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rel ates to prodrugs of xnethoxyphosphonate nucl eotide anal odueklt 20H
particular it relates to inproved nethods fox making and identifying 15
such prodrugs. Many net hoxyphosphonat e nucl eoti de anal ogues are known. In
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30 tissue for the practice of thi;rrethod Eﬁr ;HIV!Led to iddgnt AHG BBkt i on of
prodrug% t hat enhance the deliver CH such tissues. A
preferred conpo InSethHY ISOR Ififtldasickegbouds Ritbhd&lifdy this
met hod has t he ﬁ?ﬂ%ﬂ#ﬂ‘ fiidsBRonife el e her o Ra i s H
or met hyl , antisird] chamtunyoreheraplyewhdledmosin, itraditionadlyduive heghiselecteddpr free
base and so] vates t-hereof. A preferred_ conpound of .this jnvention has.the
structure (beir spstemic effert; Far examplec3ich By V&%@r"@,b%ﬁls? ct :}Qjée edng
sol'vat es. S addi ti ong . I | jpty of -
substituenpgoagﬁﬂf'agﬂgﬂt%&?%ﬂ%géggn&g% /ﬁc()?&l?ﬁgg%rm %e%gﬁ%lu sr{tla%lgent are

i nfluendi akcohvertd rapitlyctoprienodsey toashsure thae tipy partntdrugf§is thalabilevesii i on.
Thus, in anot her en%gdi}fmnt of this 3 ? 2 Igﬁg 200,4':%]1 ~ jnventjon, ~we
pr o>>i c?. e tissuesadiewessmapplicants powhave found thatitismassible f@rse{% Pl?@ugs

1 b e SRt b el g prfen sl
W FZ (=~) hefdinWiké&Rithe Bnilogies arenextied keloculiahfotal sitgsl opHiTVdhfeetion. Vi vo,

or hydroxyl; B is a heterocyclic base; .
The objective of this invention is, among other advantages, to produce less toxicity

15  tobystander tissues and greater potency of the parental drug in tissues which are
the targets of therapy with the parent methoxyphosphonate nucleotide analogue.
Accordingly, pursuant to these observations, a screening method is
) provided for identifying a methoxyphosphonate nucleotide analogue prodrug
conferring enhanced activity ina target tissue comprising;:
20 (a) providing at least one of said prodrugs;
| (b) selecting at least one therapeutic target tissue and at least one non-target
tissue;
(¢) administering the prodrug to the target tissue and to said at least one non-
target tissue; and .
25 (d) -determining'the relative antiviral activity conferred by the prodrug in the
tissues in step (c).
In preferred embodiments, the target tissue are sites where HIV is actively
replicated and/or which serve as an HIV reservoir, and the non-target tissue is an
) intact animal. Unexpectedly, we found that selecting lymphoid tissue as the target
30 tissue for the practice of this method for HIV led to identification of prodrugs that
“enhance the deliv.ery of active drug to such tissues.
A preferred compound of this invention, which has been identified by this
method has the structure (1),

35



~R- .is hydroxyl, or the residue of an amno acid bonded to {lizeﬂ‘“lgzgq!'om
through an ami no group of the ami no aciggand havi ng each carboxy
substituent of 25 the anmino acid optionplly esterified, but not both of Rt
and R2 axe hydxoxyl; .E is -CH-Q XNz CHZOCH( CH; ) CH2-,

- CH~OCH( CH~F) CH?-, , . - CH?COCH( Ci#~OH.|) CH2y', - CH20CH( CH=CH2) CHZ-,

- CH~OCH( C=CH) CH~-, . - CH20CH(CHz J R0 . . RA RS R RY

- CH~OCH( R6) ~COCl - 1( R60-, - CH~OCH( or‘l)- 8) O-~, whereimthe 35
right hand..bond is linked to the cychi t he broken |ine

hdependent | y hydrogen,
havi nffH1- 5 carbon' atons sel ected
i no~and di al kyl am no; 1 2 AUG

represents an optional doubl e bond;
hydxoxy, hal o, am no or a substitue
from acyl oxy, allcyoxy, allcylthio, Jrlcyla
2004 , s R6 and R6 are independently H, “ 7 C -C6 hydroxyal kyl, or
Cz C7 allcanoyl; R is independently H, Cl C6jal kyl, ox are taken together
to form-O or -CH2 ~. . RBis H Cl C6 al kyP, C*-C6 hydroxyallcyl or
C~-C6 héloallcyl; and 1o R9 is H hydroxynethyl or acyloxynethyl; and their
salts, free base, and solvates. The diastereoners of stgyucture (3) are
designated the. (S) isonmers at the phosphorus chiral center. Preferred
enbodi nents of thus invention are the diastereonerically enriched 15
conpounds having the structure (5a) r 20 6 (5a) 2s wWuch is substantially
free of diastereoner (5b) 30 ~6 (5b) s . 5 wherein R5 is nethyl or
hydrogen; 12 AUG Zoo4 R6 independently is H, allcyl, allcenyl, allcynyl,

aryl\ onsarylall %e’re%isRﬁ or methyl,
)

~ and chirally enriched compositions thereof, salts, their free base and solvates
thereof.

A preferred compound of this invention has the structure (2)'

15 ' NH,

) @)

and its enriched diasteromers, salts, free base and solvates.
25 In addition, we unexpectedly found that the chirality of substituents on the
phosphorous atom and/or the amidate substituent are influential in the enrichment

observed in the practice of this invention. Thus, in another embodiment of this



*independently is alkyl, alkenyl, allcynyl, aryl or arylall<yl W waghis
substirtuted with from1l to 3 substituents selected from all <yl am no,

“al l cyl aminoal | cyl, 1o dial kyl ami noal | cyl, dial kyl ami no, hydroxyl, oxo,
hal o, am no, allcylthio, alkoxy, allcoxyallcyl, aryloxy, aryloxyalkyl,
aryl al I coxy, aryl al koxyal kyl,. hal oal kyl i, i ti0,. lof traZ rid@ntion
azi doal Ryl ,mﬁﬁm%@ﬁ‘ﬁrézﬁ'?}'o‘Qlé'éff%%%eg)méé@aw \éz&i]?lbé(g(%/ﬁ%g@%g&%gf/lugcyl am no; R
is the side chain of any naturally-occurring or pharmaceutically acceptable
ani no aci dekb’f‘d’dn%\%‘ecﬁ?u{}?\ir‘t ba si de chai n conpri ses carboxyl, the carboxyl 15
group is optionally esterified with an all ¢yl or aryl group; Rl1 is am no,
al kyl ami no, oxo, or diallrylanmino; and R-2|is qn‘i no or H and its salts,
tautoners, free base and sol vates. 2B-AEpréfeired enbodi nent of this
invention is the conpound of structure (6) l29-|(. R -2-1L(S)-11(S)-x
(i sopxoWoxycar bonyl ) et hyl ] ami no] phenoxypthpI,unyI ](o t hoxy] propyl ] adeni ne,
al so designated herein GS-7340 25 30 (6) 35 Another mgr ef erred enbodi nent of
this invention is the fumarate salt of structure (5) (structure (7)),
-1 (R -2-1[(S)-11(S)-1 6 11 ~~If, 20D4 (sscpropoxycarbcr.yi.)~~
thyl ] a~i no. {pifieneapbespialy-fred df the distéreryepf4doyl | adeniro f~arate (7.:1),
al so deg o aced herein GS-730-2 ~~2 NNJ 0 - H CO-H 10 yO~p~np H020 . '
hH/ \" -~ CH3 0 HOC~~~,. 0 (~) Z~ ~ T.he Cc9rrpounds of structures (1)-(7)
optionally are fornulated into . compositi dps cont ai ni ng pharmaceutically
accept abl e exci pi ents. Such conposit igrgs-axe—-sed in effective doses in the
t herapy or prophyl.axis of viral (pa-.-ticul@rly HV ox hepadnaviral)
infections. ', F, In a further ernbodi manth a methdd.is provi ded for the
faci'l e manuf alct ure of 2p Q[2-(phosphono. pnet hoxy) propyl ] adeni ne .
(herei ndft eV2$5fBA" ox 9-[2 (phosphononet hoxy?et hyl] adeni'ne (hereinafter
"PIvlE A") usingJinagnesi e QX4 } PRb] SERy &@¥RL;NI ng
9- (2- hydr oxypr opﬁ)lﬁggﬁﬁkﬁﬂﬁﬁﬁﬁ%wg%ﬁﬁ?ader une},/ pr ot ect ed
~-t ol uenesul f onyl0; 3 3 onate and magnesi um al koci de, and
recovering Pl vLPﬁ%%r@W&?}gg%&eg&i vely. w 25 Detailed Description of the
I nvention The netgiqxyphasahonaine rasicueot b entdnahagiiempiacerot thd PLajeny or  use
in this screening nethod are conpounds k~avin3 the structure )
A- O. CHZP( ~Oh¢Ghfiramagtinn Rrdop Af b i zad puddasigeantase i PAHEHDY 0F.
These conpounds are known per se and axe not_ part of t_hzs'ieglve t(;i n. More

parti cul &r | yhetansinparishoponpbuerderiGeyinit st Boterfdr AR &F gand an
aglycon E in genetal.haying, t Ne s eI 5caR, @8 cH@HEFICH,-,
-CH,OCH(CH;OH)CH;-, -CH2OCH(CH=CH:)CHa-, -CH,OCH(C=CH)CHy-,

-CH,OCH(CH;N3)CHz-, .

\

R7 R’

r* RS

_CHAOCHERSOCHR®)-, -CH;OCH(R:)CH;0- or -CHOCH(R*)O-, wherein the
35  right hand.bond is linked to the neterocyclic base;
the broken line represents an optional double bond; -

R*and R’are independently hydrogen, hydroxy, halo, amino ora
substituent having 1-5 carbon atoms selected from acyloxy, alkyoxy, alkylthio,

alkylamino and dialkylamino;



def i ned>above.  Beafitbso bbb & SR LG RGE AR R ' ©
4,808,716, 124,233, 5,142,051, 5,130,427, 5,650'510, 5, 663, 159,

5, 302, 585, 7938, 5,696,263, 5,744,600, 5,G88,778, 5,386, 030,

oxoar ugs for us FrEeRENIENER, St ol e Eh e Rallly RpfiD-

covalently npdified anal ogues of the parent mnethoxyphosphonate nucl eotide
anal ogues dekeri bed in the pr éecedi ng paragraph. In general, the phosphorus
atom of the paregt drug is the preferred site for prodrug nodification, but
ot her sites areR taHJCHC talleyln€}-Ef hyyedsiyallyd oe (B-Grhaldedkplghpdon E. Many
such prodrugs are already known. Primarily, they are esters or an-iidates
ypbstitutions on the base axed

of thelghosphor@?kﬁﬁpﬁydﬁwgﬂ%ﬂﬁﬂéﬁ%dﬂﬂ%ﬁﬁkﬁl,

agl ycon. None of these’nodifications per se is part of this invention and
none are to be gAA%hER 8, FediHabd)GndolWigesscope of the invention herein.
The phosphorus atom of the met hoxyphosphonat e nucl eoti de anal ogues cont ai ns
two val ences f ofThedliagterepmensipf $traatine(33 axsrdesigratedithe (Ghisomersatkthief i cati on
20 (unl ess Qne Ehosggﬁrxllggdroxyl is esterified to an aglycon E hydroxy
substi t uent "OFREPHT BRMone phosphorus valence is free foir :
substitution). PagefsHntbddRichd dHthiavarhitidxe thd M8astéfedR{c@®ally SthricHed Y
are naturally occurring nonoam no acids having free carboxyl groups)

est eri fised campoundsdiaveg thexstruciuredboup, usual |y phenyl, cycloal lcyl, ox
t-, n- ox s- alkyl groups. , Suitable prodrugs for use iii the 25 screening
met hod of tlus invention are disclosed fipr exanmple in U S. Patent No.
5,798, 340. However, any prodrug which i‘s potentially believed to be capable
of being converted in vivo w thin, tissue cells to the free

nmet hoxyphosphonat e nucl eoti de analgogufe p i%% drug, e.g., whether by

hydrol ysis, oxidation, or other co %% sformation resulting from
exposure to biological tissues, is suiﬁﬁble|fo[,ﬁm use in the method of
this iM@ention. Such prodrugs nay We"at this time but are
identified in the future and thus bed%ne suiNHbl e cgndi dates avail able for
testing in the method of this inventifn. Si nge tbeJErodrugs are sinply
candi dates for screening in the nethods t ROV r ructures are not rel evant
to practicing or enabling the screening nethodg although of course their
structures ultimately axe 35 dispositive of whether or not a prodrug wll
be shown to be selective ill the assay. ~ Z ~uc Zoo4 (5a)> ' The

pro-noi eties_bound to the parent drug nmay be the sane or different.
However?s ed¥hichipsphppntialiydrepQlfipsiereemer (PRleni ng assay will differ
structurally fromthe other prodrugs to be tested. Distinct, i.e.
stxuctw~ally different, prodrugs geneg?lly are selected on the basis of
either their stereochemi stry or theirRcovalent structure, or these features
areyvaried in conbination. Each tested, 10 however, desirably is
structurally and stereochem cal l ntiglly pure, else the . output of
the screening assay will be |ess f ylA is of course within the scope
of this, invention to test only il e prodsry i11 an individual :
embodi nént of the method of this § v i oB=@al't hough typically then one
woul d conpare the results with priof studigg mﬁthGOther prodrugs. 15 W
have found that the ster eochem strB of t he prgﬂﬁbgs i s capabl e of

i nfluencing the enrichment in target tigd3¥ed iral sites are at the
phosphorus atom and are also found in its sulistituents. For exanple, am no
acid used in preparing am dates nmay be D or forms, and the phosphonate
esters or the amno acid esters can contain chiral cent®bs as well. Chiral
sites also are found on the 20 nucl eosi de anal ogue portion of the

mol ecul es, but these typically are already dictated by the stereochenm stry
of the parent drug and will not be varied as part'of the screen. For
exanple the R isoner of PMPA is preferred as it is nore active than the
corresponding S isoner. Typically these diasteroners or enantioners wll be
chirally enriched if not pure at each site so that the results of the
screen wll be 25 nore neaningful. As noted, distinctiveness of

stereoi sonmers is cor~fened by enriching or purifyirig the stereoi soner
(typically this will be a diastereonmer rather than an enantioner in the
case of nost net hoxyphosphonat e nucl eoti de anal ogues) free of other

stereoi soners at the chiral center in question, so that each test conpound
is substantially honogeneous. By substantially honbgeneous or 30 chirally
enriched, we nean that the desired stereoi somer constitutes greater than
about 60% by wei ght of the compound, ordinarily greater than about 80% and

Y - e ' I ~rns o Al 1 o AR A 2+ 1. N N L~




Once at_ | east qne candi date prodrug has been selected, the renpining, steps
of the Scr¥WeRT$H nethod of tlus invention are used to idea~tiggb@;@&bdrug
possessing the required.selectivity for the target tissue. Most

conveni ently thé g%@ﬁﬁégrgyaﬁjﬂeabel ed with a detectable group, e.g.
radi ol abel ed, in order to facilitate detection later in tissues pr cells.
However, a | abeR irslependertdyisEdalkihekeoyhelkyyl taapl ar aayladipd, 61R t he

prodrug or its netabolites (including the paxent drug) can also be

enpl oyed. iHdependeatlyis alkyl, alkeny], aﬂqnﬁgsylw@éyle&cﬁtwglwh HEubstibited 3eitlys or
i mmunoassays for Lnstance. Th S r det ect. t-he.praodrug and any one or
15 more ofﬁpﬁ?ﬁéaﬂgﬁ%ﬁgﬁs fﬁC?%é%@@%ﬁ?nﬂ%@%ﬁﬁ%ﬁg%duct ed to detect
only the Q%ﬁﬁghﬁ%é}i%f, A IR ho, Hydoxyllbso, Iald) agsdo Mlkyithid, AKkeNpPt i On.

(whi ch may not” be warranted 1n all cases) that the degree” and rate of
conver si onalikbxpalisgl, agylomy sanyloxyaliyl yarplaiioxy, pryialkoxyiliplobpleatleylindtrohe sanme

1T ti tested. h i Se, t f h i_ph || ate. 2

The & ar gt RiTCRLEE, 1410p HABPYINE PR AEHARH AT AL A eLn B
d ful s he, t t of H V. infection, hoi d. ti il b
inown Lo the ari SAE S SRR Bhey easalll Py R pryTBeC e "roaes,

macr ophages_an crophage- | ike. cell.s, 1 ngl udi cyt

peri pher al a%CFBg@T%BWHg?/P&g %@V?@%@&%ash&ghgﬁg@g’l%g% Icg.ﬁgq?ﬁfp%%?%fb? ?cgls ue
al so i el ugRRIPRBPHERAN edtelifieaUpith 3R alijdbratyl gbapsehed in |ynphoid tissues
or cells, é.g. lung, skin and spleen. O her targets for other antiviral
drugs of cour serWii hirlio A1Rylatriin®,oxos of émlloflamend;iamdt i on or latency for the
particular virus concerned, e.g., liver for hepatitis and peripheral nerves
for’ HSV. Simi | agPys sh@he%k H;i ssues for tunoxs will in fact be the tunors

t hensel ves. These tissues are all well-known to the artisan and woul d not
requi re 30 undugn@xBehhsBhRIhS, fdd 158k afll -so)¥agsk, screeni ng for antivu~al
conmpounds, target tissue.-can be infected by flue virus. Non-target tissues
or cells also are screened as part of the method herei.n. “ Any nunber or

i dentiey of such prefsmetembodihest afdhishieventisiroipdbe compbisd o gamchuwrg(6), -

general, tj es. f i.ch the parent drug is expected to be toxic will be
used as 35b§§ﬁkﬁgyég¥&$ﬂ§sues. The selection of a non-target tissue is

entirely dg@@p}%@@kymaanﬂzﬁemymaﬁm%@haﬂ&@plmpnawh@eméxﬂpeomnﬁ%ﬁﬂ\eand t he
activity of tile parent.” For exanple, non-hepatiC tissues would be sel ected
for prodruglsoatpsignetedhbersin G5/348nd tuttxansfornmed cells of the sane tissue
as the tunmor will suffice for the antitiunox-selective prodrug screen. It
shoul d be noted that the nethod of i s invention is distinct fromstudies
typi cabky undertaken to determe | bioavailability of prodrugs. ' In
oral Zo bioavailability studi g5, |t he ‘pbject) is toidentify a prodrug
W uch passes into the system c\gt t onanti ally converted to
parent drug. In the present in ent i®n, §he tpéctive is to find pr odr ugs

thaf are not metabolized ui tthgqu<¢wR¢%%tinal tract or circul ation.

Thus, target tissues to be evaluaed in.NHhe nethod of this invention
generaBby do not include the snaﬁnﬁinteg inegor, if the 15 intestines are
i ncluded, then the tissues al so incIﬁH@“a |trgﬁgl ti ssues ot her than the
smal |l intestines. The target and non-targeg ti dsues used in the screening
met hod of this | invention typically will be in an intact living animal.
Prodxugs containing esters are nore desirably tested ig) dogs, nonkeys or
other animals than rodents; mce 20 and rat plasma contains. high
circulating |l evels of esterases that may produce a msleading result if the
desi r edst her ape Wy th&Uheférted ﬁoaﬂﬁ@rﬁdfrt}ds%ﬁdmﬁ' TR furhhratSsdlOf
necessary to practice‘this nmethod wth rntact animals. It éﬁso I's wthin

t he scope efrutthire ®r{sentiuze (DY %liR)-24[(Bei(S)sled organs, in vitro culture of
organs (e.g, skin grafts) or cell lines nmaintained in various forns of cel
culture, e.g. zs roller bottles or zero §ravity suspension systens. Fox
exanple, MI-2 cells can be used as a target tissue for selecting HV
prodrugs. Thus, the term"tissue" shall not be construed to require

organi zed cel lular structures, or the structures of tissues as they may be
found in nature, although such would be preferred. Rather, the term
"tissue" shall be construed to be synonynmous with cells of a particular
source, 30 origin or differentiation stage. The target and non-target
tissue may in fact be the sane tissue, but the tissues will be in different
bi ol ogi cal status. Fox exanple, the nethod herein could be used to sel ect
for pro.drugs that confer activity in virally-infected tissue (target

ti ssue) but which remain substantially inactive in virally-uninfected cells
35 (corresponding non-target tissue). The sanme strategy woul d be enpl oyed
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+ include enhanced uptake by the target cells, enhanced i ntracel 1) &K 2004
retent'ion, or 2o both nechani snms working together. However, the manner in
"which selectivity-ox enhanced delivery occurs in the target tissue is not
inportant. It also is not. inportant that all of the netabolic conversion
of the prodrug to tile parent conpound occurs within the target -tissue.
. Only. the final drug activily-conferri, nyer si.onneel cWEnHMmddenbar get
i sbue: S metEBBIORHIA SR b Lt RS i By e S PR NG R e
converted to_antivnal f oh e -diarpeysdg-gsue. The degree of
sel ectivit “f@ﬁﬁ%%263“3§ ?Végﬁaﬁﬁaﬁﬁfgﬁdeé%red will vary with the .parent
conpound and the manner in mhichqht is measured (% dose distribution or
parent drug concentration). In gl'%ral, if the parent drug al ready possess
a generous therapeutic w ndow_a~gw degr
sufficient for the 30 desirgd roﬂlug. e’
may require nore extensive q gt 0
reIatiW% expense of the method of' this | v=ntian§gQ5§§Iﬁ duced by
screening only in the target +i sSue B ti ssue®,agai ndfy which the parent
conpound is known*to be relatigely toX¥Hc, e.g. for PMEA, .wuch is
nephrot oxi ¢ at | ugher doses, tﬁHapri\.ry tocus wi Il be on kidney and

5 The stif" of defﬁfs

e of selectivity may be
'\ ot her hand, toxic conpounds
ify select] vg prodrugs. ' The

| ynphoid 35 tissues. 12 mning the relative antiviral
activity of a prodrug i An U Glie04 selgcted tissues ordVliarily is

acconpl i shed by assaying target and non-target tissues for the relative

" presence ox activity of a netabolite of , the prodxug, which netabolite is
known tgo have, ' - itioRa 19 M Ehrafiaed igako Or .
antﬂ]unb’r activio'p[)\/é. §ﬂ%§§¥lﬁ%g?%ﬁhfe§;¥? \i\”gg)lrdéjo?epgrm_ne t he rel at.i ve anount
of the. lo pajapbsitlongconeiiingtitesnecusicelly sotaptabieieatipyeritheSsee tine

course in order to identify, pradxugs ,that. e preferent] : .gec;fq%%llized
izl the tar@TéFPPfl‘s@Héaf%u%%i %@?%E?%PP?S(}P%%F? rﬁﬁgro ' 5#? Lil/if)éhet abolite or
precursor thereof ay{?iquvbphbﬁgdﬁ@ﬁﬁ@th&écﬁ&ﬂg ultimately produces the active
nmet abolite. §I'h the case of antiviral conpounds, the active nmetabolite i

the di phosphat e bf a fleshphersphomaen. paredd BpeFigrsuiashe frcienapigcture ok
met abolite t_|s_incor ated | Vi Lalk; bGpagd ghofd1er eby -

t runcat £hg %Rg’-(é’h_%sr?&}ﬁr}oﬁlge nac %f%%%%%%‘ﬁ%%%%?tl ng Vi rgl B
replicationg wagbh{e&ﬁo@)eﬁ{ye] gtentheiecsina iver 'ENABAI') Gsing tradgylasts,
catabol jc né%abqlites; or the Frodgpt o% g&gp Iisn1ang ata%q%kﬁpltogether.
The manner rHoeRVIIRE CREYPIESE FPEOIENG P EaUREIOTPREY Fﬁﬁ%lrnt ant I'n the
practice of : BInitdissto 2Rt AT AR ul FERG1oxg i@y Bhosphendta et i on
IS not,linip&gg?%ﬁ%§g§§lng alﬁgtaébp?te whi ch gr Se poggggﬁfs antiviral or
antitunor aehignesium laiistedel andrieceEalrgsPdy 4 aakMEA BFRRIVEOFs of t He
active netabolites.. Pracursors of the antivirally active di phosphate

nmet abol i26e i ncl ude t he nonophosphate of the parent drug, 25 nonophosphates

of pt her nmetabolites of the q@r en;tigr ug. ée.ng.q !%g ‘i,nﬁeénrredi ate nodification
.of ‘a substituent on the heter S = tself and :

met abol i tes generlq{eexﬂe%x&?ﬁoﬁﬁ{dnaicéh@@ély&ﬂé hgophepprevdidiggs fortuse ipahint
prior to phosphorylation. The ‘precursor structures may vary consi derably as
they are thegcrasihd nafih6@htdtanpomidatiolvisgthdimetare: A-OGELPONOIBE Mdwrds

al ready known or could 30 be'readily determ ned by one_skilled in the art.

| f tHe pigodrags bed regidasse et densilartalegts. Biltesa nompovss @re SOV pey|se an

activity per se then adjustnents to the raw, ass resul.t r L ed.
For exanpl e,aﬁeﬂ‘qtlﬁ’ér‘i‘?lfttlr}‘é?c‘éllvﬁml%l‘?' MPB%B%?}CH&%P%%B%E éé? F‘\n}%&{]r?e%?aclgo i tlueee?o
an active rre#\%%p&é,&ﬁcgggéﬁ ﬁn&tan(i?}fcgﬁ@h Eel&sl RmRg thesrucaswes being

W ass

tested, the ay results w the 3s”inactive metabolite would need to

be adjusted to .take account of the differ eﬁces 13
B——E-—'-llD—OH
35 OH



17 AUG ZDI]L
12 AUG 2004 ng the cell ty because the rel evant paraneter 1s
rf#fwﬂ%@fo

gener at Pon v&hergg} YA &1 Wiagsl groundt is sleSnat rReVen ’éﬁfmp]ﬁé@ﬁ ve

t abol it d |
he-or df nar om0 Phie oo f gs0 Bl R L Jod B8 i Sy,
det er m ni ng,630¢518¢ 5,663,459, 5@8ﬂ2|,58515/471@988)5 696126815, Tea600] 5,088177%; 61389080,

extrapol ated. 1t dges not mean that the nethod herein is 10 limted to only

assayi ng | MAa39G as83 7 8@@1‘1&5%93&19: ﬁ@rggé%ﬁaﬁl@ﬁﬁﬁame t he absence or

decline of the t d be assayed. Step (d)

only requires aglg{eégé%gﬁ{lgs o'}‘?hsé%ig}e @?W%ﬁ?%ﬁ?@&y JER}S PW@T%PBéF%g as it

i nteracis wovhlehtl§ rbaed azﬁm@;aie@@ﬂﬂwpa:teht et o@%ﬁ@ﬁat@ muekbfigeol ation

or other indirect .neasurenent.” 15 Step of th od of this invenfiion

call's for denloghesidescribed mf@lea:treaedmgpamgrayh oln geveraly ﬂrdarpig)spht)rws atbnbe

d tood { t ch
of assays fuiBspaMTHES: R rrERelsH G OF prediib Aot Bl SR S Froer
tissue. On fbliRd e@thedelerokyclichadé BBirthé BElYR6REE Miny Bich ]bxrbVﬁﬁgs &2 A1Ra 8P ' e
hi storical controls of the non-target tisSSue or tissues,” or.a orlthms

representi d@%uﬁ@&l‘d}’ﬂéleﬁﬁp%@ﬁt@d o esmidetestof thapheoserus a’@m;émt also or der
to prowde 84 mark naon-target activit The sults tained in step
(d) aré thé‘ﬂgi ?&g ?ﬁ%ﬂsyr&th égﬁ é:%glf: e g&ﬂﬁs Q@Eﬁ%foéﬁﬁﬁréﬂuces
great er antij phftadf thibtihvehtion and Rend ametbetdom&%rédlﬁﬂuhﬂ bR&hE StdpledsrRE

tissue. It is this prodrug that is selected for further devel opfent. 2s It

will be appﬂ&@i’%@le exeffat sonme preassessment of prodrug candl dates can be

undert aken befo th s i i on, For
exaﬁpl the pr gl"c}‘?e u%ﬁbes ?&éé gﬁ} ggtgy}rg%tﬁg%%o ‘fo ‘&eﬂ?bg“es
unmet abol i zemntdins ong haldiﬁegﬁﬁtcboalaﬁmxbum@daﬂoma@th ab taxmﬂéthozﬁl BLEstb10fiRRion
substantially stable_in blood, and it should be able to perneate cells at

| east t® sdiilesegne@hosphorylhydeykisiesterifias igan aglpeen Ebygﬁoﬁdﬁpbﬂweat
first I Such
or ost vl o5 ArEeEreRaY ofis bR PRkl Wkhe A RIS B. CHARE "y 1
TheI S arrE| r etypn:allyguaarylex;de"gm aﬂn&ﬂateémmﬁmix@]lyhaaé hﬁwréﬂy oaairirmgm%m&mullo

t1.t t t t
2 vl T %}ng&x <P} BiRpRLs) I T ArRER, O%CHE EHRe PG ogue
of PNEA 1, ycRoafol, & ORIy B Fup OIS ongl fsupuch as

PMVEG ar e rth i 'e carfdi datés to purs therr tot |C|ty|n
conf er s25 heicreeaxing mathed of thivinventidn evmgisaioded ﬂ:a'rwmmlﬂeiubw g. ﬂPla&nmN/cel

be_ent er ed |
ol 1 i cal prgrand dTRuRTe: Ay Rl EhEavhiEbR: Batedly behSadiotie cpabipte:
Typical ly, eifg esnvatecszmmwmeﬂrgét teus eblRGibitHe feb ﬁé}ﬁoﬁ%ﬁd&?h&hﬁéé or

concentratlon of parent. drug in the tarﬁ)et ti ssue (% dose bution) is
greater thapucieoti %@@#@P@Eﬂ?‘h&%’ egnavhether h}éhpldr Jsis,coighation or other

nonytarget t] be co

aga? nst a be r@%‘#@ﬁ std @Eﬁfgﬁl‘éﬁé\ﬁ@ﬁﬁ%@%&é@s@g h{o%glt:@%}sguese Fsasgﬁ‘iﬁé’?‘?fgf her
t han abzol uhse. m&hbmétlw@ op thislirv@atitth Buble ptdigs hesthdt badkadhin 8 @44 Bet han
about 10x oncent at | on or a t|V|ty in the XS target ti ssue as conpared

with the pr tcﬁr9 entyj Hays kcome wdiablg capdidates aeailable for
di
o medi at 200 &%@Fﬁfﬁfﬂsﬁﬁd‘g?’me S e S aRidae o o

preferred forscreeningin the methods their structures are not relevant to practicing or

enabling the screening method, although of course their structures ultimatély are

35  dispositive of whether or not a prodrug will be shown to be selective in the assay. -

8



17 AUG ZI]IIII)
MPA.
Topr cal Sy s et BRHERbotthd R ndbrigmbdvis ey e SR SBHF ibibhe. ( P
ox 9(2- hy dEporyBYéx) kARG t&B‘Eﬁ)sec‘I"IﬁhmeascP@e% 4dd %Il%l%%uchﬂ%ﬁl af ter
KPR g Rolay

addi ng the protecfed ay synt hon

p-t ol uene- ﬁﬂmdhqbﬂmjmodiiqgsﬂbd»epéﬂmdt Els(ttrxﬂ:s,y]ea!otﬁ)cthmllwthﬁemtpmdru s

m xture, and re veri PMVhA, spectively. . 25 Preferably, HPA is
the enri ch§8n8 Ys"’HF& gpoé’rfg‘ﬁlhaé‘ﬁ@f eltf‘?" ﬁleBIﬁt‘?raPC}}WSW?F thelr revalentd,

R- PMPA can I {X% r thesis is

conpl et ed. %ﬁf@gﬁ; efet(a %F%egwlrgﬁpro €c ]'Waéé)ﬁj E%&\Akér%gf *g%é%:poups but

ot her 3wt .hblvmxgr;xim;k‘a is strecapaly end st@eéd}fénﬁééﬂyssijbstahha YubE lsaitygni ent
to enploy the tosylate 3o, presubstituted with th rodrug 5 osphonate

subst i t uenOSRR % gBeregningseatbvilhbe lesg ugefubr Bt tovgsajWiships therscope of

I I h the depr ot on step
and di rect EhAesion SRy 3 BRoAR A AR En B R B8 o ou
of the nagmanmmoakk@mmucm abhowgh fypieduyamdn%@mﬂﬂawn@kréﬁae%&wched

or normal allcyl, but_is preferably t-butyl (fox PMPA) or “isopropyl (for 15
5 PNMWP#HES?%Q\%W%%WIP%%S al so axe not critical, but

. f. I xture at ab 0-~5C
\p}\;;a he; |pr ¥| ﬁSX{)IW% 25 m) er a?ieﬂegsg?liegghé% &nyo(%qhgpﬁo uenly qaﬁ’tagg&ft an -
retaini ng bffu@iasptienatrichandttin taget SssubdleCRIralkieh aldatithe PRBEPhGES e

(usually with bxonotr rret hyl si | ane where the tosylate protécti’ng gxoup is
allcyl), aftPmRedATeatrofoRd in its subsiineantshyor exartple) ampina amid exedither

co venti on r rocyclic Base
o conprepEo ettt iay e DBP R/ Blns dhd 18 HlobbiAse BELA ATHE akfn S0
15 20 het emcicledtérs cahaontaih cliradeknietreds vellmOhiel sitdsttdodre Sois oN%xe 18 Rzo

0 HZN N .N~N O H2N Rz4 N or wherein RS is H OH,
|C:) Réz g%rl | preeegj% arﬁqg%Q%UOmgéﬂleomo%q es, but these typically are already

dictated by the stereochemistry of the parent drug and will not be varied as part of

the screen. For example the R isomer of PMPA is preferred as it is more active than

the corresponding S isomer. Typically these diasteromers or enantiomers will be
chirally enriched if not pure at each site so that the results of the screen will be

25 more meaningful. Asnoted, distinctiveness of stereoisomers is conferred by
enriching or purifying the stereoisomer (typically this will be a diastereomer rather
than an enantiomer in the case of most methoxyphosphonate nucleotide analogues)
free of other stereoisomers at the chiral center in question, so that each test

) | compound is substantially homogeneous. By substantially homogeneous or
30  chirally enriched, we mean that the desired stereoisomer constitutes greater than

about 60% by weight of the compound, ordinarily greater than about 80% and
preferably greater than about 95%.



25 R ?:Hés Cl-C6 al kyl or CZ-C6 all<enyl including CH3, CHZCH3,? FUSZI00H,
CH2CH and C3H~; R' is Cx-C6 allcyl ox C2-C6 al kenyl i ncl udi ng CHg,
CH2CH3, CHzCCH, CHzCHCHz, and CgH? d%?s& eNneMetl CBr Cl, CR19 CSR 9,
or COR9; 30 RI9is H Cl-Cg allc -Cgallcynyl

Cl-Cg al | cyl - ClBweat lanskgne cancﬁ:dai@gomdy\hg hid bodn seRstdat the tiresining steps
substituted hy OH F, C1, Br or. I, R9 therefore I hcl udi ng - CH3, Cl ~3,

- CHCH~, - scréqnipgpethod offhisipentionazensed idROtiEYR Pro@mIgPDOSSEISITE - |

" Grocr oo S slecty ety gt sy prodings are

- CH2 CHAOCHR4Baldd@ wih el d etetiabla20ioa hﬂ”e Réadiglabeled, ftbrdBEto fa%ﬂﬂbtegéiec%ﬂ CCFg,
CC---CH or CC(O)NHZ R~~i s NF2, SH, SCH3, SCHzCHB,

SCHZCHCI - i latessiamtigsues or fe} sahiqwemrca@lzel 1mtmemed sume cﬂm@table assays
NH( CH2 X X
N T2 (o GERHT R 1s MEIR LRI ronl BBl o) X 07611

and R i ndepgsloped.| Yhase dsbayb&oul&ﬂmmc& BRlabEyh ectx@ﬁte@%B I—P{l’L‘@rBibass &l
aryl al kenyl , CG C15 aryl al kynyl C15 al |l cynyl | cyl ami no- C1- C6

al kyl, C5- ETSERQASRAJS, oceeiagmﬁeirétﬁ@a 5331 9V detest e priogirug @zd@@y one or

h I | ] |all |,

net 1 05 bkl AR el IS W T R A HHVER Cs s
aral | cyl, @enérhbionysitis patene rur ThBiSPadeal o ﬂerJsbm!ph@)W(w‘bﬁ@{ A 09 bRy ene
in the all cyl noiety not adjacent to N6 | eas been repl aced

opti onal | y Wastapnipd 1%1?](3 cpgashwt theydegree amﬁtrhtewftcenveﬂsmxaofqapdmg td ox

uns turate P ne or Lwo .het er o nms and
opt i onal I yggggaéﬁygﬁ%ﬁaﬁ&éﬁg%@%géﬁée&dg om me S AG PSR tgep ?’1%%“& egoi ng R
groups Wwhi @themisuhatedam\ttestfwtﬁe d:p]hesl&me.l o, CN or Ng but optionally at

| east one R grQup.is nat H R- SCHg, SCH2CHg, SCI
| 2CCH, 28cH-~, cHoHpe "%@Hﬂss"a?’feferﬂw WJPUIJIF@ 1Y§FP}F&1é ﬂswihzn sereening for Se. 30

B also inc |}ﬂ9§ﬁ1§3"ﬁs@flﬂ iR ECH SRR oY RARALAGSH. RSLENRGY Ehbife RAPEE known
to the artisan and includes CD4 cells, lymphocytes, lymph nodes, macrophages and
macrophage-like cells including monocytes such as peripheral blood monocytic
cells (PBMCs) and glial cells. Lymphoid tissue also includes non-lymphoid tissues

25  that are enriched in lymphoid tissues or cells, e.g. lung, skin and spleen. Other
targets for other antiviral drugs of course will be the primary sites of replication or
latency for the particular virus concerned, e.g., liver for hepatitis and peripheral
nerves for HSV. Similarly., target tissues for tumors will in fact be the tumors

) themselves. These tissues are all well-known to the artisan and would not require

30 undue experimentation to select. When screening for antiviral compounds, target
tissue can be infected by the virus.

Non-target tissues or cells also are screened as part of the method herein.
Axy number or identity of such tissues or cells can be employed in this regard. In
general, tissues for which the parent drug is expected to be toxic will be used as

35  non-target tissues. The selection of a non-target tissue is entirely dependent upon
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particul ar Itg purine and pyrinidine bases. Protectizlg groups flotAsddBiyclic
am nes And tBe Rehue apthepradsug andrthe reidnity ¢ftthe paterdt Far exarmple; ven-hepatty oups

in Organic g i.s') jand.i.ncl ude N-benzoyl, isobutyyl

a4 e st PR Be daleiie K Sa8E SRS hepny S 358 itstansformeripells of

sel ection ahe pixak eiedue s Mle@UinoMvill sefi@rPAlRntiiAnrdeeRedié %Mugrskfe%ﬁ” and
wi || depend upon the nature of the labile group and the chem stry w uch the

protecting groupt shouds peotet] that drometttost of thisgnventiati is, diktisit drono sfuddes ve,
reductive qQr_other condjtions. Exenpl - prQ fed_species are

N-- benzoyl 3¥P‘6§ﬁ¥1@aﬂgﬁgﬂ}%‘ﬁﬁﬂwar%ﬁ%ﬁﬁww QE%%%@ i%&r‘"tlhe like. 10
15 Protgct i : : ' I s LIla.1
L5, Prouoct Shsasiipueiis oo K laayken brodti el adk o e
RzsA*R2o , RyResiceicculatiemsubstaitiflecciveftétiso phrent . In) theXpregent) (X1 11a. 1)
20 wherein.R B, t he meanjngs previously defined;, Rte" is

. R ', R2'. hay
R39 or RZz %Y%%hﬂﬁ%@cq’iﬁ 1F§g£'gf1 pupgrugsthat arg npbowtalelized dyithRed t hat Re3

is not NH2o.E3Simksi TON s Iomte) 3 ' Rﬁ? . Cl- Clg

al | cyl, Cl-g& Q%F%%E%?C%%% ar yln,' )Talll ahggﬂngg (;%t%?ly%ﬁp?f:‘gaﬁy ,té{r;]rn -C10 aryl
subst i t ut ednethod of this ipventtiomgenerglyodpaotsiekkcleate fmaihihmstgeror, ffahdy|

et hyl, t hoxy,. ethox hydr oxy and cyano; .,z5 ReB. |s Cl-Cl0 allcyl, or.both
R3at 0gét he tgé%nef%pﬁc%qi%ﬁaﬁ%x bhetissuas %éo BFC?‘i additiogaldssupgs other tharc, o

al lcyl, inghsgiBD ifeithyds, et hyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, pentyl, hexyl, octyl and decanyl; and R4' is hydrogen or CH3: Fox

bases of struct Fhesargehaid and-txidet Lissues uBBdin Bepcrsening aieti of thiy R ~A,
both R39 gtoups. on the.sa base will generally the sane. Fucenplary R36
ar e'h phenyl m‘fs‘%%@ﬁ‘r}?mléﬁw V@%W&%%ﬂmﬁwk tf‘lﬁ’éh' BT eurindngetersy vl
subsfi i t ueatdmor&dedtHdbdy tB&I &1 Qdd e j 5 55,-91)( = |l =5, - 06H5,
-CH(CH3) z, - Cﬁ?&l—lge methyl , butyl? t- &?g%?ﬁﬂgg?any ‘m %}Bar?%egﬁﬁﬁg%ecanyl ,
ox undd¢enyhd rapplesma soptainshighctinadatingdexelnohesterasepidiat may aodncas,

cyt osi ne, LRe, i raci xant hi n 8-aza derivatives of .

2- ani nopur ?ﬁgl%bgﬁ‘grgﬁ%@%ﬁ irg ?\éebef@%‘?ﬁqﬁ-“giefhﬁsdéﬂﬁﬂﬂl Héiug‘lﬁmil'ne,
inosilla and xaltibhohecéssieze plactica thi§ method WBHEANZRAQAnimslsd & 1¥Risi ves of
adeni ai . e, QH%RI ne, 2-am nopurine, 2,6-diamn nopurine, 2-am no-6

chl or opur i MBthiR fhescopen! tais inventignatosmoples petiused orghmazin uitro culitiewds of 2

am nopurin -di am i - an ne-.6:chl.oxopurine, hypoxanthi ne,

i nosi ne angr%(%ﬁSﬁ%h%{H‘%?%gggz%ecgg#ggh%%tguﬁ Ja_vgﬁ'opﬁ g?ﬁ’/lﬁ %&,e)ﬁ C‘ﬁtmer e.g.

2, 6- di ami noplariboetlesbramrd gréighiepensioh byﬁembyp@x@mxiém,emﬁ-ﬂ%ﬁmnw

xant hi ne; 3-deaza derivatives of 2 io am nopw ne, 2, G dian nopurille,

2- ani no- 6- BRTORODIMBRHISSHY fonssietimed T Bepdrgsahuse dhe tarae'tisguel shallmoti ne;
S- f1 uor ocyhesbistiu hiREd Qf’ﬁ%ﬁ}e‘f 5N IN8s

5- et hyl cyt osi ne; e?’t%{%%&@%@%‘rugﬁ fém%f uox%%%’ar}%i*?ggﬁéﬁﬁg%/%ﬁéasg? ?S

5- i odour acthey may be doamd i hatuge talihblughsunke woylld bapiréferred. Rather, the term

5xmet hoxymet hylunacil ;. 5-eth uracil and 5-propynylwacil. 15 Preferably,
o TR Ao pitet pine o Bt B b TG it SlHaks Roter et aguany|
8- azage@ny brigih cledizfagitiittion Wyl , 3-deazaadenyl, 1- dezazadenyl ,

8- azaadenyl , 7-deazaadenyl, 2,6-diam nopurinyl, 2-am nopurinyl,

6- chl or o- 2am noph¢ taiget andmen-tangst 'stalmm@pmﬁ\;ni;be thersameRissiie, laut the

5 (1. G- o PP S RSO E AP RE Bt srpdimlv St d Heinef conld
be used to select for prodrugs that confer activity in virally-infected tissue (target

tissue) but which remain substantially inactive in virally-uninfected cells
35  (corresponding non-target tissue). The same strategy would be employed to select
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25 whexein R22 independently is halo, en, NH2, .X or H, but2gpr 2(}({:JJLnaI ly
at | edsf ofsopRRylaric F(roc}mgs, 1.e( (pafg)img@me Mﬂl@)@wﬁb’r@hﬁeﬁ@ms 0-2, n |s

gnl/l a?lngeﬁo i taT%lgegfril?? Mlu%r%gmgﬁ Wﬂy iRmeiabolizedin

Cl-Cg-all C)(h&‘ﬂe@féd%ﬂg:ﬁsﬁiuhﬁ%} prQérL%JsﬁzoﬁI@Bé Eéﬂe?n&( ﬁ:ﬂ-@aﬁb‘?éﬁﬁé@ﬁéislﬁbd
C5-C6 aryl, CZ-Co6 het'erocycl C 15

~~y L ~ C-t the uhfahsfornied m;anﬁerpartﬂs% 'E\hls wduld.b!e ;mmd:ulaﬂymrséﬁﬁua | - ~y ny-~.
C~-C15 ax'yla~. < - Cl5 aral L:yl,
G5 ﬁ@%ﬁﬁ%ﬁﬁsﬂag t@:geleﬁ oETB g I ratynt pYhpateloBg hyl ono | 1
the al ligyl wo anue‘go aighﬁ g.t0 1V6 has been replaced by-O, optionally.
bo™ ~n. B 1~ ar® | ol ned toge r "with Nto fornva satmatecl or 10 uns;

at uxat ed C?-C5 Withoﬂbly@hghmtﬁcb]bwany pafticldarcthedmooMNbpeed idm) dissusseddtdive
optional Iy an . additional O or geteroatom or one of the foregoing Rl~
groups is sHIB@-f‘i‘EStﬁrS ayghttp be selectively takenaxp b}’tﬂgetﬁﬁl]is ayel/ o plestively | east

one P~~~ grg &P&m!ﬁ'm d(%ellzaé csqﬂﬁg:%}rre]cel(t:% yﬁleg &fsgl\{ésd&dceﬁl? afrpl lﬁﬁ.\

het er ocycl i c nuc eus varies from o hore than oneis . . . E

groups r ep raeh’entagblmé thghye@lm»grmspl}iﬂymeﬁrddmtgb hefeiﬂﬁd?@myﬂfwﬁmhfaﬂmhﬁn to, -
nudeoti . | ogues. referab* the E 0o Qup | s-.CH-OCH( CH~ -_or

-C HzOGI5i~ e o» at physiglogicat BH, eguresdhat theyarilld tcaélfw bagkesht er s
h | J~
" o g e BALTRS] el s el ok Mg B Ltk 90 (0o

t for by dr o

enant i ox nexmamﬁmed; ahelevated mﬁameﬂludai-ramhymiﬂtmmxﬂmelw exidbiting ihdreasdd uct ure
-CR')S or - ~cvh e|n S.is efl cquruI 6~, line ~9 of U S.. Patent

No. '5, 798, ﬁ?tewr i TR S{Q8, %ﬁt’éfh"é’én the tArget tissug arebglieved do
- above. Prefigrabl¥nRanded LﬁBt!éinSX rth@fa?%ét%ﬁé 'eymaﬂééaoﬁmafcamgr fltention, o

para- substi t ut ed cﬁ‘as def 1"'ned henoxy. [:* 1s an am no aci
resi due orhqtbmﬂ anisnewWw dddng tegetlary Hmméumrﬁﬂ\egnmnqnerlmnﬂudhb@ledtaasy ohan

2? (r)ﬂfzt 5r 2t 3 éhww ery 0(3%‘51%31% }wntg}r% &1%% {sergot mport%gt Cl%la!ls% 1? ggt the
Jmpqrtant that all of the metabolic conversion of the prodrug to the parent
compound occurs within the target tissue. Only the final drug activity-conferring
conversion need occur in the target tissue; metabolism in other tissues may provide

25  intermediates finally converted to antiviral forms in the target tissue.
The degree of selectivity or enhanced delivery that is desired will vary with
the parent compound and the manner in which it is measured (% dose dmmbutlon '
or parent drug concentration). In general, if the parent drug already possess a
) generous therapeutic window, a low degree of selectivity may be sufficient for the
30 desired prodrug. On the other hand, toxic compounds may require more extensive
screening to identify selective prodrugs. The relative expense of the method of this
invention can be reduced by screening only in the target tissue and tissues against
which the parent compound is known to be relatively toxic, e.g. for PMEA, which
is nephrotoxic at higher doses, the primary focus will be on kidney and lymphoid

35  tissues.

12



5nis1or 2 12 AUG2004 R is R6 or H preferably R6 = Cal CAUGI0GY! ;
C3- 09" abl cyl subdeisteR efidpieraining dhe re}awetantmralﬁaw@éﬂ a pregruginhe cp

l; C3 6 whi ch d 0
N or G- cReBPLRE arfn ERRRERb e At el A e B ogen,
Oor N, Mshesior THERGRECOblSseh& dF Liiv! o@%rﬁéﬂé}ébhﬁ@m{(iﬂe% td%ﬂgum?nldli ut ed

or substituted by substituents independehtly selected fro he™group
consi st i ng métabbliteds kNnowaCORtavendr isadonyered s a@ﬁ@abbht&ihwﬁng antimizallest i t ut ed

ox substituted by substl tyents in endent | el ecte m t he grou

consi st i ng 3fEHor @Ctiyity Slfmal&gﬁgpeamuléﬁ@m@e g? a&w m‘aﬂfc‘ﬁth%
unsubstjgt u ﬁ#qlcqt %F,ge !}Jug} t JY5S I cted from
t he group Eﬁgm st Eh#"ﬂ f%é}wg% 5 ﬁﬂ{ I oggﬁag%%ﬁ ggndent |y
is C(O- O?'1dexa1ﬁ1ﬁyqﬂ,odaﬁgsiﬂ1at grmpae@ereuhally mietklndizyd in Itlﬁtdi(al‘gdt ussuué fooati de;
phosphoryl ; all cylam no; C -Ca_allcyldiam no;, C - al I cenyl am no;

hydr oxy’ t|a@&uvr yqn:@rwtwacfeyemata&omwwecuxseﬂzl)er@bﬂmd@%fﬂzsefm kyl

mhfgx;;hgnygg %HB%@%%? co>§<yp enyl M%%B?@aallﬁcengﬁg%%vw phenyt

unsubsti t utc@dquu&isbﬁie dativednedabolitelil tHeediphesphatélpf tHdhhagsbhoyate parent
hydr oxyphenyl or C-- ll1co | ;. and C6-C, ~ aryl which is
s ubstt gt i wﬁpﬂt%af is ngnrpgEated ipo thpyiralmesigic acid,

&0 Ay ey ot SRR el R i S g R e Mmoo

CG aryl ; Céviexabeliids offthe proctrugmda[benﬂﬁbbhqmwimﬂﬁtés,l tadbolid ime@thtml on é n,

, or N, IaI Kyl his i dependently substituted with

O—I hal ogerfhef:'é‘fﬁuc“é IT—"ra@Fié@ sm,:togf. g mangRgT in Bef erably
|sopropyl I acid, n
rﬁe Bﬁtél@ |I6H%.E‘Edlsir%q!toﬁnﬁ@gﬁ%%uncr}%#gétt{r%g%&éﬁl %1{511 ﬁe I nvention

|ncI udex) nenamﬂmmes in which the phenoxy and isopropyl esters have been
hydrolyzed to -Q4. Simlar the de-esterified enriched phosphonoam date
net abol i tes of %WW?%‘)‘SWFWO%W(}" SMILEChtq 3r5RYHER I%F'{ﬂﬁgﬁfeﬂﬂgl cope
of this inueHseQPdssebges Mntivied) Gr aﬁhuﬁﬁor é\itwfiﬂybqﬁ&tb | B2 @h&issBf inB@Svd N

colum 16, 1ines 42-58, of 21 United Stat’es Patent No.
5, 798, 340. mgpuxsars §f thera@tlaﬁmﬂﬁabc&ﬂ% lbwe@msnrsmféhﬁanwmﬂmctweam no aci ds.

“nst ance TAuPLoRS A HRRBLAARAE: alblpblimhate of B kBl oy oss st at oo

to the @pntmah%phb@mmﬂmher ﬁs@fa@eﬂaa@m ﬂi@pmht @ fe. Cg)ralcﬁﬁémedlate
hycl i ocar bon | ess stated to the cont rary al kyl i's Exanpl es are

-CH3, - CH2cmedificationigf @Hmbstitygneep yhe he EFM@@P’B;\EPE‘@Z@EW

a& %&"f@é‘?ﬁb Czlcl_‘%ﬁé’ated 9?%3%‘%%% & O%@é‘ﬁ% 93@%:{: f)nor to

- CH2CH( CH3) phispiterylation CHNCHIGHESHIBHR CEs maGH(yRPEsACHBLy BCHHRy are the

( %%34) iy mbﬂtﬂ%ﬂ% gf@yvgz CH%H@ e@%y@%@%own or could

:C(CHg) (G nRily Aier e O19) LGIBIcA bk 6g0Y1 and al kynyl are defined in

t he sane fashion,-"but , 20 ntain at | east one double or triple bond,
respectively. Whiithe pdeU@behm assgyeslieesanad edthibit agdtmarios auUNlrelsmrvdhyng

t aut to b t d t ht f
hi's 1 mvent PBEeRE BRORRRSAN i (R BV SF HFdaa B dophrthd 4N rBB e b 1 o
enuner at ed {lgintidcelfnlaFpicttsifPof the (R&btivenetdbeliRt8 a%@cﬁ@é Métai e Beduds

phar maceutical |y acceptabl e excipients or solvating diluents for use as
phar maceut i abdiffsrentgates among the t@&ethsmg]teiswduﬂmsaw@asemeauéts weitlv e, 340.

These p dr shed for the
par ont " df ugt LD b g Nouth vBba BB Aortel BT B FRERARARER, 1

t he met hoxyphosphonat e nucl eoti de anal ogues). .1t will be understood that
the di astereoner of structure (4) so at Illdast is useful as an internedi ate
in the chem cal production of the parent drug by hydrolysis in vitro,
regardl ess of its relatively unselective character as revealed in the
studi es herein. The invention will be nore fully understood by reference to
the foll owi ng exanples: . 22 12 AUG 2004 5 Exanple 1 a NH2 NHZ N~ \ + 0~0
a HN- ~ "N ~~N~-N~ vO @B0 C ~N N H ~OH Adeni ne to PMEA usi nhg Magnesi um

| sopropoxi de. To a suspension of adenine (16.8g, 0.124 nol) in DWF. (41.9

m ) was added et hyl ene carbonate (12.1g, 0.137 10 nol) and sodi um hydr oxi de
(.100g, 0.0@25 nol). The m xture was heated at 130C overnight. ~ The
reaction was cool ed to bel ow 50C and .toluene (62.1 m) was added. The
slurxy was further cooled to 5C for 2 hours, filtered, and rinsed with
toluene (2x). The wet solid was dxied in vacuo at 65C to yield 20.0g (90%
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| | ydxoxyet h n n off-wute solid. 240C. . 15 NH2 NH2 NH2
I\L]y+ Tsy @&% ﬁVP‘R? ecaugg the galeyany Raramety E%ecgeﬁ‘ﬂr%lqi% Gf peyvigy in

~O~P( CEt
was gusp)eflégd |rgé%%f ’15@%50 r Wﬁ%%‘%ﬁ% bﬁs%%%@bg%%g?gﬁé}sopr %gm de
(11.2g, 0. GH8pHromdriad; us:fneatstx%ﬁmuevwithmﬁgrtﬁ- skilli Thys, dehervatep édoefd t o

the m xture fol l owed by diethy P t ol uenesul f onyl oxynet hyl phosphonat e
(66.0g, 0. 1thomashgd b@@rméﬁ]é’i ﬁ%de ermiEngithe @?%V1%§CBY1|TY ¢féub%1@1ﬂmm for 7

robet on witeRboRuBEATE: RRER GRS, Rhote Rob R ML S A bO BRARR 1 1C
t enper afur Qmubé&t@@ﬁlgl afﬁﬁé}hjs{ { shtbRREliofed 104 arl adth P8 de. Was idtaird, ﬁm@d t he

m xture heated to 80C for hours. The reaction was concentrated to yield a

thi ck gum abpenaguondesting Déﬁ’@l Mredrugninathg dest tisswestadso ccmld ba@swedn $tep1db ni

esul 11 ng. R FmErteAReomeR: Bine popty bl P Rt s e e
cooled to %‘iﬂ& ﬂ'ie £40ieZBnbaRd ﬂ@l&qhbg%eméé‘d bﬁ‘ékﬁbﬁ&aﬁ&n bk biHed ih@Pect

washed with water (2x), and dried in ~ 2z ~ ~.~r, zood4 5 vacuo at 56C
to yi el d 20gegsgsement. of 9-[ 2- (phospl I ononet hoxy) et hyI ] adeni ne -( PMEA) as a

(1, 5 513" (5o of BSeundd g ieion iyt pefeilyrat Y (gelan, o 7

H*-Me H 1Qclivit}2f 2k pidarde. tt Wil Bd dhdesblobd tha thekedbdigol fe H6 edtth

Magnesi um t - But oxi de.” To a suspensi on of adenine (40g, 0.29d npol) in DW
(41.9 nl) \Rael eVeHRASRRIOIFEEES Plaseaysaresessatily pawt slgo cm@gsrmmlthﬂ@e sodi um

ot on waReEsna-apEe! ste CaThdhohT K IGR He Sonpat P URERNEY b,

net hanesul fioeheplap hﬁhtéﬁcaﬁ@onﬁo@%?ﬂ@hdn—%?bﬁuééﬁle%&Qisé\héﬁ?oﬁ dlgofigans i on
tenperature between 100-110C. Additjonal toluene (114 was added to

create 4 héﬂb@émrwﬂtatt@bﬂexmﬁtedsf@omwhmastaegﬁﬂt@au%one@d@m 7 hours
and t hen heﬂélr etl?igb Elu?tﬁ& %et?%uvftﬁsm ting solid was isolated by

filtration rlnse The ‘wet solid was dried in vacuo

at 80C to yiel dThe. ﬁgﬂ(ﬂ%mﬁ:ﬁ&e qHRaxetlieh adsyd p ﬁma[ll]yadeelleaan(laaﬁﬁfy% an
of f-white solid. ‘#‘8 90C. NH2 NH2 + TsO-P( Okt pM-t Bu N I N 8 ~CH
~~C N, N ~(rrogrys ?@” Uges greatgranivirgl 'cmwmnegwgﬁ tisgge than in 19

(R)-9-[2- (mbqktfaaf%atmgeﬂa'it ﬂﬂé@%a&ﬁgﬁm@zé’e@& d%ri@gﬂ{ag@w&@ﬁnéuﬁpended in

DVF (44.5 heated to nesi um t 0.083 nol ),
or 25 eﬂsternatl eyl regppsiciated dmpsmpeweks,sesmmdd dodmgtclandrdaketsmaahwer

0. 205 ol ) “gierEkes befes Bl Rt SRR Ethed G SO arHORE EBE RROPBIECIE s
kept at 786 rogihﬁ% Wﬂh@é&td‘@éc@a’blédfci)a%émgﬁﬁ%wuﬁm'&ﬂiyoﬁzed\ﬁh@ﬁ H@l@él ng to

bel ow 50C, "bx ri met hyl si |l ane was added and the

m xt ure hedeskoisestingl fiaet, ¥ mél/@eg toménba,t@n’paléy etabiq indleedenddhshaddheat ed
to $OC and PEUHE td permibdié célﬁrg?‘ﬂﬁgt ' i @ﬁ@@.efﬂ thost cases it also will need to

30 complete a first pass of the hepatic circulation without substantial metabolism.
Such prestudies are optional, and are well-known to those skilled in the art.
. The same reasoning as is described above for antiviral activity is applicable
to antitumor prodrugs of methoxyphbsphonate nucleotide analogues as well.

These include, for example, prodrugs of PMEG, the guanyl analogue of PMEA. In

14
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distillatiaon. The resi due, was di ssol ved t 12Q. ni 50 dth
1o extract ngs WP cggoﬁé;pgg}}gqpilo&{a?efﬂ\éﬁia)s Iﬁ%ﬂ@%‘?—l‘%@ Ellvﬁl@l%‘ff{i‘éﬁ H 22 Wasen
adjusted t it ' ; i ' ti ~- PVPA,

J l_iﬂgfﬁ%eﬂ]aesltg‘é%e a@%g;g;ﬁm Phdes 1R ufﬂo&lagﬁ’ﬂ ientic (

and the p was readjusted to pH 2.1"with sodium
hydroxi de. The resuthpongd sdemtifiedisysthis hovetdombninganethedpihemtarn ke exdered ght .

The slurry was coogled to 4C for three hours. The solid s isol gted by
filtrati onintpastaditipnakpieskinical @olinical papgran taggondim ﬂ1a€§@f5ﬁsgﬁg5oc. to

Vorbn os SeERy e v Pesinid Rpichily” A PSSR QRGNS B LA A1

cr ude( R) - 9abilvitp bt BoRRARATEE bOpiIeRx dpHE hedenianet wesud@atiese distilmition) is n
water (255 m) ‘until all solids dissolved. The solution was cooled to room

20 t enper ageadenthan 2%, andpeeferably $odhat ofte prignt pompouaddna@ndargrt f or

th h . _Th i ' t fil ' i 56

) Cana” acHeni AREmaRvES’ a RRSH e aladh chh Bh o lpa e gt Hhn B (0
of (R -9-[ %&W hanRERabe XYk el viPy 15| ratigivienatHeP Mo alssdlige WBbleeti fdarugb:
278-280C. 25 25 Exanpl e 2 Prepdration of GS-7171 (~ Schenme X NIY | N>

AO ~N N O wilbhedhogeresylingis)greater-thanntout] Oocer@rtmkpn QEACHKEY v they ~ N O

[¢] H;M(;ﬁ ~%F%E§€%ﬁl}ll~|e a?:?gm%a%ci gﬁg%‘%gé?i%%\aﬂh%@ &ﬁ'&gwg@fﬁ%&}%& - 7340
GS- 7340- 02 mztted df dderetidnn, 7171 _ .

) _ Novel Method for Preparation of Starting Materials or Intermediates
~ Also included herein is an improved method for manufacture of preferred
20 starting materials (parent drugs) of this invention, PMEA and (R)-PMPA.
Typically, this method comprises reacting 9-(2-hydroxypropyl)adenine (HPA) or 9-
(2-hydroxyethyDadenine (HEA) with a magnesium alkoxide, thereafter adding the
pro'tectéd'a glycon synthon p-toluene-sulfonyloxymethylphosphonate (tosylate) to
the reaction mixture, and recovering PMPA or PMEA, respectively. '
25 Preferably, HPA is the enriched or isolated R enantiomer. If a chiral HPA
mixture is used, R-PMPA can be isolated from the chiral PMPA mixture after the
synthesis is completed.
Typically the tosylate is protected by lower alkyl groups, but other suitable
) groups will be apparent to the artisan. It may be convenient to employ the tosylate
30 presubstituted with the prodrug phosphonate substituents which are capable of
acting as protecting groups in the tosylation reaction, thereby allowing one to
bypass the deprotection step and directly recover prodrug or an intermediate

therefore.

The alkyl group of the magnesium alkoxide is not critical and can be any C,-

35 C branched or normal alkyl, but is preferably t-butyl (for PMPA) or isopropyl (for
15



12 111 6 20800 St 0L ASS BRSSO oAl BN0RE M BEER AP (1)

1- net hyl - Ziﬂﬁﬁiﬁghhéké&ﬁ@nﬁﬁi&tthﬁ)at a%ﬁt JORYFICHRL WRSrid gaié 8thek endiRate
and_t xi et hyl am ne (6.3 kg, .3 ~nol) added. A solution of

1, 3di cycl olagidptioar bodi i m de (17 1 kg, 82.9 nol) in 1-nethyl-2-pyrrolidinone
1.6 k th dded 6, .h t |.- | eat tut yed f
) e e e o el i thSRFontie b %g;erga&ﬁ%pﬁ’ o
l ed t ivQn:-and.
cool ed Lo, E00epRbdils (S0 R KPAbLA: L RRSHIAD okt Bl

concentiat gpotip imaliayt), a:hdlltln mdﬂiﬁttlfeﬁd@cwbrédiby%qrsmmzmmoz(%eﬁ kg) added,
and adjusted to pH =11 cyNgﬁ]—( 25% in water ). Fines were renoved by
filtration CPHWBW@W%IB‘E ﬁﬁl@é b@e?ﬁ’ﬂ%ﬂ%lﬂ-'tfé@]}le Adispw| | owed by a water (4.4
kg) rinse. The conmbined filtrate and rinse was extracted with ethyl acetate
(28 kg). The aqueous solution was adjusted to pH = 3.1 with HJ (37%in
water) (4 kg). Crude Il was isol at ed HgtdrbéydliaBags and washed with net hanol
(12.7 kg). The crude Il wet cake was sluxried in nmethanol (58 kg). Solids
were isolated bynfthé tompoands efidteih ventibn depivtetbin shichurég X3) andd4dithed under

1 §°<&elqgﬁ)%t%’%ia#’fasfz%ﬁ'@& ety e Ml 7 BOUG: 2, 4. 35 (db,

2H) , 66(d 2H), 7 (t,1H), 7.15 (t, 2H), 815(slH) 8.2 (s,1H:; 3'P NMR

(Dz0O) b 15.0 (decop ed). GS—717132{I I'l). (Schempyl) A gl ass-¢ined reactor
was charged with nophenyl 2s é&l) (9. 1 kg 25 1 nol}) and
acefonitrile (30y 8 Thion 206 ?N 8 7

bel ow 50C. The m xt o Was heat ed unt| soI |dsdi ssol ved.

t enper ajpur e Was IV sed t Mol atiles (11N#4pnkg) col | ed by

at nospheric d| Sti I Jatl on un er nltrog n. The pot reS||due was coolled to 25C
 di chl oromet hane (41 kg) added, and cooled to -29C. A sol ubf on of (L)- . 30
al ailine isopropyl ester (7.1 kg, 54.4 nol) in dichloromethane (36 kg) was
added over pRefiputes at -18C fol l owed by triethylamne (7.66 kg, 75.7 nol)
over 30 mnutes at -18 to -11 C The reaction m xture was warned to room

t enmperature and R@émq OH, ¥eCt, BfE]SOﬂ PBquf IDIED) quqgg@nphosphate sol ution
(10%in water, 15.7 kg each vvash he oxgaruc soI ution tNas dried with

Sy S0 S £ R %cﬁeﬁ%m%ﬁ@ﬂggﬁi SHECHY Gacsty 5 -

under redu &@ﬁ?ﬁgr .one (20 kg) was charged to the oil and the
nurture concea trafied un Feduced pressure. Acetone (18.8 kg) was charged

chr %2& %SESLL;“%&’@# Gt ??Jm@&?&:m’ % keii‘g%&ngﬁi%;’éﬁ%éﬁes%%T o 400
T 480 T

?ggeat edeocne%i‘rdle secg %{ﬁ&?ﬁ%\# t the oil gugicﬁzjo?reesh iopgir: i ::gaéle;)na\r/:ﬁ?

acet one. C ean pﬁbdéjﬁt CFeéE f&?g{ r¥1e entrated under reduced

pressure to an oil . 'At€ bnl char ged to the oil and the

m xture concentr n||x le_ (66.4 k vvas
char ged®nd t he OF&#@A%@&%@%&&@? }L’llrgjé ﬁgﬂ i1§9 yiga-

removed by filtration and the filtrate concentrat ed under reduced pr;ssure
to 5.6 kg latkoxy ax (akR aﬁylfalkyll muwmucmbsemedbyﬁﬂzm)cl Brar R 1H) ,
4.0 (m 5H, 4.2 (m1l 5.0 (m1 6.2 (s, 2H),-7.05 (m 5H), 8.0 (s, 1H),
8.25 (d, 1H)thezefpre\1md g:t'ﬁ:ﬂ&)-@i CIECHZ(-(&[&&@HBI!‘E@‘Q@HQ@I nat e Met hod

for GS-7171 P-OH OH (anhydrous) | 30 .35
Sclieme 2 'é}(&z"éé% 2&.:%’@1@8%#’}12' %WOQWO}N@{D&ﬁm, OC2HE,
-CH20CCH, -CH20CH2CHCH?Y, -CH2C3Hy7, -CH2CH2OH, -CHoCH20CH3,

16



[ 2/4%?004
Il ONH2 p_ ~ T P N N e ~ . ZN ~ CH2Cl 2
| B~~" 71@@%8@1}%’ ngibé%%gﬁﬁgcmﬁmwgcﬁgﬂg'm% A round- bottom
flask with | nser and_iutrogen iinlet was placed in a 70C oil
bath. The fltgi{mmégegﬁg?ged with anhydrous PMPA (1) (19.2 g, 67 mmol), N, N
di net hyl f or mam 0%%\,%3 .3.3 mol), and tetranethyl ene sulfone (40 ni).
Thi onyl chl oride (14. (5‘%’19 xxunol ) 'was added . over 4 hours. Heating was
increased to 10QG; over the sane tinme. A honbgeneous z0O solution resulted.
Phenoxyh~i met hy 5 1saNeCH1 ECN S CFa 8- Grsthorfes Q2 to the sol ution over 5
m nutes. Heatin he 100C oil bath continued for two hours nore. The '

reacti f)ndwas po 2%3|£%/F@Hr i\ﬁﬂ,&@ Sﬁm,m%glﬁﬁf?(:@@bg@}l%miCﬁz;SﬁBﬁm St

0C Sol i . . : . ,

di ssol vVid PEEHRE e M DN P s 2B (G 265580 Fo 3.0 wi th 15
i ' [ % af. ' | in.icel . Th

58_232?: E:gj“ NG N, h8ftn (i P DS Wperihdhanol | and

G 7171 (1115 RBRsRCEEP R T Fiefeid shin hpSHRibancRYy B4l BrURARC

sul fone (5 20 NR"indegedentlyds met hyl f or mam de (1 drop) were conbined in a

round bottomflask in_a 40C oil bath. Tluonyl d~loride (1.96 g,16.5 mol)
was added. After 20 f:nutes the clear solution was renoved from heat ,

(1) “al d2une 1 sopt opy - lacts Byt k-Chaan@RfL Cetet i Petisy i ne (5. 33

g9, 41 rnnolatylalkydiys ELOOERIGRYE d12@6mry1§ﬁﬂﬁé=@?hcg Qﬁ(gg \%ﬁ—ﬁ?@ %mntéi ure

was, warmed to roomtenperatdré and washed threé tine

di hydr ogenghssmteperalyliCsals 450G Aqs, Heferoty@adiylash) . The or gani c

solution ' was dried over anhydrous sodi um sul fate and concentrated under

reduced pressure to &2d¢15 alkjibk C8-C15akkenylhbior@ts adylaikényde€aC15@ikyr(yd, 779,
6.6 I d t tril 0 d ted t flext i

00 ommol) RSk gtd) B d0llals el toctetlex toaive
cnder - Podubir g Yo S5 Beibosy Miaio et Hifhyleng T BeRA el b endea
i1l dichl oL, Icgﬂm%5§1§%ér%?ﬁe%ﬁ(%gatﬁé;:§d Wit h potassi um carbonate sol ution

(5 nm, 2.5 I'n water sél'id’di ssol ved. The organic |ayer was

i sol ated, then washedptibndilybéthrR'| rejbineddsg@tleonih NSO Satd@ated b AUG
2004 5 sodi um sul fg;t(te?a arfd concci'entrat,ed under reduced pressure to afford
2.4 g 111 Xosaturaled(256h hetexagde eontaining eneqebreN kpiprasemsandy Bat ch

El ufiion . i ast nmers of GS-7171 (111) were resol ved
by batch gagﬁgg%ﬂg%ﬁ%rgréf%og‘raggivdéug‘?tﬁg&gg@orrrrer cially avail abl e Chiral pak
AS, 2025un, 21 x 250 orone@fithgfoeeguiag RrerbBbEwtathidupktithiéd Wil Bk AS,
20 tun, 21 x. 50 g{zd col um. @%jhi rgal pak ORS is a pFlopri et ar; Ipacl ci~.~g
material Ay &Y oF B8; tutowsionadly atdeashane B’ growp isorati;Amer i ca by Chiral
Technol ogi es, | : ent o202, 433 9 34, 298,

5, 434,299 and 5%&%}#?}3‘% Siﬁra?'pséﬂq%(?@ﬁ%@hgﬁ@?g&i%@%&?ﬁ%ﬁz .

SC3Hy, OR*, NHp, NHRY or R® and
R*is O, S or Se.

30 - Balso includes both protected and unprotected heterocyclic bases,

particularly purine and pyrimidine bases. Protecting groups for exocyclic amines
and other labile groups are known (Greene et al. "Protective Groups in Organic -
Synthesis") and include N-benzoyl, isobutyryl, 4 A-dimethoxytrityl (DMT) and the
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phase (CSP)..co r| sed of arryl osetris[(S)-a-nethyl benzyl carbanmate] coated
bnto a s | i HkegEhe selpption of Tmetectsg RBUp dilldesppananttite t atdinerywatisah s50! ved

iogt I)mt)ihleechr oG apﬁ’&ﬁ@@ é’k?n%}%%ﬂgﬁta%’égﬁ’t‘%é‘ Gsé‘izéé\tll’é‘\?/\herk}gegrg?g?ed
GS- 7339,

fromthe corummut e%“?#“‘é%t%%%%?%%t@t%* e EraHS bR B e e Rlel e & 1 ©
phase was I@ﬂ‘@dt@lﬁnﬁltibnﬂ\ﬂk@lh ?Jré@@%ﬁ’?f:?a% .alae| lg@ Mghe %tt%g%‘%aﬁged the

desired di astereoner, design ted GS- 7340 a sharp peak

fromthe ColbemﬂudehmidjNZIEbBMtyr?lg%BQ{eaﬁﬁi%%rlﬂ(efro”t The nethyl al cohol
was used to reduce the over-all cyclei:iine.. Afiter the first couple of

i nj ectiths, bot hPrdﬁ%Fé@%bwéteyew@éomuﬂasaétaddmmablmmh 1 @rXj@lafT act i ons

contai ning one of the purified diastereomers (>99.0% single di astereoner).

The nobil e phase :j solvents were renoved in vacuo to yield the purified

di astereoner as agfriable f so About 9 of the starting G5-7171 nass
was recovered in f§he two di agtereonmer fractions. The -7340 frac 'on
conpri sed about B0t th g2t bcoveg, a\" 30 . KA.

chr omat ogr aphl%\onﬂbgl ons| wer adpol | 0 biH2e Fﬁ‘nase r |:H3? %
Fl ow t osRun Ty Qeenlt{;ta é tur EKZY Profllel\ 2 ~- 0
GS-7171- Acetonlt ile " Iso ropyll Al cohol "(90: 10) . 100% @ét hyl AI cohol .
10 nmL/mulute . About 45 minute W at 275 nm Anbient ' GS- 7339 (diasterleoner

B) GS-7340 (diastereonmer A; (1V)) B. D astereoner Separation of GS-7171 by
SMB Chr onmat ogr R For a ge descri pjy of si novi ed (SMB)
chr omat ographyfé %’g)e St rube QQE%P , ~rgapku@qlg’rocesmgg rch aRgHP

Devel opnent " 2: 303; eé?? (ﬂl 20 GS-7340 (1V). GS-7171 (111), 2.8 kg; was
purifi@d byvhetein R Qlalﬁedh@mearmtgsgzranbysly\cblfméﬂ R o R*orqrft beds o

82?’%: (1. éC@ pragaRel A Smi{mrgﬁ%enéﬁéﬂﬁ’oésm%?@%é?z%&flI'e"a
a(r:gt lcj)(r:uttrle?gH[([g] 48 kgw'l%h\é@gg?g?? n so ggf &‘??ﬁ&%]f‘x*@fﬁ Y\lag wet’
wi th acet oritgrarlyb adantintéoyd) a18ylahie o@CQS@gdigfymgumﬁteW}tgrll&ck Hpggr,,reduced

pressure to a tan crystalline powder IV, 08.7% di astef 60Neric

purity: np &rayps selented FopnvialogbTimpthsl, kthiys, (netlicﬁdyt) ethBl}:g mydrbkgf and ¢ H?al(lén

(5|s-|) 1I—|;12 (?h%/g?%%bgwg}%ﬂb 80%‘53@‘%?&5?)1&8?@%@&1“& %EHIQ‘EEHEPT %epar ation

by C18 RP- ifpkfolidhne’ R @Jd) t erse e HPLC to
separate the di aster eolrsrer S uamgg the&?lg @%ﬁ?%ﬂ@lgﬁ?gﬁi 6?‘3%’853?%
~, el f 2. obipbmitylt-betyl, pentyl, hexyl, octyl and decanyl; and R” is hydrogen or CH3

For bases of_ structures Xla.1 and XIb.1, if R” is present at R or R® , both
‘ 39 . %6
) R™ groups on the same base will generally be the same. Exemplary R™ are phenyl,

30  phenyl substituted with one of the foregoing R* aryl substituents, -C10H15 (where
~ C10H15 is 2-adamantoyl), -CHp-CgHs, -CgHs, -CH(CH3)p, -CH2CHg, methyl,
butyl, t-butyl, heptanyl, nonanyl, undecanyl, or undecenyl,
Specific bases include hypoxanthine, guanine, adenine, cytosine, inosine,
thymine, uracil, xanthine, 8-aza derivatives of 2-aminopurine, 2,6-diaminopurine,
35  2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; 7-deaza-8-aza
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Chr omat ogr apl uc cohunrt: Phenonenex LunaTM C18(2), 5 Iim 100 A,1 ~7p6UGeZU&6i ze,
('Phendnmén e)den'ﬁmmrvamofead@&jle, guanaey,) Rveahien pufine) 6-dddminiopurife) 2Hamihed6- C18

(Al tech ield, 1L equi val ent bil.e Phase: A-0.02% (85% H3P04 in
wat er . :- ac%wwm@ 9@50 3/ igosivemangegthinedad %ﬁ?r? pagives glodst oj utril e

) o A G P D e,

Fl ow Rat e: aheinpeithing) Bdehled deiivaiives S8 BRINENSPULthe,M6- d&hﬁ‘{%ﬁﬁleﬂ-ﬁﬁﬁno—@
mnutes 10 m n at 100% nobi |l e phase A 1.2 /[ m n Anbi ent at 260 run 20

MM sodi um @h&}ﬁﬁ&f@eblwn@sanﬂyman@snesad xanfne; Spdeararderivatiess %40, about
27 mnutes D.. Di aster r Se aratl h tallizat on 30 .35 G5 7540
VAR e e b S R R e Rl B0 an
arrber foamaha%(a‘}ﬂmn@rtsiazadye@lyﬁ@ -ﬂ)ﬁ@@%wo@mem@lﬂo@@@tm& SR Rthe 5-
acetonitrile (20 n) and Seeded with a crystal of I"'V. The m xture was

stirred ovéramgeyiosmesbanethylayinsingd-romayinylumcil Sdlupyomvactly &t i on. The

lid d to-2 w. ut 98%.di t
(9 P R SRR oR St i Bt Sl Bl Stome S B SO GBS
(2?) ) H? 2 (HhetBlbhyme 1ﬁmcﬂr5£ Iiscil dhl 5-grobyhfluraddll., 8.0 (s, 1H), 8.2

g' P NWR { CDC s 19.5 ecoupl ed).” X-ray crystal analysis of a

si ngl e ¥ryst al é’éefébﬁlﬂﬂ' B ;&ﬂr?'ﬁ?hlil%l)’bfeﬁui}m Se}ﬁ@@ﬁﬁm g@an)dj 3-denzagudayhl- 32

r= Cryst al Duni nsi.on atteTelo
Latti e passrerarioyh B snihil re MR indl S Bsnd S LR tzetnh P
col um 0. 2%- aza@déﬁyWJaeaﬁaamen Qﬂ@diahﬁﬁbgﬁnﬂy mahhmggar 8 63c52&rb)2A b
—1523574 2) 1~ ¢ =18, 253 %ﬁ; V = 2374 ~3 P21212 9 4 1.333 g/cnB

1008. 00 1. @@mglﬁpgrq:_:y o-2-aminopurinyl, or a B’ is a 1-pyrimidinyl re51due selected
from cytosinyl, 5-halocytosinyl, and 5-(C1-C3-alkyl)cytosinyl.
20 Preferred B groups have the formula |
. R22

R®” ~z7 "N
25 o |
wherein '
| R?2 independently is halo, oxygen, NHp2, X or ‘H, but optionally at least one
) , R22 jg X; .
X is ~(CH2)m(O)n(CH2)mN®R0)2 wherein m is 0-2, n is 0-1, and
30 R10 independently is |
H, ' _
C1-Cy5 alkyl, C2-C15 alkenyl, C5-C35 arylalkenyl, Cs-C15
arylalkynyl, C2-C15 alkynyl, C1-Cg-alkylamino-C3-Cg alkyl, C5-C15 aralkyl, Cg-
C15 heteroaralkyl, C5-Cg aryl, C2-Cg heterocycloalky],
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 Preparation of rumarate.SaIt of G5-7340 1 2 ~11G 200b GS-7340-02 (V).
~(Schefre 1) A glass-lined reactor was charged with GS- 7340 (I\/),1 Zg,éémﬁ%
kg, 2.71 nol), fumaric acid (284 g, 2.44 nol), and acetonitrile fQﬁ. 9)
The m xture was~heated to r eflux to dissolve the solids, filtered wdle
hot arid cooled to 5C for 16 hours. The -product was isolated by filtration,
rinsed with acetonitrile-(9,.2 Ke).cand.dried 11329 18AM) CasCes ahiynyg!,
* powder: np 119.7 -121‘:@5:5&[%1‘2)2@:94‘1@ (e 17 00 acet i/?; acid). 33 1 2 AUG
2004 's ‘Exanpl e 5 Prepar at i-an-of 11684 k200 ( NZ) aiRehereC3s ahidhl, Kg2CN J | N~
O 1-N . N e vigRPhdt A B G i S P PV
Ne /7~ NN N O P NH s sokmcloa @7 Whe@ikSndthferk B the ouidadiety o
flask was cﬂ°?b%’m‘%?fh“ﬁo%%é%@cr/d8w, (17, (208 g, 0.55 nol) and
acetonitrile (0.629 kg). Tluonyl, chhoride (0.144 1g,1.21 nol) was added 20
bel ow 27C. méceﬁLﬁpwgl‘mé’e%é‘@%‘@tbf?o ‘until solids dissolved. Volatiles
(0.45 L) were renoved by at hesiE, di:stillati. gdex; (BifhFagea: urbhed pot
resi due was cool-ed t 0%P @Palrd{?f?ﬁ%éon%rtﬂg%\gh Fq?%ﬂgrggwmls tgéde-d and t he

m xture was cogl ed 2 SOLUESRRIrGhe Ok} va tRBIN Gwrpaictnaamd et hyl
ester (G0 14&5@@??%?%@%% @%eélégh?or'orret hang (1.33 lcg) was added over 18

m nutes at -%goég - 10C fokb et obg heterdatoat, hyl amizze (0.171g, 1. 65 nol ) over
15 minutes &F - Jfl% -15C. The reaction m xture was warnmed to room
tenperature and washed,f@ue of iheEsregbirty REUEompdiihydstivgtedptobphatrehalsr &N on
(10% aq., 0.3 L each wash). The organic solution was dried wth anhydrous
sodi um sul f at.ey4. Gk deEbnallg at idateor 10rp upas ings Haend rinsed with

di cjﬂ oronet hane (0.6 kg) and the conbined filtrate %nd ri nse,. was L%gn by
concentrated to ahisaVloriepravedertdat precsatarasycigRuGE s TR PP P& By

chr omat ogr aphy over  a 15 Z 13 cmbed of 1.2 kg silica gel 60, 230 to 400
mesh. THE cOMUMRGEREP IR €d with a gradi ent ‘of di chl oronet hane -and

met hanol . Productg g?@jﬁgﬂefzés@ﬁt trenglyeine ecgpiopet matrednatideyphegRh@Rte o .
pressure to afford”21T g VI (Scheng 3) atanf - 12 AUG 2004,.. Als,
5 Exanpl e Saniilestids swmieguse gaerih %‘F%Oﬂ% 192 aﬁl@ﬁl’)gﬁﬁt% fon- =

Chr omat ogr aphy The di asfer | ol bk Br VRSN @ T B agsjdag Hd substanilillyi ons
descri bed fo§¥%%r8?e*r“g%§[ eI drollh ° o lgﬁ}*- o oA (S)
' solely in the (R) configuration (except for hydr@x’ymethyl, which is the e.nnc_nc“ )

20  enantiomer). |
R is an in vivo hydrolyzable oxyester having the structure -OR” or -OR’
wherein R® is defined in column 64, line 49 of U.S. Patent No. 5,798,340, herein-
incorporated by reference, and R’ is d'eﬁned above. Preferably R’ 1s aryloxy,
ordinarily unsubstituted or para-substituted (as defined in R’) phenoxy.

) 25 T is an amino acid residue, opﬂdnaﬂy provided that any carboxy group
linked by less than about 5 atoms to the amidate N is esterified. R* typically has the.
structure -

R4
. .. l
RN
30 o
N s
n

(®)

.35  wherein
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7171 i ngExanpl en:’ié\lec?yczept for the followng: 10 . Mbile PhalsgA(S pootial)
GS- 7120 - Acetonitxile’: Isopropyl Al cohol (98:2) CFinal) : x00% Met hyl

Al cohol El uti on RPXefR’ beH; pefertbAiRE 4iGK1, ;@Lc@mﬁ‘,@ﬁ&t@gi ast er eomer A)
15 Exanpl e .6, Di ast ereoner Separati on of QGSM%!lZaO b ystallization 20 A1 L

round bot t éRgneRsienily with P dalagens OrRsiSpGeRyarybNRAC, 4yl Whidhss g, 0. 137
~nol d i w2, L) .. Thi |, chlotid 0.036 kq,..0.3 1]
2dded w th ey BrbSieR s R Hofe BB RebT (G L e MR LHRION Bol i de
dissol ved. mfptndently sibditided 91tk CRIRMBEAR) g RPSPheric distillation under

nitrogen. The pot r esi due 25 was coof ed Fo '25C, " di chl or onet hane (0.2 kg)
was addéd, and RhdéndependentlydsHomrdleq, albylk @hich idusotbstiteredar sGbjtitated
i 0. 275 nol) all dichloronet hane

(0 e ] b e R S darhirse lecie Tromg 16 S Fend P O Bt hol ari ne
Sy e tg (OO R haeshy COCTPEAERIA dBub iRl o EiBIARELOT M X1 UM e nas
di hydr ogenphlestinents indépenidently s€lectad from thd graupeamisistiaginf OH @, NI gani ¢

ol s wer EOTRBI felobeBroR i Gy hoy! Beh is Mgbstithied sompeHEHa Byt 1 at o
and rinse m&@&&@&ﬁdﬁie%eh _ gge%hﬂwﬂgé%g%gpg@ggghgg%@tﬁ%h@ ol | was

diluted with etpyl acetate (0. , see erni .- and chilled
to -15C. TROGQRY atd hadogens5 i sol ated by filtration and dried under reduced

ressure to affgpd 17.7 f.GS;(342,(Taple 5) .as a tan powder:'H NWR
FCDClg) 6 0.95 ?‘t }n‘i‘ﬁ}‘%"‘flg&ﬁﬁﬁ%@ré gam’(rl*ﬁ aE{lﬁl?i %@mdlwﬁm@azebfzb 5 3.7 (m

oH), 4.1 (@md 8. 0($y 1H), 8.4
(Is_?HH); 3'( P N ?%ﬁgfﬂ%%??rﬁc%u%%e&a@ %g'nép‘l ‘g{%}kg a%sqlg}oéoc(hgjk g)epar ation

of GS- 7097akkenylamiapakydoxyirtiudleC AT xalliexy; W@ <C ik thiole(CHi3 jGQORASC ONdi t i ons

(hat 1 o - RSB TR e SHEEER anh O Biesen S8, SLmhemtna )
100% Met hyhydboxgpakenfl o, a0, Akekypieeriyl; €S- leiReryd hiRicR iR DbsBut&Pof 114
(di astereonmex A) 20 ag&le 8 Alternati Ve Procédure for Preparation of

. Sff- 2097 lesﬁ titated spigh loarhﬁHF]NgAL pﬂ?mylA}W@mi(gpléémdr%ﬂC,WA (1560 g,
W et hyl i CBbRRR €, SRSt o SRk Es o BBl WIBR Pt

pyridi ne uhalegenrSHNYH,  Phesyh h ﬁm)ql[-;ﬂn' _nyBSr COUR kN@ByWhidy1a:sp! uti on of
gy Z o Al dri'ﬁlgol ZY?*ZIFJ?"-di pyxi dyl

tri phenyl phosphipe (37.9 g, 14 ) ]
di sulfiz%e) (31% &1(114!3’ ledkyl gn £, 0Lkl ipgeneadently Frbstitiad wghwald, heat ed

at an i nt egigbedt RIDERE O, fe E - : | [eaction was
concentrated %%der vachﬁbrﬁﬁ‘ trg' %%yﬁgr&gv%gﬁ%gﬁlég%%‘%ﬁg%@@gﬁ&%?ea

pulri fied bVlféldDHwhalﬂan@@?&”a@{W NMBTCBaCiZ&yiaéR)ﬂ erfichelslim:fepénd?mgz Sili (r:]a I
gel 60, 23 cOo e ed with 8 liters o % et hano
ul dichl or%ﬁ%ﬁﬁ%%g&%ﬁbm&? na&mijﬁf ient over a course of 26 liters
el ugnt up to a PrefbblORPESCLCOMP], rctVorBERANP P | g
fra”éti ons were concen]'??at_ed {Q_yi elé1 12(.?4 g crugsgggé?}ap%S%ﬁggeﬁ%Hi S
mat er i 3 Y eecuadng smine Acidpn et 1, RS%s HvedyRi*)is H ilatthy bamipoend of

B
hydr ochl ord ' nt.agi nat j on,.was_renoved di ssolving the
product i nétggc(sgyrﬁ_é%%f‘nv-agggP%&%lug%&5@?’9#39%%‘t"ﬁ“ﬁbﬁf‘ﬁ_g&%}oé‘ﬁ',a“@r ying the -
or gani ¢ sabopropryl esters leavieden hydsslgzedno3®H. Similarly, the de-esterified enriched

phosphonoamidate metabolites of compounds (5a), 5(b) and (6) are included within
the scope of this invention. ' .

35 Aryl and "O" or "N" substitution are defined in column 16, lines 42-58, of
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- pg- eq) PBMC1. 25451

1 2 AUG 2004 5 sulfate, and concentrating to yield 11.1 ¢ pLMUEséﬂﬂ#ow as a
whi t e "sol | United%taytiee PdtentiMo. B 98246. al so i s enpl oyed to synthesize the

~di astereoneric_m xtyre of GS-7003a and GS-700 b_ t ha phenyl al.anyl am date)
and the rni xturrgym@ﬁﬁ yrideanynegcissaze @ fie najiualor ! g W—B‘g ag %Hgarsi;ei

di ast er eo a t wn
" Exanp) e HER SO EERPBS et Biin ¥, SPAGRPNS 5708 PAGSSH R ELTILRS 10
Di astereonmg.'[behemnvl tro anti HIV-1 activity and cytotoxicity in M-2

cells and stability in 15 human plasma and MI-2 cel'l  extracts of - 7340

(freebase) and Aélﬁbdfaé\nsﬁ dl%@ﬁr‘éliﬂﬁﬁ ftaiedrtathe comirary, sacnesmealrserondarypy e 1.

GS- 7340, sho alOf A8 1 t.0 Vi a [, to TDF and
a 200- ?Ool dJc eXse IS Cf‘grcf§§ g?a[%ﬁrﬂﬁ? ate?ﬁ?gh&é%‘%é&a]{ﬁl@@ ability is
expect ed tExa[rﬂgﬂsztarbDCPlggt@HQQH§L¢ cwdf@yetﬂ(@ﬁﬁ @fsl_fm HeH @Fg,)after
oral adm nistration I ~r~o0 ct|V|ty and b|||ty H V-1
Activit C t-a@xCel(CHRDI JGH(QHACHCHp, HCISH]3) 2,2 CEOEBI2 CHa ChipCHS, as maMr - 2
Cell Extract P/MT GS 73400. 005>

4090. 028. 3§13 z@éizﬁﬁa, 01 (ChtusTida)y dwGHBE812CHE), 25 In order to

et abol | s Qﬁ#(@%% Gt L R A SR A0 o Loeana Pra
concent! at 1 e CHRTHCABCIRCHE S CADO ICRACHOZER. " RBcs) and peri pher a

bl ood nonoptglEaLCEeHNES y@(rcg_l peipicad,@nd, anal yzed by HPLC 30 with
radi onetric d(tategtlor% H%e resu fs areéshown |% I‘:I!gble 2. 37 12 AUG 200b 5

Af ter 1 houCH(CHSJCACH23UHLCHY) -CEXCHRICHOCH @)t al i ntracel | ul ar
cornicentrati on of PMPA, species in PBMCs as conEared to TDF and PMPA,

respecti ve’rCSJ(CHB)(@I'E’QﬁB}af t("eIrI(CHZGHG?CH@HB& KeHp@riseisniand i s due to

i ntact GS73 t ct at Si nce, n ct TDF is
detected 17T K%ﬁéﬁéfffﬁafmﬁgwf carf ebgd H&:Hﬁ‘e%‘ﬁ‘el%ﬁﬁ&ﬁgg’ 7340 is
t he m nj nu ea&il [ PLC chr omat ogxam for al |
t hree gtc))rrpg(}m%u%{le %@ed gg%mﬁﬁhlgz P}giu%gpign%a??l e 2. PVPA Metabolites in
Pl asma, PBMCs aiWih&B@monf ketolgrbupsianeldibilosedy thdidiréspoRdivgy tagoroers B i n
Hu><nan Bl god 15 Tot C. 1l4Met abolites ( % of Total Peak

Ar ea) Conpoff GRBSHH %t%héas APMPAD, PI\/PApp) Met. X, Met. Y, GS

7340) . EWWGS%F 1%3)? Hﬁ%ﬁgﬁg&%ﬁ&yﬁ £ BRisSBIEMdn are provided in the form of free
6 -- P12. 68- - 241157P|\/PAP APMPAMONOPOCGS- 4331GS- 433

- 1Pl asmal h Pbasaanﬂméam; oml%)altsaénumerated in U. S. Patent No. 5,798,340, and are

Wg ec~PB 13 BCI TP10. 5937, O- - - PNPAPNVPAPNPAR ma/ FR55. 7x00.
.28 o PRI b AgAIe P ARBE I 2crs Abls APV O SOIKeAnS SURCKoAOE L 6 1
I | PLC/ C- 14isd b3 pharBbcdiitivhl produRedsd 4958t HRIR in B, soplatbﬁchba& $9B,340. PheRe at
37C with TDF, - 7340 or PNPA. eDO. ~F/ pBMC TDT s
prodrugs have the antiviral and utilities already. estabhshed for the parent drugs
_ see U. S. Patent 5,798, and other citations relating to the methox osphonate
) (see U. S. Patent 5,798,340 and ot} lating to the methoxyphosph
nucleotide analogues). It will be understood that the diastereomer of structure (4)
30 atleast is useful as an intermediate in the chemical production of the parent drug -
by hydrolysis in vitro, regardless of its relatively unselective character as revealed
in the studies herein. '
The invention will be more fully understood by reference to the following

examples:
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AO0 200 ;PMPA PMPAp PMPApp 0 5 10 15 2, lﬁ 0/ PBMC PMPA D dobAls 1A PBMC
Met. X pMPAp PMPApp 1D 1 10 o s 10 Nb Met Y (nmetabolites X and YY)
are shown in Table 5. Lower case "p" de5|gnates phosphozyl ati on. These
results were obtained after 1 hour in human 15 bl ood. Wth increasing tine,
the in vitro differences are expected to increase, since 84%of G5 7340 is
still intact in plas *hfter one hour., Because i ntact 7340 is present in
plasma after oral admiRjstyation, t relative clinic / efhlcacy shoul d be
?, related to the | alyesaseeak/ Vi t eI w, | C6o val ues
of tenofovir, TDF, , sever ucl e st 20 anb§ Nprotease
inhibitor nelfinivir are Hsted. As shown, nelfinavir and 7340 are 2-3
oxders of magnitude nore potent than all other nucleotides nucl eosi des.
39 12 AUG 2004 5 Table 3. laz Vitro Anti-H V-1 Activities of

o 51 Tenor o JenSRIR TSR, S5 MAKl SR TsbME A Do 4 Bffshaibn b pglepine
2. 51Nel ~naVi1&8 gPli624 1 IVIDHA1 95@%%&% né‘\caﬁonazﬂel(m.ﬁ)g,emwﬂ. M
- Cherrington, nt| viral Research 3 QP&%?II? to Add| tional studi esoo(f: t he

in vitrd canplaud spddumdhydreyige £.1 d Thegyxippe vas deatedpt 13

di ast b bul at ed
betow 19 ag gt g CE‘*‘%%&%@%EP?@%?% IpBRGERE (P Rl AL AL E
ConpoundDi asidede direeslZESOv{slinkfhieo babled & §RALE Bhbdure) fiyEGEIAr(dNhEIPALth
~51x- 6000Al a

- 10. 025200% %Bgé g@t SR f@éﬁ@%@%”’s@@#ﬁet ﬁ??s%@dr?@t%@g‘@é’fﬁn(%t ure

1:

1 03170 ;zd?:% 0 et hyl ester M xture
1:1 8 5 10§ OXGS§QQ?3 g&gﬁé\%gg%%%%@ ﬁ@% - sopr opyl M xture

1: 10. 01500x 12xGS- 7340A0. 005 .1, 000x40GS- 7339B0. 0683x>100ABA— et hyl M xt ure
1: 10. 00S625X fpx>100GS- 7342A0. 004~ : xGS- 7341B0.-03170xAl a- et hyl M xture
1:10. 02250 QGS- 711440. 0051, 000

27115B0. 05100x Assay erence:
Arimilli, MY letdat. rso.(; Qm—?@ﬂlhe 5 Wi;wtro bi IN% P}latlon and
oral bioavai Nabf!l i %"X ofel vos H%} t hoxyp) pr opy adenl*n (PMPA) 0
prodrugs. Antivi Chem stry and enot h %IEBQ : 557-564. )’ O« _-P(OH)2
"Phe-net hyl ester™” is.the nethyl phenyl al ani nyl nonoam date, phenyl nonoester
of tenofoviy; "gly-nedlylester” is the nethylglycyl nonoam date, phenyl
nmonoester of tenofovir. ~5 In each instance above, isoner Ais believed to
have t he s&w2- hbshbmye&hylt)a&ieemm(éﬂlﬂzsl (20.0gs 0.GER2 niAPwaSpusppnded 30 DVIE B125

bel | eved ' S dltleateg %‘on§0°%b%&Lg—ﬁeeslusxh?éoep?ggggdztdf/Zg,rba(S784mo) gr339 H

alternatively magnesium t-butoxide, was added to the mixture followed by diethyl

p-toluenesulfonyloxymethylphosphonate (66.0g, 0.162 mol) over one hour. The
mixture was stirred at 80°C for 7 hours. 30 ml of volatiles were removed via
vacuum distillation and the reaction was recharged with 30 ml of fresh DMF. After
25  cooling to room temperature, bromotrimethylsilane (69.6g, 0.450 mol) was added
and the mixture heated to 80°C for 6 hours. The reaction was concentrated to yield
a thick gum.' The gum was dissolved into 360 ml water, extracted with 120 ml
dichloromethane, adjusted to pH 3.2 with sodium hydroxide, and the resulting
slurry stirred at room temperature overnight. The slurry was cooled to 4°C for one

30 hour. The solids were isolated by filtration, washed with water (2x), and dried in
' 23
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12 AUG 2004 s The jnp vitr t s stability of separated
di ast eréoné?fg“\ﬁé%ékgé? é(Ferlr&@gg (;ﬁgﬂ_@@-ﬁ#ﬂp ?P%&eﬂwiﬁﬁgﬁé%’i m. A
bi ol ogi cal ' OW/r 1 rad i Ct apped
cent 1 uge FHEE e S BR0S Mp 2ahoc 85 "IN BOICH L 4 00 & 20 e er
mg/ mL of t REN: £39 (v, ARHp8IDS (5, AH); &22 (salbHy. . buffer, 20 ~, L, was added to the
bi ol ogi cal sanple and m xed. The reaction 1o m xture, 20 ~, L, was
i mredi ately sanpled and m xed with 60 ftL of nethanol containing 0.015
ng/ nL of 2-hydroxynet hyl napht hal ene a LR ernal standard for T:~PLC
anal ysis. The sanple was taken as theﬁ%&%ro sanpl e. Then, at specific
time points, flue reaction mxture, 2D ~. L, was sanpled and m xed with &0
uL of methanol containing the internal standard.[~Ttermvxtore—thus obtai ned
was 15 centrifuged at Y% 000 G fo-r_g'Dm' n and thd sufétnatant fvas anal yzed
wi th HPLC under the } ons d ibedﬁ!égﬂ ow. | i cal sanples
eval uated are as foIIlQ 1) PL l?porc Me T1Vg fase from
Si gma, 160 u/ ng proteuzN of my 20 g ei n1/3PFI?) di | }_p M th PBS
(phosphat ed- buffered saline). (2) Mr-2 cell extr :14 fed from M- 2
cells according to the published procedure [A HRonpon, H Mtefgbvre, J.-L.
| mbach,;gS. | Cahn, and D. Farquhar, "Antiviral Chem stry & Chenot herapy",

5:91-98 (1994)) exc&pt for using HEPES buffer described bel ow as the
nmedi um . 2s Adeningte FMPAsHng phagnesivor tnButoxideaTon suspensionmicdenipe Wag

Bi di cal t - T f din,th '

Fol 1w, - PRREDIr (TFITY Bdtas BgR Tk P Promiotn e hania el B VoiPiofas
PBS - ( phos phaidestrlibui hynloside|480g, 0.6 Tiw)). coidtRixtsreOrsdhdiadaspdppee, 0. 0027
M pot.assi um chl oride,” and 0.137 M sodium chloride. pH 7.4 at 37C. In the

study for Mwepnight.| Thateastion wasieolaskto KIORE enddolnase (138sul) vees addadePES
buff er .. .HE f i Q MH -. . i.de.
07008 P g Re et eBRnak R BA (M7 58 mBdC REASRLHAMEIALLAE,

42 12 AUGe2Rfattrd betteend00dy0f@r Akiditionad telsehe (IlAenl) Hrls ahlddao reeates

di ssolved in TBS. TBS (irjsbuffered saline, Si~na) contajns 0.05 . MTrjs,
0.0027 M pdreraeganeoss selutign. Thsgobitiosgwrs sepled k9 21 everdehowms andghgp hele

Corum: Zor DX ra o G TR B RS e R A Pl il

Ford, PA) Deettei(@x). Thé wet @bid was étiediRadoao al 80P/ yivlll 425 RIB%FiofER)-B0 mi n
I nj ection I . 20 ~. L | um erature: Anbient tenperature Mbile
Phase A9 5&3%%’88#0@&43%6@%&&%%6@%; V@il@é&ﬁa %P@S?v]/%)y 20 Mobi |l e

Phase B: 50 mM Pot assi um phosphate (pH 6.0)/CH3CN = 50/50 (v/v) G adient
Run: O min 10Q% Mobil e Phase A 25 'rgl 100% Mobi | e Phage—RB——=25 36—mn ~
100% Mobi | e P)ﬁ% B Ther%r esults ar Kown bel ow i{n Tabl e/'*E2 (Nal so i zicf uding:
sel ect ed |CSLIN|dN a b OrhcEglEonL), kS' :% —TueE ',LN| 3

N

) OH e ' O _P(OE) o IE(OH)
) [ , ~ 2 N 2
td

,
H Me W %6 H Me

(R)-9-[2-(hydroxy)propylladenine (HPA) (20.0g, 0.104 mol) was suspended in DMF
(44.5 ml) and heated to 65°C. Magnesium t-butoxide (14.2g, 0.083 mol), or
25  alternatively magnesium isopropoxide, was added to the mixture over one hour

followed by diethyl p-toluenesulfonyloxymethylphosphonate (66.0g, 0.205 mol)

24
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12 AUG 2004 5 Table 5. In Vitro Metabolismof Isonmers A and B of PMPA
i nor <oapmi daiver aWOSiﬁrﬁ\MhEAheTmmpmwmte%hs\kdﬁSPiﬁE Hplet wilintsirs Wis Btirred at

extract Hunanstruct re(~ ate andh roI Si S ratePI asrra roducta d

producf i St a5 Eifey4 E S. romotemethy: 11@1‘9(@ 0,478 2 9

mnt"z = tan r

o N crioooetop v A and ?-ﬁﬁ@ﬁ%&aég&mﬁéﬁf@ 083 ol Bl B TR, et

X & PMPA . Meictioh %aPNE#tiitto 801G ang wobatiEskdkGidthove®via Min Prt"2 = 3,3
mnt"z = 28,3 mnt"2 90.0 min3~ ~__ OPhp, 005 Met. X & PMPA Met, X&PI\/PA

Met. I sorrsiistﬂl@smﬁgﬁ

m nt" 2—231m

. St T ARl (15 untf_Fip KHCLARE aqlee i v aciiied S, ¢

OHOEt t
PI\/PAI\/Et

L SOTEF ALy AFRHB! et e M a B (R 99, BhblhepF 967

m n6~, OvP~~"NH CHCOCEt p, 030Ph, Met, XMet. Ylsoner B

15

20

25

the aqueous layer was 1ead]usted topH2.1 with sodium hydroxide. The 1esult1ng

. slurry was stirred at room temperature overmght. The slurry was cooled to 4°C for

three hours. The solid was isolated by filtration, washed with water (60 ml), and
dried in vacuo at 50°C to yield 18.9g (63.5%) of crude(R)-9-[2-
(phosphonomethoxy)propylladenine (PMPA) as an off-white solid.

The crude(R)-9-[2-(phosphonomethoxy)propylladenine was heated at reflux in
water (255 ml) until all solids dissolved. The solution was cooled to room
temperature over 4 hours. The resulting slurry was cooled at 4°C for three hours.
The solid was isolated by filtration, washed with water (56 ml) and acetone (56 ml),
and dried in vacuo at 50°C to yield 15.0g (50.4%) of (R)-9-[2-
(phosphonomethoxy)propylladenine (PMPA) as a white solid. Mp: 278-280°C.

25
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7A~~' ~OPOCGPr OCHDO5t"2 < 0.14 nint,n = 70.7 nint,n 24840 n, -
~ 2 _ O MonoPOC PMPANDNOPOC -PMPAMDNOPOCGS4331 OCH20CO PrPMPA Met. X: ~ O
R3 Mt. Y: 0 ~O-'P OH CHCObH ~~pVp~NEkahfJ&ORi ~ - _ OH 10 NH2 A = <N | N 15
44 12 AUG 2004 5 Exaxn~le 7.0 Hep&m&oﬁ@fﬂ@fi@]ﬁﬁmsur es Followi ng O al
Adm ni stration OF Prodxug D astereoners to Beagl e Dogs The phaxnmacoki netics
of GS 7340 were studied iz~ dogs after oral 10 ad~.nuustration of a 10
nng~- eq/ kg dose. 15 r Fornul ati ons. TheSchewelt ugs were fornul ated as
solutions in 50 mMMcitric acid within 0.5 hoax prior to dose. Al conpounds
used in the sthith es were synthesPded by G lead Scienggg, The following lots
were used: GSLA~-nidate Am no ac r.DLast oi so
Nunber GS- 7349- 2 §p| nei - By opyl T@ﬁr@'d-ﬁ"ﬂgw 3
Al ani nei - Pr opyy ro 85-
AJ. 509- 181- 2GGS5711BAYani ggft hyl | soge 13 w 181- 22GsM 19 Y

Al1428-163- 28GS7342a- Am nobutyr| c AcrPdEth sonmer A

. 1509- 191- 12687%}@0‘Am nobu i s Aci dEth 1" | somer B1509- 191—7 Dose

Adm nistration and Sanmpl e Col lection.” The in-life phase of this study was
conduct ed inaccordgnce with the recomrendati ons of the "Gy de for the Care
and Use of Laboratory Aninmals" (National Institutes of Heal thpublication
86-23) and 20 was approved by an Institutional Animal Care and Use .

Commi ttee. a\ﬁ_;ed mal e beagl e dogs (10 g) were usednfpr the studies.
Each drug was| adm nistered as a single d sé y oral gavage 1.5-2 m/ k&),
The dose Was -eqw al ent of PMPA/ k§” BI\/Cs “0 rrpl e @
coly.ected a\O aod1,24 h post oco
sarr’pl es were Nol R'ec (gzst e- dose 5, 15, and 3 ZS&m n /\H:l

4, 6, 8,12 and 24 ost - d’ose Bl ood (1 OCHQl, was processed |m_?red| a yf or
pI asma by centrifugation at 2,000 rpmfor 10 mn. Pl asma yganpl es « \g
frozen and maintained at 70C until anal yzed. Peripheral Bl ood Monongcl

Cell1 (PBMC) preparation. Wole blood (8 m) GS-7171

0O

o
L/t ) /\9,,0 HOHOH k)j: > /\('?uo

P
L/ o . L/ NH
z L e} £
= o« z - 0
) \( \/ CH,CN ¢ \( \(
) v o % 0
GS-7340 ' GS-7340-02
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o o0 e i AR TR a 4R R i
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| chl'o
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Ui 100190 floyri Dyrpavaten (44 kghrinses)Thecomtsred filtpatd andrinse fwapasttracted
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reconst i t U3, iwhe) U k@), @aidRNI Hvas isdBlkd BY@NSiicn a&?u%‘gf@a Gifrt racel 1 ul ar
a

PMRA coul d be determ ned by HPLC, the | arge” amounts o eni ne rel ated
ri Bonucl eofteibangl(E52kg).i Fhe pardedlmebsalearasslimied in methemob(B8kehy Sslid=ect i ve

Vos noka, ~ 8ere SREednRakohisl PR URE pend RITERIB) 1S e vl "o or1 .

PBMC | ' - i d
sapp e@u&@ﬂ@r&mt@rﬁglﬁg.ﬁa@ kgt M%%M&P’T{ RiNGR (QZQ)% ¥D{g Samf cer

reduced ); 30 préssure. dried sanpl es e derivati zed*as desctibéd in

the pl asma343$@2ITRE (@e? ) (2 2i)s4 50,388 (dd ,3d), Gist(d, 260,71, GH)LM

ot ow na T Esbarpehis B D7 TSR SR MRS GRS nosi ne

wer e added. After incubation at 37C for 30 mn, sanples were evaporated to
dryal ess under reduced pressure and ss reconstituted in water fox HPLC
anal ysi s. &9-7171A1 e B) Aglassilined rpacsar wgs wharged ittt niophemmyl PBMC

sanpl e F ot gnt i,al | ant a.pi.ng .0t ac rodr

cxpor i abnt S AR MR BB BRb B Rk Serite el Bhv gy TEBRILFERBRe 6 bken
occurred dB6.7 agoliieias valeddeclan 50%r. Ok shixtl Ak H8a MR R 7808 T Blids
drug-freeplasma and derivatized as descri bed. There were no

det ect abl efisyelvedoRemiiom {emapaature waaiycredsedto 8fY@and velutidscd 1.4l t he

proj ect ed 9 i . than. 1 % e HPLC system was

conpri sed g‘?lea& egll@g%@s(ﬁp\?{ gg{& %%ﬁa\? giﬁlmgﬁgf'ﬂ?ﬁ’ g,ﬁon[ Eﬁé’o‘ﬁé@“‘iﬁ? Eﬁaﬁfg@fagr*oand
F2000f | uor 25y dchlckeineathane (4116 BBASE RMIRIIONH toSBI° G020 I of (1§ COI UMMWas
an Inertsil ODS-2 colum (4.6 x 150 . The nobil e phases used 15 were: A,

5% acefbni dapine isopropyhaten/akkg Shiheb phdichlorotteshand B6 k5) wb hdtledbut y!
i um br.oni TB , 0; 0% acetonitrile in 25 nM pot assi
Dhosphat ebor P eSO R e AN Gwed by tRSthERENAR b6 ke onzmon arer a - andit he

' col um t giREla kL 102 1981 MhekBRA0A M e.gradi ent
profile was 90% A/ 10% B fox 10 m N P@%@%ﬁ%ﬁwﬁ?ﬁ%&%ﬁ%ﬁ%ﬁﬁi‘ for
the 20 proamdigyashed re tionetwith gofiunn ddgcieogenplioshhaebhaiona10Bin er)m and
em ssion a t injection.volume was 10 | xlI. Data_was acquired
and stor egji%€12<§ e?%ﬁ%ﬂ%rﬁ%ﬁf@é&ﬁﬂ&ﬂ‘%%%ﬁ? fndadrpps sodiunksifate

A | endas e, (18D kg Phieredr ke ivith dallerlmihans QR R thReALA 6 SR o3
were expressed as 2s areas under concentration rves 1n plasma or MC
fromzero to 24 hours (AUC). The AUC vakles were cal cul ated using the
trapezoidal rule. Plasma and PBMC Concentrations. The results of tlus study
is showmn in Figures 2 and 3. Figure 2 shows the tinme course of GS 7340-2

met abol i sm sunmary of plasma so and PBMC exposures follow ng oral
adm ni stration of pure diastereoi soners of the PMPA prodxugs.
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100 io J E chnéertrited uRider@eddcdd pﬂessu?e 1ﬁc§loia@ (1@8 ?v:g) %ﬁs dhdreefostitose (h)
The bar graph in Figure 2 shows the AUC tenof ovir in dog PBMCs

and pl asma msmlangaxﬂmhia]étth@pmduomsdwmvmsq:m @Fbﬁnhhoaumtdgxa@h@rgver a 38

Fox. exampl o S8 PeRcp ks pcd hLF0 2D B30 Teedy e AP ioaoenb a0 o
conpared t o, ePé\fPeA‘ﬁ\ uﬂﬂ&tﬁwa@ et c?r?fl{eqéegogcgﬂaﬁggﬂmf c%} lgssxﬁg?{#ﬁse I n

pI asma expo respe I vel A In Plesnme PIVPA
i n PBMQ048 s1hcfh @llalhld;aeémmeS CHeagupmdBthﬁr ﬁadtmmfwemercoﬁzqrme@undePBl\/Cs
and Pl asma Upo dm nistratig 10 /] 0gs or PMPA

I n PBMC and® P refauneowwﬁgxaﬁoaﬂgﬁ @)%éé‘%fwaf(ﬂ %GPU% 8dr ugs

to Dogs. 1%@%&cﬁ%ﬁ?ﬂ&%g@d@ceﬁ%§sﬁ@ gc@to?u‘crﬁ%éﬂqgg)% c%argecf) lasma

PBMC I n ~
and the solution chilled to 0 to -5°C for 16 hours. Solids were removed by filtration

and the filtrate concentrated under reduced pressure to 5.6 kg I1I as a dark oil: "H
15 NMR (CDCI;) 8 1.1 (m 12H), 3.7 (m, 1H), 4.0 (m, 5H), 4.2 (m, 1H), 5.0 (m, 1H), 6.2 (s,
2H), 7.05 (m, 5H), 8.0 (s, 1H), 8.25 (d, 1H); *P NMR (CDCL,) 6 21.0, 22.5 (decoupled).

Alternate Method for GS-7171(1IT)

20 '
Scheme 2

H
' = PN
(anbydrous) c 0
1 i
) 30 0
WH\’O HO, =" "OH
N/ N AW \
k I \> C|? SOCl 0 Y 0 KH,CO3
SN” N o/\lla—o—@ S e I
L—_./ OH ( ) CH,Cl, . 5
: H Sy N GS-71

28
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nmonoest er &i0Iee rﬂﬁd\ﬁhﬂ}owgs pruredriatd faplidlyvatingngaattons (ih)ﬂrmL)mithannhn to

b le d d d —GS 7340 (8. 85
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h I
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~scaritilla éygu_pé)wm.@ ;(g‘tg.l ﬂe@h%rv&}gwobl hae PMPA after 24 hours after a
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the data froma previ ous study with TDF (GS-4331). In the case of TDF, the

rodrug co n
fetect on. ST KA Mt PRESID 6%, 3% Mihdl] Forci By RneBBYe 3,
Level s 20f BNRAand N hedieghiybimanideseoppweee caanbiowd idadoalka betiain fakic! e
axe |ncreased 10-fol.d after admnistration of GS-7340. 50 . 12 AUG 2004 5

Accunul at i Sh3RH G pigreahi Ehionykehlaride (L9ngi Hr2mmel) waserdedatdtenBBer ved from
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e ot oBahKREThe Sl SolER Sl SRR B SIP PR LR hertart ¢ e
hi gh per cefitCagd), ahd lagidelddo ytsehtioAQFYL)-alahiriesisbpropyestpr 45§;L313 muiIPhRd 7.
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4Duodenu nOo@A:u@Weﬂ&&sMat&ﬂl thafTiva3hed $ith haderds i), 8fi6€ over anhydrous

I nt esti nel. 635.972. 6547. 207. 9Gal

bl adder 0. 003. 580. 0425. 027. 0Bi | e0. 009. 630. 2240. 484. 2Feces40 96n. d. 0. 19n. d. n.
a. Total G Tract -

Cont ent s5. 61n. d. 21. 64n.d. n. a. Uri ne23. 72#%d. 14. 73n.d, n. a. Pl asma at 24

h0. 000. 2D0. 000. 201. OPl asma at 0. 25 hn. a. 3. 68n. a. 3. 480. 9PBMC* 0. 00
.n.d.0.0063. 20n. d. Whol e Bl 0od0. 000. 850. 160. 200. 2Tot al Recove81. 1068. 96

~ai cvuat ea using typical recovery of 1b x Iu' cells total, and nean | ~li M
voltizrle of 0.2 picoliters /cell 15 n.s. = no sanple, n.a. = not

appl icable, n.d. = not determ ned. 51
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12 AUG 2004 CLAIMS; 1. . _A screening nethaod for .identifyin .

‘met hox yfoho§9q%5ﬁatsﬁlfﬁwc%%wnf@naﬁﬁﬁddga@ermeém%pwwr@ itp ﬁﬁgrgaﬁaﬁtﬂas adavity
in a targe% td,ssue conprising: . (a) providing at |east one of said

pr odr ugs; c3)1%‘b) selecting at | east one therapeutic target tissue and at

| east one nontaaget tissue; (c) admnistering the prodrug to .the target
tissue and to said at | east one non-target_tissue; and (d) determ ning the
relative activity conferred by the prEZéﬁiHElﬁ.iﬁLl the 15 tissues in step (c).

anti tumor act i vi 1y Sesse R sBehaRoRh P LN e fae R 1Y, 1 <
antivinal activity. 4. The nethod of claim3 wherein the activity is

anti-H V or anti-HBV activity. 5. The nethod of claim1 wherein the prodrug
is a prodrug of Themiiagerepwers of G35181 (HFRevenstrrendved by batch edutigrer ei n t he

PhosphanoatTHER BREDAANER L EoptRGRR IR (RrdlbiEAS 20 pm 2l x2m
ani dat e i s s@fi-piépiatite MG ekt wih& CRReIpARIAR 90 in, 13 50 MuBasfi n t he

ester is an aryl "estex. % The met hod of claim 1 further conprisSing

sel ecti ng sohmony GhitadpalnASisracpraprietaryqraciingmaterishmansfapsuradibysDiacehat i s

greater_ than 10,11 hat of §he,.non target tiss 2 04 5
T0° "Thes mo g 20} R Eri ingfice by il TRhEuPBkn nR 1 p.Pent Nos QAR
an ani mal , REB5,9198[434,208, 53321290 ahaBb e 152). "ehaRipaR ASRG dHifal sakdhhMe
activity is determ ned by anal ysi s of the aninal "tissues after

adni ni st r aphase ESH)emprisgd g aniyloseTitie] (Fet-noethplbentyicarliantie} evatediontova t y
in )t he targﬁli an non-_l;carget tissues is 1o determ ned by assaying the
amount of StCPEESTRIE “netabolite of the prodrug in the tissues. 12. The

met hod of cl ai mrhR AMeIAEl daitbRoRirBAbihE Was Hi8oRRE SR Ll Bihse dl3. The

nmet hod of claim 12 wherein the netabolite is the di phosphate of the

par ent 80 dapgroximedely trgaligohoef G8-737 hinware puhgred ante ke chrogratogiapbie i s

virally inf d i he non-target ti hs .the.s ti ssue which
is not vir gﬁt%ﬁ} n’#lge?:@g%e&gg aﬁ%&erﬁwg %ﬁ%&eiﬁgﬁsﬁ’rﬁv i W?Z%gf H4%e tar get
tissue is byog@dQipbrbksSuairddrititt) pehk td elute froatHe dlimac WHed he ¢§-7330e
met hod of clajm 1 wherein the target tissue is liver and the activity is 25

ant i - HBV aPepkihpgd finishedmelutingthe gokileqhasresipanedintelheviahersio 108sue i s
of "l ai m 1 ARE7L e N AR ehed Sk ol desiamat®d SR TR e
i s t he 2santo elute aealhbrpipeakfedingheodlunadwith the methyl alcohol solvent front. The
methyl alcohol was used to reduce the over-all cycle time. After the first couple of
injections, both diastereomers were collected as a single large fractions containing
| one of the purified diastereomers (>99.0% single diastereomer). The mobile phase
) solvents were removed in vacuo to yield the purified diastereomer as a friable foam.
30 About 95% of the starting GS-7171 mass was recovered in the two
diastereomer fractions. The GS-7340 fraction comprised about 50% of the total

recovered mass.
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1 2 AUG 2004 5 °19. A compound having the structure (1) (1) 15 WA&PelBh is
H or mef hylhe shaomsptagaspRic sandiciond wearpsdolawss t hereof, salts, their free
base and sol vates thereof. 20. A conpound having the structure (2) 20 NH2
.NIT\NN ~O CH3 25 (2) and its enriched diasteroners, salts, free base

and sol vat Mobaﬁ@lvli’aclse(ml@lﬁst er e@gweyimal Ayet@ﬁfmﬁhqgoﬁagﬁmﬁ%h@wo%)t he

SU ostanti fmg?] 'y'"“”?; t )e g|5~,1 0% ﬁ}‘é’i@&%@lzo B G- I(?:’h " RL R2 wherein
Rl is.,an oxyes ex vhich is, hy %)1? |n vivo, or hydroxyl; Uis a
heterodyclic ba ?{L E R s hi‘%}z mB}the resi due of an amino acid
bonded to the P %ﬁﬂ%on) ~ thro 5ino group, of the amino acid and

havi ng each car Bempesaivse i t uent Asfbieht ani no acid optionally esterified,
but not both of ERiemBrdgile are h@E$7989(diastareom&HB)O( CHZ) 2-

- CHz OCH( CH3) CHZ=, - CHZOCH( CHZF) O8=7340-(Sdéfiebtirb IO - |
- CH20Ck CHECH-) CHz-, - CH~OCH( C=Cl - 1) CH~-, - CHZOCH{ CHON: ) CH2-, . , 20 b R ~
R5 .R~R 25 ., .. - CH2OCH( F~6) OCH(R6~)-. - Cpl znCH( R9) CHzO-

or _- CH20C! - | ( R$) CB, Dmdﬂﬁe@hﬁrﬁhpaﬂah@htof@ﬂmmqj%m ¢hrogdot gﬂge
dou bond;

heterocyclic base; the broken |ine represents an opti onal
R ~ and RSare independently hydrogen, hydroxy, halo, amno or a substl t uent

AR ﬁocar ggga@emfne&nfm dfﬁm@i?wmgze%%ﬁymmbmm’
Xni |
o1 o 2 B SR B YORRE Py RBsehlh HlE DePEISPET ?”%ééfﬁ 51% ﬁé%@gndem y

H Cil- Q@ aIIcyI or axe taken together to form O or ; 12 AUG

20 5 R8 Cl-C6 a C6 hydroxyal ] cyl or CI_ Co6 hal oaI | cyl; and

R90)|4$ H, hﬁﬁ-a?(%@ﬁ’hy Gso?lééw)@%%‘ﬁﬁ Mas; puriied biesimwatedsmovingdagase, and
sol vat es. chromatography over 10 cm by 5 cm beds of packing (Chiral Technologies Inc., 20

micron Chiralpak AS coated on silica gel) (1.2 kg). The columns were eluted with
30% methanol in acetonitrile. Product bearing fractions'werel concentrated to a

25 solution of IV in acetonitrile (2.48 kg). The solution solidified to a crystalline mass
wet with acetonitrile on standing. The crystalline mass was dried under reduced
pressure to a tan crystalline powder, 1.301 kg I'V, 98.7% diastereomeric purity: mp
117 - 120°C; '"H NMR (CDCL,) 8 1.15 (m 12H), 3.7 (t, 1H), 4.0 (m, 5H), 4.2 (dd, 1H),
5.0 (m, 1H), 6.05 (s, 2H), 7.1 (m, 5H), 8.0 (s, 1H), 8.2 (s, 1H); *P NMR (CDCL,) § 21.0

30 (decoupled).

C. Diastereomer Separation by C18 RP-HPLC

G5-7171 (I) was chromatographed by reverse phase HPLC to separate the

diastereomers using the following summary protocol.
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22. A .diastereonerically -enriched conmpound having the structure LJ5&3 10 15

6 (5a) smhich is substantially free of diastereoner (5b) 20 . 25 6 (5b)

wherein so RS i ghisinaydgraphioydiuegenPhénditeriaxdapamd 1182y, 3 gutil0BAKydre

al kenyl, al kynyl, aryl “or aryl al kyl g, QqpREdneeRenseahte O/5), 8t éytkivalent

all cenyl, al kynﬁuar&{géﬂ#un‘ﬂ‘l: aryl al | Clyélli(‘.’m%np?w @ﬁﬂé@ﬁ . (%éfh?ﬂi,‘ﬂ'_.)t, Bpfroml to 3
rom allry cyl,

t
substituents selecte all cyl am nQ 14 ['am noa

di al | cyl am noal kyl.,.. di.al | cyl ai ni no,eqw I ..hal o, am no,, alkylthio,
al | coxi‘? 56 r MO}’J!J‘S%A@@Q'QOM o %ﬁ%ﬂf%ﬂ@éﬁ%&%PbWFerétaﬁ‘?tBQMEkyl,
aryl al I coxy, aryl al koxyal kyl, hal oa96&yl, nitxo, - nitroallcyl, azido,
azidoal I cyl, allcylacyl, all<ylacylB--0y2% 887 810H0, Brwatdre ¥tedonindiexuno;
R~ is th.e side chain of any naturadSP.g pccurri ng or pharmaceutically
accept abl e amino acid and which, if the side chain conprises carboxyl, the

car box group is ' .erified wwth an allcyl or aryl group; to
R1' isxgm' no, .al kwg%ggggé%ﬁgaﬁ%# di al kyl am no; and R12 is amno or H, and .

it salts, tautoners, freebaseantsotvates:—23—A—conpound of. structure
(6) 15 20 and its sal t S1BRd |s&f Yiabils Phagep [\ Mobile@pases| 24, A conpound of
structure (7) 30 35 H C02H H020 (6¥ 57 B
0 100 0
5 100 0
7 70 30
: 32 70 30
) 40 0 100
' 50 0 100
Run Time: 50'minutes
Equilibration Delay: 10 min at 100% mobile phase A
20 Flow Rate: 1.2 mL/min ' '
Temperature: Ambient
Detection: UVat260nm .
Sample Solution: 20 mM sodium phosphate buffer, pH 6
Retention Times: GS-7339, about 25 minutes
25 ' (5-7340, about 27 minutes

D. Diastereomer Separation by Crystal]iza;cion

30  GS-7340 (IV). A solution of G5-7171 (III) in acetonitrile was concentrated to an
) amber foam (14.9g) under reduced pressure. The fo.am was dissolved in
acetonitrile (20 mL) and seeded with a crystal of IV. The mixture was stirred
overnight, cooled to 5°C, and solids isolated by filiration. The solids were dried to
2.3 g IV as white crystals, 98% diastereomeric purity ("P NMR): '"H NMR (CDCL) §
35  1.15(m12H), 3.7 (t, 1H), 3.95 (m, 2H), 4.05 (m, 2H), 4.2 (m, 2H), 5.0 (m, 1H), 6.4 (s,
2H), 7.1 (m, 5H), 8.0 (s, 1H), 8.2 (s, 1H); P NMR (CDCL) 5 19.5 (decoupled). X-ray

crystal analysis of a single crystal selected from this product yielded the following
data: |
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12 AUG 2004 25. A diastereonerically enriched conpound of strudci &li)0(6a)

NHp ~N9 O~ 1 NN:I ~p~PYIONH CH Hc ,~0~ (6a) w-iichis
substantially free ofrystasCeleddebit(5b) Nrl NMeolodesg ddtuhnO ~ ~ .. |11 _ NH
CH3 (.~O h3CO ( 6b). _and jts salts and solvates. 26. A diastereonerically
enri ched conmpound of %Y?tﬁtt)ﬁp@sfof‘é) NHzJ. N '%ESXO;uc?(Q%an Q0 H~, H/
2~0O~P~cO ~t-1. NH O. HQ (7a)why | stantially free of
di astereoner (7b) . ; en<1N I NJ O ~ V%@&%@@d}lel CH3 ~.~0 H-C~- O
and its salts and soLutices\ypeCO?~H HO~C~ H ~Primitive __..__r _. _. _

, M ~ ~~ - .. D T
= , ~. Lattice Parameters ~ ~ =~ "a=83521)A — T 7

b = 15.574(2) A
c= 18.253(2) A
V =2374.2¢5) A®

15 Space Group P2,2.2, (#19)

Z value 4
D, 1.333 g/cm’
) Fogg _ 1008.00
HMoKo) 160 cm™
20
Example 4

Preparation of Fumarate Salt of GS-7340

(5-7340-02 (V). (Scheme 1) A glass-lined reactor was charged with GS-7340 (IV),
25  (1.294 kg, 2.71 mol), fumaric acid (284 g, 2.44 mol), and acetonitrile (24.6 kg). The
mixture was/_heated to reflux to dissolve the solids, filtered while hot and cooled to
5°C for 16 hours. The product was isolated by filtration, rinsed with acetonitrile
(9.2 kg), and dried to 1329 g (V) as a white powder: mp 119.7 - 121.1°C; [a] ,* —41.7°
) (c 1.0, acetic acid). '
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12 AUG 2004 27. A conposition conprising a compound of any of clains 19-2G

and a pbarnmaceutically effective excipient. 28. The conposition of claim 27
wherein the excipient is a gel. 29. Tge cogg?sition of claim 27 which is
suitable for topical adm nistration. A use of a conpound of airy of
clainms 19-2G for the nanufactqu.ﬁ% o g?ﬂj r therapeutically or
pxophylactically treating virus'i ac |ons & thod for the use of
magnesi um al koxi de conpri sing reacting 9-(2hydroxypxopyl)adeni ne (HPA) or
9- (2- hydr oxyet hyl ) adeni ne (HEA), nagne5|u§h%hhg§ide, and protected

p-t ol uenesul f onyl oxynet hyl phosphonat e met hod of claim 31 further
CDlllpr%sll?g recoveri ng PMPA or PMEA, respectlvely 33. Tm@ nmet hod of
claim3 whern,n t he phosphonate of the

pt ol uenesul f gpyl Qxymet hyl phosphonat e IS.{Hngfm by ethm] /
met hod of A wherepn the_al koxide is a CQ\E% a|kOXI

i tcgexgl '6' sS@Clhytyl Br igo deN 590
AAY A LA WA CH.cN  CHoCh

of cl ai m 34kwh
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Esutlon Profile : GS-7115 (diastereomer B)
: GS-7114 (diastereomer A)
: 20 Example 8

Alternative Procedure for Preparation of GS-7097

GS-7097: Phenyl PMPA, Ethyl L-Alanyl Amidate. Phenyl PMPA (15.0 g, 41.3 -
minol), L-alanine ethyl ester hydrochloride (12.6 g, 83 mmol) and triethylamine

25 (11.5 mL, 83 mmol) were slurried together in 500 mL pyridine under dry N,. This

suspension was combined with a solution of triphenylphosphine (37.9 g, 145
mmol), Aldrithio] 2 (2,2-dipyridyl disulfide) (31.8 g, 145 mmol), and 120 mL
pyridine. The mixture was heated at an internal temperature of 57°C for 15 hours.
The complete reaction was concentrated under vacuum to a yellow paste, 100 g.

30  The paste was purified by column chromatography over a 25 x 11 cm bed of 1.1 kg
silica gel 60, 230 to 400 mesh. The column was eluted with 8 liters of 2% methanol
in dichloromethane followed by a linear gradient over a course of 26 liters eluent
up to a final composition of 13% methanol. Clean product bearing fractions were

concentrated to yield 12.4 g crude (5), 65% theory. This material was contaminated
35  with about 15% (weight) triethylamine hydrochloride by "HNMR. The

contamination was removed by dissolving the product in 350 mL ethyl acetate,

extracting with 20 mL water, drying the organic solution over anhydrous sodium
36 '
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The in vitro anti-HIV-1 activity and cytotoxicity in MT-2 cells and stability in

human plasma and MT-2 cell extracts of G5-7340 (freebase) and tenofovir
disoproxil fumarate (TDF), are shown in Table 1. GS-7340 shows a 10-fold increase
in antiviral activity relative to TDF and a 200-fold increase in plasma stability. This
greater plasma stability is expected to result in higher circulating levels of G5-7340

than TDF after oral administration.

Table 1. In Vitro Activity and Stability

HIV-1 Activity | Cylotoxicity Stability T 1/2 (xain)
Human MT-2
ICs0m CCsom Plasma Cell Extract ®P/MT-2)
GS 7340 0.005 >40 90.0 28.3 3.2
TDF 0.05 70 041 70.7 0.006
Tenofovir 5 6000 - - -

In order to estimate the relative intracellular PMPA resulting from the

intracellular metabolism of TDF as compared to that from GS-7340, both prodrugs

and PMPA were radiolabeled and spiked into intact human whole blood at

equimolar concentrations. After 1 hour, plasma, red blood cells (RBCs) and

peripheral blood mononuclear cells (PBMCs) were isolated and aﬁalyzed by HPLC

with radiometric detection. The results are shown in T_able 2.
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Met. X and Met Y (metabolites X and Y) are shown in Table 5. Lower case "p"
designates phosphorylation. These results were obtained after 1 hour in human
15 . blood. With increasing time, the in vitro differences are expected to increase, since
84% of G5-7340 is'still intact in plasma after one hour. Because intact GS-7340 is
present in plasma after oral administration, the relative clinical efficacy should be
related to the IC;, values seen in vitr(;.
In Table 3 below, 1C,, values of tenofovit, TDF, GS-7340, several nucleosides
20 and the -pfotease inhibitor nelfinivir are listed. As shown, nelfinavir and GS-7340

are 2-3 orders of magnitude more potent than all other nucleotides or nucleosides.
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"Phe-methylester” is the methylphenylalaninyl monoamidate, phenyl

monoester of tenofovir; "gly-methylester" is the methylglycyl monoamidate, phenyl

monoester of tenofovir,

15

In each instance above, isomer A is believed to have the same absolute

stereochemistry as GS-7340 (S), and isomer B is believed to have the same absolute
stereochemistry that of GS-7339.
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& ()- moty%éht@)nmgjﬁq}q@‘g‘né JinLf ?ﬂf&%&yﬁ)eﬂ@l}f%hﬂlalene as an internal standard
for HPLC analysis. The sample was taken as the time-zero sample. Then, at
specific time points, the reaction mixture, 20 UL, was sampled and mixed with 60
ML of methanol containing the internal standard. The mixture thus obtained was
15  centrifuged at 15,000 G for 5 min and the supernatant was analyzed with HPLC

under the conditions described below.

The biological samples evaluated are as follows.
(1) PLCE (porcine liver carboxyesterase from Sigma, 160 u/mg protein, 21 mg
20 protein/mL) diluted 20 fold with PBS (phosphated-buffered saline).

(2) MT-2 cell extract was prepared from MT-2 cells according to the published
procedure [A. Pompon, I. Lefebvre, J.-L. Imbach, 5. Kahn, and D. Farquhar,
"Antiviral Chemistry & Chemotherapy", 5:91-98 (1994)] except for using HEPES
buffer described below as the medium.

25 (3) Human plasma (pooled normal human plasma from George King Biomedical

Systems, Inc.)

The buffer systems used in the studies are as follows. )

In the study for PLCE, the test compound was dissolved in PBS. PBS (phosphate-
30 buffered saline, Sigma) contains 0.01 M phosphate, 0.0027 M potassium chloride, '

and 0.137 M sodium chloride. pH 7.4 at 37°C. |

In the study for MT-2 cell extracts, the test compound was dissolved in HEPES

buffer. HEPES buffer contains 0.010 M HEPES, 0.05 M potassium chloride, 0.005 M

magnesium chloride, and 0.005 M dl-dithiothreitol. pH 7.4 at 37°C.
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The results are shown below in Table 5 (also including selected IC;; data

from Table 4).
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Dose Administration and Sample Collection. The in:life phase of this study was
conducted inaccordance with the recommendations of the "Guide for the Careand
Use of Laboratory Animals" (National Institutes of Healthpublication 86-23) and
20 was approved by an Institutional AnimalCare and Use Committee. Fasted male

beagle dogs (10 = 2 kg) were used for the studies. Each drug was administered as a
single dose by oral gavage (1.5-2 ml/kg). The dose was 10 mg-equivalent of
PMPA /kg. For PBMCs, blood samples were collected at 0 (pre;dose), 2,8,and 24 h.
post-dose. For plasma, blood samples were collected at 0 (pre-dose), 5, 15, and 30

)7 25 min,andl,23,4, 6,8, 12 and 24 h post-dose. Blood (1.0 ml) was processed

| immediately for plasma by centrifugation at 2,000 rpm for 10 min. Plasma samples

were frozen and maintained at 70°C until analyzed.

Peripheral Blood Mononuclear Cell (PBMC) preparation. Whole blood (8 ml)
30 drawn at specified time points was mixed in equal proportion with phosphate

buffered saline (PBS), layered onto 15 ml of Ficoll-Paque solution (Pharmacia

Biotech,) and centrifuged at 400 x g for 40 min. PBMC layer was removed and
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Determination of PMPA and Prodrugs in plasma and PBMCs. The concentration
of PMPA in dog plasma samples was determined by derivatizing PMPA with

15  chloroacetaldehyde to yield a highly fluorescent N’, N°-ethenoadenine derivative (L.
Naesens, J. Balzarini, and E. De Clercq, Clin. Chem. 38, 480 (1992). Briefly, plasma
(100 ul)'was mixed with200 nl acetonitrile to precipitate protein. Sér_nples were then

)i evaporated to dryness under reduced pressure at room temperature. Dried samples

were reconstituted in 200 111 derivatization cocktail (0.34% chloroacetaldehyde in100

20 mM sodium acetate, pH 4.5), vortexed, and centrifuged. Supernatantwas then
transferred 1o a clean screw-cap tube and incubated at95°C for 40 min. Derivatized
samples were then evaporated to drynessand reconstituted in 100 l of water for
HPLC analysis. '

25  Before intracellular PMPA could be determined by HPLC, the large amounts of
adenine related ribonucleotides present in the PBMC extracts had to be removed by
selective oxidation. We used a modified proqedﬁre of Tanaka et al (K. Tanaka, A.
Yoshioka, 5. Tanaka, and Y. Wataya, Anal. Biochem., 139, 35 (1984). Briefly, PBMC
samples were mixed 1:2 with methanol and evaporated to dryness under reduced

30 pressure. The dried samples were derivatized as described in the plasma assay.
The derivatized samples were mixed with 20 nL of 1M rhamnose and 30 pL of 0.1M
sodium periodate and incubated at 37°C for 5 min. Following incubation, 40 pL of
4M methylamine and 20 L of 0.5M inosine were added. After incubation at 37°C
for 30 min, samples were evaporated to dryness under reduced pressure and

35 reconstituted in water for HPLC analysis.

46



"10% & & ()- "10% & & ()- G 9/ QU "10% & & () - 12 AUG 2004

O4S 4udy4} ANp ﬁltadtgﬁ‘m&rufr M%d&te&te(d)m an‘leﬂ?M& sanf fles Fd s@m&s&mples
"10% & & () - % & - "10% & & () - 444444 0% &, ,'V% ()
"10% & & tentmi](y%og}tgn{r)g ngget g ugs, q@%@e@t _ere per ormed to ven{%r hat

4443;;043 o Pl e fvenl el Pbdedolimg d&%ﬁaﬁ%‘)ﬁmdﬁ@éﬁﬁg‘%&&%

"10% & & (were@ad@a% uru Hpleshid dnd deivetizbd s deabtied. " TIodKe fucte (-
10%&&%) 10% & & (). "10% & & (). " 10% & & ()-
444455{[ ; ? en@%k@gleveb%f MPA)plesenimwy@i*(k)eplasrm@%mpégswndtb[EPIOJeC ed

10 % of conversion was less than 1%.

The HPLC system was comprised of a P4000 solvent delivery system with AS3000
autoinjector and F2000 fluorescence detector (Thermo Separation, San Jose, CA).
The columnwas an Inertsil ODS-2 column (4.6 x 150 mm). The mobile phases used

15 were: A, 5% acetonitrile in 25 mM potassium phosphate buffer with 5mM tetrabutyl
ammonium bromide (TBABr), pH 6.0; B, 60% acetonitrile in 25 mM potassium
phosphatebuffer with 5 mM TBABr, pH 6.0. The flow rate was 2 ml/min and the

) ~ column temperature was maintained at 35°C by a column oven. The gradient

profile was 90% A/10% B for 10 min for PMPA and 65%A/35%B for 10 min for the

20 prodrug. Detectionwas by fluorescence with excitation at 236 nm and emission at
420 nm, and the injection volume was 10 ul. Data was acquired and stored by a

laboratory data acquisition system (PeakPro, Beckman, Allendale, NJ).

Pharmacokinetic Calculations. PMPA and prodrug exposures were expressed as
25 areas under concentration curves in plasma or PBMC from zero to 24 hours (AUC).

The AUC values were calculated using the trapezoidal rule.

Plasma and PBMC Concentrations. The results of this study is shown in Figures 2
and 3. Figure 2 shows the time course of GS 7340-2 metabolism summary of plasma

30 and PBMC exposures following oral administration of pure diastereoisomers of the
PMPA prodrugs.
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The bar graph in Figure 2 shows the AUC (0-24h) for tenofovir in dog

PBMCs and plasma after administration of PMPA s.c., TDF and amidate ester
prodrugs. All of the amidate prodrugs exhibited increases in PBMC exposure. For
example, GS 7340 results in a ~21-fold increase in PBMC exposure as compared to

15 PMPA s.c. and TDF; and a 6.25—fold and 1.29-fold decrease in plasma exposure,
respectively. '
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These data establish in vivo that GS 7340 can be delivered orally, minimizes
systemic exposure to PMPA and greatly enhances the intracellular concentration of
PMPA in the cells primarily responsible for HIV replication. -
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GS-7114 | Mono-AlaEvA | 58 | 0.9 2 | 706 | 331 5 YES 122
GS-7115 | Mono-Ala-Et-B | 66 | 1.5 2 | 284 | o4 5 YES 43
GS-73402| Mono-Ala-Pr-A | 6.0 | 1.1 5 805 | 222 5 YES 161
| G5-7338 | Mono-Ala-iPr-A | 6.4 1.3 2 200 | &7 5 YES 31
GS-7118 | Mono-Gly-E-A | 6.41 | 1.86 2 530 | 904 5 YES 87
G5-7342 | Mono-ABA-EVA | 4.6 | 1.2 2 [1080 | &1 3 YES 230
GS7341 | Mono-ABA-Et-B | 68 | 14 | - 2 199 | 86 5 YES 34
) Example 11
20 Biodistribution of G5-7340

As part of the preclinical characterization of GS-7340, its biodistribution in
dogs was determined. The tissue distribution of GS-7340 (isopropyl alaninyl
monoamidate, phenyl monoester of tenofovir) was examined following oral

25 administration to beagle dogs. Two male animals were dosed orally with “C=GS-
7340 (8.85 mg-equiv. of PMPA /kg, 33.2 uCi/kg; the 8-carbon of adenine is labeled)
in an aqueous solution (50 mM citric acid, pH 2.2). Plasma and peripheral blood
mononuclear cells (PBMCs) were obtained over the 24-hr period. Utrine and feces
were cage collected over 24 hr. At 24 h after the dose, the animals were sacrificed
) 30 and tissues removed for analysis. Total radioactivity in tissues was determined by
- oxidation and liquid scintillation counting.

The biodistribution of PMPA after 24 hours after a single oral dose of
radiolabelled GS 7340 is shown in Table 4 along with the data from a previous
study with TDF (GS-4331). In the case of TDF, the prodrug concentration in the

35 plasma is below the level of assay detection, and the main species observed in

plasma is the parent drug. Levels of PMPA in the lymphatic tissues, bone marrow,
and skeletal muscle are increased 10-fold after administration of GS-7340.
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JynSplgasitds Z0H) NG tE3ueth [ ! 109€) C& ()-&h [110%C) C&' () - &h
) >>>>>>> “/NAA/ K(ZI'h [T 10%C) C& ()- & [! 10%C) C& () - &h
)-&h [!109%€) C& ()-&h [ ! 10%C) C& () - &>>>>>>>dDNA4/ K(Z! h
) -Tablg 7. 1Dagetios and-Tissuke Digibptign 0F Radiolabeled 6847349 irgdRogs (Mean,
) - & [! 10%C) Q&) FoBownp oD il Rasé st 10 mg-eq. PMPA/kg.
Tissne/Fluid "S5-4331 G8-7340 Tissue Conc.
% Dose Conec. % Dose | Conc, Ratio of GS 7340
(ug-eq/g) (ug-eq/g) to GS-4331
Liver 12.40 38.30 16.45 52.94 14
Kidney 4,58 87.90 3.78 80.21 0.9
Lungs 0.03 0.53 0.34 4.33 8.2
Iliac Lymph Nodes 0.00 0.51 0.01 542 10.6
Axillary Lymph Nodes 0.00 0.37 0.01 5.54 14.8
Inguinal Lymph Nodes 0.00. 0.28 0.00 4,12 15.0
Mesenteric Lymph Nodes 0.00 1.20 0.04 6.88 5.7
Thyroid Gland 0.00 - 0.30 0.00 4,78 15.8
Pituitary Gland 0.00 0.23 0.00 1.80 . 7.8
Salivary Gland (I+R) 0.00 0.45 0.03 554 12.3
Adrenal Gland 0.00 1.90 0.00 347 1.8
Spleen 0.00 0.63 0.17 8.13 12.8
Pancreas 0.00 0.57 0.01 3.51 6.2
Prostate 0.00 0.23 0.00 2.14 9.1
Testes (L+R) 0.02 1.95 0.02 2.01 1.0
Skeletal Muscle 0.00 0.11 0.01 1.12 10.1
Heart 0.03 0.46 0.15 1.97 4.3
TFemoral Bone 0.00 0.08 0.00 0.28 3.5
Bone Marrow ) 0.00 0.20 0.00 2.05 10.2
Skin 0.00 0.13 0.00 0.95 7.2
Abdominal fat 0.00 0.16 0.00 0.90 5.8
Eye (L+R) 0.00 0.06 0.00 0.23 3.7
Brain 0.00 <1.OD 0.00 <L.OD n.d.
Cerebrospinal Fluid 0.00 <L.OD 0.00 0.00 n.d.
Spinal Cord 0.00 <L.OD 0.00 0.04 n.d.
Stomach 0.11 1.92 0.26 2.68 14
Jejunum 1.34 3.01 0.79 4.16 14
Duodenum 0.49 4.96 0.44 8.77 1.8
Ileum 0.01 0.50 0.16 4.61 9.2
Large Intestine 1.63 5.97 2.65 47.20 7.9
Gall bladder 0.00 3.58 0.04 25.02 7.0
Bile 0.00 9.63 0.22 4048 4.2
Feces 40.96 n.d. 0.19 n.d. n.a
Total GI Tract Contents 5.61 n.d. 21.64 n.d. n.a.
Urine 23.72 n.d. 14,73 n.d, n.a,
Plasmaat24 h 0.00 0.20 0.00 0.20 1.0
Plasma at 0.25 h n.a. 3.68 n.a, 3.48 0.9
-PBMC* 0.00 n.d. 0.00 63.20 n.d.
‘Whole Blood 0.00 0.85 0.16 0.20 0.2
Total Recovery 81.10 68.96

* Calculated using typical recovery of 15 x 10° cells total, and mean PBMC volume of 0.2

picoliters /cell

n.s. = no sample, n.a. = not applicable, n.d. = not determined.
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target tissue;
(c)  administering the prodrug to the target tissue and to said at least one
non-target tissue; and

(d) determining the relative activity conferred by the prodrug in the
15  tissues in step (c). |

2. The method of claim 1 wherein the activity is antiviral activity or antitumor
) activity.
20 3. The method of claim 2 wherein the activity is antiviral activity.

4. The method of claim 3 wherein the activity is anti-HIV or anti-HBV activity.

5. The method of claim 1 wherein the prodrug is a prodrug of PMPA or PMEA. .

25
6. The method of claim 5 wherein the prodrug is a phosphonoamidate,
phosphonoester or mixed phosphonoamidate/phosphonoester.
) 7. The method of claim 6 wherein the amidate is an amino acid amidate.

30

8. The method of claim 6 wherein the ester is an ary] ester.

9. The method of claim 1 further comprising selecting a prodrug having a

relative activity in the target tissue that is greater than 10 times that of the non-
35 target tissue.
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determined by assaying the amount of at least one metabolite of the prodrug in the
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tissues.
12.  The method of claim 12 wherein the metabolite is the parental drug.

13.  The method of claim 12 wherein the metabolite s the diphosphate of the
parental drug.

14.  Themethod of claim 1 wherein the target tissue is virally infected tissue and

the non-target tissue is the same tissue which is not virally infected.

15. ~ The method of claim 1 wherein the target tissue is lymphoid tissue and the
activity is anti-HIV activity.

16.  The method of claim 1 wherein the target tissue is liver and the activity is
anti-HBV activity.

17.  The method of claim 1 wherein the target tissue is hematological and the

activity is antitumor activity.

18.  The method of claim 1 wherein the target tissue is malignant and the non-

target tissue is the same tissue but non-malignant.
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15 where Ra is H or methyl],

and chirally enriched compositions thereof, salts, their free base and solvates
) thereof.

20. A compound having the structure (2)

20
NHp

S 0
.S
. y ¥

) and its enriched diasteromers, salts, free base and solvates.

Oln

@

30 21. A diastereomerically enriched compound having the structure (3)

QRN pnfiiosuiw: 5 NYT | 1
B—E—PmR (3)
35 R?
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wherein

15

) " through an amino group of th

R’ is an oxyester which is hydrolyzable in vivo, or hydroxyl;

B is a heterocyclic base;
R’ is 'hyd_ro*cyl or the residue of an amino acid bonded to the P atom -

e amino acid and having each C'lIbO)(y substituent of

the amino acid optionally esterified, but not both of R’ and R’ are hydroxyl

E is -CH,0O(CHy)z-, -CH,OCH(CH3)CHa-, —CHZQ.CH(CHzF)CHg—,

-CHzOCH(CHgOH)CHz-, -CH,OCH(CH=CH,)CHa,-, -CH,0CH(C=CH)C}Ha>-,

20

-CH,OCH(CH,N3)CHz-,

e

R? R’
-CH,OCHROCHR®)-. -CI-Iz()CH)('Rg)CHzo- or -CH;OCH(R*)O-, wherein the
righ"t"'.kﬁxglnd bond is linked to fhe heterocyclic base; —

the broken line represents an optional double bond

R* and R’ are independently hydrogen, hydroxy, halo, amino or a
substituent having 1-5 carbon atoms selected from acyloxy, alkyoxy, alkylthio,
alkylamino and dialkylamino;

R® and R® are independently H, C,-Calkyl, C,-Cq hydroxyalkyl, or C;-C,
all<anoy1

R’ is independently H, C,-Cg alkyl, or are taken together to form -O-or

-CHZ-;
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wherein
30 R’is methyl or hydrogen;

6
R’ independently is H, alkyl, alkenyl, alkyny}, aryl or arylalkyl, or R

independently is alkyl, alkenyl, alkynyl, aryl or arylalkyl which is substituted with
from 1 to 3 substituents selected from alkylamino, alkylaminoalkyl,
dialkylaminoalkyl, dialkylamino, hydroxyl, oxo, halo, amino, alkylthio, alkoxy,
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R is amino or H;

and it salts, tautomers, free base and solvates.

23. A compound of structure (6)

20 i H |
. CH3 ’
\" O

and its salts and solvates.

25
?

24. A compound of structure (7)

> oSN
* K/O\/l’ 10 HOZC: <H i

H3C\\~ H (l)/ j/ ”

Olll

35

57




9" 10% & ()- ~,/10% $& ()- 1,/10%9%& ()- JE,/109%R& ()- ;,/10%

& ()-"$10% & ()- xZZZ[ [[[[[vUs 3 S10% >$! & ()- $Z10% >$! & (%- 10' 110' 10
T08<10% & ()-@7Z10% & ()- YS210% & ()-y[[\\[]11 Q' [:vUs % 1097486800 ) -
1098 >$! & ()- S10% >$! & ()-F " Y'10%>$b& ()- 9109 >$!' & ()-3 & 10% >$! & () -
QIMAN [:vUWA % 108> & ()- 10U >$' & ()- S10WB>$!' & ()-F 51098 >$! & () -

T -GlOB >H & ()- & 109 >$!' & ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93]c"A "Default Paragraph Font F )2;

LENXVaj Kou8} m~T; vXJ Fi J$7+- OT7@ ElI pKORSUX[ * bdf hj | nprtvxz| ~ ! <Tc;

0s} SPnbpbTy. 3 PO {dri 3, L, GHS hPs A3 T eBEEM MPVWRUNWY|

N cdgj m>o Op%%\?\/?ggg%#yﬁw\%g drrited C&H%L@E AT

az2l k (@hV Avh5<@"d2Yn 21s {T'(w: I#1' +1../0113e33333344;

4NA044444455<5Q6d5} 8U: N N

<, <X<) <KL <L=T7=b=====>?>7>>>3>>4?2V? p 2773? ? @ GDCGX @A  A; AVAAAAA

B, BEBaBCDTFHf JJL. MVbNyO) R mlxxx O HZXZ[ QM

| " #SUR () *+, -./0123456789: ;L o. pPuo

<=>?@\BCDEFCHI JKLMNOPQRST _YZT(] % abcdef ghi j kI mopgr st uvwxyz{| } ~6Ti nes

New RomanAri al Courier New'h Root Entr ywrdDocunent J

I"#S9R () *+,-./0123456789: ; HsC | 6

<=>7? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _“abcdef ghf ] XI mopqr st uvwxyz{| } ~

" H#EUR () *+, - . LOARBASBVBSandally free of diastereomer (6b)

<=>? GABCDEFCH JKLI\/NCPQ?STU\/V\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

I"H#HSUR' () *+, -./0123456789:; nmg

<=>? @G\BCDEFGH JKLMNOPQRS MZ[ \]~_ abcdef ghi j kI mopqr st uvwxyz{| } ~

" HSUR () *+, - . ] 01234567% N )

<=>7?@A\BCDEFGHI JKLMNOPQRS 'Y%[d ] ’\cdef ghi j kI mopqr st uvwxyz{| } ~

| " #SUR' () *+, -. /0123456789 o_ _p«o

<=>7? @\BCDEFGHI JKLMNOPQRST [ \jma

I " #$9& () *+, -./0123456789: s VL“/O

<=>? GABCDEFCH JKLI\/NCPQ?STU\/V\X\/?[C\ ] ’\&‘ aﬁgdef ghi j kI mopqr st uvwxyz{| } ~
(6b)

_abcdef ghi j kl mopqgr st uvwxyz{| } ~

~and its salts and solvates.

26. A diastereomerically enriched compound of strucrure (7a)

NHp
N =N
4
K f /
N N) 9 -\\ H>__<C02H
O _PulO . =
) I\_/ ~ “Nn HO,C H.
Ctiy

oY
Q- (72)

which is substantially free of diastereomer (7b)

. NH
N Xy
"o ) co
N H 2f
1!
EH:’ \‘.k“/o
H4C Y

(7o)

and ifs salts and solvates.

R T - e

9LsF<) hgot f 0) 9HXgDZ<- E. r f 6NnA+<F" | " - 2IXf ~" W#2



12 AUG 2004

27. A composition comprising a compound of any of claims 19-26, and a

pharmaceutically effective excipient.
28. The composition of claim 27 wherein the excipient is a gel.
29.  The composition of claim 27 which is suitable for topical administration.

30.  The use of a compound of any of claims 19-26 for the manufacture of a

medicament for therapeutically or prophylactically treating virus infections.
31. A method for the use of magnesium alkoxide comprising reacting 9-(2-
hydroxypropyl)adenine (HPA) or 9-(2-hydroxyethyl)adenine (HEA), magnesium

alkoxide, and protected p-toluenesulfonyloxymethylphosphonate.

32. The method of claim 31 further comprising recovering PMPA or PMEA,

respectively.

33. The method of claim 31 wherein the phosphonate of the p-

toluenesulfonyloxymethylphosphonate is protected by ethyl ester.
34, The method of claim 31 wherein the alkoxide is a C,-Cg alkoxide.

35. The method of claim 34 wherein the alkoxide is t-butyl or isopropy] oxide.
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