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Ns-Subatituted 9-methyladenines are potent antagonists of the activation of AI adenosine receptors. The present 
study asseased the effect of N8 and N-9 Substituents on the binding of adenines to the Al and & receptors, respectively, 
of rat brain cortex and striatum and also on the antagonism of the Az receptor mediated stimulation of the adenylate 
cyclase of PC12 cells by N-ethyladenosine-5'-uronamide. The potency ranking of 9-substituted adenines varied 
directly with the hydrophobicity of the substituent: cyclopentyl > phenyl > tetrahydrofuryl > ethyl > methyl > 
2-hydroxyethyl. The 9-substituted adenines showed little selectivity for either receptor and the R enantiomer of 
NB-(l-phenyl-Z-propy1)-9-methyladenine was only Cfold more potent than the S enantiomer at the Al receptor. An 
NB-cyclopentyl substituent increased potency at the Al receptor and decreased potency at the Az receptor, resulting 
in selectivity for the Al receptor of up to  39-fold. The NB-cyclopentyl group completely overshadowed the effect 
of the hydrophobicity of the 9-substituent. A 2-chloro substituent did not alter the potency of an Ns-substituted 
9-methyladenine. 

Exocyclic substituents a t  N6 and C-2 profoundly influ- 
ence the activities of adenosine derivatives at Al and A2 
adenosine receptors (AIAR, A2AR). Thus, certain alkyl 
and cycloalkyl substituents at N8 can increase the affmity 
of adenosine for the A1AR,l" whereas some aralkyl sub- 
stituents at N6 or at C-2 can promote affinity for the 
A2AR.Cg A 2-chloro substituent further increases the 
potency and selectivity of the selective AIAR agonist 
NB-cyclopentyladenosine.lO A ribose moiety a t  N-9 is 
present in most adenosine receptor agonists. Modification 
of the ribose usually reduces or even abolishes activity at 
either r e ~ e p t o r . ~ ~ J ~  The potent adenosine-5'-ribofuran- 
uronamides and certain other ribosides modified at (2-5' 
are exceptions to this rule. The combination of an N6 
substituent that confers selectivity for the AIAR, together 
with a 2',3'-dideoxyribose residue at N-9, generates a po- 
tent, highly selective AIAR antagonist.14 Replacement of 
the ribose moiety of adenosine with a methyl group yields 
9-methyladenine, a relatively unselective antagonist of only 
modest potency.lsJ6 Adenine itself is a very weak aden- 
osine antagonist. As in the case of adenosines, alkyl and 
cycloalkyl substituents on N6 increase the affinity of the 
9-methyladenines for the A1AR.16 The 7-deaza-9- 
phenyladenines are also potent adenosine receptor an- 
tagonists." A 2-phenyl substituent greatly increases af- 
finity of a 7-deazaadenine for the A1AR.l8 

This report compares the antagonist potency and se- 
lectivity of some N6-substituted 9-methyladenines with 
N6-substituted adenines containing 9-substituents other 
than methyl, namely, ethyl, 2-hydroxyethyl, cyclopentyl, 
2-tetrahydrofuryl, and phenyl. Additionally, a series of 
N'bubstituted 2-chloro-9-methyladenines examines the 
effect of the 2-chloro substituent on antagonist potency. 
A prior paper on NB-substituted Qmethyladenines" reports 
data from two assays of affinity for the AIAR, namely, 
radioligand binding to the receptor in rat cerebral cortex 
and antagonism of the A2AR-mediated stimulation of the 
adenylate cyclase in PC12 cells by N-ethyladenosine-5'- 
uronamide (NECA). The present report includes only the 
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analogues in that prior report for which there is new in- 
formation about affinity for the A2AR in rat striatum. 
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Table I. Analvtical and Physical Data of 9-Substituted Adenines 
no. N6 substituent formula anal. purific" % yield mp, "C UV, A,(€) 

4 H  C6H1N5 C,H,N C 50 300-303 262 (14300) 
5 HC(CzH5) C11H17N5 C , H J  L45-60 77 86-89 270 (16500) 
6 c - C ~ H ~  C10H13N5 C,H,N L40 87 125 272 (18700) 
7 c-CSHg CllH15N5 C , H J  C 65 109 271 (19900) 
8 ~ - C H ~ - C - C ~ H ~  C12H11N5b C , H J  C 50 32 272 (19000) 
9 C-C6H,, C12H17N5 C,H,N L45-60 60 109-110 271 (20500) 

10 C6H6 C12H11N5 C,H,N C 30 156-158 288 (20400) 

12 CeH,jCHz C13H13N5 C,H,N C 23 116-118 270 (19000) 
13 CsH6(CH2)2 C14H15N5 C,H,N L45-60 90 116-117 271 (17200) 

15 (CH30)3C&(CH2)2 C17HziN503 C,H,Nf L60 52 123-124 272 (13800) 
16 2-pyridyl(CH2)2 C13H14N6 C,H,N L50 77 108-109 270 (17 900) 
17 3-thienyl(CHz)2 C12H13N5S.HCl C,H,N,S,Cl A 50 205-206 242 (7700) 

18 ~ - C U H ~ - ~ R - C ~ H ~  C15H17N5*HCl C,H,N,CI A 89 221-222 271 (17 100) 
19 l-C,jH5-2S-C3He C15H,IN,.HCI C,H,N,Cl A 61 215-216 271 (16900) 

11 2F-CeH4 C 1 2 H l ~ N 5 c  C,H,N C 45 155 279 (21000) 

14 (C6H6)2CHCH2 C20H21N5 C,H,N C 39 135 270 (17 600) 

270 (16 100) 

N6-Substituted 9-Ethyladenines 

21 c - C ~ H ~  C12H11N5 C,H,N C 61 107 270 (17 900) 
22 C-C6H11 C13H19N5 C,H,N L55 37 65-67 271 (22200) 

NWubstituted 9-(2-Hydroxyethyl)adenines 
23 H C7H9N60 C,H,N C 13 240-243 261 (16700) 
24 c - C ~ H ~  C12H11N50 C , H 3  H40 69 117 271 (18800) 

NWubstituted 9-Cyclopentyladenines 
25 H C10H13N5 C,H,N H70 35 165 260 (15400) 
26 c - C ~ H ~  C15H21N5 C , H J  H70 63 oil 270 (21 800) 

N6-Substituted 9-(Tetrahydrofury1)adenines 
27 H CBH 11 N 5 0  C,H,N H40 28 165 260 (15400) 
28 c-CbHg C14H19N50 C,H,N H50 31 oil 

N6-Substituted 9-Phenyladenines 

30 c - C ~ H ~  C16H11N5 C,H,N L70-80 83 119 270 (20400) 

32 I-C~H,-~(R)-C~HG %OH1gN5 C,H,N L70-80 88 38-40 270 (19700) 
33 1-C,H,-2(S)-C3H6 CZQH19N5 C , H J  L70-80 93 46-48 271 (19400) 

N6-Substituted 2-Chloro-9-methyladenines 
36 c-C6Hg CllH14C1N5 C,H,Cl,N C 84 92-93 274 (18900) 
37 C6H6 C12H10C1N5 C , H J  C 79 193 295 (26000) 
38 ~ - C B H ~ - ~ ( R ) - C ~ H ~  C15H16C1N5 C,H,N,Cl L60-80 77 51-52 275 (17900) 
39 l-CsH5-2(S)-C3H6 C16H16C1N5 C,H,N,Cl L60-80 76 48-51 274 (17800) 

"Abbreviations are as follows: A, precipitation from anhydrous (C&)20 by gassing with dry HCl; B, recrystallization from C6H6; C, 
recrystallization from C2H60H/H20; L, low-pressure chromatography; H, high-pressure chromatography; single numbers refer to 90 CHBOH 
in water for isocratic elution; two digits refer to beginning and end concentrations for elution with gradients of CH,OH in water. bAnalyzed 
for 0.25 mol of water. cAnalyzed for 0.75 mol of water. dAnalyzed for 0.5 mol of water. eAnalyzed for 1 mol of water. 'Analysis for H: 
calcd 6.21, found 5.32. 

20 H C7H9N6e C,H,N B 50 189-191 261 (12600) 

29 H CllH9N6 C,H,N C 60 242-244 261 (16300) 

31 C6H5 C17H13N5 C,H,N C 80 172-174 290 (23 300) 

Chemistry 
The synthesis of the N6,9-disubstituted adenines 4-26 

and 29-33, followed previously described general meth- 
(Scheme I). Briefly, the reaction of 5-amino-4,6- 
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dichloropyrimidine (1) with the amino derivative of the 
desired N-9 substituent yielded a 4-substituted 6-chloro- 
4,5-diaminopyrimidine (2) which underwent cyclization 
with triethyl orthoformate to form the 9-substituted 6- 
chloropurine (3). Displacement of the chloro substituent 
of 3 with either ammonia or an amine yielded adenines 
4-26 and 29-33. The preparation of the 9-(2-tetrahydro- 
fury1)adenines 27 and 28 entailed the acid-catalyzed al- 
kylation of either adenine or N6-cyclopentyladenine by 
2,3-dihydrof~ran.~l The synthesis of the N6-substituted 
2-chloro-9-methyladenines (35-39) commenced with the 
displacement of the 6-chloro substituent of 2,6-dichloro- 

(19) Robins, R. K.; Lin, H. H. Potential purine antagonists. I.V. 
Synthesis of some 9-methyl-6-substituted-purines. J. Am. 
Chem. SOC. 1957, 79, 49C-494. 
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Chem. SOC. 1957, 79, 5283-5242. 

(21) Bowles, W. A,; Schneider, F. H.; Lewis, L. R.; Robins, R. K. 
Synthesis and antitumor activity of 9-(tetrahydro-2-furyl) pu- 
rine analogs of biologically important deoxynucleosides. J. 
Med. Chem. 1963,6, 471-480. 
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Table 11. Receptor Binding and Adenylate Cyclase Stimulation" of N9-Substituted Adenines 
Ki, inhibition of 

Ki, PM rat PC12 adenylate 
binding to rat cortex: binding to rat striatum: selectivity cyclase stimulation 

no. N6 substituent AIAR vs [3H]PIA APAR vs [3H]NECA ratio, Az/Alb by NECA, pM k IC 

4 
7 
9 

10 
18 
19 

20 
21 
22 

23 
24 

25 
26 

27 
28 

29 
30 
31 
32 
33 

35 
36 
37 
38 
39 

H 
c - C ~ H ~  

H 
c - C ~ H ~  

H 
c - C ~ H ~  

H 

H 
c-CIH~ 

N6-Substituted 9-Methyladenines 
69 f 9 15 f 3 0.22 24 (19-30) 0.11 
0.54 (0.45-0.67) 11 f 1 26 
0.94 (0.4-2.2) 13 f 1 14 
6.9 f 0.3 68 f 4 9.9 
2.5 f 0.1 55 f 7 22 

11 f 1 84 f 11 7.6 

46 f 4 8.8 f 1.7 0.19 
0.44 f 0.01 17 f 2.5 39 
2.0 f 0.5 11 f 2 5.5 

>lo0 (30%)d 46 f 10 <0.5 

N6-Substituted 9-Ethyladenines 

N6-Substituted 9-(2-Hydroxyethyl)adenines 

3.3 f 0.6 47 f 8 14 

1.8 f 0.2 8.2 f 1.4 4.6 
1.2 f 0.3 19 f 1 16 

28 f 3 23 f 4 0.82 
1.7 f 0.5 39 f 2 23 

19 f 1.3 38 f 2.4 2.0 
8.7 f 0.3 79 f 12 9.1 
6.9 f 1.6 111 f 16 16 
4.7 f 0.4 15 f 4 3.2 
7.2 f 0.9 18 f 2 2.5 

23 f 2.3 11 f 2 0.48 
0.53 f 0.0003 9.3 f 1.1 18 
7.0 f 0.6 31 f 5 4.4 
3.3 f 0.1 6.8 f 0.4 2.1 

N6-Substituted 9-Cyclopentyladenines 

N6-Substituted 9-(2-Tetrahydrofuryl)adenines 

N6-Substituted 9-Phenyladenines 

N6-Substituted 2-Chloro-9-methyladenines 

25 (17-36) 
21 (12-38) 

107 (60-190) 
25 (19-33) 
74 (43-128) 

5.6 f 1.7 
10.3 f 1.2 
8.5 f 1.1 

12 f 2.6 
27 f 1.9 

3.4 f 1.0 
5.1 f 0.6 

2.4 f 0.5 
30 f 1.4 

74 f 22 
47 f 23 
50 f 8 
11 f 5 
9.9 f 0.8 

16 f 2 

21 f 10 
6.3 f 0.9 

4.3 f 0.7 

1.29 

0.39 
1.66 

0.04 
0.68 

1.94 
4.99 

0.21 
1.81 

0.56 
3.91 

0.22 
3.37 

2.8 * 0.4 12 f 1.7 4.3 17 * 3 
Values are means f SEM (n  = 3). Certain values are from a prior study16 and are expressed as means with 95% confidence limits in 

Ki of binding to rat brain striatum AzAR + K, of binding to rat brain cortex AIAR. cHydrophobicity index. See parentheses ( n  = 3). 
Experimental Section. dValue in parentheses if % inhibition at 100 pM. 

purine (34) with either ammonia or an amine and then 
methylating N-9 with C H J n  Table I lists the analytical 

and physical data for these adenines. 
Affinity for A, and A2 Adenosine Receptors 

(22) Sepiol, J.; Kazimierczuk, 2.; Shugar, D. Tautomerism of iso- 
manosine and solvent-induced keto-enol equilibrium. Z. Na- 

Table I1 reports the results of assays of binding to the 
AIAR of rat brain cortex, of binding to the AzAR - -. of rat - - 

turforsch. 1976, 31c, 361-370. brain striatum, and of antagonism of the A2AR-mediated 
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stimulation of N-ethyladenosine-5'-uronamide (NECA) of 
the adenylate cyclase in PC12 cells. The ratio of the in- 
hibition constants derived from the radioligand binding 
assays is an index of the selectivity of these antagonists. 

The adenines that lack an N6 substituent, analogues 4, 
20,23, 25, 27, 29, and 35, are weak antagonists and only 
two, 25 and 29, are selective for the AIAR. The prior 
study16 showed that the P-cycloalkyl-9-methyladenines 
are potent antagonists at the AIAR. The new data on the 
binding of 7 and 9 to the A2AR shows that they are also 
selective for the AIAR, the A2/Al selectivity ratios being 
26 and 14, respectively. N6-( l-Phenyl-2(R)-propyl)adenine 
(18) is also selective for the AIAR. The stereoselectivity 
as agonists a t  the AIAR characteristic of certain N6-sub- 
stituted adenosines, such as the diastereomers of P-( 1- 
phenyl-2-propyl)adenosine, is usually 50- to l O O - f ~ l d . ~ ~ - ~ ~  
Such stereoselectivity is absent in the case of the adenines 
18 and 19,32, and 33, and also 38 and 39. The enantiomers 
of a different class of antagonist, the 1,3-dipropyl-8-(1- 
phenyl-2-propyl)xanthines, have only a 5-fold difference 
in their affmities for the rat brain cortex AlAR,25 suggesting 
that low stereoselectivity may be an attribute of antago- 
nists generally. However, 9-(1(R)-phenyl-l-ethyl)-2- 
phenyl-7-deazaadenine is an exception, being 35- and 22- 
fold more potent than the S enantiomer, respectively, at 
the A,AR of rat brain cortex and A2AR of rat brain stri- 
atum.l8 

A t  all three adenosine receptors, 9-ethyladenine (20) is 
somewhat more potent than 4, and, like 4, analogue 20 is 
selective for the A2AR. The cyclopentyl and cyclohexyl 
analogues, 21 and 22, are slightly more potent than their 
methyl congeners; 21 is almost twice as selective for the 
AIAR than 7 but 22 is much less selective than 9. 

Like 4 9-(2-hydroxyethyl)adenine (23) is a weak antag- 
onist slightly selective for the A2AR and, also like the 
9-methyladenines, the NG-cyclopentyl substituent of 24 
greatly improves affinity and, thereby, selectivity for the 
AIAR. 

The activity of 9-cyclopentyladenine (25) is remarkable 
in two respects. It is by far the most potent of the 9- 
substituted adenines not substituted at  N6 and it shares 
with 9-phenyladenine (32) the distinction of being slightly 
selective for the AIAR. Perhaps because 25 is so potent, 
the additional cyclopentyl group of 6,9-dicyclopentyl- 
adenine (26) contributes only modestly to activity. Indeed, 
26 is only half as potent a t  the AIAR as its 9-methyl and 
9-ethyl congeners, 4 and 20, respectively. At  the A,AR of 
striatum, 28 is more active than 26. 

An P-cyclopentyl substituent greatly enhances the 
potency of 9-(2-tetrahydrofuryl)adenine (27). The P- 
cyclopentyl derivative 28 is 16-fold more potent at the 
AIAR than 27 and is 23-fold selective for the AIAR. 
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activity. Life Sci. 1979, 24, 2475-2482. 

(24) Ukena, D.; Olsson, R. A,; Daly, J. W. Definition of subclasses 
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Figure 1. Relationship between h', the constant of the inhibition 
of the binding of [3H]R-PIA to the AIAR of the rat brain cortex, 
and k', an index of hydrophobicity. Note that hydrophobicity 
strongly increases binding affinity. 

1 2 3 4 5 6  

N - 9  SUBSTITUENl 

Figure 2. Effect of N6- and N-9-substituents on the affinity of 
adenine for the AIAR of rat cerebral cortex. Note that the affiiity 
of an N-9-substituted adenine (open circles) increases according 
to the hydrophobicity of the substituent: 1, hydroxyethyl; 2, 
methyl; 3, ethyl; 4, tetrahydrofuryl; 5, phenyl; and 6, cyclopentyl. 
Note also that the affinity of a N6-cyclopentyl-9-substituted-ad- 
enine (closed circles) is always higher than that of the corre- 
sponding 9-substituted adenine and also is independent of the 
hydrophobicity of the N-9-substituent. 

9-Phenyladenine (29) shares with 9-cyclopentyladenine 
the property of slight selectivity for the AIAR, in this 
instance 2- and 4-fold. N6 substituents improve affinity 
for the AIAR by as much as 4.5-fold. As in the case of the 
other adenines with asymmetric centers in the N6 sub- 
stituent, the stereoselectivity of 32 and 33 is low. 

A 2-chloro substituent has little or no effect on the af- 
finity of an N6-substituted 9-methyladenine. The activity 
of 2-chloro-9-methyl-P-phenyladenine (37) is 3.6 times 
greater than that of its deschloro analogue 10, but 36,38, 
and 39 are essentially equipotent with 7, 18, and 19, re- 
spectively. Chlorination increases affinity for the A2AR 
of striatum and PC12 cells by 2- and %fold. As a conse- 
quence, a 2-chloro substituent tends to lower selectivity 
for the AIAR and thereby abolishes any stereoselectivity 
conferred by an asymmetric center in the N6 substituent. 
Structure-Activity Relat ionships 

The potency ranking of the 9-substituted adenines a t  
the AIAR, cyclopentyl > phenyl > 2-tetrahydrofuryl > 
ethyl > methyl > 2-hydroxyethyl, suggests that the hy- 
drophobicity of the N-9 substituent determines affinity 
for this receptor. Size could also be important; the three 
adenines with cyclic substituents are more potent than the 
three with n-alkyl substituents. However, within each 
series as well as overall, the affmity of binding to the AIAR 
of brain cortex depends strongly on hydrophobicity (Figure 
1). In other words, the adenines having large substituents 
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seem to be more potent because these substituents are 
hydrophobic, not because they are large. Neither the Ki 
of inhibition of A2AR-mediated stimulation of the ade- 
nylate cyclase of PC12 cells nor the Ki of inhibition of the 
binding of [SH]NECA to the Am of striatum correlated 
with the hydrophobicity index (data not shown). 

Figure 2 shows that whereas the affinities of the 9-sub- 
stituted adenines vary over 2 orders of magnitude ac- 
cording to the nature of the 9-substituent. The N6- 
cyclopentyladenines have higher affinities for the AIAR, 
those affmities vary over a narrower range and the potency 
ranking among the Ns-cyclopentyl analogues is unrelated 
to that of the 9-substituted adenines. Such a result sug- 
gests that the contribution of the Ns-cyclopentyl group to 
affinity overshadows that of the 9-substituent. 

At the Am, the Ne,9-disubstituted adenines are usually 
less active than adenines without an Ne substituent, 
probably because those substituents were chosen on the 
basis of the affinity of the corresponding N h b s t i t u t e d  
adenosines for the AIAR. 

In summary, certain Ne,9-disubstituted adenines are 
potent antagonists at  the AIAR of rat cerebral cortex and 
are active in the low micromolar and submicromolar range. 
Selectivity for the AIAR over the A2ARs of rat striatum 
or PC12 cells is an attribute of the 9-methyladenines. 
Although a 2-chloro substituent increases the agonist po- 
tency of N6-substituted adenosines a t  the AIAR, such a 
substituent has no effect on the antagonist potency of 
Ne-substituted 9-methyladenines at  this receptor. 
Experimental Section 

Chemistry. Melting points were estimated on a Thomas- 
Hoover apparatus and are uncorrected. 'H NMR spectra of 
samples dissolved in DMSO-ds were recorded on a Varian 
EM360L spectrometer and were consistent with the putative 
structures of the purines. For UV spectroscopy, purines were 
dissolved in absolute ethanol and diluted with 19 volumes of 125 
mM NaCl, 25 mM NaHP04, pH 7.0. MHW Laboratories, Tucson, 
AZ, performed the elemental analyses, which agreed within f0.4% 
of calculated composition. Assays of purity by reverse-phase 
HPLC revealed that product accounted for >99% of the UV- 
absorbing material in samples submitted for assay. 
Ne-Cyclopentyl-9-methyladenine [N-Cyclopentyl-9- 

methyl-9H-purin-6-amine, 71. A mixture of 3 (2.0 g, 11.9 m o l )  
cyclopentylamine (1.02 g, 12 mmol), NJV-disopropylethylamine 
(1.55 g, 12 mmol) and 100 mL of absolute ethanol was refluxed 
overnight and evaporated and the residue recrystallized from 
ethanol-water to yield 1.56 g (65%) of a white solid: 'H NMR 
6 1.62 (br s, 8 H, cyclopentyl), 3.74 (s ,3  H, CH3N), 4.68 (m, 1 H, 
CHNH), 7.35 (br d, 1 H, NH), 8.00 (s, 1 H, H-2), 8.22 (9, 1 H, H-8). 
2-Chloro-Ns-cyclopentyl-g-methyladenine [2-Chloro-N- 

cyclopentyl-9-methyl-9H-purin-6-amine, 361. A solution of 
2,6-dichloropurine (3.0 g, 15.9 mmol), cyclopentylamine (1.5 g, 
17.6 mmol) and NJV-diisopropylethylamine (3.1 mL, 17.8 mmol) 
in 100 mL of 1-propanol was refluxed for 20 h and evaporated 
in vacuo to give a light yellow solid. The residue was suspended 
in water and filtered, and the precipitate was washed with water. 
Recrystallization from ethanol-water yielded 2.8 g (74%) of 
colorlese product. A mixture of 2.7 g (11.36 "01) of this product 
and K2C03 (1.7 g, 12.3 mmol) in 20 mL of DMF was heated to 
dissolve the purine, cooled, and treated overnight with CH21 (1.0 
mL, 16.06 mmol). The solvent was evaporated and the yellow 
residue was triturated with water and recrystallized from etha- 
nol-water to yield 2.4 g (84%) of product: 'H NMR 6 1.40-2.20 
(br s, 8 H, cyclopentyl). 3.75 (s ,3  H, CHd, 4.68 (m, 1 H, CHNH) 
7.02 (m, 1 H, NH), 7.70 ( 8 ,  1 H, H-8). 
N8-( l-Phenyl-2(R)-propyl)-9-phenyladenine [N-( 1- 

Phenyl-2(R)-propyl)-9-phenyl-9H-purin-6-amine, 321. A 
solution of 6-chloro-N4-phenyl-4,5-pyrimidinediamine (4.1 g, 18.6 
mmol) and 1 drop of ethanesulfonic acid in 80 mL of triethyl 
orthofonnate was stirred for 48 h at room temperature and diluted 
with 150 mL of hexane. After 2-3 h the precipitate was filtered 
and washed with hexane to give 3.8 g (89%) of 6-chloro-9- 
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methylpurine, mp 197 OC. A solution of the chloropurine (1.2 
g, 5.2 mmol), (R)-amphetamine (0.84 g, 6.2 mmol), and NJV-di- 
isopropylethylamine (1.1 mL, 6.2 mmol) in 50 mL of dry 1- 
propanol was refluxed for 24 h and evaporated in vacuo. The 
residue was dissolved in 70% methanol in water and purified by 
low-pressure LC as described in Table I. Evaporation of fractions 
containing product yielded 1.5 g (88%) of a white foam: 'H NMR 
6 1.30 (d, 3 H, CH,), 3.00 (d, 2 H, CH2), 4.85 (m, 1 H, CHNH), 
7.10-8.12 (m, 6 H, phenyl and NH) 8.36 (8 ,  1 H, H-2), 8.60 (8, 1 

Ns-Cyclopentyl-9-(2-tetrahydrofuryl)adenine [N-Cyclo- 
pentyl-9-(2-tetrahydrofuryl)-9H-purin-6-amine, 281. A so- 
lution of NB-cyclopentyladenine (0.95 g, 4.66 mmol), 2,3-di- 
hydrofuran (0.38 g, 5.42 mmol), and 6 drops of ethanesulfuric acid 
in 20 mL of dry ethyl acetate was heated overnight a t  50 "C. 
Workup consisted of neutralization with 1 mL ammonia diluted 
with 20 mL of water, back-extraction of the water layer with 2 
X 20 mL of ethyl acetate, drying (MgSO,), and evaporation of 
the ethyl acetate. Purification as described in Table I yielded 
400 mg (31%) of product 'H NMR (CDCl,) 6 1.60-2.68 (m, 12 
H, cyclopentyl and furyl 3-H and 4-H), 4.16 (m, 2 H, furyl 5-H), 
4.70 (m, 1 H, CHNH), 5.80 (br d, 1 H, CH NH), 6.25 (t, 1 H, furyl 

Assays. The inhibition of the binding of [3H]NB-(l-phenyl- 
2R-propy1)adenosine to rat cortical membranes% and inhibition 
of the binding of [3H]-N-ethyladenosine-5'-uronamide to rat 
striatal membranes in the presence of 50 nM Ns-cyclopentyl- 
adenosine3 measured affinity for the AIAR and A#, respectively. 
In both assays, binding in the presence of 5 mM theophylline 
defined unspecific binding. The Cheng-Prusoff equationn cal- 
culated the inhibition constant, Ki, from measurements of ICw. 
We used previously described methods3sB to assay antagonism 
of the AzAR-mediated stimulation of adenylate cyclase of PC12 
cells by N-ethyladenosine-5'-uronamide. The retention time of 
a nucleoside on a reverse-phase HPLC column served for the 
calculationm of a hydrophobicity index k', by the formula k' = 
(t - tJ/to, where t is the retention time of the solute and to is the 
transit time of the solvent. In the present experiments the mobile 
phase consisted of a mixture containing 35% 10 mM NaHPO,, 
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Interphenylene 7-0xabicyclo[2.2. llheptane Thromboxane A2 Antagonists. 
Semicarbazone w-Chainst 
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A series of chiral interphenylene 7-oxabicyclo[2.2.l]heptane semicarbazones 19-26 were prepared and evaluated 
for their in vitro thromboxane (TxA,) antagonistic activity and in vivo duration of action. The potency of 19-26 
was found to  highly dependent on the substitution pattern of the interphenylene ring and decreased in the order 
ortho > meta >> para. SQ 35,091 (25), [lS-(la,2a,3a,4a)]-2-[ [3-[ [ [(phenylamino)carbonyl]hydrazono]methyl]-7- 
oxabicyclo[2.2.l]hept-2-yl]methyl]benzenepropanoic acid, was identified as a potent and long-acting TxA2 antagonist. 
In human platelet rich plasma SQ 35,091 inhibitied arachidonic acid (800 pM) and U-46,619 (10 pM) induced aggregation 
with Zw values of 3 and 12 nM, respectively. In contrast, no inhibition of ADP (20 pM) induced aggregation was 
observed at >lo00 pM. Receptor binding studies with [3H]-SQ 29,548 showed SQ 35,091 was a competitive antagonist 
with a Kd value of 1.0 f 0.1 nM in human platelet membranes. In vivo SQ 35,091 (0.2 mg/kg PO) showed extended 
protection (Tm = 16 h) from U-46,619 (2 mg/kg iv) induced death in mice. These compounds have for the first 
time demonstrated that a metabolically stable interphenylene a-sidechain can be introduced into a prostanoid-like 
series of TxAz antagonists with the maintainance of potent antagonistic activity. 

Introduction 
Thromboxane A2 (TxA,)' is an extremely potent, 

short-lived endogenous mediator which induces both pla- 
telet activation and aggregation, and smooth muscle con- 
traction. The biological activities of TxA2 have implicated 
it as a contributor in the pathogenesis of thrombotic and 
vasospastic disordem2 However, in order to establish a 
definitive connection between TxA2 and specific diseases 
it has been necessary to examine models in which the 
activities of TxA2 can be experimentally elicited and/or 
suppressed. This has prompted the development of stable, 
selective TxA2 agonists and antagonists as pharmacological 
tools. These compounds have demonstrated that TxA, 
mimics are able to elicit and TxA2 antagonists are able to 
block a number of cardiovascular abnormalities and sug- 
gest that antagonists possessing suitable pharmacokinetic 
and pharmacodynamic properties have the important 
clinical potential to be developed as useful therapeutic 
agents . 2b13 

Nearly 10 years ago bicyclic semicarbazones SQ 27,8254 
and EP-0456 were found to act as selective TxAz antago- 
nists of moderate potency as measured by their ability to 
inhibit arachidonic acid induced platelet aggregation 
(AAIPA). As in the case of many prostaglandin analogues, 
both SQ 27,825 and EP-045 contain a metabolically labile 
5(Z)-heptenoic acid side chain (a-chain) which is subject  
to in vivo @-oxidation. This process generally results in 
a rapid loss of antagonist activity and consequently limited 
in vivo duration of action.6a*b As part of a program to 
develop an orally active TxA2 antagonist with an extended 
in vivo duration of action we have attempted to identify 
a metabolically stable surrogate for the 5(Z)-heptenoic acid 
side chain which is compatible with potent antagonist 
activity. Thus, we have prepared and evaluated a series 
of chiral7-oxabicyclo[2.2.l]heptane analogues of SQ 27,825 
(1) in which a metabolically stable interphenylene group 

'Presented a t  the 200th American Chemical Society National 
Meeting, Washington, DC, August 26-31,1990; paper MEDI 118. 
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has replaced the olefin a-side chain.& The synthesis of 
this series of antagonists is described and the effect of the 
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