DAPD COVBI NATI ON THERAPY W TH | NOSI NE MONOPHOSPHATE  DEHYDROGENASE

| NHI BI TOR FI ELD OF THE | NVENTI ON The present invention relates to
pharmaceutical conpositions and nmethods for the 5 treatnment or prophylaxis
of human i munodeficiency virus (H'V) infection in a host conprising

adm ni stering such conpositions. This application clains priority to U S
provi si onal application 60/256,068 filed on Decenber 15, 2000 and to U. S
provi si onal DAPPICOMBBYATION LHEBA Y WITHANQSINE MONQOBHOSNEAEROUND OF

THE | NVENTI ON 10 AI DS, Acqui | [Wodl ndrone, is a

cat astrophi c di sease that Mﬁ‘}%ﬁﬁﬁﬁ%ggkﬁﬁﬁgﬁu ons. From July 1998

t hrough June 1999 a total of 47,083 AIDS cases were reported in the US
alone. Wth nore than 2.2 mllion deaths in 1998, H V/ A DS has now becone
the fourth |l eading cause of nortality and its inpact is going to increase.
The death toll due to AIDS has reached a record 2.6 mllion per year, while
15 new HIV infections conti nuefmi® GpTHAINVNTIONr owi ng rate, according to a

recent UNAIDS report. AIDS was first brought to the attention of the
Center for Disease Control and Prevention (CDC) in 1981 when seem ngly
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on the use of a drug against AIDS were presented. This drug,

3' -azido-3'-deoxy- 1 thym dine (AZT, Zi dovudine, Retrovir), was approved by
the Food And Drug Administration (FDA) and it becane the first drug to be
used in the fight against AIDS. Since the advent of AZT, several

nucl eosi de anal ogs have beerpdx@RoUNG diemMe: patdiion antiviral activity
agai nst the human i munodeficiency virus type I (HV-1). In

10 AIDS, Acquired Immune Deficiency Syndrome, is a catastrophic disease that has
reached global proportions. From July 1998 through June 1999 a total of 47,083 AIDS
cases were reported in the US alone. With more than 2.2 million deaths in 1998,
HIV/AIDS has now become the fourth leading cause of mortality and its impact is going
to increase. The death toll due to AIDS has reached a record 2.6 million per year, while
15 new HIV infections continued to spread at a growing rate, according to a recent

UNAIDS report.

AIDS was first brought to the attention of the Center for Disease Control and

Prevention (CDC) in 1981 when seeminglir healthy homosexual men came down with
Karposi's Sarcoma (KS) and Pneumocystis Carinii Pneumonia (PCP), two opportunistic

20 diseases that were only known to inflict immuno-deficient patients. A couple of years
later, the causitive agent of AIDS, a lymphoadenopathy associated retrovirus, the human
immunodefieciency virus (HIV) was isolated by the Pasteur Institute in Paris, and later

confirmed by an independent source in the National Cancer Institute of the United States.

In 1986, at the second International Conference on AIDS in Paris, preliminary

25 reports on the use of a drug against AIDS were presented. This drug, 3’-azido-3’-deoxy-



5 particular, a nunber of 2',3'-dideoxy-2', 3" -didehydro-nucl eosi des have
been shown to have potent anti-H V-1 activity.

2',3" -Dideoxy-2',3" -didehydro-thym dine ("D4T"; also referred to as
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alternation therapy because it induces multiple simultaneous pressures on the virus. One
20 cannot predict, however, what mutations will be induced in the HIV-1 genome by a
given drug, whether the mutation is permanent or transient, or how an infected cell with
a mutated HIV-1 sequence will respond to therapy with other agents in combination or
alternation. This is exacerbated by the fact that there is a paucity of data on the kinetics

of drug resistance in long-term cell cultures treated with modern antiretroviral agents.

25 HIV-1 variants resistant to 3’-azido-3’-deoxythymidine (AZT), 2°,3’-
dideoxyinosine (DDI) or 2°,3’-dideoxycytidine (DDC) have been isolated from patients
receiving long term monotherapy with these drugs (Larder BA, Darby G, Richman DD.
Science 1989;243:1731-4; St Clair MH, Martin JL, Tudor WG, et al. Science
1991;253:1557-9; St Clair MH, Martin JL, Tudor WG, et al. Science 1991;253:1557-9;
30 and Fitzgibbon JE, Howell RM, Haberzettl CA, Sperber SJ, Gocke DJ, Dubin DT.
Antimicrob Agents Chemother 1992;36:153-7). Mounting clinical evidence indicates

that AZT resistance is a predictor of poor clinical outcome in both children and adults



Agents and Chenot herapy. (Anaheim CA. 1992); Tudor-Wlliams G St Cair
MH, MKinney RE, et al. Lancet 1992;339:15-9; Qgino MI, Dankner WM
Spector SA. J Pediatr 1993;123:1-8; Crunpacker CS, D Aquila RT, Johnson
VA, et al. Third 5 Wrrkshop on Viral Resistance. (Gaithersburg, M. 1993);
and Mayers D, and the Rv43 Study G oup. Third Wrkshop on Viral
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in ATH8 cells and is not toxic to uninfected control cells at a
to pretreatment levels (Saag MS, Emini EA, Laskin OL, et al. N Engl J Med
1993;329:1065-1072). Breakthrough viremia associated with the appearance of drug-
resistant strains has also been noted with other classes of HIV-1 inhibitors, including
20 protease inhibitors (Jacobsen H, Craig CJ, Duncan IB, Haenggi M, Yasargil K, Mous J.
Third Workshop on Viral Resistance. (Gaithersburg, MD. 1993)). This experience has
led to the realization that the potential for HIV-1 drug resistance must be assessed early

on in the preclinical evaluation of all new therapies for HIV-1.

1,3-Dioxolanyl Nucleosides

25 The success of various synthetic nucleosides in inhibiting the replication of HIV
in vivo or in vitro has led a number of researchers to design and test nucleosides that
substitute a heteroatom for the carbon atom at the 3'-position of the nucleoside.
Norbeck, et al., disclosed that (+/-)-1-[(2-B, 4-B)-2-(hydroxymethyl)-4-
dioxolanyl]thymine (referred to as (+/-)-dioxolane-T) exhibits a modest activity against



concentration of 200 M Tetrahedron Letters 30 (46), 6246, (1989). On April
11, 1988, Bernard Belleau, Dlip D xit, and Nghe Nguyen-Ba at Bi oChem
Pharma filed patent application U S.S.N 07/179, 615 whi ch disclosed a
generic 5 group of racem c 2-substituted-4-substituted-1, 3-di oxol ane

nucl eosides for the treatment of H'V. The 615 patent application natured

i nto Eur opgan (i &ft20Ruil incATHScellNg and) iSRat (6xi2; tolliSnfeBt] avtitrdlocells, 841, 449;

and U. S. Patent No. 5,270,315 assjgned to i O harma, Inc. On Decenber
5, 1990, cRueRyirRtionoel?0MRdphiakedran Leters %@6)%3(@@105@% S.N. 10

07/ 622,762, which disclosed an asymmetric process for the preparation of
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and certain nucleosides prepared thereby, including (-)-(2R,4R)-9-[(2-hydroxymethyl)-

1,3-dioloan-~4-yl]guanine (DXG), and its use to treat HIV. This patent application issued
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On May 21, 1991, Tarek Mansour, et al., at BioChem Pharma filed U.S.S.N.

07/703,379 directed to a method to obtain the enantiomers of 1,3-dioxolane nucleosides

using a stereoselective synthesis that includes condensing a 1,3-dioxolane intermediate

20 covalently bound to a chiral auxiliary with a silyl Lewis acid. The corresponding

application was filed in Europe as EP 0 515 156.

On August 25, 1992, Chung K. Chu and Raymond F. Schinazi filed U.S.S.N.
07/935,515, disclosing certain enantiomerically enriched f-D-dioxolanyl purine

compounds for the treatment of humans infected with HIV of the formula:



NN</NI i \ NNH2Z HO-OO wherein Ris OH d, NH2 or H or a

phar maceutically acceptable salt or derivative of the conpounds optionally
in a pharnmaceutically acceptable carrier or diluent. The conpound wherein
Ris chloro is referred to as (-)-(2R 4R)-2-am no-6-chloro-9-[(2 5

hydr oxynet hyl ) - 1, 3- di oxol an-4-yl ] puri ne. The conpound wherein R is hydroxy
is (-)- (2R 4R)-9-[(2-hydroxy-methyl)-1, 3- gi oxol an-4-yl ] guani ne. The
conmpound wherein Ris amno is (-)-(2R 4R)-2-anm no-9-[(2-hydroxymethyl)-
1,3 -dioxolan-4-yl] adenine. The co rein Ris hydrogen is

(-)-(2R 4R) - 2- am no- 9- [ ( 2- hydr oxynet K¥! ) |1 3-[ di oxol an-4yl1] purine. This
application issued as U S. Patent Nosxy mand 10 5,767,122. In
1992, Kimet al., published an articl t eathi ndVHdwW t o obtaln( )-L-(3-
di oxol ane-C and (+)-L-0-diox -Td. rlom 1, 6- anhydr o- L- 0- gl ucopyr anose. Kim
et al., Potent anti-HV and antiXHB VY Activities of (-)-L/-D oxol ane-C and

(+)-L /3-Di oxol ane- Tand Their Asy ric Syntheses, Tetrahedron Letters
Vol 32(46), pp 5899-6902. 15 On Cctober 28, 1992 Raym)nd Schinazi filed

US S N 07/967,460_d ted t t f I
U S.S. N vhesgsRas 9t I@ﬁ%ﬂ&ﬁﬁi@t?ﬁfﬁ“ﬁ%ﬁ%ﬁiﬂ ‘?Cf’? Bsaﬁ'ﬂ]f ér%’%ﬁ??% tthleon has
I ssued asg&ﬂgﬁol '8 tgﬁ]t}on[a}#i’f in® a éﬁ%’%%&?eutéag&lac@é%ablé &%Aer‘l%il digngt. S1830, 898.

In 1993, qui, et a em an publ i shed that cis-2,6- 20
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(8), pp 1 ﬁﬁé@(iﬂﬁﬂ&y—methyl) 1,3- d10xolan—4 [Jguanine. The compound wherein R is

( )- (2R 4R) -'2-"am no-9- - hydr ox X % di oxol an- 4- yIJadenl ne DAPD)

is a sel amnwes |(ﬂ)hGZB|,41b)|=2 -afingr QA (2 h XY@%ﬂflil}d}TlﬁrﬂlQXCtl%“aé agenipger dae
t t h t
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guani ne (%@Lan%ﬂ]@ﬁnﬁes STlis esppihtion GNYEerdsed.8.0Patent Nos. 5,925,643 and
10 5,767,122.

In 1992, Kim et al., published an article teaching how to obtain (-)-L-B-
dioxolane-C and (+)-L-B-dioxolane-T from 1,6-anhydro-L-p-glucopyranose. Kim et al.,
Potent anti-HIV and anti-HBV Activities of (-)-L-B-Dioxolane-C and (+)-L-$-Dioxolane-
T and Their Asymmetric Syntheses, Tetrahedron Letters Vol 32(46), pp 5899-6902.

15 On October 28, 1992, Raymond Schinazi filed U.S.S.N. 07/967,460 directed to
the use of the compounds disclosed in U.S.S.N. 07/935,515 for the treatment of hepatitis
B. This application has issued as U.S. Patent Nos. 5,444,063; 5,684,010; 5,834,474; and
5,830,898.

In 1993, Siddiqui, et al., at BioChem and Glaxo published that cis-2,6-

20 diaminopurine dioxolane can be deaminated selectively using adenosine deaminase.

Siddiqui, et al., Antiviral Optically Pure dioxolane Purine Nucleoside Analogues,
Bioorganic & Medicinal Chemistry Letters, Vol. 3 (8), pp 1543-1546 (1993).

(-)-(2R,4R)-2-amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]adenine (DAPD) is

a selective inhibitor of HIV-1 replication in vitro as a reverse transcriptase inhibitor

25 (RTI). DAPD is thought to be deaminated in vivo by adenosine deaminase, a ubiquitous
enzyme, to yield (-)-B-D-dioxolane guanine (DXG), which is subsequently converted to



5 the corresponding 5 -triphosphate (DXG TP). Bi ochem cal anal ysis has
denonstrated that DXG TP is a potent inhibitor of the HV reverse
transcriptase (HHV-RT) with a Ki of 0.019 M NH2 | N <NNNH2 HOO O 5
DAPD Tri angl e Pharmaceuticals, Inc. (Durham N C) is currently devel opi ng
this conpound for the treatnment of H 'V and HBV under |icense agreenent
from Enor e dditieysndirgys'itfipE&dphate QDXGE-0). WiBibchiptiodlt anablafsr dsodenemstratad .

Ri bavirin 10 Ri'bavirin (Ei(snD-ribofuranosyl-1,2,4-tri z%} -3-G rbﬁfanide)
i s a synt et PEXG-ABs ainetet fidpbifter of dbe HRY ,feﬁrfﬁa@a%sﬁ@@‘taﬁ%&naﬁﬁﬂ ""P’i‘l a
nucleosidgf@aﬁj sold under the trade nane Virazole (The Merck Index,
11t h editron, itor: Budavari, S., Merck & Co., Inc., Rahway, NJ, pl1304,
1989). U. S. Patent No. 3,798,209 and RE29, 835 di scl ose and claim
ribavirin. In the United States, ribavirin s first approved as an aerosol
formfor the 15 treatnent of a certaiRytypa of respiratory virus infection
in children. Ribavirin is structuraljy nm DNar to guanosi ne, and has in
vitro activity agai nst several DNA a R iruses including Flaviviridae
(Gary L. Davis CGastroenterol ogy 118: 5104- 4,"M@00). Ribavirin reduces
serum am no transferase levels to normal in 40% of patients, but it does
not | ower serum |l evels of H y L. Davis Gastroenterol ogy 118:5104
20 5114, 2000). Thus, ribavirin alone/is not effective in reducing viral
RNA [evels. It is being studied i®—conbination with DDI as an anti-HV
treatnment. More recently, it has 6 been shown to exhibit activity agai nst
hepgtitis A, B and C. Since the beghgﬂéﬁﬁ of the AIDS crisis, people have
used ribavirin as an anti-HV treat ., _however, when used as a
nonot her apy, several controlled studies have shown that ribavirin is not
effective

Triangle Pharmaceuticals, Inc. (Durham, N.C.) is currently developing this
compound for the treatment of HIV and HBV under license agreement from Emory

University in collaboration with Abbott Laboratories, Inc.

Ribavirin

10 Ribavirin (1-p-D-ribofuranosyl-1,2,4-triazole-3-carboxamide) is a synthetic, non-
| interferon-inducing, broad spectrum antiviral nucleoside analog sold under the trade
name Virazole (The Merck Index, 11th edition, Editor: Budavari, S., Merck & Co., Inc.,

Rahway, NJ, p1304, 1989). U.S. Patent No. 3,798,209 and RE29,835 disclose and claim
ribavirin. In the United States, ribavirin was first approved as an aerosol form for the

15 treatment of a certain type of respiratory virus infection in children. Ribavirin is
structurally similar to guanosine, and has in vitro activity against several DNA and RNA

viruses including Flaviviridae (Gary L. Davis Gastroenterology 118:S104-S114, 2000).

Ribavirin reduces serum amino transferase levels to normal in 40% of patients, but it

does not lower serum levels of HCV-RNA (Gary L. Davis Gastroenterology 118:S104-

20 S114, 2000). Thus, ribavirin alone is not effective in reducing viral RNA levels. It is

being studied in combination with DDI as an anti-HIV treatment. More recently, it has



against HV. It has no effect on T4 cells, T8 cells or p24 antigen. 5 The
conbi nation of IFN and ribavirin for the treatnment of HCV infection has
been reported to be effective in the treatnent of |IFN naive patients
(Battaglia, AM et al., Ann. Pharmacother. 34:487-494, 2000). Results are
prom sing for this conbination treatment both before hepatitis devel ops or
when hi st beogslvan ivi exbiteadtivitp ragsiestt heppBay 4nBuand, C\Pinge the begamting pf theTher .
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Mycophenolic Acid 15 Mycophenolic aci

d
( 6- ( 4- hydmgaiystGilyetIhbasynoretfast oy T43cls d-8chhormddamigyn.4- net hyl - 4- hexanoi ¢
acid) is known to reduce the rate of de novo synthesis of guanosi ne
mongphosphat e IeidakibiatibAofaFN B kibevifin rfop fespémanentdeh YN0 gefbetim has
("IMPDH"). It also reduces, |ynphocyte proliferation, 7 CH3 0O 0 k 1
HO CH3 OHbgen rapoxtrd-oNgy eiteckior on $he Eﬁ%tff@%l“sOﬁmn@%mﬁ?ﬂ&@ﬁ%&rﬁg%i #tc acid

has a synef ghghi & fher MR As 7 G64TD) A6 %&1@\5 a i‘dﬂiné £52@8donhBinMidhr O
Mycophenol’i guanosi’ne, ©one of “the esSential DNA bull ding
bl ocks. Ahge@awnt beh defapahagtiol dewetpsi oe vird histelogibgl disease is present
(Berenguer, M. et al. Antivir. Ther. 3(Suppl. 3):125-136, 1998). Side effects of
10 combination therapy include hemolysis, flulike symptoms, anemia, and fatigue (Gary L.

Davis. Gastroenterology 118:S104-S114, 2000).

OH OH
RIBAVIRIN
Mycophenolic Acid
15 Mycophenolic acid (6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-5-phthalanyl)-4-

methyl-4-hexanoic acid) is known to reduce the rate of de novo synthesis of guanosine
monophosphate by inhibition of inosine monophosphate dehydrogenase (“IMPDH”). It

also reduces lymphocyte proliferation.



must conpete with the body's natural production of guanosine in order to
have a therapeutic effect. By depleting naturally occurring guanosine,
nmycophenol i c acid inproves Abacavir's uptake by the cell. Scientists have
determ ned that the conmbination of nycophenolic acid and Abacavir is

hi ghly active agai nst Abacavir-resistant virus. 10 However, notably the
conbi nati on of nycophenolic acid and zi dovudi nECHEn stavudi ne was

antagonistic, likely due to the inhibition of thym di ne phosphoryl ation by
nycophenol i c acid. 39th Interscience Conf@renceAon Antim crobial Agents and
Chenot herapy, San FranciscoQ Cal i f or Hi;6~ Sepyef 629, 1999. Heredi a,

A., Margolis, DM, ddach}| D., Hazen, R,
in conmbination 15 with the ~Nahi 14
agai nst nulti-drug resiBfant .
Margolis, D.M, Heredia, A, Gaywee,  J., D., @orusano, G,
Redfield, R R (1999) Abacavir and phenol i cid, an inhibitor of

i nosi ne nonophosphat e dehydrogenase, have profound and synergistic anti -

H V activity. JAcquir |Imune DaVCOBPABENOLICWAEAR- 370. 20 U. S. Patent No.
4,686, 234 descri bes various derivatives of nycophenolic acid, its

synt hesi s and -] t.apen i n LS : W@, and
i nfl anmat ory g?%%%%tgsﬁaggnsépﬁgit%, hilyg&pg%# ﬁ%l%r ?asfhe%ﬁngrggsﬁla %?G?Erl tis,
tunors, Viombasd viﬁﬂdAf)@d‘avirf’(ZiagEm)ez}atumﬂ.t Mycophtradicafcid dejleted pwnosifey dvizy 5,
1995, Morris et al., _in U S. Patent . 5,665, 728, disclosed a nethod 25
of prevenef i %Feqt%mfﬁﬁu@*ﬁ%si%g?-i xgﬁ%virﬁ A F8RI0e A YPSTEATA RS SURR mml

by adm ni ri n t farod 4.4 L I A€, -of p I .al one
of i1 conpiagr R AR BTGy sl Bréthofigh | K RRHRC 0 raaERIKE € ah coe
of the Hl Yheeqpedtierieffect.t By depletihg emturally toheurpng sgranosing)vaytcophencle peidvi de

t hod d [ ti f t .eat t of HV. It i t.h bj t
of "t e pr GBBRY<R ROBA SR Qs G AT e CesHpbE Mo CRPIRToR br ug
resi stant (styaloBRedlic M ard AWNBAVGRY O ofiifEadtINYENRIHMN AbachiasrBR@At virus.

unexpectedly found that a drug resistant strain of HV exhibits the,
behivi or lovaverynotible the eansbindion ofi myeophisrolioatiil radizdovefling or stavudine

(3-D-1,3-di oxol alyl.ctic, likely due to the inhibition of thymidine phosphorylation by

QR (1999) Abacavir
enelyc acid, is active
ne De{\i ¢ Syndr.; 22:406-7.

mycophenolic acid.  39™ Interscience Conference on Antimicrobial Agents and
Chemotherapy,San Francisco, California, September 26-29, 1999. Heredia, A,
Margolis, D.M., Oldach, D., Hazen, R., Redfield, R.R. (1999) 4bacavir in combination
15 with the IMPDH inhibitor mycophenolic acid, is active against multi-drug resistant HIV.
J Acquir Immune Defic Syndr.; 22:406-7. Margolis, D.M., Heredia, A., Gaywee, J.,
Oldach, D., Drusano, G., Redfield, R.R. (1999) Abacavir and mycophenolic acid, an
inhibitor of inosine monophosphate dehydrogenase, have profound and synergistic anti-

HIV activity. J Acquir Immune Defic Syndr., 21:362-370.

20 U.S. Patent No. 4,686,234 describes various derivatives of mycophenolic acid, its
synthesis and uses in the treatment of autoimmune disorders, psoriasis, and inflammatory
diseases, including, in particular, rheumatoid arthritis, tumors, viruses, and for the

treatment of allograft rejection.

On May 5, 1995, Morris et al., in U.S. Patent No. 5,665,728, disclosed a method
25 of preventing or treating hyperproliferative vascular disease in a mammal by
administering an antiproliferative effective amount of rapamycin alone or in combination

with mycophenolic acid.



nucl eosi de and an | MPDH inhibitor. In one nonlimting enbodinent, the HYV
strainis resistant to a (3-D 1, 3-di oxol anyl nucl eoside. 10 The present
invention, therefore, is directed to conpositions and nethods for the
treatment or prophylaxis of H'V, and in particular to a drug-resistant
strain of HV, including but not limted to a DAPD and/ or DXG resi st ant
strain of H V, I fighnof theeglotrd thivatsef tharfdlVi epidemici duisaan ebjpeiradrihe pespiti si ng

adm ni stering.an effe tlvea X

1, 3- di oxol'} ‘ffgmlht?cﬂf Faswenqﬁ%dgﬂna °§“18§%‘5%‘8ﬂs§d ’gﬁl ﬁ‘i?&%%%%g{é@}) of the 15
forrrula R NN O0--\~<N NNH2 O wherein Ris H OH d, NH2 or NRIRZ,
Rl and R2 are |Iwa@p@thde¢h1w o fle ergesn! iIngERGAN terProvige mediady and SPRIPERGNS H

al kyl udi ng monophosphate, di phosphate or

tri phosphi? ge%%%grse?g%nﬁ é%f Or;lf%igphat e noiety, including a phospholipid, 20
or an ether-lipid, or its pharmaceutically acceptable salt or prodrug,
optionally in a pharmaceutically acceptable carrier or diluent, in

combi nation or alternation with an inosine nonophosphate dehydrogenase
(I'WMPDH) inhibitor. 9 In one egbodi nent enantjomerically enriched

(3- > 1, 3-di oxol anyl puri ne, gb ﬁlfr"ﬁ%l BR{DD is adm nistered in
conbi nation or alternation with an I MPDH inhibitor, for exanple ribavirin,
nycophenol i ¢ acid, benzam de riboside, tiazofurin, selenazofurin,

S-ethynyl -1 - (34lhdsl %éhuﬁ@ﬂﬁ&}!édl}mféiﬁﬁqwt- aﬂdﬂx’grﬂe@i)s'@m gheain D TAR) e)dﬁblts(ﬂi)s 5

N- 3- [ 3- ( 3- net hoxy- 4- oxazol henyl ) - ur ei do].- benzyl - carbam ¢, aci d

t et r ahydr debavaer- oBdyyg-pajve rVU(WE@V ELvefnthe hc%’ﬁl?léﬁtql\/éﬁﬁ &é@'rléag‘@@l% EC50
for DXG t one
enbodi rre\rll\,gﬁglt %ﬁé‘% %@Dﬁgﬁ\/{ﬁﬁ%{% ﬂlﬁ’é %‘y@%%ﬁ eno ]iﬁgg §C| 8&&6?2%8%%&”3{ %f erred
enbodi mentregdtarithea prv-arB-diorplahylenucldBite.i nhi bitor is ribavirin., In a
preferred 10 enbodi nent, the nucleoside is adm nistered in conbination

V[\)AA}D%) the | MPDHqig %é@i@ﬂtqﬁventiloﬂ, MeRiEst ety 8 -£AROAbMBAitiot NGRS el S
- treatment or prophylaxis of HIV, and in particular to a drug-resistant strain of HIV,

including but not limited to a DAPD and/or DXG resistant strain of HIV, in an infected
host, and in particular a human, comprising administering an effective amount of a -D-
dioxolanyl purine 1,3-dioxolanyl nucleoside (“B-D-1,3-dioxolanyl nucleosides”) of the

15 formula:

R

N XN

R3 /\( j 2
wherein R is H, OH, Cl, NH, or NR'R%; R! and R* are independently hydrogen, alkyl or
cycloalkyl, and R® is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety, including a phospholipid,
20 or an ether-lipid, or its pharmaceutically acceptable salt or prodrug, optionally in a

pharmaceutically acceptable carrier or diluent, in combination or alternation with an

inosine monophosphate dehydrogenase (IMPDH) inhibitor.



I n anot her enbodi nent, the enantionerically enriched (3-D1, 3-di oxol anyl
purine, and in particular DAPD, is adm nistered in conbination or
alternation with a conpound that reduces the rate of de novo synthesis of
guanosi ne or deoxyguanosi ne nucleotides. 15 In a preferred enbodi nent, DAPD
is admnistered in conbination or alternation wth ribavirin or

mycophenol i ¢ abi dneveinbodineniticths dnaetiomercally aeichal §-13ylit-Hiwspknpf putipeanosi ne

nucl eotides,.In yet er epbodi nent, t enant i ri.cal | y, enr]

(3D 5, - abioraigiia BarPre Shng D4 reg R o i A MR
combi nat i Qiiififor,2kdreERAPIOMbWitR, SnycdBh&RIMBOoME bdtahmRlel HBb4iNE! HaoRafigases
the intracellular concentration of° DXG TP. In yet another preferred
enbodi nengeler@addrins Sethynpl bfd-edofmanasiiiinidezolort-eaboxaiide » 0 {9)-

ribavirin ophenol i c aci at effectivel y. Lngreas t i N el | ul ar
condent r ap?%% “%%Xirﬁr O’ﬁa?&h%¥lt'&?e§1éfﬁblgg oh}'%n@ lﬁ‘éarrgﬂmt%hagfq te&%}ydéé%ﬁa%fe,

thi s dr ugzguebhinarX a97% athidteefiscfdelydectc@sdstB@ ECRABPDIES iveiieantstéd Bgainst

DXG resistant strains of H V. DAPD and DXG resistant strains of HV, after

t r eat ment wilditype ¢renetpeicireme 6f HIVid - conmbi nati on, exhibit characteristics of
drug-naive virus. Therefore, in yet another enbodi nent of the present

i nvention, theln eaérkibodidneatht VIMPIDHCibi(o3-iDniycdphknokiol avid/| Ipuariotter and

in particular DAPD, is 10 adm nistered in ]égnbi'gnat,i on or. alternation with

an | MPDH PrefrEsdiesrbadiment of fhecinvensiop. ey dnhypiigy 15 S0PWrENdB agBEkFFed in
H Yol mut anh, Sikdeft, e n&&e&éﬁtﬁ i@fa%n@tiﬁgﬁg%%p{aﬁ wiitemHRI RSN ih¥est i on,
Iy ched - , 3-di oxo

t he "enant 1 oner | cgi’ enri che anyl purine, and in
parti cul ain DpfeBrredsensadinmns,ttbe matleasideSs ©oxid.nati on or alternation with an

| MPDH i nhi bitor that effectively reverses DAPD or DXG drug resistance

observed in H ¥ oM afboditdedt, B% edafitiSRBEE Ay enflblddTEDA] 8 &GN AR pldis, 2Py,
an effective dosage of each agent is admnistered serially, whereas in

conbi nat i anl inhsrtagar RAPBcisi adeivisisraglein combingtion or plieraatioywiths eamepound
adm ni st ef,ed t.ogether., The dosa w |l depend h tor ;
absorptio ,agﬁugqség%ﬁa?t (?Tjiq C%tﬁoi"% Fﬁl%ﬁ%sfsa%dﬁ‘ﬁm%%“}fn%%@% F%s%&rlgl%czes()?@gsr' each

drug as well as other factors known to those of skill (in the art. It is to
o]

belhoted that &baatenesd erbodiment, BIASP {saadmigistered in combination or alternation

with ribavirin or mycophenolic acid which reduces the rate of de novo synthesis of

guanosine nucleotides.

In yet another embodiment, the enantiomerically enriched B-D-1,3-dioxolanyl
purine, and in particular DAPD, is administered in combination or alternation with a

20 compound that effectively increases the intracellular concentration of DXG-TP.

In yet another preferred embodiment, DAPD is administered in combination or
alternation with ribavirin or mycophenolic acid that effectively increases the intracellular

concentration of DXG-TP.

It has also been discovered that, for example, this drug combination can be used
25 to treat DAPD-resistant and DXG-resistant strains of HIV. DAPD and DXG resistant
strains of HIV, after treatment with the disclosed drug combination, exhibit

characteristics of drug-naive virus.

Therefore, in yet another embodiment of the present invention, the

enantiomerically enriched B-D-1,3-dioxolanyl purine, and in particular DAPD, is

10



the severity of the condition to be alleviated. It is to be further
understood that for any particular subject, specific dosage regi nens and
schedul es shoul d be adjusted over tine according to the individual need
and the professional judgnent of the person 15 admi nistering or supervising
the adm nistration of the conpositions. Exanples of suitable dosage ranges
can be fouddinigterbdén Soidivativh Corl alteedatibhirvatiand IMPDHeinRibitor ahareffebeedy

Ref erence. Many exanpl es of suitable dosage ranges for other conpounds
descri bedTevRspedMe Fpastanceobsavetin VoL Bgt&at sie8-at ure or can be identified
usi ng known procedures. These dosage ranges can be nodified as desired to
achi eve a desi kedet esoitter &fibstmenti of |ths quessotrbnmnettioon thedenahticmeriallpn

i t . | i t ti .and t f. HV.i i d
ot Rer 1 or seimbed ot Aotig Ul BT s of aebtEh TERRR. inmdn Bl dfon: *"
gengral i Z@ﬁnﬂ)iﬁ&‘ﬂﬁﬁﬁ&eﬂ%?ﬁattﬂ% Wiask) IVRDPSiH 8 GBat TR AP Gb@es ©ED toirons,

anti-HV antibody positive and H V-positive conditions, Kaposi's sarcong,
t hr onbocy D& diug rpsistpureeddseanvdd opld byl mmitantistraingf ecti ons. I n addition, 25
t hese conpounds or formul ati ons can be used prophylactically to prevent or

retard the prggesshiotiwingChlidthfdh thelap@san i dffdctith \dodd! 6f ehuh agentasti-H V
antibody or H V-antigen positive or who have been exposed to HV. 11

DETAI LED bisoitesd epiatly. WaeepnErentanition therapp edfectivedqragtselfityyors mict hat a
drug resistant s in hi-pi ) i - naj L.rus
whon o verbeheE sppiufied el iRsb Sy RN O o MRUR RIS ]
| MBDH i nhibli-distFibutieh, an&abslishi sid exgetombatts fontach tmgHis\ivell maiothet factdrs
resistant to a (3-D 1, 3-di oxol anﬁl . nucl eoside. | MPDH cat al.ﬁzgs t he .
NAD- dependaein ixthass olgkilbin the & dkisge bepaishraa drsigs Vafqeﬁ/rﬂjl @fso vary with
xant hosi ng-5. - - b 1 £E% $ it f4aResi ne
nucl eot i dgnessﬂ 23?29 es?nﬁlﬁtl]tg%n( ‘Eéggge)naucﬁog:c:eg\'/eprt stt%ttﬂe:t rggg%c%e;% (;[ﬁ&lof 9

i ntracel | ghiculdesibyect,gupacifisi dosagds' reginieph asg bektedules €R)ld beadjusted loveuigine

i nhi bition of .inosine nonophosphate 10 dehydrogengse (1M ffectively
i ncreases a‘E‘%ﬁ’@W%\t‘i"a_éléq Ilaﬂlé{PJ]“@ﬁﬁt?S‘l&ut ?'nflﬁlt it %’P&B&@;Pwd&mﬁl% _§[‘fg mERP ng

I nhisbi | Ogdlhﬂrﬁ/sté&@ bf Alib@Risinthki 8dRMABralON® Clhe itioeX Pl Bkdinp1Be of
unexpected sensitivity of a drug resistant formof HVto a

J3-D- 1, 3- cliitotsl dosyge rangesl w@odie deursidniths ssicatifi literaturransk iadonBeysirargrDaskPDH
I nhi bi tor Reference. Many examples of suitable dosage ranges for other compounds described
herein are also found in public literature or can be identified using known procedures.

These dosage ranges can be modified as desired to achieve a desired result.

20 The disclosed combination and alternation regiments are useful in the prevention
and treatment of HIV infections and other related conditions such as AIDS-related
complex (ARC), persistent generalized lymphadenopathy (PGL), AIDS-related
neurological conditions, anti-HIV antibody positive and HIV-positive conditions,
Kaposi’s sarcoma, thrombocytopenia purpurea and opportunistic infections. In addition,

25 these compounds or formulations can be used prophylactically to prevent or retard the
progression of clinical illness in individuals who are anti-HIV antibody or HIV-antigen

positive or who have been exposed to HIV.

11



Therefore, the present invention is directed to conpositions and net hods
for the 15 treatnent or prophylaxis of HV, and in particular to
drug-resistant strains of H'V, such as DAPD and/ or DXG resistant strains
of HV, in a host, for exanple a mammal, and in particular a human,
conprising adm nistering an effective amount of an enantionerically

enri ched P-D-1, 3-di oxol angrapupiDescripior oFaemUNeENTRONN N R30 N N NH2 O
20 wherein Ris H OH d, NH2 or NRLR2; Rl and R2 are independently

hydr ogen, al kyl or cycloalkyl, and R3 is H, alkyl, aryl, acyl, phosphate,

phosphat & ol ofy s et dapHire i BURH ahigh BrUe BrSBR. SEARRE AT Attt i

phar maceutbgakdy o AQEERE AR i@l Whé gReRdihEYoontthdtRAAbE % BIDA,3-dioxolanyl
phar rraceuti%%Hryoaccept abl elcar rier gore di luent, in conbi lr31ati on or Y

al t er nat i onclepdifle anl arPBVIPRBsinhibiton n&p bos perdineitiog kpbe digenb.sthe HIVRDED is
inhibitor. 12 In o di ment,, the .epnantionerically enriched
(3-B-1, 3- a?sbi%ﬁé%i‘/Bﬁ%ﬁgﬁ&‘%&d&ufﬁ"fﬁ?ti cular DAPD, is adninistered in

conbi nation or alternation with an IMPDH inhibitor, for exanple ribavirin,
mycophenol i ¢ adMPDIbeatzhrrdéhe Nog2idgpendentapwifiaiqn of inesinendZBeiaphpsphate

- et hynyl 53 D-r i hof ur anosyl j | ' ;
N 55 (s PR iR ARK bR SR RV SRS A s b e Bt
t et rahydr @helestitte SyrithesiSt & hid/¥edd iscowdred hhaf fedadtioneby intearetialaesiedie EC50

for DXG when tested against w ld type or rru,ta_nt,st(rétﬁj ns, of HV-1. In a

pr ef er r ed gepssmenerriphosphate (HONP) Aevch tarughsmprinphahmosine Jppnpphpsphaten ot her
pr ef-erred i t i k i1hiLhj i i bl N, 1IN
B D b e R st e b o Bt o
with the P algntenting mhibition HliGtrhglicaioef Ehisedbnenhouéwesntannotrexphain theosi de
is DAPD. In another enbodi nent, the enantjoneri y. enrj .

(3-D- 1, 3- APEEPEAY PSR! Safs Aot EOao! SR o 8 B iesplan
conbi nat | %ﬁcl@&si&’é 1 EhNRIG QN inWhd Preforc@ BPOMNIPBI &nikigduces the rate of de

novo synthesis of guanosi ne and deoxyguanosi ne nucl eoti des.

Therefore, the present invention is directed to compositions and methods for the

15 treatment or prophylaxis of HIV, and in particular to drug-resistant strains of HIV, such
as DAPD and/or DXG resistant strains of HIV, in a host, for example a mammal, and in
particular a human, comprising administering an effective amount of an enantiomerically

enriched p-D-1,3-dioxolanyl purine of the formula:

20 wherein R is H, OH, Cl, NH; or NR'R% R! and R? are independently hydrogen, alkyl or
cycloalkyl, and R® is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety, including a phospholipid,
or an ether-lipid or its pharmaceutically acceptable salt or prodrug, optionally in a
pharmaceutically acceptable carrier or diluent, in combination or alternation with an

25 inosine monophosphate dehydrogenase (IMPDH) inhibitor.

12



15 In a preferred enbodi nent, DAPD is adm nistered in conbination or
alternation wth ribavirin or nmycophenolic acid which reduces the rate of
de novo synthesis of guanosine nucleotides. In yet another enbodi nent, the
enantionerically enriched (3-D 1, 3-dioxolanyl purine, and in particular
DAPD, is adm nistered in conbination or alternation wth a 20 conpound
that effecti vely oheiendedasenththei evpntoretdiallyr enpished PPt 3-divxolanpXpune, | n

et anot her_ preferre odiment, DAPD is .ni stered . in conbi j or
gl ternati g &i RIS ?‘E’ﬁa l%ggﬂﬂ?%%ﬁ‘gﬁbwlggﬁglﬂl %glltergz}t*ogcw @gﬁfﬂr@?eas es
the intragglfiishafor CORGROHAYVIRN r@fcoPXéroliC: adid, Bamamid0 ribeade, diisoauar,ed

that, for exanple, this drug conbi nailor] can be used 25 to treat
DAPD- 1 esi sdlemofarid, HXGyngbi $ranibofirarisiimidazpievi-cahppridel (kA R)e of §ant

strains o V,,after treat t.wth.the disclose [ ' '

exhibi t @%&%Q‘@F&WV&%OW%&%P apDatgidolpenzyf; %E?“B?%C?f%%@f“{‘%ﬁg%er
enbodi ment_yksbNey RIBTE MhibRM AR VR, dethfseseRa BUsP R MIXE! Whenattdted hginst

P-D- 1, 3-di oxol anyl purine, and in particular DAPD, is 13 administered in
conbi nat i wilddypeairtravtpaitstomswii tHValn | MPDH i nhi bitor that effectively
reverses drug resistance observed in HV-1 nutant strains. In yet another
enbodi mrent of the ﬂ@ﬂeﬂéiﬁﬂt efnbodimentpihe TPDEDanhibiorlis aajcbyhenelic iachied In
(3-D 1, 3-di oxol an purine, and i n partjcul ar%\%gﬁiph%éadm M stered in 5
conbi nat i apther pipfearen smbedmgnt R e NPT M Lo 5 RRAVIRL| 1 2

rever ses r : u b St:anc ] ik : MEdms. 1.
Deritn; ¢ oREIHSS upiinghiythe AELA0GEBRRILE ih Tollbliufol Wiithe INFD

defi ned r afhésisort th aotigr pugfetrbtbémbalimdate thetomcknsidxisgeAPDni t r ogen, or
phosphorus atomto prevent its further 10 reaction or for other purposes.
A wide variety i R h&d $.3-AbBl ih€ t hose
skilled in theIrg%&%%fggirbggﬁ?eg@’g%?%gg???ﬁ%ﬁg%ngirgm hglimg,_’ as_usﬁg@mrrlei n,

i ncl udes eind o errtidarlanid APDo doadamitlisferesoinaconittieatioaron alfetoption wath jsecguppaingi n,

I i ifi f [ d,
yciic, piehigeesaBe e 4P whSedhBrar o pRbbdy Bl fyfithep e, ©

15 In a preferred embodiment, DAPD is administered in combination or alternation

with ribavirin or mycophenolic acid which reduces the rate of de novo synthesis of

guanosine nucleotides.

In yet another embodiment, the enantiomerically enriched B-D-1,3-dioxolanyl
purine, and in particular DAPD, is administered in combination or alternation with a

20 compound that effectively increases the intracellular concentration of DXG-TP.

In yet another preferred embodiment, DAPD is administered in combination or
alternation with ribavirin or mycophenolic acid that effectively increases the intracellular

concentration of DXG-TP.

It has also been discovered that, for example, this drug combination can be used
25 to treat DAPD-resistant and DXG-resistant strains of HIV. DAPD and DXG resistant
strains of HIV, after treatment with the disclosed drug combination, exhibit

characteristics of drug-naive virus.

Therefore, in yet another embodiment of the present invention, the

enantiomerically enriched B-D-1,3-dioxolanyl purine, and in particular DAPD, is
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15 to C10, and specifically includes nethyl, trifluoronethyl, ethyl,
propyl, isopropyl, cyclopropyl, butyl, isobutyl, t-butyl, pentyl,

cycl opentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl,

cycl ohexyl net hyl , 3-nmet hyl pentyl, 2,2-dinmethyl butyl, and 2, 3-

di met hyl butyl . The termincludes both substituted and unsubstituted al kyl
groups. ddmiaisicesl ini tdmbihaiidn pheltaniién gritbum EMPDIE islibier that effeeftvsly
selected fromthe group 20 con Ls&hg. Ofthygﬁfﬂyl’ am no, al kyl am no,

aryl anmi ndCVEPRAKYS resistAnesQPseh D ] Sg/llaWB,an H%ni ¢ acid, sulfate,
phosphoni ¢ aci d, phosphate, or phosphonate, either unprotected, or
protected as necgeisangtherasmbediment ooft iHass eresrit [rgniipnt e spmtiomsEicadlanpl e,

as taught in et al. .. ProtectiVv i arj i John
W | ey andﬂ§5h§fﬁ§§g§%g“mﬁgpy%d%FETQ d ﬁ%&%ﬁgﬁﬁﬁcg¥gﬁga egdgéﬂggggrghce. 25
Thes t er m dayBRatidh koy laltestions sdtbher BMPDHaindibitot 86 effedtbrely svespeDAPDed;
refers to a Cl to C4 saturated straight, branched, or if appropriate, a
cyclic (fBXGedeagpasistance pesesydopy LV -hmgdant g8, i ncl udi ng bot h substitut ed
and unsubstituted forms. Unless otherw se specifically stated in this
application, when alkyl is a suitable noiety, lower 14 alkyl is preferred.
Simlarly, when alkyl or lower alkyl is a suitable noiety, unsubstituted
al kyl or lower alkyl is preferred. The termaryl, as used herein, and

unl ess other welmitipeci fi ed, refers to phenyl, biphenyl, or naphthyl, and
preferably phenyl. The termincludes both substituted and 5 unsubstituted
noi eties. The aryl group can be substituted with one or nore noieties

sel ected f rom% CteIhO4R GO 3L il Abrelty gﬁé)ﬁ}qe s BtHeRRise ?eﬁﬂ&f‘ B8@:t0 a
aryl am no, al koxy, ary?oxy, nrtro, cyano, su FOHIC acid, sulfate,

phosphoni groagitltht i9 hdddah@t & orygep) aRipRemairephoslidrite atoun iy ptevetteits fupther
protected as necessary, as known to those skilled in the art, for exanple,

as 19 aught repetiogras dpreother P%PQSFS-PAQ‘E’@@tV@V%tYGf QEPET MICHGBTPTRL B EIOUPS John
Wl ey 10”@%‘5"9@?"8&@%@% 1 20f ok IRd synth&id erm acyl refers to a

car boxylic aci t he non-carbonyl noiety of the ester group
IS selectedfrﬁ?mstr i ght, branched, 1L(gdec cli% al kyl ord wer al kyl,

al koxyal kyl i nEPUSTRGRetsiied Metery ictuges FRIgTO Praperdd} kb HYSIP: ~aryi oxyal ky!
such as phenoxynmethyl, aryl including phenyl optionally substituted with
hal ogen (e. g.,ThE, te@h,allyd, asusad heyeinomless ataeraiiseyspeeified; rofers do aspfusated

sul fonat est?a?gth ,rbsragc'ﬁ%cri], c‘;irscy%iilé,yrl)rirggryfige%lc)%&/alry ot te?&éwlﬂydrocarbon of typically C,
15 to Cio, and specifically includes methyl, trifluoromethyl, ethyl, propyl, isopropyl,
cyclopropyl, butyl, isobutyl, #butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,

isohexyl, cyclohexyl, cyclohexylmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-
dimethylbutyl. The term includes both substituted and unsubstituted alkyl groups.

Moieties with which the alkyl group can be substituted are selected from the group

20 consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either unprotected, or

protected as necessary, as known to those skilled in the art, for example, as taught in

Greene, et al., Protective Groups in Organic Synthesis, John Wiley and Sons, Second

Edition, 1991, hereby incorporated by reference.

25 The term lower alkyl, as used herein, and unless otherwise specified, refers to a
Cy to C, saturated straight, branched, or if appropriate, a cyclic (for example,
cyclopropyl) alkyl group, including both substituted and unsubstituted forms. Unless

otherwise specifically stated in this application, when alkyl is a suitable moiety, lower

14



i ncl udi ng net hanesul fonyl, the nono, di or triphosphate ester, trityl or
nononmet hoxytrityl, substituted benzyl, trialkylsilyl (e.qg.

dimethyl -t-butylsilyl) or diphenylnmethylsilyl. Aryl groups in the esters
optimally conprise a phenyl group. The term"lower acyl"” refers to an acyl
group in which the non-carbonyl noiety is lower 20 alkyl. The term

"enant i oi gkylcas | prefietl CheSihiligy,Us@en t fikol@nolstwet hekgpeéciaf isoaathlonmbity,
descri be a conmpound which includes approximately 95% or greater, preferably
at | east ugebslithisdallol ef wepplivhis prefeged 9799 even nore preferably, at |east
98% and even nore preferably at |east about 99% or nore of a single
enanti oner of Thaterapapurdised\herirg add unilsst ed=irdise apecafigahmefersutoaphenyl,
configuration (Dor L) is referred to in this specification, it |

presuned PRAENHE HW@’&S?@&W?@’% é’gﬁlﬁgi ohi fe Ilpﬁ/lu%‘???l?cgﬁéﬂbsﬁ’ﬁ‘&t?i&giide,
unl gss Oﬁﬁh%&’itﬁ%d%&{efi?s. The N sAsstHREH wWier Sldor KRS hidtRsa

uni cellular or multicellular organism in which the virus can replicate,

i ncl udi ngsatedtéd Fromethemoupacinsalisg of hsidpxek, @mdin, yallig/lagidoharydamino, alkoxy,

Al ternatively, the host c be carrying.a part of.the viral geno whose
replicati ¥ | Y> PO EYBR- %’iﬁnﬁeacﬁﬁ ts\éﬁaé&gfﬂ Slﬁ}?@%ﬁf%@ﬁﬂﬁfi’a{ﬁ t %OSBH%%@GM

I nventi Onei(tjh-'é?ﬁm fRedtd, Br RSEtER 88 inbé&adry Y ad RAGHIS td ok bEitle@dn ¢led ks, fogel | s
transfecte WIt|EI) all or part of the viral genone and animals, in

parti cul aexangyle rasttasghf imGtegné, egakhl '

atsaiyeetiups it OngaremSyntingsis, ety Walsy mal
appl,i cations,of the present.invention, the host is a human patient.
Ve'ﬁgri nar%ncfi% S %%ﬁolng ,ltlcinnlé)ert ain indications, however, are clearly
anticipated by the 5 present invention (such as sim an i munodefi ¢iency

virus in chi npahe éan) acybrriehie e Griberylisace edpt WOVl sRQigRrbaIma IMQIgy a
o . . pEA A oA
compound {Agfs s%er(?%r%%ﬁ%} K8E8eq E‘Ié’ﬁ.{o SEHBAP UL Qr YA Bfle Alley®hr Aok apid) L D

host to formthe res I nven Typrcal exanpl és of
prodrugs hlikekylleylcinoldingdsethbaymdthyle abdlbyloigtindingybenkzybialydoxpyatityd ctuchgsgr oups
on a functional npiety of the actiye conpound.. Prodrugs, 10 i ncl ud
ConpoundsPRASR RSy berd i GaapiouleiRnaly s prdied Vb anionge (e F. €l Br
hydrzoxy! atefl, ‘ I , YAIed . Aonyl

degF LEs; %1(: %@{%ﬁﬁ% Cf%tt§|@4 a g?&’,%%ﬁ%ﬁﬁe eSERY APV or a1 3L onyl

kyl at ed, eacyl ate osphoryl ated, dephosphoryl ate
produce t hehsiiig venatiompofodyl, Pibe nmace, i chl lor  tipbegphalsl ecsier t drityhclande

Hhose e ometnony iy, "Sussitited *betzy i SRR '@8" Hiflefhyibutytsity) or

diphenylmethylsilyl. Aryl groups in the esters optimally comprise a phenyl group. The

term “lower acyl” refers to an acyl group in which the non-carbonyl moiety is lower

20 alkyl.

The term “enantiomerically enriched” is used throughout the specification to

describe a compound which includes approximately 95% or greater, preferably at least

96%, more preferably at least 97%, even more preferably, at least 98%, and even more
preferably at least about 99% or more of a single enantiomer of that compound. When a

25 nucleoside of a particular configuration (D or L) is referred to in this specification, it is
presumed that the nucleoside is an enantiomerically enriched nucleoside, unless

otherwise stated.

The term “host,” as used herein, refers to a unicellular or multicellular organism
in which the virus can replicate, including cell lines and animals, and preferably a
30 human. Alternatively, the host can be carrying a part of the viral genome, whose

replication or function can be altered by the compounds of the present invention. The

15



organi c bases and acids. Suitable salts include those derived from al kali
nmetal s such as 15 potassium and sodium al kaline earth netals such as

cal cium and nagnesi um anong nunerous other acids well known in the
pharmaceutical art. The compounds of this invention either possess
antiviral activity, or are netabolized to a conpound that exhibits such
acti vi ty. tetrh hoRhpedificalyt iefas tqnn&ctﬁdmbﬁblcell&mS§ceﬂddwiﬁn ol Dug&’t gbthervinahses

where any of the conpounds as. di scl os nerej.n are suffi bas c or
aci di ¢ t oB38R, A aaalsot B%&Flﬁ‘glé%ipﬁl esyLcluding £ lml%?&ﬁ?eﬁ ‘515 Tt he

conpound ﬁ%staamﬂﬂﬁrdggﬁ@éﬁdn@,%f ¥hApe&Bitaklvensa, t thidRYodteisa RPh&RA %ﬁent
Exanpl es of pharmaceutically accéptable salts are organic acid addition
sal ts forﬁetdnw.ry kapghwecﬂl@ns wini @mtafmmmcatlorph@QWOV@gamtle@b(:émqa}bﬂt@i byiith;, for

t | f t t at t | t
Car Sar at POl VAR (CHRhSULPET BesP g o g viedt bhRiPar iR and &
gl ycer ophosphat e. Sui tabl e inorganic salts may al so be forned, including,
sul fate, nit rRitasmagsiubaalsonaceepta hcpr@@nugs)rmferet%%l|cpmpomfhth@ﬁ¢8em@tabame§i
A oent 20! By 2Rh e TR0 Q00 bARHeH Sh M, RO A RIOREAURGRN oMBlprifian | 1

the art, a su icien basi ¢ as an

16 ami ne ivedlioa. STipiakl exaa@pleh affpwdilugsgmmhymnqiongd@alhdtmaaedﬁcﬂbg:hhny ani on.
Al kali metal (for exanple, sodium pot assiumor lithium or_alkaline earth
met al (folab@arﬁwcémgc&qoepwp & dipcdiogal mgichnf|the aghye corRAuad sSTpdughde.

EM00%, Lo BeHE LERBRARR Mg MEALIIEAN MinALT dUBhEAEL HiSoRyNeS oO! & 0°

5 prodrug 0|ncr ase the activi i oavar’'l abl |ty 740t her wi se
alter t hede;hlymm&yltateels hydrblytzb@, duhyﬂm@&edieﬂkﬂatadj,rﬂmtkywted) wcykami; di@cplatndr ug

| d k | al k t t h | h [i
ol 11 cat PORDRRIRise: HGRRORA BHegls Bpdicsabe cBiifo arrpoidor PhHEFRBATGT or
tri phOSphfctcgthJIe SPﬁs By og@ dWildd FB&r ﬁ?ﬁﬁa&éﬁ@icﬁyﬁ%é table Rlorddhee or

nucl eoti de.” Exanples o stltuent groups that can replace one or nore 10
hydr ogensorganit bhesestand ;ahnﬂtse Swishlde ysalwlecladkshqse dclwed Bomradiadismetelarsbelhyeir at es,

L udi | hg d bed
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a desired effect
invention either possess antiviral activity, or are metabolized to a compound that exhibits

such activity.

II. Pharmaceutically Acceptable Salts and Prodrugs

20 In cases where any of the compounds as disclosed herein are sufficiently basic or
acidic to form stable nontoxic acid or base salts, administration of the compound as a
pharmaceutically acceptable salt may be appropriate. Examples of pharmaceutically
acceptable salts are organic acid addition salts formed with acids, which form a
physiological acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate,

25 malonate, tartarate, succinate, benzoate, ascorbate, a-ketoglutarate and o-
glycerophosphate. Suitable inorganic salts may also be formed, including, sulfate,

nitrate, bicarbonate and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures

well known in the art, for example by reacting a sufficiently basic compound such as an

16



Any of the conpounds which are described herein for use in conbination or

15 alternation therapy can be adm ni stered as an acyl ated prodrug, wherein
the termacyl refers to a carboxylic acid ester in which the non-carbonyl
noi ety of the ester group is selected fromstraight, branched, or cyclic

al kyl or lower alkyl, alkoxyal kyl including mnethoxynethyl, aralkyl

i ncl udi ngaérezyith aasujlableyeaidk gffordingha abyndlegisalyrecdeptableaanipn. | Adkaly aiata)

phenyl optjionally substituted with halogen, ClL to C4 alkyl ,of. ClL to (C4
al koxy, 2805 %Ft’esoa@f“erl%oeigﬁ_ﬁﬁﬁlﬁ {hk‘&% SF ailfag’flﬁy‘?ar@uf%ﬁ%n{f?r CKEPRSi ng
met ha”esuhileﬂﬁﬁ),saft@@fdmg?dicQdid@éantdléo%‘&ﬁ@dbﬁte ester, trityl or

nononmet hoxytrityl, substituted benzyl, trialkylsilyl (e.qg.

di methyl -t-butyl silyl). The acti L e0s] -
Compound can afe VR pSlRSTR! WALRIG Mints FEMGI 0 gt
- gther _bidlitl @ indreic-hbiaaigebievailzblitg daility 35 otenuisb s te propasies

n re

di scl osed | e follow ng erences, which are incorporated by reference
herein: KQdheanugleaside. NA nyraper of nyclegtide prodmg digandgpigeknoven.k In"gsneraly  and
C. Pi ant ag@si_.. 19 y I - y! ipid I t hat
i by Ao A b o icpRRic, BioRl @Gk SehB vk B0 A0 101
Al DS Res. chlupoundraitofehevinbhis el or GripHdtpidd of e antlackidé wilCincrehse NMerstebilityC. J. |
S.L. Mrris-Natschke, K L. 30 Meyer, F. Gunus, J.R Surlffs, K. S. |shaq,

U S KucePh,the, noplpgiide. ¢ Tianyley eh, substtiet FoBpTiat Ssharoelape Riaes (moipgy:.

" Syt hesi v ' | bR CterBidS! 6285 {) iHeRlRg for
antit- 4 v gg%g?rfsy% 4 biRtRptie RS %:rhql}ﬁz?'(%’s%lﬁe;ram’st el |%$d,r%i7l RAvEe h
Ri chman, Bugars,ChR2sbaryldlyderol Sindhmicohels, Gfady are demaribed kp Bndom¢s uch Nien

Bosch. 1992. "Greatly enhanged i nhibi {.i f.-hunan i nodef i ¢ci ency .vi rus
Cype 1 1 Bpichalerh Hnetn fariiba 280 00 355 TRl IpRRy FirhiPh ey i
di phosphatgmpiai¥s veth e AbA6RH Jeledsiliésib dciER 8dtired effectdeoxyt hyni di ne.
Antim crob. Agents 5 Chenother. 36:2025.2029; Hostetler, KY., L. M

0

hmller, H B [ . d . D. j : :
“Synt hesi & and A ot Qoo SR vy SRedRaR: B o IRTPRLLALPR or

azijgot hyr hilémeti @ thefdph&an Rt ddviihidtersligd Q@&i(?d@tsd ‘preliru@i Wherefohnte®acd1127.
Nonlim ting exanples of U S. &at, ents that disclose suitable |ipophiljc
subst i t uertfers tpHagarkeanlip acid sster dntvhich the sopwatoedl Mately phEhensiar S5UE or

R N e
methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl, aryl
including phenyl optionally substituted with halogen, C; to C4 alkyl or C; to Cy alkoxy,

20 sulfonate esters such as alkyl or aralkyl sulphonyl including methanesulfonyl, the mono,
di or triphosphate ester, trityl or monomethoxytrityl, substituted benzyl, trialkylsilyl (e.g.

dimethyl-t-butylsilyl).

The active nucleoside or other hydroxyl containing compound can also be

provided as an ether lipid (and particularly a 5’-ether lipid or a 5’-phosphoether lipid for

25 a nucleoside), as disclosed in the following references, which are incorporated by
reference herein: Kucera, L.S., N. Iyer, E. Leake, A. Raben, Modest EK., D.L.W., and

C. Piantadosi. 1990. “Novel membrane-interactive ether lipid analogs that inhibit
infectious HIV-1 production and induce defective virus formation.” AIDS Res. Hum.

Retro Viruses. 6:491-501; Piantadosi, C., J. Marasco C.J., S.L. Morris-Natschke, K.L.

30 Meyer, F. Gumus, J.R. Surles, K.S. Ishag, L.S. Kucera, N. Iyer, C.A. Wallen, S.
Piantadosi, and E.J. Modest. 1991. “Synthesis and evaluation of novel ether lipid
nucleoside conjugates for anti-HIV activity.” J. Med. Chem. 34:1408.1414; Hosteller,
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preparations, include U S. Patent Nos. 5,149,794 (Sep. 22, 1992, Yatvin et
al.); 5,194,654 (Mar. 16, 1993, Hostetler et al., 5,223,263 (June 29,

1993, Hostetler et al.); 5,256,641 (COct. 26, 1993, Yatvin et al.);
5,411,947 (May 2, 1995, Hostetler et al.); 5,6463,092 (Cct. 31, 1995,
Hostetler et al.); 5,543,389 (Aug. 6, 1996, Yatvin et al.); 15 5,543,390
(Aug. 6, K906D.NaRidhmast Dah. Garse, 5449, Sotmifieny G.BL Tlggrawlﬂgtauﬂﬁ etnglen) . and

5,554, 728_( Sep. ava ed
herein byP Bb z’fe}%%cela??&p%l anﬁ?ﬂ %blé%%f)f%‘g{nagﬁnw%%p %Ir(gnc g}shgfsQ éf)‘t[l)hl lic
substit ueppScithat FANCOEM ahHaciipdseto édie rwicl sodesigghyehidimRe diphssphite
invention, or lipophilic preparations, include W) 89/02733, WO 90/ 00555,
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ti ssues of man and nuse Res,. .33, 2816-28 . I—?,}Zy A % 9973)

| sopol ar  prbREsHRSIE8 l@@‘-’%ﬂmﬁéﬂd ﬁ@é‘l Wvﬂrébn‘&ﬁ%sﬁjﬁﬁes] BiqlnChisa 9% @c% 25
(Ed.), Advances in Antiviral Drug Design, Vol. I, JAl Press, pp. 179-231;
Hong, C.I. NahHentinglexangpibes of&ES., pa@nk th@ﬂsﬁ?cﬂa@e suBghrie hipeplsliasubstiventsunor

o e Sl L ™ YO S A, 807 ™
Nechipev, fyntaifide! SdrhSount; ﬂrefe@%i? hetle 5 QOB pG"s“@on Yegle n&lé&ld(ej&a%pmhc

NucI eosi de conjugat'es as potential antitunor agents. 3. Synthesis 30 and
ant i t unor paphiatiphsy mrblu;de(U$ [Paimians;f GrléHHQQI {Sepyt28si ¥982¢ offtuigacte ol-bf

Ty BooRent S G B gl 5200 83T 29 190E MR B s on,
H. and Ri §hgBRg4d. (d%'t Oi6 @%mYa%@ et aﬂ-§3 §112951¥May|‘23319§5l Q{ostdﬂel‘/et aCyrson,

D.A. and R chman, D.D. (19 . "Phosp hat i d Ia2| dot hym d :_ mechani sm of

ant i r et r o§46a093dQcbn3l.nl ostetler et aL); B33, 380neE. é66199§,mmr1ftyfiz)
Hostel | b , Jok9%4 |
actS]| Sl t;r 815%31%826&%1 gyﬂ%c? ?d@g%@ﬁg ﬁg@%@ﬁgﬁﬁ% (%Vll é F&%teeAmée gaand

5 enhanced sBegagi Gepplakeods) Bisaea ‘et A, ¥l refl wR&:h ar24mc5@oﬁffed Il-iels:irelblyer
K. Y. Rlchman D.D., Sridhar. C N. Feilgner, J. J.,
Gar dener , rafeEncese Fpeeign pate anplicatigs @Mt|désclq§ﬁr!|1pomé@@bf}>sﬂfuems that & Be

" Phosph at !at%’clhg& LGN s 2P ‘?heof).i%%ﬁl? Qﬁ\;eﬁﬁbn,d&%pophlhc preparations, include
WO 89/02733, WO 90/00555, WO 91/16920, WO 91/18914, WO 93/00910, WO
20 94/26273, W0 96/15132, EP 0 350 287, EP 93917054.4, and WO 91/19721.

Nonlimiting examples of nucleotide prodrugs are described in the following
references: Ho, D.H.W. (1973) “Distribution of Kinase and deaminase of 1B-D-
arabinofuranosylcytosine in tissues of man and muse.” Cancer Res. 33, 2816-2820;
Holy, A. (1993) Isopolar phosphorous-modified nucleotide analogues,” In: De Clercq

25 (Ed.), Advances in Antiviral Drug Design, Vol. I, JAI Press, pp. 179-231; Hong, C.I,
Nechaev, A., and West, C.R. (1979a) “Synthesis and antitumor activity of 1-B-D-

arabino-furanosylcytosine conjugates of cortisol and cortisone.” Bicohem. Biophys. Rs.
Commun. 88, 1223-1229; Hong, C.I., Nechaev, A., Kirisits, A.J. Buchheit, D.J. and
West, C.R. (1980) “Nucleoside conjugates as potential antitumor agents. 3. Synthesis
30 and antitumor activity of 1-(B-D-arabinofuranosyl) cytosine conjugates of corticosteriods
and selected lipophilic alcohols.” J. Med. Chem. 28, 171-177; Hosteller, K.Y,
Stuhmiller, L.M., Lenting, H.B.M. van den Bosch, H. and Richman J. Biol. Chem. 265,
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Assessnent of uptake in nouse |ynphoid tissues and antiviral activities in
human 1 mmunodeficiency virus-infected cells and in rauscher |eukem a
virus-infected mce." 10 Anti m crobial Agents Chenother. 38, 2792-2797;
Hunston, R N., Jones, A A M&igan, C, Walker, RT., Balzarini, J., and
DeClercq, E. (1984) "Synthesis and biological properties of sonme cyclic
phosphot ré1ag6213, defostetiel,f rKY.2' -Caeoty - 5.A.| uandurRighmen,” D.DMed190hem 27,
440- 444; Ji
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R N T A T e i
J. and DReClwhkes ET.,(BAbni, @%@%Cﬁex@@dEbl(mml ‘SHntiryia) pﬁipbﬂresoﬁn&orre
cyclic phosphoram date nucleoside derivatives. . Med. Cherg' 33
2368- 2375hiologBelactigity ofisdme nucleoside cyclic phosphorarmdates J. Chem. So

Trans. I, 1471-1474; Juodka, B.A. and Smrt, J. (1974) “Synthesis of diribonucleoside

20 phosph (P—N) amino acid derivatives.” Coll. Czech. Chem. Comm. 39, 363-968;
Kataoka, S., Imai, J., Yamaji, N., Kato, M., Saito, M., Kawada, T. and Imai, S. (1989)
“Alkylated cAMP derivatives; selective synthesis and biological activities.” Nucleic
Acids Res. Sym. Ser. 21, 1-2; Kataoka, S., Uchida, “(cAMP) benzyl and methyl triesters.”
Heterocycles 32, 1351-1356; Kinchington, D., Harvey, J.J., O’Connor, T.J., Jones,

25 B.C.N.M., Devine, K.G., Taylor-Robinson D., Jeffiies, D.J. and McGuigan, C. (1992)
“Comparison of antiviral effects of zidovudine phosphoramidate and
phosphorodiamidate derivatives against HIV and ULV in vitro.” Antiviral Chem.
Chemother. 3, 107-112; Kodama, K., Morozumi, M., Saithoh, K.I., Kuninaka, H.,
Yosino, H. and Saneyoshi, M. (1989) “Antitumor activity and pharmacology of 1-B-D-

30 arabinofuranosylcytosine -5’-stearylphosphate; an orally active derivative of 1-B-D-
arabinofuranosylcytosine.” Jpn. J. Cancer Res. 80, 679-685; Korty, M. and Engels, J.

(1979) “The effects of adenosine- and guanosine 3°,5” phosphoric and acid benzyl esters

on guinea-pig ventricular myocardium.” Naunyn-Schmiedeberg’s Arch. Pharmacol.
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Huynh-Di nh, T. (1991) "Synthesis of |ipophilic phosphate triester
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prodrugs." Tetrahedron Lett. 32, 6553- 6556; Lichtenstein, J., Barner, H D
and Cohen, S.S. (1960) "The netabolismof exogenously suppli ed nucl eoti des
by Escherl chia coli.,"” J. Biol. Chem 235, 457-465; Lucthy, J., Von
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causing serious toxic effects in the treated patient. By “inhibitory amount” is meant an
amount of active ingredient sufficient to exert an inhibitory effect as measured by, for

example, an assay such as the ones described herein.

20 A preferred dose of the compound for all the above-mentioned conditions will be
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The effective dosage range of the pharmaceutically acceptable derivatives can be
calculated based on the weight of the parent nucleoside to be delivered. If the derivative

25 exhibits activity in itself, the effective dosage can be estimated as above using the weight

of the derivative, or by other means known to those skilled in the art.

The compounds are conveniently administered in unit any suitable dosage form,

including but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of
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enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be incorporated with excipients and
used in the form of tablets, troches, or capsules. Pharmaceutically compatible bind

25 agents, and/or adjuvant materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline
cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as

30 magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening

agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl
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bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
20 chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable

syringes or multiple dose vials made of glass or plastic.

If administered intravenously, preferred carriers are physiological saline or

phosphate buffered saline (PBS).

If administered by nasal aerosol or inhalation, these compositions are prepared

25 according to techniques well-known in the art of pharmaceutical formulation and may be
prepared as solutions in saline, employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bioavailability, fluorocarbons, and/or other solubilizing

or dispersing agents known in the art.

If rectally administered in the form of suppositories, these compositions may be

30 prepared by mixing the drug with a suitable non-initiating excipient, such as cocoa
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If adm nistered intravenously, preferred carriers are physiol ogical saline
or phosphate buffered saline (PBS). If adm ni stered by nasal aerosol or

i nhal ation, these conpositions are prepared 25 according to techniques
wel | -known in the art of pharmaceutical formnulation and may be prepared as
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the container. An aqueous solution of the active compound or its monophosphate,

diphosphate, and/or triphosphate derivatives is then introduced into the container. The
20 container is then swirled by hand to free lipid material from the sides of the container

and to disperse lipid aggregates, thereby forming the liposomal suspension.

IV. Combination and Alternation Therapies for the Treatment of HIV Infection

In general, during alternation therapy, an effective dosage of each agent is

administered serially, whereas in combination therapy, effective dosages of two or more

25 agents are administered together. The dosages will depend on such factors as absorption,
bio-distribution, metabolism and excretion rates for each drug as well as other factors

known to those of skill in the art. It is to be noted that dosage values will also vary with

the severity of the condition to be alleviated. It is to be further understood that for any

particular subject, specific dosage regimens and schedules should be adjusted over time

26



and to disperse |ipid aggregates, thereby formng the |iposomal suspension.
| V. Conbination and Alternation Therapies for the Treatnent of HV
Infection |In general, during alternation therapy, an effective dosage of
each agent is admnistered serially, whereas in conbination therapy,
effective dosages of two or nore 25 agents are adm ni stered together. The
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Physi ci ans ence. Many exanpl es of suitable dosage ranges for
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infections. In addition, these conpounds or formnul ations can be Stﬁd
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drug conbpaitivenst velehdve baseekposed torlIdt. DAPD-r esi st ant and DXG resi st ant.
strains of H'V. DAPD and DXG resistant strains of H'V, after treatnent

wi 3 the di scl agad ylen QiR that, G0y £XMIB] this &R Reltidihi @8 WRfudaug- naive
virus. In addition, conpounds according to the present invention can be
adni ni st etred DAPDZ@sicombiandtl¥G-rovistamtt eraiest ORI t AR 2od PEferesitanyiral
anti - HBV, st%%sl _ol_flOfIIQ;, %P[grl “treatment with the disclosed drug combination, exhibit

characteristics of drug-naive virus.

In addition, compounds according to the present invention can be administered in

20 combination or alternation with one or more antiviral, anti-HBV, anti-HCV or anti-
herpetic agent or interferon, anti-cancer, antiproliferative or antibacterial agents,
including other compounds of the present invention. Certain compounds according to

the present invention may be effective for enhancing the biological activity of certain

agents according to the present invention by reducing the metabolism, catabolism or

25 inactivation of other compounds and as such, are co-administered for this intended

effect.

Ilustrative and nonlimiting examples of the present invention are provided

below. These examples are not intended to limit the scope of the invention.
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herpetic agent or interferon, anti-cancer, antiproliferative or

anti bacterial agents, including other conpounds of the present invention.
Certai n conmpounds according to the present invention may be effective for
enhancing the biological activity of certain agents according to the
present invention by reducing the netabolism catabolismor 25 inactivation
of ot her V¥pnpRibagirimitCambineton with DAPBAN ni stered for this intended
effect. Illustrative and nonlimting exanples of the present invention are
provi ded below. These exanples are not intended to limt the scope of the
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eval uated for cytotoxicity in the I'aboratory adap ed cell line M2 and in 5
per i pher avabklsodevabrabatu fdregrtotomicity i FBMI¥borEBYy iadapded icaki lisiet MT20and Hie

enzyne | MP . deh ogenase. This i S t of. i |hzed by
cel Ps forPERE® igiﬂﬁ’gomogwlﬁgrsf%ﬁg@ ﬁg@ %@S{)]tso% @Eﬁ“’%‘%@x@@%‘ewms
tested fogengiiiceb@iceCitis @fiziieid glObAtHR PatRtaptelzel-Bektlld fonehdVle mansl in
PBMCs usingga XTT based as§g§$ e XTT 6¥i3-bis(2-n§$ﬁoxy-4-nitro-5-

sul f oxyphesmhiepis®f (Feny| ami no) car bonyl ] - 2H-t et razol i um hydroxi de) assay is
an in vitro colorinetric cyto-protection assay. Reduction of XTT by

m tochondria dehydrogenases results in the cleavage of the tetrazolium
ring of XTT, yielding orange 15 formazan crystals, which are soluble in

agueous s | I resultant orange solution was read in a
spectrophg'wg{‘r}éc?‘g?“qab?%g' wavel engt h of 450nM RBV was prepared in 100% DVMSO

at a final concentration of 100nM For the cytotoxicity assays, a 2nmM
solldti on of REBViwass testepforexytatexicis on thellahergoryeatiapted APagll BuppdiTdrandted wit h

by 2 1o PRI § | 51T HR0h S88 welte pickte. Ceapr Byt s the.
plat at 3xlf4 &1)@@%@&%8@%%6% DH-(RBMBuna g/ dihadd)| adsep vedie in

i ncubated for days Cin'a 5% incubator (addition of the cells
to the plutre dblogiesairic heyte-ongoctivg tassay. f i Rafudiiogh of orfdent bat mipchepdria

dehydrogenases results in the cleavage of the tetrazolium ring of XTT, yielding orange
15 formazan crystals, which are soluble in aqueous solution. The resultant orange solution
was read in a spectrophotometer at a wavelength of 450nM. RBV was prepared in 100%
DMSO at a final concentration of 100mM. For the cytotoxicity assays, a 2mM solution
of RBV was prepared in cell culture media (RPMI supplemented with 10% fetal calf
serum, L-Glutamine 1mg/ml and 20ug/ml gentamicin) followed by 2 fold serial dilutions
20 on a 96 well plate. Cells were added to the plat at 3x10%well (MTX) and 2x10°/well
(PBMC) and the plates were incubated for 5 days at 37°C in a 5% CO; incubator
(addition of the cells to the plate diluted the compound to a final high concentration of
ImM). At the end of the 5-day incubation, XTT was added to each well and incubated at
37°C for 3 hours followed by the addition of acidified isopropanol. The plate was read at
25 450nm in a 96 well plate reader. A dose response curve was generated using the

absorption values of cells grown in the absence of compound as 100% protection.

RBYV was not toxic in these assays at concentration of up to 1mM, Table 1.
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1mM). At the end of the 5-day incubation, XTT was added to each well and
i ncubated at 37C for 3 hours followed by the addition of acidified
i sopropanol. The plate was read at 25 450nmin a 96 well plate reader. A
dose response curve was generated using the absorption values of cells
grown in the absence of conpound as 100% protection. RBV was not toxic in
these assays at concentrati olable UpCytotokithMy ofREHY 1. 28 Table 1.
Cytotoxicity of RBY Cell Type CC5Q0 M2 >1 mm PBMC >1 nm Sensitivjty
Assays 5 XXTAss@?llﬁW was tested for acti Ve agai nst the xxLAl strajn of
HV-1in the |Ipg : wim
in cell culture rredl ain a 96 vveII pl at €|, e hi ghest concentration| tested
was 100 M Tri ppBREE € sanpl es of conpound >weiM tested. MI2 cells were
infected with xxLAl at a miltiplicity of infection (MJ) of 10 0 03 for 3
hours at 37C in 5% CO2. The infected cells were plated at 3.0 x 104/ wel |
into a 96 well plated containing drug dilutions and incubated for 5 days
at 37Cin C2. The antiviral activity of RBV was determ ned using the XTT
assay descri bed above. This nethod has been nodified into a susceptibility
assay andghagividpaAsapsed in a variety of in vitro antiviral tests and is
readily adaptable to any systemwith a lytic virus (Wislow, 15 O S., et.
1989). Using the absorption values of the cell controls as 100%
pro@ectl oRXT 4@y no dr ug, virus infected cells as 0% protection, a dose
response curve is generated by plotting % protection on the Y axis and
drug concent r ®BYrwaneitb@ fof axiviy agaimsmtiienkd Alcstrane oEEBV-V &l thedalweatery

determ ned. RBV was not active against HV-1 int assays.at _an f the
concent r AdpRIRS celbdng éﬂ%dDﬂpﬁan%&@%ﬁ F?We\}%"sdeépﬁﬂtcé PEdne ?1%6198\}%'/ filt/)
agai nst t Etexfﬁle'% ]?ersf BbfteRfrattdnVredtell W BII%SHMUSTHEh@at@gé}nP@§ o8 cEnbsdha@ssay.

In this ssay supernatants were | ncubat ed
were tested. MT?2 cells were infected with xxLLAI at a mu1t1p11c1ty of infection (MOI) of

10 0.03 for 3 hours at 37°C in 5% CO,. The infected cells were plated at 3.0 x 10*/well into
a 96 well plated containing drug dilutions and incubated for 5 days at 37°C in CO,. The
antiviral activity of RBV was determined using the XTT assay described above. This
method has been modified into a susceptibility assay and has been used in a variety of in
vitro antiviral tests and is readily adaptable to any system with a lytic virus (Weislow,

15 0.S., et. al.1989). Using the absorption values of the cell controls as 100% protection
and no drug, virus infected cells as 0% protection, a dose response curve is generated by
plotting % protection on the Y axis and drug concentration on the X axis. From this

curve ECsq values were determined.

RBV was not active against HIV-1 in these assays at any of the concentrations

20 tested.

P24 Assay

RBV was also tested for activity against the xxLAT strain of HIV-1 in PBMCs

using a p24 based ELISA assay. In this assay, cell supernatants were incubated on

25 microelisa wells coated with antibodies to HIV-1 p24 core antigen. Subsequently, anti-
HIV-1 conjugate labeled with horseradish peroxidase was added. The labeled antibody

bound to the solid phase antibody/antigen complexes previously formed. Addition of the
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25 mcroelisa wells coated with antibodies to H V-1 p24 core antigen.
Subsequently, anti H V-1 conjugate | abeled with horseradi sh peroxi dase was
added. The | abel ed anti body bound to the solid phase anti body/anti gen
conpl exes previously fornmed. Addition of the 29 tetranethyl benzidine
substrate results in blue color formation. The color turned yellow when

t he reactteiamétbylbermiinel subbtretepiesitltssin ldireecolorefiormaiziny 2 €he eplon tusnest ¥ellowader
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and drug free, virus infec el l's as protection, a dose response
curve i s IpteedatRdweie gedéd intg 96 erctigridtepeaitaning dafodd s¢rfed diutionssofaRBVdr ug

concentration on ., the xis, Fro is,curve, EC50 yal ues were determ ned.
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activity of DAPD and DXG were ZS eval Uated using the M2/ XTT and PBMC/ p24
assays dediofi petectibnweed drhe fiskf wiresingctedRBs s Qhepratseiion, taydest 1a8pgose/i r and

AZT were al sa anal yzed. [ XTT assays . ConbinatiQn as wer erfaormed
usi ng var§¥¥fg® éWEéﬁ‘?B&P%gﬁ%g B‘T’rcﬁiﬁ .,ecufg OB)E% %{IKB( chkﬁf(fﬁgﬁ&m&%‘&ﬁn&{‘e or
with a figest £aNaeskflsicapyQECRBMIudsiviee fgtbgniged.i al  dilutions of test
conmpound were performed on 96 well plated with the follow ng drug

congentrati onsg ] . M inABBOR i el gz T ) he
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Combination Assays

The effects of RBV on the in vitro anti-HIV-1 activity of DAPD and DXG were
20 evaluated using the MT2/XTT and PBMC/p24 assays described above. The effects of
RBYV on the activity of Abacavir and AZT were also analyzed.

MT2/XTT assays

Combination assays were performed using varying concentrations of DAPD,

25 DXG, Abacavir and AZT alone or with a fixed concentration of RBV. Five fold serial
dilutions of test compound were performed on 96 well plated with the following drug
concentrations: DAPD 100 pM, DXG 50 pM, Abacavir 20 pM and AZT 10 uM. The
concentrations of RBV used were 1, 5, 10, 20, 40 and 60 pM. Assays were performed in

the MT2 cell line as described above in the XXT sensitivity assay section. Addition of

30 40 and 60 pM RBV, in combination with the compounds listed above, was found to be
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the M2 cell line as described above in the XXT sensitivity assay section.
Addi tion of 30 40 and 60 M RBV, in conbination with the conpounds |isted
above, was found to be 30 toxic in these assays, therefore, EC50 val ues
for the conpounds were determined in the presence and absence of 1, 5, 10
and 20 M RBV (Table 2). Table 2. Effects of RBV on the antiviral act|V|ty
of DAPD, tDXG,inAhase assays,dhetefaZTECH weites derl the csmpprrdsEee® deigrodned(igjthe

e Sl TR I BB 2, 0D 15 (0 2.
) 00 o g ke o 0 550, ) o (2,

decreased the EC50 yaryesrebtdisned for DAPD and DXG Table 3 |IIustrat es
the fold differences in EC50 val ues obtained for 10 each of the conpounds
in Sonbi nation RBV Tabl e 3. FMehmdECierabwesdgM)n EC50 val ues in comnbi nation

with RBV 4 S f‘nr‘rnnllnrl 1 n|\A§B/ L AaM PPR\/ ' 10 ~M RR\/ 20 ol _DD\/

DAPD 2. 25 6:04ppYnge 14C9ntr(ﬂ)XG 1l ’2 SSI@VE%BXb i& Q%WW )2881 1% tK};\y,( 82

AZT 0.59 0 3@AD29 70185 (3 20 gl had qheagr eat egiz @t ect on
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addi tion of_ 5 e?.‘i teng 20 RBV, although to a | esser extent than that
observed wi't tF? f8 8?‘ concentration of

i
a
0

Addition of 1, 5, 10 and 20 uM RBV decreased the ECsy values obtained for
DAPD and DXG. Table 3 illustrates the fold differences in ECsy values obtained for

10 each of the compounds in combination RBV.

Table 3. Fold differences in ECsy values in combination with RBV in MT2 cells

Compound 1 uM RBV 5 UM RBV 10 yM RBV | 20 uM RBV
DAPD o225 - 64 11.56 14.2
DXG 1.29 4.57 53 12
Abacavir ND 0.68 0.73 0.82
AZT 0.59 0.37 0.29 <0.17

Addition of 20 pM RBYV had the greatest effect on the antiviral activity of DAPD

15 and DXG with a 14.2 and 12 fold decrease in the apparent ECsy values respectively.

Addition of RBV had no effect (less than 2 fold difference in the apparent ECs) on the

activity of Abacavir. Addition of 20 pM RBV resulted in a greater than 6-fold increase

in the apparent ECsp of AZT indicating that the combination is antagonistic with respect

to inhibition of HIV. Similar results were obtained with the addition of 1, 5 and 10, pM

20 RBV, although to a lesser extent than that observed with the higher concentration of
RBV.
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RBV. 31 DAPD Resistant H'V -1 nmutants The effect of RBV on the activity of
DAPD and DXG agai nst nutant strains of HV was al so anal yzed (Table 4).
The restraint strains analyzed included viruses created 5 by site directed
mut agenesi s, K65R and L74V, as well as a reconbinant virus containing

mut ati ons at positions 98S, 116Y, 151M and 215Y. The wild type backbone in
which these nmutants were created, xxLAI, was al so anal yzed for conparison.
The concentrations of DAPD and DXG tested were as described in the above
M2/ XTT pampy Rasistory BB a2YmaeeRisi on. RBV was tested in conbination with DAPD
and DXG at a 10 fixed concentration of 20 M The nutant viruses tested all

denonstrated i ncreased EC50 values (greater than four fold) for both DAPD
and DXG i ndi calhsgffecs of RBhen the activiyl IMaRB A d2XGreainst gritart siaing of RBY

decrease DAP : : . EC50
val ues dgﬁe\??ﬁaggggfa}c{ﬁﬁy%m glnedﬁD &%?%St]iaﬁ?et(gtr%ggge czghglia ‘g%é/dg‘mh%%%“&%?‘g at
| east 2. Sby sitedditeevedrmiithgenetindSES R bhG LMV, dsorell dsen michidbinkht vippeconiainisg These

results are summari zed in Table 4. Table 4. Effects.of RBV,on the antiviral
activity @ptabmaafepﬂfltma%ﬁae&l6s¥aa1r§t1WﬁP<§§15’éc§Iﬁle ib@@?e( kame 8 WIEH at e

DAPD DAPD4RRBV. 5 7 (5. 5\ 0 1}..3 2079, 4
L74V 34(4 55 %“%85%%??}/6(%&2) Rl 0?3%1%0 a&%%?(sz? %ﬁoév,c%f ?ﬂl\/slo*%'zl&ﬁgloz)
(>12) 2. 6edreyatibs E2M)ARD 2mfODE taaferBVEre 28M@Cribed mdtheasteye {MITA/XTT

di fference fromW PBMJ.p24 ays i nation.assays a er forned
in PBMCs %@Pmaa%§?FWf¥géﬁbeﬁgr§§F%éﬁﬁe§%ﬁgp Cﬁﬂbﬂauﬁﬂ(@l%ﬁggﬁ;ggﬁ?d @mﬁ{zar al one
or 1 th agfdxeshceRRarAtdald QN.OMTHRBMutan? RirtRE e alli detidneedikréfsdy
conditions were as descri bed above. The concentrations of RBV used were 1,

5, 10, 20EC4Ovaiwss (@Gaier thahdfour delddfordgth AR anl BEXG indicatingrsestsanceo wi t h

the compoynds. | hsdids AAMFon"5526 QNP RE dBGedsB¥ ife BE.! DEREs BFEAPD and
DXG against these viruses. The ECsy values determined for DAPD and DXG in the
presence of 20 uM RBV were at least 2.5-fold lower than those obtained fér the wild

15 type virus. These results are summarized in Table 4.

Table 4. Effects of RBV on the antiviral activity of DAPD and DXG: Resistant Virus

ECs values (nM)
Virus Isolate DAPD DAPD+RBV®? | DXG | DXG+RBV
K65R 43.7 (5.5)° 0.9 (0.1) 3.9 (5) 0.29 (0.4)
L74V 34 (4) 0.5 (0.06) 4.5 (5.6) | 0.25(0.35)
A98S,F116Y,Q151M,T215Y | >100 (>12) 2.6 (0.3) 16 (20) 0.3 (0.4)

*[RBV]=20 M
20 b indicates fold difference from WT

PBMC/p24 assays

Combination assays were also performed in PBMCs using varying concentrations

of DAPD, DXG, Abacavir and AZT alone or with a fixed concentration of RBV.

25 Compound dilutions and assay conditions were as described above. The concentrations
of RBV used were 1, 5, 10, 20, 40 and 60 uM. Addition of 40 and 60 uM RBYV, in

combination with the compounds listed above, was found to be toxic in these assays.
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32 The EC50 val ues determ ned for the conmpounds in the presence and absence
of 1, 5 10 and 20 M RBV are shown in Table 5. Table 5. Effects of RBV on
the antiviral activity of DAPD, DXG Abacavir and AZT in PMBCs 5 Mean EC50
val ues (M Conpound Control 1M RBV 5M RBV 10 M RBV 20 M RBV DAPD 4.5 (19)a
2.26 (4) 0.7 (5) 0.16 (5) <0.03 (3) DXG 0.15 (9) 0.075 (3) 0.027 (4) <0.01
(3) <O0. 01TKAECsadasadeterfired fHPIheCconpodhdinlthe HrseieQdidHAbseire@ 1; 5) 10 AZT
0.003 (7) 0.0035(3).0.0026 (,3). 0.0022 (3) 0.0021(3) a= nunber of

repl i cat eddifbrMiRBY @re shopinrm\Fablesi t ed in a slight decrease (less than
3-fold) in the EC50 of DAPD and DXG and_Abacavir, but had no effect on the
EC50 val uEalletSai dtectsorf RBA on tim esfévied] pelivity ofddARD, M3FG AbemsiireddA4T ¢ h

i ncreasi ng concent 8%‘-;’"?5% of RBV. Table 6 10 illustrates the fold

di fferences in EC30 Varues obtai ned for each of the conmpounds in
conpination with 1, 5, 10 and 3edd BBY, valadsl(@Vd. Fol d differences in EC50
val ues with RBV Conpound 1 M RBV 5 M RRV 10 M RBV 20 M RBV DAPD 2 § 28

>150 DX gompeund 5 >Lpupphcayil M RBY, 9 S1 R |aborul 8B V1| 20 gMyRBV, RBY

. | ol el

i nhi bi t e f—HE=A1 —FBMS: th—an of ZQ Bkt
R baviri 1D not tWt hesg'2é6eq4;)s at L(((?:'Z)‘rq'”‘c)entrato;':lon )up too'??’m

resul ti ngDXGa theram)ellgt(g\; I Inder79{3)>48. 0A27(4)I on ©§.02(3)M RBY0100 (DAPD, DXG
and Abacavir conplietely inhilbited HV replicatidn in PBMCsl at all the

concent r atbaeayit estled O5dt(Ohad 10-2(#e eff f detl Gh t|he O GYi tly oF-0AZT)

PR\

Addi t i ong=ewer—epngeptFRtHoRsof ma—&?ﬁ R VG on
the actiy of DAPFD, UB% nd %(’éé\f?T ICUr‘] g 2 O(':e I(?? Inejj(b!g%ﬁ;:@zb Nas
not acti ve, agai NSt HIY. replication. Addition of 20 M RBV decreased the

= number of replicate

Addition of 1 uM RBYV resulted in a slight decrease (less than 3-fold) in the ECs

of DAPD and DXG and Abacavir, but had no effect on the ECs value obtained for AZT.

These effects became more pronounced with increasing concentrations of RBV. Table 6

10 illustrates the fold differences in ECsq values obtained for each of the compounds in

combination with 1, 5, 10 and 20 pM RBV.

Table 6. Fold differences in ECs values with RBV

Compound 1 utM RBV 5 uM RBV 10 yMRBV | 20 uM RBV
DAPD 2 6.4 28 >150
DXG 2 5.6 >15 >15
Abacavir 2.7 4.9 18 >18
AZT 0.86 1.2 1.4 1.4

RBYV inhibited the replication of HIV-1 in PBMCs with an ECsy of 20.5 pM.

15 Ribavirin was not toxic to these cells at concentrations up to 1 mM resulting in a
therapeutic index of >48. Addition of 20 pM RBV to DAPD, DXG and Abacavir
completely inhibited HIV replication in PBMCs at all the concentrations tested but had

little effect on the activity of AZT. Addition of lower concentrations of RBV also had a
significant effect on the activity of DAPD, DXG and Abacavir. In the MT2 cell line,

20 RBV was not active against HIV replication. Addition of 20 uM RBV decreased the
apparent ECs5o of DAPD and DXG, 14.2 and 12-fold respectively. Addition of 20 uM
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apparent EC50 of DAPD and DXG 14.2 and 12-fold respectively. Addition of
20 M 33 RBV had no effect on the activity of Abacavir and resulted in a
6-fold increase in the apparent EC50 of AZT indicating that the
conbination is antagonistic with respect to inhibition of HV. Simlar
results were obtained in MI2s with the addition of 5 and 10 M RBY,

al t hough RBVahakss effeetxdnetht actieity dhabactvireandedbswliddhintahé-fblidgherease in the

concentration of RBV. henp tested ai nst. nutant straips HV-1, th
oo et | ST F6MOREAZT G BB R e G e B, St
these conpARREs SPHIES Sithildtedil@Sfore GBRRIMEA MITIwith kitb 4adP€oVbf S1gnd flpe. the

previously resistant virus strains are now sensitive to inhibition by DAPD
and DXG M¥ RBEwalthdugh to Rleskérsmtent than. thatiobesrvad wishdles highert-goncgiitgionloér, and

o 15cta REOH SROR GO oie R S ALY or g v RIOCRE b K

products {af M'Q@Xt}v@léc%as&f?ﬁk\ﬂ@gﬁ-vaﬂws Qff th¥sb -cofbolrlds t086ss tbn those
Mycophenolic Acid in Conbination with DAPD Mycophenolic acid (MPA) was

anal yzed obsewietrvatlf wild &yptei wius yi.ca e proviopsly rasiiamd Vi pirging axgfrfodc sesisivet he i n

vitro antj-H V.actjvi f anal e d.DX was
al so eval {?a’l%%ltf%’ri’%%lg%’l“i%gﬁw{ﬂﬁg’%gg'gr’}t‘olrgégrggggtE@e’%lﬁgéﬁf’g T2 and
in peri phgkcdmdreedd MTOBHsH 8985 eNesw doRBUCTormiNPA hssa@forn HIVAi ¢yaspattiict he
enz%rre | MP_ dehydr ogenase. This enzyne is part, of the pat hvva%%éi | ized by
cellDs f orefiferss: dAppbeation 4§ highddyxsscagenamerol ygistinand saura Prgdn A9Ps0
performed_ .k oF- A\ T «&TC. 20 Cytotoxicity Assays: MPA was
tested fo?rméé/ %) of;%l?tgi {'ffgﬁt%lggﬁa%%'atory adapted T-cell line M2 and in
PBMCs using a XTT based assay. The XTT

(2, 3-bi s(2-net hoxy-4-nitro-5-sul fophenyl) -

5[ (phenyl am no) carbonyl ] -2Htetrazol i um hydroxi de) assay is an in vitro
col orimetyic - { i ppn of XTT by mtochondria
dehydr oge{nlgfse@cgé%ﬁog{c%l&?Lﬂeegglﬁ'g@?éleﬁg?q{;‘%‘éﬂt etrazoliumring of XITT,

yi el di ng orange formazan crystals, which are soluble in agueous sol ution.

The resultant orange solution is read in a spectrophotoneter at a
wavel ength of WBGnphenhixacid{MatAopereanalyred 009 NVRO 2stividy peaast BOhéandr ati on

for its effects on the in vitro anti-HIV activity of two dGTP analogues, DAPD and DXG.
15 MPA was also evaluated for cytotoxicity in the laboratory adapted cell line MT2 and in
peripheral blood mononuclear cells (PBMC). MPA is an inhibitor of the enzyme IMP
dehydrogenase. This enzyme is part of the pathway utilized by cells for the de-novo

synthesis of GTP. Combination assays were also performed with Abacavir, AZT and

FTC.
20
Cytotoxicity Assays:
MPA was tested for cytotoxicity on the laboratory adapted T-cell line MT2 and in
PBMCs using a XTT based assay. The XTT (2,3-bis(2-methoxy-4-nitro-5-sulfopheny1)-
5[(phenylamino)carbony1]-2H-tetrazolium hydroxide) assay is an in vitro colorimetric
25 cyto-protection assay. Reduction of XTT by mitochondria dehydrogenases results in the

cleavage of the tetrazolium ring of XTT, yielding orange formazan crystals, which are
soluble in aqueous solution. The resultant orange solution is read in a spectrophotometer

at a wavelength of 450nM. MPA was prepared in 100% DMSO at a final concentration
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34 of 100mM For the cytotoxicity assays, a 200M sol ution of MPA was
prepared in cell culture nmedia (RPM supplenmented with 10% fetal calf
serum L-Gutamne Ing/mM and 20ug/m gentamicin) followed by 2 fold
serial dilutions on a 96 well plate. Cells were added to the plat at
3x104/wel | (MIrX) and 2x105/well (PBMC) and the plates were 5 incubated for
5 days atof3(0niM. %‘i‘»%&%tbm@u%aamys , @AM e6lutdén dbhBIPRElvas ptopatetian rab]at e
diluted the conpound to a final high concentration of 100M. At t nd of
the 5- dayculinpromisdieiBRMDempplamentad aath 1030 SxfalealieerinadaGlyambie: loae/a ag C for
3 hours f i T I was
Cead ar AAusT iyt 3Rl be? Bla B bies AUEIGRANPe, MR R
gener at edaddsd g thBelatbgdBdxi0 /Wlll\(MTwé)s ami 2&E(DSVWGIQ (BBNC) 14hdi ﬂletlbieteabsﬁnce of

oyt ot 32905‘3%%2062%‘&%8%%%3 2 e Gt Bttt & i A toge AP o
See Tabl S cir ARl &, ouﬁ%gé %hlc%ceﬁcew%lo@@ﬂioow ,«QC@@ ek(ﬁ%f@he?m% PBNVC

4.5 uM en5|t|V|ty was tested f achwtz
agai nst tllneubaxleJ Xﬂ‘m\aasrxaddéd K sach well alttblnlcalbmﬂhatoﬂ‘}c faldéﬂmw fodowed byie MI2.

Di | utions_of in cel re nedia,i | at e;
the hi ghe$f aégp ’Qé‘rﬁf{%ﬁ‘{]g?ff %SBBROB@%%WL{& W35 fead g“g‘%{‘r%ﬂ%é %@Wéﬁﬁﬁ%}and
were testg MTA? 468! ﬂegpo\ﬁﬁ‘é M@%§ b&itbravbd ﬁsﬁié %Tatﬁblg%zﬂ%mbpbf &d11sYer&n

i nfecti on of 3 for hours at 37Cin 5% The infected cells
weiie pl atmdhaabien@e of codayowed ks lQﬂ%)pmtmonwel | plated containing drug
dilutions and incubated for 5 days at 37C in CO2. The antiviral activity
of MPA was det BIRA nes taxsé ingbatthh eclXlifesagilayg S0&scytotonid dbe (@Csorhf §.728Mrrt hod

Cgfi 2te§notggi?\jﬁfi gigh LBe g‘?ffl‘f g/l“ﬁ/g}npl%l%@ds %fqﬁéayegggl Sa:tdg;e)tegbrze?oi 2n3 system

with a lytic virus (Wi sl ow, et. al 1989 Usi ng the absorption
val ues of the cell controls Eéblfﬂo%cbf‘@ﬁpéﬁt}’(?ﬁ
Cell Type CCso
MT2 5.7 uM
PBMC 4.5 uM
15
Sensitivity Assays
XXT Assay

MPA was tested for activity against the xxL AT strain of HIV-1 in the laboratory

adapted cell line MT2. Dilutions of MPA were made in cell culture media in a 96 well

20 plate; the highest concentration tested was 1 uM. Triplicate samples of compound were
tested. MT2 cells were infectéd with xxL AT at a multiplicity of infection (MOI) of 0.03

for 3 hours at 37°C in 5% CO,. The infected cells were plated at 3.0 x 10*/well into a 96

well plated containing drug dilutions and incubated for 5 days at 37°C in CO,. The

antiviral activity of MPA was determined using the XTT assay described above. This

25 method has been modified into a susceptibility assay and has been used in a variety of in
vitro antiviral tests and is readily adaptable to any system with a lytic virus (Weislow,

0.S., et. al. 1989). Using the absorption values of the cell controls as 100% protection

and no drug, virus infected cells as 0% protection, a dose response curve is generated by
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and no drug, virus infected cells as 0% protection, a dose response curve
is generated by 35 plotting % protection on the Y axis and drug
concentration on the X axis. Fromthis curve EC50 val ues were determ ned.
MPA was not active against H V-1 in these assays at any of the
concentrations tested. 5 P24 Assay MPA was also tested for activity agai nst
t he xxLAlplstting 9% @otddtidh bnithe RBMIS and giupg cencpdathasad il X sxisasBaym this t hi s
assay, cell supernatants are incubated on mcroelisa mells,cgated W th

ant i bodi edrv®Efdsovalugpwerssietermpmeilg MPA s(asiof aelivg 3gamshtl V-1Hmjhaseassgyigat e

| abel ed wj,t e radi pdase is added. The | abel ed anti body 10

bi nds tom%ﬁ@yggP%ngﬁgggggﬁf%gg%y/antigen conpl exes previously forned.

Addi tion of the tetranethyl benzidine substrate results in blue color
formati on. The color turns yellow when the reaction is stopped. The pl ates
are then analyzed on a plate reader set at 490 nm The absorbance is a
diréct nmebeld&®Ent of the anount of H V-1 produced in each well and a
decrease in color indicates decreased viral production. Dilutions of MPA 15
were made in cBIBA ewistalrogestedifar actividy 9gaingl the pkbAé straineofHilljhégn PBMCs

concentrati.on of A t ed was . PBNC wer i.n [0 | V-1
negati ve %%@sp%%ﬁi?ﬁﬁ%%ﬁﬁa HFi i[%:\ﬁ“sg?%?a}"eﬁ?lg,Sgg‘%rﬁ%ﬁgtger N "ﬁ?yed on
phyt ohenmeglidbdiizh wdlf3HoRkd ith ABibBEIS So ATVOr p2Pcork Afiggdn, MBubskduenttly \Varti- and
infected with virus for 4 hours at 37C at a MJ I nfected cells

of 0.001.
ver e seed8lVilncanjestewsabeled| vithe Boree radishpergxigaseols pddet-i dhe dahelad epfibody MPA.

20 Pl at es, wer ncubated for., 3 A The. ti . FEUS 1N
ea(,1 wel Ib'\éﬁ%% 8ts8ﬁ§1p (3| a&élljondg%%ﬁgelﬁléﬁg%]gﬁesags} gg{éﬁﬁfg. ndazat ﬁgdhé@énoér{{)%l?on
val ues of tcirh@e@§ldengiditer Qlbstras resh@ % pluet@idri formativeh. dThig cHloe eyrny iyeliew
infected cells as 0% protection, a dose respongg curv? i S generated by
plotting wher Biecepstinn isstoapred. v Thg plates e thepgnalyzed AR 2 ARtE FeHler f3iert 40 axi s.
From t his_cur F S1; ] L P -
replicati 1(1)1?]1. i%%ﬁ§%@a¥m@ét§%adlﬁgﬁg%%%%%ﬂt %? qb%@?\ﬂlwggmmog%ﬁgﬁ 1(‘gllnéaf;l%slsays:
The ef f ecwsll ahd MPdeaeast e dofor\indicaiesdedredded/-virahptdductign. oDilDAPD ah MBXG wer e

of fldot s OWEIeIBIAPI G EHETRCHENA FyA G VKB Hhe REFoahianerEenst ot M)

anal yzed. tested was 1 uM. PBMC were obtained from HIV-1 negative donors by banding on

Ficoll gradients, stimulated with phytohemaglutinin (PHAP) for 48 hours prior to
infection with HIV-1, and infected with virus for 4 hours at 37°C at a MOI of 0.001.
Infected cells were seeded into 96 well plates containing 4-fold serial dilutions of MPA.
20 Plates were incubated for 3 days at 37°C. The concentration of virus in each well was
determined using the NEN p24 assay. Using the absorption values of the cell controls as
100% protection and drug free, virus infected cells as 0% protection, a dose response
curve is generated by plotting % protection on the Y axis and drug concentration on the

X axis. From this curve ECsg values were determined.

25 MPA inhibited HIV-1 replication in PBMCs with a median ECso of 95 nM + 29,

Combination assays:

The effects of MPA on the in vitro anti-HIV-1 activity of DAPD and DXG were
evaluated using the MT2/XTT and PBMC/p24 assays described above. The effects of
30 MPA on the activity of Abacavir, AZT and FTC were also analyzed.
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36 Mr2/ XTT assays Conbi nati on assays were perforned using varying
concentrations of DAPD, DXG Abacavir, AZT and FTC alone or with a fixed
concentration of MPA. Five fold 5 serial dilutions of test compound were
performed on 96 well plated with the follow ng drug concentrations: DAPD -
100 M DXG - 50 M Abacavir - 20 Mand AZT - 10 M and FTC - 10 gM The
concentrations of MPA used were 1, 0.5, 0.25, 0.1, and 0.01 M Assays were
performed in the MI2 cell line as described in section 3.1. Addition of 1
and 0.5 M/MPATTIa3s@8nbi nation with the conpounds |isted above, was found to
be 10 toxic in these assays, therefore, EC50 values for the conpounds were
determned in . P DSERS 0. inB. ; agdAMBA
(Tabl e 8). oy SynBigiP SR6Gs Bk ARG %hgglggt%%l?gléggﬁ?%fl%%? DAPD, DXG,
Abacavi r ,DXGT AbacaVir, AIAT and BTC delel o wittan fEE8onedniration M Mibkp divedfottbnt r ol

0.01 M MPA 0.1 .M MPA_.0.25 M MPA DAPD 20(5)" 1), 4, 9 ) .. 1.2 .DXG 2.1
(5)92. 5 (sghialdifitions of test caypo %%F@ipreféné?%)’n %’.%El‘t’%l} Plél.?eﬁi‘(‘%’ﬁtﬁ ih%f‘g%"w%%ﬁ 0. 42
2) 0.3 .0 .9 ) . 6 5a =
hunber of 8 et D L O e S e albakad D20 fM ol A21ED” °
val ues ohiMj aeldF TQr 1amM.oThe tonsentmatioos ntsIPATagsdevegeil} 0.0s0-2at &S, add.9b) d
diff in EC50 val f ai h .of .the. | Do
Conbi nat 1B Vi Ove HeoTeRinghy ok o aferibEG IR £72 Adtiton, £osg

Val ues i norGograi MO RPM, liR cORBinktionWiZh &) dospoiadphsiedlabbvd, whd Al & BS M MPA
DAPD 4.1 16.7 DXG 3.5 10.5 Abacavir 1 1.7 37 . .
10 toxic in these assays, therefore, ECsy values for the compounds were determined in the

presence and absence of 0.25, 0.1, and 0.01 pM MPA (Table 8).

Table 8. Effects of MPA on the antiviral activity of DAPD, DXG, Abacavir, AZT, and

FTC in MT2 cells
Mean ECs values (pM)
Compound Control 0.01 pM MPA | 0.1 uM MPA | 0.25 uM MPA
DAPD 20 (5)° 22 (1) 4.9 (1) 1.2 (5)
DXG 2.1(5) 2.5(1) 0.6 (1) 0.2 (5)
Abacavir 2.4 (3) 24() 2.4(1) 1.4(3)
AZT 0.42 (2) 0.3 (1) 0.8 (1) 0.95 (2)
FTC 0.6 (2) 0.62 (1) 0.62 (1) 0.4 (2)
15 = number of replicates
Addition of 0.01 pM MPA had no effect on the ECs, values obtained for any of
the compounds. Table 9 illustrates the fold differences in ECso values obtained for each
of the compounds in combination with 0.1 and 0.25 uM MPA.
20 Table 9. Fold Differences in ECso Values in Combination with MPA in MT2 cells
Compound 0.1 upM MPA 0.25 uM MPA
DAPD 4.1 16.7
DXG 3.5 10.5
Abacavir 1 1.7
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Conpound 0.1 M MPA 0.25 MMPA AZT 0.5 0.44 FTC 1 1.5 Addition of 0.25 M
MPA had the greatest effect on the antiviral activity of DAPD and DXG with
a 16.7 and 10.5 fold decrease in the apparent EC50 val ues respectively.
Addition of 0.25 MMPA had little effect on the activity of Abacavir and 5
FTC, less than a 2 fold decrease in the apparent EC50, and resulted in a
2.3 fol d|increaSempound he appar ent0. B@GOMEA AZT | ndi cabi2dgM MRAt he

conbi nat ilon i s ant agnni stic wWth respect to inhi-bitionof H\.—Sim-Har
results \were obtaf*édd with the additi@ﬁ of 0.1 M MPA, aldr%ough to a|l esser
ext ent t an—that F'Tew ved w tth—the—higher concemtTation of sMPA— 10 DAPD
Resistant HV -1 nutants Theleffect of MPA on the activity of DAPD and DXG
agai nst nmutant strains of HV was al so anal yzed (Table 10). The restraint
strains anal yzed included viruses created by site directed nutagenesis,
K65R and L74V,A&ftiveldf B35 aM aCoAtadahd gydatdss effecnbdmity agivitatl attivdns ofit
positions 98S, 11 6Y, 15 1M and 215Y. The w ld type backbone_ 15 in which

t hese mutRAPE erd dXPewithde 1oy apd Qs fald stecrgass v dhe rppParepBaist J8es The
concentratj f R { i o j 1. MPA
vas testtor i Shnian ROt CREIRE b B RR G SR btk
0.25 M DARD lerbarDXG fokl decacabe incthagppanait Bilsh, anfl redudtediin d 2t3yfodd sicramsers of

H V tested. The nmutant viruses testgd ﬁll dgm)nstrat ed i ncreased EC50

val ues f dp thsoanparsabBCanal t%d Dgicatng thaliths gomBIRE PR FANREeNISHE JEIGRFStinds .
Addi tion of 025, MiRRy 6 &3S et RerEGBRinedal e tePid R emd | BX&pgal nst

t hese vi rtgé%lgp%iﬁewse val Ssgéﬁ%irt@glr m nédg?%%neDAPD zfnd DXG in tr@presénce of
0. 25 M NRAhwegletosd lebdeaextent thirothet diseraedeithftoe higher aonkcehtratippef ¥BAs. Tabl e
10. Effects of MPA on the Antiviral Activity of DAPD and DXG Resi stant
Virus 25 EC50 values (M Virus Isol ate DAPD DAPD+MPAa DXG DXG+MPA K65R 41
(6) 7.9 (1.1) 4(5.6) 1.2(1.3) L74v 39 (4.9) 6.5 (0.8) 3.8 (4.2) 1 (1.1)
3810 DAPD Resistant HIV-1 mutants

The effect of MPA on the activity of DAPD and DXG against mutant strains of

HIV was also analyzed (Table 10). The restraint strains analyzed included viruses

created by site directed mutagenesis, K65R and L74V, as well as a recombinant virus
containing mutations at positions 98S, 116Y, 151M and 215Y. The wild type backbone

15 in which these mutants were created, xxLAI, was also analyzed for comparison. The
concentrations of DAPD and DXG tested were as described in section 4.1. MPA was

tested in combination with DAPD and DXG at a fixed concentration of 0.25 pM. DAPD

and DXG were active against all of the wild type strains of HIV tested. The mutant

viruses tested all demonstrated increased ECsy values for both DAPD and DXG

20 indicating resistance to these compounds. Addition of 0.25 pM MPA decreased the ECso
values of DAPD and DXG against these viruses. These values determined for DAPD

and DXG in the presence of 0.25 uM MPA were similar to those obtained for the wild

type virus.

Table 10. Effects of MPA on the Antiviral Activity of DAPD and DXG: Resistant Virus

25 ECs values (nM)
Virus Isolate DAPD DAPD+MPA* | DXG | DXG+MPA
K65R 41 (6)° 79(1.1) | 4(.6) 1.2(1.3)
L74V 39(4.9) 6.5 (0.8) 3.8(4.2) 1(1.1)
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Virus Isol ate DAPD DAPD+MPAa DXG DXGHMPA A98S, F116Y, QL51M T215Y 85 (6) 7
(0.5) 16 (8.4) 1.4 (0.7) a[MPA] = 0.25 Mb indicates fold difference from
WI PBMC/ p24 assays 5 Conbi nation assays were al so performed in PBMCs using
varyi ng concentrations of DAPD, DXG Abacavir, AZT and FTC alone or with a
fixed concentration of MPA. Conpound dilutions and assay conditions were
as descrived 8blaee. The concehtr DiAPENs | DAPVPAMBAA] WBKXE 1,| DX&GMPARS, 0. 1,
and 0.0 M_Addition of 1 and!0.5 M MAL _in—_caombhination-—-wilth the cempounds
listed apb9sS.FIEY RbaMELTH Ve |t 0%0d0 n | hestOsayd. 1a654hd ELBA0VAl des

det er m neg—for—the—conpounds—n—thepresence andabsence of 0:25,70.1, and
0. 01 M MPA[MPA]sHORUMh Table 11. Table 11. Effects of MPA on the antiviral
activity @t DAPD, Abacavi r T, and FTC in PMBCs Mean EC50 val ues
(M mnpouﬁtﬁh‘i%‘?ﬁfP@X‘EBf.efffciﬁ%‘AW .1 MMPA 0.25 gM MPA DAPD 4.1(4)' 0.9 (3)
0.18 (5) <0.0002 (2) DXG 0.14 (4) 0.015(3) 0.006 (5) <0.0002 (2) Abacavir
1.2 (4) 1.1 (2) 0.38 (3) <0.0005 (2) AZT 0.0031(3) 0.0026 (3) 0.0021 (3)
0. 0017 (3 FTC 0.011 (3) 0.008 (3) 0.0093 (3) 0.006 (2) 15 a = nunber of
repl i cat SPMA@Hiasreyéf 0. 01 urn MPA decreased the EC50 for DAPD and DXG but
had no effect on the EC50 val ues obtained for Abacavir, AZT and FTC (I ess
thap 2 fold clGorgsination &658)werddido perfornefl i PBM@sluin® Saryirngandedratesed t he
EC50 for DAPD, DXG and 20 Ab Vi t had ng,effect on the E | ues
obt ai ned E&GAERTOG W?‘Vlii?a‘gii ang FT{) gloag poygh at{-\’ée%f %ﬂnaewaﬁf”ér%ﬁ\é%% in
EC50 val i GRID ib&d aEDi TRt doBBenttatibnd. 01,
R A e e A e A T SN

of MPA used were 1, 0.5, 0.25, 0.1, and 0.01 uM. Addition of 1 and 0.5 pM MPA, in

combination with the compounds listed above, was found to be toxic in these assays.
10 The ECs, values determined for the compounds in the presence and absence of 0.25, 0.1,

and 0.01 uM MPA are shown in Table 11.

Table 11. Effects of MPA on the antiviral activity of DAPD, DXG, Abacavir, AZT, and

FTC in PMBCs
Mean ECsq values (nM)

Compound Control 0.0l uyM MPA | 0.1 yYM MPA | 0.25 uM MPA
DAPD 4.1 (4)° 09@3) 0.18 (5) <0.0002 (2)
DXG 0.14 (4) 0.015 (3) 0.006 (5) <0.0002 (2)
“Abacavir 1.2 (4) 1.1(2) 0.38 (3) <0.0005 (2)
AZT 0.0031 (3) 0.0026 (3) 0.0021 (3) 0.0017 (3)
FTC 0.011 (3) 0.008 (3) 0.0093 (3) 0.006 (2)

15 = number of replicates |

Addition of 0.01 um MPA decreased the ECsg for DAPD and DXG but had no

effect on the ECsq values obtained for Abacavir, AZT and FTC (less than 2 fold change
in ECsp). Addition of 0.1 and 0.25 uM MPA decreased the ECso for DAPD, DXG and
20 Abacavir, but had no effect on the ECsy values obtained for AZT and FTC. Table 12

illustrates the fold differences in ECsy values obtained for each of the compounds in

combination with 0.01, 0.1 and 0.25 uM MPA.
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Compound 0.01 pM MPA 0.1 pM MPA 0.25 M MPA DAPD 4.6 22.8 >50 DXG 9.3 23.3
>50 Abacavir 1.1 3.2 >50 AZT 1.2 1.5 1.8 FTC 1.4 1.2 1.8 Mycophenolic
acid inhibited the replication of HHV-1 in PBMCs with an EC50 of 0.095 M
CC50 val ue obtained for MPAin these cells were 4.5 Mresulting ina 5

t herapeutic index of 47. Addition of 0.25 M MPA to DAPD, DXG and Abacavir
conpl et el y inhi bi t edThbM 122 pkdie ®iffeBnden ilPBMSV dlheaith MBA concent r at i ons
tested but had little effect on the activity of AZT and FTC (less than 2 -
fol d changd Gommesd. Addilt i OAl Lbf MPdwel cbhefAMBA | ohs 06 WBARASG had a

si gni fi canti=efEeet—on-the—activity of PAPB—EKXG buthadtiift+e—efff ect on

t he activitP%PDAbacavi r,| AZT a‘h% FTC. | In thé"Mr2 cell 10 ﬁ(}ne, MPA was not
active agaiigkGgH vV repligation.gAdditr pn of IB25 M MPA decssmsed [t he
apparent EQ50 of DAPD and DXG 16.7 and 10.5 - fold respectively |Addition
of 0.25 M|Mbuachdd littlg effecklon the activiXy of Abacaviil and HTC and
resulted i a3 fol-dtnere re—apparent—ECH0—of—AZT+ndiicati ng
that the cor@ﬂ;ati on is entagor?lfgti C Wth resSpect tp inhibition of H V.
Simlar resGifE were obtgined ifi4MIZS Wth the I5 adfditionigl 0.1 |M MPA,
although to _a |l esser extegnt than that observed wth the higher
concentration of MPA. Wien tested against nutant strains of H V-1, the
conmbi nation of 0.25 M MPA with DAPD or DXG decreased the EC50 val ues of

t hese conpounddyédphehddisacihmhittitedsie ehativedf MIVAl wi PEMGpeithian &5 6f e. t he

ha DXG. D scoMec blat P STEpREITHIPA: BERESS TR BFFede M RUBBRERd e
aci ? on E}Hi&ﬁﬁéﬁfti&% &4 Hf aw[ CRNGRINT 0.9 8 NOKE tof DIAPINSDRE nd B¥aah® was

eval uat e peri pheral bl ood nmononuclear cells (PBMC). ~PBMC were obtained
from H V coempitély enkibited EIVseplnatian éuPRMCs ghajt hheonepniiatipes testod Hukhaf

| neubat ed, it 87 ol the SR BT her R RRESHTRRL Fold Sl BES,. Addition
of lower concentrations of MPA also had a significant effect on the activity of DAPD,

DXG but had little effect on the activity of Abacavir, AZT and FTC. In the MT2 cell

10 line, MPA was not active against HIV replicaﬁon. Addition of 0.25 uM MPA decreased
the apparent ECsp of DAPD and DXG, 16.7 and 10.5 - fold respectively. Addition of

0.25 uM MPA had little effect on the activity of Abacavir and FTC and resulted ina 2.3 -

faold ocrnncn :n t nnnnnnnnn

fold increase in the apparent ECso of AZT indicating that the combination is antagonistic
with respect to inhibition of HIV. Similar results were obtained in MT2s with the
15 addition of 0.1 pM MPA, although to a lesser extent than that observed with the higher
concentration of MPA. When tested against mutant strains of HIV-1, the combination of
0.25 pM MPA with DAPD or DXG decreased the ECso values of these compounds to
less than those observed with wild type virus, i.e. the previously resistant virus strains are

now sensitive to inhibition by DAPD and DXG.

20
Concentration of DXG-TP in PBMCs
The effect of mycophenolic acid on the intracellular concentration of DXG-
triphosphate (DXG-TP) was evaluated in peripheral blood mononuclear cells (PBMC).
PBMC were obtained from HIV negative donors, stimulated with phytohemagluttinin,
25 and incubated at 37 °C in complete media supplemented with various concentrations of
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DXG (5 Mor 50 M in the presence or absence of 0.25 M nycophenolic acid.
PBMC were harvested following 48 or 72 hours of incubation and the
intracellular DXG TP |l evels determ ned by LC-M5-Ms as descri bed bel ow.
Addition of 0.25 M nycophenolic acid increased the nedian concentration of
intracellular DXG TP by 1.7- 5 fold as conpared to the levels in cells

i ncubat edDXGt {§ [XCoal50neM) Thehbipoaaadeydr ambnaeeohodsf ¥ myeopheadls asidof
DXG TP from peri pheral bl ood . mononuc|ear cells utili éFes. i on- % )f(?l i d
phase extTBME wee hapested RIERS A8 0F 74Hmues obipgatign agd eelatrﬁ%ﬁélﬁ §P -

oni zati ofy GERL) (RBRRTG ORI Xgs P! hELER PRy aRAESon GO 2500

appr oxi matel I's"are " dilute a solutron contalining the 10

i nternal giapdaiolic(aRid indreasidiexyaldn chinoentiation of ixhwesihtiat BX@TEHy)).7and t he
DXG TP and ddCTP are sel ect.i veI)( extracted using. ion-pair SPE on a C 18

car ¥ ri dgefoldmseompareitpo thelgvelsmmslly incubdph Wah ¥ FalMheni cr obore i on- pair HPLC

on a Waters Xterra M5 C18 analytical colum with retention tinmes of about
10 m nutes. THehecbiopealytital aficthod doretie anatysisdef BS@TP frotthpenbsidl ibleod on

nmode by ESI-MS/ M5 on.a M. cronaess. ttro LC triple ' guadr upo Ss
spect r oneberonugigi eellsnuiilizes Hgnmgis. spidppse §§?fiﬁtg’§ (S?i]ES %’g]l P r/b% L

wei ght ed, co}l?l%g rtgte}l{cgo%ﬁla& Bo@bARIN @ELTY Bss Eﬁeﬁbﬂ%t&,.r PEIRtHOBBME samples

1. 65pnol es e are used to_quantitate sanples. Typically, quality
control (@BisagEppmximatelynd.5cndéntetlatarodduicd. 0B asalution aBpiiies o6

cothr ney B eibin el s TBenRBufangs i RRb LR P R RGP hnd e 2
extracti oycefpl ngisSRENvedy ex@ﬁ%@%ﬂiﬂ@lc@ﬁﬁi@@/@ o heC!1igndgktridfe 0 TAB DX @LTRON

(LOQ is 0.008pnoles/106 cells. The range of the assay Is_0.008 to
1. 65pnol emkl1BE TTeblessepasiciinvih inpgwheieoanipals BRleh apes MV atBsdXigeMPEEY ence

to its preferred enbodi.pents,. ar i ati : i fd i f o

i nventi ong,”“a&/rinl‘xl?1 GSZu%\V/‘fl{gml}gEetantl hlglseé%g ﬁﬁﬁ§é§%%ﬂﬁgeffg§fc un?’riag%&t%fteﬁ%{)eﬁtegoi ng
det ai | ed gegetetipd iPheQfositive ibmueide ibgESTIMS/MS ontaeviitedmbisaQuaitrd LEF triphese
variations and nodifications be included within the scope of this

i n¥@&nt i onquadmple NESASRECPMERIphar maceut i cal conposition for the treatnent

or prophylaxis of an H'V .
While analyzing DXG-TP PBMC samples, six point, 1/x* weighted, quadratic

calibration curves, ranging from 0.008 to 1.65pmoles/ 10° cells, are used to quantitate
samples. Typically, quality control (QC) samples, at two concentrations (0.008 and
1.65pmoles/ 10% cells), are analyzed in duplicate in each analytical run to monitor the

20 accuracy of the method.

The bioanalytical method has a reproducible extraction efficiency of
approximately 80%. The limit of quantitation (LOQ) is 0.008pmoles/ 10® cells. The
range of the assay is 0.008 to 1.65pmoles/ 10° cells.

25 This invention has been described with reference to its preferred embodiments.
Variations and modifications of the invention, will be obvious to those skilled in the art
from the foregoing detailed description of the invention. It is intended that all of these

variations and modifications be included within the scope of this invention.
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infection in a host, conprising an effective anmount of a

f3-D- 1, 3-di oxol anyl purine of the formula: R NN RSBONNNH 5 Oor its
pharmaceutically acceptable salt or prodrug, wherein Ris H OH d, NH2 or
NR1IR2; Rl and R2 are independently hydrogen, alkyl or cycloal kyl, and R3
is H alkyl, aryl, acyl, phosphate, including nonophosphate, diphosphate
or triphosphate or a stabilized phosphate noiety, including a 10
phosphol i pid, or an etherlipidin conbination with at | east one inosine
nonophosphat e dehydrogenase (I MPDH) inhibitor, optionally in a

phar mace WVECHIAIM: accept abl e carrier or diluent. 2. The conposition of claim
1, wherein the (3-D 1, 3-di oxol anyl purine is (-)-

(2R 4R) - 2- ami no- 9- [ (2- hydr oxynet hyl ) - 1, 3- di oxol an-4-yl ] -adeni ne (DAPD). 15
3. The ¢ np05| e 1 Y’ f IS
(-)- (2R014R) [p?lg e ?dcl)%}% %ﬁﬁl f@ g Ctréatmbhel oF ﬁ"ﬁ@gﬁ’iﬂ.d&ﬁ%’ HI’W)e .
The conposi ti meeotﬁoranry aohestotomprsing ah- Sfectibe rapiqunt lvd 4 NIPDH ,3-divixblanpl |
selected fromthe group. co S|sting of ribavirin, nycophenolic acid,

benzani de r|68§P88f?? Erin, sel enazof urin,

5-et hynyl -1 -(3-D-ri bof uranosyl i m dazol e-4 20 carboxam de (El CAR) and
(S)-N-3-[3-(3-nethoxy-4-oxazo|-5-y|-pheny|¥- ur ei doj] - benzyl -carbam ¢ acid

t et rahydrof uran- 3-yl -ester (VX-497). conposition of claim4, wherein
the I MPDH i nhibitors is nycophenolic 7 S®&N The conposition of claim4,
wherein the IMPDH inhibitors is ribawring. 4 7. The conposition of clains
1-6, wherein the (3-D1, 3- ﬁ#gé y I ~NFQant|oner|cally enri ched.
8. The conposition of clai |n rnaceutlc y acceptable carrier
suitable for oral delivery. 5 e conposition of claiml1lin a

phag maceutical |y acceptable carrlaD uitable for

or its pharmaceutically acceptable salt or prodrug, wherein

R is H, OH, Cl, NH, or NR'R?% R! and R? are independently hydrogen, alkyl or
cycloalkyl, and R? is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety, including a
10 phospholipid, or an etherlipidin combination with at least ome inosine
monophosphate ~ dehydrogenase (IMPDH) inhibitor, optionally in a

pharmaceutically acceptable carrier or diluent.

2. The composition of claim 1, wherein the B-D-1,3-dioxolanyl purine is (-)-
(2R ,4R)-2-amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-adenine (DAPD).
15 3. The composition of claim 1, wherein the B-D-1,3-dioxolanyl purine is (-)-

(2R,4R)-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-guanine (DXG).

4. The composition of any one of claims 1-3, wherein the IMPDH inhibitor is
selected from the group consisting of ribavirin, mycophenolic acid, benzamide
riboside, tiazofuﬁn, selenazofurin, 5-ethynyl-1-B-D-ribofuranosylimidazole-4-

20 carboxamide (EICAR) and (S)-N-3-[3-(3-methoxy-4-oxazol-5-yl-phenyl)-
ureido]-benzyl-carbamic acid tetrahydrofuran-3-yl-ester (VX-497).
5. The composition of claim 4, wherein the IMPDH inhibitors is mycophenolic acid.

6. The composition of claim 4, wherein the IMPDH inhibitors is ribavirin.
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i ntravenous delivery. 10. The conposition of claiml in a pharnmaceutically
acceptable carrier suitable for parenteral delivery. 11. The conposition
of claim1l1l in a pharmaceutically acceptable carrier suitable for 10
topi cal delivery. 12. The conposition of claim1l in a pharmaceutically
acceptable carrier suitable for systemc delivery. 13. A nethod for the
treat ment7 or prigphymhpddisodfofackimg I-6sivaierunt the rBiDy] Gtdibkdlanylnpedtd on in a
host, comprising adm ni stering an effective anount of a (3-D-1,3- 15
di oxol anyl purdnaetigsperically £Biigheda: R NN RBOONNNH2 Oor its
pharmaceutically acceptable salt or prodrug, wherein Ris H O4d O, NH2 or
NR R2; RiS.and T comspositidersdietramt 1 jn hybaroyeriticallk pecepiable garignsuiiphle fahd R3
is H alkyl, aryl. . .acyl, phosphate, including nonophosphate, 20
di phosphat e ororgqueﬁlﬁ?é’phate or a stabilized phosphate mpiety in conbination
or alternation wi th an._jinosine nophosphat e. dehydr o ase .(1 VP
int? bitors, opts ?ﬂ%qS&}lOPrPflé’T‘BWaanbggﬁfrg@ﬁ?ﬁVa (écﬁﬁp%g) eec%ggr’rr ?uéti%t%rfor
di luent. 14. The ymbRogiREncl ai m 13, wherein the P-D-1,3-di oxol anyl purine
is (-)-(2R 4R)-2- am no-9-[(2- hydroxynet hyl ) -1, 3-di oxol an- 4-yl ] - adeni ne
( DAPD) . 15. Th felaie ' ' |
purine i gﬁ)( -) ’El'fﬁeoi@ tsgl%ﬂ[ ZCICH{}ldir %%é&%ﬁ%ﬁic?ﬂ%'ﬁ&a@%}?ﬁ i%\rﬁ?f%lﬁém-egggni ne
(DXG . 16. Thepameitéradetivedny one of clains 13-15, wherein the | MPDH
inhibitor is selected fromthe group consisting of ribavirin, nmycophenolic
acid, bengam dend é@sisHRN ofT1diinak & b phirmaseltzany aéeaptable carrier suitable for
5-et hynyl -1- (3-D-ri bofuranosyl i m dazol e-4 car boxam de (El CAR) and ‘
( S1ON- 3- [ 3- ( 3-tepicAldelivaryoxazol - 5-yl - phenyl ) - ur ei do] - benzyl - carbamni ¢ aci d
t et rahydr of uran- 3-yl -ester (VX-497). _ _ |

12.  The composition of claim 1 in a pharmaceutically acceptable carrier suitable for

systemic delivery.

13. A method for the treatment or prophylaxis of a drug resistant strain of HIV
infection in a host, comprising administering an effective amount of a p-D-1,3-

15 dioxolanyl purine of the formula:

R3O/\(OjN N NH,

or its pharmaceutically acceptable salt or prodrug, wherein

R is H, OH, Cl, NH; or NR'R?% R' and R? are independently hydrogen, alkyl or
cycloalkyl, and R?is H, alkyl, aryl, acyl, phosphate, including monophosphate,
20 diphosphate or triphosphate or a stabilized phosphate moiety in combination or
alternation with an inosine monophosphate dehydrogenase (IMPDH) inhibitors,

optionally in a pharmaceutically acceptable carrier or diluent.

14.  The method of claim 13, wherein the p-D-1,3-dioxolanyl purine is (-)-(2R,4R)-2-
amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-adenine (DAPD). |
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17. The method of claim 16, wherein the I MPDH inhibitor is mycophenolic
acid. 18. The nethod of claim 16, wherein the IMPDH inhibitor is
ribavirin. 10 19. The method of claim 16, wherein the HV infection is
resistant to DAPD and/or DXG 20. The nethod of any one of clains 13-19,
wherein the host is a human. 21. A nethod for the treatnent or prophylaxis
of HIV i nfect i Bie methad hbelpim ¢ dnphérsinrthe Pt ndioxelpiylpuaine af € bré%fg g)ﬁm)unt

f 3-D-1, 3- | f.th | NN WO>N- ONNNH 15
%o?1 |(ts phar n@cgﬁ&ogﬁ?@ggclce ’[O%B 3 ‘Q&‘ﬁt%ﬁ%n@n%@’éﬁa wherein Ris H, OH,
Cl, NH2 NR R2 R2 d | d
cycl oal k)c/)]fr an@h%eﬁhggpfa%}f ‘R‘%rgf nglmgpl%nﬁ:;lwﬁ’ é‘fbé’ﬁ#&&gﬁq ﬁ?ﬁltﬁ?ﬁ lﬁéeIGCted
monophosphat e, froxﬂ'tﬂ@%ﬁﬁ?a&%m ind bF PiBRRA 2 ?c@:{heﬁolﬁ ahl) b&LdmrROSHEaiee

noiety in conbinatio ter nation W an i nosi ne monophosphat e
dehydr ogenase tidzvVRid) | nhlsd';ienazloﬁmn opt i cﬁﬁth/wyhlrﬁ-@ ph«aﬁumeyhm@amlgrfi-

t abl di 22. Th t.hod I
(5°EP173 i oxcteyrmis i $HICAR) 2 Janto RSN DL GRnGo8t- Morg TSl ohdv i)
1,3 -dioxol an- ﬁlreisﬂb}-be&?ﬁearﬂﬁn{c%u‘f’iarahﬁﬁommﬁs gpééwctw{ -49i m 21, wherein
the(3-D1,3 di oxol anyl purine is (-)-(2R 4R

[ (2-hydr Oﬁ( gFt Tiyd ﬂ‘lsq} %gf‘&l\%ﬁg 18 %ﬁer%ﬂtﬁ&%ﬁbﬂqnﬁl@f@ is iifytopftenclio@ciet hod of

any one o al s reint MPDH 1 nhibitor i's selected fromthe

group_con St'fgen 5pd 87 Yaih B JNGORROMP R EoPRARATKHE, 1] DS 1%,

tiazofurin, PUrt h ur anosyl 1 m dazol e- 4-

88501 - bbhzy 11 %cﬁ@s@a?ef&@%ra“ﬁé%@% Ty i R s T

met hod of cl aipwgd, wherein the | MPDH inhibitor is rrycophenol ic acid. 26.
The nmethod of claim 24, wherein the IMPDH inhibitor is ribavirin. 27. The

met hod of)@ny efe,,0fh08 bRhfPorfelofcfaimd 818 Wbl (RO Bbst!isa AuktdARN.

21. A method for the treatment or prophylaxis of HIV infection in a host, comprising
administering an effective amount of a $-D-1,3-dioxolanyl purine of the formula:
R
N N
<10
A

RBO/\(Oj N NH,

15 O
or its pharmaceutically acceptable salt or prodrug, wherein
R is H, OH, Cl, NH; or NR'R?; R! and R? are independently hydrogen, alkyl or
cycloalkyl, and R® is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety in combination or

20 alternation with an inosine monophosphate dehydrogenase (IMPDH) inhibitors,

optionally in a pharmaceutically acceptable carrier or diluent.

22.  The method of claim 21, wherein the p-D-1,3-dioxolanyl purine is (-)-(2R,4R)-2-
amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-adenine (DAPD).

23.  The method of claim 21, wherein the p-D-1,3-dioxolanyl purine is (-)-(2R,4R)-9-
25 [(2-hydroxymethyl)-1,3-dioxolan-4-yl]-guanine (DXG).
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28. Use of an effective anount of a (3-D-1, 3-di oxol anyl purine of the
formula: R NNRIOONN-2 10 Oor its pharmaceutically acceptable salt
or prodrug, wherein Ris H OH d, NH2 or NR R2; Rl and R2 are

i ndependently hydrogen, alkyl or cycloalkyl; R3 is H alkyl, aryl, acyl,
phosphate, including monophosphat e, dlphosphate or trlphosphate or a

st abi | i zeZp. pho’ﬁlpﬁnam‘daodvf ey onqofodaityisrdt 1% whsrein thedMBIH arhibrionis selcetad

i nosi ne nonophps te d h d
A D e R
t herapy. 29. Lﬁ@zog{n@n ef fsglcéhg@(,gu@{munt Dethgnyll 3= FD- ﬂ;béﬁlredio@ylﬁhﬁllaxdle-purl ne

of the formula: NNROONNNH O20 or its pharmaceutlcal
accept abl e sal Qarbﬂxapndﬁjrtﬁglcﬁﬂéremﬁi £8)-R-3-B- (q-mgjlqoxycﬂ oxReRl-Ll R]F?Uyé R1

and are inde nt | d R3 H,

al k?/lh aLyI a%’%%?gﬁ%zg%ﬁm%gm?l nc teﬁj ﬁ%dnr)r@l?\%lﬁ (Ié&%?j;;hosph;tse or

tri phosp e o |zed hat nb t

gl Elek/g?)'l[—ll) v {rb]iﬁe @ﬁé‘ 8P% %F’in\}g ﬂﬁk@ﬁ@hﬁgﬁgﬁﬁ%ﬁg ndl&@ﬁydr ogenase
i nhi bitors tlonaII in a eﬂ t abl

or i | ucHt, ok TRBOL CESEREAL %her b VRS ER GFsibo it ot ion in &

host. 30. Use of an effective anmobunt of a (3-D 1, 3-dioxol anyl purine of the

formul a: 2R NI method of any oneNfigipms @1-26, wherein the host is a huma.

28.  Use of an effective amount of a B-D-1,3-dioxolanyl purine of the formula:

R3O/\(OJI'\I N NH,

10 O
or its pharmaceutically acceptable salt or prodrug, wherein
R is H, OH, Cl, NH; or NR!R?; R! and R? are independently hydrogen, alkyl or
cycloalkyl; R® is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety in combination or

15 alternation with an inosine monophosphate dehydrogenase (IMPDH) inhibitor,

optionally in a pharmaceutically acceptable carrier or diluent, for use in medical

therapy.

29.  Use of an effective amount of a p-D-1,3-dioxolanyl purine of the formula:

R
N
e
20 or its pharmaceutically acceptable salt or prodrug, wherein
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or its pharmaceutically acceptable salt or prodrug, wherein 10 Ris H OH,
G, NH2 or NRIR2; Rl and R2 are independently hydrogen, alkyl or
cycloalkyl; R3 is H, alkyl, aryl, acyl, phosphate, including nonophosphate,
di phosphate or triphosphate or a stabilized phosphate noiety, in
conbination or alternation with one or nor e effective inosine

monophosphat e Reh ¥l QifeBladel, ¢l VRS Ri' ahd B taoe i;ldepmldbnﬁbahyﬁjm'gw, alkyl or

har maceuti cal | pt rr.j or, 15 d|Iu he manuf act.u f
ﬁedl canent for® %qlfé‘%fﬁ %”t%r%n’ts 1}5}%06991 ayl.sP }B’Is ?ﬁq@wgf%%@?%&?fgp%{g ﬁosf1
31. The use of 33RYspRRR &ftnﬁﬁ&bﬂﬁe 9 aosftab'i@zedVﬁ]ﬂ'sﬁialfb floeet{ 3n Rohbimdbe el anyl

purl ne is
(-)- (2R, 4R) - 2- airirmasiod- Witk-onyg drosyree efdtive lingsiay scnpplpsphyte ] dehydiogerase DAPD) .

purne 15 20 (OPRBR b BBl oly AophRe St A flbO 8 OOV

(DXG . 33. Thedﬂ\fe%t @by @B YreftARNOér Ebhy B2 8f AT HBDinfydtidhdh A hatt. | east one of
the IMPDH inhibitors selected fromthe group consisting of ribavirin,

nycophenoj“? ¢ agkdof arPGREAN Qﬁoﬁﬂt%@@ﬁdﬁ 1,3-UR%BfaHY1 fhriné OF @RARehURkL N,

5- et hynyl (3-D° ribofuranosylim dazol é- 4- car boxam de (El CAR) and
(S)-N3-[3-(3-net hoxy-4 25 oxazol -5-yl - phezyl) ur ei doj] - benzyl -carbam ¢ acid
tetrahydrofuran-3-yl-ester (VX-497). 46 34} The use of claim?29 or 30,
wherein the | MPDH inhibitor is rrycophqm | i id. 35. The use of claim29
or 30, wherein the I MPDH inhibitor g(rl n. 36. The use of claim29 or
30, wherein the HV infection is DAP stg,tl]{ and/or DXGresistant. 5
37. The use of any one of clgd 297C;3jé'\I wheXei nNthe host is a human. 47

@)
or its pharmaceutically acceptable salt or prodrug, wherein

10 R is H, OH, CL, NH, or NR'R?; R' and R? are independently hydrogen, alkyl or
cycloalkyl; R? is H, alkyl, aryl, acyl, phosphate, including monophosphate,
diphosphate or triphosphate or a stabilized phosphate moiety, in combination or
alternation with one or more effective inosine monophosphate dehydrogenase
(IMPDH) inhibitors, optionally in a pharmaceutically acceptable carrier or

15 diluent, in the manufacture of a medicament for the treatment or prophylaxis of

an HIV infection in a host.

31.  The use of any one of claims 29 or 30, wherein the B-D-1,3-dioxolanyl purine is

()-(2R,4R)-2-amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-adenine (DAPD).

32.  The use of any one of claims 29 or 30, wherein the B-D-1,3-dioxolanyl purine is

20 (-)-(2R 4R)-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]-guanine (DXG).

33.  The use of any one of claims 29 or 30, wherein at least one of the IMPDH
inhibitors selected from the group consisting of ribavirin, mycophenolic acid,
benzamide riboside, tiazofurin, selenazofurin, 5-ethynyl-1--D-
ribofuranosylimidazole-4-carboxamide (EICAR) and (S)-N-3-[3-(3-methoxy-4-

25 oxazol-5-yl-phenyl)-ureido]-benzyl-carbamic  acid tetrahydrofuran-3-yl-ester
(VX-497).
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34.

35.

36.

37.

The use of claim 29 or 30, wherein the IMPDH inhibitor is mycophenolic acid.
The use of claim 29 or 30, wherein the IMPDH inhibitor is ribavirin.

The use of claim 29 or 30, wherein the HIV infection is DAPD-resistant and/or
DXG-resistant.

The use of any one of claims 29-36, wherein the host is a human.
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