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ABSTRACT

Treatment of 5-(amino)imidazole-d-carbonitrile 1

with a mixture of acetic anhydride and acetic acid afforded, the
unexpected 5~(ucclylnmino)imidazolc-4-(N-acetyl)carboxu

S-(diacetylamino)imidazole-4-carbonitrile 4 was obt
products 6 and 8a respectivel

afforded, but reaction of 4 with the
medium was carried out 1o affo
chloride, followed by reaction with some cyclic 28

when 1 was allowed to react with alkyl isocyanatc the
21 were obtained from 19,

mide 2, but u

ained. Reaction
y. Upon reacting 2 with methyl

pon reacting 1 with acetic anhydride for a short time, the
of'2 and 4 with hydrazine hydrate gave the condensation

aminc and hydroxylamine, the 5-(amino)imidazole derivative 7 was
Same reagents gave products 8b and 11

rd the 2-methylpurin-6(1H)-one derivative 13,

respectively. Cyclization of 2 and 4 in alkaline
Treatment of the latter product with phosphoryl

amines and amino acids gave the 6-substituted purines 15-17. Moreover,
urea derivatives 19 were afforded.

Also, the 8-substituted purines 20 and

INTRODUCTION

Synthesis and biological properties of a variety
of substituted purines from their imidazole precursors
has been previously reported”, Many 9-benzyl-8-
purinol  derivatives  were reported as useful
compounds  for the treatment of viral diseases such as
hepatitis B or C and contact skin inflammation.
Also, some purine derivatives were prepared as type
of 2 helper T cell-selective immune response
suppressors®.  Moreover, the extracellular, adenine
nucleotides exert significant biological actions on
various peripheral tissues as well as in the centeral
nervous system™". ATP plays a role as a
neurotransmitter  at neuromuscular junctions and
within the centeral nervous system(219),

In  the present investigation a suggested
mechanism  for transformation of a carbonitrile group
to N-(acetyl)carboxamide was discussed. Synthesis of
some purine derivatives was also attempted for their
expected biological properties.

EXPERIMENTAL

Melting points are uncorrected. Microanalyses
were carried  out by the Microanalytical Lab.,
National Research Centre, IR spectra were recorded
(KBr) by wusing a  Jasco FT/IR-300E
Spectrophotometer. 'H-NMR spectra were measured
in DMSO-d, (or CDCI; whenever reported) by using
Jeol Ex-270 MHz spectrometer with chemical shift in
6 ppm. Mass Spectra were recorded by using GC/MS
Finnigan SSQ 7000 spectrometer.

S-Acetylamino-1-(p-chlorophenyljimidazole-d-(N-
acetyl)earboxamide 2:

To a mixture of acetic anhydride/acetic acid (20
mL, 1:1), compound 1 (0.01 mol) was added and the
'éaction mixture was heated under reflux for 10 hr.
After cooling, the mixture was poured onto crushed
'8 The solid product obtained was filtered off,

* -
C°"espondmg author.

washed with cold water and crystallzied from ethanol
to give 2, m.p. 164-5°C (68%). IR viem™: 3350, 3244
(NH); 1740, 1720, 1675 (C=0). 'H-NMR (CDCIy) 6:
2.20 (s, 3H, CHs); 2.50 (s, 3H, CH3); 7.00-7.50 (m,
4H, C¢Hy); 7.65 (s, 1H, H-2); 9.30 (b, 1H, NH); 9.45
(b, 1H, NH). Mass (m/e): 320 (40.44%); 322
(14.97%). Anal. Caled. for Ci4Hi5CIN,O;: C, 52.42;

H, 4.06; N, 17.47. Found: C, 52.64; H, 4.06; N,
17.80%.

5-(Diacetyl)amino-l-(p-chlorophenyl)imidazole-4-
carbonitrile 4:

A mixture of 1 (0.01 mol) and acetic anhydride
(20 ml) was heated under reflux for | hr and left to
cool. The mixture was poured onto crushed ice. The
separated precipitate was filtered off, washed with
water and crystallzied from ethanol to give 4, m.p.
150-1°C (70%). IR v/em™: 2235 (C=N); 1733, 1712
(C=0). '"H-NMR (CDCl3) 8:2.25 (s, 6H, 2CH;); 7.00-
7.60 (m, 4H, C¢H,); 7.75 (s, 1H, H-2). Anal. Calcd.
for C|4H||C}N402:C, 55.54, H, 364, N, 18.51. Found:
C, 55.50; H, 3.65; N, 18.77%.

5-(2-Thienylidene)amino-1 -(p-chlorophenyl)imi-
dazole-4- (N-acetyl)caboxamide 5 :

A mixture of 2 (0.01mol) and thiophene-2-
aldehyde (0.011 mol) in ethanol (30 ml) containing
hydrochloric acid (1/2 ml) was heated under reflux for
4 hr. The solid product obtained was filtered off and
crystallized from ethanol to give 5, m.p. 278-80°C
(70%), IR v/em™: 341 1(NH): 1701, 1651 (C=0). 'H-
NMR (CDCly) 8: 1.95 (s, 3H, CH,);7.10-7.75 (m,
8H, CgH4, C4H;S, H-2); 8.00 (s, 1H, N=CH}; 9.90 (b,
1H, NH). Anal. Calcd. for CisH15CIN,O,S: C, 54.77;
H,3.49; N, 15.03. Found:C,55.00;H, 3.40; N, 15.00%.

Reaction of 2 and 4 with hydrazine hydrate and
methylamine;
General procedure:

A mixture of 2 or 4 (0.0 mol) and hydrazine
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(0.012 mol) n clh*.mgl
or 4 hr. The solid

| erytallized from

hydrate o methylamine
(30 ml) was heated under reflux t

| htered off, and
product obtained was filtered off, &

” N
cthanoel to give 6, and 8.

. - - 149
358.60°C (87%). IR v/iem 1. 3411, 3320, 3268

<5 (C 'H-NMR (DMSO-d,) &

690 1655 (C-0). 'H NMI J
] SCHL: 4.95 (b, 2H, NHL) 700-;.'(.‘ (’m.
2 NH): 12.10 (b, 1TH, NH). Mass (m'e):

22; H,

6: mp
(NHY,
1.65 (s. Ol

oH, C H, H- IH, N5
3134, Anal Caled. for CpH<CINDO:: G 50.

4.48: N, 25.11. Found: C, 50.28; H, 4.60; N, 24.80%.

7: mp. 273-5°C(77%). IR wem'™: 3411, 3280 (NH);
1701, 1653 (C-0). 'H-NMR (DMSO-dy) &: 1.85 (.;.
I, CHy): 7.15 (b, 2H, NHy): 7.30-7.80 (m, 41 :
CHo: 7.95 (s, 1H, H-2); 9.80 (b, 1H, CO-NH). Mgs;
(m'e): 278. Anal. Caled. for C,,H,,CINJO:: C:, Sﬁ,l./( :
H. 195 N, 20.11. Found: C, 51.62; H, 3.920 N,
20.40%

Ra:  mp 211-:2°C (60%). IR vem': 3410, 3314
(NI, 2270 (C=N). Anal. Caled. for CHCINg:
C. 52.46; H,4.01: N, 30.60. Found: C, §2.72. H, 3.85:
N, 30.60%

8h: mp. 205-6°C (95%). IR v/em'': 3230 (NH); 2231
(C=N). 'H-NMR (CDCl;) &:2.60 (s, 3H, CH,); 3.2
(s. 3H, N-CH); 7.40-7.70 (m, SH, C¢Hy, NH); 7.9
{s. 1H. H-2). Anal. Calcd. for C,;H,,CINs: C, 57.04;
1. 4.39: N, 25.59. Found: C, 56.94; H, 4.20; N,
25.94%.

3
5
5

9-(p-Chlorophenyl)-2-methylpurin-1-oxide I1 :

A mixture of 4 (0.01 mol) and hydroxylamine
hydrochloride (0.012  mol) in ethanol (30 ml)
cbmaining triethylamine (12 ml) was heated under
reflux for 6 hr. After cooling, the solid product
obtained was filtered off, washed with ethanol and
crystallized from n-butanol to give 11, m.p. 293-5°C
(67%). IR v/em™ 3310 (NH). 'H-NMR (DMSO-dq)
&: 2.50 (s, 3H, CH,); 7.55-8.00 (m, 4H, C,H,); 8.80
(s, 1H. H-8); 9.15 (b, 1H, NH); 9.85(b, IH, NH).
Mass (m/e): 275. Anal. Caled. for C,;H,(CIN:O:
C, 52.27. H, 3.63: N, 2541. Found: C, 52.45; H, 3.80;
N, 25.20%.

9-(p-Chlorophenyl)-2-methylpurin-6(1H)-one 13 :
A suspension of 2 or 4 (5 g) in sodium hydrogen
carbonate solution (250 ml, 10%) was heated under
reflux for 20 hr. After cooling, the reaction mixture
was treated with dil HCI. The solid product was
filiered off washed with water, and crystallized from
n-butanol to give 13, m.p. 360-2°C (65%). IR viem™:
3496 (NH); 1685 (C=0). 'H-NMR (DMSO-d;) &:
230 (s, 3H, CH;); 7.40-8.10 (m, 4H, C¢Hy); 8.30 (s,
IH,  H-8); 12.35 (b, IH, NH). Anal. Calcd. for
CHCIN,O: C, 55.28; H, 3.45; N, 21.50, Found:
C, 55.50; H, 3.60; N, 21.30%,

(v-('hlum-t)-(p-chlnnmhenyl)-z-nwthylp.,ri“c 1.

A mixture of 13 (5g) and phosphory} chlorq
(50 ml) was heated u.ndcr reflux for 2 hr ang lcﬁ(lt
cool. The reaction mixture was poured ontg CFUSheZ
ice. The solid product obtained was filtereg off
washed with water and crysallized from ethgpg @
give 14, m.p. 198-200°C (65%). 'H-NMR (DMs0.q,
5 2.5 (s, 3H, CHs); 7.60-8.00 (m, 4H, CeH,), g o5
(s, 1H, H-8). Anal. Calcd. for C);HgCI,N,: C,SI.Gl;
1.2.87; N, 20.07. Found:C,51.50; H,2.60; N, 20299,

6-Substituted-9-(p-chlorophenyl)-2-methylpurine
15: o

A mixture of 14 (0.01 mol) and piperidine or
morpholine (0.013 mol) in ethanol (25 ml) containing
tricthylamine (1/2 ml) was l_leated under reﬂ_u,x for 10
hr. After cooling, the solid product obta‘med was
filtered off, washed with ethanol and crystallized from

ethanol to give 15.

15a:  m.p. 175-6°C (68%). 'H-NMR (DMSO-dy) &:
1.60 (s, 6H, 3CH,); 2.45 (s, 3H, CH;); 4.25 (m, 4H,
2CH,); 7.50-8.10 (m, 4H, CHy); 8.50 (s, TH, H-8).
Anal. Caled. for CpHgCINs: C, 62.29; H, 5.50;
N, 21.37. Found: C, 62.50; H, 5.40; N, 21.24%.

15b: m.p. 169-70°C (62%). 'H-NMR (DMSO0-d¢) &:
2.45 (s, 3H, CH,);3.75 (m, 4H, 2CH,); 4.25 (m, 4H,
2CH,); 7.50-8.10 (m, 4H, C¢Ha); 8.50 (s, 1H, H-8).
Anal. Caled. for CisHsCINsO: C, 58.27; H, 4.86;
N, 21.24. Found: C, 58.50; H, 5.00; N, 21.00%.

N-[9-(p-chlorophenyl)-2-methylpurin-6-yl|amino
acids 16 and 17:
General procedure :

The appropriate amino acid (20 mmol) and
sodium carbonate (11 m mol) were dissolved in water
(20 ml), then adjasted to pH 9-9.5. The 6-
chloropurine 14 (10 m mol) was added and the
mixture was stirred at 100°C for 10-20 hrs with
control of pH. The reaction mixture was left overnifgt
at room’ temperature, then treated with formic acid
(88%). The solid product obtained was filtered off,
washed with water and purified using preparative
silica gel TLC plates to give 16 and 17.

16: m.p. 179-80°C (63%, 10 hr). IR v/em™: 1736
(C=0).  'H-NMR (DMSO-dg) & 2.10 (m, 2H,
y-CHz); 235 (d, 5H, CHs, B-CH,); 3.75 (m, 1H,
8-CHy); 4.25 (m, IH, §-CH,); 4.75, 545 (2d, IH,
a-CH); 7.50-8.35 (m, 4H, CeH,), 8.55 (s, 1H, H-8).
Anal. Caled. for C17H16C]N5021 C, 57.06; H, 4.48,;
N, 19.58. Found: C, 56.90; H, 4.40; N, 19.80%.

17: m.p. 206-8°C (70%, 20 hr). IR v/em™: 3398
(NH); 1730 (C=0). 'H-NMR (DMSO-dy) §: 2.45
3H, CHy); 3.40 (d, 2H, CH,); 5.05 (t, 1H, CH); 5.75
(b, 1H, NH); 6.90-8.25 (m, 9H, Ar-H); 8.60 (5
IH, H-8); 10.85 (b, 1H, NH, indole). Anal. Calcd. fof
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CasHoCINGO,: C, 61.81; H, 4.26; N, 18.81. Found:

C, 62.00; H, 4.20; N, 19.10%.

N-Substituted-N'-|1-alkyl-9-(p-chlorophenyl)-2-
oxo-1,2-dihydropurin-6-yljureas 19 :
General procedure :

A mixture of 1(0.01 mol) and ethyl- or n-butyl
isocyanate (0.02 mol) in pyridine (20 ml) was heated
under reflux for 2 hr. The reaction mixture was
evaporated till dryness and the obtained residue was
triturated with methanol. The solid product obtained
was filtered off and crystallized from n-butanol to
give 19.

0°C (61%). IR v/em™: 3242 (NH);
). Anal. Calcd. for C4H,;CIN;O;:
; H, 4.72; N, 23.30. Found: C,-52.96; H, 4.46;

0O o
il
O v

19b: m.p. 253-5°C (60%). IR v/em™': 3244 (NH);
1725, 1692 (C=0). 'H-NMR (DMSO-d¢) §: 0.70 (t,
3H, CH;); 0.85 (t, 3H, CHj); 1.15 (m, 4H, 2CH,);
1.45 (m, 2H, CH,); 1.65 (m, 2H, CH,); 3.25 (m, 2H,
CH,-NH); 3.50 (m, 2H, CH;N); 7.35-8.30 (m, 4H,
C¢Hi); 8.90 (s, 1H, H-8); 9.90 (b, 1H, NH); 10.35 (b,
1H, NH). Mass (m/e): 416. Anal. Caled. for
CyoH:CINgO,: C, 57.26; H, 6.00; N, 20.17. Found: C,
58.00; H, 5.90; N, 20.00%.

N-Substituted-N'-[1-alkyl-8-bromo-9-(p-chloro-
phenyl)-2-oxo-1,2-dihydropurin-6-yl[ureas 20 :
General procedure :

A suspension of 19 (0.01 mol) in water (150 ml)
was stirred at room temperature, then a solution of
bromine-water (1% Br, in H,O) was added dropwise
while stirring for 2hr. The whole mixture was
neutralized with sodium hydroxide (2 N). The
reaction mixture was then left overnight, the solid
product obtained was filtered off and crystallized
from DMF/H,0 (5:1) to give 20.

20a: m.p. 225-7°C (75%). IR v/em™: 3300 (NH);
1706, 1683 (C=0). 'H-NMR (DMSO-ds) &: 0.80 (t,
3H, CHj); 1.25(t, 3H, CH3); 2.90 (g, 2H, CH,); 3.50
(q. 2H, CH,); 7.35-8.20 (m, 4H, C¢H,); 9.30 (b, 1H,
NH); 9.80 (b, 1H, NH). Anal. Caled. for
CigHBrCINGO,: C, 43.69; H, 3.64; N, 19.11. Found:
C, 44.00; H, 3.43; N, 19.50%.

20b: m.p. 175-6°C (86%). IR v/cm™: 3326, 3235
(NH); 1700, 1687 (C=0). 'H-NMR (DMSO-d,) 8:
0.65 (t, 3H, CHs); 0.90 (m, 5H, CH,, CH,); 1.25 (m,
2H, CH,); 1.50 (m, 2H, CH,); 1.65 (m, 2H, CH,);
3.25 (m, 2H, CH,); 3.45 (m, 2H, CH,); 7.25-8.25 (m,
4H, CgHy); 9.85 (b, IH, NH); 10.30 (b, 1H, NH).
Mass (m/e): 495 (0.12%) . Anal. Calcd. for
Caol14BrCINO,: C, 48.44; H, 4.84: N, 16.95. Found:
C,48.45; H,4.68; N, 16.91%.

N-Substituted-N"-[1-alkyl-9-(p-chloropheny))-8-
hydrazino-2-oxo-1,2-dihydropurin-6-yljureas 21 :
General procedure :

A suspension of 20 (0.01 mol) in water (100 ml)
and aqueous hydrazine hydrate (50 ml, 85%) was
stirred at 100°C for 2hr. The solid product obtained
was filtered off, washed with water and crystallized
from n-butanol to give 21.

21a: mp. 223-5°C (77%). IR v/iem™: 3328, 3200
(NH); 1700, 1650 (C=0). 'H-NMR (DMSO-d) 6:
0.80 (t, 3H, CH;); 1.30 (t, 3H, CH3); 3.50 (t,4H,
2CH,); 4.60 (b, 2H, NH;); 7.35-8.30 (m, 4H, C¢Hy);
8.90 (b, 1H, NH); 9.00 (b, 1H, NH); 9.90 (b, 1H,
NH). Anal. Caled. for C,¢H;sCINgO,: C, 49.17;
H, 4.87; N, 2868. Found: C, 48.90; H, 5.02; N,

28.50%.

21b: m.p. 240-2°C (74%). IR v/em™: 3320, 3200
(NH); 1690, 1650 (C=0). 'H-NMR (DMSO-d¢) &:
0.60-1.70 (m, 14H, 2CH;, 4CH,); 3.40 (m,2H, N-
CH,); 3.50 (m, 2H, N-CH,); 4.50 (b, 2H, NH,); 7.00-
8.00 (m, 6H, CsH,, 2NH); 9.90 (b, 1H, NH). Anal.
Calcd. for CopH3;CINgOs: C, 53.75; H, 6.05; N, 25.08.
Found: C, 54.00; H, 5.90; N, 25.20%.

RESULTS AND DISCUSSION:

Acetylation of the 5-amino-1-(p-chlorophenyl)-
imidazole-4 carbonitrile'® 1 with a mixture of acetic
acid and acetic anhydride afforded the unexpected
product:5-acetylamino-1-(p-chlorophenyl)-imidazole
-4-(N-acetyl)carboxamide 2, rather than the expected
5-(acetyl-amino)-; or 5-(diacetyl)imino-imidazole-4-
carbonitriles 3 and 4. Whereas, the 5-(diacetylamino)-
imidazole-4-carbonitrile 4 was obtained upon boiling
1 for a short time in acetic anhydride (Scheme 1).
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exchangeable). Moreover, mass spectrum accorded its

Formation of product 2 from 1 might be
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When product 2 was allowed to react with
thiophene-2-aldehyde in acidic medium, the 5-(2-
thienylidene)amino-1-(p-chlorophenyl)imidazole
derivative 5 was obtained . The reaction might be
affected by condensation with elimination of acetic

acid.

Reaction of products 2 and 4 with hydrazine
hydrate afforded the condensation products 6 and 8a
respectively. On the other hand, when 4 was reacted
with methylamine or hydroxylamine hydrochloride,
the condensation product 8b and purine-1-oxide 11
were obtained respectively. However, reaction of 2
with methylamine and hydroxylamine hydro chloride
afforded the hydrolyzed product:  5-amino-1-(p-
chlorophenyl)imidazoIe-4-(N-acetyl)carboxamide 7
(Scheme 3).

CONHCOCH;,

N
<';' j\!/N»-c H-—[’ s :”
Ar

NH;~NH,

Cyclization of products 2 and 4 to 9-(p-
chIoropheny])-2~methylpurin-6(]H)-onc 13 was also
carried out by heating under reflux in sodium
hydrogen carbonate solution (10%). Treatment of 13
with phosphoryl chioride gave the corresponding 6-
chloropurine derivative 14.

Reaction of 14 with piperidine, morpholine,
L-proline or L-tryptophane gave the corresponding
6-substitutedpurine derivatives 15-17, respectively
(Scheme 4),

IR spectra of products 16 and 17 showed C=0
absorption bands at 1736-1730 cm™ region, the
spectra showed also characteristic peaks in the 1276-
1274 em* region for COOH group"*®!,

N CONHCOCH;

$Ty

ff N —C—CH,
1l

Ar N —NH,
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N CN N /\N'o
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N . T NN F
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At At
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(Ar = CgH,Clep)
Scheme 3

ReMatain 2 IR



Waliid M. Basyoun et al

(ﬂ)
L _cocn
2 NalICO, //N I, N 1
e \
\ A P
N ‘N'J\CH.
Ar2
(12) 4
NaHCO,
j» ) I
HoOC” N N *“ ocl,  J NH
13 </ j’l ) PO 3 </ |
A N"SNZ
NN Sy | N Ch
' Ar Ar
j 14 13
HOOC N
k:» -~
N “N
/ }
<f¢k
r:l N CH,
HN
LT 0
HOOC X
N
: ()
N
t"O()H N =
( \]T“j— H,C HC—NH </ I j'\
‘“\/J"N /N | P— rf N/ o
} 7 l
wo Ao M os
YT N CH,
" a) X = CHa
, L)X =0

(Ar = C¢H4Cl-p)
Scheme 4

Moreover, when 1 was reacted with ethyl or  n-

butyl isocyanate, the unexpected products: N-alkyl-
N'-[ 1-alkyl-9-(p-chlorophenyl)-2-oxo-1,2-dihy -
dropurin-6-ylJurea  derivatives 19 were afforded
without  isolation of the expected 1-alkyl-
6-:1mino-9-(p-chlorophcnyl)-Z-mclhylpurin-2~ones‘"”
18. Therefore. formation of products 19 could be
achieved by incorporation of another isocyanate
molecule to 18 (which might be produced in the
reaction mixture as intermediates) (Scheme 5).

'H-NMR spectrum of 19b revealed the presence of
two butyl protons signals, beside another two peacks
(D,0-exchangeable) which corresponded to NH

protons signals. Also, the mass spectrum accorded its
proposed structure.

Reaction of 19 with bromine-water was
extremely rapid at room temperature, and the 8-bromo
derivatives 20 were obtained as insoluble solids in
high yield. On the other hand, reaction of 20 with

hydrazine hydrate proceeded smoothly and afforded
the hydrazino derivatives 21.
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