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Abstract: Treatment of 7-(2,3,5-tris-Q-(t-butyldimethylsilyl)-R~-~~f~osyl)i~dazo[4,5-~-v-~az~-4-one 
(1) with Mn@ in hot pyridine furnished 7-(2,3,5-tris-Q-(t-butyldimethylsilyl)-0do[ 1,2-a]- 
purine (4). Treatment of 4 with tetra-a-butylammonium fluoride furnished the free nucleoside 5. 

Tricyclic nucleosides are of current interestI- not only for their biological activity, but also because many 

tricyclic nucleosides are fluorescent, and can serve as useful probes of biological processes. Additionally, several 

imidazo[ 1,2-glpurines (“Y” bases) have been found to occur in tRNA from several sources,4.5 and pyrimido- 

[ 1,2-dpurines are though6 to be formed by the action of certain mutagens on the guanine bearing bases of DNA 

and RNA. This report describes the isolation and characterization of a novel pyrido[ 1,2-dpurine nucleoside. 

During our attempts7 to prepare 4-amino-7-(l3-Q-ribofuranosyl)imidazo[4,5-&Wriazine (2-azaadenosine) 

from 7-(2,3,5-tris-Q-(t-butyldimethylsilyl)-R-Q-~bofuranosyl)imidazo[4,5-~-_v-triazin-4-one (l), we observed 

the formation of a fluorescent side product (4). This observation was not entirely unexpected, since a reaction of 
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the m-acetate of inosine with phosphorous oxychloride in pyridine had been reported8 to furnish the 4-pyridinium 

salt 2, and air oxidation of 2 provided the fluorescent tricyclic betaine nucleoside 3. However, upon isolation, de- 

blocking and characterization, our fluorescent product (4) was found to be different from the previously described 

betaine 3. In order to fully characterize this product, the silyl protecting groups were removed with tetra-p- 

butylammonium fluoride to obtain the deprotected nucleoside. This nucleoside was examined by IH NMR, 13 C 
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NMR, IR, mass spectroscopy, and elemental analysis which allowed us to assign the structure of 3-03-P 

ribofuranosyl)pyrido[ 1,2-a]purin-lo-one (5) to our fluorescent nucleoside. To the best of our knowledge, this 

novel ring system has not been reported previously. 
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Our structural assignment for 5 was based on the observation of four new peaks in the aromatic region of 

the proton NMR spectrum which through analysis of the coupling patterns were assigned to lie contiguously on an 

aromatic ring. The most de-shielded proton in the IH NMR spectrum was assigned to the C-8 position. The 

proximity of this proton to a carbonyl moiety was consistent with the observation of a three-bond coupling of this 

proton with a carbon atom having the furthest downfield absorbtion in the 1% spectrum, which in turn was 



assigned as the carbonyl carbon, C- 10. The other three-bond proton-carbon couplings in the l3C spectrum were 

consistent with the assigned structure, as were the proton-proton coupling patterns. Several mechanisms for the 

formation of this compound were considered. The one chosen to be the most likely involved a nucleophilic attack 

by the pyridine nitrogen lone pair at the carbonyl group of 1, with a concomitant cleavage of the triazine ring 

between N-3 and C-4 to form a charged pyridinium moiety as well as a triazene moiety. Following the expulsion 

of molecular nitrogen from the newly formed triazene moiety, the attack of the nascent amino group on the 

pyridinium group would form a dihydro intermediate which could be air oxidized to afford the product. Indeed, 

heating 1 in pytidine at reflux, in the presence or absence of phosphorous oxychloride only afforded traces of 4, 

while the reaction in the presence of manganese dioxide afforded 4 in a much improved yield These results 

suggested that an oxidation step is involved in the reaction mechanism and that the presence of phosphorous 

oxychloride is superfluous. 

Ring cleavage of the triazine ring of 3-(l3-l&ibofuranosyl)imidazo[4,5-P]-~-triazin-4-one has been 

reported10 to occur upon treatment of the nucleoside with Raney nickel. However, in this case, the cleavage 

occurred at the 2,3-bond and not at the 3,4-bond as we propose here. The most closely related reaction, of which 

we are aware, is the formation of y-triazolo[4,5$Jpyridines from the treatment of y-triazolo[4,5-&lpyrimidines 

with malononitrile and or other reagents containing strongly activated methylene groups.11 In this latter case, the 

reaction takes place with a fission of the pyrimidine ring and the subsequent annulation of the freed amino group 

with the attacking reagent. This is reminiscent of the mechanism which we have set forth here. To examine the 

scope of this reaction, 1 was heated in toluene at reflux with manganese dioxide and imidazole, but TLC analysis 

of this reaction did not identify any significant formation of products. In contrast, when 1 was mixed with 

imidazole and the mixture was heated tom. 130°, evolution of a gas was noted, and the imidazoylcarbonyl- 

imidazole 6 was formed in good yield9 (Scheme 2). Evidently ring closure was not favored when there is no 

positive charge formed on the attacking heterocycle. Preliminary experiments using 1,2,4-triazole instead of 

imidazole in this reaction would suggest that the formation of a corresponding triazoylcarbonylimidazole 

nucleoside is also possible, and we are exploring the applicability of this reaction to the synthesis of a variety of 

fused tricyclic nucleosides. 

Acknowledgement: This research was supported by funds from the Department of Health and Human Services 

research grant number UOl-AI-25739 and the National Institutes of Health Training grant number 5-T32-GM- 

07767. We would also like to thank Mrs. Rae L. Herrst for her expert preparation of this manuscript. 



REFERENCES: 

1P L. B. Townsend, G. A. Bhat, F.-L. Chung, K. H. S&ram, R. P. Panzica and L. L. Wotring, Inserm. 81,37 
(1979)pd f re erences cited therei&F.-L. Ch ung, R. A. Earl and L. B. Townsend, J. Ore Chem., @, 2532 
(1980), F.-L. Chung, K. H. S&am, R. P. Panzica, R. A. Earl L. L. Wotring and L. B. Townsend, 
J. Carbohvdrates Nucleosides and Nucleotides, 2,333 (1980)%. A. Bhat K. H. Schram and L. B. 
Townsend, J. Carbohydrates Nucleosides and Nucleotides, 8, 145 (1981)&I. A. Bhat and L. B. Townsend, 
J. Chem Sot. Perkin 1, 2387, (1981). 

2.bL. B. Townsend, A. F. Lewis and L. W. Roti Roti, United States Patent, Appl. No. 804,601, granted 31 
October (1978) #4,123,524;%. L. Wotring, J. E Passiatore, J. L. Roti Roit, J. L. Hudson and L. B. 
Townsend, Cancer Research. 45,6355 (1985), L. Wotring, G. L. 

% 
Crabtree, N. L. Edwards, R. E. Parks, 

Jr. and L. B. Townsend, Cancer Treatment Reports, 70,491 (1986), B. Townsend, A. M. Kawasaki, 
A. P. VanSickle and L. L. Wotring, Nucleic Acids Research, u, 41 (1986)$L. L. Wotring, J. L. Roti Roti, 
J. L. Hudson, J. E. Passiat re, K. Z. Borysko, R. D. Newcomb and L. B. Townsend, Nucleosides 
Nucleotides, &95 (1987), L. L. Wotring, L. B. Townsend, L. M. Jones, K. Z. Borysko, D. L. Gildersleeve 
and W. B. Parker, Cancer 8es., 2,4891-4899, (199O)flA. M. Kawasaki and L. B. Townsend, Tetrrhedron 
l&t., X4, (25) 3287-3290 (1989). 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

W. M. Odjik and G. J. Koomen, Tetrahedron, 4l, 1893, (1985). 

U. L. Raj Bhandary, S. H. Chang, A. Stuart, R. D. Faulkner, R. M. Hoskinson and H. G. Khorana, Proc. 
Natl. Acad. Sci. USA, 3, 751, (1967). 

K. Nakanishi, N. Furutachi, M. Funamizu, D. Crunberger and I. B. Weinstein, J. Am. Chem. Sot., 92, 
7617, (1970). 

R. C. Moschel and N. J. Leonard, J. Org. Chem., 4,294, (1976). 

Unpublished results from these laboratories. 

5, mp 222-223”, ‘H NMR (DMSG-de): 6 9.39 (ddd, lH, H-8, J7,a = 7.3 Hz, Jg,8 = 0.8 Hz, J5.8 = 0.8 
Hz); 8.49 (s, lH, H-2); 7.86 (ddd, lH, H-6, J5,e = 9.0 Hz, 16.7 = 6.3 Hz); 7.64 (ddd, lH, H-5, J5,7 = 1.4 
Hz); 7.23 (ddd, lH, H-7) 5.99 (d, lH, H-l’, JJ’,T = 6.1 Hz); 5.49 (d, lH, 2’-OH); 5.23 (d, lH, 3’-OH); 
5.18 (t, lH, 5’-OH); 4.57 (m, lH, H-2’); 4.16 (m, lH, H-3’); 3.97 (dd, lH, H-4’); 3.70-3.57(2m, 2H, H- 

5’ab); 13C NMR (DMSO-&): 6 152.37 (s, C-10); 148.60 (s, C-3a); 148.31 (s, C-4a); 140.53 (d, C-2); 
135.69 (d, C-6); 127.40 (d, C-8); 124.81 (d, C-5); 117.79 (s, C-lOa); 113.84 (d, C-7); 87.19 (d, C-l’); 

85.81 (d, m, C-4’); 74.01 (d, C-2’); 70.61 (d, C-3’); 61.53 (t. C-5’); UV ;Imm nm (log E): methanol 343 
(3.99), 336 (4.00), 249 (4.23); pH 1, 335 (4.1 l), 323 (4.12), 243 (4.27), 227 (4.33); pH 11 339 (4.05), 247 
(4.25), 229 (4.32); Abs. (methanol) Xmax nm. 264,277,365; Em. )i max nm. 422; IR(KBr) 3459,3343, 
3308,3109,3099,3063, 3020,2944,2928,2905,2875, 1709, 1643, 1576, 1540, 1533, 1490, 1411, 1384, 
1321, 1228, 1136, 1086, 1061, 1022, 855,766,635 cm-t; TLC: Rt = 0.12 ethyl acetate/methanol (9:1, v:v); 
Anal. Calcd. for C14Hl4N405: C, 52.83; H, 4.43; N, 17.60. Found: C, 53.02; H, 4.52; N, 17.55. 

6, mp 139-140 “C ‘H NMR (DMSO-de): 6 8.89 (dd, lH, H-2”, 12” 5” = 1.0 HZ, 5~ 4” = 0.8Hz); 8.05 (dd, 
lH, H-4”, J4”,5** = 1.7 Hz); 7.58 (s, lH, H-2); 7.11 (bs, 2H, NH2); 7.03 (dd, lH, H-4”); 5.72 (d, lH, H- 
1’, Jt*,2# = 7.2 Hz); 4.47 (dd, lH, H-2’); 4.13 (dd, lH, H-3’); 3.02 (m, lH, H-4’); 3.80-3.70 (2m, lH, H- 

5’ab); 0.92,0.91, 0.79 (3s, 27H, tBu); 0.11, -0.05, -0.24 (3s, 18H, Si Me); UV Xmax nm (log E): methanol 
315 (4.25); pH 1 321 (4.15); pH 11 316 (4.31), 227 (4.12); IR(KBr) 3434, 3325, 2954, 2931, 2860, 1655, 
1620, 1543,1472, 1454, 1406, 1260, 1232, 1163, 1107, 1068,964,936, 898,872,837,779,652; TLC: Rt 

= 0.39 chloroform/methanol (16:1, v:v); Anal. Calcd. for C3oH57N505Si3: C, 55.26; H, 8.80; N, 10.74. 
Found: C, 55.15; H, 8.66; N, 10.72. 

10. G. A. Ivanovics, R. J. Rousseau, M. Kawana, P. C. Srivastava and R. K. Robins, J. Org. Chem., 39, 
3651, (1974). 

11. A. Albert and W. Pendergast, J. Chem. Sot. Perkin I, 457, (1973). 

(Received in USA 30 May 1991) 


