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SOME NEW REACTIONS OF CINNAMOYLMORPHOLINE DERIVATIVES WITH
AMINO ACIDS
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Cinnamoylmorpholine-4-sulfonylamino acids (2-13) and some of the corresponding methyl esters (14-18) were
successively prepared. Hydrazinolysis of the methyl esters in methanol yielded the corresponding hydrazides (19-23).
Coupling of amino acid derivatives (2-13) with amino acid methyl ester hydrochlorides in THF-EtN medium using the
dicyclohexylcarbodiimide method afforded the desired dipeptide methyl esters (25-30). Some of the synthesized
derivatives (2-30) were found to be active against a number of micro-organisms.
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Introduction

Several nitrogen, oxygen, and sulfur containing heterocy-
clic compounds incorporating amino acid residues were found
to possess interesting biological properties [1-3].

Recently, we have reported the synthesis and structure
activity relationship of a variety of aromatic and heterocyclic
derivatives of amino acids and dipeptides [4-9].

Moreover, various aromatic sulfonylamino acid deriva-
tives were found to have hypoglycaemic, antipyretic and other
biological properties [10-20]. :

The reaction of cinnamoylmorpholine-4-sulfonyl
chloride(1) [21] with the appropriate amino acid in water —
THF - triethylamine medium yielded the desired cinnamoyl-
morpholine-4-sulfonylamino acids (2-13).

Synthesis of cinnamoylmorpholine-4-sulfonylamino acid
methyl esters (14-18) was carried out by treating cinnamoyl-
morpholine-4-sulfonylamino acids (2-13) with methanol and
pure thionyl chloride at -10°. The time required for completion
of the reaction of the amino acids to corresponding methyl
ester derivatives (14-18) was monitored by TLC. Complete
hydrolysis of compound (9 or 17) (6N HCI, 24 hrs 105°)
followed by subsequent paper chromatography yielded a
positive spot of leucine. Hydrazinolysis of the methyl esters
(14-18) in methanol afforded the corresponding hydrazides
(19-23) which gave positive benzidine and silver nitrate
reactions.

For the preparation of cinnamoylmorpholine-4-sulfon-
yldipeptide methyl esters (24-30), the appropriate amino acid
methyl ester hydrochloride was reacted with cinnamoylmor-
pholine-4-sulfonylamino acids in THF-Et,N medium using
the dicyclohexylcarbonmide (DCC) method. The dipeptide
methyl esters (24-30) were purified by repeated recrystalliza-
tions from the appropriate solvent and the products were chro-
matographically homogeneous.

*Present address: Hadayek Shoubra, 30 Tewfik Hanna Steet, Cairo, Egypt.

Complete hydrolysis of compound (26) with 6N HCI at
105° for 24 hrs and subsequent chromatography gave positive
spots of both alanine and leucine.

The dipeptide methyl esters (24-30) gave a blue coloured
1:1 copper (IT) complexes exhibiting A___at 640-660nm char-
acteristic of normal dipeptide esters [22].

The structure of compounds (2-30) were assigned on the
basis of clemental analysis, chromatographic studies, spot
tests, IR, and NMR spectra.

R028</_\> —CH:CH.CO.I\/I \O
— N/

Compounds (2-30)

Biological screening results. The antimicrobial activity
of the compounds synthesized (2-30) were tested using the
hole plate and filter paper disc methods (23-26). All com-
pounds were tested for activity against gram-positive and
gram-negative bacteria. A qualitative screening was performed
on all compounds, while quantitative assays were carried out
on active compounds only. The results were compared with
the activity of compound (1) and the data are summarized in
Table 1. Cinnamoylmorpholine-4-sulfonyl chloride (1) was
antimicrobially inactive.

Studies of the antimicrobial activity of the synthesized
compounds (2-30) showed that cinnamoylmorphone-4-sul-
fonylamino acids, methyl esters, and the corresponding hydra-
zides were found to be inactive against the tested microorgan-
ism while dipeptide derivatives were found to be active
towards the tested microorganisms.

Cinnamoylmorpholine-4-sulfonyldipeptide methyl
esters containing L-leucine residue such as: L-Ala-L-Lcu-
OMe (26), L-Luc-L-Leu-OMe (29),and DL-Leu-L-Lue-OMe
(30) were found to possess higher antimicrobial activity than
the corresponding dipeptides containing DL-Alanine residues
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(25, 27, 28). Most of the synthesized dipeptide methyl esters
were found to possess various antimicrobial activities toward
all the tested microorganisms (Table 1).

Morcover, the biological action of the synthesized cin-
namoylmorpholine derivatives depends on the amino acids
constitutions, its configuration and the C-terminal protecting
groups in these compounds. Other pharmacological activity
studies are currently in progress.

Experimental

Melting points were determined on an electrothermal
melting point apparatus and are uncorrected. Thin layer chro-
matography (R,) was carried out on silica gel-Gl plastic sheets,
using: n-butanol - acetic acid-water (4:1:1) as the solvent
system and iodine as detection reagent. Optical rotations
[a], were measured in a Bellingham - stanely polarimeter
(C=5 in dimethylformamide DMF) atA___589nm using Scm
tube at 20° (Table 2). IR spectra (v_,_in cm™) were taken on
Shimadzu 440 instrument and NMR spectra in DMSO-d, were
recorded on Varian EM-360L, chemical (8) in ppm using TMS
as internal standard.

Cinnamoylmorpholine-4-sulfonyl chloride (1). The title
compound was prepared in 60% yield by treatment of cinnam-
oylmorpholine with chlorosulfonic acid using the procedure
described earlier [21].

General procedure for the synthesis of cinnamoylmor-
pholine-4-sulfonylamino acids (2-13). Triethylamine (Sccm)
followed by cinnamoylmorpholine-4-sulfonyl chloride (1)
(0.M mole) were added portionwise during 30 mins. to a
solution of the appropriate amino acid (0.1 mole) in water
(25ccm) — THF (15 ccm) mixture. The temperature of the
reaction mixture during the process of addition waskept at 10°
and stirring was continued by concentration under reduced
pressure and water (30 ccm) was added. The mixture was
cooled to 0° and acidified with 2N HCI until acidic to Congo
red (pH 5). The crude product was filtered washed with water
and recrystallized from methanol-water. All the products
(2-13) were chromatographically homogencous (detection
with iodine or benzidine) and showed negative ninhydrin
reaction.

The IR spectra of all cinnamoylmorpholine-4-sulfonyl-
amino acids (2-13) showed bands at: 3300, 3080 (NH, SO,NH);
1420 (CH=CH): 1725 (C=0) 1360 (SO,NH) and other bands
characteristic of the cinnamoylmorpholine and amino acid
residues. The NMR spectra of (2-13) exhibit the chemical
shifts at &: 12.2 (1H, COOH); (8.7 — 8.2 aromatic and mor-
pholine protons); 4.5 (CH=CH); 7.4 (1H, NH) and other
protons assignable to the amino acid residues.

General procedure for the synthesis of cinnamoylmor-
pholine-4-sulfonylamino acid methyl esters (14-18). A solu-

tion of cinnamoylmorpholine-4-sulfonylaminoacid (0.01 mole)
in absolute methanol (80ccm) was cooled to —10° and pure
thionyl chloride (0.011 mole) was added dropwise during 30
mins. The temperature of the mixture was kept below 0°
during the addition of thionyl chloride. The reaction mixture
was then stirred for additional 3-4 hrs at room temperature,
kept overnight and the solvent was removed in vacuo. Metha-
nol was added and re-evaporated several times and the residual
solid material was recrystallized from methanol-water. The
isolated methyl esters (14-18) were chromatographically
homogeneous when developed with iodine or benzidine and
hydroxamate reactions, and gave a negative ninhydrin test.

The IR spectra of the methyl esters (14-18) showed char-
acteristic bands at: 1760, 1725 (— C=0); 1750 (COOCH,) and
other bands characteristic of the amino acid and cinnamoyl-
morpholine-4-sulfonyl residues. The NMR spectra show sig-
nals at &: 4(3H, COOCH,); 8.2 (1H, NH) and other signals in
support of their assigned structures.

General procedure for the synthesis of cinnamoylmor-
pholine-4-sulfonylamino acid hydrazides (19-23). A solution
of cinnamoylmorpholine-4-sulfonylamino acid methyl esters
(0.001 mole) in absolute methanol (25 ccm) and hydrazine
hydrate (85%, 0.003 mole) in methanol (25 ccm) was first kept
for 24 hrs at 0°. The crystalline product was separated, col-
lected, washed with cold water and recrystallized from etha-
nol-water. The hydrazides (19-23) were chromatographically
homogeneous when detected with iodine or benzidine and
gave negative hydroxamate reaction.

The IR spectra of the hydrazides (19-23) exhibited bands
at: 3430, 3300 (NH, NH,); 1550 (CONHNH,), 3300, 1160
(SO,NH) and other bands assignable to the cinnamoylmor-
pholine and amino acid moicties.

General procedure for the synthesis of cinnamoylmor-
pholine-4-sulfonyldipeptide methyl ester (24-30). Triethyl-
amine (2 ccm) was added to a solution of amino acid methyl
ester hydrochloride (0.0011 mole) in THF (50 ccm). The

TABLE 1, ANTIMICROBIAL ACTIVITY (A*) AND MINIMAL
INHIBITORY CONCENTRATION (MIC) IN p1g/ml OF THE
BroLocicALLY AcTiVE COMPOUNDS.

Bac. cereus Cand. wilis Sar. lutea Bac.spharicus Pseud. seruginosa
A MIC A MIC A MIC A MIC A MIC

24 +++ 220 ++ 340 ++ 440 ++ 415 + 475

25 ++ 325 ++ 410 - - - - - -

26 +++ 210 +++ 210 - - + 495 - -

27 +++ 230 +++ 345 + 500 + 500 + 470
+

Comp.

28 - - ++ 410 + 500
29 ++ 360 ++ 400 +++ 200 465 +++ 270

30 +++ 240 +++ 360 +++ 270 ++ 350 +++ 210

(A)* +++ = highly active, ++ = moderately active, + = slightly, — = inactive.
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TABLE 2. PuysicaL DATA oF CINNAMOYLMORPHOLINE-4-SULFONYLAMINO ACIDS, METHYLESTERS, HYDRAZIDES,
AND DipEPTIDES DERIVATIVES (2-30).

b £y
Compound [1] RO,S —CH=CH.CO.N O
-_ b 4

No. R Yield mp. R, Cryst* Mol. formula [a] 2" Calculated Found
(%) (°C) TLC solvent C H N C H N

2 Gly 55 253-255 094 a C,H N,0S - 5085 508 791 50.61 501 7.69
3 L-Ala 54  230-232 0.56 a C,H,N,OS +13.1 5217 543 761 5211 522 744
4 DL-Ala 51 242244 0.79 a C,H,.N,OS - 5217 543 761 5219 519 755
5 B-Ala 49 23537 078 a CH,NOS - 5217 543 761 5216 524 7.60
6 L-Val 44 215217 070 a  CH,NOS +166 5455 606 707 5451 603 7.04
7 DL-Val 47  248-250 0.60 a C,H,,N,0S - 5455 606 7.07 5446 604 7.06
8 - L-Ser 64  198-200 0.68 a C,H,)N,O,S +17.1 5000 5.21 729 5000 518 7.19
9 L-Len 53 232-234 0.73 a CHNOS +143 5561 634 683 5549 624 6.73
10 DL-Leu 62 235237 075 a CHNOS - 5561 634 68 5555 621 675
11 L-Phe 66  244-246 0.71 a C,H,NOS +22.1 59.46 541 631 " 5939 539 629
12 L-Tyr 59 208210 057 a CH,NOS +246 5739 522 609 5735 519 606
13 L-Pro 60 214216 062 a  C_H N,OS +256 5496 560 712 5469 544 7.3
14 Gly-OMe 63 143145 064 a CMH NOS - 5217 543 761 5229 541 7.60
15 DL-Ala-OMe 57 132-134 082 a C,,H,,N,OS - 5340 576 733 5333 554 722
16 L-Val-OMe 66 115-117 0.86 a C,H,N,OS +19.6 5561 6.34 6.83 5554 629 6.71
17 L-Leu-OMe 65 98100 065 a C,HNOS +80 5660 660 660 5655 649 659
18 DL-Leu-OMe 53 105-107 0.69 a Ci H N.OS - 5660 6.60 660 5654 655 6.55
19 Gly-NH, 46 175177 071 b C,H,NOS - 4891 543 1522 4879 539 15.16
20 DL-Ala-NH, 51 185187 048 b CH NOS - 5056 576 1466 5049 5.69 14.56
21 L-Val-NH, 44 70-72 0.44 b C,H,N,O,S -- 5268 634 13.66 5258 6.29 1358
22 LLeuN,H, 68 175177 069 b  CH,NOS +85 5377 660 1321 5371 660 13.16
23 DL-Leu-N,H, 74 192-194 053 b C,H,;N,O0,S - 53.77 6.60 1321 53.70 6.58 13.20
24 Gly-L-Leu-OMe 75 166-168 0.81 a C,,H;N,O,S +14.1 59.89 573 776 59.76 5.61 7.69
25 DL-Ala-DL-Ala-OM= 78 160-162  0.90 a CanN3O7S -- 5298 596 927 5289 588 9.16
26 L-AlaLlsuOMe 59 148150 069 a C,H,NOS +125 5576 667 848 5567 666 84l
27 LValDL:AlaOMe 53 155157 061 a  C,H,N,OS +11.6 5489 644 873 5479 644 870
28 DL-Va@DL-Ala-OMe 56  140-142 037 a C,H,N,0,S -- 5489 644 873 5482 643 8.1
29 L-Leu-L-Leu-OMe 72 160-162 0.54 a C,HNOS +95 5810 724 7.79 58.00 721 7.70
30 DL-Leu-L-Leu-OMe 77 179-181 060 a C,H,/NOS +7.5 5810 724 779 5809 722 7.0

* Crystallization Solvent: a = Methanol-water, b = Ethanoi-walcr. **optical rotation [a]** (C=S5,in DMFatA_ . 589 at 20°C)

solution was stirred at 20° for 30 min. and cooled to 0°. Cin-
namoylmorpholine-4-sulfonyl amino acid (0.001 mole) in
THF (20 ccm) and dicyclohexylcarbodiimide (DCC) (1.59g)
were added to the above mixture. The reaction mixture was
stirred for 2 hr. at 0°C and for another 2 hr. at room tempera-
ture. Dicyclohexylurea was filtered off, acetic acid (1 ccm)
was added and the solution refiltered, the filtrate was evapo-
rated in vacue. The residual solid was recrystallized from
methanol-water. The products (24-30) were easily soluble in
alcohols, DMF, and dioxane but insoluble in water and ether.
The dipeptide were chromatographically homogeneous when
detected with iodine or benzidine and gave negative ninhydrin

reaction.

IR spectra of the dipeptide methyl esters (24-30) showed
bands at: 3300, 3100 (NH, CONH, SO,NH); 1750 ( C=0);
1320 (COOCH,) and other characteristic bands due to cinna-
moylmorpholine and dipeptide moicties. The NMR spectra
show signals at &: 3.3 (3H, COOCH,), 8 (1H, NH); 8.2-8.7
(aromatic and cinnamoylmorpholine residue) and other bands
supporting its structures.
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