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The intramolecular cyclization reactions of 4a and 4b have been studied. Hydrolysis of 4a and 4b afforded
12a and 12b, respectively. Treatment of 12a with POCl; in DMF provided hygroscopic gum 16, a useful intermediate
for the synthesis of 9-deazaxanthine derivatives. Compound 16 was converted with alcohols, amines, and water
to 19b—e, 21b,c, and 19a, respectively. Oxidative cyclization of 1a, 1b, and 4b with ferric chloride gave 22a, 22b,
and 26, respectively. Decarbalkoxylation of 26 gave 8-(cyanomethyl)theophylline (27).

Sardesai and Sunthankar? reported that o-[(2,2-di-
cyanovinyl)amino]aniline (1a) and its ester derivative 1b
were readily converted into benzimidazole (2) on heating
(Scheme I). When Stahl and co-workers® attempted to
extend this cyclization reaction to 6-amino-5-[(2,2-di-
cyanovinyl)amino]-1,3-dimethyluracil (4a), they failed to
obtain 1,3-dimethylxanthine (5) but instead isolated com-
pound 7 after refluxing 4a in DMF. In contrast to Sardesai
and Sunthankar, we obtained 4-amino-1H-1,5-benzo-
diazepine-3-carbonitrile hydrochloride (3a) and its ester
derivative 3b, respectively, in high yield when la and 1b
were heated in the presence of hydrochloric acid.* Our
attempts to extend this intramolecular cyclization reaction
to 4a and 4b failed to give the expected products 6a,b and
led to the formation of pyrrolo[3,2-d]pyrimidines 12a and
12b, respectively. We now report the full details of this
work,? including a new preparation of 8-(cyanomethyl)-
theophylline (27) from 4b.

Results and Discussion

Hydrolytic Cyclization of 4a and 4b. Heating 4a or
4b in hydrochloric acid led to the evolution of CO, and the
formation of 9-substituted-1-methyl-9-deazaxanthines 12a
and 12b in 69% or 57% yield, respectively. From the
filtrate, a trace of 1,3-dimethyl-s-triazine-2,4,6-
(1H,3H,5H)-trione (15) was recognized. The structural
assignment of these products was based on spectroscopic
data. In particular, the UV spectrum of 12b [A,,,Z*°! nm
(log €) 228.5 (4.35), 269 (3.92)] was a very similar to that
of its 8-methyl derivative [A,,2"°H nm (log ¢) 229.5 (4.48),
270 (4.00)] reported by Murata and Ukawa.?! The struc-
ture 12a was further confirmed by conversion to 12b as
described below. Recently, Senga and co-workers’ syn-

(1) Present address: Research Laboratory, Zeria Pharmaceutical Co.,
2-9-10, Funado, Itabashi-ku, Tokyo 174, Japan.

(2) Sardesai, K. S.; Sunthankar, S. V. J. Sci. Ind. Res., Sect. B 1959,
B18, 158.

(3) Stahl, P. H.; Barchet, R.; Merz, K. W. Arzneim.-Forsch. 1968, 18,
1214,
(4) Okamoto, Y.; Ueda, T. J. Chem. Soc., Chem. Commun. 1973, 367.
(5) Some of this work has appeared in preliminary form: Okamoto,
Y.; Ueda, T. Tetrahedron Lett. 1976, 2317; Chem. Pharm. Bull. 1976, 24,
547,

(6) Murata, T.; Ukawa, K. Chem. Pharm. Bull. 1974, 22, 240.

(7) Senga, K.; Ichiba, M.; Nishigaki, S. J. Org. Chem. 1979, 44, 3830.

thesized 12b by another method, in which the IR spectrum
coincided with that of ours. We propose a mechanism
involving an initial Dimroth rearrangement? for the for-
mation of 12a and 12b as shown in Scheme II.

No reaction was found to occur when 4c was heated in
hydrochloric acid. In contrast to the above results, 15 was
obtained in 50% yield accompanied with a trace of 12a
when hydrogen chloride gas was passed into a suspension
of 4a in ethanol and the solution then refluxed. We suggest
the mechanism in Scheme II involving covalent hydration
of the C(5)-C(6) double bond to form 13, followed by
C(4)-C(5) bond fission to form s-triazine ring system 14
and fragmentation to 15.

Synthesis of 3-Methyl-7-substituted-pyrrolo[3,2-
d]pyrimidine-2,4(1H,3H)-dione (1-Methyl-9-substi-
tuted-9-deazaxanthine). Many 9-deazapurine derivatives
(including the 9-deazaxanthine ring system) have been
synthesized® because the ring system is isomeric with that
of naturally occurring purines and indoles. We attempted
to chlorinate the 2-oxo group of 12a with POCI; by the
method of Imai;!® however, no reaction occurred when 12a
was refluxed in POCI; or POCl; mixed with another solvent
such as acetonitrile, dichloromethane, or dimethy! sulf-
oxide. This is probably due to the solubility properties
of 12a, which is insoluble in hot POC]; and only slightly
soluble in hot acetonitrile, dichloromethane, and dimethyl
sulfoxide. In contrast, 12a reacted vigorously with the
Vilsmeier-Haack reagent to give a brown solution, which
was heated on a water bath for 1 h and the solvent then
removed in vacuo to give a hygroscopic gum which was
assumed to be 16. Alcoholysis of 16 followed by hydrolysis
gave 1-methyl-9-deazaxanthine-9-carboxylates 19b-e.
When ethanol was used, 19¢ was obtained, which was
identical with 12b. Similarly, treatment of 16 with amines
followed by hydrolysis gave 1-methyl-9-deazaxanthine-9-
carboxamide derivatives 21b and 21¢. On treatment with
hydrochloric acid, 16 was converted to carboxylic acid 19a.

(8) Brown, D. J. Nature (London) 1961, 189, 828.

(9) (a) Amarnath, V.; Madhav, R. Synthesis 1974, 837. (b) Fenner, H.;
Mostschall, H. Tetrahedron Lett. 1971, 4185. (c) Klein, R. S.; Lim,
Mu-ill.; Tam, S. Y.-K.; Fox, J. J. J. Org. Chem. 1978, 43, 2536. (d) Senga,
K.; Ichiba, M,; Nishigaki, S. Heterocycles 1978, 9, 793. (e) Yoneda, F.;
Motokura, M.; Otagiri, M. Chem. Lett. 1981, 1273.

(10) Imai, K. Chem. Pharm. Bull. 1964, 12, 1030.

0022-3263/84/1949-0908801.50/0 © 1984 American Chemical Society



9-Deazaxanthine Derivatives and 8-(Cyanomethyl)theophylline J. Org. Chem., Vol. 49, No. 5, 1984 909

Scheme I
N NH
R N/lL\H N,J§TrCN
H-CH=C
~ H H
CN 5 R
NH, - 22a R=CN
22b R=COOQOEt
la R=CN Ne/NHpe HCL
1b R=COOEt R
N
H H
3a R=CN
3b R=COOEt

9 R Q H 0 ;
Me —N NH_CH:C\CN Me=N NwT/H Me=N
A A R

SN
I N ] NH, - HC1
Me Me Me
da R=CN 5 6a R=CN
4b R=COOEt Me 6b R=COOEt
' \\\\s /t=NMe
NH-CH=C
Me «N \CN
o] ¥ NH2
Me
7
Scheme 11
R -
NH—CH=C: 2 5y 7
Me~N CN me-N" ¢ N c}{ Me N X
4a NH - é—/ R
4b O‘lDH - te O’L\N NMe CN dJ\N R
2 H H H 'H CN
Me
9a, 9b
Bar : 10a, 10b
0
0
o H
N H Mew N H Me-N NH-CH=C (CN) 5
MesN ¢L\
N R 07y R 07 N7 “NH,
g ufoLc=o H H
l1la, 1llb 12a, 1l2b a: R=CN 4c
b: R=COOEt
3 0
Me—-N)\NH Me-N)J\N H
LN gL\ /&ﬁ%HZNH-CH=C(CN)2 —>
07 ™ N7l 07 N0
Y 02H 5
Me Me
14 15



910 J. Org. Chem., Vol. 49, No. 5, 1984

Okamoto et al.

Scheme I11
o)
0] H © H — g H
N H N H + Me <N
Me=N R-OH Me-N AN ¢L\
JN\ éL\ N(CH;), SAS\ COOR
&N CONH,, N c=N-c§ .
H H } oPOC1
21 OR 2 ./ 19a R=H
a
17 H 19b R=CH,
, 19c R=C,H_(=12b)

19d R=n-C.H

H,80, Hzo Me-=N NNy n-C4H,
19e R=C HCH,

0 8—NH—CHO
POC1 ,-DMF Me-N H
12a —-——} N(CH 1
C=N- CH 8
OPOCl
16
0 H
N H
Me-t\l/l
HNRR’

Me-N + 4L\ o

Vo |[HE— 0PNy 7

Hyy C
=N- CH H \X

NRR, OPOCl

Moreover, 12a was converted to 21a on treatment with
sulfuric acid. The structures of these compounds were
assigned on the basis of 'H NMR analysis, where coupling
constants (J = 3 Hz) between NH-7 and H-8 were observed
in the spectra of 19a, 19¢, 21a, 21b, and 21c.

We suggest the mechanism shown in Scheme III. It is
worth noting that enaminonitrile 12a easily reacted with
the Vilsmeier—-Haack reagent to give, presumably, keten-
imine 16, which reacted with alcohol, water, and amine to
give the corresponding imino ether 17 (R = H), imidic acid
17 (R = H), and amidine (20), respectively. These inter-
mediates 17 and 20 were easily hydrolyzed to 19b—e, 19a,
and 21b,c. On treatment with water, 16 was converted to
powder (crude), which showed a parent ion peak at m/e
236 (M*). This might be due to 18. It should be noted
that conversion of 16 to 19b—e was carried out without the
addition of diluted hydrochloric acid after the alcoholysis
of 16, whereas conversion of 16 to 21b—¢ required the acid.

Oxidative Cyclization of la, 1b, and 4b. It is well-
known that enediamines are readily oxidized and that
when they are conjugated with a carbonyl group they are
strong reducing agents, so called reductones.!! In fact,
1,3-dimethyl-5,6-diaminouracil was smoothly oxidized with
ferric chloride to 1,3,6,8-tetramethyl-2,4,5,7-
(1H,3H,6H,8H)-pyrimido[5,4-g]pteridinetetrone!? in 80%
yield. We attempted to extend this oxidation to N-sub-
stituted enediamines la and 1b and obtained 2-(dicyano-
methylene)benzimidazoline (22a)!® and its ester derivative
22b. Similarly, when a suspension of 4b in water was
heated with ferric chloride on a water bath, 8(7H,9H)-
(carbethoxycyanomethylene)theophylline (26) was ob-
tained in 60% yield. The structure was determined by

(11) von Euler, H.; Martius, C. Liebigs Ann. Chem. 1933, 505, 73.

(12) (a) Taylor, E. C.; Cain, C. K.; Loux, H. M. J. Am. Chem. Soc.
1954, 76, 1874. (b) Yoneda, F.; Nishigaki, S. Chem. Pharm. Bull. 1971,
19, 1060.

(13) Gompper, R.; Topfl, W. Chem. Ber. 1962, 95, 2871.

20 21b x=NH<<jj>
2lc X=N<]

spectroscopic analyses. When 4a was treated with ferric
chloride in the same manner, 12a was precipitated but not
28. This result indicated that hydrolysis of 4a preferen-
tially occurred under those conditions.

A possible mechanism for the formation of 26 is shown
in Scheme IV. When 26 was refluxed in DMF at 180 °C
for 2 h, 8-(cyanomethyl)theophylline (27)!* was obtained
in good yield, thus lending further support to the assigned
structure.

Experimental Section

Melting points were determined by using a Yamato Scientific
stirred liquid apparatus and are uncorrected. Infrared (IR) and
ultraviolet (UV) spectra were recorded on a JASCO IRA-1
spectrometer and a Hitachi 200-20 spectrophotometer. 'H NMR
spectra were run on a Varian EM-90 (90 MHz) or T-60 (60 MHz)
spectrometer with (CD;3),SO as the solvent, except otherwise
mentioned, and (CHj),Si as the internal standard. 3C NMR
spectra were run on a JEOL PS-100 spectrometer with (CD;),SO
as the solvent and (CHj,),Si as the internal standard. The mass
spectra were run on JEOL 018 and DX-300 (equipped with
JMA-3000) spectrometers. Elementary analyses (C, H, N) of all
compounds described here were performed on Perkin-Elmer 240B
instrument. All analytical results were within £0.4% of the
theoretical values.

1-Methyl-9-cyano-9-deazaxanthine (12a). A suspension of
3 g of 4a in 100 mL of 15% HCI was heated on a water bath for
15 min. First, a clear solution was obtained; then, crystals were
precipitated with evolution of CO, The precipitates were collected
by filtration, washed with water, and dried in vacuo to give pure
12a in 69% yield (recrystallization solvent (dimethyl sulfoxide
(MeySO)—water): mp >300 °C; IR (KBr) 2225, 1720, 1625 cm™!;
mass analysis, m/e 190 (M*); 'H NMR (T-60) § 3.27 (3 H, s, CH),
7.98 (1 H, s, H-8), 11.90 (1 H, br, NH-3), 13.00 (1 H, br, NH-7);
13C NMR 5 26.84 (CHjy), 79.94 (CN), 110.81 (C-5), 113.77 (C-9),
133.43 (C-4, C-8), 151.24 (C-2), 155.27 (C-8); UV (EtOH) A, 221
(log € 4.43), 269 (3.91).

(14) Rybar, A.; Stibranyi, L. Collect. Czech. Chem. Commun. 1972, 37,
2630; Chem. Abstr. 1972, 77, 152117w.
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Ethyl 1-Methyl-9-deazaxanthine-9-carboxylate (12b). A
suspension of 0.5 g of 4b in 50 mL of 15% HC! was heated on
a water bath for 15 min to precipitate crystals. The crystals were
filtered off, washed with water, and dried in vacuo to give pure
12b in 57% yield (recrystallization solvent (EtO-CH,Cl;)): mp
266-267 °C; mass analysis, m/e 237 (M*); IR (KBr) 1705, 1640
cm™'; 'H NMR 6 1.27 (3 H, t, J = 7 Hz, CH,CH,), 3.17 (3 H, s,
NCH,;), 4.23 (2 H, q, J = 7 Hz, CH;CH,), 7.61 (1 H, s, H-8), 10.17
(1 H, br, NH-3), 12.63 (1 H, br, NH-7); UV (EtOH) A, 229.5
(log € 4.48), 270 (4.00).

1,3-Dimethyl-s-triazine-2,4,6(LH,3H 5 H)-trione (15).1° HCl
gas was passed into a suspension of 0.5 g of 4a in 50 mL of EtOH
until a yellow solution was obtained. The solution was refluxed
on a water bath for 6 h and then filtered. The filtrate was
evaporated under a reduced pressure to give crystals. Recrys-
tallization from EtOH gave 0.16 g of 15: 50% yield; mp 216-217
°C (lit.!® mp 222-223 °C); mass analysis, m/e 157 (M*); IR (KBr)
1760, 1740, 1690 cm™; 'H NMR (T-60) 4 3.17 (6 H, s, CH,), 11.50
(1 H, br, NH).

1-Methy!-9-deazaxanthine-9-carboxylic Acid (19a). POCl,
(1 mL) was added to a suspension of 0.2 g of 4a in 10 mL of DMF
to give a clear solution, which was heated on a water bath for 1
h. The solvent was removed under a reduced pressure to give
a hygroscopic gum 16, which was hydrolyzed with diluted HC1
at room temperature. Precipitates were collected by filtration,
washed with dilute HCl, water, and EtOH, and dried in vacuo
to give a powder of pure 19a in 68% yield (recrystallization solvent
(Me,SO-water)): mp >300 °C; mass analysis, m/e 209 (M*); IR
(KBr) 1725, 1640 cm™; 'H NMR 6 3.17 (8 H, s, NCHj), 7.58 (1
H,d,J = 3 Hz, H-8),9.83 (1 H, br, NH-3),12.51 (1H,d,J =3
Hz, NH-7).

1-Methyl-9-deazaxanthine-9-carboxylates 19b—e. General
Procedure. The intermediate 16, which was obtained by the
method described above, was treated with corresponding alcohol
(10 mL), and the mixture was allowed to stand for 3 h. Precip-
itates were collected by filtration, washed with water and EtOH,
and dried in vacuo to give a powder of pure ester (recrystallization
solvent (Me,SO-water)). 19b: 61% yield; mp >300 °C; mass
analysis, m/e 223 (M*); IR (KBr) 1705, 1625 cm™; 'H NMR
(trifluoroacetic acid, T-60) § 3.62 (3 H, s, NCHj,), 4.13 3 H, s,
OCH,;), 7.98 (1 H, s, H-8). 19¢: 67% yield (=12b). 19d: 80%
yield; mp >300 °C; mass analysis, m/e 251 (M*); IR (KBr) 1715,
1640 cm™; 'H NMR (100 °C) 6 093 (3 H, t, J = 7 Hz,
CH,CH,CHy,), 3.20 (3 H, s, NCH,), 1.72 (2 H, m, J = 7 Hz, 6.5
Hz, CH,CH,CH,), 4.17 (2 H, t, J = 6.5 Hz, CH,CH,CH,), 7.57
(1 H, s, H-8), 9.50 (1 H, br, NH-3), 12.37 (1 H, br, NH-7). 19e:
51% yield; mp 282-283 °C; mass analysis, m/e 299 (M*); IR (KBr)
1715, 1640 cm™'; *H NMR 6 3.20 (3 H, s, NCH,), 7.13-7.53 (5 H,

(15) Hofmann, A. Chem. Ber. 1881, 14, 2728.
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m, aromatic), 7.71 (1 H, s, H-8), 10.30 (1 H, br, NH-3), 12.67 (1
H, br, NH-7).
1-Methyl-9-deazaxanthine-9-phenylcarboxamide (21b).
The intermediate 16, which was obtained by the same method
described in 19a, was treated with excess aniline (8 mL), and the
mixture was allowed to stand 3 h; then the mixture was acidified
with 1 N HCI and allowed to stand overnight. Precipitates were
collected by filtration, washed with water and EtOH, and dried
in vacuo to give a powder of pure 21b in 73% yield (recrystal-
lization solvent (Me,SO-water)): mp >300 °C, mass analysis m/e
284 (M*); IR (KBr) 1720, 1635, 1540 cm™; 'H NMR (T-60) 6 3.21
(3 H, s, NCHj,), 6.93 (1 H, s, CONHC4Hj;), 6.93-8.00 (5 H, m,
aromatic), 8.17 (1 H, d, J = 3 Hz, H-8), 9.83 (1 H, br, NH-3), 12.57
(1H,d,J =3 Hz, NH-7).
1-Methyl-9-(pyrrolidinylcarbonyl)-9-deazaxanthine (21¢).
The intermediate 16, which was obtained by the same method
described in 19a, was treated with excess pyrrolidine (8 mL). After
3 h, excess pyrrolidine was removed under a reduced pressure to
obtain a gum to which excess 1 N HC] was added, and the mixture
was allowed to stand 2 days to precipitate crystals. The crystals
were collected by filtration, washed with water, and dried in vacuo
to give a powder of pure 21¢ in 656% yield (recrystallization solvent
(Me,SO-water)): mp 283-284 °C; mass analysis m/e 262 (M™*);
IR (KBr) 1710, 1660, 1580, 1550 cm™'; 'H NMR 4§ 3.30 (3 H, s,
NCH;), 1.90 (4 H, m, (CH,),), 3.57 (4 H, m, CH,NCH,), 7.60 (1
H, d, J = 3 Hz, H-8), 9.80 (1 H, br, NH-3), 1250 (1 H,d, J = 3
Hz, NH-7).
1-Methyl-9-deazaxanthine-9-carboxamide (21a). A solution
of 0.2 g of 12a in 5 mL of concentrated H,SO, was heated at 80
°C for 30 min. The solution was poured into ice-cooled water to
precipitate a colorless powder, which was washed with water and
EtOH and dried in vacuo to give pure of 21a in 90% yield (re-
crystallization solvent (Me,SO-water)): mp >300 °C; mass
analysis, m/e 208 (M*); IR (KBr) 1705, 1650 cm™; 'H NMR 6 3.17
(3 H, s, NCHy), 7.17 and 7.53 (2 H, br, CONH,), 7.70 (1 H, d, J
= 3 Hz, H-8),9.57 (1 H, br, NH-3), 12.30 (1 H, d, J = 3 Hz, NH-7).
2-(Dicyanomethylene)benzimidazolidine (22a). FeCl;-6H,0
(1 g, 3.7 mmol) was added to a suspension of 1a (0.8 g, 4.3 mmol),
and the mixture was heated on a water bath for 30 min. Crystals
were filtered off and washed with water and EtOH to give an
almost pure sample of 22a in 90% yield (recrystallization solvent
(DMF)): mp >300 °C (lit.!* mp >300 °C); mass analysis, m/e
182 (M*); IR (KBr) 2200, 1605 cm™; '"H NMR (T-60) 4 7.02-7.48
(4 H, m, aromatic), 12.75 (2 H, br, NH).
2-(Carbethoxycyanomethylene)benzimidazolidine (22b).
FeCly-6H,0 (1 g, 3.7 mmol) was added to a suspension of 1b (1
g, 4.3 mmol) in 100 mL of water, and the mixture was heated on
a water bath for 30 min. Crystals were filtered off and washed
with water and EtOH to give an almost pure sample of 22b in
80% yield, which was recrystallized from EtOH: mp 271-272 °C;
mass analysis, m/e 229 (M*), 183 (M* - EtOH); IR (KBr) 2200,
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1625, 1590 cm™; 'H NMR (T-60) § 1.25 (3 H, t, J = 6.5 Hz,
OCH,CHy), 4.17 (2 H, q, J = 6.5 Hz, OCH,CHj), 7.00-7.67 (4 H,
m, aromatic), 12.25 (2 H, br, NH).

8(7H,9H)-(Carbethoxycyanomethylene)theophylline (26).
FeCly-6H,0 (1.9 g, 7.2 mmol) was added to a suspension of 4b
(1 g, 3.6 mmol) in 100 mL of water, and the mixture was heated
on a water bath for 1 h. Crystals were filtered off and washed
with water and EtOH to give an almost pure sample of 26 in 60%
vield, which was recrystallized from water: mp 246-247 °C; mass
analysis, m/e 291.0967 (M?*, caled 291.0967), 245.0523 (M* -
EtOH, caled 245.0548); IR (KBr) 2220, 1715, 1680, 1605 cm™; 'H
NMR 4 1.23 (3H,t,J = 8.5 Hz, OCH,CHj3), 3.20 (3 H, s, NCH,-1),
3.563 (3 H, s, NCH;-3),4.12 (2 H, q, J = 6.5 Hz, OCH,CHj,), 6.47
(2 H, br, NH).

8-(Cyanomethyl)theophylline (27). A solution of 0.1 g of
26 in 10 mL of DMF was refluxed at 180 °C for 2 h. The solution
was evaporated to dryness and the residue was washed with DMF
and hot ethanol to give a powder of pure 27 in 90% yield: mp
260-261 °C; mass analysis, m/e 219 (M*); IR (KBr) 2260, 1710,
1642 em™!; TH NMR (T-60) 6 3.22 (3 H, s, NCH,-1), 3.42 (3 H,
s, NCH;-3), 4.20 (2 H, s, CH,).

Registry No. la, 21025-49-0; 1b, 21025-47-8; 3a, 87984-97-2;
3b, 42510-47-4; 4a, 21025-59-2; 4b, 21025-58-1; 4c, 87970-39-6; 12a,
59495-67-9; 12b, 59495-66-8; 15, 6726-48-3; 16, 61165-09-1; 19a,
61165-10-4; 19b, 61165-11-5; 19d, 61165-12-6; 19e, 61165-13-7; 21a,
61165-14-8; 21b, 61165-15-9; 21¢, 61165-16-0; 22a, 4933-40-8; 22b,
59591-86-5; 26, 87970-38-5; 27, 37941-31-4.
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Victor E. Marquez,*!* Kambhampati V. B. Rao,'® James V. Silverton,'® and James A. Kelley'*

Drug Design and Chemistry Section, Laboratory of Medicinal Chemistry and Pharmacology, Developmental
Therapeutics Program, Division of Cancer Treatment, National Cancer Institute, and Laboratory of Chemistry,
National Heart, Lung and Blood Institute, National Institutes of Health, Bethesda, Maryland 20205

Received September 23, 1983

A ring expansion approach toward the still unreported riboside of 4-methoxy-1,3,4,5-tetrahydro-2H-1,3-
diazepin-2-one (15) was developed. To that effect, the easily accessible 1-8-D-ribofuranosyl-1,2-dihydro-
pyrimidin-2-one was converted to the corresponding cyclopropa[4,5]pyrimido ring system in two steps by taking
advantage of the nucleoside’s tendency to exist completely in its cyclic form 11a when suitably protected by the
2',3'-isopropylidene moiety. This property permitted an easy access to the required bicyclic system through a
dihalocarbene insertion reaction on the olefinic bond of 11a~-d with CgH;HgCX,Br (X = Cl or Br). These two
steps were found to be completely stereospecific, giving in each case a single isomer with the absolute stereochemistry
as depicted in structures 12a—e and 14a,b. Definite confirmation of these assignments was corroborated by
single-crystal X-ray analysis of 12a (Figure 1). The conversion of 12d to 14b was sequentially performed with
n-BusSnH and with NaOMe/MeOH (stoichiometric) in order to remove the halogen atoms and the protective
N-benzoyl group. Adjustment of the final methanolic reaction mixture to pH 4 induced a rapid and quantitative
ring expansion of 14b to 15, which was obtained as a mixture of C(4)-OMe epimers. This reaction represents
the final step of a very efficient ring expansion method which afforded 26% yield of 15 from 11a after five steps.

Coformycin (4b) and isocoformycin (5b), both powerful
inhibitors of the enzyme adenosine deaminase,® have been
isolated after the base-catalyzed ring expansion of the
mesylated methanol photoadduct 1b of 9-8-ribo-D-
furanosylpurine (nebularine).#> The course of this reac-
tion appears very complex, and variable amounts of both
compounds, plus other minor products, could be obtained
by altering the conditions of the reaction.* Although no
mechanism was provided to explain the formation of iso-
coformycin, both 4a and 5a can be visualized as resulting
from two different pathways (a and b) as shown in Scheme
L.

As a result of our continued interest in 1,3-diazepin-2-
one nucleosides, which behave as potent inhibitors of a
similar aminohydrolase, cytidine deaminase,®” we decided
to explore whether a similar mechanism of ring expansion
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was applicable to the pyrimidine series.

Synthetic Strategy

Retrosynthetic analysis of the desired targets, when
analyzed in light of the mechanisms depicted in Scheme
I, suggested structures 7 and 9 as probable precursors for
the desired 1,3-diazepin-2-one nucleotides 6 and 8.

Since we had already achieved the synthesis of com-
pound 6 by other means,? it was decided to investigate the
ring expansion approach for the construction of the 1,3-
diazepin-2-one nucleoside of structure 8. Precursor 9,
however, did not appear very practical in view of the ex-
pected instability of the glycosidic linkage caused by the
positively charged nitrogen. Therefore, synthon 10, with
a potential leaving group X expected to be ejected during
the course of the ring expansion, was considered. Such
qualifications were met by the cyclonucleoside 14b where
the leaving group X is an oxygen atom that forms part of
the sugar moiety itself. This key compound was prepared
in two steps from 1la as shown in Scheme II. The syn-
thesis of 11a was performed, as described previously, from
1-B-D-ribofuranosyl-1,2-dihydropyrimidin-2-one in 65%
yield.”® yield.®
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