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Facile Synthesis of 9H-s-triazolo-
[3,4-i]purin-5(6H)-ones.
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Abstract: New tricyclic heterocycles, 9H-s-triazolo[3 4-ilpurin-5(6H)-ones(2, 3), were prepared
from 6-methylthio-7H-purin-2(3H)-ones (Sa, Sd)

Theophyltine (1) is currently recognized as a drug of choice for the maintenance therapy of asthma.'
However, theophylline has a narrow optimum therapeutic range due to its side effects such as central nervous
system stimulation, cardiotonic activity and emesis.” As a part of our ongoing efforts to screen for superior
analogs of theophylline, we have studied the synthesis and pharmacological activity of new tricyclic heterocycles
such as 9H-s-triazolo[3,4-ilpurin-5(6H)-ones. Among them, compounds 2 and 3 were recently found to exhibit
5- to 100-fold more potent bronchodilatory activity than theophylline.” This discovery prompted us to devise
facile and general synthesis of such heterocycles. Entry to those molecular systems and their derivatives are of
interest, not only in terms of their potent bronchodilatory activities, but also structurally defined probes for multi-
biological reactions of theophylline. This communication reports a synthesis of this unique ring system starting
from 6-methylthio-7H-purin-2(3H)-ones (Sa, §d), which are readily available from 6-thioxanthines.
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3-Propyl-6-thioxanthine (4)* was methylated with 2 equiv of methyl iodide and 2 equiv of sodium hydride
in DMF both at sulfur and nitrogen to yield 7-methyl-6-methylthio-7H-purin-2(3H)-one (5a). The methylthio
derivative (Sa) was easily transformed’ by equimolar i 1somcot1m<, hydrazide in DMSQ at 150 °C to 3,7-dihydro-6-
(N'-isonicotinoylhydrazino)-7H-purin-2(3H)-one (6a)."
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Although the synthesis of fused s-triazole system has been documented in several ring system,” there is
little known about cyclization of the hydrazinoimidate derivatives (8) deactivated by the carbony! group such as
6. When the hydrazide (6a) was heated with a catalytic amount of p-toluene sulfonic acid in toluene/1,1,2,2-
terrachloroethane at reflux temperature, 6a surprisingly underwent easy cyclodehydration to the desired 9H-s-
triazolo{3,4-ilpurin-3(6H)-one (2) in 76% yield.9 In contrast to thermal instability of s-triazolo[3,4~i]purines (9)
which are biologically inactive,” 2 was proven to be stable under the above acidic reaction condition presumably
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due to the electronegative character of the carbonyl group at the S-position, The desired compound (2) was also
directly obtained by the prolonged reaction of isonicotinic hydrazide with 5a, but the yield was very low.

Then the synthesis of compound 3 was examined. When 4 was treated with methyl iodide in an aqueous
alkaline solution,” selective monomethylation at sulfur occurred to afford 6-methylthio-7H-purin-2(3H)-one (5b)
in 78% yield. Excess hydrazide (2 equiv) was needed to obtain the comresponding hydrazide (6b) from 5b.
Cyclodchydration of 6b was failed under several conditions (meatment with p-TsOH, SOCL, or POCL). Thus the
nitrogen atomn of the imidazole ring was protected with the benzyl or benzyloxymethyl group.

7-Benzyl-6-benzylthio-7H-purin-2(3H)-one  (6¢) readily prepared by the bis-benzylation of 6-
thioxanthine(4), was similarly converted to the corresponding 9-benzyl-9H -s-triazolo[3,4-i}purin-5(6H)-one
(7¢). Bridson et al.” reported that the 7-benzyl group in 1,3-disubstituted xanthine derivatives could be removed
by catalytic hydrogenolysis but reaction of 7 ¢ under catalytic hydrogenation condition (H, (70 psi) / PtO,, AcOH)
gave only piperidine detivative (10). Then 7c¢ was meated with boron tribromide? in toluene/l,1,2,2-
tetrachloroethane at reflux temperature for 8 hr, but 7¢ was mainly recovered together with many side-products.
Thus an another protecting group was introduced.

7-Benzyloxymethyl-6-methylthio-7H-purin-2(3H)-one (5d) easily prepared from 5b was treated with
isonicotinic hydrazide followed by cyclodehydration reaction (p-TsOH, Tol / CLCHCHCYL, reflux, 30 min) to
afford 9-benzyloxymethyl-9H-s-triazolo| 3,4-i)purin-5(6H)-one (7d; 90% yield) accompanied by the deprotected
desired compound (3; 9% yield). The deprotection of the benzyloxymethyl group was accomplished by the
treatment with boron tribromide in toluene® in 73% vyield. Thus the benzyloxymethyl group is a suitable
protecting group for the imidazole nitrogen.

We have demonstrated that the readily available key intermediate (5a or 5d) can be conveniently
elaborated to 3-(4-pyridyl)-9H-s-triazolo[3,4-i]purin-5(6H)-one derivatives, which are potent bronchodilators.
The application of the present synthetic method for the other condensed purine derivatives will be reported in due
course.
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The spectral and physical data for 3a, §b, 5d, 6a, 6b, 2, 3 and 7d are:

5a: mp 225-226 T (MeCN); IR (KBr) 1630, 1596, 1557, 1393 ¢m’'; 'H NMR (270MHz, CDCL,) &

(ppm): 7.53 (1H, 5), 4.16 (2H, t, J=7.5 Hz), 4.01 (3H, %), 2.71 (3H, s), 1.95-1.77 (2H, m), 0.98 (3H,

t,J=7.5 Hz); *C NMR (270MHz, CDCL) 3 (ppm): 160.9, 154.7, 151.6, 143.3, 114.3, 45.0, 34.7,

21.2,12.2,11.2; Anal. Caled. for C,H,,N,0OS: C 50.40, H 5.92, N 23.51, Found: C 50.30, H 5.95, N

23.35.

5b: mp 241-243 °C ; IR (KBr) 3400 (br), 1600, 1588, 1572 cm™’; 'H NMR (270MHz, DMSO-d) 8

(ppm): 13.54 (1H, brs), 8.13 (1H, brs), 3.99 (2H, t, /=7.5 Hz), 2.57 (3H, s), 1.80-1.62 (2H, m), 0.88

(3H, t, J=7.5 Hz); C NMR (270MHz, DMSO-d,) § (ppm): 160.6 (br), 153.8, 149.4 (br), 141.9 (br),
112.8 (br), 44.4,20.6, 11.3, 11.0; Anal. Caled. for CH,N,OS-H(: C 44.61, H 5.82, N 23.12,

Found: C 44.80,H 5.94, N 23.03.

S§d: mp 167-168 °C; IR (KBr) 1623, 1592, 1556 cm’; 'H NMR {90MHz, CDCL) § (ppm) 7.58 (1H, s),

7.29 (5H, 5), 5.61 (2H, 5), 4.59 (2H, s), 4.12 (2H, t, /=8 Hz), 2.70 (3H, 5), 2.00-1.60 (ZH, m), 0.99

(3H, t, J=8 Hz); Anal. Calcd. for C,H,N,0,S: C 5928, H 5.85, N 16.27, Found: C 58.99, H 5.80, N
16.22.

6a: 'H NMR (270MHz, DMSO-d 8 (ppm) 10.68 (I1H, brs), 10.61 (1H, brs), 8.73 (2H, d, /=6.0 Hz),

7.84 (1H, s), 7.82 (2H, d, J=6.0 Hz), 3.92 (3H, s), 3.83 (2H, t, J=7.5 Hz), 1.80-1.60 (2H, m), 0.88

(3H, 1, J=7.5 Hz); Anal. Calcd. for C,;H;N,0, 0.2 DMSO: C 53.93, H 5.35, N 28.59, Found: C

54,24, H5.30, N 28.40.

6b: 'H NMR (90MHz, DMSO-4,) 5 (ppm) 10.5 {2H, brs), 8.70 (2H, d, J=5 Hz), 7.80 (2H, d, /=5 Hz),

7.78 (1H, s), 3.83 (2H, t, J=7 Hz), 1.80-1.45 (2H, m), 0.88 (3H, t, /=8 Hz); MS, m/e 313 (M), 295,

253, 106, 78.

2: mp 236-238 C (EtOH-MeCN); IR (KBr) 1718, 1650 em™; 'H NMR (270MHz, DMSO-dy) 8 (ppm)

8.72 (2H, d, J=4.8 Hz), 8.12 (1H, 5), 7.72 (2H, d, J=4.8 Hz), 4.10 (3H, 5), 4.07 (2H, t, J=7.5 Hz),
1.90-1.70 (2H, m), 0.90 (3H, t, J=7.5 Hz); Anal. Caled. for CxH N0 0.8 MeCN: C 58.27, H 5.13,

N 31.93, Found: C 58.20,H 4,91, N 32,15,

3: mp > 330 C (dioxane-H,0); IR (KBr) 1732, 1659, 1603, 1568, 1514 em'; 'H NMR (270MHz,

DMSO-d) & (ppm) 14.03 (1H, 5), 8.71 (2H, d, J=5.5 Hz), 8.14 (1H, 5), 7.73 (2H, m), 4.10 (2H, 1,
=7.5 Hz), 1.85-1.65 (2H, m), 0.91 (3H, t, /=7 .8 Hz); Anal. Calcd. for C, ,H;;N,0: C56.94, H4.44,N

33,20, Found: € 56.59,H4.,35,N33.42.

7d: mp 272274 °C (EtOH); IR (KBr) 1715, 1628, 1558, 1506 cm”; 'H NMR (90MHz, CDCly) 8 (ppm)

£.73 (2H, d, J=8.9 Hz), 7.78 (1H, 5), 7.69 (2H, d, /=8.9 Hz), 7.23 (5H, brs), 5.93, (2H, 5}, 4.78

(2H, s), 4.20 (2H, t, J=7.5 Hz), 2.00-1.65 (2H, m), 1.01 (3H, t, J= 7.6 Hz); MS, m/e 415 (M"), 385,

295, 266,253, 146,91,
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