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A Novel Method for the Synthesis of 9-Benzyl-6-(2-methyl-
hydrazino)purine and 1-Methyl-4-(2-methylhydrazino)-1H-
pyrazolo{3,4-d]pyrimidine

Ramachandra S. Hosmane,* Benjamin B. Lim

Laboratory for Chemical Dynamics, Department of Chemistry, Uni-
versity of Maryland Baltimore County, Catonsville, MD 21228, USA

A novel method for the synthesis of 9-benzyl-6-(2-methylhydra-
zino)purine (8 a) and 1-methyl-4-(2-methylhydrazino)-1 H-pyrazolo[ 3.4-
d)pyrimidine (8b) is reported. The method consists of reacting the
formimidates of the corresponding 5-amino-4-cyanoimidazole and
-pyrazole (i.e. 6a and 6b, respectively) with excess methylhydrazine
catalyzed by trifluoroacetic acid. A tentative mechanism for the reac-
tion is proposed.

6-Hydrazinopurines and its analogues are of interest in view of
their little explored chemical, biological and chemotherapeutic
properties.! While the parent or the 9-substituted 6-hydrazino-
purines 2 (Scheme A) can be prepared by reaction of the
corresponding 6-chloropurines 1 with hydrazine, the analogous
6-(2-methythydrazino)purines 3 cannot be accessed by this
route, since methylhydrazine is known to react with electro-
philes from its N-methyl end.??

Indeed, when 1 (R = benzyl) was reacted with methylhydra-
zine, the product obtained was 9-benzyl-6-(1-mcthylhydrazino)
pourine (4), as evidenced by its 'H-NMR spectrum, which
exhibited singlets for both the methyl (6 = 3.59) and amine
(6 = 5.55) functions, and by UV data (see experimental), which
were significantly different, especially in basic medium, from
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those of the corresponding 9-benzyl-6-hydrazinopurine (2;
R = benzyl)* [UV A, (EtOH) 266 nm; (pH 1) 263 nm; (pH 13)
294, 320 nm).
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We report here a simple and efficient method for the synthesis of
the hitherto unknown 9-benzyl-6-(2-methylhydrazino)purine
(82a) and of 1-methyl-4-(2-methythydrazino)-1 H-pyrazolo[ 3,4-
d]pyrimidine (8b). The method is also potentially applicable to
the synthesis of other 2-alkylhydrazino derivatives and for
heterocyclic systems other than the ones reported here.

Our method (Scheme B) consists of reacting the formimidates
6a, b prepared from S-amino-1-benzyl-4-cyanoimidazole (5a)°
and S-amino-4-cyano-1-methylpyrazole (5b),® respectively,
with excess methylhydrazine catalyzed by trifluoroacetic acid
(TFA). Spectral data for the products obtained agreed with
structures 8a, b. The UV spectrum of 8a (see experimental)
was very similar to that of 2 (R = benzyl) (vide supra), and the
methyl absorption of the methylhydrazino group in the 'H-
NMR of both 8a and 8b appeared in the expected 6 = 2.6
range, as opposed to & = 3.59 (vide supra) for the methyl of 4.
Finally, the structure 8b was confirmed by a single crystal X-
ray analysis.’

In considering a mechanism for the conversion of 6 into 8, the
following observations were taken into consideration: (a) when
the imidates 6a, b were treated with one equivalent each of
methylhydrazine at room temperature, the ring-open formohy-
drazide imides 7a and 7h, respectively, were isolated. Com-
pounds 7a and 7b both exhibited a C=N absorption in IR at ca.
2200 cm ™! and singlets in 1H-NMR spectrum for the sidechain
methyl (6 = ca. 3.20) and NH, (6 = ca. 5.30); (b) the isolated
formohydrazide imide intermediates, 7a and 7b, upon further
reaction with excess methylhydrazine catalyzed by trifluoroace-
tic acid yielded 8a and 8b, respectively; (c) the conversion 7 — 8
failed in the absence of acid catalysis, in spite of the presence of
excess methylhydrazine; (d) the above conversion also failed in
the absence of methylhydrazine despite acid catalysis; and (e) the
amount of methylhydrazine for the conversion 7 — 8 necded
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only be catalytic, although an excess aided in faster conversion.
Based upon these experimental observations, we tentatively
propose the mechanism in Scheme C for the conversion 6 — 8.
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'H-NMR spectra were recorded on an IBM NR/80 spectrometer. EI
mass spectra were performed at the School of Pharmacy, University of
Maryland at Baltimore, on a Du Pont 21-490 mass spectrometer with a
21-094 data system and an Extranuclear Simulscan GC/MS instrument.
IR spectra were obtained on a Perkin-Elmer 1420 Ratio Recording
Instrument. Elemental microanalyses were performed by Atlantic Mi-
crolab, Inc., Atlanta, Georgia. Melting points were determined on a
Thomas-Hoover capillary melting point apparatus and are uncorrected.

9-Benzyl-6-(1-methylhydrazino)purine (4):

A mixture of 9-benzyl-6-chloropurine* (300 mg, 1.23 mmol) and meth-
ylhydrazine (1 mL, 18.8 mmol) is stirred under N, for 30 min. To the
reaction mixture is added a mixture of ligroin/ether (1:1) until the
precipitation of white solid is complete. The solid is filtered by suction,
washed with cold water and recrystallized from water to give 4 as
colorless crystals; yield: 290 mg (93 %); mp 123-125°C.

C,3H Ny cale. C61.40 H 555 N 33.05
(2543)  found 6138 558  33.00

MS (70 eV): m/z = 254 (M*), 238 (M*-NH,).
TH-NMR (DMSO-ds/TMS): 6 = 3.59 (s, 3H, CH,); 5.40 (s, 2H, CH,);

5.55 (s, 2H, NH,, exchangeable with D,0); 7.31 (s, SH, C4Hs): 8.22 (s,
1H, CH); 8.29 (s, 1 H, CH).

UV (EtOH): Apay = 276 nm; (pH 1) 266 nm; (pH 13) 276 nm.
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Scheme C

1-Benzyl-4-cyano-5-(methoxymethyleneamino)imidazole (62a):

A mixture of S-amino-1-benzyl-4-cyanoimidazole® (1.4 g, 7.07 mmol),
trimethyl orthoformate (50 mL, 0.46mol), and TFA (0.125mL,
1.62 mmol) is heated at reflux under N, for 4 h. A TLC of the reaction
mixture (silica gel, CHCl,/MeOH, 4:1) indicated the formation of a
less polar (faster moving), intense UV absorbing compound. The
reaction mixture is evaporated to dryness on a rotary evaporator to
obtain a yellow liquid, which solidified upon refrigeration for several
hours.

The solid is recrystallized from benzene/petroleum ether (30-60°C) to
give 6a as colorless crystals; yield: 1.33 g (84 %); mp 69-71°C.
C;3sH;3N,O cale. C64.98 H5.04 N 23.32

(240.3) found 65.05 5.04 23.30

MS (70 eV): mjz = 240 (m*).

IR (neat): v = 2250 (C=N) cm ™.

"H-NMR (DMSO-d,/TMS): 6 = 3.89 (s, 3H, CH;); 5.14 (s, 2H, CH,);
7.31 (s, SH, CgHs): 7.87 (s, 1 H, imidazole CH); 8.43 (s, 1 H, OCH=N).

4-Cyano-5-(methoxymethyleneamino)-1-methylpyrazole (6b):

A mixture of S5-amino-4-cyano-1-methylpyrazole® (2g, 16.4 mmol),
trimethyl orthoformate (50 mL, 0.46 mol) and TFA (0.1 mL, 1.3 mmol)
is heated at reflux under N, for 1 h. The reaction mixture is cooled and
evaporated on a rotary evaporator to dryness. The residual oil is
directly employed in the next step. Further purification of the oil, if
desired, can be effected by distillation in a Kugelrohr apparatus (oven
temperature: 94-106°C/0.25 Torr) to obtain 6b as a colorless oil which
solidifies upon cooling in a refrigerator overnight; yield: 2.3 g (86 %).
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MS (70 €V): m/z = 164 (M*).
IR (KBr): v=2230cm ™.

'"H-NMR (DMSO-d,/TMS): § = 3.68 (s, 3H, NCH,); 3.95 (s, 3H,
OCHj;; 7.87 (s, 1 H, imidazole CH); 8.49 (s, 1 H, OCH =N).

9-Benzyl-6~(2-methylhydrazino)purine (8a); Typical Procedures:
Method A: (Reaction of Formimidate 6a with Methylhydrazine):
Compound 6a (1.2g, 416 mmol) is dissolved in a mixture of dry
toluene (15 mL) and dry MeOH (5 mL). To the stirring solution, under
N, is added TFA (0.1 mL, 1.3 mmol), followed by methylhydrazine
(0.75 mL, 14.1 mmol) dropwise during a period of 5min. The reaction
mixture is heated at reflux for 16 h, cooled and evaporated on a rotary
evaporator to dryness. The residue is triturated with MeCN, and the
separated solid is filtered by suction, dried in vacuo and recrystallized
from MeCN to give 8a as colorless crystals; yield: 1.1g (86%). mp
117-118°C.

Spectral data of this solid arc identical with those of 8a obtained by
Method B described below.

Method B: (Reaction of Formohydrazide Imide 7a with Methylhydra-
zine): To a solution of compound 7a (see below) (500 mg, 1.96 mmol)ina
mixture of dry MeOH (9 mL) and dry toluene (5 mL) is added methylhy-
drazine (0.5mL, 9.4 mmol), followed by TFA (0.01 mL, 0.13 mmol).
This reaction mixture is heated at reflux under N, for 15 h, cooled and
evaporated on a rotary evaporator to dryness. The residue is dissolved in
MeOH (20 mL), and the solution is mixed with silica gel (40-63 pm, 2 g).
The mixture is evaporated to dryness, and the residue is suspended in
CHCl; (10 mL). The resulting slurry is loaded onto a flash chroma-
tography column, packed with a slurry of silica gel (40~ 63 um, 20 g) in
CHCl;. The column is eluted with a mixture of CHCl;/MeOH (39:1).
The appropriate UV absorbing fractions are combined and rotary
evaporated to give a solid, which is recrystallized from MeCN to give 8a
as colorless crystals; yield: 400 mg (80%); mp 119-120°C.

Cy3HyNg cale. C61.40 H 555 N 33.05

(254.3) found 61.43 5.56 32.96

MS (70 eV): m/z = 254 (M*); 225 (M*-NCHj;); 163 (M*-CH,C(H,).
'H-NMR (DMSO-do/TMS): 6 = 2.62 (s, 3H, CH;); 5.22 (s, 1 H, NH,
exchangeable with D,0); 5.41 (s, 2 H, CH,); 7.32 (s, 5 H, CoH;); 8.27 (s,
1H, CH); 8.30 (s, 1 H, CH); 9.30 (s, 1 H, NH, exchangeable with D,0).
UV (EtOH): 4, = 269 nm.

1-Methyl-4-(2-methylhydrazino)-1H-pyrazolo[ 3,4-d]pyrimidine (8b):
compound 8b is prepared in a manner analogous to that described
above for compound 8a, by employing 6b (Method A) or 7b (Method
B): colorless crystals; yield: 65% (Method A); 58 % (Method B); mp
205-207°C.

C,H oNg cale. C47.18 H 566 N 47.16

(178.2) found 47.08 5.67 47.04

MS (70 eV): mfz = 178 (M*), 163 (M*-CH,); 149 (M*-NCHj).
"H-NMR (DMSO-dg/TMS): 5 = 2.58 (s, 3H, CH,); 3.8 (s, 3H, CH,);
8.13 (s, 1 H, CH); 8.14 (s, 1 H, CH).

UV (EtOH): /,,,, = 281 nm (loge 4.0); (pH0.2) 264 (loge 4.21).

1-Benzyl-4-cyano-5-(1-methylhydrazinomethyleneamino)imidazole (7 a):
To a solution of 6a (0.5 g, 2.1 mmol) in absolute MeOH (20 mL), cooled
in an ice-water bath, is added methylhydrazine (0.12 mL, 2.2 mmol) in
one portion. The resulting solution is stirred with further cooling, unter
N.. for 3 h. The reaction mixture is cvaporated on a rotary evaporator
to dryness at 23°C to obtain a dense oil. The traces of solvent and
methylhydrazine are removed using a vacuum pump. The residual oil is
refrigerated overnight, and then triturated with ether to obtain a solid.
which is recrystallized from benzene/petroleum ether (30-60°C) to give
7a as, colorless needles; vield: 0.48 g (90 %); mp 96-97°C.

C,3H 4Ng cale. C61.40 HS555 N 33.05

(254.3) found 61.44 5.55 33.00

MS (70 eV): mjz = 254 (M ); 224 (M*-NHCH,), 163 (M *-CH,C,Hy).
IR (KBr): v = 2200 (C=N) cm™".

TH-NMR (DMSO-d,/TMS): 6 = 3.18 (s. 3H, CH,); 5.07 (s, 2H, CH,); -

5.30 (brs, 2H, NH,, exchangeable with D,0); 7.30 (s, 5H, C;H;); 7.62
(s, 1H, imidazole CH); 8.26 (s, 1 H, NCH=N).

4-Cyano-1-methyl-5-(1-methylhydrazinomethyleneamino)pyrazole (7b):

To an ice-cooled solution of methylhydrazine (0.53 mL, 10 mmol) in dry
MeCN (10 mL) is added dropwise a solution of 6b (1.15 g, 7.0 mmol) in
dry MeCN (10 mL) over a period of 10—15min. After the addition is
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complete, the ice-water bath is removed, and the reaction mixture is
stirred al room temperature overnight. The mixture is evaporated to
dryness on a rotary evaporator, and the solid residue is recrystallized
from ether or benzene to give 7b as colorless needles; yield: 1.11g
(89%); mp 103-105°C.

C;H (N, cale. C47.18 H 566 N 47.16

(178.2) found 47.20 5.68 4712

MS (70eV). m/z = 178 (M™); 163 (M*-CH,).

IR (KBr): v = 2200 (C=N) cm !,

'H-NMR (DMSO-d,/TMS): § = 3.21 (s, 3H, side-chain CH,); 3.59 (s,
3 H, ring CH;); 5.28 (s, 2 H, NH,, exchangeable with D,0); 7.67 (s, 1 H,
pyrazole CH); 8.33 (s, 1 H, NCH=N):
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