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a<Aminomethylene}9H-purine-6-acetamide (3a) and the corresponding ethyl acetate 9 have been synthe-
sized by catalytic hydrogenation of 6-cyanomethylenepurine derivatives 2 and 7 which were obtained by the
substitution of 6-chloropurine derivatives with a-cyanoacetamide and ethyl cyanoacetate, respectively. Sub-
stitution of a{aminomethylene)-9{tetrahydrofuran}9H-purine-6-acetamide (3b) with amines gave the corre-
sponding N-alkyl- and N-arylamines 5, which were treated with acid to give N-substituted a{aminomethyl-
ene}9H-purine-6-acetamides 6. Substitution of 9 with amines gave the corresponding N-alkyl- and N-aryl sub-

stituted amines 10.
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Ne¢-Alkylpurine derivatives are important as biological
probes for the elucidation of the mechanism of adenosine
receptors [2]. Enamino-acetic acid derivatives are also ver-
satile starting materials for the synthesis of N-alkyl deriva-
tives [3] and heterocyclic compounds [4]. However,
methods for the introduction of an enamine moiety into
purine at position 6 have rarely been described [5]. Al-
though 6-cyanomethylene purine derivatives can be pre-
pared in high yield by reaction of the sodium salt of an ac-
tivated cyanomethylene such as malononitrile, a-cyano-
acetamide, and ethyl cyanoacetate with 6-halogenated or
methylsulfonated purine derivatives [6], the conversion of
the cyano group to the amino function has not been de-
scribed.

In a previous publication, we described [7] the synthesis
of a-{(aminomethylene)}-9H-purine-6-acetonitrile deriva-
tives via purine-6-malononitriles, which exist in an enami-
no-nitrile tautomeric equilibrium. Also, it was found that
an N,N-dimethylformamide (DMF)-benzene solvent system
was best for the catalytic hydrogenation of purine-6-mal-
ononitrile. In the present paper, we have extended to syn-
theses of a-{aminomethylene)-9H-purine-6-acetamide 3
and the corresponding ethyl acetate 9 via 6-cyanomethyl-
ene derivatives 2 and 7 by means of catalytic hydrogena-
tion in a DMF-benzene solvent system. The subsequent
substitutions of 3 and 9 with amines are described.

The synthesis of (Z)}a-{aminomethylene}9H-purine-6-
acetamides 3 and their amine substituted compounds 6
are summarized in Scheme 1. Initial attempts at direct
substitution of 6-chloropurine (1a) with a-cyanoacetamide
at 90° was unsuccessful. Substitution of 6-chloro-9-(tetra-
hydrofuran-2-y1)-9H-purine (1b) [8] with a-cyanoacetamide
using sodium hydride in DMF gave a-cyano-9-(tetrahydro-
furan-2-yl}-9H-purine-6-acetamide (2a) in 86 % yield, which
was treated with 3V hydrochloric acid to give a-cyanopu-
rine-6-acetamide (2b) in quantative yield. Catalytic hydro-
genation of 2b over Pd-C in DMF-benzene under medium
pressure (4 atmospheres) gave (Z)-a-(aminomethylene)
9H.purine-6-acetamide (3a) in 65% yield. The 'H-nmr

spectrum showed the presence of a vinyl proton at 9.66 (m)
which collapsed to a singlet with deuterium oxide. The
configuration of the enamino-amide moiety appears to be
Z from the downfield chemical shift of the vinyl proton [7].
Attempts to substitute 3a with benzylamine gave purine-6-
acetamide (4) [9] which was obtained by addition of benzyl-
amine at the a-position of the enamine, followed by cleav-
age of the carbon-carbon bond of the enamine moiety with
concomitant formation of the amidine fragment {10].
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Catalytic hydrogenation of 2a over Pd-C in DMF-
benzene (1:1, v/v) under medium pressure (4 atmospheres)
gave (Z)-a-(aminomethylene)-9-(tetrahydrofuran-2-yl)-9H-
purine-6-acetamide (3b) in 85% yield. In the 'H-nmr spec-
trum the vinyl proton was found at & 9.63 as a doublet of
doublets which collapsed to a singlet with deuterium ox-
ide. The configuration of the enamino amide moiety ap-
pears to be Z from the chemical shift of the vinyl proton
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Compound H-2 H-8 C=CH CONH CONH C=C-NH
() O] @ (brs) (brs)  (m)
3a 857 834 9.66 6.94 9.90-10.14 [a]
3b 860 849 9.63[b] 6.96 9.95-10.10 [a]
Sa 861 852 974(=13) 7.10 10.10 11.04
5b 873 868 1027(1=13) 7.12 1021 12.67 [¢]
6a 857 835 977(3d=13) 717 10.18 1098
6b 869 852 1036(J=13) 713 1030  12.67 [c]
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1H-NMR Data for 3,5 and 6 in DMSO-dg

Chemical Shifts (ppm) (J in Hz)

[aJm. {b]dd,J =14Hz, J=8Hz. [c]d,] =13 Hz

[7a). Substitution of 3b with benzylamine and aniline
under heating gave the corresponding N-substituted
amines 5a in 89% yield and 3b in 57% yield. In the
'H-nmr spectrum the vinyl proton of 3a was found at &
9.74 (1H, d). Also the vinyl proton of Sb was at 6 10.27 (1H,
d). Treatment of 5a and 5b with 3V hydrochloric acid
gave the corresponding (Z)-a-(V-benzylaminomethylene)-
9H-purine-6-acetamide (6a) in 77% yield and (Z)-o<(N-
phenylaminomethylene)-9H-purine-6-acetamide (6b) in
90% yield.

Catalytic hydrogenation of ethyl a-cyano-9H-purine-6-
acetate (7) [6a] over Pd-C in DMF-benzene gave ethyl
2{purin-6-yl)propionate (8) in 8% yield as an over reduced
product and ethyl a{(aminomethylene)-9H-purine-6-ace-
tate (9) in 63% yield. The "*C-nmr spectrum of 9 in

Scheme 2
OCH,CH3 n
e CN HaC COOCH,CH;
N
Y e I
kN N Pd-C SN *
) H
H
7 8 9
R-NHj
o CHeCHs
R‘N 0..H
1
Hay N 10a: R= -CH )
K I N/> 10b:R=-©
N

perdeuterioacetone showed the Cs carbon at 6 160.2
(*Jesnn = 10.2 Hz, E) (Table 2) [7a). In the "H-nmr spec-
trum (perdeuterioacetone) the vinyl proton was found at &
8.53 as the major signal which collapsed to a singlet with
deuterium oxide. The amino proton of the E-form of
enamine moiety was also found at § 11.04 [7a). The methyl

Others

13.19 (1H, br 5), 8.19 (m, NH)

2.02-2.39 (4H, m), 3.83-4.29 (2H, m), 6.35 (1H, 1), 8.29 (1,] = 6
Hz, NH)

2.08-2.42 (4H, m), 3.82-4.28 (2H, m), 4.60 (2H, d), 6.36 (1H, 1),
7.36 (5H, brs)

2.11-3.21 (4H, m), 3.84-4.29 (2H, m), 6.40 (1H, t), 7.18-7.44
(5H, m)

4.60 (2H, d), 7.36 (5H, s)

7.06-7.53 (SH, m), 13.50 (1H, brs)

Table 2
I3C-.NMR Data for 9 in Perdeuterioacetone

Carbon Chemical 13C-H Coupling Constant (Hz)
Shifts (ppm) C,H CgH CiH
2 150.4 17-199.5
4 150.8 * [a] E
5 119.0
6 160.2 31=102 31=102
8 144.1 17-2083
10 93.7
11 156.6 17=1673
12 168.6
13 60.3
14 14.7

[a] Data not clear.

and C, protons showed two sets of signals which were due
to geometrical isomers (E/Z). The ratio of geometrical iso-
mers (E/Z) was found to be 99:1 by comparing the integra-
tion of C,, vinyl and methyl protons of each isomer. Also,
in deuteriodimethyl! sulfoxide (DMSO-ds) the ratio of geo-
metrical isomers (E/Z) of 9 was 68:32 [11]. It is known that
the enamino aldehyde derivative is stabilized in the
E-form by two hydrogen bonds between the enamine moi-
ety and the purine ring on the basis of X-ray crystallog-
raphy {5]. This indicates that the E-form of enamino ester
9 is more favorable. On the basis of these results the geo-
metrical isomers (E/Z) of 9 appear to exist in an enamino
ester tautomeric equilibrium rather than the imino ester
equilibrium [7].

Substitution of 9 with benzylamine and aniline under
heating gave the corresponding ethyl o{(/V-benzylamino-
methylene)-9H-purine-6-acetate (10a) in 78% yield and
a-(N-phenylaminomethylene}9H-purine-6-acetate (10b) in
80% yield. The 'H-nmr spectrum of 10a in DMSO-de
showed two sets of vinyl protons at § 8.03 (Z) and at § 8.32
(E) as a doublet which collapsed to singlets with deuterium
oxide, and two sets of amino protons of the enamine moie-

ty at 6 9.33 (Z), and 6 11.27 (E) [7a). The ratio of E/Z was
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found to be 75:25. Also, the ratio (E/Z) of 10b was 69:31.

In conclusion, the present work demonstrates that
catalytic hydrogenation of a-cyanopurine-6-acetamide (2)
and ethyl a-cyanopurine-6-acetate (7) to enaminopurines 3
and 9 in DMF-benzene are highly chemoselective as the
enamine moieties and purine rings are uneffected. Enami-
nopurines 3 and 9 are also known to be versatile interme-
diates for the preparation of 6-C-substituted purine alkyl-
and ary! side chains.

EXPERIMENTAL

All melting points are uncorrected. The ir spectra (potassium
bromide) were taken on a JASCO Model A-102 spectrophotom-
eter. The uv spectra were measured using a Hitachi Model EPS-
3T spectrophotometer. The 'H-nmr and '*C-nmr spectra were
recorded on JEOL JNM-FX 100 and JEOL-GX 400 spectrometer
using tetramethylsilane as an internal standard. The ms spectra
were measured by a JEOL JMS-D300 spectrometer. The follow-
ing abbreviations are used: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad; sh, shoulder; and dd, doublet of
doublets.

a-Cyano-9-{tetrahydrofuran-2-yl}9H-purine-6-acetamide (2a).

To a cold (0-5°) stirred suspension of 60% sodium hydride
(1.20 g, 0.03 mole) in dry DMF (80 ml) was added dropwise a solu-
tion of a-cyanoacetamide (3.003 g, 0.035 mole) in dry DMF (15
ml) over a period of 20 minutes. The solution was stirred for 10
minutes at room temperature under argon. After this time, a solu-
tion of 1b (2.245 g, 0.01 mole) in dry DMF (15 ml) was added to
the solution and stirring was continued overnight. The solvent
was evaporated in vacuo and the residue was adjusted to pH 4
with 10% acetic acid. The resulting precipitate was collected by
filtration, and washed with water, then recrystallized from DMF-
ethanol to give 2a (2.319 g, 86%) as colorless needles, mp
185-188°; ir: 3490 (NH), 3380 (NH), 2370 (CN) cm™; uv (meth-
anol): X\ max (¢} 328 (32400 sh), 339 (36300) nm; ‘H-nmr (DMSO-
de): 6 1.99-2.53 (4H, m), 3.90-4.20 (2H, m), 6.29 (1H, t,J = 5 Hz),
7.02 (2H, br s, NH,), 8.39 (1H, s, CgH), 8.43 (1H, d, ] = 2 Hz,
C.H), 14.94 (1H, br s, NH); ms: m/z 272 (M*), 202 (B +1).

Anal. Caled. for C,H,N.O,; C, 52.93; H, 4.44; N, 30.87.
Found: C, 52.93; H, 4.43; N, 30.89.

a-Cyanopurine-6-acetamide (2b).

A solution of 2a (1.360 g, 0.005 mole) in 3N hydrochloric acid
(40 ml) was stirred for 3 hours at room temperature. The
resulting precipitate was collected by filtration, and washed with
water, then recrystallized from DMF-methanol to give 2b (1.00 g,
99%) as colorless needles, mp 225-228° dec; ir: 3350 (NH), 3160
(NH), 2160 (CN) cm™; uv (methanol): X max (¢) 331 (27500), 342
(31620) nm; 'H-nmr (DMSO-d¢): 6 6.98 (2H, br s, NH,), 8.24 (1H, s,
CgH), 8.38 (1H, d, ] = 2 Hz, C,H), 13.57 (1H, br s, NH), 14.88 (1H,
br s, NH); ms: m/z 202 (M*), 159; ms: m/z 246.0861 (M* Calcd:
C,.H,,N,0,; 246.0881).

(Zroa{Aminomethylene}9H-purine-6-acetamide (3a).

A solution of 2b (0.505 g, 0.0025 mole) in DMF-benzene (1:1
vlv, 60 ml) containing saturated methanolic ammonia (13 ml) was
hydrogenated over 5% Pd-C (1.5 g) at room temperature under
4.0 atmospheres pressure of hydrogen for 24 hours. The catalyst
was filtered off, and the filtrate was evaporated in vacuo to give a
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solid, which was recrystallized from methanol-hexane to give 3a
(0.333 g, 65%) as colorless needles, mp 205-207°; ir: 3425 (NH),
3290 (NH), 3125 (NH), 1643 (CO) cm™*; uv (methanol): N\ max (e)
235 (14000), 265 (11200), 330 (24500) nm; ms: m/z 204 (M*), 160.

Anal, Caled. for C;H,N,O: C, 47.05; H, 3.95; N, 41.16. Found:
C, 47.05; H, 3.84; N, 41.06.

Reaction of 3a with Benzylamine.

A solution of 3a (0.102 g, 0.5 mmole) and benzylamine (0.164 g,
1.5 mmoles) in DMF-ethanol (1:3 v/v, 4 ml) was refluxed with stir-
ring for 3 days. After cooling, the solvent was evaporated in
vacuo and the residue was purified by preparative tle with 20%
methanol in chloroform as developing solvent to give purine-6-
acetamide (4), which was recrystallized from methanol-hexane to
give colorless needles (72 mg, 88%), mp 231-232° dec (lit [9] mp
242°); ir: 3335 (NH), 3150 (NH), 3100 (NH), 1670 (CO) cm™; uv
(methanol: X\ max (¢) 262 (8710), 330 (200) nm; 'H-nmr
(DMSO0-d): 6 3.94 (2H, s, CH,), 7.00 (1H, s, NH), 7.61 (1H, s, NH),
8.54 (1H, s, C.H), 8.79 (1H, s, C,H); ms: m/z 177 (M*), 159; ms: m/z
177.0650 (M*, Caled: C,H,N,0; 177.0629).

(Z)-a{Aminomethylene)9-(tetrahydrofuran-2-yl}9H-purine-6-acet-
amide (3b).

A solution of 2a (1.361 g, 5.0 mmoles) in DMF-benzene (1:1 viv,
200 ml) containing saturated methanolic ammonia (3 ml) was hy-
drogenated over 5% Pd-C (1.221 g) at room temperature under 4
atmospheres pressure of hydrogen for 24 hours. The catalyst was
filtered off, and the filtrate was evaporated in vacuo to give a
solid, which was recrystallized from methanol to give 3b (1.163 g,
85%) as colorless needles, mp 192-195° dec; ir: 3360 (NH), 3280
(NH), 1637 (CO), 1545 cm™; ms: m/z 274 (M*), 204 (B+1).

Anal. Caled. for C,H,NO,; C, 52.54; H, 5.15; N, 30.64.
Found: C, 52.40; H, 5.12; N, 30.75.

(Zya(N-Benzylaminomethylene)-9-{tetrahydrofuran-2-yl} 9H-pur-
ine-6-acetamide (5a).

A solution of 3b (0.548 g, 2.0 mmoles) and benzylamine (0.642
g, 6.0 mmoles) in ethanol (20 ml) was refluxed with stirred for 24
hours. After cooling, the resulting precipitate was collected by fil-
tration, and recrystallized from methanol to give 5a (0.647 g,
89%) as colorless needles, mp 178-179° dec; ir: 3355 (NH), 1630
(CO) cm™; uv (methanol): A max () 240 (18200), 275 (13500), 342
(32400), 350 (30900) nm; ms: m/z 294 (M*), 277.

Anal. Caled. for C,;H,,N,O: C, 61.21; H, 4.79; N, 28.56. Found:
C, 61.30; H, 4.74; N, 28.57.

(Z)}-o(N-Phenylaminomethylene}9H-purine-"tetrahydrofuran-2-
yl}-6-acetamide (Sb).

A solution of 3b (0.548 g, 2.0 mmoles) and aniline (0.558 g, 6
mmoles) in ethanol (20 ml) was refluxed with stirring for 14 days.
After cooling, the resulting precipitate was recrystallized from
DMF-hexane to give 5b (0.399 g, 57%) as yellow needles, mp
204-205°; ir: 3350 (NH), 1640 (CO) cm™; uv (methanol): A max (¢)
240 (16900), 281 (16600), 369 (35500) nm; ms: m/z 350 (M*), 280
(B+1).

Anal. Caled. for C,H,,N,O,;: C, 61.70; H, 5.18; N, 23.99.
Found: C, 61.60; H, 5.13; N, 23.85.

(Z)}-a{N-Benzylaminomethylene)}-9H-purine-6-acetamide (6a).

A solution of 5a (0.182 g, 0.5 mmole) in 1N hydrochloric acid (5
ml) was stirred for 5 minutes at room temperature. The solution
was adjusted to pH 6 with saturated sodium bicarbonate, and the
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resulting precipitate was collected by filtration. Recrystallization
from methanol gave 6a (0.113 g, 77%) as colorless needles, mp
215-218° dec; ir: 3330 (NH), 1640 (CO) cm™; ms: m/z 294 (M*),
271.

Anal. Caled. for C;H,,N,O: C, 61.21; H, 4.79; N, 28.56. Found:
C, 61.30; H, 4.74; N, 28.57.

(Zy oA N-Phenylaminomethylene}9H-purine-6-acetamide (6b).

A solution of 5b (0.175 g, 0.5 mmole) in 1V hydrochloric acid (5
ml) was stirred for 1 hour at room temperature. The solution was
adjusted to pH 6 with saturated sodium bicarbonate, and the pre-
cipitate was collected by filtration. Recrystallization from DMF-
hexane gave 6b (0.126 g, 90%) as yellow needles, mp 252-255°
dec; ir: 3300 (NH), 1635 (CO) em™; uv (methanol): A max (¢) 239
(15100), 280 (15500), 368 (30900) nm; ms: m/z 280 (M*), 240.

Anal. Calcd. for C, ,H,,N,O: C, 59.99; H, 4.32; N, 29.99. Found:
C, 59.62; H, 4.26; N, 29.82.

Catalytic Hydrogenation of 7.

A solution of 7 (0.694 g, 3 mmoles) containing saturated meth-
anolic ammonia (5 ml) in DMF-benzene (1:1 v/v, 100 ml) was
hydrogenated over 10% Pd-C (2.1 g) at room temperature under
4 atmosphere pressure. The catalyst was filtered off, and the fil-
trate was evaporated in vacuo. The residue was purified by col-
umn chromatography on silica gel (40 g) using 4% ethanol in
chloroform as eluent and the eluate was evaporated in vacuo to
give a solid, which was recrystallized from acetone-hexane to give
ethyl 2{purin-6-yl)propionate (8) (53 mg, 8%) as colorless needles,
mp 88-89°; ir: 3100 (NH), 1735 (CO) cm™"; uv (methanol): A max (¢)
262 (8300) nm; 'H-nmr (perdeuterioacetone): 6 1.12 (3H, t,J = 7
Hz, Me), 1.61 (3H, d, ] = 7 Hz, Me), 4.11 2H, q,J = 7 Hz), 4.55
(1H, q,J = 7 Hz, CH), 8.40 (1H, s, CsH), 8.80 (1H, s, C,H), 12.43
(1H, br s, NH); ms: m/z 220 (M*), 147; ms: m/z 220.0943 (M*,
Caled: C,,H,,N,0,: 220.0958).

Further elution with the same solvent gave ethyl a<{amino-
methylene)}9H-purine-6-acetate (9) (0.444 g, 63%), which was
recrystallized from acetone-hexane to give colorless prisms, mp
172-174°; ir: 3300 (NH), 1655 (CO) cm™*; uv (methanol): A max ()
235 (10000), 262 (12900), 330 (22400), 340 (20900, sh) nm; *H-nmr
(perdeuterioacetone): & 1.28, 1.32 (3H, 2t, ] = 7 Hz, Me), 4.27
(2H, q, J = 7 Hz), 7.93 (1H, br s, NH), 8.40 (1H, s, C.H), 8.53
(0.99H, dd,J = 13 Hz,J = 8 Hz, C=CH, E), 8.70 (0.01H, s, C,H,
Z),8.79 (0.99H, s, C.H, E), 11.04 (0.99H, br s, C=C-NH, E), 12.28
(1H, br s, NH); ms: m/z 234 (M*), 167.

Anal. Caled. for C,,H,;,N,0,: C, 51.49; H, 4.75; N, 30.03.
Found: C, 51.35; H, 4.69; N, 30.05.

Ethyl a{N-Benzylaminomethylene}9H-purine-6-acetate (10a).

A solution of 9 (0.117 g, 0.5 mmole) and benzylamine (0.160 g,
1.5 mmoles) in ethanol (5 ml) was refluxed for 6 hours. After cool-
ing, the resulting precipitate was collected by filtration and re-
crystallized from acetone-hexane to give 10a (0.126 g, 78%) as
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colorless needles, mp 145-146°; ir: 3280 (NH), 1680 (CO) cm™; uv
(methanol): X max (¢) 237 (8900), 269 (12300), 340 (24500), 350
(24500) nm; 'H-nmr (DMSO-d¢): 6 1.22, 1.27 (3H, 2t,J = 7 Hg,
Me), 4.08-4.57 (2H, m), 4.60-4.73 (2H, m), 7.35 (SH, br s,
phenyl-H), 8.03 (0.25H, d, ] = 14 Hz, C=CH, 2), 8.32 (0.75 H, d,
J = 14 Hz, C=CH, E), 8.39 (0.75H, s, C¢H, E), 8.45 (0.25H, s,
CsH, 2), 8.71 (0.25H, s, C,H, 2), 8.74 (0.75H, s, C,H, E), 9.33
(0.25H, m, NH, 2), 11.27 (0.75H, m, NH, E), 12.22 (0.75H, br s,
NH, E), 12.42 (0.25H, br s, NH, Z); ms: m/z 323 (M*).

Anal. Caled. for C,H;;N;0,: C, 63.14; H, 5.30; N, 21.66.
Found: C, 62.96; H, 5.44; N, 21.26.

Ethyl a{N-Phenylaminomethylene}9H-purine-6-acetate (10b).

The preparation of 10b was carried out according to the
method described above from 9 (0.117 g, 0.5 mmole) and aniline
(0.140 g, 1.5 mmoles). The resulting precipitate was recrystallized
from acetone-hexane to give 10b (0.123 g, 80%) as yellow
needles, mp 138-139°; ir: 3300 (NH), 1690 (CO) cm™*; uv (meth-
anol): A max (e) 232 (10500), 279 (11200), 365 (28200) nm; ‘H-nmr
(DMSO-dq): 6 1.17, 1.28 (3H, 2t, ] = 7 Hz, Me), 4.25, 4.27 (2H, 2q,
J = 7 Hz), 714-7.31 (1H, m, phenyl-H), 7.36-7.42 (4H, m,
phenyl-H), 8.39-8.59 (1H, m, C=CH, E, Z), 8.48 (1H, s, C;H), 8.78
(0.31H, s, C,H, 2), 8.94 (0.69H, s, C,H, E), 10.57 (0.31H, m, NH,
Z), 12.50 (0.69H, m, NH, E); ms: m/z 309 (M*).

Anal. Caled. for C H,,N,0,; C, 62.12; H, 4.89; N, 22.64.
Found: C, 62.26; H, 4.84; N, 22.71.
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