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The synthesis of 6-nitrocouarmin-3-CO-amino acids and their corresponding methyl esters (II-XVII) and
some dipeptide methyl esters (XVIII-XXVI) are described. 6{/N-Tosyl- or N-phthalylaminoacyl)amino-
coumarin-3-carboxylic acid methyl esters (XXXIV-XL) and 3{N-phthalyl- or N-tosylamincacyl)amino-
coumarins (XLV-LVI) have been prepared vig the carbodiimide and acid chioride methods. Hydrazinolysis of
3- or 6{N-phthalylaminoacyl)aminocoumarin derivatives in tetraline gave the corresponding 3- and
6-(aminoacyl)aminocoumarins and the carboxylic acid hydrazides (XLI-LVIII), respectively. 3{N-Tosyl-L-Val-
L-Leu-)aminocoumarin (LIX) was synthesized via the azide method. Twenty four of various substituted 3- and
6-aminoacylcoumarin derivatives were found to possess specific antimicrobial activities towards different

microorganisms.

J. Heterocyclic Chem., 18, 1203 (1981).

A number of coumarin derivatives are known to be
physiologically active and some of them possess anti-
bacterial and antifungal properties (2). Also, 3-pyridyl and
3-aminocoumarins have been reported to act as nervous
system depressants (3) and antibacterial agents (4) respec-
tively.

In view of the above observations and in continuation of
our previous studies in the same field (5-7), we synthesized
a new class of 6-nitrocoumarin-3-CO-amino acids and some
of their corresponding methyl esters and dipeptide methyl
esters (II-XXVI), 6</N-tosyl- or N-phthalylaminoacyl)
aminocoumarin-3-carboxylic acid methyl esters (XXXIX-
XL), 3-(N-phthalyl- or N-tosylaminacyl)aminocoumarins
(XLV-LVI) and some of their corresponding aminoacyl
and hydrazide derivatives (XLI-LVIII) and the dipeptide
(LIX). These compounds were tested for biological activi-
ty.

The reaction of 6-nitrocoumarin-3-acid chloride (I) (8)
with different amino acids and their methyl esters was con-
ducted in dioxane containing triethylamine. The reaction
mixture was stirred at room temperature followed by a
brief refluxing till completion as monitored by tlc. 6-Nitro-
coumarin-3-CO-amino acids (II-X) and their corresponding
methyl esters (XI-XVII) were chromatographically homo-
geneous. Complete acid hydrolysis of II for 24 hours
afforded glycine.

The ir spectrum of the methyl of 6-nitrocoumarin-3-CO-
Gly (XI) in potassium bromide showed the characteristic
bands at 3430, 3320 and 3080 (NH and CONH), 1740, 1650
and 1560 (a-pyrone), 1650, 1530 and 1280 (amide I, II and
I1I), 1445, 1380 (-COOCH,), 1690 ( >C=0), 1640, 1490 and
1380 cm™* (NO,), thereby supporting the structure of XI.
The nmr spectrum of XI in deuteriochloroform showed: 6
3.60 (s, 3H, OCH,), 3.49 (s, 2H, CH;), 5.56 (s, 1H, NH),
7.6-8.4 (s, 8H, aromatic protons). The uv spectrum of XI in
ethanol showed: A max (log €) at 213 nm (4.65) and 296 nm
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(4.48) characteristic of the coumarin residue. The ir, uv
and nmr spectra of the other compounds (II-XVII) had
analogous peaks confirming their structures.

6-Nitrocoumarin-3-CO-dipeptide methyl esters (XVIII-
XXVI) were prepared by the carbodiimide method. Coupl-
ing of 6-nitrocoumarin-3-CO-amino acids (II-X) with amino
acid methyl ester hydrochlorides in dioxane or DMF
containing triethylamine and using the dicyclohexylcarbo-
diimide (DCC) technique afforded dipeptides (XVIII-
XXVI).

All dipeptide methyl esters (XVIII-XXVI) were highly
purified through repeated recrystallizations and
chromatographically homogeneous materials were obtain-
ed in 51-76% yields. E = zero for all dipeptides indicating
high purity of the products. Ir, uv and nmr confirmed the
identity of the dipeptide derivatives (XVIII-XXVI). The
dipeptide methyl esters (XVIII-XXVI) gave deep blue 1:1
complexes with copper(ll), A\ max 650-670 nm.

The synthesis of 6{/N-phthalyl- or N-tosyl aminoacyl)-
aminocoumarin-3-carboxylic acid methyl esters (XXIX-
XL) was achieved through treatment of 6-aminocoumarin-
3-carboxylic acid methyl ester (XXVII) (8) with the ap-
propriate N-phthalylamino acid chloride or N-tosylamino
acid chloride (9-11) in dioxane containing triethylamine.
For the preparation of 3{/N-phthalyl- or N-tosylaminoacyl)-
aminocoumarins (XLV-LVI), the appropriate N-phthalyl-
or N-tosylamino acid was reacted with 3-aminocoumarin
(XXVIII) (8) in dioxane-DMF-triethylamine medium using
the DCC procedure. All the products (XXIX-XL and XLV-
LVI) were obtained in crystalline form in 46-91% yield
and gave chromatographically homogeneous spots.

The ir spectrum of 3{N-phthalyl-Gly)aminocoumarin
(XLV) in potassium bromide showed the characteristic
bands at 3360, 3320 and 3140 (NH and CONH), 1690
(CC€=0), 1740, 1650, 1560 (o pyrone), 2960, 2840 (-CH,),
1650, 1540, 1280 (amide I, II and III) and other
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characteristic bands due to the coumarin and phthalyl-
amino acid moieties, thereby supporting the structure of
XLV. The uv spectrum of XLV in ethanol showed; A max
(log €) at 225 nm (4.27) and 292 nm (4.86), characteristic of
the coumarin residue. The nmr spectrum of XLV in
DMSO-d, showed: & 7.4-8.4 (s, 9H, aromatic protons), 3.49
(s, 2H, CH,), 5.6 (s, 1H, NH). Ir, uv and nmr studies on the
derivatives (XXIX-XL and XLV-LVI) confirmed their
structures.

Treatment of the 6-(N-phthalylaminoacyl)amino-
coumarin-3-carboxylic acid methyl esters (XXIX-XXXIV)
with a 0.5M (or 1M) solution of hydrazine hydrate in
ethanol at 20° (or even at 0°) for 1-2 hours lead to the
destruction of the a-pyrone ring as indicated by the uv
data. However, when compounds XXIX-XXXIV were
refluxed at 45° with a 0.5M hydrazine hydrate in tetraline,
the desired hydrazides (XLI-XLIV) were obtained in
60-85% yield, and no side reactions were observed. The
stability of the a-pyrone ring was established by the uv, ir
and nmr spectra, elemental analysis and chromatographic
studies.
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Similarly, treatment of 3{(/V-phthalylaminoacyl)amino-
coumarins (XLV-L) with 0.5M or 1M solutions of
hydrazine hydrate in ethanol for 2-3 hours at 30° led to
rupture of the a-pyrone ring (uv spectrum). However,
hydrazinolysis could be achieved by conducting the reac-
tion with 0.5M hydrazine hydrate in tetraline or a dioxane-
ethanol (3:1) mixture under mild reflux affording
3-(aminoacyl)aminocoumarins (LVII-LVIII). Chromato-
graphic and electrophoretic studies on LVII-LVIII reveal-
ed their homogenity and their structures were supported
by the uv and ir spectral data.

The uv spectra of compounds XLI-L in ethanol showed:
N\ max (log €) at 218-220 nm (4.84-4.87) and 293-295 nm
(4.93-4.97), characteristic of the coumarin residue.

Synthesis of the dipeptide (LIX) was achieved starting
from the hydrazide tosyl-L-Val-L-Leu-N,H;, which was
converted into the corresponding azide. The azide on
coupling with 3-aminocoumarin (XXVIII) furnished the
dipeptide (LIX) which was isolated and purified in the
usual manner (12). Elemental analysis, chromatographic

studies, ir, uv and nmr spectra confirmed the structure of
LIX.

Physical Data of Various 3- and 6-Substituted Coumarin-Amine Acid Derivatives (1I-LIX) (a)

ON XrCOR
0]

(Compounds Type A)

R~HN®COR‘
o0

(compounds Type B )

Elemental analysis, %

Compound R Yield M.p. °C Rf [«]5 Molecular Caled. Found
No. % Formula C H N C H N
Compounds (I XXVI) Type (A)
I Cly 9 183185 080 - C,H,N,0, 4932 273 958 4945 281 984
1 L-Ser 59 155157 045  +200(c, 6.3) C,.H,.N,0, 4844 310 869 4850 300 871
v -L-Thr 54 6567 066  +165(c, 65) C.H,N,0, 5000 357 833 5009 355 837
v L-Val 60 88.90 063  —380(c, 6.5) C,H,N,0, 5389 419 838 5380 425 84l
Vi -L-Leu 59 195197 091  +225(c6) C,.H,N,0, 5517 459 804 5520 458 809
Vil -DLmnor-Leu 49 190192 092 C,.H,.N,0, 5517 459 804 5516 461 809
VIH -L-Phe 46 180182 086  +1305(c, 65) C,.H,.N,0, 5068 366 732 600l 365  7.35
X LTyr 50 165167 052 +39.0 (c, 6.8) C,.H,N,0, 5728 351 703 5716 377 7.03
X -L-Try 50 165167 052  +39.0(c, 68) €, H,N,0, 5085 356 997 5988 360 995
X1 Cly-OMe 59 6567 070 - C,,H,.N,0. 5098 323 915 5099 334  9.20
Xl .L-Ser-OMe 62 127120 086  —325(c, 6) C,H,.N,0, 5000 357 833 5002 350 835
X -B-Ala-OMe 72 140-142 0.77 - C,,H;;N.0, 52.50 3.75 8.75 52.53 3.77 8.76
XIV -DL-nor-Leu-OMe 50 136138 078 - C,H,.N,0, 5635 497 173 5635 495 7.8
XV -L-Phe-OMe 58 155157 075 +165(c, 65) CoH, N0, 60.60 404 707 6059 408  7.08
Xv1 L-Tyr-OMe 63 120122 090  +200(c, 6) CooH, N0, 5825 388 679 5827 390 680
XVl L-Try-OMe 43 15117 067  +805(c, 6.7 CH,.N,0, 6068 390 965 6095 389 971
XVII  -Gly-DL-Ser-OMe S4 255257 085 - C,.H,.N,0, 4885 382 1068 4880 390  10.69
XiX .LValDLSer-OMe 53 190192 073  +1440(,6) C,.H,N,0, 5241 482 965 5245 48 970
XX Gly-L-Phe-OMe 60 168170 094  +28.5 (c, 6.5) C,H,.N,0, 5827 419 927 5825 420 930
XXI Gly-L-Tyr-OMe 68 180182 064  +375(c,6) C,H,.N,0, 5628 405 895 5630 406 896
XXII L-TyrDLSer-OMe 76 148150 043  +89.0(c, 68) C.H,N,0, 5531 421 842 5534 422 847
XXIl  -L-ValL-Phe-OMe 62 178180 072  -115(,6) C,.H,.N,0, 6060 505 848 6062 506 847
XXIV  -L-ValL-Tyr-OMe 59 201208 054  +223(c 65) C,.H,.N,0, 5870 480 821 5871 487 820
XXV -L-Tyr-L-Phe-OMe 50 190192 070 —187(c, 66) C.H,N,0, 6225 447 151 6226 450 750
XXVI  -L-Tyr-L-Tyr-OMe 54 120122 062 +255(c,6) C.H.NO, 6052 434 730 6055 437 135
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Compounds of the Type B: For Compounds XXIX-XL R’ = OCH, and for Compounds XLI-XLIV, R’ = N,H,
00
(compounds  Type C )
XXIX Pht-Gly- 67 135-137 0.53 - C,,H,N,0, 62.06 3.45 6.89 62.09 3.50 6.93
XXX Pht-8-Ala- 62 99.101 072 - C..H,N,0, 6285 381 6.66 6286 383 669
XXXI Pht-L-Ala- 91 9496 0.75 +22.5 (c, 6.8) C,,H (N0, 62.85 3.81 6.66  62.84 3.97 6.67
XXXII Pht-L-Val- 75 80-82 0.63 +33.6 (c, 6) C,; Hy,N,0, 64.28 4.46 6.25  64.29 4.48 6.30
XXXIII Pht-L-Leu- 51 75-77 0.34 +19.8 (c, 6) C,sH,,N,0, 64.93 4.76 6.06  64.99 4.75 6.07
XXXIV Pht-L-Phe- 55 160-162 0.74 —23.5 (c, 6.5) C,eHy, N0, 67.74 4.03 5.64 67.75 4.04 5.69
XXXV TosGly- 52 120122 054 - CoH,,N,0,8 5581 418 651 5593 434 658
XXXVI Tos-B-Ala- 71 165-167 0.80 - C,;,H,N,0.S 56.75 4.50 6.31 56.80 4.51 6.30
XXXVII  Tos-L-Ala- 60 151153 0.79 +19.5 (¢c, 6) C,,H,N,0,S 56.75 4.50 6.31 56.77 4.49 6.32
XXXVIII  Tos-L-Val- 57 80-82 0.84 +35.5 (c, 6.8) C,,H,,N,0.5 58.47 5.08 593 5854 5.19 6.09
XXXIX Tos-L-Leu- 45 175177 0.67 -16.0 (c, 6) C,H,N,0,S 59.25 5.35 5.76 59.30 5.39 5.79
XL Tos-L-Phe- 54 105-107 0.59 +20.5 {c, 6.5) C,.H,N,0,5 62.30 4,62 5.38 62.31 4.66 5.47
XLI L-Ala (HCI} 83 250-252 0.29 +119 (c, 2.3 CH,0H) C,H,,CIN,O, 41.77 4.59 17.15 4801 4.63 17.41
XLII L-Val (HCI} 81 270-272 0.31 +216 (c, 2.2 CH,0H) CH,,CIN,O, 50.77 5.35 1579  50.85 5.41 16.01
XLIII L-Leu (HCI} 85 299301  0.29  +200(c, 23 CH,0H) C,H,CIN,O, 5210 569 1519 5231 571 1521
XLIV L-Phe (HCI) 79 220-222 0.38 —69 (c, 3.5 CH,0H) C,H,CIN,O, 56.64 4.72 1391 56.68 4.79 13.99
Compounds XLV-LIX of the Type C
XLV Pht-Gly- 60 250-252 0.83 - C,H,N, 0 65.51 3.44 8.04  65.83 3.62 8.45
XLVI Pht-L-Ala- 46 170-172 0.70 -189 (¢, 7.1) C,H,,N,0Oq 66.29 3.86 713 6630 3.89 7.86
XLVII Pht-5-Ala- 55 180-182 0.79 C,H,,N, O 66.29 3.86 793 6645 3.88 7.79
XLVIIl Pht-L-Val- 45 177-179 0.90 +22.5 (¢, 5) C,H i N, Oy 67.69 4.61 717 67.82 4.70 7.19
XLIX Pht-L-Leu- 54 200-202 0.93 +14.5 (c, 4.3) C,,H,N,0;4 68.31 4.95 693  68.52 4.98 6.99
L Pht-L-Phe. 48 182184 085  —20.5(c, 5.1) C,.H,,N,0, 7123 410 639 7142 423 638
LI Tos-Gly- 43 162-164 0.80 C,;H,,N,0,S 58.06 4.30 7.52 58.15 4.38 7.56
L Tos-L-Ala- 50 215-217 0.66 —16.5 (c, 9.1) C,H,,N,0; 59.07 4.66 725  59.21 4.68 7.32
LIII Tos-DL-Ala- 64 187-189 0.59 e C,,H,,N,0; 59.07 4.66 7.25  59.09 4.78 7.35
LIV Tos-B-Ala- 53 178-180 0.89 - C,,H,N,0,S 59.06 4.66 725 5931 4.69 7.28
LV Tos-DL-Val- 48 200-202 0.70 - C,,H,,N,0,S 60.86 5.31 6.76  60.89 5.40 6.68
LVI1 Tos-DL-Ser- 50 174-176 0.74 — C,H,,N;0,S 56.71 4.47 696  56.80 4.49 6.99
LvII B-Ala- 65 160-162 0.93 — C,,H;;N; 0, 62.06 5.17 12.06  62.23 5.27 12.35
LVII L-Val- 77 140142 095  +145(c, 4.9) C,H,.N,0, 6461 615 1076 6473 623  10.82
LIX Tos-L-Val-L-Leu- 62 165-167 0.73 +17.8 (c, 5.6) C,.H,;N,0,S 64.59 6.83 869 6472 6.92 8.78

(a) Electrophoretic mobilities (E) for compounds: (II) = 9.5 cm, (IlI) = 7 ¢m, (IV) =

13.5 cm, (V) = 6.5 em, (VI) = 11 cm, (VI) = 10.5 cm, (VIII) = 12.5 cm, (IX = 8.5 ¢m,

X) = 14.5 cm, (XLI.XLIV & LVII & LVIII) = 7.5-8 cm, E = zero for the remaining compounds.

The dipeptide (LIX) gave a deep blue 1:1 complex with
copper(ll), A max 670 nm.

Biological Screening Results.

The antimicrobial activity of the synthesized com-
pounds were determined according to the procedure
described earlier (13-16), and the results compared with
the activity of the starting amino- and nitrocoumarin (I,
XXVII and XXVIII) derivatives.

6-Nitrocoumarin-3-CO-Gly (II) and the corresponding
L-Ser (III) derivative were found to possess high anti-
microbial activities against Bacillus subtilis, Bacillus
cereus, Bacillus mycoids and Penicillum chrysogenum and
inactive against Escherichia coli and Salmonella typhosa.
6N-tosyl-L-Phe)aminocoumarin-3-carboxylic acid methyl
ester (XL) produced antimicrobial effects and gave pro-
mising results against Bacillus subtilis, Bacillus cereus,
Bacillus mycoids and Escherichia coli. 3{L-Val)amino-
coumarin (LVIII) had a marked growth inhibitory effect

against Bacillus subtilis, Bacillus mycoids, Escherichia
coli and Salmonella typhosa. 3-N-Tosyl-L-Ala)amino-
coumarin (LII) and the corresponding DL-Ala (LIII)
derivative and 6{(/N-phthalyl.L.-Ala)aminocoumarin-3-car-
boxylic acid methyl ester (XXXI) and the corresponding
N-Phthalyl-L.-Val (XXXII) derivatives were found to
possess high antimicrobial activity against Bacillus sub-
tilis, Bacillus mycoids and Bacillus cereus. 6-Nitro-
coumarin-3-CO-L-Val (V) and 3-(V-tosyl-Gly)amino-
coumarin (LI) were found to have a marked growth in-
hibitory effect against Bacillus subtilis and Bacillus cereus
only. 3{N-Phthalyl-L-Ala)aminocoumarin (XLVI) and the
corresponding N-tosyl-DL-Ser- (LVI) derivatives produced
high antimicrobial effects against Bacillus subtilis and
Bacillus mycoids. 6-Nitrocoumarin-3-CO-L-Tyr (IX) and
the corresponding -GB-Ala-OMe (XIII) derivatives were
found to possess high antimicrobial activities against
Bacillus subtilis and Penicillum chrysogeneum.
6-(N-Phthalyl)-L-Phe)aminocoumarin-3-carboxylic acid
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methyl ester (XXXIV) was found to be active against
Bacillus cereus and Bacillus mycoids. 3-(N-Phthalyl-Gly)-
aminocoumarin (XLV) and the corresponding N-phthalyl-
B-Ala (XLVII), N-Phthalyl-L-Leu (XLIX) and N-Tosyl-DL.-
Val (LV) derivatives and 6-nitrocoumarin -3-CO-L-Leu (VI)
and 6-(N-phthalyl-L-Leu)-aminocoumarin-3-carboxylic
acid methyl ester (XXXIII) and the corresponding N-
phthalyl-3-Ala- (XXX) derivatives were found to possess
high antimicrobial activities against Bacillus subtilis and
inactive towards the remaining microoorganisms. 3-(N-
Phthalyl-L-Val)aminocoumarin (XLVIII) and 6-nitrocou-
marin-3-CO-Gly-L-Phe-OMe (XX) were found to be active
against Bacillus mycoids only. The remaining amino acid
and peptide derivatives were inactive towards all the
tested microorganisms.

The present investigation revealed that introduction of
nitro- or amino- substitutents in the 3- and 6-positions in
the coumarin residue in combination with N-phthalyl- or
N-tosyl-aminoacyl and aminoacyl moieties gave coumarin
amino acid derivatives of highly specific biological proper-
ties. The L-Val, L-Ala, L-Phe, L-Ser, and L-Leu
derivatives were found to possess high antimicrobial pro-
perties when compared with the corresponding Gly- and
B-Ala-derivatives or with their racemic modifications. The
phthalyl- and tosyl- protecting groups did not affect the
biological activity of these compounds, since hydrazinoly-
sis of the phthalyl group did not enhance or verify the
biological properties of most unprotected aminoacyl
derivatives (cf., compounds XLI-LVII).

Other pharmacological studies are currently in pro-

gress.

EXPERIMENTAL

All melting points are uncorrected. All thin-layer chromatography was
done on Silica Gel-G plates using benzene-ethyl acetate (1:1) as a solvent
system and iodine-potassium iodide (20%) as a detection reagent. Ben-
zidine, ninhydrin and silver nitrate reactions were used for detection of
the amino acid derivatives on paper chromatograms (spot reactions) (12).
The electrophoretic mobilities (E) were measured with high voltage
electrophoresis 1000 V, 2 hours in pyridine-acetate buffer (pH 5.6) (12).
The uv spectra were taken in ethanol with a Unicam SP 8000 and the ir
spectra were taken with a Unicam SP 1200 in potassium bromide. The
nmr data were measured on a Varian T-60A spectrometer and shifts are
reported in ppm (d) relative to internal TMS. [a]% were taken in Zeiss
polarimeter, 1 dm tube in DMF.

6-Nitrocoumarin-3-carboxyl Chloride (I).

This compound was prepared from 6-nitrocoumarin-3-carboxylic acid
using the procedure described in the literature (8).

General Procedure for the Synthesis of 6-Nitrocoumarin-3-CO-amino
Acids or Amino Acid Methyl Esters (II-XVII).

6-Nitrocoumarin-3-carboxyl chloride (I, 0.9 g, 0.0035 mole) was dissolv-
ed in dioxane (20 ml) and added to a solution of the appropriate amino
acid or its methyl ester hydrochloride (0.0039 mole) in dioxane (25 ml)
containing triethylamine (3 ml). The reaction mixture was stirred at room
temperature followed by refluxing (1-2 hours) until completion of the
reaction as checked by tlc. After cooling the reaction mixture, triethyl-
ammonium chloride was filtered and a benzene-ether mixture (250 ml)

A. M. Ei-Naggar, F. S. M. Ahmed, A. M. Abd El-Salam, M. A. Radi and M. S. A. Latif
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(1:1) was added. The reaction mixture was washed with water, 10%
sodium bicarbonate, water and dried over sodium sulphate. Evaporation
of the solvent in vacuo gave solid products which were recrystallized
from ethanol, methanol, water, dioxane or their mixtures. Compounds II-
XVII were chromatographically homogeneous when developed with
benzidine-iodine solution and all gave negative test with ninhydrin.

General Procedure for the Synthesis of 6-Nitrocoumarin-3-CO-dipeptide
Methyl Esters (XVIII-XXVI).

The 6-nitrocoumarin-3-CO-amino acid (0.014 mole) and the ap-
propriate amino acid methyl ester hydrochloride (0.016 mole) were
dissolved in a mixture of dioxane (60 ml) and DMF (10 ml) containing tri-
ethylamine (2.5 ml). The mixture was cooled to 0-5°, dicyclohexylcarbo-
diimide (2.7 g, 0.014 mole) was added and the mixture was stirred for 3-4
hours at 0° and then left for 24 hours at room temperature. Dicyclohexyl-
urea was filtered and the filtrate was evaporated in vacuo. The residual
solid was recrystallized from methanol, ethanol, acetone, DMF or their
mixtures. The dipeptides (XVIII-XXVI) were easily soluble in alcohols,
DMF, nitromethane and dioxane and insoluble in water, ether and
petroleum ether. The dipeptides were chromatographically homo-
geneous when detected with benzidine-iodine solution and hydroxamate
reactions.

6-Aminocoumarin-3-carboxylic Acid Methyl Ester (XXVII) and 3-Amino-
coumarin (XXVIII).

These compounds were synthesized using the procedure described in
the literature (8,17).

General Procedure for the Synthesis of 6{/N-Phthalyl- or N-Tosylamino-
acyl)aminocoumarin-3-carboxylic Acid Methyl Esters (XXIX-XL).

6-Aminocoumarin-3-carboxylic acid methyl ester (XXVII, 0.01 mole)
was dissolved in dioxane (150 ml) containing triethylamine (10 ml). The
mixture was then treated with the N-phthalylamino acid chloride or the
N-tosylamino acid chloride (0.012 mole) in dioxane (200 ml). The reaction
mixture was stirred at room temperature followed by reflux (2-3 hours)
till completion as monitored by tlc. The reaction mixture was worked up
as described for synthesis of II-XVII. Compounds XXIX-XL were
recrystallized from methanol, acetone, ethanol or their mixtures with
water. All the products were chromatically homogeneous when developed
with benzidine-iodine solution and hydroxamate reactions.

General Procedure for Synthesis of 3{/V-Phthalyl- or N-Tosylaminoacyl}
aminocoumarins (XLV-LVI).

To a stirred suspension of 3-aminocoumarin (XXVIII, 0.029 mole) in a
mixture of dioxane (45 ml) and dimethylformamide (15 ml) containing tri-
ethylamine (4.5 ml) at —5° was added N-tosyl- or N-phthalylamino acid
(0.029 mole) in dioxane (25 ml) followed by DCC (5.4 g). The reaction
mixture was stirred for 2-3 hours at 0° and left for 24 hours at room
temperature. The reaction mixture was worked up as described for the
preparation of XVIII-XXVI. Compounds XLV-LVI were recrystallized
from ethanol, acetone, DMF or their mixtures. The products (XLV-LVI)
were found to be homogeneous (PC detection with benzidine) and show-
ed negative ninhydrin and silver nitrate reactions.

Reaction Procedure for the Synthesis of 6{Aminoacyl)aminocoumarin-
-3-carboxylic Acid Hydrazides (XLI-XLIV) and 3{Aminoacyl)amino-
coumarins (LVII-LVHI).

The appropriate 6{N-phthalylaminoacyl)aminocoumarin-3-carboxylic
acid methyl ester (XXIX-XXXIV, 0.003 mole) or 3{N-phthalylamino-
acyl)aminocoumarin (XLV-L, 0.003 mole) was dissolved in tetraline (25
ml) and the mixture was then treated with 0.5M hydrazine hydrate in
ethanol (9 ml). The reaction mixture was refluxed for 15 minutes-1 hour
and the rate of the reaction was checked by tlc. The residue obtained
after evaporation of the solvent was treated with 2V hydrochloric acid
(30 ml) for 10 minutes at 50°. The reaction mixture wase cooled and the
insoluble phthalyl-hydrazide was filtered. The filtrate was evaporated in
vacuo and the residual material was dissolved in ethyl acetate (100 ml)
and treated with triethylamine (10 mi) for 2 hours. The reaction mixture
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was washed with water, sodium bicarbonate (3%), water and dried over
sodium sulfate. The solvent was evaporated in vacuo and the residual
material was recrystallized several times from ethanol or methanol. The
products (XLI-XLIV and LVII-LVIII) gave a positive ninhydrin reaction.

3{N-Tosyl-L-Val-L-Leu)aminocoumarin (LIX).

N-Tosyl-L-Val-L-Leu-N,H, (4.77 g, 0.012 mole) was dissolved in a mix-
ture of acetic acid (20 ml), concentrated hydrochloric acid (30 ml) and
water (100 ml). The mixture was cooled to —5°, and a solution of sodium
nitrite (2.7 g) in water (15 ml) was added to it. The dipeptide azide was ex-
tracted with 120 ml of ethyl acetate, and washed and dried as described
earlier (12). The azide was coupled with 3-aminocoumarin (XXVIII,
0.013 mole) in ethyl acetate (120 ml) and the reaction mixture worked up
as described earlier (12). The dipeptide was recrystallized from ethanol.
The product (LIX) was found to be homogeneous and showed negative
ninhydrin and silver nitrate reactions.
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