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The present invention relates to internediates for phosphononet hoxy 10
nucl eoti de analogs, in particular internmedi ates suitable for use in the

ef ficient oral delivery of such anal ogs. Such anal ogs per
se and various technol ogies for oral delivery of these and ot her

t her apeuti ¢ conpounds are known. See WO 91/19721, WO 94/ 03467, WO
94/ 03466, WD 92/13869, U.S. 5,208, 221, 5,124,051, DE 41 38 584 15 A, W
94/ 10539, WO 94/10467, WO 96/ 186Q9y R SPINE Q201 ¥¥e;:85 79/ 07919, WO
92/ 09611, sWD 92/ 01698, WO 91/1972T, WD 88/ 05438, EP U 632 048, EP O

481 214, EP 0 369 409, EP 0 269 947, U.S. Patent Nos. 3,524,846 and
5,386, 030, Engel Chem Rev. 77:349-8671“197;, Farquhar et al., J. Pharm

Sci . 72:324-325 1983, HACK&KROQIND) Anty UNVENHEN 19: 267- 273 1992,
Safadi et al., 20 Pharmaceutical Research 10(9):1350-1355 1993, Sakanoto
et al., Chem Phar Bul | . 32(6);2241-2248 1984, and Davi dsen et al .,

J. Med. Chem 37(24)e Bresgnjipyention rglgdes to intermediates for phosphonomethoxy
SUMVARY @F Tidncldd¢iddTaiMNog$, in particular intbfimadiatssiamnicgblai fob uskiis thevedritiean,

gorrpggnds ar %rglrgglii\g&gf &aéldc?\ganalogs.f ormila (1a) [err] wherein 7 is

i ndependent | y - OCSRcbrarialfgs pOK ani(Ririqusatechsolmgiesfpramiad atedivery ofthese

but at | east b She " J rneesh due of
an antiviral ag{%g%?ﬁgzge%gél%gﬁ%ﬁﬁjgreaﬁré?vgn. S?%? W@gl%?jﬁ' Wg

nu : I sNor
Rlerr] i ndep@AdBaary W 9403456 Wi R/a3869, 16y 2063215, 12405, PExd 96 564
g[7 eE: r1 ]2 Cl[lﬁr r JAlIWengd /10639, WO 94 Qli263| WD/ 18505, W@%se'rovjaztalwwsﬂ; aryl,
- al kyn o OF - a

unsubsti t ut eé}bzpyéllsg’ gYJ%s%?'l/ﬁ%%leldqu%?/?lgéyyg@g‘?lcﬂg@gr}gwg@%bd%%h?? P(?‘gz
WO 98/ 04569 048, EP 0481 214, EP 0 369 409, EP 0 269 947, U.S. Patent Nos. 3,524,846 and
PCT/ US97/ 13259386,030, Engel Chem. Rev. 77:349-367 1977, Farquhar et al., J. Pharm. Sci.

72:324-325 1983, Starrett et al., Antiviral Res. 19:267-273 1992, Safadi et al.,

20  Pharmaceutical Research 10(9):1350-1355 1993, Sakamoto et al., Chem. Pharm.

Bull. 32(6):2241-2248 1984, and Davidsen et al., J. Med. Chem. 37(26):4423-4429
1994,

SUMMARY OF THE INVENTION

25
In accordance with this invention, compounds are provided having
formula (1a)
O
i
A-OCH,P(Z), (1a)
30
.wherein Z is independently -OC(RZ)ZOC(O)X(R)a, an ester, an amidate or -H,
but at least one Z is -OC(R2)20C(O)X(R)a;
A is the residue of an antiviral phosphonomethoxy nucleotide analog;
35 Xis N or O;

. R2 independently is -H, C1-C12 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-
C12 alkynyl, C7-C12 alkenylaryl, C7-C12 alkynylaryl, or C6-C12 alkaryl, any one
of which is unsubstituted or is substituted with 1 or 2 halo, cyano, azido, nitro



or -ORferr] in which Rerr] is C(ferr]-Cferr] alkyl, (err]-Cferr] alkenyl,
C2-C12 al kynyl or C5-C12 aryl; R i ndependently is -H,
Clerr]-C VPP8aI%Y1 ., Jerr]-Jerr] aryl, Jerr]-Cerr] al keRGFUSEP13244

Cl2 al kynyl, C7-Cl12 al kyenylaryl, Clerr]-Clerr] al kynylaryl, or

Qerr] - ergd -Gkkak WhickRP i5 C1-CH8 ati I sIkeAgU IS Ct |.SCs-
substituted with 1 or 2 hal o, 1cyggo ya2| s ? l@g, lgh?%frg{lrﬁr)s%%rcrl]z or
-OR[err], viele R4 i ndependently is -H or C[err] C[err] al kyl, provided
that at |east onB ifdépenttentlyisarid, C1-C12 alkyl, C5aCi g atyMRACXO Rkke@yl,dl2-1 or 2

wh X i

tvvgnN-I : zkgglﬁ lkP'“Jl 1\Q'ati$}r¢%x§ﬂt§ﬁg§7t &[ Egrrlwtagﬁf glrr E%aélggﬂ(oc 1 %nyor (2

oxygen- éontfammpgyhiéhe\‘? voyebyituted or pju éuwd wikell oR Zabalor icpamad,| azidan be
-ORlerr] ornitfo, HoiRe)Not L@l‘{édvﬂe@é %‘ﬂ%d@?@ndently be-rldr C1-Cs alk{ljl tpro@‘ﬂi%dt he

salts, hydr S taut o ol vat es thereof
enbodl rrents%?aﬂﬁ? 3:8 'gﬁslaﬁfis i nvention are 15 conpounds of fornula
(1) [err]a is1 theXelsl‘D BrilsogRavien X-iyIN; adeni n-9-yl,

2, 6- di am nopuri ng; %y!he ;gro%nlcpﬁ?# Fen%QS Pad Xfs Iﬂ,h ag tw dggﬁggﬂ deaza or

8- |
d Zf ?] a%[ae?ga]i\ be k@ken ts[gﬂne]r-t@[ f@m a ataghocyqeew c]»xygeercqmalrhegwatemydez
al kynyl , C7(b§%%e%kl%¥écﬁfwddx%ﬂ5ﬂt -Ghee JORS k¥ Y B N-Bhkéd Rr%%)v.% t arh]l o

al karyl, n% nsubstituted or 1s substitut
2 hal o, cyat;azido, nitro or -OR[err] in which Rerr] is

Clerr]-derr] al&yd th€salts,|hydrates, tahioents and sslvhtes[therdofal kynyl or
2
-C[CIE:\I{ re]r ] qOE—}Ir r] CHSEHI%\ ea_k&)mment?ﬁ[f tﬁgﬁﬁr[n]\egb?ng'é/ %@ %ﬁf‘snlr‘]ve o Exle Rlerr]

are j oilded @WP@PWSGﬂ[fQF‘m ula ( R2 i ndependent!ly is hydrogen or
Cerr]-Cerr] alkyl; and R8 is hydrogen or -CHR[err]-OC(O -0OR,
or R8 is joined Wi th Rlerr] to form30 - r and the
salts, hydrates, tautomers and sol vaies regiS Q her

enbodl ments conprise orall ¥ adni ni st erl ﬁctg jent infected W th
virus or at risk for viral \.L’g&) her a eut| Ily(ﬂffective anount of
a conmpound of formulas (lja) or (1pR

2 WD 98/ 04569

PCT/ US97/ 132. Cther enbodi nents .of this invention include a
met hod for preparing conpound of fornmula (la) which conprises reacting

the di aci d whezein B is ghaspmdnphedeniy-Sride Réodiateirapairiy vy kk B-aminopurin-
LC(RL erzd ) [ b A &R BaBRIREE, br 8-8za analdfs! 62118 By HsAiR-yI;

R is independently -H, C1-C12 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-C12
alkynyl, C7-C12 alkenylaryl, C7-C12 alkynylaryl, or Cg-C12 alkaryl, any one of
which is unsubstituted or is substituted with 1 or 2 halo, cyano, azido, nitro or
-OR3 in which R3 is C1-C12 alkyl, C2-C12 alkenyl, C2-C12 alkynyl or C5-C12

25 aryl;

Rlis hydrogen, -CHj3, -CH;0H, -CH3F, -CH=CH,, or -CHNj3, or R! and
R8 are joined to form -CHp-;

R2 independently is hydrogen or C1.Cg alkyl; and

R8 is hydrogen or -CHR2-O-C(O)-OR, or R8 is joined with R! to form

30 -CHp-;

and the salts, hydrates, tautomers and solvates thereof.

Other embodiments comprise orally administering to a patient infected
thh virus or at risk for viral infection a therapeutically effective amount of a
compound of formulas (1a) or (1).



5 In particular enbodi ments of this invention, a nethod for \
[err]

pr epari ng aw098/045%0rrpound of fornmula (1) is provi ded whi ch cPREESAS2
reacting a conpoun of formula (4)

err '
with LC(R2)20C(O X(R a 10 LED DESCRI PTI ON OF THE
| NVENTI ON 5 er enyppsligpiite ¢ dhioHyegton m%gl%a dnfgn preparing \

respectivel ycofpound of f@infylapfia) othidh roneprisisnietotyhg oheraliacd afnal

N, N -di met hy ogéﬁb &%ﬁﬁ@xsy hdcleotide akﬁbgr&ftx%@(@ @HKIRY] W1Rbin L is
nonaromati c Fin noil et yclic noiefies typically conprise
one ring or tavhaVugegrcmmgs wher e the ring(s) is 5- or 6-nenbered
and typicglly cong ﬂ'ﬁhﬁ'tﬂ:}:fy &nﬂ@@ﬁﬁé%%@ﬁﬁﬁﬁnvennon %Jﬁ{btﬁéd%YQﬁ@Farlgé a

nitrogen or sul fur, *usua en or
used herein, cemw%pétf%mﬂ]@ éﬁés é’éﬁf’}‘lﬁ‘{/wq] &‘@f%’}seé[réi’?t}“&@ coympound
hydrocarbon ggmbanbiags)l, 2, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12 carbon atoms

\

in the form of norrral, secondary, ter(j ary or cyclic structures.
Exanpl es are - CH3, -CH err]€H err aH r]CH[err]CH[err],
-CH(CH err])[err], -CHerr]CHerr] ~}\(;Hﬂ°er -@Gerr]CH(CH err])[err],

-CI-l(CI-l[[err])Cl—l[err]Cl—l[err] C(CH[err])[err]
-CH[err]CI—|[err]CH[err]CH[err]CH[err] CH(CH[err])CH[err]CH[err]CH[err],

i-
- CH( CH CH e CH CH
et sl e @ter e oterloteny,
-CHerr]gh(CHerr])CHerr]CHerr], -CHerr]C(CHerr])[err],
'CH[e”]CH[e”]CH[e”]M‘- I“I‘iéNOFTHEINVENTI N

-CH(CH err])CH err] CH

-CH(CH err]CH err])(CH err] CH[err] CH[err])

i &%ﬁ; ]r % g err] G1[heer f%%ﬁt{o%sg MF and DMPU mean, respectively, N-

-CH(CH err]) @{e I[lg:.m@gq)@@me} ){lgngqhyl ormamide and N,N'-dimethylpropyleneurea.
- CQ(CH er nk) (CH er reh&iek 8¢y de hdainks, aroeik € haarddadrenidticGin gl anbleteer r ],

ate h ladata ey Fort B R G L) wter

cycl obut yl netthylr;ng(s)cysci’o-cmr&apydmbemhymd typicgly spntains 1lored Rphcarben) aeEsy| |

(iyglyglogg glp;rlpsh?Was JX)@@%' ahy g/el-.n bt @hh%lr uguaﬂ}sﬁb Wbt Jm%g‘é/ﬂl

3-cycl opropyl - 1- pr ¢yl ag % }bed'le{ﬁ;wrﬁ ?t\émltéjthepgontém is C1-C12

1- cycl opnopyInyRirBe&h containing 1, 2, 3, 4, 8] BEMA, 9, 88, 1ised1hearbion, atoniseinsthe
stated to t thcontfr r?oefhal' %fcgg'\%r $ t%t%xy oﬁgycl{}ysq{ﬁ&fégo@ﬁ‘mﬁ@sWr@gC?%r mal ,

d
3oy @'m%s,eg: 2CHCr EE(CH 3y, -CHaCHICHCH, -CHCH(CH3),,
Pg/ uswgﬁéﬂflézﬂ CH3)CHATH Ct‘?[-@'dfﬁ CHQC}QG%CE[H(HHB)CHzCHzCHs
[err] &]}HC]%@*I I—E§" {‘f%ﬁr: &1&(;1-13)(: chﬂzeCHiCH:;)z,

-CH err] CH=
-CH err] 6= CHEHZQH(@']BKEHWHB CLHGH(GEHB)3) @‘ﬁﬁm@ﬂﬁﬁﬂ T343) =CHCH3

- CH( CH3) CH=CH; PCH=CHCH3, 5
e D et St gcricron
- CH( Cﬁ[ e 1) Cd(@Hsb@ﬁéﬂw 1crﬂcﬁﬁmi;7aﬁm¢mmmmﬁgmmpl opent -
bem YRR Al o do SIGHINRIRTL b,
used -her gon, dyelctaaykhethsd, I—Wdlhprmﬂtl—aﬂwl 2-sy@bprcrp}y1€][-emy]l cyclohexyl
cyclopentylmethyl, 1-cyclobutyl-1-ethyl, 2-cyclobutyl-1-ethyl, 1-cyclopropyl-1-
propyl, 2-cyclopropyl-1-propyl, 3-cyclopropyl-1-propyl, 2-cyclopropyl-2-propyl,
and 1-cyclopropyl-2-propyl.
"Alkenyl" as used herein, unless stated to the contrary, is C1-C12
35 hydrocarbon containing normal, secondary, tertiary or cyclic structures.

3



10 hydrocarbon contai ning normal, secondary, tertiary or cyclic

structures. Exanples are -CCH, -CCCH err], -CH err] CCH, »
-CCCH[ err ] Wi wroukes -CH err] CCCH err], - CH2CH2CCH, CH( CiHeriasgdvr/13244
- CCCH2CH2CH3, - CH2CCCH2CHS, _ CH2CH2C0CH3 and - CH2CH2 CH2CCH.

2o | nor gan: EXPRIRoRe-CHICHS RUEPIRAR, (AR SR EEBRIBS T° °u"
suf fici ent aEHdﬁHCHIGm,ﬁC&IﬁfébCH@Bx-CWECM%M—@CHBW toxicity.
For SX RS (=0FR) (THi3), @@Gﬂiﬁﬂi@ﬂssﬁ(tﬁi)‘@m i@d@ﬁ;ﬂﬁkﬂtm

ﬁf(raf' ?i gq eri¢= C%Zﬁ:% &%f:f:gﬁ:: ZCﬁ%wlgzﬁFgﬁ&&am ds, organic

car boxyl$c a(CH«ISHQ@HQEB{ﬁCHW&QHZ)QMﬁHt@P@O-C(&}Hg)e@Hﬁ@m[—gy organic

et eroaryi s ¥R B R CRUCHA e e B R BR s Shbhpenr
p henyl , 1-emydapluy bipipenb2reaptht hglclopBhnt-8 eamyhor-cy cdehbydl-erstt hjHcyclohpxapy | |
propyl n- 8¥’ a&py %kloh%x-@“—'&ﬁ(%l’ i-butyl, t-butyl, pentyl and hexyl

sulfonlc aci gani c carboxyllc aC|ds i ncl ude
Jerr]-[err] al kymqugr ra]s z{sgﬁirl]erauwuré@ﬁsmﬁgﬂﬂ. to thei epnteary, B5C1§err] - [err]
heteroanyl ¢gdhextbos @ftsinisy bras] a&@bh@ar;@'té‘ﬁiﬂryfbr dyadiciserudiiFdsyi C,

yar oxyimal oL Eaniiky b CHe 5§¢‘§éﬁzo. o Gtk T Gy i o

and 2- phenox&bleRHizCCHsS] @m)ﬁﬁlnﬁﬁﬂéZQMGweﬁﬁﬁC@H@Md salts
W th one or (TP 1t Qe AN .-CINBOHAANOCRC ds are suitable, especially 30

t he natural |l y-occurring am ng aci ds found as protein conponents,
al though the ami R3lth®) inciygs t:fwswiqrquﬁqbywmblﬁgtlangfo@m&mtwanwrw basi ¢

or aci dijs gsQER.asEnBrgarliy o raﬁgaﬂTcmcﬁtﬂglesertaEﬂeta@d@ @Gl e théde Ravigyt r al
seri.n hr eon

h % .
Peverne. sarhidparadaly' q3nmmid afls slf EXFe Sy sy B low Fucy!
phar maceut i exkinplaceegtrady éomn inventids saktyXiam mdtalddutianlqi deoraimanmal i an

celI's. Salt srgmic Aleindrghmigiacald, ¥.¢ opqu:s:m.neHBr HI, HeBEyaHPgast fibinh
synthetic internedi ? es of, | nventi on conpoun Thé salts a?f

i nvention cOFERTATER ped Er Y SRRI9 §318OXY 1916%%?%?3?‘&%@““ typicall
4 20 \4higes04B@ehplary organic sulfonic acids include Cg.1¢4 aryl sulfonic acids,

PCT/ US97/ 13244 6 heterr%aryl sulfofe’ic' a%u???n&@' uﬂﬁg av@%?ﬁagbcgs? r&&ﬁ %5? éxenylf

nucl eoti de arfal .
ACCH] er ] P( @)@@M@M nanlfélyylar(é) gamphor, mekhtdmt}é/ REeRYHdrviepil afted
antivi lral Aaﬁ;utylt Eyout?l?rz btiﬁ yl, ttB hayB R tarﬁﬁh&x;ﬂfsulfomc hés. IM@ﬂplaey ! B
ener a as’ the s ur e i pur i ne base
gr the aza &N8RBIC C&élé‘i éfr%ﬁl%ﬁg‘%{m‘g? gléflﬁ énﬂa({"ﬁéﬁ 5ry2f50t?%‘yc5‘rcpa%lds aré%ycl ic
agl ycon25B iGy4-14 hitectbdrg! Qrbloxplighcideesuphras meetdc, glymiid, tadicnpytuvic,
ositions. a ent
(o5 oo, SHESEALERALANE AR AU, Al OIS 2y 1o 1o,
EP 494, 370, Iemlrgsymeleic, benzoigmydroxgBenzeip, phenyacetiqpinmemipzsaligyhic

93/ 07157, V\Qrﬁldréq&{’e@\?)x @eﬂzd,l@ SMEGdEaSﬁaludTEwhlecmk/bmloA d&rﬁﬂ:oﬂiﬁ@&&althe
structure B natlorﬂl a"
yy H and

structure DGRELGEN T 0L oo BHE iy, g et B
the oth&0 i shagiatkrally-oXcuming amgnoacids found as protein coBnpemartal |y is

guani n-9-yl 5 AIBPYI 4k Beating 2 AR ARY bRsie- Yl or
thel rol- deaza - eggea%ln(’l)rr‘gg dd{zﬁg&naﬁ’ggsd or B % (:Si/é%g?n - P 1
or acidic group, e.g., lysine, arginine or glutanuc acid, or a neutral group

such as glycine, serine,. threonine, alanine, isoleucine, or leucine. Salts are
usually biologically compatible or pharmaceutically acceptable or non-

35 toxic, particularly for mammalian cells. Salts that are biologically toxic are
kgenerally used with synthetic intermediates of invention compounds.
The salts of invention compounds may be crystalline or noncrystalline.



Odinarily, Bis adenin-9-yl or 2,6-diamnopurin-9-yl. In formula (1a)
conmpounds, Qnhe Z Oé)tl onally conprises an ester or an am date. PéLHJ

esters or amU%(®¥®have been described, e. g., WO 95/07920. EXenp ary esters
are phenyl, benzyl, o-ethoxyphenyl, p- ethoxyphenyl 2-pyridyl, 3-pyridyl,

4- 20 pyridyl, Nleihjhervesitioeioie pbpephgnorapthady mglertide analeg.edifle  err]

NH-al kyl . Fb‘fﬁY&(tal com &Mﬁsﬂ&@wmu@ﬁué UQOCM’(O)@HI)QI |Tf€é@ﬂh@hﬂem
| east one no nde ndentl

C(O X(R
o err] - cleewn anéﬁravq%%%p%a@ﬁ@f bhijyirpl agsiity] Per aer fha, Renyet par
C2- C12 al kynyhis ievehtidnal Iregeneaal| A Haé-iBedtaldtyry BQ wherein Bs mﬁuahka}ryl

cyano,” 5 ?f&rrr“ﬂ*d%ﬂr?o%ae”S‘gﬁ%&%%?ﬁ?%*”dmhfa %“%‘Fé“ﬁ*éﬁgf %W?*S%r ypee
al kyl , C[ er r ]acy)@le;r aglyabherB/is limest ¢ Qrthropph the puning fyar pyrimidinel  err]

aryl . gﬁﬁ . Hs%m &7 &£ theb€ahhlgds'ah bashrid/ Bl €r$.! Datenlsy4 659,825ne
R err] |s ot her t

The carbon aﬂﬁ@tzé%\?wlé%o@ aT‘ét:’k}(}ﬁbﬂ%? %@éﬁgﬁr %ﬁ 3? BEﬁi'bfgf 4%41324' %ﬂ;ﬁ%ﬁzz in

B?rb \év_hr ch cagp Biessy, HI§269@47HEP(4B)2,936SV®|93V311571 w©(§;r4f/og4ﬁr7aiandn I'n nost
enmbodi ment.s, i t tion are
chirall y%nri‘&?ggbg?édp]urzyéfc ?&1 S srl?lt1 gaklp?hggﬁg?g{}gﬁr@ﬁ ver(%llrlrg)nu acturing
i s somewhat [B§dd2@K{eensive if chirality at the R2 carbon can be avoi ded.

Thus, R2is H Wher’r é%gﬂ?ﬁbﬁeg jsOaGhidgBd Bf Mor®. LiFeX GORE theh £¥4' A8d sne 35
Xis Oor N, typlc

bamat e tend to be nor e
stable in bi df Bgreuall Yeﬁ/?fr‘é)ﬁ}r‘t%ﬂabert‘ﬁé‘r‘? ?f‘rew;)g Qﬁg’t'\el)é‘sa en Xis O

then a is 1. B generally is guanin-9- yl, adenin-9-yl, 2,6-diaminopurin-9-yl, 2- WO

Pt/ Uso 74T 3o Ainopurin-9-yl or their didgaza, d:deaza, or 8:p2q gralogs, qr B is cyfsiny-1-yl

Cerr]-d errOmtigarilyCH és afle@Pr2yl orad, &-@lrwmnmarm -9-yl. dmfmryhy(rla C? Cl12

al kyenyl aryl o p-Ts KOHAY I bleone of

whi >c/h |>/s u%substﬁl‘t{ﬁl%d orerl:ksd’:,FJt bstily?Eé[(e rises Qﬁjﬁ@&@dkﬁaﬂxdawywua e

azi do, nitr o estexp RE pMigatesdry ‘ien ApRsribe \g[ ] %aﬁﬁ@&gntﬁ’%m@arﬁeﬁtﬁs

CR:[ er r]q d e]r r Jaralphghy!, Sergiyh \u-eddxypaengl, prethskyphenyR, Ropyrid yIH3-pyridigndr Sl
is e [ a S u ed or

Subst it ueR J%R??r&ryqn{rrvrg?‘ fino, C17C8 Ryl vl C‘-’YQ‘CB'NV SaIRE PR D O

one R is usu&@veyy sohmpowmndefithe lnveniﬂ\PFéVH)aF?%@W at egst e nked R groups

are joi ned to pimgamgzgm@e cont ai ni ng heterocycl e,

Wneatarat ed. bat n srﬂiﬂpenfiﬁé‘ﬁi."”ﬁoﬁ #E a6 dn gl CHC T, Bikehy,

and is in theZCqp atkymylf CgeC e alémnyim'gl ﬂm@myallﬁmlmlm GeQizalkaryl,

occurr I n uns éluér?é Fbg(\i\;}?irtfx% %(Hsﬁé g(qj otl)qs § b g't&i %\ﬁﬂ'ﬁl QJI'CEJH§IO c95no

exanpl e. als inc es ¢

or_c con ai ni
unsat ur at ed t?@%l% NHEAP T AP %“PV(}H r‘ét%h&ﬂ e&é{ég(?%. 15

usual ly it i %1 r}y,J CﬁICﬁ yRZWBBJBQBIIlyEHw Cq&[b@tal}tyll mmhtyplcally only | f
Ris substrtut

.4 Il
contain 1 of ¥feBe 1§l?5§?’i ﬁl?éh@nﬂi f’%g%r?g??‘% Hm ee&1 t?/\niﬂzhlz%{of‘xﬁ%ﬁqhg’%meym
subst i t uent s, Theheyrbon atoat ¢o sdrieh d¥? i bordashis capabée af chirakswstitutien: in

found on 3R arvshfzzg{[@;s&y% the Q})bawce%lgrc%a aem@k NIRGnSét OR[err]

subst i tuent s err er err] Wen R
contai ns an &MHPOGIBERtS, tafhg d?ﬁt agwg%&éq% un@dad?fdgrés invention are

~chirally enriched or pure at this site. In general, however, manufacturing
is somewhat less expensive if chirality at the R2 carbon can be avoided.
Thus, R2 is H when it is desired to help minimize the cost of synthesis.

35 X is O or N, typically O. The carbamates (where X=N) tend to be
>more stable in biological environments than the carbonates. When X is O

then a is 1.



directly to X or is linked to X by nethylene or ethylene. The aryl group
may contain -N= or -0- as a ring atom In general, the aryl group contains’
5 or 6 car kwmssedséy substituted, the aryl noiety is substit utRarw§drhddsal o or
25 - OR[err] in the ortho, neta or para positions, with R3 in this instance
bei ng typ| | r i i are
typically 2-, K] r{%pgn%eghy%eé tl‘l q'y kgl%g%ﬁ%?ﬁ %@%%bsﬁ)?ﬁggt
group will tiémaihmybr(:?rﬁéza}lwenylaryl % wllﬂfnxlerxls%%@w@w afny| | |
Exelrrpljaf ybaf&{zﬂ&ﬂ gah@aﬂxmgﬁﬁte@ or is suute,eitt@{eacwthlh £ od20hils, 2 aiied herein
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gf ﬁ/bnggr ;pﬁgnd aaoﬂhyt}ﬁ}@‘g §5&sé{b&§\%f@@%rr%%g 1hfted1\6g6\ (?R br esent ) ”s ser| es

particul ar \§lthers 5R. Imthellattergasepne Ris usnrllyjothemthas Hohem  Soc.
82:5566 (19 ,Q?ternatlvely, two N RS LY Ezoz&j&?é fe'ix‘?éd’ Ri €Srrh %C&dtgécﬁdle \U%)Oof

exanpl e and not t| on tetra dr.ot enyl
sul fur oxi digA&daining hef%PF 9d"rY(5’t1 anﬁﬁf‘?’g&?mn a? Ayt ﬂetrﬁ?genyl

pyrrol ylip pywaeal Blis unsaturated, but not aryl, the site of unsaturation is not criticalb
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i ndol yl , i ndwicemsihg unsatuyat fattyy acids swenlidrios swyable@é BrOwRSdPY| |

pi per i di nyl o4 1Berm%@§a/imlude ?gf'ldsakbﬁymﬂc yAodlkyh tmamm pNéfQ"”Y'

tetrahydrofuran inolin etra Qqui nol i n
decahydr oqui Wotathiated @ndso&éﬁ %6?‘? &A?Ind nn 'S ‘{r}s?g‘ﬁ ?%ﬂ

6H 1, 2, 35t hi aslidki hyils ,aliRdhyb tdr alkynylly»ﬁtMlztrbﬂ sabstitkitionhi enyl ,
thi ant hr enyl , pyrzﬁ'ﬁ' is sut?s(?xf?ﬁ W haﬂé{ Yano, a‘i%@%% oxi W iﬂxﬂ% R will

phenoxathllnyl i'soxazo azl ¥
pyri dazi nyl , comammfnyese snﬂmtmmtyl i subs»tm@lwufmof these F‘ﬁ #yppts, they

gﬂlr Ing%/ln | ﬁ;T ﬂl@célagﬁ% &l Qﬁffere‘?{?te Fér?e?{hn y! squQﬁbéthﬁérﬂodhﬂ%n Rl&)recg?ugg Qgﬁ: inyl,
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phenant 0ol i {H2CHHEp@XTHBNCHplRnot hi azi nyl, furazanyl, phenoxaz! nyl,

I sochr omanyl, chr gpalyk, Jith 93z & I ng\?ﬁﬁelgrﬂﬁh %éﬁé lé Gbﬂb{éd

pyrazollnyl plpera2|ny |ndoI|n

mor phol i ny| , dBReZHIP a ayls Ub‘éf‘r@zg% sthylepgrpriathy ﬁhe qu&fBP o,

benzoxazol i nﬁ'{a, @tdairs AL RERYD- as a rmg atom By Wabfthemybgmmdomﬁns
limtation,

d 3, 4,
e o, R s TR TR LR o) ol OBy G AP
posi ti onZQ ORBin the Grtbrb mepyrqrrpadrar}eqsﬂpw twigh Tg; irgthig m%tlanse @PU’ES 20

pyrazi ne, 9‘}51&8 @31 éB P%rcﬁxﬁfccﬁxtﬁiﬂﬁﬁﬁs cbﬂidr%@drr?fﬂthﬁg 2-Ihigfar an,
t hi ophene, ro tra%y ropyrrol e, position of . an )Z]xazol e,

i ni dazol e orPV Rt é(iolhé 895‘8%‘3 1t PRy @ne gubsfjtugni,gropp ?”slgﬁfz{ﬂué‘d B RS 8F
i sothiazol e, n{tﬁétyt ifqms?.smstﬁucéd amﬁzmxechpﬂery pohafionnd, ndharomaticof an

azetidi ne, p?xslfrowcl)é: %rfo’ugﬁ assed: helreir? [nc%g?éﬁ l?y W’Hr}f'tg{ é%gh poshbon 1, 3,

4, 5 6, 25 I"soqui nol'i ne carbon
bonded h3Q er tioyitatemn the hetened:xa!es desggyibegyin Peqwtq,daﬂo 4 ymcag, les of

5-pyridyl, GL@d&éﬁyHet&&XElhéj@emﬁEtry‘gf éw A, Bdwz{rhdazwew Yobk pygesiazi ny! ,
6- pyrl da2| nyl n& yr| m é])s n li
particu arly hapters 1, 3 The Chemistry of Heterocyclic
Compounds, A series of Monographs" (John Wiley & Sons, New York,
1950 to present) in particular Volumes 13, 14, 16, 19, and 28; and "J. Am.
35 Chem Soc.", 82:5566 (1960).
Examples of heterocycles include by way of example and not
limitation pyridyl, thiazolyl, tetrahydrothiophenyl, sulfur oxidized

tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
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pyrimdinyl, 6-pyrimdinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-

pyrazinyl, 2t hd yl, 4-thiazolyl, or 5-thiazolyl. 30 of
exanpl e and%%%ﬁl‘ﬁ%?ngtati on, nitrogen bonded heterocycles PCa"‘}neJ g%%éd at

position 1 of an aziridine, azetidine, pgrrole, pKrroIidjne, 2-

-pyrroline, 3upgdrEeintetrazeidapsnaotyranghAdianantehalenyl wepdyl jadolenyl,

i m dazol i ne, _quéﬁlalaﬁyg,ié@?wmh &eber?iﬁyFaz@yn,npipeamuya?pbig&iqm I;ari di ne,35
pi perazi ne, indolg,. indoline,. i,ndazole, spositian 2 0 i soi ndol e, or

i soi ndol i ne, pp}'5§‘?l??‘6‘t¥l’42é)fyrﬁdl FhitoPY Eré),l1ni¥|1(dte§rgi~ﬁy?ir%ﬁxr5n8 a carbazol e, or
b- car boltetrehy8roquinelingl,t teprabgldrisoquinelgeyl, siecabyld epenotinyl,es
include 1s oot dioBquitoRAFE 89%kinyd- R0y bH-1 2 Thdaaflhyl, Sregrpzol VI,
and 1-piperidin g y y

VO 98/ 04569 1,5,¥-ciithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl,

PCT/ US97/ 1324%hromenyl, xanthen BﬁH&i\ﬂ;}tﬁ%ﬁxﬁﬁ? ﬁH— yetdly e isothiazoljél, N

s az 5 aleE st Bl S ity Cbine bR R eRED yE e 5,
et hyl ene, indezdlyl purirogdy EReuinmliziyyl, pmbphaMlenapht}qumHMJ . e
cycl Ohe?qib’ inox Al IR uii azojinyl, ci ngiin'h| ‘eridi rle4§§{—-k§rba-.'zgﬁﬁ,r’ ranche
NI R Bk o W

i ncl udes t he pHenaekh¥otimyd] pheha J pReR6HiazinpEr Rire sy ICpHenbxekRTy1]
OBt | Y bvom, Bty midaagifo) Sy B0ty piRaSBeBRE, oo
[lerr]_ : 31—rpiypez@hlmyﬂo,rpipewim)dyIir,[1dGlizx%tyl:éiﬁst;ihii;)hnyl,jlyrihdy]idinyl, R
al so i nchydes, - - - .
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where R7 is Ppenzoxazolinylgapd isatit@¥on |1inear, branched or cyclic al kyl or
R7 is 5 or @Byanayodf éahplel dhd Res Eintirdtsh, aen beRe@ het¥dcifclas e

typically present usually, 1, =X i sual l y._ oxygep and is,typically
met hyl , et hyPre ?’888?8&5&05@’5"“ 'p3r<]:)4p91 o5 G;Fiki’}_a/‘BSué‘?ﬁlg"ﬂ@t ﬁgF/?'. or’6 of 8
R usual | y i s pptriagine, ipmsityon 2e4,Hylor 610 pyyimiding mmsition &, b, \dr,6 of but yI ,

t- ~ 2but ?Iyraf’i%@? Ebsi‘?fon:g’z,@'lt ¥k 5 of a furan, tetrahﬂr%rfﬁ}ari, shvfaphst i tuent
found in pri art phosp t hoxy, nucl eqt i d anal.ogs. R err]

i sphonone €. .
typically istamphseﬂt?hmr@g%ﬁ,r tetrgpdropyrraipy Resifieny 2, 4cpr 6r¢l)an oxegpler err]
20 - CH[ er r] MrédagolerorRheszole, puditihe By &, ar B of GiniedxdAblé,opypazoHd, @fr | - .
Form et hyl egm B2 GRaIoN Ziond o ap a2 Uit bodffon' % 1dr £hFaho! ned 10
Clerr]-d err pzetigine, positio2,chid \é 6.7, Qret of a guénalisie e pysition 1,3, 4,5, 6,
Cfrmoimd%[s of 7sbE %Céﬂlz%rﬁ islfohhiﬁ%m&aﬂiﬁ rﬁiape Eﬁ{@ﬁ% '&]a%grpﬂoﬁd%% l*%ﬁ@dr@kljcl%[s err]
err], err] i (. 0 , . R.err - X - P R

S B S UL S O B L L Mg RS ts e i A g
i nvention ar @yefitazimgl Sypyeiddzihell 6epyridszihyE@-pyrimidatylf feyeaniatinybtSom
chiral center,J| L W -nGiar_ fLodi R
associ ating 1 tr%ﬂa@gg%ﬁ_ﬁﬁg{lhg{c}?l %%595%?&%%{%&%6:%1[ SLP é'%?lg‘ﬁ)?g?‘ this site.
Thus, Wé?@“&ﬁre}ﬂ}larzglﬁm‘%’ﬁ?ﬂlﬂz?Wi eoapbidgalylwi 1 | be in (R
configurgpi on at By fragest &fandPle artddovlinhitdieors UEbogehivdded heer&dyddie (S)
enanti omer. bonded O:herler}bodl rre%t.s mc{.gde Strugture (0?_%) anzd (11)
COI’TpOUI"IdS vvhéf% onded at pOSlthI‘l Ol an aZziridine, azetiaine, pyrro e, pyrr 1aine, -

-pyrroline, 3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-

imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine,
piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or

35 isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or b-
-carboline. Still more typically, nitrogen bonded heterocycles include 1-
aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl.



R and each R2 are independently chosen and R err] is (Jerr]-Cferr] alkyl
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[err] 5 woo9soEsesnpl ary enbodi ments include the conpounds rawaset/B23abl e
B. Each conpound in Table B is depicted as a conmpound having the formul a

(%) o 1o L K ﬁ%glrdfm . TS AR5 R B ook B
B.R Rerr]. F{?é?r:]‘ 4, 99 carhorlimgssy bepnchedsqrrqyc:he raéISYldEpieéy,eﬂig4, ethylehe A
T?Jlfis rﬁ th Cgr BaLpbpyaL h opyB ifo éﬂee$sopro¥>9ﬂQ5}tlBhgx}‘i efd, %c)l._ F RS i -(gt—
bot LeRZ] grE) ILYR% where glmegr branc ed o]rcycla ﬁc[y? halr (ii 2, 391, ) oCI_E
5 carbon atoms.
Embodiments include compounds where R4 is -H or -CHs.
R includes the structure -C2-C12R%, where each C5.Cq2 independently is
a23,4,5,6,7,8,9,10, 11 or 12 carbon linear, branched or cyclic alkyl moiety,
and R? is

N O

10 N-morpholino ( N ) » N-piperidino, 2-pyridyl, 3-pyridyl or 4-pyridyl.

R also includes -C(CH2(X)0-1R7)3, -CH[C(CH2(X)0-1R7)3]2 and -CH2(C(X)o-
1R7)3, where R7 is 1, 2, 3, 4, 5 or 6 carbon linear, branched or cyclic alkyl or R7 is
5 or 6 carbon aryl. In these embodiments, one or two X are typically present,
usually 1, X is usually oxygen and R is typically methyl, ethyl, isopropyl,

15  propyl or butyl, usually methyl.

R usually is phenyl, methyl, ethyl, 1-propyl, 2-propy), n-butyl, i-butyl, t-
butyl, pentyl or 3-pentyl.

R1 is a substituent found in prior art phosphonomethoxy nucleotide
analogs. R typically is any of hydrogen, -CHj3, -CH;O0H, -CH,F, -CH=CHj,

20 -CHj3Nj3 or R! and R8 are joined to form -CHj-. R1 is usually H or methyl. If
R and R8 are joined to form methylene, B typically is cytosin-1-yl.

R3 is C1-C12 alkyl, but typically is C1-Cp alkyl.

Compounds of structure (1) typically are those in which B is adenin-9-
yl, Rl is methyl or H, R8 is -CHR2-O-C(0)-OR and R, RZ and R3 are as set forth

25 above.

The compounds of this invention are optionally enriched or resolved
at the carbon atom chiral center linked to R! in accordance with prior findings
associating optimal antiviral activity with the configuration at this site. Thus,
where R1 is methyl the compounds will be in (R) configuration at this center

30 and will be substantially free of the (S) enantiomer.

Other embodiments include structure (10} and (11) compounds where

R and each R? are independently chosen and R2 is C1.Cg alkyl
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1 adenin-9-yl 1 -CHerr] 5 2
guani n-9-yl R2 2 -H 3
2, 6-di am nopurin-9-yl O 3 -CHerr]™H 4
2-am nopurin-9-yl O /i ,IL 4 - CH2F 5
cytosin-1-yl B i O O N(R), |5 - CH=CH2
6 - CH2N3 10 R oL -F
R err] 1 -CHerr] 2 1-H
-Clerr]Herr R! 2 -CH3 -3
- (CH2) 2CH3 (10) 3 -C2H5 15 4 -CH(CH3) 2
-(CHerr])[err]CH err] 5 -(CHZ)SCHS
5 -CH(CH3) 2 6 - CH2CH( CH3) 2 6
- (CH2) 3CH3 7 - CH(CH3) CH2CH3 7
-gl(—IZCI[—I(CI—B)Z 8 - C(CH[err]) ef r R? eji& 8
-C(CH erre])[err] 20 (CH[err ) err
-(CI—|2)4CH3 err F%rr ‘I];)CH[GN@}) [ err]
- (CH2) 5CH3 1 CHKerr] [err])[err] 12
C(CI—I[err])[err]CI—I[err]CH[ rr] 13 -CH(CH erf B CH(CH err])[err] 25
14 -CH err]CH err]CH(CH err}) [ err] (1%
-CHerr]CH(CH err])CH err]CH err] }
-CH err]CHerr]CHerr]CH err]CH err]CH err] 1

7
: %E ﬁ% g; } )(]-|CI[_|Ear6; ]I%’@Hi@ﬁ% epi{bg’H }raq%%li{n%lude the colrgpounds named in Table B.

Each compound in Table B is depicted as a compound having the formula (8)

RZ
B 2 Oiofim
®) 2

R]

10 Compounds named in Table B are designated by numbers assigned to B, R, R!
and R? according to the following convention, B.R.R1.R?, using the numbered
structures depicted in Table A. Thus, the compound named 1.2.3.4 specifies
adenin-9-yl at B, -CH;CHj at both R groups, -CH20H at Rl and -(CH;),CHj3 at
both R2 groups.
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-CH(CH err]CH err])CH(CH err])[err] 35 24 -CHerr](err]Herr]

25-Cerr] Herr]

1.2 1.1 1 FABREA4 1 1.1 5111.6 1117

1

1.1.1 1

1

30 19 -C(CHerr])[err]CHerr]CHerr]CH err]

-CH(CH err])CH CH err])CH err]CH err]
- CH( CH err ] woHsmasdo( CH(CH err])[err]

-C(CH err])(CH err]CH err])[err]
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. 19.
. 19.
. 19.
19.
. 19.
. 19.
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4
4.
5.
6.
6.
1.
2.
3.
3
4
5
6
6
1
2
3
3
4
5
5
6
1
2.
2
3
4
5
5
6
1
2
2
3
4
4
5
6
1
1
2
3
4
4
5
6

-bCD@I\)-h\ll—‘l\)U‘IODI—‘OOCDODI—‘-bCD@N-b\Il—\NUIOOl—‘CDCDOOl—‘-bCD@I\)-b

. 115, 1424-QH5-cyslopentB. 14. 4.4 5.14.4.5 5.14.4.6 5.14. 4.7

8 5.1434-(CHy)i4ydlopenEl14. 5.1 5.14.5.2 5.14.5.3 5.14.5.4 5.14.5.5
6 5. 1445-(TH,)3-cyclopefti5. 8 5.14.5.9 5.14.5.10 5.14.6.1 5.14.6. 2
35141364:}52)3,4510'§,e5t14665146751468 5.14.6.9
105 Jcofhe;% 5 15.1.3 5.15.1.4 5.15.1.5 5.15.1.6 5.15. 1.7
A } 1.10 5.15.2.1 5.15.2.2 5.15.2.3 5.15.2. 4
¥ [15.2.8 5.15.2.9 5.15.2.10 5.15. 3. 1
)_Ccoé‘ [15.3.5 5.15.3.6 5.15.3.7 5.15.3.8 5.15.3.9
3)3-Cy ¥]54251543515445154551546
1 )45Y5l08e%¥l 5 4 10 5.15.5.1 5. 15. 5. 2 5.15.5.3
1815 YGHg-cyclpprepyl 5 15 5.8 5.15.5.9 5.15.5.10 5. 15. 6. 1
.15?26%H(CH3)CH5-CI§OBUEY15 15.6.5 5.15.6.6 5.15.6.7 5.15.6. 8
. 1236-GH(GHs) H2ryslopsntyl2 5.16.1.3 5.16.1.4 10 5.16.1.5
. 1841-GHECHB)AHg-cclobexyd 5.16.1.10 5.16.2.1 5.16.2.2 5.16.2.3
. 18@52:(8H7)0.4-cychrot/12. 6 5.16.2.7 5.16.2.8 5.16.2.9 5. 16. 2. 10

17 B b by ATk e 518 Ty

. 1P hag the structwye15. 4.8 5.16.4.9 5.16.4.10 5.16.5.1 5.16.5. 2

: 1&&:\%5 ECEh&IE(Cng,ﬁCﬁCHle(C@( -O-BHHCBCED)-O-cy cloﬁe@ﬁ)zig&ée ;

iy s oMby e Tl g i a e { Tttty
7grd>u§ bhay the §trﬁcﬂﬂ‘el 8 5.17.1.9 5.17.1.10 5.17. 2.1
gh AR ARG S RS B
ghined 9 Ty

5.17.3 517
. usrsus fscqmpy@ds

N
o
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o
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W
gl ol m@gmmmm@m

wo

U'IU'IU'IU'IU'IU'I U'IL(u'IU'I U'IU'ICED_UTUIO'IU'IU'IUICDI

le; Aqand @af‘red41216 1.lin coswppprui 3
.1716u Phid tde btrbctufed. 7 5.17.4.8 5.17. 4.9 5.17.4.10 5.17.5.1

1 Bedesenr RO SO RS AT S dede

.17. 6. 7 5.4ompoginds rarged in Taple Bland cogpbunds. n@ned byscargpousd
: 1%r$u§s 1-5 wheé ﬁ%\&eﬁeél-’h% HstZd 5n #Pabie % §relx%p1ac%d5w§-t§t éaelo

. 140 Oylagﬁoypio 18.3. 5. 18.3.2 5. 18.3.3 5.18.3. 4 5 18 3.5
16 F carbon alkyls 143 19 @rbon giiglo 5. 18. 3 -@GHs)08Hs. 1 5. 18. 4. 2
.11 8 carborigliqls 55 18.chrbomaligls. 7 5. 18.-CH2)3CeHs 5. 18.4. 9
5. T8 9%atbén 2. 2 6.12%abbdn BIKK8. 5. 4 5.9 8(GHS)&cHE 5.6 5. 18.5. 7
. 18.05-(CH83)2CHRCHE)5. 10 5.18.6.1 5.18.6.2 5.18.6.3 5.18.6.4
. 18.16. @H§ﬁ§)@(@@318. 6.8 5.18.6.9 5.18.6. 10 5.19.1.1
.19. 1. 19.1.4 5-19.1.5 5.19.1,6 5.19.1.7 5.19.1.8 5.19.1.9
5.19.2. 1 5.19.2.2 5.19.2.835.19.2.4 5.19.2.5 5.19.2.6
019.2.8 5.19.2.9 5.19.2.10 5.19.3.1 5.19. 3.2 5.19.3.3
.19.3.5 5.19.3.6 5.19.3.7 5.19.3.8 5.19.3.9 5.19.3.10 5.19.4. 1
.19.4.3 5.19.4.4 5.19.4.5 5.19.4.6 5.19. 4.7

19.4.10 5.19.5.1 5.19.5.2 5.19.5.3 5.19.5.4 30
19.5.7 5.19.5.8 5.19.5.9 5.19:5.10 5.19.6.1 5.
. 109.
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019.6.6 5.19.6.7 5.19.6.8 5.19.6.9 5.19.6.10 5.20.1.1 5.20.1.2 5.20.1. 3
.20.1.4 5.20.1.5 5.20.1.6 5.20.1.7 5.20.1.8 5.20.1.9 5.20.1. 10
.20. 2.1 5v098204365. 20. 2.3 5.20.2.4 5.20.2.5 5.20.2.6 5.20. 2Chrus9oriizas
.20.2.8 5.20.2.9 5.20.2.10 5.20.3.1 5.20.3.2 5.20.3.3 5.20.3.4 5.20.3.5
.20.3.6 5.2 3@22 CH,5- 20.3.9 5.20.3.10 5.20.4.1 .5.20.4.2
.20.4.3 5.215 4 f 5.20.4.7 5.20.4.8 5.20.4.9 35
.20.4.10 5. %@%‘3952054520555205652057
1 20.5.8 5. 2 58 18) NCH2)3CHE 50601 5.20.6.2 5.20.6.3 5.20.6. 4
120.6.5 5. 28 6! .3 (2=>§gé 8 5.20.6.9 5.20.6.10 5.21.1.1

21, 1. 255, 246 1{GHp)3 s )C 35 5. 21.1.6 5.21.1.7 5.21.1.8 5.21.1.9
21.1.10 5. P4 -6CHBCH(CoHE)(CH2)2CHg 21.2.3 5.21.2.4 5.21.2.5 5.21.2. 6
.21.2.7 5. 218 2CBI CH(CHCH6H». 10 5.21.3.1 5.21.3.2 5.21.3.3

.21.3.4 5. 219 3CHEECB(CHICH57 5.21.3.8 5.21.3.9 5.21.3.10 5.21. 4.1
.21.4.2 5. 290 mmﬁnmﬁﬁ(@@z)g,c}@ 21.4.5 5.21.4.6 5.21.4.7 5.21. 4.8
.21 4. 9eb. 241 4AM, BRI GH2AIR 2 5.21.5.3 5.21.5.4 5.21.5.5

21.5.6 5. 2;125 2@:};5;31317 i1, 58,5 21. 5. o 5.21.6.1 5.21.6.2 5.21.6.3
21.6.4 5. 2§3 (g%a(iﬁ 21.6.7 5.21.6.8 5.21.6.9 5.21.6. 10
22. 1.1 5. A 5.22. 1 55.22.1.65 22 1.7
.22.1.852%? % 10 5.22.2.1 5.22.2.2 5.22.2.3 5.22.2.4 5.22.2.5
22.2.6 5.2 2C . 8 5.22.2.9 5.22.2.10 5.22.3.1 5.22.3.2
22, 3. 35, 2b Alkylgronps age fnear, prancherh cyclic or momngssmated ¢-C-).
.22.3.10 5. 22. 4 Q @o?r?pdhr?ds’f_)ngx%eﬂ 131 '5alﬂ3 Blaﬂd o?xép&ux&ls’f_’n@%eﬂ %5@%%0 nd
.22.4.8 5.22. gs 14,10 i g‘t 5'g2b§ 22. 5 dg 128
22.5.5 5. 2&“%“%* owhere, Remgie ‘%‘58‘ 2> hsted ig A aggraplacedswith the

522625221C6V31§gﬂ241:$45226552266522675226852269

.22.6.10 5. 23(TH1),DCH;1. 2 5.23.1.3 5. 2341(@Hp)sTRCHH,H323. 1. 6

. 23.1. 2. 23. mﬁzmg 9 5.23.1.10 5.23.2.1 5133(@}3)6@(@{232@4
.23.2.4 5.28. .6 5.23.2.7 5.23.2.8 5.38.4C 5 23 3.1
.23.3.2 5. .4 50 5.23.3.5 5. 23, 376({: %d’cﬁ(

.23.3.9 5. .15.23.4.2 5.23.4.3 5123, (

.23.4.6 5. ~§.5.23.4.9 5.23.4.10 583 25 23.5.3
.23.5.4252 3 5.23.5.7 5,23 . 73.5. 10

. 23.6. 1 35 23.6.4 5.23.6.5 5. %

23.6.8 5. H33’5241152412524%% ) .223}%}5%4415
.24.1.6 5. : 5.24.1.9 5.24

24.2.3 5. 240 2{GHg)eUChle G4 2. 6 5.24.2.7 5 Bl @355
.24.2.10 5. 2%, @@2&02@@)2‘3153 24.3.3 5.24.3. 4 5244(GHR)%)CHE 6 5.24.3. 7
. 24. 3. 8305 222 3(CHR):CBI)CH3 5.24.4.1 5. 2254(CHr) XX dHB.5.24. 4. 4

. 24.4.5 5. 233 4(GHG)DICH,),@H4. 4.8 5.24.4.9 5.24.4.10 5.24.5.1

: gj- g i 0552‘2‘45 63 55%3915’%@% AR irCT481e B And: & podnds Admd®hy cfpdund
21 gy sl tuwhere R moieties 1-25 listed in Table A are replaced with the

PCT/ US97/ 1329(ﬁlow1n%g5012195 6.3 5.24.6.4 5.24.6.5 5.24.6.6 5.24.6.7 5.24.6.8

5.24.6. 5524@1;@; ?@H H§251252513 5.25.1.4 5.25.1.5
5.25.1.6 5.25b. tl—? '1112 Qg 1.9 5.25.1.10 5.25.2.1 5.25.2.2 5.25.2.3
5.25.2.4 : 5.25.2.7 5.25.2.8 5.25.2.9 5.25.2.10
5.25.3152% 3.4 5.25.3.5 5.25.3.6 5.25.3.7
5.25.3.8 5.2 %1541525425.25.4.3 5.25.4.4 5.25.4.5
5.25:4.6 HZC 35.25.4.9 5.25.4.10 5.25.5.1 5.25.5.2
5.25.534% 28-6HY B36 5.25.5.7 5.25.5.8 5.25.5.9
5.25.5.10 5. 25%@153)2@%)3@@12@}16 3 5.25.6.4 5.25.6.5 5.25.6.6 5.25.6.7
5.25.6.8 8 K HE K 3CH @G 10H, Exenpl ary enbodi ments i ncl ude
the foll ow n§ -Qlithd#HAHOUpR)ATH3 conpounds. 10 1 Each
conpound nanid -CR(Te)EH) m_'Hg)szm{y one carbonate noiety and a
hydr oxyl 4gr ogp |GHnEd;(CHLIRE us atomin place of the second
carbonat e M8t ysiicE,)yCh: err]

-O-CHerr]-Pg9 %@é@a& Thus, the group 1 conpound
nanmed 1.4.1.1 in g ‘has ructure

adenin-9-yl-CH err] - CH(CH[err]) OCH[err] BO(OH-OCHerr]-O0C(O -0OCH CH
err])[err]. 15 2 Compounds naned in Table B having only one
carbonate noiety and having only the R err] noiety, #3 (-CH err] OH),

which is nodified such that R err]



of formula (1) conpounds is joined wwth Rerr] to form-CHerr]-. Thus, the
group 2 %&f% d naned 1.4.3.1 in Table B has the structure:

adeni n- 9-yl - % [err]-0)-OCHerr]-P(O (0O O -0 CH err] - XS EPH ¢ EH3)
2, 20 where the synbols O indicate a coval ent bond that |inks the oxygen
and car bdd StdsHeH§dHHEPCH(CH3)2 3 Conpounds naned in Table B
and conpounds rarEd(GHz:6sdH(CHs)gr oups 1 and 2 where each purine base
listed in Tabllé AAHE HRIECHALZH(ERR)ng, e.g., 3-deazaadenin-9-yl.
Thus, the grod@ HEOHMH,OchHged in Table A and 25 naned 1.4.1.1 in
Tabl e B has the &IH(@HHF(QHZ)ZOC4H9

3- deazaadeni n19- ;(I:H@ﬁgy( rr])-OCH[erre]-P(O)(-OCH[err]-OC(O)-OC
H(CH err] )[errzb)kgq (]_'H 2)4d'@mgroup 3 conpound defined in Table A and

nanmed 1.4. oup 1 has the structure:

3- deazaadenl n err])-OCH[err]-P(O)(G—i)-OCI—l[err]-OC(O)-
OCH( CH[eraé)[ 3( Honpounds naned in Table B and conmpounds
naned by n(FH Ha)( b?nd 2 where each purine base listed in
Table Ais th@ﬁ‘%gﬂé% SHll e.g., 1-deazaadenin-9-yl. Thus, the
group 4 corrpo@ﬁd-céféfciﬂe)ﬂ:ﬁ etz A and naned 1.4.1.1 in Table B has
the structure: om ounds named in Tabl B

1- deazaadeni n-9- J CI};I err e efnd ﬁ?ugwmﬁ bg} C( O - CCH
(CH err])[er r]:?[‘é?‘?‘f]n 550 PSR rl't?&f) @r disteh iy Tahlerre raplased

naned 1.413. 1with¢hegdollod/ing grougs:oup 1 has the structure:

1- deazaadeni n19-OH{CHEROH DI CEH£rr])-O- CH erre] - P(O (OH) - O- CH err] - O (O
- OCH( CH[ er r] ) besali(CHa3)(CH,)30CgH ;2 Compounds naned in Table B and conpounds
named by corrpgu_r@_l(CHs)(Cg{ﬁm 1Anhd 2 where each purine base listed in
Table Ais thg %ﬁ%@ e.g., 8-azaadenin-9-yl. WO

98/ 04569
PCT/ USQ?/?L%24§M (CHZ)ZCH(CH3L§5%npoundS named in Table B and conpounds

nanmed by conpgu é CH@%E& 35 where R nieties 1 25 listed in Table A
are repl aced HajCH Wi hg groups: 1 -cycl opropyl
(cycl opropyl e Iég@gl(Ctje@OC ¥ is R noi ety 1in Tabl eA 5 2

-CHZ cycl opr ofyl(CH2)2CH(C W cycl opr opyl CH2) 3- cycl opr opyl
(CH%) 42 yc? }3CH(CHg eégbu%/yl go p¥ -CH err] -((:ycl ébutil P p%
( CH err])[eril 1(:6} MWHS)OCHQCHGG{ err])[err]-cycl obutyl 10
(CH[ err]) [ erii?--€HIGHERL)OCH,CHE - cycl opentyl 15 12 - CH2-cycl opentyl
- (CH2) 2- cy 2B opE€HLHCH(CH ) DICHBddsr ] ) [err] - cycl opent yl 15
(CH[ err]) [ ern4-¢uELPTEIHOH;)O(CHMCHs Yl ohexyl 20 17- CH2- cycl ohexyl
-(CH esg ] ) berqdrGYehe é’)b(CHz)4éﬁ3 (CH err])[err]-cycl ohexyl
16 -CH,CH(CH3)OCH(CHaz),
17 ~(CH5),CH(CH3)OCH(CH3)>
18 -(CH3)aCH(CH3)OCH(CH3);
19 -(CHj)4CH(CH3)OCH(CH3)2
35 20 -CHCH(CH3)OC4Ho
21 ~(CH2)2CH(CH3)OC4Hg
22 -(CH2)3CH(CH3)OCsHy
23 -(CH3)4CH(CH3)OC4Hg
24 -CH>CH(CH3)OCsHi1;
40 25 -(CH3)2CH(CH3)OCsHy1

11 Compounds named in Table B and compounds named by
compound groups 1-5 where R moieties 1-25 listed in Table A are replaced

with the following groups:

1 -(CHz2)3CH(CH3)OCsHy;

45 2 -(CH2)4CH(CH3)OCsH1
3 -CHCH(CH3)OCgH13

4 -(CH2)>CH(CH3)OCgH13

25



O -(CHerr])[err]-cycl ohexyl 21 -CH(CH err])CH err]-cycl opropyl 25

22 -CH(CH erre])CH err]-cycl obutyl 23 -CH(CH err])CH err]-cycl opentyl
24 - CH( CH ®Q 98/@B$%r r ] - cycl ohexyl -(CH err])[err]- Cé&kﬁ%ﬁ%ﬂ 4
Thus, the group 6 corrpound defined in TabI e A and naned 1. abl e

30 B has tl‘ge

adeni n- 9- yI 3OCH[err] P(O(-OCHerr]-0CO -0 cycl ohex
yl)[err]. The —(CH und defined in Table A and naned 1.16.1.1
in conpound fructure:

%}%_z [err]-P(O(OH)-OCHerr]-0C(0-0cyclo

adeni n-9zy

hexyl . Tﬁ |ned in Table A and naned 1.16.1.1 in
conpound ZQCFT%@ GHsur e:

3- deazaadenllﬂr éﬂﬁﬁsﬁﬁmﬁ)srr]) OCHerr]-P(Q(-OCHerr]-0(O-0c

ycl ohexyl)[é?r-]( 2)2OCH(CH3)OH@HQ)IIH@K§H@arred in Table B and conpounds
naned by coriﬁorﬁﬁﬂiz)zOCI-ﬁCblg}:GH;CH(@hgyf R noieties 1-25 listed in Table A

are replced4w(CHNIOCHICH: Q[—qg/\n ng groups: 1 7 carbon al kyl* 4 10
carbon al kyli5 -(CH ;@ﬁzr)(@ H.28 carbon alkyl 5 11 carbon alkyl 8
-(CH2)[err] 6 exe CHégs)car bon al kyl 6 12 carbon al kyl 9
(CH[err])[qper % (CH2)3CH30 C(CHerr])2CH CH err])[err] 45 11

- CH(CH err] )152( ’ )C(CH3)3 23
V\D 98/ 0 PCT/ US97/ 13244

~(CH err ﬁ*‘e’?@ EHpCH err] 13

-(CH[err])[ r B)Ze])[err]CH[err] 14

-(CHerr])]| r S(CI-I[err])[err]CI-I[err] 15
(CH[erre]) K Bferr] 5

-(CH err ) [ BQSEH@H[;)QHQQfﬂlﬂber r] CH er r] 17

(CH[er? )[é‘&r— CHEOCH]EHeXCHysCHierr] ) [err] CH[err] 18

- a[ err] a(q e(CHR T HICHEENC err]
i CH% 3 ]r ]CH( E:[Cgarer ]r [e?? HF%CE’:H% r % rc':r']ﬂ[(’:’H arl‘b Comwrd@rm)ra@ﬂr(b@sm) CH2CH3
22 - (CH errf9PeeHe CG[WI’PP""[’ ne] B mbleties [1)I5ehistb&hh erabie A are replaced

-(CH err]) [with G EiiRswi §rddp)s(CH[err])[err]CH[err]
-CH[ er rjs(]—hﬁ:l[@Hrz)zo(CHz) CH=CHCH err]. 15 * Al kyl gr oups are linear,

br anched, CZ/Ct(':Hzfﬁb tur ated (-CC). 8 Conpounds
named in Taplg-f ds named by conpound groups 1-5 where R
noi eti es 1425% & eAarerepIaced with the fol |l owi ng
groups: _( 2)3 %OCH[ err] 14
(CHZ) (CH) 3 U—I[err])BOCH[err]

- 6 CHZSC -(CH erre])[err]OCCH err]

(CHZ) -(CHerr])[err]OCCH err]

-(CH2) 3 6H5

9 -(CH2)20C6Hs
10 -CH(C2Hs)CH,OCH;3
35 11 -CH(CHs5)CH,OCH;s
12 -CH(C,Hs5)CH,0(CH,)2CH3
13 -CH(C2Hs)CH20CH>(CH3);
14 -CH(C;Hs)CH;0(CH>)3CH;3
15 -CH(C2H5)CH,OCH(CH3)CoH5
40 16 -CH(C,Hs)CH,0OCH,CH(CHa),
17 -CH(C;Hs5)CH,0C(CH3)s
18 -CH(CoHs5)CH20(CH,)4CH3
19 -CH(C,Hs5)CHL0(CH;)2CH(CH3);
20 -CH(C2Hs)CH,0(CH,)5CH3
45 21 -CH(C,Hs)CH20(CH3)3CH(CH3),
22 -CHCH(C2Hs5)OCH;3
23 -CH;CH(C2Hs5)0OC;Hs
24 -CH,CH(C>H5)0OC3H7

26



-(CHerr])[err]OCH err] 18

(CH2)4OC'_|(C'_B$LQ3 6 -(CHerr])[err]CCH err]CH err]

19 - (CH2) & 7 -(CH err])[err]OCH err] CH err] PCT/USS7/13244
20 -(CHZ)GOCH (CH3) 2 8 -(CHerr])[err]OQ(CHerr])[err]CH err]

21 - (CH2) 20( GSZ)GHIzEH(Csz)O@4HQO-|[ err])| er rlTQ(CH err])[err]CH err

22 -(CH2) 20CH2CH( G-3) @ompounds]rpamémeﬂ' & ¢ 54 POl SUddd fEmEGHer 1]

188 G ot by TG S LA s
25 - (CH2) 20CoWitd. the followihg gi serr] Y[err]OCH err])[err]CH err]

9 Conpounds conpounds naned by conpound roups
1-5 V\rrﬁeregR %m{bﬁgéﬂlﬁﬁﬁgd |nn'?'abl e A are re%l acgg with the ? g
foll ow ng groupg: [err])CH[err]G:l—I[err] 2
C:I-l((:l—l[err])(oéj1 jerr]

-CH(CH err])( err 4

“CH(CH er.r] ) (TF ot 5

- CH( CH[ erlp])(ﬁ—i[' ¥ ‘r"‘rﬂl 40 6

-CH(CH err])( e e rirgn Y]lCH[err] 7

- CH( CH er r ] ) (&H[EHle A e-optipbexyICH er r ] 8

- CH( CH[ er r ] ) (CH@Hp (- 6CHp )RS leprdpGh er r | 9

-CH(CH[ er r] ) (] efCHOCOHE3)bsicdobdtgH err] 10

- CH( CH ens] ) (GHL@HDLO(TH e dIlepedtyl err] CH err] 45 11

- CH( CH[err])(ﬁ*L@m HOR(CH Shexyn[err] CH err] 12
CH(CH[err]) (G

-CH(CH erre])

- g;é%gﬁ] %,prr])[err]CH[err] 13
24 2) gop

PCT/ US97/ 324 [err])(CH[err])[err]OCH(CH[err])[err]
15 - CH( erré_{( (? CH err])[err]

“CH(CH err]) ( ]t EEQEP#r)[err] 17

-CH(CH err]) ydebytyl 5 18

-CH(CH err])( [QS% 2B frlz}gqlemr}tmﬂerr] 19 -CH(CH err])

(CH err]) [ er ritoefCdre)s rfyclohexyl 20

- CH( CH er29] ) (BHFeH(THxCHROS eloptepant r | 21

- CH( CH[ er r | ) &% eCH(OECHpGreyddbutyl 22
-CH(CH err] ) (BH-€eH(CHHCH,Otyprlopdtgi r] 10 23
-CH(CH err]) (Q—I[@Hm CHB @ohaxvlierr] 24 - CH(CH3) (CH2) 40C5H! |
25bI CHI(BCH[ gr rjg g Ud}lﬂ %Wlbhexyl 12 gomrrﬁoundsR na_rrefl_ in
Tabl e and conpounds ‘nhane r oups er, noi eti es
1-25 |ist¥d | nﬁab*% Q\OH}P@”P!S%I%E@ 18 Tcaw})?ina‘f‘ﬁg PH:P ‘H}ﬂsn@a@f—’ﬂfh}'s;
1 -CH(CH err ]dc(rﬁplbehd] giioeips | 18 veliereHR enoieties 1-25 list2d in Table A are replaced
-CH(CH err])( el 1?&5{%1%” H err] 3
-CH(CH err]) (£H errelH err] 4
CH[err]CH( e_ zé)C%P) -(CH err])[err]CH CH err])OCH err]
3 CH Csz (CH2OCH3)
4 -CH(CH>OCH3)
5 -C(CH3)2(CH;0OCH3)
6 -CH(CH3){(CH,OCHS3)
-7 -C(CH20C,Hs)3
40 8 -C(CaHs5)2(CH2OC2Hs)
9 -CH(C,Hs5)(CH20C2Hs)
10 -CH(C4Hg)(CH,OCH3)
11 -CHC(CH;0CH3)3
» 12 -CH>C(CyHs5)2(CH,0OCH3)
45 13 -CH>CH(C,yH5)(CH>OCHS3)
14 -CH(CH>OCH3)> !
15 -CH;C(CH>OCH3)3
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6 -(CHerr])[err]CH(CH err])CCH err] 7

-(CH err])[err]CH CH err])OCH err] 8
- CH er r] CHxgheagasdg OCH err] CH err] 9 PCT/USS7/13244

-(CH[erre])[err]CI—I(CH[err])OCI—I[err]CI—I[err] 25 10

-(CHerr)[e rr]CH err] 11
-(CH[erre])[Cg ' [err]CH err] 12
-CH err] CH( €

-"3]CH[err] 13
fb¢ CH err])[err]CH err] 14
g CHerr])[err]CHerr] 30 15
- Rerre])[err]CH err] 16
-CH err] Oﬂ(d&[e@f@j@t{@iﬂﬁ@@sﬂiﬂ err] 17
-(CH[err])[eIZ}U{(CkHw(CHmlﬁw[err])[err] 18

-(CH[err])[ }Wﬂi)%ﬂﬂﬁm@l{err])[err] 19
- [err])[err] 35 20

:(CH[err [err] %@Fr %"err]H[err] 22

-(CHerr])[err]CHCH err])Oerr]H err] 23

- (CS[{ er i&Eer{] CH{ £Hl e rc},n@qr%" d‘ﬂhﬁoﬂ compound@4A-J.

- err rr err :
-(CHerr])[e r CH%“C@@'El er r s 8-14 where the oﬁyj.geaoarrtf)){)nu&c(i)s') hamed
in Table B athe Banpmhy\dsre[dﬁe%ﬂw conpound groups 1-5 where R

MDi et i esysl- 25 "Shegg[nq ﬁr §nén?eroeur %@@eﬁ-m where mé&%& 5t‘26h{ SR

gr oups: {i err]) OC[err]H[err]
“(CHerr])[ emw(@qﬁerxéﬁ)vee{‘ Cﬁf
-CH err]CH(CH err ]:) @drapbhhfiehajmed in grorélps 8-14 where the oxygen atom in the R

( CH err]) [ ef1]. G %P&%é%k'[-ﬁf(t]ﬁls)-

PCT/ US97/ 13244 D Compounds(ramped if grevps érq(mpwerq theooxeger} pfosn i the R
- (CH egg | ) hRgid @%ﬁa&@am eNr(d:Hzemicng,)

- ( CHerr])[err] ﬁ%ﬁ?%f? eé"P]‘E:F—i[Se]r"r there 5ghe ogygen atom in the R

-(CHerr])[err]
-(CH err]) [ emdi@HsGebtrcedl)waith CN(€H (O Dp-. ]

-(CH
. g CH% :{ H g % :{ H g %ﬁgr}x ﬁ'{erd] H\] 94" here t{lf oxygje]-\ atom in the R

~(CHerr])]| emxm@quﬁ)mbmwwlm@ﬂ ted ayigregey (-N(CH2)3CHy-).
-(CH err39 [ err] OC @baipdundsleirmedith @ribaps By{4ewhere tHdoxygén atom in the R

(e e b o Sobfbbrespdosth. g

2
1)
=
—
—
('D

-(CH err]) [ err] OCH CEperpdurds(1GHhedrin)gronp} 8-14 where thg oxygen atom in the R
-(CH err]) [ erdd; %::( ¢4 de )v(rﬁﬁ[teﬁﬁ!] ) [sebEdi (b8 Hidrogen. 18
-(CHerr])[err (S err |y err] §

-(CH err])[erre Ié‘P‘l“} @J[eérlln] ér&f%‘{}&ﬁrﬁ the oxygen atggg in the R
-(CH err30 [ etid d‘eh)r@l-ﬂhdme]a@l—f(:ﬁﬂ[ched]@r[cgthr} 5 carbon alkyd kubstituted
-(CH[err])[er1 S rr])C[err]H[err]

J Compounds named in groups 8-14 where the oxygen atom in the R
moiety is replaced with linear, branched or cyclic 6 carbon alkyl substituted
ﬁitrogen.

35 Thus, the group 15B compound defined in Table A and named 1.1.1.1 in
compound group 8 has the structure:
ademn—9 -y1l-CH7-CH(CH3)-O-CH>-P(O)(-O-CH2-O-C(O)-O- (CH2)2N{CH3)2)2.
The group 15B compound defined in Table A and named 1.1.1.1 in compound
group 1, as named under group 8, has the structure:
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2 -(CHerr])[err]OCH(CH err])( [ rr])[err]CH err] 23
-(CH err])[err]OCCH(CH err])CH CH err])[err] 20 24
-(CH[err])F%QP?]/QB@F{CH[err])(CH[err])[err]CH[err] 25PCT/US97/13244
(CH[erre])[err]OCI—I(CI—I[err])C(CI—I[err])[err] 12 Conpounds
named in Tabignbh-angd H3)1®1€§|{2bFSO)(OH)O(§IQE-’I®'G“( m)q %N mhgre R
| ow hg

t 1- | i st d T bI f
oroups: . 2 251%%%&‘55&%@?%? e T ikl 4 ancepaed 11631 fn
-(CH err] ) [ enom@eGhi @ro}lp[?eras] @hedninder group & has the structure:

g% 2;{] g % ; f;ﬁ%@gﬁwe” gﬁ?@fﬁ;}) o-CHz-P(oé( O-CH,-O-C(O)-O-

-(CH err )[ a[err]CH[err] 30 6
-(w[err])[err]O(ﬁ*[@é bﬂl?xﬂé]rﬁ'ﬂx&ﬂﬁﬂt Table B and cof s]ﬂz{rﬁéa]b?:[e”]H[e”

10 " &E g (ra]r qu% $ﬂ &I g]r_%%ﬁl} nﬁﬁ%ti_eé% s[ted 11\ able AHLre replaced
-CH(C err] H[wrth]th@l—fpﬂbwhﬁ@[gmmpbl err] 12

-CH(C[err]H[1eL(rd})1 Brr]Q(CH err])[err]CH err] 13

-CH(C[erlb]H[Zer( rr]OCH err](CH err])[err] 14

-CH(C[err]H[ r %@rr]O(CH[err])[err]CH[err] 15

-CH(C[err]H[er gerr]OCH(CH[err])C[err]H[err] 40 16

-CH(C[err]H[ r rr]G:I—I[err](Cl—I[err])[err] 17

-CH(d err] H2r &C(Cl-l[err])[err] 18 - CH( C2H5) CH20( CH2) 4CH3
19 -CH( ([ errf HGHis)eRCH err] OQ(CH err])[err]CH(CH err])[err] 20

- CH( ] enk] HerdpOkRerr] (CH2) (CH err]) 45 21

CH(C[err]H[§r ]_])( 2@CH[err][err]CI—I(CH[err])[err] 22

-CH err] CH( éﬁ 23 -CH err]CH(C2H err]) OC2H5[ err ]
24 -CH er]r @rr]

26

PCT/ US97/ 132144-(CH2)2R925 CH[ err[CH(C2H err)OC[ errH err]. 13
Conpoun@® naizeelCGHy)3BYl e B and conpounds named by conmpound groups
1-5 where R1B0HEHHgRL-25 listed in Table A are repl aced with the -
fol |l owi ng grQUAgH,)eRY - (CHerr])[err] O cycl opropyl 2
(CH[err])[eirrl( obut yl 3 -(CHerr])[err]0-cycl opentyl 4
(CH[err])[e1 ] gghexyl 5 -(CHerr])[err]OCH err]-cycl opropyl 10
6- (CH[err])[(?rr( r[-cycl obutyl 7

(CH[er?—?)[eWr )@Ré -cycl opentyl 8

-(CH err]) [ é8r ]@BHEHBN:HQB?H ohexyl 9
-(CH err]) [ ewor JOH(CHSMAH)ER? 1] cycl opr opyl
20 -CH(CH3)(CH3)3R%
21 -(CH2)»R®
30 22 -(CH)3R®
23 -(CH2)4R?
24 -(CH3)sR®
25 -(CH>)¢R®
In moieties 1-10, R? is N-morpholino, in moieties 11-20, R? is 2-pyridyl and in
35 moieties 21-25, R? is 3-pyridyl.
17 Compounds named in Table B and compounds named by
compound groups 1-5 where R moieties 1-25 listed in Table A are replaced

with the following groups:
1 -(CH2)2R?
40 .2 -(CH3)3R®
3 -(CH2)4R?
4 -(CH>)5R®
5 -(CH2)¢R®
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0 -(CH
-(CH err

)[er r]O(Cl-l[err])[err]cyclobutyl 15 11
-ECH[err D

(CH err])[err]cycl opentyl 12
err err]c cIohex I 13
-(CH err rﬁ%’%‘%‘g—%pr o}oi/l[ bey {CH[ err)[err] O-cycl ob PCT{USWI”“ 15
-(CH err err]G-cyclo ent I (Cl-l[err])[err]OcycIohexyI 17
-(CH err]) [ efriCED2EH( {Ropropyl 18
-(CH err])[ eVréF@ﬂ)ﬁ@l‘ﬁ(q}b)R? obut yl 19
-(CH err]) [ esr JCEH)ETHCEIRDpent v 20
-(CH err])[egr.] ety | - cycl ohexyl 25 21 -CH(CH err])CH err] O cycl opropyl
22 - CH(CH §§ O cycl obut yl 23

]
e

—IN —— )

rr
) |
) L&
[er
)|

CH(CH[err]) cl opent yl 24 -CH(CH erre)CH err] O cycl ohexyl
25 -CH(CH[ er Cig [ err]-cycl ohexyl. 30 14 Conpounds naned in
Table B and & fhdsRhaned by conpound groups 1-5 where R noieties
1-25 listed ilB '(ﬁbizésm?are repl aced with the foll ow ng groups:
1- C( CH[ er r ] OTH 4CH>){@Hs ] 2 C(C[err]H[err])[err](CH[err]OCH[err])
35 3 - @ CherqEHprafy (CH err] OCH err])
-C:I-l[err]((]—l[qgr-@gjbgm) 5 C(CH[err])[err](CI-l[err]OCl—l[err])

g [err]) 7 C(CH[err]OC[err]H[err])[err] 40
8 C(C[err]Hg

A

CH H oC H 10

-CHEg[[gr]H%Q WS o) 11
1

-CH err] & CcH E Férr] 12
é (CHerr]OCH err]) 45 13
-CH err] CH( r err]OCCH err]) 14
-CH(CH[ err] [ H3)2 15 -CH err]C(CH err]OCH err])[err]
27 Wb -GEH Hs)z
PCT/ US972032238 (CHz)gﬂlﬁ(CﬂkﬁCI-l( CH err]OCH err])[err]

CH 8ix

lg( Cl[-l[e(r'-): 1 ]G:Q&[llfer : &% [ﬁﬁ :%_{f é)ryrrﬁy]i in ng'%g[‘:rd R EN- Mﬁ)ﬂ&h)’\[‘)eéﬂd in
- CH[ er r | CH( cH&efiesfetd | [\@rN]})lpéﬂﬁip’

-C(derr]Herr])[ asr THeHbHbMWi bﬁiaH[oercb}ﬁpounds A2,

] &&%ﬂ ' H—Eﬂ ]r % ) (é}é%f aq{ogrj\a%%{ﬁgd in TabTé B azrhd compounds named by groups 1-

-CH(d er ¥ H[ 7% (ftﬁ—lf@mp})m[ie(& }qu?lne)d ygtipsompound (9)
-C(Cerr]Herre]l)[err](CHerr]OCJerr]Herrt) gr?

. e [

i o O OR

o
2

R! ©)
where one R? is as specified in Table A and the other R? is -CHa.
B Compounds named in Table B and compounds named by

-CHerr] (g

compound groups 1-17 where compound (8) is replaced with compound (9)
30 where one R? is as specified in Table A and the other R? is -CH,CH3.
) C Compounds named in Table B and compounds named by
compound groups 1-17 where compound (8) is replaced with compound (9)
where one R2 is as specified in Table A and the other R? is -(CH3)>CH3.
D Compounds named in Table B and compounds named by
35 compound groups 1-17 where compound (8) is replaced with compound (9)
where one R? is as specified in Table A and the other R? is -CH(CH3);.
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15 The foll ow ng groups of conpounds A-J. A Conpounds nanmed in

groups 8-14 where the oxygen atom (-0-) in the Rnoiety is repl aced
with -NH. Wboswsses B Conmpounds nanmed in groups 8-14 where teta/gsoygsiasat om
in the R noiety is replaced with -N(CH3) - C Compounds

named 10 9roups. Sl stk K BT Bnd BB xBounds FRLEL Soh el aced

vmth-N(C[err]H[er roups

the oxygen aBBMPhltHewResscaBiRayNd @r‘éﬂ?ﬁ@éﬁd\lﬂth commwm re one R2
E Conmpounds poaesbdcifigd onTable Adarvd et otia mmgmmymgn the R noi ety
wher ot ho. oxygen Kt ST HOARGS jeamed incfabl Band SRR R spipouRd
substitut®ed growpy@A7 wiietHPBEdRING (8)25 replaced v@th:@npmmdni (@neteterone R3ps

8- wh d h i-butyl
Subst 1ot ed b 1 genied i Table R tpe o G CRIM RIS "oups 6. 14 wher e

t he oxygen atomi tq;@n}:pounds napedtip T% ledhernd compaunds pamed Bubst it ut ed
n![trogent ) cRoréx ound lfﬁlllqﬂl%ef@tf@ﬂ\ dﬂu@lr ﬁ§l§ lliéed\hﬁlﬂecbh@dmﬂ)
atomin the i's ne ran
carbon al kyl s‘lﬂfﬁt r"te %65 a5 3p C‘ﬁ?‘ﬁ%ggkﬁ A'and the Other(i?eléom&ﬁﬁged in
groups 814 wher e H heompmenisahamedrint Tiable B and compairyds pamed aged with
| i b i b 5
Thus, ihe 3?%5‘8‘ PR EEOE, STo R SO o1 i elecd yith JLIERAR
conpound gro %eﬁ)gg Rfés ag spraified in Table A and the other R is -C(CH3s)a.
adia;n[ n- 9] g/l[ CH2- Cir( Mi&ﬁﬁnﬁ’fr@ﬂ irtOT&blecB rathc}?ﬁ@bg@dé Q_?h@e’d byl@mk Mﬂ*[ e
rr err e ound def.ined in

e Clfastrmir17 vhiRe PR D A &ltgmwwﬂﬁ Phifone
st ructurty is as specified in Table A and the other R? is -C5Hj1.
98/ 04569 S §1)1 na ed x T ble B an unf %&'1'%7
adeni n-9-yl - err 6 F o} err
]N(CH err i/) [ gfcw}ps - 17 WhFFféC ?ds)mﬁgﬁ mhj;@mgnﬁabﬂ)z%%f@@m%%

1.16.1.1 in isas spec@@@@@mdbwAu&x@xh@&tmrwulsuu}aemgr oup 8, has the
structure:

3- deazaadeni P‘b‘s hecﬁ ok fsﬁ-ﬁﬁf’&‘f‘jﬂ)d?ﬂ"ﬁ% &t ;,l”jabllg(é)a(ndd\a;’[egr } f‘ 2[% & 0-0

5 (CH[%Gr]ﬂ"?bh?l‘h(a@l—t[l‘@ra’qqqterfr])[err] 16 Conpounds named
in Table B aaae&ﬂ@ G@{EB@ @H(CH3)-P(O§P®¥@G@}@{59(@4E’)501C@D)\A09¢H @{3)2)2
rmletleslz.'-}llste abIeA rere ’Fzg) w th . th

gr oups: helgmt*aﬁwmw%ﬁ@ le CoApdr R Ee i & h[l 3

-(CH err]) [ eeomiglogirid group 1 has t}(e(}di"@ftlu]ré[ err]Rerr]
-(CHerr]) [epl 88 Ul cr,-cr(cBas) GBS E O @5)-B- e HikH,)- O—C(O) O-CH(CH3)».
25 The group 18A compound defined in Table A and named 1.1.1.1 in
compound group 3, as named under compound group 8, has the structure:
3-deazaadenin-9-yl-CH,-CH(CH3)-O-CH3-P(O)(-O-CH(CHa3)-O-C(O)-O-
(CH2)20CH3);.
19 Compounds named in Table B and compounds named by
30 compound groups 1-18 where compound (8) and compound (9) are replaced
with compound (10) and (11) respectively

[ a1 XS

O N(R);| B il .07 "07 N®R)
2 N(R),
kr ~ R
. 2 2
1

(10) R (1)
where both R moieties are the same. Thus, the group 19 compound defined
in Table A and named 1.4.1.1 in Table B has the structure:
31
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15 7 -(CHerr])[err]Rerr] 8 -CH(CH err])CH err]R err]

-CH(CH err])(CH err])[err]R err] (] ]1§)[-CI—|](g[—|[er]r])( [err])[err]R[err]
CH 20 12 CH err err err
(mferhe;{dérrbfﬁf%ﬁ]e”] -(CHerr])[err]Rerr] PqEUSS T2

err] 25 17
b e ke g)ﬂ]CHz-CH(CIﬂa) O PO F 41O N-CH(CHS ).

- OH( ch err] JXHages f? 1b &lond Fhend ]deﬁ(nar_il[m ?%Tgrﬂga]@g% ﬁéﬁxka(ﬂ*hqr i %&ﬁf;&hﬁher r]
err err
(CHEerL]e;E]egE Jé % ?he]StruCt"fﬁ (CI-l[err])[err]R[err] 25

S(CH err])] @.qem@fchm-cmcna) Ep Ll BON O, ORE5-Q-Q(OHN-CH(CIaL N Thei N
1. err
oi et [ ¢ 511 g28up ™ komponi @%ﬂbmum}‘ébﬁ#ﬁé Rob £ P T in hidds nared

by c GFRYEM a@rmgdwqm@%pw iggoup P, hagshe struetirien TabI e Aare
repl aced  3- deazWaHBnith-yﬂ-“ﬂH PEHE H5)00RSH,-P(O (-O-éHz(@l'@(X%EfQ- 40 .2
-(Clﬂ[err])[zgzﬁz%[@{:ﬁs) -(CHerr])[err]Rerr]

-(CHerr])| -(CHerr])[err]Rerr]

29 Odm@@unds of this invention are, to varying degrees, chemically

PCT/ US94413
( CH er ri?) [ e%férbﬁe It is %x%rfﬁagrg %%%ur{ﬁ_ﬁ Zh3 1callya_f(atgﬁ[m Orrfjfhf Brr]
- (CH] err ] EPEHFs p{[xea,qe]quage shelf-tifejpad, pyqrer higdistibution upon oral
( CH err]) [ ednhii&ttdtion. In gehéral(&ibetihphey a[ﬂe@e%c'i&d that havea t 1/2 at pH

-(CHerr])[ err 14 =( err
(CHerr])[ &t E&{ 5 than 2,345 '6 4 B 110, Lok (Eicut pRd preferably in
-(CHerr])[& @los$ess atl/21& pHCI—ip@tflg]r&z[ter tHaoH,[ 1@ 61 100 hoursl For
- (CH ernp) [ @khhdgik Sfhelt-butyl carbonate found in Table 1 has a t 1/2 that is less stable
than these parameters and therefor is not preferred. In addition, the optimal

compounds of this invention should have bioavailability in beagle dogs (as
set forth in more detail below) that exceeds about 20%, preferably, about 30%.

20 Synthetic Methods

The carbamates and carbonates of this invention are prepared from the
diacids of the phosphonomethoxy nucleotide analogs and the synthon
LCH(RZ)OC(O)X(R)a. L is a leaving group such as Cl, although it will be
appreciated that any of the conventional leaving groups used in organic

25  chemistry in nucleophilic substitution reactions can be successfully employed
in place of chioro. In particular, leaving groups include halides, such as Cl, Br
and I, and sulfonic acid esters such as methane, benzene or toluene sulfonic
acid esters. The synthon is prepared by reacting LCH(R2)OC(Q)L with HOR for
preparation of the carbonate synthon or HNR? for the preparation of the

30  carbamate synthon. The synthon is then reacted with the nucleotide analog
of choice, typically PMPA, to form the desired carbamate or carbonate adducts.
The carbamates are prepared by reacting the synthon with the nucleotide
analog under typical conditions of nucleophilic attack, for example in
Et3N/DMF at room temperature. The carbonates are formed by reacting the

35 appropriate synthon with the nucleotide analog in the presence of an organic
base, typically an amine base. In addition, masked leaving groups such as
thioethers, which may be activated by, for example, oxidation, and coupled
directly to the phosphonic acid moiety may be used. Intermediates may be
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15 20 - (CH[err])[err]CI-l(CI-l[err])[err] 21

(CH[err])[ [err])[err] 22 -(CH err])[err] CH CH err%}”err
(CH[err err (CH err])[err] 24 -(CH err])[err] THP3der 1]
20 25 -(CHerr])[err]CHCH err])[err]. In noieties 1-5, R9 IS

4-pyridyl, imate sitleotbenlerging grownps phdhisnwagnbr example drpheﬁylphoﬁy}iham
RO is N-p| per, | f

A Conpounds ﬁgﬁ:\édaprc]l %ggfseknogr?d&gghggﬁénrgsé ﬁwb %‘3‘59‘5&?@88“? Cﬁgm%gw %iloﬁrhere
conmpound (8) is replaced with con(*)pound (9)
R S [err] ere one R[err]CDs aR specified in
Tabl e A and the ot her i B gonpdlindslnamed in Table B
and conpounds naned byo c@rpomfﬁd gﬂ)ups 1-17 v%Nre@or’rpﬁhnd (8) is
replaced with corrpmmﬂ (9) 30 where one R2 is as sp@rfled in Table A and
the other Rerr] is -CH2CH3. C Conpound$ naned in Table B and
conpounds naned by conpound groups 1-17 wher & conmpound (8) is

repl aced with conpound (9) where one R2 is as specified in Table A
and the other R2 is -(CH2)2CH3. D Conpdunds nar®d in Table B
and conpounds nanmed by 35 conmpound groups 1-17 wher L IS
repl aced with conpound (9) where one Rlerr] isjas nggmf\b;q in Table
A and the other Rerr] is -CHCH err])[err] 1
30 WD 98/ 04569
PCT/ US97/ 13244 E Conpounds naned in Tabl & B and conpounds naned
by conpound groups 1-17 where conpound (8) is replaced with conpound
(9) where one Rerr] is as specified in Table A,and the other R2 is
- (CH2) 3CH3. F Conpounds naned in Tabl eC? d cogpoun named by
conpound 5 groups 1-17 where conmpound @) is rep with conmpound (9)
where one Rl err] is as specified in bL® A LRR2} i s
- (CH2) 4CH3. G Compounds naned i nfTable and unds naned by
conmpound groups 1-17 where conpound (8) is Rbpl acediw th o ound (9)
where one R err] is as specified in Table A and the otherRR[err] S
-CI—|[err]C§—|(CI—|[err])[err] 10 H Conpounds naned in Tabl e/B<and
conpounds” naned by conmpound groups 1-17 where conpound (8) is replaced
wi th conmpound (9) Compowneds etere N%ﬂ\hmchﬁ-@&nffayebh prepaabt ebylalkyihtidre
other R2 is GHHR 3 te hajoalky %IA dabl e B and conpounds
named by COWQWHE PPTQ rclﬁjesa(?a ere co %H% éﬂ I's replaced with
conpound (9) yysirex é‘?lF‘FS 1?59 OWR Iy Hag lfqréwrﬁnamétsney egprgparrd By her
R2 is - erralydati¢n of hydroxylamine, or by reductive amination of aldehydes or
10 ketones with alkyl hydroxylamines. The dialkylhydroxylamines may be
acylated with the appropriately substituted haloalkyl chloroformate under
conditions analagous to those used to prepare the unsubstituted chloromethyl
carbamates. Phosphonates may then be alkylated with the haloalkyl, O-alkyl
carbamates to give the prodrugs under conditions used for the carbonates and
15  carbamates. Leaving groups other than chloride may of course be used
throughout.

In a typical method, the carbonate compounds of this invention are
prepared by reacting L-CHRZ-O-C(O)-OR with (4) to yield a compound of
formula (1).

i;,OH Cl-CHR>-O-C(0)-OR
~ 4 ——
\\( organic

20 base
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J Conpounds nanmed in Table B and conpounds naned by conpound groups
1-17 where conpound (8) is replaced with conpound (9) where one R err]

is as specwbiosmssem Table A and the other R2 is - err]H errpcrrussmisibuus,
the group 18A compound defined in Table A and naned 1.4.2.3 in 20 Table B
has the structure:

adeni n-9-y|-CH[err]-CI—|[err]-OCH((%—|[errb)-P( f(- Cerr]Herr])(CHerr])-0O
-C(O-CCH(CH err])[err])[err]B Thejjgr o 18A{conpound defined in Table
A and naned 1.4.1.1 in cqnpougyl gr el h&¥ t H@Rstruct ure:

adeni n-9-y|-(]-|[err]-(]—|((]—|[err]q7>f r]‘OP(O)éa-i)-OCI-l(CI-l[err])-OC(O)-OC
HCHerr])[err]. 25 The group 18A conpoun efi Kn Table A and naned
1.1.1.11in compound group 3R}as naneda;gder conmpound group 8, has the
structure: O :

?aif:aza?;dfrrme QeddtideHBy SHEkIGHBoedddZmPived Eg&ﬁ%@@%p@iﬂv@éfc&t@ e B and
err err er,r rrj. . ounds .naned in, Table B_an
conpounds nﬁ\ﬁ%’@eﬁ%r Sfﬁl’)’%ghrﬁ A thesuthe diester gsoihie TeaRtion AIoresdsARgeLnfbund
(9) are repthisasituation michbestemponot tyfitallprisblafel) as aspacdrinveliyte. [err]
(10) ; Lot h. R ol et | are the
sane. THus, the Igr} Sﬂ%er1§> ?g#ﬁoaucr%g(s}eftlhﬁéaon%g ?ﬁﬁ%ﬁgf &2 é‘%&é ﬁgmed 1.4.1.1
in Tabl e B tarbammde Sungtipnaleties the monoester intermediate is recovered from the31

WO 98/ 04569%arly reaction and the reaction is then completed with for example a second
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adeni n- 9-yl Eéﬁ—l&zfﬁ)«("dg?)cg[lgﬁa]g)en &-\BAFRIY EH] PP tPBIHOB VNG 8PN o C

H err]) [ erréstpedifferent fidre tipedinst.19 conpound defined in Table A and naned

1.4.1. 144 . L . :
ateni 31 "o el B R PO S Hlesption S b o
[err])[err]abattel Omng typically & eapiipleniseilnbdIRTOFGHPEOR adbieraastipraist. 1. 1

i {1 CO{TDOUndconduct@ﬂQHRh@ypﬁ&ﬂ&r'@ﬂjaxUﬁégféni@WQWQn%@HHi&olh&& ihe
structure:

3- deazaadenf§R°HO) temprratie 9fahqut 45109y for abost 472 Bevrs cFr§mplasy guiteble

(CH err]) [ eorgadiiibeses irjcdudg triethylamine or Hilrdgsdraseuridenyplatpissitableent i on’

are, toyarg}ﬁ‘igggf s imEP‘EC{gMPy I%IQIPU;tc?xbWP.' t is preferable that the
s be € jn order to

conmpoun emecally sta n order ensure an adequat
shelf-l1ife and pﬂisépoap@ﬁiﬁrspr iBeRIE D RTRRYEHS er%Purlr}wd ?amfamaa@trgm@w.dﬁ n
general , enhatiidirg Sasi eoRehadtednidegrapdyeonsiliibgZowt Pidtable saltsopf
greater than 2. 3...4, 5.,6,.7 . . r ho r rably in
St on poBubificdyoft artty dk fofmdlayBn, Wil fiv Brod GRSy N SUALALARY 0
15 exanpl ephespheripacid, ladichanidt matia@r icHriTasid salthas camplexes aftthe is
l'ess stapl ediester dMAbIBRS RFIMPOBAES Of 3RUHNRE @f)06r (1m)not preferred. In
addition, the optinal conpounds of this invention should have

bi oavailability in beagle dogs (as set forth in nore detail bel ow)

t hat exceeds about 20% preferably, about 30% 20

Synt heti ¢ Met hods
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The carbamates and carbonates of this invention are prepared fromthe

di aci ds of phononet hoxy nucl eoti de anal ogs and the syxrg,‘lz% 3
LCH(R[err])wg?é}?%) a. Lis a leaving group such as d, althoug |tmva4fl be

appreci ated that any of the conventional_ | eaving groups used in organic 25
chem stry in nucleophilic substitution rdtiitiesns can be successful ly

ﬁrr}o! gyed ] in prmgoai‘pcﬁmdygf Itl'ki@ iﬁ&éhii@gl@é,uée&ﬁléimgh@rtfémménm(ﬂrUde

al 1 des, SucC a . bl an . u | .C Cl esters, suc S

ot e, porprfihyiaxisct ane os diPrs, vl dnPioR]' f BEnlof $hingish iiae
prepared by indectiomycaiGiedRpeDNPOCiQsesWRINA MORisesr herpesvprepa@M¥ntisV 1he
car bonat SVHWE,G 9z NRe Eﬁ’é 1iida$, t%ﬂ&aéésorxgggdmﬁrﬁges,cz@.rgg?mv?,, synt hon.

The synthon 1's then'r€acted wth the nucleofi anal o . choi ce
typi cal |y PNPapillanavirys: antayiiuse adenpytvges apd ﬁ&%%ﬁgmr getiqns, to be
The car bamat ggafidewiile Bié eSmpourRIC hbrdntifel e MBI, REVH STVe FIveMaetV dénd
anal og under %ﬁ}l cgrl condléelggns off nllf;%kﬁophl lic attack, f exangol ein

Et 3N DVE at PBEMEERYSRl thtesiong Lftodsoss apd &f rfaé‘ﬂ%bs-bgi‘ffe%?' A the 35
appropri at e degsuritms thetdntiviieal spekduatitydef Sreahugleotidelmnapogs emckethof parental
organi c el ' It i; RSk I i

gr oups Sll.?Ch gg?gepe&%agiltgg% k%?s, %tgﬁcﬁa %A%c?fj\%%é n, 'p?bgfg?ryﬁlﬁghl
oxi dati on, aid8eBupnedpuitable admipigtiation fweﬁﬁembmtedagw st icdtpiecgnpe
used. | nter ng@ weliskiynhf the art for the parental drugs. Determination of proper 32
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made wi th ot BN 18 FHEHHSEIETAEHES GRghe FBRIBR BTGRP RO ni o

aci ds, and otdesulinoveighhof hie chempsungs of thir macetiainsanddwiiepcosyl at i on.

[err] 43 adminstering them orSIVPRINIB AL B HRY ANThiBTARG dd dBBYRFin

prepared by al kyl ati o . L. .
clinical trials with humans. Oral dosages of the compounds of this invention
in humans for antiviral therapy will range about from 0.5 to 60 mg/Kg/day,
usually about from 1 to 30 mg/Kg/day and typically about from 1.5 to 10
mg/Kg/day.

20 The compounds of this invention also are useful as intermediates in
the preparation of detectable labels for oligonucleotide probes. The
compounds are hydrolyzed to yield the diacid, diphosphorylated and
incorporated into an oligonucleotide by conventional enzymatic or chemical
means. The incorporated base from the compound of the invention will be

25 capable of participating in base pairing and thus will not interfere
substantially with the binding of the oligonucleotide to its complementary
sequence (E. De Clercq Rev. Med. Virol. 3:85-96 1993). However, if it does
interfere with binding of the oligonucleotide containing the analog to the
complementary sequence, the compound of the invention optionally is

30 incorporated into the oligonucleotide as the 3’ terminal base, an innocuous
position and a conventional site for oligonucleotide labeling. The aglycon
-donated by the nucleotide analog that is incorporated into the oligonucleotide
is detected by any means, such as NMR or by binding to antibodies specific for

the nucleotide analog.

» Pharmaceutical Formulations
Compounds of the invention and their pharmaceutically, i.e.
physiologically, acceptable salts (hereafter collectively referred to as the active
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wi th the appropriate hal oal kyl, O al kyl carbamate. N, O-

di al kyl hydr oxyl am nes are known in the literature, and nay be prepared by -
al kyl ati on wb sbgsssoxyl am ne, or by reductive am nation of al gdetyweesisgss 10
ket ones with al kyl hydroxyl am nes. The di al kyl hydr oxyl am nes may be

acyl ated wi tJ %eﬁpsg{ gﬂ{ é@ﬁ\%%teﬁggsr}g} LR ?gupeaé;ﬁ@lo@f at%% ?l{\gfcgrédnq}o% dnger

condi ti ons an ous hose use prepare t uansu
chl or onet hy|treate c ArBahke: ruttepHdRA mgapéaé mﬁalt hesalbtopiralylinglading oeulane

hal oal kyl , wddsyland su&ﬁféﬁﬁm v%%uﬁ;ﬂ éhd/@afré}ﬁepilq(i’f’iélg& &5 RAR ﬁé ons
used for the gar bonat.es and mat es t r}g % s ot er t
tmtrat ec

chloride nmay™ ’far%'(iﬁ?%lgr'blé‘t{?sv&ﬁ‘ous' : Fgﬁﬁﬂﬁ ral)p; cal
nmet hod, ©he Gentradlyt ¢he soprodsdsodf this Snivengon iave admmstereplr etha]yed:ub)if an

reacting LE %ﬁ%s&&]\ex@f (D @fi‘ﬁ’iéxﬁl)( 6}a1§}pb§6a%laﬂa91e ?Qgrg%@daé)rgumsteﬁ@ rbrrul a

(1). err

98/ 04569 any of the other routes noted above. PCT/ US97/ 13244

[err] The r eaWMlE”Ixttl}i@idsaibﬂé' for geetdsve th §r@@xteﬁ@§'%'5é %H&m%ﬁs@t&%d' & phich
Il ester as the reacti

t he nonoest er f then th
proceeds | ongerPOYh Sq?lstﬁf%egaib?%g?lp&ﬁs?mn o ap pharpgeewntical dor ??%‘H}Sat ed
as an i rfer nEkk doenulbations of thd presedeérinventiok eoemptigsiteleabhahe Getivai ns

"t er nedi at orpeeeht Hs abpy ALEATH! Bgelilr W BRTS éh’eﬁwrgﬁa@n‘ggﬂééf% s

i nternedi ate I’s recovere early reaction
then conpl et fPtienaly @Jaaﬁﬁb%ra&egéédﬁaredxen@ OHR ezmrier(®) oy @it-18R r eagent ,

thereby res u1atté1gabrb 'SHOSel deribé @ B&uﬁé’l B with tlﬁ‘ébﬁ{erthf'&f@Hfs 4 @

the first. onduct s, the carbonat e Synthesi s
reactions usPﬁmuA?nPeaaﬁaenop dleg&gSUP}ﬁi% r‘g‘ﬁcf’at Bffitcal Iy 2 equival ents of

L- CHR2- @5C( O) - O?Tﬁhéorma&atzm irglude thesenzliitdbdel fontdpiealpprestemiol an

b n a r 410 a f about
2?88'[2”?55‘%(’#“5@8&&29335 138lPBla 1o bectal, nasal B OLb BIRELELHE ffor2

i nclude tri e??fﬁ‘é‘?ﬁa uding @“@C%@%OL‘EXW’EWC%EF't@Maé’q\@uér gani c
sol vent's i ncinthelebivial, DVPAtheod]l MMP.epidural) admm'xﬁﬂﬁatfﬁ?ﬂoﬂ?ﬁb%rﬂxﬁﬂﬂh&% gfe

o oduct e SyPUEHTLShe Do SPPLS, BEAIRGS by oy bR RRD ERLAIT
f or mul atdlon thelart off r}ﬁiarma@aucSUQMmanhI@ds irelgdé the stepaefi kkinging inphosphori c
acid, lacti casBetidtiohHiRr A&y irgrblicntafitH t8aldafrief WHIPLEXSSs HRE or
more accessory ingredients. In general the formulations are prepared by
uniformly and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then, if necessary,
25 shaping the product.

Formulations of the present invention suitable for oral administration
may be presented as discrete units such as capsules, cachets or tablets each
containing a predetermined amount of the active ingredient; as a powder or
granules; as solution or a suspension in an aqueous liquid or a non-aqueous

30  liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion.
The active ingredient may also be presented as a bolus, electuary or paste.

A tablet may be made by compression or molding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active ingredient in a free-flowing

35 form such as a powder or granules, optionally mixed with a binder, lubricant,
inert diluent, preservative, surface active or dispersing agent. Molded tablets
may be made by moulding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may
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20 _di ester or nonoester conmpounds of structures (1) or (la).
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PCT/ US97/ 13 uilities

The conpounds of this invention are useful in the treatnment or

prophyl axi s 6Ptignallybegnated pr grofesk aied iraag beformilased $0i asatiospravide shiwm gpr
i nfections cagsedlley reNAs¥idfusesactRNAIng x‘édﬁe&ﬁ thhﬁéxﬁeSVl ruses (CW, HSV 1

5 HSV 2, VzV, th t

oapt 1 omavi 1 us, - hERE A0TeHERS g&éﬁs&e‘&%h@“s%ﬁf PRy bt e B
t{ﬁat ed \tM t hthm&)mmhawmdsarbqneferabhchpphem‘da prmalebMtrnléthrl‘drnéAﬁrq and

(0] er re ov o
Gescri bes ¢ neotain st QA LinarBdRAE) e AARIANCTRIC exalBBI A (b
parental 10 W/w(ipdpding a@ﬂwm&wémt iBy2 Fangeckrtmeends 1% andi5% in

i nventi on. Dﬁ&@%&my@f@h%w/wtsa:slgafs@,6%W/ﬁ~ot7«sbk@/@d@ﬂcp féiiabrlgmfﬁ(wtteﬁ
or e

to best atta the site of infec re, we n

par ent al drué?" WY angh mest BFFfSTLdeB]p%FOZ/aW/d’&sé&h? ?‘é"@P e Hf‘f%‘rvvard
matter for tbintoldmj theactitealtigrgdients may bengmpleyed withheiteeuh graruffirgtior of
the Conpﬂjmd&a‘i’%- éblé“ééx%’ﬁ{ ﬁ’b%@g /!Q’ﬂgfhcfjt dme”agcttﬁfe IC%FQt%?r?aAJ € ith

t hei r bi oavai l In anlna S or as
humans. Or al ffoawlg mat%@a@bw%ﬁﬂso%ﬂnﬂ‘ﬁtgf F‘F'Rﬂéhthaéﬁ in humans for

antiviral therapyjpédirdBNRE aamahs 3k Qf $hé Qrdifn rwéé‘%%amciude foysual l'y
oy o sermae, WA Y% S0 o BB AR aho e 2 ot hswing

i nt er medi at eer more hydtdxy! grepps atclhrsygroggleet glycel, lahehs 1)‘39:13101 mannitol,

G acia, o prdBiEl R dfg polve bR A I RERMA ATt o,
convent i onal thﬁﬁﬁ?"im?h@ topicahdpimalations mayadesiratly thalustepd FQUPRP%@’hlﬁbm
t he conpoundegharndes a&wg&mrb béthetb&tidR ofqaeaat&ﬁeqh P@dféhﬁltmdgggtﬂé”'s}biﬁse

pairing and thu nterfere st.anti ndi ng of
Phe. ol | gonucPEat e fefd areamrErBlcs §f Ste AL, 5 R

include dimethyl sulphoxide and related analogs.

20 The oily phase of the emulsions of this invention may be constituted
from known ingredients in a known manner. While the phase may
comprise merely an emulsifier (otherwise known as an emulgent), it
desirably comprises a mixture of at least one emulsifier with a fat or an oil or
with both a fat and an oil. Preferably, a hydrophilic emulsifier is included

25 together with a lipophilic emulsifier which acts as a stabilizer. It is also
preferred to include both an oil and a fat. Together, the emulsifier(s) with or
without stabilizer(s) make up the emulsifying wax, and the wax together with
the oil and fat make up the emulsifying ointment base which forms the oily
dispersed phase of the cream formulations.

30 Emulgents and emulsion stabilizers suitable for use in the formulation
of the present invention include Tween® 60, Span® 80, cetostearyl alcohol,

‘benzyl alcohol, myristyl alcohol, glyceryl mono-stearate and sodium lauryl
sulfate.
The choice of suitable oils or fats for the formulation is based on
35 achieving the desired cosmetic properties. Thus the cream should preferably
*be a non-greasy, non-staining and washable product with suitable consistency
to avoid leakage from tubes or other containers. Straight or branched chain,
mono- or dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene
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sequence (E. De Cercq Rev. Med. Virol. 3:85-96 1993). However, if it does
interfere with binding of the oligonucleotide containing the analog to the
conpl enmentvw@ys/e4sglence, the conpound of the invention opti oRETU§ITVIS280

incorporated into the oligonucleotide as the 3' term nal base, an innocuous

position anghaceq td 8t kRtyf 9€1dQ! 1s8BRYSY I8V @aé?@&g on
donat ed by gﬁgonu?lééégt???gﬂal %t}f hzfl]ta |ﬁsr£agcorpo>15'tgeé i at l?%bgté':hé‘o;?@lpx/?

ol i gonuc| eoPpigRitate, bubyl siearats, e%\)’ gy Ratputate g Blendvit yanshedichaimg t o
aRt i bodi es ésnleﬂsi klhmvf'\cﬁs CrodarhbECAR frent bd&sadil,aﬂl'@g?sﬁﬂﬁ\ree being preferrec(ij .
Phar maceuti ¢ Fo ations nds,. e i,nvention and their
phar maceut i Esgfefsy, &ﬁgeg ma?z € ﬁ?/% iag_fr(‘)e PE%I@/%@%@B& é{ﬁpgnggﬁ gn(t Ereaf t er

col | ect i%el propérdies gdquireds Alermagivele high melting point lipids such as white

35 son\9a9§f’fol§1§§/ or liquid paraffin or other mineral oils can be used.
PCT/ US97/ 13244 | Jged en

g ts), Aare admnistered by any route appropriate
to the conditi onFPEmpdations %u%%%lsﬁréeptcgtﬁémxaeﬁtw Thée s RYe Glsq inclede al |
nasal , topiepé drbpswiltireih Bieuhcive ingrellieseads digydlwadobt Bgsidnded/aganal and
par ent er al gl.l’tlcllt’ udiang subscut% eous Ousi nélrvaegrsﬁcu ar ti ntrave Qus,
nt r ader mal SRR AEREEE SRRGRLY, 2t papgous SOVERKRGN Y gotive inBrEdisHE Theos
t hi s i n&nt poiveirgredidnt istseritedly paksgnt ipusudhf farmulatione b edeomrentiagionot

suf ficientl ¥t 0roal doy2Ph OfY fdrthaRinfod dintéiils 081 89T, 3har®Coth¥rs aboudgyof the
ot her routes /mt ed above. Wiile it is possible for the active

i ngredi ent sWd&be adninistered as pure conpounds it is preferable to
present them as Ppoamimsitons ealtabler furl Ripicdlsadhbhistritient v the atduhRsnefudehe

. y ! i _ : \ e b
Bresert, ! ek SBERAABe She PR BREAE [Pa fvospd ¥, Wity |
ot her th®r apedtacaciangr tbageransh; Phstilden eomptisingriise agiéve ingredisrddptaabirett i n

the sense of,8¢isNghGQ iﬂixb!aﬁdvglyheﬁﬁﬁopgﬁlﬁbsé ARHeL6Rt an@fmblifiwashes
formul ati on and not dg eteri 0us]_C‘%Q‘I?e%{1lerb atie The formnul ati ons

. . ,.15, :
i ncl ude t hoSBTEIYRH(tBE AGHVE DB §tuétﬁ‘§']’ie liquid gakHefi strati on,
i ncludi ng oral, Fectallatioms &br, rdotedcadmirsistrhiinguahy beapiesehtedras a

parenteral (J ']ﬂ,g”§ i Lol
i ntrader mal Qhﬁﬁ%)%ﬁg? ecawgggﬁg%gﬁsgl%%ﬂn}iﬁgﬁkfgﬁo%.tlé %e Oggtrtr%rl %I'E?ons are
i n uni t 2@os&#écylaiem and are prepared by any of the nethods well known in 20

the art of phar meeymiSaabneeliabk feiChusd dhamisdieRonil heinigishGtiont O
i i i or]stituftes one or
a

o h i ngr.edi en: h,th ier_which
mor 6 access BT IERGHT AR I Freciielids APERE, Ry e < Paricli siasiieks oy

uni formy amdainpie imthé yamge hdbP§li miaons dwciedingrparticlesizes o prgngeli ent
with | bgHbBert 20l SoPibidiRl i HcvdsedisSol 5 hichskd Sich &4 3BMRro)d5
then, if_necessary, 25 Sh%ﬁl re}g th? produg\t#, o F?rrrul at1 ons of
the predent TSTRNYieR- sTHitale dorilaions waerainsthe4araRT is a iquyg.

present ed asdﬁhi&ggt%ta)ry ak tfer sxm’ﬁpaés? capsldpray drashedsal dropghihelusieeagieous
containing a_pr. t.ermne mount of the. actiye ingredient;, as r or
gr anul es; aé rsod.ﬁ'u??lgﬁlo&s o;} @ sapcéersei ‘Sﬁr?‘ﬁ‘eﬁﬁ a&ﬁgoﬂgtlgﬁﬁgﬁﬁa%lr% fg?r?ggé-‘%gueous
30 |iquid; agmigéstaation maybaqpreparddyateprding ¢ sanwenhongltmethadsoind maji d

emul sion.  pe ddRRrdGtW ¥R dtREF &Eﬁrﬁ?&uff@lﬁg@hé@ PPl RN tREra3Y B r_QQBH?
electuarg or may be nmade by co essi on or

mol di ng3 op@figt%%tiﬁ'ﬁrqﬂ by pgtered dose 3RhSerd

Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing in addition to the active ingredient such carriers as are known in
the art to be appropriate.

35 Formulations suitable for parenteral administration are sterile and
include aqueous and non-aqueous injection solutions which may contain
anti-oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-

38



or nore accessory ingredients. Conpressed tablets may be prepared by
conpressing _.in a suitable machine the active i ngredient in a free-flow ng
35 form suchO3¥%455dowder or granules, optionally nixed with ZCBUS§H}3244

| ubricant, inert diluent, preservative, surface active or dispersing
agent . Mol dedaqmﬁnei sterile suawmsbensmdéchynaptjhcﬂiwd_g suspenslithg agestsn@edi ne a
mixture of ¢ P %‘;‘%/ents. THRAHHHBAS HREF be'bldleAftd RPLAilIAY &r multi-
VO 98/ 04569 dose contamers, for example sealed ampoules and vials with elastomeric
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W th 25! heplgéllmgge tda%tl fgra l#p%rhshgor?tg'i"m%' Yyl nqqé‘?(' (21::1 sg};&en? m%rxapangr s

the oily erse cr eam Por imu
Enul gent S andaseﬁﬂﬂl‘éf? mgmdamtl oneOs mare sbmpdundsuskthieninventioor ukdticloihe

of the pr esen;eléas\se&t t'h%“adh%hH%?edT MREBaR Be cORMDIRG: aﬁ&frgg&ﬁwto ahs&h@ks

benzyl al coho al coh nono- st ear at e’ and sodi
sul fate. treql¥d Shdingrer Rorppraie B PbabTreotPeRass (R rRrdF (i e on
is based on 3&mpachidevCogtrolieddedeasedforoartetions pdapferdt f@soral hidsniristrati@am

shoul d prgf ergblag; dlgj&'e?e HRHF %o%@;gﬁaxq%ggﬂéto?' rom {3‘&%0‘%5&%35’? %eo{n%lﬂ?iton

wth sui tabl e consi stenc
cont ai ners. ﬁarr‘abgmregﬁretﬁ amém&mﬁﬁnventlomﬂmeﬂmdsm basic al kvl esters

such as di -i-soadi pARcitAtf1eeiolind hefdiAldte IREINOrERA by reference.
The following examples further illustrate the invention but are not to

be construed as limiting the invention.
35
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PCT/ US97/ 13244 gl ycol diester of coconut fatty acids, isopropyl

nyri st at e, weshsed! eate, isopropyl pal mtate, butyl st@®amalssy/13244
2-ethyl hexyl palmtate or a blend of branched chain esters known as
Crodanol CAP may be used, the |ast thtﬁ%kg?iﬂ%@ preferred esters. These
may be used al one or in conbination depending on the 5 properties
required. Alternatively, high nelting point |ipids such as white soft
paraffin and/or liquid paraffin or otkéﬁémp.b’elal oils can be used.

Formul ations suitable for topical a@iiMdPASynttesion to the eye al so include
eye drops wherein the active ingredient is dissolved or suspenged in a

sui tabl e carM.er, especPd}’C,ﬁzaE\tQﬁ]ueou% ol t fBONeCO®)acti ve lli ngredi ent .
The 10  act i ngr egi-ent—+s—stitabl y p\_gs}ﬁ? i INSORPEIOH mult Nens in a
concentration opf 0.01 ko 20% in sonme enbodi-renrts—6—=1 to\10% and in
ot hers about 1. 32)2 w W, For nfitht i ons2sui t abl e fof_t opi cal
admi ni st r at i(@nglyeidehe nout h i ncl ude | ozenges conprising the @8sive
ingredient in a flavored basis, usually sucrose 15 and acacia pr
tragacant h; pastilles conprising the active ingredi e”%dén’i‘né"” i nert

basis such as gelatin and glycerin, or sucrose and acBﬁ)gg; ! fjl t hwashes
conprising the active ingredient in a suitable |liquid r’tx\ljae .

Forrmul ations for rectal adm nistration nay be presented as a

suppository with a suitaplerhaseeGapsiueieng for exanple cocoa butter or a
20 salicyl %L;:H p 2) p-Tscprnulations suitable for nasal or inhalational
admi ni strati sORP(QUH, i (€@ PIACEROTade HWHaowder havi ng

a particle size for exanple in the range 1 tg 500 m crans g\]ncl udi ng
particle sizes in a range bet ween 20 and 500 i cronsNi"n 1 chenents of
5 mcrons such as gQymcrons, 35 25 m crons, etc). Suité@le mul at i ons
wherein the carriery I a liquid, for admi ni stjation asNfor ‘exanple a
nasal spray or ag Ndrops, include aqueous or oily sol ult\i\pg“of
the active ingredient|. Ii%rrrulations suitabl e for aerosol

admi ni strati on may; epared @ccording to conventional nethods LR may

be delivered w th other{thenapept©tl agents. |nhal afional therapy ijs readily
30 adninistered by netered doseOHnhal ers. For nul at i opns
suitable for vaginal adnigggtration Jay 2% rgﬁgnt as pessdri es,

t anpons, creans, gels, pastes, foans s H%j\ or mul atd cont ai ni ng
in addition to the actjv 'bn%(?ggent sidgh carriers as ar in t he
art to be approprias D3RO, FormgNations suitable f ggrenteral

adm nistration are stlerile and i ncl ud& aqueous andgpdiBa§léous

i njection solutions xhO flay contain an{i - oNulants, lbuffers,
bacteriostats and soljutes which render the forkul ation, isotonic with
t he bl ood of the intégngledcatens phent ; and aqueouﬁ\\én rﬁy

38 ~
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PCT/ US97/ 13§
suspendi ng L5 d

presented in unit-dose or multi-

agueous ster

t hi ckeni ng agents.

il e suspensi ons which may include
The fornul at i on8CHEFIHS244
dose containers, for exanple seal ed

anpoul es and vials with el ast ome¥P® » H,O st oppers, and may be stored in a
freeze-dried (lyophilized) condition requiring 5 only the addition of
the sterile liquid carrier, for exanple water for injections,

i mredi ately prior to use. Extenpcrampqqgiﬁgmﬁcyz@mcxghutlons and
suspensi ons may be prepared fron1stequ§m Ezrngﬁﬁﬁyﬁgs and tabl ets of
rred

t he ki nd previously descri bed. P it dosage fornul ations are
t hose contai ning a daily dHoge or i t dai |y sub-dose, as recited
above, or an 10 appropriate frdct reof , of an active ingredient.

Ll’tl LIF %far% ti oned above the

1y iné ot her agents conventional in the

art having regard to the type of {fornulation in question, for exanple those

suitable for oral adm nistrationnmay include flavoring agents. 15

The present invention further provides veterinary conpeﬁéahons

conprising at |east one acti veN}@,gredl ent as above (:j/v together with a
rriers are materials

In addition to the ingredients pa
formul ati ons of this invention ng

veterinary carrier therefor. Vet erinary

useful for the purpose of N7 ¥Ni stering th cg swtion to cats, dogs,
horses, rabbits and ot her anlfal$ 20\ and Q2 olid, quuid or gaseous
mat erial s which are ot herw sex|j C ptabl veheri nary
art and are conpatible with th actlve |ngre§F The dveterinary
conpositions may be admi nistered ora ny ot her
desired route. Conpounds of the in t|o be G/ to
provi de controlled rel ease 25 phar m&d&ut i cal ornulatlons cont @i2ni ng a
matri x or absorbent nmaterial and as active ingredient one or nore

conpounds of the invention in which the rel ease of the active
i ngredi ent can be controlled and re I¥w | ess frequent

dosing or to i rrprcRMPtAhs m’épéf@b@é(fdlﬂium (8)- Ct;g)@x@bm redQated € OR)-1he

conpound. - Co troI | e .onmul at i on ada or al t| on
30 it oh i Banelie! Bty b R B RaRe PRt i Bsnpisaateld Bt peh
invention  carhpmeteeo pffepér(Bﬁla?cpmmylngetcarhmmtenfrkmrralrbaeaﬂeaelseacted with

Al citati Onﬁdfeﬁﬁ'ﬂadamrcﬂa']‘yﬁé Srrl UL R EE e & & ﬁ?r?h droxide to give H@E
foll ow ng ex ur t | lustrate the | vntlon eno
gp@n@?? 1c5'\ with

construed as ng;? %SH}}RWFWXY Jgropylja enme w out 1solat10n is
39 WOréated 5Gidh lithium alkoxide (alkyl containing 1, 2, 3, 4, 5 or 6 carbon atoms,
PCT/ U897ﬁé32%% n-hexoxide, n-pentoxide, n-butoxide, i-butoxide, t-butoxide, n-propoxide,
i-propoxide, ethoxide, methoxide) and diethy! p-toluenesulfonyl-
oxymethylphosphonate (prepared by reacting diethyl phosphite and
paraformaldehyde, and tosylating the product in situ). The resulting (R)-9-[2-
diethylphosphonomethoxypropyljadenine is deesterified with
bromotrimethylsilane to give crude PMPA, which is then purified by
precipitation from water with pH adjustment. The product is further purified

“by recrystallization with water to afford PMPA monohydrate.

15

The process uses a small amount of a base such as NaOH at step 1,
which increases the reaction rate about 10-fold compared to the same reaction
lacking the base. Step 1 also uses hydrogen gas instead of using a reagent such

“as HCO2NHyj4 to generate hydrogen in situ. The process uses lithium alkoxide

20

at step 4b, which is mildly exothermic on addition to the reaction mixture.
The use of a highly reactive base such as NaH, results in an exothermic
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EXAMPLES

Synt hesi s

Exanple 1 PMPA
N NOI CH3

( CH3) 3Si Br wo 98/04569 [err] PCT/US97/13244

10

15

20

25

30

35

reaction that generates hydrogen gas in a reaction is difficult to control. The
use of NaH thus requires more labor and care to use than lithium alkoxide.
Lithium alkoxide bases also give a product that has an improved by-product
profile compared to that obtained using NaH, e.g., lower amounts of starting
material or overalkylated products usually result from the use of lithium
alkoxide.

The scale of the following method is proportionately reduced or
increased if desired. The scheme and process steps depict synthesis of (R)-
PMPA. One can practice the method using chirally impure starting materials
such as (R,5)-glycidol to obtain a chiral mixture of intermediates or of the
final product.

One can increase or decrease the scale of the process steps described
below if desired. The scheme and process steps depict synthesis of (R}-PMPA
and (R)-bis(POC)PMPA. One can practice the method using chirally impure
starting materials such as (R,S)-glycidol to obtain a chiral mixture of
intermediates, e.g., a chiral mixture of 1,2-propylene carbonate, PMPA or
bis(POC)PMPA.

Step 1. (R)-1,2-Propanediol: (5)-Glycidol (1.0 kg, 13.5 moles) is added to

a reactor containing (i) an inert, e.g., nitrogen, atmosphere and (ii) a stirred
suspension of 5% palladium on activated carbon (50% wet) catalyst (100 g) in
denatured ethyl alcohol containing 2 mole% sodium hydroxide (7.85 kg EtOH
and 54 g of 16.7% NaOH solution). The contents of the inerted reactor
containing catalyst and the ethanol solution is usually cooled to about 0°C
(usually about -5 to 5°C) before the (5)-glycidol is added. Hydrogen gas at no
more than 20 psi is then introduced to the inerted reaction vessel containing
reactants at a temperature of no more than 25°C. The mixture is agitated for
approximately 4-5 hours, until hydrogen consumption stops. Reaction
completion is monitored by TLC (trace or no (S)-glycidol remaining). The
mixture is then filtered e.g., diatomaceous earth {about 150 g), to remove
solids and the filtrate is concentrated in vacuo at no more than 50°C, until
volatile collection stops or is very slow, to obtain an oil containing the crude
product. The crude product is used directly in the next step. Title compound
yield is about 100%.

N

Step 2. (R)-1,2-Propylene carbonate: Diethyl carbonate (1.78 kg, 15.1

moles) and sodium ethoxide in denatured ethyl alcohol (210 g of 21% w/w
sodium ethoxide in ethanol) are added to (R)-1,2-propanediol (1.0 kg
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PCT/ US97/ 1 PMPA * Herr]O
1) (CH3) 203@??5?‘684[ err], d, PCT/US97/13244
- met hyl - 2- pyrrol i di none 7 Et 3N

2) funmaric adiegretical based on the quantity of (S)-glycidol us¢grimgtep 1 above), arfdethe]
Pr gcesg tsun?%dlyliiorzl is h5eated td°B6Ao il?OECQBQ{i@QH?EH frd %&%bz.(@nge&xg@ﬁ s
reduced to . propanedi o catal yti ogena i ch i

t hen react ed®WENe H?aecfﬁi])\ < mp?g&%ﬂ'b%%f‘@“?l)ééﬁtﬁﬁ%aré’ﬁa?f @'B&&ﬁ%%ﬁ@deg to
carbonat e. THe cmchonatdxtuses fdirtveed Wiyt Histillatiomdenreraomackthatal. yReactisrount s
of a base su | rLOXi | \e: 3

o [2- (di &k hy?‘;p‘ﬁﬁﬁ%ﬁ’%“n@%@’ﬁ%Fgfﬁlﬁ-ﬁ \oting s racg or nq detectable (R-12. o
react ed wi t hptopanediolal Ko rersdpalik yractionaly rdistlled ap 128°C andslGrl7gnonign
atoms, 10 e. g yield HRE fietmBPoRRARX E6lorRs AN Ihd pRULRX ity i

t - but oxi de, ﬂ) ,lre(if)ogéoge, mp | - pro ox;.,or, t hoxi de, n%t hoxi &’gﬁﬂ“?ﬁé di et hyl
p-t ol uenesul YERALY °°r&9WWﬁHN§§H AMYYESr epar ed by reacting diethyl
phosphi te and par af or mal dehyde, and tosylating the product in situ).

The res.“:’fo“ g (R gged 2 piethyidh§ é%;ﬁﬂ%!ﬁg@%ﬁ%@&@j%@%@ékéggﬁe@‘il A8a'r8act
deesterified with™ . ¥ _ ) i ch Ta Phen
purified by contairgngcirpinest adomospbarand:&r Niregepte amixtiexarehdietinib ppoephite

i's further pyad gy paraforQYalH@Hﬁ&éY@bhilgsg@Iiu‘i’d‘ t¥etHY 4R RE (6.06 Xeh Gh doRIERRe
nmonohydr at e. SS use smal | nt a pase_such as

. The pro no f
NaOH at st ep(®ill kg) isdpgated A8y dadet abREL 2 hgeHEoihengegiasa for sBORb] four,
ﬁo(rjrpar ed to thel genredceiontis @ondbletd asknagitbieel bpgr.C Sbewiﬁ? al sacdisepO
ydr oge as a .S r
Goner ot oy o SREEBRE BtpF bRl Ed 0kinB AR, repcSn, I e AihSSRerkds | )
which is ni | dajntaieadcedeleershisaneiassary to maoderatathd sgratiory aykich mayhe use

of a highly pgrelideeRsivaes REhADMBEMPIATHH iS5 oploARIIPXInIRIELDY 1H NMR
(diethyl phosphite peak at 6 8.4-8.6 ppm no longer detected). The solution is

cooled to about 1°C (typically about -2 to 4°C) and p-toluenesulfonyl chloride
20 (1.0 kg) is added and then triethylamine (0.82 kg) at about 5°C is slowly added
(exothermic addition) while maintaining the temperature at no more than
about 10°C (typically 0 to 10°C). The resulting mixture is warmed to 22°C and
stirred for at least about 5 hours (typically about 4.5 to 6.0 hours), until the
reaction is complete as shown by TLC (trace or no p-toluenesulfonyl chloride
25  detectable) and optionally confirmed by 1H NMR (p-toluenesulfony! chloride
doublet at 8 7.9 ppm no longer detected). The solids are removed by filtration
and washed with toluene (0.34 kg). The combined washings and filtrate are
washed either twice with water (1.15 kg per wash), or optionally with a
sequence of water (1.15 kg), 5% aqueous sodium carbonate (3.38 kg), and then
30 twice with water (1.15 kg). After each wash, the reactor contents are briefly
agitated, allowed to settle and the lower aqueous layer is then discarded. If the
‘reaction results in an emulsion, brine (0.23 kg of water containing 0.08 kg
NaCl) may be added to the first organic/water mixture, followed by agitating
the reactor contents, allowing the solids to settle, discarding the lower
35 aqueous layer, adding 1.15 kg water, agitating, allowing solids to settle and
*again discarding the lower aqueous layer. The organic phase is distilled in
vacuo at no more than 50°C (to LOD at 110°C of no more than 10% and water
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41 WD 98/ 04569

PCT/ US97/ 13244 reaction that generates hydrogen gas in a reaction is
difficult W& B@®4$8%I| . The use of NaH thus requires nor PTHEW/ 1344 care
to use than |ithium al koxi de. Li t hi um al koxi de bases al so give a

p [) ?duct dt hagodweat,asy mmﬁﬁuﬁen b¥o pﬁ@ﬂau?{an 0.3%)PaFbtdiggCsd ym&tm droul #B8L70%
opt al ne usi eri
over al kyl at 859&'“@5%&9&@% 55 bt S 35U N, LR S

al koxi de. The scale of the following nmethod is proportionately
reduced or Steprc r@aenh- ('mxdhglgl&ﬁphﬂi&meﬂm)mﬂmﬁeﬁﬁestIﬁpsSredeﬂ@irct

synt hesi A n e | ]
i mpure s arf(lnﬁltg'ﬂ’llrr‘rlwls'l1 A éljl?%/? Bm 9§§h§:% ep% 8%8%?& m E"{}o ob %e%}ﬁngm P%Q?
m xture of $odiswmdgdaosideddl drgk h)-1.2-prapyiene parchmote (0.83 kg), and NdNe can
dos! rad. Tha e o A D s T bard DEboni el o
(R) - bi s(POC ?ﬁ/&?& for mgoz:léﬁ8p?toa’a?%%ug%O&h%f?ﬁfal%’sﬁsr@)f%mer*%aéfﬂ%@% 15
starting rrahﬁfmairsdsh}cbr@snéﬂnS)ngd HPUQ! sl'tdwmlgtﬁd) n@reCtiarakbaatx0.8%e of

I ntermedi ate r m Xt jre of. e Aor
bi 5 Pocy bvpageninekemdinfing " She Fedditiiy Pxurd 8 ARG RF aB0L 2R Bygisilly
kg, 13.5 m)lab@')lt 2@-38tdeand gontrins aher e@@EdrlmmaﬂlntdeQﬁ)-(?an inert, e.g.,

gglrggtegd 2h b I%ﬁ d(eh{:v)aet %vﬁltchrrﬁﬁg &rempxﬁa‘t‘@%@x@%k %soéﬁlgg) gfrhérad' U(r:noﬁgl
0
cont ai ni ng Eo‘hlbn ‘g‘bﬂﬁ"h HW%&@QZ(@ %k% ‘E‘t'ﬁq’ahy angs a&dej f?e*k‘?%

NaC]—II sol uti erag ﬁ Mintervnediard, So rodinee itheditkiirmealtt off (R)-9-(2cont ai ni ng

catal yst. an sQl ution i {9 a err]

Csnal 115 aphyHPes R RacRRe H‘e%&“ﬁdﬁﬁ%%%%% 70 a8l . MR A BHS] lrese

gas at no with diethyl patol@éngsuilfonyletemethy pbd&nph@lnate (tlhTé kgbanédthleeact i on

vessel cont %hﬂhﬂg 1s heatéc‘??&&% e@&txﬁet&%%m%@“@ 15&1?’"@58& ﬁ'@-@s@(}nd'rhe
m xture i s agitat 5 hou

rrat el ro
consunpt i on‘ss?tbrﬁgg P&Eéﬁfqaéhab HTS? értylf}(dﬁ;hysa%‘hﬁ H?éﬁ"rﬁid*l*\é@g(‘g'ﬁ%\e or
no (S)-gl ycticod themmxmngbecoﬁ'\&s &Gmoganebuse Mere kidethyl |t-ered e. g.

di at0”39.6’0”301%@5%&1@81?&%&%&@%9@}}0%2}\5@@f‘l 4. ke) 2hidaa e epfitd Likate is

concenttated In vacuo -at
col | ection §tFEE Yra fegnperajury hnbay 3y tMP&ﬁ“Mli‘lb"é‘éﬁpeﬁ%Ché@t 2hteleéfitude

product . Thab@ﬁudq\dﬂr@qwlcam yb8dt iy Retitsy. lm&nhi@naemh@hembufbkﬂd@ (0.66
conmpound Step 2. (R)-1.2-Propyl ene

car bonat e: bﬁ&%@r—d&#ﬁ%ﬁgt/éf‘g@fﬁ% a?g dipghy! p- nol es) and sodi um et hoxi de
i n denat ur edoletenpsulidnlosymeipiphosph2neseri8 kg) aspdiddedemrioxirders, gach

ztzhanol b5 &R e80TI ed () sthrriad P ANRHLR! Wiiel iK8t a temperature of about 32°C
for at least about 2 hours. Reaction completion is optionally monitored by

area normalized HPLC showing no more than about 10% of stage I
intermediate remaining. If the reaction is incomplete, additional lithium ¢-
butoxide (0.33 kg), 2.0 M in tetrahydrofuran and diethyl p-

30 toluenesulfonyloxymethylphosphonate (0.24 kg) are added and the reaction
mixture is maintained at a temperature of about 32°C for at least about 2
hours to achieve reaction completion. The mixture is then cooled to about
25°C (typically about 20-40°C) and glacial acetic acid (0.5 kg) is then added. The
resulting mixture is concentrated in vacuo at a final maximum mixture

35 temperature of about 80°C under about 29 in Hg vacuum. The residue is
cooled to about 50°C (typically about 40-60°C) and water (1.8 kg) is added and
the reaction is rinsed forward with additional water (1.8 kg). The solution is
continuously extracted with dichloromethane (about 35 kg) for 12-48 hours
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WD 98/ 04569
PCT/ US97/ 138648104569 theoretical based on the quantity of (S)paiysimiabaqused
in step 1 above), and the soI ution is heated to 80 to 150[err]Cto

distill off mﬁzwsﬂ? adJi %gﬁbéétagetxc aadi{%w Eg)etor ﬁl%c Hhs ng) r?eetalfper

additional die car bona rea cth
m xture, fol ReedShewsand Pater ehovb divre oftgeamiluouReeIdTacsion Bme.

conpl eti on |Exﬂﬁ@hbﬁk@i‘n?hétf5h§s Ybrﬁhgl)acézﬁﬁﬁrﬁeé g‘“ﬁg%%ﬁ%?%@g gtr%té{ba%i ,

propanedi ol . -The residue is fraction
nm Hg, SRR NP oS Hhgn 8% Zr{‘ﬂxégﬁ) (Bééﬂ orless liquid. The product
puri ty i 5 (dxetmnphalsphoﬁﬁﬂomhogy)@H'opryl]pdentr;e b@mmxagallnyﬁteSaqué@.:s phase.

Step 3. Diethyl c%rﬁ&n[‘é‘anﬁﬁﬁ'l&%%(ét‘?xé}ﬁ@eéﬂ}‘zlo@%@QBH@ézﬁ{at‘eB Riighy Ger

contai ning an 1 nert thyl
phosphite atmeﬁpmukgareswﬁatﬁ\snnw HRTHPCRE E{r@ extragylemperature of mp| @mrne

(0.06 kg) intisH HBHE 80°C té %Meltﬂfeghﬂe&diﬁpbeﬂdaats BU1seblb braR %e 6h0urhe2nﬂe

hours, then refl uxe about [ s conpl ete
as nonitor edcwp?ﬁé%s Fﬁga}éo?trgggl’é’rb}ﬂ‘@gﬁt “eé‘f‘éﬂ %‘%E@g gy its punty is
phosphi t1 Durpioatly B8-65%abyitiea nichmadlizedt HRLM SPhe hétuat weight ofithy atlaed

expl ode. ReactTBhunr B el FTE LR sE SPRS St 15 § %%Ahma%@
(di et hyl phomhfe(%gg& timey bm?xy@c&e@ y@elsp)mTh@ ?Idmgeﬂaki@l?m@@)wexghé is
sol ution is attnbu@&i’|t8¢irﬁ;5hﬁ9@éibna[/%"rrs]o@e(r(t)f&'eﬁ?&xh OgaQRHF the cbRtifli8LE] O

and p-tol uenesul fo% ‘qu (1.0 kg) is added and then triethylam ne
(0. 82 kg} at SXBBEHOB AN C%n%m e éﬁﬁfﬂed (exot hermic addition) while

mai nt ai nthhg the tenperature at no nore than about 10[err]C(typicaIIy
OttO 13[?”] C% lTb%.; 65 YRI-bG-(Phok h?nb&%h ),
stirred for eas 0 r ypi c ours

until the  Bromghimeshyisuage fhPeie)ds aaﬁ%ﬁnym rﬁ‘éO{FPat?é“B}g Agnixture of

p- t ol uenesul tandd (R)Y-G2i(dtRplphodpheabaidtkrdx Aipdopplladeriney(1dbREicat@datyd 1H

VR (p- ol uenesiy bQer L B Erzory oM BbBle Pind SebnfilcRDS g8 1o

det ect ed € Sso are r tration
t ol uene 0. 360X tT MR IEGRID ﬁéernwagerﬁUﬁgsmhtghar|tbaataé>oa:rtes0°C Theadineg are

ei ther tw ?eri‘ﬁsé(ﬂ' fmgfd %tﬁéc%‘/tﬁnﬁ?ﬂe‘{@%fﬁ AHd el gﬂﬂﬁltrb)ds‘gbggx@d at abogt
sequence o0 [ 0 aqueo i um_car bonat e an

then 30 twi g@ﬁn ?’8}‘9%14?‘5"%@)“” e?aﬁﬁg\’/ﬁélﬁn 1o ‘?’Qa%?%&‘@&n?‘@nt s
are briefly reactoxagmrttam-'s;l Rahcttuwedomplsbbnhe raomitdfeel bypweea agueatiged HELC s

then di scar dggy|{ Bgeré\é)ri théﬁ%ﬁEh?%/g eSidh t()g xa@&&?Wtﬁn?n@rdl&%y(l PP akg

of wat er__contal n| @ﬂ){ i rst
or gani c/4at eferﬁiimﬂ]ge Ifftbﬁlréﬁ/éﬂo%yb apFempiety. additiend hrometsimelefanre

aljldovm ng a ge((ﬁm ggp &Y &altlﬁto ﬂ'lesf‘cfhrcebﬂ"l&\d e g@&t E)na@trﬁlﬁ%@gé'ﬁaﬂ »yef

addi ng at i al | oni n s.to settle an again

di scardi ng tﬂlg‘)‘l\{\g uéq‘%étbu%mgg{/aetf .agl%\gé O%\'gih? volptiles arg rgrviedi g i n

vacuo at no distidlatioanatoop dighed (ham 2GMRT0°Cl Ofidatly @tohtmospinerdc plessut®undnd

wat er then in vacuo (about 24- 27 m Hg) at no hxﬁheﬁéh%%gout 70° T WG A4 HAR69

T USOTA9281 | i igavenb a0 L gaooichibg Shbetts ey Lk B S0 < aded

about 85- 95%exathérynicexdditidny @ochet @sitBrewith the temperature maintained at no
_higher than about 50°C. The mixture is cooled to 20°C and washed with
dichloromethane (1.7 kg) by agitating for about 30 minutes. The isolated
aqueous phase is then filtered through a 1 um cartridge filter, diluted wit

35  water (3.2 kg), heated to about 40°C (typically about 35-50°C) and adjusted to

_PpH about 1.1 (typically about 0.9-1.3) with aqueous sodium hydroxide (about
0.15 kg NaOH as a 50% solution} while the temperature is maintained at
about 45°C. PMPA seed crystals are added to the mixture and the pH is

45



Step 4. (R -9-[2-(Diethyl phosphonorret hoxy) propyl | adenine: In a reactor 5
containing an inert atnosphere, e.qg. nltrogen a mxture of adenine (1.0°
kg), BgPR#MERAy dr oxi de (11.8 g), (R)-1,2-propyl ene car bBFAHEVHAE «q)
and N, N- di nret hyl formam de (6.5 kg) is heated to about 130[err]C
(typically @chqutedlmboutzsl 1&5151 &bohioR. 6abopt~1th8a 30%hags éoum:iddmfrhe

reaction is a nor mal i
showi ng no B &[em{%%%og %5 kgd\elﬁ@%g r mrgc%)b&h'felﬁg th%EﬁrPF
mxture is mamt@mact)aabmmt Qﬁ[@(typ&alkyymw 35:50° Q). albemohzﬁor?.0$ ewl}ed: toand

contains thg,siaged ( tygiﬁllgfﬂﬁitQS iﬁb%v@? “about 3—@(!%%’5@/%9%1&@@8”' ne,
whi ch 5{\; precj pitate thi s point ali

t - but oxitle {®dsPateAgitation tnﬂ%(@é?aﬂm&rtgﬁ qogt%maeauf@gi wénch ﬂm%ﬂssge |
i nt er medi at rod&t@h@dﬂ&@ré&ipnbté el A r$idgtat Gfb dURI3SAC ( the%ﬁH of the slurry is

hyd dl h dd

Je;?éép”pxd%as%ai”#f S Fa fféwiéﬁﬁ%ﬁ%?%m% P RORATBHS o g)
and the sodiugt bydroxideext exhceotrated iydrathioeic gicidibid mecadpey.r TGe slurry
typically ag%lépt&gh 6>Jxﬁ:xat@l?(5°C \Wic'a11§ta!broru¢@ chC ahd's@@m agﬁyﬂed%obours

(typically about m Xt ure ecaones
hom)genjébusa ],95§tea2lm %t}Pufﬁ 1’26‘“%1‘1%%%??6?15?0 MWSﬁSWﬁt&@é’}(l 43
gg% ls] gd?f!ﬂltﬁd‘tﬁ?ﬁ h&aihédw engially w1t$1tddld®daﬁ§fr @35&@9%&@&&&0@5 (b RS

err i.ca

Crypi carly EBOGE ol RRiba) & S30p Lo e fosF 286t 87748508 AT

2.0 Min tepreduyaristheated smdbduteﬁlh)ﬂ apd dried in vacuo to a water content of less
tol uenesul f gy mm@ﬁﬁmﬁghenamhgpp&ﬁ%qg BcBIAL Mo iRy gach 25

tlmsfolloweg by stirrl m. Xt ur at a tenperature o aout
32[err]© adenige uged) ol RISSEEING HEBIY. ¢ hecyathems ExtrenBotPU’s yisie) andi | y
noni t ored byot from aheaeneveight oethdickéds Ho‘wﬂvg PP ADRehichanaglontaid @hef
stage | 0115’12’ rqasdl ate remaining. If the reaction is inconplete,

addi tional f rum but oxi de (0.33 kg), 2.0 Min tetrahydrofuran and
di ethyl p- 30 toIuenesulfonyloxynethylphosphonate (0.24 kg) are added and
]Ehe r;aacu 0? bots 8! WRE9.[3-(PRicBpRbABFeTho ¢ BHEAR Qp1RBOUA 32[§ar[]C
or a ast abou e reactign conplefio e pixture
P thenﬁfioof‘éﬁp%%shfhe TSR FEBp Rrararsiod ab v+ Bocon GRH) EhaRa

gl aci al acepredaa) th ¢atér lsg)edted thaboaddeerC Typically as@stA3-1 T Griwithire i s

conoentrat ethddbfAHPLAn 3efinhoh IR AVALILLHELIFE o ETRE LLMGG: Yorloh!

80[err] C under. a

50[ err] C (tfpflerfied ipébiliration efelplé? hp@) ripsiggwierwiard pseng gdidonaidedt wWatker

the reactioq kg, sbdisess-1m0° @qr ct}w filtr=ad 4 hisraal tovaipeC rlox8tck&)ohﬁr €irsOtcdut i on
s o 25OMBLBUPHSY (SHILAE St A PSR BNAS J%ubrg%lt S agh Bliph2: 48
PCT/ US97/ 1324eh cooling s chntpeued)m ebadtlil @900 (s pafallyl alodall 5-ABEE). cAker d (0 2

kg) to the aguaREStRIBRANE 189¢ ¢br at leaatag’r%ﬂt Phbaw %h@ﬁghaé LES AR ﬁgl hour s

of cont|nuosex raction time. traction COI'Tp n|sot|on

confirmed by H?@%nﬁ&ﬁn’éﬂaﬁﬁ%ﬁsm@t?él) with chléwai (Ao keraPawHah %@u’tndg% of
(R-9-[2- %hen hehtehayl m@psgh@m@mmhs)d&mpyﬁ }J@cd@ruf%dtﬂfml"fﬂ(@ idalltyhe

h 140) d
" Crar pg aabout 40-60 R IR EE LalERToPRRAR PRUC ERICAE el FadpRl €
t enper at ure aﬁbrdlmgnpum PMPA trhanohipdrate 8Therpjo@uco pgirite is hepically @8%oampound

as a viscou r@a[t@f‘gﬁ Hith- arﬂ"ﬁoi'ﬂntalxged and ﬁf@@mmn&’dlﬁje@ Hp1reabopthd0- 45% by
wei ght nor I zed C and |tsfg‘ur|t %b area

C
nor mal i zed [MPERIca} tPé“é*é’t’EéﬂnsﬁBF Rtoryt ﬂi‘hﬁrqq‘ﬂté“a} %e "eP““f‘ea epeat of
this step.

35
Optional recrystallization: 0.75 g of PMPA (preparation A) was
" recrystallized from H>O (11.3 mL, 15:1 wt. ratio) by heating the suspension to
95-100°C. Upon cooling to room temperature, the crystallized PMPA was
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conmpound after concentration is approximately 1.6 times the theoretical

wei ght (or wio 8s/6dse®s the expected yield). The additional obseicaassonesght is

attributed to inpurities and/or soI vents renmaining after the continuous

extraction a ncentration

(R~ oc 1 oo ( PROCHID RO ArFeAes, o 575 P Puths Fratals WRIE HItered Q5 3 S8PTAEIt A WitPane

(1.56 kg) i shpcdkdd, the filteeazkerircedtwithi ing-caldritiiQiradafcetone, agvduale dried to

(R -9-[2-(di i a
c%h@%’alrﬂmég?&’w:g?%'%xﬂ&ﬁg%% tbAUR! PFcbdraBolOng kg&k@e{gg) as o

based on adenine In tep 4 ove%r
cooling to rga%ga(ﬁﬁ &k ABblathaveed §3m-ghare PresPiHodt hi@[ér r‘]’@‘mrltb’nes

ar ]gl dsrl Re&¢lobservaad Récfrhstaﬁﬁte@nlxé]ﬁbi'se(l()QQ@ll@)) shBt dd 21 .4V plfeEPMPA
refluxed at a

agitation to¥ gg& ey iR 60 7 rrJ & il %’b&?grp%sgmqgrﬁoiverﬁeg%ﬁgﬁ{rg%ﬁﬁ%ﬁwon

i s nonitored BPS3.ea nor mal [ zed HPLC showi ng no nore than about 3%

total of nonoeth : on is
i nconpl et e, addl ﬁroﬁny%rom&dw&X% { ﬁ §1hz"98"§3% Shg%rﬁg%élﬁﬁfé%a?g?d into
t he reactor rati@) ¢k heated m195s10|0e¢| Jslﬁgnfcmohag toerpom tempegaiaige, thenour

wi th noder ateyaailiaid PMPAReay ehaled i@ﬁa FzeLBR¥AHgRY. The PMIPH WASam'r&@dat

hi gher t t 70 t T t
then. ?nGCaCB@‘ SEodieoras i it lth oM gﬁe&‘)efﬁ&e” S35 g tithrice-
reactor is :mldt}-h@andozh@tbn&) thbmotsuczexﬂ eiry]t@c()nytpmwéxghahnatfoft&azfﬁiféyr] O
Ihd Voner, o ukalitieiadion O (RIS B BUBL Pl o gty

the tenperature maint her tha

mxture i s d&bi28d0} shargpe P91 %Ate was*hé’ RA¢ hThe larggstimpraieehihanins= 7 kg)

by agi taki n®. ipro qtm st%ﬂd@dnli@;@@rs Méam@/@ ure PMPGUOAHUS 018185 ¢4 [7Smiden
f||teredthr é‘%"/ ]%artrl Iter iluted with 35 water (3.2
kg), heated'’ Bg’ufm 8{ P 1I"Iﬂyyabout 35-50[err] C) and adjusted to
pH about 1.1 (typii’zteplatgftmbmwﬂ’@{fipQ)g)vwa.hremylﬁauszadofdomppmmmawy(k%out

0.15 kg m%ﬁ%cﬁhﬁ%"'@{i@' 451100} ﬁ’%ﬁid)e Ugsntc%snﬁg%%%n{ %exﬂg'e%tﬁ'ré‘ecﬂeat

about 45[err &Y stals ar t t’he i
45 [ 1'\1,%17 pidered onacoarse frit fit Wlﬂ’l yveEF'. Tﬁ 1Iter cake was rmse

E(C):T/ / US9201324#h ice- coldaﬂiz@ hed afcet(ﬁQO&Hegl%lﬁ:kéﬁl})tblc?@!gbys ebafford aﬁfha‘fﬁ))w}vwccié h a
% aqueous S 0 ol uti on apou regulre
ohi S pou? sebdl (HTkparana B b R B H o he SRRt Bt AR b S ST .

35-50[ err] dFrepdraetioolEYXion is cooled to about 22[err]C (typically
about 15- 25[@@9 :OFfifer@ARpL 0341 (émy FiMdtd 8logvy t0 6349 g%%mh %%?t' on

(et avol b R0 e ot B0 By S IR ML Ch LTS B0, e OPRRUE

adj ust edst o p&bpatechﬁ thisyﬂamfmlnl i adlito %%ﬁa&hre usu&blrrypmtsmd‘QOEQ%aqueous
sodi um hydro&glv%%tor concentrated hydrochloric acid, if necessary. The
slurry 6018d to approxi mately 5[err]C, typically about 0-10[err]C,
and slowy agltat ed for 10 at |east about 3 hours in that tenperature

ra{lﬁe nge S?I i dSStfi- g7.c8kd ? I\htYA fumaHtEt rhatal r@actowaslhﬁqnsaeiatentl aIAI y
W coO wat er acet one cru as a
O s PETR, e BB G o8 Suktit: ofrf dhethyl-2 S icfdiciuidey PR, @

about 50Per rfMPa#nchaticledirate (ladlikg), ctrmh\yataanne(()@w@ﬁk gof arleespstated fot m}amuELO%

s e RN ISy i posd oA it g

used in the grece 1 esli s (assum
lgiakout her

not fromt hd @tk&bﬁgldldedfaft%&%m&@lrélléthlff%EdFiIVFWO 65 frmyyRicA
60°C and agitated without splashing the contents for about 36 hours, typically

about 4 hours, until the reaction is complete, as optionally indicated by HPLC
35 (no more than 15% mono(POC)PMPA present). The mixture is diluted with
isopropyl acetate (10.72 kg), cooled to about 15-30°C, typically about 25°C, as
rapidly as possible, and while holding the reactor contents at a of about 15-
30°C, typically at about 25°C, the mixture is agitated for about 20-60 minutes,
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conpounds. Step 6. (R)-9-[2-(Phosphononet hoxy) propyl | adeni ne.
pure: A 20 suspension of the crude PMPA (1.00 kg corrected for water '
content) Y& ¥4 g product) in water is heated to about PGP
(typically about 95-110[err]C) wth noderate to high agitation until
all solids (‘)Cbxsskbj/\aépuaﬁd rhfratees Tlhel sadidsdrétriebved by ifdtratishidridedrablied

ko, anout L Kel8y| Sttt AkIE The SO ABIRRE bR Tndtts IR 15, (1
cool i ng, t BO'EE, typicatly a%ﬁ@ﬁ@a?@@}t@qt@%ww withatsater (stzg)ewr}g:) over
about 3-5 hRiHera¥é b 1t§h@Wf@9'ababt Qu10 min, té raeax&@&dmﬁ% bA enpilsidiied to

bout C | d bout
Toferr ] { B %‘vgiﬁﬁ&% YR O HBRTS o Hpachier (MG rombiedeq oty phases
filtrati onapnbaclaskizactedquécd wath isoprdpy lcaethtedd.66 k) (dbdtg, 15809,

0-10[ err] 5;?@91¥ aboul ?ﬁ‘t)goﬂ 106}ga£1 égésgéEQS c}é’gﬁbiﬁé‘&%nd%%ﬂeedjd;& A0 o

about 50[ err ypl C g Wal &r ‘cont ent’

about 5. 9% é@bqut "G3 typirablyjabout 25°G} nsingi mgdprate agimtion for
monohydr at Qbof[h@ IUHQHCEO B%id yoﬂrﬁlﬂgfahce%mgm%%@ﬁ the con%l%ilhe? gakidot h
area nié zed and geg 5423?& EPLC If th chem ca urltyls
unsat i acP AYES. (WRICH H R¢ g Ht £t 89 ’B?r%lt}}aébﬁat e concez@tﬁ@tg

?t ep. 35 in vacuo (abou®Ab. smal Hg CtroysppidxlﬁﬁkélyrBZOgQ(o-ﬁhl otigiRPAolume )
preparati r H ratio
by heat i ng?{[%e tsitljtglfzerlf Rk I('ﬁlﬂ %?5,?2;1@%& fg‘b? Rﬁ]ﬁ%ﬁ R Ag%‘l%rp{r%a%%rﬂsmg an

t errper at ur gn—hpﬁel @ngtl@rj tkyee@prmﬁnmm of the organic phase is resumed at about

Y3398/ 965@8 h1 her than 40°C under a vacuum (about 28" ) until a ale
PCT/US n.a freezer, After ecrfstas

B vt e b
filterbl ohelouogilemaing. fie g iy disss Veﬁbm[wrpedtsr? 9T {RPORATEST | nsed
with ice-c@, cﬂy;b{ceﬂy]a@oath%)ed)foﬁmnarandcmi(rO&&kg)dntZapropandQﬁﬂﬂd«g)wﬁnght to

ive a flu S
Dpn a0y | 1ataor BBl Cub T SORAE I, AR YO0 MERrs, The Wity 0 o
observed. Relation & thereaptipgaldy 5116%99@@823) inshoredprm mmrpuhée PMPA
W th a maj efinimpet c?tdboaing%ﬁtﬂé §b1&2@>n9°/fi"he rmt:rstebwamhvwso A Aypidall

t t IP d
again B onPBoRT 48 s agited using pg nRRRE B8iSeh rieedR] {GuSh %rarri c
Upon cool i hgmegersom sanpienat Tine reséingOsolgtipatialdobkettkBautnd@s-3SiC) | ed in
a freezer Qveil] riatbou-{h§2 d%e‘f‘%dcdtlj()eﬁ\%tebdgmﬂgﬁ%\%a@agﬂgﬁéﬁ frit fit

with Tyvek nd t ter cake was, ri err] O
and acet on%P ‘Pl‘i’éﬂ)’sﬁ%a%@ ity ar el serRkity \92%&(?0@1’ M?ﬁrf&né?rﬁ%fwm [1
white soli ehg)Paafafoalédro BhouREZ-ABYT ytypacally. ﬁo’szg I8¢, 3%er abﬁhﬂ(&l’rﬂﬁﬁgw,

JH5281 / R I est i_mpurd t.y..a mn = 15
0. 22% Q%Qec%m%gv?%v:ér %g"Eu%?‘Lsé’ g, e ‘6%81% AR ER 6 2bi8 A 7 i
inpurity anf@rrna@@%bfamﬂbﬁ forepsaeict grystals are added @rpva}samagrfocnma( 0.50 @)
was recr yStré‘r'xéé 3edbbi P T2 ABAT %Itﬁats@bmﬂn B cooled mc@@falmélaqld#%(ﬂ&c&r Wk -
ratio). ncoolln%to ro%mrh eratur? ;\ Wa}ao il tered on a
coarse f r| OWET ‘PRI PR SO HR 117 FiE eE&hgle\ﬁa§ &4 s RRe%D"
i ce-cold Haboahdlétﬁewcglmtidrers disckatintied drhiere esysdtal fn‘rfmarttbrabégmfsf WWl te
solid re T r f white
01146 CRASEIOR Bl Ity Lahb BB, gfre%spségﬁt b hudd {géggﬁy
Filtrate: @t ggt 230d1q19rsg Thmiaswdidng gg%ty is filtered (Tyvek) and the filter cake is

washed with a premixed solution of isopropy! acetate (0.70 kg) in butyl ether

(2.44 kg) (1: 4 v/v). The filter cake, which is at no more than 40°C, is dried in

vacuo for about 1 to 3 days and the dried product is optionally milled (Fitzmill

35 MDA fitted with a 0.050" screen), affording bis(POC)PMPA fumarate as white,
fine, powder-like crystals of about 97.0 to 99.5% purity.
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HPLC anal ysis showed the filtrate (Preparation E) was 99.9% pure. PMPA 25
prepared in this fashion is used to manufacture the conpounds of this

i nvention. WO ?98/04563 Step 7. Bis(POC)PMPA funarate: In a rBaBUS?7IR4h an
i nert at nosphere, e.g., nitrogen, a m xture of
1-net hyl - 2-pyrrolidinone (4.12 kg), 30 ERMRAler@nohydrate (1.00 kg),

triethyl amne (0.996 kg), II,I%&) gtfq{z.{\/?}fzﬂlﬁﬁr Poq"&neth %ca%éoﬁlaSte?ZnSO typically

about 30 min, and then ch prlopyl carbon kg) is
added and the m xture is heated to about 55-65[err]C, typically about
60[err] C and agitated w thou® splashing the contents for akgut 3-6 hours,

typically about 4 hours}] untjl the Peddimeon is conpl eeﬁ‘ as opti onal Iy
i ndi cated by HPLC B®H (Chocrdreao anci5% gpep( POCTPMPA pr Qb lm' xture
is diluted with i sopropyl acet ate (&BR-‘{’-Z kg), coolédto out
15-30[err] C, typically about 25[err]C, ags.g5% rapidly as possible, and
whil e hol ding the reactor contents at a of about 15- 30[err] C,

typically’ at about 25[err]C, the mxture is agitated for about 20-60

m nut es, A solution of the alcohol (73 mmol) and chlo#émethyl chlor¥¥rmate

98/ 04569
PCT/ Us97/ 123944ka, 6-23 I?Lf’{%a oD g diethy! sthsrvias ca9lgd 4610° s uaAET PEERRed by
filtration aRuridérehed” m 7Q/mrh0])swp$ egyled atrtparise (Wiith 4tikghg oRter Ionbi ned

or gani c phasﬁﬁnﬁﬁesall‘?u'étsojcétmn was 3Gkt 1{hect ¥8i 6ab é%lﬁ'b%n 2RbR/dl fy WA
extracted tw ce with water gl) dgm rafe agitation for
about 1-%b nih™oB ERRGY ‘ngs%l e@ni,ﬂ Isihgge asl PP%}\AE‘EIuBiy the sihery t he
phases to sepanébe. wihélltemd)lwesheaquadué MhESHsdried ovatr eMBECl; éiltetedt
twice with i t about, 15-3 ically
about 25[ er rf%?geg%m@%% aﬁgta@iaeg'g g%té)(rcgé) by n léﬁ?% éﬁg& ot I}(aﬁ

(2.20 kg) (abdMR thealol @hiqr@mqtywi cathonademin 83558+ yjajisudithyl nbuzarpat&thyl
agi tation fogarbonateaRO34mdwhat Ub&nl&oaﬁc‘l Qaflnbebel 1Bg cﬁ{‘t}@'emr'd)t%'v‘a totohl%?\ L Be

conbi ne rgani C. ich are at about 25-43[err]C at nO nore
t han 45F1e’rr] %‘Ftcpéﬁﬁﬁ @?a?% in vacuo (about 26.5-28" Hg) to

approxi mately 30% of the original volune (about 10-12 L/ kg PMPA
nonohydrate). After apollshlngflltrat}_bpa1 1S|§|g an in-line 1 [err]m
filter, the concentration of the organi is resuned at about
20-38[err]C, but no Prepprationreirtheofisrethyl (hyenethyl Seabengtebef MR Hg)
until a pale 15 vyellow oil remains. The oil is dissolved in a warned
sol ution (aboutN#p- 55 C, typically about 50[err I C of fumaric acid
(0.38 kg) in 2- ropanol (6.24 kg) vvith vi gor ou gi tation until solids
di ssol ve, abo t 8- 0 hours. war m sol ut Nhen optionally

N

filtered usin -Ilnez)lLerr fllter niim zi cool i ng of
the solution. The %ld at' at ROOUb 34315 (;, ty|m cdﬁ{ at ng afyout
40[err]C, is agitat u‘s’ Hhe ni ni rum agllg%t(é,ggmneede 0. olit-g ™ OR
honogenous sol ution.* The Téesul ti g S}(‘)| ut |4m 4§aﬁogd«ygd t o ;about 030033jaR r | C,
typi cal I%() about 32[err]C, over ¥o using mninmal agitation,
optionalTy seeded with a small quantl ty of bi s( POC) PMPA fumarate (about 100
ng), and cooled to about 12-18[err]C, typically about 15[err]C, over about
1-2 hours, 25 tyBFdal | 4nbydrowhbiiviP A (En(g,niﬁ romed) eng 1A (Hayigiebabe) (1¢dded

if crystal ets%mg%@.ggwid bty %;&ggﬁ xascgﬁltxﬁe?r erhaed&ﬂﬂrm%fem&gﬁ' S

rrayformover solutron' isC
Cryst al | i zat$38RORRYE (48cramolbwas thenl aiked padpeesugpession hasded do @Df’Gruncber

further xhi |l 4gdn ®ith rapi@® MEGHHnical Gtirfing. AfRPAUAr dHCreaBbhalvh9Rlda® and
dlscontlnued en cr ftal fo[ mat i on

e témperature was lowered i:obggl‘!(f1 and ttrlxe reaction stirred for 48 hr. The
DMF was removed on a rotary evaporator, and the reaction partitioned
between CH2Cl2 and water. The CH2Cly layer was dried over magnesium
sulfate, filtered, and concentrated on a rotary evaporator. The residue was
30 taken up in methylene chloride and applied to a silica gel column (150 g
Si02). It was eluted with 500 mL each 0,3,6,9,12,15,18% (v/v) isopropanol in
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30 m xture is allowed to stand at about 15[err]C for at |east about 12

hours, typically about 12-30 hours. The resulting slurry is filtered.
(Tyvek) angolsh@adeh! ter cake is washed with a prem xed ;‘,@lmjsiypﬁzw
i sopropyl acetate (0.70 kg) in butyl ether (2.44 kg) (1: 4 v/v). The

filter cake Khch i,s, at, no eth for

mbout 110 BetiEs HoRias Grtclitn WA AT 1 4o PR SR ip Gefropiqrimere 26

MBA fitt ed peicléd and.mbrstedewngweeth’eoi@nmq icsiiROC) PMPA f umar ate as whi te

fine, powder-1like crystals of about 97.0 to 99.5% purity.

48 WD 98/ 04569

PCT/ US97/ 13244 Example 4 anpl e 2

Prepar aPi on of Al Rygpatation @fghpBiear-baidi@symethyl CaI@Oﬂate of PMPA

[err] A solution of the alcohol (73 nmol) and chl oromet hyl

chl orof ormat e (Fl uka, 6. m., 70 rrrrmg in di et hyIOet her was cooled to

O[err] C under argon \éﬁi& d dropw se
with stirring ovgr\{o\’ nuthE\&ThEt}Q)l ution vvas i pre(fﬁat O[err]C for

one hour, then allowed to warm 10 to O®Bih tenperature and stirred for

t hree additional hours. The ether 85wl ution was filtered, washed with 1
M HC , dried over MgSH4, filtered, and concentrated on a rotary
evaporator. Brief application of 0.1 torr vacuum gave the al kyl
chl oronet hyl carbonates in 85-95% yi elNE; Ethyl chlor ey | car bonat e
is sonmewhat volatile, and cannot be nNt he rotov pbrp@o |l ong, or 15
the yield suffers (87-35%. RT-5 Exanpl e
3 Preparati on of the Bi sNet Oxypet hyl] sG@r bonate of PMPA
[err] R= Et. Anhydrous PMPA (5Lq/o'1vm@h) ajpe, DI EA (Hunig's
base) (11.5 ;
NH,
()
NN 0 )(i
,\/O\/P\‘OAO O "N
o 0
}._o/\/\
O

Butyl chloromethyl carbonate. A solution of butyl alcohol (50 mmol) and

10 chloromethyl chloroformate (4.5 mL, 50 mmol) in diethyl ether (200 mL) was
cooled to 0°C under argon. Pyridine (5.7 mL, 50 mmol) was added dropwise
with stirring over 5 min. The solution was stirred at 0°C for 15 min, then
allowed to warm to room temperature and stirred for three additional hours.
The ether solution was filtered, washed with 1 M HCl, and then twice with

15  water, dried over MgSO4, filtered, and concentrated on a rotary evaporator to
give butyl chloromethyl carbonate (7 g, 85%).

Dibutyl PMPA carbonate. Anhydrous PMPA (4 g, 13 mmol) and DIEA (10.5

mL, 60 mmol) were placed in anhydrous DMF (40 mL). Butyl chloromethy!
20  carbonate (40 mmol) was then added and the suspension stirred at room

t*émperature for 48 hr. The reaction was then heated to 50°C for 18hr. The

DMF was removed on a rotary evaporator, and the reaction partitioned
between CH2Cl2 (250 mL) and water (250 mL). The CH2Cl2 layer was washed
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m., 66 mmol) were placed in anhydrous DMF (50 nlL). The chl or onet hyl
carbonate (49 mmol ) was then added and the suspension heated to 50C under
25 -argon with rapid nmechanical stirring. After 1 hr the reaction was clear
and t havo esipssat ure was | owered to 35C and the reacti on ettrusedstar 48
hr. The DMF was renoved on a rotary evaporator, and the reaction
partitioned n r r d r.. . The CH2C [ernl .l ayer was
dried over né)é\ﬁgs‘?ﬁ}r}]%?um%%ﬁ%g?gﬁ %%g@eﬁ,d%l%ogg%%arﬁr}eﬁf S&H}aa{e’r otary
evapor at or. TFhHteredsand eoneentd@tedtark errotaryi evapsirhidre b ealebivhiedwaa nakerp plpi ied

to ﬁ Si !3,i gaggﬁézth H %IG;/@Q ghd a%;rali&i qal%rsfiii&a gbl cdl@%xr?k}ﬁ(ﬁg HOLN PO
cach 0.3.6, 9, egomin ol it CRSEIL P MnL dach 0,3,6,9,12,15,18% (v/v) isopropanol
PCT/ US97/ 53244 methylémé bitloride, cildothedewitn d00Mhenl i1 eh i pahol 119 ¥hethylene

APprOpri At e (RS Rp PR riate AR AR pBYRRCLE) 2018 r bl o' iSe dRE! T o
Prepar at i on dafesirhd Bodugt.but y| Oxynet hyl Carbonate of PMPA
Butyl chl oronethyl carbonate. A solution of butyl alcohol (50 mml) and 10

chl oronmet hyl chloroformate (4.5 ni, 50 mmol) in diethyl ether (200 nlL) was

cooled to O[err] C under argon. Pyridin ! , 50 mml) was added
dr opwi se10 Wi th st iSynthesiove BiSnipropyT Oxyehyit Cafbotase oF PMEA at Oferr] C
for 15 mn, then allowed to warmto roomtenperature and stirred for
three additional hours. The_ether solution was filtered, washed with 1
MHCI, and then twice with 15 ter, driedyidine MySOH4, filtired, and
concentrated on a rOL_ry oy &pgy. & g:z% ~0 O/LCI
84%
NH,
B DIEA
NZ N DMF
L 50°
N N ) 24 hr
L 16%
k/o\/l.)‘OH
OH Y
NH, -
LI
\N N

O O
A
K_/O\/Pro o~ o
: o O\ﬂ/O\/\
T
Preparation of propyl-1-chloroethyl carbonate. A solution of propyl alcohol

15 (70 mmol) and 1-chloroethyl chloroformate (7.6ml, 70 mmol) in diethyl ether
(200 mL) was cooled to 0°C under argon. Pyridine (70 mmol) was added

dropwise with stirring over 5 min. The solution was stirred at 0°C for 15 min,
then allowed to warm to room temperature and stirred for 4.5 additional
hours. The ether solution was filtered, washed with 1 M HCl, and then twice
20 ~with water, dried over MgSQy, filtered, and concentrated on a rotary
evaporator to give propyl-1-chloroethyl carbonate (9.8 g, 84%). Anhydrous
PMPA (0.3 g, 1 mmol) and DIEA (0.7 mL, 4 mmol) were placed in anhydrous
DMF (2 mL) under argon. Propyl-1-chloroethyl carbonate (3 mmol) was then
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gi ve butyl chloronethyl carbonate (7 g, 85%. D butyl PMPA
carbonate. Anhydrous PMPA (4 g, 13 mmol) and DI EA (10.5 nm., 60 mmol) .
were pl acedy) ﬁda drous DMF (40 niL). Butyl chloromethyl 20 P(‘qu,l%g i’:% 4(40
mol ) was then added and the suspension stirred at room tenpérature
for 48 hr. act.i was then heated to 50[err]C for 18hr. The DIVF
was renoved 6&‘1%5??8@ ‘?V%‘?HEB?‘SPOSF{” @t PREC fendd Lﬁﬂ The QYIF waggemoved on

bet ween CH[ ea rp@iry eviapo¢£66, ard than deawatoey péﬂﬁmmﬂ)betmn@lﬁgﬂli eh@aviter.

| ayer was we : . . 50
98] 04569 ?H@@HzClz layer was dried over magnesium sulfate, ﬁBEFH’J@W/ 13244

once wth satencgntiated veousotayiEeepodaiosd Theeresidumesisuakenhipairemethylene
filtereds anghlegidead appneapmoa SiREAEY ARN Bi50F slc'iﬁlﬁ Ft%Asdél%téQ@M}@W up

7 e ™ LR 5 EPIEAE ) bae ers A eyt

0, 3h6 9,12 ni&}lﬂ)&%e( ﬁhd)theao&PEtmeH]L 1% tsupaebfsa/ﬂuﬂrh@ ﬂékIWIbﬂ@ chigridé.hen
2000 n
fracti ons wenePoRiel BRERGY. bhr SRS 25 rraprirted o e PR YR Brediptpauct.
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Exanpl e %10 Synt hesi s of Bis-n- propyl Oxyet hyl Car bonate of
PMVPA 1 [err] Example 6

Synthesis of Chloromethy! Isopropyl Carbonate

To a cold solution (approximately 10°C) of chloromethylchloroformate

(65 mL) in diethyl ether (1.4L) was added isopropanol (56 mL) followed by a

15  dropwise addition of pyridine (60 mL). After the addition the cold bath was
removed and the reaction mixture was stirred for 18 h. The reaction mixture
was poured into a separation funnel containing cold water (100 mL). The
ether layer was separated and washed with water (100 mL x 2) and then dried
over Na504. Evaporation of the solvent furnished the chloromethyl

20  isopropyl carbonate (107 g, 95%). Chloromethyl isobutyl carbonate,
chloromethyl neopentyl carbonate, chloromethyl tert butyl carbonate and
chloromethyl 3-pentyl carbonate are synthesized in a similar manner.

Example 7
25 Synthesis of Bis Isopropyl Oxymethy! Carbonate of PMPA

To a stirred suspension of PMPA (7.26 g, 0.026 mmol) in DMF (100 mL)
at 50°C was added EtaN (10.8 mL, 0.0778 mmol). The reaction mixture became
homogeneous and chloromethyl isopropyl carbonate (12.1 g, 0.0778 mol) was

30 added to the reaction mixture and stirring continued at 50°C (oil bath
temperature) for 20 h. The solvents were removed under reduced pressure
and the crude was chromatographed on a silica gel column. Elution with 10%
isopropanol in CH3Cl; removed all the non polar impurities. Further elution

with the same solvent mixture furnished the prodrug, 1.3 g (approximately
35  10%).

=

Example 8
Synthesis of Bis Isopropyl Oxymethyl Carbonate of PMPA
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Preparation of propyl-1-chloroethyl carbonate. A solution of propyl alcohol
15 (70 mmol) and 1-chl oroethyl chloroformate (7.6m, 70 nmol) in diethyl
et her (200 nL) was cooled to O[err] C under argon. Pyridine (70 nmmol)
was added wWQitsHies%Se with stirring over 5 min. The sol uti on rEBUSH7IIBI4@d
at O[err]C for 15 mn, then allowed to warmto roomtenperature and

stirred for 4.5 addid hQRdled sus Ao ofTiﬂmeA*afr %@w&m‘e&)\éﬁﬁaﬁdﬁ sgig}q 'were

washed with 1 ried

H d
filtered, and? glgﬁge%tﬁggfl‘eﬂ“ir ]aQV\%]oFHFQI) and 6@159581"%?(”6}’ ‘tSBPﬁﬁ’Rbé carbonate (1.67
propyl - 1-chl orgoéﬂﬁylmumlmoﬂ"atzeeé@zn& gnixBdtd wabithgdrdilifed witRMPAs D%( fkelate, (100

mlea gpgor?l Eé\%)gaXd ?or oe!t %fi}\#ﬁggrﬁiona?g‘%d;mm&%tg @ ¥R ahd fmf)“}’

51 yrmg@gmL) The crude obtamed after removal of the solvent was
PCT/ US97/ 13244med unaefd%qcm fRe SHSRSH @ml vwid arsgng% épissgai%gamrw%ﬂwr -

The DMF was re tar vapor,

partitioned bégaé'é ’@{’Qr(?f@ﬂ r‘?’fgaﬁgea/a mlxturqmasgqréqgcff@ lehat rpatper
was dried ovetempgresieandithéatepldd td 81@d Tharsktoduct eancepbiadlizsl 8fid arystals
rotary evapor t-ak pin methylene 5 chloride and
applied to a g\hq:'ecf%i];@}@ij a%a gHgde@pg%S? err]). It was eluted wth 100

m. CHerrl@® [err], 50 m. each 3,6,9,12, 15, 18% (v/v) isopropanol in

met hyl ene chiori de, and then with 2@,{%&%1 4% i sopropanol in nethylene
chl ori de. Appropriate fractions were po and evaporated to give the
desired product. 10 Preparation of ch oromethylcarbamagganm e 6

Synt hesi s of Chl oronethyl |sopropyl Carbonate To a cold
solution (approximtely 10[err]C) of chl oronethyl chl orof ogmat e (65 nL)
in diethyl ether (1. 4L) s added Y'sopr opanol (56 nmL) fol UQMy a 15
dropwi se addition of p ne ( A’ne addkt/‘qq t cahd bath was
renmoved and the reacti xtur sti lreqj; 1 THe reaction m xture
was poured into a separa®ion funnel cont ai ncapcepl d (100 m.). The

ether |layer was separated and washed with wa‘t-ET (100 m. x 2) and then dried
over Na[err]SOerr]. Evaporation of the sol 926t furnished the chl oronethyl:
20 i sopropyl carbonatﬁ (107 g, 95% . Chl oronethyl isobutylOcarbonate,

chl oronet hyl neopent ylyg carbonateO chloromethyl tert butyl rb(y)\ate and

chl oronet hyl 3-penty bonat e e_synthegpped in_a INar ‘@annéy.
Exanmple 7 25 synt&ksi sOof ~ Bils TSpEPPY P ynetlhyl Carbonate of

PMPA To a irred suspension of- IVE 0.026 mml ) in
DVF (100 ni) at 50C was added Et 3N (1 o ) 0 0778 mmol ). The
reacti on m xture becane honbgeneous ag%/c oronet hyl isopropyl
carbonate (12.1 g, 0.0778 nol) vvas 30 add fo the reaction mixture and
stirring continued at 50 C (oil th tenperature) for Z» h. The
sol vents were renove redu d pressure and the cd@e
chr omat ogr aphed on 8<‘SI ;I ca gel upas, Elutpgmy with 10%-N "®SopCopanol
in CHerr]dJ[err] d alfi €he rfen p(glar mmlt?es @ther el ution
CH,Cl,
0°-RT
15 95%

A solution of the amine (24 mmol), DIEA (30 mmol), and DMAP (.5
~mmol) in methylene chloride (5 mL) was added dropwise to a cold (0°C)
solution of chloromethyl chloroformate (25 mmol) in methylene chloride (45
mL) over 5 min. The solution was allowed to warm to room temperature
20 over 1.5 hr. The solution was diluted into ethyl acetate (100 mL), and washed
>with saturated sodium bicarbonate, 1 M HCl, and saturated sodium chloride.
It was then dried over magnesium sulfate, filtered, and evaporated to give the
desired chloromethyl carbamate.
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with the sane solvent m xture furnished the prodrug, 1.3 g (approxi mately
35 109. Exanpl e 8

Synt hesi s vad o8lbsed SOpropyl Oxynet hyl Carbonate of PMPA PCT/US97/13244

52 WD 98/ 04569

PCT/ US97/ 13244 To a stirred suspension of PMPA (1 g, 3.57 nmol)
in DVF (5 nL) were added Et3N (E£x8male1909 71 nmol) and chl or onet hyl

i sopropyl car bona$gnthksBof Bis MgrpHetind ORyehethyT IGarbeaclké on PNIRAUr € was
then diluted with ethyl acetate (100 m.) and filtered. The filtrate
was washed wth water (2 x 50 nL) and finally 5 with brine (10 nL). The
crude obt ai ned er renoval of thepsol vent dri ed under vacuum
The resulting ojl *was dissolved in jlsopropanol] (¥ ml) and citric acid
(260 nmg) was ANfdeg—Nhe m'xture@ i rPed X6 Nh at room

tenperature a coo:ded to r]C. The 4 was_cfystallized and
crystals reki/bteped and _dried . Np 76- r]cC. Q

Exanpl e 9 -~~~ "OH DRIFepar ati on of chik aFrBCh?I@a es

15 fr]  pEa A solution of the amde ($24 nmol),
DI EA (30 nmmol ), and DVAP (.5 RTmol ) in methyl ene chloryde (5 »Was
added dgopwi se to a cold (O[err]XYays solution of chlorornethyl

chl oroformate (25 nmmol) in nethylene chloride (45
Anhydrous PMPA (0.3 g, 1 mmol) and DIEA (1 mL, 6 mmol) were

placed in anhydrous DMF (2 mL). Chloromethyl morpholino carbamate (3
mmol) was then added and the suspension stirred at room temperature for 3

10 days. The reaction was partitioned between CH2Cl2/isopropanol and 0.1 M
citrate buffer (pH 6). The CH2Cl2 layer was washed with water, dried over
magnesium sulfate, filtered, and concentrated on a rotary evaporator. The
residue was taken up in methylene chloride and applied to a silica gel column
(5 g Si0O2). It was eluted with 25 mL each 0,3,6,9,12,15,18% (v/v) isopropanol

15  in methylene chloride, and then with 100 mL 21% isopropanol in methylene
chloride. Appropriate fractions were pooled and evaporated to give the
desired product.

20 Example 11
Synthesis of Bis Piperidino Oxymethyl Carbamate of PMPA
NH, O NH:
) /lk N L8 d
N7 N N O a N ] N
NS Q NN o
NTON 0 N N Q@ }
O-odH omF O~F1o™0 )
: DIEA )
- RT 2
25 Anhydrous PMPA (0.3 g, 1 mmol) and DIEA (0.7 mL, 4 mmol) were

placed in anhydrous DMF (2 mL). Chloromethyl piperidino carbamate (3

mmol) was then added and the suspension stirred at room temperature for 3

days. More DIEA (4 mmol) and chloromethyl piperidino carbamate (100 pl)

were added, and the reaction stirred for 27 hr. The reaction was partitioned
30 between CH2Cly/isopropanol and 0.1 M citrate buffer (pH 6). The CH2Cl2
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m.) over 5 min. The solution was allowed to warmto roomtenperature 20
over 1.5 hr. The solution was diluted into ethyl acetate (100 nlL), and
washed wi th saturated sodi um bi carbonate, 1 M HCO, and saturated sodi um
chloride. WO90G4588as t hen dried over magnesi um sul fate, filt 8EEHSIHIIA44
evaporated to give the desired chl oronet hyl carbamate.

33 Y@e?&(r%é@%d over magnesium sulfate, filtered, and concentrated on a rotary
PCT/ US97/ 1324 . . K . Eranpclrsﬁ 10 .

Synt hesi s of CERROTPHh SNEAESEHFINERRKeR MPa i Met By 9pm ghdoride and appligd tp a
Anhydr ous PMBiicaGeB cglurtinrthng $iCGnid IDivEs €lirited wibh 2Boh]. eaehd,3,6,9, 10, H5880%i n

anhydr ous . r.onet r -,n0 r te,( ) was
t hen added a ﬁ;€)h§%§ﬁ%%¢l@i 13123\553?%( lree .‘QPB%‘ngaﬁg&g‘egZ‘f’ﬁP eﬁ?oofn%gt{%" days.
The react¥ onisepsopane] i oreshylesevwidaride) efApporprnty friastipne peerel penlddand M
citrate buffeggibeidté&d _{ogiw@egl\-g[gégi}@[fﬁ-bahci_ayer was washed with water,

su

dried over gnesi u |fate, filtered, and concentrated on a rotary
evaporator. The resi due was taken up in nethylene chloride and applied
to a silica gel colum (5 g Si ( errBXample s eluted with 25 nlL each
0,3,6,9,12,15,18% (v/v) isopro I ' h ne. chl ori de, and then
with 100 nL 21% i sopropanol i n%%ﬁyq}%r?g%tgq?:‘ﬁ%%’??%@?e%ppropri ate

fracti on¥0were pool ed and evaporated to give e the desi red product.

a solution of chlc@é@a‘i@h?lcﬁoroformrate (42.%6 S tﬁ?%lﬁﬁ@f’; Bbs

20 To

B TS« Gl SRkl 2-0ne 4 pmbspion spomge (10 5 1S
reaction mixture was stirred for 18 h and then it was poured into a separation
funnel containing cold 0.5N HCI (100 mL). The CH2Clp layer was separated

15 and washed with water (100 mL x 2) and then dried over Na3S0;.
Evaporation of the solvent furnished the chloromethyl tert butyl carbamate (8
g). Chloromethyl n-butyl carbamate (R =n-butyl) and chloromethyl dimethy!l
carbamate (R = Me) were prepared in the same fashion.

20 Example 13
Other Oxymethyl Alkyl Carbamate Prodrugs of PMPA

To a stirred suspension of PMPA (4.51 g, 0.016 mmol) in DMF (50 mL)

was added Et3N (6.7 mL, 0.048 mmol). The reaction mixture became

25 homogeneous and chloromethyl tert butyl carbamate (8 g, 0.048 mol) was
added to the reaction mixture and stirring continued at room temperature for
3 days. The solvents were removed under reduced pressure and the crude
was chromatographed on a silica gel column. Elution with 10% isopropanol
in CH>Cl; removed all the less polar impurities. Further elution with the

30 same solvent mixture furnished the prodrug (1.25g). The n-butyl and methyl
carbamates were prepared in the same fashion from the intermediates of the
preceding example.

Example 14
35 * Chemical Stability of PMPA Carbonates

The solution stability of PMPA carbonates was studied at pH 7.4 at 37°C
in 10 mM buffer (NaH2PO4 and NagHPOy4) with the total ionic strength
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pl aced in anhydrous DVF (2 mL). Chloronethyl piperidino carbamte (3

mmol ) was then added and the suspension stirred at roomtenperature for 3
days. More o 5godsfo ™ol ) and chl oronet hyl piperidino carbama rjl)
were added, and the reaction stirred for 27 hr. The reacti on;’%)"51%9791:’w“r
partitioned 30 between CH[_e_rrIlCI [err]/isopropanol and 0.1 Mcitrate buffer
(pH 6). The? ﬁchq?JSMwnn Cl." The assays were performed by adding 200 puL of a

WO 98/ 04569PMPA carbonate stock solution (about 1 mg/mL in DMSO) to 10 mL of pre-

PCT/ US97/ 13244.. i i | f at iltered, and
concentr at e%é‘glrlllbéatreéﬂt g’?‘?& %ggﬁi:ﬁ)ggg}%\g% “ﬁmﬁ%gr}gé‘?ﬁ’?ﬂzékﬁgecﬁé%&h‘%géﬁﬁis o
met hyl ene chN@@nalyzeddoyfiiiGd Tihe chemicaki 112 s eppiresseiduimtetmisofSher) . | t
was el utmd %Hb&%f%ﬁ%cr@ggiédﬁto%}l&ol 26809 of th%Vc’a\fQ;ohﬁQp{thﬂ%g% etcftg%dene

nmet hyl ene chloride, and then wth 100 21% I SOpropano
chloride. ABpropriate fractions were pool ed and evaporated to give the
desired product. Exanple 12

O her Carbamate |Internedi ates 10 x 'li a solution of

chl oronet hyl chl orof ormate (4.16 nlL) i r‘?—% [erre] (30 m.) were
added tert butylOmtiBieayailability ohRYIBAciroh PMBAJcarbbdatps. inTBergle Dogseact i on
m xturejgvas stirred for 18 h and then it was poured into a separation
funnel containin ld 0O Cl (100 mL)., The CH err]C[err] layer was
separated 15 an I\&géh@d[(ﬁygRME?‘OPQWthﬁxX)PZ?PHHGd?W@ﬁ) dﬂﬁeﬁx’ﬁ’v‘ér

Na[ er [)] Sql etdrbonates wEV@E%rﬂiﬂ\éHlt@ﬁleté’}ﬁ\i&@Lt‘lﬁlQr&ffeEUbﬂ:d%B@@)tr)\tﬂ@ chl or onet hyl
tert buty : Chil or . N- byt car bamat e. :

=n- but y! ) aﬁggg‘ﬂgg‘%%ﬁégﬁ@f’f Ei‘\’?}% h‘%%eagqg%tc"&%bﬁhﬁ?g‘%’ﬁ?r:&h‘?e@%raégﬁhébé}f ed
in the sane’MBAifeHowing oral administration to beagle dogs. Exanpl e 13
Qther Ogymet hyl Ahkyh ﬁ%h@ﬁ?ﬁ?%e'%ﬁ’g& theSfzeBM/Gilead Sciences. 10 @ stirred

suspension of PMPA (4.51 g,° Q. 016 m"m?Ilg in DVE(5 ) was. added Et 3N
(6.7 ni, 0. 3o pirisaafin ot RbgiRhale dIRATIE) WasrRf@Res $roIRd
chl or onet hyFluler {(Rdnkghkoras bgt eAcstomitrile O48s obtainv@Srom Baxadded to the
reaction m I { M Hq00. L Nk rgomtenmperature for. 3
days. The sol vgg?g&\?\’/eggs'r ?r_lrkg%ség%&%%i%lrﬂsg‘eﬁhgsé%‘a??'eg‘gﬁr}?é 23N ?tﬁthl(‘ffrhde
was chronat B§Paphes. andasodinmcaceiele tiiidnate Ware iobtainedHraovMalbipelopatiol
in CH ez0] Ctia, ]KY)$r@hﬁﬁoﬁ&étatd&ﬂ@&g&@hﬁhokéﬂwEil:ta'chS(TIEN;W@E fROMLT ON
w th the BOAIJréa (igliveni< m Mre furnished the prodrug (1.25g). The
n-butyl and f’gsl Hwaussfobahdt es were prepared in the same fashion from
t he i ntermedi at dheinttdnenous fopmedetiong usgd sl sandards were isotonic aqueous
Exanpl e 14 38t taining 50 1Cprip £al kit rhenat es
The sol uti ogvﬁut lol:r)lislCiotﬂyal_g{n%D_I\/P,&I\‘(Eyi{ar ong/?pé"g' \A%%%gtghhﬁe%a%%dggg%ﬁa%%@j err]C
I &vater for injection from Abbott Laboratory) and 1N NaOH was added to
25 adjust the pH to 7.4. The solutions were diluted to 15 mL with WFI and
sterile filtered with a 0.2 pm filter. The PMPA dose was 10 mg/kg (0.2 mL/kg).
The intravenous formulation for a 1 mg/kg dose was prepared as
described above except only 75 mg of PMPA was added to WFI and the final
concentration was 5 mg/mL. The dose was 1 mg/kg (0.2 mL/kg). Oral
30 formulation of carbonates were prepared in 20-40% PEG 400/50 mM citric acid
and were adjusted to pH 2.2. Doses ranged from 6.2-10 mg eq of PMPA/kg and
are shown in Table 1.
Two groups of five adult male beagle dogs were used. The mean body
weight at the time of the first dose was 9.6 + 0.4 Kg (range 9.2-10.2). The dogs
35 were fasted 12-18 hours prior to dosing and until 6 hours post-dose. For
pentagastrin pretreatment, dogs were given a single intramuscular injection
of pentagastrin (Peptavlon 0.25 mg/mL, Ayerst Laboratories, Inc.,
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in 10 mM buffer (NaH2PO4 and Na][err]HPJ err]) with the total ionic

strength WO 98/ 04569

PCT/-US97/ 13244 adjusted to 0.15 Mwith KO . The assays were perforned
by addi ng 20809804562 of a PMPA car bonat e stock sol ution ( @kauisod/1srgd Nl
in DVSO to 10 nmL of pre- equilibrated buffer at 37[err]C. Sanples were

d at h
112 15 eiprZEE’é%;‘?% %‘;{é'{?’p%'d"ﬁése of "’W’%@P”ﬁ%ﬁ‘%@y PE Py B e

50% of the caP¥oided he specified
Exanpl e 15 EacrOfc&imtﬁlaaama:thladmwstefedDA/E’Asaxﬁl eFRMBXR t@aﬁbé@ﬁél@%éaﬁ

B | e Do h ho d
ondopvea - dogs Individuglo Vel SbsA e Rt @ifmgﬁég?%&%ﬁ Bt §h8lon

t he Phar Hipe diktraeenaeiss ﬁirnmmnomnw@ea@mudsg_sygd wigardephaliarvdihe The

bi oavai | abi | '61561 Qﬁﬂa nswrPMDaé ddthl¥ieRed @ av%%@ @c%'b&f}v&@lg?ﬁﬂlﬁatgpgs'

15 é rate was synt hesi
Tet rabut yl an‘n’ﬂﬁ?kllﬁﬁ ISk ANB YRS wiash ?‘F’BRFPPdeéS éH@hﬁeﬁle}éIEfWQ@m FI uka
(Ronkonkons, ;Nié}umge@tfmstrl | e was obt ai ned from Baxter (I\/Uskegon

M) . D basi t h h b t h t d

SOl um acet at ot 1 RSP RE S Sy mecrer D PRel P HikErbine ot gl fOm gash

Chl or oacellal dutigrd iatel hepafinicad fdets. ¢ Aagirtlg Tempivet eohisdous throwglchsutcme

(M Iwaukee, Walnple collection p-g? d. "BIGENA ‘é foRbBe Hx?n didt 353533
q% utions con it R

were isotonic ?OUS I Nl n npou d
added to 10 rfengifugationg ZQ%{%P fog 10 w%‘ewo ﬁssr@msmmheg vm@ofrrazm 91)1dand

1IN NaCOH was aﬂdﬁdak@(ﬂ& @,cﬂoagtuﬁmea f;@d7 4. The solutions were diluted
to 15 nL with WFI steri mfllter The
PMVPA dose was 10 7‘!96 S(aﬁ“f?leﬁt“feffﬁ)ml ected §%er’ tzt?‘rf‘é“?ag 4%\/1%: SSHTEIRRICHAS on
for a 1 g kdUdnesamgslepinpartedt and 24-48 desus iviomd dilviled axhoeqithm‘tls;aniﬂS ny
of PMPA was added EQse\AHmemg vtoh@n'ﬂcé Eb"llected anPa 2k Og&éc?tt Qﬁb&@ﬁm% B6The ofhe

dose was 1 2 O al formu onat es were

prepar ed m%%@f%%q r%M”&?tdrqu‘&Ql‘£§ ours.and were adjusted to pH

22 Doses ranged fl?rotmauzmﬂmm afd UfneNRA¢ Klgte&ﬁdned as fallewsNOPNEA 1(h42ﬂ e
e nmean

f . f | d.
body _ weili PR PR R DRl AR Es gt 85 e 835l (+ ange
9.2-10.2)0 Trﬁéardb@rsl 85 batbramatyeesedHetorsl tanaesitmmtioor of BMIvsiinglagnplasnta br 6
hours post - daggne Effples waQQfétt@tgﬁ?ﬁe'a'Byﬁe@fJa?&ﬁﬁgWPgoﬁdwg gbvgg'«n a/rTL

Z;g?ls? Lg;g?%cﬁé@géta}l&éﬁ Céel ?onyleld a glgl’Hyr} uoraegcent N Pegte%gler?gadenme
derivative as described (Russell, J. et al. (1991) Determination of 9-[(2-
Phosphonylmethoxy)-ethyl]Adenine in Rat Urine by High-Performance

25 Liquid Chromatography with Fluorescence Detection. ]. Chromatogr.
(Netherlands), 572, 321-326.).

Sample Extraction for PMPA in plasma and urine was performed as
follows. Plasma (200 uL) and internal standard (20 pL of 10 pg/mL PMEA
providing a final PMEA concentration of 1 ug/mL) were mixed with 400 uL of

30  acetonitrile containing 0.1 % TFA to precipitate protein. Samples were then

“evaporated to dryness under reduced pressure at room temperature (Savant
SpeedVac). Urine samples (20 nL) and internal standard (30 pL of 10 pg/mL
PMEA providing a final PMEA concentration of 1.5 ng/mL) were used directly
for derivatization without drying.

35 * The samples were derivatized for analysis as follows. Dried plasma
samples or urine samples were reconstituted or mixed in 200 UL
derivatization cocktail (0.34% chloroacetaldehyde in 100 mM sodium acetate,
pH 4.5), vortexed, and centrifuged for 10 minutes at 14,000 Irpm in an
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PCT/ US97/ 13244 Phi | adel phia, PA) at a dose of 6 [err]g/kg, 20 mi nutes

prior to d ter was provided ad lib. Z&é)

f or mul atloﬁ%\%gb ?ﬁ?ﬁ m nistered as a single dose to five nale tfgg 7713244
dogs. Individual vials of each fornulation were provided for each aninal.
5 The i nt r abppendofforentriftged4fids Saperntent atasdtheharanderkd| oo vlean scitve

or al suspenéa PBHAIRY @h&;&{t@ai AY542Y89%0 xﬁﬁhk&\ﬂe@emaw@d $8miPres AR

washes. e week washout periodq was allo

N i st rat ﬂsﬁ%checp on ice and e"BPé’é%ltegafr?p Baesy U@dﬁt)reéléﬁ%a,\géﬁséé? aHregm
direct j ugu{eaﬁ aceess Dripad saﬁﬁblebowemrémhsnfut@d he oo i Mobilé PRase Anjsedl s

b ocessel | Rua Ay er Y Sentifuged fof HBnfuith 46T BAP RBALIDE™, o ror 10
m nutes. Pl Eppandarpreetwﬁage 5403z ehheasipernatantavas Hheretransfdread 1o - 20[ err] C

until anal yg,gq)m ector wals for Hm@paﬁg;g@{ses were col |l ected over 0-24 and
24-48 hours ti magerl od Urine

les fro 4 a hours were
divided into ali St%laélﬁ‘a an u“ﬁ‘?)@é‘@“ é‘ﬁFrSr?Qa&ﬁﬁgPM#&g]eélwg ted and
anal yzed toFliﬁiresd‘ﬁN&é Détettidn ab followsPl\?H& HRW eysieni eomipisedea Modehg 0- 48

(65 10 Pap0n solSiB? defyEr T 8] %%‘%aﬁaeﬁ@o”ﬁ@%%@?ﬁ RufgtidiTonng & Rodel
i nt ernal 20F2@@(hﬁbmr¢s¢mebdttem{MO Shpatadical, S@nn}mea,t Cat)i drheotolBNRA | n

dog plasm I PR i and
PVEA with Wasaz?%%aggt(g hyde to }égeel dr?l?i hi (Eméﬁ?u%}?%%%éegf&dam

N[ err] - et heRBRERASChwIth a Brawnl¢e RS Wﬁ.m m}slgw um, 1y X 2
(1991) Det ermpéallescrofDéerfieRt, IL). ThehewbhlemHayes b@éa)w@ztehwl]z&;daaemmrnel?at

U by- Hi gh= 25, Liquid

et oct i L+ 0 25ip b RPREs R hosplids piifleh TR SLABRBALD, B 6 ¥ B85
Sanpl e Ext r acgtopitrilein QWF!AM posssiwm phosphataduffes WithfOnMEdTRAHP, pH 6.0.
follows. Pl aseed0Qté %rsl L5 Iawmat @ﬁ@ahe%bmmart@ bl hs erf.al;@amed

err]g/nL PIVEA r ovi entrati e
\[/ver e] g’l xed & PR G060 {é?’r“ﬂlﬂ e§0 + §f%‘$¥EAF léo‘ﬁea|1R§‘2’ng*11*1‘£% ghﬁlL-\q‘t
preci pi t at ethgroh dinear Sorapliers memé)% fBeby 13.0 auapmsatadxrhmgjrmneﬁsamr}d&r
reducedypr egggg s at sarrpl es
(20 [er B L) 1ond *.\m%%t‘r%gﬁbé?i%ﬁﬁf%“{o%s% il F"i‘gﬂ; W‘?é? ah R
provi di ng aePipEPn AVEROckime andr e siedionvelures wWag/ IR ) Lne ‘étail%@iediméct ly
for derivat paatéanirye étmtw@lgy,sriﬁm 3Pata was acqiifted SO EedBY @ PRIK FRS | zed

for anal ysi as follows. Dried or urine Sanples were
reconstitut &' ?C‘Hfls?ﬁbor} siee }%ﬁ?ﬂan’ Palodil?%‘tg‘?zatl on cocktail (0.34%
chl or oacet al dehydiei phaofacMisetic praragetersefor intravphods snd owmlt exed, and

gg}nt rifyged f(gr‘?f\ul]a% EWW@ ahd PP A RAMbShAs were assessed using non-
PCT/ US97/ 13ggmpartmemal methods Intravenous data were analyzed using PCNONLIN
Model 201 (5); oral data were analyzed using Model 200. Additional

pharmacokinetic parameters were calculated as follows:

30 CL = Dose/AUC (0-e) ; where CL is the total plasma clearance.
Vss = CL x MRT ; where Vss is the apparent volume of distribution at
steadv state. MRT is the mean residence time.

The initial plasma concentration (Co) was determined by extrapolation of log
35 transformed data to zero time. Bioavailability was expressed as

AUC(0-%0 ) oral or prodrug
AUC(0-<0) intravenous

Bioavailability (%} = 2-x 100
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Eppendorf Centrifuge 5402. Supernatant was then transferred to a clean
screw capped tube and incubated at 95 C for 40 m nutes. Derivatized
sanpl es were guenched on ice and evaporated to dryness under reduced
pressure at VR A/04563 enperature. Dried sanples were reconstit UREHUSN/12D8
[err]L Mobile Phase A (see 5 below), vortexed and centrifuged for 10
mnutes at 140@Gknyprecoverywas exprpeadiasf Centrifuge 5402. The super nat ant
was then transferred to aut ol nj gg{@gnt\/@

The plasma and uPriRarE Kespeerynwshe=anaryzgg

?'Fo sol vent
delivery systemvmth a Model AS3000 autoinjector and a Model F2000
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equi pped \?\ng( t h%\gergrcgﬁ IJEH]FEH t8P Rﬁﬁﬂ 2y ég/l& 1081 ¥ﬁfs(19n[4e(fﬁq%f“'i forghe
m) (Al |t ech, StaisticabAaalysis) . Ailﬁhedmﬁbnlcepqahhs:esBerkekéyv\Erﬁe AP 28hue of < 0.05

acetonitrile {ms édhszéerg&’lg@gﬁlﬁghym phosphate buffer with 5 mM TBAHP, pH
6.0; B, 65% acetonitr In 25 mM pot assi um phosphate buffer with 5 mM

TBAHP, pH 6. 0. The flow rate was 1.5 nL/mn and the columm tenperature
was mai nt ai neBiologicabttl BB aDdsg GvRY was6btaied¥RBh 118 Mﬁ% n Pey 11 e was

100% A un a line radi ent 0% B b

ni nut es, iéet umvglrllynﬁéai a{tlgf"g/p‘f)g‘oﬁ?na%&’%sﬁreﬁéf“é}:?‘? ‘f‘U&‘r escence
with excitati Qnof@FOQSQOngcwas rinsedithséeotimes with mesppohhdomrel i nj ection
vol unme was 505([)&1&&1]1!/- othQLidim ‘fa\ffblsghsfengu er ang%aﬁﬁgehmegc\%'xt n$ V8§40 M.

Data was acquiled &tore ul'sitfon system
(Beckman, Pal ‘SRPF(‘J‘ZQ Pmogemzef VWRrﬁ@%%Qé%cESh?d&m@gmatsrm’taers f or

i ntravenous anehteifage®at 9000 gyl H00ONEoAf fol eﬂﬂ@rPN@ﬁtr@MglécBl@QeBnmﬁﬁann

anal yzed i nideRoREs Wgﬁggﬁ)&ﬁ\@?%@% CapF B rminlss a ik SRATaR PV eS| ng
Model 200. Adgt?%lgﬁﬁéﬁd as the Phérartiook iThet doncpairatioh erfsproteia inathelSafradtias
follows: 30 was deterrg-ne'_d @glaﬁ% f{Qd[l\?\i} dibih @@‘ﬂﬁf Rit Ct} Wit Bgvfr}%t .@r}xu asma}

cl ear ance. gg ere VSs’i s the apparen
di stribution apumin a%%*ea&w teraggactivity F‘l‘éasrﬂ%ltﬁrmé%ﬁfcﬁ@ﬁ% ¢inigophenyl

The initial pbagmatcanodsirase and a(cﬁ@)ty\/\ﬁﬁs delcalatedods&y oaxheaneleatd an of

!AfJgC( 85[erir(fl 5%%&?gn9@5?4gpnﬁeﬁﬂe{ﬁnpﬁm Rguk?a't%oanblbibe )/vas CXRLETned sfored
PCT/ US97/ 1324ﬂ5 lﬁiqu%/afr'éédﬁery was expressed as [err]

Intestinal Homogenate: Dog intestinal segments (jejunum/ileum) were
obtained fresh from Pharmakon USA (Waverly, PA) and intestinal
25 homogenate was prepared as described for liver. The intestinal homogenates
were stored as 1.0 mL aliquots at -70°C.
Human intestinal homogenate (S9) was obtained from Keystone Skin
Bank (Exton, PA) at concentration of 20 mg protein/mL.

30 ”Study Design: Enzymatic stability studies involving plasma and intestinal
homogenate were performed with 90% biological fluids.

Stability Measurement: One blank (drug free) incubation was performed for
_Leach biological fluid. All biological fluid tubes (open) were preincubated
35 without PMPA prodrugs in a shaker bath at 37°C and 100 oscillation/min for 5
minutes. PMPA prodrugs was added to the test incubations (final
concentration: 20 ug/mL), mixed and maintained at 37°C and 100

oscillations/min. Samples (50 pL) were withdrawn at 0, 30, and 60 minutes
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Oral bioavailability of t-Bu, 3-pentyl, isopropyl, Et carbonate paraneters
5 were conpared by unpaired t-tests (StatView Version 4.0, Software for |
t he Statistical Analysis. Abacus Concepts, Inc., Berkele CA) AP
val ue of [ &9 P8RsseY was consi dered significant. B‘?%‘i’%ﬁ’ﬂdﬁ“t |/ 2:
Dog liver was obtained fresh from Pharmakon USA 10 (Waverly, PA). Liver
honpgenat e wad theapactisn fwads| qudrred witantir gil. of 0.1%rtoifleeebacebiegadid VEFApaS
rinsed thre hAce- h

buf for and RoSaon Sl R et were c P RS SN ERL

33995- 060) . rAMeimhandRReAderidsentrifuge efdiangythe spegDamy V(asmsesb Ir pm f or
Eppendor f CQmE@aug,s{g}OZ Bri nkmann 15 Instrunents, Westbury, NY) at
4[err] C for 20 m nut'es. The supernatant was desi ghat ed as the S9
fraction? The concentration of protein in the S9 fraction

det er mi ned @alagatioBso- Radeﬁfonmwbahssawe(obsdwed\natekrdurstamtefoseiqumdanon

al bum n as bhbY% Iy nyl
butyrat e as 2 ”%%%ea%%ﬁ%ﬁ%ﬁ%}% Qé&%@?ﬁ?%%e% BEEMPA NI é%%%%‘é%e in
20 absor bar‘i’é’éeé‘fulwaﬁ’fﬁ“a(‘”ﬂ@ }le ﬁ’el‘NE% Beerved datorenpdank dobabr e
stored Te HalPlifd wals Gi@tlated accORBRIg IdCthe fonomh%t&;‘alamﬁi Hormpgenat e:
Dog intestinal segnents (jejunumileum Were obt’ai ned fresh from

Phar mak USA (Waverly, PA) and intestinal &om)genate was prepared as
described for liver. The intesting, ngm:}gena.t&é__ were stored as 1.0 nL
aliquots at -70[err]C n I'nt eskobwal honpbgenate (S9) was

obt ai ned from Keystone Skin Bank (Exton, PA) at concentration of 20 ng
protein/nmL. 30 Study Design: Enzymatic stability studies involying plasma
and i ntesti dhthe Obserﬁé%étﬁn‘é%’@t%%tr%’ p?&rgﬂa?r%?ﬁ Wﬁbﬂe%%a&l Bpéd’f‘{é‘a;{ ®en ds.
Stability Nﬂaﬁmmaﬁﬂpres@ékﬁeabbtable (dr ug free) incubation was perforned for

35wt Aour puea ot of S8 bERRE gk shOdST R BRI RRS G, ' "

oscillation/mn for 5 m nut es. PMPA prodrugs was added to the test

i ncubations (final concentration: 20 ,[err]g/n), m xed and mai nt ai ned
at 37[err] C and 100 oscillations/mn. Sanples (50 [err]L) were

wi thdrawn at 0, 30, and 60 m nutes

59 WD 98/ 04569

PCT/ US97/ 13244 and the reaction was quenched with 100 [err]L of 0.1%
trifluoroacetic acid (TFA in acetonitrile. Quenched sanples were
centrifuged for 5 mnutes at 14, 000 rpmin an Eppendorf Centrifuge 5402,
and t he supernatant was used for HPLC anal ysis. 5 Cal cul ations: For
each incubation, the observed rate constant for degradation was

calculated by plotting the 1 og of the peak area of PMPA prodrugs versus
time of incubation (mn). The slope was the observed rate constant (kobs).
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|ife was cal cul ated according to the foll ow ng equation:

The hal f

[err]

If the observed rate constant for degradation was |ess than 0.01

The results of
PCT/US97/13244

15

t1l/ 2 was expressed as stable.
e shown below in Table 1.
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Example 16
Antiviral Activity of PMPA and PMPA Carbonates in Tissue Culture

PMPA (9-[(R)-2-(phosphonomethoxy)propyl}adenine) and PMPA
carbonates were examined to determine their activity against HIV-1. The
antiviral activity of the carbonates 5a, 5c-g against HIV-1(IIIB) was determined
in MT-2 cells and the IC50 (50% inhibitory concentration) and CCs(
{concentration to kill 50% of the cells) values were measured. The carbonate
prodrugs exhibited increased potency (about 2.5-500 fold) compared to PMPA
(Table 2). Although cytotoxicity of the prodrugs also increased, the selectivity
indices were improved compared to PMPA. The increased activity can be
attributed to increased cellular uptake of the prodrugs followed by effective
intracellular conversion to PMPA, which undergoes subsequent
phosphorylation to the antivirally active diphosphate metabolite. The t-butyl
carbonate 5d exhibited only 2.5 fold increased activity over PMPA with
reduced selectivity possibly due to chemical instability. The antiviral activity
data indicate good permeability of alkyl methyl carbonate prodrugs into cells,
possibly due to their increased lipophilicity. The partition coefficient values
support this hypothesis, with all prodrugs being more lipophilic (logP = 0.6-
3.2) compared to PMPA (logP = -2.5).

NH, NH,
d N C N
LY vy o
NN Don SNTTN 2 o—~o-h,
O~ on O O~ O\ R
CH, CH; o
2 5
a. R = -OFEt
¢. R = -OBu'*°
d. R = -OBu*
e. R = -OPen"¢®
f.R = -OPro**°
g. R= 3-OPen
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Antiviral

Activity of PMPA and PMPA Carbonates in Tissue Culture

PMPA (9-[ (R) - 2-(phosphononet hoxy) propyl ] adeni ne) and PMPA 5 carbonates were
exam ned to determne their activity against H V-1. The
activity of ¥ Wahonat es 5a, 5c-g against H V-1(111B) was FETPIITAE
in MI-2 cells and the I1ferr] (50% i nhibitory concentration) and C( err]
50% of the cells) values were neasured. The

(concentration to kil
car bonat e
conpared to

i ncreased, the selecti

i ncreased activity can be
t he prodrugs foll owed by effective

et A%t

xhlm
éO%ya

vity

edl

AR RO BRCPYO et a? s Y,

antiviral

i ndi ces weke i nproved conpared to PMPA. The

attributed to i ncreased cell ul ar
intracel | ul ar

upt ake of

conversi on to PMPA,

exhi bigyed gnly 2.5 fold

possi bly
val ues

kc (logP =

c. R

d.
e

R
. R
f. R=
g R=
WO

PCT/ US97/ 13244

whi ch und®r goes subsequent phosphorylation to the antivirally active
di phosphate netabolite¢. Thap gmlp({t yl ICs@raribonates
i ncreased activity over PNPA W tth IWrecuced seledtivity posgibly due to
chem cal instability. (Hhe aﬂéav.rangé.)vlfv (uM)ydia indicatg good
perneability of alkyl nethyuzcarbonateﬁprcdrugsthto cel | $00
due to their increaseq ||pogh|1|0|ty e [partr{}on [COETT, nt
support this hypot hesite—w } £L44+%¢&é14
0.6- 20 3.2) conpared{to PVBRA (llogP<0.0Q1%). 30 NHB0000
NH2 rr]
MUl err] 58 0.2 10 50
-OBuferr] Se < 0.001 3 3000
-OPen[err]
_CProferr] 5 0.003 0 16600
3- OPen 5g < 0.001 40 46400
98/ 04569
aICs50 - 50% inhibitory concentration; bCCs[) - Concentration to kill 50%
of the cells; €SI - Selectivity Index(CC50/1C50); n.d - not determined; DMSO
used as control.
10



Table 2. Antiretroviral activity of PMPA and PMPA prodrugHIH&w&t"I}Hlmn |“|
* M S *
2

1. 5 conpound IC[err][err]

erre err
o501 wogpee o, (LETEM LLETI T renugng
40 20000 5c < 0.001 30
30000 5d QIAIMS 10 g?
5e < - 3 3000
0. 003 Wi 16600 5¢ "<0.001
40 40000 alCerr] - 50%inhibitory concentration;
[err]CCerr] - Chncenty g0mpeund Ravingsfppmula (18) the cells; [err]Sl -
Selectivéty Index(CJerr]/ICerr]); n.d - not determ ned; DVSO used as
control. 10 O
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A-OCHP(Z), (1,

wherein Z is independently ~OC(R2)20C(O)X(R)a, an ester, an amidate or -H,
but at least one Z is -OC(R2)20C(O)X(R)a;
10 A is the residue of an antiviral phosphonomethoxy nucleotide analog;

XisNorG;

R2 independently is -H, C1-C12 alkyl, C5-C12 aryl, C2-C12 alkenyl, Co-
C12 alkynyl, C7-C12 alkenylaryl, C7-C12 alkynylaryl, or C6-C12 alkaryl, any one
of which is unsubstituted or is substituted with 1 or 2 halo, cyano, azido, nitro

15  or-OR3 in which R3 is C1-C12 alkyl, C2-C12 alkenyl, C2-C12 alkynyl or C5-C12
aryl;

R is independently -H, C1-C12 alkyl, C5-C12 aryl, C2-Cq12 alkenyl, C2-C12
alkynyl, C7-C12 alkyenylaryl, C7-C12 alkynylaryl, or C¢-Cj2 alkaryl, any one of
which is unsubstituted or is substituted with 1 or 2 halo, cyano, azido, nitro,

20 -N(R%)z or -OR3, where R? independently is -H or C1-Cg alkyl, provided that at
least one R is not H; and

ais1when Xis O, or 1 or 2 when Xis N;

with the proviso that when a is 2 and X is N, (a) two N-linked R groups
can be taken together to form a carbocycle or oxygen-containing heterocycle,

25  (b) one N-linked R additionally can be -OR3 or (c) both N-linked R groups can
be -H;
and the salts, hydrates, tautomers and solvates thereof.

30 2. The compound of claim 1 having formula (1)

RZ O

A AN

]
-0 O OR
O P
~ \OR8 (1)
Rl

wherein B is guanin-9-yl, adenin-9-yl, 2,6-diaminopurin-9-yl, 2-aminopurin-
35 9-yl or their 1-deaza, 3-deaza, or 8-aza analogs, or B is cytosin-1-yl;
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CT{%S97I 13ﬁ4

err err]a n tjtuted or
Subst! Tut ed viPhie M SginSBeaRed gnisshsintrd with § &t 2 Rala,tySepaaifioupitearor
Rerr] is ( eOR3 5 eitgh R3UyIC1- C[lEIaﬂEleFerﬁlz alkeawlCz{Ilerakaqu&f:rCFsﬁmnyl
or CJerr] C[err 15 aryl; R is independently

derr]- C[err] kyl err]-Cerr C[err] rr] al ken

Clerr]-Clerr] 1eﬁc{zycﬂ|gqgenq@ ] C{“ Hp, VSEIHZNQ[%TR’] and
al kyBy![ fa[ y![ , d]@% até ﬁjlhkdqtbq%’)ﬁ%‘ .z(_r}lqg.r yl, any one of V\/m cg i's t
unsubstituted or 1§osubsti azi do, nitro,
-N(R[err])[err] oﬁ é‘?§ ‘?’]dJ e*sehﬁléqgref‘?rggﬁgéfﬁ@%’? ds _H or
derr]-derr] al kyRS iphgdiagsh bhaCHR2-ZBC(OR, onB3Rs jjsinedtwith Rintd form
aisl N Xcd1$,.0. orlor WnenX|sN with the proviso
that when a is and X is two N-linked R groups can be taken

t oget her to form aankthe e@lwhy aiesaitaRingenstansh éplvatesathereof. het erocycl e
cont ai ni ng ni trogen and oxygen, (b) one N Ii nked R additionally 25 can be

-OR[err] or (c) b nked s,can.be and the
salts, hvdrates, ut o g¢ SHH’%‘%H?Q?& %&‘58?”31” R? is -H. 2.  The
conpound of clai m 1 having forrmula (1) 30

REPLACE SHEET deni n-9-yl,
i %o * 'E{]am{)lr?c?pouﬁ'r}d %%ﬁﬁwgﬁvbéor t e| r%ﬁ% ca. 3 deay

2, 6-di am nopuri n-9-yl, eaza, 3- deaza

or 8-aza anal ogs, or Bis cytosin-1-yl; 35 R is independently -H,

Clerr]-Cerr] alky}., (eTh¢cOhepainaioficlait) eérwhe@ini?y iatKenyl, C2-Cl2

al kynyl, C(err]-Clerr] alkenylayl, Cerr]-Cerr] alkynylaryl, or C6-Cl2

al karyl, any one of The compound of claim 1 wherein one R2 is -CH3 and t®8other
20 R2isH.

7. The compound of claim 1 wherein R3 is C;-Cg alkyl or phenyl.

8. The compound of claim 1 wherein R3 is -CHj or -CpHs.
25 '
9. The compound of claim 1 wherein X is O.
10. The compound of claim 1 wherein X is N and one R3 is H.
30 11, The compound of claim 4 wherein the compound is enriched or
resolved at the carbon atom chiral center linked to R1.
_ 12. The compound of claim 4 wherein at least about 90% of the
compound is in the (R) configuration at the Rl site.
35
13.  The compound of claim 12 wherein B is adenin-9-yl.
14.  The compound of claim 13 wherein each R is ethyl.
40 15.  The compound of claim 13 wherein each R is isopropyl.
67
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weh o onseest e or s et e e 2 RIS

nitro or is (Jerr]-Cerr] a

Clerer]-( | gnyl, C2-Cl2 al kynyl or Clerr]-Clerr] X

Rl is hydrg‘g{e)r?s’@uél—{ err], -CH erer]OH, -CH2F, -CH=CHerr], Ox;crfi‘r%ﬂnsz«
-CH err]Nerr], or Rerre] and 5 R8 are joined to form-CHerr]-

R2 independently is hydrogen or (Jerr]-Cerr] alkyl; and

Rlerr] is hydrogeas. or T}G—Rﬁmpbhn@a@)mﬁfm %e%xﬁréa]chllsm Sipwtdyioth Rl err]
to form [c rr] and the salts, hydrates, tautoners

and sol vat es tolffer 10 3. The corrpound of claim 2 wherein
R2 is -H 4, The conmpound of claim3 wherein Rerr] is
-CH3. &5 175.  The B8 pooRBOsNEaith 18 @h@}én\@aema 13 B@ugﬂ oﬁsobutyl

6. The conpound of claim1l wherel n one R is -CH3 and the

Rlerr] is H 20 7. The conpound of claim1 wherein R[err] IS
Clerr]-Clerr] al kgl orThen ound of claim 4 whéein BTiRe2 M@ﬁ’ﬁﬁd pafincd-gl.m 1
wherein R3 is -CHerr] or -Clerr]Herr]. ) The conmpound of
claiml wherein Xis O_ 25 10. The corrpound of claiml
wherein X is N ard@ onell® epmpound oHflaim] 3 wherem REieH . Herr],

-Clerr]Hperr] or -Cferr]Herr]. The corrpound of claim4

wherein the conmpqund i.s, enriched or, 30.resol ved at the carbgn atom
desi gnated (*) R The compopad Ogl'ﬁ]e“%ﬁ)pl‘)‘(h?de’é‘f dp ZORPIN-Ar ei n at | east
about 90% of the conpound is in the (R) configuration at the carbon

at om desi gnat ed (21) -ﬁ,‘?e c‘l’ﬁ‘po"?#s"f cllnﬁ fg;m?é{d 3§ Jmcisé liz 1\/\/nerel n Bis

adeni n-9-yl . e conpoun i'n each Ris
et hyl . 15. The conpound of claim 13 wherein each Ris

i sopropyl. 40 22. The compound of claim 3 wherein R! is -CH,OH.
REPLACEMENT SHEET

16. The conpound of claim 13 wherein each Ris 3-pentyl or
23.  The compound of claim 22 wherein B is cytosin-1-yl.

24.  The compound of claim 1 named in Table B and compound
20 groups 1-19.

25.  The compound of claim 22 wherein at least about 90% of the
compound is in the (S) configuration at the R1 site.

25 26. A method comprising orally administering to a patient infected
with virus or at risk to viral infection a therapeutically effective amount of a
compound of claim 1.

27. A method for preparing a compound of formula (la) comprising

30 reacting the diacid of a phosphonomethoxy nucleotide analog with L-
CH(R2 JOC(O)X(R)n wherein L is a leaving group.
28. A method for preparing a compound of formula (1) comprising

reacting a compound of formula (6)
35

=
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neopentyl . 17. The conpound of claim 13 wherein each Ris

t-butvl or 3Pl 5 18. The conpound of cl ai Lnh B
is 2,6-diam nopur%%?— 9-vl. 19. The conpound of cfﬁ%ﬁgﬁ%’/ﬁ%gei n
Rlerr] is H 10 20. The conpound of claim 19 wherein B is

adeni n-9-vl . 21. The conpoundof claim 4 V\/neriilllll Hﬁ!l "IIIIHIII
Cerr]-Cerr] alkyl. 22. Ofhe pef@dund,qof cl ai 'k A s
Rlerr] is -CHerr]OH. 15 \\FS.VThEORQero d of claim?22 wherein
Bis cytosin-1-vl. 24. |The conpound of claim11 named in Table
B and conmpound groups 1-19. 20 R! 25. The conpound of claim
22 wherein at |east about 90% of the conpound is in the (S

configuratiof.atyt Rk : i *) . 6.,y A met hod
for the fir s{%tgisle" gﬁ%@?ﬁ{%ﬂ?ﬂ’ﬁ?fal mr%gg (%rc)f)m .?%Iéﬁl ?fgorT}li%t(p_ént of a
patient infewheteini Bhs guanind-pk adenindkybf2 ffieminepurinthyh amisopurin-
27. A et had) bekhEk 8P3éd 23934 a20PoM B z8Tana MR b Bl thHW-, gl ng
reacting the di aCRﬂ . of a\ ({)ghos Q&Bo%h I%o&g_g:e }3 a th Ll 8
CH(R2) OC( O X(R) n #hds By dAragens-aHpes ﬂéﬁ;r‘ T r CHa, -CHoN3 ogR* andaR
met hod for piegainddtafcenpCud; adformula (1) conprising reacting a
conmpound of formu g-{ ] 2. _ 8 i in . 1 ) d_g%-lj
(&5 K8 if B osen, -CHRHQ-CONR o B Inigegkediy® sedoam &
conmpound of Sfamdwla (1), 68
10 R?is H, C1-C12 alkyl, aryl, alkenyl, alkynyl, alkyenylaryl, alkynylaryl,
alkaryl, arylalkynyl, arylalkenyl or arylalkyl which is unsubstituted or is
substituted with halo, azido, nitro or OR3 in which R3 is C1-C12 atkyl;
R is independently H, C1-C12 alkyl, aryl, alkenyl, alkynyl, alkyenylaryl,
alkynylaryl, alkaryl, arylalkynyl, arylalkenyl or arylalkyl which is
15 unsubstituted or is substituted with halo, azido, nitro or OR3, provided that at
least one R is not H; and
L is a leaving group.

29.  The method of claim 30 comprising conducting the reaction
20  using at least about 1.0 equivalent of L-CHR2-O-C(O)-OR.

30.  The method of claim 31 comprising conducting the reaction in
the presence of an organic base in an organic solvent at a reaction temperature
of about 4-100°C for about 4-72 hours.

25

31.  The method of claim 28 wherein the compound of formula (1) is
recovered by forming a salt, precipitating the salt and recovering the
precipitated salt.

30 32. The method of claim 31 wherein the salt is formed from sulfuric
acid, phosphoric acid, lactic acid, or citric acid.
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