HETEROCYCLES, Vol. 24, No. 10, 1986

MODELS FOR "FAT" NUCLEOSIDES AND NUCLEQTTDES: SYNTHESES OF "FAT" XANTHINE
(£X), "FAT" GUANINE (fG), AND "FAT" HYPOXANTHINE (fHx) ANALOGUES OF THE

IMIDAZO[4,5-e][1,4] DIAZRPINE SYSTEM!

Ramachandra S. Hosmane,* Anila Bhan, and Michael E. Rauser
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Abstract -— Synthetic analogues of xanthine, guanine, and hypoxanthine,
possessing the skeletal structure of imidazo[4,5-e][1,4]diazepine, are

reported.

We have launched a broad and long term research program invelving the synthesis and bicchemi-
cal investigations of a family of nucleosides and nucleotides which we conveniently refer to
as "fat" nucleosides and nucleotides. Replacement of the pyrimidine part of the purine
nucleus with a bulkler seven- or higher membered ring, embedded with hetero atoms-- nitrogen
and/or sulfur and/or phosphorus-- yields the “fat" nucleosides,? represented by the general

formula 1 (R=p-D-ribofuranosyl, n23}. By virtue of structural resemblance to their natural

CH, N
NH:' OH, H

>
S
-
.
~
|

1(n=x3)

27

z‘\

i

]
I

counterparts, the target "fat" nucleosides/nucleotides are potential candidates as substrates
or inhibitors for various enzymes lying on the purine biosynthetic pathway and for those
requiring energy cofactors. We report here our preliminary wodel studies relating te one
such "fat" purine structure which bears the 7:5-fused imidazo[4,5-e]{l,4]diazepine skeleton
(1; n=3, X=N, Y=CH;, Z=CH). The "fat" analogues of xanthine (fX: 1, R'=R"=0H), guanine (£G:
1, R'=0H, “=NH;), and hypoxanthine (fHx: 1, R'=OH, R"=H)} reported herein contain methyl
substitution at either 1- or 3-position of 1, the latter isomer representing the target
nucleoside. The other regiolsomeric precursors andfor final products are intended to
facilitate later the structural distinction between the potential regicisomeric nuclecsides
resulting upon ribosidation of either the parent nucleus of 1 or of the appropriate imidazole

precursor leading to 1.
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The common starting materials employed in the intended syntheses were 4-cyano-l-methyl-3-

nitroimidazole (2) and 5-cyano-l-methyl-4-nitreimidazole (3), whoge preparation from the
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respective 1,4-dimethyl-4- and 1,5-dimethyl-5-nitroimidazoles (4 and 5} have been reported by
us recently.3 The common first step in the synthesis (see Scheme) involved the hydrolysis
of 2 or 3 with sodium nitrite and sulfuric acid? to obtain 6 or 7,5 respectively. These
latter, upon condensation with N-hydrexysuccinimide in the presence of dicyclohexylcarbo-
diimide at 0°C, provided B or 9, respectively. Althcugh the latter key intermediates could
be characterized under strictly anhydrous conditions, they were conveniently employed in
subsequent steps without further purification.

Synthesis of the "fat" xanthine (fX) analogues, 14 or 15,5 from 8§ or 9, respectively involved
sequential reactions with glycine methyl ester to obtain 10 or 11,5 reduction with Raney-
Ni/Hy to yield 12 or 13,7 and ring closure with sodium methoxide/methanol.

In the synthesis of the target "fat" guanines (fG), the intermediate 8 or 9 was initially
reacted with aminoacetonitrile to give 16 or 17,5 raspectively. These latter, upon catalytic
reduction with platinum oxide and hydrogen provided either the ring-closed £G N-oxides, 225
(presumably via the intermediates 20) or the ring-opened 19, respectively. The magnetic
non-equivalency of the extranuclear NH; protons in the lg NMR spectrum of 22 (& 8.97 and
8.21, respectively) can be attributed to the possible intramolecular hydrogen bonding between
the amino function and the adjacent N-oxide.

The "fat" hypoxanthines (fHx) were prepared from 8 ot 9 in consecutive steps which involved
reaction with aminoacetaldehyde dimethyl acetal to yield 24 or 25,5 reduction with Raney-
Ni/H2 to give 26 or 27,5 followed by acetal hydrolysis, catalyzed by aqueous trifluorocacetic

acid and concomitant ring-closure.
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The term “fat" nuclecside is herein conveniently applied when the ring replacing the
pyrimidine nucleus of a purine is, in addition to being bulkier, peripherally compati-
ble with that of the natural counterpart, with suitable substituents at the appropri-
ate positions, =.g. f¥: 1, R'=R"=0H; fG: 1, R'=0H, R"=NH,; fHx: 1, R'=QH, R"=H. &
few nucleosides which fit the above general description have been recently synthe-
sized and contain the following ring systems: a) imidazo[4,5-d]1[1,3]diazepine,®

b) pyrazolo[a,A-Ql[1,3]diazepine,9 and ¢} triazolo[&,s-g][l,lldiazepina.g

R.5. Hosmane, A. Bhan, and M,E. Rauser, J. Org. Chem., 1985, 50, 5892,

F.G. Mann and J.W.5, Porter, J. Chem. Soc., 1945, 751.

The physical data and chemical yields for the compounds reported in this paper
are as foliow:

Compound 6: colorless needles from MeOH-HyG; B9Z; mp 146-148°C; 1y NMg (MeZSO-Qé) 3
8.51 (br s, 1, CO,H), 7.89 (s, 1, CH), 3.8B4 (s, 3, Me); IR (KBr) 3400-2700 (br, OH),
1710-1700 (C=0) cm™l; Anal.® C, H, N; Compound 7: colorless needles from MeOH-HyO;
90%; mp 165°C (1it.* mp 163°C); H NMR (Me,S0-dg) & 9.77 (br s, 1, COH), 7.92 (s, I,
CH), 3.82 (s, 3, Me); IR (KBr) 3400-2700 (br, OH}, 1710-1700 (C=0) cn"!; Compound 8:
pale yellow squares from CH4CN-hexane; 62-68Z; mp 178-181°C; 1H NMR (Mezso—gﬁ) & 8.20
(s, 1, CH}, 3.92 (s, 3, Me), 2.87 (s, 4, two CHy); Compound 9: white crystals from
CHqCN-hexane; 75%; mp 133-136°C; lg mr (Me,yS0-dg) 6 8.22 (s, 1, CK), 3.91 (s, 3, Me),
2.8% (s, 4, two CHp); IR (KBr) 1780, 1750 em !; Compound 10: white needles from
CHCls-petraleum ether (60-80°C); 64%; mp 124-127°C; M NMR (Me;SO-dg) & 8.8 (t,
Jym,cw = 5.6 Hz, 1, NH, exchangeable with D30), 8.01 (s, 1, GH}, 4.0 (d, Icy ,ws =
5.6 Hz? 2, CHZ), 3.86 (s, 3, N-Me), 3.65 (s, 3, O-Me}; IR (KBr) 3320, 1740, 168020m_1;
M8 (70 eV) mfe 242 (Mty, 211, 183, 1543 5251.6 C, H, N; Compound 11: white needles
from CHCl3; 65%; mp 132-134°C; IH NMR (Me,S0-dg) & 7.80 (s, 1, CH), 4.03 (4, JCHZ,NH =
5.6 Ha, 2, Cﬂz), 3.7 {s, 3, N-Me), 3.69 (s, 3, 0-Me); IR {¥Br) 3300, 1740, 1640 cm'l;
MS (70 eV) m/e 242 (Mt)y, 224, 183, 154, 143; 5251.6 C, H, N; Compound 12: white
needles from MeOH-hexane; 77%; mp 113-115°C; 4w (MeZSO-Q6) 8 7.64 (t, QNH'CHZ =
5.6 Hz, 1, NH, exchangeable with D;0), 7.10 (s, %, CH), 5.72 (br s, 2, NH,, exchange-
able with Dy0), 3.91 (d, Son, N * 5.6 Hz, 2, CHy), 3.62 (s, 3, Me}, 3.39 (s, 3, Me);

IR (KBr) 3300, 3120, 1740 cm™i; MS (70 e¥) mfe 212 (M%), 143, 124, 98; Anal.® ¢, H, N;
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Compound 13: white needles from MeOH-hexane; 76%; mp 128-130°C; 1y R (Me,S0-dg) &
7.45 (t, Jxn,cu = 5.6 Hz, 1, NH, exchangeable with D40}, 7.34 (s, 1, CH), 5.14 (br s,
2, NHp, exchan:eable with Dp0), 3.94 (d, gCHZ,NH = 5.6 Hz, 2, CHp}, 3.64 (s, &, OMe +
N-Me); IR (KBr) 3370, 3360, 1740, 1630 cu™F MS (70 eV) mfe 212 (M), 143, 124, 08;
An_al.f’ C, H, N; Compound 14: off-white solid from MeOH-petroleum ether (40-60°C);
59%7; mp 292-295°C(dec); 'H NMR (MejSO-dg) & 7.96 (t, Jyg oy = 4.8 Hz, 1, NH, ex-
changeable with D,0), 7.63 (s, 1, CH), 3.68 (d, "ICHZ’NH = A.Szﬂz, 2, CHy), 3.60 (s, 3,
Me); MS (70 &V) mfe 180 (M*), 150, 140, 123; Anal.% ¢, H, N; Compound 15: white solid
from MeQH-hexane; 297; mp >300°C; g nvm (Mezso-gﬁ) 8 10.69 (br s, 1, NH, exchangeable
with D50), 7.94 (t, QN'H,CHZ = 4.8 Hz, 1, NH, exchangeable with D,0}, 7.72 (s, 1, CH),
1.77 {s, 3, N-Me), 3.63 (d, Scg N = 4-8 He, 2, CHy); IR (KBr) 3170, 1702, 1660
em™l; MS (70 eV) m/e 180 (M*), 151, 124; Anal.6:7 ¢, H, N; Compound 16: white needles
from EtOH; S6%; mp 162-164°C; 'H NMR (MepSO-dg) & 9.18 (t, Jyy oy = 5.6 Hz, 1, NH,
exchangeable with D,0), 8.0 (s, 1, CH), 4.29 (4, iCHZ,NH = 5.6 Hz, %, CHp), 3.88 (s,

3, N-Me); IR (KBr) 3280 (NH)}, 2240 (C=N), 1650 (C=0) em™l; WV (Reow) = 294 nm; MS

max
(70 e¥) m/e 209 (M%), 155, 154, 138, 115; An_zll.é C, H, N; Compound 17: white needles
from MeOH-petroleum ether (60-80°C); 50%; mp 173-175°C; 15 NMR (HeZSO—gﬁ) & 7.9 (s, 1,
CH), 4.41 {s, 2, CHy), 3.69 (s, 3, Me); IR (KBr) 2258 (C=N) cn™l; MS (70 e¥) m/e 209
(M"’). 191, 179, 161; An_al.6 C, H, N; Compound 19: off-white crystals from
CHCl4-hexane; 20%; mp 170-172°C; ly nvr (Me?_SO-gé) & 7.60 (br, 1, NH, exchangeable
with D,0), 7.36 (s, 1, CH), 5.33 {br s, 2, NHp, exchangeable with D,0}, 4.20 (d, 2,
CHy), 3.69 (s, 3, N-Me); IR (KBr) 2240 (C=N), 1640 (C=0) em™i; M3 (70 eV) mfe 179
(M*), 151, 124, 109, 97; Compound 22: colorless flakes from DMF-CHCly; 277Z; mp 160°C
(dec); M NMR (Me50-d4) & 8.97 (br s, 1, NH of NH;, exchangeable with D,0), B.58 (t,
QNH,CHZ = 5.8 Hz, 1, NHCO, exchangeable with DZO). 8.21 (br s, 1, NH of NHp, exchange-
able with D,0), 7.5 (s, 1, CH), 4.18 (d, Jog y = 5-8 Hz, 2, CHy), 3.59 (s, 3, Me);
IR (KBr) 3240-2840, 1640, 1580, 1525 cm_I? UV (EtOH) .y 266 nm; Anal.S ¢, H, N;
Compound 24: o0il/low-melting solid from silica gel column [eluent: CHCly-MeOH (9:1)1;
recrystallized from Et;0; 60-69%; mp 86-88°C; 1H NMR (Me,SC-dg) & 8.39 (t, Jyy cg =
5.8 Hz, 1, NH, exchangeable with Dp0}, 7.98 (s, 1, imidazole CH), 4.47 (t, ,J,CH,CHE =
5.4 Hz, 1, CH of acetal), 3.86 (s, 3, N-Me), 3.38-3.27 (dd, QCHZ'CH = 5.4, Jog N
= 5.8 Hz, 2, CHZ)’ 3.27 (s, 6, two OMe); IR (neat) 3300, 2840, 1660 cm'li MS (70 eV)
nfe 227 (M-OMe), 181, 154, 149, 137, 123, 110, 108, 80, 75; Anal.® C, H, N; Compound
25: white crystals from Et;0; 90-94%; mp 68-70°C; 'H NMR (MepS0-dg) 6 7.83 (s, 1,
imidazole CH), 4.5 (t, JCH.CHZ = 5.45 Hz, 1, CH of acetal), 3.67 (s, 3, N-Me)-
3.39-3.25 (dd, Joncn = 5.45 He, Jog N0 ~ 5.8 Hz, 2, CHy), 3.32 (s, 6, two OMe); IR

(KBr) 3260, 1640 cm"i; MS (CI, 70 V) mfe 259 (MY + 1}, 227, 195, 167, 166, 155, 154,
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138 éggl.ﬁ C, H, N; Compound 26: Transparent crystals from MeOH-Et,0; 45%; mp
106-109°C; 'H NMR (Me;S0-dg) 6 7.07 (br s, 2, NE + imidazole CE); 5.67 (br, 2, NHj,
exchangeable with D;0), 4.44 (¢, Jdew,cs = 5.2 He, 1, CHof acetal), 3.38 (s, 3,
N-Me), 3.33-3.26 (d+s, 8, CH; + two DME);ZIR (neat)} 3300, 2840, 1660 cm'l; M5 (70 eV)
mfe 228 (M*), 196, 165, 149, 124, 75; Aggl.ﬁ C, H, N; Compound 27:; off-white crystals
from MeCH-Et;0; 79%; mp 99-101°C; 1y NMR (MeyS0-dg) 8 7.3 (s, 1, imidazole CH), 7.13
(t, QNH,CHZ = 3.7 Hz, 1, NH, exchangeable with D;0), 4.97 (br s, 2, NH,, exchangeable
with D;0), 4.47 (t, Jen,cyg = 9.4 Hz, 1, CH of acetal), 3.68 {s, 3, N-Me}, 3.39-3.27
(dd, Jey JNH = 3-7 Hz, QCHZ,CH = 5.4 Hz, 2, CHp}, 3.29 (s, 6, two OMe); IR (KBr) 3320,
1655 cm"g; MS (70 eV) mfe 328 (m*), 196, 165, 151, 124; éggl.ﬁ C, H, N; Compound 29:
white powder; 45%; mp 170°C; ‘H NMR {Me;50-dg) & 8.75 (br s, Diazepine CH), 8.21-7.57
(br, 1, NH, exchangeable with D,0}, 7.77 (s, 1, imidazole CH), 6.93-6.1 (br, H;0,
exchangeable with D,0), 3.88 (s, 3, K-Me), 4.0-3.59 {m, 2, CHy); IR (KBc) 3240, 1640
em™l; M8 (70 e¥) mie 164 (M*), 95, 78, 69.
The elemental microanalyses were performed by Atlantic Microlab, Inc., Atlanta, GA.
The analyses were within *0.3% of the calculated values.
The elemental micrcanalyses of compeounds 15 and 19 each showed the presence of 0.25
mole of adventitious water.
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