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Thesynthesis of 4-phenyl-2 (o- or m-or pcarboxyphenyl) 5:6-benzo- 1:3-isoindolindione
(IITy and their corresponding acid chlorides (IV-VI)is described.4-phenyl-2(o-
or m or pbenzoyl chloride) 5:6-benzo-1:3- isoindolindione (IV-VI) was reacted
with amino acid methyl ester hydrochloride to give the corresponding esters
(XIX-XXX). Acid hydrolysis of the esters (XIX-XXX) gave the corresponding
free carboxylic acid derivatives (VII-XVII). The acid azides (XXXI-XXXIII) were
prepared by the reaction of the corresponding acid chlorides (IV-VI) with sodium
azide. The carbonate derivatives (XXXIV-XXXIX) were prepared through curtius
rearrangement with appropriate alcohol. Some tripeptide derivatives (XL-XLII)
were synthesized via dicyclohexylcarbodiimide method. Most of the synthesized
compounds were found to be active against a number of microorganisms.
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Introduction

Many aromatic amines and their derivatives are known to have cancer-producing
activity in mammals'. However, several halogenated and nitro; -phthaloyl,
-naphthaloylaromatic amino acid and peptide derivatives were reported and found
to possess different biological activities*”. Also synthesis of some novel 4-phenyl-
2-(p-carboxyphenyl) 5:6-benzo-1:3- isoindolindione derivatives, 1-phenyl-2,3-
naphthaloyl-L-aspartoylamino acid and peptide derivatives and 4-phenyl-2-(L-
glutamoylamino acid), 5:6-benzo-1:3-isoindolindione derivatives and their biological
activity were reported®®. These observations attracted the authors to synthesize
a new class of 4-phenyl-2-(o-, m-, p-carboxyphenyl) 5:6 benzo-1:3-isoindolindione,
amino acid, ester, azide carbamate and tripeptide derivatives (I-XLII) which is
expected to have antimicrobial activity.

Discussion
(4-Phenyl-2-(o-or m- or pcarboxyphenyl) 5:6-benzo-1:3-isoindolindione (I-IIT) were
readily prepared by condensation of 4-phenyl-5:6-benzophthalic anhydride™'* with
oor m or paminobenzoic acid in glacial acetic acid for 6-8 hours. The time

required for completion of the reaction was monitored by TLC. The products
(I-IIT)were easily isolated purified and obtained in 65-95% yield (cf. Table I).

Author for correspondence



338 RAGAB A EL-SAYED et al.

The corresponding acid chloride (IV-VI) were obtained by subsequent treatinent
of (IHII) with thionyl chloride in benzene. Compounds (IV-VI) were used as
starting matenial in the synthesis of various 4-phenyl-5:6-benzophthalamino acid
derivatives.

Condensation of the acid chlorides (IV-VI)with the appropriate amino acid
or Gly-Gly methyl ester hydro-chloride in dioxane-triethylamine for 4 hours afforded
4- phenyl-2-(o- or m- or pcarboxyphenylamino acid, Gly-Gly methyl esters) 5:6
benzo- 1:3-isoindolindione (XIX-XXX) which were easily isolated as chromato-
graphically homogeneous solid materials in 72-92% (cf.Table I).

Synthesis of 4-phenyl-2-(o- or m- or p-carboxyphenylamino acid, Gly-Gly) 5:6-
benzo 1:3-soindolindione derivatives (VII-XVII) were achieved through acid
hydrolysis (2N HCL and 4-5 hours). The free carboxylic acid derivatives (VII-
XVIII)were easily isolated as chromatographically homogeneous solid naterials
in 69-95% yields) (cf.Table I).

Reaction of the acid chloride derivatives (IV-VI) with sodiuin azide in acetone
afforded 4-phenyl-5:6-benzophthalimido-o- or m or p-benzoic acid azides (XXXI-
XXXIII) in 66-79% yields (cf.Table I). ‘

Acid azide (XXXI-XXXIII) undergo Curtius rearrangement® to give isocyanate
derivatives by heating which were reacted with methanol or ethanol to give the
corresponding carbamate derivatives (XXXIV-XXXIX) in 79-89% vield
(cf.Table I).

For the preparation of 4-phenyl-2-(o- or m or p-carboxyphenylitripeptide methvl
ester) 5:6-benzo- 1:3-isoindolindione derivatives (XL-XLII), the appropriate 4
phenyl-2-(o- or m- or pcarboxyphenyl-L-leucine 5:6-benzo-1:3-isoindolindione) (X-
XII) were reacted with glycylglycine methyl ester  hydrochloride in dioxane-THF
Et(,N medium using DCC procedure. The tripeptide derivatives (XL-XLII) were
obtained as TLC pure materials in 3545% yield.

L2,
S

Compounds (1-XLII)
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Table 1

Physical data of varions $phenyl-2-(0- or m- or pcarboxyphenyl -} 5: 6benzo- 1 : Fisoindolindione amino acid and peptide
derivatives (I-X11I)

Elemental analyses

Compound R M.P Ciyst. Yield R (@)™ Molecular
Cale. Fouud
No. “C sohlvent % (TIC) C=5 Formula
aceton
C H N C H H
I »COOH 248250 a B85 089 — C,H.NO, 7634 352 336 7630 380 340
1t mCOOH 257-259 a 80 0% — C_H.NNO, 7634 382 336 7580 400 350
m pCOOH 293295 a 95 080 — C.H.NNO, 7634 882 3536 7600 390 352
v »COCl 158160 b 79 095 - C_H,NOCI 7290 840 340 7280 350 345
Y m-COCl 148150 b 75 089 — C_H,NOCI 7290 340 340 7299 345 350
\Y pcoct 220281 L 70 @71 — C_.H,/NOCI 7290 340 340 73.00 350 3350
vit 0CO-DIAla U121 ¢ 95 079 —~ CHNO, 7241 431 603 7240 430 600
Vi mCO-DI-Ala 185-187 ¢ 90 092 — C,S_NO. 7241 431 603 7230 420 610
X PCO-DI-Ala 180141 ¢ 89 080 — CH/NO, 7241 431 603 7250 450 600
X oCO-LLen 122124 d B0 093  +110 C H,NO. 7832 514 533 7350 500 550
X1 mCO-L-Len 145147 d 77 08¢ +75 CHNO. 7352 514 553 7340 510 540
X1 pCOLeu 15117 d 75 0Bl  +0 C HNO, 7852 514 553 7360 520 5.60
Xl oCO-Lphe 108110 ¢ 89 089 492 C H NO. 7555 444 518 7550 440 510
XV mCO-L-phe 103105 4 92 075 +i5 CH,NO, 7555 444 518 7560 460 500
XV PCO-L-phe 130132 ¢ 93 073 +70 C H,NO, 7555 444 518 7540 430 520
Xvi *+CO-Gly-Gly 162164 d 95 0492 —~ C,H,NO, 6864 414 B2 6860 410 820
XVl mCO-Gly-Gly 180182 d 81 091 —  C,H,NO, 6864 414 B2 06850 400 B30
XVl pCOGly-Gly 248250 d B0 080 — C,H,NO, 6864 414 828 6870 420 8B40
XIX  oCODLAL-OMe 143145 ¢ 80 082 — C,H NO. 7280 460 586 7270 460 580
XX mCO-DL-Ala-OMe 192194 ¢ 90 080 — C,H,NO. 7280 460 586 7290 450 590
XXI  pCODIAL-OMe 127129 d 92 079 - C,HNO, 7281 46 586 7800 470 600
XXIl  oCOldewOMe 8587 d 82 680 +70 CH,NO. 738 538 538 7380 530 550
XXHI  mCOlAdewOMe 198200 d 89 091 +35 CHNO, 7385 538 538 7370 540 530
XXIV  pCOLAden-OMe 105107 d 87 082 +15 CH,NO. 788 538 538 7390 550 35.40
XXV oCOLPheOMe 9496 ¢ 82 080  +120 C.H NO. 7581 469 -505 7580 470 500
XXVl mCO1Phe-OMe 136141 ¢ 81 077 +18 C.H,NO. 781 469 505 73790 460 510
XXVIL  pCO-1-Phe-OMe 182184 ¢ 79 069  +45 C H,NO., 7581 469 505 7580 430 520
XXVHl oCO-Gl-Gly-OMe 8183 d 75 081 — C.H,NO, 6410 441 BO6 6900 440  B.K
XXIX  mCO-Gly-Gly-OMe 180182 d 72 082 — CHNO 6910 441 BO6  69.20 450 810
XXX pCO-GLyGly-OMe 260262 ¢ 91 084 — CHNO, 69.10 441  BOG 65900 430 820
XXXI  oCON, 229281 — 75 060 —~ C.H,NO, 7177 335 1340 7070 330 1340
XXXIl  mCO-N, 138140 — 66 059 — C.H,NO, 7177 835 1540 T7LBO 340 13.20
XXXII  pCoN, 142144 — 79 065 — C.H/NO, 7177 335 1340 7160 320 1330
XXXIV  »NHCOOCH, 173175 ¢ 82 075 — C,H,NO, 7398 427 664 7390 420 6.60
XXXV  mNHCOOCH, 135137 ¢ 83 072 — C.HNO, 73935 427 G664 7400 430 6.70
XXXVl pNH,00CH, 150:152 ¢ 89 080 ~ CH.NO, 7393 427 664 T4I0 440 630
XXXVIl oNHCOOCH, 120122 d 87 092 — C.H/NO, 7431 459 0642 7430 460 G40
XXXVl m-NHCOOCH, 240242 d 79 080 — CH,NO, 7431 459 42 7420 450 630
XXXIX pNHCOOCH, 211218 ¢ 80 082 — C.H/NO 7431 459 642 7410 470 630
XL pCO-L-LewGly-Gly 150152 ¢ 45 089  +72 C,H NO, 6841 536 883 6810 530 880
-OMe
XLl mCO-L-LenGly-Gly 201203 d 39 087 425 C,H NO, 684l 536 8835 6800 540 890
-OMe
XL pCOLdenGlyGly 176178 ¢ 35 080 +60 C,HNO, 6841 536 883 6820 550 870
-OMe

* Crystallization solvent
a = acetic-water b = benzene-petroleum ether ¢ = Ethunol
(-) = washed with cold water d = Ethanol-wuter

Complete acid hydrolysis (XLII) (6N-HCl 24 hours 105° C) followed by
subsequent paper chromatography gave ninhydrin positive spots of L-leucine and
glycine.
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Compounds (I-XLII) gave IR, UV and NMR spectra consistent with their assigned
structures.

Biological Screening Results

The antimicrobial activities of compounds (I-XLII) were tested using the hole
plate and filter paper disc methods ''*. The microorganisms included gram positive:
Staphylococcus aureus (ATCC-6538-P). Bacillus cereus (NRRL-B-569): gram negative
Serratia marcesens (IMRU-70), Proteus merabilies (NTC-289) and Fungi, Aspergillus
niger (PP-29).

Qualitative screening were done for all compounds while quantitative
determination were performed for the biologically active compounds only.

Studies on the biological properties of compounds (I-II) have revealed that
the synthesized products (I-III), exhibited pronounced antimicrobial activities
against all the tested microorganisms (MIC 25-125 ug/ml) (cf.Table I).

The conversion of carboxylic group into acid chloride led to slight decrease
of the antimicrobial activities of the acid chloride derivatives (IV-VI) towards most
of the tested microorganisms (cf.Table II).

Reaction of (IV-VI) with some of amino acid or Gly-Gly methyl ester
hydrochloride led to marked decrease of the antimicrobial activities of the
compounds (XIX-XXX) against most of the tested microorganisms (cf.Table II).

Synthesis of 4-phenyl-2-(o- or m or p-carboxyphenyl-amino acid, Gly-Gly) 5:6-
benzo-1:3 isoindolindione derivatives (VII-XVIII) by acid hydrolysis of the ester
derivatives (XIX-XXX) led to high increase of the antimicrobial activities of the
compounds (XIX-XXX) against most of the tested microorganisms (MIC 25-50
Mg/m) (cf.Table II).

Substitution of the carboxyl group by carbamate group, compounds (XXXIV-
XXXIX) or convertion acid chloride into acid azide derivatives (XXXI-XXXIII)
led to marked decrease in the biological properties (cf. Table II). Elongation
of the peptide chain led also to marked decrease or completely abolished in
the biological properties.

The present investigation has revealed that the introduction of 4-phenyl-2-
(0-or m- or pcarboxyphenyl) 5:6-benzo- 1:3 isoindolindione moiety, in combination
with amino acids showed high biological activities. Moreover, esterification of
the carbonyl group led to slight decrease in the biological activities. On the other
hand elongation of the peptide chain or conversion of carboxylic group into
acid chloride, acid azide or carbamate derivatives afforded compounds with marked
decrease on the activity.
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Table II

Biological activities of the synthesized compounds (I-XIJI) (MIC ug/ml)

341

Compound Staphylococcus Baallus Servatia Proteus Aspergillus
No. aureus cereus marcesens merabilies niger
MIC MIC MIC MIC MIC
I 75 50 75 75 125
11 50 50 50 50 —
111 25 25 25 25 25
v 125 50 125 125 125
\Y% 50 50 125 50 125
VI 125 100 75 — 250
VIl 50 25 25 25 25
VIII 25 50 25 50 50
IX 50 25 50 50 —
X 75 50 25 25 50
XI 25 50 25 25 25
X1 25 25 50 25 50
X1 25 25 50 25 25
X 50 25 25 25 —
XV 50 25 25 25 —
XVl 25 25 25 50 25
XViI 25 25 25 50 25
XVIII 50 25 25 50 50
XIX 125 125 125 125 25
XX 125 250 125 250 —
XXI 125 25 125 250 100
XXII 250 500 560 — —
XXIII 250 125 125 — —
XXV — 125 — 250 —
XXV — — 125 250 —
XXVI — — 500 500 —
XXVII 250 100 250 — —
XXVIII 125 250 125 125 —
XXIX — 125 — 125 —
XXX 125 — — — 500
XXXI — —_— 250 — —
XXXII — 500 — 50 —
XXXIII 250 500 250 — —_—
XXXIV 250 —_ — -— —
XXXV 500 - 250 — —
XXXV 500 500 500 250 —
XXXVIl 250 500 —_ — _—
XXXVIII 250 500 500 250 —_
XXXIX —_ 500 — — —
XL 500 —_— 500 500 —
XLI 250 25 500 500 —_
XLII — 500 — — =
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Experimental

Thin layer chromatography (R) for analytical purposes was taken on silica gel
G-1 plastic sheets and developed with (m-butanol : acetic acid : water) (4:1:1)
using iodine, ninhydrin and benzidine solutions as spraying agents. Melting points
were uncorrected. Optical rotations [a],* were measured for all compounds in
acetone at 4 589nm on Bellingham Staucly polarimeter using 5 cm tube at
20°C. The infrared spectra v, ; cm were taken in KBr discs (pellets using Shimadzu
IR408 instrument. The NMR spectra (Chemical shifts () in ppm, in DMSO-
d.] were measured using Varian EM-360L, 60-MHz spectrometer and TMS as
internal standard.

Preparation of 4-phenyl-2-(o-, m-, p-carboxyphenyl) 5:6- benzo-1:3-isoindolindione
(I-1T)

4-Phenyl-5:6-benzophthalic anhydride and o- or m or paminobenzoic acid
in 100l acetic acid were refluxed for 8 hours. The solvent was evaporated in
vacuo and the products (I-1II) were recrytallized from acetic acid-water (cf. Table
I). NMR spectrum of (HI, in DMSO-d,) showed signals at 7.8-8.1 (m, 14H, Ar-
H] and 10.6 s, 1H, COOH concelled with D,O].

Preparation of the Acid Chlorides (IV-VI)

A solution of (I or II or III, 0.01 mol), thionyl chloride (30 ml) in benzene
was refluxed for 2 hours. Excess benzene-thionyl chloride was distilled off under
vacuum to give (IV-VI) (cf. Table I).

General Procedure for Synthesis of 4-Phenyl-2- (o- or m- or p
Carboxyphenylamino acid, Gly-Gly Methyl Esters) 5:6-Benzo 1:3-
Isoindolindione (XIX-XXX)

To a suspension of amino acid methyl ester hydro-chloride (0.0043 mole) in
dioxane (30ml) was added triethylamine (2ml). The mixture was stirred at 20°C
for 15min and cooled to 0°C. To the mixture at 0°C was added acid chlorides
(IV or V or VI) (0.0042 mole) and the reaction mixture was stirred for 1 hr.
at 5°C and 34 hours at room temperature and then kept overnight at room
temperature. The precipitated triethylamine hydrochloride and unreacted materials
were filtered off and the filtrate was evaporated in vacuo. The residual solid was
recrystallized from the proper solvent. Compounds (XIX-XXX) were chro-
matographically homogeneous when detected with benzidine and all compounds
gave a negative ninhydrin test.

IR spectra of compounds (XIX-XXX) showed characteristic bands at : 1745,
1727, 1400 and 1100cm* (CO and COOCH,) AND 3340, 3140 (-CONH). The
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NMR spectrum of the compound (XIX) showed bands at 3.9 (5, 3H, OCH,),
6.6(s, 1H, NH), 7.8-8.3 (in, 14H, Ar-H).

General Procedure for Synthesis of 4-Phenyl-2- (o- or m- or p-
carboxyphenylamino Acid, Gly-Gly) 5:6-benzo 1:3-isoindolindione
derivatives (VII-XVIII)

To ethanolic solution of 4-phenyl-2- (o- or m- or p-carboxyphenylamino acid, Gly-
Gly methyl esters) 5:6-benzo 1:3-isoindolindione (XIX-XXX) (0.003 mole) was
added 10ml 2N HCI and the reaction mixture was stirred for 45 hours at room
temperature. The precipitated solid material was filtered and recrystallized from
ethanol or ethanol water. The isolated products (VII-XVIII) were chromatographi-
cally homogeneous when developed with benzidine or iodine solution.

IR spectra of compounds (VII-XVIII) showed the presence of bands at: 1735,
1700cm (C 0); 3240, 1700, 1235cm? (COOH) and the other bands due to
naphthaloy] and amino acid moieties. The UV spectra of (VII-XVIII) showed
bands ¢, (log €) at : 206nm (4.06) and 250nm (4.33) characteristic for 4phenyl-
2-(o or m or pcarboxy-phenyl) 5:6 benzo-1:3-isoindolindiones residue. NMR
spectrum of (VII) showed signals at 8, 8.1 (s, IH-CONH), 7.8-8.1 (m, 14H, Ar-
H), 10.6 (s, 1H, COOH) and no peaks for (COOCH,) which confirm the structure
(VII). The other derivatives (VIII-XVIII) showed similar bands in support of their
assigned structures.

Synthesis of the Acid Azides (XXXI-XXXII)

To a solution of (IV or V or VI) (0.01 mol in acetone (50ml), sodium azide
(0.015 mol) in least amount of water was added dropwise while stirring was continued
for 0.5 hour. The reaction mixture was poured into-ice-cold water and the product
filtered and washed with cold water (XXXI-XXXIII) (Table I). IR spectra showed
bands at 2200-2250 cm’ (N,).

Synthesis of the Carbomate Derivatives (XXXIV-XXXIX)

A solution of (XXXI-XXXIII) (0.01 mol) in the appropriate alcohol (20ml)
was refluxed for 4 hours. The solvent was evaporated and the obtained product
was recrystallized from the proper solvent. IR spectra showed bands at 3320-3350
cm? (NH) and 2950 cm(CH aliphatic). NMR spectrum of (XXXVII) showed
signals at 6 11.13 (CH,), 3.94.2 (CH, ester) and 7.9-8.2 aromatic protons which
confirm the structure (XXXVII). The other carbarnate derivatives (XXXIV-XXXIX)
showed similar bands in support of their assigned structure.
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General Procedure for synthesis of 4-Phenyl-2-(o- or m or p-carboxy-
phenyltripeptide Methyl Esters) 5:6-benzo 1:3-isoindolindione (XL-XLII)

4-Phenyl-2-(o- or m or p-carboxyphenyl-L-leucine) 5:6-benzo 1:3-isoindalindione
(0.003 mole) and Gly-Gy methyl ester hydrochloride (0.0033 mole) were dissolved
in THF (40ml) containing triethylamine (0.0033 mole). The mixture was shaken
for 30 minutes at 20°C cooled to 0°C and dicyclohexylcarbodiimide (DCC, 0.003
mole) was added. The mixture was stirred for 5 hours at 0°C and then left at
room temperature for 24 hours. The dicyclohexylurea (DCU) was filtered off
and glacial acetic acid (1ml) was added. After 24 hours the reaction mixture
was filtered and the solvent evaporated in vacuo. The solid residue was purified
by several recrystallizations from the proper solvent. The product naterials (XL-
XLII) were chromatographically homogeneous when developed with iodine or
benzidine while gave negative ninhydrin reaction. The tripeptide derivatives (XL-
XLII) were soluble in ethyl acetate, dioxane, acetone, DMF, THF, methanol &
ethanol while in soluble in diethyl ether and water.

The IR spectra of the tripeptide methyl esters (XL-XLII) showed bands at:
3416, 3333cm’ (NH), 1625, 1570, 1365cm” (amide I, II and III) 1710, 1254,
916 (C=0) and 1771 cmr!' (C=0 of COOCH,). Compounds (XL-XLII) showed
UV peaks at: 4 206nm (log £ 4.06) and 250nm (log £ 4.33) and NMR signals
at: d 8.0 (s, 1H NH), 3.76 (s, 3H, OCH,), 7.9-8.3 (14H, Ar-H) and other signals
in support of the proposed structures.
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