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Synthesis of Biologically Active 3-Benzalphthalide Derivatives
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Abstract [] Synthesis of series of 3-benzalphthalidyl-amino acids and their correspond-
ing methyl esters, dipeptides and tripeptide methyl esters 2a-7c is decribed. All 3-benzalph-
thalidynamino acids 2a-g were found to possess a remarkable antimicrobial properties
against a number of microorganisms and fungi.
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Recently the synthesis of many substituted nitro,
amino and halophthaloylamino acid and peptide
derivatives was reported' ™. All these compounds
were found to possess specific antimicrobial acti-
vity' ®. This promoted me to synthesize some
novel 3-benzalphthalidylamino acids, esters, dipep-
tides and tripeptide derivatives and evaluate their
antimicrobial activity.

EXPERIMENTAL

Melting points were determined on an electrother-
mal apparatus and are uncorrected. Thin layer
chromatography (R, values) for analytical purposes
was taken on silica gel-G (BDH) and developed
with benzene-ethyl acetate (3:2) as solvent system
and iodine -KI (20%) as detection reagent. Paper
chromatography (spot reactions) was carried out
using Whatman No. 1 paper and #n-butanol-pyri-
dine-acetic acid- water (30:20:4:18) as the solvent
system. Benzdine, ninhydrin, silver nitrate and hy-
droxamate reactions were used for detection of
amino acid derivatives. The IR spectra were recor-
ded on Unicam SP 1200 using KBr discs. 'H-NMR
spectra were recorded on a Varian EM-360 L spect-
rophotometer using DMSO-D; as solvent and TMS
as internal standard. Optical activities [a]f were
taken in Zeiss polarimeter with 1 dm tube, C=5
in ethanol. The microanalyses were performed by
microanalytical center at Cairo University.
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General procedure for the synthesis of 3-benzalphthalidy-
lamino acids 2a-g and 3-benzalphalidylglyceryl-glycine 5

A mixture of the amino acid or glycyl glycine
(0.1 mole), 3-benzalphthalide (I; 0.1 mole) and glacial
acetic acid (50 m/) was shaken for 30 min at 20T
and refluxed for 6-8 hr at 120C. The reaction mix-
ture was cooled to 10C. The solid product was filter-
ed and recrystallized from acetic acid-water. All the
products were chromatographically homogeneous
when developed with iodine solution, benzidine and
gave negative ninhydrin reaction.

The IR spectra of compounds 2a-g 5 showed
characteristic bands at cm™': 1780, 1450. 1250,
(COOH); 1760, 1720 (C=0); for compound 5: 3320,
3120 (NH, CONH); 1660, 1540, 1330 (amide I, II
and III) and other bands characteristic of amino
acid and 3-benzalphthalide moreties. The NMR
spectra of compounds 2a-g, 5 exhibited (6) at: 10.8
(s, IH, COOH), 8.1-84 (s, 4H, aromatic protons);
for compound 5 4.25 (s, 1H, NH) and other protons
assignable to each individiual amino acid residues.

General procedure for the synthesis of 3-benzalphthalidy-
lamino acid methyl esters 3a-g and 3-benzalphalidylgly-
ceyl-glycine methyl ester 6

A suspension of 3-benzalphthalidylamino acid
(0.01 mole) or 3-benzalphalidylglycyl-glycine (5;
001 mole) in abs. methanol (30 m/) was cooled to
— 5% and pure thionyl chloride (0.01 mole) was add-
ed dropwise during 1hr. The temperature of the
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Scheme 1. General scheme for the synthesis of various
3-benzalphthalidylamino acids 2a-g, corres-
ponding methyl esters 3a-g, dipeptides 4a-6
and tripeptide methyl esters 7a-c.
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mixture was kept below 5C during the addition of
thionyl chloride and the reaction mixture was then
stirred for 3-4hr at 5-10C, kept overnight at room
temperature and the solvent was removed in vacuo.
Methanol was added and reevaporated several ti-
mes. The solid residue was recrystallized from etha-
nol-water (1:1) mixture. Compounds 3a-g, 6 were
chromatographically homogeneous when developed
with iodine solution, benzidine and gave positive
hydroxamate reaction.

The IR spectra of compounds 3a-g, 6 showed
characteristic bands at cm™': 1780, 1740, (C=0);
1760, 1450, 1370, 1080 (-COOCH;), for compound
5: 3320, 3110 (NH, CONH) and other bands char-
acteristic to amino acid residues. The NMR spectra
of compounds 3a-g, 6 exhibited (8) at: 3.7 (s, 3H,
COOCH,), and other signals in suport of their assi-
gned structures.

General procedure for the synthesis of 3-benzalphthidyl-
dipeptide methyl esters 4a-i

3-Benzalphthalidylamino acid (0.01 mole) and
amino acid methyl ester hydrochloride (0.01 mole)

were - dissolved in THF (30 m/) containing triethyl-
amine (0.013 mole). The mixture was shaken for 5
minutes at 20C, cooled to 0C and dicyclohexyl car-
bodiimide (DCC, 001 mole) was added. The
mixture was stirred for 3hr at 0C and kept 24 hr
at 0C and another 24 hr at room temperature. The
dicyclohexylura was filtered off and glacial acetic
acid (1 m/) was added. After 24 hr, the reaction mix-
ture was filtered and the solvent evaporated in va-
cuo. The solid residue was purified by several re-
crystallizations from ethanol-water (1:1) mixture.
The compounds 4a-i gave negative ninhydrin reac-
tion but respornded positively to iodine solution,
benzidine and hydroxamate reaction.

General procedure for the synthesis of 3-benzalphthidyl-
tripeptide methyl esters 7a-c

3-Benzalphalidylglyceyl-glycine (§; 0.01 mole) and
amino acid methyl ester hydrochloride (0.011 mole)
were dissolved in THF (20 m/) containing triethyla-
mine (0.013 mole). The remaining procedure was as
described for the preparation of compounds 4a-i.
Crystallization solvent for compounds 7a-c was
ethanol-water (1:1) mixture. All the tripeptide deri-
vatives were chromatograophically homogeneous
when developed with iodine solution, benzidine and
gave ninhydrin negative reaction.

The IR spectra of compounds 4a-i, 7a-c showed
characteristic bands at cm™!; 3340, 3080 (NH,
CONH); 1760, 1720 (C=0Q); 1780, 1460, 1080
(COOCH,); 1650, 1560, 1340 (amide I, II and III)
and other characteristic bands due to peptide and
3-benzalphthalide residues. The NMR of compou-
nds 4a-i, 7a-¢ exhibited (&) at: 4.3 (s, 1H, NH); 3.7
(s, 3H, COOCHj3) and other signals in support of
their proposed structures.

RESULTS AND DISCUSSION

Chemistry

3-Benzalphthalidylamino acids 2a-g were readily
prepared by condensation of 3-benzalphthalide 1
with the appropriate amino acid in glacial acetic
acid for 6-8hr at 120C (cf Scheme 1 and Table
I). The time required for the completion of the reac-
tion was checked up by TLC. Compounds 2a-g
were purified by repeated recrystallizations and
chromatographically homogeneous material were
obtained in 45-80% yields.

Treatment of compounds 2a-g with thionyl chlo-
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Table 1. Physical data of various 3-benzalphthalidylamino acid derivatives 2a-7c

Elemental analysis%

Comp. X Yield* MP. R, [alf** Molecular Calculated/Found

No. (%) C formula C H N C H N
2a Gly 45 902 0.75 — CyHi:NO, 7311 465 501 733 48 52
b B-Ala 80 104-6 0.83 - CisHisNO; 7372 511 477 738 52 49
¢ L-Ala 62 117-19 075 +23.1 CiHisNOs 7372 511 477 739 53 48
d L-val 77 13335 061 +255 CyHsNO; 7476 591 436 748 59 44
e DL-Leu 61 19597 071 — C,HyNO; 7522 626 417 754 63 42
f L-Met 79 10910 069 +304 CyHNOsS 6798 538 396 681 55 41
g L-Phe 73 13032 082 +365 CuHoNO; 7804 514 379 782 52 39
3a Gly-OMe 75 69-71 0.84 - CisHisNO; 7372 511 477 739 53 49
b B-Ala-OMe 61 81-3 0.90 - CsHisNO; 7426 553 456 743 56 48
¢ L-Ala-OMe 62 99-101 087 +275 CiHizNOs 7426 553 456 744 55 46
d L-Val-OMe 70 101-3 0.77 +393 CyHyNO; 7522 626 417 754 63 43
e DL-Leu-OMe 65 16062 0.73 - C;;HxNO; 7564 659 401 756 67 42
f L-Met-OMe 69 8991 075 +435 C;HyNOsS 68.66 572 381 689 59 37
g L-Phe-OMe 72 111-13 078 +39.7 CiHaNOs 7832 548 365 484 56 37
4a Gly-p-Ala-OMe 80 779 0.82 - CyHxN,O4 6923 549 769 694 57 79
b Gly-DL-Val-OMe 75 70-2 0.72 - CHuNO, 7040 6.12 7.14 708 64 13
¢ Gly-L-Tyr-OMe 67 81-3 0.59 +502 CyHxNOs 7105 526 614 713 55 62
d L-Met-B-Ala-OMe 70 1012 0.61 =517 CuHyNO.S 6575 593 639 659 61 66
e L-Met-DL-Val-OMe 59 117-19 070 +33.7  CyHyN, 0.8 6695 643 601 671 65 63
f L-Met-L-Tyr-OMe 81 12325 043 —17.8 CsH3N:0sS 6792 566 528 682 58 54
g L-Phe-pf-Ala-OMe 59 14042 081 —60.1 CxuHN,O4 7401 572 616 742 59 64
h L-Phe-DL-Val-OMe 57 11921 089 =705 CyH3NO, 7468 622 581 749 64 59

i L-Phe-Tyr-OMe 55 11416 067 +66.8 CiH3N:Os 7472 549 512 749 57 54
5 Gly-Gly 84 90-2 0.63 CisHiN,O4 6785 476 833 681 49 85
6 Gly-Gly-OMe 89  66-8 0.71 - CyHisN,O4 68.57 514 800 687 53 82
7a  Gly-Gly-f-Ala-OMe 50 17779 075 - CHz;N:0s 6555 546 997 657 56 101
b Gly-Gly-DL-Val-OMe 41 16668 083 CysHyN;Os 66.81 601 935 669 64 95
Gly-Gly-L-Tyr-OMe 54 19092 053 +472 CyuHyN;O¢ 6783 526 818 681 55 84

*Crystallization solvent for compounds 2a-g and 5: acetic acid-water and for compounds 3a-g 4a-i and 6-7c:

ethanol-water.

**Optical rotations [al]y were measured (C=5) in ethanol.

ride in excess methanol gave the corresponding me-
thyl esters 3a-g in 61-75% yields (cf. Scheme 1 and
Table I). All the methyl ester derivatives were chro-
matographically homogeneous and gave positive
hydroxamate reaction.

Complete acid hydrolysis (6M-HCI, 24 hr, 100C)
of 2c or 3 followed by subsequent paper chroma-
tography afforded a ninhydrin positive spot of ala-
nine.

Coupling of 3-benzalphthalidylamino acid 3a, f
and g with amino acid methyl ester in THF-trie-
thylamino medium and using (DCC) technoque®
afforded the dipeptide derivatives 4a-i. 3-Benzalpha-
lidylglycel-glycine 5 was prepared by coupling 3-be-

nzalphalide 1 with Gly-Gly using the same proce-
dure described for the preparation of compounds 2a-g
3-Benzalphalidyl-gly-gly-OMe 6 was also prepared
by esterification of the corresponding acid 5 using
the same procedure described for preparation the
methyl esters 3a-g. (cf. Scheme 1 and Table I).

Complete acid hydrolysis (6M-HCI, 24 hr, 100C)
of 6i followed by subsequent paper chromatography
yielded two positive spots of phenylanine and tyro-
sine. The dipeptide derivatives 4a-6 gave a deep
blue coloured 1:1 copper II complexes exhibiting
Amax  650-670nm, characteristic for normal di-
peptide®.

3-Benzalphthalidyltripeptide methyl esters 7a-c
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Table II. Minimal inhibitory concentration (MIC in ug
/ml) of the biologically active compounds*

Comp. B. B E. S. Cand.
No. sutilis mycoides  coli  typhose  utilis

1 500 500 — —x
2a 250 250 250 500 500
2b 100 100 100 100 250
2c 50 50 50 50 100
2d 25 25 25 50 100
2e 250 250 250 500 500
2f 25 25 25 25 25
2g 25 25 25 50 100

*Compounds 3a-7¢ were found to possess very low an-
timicrobial activities (MIC 500 pg/ml) against some of
tested microorganisms or were biologically inactive.
**Biologically inactive compound (MIC>500 pg/m/).

were easily prapared by coupling 3-benzalphthali-
dyl-Gly-Gly 5 with amino acid methyl ester hydro-
chloride in THF-triethylamine medium using
(DCC) method (cf. Scheme 1 and Table ). Com-
pounds 7a-c¢ were easily isolated, purified by recry-
stallization and obtained in 41-54% vyields.

Biology

The antimicrobial activities of the synthesized
compounds were tested using the hole plate and
filter paper disc methods™. All compounds were
tested against gram-positive and gram-negative bac-
teria: Bacillus subtilis (ICC-strain); Bacillus mycoides
(USSR); Escherichia coli (NRRL-B-210); Salmonella
typhosa (NRRL-B-573) and selected fungi: Candida
utilis. The results were compared with the activity
of the parent compound 1, which found to possess
a very low antimicrobial action against B. subtilis
(500 pg/ml) and E. coli (500 pg/mi). The data for the
minimal inhibitory concentrations (MIC in pg/mi)
of the active compounds are summarized in Table
IL.

3-Benzalphthalidyl-Gly 2a and the corresponding
B-Ala 2b, L-Ala 2¢c, L-Val 2d, DL-Leu 2e, L-Met
2f and L-Phe 2g were found to possess various
antimicrobial activity at a minimal inhibitory con-
centration (MIC) of 25-500 yg/m/ against all tested
microorganisms (cf. Table II).

All the synthesized 3-benzalphthalidylamino acid

methyl esters 3a-g, corresponding dipeptides 4a-6
and tripeptide derivatives 7a-¢ were found to be
inactive against all tested microorganisms.

The present investigations indicated that the in-
troduction of amino acid moieties to 3-benzalph-
thalide in combination with Gly, B-Ala, L-Ala, L-
Val, DL-Leu, L-Met, and L-Phe residues induce
specific biological properties of 3-benzalphthalidyla-
mino acids. Esterification of the C-terminal of car-
boxyl group, abolished completely the antimicrobial
activities of 3-benzalphthalidylamino acid methyl
esters 3a-g. Also the elongation of the peptide chain
gave biologically inactive compounds 6a-7c. Other
pharmacological studies are now in progress.
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