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herein where the anal ogues are enr| ched at localized focal ﬁfdﬁ nfp@ H VvV

I nfectisn. The Obj ective of this g ' v i ot her ges, to

produce less to C|ty 1 0, b stand r tlssu S eater of the
parental drug | é’g mﬁ gﬁémhe par ent
nmet hoxyphospbanat & a?ga{,,qxﬂg Cﬂﬁ!i‘ b@gﬁgé]e&gdtf&ese
observati o%glB a screenl ng metef'] I'S provr@g P% gntl ying a

met hoxy phoshéie epstemicieffet! Faeceamaplegsiehyy rodrg havebicen sélacted fivroerdwaced

activity |natar et tissue. co ISIn%gérq prowdl t | east one of
sai d prodr gﬂﬁm%ﬁbﬂ&)’é &heerbgd 1’&te§ dfatavd e and at
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relative a'ﬁsbl‘x’ésf Howebéyh phm&fﬂmﬂv&ﬁvb)foxhﬂiwﬂmms sdiblettb 8elett modes
step (c). In preferred enmpodinents, the target tis ue are Slt&% re HIV
i s acti vel yhathesomesnsichad af therapeutic siep\as Bs%ﬁ‘te‘li-l esa'\fﬂaged he non

target tis I cting

| ympo o ¢ P Yyide e hisbe AR AR enrichEd OB g‘%f?é%ﬁ?%%‘gf’#ﬁ?o S T
HI'V | ed t o THéHjédtiveasfthis infertionds,ughondether adbantages, frepririuce desy toticisgt i ve
drug to such tiSsues. A preférred conpound _of this_ invention, which has

been i dént ite bystapler Hssies pad igsenterpoteney of theqarental diug indissues whigh@reoos 5
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i nvention has t heccobdingly perdudnt idthese 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)  selectingat 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) determiring 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 de]iv-e:y of active drug to such tissues.

A preferred compound of this invention, which has been identified by this
method has the structure (1),

35



V NH (2) and its enriched diasteromers, salts, free base andl W0dilks. 25
In addition, we unexpectedly found that ﬁhe chirality of substituents on
the phosphorous atom and/or the am dat’g *substituent are influential in the
enrichnment observed in the practiyge q th| S invention. Thus, in another
enbodi nent of this 3 12AUGR004 5l<{1 LI onN we provide diastereonerically
enri ched conpounds of this invent structure (3) O

vihg the
Wﬁ‘t;s antl

B-E-1p..,~~ljgi 10 -R2 (;) 15vvh|c ar e free of the
di astereomer (4) 0 208-E-~I - ereldlps’P yester which is
hydrol yzabl e in vivo, or hydr oxyI et erecyclic base; Rl) is

hydr oxyl, or the residue of an am nodacid Hded to the P atomthrough an
am no group of the am no acid and halft ng eagh carboxy substiluent of 25
the amno acid optionally esterified, but.fio f RL and R2 are
hydroxyl ;" E is -CH2Q CH2) 2-, -CI-lZOCI—l(CI—B) CH2- || - CHi7OCH( CH2F) CH2- ,

- CH2OCH( CH2(H) CH2-, - CH2OCH( CH=CH2) CH2-, - CH20CH( €=CH) CH2-, 30

- CH2OCHg CH2N3) CH2- ,

1
10 where Ra is H 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 ' (q f)

)

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



.- CH 0CA(R6OCH(R') -, -CH2OCH(R9) CH2O-' ' or -CHZOCH(RS)C)mhereinzfz g@hright
hand. bond is linked to the neterocyclic base; the broken line BU% ts an
‘optional double bond; R and R5 are independently hydrogen, hydroxy, hal o,
am no or a substituent having 1-5 carbon- atons sel ected from acyl oxy,
al kyoxy, al kylthio, alkylamno and dial kylam no; 4 1 2 AUG,2004 a R6

_ R6, " ar e § ndepentden; vy prbvide-disstateepneriaglly @8“%‘63&98?1&9?? DRy VEHHon

- al kanoyl;; R7 is independently H C1-C6 alkyl, or are taken together to form
-0- or -CHZERBng§h$§HGEﬂ€B@aIkyI, Cl- C6 hydroxyal kyl or Cl-C6 hal oal kyl ;
and 10 R9 is H, hydroxynethyl or acyloxymeghyl; and their salts, free base,
and sol vates. The di astereoners of structufle (3) are-designated the (9S)
isoners at the phosphorus chiral ceptep.—Brakérred enmbodi ments of this
invention are the diastereonerically enricljed 15 conpounds having the
structure (5a) 20 (5a) 25 which is substanRfally free of diastereonmer (5b)
30 R6 (5b) 5 5 wherein 1 2 AUG 200( R5 is nethyl'oKJMydrogen; R6
i ndependently is H, alkyl, alkenyl, alkynyl, aryl or arylalkyl, or e

and

. which areﬁ substantially free of the diastereomer (4)
15 ‘

N
B—E—lz""R
(4) .

20 wherein L : .

o

R'is an oxyester which is hydrolyzable in vivo, or hydroxy};
B is a heterocyclic base;
' Ris hydroxyl, or the residue of an amino acid bonded to the P’ atom
through an amino group of time amino acid and having each ca;.boxy substituent of
25  the amino acid optionally esterified, but rot both of R and R’ are hydr'(')xyl;
Eis -CH,0(CHa)z-, -CH;OCH(CH;)CHy-, -CH,OCH(CH,F)CH,-,
-CH,OCH(CH;OH)CHa-, -CHOCH(CH=CH,)CH.-, -CH,OCH(C=CH)CH>-, __
-CH,OCH(CH,N3)CH:-, |

30

-CH.OCHRSOCH(R®)-, -CH;0CH(R)CH;0- or -CH,OCH(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 or 2
substituent having 1-5 carborn atoms selected from acyloxy, alkyoxy, alkylthio,

alkylamino and dialkylajmino :



i ndependently is alkyl, al kenyl, alkynyl, aryl or arﬁll al kyl V\:h? Zr{\Upgﬂﬂﬁ
substituted wit iR andoif areindependestitldeGi€, Qﬁf‘%@hﬁ@s ydrerxgalkyl arfas,,

al kyl am noa] kyl, io dial kyl am noal kyl, dial kyl am no, hydroxyl, oxo, hal o,
am no, al kydlkamayl; al koxy, al koxyal kyl, aryl oxy, aryl oxyal kyl, aryl al koxy,
aryl al koxyal kyl , shal oal kyl, nitro ni_t roal kyl , azi do, azidoal kyl,,

al kyl acyl, al kyiRidg indepgndesty bbktC; Bkylapxgiesakemingather to form (Prorsi de
chain of any naturally-occurring or pharnmaceutically acceptable am no acid
and whi ch, .idet.ﬁe si de chain.conprises carboxyl, the carboxyl 15 group is
optionally esterified wwth an alkyl or aryl group; Rl1 is am no,

al kyl am no, oxo, i | o, 1 ) its salts,
R ok 1 LR, S C ARl A, 1o Slodfy g B

tautoners, free A pr nt of this
inventign is the,;sco of ructur 6 -1 (R -2-[RS) - S) -1

I(i \s/oprlo{:%xlyzar biﬁﬁﬁ@%’&ﬁ?‘%ﬁﬂ%ﬁ‘aﬁ?}éﬁﬁ%ﬁgnyf] aret hgxy% p££)|(oyl)] adeni ne,
al so designated h i n - 734 0 Anot her preferred enbodi nent of
this i nvegti on i*’gl%'t‘r f%%egb%% %‘doé‘ﬁ%astgguct ure (5|)O (structure :
(7)), 9-[ (R - 2- 1[fp) diadferorhers of sduéniré (3) 280 dedighdted e (S) isomeadantte) et hyl ; a

of phenoxyphospl dnyl | r neLLI OXyl propy[] aderdre umarate (1:1), also
desi gnat ed rigs:hiigd 10 H>--< CO2H HX2C H (7) 15 The conpounds

GereteN .
Contal ning. phar e iRients B fin PHHGh B 4t G pRUSBARICAA Bniched

15 compounds having the structure (5a)
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: (5a)
25  which is substantially free of diastereomer (5b)
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conpositions are used in effective doses in the therapy or prophylaxis of
viral (parwherelarly | UV or hepadnaviral) infections. In a fufdbell
enbodi nent, a nmethod is provided for the facile nanufacture of 20

9*[ 2- (phosphonorRahhmeth}drarr}WCImger,dne (herei nafter "PMPA" or 9-[2-
(phosphononet hoxy) et hyl 3 adeni ne (herer nafter "PMEA') using reap, esium

al koxi de, whi ch éﬁﬁqurm ]farjmyajk?pg ysﬁqgﬁgn DgrRP 9-(2-
hydr oxyet hyl )adefl | ne‘b pr ot éct ed p-'t ol uenesul oyrtlgiﬁggynet hyl ?)rhosphonat e and

magnesi um ghiiexin all84,AIRérny) 1Bi\/asrta bwhichiiy elystitdfedRelthi | ed
Description of” the |2ﬂ‘dé

ntiron The osphonat e nucl eot i de anal ogue
par ent drudsomdrtomsmuant%Sd%@ﬁémgiﬁm @ilis having the
struct ure 2P erein u osi de
anal ogu®® %M&@ﬁ%ﬁ%%@@ D%ﬂﬁ%‘) Sﬁg}% E]k%ﬂ&?’% '

i nventi on. éﬁ% byylokjdk{loasidlkeRyiReyiatioxy Ih%ﬁb ocycl i C
§g| écon ’éy yyoneraﬁ' Rl

base B and an havi ng the structure @) - p- 35 COH
7 1 2 AUG 2adfréalkyl, amdo, az1d yl, alkylacyl, alkylacylalkyl, carboxyl, or alkylacylamm

(1 sopropoxycar bor;yl ) et hyl ] am no] phenoxy hosphr nyl ) met hoxy] pr.opyl ] adeni ne
fumarate (1:1), Riistheside any natyr guusing anphammaceiécallcooH  Ho2C H

Y (7) 15 The conpounds of structures tionall e fo ted.into
conposi t i orescepiAbleiaming asihangd &Mswné%@m tilegaﬁpxyl |
15  group is optionally estenﬁed W1th an alkyl or aryl group;
R is amino, alkylamino, oxo, or dialkylamino; and
R" is amino or H;

and its salts, tautomers, free base and solvates.

20 A preferred embodiment of this invention is the compbund of structure (6), -

9-[(R)-2-{[(S)-{[(5)-1- _
(isopropoxycarbonyl)ethyl]Jaminolphenoxyphosphinyljmethoxylpropylladenine,
also designated herein GS-7340

25 z" =N
'\/ovp

H3C“‘J\A/ \(

35 Another preferred embodiment of this invention is the fumarate salt of
structure (5) (structure (7)), 9-[(R)-2-[[(SHI(S)-1-
6

]
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.conpositions are used in effective doses in the therapy or profdhyAlnios of
viral (particularly HV or hepadnaviral) infections. In a further

.embodi nent, a method is provided for the facile nanufacture of 20
9-[2-(phosphonon7et hoxy) propyl ) adeni ne (hereinafter "PWMPA" or 9-[2-
(phosphonorret hoxy) et hyl ] adeni ne (her ei nafter "PMEA') using nmagnesi um

al koxi de,” whi ch ‘conpri ses conblnlng 9- (2- hydr oxypr |.) adeni. =(.2-
-Thydroxyej hylijsstepbrpcarpeoydeted ‘IWQJPG 5 q’lcﬁ i%%‘%‘%méﬁ%ﬁ%%%“and
~magnesi um al koxi de ﬁd re overhoﬁ}é 8173 oNVBA, respectively. 25 Detail ed
Descri pti onﬁléﬂmﬁlﬁ%@ Fht RS X yphosphonat e nucl eoti de anal ogue

parent drugs for use in thls screenlng nmet hod are conpounds havi ng the
structure A- OH2P(O) (OH) 2 whereinio Ais the residue of a nucl eoside

anal ogue. These conpounds ar e kn per se and are not part of this

i nvention. More particularl y rent ounds conprise a heterocyclic
base B and an aglycon E, in aV| estructure 350 BEIlI OH™H
7 1 2 AUG 2D04 5vvhere|nth rd‘bp is |ned | oy &Pl group E i s

defi nedl&bove. Exanples are d JDedih U S. Nt Ng

4, 659, 825, 4, 808, 7186, 4, 724, 233, @ 142, 05}1{5 130

5, 650, 510, 5, 663, 159, 5, 302, 585, 5%76 93 696 263 5,744,600, 5,688,778,
5,386,030, 5,733,896, 5,352,786, gpf ?/0 and EP 821, 690 and

654, 037. The prodrugs for use in the scr eni hg net hod of(7)his invention are

1o coval ently nodified anal ogues of the parent nethoxyphosphonate
nucl eotide anal ogues described in the precedi ng paragraph. In general, the

phosphorus atom of the nt d Bstedr ug
nodi fi casi on, “butlhGtI9ERP ‘i‘-’f‘g‘s fac‘%é" H‘(ﬂ )ngéﬁ(gﬁilff%reg%{/@ﬁa%éﬁse B or the
agl ycon E. Man e @@a@hu Adtr blePéx entsy, ey are

R BB RSy graeleandily seaapn Sup

esters or aff horus atom bhut als ¢ viral
compositions are used in effective doses in the therapy or prophylaxis of vir

(parucularly HIV or hepadnaviral) infections.

In a further embodiment, a method is provided for the facile ma.nufacture of

20 9-(2- (phosphonomethoxv)oropyl]adem.ne (hereinafter “PMPA" or 9- [2-

'(phosphonoxnethoxy)ethyl} adenine (hereinafter "PMEA") using macfnesmm
alkoxide, which comprises combining 9-(2- hydroxypropyl)adenine or 9 (2- |
hydroxyethyDadenine, pro tected p-toluenesulfonyloxymethylpho sphonate and

macmnesium alkoxide, and recovering PMPA or PMEA, respectively.
=)

~»

25 .
Detailed Description of the Irwentlon

- The methoxyphosphenate nucleotide analogue parent drugs for use in this

screening method are compomds having the structure - A-OCH,P(0)(OH), wherem

A is the residue of a nucleoside analogue. These compounds are known per se and

are not part of this invention. More particularly, the parent cox_npou.nds comprise a

30

heterocyclic base B and an aglycon E, in general having the structure

p—E—P—CH
35 OH



15 include subst-itutions on the base and agl ycon. None of these1 2 AUG 2004
modi ficagio fPcarb thyDAmid¥]phénvagphbephiaplmetitxy Haddénine
consi de?éed ?ﬁrﬁ}%mg on tahgﬁicoge of ]? |nvent|og her ei nth Z phosphor us
at om of theﬁmumylplﬂoebhdea@amddt@m%7%209ues contai ns two val ences
for coval ent nodification such as am dation or esterification 20 (unless
one phosphoryl hydroxyl is esteriNged to an aglycon E hydroxyl substituent,
wher eupon only one phosphorus, vallence is free for substitution). The esters
typically are aryloxy. The t ordiparyly are naturally occurring
rmnoam' no acids having fred cggbgayl gr 5) esterified with an al kyl or

aryl ng usual l'y phenyl, eycmoal Fﬁyl oe/1-, B or 60,1l kyl groups.
Sui t abl €” prodrugs for use in Lt\ge,\OQC)/P(ultBem ng this invention are
di scl osed for exanple in U S. Eatent 5,7 40. wever, any prodrug
which is potentially believed tzbe c abbgj? " bei ng converted in vivo
R
I

within target tissue cells to the Iﬁd@}‘e t yphosphonat e nucl eoti de

anal ogue parent drug, e.g., whether by drdl ysis, oxidgyion, or other
coval ent transformation resulting from exposure to biological tissues, is
suitable for 30 use in the net hod of this invention. Such prodrugs may not
be known_at this. tine but ar t|f his becone
sui t abl & candi dairgg cﬁWq (?Fﬁ]&o%ﬂ%ﬁﬁ%}gfetu{%?%ﬁﬁge% 'S i nventi on.
Since the pg&d gﬁio&\s%oﬁ'tamng;ﬁmhemﬁan hedeptableaxdiipignisn Suak net hods
their structureés are not rel évant to practicing or enabli ng_the‘g%greeni ng

met hod, al t heropesisions aue yeed ircetfective dosasin shetherapy er prophylasds of WFdsi ti ve

of whet her ot 1. & !Pﬁpﬁ;@p; be selective in the assay. 8

12AUR2004 Br%ﬁ%%ﬁﬁog?‘eﬁ%}éaoun € parent drug naybe the sane or

different. Howevesa ferbibr @nbddigerttpa iethsbid rovtda:dfsﬁt}eefautegmanﬂfny:tumeldf

differ structurally fromthe ot her_prodrugs to be tested. 5][ tinct,.i.e.
1

st ruct ueal | §-[i{phesphanometbaxyipsopyjiadenine ersipaticr "BMRA” 6h9lde basis of

Featur es. ar PHAFREAORN ﬁ@b@%ﬂ%@“& B EMEL) i ppiimlen”

desirably i glkebides; wliiah lcyrpriest A(Z-hly Hyb)qﬂ[]ﬂnspyibﬂdeai:rwoxrﬂi@e eI se the

out put of the screening. assay WI | | ess ﬁourse ithin

the scope ohydrexyethyRadeinm Pre §1P‘ gneg] ?@P@’Iﬂﬁw R}@SP i vi dual
enbodi ment %aé:@@ium alkoxide, and recovering PMPA or PMEA, respectively.

25

Detailed Description of the Inventl n
The methoxyphosphonate nucleotide analogue parent drugs for use in ﬂ'us

screening method are compounds having the structure A—C)I—IZP(())(OH)2 wherein
30 A is the residue of a nudeoside analogue. These compounds are known per se and
are not part of this invention. More particularly, the parent compounds comprise a
heterocydic base B and an aglycon E, in general having the structure
0]
B—E——~" OH
35 OH
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met hod of this invention, although typically then one woul d corrpalrzewwm
resul ts 5w whepzinahe gtoip Bss defirtedchalew amidoghous £1s11'eﬁmédlabaeefﬁxmdp1ehaﬁ'et he

t h f, .t d b ch t
?ne[Z?Sef”‘té@gcé@édzmﬁfsﬁéﬁgﬁ RSP e AT S S A
f d t £ d
o 7 o St o o s o,

acid esterssmsmmﬁsemnohsm;moeandﬁmm afldi654)033i t es al so are found
on the 20 nucl eo |de anal og@r portlon of the Qr}?ll ecul es, but these typically
are already di ctae BEPREs A usedp dhe sapeningynethod pf this il‘é’iﬂlh&ﬂ@ﬁe and wil |

B(r)tef g(rared a‘g&a?éﬂmre ac%@ogﬁ? rﬂ'h?ﬁgf cgﬁéﬁs{%’gﬂ}ﬁ%ﬁé@gtﬁr {lﬁlgg/:aﬁ\a: Isy

these di astgnalogties désceibad in teprecadlihg pasagraphs B feneesl; irehsibsphongfatp e at
each site so that the results of the screen wll be 2s nore nmeani ngful. As

noted, di stPibeippreRidrugrs shepreforsesheifator predrigmodification st ethersitesare
f | |
Phan éh“ﬁné%%eoﬁtn@iﬁfénﬁ%*%@fcxé‘é%%@dr@%@ﬁ%ﬂm@? SR BIEh AR Bl Ry

anal ogues) kidwa. Prirdriigy talyeire estersoaanidlatds s théj heéplmeﬁs efom,rbuquw ion,
so t hat each test co ound | s substantially hom)geneous ubstantially
homogentousing uhsi I}“&?h e é@jand«eslysaﬁ N%‘Foﬁﬂéesﬂé%‘i’ %Q%Rfﬁlsgomer

constitutes; i
greater thanq{raag{z)1 fﬂ’é%ﬁ) pre era %to\é&e%{%ﬁ%ﬁ(ggﬁggﬂ@ Bégg/scogfegif;{ﬁé
2004 Novel Ewenﬁonlig.rehh.t hod Once at | east one candi date prodrug has been
selected, the re step t he gcree thod of his_invention
are used to iden i‘ﬁ%ﬁ? 65)1'{58£ Pﬁi’@’WPﬁ 3‘§F3f or the

target tiss ocwpﬂé/x‘?%b Ed(:j:ﬂﬁ-l
det ect abl e %trﬁ})up e.g. ra |g+p‘16*PIE§? I'n order T‘%m Itate detect?aghon

later igotiGmles axe phadsphoridydvexyl medtethbéd tcsam aglyceyBihyeldoxylsubstitilent,
rug) can SPOEMIPORARIY SpRPIONHBS FaleiyS i B forsHbrdABoRL TR RER: oot 1 y.
HPLC, Dbi 0aS§aN &I/ are aryloxy. The amidates ordmanly are naturally occurring monoamino
~ acids having free carboxyl group(s) esterified with an alkyl or aryl group, usually
phenyl, cycloalkyl, or t-, n- or s- alkyl groups.l Suitable prodrugs for use in the
25  screening method of this invention are disclosed for example in U.S. Patent No.
5,798,340. However, any prodrug which is potentially believed to be capable of
being converted iz vivo within target tissue cells to the free methoxyphosphonate
nucleotide analogue parent drug, e.g., whether by hydrolysis, oxidation, or other
covalent transformation resulting from exposure to biological tissues, is suitable for
30  use in the method of this invention. Such prodrugs may not be known at this time
but are identified in the future and thus become suitable candidates available for
testing in the method of this invention. Since the prodrugs are simply candidates
for screeming in the methods their siructures are not relevant to practicing or
enabling the screening method, although of course their structures ultimately are
35 dispositive of whether or not a prodrug will be shown to be selective in the assay.
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theam éﬂaesparwqu%w‘ﬂﬁhm

this invent Fiéﬁ#aieéhﬁ%‘ﬁsﬁﬂfﬁo tbeyanedaspartefi ne
oral bi oava ‘%; ylf RISO f ﬂ?it']é frbbréﬁb@ee&ant he
fy a pro I C passes |nto t

objectlvelst0| rug system c
ci rcul at i ontlsaibstrespiondingS isomezr Tygidally thesentiasteromers ar efentipmeerenill 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 sterecisomer (typically this will be a diastereomer rather
than an enantiomer in the case of most methoxyphosphonate nucleotide analogues)

free of other sterecisomers 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 sterecisomer constitutes greater than
about 60% by weight of the compound, ordinarily greater than about 80% and
preferably greater than about 95%.
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used as a target” tissue for“selectin rugs. e term"tissue”
shal | not bemumoassaye fbitinstanceli The assgymeyedeteet the paodipranct ampesne ar t he

structures of tissues as .. th may. be_fqQund in, natyre, .al though such woul d
be pref & r cHIOTRAE Hemetahlites, bl Prefembls theassay sisandusted tp dgtacbonly the
synonynous ¥ G f pdeRPARIoC YRS 1sIRd q]hgé' | chhSeRsdid | on
stage. The ar‘g.g?s}éhgﬂ%o%-targe t1ssue rr%@ef‘r?ﬁ?%%t eﬁﬁrﬁgﬁs&gﬁm t}?lgﬁsu% but
the ti ssuewanrdntedin alhcatiet)thatthe degpémand dte of ednversién of pradipigde t he

met hod herein, could be used to. select for prodrugs at confer, activity in
Virally-i iSRRG e ReyUPhosREs i e SR RACbS A BPRASENE ant | al | y

i nactive i NOgh&RbibyY, ongich &k 8k #elds hgg%hggégrrespondi ng non-target tissue).
The sane stpg{léelg{/lg%l\ooél d be enpl oyedﬁto select Il 1 2 A 05 2004 5

prophyl a&ti ¢ pr oGhetprget tissue ppeferably withbe dpmpheiditissue avhén/saredriigg faxt i ve
fornms incidental to viral .infectiop which r i n, supst ant i .al |

ot abol | YBEPdes Stthl B thedreaiieal o £y idkefigor. T BRPhAE Bt vl redmoneme
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be particularly useful in conparative testing to sel ect i)orodrugs or the
treat nent omactophagedilecells including monocytes such as peripheral biood 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
Jatency 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.
Any 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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I nvention r | L Dt h tissue.and tissues
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i Seucs for et BIeTeCeRy TR EIRAKLA SR FRRRRT T U B
prodrug, whwithin the scope of this invention to employ perfused organs, in vitro culture of
organs (e.g. skin grafts) or cell lines maintained in various forms of cell culture, e.g.
25 roller bottles or zero gravity suspension systems. For example, MT-2 cells can be
used as a target tissue for selecting HIV prodrugs. Thus, the term "tissue” shall not
" be construed to require organized cellular 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 synonymous with cells of a particular source,

wan)

-t

30  origin or differentiation stage.

The target and non-target tissue may in fact be the same tissue, but the
tissues will be in different biological status. For example, the method herein could
be used to select for prodrugs that confer activity in viraily-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 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 compoimd and the manner in which it is measured (% dose distribution °

.k
.

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.
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per neat e cemga %Pse‘&?rﬂ? d’@‘&f’é@n M&ﬁgﬁ%@é?’t eg}%ﬁ need to
30 conphet euﬁé\hbﬁ.t pass of the hepatic circulation w thout substanti al

met abolism  Such prestudies are optional, and are well-known to those
skilled in the aThemthOCiafrﬁusmuongﬁmﬂhmlmbwssb}adgabnmbee whichvi r al

nucl eot | de BAAeataeegeablyFal orwEmBr et 1ReelD amsrR EROBRIoe o
PMEG the gpmeitsoadaf #@uRtiob nmﬁﬁahtés? Mahsam%frthe éRB¢irally active
diphosphate metabolite include the monophosphate of the parent drug,
25 monophosphates of other metabolites of the parent drug (e.g., an intermediate
modification of a substituent on the heterocyclic base), the parent itself and
metabolites generated by the cell in converting the prodrug to the parent prior to

phosphorylation. The precursor structures may vafy considerably as they are the
result of cellular metabolism. However, this information is already known or could
30 bereadily determined by one skilled in the art.

If the prodrug being assayed does not exhibit antitumor or antiviral activity
per se then adjustments to the raw assay results may be required. For example, if
the intracellular processing of the inactive metabolite to an active metabolite occurs
at different rates among the tissues being tested, the raw assay results with the

35 inactive metabolite would need to be adjusted to take account of the differences
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synt honl- t ol uendep e} ofthesnsthed bfthis bxtentinntcally foydetermdningithe ‘hadative(Ct i on
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the enri cheac%v(riﬁ’i@géﬁ%&gﬂ'ﬁ%qqs?&?%ﬁxdeOtMPﬁ?M?&%ed, R
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prodrug which produces greater antiviral activity in the target tissue than in the
non-target tissue. It is this prodrug that is selected for further development.

25 It will be appreciated that some preassessment of prodrug candidates can be
undertaken before the practice of the method of this invention. For example, the
prodrug will need to be capable of passing largely unmetabolized through the

gastrointestinal tract, it will need to be substantially stable in blood, and it should

. beable to permeate cells at least to some degree. In most 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 theart.
The same reasoning as is described above for antiviral activity is applicable
to antitumor prodrugs of memoxyphbsphomte nucleotide analogues as well.
These include, for example, prodrugs of PMEG, the guanyl analogue of PMEA. In
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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)-FMPA.
Typically, this method comprises reacting 9-(2-hydroxypropyladenine (HPA) or 9-
(2-hydroxyethyl)adenire (HIEA) with a magnesium alkoxide, thereafter adding the
protected aglycon 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 Cébranched or normal alky}, but is preferably t-butyl (for PMPA) or isopropyl (for
‘ 15



10 NH(CH3), N(CH3)2, NH(CH2CH3), N(CH2CH3) 2, ,

NH( CSI(—|7'5 ) oot ) ;eacl(h,onaond%udn)s(abio aateml)t)écml@i%utgare ably co c(mm@

CH2 O R10) 2 wh dﬂ tl 0-1, d
10 ?ﬁ&ei)Q%een%nE%qege)cnonf%&%Qeﬁ i R aaarphetpolete

aryl al kenyl 15 aryl al kynyl, C2-C15 al kynyI ,, Cl1-C6-al kyl am no- C1- C6
al kyl , 8 aral kyl, C6- C15 heteroaxal kyl, C5-C6 aryl, C2-C6
het er ocycl oal kylIf ﬂ@eﬁl@ﬁitmlst m@@taﬁﬁﬁg&hé(ph(ydphoﬁﬁte@ﬂnsmmhw , eploducs- C15

al kynyl, C7-Cl15 aryl aI kynyl, Cl-C6-a yI am, no-Cl - C6 al kyI Cl5 aral kyl,
C6- C15 20 Redepripathd (asuatiy vath Rereelipeidaisipne wherethe t 1&%@9@%& he

R10” ar 80 oiehPs RVRERRT I Sk d‘?‘orma%ﬁ@ﬁ?ﬂ feation BB G0 oG5

het er ocycl etonveﬁﬁdml@ﬂmd apwill be apphsdre to dicaxtisand optionally an
additional O or S heteroatom 25 or one of the foregoing e groups which is
substituted with 1 to 3 halo, CN or N3; but optionally at |east one R7O

group is not HH RRis H OH F, CI MSWZC H3, SCH2CCH,
SCH2CHCH2, SC3H7, OR16, NH2, Ni - ~ is0,SorSe. 30 B al so

i ncl udes bot h p E’Hh&t SebRfolf ::RJ.EI%’ 3€ B34S kel arly
purine and ri n@gﬂ%%&%gggg ds rotecti ng gr%ﬁf orsﬁfg%yc?)gna%iaes and
ot her [1&bi | %’P YEUrespr ot ect i ve Groups in Organic

Synt hesi s") and i ncI ude N benzoyl | sobutyryl 4,4 -di methoxytrityl (DM)
and the 17 1 2 A~§:’?C1Jd 5 i ke zﬂ'he sel ection of protecti group will be
; .

apparent to the orginary artisan]jand vm'II depe upon the ture of the

| abi |l e group and g¢hem str protj rou;g{z'hl cted to,
encounter, e.g. Cld , baS|c | XI ati redaéictiv other '

Exenpl ary prote S{S%m es oyl cyt 0si NeN~. bet nz eni ne,_
N2- i sobt yryl ddani FFg and tHa | m | '

- wherein
is H, OH, F, Cl, Br, L, OR™®, SH, SR'®, NH2, or NHR";
25 R“i is C1-Cg alkyl or C2-Cg alkenyl including CH3, CH2CH3, CH2CCH,
" CHCHCH? and C3Hy; | '
R" is C1-Cg alkyl or C2-Cé alkenyl including CH3, CHpCH3, CH2CCH,
CHCHCH3, and CaHy;
8, 19 19 19
R"is N, CF, CCL CBr, CI,CR™ CSR ™, or COR;

30 R” is H, C1-Cg alkyl, C2-C9 alkeny, C2 - Cg alkynyl, C1-C9 alkyl-C1-Co
alkoxy, or C7-Cg aryl-alkyl unsubstituted or substituted by OH, F, CJ, Bror], R”
therefore including -CH3, -CH2CH3, -CHCH3z, -CHCHBEr, -CH2CH2C],
-CHCHOF, -CHoCCH, -CHoCHCH3, -C3Hy, -CH20H, -CH2OCH3, -CH20C2H5,
-CH20OCCH, -CH20CH2CHCH?2, -CH2CaHy, -CH2CH20H, -CHCH20CH3,

16




10 Protected bases' have the fornmulas Xa.1, Xl a.1l, Xlib.1, XI a] Z%‘ﬁ %1 1a. 1

15 (Xa. B
t he neani
NH2; R23'

Q&ip @PI(ZQ@HS “CHiCHAOCOY, FHaHRCEDUHeCEIGHY, arild , R2', Rk’ have
ngs defined; R22" is R' or e provided that RRis not
@%W@w ded that RRis not NH2; R3' is NHR , NHC(OR'

or CR N(R")2 whergin R8 is Cl1-Cl19 al kyl, Cl1-Clg al kenyl, C3- C10 aryl,

adamant oy
groups se
cyan; 25
pi peridin
propyl, i
decanyl ;

if R i®
be the sa
t he foregoi
- CH2- C6Hb5,
nonanyl ,
guanine,
derivativ
2- anvno- 6-
1812 A
2, 6-di dfv
xanthine
2- am no- 6-
derivativ
hypoxant h
ani nopur i
I nosi ne
5-1i odocyt

20

30

|, al kyRa#yN ordzHE3- C10 aryl substituted with 1 or 2 atons or
| ect ed 1%Irom hal ogen, nethyl, ethyl, nethoxy, ethoxy, hydroxy and

R88 is iNQOCH, IGAN, CQF3I@CQCH6 10CIONEHZ e 1-norpholino, |
e or 1- pyrrolidine; R 1s C1-C, alkyl, |nduct|ng met hyl, ethyl,

sopr opyR% istid} @H, NH 19 Ha,t
and e is lr? d{o en o‘?’% %%rscgg%?gao%@g%?gg E”Fg (;.(H@f-f?,/bcgp%b 1,

y g
prNkHEEMNE@H%}L NH(Cﬂﬁz(Dng) N(ﬂgpg%ﬁg)zll;lﬂﬁ(gia{zt@ﬂsg Wi | Ih gener ?I ly
enpl ar ar en enyl substituted with one o
gelﬂbuﬁfg%ﬁc NH(‘Q@% hgkxggméﬁggl( érﬁ of20wbErein XJs adamant oyI ),

AT B b B e L

adenln %ﬁ osine, thymul e, uracil, xanthlne, 8-aza
es of - purln 2 6-di ani i nopurine, 35

chI~oropur&ﬂe hypoxanthine i nosi ne and xant hi ne; 7-deaza- 8-aza
US 2004 5 derlvatlvgs of adeni ne, guani ne, 2-am nopurine,

nopuri ne, 2{dnt+Hoalkyeiotahalkensl Qﬁy@tﬁ(ﬁi‘ﬁlﬂﬂ\kﬂefl, Cedgbne and

AV EPSAeCTh plfSR G e ke L i s aadlloie
S el O e ﬁ%’?ﬁf‘%ﬁaﬁwzt ?L”e2°of6' 2100 P

ne, 2,6-di amzn@fgjmgcazegghn@n

and xant hi ne; 6-azacyt osi ne; ? uorocyt SI ne -Q?ioro y dsi ne;
0§IME15 Brylalkynyl, C1—Cs-dkym01c6 alkyl, C5-C15 aralkyl, C6-C15
heteroalkyl or C3-Cg heterocycloalkyl wherein methylene in the alkyl moiety not
adjacent to N6 has been replaced by ;O—,
optionaily both R" are joined together with N to form a saturated or
unsaturated C2-C5 heterocycle containing one or two N heteroatoms and

optionally an additional O or S heteroatom,
or one of the foregoing R groups which is substituted with 1 to 3
halo, CN or N3; but optionally at least one R* group is not H;
*is H, OH, F, Cl, Br, I, SCH3, SCH2CH3, SCH?_CCH SCHzCHCHz,
SC3Hy, OR", NH), NHR" or R®; and

R*is O, Sor Se.

B also includes both pfotected 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, 4,4'-dimethoxytrityl (DMT) and the
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br oaxnocyt osi ne; 5-nethyl cytosine; 5 bronovinyluracil; 5-fl uor duk Al 3394 5-

d- dor our &ci |likeS-THad@lca6h bf ﬁ,tgaﬂg)w 115 t'%?ﬁ% r thyl uracil ; 5-

met hoxynet hyl uracil; 5-et hyﬁyl ura a d‘l'rg“?p?#ﬁifn &PE@?P,&TWQI&@%#% B
i s a 9-puri iyl dependuparethestatarefof the bbile grouBan B dieadviry whicgazaguany!
8-azaguanyl , 7: zaquanyl ., adenyl, 3-deazaadenyl, 1-dezazadenyl,

8- azaadeny! ?’rét-e%gﬁﬁé%’é%%@fg%aa?&ﬁmf gy peidir, basie oxidativel redicting or o- 2-
am nopuri nyl lfﬂgdu -t.hi 0- 2-ani i,nopurinyl, or _a B _is a 1 pyrinudinyl residue
selected from cf?'ggtll?ﬂfr Zﬁxﬁnwé?fé’odgfp&%%ﬁpw@ﬁerw(‘@sn@eyﬁmm osi nyL 20
Preferred By e r a 25 wherein.. R22 independently is halo,
oxygen, NH2, X %}r , ?{tﬁo%ﬁbg‘@:‘%}‘%%‘é‘iﬁ‘egﬂ@ R22 is X Xis

- ( CH2) mi®) n( CH2) PN§tBdRH DavéictifiethB bin®ag XaN X 9 %

i ndependently is H  Cl1-Cl15 al kyl, C2-Cl15 al Ken?/lqﬂﬂ%él??g%'ggg/%%ilenyl ,
C6-C15 aryl al kynyl, C2-C15 ai kynyl, Cl1-C6-aikylam no-Cl-C6 al kyl, C5-C15
aral kyl, C6- C15 beroaral kylh, C5-C6 aryl, -C6 heterocycloal kyl, "19 1 2
AUG 2004 C2-C15 al

yl, C3-Cl¥% al kenyl, C6- aryl al kegyl, C3-Cl5¢al kynyl -
C7- C15 aryl al kyny~ Gd- C6- alAy] argemo- C1- | kyey C5- C5 aral kyl, JJC6- C15
- Ot het efBcy clioabkay \BL n.ﬁget PP e "gtwoal ‘
Po 3 repl 10-, optilonatly, bo % e

het eroal I yl or
noi ety t ag] g
j oi ned toget her wit h NREO f 6¥mn a at uPat edor 110 uj saatumhted C2-
het erocycl e- contdi ni ng one or tV\lO N heter oatorLs and optiorJaIIy an
additional O or S heteroatorn, or one of the foregoing Rl groups is
substituted Wt&ﬁl to 3 halqg, CN or N3; but optionally at |east one R10
group is not H¥add -z is NOKRRH, provi 8- Dhat t héXHaddr ocycl(XHlanlic! eus
varies from purine by .

20 wherein R, R”, R”, R* have the meanings previously defined; R is R” or R?

provided that R* is not NH2; R™* is R®or R®provided that R” is not NHg; R® is
NHR*, NHC(O)R* or CR°N(R*)2 wherein R* is C1-C19 alkyl, C1-C19 alkenyl, C3-
C10 aryl, adamantoyl, alkylanyl, or C3-C10 aryl substituted with 1 or 2 atoms or
groups selected from halogen, methyl, ethyl, methoxy, ethoxy, hydroxy and cyano;
25 R™isC1-C10 alkyl, or both R®together are 1-morpholino, 1-piperidine or 1-
pyrolidine; R® is C,-C,, alkyl, including methy}, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl, hexyl, octyl and decany}; and R* is hydrogen or CHg;

For bases of structures Xla.1 and XIb.1, if R” is Ppresent at R or R™*, both
39
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(CHa)p, -CHCHs, 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

18



15. no nore than one Z. E groups represent the agl ycons enpl oydd iirg Zire

e RooHCr o) AL o of BB R0 3 AR Share 2 £ iindhopl Mie 2 AR |

groups at ofhlomipurine; hypoXanthine, mgbimmndb&anﬂuhe,tladﬁazwdeylvaﬁf)bsadJM—l n the (R
configuration except for. hydroxyr net hyL V\:hl ch is_the enriched (S). 20
enant i omer JA0UR H%m&#ﬁrd;w -ehigropuginep hyporprdhinesipsiaeur e

-ORR - | . Rat ent
o 5. 708, PG hilerd ﬁ%%?s%?%%“%%éﬂrﬁ@oﬁéﬁ%é 26 dipPping] g 0"
Preferably diloiopuding byyoxanghite iabbing andsabetine; B-dehzardepivativesdft-i t uted (as

defined in Rd) pheno ’5 R is,an_am no acid residue, optionally provided
that anif a‘FBiB@P ui;fr wine, dwaningnchiprpurneshypexardhingdngsingat e N

Sor o 1 AR AP ARy bos o e bl S Hlbmpcidnigd b KB oBng 5L " ' °

aI Kyl substbrbﬁicﬁg&dshtk}ﬁ&ﬁd&lﬂdy!os&hnéEKMde%ﬂﬁml,S‘-ﬂﬁor&nra@,ﬁ aryl ; C3 6
aryl which is independently substituted with OH hal ogen, or N, or

C3- C, ar yl alghigmousgeily bripdouragilirbrarapuragilfriiffuaromethyiracilcht  hal ogen, 0 or

N, 10 R 2 i nsubstituted or
substi t ut eﬁ&%'g%b%ﬁﬂﬁd&fgﬁﬁ{r@gpen%%hﬁg’g&]’é{ﬁ?ﬁ&g#omthe group

consi stisng of OfRrefRrably, B S Bpuziny] heslidgestlectat Fondgydnyl/ B-6Badaguanyl, 1- -
unsubstituted or su s&tjltut ed b)g substltuents Lndependently sel'ect'ed from

the group ~dezagadenyd) ky|

el ot cd | %‘roupg%%“ﬁ%“ﬁ. ﬁg%&ﬁnﬁﬁﬁ%&%ﬁ“ﬁ% BHERSAOE" 1)

i ndependentamyinop uﬁh @) aridRi-thice?raninoputiniy, ogmemdllnyjrmnum@Bmi@de, selelctui‘iﬂ yl;
sul f oxi de; fPho gtom%lyl,s_galogym%]lnlgxlg’gs?cl_%a_ . c.!ylégslﬁlyl,ram no; C,-C,

20 Preferred B groups have the formula

22

25
wherem
R22 independently is halo, oxygen, NH2, X or H but optionally at least one
RZ2isX;
X is ~(CH2)m{On(CH2)mNR10); wherein m is 0-2, n is 0-1, and
30 R10 jndependently is |

H,

C1-Cy5 alkyl, C2-C15 alkeny), Cg-C15 arylalkenyl, C5-C15
arylalkynyl, C2-C15 alkynyl, C1-Cg-alkylamino-C1-Cg alicyl, C5-C5 aralkyl, Cé-
C15 heteroaralkyl, C5-Cg aryl, C2-Cg heterocycloalkyl,
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-al kenyl am no; hydroxy; thiol; C -C alkoxy; C-C alkthiol; (CH2)" COCK

C, -C 20 al kyl which is unsubstl tuted or substituted with O—| hal ogen

"NH2, phenyl, hydroxyphenyl or C7-C,, al koxyphenyl; C2-C6 al keﬂyﬂ Wﬁﬂz&h is
unsubstituted or substituted with OH, hal ogen, SH, NH: , phenyl,

hydr oxyphenyl or C,-C,, al koxyphenyl; and C6 Cl2 aryl whi chis

unsubstituted or substituted with OH  hal o,ge o1 PReYlks . alkyny!,
- hydr oxyphenyl or C7-CL?* %lﬂ%xglﬁhéﬂw aligy erl‘ ailﬁjza(‘qg\l_g.”l §C LDal kyll\y

" C,-C, al kyl independently su ted a UK N;
ﬁSl o) aryl ; C@C1Q0axaﬂi%uxjw  ER %2 &Lﬁ‘fﬂ {& .‘?ﬁfﬁa‘ J\ﬁl@%k{ .

al ogen, COOR', or - ord I ndepes olety not
subst it ut ednﬂhemﬂl-moq{ii” 'ﬂe‘ @@%ﬁl‘g 5‘” lg?éhf\é IL§, R s C :g al kyl ,
nost preferably |sopropyl E' is the si de chal n 30 of a naturally
occurring agijaeerebdy® hasbeerREplaedBYad R { is H In the conpound of

structure (2); the invention incl s netabholites in i C Q nd
i sopropyl esters. haveopaena%ybﬁ&@« eArejIreerps eﬁl?ﬁﬁvéﬁh% ??‘lmqgégggta?rﬁ?/ r|aed

enri ched hosphonoani dat e net ab mand (6) are
. incl udedprmsgtw%ﬂﬁél%gﬁg‘%?mFYu gt I“atgen “i’% gg,@.%r%\;ﬁétg%‘%atéﬁ‘@aor N

substitution are defi %%J%nﬁgigp'ghggmdtb s 42-58, of 121 1 2 AUG 2004 5

United Stat @pUpaRehet ypl ca Iy, the amino acids are in the

natural or | am no acids, SRAEI §:6uX AN@IeE naed sith 1ftoSthale LN
S. Patent No. 5,798, 34Y,° %ﬁ‘?’%%?%%ﬁ%ewam% 4§and col . 5-10 therein. Al kyl

as used herel n\& 0 tﬁ?g‘ ﬁ%ﬂ?%@l&a@téﬁﬁ{ﬁbﬂb L@y not B; andor nal , secondary, 10
‘ r

tertiary or & ocarbon. Unl ess Stated to the contrary al kyl i
C-C ]Exarrple RGHBthat CEXCHRCEBClC oKl aIsyaries. @W%@Q%LB)

- CH2CH( CHB) 2, cnféHs)CHz -C(CH3) 3, -CH2CH2CH2CH2CHS,
- CH( CH3) (GH2 GtioidiBe thea@HIIBHECHS) 2, - O CH3) 2CH2CHB) , - CH( CH3) CH(CHB3) 2,

- CH2G 2CH H3) 2), - CH2CH( CH3 g%g)%ﬁ@ﬁén-s , GHR GHE0Ryp hosphonate _
- ups
CH( CH3) CH2 CH2 CHECEER f&ﬂ(%ﬂ% D CH? ngoc ﬁ(cu,)ch B OCH,CHy-. Also,

nucleotide aralogues. Preferably, the E o-roup is:
e side groups at chiral centers in the aglycon be substantially

it is prefened that th
iched (S)

solely in the (R) conflcruauon (except for hydx oxyr'nethyl which is the enr:
20  enantiomex).

R' is an int vivo hydrolyzable oxyester having the structure -OR" or -OR’
is defined in column 64, line 49 of U S. Patent No. 5,798,340, herein
and R® is defined above. Preferably R' is aryloxy,
ordinarily u.nsubs’atuted or para-sﬁbs'tihﬂed (as defined in RY) phehoxy.

mino acid residue, op._ion:..lly provided that ary carboxy group

B
wherein R

incorporated by reference,

25 Rlisana
linked by less than about 5 atoms to the amidate N is esterified. R® typically has the

structure -
RM
\
11
~
30 I\0
\
el

(8)
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| CH( COHB),CH( CHB) GHRGHB, - CH( CHB) CHRCH( CHB) 2, - O CHB) ( CHRGHS
- CHE CI—|2)éI—I3§ CH( )CIIBifzi, Or.2g CH(S) 2034( CH3) (2 a%d - m(c(cm,) )cg CH3) 3. )Ti? REG I ang

al kynyl are defi i shi ut, ~2 n{ ai.n_.at Least one

doubl e or tripl gﬁ%r%&?ﬂ?ﬁ%@ﬁ%&gf %P@‘%ﬁ%’eb%&lwsﬂﬁgﬁ%s are

di scl osed, indepanlentiypeith O ngmam;@a.@%@v [ Weskhas taught as
are provi

wel L The prodrug conpounds of this invention ed in the form of

free base ipdependentlyisybetituted withehalogen,i® otN; 8r (P&, erylalkipl whichds, 340,

d 25. | ' h ticall t abl I pi ent
2ol vat | ng. nrEcRbR st BOMIRTH, bifert FSEREuict < al co as set Torth in
U. S. Ratent NoR™Gnd8Serfduly IERG CPCOAkyORhIAUS uh?@?sﬁ@ﬁﬂeg'drghb%gtﬂgenc{

utilities already establishéd for the pafrent drugs see

5,798, 340 Bysubsiiaients independentlyiselectegl fromtthe greph consistingrifadi; ©, N,

nucl eot i de () It wll b nder st ood f hat. t he. di ast ef eonmer of

structure Eg@ gogﬁﬁiﬂ%ﬂl’ &s’thWE“ Znstibstitpted prsubstititediBY cheni cal

product i ons@bstithenkanasperiiently sehéclandrdth ¥aé grd'd@; Mris{stin bgﬁﬁli}theﬁs of its
Yer as reveal gu

relatively unse] ective charac e 'n the s I es herein. The

i nvent i on” &Q®Rbandhelogent o8 oG oaybaliyliwhich sfusabstituten oteibbtitutedibyg
| es: X - el 9¢ 1.2 A 20 Adeni fa P ' Ma '
Psopr ofoxi SstiaNEhEutony hertciR i the SR orelstns SO, Orione (41 O

m) was ad@eﬂ;m’c‘anamg@; bonate (12.1g, 0.137 1o nol) and sodi um hydroxi de
(.100g, 0.0025 |).. The m xture was heated at 130C overnight. The

reaction was coBl dadepenslentyisGORR"t ning, enfiée; guamidinyk smideddiyd;, The
ol uene ( 2CUHRERIERREhdsBhaty G RRom ol I aRe o0, Gy (90%
?(/ Hg- (2- hylkenylsoting hpdiory @icsCag, kbt LE, ahrthicl; (A) RFRERZAQE, 15 NH2
alkyl which is unsubstituted or substituted with OH, halogen, SH, NH,, phenyl,
hydroxyphenyl or C,-C,, alkoxyphenyl; C,-C, alkenyl which is unsubstituted or
substituted with OH, halogen, SH, NH,, phenyl, hydroxyphenyl or C,-C,;
alkoxyphenyl; and C,-C,, aryl which is unsubstituted or substituted with OH,
halogen, SH, NH,, phenyl, hydroxyphenyl or C,-C,, alkoxyphenyl; and
25 R*is H or C,-C, alkyl or C-C, alkyl independently substituted with OH,
halogen, COOR", O or N; C,-C, aryl; C,-C, aryl which is independently substituted
with OH, halogen, COOR”, O or N; or C,-C, arylalkyl which is independently
substituted with OH, halogen, COOR", O or N.
Preferably, R" is C,-C, alkyl, most preferably isopropyl, R” is the side chain
30  of a naturally occurring amino acid, n =1, R” isH and R is H. In the compound of
structure (2), the invention includes metabolites in which the phenoxy and
- isopropyl esters have been hydrolyzed to -OH. 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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80J(CEt}2 WP 02j. 8~C 9-(2-Hydroxyethyl)adenine (HEA) (20.0g A %2 nol)
was susgen Eé(gs%ygsﬁg.@ﬁ NeO5 Z‘? %gq]d heated to 80C. Magnesi um i sopropoxi de

(11. 2g, or a t ern y magnesi umt - but oxi de, was added to

the m xture fol ITMbadallgytﬂeetrﬁiycbaadsmmehenmtdramﬁlmxmmafahﬂspsuﬂdblenate
(66.CQg, 0.162 nol) over one hour. The mxture was stirred at 80C for 7
hours. 30 rpegificexpmnleraragst forthindd<? Fatent N340 dfor mstance daRled and

reaction I ggig with 30 M of fresh DMF. After 25 cooling to room
t enper at u\rlvgc%]‘l;g;odr]m rimet hyl silane (69.6g, 0.450 nol) was added and the

m xture heated tAlk§06s ﬁ@édﬁa@gﬁﬁdesibﬁtéceﬁpﬂ\emnwaﬁy toRpefhilpéeedndaryi el d
a thick gum The gum was di ssolved into 360 wat er, extracted with 120 n

di ch: or Onetteriieay ci@ydde hpdrasa mqmwﬂwstat%tﬂ the ceptrarkallizl isGrdw he
cool ed 1o Aeapisitd SR THIGRE-LHIIAHbCHE T qrdrfiaf HiH, "o
;\?:Pgdz\(l)mgt ?%QA%{ @f%é%?’ '@?p%beﬁgngir‘?et C)%&/:%gf ﬁﬂ%dgem r?ﬁ-?%%%% ?écat 3/hi te

Solid. Mh: SHIQIG)IHCHYCHE CXQHCEISYS LICHAICHECAY) (1, 2H); 4.39 (t,
2H); 8. 13 (s, lH) : 22 (s, 1H). 10 Adenine to PMPA using Magnesium

&ai‘”‘aﬁé'eﬁe(m&@@?‘fﬁ?ﬁﬂ}?ﬁ%‘?ﬁ?{?ﬂﬁ%ﬁmﬁﬁﬁwﬁﬁmu%ﬁ arox] de
(. 480g,150. 0@2@2%@‘1 g (%dZQHZMHMer ni ght. The ?/eact i on
ﬁfh;gggﬁﬁfgﬁ@&%ﬁﬂ#ﬁ Eﬁﬁéﬁﬁﬁﬁﬁ%&ﬁ Y:Sn}c glgl '?\r,]v:dr ggct i on

crente o BoEG R et 10" 3C over 7 hours

and then hel(CHaNESCHR)PREHICHLCHR)EH( )ﬁ,'-@CHszfﬂ-IE@%s)z?ﬂicﬂt ed by

filtration and rinsed wth acetone (2x). The wet solid-was dried in vacuo

at 80C to yCH(dZH@(IS@HB?:&%kﬂdnyL &)d alkyny] @re(dufihedyin te sqmé fanbion hat (HPA) as
an off-white solid, 188-190C. NH2
20 contain at least one double or triple bond, respectively.

Where enol or keto groups are disclosed, the corresponding tautomers are to
be construed as taught as well.
The prodrug compounds of this invention are provided in the form of free
base or the various salts enumerated in U. 5. Patent No. 5,798,340, and are
25 formulated with pharmaceutically acceptable excipients or solvating diluents for
use as pharmaceutical products also as set forth in U. S. Patent No. 5,798,340. These
prodrugs have the antiviral and utilities already established for the parent drugs
(see U.'S. Patent 5,798,340 and other citations relating to the methoxyphosphonate
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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(R) - 9-[ 2- (hydr oxy) pr opyl ] adeni ne (HPA%JQE&M, 0.104 nol) vvag SZB%nded I n
DMF (44.5 nml) and heated to 65C. Magnesi umt - but oxi de (14.2g, 0.083 nol),
or 25 alternatively magnesi um i sopropoxi de, was added to the m xture over
one hour followed by diethyl p-toluenesul fonyl oxynethyl phosphonate (66. 0g,
0.205 nol) 24 1 2 AUGNQO04 5 over two hours while the tpgperature was kept

at 78C. The m xture s stirred at C for 4 hours. Aflter cooling to bel ow
dd‘?ma

50C, bronotrirnethyl 5\(711 9¢g . 478 S the m xture
heated to 77C for 3 b@ >V\hen ¢ ete, % reactlhn

heated to 80C
and vol atiles were reﬁbvea vi a at nospheri st llati o The %fl due was
di ssolved into water (120 m ) at 50C and then to extracted et hyl
acetate (101 m ). The pH of the aqueous phase was adjusted to pH 1.1 with

sodi um hydr oxi de, s wi,th ut henti R nd the pH of _the
aqueous Yay@% %SEHEMEJQPQE%@U%&[ gn of gdenige | ¢ j ng
slurry was ¢ r [ oled to
4 for thr‘é’éaﬁéﬁ?ﬁfﬂ‘%&)"ﬂsm FRES By 12p 2HALR cliliend 02 M. e QLR

wat er (160 mhol) aaddodiiud hiyeldoxide gaﬂ@g) Oﬂ025 afol). olee nﬁﬂui@wﬁgh(eﬁﬁd&%l%fc
crude(R)-9-] 2- hosphonomet hox p denj MPA) a n aff-white
solid. The c{?ﬁ&ra%?-h)fﬁgwcm&?aﬁ)aﬁ%ﬁéﬁ#@ﬁwgb%ﬁ fne 62 ereDryas cd a
reflux in mnq?, Hakth I

cooled to room 20 t enpe g‘t’%re Osﬁ%&olé:ﬂtdﬂ?fﬂﬁ%ﬂ%%?%l%%ﬁ@ %@uﬁé was cool ed
at 4C for ttbhemet(@x) She Wétesohdlwatdueﬁnsmicaﬂetbﬂ?@ ﬁ)lyhe.ldaﬂlﬂgr{%%/hefm-\m th

vater (56 B ardRyeth§fiaditind 38 an oi-white solid. Mp: 238-240°C.
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9-2-HydroxyethyDadenine (HEA) (20.0g, 0.112 mol) was suspended in DMF (125
20 ml) and heated to 80°C. Magnesium isopropoxide (11.2g, 0.0784 mol} , or
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 volaﬁles were removed via
vacuum distillation and the reaction was recharged with 30 mli 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 mi
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 filiration, washed with water (2x), and dried in
23



and dried in vacuo at 50C to yield 15. Oy (50.4% of (R-9-[2

( p hos phenomsichoxty§63Ctoyi¢ld@egi (6534%?&?9()[2

). 2 AU 004
@sphbhbmetixyiethydladedifige 280C. 25
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Adenine to PMPA using Magnesium t-Butoxide. To a suspension of adenine (40g,
0.296 mol) in DMF (41.9 ml) was added (R)-propylene carbonate (34.5g, 0.338 mol)
and sodium hydroxide (.480g, 0.012 mol). The mixture was heated at 130°C
overnight. The reaction was cooled to 100°C and toluene (138 ml) was added
followed by methanesulfonic acid (4.7g, 0.049 mol) while maintaining the reaction
temperature between 100-110°C. Additional toluene (114 ml) was added to create a
hemogeneous solution. The solution was cocled to 3°C over 7 hours and then held
at 3°C for one hour. The resulting solid was isolated by filtration and rinsed with
acetone (2x). The wet solid was dried in vacuo at 80°C to yield 42.6g (75%) of (R)-9-
[2-(hydiroxy)propyl]‘ade.nine (HPA) as an off-white solid. Mp: 188-190°C.
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(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 mob), or
alternatively magnesium isopropoxide, was added to the mixture over one hour
followed by diethyl p-toluenesulfonyloxymethylphosphonate (66.0g, 0.205 mol)

24



GS 7171 V O 05-7344-02 26 1 2 Ally, 2004 5 A glass:lined rel;lgt’iclwlp 2%5
charged wi t . ) - . 02
o) e 1OV B ling berhpbrbfuly oy ke 7% ot ids P alc
and- t ri et hy75:@ fog 4 (Houds. K4 fteSebolngtiv bedsid 60°C, Arombttirmethyilahe373.9g, 0.478

di cycl ohexyl carbodiimde (17.1 kg, 82.9 nol) in 1: met % 2-pyrrolidinone
(1.6 kg) vml)t‘ﬁ@ﬁﬂ@dﬂfb@é)ﬂ‘@' tarsUheated tof50€ for hoursy When sompletedbes or 16
hours. The 1lo reaction ed .t C . water (29 k added.. and cool ed
o 25¢. ' Sorteast fas et B0 B MRt IE AR sl B i D afbRenisa T | heec
with water §ikBlisidel) Thd RRiddeonhd dsolved initdt@atend20 8t 3T srhedt rated to
a tan slurry under reduced pressure, water (24.6 kg) added, and adjusted

to pH =101 wéxtrackedowithzsbyl agetaien€l8 yol) FiThe pHel the pguesusiohnse fwastadjustedh to
t hrough di at eq rt K. 15 fal l.gwed, by..a 4. inse.
The-conbi nabiiit rth sscig hoihestk, e2ded will Simefpd BibA And iEbH S Ry
The aqueousth%%\%&bbﬁé‘la?@ﬁwﬂgkébﬂ?ﬂed fo BH Z1 With Q@cﬁt‘&n“lﬁdmxfd%?%&k E‘eé‘lﬁﬁﬁ‘%) (4
kg). Crude I1 s isofated by filtration and washed th nethanol él.?
kg). The craluaywasestircedat mmas emperatre oNexrdghtaridie shesy faps. cogledita4°Cifer e

i sol ated by, filgratian, hed .wi.t h et | (8. dpiedyunder 20
oducea probets ROy Theatfid Vs A Ra T fon, dehaifibin WiteRip i S o1 -
(d, 3H)ss 3dﬂ1§ifrﬂmcmw@dto(g&lda%(ﬁ&(‘i%fo@H)udeﬂR)Zg-@n 2H), 4.35 (dd, 2H),
6.6 (d, 2H), 7 (t, 1H), 7.15 (t, 2, 8.15 (s, 1H), 8.2 (s, 1H): 'P NMWR

(DO) S 15. Ophdephomimethoxyprapylladening (PNBAhasan off-white seled.| | ned react or
was charged with nonophenyl 25 PMPA, (I11), (9.12 kg, 25.1 nol) and

acetonitril -l i gn|@&ig I dded

bel ow 50C. %éeé%dﬂ@?%%@cﬁ@gée a @r&ﬁylﬁ%d%%\el\ggghé? %goﬁ)t\ll‘eg. eaction
t enper at ur ewngs (235cmBdagail alleoBACdB80Ived] Theelsekitivhwdk doled fotdoact ed by

at nospheric distillation under _nitro . The pot residue was cooled to 25C,

en
di chl or et ieEmerature RYsT hhows. Theaeudtngsluryy woecogled gt 4iG &y threehowrs. 30
alanine is @QIF.'H c i el was
added ove?ﬁéﬁgﬁ%ﬁdnﬁﬁge goa d %% oﬁﬁkﬂeﬁhf J{i?l? g}ta%%l (gén&ﬁz&?‘% Q%eé&%%d&%l)?
mol ) over 3dhd 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.



mnutes at -18 to --11 C. The reaction mixture was warned to rbdwi§ 2004
tenperature and washed five tinmes with sodi um di hydr ogenphosphat e sol uti on
(10%in water, 15.7 kg each wash). '%%; solution was dried with
anhydrous sodium sul fate 35 (182,k ixased wi th di chl or onet hane
(28" kg), and concentrated to an 8fq%)ata?fmff 97& 5 under reduced
pressure. Acetone (20 kg) was charged to the oil and the m xture
concentrated under reduced pressure. Acgiyaier(18.8 kg) was charged to the

resulting oil. Half the product solution3 was purified by chronmatography
over a 38 x 3 cm bed of 22 kg gyl ica gel 60, 230 to 0 mesh. The col um

was eluted w 80 kg acet one. J\Jhe i ficat 9epeat ed on the

second hal f ng fr @‘I’N CI ean product

beari ng fracty ntra ed under reduced eslsu 0|
d,’t ed

Acetonltrlle(ﬂg argedtothe ol | aYndth w
under reduced press e A@étonltrl [FN (66 g) was charge and Othe
solution chilled to © to -SIC for 16 -hours. Solids were rembved by
filtration and®&°¥}|trate concentrated under reduced pressure to 5.6 kg
1l as a dark oih"H 15 NWVR (CDA4) 81.1 (m12H), 3.7 (m lgy 4.0 (m 5H),
4.2 (m 1H), 5.0 (Y 1H), 6.2 (s, 211), 7.05 (m 5H), (s, IH, 8.25
(d, 1H); "P NWR (CDC],) 8 21.0, 22.5 (decoupled). Alternate Method for
GS-7171(1 V) 20 250 \ A P-H O ' ~I O—I(anhydrous)Nh '
2
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2 4 A 55 ModoglhssimedMabdtoriwis chirgelwithnhyarods AdRA va?tM@Rglm Soegenser

and nitrogen_ inlet was Iaced |n a 70C oil bath. The f was ¢ arged W th

anhydrous  PREO1(9-6 kg 02mpl), gnd Frpethyl qumor}ﬂ(ﬁakghrﬂh%ﬂ(lﬂmwgﬁ 3.3

o) 209 AR R L S PR (8 e TNl SS9 12

time. A homaggee é@yl&&b&ﬁhﬂhﬂ@@ﬂFE@'&%OBE@T%&&M—@?&HQ I%{kﬁ]@%7 g,

70 mmol ) was added to the solution over 5 m nutes 0C oi l
bat h cont i nwad thiesr addeul troerré&hours me100P0e Heatinigiveas comsinped fedl 6 dwrsr Thied! y
.ostirri n?%acetone (400 ). wth coolin at 0C. Solids were isolated by

f i I t r at #&n, FEIFHQR Waggep eddgfoda, wales k) addad, andsensiedte mcnﬁphdﬁmm 75

sol ut ;rgﬁ ?Z%eﬁ ‘Rﬂ) V@l?rg%%#%%ﬁfﬁcepgnﬁﬁrﬁe#ggﬁf §St(r$%k%g s were

i sol at ed bycdmbihedlﬁlﬁrﬂte amdlﬁﬂsb wa forivehirated o aand &@Q@ﬂu&@uced
pressure to 20.4 g |1 82 igse Msamhlte powder . -7171 (111).
Monopheny| PIORSATE] Water addesh apd adjuistechwtpi} =eHewith NafAH ((2@%20 n), and
N, N- di et hy. %fm%,,(eﬁ? g]lﬁa N lask in a
40C oi | bath’ i on orl ded(,\q)F %Mﬁoﬁ%@ggﬁ%&ﬂ er 20
Eln n lﬁl][ esls hefr?dibmd h;m whaiten(4viieg) oy The taabireddilirath dnid ﬁdséfwhbexh'acted
i chl or onet
with ¢ ethyl acetate (28 kg). The aqueous solution was adjusted to pH = 3.1 with HCl
(37% in water) (4 kg). Crude I was isolated by filiration and washed with
methanol (12.7 kg). The crude II wet cake was slurried in methanol (58 kg). Solids
were isolated by filtration, washed with methanol (8.5 kg), and dried under '
20 reduced pressure to yield 9.33 kg II as a white powder: '"H NMR (D,0) §1.2 (d, 3H),
3.45 (q, 2H), 3.7 (q, 2H), 4 (m, 2H), 4.2 (q, 2H), 4.35 (dd, 2H), 6.6 (d, 2, 7 (t, 1H),
7.15 (t, 2H), 8.15 (s, 1H), 8.2 (s, 1H); *P NMR (D,0) 8 15.0 (decoupled).

GS-7171 (I). (Scheme 1) A glass-lined reactor was charged with moﬁophényl

25 PMPA, (I), (9.12 kg, 25.1 moD) and acetonitrile (30.7 kg). Thionyl chloride (6.57 kg,
56.7 mol) was added below 50°C. The mixture was heated at 75°C until solids
dissolved. Reaction temperature was increased to 80°C and volatiles (11.4 kg)
collected by atmospheric distillation under nitrogen. The pot residue was cooled to
25°C, dichloromethane (41 kg) added, and cooled to —29°C. A solution of (L)- .

30  alanine isopropyl ester (7.1 kg, 54.4 mol) in dichloromethane (36 kg) was added
over 60 minutes at ~18°C followed by triethylamine (7.66 kg, 75.7 mol) over 30

minutes at-18 to—11°C. The reaction mixture was warmed to room temperature

and washed five times with sodium dihydrogenphosphate solution (10% in water,
15.7 kg each wash). The organic solution was dried with anhydrous sodium sulfate
35 (182 kg), filtered, rinsed with dichloromethane (28 kg), and concentrated to an oil
27
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(10 nl), and added to _a sol ution of &\Iﬁ-al ani ne i sopropyl esttgr (5 ,833

mol ) and  ¥PRsHRdused dRsauEe Asetore @8 kg) wes dharged totha pdang, (20

vakhed thr oSlnieted FRARLAMELE SR s WA hRIREE C 7
L each washgsultifieoidr Gl the produtt sotutivswes pesified &y didryidiogrsplyooieta 38

sul fate and concentrated under reduced pressure to a oil. The ojl was

combi ned wi xi38icarhed of 32 kg silirazgel 60,838 to #vfbmeskynfhe eelugw was elutgdiwith 480and

heated t fl t i .h Lt i j | ed
neat ed 0| SLtieh8, ShiTuibAIRRSANS hertl PELHLhBng TR RhADIER e
fumar at 9g sakilich@gl &iid geetdheeCldand6tcteaifp R ctionSwérdeontshtratedundes. 16 g,
5.3 mmol) was suspended in dichl dronet hane m.) and stirred with

got as Isi u 31 caedlmdt;aesmraltto on oils Agetorgtrie m:, 3%)@1‘@@ shazged to ﬂ"lﬁ@ﬂsﬁﬂd the
i T i ' , . i m),
Gt ea over HRpHPGHGEaY ShafffedsBed BhEfune, K HRRIE AL kB WAL Bharkiar

under reducggdqphessuiBn Rilidd & Prolb°Q o 16 RSurd. Balids WeAdRenfosaidt efilfration

Di ast ereoner Separation by Batch Elution Chromatography 10 The
di ast er eonenad dhe filfraté thnidrittatedvander redabed prdsyuteat Sib kg Ul iasa dark oil: 'H

O o o A A T P 28 e T LR i s
ouar d_ ool e, 734 AL A (A7) G 85 PRNIE ROBELI92 T 218 Gecpuploqy .

Inc. (U S. Patent Nos. 5,202,433, RE 35,919,5, 434, 298,5, 434,299 and
5,498,752). Chiralpak AS is a chiral stationary phase (CSP) conprised of
anyl osetris[(S)-a-nethyl benzyl ssarBaNRLE e a silica gel B
support. The GS-7171 di astereoneri cémxt%?fg?was gﬁgﬁélgl ved in nobile phase,
and 202approximately | g aliquots of GS7171 ¥\ere punped onto the
chromat ographi ¢ system The. undesired eoner, designated GS- 7339,
was the first major broad (approx. 15 min. duration) peak to elute from
the colum. \Wen the GS-7339 : _-SIC

' NH, _ Q  NH

OO g, o= O O

]%NI N> o P—0H - N LY /\ﬁ -
L/ o ' !

(anhydmui) O’S% :
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peak had finished eluting, the nobile phase was i medi ately sw f&hgdii o

100% nest hyMoziophiealyl PMIP A NII.aAS6andpotasfladowithasfier esidmsedasd gnat ed
GS-7340 (1V), 25 to elute as a sharp peak fromthe ¢olum with the nethyl

al cohol sol Nisiogendnlet Wﬁﬁe}ﬂmdhyla 78r¢ oﬂc’ﬂathva'ghmﬂm was cl;lwgeémﬁtald\gairoahl
t
ol act ed R g Zonh & Refmedtcimamge (@3@%& SoRgofidi e

di astereonq@&aﬁﬁﬁy@,{@%ﬂ (4g|1ﬁ1]§)teﬂg rc}do &EG(IEE as gﬁ.ﬁ‘?ﬁg@?gh}ﬂgats Were

removed in vacuo t'0 yield the purifie I astereone

About 95% obver Hehautrar Heagingvadindreasitisto186°C eeavbie egime tinhél Athnogeneous
di ast ereorrer fractions. &he GS- 7340 fraction COITEI’I sed about 50% of the

t ot al tien resadteds @A pHige 7@ sk masadded ¢o tke 1 ol | ows:

10 15 |\/be| 'EF@? . al E e .. Det 0
TerrperatureeD SV&IQ’ 0 ﬁ% Ij(eiﬁ@%)’&‘*@%%f irh oo Flsjy%omw%propyl
Al cohol  ( 9Qndfy TH@%CP:H\M dIS’-éL[ﬂ'Jﬂg Wi
275run  Anbient GS-7339 (di astereorre:;-a]ﬁ1 GS- 7340 (dag%ggreo)ner %O%%m%/) B.
Di ast er eoneat 086p Solids sverefsolBed by illﬂughcswﬁrﬂdrwm veduagedypressure, and

dissolved in methanol (75 mL). The solution pH was adjusted to 3.0 with

15  potassium hydroxide solution (45% aq.} with cooling in ice/water. The resulting

solids were isolated by filtration, rinsed with methanol, and dried under reduced
pressure to 20.4 g II (Scheme 2) as a white powder.

G5-7171 (II). Monophenyl PMPA (1) (3 g, 8.3 mmol), tetramethylene sulfone (5

20 mL), and N,N-dimethylformamide (1 drop) were combined in a round bottom flask
in a 40°C oil bath. Thionyl chloride (1.96 g, 16.5 mmol) was added. After 20
minutes the clear solution was removed from heat, diluted with dichioromethane
(10 ml), and added to a solution of (L)-alanine isopropyl ester (5g, 33 mmol) and
diisopropylethylamine (5.33 g, 41 mumol) in dichloromethane (20 mL)at -10°C. The

25  reaction mixture was warmed to room temperature and washed three times with
sodium dihydrogenphosphate solution (10% aq., 10 mL each wash). The organic
solution was dried over anhydrous sodium sulfate an& concentrated under
reduced pressure to a oil. The oil was combined with fumaric acid (0.77g, 6.6
mmol) and acetonitrile (40 mL} and heated to reflux to give a homogeneous

30 solution. The solution was cooled in an ice bath and solids isolated by filtration.
The solid GS-7171 fumarate salt was dried under reduced pressure to 3.7 g. The
salt (3.16 g, 5.3 mmol) was suspended in dichloromethane (30 mL) and stirred with
potassium carbonate solution (5 mL, 2.5 M in water) until the solid dissolved. The
organic layer was isolated, then washed with water (5 mL), dried over anhydrous



For a general description of sinulated noving bed (SMVB) chrorraﬂ@gwﬁdﬁl}ﬁ,

see Strube sidigin sulfatgandeohtarrsed Radeateducad grdoswrRl o piifond 2.4 Bl as318n
(1998). 20 GS-7340 (1V). GS-7171 (I111), 2.8 kg, was purified by sinulated
novi ng bed foamt onat ography over 10 an by 5 cm beds of packing (Chiral
Technologies Inc., 20 mcron Chiral pak AS coated on silica gel) (1.2 kg).
The columms were eluted with 30% nethanol in acetonitrile. Product bearing

fractions were concentrated to a 25 SEkam'FiHBOf IV in acetonitrile (2.48
kg). The solution solidified to a crystalline mass wet with acetonitrile

on standing. The cfydPiapterepmeraepatatiordry BatchAdetion ChraatogiRSsure to a
tan crystalline powder, 1.301 kg IV, 98. 7% di astereoneric purity: np 117

-120C; TH NMR (CDCI3) S 1.15 (m 12H), 3.7 (t, 1H), 4.0 (m 5H), 4.2 (dd,

1H), 5.0 (m 1Hhe diabterdciners bf GS71¥1 (TIN) Wwke refol¥ed by bhtdh eltitidn (s, 1H); SI1P
NVR ( CDCl) 21.0 30, (decoupled). C. D astereoner. Separation by C18
RP- HPLC ategTApRY HEngarosReritbpaeailable Chialpak Ash 49 smydles 459 mm

separate t .di I ' ' Y, I

12A062004 SCRYHEPSEHSSTRERC Siliath bith o EhAAS TELBOR Bf suard o,
pore size, doﬁhﬁmpfmﬂﬁiﬁaﬂ%%a@@pm}ﬁﬁmrppa - Mt nEdadufal by Diacel
Pellicular C18 (Al ltech, Deerfield, IL r bi | e Phase: equi valent A ----

0. 02% (1§5%andaratd in Naxgh émerh?é@ﬁfcﬁhiﬁh'llzégh{?gl@g?ﬁ; Inc- (b SoPatenbbins. 3203863, n
water : acquonk bid lueid,SRaS0)aSHNA £48755. EiidiRas F IB%NRRSaRpase %

Mobi | e Phase
phase (CSP) comprised of amylosetris{(5)-o-methylbenzyl carbamate] coated onto a

silica gel support.
The GS-7171 diastereomeric mixture was dissolved in mobile phase, and
20 approximately 1 g aliquots of G5-7171 were pumped onto the chromatographic
system. The undesired diastereomer, designated G5-7339, was the first major
broad (approx. 15 min. duration) peak to elute from the column. When the G5-7339
peak had finished eluting, the mobile phase was immediately switched to 100%
methyl alcohol, which caused the desired diastereomer, designated GS-7340 (IV),
25  to elute as a sharp peak from the column with 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 vacus 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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Fl ow Ratse: THeEARRhRtY HER hicindgtidrdwere2d3TBllGw0! Ution:  Retention Tines
50-mnutes 10 mn at 180% nobil e phase A 1.2 niL/mn Arbient UV at 260 nm
20 nM sodi um phosphate buffer, pH 6 GS-7339, about 25 m nutes GS-7340,

about 27 m reome a stall tLo 7340
(1V). A soI%ﬁ’ﬁﬁF‘Bﬁ %;%51 (1 rﬁsg‘?ﬁﬂa éF P{%ﬁ T oEoPEL AR GOt o
anber foam (14 u r educed Algaholf pam was, dissolved in
acetonitrile (2 ﬂW) and seeded hﬂlmh/mul?stal of IV. The mixture was
stirred® over ni ghan Tonel ed to 5CAbentdsminule i sol ated by filtration. The
solids were dri effletectio?. 3 g | V:d8VebRT®Entr ystal s, 98% di astereonmeric purity
(5' P NVR): ' H NVR: m§351mn(,iem12H) 3.7 (t, 1H), 3.95 (m 2H), 4.05

(m 2H), 4.2 (Mmgg f@oﬂe(m 1i)s 783 f-f‘m@?i .1(m 5H), 8.0 (s, 1H),
8.2 (s, 1H); a'P NWR crystal anal ysis of
Y‘Q‘egr‘@;e fol |l ow ng

CDCl 3) 8,
a si ngl-l% crystal selected from SC%'ZS
B. Diastereomer Separation of G5-7171 by SMB Chromatography

For a general description of simulated moving bed (SMB) chromatography,
see Strube et al., "Organic Process Research and Development” 2:305-319 (1998).

GS5-7340 (IV). G5-7171 (I1I}, 2.8 kg, was purified by simulated moving bed
chromatography over 10 cm by 5 cmn 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 were concentrated to a

25  solution of I'V 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 IV, 98.7% diastereomeric purity: mp
117 — 120°C; 'H NMR (CDCL,) 8 1.15 (m 12H), 3.7 (t, TH), 4.0 (m, 5H), 4.2 (dd, 1H),
5.0 (m, 1H), 6.05 (s, 2H), 7.1 (i, 5H), 8.0 (s, 1H), 8.2 (s, 1H); *P NMR (CDCL) & 21.0

30 (decoupled).

C. Diastereomer Separation by C18 RP-HPLC

GS-7171 (UI) was chromatographed by reverse phase HPLC to separate the
diastereomers using the following summary protocol.
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colum blydb 004

System ort horhonbic Lattice Type

52(1 b ). A 18, 253(2)A
V = 2374, 2(5) A3E§f)ace g‘%‘%éﬁ@ mﬁ*%&?ﬁ%ﬁ%'ﬁ?‘é@ FOOD
1008. 00 ( MbKa) éso cm 1 Exarrple 4 ahealP exrIorrance L A)11ed ‘f %7340
12AUG004 GS- 734 Rumnene 1) Aelicudar ¢18@dltectn BesrfieldsILaimir ged wit h
GS-7340 (1V), 25 (1.294 kg, 2.71 nequivalentaric acid (284 g, 2.44 nol), and
acetoni 10i | e (24M®bitigPhagde mi xture mom&m(éﬂ%oﬁgmdmmiﬁrda@muﬂet he

data: 32 5 10 15 20 r Crystal Color, Habit colorless,
Dimnsiopns 0.25 X 0.12 X 0.08 mm Crystal
Primtive Latti

-,(D

solids, filtered while hot and cool SC for 16 hours. The product was
I solated by filtration, rinsed vmth rigd to
1329 g (V) as a white powder. np 11%aal %ijﬁ%fﬁlﬁﬂm %@gtf cetic
acid). 33 1 2 AU6 2D -
15 Mobile Phase Gradient:
Time % Mobile Phase | % Mobile Phase
A 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 GS-7340, about 27 minutes

D. Diastereomer Separation by Crystallizaﬁon

30 GS-7340 (IV). A solution of GS-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 filtration. The solids were dried to
2.3 g IV as white crystals, 98% diastereomeric purity ("P NMR): 'H NMR (CDCL,) §
1.15 (m 12H), 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) 6 19.5 (decoupled). X-ray

crystal analysis of a single crystal selected from this product yielded the following
data:

35
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o
5 Exanple 5 Preparation of GS-7120 (VI) Schene 3 10 15 0 O P-{O Ué?ﬂ f! OH
SO 12 . &t aN m CH3CN CH2Cl 2 G5-7120 VI O A5 L round bottomflas% Wasﬂ
charged wi th nonophe BYRA, .. (200 g, O acetonitrile
(0.629 kg). Thionyl ::%yosri de 1?%%%t kg, 1.21 ﬁ@%le%%ls:ala ed 20 bel ow 27C.
The mi xture was heat edrstal Mithinsibné sol i ds di 826N/&H2 X\0bSiok es (0. 45 L)
were renoved by atnospheric distillation under pitrogen. The pot residue
was cooled to 25C, drERtdSystEmhane (1.6 kg) @EBorhamBbicand the ni xture was
cooled to -20C. A's Ot (L)-a am nobut gL G:aci d ethyl ester (0.144
kg, 1.1 nol) in di chloﬂé#gbrrg?ﬁgée (1.33 ko) wasis[g‘gl' eggover 18 m nutes at -20
to -10Cif ol | owed by I2fttite Phminhetbwsni ne (0. 17 ke-8.35%P Aol ) over 15 ninutes
at -8 to -15C. The reaction mxture was warnmed to room tenperature and
washed four times with sodium dihydr ogenphosbl?aﬁ@@@[?\i on (10%ag., 0.3 L
each wash). The organic solution was dried wi:t___hlw‘r:%us sodi um sul fate
(0.5 kg) and filtered. The solids were rinsed w r'chl oronet hane (0.6
kg) and the conbined filtrate and rinse was 3¢ .cosgentyAted to an oil under
reduced pressure. The oil was purified by chromatography over a 15 x 13 cm
bed of 1.2 kg silica gel 60, 230 to 400 nesh. The colum was eluted with a
gradi ents of di chl or orffakaroapd met hanol ProdP2R2 GE8Hing fractions were
concentrat ed under reduced pressure to afford 211 g Vi

Z value 4
D, 1333 g/cm’
F,y, . 1008.00
1(MoKo) 160 cm”
20
Exémp_le 4

Preparation of Fumarate Salt of GS5-7340

G5-7340-02 (V). (Scheme 1) A glass-lined reactor was charged with GS-7340 V),
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).

33



(Schene 3) as a tan foam 34 Exanple 5a D astereoner Separ ation1 81‘5‘%@”‘?120
by BatchgEl uti on Chromatography The di astereomeric mxture was purified
usi ng the conditions described for GS- 7171 in Exanpl e 3A except for the
follow ng: 10 Mobile Phase (Initial) :Exafthplé80 - Acetonitrile : Isopropyl
Al cohol (98:2) (Final) : 100% Met hyl Al cohol Elution Profile : GS-7341
(di astereomer B) : GS-7342 (di Zserarationef @S-1B0€¥ihpl e 6 Di ast er eoner
Separation of GS-7120 by Crystallization 20 A 1 L round bottom fl ask was
charged wi th nonophenyl PMPA, (11), (50 g, 137 nol) and acetonitrile
(0.2 Q Thionyl chloride (0.036 kg, 0.303 S?Bﬁl}le@as added with a 10C
exotherm The m xture was heated to reflux until solids di ss'?l ved.

Vol ati | 8 (ON]_i L) were renoved by at m)sphem{ distillatiomfender nit rogen.

The pot residye?25 was cool ed to 25C, dighl t hane (0. ﬁ s added,
and the m x 3 cool ed to -20C. AS\MJtI (L) - (x| ani] obtyrlc c&
et hyl ester |(0.036 kg |smod,|chl ormme hapeN (0. 6¥\ KON wapa

af\ - oP'“@C@) &gt Ny am ne (0. 042\kg/ 0
O -

over 30 m nut
reactlon m xture was war ned to Irogm

mol ) over 10 mi nut at UPH t
tenperature and washgd four times with 30 sodium di hydrogenphosphat e~
solution (10%aqg., 0,075 L each wash). The organic solution wasyfried th
anhydr od§ sodi um sul Fat e (0.1 kg) and filtered. The solids._ were rinsed
with ethyl acetate (0.25 L, and the conbined filtrate and 18 was
concentrated to an oil under reduced pressure.. The oil was diluted with
ethyl acetate’ (0. 25 L), seeded, stirred overn| ht and chilled to -15C.:

Lo af ford 17§ LgoppdBeripssdask waprhargyd °”ﬂ§9%gﬂ£bmi¥1\"f§ed A e Bl ©
0.95 (1, 3Hmol}ard s&toﬁi!ﬁ)ﬂe b:639 kf;). NThigkY} chloride (0.144 kg, 1.21 mol) was added
20 below 27°C. The mixture was heated at 70°C until solids dissolved. Volatiles (0.45
L} were removed by atmospheric distillation under nitrogen. The pot residue was
cooled to 25°C, dichloromethane (1.6 kg) was added and the mixture was cooled to
—20°C. A solution of (L)-o. aminobutyric acid ethyl ester (0.144 kg, 1.1 mol) in -
dichloromethane (1.33 kg) was added over 18 minutes at —20 to -10°C followed by
25 triethylamine (0.17 kg, 1.65 mol) over 15 minutes at —8 to —~15°C. The reaction

mixture was warmed to room temperature and washed four times with sodinm
dihydrogenphosphate solution (10% aq., 0.3 L each wash). The organic solution
was dried with anhydrous sodium sulfate (0.5 kg) and filtered. The solids were
rinsed with dichloromethane (0.6 kg) and the combined filtrate and rinse was

30  concentrated to an oil under reduced pressure. The oil was purified by
chromatography over a 15 x 13 cm bed of 1.2 kg silica gel 60, 230 to 400 mesh. The
column was eluted with a gradient of dichloromethane and methanol. Product
bearing fractions were concentrated under reduced pressure to afford 211 g VI
(Scheme 3} as a tan foam.



35 1 Z AUUG 2004 5 3.7 (m 2H), 4.1(m 6H), 4.4 (dd, 1H), 5.8 (Is2AtHp 7.1
(m 5H),58.0 (s,1H), 8.4 (s, 1H); 31PE§MR¥§%#ZI 3) 8 21 (decoupl ed).

Exanple 7 D astereoner Separation of 10 The di astereoneric m xture
was purified usilligsteneomendipairation ob€8¢7120 byfBatch Eiioh ThromatographBA)
except for the follow ng: 15 Mbile Phase (Initial) @ GS-7120 -
Acetonitrile : Isopropyl Al cohol (95:5) (Final) : 100% Met hyl Al cohol

El ution ProffinkQliastéieombki thoiastWwhepiREA e@hsm §ﬂ&1&oﬁéu EERIEGSA) 20
Exanple 8 Alternative Procedure for Pr epar at on of GS-7097 7097: Phenyl

PMPA, Et hyl 707 1Ninelinampleidae excepPfosrthe folleingd5. 0 g, 41.3 nmmot), Lral anine
ethyl ester hydrochloride (12.6 g, 83 nml) and triethylamne 25 (11.5 ni,
83 nnDIf were slurried together in 500 nL pyridine-under dry N2. This

suspensi on WihikPHYsBed ViIAiaD SESHION Dletddildlae 1(@g2f 9. 145
nmmol ), Aldrithiol 2 (2,2 gmslify I’I%%(ﬂ}[ 1 Afleh 131 145 rrrml) and 120

mL  pyridin ure was he terrperature of 57C for

15 hours. T eu%%wqﬁe reaction Qg&_s]@gégegttg aﬁﬁ der vacuumto a yell ow

paste, 100 S. 30 The paste was ‘p hr omat ogr aphy over a 25
x 11 cmbed of 1.1 kg silica gel 60,230 to 400 nesh. The col um was el uted
with 8 liters of 2% nmethanol in dichloronmethane followed by a |inear

gradient over a course of 26 liters eluent wup to a final conposition of
13% net hanol . C ean pr oduct bearing frihenigleé were concentrated to yield

12.4 g crude (5), 65% eor Thi s rraterlfta)é ated 35 with about
15% (wei ght) triethyl ?‘{}%ﬁﬂaﬁt}%‘) Smiﬂ/ﬁyr&ﬂf HPﬁm nati on was
renoved 2By di ssol vi ng the product in 350 et hyl acetate, ext racting with

20 mL water, drying.the orggnl c solution over anhydr ous sodi u
A T Lround bottom flask was charged with monophenyl PMPA, (II), (50 g,0.137

mol) and acetonitrile (0.2 L). Thionyl chloride (0.036 kg, 0.303 mol) was added with
a 10°C exotherm. The mixture was heated to reflux until solids dissolved. Volatiles
(0.1 L) were removed by atmospheric distillation under nitrogen. The pot residue

25 was cooled to 25°C, dichloromethane (0.2 kg) was added, and the mixture was
cooled to ~20°C. A solution of (L)-0, aminobutyric acid ethyl ester (0.036 kg, 0.275
mol) in dichloromethane (0.67 kg) was added over 30 minutes at -20 to -8°C
followed by triethylamine (0.042 kg, 0.41 mol) over 10 minutes at up to -6°C. The
reaction mixture was warmed to room temperature and washed four times with

30  sodium dihydrogenphosphate solution (10% aq., 0.075 L each wash). The organic
solution was dried with anhydroue sodium sulfate (0.1 kg) and filtered. The solids
were rinsed with ethyl acetate (0.25 L, and the combined filtrate and rinse was

concentrated to an oil under reduced pressure. The oil was diluted with ethyl

acetate (0.25 L), seeded, stirred overnight, ard chilled to — 15°C. The solids were
35  isolated b}; filtration and dried under reduced pressure to afford 17.7 g of GS-7342

(Table 5) as a tan powder: 'H NMR (CDC),) 5 0.95 (¢, 3H), 1.3 (m, 6H), 1.7, (m, 2H),
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36 12AUXR00 5 sulfate, and concentrating to yield 11.1 g pure GQSM‘%@D/’g as a
white sofid /e S Fesi I e
o | 037 %RI)EL e, 1), 0U2AA; H—I?S?X@ﬁ;)??ﬁb@%@»ﬁ{e) 1 egg.@ > THS

di astereonmeric m xture of 7003a  an 003 eny ani dat e)-
and the ni x{RNMBICDXI &2iddesoufdad). (the glycyl amidate). These

di astereoners are separated using a batch elution procedure such as shown
in Exanple 3A, 6 and 7. 10 Exanple 9 In Vitro Studies of Prodrug

Di astereoners The in vitro anti H V-1 d2ampiey and cytotoxicity in M-2

cells and stability in 15 h | as an extracts of GS-7340
(freebase) and tenofovir di st?tﬁsg?g ”ﬁ%ﬂaﬂ’%‘nﬁ’%ﬁﬁ%ﬁﬂe shown in Table 1.
GS- 7340yphows a 10-fold increase in antiviral activity relative to TDF and

a 200 fold increase in plasna stability. "This greater plasma stability is
expect ed t o resuThe diasteredmericinixurawian pulrified usingf thegoRditidnstdeacribeidHoaf t er

oral adm nisiratiaon. 2 le | o Activity and Stability HN-I.

Act i vi t yt oté&iﬁ%@’m‘?@ tﬁ°§<@§<§gﬁ%‘é{é&@w|4unan MT-2 ( P/ MT-2)

Pl asmaCel | Extract GS 73400. 005> 4090. 028. 33. 2 TDF0O. 05700. 4170. 70, 006

Tenof ovi r 56000- - - - - 25 In order to estimate the relative intracell ul ar PMPA

resul ting fMobilefhase nt r dbetial): £55-782lh dicetonitale Tipppropyt Algndwb (P t hat
from GS57340, bot h prodr @Binal)andOpfMetierldlcatdilol abel ed and spi ked into
i ntact hureBlutionl Brofilood at  equESBilH (disstereaineaB) ons. After 1 hour,

pl asma, red bl ood cells (RBCs) . e(gsi.ylm(rdlmg@ahebmod nononucl ear cel S
(PBMCs) were isolated and anal yzed by HPLC

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 -
mmol), 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), Aldrithiol 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 cmbed 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 'H NMR. 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




30 with radionetric detection. The results are shown in Table 21 236 2004

12AUG20Q4 5 ter .1 hour. GS-7340 .r lts i and_ 30x t al.

i nt race%l ul® a_edﬁggﬁppgqqtg%wﬁfe,%ﬂ @B@%P&e @%%%aﬁl@oﬁgr%%%tyédﬁ and
PMPA, 1 es PR prvebss alddisRindstefed td g@tﬁeﬁwﬂmﬁ%@&ﬁe@ﬂ eI oLy 034 S
due to intact 'GS- 7340, whereas no 'TDF is detected at 1 hour. Since no

i ntact TDF ansl @&17803k(the phepylatany] antdateDandittertobdureGS7119 adiGSs8Bheen TDF
and GS-734Q,,i s he m nj o di.fference expected in vivo. The HPLC

Chr ot oor A ehveR AR THs st sep ppar et stie 4 PRt BN 15
Table 2. PNRAcARiRRALA b§shdwnh ExIRpid BB akdd. RBCs After 1 h Incubation
of PMPA Prddrugs or PMPA in Human BPood. Total C- l1l4Metabolites (% of Tot al
Peak Arl@a ConpoundMatri xRecover ed, PMPAPMPAD, PMPApp, Met . X, Met. Y, GS 7340,
e%8880806 GS- 7340PI asmaf P43. 01--_ 13 ﬁ84 iE% g- eq) PBMC1. 2545162118- -

RBCO FP12. 68--241157 PMPAPMPAPMPANDNO- 31 GS-4331Pl asnma/ FP48. 111- - 89-

(TDR) (601 Lg- eq) PBMO0. 133502548 GtuBBCLFPAREA3 DiflsterecRMRAPVPAPNPA PVPA
Pl asma/ " 55. 7100- (64 S-eq) PBMZ0.0338614' - Cl FP3. 7274102_].6 38

The in vitro anti-HIV-1 activity and cytotoxicity in MT-2 cells and stability in
15  human plasma and MT-2 cell extracts of GS-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 GS-7340
than TDF after oral administration.

20
Table 1. In Vitro Activity and Stability
HIV-1 Activity | Cytotoxicity Stability T 1/2 (min)
Human MT-2
ICsoum CCsym Plasma Cell Extract | (P/MT-2)

GS 7340 0.005 >40 90.0 28.3 32

TDF 0.05 70 041 70.7 0.006

Tenofovir 5 6000 S - — —
25 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 celis (PBMCs) were isolated and ahalyzed by HPLC
30  with radiometric detection. The results are shown in Table 2.
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1 2 AUB 2004 5 0 10 Figure 1. HPLC G 14 Traces of PBMC Extracts] & Rndlfbuman

Bl ood V\ﬁggb%e'?'ﬁ];ﬂ%%%%?gﬁ%%%é@ %Hﬁq %%ﬁ g or. PNVPA. F]l /| PBMC 5 PMPA

PMPAp P ites X and
Y) are ShOWEoﬁd&nEﬁEbﬁo?PMPA\%pe&@sS&PmCs%%bE@a}ﬁtoq(}?PWtVBNIPA' on. These

results were obtained after 1" hour in human h 1 ncreasi ng

time, the irespectivelyli h‘fpkaamadteaﬂémm,pﬂ(% efthegadivactiviteis duienodntagtiGBof
GS-7340 is i nt act one_hour. Bec intact .GS-7340 is
present in 2‘%@5?‘?@"95?% é}o ‘i‘ifgaﬁa 3&&0P6n5m5ﬂ8°ﬁ%qa5€f13§1%3?tﬁﬁeélmef ficacy
shoul d be e t 1 C
val ues of t n(%?ﬁv?}ém%géﬁe%sgﬁ%g%ﬂs?ééﬁ élcli)&s)lc 3% @Jﬂ?ﬁéﬁgr ot ease
i nhi bi t r ndifference expectedlin 9&dehA§iBmmombgtamﬁoﬂalhﬂhdeé&:ﬁﬁMdﬂme 2-3

tent than all other nucl eotides or nucl eosi des.
E\;l’rtro Anti-M/-1 Activities of Antiretroviral
(PMEA) 13.4 4.2' Teoofovir (PMPA)G6.3

orders of ude. nore

39 12 Auenﬁ‘gﬁﬁf%waewg%
Conmpounds Conpoundl CSO (M Adefovir

3.3

15

. Table 2. PMPA Metabolites in Plasma, PBMCs and RBCs After1 h
Incubation of PMPA Prodrugs or PMPA in Human Blood.

‘ Total C-14 Metabolites (% of Total Peak Area)
Compound | Matrix | Becovered, | PMPA | PMPAp, | PMPApp, | Met X, Met. Y, GS 730,
ug-ed % % % % % %
GS8-7340 | Plasma/FP 430 1 - - 2 13 84
(60 ug-eq) | PBMC 1.25 45 16 21 18 - -
RBC/FP 12.6 8 - - 24 11 57
PMPA PMPAD | PMPApp | Momo-POC | GS-4331
GS-4331 | Plasma/FP 43.1 11 - - 89 -
(TDF)
(60 pg-eq) | PBMC 0.133 50 25 18 7 -
RBC/FP 105 93 7.0 - - -
| PMPA | PMPAp | PMPApp
PMPA | Plasma/FP 55.7 100 - -
(60 pg-eq) | PBMC 0.033 86 14 -
RBC/FP 372 74 10 16
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AZT0.170.081 3TCl.8 0.25' d4T8 2.51 Ne]inavir0.006 0.002' TDFJ. DEIGE

73400.005 1. A. S. Mulato and J. M C herxingtc , Antiviral Research 36, 91

(1997) 10 Additiopal studies of the in vitro cell culture anti_  HV-1

activity and cc, BiguredodiREGE-14 Amces et FBMC Eixtmpts SromEwman Bloed e

conduct ed and t he resilhcubated vzt bat 37761 with THDFAGSIBAVGE PMPA. Tabl e 4.

Ef fect of Diastereoner ConpoundDi astereoxerlCS,, (}iMFold changeA/B

activityCCU (1M PMPA5]I x6000 Al a net hyl esterM xture 1:10.025200x20x80

GS- 6957aA0. 0075670x GS- 6957b0. 1533x Phe- et hyl est er M xt ur gpg: 10. 03170x| Ox60

GS- 7003aA0. 01500x TBEPBME3HB0. 150x G y- et hyl ester M xture 1:130. 5. | ox20x

GS- 7119A0. 05180Ux>100 GS- 7335B1. 05x Al a i sopropyl M xture 1:10. 01500x12x

GS- 7340A0. 005%%000x40 GS- 7339B0. 0683x>100 ABA- et hyl M xt ure

1:10. 008625x 7208x>100 GS- 7342A0. 0041, 250x
e o o

D T —

D 7 5 10 15

20
GS-7340/PBMC
PMPA
40
Met. X FWPAR PMPADR
L N
0 5 10 15 T
! 8
: PMPA/PBMC
4
- o PMPA,
10 [ ‘ 5 10 15 20

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 GS5-7340 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 vitro.
In Table 3 below, IC, values of tenofovit, TDF, G5-7340, several nucleosides
20  and the protease inhibitor nelfinivir are listed. As shown, nelfinavir and GS-7340
are 2-3 orders of magnitude more potent than all other nucleotides or nucleosides.

39




GS- 7341B0. 03170x Al a-ethyl M xture 1:10.02250x| ox60 GS- 7114A0. 0451 A0DI8: GS-
7115B0. Q51C0x Assay reference: Adniilli, M\, et al., (1997) Synthesis, in
vitro bi"ol ogi cal evaluation and oral bioavailability of

9- [ 2- (phosphonormabie}y IpVery A HeIVIE Activit d8\d1 An tiFedebvia$ Coipdutidsal

Chem stry and Chenot her apy 8(6) 557-564. "Phe-nethylester" is the

met hyl phenyl al ani fyt—Tonoanm-dare, phenyt 7 MONoester _of _tenof ovl _
"gly-nethyl ester” [is the n@?lﬁmﬂgd ycyl nohoani dat eIquihMin monopst er of
tenofovir. 15 | n qactrTrstarce—abovre—tsSymer—a-Ts erreved-to—ithve t he sane
absol ute stereochHem str&dd@rnmaﬂo (S) and i sdfer: 824 s bel i e/ed to have
t he sane absol ut e —ster cU\..llCllloLly et gf S51339—4+1 1 2491 2006 5
The in vitro nmetalol i smTendodt @MAA)ty of [ separ at eGledaaBétereoners wer e
determ ned i n PLCH——~M—2—ext+act—ard—hoirpr—pasra—A—brotogeal sanpl e
listed below, 80|L, was traazferred intp a screoagamost centrifuge tube
and i ncubat ed at ’37" +or—b—A-A—A—Selut-er—ecenrtap-rg—0—2—rg~H. of the
test conmpound in g suitable $rgfer, 20 plL, was addedops the biof ogi cal
sanpl e and m xed. [FHre—+eactior—to—HxtH-e—20—pL—was—rrediatel y sanpl ed
and m xed with 60 |pL of net ha4'[ol cont ai i ng 0. 0153£msm of

2- hydr oxynet hyl naghthal-ens ntern > aphal ysis. The
sanple was taken gs the ti mma@;glo sanple Then oa;joﬁimglflc t| e points,
the reaction m xt ye—20-L was sanpled and m Mth- 60 gl of net hanol
cont ai ni ng the intier nal starrplapd The m ture thus g;dz,tal ned was 15 .
centrifuged at 15,[000-GC -A—ahd-—-t-he—sHpern ¥= #ed wth
HPLC under the cdndi t| ons @Bamol bed beI DW. The b| ojoogl caI sanp es

eval uated are as fle P ase from

Si gma, 160 u/ ny prntAes Mﬂﬁ&mﬂ‘ngerﬁﬁgﬁﬁlﬁﬂnﬂhm})ﬂMhBﬁed(lﬁmol d with PBS
(phosphat ed-buffered saline). (2) MI-2 cell extract was prepared fromM -2

cells a{:ocor ding Agd{tﬂ)%afgt%ldllessh %ilhe in vitro cell culture anti-HIV-1 activity and CCy of

separated d.lastereomers of this invention were conducted and the results tabulated
below.
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~ procedure [A. Porpon, |. Lefebvre, J.-L. Inbach, S. Kahn, and O ZFEH6 dlhar,
"Antiviral Chem stry & Chenot " 29198 (1994)1 except for using
HEPES guffer descri bed bel ow?géﬁ%e]zfﬁ%ag%#am&mmn pl asma ( pool ed
normal human plasma from George King Bionedical Systens, Inc.) The buffer
Systerrs used-in the Qfllrijp': are as_foll ous In the study for PLCE., the test
conpound WaERIUESL| ved Pistermmens ICoHpdphaFeld dangef| &)/ Bdctivily vlméZC,ﬁ}gﬁa)
cont ai ns“U. UM phosphatre, 0. 0027 MrpEassiunmroorge a0 137=kksoet um
chl ori de nHi)M?D t 3% In the study for \/H'-Z%gell gxtracts, the tsggq
conpound Mamethgesterd iMbdmeasl puf0.625 HEPES208x f el cor2®x ns (. 0180M
HBPES, O. 05d>§_ ssiym chl gri de, 0?0@9 M | mag i umjchl oride, and 0.005 M
dl-dithiothreitol. pH|7.4 at 37C. |42 )§\UG 100 5 1n the study|for human
pl asma, the G%6957bonpqund was di spol @eib i nj TBS334BS (tris buffefed saline,

Sigm) co ' . M Tri .0R7 ot agsi chl onide,_and 0.138 M
sodi um ch?%‘?h%zhﬁﬁ%%. SIQF‘%'?fgprhe C apal ;‘?i% was cart “ed out ugger t he
fol | ow ng c@&Er@d3ans. |10 CoAumm: Zorigad R 1 C8,50hx6 x{250 mm 5 |( MAC- MOD
Anal yti cal , adds Forgd, PA) ctipn: at 260 nm Fl owjRate: 1.0
m./mn 15 Q#UW% 30 m ng I nj ectPﬁ% Vol bmre: L Col utm Tenper at ure.

Anbi ent t@hpetholastee MybMixtiedsie A. 05 MM pot aggt um phosgimt e (pH '

5. 0)/ Goe S0 (vivy 25430 G i BB Ruh: GIKn 100% Nobi o phaséon
GS5-7335 B 1.0 5x
Ala-isopropyl Mixture 1:1 0.01 500x 12x
‘ GS-7340 A 0.005 .| 1,000x 40
GS-7339 B 0.06 83x >100
ABA-ethyl Mixture 1:1 0.008 625x 7.5x >100
GS-7342 A .| 0004 | 1,250 |
GS-7341 B - 0.03 170x
Ala-ethyl Mixture 1:1 0.02 250x 10x 60
GS- 7114 A 0.005 | 1,000x
GS- 7115 B 005 | ' 100x

Assay reference: Arimilli, MN, et al., (1997) Synthesis, in vitro biological
evaluation and oral bicavailability of 9-[2-(phosphonomethoxy)propylladenine
10 (PMPA) prodrugs. Antiviral Chemistry and Chemotherapy 8(6):557-564.

"Phe-methylester” is the methylphenylalaninyl monoamidate, phenyl
meonoester of tenofovir; "gly-methylester” is the methylglycyl monoamidate, phenyl
monoester of tenofovir.

15 | In each instance above, isomer A is beliéved 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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25 mn 100% Mobi |l e Phase B 30 nman 100% Mobi | e Phase B The resJIQt‘%UGam
shown bgl ow i n T@R! & v2ré Al 'ﬁ‘%r“% efe ekl e 4). 43
12 AUG 21)U4 5 TabII e 5. Iezéb\(}h?%oaql\l/iet Bﬁ'ﬁ,%é SOMer s S‘Ba(r%ge QP% PMPA
nmonoani dat eiemmmdum RORMA? M T rem tracickert dbiiviah QR ACEA fvjslo gicglssandyile Zisted

extract Hu str re(AMrate andhydrol ysis ratePl asma rod ¢tand
aiheiow pnadened and

pr oduct St ) WasEr intorq sepeverpPed centri incufated at pc
th =80 %gﬁ?. : ﬁ%%@“ﬁ‘?@ﬁﬁ%@%@w it ”%%*BA@F b X &
PMPAMEL . X shitBbieAter, 20 i 0NEY adtlddib61the bivib bnd nix8d.3TH: E'&% tidn

mnt,n = 90.0 m n NH CH Pr 3\ 0.005Met . & PMPAMEL . X & PMPAMEL. YODh
10 mixture, 20 pL, was immediately sampled and mixed with 60 pL of methanol

containing 0.015 mg/mL of 2-hydroxymethylnaphthalene 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
UL 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, L. Lefebvre, J.-L. Imbach, S. 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 dI-dithiothreitol. pH 7.4 at 37°C.
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r A GS73401 A9 CHO ~ Ot.n = 10.1 mintin > 1000 mintin 2385 %% n p.

| some

575 ot i et ey 6N e s oAb YR d@w@%ﬁﬁﬁ@?ﬁ%(

X & PNPANEtbuH’er@dthﬂe éﬁ@mﬁmé\[)@smﬁﬁxsﬁo Doﬂ-lﬂ(ﬂr@aéslmﬂ chidride, andi nt, n >
1000 mint,n = 257 min LQ,) NH CHOOOEt 60PhO. 03Met. XMet.

0.138 M sodium chlonde. pH 7.5 at 37°C.

The HPLC analysis was carried out under the following conditions.
10 : ' '
Column: Zorbax Ry-Cg, 4.6 x250 mm, 5 1

(MAC-MOD Analytical, Inc. Chadds Ford, PA)
Detection: UV at 260 nm
Flow Rate: 1.0 mL/min
15 Run Time: 30 min
Injection Volume: 20 pL

Column Temperature: Ambient temperature

Mobile Phase A: 50 mM potassium phosphate (pH 6.0)/CH3CN =95/5 (v/v)
20 Mobile Phase B: 50 mM Potassium phosphate (pH 6.0)/CH3CN =50/50 (v/v)

Gradient Run: 0 min 100% Mobile Phase A
25 min _ 100% Mobile Phase B
25 30 min 100% Mobile Phase B

The results are shown below in Table 5 (also including selected IC,, data
from Table 4).
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| somer B GS7341 A iii 11 O000IPr t,n < 0.14 mintin = 70.7 mint /2 A6 8l
mn Q-Ps- OC"'TVa%IQSOW%CﬁeWWM A”Q{H)ﬂgﬁ@dﬁﬁ‘lﬁ%o%m BydgVPA

Met. X A 15. A= Met.
es
. he

~Ov &C NH- UG 1 llas
Fol | owi ng "k@fgﬁﬁmﬁff@n a?@ﬁ'fefd Bﬁ%‘;ﬁg,%&hp na,;?g,gq %@aﬁ@m
a 10 nm nn/ I(n dose ormulatian p nra I ||Sr\;gbl\"z‘\'xslip)

phar macoki netlcs of GS 7340 wer ¢ studi pd igodo&s afte{,n@
fornul ated as ﬁutl ns M 50 nMcitrit aglgbgm}nt h| n g, 5 ook pr 110y = 148 min
o) 5

\I

adm ni strg

Isomer A (5371 14
CH, a s i} ;
2 P NH-CHCOOE! 0.08 t, = 8.0min t,,=180.6min | t,=495min

Ph ' Met. X & PMPA iviat, X & PIMIPA Met. ¥
Isomer B GS7115

it

Kfo 1 H_g:sc COPr te=33min | 1,=283min | t,=90.0min
S Sh g 0005 | Mt X & PMPA | Moh X&PMPA |  Met.Y
Isomer A GS7340 ’
A ?Hs = =
, K{O\,E\—Nw Eoort | oo r;,,, =101min | t,>1000min | t,=231min
T Y \oen ot. X & PMPA Met. Y
! Isomer B GS7339 : '
ILO GHzCHg b =3.9 min to=492min | t,=108min
NH-éHGOOEt 1w = o T 1A = S7e T =
5 L \’P 0.004 Met.X | Met. X&PMPA Met. Y
isomer A (387342
T GHCHa t =113mn | t.>1000min { t,=257min
4 k, \RNH-CHCOOEL | 0,08 " en X = " ety
5_ OPh ‘ Met. o,

Isomer B GS7341

1z <0.14min te=707min | 1,=041min

Il i
R-0CH,0CQIP
7 I\/O 2 0 "1 905 | MonoPOC PMPA | monoPOC PMPA | monoPOC

GS4331 OCH20001Pr PMPA
X Met. Y:
S Y T Y SR
P<NH- CHCODH —NUL 1
y O PN ké,ovﬂ\gn CHCOOR

10 NH»

A= <’I%
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by G lead Sciences. The following lots were used: 15 GSI Ami dat b2 At 368
aci dAA Ester Di ast ereoi sonmer Lot Nunber o/ - 2Al ani nei - Propyl | soner
A1504- 187-19 GS- 7339Al ani nei - Propyl | s%%‘%l’—l%i@og- 185- 31

GS7114Al ani neEt hyl | Plasie aﬁﬁi@ﬂ%uﬁ%ﬂﬁﬁﬁ%%;?&ﬁﬂ@ﬂﬁﬁbn B1509- 181- 22
fo

GS7119d yci neEt hyl | somer  AbfRRdB3 Thdstereoniad ?S,tgﬁri c Aci dEt hyl I soner
A1509-191- 12 GS7341a- Am nobu 'c¢ ACi dEt hyl, | soner =~191-7 Dose

Adm ni stration | l.ect e in-li.fe.phase of this study was
conducted in acc%&%&gﬁ‘#‘%@#@g@#ﬂﬁ&ﬁ§l'8ﬂ’§%d$‘ C&W@aﬁ@%’é for the Care
and Usg ofad;ﬂﬁﬁgtadtwryoﬁﬂmﬁﬂgsé'qmgaddsgnal Institutes of Heal thpublication
86-23) and 20 was approved by an I'nstitutional Animl Care and Use

Committee. Fasted pmle beagle dogs (10 2 kg) were used for the studies.
Each drug s adm.ni stered as a single dose by or.al a (1.5-2 m/kg).
The dose waS?*® gﬂﬁft}ﬁ?ﬁa}?r@ﬁf“ﬁﬁ Waﬁ\%wg?tegé? g‘?*BN@Q? gﬁ%&&%?é@ wer e
col | ected 110y 3 (e r od
advithirt 0.5%08e pRibr te dosk. A%I‘Qaer.? oué_)hds e ngg% %\ﬁ&eg')?g&esﬂleﬁ

sanpl es were collected at O (pre-dos , 15, an ‘

1, 2, 3, 4, 6, Shy1 Gilead Sciehceso Thedolewirl lntxiweteuseld) was processed inmediately
for pla by centrifugation at 2,000 rpmfor 10 mn. Plasma sanples were
frozen %rr:aﬂa Ataired—at—706 urtit+—an lyzed.—PReri _al—Bl ggd Mononycl ear
Cel | (PBMG r atli nAmldﬂmAgum Acid ) gter| 3 dnafterepisopershdof Npmber )i e
poi nts was| P%dad4-3 lequal gH@EBRti on \iitRropYlgsphdsamessi f er fd5Mal87nkd (( PBS),
| ayered ont 0GS5739 df Fi colAlamague sol utkrepyl(PhadsemerB Bi pd 209k185-3kd

- centrifuged &8S743¢ x g for AMapingé n. PBMC Btbyler] wadsomerdved pnd094E811264) 2004
5 washed gncd3Willh RBS. Forledn®MVBC pel |Bshylwgs r dsemertB t ut ediS09a181-22|m  of
PBS, cellls W@¥H1Peguspendéilycinount ed| udithy henodydmersh er pid28HI32%i ned at
70C until | ard873ded.| TereAminobheyrioAcidel | Ethyll i pl iTsendényA t he| pEMA1HFIRY| e- cel |

vol unme was usEsy34in |cahAthiabbri©Acidn] r Byl Lh ar Issan&st r at i180s-19R7rleport ed
val ue of 200

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 Animal Care 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,and24 h
post-dose. For plasma, blood samples were collected at 0 (pre-dose)}, 5, 15, and 30

25 min,and1,2,3,4,6,8,12 and 24h 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 Ficoli-Paque solution (Pharmacia

Biotech,) and centrifuged at 400 x g for 40 min. PBMC layer was removed and
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1.2 AUG QBGL

fenmtoliters/cell was used as the resting PBMC vol urre (B L. Robins,

Srinivas, 1 C I AQents
Chenot hzsr %éa%}eldg‘b ﬁ%efgig%?%mmﬁgﬁ‘%aﬂ%?m?ﬁ%ﬁg{f udg'ghlﬂr??p aséma and

PBMCs. The c&ﬂace&I'en'eﬁtuspmdeﬂ cBiRfed wingbembegiom Mmkbmhﬂmﬂdhfﬁ@ﬁ@ﬁﬂhby

derivati zi ng PMP. th 15 chl acet.g de to yield a hijghly fl uorescent
N N et hertabres e uR & phrellp poud ulfpfiEd i e ek gingls ool Yoline was ped

Q ercq, d 'ﬁm%ﬁoﬂ?hﬂ%céﬁﬁ%&om@u&ﬁ%ﬁ’s j?k’ (’31990?5@ vvas m xed

wi t h200 pl acetonitrile to precipitate protein arrp es vvere

evapor at ed femtdhgenm/scxﬂmedmahedeqmmgﬂEM@ vaiumhe ¢B) Ldtabems}m 6nrl3vb§;d

sanpl es re ed I n derivatizatjon cocktail (0. 34%

chl or oa]@et a Mﬂé chgdﬁ&#ﬁaéef*ﬁm@ﬁh Agsyts Q@Fﬁ‘@ﬁ

centrifugedqg d@;per nat ant was then transferred to a clean screw cap tube
a

and i ncubate t 95°C for 40 min. Derivatized sanples were then evaporated
to dryness and reconstituted in 100 pl of water for HPLC analysis. 25

Before int rBs&kﬁ&ﬂﬁmPM’H\rﬂOAﬂaﬂdtm‘od@&%ﬁm PlesmR UntPEMCs!TEhé adrtengaREAt S Of
adeni ne rel ated_ri bonucl eoti des present in the PBMC extracts had to be

rlermved by ofﬁMB mhm.smpmwa%ddem;xméwwmﬁwﬁemﬁanaka et
230 85 ropetalRIURHT viekt 2 PR RuaPSnt N REBH o iBiine deRSASEE .

evapor at ed N@esény,rjesalzmﬂpana@me@lea@ QlasSHe. 35,28041992y BAsY, plasikd €
derivatized_as described in the plasma assay. The derivatized sanpl es were

mi xed wit h @60 b was miyedithdd@ nhaeetauitie to previpitate preteinmSeamlewere then

and 20 pL. QrboEAET iy Srfii uhflet GRS pBHAR, Reon P fnlne, DligFabipRy

sanpl es werwesnepostiteiddin 200 yhaedvatimeion tﬁdttﬁﬂ(ﬁ.%%&:&ldr@a@fdd&@de in100

reconstituted in water for HPLC anal ysis. 46 12AUG004 i ntact prodrug
was det®ct WWM@SVOW%F%W% W@V?Wﬂnt ai ni ng
intact pro Hg;g LIZER
conver si onq'rtro %%i(gg%urre ur| erl va |za ?%%{gslg %P %G%were
added to drsagapleswepd Henevapdrated tadrymﬁsredeﬁmtum 11)0¢ﬂ ef wete& fop

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 procedure of Tanaka et al (K. Tanaka, A.
Yoshioka, S. 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 L. 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 pL 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.



detectable | evel s of PMPA present in any of the plasma sanpl &$,AU8A04it he

proj ect Y %ﬂﬁ% r.Sd m 9 e S
conpri sgﬂ oIf%yéI( %?I{)B sog\yzénst?&h&e féc\l/ieﬁra?/[%'sf;/s emgav{\%‘P%p'A‘g%lgSﬁéE%%ﬂ%gctor and
F2000f | uor gsatentisllyledretatning (ntheprodhgpaoqieronentbaerd gaﬂonﬂéd to ey thed umm
was an Inerﬂtcz'l O:)SCPFZWE%LC;}\WP 4.6 X %lgggnun). %’&e nmo itile hac'lsres used 15

. A 59 i [ BLf +EQ tS 8
St TR YRS g AT e ™
pot assi um pRosp aﬁlarepgu g‘r Wi A r, P . 0. ‘g %J\ﬁ/ rg?glwas 2
N/ m n andtdwectsblelsvels 6f PIIPAl pifeSerwdn afiftiof tied pREmat Hind t&yen.
The gradient profile was 90% A/ 10% B for 10 mn for PMPA and %N 3598 f or

10 nmin Yor %iwé convessioay was lesethadti%n was by fluorescence with excitation at
236 nmand em ssion at 420 nm and the injection volume was 10 p.L Data
was acquired and stored by a |aboratory data acquisition system (PeakPro,

Beckman, AlTieHRLE sysiiem wisaompriskd of b Pa00Rsslubnt delivery 5)¥bAnavich BIS300019
exposures were, express &@ 2s areas, under _concentration curves in plasma
:rda.rg.ﬁ

or PBMVC fr GHIQRYEStQ flroresernce detacior, epmp FeRamEcs, 2 joge4tAY usi ng
Study |5 sriase o abtateny A BPReA DS GHTEER X R R0, TH BB fleBe el
7340- 2 15t abelet Apb%unstunitri ip2emivhpothssinth Phbdiplatebatiercwith Ginhbltetgbatyl
2004 5 i GERBORIPBRTING (DB G e P ARHORITHE i SR BRSPENES
72" pupa P CBRARARE Vigh SR n AR, RGO ThEER R hgn e g e 10
- 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 656%A/35%B for 10 min for the
20 prodrug. Detection was by fluorescence with excitation at 236 nm and emission at
420 nm, and the injection volume was 10 pl. 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 (AUQ).
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 G5 7340-2 metabolism summary of plasma

30  and PBMC exposures following oral administration of pure diastereoisomers of the
PMPA prodrugs.
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0 10 5 10 15 20 25 Ti ne Postdose (h) The bar graph in Figure 2 s‘hétji{ﬁs?ﬂﬂ‘he

é%A(g- (2!4h) JE.or tgn% 'ragfdggqgﬁ?ugﬁg °‘£l aﬁg? aft%(ﬁ ratl on of
exhi bi ted i ncreases ﬁ%‘ﬂ@‘ astEAiar !f%gG g2dadpegs atd0megreafiul ts in a

-21-fold increase in PBMC exposure as conpared to 15 PMPA s.c. and TDF,;
and a 6.25-fold and 1.29-fold decrease in plasnma exposure, respectively.
48 1 21 AUG 2004 5 Figppe 3. Depicts Tenofovir Exposure in PBMCs and

Pl asma Upon Administratio 10 rrg eq/ kg in dogs 10 15 20 25 30 AUC(O0-24h)
for PMPA I n PBMC and Pl as e of 10 ny-eq/ kg PVPA
Prodrugs to Dogs. These dat establ ish in vivo that G {can be
delivered orally, mnim%gs| system c exposure to PMPA and greatly enhances
the intracel | ul ar concent afion of PMPA in tHe Celdhambil ITafily responsible
for HV replication. 29 1 AUG 21104 5 Tabl e Gﬂ\/ﬁ@mp@@ure I n PBMC and
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o4
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10
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-—f'old and 1.29-fold decrease in plasma exposure,
respectively.
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bi odistribution in dogs was deter MY Prqql{gg$ 10539@S.di st ri buti on of GS-7340
(i sopropyl al aninyl nonoam date, phenyl nonoester of tenofovir) was
exani ned foll ow ng ofggd .25 administration to beagle dogs. Two mal e animals-
were dosed orally with 1aC=GS-—7340 (8.85 ng-equiv. of PMPA/ kg, | 33. 2
MCi / kg; the 8-car bon14gd‘_ lgfﬁ’f' s | abel ed) in an aqueous solution (50 nv
citric acid, pH 282). asna-and peri pheral bl ood nonpnucl ear cells
(PBMCs) were obt aEnegmpA er the 24-hr period. Uine andl feces were cage
col l ected over 24ghr. Al 24 h after the dose, the aninpls were sacrificed
30 and ti ssues reﬁovggoj or anplysis. Tofal radioactivigy in tissues was
determ ned by oxgdat i oh and iquid sciptillation cou w_; ng. The
bi odi stribution PMRA| af t er [ dral dosef of
radi ol abel | ed GS £340 i § sho ok he data ffoma
previous study vEth gk B the profrug
concentration in the 35}plasrg #say detection, and
the main speci es obsaqsyed in @ . Level s|of PMPA in
the | ynphatic tissues, bone i 3 ® c are ingreased
10- f ol c®0af t er adni ni gboftion & 2A 4 45 Accunufation in
| ynphatic tissues is copsist ¢&

o

25
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. -
30
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the PBMC anal yses, since these tissues are conposed primarily lof AUG 2004

| ynphocytes. Likew se, accunulation in bone nmarrow i s probably due to the
hi gh pefrcentage of |ynphocytes (70% 'nb)tég,'s tissue. 10 Table 7. Excretion
and Tissue Distribution of Radiol abel | &8 7340 in Dogs (Mean, N=2)

Fol Il owi ng an Oral Dose at 3.0 ng-eq. PMPA/ kg. Tissue/Fl uid

GS- 4331GS- 7340Ti ssue Cone. % DoseCone. % DoseConc. Ratio of GS 7340 u /u -eto

GS- 4331 Liverl 3016, 4 i 5887 903 7880 210. 9
Lungs0. 030. 530: AT es%ﬁ@g%ﬂ%@%g‘%‘fé“—g%% 6 Axillary

Lynph Nodes0. 000. 370 015 5414.8 I naul nal Lynph NodesU. 000. 280. 004. 1215.0
Mesenteri ¢ I%Ep 3}9;0 00]1. PUPA g Bigsya7 | T! WUBI@BHﬁdOPGGG%CRF”@@MWFBlS 8
G“ahdd Sert

Pituitary : “%40. 0( meéﬁ. SR TER ngggm45o'5’ﬁ a2.3
Adr enal GWW& . 630, 1'.'8.—1-3;2—% =
Pancr eas0 8 TS 2 B ost .2@6 007. 149 1] Té5Pes
(L+R) 0. 02]. 58815 2 YorpiMe-RyBsi of-Bt a|1ﬁvu FH11P6. 01F 1p10ES 43
Hear t 0. 03(G5FE-2]5 Mo ARB-A-&ned 4] Bonk0.800( .898( . 880.|283. 5 Be%e 161
Mar r ow0. 0P ©s268. |0 @enod&il-A2 | Ské n[0. GO0| 130. QGO0 9557 2 | Alsdojn vas 31
fat 0. 000. I'GE=10U. Wioko-Bh-HrAC | 2 00U g0 GO0 (&3 .[ 7 adaT qi 130. PUYE - 00<gz00n . {d.

GS-7342 | Mono-ABAEt-A | 46 | 1.2 2 1060 | 519 5 YES 230

GS7341 | Mono-ABAEt-B | 58 | 14 | - 2 199 | 88 5 YES 34

Example 11
20 Biodistribution of GS-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 ICi/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. Utine 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 G5-7340.
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Cer ebr ospi nal Fl ui d0. 00<LODO. 000. 00n. d. Spi nal Cor d0. 00<LOD0. G00A il .
St omach0.111. 920.,262. 681. 4 Jej ununt. 343, 010, 794, 161 ¢

Duodenund. 494, o6 Saron Bt HoSugias véorlaan) with the data observed from
| ntestinel. 6REPBRAC 8Rl¥set0dinde Falsh b des Ebﬁgéseﬁgﬂiﬂﬁﬁgr %G?n%ho es.

Bi | 0. 009. 630. 2240. 484. 2 Feces40.96n.d. 0.19n.d.n. a. Tot al rac

Cont ent s5. 6 Lakewise, agawmanlation inlronegnarewris prababipdue tnthe. hiph permntigezf

h0. 000. 200. QQ0. 201 .0 na 0.25 hn. a3. 68n. a. 3. 480. 9

PBMC* 0. 00n. MP@B%?%@H%P‘\?@%P@S‘E‘?-oodO. 000. 850. 160. 200. 2 Tot al

Recove8l. 1068. 96 * Cal cul ated using typical recovery of 15 x 10 cells

total, 3pd Meplh1PBMEx¥H oA BdOfisdde DillrbRkioh & G8.737 n.a.
B dCFis | FREGblapeft ;F;?g ?SFﬂh%%WeEn,

= not applicable, n.d. 3ybat g{vg{gglpg %}5%53_ J VB
screeni ng net hod for idenjtj?fl;??ing met o?fg%%é%h ate nucl &otide anal ogue

prodrug conferrimg eMMEBRmact VI L} 1 1T G543 OCr 1T SSERABMTPT T I o rssue Ghhc,
providing at |east one of said prodffBese 10 Cdar. JCoEDIsk N0 Conc.! HaRati®RFES 7340
therapeutic target tissue and at | epst one @gbygtlar get ti@ﬁ&@g) (C) to GS-4331
adm nistering t me prodrugvek0 the talgekoti[ssger and 16@5 Sal G284 Tleast 1@qne
non target tissye; and Kipeydet er m n| ng58 he rseb@t ijves.zsct i visdgl cdnf er n@d by
the prodrug in fhe_ Lungs 0.03 0.53 0.34 433 8.2
Hiac Lymph Nodes -1 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 57
Thyrold Gland 000 - 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 5.54 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 .02 201 1.0
Skeletal Muscle 0.00 0.11 0.01 112 10.1
Heart 0.03 0.46 0.15 197 4.3
Femoral Bone 0.00 0.08 0.00 0.28 35
Bopne 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 37
’ Brain 0.00 <1.OD 0.00 <LOD n.d.
Cerebrospinal Fluid 0.00 <LODb 0.00 0.00 n.d.
Spinal Cord 0.00 <LOD 0.00 0.04 n.d.
Stomach 0.11 1.92 0.26 2.68 14
Jejunum 1.34 301 0.79 4,16 1.4
Duodennm 049 4.96 0.44 8.77 1.8
Deom 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 40.48 4.2
Feces 40.96 nd. 0.19 n.d. n.a,
Total GI Tract Contents 5.61 nd. 21.64 nd. na.
Urine 23.72 nd. 14.73 nd. n.a.
Plasma at24 h 0.00 0.20 0.00 - 0.20 1.0
Plasma at 0.25 h n.a. 3.68 n.a. 348 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 (.2
picoliters/cell
15 n.6. =no sample, n.a. = not applicable, n.d. = not determined.
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15 tissues in step (c). 2. The nethod of claim1 wherein the ecat/]t‘ugzpn S
od of “c1'd

antiviral activi r antitunor activity. 20 3. The neth
wherein the acti¥ 3 antiviral activity. 4. The nmethod of claim3

wherein the activity is anti-HV or anti-HBV activity 5. The met hod of
claim1l V\/ne ein r.0 A or . . 25 6.. The
nmet hod of c ai m%%"%?‘%%“?%ﬁ"ﬁ?%ﬁﬂ&ﬂﬁ ﬁ?ﬁ’@ Bate nucleotide
phosphonoesaﬂlo ?&mgl}g%ogma t hod of
claim6 wherein the am date is an am no ‘(E:{Fﬁ am dg?ééte@féu%‘x"t;ﬁﬁs hod of

clai m 6 wherein {@e eptcm‘ldtr@ atreast phe ef said prédrdgse met hod of claim 1

further_ conprisi sel r odr having a relative activity in the
target 19ssue th 93‘? %ﬁF%ﬁHn? FRRENC fRagetdissupand ahleagmneaiaget
tissue. 52 Q@QEN 5 10. The nethod of claim1 wherein the target and
non-target tissue are in an animal, the prodrug is administered to the
animal and the r& atlaé‘naushemm@thepro the etgbytissng laxtdits s@id dt heaskBha®l
ti ssues after m .Str atl n of the prodrug. 11. The nethod of claim1l
wher ei n act’i‘%?ayt get and non-target tissues is 10 determi ned by

assayi ng t he anogpt P8t

tissues. 12. The net ﬁ%td of c??f‘ﬁq 12 gﬁ%@ﬁﬁ#‘%ﬁd&;@ﬂgtﬁéﬁ%ﬂggtﬁg&%arent al
drug. 16 13tssursimsfepdd. of claim 12 wherein the nmetabolite is the

di phosphate of the parental drug. 14. The nethod of claim1 wherein the
target tissue is virally infected tissue and the non-target tissue is the
same tissuezwhi chhéd sefitdd ¥ RéBEL

wherein the target ti ssueﬁl glailrt/lﬁpwhm d tlﬁl‘sésaﬁéogﬁgsmﬁuma [ v?fgrf%fé an HI Vv
activity. 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 aryl 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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16. The nmethod of claim 1l wherein the target tissue is |iver \Mg !?@"
activity is 25 anti-HBV activity. 17. The nethod of claim1l erein the
target tissue is hematol ogical and the activity is antitunor activity. 30
18. The method of claim1 wherein the target tissue is malignant and the

non- arget SS lignant.. 53 .1 2 AUG 2001 5
19. A comd ou zﬁ\erﬂ‘#‘ﬂ‘g g‘fel‘?"ﬁb &e(targppanr%a ng"ai&ftt PPREAIg AT hor e Ra
}s H gr | issadﬁﬁmsté‘gmioemmﬁtal mo:tllﬂtetraeﬁﬁﬁicuvkyhg s, th(ei ;
ree base an sol v there A conmpound, hayi ng t structure (2
(2) and its ddﬁt?ltﬂ'élﬁ élgﬁ 9”’%%@?%1‘*5#&%'@ 30 21. A

di ast ereoneri caIIy enri ched corrpound havi ng t he structure (3) 35 B- ~

.11R1 R2 (3) 54 L AUG 2004 5 io Much is substantially free of the
di ast er eonerly 4) T(}m:)method of claim 1 wherein activity in the target and non-target tissues is

10 determined by assaying the amount of at least one metabolite of the prodrug in the

tissues.
12 The method of claim 12 wherein the metabolite is the parental drug.

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

14.  The method 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.

20
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
25 anti-HBV activity.

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

30 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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wher ei n

R

is an oxyester which is hydrolyzable in vivo, or hydroxyl; 3 is

a heterocyclic base; 15 R2 is hydroxyl, or the residue of an pnymngC|d
bonded to the P atom through an am no group of the ami no acid and havi ng
each carboxy substituent of the amino acid optionally esterified, but not

bot h of
- CH20CH(

oo S e O S gy o

- CH2QOH( C=CH) CH2-, - CH2OCH( CH2N; ) CH2xgy, 20 25 - CH20CH( R6) OCH( R6' ) -

- CH20CH( R9) CH20- Or - CH2OCH( R8) O-,
to the heterocyclic base; the br
bond; 34 R4 and R5 are independégntl
substituent having 1-a carbon at

al kyl t1 do

Cl Co al

, al kyl amxno and di al kyl azni'no; || g
Iy Cl1- C6 hydroxyal kyl , QLI TH
H CC6 allcyl, or are taken togethHer to Ngrm -O0-

H, hydroxynet hyl or acyloxynethyl and

mh rein the right-hand bond i s 1inked
represents an optional double

hydlr ogen, hydroxy, halo, amno or a
acyl oxy, al kyoxy,

6, are i ndependently H,

i; 1Z' is independently
or 35 -CH2 55 2 AUG 20a4

, free base, and

5 R8is H Cl-06 al kyl, Cl-C6 hydr@%yaltﬁlhﬁi Cl-C6 haloalkyl, and RO is

sol vat es.

(5a) 10

15

35

22. A diastereonerically enriched|conpound having the structure
O

1)
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)

A (2)
and its enriched diasteromers, salts, free base and solvates.

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

s | 1
R2



15 (5a) 20 25 which is substantially free of diastereoner (5b) (5b) wherein
30 R5 is nethyl or hydrogen; RR independently is H, alkyl, alken

al kynyl, aryl or arylalkyl, or independently is alkyl, alkdnyﬂJgHMRynyl
aryl or arylalkyl which is substituted with from1 to 3 substituents

sel ected from al kyl am no, al kyl am noal kyl, dial kyl am noal kyl,

di al kyl am no, hydroxyl, oxo, halo, amno, alkylthio, alkoxy, 56 12AUR2aai

5 alkoxyalkyl aryloxy, aryl oxyal kyl , arylakégxy,'arylalkoxyalkyl,

hal oal k nit ro, Jemﬁ&hbdﬁbdaEDﬂ@ﬂ| |, al kyl acyl, al kyl acyl al kyl,
carboxyl vﬁ? %fkﬂ*acfﬁg%$@y R7 is the side chain of any

naturally occurring or pharmaceutically @cceptable am no acid and which,

i f the side chain conprises carboxyl, theg|car boxyl group is optionally
esterified with an alkyl or aryl ngug}—i 1is §n1no al kyl am no, oxo,
or dighkylan- no; and R2 is amno or H 23. 15 28/NH OH3 H3c"7 and it
salts, tautoners, free base and sol vates.RA conpound of structure (6) and
its salts and sol vates. 25

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

B is a heterocyclic base;

15 © Ris hydroxyl, or the residue of an amino acid bonded to the P atom -

the amino acid optionally esterified, but not both ofR' and R’ are hydroxyl;
E is -CH:O(CHa)a-, -CH,0CH(CH;)CHa-, —CH;OCH(CH;F)CHQ-,

-CH,OCH(CH,OH)CHa-, -CH,OCH(CH=CH,)CH.-, -CH,OCH(C=CH)CHa-,

-CH,OCH(CHN3)CHa-, |
| R' R’ R R
25
-CH,OCH(R*)OCHR®)-. -CH,OCH(R®)CH,0- or _CH,OCH(R*)O-, wherein the
righ"tfﬁ;‘nd bond is linked to the heterocyclic base;
the broken line represents an optional double bonsi.; 7 |
30 R4 and R’ are independently hydrogen, hydroxy, halo, amino or a
substituent having 1-5 carbon atoms selected from acyloxy, alkyoxy. alkylthio,
alkylamino and dialkylamino;
% and R are independently H, C,-Cgalkyl, G, -C, hydroxyalkyl, or C,-Cq
alkanoyl;
35 ‘R? is independently H, C,-C¢ alkyl, or are taken together to Eorm -O-or
3
-CH,~;
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24. A compound of structure (7) 30 ~i H COzH ~ .., gyp HozC>H AN M3
H3Cs (6) (7) 35 87.1 2 A 0] di r r 4 ched corrpound
of strdcture (bR)Is b5 Uﬁkﬂ’i—f'&ﬁ‘?@@ﬂﬁ)’f r6§9 bﬁﬁﬁg% i %glsubst antially
free of diasterepnmer (bb) NNNNNO a--, - o\~ J CH3 and its salts and
sol vates. (6b) R6151Ahych‘gxm&mdm@ﬂbymﬁﬂi}éhed conpound of structure (7a)

and their salts, free base, and solvates.

22. A diastereomerically enriched compound having the structure (5a)

10
11
x
N
o
R
N/J/i 6
O R0~
15 £, NH 6
R : ~R
R"\\\"wo
(5a)
which is substantially free of diastereomer (5b)
20
SR
RS
LO\/P ~0”
25 ;_ 6
RS K
RT\\\\‘k’ro
O
(5b}
wherein
30 R’ is methyl or hydrogen;

6

R’ independently is H, alky), alkenyl, alkynyl, 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, aliylaminoalkyl,
dialkylaminoalky}, dialkylamino, hydroxyl, oxo, halo, amino, alkylthio, alkoxy,
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(7 a) which is substantially if7 g¢5 Wit

1 C02n HONG -~.
Ty Dedylody, Ny i, ity B UNGHES, e 02~

NHz CH3 N X30%
di astereo

nitroalkyl, azido, azidoalkyl, alkylacyl, alkylacylalkyl, carboxyl, or alkylacylamino;
R’ is the side chain of any naturally-occurring or pharmaceutically

HO2C H t77b)
7. :
cceptable amino acid and which, if the side chain comprises carboxyl, the carboxyl

a
group is optionally esterified with an alkyl or aryl group;
10 R’ is amino, alkylamino, oxo, or dialkylamino; and

2, )
R] is amino or H;
and it salts, tautomers, free base and solvates.

A compound of structure (6)

23.
15 NH,
)
N N) 0
0 "IP'-nIIlO
i
20 H NH
. CH;,
Al O
Hsc\\ k“/ Y (6)
O
and its salts and solvates.
25
24, A compound of structure (7)
CO.H
30
l\-/ "'0 Hozc>_<H
CH,
N
@)

0]

35
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25. A diastereomerically enriched compound of structure (6a)

Nila

PO

J\)
g L

EH3 . O
H'_]C‘l
° (65}

and its salts and solvates.

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

NH
S
¢
et LS
O PO . =
~ VNH . HO.C a
Cri; - o
H5C \]/
0 {72)

. Nz
O PO . —
k;/ ™~ N HO:C Ho
CH, 1 o
H_Jc\ Y
O
(7b)

and iis salis and solvates.
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