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Abstract: The synthesis of a novel planar, potentially aromatic, ring-expanded xanthine analogue (1), containing the
5:7-fused imidazo[4,5-e][1,4]diazepine ring system, along with guanase inhibition studies are reported The
compound was synthesized in six steps, starting from 1-benzyl-5-nitroimidazole-4-carboxylic acid (2). and was
biochemically screened against rabbit liver guanase. Compound 1 is a moderate competitive inhibitor of the enzyme
with a K, of 2.27 + 0.66 x 10* M. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction
Ring-expanded nucleic acid bases, nucleosides, and nucleotides are of chemical, biochemical. biophysical,

as well as medicinal interest." From a chemical standpoint, studies relating to their synthesis, structure. acid-base
properties, and tautomerism would be appealing, while from a biochemical perspective, they are potentially a rich
source of substrates or inhibitors of enzymes of purine metabolism as well as of those requiring

energy cofactors such as ATP or GTP. In addition, their unique structural features, steric

O
constraints, and conformational characteristics allow them to be potential probes of nucleic acid HN”ﬁ[ N
metabolism, structure, and function. O:& >\
=N f?l
R

While a number of ring-expanded heterocycles, nucleosides, and nucleotides have been
reported by us' and others” in recent years, almost all of them, however, are nonplanar as they
contain a puckered 7-membered ring in their structural skeletons. We report here the synthesis 1
and guanase inhibition studies of a novel 5:7-fused heterocycle 1 that is anticipated to be planar (R = CH,Ph)
and potentially aromatic. Compound 1 can be viewed as a ring-expanded xanthine analogue, and
since xanthine is a common structural precursor to other planar purine analogues® including guanine. adenine, and 2.6-
diaminopurine, the successful synthesis of 1 opens up new avenues for a broad area of research related to planar ring-
expanded nucleosides and nucleotides. The syntheses of planar, aromatic 5:7-fused heterocycles have often been
proven difficult and challenging due to facile, opportunistic rearrangements.*

Guanase is an important enzyme in the salvage pathway of purine metabolism, catalyzing the hydrolysis of
guanine to xanthine. The inhibition of guanase has beneficial implications in both cancer*® and viral chemotherapy. ™
To date, there are only a few known inhibitors of guanase that have moderate activities at best."**'"" As such. a potent
guanase inhibitor would further assist in the in vitro investigations of biochemical processes involving a number of
metabolic disorders in which the enzyme shows up either as an indicative or a causative factor. For example. the serum
guanase activity is elevated in patients with liver diseases such as hepatitis,"" failed liver transplants.'* and multiple
sclerosis.”” Although a number of other enzymes of purine metabolism can be conceived as potential targets for 1 or
the appropriate nucleoside/nucleotide analogues derived from 1. our choice of guanase as the initial target for

biochemical screening is largely based upon our renewed interest in the chemotherapy of hepatitis viral infections'*'*
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wherein guanase most often reveals itself as a metabolic signature of the disease."
Results And Discussion
Chemistry
Compound 1 was synthesized in six steps, commencing with 1-benzyl-5-nitroimidazole-4-carboxylic acid (2)'
(Scheme 1). The DCC-mediated condensation of 2 with pentafluorophenol gave the ester 4 (mp 115-117 °C) in
nearly quantitative yield.

Scheme 1
The latter was reacted

NH3‘
with  a-(N-benzyloxy- F
carbonyl)aminoglycine
(5" to provide the “0 _DCC/EtOACDMF Jj:
amide-acid 6 (mp 92-95 éHz
Ph
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The conversion CHQPh Hz CHZp
of the acyclic precursor 9 o 1 9
. ol ,
into the target compound 0—@ N,
1 was accomplished in a oMFrs0 0 A PhsP
single step by reaction DEAD/CH,Cl,
with excess CBZHN/<\ '\>
p-nitrophenylchlorofor
H éHzPh

mate. This conversion
essentially involves four 10

synthetic steps combined into one. The 40% yield of the pure, isolated 1 (mp 142~ 145 "C)'* from 9 indicates that the
average vield for each of the four synthetic steps is approximately 80%. A tentative mechanism for this conversion
is outlined in Scheme 2. The support for the proposed mechanism involves the reaction of 10 (mp 164-165 C),"
obtained in 52% yield by intramolecular Mitsunobu condensation'” of 9, with excess p-nitrophenylchioro- formate,

which gave 1. Our computational studies™ corroborate the anticipation that the heterocyclic ring system of 1 is planar.
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Biochemistry

Compound 1 was screened
in vitro against guanase from rabbit
liver (Sigma) in a Tris buffer (pH
7.4y at 25 °C by spectro-
photometric measurements of the
rate of hydrolysis of the substrate
guanine at A, 245 nm. Stock
solutions of the substrate, enzyme,
and inhibitors were prepared using
0.05 M Tris buffer (pH 7.4). The
enzyme kinetics was followed by
measuring the change in optical
density (decrease in absorbance)
per minute of the substrate
guanine. By keeping the
concentration of the inhibitor
constant, and by varying the
substrate concentration, a set of
kinetic data was obtained.
Additional sets of data were
generated using different
concentrations of the inhibitor.
The substrate concentration in
each assay ranged from 5-23 uM;
a total of six different
concentrations were employed.
The inhibitor concentration used in
each assay was 80 or 100 M.
The amount of enzyme used in
each assay was 0.0077 unit. The
Lineweaver-Burk plot (1/V vs
1/[S]), as well as the linear
regression analysis of kinetic data,
were performed using the program
Quattro Pro (version 6.01) for

Windows™

, and are collected in
Figure 1. Our biochemical results
suggest that 1 is a moderate
competitive inhibitor of the enzyme

witha K; of 227 + 0.66 x 10™ M.
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Figure 1: Lineweaver-Burk Plot for Inhibition of Guanase by 1
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Conclusion

The synthesis of the target planar, potentially aromatic, ring-expanded heterocyclic base has been accomplished.
The biochemical screening results suggest that 1 is a moderate competitive inhibitor of guanase. As the 5:6-fused.
unsubstituted guanine is the natural substrate for guanase, the observed binding of the ring-expanded, benzyl-
substituted heterocycle (1) to guanase is intriguing, and suggests that the enzyme active site is somewhat more flexible
and broad. Furthermore, since azepinomycin,’ a naturally occurring inhibitor of guanase, has the puckered 5:7-fused
ring geometry, the inhibition of guanase by the planar 1 raises questions about the mechanism of action of the enzyme.
In any case, the successful synthesis of 1 opens new avenues for the synthesis of ring-expanded nucleoside/nucleotides
of not only 1, but also of other panar, heterocyclic bases derived from 1, such as the ring-expanded adenine, guanine,
and 2,6-diaminopurine.

Acknowledgment: This paper is dedicated to Professor Nelson J. Leonard on the occasion of his 82" birthday. The rescarch was
supported by a grant (¥RO1 CA 71079) from the National Institutes of Health. The Michigan State University Mass
Spectrometry Facility was supported in part from a grant (# P41RR00480-0053) from NIH.

References and Notes

L. (a) Rajappan, V. P.. Hosmane, R. S. Nucleosides Nucleotides 1998, 17, 1141. (b) Hosmane, R. S.. Hong. M. Biochem. Biophys.
Res. Commun. 1997. 236, 88. (c) Hong. M. Hosmane, R. S. Nucleosides Nucleotides 1997, 16, 1053. (d) Bhan. A.. Hosmane.
R.S. Tetrahedron Lett. 1994. 35 6831. (e) Hosmane. R. S.; Bhan, A : Karpel. R. L.; Siriwardane, U.; Hosmane, N. S..J. Org.
Chem. 1990, 55, 5882, (f) Hosmane. R, S.: Bhadti. V. S.; Lim. B. B. Synthesis 1990, 1095. (g) Hosmane, R. S.: Bhan, A. J.
Heterocyel. Chem. 1990, 27, 2189.

2 (a) Daly. J. W.; Hide. I.; Bridson. P. K. J. Med. Chem. 1990, 33, 2818. (b) Ivanov, E. L; Bogatskii, A. V.: Zakharov. K. S. Dokl.
Akad. Nauk SSSR 1980, 255. 591. (c) Edenhofer. A. Helv. Chim. Acta 1975, 58.2192.

3. Lister. J. H.. Fused Pyrimidines. Part II: Purines, Brown, D. J., Ed.. Wiley-Interscience, New York, 1971.

4. (a) Hosmane, R. S.. Lim, B. B.: Summers, M. F.; Siriwardane, U.; Hosmane. N. S.; Chu. S. C.J. Org. Chem. 1988, 53, 5309. (b)
Hosmane, R. S.: Lim. B. B.: Burnett. F. N. J. Org. Chem. 1988. 53, 382. (c) Hosmane. R. S.: Lim, B. B. Synthesis 1988, 242.

5. Hirschberg. E.; Murray. M. R.; Peterson. E. R.: Kream, J.; Schafranek, R.; Pool, J. L. Cancer Res. 1953, 13. 153.

6. Patterson. A. R.; Tidd, D. M. : 6-Thiopurines. In Antineoplastic and Immuno-suppressive Agents. Part II. Sartorelli. A. C.. Ed.:
Springer-Verlag: Heidelberg, 1975: pp 384-403.

7. Jackson. R. C.: Boritzki, T. J.; Besserer. J. A.: Hamelehle. K. L.; Shillis, J. L.; Leopold. W. R.; Fry. D. W. Adv. Enz. Reg. 1987.
26,301

8. Hasobe. M. Saneyoshi, M. [. J. Anithiot. (Tokyvo; 1988, 35, 1581.

9. Isshiki, K.: Takahashi. Y.; Linuma. H.; Naganawa. H.; Umezawa, Y.: Takcuchi. T.; Umezawa. H.; Nishimura,S.; Okada, N.:

Tatsuta, K. J. Antibiot. 1987, 40, 1461,
10. Lewis. A. S.; Glantz,. M. D. J. Biol. Chem. 1974, 249, 3862.

11. Shiota. G.; Fukada. J.; Ito, T.; Tsukizawa, M.; Yamada. M.; Sato, M. Jpn. J. Med. 1989, 28, 22.
12. Crary, G. S.: Yasmineh, W. G.; Snover. D. C.; Vine. W. Serum Guanase: Transplant Proc. 1989. 21, 2315.
13. Kanshige, Y.; Matsumoto, H.; Chiba, S.: Hashimoto, S.; Noro, H. ('lin. Neurol. (Rinsho Shinkeigaku) 1989, 29. 854.

14 (a) Bhadti. V. S.: Wang. L.: Hosmane, R. S.. "Ring-Expanded Nucleosides as Novel Anti-Hepatitis Viral Agents: Svnthesis and
In Vitro Anti-HBV Screening of Several Nucleosides Containing the Imidazo[4.5-e][1,3]diazepine and Imidazo[4.5-
e][1.2.4]triazepine Ring Systems." /6th [nternat. Cong. Heterocvel. Chem.,. Bozeman, Montana. August 10-17, 1997: 4bstr. NO.
POI-87.

15. Rajappan. V.: Hosmane, R. S.. "Hepatitis Virus Infection and the Elevated Guanase Activity: Synthesis and Biochemical Screening
of Several Ring-Expanded Purine Analogues as Inhibitors of Guanase," 16th Internat. Cong. Heterocvel. Chem.. Bozeman.
Montana. August 10-17, 1997; Abstr. NO. POI-86.

16. Hosmane. R. S.; Bhan. A. J. Heterocvel. Chem. 1990, 27, 2189.

17. Katritzky. A. R.: Urogdi, L.; Mayence. A. J. Org. Chem. 1990, 55, 2206.

18. The data for compounds 1, 9, and 10 are as follows: Compound 1: 'H NMR (DMSO-d,) 5 12.30 (s. 1H, NH, ex.w. D,0). 8.19
(s. TH, CH), 8.03 (s, 1H, CH), 7.26 (m. 5H, ArH), 5.33 (s. 2H, CH,). 3.41 (s. 2H, NH,): MS (FAB) m'z 255 (MH"). .nal. C.H.
N: Compound 9: '"H NMR (DMSO-d;) 3 7.317 (m, 12 H, ArH & NH). 5.87 (s. 2H, NH, ex./w. D,0O). 5.4 (m. 1H, CH). 5.08 (s. 2H.
CH,), 5.00 (s, 2H, CH,), 5.00-4.96 (t, J = 5.4 Hz. 1H, OH. ex./w. D,0), 3.45 (dd, J = 6 and 5.7 Hz), MS (FAB) mz 410 (MH'):
Anal. CHN: Compound 10: '"H NMR (DMSO-d,) § 7.85-7.82 (d. J = 8.4 Hz, 1H, NH, ex./w. D,0), 7.29-7.15 (m, 12H, Ar-H,
CH. NH). 6.02 (s. 1H, NH. ex./w. D,0), 5.72 (dt, 1H, CH). 5.10 (s, 2H, OCH,). 5.02 (s, 2H, NCH,), 4.37-4.31 (dd. /= 9 Hz. 8.7
Hz. 1H. one hydrogen of ring CH,). 3.94-3.90 (d-d,J = 6.3 Hz. 7.5 Hz, 1H. other hydrogen of ring CH,). *C NMR (DMSO-d,)
143.90. 136.87. 131.43. 128.71, 128.07, 127.32, 127.16. 73.03, 69.96. 65.41, 4598, MS (FAB) m'z 392 (MH") .1na/. C. H.N.

19. Simon, S.. Hosztafi. S. H.; Makleit, S. J. Heterocycl. Chem. 1997, 34. 349.

20, Computational studies were performed using QUANTA/ CHARMM™ and INSIGHT [I/DISCOVER™ obtained from MSI™.



