaZS04 and filtered. The residue

obtained after removal of solvent was purified by column chromatography on silica gel to

yield colourless crystal 29 (0.100g, 50%), 135-136 DC.
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Fig. 12: UV spectrum of compound 34
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Fig, 17: IR spectrum of compound 14
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6.933
5.471
4.717
14.391
1.245
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1.091
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0.928
11.508
4.152

505.3
685.6
756.0
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1093.6
1312.5
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1512.1
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16:53.8
3171.7
3242.\
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Threshhold: 15, Noise: 2. No Range
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PeaktableofD4SBAIRS.18 Peaks
Threshhold: 20. Noise: 2, No Range
Selection

No. Pes. (l/cm) Inten. (%T)

~c~c-c~c~

755 .• 686'

Dimer of Phenylacetylene

13.568
17.697
4.608
8.491
0.429
0.232
19.085
5.052
17.946
10.786
13.969
13.632
12.908
4.llO
].067
12.881
9.171
7.362

463.8
5l3.0
526.5
668.3
686.6
755.1
847.7
915.2
987.5
1024.1
1067.5
1157.2
1176.5
1438.8
1484.1
1511.1
1569.0
1592.1

I
2
3
4
l
6
7
8
9
10
11
12
13
14
IS
16
17
18

o 45ba. 0] Aug 2003

Fig. 21: IR spectrum of dimer
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PeaktableofDEFAULT.lRS.12 Peaks
Threshhold: 30. Noise: 2, No Range
Selection
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15.633
12.472
27.795
26.176
24.279
29.873
25,081
20.776
29.361
8.506
19,045

541.0
691.4
756.0
801.4
1300.9
1432.0
1442.7
1490.9
1539.1
1592.1
1636.5
3279.7

D-145 A6. 1 May. 2003

1
2
3
4
5
6
7
8
9
10
11
12

'NJ
pC

C

~C-NHCH'-Q--e'
II .O

I b zamlde 2<- - hlorobenzy en2-(2'-PhenyJ elhynyl)-N_p c

Fig, 22: IR spectrum of compound 22
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pcaktable ofDEFAUL T.lRS. 12 Peaks
Thrcshhold: 3. Noise: 2. No Range
Selection

»0 No, Pos. (lIem) Intcn. (%T)

mi
~

~
l

'"

j
100 I

"-b-= ~1---'"',

- -

0.4267
2.1947
0.4098
2,3520
2.7819
1.3034
1.97S2
t.3931
1.4694
0.3172
1.0t08
0.0464

N-Q-Cl

694.3
726.1
761.8
819.7
1014.S
1086.8
1131.2
1383.8
1472.S
1489.9
1644.2
1702.1

D.142 B.21 April, 2003
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\I
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o
3.Genzylidcne.N.p.chlorophenyl isoindolin .1.one 29

Fig. 23: IR spectrum of compound 29
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Peaktablc ofDEF AUL T .IRS. 23 Peaks
Threshhold: 10, Noise: 2, No Range
Selection

No. Pos. (Item) Inten. (%T)

I 476.4 8.1766
2 622.0 8.8843
3 690.5 5.8213
4 702.0 0.6573
5 758.0 0.3833

• 792.7 5,0894
7 936.4 9.1481
8 9595 5.1152
9 979.8 5.2876
10 1014.5 6.7677
II 1093.6 5.4\54
12 1109.0 6.5262
Il 1287,4 6.9336
14 1299.9 9.1005
15 1344.3 1.3688
I. 1395.4 2.8393
17 1427.2 3.3890
18 1470.6 5.4235
19 1488.9 2,8386
20 1618.2 8.9362
21 1657.7 3.1334
22 171 L7 0.1156
23 3047.3 9.5964

D-l~6B,4 May, 2003

Fig. 24: IR spectrum of compound 30

o
J-Benzylidenc:.N-p-chlorobenzyl isoindolin-I-one 30
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Analytical, 8CSIR Lab. Dhaka IH Spectrum M-3 in CDCl3 Masud SUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
A766
I
I

r-..r-..r-..r-..r-..r--r-..r--r-..r-..r-..r-..r-..,.....

IOlDOUl .•..•(1"JCOUlcnCOr-..aJCOaJ
COOJOIC\J(1"J'<l"Il1r-..r-.. •...•ruOl '<I"CD
M'<I"C\J'<I"rucnUl'<l"rucnr-..lD .•...•Ol
OlCOaJIl1Il1MMcrJcrJruruC\J .•...•O

E
aa

~~

~~-NH-Q--Cl
II

o h I benzamide J Jd N P-chlorop cny2-10 0- -

.J-I

"''''~ '"'" '"<D ~

~~

\ I

UlOC'1C'1C'1C\J _
•...•lDC'1NC'llDOC'l
GllDCO_r-.."<I"O'<l"UlN-_CO_O __......
•...••...•--. - 0 0 0 a,

\ \\1; \1/
F2 - Acquisition Parameters
Oate_ 20020904
Time 12.21
lNSIRUM dDx400
PR08HD 5 mm Multinuc
PULPROG Z9 30
TO 32768
SOLVENT COC13
NS 128
OS 0
SWH 6410.256 Hz
F !ORES O. 195625 HZ
AO 2.5559540 see
RG 64
OW 78.000 usee
DE 6.00 usee
IE 310.0 K
01 1.00000000 see

94

~-rl-~-~-~~~I-~-~-~_~I __~_~_~_'I_~_~_~_~I_~_-~-~--,~-~-~-~-rl-~-~~-~-'I-~--
PDm 14 12 10 8 6 4 2 0

1111 'I'! I

iil i [I I
J ~,I~L J~_/J~- J~--------

F2 ProceSSing parameters
5[ 32768
SF 400.1400096 MHz
WOW EM

SS8 0
L8 0.30 HZ
G8 0
PC 1. 40

usee
d8
MHZ

CHANNEL fl
IH

8.30
-6.00

400.1428010

parameters
20.00 cm
14.864 ppm

5947.71 HZ
-0.895 ppm

-358.03 Hz
0.78794 ppm/em

315.28708 Hz/cm

10 NMR plot
CX
FIP
F I
F2P
F2
PPMCM
HICM

NUC1

PI
PLI
SFOI
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Analytical, BCSIA Lab. Dhaka 1H Spectrum M-3 in CDCl3 Masud SUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
A766

1
I

-~-~-~i -~-~--~-Ti-~~-~-~-'i-~-~~-~-Ti--~-~-~-~i -~-~--~-Ti--~-~-~-~i-~~-~--
ppm 8.2 8.0 7.8 7.6 7.4 7.2 7.0

~\",~J---------,-~~ro(~I~A_( ~<O/
j I~I 1:11:1 I~I I; ~I I~ I~I

parameters
20.00 em
S.336 ppm

3335.47 Hz
6.835 ppm

2735.15 Hz
0.07501 ppm/em
30.01613 Hzlcm

CHANNEL fl ::::::::::::=

lH
8.30 usee
-6.00 08

400.1428010 MHZ

20020904
12.21

dpx400
5 mm Multinuc

zg30
32768
COC!3
128
o

6410.256 Hz
0.195625 Hz
2.5559540 sec

64
78.000 usec

6 00 usec
3100 K

1.00000000 sec

10 NMA plot
CX
F1P
Fl
F2P
F2
PPMCM
HlCM

~2 ProcessIng parameters
S[ 32768
SF 400. 1400096 MHZ
••••OW EM
SSS 0
LB 0 30 HZ
G8 0
PC 1. '0

NUCI
PI
PLl
SFOI

F2 - Acquisition Parameters
Date
Time
!NSTRUM
PROSHO
PULPROG
TO
SOLVENT
NS
OS
SWH
FlORES
AO

RG
Ow
DE
TE
01

~~

\ I

v '"ro rovro- '"- 0

COO!.Df'"J0100C\JCOtnOlr--r--ttl-<:tnr--r--_C\JcnO'I!.D-<:C\JO"lr--tn(Tlf'"Jf'"J(TlC\JC\JC\J

\\\111/

I I
I ~

I, (I~J\ fj J'I \ (f '

\J I \,,-J \'--

~~

\ I
-<n<noromVN
ro "'~

I

ro
<nro~
'"

E
Q
Q

N _

<O-
N ~
v N

"' "'

1/

~

1.I :
I '

. Il: f \
-=-~-/fl\~

(YI .
~TI-NH-Q>-CI

o .
2_lodo_N_p_chlorophenyl benzamicle II

IHNMR spectrum of compound 11Fig. 27:

95



(

f AnalyticaL BCSIR Lab.Dhaka lH Spectrum M-1Sa in CQCL3 Oelwar SUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
AI097

2
1

C\JO_OlCTl'<;l'C\lmoco Ll1U'1C\JlDCO- '" N N
-.;:r--O'llDOlt.Dln""l'r--.r-... C\JOLOO1O'!v 0 0 '"E "'<1lJ1ln('T)('T1C\J-l.OCDC'IJ r--r--.01'<:l'CDl"1 ~ ~ '"n \!lC"'l•...•r---LnC\lI.DOCDl.O mt"--Oll!lCDlD "' N N

n roCOl!1("1(Y')(T'l("IJ •...•O .•...• Ll1U'lfT1 .•..•lD"<I" - '" N

•..•..•r-...•..•..•r-.r--r--r-..r--r--.lD V'<:l''':l''<:tl''1('T1 N - -
~~~( ~I! \ I I I II

I

~C-NHCH'-O-c,
II

o I benz.mide 12-Chlorobenzy2-lodo-N-p

F2 - Acquisition Parameters
Oate_ 20030618
Time 19.15
INSTRUM dpx400
PRDSHO 5 mm Multinuc
PULPROG Z930
TO 32768
SOLVENT 'COCI3
NS 128
OS 0
SWH 5410 256 HZ
FlORES 0195625 Hz
AQ 2.5559540sec
RG 362
OW 78. 000 usee
DE 6.00 usee
TE 310.0 K

01 t .00000000 sec

)J~J, Jl I J,~

1 I I I I
ppm 12 10 8 6

F2 Processing parameters
SI 3276B
SF 400.1400085 MHz

wOw EM
SS8 0
La 0.30 Hz
G8 0
PC 1. 40

parameters
20.00 em
1A.A69 ppm

5789.63 HZ
-0.481 ppm

-192.52 HZ
0.74751 ppm/em

299.10730 Hz/em

usee
dB

"Hz

CHANNEL fl
IH

830
-6 00

400.1428010

10 NMR plot
CX
FIP
FI
F2P
F2

PPMCM
HZC"

NUCI
PI
PlI
SFOI

I
I~\
:1

I I
2 0

I
4

"'\:gl
;::[

10\
I~II~I/~~~\oll'lD\JI

IH NMR spectrum of compound 12

.
c~.
c

Fig. 28:
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Analytical, 8CSIA Lab. Dhaka lH Spectrum 73 A4 in CDCL3 Oelwar SUET.

Current Data
NANE
EXPNO
PROCNO

Parameters
A552

1
1

97

usee
d8
NHz

"=""=======,,=CHANNEL fl
IH

8.30
-6.00

400.1428010

parameters
20.00 em
14.779 ppm

5913.85 Hz
-0,596 ppm

-238.60 HZ
0.76879 ppm/em

307.62265 Hz/cm

==="""="""==

F2 - Acquisition Parameters
Oat,. 20020413
Time 15.10
INSTRUM dpx.400
PAOBHO 5 mm Multinue
PULPROG z930
TO 32768
SOLVENT Aeeton
NS 128
OS 0
SWH 6410.256 Hz
FlORES 0.195625 HZ
AD 2.55595.40 sec
RG .64
Ow 78.000 usee
DE 6.00 usee
IE 310.0 K
01 1.00000000 sec

NUCl
PI
Pl1
SFOI

'2 Processing parameters
51 32768
SF .400.1400086 MHz
WOW EN
SS8 0
L8 o 30 HZ
G8 0
PC 1.40

10 NNR plot
Cx
FIP
FI
F2P
F2
,...PMCM
HZCM

"'ro
'"o

",~ro~~ \)

~I~I~I~I151

I ~~\))jdd~.J.J)))/»~~ "l~~'Y(rfPF ~,- ((((~~

~~-~-N~N~ovru~~~~OM~~~ruro-~~owoo~ruwmoM~oru~~~ruro~mmmo~-m~wmmvov~ww~_~~oo~ru~m_owruv~~ruM~o--ooooomm~'~-rn~~vvruorn~_~mru~ruMNov~mw~~~w~~Mm-m~~vvvvvMMru----rnw~mNo~~M __ ooo~vrurumm
mmmm~~~~~~~~~~~~~~~www~~~vvvvvru oo

~~-NH2
IIo

2-lodobenzarnide 13

e
'1
0.

T i • I I iI' I • I • I Iii i u[
nnm 12 10 R l:

.co.
~

~

'I iiIIIILJ/l\ I'_____ ~.JU!v\ III ;I" LJU_..._

Fig. 29: IH NMR spectrum of compound 13

::,:~
'.':..

.'!
••...



Analytical. BCSIR Lab. Dhaka 1H Spectrum 73 A4 in COeL3 Delwar BUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
A552

1
I

I j I f I I I I
ppm B.25 8.00 7.75 7.50 7.25 7.00 6.75

- '" N
v lOvCDOl.O .•.•O .•.• CDOlOC"'I N "'~~;;; - ~ N ruOC"'lrul.OCJ'llTl CJ'l CJ'lM .•••......'" ~~-e '" '" '" O •......•..•COl!1lOCD CJ'l C"1 0 ••• l!1 ~ v~~a - o '" '" OlCO •......lO .•.•cn •......l!1 .••.•• ruo '" v 0 ~a - '" '" ~ V"'VVVMlTl C\J •••••••••••• __

'" ~~~. .ro ~~ ~ •......•......•......•...... r--. •...... r--. •...•.••...•.••...•.••...•.• r--. "' ~"'"'
I \ I I ~y III I ~II I I I I

Ii
,\I,jilL

~ ~:::J .

CHANNEL fl ========="'===
IH

8.30 usec
-6.00 dB

400 1428010 101Hz

parameters
20.00 em
8.529 ppm

3<112.74Hz
6.55? ppm

2623.63 Hz
0.09861 ppm/cm
39.45594 Hz/em

="''''=='''===='''=
NUCI
PI
PLI
SFOI

F2 - AcquisitIon Parameters
Oate_ 20020413
Time 15.10
INSTRUM dpx400
PRDSHO 5 mm Multinuc
PUlPROG zg30
TO 32768
SOLVENT 'Aceton
NS 128
OS 0
SWH 6410.256 HZ
FlORES 0.195625 HZ
AQ 2.5559540 sec
RG 64
Ow 78.006 usec
DE 6_00 usee
TE 3100 K
01 1.00000000 sec

F2 Processing parameters
51 3276B
SF 400.1400086 101HZ
WOW EM
SSB 0
LB 0.30 Hz
G8 0
PC 1. 40

10 NMR plot
CX
FIP
FI
F2P
F2
PPMCM
HlCM

I~(

I

Irll!( I
I 1 '.'II ,

I illlil,. 1.'\ )!\ll!1
111

1
, 1'\

v; \.'.-J l ~"'"~......

1~(1~(l~(

~:-NH2IIo
2-lodobenzamide 13

.~
i

Fig. 29: IH NMR spectrum of compound 13
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{ Analytical. BCSIA Lab. Dhaka IH Spectrum 149A in CDeL3 Oelwar BUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
AIOB5

1
1

E
Q
Q

Fig. 30:

rnomN~~oornrn~~N~_oruru~ruv_m~oru~~~oru~~_rn~~~Mrorovo~~rn-~-~m~~rno~~m~orov __ Mv~N~~m~vm-mroro~vm-orn~~rn~vomroru_~~~M~moo_~o~~moo~mMMmMMru--ooom~om __ ooooro~~ruru~vru_roro
~~~~~~~~~~~~~~~~~vmmmmmrurururururu oo

LL~~I~~ ~~f/~(~

~~-NHCH3
IIo

2-lodo-N-mclhyl benzamidc 14

IH NMR spectrum of compound 14

F2 - AcquisitIon Parameters
Oate_ 20030507
Time 13.48
INSTRUM dpx400
PRDSHO 5 mm Multinuc
PULPROG zg30 .
TO 3276B
SOLVENT 'Aceton
N5 12B
05 0
SWH 6410 256 HZ
FIDRE5 0.195625 HZ
AO 2.5559540 sec
AG 574.7
Ow 78.000 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000 sec

I
I

NUCI
PI

PLi
SFOI

CHANNEL f 1
IH

8.30
-6.00

400.1428010

usee
dB
MHz

I

II \ 1[ f II "
_________________ ~)i_.J.fJ\...)\ ,J"--- )\ .....'0 _

99

~--r--.-r-~--,~-~---.-------,--I I --,-.-~--~-TI- I
ppm 12 10 B 6 4

~2 Processing parameters
S[ 32768
SF 400.1400086 MHz
WOW EM

5S8 0
LB 0.30 HZ
G8 0
PC 1.40

parameters
20.00 em

14.404 ppm

5763.73 HZ
-0360 ppm
-144.23 Hz
0.73824 ppm/em

295.39798 Hz/em

10 NMRplot
CX
FjP
FI
F2P
F2
PPMCM
HZCM

[:'"v'!!~ f~\./~11111 v 0:10"'I...... !.D';('"'). . .~.
C"I 0 (\,IIi•....•

r-r- 6~~-, 2

I \
"',COl
~I

'"I-,
!g~~~';~110 cn:ru

I'" -:i'".•...• No •...•

.
"o•
~
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Analytical, BCSIR Lab. Dhaka, lH Spectrum 82A6 in COC13 Delwar SUET.

Current
NAME
EXPNO
PROCNO

Data Parameters
A588

1
1

N~~mm~ruooo~-~mm~~~NO MOtn-t.Ol.D_ '" en rumtnml.Om-I.ONm~O~Mm~ml.O~~~OOl.DO C\lC"'lC\lCOOO~_ ~ '" O'1'<fmC\lNeM~NO-C\lmCOM~I.OI.OO_I.ON_m~ COOMCO .•..•f"10 en '" COCOOMlDaCOl.DM-OCO~'<f_m~M~_0'10'10~t.D C'lCOlDl.DO'1m ....• en :;; lD«;rM~tna~~~~O'1coCOCOCO~~t.DI.OI.O~~Mruo '<f~«;rM .•..•OO en ml.Ol.DI.ON
coco~~~~~~~~~~~~~~~~~ '<f'<f'<f~ ~ ~ ~ '" '" - _ .•..•.•...• ..-~\W~~~~ ~I 1/1 I I \ \1) I

erl

o-OCHJ,~C-NH~
II

o 'I bcnzal11ide 16d' N-JI-an ISY2-10 0-

Fig. 31: 1H NMR spectrum of compound' 16

F2 - Acquisition Parameters
Oate_ 20020430
Time 13.55
INSTRUM dp,400
PRDSHO 5 mm Multinuc
PULPROG Z930
TO 32768
SOLVENT 'Aceton
NS 128
OS °
SWH 6410,256 Hz
FlORES 0,195625 Hz
AQ 2.5559540 sec
RG 362
OW 78.000 usec
DE 6.00 usec
TE 310,0 K
01 1.00000000 sec

NUCI
PI
PLI
SFOI

CHANNEL f 1
IH

8,30
-6,00

400,1428010

usee
d8
MHz

F2 Processing parameters
S[ 32768
SF 400.1398584 MHz
WOW EM
SS8 0
L8 0,30 HZ
G8 0
PC 1.40

.~.

IU~VJUL Ji
. Ji", UG

. f!~~rl'~:1 ,~I I~It o .••.\'<1" ...... m 00
OC\lOlOO .•..•. . . . . .
~l""lINO .•..•C\I

c,,",nll"' n""""'"1 ,",nil"' nil"' nil"' n,,"' n, ",n, 101"'n,""' n, "'n,",n""'n,,",n,,", ni ,""n,n,,",n,,", n"n,,",niL"'n, I",nil",nli",n, ,",n, ,",n, '"'"""'"1 n,,"' nll",n,",n,,",n, ",nli"'n, I"'n, ,",,",n,,",n, ",nll",n,,", n,[",n, ",n,,",nll",n,,",", nii"'n, '"In"",n"on,,on,,",n,,",n""'n, I",nll",n,,", nll",,",n,",n, on, I"'n, ,n,
ppm 9 8 7 6 5 4 3 2 1 0

100

10 NMR plot
CX
FIP
FI
F2P
F2
PPMCM
HZCM

parameters
20.00 em
9,555 ppm

3823.16 Hz
-0,226 ppm
-90.40 Hz

0.48902 ppm/em
195,67813 Hz/cm



•;. Analytical, BCSIR Lao. Dhaka lH Specrum 142-A in CDeL3 Oelwar SUET

Current Data
NAME
EXPNO
PROCNO

Parameters
Al082

1
1

~ro~~m~~rumWMM~_~~~~~~Mru~~~vm~momoo_~v~VO~M_M~oru~~mv~_mm~oom_mvrom~vroru~~~mvmWMNoorow~roruroruwoNM_m~O~~M~_mmmo~rom~M_v~~~~rum_omro~_mrn~oro~mmroruroMwo~ovro_m~ro~ruo_ww~~~~VVVVMMMMNrumMmwru_oomv_mv~Nroo

~~~??r
E~~

NJ@C

rtYC

>" ~O CI
~C-NH ..~

IIo I

F2 - Acquisition Parameters
Oate_ 20030507
Time 11.37
INSTRUM dpx400
PRDSHO 5 mill Mu 1t inuc
PUlPROG zg30
TO 32768
SOLVENT COCl3
NS 128
OS 0
SWH 6410.256 Hz
FlORES 0.195615 HZ
AQ 2.5559540 sec
RG 512ow 76.000 usee
DE 6.00 usee
TE 310.0 K
01 1. 00000000 sec

j j 111
1

Ii
A. )LJ '- .. J v.~. ~---~

Fig. 32: IH NMR spectrum of compound 21

2-(2' -Phenyl cthyny1)-N.p-chlorophenyl bcnzamide 21

-.- I -r \-,----""---'---1---'-
10 8 6 ,

parameters
20.00 em

14.573 ppm
5831.12 HZ
-0.479 ppm

-191.71 HZ
0.75259 ppm/em

301.14136 Hz/em

CHANNEL fl =============
lH

8.30 usee
-6.00 d8

400.1428010 MHZ

10 NMR plot
CX
FIP
Fl
F2P
F2
PPMCM
HICM

NUC1
PI
Pll
SFOI

F2 ProceSSing parameters
SI 32768
SF 400.1400088 MHzwow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.40

ro

1 \I~
\""~,
IN!

r~ r
2

J.1~r~I~~~01""I~ "'I"' ",I...: ...: ru .:;f rri nilI~I
---I ----.------.

12
Ippm

.
"o.
~

!OJ



j Analytical. BCSIR Lab. Dhaka IH Specrum t42-A in cael3 Oelwar SUET.

i I I I I
ppm 8.0 7.8 7.6 7.'

parameters
20.00 em
8.239 ppr.1

3296.57 HZ
7.200 ppm

2881.21 HZ
0.05190 ppm/em
20.76801 Hz/em

f1 ===::::=:===:
lH

8.30 usee
-6,00 dB

400.1.428010 MHZ

Parameters
Al082

1
1

10 NMR plot
CX
FIP
F 1
F2P
F2
PPMCM
HZCM

===:=:::=:=~ CHANNEL
NUCI
PI
PLI
SF01

;2 Proeesslng parameters
51 32768
SF .400.1.400088MHZ
WOW EM
sse 0
L8 0.30 HZ
G8 0
PC 1.40

F2 - Acquisition Parameters
Oat,_ 20030507
Time 11.37
INSTRUM dpx400
PROSHO 5 mm Multinue
PULPROG zg30
TO 32768
SOLVENT • CDC 13
NS 12B
OS 0
S'r'lH 6410_256 HZ
FlORES a .195625 HZ
AO 2.5559540 sec
RG 512
OW 78 000 usee
DE 6.00 usee
TE 310,0 K
01 1.00000000 sec

Current Data
NAME
EXPNO
PROCNO

1~(l~n~!~I~rlg(,~I I~ "'I en ",(
_ I{\J V (T') N,

\~1II~\\I\\/1;;;;111
Nrn~m~~~NmW~Mm~~-~MMro~m~~~~M_M~~ON~~mMm~~_OMmm~NM~oororu~~roruro-~N~oruwoM-m~~~~rumM_omro~MN_mm~~~oro~~~~WW~~~~VV~VV~MMMMMMNN

<D '"~~~~~ en
<D <D

II
~C#C

~C-NH-Q--el
IIo

2-(2'.Phcnyl ethyny1)-N-p-chlorophenyl benzamide 21

, IFig. 32: H NMR spectrum of compound 21

\17
""'''"oorumooen~~

~ (
I !I [, ,

I,ili I I / II
1\ iii: 1 Ii/I( Il,I',li! M!II, 1\

I I '" 'I I \1 I
I iii 1(; ~ 1/"\ )\ I' II' I' I I I I

I ./ \ :, ( I II: ! I

;; /I', Yi, ::! !Ijli i ',', ;i
r

~"\ ,'v 'I, ;j! ii, \, liU'\I:
\ I I I, I" l' , ('V '!
I j' 'Ji' .11/ \ \1'; V'V \ ' \ i \ Y \)\ I \

~ \ .--/ '1 V V 'J L

E
Q
Q
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-
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Analytical. BCSIR Lab. Dhaka lH Spectrum 458a in CDCl3 Jahangir. SUET

Current Data
NANE
EXPNO
PROCNO

Parameters
A429

1
I

e
a
a

~m~~-OM-M~wru~~_omWMWNm~~m~_mwmow_~Mm~-~-mNm~~m~~~om~~~~~m--om~~~~Mwm~~~m~m~~~MMMMMMru_. ....LL~~~~~~~~~~~--,

~c~c~c~c~
Dimer of Phenyl.cetylene

l"'1r--_MOl"MCI1['\Jf'-,..•..•t,OMI'--Ol
""'l'O"<TC\JO\!1M010101

n\p
F2 - AcquisitIon Parameters
Oate_ 20020128
Time 14.57
INSTRUM dpx400
PROSHO 5 mm Mullinuc
PULPROG zg30
TO 32758
SOLVENT COCl3
NS 54
OS 0
SWH 4789.272 Hz
FlORES 0 146157 Hz
AQ 3.4210291 sec
RG 54
OW 104.400 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000sec

103

I' • I I • I I, i I
ppm 10 8 5 4 2 0

Fig. 33: IHNMR spectrum of dimer

I
I

l L__

CHANNEL fl =============
lH

8.30 usee
-5.00 d8

400.1420007 MHz

parameters
20.00 em

10.772 ppm
4310.41 Hz
-0.832 ppm

-332.75 Hz
0.56019 ppm/em

232.15794 Hz/em

==:=========
NUCI
PI
PLl
SFOI

F2 - Processing parameters
51 32758
SF 400.1400092 MHz
WOW EM
SS8 0
LB 0.30 Hz
G8 0
~ 1.40

10 NMR plat
CX
F1P
Fl
F2P
F2
PPNCN
HlCN

I~I1~1~.:
00~

,f'" •
it ~



F2 - Acquisition Parameters
Oate_ 20030507
TIme 12.14
INSTRUM dpx400
PROSHO 5 mm Multinuc
PUlPROG z 930
TO 32768
SOLVENT 'Aceton
NS 128
OS 0
SWH 6410.256 Hz
FlORES 0195625 HZ
AO 2.5559540 sec
RG 256
OW 78.000 usee

DE 6.00 usee
TE 310.0 K
01 1.00000000 sec

/

E.~

Analytical, BCSIR Lab. Dhaka IH Spectrum 145-A in CDel3 Oelwar SUET.

roW~~-MN~rnNMoo~rn~M~mmONrno~o~~ mm~~ru~ru~~--v-rowrow~m_Nro_ro~vNvovw __ ro-~~mMm-mo~wvroMrnNNm_oro_~vNo~oov~roo OCOVWoov~NmW~v~ooooro~moroMN_~NM_~vIDru_ VM~mMro--VVvvMMMruruNNru ~moorowIDv __ OWNruruOO

LLL~~~ \\\Vl

NJ,pC

rQ1::-NHcH,-(Q)-CI
II 'de 22o N -chlorobcnzyl benzamlh YI)- -p2-(2'-Phcnyl ct yn

Fig. 34: lH NMR spectrum of compound 22

'Ii

Current Data
NANE
EXPNO
PROCNO

NUCI
PI
Pll
SFOI

Parameters
AI08.:!

I
I

CHANNEL ft =::::========
IH

8.30 usee
-6.00 d8

400.1428010 MHz

..,....-.-~--.,...--I~-.,...-~-~-~,~-.,...-~-~-~,--~-~-~-~I~-.,...-~-~--r,-~--~-~-~,--~-~-~-~,-
ppm 12 10 8 6 4 2

I

L~Wk II IL------------

F2 Processing parameters
SI 32768
SF 400 1400090MHz
WOW EM
SS8 0
lB 0 30 Hz
GB 0
PC 1. '0

/"

.
"~.
oS

"'~0~~.01<Dlcr5~ 01- Nlm COil.D OJ to Uli
Q'I 0 l!1 'Q"iCO CDllD 1.0 00 011~~-:~Ir:~I~~ ":~
•..••..•-- N - VI_ -- •..•0 I~I L\

151

10 NMR plot
CX
FIP
Fl
F2P
F2
PPNCN
HZCN

parameters
20 00 em

14.165 ppm
5667,94 HZ
-0.243 ppm
-97.10 HZ

0.72038 ppm/em

288.25192Hz/cm
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Analytical. BCSIR Lab. Dhaka lH Spectrum 145-A in CDCL3 Oelwar BUET. i

J Current Data
NAME
EXPNO
PROCNO

Parameters
Al0B4

1
1

-~--TI--~-~-~--"I--~--~-~--rl -~--~-~--"I--~--~-~--T'--~-~--~-~I--~--~-~-~I
ppm 8.2 8.0 7.8 7.6 7.' 7.2

l.OOJCOU1l.DOJ .~ 01 l!1 C\l lC lD U"I en OJ •••••.co .•..• r'1 0'1 C\J C\J U1 tn en ru M CD l.O en '<f M l.O 0'1 l.Ocn OJ C\JC\J 0""" '" ,..... - - - 1O ••..••••••. l,{1 r""I ••..•••..• '<f ,..... _ ,..... u) co lD CD lD In to --- C'U CD _ OJ OJ
5 '<f'Vl.DC\J0'l_ "' l.D 0'1 C\l In ru co en (D en 0 U"I 1.0 C\J 'V l!1 01 co ('1'1 001 ru C\l C'l ___0 m _,..... l!1
a U1'Vr'1r'1C\JN '" 0'1 ,..... 0 en en OJ •••••.•••••.lD t.O lD '<f OJ r.o 'q" •••• 0 0 CJ m •••••.l!1 0 CD r'1 C\l _ m
a - _ ................ ~ lC 1.0 1.0 \f1 l!1 l!1 tn '<f -<r "<I" "<I" '<f r'1 fT1 fT1 fT1 r'1 r'1 C\J C'U C\l C\l C'U ___ _ __ __ 0'1

,.: '. . . . . . .. .. . ..... .
co CD CD co CD co ,..... ,..... ,..... •••••.••••••.••••••.•••••.•••••.•••••.•••••.•••••.•.••••••••••.••••••.,..... ,..... ,..... ••••••.••••••.•••••.•••••.•••••.•••••••••••.•••••.•.••••,..... 1.0
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parameters
20.00 em
8.280 ppm

3313.25 HZ
6.992 ppm

2797.74 Hz
0.06442 ppm/em

25.77557 Hz/em

10 NMRplot
CX
F IP
FI
F2P
F2
PPMCM
HZCM

F2 Processlng parameters
51 32768
SF 400. 1400090 MHZ
WOW EM
558 0
LB 0.30 HZ
G8 0
PC 1. 40

============ CHANNEL f1 =============
NUC1 1H
Pi 8.30 usee
PLI -6.00 d8
SF01 400.1428010 MHZ

F2 - Acquisition Parameters
Oate_ 20030507
Time 12.14
INSTRUM dpx400
PROBHO 5 mm Multinue
PULPROG zg30
TO 32768
SOLVENT 'Aeeton
NS 128
as 0
SWH 6410.256 Hz
F[ORES 0 1g5625 Hz
AO 2.5559540 sec
RG 256
OW 78.000 usee
DE 6.00 usee
TE 310.0 K
01 1 .00000000 sec
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2.(2'-Phcnyl elhynyl}-N-p -chlorobcnzyl benzamide 22

Fig. 34: 'H NMR spectrum of compound 22
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1 Analytical, BCSIR Lao. Dhaka lH Spectrum 142-8 in COCL3 Oelwar SUET.

Current Data
NAME
EXPNO
PROCNO

Parameters
AI083

1
I

--..,i--~-~-~-..,i--~-~--~-..,i--~-~-~--i~-~-~-~--~i -~--~-~--i~-~-~-~-~,-~--~-~--,~-
ppm 12 10 8 6 , 2 0

o~oomwwo~m~~m~o~~mN~O_ v 0 '" v~ro~ruw~-~~mN~mo_ru~wo_~ ;;; 0 M a;e w~rom~w~mmmmo~mm_~ru~o~ ~ aa ~~w~row~~~~~_mm~W~~~WM '" M <0 '"a mmmmWW~~Nooommmmrorow~ru v <0 ru '"~~~~~~~~~~~~wwwwwwww~ M aL-l--~\\~lJ;zid&?~I I I Irtf

parameters
20,00 em

lA.485 ppm
5796.22 Hz
-0,430 ppm

-172.07 HZ
0.74578 ppm/em

29B.41443 Hz/em

CHANNEL fl :::::::::::::
IH

8.30 usee
-6.00 d8

400.1.428010 MHz

10 NMR plot
CX
FIP
FI
F2P
F2
PPMCM
HICM

NUCI
PI
Pll
SFOI

F2 Processing parameters
SI 32768
SF '00.1400092 MHz
WOW EM
SS8 0
LB 0.30 Hz
~ 0
PC 1.AO

F2 - Acquisition Parameters
Date_ 20030507
Time 11.54
INSTRUM dpx400
PRDSHO 5 mm Multinuc
PUlPRDG z 9 30
TO 32768
SOLVENT CDC 13
NS 128 .
OS 0
SWH 6410.256 Hz
F!ORES O. 195625 Hz
AQ 2.5559540 sec
RG 256ow 78.000 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000 see

/g\
I~I~r~'Ivrao~;~~iID~ ru MN~~r- 01'",....C1 0 ('\JIM"" OJ r-.. 0'q''q'lDl1''If'"ltDCOCIltD.........
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o

3.0enzylidcne-N-p-chlorophenyl isoindolin -I-one 29
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Fig. 35: IH NMR spectrum of compound 29
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Analytical, BCSIA Lab. Dhaka 1H Spectrum 142-8 in CDCL3 Delwar 8UET.

Current
NAME
EXPND
PRDCND

Data Parameters
AI083

1
I

I 'I I I I 'I I
ppm 8.0 7.8 7.6 7.4 7.2 7.0 6.8

CHANNEL fl "'''''''''''''====:===
lH

8.3D.usee
-6.00 d8

400.1428010 MHZ

parameters
20.00 em
8.089 ppm

3236.74 Hz
6.694 ppm

2678.62 HZ
0.06974 ppm/em
27.90596 Hz/em

20030S07
II. S4

dpx400
5 mm Multinuc

zg30
32768
CDC 13
128
o

6410.256 Hz
0.195625 Hz
2.5559540 sec

256
78.000 usee
6.00 usee
3100 K

00000000 sec

::::::::::,,""="''''''

Date
TIme
INSTRUM
PRD8HO
PULPROG
TO
SOLVENT
NS
OS
SWH
FlORES
AD
RG
Ow
DE
TE
01

F2 - Acquisition Parameters

F2 Processing parameters
S[ 32768
SF 400.1400092 MHz
WOW EM
SS8 0
L8 0.30 Hz
G8 0
~ 1.40 v

NUC1
PI
PLI
SFOI

10 NMR plot
CX
F1P
Fl
F2P
F2
PPMCM
HZCM

~

~IL~
~}\

P
I

15n~(15~~1

N-g-CI

jl,\ '\
, V,

Fig. 35: IH NMR spectrum of compound 29
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Analytical, SCSIA Lab, Dhaka 1H Spectrum 154A in CDCl3 Del~ar SUET,

Current Data
NAME
EXPNO
PROCNO

Parameters
'1162

1
1

M~~ro~~~ ~
tn~~0'1
ONl!l~W~("\JOO

e
n
n

~~~-~rn~ro~rn~Nm~MMN~orn~~IDrn~Mo~ooo---~~oo~IDrnoorumo_~oooo~~~~~ID~~N~~oru~romo~ruN~~~~OO~OO_~NM-~~M~~~.-~~ro~NoN~M~oom_MOO~.rnm~~W~~M~MNNOOOo~~~~om~~.M

UU~~~I\\lr

N-CH2-@-Cl

IIo
3-Bcnzylidcnc.N-p-chlorobenzyl isoindolin-I-onc 30

'"v
~
o

r
F2 - AcquisitIon Parameters
Oate_ 20030618
Time 19.01
INSTRUM dpx400
PRDSHO 5 mm Multinuc
PULPROG Z930
TO 32768
SOLVENT COCl3
NS 128
OS 0
SWH 6410.256 Hz
FlORES 0.195625 Hz
AQ 2.5559540 sec
RG 406.4
OW 78.000 usec
DE 6.00 usec
TE 310.0 K
01 1.00000000 sec

I ~-~I-~-~-~-~I--~-~-~-TI-~-~'~-~-TI-~--~-~-TI-~--~-~-TI-~_-~-~-TI-~-
ppm 12 10 8 6 4 2 0

Fig. 36: IH NMR spectrum of compound 30
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F2 Processing parameters
Sl 32768
SF 400.1400092 MHz.0. EM
SS8 0
LB o 30 Hz
GB 0
PC 1.40

CHANNEL f1 ::::~~~~::===

IH
8.30 usee
-6.00 dB

400.1428010 MHz

10 NMR plot parameters
CX 20.00 cm
FIP 14.548 ppm
Fl 5B21.35 HZ
F2P -0.858 ppm
F2 -343.17 HZ
PPMCM 0.77030 ppm/cm
HlCM 30B.22592 Hz/cm

NUC1
PI
PLt
SFOI
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I~I~I

L . bl )~ I

I
r r Ii 'i___ III

.
"o.
o

108



~

• Analytical. BCSIR Lab. Dhaka IH Spectrum 154A in CDel3 Delwar BUET .

Current
NAME
EXPNO
PROCNO

Data Parameters
'1162

1
1

I • I I' I I i I I J
ppm 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.'

<D~", ~-O~Mrn~~~~rnoo~rn~ru CD ,.....fTlfTl ru <DOo ~ M alO'Q'-I!l- .•...•r-...C\JC\ll!ltnU"lCDl.OCD 0'I<DC\J(Jl 0 - ~e ~a>ru ••••.I.DOC'\lMtnr--cnCDOf"'lOC\J'<TlDOl o l.O C\J C\J ~ ~~
•• Q M _ '" l!ll""1l!lfT1.•...•I!lM .•...•I.Ol!lMr--'<T_r--U'l COl.O(\JO ru <D M

Q "''''a> r--~l.Ol.Ol.OtntntnV'<T ••••.fTll""1MC\JC\J 0000 ~ ~~
~~~ 1""- ••••••• 1'",..... •....•••....•....•,.....,.....•.....•.....•..•.,....•..•.•...... ,..... •......r-- ,.... <D <D<D

\ I / \\~\\\/ \ II I II II \/ II I \ II

parameters
20.00 em
8.160 ppm

3265.32HZ
6.212 ppm

2485.58 Hz
0.09743 ppm/em

38.98671 Hz/em

10 NM!=lplot
CX
FIP
Fl
F2P
F2
PPMCM
HZe"

F2 ProceSSing parameters
SI 32768
SF 400.1400092 MHz
WOW EM
SS8 0
LB 0.30 HZ
G8 0
PC 1.40

============ CHANNEL fl ==========:::
NUCI IH
PI 8.30 usee
PLI -6.00'd8
SFOI 400.1428010 MHZ

F2 - Acquisition Parameters
Oate_ 20030618
Time 19.01
INSTRUM Opx400
PRD8HO 5 mm Multinuc
PULPROG zg30
TO 32768
SOLVENT .COCl3
~ 128
OS 0
SWH 6410.256 Hz
FlORES 0.lg5625Hz
AO 2.5559540 sec
RG '06.'
OW 78.000 usee
DE 6.00 usee
TE 310.0K
D1 1.00000000 sec

I~(\/I~I
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I I Iu, r ~

Ji! \ i'~! JhLJI
L

. ,I \ '

,V ~_~7

N-CHz-Q--CI

1~(1!~~(j~(15n~(I~n~(

'H NMR spectrum of compound 30
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3.Bcnzylidene-N-p-chlorobenzyl isoindolin-I-one 30
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o

Fig. 36:
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Anal ytical, BCSIR Lab. Dhaka. 1H Spectrum. 488f in CDCI3. De lwar. BUET.

Current Oata
NANE
EXPNO
PROCNO

Parameters
A477

I
I

e
0.
0.

-O~~MVMrn~ro_~M~rorn~_M~N~~mm_~~~MM~W~M~m~W~M~-ruo~mNNro_~~~~~~_~_~~~om_~roM~oro~~~oNm~_M~~~~~m~v~~o~~ru~~o~rn~m~ __ N~~~~_rn~_mw~~o_rn_MM~M~Mmv~ru~mmm~~M~~-NOO~M-rn~~~oro_ru~~vruM~W~-rnrnmrom~MMrumrnmrnrnrnroromwmM oommm~~~Moom~rururu

~~~~(~ rJ»plJPfJ ~~T)~.:1iJ5-1jY 1Jb:LU
~ "tifP'? '1YrrtfP r ~ ~

N-Q-OCH3

F2 - Acquisition Parameters
Oat,_ 20020217
Time 16.23
INSTRUM dpx400
PROBHO 5 mmMultinuc
PULPROG zg30
TO 32766
SOLVENT COCl3
NS 126
~ 0
SWH 6410.256 HZ
FlORES 0.195625 HZ
AQ 2.5559540 see
~ 64
OW 78.000 usec
DE 6.00 usee
TE 310.0 K
D1 1.00000000 sec
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--~-~--~--,r--~--~--~-~I;---~'--~-~--'I--~--~--r----'I--~--,r--~--'I--~--~--r,--'I
ppm 10 6 6 4 2

a
3-Benzylidene-N-p-anisyl isoindolin-l-one 34

IHNMR spectrum of compound 34

parameters
20.00 em

11.662 ppm
4746.32 Hz
-0.035 ppm
-14.04 Hz
0.59484 ppm/em

238.01794 Hz/em

CHANNEL f1 =============
IH

8.30 usee
-6.00 d6

400.1428010 MHZ

10 NNR plot
CX
FIP
FI
F2P
F2
PPMCM
HZCN

NUC1
PI
PLl
SFDI

F2 Processing parameters
SI 32766
SF 400.1400088 MHZ
WOW EN
SS6 0
L6 o . 30 HZ
G6 0
PC I. 40

LJ

I~II~I
I
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Analytical, BCSIR Lab. Dhaka, IH Spectrum. 48Bf in CDC13. Delwar.SUET.

Current Data
NAME
EXPND
PRDCNO

Parameters
A477

1
1

usee
d8
MHz

CHANNEL f 1
lH

8.30
-6.00

400.1428010

NUC1
PI
PLI
SFOI

F2 - Acquisition Parameters
Date_ 20020217
Time 16.23
INSTRUM dpx40D
PAOSHO 5 mm Multinuc
PULPROG Z930
TD 3276B
SOLVENT CDCl3
NS 128
DS 0
SWH 6410.256 HZ
FIDRES 0.195625 HZ
AO 2.55595~0 sec
AG 64
OW 78.000 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000 sec

IUUV~LJLF2 - Processing parameters
51 3276B
SF 400.1400088 MHZ
WDW EM
SSB . 0
LB 0.30 HZ
GB 0
PC 1. 40

N-Q---OCH3

~

~_ov~~~~m~ruv~mru~~~~m~_vm~~mororn~~ruru_v~~m~mru~_Mrumruruv_rurumom~mMro~oru~ru~V~M~rururo~~ro_~vruvmwv~vID~~ru_w_m~wE~mv~~omrororov~wvvruv~oruV~M~~~M~OW~~~M~~ru~~~o~~m~vm~a~M~Moro~Mruom~vommvruoM_mwvruom~womwv_mrorowvMMN~~_Wruoa~~mrnmrororo~~IDwww~~~~~VVMMMMMNruruN--oo~m~~m~mm~~~~w~

\\~~\~\\\I~I~

°3.Benzylidene-N-p-anisyl isoindolin-I-one 34

Fig. 37: lH NMR spectrum of compound 34

~

I

III

I I I I' ( I I ( I
ppm 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6

.r.

h~r1~I~~(l~rl~(I~il~(1~r1~~~1I~( 10 NMR plot parameters
CX 20.00 em
FIP B262 ppm
FI 3306.02 Hz
F2P 6.411 ppm
F2 2565.11 Hz
PPMCN 0.0925B ppm/cm
HZCN 37.04557 Hz/em



Analytical. BCSIR Lao. Dhaka lH Spectrum 98A3 in COC13 Oelwar BUET.

Current
NANE
EXPNO
PROCNO

Data Parameters
A641

1
I

112

-~-'I-~-~--~-TI-~-~'~~'~-,r-~-~-~'~-,~-~-~-~-"Ir--r--~-~-,r--~-~-~-~I-~-~-~'-~I-~-
ppm 14 12 10 8 6 4 2 0

CHANNEL fl ;:;==========
lH

8.30 usee
-6.00 d8

400.1428010 101Hz

parameters
20,00 em
14.832 ppm

5934.76 Hz
-0.666 ppm
-266.47 Hz
0.77488 ppm/em

3tO,06131 Hz/em

10 NMA plot
CX
F1P
Fl
F2P
F2
PPMCM
HZCN

F2 Processing parameters
SI 32768
SF 400.1400086 NHz
HOH EM
SS8 0
L8 0.30 HZ
G8 0
PC 1.40

NUCI
PI
PLl
SFOI

F2 - Acquisition Parameters
Oate_ 20020519
Time 15.45
INSTRUN dpx400
PRDSHO 5 mm Multinuc
PULPROG zg30
TO 32768
SOLVENT GOC,3
NS 128
OS 0
SWH 6410.256 Hz
FlORES 0.195625 Hz
AO 2.5559540 sec
RG 64
OW 78. 000 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000 sec
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Fig. 38: 'H NMR spectrum of compound 3S
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Analytical, BCSIR Lab. Dhaka IH Spectrum 9SA3 in COC13 Oelwar SUET .
..

Current Data
NAME
EXPNO
PROCNO

Parameters
A641

1
1

I I I I Ippm 8,0 7,5 7,0 6,5

parameters
20.00 em
8.548 ppm

3420,56 Hz
6.392 ppm

2557,78 Hz
0.10781 ppm/em

43.13897 Hz/em

10 NMR plot
CX
F1P
Fl
F2P
F2
PPMCM
HZCM

:========:=: CHANNEL fl ==?==========
NUCI IH
PI 8.30 usee
PLI -6,00 d8
SFOI 400.1428010 MHZ

F2 - Acquisition Parameters
Oate_ 20020519
Time 15.46
INSTAUM dpx400
PRDSHO 5 mm Multinuc
PULPROG Z930
TO 32768
SOLVENT COCl3
NS 128
~ 0
SWH 6410.256 Hz
F[ORES 0,195625 Hz
AQ 2.5559540 sec
RG 64
Ow 7a.OOO.usee
DE 6.00 usee
TE 310,0 K
01 1.00000000 sec

\
F2 ProceSSing parameters
51 32768
SF 400. 1400086 MHz

~

.0. EM
SS8 0
LB 0.30 Hz
G8 0
PC 1.40
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Section-3

Biological Test
Biological Activities of 3-Aryl (alkyl)idene isoindolin-l-ones



Antimicrobial Screening
3.1. Introduction

Bacteria and fungi are responsible for many infectious diseases. The increasing clinical

importance of drug resistant microbial pathogens has lent additional urgency to

antimicrobial research. The antimicrobial screening which is the first stage of antimicrobial

research is performed to ascertain the susceptibility of various microbes to any agent. This

test measures the ability of each antimicrobial agent to inhibit the in vitro microbial growth.

This ability may be estimated by either of the following three methods:

i) Disc diffusion method

ii) Serial dilution method

iii) Bioautographic method

The disc diffusion technique (Bauer et (11.
1211

, 1966) is a widely accepted in vitro

investigation for preliminary screening of agents which may possess any antibacterial

activity. It is essentially a quantitative or qualitative test indicating the sensitivity or

resistance of fhe microorganisms to the test materials. However, no distinction between

baceriostatic or bactericidal activity can be made by this method (RolandI21
, R., 1982).

3.2 Principle of Disc Diffusion Method

Solutions of known concentration (flg/ml) of the test samples are made by dissolving

measured amount of the samples in definite volume of solvents. Dried and sterilized filter

paper discs (6 mm diameter) are then impregnated with known amounts of the test

substances using micropipette. Discs containing the test material are placed on nutrient agar

medium uniformly seeded with the test microorganisms. Standard antibiotic discs and blank

discs (impregnated with solvents) are used as positive and negative control. These plates are

then kept at low temperature (4°C) for 24 h to allow maximum diffusion. During this time

dried discs absorb water from the surrounding media and then the test materials are

dissolved and diffused out of the media. The diffusion occurs according to the physical law
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that controls the diffusion of molecules through agar gel. As a result there is a gradual

change of test materials concentration in the media surrounding the discs.

The plates are then incubated at 37°C for 24 h to allow maximum growth of the organisms.

If the test materials have any antibacterial activity, it will inhibit the growth of the

microorganisms giving a clear, distinct zone called 'Zone of Inhibition'. The antibacterial

activity of the test agent is determined by measuring the diameter of zone of inhibition

expressed in millimeter.

The experiment is carried out more than once and the mean of the readings is required

(Bauer et al.l2o, 1966).

In the present study some pure compounds were tested for antibacterial activity by disc

diffusion method.

3.3 Experimental

3.3.1 Apparatus and Reagents

/
~

115

The bacterial strains used for the experiment were collected as pure cultures from the

Institute of Nutrition and Food Science (INFS), University of Dhaka. Both gram positive

and gram negative organisms were taken for the test and they are listed in the Table 2.

Filter paper discs

Sterile cotton

Micropipette

Laminar air flow hood

Refrigerator

Chloroform

3.3.2 Test Organisms

Petridishes

Sterile forceps

Screw cap test tubes

Autoclave

Nutrient Agar Medium

Inoculating loop

Spirit burner

Nose mask and Hand gloves

Incubator

Ethanol



Table 2: List of Test Bacteria

Gram positive Gram negative

Bacillus cereus Aeromonus hydroph ilia

Bacillus megaterium Escherichia coli

Bacillus subtilis Klebsiella sp.

Staphylococcus aureus Pseudomonas aeruginosa

Sarcina lutea Salmonella paratyphi A

Salmonella paratyphi B

Salmonella typhi

Shigella boydii

Shigella dysenteriae

Shigella jlexneriae

Shigella sonnei

Vibrio cholerae

Vibrio mimicus

Vibrio parahemolyticus
.

Table 3: List of Test Fungi

Fungi

Aspergillus jumigatus

Candida albicans

Rhizopus oryzae

Saccharomyces cerevisiae

3.3.3 Test materials

Compounds 16,21,22,29,30,31,32,34,35.

3.3.4 Culture medium

Mueller-Hinton (MH) medium and Potato Dextrose Agar (PDA) were used for making

plates on which antibacterial and antifungal sensitivity tests were carried out, respectively.

This media were also used to prepare fresh cultures.
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3.3.4.1 Composition of Nutrient Agar Medium

'.
Ingredients

Peptone

Sodium chloride

Beef extract

Yeast extract

Agar

pH (at 250C)

Amounts (gm/lit)

5.0

5.0

1.5

1.5

15.0

7.2-7.6

3.3.4.2 Preparation of medium

To prepare required volume of this medium, calculated amount of each of the constituents

was taken in a conical flask and distilled water was added to it to make the required volume.

The contents were heated in a water bath to make a clear solution. The pll. (at 25°C) was

adjusted at 7.2-7.6 using NaOH or HC!. 10 ml and 5 ml of the medium was then transferred

in screw cap test tubes to prepare plates and slants respectively. The test tubes were then

capped and sterilized byautoclaving at 15-lbs. pressure at 121 DCfor 20 minutes. The slants

were used for making fresh culture of bacteria that were in turn used for sensitivity study.

3.3.5 Sterilization procedures

In order to avoid any type of contamination by the test organisms the antibacterial screening

was done in Laminar Hood and all types of precautions were highly maintained. UV light

was switched on an hour before working in the Laminar Hood. Petridishes and other

glassware were sterilized by autoclaving at a temperature of 121°C and a pressure of 15-

Ibs.lsq. inch for 20 minutes. Micropipette tips, cotton, forceps, blank discs etc. were also

sterilized.

3.3.6 Preparation of subculture

In an aseptic condition under laminar air cabinet, the test organisms were transferred from

the pure cultures to the agar slants with the help of a transfer loop to have fresh pure

cultures. The inoculated strains were then incubated for 24 h at 37°C for their optimum

growth. These fresh cultures were used for the sensitivity test.
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3.3.7 Preparation of the test plates

The test organisms were transferred from the subculture to the test tubes containing about 10

ml of sterilized agar medium with the help of a sterilized transfer loop in an aseptic area.

The test tubes were shaken by rotation to get a uniform suspension of the organisms. The

bacterial suspension was immediately transferred to the sterilized petri dishes. The

petridishes were rotated several times clockwise and anticlockwise to assure homogenous

distribution of the test organisms in the media.

3.3.8 Preparation of discs

Three types of discs were used for antibacterial screening.

3.3.8.1 Standard discs

These were used as positive control to ensure the activity of standard antibiotic against the

test organisms as well as for comparison of the response produced by the known

antibacterial agent with that of produced by the test sample. In this investigation, kanamycin

(30flg/disc) standard disc was-used as the reference.

3.3.8.2 Blank discs

These were used as negative control which ensure that the residual solvents (left over the

discs even after air-drying) and the filter paper were not active themselves.

3.3.8.3 Preparation of sample discs with test samples

Measured amount of each test sample was dissolved in specific volume of solvent to obtain

the desired concentrations in an aseptic condition. Then discs were soaked with solutions of

test samples and dried.

3.3.9 Diffusion and Incubation

The sample discs, the standard antibiotic discs and the control discs were placed gently on

the previously marked zones in the agar plates pre-inoculated with test bacteria, The plates

were then kept in a refrigerator at 4 DC for about 24 h to allow sufficient diffusion of the

materials from the discs to the surrounding agar medium. The plates were then inverted and

kept in an incubator at 37 DC for 24 h.
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3.3.10 Determination of antibacterial activity by measuring the Zone of

Inhibition.

After incubation, the antibacterial activities of the test materials were determined by

measuring the diameter of the zones of inhibition in millimeter with transparent scale.

3.4 Results and Discussion of ill vitro Antibacterial Screening

Some pure compounds were tested for antibacterial activity against a number of both gram

positive and gram negative bacteria. Standard disc of kanamycin (30 !J.g/disc) was used for

comparison purpose.

Sixteen bacterial strains and four fungi strains were taken to study the antibacterial and

antifungal activity of the compounds (16, 21, 22, 29, 30, 31, 32, 34, 35) at the higher

concentration (200 !J.g/disc).

The zone of inhibition produced by the compound 16 was found to be 17 mm at 200 !J.g/disc

(Table 4). This compound 16 showed moderate activity against Rhizopus oryzae. On the

other hand rest of the compounds exhibited very poor activity against sixteen bacteria and

four fungi (Table 4).
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Table 4: Antibacterial activity

Test Organism Diameter of Zone of Inhibition (mm)

16 21 22 29 30 31 32 34 35 Kan

200 200 200 200 200 200 200 200 200 30
Gram Positive

Bacillus cereus - - - - - - - - - 09
Bacillus megaterium - - - - - - - - - 22
Bacillus subtilis - - - - - - - - - 11
Staphylococcus aureus - - - - - - - - - 10
Sarcina lutea - - - - - - - - - 15
Gram Negative

Aeromonus hydrophilia - - - - - - - - - 09
Escherichia coli - - - - - - - - - 12
Pseudomonas aeruginosa - - - - - - - - - 10
Salmonella paratyphi A - - - - - - - - - 36
Salmonella paratyphi B - - - - - - - - - -

Salmonella typhi - - - - - - - - - 19
Shigella boydii - - - - - - - - - 11
Shigella dysenteriae - - - - - - - - - -

Shigella sonnei - - - - - - - - - -

Vibrio mimicus - - - - - - - - - 11
Vibrio parahemolyticus NT NT NT NT - NT NT - - 25
Fungi

Aspergillus fumigatus - - - - - - - - - -

Candida albicans - - - - - - - - - -

Rhizopus oryzae 17 - - - - - - - - -

Saccharomyces cerevisiae NT NT NT NT - NT NT - - 22
"-" Indicates no sensitivity
"NT" Indicates 'Not tested'

120



Section-4

Present work
Synthesis of 3-substituted isoindolines



4.1 Introduction

A synthesis of pyrazino [2, l-a]isoindole derivative 2 via isoindolinone 1 was developed

by Ferland et al.21 (Scheme 1). The analogue. e.g. 1,2,3,4-tetrahydropyrazino [2,1-

a]isoindol-6-one was found to lower blood pressure in spontaneously hypertensive rats.

C~_H3 ~

gS)~
2a

Scheme 1. Reagents: (i) MeOH, IN HCI, Hz, Pd/C; (ii) THF. 1M diborane in THF.

An effective reaction of Schiff bases with certain functionlized organolithium reagents

was described by Bradsher and HuntlOIl for the synthesis of I, 2-diarylisoindolines 4

(Scheme 2).

4: a) Ar = Arl = Ph; b) Ar = 4-BrC6H4• Arl = Ph; c) Ar = 2-BrMeC,!-I4• Arl = Ph;
d) Ar = Ph, Arl = 3,4-(OCf-I))zC6H3.

Scheme 2

Couture et al.lIll, recently reported that 2-alkyl-2,3-dihydroisoindol-l-ones 5 are easily

and regioselectively deprotonated at the 3-position of the heterocyclic nucleus with

LOA, thus providing ready access to 3-substituted and / or functionalized isoindolinones

6 and consequently to the corresponding isoindolines 7 (Scheme 3).
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~NR

5 0

1. LOA, THF ,
-78°+C, 15 min. r(')
2. E , THF L.::::
-78°C to fl, 2h
3. H20+ 6

Sl'heme 3

E

o

E

BIIJ, THF ~O NR
Reflux, l2~ ~

7
R = Me, C6H40ME(p)
E = Mc. Bn

Ciganekl02 prepared a mixture of i\-4-pentenylisoindole 9, isoindoline 10 and

isoindolinone 11 by the reduction of .\-4-pentenylphthalimide 8 with sodium bis(2-

methoxyethoxy)aluminium hydride; N-~-pentenylisoindole 9 was the major product

(Scheme 4).

o

~

• NaAIH'(OCH'CH,OMe),.O:"""' !'. A. ~ ~
NR Bz.15-20C "",Nvv'+ NR+ NR

R= (CH,),CH= CH, ~

8 0 ~ 10 II 0

Sl'hcmc 4

Simons, Stobaugh and Takahashi, reponcd the quantitative formation of 2H-isoindole
derivatives 16-18 (Scheme 5) IOJ-I07.

~:~ (Bt-H)

16rnrCHO 14 H NU2
~ + HzN -R __ (_B_t-_H_)+_(_M_E_T_)-. rl:JI'NR

CHO 13 ~
12 ~SI-I 18 0

1-10 (MET) cq~15 NR
NUl = NU2= Bt, SCl-lzCHzOH ~ ""'-
R = p-tolyl

17 NUl

Scheme 5
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Present work
Synthesis of 3- substituted isoindolines by Palladium catalized
reactions.

4.2 Rationale for present work
Isoindolines have been used as synthetic intermediates in the preparation of drugs and

natural products. Some isoindoline derivatives display interesting biological activities

which have been described in Section-I. It was found from the Literature review that a

few general procedures for the synthesis of isoindolines have been reported.

In Section-2 , a strategy for the synthesis of (Z)- 3- Aryl(alkyl)idene isoindolin-l-ones by

Palladium catalized reactions of 2-Iodo benzamides with terminal alkynes followed by

cyclization in a highly regio and stereos elective manner has been demonstrated. In

continuation of our preceding work and in view of the natural occurrence and biological

importance of the isoindoline derivatives and lack of convenient general procedures for

their synthesis, we were interested in developing a general and facile method for the

synthesis of3- substituted isoindoline derivatives.

4.3 Results and Discussion
4.3.1 Starting Materials

Synthesis of 2-Iodo-benzyl amine

At first we attempted for the synthesis of 2-Iodo-N-p- anisyl benzyl amine (Scheme 6,

page 124) from 2-Iodo-N-p-anisyl benzamide with different methods. The reactions were

usually carried out by heating a mixture of 2-Iodo-N- p- anisyl benzamide and

LiAIH4/LiAIH4-AIChlNaBH4INa-Hg in cone. HCIIN2H4-KOH in THF at 80 DCfor 24 h

to afford a bluish coloured needles. The products were characterized from their Melting

point, HI NMR, UV and IR spectra. IR spectra showed the presence of carbonyl group at

I
1650 em-I. HI NMR spectra indicated the presence ofO=C-NH- group at /)7.9. The

spectral data of the compound obtained from the above reactions were identical with that

of starting materials. So we did not carry out further Palladium catalyzed reactions.
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Rl =Ph
R2 = C6H40Me-p

LiAIH4/LiAIH4-AIC1)fNaBH4•
Zn-Hg,Conc HClfN2H4-KOH,
reflux 8OOC,24 h

Scheme 6

~(,-mjR'
HCSiCRI

(PPhJhPdC12, CuI, EtJN
DMF/THF, 800-85 <C/room
temp., N2 atm, 16h

3-substituted isoindoline

4.3.2 Synthesis of 3-Benzylidene-N- p- anisyl isoindoline
Secondly, we attempted to reduce 3-substituted Isoindolinones to their corresponding

Isoindolines. Then 3-Benzylidene-N-p- anisyl isoindolin-I-one was subjected to

reduction reaction with LiAIH4/LiAIH4-AICi) in THF under reflux at 80°C for 24 h to

o

LiAIH4/LiAIH4 -AICIJ THF,, .
reflux, 800C, 24 h

3-substituted isoindoline

Scheme 7

yield a light yellowish needles (Scheme 7). The products were characterized by their

satisfactory spectroscopic (UV, IR and HI NMR) data. The IR spectra showed carbonyl

stretching vibration at 1714.0 em-I. The HI NMR spectra showed chemical shift at 06.87-

7.94 for 13H aromatic proton. All spectral data were found to be identical with that of

starting materials. Finally, we could not synthesize 3-substituted isoindolines from 3-

substituted isoindolinones by this methodology. We do hope that this scheme will be

successful if highl y reactive LiAIH4 can be used.
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4.4 Experimental

Synthesis of 2-Iodo-N-p-anisyl benzylamine

2-Iodo-N-p-anisyl benzamide was subjected to prepare 2-Iodo-N-p-
anisyl benzylamine by the following Methods.

Method A (Reduction by LiAIH4)

A mixture of 2-Iodo-N-p-anisyl benzamide (0.5g, 1.475 mmol) and LiAlH4 (O.l7g, 3

equiv.) in THF (10 ml), reflux at 80°C for 24 h. The mixture was filtered through celite

and then evaporated to dryness under reduced pressure, excess reagent was decomposed

with water and the solution extracted with chloroform. The extract was washed with

water and dried over anhydrous sodium sulphate, filtered and concentrated under reduced

pressure to obtain a bluish gummy solid. It was crystallized from ethanol to afford a

bluish coloured needles (O.4g, 80%) m.p. 172 - 173°C.

IR: vmax(KBr): 3306,1650,1594,1512,1462,1412,1315,1299,1248,1232, 1028,825,

741 em-I.

UV(EtOH): ~max270.0, 260.0, 252.4, 236.8, 218.40 om.

IH NMR (400 MHz, CDCIJ): 4.16 (S, 3H, -OCH), 7.20- 7.90 (m, 8H), 8.25 (d, 1H,

J = 7.91 Hz)

Method B (Reduction by LiAIH4-AICI3)

A mixture of 2-Iodo-N-p-anisyl benzamide (0.5g, 1.475 mmol) and LiAlH4 (0.17g, 3

equiv.), AICIJ (O.l9g, I equiv.) in THF (10 ml), reflux at 80°C for 24 h. The mixture was

filtered through celite and then evaporated to dryness under reduced pressure, excess

reagent was decomposed with water and the solution extracted with chloroform. The

extract was washed with water and dried over anhydrous sodium sulphate, filtered and

concentrated under reduced pressure to obtain a bluish gummy solid. It was crystallized

from ethanol to afford a bluish coloured needles (0.35g, 70%) which was same as starting

materia!.
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Method C (Reduction with NaBH4)

To a stirred suspension of NaBH4 (0.28g, 5 equiv.) and 2-Iodo-N-p-anisyl benzamide

(0.5g, 1.475 mmol) in dioxane (20 ml) was added acetic acid (0.44g, 5 equiv.) in dioxane

(10 ml) over a period of lO minutes at lO DC.Then the reaction mixture was stirred under

reflux for 2 h. After usual workup, a bluish gummy solid was obtained. It was purified by

column chromatography with 5% ethyl acetate in n-hexane to obtain the bluish coloured

needles (0.45g, 90%) which was found to be identical with the starting materia!.

Method D (Clemmensen method)
2-Iodo-N-p-anisyl benzamide (O.5g, 1.475 mmol) was stirred with amalgamated zinc

(1.1g) and conc HCI (10 ml) in dioxane (20 ml) at 80 DCfor 24 h. After usual workup, a

bluish gummy solid was obtained. It was crystallized from ethanol to obtain a bluish

coloured needles (0.35g, 70%). In this case starting materials also came back and small

amount of starting materials were decomposed.

Method E (Huang-Minion modification of the Wolff-kishner reduction)

2-Iodo-N-p-anisyl benzamide (0.5g, 1.475 mmol) was stirred with 4.20 ml of diethylene

glycol, 0.42 m! of 90% hydrazine and 0.55g of potassium hydroxide pellets. The mixture

was boiled gently on a boiling water bath until most of the KOH was dissolved and then

it was heated under reflux for lh. At the end of the reaction the mixture was evaporated

to dryness under reduced pressure to give a residue and then extracted with ether (3x20

ml). The combined organic layer was dried over anhydrous MgS04 and concentrated

under reduced pressure to yield a bluish gummy solid mass. It was crystallized from

ethanol to obtain a bluish colourd needles (0.3g 60%). Whose spectral data were found to

be identical with that of starting materials.
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Synthesis of 3~Benzylidene-N-p-anisyl isoindoline

To prepare 3-Benzylidene-N-p-anisyl isoindoline from 3-Benzylidene-N-
p-anisyl isoindolinone was attempted by the following method
(Reduction by LiAIH4)

A mixture of 3-Benzylidene-N-p-anisyl isoindolin-I-one 34 (O.3g, 0.917mmol) and

LiAIH4 (O.IOg, 3 equiv.) in THF (10 ml) was refluxed at 80°C for 24 h. After usual

workup, the compound was obtained as a gum. It was crystallized from n-hexane-ethyl

acetate to obtain a light yellowish needles (0.2g, 0.66%) m. p. 170 -171°C.

IR: vrnalKBr) 3040, 3010, 1712.6, 1670, 1602.5, 1500.4, 1471.6, 1442.7, 1245.9,

1164.9,1024.1,1008,763.8 em-I.

UV(EtOH): A.max330.0; 276.0, 237.4, 220.0 nm.

IH NMR (400 MHz, CDC!]): 1) 3.70 (S, 3H, -OCHJ), 6.80 (S, IH, = CH-), 6.82 (d, 2H,

J = 7.02 Hz, Ar-H), 6.90 (m, 6H, Ar-H), 7.60 (t, IH, J = 7.51 Hz, Ar-H), 7.70 (d, lH,

J = 816 Hz, Ar-H), 7.82 (t, 2H, Ar-H), 7.94(d, lH, J = 7.54 Hz, Ar-H).
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