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"FIELD OF THE | NVENTI ON The presentﬂ@”“ﬁﬂwmmmmmﬁlates to novel phosphonate
conmpounds, conpositions 5 contai ni esses for producing them
and their use for treating a variety ohemgei cal disorders, e g.MAY 200%

ost eoporosi s and other disorders of bone netabolism cancer éﬁﬁw 3079

i nf ecti ondVO ¥ 34e |i ke. BACKGROUND OF THE | NVENTI ON 10 PhBEAS ChY IR
conpounds have | ong been kn v VAl f 15 therapeutic
benefits. A particular c|asgﬁﬁp%@ﬁﬂﬁgééﬂfF@%ﬁ?@hﬁgﬁéﬁicia| phosphonat e
conpounds are the bisphosphonates, i.e., pyrophosphate anal ogs wherein the
central oxygen atom of the pyrophosphate bond is replaced by carbon.

Vari ous substituent groups na#ﬂﬂégiilﬁﬁﬁﬂﬁﬂﬂﬂiﬂﬁﬁﬂcentral carbon atomto
produce derivative bi sphosphonate conpounds havi ng vari ous degrees of

phar macol ogi cal : Lvat | e . RO
Co P P o o REEg iR s ol Bk L AR, ShldGiishe

sel ect eds f r comtdiniclp they, procasses, fosprotiiging tHem, had dgdmnusedor aeatarg etariety ofil Ky
or aryl groups, or. a,conbination of such groups, whjch may be further :
substi t ut edmemlré;m@erﬁm-ua%ecmomm%berm%rﬁo OIF%“IQ{Y%@];%’ WECYs o4,
Cl odronat e, ,di;G e LERRe PI SPhosphoni ¢ acid (C 12MDP), wherein Ra and
Rb are C1, Bgér%lglt%gaat ’e%ﬂa%-hamﬁﬁo- 1- hydr oxypr opyl i dene bi sphosphoni ¢ aci d,
wherein Ra is ethylam no and Rb is hydroxyl; Al endronate, .

4-am no- 1- hydr oxybut yl i deng, bisphaosphani ¢, acid herein Ra is propyl am no
and Rb is hydroxyl; d padr > ’“"-!! (O TR LY E'A’" yaroxypropyl i dene

bi sphosphoni ¢ acid, wherein Ra is dinethylam noethyl and Rb is hydroxyl;
and ami no-ol padronate (|G 9402), 3-(N, Ndi met hyl am no) - 1-am nopropyl i dene

bi sphosphonat e, Rhespbomat&aompodsiiavetiong baen kuwtrmid pravide RvarstyNy . 2 7
MAY 2004 WD 01139724 2 _PCT/ US00/ 33079 Bi sphosphonates .an hei.r substituted
derivat i vesﬁ’r?éﬁPémt‘%Qeqemsri‘%QF ICB%BFBI@FSF .tﬁi?rap icpily ﬂbef%baﬂé’kf’mpﬁtﬁ on in
vivo. Bi sphesphanas &t Bk Bﬁpﬁﬁstphﬁﬁatbd] h.b.?bwo?aos%mﬂa_ta%]ogs WHeRGH aloRdee! |
death) in bone-formng cells. "Indications for their use therefore include
t he treat meokygemctgn ef thetnysephekplnie borps eenlaced byesathomntVarioupsybatituent

di sease, _netastati c,bone ,cancef.s er par at hyr oi di,sm, rheunmat oi d
o tres 18 ™ e it ARG NG TS oD SABE o oSSRV ' Gavcher s
di sease, En Sndlé 66AHGunds Meving aAbuy dberees 6EpRiralaclopRalifstency.
( Papapoul osiﬂh%ﬁ@%h,ni n Cb?eor} oawr gsi S, R(.wgl\/arcuis), D.ach?dr?aﬁétaIrlH J.

Kel sey, eds Thesecdegivaiivesihaue the scagrabstaigdire:1996. p. 1210, . Table 1 ). 10

-
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HO 1|° C Il’ OH
OH }llb OH

wherein R, and R, may independently be selected from hydroxyl, amino, sulfthydryl,

20 halogen, or a variety of alkyl or aryl groups, or a combination of such groups, which
may be further substituted. Examples include Etidronate, wherein R, is CH3 and Ry is
OH; Clodronate, dichloromethylene bisphosphonic acid (C1,MDP), wherein R, and
Ry, are C1, Pamidronate, 3-amino-1-hydroxypropylidene bisphosphonic acid, wherein
R, is ethylamino and Ry, is hydroxyl; Alendronate, 4-amino-1-hydroxybutylidene

25  bisphosphonic acid, wherein R, is propylamino and Ry, is hydroxyl; Olpadronate, 3-
dimethylamino-1-hydroxypropylidene bisphosphonic acid, wherein R, is
dimethylaminoethyl and Ry, is hydroxyl; and amino-olpadronate (1G-9402), 3-(N,N-
dimethylamino)-1-aminopropylidene bisphosphonate, wherein R, is N,N-
dimethylaminoethyl and Ry, is NHo.
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Al t hough bi sphosphonates have therapeutical |y beneficial properties, they
‘suffer from phar macol ogi cal di sadvantages as orally adm nistered agents.

One drawback is |low oral - availability: as little as. Q. 7% to 5% of an oral'ly
admi ni stered dose is absorbed fromthe gastrointestinal tradtl. MEY Q004 -
absor pt iwo W89R2drt her reduced 15 when £aken with food. Furrﬁwsow:tsom known
that sonme currently avail abl e bi sphosphonates, e.g:, FOSAMAXT"' (I\/brck .
al endronate sodi um, SKELIDT"" (Sanofi, til udr onat e) and ACTONET"' {Procter
and Ganble, ri B@@h@%peateﬁ@zvbthlem,sabstttbwﬁ&erlyauwd@ivnQwes@mmguaperm ritation

and ul cer t | ack
anti-r eso?f ﬂlm}%‘?e@t@é ?8}1 %1\9%9 E&ph#ép'ﬁﬁnﬁ@% Qﬁ%one W&%?ttx% Res
11(10): 149;20;%957 (prdaminddwellidebiblin bersdt ResYELcARO Thdidhtfons T6r hER usdl € to
stimul ate net bone formation (Plotkin, L. et al., J din Invest 104(

10) : 1363- tigrefore ingyds theiepatment apd pesientipn ofosigepayosy, treaimens of Bagatsr ef or e,
b | | t t hat
mmi el SpCesEtaORiE BES Eeent, SRyl SRHP BRABDEHE HBELLY (00 s

while eli aigoaistrngnorstemﬂmmglavimilar mp&esuombt;auaied’e d?zasd Eaglemantn
addition to bi sphosphonates, nmongphgsphonates _are al so known to provide

t her apeut Fiseasenad ¢sstammppn-skeletal disorders, Rsperquies. SyEp dm Ostegpayosis,

nonophosp € t u 0 e ch , for
xanpl o, " MBS D FERrl g Ko o e B S B o0t M TR e e 1T e
as wel |l af¥ablkd)5' - phosphonat es and net hyl ene phosphonat es of

azi dot hym di ne, ganciclovir, acyclovir, and the like. In conpounds of this
type,IQhe 5' -hydroxyl of the sugar noiety, or its equivalent in acyclic
nucl eosi des ( 9aigoabRbisbhoddEBRALES RMWe ntain a
DS WY 2004 WEoREBKlEhoRBBRIE Biined éigggng g%%yﬁgbégqg,rai&r?%% §/h%9

repl aced wiffér feom mhmMDL@mdbadvdMgis a$ prallyedodsistendd dgentsnédrey| ene
phosphonat ges, r ces ydr o or, jts

equi val enf V%\‘?‘?ﬁak Hltg E%‘f?%ét’)‘g‘%( q‘tﬁ Q:% tocfiﬁé’lr‘]éﬁf’?%il{'l admipistersd ¢ he
phosphonatggse M%s&uéd ﬁéﬁ} tﬁ& gﬂéhtdiﬁt‘é&uﬁ'l Gadt! @ﬁﬂ&ﬂ%@gﬂ%ﬁdn%furm}? Rl

conpounds cont enpl at ed use in the practice resent’ |nvent|on
AZT i 18§el fwhep t&wwmﬂmfoodhéTurtbﬁlt, it iCknpen titht Aoins cAﬂEnulxy)mmnllabl‘ephat e whi ch has

th | hodi est ik t d.th O
contrast. PRCETSBHEe 5 ROSAMBRINE thhetole alspdiinalioners, SRETEBH one
phosphonayginoff, ifudRondidHn@ ACTONEM-(R2d#@ and Ganbi€] ﬁk%%ﬁ%te%{aee Jogal@bsent

and has been replaced by either a phosphorus- carbon 10 bond
phosphonatteyiciy, ceysing mhgxge@h Eﬂlat!@l@@éid cezatiomo Pther bisphasphanatesbidkrl ( AZT

met hyl ene Q X les,o unds usef ul
" the. pr ARUPE AR BB e e §'8 BETE R bR 0 O N 1O
O HO BoO Q@@lﬂ@l@?@l#m%)&tﬂﬁ%sﬁbcm aN3ptdéik ad hrédabie bosivnabe AZT

5' -phosphonate AZ' T 5' - net hyl enephosphonate 15 A B C Conmpounds of this type

may be actlleilbmli—‘sfoaﬁ%@%’r@l@k@ﬁé{ phal., éﬁl’éﬂ@lﬂﬁtﬂ&ﬂﬂm}éﬁ%ﬂﬁ €L990ha cel | ul ar
met abol i Sy ﬁosp fé’éﬁ73§hﬂ%%‘l%¥ﬁ&{efo?§‘%e%‘§8fﬂi to evfeﬁ)pgl'x‘é%caﬂ cleotide

phosphonate dlp h represents t'he equi valen cl eosi de
tri phosphahechﬁed\bispmsphbnawdére\attwdsatmhﬁﬁphmﬁairenlshrﬁbﬂsdomﬂxhasccﬂé@cael ective
i nhi bitors af, Vli[&ﬁ RNA or DNA poly rlses or reverse transcr.i tasg That
is to say,2°fikiy Pt ihGRRRE EPPAS Sl FIPPPaing R ryrusing dherrundag} &t er

t han t2|§el regilggr ee of inhibition of mammalian cell DNA polymerises a, /3 and
y or ﬁ Ian RNA pol ynerises. Conversely, the antiproliferative

nucl eot| de phosphonat e di phosphates 25 inhibit cancer cell DNA and RNA

pol yneri ses an y.. show, mu ower selectivity versu cel I.yl ar DNA
and RNA pol ymedl?"g’ggl lﬁltﬂ@@ﬁmlh@m‘ F%@‘WB@WQ@@%“&@SOB%P‘FVOM% Hed from
the G tragtr, Eélft‘ié YehBfitd € B %1458 Q¥ tHefa aﬁ@-ﬂffd gﬁag 1@5 oSpHdAtes Gred-

c phosphonat'e

ci dofovir). rthernore, the negativel
the antiviral nucleotide phosphonates, such as, for example cidofovir, cyclic

30 cidofovir, adefovir, tenofovir, and the like, as well as the 5'-phosphonates and
methylene phosphonates of azidothymidine, ganciclovir, acyclovir, and the like. In
compounds of this type, the 5'-hydroxy! of the sugar moiety, or its equivalent in

acyclic nucleosides (ganciclovir, penciclovir, acyclovir) which do not contain a



2 7 SAY 2D04 WO 01 /39724 4 PCT/ CTS00133079 noiety may interfere with
‘cellular penetration, resulting in reduced activity as antivirals or
antiproliferatives. Invention conmpounds may surprisingly overcone the

di sadvant ages of this class of agents. Pharmacol ogically actpvemagepss of
antiviral foRppnates are known; the foglowi ng U S. Patent gcgrRes e ot her
approaches tor "nucl eoti de phosphonate anal ogs: 5,672, 697

(Nul eosi de-5' - net hyl ene phosphonates), 5,922,695 (Antiviral

phosphonone lofle i #+hDy . L Vihk &l Wt hoxy
nucl eoti de gér?g?%tg;g)u gh‘gﬁ%ﬁzg%%gﬁi(ag\ﬁcﬁv\a}h%ﬁ %&%ﬁgﬂgﬁgﬁg}s?\%‘gylﬁg?eot I de

anal ogs), l1tethydse phasphomates,mrropthykent gnoupdplases thé Shdhiydtaxlyyoeitol phosphat es

lently Linked t - phosphonat. taining d i :
car boxyl G SR PRYLROR Fuifirprar g S & Be s ey been
“di scl osed. Vhfises RZIGrue@ranire pRaityd BOIOW, irtfiding EdFdunds @UMeRiplAGEfPr t WO

addi ti onal phosphates esters between the drug and the al kyl glycerol
phosphat® (bseSn thepripticaef the presantanvensing. lAZé ityedf is shovrs opylg fefiat i on Seri al

. / , . L al hl qr. i ph i id Kni
(U s Pt RMreuaE A Az Rl Bt ol AR AR Bl BREPEORIcESP ™ cpor ¢ eq
(Anl mark, ebetleen tht SWesr dddatit ARosph4ié3 Id 4dkirdst, 19 8GhpouddBYRZT sthe parti al

esters were.found to not release the active bisphosphonate by chem cal or
bi ocheni cal phesphenraie)and QAT 5 metbylepg phosphaatenite 57dwdomxyl 0P3-amd) ) .

Prodrugs co i sin Y. S residues. at tached o
antiviral ng]c;:)’ egfgf:%‘e}é'%{)?% éalbg%iriféﬁ{lﬂkﬁ)%}%@%é% “lt er%ﬁggwgﬁg-%aél&%loxyl at es
(U S. Pab enbohld(ABT $63sphoRitehavtyy ainethydarninkes oy ialpddsphbh@s @aiton boher ef or e,

a continuing need for less toxic, nore effective 25 pharmaceutical agents

to treat a VALLdpsthyengplgsphenale). ppoyads Brd C aigsxampies\al camppndsct i on
and i nappr opt4 t L , cancer. Thus, it is an object
of the pres@r'él%fﬁlfﬁ\}gﬁﬂagﬁéét)%fthgégﬁgglgq%%@%ggal |y nmodi fi ed phosphonate
derivatives of pharmacologically active agents, e.g., antiviral and

anti-neopl astic phaé maceuti cal agents. These nodi Ei ed derivatives jncrease

t he potency of the parent conpound j30 while m ni myzi ng del et eri-oussi de
ef fects when adm Js{géredtoasﬂl*th in needt‘éﬁ?of. 2 7 MAW 2p04 WO
k I '

01139724 5 PCT/ U 3079 %RI EF | PTI ON OF o1 NVENTI.ON Th@)l\ ention

provi des anijoo s of phos,p@_gngte co _ounoL%_'F',Phos h nat e % unds
contenpl ated f in acepr g th thgyi i on include t hat
decrease bone r ption or inhlfbit osteoblas osteocyte ap sis, as

wel | as those titat inprove the Bioactivity, setectivity, or bi
of nucl eotide ph¥phonate dRGPBGE"Khi ch afd Strsephataef or  héZiSmaivirent  of
cancer, various viral infections, and the like. Invention donpounds

conpri sé@5sphosphonat es coval ent| yAl i nked (directBy or indirectl Y through a
| i nker nolecule) to a substituted or unsubstituted al kyl gl ycerol, 10

al kyl propanedi ol , al kyl et hanediol, or related noiety. 1n another aspect of

the present | nventhffouiiet iokbe BHeIREPRALTRESILLBIL of fULAL i ons

contai ning the anal ogs o hosphonafe conpoun describ erein. In
accor dance wucleotidest RHéponasfelar metabohemptves ahilitiomy pidspboryldtives ecawrdo pr ovi ded

15 a variety, of ther ti t had e. g. t hods for freat. or
preventing %fﬁ’ﬂ‘ﬁ t}?eeréut‘f?%?‘g% Hﬁ?%%an%ﬁa{%‘f’?}gﬁﬁ %‘(‘ig I?HSFSCPY‘?&%‘% ﬁg‘f‘ﬁag‘bto‘?fe
formati Qo bymRIcRYiaB trighdspift &0 A dblirafhc1osiRIRBshorRR i sphaté@irhods for

i ncreasi ng bone mass and strength, nethods for treating viral infections,

met hods for sehestive rmhibiters ofeirel RN Acwd N nohapgasss or seversedranseripsases.eThati on,
€. 9., cancel & é‘a‘}, {hréﬁ' ixlﬂiligﬁ()ryza%tion on viral polymerases is much greater than their degree
of inhibition of mammalian cell DNA polymerases o, p and y or mammalian RNA
polymerases. Conversely, the antiproliferative nucleotide phosphonate diphosphates
25  inhibit cancer cell DNA and RNA polymerases and may show much lower selectivity
versus normal cellular DNA and RNA polymerases. Since nucleotide phosphonates
- are poorly absorbed from the GI tract they frequently require parenteral

administration (e.g. cidofovir). Furthermore, the negatively charged phosphonate



BRI EF DESCRI PTION OF THE FI GURES Figure 1 summarizes the effect of a
conpound according to the invention, 1 O hexadecyl oxypropane al endronate,
on dexanet hasone-i nduced apopt osi s of MO 25 Y4 osteocytic cells. Bars
represent the nean SD of 3 independent neasurenents. Open bars represent
the absence of dexanethasone and darkened bars represent they prgsenps of
10'i M deyglgghdagone. Figure 2 summarézes the effect of a gPEYHL3I079
according to the invention, 1 30 O hexadecyl oxypropane al endronate, on
dexamet hasone-i nduced apoptosis of calvarial cells. Bars represent the nean

SD of 3 maitepangénterferawith eﬂhﬂi@enarmonbwsaltmgpheecﬁmtdTabtew@bssance of
dexanet hasone_ and black bars represent the presence of 10-
dexanet haribieals or ansiprolypratiyeso Invigpsien Fynpounds mwrmeoews@wrmr@m

DESCRI PThg@[?‘% ékﬁ’f@%sﬂﬁg phosphonat e conpounds of the invention

have the s mCaO(~-)nR3R~~R251O 15 20
wherein: R~ and R-' are independently -H, optionally substituted - Q( C~-

Cz4) kyl, - C24) al. kenyl y C~- C24) al kyl

) S( ) ©24) al %ﬁi‘fma%%&‘ @fﬂ%&%ﬁl of am@r& 9’[‘05?*“1(“@&“55@1%%% W and R
are not ghfiowARE LB Ep Abits dedceiba bitRP¥pp r4ches Y Riedtilie phophoRatalah¥lopave 1 to
6 doubl e bonds, Rz and R2' are |ndependently -H, optionally substituted

ac CS)GARI6917, (Nute(oslkde@)raamelnw phoslsb@at@}) é1929169|5 (squ@w&) alkenyl , -Q(Cl-
o . 2 S(C~-C~ N - C~ - N Cre C) ,
S0 2CUL shbspongpsMokpmmeiRbidesaqds) oz sk ranihl sibsphoididnoly ) &' V1) 2

phosphongigleotids 814 X230 (At raBpiupRdnethdMAhiciétidt afalogs),
pharmacol ogi cal 'y active conpound, |inked to a functional group on optional

[Tnkeh | 616289 Tho acpaisfion nd s ialiglnero phosphatre poywembriinkeddo Ry -t -
CR L f f i
25 -3J- (Iciﬁ)“a asp %erée)ol%galé) BF%I'%] g?’gg&pg‘# rég#‘n p%ygffl)&gg éﬁ{y’dépg ornmul a

i ndepend@ﬁlﬁ&ﬁbna oupﬁhavvﬁéﬁ%@iy been dlh&ibsedaI‘IEeR prodrigs oepubﬁall)t uted or
unsubsti tuted al or al kenyl ; 7. VAY 2004 WO 01/ 59724
PCT/ US00/BBI75E fh n%waarosumoe@@? of Mﬁd@ﬂmabph%aaatﬁhestgrs epyeen thgdiyg

preferred, ?qgggl?(g!ag%?eroﬁhosﬁgatéﬁers Pat M‘NE hege pAeLGI 1ed rapdedi ments, Rz

and RZ' ar pro rugs are ’then ethanediol, propanedl ol
or butSaHeApﬂicadeﬁ Sefitl Ne.D8M 87031 hePantieli¢sters pﬁdslpfummhmedtphpslaﬂomm agd

ethanedi o E’m‘?@ﬁ %nsatpgt 3\?(?. %lﬁ%,&@? axtlc{] Slagltxyr n%teg B?clodronate have been
reported (Ahlmark, et al., J Med Chem 42: 1473-1476 (1999)). However, the partial |
esters were found to not release the active bisphosphonate by chemical or biochemical
conversion (Niemt, R. et al., ] Chrom B 701:97-102 (1997)). Prodrugs comprising
20  alkylglycerol phosphate residues attached to antiviral nucleosides (U.S. Patent No.
5,223,263) or phosphono-carboxylates (U.S. Patent No. 5,463,092) have also been

described.

There is, therefore, a continuing need for less toxic, more effective
25  pharmaceutical agents to treat a variety of disorders, such as those caused by viral
infection and inappropriate cell proliferation, e.g., cancer. Thus, it is an object of the
present invention to develop chemically modified phosphonate derivatives of
pharmacologically active agents, e.g., antiviral and anti-neoplastic pharmaceutical
agents. These modified derivatives increase the potency of the parent compound
30  while minimizing deleterious side effects when administered to a subject in need

thereof.



"RIUHCCH2 O(L)n RB R 10 wherein R~, R~', R3, L, and n are as defined
above. A preferred propanedi ol species has the structure R~-HCCHZ CH2 O
(L)" R3 R-" 15 wherein m=.1 and R, R-', R3, L and n are as defined ‘above
in the general fornula. A preferred glycerol species has the L7 NSt d0k: R-
HHCCCwWoop¢hadn R83 R~ OH wherein ms= |, Rz = H R2' = @dr/@wdisbyoand
RZ' on C. are both -H dycerol 20 is an optically active nol ecul e. Usi ng
t he stereospeC|f|c nunberi ng conventlon for glycerol the sn-3 position is
the position which is phosBR RS ) NVENTION) conpounds of
the invention having a gl ycerol re5|due t he -(L)" R3 noi ety may be j oi ned

DR K

at either the sn-3 or sn-1 position of glycerol. 2 7 MAY 2Q04 WO
011 39724 g PCT/ U5A0hAHAEA pkoviddslaniREE bF Sdibhb gRgR! active
agents of the invention, ~ |1s prne ragt§ &gn %ig‘%}f)gr oup@ﬁb%og&tehe

formul a O@@Iﬁ@)mdsclﬂmemﬂwcéfor use nrsa@oﬂhncwbnth the afventidn inctudeshdseétif. Most
preferally or 17..5 Pr. ed gr ou I ncl ude bi sph honat es
Phat o LtsaiRteoRg e iR G B oGP IAF I CSARF GPORIRES B I LARIB0Se
Etidronat e: ménhqséd\@webllaxéﬁ\d@n@eléutﬁm%pé]waﬂa&%gﬂoﬁm&me?heékh%ﬂétee1

dlchloronethylene blsphosphonlc acid | udr ona
chl or o- 4- praalegs mhmhmrhwe@tefoml@pmmmmf camler,dranﬁammalonﬁ:ceons and the

3- 1- | i d b h ate

4 aim no- 1. ik SRVBUOD FPBEREs R SE AP Lonalte foveiepiiohed Ghreefy o

3- di met hyl atﬁmmt@mbdgmﬂﬁakewblbaﬂeﬁtoty %ﬁﬂ%@&%'uﬁs@d‘shﬁxtécﬂblﬁ? erdPD) ; 15
| bandr onat e:  3- net hyl pent yl am no- 1-'hydr oxypr opyl i dene bi sphoSphoni ¢ acid

(BM 21. 1@95591kyleepmg>lealmc$9n¢dwlt df rejatyd mokegyir bxmmqmyxsp@enéthbmqshms phoni ¢

aci d; Rlsedr b din 1- hydr, t hyl i dene .bi sphosphoni.c aci d;

Ami no O padr g?\ng of: %;er(eﬁr?\&y 'l ngt}%a%ﬁ?ﬁeﬂ% ?%%q‘ﬁ%}#‘ﬁﬁ?ﬁaﬂg% ef@‘af%gs of

bi sphospho I(dn@lh@ uﬁduiids&eoddlﬂ@eemRS may al so be selected froma
NsHogp Ao

vari ety of phosphonate-containing nucl eotides (or nucl eosides which can be
derivatized to their corresponding phosphonates) whi ch are al so

cont enpl at ed forInLﬁégorB%c%'vﬁth g{o?lge? 'é]?e%t 81"&1 %?ésegte%venQ1anu %ret Qr%sp?ovl’l'geé ul for

15  avariety of therapeutic methods, e.g., methods for treating or preventing bone
resorption in a mammal, methods for increasing bone formation by preventing
osteoblast and osteocyte apoptosis, methods for increasing bone mass and strength,
methods for treating viral infections, methods for treating disorders caused by
inappropriate cell proliferation, e.g., cancer, and the like.

20 |
BRIEF DESCRIPTI THEF

Figure 1 summarizes the effect of a compound according to the invention, 1-
O-hexadecyloxypropane alendronate, on dexamethasone-induced apoptosis of MLO-
25 Y4 osteocytic cells. Bars represent the mean + SD of 3 independent measurements.
Open bars represent the absence of dexamethasone and darkened bars represent the

presence of 10 M dexamethasone.

Figure 2 summarizes the effect of a compound according to the invention, 1-
30  O-hexadecyloxypropane alendronate, on dexamethasone-induced apoptosis of
calvarial cells. Bars represent the mean + SD of 3 independent measurements. Gray

bars represent the absence of dexamethasone and black bars represent the presence of

10 M dexamethasone.



25 treating disorders caused by inappropriate cell proliferation such as
2-chl oro deoxyadenosi ne, 1-(3-D- arabi nofuranosyl - cytidine (cytarabine,
ara-C), fluorouridine, fI uor odeoxyuridi ne (floxuridine), gentitabine,

cl adri bi ne, fI udar abi ne,-pentostatin (2'-deoxycofornycin), AY. 2004

6- mercap ? 6-t hi oguani ne, and sgbstituted or unsubsﬁ, h.}dw {lj/s
1-(3-D-ara |no 1Tzranosyl -guanine (ara-@, 1--~i-D-arabinofu S s@ i
adenosine (ara-A), 1-(3-D-arabinofuranosyl-uridine (ara-U) and the |ike.

WO 01139724 9 PCT/ uswm%@%mi ng viral
infections may al so be converted to err 5' - phosphonat es

for use as an R3 group. Such phosphonate anal ogs typically contain either a

phosphonat e ( net h osphonate (-CH2PO3H2) group

substi tuted foEg Hﬁg’%’goﬂ%ﬁ%’}?ﬁ“r@g ﬁ‘%‘l‘? PW?Q%‘I‘W?JEF&%"W@ Some exanpl es
of antiviral phosphonates der ved by sgbstituting -PO3H2 for the 5'

hydr oxyl are: 3'-azido-3',S Tdi deoxyt h ﬁ1 di ne-5" phosphoric acid (AZT
phosphonate) 3',5'-di deoxyt ym di ne-2' jere-5' -phosphoric acid (d4T
phosphonate) 2',3",5 H+de@x¥cy(tx)d.t_ne S_pk?sph ¢ agi.d (ddC phosphonat e)
9-[3- (phosphono met hoxy) proﬂgl]adem ne (Ade ovir) O H 3 N HO 2 O N3

Haki nel ahi, G H.; Mosavi vahedi A.; Sadeghi, M M; Tsay, S-C;
Hw, J. R J. Med. Chem 198 38: 4648R4'659 Thid. Kofoed, T., Ismail, A
E. A 56‘ Peder%e E. B.; Nelsen, C. Bull. Soc. Chim Fr. 1997, 134:
59- 65.° NH2 <NI eRPONCHO)ZPUOJ NKim C U ; Luh, B. Y.; Msco, P. F.;

Bronson, J. J.; H t®)6A8R, Me iddepbhdentijarz BHﬁbnalf‘y' subfBituted
-O(Cy- Cag)alkyl, -O(Cy-Cye)alkenyl, -O(C)- Cag)acyl, -S(C;-Cag)alkyl,
-8(Cy-Ca4)alkenyl, or -S(C;-Cas)acyl, wherein at least one of R; and R;’ are
not —H, and wherein said alkenyl or acyl moieties optionally have 1 to 6
10 double bonds,

R; and R, are independently -H, optionally substituted
-O(Ci- Colalkyl, -O(C;-Cr)alkenyl, -S(C;-Co)alkyl, -S(C;-Cr)alkenyl,
-O(Ci- Co)acyl, -S(Cy-Cr)acyl, -N(Cy-Cr)acyl, -NH(C;-C7)atkyl,
15 -N((C,-Cr)alkyl), oxo, halogen, -NH,, -OH, or -SH;

R; is a pharmaceutically active phosphonate, bisphosphonate or a
phosphonate derivative of a pharmacologically active compound, linked to a

functional group on optional linker L or to an available oxygen atom on C%;

20
X, when present, is:
1}2
3
Ry
L is a valence bond or a bifunctional linking molecule of the formula
25 -J-(CR2),-G-, wherein t is an integer from 1 to 24, J and G are independently

-0O-, -S-, -C(O)O-, or -NH-, and R is -H, substituted or unsubstituted alkyl, or
alkenyl;



J. C J. Med. Chem 1990, 33: 1207-1213. Sone exanples of antiviral

. phosphonates derived by substituting -CHZ-PO3Hz 10 for the 5'-hydroxyl are:
““WD 01/.39724 Gancicl ovir phosphonate OH 2 7 MAY 2004 PET/US00/33079 .
Huf finan, J. H; Sidwell, R W; Mrrison, A G; CoOﬁbs J.2 7 Revs2o0s E. J.
Nucl eosi dwmgmtides 1994, 13: 607- 643. ~HZ 0 Acyclovir Q:ﬁh'séodﬁ'lﬁs)
phosphonate (HO 2P N~-N~12 ~0~ O Ganciclovir cyclic O ~N ~ NH "'

phosphonate Ho O NHZ 3'-thia-2',3 - N O O-N di deoxycytidine-5 - ~
phosphoric acid ~O sniilgladmteg@rmﬁn 0Qo 6Fand Rei st, E. J. Antimcrob. Agents
Chenot her. 1996, 40: 1964 1966 Kraus, J. L.; Nucl eosi des Nucl eoti des, . 1993,
12: 157 162 Ot her preferred antivi raI nucl eot i de phosphonat es conterrpl at ed
for use in the pract] gflthe i nvention are derived simlarly from
antiviral nucleosides ™ ncluding ddA, ddl, 5 ddG L-FMAU, DXG DAPD, L-dA,
"L-dl, L-(d}T, L-dC, L-dG FTC, penciclovir, and the Ilike.

5 In preferred embodiments, m = 0, 1 or 2. In these preferred embodiments, R,
and R, are preferably H, and the prodrugs are then ethanediol, propanediol or
butanediol derivatives of a therapeutic phosphonate. A preferred ethanediol
phosphonate species has the structure

R,

H C CHz O (L)n R3

Ry

10

wherein R;, Ry, Rs, L, and n are as defined above.

A preferred propanediol species has the structure:
R)

H C CHz CH2 0] (L)n R3

|

R

15  whereinm=1 and Ry, R/, R3, L and n are as defined above in the general formula.

A preferred glycerol species has the structure:
Ry, H

H— C— C— C®H,— O—(L)7—Rs

|

Ry OH

whereinm = 1, R; = H, Rz’ = OH, and R; and R,’ on C* are both -H. Glycerol
20  is an optically active molecule. Using the stereospecific numbering convention for
glycerol, the sn-3 position is the position which is phosphorylated by glycerol kinase.
In compounds of the invention having a glycerol residue, the -(L),-R; moiety may be

joined at either the sn-3 or sn-1 position of glycerol.



Addi tionally, antiviral phosphonates such as cidofovir, cyclic cidofovir,
adefovir, tenofovir, and the Iike, may be used as an R3 group in accordance
with the 10 present invention. Certain conpounds of the invention possess
one or nore chiral centers, e.g. in the sugar noieties, and may thus -exist
inoptically active forns: Likewi se, when the conpounds contszeli( ANl kenyl
group or o944 ur at ed alkyl or acyl goiety there 15 exi st he ‘
possi bility of 'Cis- and traps- isoneric fornms of the conpogﬁagj.so‘ﬂé?&ﬁi onal

| 100 2 7 MAY 2004 WD 01/39724 11 PCT/ US00/ 33079 asymmetric carbon atons.
can be present in a substituent group such as an al kyl group. The R- and S
i sonmers and m xtures thereof, including racemc m xtures as well as

m xtures of ci &n alispkciesayfshé plumpneolagiealtyadtarplaite df the ihbéidnReRt i on. Al l
such isorrer§ a]i WEHI as mxtures thereof are intended to be included in the
i nvent i onPTH{2YY 54 lfoé‘lXI%Pu%H%‘f"é%f@cfﬂﬁmﬁsodgﬁﬁtegﬁbiWh%@ﬁtb%O-@ﬂepar ed by
et hods WRidre bredyably't i§ DE- 190 by F@éﬁgl teigQspeci fic reactions with
starting materials that contain lp e asymmefric centers and are al ready
resol ved or, alternatively, by methods that lead to mixtures of the

t [ lution.b t hods. 10 Ma h honat
compounds. exi s RIFERT SaBO5Be 5 R Rt IBaiss b gra Govimcia TRAIIGEN | o
i nprove t pgifal, ﬂh%&%ﬁ&[ﬁ&i&nﬁ’gfoﬁh&é;ty, or to increase their oral absorption,

such as, for exanple, the conpounds disclosed in the follow ng patents,
each of whi ch Eidrangtce Pyhydrowygshylidene bisphosphenienacil (EDHP)i r entirety: U.S.

Pat ent Nos. 3, 93§ ( '}lprona ef, 4,3 gﬁ,?glw. (Pam dronate), 4,705,651
(Al endr onat e) , 2B D63 HOfOEe B%i‘oh&gﬁ PE’cé‘(i}dngéWa)éi ves), 4,927,814
( Di phrsphonat egjindfongd3 ,cﬁﬁ)?o-(fﬁ}%?fﬂlﬂ@ﬁfeﬁu?llé?fetlﬁséihggﬁﬂoﬂﬁpg%(&l’uC| eosi des),

eot | de anal 0ogs),

5,047,533 (Acyclic_ purine phosphohate nu 5,142,051

( N- Phosphony| nBaidronate:y B-amino+lshyidvesty podpylideneispioaphnic peidi (ADMases) ,

S, 183, 815 (Bon ct i .agent.s 5,.196. 40 Bi sphosphonat es), 5,247,085

(Antiviral pur Muﬁ’&gﬁm&%@&?x@ﬂtyﬁé’?ﬁlﬂ? SeMERRGdaci ds), 20

5, 300, 687 (Tri :hyldbashylapihesp - i s-.apd tetrakis
ot Y e btopy B bep e 48

phosphonat es), S, 395,826 (CGuani di neal kyl -1 acl
derivatives), &methyld®DBi sphosponate derivatives), S, 442,101

{ Met hyd enebi sp clalola TR e-Yoy erivative 5,532, . .
(Tri f?@uor onet h%% Izu;lrllgp‘:r'losplhegir?'(ii B \{?mg’,ofi% ,Y%Mfﬂaéﬁ%&ﬁb@ha?%oaﬁﬁ}d
5,672,697 (Nul @i 2ieo%55)ret hyl ene phosphonates), 5,717,095 (Nucl eotide 25

anal ogs), 5,760Q,013 (_Thé[]n' dyl at e anal ogs), 5,798,340 (Nucl eoti de anal ogs),
5, 840, 716 (Pho &-HupYEehding)-d diydeaxynsopyliSesaisssbspliditic acidyubst i t ut ed,

ni trogen- cont aRMeBfhnatae iR RE5¥Ed;! I nat e conpounds 5, 88S, 973
(ol padronat e), REE __6?%7926{30 c|‘¥a‘}6’f‘?‘338§dg§§g§is‘¥’,‘&é‘%ﬁfﬂﬁ PEASHi onerical 1y
pure 2-ami nopuAmmnoiflipajrhnatet B-Micﬁmdﬂ@ﬂamﬁﬁi-pgﬁﬁnofﬁa}gaﬁj&% (Anti viral

phos%)onomst hoE%y ucl eot i ?ﬁ?ﬁg anal Qgs), 5,922,696 (Ethylenic and allenic
phospfionat e dePFRAPHEALG ?harq thedikg77 089 (Antiviral phosphonomet hoxy

nucl eoti de anal ogs), 6,043,230 (Antiviral phosphononethoxy nucl eoti de
anal ogs), 6,069,249 (Antiviral phosphononet hoxy nucl eoti de anal ogs);
Bel gi um Pat ent Ryanay5213006 s¢iettedi fromat egrietyof pirssphorfatd-estitaiting nuclédBde / 39724

12 PCT/ USPO/ 33079 753%2@ ' H‘c:)-.subg‘;it t ed bi sphosphoni ¢ aci ds); European
Pat ent ApKTreSFPBAcs RS %g‘?Agl'é Ttz Bh‘gglﬁﬁﬂﬁascpé§§‘1?gé>h85ﬁ}}?@alcﬁké{hl@ertai n
bi sphosphaalse RAEAPINGS 1A heftth Aeldrlol ublcblBEML1AH A ENS A fy Nt hase

and to reduce serumchol esterol levels in , Inc ng nman. Exanpl es
of tHose BramEskisnderaceused by ingppripsiatacellfpolifexativnl sach b2 dhBroPat ent  Nos.

5, 441, 946 1 0 Pauls et al. Phosphonate derivatives, of

| i pophi | i%&gg%ldﬁegg ,9’%8’0?%3' f ar\%ﬁ#’f?ﬁ"ﬁ}oéﬁh@'rt’élw &W@@ﬂﬂﬁ’ atect).Binorariingce in

t heir entfligby AlRESA8%urt e e d {0800l i ounds
according to t?\og&iﬂnvenz(i onl,1 daltﬁ ’%ﬁg#%%%écggﬁﬁlgg’mdaﬁﬂéa%’k@ﬁ&gs%ﬁﬁrlpi pi d

di sor der s(4 eoxireafmycin)wh-nirreaptdparine dpthioduanhe, pidsstitutedv@nt i on.

Bi sphosphona of, .t i nyent.i on y be used orally or topically to prevent
or treat %Pﬁ%ﬁ%%?éré]‘@‘%‘ééwﬁgénw sBvasdRe (ara QY. 1sp- abmadjiolr@pgdf), 36S:

her e in | TheRe LA L5iS et i fet 1 .used herein, the
ter mta'oal kﬁ%hgér?{é?ga?g /5?%1 g%%@g?%h °§’E$‘z§f‘§’#f (agar'bg’raéﬁéﬁéaﬁ%hai n or cyclic
radical of fromone to twenty-four carbon atons, including nethyl,




ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-hexyl, and the
| i ke. As used herein, "substituted alkyl" conprises al kyl groups further

- bearing one or 20 nore substituents selected from hydrexy, al koxy (of a

| ower al kyl group), nmercapto (of a |lower alkyl group),; cycl o@Itkihy 2004
substi t ut adooysdmesal kyl , heterocyclic, sbstituted heterocyclricausvopsor
substituted aryl, heteroaryl, substituted heteroaryl, aryloxy, substituted
aryl oxy, hal ogen, trifluoronethyl, cyano, nitro, nitrone, am no, am do,
-C(OH, acyl, oxyusdsjdesasdfokior 1reamgmimmltim£ect$cuﬂsfmaiyyhlso bulchovertedde their

sul furyl, and the ik 25 As used herein_ "al kenyl” refers to straight or
branched cHePESIRA PB?FPIBPBF% TG PHan Ba &rayp- r%‘PBPEQ?Wﬁa@a‘PB@BSdoubI e

bonds, and (Oaibindodrfiah REREA IR EOQ/J

substl tute al ecnylal ers tsm(ir% ?Ozﬂzgf}ﬁtsa ¥]E§§Bg&gﬁ§lg%§8r%ﬁor nor e
subst i t uentROA%) gﬂiupfsﬁbﬁthut&b(ﬁmﬁhe 30hysroxged ah Qﬁﬁtfﬂﬂal nuelepkide! Sbffes t O

aromat i c groups_having in the range of 6 up to 14 carbon atons and

"subst i But exrampiasof ppiwral phesphepateydeained WywubstintingaPOsid. fmeheo 5’ -nor e

substi t uent,s g{ forth above. WO 01139724 13 PCTNS00133079 As used
herein, " he}f gaoxa'? % refers to aromatic groups contai ning one or nore _
heteroatons (e.g., N, O S, or the like) as part of the ring structure, and
having in the range of 3 up to 14 carbon atons and "substituted heteroaryl"”

refers to heteroaryl groups S further beariry one or nor Hakimiedahit GeHt;s as
set forth above3%§1dgs§g, herein, the term, » or "val %(% vl:; d" gf ers

to a |inkage bet'ween atons consi sting of ellectron pai
herein, the taidebxyehahidasesiti cal ly %‘,cepbﬁgn)‘r salts" refarg. tshdlagﬁ,hm%d
and base addition salts. As usedHogfei n, the|lterm "prodrug" refers to
derivatives of phmph@memlﬁcal ly activq capounds that haVeaysBebi &by, y. Br
net abol i cal | y I ups and be ﬁ [ t he phar mac gl ve
conmpound by so é Bﬁm% nder in vivdg, physi ol ogi cal fﬁt#“lf re¥n31§b§
Phosphonat e anal ogs conprising therapettically effectl VBS: pbmg;.pbgglat es (or
phosphonat e derivatives of therapeutically effective conpounds) covalently
linked by 20 a hydroxyl group to a 1-O al kyghycerol, 3-0Oalkylglycerol,

1- S al kyl t hyropldydesk Phymidingkoxy- al kanol , absorbed nore efficientl y
in the gastrointestinal tract than are tfgj%\parl nt conpounds. An orally
adm ni ster edledﬁgmos;ihmtueawmal og i s tken Nhtact fromthe Ibid.

gastr oi ntes@ﬁl} tract of a nmamm@lO) the agctive drug is released in vivo
by the acti dhogphedahous enzynes. Ph ohat e anal ogs of the invention
may al so 25 have a hi gher degree of bi ty than the correspondi ng
underivati zed conpounds.

NH, Kofoed, T., Ismalil, A.
j\/ E. A. A.; Pedersen, E.
phosphonic acid Q O“ "N B.; Nielsen, C. Bull

|
1 ’ > v
(HOYR_ \ .
(ddC phosphonate) o Soc. Chim. Fr. 1997,
134: 59-65.

Kim, C. U.; Luh, B.
Y.; Misco, P.F.;

2',3",5'-trideoxycytidine-5'-

NH
9-[{3-(phosphono- 2 Bronson, J. J;
methoxy)propyl]adenine ) Hitchcock, M. J. M.;
(Adefovir) (HO)ZP\/O Ghazzouli, I.; Martin,

J. C. J. Med. Chem.
1990, 33: 1207-1213.

Some examples of antiviral phosphonates derived by substituting ~CH,-PO3H,
10  for the 5'-hydroxyl are:



The conpounds of the present invention are an inprovenent over

al kyl gl ycer ol phosphat'e prodrugs described in the prior art because the

" phosphonat e cont ai ni ng noiety is linked directly to the alkyl-glycerol or’

t he al koxy- al kanol noi ety.'30 and because the presence’of th pnmp pate
bond preysp ey mati c conversion togghe free drug. . O her Lj §6/§3 et ween
t hese groups can be present in the inproved anal ogs. For eX

bi functional |inkers having the formula -O(CH2)"-C(O O, WO 011 39724 14
PCT/ US00/ 33079 wherein n is 1 to 24, can connect the phosphonate to the
hydroxyl group of the al koxy-al kanol or al kyl gl ycerol noiety. The foregoing
al l ows the phosphonate of the inventiong4o achi eve Huffir@hgel. Fb; SrigreticROf
oral absorption. Furthernore, cellul gr dnzynes, but_pot. pl.asma or di gestive
tract enzymeg; 4v1convert the conj<,u teN"ﬂo a freeVpropmwmateG:A furt her
advant age of taf?e al koxy- aIE p,g)l phosp i's thag, &HE s e CE/Jof
co-adm ni stephcdsphomieto re I|sh 6sphonate absorpti o’n iI's greatly
reduced or elimnated, resultin i gher pI asnma IIGuﬂbssxdmNubEt)ﬁ@s
conpliance by patients. 10 Conpo qu of the invention can be adnini stered
orally in the formof tablets, capsules, solutions, “€fuldi@Hsobx

suspensi ons inhaled liquid or solid papticles, mcroencapsul ated

particles, ﬁgray, t hrough the skin an appI i ance such as a
transder nmal Q‘F Yir rect aII , for ¢x rrp in the for é suppositories.

The 15 i popPh&,gpﬁoﬁut@dr ug (deyz vat i ve i nvention a parti cularly

well suited for transdernal %sg(pg n adm ni stration and delivery systens

and may al so be used in toothpa dm nistration can al so take pl ace

parenterally in the formof injectable golutions. 'F[@e) Cfprrggﬁf EI pns may
a

be prepared in conventional forms, fgr anpl e, capsulé
aerosol s, &sneicloyirsycheuspensi ons, oW t g her with Astimiceols. Agnts opi cal

applications, h Sgg ceutical &or mul a nt ai ni géh ounds of this

i nvention caR'® f‘)ar ed H8-%0 vep onal t echni queshengotger. 1826,485t964ed i n
Rem ngton' s Phar ITB.CEUtI cal S 1985. 25 The phg maceutical carrier or
di l uent enpl oyed nmay be a conventi onaI solid or liquid carrier. Exanples of
solid carriers are | actose, sucrose, aN!:'I 2 gelatin, agar, pectin, acacia,

magnesi um st s 3rSt earic acid, or t alkyl et S 1 ul 0
Exanpl es of ?I qui carrl ers are syrup,| pelgnut oil, % &e’oﬁn ’Qﬁ“mos‘dses
phosphol i pdldéoxyf: dide-gCi ds, , fattyo am nes, mﬁag&y&ghydggn Ors7vnat er .

The carrier or d| | uent may ude any ust ai ned rel ease materi al” known in
the art, suphospkori¢geidryl nonostehr r distearatk2 al one or nixed with a
79I
€

wax. WO 01 /39724 15 PCT/ US00/ 3 a solid carrier is used for oral

adm ni stration, the preparation na tabletted or placed in a hard

gelatin capsule in powder or pellet form The anount of solid carrier wll

vary w de bﬁ? but, will usually be fromabout 25 ng to about 1 gm If a

liqui d caPHieEprefeTeda Vlf?‘r@%“r"é‘éﬁPh@ﬁpbﬁancmemnlatddefor vsenuncghe prastyeeup,

enul si on, ui d as an
ofSAE InveREGT b cﬁﬁpéd‘%}ﬁnlaﬂ £ bRt ghjﬂgésﬁgés mclla§1n§tcgd§3aﬁgl

agueous or non-aqueous |1 quid suspension or SO I On pr epar ed
by m % ngddGd--EMAVeDXithr BAPEYL-dA NatdliIs(d)Ihe-dC, IvaGe FTO pendidisvief t he

i nventi onk !1 g/l pharmaceutically inert, inorganic or organic 10 carrier,

di l uents, C-exci pi ents. Exanpl es of such excipients which can be used
for tablets are | actose, mmize starch or derivatives thereof, talc, stearic
acid or salts thereof. Exanples of suitable excipients for gel atin capsul es
are veget abl e Addlslonvlbxeatlwfaimhpspmmtemucd as@iddfovifeyelipoidyedvir, The

bi sphosphoc% g Ig (g glso b% in mcroencapsulated form 15 For
nasal adnf ovt‘ O R ﬂ’ﬁzr BHS V%ﬂ%&iwpﬁémé%? thpe

i nvento onprdéens HiveéREomr suspended inaliquid carrier, in particular, an
aqueous carrier, for aerosol application. The carrier may contain

sol ubi l'i zi ng agents such as propylene gl ycol, surfactants, absorption

enhancers suc Ole,C extrin, or 20 pr atives

Phar naceut i carc‘%(?)arrpggﬂl'l%%ﬂr?s‘f‘ odfth q‘]OH\Pe’ﬁ?Gisﬁﬂn? B%maafrémal@rtﬂisﬂ? %’lell on
conpri se thbaugmessitticaiid/mag ﬂﬁiateﬂﬁi B PtiRhNY SctAQUBRHS Eirkeﬂz% %UIF

| i qui ds, di spersions, suspensions or emulsions as well. as sferile powder s
for recorcAmRAyRAseENtangn 2tkenybgronpor a1} ersatishied atkiylior anyd nmletd'nhq:rer si ons j ust
priorqysto P f th Drep t|on 0 and
syr upls5 ar éé‘?ﬁ%%hg b‘iotsﬁqh‘ér ?f(&k s%??p %@"é %loﬁl\%“r? 3! © &?’HB%‘E@S ﬁé‘t‘f’ li ke.
Sui tabl e excipients for the preparation of |njectable sol utions are water,
al cohol s, polyols, glycerol, vegetable 30 oils, and the |ike. The
pharmaceutical products can additionally contain any of a variety of added
conponents, such as, for exanple, preservatlves solublllzers stablllzers
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met hods particularly conprise admnistering to a human or other manmal in
need thereof a therapeutically effective anobunt of the prodrugs of this
‘invention. Indications appropriate to such treatnent jnclude senile, -

~ post - menopausal or steroidinduced osteoporosis, Paget''s di se@sk MAfelldist atic
bone cancegg.grRyRer parathyroidism 1 S theumatoid arthritis,pclgQd4sdss orhy,
sterno-cqstocFaV|cuIar hyperostosi s, Gaucher's di sease, Englenman's di sease,
certain non-skel etal disorders and periodontal disease, human_

i munodef | gkanm¥tric datton(ddnyg carl BY préQsie n 2 BESARTNS | ' 1@(?‘% human
herpes virus 6, cytomegal ovirus (%mmo, hepati??§§gﬂe#§ﬁ§¥h%%§?e n-Bg% Vi rus
(EBV), var ildeIR-and s isemeys sndsmixtyrg thenens, ingbwingaoghizamixties asiwel asuch as

| eukem a, e N i3 wht.h,one .aspect. of ,the jnvention,
there are %&g%%eoc}%?fgetah{gggn%% °§feg§£er%??§§emé’ﬂatf? g%ﬁi“ﬁ ‘638}18’11 ISueh el s,
especi al | y isomasss wald as minmiréotiekoNrei ifRadETIS bY it REED th the ihVatiBE M, or
mammal a therapeutically effective anount 25 of the conpounds of this

i nvent i &n. PRAKURE SEIG0isoBIeH LS dRsirpd it eAn bapreparss by spatbedsa wel knewn gsthefartt he

i nvention _ ] &.9 ocl ast -,nedi at ed.bone -
resorption 'rql 'g%ﬁsféélllwos Egﬁgp%g{ﬁgﬁﬂ%%g eé)lgllg%%f“ ﬁéﬁﬁfé’aﬁa&ﬁ%ﬂ?’éﬂ m whi ch
t he prodr ugehtersandae sictaliasesobed o aileehRivelys B9 nfsiBods!thsk 16ad ioan&xt@BPePPr i at e
to such treatnment include osteopaorosis, particularly in postnmenopausal

wonen, t he tBosteepEemerssad sesohtionhydaiayanmethofeng- t er m gl ucocort coi d -

t herapy, and Paget's di sease of bone. The bi sphosphonate conpound

cl odronate (Gstac, Boehringer-Mannheim Mannheim Gernmany) has al so been
found 1106 reduce Masephosplmareddmpminds exier thht cunttesiepivatizddadooasd toahsicer

patients at. high risk for _distant tastases (Diet, LJ. et al. 2.7 SAY
2004 WO 0Ol /! Q0 iozuﬁilf?ﬁﬁsmpg‘ﬁm@g?%@eﬁﬁwwmgrmase thew oral absgption,

357-363) . - Bhibh 6a9ur ShmbeuR SRIRMRACARLBsRY AUh fiWind BiichidY ERhIc@YnEAN De

eval uated according to S as the parent conpound.
conpri se compheraby ineorpesased eyrmaftrende indheir amtivetyal U e RaichiyNo§. 3,468,93s5mber

spi ne, fenmpral, neck, 0 ter, faregr total body, together with 5
rrg:as ur eme nt@%@W@ﬁ%@a&?@a@eQIP%%?)’ gﬁ%}é 3’3‘? déig’%ﬁ‘?ftqt@g“éﬂ Qa%ﬁé i.ght W: n
ost eOP%'OSi(Bispﬂ@%oﬁféaagﬁitdﬁ:giv{éxﬁﬁés?,gi@?ﬁéfh ('lﬂsﬂ(ggg%\nﬁ%g)pgl’o@%@@ne | esions in

metastatic di sease, and the e. I'n accordanc h“anot her aspect of the
i nventi on, (Phesphonates efragidodattommuctedsides), 6 647,533 (Aagélivgpirireephogs®nated

strength in s, .es j ns, by adm nistering bone e

anabol i sm &“Wﬁ&“%‘?ﬁ?@%@s‘l’%f&i Oﬁpm@?v‘]ﬂegf?%ﬁ%ﬁd?rh HSPY OHRYTERINgst and
osteocyt e ap@difueint baseb;adiBD®15 (BafieAtiv dp8hts), 3118, 400 (BRPholHoMBleb PN, While
not substanti al Ig altering osteoclast functions (Plotkin et al., J din

| nvest 104: %3630853Antiviragmring remparndsack3@4,63) (Gerg-dipimsphomic Reids)L1: 1492
1996 1 i toOf o he i tion, th
o o B0 aor s RS RaRystl Berk ot B lfes SEA 0% AP IR 0T e ©

| ndi cat i onsplaeptionaresp 5395826 (Ghartidimaalkphl, 1 ibisghosshdniG s dbRVAIvéE)Y, uses such
as human i odefjciency virus, (HV), influenza, herpes sinplex virus
(HSV), hu ﬂ%}fﬂe lm%f’égon@?e @V&%‘g 15442 LY Adethylensbisphosplanic acig and C
virus, Epstgins; i i N3 j S
caused bs oﬁ'ﬁ%ﬁfﬁ?ﬂv i,5r33,5‘*22 g ((?5 ?%1%0\&%}?)?%%'?3%%?’8%%%4) ’my’ﬁso?’,%\g Qg{é‘fﬁ%ﬁgﬁ

smal : Ipox, canafogs), Sﬁmﬁ)m}llfmdk-gypmhl ylam’@dltdsphdﬂa_k&%,,s,’eb?(})% (\I‘ilrclrl]a)tide

papi Vi rys, t e, n.accordance with sti anqt her aspect

of phe%veﬂ?r%ﬁ),’%%&oggéjrwwg _tﬂgﬁlﬁs’té@ﬁﬂm‘}%f&t“idﬁ@nﬂpgﬁ)r ders caused
by i nappr ops 49,216 @hbsphoRhte MBERbI® corfpdmds)2s! 353,143?&%-%5%&%”0”& | ung

cancers, pancreatic cancer, stomach, colon and réctal cancers, prostate and
br east cancmitrogerheontainingicieroeyadiciphoshomate compdundsd, 3,8&597 N (lpadramate)

o Conpatmiie! B OyFeotAR b, fr7 ot ohe 2hreaapure O |°°
cytar abi ne ﬁlﬁfs?lgﬁhte fuclati@s an by, 5, §32069 Yed{ f)lfgsg\ﬁoﬁ&ﬁaﬁb‘i)i RidMdkide

genti tibine, cladribine, fludarabine, pentostatin (2 -deoxycofonnycin),

6- mer cadt optnalags), 2696 KEGyleain and adleticsphiosphianatesterivativessaflpairines)t ed
ar a- adenosi ﬂ%’i,éﬁ@(iﬁ}tivi&f &io%ﬂﬁ@n%%r'xct eox(yanru%Te%;}ide s oéfisr),a 6,043,230 (Antiviral

phosphonomethoxy nucleotide analogs), 6,069,249 (Antiviral phosphonomethoxy

w0

nucleotide analogs); Belgium Patent No. 672205 (Clodronate); European Patent No.




2 7 MAY 2004 WD 01/39724 19 PCT/ US00/ 33079 understood, however, that the

. specific dose level for any particular patient will depend on a variety of
factors, including the body weight, general health, diet, time, and route,
of admi nistration and conbination with other drugs, and the ggvgat ty,of the
di sease b B ated. 5 Cenerally, theconmpounds of the pr j ntion
~are di spgﬂ;@eg’%#?{?unit dosage formconprising 1 %to 100% Og%j"zlﬁ’ﬁto\g)égo\ég
ingredient. The range of therapeutic dosage is from about 0.0l to about

1, 000 nu/ kg shey( Abhind-dubSifufBispHd c@gé Kq{ bei ng
preferred, V\/nen( adm ni st ered toppg |gﬁés, pgyrobg%}ngaggma%ﬁggﬁ%“ dr ug.

Act ual dod&6403 @emiinal diphasphomataspignddhecliites i N t he phar maceuti cal
conpositions of this invention may be varied so as to adm ni ster an anount
of the active conpounds) that is effective to achieve the desired
therapeuti c r esReRRFbikKospho}id EGHDAMAP REVERE abs ni mal
experinments have shovmﬁﬂg hg ef fi caci))/ of b?s@ﬁo?pﬁ%%%@ﬁg%ﬁﬁgmi ng bone
| oss uhdesyrthpsgranddareduce sergint ¢hestatellieyrieth emmiais, indlediay amin. ¢l i ni cal

di sorders...B t h t udi | Il ani nal._nodel t
Cvar ool cERBRBE ot hdsPBRPRairnEniRe o Wl ea b etmonac e SThgse Nes o are.
al so usef 15L44hg946rma$;5630m8tt6@aﬁmar.@thbyﬁz,o%feid‘e?@xtiﬁ’{f oZ?z%gP}}i?iP'& paonate

f osphonat e

prodrugs of the invention. 20 The evaluation o I'sp er apy
t ypi cal | y bptyefi whish arechegehyeingpiparatethbyfefdremzrialtheis ntivefyg hAnaAowk dfahesenass,

nmeasur ed, Jt.r.abecul ar pone vol ume, between ups of treated
and unt reg{glg%erger%agg ﬂ‘?“%ﬂ%S%’HP°‘B£@P°°&¥1P8(‘5T§§9‘6)@I§!°HB ; 8‘&}%&5M“her al
Res. B¢ 3) 1/ 9eatB6nt ofiliid apefdensi Kinasah mmﬂésgﬁge of ¥ e;&i‘géég&‘g the

ate

inhibition of bone loss in imobilized rats that retr with 25
ami nohydr ésXEBtiPRnBispheshenpies afiths inveatianotay beMsed bradlly or ¢dgied)y Bal ci f Ti ssue

Int 53:278- ' : thyroi di smin,t
i Dar -t BTSALOr AT BEOURED ey & Aoy ELES M MG S50, 368 Berchy "9
bi sphosphdnuisortted dlyasfepdide wnits eatiree). gr oups bi ochenical |y, based on

ost eocal ci n nmeasurenent, and by hi stonorphonetric anal ysis, including
di fferences in cancell ous bone vol une, and histol ogical 30 conparison of

ost eoi &, osteoc : a urfaces in bone sections, Seedor, J.G
ot a1 (1001 SRR P AN RleE SokBE s 1ono e GhEia Betrandiedd: e of
t he ef f ecthath cakcgelitr mdabkbof fiompmeso Roerp-fdur|c@oni afory, ShAGAIAB AR at s by

f enor al asg1 \gei ht ftnd hi st onprphqonetric anal ysis of tibial trabecul ar

vol ume. TREWSARERRY! 1sopsopylbutyd asebiyloent daiylan-hexypomdsbe tke3079 assay,
conpri sing histol ogical exam nation of the epi physes of growing rats, can
al so be used as a screening assay. An exenplary screening test for

eval uating t hF Whmﬁr’ mbmgnpn@g'mnﬁiﬁﬁﬁémlﬁoqmwe%@w he

I nven on I n al Oor ra e, ost e en varl ous strateglies 1Is
provi 3hq" mote sShpEng e REE‘@WQY@?@WJO& AR gawpbénqw%@(@@ in a
variety ofow@kikyl 2foupsReERAMYI, gﬁ%’tiﬁft%&{&g@%ﬂ ggﬁo&be]}@ subEHFuteg:g”er al

phosphonate esterification nethods des aré provided for

i |1 ust r at heterqsyelits e04, substifuted drydshetencrryls substituted isteraseyl, asldxiydubktitgtedihi s

i nvention j mg,n almagng olndetgld sever.al nethods, have been devel gped 10 for
direct coReRarPiSre I ieEeRRTN]: 6Yano; Blo, HEpRS, ARA, ARides de(O)FpAcy anpl e, R

C. Lar ock oxfauyhiceiensl, vabahsa EutfolylaasoRumimb, s‘al}gryl,\é%'g.bé\ﬁk’é York, 1989, p.
nd “puri fi

966 and references cited therein). i'solation a cation of the
corrpo@ﬁds and intermedi ates described in the exanples can be effected, if

desired, by any, I S ration or purificatio rocedure such as, for
exanple, filt At oﬁ%lﬂgljfﬁ.‘r aag‘?%‘ ?,re & ‘8F§7§i§§ﬁ cfribf%?tc}‘f)‘ﬂ?ﬁ)am 0 ‘Pﬂr%P“PS

chr omat oghayihy , orlelvr mdréy@bort-0irboR OB SBYNds, 264U Bhvihk & ihe ParfPle o 26AITBIRAL | on of
t hese pr oceg/gr%gm Specific illustrations of suitable separation an

i sol ati on'HFHE gloms, and; "substiited alkesyE'gefses towlkeayrgroupsdfuitherbearings epar at i on
and i sol abhoBr RoRFRBUESE A sePlorhibsE: al so be used.

30
As used herein, "aryl" refers to aromatic groups having in the range of 6 up to 14

carbon atoms and "substituted aryl" refers to aryl groups further bearing one or more
substituents as set forth above.



20 Schene | outlines a synthesis of bisphosphonate prodrugs that contain a
. primary am no group, such as pam dronate or alendronate. Exanple 1 provides
conditions for a synthesis of 1-O hexadecyl oxypropyl -al endronate .
. (HDP-al endronate) or 1-0O hexadecyl oxypropyl - pam dronate (HDP- 23@? g[ﬂgt e).
In this process, a mxtur'e of dinethyl 4-phthalim dobutanoyl £ h te
(I'b, prepavedi/m2zdescribed in 25 U.S. pddent 5,039,819)) anBCI/US00/33079
hexadecyl-oxypropyl nethyl phosphite (2) in pyridine solution is treated
with triethylamne to yield bi sphosphonate tetraester 3b which is purified
by silica gel chromatography. Internediate 2 is obtained by

transesterificatjo [We]?) i e i bed, in _Kers ... Kers,
L St nski < 3 Aot oS RASRIN o e B R aiind For s
427-430. Thiéterodlorphiip) N3O, flow spHilie} as parpyf thelHAg steedure] Aid Hasinkiif e t r eat ed
W th hexadecyl o%ypr opan-1-ol, then with nethanol to provide conpound 2.

WO 011 39724abge oS3Hpre 1+ carbgp atqrps 2od, Substitutedcsterparyly referste heyerganyl groyps

50( CHz) 30- Pt | . 4 We! iethylamine ~ OH O

N ( Ot n. PrEBg g St e S BB b ) “s e 3 b brom
trimethylsilane, CH3CN, 2h O CH O 1, hydrazine, ~ OH O HZN-(CHz O P=0OP( 0O )z
NH4i ~ MeOHI |, 4~i i 14y ~ [ N ~ CP CHzy~Q( CHz) ~SCH3 2.
l(\/EO/\IEt OH NH3 O é#»g@?%(eﬁmé Eﬂ@@fné’%)v,ale%e 539212.{”2“ ersto 4 lﬂgkagc Berween

1- O hexadecyl pt opanedQrag eRRFbALHARate ~ n = 3

l-Ohexadec%/{Pgr opanedfol -a3-eal eng?onate 44 a-b An inportant aspect of the
process is that other long chain alcohols may be 5 10 used in place of

hexadecyl oxypropan- 1-ql t.o generate the various conpounds, of this
vent 1B ¥ eat ReHEetersihe SF Hat et BT e SRRy Per Bt
acetoni tril gigLaPVARS alilGonRARy! esters selectively to yield nonoester 4b.
Treatnent of 4b wth hydrazine in a m xed sol vent system (20% net hanol/ 80%
1, 4-di oxane) results in renoval of the phthalimdo protecting group as
shown. The desired al gndr.onat rodr i,s collected. b iltration and
converted to thefHf A egﬂﬁl %93‘%8e5?fﬁféﬁ?%mw%9£abmaee‘§ﬁﬁl&g a.
Scheme Il i hdidichbRbSinds thiHale shémiehllpBPmeaboREal R IRRABIRReARARd becdmhdd a
primary amno group. In this case the process stéps are simlar to those of

Schene 15 exthephammseutivally activoeompaundbysel vdysisoniendgr tangvaphysilogieajuent

deprotection .15 hydrazi nol ysi s are unnecessary.
conaitions.

Phosphonate analogs, comprising therapeutically effective phosphonates (or
phosphonate derivatives of therapeutically effective compounds) covalently linked by
20  ahydroxyl group to a 1-O-alkyglycerol, 3-O-alkylglycerol, 1-S-alkylthioglycerol, or
alkoxy-alkanol, may be absorbed more efficiently in the gastrointestinal tract than are
the parent compounds. An orally administered dose of the analog is taken up intact
from the gastrointestinal tract of a mammal and the active drug is released in vivo by
the action of endogenous enzymes. Phosphonate analogs of the invention may also

25  have a higher degree of bioactivity than the corresponding underivatized compounds.

The compounds of the present invention are an improvement over
alkylglycerol phosphate prodrugs described in the prior art because the phosphonate-
containing moiety is linked directly to the alkyl-glycerol or the alkoxy-alkanol moiety

30  and because the presence of the phosphonate bond prevents enzymatic conversion to
the free drug. Other linkers between these groups can be present in the improved
analogs. For example, bifunctional linkers having the formula -O-(CH;),-C(0)O-,



WO 01139724 22 pCT/ US00/ 33079 Scheme |1 trimethyi phosphate RGO THF
R-~C-~(0oCH3) Z ~Q(CHZ) t ~CH3 CH30~JL , O OPH OCH3 pyridine, HQ O
“triethylarrrine CH3(CH2)t7 R --P(OCH3) rt, 6h CH30 -P= O OCH3
bronotrimethyl silane, CH.CNCH CH Hq O, s( z) R ~ -P(__O—I)Z CH30 -P=O OH
Bi sphosphonat es having 1-ami no groups, such as am no-.0l padr ongt g aynpug, be

converte agaliogs according to the jyivention prodrugs u §00§3I3&7ght Iy
'mdifiedq’[‘)’?gclzesskshom in Schenme II1l1. . 5 Schenme Il NHZ Osll&gu

(CHs) zN (CH2)2-C=N 1. HCGl (dry) (CH3)Ztt-(CHZ)2- i -P(OCH3)z .E O 2.

_di met hyl ~0-PH( z~ ( 2)ts s
OB b onp e R I} o e oo P b o
Q CHZ~Q( Crikpiwalienelnr-akylglycaopawiatpat e Treat ment of a mi xture of conpound

2 and. 3- (di met hyl am no) propionitrile with dry HC 1 followed by addition of
di et hyl phosphate affords tetraester 3 which, 10 after denethylation with

0130724 33 1) USO0r 23050, nanm RO e ReRakighe O
bi sphophéeaieeoberal ehfomitane Rurdiermere scedintusniemes, batﬂmd»lamaemmi'gmw% am |n 3
group of g AR, ViATRRYAF HeAoRRIpal 18] B2 phoB TR b 1SE hivantage © e |V
of the alkoxy-alkanol phosphonates is that the tendency of co-administered food to’
reduce or abolish phosphonate absorption is greatly reduced or eliminated, resulting in
higher plasma levels and better compliance by patients.
10
Compounds of the invention can be administered orally in the form of tablets,
capsules, solutions, emulsions or suspensions, inhaled liquid or solid particles,
microencapsulated particles, as a spray, through the skin by an appliance such as a
transdermal patch, or rectally, for example, in the form of suppositories. The
15 lipophilic prodrug derivatives of the invention are particularly well suited for
transdermal absorption administration and delivery systems and may also be used in

toothpaste. Administration can also take place parenterally in the form of injectable

solutions.

20 The compositions may be prepared in conventional forms, for example,
capsules, tablets, aerosols, solutions, suspensions, or together with carriers for topical
applications. Pharmaceutical formulations containing compounds of this invention
can be prepared by conventional techniques, e.g., as described in Remington’s
Pharmaceutical Sciences, 1985.

25

The pharmaceutical carrier or diluent employed may be a conventional solid
or liquid carrier. Examples of solid carriers are lactose, sucrose, talc, gelatin, agar,
pectin, acacia, magnesium stearate, stearic acid, or lower alkyl ethers of cellulose.
Examples of liquid carriers are syrup, peanut oil, olive oil, phospholipids, fatty acids

30 fatty acid amines, polyoxyethylene or water. The carrier or diluent may include any

¥

sustained release material known in the art, such as glyceryl monostearate or

distearate, alone or mixed with a wax.



O HZN-(CHz)n i ~P(OC~)2 OH O N-(Chlz)n i ~P(OCH3)2 hydrazi ne O =P(OCH3) z

. MeOH p O=P(OCH3)z O O CH3(CHz}~ 50(CHz}30C(CHz) zC-OH DCC, pyridine O O H OH
'O CH3(CHz) ~50( CHz~OC( CHz) zC- N- (CHz) ~ i -P(OCH3)z O=P(OCH3)z TMs-Br, CH3CN 5
"OOH OH O CH3(CHz) 150( CH2)-30C( CHy) 2C-N- (CHz) n i -P(CHh O=P(OpHy 8aheatk V

I 1l ustrat agogigengr al synthesis of al k¥bgl ycerol or al kyl pr ppgnadosiord0 15
anal ogs of cidofovir, cyclic cidofovir, and other phosphonates. Treatnent

of 2, 3isopropylidene glycerol, I, with NaH in dinethyl formam de foll owed by
reaction with aif agbkylcaniet tsarsectfdrfomﬂaaﬁmimis&hﬁi@,tﬁwprabéfyﬂioremhfrbc 2. Renoval
of the iso’proPyI i deneﬂ%lglo%%&gy treatment with acetic acid followed by
reacti on ipblgted px placedingrhand gelatincapsulie i Poaeir Relst forme lhe amauat of

Al kyl atio Lot er j ; : | | ound 4.
Removal  or FSeHENIRIER, SickibhlyBlalty be B0 Al 33 e d Py RBHC T

O, O di al kyd ligiig cenizhr is @sed Bhe prepatation noify bedniesfodmb ffayhgeshulyyor, gaftt i on
with the sodiumsalt of cycli.c gidafavir or other phosphonate-containing
nucl eobt deSSHHE GRS IReOTRETIF MRS Hnbisben axen aducobs ORiGRAGISENS BMidT t ho
cyclic addygpedsforA&®Mionshed by reaction with aqueous sodi um hydroxide.
The preferred WO 0l /39724 24 PCT/ US00/ 33079 propanedi ol species may be
synt hesi zed by substituting 1-0O al kyl propane-3-of for conpound 5 in Schene

V. The tenof ovi nd adef ovi r,anal o may. be synt hesi zed by substituting
Lhese nucl eot | dSARRSAEREATES bY SH-OBHF RoriveJaerign: (1 o PreehBger v, -

Chi s 5 mane P e e B B SRR L e -
EORZ ON i t sdrrigTdilugrts,@adfer exdipiEnts NERuapRe 0f hok-e@cipi@@-RBiteh, cah Na ugkd
for tablets are lactose, maize starch or derivatives thereof, talc, stearic acid or salts
thereof. Examples of suitable excipients for gelatin capsules are vegetable oils,
waxes, fats, semisolid, and liquid polyols. The bisphosphonate prodrugs can also be
made in microencapsulated form.
15
For nasal administration, the preparation may contain a compound of the
invention dissolved or suspended in a liquid carrier, in particular, an aqueous carrier,
for aerosol application. The carrier may contain solubilizing agents such as propylene
glycol, surfactants, absorption enhancers such as lecithin or cyclodextrin, or

20  preservatives.

Pharmaceutical compositions of this invention for parenteral injection
comprise pharmaceutically acceptable sterile aqueous or non-aqueous liquids,
dispersions, suspensions or emulsions as well as sterile powders for reconstitution into

25  sterile injectable solutions or dispersions just prior to use.

Suitable excipients for the preparation of solutions and syrups are water,
polyols, sucrose, invert sugar, glucose, and the like. Suitable excipients for the

preparation of injectable solutions are water, alcohols, polyols, gtycerol, vegetable
30 oils, and the like.

The pharmaceutical products can additionally contain any of a variety of

added components, such as, for example, preservatives, solubilizers, stabilizers,



HO4 ~~ s NHZ ~-NR- Og R0 ON-OIl~~O F ~ ~~ O Reagents: a) NaH,
R~CS02Me, DMF; b) 80% aq acetic acid; c) Trityl chloride, pyridine; d) NaH,
"RZ - Br, DV e) CBr4, triphenyl phosphi ne, THF, f) cyclic cidofovir (DCMC
salt)) DI\/F g 0.5 N NaG—I'Scherre VI illustrates a general nephogaYf qrpst he
syt hesi swad 0aseiseot i de 10 15 phosphondiées of the invention p¢dinihos33079
1- O hexadecyl oxypropyl - adefovir as the exanple. The nucleotide phosphonate
(5 mmol) is suspended in dry pyridine and an al koxyal kanol or al kyl gl ycer ol
deri vat i veettiog agenty, eandsifiers, mwmeﬁ; enyolmn;s tﬂaﬂrbnnyé@ buErets, c&fhrrgﬁgtehtlsa{ ﬁ
added. Thg eat tQ reflux and stirred vigorously unti e
condensatm};{é1 é@ﬁ@tﬁl%wnp (g&ﬁl e as nonitored by thin-I|ayer .
chromat ography. The m xture is then cooled and filtered. The filtrate is
concentrat ed under reduced pressure and the residue s adsorbed on silica
gel and puri fi@gtignally] @Qwhmmntlcﬂilconmbmgoapbglth(eeh\tﬁrmon iyt Comppieax. 9: 1

2 7 ay. 2O SRS ol s o A BT ED Gt BT POIRPNRE N N O

~O-P ARG tingy diftiraf actiV f &f %ﬁ G O CH
OH CH (OC_:ID-é?G-lZ)mg)XZ 3rHDIg?altdlé$l§3| r i:rﬁr?geldr}]lvdglﬁlﬁogﬁ: %oa]?err? gog%'crlljyged in

great er dRatiYF magrial.cPuchegnimebinationsars within heisnopenalitht imiention. exanpl es.
EXAMPLE 1 Synthesis of 1-O hexadecyl propanedi ol - 3-al endronate 10 15 20 A
Hexadecyl oxypropyl methyl phosphite(b) Hexadecyl oxypropyl methyl phosphite

was prepar ed uShlecjmxehﬁo idvedbsdeaR6dS S rdaling K8memakhn dikEH ed W' ”Sk',
J., gObEOWSkI .. Kr aslggwskl ° A. Synt hfasalrs1 Apri | a19951 z?%’f‘lilfé

sol utkf%n bﬁnedmsmq%wp msglplnchéop&zxn@prmaﬁmu protifergtiorgiand mesnkm)'he

mai nt ai n a soI tion of exadec | ox opan- 1- of
(6.0 g et%d{)é I'n aﬁy)( Q%anﬁlél?e?%ggn&?mnﬁwt«g b iniiat] ?“?DP%/ %%@ hour

bef or e anﬂhymbﬁmﬁlemiehaﬁmly dffcdting ymoast GFiBeProdfidseit tﬁffshﬁ\l‘én'i‘ﬁnan addi ti onal
hour , th&réol vent was evaporated the residue was adsorbed on silica gel and

chr omat ogldiH3kens aperongiats l9fueh freatment melydeczaies posiomenspaisalydr stareitlat e/ 80%

0% y1 of ey oved FORRoRRCE 4R e pffacfilthe oL Bybepbidimfaians * 3 4

(d, 3H4), Biebrhatoid ar&h‘l)us éigé@ys(tﬁoph?,l'i):em&caﬁoélﬁ%h]ar 3??)&0&0315 Gﬁﬁ&ﬁps 28H) ,

i m dobut anoy|

0.88 (t | oxypr trimethy 4-p
phos pé\o na‘?‘lé_gisﬁ% H%" I$BasF L IW%ﬁkﬁ}qtamﬁmﬂﬁélah@dubdmmMBeaphos phonat e
(I'b, 3.0 Bumdn i%ugéhodeﬁcwncy virus (HIV), influenza, herpes simplex virus (HSV), human

herpes virus 6, cytomegalovirus (CMV), hepatitis B virus, Epstein-Barr virus (EBV),
varicella zoster virus, lymphomas, hematological disorders such as leukemia, and the
20  like.

In accordance with one aspect of the invention, there are provided methods of
preventing or treating bone loss in mammals, especially humans, which method
comprises administering to the human or mammal a therapeutically effective amount

25  ofthe compounds of this invention. The bone resorption inhibiting bisphosphonate
prodrugs of the invention are useful therapeutically to oppose osteoclast-mediated
bone resorption or bone loss in conditions wherein the bisphosphonate from which the
prodrug is prepared has been found efficacious. Indications appropriate to such
treatment include osteoporosis, particularly in postmenopausal women, the

30  osteoporosis that accompanies long-term glucocortcoid therapy, and Paget’s disease
of bone. The bisphosphonate compound clodronate (Ostac, Boehringer-Mannheim,
Mannheim, Germany) has also been found to reduce osseous as well as visceral

metastases in breast cancer patients at high risk for distant metastases (Diel, 1.]. et al.



mml , prepared as described in U S. Patent 5,039,819) and

hexadecyl oxypropyl methyl phosphite (2, 2.9 g, 9 mmol) in pyridine (50 ni)

was added triethylanine (0.2 g, 2 mol). The mixture was stirred S hours at

© room t enper ature then the solvent was renmoved in vacuo. The 2 gsjgueypyas
adsor bed Ca gel and chromat ogr aghed 2 7 NAY 2004 % 26
PCT/ USOO/ggbé?1 l(et hyl acetate) to gi veH(?orrpound 3b (3.5 g, V\gg%lsgo?%

viscous oil. '"HNWR (CDA3) 8 7.84 (d, 2H), 7.72 (d, 2H}, 4.45 (m 1H)

4.27 (m 4 2 t%]

(m 2ty ATRRENe B 15, aohE, 37-363% pificcy St Bbbmostiphatclorodifbs %52

(broad s, o’ﬂt&hb inventiéh ¢dn beXdaluattdRacbBdingtd. thd sdrdenietivids.as 2dr. tRe parefijuar t et ) ) .

C. Hexadecy] ‘oxy .raq_p, Yl 4-=hthalim dobutanoyl nhgsphonate é 4b1 Conpound

£

3b from abWRPquado TheseLomprisscomparatiye grseawewemrpfdaoyeae@ﬁ@h msltwevfe@o )

“and cool e ( 5 nrnol) in
10 aceton:jlt ?’Tﬁeggb(nzlé\%ﬂ#&mg&a% l?f{n%}[)\f/ﬂ%ém‘:]en t hﬁB tggeg}rl]&vﬁééstl rred an
addi t i dnal m2asnoesments dineertebral ﬁnaetuvﬂssmhﬂrdeﬁnnnaek aﬁiddvdlghtunbeteomrshe,d i ce.
The precipjtate that f.orne (i.o ectﬁ?cj? y. vacuum filtratjion and dried in
Vacuo Lo GPYAE SEans G TaqioBIIp s J0gITEP IRNRSIEBAEAY a4 Sop5 e 3. 09

2H), 36 - 3.55 (m 1H), 3.54 (m 2H), 3.35 (t, 2H), 3.27 (t, 2H)
1.89 - 1.80 (m }, 1.72 (pent., 2H), 1.53 -1.40 15 (m 2H), 1.22 (broad s,
28H), 0.85 (t, 3H). 3 P NWVR (21.51(doubl et), 19 50 (doublet)). D.

1- O Hexadececvl pro d| ol = ndr onat 5b und 4b (300 0. 45
mml) was di ssof Etaﬂ?t CTASPSCL P! (ﬁé emax;ﬁ_;)rgg%ad g)&h&&ﬁ (5
Wydf&lﬂ&rg%q{g%n@@n%%n& SedheRrifadaRnthd, Q&é&ﬂlg'lﬂlﬁndfﬁsbys“ rred at room
terrperature for 4 hours. The precipitate that separated was collected by
vacuum f i | adrainisteringrkbneianglalismi-prenoting ¢ompanads dffthe suientommhidhhiehibguspended
i n et hanol C.amo tII’I’JnngI’ 10
it oa. - ne PR e Bedebr RSP, fohRela BRk <R el e o PRy« 1
et hanol andzhﬂéndfswdtaumWalumg@aﬂebaastlf@hdxoaaQPmaiﬂ@Palalmlﬁf BReéte (5b) as
the triamoniumsalt. Analysis by FT-1R indicated removal of

t he

pht hal i ni dé%m?em%@%?bw Va Beakr s apr hBonsMin Res 33: 1(4&2+()99®Bo (MH).
EXAMPLE. 2 30 Synt hesis of 1-0O hexadecyl propanedi ol - 3- pam dronate (5a)
1- O heXxadecyl propanedi ol - 3-pam dronate is prepared in an anal ogous nanner
(according to Stheserdante exthafet artdiltdr aspatdbhideiifve®ibh Opeft0ire pasiidkd S used to
prepare di nmethyl 3-phthalim dopropanoyl phosphonate (1 a). Eorrpound lais
condensed Wetheds for treating disopders gausad boviral infecters. bbicstvps Apprepriaeye el d t he
trimethyl e yields
LDP e r gﬁ&[ﬁ%gggg@ﬁdé%@g@@ﬁ&% SR13R Huharn iR ursddRd el ARRY

(HIV), influenza, herpes simplex virus (HSV), human herpes virus 6, cytomegalovirus

20 (CMV), hepatitis B and C virus, Epstein-Barr virus (EBV), varicella zoster virus, and
diseases caused by orthopox viruses (e.g., variola major and minor, vaccinia,
smallpox, cowpox, camelpox, monkeypox, and the like), ebola virus, papilloma virus,
and the like.

25 | In accordance with still another aspect of the invention, there are provided
methods for treating disorders caused by inappropriate cell proliferation, e.g. cancers,
such as melanoma, lung cancers, pancreatic cancer, stomach, colon and rectal cancers,
prostate and breast cancer, the lenkemias and lymphomas, and the like. Anti-cancer
compounds which can be converted to their nucleotide phosphonates for use as

30 compounds of this invention include, but are not limited to, cytarabine (ara-C),
fluorouridine, fluorodeoxyuridine (floxuridine), gemcitibine, cladribine, fludarabine,
pentostatin (2'-deoxycoformycin), 6-mercaptopurine and 6-thioguanine and

substituted or unsubstituted ara-adenosine (ara-A), ara-guanosine (ara-G), and ara-



5 Synthesis of 1-0O Cctadecyl -2-0O nethyl sn-glycero-3-al endronate Prodrugs

. Wth lipophilic groups other than hexadecl yoxypropyl are prepared by
substituting various |ong-chain al cohols for hexadecyl.oxypropan-1-ol in
Step A of Exanple 1. For *exanple, reaction of 27 MAY 7208%
1- O oct ad¥OWIAFRO net hyl - sn-gl ycerol wil8h di phenyl phosphi t ep¢TrUpgrizsione
foll owed by treatnent wth nethanol gives 1-0 10 -
oct adecyl - 2- O- et hyl -sn-gl yceryl nethyl phosphite. Condensatian of this

di al kyl pho¥ishng @ragph Astisaisss samponnsis of ghe inwentidsymay be osecalomnosineps C and

D gives 1- > 1y I -glycero-3-al endranate. Schene 2

il lustrat ec? n—?}é@%ﬁ ﬁgllgll éth(% g@bﬂéﬁ 5@?%%%%‘3‘%8“’5{ giaé%?ﬁjogagtg%agcwﬁygs Hhnot
have a priaseikaleids, Dopdisamdraselinhititosd, dikyldtidoigentd, dlnimEPARILASIRICHId@E W th
a phthalimndo group and 15 deprotection by hydrazinolysis are unnecessary.
EXAMPLE 4 1%ﬁnt hesi s of HDP-am no-ol padronate Schene 3 illustrates the

synt hegi s of 1-am no bi sphosphonate conjugates. 20 Using conpound 2 from
Exanpl e 1, 3-(dinethylam noJpropionitrile, and procedures described in:

Ol ovskii, V. VThepmdsigs & the invenfiom céiadnuBiiereEosilly, faréfetally, 1976, 46:
294- 296, the, %&sphos hon@te trimethyl ester 3 is prec%asred. Denet hyl ati on
with br ondPPICARE RsAtelly, 4nd threughs ether Fradtes; withrapprapriate dosaggpunitsl apdesiedes
HDP- am nool padronate. 25 EXAMPLE 5 Synt hesi s of

1- O Hexadecyl propanedi ol - 3- succi nyl -al endronate Scheme 4 illustrates the
synthesi s of a As sspddeptinsthe cerapfjangadrel weRkeiosubb@iahddvs dintta®étidous s at t ached
to a ﬁ@i ma.r% am nq g}rouo of. the Far,ent .conpound. 30 .

Tet r atidt hyPUeaTtERdl MmaHugenlac ox siravitresl inigatien, ior inflisiopieshaiaues2. 0 g, 4.4
mmol ) was di ssolved in 0.2M nethanolic hydrazine ( 100 nL), and the
solution stirred at roomtenperature for 3 days. The m xture was
concentrat ed t clleatefmi“tapicabilyll macathpasses aialihidtratian feethllyepanstinkgatiothe sol i d

was filtered off d the filtrate concentrated to dryness. 2 7 PLAY 2004
WO 011 397582 vl Be i mats ASTERGR ERPIFR A B S FMSOBLmEERRes of e
tetramet h;ﬁhoﬁtﬂ-agm,agbé{mgrtgﬂgbgtal i dene) bi sphosphonate. This was dried over
phosphorus pentoxi de at 50C overnight. To a suspension of 1.2 g of the
conpodAd in a nixturée of pyridine (25 nL) and N, N-di net hyl f or mani de (25 nl)
was added 3-sucgi nyl -1 exdecl yoxypropane (1.76 g, 4.4 nol).

Di cycl ohexyl: cato! Wn?ﬁ%cq'(vf.%%"é? %p?ij‘e‘ﬂ%‘ﬁ’f P\Eﬁ@@%ﬁﬁﬁ@d’rﬁiﬂgﬁ pkthgi xt ur e
stirred atind@@iontiemPamobatiRal\will i¥Per 8Y fevelB EdNbHES tiAsy dudveer edi the
filtrate was absorbed on silica gel and flash chromatographed W th an

i ncr easi ngPagtiedarbnhwithfrespecttardisorders disobiatedomith beneeméabo 208 )ant effectied d

succi nyl at und, i s._deblocked with trinethylsilyl bromde in 10
acetronitri oel&?gp a}%i agrﬂ%f"{-[mﬁﬂl I e‘&%hﬁﬁﬁ’ﬁ&tmf E‘?YeW&g‘%B?J%‘*ﬁioéﬁx‘Effswc

cryst abl i Zsineoesofptivn srehd1bowd resdrpAdiritat 6ccarinBs ia%ed?BaﬁQﬁf i Bost-

Hexadecyl oxypropyl .and 1-O Cctadecyl -sn-glyceryl Esters 15 To a m xture of
adef ovi r (Mancpgusgl fematesnpr pravient or RERessdONE Miejastasisrang yisskral meBastgsisdnmol ) i n
dry pyridigg.dasmeadded DCC (2.06 g, 10 nmml). The m xture was heated to
reflux and stirred 18h then cooled and filtered. The filtrate was
concentrated under reduced pressure and the residue was applied to a short
columm of silicg.gel. Elutjon of the colum with 9:1

di chl or onet h ane& {RSPSS toﬁx@rega associated with viral infections or inappropriate cell

25  proliferation, e.g., cancer, the “effective amount” is determined with reference to the

recommended dosages of the antiviral or anticancer parent compound. The selected
dosage will vary depending on the activity of the selected compound, the route of
administration, the severity of the condition being treated, and the condition and prior
medical history of the patient being treated. However, it is within the skill of the art
30  to start doses of the compound(s) at levels lower than required to achieve the desired
therapeutic effect and to gradually increase the dosage until the desired effect is
“achieved. If desired, the effective daily dose may be divided into multiple doses for

purposes of administration, for example, two to four doses per day. It will be



20 hexadecyl oxypropyl - adefovir (HDP-ADV) as a white powder. To a m xture of
_adefovir { 1.36 g, S nmol) and 1- O octadecyl -sn-glycerol (2.08 g, 6 mol)
din dry pyridine (30 nL) was added DCC (2.06 g, 10 mmol). The m xture was

- heated to refl ux and stirfed overnight then cool ed and fil teEeYdMAYI'r?éDAZS
filtrate Pﬁgntrat ed under reducedjgressure and the res 66@%79
applied to a colum of silica gel. Elution of the colum vmth
di chl or onet hane/ net hanol yi el ded 1- O octadecyl -sn-gl yceryl - 3- adef oVvi r
~ EXAWPLE 7 ehbhet, e thd R QIR

phosphonat gglg‘n%iaélwcég Bo AZT (3 -Azbilg& E%Jg?gg%§9ﬁﬁmrﬁﬁ%§%&m5%%§% hori c
acid) was sqmammﬂtzeﬂfaetﬂl‘%gﬂqlmngthﬁlhosible’tblghtog@mmléteamaldmtehmh; andGoutd. ; 2

Sadeghi - M OWERTHORYTORAA Sigfilioh Vi ot 83 TR BNALT losdltra ), 1005

‘38, 4648- 4659, EmedAZT phosphonate ( 1.65 g, 5 mmol) was suspended in dry
pyridine (30 f t hen 3- hexadecyl oxy-1-propanol {1.8 g, 6 nmol) and DCC
(2.06 g5 10 rrm)l) were added and the nixture was heated to reflux and

stirred for hen .co red Theflltrat oncentrated -
under reduced pr%gg%%?lgy glhd'g c%rﬁ%o%glg ?Qﬁgpﬁgmdﬁﬁ?'}t’é)& 79 EP‘E:TEFﬁﬂHw“‘b‘F silica
gel . El uti ofosage foim coaipuistngi% o aod%lafdmwy iagRARNNaTRé R 3P Merapesiicled
3' - azi do 3'-5"-dj deoxyt hym di ne-5'" 10 phosphoni ¢ aci d, hexadecyl ogépropyl

ester. I\MEB%IS@‘HB Reait 8. Qs tOtah@lItHeQ(Kggggqg@Qypmipﬁpm ahoutd Oymgikgdrpyi

Octadecyl oXy) G C vir 15 To a stirred
suspensi on Oﬁ@%%ﬁ?ﬁg%?&n?ﬁ{eﬁ aﬁ{n)lr%\ét% ‘TQC‘&PBﬁ%‘t%fsgrﬁ s Y ded N, N
di cycl ofgexydrug- meepihdbiage loetsudaanvdingred{datMa, thd pRarthaceutalEathpositidis

m xture was stlrred overnight to dissolve the cidofovir. This clear

sol uti on wa@f thifdRVeRien geay hf‘ova&lﬁ A918F 10 ainistRTEn ameens phihepctitded (30 min.)
t t hexyl
car bodi | i qeStgRY S iOenaRl by Sy mdesir B nitarthgd YlpBRRIBLET L

100 C for Ilparticilaepatizanl ed to room tenperature, and the sol vent was renoved
under reduced pressure. The residue was adsorbed on silica gel and purified
by flash columm chromat ography using gradient elution (CH2C12 + MeCH). The

of he Soivent giviriesChant Bl le Shovl i R IR RO RIOEAR L - o

showed t hi sinprebmtingdoDCMSs saddr en]bemymtalccondnimhmdemgr(eﬁl telnsinsic delevdnt To a
sol ution of clic c dof Vi T 0.8 mmol) in dry DMF (35
) was adagifigalgh w&&é%&@%ﬁ&ﬁ §malh agimal Rl | sysighe #he

available for evaluatmg the effects of bisphosphonates. These tests are also useful for

measuring the comparative efficacy of the bisphosphonate prodrugs of the invention.

20  The evaluation of bisphosphonate therapy typically requires the determination of
femoral ash weight and bone mass, measured, for example as trabecular bone volume,
between groups of treated and untreated animals. Thompson, D. et al. (1990) J. Bone
and Mineral Res. 5(3):279-286, discloses use of such methods for evaluating the
inhibition of bone loss in immobilized rats that were treated with

25  aminohydroxybutane bisphosphonate. Yamamoto, M. et al. (1993) Calcif Tissue Int
53:278-282 induced hyperthyroidism in rats to produce bone changes similar to those
in hyperthyroid humans, and compared bisphosphonate-treated and untreated groups
biochemically, based on osteocalcin measurement, and by histomorphometric
analysis, including differences in cancellous bone volume, and histological

30 comparison of osteoid, osteoclast and osteoblast surfaces in bone sections. Seedor,
J.G. et al. (1991) J. Bone and Mineral Res. 6(4):339-346 describes studies of the
effect of alendronate in opposing bone loss in overactomized rats by femoral ash

weight and histomorphometric analysis of tibial trabecular volume. The Schenk



30 m xture was stirred and heated at 80 C for 6h. The solution was then

. concentrated in vacuo and the residue adsorbed on silica gel and purified
by flash col um chromat ography using gradient elution (CHZCIZ + EtOH). ‘The
al kyl ated product was WO 01139724 3~ PCT/ US00/ 33079 el ut gg VM.AWZU P: 10
CHzZCl z BtOH. The fractions containing pure product were eva ?a ed’to yield

260 gy Higy he cidofovir (55 %yielg). To a solution of i.c cidofovir
(DCMC sal t?ﬁ%ll?.%‘pg, 3.7 mol) indry DV 5 (35 nlL) was addéﬁyﬁbb&’ﬁbg .

1- br onp- 3- oct adecyl oxypropane (2.82 g, 7.2 mmol) and the m xture was

stirred apgahedngfisiig Matofogi@l exdtinindfién §P§h\:'}eb§{rl}az¥;\€§50f.t%?l&ggfggr%?§- l@grg %ltsg din

vacuo and the residue adsorbed on silica ge puri col um

chr omat ogbapksd as<i seteeningciseayt A exéroplafyGidr@inmgH o valildtingiheydont ed

pr oduct s eluted wi.th Q. Cl2 /| MeOd. The.fractions containing pure

P oduot wieeiihEpRithE pltets o B o0t of BEBIEpirs & BParYIAS Te

sol uti on- eftesgeait KPS alritegled idp@viddd Tn ERBpId 11, dry DMVF (35 ni) was added
1- bronp- 3- oct adecyl oxyethane (3.0 g, 7.9 mmmol) and the m xture was stirred

and heated at 80 C for 4h. The solution was then concentrated in vacuo and
1S the residue ilica gel, andpuri,f.eed hy flash col um
chr omat ogr ap hygﬁ’ gf?p%é] Rgé’rj%ﬁlﬂ%ri Yeeroe ?%Ihb? PiepEed in dya .0% SaP%kgeneraly

product wdspieledti®Schinids INVI THP&ehérd] Wacdphone ebteAGitARISmeMdligidRidMpeRUr ©
product were evaporated tg yield 320 ng octadecyl oxyet hyl-cCDV. 20 To a

sol uti on Belo¥ae providedofoniljustratbnpupeses pnlyoarsl age not © hemsinptriied as y DVF (35

L - . ) 4 | th 1 xt

ot rred anifng PRt ATRERARE Mk e, Sl s AR oBR dEReipBtRa 1 n
vacuol@nd férdirecesindersation Ofbﬂﬁkphﬁniiaiabid@aviﬂﬁzﬂc@}ﬂﬂs'vgéé,ifo &chriylef Ragh col um
chr omat ogr aphy using gradient elution (CHzZC12 + OH). The al kyl at ed

product whereskyteuprighersiv Qrampicimyprrmior, VIS, NewMarknk98Spt 96Gandy pur e

pr oduct . Lel: ) | - cCDV. 2.7 SAY 2004 WO
D11 30724 SHRRRAIRRIEaebG Eoin A8 oA T coMeinge afidcy i oxypr opy
Cct adecy| intyymeaiintes deSctibedianthomyantplyd carts difsadeindesitad, oy angfsufthsief ovi r
Hexadecyl oxypr.opyl -cyclic CDV fc{ om above_was dissolved in 0.5 M NaOH 5 and
stirred af® aggfﬂnt%r%‘}%ﬁ?n%‘. Rrofeduse suchnseton sxample; flttions exdractioned dr opwi se

to adjsist ElisanhR b It atethePE; [.Sot by
filtrati orﬁ?ﬁr I IIril)isjeld wﬂ%ﬁ%\/\gt%& Jﬂgﬁgﬁﬁé«g@?’ ﬁ{g% 3 eclgrﬁ\éaq@?%@g%@ﬁl%gon

p- di oxanebwattempinationof thestROErdurdy) SPeeificdllhstratione oDaiaBRE ohap! -,
oct adecyl oxyet hyl - and hexadecyl -cCDV, esters_were hydrolyzed using 0.5 M
NaOH and a??fffm@a%e S e ‘E‘r’r_ge %mégbhﬂew@tb?rmw?(m SFRARIEIIANEXAVPLE 10
1 S Synt hegiifionlpréckahies caRBELGIY lsoReg@honat e Hexadecyl oxypropyl Ester
The cyclic phosphonate anal og of "ganciclovir was prepared using the

publ i shed procedure: (Reist, E. J.; Sturm P. A ; Pong, R Y.; Tanga, M J.

and Sigwel |, R nt hesi s _of, acycl.onucl eosi de phosphonat es. f or
eval ﬁg ion as asﬁi\]/%r_@%,SPtﬁgﬁse%fgth?.’yﬂ'}’}?}.os Ei’r?nﬁt,e Q{ngggg]aﬁc?%t&}rﬁ Nucl eot i de
Anal ogues pamafy hmnitio’ @ou\@8EH 8s pamidronate or alendronate. Example 1 provides

conditions for a synthesis of 1-O-hexadecyloxypropyl-alendronate (HDP-alendronate)

or 1-O-hexadecyloxypropyl-pamidronate (HDP-pamidronate). In this process, a
mixture of dimethyl 4-phthalimidobutanoyl phosphonate (1b, prepared as described in
25 US. patent 5,039,819)) and hexadecyloxypropyl methyl phosphite (2) in pyridine
solution is treated with triethylamine to yield bisphosphonate tetraester 3b which is
purified by silica gel chromatography. Intermediate 2 is obtained by
transesterification of diphenyl phosphite as described in Kers, A., Kers, 1., Stawinski,
J., Sobkowski, M., Kraszewski, A. Synthesis, April 1995, 427-430. Thus, diphenyl
30  phosphite in pyridine solution is first treated with hexadecyloxypropan-1-ol, then with

methanol to provide compound 2.




20 Anmerican Chem cal Society, Washington, D. C ). After conversion to the
. DCMC salt in DMF the cGCV phosphonate was treated with

1- br ono- 3- hexadecyl oxypropane and the m xture was heated to 80 C for 6.
hours. Isolation of the alkylated product by flash chromat ography yi el ded
. HDP-cycl i c- GCV phosphonate.: 25 EXAVMPLE || Synt hesi s of;.lganc'%jl HX\-F r, ]
phosphonat e hexadecyl oxypropyl ester HDP:cyclic GCV phosphohat e ft‘%% above
was di ssolWVeE3N2$H. 5 M NaOH and stirred™at room tenperat ur e FCIEINRNT it
to the acyclic diester. The solution was neutralized with 50% aq acetic
acid to precpitate the product which gag reqrystal lized 30 in"3:1

p- di oxane/ wat er . 2 7 MAY 2004 WO 01P5999% 32 pcTi Us00/ 33079 EXAMPLE 12
1- O Hexadecyl oxypr opane Al endronate | nhibits Dexamet hasone-| nduced
Apoptosis of M.OpY4 Osteocytic Cells MO Y4 osteocytic cells were
pretreated w he i nd? @at ed concentration of 5 1-O hexadecyl oxypropane
-al endr onat e NMIERIFORECEY2 for 1 hour, and subsequently the cells were
i ncubated for 6 urfg ¥¢3 h and without dexamethasone (10'i M final
concentration). The percentage of dead cells was_ degerm ned, trypan bl ue
update (Plotkin et al., J din IFABES{eMsRing 363- N1 & Hesalts are |
presented. in Figure 1. Bars represepy, t he nmean of fdzlad@@gnéfént
measur ement sCH{SHECEERRERg anal yzed by 1-way ANOVA (St udenbkigithsHNemman
test). *p<0.05. HDPal gndronate inhibits dexanet hasone-i Agiced apoptosi s at
10-8 to 10'5 M EXAMPLE 13 1- O Hexadecyl oxypropane Al endropate Inhibits
Dexanet hasone- |1 nduced 15 . Apoptosis in Calvarial Ceppmo-Calvarial cells
wer e obtained from neonatal C57BL/6J mice .and pasSgiRli'shh| tissue cul ture.
The cells were pretreated with the indicated concentrati ony of

HDPal endronate for 1 hour, and subsequently the cells were incubated for 6
hours with and witlew 10'i dexamet1h one. The percéntage of dead cells was
det er mi ned M—(CHM;B&::H—'IQ@)Zb{T 8. upt Ak X%ﬁ)gpzﬁk&m,, L al iggﬁ&_‘ | nvest

104: 1363- 1374, 198®)0 Res Ht§ are Rrs@gﬁked in g Gt 3ar H(r é’pr esent the
mean SD of 3 i nde®&heddiEHnlsur eRERT S OTha were anal yzedémgz,hmcﬁéNOJA
( St udent - Keul s-m%r%%dtﬁst%. gé p<0d. 05. Pretreatnent of cells wth

HDP- al endr o#hf g4 al % ! % " EI i shed the dexanetd##dsone-i nduced

i ncrease | n%o d?ég'dO cea\d cg %gﬁigéoé '%”.:g | l's exposed to 0.05 25 ~M DEVD (a
peptide inhibitor of apoptosis) foll owed by dexamethasone did not exhibit

an increase in W%g?r%goﬁgrltlagpe%?gp he Ho%teésr}g tﬁart] %%hePFo\@ cqllal%cehgolgo sX x%g?%g asone
used in place of hexadecyloxypropan-1-ol to generate the various compounds of this
5  invention. Treatment of intermediate 3b with bromotrimethylsilane in acetonitrile
cleaves the methyl esters selectively to yield monoester 4b. Treatment of 4b with
hydrazine in a mixed solvent system (20% methanol/80% 1,4-dioxane) results in
removal of the phthalimido protecting group as shown. The desired alendronate
prodrug is collected by filtration and converted to the triammonium salt by treatment

10  with methanolic ammonia.

Scheme II illustrates a synthesis of analogs of bisphosphonates lacking a
primary amino group. In this case the process steps are similar to those of Scheme 1
except that protection with a phthalimido group and subsequent deprotection by

15  hydrazinolysis are unnecessary.



i nduced apopt osi s. 2 7 MAY 2004 WD 0113972d . 33 PCT/ US00133079 EXAMPLE
.14 Inhibition of Bone Resorption in Ovariectom zed Rats by

1- O-hexadecyl propane al endronate Menbers of groups of. (250 gm 280 gm.

femal e Sprague-Daw ey rats'that 5 have undergone bil atieral o%qrmmctznw aré
treated Qgépfr with 4-am no-1 hydroxybulyl i dene-1, 1- bi sphoz’p onic acid, -

di sodi um 13964 1 chexadecyl pr opanedi 61~ 3- al endr onat e i nj &&I&ES00/33079
subcut aneously in graduated doses of fromO nmg /kg/day to 8 ng /kgl day, for
a period of four to twelve weeks. n# el ve weeks the rats, including
menbers of a control group, are sacr} iced and the fenora of 10 each ani nal

is ashed. Alternatively, the rret hod of ad n| stration may oral. The ash
wei ght of tHe fegRefnlohe eac d| vi dual maﬂ,s;anglgt the al Ues for each
group corrpa{(eeblas—&&ﬂ ndi cq{ ne mags to ﬁiegrzﬁ%

i nhi bition of bondHfoss anpng T e tFéat ment | pr ot ocof&s 0 OhExadecyI pr opane
al endronate-treated aninmals exhibit | ess bone mass | oss than 't e
ovari ectom zed controls. 15 i@mg)ﬁc@ | nhi bition of Bone Remmgptl on in
Humans wi th Osteopor osi scigp~-1- @ oct adecyl oxypropyl - al endjonate Two groups
of postnmenopausal wonen are t ed with placebo or V\nthl@ 'Qgﬂ‘z‘“y‘s“a“e’
oct adecyl oxypr opyl - al endr onat e an oral dose of fromOyI hy/kg/day to 100
ng/ kg/ day for a period of from *to three years. Menbers of the treatnent
groups are continually nonitored over the course of treaggeni for bone
mneral density, incidence of vertebral fractuyes,, grﬁ Si q, }Bf vert ebr al
deform ties by radi ographic exam nati on and hel g% 4 0SS é $ons of
measurenents are made anong the 25 various treateh rou soto determ ne
the effectiveness of the forns of al endronate therapy anopg the treatnent
group. The group treated with 1-O octadecyl oxypropyl al eng onate will have
f ewer fractures and a | esser rate of reduction in bone density than the
pl acebo group. Bisphgsphpnateigaming\bapihg grongs, 34cPETiSOMIRRDFSatEXMMPbE 16
Stinmulatio [ OR. umans W th Steroid-| Lt eqporosis
By 1-O oct(gt)élecy‘il'%gxy%ﬁ1 %éy"?‘gc%“ﬁ‘éqbqbe Y gHiepPr TB%ES‘H ag]ééi?tg’n@‘% edh
st er oi d- i nslae&d sheveaPSERMesITRre treated with 1-0 5 _
oct adecyl oxypr opyl - am no- ol padronate or placebo at an oral dose of fromO.1
ny/ kg/éay to .100 ny/kg/day for a period of fromone nonth to one year.
Menbers of the treatnent groups are cgg&g%&%gbly nmoni tored over the course
of treatnent for bone m neral density, nce of vertebral fractures,
progression of vertebral deformties by radi ographic exam nation and hei ght
| oss) ConpagchgQnscidf,~fBasurements are 10 made anong the v,@l_r||8us t r eat ment
groups to det er nijé the effectiven f 1-0O _
oct adecyl oxypr opjln am no- ol padr or o rapy arr(SH&fN FuCHz)fr pat n{ant 3)i;r oup.
Conpared wi th pl atebo or eat ment, ISEH e | ty is i ncree(%‘e'ﬁ'% fractures
are decr eaSidCHnOKCHR@EHadecy| oxypr opyl - am no- ol padr onat eO(FHMCéﬁ)wﬁHil ents. .
OCH,

bromotrimethylsilane,

CHCN
NH, O

(CHg)N—(CH,),—C——P(OH),
O=P-OH

O(CH;)30(CH,)15CH3

HDP-amino-oipadronate

Treatment of a mixture of compound 2 and 3-(dimethylamino)propionitrile
with dry HC1 followed by addition of dimethyl phosphite affords tetraester 3 which,
10 after demethylation with bromotrimethylsilane, yields hexadecyloxypropyl-amino-

olpadronate.



15 Exanple 17 Antiviral Activity and Selectivity of Phosphonate Nucl eotide
. Anal ogs Agai nst Human Cytonegal ovirus (HCW) HCW antiviral assay:
Antiviral assays for HCOW DNA were carried out by DNA hybridization as:
‘reported by Dankner, WM :Scholl, D., Stanat, S.C., Martin, 20 M, Souke,
"R L, and Spector, S.A, J."Virol. Methods 21:293-298, 1990. BZ'ZQMYY 004
subconf | uepd oMs¥32% cells in 24-well cul 28re di shes were pretpmmmB fiel!]

wi th vari.ous concentrations of drug in Eagle s m nimum essential nedi um
(E-MEM containing 2% FBS and anti biotics. The nmedi um was renoved and HCW
strai ns added atScﬁeﬂieIIlSl’tiilustrattéEﬁynmelsis of @ disiphosphonatd-adalbg eytieppthichipid ef f ect

(CPE) in the no-dru |n5dg%)Iu lig? virus was absorbed for 1' h-at
37C, aspir &8P Eﬁ&aaeén tS@@d’IV\?Wﬁmt‘We By quf?’BﬁQmpﬂf‘{“eFa%erd%%’“s
i ncubati on o ams. quantified in triplicate by nucleic acid

‘hybridi zati'on using a CW Antiviral Susceptibility Test Kit from Di agnostic
‘Hybrids, Inc. (Athens, OH). The nediumwas renoved and cells |ysed
according to the manufacturer s instr Lonsy, After absorption of the

| ysate, 30 the Hybriw x~ filters vvere% Vzed over ni ght at 60C. The
Hybriw x~ were washed for 30 mn at 73C and count ed in a ganma counter. The
results are expressed as ECso (the 50% i nhi bitory concgmbration). WO

01/ 39724 2 7 MAY 2004 BGE/ US00133079 Prelim nam-ewe#é-ﬂ@wcaaw\/ere per f or med
on 1- O hexa yl,pr(@,pze.nedl,;@gCHg,;—iDP) thewinéat i ves of cid ir and adefovir, as

f
shown in Ta 5 Drug CDVWHDP—CCDV Ade ov(g? “kDP- Adef ovi r 35
Table 1 HCW ECSD I\(ﬁ CQW)2CC$0 el ectivity Index0. 45 0,09

(3)8S71, 9000.47 0.13 (3)>1000>2, 1000. 0005 (2&.3(@,529&@2,; cl)oﬂ 01 (1) As
the results in Table 1 indicate, 1-0O hexadecyl propanedi ol - cycl ic CDV

(HDPcCDV) was >900 tinmes nore active than CDV or,cyclijc CDV. Wile nore
cytotoxic, the selectivity index against 1-1CW im@ceapjidly dividing cells
was >59,000 vs. 1,900 to >2,100 for the underivatP#¥f [CDV's. Based on these
promising prelinmnary results, further experinents werle carried out using
addi tional invention corrpounds. These further exper| ments are descrl bed as

follows. Cytotoxicity of test conpound noan n Iung

fibroblast cells (MRCG-5, Anerican Type%aﬁﬁz L}&%aﬁé@h on (L%gc Vi ﬁ&

in 24-well plates were treated with drugs diluted in E—I\/EM(G= O0H:BRL,

G and Island, NY) supplenmented with 2% fetal bovine serum and anti biotics.

After 5 days of incubation at 37C, the cell nonol ayer s visually

i nspected under nagnification and the concentrat masigrpf{ drug whi ch caused a
50% reduction in cell nunmber was estimated. 20 TRECHatja obtai ned fromthese
experinments is shown in Table 2.

1% o H oH O
CH3(CH2)15O(CH2)300(CH2)2C'—'N (CH)— C—P(OH)Z

5 O=P(OH),

Scheme V illustrates a general synthesis of alkylglycerol or alkylpropanediol

analogs of cidofovir, cyclic cidofovir, and other phosphonates. Treatment of 2,3-
isopropylidene glycerol, 1, with NaH in dimethylformamide followed by reaction

10 with an alkyl methanesulfonate yields the alkyl ether, 2. Removal of the
isopropylidene group by treatment with acetic acid followed by reaction with trityl
chloride in pyridine yields the intermediate 3. Alkylation of intermediate 3 with an
alkyl halide results in compound 4. Removal of the trityl group with 80% aqueous
acetic acid affords the O,0-dialkyl glycerol, 5. Bromination of compound 5 followed

15 by reaction with the sodium salt of cyclic cidofovir or other phosphonate-containing
nucleotide yields the desired phosphonate adduct, 7. Ring-opening of the cyclic

adduct is accomplished by reaction with aqueous sodium hydroxide. The preferred



WD 01/ 39724 36 PCTNS00/ 33079 Table 2 Inhibition of Human CW Replication in
. MRCG-5 Human Lung Fi brobl asts Assayed by DNA Reduction 5 10 15 20 Conpound_

E~~, ~ ~~ Selectiv'~ I ndex Ci dofovir (CDV)O0.46>1000>2174Cyclic C dofovir:
(cCDhV) 0. 47>1000>21281- O hexadecyl pr opanedi ol - 3- CDV2 x_10-6105 x
1061- O hexadecyl pr opanedi.ol - 3-cCDV3 x 10-43201 x L 27 MAY 20[]1,

| 061- Oo%ageg%kpropanedl ol -3-CDV3 x 19 5321 x PCT/US00/33079

1061- O oct adeCyIl pr opanedi ol -3-cCDV3 x 10~3201 x
1061- O oct adecyl et hanedi ol - 2- CDV<1 x 10-92102 x

10"1- O oct ekl hrnadholy v SEMGIAK B shikdihint, 1- B3Ry RIGHH,- £6

~0. 046. 51 ovir (ADV)

>181- O hex@whqbﬁop&n@e)v S”MMfdzﬁﬁaﬁ@Edefﬁ)aioaﬁﬂdgsuﬂaymsghmeﬂta}ByADVd 2
1-- % ef.f e | ve i on; - t ot oxi ¢_concentrati on;
sel ectl vi tsf F%@&g ‘&%@é °P@§ﬁ%cs§fé?\z I Pf’éc'é%(%ﬁg ghreme Vo 6

det er ni nat gigifrlyVbthér fuRRoBYE H&g Bndtbobs on done in
duplicate 215 Asyt he resulots g ov}\)/nqa in Tabtﬁg%delﬁﬁg??gpg%e%ggﬁn%%ﬁf@gé of the

i nvent iSon memnenni fornmly nore active and sel ective than underivatized
cidofovir, cyclic cidofovir and adefovir. Exanple 18 Effect of HDP-cCDV on
Poxvirus Replication, in vitro 30 The activity of cidofovir (CDV), cyclic
cidofovir (cCDV), and 1-0O hexadecylggrpepecdi ol - 3-cCDV ( HDP-cCDV) were
tested for antiviral activity in human foreskin fibroblasts infected with
vacci nia virus or cowpox V|rus by, measuring the dose dependent reduction

i n cytopat Qi" effect ( . Preliporary vacci-pRa and c Rx ECSO ues
wer e deter d infa dule | 'fl oassaL_ oREN fbrejgg 35ef i ,le ast
(HFF) cells! dat a obt ai nedmitg sho bmiTabl € 3oy 2 7 MAY20D4VO

011 3972437PCT/ US00/ 33079 Tabl e 3DrugVacci ni a EC$o, ~MCowpox, EC$0) ~MHFF
Cells, CCSO Aveovi. 802. 1%989. 8Cycli € CDVO. 970. 42>100HDP- cEDYO. 1 f1 <0.803>
100Control |ipid>100>100>100 As,shown in Table 3, HDP-cCDV was,hi ghly
active agai nst vacci ni a virus wifh an 1 C$o value of 0.11 pMNer sus 0.97 and
1.8 uMfor cCDV an V, respeﬁ#wely In 5 cowpox |nf ect eﬁ)knel | s HDP- cCDV
was extrenely effe :E th a o of <003b usO nd 2.1 for
cCDV and CDv, respeéet) as d on t roms ? ry data, the
effects of invention mg r’ anal ogs on the repli Ca '?fﬁ" ot her orthopox
viruses was investigate 1 Xxvirus Antiviral Cytopa E, fJ' ect (CPE)
Assay: At each drug concentration, three wells cont ai‘ni ng Vero cells were
infected W t%{ml&)%gN fungweII E)f gé%hopogo\glcégls and three or'itqhers I‘ﬁml-ll iged

uni nf ect edRf ; B 2aPhed
after the virus- FI nf ect eﬁm%ﬁt%at edfj "cc'd%)v\/\g% eg%ﬂg&_? ed was
added to the medi um and CPE was assessed by neutral red upt ake at 15 540
nm The 50! i nhi concentrations (ICCso) wer e

itor and cyt ot xi
deternined fro %B’fl usty eﬂ%ﬁ%“‘?’é‘s"ﬂ %%OPFH%SWB%S&ﬂ elnugieotidiown in Tabl e
4. Tabi® 4pkLdRonat \@frth@in% M rsing/Ai0-R &Eﬁ) CCso 20
,orn on andﬁgggcg?an?sa Cowp o§c< Ban S’n}agdesdh %/)gar?%@; a&g{l aﬂ%%\\}\dzd;gﬁ%' 8 100 - -

>100 cCDV exampleQThe nudqcaoiemhpsmvatcas @Bmed) iOSisper@ied i1Sdfy PEIENOaDA6 >0. 1
HDP- cCDV 0 03,>0. 50%.ef f.ect entr t i on;
oo - 5o prataoL ot bshver el Revievs amoel T eRSeloheriGapadR
CCso/ ECso; (AL, ¢0 irmidlpae added. N ThaMiRtude isTREH IS relu& dnbRtiA%E 'ifi’@ﬁo@sfly
det erm nati ons. : WO 01/ 39724 ~ PCT/ US00/ 33079

until the condensation reaction is complete as monitored by thin-layer

15  chromatography. The mixture is then cooled and filtered. The filtrate is concentrated
under reduced pressure and the residue s adsorbed on silica gel and purified by flash

column chromatography (elution with approx. 9:1dichloromethane/methanol) to yield

the corresponding phosphonate monoester.



As shown in Table 4, invention conpounds were substantially nore active

. than the underivatized CDV or cCDV agai nst vaccinia, cowpox, and various
smal | pox strains. 5 Exanple 19 Effect of Lo
.'1- O Hexadecy! pr opanedi ol - 3- Adef ovir (HDP-ADV) on Hi V-1.-ReplicafiteH, 20 vivo
Prelim nar% experinments in the the inhi %ti on of HHV-1 replication bﬁ( 10

i nvention Qr%&?ﬁﬂs were performed as foll ows. Drug assays ST EURYAM G out
as previously described by Larder et. al., Antimcrobial Agents &

Chenot her apy, 34:436-441, 1990. Hi V;jéLﬁ~ i nfected HT4-6C cel |l s-were exposed
to drugs as iNgi cated and incubate F le'%e&glys at 37C. The cells were fixed
with crystal A olet to visualize plagques. Antiviral activity was assessed
as the percgntdgedof control plaques 15 (no ffyg) neasured in drug treated
sanpl es. TheSECS® i s the mcronolar concentrdtion which reduces plaque
-nunber by 50% T pRioHy, of RCEfgudne was¥Co %ed with AZT (zi dovudi ne)
and 1- O hexadecyl propanedi ol - 3-adefovir ( Hlj% Nin H\1 infected HT4-6C
cell's. The results are shown in T&PI'e 5. 20 Tabl SoDruyf | EC30 p.l\/}_I in

H V-1 plaque reduction a%say AZTO. 007Adef ovi r 16. OFDP-A \49‘6'(5@39(6"'@1# MAY
20D4 WO 01/ SH9RMsCER7 500133079 Adef ovir was derately active with an
ECSO of 16 WM AZT was highly 5 10 15 20 active &8 38VEi pat ed (ECSO 0. 007
p.M but HDP- ADV was the nobst active of the three conpounds with an ECso of
0.0001 pM nore than 5 |l ogs nore active than adefovir itself Based on these
prom sing prelimnary results, father experinents were carried out as
follows. HV 1 | AL Y : Y on HN
replication in @ée?{lgflgisos{ﬁhgmﬁew_g@E%%ﬁégc&%neé}ht,@pé\g@ Egég&%&g@g&yﬂ% pl aque
reducti én afodlayingrondémiting examplisesebro, B. and Richman, D.D. Antinirob.
Agents Chenot her., 34:436-441, 1990). Briefly, nonol ayers of HT4-6C cells
were infected with 100-300 plaque formng units (PFU) of virus per well in
24-wel | mcrodilution plates. Vari ogxcoipqgnirati ons of drug were added to
the culture nmedium Dul becco's nodified Eagl e nedi um contai ni ng 5% FBS and
antibiotics, as not edSyiibesis offf-O-hexndgeylprepamedipl-I-alendommiteyer s were fi xed

with 10% f omal d triooa i ghﬁhgsggag &;guffered sal i ne (PBS) and
stained w tﬁ" 0. 2&%@%@% e virus plaques. Antiviral
activity was assHssaicsxypropylaneiyiluspliie waPrepdre@ A @ife mRASUr ed in
drug-treated sanpl es. Cytotoxi CIE{j}/ was assessed by the nmethod of Hostetler

et al., Antdsscrbgd ineKems A Kegs, Is GigyyinskighsSobkewskic My, Ksasgewskindwn i n Tabl e

6. Table 6 : 1-0{ dgs0 Ay D2 bl i i i P S Plaque
Reduct i on C%%gﬁ%éé éﬁ{ipﬁ%ﬁ%?%%@eg? :33 | Uygﬁhggﬁhi@éﬁép rgqu g%{/é’ %P%"BOPOOO
>122 1- O hexasderyneSOminedaitaitedAD¥°0 W 81ow1H a8d& foGsdlutiddop ef f ecti ve
concentration; CCSQ - 50% cyfotoxic concentration; selectivity index -

CCS/ ECS. EChsrademyloraenant gl Gvbe.29anmpl)4n pypdine (2hpd.). Ahempiatyresiabt s in
Tabl e 644 eag i.ngj ' ' ec, r edj ol - 3- ADV
Teble S ek P ord HSTASEpIOPY Oub Bl AL AP

additional hour, the solvent was evaporated the residue was adsorbed on silica gel and

chromatographed, using gradient elution (hexanes to 20% ethyl acetate/80% hexanes),

to afford pure compound 2 as a waxy, low-melting solid (4.5 g, 60% yield). 'H NMR

(CDCHL) 6 6.79 (4, 1H, J = 696 Hz), 4.19 (q, 2H), 3.78 (d, 3H), 3.51 (t, 3H), 3.40 (4,
20  2H), 1.95 (pent, 2H), 1.25 (broad s, 28H), 0.88 (t, 3H).

B.  Hexadecyloxypropyl trimethyl 4-phthalimidobutanoyl phosphonate (3b)
To a mixture of dimethyl 4-phthalimidobutanoyl phosphonate (1b, 3.0 g, 7.9

mmol, prepared as described in U.S. Patent 5,039,819) and hexadecyloxypropyl
25  methyl phosphite (2, 2.9 g, 9 mmol) in pyridine (50 mL) was added triethylamine (0.2
g, 2 mmol). The mixture was stirred 5 hours at room temperature, then the solvent

was removed in vacuo. The residue was adsorbed on silica gel and chromatographed




. 2 7 NMAY 20D4 5 10 15 WO 01/39724 4~ PCT/ Cl SO0/ 33079 Exanpl e 21 Effect

. of G dofovir Analogs on Herpes Virus Replication HSV 1 antiviral assay:
Subconfluent MRC-5 cells.in 24-well culture dishes were inocul ated by - .
removi ng the nedi um and adding HSV-1 virus at a dilution tha? WA P%sul t
in a 3-4we dRhin the no-drug well in280-24 h. This was abpeiRggoisere 1 h at
37C, aspirated and replaced with various concentrations of drugs in E-MEM
containing 2% FBS and anti biotics. After approximtely 24 h of incubation,-

E& EADNA_ v(@ﬁly;h aextate) toegive @mpdlmgma(t% Qyﬁfmmsgn viseaisd;ilhybH{/I’;dﬂﬁ Q@i)ltmg)usi ng a
ntivy c ihility Test Kit from D agnostic rids, Inc. :

(At hens. SHPA atnd 2 (th 261k i ddDn A7 S, AED 48 65, QD05 5105, 2D, t he

manuf act i t . r pt4,0n th y h briwi xTM
fters e Gl AT By 3o Uhe e S e iR 2%y a1 T Bocmb Y For 50
mn at 73CS4(m, 218))it25dbirondss, GaHNED. 8DENBKY. . > 'DNMRA2R Sit(Hovkier) aBsEssed as
descri_bed in Eﬁarrpl e 17. ECSO and CCso val ues thus obtained are shown in
Tabl 7. @UBID)7 | nhibition of Human HSV Replication in MRC-5 Human Lung

Fi brobl asts Assayed by DNA Reduction 20 25 30 Cotrl pound~~"~~, -

~uMsel ectiviy I ndexGC dofovir (CDV)1.20>1000> 800Cyclic C dofovir
(cChv) 2. 10>100Hex oz Kypropyl halmidobath e (UE

- O hexadecy di.0l -3 cCYQ. 030 |
132010, 6671- O GRRHBETh FOBLARRIFAf U drvemsiliesa iswbverlio.dsk eeeienialpr opancdl
ol - 3- cCD\Bg fed® oetage ety BPERlideflyNRaR0A2d 8955 G0RAn i ocLadec

yl et hanedi ol - 2- cCDV0O. 00832040, 000 reviations-as In - 50%

ef f ectli veacetomiteite (25t b)waCadded-slGORothyt the@sivtionansetiiredth additisghlect i vity
i ndex , ~E ECS val ues arethﬁﬁ&veraeof two experinents with the

except i orP S HERS BRIV heFR PQuig V\Qyél’%f’éﬂ%ﬁhﬁ‘éiqeo eprepipitatesha. © 2 7
MAY 2004 10104 b9 E8tfeched TAMBRORRRACR 1A% aAERNN Mo JRBIE 172 g 34! NvENti on

conpounds are nore active against HSV-1 than the un Ivat12ed hucl eoti de
phosphonafa%sy yieldlof BWMRADMHOHg) 7d6dmi, )y 3.99(4,12H)g B.66he3.55 (g OHNg

exanml & 1 bod i ande ol MRS ATAR 18 Lea i a7 pent Mot Sppbfant o
t hosersof @pdHN R2Kidat si PSHY©.85 (k 3'}!9.'“‘@&‘1\4121‘(21.9%1%6@%{}! {9s@f this

invention that certain changes and nodi fications vede t hereto
wi t hout deleablebhg fromthe spirit or scope of the clains. 42 CLAIMS 1. A
phosphonat e conpound having the structure ~t ~2 ~~-m~t r R 2,

D. -O-Hexad I ediol-3- onate
Compound 4b (300 mg, 0.45 mmol) was dissolved in a mixture of 1,4-dioxane
20 (20 mL) and methanol (5 mL). Anhydrous hydrazine was then added and the mixture
was stirred at room temperature for 4 hours. The precipitate that separated was
collected by vacuum filtration and rinsed with 1,4-dioxane. The solid was then
suspended in ethanol and methanolic ammonia (3 mL) was added. After stirring for
10 minutes the resulting solid was collected by filtration, rinsed with ethanol and
25  dried under vacuum to yield 220 mg HDP-alendronate (5b) as the triammonium salt.
{Xnalysis by FT-IR indicated removal of the phthalimido prbtecting group.
Electrospray MS m/e 532 (MH-+), 530 (MH).

EXAMPLE 2
30 Synthesis of 1-O-hexadecylpropanediol-3-pamidronate (5a)
1-O-hexadecylpropanediol-3-pamidronate is prepared in an analo £gOous manner
(according to Scheme 1) except that 3-phthalimidopropanoic acid is used to prepare

dimethyl 3-phtha1imidopropanoy1 phosphonate (1a). Compound 1a is condensed with



wherein R3 R and R ' are independently -H, optionally substituted

. -O(C -C4)al kyl, -QOC, C24)al kenyl, -QOC,-C24)acyl, -S(C, -C24)al kyl,
-S(C, -C24)al kenyl or S(C C24) acyl wherein at | east one of R~ and R~
are not -H, and wherel n sai.d al kenyl or acyl optional Iy have 27t 8AAE8lt 6

doubl e bonds, and Rz' are i ndependen%l,y -H, optionally substituted
-Q(C~-C~ )a‘VWF’””‘txc C-)al kenyl, -S(C, -€alkyl, -S(C, -Cv) a|11€é‘|49$°°’33°79
-(C, -C)acyl, -S(C -C~)acyl, -NC C )acyl - NH(C C )al kyl,

-N((C, -C,) al I brnhosphonat e
l'i nked to a}t?ﬁJ é(:ltal’t%na egt;l'r;%})qg%ﬁ opyl onar %&prgtgcanl %?rul?%éepaf %%ﬁag’ﬂleg oxygen
atom on C, yklds\HEXP-pamisleorate asssho@. R2~ L is a val ence bond or a

bi functional |inking nolecule of the fornula 43 -J-(CR2)t-G, wherein t
is an integer from1l to 24, J and G are independently -G, -S-, -C(OO, or
-NH, and Ris -H substituted or ug jtpiged al kyl, or alkenyl; mis an
integer fromO to 6 ; and nisOorl. 2. phosphonat e conpound havi ng the
structufe Rt R~ -Synthesis-of I- Q*OetadeCyi}z-O‘-metlﬁtl)sn-gRyceRb 3-ifendidietei n R~ and

R C o) o by Erogbs i R oty cathestinhapsech Gppron) ayedmeasigd, or
- S(C, - C24) afydubstihiBhevaridis lbﬁ?éﬁaﬂ‘? 'aﬁsoﬂz)ls Kor }i’c&gdf!gglo &p’ﬁﬁ’-l 617 ﬁ%A rein

sai d al kenyl” or acyl "optional have 1 to about and R2
are i ndeperfégample 1- Hor @menin.a‘ﬁagﬁloguﬁslt-(i)tqu@dcqu O—mahyhk;kglycerol with

1S L PR Ry g BRI N ik L oo

hal ogeno - Nideadecydk2- %et@ﬂsn@%@e@l%dﬂ'iﬁ%hwe CRaRbYALibY BF @i an anti viral

nucl eosi de Ilnked to a functional routp on optional linker L or to an
avai | abl e oliglelphasrhitedvithophogphopatmlbrieewed by deprotectien stepoCanilyeize04 44 L

is a val enc tiQ 1 Le he fornmul a

S (o) - OR8N 2, Sl g R P iichpRy “Shein® 2 e leR

i ndependentdynthesds of ofher bisphédpBbnate conjhfhtes ®hidh Boindt hive dS%*l%htyt éﬁn‘ﬂ@ or

unsubstituted al k%I or alkenyl; mis an integer fromO ; and ni sOor 1.
group in the side chain. In‘this case protection with a phthalimido group and

15  deprotection by hydrazinolysis are unnecessary.

EXAMPLE 4
Synthesis of HDP-amino-olpadronate
Scheme 3 illustrates the synthesis of 1-amino bisphosphonate conjugates.
20  Using compound 2 from Example 1, 3-(dimethylamino)propionitrile, and procedures
described in: Orlovskii, V. V.; Vovsi, B.A. J. Gen Chem. USSR (Engl. Transl.) 1976,
46: 294-296, the bisphosphonate trimethyl ester 3 is prepared. Demethylation with

bromotrimethylsilane as described in step C of Example 1 provides HDP-amino-

olpadronate.
25
EXAMPLE 5
Synthesis of 1-O-Hexadecylpropanediol-3-succinyl-alendronate
Scheme 4 illustrates the synthesis of a bisphosphonate conjugate wherein the
lipid group is attached to a primary amino group of the parent compound.
30  Tetramethyl-(4-phthalimido-1-hydrobutylidene)bisphosphonate (2.0 g, 4.4 mmol) was
dissolved in 0.2M methanolic hydrazine (100 mL), and the solution stirred at room
temperature for 3 days. The mixture was concentrated to half its volume when a solid

started separating. The solid was filtered off and the filtrate concentrated to dryness.



3. The phosphonat e conmpound according to claim2, wherein said phosphonate
_derivative is a derivative of azidothymdine (AZT). 4. A phosphonate
compound having the structure RL R~ HC ~~m'~ ('~ ~.L)n R3 E~, ,

R~ and R ' are independently -H, optionally substituted -Q(C 7&%;@
- C-Cz4 -(C, -C24)acyl, -S(CgC24)al kyl, -S(C--

- S(C~- Czijl‘?iaéély V\/nerel n at least one of R and R ' are notcgéﬁggﬁ/gy%erel n
said al kenyl or acyl optionally have 1 to about 6 double bonds, RZ and R2 :
ar e i ndeppgsig NMRsHowe@tm@a@h dun%%@%'tétkﬂrﬁéihqu&lmﬁ) Bl kyl,

-Q(C, C7)al kenyl th 'éh:l} C~)al kenyl, -Q(C, -C )acyl

- S(C, - C~) hygtoxybugy @e)tasghosphqm(ec Wa$ dyed OVW@lﬁsplﬁﬂ)ﬂbdmd)))lﬂe apxo,

hal ogen, honat e d rivative o

ho
ant i -neoppﬁ%OXCW@teigia&Bsﬂqnﬁ‘I? f?c?o%l ? GPF%PHHT‘ g’r%{]’b’“&ﬁ" MTH’A%FF | i nker
L or to amanahladneNoH@a 1 RHAIMRR (85 mL c? g ‘M%E 1% Wwhen present
i Ss: R2L|savalence bond “or ablfunctl na?zr |ngm)ecule of the
fornulda - hexdrbjoxypropanddr Z g 4.4 mmalh Dinyelphexyiraarhaliiibnd@@,.52 gam:lzﬁ are

unsubat ¢ BB AREdhind ik hiure R SipoorhtpBrabiee rgbames- Thend ni soor 1
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silica gel. Elution of the column with 9:1 dichloromethane/methanol yielded

20 hexadecyloxypropyl-adefovir (HDP-ADV) as a white powder.

To a mixture of adefovir ( 1.36 g, 5 mmol) and 1—O-octadecyl;sn—glycerol
(2.08 g, 6 mmol) in dry pyridine (30 mL) was added DCC (2.06 g, 10 mmol). The
mixture was heated to reflux and stirred overnight then cooled and filtered. The
25  filtrate was concentrated under reduced pressure and the residue was applied to a
column of silica gel. Elution of the column with a 9:1 dichloromethane/methanol

yielded 1-O-octadecyl-sn-glyceryl-3-adefovir.

EXAMPLE 7
30 Synthesis of AZT-phosphonate Hexadecyloxypropyl Ester
The phosphonate analog of AZT (3'-Azido-3'-5'-dideoxythymidine-5'-
phosphonic acid) was synthesized using the published procedure: Hakimelahi, G. H.;
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To a solution of cCDV (DCMC salt) (1.0 g, 3.7 mmol) in dry DMF (35 mL)
was added 1-bromo-3-octadecyloxyethane (3.0 g, 7.9 mmol) and the mixture was
stirred and heated at 80 °C for 4h. The solution was then concentrated in vacuo and

15  the residue adsorbed on silica gel and purified by flash colunm'chromatography.using
gradient elution (CH,Cl; + MeOH). The alkylatcd product was eluted with 9:1

CH,Cl; /MeOH. The fractions containing pure product were evaporated to yield 320
mg octadecyloxyethyl-cCDV.

20 To a solution of cyclic cidofovir (DCMC salt) (0.5 g, 0.8 mmol) in dry DMF
(35 mL) was added 1-bromo-hexadecane (1.2 g, 4 mmol) and the mixture was stirred
and heated at 80 °C for 6h. The solution was then concentrated in vacuo and the
residue adsorbed on silica gel and purified by flash column chromatography using
gradient elution (CH2C12 + MeOH). The alkylated product was eluted with 9:1

25 CH,Cl, /MeOH. The fractions containing pure product were evaporated to yield 160
mg hexadecyl-cCDV. '
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10%x<< &-]5{() ) D‘%’di%ﬂ%l%a%%g @@f&% 1(9n.! 50% aﬁge@ﬁs(a)ceﬁd was then added dropwise to

adjust the pH to about 9. The precipitated HDP-CDV was isolated by filtration,
rinsed with water and dned, then recrystallized (3:1 p-dioxane/water) to give HDP-

CDV.

10 Similarly, the octadecyloxypropyl-, octadecyloxyethyl- and hexadecyl-cCDV
esters were hydrolyzed using 0.5 M NaOH and purified to give the corresponding
cidofovir diesters.

EXAMPLE 10 .
15 Synthesis of cyclic-ganciclovir phosphonate Hexadecyloxypropyl Ester

The cyclic phosphonate analog of ganciclovir was prepared using the
published procedure: (Reist, E. J.; Sturm, P. A.; Pong, R. Y.; Tanga, M. J. and
Sidwell, R. W. Synthesis of acyclonucleoside phosphonates for evaluation as antiviral
agents, p. 17-34. In J, C. Martin (ed.), Nucleotide Analogues as Antiviral Agents,

20  American Chemical Society, Washington, D. C.). After conversion to the DCMC salt
in DMF the cGCV phosphonate was treated with 1-bromo-3-hexadecyloxypropane
and the mixture was heated to 80 °C for 6 hours. Isolation of the alkylated product by
flash chromatography yielded HDP-cyclic-GCV phosphonate.

25 EXAMPLE 11
Synthesis of ganciclovir phosphonate hexadecyloxypropyl ester
HDP-cyclic GCV phosphonate from above was dissolved in 0.5 M NaOH and
stirred at room temperature to convert it to the acyclic diester. The solution was

neutralized with 50% aq acetic acid to precpitate the product which was recrystallized

30  in 3:1 p-dioxane/water.
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in Figure 1. Bars represent the mean + SD of 3 independent measurements. Data

10  were analyzed by 1-way ANOVA (Student-Keuls-N_ewman test). *p<0.05. HDP-

alendronate inhibits dexamethasone-induced apoptosis at 10 to 10™ M.

EXAMPLE 13
1-O-Hexadecyloxypropane Alendronate‘ Inhibits Dexamethasone-Induced
15 . Apoptosis in Calvarial Cells
Calvarial cells were obtained from neonatal C57BL/6J mice and passaged in

tissue culture. The cells were pretreated with the indicated concentration of HDP-

alendronate for 1 hour, and subsequently the cells were incubated for 6 hours with and

without 10 dexamethasone. The percentage of dead cells was determined by trypan
20  blue uptake (Plotkin, L. et al., J Clin Invest 104:1363-1374, 1999). Results are

presented in Figure 2. Bars represent the mean + SD of 3 independent measurements.

Data were analyzed by 1-way ANOV A (Student-Keuls-Newman test). * p<0.05.

Pretreatment of cells with HDP-alendronate at 10 or greater abolished the

dexamethasone-induced increase in % dead cells (p=<0.05). Cells exposed to 0.05
25 | pM DEVD (a peptide inhibitor of apoptosis) followed by dexamethasone did not

exhibit an increase in % dead cells demonstrating that DEVD blocks dexamethasone-

induced apoptosis.
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hydroxybutyhdene-l,l-blsphosphomc acid, disodium salt or 1-O-

hexadecylpropanediol-3-alendronate injected subcutaneously in graduated doses of
from 0 mg /kg/day to 8 mg /kg/day, for a period of four to tweive weeks. At twelve
weeks the rats, including members of a control group, are sacrificed and the femora of
10 each animal is ashed. Alternatively, the method of administration may be oral. The
ash weight of the femora for each individual is determined, the values for each group
compared as an indicator of bone mass to determine relative inhibition of bone loss
among the treatment protocols. 1-O-hexadecylpropane alendronate-treated animals
exhibit less bone mass loss than the ovaxji ectomized controls.
15
EXAMPLE 15
Inhibition of Bone Resorption in Humans with Osteoporosis By 1-O-
octadecyloxypropyl-alendronate
Two groups of postmenopausal women are treated with placebo or with 1-O-
20 octadecyloxypropyl-alendronate at an oral dose of from 0.1 mg/kg/day to 100
mg/kg/day for a period of from two to three years. Members of the treatment groups
are continually monitored over the course of treatment for bone mineral density,
incidence of vertebral fractures, progression of vertebral deformities by radiographic
examination and height loss. Comparisons of measurements are made among the
25  various treatment groups to determine the effectiveness of the forms of alendronate
therapy among the treatment group. The group treated with 1-O-octadecyloxypropyl

alendronate will have fewer fractures and a lesser rate of reduction in bone density

than the placebo group.
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adecyloxypropyl—ammo—Olpadronate
Groups of patients with steroid-induced osteoporosis are treated with 1-O-

5 octadecyloxypropyl-amino-olpadronate or placebo at an oral dose of from 0.1
mg/kg/day to 100 mg/kg/day for a period of from one month to one year. Members of
the treatment groups are continually monitored over the course of treatment for bone
mineral density, incidence of vertebral fractures, progression of vertebral deformities
by radiographic examination and height loss. Comparisons of measurements are

10  made among the various treatment groups to determine the effectiveness of 1-O-
octadecyloxypropyl-amino-olpadronate therapy among the treatment group.
Compared with placebo treatment, bone density is increased and fractures are

decreased in 1-O-octadecyloxypropyl-amino-olpadronate-treated patients.

15 Exalﬂple 17
Antiviral Activity and Selectivity of Phosphonate Nucleotide Analogs Against
Human Cytomegalovirus (HCMY)
HCMYV antiviral assay. Antiviral assays for HCMV DNA were carried out by
DNA hybridization as reported by Dankner, W.M., Scholl, D., Stanat, S.C., Martin, '
20 M., Souke, R.L. and Spector, S.A., J. Virol. Methods 21:293-298, 1990, Briefly,
subconfluent MRC-5 cells in 24-well culture dishes were pretreated for 24 h with
various concentrations of drug in Eagle s minimum essential medium (E-MEM)
containing 2% FBS and antibiotics. The medium was removed and HCMV strains
added at a dilution that will result in a 3-4 + cytopathic effect (CPE) in the no-drug
25  wellsin 5 days. The virus was absorbed for 1" h at 37°C, aspirated and replaced with
the drug dilutions. After 5 days of incubation HCMV DNA was quantified in '
triplicate by nucleic acid hybridization using a CMV Antiviral Susceptibility Test Kit
from Diagnostic Hybrids, Inc. (Athens, OH). The medium was removed and cells
lysed according to the manufacturer s instructions. After absorption of the lysate,
30  the Hybriwix™ filters were hybridized overnight at 60°C. The Hybriwix™ were
washed for 30 min at 73°C and counted in a gamma counter. The results are

expressed as ECsp (the 50% inhibitory concentration).
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Table 1
Drug HCMYV ECso, utM CEM, CCso, tM Selectivity Index
CDV 10.45 £ 0.09 (3) 857 1,900
¢cCDV 0.47+0.13 (3) >1000 >2,100
HDP-cCDV 0.0005  (2) 30 59,600
Adefovir 55 (H _ _ ‘l
HDP-Adefovir 0.01 ¢)) _ _

As the results in Table 1 indicate, 1-O-hexadecylpropanediol-3-cyclic CDV (HDP-
cCDV) was >900 times more active than CDV or Icyclic CDV. While more cytotoxic,
the selectivity index against HCMYV in rapidly dividing cells was >59,000 vs. 1,900 to
>2,100 for the underivatized CDV’s. Based on these promising preliminary résults,

10  further experiments were carried out using additional invention compounds. These

further experiments are described as follows.

Cytotoxicity of test compounds in vitro: Subconfluent human lung fibroblast
~ cells (MRC-5, American Type Culture Collection, Rockville, MD) in 24-well plates
15  were treated with drugs diluted in E-MEM (Gibco BRL, Grand Island, NY)
supplemented with 2% fetal bovine serum and antibiotics. After 5 days of incubation
at 37°C, the cell monolayer was visually inspected under magnification and the

concentration of drug which caused a 50% reduction in cell number was estimated.

20 The data obtained from these experiments is shown in Table 2.
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5 Compound ' B o ECso.uM CCso.uM  Selectivity Index
Cidofovir (CDV) _ 0.46 >1000 >2174
Cyclic Cidofovir (cCDV) ' 0.47 >1000 >2128
1-O-hexadecylpropanediol-3-CDV 2x10° 10 5x10°

10  1-O-hexadecylpropanediol-3-cCDV 3x10™ _ 320 1x10°
1-O-octadecylpropanediol-3-CDV 3x107° 32 1x10°
1-O-octadecylpropanediol-3-cCDV 3x10* 320 1x10°
1-O-octadecylethanediol-2-CDV <1x10° 210 2x 10"
1-O-octadecylethanediol-2-cCDV 3x 10" 320 1x10°

15 Hexadecyl-cCDV ' 0.04 6.5 163
Adefovir (ADV) 55 >1000 ) >18
1-O-hexadecylpropanediol-3-ADV 0.10 6.5 .65
1-O-octadecyl-sn-glycero-3-ADV 0.21 - -

20

ECsq - 50% effective concentration; CCso - 50% cytotoxic concentration; selectivity index - CCso/ECso. ECsoresults are
the average of 3t0 6 detcnnmanons, with the exception that ADV is a single replication done in duplicate

25  As the results shown in Table 2 indicate, compounds of the invention are uniformly

more active and selective than underivatized cidofovir, cyclic cidofovir and adefovir.

Example 18 ,
Effect of HDP-cCDV on Poxvirus Replication, in vitro
30 The activity of cidofovir (CDV}, cyé]ic cidofovir (¢cCDV), and 1-O-
hexadecylpropanediol-3-cCDV (HDP-cCDV) were tested for antiviral activity in
human foreskin fibroblasts infected with vaccinia virus or cowpox virus by measuring
the dose dependent reduction in cytopathic effect (CPE). Preliminary vaccinia and
cowpox ECsp values were determined in a CPE reduction assay in human foreskin

35  fibroblast (HFF) cells. The data thus obtained is shown in Table 3.
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As shown in Table 3, HDP-cCDV was highly active against vaccinia virus with an

ICso value of 0.11 pM versus 0.97 and 1.8 uM for cCDV and CDV, respectively. In
5  cowpox infected cells HDP-cCDV was extremely effective with an ICs of < 0.03 uM

versus 0.72 and 2.1 for cCDV and CDV, respectively. Based on this promising

preliminary data, the effects of invention cidofovir analogs on the replication of other

orthopox viruses was investigated.

10 Poxvirus Antiviral Cytopathic Effect (CPE) Assay: At each drug concentration,
three wells containing Vero cells were infected with 1000 pfu/Well of 6rthopoxvirus
and three others remained uninfected for toxicity determination. Plates were
examined and stained after the virus-infected, untreated cells showed 4+ CPE.,

Neutra] red was added to the medium and CPE was assessed by neutral red uptake at

15 540 nm. The 50% inhibitory (ECso) and cytotoxic concentrations (CCso) were
determined from plots of the dose response. The results are shown in Table 4.

Table 4

ECso. hM

Variola Major, Variola Major, Variola Minor, CCsg
20 Compound Yaccinia _Cowpox  Bangladesh _ Yamada = _ Garcia uM

Chv 22 3.8 100 - - >100
cCDV - - 100 - - >100
HDP-CDV <0.03 <0.03 0.0015 0.0015 0.0006 >0.1
HDP-cCDV 0.11 <0.03 >0.01 - - >0.1

25

ECs0 - 50% effective concentration; CCso - 50% cytotoxic concentration in Verocells; selectivity index - CCso/ECsg;
Abbreviations as in Table 2, Results are the average of 3 determinations.
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Example 19
Effect of 1-O-Hexadecylpropanediol-3—Adefovii' (HDP-ADY) on HIV-1
Replication, in vivo
Preliminary experiments in the the inhibition of HIV-1 replication by
10  invention compounds were performed as follows. Drug assays were carried out as
previously described by Larder et. al., Antimicrobial Agents & Chemotherapy,
34:436-441,1990. HIV-1_4; infected HT4-6C cells were exposed to drugs as
indicated and incubated for 3 days at 37°C. The cells were fixed with crystal violet to
visualize plaques. Antiviral activity was assessed as the percentage of control plaques
15  (no drug) measured in drug treated samples. The ECsg is the micromolar
concentration which reduces plaque number by 50%. The activity of adefovir was
compared with AZT (zidovudine) and 1-O-hexadecylpropanediol-3-adefovir (HDP-
ADV) in HIV-1 infected HT4-6C cells. The results are shown in Table 5.

20 . Table 5
Drug ECso, uM, in HIV-1 plaque reduction assay
AZT 0.007
Adefovir 16.0
HDP-ADV 0.0001
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10% & () - heffbeis(antidPibed (ELsd 6.009 fM)but MDRUSY Was the most active of the three
conipounds with an ECsp of 0.0001 pM, more than 5 logs more active than adefovir

5  itself Based on these promising preliminary results, futher experiments were carried

out as follows.

HIV-1 antiviral assay: The effect of antiviral compounds on HIV replication in CD4-
expressing HeLa HT4-6C cells, was measured by a plaque reduction assay (Larder,
10 B.A,, Chesebro, B. and Richman, D.D. Antimirob. Agents Chemother., 34:436-441,
1990). Briefly, monolayers of HT4-6C cells were infected with 100-300 plaque
forming units (PFU) of virus per well in 24-well microdilution plates. Various
concentrations of drug were added to the culture medium, Dulbecco’s modified Eagle
medium containing 5% FBS and antibiotics, as noted above. After 3 days at 37°C, the
15 monolayers were fixed with 10% formaldehyde solution in phosphate-buffered saline
(PBS) and stained with 0.25% crystal violet to visualize virus plaques. Antiviral
activity was assessed as the percentage of control plaques measured in drng-treated

samples. Cytotoxicity was assessed by the method of Hostetler et al., Antiviral
Research, 31:59-67, 1996. The results are shown in Table 6.

20
Table 6
Inhibition of HIV Replication in HT4-6C Cells by Plaque Reduction
Compound ECso, uM CCs0, UM Selectivity Index

Adefovir (ADV) _ 8.2 >1000 >122

25  1-O-hexadecylpropanediol-3-ADV 0.008 6.5 813
ECs - 50% effective concentration; CCs, - 50% cyfotoxic concentration; selectivity index - CCso/ECs,. ECs,
values are the average of 4 experiments.

30

As the results in Table 6 readily indicate, invention compound

1-O-hexadecylpropanediol-3-ADV is more active and selective than adefovir.
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Example 21
Effect of Cidofovir Analogs on Herpes Virus Replication
HSV-1 antiviral assay: Subconfluent MRC-5 cells in 24-well culture dishes

were inoculated by removing ihe medium and adding HSV-1 virus at a dilution that

5  will result in a 3-4+ CPE in the no-drug well in 20-24 h. This was absorbed for 1 h at
37°C, aspirated and replaced with various concentrations of drugs in E-MEM
containing 2% FBS and antibiotics. After approximately 24 h of incubation, HSV
DNA was quantified in triplicate by nucleic acid hybridization using a HSV Antiviral
Susceptibility Test Kit from Diagnostic Hybrids, Inc. (Athens, OH). The medium was

10 removed and cells lysed according to the manufacturer s instructions. After
absorption of the lysate, the Hybriwix ™™ filters were hybridized overnight at 60°C.
The Hybriwix were washed for 30 min at 73°C and counted in a gamma counter.
Cytotoxicity was assessed as described in Example 17. ECso and CCsg values thus
obtained are shown in Table 7.
15 Table 7
Inhibition of Human HSV Replication in MRC-5 Human Lung Fibroblasts Assayed by DNA

Reduction
Compound ECso. UM CCso, uM Selectivity Index
20  Cidofovir (CDV) 1.20 >1000 > 800
Cyclic Cidofovir (cCDV) 2.10 >1000 > 475
1-O-hexadecylpropanediol-3-CDV 4x 107 10 25x 10°
1-O-hexadecylpropanediol-3-cCDV 0.030 - 320 10,667
25  1-O-octadecylpropanediol-3-CDV 0.003 32 10,667
1-O-octadecylpropanediol-3-cCDV 0.330 320 970
1-O-octadecylethanediol-2-CDV 0.002 210 105,000
1-O-octadecylethanediol-2-cCDV 0.008 320 40,000

30 Abbreviations as in Table 2. ECsq - 50% effective concentration; CCs, - 50% cytotoxic concentration; selectivity index -

CCso/ECso. ECsp values are the average of two experiments with the exception of HDP-CDV which is a single
determination in duplicate, '
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5 Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity and understanding, it will be apparent
to those of ordinary skill in the art in light of the teaching of this invention that certain
changes and modifications may be made thereto without departing from the spirit or

scope of the claims.
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H— C— (X)s— C*—O0—(@L)i—R,

Ry R;'

wherein :

Ry and Ry are independently -H, optionally substituted -O(C;-C.4)alkyl, -O(C;-
C.s)alkenyl, -O(Cy-Ca)acyl, -S(C4-Ca)alkyl, -S(Ci-Cos)alkenyl, or -S(C;-Co)acyl,
wherein at least one of Ry and Ry' are not -H, and wherein said alkenyl or acyl
optionally have 1 to about 6 double bonds,

R, and R, are independently -H, optionally substituted -O(C;-C;)alkyl, -O(C;-
Cy)alkenyl, -S(C,-Cyalkyl, -S(Cs-Cy)alkenyl, -O(C4-Cr)acyl, -S(C4-Cr)acyl, -N(Ci-
Cy)acyl, -NH(C4-Cy)alkyl, -N((C4-C;)alkyl),, oxo, halogen, -NH,, -OH, or -SH;

R; is a biphosphonate linked to a functional group on optional linker L or to an
available oxygen atom on C%

X, when present, is:

L is a valence bond or a bifunctional linking molecule of the formula
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m is an integer from O to 6 ; and

nis0or1.

2. A phosphonate compound having the structure :

R Ry

H— T*—-(X)m C:—0—(L)i—R;

R{ Ry

wherein :

R; and R{ are independently -H, optionally substituted -O(C;-Cy4)alkyl, -O(Cs-
Cas)alkenyl, -O(C4-Caq)acyl, -S(C4-Cos)alkyl, -S(Cy-Cos)alkenyl, or -S(C;-Cas)acyl,
wherein at least one of R; and Ry are not -H, and wherein said alkenyl or acyl
optionally have 1 to about 6 double bonds,

R, and R, are independently -H, optionally substituted -O(C;-C;)alkyl, -O(C;-
Cy)alkenyl, -S(Cs-Cy)alkyl, -S(C4-Cr)alkenyl, -O(C4-Cr)acyl, -S(C4-Crlacyl, -N(Cs-

Cy)acyl, -NH(C+-C;)alkyl, -N((C4-Cr)alkyl),, oxo, halogen, -NH,, -OH, or -SH;,

R is a phosphonate derivative on an antiviral nucleoside linked to a functional group

on optional linker L or to an available oxygen atom on C°

X, when present, is:

Iliz
T
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wherein :

R; and Ry are independently -H, optionally substituted -O(C;-Cz)alkyl, -O(Cs-
Cas)alkenyl, -O(C4-Cag)acyl, -S(C4-Cyy)alkyl, -S(C4-Cos)alkenyl, or -S(C4-Caus)acyl,
wherein at least one of Ry and R, are not -H, and wherein said alkenyl or acyl

optionally have 1 to about 6 double bonds,

R, and R, are independently -H, optionally substituted -O(C;-C;)alkyl, -O(C-
Cyalkenyl, -S(C;-Cr)alkyl, -S(C4-Cy)alkenyl, -O(C4-Cr)acyl, -S(C4-Crlacyl, -N(Cs-
Cr)acyl, -NH(C4-C;)alkyl, -N((C4-C7)alkyl),, oxo, halogen, -NH,, -OH, or -SH;

Rs is a phosphonate derivative of an anti-neoplastic nucleoside linked to a functional

group on optional linker L or to an available oxygen atom on C¥;
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8. Use of an effective amount of a phosphonate compound of any one of claims 1-5, for

the preparation of a pharmaceutical composition for augmenting bone mineral density.

9. Use of an effective amount of a phosphonate compound of any one of claims 1-5, for
the preparation of a pharmaceutical composition for preventing osteoblast and osteocyte

apoptosis in a mammal.
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10. Use of an effective amount of a phosphonate compound of any one of claims 1-5, for
the preparation of a pharmaceutical composition for treating a viral infection in a

mammal.

11. Use of an effective amount of a phosphonate compound of any one of claims 1-5, for
the preparation of a pharmaceutical composition for treating a growing neoplasm in a
mammal.

12. Use of an effective amount of a phosphonate compound of any one of claims 1-5, for
the preparation of a pharmaceutical composition for modulating cell proliferation.



