
2-PROPYNYL ADENOSINE ANALOGS WITH MODIFED 5'-RIBOSE GROUPS HAVING A2A
AGONIST ACTIVITY Related Applications This application claims priority from
a provisional application entitled: "2-PROPYNYL ADENOSINE ANALOGS and
COMPOSITIONS WITH MODIFED 5'-RIBOSE GROUPS HAVING A2A AGONIST ACTIVITY",
filed on August 2, 2004, serial number 60/598,018, the entire contents of
which is included herein by reference. Government Funding The invention
described herein was made with government support under Grant Number
(RO1-HL37942), awarded by the National Science Foundation. The United
States Government has certain rights in the invention. Background of the
Invention The inflammatory response serves the purpose of eliminating
harmful agents from the body. There is a wide range of pathogenic insults
that can initiate an inflammatory response including infection, allergens,
autoimmune stimuli, immune response to transplanted tissue, noxious
chemicals, and toxins, ischemia/reperfusion, hypoxia, mechanical and
thermal trauma. Inflammation normally is a very localized action, which
serves in expulsion, attenuation by dilution, and isolation of the damaging
agent and injured tissue. The body's response becomes an agent of disease
when it results in inappropriate injury to host tissues in the process of
eliminating the targeted agent, or responding to a traumatic insult. As
examples, inflammation is a component of pathogenesis in several vascular
diseases or injuries. Examples include: ischemia/reperfusion injury (N. G.
Frangogiannis et al., in Myocardial Ischemia: Mechanisms, Reperfusion,
Protection, M. Karmazyn, ed., Birkhuser Verlag (1996) at 236-284; H. S.
Sharma et al., Med. of Inflamm., 6, 175 (1987)), atherosclerosis (R. Ross,
Nature, 362, 801 (1993)), inflammatory aortic aneurysms (N. Girardi et al.,
Ann.Thor. Surg., 64, 251 (1997); D. I. Walker et al., Brit. J. Surg., 59,
609 (1972); R. L. Pennell et al., J. Vase. Surg., 2, 859 (1985)), and
restenosis following balloon angioplasty (see, R. Ross cited above). The
cells involved with inflammation include leukocytes (i.e., the immune
system cells - neutrophils, eosinophils, lymphocytes, monocytes, basophils,
macrophages, dendritic cells, and mast cells), the vascular endothelium,
vascular smooth muscle cells, fibroblasts, and myocytes. The release of
inflammatory cytokines such as tumor necrosis factoralpha (TNFa) by
leukocytes is a means by which the immune system combats pathogenic
invasions, including infections. TNFa stimulates the expression and
activation of adherence factors on leukocytes and endothelial cells, primes
neutrophils for an enhanced inflammatory response to secondary stimuli and
enhances adherent neutrophil oxidative activity. See, Sharma et al., cited
herein. In addition, macrophages/dendritic cells act as accessory cells
processing antigen for presentation to lymphocytes. The lymphocytes, in
turn, become stimulated to act as pro-inflammatory cytotoxic cells.
Generally, cytokines stimulate neutrophils to enhance oxidative (e.g.,
superoxide and secondary products) and non-oxidative {e.g., myeloperoxidase
and other enzymes) inflammatory activity. Inappropriate and over-release of
cytokines can produce counterproductive exaggerated pathogenic effects
through the release of tissue-damaging oxidative and non-oxidative products
(K. G. Tracey et al., J. Exp. Med., 167, 1211 (1988); and D. N. Mannel et
al., Rev. Infect. Dis., 9 (suppl. 5), S602-S606 (1987)). For example,
TNFacan induce neutrophils to adhere to the blood vessel wall and then to
migrate through the vessel to the site of injury and release their
oxidative and non-oxidative inflammatory products. Although monocytes
collect slowly at inflammatory foci, given favorable conditions, the
monocytes develop into long-term resident accessory cells and macrophages.
Upon stimulation with an inflammation trigger, monocytes/macrophages also
produce and secrete an array of cytokines (including TNFa), complement,
lipids, reactive oxygen species, proteases and growth factors that remodel
tissue and regulate surrounding tissue functions.For example, inflammatory
cytokines have been shown to be pathogenic in: arthritis (C. A. Dinarello,
Semin. Immunol., 4, 133 (1992)); ischemia (A. Seekamp et al.,
Agents-Actions-Supp., 41, 137 (1993)); septic shock (D. N. Mannel et al.,
Rev. Infect. Dis., 9 (suppl. 5), S602-S606 (1987)); asthma (N. M.
Cembrzynska et al., Am. Rev. Respir. Dis., 147, 291 (1993)); organ
transplant rejection (D. K. Imagawa et al., Transplantation, 51, 57 (1991);
multiple sclerosis (H. P. Hartung, Ann. Neurol., 33, 591 (1993)); AIDS (T.
Matsuyama et al., AIDS, 5, 1405 (1991)); and in alkali-burned eyes (F. 



Miyamoto et al., Opthalmic Res., 30, 168 (1997)). In addition, superoxide
formation in leukocytes has been implicated in promoting replication of the
human immunodeficiency virus (HIV) (S. Legrand-Poels et al., AIDS Res. Hum.
Retroviruses, 6, 1389 (1990)). It is well known that adenosine and some
analogs of adenosine that non-selectively activate adenosine receptor
subtypes decrease neutrophil production of inflammatory oxidative products
(B. N. Cronstein et al., Ann. N.Y. Acad. Sci., 451, 291 (1985); P. A.
Roberts et al., Biochem. J., 227, 669 (1985); D. J. Schrier et al., J.
Immunol., 137, 3284 (1986); B. N. Cronstein et al., Clinical Immunol and
Immunopath., 42, 76 (1987); M. A. Iannone et al., in Topics and Perspective
in Adenosine Research, E. Gerlach et al., eds., Springer- Verlag, Berlin,
p. 286 (1987); S. T. McGarrity et al., J . Leukocyte Biol, 44, 411421
(1988); J. De LaHarpe et al., J. Immunol., 143, 596 (1989); S. T. McGarrity
et al., J. Immunol., 142, 1986 (1989); and C. P. Nielson et al., Br. J.
Pharmacol., 97, 882 (1989)). For example, adenosine has been shown to
inhibit superoxide release from neutrophils stimulated by chemoattractants
such as the synthetic mimic of bacterial peptides, f-met-leu-phe (fMLP),
and the complement component C5a (B. N. Cronstein et al., J. Immunol., 135,
1366 (1985)). Adenosine can decrease the greatly enhanced oxidative burst
of PMN (neutrophil) first primed with TNF-a and then stimulated by a second
stimulus such as f-met-leu-phe (G. W. Sullivan et al., Clin. Res., 41, 172A
(1993)). Additionally, it has been reported that adenosine can decrease the
rate of HIV replication in a T-cell line (S. Sipka et al., Acta. Biochim.
Biopys. Hung., 23, 75 (1988)). However, there is no evidence that in vivo
adenosine has antiinflammatory activity (G. S. Firestein et al., Clin.
Res., 41, 170A (1993); and B. N. Cronstein et al., Clin. Res., 41, 244A
(1993)). It has been suggested that there is more than one subtype of
adenosine receptor on neutrophils that can have opposite effects on
superoxide release (B. N. Cronstein et al., J. Clin. Invest., 85, 1150
(1990)). The existence of A2A receptor on neutrophils was originally
demonstrated by Van Calker et al. (D. Van Calker et al., Eur. J.
Pharmacology, 206, 285 (1991)). There has been progressive development of
compounds that are more and more potent and/or selective as agonists
OfA2Aadenosine receptors (AR) based on radioligand binding assays and
physiological responses. Initially, compounds with little or no selectivity
for A Areceptors were developed, such as adenosine itself or
5'-carboxamides of adenosine, such as 5'-Nethylcarboxamidoadenosine (NECA)
(B. N. Cronstein et al., J. Immunol., 135, 1366 (1985)). Later, it was
shown that addition of 2-alkylamino substituents increased potency and
selectivity, e.g. , CVl 808 and CGS21680 (M. F. Jarvis et al., J .
Pharmacol. Exp. Ther., 251, 888 (1989)). 2-Alkoxy-substituted adenosine
derivatives such as WRC-0090 are even more potent and selective as agonists
at the coronary artery A A receptor (M. Ueeda et al., J. Med. Chem., 34,
1334 (1991)). The 2-alklylhydrazino adenosine derivatives, e.g., SHA 2 11
(also called WRC-0474) have also been evaluated as agonists at the coronary
artery A2A receptor (K. Niiya et al., J . Med. Chem., 35, 4557 (1992)).
There is one report of the combination of relatively nonspecific adenosine
analogs, R-phenylisopropyladenosine (R-PIA) and 2-chloroadenosine (Cl-Ado)
with a phosphodiesterase (PDE) inhibitor resulting in a lowering of
neutrophil oxidative activity (M. A. Iannone et al., Topics and
Perspectives in Adenosine Research, E. Garlach et al., eds.,
Springer-Verlag, Berlin, pp. 286- 298 (1987)). However, R-PIA and Cl-Ado
analogs are actually more potent activators OfA1 adenosine receptors than
of A2A adenosine receptors and, thus, are likely to cause side effects due
to activation of Ai receptors on cardiac muscle and other tissues causing
effects such as "heart block."R. A. Olsson et al. (U.S. Pat. No. 5,278,150)
disclose selective adenosine A2 receptor agonists of the formula: wherein
Rib is ribosyl, R1 can be H and R2 can be cycloalkyl. The compounds are
disclosed to be useful for treating hypertension, atherosclerosis and as
vasodilators. Olsson et al. (U.S. Pat. No. 5,140,015) disclose certain
adenosine A2 receptor agonists of formula: wherein C(X)BR can be CH2OH and
R1 can be alkyl- or alkoxyalkyl. The compounds are disclosed to be useful
as vasodilators or an antihypertensives. Linden et al. (U.S. Pat. No.
5,877,180) is based on the discovery that certain inflammatory diseases,
such as arthritis and asthma, may be effectively treated by the
administration of compounds which are selective agonists OfA2A adenosine
receptors, preferably in combination with a Type IV phosphodiesterase
inhibitor. An embodiment of the Linden et al. invention provides a method
for treating inflammatory diseases by administering an 



effective amount of an A2A adenosine receptor of the following
formula:wherein R and X are as described in the patent. In one embodiment,
the Linden et al. invention involves the administration of a Type IV
phosphodiesterase (PDE) inhibitor in combination with the A2A adenosine
receptor agonist. The Type IV phosphodiesterase (PDE) inhibitor includes
racemic and optically active 4-(polyalkoxyphenyl)-2- pyrrolidones of the
following formula: wherein R', R18, R19 and X are as disclosed and
described in U.S. Pat. No. 4,193,926. Rolipram is an example of a suitable
Type IV PDE inhibitor included within the above formula. G. Cristalli (U.S.
Pat. No. 5,593,975) discloses 2-arylethynyl, 2-cycloalkylethynyl or
2-hydroxyalkylethynyl derivatives, wherein the riboside residue is
substituted by carboxy amino, or substituted carboxy amino (R3HNC(O)-).
2-Alkynylpurine derivatives have been disclosed in Miyasaka et al. (U.S.
Pat. No. 4,956,345), wherein the 2-alkynyl group is substituted with
(C3-C16)alkyl. The '975 compounds are disclosed to be vasodilators and to
inhibit platelet aggregation, and thus to be useful as anti-ischemic,
antiatherosclerosis and anti-hypertensive agents. Recently, U.S. Patent
6,232,297 to Linden, et al. disclosed compounds having the general
formula:wherein each R is H, X is ethylaminocarbonyl and R1 is 4-
carboxycyclohexylmethyl (DWH-146a), R1 is 4-
methoxycarbonylcyclohexylmethyl (DWH-146e) or R1 is
4-acetoxymethylcyclohexylmethyl (JMR-193). These compounds are reported to
be A2A agonists. However, a continuing need exists for selective A
adenosine receptor agonists useful for therapeutic applications, which have
reduced side effects. Li addition, a continuing need exists for selective
A2 adenosine receptor agonists useful for use as pharmacological stressors
in stress imaging or in other ventricular function imaging techniques, that
preferably have reduced side effects, while being chemically stable and
short-acting. Summary of the Invention The present invention comprises
compounds and methods of their use for the treatment of inflammatory
activity in mammalian tissue. The inflammatory tissue activity can be due
to pathological agents or can be due to physical, chemical or thermal
trauma, or the trauma of medical procedures, such as organ, tissue or cell
transplantation, angioplasty (PCTA), inflammation following
ischemia/reperfusion, or grafting. The present compounds comprise a novel
class of 2-alkynyladenosine derivatives, substituted at the ethyn-2-yl
position by substituted cycloalkyl and heterocycle (heterocyclic) moieties.
Preferably, the riboside residue is modified at the 5'-position by
substituting an N-(cycloalkyl)carboxyamino ("aminocarbonyl") moiety ("X")
or a 5- or 6- membered heterocyclic ring. Thus, the present invention
provides a method forinhibiting the inflammatory response in a mammal, such
as a human subject, and protecting the tissue subject to the response, by
administering an effective amount of one or more compounds of the
invention. The compounds of the invention have general formula (I): (I)
wherein Z iS CR3R4R5 OrNR4R5; each R1 is independently hydrogen, halo,
-ORa, -SRa, (Cr C8)alkyl, cyano, nitro, trifluoromethyl, trifluoromethoxy,
C3-8cycloalkyl, heterocycle, heterocycle(CrC 8)alkylene-, aryl, aryl(C
1-C8)alkylene-, heteroaryl, heteroaryl(C 1-C8)alkylene-, -CO2R , R3CC=O)O-,
RaC(=O)-, -OCO2R , R3R1 NCC=O)O-, RbOC(=O)N(R a)-, R R1 N-, R R1 NCC=O)-,
RaC(=O)N(R b> , R3R1 NCC=O)N(R15)-, R3R15NCC=S)N(R15)-, -OPO 3R ,
RaOC(=S)-, RaC(=S)-, -SSRa, RaS(=O)-, R3SC=O)2-, -N=NR3, or-OPO 2R3; each
R2 is independently hydrogen, halo, (C3-C8)cycloalkyl, heterocycle,
heterocycleCC1-C8)alkylene-, aryl, aryl(CrC 8)alkylene-, heteroaryl,
orheteroaryl(C 1-C8)alkylene-; or R1 and R2 and the atom to which they are
attached is C=O, C=S or C=NRC. R4 and R5 together with the atoms to which
they are attached form a saturated or partially unsaturated, or aromatic
ring having 3, 4, 5, 6, 7, 8, 9 or 10 ring atoms optionally comprising 1,
2, 3, or 4 heteroatoms selected from nonperoxide oxy (-0-), thio (-S-),
sulfinyl (-SO-), sulfonyl (-S(O) -) or amine (-NR3-) in the ring;wherein
any ring comprising R4 and R5 is substituted with from 1 to 14 R6 groups;
wherein each R6 is independently hydrogen, halo, -ORa, -SRa, (Ci-Cg)alkyl,
cyano, nitro, trifluoromethyl, trifluoromethoxy, (C1-Cg)CyClOaIlCyI, 



(C1-C8)cycloalkyl(C 1-C8)alkylene-, (C6-C12)bicycloalkyl, heterocycle or
heterocycle (C1-C8)alkylene-, aryl, aryl (CrCg)alkylene-, heteroaryl.,
heteroaryl(C 1-C8)alkylene-, -CO2Ra, R3C(^O)O-, RaC(=O)-, -OCO2R ,
RaRbNC(=O)O-, RbOC(=O)N(R 3)-, R R1 N-, R3R1 NC(^O)-, RaC(=0)N(R b)-,
RaRbNC(=O)N(R b)-, R3R13NC(^S)N(R 13)-, -OPO 3R , RaOC(=S)-, RaC(=S)-,
-SSRa, R3S(=O>, -NNRa,-OPO 2Ra, or two R6 groups and the atom to which they
are attached is C=O, or C=S; or two R6 groups together with the atom or
atoms to which they are attached can form a carbocyclic or a heterocyclic
ring comprising from 1 to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms
selected from non-peroxide oxy (-0-), thio (-S-), sulfinyl (-SO-), sulfonyl
(-S(O) 2-), phosphine (-OP(O) 2-, or amine (-NR3-) in the ring; R3 is
hydrogen, halo, -OR3, -SRa, (Cr C8)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C3-C8)cycloalkyl, (C1-C8)cycloalkyl- (C1-C8)alkylene-,
heterocycle, heterocycle(C 1-Cs)alkylene-, aryl, aryl(C 1-C8)alkylene-,
heteroaryl, heteroaryl(CrCs)alkylene-, -CO2R3, R3C(O)O-, R3C(=O)-, -OCO
2R3, R3R13NC(O)O-, Rb0C(=0)N(R a)-, R R1 N-, R3R1 NCt=O)-, RaC(=0)N(R b)-,
R R13NC(O)N(R )-, RaRbNC(=S)N(R b)-, -OPO 3R3, RaOC(=S)-, RaC(=S>, -SSR3,
R3S(O)-, R3S( O)2-, -NNR 3, -OPO2R ; or if the ring formed from CR4R5 is
aryl or heteroaryl or partially unsaturated then R3 can be absent; each R7
is independently hydrogen, (Ci-Cs)alkyl, (C3-C )cycloalkyl,
(C1-C8)cycloalkyl(C 1-C8)alkylene-, heterocycle, heterocycle (Ci-C
8)alkylene-, aryl, aryl(C -C8)alkylene, heteroaryl, orheteroaryl(C
1-Cs)alkylene-; X is -CH2OR6, -CO2R , -CH2OC(O)R , -C(0)NR eRf, -CH2SR ,
-C(S)OR 6, -CH 2OC(S)R 6 or C(S)NR^ -CH2N(R e)(R f), or a group having the
formulawherein each Z1 is non-peroxide -O-, -S(0) p-, -C(R s)j-, or -N(R
8)-; provided that at least one Z1 is non-peroxide -0-, -S(0) p-, or -N(R
8)-; each R8 is independently hydrogen, (Ci-Cs)alkyl, (CrC 8)alkenyl,
(C3-C8)cycloalkyl, (C1-C8)alkyl(C3-C8)cycloalkyl, (C3-C8)cycloalkenyl,
(C1-Cg)alkyl(C3-C8)cycloalkenyl, aryl, aryl(C1-C )alkylene, heteroaryl, or
heteroary^CrC^alkylene-; wherein any of the alkyl or alkenyl groups of R8
are optionally interrupted by -O-, -S-, or ~N(Ra)-; Re is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl; Rf is hydrogen, (C1-C8)alkyl, or (Cr
C8)alkyl substituted with 1-3 (C1-C8)alkoxy, (C3-C8)cycloalkyl,
(C1-C8)alkylthio, amino acid, aryl, aryl(C1-C8)alkylene, heteroaryl, and
wherein any of the alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycle,
aryl, or heteroaryl, groups of R1, R2, R3, R6, R7 and R8 is optionally
substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substiruents
selected from the group consisting of halo, -0R a, -SRa, (C1-C8)alkyl,
cyano, nitro, trifluoromethyl, trifluoromethoxy, (C3-C8)cycloalkyl,
(C6-C12)bicycloalkyl, heterocycle or heterocycle(Ci-C 8)alkylene-, aryl,
aryloxy, aryl (C].-C8)alkylene-, heteroaryl, heteroaryl(C 1-C3)alkylene-,
-CO2R , RaC(=O)O-, RaC(=0)-, -OCO2R3, R3R13NC(^O)O-, Rb0C(=0)N(R 3)-, R3R1
N-, R3RbNC(=O)-, RaC(=O)N(Rb)-, R3RbNC(=0)N(R b)-, R3R13NC(^S)N(R 15)-,
-OPO3R3, RaOC(=S)-, RaC(=S)-, -SSRa, RaS(=O)p-, R R13NS(O)P-, N=NR3, and
-OPO2R ; wherein any (CrC 8)alkoxy, (C1-Cs)alkanoyl, (C1-Cg)alkylene, or
heterocycle, is optionally partially unsaturated; Ra and Rb are each
independently hydrogen, (C1-Cis)alkyl, or (Ci-C 18)alkyl substituted with
1-3 (Ci-C18)alkoxy, (C3-C8)cycloalkyl, (C1-C18)alkylthio, amino acid, aryl,
aryl(Ci-C 18)alkylene, heteroaryl, orheteroaryl(CrCi 8)alkylene; or Ra and
Rb, together with the nitrogen to which they are attached, form a
pyrrolidino, piperidino, morpholino, or thiomorpholino ring; and R is
hydrogen or (d-C 6)alkyl; m is 0, 1, 2, 3, 4, 5, 6, 7, or 8; i is 1, or 2;
each j is independently 1, or 2; and each p is independently 0, 1, or 2; or
a pharmaceutically acceptable salt thereof. In another embodiment, the
compounds of the invention have general formula (I): - Z (I) wherein Z iS
CR3R4R5 OrNR4R5; each R1 is independently hydrogen, halo, -ORa, -SRa, (Ci-C
8)alkyl, cyano, nitro, trifluoromethyl, trifluoromethoxy, C3-gcycloalkyl,
heterocycle, heterocycle(Ci-C 8)alkylene-, aryl, aryl(Ci-C 8)alkylene-,
heteroaryl, 



heteroaryl(C r C8)alkylene-, -CO2Ra, RaC(=O)O-, RaC(=O)-, -OCO2R ,
R3R15NCC=O)O-, RbOC(=O)N(R3)-, R3R1 N-, R R1 NCO=O)-, RaC(-O)N(R b)-,
R3R5NCC=O)N(R15)-, R3R5NCC=S)N(R15)-, -OPO3R3, RaOC(=S)-, RaC(=S)-, -SSRa,
RaS(=O)-, R3S(=O)2-, -N=NR3, or -OPO2R3; each R2 is independently hydrogen,
halo, (Q-Cs^lkyl, (C3-C8)cycloalkyl, heterocycle, heterocycle(Ci-C
8)alkylene-, aryl, aryl(C 1-C8)alkylene-, heteroaryl, or heteroaryl(C
1-C8)alkylene-; or R1 and R2 and the atom to which they are attached is
C=O, C=S or C=NR0.R4 and R5 together with the atoms to which they are
attached form a saturated or partially unsaturated, or aromatic ring having
3, 4, 5, 6, 7, 8, 9 or 10 ring atoms optionally comprising 1, 2, 3, or 4
heteroatoms selected from nonperoxide oxy (-O-), thio (-S-), sulfinyl
(-SO-), sulfonyl (-S(O)2-) or amine (-NR -) in the ring; wherein any ring
comprising R4 and R5 is substituted with from 1 to 14 R6 groups; wherein
each R6 is independently hydrogen, halo, -ORa, -SRa, cyano, nitro,
trifluoromethyl, trifluoromethoxy, (CrCs)cycloalkyl, (C1-C8)cycloalkyl(C
1-C8)alkylene-, (C6-C12)bicycloalkyl, heterocycle or heterocycle
(C1-C8)alkylene-, aryl, aryl (Ci-C8)alkylene-, heteroaryl, heteroaryl(d-C
8)alkylene-, -CO2R , RaC(=O)O-, R3C(^O)-, -OCO2R , R3R13NC(^O)O-,
Rb0C(=0)N(R 3)-, R3R1 N-, RaRbNC(=O)-, R3C(=O)N(Rb)-, R3R13NC(^O)N(R 13)-,
R3RbNC(=S)N(Rb)-, -OPO3R3, R3OC(=S)-, RaC(=S)-, -SSR3, RaS(=O)-,
-NNRa,-OPO2Ra, or two R6 groups and the atom to which they are attached is
C=O, or C=S; or two R6 groups together with the atom or atoms to which they
are attached can form a carbocyclic or a heterocyclic ring comprising from
1 to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms selected from
non-peroxide oxy (-O-), thio (-S-), sulfinyl (-SO-), sulfonyl (-S(O)2-),
phosphine (-OP(O)2-, or amine (-NR3-) in the ring; R3 is hydrogen, halo,
-OR3, -SR3, (C1-C8)alkyl, cyano, nitro, trifluoromethyl, trifluoromethoxy,
(C3-C8)cycloalkyl, (C1-C8)cycloalkyl- (C1-C8)alkylene-, heterocycle,
heterocycle(C 1-C8)alkylene-, aryl, aryl(CrC 8)alkylene-, heteroaryl,
heteroaryl(Ci-C 8)alkylene-, -CO2R3, RaC(=O)O-, R3C(=O)-, -OCO2R3,
RaRbNC(=0)0-, Rb0C(=0)N(R a)-, R3R13N-, RaRbNC(=O)-, RaC(=0)N(R b)-,
R3RbNC(=O)N(Rb)-, RaRbNC(=S)N(Rb)-, -OPO3R3, RaOC(=S)-, RaC(=S)-, -SSRa,
RaS(=O)-, RaS(=O)2-, -NNR3, -OPO2R3; or if the ring formed from CR4R5 is
aryl or heteroaryl or partially unsaturated then R3 can be absent; each R7
is independently hydrogen, (CrC 8)alkyl, (C3-C8)cycloalkyl,
(C1-C8)cycloalkyl(C 1-C8)alkylene-, heterocycle, heterocycle
(Ci-C8)alkylene-, aryl, aryl(Ci-C8)alkylene, heteroaryl, or heteroaryl(C
1-C8)alkylene-;X is -CH2OR , -CO2R6, -CH2OC(O)R , -C(O)NR R , -CH2SR ,
-C(S)OR6, -CH2OC(S)R or C(S)NR^ -CH2N(Re)(Rf), or a group having the
formula wherein each Z1 is non-peroxide -0-, -S(0) p-, -C(R 8)j -, or -N(R
8)-; provided that at least one Z1 is non-peroxide -0-, -S(0) p-, or -N(R
8)-; each R8 is independently hydrogen, (CrC 8)alkyl, (C1-C8)alkenyl,
(C3-C8)cycloalkyl, (Cr C8)alkyl(C3-C8)cycloalkyl, (C3-C8)cycloalkenyl,
(C1-C8)alkyl(C3-C8)cycloalkenyl, aryl, aryl(C1-C8)alkylene, heteroaryl, or
heteroaryl(CrC 8)alkylene-; wherein any of the alkyl or alkenyl groups of
R8 are optionally interrupted by -0-, -S-, or -N(Ra)-; Re is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl; Rf is hydrogen, (d-C 8)alkyl, or
(C1-C8)alkyl substituted with 1-3 (Ci-Cs)alkoxy, (C3-C8)cycloalkyl, (CrC
8)alkylthio, amino acid, aryl, aryl(C1-C8)alkylene, heteroaryl,
orheteroaryl(Ci-C )alkylene; and wherein any of the alkyl, alkenyl,
cycloalkyl, cycloalkenyl, heterocycle, aryl, or heteroaryl, groups of R1,
R2, R3, R6, R7 and R8 is optionally substituted on carbon with one or more
{e.g. 1, 2, 3, or 4) substituents selected from the group consisting of
halo, -0R a, -SRa, (C1-C8)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C3-Cs)cycloalkyl, heterocycle or heterocycle(C
1-C8)alkylene-, aryl, aryloxy, aryl (d-C 8)alkylene-, heteroaryl,
heteroaryl(C r C8)alkylene-, -C0 2Ra, RaC(=O)O-3RaC(=O)-, -OCO2Ra, R
R15NC(^O)O-, RbOC(=O)N(Ra> , R R1 N-, RaRbNC(=O)-, RaC(=O)N(Rb)-, R R1
Nq=O)N(R")-, RaRbNC(=S)N(Rb)-, -OPO3R3 RaOC(=S)-, RaC(=S)-, -SSRa,
RaS(=O)p-, R R1 S(O)P-, N=NRa, and -OPO2R ; wherein any (Ci-Cs)alkyl,
(C3-Cs)cycloalkyl, (C6-Ci2)bicycloalkyl, (C -Cg)alkoxy, (CrCg)alkanoyl,
(Ci-Cg)alkylene, or heterocycle, is optionally partially unsaturated;Ra and
Rb are each independently hydrogen, (Ci-C 8)alkyl, or (C1-C8)alkyl
substituted with 1-3 (Cr C8)alkoxy, (C3-C8)cycloalkyl, 



(Ci-C8)alkylthio, amino acid, aryl, aryl(C1-C )alkylene, heteroaryl, or
heteroaryl(C 1-Cg)alkylene; or Ra and Rb, together with the nitrogen to
which they are attached, form a pyrrolidino, piperidino, morpholino, or
thiomorpholino ring; and Rc is hydrogen or (Ci-C6)alkyl; m is 0, 1, 2, 3,
4, 5, 6, 7, or 8; i is 1, or 2; each j is independently 1, or 2; and each p
is independently 0, 1, or 2; or a pharmaceutically acceptable salt thereof.
The invention provides a compound of formula I for use in medical therapy,
preferably for use in treating inflammation or protecting mammalian tissue
from inflammation such as an inflammatory response, e.g., resulting from
allergy, trauma or ischemia/reperfusion injury, as well as the use of a
compound of formula I for the manufacture of a medicament for the treatment
of an inflammatory response due to a pathological condition or symptom in a
mammal, such as a human, which is associated with inflammation. The
invention also includes the use of a combination of these compounds with
type IV phosphodiesterase inhibitors to preferably cause synergistic
decreases in the inflammatory response mediated by leukocytes. The
invention also provides a pharmaceutical composition comprising an
effective amount of the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceutically acceptable
diluent or carrier, and optionally, in combination with a Type IV
phosphodiesterase (PDE) inhibitor. Preferably, the composition is presented
as a unit dosage form. Additionally, the invention provides a therapeutic
method for preventing or treating a pathological condition or symptom in a
mammal, such as a human, wherein the activity OfA2A adenosine receptors is
implicated and agonism of said receptors is desired, comprising
administering to a mammal in need of such therapy, an effective amount of a
compound of formula I, or apharmaceutically acceptable salt thereof. It is
believed that activation of A2A adenosine receptors inhibits inflammation
by affecting neutrophils, mast cells, monocytes/macrophages, platelets
T-cells and/or eosinophils. Inhibition of these inflammatory cells results
in tissue protection following tissue insults. In addition, the present
invention provides a therapeutic method for treating biological diseases
that includes the administration of an effective amount of a suitable
antibiotic agent, antifungal agent or antiviral agent in conjunction with
an A A adenosine receptor agonist. If no anti-pathogenic agent is known the
A2A agonist can be used alone to reduce inflammation, as may occur during
infection with antibiotic resistant bacteria, or certain viruses such as
those that cause SARS or Ebola. Optionally, the method includes
administration of a type IV PDE inhibitor. The A A adenosine receptor
agonist can provide adjunctive therapy for treatment conditions such as,
the inflammation, caused by sepsis, for example, human uremic syndrome when
administered with antibiotics in the treatment of bio-terrorism weapons,
such as anthrax, tularemia, Escherichia coli, plague and the like. The
present invention also provides adjunctive therapy for treatment of lethal
bacterial, fungal and viral infections such as anthrax, tularemia,
escherichia and plague comprising administration of an antibacterial agent,
an antifungal agent or an antiviral agent in conjunction with selective,
A2Aadenosine receptor agonists. The present invention provides a
therapeutic method for treating biological diseases that provoke
inflammation either alone or in combination with a disease killing
medicine. These include bacteria in combination with antibiotics, including
but not limited to bacteria that cause anthrax, tularemia, plague, lyme
disease and anthrax. Also included are viruses including but not limited to
those that cause RSV, severe acute respiratory syndrome (SARS), influenza
and Ebola with or without anti-viral therapy. Also included are yeast and
fungal infections with or without anti-yeast or anti-fungal agents. The
antibacterial agent, antifungal agent or antiviral agent can be
coadministered {e.g., simultaneously) with the A A adenosine receptor
agonist or they can be can be administered either simultaneously or as a
mixture or they can be administered subsequently. The subsequent
administration of the A2Aadenosine receptor agonists can be prior to the
agent, within minutes or up to about 48 hours after the administration of
the agent. Preferably the administration of the A2A adenosine receptor
agonists will be within about 24 hours and more preferably within about 12
hours. The method of the invention will also be useful for treating
patients with sepsis, severe sepsis, and potentially, the systemic
inflammatory response syndrome, in addition to septic shock. The A2AAR
agonists exert multiple anti inflammatory effects early in the inflammatory
cascade, and thus a short course 



of an A 2AAR agonists could produce profound benefit in serious,
life-threatening infectious and inflammatory disorders of humans, including
inhalational anthrax, tularemia, escherichia and plague. The
anti-inflammatory effect OfA2AAR agonists has been documented in vivo, in
experimental models of meningitis, peritonitis and arthritis. The
potentially fatal syndrome of bacterial sepsis is an increasingly common
problem in acute care units. Sepsis and septic shock, now the eleventh
leading cause of death in the United States, are increasing in frequency.
Current estimates indicate that about 900,000 new cases of sepsis
(approximately 60% Gram negative) occur in the United States annually with
an estimated crude mortality rate of 35%. Furthermore, the mortality rate,
as assessed in recent clinical trials, is approximately 25%, while
approximately 10 % of patients die from their underlying disease. Shock
develops in approximately 200,000 cases annually with an attributable
mortality rate of 46 % (92,000 deaths). Sepsis accounts for an estimated $
5-10 billion annually in health care expenditures. It is now widely
appreciated that among hospitalized patients in non-coronary intensive care
units, sepsis is the most common cause of death. Sepsis syndrome is a
public-health problem of major importance. A2AAR agonists are anticipated
to have use as a new and unique adjunctive therapeutic approach to reduce
morbidity and mortality. It is believed that this treatment will improve
the outcome in systemic anthrax, tularemia, escherichia and plague. The
agonists of A2A adenosine receptors of the invention can inhibit
neutrophil, macrophage and T cell activation and thereby reduce
inflammation caused by bacterial and viral infections. The compounds, in
conjunction withantibiotics or antiviral agents can prevent or reduce
mortality caused by sepsis or hemolytic uremic syndrome or other
inflammatory conditions. The effects of adenosine A2A agonists are enhanced
by type IV phosphodiesterase inhibitors such as rolipram. The invention
also provides a pharmaceutical composition comprising an effective amount
of the compound of formula (I), or a pharmaceutically acceptable salt
thereof, in combination with a pharmaceutically acceptable diluent or
carrier. Preferably, the composition is presented as a unit dosage form,
and can be adapted for parenteral, e.g., intravenous infusion. The
invention also provides a compound of formula I for use in medical therapy
(e.g., for use as an adjunct in the treatment of potentially lethal
bacterial infections, such as, anthrax, tularemia, Escherichia, plague, or
other bacterial or viral infections, and treatment of systemic
intoxification caused by bacterial and/or viral infections, as well as the
use of a compound of formula I for the manufacture of a medicament for
reducing inflammation caused by the bacteria or virus or the treatment
thereof in a mammal, such as a human. The compounds of the invention are
also useful for treatment of treating systemic intoxification wherein the
bacterial or viral agents cause inflammation either directly or as a result
of treatment, e.g., with an antibiotic or antiviral agent. Sepsis is a
severe illness caused by overwhelming infection of the bloodstream by
toxin-producing bacteria or viruses. The infection, which can manifest as
inflammation, can be caused by the bacteria or virus pathogens directly or
from the treatment thereof, i.e., the death of the pathogens due to
treatment with antibacterial or antiviral agents. Sepsis can be also be
viewed as the body's response to an infection. The infection can be caused
by micro organisms or "germs" (usually bacteria) invade the body, can be
limited to a particular body region (e.g., a tooth abscess) or can be
widespread in the bloodstream (often referred to as "septicemia" or "blood
poisoning") The systemic intoxification or inflammatory shock is often
referred to as Septic shock; Bacteremic shock; Endotoxic shock; Septicemic
shock; or Warm shock.Septic shock is a serious, abnormal condition that
occurs when an overwhelming infection leads to low blood pressure and low
blood flow. Vital organs, such as the brain, heart, kidneys, and liver may
not function properly or may fail. Septic shock occurs most often in the
very old and the very young. It also occurs in people with underlying
illnesses. Any bacterial organism can cause septic shock. Fungi and viruses
may also cause this condition. Toxins released by the bacteria, fungi or
viruses may cause direct tissue damage, and may lead to low blood pressure
and/or poor organ function. These toxins can also produce a vigorous
inflammatory response from the body, which contributes to septic shock. In
another aspect, the present invention also provides a method to treat
severe acute respiratory syndrome (SARS), comprising administering to a
mammal in need of said therapy, an effective anti-inflammatory amount of an
agonists OfA2A adenosine receptor, optionally with a PDE-IV inhibitor, such
as, 



rolipram. The present invention provides compounds and methods of their use
for detecting the presence of, and assessing the severity of, coronary
artery stenoses in a mammal, such as a human or domestic animal.
Preferably, the compounds of the invention are used as pharmacological
stress-inducing agents or stressors that are useful in pharmacological
stress imaging for the detection and assessment of coronary artery disease.
The specific compounds of the invention useful as stress-inducing agents
are potent and selective at A2A adenosine receptors, but are also
short-acting, so that they are rapidly cleared by the body following the
imaging process. Thus, the present invention provides a method for
detecting the presence and severity of coronary artery stenoses in a
mammal, such as a human subject, comprising (1) administering an amount of
one or more compounds of the general formula (I) and (2) performing a
technique on said mammal to detect and/or determine the severity of said
coronary artery stenoses. The invention provides a compound of formula (I)
for use in medical diagnostic procedures, preferably for use in detecting
the presence of, and assessing the severity of, coronary artery stenoses in
a human subject. Thepresent invention provides the use of a compound of
formula (I) for the manufacture of a pharmacologic vasodilator agent which
could be used with clinical perfusion imaging techniques for diagnosing and
assessing the extent of coronary artery disease. Preferred perfusion
imaging techniques are planar or single photon emission computed tomography
(SPECT) gamma camera scintigraphy, positron emission tomography (PET),
nuclear magnetic resonance (NMR) imaging, magnetic resonance inaging (MRI)
imaging, perfusion contrast echocardiography, digital subtraction
angiography (DSA) and ultrafast X-ray computed tomography (CINE CT). The
invention also provides a pharmaceutical composition comprising an
effective amount of the compound of formula (I), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceutically acceptable
diluent or carrier. Preferably, the composition is presented as a unit
dosage form, and can be adapted for parenteral, e.g., intravenous infusion.
Brief Description of the Figures Figure 1 is an illustration of the
duration of action OfA2A agonists by monitoring the reduction of blood
pressure in rats after administration of compounds of the present invention
compared with other A2A agonists. Figure 2 is an illustration of the
duration of action OfA2A agonists by monitoring the reduction of blood
pressure in rats after administration of compounds of the present invention
orally compared with other A2A agonists. Detailed Description of the
Invention The following definitions are used, unless otherwise described.
Halo is fluoro, chloro, bromo, or iodo. Alkyl, alkoxy, aralkyl, alkylaryl,
etc. denote both straight and branched alkyl groups; but reference to an
individual radical such as "propyl" embraces only the straight chain
radical, a branched chain isomer such as "isopropyl" being specifically
referred to. Aryl includes a phenyl radical or an ortho-fused bicyclic
carbocyclic radical having about nine to ten ring atoms in which at least
one ring is aromatic. Heteroaryl encompasses a radical attachedvia a ring
carbon of a monocyclic aromatic ring containing five or six ring atoms
consisting of carbon and one to four heteroatoms each selected from the
group consisting of non-peroxide oxygen, sulfur, and N(X) wherein X is
absent or is H, O5 (C1-C4)alkyl, phenyl or benzyl, as well as a radical of
an ortho-fused bicyclic heterocycle of about eight to ten ring atoms
derived therefrom, particularly a benz-derivative or one derived by fusing
a propylene, trimethylene, or tetramethylene diradical thereto. It will be
appreciated by those skilled in the art that the compounds of formula (I)
have more than one chiral center and may be isolated in optically active
and racemic forms. Preferably, the riboside moiety of formula (I) is
derived from D-ribose. Some compounds may exhibit polymorphism. It is to be
understood that the present invention encompasses any racemic,
optically-active, polymorphic, or stereoisomeric form, or mixtures thereof,
of a compound of the invention, which possess the useful properties
described herein, it being well known in the art how to prepare optically
active forms (for example, by resolution of the racemic form by
recrystallization techniques, or enzymatic techniques, by synthesis from
optically-active starting materials, by chiral synthesis, or by
chromatographic separation using a chiral stationary phase) and how to
determine adenosine agonist activity using the tests described herein, or
using other similar tests which are well known in the art. Among the
inflammatory responses that can be treated (including treated
prophylactically) with a compound of formula I, optionally with a Type 



IV PDE inhibitor, are inflammation due to: (a) autoimmune stimulation
(autoimmune diseases), such as lupus erythematosus, multiple sclerosis,
infertility from endometriosis, type I diabetes mellitus including the
destruction of pancreatic islets leading to diabetes and the inflammatory
consequences of diabetes, including leg ulcers, Crohn's disease, ulcerative
colitis, inflammatory bowel disease, osteoporosis and rheumatoid arthritis;
(b) allergic diseases such as asthma, hay fever, rhinitis, poison ivy,
vernal conjunctivitis and other eosinophil-mediated conditions;(c) skin
diseases such as psoriasis, contact dermatitis, eczema, infectious skin
ulcers, healing of open wounds, cellulitis; (d) infectious diseases
including sepsis, septic shock, encephalitis, infectious arthritis,
endotoxic shock, gram negative shock, Jarisch-Herxheimer reaction, anthrax,
plague, tularemia, ebola, shingles, toxic shock, cerebral malaria,
bacterial meningitis, acute respiratory distress syndrome (ARDS), chronic
obstructive pulmonary disease (COPD), lyme disease, HIV infection,
(TNFa-enhanced HIV replication, TNFainhibition of reverse transcriptase
inhibitor activity); (e) wasting diseases: cachexia secondary to cancer and
HIV; (f) organ, tissue or cell transplantation (e.g., bone marrow, cornea,
kidney, lung, liver, heart, skin, pancreatic islets) including transplant
rejection, and graft versus host disease; (g) adverse effects from drug
therapy, including adverse effects from amphotericin B treatment, adverse
effects from immunosuppressive therapy, e.g., interleukin-2 treatment,
adverse effects from OKT3 treatment, contrast dyes, antibiotics, adverse
effects from GM-CSF treatment, adverse effects of cyclosporine treatment,
and adverse effects of aminoglycoside treatment, stomatitis and mucositis
due to immunosuppression; (h) cardiovascular conditions including
circulatory diseases induced or exasperated by an inflammatory response,
such as ischemia, atherosclerosis, peripheral vascular disease, restenosis
following angioplasty, inflammatory aortic aneurysm, vasculitis, stroke,
spinal cord injury, congestive heart failure, hemorrhagic shock,
ischemia/reperfusion injury, vasospasm following subarachnoid hemorrhage,
vasospasm following cerebrovascular accident, pleuritis, pericarditis, and
the cardiovascular complications of diabetes; (i) dialysis, including
pericarditis, due to peritoneal dialysis; (j) gout; and (k) chemical or
thermal trauma due to burns, acid, alkali and the like. Of particular
interest and efficacy is the use of the present compounds to limit
inflammatory responses where the ischemia/reperfusion injury is causedby
angioplasty or throbolysis. Also of particular interest and efficacy is the
use of the present compounds to limit inflammatory responses due to organ,
tissue or cell transplantation, i.e., the transplantation of allogeneic or
xenogeneic tissue into a mammalian recipient, autoimmune diseases and
inflammatory conditions due to circulatory pathologies and the treatment
thereof, including angioplasty, stent placement, shunt placement or
grafting. Unexpectedly, it was found that administration of one or more
compounds of formula (I) was effective after the onset of the inflammatory
response, e.g., after the subject was afflicted with the pathology or
trauma that initiates the inflammatory response. Tissue or cells comprising
ligand bound receptor sites can be used to measure the selectively of test
compounds for specific receptor subtypes, the amount of bioactive compound
in blood or other physiological fluids, or can be used as a tool to
identify potential therapeutic agents for the treatment of diseases or
conditions associated with receptor site activation, by contacting said
agents with said ligand-receptor complexes, and measuring the extent of
displacement of the ligand and/or binding of the agent, or the cellular
response to said agent (e.g., cAMP accumulation). Specific and preferred
values listed below for radicals, substituents, and ranges, are for
illustration only; they do not exclude other defined values or other values
within defined ranges for the radicals and substituents. Specifically,
(C1-Cg)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, iso-butyl,
sec-butyl, pentyl, 3-pentyl, hexyl, heptyl, octyl and the like. As used
herein, the term "(Ci-Cs)alkoxy" can be methoxy, ethoxy, propoxy,
isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, hexyloxy,
1-methylhexyloxy, heptyloxy and the like. As used herein, the term
"cycloalkyl" can be bicycloalkyl (norbornyl, 2.2.2-bicyclooctyl, etc.) and
tricycloalkyl (adamantyl, etc.), optionally including 1-2 N, O or S.
Cycloalkyl also encompasses (cycloalkyl)alkyl. Thus, (C3- 



C6)cycloalkyl can be cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
the like. Specifically, (C6-Ci2)bicycloalkyl includes norbornyl,
2.2.2-bicyclooctyl and the like.As used herein, the term "(C1-C8)alkoxy"
can be methoxy, ethoxy, propoxy, isopropoxy, butoxy, iso-butoxy,
sec-butoxy, pentoxy, 3-pentoxy, hexyloxy; and the like. As used herein, the
term "(C2-C6)alkenyl" can be vinyl, allyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl,
4-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, and the
like As used herein, the term "(C2-C6)alkynyl" can be ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl,
5-hexynyl, and the like. As used herein, the term "(CrCs)alkanoyP' can be
acetyl, propanoyl, butanoyl, and the like. As used herein, the term
"ImIo(C1-Cs)alkyl" can be iodomethyl, bromomethyl, chloromethyl,
fluoromethyl, trifluoromethyl, 2-chloroethyl, 2-fluoroethyl,
2,2,2-trifluoroethyl, pentafluoro ethyl, and the like. As used herein, the
term "hydroxy^ -C6)alkyl" can be hydroxymethyl, 1-hydroxyethyl,
2-hydroxyethyl, 1-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl,
1-hydroxybutyl, 4-hydroxybutyl, 1-hydroxypentyl, 5-hydroxypentyl,
1-hydroxyhexyl, 6-hydroxyhexyl, and the like. As used herein, the term
"(CrC 8)alkylthio" can be methylthio, ethylthio, propylthio, isopropylthio,
butylthio, isobutylthio, pentylthio, hexylthio, and the like. As used
herein, the term " aryl includes phenyl, indenyl, indanyl, naphthyl, and
the like. In addition, aryl includes ortho-fused bicyclic carbocyclic
radicals having about nine to ten ring atoms in which at least one ring is
aromatic. The term "aryl" can include radicals of an ortho-fused bicyclic
heterocycle of about eight to ten ring atoms derived therefrom,
particularly a benz-derivative or one derived by fusing a propylene,
trimethylene, or tetramethylene diradical thereto.As used herein, the term
"heteroaryl" can be a monocyclic aromatic ring containing five or six ring
atoms consisting of carbon and 1, 2, 3, or 4 heteroatoms each selected from
the group consisting of non-peroxide oxygen, sulfur, and N(Y) where Y is
absent or is H, O, (C -C8)alkyl, phenyl or benzyl. Non-limiting examples of
heteroaryl groups include furyl, imidazolyl, triazolyl, triazinyl, oxazoyl,
isoxazoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrrolyl, pyrazinyl,
tetrazolyl, pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or its
N-oxide), indolyl, isoquinolyl (or its N-oxide), quinolyl (or its N-oxide)
and the like. The term "heteroaryl" can include radicals of an ortho-fused
bicyclic heterocycle of about eight to ten ring atoms derived therefrom,
particularly a benz-derivative or one derived by fusing a propylene,
trimethylene, or tetramethylene diradical thereto. Examples of heteroaryl
can be furyl, imidazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl,
thiazolyl, isothiazoyl, pyraxolyl, pyrrolyl, pyrazinyl, tetrazolyl, pyridyl
(or its N-oxide), thientyl, pyrimidinyl (or its N-oxide), indolyl,
isoquinolyl (or its N-oxide), quinolyl (or its N-oxide), and the like. As
used herein, the --'' symbol in the heterocyclic X ring denotes that the
ring can have one or two double bonds and may be aromatic. Non-limiting
examples of X rings include:and the like. The term "heterocycle" generally
represents a non aromatic heterocyclic group, having from 3 to about 10
ring atoms, which can be saturated or partially unsaturated, containing at
least one heteroatom {e.g., 1, 2, or 3) selected from the group consisting
of oxygen, nitrogen, and sulfur. Specific, "heterocycle" groups include
monocyclic, bicyclic, or tricyclic groups containing one or more
heteroatoms selected from the group consisting of oxygen, nitrogen, and
sulfur. A "heterocycle" group also can include one or more oxo groups (=0)
attached to a ring atom. Non-limiting examples of heterocycle groups
include 1,3-dioxolane, 1,4-dioxane, 1,4-dithiane, 2H-pyran, 2-pyrazoline,
4H-pyran, chromanyl, imidazolidinyl, imidazolinyl, indolinyl, isochromanyl,
isoindolinyl, morpholine, piperazinyl, piperidine, piperidyl, pyrazolidine,
pyrazolidinyl, pyrazolinyl, pyrrolidine, pyrroline, quinuelidine,
thiomorpholine, and the like.The term "alkylene" refers to a divalent
straight or branched hydrocarbon chain (e.g. ethylene -CH2-CH2-). The term
"aryl(Ci-C8)alkylene" for example includes benzyl, phenethyl,
naphthylmethyl and the like. The carbon atom content of various
hydrocarbon-containing moieties is 



indicated by a prefix designating the minimum and maximum number of carbon
atoms in the moiety, i.e., the prefix Ci-Cj indicates a moiety of the
integer "i" to the integer "j" carbon atoms, inclusive. Thus, for example,
(C1-C8)alkyl refers to alkyl of one to eight carbon atoms, inclusive. The
compounds of the present invention are generally named according to the
IUPAC or CAS nomenclature system. Abbreviations which are well known to one
of ordinary skill in the art may be used (e.g., "Ph" for phenyl, "Me" for
methyl, "Et" for ethyl, "h" for hour or hours and "rt" for room
temperature). A specific value for R1 is hydrogen, -OH, halo, -CH2OH, -OMe,
-OAc, -NH2, -NHMe, -NMe2 or -NHAc. Another specific value for R1 is
hydrogen, -OH, -F, -OMe, -OAc, -NH2, -NHMe, -NMe2 or -NHAc. Another
specific value for R1 is hydrogen, -OH, -F, -OMe, or -NH2. Another specific
value for R1 is hydrogen, -OH, -F, or -NH . A more specific value for R1 is
hydrogen or -OH. A specific value for R2 is hydrogen, halo, or (Ci-C
)alkyl, cyclopropyl, cyclohexyl or benzyl. Another specific value for R2 is
hydrogen, -F, methyl, ethyl or propyl. Another specific value for R2 is
hydrogen or methyl. A more specific value for R2 is hydrogen. A specific
value for R1, R2 and the carbon atom to which they are attached is carbonyl
(C=O).A specific value for R3 is hydrogen, OH, OMe, OAc, NH2, NHMe, NMe2 or
NHAc. Another specific value for R3 is hydrogen, OH, OMe, or NH2. Another
specific value for R3 is hydrogen, OH, or NH2. A more specific value for R3
is hydrogen or OH. A specific value for the ring comprising R4, R5 and the
atom to which they are connected is cyclopentane, cyclohexane, piperidine,
dihydro-pyridine, tetrahydro-pyridine, pyridine, piperazine, decaline,
tetrahydro-pyrazine, dihydro-pyrazine, pyrazine, dihydro-pyrimidine,
tetrahydro-pyrimidine, hexahydro-pyrimidine, pyrazine, imidazole,
dihydro-imidazole, imidazolidine, pyrazole, dihydro-pyrazole, and.
pyrazolidine. A more specific value for the ring comprising R4 and R5 and
the atom to which they are connected is, cyclohexane, piperidine or
piperazine. A specific value for R6 is (CrC 8)alkyl, substituted
(C1-C8)alkyl, halo, -ORa, -CO2R , -OCO2R , -C(=O)Ra, -OC(=O)Ra, -NRaRb,
-C(=O)NRaRb, -OC(=O)NRaRb, or aryl. Another specific value for R6 is
(CrG^alkyl, chloro, fluoro, phenyl, -0R a -CH2OR8, -CO2Ra, -CH2CO2R ,
-OCO2R , -CH2OCO2R3, -C(=O)R3, -CH2C(^O)R3, -0C(=0)R a, -CH20C(=0)R 3,
-NRaRb, -CH2NRaRb, -C(=0)NR aRb, -CH2C(=O)NR3Rb 3-0C(=0)NR 3Rb, or
-CH2OC(=O)NRaRb. Another specific value for R6 is OH, OMe, methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, -CH2OH,
phenyl, -OAc, -CH2OAc, -CO2H, -CO2Me, -CO2Et, -CO2i-Pr, -C0 2i-Bu,
-CO2t-Bu, -OCO2Me, -OCO2Et, -C(=0)CH 3, -CONH2, -CONHMe, -CONMe2, -CONMeEt,
-NH2, -NHMe, -NMe2, -NHEt, -N(Et)2, or -CH2N(CH3)2. Another specific value
for R6 is OH, OMe, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, tert-butyl, -CH2OH, phenyl, -OAc, -CH2OAc, -CO2Me, -CO2Et, -C0
2i-Pr, -C0 2i-Bu, -CO2t-Bu, -OCO2Me, -OCO2Et, -CONMe2, -CONMeEt.A specific
number of R6 groups substituted on the Z ring is an integer from 1 to about
4. A specific value for Ra is hydrogen, methyl, ethyl, propyl, isopropyl,
nbutyl, sec-butyl, isobutyl, tert-butyl, phenyl or benzyl. A specific value
for Rb is hydrogen, methyl, ethyl, propyl, isopropyl, nbutyl, sec-butyl,
isobutyl, tert-butyl, phenyl or benzyl. Another specific value for Ra is
hydrogen, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
or t-butyl and Rb is hydrogen, or methyl. Another specific value for Ra and
Rb together with the nitrogen to which they are attached, form a
pyrrolidino, piperidino, morpholino, or thiomorpholino ring. Another
specific value for Ra and Rb together with the nitrogen to which they are
attached, form a pyrrolidino, piperidino, or morpholino, ring. A specific
value for R7 is hydrogen, (Ci-C 4)alkyl, aryl, 8TyI(C1-C8)alkylene,
diaryl(C 1-C )alkylene, heteroaryl(CrC 8)alkylene, or 



diheteroaryl(C 1-C8)alkylene. Another specific value for R7 is hydrogen,
methyl, ethyl, 3-pentyl, phenylCH 2CH2-, (phenyl) 2CHCH2-, pyridylCH 2-,
benzyl, or Another specific value for R7 is hydrogen, 3-pentyl,
pyridylmethyl, or benzyl. A specific value for -N(R7)2 is amino,
methylamino, dimethylamino, ethylamino, diethylamino, pentylamino,
diphenylethylamino, benzylamino, or (pyridylmethylamino).A specific
pyridylmethylamino Group is A more specific value for R7 is H. Another
specific value for N(R7)2 is amino (NH2), 3-pentylamino,
diphenylethylamino, pyridylmethylamino, benzylamino, or a group having the
formula: Another specific value for -N(R7)2 is amino, diphenylethylamino,
pentylamino or benzylamino. A more specific value for N(R7) is amino. A
specific value for X is -CH2OR6, -CO2R , -CH2OC(O)R6, -C(O)NReRf, or
-CH2N(Re)(Rf). Another specific value for X is -CH2OR or -C(0)NR eRf.
Another specific value for X is Another specific value for X is N-N O-N N-O
8 . R8 R8LAnother specific value for X is O-N N-N N=N J i \\ \ , and R H A
specific value for R8 is methyl, ethyl, isopropyl, isopropenyl, - CH=CH2,
CH2OH, propyl, -CH2-CH=CH2, -CH=CH-CH3, cyclopropyl, cyclopropenyl,
cyclopropylmethyl, cyclopropenylmethyl, cyclobutyl, cyclobutenyl,
-(CH2)Y(CH2)nH, -(CH2)nCOOCH3, -(CH2)nCO(CH2)nH, where Y Another specific
value for R is (CrC 3)alkyl, CH2OH, cyclopropyl, cyclobutyl,
cyclopropylmethyl, -(CH2)2CO2CH3, -(CH2)2-3OH, -(CH2)2halogen. A more
specific value for R is methyl, ethyl, propyl, 2-propenyl, cyclopropyl,
cyclobutyl, cyclopropylmethyl, -(CH2)2CO2CH3, -(CH2)2-3OH A more specific
value for R8 is methyl, ethyl, cyclopropyl. A specific value for Re is
cyclopropyl, or cyclobutyl. A specific value for Re is cyclopropyl. A
specific value for Re is cyclobutyl. A specific value for Rf is hydrogen,
or (CrC 8)alkyl. Another specific value for Rf is hydrogen, methyl, ethyl,
or propyl. Another specific value for Rf is hydrogen, or methyl. Another
specific value for Rf is hydrogen. A specific value for i is 1. Another
specific value for i is 2. A specific value for j is 1. Another specific
value for j is 2.A specific value form is 0, 1, or 2. A more specific value
for m is 0, or 1. Specific examples of rings comprising R4, R5 and the atom
to which they are connected include: where q is from 1 to 14 and Rd is
hydrogen, provided that when q is zero then Rd is not hydrogen. More
specific examples of rings comprising R4, R5 and the atom to which they are
connected include: A specific value for the ring comprising -C(R 3)R4R5 is
2-methyl cyclohexane, 2,2-dimethylcyclohexane, 2-phenylcyclohexane,
2-ethylcyclohexane, 2,2-diethylcyclohexane, 2-tert-butyl cyclohexane,
3-methyl cyclohexane, 3,3-dimethylcyclohexane, 4-methyl
cyclohexane,4-ethylcyclohexane, 4-phenyl cyclohexane, 4-tert-butyl
cyclohexane, 4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2,4-dimethyl cyclopentane.
4-cyclohexanecarboxyic acid, 4-cyclohexanecarboxyic acid esters, or
4-methyloxyalkanoyl-cyclohexane. A specific value for the ring comprising
-C(R 3)R4R5 is 4-piperidine, 4-piperidene-l-carboxylic acid,
4-pipeiidine-l-carboxylic acid methyl ester, 4-piperidine- 1-carboxylic
acid ethyl ester, 4-piperidine- 1-carboxylic acid propyl ester,
4-piperidine- 1-carboxylic acid tert-butyl ester, 1-piperidine,
l-piperidine-4-carboxylic acid methyl ester, l-piperidine-4-carboxylic acid
ethyl ester, l-piperidine-4-carboxylic acid propyl ester,
l-piperidine-4-caboxylic acid tert-butyl ester, l-piperidine-4-carboxylic
acid methyl ester, 3-piperidine, 3-piperidene- 1-carboxylic acid,
3-piperidine- 1-carboxylic acid methyl ester, 



3-piperidine-l-carboxylic acid tert-butyl ester, 1,4-piperazine,
4-piperazine- 1-carboxylic acid, 4-piperazine- 1-carboxylic acid methyl
ester, 4-piperazine- 1-carboxylic acid ethyl ester, 4-piperazine-
1-carboxylic acid propyl ester, 4-piperazine- 1-carboxylic acid
tert-butylester, 1,3-piperazine, 3-piperazine- 1-carboxylic acid,
3-piperazine-1-carboxylic acid methyl ester, 3-piperazine- 1-carboxylic
acid ethyl ester, 3-piperazine- 1-carboxylic acid propyl ester,
3-piperidine-l-carboxylic acid tert-butylester, l-piperidine-3 -carboxylic
acid methyl ester, l-piperidine-3-carboxylic acid ethyl ester,
l-piperidine-3-carboxylic acid propyl ester or l-piperidine-3 -caboxylic
acid tertbutyl ester. A specific value for the ring comprising R4 and R5 is
2-methyl cyclohexane, 2,2-dimethylcyclohexane, 2-phenyl cyclohexane,
2-ethylcyclohexane, 2,2-diethylcyclohexane, 2-tert-butyl cyclohexane,
3-methyl cyclohexane, 3,3-dimethylcyclohexane, 4-methyl cyclohexane,
4-ethylcyclohexane, 4-phenyl cyclohexane, 4-tert-butyl cyclohexane,
4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2,4-dimethyl cyclopentane, 4-piperidine-
1-carboxylic acid methyl ester, 4-piperidine- 1-carboxylic acid tert-butyl
ester 4-piperidine, 4-piperazine-1-carboxylic acid methyl ester,
4-piperidine- 1-carboxylic acid tertbutylester, l-piperidine-4-carboxylic
acid methyl ester, l-piperidine-4-caboxylicacid tert-butyl ester,
tert-butylester, l-piperidine-4-carboxylic acid methyl ester, or
l-piperidine-4-caboxylic acid tert-butyl ester, 3-piperidine-l-carboxylic
acid methyl ester, 3-piperidine-l-carboxylic acid tert-butyl ester,
3-piperidine, 3-piperazine-l-carboxylic acid methyl ester,
3-piperidine-l-carboxylic acid tertbutylester, l-piperidine-3-carboxylic
acid methyl ester, l-piperidine-3-caboxylic acid tert-butyl ester. Specific
compounds of the invention include formula (IA) In formuila (IA) n is 0, 1,
2, 3 4, 536, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18. In another
group of specific compounds n is, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, or 18. Specific compounds of the invention include formula (IB) In
formuila (IB) k is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, or 18. Specific compounds of the invention include formula (IC)In
formuila (IC) Hs 0, 1, 2, 3, or 4. Other specific compounds of the
invention include Additional compounds of the invention are depicted in
Table 1, below:Table 22-PROPYNYL ADENOSINE ANALOGS WITH MODIFIED 5'-RIBOSE
GROUPS HAVING A2A AGONIST ACTIVITY Related Applications This application
claims priority from a provisional application entitled: "2-PROPYNYL
ADENOSINE ANALOGS and COMPOSITIONS WITH MODIFED 5'-RIBOSE GROUPS HAVING A2A
AGONIST ACTIVITY", filed on August 2, 2004, serial number 60/598,018, the
entire contents of which is included herein by reference. Government
Funding The invention described herein was made with government support
under Grant Number (RO1-HL37942), awarded by the National Science
Foundation. The United States Government has certain rights in the
invention. Background of the Invention The inflammatory response serves the
purpose of eliminating harmful agents from the body. There is a wide range
of pathogenic insults that can initiate an inflammatory response including
infection, allergens, autoimmune stimuli, immune response to transplanted
tissue, noxious chemicals, and toxins, ischemia/reperfusion, hypoxia,
mechanical and thermal trauma. Inflammation normally is a very localized
action, which serves in expulsion, attenuation by dilution, and isolation
of the damaging agent and injured tissue. The body's response becomes an
agent of disease when it results in inappropriate injury to host tissues in
the process of eliminating the targeted agent, or responding to a traumatic
insult. As examples, inflammation is a component of pathogenesis in several
vascular diseases or injuries. Examples include: ischemia/reperfusion
injury (N. G. Frangogiannis et al., in Myocardial Ischemia: Mechanisms,
Reperfusion, Protection, M. Karmazyn, ed., Birkhuser Verlag (1996) at
236-284; H. S. Sharma et al., Med. of Inflamm., 6, 175 (1987)),
atherosclerosis (R. Ross,Thor. Surg., 64, 251 (1997); D. I. Walker et al.,
Brit. J. Surg., 59, 609 (1972); R. L. Pennell et al., J. Vase. Surg., 2,
859 (1985)), and restenosis following balloon angioplasty (see, R. Ross
cited above). The cells involved with inflammation include leukocytes
(i.e., the immune system cells - neutrophils, eosinophils, lymphocytes,
monocytes, basophils, macrophages, dendritic cells, and mast cells), the
vascular endothelium, vascular smooth muscle cells, fibroblasts, and 



myocytes. The release of inflammatory cytokines such as tumor necrosis
factoralpha (TNFa) by leukocytes is a means by which the immune system
combats pathogenic invasions, including infections. TNFastimulates the
expression and activation of adherence factors on leukocytes and
endothelial cells, primes neutrophils for an enhanced inflammatory response
to secondary stimuli and enhances adherent neutrophil oxidative activity.
See, Sharma et al., cited herein. In addition, macrophages/dendritic cells
act as accessory cells processing antigen for presentation to lymphocytes.
The lymphocytes, in turn, become stimulated to act as pro-inflammatory
cytotoxic cells. Generally, cytokines stimulate neutrophils to enhance
oxidative (e.g., superoxide and secondary products) and non-oxidative
(e.g., myeloperoxidase and other enzymes) inflammatory activity.
Inappropriate and over-release of cytokines can produce counterproductive
exaggerated pathogenic effects through the release of tissue-damaging
oxidative and non-oxidative products (K. G. Tracey et al., J . Exp. Med.,
167, 121 1 (1988); and D. N. Mannel et al., Rev. Infect. Dis., 9 (suppl.
5), S602-S606 (1987)). For example, TNFacan induce neutrophils to adhere to
the blood vessel wall and then to migrate through the vessel to the site of
injury and release their oxidative and non-oxidative inflammatory products.
Although monocytes collect slowly at inflammatory foci, given favorable
conditions, the monocytes develop into long-term resident accessory cells
and macrophages. Upon stimulation with an inflammation trigger,
monocytes/macrophages also produce and secrete an array of cytokines
(including TNFa), complement, lipids, reactive oxygen species, proteases
and growth factors that remodel tissue and regulate surrounding tissue
functions.For example, inflammatory cytokines have been shown to be
pathogenic in: arthritis (C. A. Dinarello, Semin. Immunol., 4, 133 (1992));
ischemia (A. Seekamp et al., Agents- Actions-Supp., 41, 137 (1993)); septic
shock (D. N. Mannel et al., Rev. Infect. Dis., 9 (suppl. 5), S602-S606
(1987)); asthma (N. M. Cembrzynska et al., Am. Rev. Respir. Dis., 147, 291
(1993)); organ transplant rejection (D. K. Imagawa et al., Transplantation,
51, 57 (1991); multiple sclerosis (H. P. Hartung, Ann. Neurol., 33, 591
(1993)); AIDS (T. Matsuyama et al., AIDS, 5, 1405 (1991)); and in
alkali-burned eyes (F. Miyamoto et al., Opthalmic Res., 30, 168 (1997)). In
addition, superoxide formation in leukocytes has been implicated in
promoting replication of the human immunodeficiency virus (HIV) (S.
Legrand-Poels et al., AIDS Res. Hum. Retroviruses, 6, 1389 (1990)). It is
well known that adenosine and some analogs of adenosine that
non-selectively activate adenosine receptor subtypes decrease neutrophil
production of inflammatory oxidative products (B. N. Cronstein et al., Ann.
N.Y. Acad. Sci., 451, 291 (1985); P. A. Roberts et al., Biochem. J., 227,
669 (1985); D. J . Schrier et al., J. Immunol., 137, 3284 (1986); B. N.
Cronstein et al., Clinical Immunol and Immunopath., 42, 76 (1987); M. A.
Iannone et al., in Topics and Perspective in Adenosine Research, E. Gerlach
et al., eds., Springer- Verlag, Berlin, p. 286 ( 1987); S. T. McGarrity et
al., J. Leukocyte Biol., 44, 4 11421 (1988); J. De La Harpe et al., J.
Immunol., 143, 596 (1989); S. T. McGarrity et al., J. Immunol., 142, 1986
(1989); and C. P. Nielson et al., Br. J . Pharmacol., 97, 882 (1989)). For
example, adenosine has been shown to inhibit superoxide release from
neutrophils stimulated by chemoattractants such as the synthetic mimic of
bacterial peptides, f-met-leu-phe (fMLP), and the complement component C5a
(B. N. Cronstein et al., J. Immunol., 135, 1366 (1985)). Adenosine can
decrease the greatly enhanced oxidative burst of PMN (neutrophil) first
primed with TNF-aand then stimulated by a second stimulus such as
f-met-leu-phe (G. W. Sullivan et al., Clin. Res., 41, 172A (1993)).
Additionally, it has been reported that adenosine can decrease the rate of
HIV replication in a T-cell line (S. Sipka et al., Acta. Biochim. Biopys.
Hung., 23, 75 (1988)). However, there is no evidence that in vivo adenosine
has antiinflammatory activity (G. S. Firestein et al, Clin. Res., 41, 170A
(1993); and B. N. Cronstein et al., Clin. Res., 41, 244A (1993)). It has
been suggested that there is more than one subtype of adenosine receptor on
neutrophils that can have opposite effects on superoxide release (B. N.
Cronstein et al., J. Clin. Invest., 85, 1150 (1990)). The existence of A2A
receptor on neutrophils was originally demonstrated by Van Calker et al.
(D. Van Calker et al., Eur. J. Pharmacology, 206, 285 (1991)). There has
been progressive development of compounds that are more and more potent
and/or selective as agonists of A2A adenosine receptors (AR) based on
radioligand binding assays and physiological responses. Initially,
compounds with little or no selectivity for A2A receptors were developed,
such as 



adenosine itself or 5'-carboxamides of adenosine, such as
5'-Nethylcarboxamidoadenosine (NECA) (B. N. Cronstein et al., J. Immunol.,
135, 1366 (1985)). Later, it was shown that addition of 2-alkylamino
substituents increased potency and selectivity, e.g., CV1808 and CGS21680
(M. F. Jarvis et al., J . Pharmacol. Exp. Ther., 251, 888 (1989)).
2-Alkoxy-substituted adenosine derivatives such as WRC-0090 are even more
potent and selective as agonists at the coronary artery A A receptor (M.
Ueeda et al., J . Med. Chem., 34, 1334 (1991)). The 2-alklylhydrazino
adenosine derivatives, e.g., SHA 211 (also called WRC-0474) have also been
evaluated as agonists at the coronary artery A2Areceptor (K. Niiya et al.,
J . Med. Chem., 35, 4557 (1992)). There is one report of the combination of
relatively nonspecific adenosine analogs, R-phenylisopropyladenosine
(R-PIA) and 2-chloroadenosine (Cl-Ado) with a phosphodiesterase (PDE)
inhibitor resulting in a lowering of neutrophil oxidative activity (M. A.
Iannone et al., Topics and Perspectives in Adenosine Research, E. Garlach
et al., eds., Springer-Verlag, Berlin, pp. 286- 298 (1987)). However, R-PIA
and Cl-Ado analogs are actually more potent activators OfA1 adenosine
receptors than of A A adenosine receptors and, thus, are likely to cause
side effects due to activation of Ai receptors on cardiac muscle and other
tissues causing effects such as "heart block."R. A. Olsson et al. (U.S.
Pat. No. 5,278,150) disclose selective adenosine A receptor agonists of the
formula: wherein Rib is ribosyl, R1 can be H and R can be cycloalkyl. The
compounds are disclosed to be useful for treating hypertension,
atherosclerosis and as vasodilators. Olsson et al. (U.S. Pat. No.
5,140,015) disclose certain adenosine A receptor agonists of formula:
wherein C(X)BR2 can be CH2OH and R1 can be alkyl- or alkoxyalkyl. The
compounds are disclosed to be useful as vasodilators or an
antihypertensives. Linden et al. (U.S. Pat. No. 5,877,180) is based on the
discovery that certain inflammatory diseases, such as arthritis and asthma,
may be effectively treated by the administration of compounds which are
selective agonists of A2A adenosine receptors, preferably in combination
with a Type IV phosphodiesterase inhibitor. An embodiment of the Linden et
al. invention provides a method for treating inflammatory diseases by
administering an effective amount of an A2A adenosine receptor of the
following formula:wherein R and X are as described in the patent. In one
embodiment, the Linden et al. invention involves the administration of a
Type IV phosphodiesterase (PDE) inhibitor in combination with the A2A
adenosine receptor agonist. The Type IV phosphodiesterase (PDE) inhibitor
includes racemic and optically active 4-(polyalkoxyphenyl)-2- pyrrolidones
of the following formula: wherein R', R18, R19 and X are as disclosed and
described in U.S. Pat. No. 4,193,926. Rolipram is an example of a suitable
Type IV PDE inhibitor included within the above formula. G. Cristalli (U.S.
Pat. No. 5,593,975) discloses 2-arylethynyl, 2-cycloalkylethynyl or
2-hydroxyalkylethynyl derivatives, wherein the riboside residue is
substituted by carboxy amino, or substituted carboxy amino (R3HNC(O)-).
2-Alkynylpurine derivatives have been disclosed in Miyasaka et al. (U.S.
Pat. No. 4,956,345), wherein the 2-alkynyl group is substituted with (C3-C
6)alkyl. The '975 compounds are disclosed to be vasodilators and to inhibit
platelet aggregation, and thus to be useful as anti-ischemic,
antiatherosclerosis and anti-hypertensive agents. Recently, U.S. Patent
6,232,297 to Linden, et al. disclosed compounds having the general
formula:wherein each R is H, X is ethylaminocarbonyl and R1 is 4-
carboxycyclohexylmethyl (DWH-146a), R1 is 4-
methoxycarbonylcyclohexylmethyl (DWH-146e) or R1 is
4-acetoxymethylcyclohexylmethyl (JMR- 193). These compounds are reported to
be A A agonists. However, a continuing need exists for selective A2
adenosine receptor agonists useful for therapeutic applications, which have
reduced side effects, hi addition, a continuing need exists for selective
A2 adenosine receptor agonists useful for use as pharmacological stressors
in stress imaging or in other ventricular function imaging techniques, that
preferably have reduced side effects, while being chemically stable and
short-acting. Summary of the Invention The present invention comprises
compounds and methods of their use for the treatment of inflammatory
activity in mammalian tissue. The inflammatory tissue activity can be due
to pathological agents or can be due to physical, chemical or thermal
trauma, or the trauma of medical procedures, such 



as organ, tissue or cell transplantation, angioplasty (PCTA), inflammation
following ischemia/reperfusion, or grafting. The present compounds comprise
a novel class of 2-alkynyladenosine derivatives, substituted at the
ethyn-2-yl position by substituted cycloalkyl and heterocycle
(heterocyclic) moieties. Preferably, the riboside residue is modified at
the 5'-position by substituting an N-(cycloalkyl)carboxyamino
("aminocarbonyl") moiety ("X") or a 5- or 6- membered heterocyclic ring.
Thus, the present invention provides a method forinhibiting the
inflammatory response in a mammal, such as a human subject, and protecting
the tissue subject to the response, by administering an effective amount of
one or more compounds of the invention. The compounds of the invention have
general formula (I): (I) wherein Z is CR3R4R5 orNR 4R5; each R1 is
independently hydrogen, halo, -ORa, -SRa, (Cr C8)alkyl, cyano, nitro,
trifluoromethyl, trifluoromethoxy, C3-8cycloalkyl, heterocycle,
heterocycle(C 1-C8)alkylene-, aryl, aryl(Ci-C )alkylene-, heteroaryl,
heteroaryl(C r C8)alkylene-, -CO2Ra, R3C(=0)0-, R3C(=O>, -OCO2R , R R1
NCeO)O-, RbOC(=O)N(R a)-, R3R1 N-, R R1 NCeO)-, RaC(=O)N(R b)- R3R1
NCC=O)N(R1 )-, R3R13NCC=S)N(R13)-, -OPO3R3, RaOC(=S)-, RaC(=S)-, -SSRa,
R3SC=O)-, R3SC-O)2-, -N=NR3, or -OPO2R ; each R2 is independently hydrogen,
halo, (C1-Cs)alkyl, (C3-C8)cycloalkyl, heterocycle,
heterocycle(CrC8)alkylene-, aryl, aryl(C 1-Cg)alkylene-, heteroaryl, or
heteroaryl(C 1-Cs)alkylene-; or R1 and R2 and the atom to which they are
attached is C=O, C=S or C=NR0. R4 and R5 together with the atoms to which
they are attached form a saturated or partially unsaturated, or aromatic
ring having 3, 4, 5, 6, 7, 8, 9 or 10 ring atoms optionally comprising 1,
2, 3, or 4 heteroatoms selected from nonperoxide oxy (-0-), thio (-S-),
sulfinyl (-SO-), sulfonyl (-S(O) -) or amine (-NR3-) in the ring;wherein
any ring comprising R4 and R5 is substituted with from 1 to 14 R6 groups;
wherein each R6 is independently hydrogen, halo, -ORa, -SRa, (Q-Cs^lkyl,
cyano, nitro, trifluoromethyl, trifluoromethoxy, (Cr C8)cycloalkyl,
(C1-C8)cycloalkyl(C 1-C8)alkylene-, (C6-C12)bicycloalkyl, heterocycle or
heterocycle (Q-Cs^lkylene-, aryl, aryl (CrC 8)alkylene-, heteroaryl,
heteroaryl(C r C8)alkylene-, -CO2Ra, RaC(=O)O-, RaC(=O)-, -OCO2R3,
R3R13NCt=O)O-, Rb0C(=0)N(R a)-, R R1 N-, R R1 NCC=O)-, RaC(=O)N(R b)-, R R1
NCC=O)N(R1 )-, R3R1 NCC-S)N(R 13)-, -OPO3R , R3OC(=S)-, RaC(=S)-, -SSR3,
R3SC=O)-, -NNR3,-OPO 2Ra, or two R6 groups and the atom to which they are
attached is C=O, or C=S; or two R6 groups together with the atom or atoms
to which they are attached can form a carbocyclic or a heterocyclic ring
comprising from 1 to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms selected
from non-peroxide oxy (-O-), thio (-S-), sulfinyl (-SO-), sulfonyl (-S(O)
-), phosphine (-OP(O)2-, or amine (-NR 3-) in the ring; R3 is hydrogen,
halo, -ORa, -SRa, (Cr Cg)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C3-C8)cycloalkyl, (Cr C8)cycloalkyl- (CrC 8)alkylene-,
heterocycle, heterocycle(CrCg)alkylene-, aryl, aryl(C 1-Cg)alkylene-,
heteroaryl, heteroaryl(C 1-C8)alkylene-, -C0 2Ra, R3C(=O)O-, R3C(=O)-,
-OCO2R3, RaRbNC(=0)0-, RbOC(=O)N(R 3)-, R3R13N-, R3R13NC(^O)-, R3C(=0)N(R
b)-, RaRbNC(=O)N(R b)-, R3R13NC(^S)N(R 13)-, -OPO 3R3, RaOC(=S)-, RaC(=S)-,
-SSR3, RaS(=O)-, R3SC=O)2-, -NNR3, -OPO2R3; or if the ring formed from
CR4R5 is aryl or heteroaryl or partially unsaturated then R3 can be absent;
each R7 is independently hydrogen, (C1-Cs)alkyl, (C3-C8)cycloalkyl,
(C1-C8)cycloalkyl(C 1-C8)alkylene-, heterocycle, heterocycle
(C1-C8)alkylene-, aryl, aryl(Ci-Cs)alkylene, heteroaryl, orheteroaryl(C
1-C8)alkylene-; X is -CH2OR , -CO2R , -CH2OC(O)R , -C(0)NR eRf, -CH2SR6,
-C(S)OR e, -CH2OC(S)R or C(S)NR eRf -CH2N(R 6)(Rf), or a group having the
formulawherein each Z1 is non-peroxide -O-, -S(O)P-, -C(R s)j -, or -N(R
8)-; provided that at least one Z is non-peroxide -O-, -S(O)P~, or -N(R )-;
each R8 is independently hydrogen, (Ci-C 8)alkyl, (Ci-Cs)alkenyl,
(C3-C8)cycloalkyl, (Cr C8)alkyl(C 3-C8)cycloalkyl, (C3-C8)cycloalkenyl,
(CrC 8)alkyl(C 3-C8)cycloalkenyl, aryl, aryl(CrC 8)alkylene, heteroaryl, or
heteroaryl(C !-C8)alkylene-; wherein any of the alkyl or alkenyl groups of
R are optionally interrupted by -O-, -S-, or -N(R a)-; Re is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl; Rf is hydrogen, (Cr C8)alkyl, or
(C1-C8)alkyl substituted with 1-3 



(d-C 8)alkoxy, (C3-C8)cycloalkyl, (C1-C8)alkylthio, amino acid, aryl,
aryl(CrC 8)alkylene, heteroaryl, orheteroaryl(Ci-C 8)alkylene; and wherein
any of the alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycle, aryl, or
heteroaryl, groups of R1, R2, R3, R6, R7 and R8 is optionally substituted
on carbon with one or more {e.g. 1, 2, 3, or 4) substituents selected from
the group consisting of halo, -ORa, -SRa, (C1-C8)alkyl, cyano, nitro,
trifluoromethyl, trifluoromethoxy, (C3-C8)cycloalkyl, (C6-C12)bicycloalkyl,
heterocycle or heterocycle(CrC 8)alkylene-, aryl, aryloxy, aryl
(C1-C8)alkylene-, heteroaryl, heteroaryl(C 1-C8)alkylene-, -CO2Ra,
RaC(=O)O-, R3C(^O)-, -OCO2R , R3R1 NC(O)O-, RbOC(=O)N(R3)-, R3R1 N-, R3R1
NC(O)-, RaC(O)N(R b)-, RaRbNC(=O)N(R b)-, RaRbNC(=S)N(R b)-, -OPO3R3,
RaOC(=S)-, RaC(=S)-, -SSR3, RaS(O) p-, R3R1 NS(O)P-, N=NRa, and -OPO2R3;
wherein any (Ci-C 8)alkyl, (C3-C8)cycloalkyl, (C6-C 2)bicycloalkyl,
(C1-Cs)BIkOXy, (C1-Cs)alkanoyl, or heterocycle, is optionally partially
unsaturated; Ra and R are each independently hydrogen, (Ci-Cis)alkyl, or
(Ci-Cis)alkyl substituted with 1-3 (Cr C18)alkoxy, (C3-C8)cycloalkyl,
(Ci-Cis)alkylthio, amino acid, aryl, aryl(Ci-Cig)alkylene, heteroaryl,
orheteroaryl(Ci-Ci 8)alkylene; or Ra and Rb, together with the nitrogen to
which they are attached, form a pyrrolidino, piperidino, morpholino, or
thiomorpholino ring; and R is hydrogen or (Ci-C 6)alkyl; m is 0, 1, 2, 3,
4, 5, 6, 7, or 8; i is 1, or 2; each j is independently 1, or 2; and each p
is independently 0, 1, or 2; or a pharmaceutically acceptable salt thereof.
In another embodiment, the compounds of the invention have general formula
(I): (I) wherein Z iS CR3R4R5 OrNR4R5; each R1 is independently hydrogen,
halo, -ORa, -SRa, (Cr C8)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, C3-8cycloalkyl, heterocycle, heterocycle(CrC 8)alkylene-,
aryl, aryl(C 1-C8)alkylene-, heteroaryl, heteroaryl(C 1-C8)alkylene-, -CO2R
, RaC(=O)O-, RaC(=O)-, -OCO2R , R3R1 NCC=O)O-, RbOC(=O)N(R ah R3R15N-, R R1
NCC=O)-, RaC(=0)N(R b)-, R3RbNC(=O)N(R b)-, R3R15NCC=S)N(R1 )-, -OPO3R ,
RaOC(=S)-, RaC(=S)-, -SSRa, R3SC=O)-, R3SC=O)2-, -N=NR3, or -OPO2R3; each
R2 is independently hydrogen, halo, (Ci-Cs)alkyl, (C3-Cg)cycloalkyl,
heterocycle, heterocycle(C 1-C8)alkylene-, aryl, aryl(Ci-C 8)alkylene-,
heteroaryl, or heteroaryl(C[-C 8)alkylene-; or R1 and R2 and the atom to
which they are attached is C=O, C=S or C=NRC.R4 and R5 together with the
atoms to which they are attached form a saturated or partially unsaturated,
or aromatic ring having 3, 4, 5, 6, 7, 8, 9 or 10 ring atoms optionally
comprising 1, 2, 3, or 4 heteroatoms selected from nonperoxide oxy (-O-),
thio (-S-), sulfmyl (-SO-), sulfonyl (-S(O) 2-) or amine (-NR a-) in the
ring; wherein any ring comprising R4 and R5 is substituted with from 1 to
14 R6 groups; wherein each R6 is independently hydrogen, halo, -ORa, -SRa,
(CrC 8)alkyl, cyano, nitro, trifluoromethyl, trifluoromethoxy, (C1-C
)CyClOaIlCyI, (Ci-C 8)cycloalkyl(C 1-C8)alkylene-, (C6-Cj 2)bicycloalkyl,
heterocycle or heterocycle (Ci-C 8)alkylene-, aryl, aryl (Ci-Cg)alkylene-,
heteroaryl, heteroaryl(Ci-C 8)alkylene-, -CO 2Ra, RaC(=O)O-, RaC(=O)-, -OCO
2R , RaRbNC(=O)O-, RbOC(=O)N(R 3)-, R R N-, RaRbNC(=0)-, RaC(-O)N(R b)-,
R3R13NC(O)N(R 13)-, RaRbNC(=S)N(R b)-, -OPO 3R3, RaOC(=S)-, R3C(=S)-, -SSR
3, RaS(=O)-, -NNR a,-OPO 2Ra, or two R6 groups and the atom to which they
are attached is C=O, or C=S; or two R6 groups together with the atom or
atoms to which they are attached can form a carbocyclic or a heterocyclic
ring comprising from 1 to 6 carbon atoms and 1, 2, 3, or 4 heteroatoms
selected from non-peroxide oxy (-O-), thio (-S-), sulfmyl (-SO-), sulfonyl
(-S(O) -), phosphine (-OP(O) 2-, or amine (-NR 3-) in the ring; R3 is
hydrogen, halo, -ORa, -SR3, (Ci-C 8)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C3-C8)cycloalkyl, (CrC 8)cycloalkyl- (Ci-C 8)alkylene-,
heterocycle, heterocycle(CrC 8)alkylene-, aryl, ary^CrC^alkylene-,
heteroaryl, heteroaryl(C 1-C8)alkylene-, -CO2R , RaC(=O)O-, RaC(=O)-, -OCO
2R3, R3R1 NCeO)O-, Rb0C(=0)N(R 3)-, R R13N-, R3R NC(O)-, RaC(=0)N(R b)-,
RaRbNC(=0)N(R b)-, R8R13NC(^S)N(R 13)-, -OPO 3R3, RaOC(=S>, R3C(=S)-, -SSR
a, RaS(=O)-, 



RaS(=O) 2-, -NNR 3, -OPO 2R ; or if the ring formed from CR4R5 is aryl or
heteroaryl or partially unsaturated then R3 can be absent; each R7 is
independently hydrogen, (Ci-C 8)alkyl, (C3-C8)cycloalkyl,
(Ci-Cs)cycloalkyl(Ci-C 8)alkylene-, heterocycle, heterocycle (Ci-C
)alkylene-, aryl, aryl(Ci-Cs)alkylene, heteroaryl, or heteroaryl(C]-C
8)alkylene-;X is -CH2OR , -CO2R , -CH2OC(O)R , -C(O)NReRf, -CH2SR6,
-C(S)OR6, -CH2OC(S)R6 or C(S)NReRf -CH2N(Re)(Rf), or a group having the
formula wherein each Z1 is non-peroxide -0-, -S(0) p-, -C(R 8)j -, or -N(R
8)-; provided that at least one Z1 is non-peroxide -0-, -S(0) p-, or -N(R
8)-; each R8 is independently hydrogen, (C -C8)alkyl, (C1-C8)alkenyl,
(C3-C8)cycloalkyl, (Ci-C 8)alkyl(C3-C8)cycloalkyl, (C3-C8)cycloalkenyl,
(Ci-C8)alkyl(C3-C8)cycloalkenyl, aryl, aryl(C!-C8)alkylene, heteroaryl, or
heteroaryl(C -C8)alkylene-; wherein any of the alkyl or alkenyl groups of
R8 are optionally interrupted by -O-, -S-, or -N(R a)-; R6 is cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl; Rf is hydrogen, (C1-C8)alkyl, or (Cr
C8)alkyl substituted with 1-3 (Ci-C8)alkoxy, (C3-C8)cycloalkyl, (CrC
8)alkylthio, amino acid, aryl, aryl(C1-C8)alkylene, heteroaryl, or
heteroaryl(Ci-C8)alkylene; and wherein any of the alkyl, alkenyl,
cycloalkyl, cycloalkenyl, heterocycle, aryl, or heteroaryl, groups of R1,
R2, R3, R6, R7 and R8 is optionally substituted on carbon with one or more
(e.g. 1, 2, 3, or 4) substituents selected from the group consisting of
halo, -0R a, -SRa, (Ci-C8)alkyl, cyano, nitro, trifluoromethyl,
trifluoromethoxy, (C3-C8)cycloalkyl, (C6-C12)bicycloalkyl, heterocycle or
heterocycle(C 1-C8)alkylene-, aryl, aryloxy, aryl (Ci-Cs)alkylene-,
heteroaryl, heteroaryl(C 1-C8)alkylene-, -CO2Ra, RaC(=O)O-, RaC(=O)-,
-OCO2R , R3R13NC(^O)O-, Rb0C(=0)N(R 3)-, R R13N-, R R1 NC(^O)-,
R3C(=O)N(Rb)-, R3R13NC(^O)N(R 13)-, RaRbNC(=S)N(Rb)-, -OPO3R3, R3OC(=S)-,
R3C(=S)-, -SSRa, RaS(=O)p-, R3R13NS(O)P-, N=NR3, and -OPO2R3; wherein any
(Ci-C 8)alkyl, (C3-C8)cycloalkyl, (C6-Ci2)bicycloalkyl, (C -C8)alkoxy,
(Q-C^alkanoyl, (C -C8)alkylene, or heterocycle, is optionally partially
unsaturated;Ra and Rb are each independently hydrogen, (Ci-C 8)alkyl, or
(Ci-Cg)alkyl substituted with 1-3 (Ci-C8)alkoxy, (C3-C8)cycloalkyl,
(Ci-C8)alkylthio, amino acid, aryl, aryl(Ci-C8)alkylene, heteroaryl, or
heteroaryl(Ci-C 8)alkylene; or Ra and Rb, together with the nitrogen to
which they are attached, form a pyrrolidino, piperidino, morpholino, or
thiomorpholino ring; and Rc is hydrogen or (d-C 6)alkyl; m is 0, 1, 2, 3,
4, 5, 6, 7, or 8; i is 1, or 2; each j is independently 1, or 2; and each p
is independently 0, 1, or 2; or a pharmaceutically acceptable salt thereof.
The invention provides a compound of formula I for use in medical therapy,
preferably for use in treating inflammation or protecting mammalian tissue
from inflammation such as an inflammatory response, e.g., resulting from
allergy, trauma or ischemia/reperfusion injury, as well as the use of a
compound of formula I for the manufacture of a medicament for the treatment
of an inflammatory response due to a pathological condition or symptom in a
mammal, such as a human, which is associated with inflammation. The
invention also includes the use of a combination of these compounds with
type IV phosphodiesterase inhibitors to preferably cause synergistic
decreases in the inflammatory response mediated by leukocytes. The
invention also provides a pharmaceutical composition comprising an
effective amount of the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceutically acceptable
diluent or carrier, and optionally, in combination with a Type IV
phosphodiesterase (PDE) inhibitor. Preferably, the composition is presented
as a unit dosage form. Additionally, the invention provides a therapeutic
method for preventing or treating a pathological condition or symptom in a
mammal, such as a human, wherein the activity of A2A adenosine receptors is
implicated and agonism of said receptors is desired, comprising
administering to a mammal in need of such therapy, an effective amount of a
compound of formula I, or apharmaceutically acceptable salt thereof. It is
believed that activation of A2A adenosine receptors inhibits inflammation
by affecting neutrophils, mast cells, monocytes/macrophages, platelets
T-cells and/or eosinophils. Inhibition of these inflammatory cells results
in tissue protection following tissue insults. In addition, the present
invention provides a therapeutic method for treating biological diseases
that includes the administration of an effective amount of a suitable
antibiotic agent, antifungal agent or antiviral agent in 



conjunction with an A2A adenosine receptor agonist. If no anti-pathogenic
agent is known the A2A agonist can be used alone to reduce inflammation, as
may occur during infection with antibiotic resistant bacteria, or certain
viruses such as those that cause SARS or Ebola. Optionally, the method
includes administration of a type IV PDE inhibitor. The A2A adenosine
receptor agonist can provide adjunctive therapy for treatment conditions
such as, the inflammation, caused by sepsis, for example, human uremic
syndrome when administered with antibiotics in the treatment of
bio-terrorism weapons, such as anthrax, tularemia, Escherichia coli, plague
and the like. The present invention also provides adjunctive therapy for
treatment of lethal bacterial, fungal and viral infections such as anthrax,
tularemia, escherichia and plague comprising administration of an
antibacterial agent, an antifungal agent or an antiviral agent in
conjunction with selective, A2A adenosine receptor agonists. The present
invention provides a therapeutic method for treating biological diseases
that provoke inflammation either alone or in combination with a disease
killing medicine. These include bacteria in combination with antibiotics,
including but not limited to bacteria that cause anthrax, tularemia,
plague, lyme disease and anthrax. Also included are viruses including but
not limited to those that cause RSV, severe acute respiratory syndrome
(SARS), influenza and Ebola with or without anti-viral therapy. Also
included are yeast and fungal infections with or without anti-yeast or
anti-fungal agents. The antibacterial agent, antifungal agent or antiviral
agent can be coadministered (e.g., simultaneously) with the A2A adenosine
receptor agonist or they can be can be administered either simultaneously
or as a mixture or they can be administered subsequently. The subsequent
administration of the A2Aadenosine receptor agonists can be prior to the
agent, within minutes or up to about 48 hours after the administration of
the agent. Preferably the administration of the A2A adenosine receptor
agonists will be within about 24 hours and more preferably within about 12
hours. The method of the invention will also be useful for treating
patients with sepsis, severe sepsis, and potentially, the systemic
inflammatory response syndrome, in addition to septic shock. The A2AAR
agonists exert multiple anti inflammatory effects early in the inflammatory
cascade, and thus a short course of an A2AAR agonists could produce
profound benefit in serious, life-threatening infectious and inflammatory
disorders of humans, including inhalational anthrax, tularemia, escherichia
and plague. The anti-inflammatory effect of A2AAR agonists has been
documented in vivo, in experimental models of meningitis, peritonitis and
arthritis. The potentially fatal syndrome of bacterial sepsis is an
increasingly common problem in acute care units. Sepsis and septic shock,
now the eleventh leading cause of death in the United States, are
increasing in frequency. Current estimates indicate that about 900,000 new
cases of sepsis (approximately 60% Gram negative) occur in the United
States annually with an estimated crude mortality rate of 35%. Furthermore,
the mortality rate, as assessed in recent clinical trials, is approximately
25%, while approximately 10 % of patients die from their underlying
disease. Shock develops in approximately 200,000 cases annually with an
attributable mortality rate of 46 % (92,000 deaths). Sepsis accounts for an
estimated $ 5-10 billion annually in health care expenditures. It is now
widely appreciated that among hospitalized patients in non-coronary
intensive care units, sepsis is the most common cause of death. Sepsis
syndrome is a public-health problem of major importance. A2AAR agonists are
anticipated to have use as a new and unique adjunctive therapeutic approach
to reduce morbidity and mortality. It is believed that this treatment will
improve the outcome in systemic anthrax, tularemia, escherichia and plague.
The agonists OfA2A adenosine receptors of the invention can inhibit
neutrophil, macrophage and T cell activation and thereby reduce
inflammation caused by bacterial and viral infections. The compounds, in
conjunction withantibiotics or antiviral agents can prevent or reduce
mortality caused by sepsis or hemolytic uremic syndrome or other
inflammatory conditions. The effects of adenosine A2A agonists are enhanced
by type IV phosphodiesterase inhibitors such as rolipram. The invention
also provides a pharmaceutical composition comprising an effective amount
of the compound of formula (I), or a pharmaceutically acceptable salt
thereof , in combination with a pharmaceutically acceptable diluent or
carrier. Preferably, the composition is presented as a unit dosage form,
and can be adapted for parenteral, e.g., intravenous infusion. The
invention also provides a compound of formula I for use in medical therapy
(e.g., for use as an adjunct in the treatment of potentially lethal
bacterial infections, such as, anthrax, tularemia, Escherichia, plague, or
other 



bacterial or viral infections, and treatment of systemic intoxification
caused by bacterial and/or viral infections, as well as the use of a
compound of formula I for the manufacture of a medicament for reducing
inflammation caused by the bacteria or virus or the treatment thereof in a
mammal, such as a human. The compounds of the invention are also useful for
treatment of treating systemic intoxification wherein the bacterial or
viral agents cause inflammation either directly or as a result of
treatment, e.g., with an antibiotic or antiviral agent. Sepsis is a severe
illness caused by overwhelming infection of the bloodstream by
toxin-producing bacteria or viruses. The infection, which can manifest as
inflammation, can be caused by the bacteria or virus pathogens directly or
from the treatment thereof, i.e., the death of the pathogens due to
treatment with antibacterial or antiviral agents. Sepsis can be also be
viewed as the body's response to an infection. The infection can be caused
by micro organisms or "germs" (usually bacteria) invade the body, can be
limited to a particular body region (e.g., a tooth abscess) or can be
widespread in the bloodstream (often referred to as "septicemia" or "blood
poisoning") The systemic intoxification or inflammatory shock is often
referred to as Septic shock; Bacteremic shock; Endotoxic shock; Septicemic
shock; or Warm shock.Septic shock is a serious, abnormal condition that
occurs when an overwhelming infection leads to low blood pressure and low
blood flow. Vital organs, such as the brain, heart, kidneys, and liver may
not function properly or may fail. Septic shock occurs most often in the
very old and the very young. It also occurs in people with underlying
illnesses. Any bacterial organism can cause septic shock. Fungi and viruses
may also cause this condition. Toxins released by the bacteria, fungi or
viruses may cause direct tissue damage, and may lead to low blood pressure
and/or poor organ function. These toxins can also produce a vigorous
inflammatory response from the body, which contributes to septic shock. In
another aspect, the present invention also provides a method to treat
severe acute respiratory syndrome (SARS), comprising administering to a
mammal in need of said therapy, an effective anti-inflammatory amount of an
agonists of A A adenosine receptor, optionally with a PDE-IV inhibitor,
such as, rolipram. The present invention provides compounds and methods of
their use for detecting the presence of, and assessing the severity of,
coronary artery stenoses in a mammal, such as a human or domestic animal.
Preferably, the compounds of the invention are used as pharmacological
stress-inducing agents or stressors that are useful in pharmacological
stress imaging for the detection and assessment of coronary artery disease.
The specific compounds of the invention useful as stress-inducing agents
are potent and selective at A2A adenosine receptors, but are also
short-acting, so that they are rapidly cleared by the body following the
imaging process. Thus, the present invention provides a method for
detecting the presence and severity of coronary artery stenoses in a
mammal, such as a human subject, comprising (1) administering an amount of
one or more compounds of the general formula (I) and (2) performing a
technique on said mammal to detect and/or determine the severity of said
coronary artery stenoses. The invention provides a compound of formula (I)
for use in medical diagnostic procedures, preferably for use in detecting
the presence of, and assessing the severity of, coronary artery stenoses in
a human subject. Thepresent invention provides the use of a compound of
formula (I) for the manufacture of a pharmacologic vasodilator agent which
could be used with clinical perfusion imaging techniques for diagnosing and
assessing the extent of coronary artery disease. Preferred perfusion
imaging techniques are planar or single photon emission computed tomography
(SPECT) gamma camera scintigraphy, positron emission tomography (PET),
nuclear magnetic resonance (NMR) imaging, magnetic resonance inaging (MRI)
imaging, perfusion contrast echocardiography, digital subtraction
angiography (DSA) and ultrafast X-ray computed tomography (CINE CT). The
invention also provides a pharmaceutical composition comprising an
effective amount of the compound of formula (I), or a pharmaceutically
acceptable salt thereof, in combination with a pharmaceutically acceptable
diluent or carrier. Preferably, the composition is presented as a unit
dosage form, and can be adapted for parenteral, e.g., intravenous infusion.
Brief Description of the Figures Figure 1 is an illustration of the
duration of action OfA2A agonists by monitoring the reduction of blood
pressure in rats after administration of compounds of the present invention
compared with other A2A agonists. 



Figure 2 is an illustration of the duration of action OfA2A agonists by
monitoring the reduction of blood pressure in rats after administration of
compounds of the present invention orally compared with other A A agonists.
Detailed Description of the Invention The following definitions are used,
unless otherwise described. Halo is fluoro, chloro, bromo, or iodo. Alkyl,
alkoxy, aralkyl, alkylaryl, etc. denote both straight and branched alkyl
groups; but reference to an individual radical such as "propyl" embraces
only the straight chain radical, a branched chain isomer such as
"isopropyl" being specifically referred to. Aryl includes a phenyl radical
or an ortho-fused bicyclic carbocyclic radical having about nine to ten
ring atoms in which at least one ring is aromatic. Heteroaryl encompasses a
radical attachedvia a ring carbon of a monocyclic aromatic ring containing
five or six ring atoms consisting of carbon and one to four heteroatoms
each selected from the group consisting of non-peroxide oxygen, sulfur, and
N(X) wherein X is absent or is H, O, (Ci-C4)alkyl, phenyl or benzyl, as
well as a radical of an ortho-fused bicyclic heterocycle of about eight to
ten ring atoms derived therefrom, particularly a benz-derivative or one
derived by fusing a propylene, trimethylene, or tetramethylene diradical
thereto. It will be appreciated by those skilled in the art that the
compounds of formula (I) have more than one chiral center and may be
isolated in optically active and racemic forms. Preferably, the riboside
moiety of formula (I) is derived from D-ribose. Some compounds may exhibit
polymorphism. It is to be understood that the present invention encompasses
any racemic, optically-active, polymorphic, or stereoisomeric form, or
mixtures thereof, of a compound of the invention, which possess the useful
properties described herein, it being well known in the art how to prepare
optically active forms (for example, by resolution of the racemic form by
recrystallization techniques, or enzymatic techniques, by synthesis from
optically-active starting materials, by chiral synthesis, or by
chromatographic separation using a chiral stationary phase) and how to
determine adenosine agonist activity using the tests described herein, or
using other similar tests which are well known in the art. Among the
inflammatory responses that can be treated (including treated
prophylactically) with a compound of formula I, optionally with a Type IV
PDE inhibitor, are inflammation due to: (a) autoimmune stimulation
(autoimmune diseases), such as lupus erythematosus, multiple sclerosis,
infertility from endometriosis, type I diabetes mellitus including the
destruction of pancreatic islets leading to diabetes and the inflammatory
consequences of diabetes, including leg ulcers, Crohn's disease, ulcerative
colitis, inflammatory bowel disease, osteoporosis and rheumatoid arthritis;
(b) allergic diseases such as asthma, hay fever, rhinitis, poison ivy,
vernal conjunctivitis and other eosinophil-mediated conditions;(c) skin
diseases such as psoriasis, contact dermatitis, eczema, infectious skin
ulcers, healing of open wounds, cellulitis; (d) infectious diseases
including sepsis, septic shock, encephalitis, infectious arthritis,
endotoxic shock, gram negative shock, Jarisch-Herxheimer reaction, anthrax,
plague, tularemia, ebola, shingles, toxic shock, cerebral malaria,
bacterial meningitis, acute respiratory distress syndrome (ARDS), chronic
obstructive pulmonary disease (COPD), lyme disease, HIV infection,
(TNFa-enhanced HIV replication, TNFainhibition of reverse transcriptase
inhibitor activity); (e) wasting diseases: cachexia secondary to cancer and
HIV; (f) organ, tissue or cell transplantation (e.g., bone marrow, cornea,
kidney, lung, liver, heart, skin, pancreatic islets) including transplant
rejection, and graft versus host disease; (g) adverse effects from drug
therapy, including adverse effects from amphotericin B treatment, adverse
effects from immunosuppressive therapy, e.g., interleukin-2 treatment,
adverse effects from OKT3 treatment, contrast dyes, antibiotics, adverse
effects from GM-CSF treatment, adverse effects of cyclosporine treatment,
and adverse effects of aminoglycoside treatment, stomatitis and mucositis
due to immunosuppression; (h) cardiovascular conditions including
circulatory diseases induced or exasperated by an inflammatory response,
such as ischemia, atherosclerosis, peripheral vascular disease, restenosis
following angioplasty, inflammatory aortic aneurysm, vasculitis, stroke,
spinal cord injury, congestive heart failure, hemorrhagic shock,
ischemia/reperfusion injury, vasospasm following subarachnoid hemorrhage,
vasospasm following cerebrovascular accident, pleuritis, pericarditis, and
the cardiovascular complications of diabetes; (i) dialysis, including
pericarditis, due to peritoneal dialysis; 



(j) gout; and (k) chemical or thermal trauma due to burns, acid, alkali and
the like. Of particular interest and efficacy is the use of the present
compounds to limit inflammatory responses where the ischemia/reperfusion
injury is causedby angioplasty or throbolysis. Also of particular interest
and efficacy is the use of the present compounds to limit inflammatory
responses due to organ, tissue or cell transplantation, i.e., the
transplantation of allogeneic or xenogeneic tissue into a mammalian
recipient, autoimmune diseases and inflammatory conditions due to
circulatory pathologies and the treatment thereof, including angioplasty,
stent placement, shunt placement or grafting. Unexpectedly, it was found
that administration of one or more compounds of formula (I) was effective
after the onset of the inflammatory response, e.g., after the subject was
afflicted with the pathology or trauma that initiates the inflammatory
response. Tissue or cells comprising ligand bound receptor sites can be
used to measure the selectively of test compounds for specific receptor
subtypes, the amount of bioactive compound in blood or other physiological
fluids, or can be used as a tool to identify potential therapeutic agents
for the treatment of diseases or conditions associated with receptor site
activation, by contacting said agents with said ligand-receptor complexes,
and measuring the extent of displacement of the ligand and/or binding of
the agent, or the cellular response to said agent (e.g., cAMP
accumulation). Specific and preferred values listed below for radicals,
substituents, and ranges, are for illustration only; they do not exclude
other defined values or other values within defined ranges for the radicals
and substituents. Specifically, (CrCs)alkyl can be methyl, ethyl, propyl,
isopropyl, butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, hexyl, heptyl,
octyl and the like. As used herein, the term "(CrCs)alkoxy" can be methoxy,
ethoxy, propoxy, isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy,
3-pentoxy, hexyloxy, 1-methylhexyloxy, heptyloxy and the like. As used
herein, the term "cycloalkyl" can be bicycloalkyl (norbornyl,
2.2.2-bicyclooctyl, etc.) and tricycloalkyl (adamantyl, etc.), optionally
including 1-2 N, O or S. Cycloalkyl also encompasses (cycloalkyl)alkyl.
Thus, (C3- C6)cycloalkyl can be cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like. Specifically, (C -C^bicycloalkyl includes
norbornyl, 2.2.2-bicyclooctyl and the like.As used herein, the term
"(Ci-Cg)alkoxy" can be methoxy, ethoxy, propoxy, isopropoxy, butoxy,
iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, hexyloxy; and the like. As used
herein, the term "(C2-C6)alkenyl" can be vinyl, allyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl,
3-pentenyl, 4-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl,
5-hexenyl, and the like As used herein, the term "(C2-C6)alkynyl" can be
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl,
1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl,
3-hexynyl, 4-hexynyl, 5-hexynyl, and the like. As used herein, the term "(C
1-Cg)alkanoyl" can be acetyl, propanoyl, butanoyl, and the like. As used
herein, the term "halo(C 1-C8)alkyl" can be iodomethyl, bromomethyl,
chloromethyl, fluoromethyl, trifluoromethyl, 2-chloroethyl, 2-fluoroethyl,
2,2,2-trifluoroethyl, pentafluoroethyl, and the like. As used herein, the
term "hydroxy(Ci-C 6)alkyl" can be hydroxymethyl, 1-hydroxyethyl,
2-hydroxyethyl, 1-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl,
1-hydroxybutyl, 4-hydroxybutyl, 1-hydroxypentyl, 5-hydroxypentyl,
1-hydroxyhexyl, 6-hydroxyhexyl, and the like. As used herein, the term
"(C1-C8)alkylthio" can be methylthio, ethylthio, propylthio, isopropylthio,
butylthio, isobutylthio, pentylthio, hexylthio, and the like. As used
herein, the term " aryl includes phenyl, indenyl, indanyl, naphthyl, and
the like. In addition, aryl includes ortho-fused bicyclic carbocyclic
radicals having about nine to ten ring atoms in which at least one ring is
aromatic. The term "aryl" can include radicals of an ortho-fused bicyclic
heterocycle of about eight to ten ring atoms derived therefrom,
particularly a benz-derivative or one derived by fusing a propylene,
trimethylene, or tetramethylene diradical thereto.As used herein, the term
"heteroaryl" can be a monocyclic aromatic ring containing five or six ring
atoms consisting of carbon and 1, 2, 3, or 4 heteroatoms each selected from
the group consisting of non-peroxide oxygen, sulfur, and N(Y) where Y is
absent or is H, O, (Ci-Cg)alkyl, phenyl or benzyl. 



Non-limiting examples of heteroaryl groups include furyl, imidazolyl,
triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl,
pyrazolyl, pyrrolyl, pyrazinyl, tetrazolyl, pyridyl, (or its N-oxide),
thienyl, pyrimidinyl (or its N-oxide), indolyl, isoquinolyl (or its
N-oxide), quinolyl (or its N-oxide) and the like. The term "heteroaryl" can
include radicals of an ortho-fused bicyclic heterocycle of about eight to
ten ring atoms derived therefrom, particularly a benz-derivative or one
derived by fusing a propylene, trimethylene, or tetramethylene diradical
thereto. Examples of heteroaryl can be furyl, imidazolyl, triazolyl,
triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl, pyraxolyl, pyrrolyl,
pyrazinyl, tetrazolyl, pyridyl (or its N-oxide), thientyl, pyrimidinyl (or
its N-oxide), indolyl, isoquinolyl (or its N-oxide), quinolyl (or its
N-oxide), and the like. As used herein, the --' symbol in the heterocyclic
X ring denotes that the ring can have one or two double bonds and may be
aromatic. Non-limiting examples of X rings include:and the like. The term
"heterocycle" generally represents a non aromatic heterocyclic group,
having from 3 to about 10 ring atoms, which can be saturated or partially
unsaturated, containing at least one heteroatom {e.g. , 1, 2, or 3)
selected from the group consisting of oxygen, nitrogen, and sulfur.
Specific, "heterocycle" groups include monocyclic, bicyclic, or tricyclic
groups containing one or more heteroatoms selected from the group
consisting of oxygen, nitrogen, and sulfur. A "heterocycle" group also can
include one or more oxo groups (=0) attached to a ring atom. Non-limiting
examples of heterocycle groups include 1,3-dioxolane, 1,4-dioxane,
1,4-dithiane, 2H-pyran, 2-pyrazoline, 4H-pyran, chromanyl, imidazolidinyl,
imidazolinyl, indolinyl, isochromanyl, isoindolinyl, morpholine,
piperazinyl, piperidine, piperidyl, pyrazolidine, pyrazolidinyl,
pyrazolinyl, pyrrolidine, pyrroline, quinuelidine, thiomorpholine, and the
like.The term "alkylene" refers to a divalent straight or branched
hydrocarbon chain (e.g. ethylene -CH -CH2-). The term "aryl(Ci-C
8)alkylene" for example includes benzyl, phenethyl, naphthylmethyl and the
like. The carbon atom content of various hydrocarbon-containing moieties is
indicated by a prefix designating the minimum and maximum number of carbon
atoms in the moiety, i.e., the prefix Cj-Cj indicates a moiety of the
integer "i" to the integer "j" carbon atoms, inclusive. Thus, for example,
(CrC 8)alkyl refers to alkyl of one to eight carbon atoms, inclusive. The
compounds of the present invention are generally named according to the
IUPAC or CAS nomenclature system. Abbreviations which are well known to one
of ordinary skill in the art may be used (e.g., "Ph" for phenyl, "Me" for
methyl, "Et" for ethyl, "h" for hour or hours and "rt" for room
temperature). A specific value for R1 is hydrogen, -OH, halo, -CH2OH, -OMe,
-OAc, -NH2, -NHMe, -NMe2 or -NHAc. Another specific value for R1 is
hydrogen, -OH, -F, -OMe, -OAc, -NH2, -NHMe, -NMe2 or -NHAc. Another
specific value for R1 is hydrogen, -OH, -F, -OMe, or -NH . Another specific
value for R1 is hydrogen, -OH, -F, or -NH . A more specific value for R1 is
hydrogen or -OH. A specific value for R2 is hydrogen, halo, or
(C1-Cg)alkyl, cyclopropyl, cyclohexyl or benzyl. Another specific value for
R2 is hydrogen, -F, methyl, ethyl or propyl. Another specific value for R
is hydrogen or methyl. A more specific value for R2 is hydrogen. A specific
value for R1, R2 and the carbon atom to which they are attached is carbonyl
(C=O).A specific value for R3 is hydrogen, OH, OMe, OAc, NH2, NHMe, NMe2
OrNHAc. Another specific value for R3 is hydrogen, OH, OMe, or NH2. Another
specific value for R3 is hydrogen, OH, or NH . A more specific value for R3
is hydrogen or OH. A specific value for the ring comprising R4, R5 and the
atom to which they are connected is cyclopentane, cyclohexane, piperidine,
dihydro-pyridine, tetrahydro-pyridine, pyridine, piperazine, decaline,
tetrahydro-pyrazine, dihydro-pyrazine, pyrazine, dihydro-pyrimidine,
tetrahydro-pyrimidine, hexahydro-pyrimidine, pyrazine, imidazole,
dihydro-imidazole, imidazolidine, pyrazole, dihydro-pyrazole, and.
pyrazolidine. A more specific value for the ring comprising R4 and R5 and
the atom to which they are connected is, cyclohexane, piperidine or
piperazine. 



A specific value for R6 is (C1-C8)alkyl, substituted (C1-Cg)alkyl, halo,
-0R a, -CO2Ra, -OCO2R , -C(=0)R a, -0C(=0)R a, -NRaRb, -C(=0)NR aRb,
-0C(=0)NR aRb, or aryl. Another specific value for R6 is (CrC 4)alkyl,
chloro, fluoro, phenyl, -0R a, -CH2OR , -CO2R , -CH2CO2R , -OCO2R3,
-CH2OCO2R , -C(=0)R a, -CH2C(=0)R a, -0C(=0)R a, -CH20C(=0)R a, -NRaRb,
-CH2NRaRb, -C(=0)NR aRb, -CH2C(=0)NR aRb, -OC(=O)NRaRb, or -CH2OC(=O)NRaRb.
Another specific value for R6 is OH, OMe, methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, isobutyl, tert-butyl, -CH OH, phenyl, -OAc, -CH2OAc,
-CO2H, -CO2Me, -CO2Et, -C0 2i-Pr, -C0 2i-Bu, -C0 2t-Bu, -OCO2Me, -OCO2Et,
-C(=0)CH 3, -CONH2, -CONHMe, -CONMe2, -CONMeEt, -NH2, -NHMe, -NMe2, -NHEt,
-N(Et)2, or -CH2N(CH3)2. Another specific value for R6 is OH, OMe, methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, -CH2OH,
phenyl, -OAc, -CH2OAc, -CO2Me, -CO2Et, -C0 2i-Pr, -CO2I-Bu, -C0 2t-Bu,
-OCO2Me, -OCO2Et, -CONMe2, -CONMeEt.A specific number of R6 groups
substituted on the Z ring is an integer from 1 to about 4. A specific value
for Ra is hydrogen, methyl, ethyl, propyl, isopropyl, nbutyl, sec-butyl,
isobutyl, tert-butyl, phenyl or benzyl. A specific value for Rb is
hydrogen, methyl, ethyl, propyl, isopropyl, nbutyl, sec-butyl, isobutyl,
tert-butyl, phenyl or benzyl. Another specific value for Ra is hydrogen,
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, or
tert-butyl and Rb is hydrogen, or methyl. Another specific value for Ra and
Rb together with the nitrogen to which they are attached, form a
pyrrolidino, piperidino, morpholino, or thiomorpholino ring. Another
specific value for Ra and Rb together with the nitrogen to which they are
attached, form a pyrrolidino, piperidino, or morpholino, ring. A specific
value for R7 is hydrogen, (CrC 4)alkyl, aryl, aryl(C1-C8)alkylene,
diary^Q-C^alkylene, heteroaryl(CrC 8)alkylene, or diheteroaryl(C
1-C8)alkylene. Another specific value for R7 is hydrogen, methyl, ethyl,
3-pentyl, phenylCH2CH2-, (phenyl)2CHCH2-, pyridylCH2-, benzyl, or Another
specific value for R7 is hydrogen, 3-pentyl, pyridylmethyl, or benzyl. A
specific value for -N(R7)2 is amino, methylamino, dimethylamino,
ethylamino, diethylamino, pentylamino, diphenylethylamino, benzylamino, or
(pyridylmethylamino).A specific pyridylmethylamino Group is A more specific
value for R7 is H. Another specific value for N(R7)2 is amino (NH2),
3-pentylamino, diphenylethylamino, pyridylmethylamino, benzylamino, or a
group having the formula: Another specific value for -N(R7)2 is amino,
diphenylethylamino, pentylamino or benzylamino. A more specific value for
N(R7)2 is amino. A specific value for X is -CH2OR , -CO2R6, -CH2OC(O)R ,
-C(O)NR6R or -CH2N(R6)(Rf). Another specific value for X is -CH2OR or
-C(0)NR eRf. Another specific value for X is Another specific value for X
isAnother specific value for X is A specific value for R8 is methyl, ethyl,
isopropyl, isopropenyl, - CH=CH2, CH2OH, propyl, -CH2-CH=CH2, -CH=CH-CH3,
cyclopropyl, cyclopropenyl, cyclopropylmethyl, cyclopropenylmethyl,
cyclobutyl, cyclobutenyl, -(CH2)Y(CH2)nH, -(CH2)nCOOCH3, -(CH2)nCO(CH2)nH,
where Y is O, S, N(CH2)n. Another specific value for R8 is (Cj-C3)alkyl,
CH2OH, cyclopropyl, cyclobutyl, cyclopropylmethyl, -(CH2 CO2CH3,
-(CH2)2-3OH, -(CH2)2halogen. A more specific value for R is methyl, ethyl,
propyl, 2-propenyl, cyclopropyl, cyclobutyl, cyclopropylmethyl,
-(CHa)2CO2CH , -(CH2)2-3OH A more specific value for R8 is methyl, ethyl,
cyclopropyl. A specific value for Re is cyclopropyl, or cyclobutyl. A
specific value for Re is cyclopropyl. A specific value for Re is
cyclobutyl. A specific value for Rf is hydrogen, or (Ci-Cg)alkyl. Another
specific value for Rf is hydrogen, methyl, ethyl, or propyl. Another
specific value for Rf is hydrogen, or methyl. 



Another specific value for Rf is hydrogen. A specific value for i is 1.
Another specific value for i is 2. A specific value for j is 1. Another
specific value for j is 2.A specific value for m is 0, 1, or 2. A more
specific value for m is 0, or 1. Specific examples of rings comprising R4,
R5 and the atom to which they are connected include: where q is from 1 to
14 and Rd is hydrogen, provided that when q is zero then Rd is not
hydrogen. More specific examples of rings comprising R4, R5 and the atom to
which they are connected include: A specific value for the ring comprising
-C(R 3)R4R5 is 2-methyl cyclohexane, 2,2-dimethylcyclohexane,
2-phenylcyclohexane, 2-ethylcyclohexane, 2,2-diethylcyclohexane,
2-tert-butyl cyclohexane, 3-methyl cyclohexane, 3,3-dimethylcyclohexane,
4-methyl cyclohexane,4-ethylcyclohexane, 4-phenyl cyclohexane, 4-tert-butyl
cyclohexane, 4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2,4-dimethyl cyclopentane.
4-cyclohexanecarboxyic acid, 4-cyclohexanecarboxyic acid esters, or
4-methyloxyalkanoyl-cyclohexane. A specific value for the ring comprising
-C(R 3)R4R5 is 4-piperidine, 4-piperidene-l-carboxylic acid, 4-piperidine-
1-carboxylic acid methyl ester, 4-piperidine- 1-carboxylic acid ethyl
ester, 4-piperidine- 1-carboxylic acid propyl ester, 4-piperidine-
1-carboxylic acid tert-butyl ester, 1-piperidine, l-piperidine-4-carboxylic
acid methyl ester, l-piperidine-4-carboxylic acid ethyl ester,
l-piperidine-4-carboxylic acid propyl ester, l-piperidine-4-caboxylic acid
tert-butyl ester, l-piperidine-4-carboxylic acid methyl ester,
3-piperidine, 3-piperidene- 1-carboxylic acid, 3-piperidine- 1-carboxylic
acid methyl ester, 3-piperidine- 1-carboxylic acid tert-butyl ester,
1,4-piperazine, 4-piperazine- 1-carboxylic acid, 4-riperazine- 1-carboxylic
acid methyl ester, 4-piperazine-1-carboxylic acid ethyl ester,
4-piperazine- 1-carboxylic acid propyl ester, 4-piperazine- 1-carboxylic
acid tert-butylester, 1,3-piperazine, 3-piperazine- 1-carboxylic acid,
3-piperazine- 1-carboxylic acid methyl ester, 3-piperazine-1-carboxylic
acid ethyl ester, 3-piperazine- 1-carboxylic acid propyl ester,
3-piperidine- 1-carboxylic acid tert-butylester, l-piperidine-3 -carboxylic
acid methyl ester, l-piperidine-3-carboxylic acid ethyl ester,
l-piperidine-3-carboxylic acid propyl ester or l-piperidine-3-caboxylic
acid tertbutyl ester. A specific value for the ring comprising R4 and R5 is
2-methyl cyclohexane, 2,2-dimethylcyclohexane, 2-phenyl cyclohexane,
2-ethylcyclohexane, 2,2-diethylcyclohexane, 2-tert-butyl cyclohexane,
3-methyl cyclohexane, 3,3-dimethylcyclohexane, 4-methyl cyclohexane,
4-ethylcyclohexane, 4-phenyl cyclohexane, 4-tert-butyl cyclohexane,
4-carboxymethyl cyclohexane, 4-carboxyethyl cyclohexane,
3,3,5,5-tetramethyl cyclohexane, 2,4-dimethyl cyclopentane, 4-piperidine-
1-carboxylic acid methyl ester, 4-piperidine- 1-carboxylic acid tert-butyl
ester 4-piperidine, 4-piperazine- 1-carboxylic acid methyl ester,
4-piperidine- 1-carboxylic acid tertbutylester, l-piperidine-4-carboxylic
acid methyl ester, l-piperidine-4-caboxylicacid tert-butyl ester,
tert-butylester, l -riperidine-4-carboxylic acid methyl ester, or
l-piperidine-4-caboxylic acid tert-butyl ester, 3-piperidine-l-carboxylic
acid methyl ester, 3-piperidine-l-carboxylic acid tert-butyl ester,
3-piperidine, 3-piperazine-l-carboxylic acid methyl ester,
3-piperidine-l-carboxylic acid tertbutylester, l-piperidine-3-carboxylic
acid methyl ester, l-piperidine-3-caboxylic acid tert-butyl ester. Specific
compounds of the invention include formula (IA) In formuila (IA) n is O, 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18. In another
group of specific compounds n is, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, or 18. Specific compounds of the invention include formula (IB) In
formuila (IB) k is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, or 18. Specific compounds of the invention include formula (IC)In
formuila (IC) 1is O, 1, 2, 3, or 4. Other specific compounds of the
invention include Additional compounds of the invention are depicted in
Table 1, below:Table 1 Table 2METHOD OF PREPARING ESTER-SUBSTITUTED DlARYL
CARBONATES Cross-Reference to Related Applications: This application claims
the benefit of US provisional application 60/598,336 filed on August 2,
2004, which is incorporated herein by reference in its entirety. Background
of the Invention: 



This invention relates to a method of making ester-substituted diaryl
carbonates. Ester-substituted diaryl carbonates such as bis-methyl salicyl
carbonate (BMSC) have proven to be useful starting materials in the
preparation of polycarbonates via the melt reaction of a diaryl carbonate
with aromatic dihydroxy compounds. See for example, U.S. Pat. No. 4,323,668
in which rates of polymerization of bis-methyl salicyl carbonate with
bisphenol A were shown to be higher than the corresponding rates of
polymerization of bisphenol A with an unsubstituted diaryl carbonate,
diphenyl carbonate. Notwithstanding the simplicity of its structure there
are few reported preparations of ester-substituted diaryl carbonates. A
classical preparation of diaryl carbonates involves the reaction of a
hydroxy aromatic compound such as phenol with phosgene gas in a two phase
reaction system comprising water of formulation, an acid acceptor such as
sodium hydroxide and a solvent such as methylene chloride or chloroform.
Typical interfacial conditions used to prepare diphenyl carbonate (DPC)
utilize water, also known as water of formulation, and methylene chloride
phases, sodium hydroxide as a pH control measure and triethylamine as a
catalyst. Under such conditions it is possible to convert phenol to DPC in
essentially quantitative yield. However, application of these same
conditions to ester-substituted phenols such as methyl salicylate results
in only modest conversion of this ester-substituted phenol to the
corresponding diaryl carbonate. Even the use of as much as 20 percent
excess phosgene does not result in conversion of more than 70 % to 75 % of
methyl salicylate to the bis methyl salicyl carbonate.It would be
desirable, therefore, to discover means for the efficient preparation of
ester-substituted diaryl carbonates generally, and in particular it would
be desirable to discover a highly efficient means of preparing bis-methyl
salicyl carbonate from methyl salicylate and phosgene. Summary of the
Invention: Applicants have discovered a superior process for the production
of ester-substituted diaryl carbonates. The present invention provides a
method of preparing an estersubstituted diaryl carbonate, wherein one
embodiment the method comprises the steps of: (a) forming a reaction
mixture comprising phosgene, an ester-substituted phenol, an organic
solvent, and a catalyst selected from the group consisting of a tertiary
amine catalyst and a phase transfer catalyst, said reaction mixture having
an organic phase and an aqueous phase, wherein said aqueous phase has a
brine strength, (b) allowing the reaction mixture to react wherein during
the reaction, (i) the aqueous phase has a pH, and the pH is adjusted, if
necessary, by the addition of an alkali metal hydroxide solution in amounts
such that the pH is greater than or equal to 9.0 during at least some
portion of the reaction, and (ii) the brine strength of the aqueous phase
is adjusted, if necessary, by varying the concentration of the alkali metal
hydroxide solution being added to maintain the pH such that the brine
strength is between 15 % and a saturated brine solution during at least
some portion of the reaction, thereby forming an ester-substituted diaryl
carbonate, wherein the reaction mixture is formed with less than 15 % water
of formulation, and wherein the brine strength is maintained at or above 15
% and the pH is maintained at or above 9 for a sufficient portion of the
process that the estersubstituted diaryl carbonate is formed with a
conversion of at least 90 % and a selectivity of at least 98 %.The present
invention is an improvement over the prior art. It has been found that the
process of the present invention allows for high conversion and selectivity
with the use of a near 1:2 molar ratio of phosgene to ester-substituted
phenol. The present invention provides a novel process of reacting phosgene
and ester-substituted phenol in a high pH brine environment that is
substantially free of water of formulation. By reducing and even
eliminating the water of formulation that is typically used in such a
process and introducing a high pH brine solution to the reaction mixture,
the amount of phosgene required is minimized while maximizing conversion
and selectivity of the ester-substituted phenol to the product
ester-substituted diaryl carbonate. Brief Description of the Drawing Figure
1: Shows the results of examples 12-14 run at a pH value of 8 ' Figure 2 :
Shows the results of examples 15-17 ran at a pH value of 9 Figure 3: Shows
the results of examples 18-20 ran at a pH value of 10 Figure 4: Shows the
effect of water of formulation on conversion Figure 5: Shows the effect of
water of formulation on selectivity Detailed Description of the Invention
The present invention may be understood more readily by reference to the
following detailed description of preferred embodiments of the invention
and the examples included therein. In the specification and the claims
which follow, reference will be made to a number of terms which shall be
defined to have the following meanings: 



The singular forms "a", "an", and "the" include plural referents unless the
context clearly dictates otherwise. "Optional" or "optionally" means that
the subsequently described event or circumstance may or may not occur, and
that the description includes instances where the event occurs and
instances where it does not."Polycarbonate" refers to polycarbonates
incorporating repeat units derived from at least one dihydroxy aromatic
compound and includes copolyestercarbonates, for example a polycarbonate
comprising repeat units derived from resorcinol, bisphenol A, and
dodecandioic acid. Nothing in the description and claims of this
application should be taken as limiting the polycarbonate to only one
dihydroxy residue unless the context is expressly limiting. Thus, the
application encompasses copolycarbonates with residues of 2, 3, 4, or more
types of dihydroxy compounds. "Selectivity" refers to the amount of
ester-substituted phenol that is converted to product ester-substituted
diaryl carbonate rather than to undesired byproducts. It is calculated as
(mole ester-substituted phenol converted to mole ester-substituted diaryl
carbonate / total mole of ester-substituted phenol consumed). "Conversion"
refers to the total amount of ester-substituted diaryl carbonate formed
from the raw material ester-substituted phenol. It is calculated as (weight
estersubstituted diaryl carbonate / (weight ester-substituted diaryl
carbonate + weight ester-substituted phenol + weight by-product)). "Water
of formulation" is also known as free water of formulation and is
calculated in the examples as the weight percent of water based on the
weight percent of methylene chloride in formulation. Water of formulation
does not include water that is added to a reaction mixture as part of an
aqueous sodium hydroxide solution. Numerical values in the specification
and claims of this application reflect average values. Furthermore, the
numerical values should be understood to include numerical values which are
the same when reduced to the same number of significant figures and
numerical values which differ from the stated value by less than the
experimental error of the measurement technique used in the present
application to determine the value. In the present invention it has been
discovered that ester-substituted phenols such as methyl salicylate are
efficiently converted to ester-substituted diaryl carbonates such as
bis-methyl salicyl carbonate under mild reaction temperatures while
maximizing conversion and selectivity while minimizing byproduct formation
and the use ofexcess phosgene. One embodiment of the present invention
provides a method of preparing ester-substituted diaryl carbonates
comprising the steps of: (a) forming a reaction mixture comprising
phosgene, an ester-substituted phenol, an organic solvent, and a catalyst
selected from the group consisting of a tertiary amine catalyst and a phase
transfer catalyst, said reaction mixture having an organic phase and an
aqueous phase, wherein said aqueous phase has a brine strength, (b)
allowing the reaction mixture to react wherein during the reaction, (i) the
aqueous phase has a pH, and the pH is adjusted, if necessary, by the
addition of an alkali metal hydroxide solution in amounts such that the pH
is greater than or equal to 9.0 during at least some portion of the
reaction, and (ii) the brine strength of the aqueous phase is adjusted, if
necessary, by varying the concentration of the alkali metal hydroxide
solution being added to maintain the pH such that the brine strength is
between 15 % and a saturated brine solution during at least some portion of
the reaction, thereby forming an ester-substituted diaryl carbonate,
wherein the reaction mixture is formed with less than 15 % water of
formulation, and wherein the brine strength is maintained at or above 15 %
and the pH is maintained at or above 9 for a sufficient portion of the
process that the estersubstituted diaryl carbonate is fopned with a
conversion of at least 90 % and a selectivity of at least 98 %. The
Ester-Substituted Diaryl Carbonate: In one aspect of the present invention
a method is provided for the preparation of ester-substituted diaryl
carbonates having structure I,wherein R1 is independently at each
occurrence a C1-C alkyl radical, C -C2 cycloalkyl radical, or C4-C20
aromatic radical; R2 is independently at each occurrence a halogen atom,
cyano group, nitro group, C1-C20 alkyl radical, C4-C2 cycloalkyl radical,
C4-C20 aromatic radical, C1-C20 alkoxy radical, C4-C20 cycloalkoxy radical,
C -C20 aryloxy radical, C]-C2Oalkylthio radical, C4-C20 cycloalkylthio
radical, C4-C20 ' arylthio radical, Cf-C20 alkylsulfinyl radical, C4-C20
cycloalkylsulfinyl radical, C -C20 arylsulfinyl radical, C1-C 0
alkylsulfonyl radical, C4-C20 cycloalkylsulfonyl radical, C4-C20
arylsulfonyl radical, C1-C20 alkoxycarbonyl radical, C4-C20
cycloalkoxycarbonyl radical, C4-C20 aryloxycarbonyl radical, C2-C60
alkylamino radical, C6-C 0 cycloalkylamino radical, C5-C60 arylamino
radical, C]-C40 alkylaminocarbonyl radical, C4-C40 cycloalkylaminocarbonyl
radical, C4-C40 arylaminocarbonyl radical, or C -C2 acylamino radical; and
b is independently at each occurrence an integer 0-4. 



Examples of ester-substituted diaryl carbonates which may be prepared using
the method of the present invention include bis-methyl salicyl carbonate
(CAS Registry No. 82091-12-1), bis-ethyl salicyl carbonate, bis-propyl
salicyl carbonate, bis-butyl salicyl carbonate, bis-benzyl salicyl
carbonate, bis-methyl 4-chlorosalicyl carbonate and the like. Typically
bis-methyl salicyl carbonate is preferred for use in melt polycarbonate
synthesis due to its lower molecular weight and higher vapor pressure. The
Ester-Substituted Phenol: The ester-substituted phenol used in accordance
with the present invention is at least one compound selected from among
phenols having structure II,wherein R1 and R2 are defined as in structure I
and b is an integer 0-4. Examples of ester-substituted phenols which may
serve as starting materials for the method of the present invention include
phenyl salicylate, methyl salicylate, ethyl salicylate, propyl salicylate,
butyl salicylate, benzyl salicylate, methyl 4-chloro salicylate and the
like. Typically, methyl salicylate is preferred. Catalysts: It has been
found that a tertiary amine catalyst or a phase transfer catalyst or both
may be used in accordance with the method of this invention. These
catalysts have been found to accelerate the formation of ester-substituted
diaryl carbonate product and to act to minimize the presence of the
intermediate ester-substituted phenyl chloroformate in the product. Phase
Transfer Catalyst: Suitable phase transfer catalysts are widely available
and include quaternary ammonium salts of aliphatic amines, quaternary
ammonium salts of aromatic amines, quaternary phosphonium salts, sulfonium
salts, polyethers and the like. Quaternary ammonium salts of aromatic
amines are illustrated by N-benzyl pyridinium chloride, N-benzyl
4-N',N'-dimethylamino pyridinium chloride and the like. Quaternary ammonium
salts include hexaalkyl guanidinium compounds such as hexaethyl guanidinium
chloride. Quaternary phosphonium salts are illustrated by tetrabutyl
phosphonium acetate and the like. Sulfonium salts are illustrated by
trimethyl sulfonium chloride and the like. Polyethers are illustrated by
polyethylene glycol and crown ethers such as 18-crown-6 and the like.In one
embodiment of the present invention the phase transfer catalyst is a
quaternary ammonium compound having structure III, R4 X R3- N+- R5 R III
wherein R3 - R are independently a C - C2 alkyl radical, C4 - C2 cycloalkyl
radical,' or a C4 - C2o aryl radical, and X is an organic or inorganic
anion. Suitable anions X include hydroxide, halide, carboxylate, sulfonate,
sulfate, carbonate and bicarbonate. Where X , is a polyvalent anion such as
carbonate or sulfate it is understood that the positive and negative
charges in structure III are properly balanced. For example, where R3 - R6
in structure III are each methyl groups and X is carbonate, it is
understood that X" represents !/2(CO3 2) . A non-limiting list of
quaternary ammonium compounds having structure III and which are suitable
for use as phase transfer catalysts according to the method of the present
invention are illustrated by tetramethyl ammonium hydroxide, tetrabutyl
ammonium hydroxide, tetramethyl ammonium acetate, tetramethyl ammonium
formate, tetrabutyl ammonium acetate, methyl tributyl ammonium chloride,
tetramethyl ammonium hydroxide, tetrabutyl ammonium chloride and decyl
trimethyl ammonium chloride. Methyl tributyl ammonium chloride is
frequently preferred. The amount of phase transfer catalyst employed is in
a range between 0.1 and 2 mole percent catalyst, and preferably between
0.25 and 1.0 mole percent catalyst per mole of ester-substituted phenol
employed.TertiaryAmine Catalyst: In another embodiment of the present
invention a tertiary amine is included as a catalyst for the formation of
ester-substituted diaryl carbonates. The tertiary amine used as a catalyst
of the present invention are of formula IV: R7 - N - R9 R8 IV 1 Q wherein
each R , R , and R are independently a C - C18 alkyl group, a C3 - C18
cycloalkyl group, or R7, R8, and R9 together form a C4 - C2 cycloaliphatic
ring which may be substituted by one or more C1 - C20 alkyl, C6 - C20 aryl,
C - C 1 aralkyl, C5 - C20 cycloalkyl groups or a combination thereof. A
non-limiting list of tertiary amines suitable for use as catalysts
according to the method of the present invention are illustrated by
triethylamine, diispropyl ethyl amine, tributyl amine, and
1,4-diazabicyclooctane. Triethylamine is frequently preferred. Typically,
the amount of tertiary amine catalyst used is in a range between 



0.01 mole percent and 1 mole percent. When formulating the reaction mixture
preferably between 0.01 mole percent and 0.09 mole triethylamine is added
based upon the total number of moles of ester-substituted phenol employed
in the reaction mixture.The Process: The method of the present invention
has the unexpected finding that by minimizing and even eliminating water of
formulation and controlling the pH and the brine strength of the reaction
mixture dramatically improves the conversion and selectivity of
ester-substituted phenols to product ester-substituted diaryl carbonates
when the phenols are contacted with phosgene. According to the method of
the present invention an ester-substituted phenol is contacted with
phosgene in an amount equivalent from 0.75 to 1.00, more preferably 0.55 to
1.00, and still more preferably 0.50 to 1.00 moles of phosgene to moles of
ester-substituted phenol. The reaction of the phosgene and the
ester-substituted ' phenol takes place in the presence of an organic
solvent, and a catalyst selected from the group consisting of a tertiary
amine catalyst and a phase transfer catalyst. This contact takes place in
an environment that is preferably substantially free of water of
formulation. It has herein been found that such water of formulation has
the effect of hydrolyzing the phosgene and the intermediate carbonate
wherein such hydrolysis renders a portion of the phosgene unavailable for
activated diaryl carbonate formation. Hence, the more water of formulation
the more phosgene that is required for conversion of the ester-substituted
phenol to the product ester-substituted diaryl carbonate. It has been found
that up to 15 % water of formulation may be present in the reaction mixture
while still achieving 90 % conversion and 98 % selectivity. However,
conversion and selectivity are improved when the reaction mixture contains
less than 10 %, for example less than 5 % water of formulation. It is most
preferable that the reaction mixture comprise no free water of formulation.
It will be appreciated that industrial solvents may contain water and this
is not "water of formulation." Similarly some water may be presented
provided that caustic is added or available for brine formation within a
short period of time (e.g. less than five minutes and preferably less than
one minute) after addition of phosgene commences. In contrast to a reaction
that is free of water of formulation comparative example 1 shows a reaction
wherein water of formulation is present in the reaction mixture andNaOH
addition occurs at a rate of 6.72 g/min over a period of 25 minutes during
the phosgene addition. The result is only 54 % conversion as a result of
substantial hydrolysis during the initial portion of the reaction. (See
Table 1 in the example section). The brine strength and pH of the reaction
mixture are controlled by the addition of an acid scavenger, preferably a
metal hydroxide, and still more preferably an alkali metal hydroxide
solution. Suitable alkali metal hydroxides include sodium hydroxide,
potassium hydroxide, lithium hydroxide, calcium hydroxide, and magnesium
hydroxide. An aqueous solution of sodium hydroxide containing from 5 to 50
percent by weight NaOH is preferred. The pH and brine strength are
typically maintained throughout the reaction of the reaction mixture at
their desired levels. Several methods of measuring and maintaining the
brine strength and pH of the solution may be employed and are not
particularly limited. Typically the pH and brine strength of the reaction
mixture are calculated by a mass balance calculation. In one embodiment of
the present invention, an initial brine charge is introduced to the
reaction mixture, based on this mass balance calculation, that will
maintain the pH and the brine strength at the desired levels throughout the
entire reaction. Alternatively, the pH and brine strength of the reaction
mixture may be controlled by varying the amounts and concentration of the
metal hydroxide which can be added throughout the reaction. The metal
hydroxide may be added as a powder to the reaction mixture, however, it is
preferable that the metal hydroxide is added as a solution. In accordance
with an embodiment of the method of the present invention, the method of
measuring the pH and brine strength of the reaction mixture may be
accomplished by drawing a sample from the reaction mixture via a slip
stream and performing the adequate measurements required and making the
required addition of the metal hydroxide solution. The method of adjusting
the concentration of the metal hydroxide solution added to the reaction
mixture is not particularly limited and may be accomplished by the
following non-limiting examples:(1) having numerous tanks containing
different concentration metal hydroxide solutions and choosing an amount
from any one or combination of tanks to be added to the reaction mixture,
or (2) diluting with water a concentrated metal hydroxide solution in a
sufficient amount to provide the desired concentration and amount of metal
hydroxide solution. In preparing the reaction mixture, the reactants are
added together such that the presence of the phosgene reactant and water
that is not in the form of brine is eliminated or kept to a minimum. Beyond
this requirement, the order of addition is 



not critical. Non-limiting examples of forming the reaction mixture are
illustrated below: (1) combining the reactants of the organic phase
(phosgene, an estersubstituted phenol, an organic solvent and catalyst) and
then starting the reaction by the addition of brine, (2) combining the
ester-substituted phenol, organic solvent, catalyst and brine and then
introducing phosgene, (3) combining the ester-substituted phenol, organic
solvent, brine, and phosgene and then introducing the catalyst, (4)
combining the phosgene, organic solvent, catalyst and brine, and then
introducing ester-substituted phenol, and (5) combining the
ester-substituted phenol, organic solvent, catalyst and then metering in
phosgene and brine to start the reaction. By conducting the formulation in
any of these ways, such that phosgene is not significantly exposed to water
that is not in the form of brine during the initial formation of the
reaction mixture is referred to herein as being a reaction mixture and
process that are "free of water of formulation." "Not significantly
exposed" means that the time of exposure and amount of exposure result in
minimized degradation ofphosgene. Thus, "water of formulation" is distinct
from the use of brine in formulation. According to the method of the
present invention, the brine strength of the reaction mixture is maintained
during at least a portion of the reaction time between 15 % and a saturated
brine solution and more preferably between 20 % and 25 %. The purpose of
controlling the brine strength of the reaction mixture is to maximize the
conversion of the ester-substituted phenol to a salt so as to efficiently
react with the phosgene. It is preferable that the brine strength of the
reaction mixture is maintained at this high concentration for as much of
the reaction as possible. The reaction mixture is maintained during at
least a portion of the reaction time of phosgene and the ester-substituted
phenol at a pH of at least 9.0. (See Figures 1, 2, and 3). The purpose of
controlling the pH at a high pH during the reaction is because the rates of
formation of the product ester-substituted diaryl carbonate drop
dramatically when the pH is below 9.0. Thus it is preferable that the pH of
the reaction mixture is maintained at a pH of at least 9.0 for as much of
the reaction as possible. In one embodiment of the present invention the pH
of the reaction mixture is maintained at between 9.0 and 13.5, and more
preferably between 11 and 13.5. A solvent is added to the reaction mixture.
It is preferable that the solvent is an organic solvent wherein the organic
solvent is a halogenated or non-halogenated solvent. A preferred organic
solvent is methylene chloride while a preferred nonhalogenated solvent is
toluene. The ester-substituted phenol is contacted with the phosgene for a
contact time of sufficient length to allow conversion of the
ester-substituted phenol to the product ester-substituted diaryl carbonate.
It is preferable that the contact time of the phosgene and the
ester-substituted phenol be of sufficient length to convert between 10 %
and 100 % of the ester-substituted phenol to ester-substituted diaryl
carbonate product. It is preferable that the conversion be greater than 90
% and most preferably greater than 99 %. In one embodiment of the present
invention the contact time, to produce greater than 90 % conversion, is in
a range between 5 minutes and 60minutes. In yet another embodiment of the
present invention in which phosgene is added to a solution of the
ester-substituted phenol reaction times are limited by the rate of phosgene
addition. The contact between the ester-substituted phenol and phosgene may
take place at below ambient temperature, ambient temperature or above
ambient temperature. In one embodiment of the present invention
ester-substituted phenol is contacted with phosgene at a temperature of
between 0 EC and 50 EC preferably between 10 EC and 40 EC. The method of
the present invention may at times result in a product mixture comprising
ester-substituted diaryl carbonate and the intermediate ester-substituted
phenyl chloroformate. It has been found that adding a tertiary amine
catalyst to the reaction mixture toward the end of the initial phosgene
addition will force the intermediate ester-substituted phenyl chloroformate
intermediate toward conversion to the product ester-substituted diaryl
carbonate. It has also been found that after this secondary catalyst
addition that an additional phosgene addition will drive the reaction
mixture to over 99 % conversion in a shorter period of time than would be
observed without the secondary addition of catalyst. This late addition of
a tertiary amine catalyst and phosgene is optional and it has been found to
increase the rate of condensation of ester-substituted phenyl chloroformate
to ester-substituted diaryl carbonate. Hence the present invention provides
a method for producing an estersubstituted diaryl carbonate and an
ester-substituted diaryl carbonate formed from the method comprising the
steps of: 



(a) forming a first reaction mixture comprising phosgene, an
ester-substituted phenol, an organic solvent, and a catalyst selected from
the group consisting of a tertiary amine catalyst and a phase transfer
catalyst, said first reaction mixture having an organic phase and an
aqueous phase, wherein the first reaction mixture is formed with less than
15 % water of formulation, (b) forming a second reaction mixture by
allowing the first reaction mixture to react wherein during the
reaction,(i) the aqueous phase has a pH, and the pH is adjusted, if
necessary, by the addition of an alkali metal hydroxide solution in amounts
such that the pH is greater than or equal to 9.0 during at least some
portion of the reaction, and (ii) the aqueous phase has brine strength, and
the brine strength of the aqueous phase is adjusted, if necessary, by
varying the concentration of the alkali metal hydroxide solution being
added to maintain the pH.such that the brine strength is between 15 % an,d
a saturated brine solution during at least-some portion of the reaction, \
(c) adding to the second reaction mixture at least 0.50 mole % of a
tertiary amine catalyst per mole of ester-substituted phenol introduced to
the first reaction ' mixture, (d) allowing the second reaction mixture to
react, wherein the second reaction mixture has an organic phase and an
aqueous phase, wherein said aqueous phase has a pH and a brine strength,
and wherein during the reaction of the second reaction mixture, (i) the pH
of the aqueous phase is adjusted, if necessary, by the addition of an
alkali metal hydroxide solution in amounts such that the pH is greater than
or equal to 9.0 during at least some portion of the reaction to form the
second reaction mixture, and (ii) the brine strength of the aqueous phase
is adjusted, if necessary, by varying the concentration of the alkali metal
hydroxide solution being added to maintain the pH such that the brine
strength is between 15 % and a saturated brine solution during at least
some portion of the reaction of the second reaction mixture, thereby
forming an ester-substituted diaryl carbonate, wherein the brine strengths
of the first and second reaction mixtures are maintained at or above 15 %
and the pHs of the first and second reaction mixture are maintained at or
above 9 for a sufficient portion of the process that the estersubstituted
diaryl carbonate is formed with a conversion of at least 90 % and a
selectivity of at least 98 %. Typically, the amount of ester-substituted
phenyl chloroformate is low, less than 1 mole percent based upon the total
number of moles of ester-substituted phenol employed, but its presence in
the product is undesirable. A small amount of a tertiary amine and an
additional charge of phosgene added toward the end of the phosgenation step
provides an efficient means for converting residual chloroformates to
product. The amount of tertiary amine catalyst used in this secondary
catalyst addition is at least 0.50 mole percent based upon the total number
of moles of ester-substituted phenol employed. It has also been found that
after the secondary addition of catalyst an additional 0.075 mole % of
phosgene, per mole of ester-substituted phenol introduced to the first
reaction mixture, is introduced to the reaction mixture to increase the
rate of formation of ester-substituted diaryl carbonate.As detailed above
the unexpected benefit of the method of the present application is that by
reacting the phosgene and the ester-substituted phenol in an environment
that is substantially free of water of formulation and in the high pH and
brine conditions described herein, a high level of selectivity and
conversion of ester-substituted phenol to the product ester-substituted
diaryl carbonate is achieved. The prior art processes of producing
ester-substituted diaryl carbonates are less desirable than the present
invention in that they have lower levels of convefsion with higher levels
of undesirable by-product formation. One of the major undesirable
by-products of producing ester-substituted diaryl carbonates is the trimer
of the ester-substituted phenol. The trimer is of the formula: The present
invention provides the benefit of minimizing this trimer formation while
maximizing conversion. Preferably the present invention provides a process
wherein the selectivity is greater than 98 % and more preferably greater
than 99 %. The selectivity is calculated as (mole ester-substituted phenol
converted to mole estersubstituted diaryl carbonate / total mole of
ester-substituted phenol consumed).EXAMPLES: Having described the invention
in detail, the following examples are provided. The examples should not be
considered as limiting the scope of the invention, but merely as
illustrative and representative thereof. In reference to the examples the
following calculations were made: "Selectivity" refers to the amount of
ester-substituted phenol that is converted to product ester-substituted
diaryl carbonate rather than to the undesired by products. It is calculated
as (mole ester-substituted phenol converted to mole ester-substituted 



diaryl carbonate / total mole of ester-substituted phenol consumed).
"Conversion" refers to the total amount of product formed from the raw
mater"i al ester-substituted phenol. It is calculated as (weight
ester-substituted diaryl carbonate / (weight ester-substituted diaryl
carbonate + weight ester-substituted phenol + wt by product)). "Water of
formulation" is also known as free water of formulation and is calculated
herein as the weight percent of water based on the weight of
dichloromethane in formulation. EQUIPMENT: A 2-liter glass reactor was
fitted with twin 6-blade impellers, a recirculation loop, a reflux
condenser, and ports for adding COCl2, and NaOH solution. A pH electrode
was mounted in the recirculation loop. Example 1 (Comparative) The reactor
was charged with 500 ml of methylene chloride, 350 ml of water, methyl
salicylate (213 g, 1.40 moles), and triethylamine (1.42 g, 0.014 moles).
Phosgene (83.1 g, 0.84 moles) was added at a rate of 2.77 g/min for 30
minutes, and 50 % sodium hydroxide was added at 6.72 g/min until phosgene
total was 70 g, then raising the rate to 8.96 g/min for the remainder of
reaction. A total of 209g sodium hydroxide solution was used.Example 2
(Comparative) The reactor was charged with 500 mL of methylene chloride,
278 rnL of water, methyl salicylate (213 g, 1.40 moles), and triethylamine
(1.42 g, 0.014 moles). Phosgene (103.9 g , 1.05 moles) was added at a rate
of 3.46 g/min for 30 min. 50 % sodium hydroxide was added at a rate
sufficient to maintain a pH of about 12 during the reaction; a total of
218g of sodium hydroxide solution was used. Example 3 (Invention) The
reactor was charged with 500 ml of methylene chloride, methyl salicylate
(213 g, 1.40 moles), and triethylamine (1.42 g, 0.014 moles). No water was
used in this formulation. Phosgene (103.9 g, 1.05 moles) was added at a
rate of 3.46 g/min for 30 min. 22 % sodium hydroxide was added at a rate
sufficient to maintain a pH of about 12 during the reaction; a total of
469g of sodium hydroxide solution was used. Example 4 (Invention) The
reactor was charged with 500 ml of methylene chloride, methyl salicylate
(213 g, 1.40 moles), and triethylamine (0.033 g, 0.00033 moles). No water
was used in this formulation. Phosgene (90 g, 0.91 moles) was added at a
rate of 3.46 g/min for 26 min. 22 % sodium hydroxide was added at a rate of
12.72 g/min until about 300 g had been added, then added at a variable rate
sufficient to maintain pH of about 12. A total of 346 g of sodium hydroxide
solution was used. After the addition of 86.5 g of phosgene, an additional
amount of triethylamine (0.73 g, 0.0072 mole) was added to the reaction.
Example 5 (Invention)The reactor was charged with 470 ml of methylene
chloride, methyl salicylate (246 g, 1.617 moles), and triethylamine (0.062
g, 0.00062 moles). No water was used in this formulation. Phosgene (104 g,
1.05 moles) was added at a rate of 4.0 g/min for 26 min. 22 % sodium
hydroxide was added at a rate of 15.44 g/min until about 385 g had been
added, then added at a variable rate sufficient to maintain pH of about 12.
A total of 433 g of sodium hydroxide solution was used. After the addition
of 91.1 g of phosgene, an additional amount of triethylamine (1.6 g, 0.016
mole) was added to the reaction. Example 6 (Invention) The reactor was
charged with 470 ml of methylene chloride, methyl salicylate (246 g, 1.617
moles), and triethylamine (0.031 g, 0.00031 moles). No water was used in
this formulation. Phosgene (104 g 1.05 moles) was added at a rate of 4.0
g/min for 26 min. 22 % sodium hydroxide was added at a rate of 15.44 g/min
until about 337 g had been added, then added at a variable rate sufficient
to maintain pH of about 12. A total of 435 g of sodium hydroxide solution
was used. After the addition of 91.1 g of phosgene, an additional amount of
triethylamine (1.6 g, 0.016 mole) was added to the reaction. Example 7
(Invention) The reactor was charged with 500 ml of methylene chloride,
methyl salicylate (213 g, 1.40 moles), and methyltributylammonium chloride
(4.4 g of 75 % aqueous solution, 0.014 moles). No water was used in this
formulation. Phosgene (83.1 g, 0.84 moles) was added at a rate of 3.46
g/min for 24 min. 22 % sodium hydroxide was added at a rate of 13.99 g/min
until a total of 335g of sodium hydroxide solution was used. 1 minute after
phosgene addition was complete, triethylamine (1.42 g, 0.014 moles) was
added and reaction stirred an additional 6 minutes. Example 8
(Invention)The reactor was charged with 470 ml of methylene chloride,
methyl salicylate (246 g, 1.617 moles), and triethylamine (0.031 g, 0.00031
moles). No water was used in this formulation. Phosgene ( 112 g, 1.13
moles) was added at a rate of 4.0 g/min for 28 



min. 22 % sodium hydroxide was added at a variable rate sufficient to
maintain pH of about 9.2. A total of 457 g of sodium hydroxide solution was
used. After the addition of 104 g of phosgene, an additional amount of
triethylamine (1.6 g, 0.016 mole) was added to the reaction. Example 9
(Invention) I1 The reactor was charged with 470 ml of methylene chloride,
methyl salicylate (246 g, 1.617 moles), and triethylamine (0.031 g, 0.00031
moles). No water was used in this 1 formulation. Phosgene ( 112 g, 1.13
moles) was added at a rate of 4.0 g/min for 28 min. 22 % sodium hydroxide
was added at a variable rate sufficient to maintain pH of about 10.2. A
total of 476 g of sodium hydroxide solution was used. After the addition of
104 g of phosgene, an additional amount of triethylamine (1.6 g, 0.016
mole) was added to the reaction. Example 10 (Invention) The reactor was
charged with 470 ml of methylene chloride, methyl salicylate (246 g, 1.617
moles), and triethylamine (0.031 g, 0.00031 moles). No water was used in
this formulation. Phosgene ( 112 g, 1.13 moles) was added at a rate of 4.0
g/min for 28 min. 22 % sodium hydroxide was added at a variable rate
sufficient to maintain pH of about 11. A total of 505 g of sodium hydroxide
solution was used. After the addition of 104 g of phosgene, an additional
amount of triethylamine (1.6 g, 0.016 mole) was added to the reaction.
Example 11 (Invention) 2]The reactor was charged with 470 ml of methylene
chloride, 100 ml water, sodium chloride (31.54 g), methyl salicylate (213
g, 1.4 moles), and triethylamine (0.054 g, 0.00053 moles). Phosgene (93.5
g, 1.05 moles) was added at a rate of 3.46 g/min for 27 min. 22 % sodium
hydroxide was added at a rate of 14.1 g/min until about 422 g had been
added, then added at a variable rate sufficient to maintain pH of about 12.
A total of 433 g of sodium hydroxide solution was used. After the addition
of 86.5 g of phosgene, an additional amount of triethylamine (1.42 g, 0.014
mole) was added to the reaction. RESULTS -Examples 1-11: The results of
examples 1-1 1 are summarized in Table 1 below. Comparative examples 1 and
2 demonstrate that adverse effect of water of formulation upon the
conversion and selectivity of the ester-substituted phenol into
ester-substituted diaryl carbonate. Invention examples 3-11 demonstrate the
present invention in that by minimizing the free water of formulation and
controlling the pH and brine strength at high levels during the reaction of
the reaction mixture, conversion and selectivity of the ester-substituted
phenol into ester-substituted diaryl carbonate is achievable. Table 1 *
Comparative ExamplesExamples 12 - 20: In examples 12-20 BMSC was prepared
at pH values of 8, 9, and 10 and at brine strength values of 10, 15, and 22
percent. No water of formulation was added to the reaction mixtures during
formulation thereof. The conversion results are summarized in Tables 3, 4,
and 5, and in Figures 1, 2, and 3. Selectivity values of the
estersubstituted phenol into ester-substituted diary! carbonate were
calculated and are shown in Table 2. , , "-. As shown in Table 3 and Figure
1 wherein the reaction was carried out at a pH of 8 and various brine
strengths, high levels of conversion were not obtained. However, at pH
values of 9 and 10 the desired conversions were obtained. (See Tables 4 and
5 ' and Figures 2 and 3). Examples 12 - 20 all achieved selectivity values
of 99 % or higher (see Table 2). Selectivity, as shown in Table 2,
increases with the brine concentration at constant pH. Further, selectivity
decreases with an increase of pH at a constant brine concentration. Table2:
Selectivity Data for EExamples 12-20 Brine Concentration PH 10 15 22 8 9 10
Table 3 : Conversion Data for EXxamples 12-14 Examples 12 - 14: MS
Conversion @ pH 8 and Various Brine ConentrationsTable 4: Conversion Data
for Examples 15-17 Examples 15 - 17: MS Conversion @ pH 9 and Various Brine
Conentrations Table 5: Conversion Data for Examples 18-20 Exam les 18 - 20:
MS Conversion H 10 and Various Brine Conentrations Examples 2 1 -26: In
examples 21-26 BMSC was prepared in accordance with the present invention
at a 



pH greater than 9 and at brine strength of greater than 15 percent. Water
of formulation was added to the reaction mixtures during formulation
thereof in the amounts indicated in tables 6 and 7. Conversions were
calculated throughout the process runs and are summarized in Table 6 and in
Figure 4. Selectivity values of the ester-substituted phenol into
ester-substituted diaryl carbonate were calculated and are shown in Table 7
and in Figure 5 as a function of weight percent trimer formation during the
process runs. As shown in Tables 6 and 7 and in Figures 4 and 5, up to 15
percent water of formulation may be present in the reaction mixture and
still achieve 90 % conversion and 98 % selectivity. Examples 2 1 - 26
demonstrate that by minimizing the water of formulation, the conversion of
the ester-substituted phenol to ester-substituted diaryl carbonate is
maximized while minimizing by-product formation.Ti aa bu lie 6u -- -- 26s
)j Methyl salicilate conversion %data using different water of formulations
; = Water of formu at on Table 7 - (Examples 2 1 -26) Selectivity data
calculated in weight % trimer formation using different water of
forumulations (% WF) = % Water of formulationCLAIMS: 1. A method for
preparing an ester-substituted diaryl carbonate comprising the steps of:
(a) forming a reaction mixture comprising phosgene, an ester-substituted
phenol, an organic solvent, and a catalyst selected from the group
consisting of a tertiary amine catalyst and a phase transfer catalyst, said
reaction mixture having ari organic phase and an aqueous phase, wherein
said aqueous phase has a brine strength, (b) allowing the reaction mixture
to react wherein during the reaction, (i) the aqueous phase has a pH, and
the pH is adjusted, if necessary, by the addition of an alkali metal
hydroxide solution in amounts such that the pH is greater than or equal to
9.0 during at least some portion of the reaction, and (ii) the brine
strength of the aqueous phase is adjusted, if necessary, by varying the
concentration of the alkali metal hydroxide solution being added to
maintain the pH such that the brine strength is between 15 % and a
saturated brine solution during at least some portion of the reaction,
thereby forming an ester-substituted diaryl carbonate, wherein the reaction
mixture is formed with less than 15 % water of formulation, and wherein the
brine strength is maintained at or above 15 % and the pH is maintained at
or above 9 for a sufficient portion of the process that the
ester-substituted diaryl carbonate is formed with a conversion of at least
90 % and a selectivity of at least 98 %. 2. The method of claim 1, wherein
the catalyst selected is a tertiary amine and the. tertiary amine catalyst
and the ester-substituted phenol are introduced to the reaction mixture in
a mole ratio of between 0.01-0.09.3. The method of claim 1, wherein the
ester-substituted phenol and the phosgene are introduced to the reaction
mixture in a mole ratio of between 0.50 to 1.00 and 0.75 to 1.00 moles of
phosgene to moles of ester-substituted phenol. 4. The method of claim 1,
wherein during the reaction of the reaction mixture the brine strength is
in a range between 20 % and 25 % for at least a portion of the reaction. 5.
The method of claim 1, wherein the portion of the reaction during which the
brine strength is greater than 15 % and the pH is greater than 9 is
sufficient to achieve a conversion greater than 98 %. 6. The method of
claim 1, wherein during the reaction of the reaction mixture, the phosgene
and ester-substituted phenol are contacted for a length of time sufficient
to convert between 10 % and 100 % of the ester-substituted phenol to
ester-substituted diaryl carbonate. 7. The method of claim 1, wherein the
ester-substituted diaryl carbonate has the structure,wherein R 1 is
independently at each occurrence a C1-C20 alkyl radical, C4-CaO cycloalkyl
radical, or C -C2 aromatic radical; R is independently at each occurrence a
halogen atom, cyano group, nitro group, C]-C 2O alkyl radical, C4-C20
cycloalkyl radical, C4-C aromatic radical, C]-C 20 alkoxy radical, C4-C20
cycloalkoxy radical, C4-C 0 aryloxy radical, C1-C20 alkylthio radical,
C4-C20 cycloalkylthio radical, C4-C2 arylthio radical, C1-C20 alkylsulfmyl
radical, C4-C20 cycloalkylsulfmyl radical, C4-C20 arylsulfinyl radical,
C1-C20 alkyl sulfonyl radical, C4-C 0 cycloalkylsulfonyl radical, C4-C20
aryisulfoh 'yl radical, C]-C 20 alkoxycarbonyl radical, C4-C20
cycloalkoxycarbonyl radical, C4-C20 aryloxycarbonyl radical, C -C60
alkylamino radical, C6-C60 cycloalkylamino radical, C5-C60 arylamino
radical, C1-C40 alkylaminocarbonyl radical, C4-C40 cycloalkylaminocarbonyl
radical, C4-C40 , arylaminocarbonyl radical, or C1-C20 acylamino radical;
and b is independently at each occurrence an integer 0-4. 



8. The method of claim 7, wherein the ester-substituted diaryl carbonate is
bis-methylsalicyl carbonate. 9. The method of claim 1, wherein
ester-substituted phenol has structure, wherein R1 is C] -C20 alkyl
radical, C4 -C20 cycloalkyl radical or C4 - C20 aromatic radical, R2 is
independently at each occurrence a hydrogen atom, halogen atom, cyano
group, nitro group, C] -C20 alkyl radical, C4 - C20 cycloalkyl radical, C4
- C20 aromatic radical, C] - C20 alkoxy radical, C4 -C20 cycloalkoxy
radical, C4 - C20 aryloxy radical, C] - C20 alkylthio radical, C4 - C20
cycloalkylthio radical, C4 - C20 arylthio radical, C] - C20 alkylsulfmyl
radical, C4 - C20 cycloalkylsulfmyl radical, C4 - C20 arylsulfinylradical,
C ] - C2 alkylsulfonyl radical, C4 -C20 cycloalkylsulfonyl radicals, C4 -
C2 arylsulfonyl radical, Ci - C20 alkoxycarbonyl radical, C4 -C2
cycloalkoxycarbonyl radical, C4 - C2 aryloxycarbonyl radical, C2 - C60
alkylamino radical, C6 -C60 cycloalkylamino radical, C5 - C60 arylamino
radical, Ci - C4 alkylaminocarbonyl radical, C4 -C40
cycloalkylaminocarbonyl radical, C4 - C40 arylaminocarbonyl radical, and C]
- C20 acylamino radical; and b is an integer 0-4. 10. The method of claim
9, wherein the ester-substituted phenol is selected from the group
consisting of phenyl salicylate, methyl salicylate, ethyl salicylate,
isopropyl salicylate and benzyl salicylate. 11. The method of claim 1,
wherein the tertiary amine catalyst has structure, R7 - N - R9 R8 wherein
each R7, R8, and R9 are independently a Ci - g alkyl group, a C3 - C 8
cycloalkyl group, or R7, R8, and R9 together form a C4 - C20 cycloaliphatic
ring which may be substituted by one or more C1 - C20 alkyl, C6 - C2 aryl,
C5 - C2 1 aralkyl, C5 - C2 cycloalkyl groups or a combination thereof. 12.
The method of claim 11, wherein the tertiary amine catalyst is selected
from the group consisting of triethylamine, dimethylbutylamine,
diispropylethylamine, tributyl amine, and 1,4-diazabicyclooctane. 13. The
method of claim 12, wherein the tertiary amine catalyst is triethylamine.
14. The method of claim 1, wherein the catalyst selected is a phase
transfer catalyst and has the structure,R4 X R- N+- R5 R6 wherein R3 - R6
are independently a C - C2 alkyl radical, C4 - C2 cycloalkyl radical, or a
C4 - C20 aryl radical, and X is an organic or inorganic anion. ' 15. The
method of claim 14, wherein the phase transfer catalyst is selected from
the group consisting of tetramethyl ammonium hydroxide, tetrabutyl ammonium
hydroxide, tetramethyl ammonium acetate, tetramethyl ammonium formate,
tetrabutyl ammonium acetate, methyl tributyl ammonium chloride, tetramethyl
ammonium hydroxide, tetrabutyl ammonium chloride and decyl trimethyl
ammonium chloride. 16. The method of claim 14, wherein the phase transfer
catalyst is methyl tributyl ammonium chloride. 17. The method of claim 1,
wherein during the reaction of the reaction mixture the pH is between 11
and 13.5 for at least a portion of the reaction. 18. The method of claim 1,
wherein the alkali metal hydroxide is sodium hydroxide. 19. The method of
claim 1, wherein the reaction mixture is formed with less than 10 % water
of formulation. 20. The method of claim I 5 wherein the reaction mixture is
formed with less than 5 % water of formulation. 2 1. The method of claim I
5 wherein the reaction mixture is formed with no water of formulation.22. A
method for preparing an ester-substituted diaryl carbonate comprising the
steps of: (a) forming a first reaction mixture comprising phosgene, an
ester-substituted phenol, an organic solvent, and a catalyst selected from
the group consisting of a tertiary amine catalyst and a phase transfer
catalyst, said first reaction mixture having an organic phase and an
aqueous phase, wherein the first reaction mixture is formed with less than
15 % water of formulation, (b) forming a second reaction mixture by
allowing the first reaction mixture to react wherein during the reaction,
(i) the aqueous phase has a pH, and the pH is adjusted, if necessary, by
the addition of an alkali metal hydroxide solution in amounts such that the
pH is greater than or equal to 9.0 during at least some portion of the
reaction, and (ii) the aqueous phase has brine strength, and the brine
strength of the aqueous phase is adjusted, if necessary, by varying the
concentration of the alkali metal hydroxide solution being added to
maintain the pH such that the brine strength is between 15 % and a
saturated brine solution during at least some portion of the reaction, (c)
adding to the second reaction mixture at least 0.50 mole % of a tertiary 



amine catalyst per mole of ester-substituted phenol introduced to the first
reaction mixture, (d) allowing the second reaction mixture to react,
wherein the second reaction mixture has an organic phase and an aqueous
phase, wherein said aqueous phase has a pH and a brine strength, and
wherein during the reaction of the second reaction mixture, (i) the pH of
the aqueous phase is adjusted, if necessary, by the addition of an alkali
metal hydroxide solution in amounts such that the pH is greaterthan or
equal to 9.0 during at least some portion of the reaction to form the
second reaction mixture, and (ii) the brine strength of the aqueous phase
is adjusted, if necessary, by varying the concentration of the alkali metal
hydroxide solution being added to maintain the pH such that the brine
strength is between 15 % and a saturated brine solution during at least
some portion of the reaction of the second reaction mixture, thereby
forming an ester-substituted diaryl carbonate, I1 wherein the brine
strengths of the first and second reaction mixtures are maintained at or
above 15 % and the pHs of the first and second reaction mixture are
maintained at or above 9 for a sufficient portion of the process that the
ester-substituted diaryl carbonate is formed with a conversion of at least
90 % and a selectivity of at least 98 %. 23. The method of claim 22,
wherein the catalyst selected for the formation of the first reaction
mixture is a tertiary amine, and the mole ratio of tertiary amine catalyst
to ester-substituted phenol introduced to the first reaction mixture is
between 0.01-0.09. 24. The method of claim 22, wherein the
ester-substituted phenol and the phosgene introduced to the reaction
mixtures are in a mole ratio of between 0.50 to 1.00 and 0.75 to 1.00 moles
of phosgene to moles of ester-substituted phenol. 25. The method of claim
22, wherein the aqueous phase of the first and second reaction mixtures is
maintained at a brine strength greater than 15 % and a pH greater than 9.
26. The method of claim 22, wherein during the reactions of the first and
second reaction mixtures the brine strength is in a range between 20 % and
25 % for at least a portion of the reactions. 27. The method of claim 22,
wherein the portion of the reaction of the first and second reaction
mixtures during which the brine strength is greater than 15 % and thepH is
greater than 9 is sufficient to achieve a selectivity greater than 98 % and
a conversion greater than 98 %. 28. The method of claim 22, wherein the
ester-substituted diaryl carbonate has the structure, wherein R1 is
independently at each occurrence a C1-C2O alkyl radical, C4-C cycloalkyl
radical, or C4-C20 aromatic radical; R2 is independently at each occurrence
a halogen atom, cyano group, nitro group, C1-C20 alkyl radical, C4-C20
cycloalkyl radical, C4-C20 aromatic radical, C1-C20 alkoxy radical, C4-C20
cycloalkoxy radical, C4-C20 aryloxy radical, C -C20 alkylthio radical, C4-C
0 cycloalkylthio radical, C4-C2 arylthio radical, C1-C 0 alkylsulfnyl
radical, C4-C 0 cycloalkylsulfinyl radical, C4-C20 arylsulfinyl radical, C
-C20 alkylsulfonyl radical, C4-C20 cycloalkylsulfonyl radical, C4-C20
arylsulfonyl radical, C1-C2 alkoxycarbonyl radical, C4-C20
cycloalkoxycarbonyl radical, C4-C2 aryloxycarbonyl radical, C2-C60
alkylamino radical, C6-C60 cycloalkylamino radical, C5-C60 arylamino
radical, C]-C40 alkylaminocarbony] radical, C4-C40 cycloalkylaminocarbonyl
radical, C4-C40 arylaminocarbonyl radical, or C -C20 acylamino radical; and
b is independently at each occurrence an integer 0-4. 29. The method of
claim 28, wherein the ester-substituted diaryl carbonate is bis-methyl
salicyl carbonate. 30. The method of claim 22, wherein ester-substituted
phenol has structure,wherein R 1 is C1 -C2 alkyl radical, C4 -C2 cycloalkyl
radical or C4 - C2 aromatic radical, R is independently at each occurrence
a hydrogen atom, halogen atom, cyano group, nitro group, C1 -C2 alkyl
radical, C4 - C20 cycloalkyl radical, C4 - C20 aromatic radical, C - C20
alkoxy radical, C4 -C20 cycloalkpxy radical, C4 - C20 aryloxy radical, C1 -
C2O alkylthio radical, C4 - C20 cycloalkylthio radical, C4 - C20 arylthio
radical, C - C20 alkylsulfmyl radical, C4 - C2 cycloalkylsulfinyl radical,
C4 - C20 arylsulfmyl radical, C1 - C20 alkylsulfonyl radical, C4 -C2Q
cycloalkylsulfonyl radical, C4 - C20 arylsulfonyl radical, C - C2
alkoxycarbonyl radical, C4 -C20 cycloalkoxycarbonyl radical, C4 - C2
aryloxycarbonyl radical, C2 - C6 alkylamino radical, C6 -C6 cycloalkylamino
radical, C - C6 arylamino radical, C] - C4o alkylaminocarbonyl radical, C4
-C4 cycloalkylaminocarbonyl radical, C4 - C40 arylaminocarbonyl radical,
and C] - C20 acylamino radical; and b is an integer 0-4. 31. The method of
claim 30, wherein the ester-substituted phenol is selected from the group
consisting of phenyl salicylate, methyl salicylate, ethyl salicylate,
isopropyl 



salicylate and benzyl salicylate. 32. The method of claim 22, where in the
tertiary amine catalyst has structure, R 8wherein each R7, R8, and R9 are
independently a Ci - C alkyl group, a C3 - Cj8 cycloalkyl group, or R , R8,
and R together form a C4 - C 0 cycloaliphatic ring which may be substituted
by one or more Ci - C2 alkyl, C6 - C2 aryl, C5 - C2 1 aralkyl, C5 - C2
cycloalkyl groups or a combination thereof. 33. The method of claim 32,
wherein the tertiary amine catalyst is selected from the group consisting
of tri ethylamine, dimethylbutylamine, diispropylethylamine, tributyl
amine, and 1,4-diazabicyclooctane. 34. The method of claim 33, wherein the
tertiary amine catalyst is triethylamine. 35. The method of claim 23,
wherein the catalyst selected for the formation of the first reaction
mixture is a phase transfer catalyst and has the structure, R4 X R3- N+- R5
R6 wherein R3 - R6 are independently a C - C20 alkyl radical, C4 - C2
cycloalkyl radical, or a C4 - C 0 aryl radical, and X is an organic or
inorganic anion. 36. The method of claim 35, wherein the phase transfer
catalyst is selected from the group consisting of tetramethyl ammonium
hydroxide, tetrabutyl ammonium hydroxide, tetramethyl ammonium acetate,
tetramethyl ammonium formate, tetrabutyl ammonium acetate, methyl tributyl
ammonium chloride, tetramethyl ammonium hydroxide, tetrabutyl ammonium
chloride and decyl trimethyl ammonium chloride. 37. The method of claim 35,
where in the phase transfer catalyst is methyltributyl ammonium chloride.
38. The method of claim 28, wherein during the reaction of the first and
second reaction mixtures the pH of the first and second reaction mixtures
are between 11.0 and 13.5 for at least a portion of the reactions.39. The
method of claim 22, wherein the alkali metal hydroxide is sodium hydroxide.
40. The method of claim 22, wherein the first reaction mixture is formed
with less than 10 %water of formulation. 41. The method of claim 22,
wherein the first reaction mixture is formed with less than 5 %water of
formulation. 42. The method of claim 22, wherein the first reaction mixture
is formed with no water of formulation. 43. The method of claim 22, wherein
step (c) further comprises the addition of, at least an additional 0.075
mole % of phosgene per mole of ester-substituted phenol introduced to the
first reaction mixture 44. A polycarbonate containing an ester-substituted
diaryl carbonate residue, wherein the ester-substituted diaryl carbonate is
produced by the method comprising the steps of: (a) forming a reaction
mixture comprising phosgene, an ester-substituted phenol, an organic
solvent, and a catalyst selected from the group consisting of a tertiary
amine catalyst and a phase transfer catalyst, said reaction mixture having
an organic phase and an aqueous phase, wherein said aqueous phase has a
brine strength, (b) allowing the reaction mixture to react wherein during
the reaction, (i) the aqueous phase has a pH, and the pH is adjusted, if
necessary, by the addition of an alkali metal hydroxide solution in amounts
such that the pH is greater than or equal to 9.0 during at least some
portion of the reaction, and (ii) the brine strength of the aqueous phase
is adjusted, if necessary, by varying the concentration of the alkali metal
hydroxide solution being added to maintain the pH such that the brine
strength is between 15 % and a saturated brine solution during at least
some portion of the reaction,thereby forming an ester-substituted diaryl
carbonate, wherein the reaction mixture is formed with less than 15 % water
of formulation, and wherein the brine strength is maintained at or above 15
% and the pH is maintained at or above 9 for a sufficient portion of the
process that the ester-substituted diaryl carbonate is formed with a
conversion of at least 90 % and a selectivity of at least 98 %. 


