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TITLE: PARTIAL OR FULL A, AGONISTS - N* HETEROCYCLIC 5°-
THIO SUBSTITUTED ADENOSINE DERIVATIVES

BACKGROUND OF THE INVENTION
1) Field of the Invention

This invention includes stable and useful drugs and pro-drugs that are N° heterocyclic
5’-thio modified adenosine derivatives. The compositions of this invention are selective,
partial or full adenosine A, receptor agonists, and as such, are useful for modifying cardiac
activity, modifying adipocyte function, treating central nervous system disorders, and treating
diabetic disorders and obesity in mammals, and especially in humans.

) Description of the Art

There are at least two subtypes of adenosine receptors in the heart: A, and A,,. Each
subtype affects different physiological functions. The A, adenosine receptor mediates two
distinct physiological responses. Inhibition of the cardiostimulatory effects of catecholamine
are mediated via the inhibition of adenylate cyclase, whereas the direct effects to slow the
heart rate (HR) and to prolong impulse propagation through the AV node are due in great part
to activation of Iy, 4,. (B. Lerman and L. Belardinelli Circulation, Vol. 83 (1991), P 1499-1509
and J. C. Shryock and L. Belardinelli The Am. J. Cardiology, Vol. 79 (1997) P 2-10). Both,
the anti-B-adrenergic action and direct depressant effects on SA and AV nodal function are
mediated by the A, receptor; there is no role for the A,, receptor in this response to adenosine.
A,, receptors mediate the coronary vasodilatation caused by adenosine. Stimulation of the A,
adenosine receptor accordingly shortens the duration and decreases the amplitude of the action
potential of AV nodal cells, and hence prolongs the refractory period of the AV nodal cell.
The consequence of these effects is to limit the number of impulses conducted from the atria
to the ventricles. This forms the basis of the clinical utility of A, receptor agonists for the
treatment of supraventricular tachycardias, including termination of nodal re-entrant
tachycardias, and control of ventricular rate during atrial fibrillation and flutter.

A clintcal utility of A, agonists therefore is in the treatment of acute and chronic
disorders of heart rhythm, especially those diseases characterized by rapid heart rate where the
rate is driven by abnormalities in the sinoatrial, atria, and AV nodal tissues. Such disorders

include but are not limited to atrial fibrillation, supraventricular tachycardia and atrial flutter.
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Exposure to A, agonists causes a reduction in the heart rate and a regularization of the
abnormal thythm thereby improving cardiovascular function.

A, agonists, through their ability to inhibit the effects of catecholamines, decrease
cellular cAMP, and thus, should have beneficial effects in the failing heart where increased
sympathetic tone increases cellular cAMP levels. The latter has been shown to be associated
with increased likelihood of ventricular arrhythmias and sudden death. All of the above
concepts are discussed in reviews regarding the effects of adenosine on cardiac
electrophysiology (see B. Lerman and L. Belardinelli Circulation, Vol. 83 (1991), P 1499-
1509 and J. C. Shryock and L. Belardinelli, Am. J. Cardiology, Vol. 79 (1997) P 2-10).

A controversial area in the field of A, adenosine agonism is that the benefit of
preconditioning of the heart prior to ischemia may be due to binding of adenosine to the A,
receptor. Evidence for this hypothesis comes from a rabbit ischemia model wherein 2-chloro-
Né6-cyclopentyladenosine (CCPA) and R-PIA were administered prior to ischemia providing
protection with respect to infarct size (J. D. Thomton et al. Circulation Vol. 85 (1992) 659-
665).

A, agonists, as a result of their inhibitory action on cyclic AMP generation, have
antilipolytic effects in adipocytes that leads to a decreased release of nonesterified fatty acids
(NEFA) (E. A. van Schaick et al J. Pharmacokinetics and Biopharmaceutics, Vol. 25 (1997) p
673-694 and P. Strong Clinical Science Vol. 84 (1993) p. 663-669). Non-insulin-dependent
diabetes mellitus (NIDDM) is characterized by an insulin resistance that results in
hyperglycemia. Factors contributing to the observed hyperglycemia are a lack of normal
glucose uptake and activation of skeletal muscle glycogen synthase (GS). Elevated levels of
NEFA have been shown to inhibit insulin-stimulated glucose uptake and glycogen synthesis (
D. Thiebaud et .al Metab. Clin. Exp. Vol. 31 (1982) p 1128-1136 and G. Boden et al J. Clin.
Invest. Vol. 93 (1994) p 2438-2446). The hypothesis of a glucose fatty acid cycle was
proposed by P. J. Randle as eatly as 1963 (P. J. Randle et al Lancet (1963) p. 785-789). A
tenet of this hypothesis would be that limiting the supply of fatty acids to the peripheral
tissues should promote carbohydrate utilization (P. Strong et al Clinical Science Vol. 84

(1993) p. 663-669).

The benefit of an A, agonist in central nervous disorders has been reviewed and the
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content are included herein by reference (L. J. S. Knutsen and T. F. Murray In Purinergic
Approaches in Experimental Therapeutics, Eds. K. A. Jacobson and M. E. Jarvis (1997)
Wiley-Liss, N. Y., P —423-470). Briefly, based on experimental models of epilepsy, a mixed
A,,: A, agonist, metrifudil, has been shown to be a potent anticonvulsant against seizures
induced by the inverse benzodiazepine agonist methy! 6,7-dimethoxy-4-ethyl-beta-carboline-
3-carboxylate (DMCM, H. Klitgaard Eur. J. Pharmacol. (1993) Vol. 224 p. 221-228). In other
studies using CGS 21680, an A,, agonist, it was concluded that the anticonvulsant activity
was attributed to activation of the A, receptor (G. Zhang et al. Eur. J. Pharmacol. Vol. 255
{1994) p. 239-243). Furthermore, A, adenosine selective agonists have been shown to have
anticonvulsant activity in the DMCM model (L. J. S. Knutsen In Adenosine and Adenne
Nucleotides: From Molecular Biology to Integrative Physiology; eds. L. Belardinelli and A.
Pelleg, Kluwer: Boston, 1995, pp 479-487). A second area where an A, adenosine agonist has
a benefit is in animal models of forebrain ishemia as demonstrated by Knutsen et al (J. Med.
Chem. Vol. 42 (1999) p. 3463-3477). The benefit in neuroprotection is believed to be in part
due to the inhibition of the release of excitatory amino acids (ibid).

There are a number of full A, agonists disclosed in the prnior art. However, the
agonists disclosed are generally in the forms that are not useful in the mammalian body.
Because useful forms of A, agonists may not always be stable, soluble or they may have other
properties that make their incorporation into therapeutic dosage forms difficult, it is often
necessary to identify compositions that are more easily incorporated into therapeutic dosage
forms in order to provide the desired therapeutic effect. Also, these agonists fail as useful
therapeutics due to side effects caused by the non-selective stimulation of the A, adenosine
receptor in all biologically available tissues and the desensitization of the desired response
preempting their use as chronic agents. Therefore, there remains a need for specific and
selective A, agonists, precursors and/or pro-drugs that are converted in the body into useful

therapeutic compositions.




WO 01/40246 PCT/US00/32721

SUMMARY OF THE INVENTION

In one aspect, this invention includes heterocyclic 5°’-thio modified adenosine
denivative compositions that are useful partial or full adenosine A, receptor agonists.
In another aspect, this invention includes pharmaceutical compositions including one
5 or more heterocyclic 5’-thio modified adenosine derivative compositions that are well
tolerated with few side effects.
In still another embodiment, this invention includes heterocyclic 5’-thio modified

adenosine derivatives having the formula:

NHR'

N7 N
Ao 0
Rs—x |

-
-

2, O
DR,

10 In yet another embodiment, this invention includes methods for administering
compositions of this invention to mammals, and especially to humans, to stimulate coronary
activity, to modify adipocyte function, to treat central nervous system disorders, and to treat
diabetic disorders.

In a further embodiment, this invention is pharmaceutical compositions of matter

15  comprising at least one composition of this invention and one or more pharmaceutical

excipients.
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DESCRIPTION OF THE CURRENT EMBODIMENT

This invention includes a class of heterocyclic 5’-thio modified adenosine derivatives

having the formula having the formula:

NHR!
Pes
Ry N g

Rfi'----N)(1 Y
Z GR,
DR,

wherein X' = S, S(0), S(02);

wherein R' is a monocyclic or polycyclic heterocyclic group containing from 3 to 15
carbon atoms wherein at least one carbon atom is substituted with an atom or molecule
selected from the group consisting of N, 0, P and S-(0),, and wherein R' does not contain an
epoxide group, and wherein R, is selected from the group consisting of hydrogen, halo, CF,,
and cyano; wherein R, and R, are independently selected from the group consisting of
hydrogen, and -(CO)-R* and -(CO)-R” wherein R’ and R’ are independently selected from
the group consisting of C,,s alkyl, C,,; alkenyl, C,,; alkynyl, heterocyclyl, aryl, and
heteroaryl, which alkyl, alkenyl, alkynyl, aryl, heterocyclyl, and heteroaryl are optionally
substituted with 1 to 3 substituents independently selected from the group of halo, NO,,
heterocyclyl, aryl, heteroaryl, CF,, CN, OR¥, SR¥ S(O)R®, SO,RZ, SO,N(R™),
SO,NR™COR?, SO,NR®CO,R*?, SO,NRCON(R™),, N(R™), NR*COR¥, NR¥CO,R%,
NR®CON(R®),, NR®C(NR™)NHR®, COR¥, CO,R® CON(RY),, _CONRZOSQR”,
NR*SO,R%, SO,NR™CO,R?, OCONR¥SO,R¥ OC(O)R®, C(O)OCH,0C(O)R™, and
OCON(R™), and each optional heteroaryl, aryl, and heterocyclyl substituent is optionally
substituted with halo, NO,, alkyl, CF,, amino, mono- or di- alkylamino, alkyl or aryl or
heteroaryl amide, NR*COR?, NR®SO,R®, COR®, CO,R®, CON(R®),, NR®CON(R™),,

.5.
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OC(O)R™, OC(O)N(R™),, SR”, S(O)R?, SO,R®, SO,N(R?),, CN, or ORZ,

wherein R; is selected from the group consisting of C_; alkyl, C,,s alkenyl, C,;
alkynyl, heterocyclyl, aryl, and heteroaryl, wherein alkyl, alkenyl, alkynyi, aryl, heterocyclyl,
and heteroaryl are optionally substituted with 1 to 3 substituents independently selected from
the group consisting of halo, alkyl, NO,, heterocyclyl, aryl, heteroaryl, CF,, CN, OR?, SRZ,
S(0),R, S(0)R*, SO,R?, SO,N(R™),, SO,NR*COR?, SO,NR*CO,R?, SO,NR®CON(RY),,
P(O)(OR™),, N(R*),, NR®COR™, NR*CO,R%, NR®CON(R?),, NR’C(NR*)NHR?, COR¥,
CO,R*, CON(R™),, CONR¥SO,R”, NR¥SO,R*?, SO,NR¥CO,R®? OCONR¥SO,RZ,
OC(O)R®, C(O)OCH,0C(O)R?, and OCON(R), and wherein optional heteroaryl, aryl, and
heterocyclyl substituent is optionally substituted with halo, NQ,, alkyl, CF,, amino, mono- or
di- alkylamino, alkyl or aryl or heteroaryl amide, NR**COR*, NR*SO,R*?, COR*, CO,R”,
CON(R™),, NR*CON(R?),, OC(O)R¥, OC(O)N(R™),, SR¥, S(O)R™, SO,R®, SO,N(R™),,
CN, or OR™;

\..vherein R™ is a member selected from the group consisting of H, C1-15 alkyl, C2-
15 alkenyl, C2-15 alkynyl, heterocyclyl, aryl, and heteroaryl, which alkyl, alkenyl, alkynyl,
heterocyclyl, aryl, and heteroaryl are optionally substituted with 1 to 3 substituents
independently selected from halo, alkyl, mono- or dialkylamino, alkyl or aryl or heteroaryl
amide, CN, O-CI1-C6 alkyl, CF3, aryl, and heteroaryl; and

R” is a member selected from the group consisting of C, s alkyl, C, s alkenyl, C,
alkynyl, heterocyclyl, aryl, and heteroaryl, which alkyl, alkenyl, alkynyl, heterocyclyl, aryl,
and heteroaryl are optionaily substituted with | to 3 substituents independently selected from
halo, alkyl, mono- or dialkylamino, aikyl or aryl or heteroaryl amide, CN, O-C, ; alkyl, CF,,
and heteroaryl.

In preferred compositions, X'=S or SO,; R, is a hydrogen; R, and R, are each
independently selected from the group consisting of hydrogen, {CO)-R’ and —(CO)-R”
wherein R’ and R”’ are each independently selected from the group consisting of C  alkyl
and, more preferably, R, and R, are each hydrogen; R; is selected from the group consisting of
C,s alkyl, and aryl wherein alkyl, and aryl are optionally substituted with from 1 to 2
substituents independently selected from the group consisting of halo, alkyl, aryl, heteroaryl,
CF,, CN, OR®, S(O)R™, SO,RZ, SO,N(R¥),, NR?CON(R™),, CO,R*, CON(R*),, and
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wherein each optional heteroaryl, and aryl substituent is further optionally substituted with
halo, alkyl, CF,, CO,R™, CN, and OR*; R,, is selected from the group consisting of H, C,,
alkyl; and R, is selected from the group consisting of C,,. In the above compositions, R, is
more preferably selected from the group consisting of C, ¢ alkyl, and aryl wherein alkyl, and
aryl are optionally substituted with from 1 to 2 substituents independently selected from the
group consisting of halo, alkyl, CF,, and OR”.

In more preferred compositions, X'=S or SO,; R, is a hydrogen; R, and R, are
indeperidenﬂy selected from the group consisting of hydrogen, (CO)-R’ and —(CO)-R”
wherein R’ and R”’ are each independently selected from the group consisting of C, , alkyl
which alkyl are optionally substituted with 1 substituent selected from the group consisting of
aryl, CF,, CN, OR®, N(R*),, and wherein each optional aryl substituent is further optionally
substituted with halo, NO,, alkyl, CF,; R;is C,; alkyl, wherein alkyl, is optionally substituted
with from 1 to 2 substituents independently selected from the group consisting of halo, alkyl,
aryl, heteroaryl, CF,, CN, OR¥, S(O)R%, SO,R*, SOzN(R”)Z, NR®CON(R?®),, CO,R”,
CON(R™),, wherein each optional heteroaryl, and aryl substituent is further optionally
substituted with halo, alkyl, CF,, CO,R*™, CN, and OR?’; R* is selected from the group
consisting of H, C, alkyl; and R,, is selected from the group consisting of C, .. In the above
compositions, R; is more preferably C, ; alkyl that is optionally substituted with from 1 to 2
substituents independently selected from the group consisting of aryl, heteroaryl, OR®,
S{O)R”, CO,R?, CON(R™),, and wherein each optional heteroaryl, and aryl substituent is
further optionally substituted with halo, alkyl, CF,, CO,R®, CN, and OR®, and R, is even
more preferably C,, alkyl that is optionally substituted with | substituent selected from the
group consisting of CO,R*, and CON(R™),, and Ry is even more preferably C, alkyl and
most preferably methyl or ethyl or isopropyl. Also in the above compositions, R; and R, are
more preferably each hydrogen and R,, is more preferably selected from the group consisting
of H, and methyl.

In another class of preférred compositions, R, is a hydrogen; R, and R, are each
independently selected from the group consisting of hydrogen, {(CO)-R’ and (CO})-R”
wherein each R’ and R’ are independently selected from the group consisting of C, ¢ alkyl,

and aryl, which alkyl and aryl are optionally substituted with from I to 2 substituents
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independently selected from the group of halo, NO,, aryl, CF,, CN, OR”, N(R™),, S(O)R%?,
SO,R”, and wherein each optional aryl substituent is further optionally substituted with halo,
NO,, alkyl, CF;; R, 1s selected from the group consisting of, aryl, and heteroaryl, wherein aryl,
and heteroaryl are optionally substituted with from 1 to 3 substituents independently selected
from.the group consisting of halo, alkyl, aryl, heteroaryl, CF,, CN, OR®, SR® N(R>),
S(O)R”, SO,R%, SO,N(R™),, NRCO,R%, NR*CON(R™),, CO,R*, CON(R™),, and wherein
each optional hetercaryl, and ary] substituent is further optionally substituted with halo, alkyl,
CF,, CO,R?®, CON(R™),, S(O)R%, SO,R%Z, SO,N(R?),, CN, or OR®; R is selected from the
group consisting of H, C, , alkyl, and aryl, which alkyl and aryl are optionally substituted with
1 substituent selected from halo, alkyl, mono- or dialkylamino, CN, O-C, , alkyl, CF,; and R*
is selected from the group consisting of C, ¢ alkyl and aryl, which alky! and aryl are optionally
substituted with 1 substituent selected from halo, alkyl or CN, O-C, , alkyl, and CF,. In the
above compositions, X' is preferably S; R, and R, are more preferably hydrogen; R, is more
preferably selected from the group consisting of, aryl, and heteroaryl, wherein aryl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently selected from
the group consisting of halo, alkyl, CF,, CN, OR* SR¥* CO,R™, CON(R*),. Even more
preferably R is aryl that is optionally substituted with from 1 to 2 substituents independently
selected from the group consisting of halo, alkyl, CF,, OR®, CO,R®, CON(R*,. And most
preferably, R, is phenyl that is optionally substituted with a substituent selected from the
group consisting of methoxy, chloro, fluoro, methyl, and trifluoromethyl. In the compounds
above, R is preferably selected from the group comsisting of H, C,, alkyl and most
preferably H or methyl while R, is preferably selected from the grouf) consisting of C, , alkyl.

In the compositions of this invention, R, is preferably mono or polysubstituted with
one or more compounds selected from the group consisting of halogen, oxo, hydroxyl, lower
alkyl, substituted lower alkyl, alkoxy, aryl, acyl, aryloxy, carboxyl, substituted aryl,
heterocycle, heteroaryl, substituted heteroaryl, cycloalkyl, substituted cycloalkyl, nitro, cyano
and mixtures thereof. More preferably, R, is a monocyclic, bicyclic, or tricyclic cycloalkyl
group containing from 3 to 15 carbon atoms wherein at least one carbon atom is substituted
with an atom or molecule selected from the group consisting of O or S-(O),,. Some examples

of preferred R, moieties include:
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L ek

R
R

wherein R,", R,7", R,"", and R,"™"" may each individually be selected from the group halogen,
hydroxyl, lower alkyl, substituted lower alkyl, alkoxy, aryl, acyl, aryloxy, carboxyl,
substituted aryl, heterocycle, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, nitro, and cyano, and X is O, or S (-0),,, alternately, R,”"" and R,"""" may be a
single oxygen atom. More preferably, R,", R;”", R,"", and R,”""" are each individually
selected from the group hydrogen, lower alkyl, and substituted lower alkyl. In the
compositions above, each R is individually selected from the group consisting of H, lower
alkyl, and substituted lower alkyl and wherein X is O, or S (-O),,.

Most preferred compounds of this invention include, 2-{6-[((3R)oxolan-3-
ylDamino]purin-9-yl}(48,5S,2R,3R)-5-(methylthiomethyl)oxolane-3,4-diol ; 2-{6-
[((3R)oxolan-3-yl)amino]purin-9-y1}(48,5S,2R,3R)-5-[{Ethylthio)methyl]oxolane-3,4-diol; 2-
{6-[((3R)oxolan-3-yl)amino Jpurin-9-y1} (4S,5S,2R,3R)-5-[(Methylethylthio)methyljoxolane-
3,4-diol; 2-{6-[((3R)oxolan-3-yl)amino]purin-9-yi}(4S,5S,2R,3R)-5-
(phenylthiomethyl)oxolane-3,4-diol; 2-{6-[((3R)oxolan-3-yl)amino]purin-9-
y11(48,58,2R,3R)-5-[(4-Methoxyphenylthio)methyljoxolane-3,4-diol;  2-{6-[({3R)oxolan-3-
yhamino]purin-9-y1}(48,558,2R,3R)-5-{(4-chlorophenylthio)methyl]loxolane-3,4-diol;  2-{6-
[{(3R)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R,3R)-5-[(4-fluorophenylthio)methyl Joxolane-
3,4-diol; 2-{6-[({3R)oxolan-3-yl)amino]purin-9-yi}(48,55,2R,3R)-5-[(4-
methylphenylthio)methyl]oxolane-3,4-diol; 2-{6-[((3R)oxolan-3-yl)amino]purin-9-
y1}(48,5S8,2R,3R)-5-[(4-(trifluoromethyl)phenylthio)methylJoxolane-3,4-diol; 2-1{6-
[((3R)oxolan-3-yl)amino]purin-9-y1} (48,58,2R,3R)-5-[(2-
Methoxyphenylthio)methyl]Joxolane-3,4-diol; (5-{6-[({(3R)oxolan-3-yl)amino]purinyl-9-
y11(28,35,4R,5R)-3,4-dihydroxyoxolan-2-yl)(ethylsulfonyl)methane;  2-{6-[((3R)oxolan-3-
yDamino]purin-9-y1}(48,5S,2R,3R)-5-[(2,4-difluorophenylthio)methyl]oxolane-3,4-diol;  2-
{6-[((3R)oxolan-3-yl)aminoJpurin-9-y1}(48,5S,2R,3R)-5-[(2,6-
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dichlorophenylthio)methylloxolane-3,4-diol; 2-{6-[((3R)oxolan-3-yl}amino]purin-9-
v1}{48,58,2R,3R)-5-[(3-fluorophenylthio)methyljoxolane-3,4-diol; 2-{6-[({3R)oxolan-3-
yl)amino]purin-9-y1}(4S,58,2R ,3R)-5-[(2-fluorophenylthio)methyljoxolane-3,4-diol;  5-{6-
[((3R)oxolan-3-yl)aminopurin-9-y1 }(25,3R 4R, 5R)-4-acetyloxy-2-
[{(fiucrophenylthio)methyl]oxolan-3-yl acetate; Methyl 2[(5-{6-[((3R)oxolan-3-
yl)amino]purin-9-y1}(25,3S8,4R,5R)-3,4-dihydroxyoxolan-2-yl)methylthio]benzoate;  {2[(5-
{6-[((3R)oxolan-3-yl)amino]purin-9-yl} (28,35,4R,5R)-3,4-dihydroxyoxolan-2-yl)
methylthio]pheny!}-N-methylcarboxamidebenzoate; 2-{6-[((3R)oxolan-3-yl}amino]purin-9-
y1}(48,55,2R,3R)-5-(benzoxazol-2-ylthiomethyl}oxolane-3,4-diol; 2-{6-[((3S)oxolan-3-
ylaminolpurin-9-y1}(4S,5S,2R,3R)-5-{(1-methylimidazol-2-yl-thio)methyl}oxolane-3,4-diol;
2-{6-[((3S)oxolan-3-yl}amino]purin-9-y1}(4S,55,2R,3R)-5-(pyrimidine-2-
ylthiomethyl)oxolane-3,4-diol; 2-{6-{({(3S)oxolan-3-yl)aminojpurin-9-y1}(4S,5S,2R,3R)}-5-(2-
pyridylthiomethyl)oxolane-3,4-diol; 2-{6-[({3S)oxolan-3-yl)aminolpurin-9-y1}(4S,5S,2R, 3R )})-
5-(4-pyridylthiomethyl)oxolane-3,4-diol; and 5-{6-[((3R)oxolan-3-yl)amino]purin-9-
y1}(2S8,3R,4R,5R )-4-acetyloxy-2-[(4-fluorophenylthio)methylJoxolan-3-yl}acetate.

The following definitions apply to terms as used herein.

“Halo™ or “Halogen” - alone or in combination means all halogens, that is, chloro (Cl),
fluoro (F), bromo (Br), iodo (I).

“Hydroxyl” refers to the group -OH.

“Thiol” or “mercapto” refers to the group -SH.

“Alkyl” - alone or in combination means an alkane-derived radical containing from 1
to 20, preferably 1 to 15, carbon atoms (unless specifically defined). It is a straight chain
alkyl, branched alkyl or cycloalkyl. Preferably, straight or branched alkyl groups containing
from [-15, more preferably 1 to 8, even more preferably 1-6, yet more preferably 1-4 and
most preferably 1-2, carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl and
the like. The term “lower alkyl” is used herein to describe the straight chain alkyl groups
described immediately above. Preferably, cycloalkyl groups are monocyclic, bicyclic or
tricyclic ring systems of 3-8, more preferably 3-6, ring members per ring, such as cyclopropyl,
cyclopentyl, cyclohexyl, adamantyl and the like. Alkyl also includes a straight chain or
branched alkyl group that contains or is interrupted by a cycloalkyl portidn, The straight
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chain or branched alkyl group is attached at any available point to produce a stable compound.

Examples o.f this include, but are not limited to, 4-(isopropyl)-cyclohexylethyl or 2-methyl-
cyclopropylpentyl. A substituted alkyl 1s a straight chain alkyl, branched alkyl, or cycloalkyl
group defined previously, independently substituted with 1 to 3 groups or substituents of halo,
hydroxy, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, acyloxy, aryloxy, heteroaryloxy,
amino optionally mono- or di-substituted with alkyl, aryi or heteroaryl groups, amidino, urea
optionally substituted with alkyl, aryl, heteroaryl or heterocyclyl groups, aminosulfonyl
optionally N-mono- or N,N-di-substituted with alkyl, aryl or heteroaryl groups,
alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamino, atkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino, or the like.

“Alkenyl” - alone or in combination means a straight, branched, or cyclic hydrocarbon
containing 2-20, preferably 2-17, more preferably 2-10, even more preferably 2-8, most
preferably 2-4, carbon atoms and at least one, preferably 1-3, more preferably 1-2, most
preferably one, carbon to carbon double bond. In the case of a cycloalkyl group, conjugation
of more than one carbon to carbon double bond is not such as to confer aromaticity to the ring.
Carbon to carbon double bonds may be either contained within a cycloalkyl portion, with the
exception of cyclopropyl, or within a straight chain or branched portion. Exampies of alkenyl
groups include ethenyl, propenyl, isopropenyl, butenyl, cyclohexenyl, cyclohexenylalkyl and
the like. A substituted alkenyl is the straight chain alkenyl, branched alkenyl or cycloalkenyl
group defined previously, independently substituted with 1 to 3 groups or substituents of halo,
hydroxy, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, acyloxy, aryloxy, heteroaryloxy,
amino optionally mono- or di-substituted with alkyl, aryl or heteroaryl groups, amidino, urea
optionally substituted with alkyl, aryl, heteroaryl or heterocyciyl groups, aminosulfonyl
optionally N-mono- or N,N-di-substituted with alkyl, aryl or heteroaryl groups,
alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamino, alkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino, carboxy, alkoxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, or the like attached at any available point to produce a stainle
compound.

“Alkynyl” - alone or in combination means a straight or branched hydrocarbon

containing 2-20, preferably 2-17, more preferably 2-10, even more preferably 2-8, most
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preferably 2-4, carbon atoms containing at least one, preferably one, carbon to carbon triple
bond. Examples of alkynyl groups include ethynyl, propynyl, butynyl and the like. A
substituted alkynyl refers to the straight chain alkynyl or branched alkenyl defined previously,
independently substituted with 1 to 3 groups or substituents of halo, hydroxy, alkoxy,
alkylthio, alkylsulfinyl, alkylsulfonyl, acyloxy, aryloxy, heteroaryloxy, amino optionally
mono- or di-substituted with alkyl, aryl or heteroaryl groups, amidino, urea optionally
substituted with alkyl, aryl, heteroaryl or heterocyclyl groups, aminosulfonyl optionally N-
mono- or N,N-di-substituted with alkyl, aryl or heteroaryl groups, alkylsulfonylamino,
arylsulfonylamino, heteroarylsulfonylamino, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, or the like attached at any available point to produce a stable
compound.

“Alkyl alkenyl” refers to a group -R-CR’=CR’” R™, where R is lower alkyl, or
substituted lower alkyl, R’, R’”, R”™”’ may independently be hydrogen, halogen, lower alkyl,
substituted ldWer alkyl, acyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as defined
below.

“Alkyl alkynyl” refers to a groups -RC CR’ where R is lower alkyl or substituted
lower alkyl, R’ is hydrogen, lower alkyl, substituted lower alkyl, acyl, aryl, substituted aryl,
hetaryl, or substituted hetaryl as defined below.

“Alkoxy” denotes the group -OR, where R is lower alky], substituted lower alkyl, acyl,
aryl, substituted aryl, aralkyl, substituted aralkyl, heteroalkyl, heteroarylalkyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, or substituted cycloheteroalkyl as defined.

“Alkylthio” denotes the group -SR, -5(0),.,,-R, where R is lower alkyl, substituted
lower alkyl, aryl, substituted aryl, aralkyl or substituted aralkyl as defined herein.

“Acyl” denotes groups -C(O)R, where R is hydrogen, lower alkyl substituted lower
alkyl, aryl, substituted aryl and the like as defined herein.

“Aryloxy” denotes groups -OAr, where Ar is an aryl, substituted aryl, heteroaryl, or
substituted heteroaryl group as defined herein.

“Amino” denotes the group NRR’, where R and R’ may independently by hydrogen,
lower alkyl, substituted lower alkyl, aryl, substituted aryl, hetaryl, or substituted hetaryl as

defined herein or acyl.
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“Amido” denotes the group -C(O)NRR’, where R and R’ may independently by
hydrogen, lower alkyl, substituted lower alkyl, aryl, substituted aryl, hetaryl, substituted
hetaryl as defined herein.

“Carboxyl” denotes the group -C(O)OR, where R is hydrogen, lower alkyl, substituted
lower alkyl, aryl, substituted aryl, hetaryl, and substituted hetaryl as defined herein.

“Aryl” - alone or in combination means phenyl or naphthyl optionally carbocyclic
fused with a cycloalkyl of preferably 5-7, more preferably 5-6, ring members and/or
optionally substituted with I to 3 groups or substituents of halo, hydroxy, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, acyloxy, aryloxy, heteroaryloxy, amino optionally mono- or di-
substituted with alkyl, aryl or heteroaryl groups, amidino, urea optionally substituted with
alkyl, aryl, heteroaryl or heterocyclyl groups, aminosulfonyl optionally N-mono- or N,N-di-
substituted with alkyl, aryl or heteroaryl groups, alkylsulfonylamino, arylsulfonylamino,
hetercarylsulfonylamino, alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino,
or the like. '

“Substituted aryl” refers to aryl optionally substituted with one or more functional
groups, e.g., halogen, lower alkyl, lower alkoxy, alkyithio, acetyiene, amino, amido, carboxyl,
hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido
and the like.

“Heterocycle” refers to a saturated, unsaturated, or aromatic carbocyclic group having
a single ring (e.g., morpholino, pyridyl or furyl) or multiple condensed rings (e.g.,
naphthpyridyl, quinoxalyl, quinolinyl, indoliziny! or benzo[b]thieny}) and having at least one
hetero atom, such as N, O or S, within the ring, which can optionally be unsubstituted or
substituted with, e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido,
carboxyl, hydroxyl, aryl, aryloxy, heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol,
sulfamido and the like.

“Heteroaryl” - alone or in combination means a monocyclic aromatic ring structure
containing 5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms, containing
one or more, preferably 1-4, more preferably 1-3, even more preferably 1-2, heteroatoms
independently selected from the group O, S, and N, and optionally substituted with | to 3
groups or substituents of halo, hydroxy, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
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acyloxy, aryloxy, heteroaryloxy, amino optionally mono- or di-substituted with alkyl, aryl or
heteroaryl groups, amidino, urea optionally substituted with alkyl, aryl, heteroaryl or
heterocyclyl groups, aminosulfonyl optionally N-mono- or N,N-di-substituted with alkyl, aryl
or heteroaryl groups, alkylsulfonylamino, arylsulfonylamino, heteroarylsulfonylamino,
alkylcarbonylamino, arylcarbonytamino, heteroarylcarbonylamino, or the like. Heteroaryl is
also intended to include oxidized S or N, such as sulfinyl, sulfonyl and N-oxide of a tertiary
ring nitrogen. A carbon or nitrogen atom is the point of attachment of the heteroaryl ring
structure such that a stable aromatic ring is retained. Examples of heteroaryl groups are
pyridinyl, pyridazinyl, pyrazinyl, quinazolinyl, purinyl, indolyl, quinolinyl, pyrimidinyl,
pyrrolyl, oxazolyl, thiazolyl, thienyl, isoxazolyl, oxathiadiazolyl, isothiazolyl, tetrazolyl,
imidazolyl, triazinyl, furanyl, benzofuryl, indolyl and the like. A substituted heteroaryl
contains a substituent attached at an available carbon or nitrogen to produce a stable
compound.

“Heterocyclyl” - alone or in combination means a non-aromatic cycloalkyl group
having from 5 to 10 atoms in which from 1 to 3 carbon atoms in the ring are replaced by
heteroatoms of O, S or N, and are optionally benzo fused or fused heteroaryl of 5-6 ring
members and/or are optionally substituted as in the case of cycloalkyl. Heterocycyl 1s also
intended to include oxidized S or N, such as sulfinyl, sulfony! and N-oxide of a tertiary ring
nitrogen. The point of attachment is at a carbon or nitrogen atom. Examples of heterocyclyl
groups are tetrahydrofuranyl, dihydropyridinyl, piperidinyl, pyrrolidinyl, piperazinyl,
dihydrobenzofuryl, dihydroindolyl, and the like. A substituted hetercyclyl contains a
substituent nitrogen éttached at an available carbon or nitrogen to produce a stable compound.

“Substituted heteroaryl” refers to a heterocycle optionally mono or poly substituted
with one or mdre functional groups, e.g., halogen, lower alkyl, lower alkoxy, alkylthio,
acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted
heterocycle, hetaryl, substituted hetaryl, hitro, cyano, thiol, sulfamido and the like.

“Aralky]” refers to the group -R-Ar where Ar is an aryl group and R is lower alkyl or
substituted lower alkyl group. Aryl groups can optionally be unsubstituted or substituted with,
e.g., halogen, lowe:r alkyl, alkoxy, alkylthio, acetylene, amino, amido, carboxyl, hydroxyl,

aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro, cyano,
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thiol, sulfamido and the like.

“Heteroalkyl” refers to the group -R-Het where Het is a heterocycle group and R is a
lower alkyl group. Heteroalkyi groups can optionally be unsubstituted or substituted with
e.g., halogen, lower alkyl, lower alkoxy, alkylthio, acetylene, amino, amido, carboxyl, aryl,
aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol,
sulfamido and the like.

“Heteroarylalky]” refers to the group -R-HetAr where HetAr is an heteroaryl group
and R lower alkyl or substituted lower alkyl. Heteroarylalkyl groups can optionally be
unsubstituted or substituted with, e.g., halogen, lower alkyl, substituted lower alkyl, alkoxy,
alkylthio, acetylene, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sultamido and the like.

“Cycloalkyl” refers to a divalent cyclic or polycyclic alkyl group containing 3 to 15
carbon atoms.

“Substituted cycloalkyl” refers to a cycloalkyl group comprising omne or more
substituents with, e.g., halogen, lower alkyl, substituted lower alkyl, alkoxy, alkylthio,
acetylene, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted hetaryl,
nitro, cyano, thiol, sulfamido and the like.

“Cycloheteroalkyl” refers to a cycloalkyl group wherein one or more of the ring
carbon atoms is replaced with a heteroatom (e.g., N, O, S or P).

Substituted cycloheteroalkyl” refers to a cycloheteroalkyl group as herein defined
which contains one or more substituents, such as halogen, lower alkyl, lower alkoxy,
alkylthio, acetylene, amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted
heterocycle, hetaryl, substituted hetaryl, nitro, cyano, thiol, sulfamido and the like.

“Alkyl cycloalkyl” denotes the group -R-cycloalkyl where cycloalkyl is a cycloalkyl
group and R is a lower alkyl or substituted lower alkyl. Cycloalkyl groups can optionaily be
unsubstituted or substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, acetylene,
amino, amido, carboxyl, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl,
substituted hetaryl, nitro, cyano, thiol, sulfamido and the like.

“Alkyl cycloheteroalkyl” denotes the group -R-cycloheteroalkyl where R is a lower
alkyl or substituted lower alkyl. Cycloheteroalkyl groups can optionally be unsubstituted or
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substituted with e.g. halogen, lower alkyl, lower alkoxy, alkylthio, amino, amido, carboxyl,
acetylene, hydroxyl, aryl, aryloxy, heterocycle, substituted heterocycle, hetaryl, substituted
hetaryl, nitro, cyano, thiol, sulfamido and the like.

The compounds of this invention can be prepared as outlined in the schemes 1-5
below. A general outline for the preparation of V and VI is shown in Scheme 1. Compound I
can be prepared, following the procedures reported earlter (U.S. Patent No. 5,789,416, the
specification of which is incorporated herein by reference), by reacting 6-chloropurine
riboside 1 with a primary amine R'NH,. The 2°, 3° hydroxy groups can be protected as
acetonide by reacting I with 2,2°-dimethoxypropane in the presence of a catalytic amount of
TsOH [Evans, Parrish and Long Carbohydrat. Res., 3, 453 (1967)] to give II. Activation of
the 5°-hydroxyl of Il with MsCl in pyridine can give the 5’-mesylate IIl. Displacement of the
5’-mesylate with R’SNa can give sulfides with the general formula IV. Treatment of IV with
an acid can free the 2°, 3* hydroxyl groups to give sulfide derivatives with the general formula

V. Esterification of V can afford 2°, 3 diesters with the general formula VI.
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The 2-substituted derivatives with the general formula XV can be prepared as shown in
Scheme 2. Condensation of 1,2,3,5-tetraacetylnibofuranaside 2 with 2-substituted-6--
chloropurine VII can give 2-substituted—6-chloropurineriboside triacetate VIII which on
reaction with a primary amine R'NH, can give 2-substituted-6-alkylamino derivatives 1X.
5 Hydrélysi’s of the acetates followed by protection of the 2°, 3” hydroxy groups as an acetonide
can give XL Activation of the 5’-hydroxyl of XI with MsCl in pyridine can give the 5°-

mesylate XII. Displacement of the 5’-mesylate with R°SNa can give sulfides with the general

Scheme 2
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formula XIII that can be deprotected to give sulfides with general formula XIV.
Esterification at the 2°, 3’ positions can afford the 2°, 3 diesters with the general formula XV.
10 Oxidation of sulfides with the general formula V, VI, XIV, XV (Scheme 3} with an

oxidizing agent (Drabowicz, et.al. The chemistry of sulfones and sulfoxides, Wiley, New
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York, 1988, 233-378) can afford corresponding sulfoxides with the general formula XVI,

XVII, XVIII, XIX. These sulfcxides on further oxidation can afford sulfones with the general
formula XX, XXI, XXI1I, XXIIIL

Scheme 3
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An example of a specific synthesis of one of the compounds of this invention is shown in
Scheme 4. Preparation of compound 7 starting from compound 3 i1s shown in scheme 3.
Compound 3 was prepared from 6-chioropurineriboside 1 and 3-(R)-aminotetrahydrofuran

following the procedure reported previously (See U.S. Patent No. 5,789,164). Protection of
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the 2” and 3” hydroxyls with dimethoxypropane in the presence of TsOH(cat.) gave acetonide
4. Reaction of 4 with MsCl in pyridine at 0 °C gave mesylate 5 which on displacement with

sodium methanethiolate in an acetonitrile/water mixture gave sulfide 6. Deprotection of 6

with 80% acetic acid /water gave the target compound 7.

Scheme 4
C» Cr 9
=y ™ i

g s
CH3SNa NN, 80% AcOH N4
: & -, > —_— k - \)
ACNH;0 Ny N
HLS L HiCS 3
% %, OH
(e} OH
6 7

Oxidation of the ethyl sulfide 8 with oxone (Trost, B.M.; Curran, D.P. Tetrahedron Letters
1981, 22, 1287) in MeOH gave sulfone 9 (Scheme 5).
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This invention also includes pro-drugs of the A, agonist compositions of this invention
. A pro-drug 1s a drug which has been chemically modified and may be biologically inactive
at its site of action, but which will be degraded or modified by one or more enzymatic or in
vivo processes to the bioactive form. The pro-drugs of this invention should have a different
pharmacokinetic profile to the parent enabling improved absorption across the mucosal
epithelium, better salt formulation and/or solubility and improved systemic stability. The
compounds of this invention may be preferably modified at one or more of the hydroxyl
groups to form pro-drugs. The modifications may be (1) ester or carbamate derivatives which
may be cleaved rby esterases or lipases, for example; (2) peptides which may be recognized by
specific or non specific proteinase; or (3) derivatives that accumulate at a site of action
through membrane selection or a pro-drug form or modified pro-drug form, or any
combination of (1) to {3) above.

If a compound of this invention contains a basic group, then corresponding acid
addition salt may be prepared. Acid addition salts of the compounds are prepared in a
standard manner in a suitable solvent from the parent compound and an excess of acid, such
as hydrochloric, hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic, or
methanesulfonic. The hydrochloric salt form is especially useful. If a compound of this
invention contains an acidic group, then corresponding cationic salts may be prepared.
Typically the parent compound is treated with an excess of an alkaline reagent, such as
hydroxide, carbonate or alkoxide, containing the appropriate cation. Cations such as Na’, K',
Ca’ and NH," are examples of cations present in pharmaceutically acceptable salts. Certain
of the compounds form inner salts or zwitterions which may also be acceptable.

‘The compositions of this invention are useful for treating a variety of mammalian
disorders and preferably human disorders that are mediated by an A, adenosine receptor. For
example, the compositions of this invention are useful for modifying cardiac activity in
mammals experiencing a coronary electrical disorder that can be treated by stimulating an A,
adenosine receptor. Examples of coronary electrical disorders that can be treated by the
compositions of this invention include supraventricular tachycardias, atrial fibrillation, atrial
flutter, and AV nodal re-entrant tachycardia. Furthermore, orally active A, agonists of this

invention that demonstrate an excellent safety profile in treating supraventricular arrhythmias
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may also be used as a prophylactic for those at high risk of a myocardial ischemia.

 The compositions of this invention are also useful for modifying adipocyte function by
stimulating an A, adenosine receptor that leads to diminished release of NEFA and increased
release of leptin. Disease states related to adipocyte function that can be modified using
compositions of this invention include diabetes, and obesity.

In skeletal muscle cells, A; AdoR agonists mediate a synergistic stimulation of glucose
uptake and transport by insulin (Vergauwen, L. et al, J. Clin. Invest. 1994, 93, 974-81;
Challiss, R.A. et al, Eur.J Pharacol., 1992, 226, 121-8). Another therapeutic utility of
compositions of this invention is more efficient regulation of glucose and a decrease of
circulating insulin in patients afflicted with diabetes.

The A, receptor agonist, R-PIA, has been shown to increase the leptin released from
white adipocytes and augment insulin-stimulated leptin production (M. Ozeck Master’s
Thesis Univ. of Florida 1999 with L. Belardinelli). Evidence suggests that catecholamines
inhibit the production of leptin from adipocytes through activation of B-adrenergic receptors.
The anti-B-adrenergic effects of A, agonists on the adipocytes are believed to play a role in the
increased release of leptin. The functional role of leptin is multifaceted including decreased
appetite, stimulated energy utilization, and increased fertility.

The compositions of this invention may also be used to provide central nervous system
neuroprotection by stimulating an A, adenosine receptor. Central nervous system disorders
that may be treated using the compositions of this invention include epilepsy, and stroke.

In the kidney, there is evidence that stimulation of the A, AdoR promotes sodium
retention, promotes‘exchange of sodium in urine for potassium, and reduces glomerular
filtration rate as sodium excretion increases (Gellai, M. et al, JPET, 1998, 286, 1191-6;
Wilcox, C.S. et al, J.Am.Soc.Nephrol., 1999, 10, 714-720). It is believed that these responses
are elicited by chronic local production of adenosine. That is, in the kidney there is a tonic
effect of adenosine to stimulate the A, AdoR. Another clinical utility of compositions of this
invention, therefore, is the selective antagonism of the A, AdoR in the kidney to inhibit
sodium retention, inhibit the exchange of sodium for potassium, and preserve kidney
glomerular filtration rate when sodium excretion rises to yield a potassium sparring diuretic

that preserves renal function.
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The compositions of this invention are further wseful for providing cardiomyocyte
protection from ischemic events by stimulating an A, adenosine receptor. Ischemic events
treatable using the compositions of this invention include stable angina, unstable angina,
cardiac transplant, and myocardial intarction.

An important aspect of compounds of this invéntion is that each compound has an
intrinsic efficacy assoctated with it (for a discussion see T. P. Kenakin Stimulus Response
Mechanisms. In Pharmacological Analysis of Drug-Receptor Interaction, Ed. Kenakin, T.P.
New York: Raven Press, p 39-68). This intrinsic efficacy is not defined by it’s afﬁnify for the
teceptor, but it is defined as the quantitative effect of the compound to activate a given
effector system (eg. cAMP production) in a given cell type. The intrinsic efficacy of a given
compound may vary from cell type to cell type and/or from effector system to effector system.
When a compound has an intrinsic efficacy lower than a full agonist (i.e. submaximal) than
the agonist is called a partial agonist. Thus, a partial agonist is a molecule that binds to a
receptor and elicits a response that is smaller than that of a full agonist (submaximal), but also
competitively antagonizes the response(s) elicited by a full agonist. The tonic action of
adenosine with respect to kidney function is a prime example where a partial A, agonist be
expected to act as antagonists (e.g. adenosine). The tonic action of adenosine with respect to
kidney function is a prime example where a partial A, agonist could be expected to act as an
antagonist. The compounds of this invention are believed to have therapeutically useful
affinities for the adenosine A, receptor, and they will have a range of intrinsic efficacies from
full agonist to partial agonist. That 1s, some compounds may have no effect with respect to a
given effector system in a given cell type, but be a full agonist in another cell type and/or
effector system. The reason for such variable pharmacological behavior relates to the
magnitude of the receptor reserve for the A, adenosine receptor in any given cell type {eg. AV
nodal cells vs. adipocytes) and for a given response. The receptor reserve (spare receptor
capacity) is the total number of receptors minus the fraction of receptors that is required to
induce the maximal response usihg a fuli agonist (L. E. Limbird, Cell Surface Receptors: A
Short Course on Theory and Methods, Kluwer Acad. Pub. 1996, Boston, Mass.). Therefore,
the agonist could be a full agonist at eliciting a response, and a partial agonist for eliciting

another response in other tissue or cells and still be an antagonist or lack activity for a third
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response in another tissue or cell. Consequently, a partial agonist targeted to a selected target
is likely to cause fewer side effects than a full agonist. As a corollary, a full agonist elicits all
the effects mediated by the respective receptor, whereas this is not necessarily the case of a
partial agonist. The compounds of this invention based on their affinity for the A, receptor and
their potency and selectivity to elicit A, receptor mediated responses have the potential for
therapeutic intervention in the multiple disease states described above.

Partial A, agonists may have an added benefit for chronic therapy because they will be
less likely to induce desensitization of the A, receptor (R. B. Clark, B. J. Knoll, R. Barber
TiPS, Vol. 20 (1999) p. 279-286) and to cause side effects. Chronic administration of a full
agonist (R-N6-phenylisopropyladenosine, R-PIA) for 7 days led to a desensitization of the A,
receptor m terms of the dromotropic response in guinea pigs (note: a decrease in receptor
number was observed — D. M. Dennis, J. C. Shryock, L. Belardinelli JPET, Vol. 272 (1995) p.
1024-1035). The A, agonist induced inhiBitory effect on the production of cAMP by
adenylate cyclase in adipocytes has been shown to desensitize upon chronic treatment with an
A, agonist as well (W. J. Parsons and G. L. Stiles J. Biol. Chem. Vol. 262 (1987) p. 841-847).

The compositions of this invention may be administered orally, intravenously, through
the epidermis, bolus, nasally, by inhalation or by any other means known in the art for
administering a therapeutic agents. The method of treatment comprises the administration of
an effective quantity of the chosen compound, preferably dispersed in a pharmaceutical
carrier. Dosage units of the active ingredient are generally selected from the range of 0.01 to
100 mg/kg, but will be readily determined by one skilled in the art depending upon the route
of administration, age and condition of the patient.

Pharmaceutical compositions including the compounds of this invention, and/or
derivatives thereof, may be formulated as solutions or lyophilized powders for parenteral
administration. Powders may be reconstituted by addition of a suitable diluent or other
pharmaceutically acceptable carrier prior to use. If used in liquid form the compositions of
this invention are preferably incorporated into a buffered, isotonic, aqueous solution.
Examples of suitable diluents are normal isotonic saline solution, standard 5% dextrose in
water and buffered sodium or ammonium acetate solution. Such liquid formulations are

suitable for parenteral administration, but may also be used for oral administration. It may be
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desirable to add excipients such as polyvinylpyrrolidinone, gelatin, hydroxycellulose, acacia,
polyethylene glycbl, mannitol, sodrum chloride, sodium citrate or any other excipient known
to one of skill in the art to phammaceutical compositions including compounds of this
invention. Alternatively, the pharmaceutical compounds may be encapsulated, tableted or
prepared in an emulsion or syrup for oral administration. Pharmaceutically acceptable solid
or liquid carriers may be added to enhance or stabilize the composition, or to facilitate
preparation of the composition. Liquid carmiers include syrup, peanut oil, olive oil, glycerin,
saline, alcohols and water. Solid carriers include starch, lactose, calcium sulfate, dihydrate,
teffa alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier
may also include a sustained release material such as glycerol monostearate or glycerol
distearate, alone or with a wax. The amount of solid carrier varies but, preferably, will be
between about 20 mg to about 1 gram per dosage unit. The pharmaceutical dosages are made
using conventional techniques such as milling, mixing, granulation, and compressing, when
necessary, for tablet forms; or milling, mixing and filling for hard gelatin capsule forms.

When a liquid carrier is used, the preparation will be in the form of a syrup, elixir, emulsion or
an aqueous or non-aqueocus suspension. Such a liquid formulation may be administered

directly or filled into a soft gelatin capsule.
The Examples which follow serve to illustrate this invention. The Examples are not

intended to limit the scope of this invention, but are provided to show how to make and use

the compounds of this invention.
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Intermediate — (4-{6-[((3R)oxolan-3-yl)amino]purin-9-yI}(IR, 2R, 5R)-7,7-dimethyl-
3,6,8-trioxabicyclo]3.3.0joct-2-yl)methan-1-ol (4)

5 To a solution of compound 3 (2.0 g, 6.0 mmol) and 2,2-dimethoxypropane (1.2 g, 11.8
mmol) in dimethylformamide (20 mL) was added p-toluenesulfonic acid (50 mg, 0.26 mmaol)
at 70°C. After 48 h at 70°C, the reaction was concéntrated in vacuo to afford a solid. The
solid was dissolved in methanol (3 ml), then triturated with ethyl ether (50 mL). The

resultant crystals were collected by vacuum filtration to afford the intermediate 4.

m\“'o)
N
v

l\i\

g

5 0\7-—

To a solution of 4 (190 mg, 0.5 mmol) in anhydrous pyridine (SmL), was added MsCl

(N

d\

10

(80 microL, 1 mmol) at 0°C. The reaction mixture was stirred at the same temperature for 2h.

Pyridine was removed under reduced pressure, residue was taken in dichloromethane (50mL),
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washed with water (3 x 20mL) and dried (Na,SO,). Evaporation of the solvent gave product 5
as a white foam: 'H NMR (CDCL,) 51.4 (s,3H), 1.6(s, 3H), 2.0-2.2(m, 1H), 2.3-2.5(m, 1H),
2.9(s, 3H), 3.7-4.2(m, 4H), 4.4-4.6(m, 3H), 4.8-5.0(bs, |H), 5.1-5.2(bs, 1H), 5.4-5.5(bs, 1H),
6.1(s, 1H), 6.4-6.6(bs, 1H), 8.1 (s, 1H), 8.4(s, 1H)

A mixture of mesylate 5 (150 mg) and methanethiolate(150mg) in acetonitrile (2mL) and
water {1mL) was heated at 70 C for 24h. The solvent was evaporated under reduced pressure
and the residue was purified by preparative TLC [methanol-dichloromethane (1:19)] to afford
product 6: '"H NMR (CDCI3) & 1.35 (s, 3H), 1.60 (s, 3H), 1.90-2.05 (m, 1H), 2.05 (s, 3H),
2.30-2.40 (m, 1H), 2.70 (doublet of AB quartet, 2H), 3.75-3.90 (m, 2H}, 3.95-4.00 (m, 2H},
4.3-4.4 (m, 1H), 4.8-4.95 (m, 1H), 5.00-5.05 (m, 1H), 5.45-5.50 (d, 1H), 6.00-6.10 (m, 2H),

7.85 (s, 1H), 8.3 (s, 1H).
Cr
AN
NH’ii)
P> -
o

HsCS 3

©

Z OH
OH

7
2-{6-[{(3R)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R,3R)-5-(methylthiomethyl)oxolane-

3,4-diol (7)

27-
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Compound 6 (50mg) was dissolved in a mixture of acetic acid (8 mL) and water (2 mL) and

heated at 90°C for 16 h. Solvents were removed under reduced pressure, and the residue was

‘ purified by preparative TLC [ methanol-dichloromethane (1:9)] to afford compound 7: 1H

NMR (CDCL) & 1.90-2.05 (m, 1H), 2.15 (s, 3H), 2.30-2.40 (m, 1H), 2.75-2.85 (m, 2H), 3.80-

5 3.90 {(m, 2H), 3.90-4.00 (m, 2H), 4.30-4.45 (m, 2H), 4.50-4.55 (m, 1H), 4.75-4.95 (m, 1H),
5.90-5.95 (m, 1H), 6.30-6.60 (m, 1H), 7.95 (s, 1H), 8.25 (s, 1H).

e

HNY

LY

~
S >
/ 2, ,’OH
OH
8
2-{6-}((3R)oxolan-3-yl)amino]purin-9-yl}(4S,55,2R,3R)-5-[ (Ethylthio)methyl]oxolane-

3.4-diol(8)
Compound 8 was prepared in the manner similar to that of 7 substituting cthane

10  thiolate for methane thiolate. (M+1) = 382.30

, 10
2-{6-[((3R)oxolan-3-yl)amino] purin-9-y1}(4S,58,2R,3R)-5-
[(Methylethylthio)methyljoxolane-3,4-diol(10)

-28-
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Compound 10 was prepared in the manner similar to that of 7 substituting i-propane thiolate

for methane thiolate. '"H NMR (CDC};) § 1.25 (d, 6H), 1.90-2.05 (m, 1H), 2.15 (s, 3H), 2.30-

2.40 (m, 1H), 2.85-2.87 (4, 2H), 2.95 (septet, 1H), 3.80-3.90 (m, 2H), 3.95-4.05 (m, 2H),

4.35-4.40 (m, 2H), 4.50-4.55 (m, 1H), 4.75-4.85 (m, 1H), 5.90-5.95 (d, 1H), 6.85-6.95 (m,
s 1H), 7.95 (s, 1H), 8.25 (s, 1H).

11
2-{6-[((3R)oxolan-3-yl)amino]purin-9-y1}(48,5S,2R,3R)-5-(phenylthiomethyl)oxolane-
3,4-diol(11)

Compound 11 was prepared in the manner similar to that of 7 substituting pheny] thiolate for

methane thiolate. 'H NMR (CDCI,) 1.95-2.05 (m, 1H), 2.30-2.40 (m, 1H), 3.2 (d, 2H), 3.80-

10 3.90 (m, 2H), 3.95-4.10 (m, 2H), 4.35-4.40 (d, 1H), 4.45 (t, 1H), 4.50-4.55 (m, 1H), 4.80-4.90
(m, 1H), 5.85 (d, 1H), 6.70-6.80 (i, 1H), 7.15-7.30 (m, 3H), 7.35 (d, 2H), 7.75 (s, 1H), 8.25
(s, 1H).

2-{6-[((3R)oxolan-3-yl)amino] purin-9-yI} (48,58,2R,3R)-5-[(4-
15  Methoxyphenylthio)methyl]oxolane-3,4-diol(12)

229,
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This compound was prepared in the manner similar to that of 7 substituting 4-methoxyphenyl

thiolate for methane thiolate. (M~+1) = 460.4

5 2-{6-[{(3R)oxolan-3-yDHamino]purin-9-y1}(48,55,2R,3R)-5-[(4-
chlorophenylthio)methyljoxolane-3,4-diol(13)
This compound was prepared in a manner similar to that of 7 substituting 4-chlorophenyl

thiolate for methane thiolate. (M+1}=464.3

0
i

H
N
N7~
DI
o~ N

F_O'S/\Ue
Z OH
OH

14
2-{6-[((3R)oxolan-3-yl)amino]purin-9-yl}(4S,55,2R,3R)-5-[(4-
10 fluorophenylthio)methyl]oxolane-3,4-diol(14)
This compound was prepared in a manner similar to that of 7 substituting 4-fluorophenyl

thiolate for methane thiolate. (M+1) = 448.3

-30-
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N N
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15
2-{6-[((3R)oxolan-3-yl)amino]purin-9-y1}(4S,58,2R,3R)-5-{(4-
methylphenylthio)ymethyljoxolane-3,4-diol(15)

This compound was prepared in a manner similar to that of 7 substituting 4-methylphenyl

T

N

= o o\\

H

thiolate for methane thiolate. {(M+1) =444 38

2-{6-{((3R)oxolan-3-yl)amino]purin-9-yI} (4S,58,2R,3R)-5-[(4-
(trifluoromethyl)phenylthio)methyl]oxolane-3,4-dicl(16)
This compound was prepared in & manner similar to that of 7 substituting 4-

trifluoromethylpheny! thiolate for methane thiolate. (M+1) = 488.36

| 17  ©OH
2-{6-1((3R)oxo0lan-3-yl)amino]purin-9-yl} (48,58,2R,3R)-5-[(2-
Methoxyphenylthio)methyljoxolane-3,4-diol(17)

-31-
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This compound was prepared in a manner similar to that of 7 substituting 2-methoxyphenyl

thiolate for methane thiolate. (M+1) = 460.4

HN\\\‘

L’I

g
\\ ',OHOH

(5-{6-{{(3R)oxolan-3-yhamino] purinyl-9-yl?(28,38,4R,5R)-3,4-dihydroxyoxolan-Z-
yl)(ethylsulfonyl)methane(9)

To a cooled solution of sulfide 8 in methanol at 0°C under nitrogen was added 3 eq. of Oxone
(Potassium peroxy monosulfate) and the reaction mixture was allowed to stir at the same
temperature for lhour. After the starting material consumed (by TLC), the reaction mixture
was concentrated and filtered through a small plug of silica gel. Purification by preparative

10 TLC [methanol-dichloromethane (1:19)] afforded 9 as an off-white hygroscopic solid.
(M+1) = 414.28

2-{6-[((3R)oxolan-3-yl)amino]purin-9-yl} (4S,55,2R,3R)-5-[(2,4-
difluorophenylthio)methyl]oxolane-3,4-diol(18)
15 This compound was prepared in a manner similar to that of 7 substituting 2,4-difluorophenyl

thiolate for methane thiolate. (M+1) = 466.23
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OH OH

19
2-{6-[((3R)oxolan-3-yl)amino]purin-9-yl}(4S,5S,2R,3R)-5-[(2,6-
dichlorophenylthio)methyljoxolane-3,4-diol(19)

This compound was prepared in a manner similar to that of 7 substituting 2,6-dichlorophenyl

thiolate for methane thiolate. (M+1) = 498.18

6H OH
20
2-{6-{((3R)oxolan-3-yl)aminojpurin-9-yI}(4S,58,2R,3R)-5-[(3-

fluorophenylthio)methyl]oxolane-3,4-diol(20)
This compound was prepared in a manner similar to that of 7 substituting 3-flucrophenyl

thiolate for methane thiolate. (M+1) = 448.26

-33.
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bu oH

21
2-{6-[((3R)oxolan-3-yl)aminojpurin-9-yl} (4S,5S,2R,3R)-5-[(2-
fluorophenylthio)methyljoxolane-3,4-diol(21)
This compound was prepared in a manner similar to that of 7 substituting 2-fluoropheny)

thiolate for methane thiolate. (M+1) = 448.24

OAc OAc

22
5-{6-[((3R)oxolan-3-y)amino] purin-9-y1}(25,3R,4R,5R)4-acetyloxy-2-
[(filuorophenylthio)methytloxclan-3-yl acetate(22)
To a solution of compound 21 (139 mg) in pyridine (2 mL) at 23 °C was added acetic

anhydride (0.1 mL). After 3 h at 23 °C, the reaction was concentrated in vacuo . The residue
was dissolved in méthylene chloride (50 mL), washed with water (3 x 10 mL), and dried
{Na,S0,). After concentration in vacuo, the residue was purified by flash chromatography
{methylene chloride: methanol 20:1 followed by 9:1) to afford compound 22 (170 mg):




10

WO 01/40246 PCT/US00/32721 .

&H oH
23
Methyl 2](5-{6-[((3R)oxelan-3-yl)amino]jpurin-9-y1}(28,3S,4R,5R)-3,4-dihydroxyoxolan-

2-yl)methylthiojbenzoate (23)
To a solution of Compound 4 (0.377g, 1 mmol) in 5mL of THF, was added Triphenylphosphine

(0.524g, 2 mmol ), DEAD (0.40 ml, 2 mmoles), let stir for 5 minutes before adding 2-
carbomethoxythiophenol (0.5mL). Reaction was allowed to stir under reflux. After 72 h of reflux, the
reaction was concentrated in vacuo and the residue purified by flash column chromatography
(20%EtOAc/Hexanes) to give a clear viscous oil. It was taken into a mixture of aceticacid (8mL) and
water. (2mL) and heated at 80 C for 16h. Solvents were removed in vacuo and the residue was

purified by prep TLC [methanol-dichloromethane (1:9)] to give compound 23. (M+1) = 488.5

v O
¢

o1  OH

24
{21(5-{6-[((3R)ox0lan-3-yl)amino]purin-9-yl} (25,3S,4R,5R)-3,4-dihydroxyoxolan-2-yl)
methylthio]phenyl}-N-methylcarboxamidebenzoate (24)
Compound 23 was taken into 40% ag.methylamine (2 mL) and I-propano! (2 mL) and heated at 70 C

for 16h. Solvents were removed in vacuo and the residue was purified by prep TLC TLC [methanol-

dichloromethane (1:9)] to give compound 24. (M+1) =487.5
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&H 6H

25
2-{6-[((3R)oxolan-3-yl)amino}purin-9-y}} (4S,55,2R,3R)-5-(benzoxazol-2-ylthiomethyl)oxolane-
3,4-diol (25)
This compound was prepared in a manner similar to that of 23 substituting 2-mercaptobenzoxazole

for 2-carbmethoxy thiophenol (M+1) =471.4

HN\“

L
B

N

7,
! %

- H
OH

26
2-{6-|((3S)oxolan-3-yl)aminc]purin-9-y1} (48,55,2R,3R)-5-{(1-methylimidazol-2-yl-
thio)methyl]oxolane-3,4-diol (26)
Compound 26 was prepared in the manner of compound 23 substituting 2-mercapto-1-methyl-

imidazole for 2-carbomethoxythiophenol [MS 434.4 (M+1)].
2-{6-|((3S)oxolan-3-yl)amino}purin-9-y1}(4S,55,2R,3R)-5-(pyrimidine-2-

e,
f\:c”»

27

-36-
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ylthiomethyloxolane-3,4-diol (27)
Compound 27 was prepared in the manner of compound 23 substituting 2-

mercaptopyrimidine for 2-carbomethoxythiophenol [MS 432.4 (M+1)].

28
2-{6-[((3S)oxolan-3-y)amino]purin-9-y1}(48,55,2R,3R)-5-(2-pyridylthiomethyl)oxolane-
3.4-diol (28)

Compound 28 was prepared in the manner of compound 23 substituting 2-mercaptopyridine

for 2-carbomethoxythiophenol [MS 431.4 (M+1)].

m‘“

L

S

N’l
\
Z,
>,
f,’f)H
OH

29
2-{6-[((3S)oxolan-3-yl)amino}purin-9-y1}(48,55,2R,,3R)-5-(4-pyridylthiomethyl)oxolane-
3.4-diol (29)

Compound 29 was prepared in the manner of compound 23 substituting 4-mercaptopyridine
for 2-carbomethoxythiophenol [MS 431.4 (M+1)].

-37-
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'NH
NZ N\
0

5-{6-{({(3R)oxolan-3-yl)amino] purin-9-y1}(25,3R,4R,5R)-4-acetyloxy-2-{(4-
fluorophenylthio)methyljoxolan-3-yljacetate (30) (M+1) = 532.17.
_ EXAMPLE 2

Binding Assays — DDT, Cells

Cell Culture

DDT cells (hamster vas deferens smooth muscle cell line) were grown as monolayers
in petri dishes using Dulbecco’s Modified Eagle’s Medium (DMEM) containing 2.5 g ml”
amphotericin B, 100 U ml” penicillin G, 0.1 mg m}"' streptomycin sulfate and 5% fetal bovine
serum in a humidified atmosphere of 95% air and 5% CO,. Cells were subcultured twice
weekly by dispersion in Hank’s Balanced Salt Solution (HBSS) without the divalent cations
and containing I mM EDTA. The cells were then seeded in growth medium at a density of
1.2 x 10° cells per plate and experiments were performed 4 days later at approximately one
day preconfluence.
Membrane Preparations

Attached cells were washed twice with HBSS (2 x 10 ml), scraped free of the plate
with the aid of a rubber policeman in 5 ml of 50 mM Tris-HCI buffer pH 7.4 at 4 °C and the
suspension homogenized for 10 s. The suspension was then centrifuged at 27,000 x g for 10
min. The pellet was resuspended in homogenization buffer by vortexing and centrifuged as
described above. The final pellet was resuspended in 1 vol of 50 mM Tris-HCI buffer pH 7.4
containing 5 mM MgCl, for A, AdoR assays. For the [’S]GTPyS binding assay the final

38
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pellet was resuspended in 50 raM Tris-HCl pH 7.4 containing 5 mM MgCl,, 100 mM NaCl
and 1 mM dithiothreitol. This inembrane suspension was then placed in liquid nitrogen for 10
min, thawed and used for assays. The protein content was determined with a Bradford™
Assay Kit using bovine serum albumin as standard. -
Competitive Binding Assay

Pig striatum were prepared by homogenation in 50 mM Tris buffer ( 5x volume of
tissue mass pH = 7.4). After centrifugation at 19,000 rpm for 25 minutes at 4 °C, the
supernatant was discarded, and the process was repeated twice. Compositions of this
invention were assayed to determiine their affinity for the A, receptor in a pig striatum
membrane prep or a DDT, membrane prep. Briefly, 0.2 mg of pig striatal membranes or
DDT, cell membranes were treated with adenosine deaminase and 50 mM Tris buffer (pH =
7.4) followed by mixing. To the pig membranes was added 2 pL of serially diluated DMSO
stock solution of the compounds of this invention at concentrations ranging from 100 microM
to 10 nM. The control received 2 microL of DMSO alone, then the antagonist ['H] 8-
cyciopentylxanthine (CPX) for pig striatum or the agonist [’H] 2-chloro-6-
cyclopentyladenosine (CCPA) for DDT, membranes in Tris buffer (50 mM, pH of 7.4) was
added to achieve a final concentration of 2 nM. After incubation at 23 C for 2h, then the
solutions were filtered using a membrane harvester using multipie washing of the membranes
(3 x). The filter disks were counted in scintillation cocktail affording the amount of
displacement of tritiated CPX or by the competitive binding compositions of this invention.
Greater than a 5 point curve was used to generate Ki’'s and the number of experiments fs

indicated in the column marked in Table 1, below:

Table 1
Compound # K; - DDT, cell membrane K, — Pig Striatum
7 - 222 oM
16 - 188 nM
11 - 44 nM
12 820 nM --
14 363 oM -
15 922 nM -
16 7701 nM -
17 947 nM -
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EXAMPLE 3

[**S}GTPyS Binding Assays

A,-agonist stimulated [*S] GTPyS binding was determined by a modification of the method
described by Giersckik et al. (1991) and Lorenzen et al. (1993). Membrane protein (30-50
pg) was incubated in a volume of 0.} ml containing 50 mM Tris-HC] buffer pH 7.4, 5 mM
MgCl,, 100 mM NaCl, 1 mM dithiothreitol, 0.2 units ml" adenosine deaminase, 0.5% BSA, 1
mM EDTA, 10 mM GDP, 0.3 nM [**S]GTPyS and with or without varying concentrations of
CPA for 90 min at 30 °C. Nonspecific binding was determined by the addition of 10 uM
GTPyS. Agonist stimulated binding was determined as the difference between total binding
in the presence of CPA and basal binding determined in the absence of CPA. Previous reports
have shown that agonist stimulated [”S]GTPyS binding was dependent on the presence of
GDP (Gierschik et al., 1991; Lorenzen et al., 1993, Traynor & Nahorski, 1995). In
preliminary experiments, it was found that 10 uM GDP gave the optimal stimulation of CPA
dependent [*>S]IGTPyS binding and this concentration was therefore used in all studies. In
saturation experiments, 0.5 nM [**SIGTPYS was incubated with 0.5-1000 nM GTPyS. At the
end of the incubation, each suspension was filtered and the retained radioactivity determined
as described above. Results are presented normalized to the full agonist N-6-

cyclopentyladenosine, CPA.

Table 2
Compound # GTPOS

CPA 100 %
8 104%
i2 52%
13 69%
14 61%

15 48%
16 31%
17 52%
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EXAMPLE 4

cAMP Assay

A scintillation proximity assay (SPA} using rabbit antibodies directed at cAMP using
an added tracer of adenosine 3°,5’-cyclic phosphoric acid 2’-O-succinyl-3-['*I}iodotyrosine
methyl] ester and fluoromicrospheres containing anti-rabbit specific antibodies as dcscribed. by
Amersham Pharmmacia Biotech (Biotrak cellular communication assays). Brefly, DDT, cells
were cultured in clear bottomed 96 well microtiter plates with opaque wells at concentrations
between 10* to 10° cells per well in 40 ui of HBSS at 37 °C (5% CO, and 95% humidity). The
partial or full A, agonists (5 pl )of this invention were incubated at various concentrations
with the DDT, cells in the presence of rolipram (50 uM), and 5 uM forskolin for 10 min at 37
°C. The cells were immediately lysed by treatment 5 pl of 10% dodecyltrimethylammonium
bromide followed by shaking using microplate shaker. After incubation of the plate for 5
minutes, an immunoreagent solution (150 pl contaming equal volumes of tracer, antiserum,
and SPA fluorospheres) was added to each well followed by sealing the plate. After 15-20 h
at'23 °C, the amount of bound ['*I] cAMP to the fluoromicrospheres was determined by
counting in a microtitre plate scintillation counter for 2 minutes. Comparison of counts with
standard curves generated for cAMP using a similar protocol afforded the cAMP present after
cell lysis. Results are presented normalized to the full agonist N-6-cyclopentyladenosine,
CPA. Thus, the full agonist CPA diminished the amount of forskolin induced cAMP

generation back to basal levels.

Table 3
Compound # Camp
CPA 107 %
8 37%
12 -9%
13 30%
14 47%
15 22%
16 22%
17 18%

-41-
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What we claim is:

1. A composition of matter having the formula:

NHR'
NN
l ~>

-,

O

RS'-..__X'l

Z OR,
OR,

wherein X'= 8, §(0), S(O),;

R'isa monocyclic or polycyclic heterocyclic group containing from 3 to 15 carbon
atoms wherein at least one carbon atom is substituted with an atom or molecule selected from
the group consisting of N, O, P and S-{O),, wherein R, does not contain an epoxide group;

R, is selected from the group consisting of hydrogen, halo, CF,, and ¢yano;

R, and R, are each independently selected from the group consisting of hydrogen, —
{CO)-R’, and (CO)-R” wherein R’ and R”* are each independently selected from the group
consisting of C, 5 alkyl, C, s alkenyl, C, s alkynyl, heterocyclyl, aryl, and heteroaryl, which
alkyl, alkenyl, alkynyl, aryl, heterocyclyl, and heteroaryl are optionally substituted with from
1 to 3 substituents independently selected from the group of halo, NO,, heterocyclyl, aryl,
heteroaryl, CF,, CN, OR¥, S8R¥, S(O)R® SO,R”, SO,N(R®), SO,NR*COR?,
SO,NR*CO,R*?, SO,NR¥*CON(R™),, N(R™), NR¥*COR%, NR*CO,R¥”, NR*CON(R™),,
NR*C(NR®)NHR®, COR®, CO,R®, CON(R?®), CONR¥SQO,R¥, NR¥SO,R?,
SO,NR®CO,R*?, OCONR™SO,RZ, OC(O)R®, C(O)OCH,0C(O)R*, and OCON(R™), and
wherein caéh optional heteroaryl, aryl, and heterocyclyl substituent is further optionally
substituted with halo, NO,, alkyl, CF,, amino, mono- or di~- alkylamino, alkyl or aryl or
heteroaryl amide, NR®COR¥, NR™SO,R”, COR®, CO,R*, CON(R™),, NR*CON(R™),,

42-
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OC(O)R?, OC(O)N(RY),, SR®, S(O)R*, SO,RZ, SO,N(R*),, CN, or OR¥;

Ry is selected from the group consisting of C,, alkyl, C,,, alkenyl, C,., alkynyl,
heterocyclyl, aryl, and heteroaryl, wherein each alkyl, alkenyl, alkynyl, aryl, heterocyclyl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently selected from
the group consisting of halo, alkyl, NO,, heterocyclyl, r;.u'yl, heteroaryl, CF,, CN, OR®, SR*,
S(0);RY, S(O)R¥, SO,R*®, SO,N(R™),, SO,NR*COR*, SO,NR*CO,R*, SO,NR*CON(R™),,
P(O)OR™),, N(R*),, NR*COR?, NR*CO,R?, NR*CON(R?),, NR*C(NR*)NHR*, COR®,
CO,R*, CON(R™),, CONR¥SQO,R* NR™SO,R?, SO,NR*CO,R™ OCONR™SO,R?
OC(O)R®, C(O)OCH,OC(O)R™, and OCON(R?), and wherein the optional heteroaryl, aryl,
and heterocyclyl substituent are each further optionally substituted with halo, NO,, alkyl, CF,,
amino, mono- or di- alkylamino, alkyl or aryl or heteroaryl amide, NR**COR*, NR*SO,R*,
COR”, CO,R*, CON(R™), NR*CON(RY),, OC(O)R?, OC(O)N(R*},, SR, S(O)RZ
SO,R%, SO,N(R™),, CN, or OR%,

R? is selected from the group consisting of H, C, , alkyl, C, s alkenyl, C, 5 alkynyl,
heterocyclyl, aryl, and heteroaryl, which alkyl, alkenyl, alkynyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with from ] to 3 substituents independently selected from
halo, alkyl, mono- or dialkylamino, alky] or aryl or heteroaryl amide, CN, O-C, , alkyl, CF;,
aryl, and heteroaryl; and

R? is selected from the group consisting of C, s alkyl, C, s alkenyl, C,; alkynyl,
heterocyclyl, aryl, and heteroaryl, which alkyl, alkenyl, alkynyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently selected from
halo, alkyl, meno- or dialkylamino, alkyl or aryl or heteroaryl amide, CN, O-C, , alkyl, CF,,
and heteroaryl. |

2. The composition of claim | wherein R, is selected from the group consisting of
hydrogen, and halo;

R, and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’, and «{CO)-R” wherein R’ and R’’ are each independently selected from the group
consisting of C, 5 alkyl, heterocyclyl, aryl, and heteroaryl, which alkyl, aryi, heterocyclyl, and
heteroaryl are each optionally substituted with from 1 to 2 substituents independently selected
from the group of halo, NO,, heterocyclyl, aryl, heteroaryl, CF,, CN, OR¥, S(O)R®, SO,R*,
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SO,NRY),, N(R*), NR*COR*?, NR*CO,R?, NR*CON(R?),, NR*C(NR*)NHR*, COR™,
CO,R?, CON(R*),, CONR?SO,R*, NR*SOQ,R* and wherein each optional heteroaryl, aryl,
and heterocyclyl substituent is further optionally substituted with halo, NO,, alkyl, CF,,
amir.o, mono- or di- alkylamino, CN, or OR*;

R, is selected from the group comsisting of C‘,,is alkyl, C, s alkenyl, C,,; alkynyl,
heterocyclyl, aryl, and heteroaryl, wherein alkyl, alkenyl, alkynyl, aryl, heterocyclyl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently selected from
the group of halo, alkyl, heterocyclyl, aryl, heteroaryl, CF,, CN, OR%, SR® N(R?),, S(O)R%,
S(0),R%, SO,R*, SO,N(R*®),, NR*CO,R®, NR*CON(R™),, COR*, CO,R?, CON(RéO)z, and
wherein each optional heteroaryl, and aryl substituent is optionally substituted with halo,
alkyl, CF,, CO,R¥, CON(R?™),, NR*CON(R™),, SR*, S(O)R%, SO,R*, SO,N(R?™),, CN, or
OR?®;

R* is selected from the group consisting of H, C, s alkyl, aryl, and heteroaryl, which
alkyl, aryl, and heteroaryl are each optionally substituted with from ! to 2 substituents
independently selected from halo, alkyl, mono- or dialkylamino, CN, O-C, , alkyl, CF,; and

R* is selected from the group consisting of C, , alkyl, aryl, and heteroaryl, which
alkyl, aryl, and heteroaryl are each optionally substituted with from | to 2 substituents
independently selected from halo, alkyl, mono- or dialkylamino, alky! or CN, O-C,  alkyl,
and CF,. .

3. The composition of claim 1 wherein R, is a hydrogen;

R, and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’ and (CO)-R” wherein R’ and R” are each independently selected from the group
consisting of C, ,, alkyl, aryl, and heteroaryl, which alkyl, aryl, and heteroaryl are optionally
substituted with from 1 to 2 substituents independently selected from the group of halo, NO,,
aryl, heteroaryl, CF,, CN, OR”, N(R?),, S(O)R*, SO,R”, NR¥*COR¥, COR™, CO,R”,
CON(R™),, NR™SO,R?, and wherein each optional heteroaryl, aryl, and heterocyclyl
substituent is further optionally substituted with halo, NO,, alkyl, CF;;

R, is selected from the group consisting of C, |; alkyl, C,,s alkenyl, heterocyclyl, aryl,
and heteroaryl, wherein each alkyl, alkenyl, aryl, heterocyclyl, and heteroaryl are optionally

substituted with from 1 to 3 substituents independently selected from the group consisting of
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halo, alkyl, aryl, heteroaryl, CF,, CN, OR®, SR®, N(R*),, S(O)R*, SO,R?, SO,N(R™),,
NR¥CO,R¥, NR*CON(R™),, CORY, CO,R*, CON(R™),, and wherein each optional
heteroaryl, and aryl substituent is further optionally substituted with halo, alkyl, CF,, CO,R?,
CON(R™),, NR*CON(R™),, S(O)R*, SO,R*, SO,N(R™),, CN, and OR*;

R? is selected from the group consisting of H, C, alkyl, and aryl, which alkyl, and
aryl, are optionally substituted with 1 substituent selected from halo, alkyl, mono- or
dialkylamino, CN, O-C, ; alkyl, CF,; and

R*is selected from the group consisting of C, , alkyl and aryl, which alkyl and aryl are
optionally substituted with 1 substituent independently selected from halo, alkyl, mono- or
dialkylamino, alkyl or CN, O-C,  alkyl, and CF..

4. The composition .Of claim 1 wherein R, is a hydrogen;

R, and R, are each independently selected from the group consisting of hydrogen, -
(CO)-R’ and —(CO)-R” wherein R’ and R”’ are each independently selected from the group
consisting of C,  alkyl, and aryl, which alkyl and aryl are optionally substituted with from 1
to 2 substituents independently selected from the group of halo, NO,, aryl, CF,, CN, OR%,
N(R™),, S(O)R”, SO,RZ, N(R™),, and wherein each optional aryl substituent is optionally
substituted with halo, NO,, alkyl, CF;;

R, is selected from the group consisting of C,,; alkyl, C, s alkenyl, aryl, and
heteroaryl, wherein alkyl, alkenyl, aryl, and heteroaryl are optionally substituted with from !
to 3 substituents independently selected from the group consisting of halo, alkyl, aryl,
heteroaryl, CF,, CN, OR?®, SR® N(R™), S(O)R*?, SO,RZ, SO,N(R™), NRCO,R%,
NR*CON(R?),, CO,R™, CON(R™), and wherein each optional heteroaryl, and ary!
substituent is further optionally substituted with halo, alkyl, CF,, CO,R*, CON(R™),
S(O)R%, SO,R%, SO,N(R™),, CN, or OR?;

R?is selected from the group consisting of H, C, ¢ alkyl, and aryl, which alkyl and aryl
are optionally substituted with 1 substituent selected from halo, alkyl, mono- or dialkylamino,
CN, O-C, ,, alkyl, CF;; and

R? is selected from the group consisting of C,, alkyl and aryl, which alkyl and aryl
are optionally substituted with | substituent selected from halo, alkyl or CN, O-C,; alkyl, and
CF,.
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5. The composition of claim 1 wherein R, is a hydrogen;

R, and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’ and «(CO}-R” wherein each R’ and R*’ are independently selected from the group
consisting of C, , alkyl which alky! are optionally substituted with 1 substituent selected from
the group of aryl, CF,, CN, OR®, N(R™),, and wherein each optional aryl substituent is further
optionally substituted with halo, NO,, alkyl, CF;;

R; is selected from the group consisting of C,; alkyl, C,, alkenyl, and aryl wherein
alkyl, alkenyl, and aryl are optionally substituted with from ! to 2 substituents independently
selected from the group consisting of halo, alkyl, aryl, heteroaryl, CF,, CN, OR?, S(O)R%,
SO,R¥”, SO,N(R™),, NR*CON(R™),, CO,R*, CON(R™), and wherein each optional
heteroaryl, and aryl substituent is ﬁlrtherkoptionally substituted with halo, alkyl, CF,, CO,R*,
CN, and OR™;

R*is selected from the group consisting of H, C, 4 alkyl; and

R* is selected from the group consisting of C, .

6. The composition of claim | wherein X'=8 or SO,;

R, is a hydrogen,

R, and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’ and <(CO)-R” wherein R’ and R’’ are each independently selected from the group
consisting of C, ¢ alkyl;

R, is selected from the group consisting of C, ; alkyl, and aryl wherein alkyl, and aryl
are optionally substituted with from 1 to 2 substituents independently selected from the group
consisting of halo, alkyl, aryl, heteroaryl, CF,, CN, OR”, S(O)RZ%, SOQR”, SO,N(RY),,
NR¥*CON(R*),, CO,R¥®, CON(R™),, and wherein each optional heteroaryl, and aryl
substituent is further optionally substituted with halo, alkyl, CF,, CO,R™, CN, and OR*;

R*  is selected from the group consisting of H, C, ; alky}; and

RZ  is selected from the group consisting of C, .

7. The composition of claim 1 wherein X'=S or SO,;

R,is a hydrogen,;

R, and R, are hydrogen;

R, is selected from the group consisting of C, ¢ alkyl, and aryl wherein alkyl, and aryl
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are optionally substituted with from 1 to 2 substituents independently selected from the group
consisting of halo, alkyl, CF,, CN, OR*, CO,R*; and

R*  is selected from the group consisting of H, C, , alkyl.

8. The composition of claim | wherein X'=S or SO,;

* R,is a hydrogen;

R, and R, are hydrogen;

R; is selected from the group consisting of C, 4 alkyl, and aryl wherein alkyl, and aryl
are optionally substituted with from 1 to 2 substituents independently selected from the group
consisting of halo, alkyl, CF,, OR*; and

R*is selected from the group consisting of H, C, , alkyl.

9. The composition of claim 1 wherein X'=S or SO,;

R,is a hydrogen;

R, and R* are independently selected from the group consisting of hydrogen, {CO)-R’
and HCO)-R” wherein R’ and R’’ are each independently selected from the group consisting
of C,, alkyl which alkyl are optionally substituted with 1 substituent selected from the group
consisting of aryl, CF,, CN, OR%, N(R*),, and wherein each optional aryl substituent is
further optionally substituted with halo, NOZ, alkyl, CF;;

- R, is C,; alkyl, wherein alkyl, is optionally substituted with from 1 to 2 substituents
independently selected from the group consisting of halo, alkyl, aryl, heteroaryl, CF,, CN,
OR®, S(O)R%Z, SO,R%, SO,N(R™), NR¥CON(R®), CO,R® CON(RY), wherein each
optional heteroaryl, and ary!l substituent is further optionally substituted with halo, alkyl, CF,,
CO,R”, CN, and OR®;

R*is selected from the group consisting of H, C, , alkyl; and

R¥is selected from the group consisting of C, .

10.  The composition of claim 1 wherein X'=S or SO,;

R,1s a hydrogen,

R, and R, are independently selected from the group consisting of hydrogen, {CO)-R’
and —(CO)-R” wherein R’ and R’ are each independently selected from the group consisting
of C,; alkyl;

R, is C,; alkyl that is optionally substituted with from 1 to 2 substituents
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independently selected from the group consisting of aryl, heteroaryl, OR®, S(O)R%Z, CO,R”,
CON(R™),, and wherein each optional heteroaryl, and aryl substituent is further optionally
substituted with halo, alkyl, CF,, CO,R®*, CN, and OR”;

R? is selected from the group consisting of H, C, , alkyl; and

- R¥is selected from the group consisting of C, .

11 The composition of claim 1 wherein =S or SO,;

R;1s a hydrogen;

R, and R, are hydrogen;

R;is C,; alkyl that is optionally substituted with 1 substituent selected from the group
consisting of CO,R*, and CON(R*),; and

R” is selected from the group consisting of H, and methyl.

12. The composition of claim 11 wherein R, is C, ; alkyl.

13. The composition of claim 11 wherein R is selected from the group consisting
of methyl and ethyl and isopropyl.

14, The composition of claim 1 wherein R, is a hydrogen;

R, and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’ and H{CO)-R” wherein each R’ and R’’ are independently selected from the group
consisting of C, ¢ alkyl, and aryl, which alkyl and aryl are optionally substituted with from 1
to 2 substituents independently selected from the group of halo, NO,, aryl, CF,, CN, OR®,
N(R®),, S(O)R®?, SO,R®, N(R™),, and wherein each optional aryl substituent is further
optionally substituted with halo, NO,, alkyl, CF,;

R, is selected from the group consisting of, aryl, and heteroaryl, wherein aryl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently selected from
the group consisting of halo, alkyl, aryl, heteroaryl, CF,, CN, OR™, SR*, N(R*),, S(O)R?,
SO,RZ, SO,N(R™),, NR*CO,R?, NR®CON(R?),, CO,R” CON(R™),, and wherein each
optional heteroaryl, and aryl substituent is further optionally substituted with halo, alkyl, CF,,
CO,R™, CON(R®),, S(O)R?, SO,R%, SO,N(R”),, CN, or OR*,;

R* is selected from the group consisting of H, C, 4 alkyl, and aryl, which alkyl and
aryl are optionally substituted with 1 substituent selected from halo, alkyl, mono- or
dialkylamino, CN, O-C, ; alkyl, CF,; and
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R?* is selected from the group consisting of C, alkyl and aryl, which alky! and aryl
are optionally substituted with 1 substituent selected from halo, alkyl or CN, O-C, alkyl, and
CF,.

15. The composition of claim 1 wherein X'=S;

R,is a hydrogen;

R; and R, are each independently selected from the group consisting of hydrogen, —
(CO)-R’ and ~{CO)-R™ wherein R* and R’’ are each independently selected from the group
consisting of C, , alkyl;

R, is selected from the group consisting of, aryl, and heteroaryl, wherein aryl, and
heteroaryl are optionally substituted with from 1 to 3 substituents independently setected from
the group consisting of halo, alkyl, CF,, CN, OR*, SR*, CO,R*®, CON(R™),; and

R? is selected from the group consisting of H, C, ; alkyl.

16. The composition of claim 1 wherein X'=S§;

R, is a hydrogen;

R, and R, are hydrogen;

R, is aryl that is optionally substituted with from 1 to 2 substituents independently
selected from the group consisting of halo, alkyl, CF,, OR™, CO,R*, CON(R™),;

R? is selected from the group consisting of H, and methyl; and

R? is selected from the group consisting of C, , alkyl.

17.  The composition of claim 16 wherein R; is pheny! that is optionally substituted
with a substituent selected from the group consisting of methoxy, chloro, fluoro, methyl, and
trifluoromethyl.

18. The composition of claim 1 wherein R' is mono or polysubstituted with one or
more compounds selected from the group consisting of halogen, oxo, hydroxyl, lower alkyl,
substituted lower aikyl, alkoxy, aryl, acyl, aryloxy, carboxyl, substituted aryl, heterocycle,
heteroaryl, substituted heteroaryl, cycloalkyl, substituted cycloalkyl, nifro, cyano and mixtures
thereof.

19, The composition of matter of claim 1 wherein R' is a monocyclic, bicyclic, or
tricyclic cycloalkyl group containing from 3 to 15 carbon atoms wherein at least one carbon

atom is substituted with an atom or molecule selected from the group consisting of 0 or S-
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20.  The composition of claim 19 wherein R' is mono or polysubstituted with one
or more compounds selected from the group consisting of halogen, oxo, hydroxyl, lower
alkyl, substituted lower alkyl, alkoxy, aryl, acyl, aryloxy, carboxyl, substituted aryl,
heterocycle, heteroaryl, substituted heteroaryl, cycloalkyl, substituted cycloalkyl, nitro, cyano
and mixtures thereof.

21.  The composition of claim 1 wherein R' is:

Rw%/@ R:'

wherein R;", R;™", R,""", and R,™""" are each independently selected from the group halogen,
hydroxyl, lower alkyl, substituted lower alkyl, alkoxy, aryl, acyl, aryloxy, carboxyl,
substituted aryl, heterocycle, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, nitro, cyano and mixtures thereof and X is O, or S (-O),..

22.  The composition of claim 21 wherein R,""" and R,"""" can together be a single
oxygen atom.

23. The composition of claim 21 wherein R,", R,”", R;""", and R;"""" are each
individually selected from the group H, lower alkyl, substitute lower alkyl, alkoxy, aryl, and
substituted aryl.

24.  The composition of claim 21 wherein R,”, R,”", R,”"", and R,”""" are each

individually selected from the group H, lower alkyl, and substitute lower alkyl.
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25. The compositior: of claim 1 wherein R’ is selected from the group consisting

of:

N/
\R \ or R R

R

R X
R\/\/: R
R

wherein each R may be independently selected from the group consisting of H, lower alkyl,
and substituted lower alkyl and wherein X is O, or S {(-O),.,.

26.  The composition of claims i or2 or3ord4orSor6or7or8or9or 10 or 11
or 12 or 13 or 14 or 15 or 16 wherein R, is selected from the group consisting of 3-
tetrahydrofuranyl, 3-tetrahydrothiofuranyl, 4-pyranyl, and 4 thiopyranyl.

27.  The composition of claims 1 or2 or3 or4orSor6or 7or8or9 or 10 or 11
or 12 or 13 or 14 or 15 or 16 wherein R, is 3-tetrahydrofuranyl.

28. The composition of claim 1 wherein the compound is selected from the group
of compounds consisting of 2-{6-[((3R)oxolan-3-yl)amino]purin-9-y1}(48,5S,2R,3R)-3-
(methylthiomethyl)oxolane-3,4-diol; 2-{6-{{(3R)oxolan-3-yl}Jamino]purin-9-
y1}(4S8,55,2R,3R)-5-[(Ethylthio)methyi]oxolane-3,4-diol; 2-{6-[{(3R)oxolan-3-
yl)aminolpurin-9-y1}(48,58,2R,3R)-5-[(Methylethylthio)methyl]oxolane-3,4-diol; 2-{6-
[((3R)oxolan-3-yl)amino]purin-9-y1}(4S,55,2R,3R)-5-(phenylthiomethyl)oxolane-3,4-diol; 2-
{6-[((3R)oxolan-3-yl)amino]purin-9-y1 }(4S,58,2R 3R )-5-[(4-
Methoxyphenylthio)methyl]oxoiane-3,4-diol; 2-{6-[((3R)oxolan-3-yl)aminojpurin-9-
y1}{(4S,55,2R,3R)-5-[(4-chlorophenyithio)methyljoxolane-3,4-diol; 2-{6-[((3R)oxolan-3-
yl)amino]purin-9-y1}{48,55,2R,3R)-5-((4-fluorophenylthio)methylJoxolane-3,4-diol;  2-{6-
[((3R)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R,3R)-5-[(4-methylphenylthio)methyl Joxolane-
3,4-diol; 2-{6-[((3R)oxolan-3-yl)amino}purin-9-y1}(4S,55,2R ,.3R)-5-[(4-
(trifluoromethyl)phenylthio)methylloxolane-3,4~diol; 2-{6-[((3R)oxolan-3-yl}amino]purin-9-
y1}(48,58,2R,3R)-5-[(2-Methoxyphenylthio)methylloxolane-3,4-diol;  (5-{6-[({3R)oxolan-3-
yl)aminoJpurinyl-9-y1}(2S,38,4R,5R)-3,4-dihydroxyoxolan-2-yl)(ethylsulfonyl)methane ~ 2-

-51-




10

20

25

30

WO 01/40246 PCT/US00/32721

{6-[((3R)oxelan-3-yl)amino]purin-9-y1}(4S,55,2R,3R)-5-[(2,4-
difluorophenylthio)methyl]oxolane-3,4-diol; 2-{6-[((3R)oxolan-3-yl}amino]purin-9-
y1}(48,55,2R,3R)-5-[(2,6-dichlorophenylthio)methyl Joxolane-3,4-diol; 2-{6-[({3R)oxolan-3-
ylhaminolpurin-9-y1}(4S,5S,2R,3R)-5-[(3-fluorophenylthio)methyl]oxolane-3,4-diol;  2-{6-
[((3R)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R 3R )-5-[(2-fluorophenylthio)methyl Joxolane-
3,4-diol; - 5-{6-[{(3R)oxolan-3-yl)amino]purin-9-y1}(2S,3R,4R,5R )-4-acetyloxy-2-
[(fluorophenylthio)methyl]oxolan-3-yl acetate; Methyl 2{(5-{6-[((3R)oxolan-3-
yDamino]purin-9-y1}(2S,35,4R,5R)-3,4-dihydroxyoxolan-2-yhmethylthiolbenzoate;  {2[(5-
{6-[((3R)oxolan-3-yl)amino]purin-9-y1} (28,35,4R,5R)-3,4-dihydroxyoxolan-2-yl)
methylthio]phenyl}-N-methylcarboxamidebenzoate;  2-{6-[((3R)oxolan-3-yl)amino]purin-9-
y1}(48,58,2R,3R)-5-(benzoxazol-2-yithiomethyljoxolane-3,4-diol; 2-{6-[((3S)oxolan-3-
ylamino]purin-9-y1}(48,58, 2R 3R )-5-[(1-methylimidazol-2-yl-thio)methyl]oxolane-3 4-diol;
2-{6-{({3S)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R 3R )-5-(pyrimidine-2-
ylthiomethyl)oxolane-3,4-diol; 2-{6-{({3S)oxolan-3-yl)amino]purin-9-y1}(4S,5S,2R,3R)-5-(2-
pyridylthiomethyl)oxolane-3,4-diol; 2-{6-[((3S)oxolan-3-yl)amino]purin-9-y1}(4S,58,2R,,3R)-
5-(4-pyridylthiomethyl)oxolane-3,4-diol; and 5-{6-[((3R)oxolan-3-yl)amino]purin-9-
y1}(28,3R,4R,5R }-4-acetyloxy-2-[(4-fluorophenylthio)methyl]oxolan-3-yl]acetate.

29, A method for modifying cardiac activity in a mammal experiencing a heart
electrical disorder that can be treated by stimulating an A, adenosine receptor comprising the
administration of a therapeutically effective amount of the composition of claim 1 to the
mammal.

30, A method for modifying mammalian adipocyte function by stimulating an A,
adenosine receptor comprising administering a therapeutically effective amount of the
composition of claim | to the mammal.

31. A method to restore sensitivity and efficacy of insulin in a mammal by
stimulating an A, adenosine receptor comprising the administration of a therapeutically
effective amount of a composition of claim 1 to the mammal.

32. A method for providing a mammal with central nervous system
neuroprotection by stimulating an A, adenosine receptor comprising administering a

therapeutically effective amount of the composition of claim | to the mammal.
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33. A method for providing a mammal with cardiomyocyte protection from ischemia
by stimulating an A, adenosine receptor comprising administering a therapeutically effective
amount of the composition of claim 1 to the mammal.

34. The method of claim 29 or 30 or 31 or 32 or 33 wherein the therapeutically
effective amount ranges from about 0.01 to about 100 mg/kg weight of the mammal.

35.  The method of claim 29 wherein the composition is administered to the
mammal experiencing a heart electrical disorder selected from the group consisting of
supraventricular tachycardias, atnial fibrillation, atrial flutter, and AV nodal re-entrant
tachycardia.

36. The method of claim 30 or 31 wherein the composition is administered to a
marnmal experiencing a disorder selected from the group consisting of diabetes and obesity.

37. The method of claim 32 wherein the composition is administered to a mammal
experiencing an central nervous system disorder selected from the group consisting of
epilepsy, and stroke.

38.  The method of claim 33 wherein the composition is administered to 2 mammal
experiencing an ischemic event in the heart selected from the group consisting of stable
angina, unstable angina, cardiac transplant, and myocardial infarction.

39.  The method of claim 29 or 30 or 31 or 32 or 33 wherein the mammal is a
human.

40. A pharmaceutical composition of matter comprising the composition of claim
| and one or more pharmaceutical excipients.

41.  The pharmaceutical composition of matter of claim 40 wherein the
pharmaceutical composition is in the form of a solution.

42,  The pharmaceutical composition of matter of claam 40 wherein the

pharmaceutical composition is in the form of a tablet.
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R, R, RV HAMEL. OE. REKEE. BUSKESRE.
B, 5. BURAIITE. Jeor B aian T BRI T 5.

7 B HR A -RO=CR, X B R B 0 b 2L s A 1S S0,
RS, EREE. BAMEGRRE. Bk, 3. MARRFE, 2%
%ﬁ@?ixmmﬁmm

“IRE R R RFEE-OR, XE R EWE MRS B HE S b
B ERIE. E. BURHITEE. JThei. BUNMIT AR, Jubidk, RITHE
A . BRARMIRGIEE. Mot B al UM I Sl B
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BRI BRI -SR. S (0) R, BB R EIIA S N AE S
M, BURBIREESE. 3. BURISE . HmEs I B,

B R -COR, K RS, WA MRS IE . B
MAEGRIE . 52 BRI B%%.

Cy I B R H-OAT, KB Ar S ANA Y LM BRI,
G AR MRS 2

L FRIE MR, BCE RFIR WA BIH A, hA N X
B, BB EE . 55, HURMOT 3. 2075 S ahBUR 1) 2% 26 20 B
%

BRI R T -COINRR, KB R R TN, AT
MRS . MR R GRIE . B, ORI . 2 2. BRI
%,

CRIETFRAEE-CO)OR, I R B WA LIEAAIE,
RIS 538, BURIIEIE, 7035 S R I 235 2.

C MR A M IR, UMM S e 5T, B
Btk 5-6 TEI AR BRERAR S, /ST RO 1 7 3 /NI B S AR Y
R, FREEAMEARE N MR, B, RO, WHIE, WIEUMER,
BOTRIRIE, BAAUIE, SR, AERUE, DIERIE. SIS ATk
B IR, BRI, DT, B, RS EBATRRCL I
ORI, LLbeds. 35 SEIZe 5y 200 M N2~ N, N-— - BU X M S SR
H,ORORBIEEE, MBI, ANEMBEE, REREEE, ¥
WL, AP, B,

TR 35 2 38 B — A B A T AR IR A O3S B I T R
ER NI EET . BEEE. COERE. BRE. Zh. 8%, BE
. M. BIE. FHH. BEIE. AT, . RIS, B,
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FH&E. B, HEEEESS

RIATIRMAN . MBS FRIAED, H BB IR (] AR,
M ME L BRI L) B2 B S 30 (1, ZEubne gL, mEmEmhaL. mEmRak. 09
REEEIF(bIEmE), RARFTEDSARET, FlmN. 0H S, &
AT R HOACER A, Bl LA 3. IR . R AT BT
CH, EEE. BIEE. BRIE. B, B, FAE. AW, 4L, A
FIZe w6, AHEE. FEE. M. BEES S,

TRFGET-EMEAAMEREE S 2 6 MR TR BRI TR g,
WNESASE 10N REFHIAFTEREL, HEF -1 HEA, ik 1-4.
BEAUE 1-3. A& 1-2 4 nbE g 0. S FIN M4 IR 7, IF BT
PL 12 3B ERAA, TR E RS E R, B, A,
L, PR WERELEE, BOEREEELIE, WA, FEE, AFEHE, Uk
Fh. S EEEGARTT AR BB - R A, IREE, DUSRZE . DS AR

AR T EBCR I RATE M AR, DbeEE . 7 AR e A 57 SR AE L . N- AR -l

N, N-ZHUO s B A, edbifha 2, HEMMER, FAEEG
BE, FEBRERAE, FEPEAE, FEERLEE, 5%, LFHEM
ALFEEILRT S BN, )t ME B e L . MR AN AU R AT N-F 4 . Bk BRAL
FRFNTRAFHGEHNIERE S, IRERFREN ST . &5 EEB T
SEMLRE AL, WABEEL. MEMEIL. mendpfREL. RERSEE. WML, MENKE. g
B ombogak, EME. mEME . oA Rebeest, RO M. BuEm
Fo. PUMBSEL. BRMRIE . CREEL. BRIGIE. FEIRERNEEL. BIRESSE. I
[ 2% 75 IR0 A5 B 7 0] R A OB R B I R R BUAR AR, AP AR R E RO AL
=X 7/

e - ERAAMERESR 5 F 10 METFHRIEFHFHRERE
B, PR L1233 MRETHRET 0. S BN A, %Eﬁﬁﬁﬂm

$
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FH-5 B 5-6 JUIA IR IT B G A /B R BT FE 1 B T AR S LA . ZMER
AT EAAR SN, FlinEE. WA MRIEEN -, &
BATERREVR IR T Eo R FR IR 7 & DU ki 3 . &b e | URNE AL
mEgfidt . DRMEE . T ESIFRm A, “ABIESE . B Ay Haﬁ
e e 7 TR FH A BRI L O HUR B R LA A R A
TEUAR R 2 T R AR UL — PR 2 R T AR HT L B 2 BN 2 T

X T S B B R L IR MR A R, R, 5. EE.
BrEJE. RIL. BE., FE. FERE. ., USRI IR, ZeE 3. B
P IE. HE. B, MilE. EERREEE.

TSR -R-Ar, X Ar RFSEEA, R AESERIRN
MRS . 75 3L 25 B AT o o SR B AR B A B 2 L IR R 2 b
BB, 2. B, MEL. BE. RE. L. FAE. R
BRI 263, Ze 2. BRARIIZLSS 26, B3t . BUE. BORY. MABEEESS
A

"I YRR -R-Het, X Het RZVFFEEM, R E(CAIEILH.
%ﬁ%gﬁmﬁﬁm%%mﬁﬁumﬁi\mﬂf%\ﬁﬁﬁﬁ%\ﬁﬁ
B, Zhh. EIE. BREE. B . FAE. A, BULHZE.
I, HURMOZATSIE. W, BUL. MR, BEEILS S,

TR AL IRF H-R-HetAr, X H HetAr Z2RI7HE, R ZMSHE
B AR G G A B . %55 B doe B T T 348 M 2 oK AR 30 LA 301 o 2 1
Wl st WA MERSIE . AL, BT, ZM0. FIE. BAE. K7,
AR R e E. BUROZRTS L. B, UL, M. MBEESE
AR |

CEREEE IR AT 3 E 15 MRET W MRS T B

TR R IR AR A I MR IR, T AR B 2
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WmpE. KEE. AR ERE. AR, GlE. ok, HE. %
FEE. I, HURBIAR . Zedydt, B3, HE. 5. i
Y I |

”Emﬁﬁﬁﬂfﬁﬁ@ﬁﬁ Ai%Aﬂ%F7u LR (1,
N. 0. S & P)Hift.

THEARB R G B IR A 3w MR R SR A B A M E A
FIACIE, Bl AR, [RAAE. KRE. 24, 8. B
I BRI B, R, FEE. X MARRE. HFE. BAN
AL R, AR, BB, MHBEES%.

"REIE IR TR R F-R- M, KB RERMREREA, H R
AR R o 3 BB P M0 20 5 s PR ok ) T AT 2 R o A A 451
pE. REHE. REREE. ME. 250, ®HE. MEE. RE. B
F. NI OFEE. R BURIARIN, Jeiv A, BIUREIZR S5 & . Wi,
FOEL. TRAY. B RS HHUE.

TR IR B RN B AR AR, 1B R OB G B BV
R et . B2 Z AR B T AT ik U R R BUAR B LA g 25 . (R bt (K
T IR, BRI, HE. BEE. RE. 4P BE. FE. FEE.
ZeFh . BURHIZRER . 5 A BRI IS 2. WEE. |E. R, BHRE

iﬁﬁ

AR, | _
ﬁﬁ%%%é%ﬂ%%ﬁ?ﬁﬁ}ﬁ%%ﬁ%%%n%%Vﬂvnm
—REMEE AR 1 PR, IR FEHREN AL, A 6-EEREZT 1 S

10 8% R'NH, R &%, A& &4 T (EE £ F No. 5,789, 416, H Ut BIF5IA
KA hBE), B 152, 2 -= BEIETEIEMLER TsOH[Evans,
Parrish #1 Long Carbohydrat. Res., 3, 453 (1967) 177 T &Rk {R
P12, 3 BEANFELEY, UIFRE T, 7EiEd 111 5 -F2 Ll MsCl

17




w4, PILAF=AE 5 -HIEFEHES 11T, UL R°SNa B ¥ 5" - ES ] LLfe4:
HEEK IVERPTEY . DB IV ARG 2,3 B4 S
B VAR EY. VIIRsL R e BB VI 2, 3 B,

5 iz 1

cl

S e ' .:> IfI:>

o] — Q —_— 0
HO Y HO Y H+
T oM %2 OH

[o10] oH ’D
1 I ‘)—

MWHR'

HHR'
N R.SNa "J\iu\
MsCl LD > L, v
,qj

. sgogl or N
H+ QCi B
A Sy _Feod LD
n,s’\kjs R 5f\d"’° o
AT
v o Vi 3\19\1

EABER XV - BRI AT A ST LUAAR 2 Bi Rl 4. 1, 2,3, 5-1Y

7, ok R 7% (ribofuranaside)é 5 oI -6 EUEM VIT HI454 T Ll

A 2-EA-6-FIEM AL = Z R VIII, E 540 RN RN, 554 2-

10 WA-6-EAEMNAY IXK. 8EF 2,3 RERYPANEILEYH LB
IKFE AT =4 XTo FEMENE Y XT ) 5" 323k DU MsCL i ol LAF=4E 5" - IR

BE X1T.BAR°SNa B4 5" - RERRER W LLP= A R E it XITT & e ALY,




TR E R A RT @A XTIV K. 27, S A EMERET T ERR
Ha XV gty 27, 3" ZHE.

mEE 2

J _ o —_— -
AcO Dac TsCH Aﬂ)’\kjﬁ
2 Wi %o
NHR' NHR'
. N MeD OMe
Nl X ': NI i ><
n/\ —_— R/L’(

LA R EALE R V, VI, XIV, XV B GRiRe 3) (Drabowicr, %%
N, The chemistry of sulfones and sulfoxides, Wiley, New York, 1983,
933-378) A F=AEAH R AL AR XVIL XVITL XVIITL XIX TR, X2
IRt — SR Al Fe 4 B XX, XXTL XMIL XXTIT B8R
10




WAE 3

HHR' NHR
]
) L N
0 )
. (0) U, > (0) U, >
{ NS NS
§ ), = 5
Ry v .
o ” o Rl’\\\o “on
Xvi XX

NHR' NHR NHR'
LA N ) N N N
'&5 (0) IJTI‘> o D
R‘)\N/O N — OR_’_FN/O N R,_L -

s g \s
Re” xiv %0 %, 7 o LAY
xvin " XXl on”

R,J\JI‘> ©) _q‘> © R,_L)Is

’\d" v
0
R,/ o) o %?’0'”0 (o] , .:\00040 Q
3 o B} Ry H1 Ry
. T \f ‘ i 0‘{- xxim T f

AR — A B RS EAIRTE 4 iR THEY 3 it
E8) 7 I E R 3 BoR. thEY 3 B H 6-FEMAZTF 1 3-(R) -
R U M , 2 PR AT IR 1R 7 I & (2 3 E & F) No. 5, 789, 164) .
£ TsOH (cat. ) FE F 2" M1 3 BREU - FEEW L REY A WEL &Y
4, TEMLRE T 4 5 MsCY T O°C RN A FAEELTE 5, © M FBEZ 4 (sodium

20




methanethiolate) ZE L HE//KIB &M B w4 6. LL 80%LER /7K
# 6 BERP~HEHWLED 1.
TFE 4

HN\\‘ AN
N B80% AcOH N
CHiSNa N"\t \> ° AC NQ: \>
N N N

ACNHZ0 N
H,CS’@; H;CS’Q
% %
% 7

Z. i hE 8 LU B ER &L #1771 (oxone) 7E MeOH F 47 S 4k (Trost, B. M. ;
Curran, D.P. Tetrahedron Letters 1981, 22, 1287) =44 9 (Fi#E 5) .
M5
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AEPHEEAKAM A BT OHAZEY. AR —FH
G AL 2B It FLYE AR P B0 CAE T M0 2, (RSB — M e 2 Fo il
(RELAE PSR, EL RSB ITE MR . AR P R R 2
BATR R T BARMZ B 2T, 8565 B2 R RS - R VR, T 07 0 0 )
SRR/ AR LR R R M R R SO A BB A
R s, IR . KRB AT LR (1) B, AT
Mol S T BB A R L B AT AL (2) TR R AR R
B EEERN MR 50 (3) 2 Rk 4% T & BUZE 1 30 AL AT AR 2 i
R R E BRI AT RS, B L (1) % (3) ME T4 4.

1 SR A R WA AL A S AL, T SR AT L O B I P Bl . P BR Y T
W, LIRS, WAL RN®, SR, SR8, B
M. B, 2B, DRE. BEMBRREHEE, $8 %05 mammmi.
MR RE LGN, MREERB NS Y TR, T eLH
R BB T . — R, BB A LT B A E A P T IO
PERF, BlmERAY . BRI, E T, Gl Na, K, Ca®
FNHS, 2% FSm it r NS T . s W mtE
MHEAERE T, SRR THEEM.

KBNS HTRT A BEZENSHMASYILERANS
RO . G, AR B R TR B IR A IR AR AT (R
Bk i, 25 5L (coronary electrical disorder) f9U T4 b Ml T i 00
FEVE . IR R R R R VEIT B AL FaEE Lo, A
OB AP VR . OB NI AV G ITIR M OB . BhAh, EHRITE
L S E P BT R AT M e A M RO AR R B B O IR T AL S8BT 4
A WLk I 785 £ A TBE O TR 71 o

25 % B ) A 4t 35 T I S5 A2 NERA B vk /b A 9 2% R A
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1 A BRE 2k E S T A M Th et . 57 B & B3 /0 Ak 4 2038 9 AR 0T 4
HELTh e AT 5% B % T8 B0 T 0 TR 9 RO IC IR ARE |

TEB B NA M, AAdoR BB R G Z M AR N F
H# (Vergauwen, L. <% A, J. Clin. Invest. 1994, 93, 974-81 ;
Challiss, R. A. % A, Eur. J. Pharacol., 1992, 226, 121-8), z’txzv{
B R 43 1 5 — VAT I R AE SR R SRR BT BE (1) B v S A R0 R
APk VG B 3

A ZARBE)F] R-PIA B4 BRI 2 M o ¢ 1 107 40 B i R T 0 3
MESE-TEOEEN™4E M Ozeck Master's Thesis Univ. of
Florida 1999 with L. Belardinelli). iE{EFRE, JLZCHY S T #
TER-H LR E R ARG T M A R IRTANAE b A BB AR
B EIRREEAREEEMERNRR P EERA  EENIIRIEHEZ S
T i, @3%13 REa. RS ReENAMENES .

AR BRI R A T I R A IR S, RWH TR IR A R G
ZARI . AT DR A AR B R R T ) A R £ B 4 R 0 4 U AT R
E .

AT, FTIEVER B, B AAdoR RFAME, BRI
e, KEHAME TR D B ADRIETE (Gellai, M. A, JPET, 1998,
286, 1191-6 ;Wilcox, C. S. %A, J. Am. Soc. Nephrol., 1999, 10,
714-720) . {5, BEREFNEMRES MU RXERN ., #52,
75 S WA 7E BRI AAdoR BOMRN R . B, AR IRAR
A, EEAE AAdoR HREFMERHUEM LN ME . e sk,
3 B 2 He I i i R RS N ER BT R, DA AR B Th A 1 SR AR PR AR A
(potassium sparring diuretic).

2 5 W A A 3 — 0 S A T A R S OnT O JUL AR B

23
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e H R . HARZBR RS BEIT R SR O %
. AREHEOKHE.. LHEBEMONEE.
ERFAUEDE— N EEZFHALEMAEW AT S LR AR
P (2 T. P. Kenakin: RIERMHH, Pharmacological Analysis of
Drug-Receptor Interaction, Kenakin, T. P.%iZ New York : Raven
Press, p 39-68) . XATWNAETEMHIERESZHMERERE, AR
SE AL & — E A SR B P B — S MR AE R g (4N cAMP £~
IR EERN . MASER SMMPR T 2 B F /BN RAE S UM R
mz B G AEFERET LA Q&Y RFR T 2E T
WEEE (BRI I, SCHMENFITR A 5 Eh . AT, 304 BEh
FRESZHREGSIIBDTEEMEIFIN N QREAD . FHFTEEMN
PLE REEN TR K RN DT B TS et i s iE H 2 Ea A
Wah 7N B IR AT R R PIHE . 3845, AKMRAS DR IRTF.L
HRERHRE A SZERERY, FLEIRE ANTLIEEIHE 55 s
FIRATEIE . 52, S AR L LA p T A BB
WNERGEWIER, HEE: MU/ HMNBRETHNE TS
BN F o 31X Ffra] A8 VE 2 B 2 M B JR KT8 S AR AT (7T 45 5E 4B B 2R 2 () 4 AV
SRR TR X T AT RN G E RN ZAM & E. ZAHMHE
& (ZRZHEE) ZRECBEHFZA T &R 58 5 N RN TR
FR#84 (L. E. Limbird, Cell Surface Receptors : A Short Course on
Theory and Methods, Kluwer Acad. Pub. 1996, Boston, Mass.).
e, W FA LR R R VRSB, ML e RS mmsiEns—
= N BB AT BN ), DA R R X S — A ZA S 40 i A B = R R Y 1 #S B
B H TR M. (RIBL, &% 3% 5 H AR #0530 7 5 552 83 7 48 b ] e
SIEB/SHEMER. EANANER, TRESIFGIEHEAZEN TR

24
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FTAT I R, T s B AR bt . ARG HETH I A ZEK
RFMHENILGE A AN RN KRERIEEE, E£2MHUENMEN
B AR T .

o A EEAEA TP, T eENROER A ZHRBER.
B. Clark, B. J. Knoll, R. Barber TiPS, Vol. 20 (1999) p. 279-286)
A gHER . 5B R~N6—%%%W%Hﬁﬁ(R—PIA) 7 RgMH
7, BEBERMNTEHERNSE A FEREGEE  MEAZHRHEN R
/>-D. M. Dennis, J. C. Shryock, L. Belardinelli JPET, Vol. 272 (1995)
p. 1024-1035) « A BN 51 G 17 40 AR AR T B S LR A2 B cAMP R A B9 40
. EPE YATE L A WA VAT I AL B (V. J. Parsons A G. L.
Stiles J. Biol. Chem. Vol. 262 (1987) p. 841-847).

ARPEHESFTLLOMR. Bl . £, 28 B E 8 o A4
A& Ty MMM e NG 2 XM TR AN ENLE
WERIE 2, S BEHEE . RS W E P AE L A
0.01 2 100 mg/kg WYL, BRAMERGHANRARFELHRE. &
AR R 1 W LA B LR E .

BREARBUSHALHARSY, F/REATED, 77 HCH RS R E
HTHHATIETRESS HARATAEFHZIT AR YHREEARILE
¥ PRSI ERE. ﬂﬂ%&#&‘%ﬁfhﬁﬁﬁ AR HRIEBAN
T BB KR . ESIRBEAG TR SIS T, 5HF
HE B A K Z IR B SRR SR R P W X ZE MR I E T B I iE
ek, BRI TORAZ . BEAMNE, NEEAZNLEYRIATA
AR IMARER, FlInR ZEnt il AR BESY R FRAK.
BOE. HER. S48, MRS H e R4 E AN AT
WMEH . B, ZHYILEY T URKRIE., KA aH L e R R m A T

ET

25




CURR . T AN 2525 b o) 5 57 10 B 4 sl A 2 AR DA IR el AR 40, %
B ARSI & BRI . T B, . Bk,
B2k, FERAEIREY. L. RS, —KAY. teffa alba.
HRREEIEIER. BAR. £, MRAK. BRRK. 65T

5 R RPGERN AR, Gl v — R RS R R H v IR AR R R, el Sk
& BB A A, (BT AR AR 4G 20 mg LY 1 20
T, RABRMOEAR, SImPE. BE. 8. EAGEAH; =
LTI | U A AN T SR 2 T D PR B . 2 PR AR B 1 S R
B LI EE A BRI XA AR IR LA A 2, B

10 HEFANKARKRE.

DL B 52 M0 AT B T U8 B AR 2 9 3K 286 S G 1 e AN R W X A % P 7
BRI, T 3K B R A A AR FE A R B (L A4

SE K 1
;
NS
NT~N—N
os
Cry
0
HO L
2%
0
. S
15 ifoE) A (4-{6-[(GR) - 4 2% 3 I 45 -3- %) = &5 ] IR e -9-
H) (IR, 2R, 5R) -7, 7- — 143, 6, 8- =" " ¥ [3.3. 0] S5 -2- %) HI-1-§Z
(4)

mAkEH 3(2. 0g, 6.0mmol)Fi 2, 2- — B4R EE L (1. 2g, 11.8mmol)

26




10

) FEPE R (20ml) WP T 70CHA p FERBR (50mg,
0.26mmol) . 70°C48 M Z J&, ¥R NYETIRE, 4 —EiE. Hi%E
PRV AR T FREE (3mL) , B35 UL 2Bk (50mL) BEAE . @3 BUAS it v 7 4
7, BBk 4,

7] 4(190mg, 0. 5mmol) 7 JL /K AL BE Gml) W+ T 0C M A
MsC1(80mL, Immol} . S PV{RAYITERIFFEE TR 2 DI WERR LM
WE, MWARMET R WL (G0mL) , BAAKPEER (3x20mL) JFF & (Na.S0) » %
OE R, F 83 B8 & WKWK B 5 'H NMR(CDC1Z)
51.4 (s, 3H), 1.6(s, 3H),2.0-2.2(m, TH), 2. 3-2.5(m, 1H),  2.9(s, 3H),

- 3.7-4.2(m, 4H), 4. 4-4. 6 (m, 3H),  4.8-5.0(bs, 1H), - 5.1-5. 2 (bs, 1H),

5.4-5.5(bs, 1H), 6.1(s, 1H),6.4-6.6(bs, I1), 8.1 (s, 1H)}, 8.4 (s, 1H)

27




HN

N~ ,N .
"\)NIP |
QO
HACS ,
% °
6 ;

¥ FREERES 5(150mg) PRI AF £k (methanethiolate) (150mg) 7F Z i
(2mL) FI7K (1nl) FHR-E YT 70°CINHA 24 /RS WURZE KB, @it 4
CA& M TLC 2l AR Ry [ EE - & W (1:19) JELP= 474 6 'H NMR(CDC13)
5 81.35(s, 3H), 1.60(s, 3H), 1.90-2. 05 (m, 1H), 2. 05 (s, 3H), 2. 30-2. 40 (m,
1H),2.70(AB [P0 B W& ffy S %, 2H), 3. 75-3. 90 (m, 2H), 3. 95-4. 00 {m,
2H), 4.3-4. 4 (m, 1H), 4. 8-4. 95 (m, 1H), 5. 00-5. 05 (m, TH), 5. 45-5. 50 (d, 1
H), 6. 00-6. 10 (m, 2H), 7. 85 (s, 1H), 8. 3 (s, 11 .

10 2-{6-[((BR) - & ¥ [Lobe -3- &) & & ] g -9- K } (45, 55, 2R,
3R) -5 (B 4% P 3) S 24 B e =3, 4- 1 (7)

28




B 6(50mg) T L8 (8mL) FA7K Col) R &H S, A 90C

IR 16 /NI o T B S5RGBT & TLC SRR R Y [T BE - &

Fe (1191 LU= 4k &4 7: 'H NMR(CDCL,) 81.90-2.05(m, 1H),

2.15(3,3H),2.30r2.40(m,1H),2.75—2.85(m,2H),3.80—3.90(m,2H);3.9

5 " 0-4.00(m, 2H), 4. 30-4. 45 (m, 2H), 4. 50-4. 55 (m, 1H), 4. 75-4. 95 (m, 1H),
5.90-5. 95 (m, 1H), 6.30-6.60(m, 1H), 7.95(s, 1H), 8.25(s, 1H).

.CO

AN

\ N)

2-{6-[((BR)-F & ¥ o e -3- %) | ] E W -9- 2} (45, 55, 2R,
3R) —5-[ (Z.Hi3E) BB VS 4 3R o de -3, 4- 1% (8)
10 A5 7 MERTE, UZERESAFTRMELH &Ly 8.
(M+1)=382. 30
)
HN\\v\/

NI
! .




2-{6-[((BRY- L Z% 3R [ ¢ -3- &5 ) & £ 1 i e -9- % } (48, 55, 2R,
3R) -5 (I ZW ) RE I RH N ke-3, 4- % (10)
RS 7 RN, DRARESAE FmESH&LEY 10, 1
NMR (CDCL3) 81. 25(d, 6H), 1. 90-2. 05 (m, 1H), 2. 15(s, 3H), 2. 30~2. 40 (m, 1
5 H),2.85-2.87(d, 2H), 2. 95 (-LEI&, 1H), 3. 80-3. 90 (m, 2H), 3.95-4. 05 (m,
2H), 4. 35-4. 40 (m, 2H), 4. 50~4. 55(m, 1H), 4. 75-4. 85 (m, 1H), 5. 90-5. 95
(d, 1H), 6. 85-6.95(m, 1H), 7. 95(s, 1H), 8. 25(s, 1H) »

11

2-{6-[ ((3R)— & Z% ¥} [& Kt -3-y1) & & ] BE % -9- 2£ } (45, 58, 2R,
10 3R)-5- (R E) S H-3, 4- 28 (11)
L5 7 HERAE, UFERELARBTPMEE, fl&tkesdy 11. H
NMR (CDC1) 1. 95-2. 05 (m, 1H), 2.30-2.40 (m, 1H), 3.2(d, 2H), 3.80-3.90
(m, 2H), 3.95-4.10(m, 2H), 4.35-4.40(d, 1H), 4.45(t, 1H), 4.50-4.55
(m, 1H), 4.80-4.90 (m, 1H), 5.85(d, 1H), 6.70-6.80(m, 1H), 7.15-7.30

15 (m, 3H), 7.35(d, 2H), 7. 75 (s, 1H), 8. 25(s, 1H) .

30




2-{6-[(BR)- & ¢ ¥ X % -3- & ) & # 1 E ¥ -9-
F) (45,55, 2R, 3R) 5-[(U-FEAEEME) HE] A T WIK-3,4- 8%
(12)
5 HE5 THEEMGE, B 4A-BRERMERAS PRSI E
Y. (M+1)=460. 4 | |

HNS

2-{6-[((3R)- & % ¥ X & -3- #& ) & % ] & ¥ -9-
FE} (48, 5S, 2R, 3R) -5-[ (A-S AW AL) H A ) F 22 M -3, 4- 287 (13)
10 5 7 MR, LU 4-RORT R L A IR B S ) & % 2 10
(M+1)=464. 3




14

2-(6~[(BR)- % # % R 5 -3 # ) & 2 ] @ 1 g
FE} (45, 58, 2R, 3R) -5~ (4-RAFM ) IR I FF k-3, 4- TEE(14)

HE THFEM T, L A- SR A 5 L B2 4k 1 &% X F L 2 4,
5 (M+1)=448.3

2-{6[(GBR- # Z T X 4 -3- % ) & £ ] & B -g-
E}MS 5S, 2R, 3R) -5~[ (4- W EE BN HE) 1 4 FF Rke—3, 4- — W8 (15)

M5 7 HE®TE, U4 B R B 2L B g T - SE R
10 . (M+1)=444. 38
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2-06-[(CR- #| 2 F ® % 3- % ) & £ ] @ ® —g-
£} (43, 65, 2R, 3R) ~5-[ (4 (=40 25) 3 M 26) 3L ) S 2% 3R g3, 4- —
Bz (16)

5 S 7T MBI, Ll 4-Z §0R SEATRE £h A5 7755 £h 4 % i b
EM. (M+1)=488. 36

Cf z%
OH

2-(6-[(GBR)- & # % % 4 -3- 5% )
F} (4S, 58, 2R, 3R) -5-[ (2- %‘ﬁ%z&ﬁ*‘%)ﬁﬂ ]
o (17)
HE 7 MR, Lo E R £h (0% PR £ 4] 83X B 4L,
. (M+1)=460. 4
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(6-{6-[((BRY & #& ¥ & & -3- & ) & % ] & ¥
#} (25, 3S, 4R, 5R) -3, - "R EEHSFH R —2-%) (LR E) Tt (9)
£ OCEAT I % ZNHI 644 8 B BV ¥ T NN 3 24 & 1 1T B FR 4
5 #iI%](Potassium peroxy monosulfate), RMNIE-SWAREEE FHEFE1
ANEYTERBHEFE (H TLC D 2 5, WA M NIB AW HEm K/ NETLIE.
T 44 M TLCL PR A - SR b (1:10) 1 7 A 3 1 (5 R e L 6 9
(M+1)=414. 28

_.9_

10

2-{6-[((BR)- & Z% ¥ & K -3- & )

H} (45,55, 2R, 3R)-5-[ (2, 4- " HF E ) M HIH
(18)

B o] W % -9
2SR -3, 4- T
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S THRFRNEE, U2, 4~ T SRR S A TRIR A 5 & X Fh iy
. (M+1)=466. 23

7

s H
cl
%
C

6H OH
19
5 2-16-[((R)- & # ¥ R & 3- #£ ) &2 5 ] = M —9-
2} (48,55, 2R, 3R)-5-[ (2, 6- Z R B &) HE AL 5-3,4- &

(19)

PLS TR, Y2, 6- @R S AR il £ 1 Fofr
WwEY., (M+1)=498. 18,
10

20

2-{6-0(GBR)- & & X R & 3- &£ ) & £ ] = ® o
#1 (48, 5S, 2R, 3R) -5-[ (3- 4 R ) RS A EF -3, 4- — % (20)
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A5 7 BN FE, L3-S RXMELAERENEL, #&EXIMils
). (M+1)=448. 26. |

2-{6-[((3R)- & 2x ¥ R 5 —3- ¥ ) & £ 1 @ B -9
5 #E) (45, 55, 2R, 3R) -5-[ (2—F B H) B3 V2 FR -3, 4- 2 (21)
M5 7 HRMTIE, Bho-FURR R B TR B, &AL
M. (M+1)=448.24, | |

(5-{6-[((3R)- % Z* ¥ & %t -3- & ) & & ] & % -9-

10 F£)(2S,3S, 4R, 5R) ~4- Z Mt E EE-2- [ (AR AR 28) MR D &2 0 e -3
B OB (22)

T 23°C, I4k&Y 21(139mg) MRt i (2ml) ¥ 3 4 0\ BE B2 BT

(0.1mL) . 23C3 MZJE, MENYWETKRS . RRUHBET & F &K
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(50mL), LL/KPE#EE (3x10mL) , FFF 4 (Na,S0.) « R a, "KW E
By (C & b FEE 20:1, 2 /5 9: 1) 4lifh =41k &4 22(170mg) .

2[(6~{6-[((3R) & & ® X & -3- ¥ ) &

%] -9

5 HE}(2S,3S5,4R,5R)-3,4-"EFEH M Nk -2-F) B A EF R H R

(23)

C ALE Y 4(0.377g, 1nmol) B Sml THF ¥R, NN =FE B
(0. 524g, 2mmo1) . DEAD (0. 40mL, 2mmoles) , #& AN 2 H fEF #BH Y (0. SmL)
RIS 0. (FRMEIRHR. R 72 M2 R, BRNBEREST

10 IR4E, T4 s A A ik (20%Et0Ac/ S 4 ) 4l b 7= A ¥ BA Fdik v
CHEN LR (8mL) F1K (2mL) BB S Y 2 H 742 80Tk 16 /IRy H= R
FEH, HRYE L E S TLCIH R - & P (1:9) J4ith, BREY

23. (M+1)=488.5,

v
sy '
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{20G-{6-[(GBR[ & & 3 K K 3- & ) & & ]
3£} (25, 35, 4R, 5R) -3, 4- "R E R I LT -2-55) WHT A ) -N-F
B i 2% HH R B (24) |
 RBE 23 BT F AL (2ml) A 1-PIEF (2mL) B 40%KEF, 70°C N
S 16 /NBY. ELA B A, BRI B M TLCL T - S T (1:9) ]
Ai{h LIB R &) 24. (M+1)=487.5

2-{6-[((BR)- & 2% ¥ & 4 -3- ¥ ) & & ] & pp -9-
3} (48, 5S, 2R, 3R) -5- (R I oM -0 LB 4R P 6 ) EU 4V FR R -3, 4~ B
10 (25)
Ji5 23 MR M 7, BL2-FiE R I MR 2-F B 2 (carbmethoxy)
KM A& XF LAY . (1) =471 4,
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2-{6-[((3S)- & ¢ ¥ I 4% -3- & ) & £ ] IF ¥ -9-
F} (48, 55, 2R, 3Ry -5- (1-FR ZEBR M —2-FE TR AR W R ] A 4+
B (26) o
5 B A0 23 07775, DL 230051 DKM R 2 AL %
B il 1k &4 26 [MS 434. 4 (M+1) 1,
- {6-[((39)- % 2 L R 45 -3- £ ) & % ] ® 05 o
#:} (48, 58S, 2R, 3R) —5- (M e -2-ZL 048 FF 28 ) | o e -3, 4- 2 8% (27)

”%Hf)!-l
27
10 FIHI & EY 23 M753E, DL 2-BREEmENE (U8 2- Pl EE R BRI 1 4 1

E4) 27[MS432. 4(M+1) ],
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2-{6-[((3S)- & & ¥ & H -3- & ) & & | E % -9-
F} (48, 5S, 2R, 3R) ~5- (2-MkAE FLENAL T 48) | H di k-3, 4~ FF (28)

R4 23 B ¥k, DL 2-FREEmt e 40 2- MR RGN B ) &% 1k
4 28[MS431. 4 (H+1) 1 |

2-(6-[((38)- & 7% ¥F % % -3- £ ) ® % ] E % -9-
B} (48, 5S, 2R, 3R) -5- (4-MEBE B ) | IR R dt -3, 4- 2% (29)

B &AL S 23 BI77 3%, DL 4-SEE e 40 2- H BRI R R AL
&9 29(MS431. 4 (M+1) 1

10
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20

25

5-{6-[((3R)- & & ¥ & &, -3~ K ) & F ] & ¥ 9
3£} (25, 3R, 4R, BR) ~4- ZBR A E-2- T (- A AR L) A3 ) S e IR e -3 -
] LT ER (30) (M+1)=532. 17,

LR 2

7543856 -DDT, 44 A

0 g 3% 3

DDT M (G RMBE THENARR) ERFRTFLIRAEH 2. 58
ml” PHHEEER B, 100U ml"EHEE 6. 0. Img ml ' FBEEE R %4 i5m
7 ) Dulbecco Bt M Fagle 35372 (DMEM) , 7F 95% %S K1 5%CO. MG &5
KP g TREER BAMKREARSBEAST ZMHEFNEH 1M
EDTA #) Hank’ s 17 #h 5 ¥ (HBSS) BT AL IF . RGN X Lo 40 fg LA 1
B 1. 2x10° MBI B RS FIONE K, e — RINTUC UG 4 RkiT
S

LS 2%

0 £ 40 A LA HBSS PRI BT IR (2X 10ml), 7F 4°C & By T 1 Wi = AR b

B R 50mM Tris-HC1 ZEph¥E (pH 7.4, 4°C) Sml 9, HBEFHSL 10

Bb. RSB T 27,000 X g B0 10 4vbk. iR M I AR IE T
SFAEREF, B ER#ITELS, BENAEHEEET | #HE
SmM MgCl, 19 50mM Tris-HC1 %{Wﬁ (pH7.4) , FT A Ado R R. Xf
T [PS1GTPyS g Ak ie, mAYTIEAESH oM MgCl,. 100mM NaCl F1 1mM
TR EEE) 50 mM Tris-HC1 (pH7.4) hEHEE. XMEREEE TH®
AN 10 %80, Bifh, AFIRE. XA Bradford iR R & L4 L7 5
EAETGE, MEEROSE.
mEHEENR
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70 50mM Tris £ eR A 38 (8 & 38 SO 4K (5x PR R M A L1 %,
pH=7.4). F 4°C. 19,000 rpm &L 25 442 5, HH LER, ZEE
EEPR. WA K IR LS LU B 156058 SO 4 08 5 & &, DDT, s 4
#% AZAAMEND . WEz, UWREREZEREF 50mM Tris S 4L
0. 2mg 3£ LCRVRBEER DDT, A MR, SRS IRA . 18X HP % B A KR FEE S 100
M A 10nM B4 K BR4L & 9 O IE SE R RS DMSO 9 2 1. P ERAA N 5% 2
M DUSO, ARJE A HIH ['H) 8- 3F [ B UEN (CPX) CHELURIK) Sk
B (H) 2~ -6-FF [LIE AR (CCPA) (DDT, &) 9 Tris 8 rh ¥k (50mM,
pH 7.4), LAZKBAIRE 20M. 23°CHESF 2 N2 /5, 45 %00 T B e 42
ST R, BRUEEM Gx) . R NIFRAY S i, % dkRie opPX
MERE, REBTEFUESARWURSWERE. FHLT 5 Al
UMEKE, TR IAMRCHEANRPLE RS

%= 1

1k &t Ki-DDT, 48 iz & - Ki-¥E8UR
7 —— 222nM

10 — 188nM

11 — 44nM

12 820nM - ' —=

14 363nM | -

15 922nM —-

16 7701nM -

17 947nM —-
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[®*S1GTPYS 4 &1

A= B0 sh 7B [PSIGTPyS &5 A AT Al Giersckik % A (1991) 0
Lorenzen % A (1993) Frid 75 vE R cy #E L S AT & . £ 50mM Tris-HC1
ZErRAR (pH7.4) . 5mM MgCl,. 100md NaCl. ImM ZBEZHERE. 0.2 H147
ml ' J§TF AR AR, 0.5% BSA. lmi EDTA. 10mM GDP. 0. 3nM[*SIGTPYS
PAR B oA & B PR A CPA /Y 0. Im] AR T, MIEER (30-50u g)
F 30°CHE S 90 405, NN 10pMGTPyS, MEIRFRME & . WE M
RS 5, A CPATATE T BSR4 5 K CPART I8 M AR 25 A 2 [E) 11 2 .
55 AR B2 B R M R A (S1GTPYS &5 &M T GDP 7 7E
(Gierschik % A, 1991; Lorenzen % A, 1993; Traynor &
Nahorski, 1995) . 7EHIF MR, KIL 10uM GDP /=4 CPA 4K Ik
[PSIGTPyS & A MR R, XFIRER A THAEHIT . TR LS
o, Bl 0.5-10000M GTPYS JH¥ 0.5nM ["S1GTPyS. BEFLERAT, iHUE%
BRI A B ENENERE R, &R UTER2BENH N-6-3 &
BRTF (CPA) MR,

x 2
1k & GTPyS
CPA 100%
8 104%
12 52%
13 69%
14 61%
15 48%
16 31%
17 52%
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SH ] 4

cAMP 56

KA FRYL cAMP FUAR, IR IREEFIRE 37, 5" - B 2° -0-3§
BE-S-[UTIMBEARTRENENFTRERERAN I MBRE, W
Amersham Pharmacia Biotech(Biotrak cellular assays)ﬁﬁ%%iﬁﬁﬁi&ﬁf
NSRRI (SPA) « B2, ERANEWS. KEHEWH 96 L%
B ERT, UEHL 10710 M EIRA (7 401 1 HBSS 1) F 37°C
(5%CO, F1 95%JE & D HE I DDT. 40 Ml o 4 A & B 01 3 23 B 5¢ 4 A BN 37 (Bul)
L& FhIE S DT, 41 Mo /E Mg F = (rolipram) (50pM) FI 5uM 35 & FOAK
(forskolin) fFEAE F T 37°CHE3E 10 40 %h. Hl 5pl 10%+ —hedt = 3k 4%
@M%&tﬂlé%%ﬂﬁ%@%%&%%ﬁ%ﬁ fif X e a fu 37 BIVE R . B53F 5
N2, BARERFIEW (150ul, FHESEIRRER . HLEM SPA
IR MANEATL, KRG TR, 23°C FHSE 15-20 IATZ R, EME
SERUAR VB b8 2 208k, MEBEFOLHMIRGSH [TlcAMP &,
S KA R JT R A2/ cAMP ﬁx?ﬁﬂﬂéﬁ LB, 45 40 BVS 8 FS /Y cAMP
8. BrgERUSEBEN N-6-MEIRE (CPA) AirAERTR.
I, SE4BEh CPA 45 36 = HIMK AR B cAMP A2 R D 22 BE R 7K P .

x 3
145 Camp
CPA ' 107%
8 37%
12 -9%
13 30%
14 47%
15 22%
16 22%
17 18%
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