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Abstract - The synthesis and isolation of some (-acylisourea derivatives are
described. The reaction between coumarin-3-carboxylic acids and diisopropyl- and
di-tert-butyl-carbodiimides leads only to coumarin-isourea derivatives except for

two reactions which lead, as by-products, also to coumarin-urea derivatives.

Carbodiimides are very important reagents used in peptide and nucleotide syntheses, heterocycle synthesis,
oxidation, cycloaddition and alkylation reactions and so on." Their use continues to provide a useful route
to esters and the mechanism of their reaction with carboxylic acids has been extensively investigated.” In a
previous work® we studied the reaction of some coumarin-3-carboxylic acids  with
dicyclohexylcarbodiimide, DCC (A), and we isolated coumarin derivatives of dicyclohexylisourea (I) and

of dicyclohexylurea (IT) (Figure 1).
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Moving from the consideration that coumarins constitute an important class of naturally occurring
compounds with useful pharmacological activity *7 we carried on the previous research 3 completing the
series of dicyclohexyl derivatives with two new coumarin compounds (5a,b) and performing the same
reaction starting from the coumarin acids (4c-1) and using as reagents the diisopropylcarbodiimide, DISP
(B), and the di-fert-butylcarbodiimide, DTB (C), also with the aim to confirm the reaction route. As
attended the reaction led only to O-acylisourea derivatives III and IV except for two urea derivatives type
V gbtained using the di-fert-butylcarbodiimide as reagent. (Figure 1)

Coumarin-3-carboxylic acids (d4a,b,d-l), were prepared according to the literature.>® Details about the
synthesis of 3a,b and da,b, along with their analytical and spectroscopic data are reported in the
experimental section and in Table 1, For the other compounds the data were in accordance with literature.”
Coumarin acids (4a,b) reacted with DCC (A) while acids (4¢-1) reacted with DISP (B) and DTB (C)
obtaining, in very good yields, O-acylisoureas (6¢-F) and (7¢-1), respectively. Only starting from coumarin
acids (4d) and (4g) and DTB (C) we obtained, in very poor yields, urea derivatives (8d) and (8g)
(Scheme I).

Isoureas (5a,b, 6¢-1, 7e-1) and ureas (8d,g) were identified by analytical and spectroscopic methods. The
difference between isoureas and ureas derivatives was evidenced by IR spectra (amidic carbonyl band in
type -6 and -7 derivatives and ester carbonyl band in type-8 derivatives), 'H NMR spectra (peak of the
NH group measured at ca. 5.5 ppm for type-6 and -7 derivatives and measured at ca. 8.0 ppm for type-8
derivatives) and MS spectra (presence of the coumarin acid ion [C10H504]+', m/z 190, only in the mass
spectra of type-8 derivatives).

A preliminary antimicrobial screening performed against a Bacillus subtilis strain evidenced a good activity
only for compounds {6e} and (8g) (Mimimal Inhibitory Concentration 6.25 ug/mL and 12.5 pg/ml,

respectively).

EXPERIMENTAL

Melting points were determined using a Kofler apparatus and are uncorrected. The IR spectra were
recorded with a Perkin Elmer 1310 spectrophotometer on sodium chloride mulls. The 'H NMR spectra
were recorded on a Varian Unity 300 instrument and the chemical shifis (8) refer to tetramethylsilane.
Elemental analyses (C, H, N) were performed on a Carlo Erba model 1106 Elemental Analyser. MS
spectra were taken with a QMD 1000 instrument (Fisons Instruments) at 70 eV using a direct inlet system.
Reagent-grade commercially available reagents and solvents were used. All compounds and solvents were
rigorously dried before use according to standard methods.” Coumarin-3-carboxylic esters (3a,b,d-1) and

acids (4a,b,d-1} were prepared according to the literature.”* Compound (4¢) was commercially available,



HETEROCYCLES, Vol. 50, No. 1, 1999 471

S HO [O0Cs 2 Ny CO0CsHs R2 X COOH
+ CHy ) ——
R | R
T, OH  Ccooc,Hs ¢ o~ ° R o 0
R4
1a,b,d 3a,b,d4 4a,b,d4
R Rt
2
“JCOCH 2 - CO0-C=N-R
- - |
R3 *A R3 NH
o~ © o~ o |
R4 R4 R
4a,b 5a,b

o -CO0-C=N-R

: R'=R?=R3=Ré=H

: R1=R3=Reé=H; R2=Br

: R1=R3=H; R2=R*=Br
R1=R3=Ri=H; R2=Cl

: R'=R%=H; RZ=R*=C|

: R1=0CH,, R?=R3=R4=H

7cd, 8d,80: R=(CH),C- it R1=R3=0CH;; R?=R'=H

I: R1=R3=R4=H; R2=NO,

5a: R =) ;R'=R3=H; R2=R4=|
sb: R=<_) ;R1=R2=R4=H; R3= N(C,Hy),

6¢4: R=(CH3),CH-

T oo

Scheme 1

General procedure jfor the preparation of ethyl coumarin-3-carboxylates (3a,b,d-1)

Piperidine (0.5 mL) and acetic acid (0.01 mL) were added to a solution of salicyl aldheydes (1 a,b,d-1)
(0.02 mol) in 150 mL of 95% ethanol. When the solution was clear 4.22 g (0.026 mol) of diethyl malonate

was added. The reaction solution was refluxed with stirring for 24 h. The colourless substance which
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precipitated from the reaction mixture was filtered off and proved to be 3a,b,d-l in almost quantitative

yields. The analytical and spectral data of compounds (3a,b) are reported in Table 1, while for compounds

(3d-1) data were in accord with literature.” Compound (4c) was commercially available.

General procedure for the preparation of coumarin-3-carboxylic acids (4a,b,d-l)

Suspensions of ethyl coumarin-3-carboxylate (3a,b,d-I} (0.015 mol) in 50 mL of 20% sodium hydroxide
were refluxed under stirring for 2 h. Hydrochioric acid (37%) was added at 0 °C to the clear solution until
a pH of 1-2 was reached. The colourless precipitate was filtered off. The residue was washed with ether
and dried. The analytical and spectral data for compounds (4a,b) are reported in Table 1 while for

compounds (4d-l) data were in accord with literature.?

General procedure for the preparation of isourea derivatives (Su,b, 6c-I , 7c-1) and urea derivatives
(8d,g).

A solution of DCC ({A) (0.01 mol) in 50 mL of dry THF was added dropwise at rt to a stirred solution of
coumarin-3-carboxylic acids (4a,b) (0.01 mol) in 5¢ mL of dry THF. The same procedure was performed
starting from DISP (B) and DTP (C) and coumarin acids (4e-1). The reaction mixture was stirred
overnight and the colourless precipitate was filtered off and crystallized from methanol to give Sa,b, 6c-1
and 7e-l respectively. When starting from 4d and 4g the filtrate, evaporated under reduced pressure gave
8d and 8g. The analytical and spectral data of compounds (Sa,b, 6¢c-l, 7¢-l, 8d and 8g) are reported in
Table 1.

Table 1. Analytical and spectral data for compounds (3a,b, 4a,b, 5a,b, 6¢-l, 7¢-l, 8d and 8g).

Compd. Yield mp IR (Ve om™) 1H NMR (3, ppm) Elemental Analysis
% (oC) I'lUjOl DMSO-—dG Caled (%) (Found)
C H N

3a 90  182-185 1765, 1700 1.26-1.30 (t, J=5.35 Hz, 3066 1.72
3H, CH3-CHz), 4.22-4.30 (30.59 1.72}
{q, /=5.35 Hz, 2H, CH»-
CH3), 8.24 (s, 1H Arom),
8.38 (s, 1H, Arom), 8.55
(s, IH, CH=)
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Qil 1760, 1700,
1610

273-274 1765, 1650,
1610

215-217 1760, 1645,
1610

205-212 3350, 1750,
1710, 1610

180-182 3300, 1760,
1700, 1620

1.10-1.13 (t, J=5.85 Hz,
6H, 2CH3-CHp), 1.26-
1.31 (t, /=537 Hz, 3H,
CH3-CH2), 3.30-3.37 (q,
J=585 Hz, 4H, 2CH»-
CH3), 422-430 (g,
J=537 Hz, 2H, CH3z-
CH3), 6.35 (s, 1H, Arom),
6.48-6.52 (d, /~9.28 Hz,
1H, Arom), 7.23-7.27 (d,
J=9.28 Hz, 1H, Arom),
8.32(s, 1H, CH=)

8.24 (s, 1H, Arom), 8.38
(s, 1H, Arom), 8.55 (s,
1H, CH=), 12.48 (s, 1H,
COOH, D20 exch)
1.07-1.12 (t, J=6.84 Hz,
6H, 2CH3-CH2), 3.4l1-
3.48 (q, J=6.84 Hz, 4H,
2CH2-CH3), 6.73-6.77
(d, J=9.28 Hz, IH,
Arom), 653 (s, 1H,
Arom), 7.58-7.61 (d,
J=328 Hz, 1H, Arom),
8.55(s, 1H, CH=), 12.48
(s, 1H, COOH, D20
exch.)

0.79-1.74 (m, 22H,
cyclohexyl-H), 7.88-7.90
{d, /=7.81 Hz, 1H, NH,
D20 exch.), 7.98 (s, 1H,
Arom), 816 (s, 1H,
Arom), 8.35 (s, 1H, CH=)
090-1.71  (m, 22H,
cyclohexyl-H + 2CH3-
CH2), 6.49 (s, 1H, Arom),
6.66-6.68 (d, /=879 Hz,
1H, Arom), 7.41-7.44 (d,
J=8.79 Hz, 1H, Arom),
7.72-7.75 (d, J=8.30 Hz,

66.42
(66.50

27.17
(27.14

64.35
{64.33

42.61
(42.65

69.35
(69.34

6.62
6.64

091
0.91)

5.79
5.78

4.04
4.05

7.98
7.99

4.84
4.83)

5.36
5.37)

4.32
4.32)

8.99
8.97)
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80  163-165 3350, 1770,

1710, 1620

63 202-203 3300, 1765,

1700, 1610

40  210-211 3310, 1760,

1690, 1620

10 200-202 3320, 1760,
1700, 1610

1H, NH, D20 exch.), 7.86
(s, 1H, CH=)

0.77-0.79 (d, J=6.35 Hz,
6H, 2CH3), 1.24-1.26 (d,
J=6.35 Hz, 6H, 2CH3),
3.48-3.54 (m, 1H,
CH(CH3)2), 4.36-445
(m, 1H, CH(CH3)2),
7.33.-7.85 (m, 5H, Arom
+ NH, D20 exch)), 8.13
(s, 1H, CH=)

0.78-0.81 (t, /=6.35 Hz,
6H, 2CH3), 1.25-1.28 (t,
J=6.35 Hz, 6H, 2CH3),
3.49-355 (m, 1H,
CH(CH3)2), 4.39-443
(m, 1H, CH(CH3)2),
7.38-7.41 (d, J=8.79 Hz,
1H, Arom), 7.76-7.86 (m,
2H, Arom), 8.05-8.10 (d,
Jf=12.21 Hz, 2H, CH= +
NH, D20 exch.)
0.79-0.81 (t, J=6.35 Hz,
6H, 2CH3), 1.25-1.27 (4,
J=635 Hz, 6H, 2CH3),
3.36-3.54 (m, 1H,
CH(CH3)3), 4.37-4.42
(m, 1H, CH(CH3)2),
7.85-7.88 (d, J=7.81 Hz,
1H, Arom), 8.08-8.17 (m,
3H, Arom + CH= + NH,
D20 exch.)

0.78-0.81 (t, J=6.35 Hz,
6H,2CH3), 1.24-1.27 (1,
J=6.35 Hz, 6H, 2CH3),
3.50-3.53 (m, iH
CH(CH3)2), 4.39-442
(m, 1H, CH(CH3)2),
7.44-7.93 (m, 4H, 3Arom
+ NH, D20 exch.), 8.10

]

64.54
(64.55

51.65
(51.68

43.06
(43.01

58.20
(58.14

6.37
6.37

4.84
4.83

383
3.84

5.46
5.47

8.86
8.87)

7.09
7.09)

5.91
5.90)

7.99
7.98)
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6g 57 190-192 3320, 1720,
1630, 1610
6h 78 160-161 3310, 1750,
1700, 1600
6i 58 193-195 3300, 1760,
1700, 1610
61 60 196-197 3340, 1750,

1640, 1610

(s, 1H, CH=)

0.80-134 (m, 14H,
2CH(CH3)2), 5.47 (s, 1H,
NH, D20 exch), 7.89-
7.99 (m, 2H, Arom), 8.15
(s, 1H, CH=)

0.78-0.80 (d, J=6.35 Hz,
6H, 2CH3), 1.23-1.25 (d,
J=6.35 Hz, 6H, 2CH3),
348355 (m, 1H,
CH(CH3)2), 3.82 (s, 3H,
OCH3 ), 4.37-445 (m,
IH, CH(CH3)2), 6.93-
6.96 (d, J=8.79 Hz, 1H,
Arom), 701 (s, 1H,
Arom), 7.66.-7.69 (d,
J=8.79 Hz, 1H, Arom ),
7.77-7.80 (d, J=7.33 Hz,
1H, NH, D20 exch),
8.06 (s, 1H, CH=)
0.79-0.81 (d, J=6.35 Hz,
6H, 2CH3), 1.21-1.23 (d,
J=6.35 Hz, 6H, 2CH3),
326343  (m, 1H,
CH(CH3)2), 3.82 (s, 3H,
OCH3), 388 (s, 3H,
OCH3), 4.37-445 (m,
1H, CH(CH3)2), 6.50 (s,
1H, Arom), 6.60 (s, IH,
Arom),  7.78-7.80 (d,
J=782 1H, NH, D20
exch.), 8.08 (s, 1H, CH=)
0.80-0.82 (d, J=6.84 Hz,
6H, 2CH3), 1.26-1.29 (d,
J=6.84 Hz, 6H, 2CH3),
3.53-358  (m, 1H,
CH(CH3)2), 4.38-4.47
(m, 1H, CH(CH3)2),
7.63-7.67 (d, J=9.28 Hz,
1H, Arom), 7.86-7.89 (d,

52.00
(51.93

62.41
(62.45

60.62
(60.62

56.50
(56.47

4.71
4.73

6.40
6.41

5.89
5.88

5.30
5.31
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8.09
$.08)

744
744)

11.63
11.61)
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Te

7d

Te

7t

7g

7h

78

42

61

68

60

77
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210-212 3340, 1720,
1650, 1610

230-231 3335, 1715,
1640, 1610

218-219 3320, 1800,
1720, 1610

220-222 3370, 1750,
1680, 1610

190-192 3310, 1760,

1660, 1610

191-193 3320, 1750,
1670, 1600

J=7.33 Hz, 1H, Arom),
8.33 (s, IH, NH, D20
exch), 8.40-844 (d,
J=928 Hz, IH, Arom),
881 (s, lH, CH=)

0.89 (s, SH, 3CH3), 1.44
(s, 9H, 3CH3), 7.32-7.72
{m, 4H, Arom), 7.94 (s,
IH, NH, D20 exch),
8.01 (s, 1H, CH=)

0.90 (s, 9H, 3CH3), 1.43
(s, 9H, 3CH3), 7.37-7.40
(d, J=8.79 Hz 1H,
Arom), 7.75-7.77 (4,
J=8.79 Hz, 1H, Arom),
7.95-7.99 (m, 3H, Arom +
NH, D20 exch, + CH=)
0.92 (s, 9H, 3CH3), 1.45
(s, 9H, 3CH3), 8.03-8.16
{m, 4H, 2Arom + NH,
D20 exch, + CH=)

0.92 (s, 9H, 3CH3), 1.45
(s, 9H, 3CH3), 7.45-7.48
(d, /=879 Hz, IH,
Arom), 7.64-768 (d,
J=8.79 Hz, 1H, Arom),
7.87 (s, 1H, Arom), 7.98-
7.99 (d, /~4.88 Hz, 2H,
NH, D20 exch, + CH=)
0.92 (s, 9H, 3CH3), 1.44
(s, 9H, 3CH3), 7.68-8.06
(m, 3H, 2H, Arom + NH,
D20 exch,), 8.66 (s, 1H,
CH=)

0.91 (s, SH, 3CH3), 1.44
(s, 9H, 3CH3), 3.88 (s,
3H, OCH3), 7.25-730
{m, 3H, Arom), 7.95-7.99
(d, /=12.70 Hz, 2H, NH,
D20 exch, + CH=)

65.04
(65.03

52.56
(52.59

44.10
(44.16

58.93
(58.90

53.87

(53.86

62.96
(62.96

7.28
7.30

5.64
5.64

4.52
451

6.32
6.32

5.53

5.54

7.23
7.24

8.43
8.43)

6.81
6.82)

5.72
5.73)

7.64
7.64)

6.98

7.00)

7.73
7.72)
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7i 75  195-197 3320, 1750, 0.91 (s, SH, 3CH;), 1.44 61.21 719 7.14
1660, 1600 (s, 9H, CHs), 3.84 (s, 3H, (61.19 721 713)
OCH;), 3.88 (s, 3H,
OCH3), 6.45-6.53 (m, 2H,
Arom), 8.15 (s, 1H, NH,
D,0 exch), 854 (s, 1H,

CH=)
M 74 220-222 3300,1730,  0.92 (s, 9H, 3CH3), 1.46  57.28 614 1113
1650, 1600 (s, 9H, 3CH3), 7.65-7.67 (57.33 614  11.13)

(d, J=928 Hz, 1H
Arom), 8.05 (s, 1H,
CH=), 8.20 (s, 1H, NH,
D20 exch,), 8.40-8.43 (d,
J=8.79 Hz, 1H, Arom),
8.73 (s, 1H, Arom)
8d 10 185-186 3460, 1700, 0.89-144 (m, 18H, 5773 5.86
1670, 1600 6CH3), 539 (s, 1H, NH, (57.72 5.87)
D70 exch,), 7.34-8.65 (m,
4H, 3Arom + CH=)
8g 53  185-187 3450, 1760, 0.90-1.44 {m, 18H, 59.23 5.76
1680, 1610 6CH3), 539 (s, 1H, NH, (59.27 5.76)
D20 exch,), 7.98 (s, 1H,
Arom), 800 (s, IH,
Arom), 8.65 (s, IH, CH=)

>
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