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We have established structuractivity relationships of novel'4hionucleoside analogues as theadlenosine
receptor (AR) agonists. Binding affinity, selectivity toward other AR subtypes, and efficacy in inhibition of
adenylate cyclase were studied. From this study, 2-cH\§rmethyl-4-thioadenosine-‘smethyluronamide
(368 emerged as the most potent and selective agonist at the hugn@R.ANe have also revealed that,
similar to 4-oxoadenosine analogues, at least one hydrogen or-tih@®amide moiety was necessary for
high-affinity binding at the human AAR, presumably to allow this group to doeaa H bond within the
binding site. Furthermore, bulky substituents on thei®namide reduced binding affinity, but in some
cases large 'suronamide substituents, such as substituted benzyl and 2-phenylethyl groups, maintained
moderate affinity with reduced efficacy, leading tg@ AR partial agonists or antagonists. In several cases
for which the corresponding’4xonucleosides have been studied, th¢hibnucleosides showed higher
binding affinity to the A AR.

Introduction affinity to the Apa AR, compared td, while the opposite trend
was observed in the case &f This study indicated that the
binding site of the human £AR preferred the North sugar ring
puckering.

Recently, on the basis of a bioisosteric rationale and the high
g binding affinity and selectivity of compounds-3, we have
reported the 2-chlordé-substituted-4thioadenosine&methyl-
uronamides as highly potent and selective AR agonists,
among which (LJ-530) showed extremely high binding affinity
(Ki = 0.28 nM) at the human AAR with high selectivity to

Adenosine is an endogenous signaling molecule regulating
many physiological functions through four specific subtypes (A
Aoa, Azg, and Ag) of adenosine receptors (ARs), at least one of
which is expressed on the surface of most cefisnong these
four subtypes, the Asubtype is the most recently identifie
and is known to be involved in many diseases, such as cardiac
and cerebral ischemfa,cancer asthma, glaucomé and
inflammation’® Thus, the A AR is regarded as a good
therapeutic target for the development of clinically useful agents. 15

A number of nucleoside and nonnucleoside derivatives have the human A and human A ARs.®> Compounds (LJ-529)

been synthesized and tested for binding affinities at the humanhas also exhibited very high bino_lir_ng affinit((= 0.38 nM) at
Ax, A, Azg, and A; ARs®11 Among them,1 (IB-MECA)™L the human A AR but less selectivity thad to the human A

showed potent binding affinity to the human AR (K; = 1.0 and Apa ARS. ) . L - -
nM) with 51- and 2900-fold selectivity for the human And Thus, on the basis of high binding affinity and selectivity of

Aza ARS, respectively, with binding affinity at the humangd 4 -thionucleosides4 and 5,' we carried out an extensive
AR >10 uM (Chart 1). The systematic structurectivity structure-activity relationship study of th&lé-position anql/or
relationship study of compount! led to 2 (CI-IB-MECA),12 mgthyluronamlde of and5to search_for better AAR agonists
which showed increased selectivity in comparisori.tevhile (Figure 1). We found that electronic as well as steric effects
exhibiting similar binding affinity K; = 1.4 nM) to the human play an important role in binding affinity and se_Iect|V|ty to the
As AR. Compoundl was found to show potent in vivo AR_s. Iq this paper, we report a full acco_unt Ofthloadc_anosme
antitumor activity and is now undergoing phase Il clinical trials, ~derivatives as highly potent and selectivg AR agonists.
and compoun@ is being used extensively as a pharmacological
tool for studying A AR.13

On the other hand, a cyclopropyl-fused carbocyclic nucleoside  Chemistry. For an extensive structur@ctivity relationship
3 (MRS 3558)1* adopting a fixed conformation of the pseudo- study of 4-thionucleosides, we first synthesized the glycosyl
ribose ring, exhibited higher binding affinityK( = 0.29 nM) donors 4-thiosugars4 or 15 on a preparative scale, which was
than compound4 and 2 at the human A AR. Compound3 achieved, starting fronm-gulonic y-lactone 6) as shown in
showed better selectivity for thei;AAR and similar binding Scheme 15> Compound6 was converted to the diacetonide
by treating with acetone and anhydrous copper(ll) sulfate under

Results and Discussion

* To whom correspondence should be addressed: Tel:288277— acidic conditions. Treatment @fwith LAH in ether followed
3466. Fax. 822-3277-2851. E-mail: lakjeong@ewha.ac.kr. by treating the resulting dio® with mesyl chloride afforded
. Ewha Womans University. the dimesylated in excellent yield. Cyclization to the 4-thio-
Seoul National University. . . . .
8 National Institute of Health. furanoselOwas achieved by heatir@with anhydrous sodium
' Pusan National University. sulfide in DMF. Treatment 010 with 30% acetic acid at room
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Chart 1. Binding Affinity (A1, Az, or Az AR) or Functional Activation of the Adenosine Derivatives at Human Adenosine Receptors
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AR (129-AB-MECA). ECsg values at the hgs AR in a cCAMP assay were determined in stably transfected CHO ¥efg0.21
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Figure 1. Structure of the desired-#hionucleosides (R= alkyl or
arylalkyl, R = aminoalkyl or aminoarylalkyl).

temperature fo2 h gavell in 90% yield, on the basis of the
recovered starting material.

Oxidative cleavage of didll with lead tetraacetate gave an
aldehyde, which was reduced with sodium borohydride to give
12. Protection of12 with a benzoyl group affordedl3.
Treatment ofL3 with mCPBA in methylene chloride gave the
sulfoxide 14, which served as a glycosyl donor for the
condensation with nucleobases. The sulfoxidevas converted
to another glycosyl dondk5 by refluxing with acetic anhydride
at 100°C.

The glycosyl donorl4 was directly condensed with 2,6-
dichloropurine in the presence of TMSOTf and triethylamine
in a solution of acetonitrile and 1,2-dichloroethane to give the
p-anomerl6 (54%) with trace amounts of thee-anomer, while
condensation of another glycosyl dorids with silylated 2,6-
dichloropurine produced the samieanomerl6 (60%) and its
o-anomer in a 9:1 ratié? but the two-step yield from sulfoxide
14 was only 37% (Scheme 2). Anomeric configurations were
easily assigned byH NOE experiments between-#H and 4-

H. To examine the effects of\®-substituents and/or'b
uronamides in binding to the binding site of the; AR,
compoundL6 was treated with various amines such as ammonia,
methylamine, cyclopropylamine, cyclopentylamine, 3-iodoben-
zylamine, and 2-methylbenzylamine to afford vario§-
substituted purine nucleosid&g—22. For the synthesis of the
various uronamided\é-substituted nucleosidd§—22 were first
converted to the corresponding acis-34. Treatment ofL7—

22 with 80% aqueous acetic acid followed by treating the

resulting diols with TBSOTT yielded disilyl ethers, which were
debenzoylated with sodium methoxide to give thdidroxy-
methyl analogue&3—28, respectively. Oxidation c23—28 with
PDC in DMF gave the acid derivative?®—34, respectively.

VariousNe-substituted acid derivative9—34 were converted
to the various uronamided5—40g as shown in Scheme 3. In
the previous papéf, acids were converted to the corresponding
5'-methyluronamides upon treatment with potassium carbonate
and dimethyl sulfate in acetone followed by reacting the
resulting esters with 40% methylamine, but an improved method
was now employed for the synthesis of the uronamides. Direct
coupling of theNs-methyladenosine derivativ&d with various
amines such as methylamine, dimethylamine, cyclopropylamine,
cyclopropylmethylamine, isoamylamine, morpholine, 4-ben-
zylpiperidine, 4-(4-fluorophenyl)piperazine, 3-fluorobenzyl-
amine, 2-(3-fluorophenyl)ethylamine, and 3,3-diphenylpropyl-
amine using EDC and HOBt afforded various 2-chitio-
methyladenosinerfuronamides86a—k after desilylation. Simi-
larly, Né-cyclopropyl-, cyclopentyl-, 3-iodobenzyl-, and 2-me-
thylbenzyladenosine derivativ@d—34 were also converted to
the various uronamide37a—e, 38a,i 39a—m, and 40a—g,
respectively.

Biological Activity. All AR experiments were performed
using adherent CHO (Chinese hamster ovary) cells stably
transfected with cDNA encoding the human AR®inding at
the human A AR in this study was carried out using?ji]I-
AB-MECA [N®-(4-amino-3-iodobenzyl)adenosin&dS-ethyl-
carboxamidoadenosine] as a radioligand. In cases of weak
binding, the percent inhibition of radioligand binding to the
human A AR was determined at 1@M. Furthermore, the
percent activation of the humarg AR (inhibition of adenylate
cyclase in comparison to the full agonB®twas determined at
10 «M. Binding at human A [using PH]R-PIA, Né-(2-phenyl-
isopropyl)adenosine, orfiINECA, 5'-N-ethylcarboxamido-
adenosine] or Ay AR [using PH]CGS21680, (21)-(2-carboxy-
ethyl)phenylethylamino]-5N-ethylcarboxamidoadenosine] was
carried out as described in the Experimental Section.
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Scheme 1.Synthesis of Thiosugar Intermediates
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aReagents: (a) C#£OCHs, HoSOy, CuSQ, rt; (b) LiAIH 4, ether; (c) MsCl, BN, CHyCly; (d) N&S, DMF, heat; (e) 30% AcOH; (f) Pb(OAg)EtOAC;

(9) NaBH;, MeOH; (h) BzCl, pyridine; (i)m-CPBA, CHCly; (j) Ac20.

Scheme 2.Synthesis of 4Thionucleoside 5Carboxylic Acid Intermediatés

I 0
Bzo— | R
S N N N =N
a 4 | 4 \
— 2 X e
P s s
14
o_ 0O [oXge]
[ez0 b PN PN
0,
—Iﬁ‘”OAC 60% 16 17 (R; = hydrogen) (97%)
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ld,e,f
NHR, NHR,
N-— N NN
7 <A
0O /)\ Z
HO NN el g HO N ™N" ~cI
S S
TBSO OTBS TBSO OTBS
29 (R4 = hydrogen) 23 (R4 = hydrogen) (56%)
30 (R4 = methyl) 24 (R4 = methyl) (65%)
31 (R, = cyclopropyl) 25 (R4 = cyclopropyl) (74%)
32 (R4 = cyclopentyl) 26 (R4 = cyclopentyl) (76%)
33 (R4 = 3-iodobenzyl) 27 (Rq = 3-iodobenzyl) (80%)
34 (R4 = 2-methylbenzyl) 28 (R = 2-methylbenzyl) (82%)

aReagents and conditions: (a) 2,6-dichloropurine, TMSOTENEICH;CN—CICH,CH,CI, rt to 83 °C; (b) silylated 2,6-dichloropurine, TMSOTHf,
CICH,CH,CI, rt to 80°C; (c) RiNH2, EtN, EtOH, rt; (d) 80% AcOH, 70C; (e) TBSOT, pyridine, 50C; (f) NaOMe, MeOH; (g) PDC, DMF.

As shown in Table 1, a variety dff-alkyl, cycloalkyl, and
arylalkyl substituents on'4hioadenosine-suronamide deriva-
tives have produced high affinity at the humanAR subtype,
among whict86a(R = CHz, R = NHCHj3)!® showed the most
potent binding affinity Ki = 0.28 &+ 0.09 nM) at the A AR.
Compound36awas selective for the humarnsAR versus the
human A AR by 4800-fold and showed extremely low binding
affinity at the human Ax AR (20% inhibition at 10uM). It
was also selective for the human AR versus the rat Aand
rat A,a ARs by 700- and 23 000-fold, respectivéitHowever,
we have not determined the binding affinity 86a at rat Ag

the selectivity of theNé-methyl derivative36ais not expected
to be general across species.

All compounds 86b,f—h, 37d,e 39g—i, 40c,f,g with dialkyl
substitution at the "suronamides showed reduced binding
affinity at all the subtypes of ARs, indicating that the amide
hydrogen, important for hydrogen bonding in the binding site
of ARs, contributes to the observed affinity. Molecular modeling
of adenosine receptors based on the template of the high-
resolution structure of rhodopsin has already predicted that such
a H-bond occurs between the exocyclic NH and the side chain
of a conserved Asn residue in the sixth transmembrane helical

AR, since it is expected to be weak due to the presence of thedomain of several AR217 In the case of monoalkyl'5

Né-methyl group. The 4thionucleosides36a and its N®-(3-
iodobenzyl) analogug9ashowed higher binding affinity to the

uronamide derivatives, bulky substituents generally reduced
binding affinity at the human A AR, regardless of the

human A AR and higher selectivity in comparison to the human substituent present at tié® position. A variety ofNé-alkyl,

A; and A ARs than the corresponding-dxonucleosided
and2. However, due to the presence of the sriéthalkyl group,

cycloalkyl, and arylalkyl substituted'-4hio-5-uronamide ad-
enosine derivatives have produced moderate to high affinity at
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Scheme 3.Synthesis of 4Thionucleoside 5Uronamide Derivatives
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29 (R4 = hydrogen) 35
30 (Ry = methyl) 36a-k
31 (R4 = cyclopropyl) 37a-e
32 (R = cyclopentyl) 38a-b
33 (R; = 3-iodobenzyl) 39a-m
34 (R = 2-methylbenzyl) 40a-g
Comﬁgund R, Ry Rs Comﬁgund R R, Rs
35 H H methyl 39b 3-iodobenzyl H ethyl
36a methyl H methyl 39¢c 3-iodobenzyl H isoamyl
36b methyl CH3[ methyl 39d 3-iodobenzyl H cyclopropyl
36¢ methyl H cyclopropyl 3% 3-iodobenzyl H cyclopropylmethyl
36d methyl H cyclopropylmethyl 39f 3-iodobenzyl H cyclobutyl
36e methyl H isoamyl 39g 3-iodobenzyl 4-benzylpiperidine
36f methyl morpholine 39h 3-iodobenzyl 4-(4-F-ph)piperazine
36g methyl 4-benzylpiperidine 39i 3-iodobenzyl morpholine
36h methyl 4-(4-F-ph)piperazine 39 3-iodobenzyl H 3-Cl-benzyl
36i methyl H 3-F-benzyl 39k 3-iodobenzyl H 3-CF3-benzyl
36j methyl H 2-(3-F-phenyl)ethyl 391 3-iodobenzyl H 2-phenylethyl
36k methyl H 3,3-diphenylpropyl 39m 3-iodobenzyl H 3,3-diphenypropyl
37a cyclopropyl | H methyl 40a 2-methylbenzyl | H methyl
37b cyclopropyl [ H ethyl 40b 2-methylbenzyl | H ethyl
37c cyclopropyl | H cyclopropyl 40c 2-methylbenzyl | CH; | methyl
37d cyclopropyl 4-benzylpiperidine 40d 2-methylbenzyl | H cyclopropyl
37e cyclopropyl morpholine 40e 2-methylbenzyl | H cyclopropylmethyl
38a cyclopentyl [ H methyl 40f 2-methylbenzyl morpholine
38b cyclopentyl [ H ethyl 40g 2-methylbenzyl 4-benzylpiperidine
39a 3-iodobenzyl | H methyl

aReagents: (a) NHiR;, EDC, HOBT, DIPEA, CHCIy; (b) TBAF, THF.
the human A AR subtype. Among all the synthesized 5
uronamide derivatives,Bnethyluronamide derivatives exhibited
the most potent binding affinity at the human AR, in which
the binding affinity of theN® substituted compounds was in
the following order: CH > 3-iodobenzyl> H > 2-methyl-
benzyl> cyclopropyl> cyclopentyl. 5-Uronamide substituents
consisting of C+C5 alkyl and cycloalkyl groups were capable
of maintaining namomolar affinity and in some cases selectivity
for the human A AR in comparison to Aand A ARs. This
conclusion applied td6-methyl, cyclopropyl, and 3-iodobenzyl
derivatives, but not to alNS-substitution. While the '5N-
cyclopropyl and cyclopropylmethyl uronamide derivatives
displayedK; values of -3 nM at the human AAR in the
aboveN® series, the correspondind’-(2-methylbenzyl) ana-

N-(2-(3-fluorophenyl)ethyl) uronamide derivati@gj, although
5-fold less potent in binding, appeared to display less intrinsic
efficacy toward the A AR. The corresponding 'SN-(3,3-
diphenylpropyl) uronamide derivativ@6k displayed only
moderate binding affinity and appeared to be a putative
antagonist at the AAR due to its ability to bind but not activate
the receptor. In the series Nf-(3-iodobenzyl) derivatives§9c
and 39| appeared to be either low efficacy agonists or
antagonists. The'8N-(3-methylbutyl) uronamid@9cwas also
selective in binding to the AAR (K; = 42 nM).

The reduction of intrinsic efficacy has been demonstrated
previously for a variety of sterically bulky groups &f- and
C2-positions! and for smaller substituents, such as thioethers,
at the 3-positioni® These results are novel in that the range of

logues were at least an order of magnitude less potent in binding.5'-substitutents found to maintain moderate binding affinity at

Thus, the effects of substitution &% and 3-positions were
interdependent. To further illustrate this point;msorpholin-
eamides were-10-fold less potent in otheé-series than was
the Né-(3-iodobenzyl) derivativ@9i. A 5'-(4-benzylpiperidine)
derivative40g was considerably weaker inzAAR binding in
the N8-(2-methylbenzyl) series than in othif-series. A 5N-
(3-methylbutyl) uronamide derivati@ewas also highly potent
and selective in binding to thesR. 5-Uronamide substituents
consisting of substituted benzyl and 2-phenylethyl groups
generally resulted in intermediate affinity at thg AR.
Compounds35, 36a,d 38a 39a,b,f and 40b,e were full
agonists in an assay of human keceptor-mediated inhibition
of cyclic AMP in transfected CHO cell$.However, in some
cases large'suronamide substituents reduced efficacy, leading
to Az AR partial agonists or antagonists. For example;-Bl-5
(3-fluorobenzyl) uronamide derivative6i was a potent and
selective partial agonist of thezMR. The corresponding’'s

the human the AAR has been greatly expanded, leading to an
initial structure-efficacy relationship.

Conclusion

We have established structuractivity relationships of novel
4'-thio analogues of compouril An improved synthetic route
to this series involved the direct condensation of the sulfoxide
14 with 2,6-dichloropurine, which was efficiently synthesized
on a preparative scale fromgulonicy-lactone b). This route
was superior to the previous route based on condensation using
4-thioribosyl acetatel5 as an intermediate. From this study,
2-chloroN8-methyladenosine’ Smethyluronamide36a) emerged
as the most potent and selective agonist at the humafiRA
We have also revealed that, similar tbokoadenosine ana-
logues, at least one hydrogen on theuBbnamide moiety is
necessary for nanomolar binding affinity at the humanAR,
presumably to allow this group to doeaa H bond within the
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Table 1. Potency of 2-Chloro-4thioadenosine“suronamide Derivatives at Humam AA2a, and A; AR and Maximal Agonist Effects at HumanzAR

Expressed in CHO Celis
NHR
N
IR0 «fj\‘\
N7 N g
S

OH OH
Ki (nM) or % inhibition at 1QuM hAz; AR
% activatior
compd R R hA; AR hA2a AR Ki (nM) at 10uM
35 H NHCH;3 89.2+11.7 158+ 29 0.40+ 0.06 100+ 5
36a CHs NHCH;s 1330+ 240 20% 0.28+ 0.09 119+ 12
36b CHjs N(CHz)2 10% 12% 1500t 1300 8.3t 5.9
36¢ CHs cyclopropyl-NH 47.8+ 5.7 2770+ 580 2.82+1.03 98+ 8
36d CHs cyclopropylmethyl-NH 638t 35 44% 1.10+ 0.03 109+ 9
36e CHz isoamyl-NH 4070+ 1220 14% 1.63:0.17 92+ 14
36f CHjs morpholine 4% 24% 387& 580 38+ 6
369 CHjs 4-Benzyl -piperidine 10% 6% 3508 340 3.1+ 1.3
36h CHz 4-(4-F-Ph)-piperazine 28% 34% 2780880 2.9+ 4.0
36i CHjs 3-F-benzyl-NH 67% 41% 174 3.8 57+ 2
36j CHs 2-(3-F-phenyl)ethyl-NH 15% 30% 8546 35.6 11+5
36k CHs 3,3-diphenyl-propyl-NH 20% 15% 415 16 0.1+ 28
37a cyclopropyl NHCH 37.3+25 4890+ 380 224+ 121 99+ 3
37b cyclopropy! NHCHCH;3 3.2+03 604+ 110 0.67+ 0.07 97+ 3
37c cyclopropyl! cyclopropyl-NH 4.6 0.3 325+ 13 5.56+ 1.77 85+ 4
37d cyclopropyl 4-benzylpiperidine 32% 33% 4020740 0
37e cyclopropy! morpholine 25% 11% 4440160 83+ 5
38a cyclopentyl NHCH 139+ 1.8 921+ 76 4,27+ 0.33 105+ 2
38b cyclopentyl NHCHCHs 20+2 149+ 29 2.83+0.63 95+ 3
3%a 3-iodobenzyl NHCH 193+ 46 223+ 36 0.38+ 0.07 114+ 9
39%b 3-iodobenzyl NHCHCH;3 1444 55 292+ 120 0.89+ 0.18 100+ 6
39¢c 3-iodobenzyl isoamyl-NH 31% 31% 41911.3 12+ 6
39d 3-iodobenzyl cyclopropyl-NH 92.6- 10.9 326+ 23 2.96+ 1.03 87+ 4
3% 3-iodobenzyl cyclopropylmethyl-NH 17268 690 2220+ 420 3.64+ 0.60 96+ 9
39f 3-iodobenzyl cyclobutyl-NH 126-2 549+ 78 18.2+13.4 100+ 3
39¢g 3-iodobenzyl 4-benzylpiperidine 38% 17% 8385 74+ 19
39h 3-iodobenzyl 4-(4-F-Ph)-piperazine 24% 12% 144830 96+ 10
39i 3-iodobenzyl morpholine 18% 4% 51969 94+ 6
39 3-iodobenzyl 3-Cl-benzyl-NH 171@ 340 28% 308t 148 33+9
39k 3-iodobenzyl 3-(trifluoromethyl)benzyl-NH 0% 11% 35418 31+11
391 3-iodobenzyl 2-phenylethyl-NH 20% 11% 433141 7.1+ 2.7
39m 3-iodobenzyl 3,3-diphenylpropyl-NH 5% 3% 34348 31+ 14
40a 2-methylbenzyl NHCH 507+ 66 1320+ 270 2.18+ 0.46 99+ 6
40b 2-methylbenzyl NHCHCH;3 75.8+ 25 429+ 97 2.50+1.10 112+ 9
40c 2-methylbenzyl N(CH) 0% 22.5% 632+ 70 9.1+ 0.4
40d 2-methylbenzyl cyclopropyl-NH 76.£9.3 202+ 51 27.8+ 3.8 91+ 3
40e 2-methylbenzyl cyclopropylmethyl-NH 1986 310 3890+ 630 29.7+£11.3 111+ 11
40f 2-methylbenzyl morpholine 4% 17% 7620800 61+ 4
40g 2-methylbenzyl 4-benzylpiperidine 26% 15% 492007500 31+4

a All AR experiments were performed using adherent CHO cells stably transfected with cDNA encoding the human or rat ARs. Percent activation of the
human A AR was determined at 10M. Binding was carried out as described in the Experimental Section using as radiof¢§RdHIA or [FHINECA
at the human AAR and PH]CGS 21680 at the human,AAR. Values from the present study are expressed as me@EM, n = 3—5. ? Percent activity
(inhibition of foskolin-stimulated cyclic AMP formation) at 10M, relative to 10uM CI-IB-MECA (A 3).

binding site. Furthermore, bulky substituents on theirona- chromatography was performed using silica gel 60 {2800 mesh).
mide reduced binding affinity, although in some cases latge 5 Anhydrous solvents were purified by the standard procedures.
uronamide substituents, such as substituted benzyl and 2-phe- Synthesis. Methanesulfonic Acid $)-((4R)-2,2-Dimethyl-[1,3]-
nylethyl groups, maintained moderate affinity with reduced dioxolan-4-yl)((4S,55)-5-methanesulfonyloxymethyl-2,2-dimeth-
efficacy, leading to A AR partial agonists or antagonists. In  Yl-[1,3]dioxolan-4-yl)methyl Ester (9). To a stirred slurry of6
several cases for which the correspondirigxonucleosides ~ (20-2 9, 113.5 mmol) and anhydrous Cu3@7.0 g, 169.8 mmol)
have been studied, the-thionucleosides showed higher binding " dry acetone (650 mL) was added concentratg8@®j (1.7 mL)
affinity to the As AR. These findings may facilitate the and the mixture was stirred at room temperature for 24 h. The pH

. A - ) o of the solution was adjusted to 7 with Ca(QHand the resulting
genglscatlon of the modes of binding of nucleoside derivatives slurry was filtered and evaporated to affafd28.7 g, 98%) as a

light-yellow solid, which was used in the next step without further
purification. To a stirred solution o7 (25.1 g, 97.2 mmol) in
anhydrous THF (300 mL) was cautiously added LAH (7.2 g, 190.4
General. Melting points are uncorrectetid NMR (400 MHz) mmol) in several portions at 0C and the reaction mixture was
and3C NMR (100 MHz) spectra were measured in Cpai CDs- stirred at room temperature for 5 h. The reaction mixture was
OD and chemical shifts are reported in parts per milliée) (  quenched with ice, dried over anhydrous MgSfiltered through
downfield from tetramethylsilane as internal standard. Column a Celite pad, and evaporated. The resulting residue was purified

Experimental Section
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by silica gel column chromatography (hexane/ethyl acetalel)
to give 8 (24.1 g, 95%) as a white semisolidH NMR (CDClg) 6
1.29 (s, 3H, CH), 1.29 (s, 3 H, Ch), 1.36 (s, 3 H, CH), 1.43 (s,
3 H, CH), 3.26 (s, 1 H, OH), 3.28 (s, 1 H, OH), 3.38.79 (m, 4
H, HOCH,, OCH,), 3.96-4.03 (m, 2 H, HOCHCH(OR)R,
OCHRR), 4.12-4.22 (m, 2 H). Anal. (&H2,0¢) C, H.

To a solution of8 (4.1 g, 15.7 mmol) in dry pyridine (20 mL)
was added methanesulfonyl chloride (6.1 mL, 47.1 mmol) &€ 0

Jeong et al.

organic layer was dried over anhydrous MgS@ltered, and
evaporated. The resulting residue was purified by silica gel column
chromatography (hexanel/ethyl acetate?:1) to give12 (5.5 g,
98%) as a syrupiH NMR (CDCl) 6 1.33 (s, 3 H, CH), 1.53 (s,
3 H, CHs), 2.41 (br s, 1 H, OH), 2.89 (dd, 1 H,= 1.5, 12.9 Hz,
6-CHH), 3.09 (dd, 1 HJ = 4.9, 12.7 Hz, 6-CHi), 3.44 (id, 1 H,
J = 1.0, 6.6 Hz, 4-H), 3.59 (d, 2 H] = 5.4 Hz, HOQH,), 4.71
(dd, 1 H,J = 1.2, 5.6 Hz, 6a-H), 4.91 (td, 1 H,= 1.5, 5.3 Hz,

and the mixture was stirred at the same temperature for 4 h. The3a-H); FAB-MSn/z 190 (M"). Anal. (GH1403S) C, H, S.

reaction mixture was quenched with ice and the reaction mixture
was partitioned between EtOAc ang® The organic layer was
washed with aqueous NaHGQGolution and brine, dried over
anhydrous MgS@ and evaporated. The residue was purified by
silica gel column chromatography (hexane/ethyl acetafl) to
give 9 (6.4 g, 98%) as a colorless syrufti NMR (CDCl;) 6 1.37
(s,3H,CH), 1.39(s,3H,CH),1.46 (s,3H, Ch), 1.52 (s, 3 H,
CHj3) 3.10 (s, 3 H, S@CHs), 3.18 (s, 3 H, SECH3), 3.92-4.08
(dd, 1 H,J = 7.1, 11.7 Hz, ROEH), 4.08-4.20 (m, 2 H,
ROCHHCH(OR)), 4.39-4.49 (m, 4 H, MsOE&1,CH(OR)CH(OR)),
4.81-4.87 (dd, 1 H,J = 4.8, 6.6 Hz, MsOERR). Anal.
(C14H2601082) Cv H' S.
(3aS,4R,6aR)-4-((4R)-2,2-Dimethyl-[1,3]dioxolan-4-yl)-2,2-
dimethyltetrahydrothieno[3,4-d][1,3]dioxole (10). To a stirred
solution of9 (10.1 g, 24.2 mmol) in DMF (260 mL) was added
sodium sulfide nonahydrate (6.97 g, 29.0 mmol) and the mixture
was heated at 100C for 3 h. After being cooled to room
temperature, the mixture was diluted with ether and washed with
H,O (three times) and brine. The organic layer was dried over
anhydrous MgSQ filtered, and evaporated. The resulting residue
was purified by silica gel column chromatography (hexane/ethyl
acetate= 5:1) to givel0 (5.9 g, 94%) as a syrupH NMR (CDClg)
01.33(s,3H,CH),1.34(s,3H, CH), 1.44 (s, 3 H, ChH), 1.52
(s, 3H, CH), 2.88 (d, 1 HJ = 12.7 Hz, 6-GiH), 3.09 (td, 1 H,
J = 2.2, 13.1 Hz, 6-CHl), 3.24 (d, 1 H,J = 8.8 Hz, 4-H), 3.76
(dd, 1 H,J=5.7, 8.6 Hz, 5CHH), 3.98 (td, 1 HJ = 6.0, 9.0 Hz,
4'-H). 4.15 (dd, 1 HJ = 6.3, 8.5 Hz, 5CHH), 4.93 (d, 2 HJ =
1.9 Hz, 3a-H, 6a-H)*C NMR (CDCk) 6 23.8, 24.6, 25.6, 26.1,
36.9, 56.5, 68.3, 75.6, 82.3, 84.5; FAB-M$z 260 (M"). Anal.
(C12H2004S) C, H, S.
(1R)-1-((3aS,4R,6aR)-2,2-Dimethyltetrahydrothieno[3,4-d]-
[1,3]dioxol-4-yl)ethane-1,2-diol (11)A solution 0f10(5.4 g, 20.1
mmol) in 30% aqueous AcOH (150 mL) was stirred at room
temperature fo4 h and the reaction mixture was evaporated. The
resulting residue was purified by silica gel column chromatography
(hexanel/ethyl acetate 1:1) to givell (1.89 g, 43%) and recovered
starting materia® (2.82 g): 'H NMR (CDCl3) 6 1.34 (s, 3H, CH),
1.53 (s, 3H, CH), 2.90 (dd, 1 HJ = 2.2, 12.9 Hz, 6CHH), 3.09
(dd, 1 H,J = 4.8, 12.9 Hz, 6CHH), 3.27 (dd, 1 HJ=1.9, 7.8
Hz, 4-H), 3.49 (br s, 2 H, 2 x OH), 3.58-3.72 (m, 2 H,
HOCHHCH(OH)), 3.79 (dd, 1 HJ = 2.9, 11.0 Hz, HOCHi), 4.93
(m, 2 H, 3a-H, 6a-H). Anal. (1604S) C, H, S.
(3aS,4R,6aR)-(2,2-Dimethyltetrahydrothieno[3,4-d][1,3]dioxol-
4-yl)methanol (12).To a stirred solution o011 (2.5 g, 11.2 mmol)
in ethyl acetate (50 mL) was added Pb(OA(.4 g, 12.3 mmol)
at 0°C and the reaction mixture was stirred for 10 min, at which
time TLC indicated the absence of starting material. The reaction
mixture was filtered, the filtrate was diluted with EtOAc, and the
organic layer was washed with saturated aqueous Nat4Gi0tion,
dried over anhydrous MgSQand evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate
= 5:1) to give aldehyde (2.1 g, 98%) as a syrdp: NMR (CDCls)
0 1.33 (s, 3H, CH), 1.52 (s, 3 H, CH), 2.61 (dd, 1 HJ = 3.9,
13.2 Hz, 6-@GiH), 2.87 (dd, 1 HJ = 4.1, 12.7 Hz, 6-CHi), 3.93
(s,1H,4-H),492( 1H)=4.1Hz,6a-H),5.10(d, 1HI=5.4
Hz, 3a-H), 9.43 (s, 1 H, CHO).
To a stirred solution of aldehyde (5.6 g, 30.0 mmol) in MeOH
(70 mL) was carefully added sodium borohydride (1.3 g, 33.6
mmol) in several portions at €C, and the reaction mixture was

Benzoic Acid (3&5,4R,6aR)-2,2-Dimethyltetrahydrothieno[3,4-
d][1,3]dioxol-4-ylmethyl Ester (13). To a solution of12 (2.1 g,
11.1 mmol) in pyridine (20 mL) was added benzoyl chloride (1.9
g, 13.4 mmol) at 0C and the reaction mixture was stirred at room
temperature for 6 h, quenched with methanol, and evaporated. The
residue was dissolved in ether (50 mL) and the insoluble pyridinium
salt was filtered and washed with ether. The combined organic layer
was dried over anhydrous MgaJiltered, and evaporated. The
resulting residue was purified by silica gel column chromatography
(hexane/ethyl acetate 4:1) to afford13 (3.2 g, 99%) as a colorless
oil: *H NMR (CDCls) 6 1.26 (s, 3 H, CH), 1.47 (s, 3 H, CH),
2.87 (dd, 1 HJ = 1.5, 13.2 Hz, 6-EiH), 3.11 (dd, 1 HJ = 4.9,
13.2 Hz, 6-CHH), 3.57 (m, 1 H, 4-H), 4.25 (dd, 1 H,= 8.0, 11.4
Hz, BzZOHH), 4.35 (dd, 1 HJ = 5.8, 11.4 Hz, BzZOCH), 4.72
(dd, 1 H,J = 1.2, 5.6 Hz, 6a-H), 4.91 (td, 1 H,= 1.2, 4.4 Hz,
3a-H), 7.35-7.99 (m, 5 H, Ph); FAB-MSwz 294 (M"). Anal.
(C1sH1804S) C, H, S.

Benzoic Acid (3&5,4R,6R,6aR)- and (3aS,R,6S,6aR)-6-Ac-
etoxy-2,2-dimethyltetrahydrothieno[3,4-d][1,3]dioxol-4-ylmeth-
yl Ester (15). To a stirred solution ofl3 (1.4 g, 4.6 mmol) in
CH,Cl, (30 mL) was added a solution of-CPBA (1.0 g, 4.6 mmol,
80%) in CHCI; (15 mL) dropwise at-78 °C and the mixture was
stirred at the same temperature for 45 min. The reaction mixture
was quenched with aqueous saturated NakiGOlution and
extracted with CHCI,, and the organic layer was washed with brine,
dried over anhydrous MgS¢Xiltered, and evaporated. The residue
was purified by silica gel column chromatography (hexane/ethyl
acetate= 2:1) to givel4 (1.4 g, 95%) as a white solidtH NMR
(CDCl) of one isomen 1.33 (s, 3 H, CH), 1.49 (s, 3 H, Ch),
3.23(dd, 1 HJ = 4.1, 14.4 Hz, 6-EIH), 3.38 (dd, 1 HJ = 6.3,
14.4 Hz, 6-CHH), 3.47 (m, 1 H, 4-H), 4.73 (dd, 1 H] = 9.0,
11.9, Hz, BzOGiH), 4.89 (dd, 1 HJ = 4.9, 11.9 Hz, BzZOCH),
5.02 (t, 1 H,J = 6.1 Hz, 3a-H), 5.24 (m, 1 H, 6a-H), 7.4B.03
(m, 5 H, Ph).

A solution 0f14 (3.5 g, 11.3 mmol) in AgO (90 mL) was heated
at 100°C for 6 h and evaporated. The residue was partitioned
between ethyl acetate and®l The organic layer was washed with
saturated aqueous NaHg€&blution and brine, dried over anhydrous
MgSQ,, filtered, and evaporated. The residue was purified by silica
gel column chromatography (hexane/ethyl acetatd:1) to give
15 (2.5 g, 62%) as a syrup*H NMR (CDCl;) of one isomerd
1.30 (s, 3 H, CH), 1.50 (s, 3 H, Ch), 2.03 (s, 3 H, COCH), 3.77
(dd, 1 H,J = 5.8, 9.5 Hz, 4-H), 4.37 (dd, 1 H = 9.8, 11.4 Hz,
BzOCHH), 4.23 (dd, 1 HJ = 6.1, 11.4 Hz, BzZOCH), 4.94 (d, 1
H, J= 5.6 Hz, 3a-H), 4.98 (d, 1 H] = 5.6 Hz, 6a-H), 6.06 (s, 1
H, 6-H), 7.42-8.06 (m, 5 H, Ph); FAB-M31wWz 293 (Mt — OAc).
Anal. (CUHZ()OaS) CH, S.

Benzoic Acid (3&5,4R,6R,6aR)-6-(2,6-Dichloropurin-9-yl)-2,2-
dimethyltetrahydrothieno[3,4-d][1,3]dioxol-4-yImethyl Ester (16)
and Its o-Isomer. To a suspension of 2,6-dichloropurine (9.93 g,
64.2 mmol) in a mixture of dry CECN (100 mL) and 1,2-
dichloroethane (50 mL) were added triethylamine (9.0 mL, 64.2
mmol) and TMSOTf (23.2 mL, 128.5 mmol), and the mixture was
stirred at room temperature until the mixture was clear. The resulting
solution was added to a solution d4 (10.0 g, 32.1 mmol) in dry
1,2-dichloroethane (50 mL) dropwise. An additional amount of
triethylamine (9.0 mL, 64.2 mmol) in dry 1,2-dichloroethane (25
mL) was added to the reaction mixture to initiate the Pummerer
reaction. After being stirred at room temperature for 5 min, the

stirred for 30 min at the same temperature and neutralized with reaction mixture was heated at 83 for 24 h. The reaction was
glacial AcOH. After the removal of the solvent, the mixture was quenched with ice and the reaction mixture was partitioned between
partitioned between EtOAc (150 mL) and brine (100 mL). The EtOAc and HO. The separated organic layer was washed with
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saturated NaHC®solution (three times) and brine. The organic
layer was dried over anhydrous Mg$éhd evaporated. The residue
was purified by a silica gel column chromatography ¢CHEtOAc

= 20:1-10:1) to givel6 (8.34 g, 54%) as a white foam and its
o-anomer (trace).

p-anomer16. UV (MeOH) Amax 269 nm (pH 7);'H NMR
(CDCl3) 0 1.39 (s, 3 H, CH), 1.64 (s, 3H, CH), 4.11 (td, 1 HJ
= 2.7, 6.8 Hz, 4-H), 4.57 (dd, 1 H = 6.6, 11.4 Hz, BzOCH),
475 (dd, 1 HJ = 7.1, 11.4 Hz, BzO€H), 5.19 (dd, 1 HJ =
2.7,5.4 Hz, 3a-H), 5.40 (dd, 1 B,= 1.9, 5.4 Hz, 6a-H), 6.10 (d,
1H,J=1.9 Hz, 6-H), 7.37#7.97 (m, 5 H, Ph), 8.38 (s, 1 H, H-8);
FAB-MS m/z 482 (M* + 1). Anal. (GoH1eClbLN4O4S) C, H, N, S.

o-anomer: UV (MeOH)max 269 nm (pH 7);'H NMR (CDCly)

0 1.37 (s, 3H, CH), 1.64 (s, 3 H, CH), 4.08 (m, 1 H, 4-H), 4.51
(dd, 1 H,J = 6.3, 11.7 Hz, BzOEH), 4.62 (dd, 1 HJ = 7.1,
11.7 Hz, BzOCHH), 5.01 (m, 1 H, 3a-H), 5.11 (m, 1 H, 6a-H),
6.50 (d, 1 H,J = 2.2 Hz, 6-H), 7.377.99 (m, 5 H, Ph), 8.87 (s,
1 H, H-8); FAB-MSm/z 482 (M" + 1). Anal. (GoH1sCl2N404S)
C,H,N,S.

Benzoic Acid (3&5,4R,6R,6aR)-6-(6-Amino-2-chloropurin-9-
yl)-2,2-dimethyltetrahydrothieno[3,4-d][1,3]dioxol-4-yImethyl Es-
ter (17). A solution of 16 (454 mg, 0.94 mmol) in saturated
ethanolic ammonia (25 mL) was heated at°®&Din a sealed tube
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General Procedure C for the Synthesis of 2934.To a stirred
solution of 4-hydroxymethyl analogue@3—28) in dry DMF (10
mL) was added pyridinium dichromate (10.0 equiv) and the reaction
mixture was stirred at room temperature for 20 h. After being poured
into water (50 mL per mmol), the reaction mixture was stirred at
room temperature for 1 h. The precipitate was filtered, and the filter
cake was washed with excess water and dried under high vacuum
to give a brownish solid, which was used in the next step without
further purification.

2-Chloropurin-9-yl)-3,4-dihydroxytetrahydrothiophene-2-car-
boxylic Acid Methyl Amide (35). Compound23 (150 mg, 0.27
mmol) was oxidized with pyridinium dichromate (2.6 g, 6.91 mmol)
to give the crude9, which was methylated with dimethyl sulfate
(12 mL, 10.57 mmol) and BCO; (100 mg, 0.72 mmol) in acetone
(6 mL) at room temperature f@ h togive methyl ester (200 mg)
after the usual workup. A stirred solution of crude methyl ester
(200 mg) was treated with methylamine (20 mL, 40.0 mmol, 2 N
THF solution) at room temperature for 24 h in a sealed tube. The
volatiles were removed under reduced pressure, and the resulting
residue was purified by silica gel column chromatography (hexane/
ethyl acetate= 1:2) to give silyl amide (80 mg, 51%) as a white
foam: UV (MeOH)Amax 264 nm (pH 7)H NMR (CDClg) 6 0.01
(m, 12 H, 4 x Si—CHjg), 0.79 (s, 9 H, C(Ch)3), 0.85 (s, 9 H,

for 24 h. The reaction mixture was evaporated to dryness under C(CHs)3), 2.67 (d, 3 H,J = 4.1 Hz, N-CHj3), 3.78 (d, 1 HJ =
reduced pressure. The resulting residue was purified by silica gel 4.8 Hz, 2-H), 4.35 (m, 1 H, 3-H), 4.57 (m, 1 H, 4-H), 5.70 (d, 1 H,

column chromatography (hexane/ethyl acetat#:1) to afford17

J=5.6 Hz, 5-H), 7.72 (br s, 2 H, exchangeable with) NH,),

(148 mg, 32%) and debenzoylated compound (235 mg, 65%). A 7.72 (br s, 1 H, exchangeable with®, NH), 8.10 (s, 1 H, H-8).

solution of debenzoylated compound (235 mg) in pyridine (10 mL)
was treated with benzoyl chloride (0.12 mL, 0.758 mmol) at room

To a stirred solution of silyl amide (140 mg, 0.24 mmol) in THF
(5 mL) was added TBAF (0.25 mL, 0.25 mmalM THF solution)

temperature for 12 h. The reaction mixture was partitioned betweenand the reaction mixture was stirred at room temperature for 1 h.

EtOAc and water and the organic layer was dried, filtered, and

The solvent was evaporated and the resulting residue was purified

evaporated. The resulting residue was purified by silica gel column by silica gel column chromatography (@El,/MeOH = 10:1) to

chromatography (hexane/ethyl acetat®:1) to afford compound
17 (240 mg, 80%): UV (MeOH)imax 264 nm (pH 7);'H NMR
(CDCly) 6 1.37 (s, 3 H, CH), 1.63 (s, 3 H, CH), 4.01 (td, 1 HJ
= 2.7, 7.3 Hz, 4-H), 4.57 (dd, 1 H = 6.8, 11.5 Hz, BzOEH),
4.77 (dd, 1 HJ = 7.6, 11.5 Hz, BzOCH), 5.23 (dd, 1 HJ =
2.7, 5.6 Hz, 3a-H), 5.38 (dd, 1 BH,= 1.9, 5.6 Hz, 6a-H), 6.02 (d,
1H,J=1.9 Hz, 6-H), 6.29 (br s, 2 H, N}, 7.40-8.02 (m, 6 H,
Ph, H-8); FAB-MSm/z 463 (M" + 1). Anal. (GoH20CIN50,S) C,
H, N, S.

General Procedure A for the Synthesis of 1822.To a solution
of 16 in anhydrous EtOH (20 mL/mmol) were added triethylamine

(3.0 equiv) and the appropriate amine (1.2 equiv). After being stirred

give 3 (58 mg, 69%) as a white solid: mp 23235 °C; [0]%%
—20.2 € 0.1, MeOH); UV (MeOH)Amax 264 nm (pH 7)IH NMR
(DMSO-dg) 6 2.70 (d, 3 H,J = 4.1 Hz, N-CHg), 3.82 (d, 1 HJ
= 4.6 Hz, 2-H), 4.36 (dd, 1 H) = 4.6, 8.7 Hz, 3-H), 4.53 (m, 1
H, 4-H), 5.60 (d, 1 HJ = 5.4 Hz, exchangeable with,D, OH),
5.78 (d, 1 HJ = 5.1 Hz, exchangeable with,D, OH), 5.82 (d, 1
H, J = 5.5 Hz, 5-H), 7.87 (br s, 2 H, exchangeable with(D)
NH,), 8.33 (br g, 1 H, exchangeable with®, NH), 8.55 (s, 1 H,
H-8); 13C NMR (DMSO-dg) 0 51.8, 57.5, 62.5, 75.4, 78.1, 118.4,
140.1, 150.5, 153.0, 156.7, 170.7; FAB-M%z 345 (M"). Anal.
(C11H13C|N603S) C, H, N, S.

General Procedure D for the Synthesis of 36a40g. To a

at room temperature for 24 h, the reaction mixture was evaporated.solution of acid derivative€30—34), EDC (1.5 equiv), HOBt (1.5

The residue was purified by silica gel column chromatography
(hexane/ethyl acetate 1:1) to give variousN®-substituted nucleo-
sides18—22. Spectral data for compound8—22 are provided in
the Supporting Information.

General Procedure B for the Synthesis of 2328. A solution
of Né-substituted nucleosidefl7—22) in 80% aqueous AcOH
solution (30 mL) was stirred at 78C for 12 h. The solvent was

equiv), and appropriate amine (1.5 equiv) in £&# (20 mL) was
added DIPEA (3.0 equiv), and the mixture was stirred at room
temperature for 12 h. The reaction mixture was evaporated and
the residue was purified by a silica gel column chromatography
(hexane/EtOAec= 10:1-5:1) to give silyl amides as a white foam.
To a stirred solution of silyl amides in THF (5 mL) was added
TBAF (2.5 equiv) and the reaction mixture was stirred at room

removed under reduced pressure and the mixture was neutralizedemperature for 1 h. The solvent was evaporated and the resulting

with methanolic ammonia. After evaporation, the residue was
purified by silica gel column chromatography (gH,/MeOH =
15:1) to give diol as a white foam.

To a stirred solution of diol in dry pyridine (20 mL) was added
a solution of TBDMSOTTf (5.0 equiv) dropwise and the reaction
mixture was stirred at 50C for 5 h. The mixture was partitioned
between CHCI, and HO, and the organic layer was washed with
water, aqueous NaHGGOsolution, water, and brine; dried over
anhydrous MgS@ and evaporated. The crude disilyl ether was
used in the next step without further purification.

To a stirred solution of disilyl ether in anhydrous methanol (30

residue was purified by silica gel column chromatography £CH
Cl,/MeOH = 10:1) to give36a—40g Spectral data for compounds
36a—40g are provided in the Supporting Information.

Pharmacological Methods.[!29]- Né-(4-amino-3-iodobenzyl)-
adenosine-5N-methyluronamide (I-AB-MECA; 2000 Ci/mmol)
and PH]cyclic AMP (40 Ci/mmol) were from Amersham Pharmacia
Biotech (Buckinghamshire, UK).

Cell Culture and Membrane Preparation. CHO (Chinese
hamster ovary) cells expressing the recombinant humakRAwere
cultured in DMEM supplemented with 10% fetal bovine serum,
100 units/mL penicillin, 100ug/mL streptomycin, 2umol/mL

mL) was added sodium methoxide (1.5 equiv) and the mixture was glutamine, and 80@2g/mL geneticin. CHO cells expressing ra A

stirred at room temperature for 4 h. After being neutralized with ARs were cultured in DMEM and F12 (1:1). Cells were harvested
glacial acetic acid, the mixture was evaporated. The resulting residueby trypsinization. After homogenization and suspension, cells were
was purified by silica gel column chromatography (hexane/ethyl centrifuged at 509 for 10 min, and the pellet was resuspended in

acetate= 2:1) to give 4-hydroxymethyl analoguez3—28. Spectral
data for compound®23—28 are provided in the Supporting
Information.

50 mM TrisHCI buffer (pH 8.0) containing 10 mM Mggl1 mM
EDTA, and 0.1 mg/mL CHAPS. The suspension was homogenized
with an electric homogenizer for 10 s and was then recentrifuged
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at 20000g for 20 min at 4 °C. The resultant pellets were
resuspended in buffer in the presence of 3 units/mL adenosine
deaminase, and the suspensions were storeeBat°C until the
binding experiments. The protein concentration was measured using
the Bradford assalf

Binding Assays to the Human A and A, Receptors.For
binding to human Areceptors,JH]R-PIA (2 nM) was incubated
with membranes (4@g/tube) from CHO cells stably expressing
human A receptors at 28C for 60 min in 50 mM TrisHCI buffer
(pH 7.4; MgC}, 10 mM) in a total assay volume of 2Q0L.
Nonspecific binding was determined using 24M of CPA. For
human Aa receptor binding, membranes (20/tube) from HEK-

293 cells stably expressing humanasAeceptors were incubated
with 15 nM [PH]CGS21680 at 25C for 60 min in 200uL of 50

mM Tris-HCI, pH 7.4, containing 10 mM MgGINECA (10uM)

was used to define nonspecific binding. Reaction was terminated
by filtration with GF/B filters.

Binding Assay to the Human A; Receptors Using {23]-4-
Amino-3-iodobenzyladenosine-5N-methyluronamide ([*24]I-
AB-MECA). For competitive binding assay, each tube contained
50uL of membrane suspension (2@ of protein), 25.L of [123]I-
AB-MECA (1.0 nM), and 25uL of increasing concentrations of
the test ligands in Tri$1Cl buffer (50 mM, pH 7.4) containing 10
mM MgCl,, 1 mM EDTA. Nonspecific binding was determined
using 10uM of CI-IB-MECA in the buffer. The mixtures were
incubated at 25C for 60 min. Binding reactions were terminated
by filtration through Whatman GF/B filters under reduced pressure
using a MT-24 cell harvester (Brandell, Gaithersburgh, MD). Filters
were washed three times with 9 mL of ice-cold buffer. Radioactivity
was determined in a Beckman 550@Bcounter.

Cyclic AMP Accumulation Assay. Intracellular cyclic AMP
levels were measured with a competitive protein binding method.
CHO cells expressing recombinant human and ratARs were
harvested by trypsinization. After centrifugation and resuspension
in medium, cells were planted in 24-well plates in 1.0 mL medium.
After 24 h, the medium was removed, and cells were washed three
times with 1 mL of DMEM, containing 50 mM HEPES, pH 7.4.
Cells were then treated with agonists and/or test compounds in the
presence of rolipram (18M) and adenosine deaminase (3 units/
mL). After 45 min forskolin (10uM) was added to the medium,
and incubation was continued for an additional 15 min. The reaction
was terminated by removing the supernatant, and cells were lysed
upon the addition of 20@L of 0.1 M ice-cold HCI. The cell lysate
was resuspended and stored-20 °C. For determination of cyclic
AMP production, protein kinase A (PKA) was incubated with
[®H]cyclic AMP (2 nM) in K;HPO/EDTA buffer (K;HPQ,, 150
mM; EDTA, 10 mM), 20uL of the cell lysate, and 3@L of 0.1
M HCI or 50 uL of cyclic AMP solution (0-16 pmol/200uL for
standard curve). Bound radioactivity was separated by rapid
filtration through Whatman GF/C filters and washed once with cold
buffer. Bound radioactivity was measured by liquid scintillation
spectrometry.
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