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Abstract. N6-Cyclosubstituted isoguanosines have been synthesized in high 
yields from 2-amino-6-chloropurine ritonucleoside. Compounds containing 
five- and six-membered rings at the N -position exhibit high adenosine AI 
receptor affinity and excellent A2/Al selectivity. 

The natural nucleoside, adenosine, apparently exerts many of its 

physiological effects through the involvement of extracellular receptors 

referred to as AI and A2 which are distributed throughout a wide variety 

of tissues in the human system. 2-6 The AI and A2 receptors have been 

associated with a decrease or an increase, respectively, of intracellular 

levels of cyclic AMP. Adenosine has been approved clinically for the 

treatment of paroxysmal supraventricular tachycardia; however, its 

therapeutic usefulness is limited by poor receptor selectivity, and a very 

short metabolic lifetime because of its hydrolytic deamination by the 

ubiquitous mammalian enzyme, adenosine deaminase.7 The natural minor 

nucleoside, isoguanosine (2-hydroxyadenosine) has been reported to have 

hypotensive properties greater than adenosine and to be metabolically 

resistant to deamination by adenosine deaminase.8-'0 There has been 

considerable interest in developing adenosine receptor agonists that have 

better pharmacological properties than adenosine both in terms of metabolic 

stability and in terms of Al, A2 receptor binding and specificity. 

Adenosine agonists with high selectivity for the A1 or A2 receptor are of 

potential interest as antiarrhythmics, anticonvulsants, antihypertensives 

and as other therapeutic agents.'1-15 Several recent reports of highly 
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active and selective nucleoside systems for both AI and A2 receptors have 

focused attention on 2- and/ or N6-modified adenosines.16-1' However, very 

few examples of agonists which are isoguanosine analogues are known. 

This communication reports on the synthesis and AI, A2 receptor binding 

activities of novel N6-cyclosubstituted isoguanosine compounds. 

The synthetic design for the target compounds incorporated a series of 

N6-cyclic and bicyclic substitutions on the parent isoguanosine molecule to 

increase receptor affinity and selectivity through hydrophobic and related 

interactions. Synthetic approaches to the target compounds utilized 2- 

amino-6-chloropurine ribonucleoside triacetate as the starting compound 

(Scheme 1). Thermally-induced radical deamination-thioalkylation on this 

precursor yielded the 2-methylthio compound which was converted via its 

sulfone2' to the target compounds as shown in Scheme 1 (-14 % overall 

yield). Alternatively, a synthetic plan utilizing a photochemical 

thioalkylation step 21 was also used for some of the analogues (-11 % 

overall yield).22 

The affinities of the isoguanosine analogues23 and related compounds 

in AI, A2 receptor binding are summarized in Table 1. Comparisons are also 

shown in the table with adenosine, N6-cyclopentyladenosine, N6- 

cyclohexyladenosine, NECA, and isoguanosine. The data clearly show that a 

number of the N6-cyclosubstituted isoguanosines show excellent Al agonist 

activity. There is a clear trend in terms of correlation of ring size with 

receptor binding for the monocyclosubstituted compounds with the highest 

selectivity being obtained for the five- and six-membered ring compounds 

(7, 9). Decreases in specificity occurs on either side of this N6-ring 

size with greater loss in selectivity for the seven membered ring compound 

(see 6 and 9). The decalin system 11, showed poor AI agonist activity and 

Poor A2/AI selectivity. However, the m-norbornyl compound, 10, showed 

excellent Al receptor binding (35 nm) and high A2/A1 selectivity (2,286). 

Its receptor binding selectivity is comparable to that of another one of 

our compounds, 2-iodo-N6-cyclopentyladenosine, 5. Our results suggest that 
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Table 1. Affinities of Isoguanosine Analogues and Related 

Compounds in Al, A2 Receptor Binding Assaysa 

H R \ / 
N 

HO 0 x2 
HO OH 

Ki (W 

COMPOUNDS X R Al A2 A2/Al 

H 

H 

H 

OH 

I 

OH 

OH 

OH 

12.8b 

0.6 

(I> 1.3 

; 94 20 

P 55 

I;> 19 

0 40 

37b 2.99 

462 78324 

363 27724 

331 3.59 

40,000 2,000 

15,000 273 

7,500 395 

15,000 375 

9 OH 70 6,000 85.7 

10 OH 
9 

35 80,000 2,286 

11 OH 
a 

30,000 140,000 4.7 

a) A1 affinities were determined in [3H]-N6-cyclohexyladenosine 

binding to rat brain membranes and A2 affinities were determined in 

[3HJ-5@-N-ethylcarboxamidoadenosine (NECA) binding to rat striatal 

membranes. 

b) The binding affinities for adenosine cannot be determined directly 

and these are estimated values (see ref. 9). 
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there may be specific binding involving both the 2- and 6-positions of the 

adenosine system involving the Al receptor. Hydrophobic groups at the N6 

position, particularly those with five- or six-membered mono or bicyclic 

rings, appear to interact hydrophobically and be accomodated into the Sl, S2 

and 53 subregionsz5 within the A1 receptor. Certain electronegative groups 

capable of hydrogen bonding at the Z-position (e.g. Cl, I, in some cases, 

0) may contribute to enhanced binding to the Al receptor and/ or a decreased 

affinity for the A2 receptor. Alternatively, the absence of large 

hydrophobic groups on nitrogen or oxygen at the Z-position (e.g. Z-phenyl- 

amino, 2-phenethoxy) contribute to decreasing A2 receptor affinity. 

Other studies to further delineate the structural requirements of the 

hydrogen bonding recognition site and the hydrophobic pocket in terms of 

biological activity are currently in progress. 

Acknowledgment. Support of this work by the National Institutes of Health is 

gratefully acknowledged. One of us (V.N.) thanks the University of Iowa for a 

Faculty Scholar Award. The high-field NMR spectrometers used in the synthetic 

work were purchased in part by funds provided by the National Science 

Foundation and the National Institutes of Health. 

References and Notes 

1. Address all correspondence regarding this manuscript to Prof. V. Nair, 
Department of Chemistry, University of Iowa, Iowa City, Iowa 52242. 

2. Londos, C.; Wolff, J. Proc. Natl. Acad. Sci. U.S.A. 1977, 74, 5482. 

3. Van Calker, D.; Muller, M.; Hamprecht, B. J. Neurochem. 1979, 33, 999. 

4. Stiles, G.L. Trends Pharmacol. Sci. 1986, 486. 

5. Fredholm, B-8.; Dunwiddie, T.V. Trends Pharmacol. Sci. 1988, 130. 

6. Haslam, R-J.; Davidson, M.M.L.; Desjardins, J.V. Biochem. J. 1978, 
176, 83. 

7. Moser, G.H.; Schrader, J.; Deussen. A. Am. J. Physiol. 1989, 256, C799. 



486 Y. NAIR CP al. 

8. Ewing, P.L.; Schlenk, F.; Emerson, G.A. J. Pharmacol. Exp. 
Ther. 1949, 97, 379. 

9. Bruns, R.F.; Lu, G.H.; Pugsley, T.A. Mol. Pharmacol. 1986, 
29, 331. 

10. Clarke, D. A.; Davoll, J.; Phillips, F.S.; Brown, G.B. J. Pharmacol. 
Exp Ther. 1952, 106, 291. 

11. Belardinelli, L.; Linden, J.; Berne, R.M. Prog. Cardiovasc. 
Dis. 1989, 32, 73. 

12. Dunwiddie, T.V.; Worth, T.S.; Olsson, R.A. Naunyn-Schmiedeberg's Arch. 
Pharmacol. 1986, 334, 77. 

13. Dragunow, M. Prog. Neurobiol. 1988, 31, 85. 

14. Williams, M. Neurochem. Int. 1989, 14, 249. 

15. Sawynok, J.; Sweeney, M.I. Neurosci. 1989, 32, 557. 

16. Trivedi, B-K.; Bridges, A.J.; Patt, W.C.; Priebe, S.R.; 
Bruns, R.F. J. Med. Chem. 1989, 32, 8. 

17. Trivedi, B.K.; Bruns, R.F. J. Med. Chem. 1989, 32, 1667. 

ia. Trivedi, B.K.; Blankley, C.J.; Bristol, J.A.; Hamilton, H.W.; Patt, W. 
C - Kramer W.J.; Johnson, S.A.; Bruns, R.F.; Cohen, D.M.; Ryan, M.J. 
J:'Med. ChHm. 1991, 34, 1043. 

19. Ueeda, M.; Thompson, R.D.; Arroyo, L.H.; Olsson, R.A. J. Med. Chem. 
1991, 34, 1334, 1340. 

20. Nair, V.; Fasbender, A.J. Nucleosides & Nucleotides 1990, 
2, 1099. 

21. Nair, V.; Young, D.A. Synthesis 1986, 450. 

22. Direct displacement of the sulfone intermediate with hydroxide ions 
gave low yields (30-40%) gnly of the target compounds. Photochemical 
hydration of the 2-iodo-N -cyclosubstituted purine nucleosides also 
resulted in low yields of products (< 20%, cf. Nair, V.; Young, D.A. 
J. Org. Chem. 1985, 50, 406). 

23. Representative Physical Data. 6-(endo-2-Norbornylamino)-2-oxo-9-(&D- 
ribofuranosyl)purine: m.p. 179-186 OC (dec.); 'H-NMR (Me2SO-d ) 
6 1.38-2.17 (m, llH), 3.58 (m, 2H), 3.92 (m, lH), 4.09 (m, 1H P 4.50 , 
(t, IH), 4.96-5.48 (m, 3H), 5.68 (d, lH), 7.96 (m, 2H); UV (EtOH)_$49 nm 
(E 11,542), 284 nm (E 10,635), 302 nm (E 9,579); IR (KBr) 1634 cm . 

f-_ 
Cyclohexylamino-2-oxo-9-(B-D-ribofuranosyl)purine: m.p. 170-172 OC; 

H NMR (Me SO-d6) 6 1.32-1.88 (m, llH), 3.60 (m, 2H), 3.95 (m, lH), 
4.10 (m, Id), 4.49 (m, lH), 5.12-5.38 (m, 3H), 5.69 (d, lH), 7.64 
(m, lH), 7.97 (s, 1H); W (EtOH) 222 nm (E 9,290), 284 nm (E 7,770), 
302 nm (E 7,990); IR (KBr) 1643 cm . 

24. Moos, W.H.; Szotek, D.S.; Bruns, R.F. J. Med. Chem. 1985, 
28, 1383. 

25. Van Galen, P. J. M.; Leusen, F.J.J.; Ijzerman, A.P.; Soudijn, W. Eur. J. 
Pharmacol. 1989, 172, 19. 


