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With the aim of characterizing the hydrophobic interactions between xanthines and the A, receptor site, 1,3-di-
propyl-8-substituted xanthines were synthesized. Introduction of a quaternary carbon and the conformationally
restricted cyclopentyl moiety into the 8-position of xanthines enhanced the adenosine A, antagonism. 1,3-Di-
propyl-8-(3-noradamantyl)xanthine (42) was identified to be a selective and the most potent A, receptor antagonist
reported to date. Under our structure-activity relationship, the 8-substituent of xanthine antagonists and the
Né.gubstituent of adenosine agonists appears to bind to the same region of the A, receptor.

Introduction

Adenosine elicits a wide variety of physiological re-
sponses! via interactions with two major subtypes of ex-
tracellular receptors, designated as A, and A,. The two
receptor subtypes were originally defined in terms of
different effects on adenylate cyclase.>® The A, receptor
inhibits adenylate cyclase, whereas the A, receptor is
stimulatory to this enzyme.

Considerable efforts to search for selective antagonists
have been invested in order to elucidate the physiological
role of adenosine and develop therapeutic agents.*5
Theophylline (1) and caffeine (2) (Figure 1) exert phar-
macological effects primarily through blockade of adeno-
sine receptors.® However, they are virtually nonselective
antagonists and have weak affinity for A; and A, receptors.
Studies of structure—activity relationships of xanthines™3
revealed that alkyl substitution such as propyl group at
the 1- and 3-positions markedly increased affinity to A;
and A, receptors. On the other hand, introduction of a
hydrophobic substituent into the 8-position resulted in
potent and selective A; antagonists such as 8-cyclo-
pentyl-1,3-dipropylxanthine (4)!%1314 and 8-(dicyclo-
propylmethyl)-1,3-dipropylxanthine (5).1* Although cy-
cloalkyl or phenyl substitution at the 8-position of 1,3-
dialkylxanthines was discovered to increase affinity to
adenosine receptors, it is still uncertain what kinds of
hydrophobic space at the 8-position are needed for the
activity and selectivity.’® As part of a program to develop
adenosine A, antagonists as therapeutic agents, we syn-
thesized a series of xanthines bearing a 5-membered het-
erocyclic, bulky alkyl, or cycloalkyl group at the 8-position
and examined effects of substituents on A, and A, aden-
osine receptor binding.

Chemistry

Synthetic methods are outlined in Scheme I. Acylation
of the appropriate 5,6-diaminouracil'? (6) with a carboxylic

*To whom all correspondence should be addressed: Dr. Fumio
Suzuki, Pharmaceutical Research Laboratories, Kyowa Hakko
Kogyo Co., LTD., 1188 Shimotogari, Nagaizumi-cho, Sunto-gun,
Shizuoka-ken, Japan 411.
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4(a) R8COCI, Py or RCO,H, 1-ethyl-3-[3-(dimethylamino)-
propyl]carbodiimide hydrochloride, dioxane~-H,0. (b) R®CHO,
AcOH, EtOH. (c) NaOH (aq), dioxane, reflux or POCI;, reflux.
(d) FeCl,, EtOH, reflux.

acid or its acid chloride, followed by treatment with
aqueous sodium hydroxide or phosphorous oxychloride

(1) Daly, J. W. Adenosine Receptors: Targets for Future Drugs.
J. Med. Chem. 1982, 25, 197-207.

(2) Londos, C.; Wolff, J. Two Distinct Adenosine-Sensitive Sites
on Adenylate Cyclase. Proc. Natl, Acad. Sci. U.S.A. 1977, 74,
5482-5486.

(3) Van Calker, D.; Miiller, M.; Hamprecht, B. Adenosine Regu-
lates via Two Different Types of Receptors, the Accumulation
of Cyclic AMP in Cultured Brain Cells. J. Neurochem. 1979,
33, 999-1005.

(4) Williams, M. Adenosine Antagonists. Med. Res. Rev. 1989, 9,
219-243.

(5) Bruns, R. F. Structure Activity Relationships for Adenosine
Antagonists. In Purines in Cellular Signaling: Targets for
New Drugs.; Jacobson, K. A., Daly, J. W., Manganiello, V.,
Eds.; Springer: New York, 1990; pp 126-135.

(6) Fredholm, B. B. Are Methylxanthine Effects due to Antago-
nism of Endogenous Adenosine? Trends Pharmacol. Sci.
1980, 1, 129-132.

(7) Bruns, R. F,; Daly, J. W.; Snyder, S. H. Adenosine Receptor
Binding: Structure-Activity Analysis Generates Extremely
Potent Xanthine Antagonists. Proc. Natl. Acad. Sci. U.S.A.
1983, 80, 2077-2080.
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Table I. A, and A; Adenosine Receptor Binding of Reference Compounds

K;* oM K, ratio
no. Al Ag Ag / Al
1 (theophylline) 23000 % 330 16000 £ 2200 0.70
(8470)% (25300)°
(13000)¢ (5700)f
(4800)°
2 (caffeine) 100000 £ 2000 27000 £ 1700 0.27
(29100)* (48100)°
3 (1,3-dipropylzanthine) 1400 £ 120 2400 = 420 1.7
(450)* (5160)°
(1000)¢ (1900)f
(940)¢
4 (8-cyclopentyl-1,3-dipropylxanthine) 6.4 £0.35 590 x 48 92
(0.46)® (410)°
(0.47)¢ (69)/
(0.23)¢ (230)"
5 (8-(dicyclopropylmethyl)-1,3-dipropylxanthine) 3.0£0.21 430 = 5.8 140

4 A, binding was carried out with N®-[*H]cyclohexyladenosine in guinea pig forebrain membranes as described,® and A, binding was
carried out with N-[*H]ethyladenosin-5'-uronamide in the presence of 50 nM cyclopentyladenosine in rat striatal membranes.! Concentra-
tion—-inhibition curves were carried out in duplicate with five or more concentrations of each test agent, and IC, values were calculated from
computerization of logit log curve. ICj, values were converted to K; values as described.*® When the assays were carried out three or more
times, standard errors (SEM) are given in the table. ®A; binding measured as inhibition of N®-[*H]cyclohexyladenosine to rat whole brain
(minus cerebellum and brainstem) membranes.®14¢ ¢ A, binding measured as inhibition of N-[*H]ethyladenosin-5-uronamide to rat striatal
membranes.®1% ¢ A, binding measured as inhibition of N%-[*H]cyclohexyladenosine to guinea pig membranes.® ¢Kp values for reversal of
adenylate cyclase inhibition by (R)-Ne-(2-[3H]phenyl-1-methylethyladenosine in rat adipocytes. 113> /Ky values for inhibition of adenylate
cyclase stimulation by N-[*H]ethyladenosin-5’-uronamide in human platelet membranes.!®!® ¢A; binding measured as inhibition of N®-
[3H]cyclohexyladenosine to rat cortical membranes.!* * A, binding measured as inhibition of N-[*H]ethyladenosin-5-uronamide to rat

striatal membranes.!3

under reflux, gave the corresponding xanthine (9). Con-
densation of 5,6-diaminouracil (6) with an aldehyde, fol-

(8) Bruns, R.F;; Lu, G. H,; Pugsley, T. A, Characterization of the
A, Adenosine Receptor Labeled by [*(H]NECA in Rat Striatal
Membranes. Mol. Pharmacol. 1986, 29, 331-346.

(9) Schwabe, U.; Ukena, D.; Lohse, M. J. Xanthine Derivatives as
Antagonists at A, and A, Adenosine Receptors. Naunyn-
Schmiedeberg's Arch. Pharmacol. 1985, 330, 212-221.

(10) Martinson, E. A.; Johnson, R. A.; Wells, J. N. Potent Adeno-
sine Receptor Antagonists that are Selective for the A; Re-
ceptor Subtype. Mol. Pharmacol. 1987, 31, 247-252.

(11) (a) Hamilton, H. W.; Ortwine, D. F.; Worth, D. F.; Badger, E.
W.; Bristol, J. A.; Bruns, R. F.; Haleen, S. J.; Steffen, R. P.
Synthesis of Xanthines as Adenosine Antagonists, a Practical
Quantitative Structure~Activity Relationship Application. J.
Med. Chem. 1985, 28, 1071-1079. (b) Daly, J. W.; Padgett, W.;
Shamim, M. T.; Butts-Lamb, P.; Waters, J. 1,3-Dialkyl-8-(p-
sulfophenyl)xanthines: Potent Water-Soluble Antagonists for
A;- and A,-Adenosine Receptors. J. Med. Chem. 1985, 28,
487-492. (c) Daly, J. W.; Padgett, W. L.; Shamim, M. T.
Analogues of 1,3-Dipropyl-8-phenylxanthines: Enhancement
of Selectivity at A;-Adenosine Receptors by Aryl Substituents.
J. Med. Chem. 1986, 29, 1520~1524.

(12) (a) Jacobson, K. A.; Kirk, K. L.; Padgett, W. L.; Daly, J. W,
Functionalized Congeners of 1,3-Dialkylxanthines: Prepara-
tion of Analogues with High Affinity for Adenosine Receptors.
J. Med. Chem. 1985, 28, 1334-1340. (b) Jacobson, K. A,; Kirk,
K. L.; Padgett, W. L,; Daly, J. W. A Functionalized Congener
Approach to Adenosine Receptor Antagonists: Amino Acid
Conjugates of 1,3-Dipropylxanthine. Mol. Pharmacol. 1986,
29, 126~133.

(13) (a) Shamim, M. T.; Ukena, D.; Padgett, W. L.; Daly, J. W.
8-Aryl- and 8-Cycloalkyl-1,3-dipropylxanthines: Further Po-
tent and Selective Antagonists for A;-Adenosine Receptors. J.
Med. Chem. 1988, 31, 613-617. (b) Katsushima, T.; Nieves, L.;
Wells, J. N. Structure~Activity Relationships of 8-Cyclo-
alkyl-1,3-dipropylxanthines as Antagonists of Adenosine Re-
ceptors. J. Med. Chem. 1990, 33, 1906-1910. (c) Jacobson, K.
A,; Kiriasis, L.; Barone, S.; Bradbury, B. J.; Kammula, U.;
Campagne, J. M,; Secunda, S.; Daly, J. W.; Neumeyer, J. L.;
Pfleiderer, W. Sulfur-Containing 1,3-Dialkylxanthine Deriva-
tives as Selective Antagonists at A;-Adenosine Receptors. J.
Med. Chem. 1989, 32, 1873-1879. (d) Erickson, R. H.; Hiner,
R. N.; Feeney, S. W.; Blake, P. R.; Rzeszotarski, W. J.; Hicks,
R. P.; Costello, D. G.; Abreu, M. E. 1,3,8-Trisubstituted Xan-
thines. Effects of Substitution Pattern upon Adenosine Re-
ceptor A;/A, Affinity. J. Med. Chem. 1991, 34, 1431-1435.

Table II. A; and A; Adenosine Receptor Binding of
8-(Five-membered heteroaryl)-1,3-dipropylxanthines

H
CaHr N N
AL
07N N
CaHy
K.’ nM K, ratio
no. R Al A2 A2 / Al
10 2-furyl 560 530 0.95
(87 (640)°
11 4-sulfo-2-furyl >10000  >10000
12 2-thienyl 210 1900 9.0
(16.1* (381
13  N-methylpyrrol-2-yl 140 6000 43
14 1,2,3-thiadiazol-5-yl 4400 >10000
15 1,2,5-thiadiazol-3-yl 5400 >10000
16 2-methylthiazol-4-yl 410 2300 5.7
17  5-tetrazolyl >10000  >100000
18 2-indanyl 220 1700 7.7
19  9-fluorenyl 2900 >100000 >34
20 benzo[b]furan-2-yl >10000 1200
21  benzo[b]thiophen-2-yl >100000 >100000
22  N-methyl-2-indolyl >100000 >100000

4See footnote a in Table I. ®A; binding measured as inhibition
of (R)-NB-2-[*H]phenyl-1-methylethyladenosine to rat cortical
membranes.!* °See footnote ¢ in Table I

lowed by oxidative cyclization,'® also gave the desired
xanthine (9).

(14

(a) Bruns, R. F.; Fergus, J. H.; Badger, E. W,; Bristol, J. A.;
Santay, L. A; Hartman, J. D.; Hays, S. J.; Huang, C. C.
Binding of the A;-Selective Adenosine Antagonist 8-Cyclo-
pentyl-1,3-dipropylxanthine to Rat Brain Membranes. Nau-
nyn-Schmiedeberg’s Arch. Pharmacol. 1987, 335, 59-63. (b)
Lohse, M. J,; Klotz, K-N.; Lindenborn-Fotinos, J.; Reddington,
M.; Schwabe, U.; Olsson, R. A. 8-Cyclopentyl-1,3-dipropyl-
xanthine (DPCPX)-A Selective High Affinity Antagonist Ra-
dioligand for A; Adenosine Receptors. Naunyn-Schmiede-
berg’s Arch. Pharmacol. 1987, 336, 204-210.
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Table II1. A, and A, Adenosine Receptor Binding of 8-Substituted-1,3-dipropylxanthines

CaHr,

N
Ay

N
| N/)—R

K i’a nM

K; ratio
no. R A A, Ag/A,
23 2-propyl 49 % 9.4 1500 % 150 31
24 2-butyl 25 = 0.58 1200 £ 73 48
25 3-pentyl 19+ 1.0 570 + 44 30
26 4-heptyl 78 £ 4.1 590 x 49 7.6
27 tert-butyl 31 2300 74
28 2-methyl-2-butyl 23 1000 43
29 2-methyl-2-pentyl 25 2200 88
30 2-hydroxy-2-butyl 240 21000 88
31 3-hydroxy-3-pentyl 170 12000 71
32 cyclopropylmethyl 120 1200 10
33 2,2-dimethyl-1-propyl 49 6000 120
34 1-methylcyclohexyl 11 1200 110
35 2,2,5,5-tetramethylcyclopentyl 22 >100000 >4500
36 (1R*,2R* 5R*)-bicyclo[3.3.0]octan-2-yl 3.5 £0.20 330 % 4.7 94
37 (LR*,28* 5R*)-bicyclo[3.3.0]octan-2-yl 5.6 £ 0.19 560 % 26 100
38 2-endo-norbornen-5-yl 4.3 £ 0.62 480 £ 18 110
39 2-exo-norbornen-5-yl 3.4 £ 041 210 £ 12 62
40 2-endo-norbornyl 3.8 £0.32 440 = 42 120
41 2-ex0-norbornyl 44 £0.13 290 £ 54 66
42 3-noradamantyl 1.3 £0.12 380 = 30 290
43 (2-exo-norbornyl)methyl 80 £ 9.5 1000 13
44 1-adamantyl 13 £ 2.8 5100 = 1100 390
(82)* (>5000)°
45 (1-adamantyl)methyl 880 >100000 >110
4See footnote a in Table I. *See footnote e in Table I. °See footnote f in Table I.
Biological Results and Discussion ) 9w
The structure-activity relationships of 8-substituted R ‘NJIN>_R'
xanthines as adenosine antagonists have been investigated A M
. et . 1 - . 0“ N
using radioligand binding assays with several different ha
tissues and tests of receptor-mediated functions (adenylate
cyclase activity). Evidence has accumulated for distinct 7 Ra oy 7
1 methyl methyl H H
(15) (a) Suzuki, F.; Shimada, J.; Kubo, K.; Ohno, T.; Karasawa, A.;
Ishii, A.; Nonaka, H. Xanthine Derivatives. Eur. Patent 386 2 methyl  methyl ~methyl H
675, 1990 (Priority Data: March 6, 1989, Japan Patent Ap-
plication 53 376). (b) Shimada, J.; Suzuki, F.; Nonaka, H.; 8 propyl  propyl  H H
Karasawa, A.; Mizumoto, H.; Ohno, T.; Kubo, K.; Ishii, A. 4 propyl  propyl H cyclopentyl
8-(Dicyclopropylmethyl)-1,3-dipropylxanthine: A Potent and 5 propyl propyl H dicyclopropylmethyl

Selective Adenosine A; Antagonist with Renal Protective and
Diuretic Activities. J. Med. Chem. 1991, 34, 466-469.

(16) (a) Van Galen, P. J. M.; van Vlijmen, H. W. T.; IJzerman, A.
P.; Soudijn, W, A. Model for the Antagonist Binding Site on
the Adenosine A; Receptor, Based on Steric Electrostatic and
Hydrophobic Properties. J. Med. Chem. 1990, 33, 1708-1713.
(b) Van der Wenden, E. M.; Van Galen, P. J. M.,; [Jzerman, A.
P.; Soudijn, W. Mapping the Xanthine C8-Region of the
Adenosine A; Receptor with Computer Graphics. Eur. J.
Pharmacol.-Mol. Pharmacol. Sect. 1991, 206, 315-323. (c)
Peet, N. P.; Lentz, N. L.; Meng, E. C.; Dudley, M. W.; Ogden,
A. M. L.; Demeter, D. A.; Weintraub, H. J. R.; Bey, P. A. Novel
Synthesis of Xanthines: Support for a New Binding Mode for
Xanthines with Respect to Adenosine at Adenosine Receptors.
J. Med. Chem. 1990, 33, 3127-3130.

(17) (a) Papesch, V.; Schroeder, E. F. Synthesis of 1-Mono- and
1,3-Disubstituted 6-Aminouracils. Diuretic Activity. oJ. Org.
Chem. 1951, 16, 1879-1830. (b) Speer, J. H.; Raymond, A. L.
Some Alkyl Homologs of Theophylline. J. Am. Chem. Soc.
1953, 75, 114-115. (c) Blicke, F. F.; Godt, H. C. Reactions of
1,3-Dimethyl-5,6-diaminouracil. J. Am. Chem. Soc. 1954, 76,
2798-2800. (d) Kramer, G. L.; Garst, J. E.; Mitchel, S. S.;
Wells, J. N. Selective Inhibition of Cyclic Nucleotide Phos-
phodiesterases by Analogues of 1-Methyl-3-isobutylxanthine.
Biochemistry 1977, 16, 3316-3321.

(18) Bariana, D. S. 8-Aryltheophyllines. Can. J. Chem. 1968, 46,
3413-3415.

Figure 1. Xanthine derivatives.

tissue and species differences in adenosine receptors.'?
The sites labeled by N®-[*H]cyclohexyladenosine in guinea
pig brain are the most similar to those found in man. Since
we would like to develop adenosine A, antagonists for
therapeutic uses, affinity of compounds to the adenosine
A, receptor was measured with N®-[*H]cyclohexyl-
adenosine binding in guinea pig forebrain membranes.?
A, receptor binding was performed with N-[3H]ethyl-

(19) (a) Ferkany, J. W.; Valentine, H. L.; Stone, G. A.; Williams, M.
W. Adenosine A; Receptors in Mammalian Brain: Species
Differences in Their Interactions with Agonists and Antago-
nists. Drug Dev. Res. 1986, 9, 85-93. (b) Ukena, D.; Jacobson,
K. A.; Padgett, W. L.; Ayala, C.; Shamim, M. T.; Kirk, K. L.;
Olsson, R. A,; Daly, J. W. Species Differences in Structure—
Activity Relationships of Adenosine Agonists and Xanthine
Antagonists at Brain A, Adenosine Receptors. FEBS Lett.
1986, 209, 122-128.

(20) Bruns, R. F.; Daly, J. W.; Snyder, S. H. Adenosine Receptors
in Brain Membranes: Binding of N?-Cyclohexyl{*H]adenosine
and 1,3-Diethyl-8-[*H]phenylxanthine. Proc. Natl. Acad. Sci.
U.S.A. 1980, 77, 5547-5551.
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adenosin-5'-uronamide in rat striatal membranes.®

‘Our results of reference compounds such as 1-4 are
presented in Table I along with comparable data from the
literature. The K; value of compound 4 in our assay was
consistent with the Ukena’s result (K; = 3.9 nM).!*®
However it was larger than reported values (K; = 0.46 or
0.23 nM) in the another assay using rat brain mem-
branes.!314s Thig discrepancy might be explained by
species differences.

We designed several 8-substituted xanthines bearing a
5-membered heterocyclic, alkyl, or polycycloalkyl group
on the basis of compounds 4 and 5. Substitution of a furyl
or thienyl group at the 8-position sparingly increased both
A, and A, affinity as reported previously (compare 10 and
12 with 3).13*4 Thiadiazole substitution suppressed affinity
(14 and 15). Five-membered heteroaromatic substitution
did not alter A, selectivity (10, 12, and 16) except for
compound 13 (43-fold A, selective) (Table II). This result
seemed to indicate that 2’-substitution of 8-substituent had
favorable effects on A, selectivity (compare 13 with 16).
Additional fusion of a phenyl group decreased the antag-
onist potency (compare 18-22 with 4, 10, 12, and 13). The
presence of an acidic group caused a reduction of affinity
to both A, and A, receptors (11 and 17). Electrostatic
effects of heteroaromatic rings did not play important roles
in affinity to the A; receptor. Thus we examined the
binding of alkyl derivatives (Table III). Alkyl substitution
enhanced affinity to A, and A, receptors in general (com-
pare 23-33 with 3). Incorporation of a quaternary carbon
to 1’-position of 8-substituents enhanced A, selectivity
(compare 27-29 with 23-26). A quaternary carbon bearing
a hydroxyl group also seemed to increase A, selectivity
(compare 30 and 31 with 24 and 26), but decrease affinity
to A, and A, receptors. And furthermore, incorporation
of a quaternary carbon to cycloalkyl group also seemed to
enhance the selective A, antagonism (compare 34 and 35
with 4). Compound 35 was a highly A, selective antagonist
(>4500-fold).

Conformation of the cyclopentyl group is not restricted
at room temperature.? It is of great interest to examine
whether interactions of the cyclopentyl group with the A,
receptor need its optimum conformation. Thus confor-
mation of the cyclopentyl group was fixed using bicyclo-
and tricycloalkane systems which contain quaternary
carbons in 1’- or 2’-position of the 8-substituent. This
modification caused a remarkable enhancement of affinity
to the A, receptor (36-42). In this series, stereoisomers
had almost equipotent affinity to the A, receptor (compare
36, 38, and 40 with 37, 39, and 41). And furthermore,
tricycloalkyl substitution resulted in a selective A; an-
tagonism (42 and 44). Katsushima et al.!%® also reported
8-(1-adamantyl)-1,3-dipropylxanthine (44) as an A, se-
lective adenosine antagonist. Compound 42 (KW-3902)
was 10-fold more potent than 44. Introduction of a qua-
ternary carbon and a rigid cyclopentyl moiety to the 8-
substituent contributed to the selective and potent A,
antagonism of 42. Separation of the bicycloalkyl or tri-
cycloalkyl substituent from the xanthines by a methylene
group (43 and 45) caused much low potency and selectivity
at the A, receptor. When the A, binding assay was carried
out with N8-[*H]cyclohexyladenosine using rat forebrain
membranes as described before,3!4 K| values of compound
4 and 42 were 0.49 £ 0.06 and 0.19 % 0.042 nM, respec-

(21) Clark, T.; McKervey, M. A, Saturated Hydrocarbons. In
Comprehensive Organic Chemistry. The Synthesis and Re-
actions of Organic Compounds; Stoddart, J. F., Ed.; Pergamon
Press Ltd.: Oxford, 1979; (Stereochemistry, Hydrocarbons,
Halo Compounds, Oxygen Compounds), Vol. 1, pp 37-120.
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Table IV. Effects of Substituents in the 1- and 3-Positions on
the Activity of 8-(3-Noradamantyl)xanthine Derivatives at A,
and A, Adenosine Receptors®

2T

K nM K ratio
no. R! R? Al A2 Ag/ Al
46 methyl methyl 41£3.1 1200 £ 33 29

47  ethyl ethyl 7.1£0.88 1600 x430 230
42 propyl propyl 13 £0.12 380 %30 290
48  butyl butyl 10 £ 0.83 1100 £ 77 110
49 methyl isobutyl 15%0.88 850 % 130 57

50 H propyl 370 >100000 >270
4See footnote a in Table L.

tively. These compounds are about 10-fold more potent
at the A, receptor in rat brain than in guinea pig brain.

Since 1,3-dipropyl-8-(3-noradamantyl)xanthine (42) was
identified to be a selective and the most potent A, receptor
antagonist reported to date, the effects of other substituent
in 1- and 3-positions were examined (Table IV). As ex-
pected from earlier studies, propyl substitution at both 1-
and 3-positions was optimum to the potent and selective
A, antagonism (46-50).

NE-Cycloalkyl or Net-bicycloalkyladenosines, such as
N&-cyclopentyladenosine (54; CPA)?? or N®-2-endo-nor-
bornyladenosine (52)2® are known to be selective A,
agonists, As described above, the cycloalkyl or bicycloalkyl
group also appeared to confer the optimal A, selectivity
with 8-substituted xanthines. These results may support
the previous hypothesis®'® that the 8-substituent of
xanthines and the N®-substituent of adenosine agonists
bind to the same region of the A, receptor. Comparative
effects of the 8-substituent in antagonists and the N®-
substituent in agonists on A; binding were shown in Table
VI. Effects of endo and exo stereochemistry on binding
were similar in antagonists and agonists (compare 38 and
39 with 52 and 53). Among disubstituted methyl series,
the same order in the binding activity was observed (an-
tagonists, 25, 24, 23, 26; agonists, 57, 59, 60, 62, 64). The
3-pentyl group which is an open-chain analogue of the
cyclopentyl group, gave the highest potency. Enhancement
of affinity to the A, receptor by dicyclopropylmethyl
substitution was observed both in an antagonist (5) and
an agonist (51). On the other hand, effects of a quaternary
carbon at 1’-position of the substituent were slightly dif-
ferent between antagonists and agonists. In xanthines, as
mentioned above, incorporation of such a quaternary
carbon enhanced A, selectivity without affecting affinity
to the A, receptor (34, 44, 28, and 27). In agonists, a

(22) Moos, W. H.; Szotek, D. S.; Bruns, R. F. N®-Cycloalkyl-
adenosines. Potent, A-Selective Adenosine Agonists. J. Med.
Chem. 1985, 28, 1383-1384.

(23) (a) Daly, J. W.; Padgett, W.; Thompson, R. D.; Kusachi, S.;
Bugni, W. J.; Olsson, R. A. Structure-Activity Relationships
for N¥-Substituted Adenosines at a Brain A;-Adenosine Re-
ceptor with a Comparison to an A,-Adenosine Receptor Reg-
ulating Coronary Blood Flow. Biochem. Pharmacol. 1986, 35,
2467-2481. (b) Paton, D. M,; Olsson, R. A.; Thompson, R. T.
Nature of the N® Region of the Adenosine Receptor in Guin-
ea-Pig Ileum and Rat Vas Deferens. Naunyn-Schmiedeberg’s
Arch. Pharmacol. 1986, 333, 313-322. (c) Trivedi, B. K.;
Bridges, A. J.; Patt, W. C.; Priebe, S. R.; Bruns, R. F. N%-Bi-
cycloalkyladenosines with Unusually High Potency and Se-
lectivity for the Adenosine A; Receptor. J. Med. Chem. 1989,
32, 8~11.
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Table V. Analytical Data for 8-Substituted Xanthines

Shimada et al.

synthetic mp, °C
no. method % yield® (recryst solvent) formula®
10 A 68 254"255"‘ (2'PIOH/H20) ClsH13N403
l l B 44 267"268d ClsHl’]N‘OsSK'O.ngO
12 A 26 271-272¢ (2'PTOH) ClsH13N402S
13 C 36 258"260 (EtOH) ClsH21N502
14 C 27 268-269 (EtOH) Ci13H;¢Ng0,8-0.5H,0
15 C 59 236-238 (EtOH/H,0) C,3H,6Ng0,8-0.25H,0
16 C 79 227-228 (EtOH) C1sH oN;0,S
17 cf 37 278-280 (EtOH/H,0) C12H,6N30,:0.75H,0
18 c 64 223-225 (2-PrOH/H,0) N0,
19 C 35 202-203 (tol/cyclohex) CuH24N402'0.5CGH12
20 C 77 282-284 (EtOH) CroHaoN(Os
21 A 61 308-309 (EtOH) C1sHyN,05S
22 C 41 252-253 (EtOH) CaoHasN;0,-0.2Et0H
23 A 86 141"142 (EtOH/H20) CI4H22N402
24 C 49 90-91 (2-PrOH/H,0) 16H24NO,
25 C 36 88’_90 (2'PIOH/H20) ClstgN402
26 c 27 109-110 (2-PrOH/H,0) C1sHyoN,0,
27 A 53 148-149 (2-PrOH/H,0) CisHuN(O,
28 A 76 105~106 (2'PIOH/H20) CIGH%N402
29 A 61 85-86 (MeOH/Hgo) Cl’]stN‘Og
30 Af 89 95-96 (hex) CsHaNO;
31 Af 46 126-127 (hex) CIGHMN4OS
32 C 56 170 (EtOH/H,0) CsHyN,O,
34 A 32 98-99 (2-PrOH/H,0) C1sHasN,0,
35 D 28 199-200 (EtOH,/H,0) CaHapN,0,
36 C 47 100-102 (heptane) CsHgN,O,
37 C 4 118-120 (heptane) C1sHyN,O,
38 C 52 122"123 (2'PIOH/H20) CISHHN(O2
39 C 18 168 (EtOH) C1gHyN,O,
40 C f 151-152 (2'PIOH/H20) ClsH23N402
41 C f 140~143 (2-PrOH/H,0) CysH2sN(O,
42 A 84 190 (EtOH/H,0) CyoHysN,O,
43 c 40 120-121 (2-PrOH/H,0) C1sHyN,0,
44 D 13 183-184# (2-PrOH/H,0) CyHgoN,O,
45 E 49 178-180 (2'PIOH/H20) 22H32N402
46 A 46 >300 (EtOH/H,0) CieHyN,0,
a7 A 51 260~263 (EtOH/H,0) C1sHaN,O,
48 A 85 160-161 (EtOH/H,0) Ca,HiN,O,
49 A 56 266-269 (EtOH/H,0) C1sHy6N,O,
50 A 57 >290 (dioxane/HgO) CI7H22N402

4Qverall yield from 5,6-diaminouracil (6). ®All compounds were analyzed for C, H, N. °Lit.1% mp 252 °C. ¢Not recrystallized. ¢Lit.!%

mp 259 °C. /See the Experimental Section. ¢Lit.'3® mp 194-196 °C,

quaternary carbon at 1’-position of N®-substituents (sub-
stitution at the S-4 subregion?®?) was not well tolerated,
resulting in lower affinity to the A, receptor (55, 56, 58,
and 61). Since 55, 56, 58, and 61 were almost inactive
toward the A, receptor,? bulkiness around the 1’-position
of N®-substituents showed greater effects on the A, re-
ceptor binding than on the A, receptor binding. The
sterical requirement of the 2’-position of the substituent
also appeared to be different between antagonists and
agonists (compare 32 and 33 with 65 and 63).

In summary, introduction of a quaternary carbon or the
conformationary restricted cyclopentyl moiety into the
8-position of 1,3-dipropylxanthines, enhanced the A, an-
tagonism dramatically. The 8-substituent of xanthine
antagonists and the N®-substituent of adenosine agonists
appears to bind to the same region of the A, receptor.

The further detailed hydrophobic interactions of xan-
thines with the A, receptor are under active studies in our
laboratories. The pharmacological activities of these A;
antagonists will be reported in due course.

Experimental Section

Melting points were determined on a Yanagimoto hot plate
micro melting point apparatus and are uncorrected. Infrared (IR)
spectra were measured on a JASCO IR-810 spectrophotometer.
Proton nuclear magnetic resonance (!H NMR) spectra were
measured on a JEOL JNM-PMX60, HITACHI R-90H, or a JEOL
JNM GX-270 spectrometer with tetramethylsilane (TMS) as an

internal standard. Mass spectra (MS) were determined on a JEOL
JMS-D300 instrument at an ionization potential of 70 eV. Mi-
croanalysis was performed on a Perkin-Elmer 2400CHN and agree
within £0.4% of calculated values unless otherwise noted. For
column chromatography, Silica gel 60 (E. Merck, 0.063-0.200 mm)
was used.

1,3-Dialkyl-5,6-diaminouracils were synthesized by using the
method of Blicke and Godt.!™ The following carboxylic acids were
synthesized by published procedures: 1,2,3-thiadiazole-5-
carboxylic acid,® 1,2,5-thiadiazole-3-carboxylic acid,?® 2-
methylthiazole-4-carboxylic acid,?® 2,2,5,5-tetramethylcyclo-
pentanecarboxylic acid,”’ and cyclopropylacetic acid.®® The other

(24) Shafiee, A.; Lalezari, I.; Mirrashed, M.; Nercesian, D. 1,2,3-
Selenadiazolyl-1,3,4-oxadiazole, 1,2,3-Thiadiazolyl-1,3,4-0xa-
diazole and 5-(1,2,3-Thiadiazolyl)-s-triazolo{3,4-b]-1,3,4-thia-
diazoles. J. Heterocycl. Chem. 1977, 14, 567-571.

(25) Weinstock, L. M.; Davis, P.; Handelsman, B.; Tull, R. A Gen-
eral Synthetic System for 1,2,5-Thiadiazoles. J. Org. Chem.
1967, 32, 2823-2829.

(26) Jones, E. R. H.; Robinson, F. A.; Strachan, M. N. Aminoalkyl
Esters of Thiazolecarboxylic and Thiazolyl-4-acetic Acids. J.
Chem. Soc. 1946, 87-91.

(27) Reddy, G. B.; Hanamoto, T.; Hiyama, T. Aluminum-Mediated
{4 + 1] Cyclization Reaction: Novel Synthesis of 2,2,5,5-
Tetramethylcyclopentanecarboxylic Acid. Tetrahedron Lett.
1991, 32, 521-524.

(28) Renaud, P.; Fox, M. A. Reaction of Dilithiated Carboxylic
Acids with Iodine: Evidence for the Formation of a Radical
Anion Intermediate. J. Org. Chem. 1988, 53, 3745-3752.
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Table V1. Effects of Substituents in Agonists and Antagonists on Binding Affinities for A; Receptors

H RHN
CaHr N
N N7 N
[ )—n )I \
OJ\N N/>_ k\N ! N>
éa“v HO 0.
HO OH
NE.[*H]cyclohexyladenosine NE.[*H]cyclohexyladenosine
binding:® binding:*
compounds no. K;, nM no. K;, nM
dicyclopropylmethyl 5 3.0 51 0.75
2-endo-norbornyl 38 3.8 52 0.32 (0.42)¢
2-exo-norbornyl 39 44 53 0.70 (0.91)¢
cyclopentyl 4 6.4 (0.46)° 54 0.32 (0.59)¢
1-methylcyclohexyl 34 11 55 70
1-adamantyl 44 13 56 73
3-pentyl 25 19 57 0.75
2-methyl-2-butyl 28 23 58 16
2-butyl 24 (RS) 25 59 (R) 1.3
60 (S) 0.80
tert-butyl 27 31 61 20
2-propyl 23 49 62 1.9
2,2-dimethyl-1-propyl 33 49 63 17
4-heptyl 26 78 64 3.3
cyclopropylmethyl 32 120 65 0.75

4 See footnote a in Table I. ®See footnote g in Table 1. °A, binding measured as inhibition of N¢-[*H]cyclohexyladenosine binding to rat

brain membranes.?®2 4Reference 23c.

carboxylic acids were of analytical grade and were obtained from
standard local sources unless otherwise noted.

Method A. 8-(Benzo[b]thiophene-2-yl)-1,3-dipropyl-
xanthine (21). 5,6-Diamino-1,3-dipropyluracil'®® (1.00 g, 4.4
mmol) was dissolved in 5 mL of pyridine, and then benzo[b]-
thiophene-2-carbonyl chloride (956 mg, 4.9 mmol) was added
portionwise with stirring at 0 °C. After 1 h of stirring at room
temperature, the reaction mixture was concentrated under reduced
pressure. A saturated NaHCOj; solution was added, and the
mixture was extracted with CHCI; three times. The combined
organic layer was dried over Na,SO,, and the solvent was removed
under vacuo to afford 1.54 g (90%) of 6-amino-1,3-dipropyl-5-
[[(benzo[b]thiophene-2-yl)carbonyljamino]uracil. The crude uracil
was dissolved in 20 mL of 2 N NaOH and 20 mL of dioxane and
heated under reflux for 10 min. After cooling to 0 °C, the product
was precipitated by adjusting the pH to 4.0 with 4 N HC1. After
filtration and washing with water, recrystallization from EtOH
yielded 1.01 g (61%) of 21 as colorless needles:mp 308-309 °C.
Anal. (ClgHgoN4OQS) C, H, N.

1,3-Dipropyl-8-(2-hydroxy-2-butyl)xanthine (30). To a
solution of 2-hydroxy-2-methylbutyric acid (5.00 g, 42.3 mmol)
and 4-(dimethylamino)pyridine (520 mg, 4.2 mmol) in pyridine
(110 mL) was dropwise added acetic anhydride (4.8 mL, 50.8
mmol) at 0 °C with stirring. After 1 h of stirring at 0 °C, the
reaction mixture was concentrated under reduced pressure. After
dilution with 1% MeOH/CHCI,; and filtration (silica gel), 2-
acetoxy-2-methylbutyric acid (6.76 g, quantitative) was obtained
as an oil. To a solution of this acid (2.84 g, 17.7 mmol) in pyridine
(40 mL) was dropwise added thionyl chloride (0.97 mL, 13.3 mmol)
at 0 °C with stirring. The reaction mixture was heated at 60 °C
for 10 min, and 5,6-diamino-1,3-dipropyluracil (2.0 g, 8.85 mmol)
was added portionwise. Then compound 30 was obtained in the
same manner as 21 in 89% yield after recrystallization from
hexane, mp 95-96 °C. The acetyl group was removed under the
cyclization condition. Anal. (C;;H,N,O;) C, H, N.

1,3-Dipropyl-8-(3-hydroxy-3-pentyl)xanthine (31). From
2-ethyl-2-hydroxybutyric acid, 31 was obtained as above in 46%
yield after recrystallization from hexane, mp 126-127 °C. Anal.
(CgHyN,Oy) C, H, N.

(I’'R*2'R*5'R*)-8-Bicyclo[3.3.0]Joctan-2-yl-1,3-dipropyl-
xanthine (36) and (1’R*,2'S*,5’R*) [somer 37. From cis-bi-
cyclo[3.3.0}octane-2-carboxylic acid (Aldrich Chemical Co., Inc.),
36 and 37 were obtained in the same manner as 30 in 47 and 4%
yields, respectively, after separation on silica gel column chro-

matography (eluent: 25% ethyl acetate/hexane) and recrystal-
lization. 36: mp 100-102 °C; 'H NMR (DMSO-dg) & 13.12 (brs,
1 H), 3.94 (t, 2 H), 3.83 (t, 2 H), 2.75-2.50 (m, 3 H), 2.10-1.45 (m,
12 H), 1.42-1.35 (m, 1 H), 1.30-1.15 (m, 1 H), 0.95-0.85 (m, 6 H).
Anal. (CgHguN,O,), C, H, N. 37: mp 118-120 °C; 'H NMR
(CDCl,) 6 12.30 (brs, 1 H), 4.11 (t, 2 H), 4.02 (¢, 2 H), 3.30 (ddd,
J = 6, 8, 14 Hz, 1 H), 3.00-2.85 (m, 1 H), 2.70-2.53 (m, 1 H),
2.25-0.90 (m, 20 H). Anal. (ClgH28N402) C, H, N.

8-(2-endo-Norbornen-5-yl)-1,3-dipropylsanthine (38) and
Exo Isomer 39. From bicyclo[2.2.1]hept-5-ene-2-carboxylic acid
(Lancaster Synthesis Ltd.), 38 and 39 was obtained as above in
52 and 18% yields, respectively, after separation on silica gel
column chromatography (eluent: 25% ethyl acetate/hexane) and
recrystallization. 38: mp 122-123 °C; 'H NMR (DMSO-dg) 6 12.84
(brs, 1 H), 6.17 (dd, J = 3.2, 5.6 Hz, 1 H), 5.72 (dd, J = 2.7, 5.6
Hz, 1 H), 3.91 (t, 2 H), 3.82 (t, 2 H), 3.43 (ddd, J = 4.2, 4.2, 9.3
Hz, 1 H), 3.28 (brs, 1 H), 2.92 (brs, 1 H), 2.08 (ddd, J = 3.7, 9.3,
13.0 Hz, 1 H), 1.75-1.50 (m, 5 H), 1.45-1.35 (m, 2 H), 0.90-0.80
(m, 6 H). Anal. (C;3Hy,N,O,) C,H, N. 39: mp 168 °C; 'H NMR
(DMSO-dg) 6 13.11 (brs, 1 H), 6.21 (d, J = 1.4 Hz, 2 H), 3.95 (t,
2 H), 3.84 (t, 2 H), 2.96 (brs, 2 H), 2.63 (ddd, J = 0.7, 4.2, 8.2 Hz,
1 H), 2.10 (ddd, J = 4.2, 4.2, 11.5 Hz, 1 H), 1.72-1.45 (m, 5 H),
1.35-1.22 (m, 2 H), 0.92-0.80 (m, 6 H). Anal. (C,sH,N,0,) C,
H, N.

8-(2-endo-Norbornyl)-1,3-dipropylxanthine (40) and Exo
Isomer 41. From bicyclo[2.2.1]heptane-2-carboxylic acid (Lan-
caster Synthesis Ltd.), 8-(2-norbornyl)-1,3-dipropylxanthine (ca.
7:3 mixture of 40 and 41) was obtained in 39% yield after re-
crystallization from heptane, mp 118-120 °C. The product was
further purified by reverse-phase HPLC (YMC-Pack ODS R-354
column (300 X 50 mm, Yamamura Kagaku Co.) and eluting with
85% MeOH/H,0) to pure 40 and 41. 40: mp 151-152 °C; 'H
NMR (DMSO0-d;) é 13.00 (brs, 1 H), 3.97 (t, 2 H), 3.84 (t, 2 H),
3.21 (ddd, J = 4.2, 4.2, 11.6 Hz, 1 H), 2.55 (brs, 1 H), 2.28 (brs,
1 H), 1.90~1.22 (m, 11 H), 1.15-1.03 (m, 1 H), 0.95-0.82 (m, 6 H).
Anal. (C;gHyiN,0,) C, H, N. 41: mp 140-143 °C; 'H NMR
(DMSO-d;) 6 12.99 (brs, 1 H), 3.94 (t, 2 H), 3.83 (t, 2 H), 2.79 (dd,
J = 4.9, 8.5 Hz, 1 H), 2.39 (brs, 1 H), 2.31 (brs, 1 H), 2.08-1.96
(m, 1 H), 1.80~1.45 (m, 8 H), 1.38-1.12 (m, 3 H), 0.95-0.80 (m,
6 H) Anal. (CIBH26N402) C, H, N.

Method B. 1,3-Dipropyl-8-(4-sulfo-2-furyl)xanthine Po-
tassium Salt (11). To a solution of 2.50 g (11 mmol) of 5,6-
diamino-1,3-dipropyluracil in 130 mL of MeOH and 6.5 mL of
AcOH was slowly added portionwise 5-formyl-2-furansulfonic acid
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sodium salt (2.19 g, 11 mmol) with stirring. After 2 h of stirring
at room temperature, the reaction mixture was concentrated under
reduced pressure. The residue was suspended in 200 mL of EtOH,
and FeCl; (1.80 g, 11 mmol) in 25 mL of EtOH was added with
stirring. The mixture was refluxed for 4 h, then concentrated.
After adjusting the pH to 8.0 with 1 N KOH, the residue was
purified by DIAION HP-40 (Mitubishi Chemical Industries Co.
Ltd,; eluent: 50% MeOH/H,0) to afford 11 (2.08 g, 44%) as a
colorless powder, mp 267-268 °C. Anal. (C,sH,;NOsSK-0.3H,0)
C,H,N.

Method C. 1,3-Dipropyl-8-(N-methylpyrrol-2-yl)xanthine
(13). To a solution of 5,6-diamino-1,3-dipropyluracil (3.00 g, 13
mmol) and 1-ethyl-3-[3-(dimethylamino)propyl]jcarbodiimide
hydrochloride (3.31 g, 17 mmol) in 120 mL of dioxane/H,0 (1:1)
was slowly added portionwise N-methyl-2-pyrrolecarboxylic acid
(2.16 g, 17 mmol) with stirring, and the pH was maintained at
5.0 + 0.5 by the dropwise addition of 2 N HCl, After 4 h of stirring
at room temperature, the reaction mixture was treated with 2 N
NaOH (60 mL) and heated under reflux for 10 min. After cooling
to 0 °C, the product was precipitated by adjusting the pH to 4.0
with 4 N HCL. After filtration and washing with water, recrys-
tallization from EtOH yielded 1.50 g (36%) of 13 as colorless
needles, mp 258-260 °C. Anal. (C,sH,N;0,) C, H, N.

1,3-Dipropyl-8-(5-tetrazolyl)xanthine (17). To a solution
of ethyl 5-tetrazolecarboxylate® (2.18 g, 15.3 mmol) and tri-
ethylamine (4.26 mL, 30.6 mmol) in methylene chloride (60 mL)
was portionwise added trityl chloride (3.84 g, 13.8 mmol) at 0 °C.
After 16 h of stirring at room temperature, a saturated NaHCO,
solution was added, and the mixture was extracted with CHCl,
three times. The combined organic layer was dried over Na,SO,,
and the solvent was removed under vacuo to yield the crude
tritylated ester (5.32 g). To a solution of this ester (5.77 g) in THF
(20 mL) and dioxane (50 mL) was added 1 N KOH (16 mL) with
stirring. After 1.5 h of stirring at room temperature, the pH was
adjusted to 6 with 4 N HCI. 5,6-Diamino-1,3-dipropyluracil (2.26
g, 10 mmol) followed by 1-ethyl-3-[3-(dimethylamino)propyl]-
carbodiimide hydrochloride (2.30 g 12 mmol) was portionwise
added, then 17 was obtained in the same manner as 13 in 37%
yield after recrystallization from EtOH /H,0, mp 278-280 °C. The
trityl group was removed under the cyclization condition. Anal.
(C,2H16Ng04,:0.75H,0) C, H, N.

Method D. 1,3-Dipropyl-8-(2,2,5,5-tetramethyleyclo-
pentyl)xanthine (35). To a solution of 2,2,5,5-tetramethyl-
cyclopentanecarboxylic acid?® (2.54 g, 15 mmol) in pyridine (40
mL) was dropwise added thionyl chloride (1.20 mL, 16.5 mmol)
at 0 °C with stirring. The reaction mixture was heated at 60 °C
for 10 min, and then 5,6-diamino-1,3-dipropyluracil (3.39 g, 15
mmol) in pyridine (10 mL) was slowly added with stirring at 0
°C. After 1h of stirring at 0 °C, the reaction mixture was con-
centrated under reduced pressure. A saturated NaHCO; solution
was added, and the mixture was extracted with CHCl; three times.
The combined organic layer was dried over Na,SO,, and the
solvent was removed under vacuo. Purification on silica gel
column chromatography (eluent:25% ethyl acetate/hexane) af-
forded 6-amino-1,3-dipropyl-5-[[(2,2,5,5-tetramethylcyclo-
pentyl)carbonyllaminoluracil (2.69 g, 47%). A solution of 3.10
g (8.20 mmol) of this uracil in 20 mL of POCI, was refluxed for
1.5 h. The excess POCl; was removed in vacuo, and the residue
was neutralized with 50% NH,OH. Usual workup as above and
purification on silica gel column chromatography (eluent:25%
ethyl acetate/hexane), followed by recrystallization from
EtOH/H,0 afforded 1.75 g (28% overall) of 35 as colorless needles,
mp 199-200 °C. Anal. (C,H4,N,0,) C, H, N.

Method E. 8-(1-Adamantyl)methyl-1,3-dipropylxanthine
(45). To a solution of 5,6-diamino-1,3-dipropyluracil (2.00 g, 8.85
mmol) and 1-ethyl-3-[3-(dimethylamino)propyljcarbodiimide
hydrochloride (2.04 g, 10.6 mmol) in 60 mL of dioxane/H,0 (2:1)
was added portionwise 1-adamantaneacetic acid (2.06 g, 10.6
mmol) with stirring, and the pH was maintained at 5.0 + 0.5 by
the dropwise addition of 2 N HCL. After 2 h of stirring at room
temperature, water was added and the mixture was extracted with
CHCI, three times. The combined organic layer was dried over
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Na,S0,, and the solvent was removed under vacuo to afford 4.02
g (quantitative) of 6-amino-1,3-dipropyl-5-[[(1-adamantyl)-
acetyllamino}uracil. The crude uracil was treated with POCl,
(40 mL) as described above, and the mixture was heated under
reflux for 2 h. Usual workup and purification on silica gel column
chromatography (eluent:25% ethyl acetate/hexane), followed by
recrystallization from 2-propanol/H,0 afforded 1.69 g (49%) of
45 as colorless needles, mp 178-180 °C. Anal. (CyH3,N,0,) C,
H, N.

Biochemistry. N°®-[°H]Cyclohexyladenosine A, Binding.?
Guinea pig forebrain was homogenized in ice-cold 50 mM Tris
(tris(hydroxymethyl)aminomethane)-HCl pH 7.7 buffer with a
Polytron homogenizer. The homogenate was centrifuged at 50000
for 10 min (0-5 °C), and the pellet was washed in fresh buffer.
The pellet was resuspended in 10 vol (w/v) of buffer containing
adenosine deaminase (ADA; 2.0 units/mL; Sigma Chemical Co.).
Following a 30-min incubation at 37 °C, the suspension was cooled
on ice and recentrifuged as before, and the final pellet was re-
suspended in fresh buffer (10 mg tissue/mL) for use in the binding
assay.

The homogenate was dispensed (1.0 mL aliquots) into glass
tubes containing 1.1 nM N®-[*H]cyclohexyladenosine (sp act =
27 Ci/mmol; NEN Du Pont), 10 mg of tissue, 50 mM Tris-HCl
buffer, and xanthine solution in aqueous dimethyl sulfoxide (the
final concentration of dimethyl sulfoxide was less than 0.9%).
Nonspecific binding was defined by the addition of 10 uM
(R)-NB-(2-phenyl-1-methylethyl)adenosine. Following a 90-min
incubation at 25 °C, binding was terminated by filtering samples
over Whatman GF/C glass filters using a Brandel cell harvester
apparatus. The filters were washed three times with 5 mL of
ice-cold buffer, and the radio activities were counted (Ex-H; Wako
Pure Chemical Industries, Ltd.) using a liquid scintillation counter
(Packard Instrument Co.). Concentration-inhibition curves were
carried out in duplicate with five or more concentrations of each
test agent, and ICy, values were calculated from computerization
of logit log curve. The inhibition constants (K;) were calculated
according to the Cheng and Prusoff equation.®® When the assays
were carried out three or more times, standard errors (SEM) are
given in the table.

NE.[®H]Cyclohexyladenosine A; binding assay using rat fore-
brain membranes was performed according to the same protocol
as above,

N-[*H]Ethyladenosin-5’-uronamide A, Binding.® Rat
striatal tissue was homogenized in ice-cold 50 mM Tris-HCI pH
7.7 buffer, the homogenate was centrifuged as above, and the pellet
was washed in fresh buffer and recentrifuged. The final pellet
was resuspended in fresh buffer (5 mg tissue/mL).

The homogenate was dispensed (1.0-mL aliquots) into glass
tubes containing 3.8 nM N-[*H]ethyladenosin-5-uronamide (26
Ci/mmol; Amersham Corp.), 5 mg of tissue, 50 mM Tris-HCl pH
7.7 buffer containing 10 mM MgCl,, 0.1 unit/mL ADA, 50 nM
Nt-cyclopentyladenosine, and xanthine solution (aqueous dimethyl
sulfoxide). Nonspecific binding was determined by the addition
of 100 uM NB-cyclopentyladenosine. Following a 2-h incubation
at 25 °C, the reaction was stopped by vacuum filtration, and
samples were quantified as above.

For the assays, IC5, values or inhibition constants (K;) were
calculated as above. When the assays were carried out three or
more times, standard errors (SEM) are given in the table.
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