WO 02/08241 5 PCT/US01/ 23104 10 Prodrugs of Phosphonate Nucl eoti de

Anal ogues and Methods for Selecting and Maki ng Sane This application
rel at es twoprestrugs of mnet hoxyphosphonat e nucl eoti de anaboODusel/2310%
particular it relates to inproved nethods for making and identifying 15
such Prodrugs. Many net hoxyphosphonate nucl eoti de anal ogues are known. In
general, such conpounds have the structure A-OCH2P(O (OR)2 where A is the
resi due of a nucl eoside anal ogue and R i ndependently is hydrogen or
various protecting or prodrug functionalities. See U S. Patent Nos.
5,663,159, .5,977,061 and 5, 798,340, 20 Adiyai et al, "Pharnmaceutica
Research" 16(11):1687-1693 (1999), Stella et al., "J. Med. Chem™

23(1R) : 1275- 1282 Pi88fugs %N%%ph'enat@%eoﬁd@)&ﬁa‘f@%{l@i‘Enﬁ- (1989) Novel

w'S ey oo 121 VSRR SRR MERIGES B b oarugs
(Bundgaard, H., ed.) pp. 70- 74 and 79-92; Banerjee, P. K and Am don, G
L. (1985) Desi : el 1. NO i,
(1003 o 0 TR ABpIES A et o DEAIAE i herfowy fbsptifnedfnddie WL
V. J. anahatbgomsl dhejanticidar i relaté380)inpasiad nedthols A MERin ﬁfiffyinl_g‘- ' od )

ed.) gp. 177-198; Jones, G (1985) Design of Prodrugs (Bundgaard, .
pp. 100-9MNProgrugts, T. A (1985) Design of Prodrugs (Bundgaard, H., ed.)

. 291- 316. ] d tent chtati h i 30 |
Pﬁcor porated DY hyer#l %t(rﬁr %&éﬁgsﬁ\%ag%lg@%ﬁéep%ﬁéﬁggﬁ g‘fr?ll X "%r"g{}hﬁ%f??e;(fg]’t;n? StS hg
| ti f t h i | d.ntended f
ant i r ool SRR AT AR DR R IR RS OB B Bk Premavatpoia.
| ect . i teni.£. ef f ect,. | e, h d h b
el oot edGosidh EndioB¥ bR nfeRbfentyls SEEOReS pr VGO pEdedinphed from
t he gaStpl@idBﬁ%ﬁﬁ@ﬁinaﬂiﬁ@Qt SEaD. Sl @a it Wb S$65aB0 B 977 G P/ ,?98’3%@ to

ensure that the parent drug is available to all ' tissues. {gme\/e .
appl 3carPlyaietabaPbafmacaitichhReseardls’ 160K9i1687-1698 €O0BY; Stqllacealig]. Mdht

dasor barermor o Exes AR Lo Ansias, Lor BoQaT, A Hetrilodal (548 ekl si t es
of HV ilﬁﬁ%%@l%ry and Its Therapeutic Application (Prescott, L. F. and Nimmo, W. S., ed.),
pp- 121-126; Bundgaard, H. (1985) Design of Prodrugs (Bundgaard, H., ed.) pp. 70—
74 and 79-92; Banerjee, P. K. and Amidon, G. L. (1985) Design of Prodrugs
25 (Bundgaard, H., ed.) pp. 118-121; Notari, R. E. (1985) Design of Prodrugs
(Bundgaard, H., ed.) pp. 135-156; Stella, V. J. and Himmelstein, K. J. (1985) Design of
Prodrugs (Bundgaard, H., ed.) pp. 177-198; Jones, G. (1985) Design of Prodrugs
(Bundgaard, H., ed.) pp. 199-241; Connors, T. A. (1985) Design of Prodrugs
(Bundgaard, H., ed.) pp. 291-316. All literature and patent citations herein are

30  expressly incorporated by reference.



The objective of this invention is, anobng ot her advantages, to produce |ess
toxicity 15 to bystander tissues and greater potency of the parental drug
in tissuagowhii2lhl are the targets of therapy with the parPpar/US01/23104

met hoxyphosphonat e nucl eoti de anal ogue. Accordingly, pursuant to these

obsersvations, a screeni ng nmet hogymmakeyf dednveatibdenti fying a
nmet hoxyphosphonat e nucl eoti de anal ogue prodru conferring enhanced

activity in aPragirggs of methexyphasphenaig: niztectide anadogutisiptendedast one of
ai d prodr - (b el ecting at least one therapeutjc target . tissye and at
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ti ssues bioasaigbility), i.el, abjlitptebe abs@beddiomnhes gastheintestigal tracisside are sites
where HV is actively repli c(ﬁ_t ed and/or which serve as_an H V reservoir,
and Pne ¢RaWerigdgapidly 4 parend g tpengexe that the parenbdiigiseyajlablggomdlund t hat

| ecti ' S . t t t 3 I, ssue_f the practice of this
ot hod 1OUEry ol e it el sl R EoR e very
of acti vhatbbhe efitilled hSSesperdidirt als'iBHseME Bthe @tudidh SebddiRAAL i ON,
whi ch has been identified by this mnmethod has the structure (1), 35 2 WO

02/ 0824 1hegein where theannlggues age Ririchedai loralbet fosalisies b6 HIMWinféwtion. Ra i s H
salts, their free

or meth nd chirally. enri.ched conpositions thereof,
pase. andtiePaaree Oy bEntaN i SFaTTEOes AERHESEY. © BreTHoRlen KBFiAS ¢ he
SUT UGt Urg, Kydlander tissues and greater potency of the parental drug in tissues which are

the targets of therapy with the parent methoxyphosphonate nucleotide analogue.

Accordingly, pursuant to these observations, a screening method is
provided for identifying a methoxyphosphonate nucleotide analogue prodrug
conferring enhanced activity ina target tissue comprising;:

20 (a)  providing at least one of said prodrugs;
(b)  selecting at least one therapeutic target tissue and at least one non-target
tissue;
(¢  administering the prodrug to the target tissue and to said at least one non-
target tissue; and
25 (d)  determining the relative antiviral activity conferred by the prodrug in the
tissues in step (c).

In preferred embodiments, the target tissue are sites where HIV is actively
replicated and/or which serve as an HIV reservoir, and the non-target tissue is an
intact animal. Unexpectedly, we found that selecting lymphoid tissue as the target

30  tissue for the practice of this method for HIV led to identification of prodrugs that
enhance the delivery of active drug to such tissues.

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

35



15 NH CH3 20 (2) and its enriched diasteroners, salts, free base and

sol vates. 25 In addition, we unexpectedly found that the chirality of
substi t uand 82/6824t he phosphorous atom and/ or the am date BOb@SOAIEMH are
influential in the enrichnent observed in the practice of this invention.
Thus, in another enbodi ment of this WO 02/ 08241 PCT/ US01/ 23104 5

i nvention, we provide diastereoneric y enriched conmpounds of this
invention having the structure.,(3) 0 11 B-E-P.,,InRL R2 (3) which are
substantially free of the diast i;§4) 15 20 wherein 0 B-E-PI "Rl R2

(4) RL is an oxyester which is\hydgol yzable in vjvo, or hydroxyl; Bis a
het erocyclic base; R2 is hydrox\~7 eore3| Z f an am no aci d bonded
to the P atomthrough an am no roup { of th e ar #ci d and havi ng each
carboxy substituent of 25 the a

S (Cl-}g&g)

S y esterified, but not
both of Rl and R2 are hydroxyl; , -CH(CH3) CH2-, - CH(CH2F)CH2-,
- CH(CH2OH) CH2-, - CH( CH=CH2) CH2-, RaCH(C- CH2-, - CH(CH2N3) CH2, 30
-CH(RIOCH(R)-, -CH(R )CH2O or -CH(R) ) the right hand bond is

5
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 NH,
N AN
N
<A
Ny
i NH
CH, ‘
20 HyC™ kn/O\(
0
2)
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



35 linked to the heterocyclic base; the broken Iine represents an optional
doubl e bond; RR and R5 are independently hydrogen, hydroxy, halo, am no or
a substiwaemos2havi ng 1-5 carbon atons sel ected from acyl PRYUS@ElBY@XY,

al kylthi o, alkylam no and dial kyl am no; 4 WD 02/08241 PCT/US01/23104 6 6

5 R and ﬁv@hﬁohﬁﬂ@gﬁﬁdﬁi@tdinst’dre(ﬁi&eﬁfa ditiche@leotpdirittsufithldiyivention CZ C7

al kanoyl; R7 is independently H Cl1 al kyl , or "are taken together to form
_0- or -mying thgsirycire 6)- 6" al kyl, C1-C6 hydroxyal kyl or Cl1-C6 hal oal kyl ;
and 10 R9 is H, hydroxynethyl or acyl ox thyl; and their salts, free base,
and sol vates. The di astereoners of struéﬁre (3) are designated the (S)

i somers at the phosphorus chiral Pcﬂl@_e_tp...,.ﬁileferred enbodi ments of this

i nvention are the diastereonerically enrjched 15 conpounds having the
strutture (5a) 20 R11 ()R12 | N[", ,N 0110 NH 6 n5 | R (5a) 25 which
is substantially free of diastereoner (5b) R11 3G)R 5

which are substantially free of the diastereomer (4)
15 '

0]
.
B—E—P==R
R? @
20  wherein

R'isan oxyester which is hydrolyzable in vivo, or hydroxyl;
B is a heterocyclic base;
R’ is hydroxyl, or the residue of an amino acid bonded to the P atom
through an amino group of the amino acid and having each carboxy substituent of
25  the amino acid optionally esterified, but not both of R' and R’ are hydroxyl;
E is -(CH2)2-, -CH(CH3)CH2-, -CH(CH2F)CH2-, -CH(CH20OH)CH2-,
-CH(CH=CH?)CH>-, -CH(C=CH)CH?>-, -CH(CH>N3)CH?>.,

O

30

R* R R’ R’
-CHR)OCHR")-, -CHRYCH20- or -CH(R")O-, wherein the right hand bond is

35  linked to the heterocyclic base;

the broken line represents an optional double bond;
R’ and R’are independently hydrogen, hydroxy, halo, amino or a

substituent having 1-5 carbon atoms selected from acyloxy, alkyoxy, alkylthio,

alkylamino and dialkylamino;



-R12 N\H O' R6 (5b) 5 WD 02/08241 PCT/ US01/ 23104 5 wherein R5 is nmethyl or
hydr ogen; R6 independently is H, alkyl, alkenyl, alkynyl, aryl or

aryl al kylwooro®281 i ndependently is al kyl, al kenyl, al kynyl PCEU$01/23104

aryl al kyl which is substituted with from1l to 3 substituents selected from

al kylam no, agkyl amnoal i |_am | kyl, 1di h%m ~ _pydr oxyl ,
oxo, hal o, amkn%()lfl&lzﬁs6 @??ﬁ%{%})aﬁ%&gﬁ ’kd]a %Q%I(Ey% hggg(%)@éy ‘ary %)Qf/al kyl,

aryl al koaq%gang)?yl al koxyal kyl , hal oal kyl, nitro, nitroalkyl, azido,

azi doal kyl, 1kyl acyl, al kyl acyl al kyl, carboxyl, or alkylacylam no; R7 is

th id hai g7 Qf; [ | t abl
am no aci 0 any ST aRPe R B o B Pt GRS oy

15 group is optionally esterified with an alkyl or aryl group; Rl1 is
am no, alkytam no, oxo, or dialkylamno; and 12, Ris amno or H and its
salts, tautorre{];, free base and solvates. 20 A preferred enbodi nent of this

i nvention i s Rhis otpyatkyds CsCy bydumeyalig)l or (91-0;{ mloaligyl;@E@)d [[(S)-1

(1 sopropoxycar bonyl ) et hyl ] am nol phenoxyphosphi nyl | met hoxyl propyl I adeni ne,

al soygesi gnatg?jist}q,rleydyogf?n?e%ﬂﬁ &%%%&}1}@5 Anot her preferred enbodi nent
a

of this invention is the fumarate of “structure (5) (structure (7)),

9-[(R) - 2-[[ ( And tHe® salitsd fiEBase, and solvates.

The diastereomers of structure (3) are designated the (S) isomers at the
phosphorus chiral center.
Preferred embodiments of this invention are the diastereomerically enriched

15 compounds having the structure (5a)

. ] 6
R
] /

(5a)
25  which is substantially free of diastereomer (5b)

N 6
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WO 02/ 08241 PCT/ US01/ 23104 5

(i sopropoxycar bonyl ) et hyl ] am no] phenoxyphosphi nyl ] met hoxy] pr opyl ] adeni ne
fumar at e Wa 0398248l so desi gnated herein GS-7340-2 N 10 ° JrOr/US01X3ids NH CH3
H3e H>--< CO2H HO2CH (7) 15 The conpounds of structures (1)-(7) optionally
are fornyhatepdl i nto conpositions containing pharmaceutically acceptable
exci pi ents. Such conpositions are used in effective doses in the therapy

or prophyl axig’ 1@&néﬂ1§r@brh§raﬁfgén0u' arly HV or hepadnaviral) infections. In
a further enbodinent; a nethod 1s provided for the facile manufacture of

(Zghgséﬁoggngt g?ﬁ@?@%@elﬁ%ﬁe‘%’?ﬁge@& a@ﬂgﬁ%{%&er X}Pﬁ% q{ggngsi[ﬁ;n
ﬁ'yﬁfé'xﬁi’lm‘@‘ﬁéli%e@nﬁ’%r IR e iRRE, Skt i esuﬁﬁ%ﬁ%&% SERRBERERRL "o

magnesi Uiidml K3 SigbstAlenfs@eRé¢RId MEmPAYRA a‘ﬂﬁnB'\ﬁﬁzlarrﬁi%BSH% sively. 25 Detail ed
Description of the Invention The net hogf/phospho ate nucl’€otide anal ogue

par et ddlabgllammqaéleylp dlalhy]smmcxlgeimm o0 heado saminsy afigiiids, allewing t he
structur er S th esi dye.qf -a .nucl eosi de

anal ogue®™=¥’ ’Fﬁgﬁé’ g&?@ﬁ%a }?@f’ h‘é’?‘@ ﬂﬂtl qb”é?‘ilﬂgl# S

i nventi i gﬁqp ocyclic
base B gﬁg g(ﬁ{ g’gcﬁén%a%myéegya&hﬁlﬁgj E§ structure 6t %lgy%cyﬁ?ﬁlﬁﬁ,

R is the side chain of any naturally-occurring or pharmaceutically

acceptable amino acid and which, if the side chain comprises carboxyl, the carboxyl
15 group is optionally esterified with an alkyl or aryl group;
R is amino, alkylamino, oxo, or dialkylamino; and
R12 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)-[1(S)-1-
(isopropoxycarbonyl)ethyl]Jamino]phenoxyphosphinyllmethoxylpropylladenine,
also designated herein GS-7340
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(6)

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



11 B-E-P-OH OH 7 WD 02/08241 PCT/ US01/ 23104 5 wherein the group B is

defi ned bel ow and group E is defined above. Exanples are described in U S.
Pat ent No%O 021082%0, 825, 4, 808, 716, 4,724,233, 5,142,051, 5SpaBOS23104

5, 650, 510, 5,663,159, 5,302,585, 5,476,938, 5,696,263, 5,744,600,

5, 688, 77@op20 &3BonyBethyBad o lpheROdypIRss tﬁ??il AdefERe821, 690
and 654,((%53#—Y }?'ﬁgyf)rodr}l’}g% gr use]p?ln t he scrpee |%1§e&n%§(z§§@gyﬂt hiISEBienventi on
are 10 clowmdrets (Iylpaldpidesignated herebsG6f734A€ par ent net hoxyphosphonat e

nucl eoti de anal ogues described in the preceding paragraph. In general, the
phosphorus atom of the parentNHjrug is the preferred site for prodrug
nodi fi cation, but other sites Jare found on the heterocyclic base B or the

agl ycon E. Many such pro al reg known. Primarily, they are
esters or am dates of th ig//tlor us & but al so 15 include
substjtutions on the baseMn gl yll:on. e othheseC@};zpli fications per se

is part of this invention ndm\o%é:..e to ?Wred limting on the
scope of the invention hergln. hqﬁphosph at omfof t he

met hoxyphosphonat e nucl eot i @@ISanal gues_"contains two val ences for coval ent
nodi fication such as am dation rC\\gN\'ErQ ication 20 (unless one phosphoryl
hydroxyl is esterified to an ag %/con h\;Ffoxyl subst&guent, wher eupon only
one phosphorus valence is free for sibstitution). The'ésters typically are
aryl oxy. The ami dates ordinarily are naturally occurring nonoam no acids
havi ng free carboxyl groupés) esterified with an al kyl or aryl group,
usualdy phenbhe camppoadg pf straetures (I7)mptionadlylare fomowlesed Btd t abl e
prodrugs_for use in the.25 screeni thod of this.inveptioon are disclosed
For exansrabosiiepsconsaining pgrmaceuigally ascenghieFbirly BRgRir ug which i s

pot ent i aloip&tib Ry gk dkdi FRRAGE Bolds inftRE AeraBY R HrBHY Hitiof il hi n

target tissue cells to the free nethoxyphosphonate eoti de anal ogue
parent dpagicidady HiMet hepadnavimadrinfacsions. oxi dati on, or other coval ent

transfornati resul ting fromexposure to biological tissues, js suitable
for 30 use i nPEhETHMTREbRAITIGte MeHaed SOV fositbafasile menuiagureof known
at this 4.y i i.fi i enf ut. us. heepme suitable
candi datéegfgi/haqgk& QBF‘E’&%&W@%@%@H@%@#@%@ of "t hi soﬁ ention. Since
the pr OdphgsPMmmeﬂww)ah?ﬂladl@hﬁfe (hbRIinSfesrePMPA ") tsihg endBRichiv@s t heir
structures are not relévant to practicing or

alkoxide, which comprises combining 9-(2-hydroxypropyl)adenine or 9-(2-

hydroxyethyl)adenine, protected p-toluenesulfonyloxymethylphosphonate and

magnesium alkoxide, and recovering PMPA or PMEA, respectively.

25

Detailed Description of the Invention

The methoxyphosphonate nucleotide analogue parent drugs for use in this
screening method are compounds having the structure A-OH,P(O)(OH), wherein

30 A isthe residue of a nucleoside analogue. These compounds are known per se and
are not part of this invention. More particularly, the parent compounds comprise a

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

|
B——E—ll)——OH

35 OH



enabling the screening nethod, although of course their structures
ultimately are 35 dispositive of whether or not a prodrug will be shown to
be sel ectWw@e2/0824t he assay. 8 WD 02/ 08241 PCT/ US01/ 23104 5PCT/UR&/23104
pro-noi eti es bound to the parent drug nay be the sane or different.

Howeser , whardin ph@gidifp Bas Hefitke®Below 4hé g561ie B1b AafiAsd a¥ove.! Exathpledrare
structurally fromthe other prodrugs to be tested. Distinct, i.e.
struct ur@ﬂfSICSAbGdﬂJﬂ&-%H?QtemNQ&-Lﬂg@%&}%ﬂéﬁ@BV%@ﬂb@%%Eﬂé&%b 5194451 s of

Feat ur e S T IRY LA Sp AT oA GeShm bl b o hakblap,
desi r abl 5735864 BUEh YRl Aﬂdé,'?dS,@&(ﬁa%Efé@l?@kﬁ@b(‘) Xﬁ;d_@é,?t@ﬂi“m ly pure, else the

out put of the screening assay w ess use s of course within
t he scope of Thépeodnugsidior use indhe esteeniigymatisichof thipimydntigniare an i ndi vi dual

oul B compaRatbiigoddit e lopneOLIP BT Ao P PRBRA prOBPlge. 15 Ve
h f : . d .Sk ' f
i uenchioio g s AP R R g P EARIE TR PR Bl Rotom,

phosphorasfthe Ppapentadithedic eh@pEderrod BHe ffdr %ﬁoﬁrﬁ% Proddifidenids bt th@ iRl am no
acid used in preparing am dates may be or forms, and the phosphonate

esters dpundeomnthetheterpsydickasefsorthe aglyeari B ManyasuchgrrodregsarewadtdadyChi r al
sites al,so _arefound opn the 20 nucl eoside apal ogue portion of th

ol ecut d0Bl PRy et estel & St Of iedtiahonss da bk Abc e st ry
of tfie PAFRfde sHbLE i theflse BRIy &M i Rar
exanple the R i sontel?{Bg}S%Pl\/%PE%segﬁe;égi‘gﬂi 2*301??&' %I@%%?Ed?gféﬁgogﬁ[h}egﬁg t he
cor r espdaganigofShisiaventioll wpdamineyare bebe cohsidemddimitingon ehasdopersfrthewi | | be
chirally, enri_chgg i.f not pure at each site so that the results of the
screen WOVENBRN IS8y e neani ngful . As noted, distinctiveness of

t . . S Vi 5 .
Ctypi cai Lyt nACEHBIEELE &g of B A Kios b il BRI ™1 e
case of dERSAinERIVORAIRIRS EhoiAhknt whdEBichE6n 8l 894@Sdatid GCestirifdRIn

stereoi soners at the chiral center in question, so that each test conpound

i s s¥Wbst@mlasalong heosphend diysirogsl is esterifinditapnaghmondge hpdrexybsulsditohit, al | v

i ched that t desired.ster.e ner .consti tut reater than
about  60YRERIRBRHLY GRehosBRRRHs e G i Tiea ot SHPRateR). (e Ftasur 0% and

pr ef er abhyiQugatearBRY. ThEHMiSR Y oPdMRIPARBRAL-AI bideihg MOoamino

acids having free carboxyl group(s) esterified with an alkyl or aryl group, usually
phenyl, cycloalkyl, or t-, n- or s- alkyl groups. 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 in 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 screening in the methods their structures 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.

8



5 Novel Screening Method Once at | east one candi date prodrug has been

sel ected, the remaining steps of the screening nethod of this invention
are usedwooraemtify a prodrug possessing the required seCrOSINVI3MO for the
target tissue. Mdst conveniently the prodrugs are 10 |l abeled with a

det ecs abl e gr Oh@ prémoiefieslbOlad € &b pArenPEAS ma§ Heathi lshirt s HEkRGH On

|l ater in tissues or cells. However, a label 7s nhot required since other

sui t abl eHaveewes, eachprodeugtobe usedn ihescrasninghdsapsvilliditfeu sirngturaldy par ent

d | . 1h ) | d include. t try,
L b DRty e e RS 10 ba JSted DR des Tubralbditeieg: BBRdeSt he
prodrug %{kgbrﬁﬂy aPé‘@el@d’te&%Peré E)aéig off Eﬁh@ﬂ@ﬁ@t#k?ﬁl&erﬁ%&rgﬁﬁ%@fr%b e.tnlge. assay

is condu d to detect only the generation o rug. I's is
based onstrhwetuees surthédedvatimbs ate variedniot consbinution.aBaddpiodralg testades) that the
degree ﬂ]gd rate of caonversion of prodrug to antivirally active parent

di pht¥sphBeweyer, drsirablirds sizueissally and isﬁﬁ@&eﬁéfalbﬂi‘?b@m@mb}%@i& dﬁﬁ thein test
f h i i . i Ly . i
P ssue. W BP R forediind REedy R BPbe IR THERRT RFRE radiithiR The Wiy 0f

i nf ecti ofhis irxeakiohdo tést Dudy Wsidgl®prédvaiin dndintiadast diBodaneht JF¢hades CD4

cells, lynphocytes, |ynph 'nodes, nacrophﬁ%gs and nmacrophage-like cells

i ncl udi ngetharbed /this insientionsalpaugihismically thed omevoeyldi compaklthe ¢@BlSs) and

lial cells. L hqgid tissue al sq includes non-| hoid tissues 25 that are

gnlri chedWiltfs?R%Bﬁf?s_twgéﬂg%er&ma@‘ﬂﬁs, e.g. | png?/ms)ki n and spleen. Q her

targats for OWMa@tolihiliRht SeeeBlnGRSES e brifrdpdGs DIBIB ¥e ST L es Of
e. g

replication or Jlatency for the particular virus concerned, ., liver for
hepat i t i inflasedcipgrthpleariahmenein targétcisskis/. Chiral difuslaye at diegstiosphesues f or
tunors will in fact be the tunors thenselves. These tissues are all

vel | - kndtAm and age alse g%‘-ﬁﬁthHS fikatifusnis. Ferexaraplamine acikgediirent ati on to

"t oot e BT RG el al bBT) b BroE HHRAUR s Boe sl SRR o
part of ddi¢ esRid\@th GBiteinthirahd¥nRREWeD! CHiRMNEiéYalod afund gstRs or cells

can be enployed in this regard. In eneral, tissues for which the parent

dr ugtli s rRugeesidelandogue poxiien of the melagsled, bist thesamiypitadlygee alieadyes. The
selectio f nop-target ti.ssue_.i,s entirely dependent upon 10 WO 02/08241
ey Usoisthted bR U sRrelie STy Bf L beiant s e Rl S0k b agiedes et hr ent |
For exangpleQcrda@n-FHoe RRhinple the R isomer of PMPA is preferred as it is more active than

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

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

30  chirally enriched, we mean that the desired stereoisomer constitutes greater than
about 60% by weight of the compound, ordinarily greater than about 80% and
preferably greater than about 95%.



ti ssues woul d be selected for prodrugs against hepatitis, and untransforned
cells of the same tissue as the tunor will suffice for the

anti t unow@et/e2ti ve prodrug screen. It should be noted thepCTURE/23RG4hod oOf
this invention is distinct fromstudies typically undertaken to determ ne
oral sbioavailability of prodrugs. ' In oral 10 bioavailability studies, the
objective is to identify a prodrug which passes_into the systemc

circul ati on substantially conver{NoYet LIBSMBR Mgihogl I n the pr esent

e O, Non P A P le LE BT RTREESE,

the gastrointestinal tract oF CIt _ :
eval uat esk the stReniEReEb Db f3é fiveRHOREe s BEIdRnk r88kug ?ﬁégétgﬁn he
e 11 ssues

d
small intestines or, if the 15 intestines are incl ufé)éd?)then
al so i ncthedequited seleativity farsihedaxgeh éissueh dviost domvendenitlyi thiegudiregs arghe
target and ngn-farget tissues used in.the sgreenin thod of this
i nvent i glﬁg?lfai‘ﬁﬁﬁl e\’i?qtf‘glﬁérPHPa?lgi W@%‘?gﬁﬂﬁ@ Wgorgﬁ?'ﬁﬁa qcslﬁﬁffoé%@%u%nt ai ni ng
esters : i I d, i . -an| han
Fodent s, Ahet AUsSuES! oMl Md el il bl ot BN SRt ARl Medyd
est er as eforthaprothyigmrdtiinetabolitessliwddiding thegparént drugheadieBorted t her apeuti c

subject is a human or higher magmmal. It is not necessary to practice this
met hod v@BIqyedadihespasialys conld mckidq magy spackromeirs ddPeCobiopssays oiivent i on

to empl o [f n Ln=yitro cul tur or gans .Q9..skin grafts)

or cell M@o#ﬁsﬁ% g(!glﬁgat%ihﬁé‘vgg!e éﬁ%ﬁ%‘?&r@eg@?i}éﬁ T Pgt?&g,aqg%e %5 roller
bot tises Mibra 6f s fHedbidlites bHP PRASHePibI§ YBE 855y iF SnAXAR LS detdr nigahbs can be
used as a target tissue for sel ecting H V prodrugs. Thus, the term"tissue"

shal | ncgenepatiamabtheyeatenbdrug;ilTie inbagedi arethecskimipiionsiwhich mragsnotdre t he

be' pr of aveEAN ALV casEReheb i doaee s P RAPRBE S P Egobe

synony Mﬁﬂ; $lyepAREnAURALERAS HRAMGEacrds A HBldbs st ! T erent | ation
non-targ y

st age. e tardet an tissue may 1 n fact be the sane tissue, but
the ti sOtleswisd, bnbean tesllifbif dieatiphbsphatgi cal status. For exanple, the

met hod herein_could be used to select for prodrugs that confer activity in
vi r a0 y- i nf ecteritargeidigsue pxefgeably twillhedymphoiditisepe wheniserenning fat i al | y

The.sanPelribt b R SRR S Y SRl TR R3R008 i s Rak ) 25204
5 prophyfoahtaetigiod{diERludeseCD4 RERSIN h@seyt@b,q&h&ﬁﬁné&bsaﬁ{dcyépwe}%eg aggtive

fornms incidental to viral infection but which remin substantia
unnet abonageephiage-like cells including monocytes such as peripheral blood monocytic

cells (PBMCs) and glial cells. Lymphoid tissue also includes non-lymphoid tissues
25  that are enriched in lymphoid tissues or cells, e.g. lung, skin and spleen. Other
targets for other antiviral drugs of course will be the primary sites of replication or
latency for the particular virus concerned, e.g., liver for hepatitis and peripheral
nerves for HSV. Similarly, target tissues for tumors will in fact be the tumors
themselves. These tissues are all well-known to the artisan and would not require
30  undue experimentation to select. When screening for antiviral compounds, target
tissue can be infected by the virus.
Non-target tissues or cells also are screened as part of the method herein.
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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uninfected cells. Simlarly, prodrugs could be screened in transforned
cells and the untransfornmed counterpart tissue. This would be particularly
useful i wOopoearative testing to select prodrugs for thepPCT@atwmsmni4 of
hemat ol ogi cal 1o malignancies, e.g. |eukemas. Wthout being linmted by any

par tiul tre ndtary of the prpdrag and the heidwiey sfiheqiarvet. Furesatgie Aioh-hégutght to
be selectively taken up by target cells and/or selectively netabolized
wit hin tHesueawoul é?%ﬁ?fﬂ%ﬁ‘%ﬁ)l‘tmodf%&sr againshepatitis casnd untrangformed gells of

d h
et abor i g e B A S B S e S rrat e Breem | e
unabl e 10 di ffuheuAbknote Gt tidiearld of (R HABREOAREIBL ALARK! | ve

for lengthy periods of time and are maintained at elevated intracellular
concent r@tplﬁﬂbf undestakien texhitaiminegrahipevaibbilifyotfgrogdrughelnneahani sns f or
re.believed t i ncl ude enhanced

h t,h t 1
it 2 Cedk}la %Y%baﬁtyeﬁ%ém%f O Sibetinea 6 iefnied AP aFos Bhich Potes Grodbe bot h
mechani s iRgidirRaeliiftan é’cﬁ{vertteaefo P&ﬁrdllll%t \M{'tﬁg ? ﬁf:t' vity or

enhanced Ivery occurs I1nt get tissue 1s n It also is

not, i nmehaon thhabjextiveds td fiﬁd bdh;gslthat:mmsnaab@ﬁzé&ﬁl theodrug to the
parent conpound .occurs within the target tissue. Only the final drug

act i vi t yeassreiniesting e wa cicalatione d hasetargetitissres talpeevaluatesiio;theret abol i sm

ezt iOE/ihrer *}gof&éﬁt}%%vgﬁﬁéb%pe% §J§’s€t erﬁghﬁgﬁgér‘@ E%?%@&%\?/g’ﬁ gl?: Oenhanced

del i ¥er Yinkdblineb Sroieiudd, Whéd theissuws hldo itd18dPAEE 0L W@%%tﬁ&dtﬂaﬂe manner

in which it is measured (%dose distribution or parent drug
concent rﬁltelme)llml’c@stlg‘@ﬁeral if the parent drug al ready possess a generous

t herapeutic ndow, a | of selectivity may ff|C|ent for the
30 desired p%%get@]{“f gg fﬂﬁ%lr?ause 4 the, &sre nore

R S R A

i nventi on can be in the

t ar get t&msnereaatnﬁnﬁbgsteefech@adc@; monikiegh ot behapananhlsahan @odehts Smkdaown to be
relatively toxic, e.g. for, PMEA, which 1is nephrotoxic at hi gher doses, the

pri md y FLipd piasoma Benf@ﬁl%ueh@rcelﬁimaflﬁwépé estgEasep dmatgnay prodadegp/ 08241
o oroar g g real EHFR R g BRIy e RSy ety Sael oy g
target and napid ﬁdﬁ@ceséah'ﬁ mgsa&mé thidenétBbat iR n’&é@ﬁﬁﬂﬁﬁalé)rltﬁ%' ity of a
met abolite of the prodrug,
within 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,
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 virally-infected tissue (target

tissue) but which remain substantially inactive in virally-uninfected cells

35  (corresponding non-target tissue). The same strategy would be employed to select
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metabolite is known to have, or is converted to, a netabolite having
antiviral or antitunor activity. Thus, typically one would determ ne the
rel ati ve vaoouos24nf the 10 parent drug in the tissues overP€DStIZ3t04al |y t he
sanme time course in order to identify prodrugs that are preferentially

met abol | pephiyladtiveprodrggs, iki, psodrugs metabalized to ahtiyirally activeforms acti ve
nmetabolite, or precursor_ thereof which in the target tissue ultimtely

pr oducesmpr?% ttP\Yérajré?f&gBPi‘gH? wWhich rrmainsaibstangiadlymmetabelizgsbiinds, t he

active ; ' ' . i ' r
oot ve A Eqke SR RAIRREoRl LS ABRIPIP OIS PREA g,
nucl ei ¢ @elithtrarisieimedy coiniieepdrt Bigsiid) THab aadl ivecpaitictiakly @ehd ift rand and
halting viral replication. tabolites of the prodrug Can be anabolic

met abol | ¢@BparRsivetiesting ieeseddnd prodyigsder thentzeginaniof hematolagishl sm and
cat afol [ sn]it o%ﬁt.her. ;{h@ieermnner in which the netabolite is produced is not
i mpott anCAPENERECSH S (T EE™ASt he met hod of this 20 invention. The nmethod of

this inventi opiittiPeidd Mdifd rygpalﬁeﬁicﬁ%ﬁhgsf}ﬂ@p@érsﬁmi #dlue bt

possesses antiviral or antitunor activity. |nstead,” one can assay inactive

precur sop®driigs e thotighe torbe adlettively takenaguby dageo tellsrendyfuriselectbély active
arent drug, 25

T S T R O
e O ot B4 A G B

prodraug the dilgionat PHyspilogicalH cpbarRRRAYhaY il belhifatile €6 Hiffite balck bei Ur €S
may vary considerably as they are the result of cellular netabolism

However , oftthe sellnTbeynthérefore gemair effigctiviedan langthy petiods ob invesanl ang

determ ned. hy. one ,skilled.in the art. If the prodru ei ng assayed,does not
exhi bi t %{r}qgmaratgkevgﬁ@ WF%HQHH@EWPW““&&I}SS@‘%IF.%%?%H]D{}&%@H 524 the raw
assay I esstehsy. e AechiAkMEBr chRANGETRNGy ihfihe tigel AISRGEE bili&fed to
processing of” the inactive netabolite to an active®netabolite occurs at

di f f er enincheteenhamoed upiekd bys theetargeticalls, eahhnackd friteaceHulaasseytionsed ts Wit h

the 35 inactive metaboiite would need to be_adjusted to take account of the
difféhe I@%Ch?@l@z? wiprkingregeths, Hoieyer, hegnanpeninavhish seleghieity pscause

(e 11 U RATRIFL ol IV ATIRALL AL By Shybll Db 921 11 et
adj ust nejnfsoreat thabsll vE th Mmetdboliec8hhérsiorsdd the prélfsy toiepasb@p (d) of the
nmet hod herein calls for determning the activity, activity can be either
compound occurs within the target fissue. Only the final drug activity-conferring
conversion need occur in the target tissue; metabolism in other tissues may provide
25  intermediates finally converted to antiviral forms in the target tissue.
The degree of selectivity or enhanced delivery that is desired will vary with
the parent compound and the manner in which it is measured (% dose distribution
or parent drug concentration). In general, if the parent drug already possess a
generous therapeutic window, a low degree of selectivity may be sufficient for the
30  desired prodrug. On the other hand, toxic compounds may require more extensive
screening to identify selective prodrugs. The relative expense of the method of this
invention can be reduced by screening only in the target tissue and tissues against
which the parent compound is known to be relatively toxic, e.g. for PMEA, which
is nephrotoxic at higher doses, the primary focus will be on kidney and lymphoid

35  tissues.

12



nmeasured directly or extrapolated. It does not nean that the nethod herein
is 10 limted to only assaying internediates that are active per se. For

i nst ance w0 hros2absence or decline of the prodrug in the teeT/USIIESUES al so

coul d be assayed. Step (d) only requires assessnent of the activity

confeyred by T}k@stag@ﬂrdé@exﬁﬁnm% tHeRla@F e antiviral abthdity bﬁﬁgﬁo rAed, and

this nmay be based on extrapol ation or other indirect asurenent. 15 Step
(d) of tdebectest tisshesfordinagily ivarroingdishadl by dssayidgtterget andgonAargeatel at i ve"

activity.of the pro . It will be, undefstood that .this dpoes not require
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non- ¥0ar gearentdrug inthettirsuesavien sibstangialp dhe samse dime ayurse én prdar tased
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t hat sone preassessnent of prodrug candi dates can be undertaken before the
pract i cetissfie tulitémaiaiy patodiicesithe activentetabrolit€o thearase of antiwiralpr odrug wi | |

need to be capabl e of passin arge nmet abol i zed thropugh t he

gast r oi R3PS/ %h%@@tqusﬁ{eﬁ%qlhtq]gghg@gpqggpga%ééﬁlei}g}qsyﬂgggg PEreRt bl ood,
d j . 3 .1 | t

cnseld | coiplimdi 1B il hoRBIREUE Gl SribraldtPiio 1R PRTENATEE SR, ! 1 08

ci r cul attherebwi trtinestirgp iintdofgaingmidbiobtRBtrarliahd Bak &g dirgsepli€atiit. i onal ,

and are well-known to those skilled in the art. The same reasoning as is
descri beMetaholitesrofithg prpdrigramee anahajiciretapplites agatebolicomgtabplitesper pr odr ugs

of nmet hoxyph onat e, nucl eat | de .anal ogues, as 1. These, i ude, for
exanp! o EERRAR Aot Bt il R BHEags i e 5 ik 08 02 08241
PCT/ USO 1@t hitdistdtbdueas & n&)ﬁrgid?tﬂrﬁ P ReSpRenad 8ptruABIRY SiYkis are

wort hwhil e candidates to pursué as their cytotoxicity in fact confers

t hei 20 aninivenfiom. activity. A conpound identified by this novel screening

o7 0gram {0 cos PR (eimESPRd naLiBLER Jea has Boosahai whhcal 1y,
00013 o BB , SBEHLN ek St 6 BT 1
precursors of the active metabolites. Precursors of the antivirally 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 vary 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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greater than 2x, and preferably 5x, that of the parent conpound in
non-target tissue. Alternatively, a prodrug candi date can be conpared
agai nst avbemedawark prodrug. In this case, selectivity iBCT@®R@ri3veE r at her
t han absolute. Selective prodrugs w |l be those resulting in greater than

abouts 10am@ﬁg EROEEIRH PR bobadel the irbMévaft pdt@mictert @&E@?eﬁéﬁﬁﬁ@ﬁ oBActpAfpHf ed
with the prototype, "al though the degree of selectivity is a mtter of

di scr et i the.targe éissiis miod dcdwmultiopafdnadiveohebatitasn gldmeeer, determining

I ntermedi,ates Al so jncluded rein,is,,an ingprov t hod . f or mapuf acture
of prefé &gop%aé;pa{xp?% Wy ﬁ?ea‘i"gh('rbg‘ree‘?ffj%rﬂ -ofusy whep st ., PMEA

and (R)- ' ; | B i .
9- ( 2E h_g/dlr%%/slé%trh-égy a e%l‘luur?tefmi ﬂ%‘%ﬁ?@“&ﬁﬁ%&ﬁ?@o@gﬁmﬁﬁ;E’Seehﬁhﬁre (HEA) with a
magnesi umeasurediditectiytarexafapelated ditidpes mot npeaet ihat ek methtebhersiniishon

p-tol uene-sul f onyl oxynet-hyl phosphonate (tosylate) to _the reaction mxture,
and Fecoiaited do prbpagsaymgontermeediates ithataye agveper se. dimyinstapee, itke t he

can be- 1 uaPar Sl A B e iRt Pou B S it © T
conpl et eghly bu@ied Askebdifertiasthab&iviey @csﬂ*eﬁ@aqu e provehg 8k ItthteBd@yPS, but

other suitablé groups will be apparent to the artisan.” It may be

conveni ewithtthe éisplhegondeened) sypidahis m3p bpbased shiextrapdlationiort dthemindiireat)
phosphonat e substituents which are capable of acting as protecting groups
in the tB&FYUEMEREr eaction, thereby allowing one to bypass the

ner 81 or e, e P o B N LAt o B FECh e Brer

t herefore. The grou t he nmagnesi um

can be anyivily cFhE©prodan Hedvillbenatdurstoatikliht thisidoésndtrefairalfhat cachut vl
(for PMPA) or isopropyl (for 15 WO 02/08241 PCT/US01/ 23104 5 PMEA). The
r eact i orPTKbRYRTiagHRY of seslegaf assaysaeressatly must alspspataibryng wighrthee heat i ng

the reactio ] X ._abo -75 i th.sti.pring or ot . noder at e

g tat; omeed phitifeR g e on e (St 47 hifih e Snrit iR RSt

subst i t ugRingplol st RALE&Intrdls of B i ErB ek fiskvd@ritissitbd, Br algorithms

bronotri met hyl i | ane where the tosyl ate“protecting 10 grc%up Is alkyl), and
t he Pr odgpresehtingmresudiscioder dxpectegsirainl suchtricontasgetdidsaes, goovadeattoonal nmet hod

as will .be rent to the artisan. Heterocyclic Base
prov%)ei3 tehe enchmark non-target actnl;lﬁy. y

The results obtained in step (d) are then used optimally to select or identify a
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
be able 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 the art.

The same reasoning as is described above for antiviral activity is applicable

to antitumor prodrugs of methoxyphosphonate nucleotide analogues as well.

These include, for example, prodrugs of PMEG, the guanyl analogue of PMEA. In
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In the conmpounds of this invention depicted in structures (3) and (4), the
15 heterocyclic base Bis selected fromthe structures R15 21 N~ R18 R20 R
H2N 20 Z00whes2¢in 120 | R" 2s 20 NR R N O R15 is H, QCCT/BSOIA3104Br, |,

OR16, SH, SR16, NH2, or NHR17; or 0 25 R16 is Cl1-C6 al kyl or C2-C6 al kenyl

i ncl udi nGiside, SRR phbRHdtatesTiR A Bk S FrithRhlle cAinSikagS: @ kyl or
C2-C6 al kenyl -1 ncluding CH3, CH2CH3, CH2CCH, CH2CHCH2, and C3H7; R18 is N,

CF, CCl ,pwBHg agltheiCRY®@ERLP in {act CORESs tigdr |iGunsoH4cti€ityCg al kyl , C2- Cg

al kenyl, C2 -,C9 al kyny], Cl- al kyl -C - al koxy,. or Cr7- aryl - al kyl

nsubet | t ot edGPRSRRIUY HisnEHeyp YOS Rovehscibaing Methqd gien it tated

i ncl udi 5 e i o = - - CH2CCH,

| CrocroB's FEatha SR A P g Bt e e S

- CH2C3 H7obje@iiﬂa@%@el,beef£lﬂ2éﬂ-lﬁ?@i&ﬂylﬁ Prodi¥udid/ OB eiibre CkiZbd RIS W, if the

- CH2CH2OOCH, - CH2CH20CH2CHCH2, and , o

10 activity or concentration of parent drug in the target tissue (% dose distribution) is

greater than 2x, and preferably 5x, that of the parent compound in non-target
tissue. Alternatively, a prodrug candidate can be compared against a benchmark
prodrug. In this case, selectivity is relative rather than absolute. Selective prodrugs
will be those resulting in greater than about 10x concentration or activity in the

15 target tissue as compared with the prototype, although the degree of selectivity is a

matter of discretion.

Novel Method for Preparation of Starting Materials or Intermediates

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

therefore.

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

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



- CH2CH20OC3H7; Rao is N or CH, PCT/USOLl/ 23104 Rat is N, CH CCN, CCF3, CCCH
or CC(ONH2; R22 is H OH, NH2, SH, SCH3, SCH2CH3, SCH2CCH, SCH2CHCH2,
SC3H7, MoOb#MsZHB), N(CH3) 2, NH(CH2CH3), N(CH2CH3)2, NH( CPRTCH)1/23104

NH( CH2CHCH2) , NH(C3H7), halogen (F, C, Br or 1) or X wherein Xis

( CH2)sm( @onEAL2) THY /24 g WhRdifibAs ﬁ%mrahbﬁ ctifl g@ﬁ‘ﬂ%@férﬂb@'c% 1@,@ 0-1, and
R1 i ndependently is H 15 Cl1-Cl5 al kyl, C2-Cl5 alkenyl

aryl al kdlaattmgcme@%ctlcm gmﬂhkglmydboﬁ?{)%cwkhrsmm@r Sﬁialrkqdmﬁmo- Cl- C6

al kyl, C5-C15 aral kyl, C6- Cl15 heteroarallcyl, C5-C6 aryl, C2-C6

het er oc\R8IB4IRY| | C2-C15 al kyl, C3-C15 al kenyl, C6-Cl15 arylal kenyl, C3-Cl5

S R e i ?ﬁﬁgkf&%#ﬁﬁ%él‘ﬁn%ﬁ;%ﬁf@ﬂtwﬁ??ﬁéé}lﬁfr the

al kyl  nuk eleprorettedddisagBnivittoidndiein OB RiR AL Wited Ry tosPhate Iy bot h
R10 are joi ned toglether with Nto forma saturated or unsa ura

het eerocygﬂO@-Pcie atlgr );nang tha pr@cﬂutttvthemremvere;hbys axystallizatign doeothier y an

addi ti onal ato 25 or t he foregoing RL groups which is
subst i t JP8Y€ %&Pﬂa ﬂwé{) eeyp@;enﬁgo&m Ptional |y at |east one R10
group is not H R23 is H, O—l F, d, Br, I, SCH3, SCH2CH3, SCH2CCH,
SCH2CHCH2, SC3H7, OR16, NH2, NHR17 or R22; and R24i s0, SorSe. 30 B al so

i ncludes both protected and unpr ot ddétedodvelieBasycl i ¢ bases, particularly
purine and pyrimdi ne bases. Protecting gr oups for exocyclic am nes and
ot her labil e lyrthegsngpamds@fthis@eentoretepic ted inrstiethintes €3)@rmli@s, the O gani c
Synt hesi 4, 4" -di methoxytrityl (DM)
and {ghe @qé@%@@;ﬁ%&é‘g‘%ﬁ&iﬁ%ﬁﬂe S% |on of protecting group will be
apparent to the ordinary artisan and wll depend upon the nature of the

| abile group angyithe chem stryg#hich the

/k 18 0% R?’

Y ﬁ i HZNJ\W %ﬂm
)\ R

20 oZ >N~ R23 \(

l or

wherein
R"is H, OH, F, Cl, Br, I, OR"®, SH, SR', NH, or NHR";
25 R16 is C1-Cg alkyl or C2-Cg alkenyl including CH3, CH2CH3, CH2CCH,
CHpCHCH3 and C3Hy; '
R" is C1-C alkyl or C2-Cg alkenyl including CH3, CHpCH3, CH>CCH,
CH»2CHCH?, and C3Hy;
R"is N, CF, CCl, CBr, CL, CR" CSR”, or COR";
30 R" is H, C1-Cy alkyl, Co-C9 alkenyl, C2 - Cg alkynyl, C1-C9 alkyl-C1-C9
alkoxy, or C7-Cg aryl-alkyl unsubstituted or substituted by OH, F, Cl, Br or |, R"

therefore including -CH3, -CH2CH3, -CHCH), -CHCHBr, -CH2CH2Cl,
-CHpCHpF, -CH2CCH, -CH2CHCH?, -C3Hy, -CH20H, -CH2OCH3, -CH20OC2HsH,
-CH2OCCH, -CH20CH2CHCH2, -CH2C3H7, -CH2CH2OH, -CHzCH?_OCHg,
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protecting group is expected to encounter, e.g. acidic, basic, oxidative,
reductive or other conditions. Exenplary protected species are

N4- benzowayreRihe, N6- benzoyl adeni ne, N2-isobutyryl guanP@rUsend3tde |ike.
10 Protected bases have the fornulas Xa.1, Xla.1l, Xib.1, Xila.1 or Xllla.1

R39 R39 R2Z i>RRECH 1 Cﬁz% %_?(%{1 N R R23A R20 N
R39 , R20 NQC( 1% BCT Lg@ 723104" 0 1212 éH%ﬁ 2’%‘?a 1) (XlIlla.1) 20
wher ei n RIHQC@(Q)C&% R24 have the neanings previously defined;, R22A is
R39 or R22 pr OVI ded that R22 is not NH2; R23A is R39or R23provided that

R23 is not NHRY ;RBPo} &H;NHR40, NHC(O) R36 or CRAIN(R38)2 wherein R36 is
Cl-C19 al kyI Ci-Cl19 al Kenyl, C3-- C10 aryl, adanmantoyl, alkylanyl, or

i PR s A
is C-Ca alk hﬁ%&ﬁﬁ\lﬁ@"ﬁ%{fﬁﬁﬁs &r&ﬁi;llzCGI-Lcﬁﬁfdb& Cfﬁmts;ﬂ3H7
co. %L%“%@@yﬂfﬁcpﬁ?%@w@?iﬁ%wlﬁkﬁh{ﬁﬁsﬁfe&?ﬂ&z@?&%ﬁﬁs;ﬁt "Lt ROoA or
ggﬁpl gﬂ&ﬁ&a@%r e@%énm?{(tg’gi%henyg E%ﬁll F{J&eg %H%Sbe : lest agrrforegoi ng
B e St A el T D S R A

undecanyl , orR‘&ﬁdﬁ;ﬁnﬁbnﬂﬁwm fic bases include hypoxant hi ne, guani ne

adeni ne, cytosine, | nosine, thymne, uracil, xanthine, 8-aza derivatives
of 2-am nopurine, H 6-diani nopurl ne 35 2-am no- 6-chl oropuri ne,

hypoxant hi ne, i nos a . 7-deaza- 8- az 8 WD 02/08241
PCT/US01/ 23104 5 ffxlgtai'@és Pﬂgl %ééé&ﬁfﬁaf al%e%ﬁé 13 ne,

L O PG, LR HERSE L
C15 heteroaralkyl, C5-Cg aryl, C2-Cg heterocycloalkyl,
C2-C15 alkyl, C3-C15 alkenyl, C4-C15 arylalkenyl, C3-C15 alkynyl,
C7—C15 arylalkynyl, C1-Cg-alkylamino-C1-Cg alkyl, C5-C15 aralkyl, C¢-C15

20 heteroalkyl or C3-Cg heterocycloalkyl wherein methylene in the alkyl moiety not

adjacent to N6 has been replaced by -O-,

optionally 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,

25 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;

R is H, OH, F, Cl, Br, I, SCH3, SCHpCH3, SCH2CCH, SCHCHCH?,
SC3Hy, OR", NHp, NHR" or R% and |
R*is O, Sor Se.

30 B also includes both protected and unprotected heterocyclic bases,
particularly purine and pyrimidine bases. Protecting groups for exocyclic amines
and other labile groups are known (Greene et al. "Protective Groups in Organic -
Synthesis") and include N-benzoyl, isobutyryl, 4 A'-dimethoxytrityl (DMT) and the
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am nopurine, 2,6-diam nopurine, 2-am no-6-chloropurine, hypoxanthi ne,
i nosi ne and xant hi ne; 7-deaza derivatives of 2-am n6purine,

2, 6- di amweopies2me, 2-ami no-6- chl oropurine, hypoxant hi ne, PCHOSIVE31@ENd
xant hi ne; 3-deaza derivatives of 2 10 am nopurine, 2,6-diam nopuri ne,

2- ani ho- BkehThe Sfﬁiﬂmmof Picectixig m? wilhbe h?pare@ﬁ!@o mlralﬁ&g fri84RaNHOSI NeE;

5-fl uorog\y osi ne chtgroc t osi ne; i odocyt osi ne; 5- bronocyt osi ne;
5- net hyl ﬁ'&‘éfpﬁ%d uRoPtheHe tmﬂqfrthenlabﬂe@rpup@md@achenuﬁrymﬂudxdw acil ;

5-iod f I h

et oy B R BB g kAR SR ARSI b Beveasmesrepan . o
ésaiagué!%“ eﬁ‘*éﬂ%@%?&éﬁgﬁﬁhﬁ%rﬁw%%gﬁ%%%ﬂaiﬁ SRt
8- depdtizoy. (%gﬂ@ 2- |, 6-chloro- 2-
amaflgguri nyI an "hi o%@)uﬁo%url ny 8831;1 Q‘té% i sa? EOB;;: pnydi nyl Cr egirgue

sel ett ed fr dProtedted bayds, haﬁreh&b@@ﬁhﬁhlsnxill i, %m@lxﬁ% BofnLytosinyl . 20
Preferred B groups have the formula 2 25 wherei'n R22 mdepem?ent ly is

hal o, oxygen, NH2, X or H, but optionally at least one R22 is X; X is
-(CI-lZ)n(O)n(CI—l%ég‘rN(RlO)Z wherein mis 0-2,, nis 0-1, and 30 RI10

i ndependent |y Cl- al kyl, C2-CEb al kenyl, @9-Cl15 aryl alkenyl,
C6-Cl15 aryl aI % al dognyl | JC6- ghatyl ami n@- C1- C6 al kyl , C5- C15
aral kyl, ©6- NC15Fhet er raI VI N 65- CRary ~§26 Rt cl qg® 9 WO
02/ 08241 deusg 310 > GRal ol al keny _C15 R24
aryl 3l keny®, ClSR?fIAkyrﬂ?P 7- CB” arfial Kyny! , Tﬁi kyl ami néiSsf- Cs

al kyl, C5-C15 aral kyl, C6-Cl5 heteroal kyl or! C3- 6 het erdcycl oal kyl erein

nmet hyl ene in the al kyI noi ety not adjacent to N6 has been replaced by -0-,
optionally both R10 are joined together with Nto forma saturated or 10

unsat ur at ed (8215 het er o€¥ka.® cont ai ni(Xgb.ope or tmﬁ\llpeteroqxgmsl)and
optionally an additional O or S heteroatom

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 NH»; 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-C1( aryl substituted with 1 or 2 atoms or

groups selected from halogen, methyl, ethyl, methoxy, ethoxy, hydroxy and cyano;
25 R”is C1-C10 alkyl, or both R*together are 1-morpholino, 1-piperidine or 1-

pyrrolidine; R” is C-C,, alkyl, including methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl, hexyl, octyl and decanyl; and R" is hydrogen or CH3.
For bases of structures Xla.1 and XIb.1, if R” is present at R™ or R™*, both

39
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), -CH2-CgHs, -CgHs, -CH(CH3)2, -CH2CH3, methyl,
butyl, t-butyl, hepfanyl, nonanyl, undecanyl, or undecenyl.

Specific bases include hypoxanthine, guanine, adenine, cytosine, inosine,
thymine, uracil, xanthine, 8-aza derivatives of 2-aminopurine, 2,6-diaminopurine,

35  2-amino-6-chloropurine, hypoxanthine, inosine and xanthine; 7-deaza-8-aza
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or one of the foregoing R1O groups is substituted with 1 to 3 halo, CN or
N3; but optionally at |east one RLO group is not H and Zis N or CH,
provi ded whar/o2lhe het erocycli c nucl eus varies from puri nePOYUSAIR3130 nor e
than one Z. E groups represent the aglycons enployed in the

met hoxy phegphenaios ad@ﬁﬁ{@ghhﬂmeaﬂélrﬂﬁéﬁﬁrma EbRfiabiopirite, B-AhRidPe S
-CH(CH3)CHf or -CH 2CH2 . "Al so, preferred that" the side groups at

chiral ceoraprine, hiypoxghthine lbasme bﬂda(anﬂuhé,yl deﬂaed@nvahvteb ef PR)
configurat on exc for. hydro ch t he enr S 20
enanlt |gch) L { Eg’jnd ﬁmﬁéﬁwﬁaﬁéﬂéﬂw@& hB(RQ?‘W;‘;J Ué‘?si)l%t ure

- OR35 ory th]‘ilﬁlée FeIS R Rerivaieb b??%ﬂuﬂo?ﬁh'ﬂgrb B Ahm#u%g)udr%neo b_athix é;) at ent

No. 5, 798 340, rein 1ncorporated b erencé, an HNQEFReS Sbove.

Prefer abd:hAoRlpurmaahypoxafnthm dhosine bndbkaﬁtlﬁﬁé i3-deesh @drivalvasdgbstituted (as
defined in_R6) phenox 25 R2 is an amno acid residue, optionally provided
t hat 1 nyaRiRBRiNe, L fodiamingpasingy 2-aayBothelHortpuine hyponanthing, ltm)smﬂ dat e N

02/ o524 1T SHREEMo e B GBopBh R H ehray el Sadodigoite 2
al kyl; Qaro%lo@ltdﬁhe,iﬂiﬁﬁhyl@%ﬁﬁmé BASBRIANSNLYac, SfdHoubalipgen, O or N
C-C aryl; C i ndependent |y Substituted with OH,

hal ogen, Chiom‘urN:li &lwowmﬁhﬁymeamﬂnECtnﬂtmrom&thhmakﬂbﬁl-y substi t ut ed
wi th OH _hal ogen,. O or W2_ i nd, ent | r C-C, alkyl which is
unsubst |?‘8ﬁ5&g’m t@ﬁ‘b’{f‘?]ﬂﬁ %@an“é&ﬁgﬁag g’“ﬁ’f’rﬂ'@ﬁiﬂdent ly selected from
t he oup congsy L&%g@e I ichis
unsu%;tl t ut egﬁgr ICIB%/stl t ut egg{)m%resas |tue%g I'nd penY]lént az& Eeted from
the groupeazagaasyli Bazagudyl, !Z’-deblza guaayWVrayl) 3l dgenaderylCl 'chaz?Hdéh Bl kyl

whi ch is_unsubstituted or substltut ed by 15 substltuents mdependently ‘
sel ect ed®rzAdenih 7gdenrgadenyl 26 digminopizinyl, 2aminopovinyifdciiareden:

aminopurinyl and 6-thio-2-aminopurinyl, or a B is a 1-pyrimidinyl residue selected

from cytosinyl, 5-halocytosinyl, and 5-(C1-C3-alkyl)cytosinyl.

20 Preferred B groups have the formula
‘ R22

=
e W
R22 7 N
25 | |
wherein
R22 independently is halo, oxygen, NH2, X or H, but optionally at least one
R22isX;
X is «(CH2)m(O)n(CH2)mNR10)) wherein m is 0-2, n is 0-1, and
30 R10 independently is |
H,
C1-C15 alkyl, C2-C15 alkenyl, Cg-C15 arylalkenyl, Cs-C15
arylalkynyl, C2-C15 alkynyl, C1-Cg-alkylamino-C1-Cg alkyl, C5-C15 aralkyl, Cg-
C15 heteroaralkyl, C5-Cg aryl, C2-Cg heterocycloalkyl,
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W independently is C(O-0OW; am no; an-tide; guanidinyl; imdazolyl;

i ndol yl; sul foxide; phosphoryl; d-C, alkylanlino; d-C, alkyldiamno;

C -C,awenybs2wi no; hydroxy; thiol; d-C3al koxy; C-C, alR€CHUSHI23104
(CH2)NCOOR | ; A -C6 20 al kyl which is unsubstituted or substi tuted vvith OH,

hal ogen, SH, NH2, @Ehenyalkyh t@i@/m@ﬂyﬂ CRLCT5 aflalkeRVK YO LAY
al kenyl which is unsub)sstl t%te subst i tutgz:l l\;C“\;;th @1 Q:)Fi"a | ogen; H NH

phenyl , dﬁy—d]1g>ayplaﬂt5mlylp€1(C@-élkylamﬁiok@z(mwkyl CragSaflRel, Y-G48 ch is
unsubstituted or substituted with OH, hal ogen, SH, NH, phenyl,

hydr oxy phetenplallgrl o€ G32Cp, h@éﬂmxglphlkyywhemm Iﬁ&hl?lenesml*ﬂhe allGil n®1e1;y| Botl or
Cl-C, al kyl independently substituted with OH,  hal ogen, COOWN, 0 or N;

C-- C, aradjadeht G5AIOyhasbeenivej hded dypedlent |y substituted with OH hal ogen,

COOW, 0 or N, or C 3-cbarylalk WhICh is independently substituted with
OH, hal ogen, COQNoptﬁbmﬂlyl\botBr aldived WgethexCitBAN ab Kytm arsa’alratvsrcbtbler ably
i sopr opyl the side ch 30 of a naturally occurring am'o acid, n

= 1,1R @sagunat%ﬁ%ﬁs flgtqrpcyﬁ% @%a@mga@mer bvo Nbetezeafomsand t he
LQ&E”LLS&@%&J&“%&@ | 5 BT, t he oo oot or f1ed onticned oo
B thn the scope BF ORfPE RS EradigR T “”"%v ¢ RpRbiged Wikl o BiBao o o
D teq <y @ﬁsé%ﬂﬁ”“auéﬁa@é%@%gi%@ o LRI HERE ami no aci ds are in the
o Parent o 2B H3utiProviea Hhicthe BRRELey e AR G B ey | "k

as used mefwirethambes. stated to the contrary, is a normal, secondary, 10

tertiary or c clic hydrocarbon Unl ess st at ed to t he contrari/l al kyl is

Cl- C12. BeyIpsriepresant thapglyeen QIHZ'@HZ CH2CHB) ,
- CH2CH

oy méwéma%b%@% % gﬁi@ﬁ%@%m

- CH2CH2 QH( fedted tHatidhbls ChBehitdl

chital @l@%}g@ﬂ?@%bstanuaﬂy
- CH( CH3) CHZCH2CH2CHB, - CH( G2 )(042042043 - 2CH2CH2CH

- CH( CH3) MMIWMLMMI@@}QH@w&ﬁEQxym&hyI Wthh is the enriched (S)

20  enantiomer).

R’ is an in vivo hydrolyzable oxyester having the structure -OR* or -OR°
wherein R* is defined in column 64, line 49 of U.S. Patent No. 5,798,340, herein
incorporated by reference, and R’ is defined above. Preferably R’ is aryloxy,
ordinarily unsubstituted or para-substituted (as defined in R°) phenoxy.

25 R” is an amino acid residue, optionally provided that any carboxy group
linked by less than about 5 atoms to the amidate N is esterified. R® typically has the

structure

30° \

®)

35 wherein
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-C(CH3) (CH2CH3) 2, - CH(CH2CH3) CH(CH3) 2, -C(CH3)2CH(CH3) 2, and

-CH(CH3) C(CH3) 3. Al kenyl and al kynyl are defined in the sane fashion, but
20 cont aiwo arod2¢nst one doubl e or triple bond, respectivebPgT/Us¥iea3eosenol or
ket o groups are disclosed, the corresponding tautonmers are to be construed
as taught as wedlf orPhe prodrug conpounds of this invention are provided in
the formof free base or the various salts enunerated in U S Patent No.
5,798,340, anB & B’ o5k prefetaileR’ wiG 1 pikyly@s-€l) ailod shiystitaesebt abl e

exci pi eng

or _sol yati. | Luents for ~use as pharnmaceutical products al so
as set f Re{lﬁe .Yéflaggﬂﬁta?%%?,%@; %ﬂeaﬂ%gscaé?}éd‘f@gblﬂwave t he
antivirg b GRS t abi i f Q. are rugs, .(see U.
S. Pat eﬁi%nd%? %gé%ﬂﬂlf% Egﬁs}tgﬁ]@ﬂ%{i@f ﬁ%lr? g@lﬂ,:@ é)trﬁ\rl(g&{@"@f% Y%)ﬂggg@lﬁhdé phonat e
nucl eot i independegly sybstittited With@Hyhalegsho0driNgat the di ast ereoner of

structure (4)_30 at least is useful as an internediate in the chem cal
prodifcti on ofRt Hedepengsntlyis ondy,-Gyalkyl yahich isnmsubsituted gasubstitatedf it s

| ati ect i, d in the studi h in. Th
mvent ] i SRS deret Pl ReleR b B e shEgs S OO O S ng
exanpl esCOZR\WMADRABZRAIC P@;E{ryfs&laﬁéﬁi%%sﬁbgﬁﬁﬂe%w Br Q%@%%E%gn ONaOH ~ vO 04C

0 Adenine_ to PMEA usi'ng I\7hgnesi um | sopr opoxi I on of adeni ne
(16. 8g, wbstimiends jndepebNEn{ly seloctetl)ravasha gdedp edvmyistaneot@EhMate (12. 1g,

0.137 1 1 an odi um hydr oxi de 100 ,,0.0025;:%%3. The m xture was
heat ed g?%@“‘ﬂb@f’ﬁ?@rﬂr%s@wgé]&‘&i &%us%w woBibstituted ipssubstio@dby t ol uene
(62.& m oled.to hour s,

fil t%r eds}lbgﬁtﬁjlerfrﬁ%se v?nil{? ﬁnﬁiz g‘%léée/tﬁw;mé %ﬁ(é@&égm&%mgp@,ﬁ, d in vacuo
at 65C t@OQRY ah?haldgen90% of 9-(2- hydroxyethyl)adenine as an off-white

sol i d. Mo: 2%{35 240C. 15 C . 11
independently is C(O)-OR"; amino; amide; guanidinyl; imidazolyl;

indolyl; sulfoxide; phosphoryl; C,-C, alkylamino; C,-C, alkyldiamino; C,-C,
alkenylamino; hydroxy; thiol; C-C, alkoxy; C,-C, alkthiol; (CH,),COOR™; C,-C,

20 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 anaturally occurring amino acid, n = 1, R” is H 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

21



80C O Il ,P(OH2 9-(2-Hydroxyethyl)adenine (HEA) (20.0g, 0.112 nol) was
suspended in DVF (125 20 ml) and heated to 80C. Magnesi um i sopropoxi de
(11. 29, WO¥8ds2apl ), or alternatively magnesi umt-but oxi deCTWaGL/Added t O
the m xture followed by diethyl p-tol uenesul fonyl oxynmethyl phosphonate
(66. Gg, Unite&RSonés Poteat Non6,798340. The mixture was stirred at 80C for 7
hours. 30 ml of volatiles were renoved via vacuumdistillation and the

reaction was hadealhydhe amino acidgiarein theaagturpor [ amiap agilse Switehle t o r oom

t t . b tri et hylsii . : dd d_t:h

i or o HEHE P RO R S O SRRt BoRenty pERBURE IR Tan{i el o
a thick gum-10hfrem Wwas di ssolved into 360 ml water, extracted with 120 m

di chl oronet hane, adjusted to pH 3.2 with sodi um hydroxi de, and the
resul ting slAlky)astised bdrain, urdess stateydo dhe centvangy, id ghormdheecoindiary, was

o0l LSy R b L S ) Db S 55’
(o5 409 Srmips e G CiR e T G RGBT LY o7 67
1" R R BB erpeticay (1 2
-CH(CH3)CH2CH>CH3, -CH(CH2CH3)2, -C(CH3)2CH2CH3),
-CH(CH3)CH(CH3)2, -CH2CH2CH(CH3)2), -CH2CH(CH3)CH2CH3,
15 -CH2CH2CH2CH2CH2CH3, -CH(CH3)CH2CH2CH?2CH3, k
-CH(CH2CH3)(CH2CH»CH3), ~-C(CH3)2CH2>CH>CH3,
-CH(CH3)CH(CH3)CH2CH3, -CH(CH3)CH2CH(CH3)2,
-C(CH3)(CH2CH3)?, -CH(CH>CH3)CH(CH3)2, -C(CH3)2CH(CH3)?, and
-CH(CH3)C(CH3)3. Alkenyl and alkynyl are defined in the sarﬁe fashion, but
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. S. 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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H ~/ Me 1302C 10 Adeni ne to PMPA using Magnesi umt-But oxi de. To a suspensi on
of adenine (40g, 0.296 nol) in DMF (41.9 nl) was added (R)-propyl ene

car bonat av@8zof2gy 0. 338 nol) and sodi um hydr oxi de (.480gpcDUSM23me ). The
m xture was heated at 130C overnight. The reaction was cooled to 100C and
toluene (138 m) was added 15 fol | @wehgkylaret hanesul fonic acid (4.7g, 0.049
nol) while maintaining the reaction tenperature between 100-110C.

Addi tional toluene (114 m) was added to create a honobgeneous sol ution.
The solution was cooled to 3C over 7 hours and then held at 3C for one
hour. The resultin olid was isolated by filtration d rinsed with
acetone (2x). The 2 solid was driped in vacuo at 80 o yield 42.6g9 (75%
of (R-9 20 [2-(h propyl ] i ne &H as an te solid.
188-190C. 0 I Ts® (QEt )R HEMello 21 (cEt)2 ~OP H
Me 8TOM (R)-9-[ 2- y) pr opyNadeni na3g¢®PA) ( 20. N 04 nol) was
suspended in DMF (44.5 m) and heated to 65C. Magnesi umi&-bokoxi de (14. 2g,
0.083 nmol), or 25 alternatively nmagnesium i sopropoxi de, was added to the

m xture over one hour followed by diethyl

p- t ol uenggehirine PMEYEibHgIIasABSNR Bsdpiopasided 0P siBPehsidh MMAdeARB241

PCT/ US01/ 23104 5 over two hours while the tenperature was kept at 78C. The
m xt ur e (Madgs0il24 saplhin DMl St md) wesrddediethsrlenacdrbanated15&8,dWB0C,

bromptri met.hyl silane (73.9 78 dded and the mxture heated
Co M BpD e inetroadis g, 0 i malbCTRCNES asdealiesb-tna
vol ati | r j ' E§dd j 1 hEsivdde was
i seol vay R, TREYER AR CRABARE bEloyF o G and e BIFL REPIRY
added. The slurry was further cooled to 5°C for 2 hours, filtered, and rinsed with
toluene (2x). The wet solid was dried in vacuo at 65°C to yield 20.0g (90%) of 9-(2-

hydroxyethyDadenine as an off-white solid. Mp: 238-240°C.

15
NH2 N . NHa NH,
N? -
I:I > o+ TsovlFI’(OEt)z—I%lg (lfOlPr) > N)IN\> 80’% o> N)IN\>
N~ N 80°C NN o L\N N Q
L_ox O _P(OE), L_ow_P©H),

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

30 hour. The solids were isolated by filtration, washed with water (2x), and dried in
23



10 extracted with ethyl acetate (101 nl). The pH of the aqueous phase was
adjusted to pH 1.1 with sodi um hydroxi de, seeded with authentic (R)-PMPA,
and the proot/0828he aqueous | ayer was readjusted to pH 2. 1P@rUR01E3d4uUM

hydr oxi de. The resulting slurry was stirred at roomtenperature overnight.

The 3l ursatusass56Tiedeld20EIEEM%) i9-£2(FHshhondhetisly)ethytiadesiakat ed by

filtration, washed with water (60 m), and 15 dried i'n vacuo at 50C to

yield 18REA33s agyhise S@idldM{FRP 200°C-decp NN NE PaE) XY b, @PDI BAdbi ne

((:FtI\J/EI)Q R) = ?Pﬁ%*ﬂﬁglﬁg 1@%)@%}&50&; '] adeni ne was heated at reflux in

water (255 m) until all solids dissolved. The solution was cooled to room
20 tenperature over 4 hours. The resulting slurry was cool ed at 4C for
three hours. The solid was isol at gkamplé ibtrati on, washed with water (56
m ) and acetone (56 m), and dried in vacuo at 50C to yield 15. Qg (50.4%
of (R)-9-[2- (phosphononet hoxy) propyl]adenine (PMPA) as a white solid. M:
278-280C. 25 25 WO Qg 08241 Exanpl e 2 Prepargtiogupof GS-71Y1 (111) Scheme

1 OHN NQ-NC—N/ q—g NO VO—IE’[BN Nl\/P I’IWdI‘OUS I O n P-0
OH S‘ ~Dit— k >

130°C
OH
M

H Me

10
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

15  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
homogeneous solution. The solution was cooled 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-

20  [2-(hydroxy)propylladenine (HPA) as an off-white solid. Mp: 188-190°C.

NHz
=~ N
3 Mgt (NZ N> vsEr | N2
\/k/l[ N + TsO\/ P(O Et)2 DMF )I 80°C k\ | o

>
oH 77°C % N N i
Sg OvP(OEt)g S(O\/P(OH)g

~, ”,
H Me H/Me H Me

=

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

followed by diethyl p-toluenesulfonyloxymethylphosphonate (66.0g, 0.205 mol)
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OY CH2C12 PCT/US01/23104 NH2 , Nni N Et,,Nb GS 7171 IV GS-7340 0 HO --
OH OCH3CN 26 NHQV Il 11l O 11 P NHI I N N> ONNOP-110 NH V
GS- 7340- R0 V221 08241 PCT/ US01/ 23104 5 A gl ass-1ined rearcDUSHS1@har ged
wi t h anhydrous PMPA, (1) (14.6 kg, 50.8 nol), phenol (9.6 kg, 102 nol),

and I megf twds RYtirsAhilh FRR{ptRatithh waklepFaX V84 TRS mixture was stirred at
75°C for 4 hours. After cooling to below 50°C, bromotrimethylsilane (73.9g, 0.478
mol) was added and the mixture heated to 77°C for 3 hours. When complete, the
reaction was heated to 80°C and volatiles were removed via atmospheric
distillation. The residue was dissolved into water (120 ml) at 50°C and then
10  extracted with ethyl acetate (101 ml). The pH of the aqueous phase was adjusted to
pH 1.1 with sodium hydroxide, seeded with authentic (R)-PMPA, and the pH of
the aqueous layer was readjusted to pH 2.1 with sodium hydroxide. The reéulting
- slurry was stirred at room temperature overnight. The slurry was cooled to 4°C for
three hours. The solid was isolated by filtration, washed with water (60 ml), and
15 dried in vacuo at 50°C to yield 18.9g (63.5%) of crude(R)-9-[2-
(phosphonomethoxy)propylladenine (PMPA) as an off-white solid.

The crude(R)-9-[2-(phosphonomethoxy)propylladenine was heated at reflux in
water (255 ml) until all solids dissolved. The solution was cooled to room

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

25
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heated to 85C and-triethylamne (6.3 kg, 62.3 nol) added. A solution of
1, 3- dicycl ohexylcarbodiimde (17.1 kg, 82.9 nol) in
1- net hyl 2o pyos2ei i di none (1.6 kg) was then added over 6 PODUSO1IZA31WOOC.
Heating was continued for 16 hours. The 10 reaction was cooled to 45C,
water (29 kg) added, and cooled to 25C. Sol ids were renoved fromthe
reacti on by f||trat|on and ri nsed er (15.3 kg). The conbined
filtrate and rinse was concenty at ed I y under reduced pressure,
wat er (24.6 kg) added, and adH‘j G‘l?rbogﬁlsaf]llﬂMh NaOH (25%in water).
Fines were renoved by filtration through di at omaceous earth (2 kg) 15
foll owed by a water (4.4 kg) rinse. ined filtrate and rinse was
PR

extract ed vvith et hyl acetate (28 kg). gueous solution was adjusted to
= 3.1 wigh HA (37%in wa ) (4 kg) . Crudell wasrsolated by

f||trat|on n%l washed vvrth (127 . ude Il wet cake was
slurried N noI 8 kg). r\frltratron washed
wi t h met hdgol and ed under 20 reduc dlesSure (?yl el£=9. 33
kgII asa |t HNIVR(UAU)bLA(d 3 450 7(q,

4 (m 2H), 2 (cPHZH) 4. 3N dd,N”R), 6.6 (d, 2H) (t,oHLH) 7.15

, , 8.15 (s, 1H) 8.2 (s, 1H):. 31P NMR (D20) S 15.0 (&ecoupl ed).
GS—7171 (1 Il§allhy(1@@herre 1) A gl ass- Ilned reactor was charged w th nonophenyl
25 PMPA, (1), (9.12 kg, 25.1 nol) and acetonitrile (30.7 kg). Thionyl
chloride (6.57 kg, 56.7 nol) was added bel ow 50C. The i xture was heated
at 75C until solids dissolved. Reaction tenperature was increased to 80C
and volatiles (11.4 kg) collected by atnospheric distillation under
nitrogen. Nipe pot residue was cool ed tgH SC di chl oroNﬁi hane (41 kg) added

and cool ed to -29C A solution of (L)- n| ne |s ester ( kg,

54. 4 nol N7 | chI or et hane (36 kg) \Na ovef 6q ut es @t

f ol | owed et 66_@@1,75 70 ,) w18 to

-11 C. Th reaEtn_rﬁ {@'d s warmed to roomterrperaturé\/and shed five
di

times with sod rogenphosphat e €iChtion (10%in watet, 1b.¢ kg each
wash). The organfc solution was dried with anhydrous sadi um sul\fa exgs
(18.2 kg), filtered, rinsed with dichloronmethane (28 kg), and congentrated
to an oil 27.\WO 02/ 08241 PCT/ US01/ 23104 5 under reduceagk-pressure. Acetone
(20 kg) was charged to the oil and the m xture concentrated under reduced
pressure. Acetone (18.8 kg) was charged to the resulting oil. Half the
product solution was purified by chromatography over a 38 x 38 cm bed of
22 kg silica gel 60, 230 to 400 nmesh. The colum was el ged wth 480

NHz NH3
9 S | t
\ o
II —
k \\/ b uo HOY—)LOH | > o/\r'f-uo
/ 0 NH
: o > : o
: \( CH,CN \(
v O A% o}
GS-7340 GS-7340-02
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kg acetone. The purification was repeated on the second half of the oil
using fresh 10 silica gel and acetone. C ean product bearing fractions were
concent r aW@d2/o82der reduced pressure to an oil. AcetonitrPCRUSMR3IB4Kg) was
charged to the oil and the m xture concentrated under reduced pr essure.

for 16 oy e Bed nlom s Chala R A I R MEAC IO T b 50 8o, ” ~°°
concent rphemblt(ﬂxdid{lgz, 1ned m@lc)l aﬁfdeBﬁwt ILDB%%h@ﬁ%ﬂé (3@51<g? %@Knﬂhjgeov& 151||>1|)|VR
gczoc% 2) hgag)e& tc(r g]@‘éc anel tael;h F& 3.1]|eg,,62$ @61 ) at] ditd) ASd\Bti‘de(l@ClS) s

L R A R i byt pyohdioonn(ho8eb-O | o
Schene 2yhkitherMNddbd blefs 28uf? atfobbc q:ieaﬁ.%g%as dontinued for 16 hours. The
10 reaction was cooled to 45°C, water (29 kg) added, and cooled to 25°C. Solids were
removed from the reaction by filtration and rinsed with water (15.3 kg). The
combined filtrate and rinse was concentrated to a tan slurry under reduced
pressure, water (24.6 kg) added, and adjusted to pH = 11 with NaOH (25% in
water). Fines were removed by filtration through diatomaceous earth (2 kg) -
15 followed by a water (4.4 kg) rinse. The combined filtrate and rinse was extracted
with ethyl acetate (28 kg). The aqueous solution was adjusted to pH = 3.1 with HCl
(37% in water) (4 kg). Crude II was isolated by filtration 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 Il as a white powder: 'H NMR (D,0) § 1.2 (d, 3H),
345 (q, 2H), 3.7 (q, 2H), 4 (m, 2H), 4.2 (q, 2H), 4.35 (dd, 2H), 6.6 (d, 2H), 7 (t, 1H),
7.15 (t, 2H), 8.15 (s; 1H), 8.2 (s, 1H); P NMR (D,0) & 15.0 (decoupled).

GS-7171 (IID). (Scheme 1) A glass-lined reactor was charged with moﬁophenyl

25 PMPA, (I), (9.12 kg, 25.1 mol) 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 (18.2kg), filtered, rinsed with dichloromethane (28 kg), and concentrated to an oil
27



GS-71 WO 02/08241 PCT/ US01/ 23104 5 Monophenyl PMPA (11). A round-bottom
flask with reflux condenser and nitrogen inlet was placed in a 70C oi
bat h. Theavébzedeswwas charged with anhydrous PMPA (1) (19.PChyUus@n23mmol ),

N, N-di met hyl formami de (0.29 g, 3.3 nmol), and tetranethylene sulfone (40
nL) . sThi gnddr reAuesd gﬁesﬁsihﬂe 2ABetohd R0WD) Way@lsarddd 26 thOy hnd tﬁ@ﬁ{lﬁturbieat ing
was increased to 100C over the sane tinme. A honogeneous 10 sol ution

resul t edcorl@hlemtegdtumdmnegiugedl ar@sm:el Aceyond (188rbg) wasshargeaddo thee t he
solutlon over 5 : in the 100 th conti ed for tmo
nour s mssiltingl Balthe pragbe oy Wﬁ@w&ﬁ%@xbﬁmq PREFRINAYHE 38400 )
with co t

reducedo%?ggr?u]?éeci &gznzd gl SsS é@ 25391%%%? ano}{ ;T%'Itf Jﬁgmﬂ%eéjélg ‘:’J’g‘ﬁe‘fgﬂ was
adj ust edkg acedofle.\Thépimifipatias wasmepystedondde setattd half OAH% @Quémgﬂfféshc ool ing
in icel/wafer. The resultlgﬁﬁésollds were isol ated by f||trat|on rinsed

wi t hiret Hlgrgel angpogionsy ipredueidearing feantions weyezongenjrated (Usdﬁéme 2) as

? ew;'ﬁrgtlﬁapg&ip % oneol?]é J} %Ebﬁgﬁﬁ%ﬁ@g%(ﬁb? &‘}(;1‘:’{8?{-}18811(& 8p) wer e

conbi nedmb&ufe Ecreathedd bt Asticed PressARC Abétohﬁi‘ﬂb (661 ) Wrasilpeede (1. 96
10O

g, 16.5 mol) was added. After 20 mnutes the clear sol n was rennved
f rom headnd thel sofetiomichilledi tolfl tor-&fi€tfomiehoi0 Sullids veerd randedd by fitatbout i on

of (L)-al apine_isopropyl ester (5g, 33 mmol) and _diisopropyleth Ilam ne
(5.33 g,andthegipt wp%ﬁe@ﬁlraé%ﬁeélweéuee@pmspum to5.6&g Ifﬁ@s 2day

ai ny bt oSS RREY & CL P 2H 55 akDr B8 BPOAER e iﬁ?éqﬁsbﬁzﬁ? o um
S0l ut | omyRy (e 41y Blo @PIMHTEOINE PE D UK AEDXANS SO CRbSTHgSer

reduced préssure ’'to ‘a ol was’ co maii ¢ aci

6.6 mol) and acetonitrile (40 nL.) and heated to reflux to give a
honogeneous 30 solution. The solution was cooled in an ice bath and solids
isolated by filtration. Th - r e salt was dried under
reduced pressure to 3.7 g. %H&%h Q%gﬁ%iﬁ%%}- .3’mol ) was suspended in
di choor omet hane (30 L) and stirred with potassium carbonate solution (5
m.,, 2.5 Min water) until the solid diSshemeed. The organi c | ayer was

i sol ated, then washed with water (5 ni), drlqd over anhydrous 29 WO

02/ 08241 PCT/ US01/ 23104 gi—
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5 sodium sul fate, and concentrated under reduced pressure to afford 2.4 g
1l as a tan foam Exanple 3 A Diastereoner Separation by Batch Elution
Chr omat ogvapti9s2d0 The di astereoners of GS-7171 (I11) wer eP€BE8ONBH4bY bat ch
elution chromatography using a conmercially avail able Chiral pak AS, 20 pm

21 x 250MBHopHHy1 PMPA! @1)! %ﬁdﬁﬂgﬁbmaém evﬂh%eﬁnk cBhABlAEng20 Pm 21 X

50 mm guard “col um. Chiral pa I'S a proprietary packing materi al

manuf act mmxgeh)dnlﬁtaml plabedhiich B0l Baflor The AR Was chiroliwah aﬁﬁgaﬁﬂhdsogl es,
I nc. S. Patent Nos. 5,202,433, RE 35,919, 5, 434, 298, 5, 434, 29

5, 498, 7512MPP€:QD|(1319 %@k6ﬁslmgl)aNd%1dmleﬂgﬂmrmmrd,ed(Oﬁﬁt@8 S(IGSR)ll) cam.nlprl sed of
- A- ed onto a silica
suppor ¢ . FAR R BTTufibng ?@fé%?ﬁpﬁgﬁiwﬁevémgggm@gn.wmﬁt fed phase,
20 t ed ,ont o e
gﬂ?omat o(g%gp%ms%%%%gg‘ﬁl %ée tgécﬁl?&é §O%i a&%%r t@% F%L{E[}g‘& &Q?%Bge%e%g
was tohe dalnisdn reudted. PIRaGx ﬁ:ﬁﬁé IsithPeltiny gﬁw) ﬁhhen)wage&@ ddProtiht € from
t he col umm. Wen the GS-733 had finished eluting, the m)bl | e phase

was i mresdlaion gvenp mainautest d{aa(wfg)mrthe 59(1)°(?;1bﬂd»hdi contiriugdal foruwechddre desired

di astereorrer des ated GS-73 Q (IV), .25 to elute as a sharp peak fromthe
col umm Fe-t ﬁe@l% P RERpYE é%'fovl@ﬁ’ﬂdlﬁ’ rséﬁ%”mg’ﬁﬁétonﬁé‘@%m[é evolirg used

d t irst c j ections,
bot L%T‘Sﬁ&“ﬁ?ﬁé‘#&?& e 1534eR ) vt Ov, Al e e BBt ai i ng
one of tdissadved fn atbtbamsit(Es ﬁm)erme@aﬁﬁl& ngés h,gfs@eatt%rse@mﬂ% The mobi | e

phase solvents were renoved in vacuo to purified di astereoner as
a f riSablRotpgsdwm hdroakdasolaBon 45% he.) srith tomiglgﬁEMWatms Sheassuleingver ed in

f Th 1340 fragtiopn conprised about 50% of
the t ot 400 G arDateruBC R p5e Bt Mg o bdsiod e geduced

chr ora! Qe fo 209% If @RReEDS a8 withd Sfied® 15 NoPI e Phase(initial)

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

20 mL), and N,N-dimethylformamide (1 drop) were combined in a round bottom flask
in 2 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 dichloromethane
(10 ml), and added to a solution of (L)-alanine isopropyl ester (5g, 33 mmol) and
diisopropylethylamine (5.33 g, 41 mmol) 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 aﬁd 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 t0 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
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Flow Run Tine Detection Tenperature Elution Profile GS-7171 -
Acetonitrile : Isopropyl Al cohol (90:10) 100% Methyl Al cohol 10 nl/m nute
About 45w@nuos41 UV at 275 nm Anbient GS-7339 (diaster ep@BUSB)231@S- 7340
(di astereonmer A; (1V)) B. Diastereoner Separation of GS-7171 by SMB

Chr ot b L L [ o)
e A B A S A i

Devel opnfeatd. 2: 305-319 (1998). 20 GS-7340 (1V). GS-7171 (I111), 2.8 kg, was
purified by sinulated noving bed chronmatography over 10 cm by 5 cm beds of
packi ng (Chiral Technologies Inc., 20 mcron Chiral pak AS coated on silica
gel) (1.2 kg). The colums were el A 30% net hanol in acetonitrile.
Product bearing fractions were cong%%@gﬁjf%% to a 25 solution of IVin
acetonitrile (2M8Dkg}eredfier Sepatation k8oBatdh Higdoh Cheowaysgraphyne mass  wet
with acetonitrile on standing. The crystalline mass was dried under reduced
pres®ure to a tan crystalline powder, 1.301 kg IV, 98. 7% di ast ereoneric

ity: 7 +120C 1H N S 1.15 . i. 1H), 4.0
BEy 4 2", T fibhgeohprd OE el Bntydrengoditid Bqiclifipop 5. 1 (™
8.2 (s, cHibina#aH (<GREA B dibidlly ADTBRACHRhRAk A 20ASILL 990 Bim
Separati on by 8 - HPL GS-7171 ?II 1) was chromat ographed by reverse

phase Heeitpreperrtieet HPLRacoluinaswgheotbirslpaki A%, 20henf 21 k 6Qiomo guardar y
t . .31 WO 02/08241 PCT/US01/23104 5 Ch t hi I )
gL g n 8 (r:rg @lumn, aﬁlpvqr@]_)gkg S is aﬁ?ﬁopgi@tqqyﬁgﬁciing Mmaterial manutactured %grm Diacel

15 and sold in North America by Chiral Technologies, 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) comprised of amylosetris[(S)-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 GS-7171 were pumped onto the chromatographic
system. The undesired diastereomer, designated GS-7339, was the first major
broad (approx. 15 min. duration) peak to elute from the column. When the GS-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 vacuo to yield the purified diastereomer as a friable foam.

30 About 95% of the starting GS-7171 mass was recovered in the two
diastereomer fractions. The GS5-7340 fraction comprised about 50% of the total

recovered mass.
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si ze, (Phenonenex, Torrance, CA), or equivalent Guard columm: Pellicular
Cl8 (Alltech, Deerfield, IL), or equivalent 10 Mbile Phase: A - 0.02%
(85% H3™@oz/e82wat er acetonitrile (95:5) B - 0.02% (85% PEiEBS¥/I3m04nat er
acetonitrile. (50:50) 15 Mobile Phase G adient: Tinme% Mbile Phase % Mbil e
Phasg AR Mﬁ@@%ﬁ@&%@%ﬁ%&@ggﬂgﬁwloo 20 25 Run Ti me:

Equi I'i brati on Del a Fl ow Rate: Tenperature: Detection: Sanple Solution:
Retention Tinmes: 50 mnutes 10 mn at 100% nobile phase A 1.2 nL/mn

A 260 0 nM h hat e buf f H.6 7339, about
2 g‘n Imezbtl\ggbﬂg t1"‘hase(II?iEc?af) :S(ng|7ulr7nlp Rdionitrile uIsoI:?rropy Alcoho?%% %(% !

(Final) : 100% Methyl Alcohol

Flow : 10 mL/minute
10 Run Time : About 45 minute

Detection : UVat275nm

Temperature : Ambient

Elution Profile : GS-7339 (diastereomer B)

‘ : GS5-7340 (diastereomer A; (IV))
15

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).

20

GS-7340 (IV). GS-7171 (III), 2.8 kg, was purified by simulated moving bed
chromatography over 10 cm by 5 cm beds of packing (Chiral Technologies Inc., 20
micron Chiralpak AS coated on silica gel) (1.2 kg). The columns were eluted with
30% methanol in acetonitrile. Product bearing fractions 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) § 1.15 (m 12H), 3.7 (t, 1H), 4.0 (m, 5H), 4.2 (dd, 1H),
5.0 (m, 1H), 6.05 (s, 2H), 7.1 (m, 5H), 8.0 (s, 1H), 8.2 (s, 1H); *P NMR (CDCL,) § 21.0

30 (decoupled).

C. Diastereomer Separation by C18 RP-HPLC

GS-7171 (IIT) was chromatographed by reverse phase HPLC to separate the

diastereomers using the following summary protocol.
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GS- 7340, about 27 minutes D. D astereoner Separation by Crystallization 30

GS-7340 (1V). A solution of GS-7171 (I11)
anvben2/6s2am (14. 9g) under
acetonitrile (20 nm.) and seeded with a crystal
cooled to 5C, and solids isolated by filtration.

(319 AR 1H R Bt Gt D

‘g b

to an

stirrsed

4.05 (m 2H)
1H), 8.2 (s,

over ni ght,

(P

reduced pressure.

of

42

erfigl

)

in acetonitrile was concentr at ed
The foarCwaSO1B3s®I0l ved in
V. The m xture was

The

S

Cryst al

anal ysis of a single crystal sel eequivalepbm t hi s product vyiel ded the
fol |®wi ng daMwbildPhaer:02/ 08241 5A16- (LR 2 EBFTHRBOW iR3¢aker Cagedomitrilgol or ,

Habit col orl ess,
System ort horhonbi c Lattice Type

col um

Cryst al

s/jynsi ons 0.25 X 0.12 X' 0.08 nm Crystal
gﬂfé&?brﬁtrﬁe& 352(1)

O B JERAEE

A b = 15.574(2) A c¢ = 18.253(2) oup Z val ue
Dcal ¢ FOOO ,u(MKa) P212121 (#19P0:58) 1. 333 g/ cnB
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: UV at 260 nm
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 Crystallization
30 GS-7340 (IV). A solution of GS-7171 (III) in acetonitrile was concentrated to an
amber foam (14.9g) under reduced pressure. The foam was dissolved in
acetonitrile (20 mL) and seeded with a crystal of IV. The mixture was stirred
overnight, cooled to 5°C, and solids isolated by filiration. The solids were dried to
2.3 g IV as white crystals, 98% diastereomeric purity ("P NMR): "H NMR (CDCL) &
35 1.15 (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) & 19.5 (decoupled). X-ray
crystal analysis of a single crystal selected from this product yielded the following

data:
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1008.00 1.60 cm 1 Exanple 4 Preparation of Fumarate Salt of GS-7340
GS-7340-02 (V). (Schenme 1) A glass-lined reactor was charged with GS- 7340
(rv), 2wQw/ee4 kg, 2.71 nol), fumaric acid (284 g, 2.44raDUp)1/2Bne
acetonitrile (24.6 kg). The m xture was heated to reflux to dissolve the
solids, filtered while hot and cooled to 5C for 16 hours. The product was
i solated by fi Itra@f}@ﬁalmélas,qqawtth acet oni ¢dglbtless, cSlugnkg) , and dried to
1329 g (V) as a white powder: np 119.7 -121.1C, &a}D?O -41.7 (c 1.0,
acetic acid). 33 V@rwtalddminsprexanple 5 M-8pArGhiz ¥.¢8 m@s- 7120 (V1)
Scheme 3 10 15 NH2 NMP NNOPO V G_il‘léh I Hg SOC12_~ CH3CN 0 CHz2C12
PCT/ USOL/ 23104 A 5CTYSEAHE Bt t om f1 ask was® %%JB it h monophenyl PMPA,
(1), (200 g, O.55 pmebirvaad acetonitrile (PBrRdfvkd). Thionyl chloride
(0.144 kg, 1.21 nol) was“added 20 bel ow 27C. The m xture was heated at 70C
untito sol i ds di ssolattide Padpdratteres (0. 45 L)awS352(Bmaved by at nospheric
distillation under nitrogen. The pot residue was _ cqoled to 25C,

di chl oronet hane (1.6 kg) was added and the Brimxdbe74( cooled to

c= 18.253(2) A
V =2374.2(5) A®

15 Space Group P2,22, (#19)
Z value 4
D_. 1.333 g/cm’
Fyy 1008.00
1(MoKo) 1.60 cm™
20
Example 4

Preparation of Fumarate Salt of GS-7340

GS-7340-02 (V). (Scheme 1) A glass-lined reactor was charged with GS-7340 (IV),
25 (1.294 kg, 2.71 mol), fumaric acid (284 g, 2.44 mol), and acetonitrile (24.6 kg). The
mixture was heated to reflux to dissolve the solids, filtered while hot and cooled to
5°C for 16 hours. The product was isolated by filtration, rinsed with acetonitrile
(9.2 kg), and dried to 1329 g (V) as a white powder: mp 119.7 - 121.1°C; [a],* —41.7°

(c 1.0, acetic acid).
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-20C. A solution of (L)-a am nobutyric acid ethyl ester (0.144 kg, 1.1 nol)
i n dichloronethane (1.33 kg) was added over 18 mnutes at -20 to -10C

fol | owed Vg 02/@84t ri et hyl am ne (0.17 kg, 1.65 nol) over l5raf/veeesi1@t -8 to
-15C. The reaction mxture was warnmed to roomtenperature and washed four
timess with sodium di hydrogenphosphate 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 vExdamglechl ororret hane (0.6 kg) and the
conbined filtrate and rinse s 30 .con eﬁ#{rate to an oil under reduced
pressure. The oil was purifi ewat@ﬁ,og over a 15 x 13 cm bed of
1.2 kg silica gel 60, 230 to 400 nesh. The coI um was eluted with a

gradi ent of dichloromethane and net hanol . Product bearing fractions were
concentrat ed under reduced pressure to Sghemes’ 211 g VI (Schene 3) as a tan
foam 34 WO 02/08241 PCT/ US01/ 23104 5 Exanple 5a Di astereoner Separation
of @7120 %v] Bat ch El ution Chronatograp The di astereo i ¢ m xture was
purified using the conditions descri bed 65 7171 |n e 3A exce
for the - 10 I\/bb| | e Phase( | niY a GS—7120 Ac}et'\%n tri I

| sopr opy AII o%l (/Q, ) E on &yafil e( Fonal Eilt(wo/ Cmpwo
GS- 7341 N S reoCDrer 1—@ %%ﬁ i /-\) arrp e 6\\/

20Di ast er eoner ar at@@n o} §/s% allization A1 L raund
flask was chargeda wi t h nonophenyl PI\/PA (11), (50 g, 0.137 nmol a&d
acetonitrile (0.2 Q Thionyl chloride (0.036 kg, 0.303 nol) was_added
a 10{z exotherm The m xture was heated to reflux until solids Mssol ve
Volatiles (0.1 L) were renoved by atnospheric distillatGSamounder nit rogen.
The pot residue 25 was cool ed to 25C, dichl oronethane (0.2 kg) was added,

and the m xture was cooled to -20C. A solution of (L)-a am nobutyric ,aci d
ethyl ester (0.036 kg, 0.275 nol) in dichloronmethane (0.67 kg) was added

over 30 Ai5Wt8sndbottdth fl@sk Was charged with monophenyl PMPA, (ID), (200 g, 0.55
mol) and acetonitrile (0.629 kg). Thionyl 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)-0. 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 sodium
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.
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followed by triethylamne (0.042 kg, 0.41 nol) over 10 mnutes at up to
-6C. The reaction mxture was warnmed to roomtenperature and washed four
times w two 8gosedi um di hydr ogenphosphat e sol uti on (10% agPCT/OSO73104 each
wash). The organic solution was dried with anhydrous sodiumsulfate (0.1
kg) and filtered. The solids were]arxbg_@élsmth ethyl acetate (0.25 L, and
the. conbined filtrate and rinse was concentrated to an oil under reduced
pressure. Th®iasteregarerdiaparatipmpf GSeT1 by Bateh dleti¢n ChSomptogsaplipd, stirred
overnight, and chilled to -15C. The solids were 35 isolated by filtration
and dried under reduced pressure to afford 17.7 g of G5 7342 (Tabl e 5) as

3\Ot 82 / 831;%? ch.l‘f«;f%ég%‘{%‘ S Trbamb W gpﬁﬁﬁéa usﬂ?bhe%o%dit%nsﬁi’@scrﬂ%ec? foxf_?%‘;

2H), 7. ﬂlGMmEHpm;ﬂeGA(egc@pl)for&héfc@lk)Wh% 31P NMR (CDC13) 6 21
(decoupl ed). Exanple 7 D astereoner Separation of GS-7097 10 The
di ast%r eoneric nixture was purified using the condi tions described for

GS-7171 A) f f Mg&,l nitial)

GS- 7120 @C%ﬁ??“ %ggagfs)op% 7‘]{2@ 1% Ié?p I na‘f({mﬂ 10 % Met hyl

Al coho 9 Eiofl %hﬁ B) GS- 7114 (di ast er eoner
A) 20 Ex]!jﬁg‘f) B Igoli& or nati ve P di atl on of GS-7097 GS-7097:
Phenyl PMPA, Ethyl L-Al anyl :AfSdadd (d Pﬁtfﬁwm (15.0 g, 41.3 nmmol),

L-al Bni ne ethyl ester hydrochloride (12.6 g, 83 mmol) and triethyl am ne 25
(11.5 nmL, 83 mmol) were slurried together in 500 nL pyridine under dry N2.
This suspension was conbined with a solution of triphenyl phosphine (37.9

g, 145 nmmol), Aldrithiol 2 (2,2 K|y disulfide) (31.8 g, 145 mol),
and 120 nL pyridine. The mxture was ﬁ%ated at an internal tenperature of

57C for 15 hours. Tiastecsqrhert Sepaeatidn ohGEaEI200cENYstaliegtisinder vacuumto a
yel | gw paste, 100 g. 30 The paste was purified by colum chromat ography
over a 25 x 11 cmbed of 1.1 kg silica gel 60, 60,230 to 400 nesh. The

col um VRS etUfAbLYEbh Badld Wk Shifged Wil WitdIhenyl PMPA, (1), (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)-o eminobutyric 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 anhydrous 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, and chilled to — 15°C. The solids were

35 isolated by filtration and dried under reduced pressure to afford 17.7 g of GS-7342
(Table 5) as a tan powder: 'H NMR (CDCL) 6 0.95 (t, 3H), 1.3 (m, 6H), 1.7, (m, 2H),
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in dichloronmethane followed by a |inear gradient over a course of 26 liters
eluent up to a final conposition of 13% nethanol. C ean product bearing
fracti onsvowr/es24concentrated to yield 12.4 g crude (5), 6BeFURe@®@3y4 Thi s
material was contam nated 35 with about 15% (weight) triethylam ne

hydr gchlpy pge2hy, 4.1 MWRH) 1a (deontn 8.8, 28, wﬁmr spgvgd N 8445 Virng the
product in 350 n et hyI acetate, extracti ng m. water, drying the

organic HbNMR(ﬁ@D@]QrSZﬂn(fdﬁdomp]ﬁdS;odl um 36 V\D 02/ 08241 PCT/ US01/ 23104 5
sul fate, and concentrating to yield 11.1 g pure GS- 7097 as a white solid,
58% yield. The process also is enployed to synthesize the diastereoneric
m xture of GS-7003a and GS-7003b (Exampleshyl al anyl ami date) and the

m xture GS-7119 and GS-73 e These di astereoners are
separated using a batch ef)ﬂﬁsit HOHE?%BéW’é’%‘g?Fﬂggggghom in Exanple 3A, 6
and 4. 10 Exanple 9 In Vitro Studies of Prodrug Diastereonmers The in vitro
anti-H V-1 activity and cytotoxicity in M-2 cells and stability in 15

human pl asma HeddisBteZeaabtic exikiae tviasopuiied ddidg(the eehdBRnsalrdcrileabicavi r

di soproxH fumarate (TDF), are shown in Table I. GS-7340 shows a 10-fold

i ncreasdsS ﬂ%ﬁﬁxmp@%&memf@rm&uwngo TDF and a 200-fold increase in
pl asma stability. This greater plasma stability is expected to result in
hi gher circulating |levels of GS-7340 than TDF after oral adm nistration.

20 Tabl evidbile Physd r o Antitiadt: szmzﬁt-adpédtbﬁﬂrﬂdl \Ys%xe}:ayl MidoHey (9B:Bxi cityility
T 1/42 mn | C59MCC50, , %ﬁg WVRANTT RlcdRbs ma Extract GS 73400. 005>
17.0;

4090. 02 000------ 25 In order to
esti mat gEI ﬁe rePE ive int racggggigiz 9%ée}}s{uxlrz%ng fromthe intracellular

net abol i sm of TDF as conpar € aPrEseE bot h prodrugs

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

concentrated to yield 12.4 g crude (6), 65% theory. This material was contaminated
35  with about 15% (weight) triethylamine hydrochloride by 'HNMR. The

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

extracting with 20 mL water, drying the organic solution over anhydrous sodium
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and PMPA were radiol abel ed and spi ked into intact human whol e bl ood at

equi nol ar concentrations. After 1 hour, plasm, red blood cells (RBCs) and
peri pher avobt/eg2dl nononucl ear cells (PBMCs) were isol at ed paduansyeed by
HPLC 30 with radionetric detection. The results are shown in Table 2. 37 WO
02/ 0824 6, HSALOARMatnNd Pield 110U puEed 980y 508 Wik dolid) BBAMIEALROX the
total intracéllular concentration o I\/PA species in PBMCs as conpared to
TDF and Thiefprocessedpeistdmployedito sphitmsizeghe dnasiel‘eomencan%mfe ofH@S-7003a

hour . SIS TORR Z@etp‘%aayiai Sadcanicelend SR asiura e 145 S P REe a1
h b Itgggé?% f d
Tﬁgr HPﬁt wgnﬁ:o ram for }Qldllﬁrljeagng%ghoun S?atg!i %ﬁ@gﬁ& V\%ﬁl nI EI \élu\r/g

1. Tabl @checﬁMB&u&vﬁfa@l@hbw&ﬁs\Em 1@829,639&1\/188 and RBCs After 1 h
| ncubation of PMPA Prodrugs or PMPA in Human Bl ood. 15 Tot al

C- 14Nkt abolites (% of Total Peak Area)

ConmpoundMat ri xRecover ed, PMPAPMPAp, R t. X, Met. Y,GS 7340, 49-eq%80808080
GS- 7340PI asna/ FP43. 01--21384 (60g- MZMMGZHB- - RBC/ FP12. 68- - 241157
PMPAPMPAD PMPAP pMono- POCESYA#Bdtuidies S addldas s Wiidtdfeoldels - 89- (TDF) (60

pg- eq) PBMX0. 1335025187- RBC/ FP10. 5937. 0- - - - PMPAPMPApPMPAPP

PMPAPI asma/ FP55. 7100 (60 pg-eq) PBMC0. 0338614- RBC/ FP3. 72741016 38 WO

02/ 08241 5

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 (imin)
Human MT-2
ICsopM CCSOpM Plasma Cell Extract (P/MT-2)

GS 7340 0.005 > 40 90.0 28.3 3.2

TDF 0.05 70 041 70.7 0.006

Tenofovir 5 6000 - - -
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 cells (PBMCs) were isolated and analyzed by HPLC

30 with radiometric detection. The results are shown in Table 2.
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800 600 400 200 O PCT/US01/23104 Figure 1. HPLC/ C 14 Traces of PBMC
Extracts from Human Bl ood |[|ncubated for 1 h at 37C with TDF, GS-7340 or
PMPA. TDW@&BMB2PVPA PMPAp PMPApp 10 800 600 400 200 0O BODUS@®316400 200 O
GS- 7340/ PBMC PVMPA/ PBMC PMPA PMPA TDF 1 15 20 10 0 5 10 15 20 Met. X and Met

Y (matabol i t &% RROuY)G7S4G R sIiR 1@5’&‘%& 30x thOWsh]l #@aRellflar desi gnates
phosphoryl ati on. These results were obtained after 1 hour in human 15

bl ood. \Wadnentratiensf RYIRA speciehin PBMCg asocadnpdredencdd3F and RMBAct ed t o
| ner eas eresﬁ"elcrt]lcvely In plasma after 1 hour, 84% of the radioactivity is due to intact GS-
7340, whereas no TDF is detected at 1 hour. Since no intact TDF is detected in
plasma, the 10x difference at 1 hour between TDF and GS-7340 is the minimum
10  difference expected in vivo. The HPLC chromatogram for all three compounds in

PBMCs is shown in Figure 1.

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

15
Total C-14 Metabolites (% of Total Peak Area)
Compound | Matrix | Recovered, | PMPA PMPAp, | PMPApp, Met. X, Met. Y, GS 7340,
Lg-eq % % % % % %
GS-7340 | Plasma/FP 43.0 1 - - 2 13 84
(60 pg-eq) | PBMC 1.25 45 16 21 18 - -
RBC/FP 12.6 8 - - 24 11 57
PMPA PMPAp | PMPApp | Mono-POC | GS-4331
GS-4331 | Plasma/EFP 48.1 11 - - 89 -
(TDF)
(60 ug-eq) | PBMC 0.133 50 25 18 7 -
RBC/FP 10.5 93 7.0 - -
PMPA PMPAp PMPApp
PMPA | Plasma/FP 55.7 100 . -
(60 ug-eq) | PBMC 0.033 86 14 -
RBC/FP 3.72 74 10 16
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84% of GS-7340 is still intact in plasma after one hour. Because intact
GS-7340 is present in plasma after oral admnistration, the relative
clinical wdbr/eszey should be related to the 1C50 val ues sSPENWUSOW/23iG4r 0. | n
Tabl e 3 bel ow, |1 C50 val ues of tenofovir, TDF, GS-7340, several nucl eosides
20 amgl the protease inhibitor nelfinivir are listed. As shown, nelfinavir
and GS-7340 are 2-3 orders of magnitude nore potent than all other

nucl eoti des orFiguee boHId</C-2b Tygses nf FBME Extrcty Gom Hignen Bleede 3. I n
Vitro Anti-H V-1 Aldubated oot hatB3r7E witl ITDH, GHYR40 0d PMPApoundl C50 (NM)
Adefovir (PMEA)13.4 4.21 Tenofovir (PWPA)6.3 3.31 AZTO.17 0.081 3TCl.8
0. 251 d4T8251 Nel finavir0.006 0.0021 TDFO.05 GS 73400.005 1. A. S. Milato
and J. M Cherrington, Antiviral Research 36, 91 (1997) ,p Additional

studi es of ®]he TPRPBMCro cell culture anti-H V-1 activity ,and CC50 of

separ at ed @tjast ereoners of thi's i nvention were conducted jand the results
t abul at ed el ow. 15 40 WO 02/08241 5 Table 4. Effect of
PCT/ US01/ 23104 ConpoundDi ast er eoner | C50 (pM Fol d change

i ast er eoner
B activityCCsO |,

(PM PMPA- 5]1x- 6000 Al a- net hy 3Rt er M xt ureasl: 10w5200x20x80
GS- 6957aA0. @075670x #b0. 1533X 10 o 15 20
GS-7340/PBMC
800
B00
PMPA,
400
200 Met, X PMPARD PMP&pp
0 Wt ‘/'
0 5 10 15 20
500 PMPA/PBMC

600
400

200
PMPA

10 15 20

o
o

10

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 GS-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 vitrb.
In Table 3 below, IC,, values of tenofovir, TDF, GS-7340, several nucleosides
20 and the pfotease inhibitor nelfinivir are listed. As shown, nelfinavir and GS-7340

are 2-3 orders of magnitude more potent than all other nucleotides or nucleosides.
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Phe- nmet hyl ester M xture 1:10.03170x10x60 GS-7003aA0. 01500x GS- 7003bB0. 150x
G y-ethylesterM xture 1:10.5.10x20x GS-7119A0. 05100x>100 GS- 7335B1. 05x

Al a-i sopvopy2/dztt ure 1: 10. 01500x12x GS- 7340A0. 0051, 000x40PCT/US01/23104

GS- 7339B0. 0683x>100 ABA-et hyl M xture 1:10.008625x7. 5x>100

GS- 7342A0. 0041, 250x GS-7341B0. 03170x Al a-ethyl M xture 1:10. 02250x10x60 GS-
7114A0. 0051, 000x GS- 7115B0. 05100x Assay reference: Arimlli, M, et al.
(1997) Synt hd8abde 3i mn\X/TitrrooAhtidHDW]cAbtiviﬁealafaﬁmmmtdmir@dmpbm&ai | abi | i ty
of 9-[2-(phosphononet hoxy) propyl ] adenine 10 (PMPA) prodrugs. Antiviral
Chem stry and Qhenother apy 8(6): bb/-bb@. ~Phe-nmethylrester 1S |the

net hyl phenyl al gni nyl no ERPHEt e, phenyl monoekis f tenofovir;

"gl y- net hyl est gr—Ts~—tHeTethytgtycyt—onmoanmdat e, phenyt—Tornoest er of
tenofovir. 15 I|n eachAdcfgvla(Pé/ﬁiﬁa)bove soner Ali3s4:b¢.lzi eved to (have the sane
absol ute ster UbIICII;DLIy as—CS5—13406 \J}, atrre+sorer—B—+s—belHeved to have
t he sanme absol Ute st’Bemefwinel?MBA)y that of GS-78323.31 WD 02/(08241

PCT/ US01/ 23104 B—Fhre—t+A—t+o—retabeHsmanrd—stabi-H-ty—of—sepdrat ed

di astereonmers were determzred in PLCE, MI- 2 exgtivaqtogand human plasma. A
bi ol ogi cal sanmpletisted Dbelow 80 L {was transferred into-alscrew capped
centrifuge tube and incubatred at 37C for 5 m n.gApsgl ution cqntaining 0.2
mg/ mL of the test_conpound in a suitable buffer 20 |, was added to the
bi ol ogi cal sanple and m xgdy The reactjon 10 mixgpusei 20 L, wgs immediately
sanpled and mxed with 60 gL of nethanol contajining 0.015 no/inl of

2- hydr oxynet hyl|napht hal NS an i nt erpal starb%gqro'goar HPLC anal ysis. The
sanple was taken as the tine-zero sanple. The

TDF 0.05

GS 7340 0.005

1. A. S. Mulato and J. M. Cherrington, Antiviral Research 36, 91 (1997)

10 Additional studies of the in vitro cell culture anti-HIV-1 activity and CC,, of

separated diastereomers of this invention were conducted and the results tabulated

below.
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Assay reference: Arimilli, MN, et al., (1997) Synthesis, in vitro biological

evaluation and oral bioavailability of 9-[2-(phosphonomethoxy)propylladenine

10

(PMPA) prodrugs. Antiviral Chemistry and Chemotherapy 8(6):557-564.

"Phe-methylester" is the methylphenylalaninyl monoamidate, phenyl

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

monoester of tenofovir.

15

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

stereochemistry as GS-7340 (S), and isomer B is believed to have the same absolute

stereochemistry that of GS-7339.
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suitable buffer, 20 uL, was added to the biological sample and mixed. The reaction
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 pL, was sampled and mixed with 60
UL of methanol containing the internal standard. The mixture thus obtained was
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
protein/mL) diluted 20 fold with PBS (phosphated-buffered saline).

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

(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-
buffered saline, Sigma) contains 0.01 M phosphate, 0.0027 M potassium chloride, ‘
and 0.137 M sodium chloride. pH 7.4 at 37°C.

In the study for MT-2 cell extracts, the test compound was dissolved in HEPES
buffer. HEPES buffer contains 0.010 M HEPES, 0.05 M potassium chloride, 0.005 M
magnesium chloride, and 0.005 M dl-dithiothreitol. pH 7.4 at 37°C.

42



,O Pt1/2 =80 mntl/2 = 150.6 mntl/2 = 495 mn NH CHCOOEt A(, v 2-

0. 05Met. X & PMPAMEBt. X & PVMPAMet. Y, OPh Isoner B GS7115 A0 CH3 Pt =
3.3 mn weo2e28 mn t = 90.0 min NH CHOOOi Pr uzli 21r2 O PET/US01/23004005Met .
X & PVPAMet. X & PVPAMEt. Y OPh Isomer A GS7340 A0 CH3 t1/2 = 10.1 mint >

1000 5m mptehb %tu:d}zé)Jr HOrRan plasma, the test compound was dissolved in TBS. TBS (tris-
buffered saline, Sigma) contains 0.05 M Tris, 0.0027 M potassium chloride, and
0.138 M sodium chloride. pH 7.5 at 37°C.

The HPLC analysis was carried out under the following conditions.

10
Column: Zorbax Rx-C8, 4.6 x250 mm, 51
(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 uL

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).

30
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7Q0U Pr 0 t1/2<0.14mnt"2= 70.7 mnt1/2=0.41 mn P-OCH 05 ~O 2

. MonoPQOC

PMPAmMONoPOC PMPAMDNOPOC 0 GS4331 OCH20CO PrPMPA Met. X2 A OR1I3 111

ENH- CHCOWO 02/a824P OH 10 NH2 A= 15 N Met. Y: A O R13 ~O PCT/US01/23104

, ., 111, 7, NH CHCOOR11 OH 44 WD 02/ 08241 PCT/ US01/ 23104 5 Exanple 10 Pl asma
and BBMC Exposures Fol | owi ng O al ﬁ% jlsgpation O Prodrug D astereoners
to Beagl e Dogs The pharnacoki neticS o 340 were studied in dogs after

oral 1o adnmi ni sPlaatriacmdPBMA Expysegs Fglldedreg Oral Administration
Of Prodrug Diastereomers to Beagle Dogs

The pharmacokinetics of GS 7340 were studied in dogs after oral
10  administration of a 10 mg-eq/kg dose.

Formulations. The prodrugs were formulated as solutions in 50 mM citric acid

within 0.5 hour prior to dose. All compounds used in the studies were synthesized

by Gilead Sciences. The following lots were used:

15

GSI Amidate Amino acid | AA Ester| Diastereoisomer | Lot Number
GS-7340-2 Alanine i-Propyl Isomer A 1504-187-19
GS-7339 ~ Alanine i-Propyl Isomer B 1509-185-31
GS7114 Alanine Ethyl Isomer A 1509-181-26
GS7115 Alanine Ethyl Isomer B 1509-181-22
GS7119 Glycine Ethyl Isomer A 1428-163-28
GS7342 o~-Aminobutyric Acid Ethyl Isomer A 1509-191-12

GS7341 o-Aminobutyric Acid Ethyl |  IsomerB 1509-191-7

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 Health publication 86-23) and

20 was approved by an Institutional AnimalCare and Use Committee. Fasted male

beagle dogs (10 + 2 kg) were used for the studies. Each drug was administered as a

single dose by oral gavage (1.5-2 ml/kg). The dose was 10 mg-equivalent of

PMPA /kg. For PBMCs, blood samples were collected at 0 (pre-dose), 2,8, and 24 h.

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

25 min,and 1,2,3,4,6,8,12 and 24 h post-dose. Blood (1.0 ml) was processed

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

were frozen and maintained at 70°C until analyzed.

Peripheral Blood Mononuclear Cell (PBMC) preparation. Whole blood (8 m1)

30  drawn at specified time points was mixed in equal proportion with phosphate

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

Biotech,) and centrifuged at 400 x g for 40 min. PBMC layer was removed and
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Formul ati ons. The prodrugs were fornulated as solutions in 50 nMcitric
acid within 0.5 hour prior to dose. Al conpounds used in the studies were
synt hesi @ 02/824G | ead Sci ences. The follow ng | ots were PEBRHSI11S104

GSI Ami date Am no aci dAA Est er Di ast er eoi soner Lot Nunber
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Dose Ad nﬁ‘?ﬁﬁ‘é%‘?c{atﬁb%n €58 ?@S@m@a%hﬁwwanﬁmg ?‘ég]iﬁaggn%f"’a@h%e t udy
was co I ] - [ ec | e "@Quide for the
Care and Chalaish BEGMABNERLhLeA RIdRT ORI R PR REROT a o

publ i cat fepto8ferdBlellands dbedas tiapRstve #BMC Foldme (B! UiRsbias, RWi s8hivasy e and
Use Comm ttee. Fasted nmale beagle dogs (10 2 kg) were used for the

st udites. CE&in, Nr Bischpfbenger and te fifland Antimigrob. AgertsivhemeiheyA2a682 (1. 5- 2
m / kg) . q'li§§§)dose was 10 ng-equi val ent of PMPA/ kg. For PBMCs, bl ood sanpl es

wer e col ed at O (pre-dose), 2, 8, and 24 h, post-dose. For plasm,
bl ood sanples were collected at O (pre-dose), 5,15, and 30 25 mn, and

1,2,3,4, - > :
e ai RFyTaR aiod o FMPAEnd FrGacs 08 Dlsnd g PARKGE TR SRR maton, -,
sanpl es ofRV@A M%ﬁ%ﬁ&d@lﬁph& Nedh ddtertiied By derdveatizidg PMPARigher al Bl ood

Mononucl ear Cel | ) preparation. Wole blood (8 m)" 30 drawn at
specl¥ i echletapsetaldehydetayinidabighly Buerescent O oM -ethenadaninestasivativeklf f er ed

Bi ot och. Noatocb AR A RE6Ieg BR B o SRS Bl e ved and
45 VO 02(10034, RERENSIH;ROAM, st A0BRctpihe B CSRBIoEARE, B

was reconstituted in 0.5 m of PBS, e resuspended, counted using
henpcyt cerstperataddo mayness wmsderatd 6 pressure ahnadmzechpefatareuPbied saipded | s

"t acel TERecoRTR B A B destiatghva gouiny &) S pronene B yEr Ll | vas
usedys fig sb§Rih Qge@%l—l’@.|55’,r(/90r£e§ed,l'anc59£{tﬁfugeﬁ. \éup%rhgﬂa\fl%as then
transferred to a clean screw-cap tube and incubated at95°C for 40 min. Derivatized
samples were then evaporated to drynessand reconstituted in 100 yl of water for
HPLCanalysis.

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 pL. of IM rhamnose and 30 pL of 0.1M
sodium periodate and incubated at 37°C for 5 min. Following incubation, 40 L 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.
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10 C Kim N. Bischofberger, and A Fridland, Antimcrob. Agents Chenother.
42,612 (1998). Determ nation of PMPA and Prodrugs in plasma and PBMCs. The
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N6- etshe [ IoVihd in RS TEM @5t B dercq,
din. Chrlgﬁq@'ﬁ%gf"ﬁ%dokﬁ? 992) ?‘@%ﬁegﬁ‘??‘ pl'as gas]‘m(‘%%l%’f Plagn@lplet® O 50 ol
acet oni tpatentialdy pomainingahacppuidrugs, dSperinemtyereze pbeformed apoerfyedhat o
dryness under, reduced pressure at roomtenperature. Dried sanples. were

r econst iRQFEHeTFopFEEsionEr PYHA psevised dyemexdleriVasizatione frodidiecsendardsyde in
100 20 m%ggan@ %C&gf%t-%egﬁfglséia@nd aé’ﬁéa%%%iaua&‘e%cﬁggﬁf 'TL%}%sg%reﬁ!tijoDer natant
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sel ective oxidation. We used a nodified procedure of Tanaka et al (K

Tanaka, 7he HPPEUyRkem wWas dpliSed 814 PXO00A13%% deﬂ%m tsﬁ?t&ﬁlfwml . ASSH9035

(1984). Briefly, 'PBMC sanples were mxed 1:2 with anol and evapor at ed

t o dr ynessoinjehtor amnd §2eQ0 fBrpsease deteciivd THeitad Sepampition, San posdeCilVat i zed as
describ in._the plas ass The derivatized s es were mxed wi,ith 20
pL of 1%%\%@%%%@ oPS? i@qu%ﬁﬁ.émléﬁrmﬁﬁg&beaﬂ%ﬁ%%sswa% 37C
for m I 1 . 4011l of 1 4 ],k 0.5M
| ostne NeretRys fricRioRELR o5 Aivi ptaberAlphSHHERE BUHEIVAR Sy ettt

evapor atzﬁﬂrﬁo@dlﬁiunym@mid@r(mBABrggme@; BJ 6% aceroandildm 22 a0 yotdsshgf | n wat er
for HPLC analysis. 46 WD 02/08241 PCT/ US01/ 23104 5 No intact prodrug was

det ect edPhasphatetrsfar withsi ! TBABrppH@: Sheflowsrate mrasiimb/in anchthed ni ng

i ntact prodrugs, experinments wer.e pe d to,verifyth no .further,
conver s BT rY BmER Bk Bq i RgR ALeT CabT 24PhURR a3kl SRdkibr de' vere
added t gn@fikgwfaé e8p AZ@%@fbldl@rmﬁ?fdrMPﬁsaﬁ&é%A%@ %BI#2 16 i Br TRe
detectabl e | evel s of PMPA present in any of the plasna sanples, and the

pr oj #ct gurodilg. P etieciionweais biydinarascenes svitthexcithtivn atR86 HBL fhd patissiomat

conprised of a P4Q00, sol vent delivery s emw th AS3000 . autojnjector and
F2000 f 14#8rE8 Mt ENCRYRAEIOE, v Qleme He? ﬁlebﬁflé@ﬁao‘ﬁas agdiiftsgkand diayed by a

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

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

The AUC values were calculated using the trapezoidal rule.

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

30  and PBMC exposures following oral administration of pure diastereoisomers of the
PMPA prodrugs.
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The colum was an Inertsil ODS-2 colum (4.6 x 150 mm). The nobil e phases

used 15 were: A 5% acetonitrile in 25 mM potassi um phosphate buffer with 5
nmM t et r alwio yr/082amoni um brom de (TBABr), pH 6.0; B, 60% areT/oRota3idse in 25
mM pot assi um phosphatebuffer with 5 nM TBABr, pH 6.0. The flow rate was 2

m/m.n angd. th I t erat yLe wa i.nt abped at ol umm oven
The. §r adi Eie 3 AR R ety P BN o8yt 0p T or
10 mn for the 2d9F ’E?g‘.“sﬁéflé’etqfcﬁi vasOdytofPegs als0angzeafigh excitation at
236 nmand em ssion at 420 nm and the injection volume was 10 pl. Data
was acquired and stored by a |aboratory data acquisition system (PeakPro,
Beckman, Allendale, N]). Pharmacokinetic Calculations. PMPA and prodrug
exposures were expressed gas_ 25 areas under concentration |curves in plasm
or PBMC from zero to 24 hours (AUS- he AUC val ues were |cal cul at ed using
the trapezoidal rule. Rl agma and PBMC Concentrations. results of this
study is shown in Figuriesf 2 and 3. Figure 2 shows the tinme course of GS
7340-2 netabolismsummegy of plasma 30 and QN&?%E%%%HJ‘S foll owi ng oral
adm ni stration of gure ifast er eoi sonmers of tjhe-~ rdpb Odriugs. 47 WO

02/ 08241 PCT/ US01/ 231Q Figure 2. PWVMPA and Pr&¢rngMconcentration in

Pl asma and PBMCs Fgl | ow Oral Administration of GS 7340-2 to Dogs at 10
ng- eq/ kg. 100 10 -&- PN Plasma 0 7340-2 in Plasma -fl- PMPA in PBMC
0.1 0.01 05 10 15 Ti h) 10 20 25 The bar graph in Figure 2
shows the AUC (0-24h)e gog —o

0 5 10 15 20 25
Time Postdose (h)

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-fold and 1.29-fold decrease in plasma exposure,

respectively.
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PBMCs and plasma after adm nistration of PMPA s.c., TDF and am date ester
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200 H AUC(0-24h) for PMPA in PBMC and Plasma Following an Oral Dose of 10
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These data establish in vivo that GS 7340 can be delivered orally, minimizes
systemic exposure to PMPA and greatly enhances the intracellular concentration of
PMPA in the cells primarily responsible for HIV replication.
30
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Conn U U CDC4 These data establish in vivo that GS 7340 can be
delivered orally, mnimzes system c exposure to PMPA and greatly enhances
t he i ntracebt/ed2ar concentration of PMPA in the cells priparioby/23esponsi bl e
for HV replication. 49 WD 02/08241 5 Table 6 PCT/USO1/ 23104 PMPA Exposure

in PBMC and Plasma from Oral Prodrugs of PMPA in Dogs PMPA AUC in

Pl asmaPMPA AUC i n PBMCPr odr ugPBMC/ Pléﬁga GS#Moi et yExposur e

MeanSt DevNMeanSt DevNi n Pl asrmaRati o 1538 §4Mbno- Al a- Et - A5. 80. 927063315YES122
GS- 7115Mono- Al a- Et - B6. 61. 52284945YES43

GS- 7340- 2Mono- Al a-i Pr- A5. 01. 158052225YES161

GS- 7339Mono- AI Y |Pr A6 41 32200575YES31

GS- 7119Nbno PMBA Exposky 1 Qual Prodr

GS- 7342Mono- ABA- Et - A4 61. 2210605115YE8230

GS7341Mono- ABA- Et - B5. 81. 4mm§?ﬁﬁ’ﬁ3 aAMphauc b PRBECH @cﬁdslbrlltHMCIP@amm
GS- 7340 AS*part doievhe precl| ch -L-.%af'nn of G573 31 0ExppyuEe

bi odi stributilon in dogg \E8% (?quérm' Ned [MepRe SPPE 4 ud f I raf'?ﬁjt i ofi®f G5 7340
(i sopr ogg711al jaMorpAla-FidndafBdat &2 pheRyl | ffhoed e Jf teﬁé?ow r) “as
exam nedsub||owomepRad |28cadnmitai gtrati pnst p beagl & dogyESTwo make an| mal s
were d fa0 T [abb-AGPrih 1460 1.1340 £3. PeogTh-24gui|V.s Of REEA KO, 88. <2 O /Kkg;
the 8-¢ o] | i g, abeled in nqyeols ;sol utgn |( 50 citric

aci d, ;Eébﬁgz) R"mﬁ)(-;ﬂ-]M@rd%'f'\v j EEm?a! 2b! "?Sb gﬁﬁeﬂufl ept Y'Egl | g (Péﬁ':v/ICs) wer e
obt ai ned>4V8r Eﬁ%‘"%‘ﬂgtﬁ' p&Hi 0d™%i n& ah 3 6c2% Tl ol cAG8 cpll et ed pver

24 hr. | BET¥2 [hMYPABA-ErAg d@se, 1ehd ahi mAl%0 yweb'd dadrifi dB8 30 arfd®ti ssues

renoved GSoH1 gnMéngBA-E-B gt &8 [ adiodct Rvi {99 p 88 ssueds wasEdet er m #ed by

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 uCi/kg; the 8-carbon of adenine is labeled)
in an aqueous solution (50 mM citric acid, pH 2.2). Plasma and peripheral blood
mononuclear cells (PBMCs) were obtained over the 24-hr period. Urine and feces
were cage collected over 24 hr. At 24 h after the dose, the animals were sacrificed

30  and tissues removed for analysis. Total radioactivity in tissues was determined by
oxidation and liquid scintillation counting.

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

35  plasma is below the level of assay detection, and the main species observed in
plasma is the parent drug. Levels of PMPA in the lymphatic tissues, bone marrow,

and skeletal muscle are increased 10-fold after administration of GS-7340.
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skel et al yausgie ﬁa%yde@%iﬁééﬁ%sé@fs&@s%é%ﬁﬁpo@ At o@?fez.340- 50
WO 02/ 08241 PCT/ USO1/ 23104 5 Accurnulation in [ynphati ¢ tissues 1s
consi st ehikewisehathemdhtimnondemearafonnis frbbalblBMiictoethy dégh perfcentagelese
ti ssues are conposed primarily of |ynphocytes. Likew se, accunulation in
bone narb@ﬂ?h@?ggﬁézgﬁﬁyngﬁﬁtﬁﬁu%he hi gh percentage of |ynphocytes (70% in
this tissue. 10 Table 7. Excretion and Tissue Distribution of Radiol abelled
GS-7340 i Vean Fall owi a al s eq. .« PVPA/ kg.
ool e ot s e U et St MERSR ARG &

' , o 11 |

7340 u -e /u -e /)to Wi BeA%S

Ki dney4. 5887—-9-9-3.—7-%;89.—249,.—9—&-&!4@-50. 0305203442382 —|+ae—l\hph—
Nodes0. 000. 5[L0. 015 ISEFEI Axi | | afy—y oS3 edesd- gno.(*%‘?%f‘.“nlﬂ. 54%!%“% ilal
Lynph Nodeso| 000. 280. 004. 1215. 0 hE&DAtef | ,, 5 q?tﬁ 40 &“ﬂ% )
Thyr oi d G anp6—6866—300—064—7F83+5— 8Pkt ue . 4+—80+=5
Salivary dahd (L+R) gi¥h0. 450. 03%. B> B & “and03901. 400. 0¢F 471. 6
Spl een0. 000. B30. 178. . 8 Pancrea§%3003... 256. 4 433 82
Prost at e0. 00D 2395 R gmpf Kodes 1 €51 £S5 008 TR 00821 ¥54.0722-[0151420 106
Axillary Lymph Nodes 0.00 0.37 0.01 5.54 14.8
Inguinal Lymph Nodes 0.00 0.28 0.00 4.12 15.0
Mesenteric Lymph Nodes 0.00 1.20 0.04 6.88 5.7
Thyroid Gland 0.00 0.30 0.00 4.78 15.8
Pituitary Gland 0.00 0.23 0.00 1.80 7.8
Salivary Gland (L+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 0.02 2.01 1.0
Skeletal Muscle 0.00 0.11 0.01 1.12 10.1
Heart 0.03 046 0.15 1.97 4.3
Femoral Bone 0.00 0.08 0.00 0.28 35
Bone Marrow 0.00 0.20 0.00 2.05 10.2
Skin 0.00 0.13 0.00 0.95 7.2
Abdominal fat 0.00 0.16 0.00 0.90 5.8
Eye (L+R) 0.00 0.06 0.00 0.23 3.7
Brain 0.00 <LOD 0.00 <LOD n.d.
Cerebrospinal Fluid 0.00 <L.OD 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 3.01 0.79 4.16 1.4
Duodenum 0.49 4.96 0.44 8.77 1.8
Heum 0.01 0.50 0.16 4.61 9.2
Large Intestine 1.63 5.97 2.65 47.20 7.9
Gall bladder 0.00 3.58 0.04 25.02 7.0
Bile 0.00 9.63 0.22 4048 4.2
Feces 40.96 n.d. 0.19 n.d. n.a.
Total GI Tract Contents 5.61 n.d. 21.64 n.d. n.a.
Urine 23.72 n.d. 14.73 n.d. n.a.
Plasmaat24 h 0.00 0.20 0.00 0.20 1.0
Plasma at 0.25h n.a. 3.68 n.a. 3.48 0.9
PBMC* 0.00 n.d. 0.00 63.20 n.d.
Whole Blood 0.00 0.85 0.16 0.20 0.2
Total Recovery 81.10 68.96
* Calculated using typical recovery of 15 x 10° cells total, and mean PBMC volume of 0.2
picoliters /cell

15 n.s. = no sample, n.a. = not applicable, n.d. = not determined.
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Cont ent gl riferrire eﬂ]lrame&ﬁcfi@hym a 4argphtissue. comppisinga at 24
h0. 000. 200. 0 201 Plasma at 0.25 hn.a.3.68n.a.3.480.9

EBI\/D‘O 032 il(aa)Sog%@uém&at lopsoaegt @d@@é@ugﬂ*jo 160. 200. 2 Tot al
ecovery * C
ot anc 3 Pelecti ShiefEhs el rhder iSaRA{Yatlbactont sk ce) S

%?g écabl e, n.d. = not determned. 51 WO 02/08241
PCT/ USO 3104 5 CLAIMS: 1. A screening nethod for identifying a

rre: hoxyphosplepnat adminisewingidhe prodregytet et giseen aBql to pRjda ieast ege
activity in a target [
prodruggon-targettlssguee, anldssue conprising: (a) providing at |east one of said

(d) determining the relative activity conferred by the prodrug in the

15 tissues in step (c).

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

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

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

25
6. The method of claim 5 wherein the prodrug is a phosphonoamidate,
phosphonoester or mixed phosphonoamidate/phosphonoester.
7. The method of claim 6 wherein the amidate is an amino acid amidate.
30
8. The method of claim 6 wherein the ester is an 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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10 (b) selecting at | east one therapeutic target tissue and at |east one
non- target tissue; (c) admnistering the prodrug to the target tissue and
to said avObresmtl one non-target tissue; and (d) determ nPe@hUSHI23I@® ative
activity conferred by the prodrug in the 15 tissues in step (c). 2. The

Tt 1 510 501 el 8F Bateil \Efételn e faleditind het lnrBet e imany ol
acti Vit Yanifhal HhE yﬁafg@isquﬁﬁeﬁggﬁotng{e Shfinhgh fed I\é'ua&Kvé' &Ry H Vv or

anti-HBV activit The alm1 wherein the prodrug is a
prodr ug detervibddry Mhdpsis of Shébanified tisetidroattafadrhimistratioshef ihieproleugr odr ug
is a phosphonoam date, phosphonoester or m xed

phosphonoam dat e/ phosphonoester. 7. The nethod of claim6 wherein the

i dat e 4 ' j 08 .T t.hod of .cl ai inth
coter i dlan P RS dE bF gty i fererafliyity o R Bl Aha i M Bl s IR & 1
sel e@t i gpt@miiRABPaRBYINphd anf@lmid e 1aet bMé vethBolith of Had pﬁiglzrh' SfiYRe { hat

is greater than 10 tines that of the non- 35 target tissue. 02/ 08241

PCT/ USO%is88d®94 5 10. The nethod of claim1 wherein the target and
non-target tissue are in an animal, the prodrug is admnistered to the
animal and the relative activity is determ ned by anal ysis of the ani nal

L) ssues ol t erriRdifeMed bAULRR 12 whdigiPiRthbbolik is e pARidiatieg ¢l al m 1

wherein activity 1n the target and non-target tissue et ermi ned by
assaying the amount of at |east one netabolite of the prodrug in the
tissues. 12. The nethod of claim 12 wherein the netabolite is the parental

drugs 19313, Hhemethedaf gaim 1ajwhersinghemaetabplite isthe giphasphate afithe

di phosp trgnt%fldhli' parental drug. 14. The nethod of claim1 wherein the
target thssue rs¥irally infected tissue and the non-target tissue is the
sane tissue which is not virally infected. 20

14.  The method of claim 1 wherein the target tissue is vﬁaﬂy 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.  Themethod of claim 1 wherein the target tissue is malignant and the non-

target tissue is the same tissue but non-malignant.
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15. - The method of claim 1l wherein the target tissue is |ynphoid tissue
and the activity is anti-HV activity. 16. The nethod of claim1l wherein
the targavovt/eeue is |iver and the activity is 25 anti- HBVI/aSe/28i44y. 17.
The rret hod of cl ai m 1 wherein the target tissue is henatol ogical and the
acti nt|t he met hod of claim1 wherein the
targ t %‘?ssu 8?‘% %ﬁ\ésttﬁgd%gen(ﬁt arget tissue is the sane tissue
but non-mal i gnant. 53 WD 02/08241 PCI/US01/ 23104 5 19. A conpound havi ng
the structure (1) N \N 0 11 10 | O NHRa (1) 15 where Ra is H or
met hyl, and chirally enriched gonpggjtions thereof, salts, their free base
and solvates thereof. 20. A go un l\haw ng the structure (2) 20 25 CH3
H3C~ (2) and its enriched di aster salts, free base and sol vates. 30
21. A di astereorrerlcally enri cNed g om:nd h the structure (3) 35 0

B- E- PI . ,MR1 R2 54
10 \/
A“/OY
O
)]
15 where Ra is H or methyl,

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

thereof.

20. A compound having the structure (2)

20

)

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

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

-
B—E——P-mR (3)
35 R>
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(3) WD 02/08241 5 10 which is substantially free of the diastereoner (4) O
11 B-E P--NR (4) R2 wherein R1L is an oxyester which is hydrolyzable in
vivo, or wgdzraseyl ; PCT/ US01/ 23104 B is a heterocyclic basepCT/US01RB164s
hydroxyl, or the residue of an ami no acid bonded to the P atom through an
anm np group of the am no acid and having each carboxy substituent of the

am m aci d opt nal | terified ut not oth of Rl and R2 are hydroxyl; E
is - (CHYC 155(9\%(5 %éﬂg‘ree@%h@dl&%”a%‘er TH( CH2OH) CH2-, - CH( CHECHR) CHe-
- CH( C=CH) CHZ- - CH( CH2N3) CH2-, 20 25 - CH( R6) OCH( R6) - -CH( R9) CH2O- or

-CH(R8) O, V\,herei n the right hand bond | i nked to t he heterocyclic base;

the broken line represents an optE;h 1e bond; 30 RR and RR are

indg(pendently hydr ogen, hydroxy, ®halto, 0 Or (49 substituent having 1-5
0

carbon atons sel ected from acyl oxy, aI kﬁzoxy, al kylthio, alkylam no and
di al kyI am no; R6 and Rare independently H, C1-C6 al kyl, Cl-C6 hydroxyal kyl,

or 5]?1 oyl; 35 R7 |s |ndependently H C -C6 aI kyl, or are taken
toget her orm 0- or - ; 55 WD 02/08241 PCT/ US01/ 23104 5 R is H,
G C6 al kyl,

I RO is H,
hydr oxymet hy or acy?oxyrre h:‘x)éhy%o@zaﬁ@zﬁ% szab}‘}i&dr@@fﬂ

B is a heterocyclic base;

15 R’ is hydroxyl, or the residue of an amino acid bonded to the P atom
through an amino group of the amino acid and having each carboxy substituent of
the amino acid optionally esterified, but not both of R' and R are hydroxyl;

E is -(CH2)2-, -CH(CH3)CHp-, -CH(CH2F)CH2-, -CH(CH20H)CH2-,
-CH(CH=CH»)CH2-, -CH(C=CH)CH2-, -CH(CH2N3)CH2-,

20
O

_CHRYOCHR)-, -CHR’)CH0- or -CH(R®)O-, wherein the right hand bond is

linked to the heterocyclic base;

the broken line represents an optional double bond;

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

R® and R” are independently H, C,-C, alkyl, C,-C, hydroxyalkyl, or C,-C,
alkanoyl;

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

-CH,~
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and their salts, free base, and solvates. 22. A diastereonerically enriched
conpound having the structure (5a) 10 15 (5a) which is substantially free
of di ast aveomes24(5b) 20 R11 25 (5b) wherein 30 R5 is nethgi/use1/I3y@r ogen;
R6 independently is H alkyl, alkenyl, al kynyl aryl or arylalkyl, or R6

i ndependent | ygis al kyl, alken al kynyl| which is
substit ut ed &n istH, €r-bgalkyl OCS%J@ Wi‘ﬁY {‘é@ ﬁ‘ryg'rﬂ‘ﬁ kyl ami no,
al kyl am noal kyl , dlalkylanlnoalkyl, dlalkylanlno, hydr oxyl , oxo, hal o,
am no, al kylR is(H, 18y deoxymdiby V& &@8aMathCT/ US01/ 23104 5 al koxyal kyl ,
aryl oxy, aryloxyal kKyl, aryl al koxy, aryl al koxyal kyl, hal oal kyl, nitro,

ni t r oal kid thaz bales, freeibdesdad solehteyl acyl , al kyl acyl al kyl, carboxyl, or
al kyl acylam no; R7 is the side chain of any naturally-occurring or
pharmaceutical ly accept able am no acid and which, if the side chain

[ bax th b I ' ol d th
;IOEEI” S a(r:f/er @P%t&t)e I&% : ?@%‘%@M‘?@q glﬁ‘%n ox‘%ﬂﬁ% ?Eg): Eyl \z,imm noanand

12. (R is amno or H and it salts, tautoners, free base and sol vates. 23. A
corrpound of structure (6) 15 NH2 20 CH3 and its salts and solvates. 25 24.
A compound of structure (7) RM

15 £ NH

(5a)

20

25 - T

(5b)
wherein

30 R’ is methyl or hydrogen;

6
R® independently is H, alkyl, 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, alkylaminoalkyl,

dialkylaminoalkyl, dialkylamino, hydroxyl, oxo, halo, amino, alkylthio, alkoxy,
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300 L O p.ull0 CH3 NH H3BC WH>--< CO2H HXR2CH (6) (7) 35 H3C "~ 57 WO
02/ 08241 PCT/ US01/ 23104 525. A conposition conprising a conpound of any of
clai ms 1WQ42/e82d1 a pharnaceutically effective excipient. PET/UR&/B300¥p0Sition
of claim25 wherein the excipient is a gel. 1027. The conposition of claim

AR R B A B
19-24 i ny i | |

15 24” ckGIBR SO A0 SEDONEEBSLNYE BIARCE
magnesi um al kg 4. Q{@}{Ihlaﬁ} %fﬁ%ﬂgﬁ%éé&}%o x@ﬁﬁﬁ{é{@g{%@ﬁfm ne (HPA) or

9- (2- hydr oxyet hyl ) adeni ne sium a an ected
p-tol ue RNEES 0 : J i
further n%?)%%?%ﬁlg r ecél\?)eélfn ?%ﬁ%#/f:’%%%g Sllg%l\/%g},%Eh ?%Igg’?g% &\}fgﬁgﬁl?flﬁ.ead'laﬁlé&%t hod

of cl ai prapJikheptionaliyestehifiedhoitihta alityltidrerpt group;
t ol uenesulfonyllloxymet hyl phosphonate is protected by ethyl ester. 25 32. The

met hipd of cl & mi2&mivis radlkylatrino adxopxt dialkyglamifid; £6d al koxi de. 33. The met hod
of claim 32 wherein the al koxide is t-butyl or isopropyl oxide. 58

12, .
R is amino or H;

and it salts, tautomers, free base and solvates.

23. A compound of structure (6)

15 NH,
N X
{ f)
N N 0O
k./o\/g-‘ﬂ“‘o
20 H NH
CHj,
Nl O
H3C\\ k"/ \( 6)
O
and its salts and solvates.
25
24. A compound of structure (7)
NH,
N: AN ’
N
e
N 0O
30 N . H CO.H
k_/o\/P;"'O HO.CT g
H NH
CH;
N O
H3C\\ k’( \‘/
O 7)
35
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WO 02/08241 PCT/US01/23104

25. A composition comprising a compound of any of claims 19-24 and a

pharmaceutically effective excipient.

26.  The composition of claim 25 wherein the excipient is a gel.

27.  The composition of claim 25 which is suitable for topical administration.
28. A method for antiviral therapy or prophylaxis comprising administering a
compound of any of claims 19-24 in a therapeutically or prophylactically effective
amount to a subject in need of such therapy or prophylaxis.

29. A method for use of magnesium alkoxide comprising reacting 9-(2-
hydroxypropyladenine (HPA) or 9-(2-hydroxyethyladenine (HEA), magnesium

alkoxide, and protected p-toluenesulfonyloxymethylphosphonate.

30. The method of claim 29 further comprising recovering PMPA or PMEA,

respectively.

31.  The method of claim 29 wherein the phosphonate of the p-
toluenesulfonyloxymethylphosphonate is protected by ethyl ester.

32. The method of claim 29 wherein the alkoxide is a C;-C, alkoxide.

33.  The method of claim 32 wherein the alkoxide is t-butyl or isopropyl oxide.
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