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The present invention relates to novel phosphonate conpounds, conpositions
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compounds are the bisphosphonates, i.e., pyrophosphate analogs wherein the central

oxygen atom of the pyrophosphate bond is replaced by carbon. Various substituent
15  groups may be attached to this central carbon atom to produce derivative
bisphosphonate compounds having various degrees of pharmacological potency.
These derivatives have the general structure:
(‘)’ R, O
HO P C ’I” OH

OH Ry OH
wherein R, and R, may independently be selected from hydroxyl, amino, sulthydryl,

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 CH; 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
dimethylaminoethy! and Ry, 1s hydroxyl; and amino-olpadronate (1G-9402), 3-(N,N-
dimethylamino)-1-aminopropylidene bisphosphonate, wherein R, is N,N-
dimethylaminoethyl and R;, is NH,.
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bisphosphonates, e.g., FOSAMAX™ (Merck; alendronate sodium), SKELID™

(Sanofi, tiludronate) and ACTONE™ (Procter and Gamble, risedronate) have local

toxicity, causing esophageal irritation and ulceration. Other bisphosphonates, like

amino-olpadronate, lack anti-resorptive effects (Van Beek, E. et al., J. Bone Miner

20 Res 11(10):1492-1497 (1996) but inhibit osteocyte apoptosis and are able to stimulate

net bone formation (Plotkin, L. et al., J Clin Invest 104(10):1363-1374 (1999) and

U.S. Patent No. 5,885,973). It would therefore, be useful to develop chemically

modified bisphosphonate derivatives that maintain or enhance the pharmacological

activity of the parent compounds while eliminating or reducing their undesirable side

25  effects.

In addition to bisphosphonates, monophosphonates are also known to provide
therapeutic benefits. One class of therapeutically beneficial monophosphonates are
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'-hydroxyl of the sugar moiety, or its equivalent in

acyclic nucleosides (ganciclovir, penciclovir, acyclovir) which do not contain a
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Compounds of this type may be active as antiproliferative or antiviral
nucleotides. Upon cellular metabolism, two additional phosphorylations occur to
form the nucleotide phosphonate diphosphate which represents the equivalent of

20  nucleoside triphosphates. Antiviral nucleotide phosphonate diphosphates are
selective inhibitors of viral RNA or DNA polymerases or reverse transcriptases. That
i1s to say, their inhibitory action on viral polymerases is much greater than their degree
of inhibition of mammalian cell DNA polymerases o,  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
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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.
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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 DESCRIPTION OF THE FIGURES

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.



BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 sunmarizes the effect of a
conpound according to the invention, 1- O hexadecyl oxypropane al endronate,
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dexanet hasone. WD 01/ 397241§ PCT/ USO0 3079 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The phosphonate c rrpounds of “t he invention have the structure:
RLRR H C(XXmCO O (L)n|R3 R' R 5\/\/nerein Rl and R1' are

i ndependently -H, optignrally—su %t gkyl

- C1- C24) al kenyl, -Q Cl1- 4) acy (Cl 024) aI yI - S( Cl1- C24) al kenyl , or
- S(C1- C24) acyl , wherei n at | east one of RL and R1l' are not -H, and wherei n
sai d al kenyl or acyl noietil$ optionaRy have 1 to 6 10 doubl e bonds, R2
and " are independently -H, optionally substituted -Q(Cl- C7)alkyl,

- Q C15¢7) al kerWRErNS( C1. C7) al kyl, -S(Cl-C7)al kenyl, -O(Cl- C7)acyl ,
-S(CL-Cr)acyl, -N( q] 5%)1@10)&{6 1ndéﬂéﬁ@éﬁ@7mbbﬁenall%@ubﬂﬁﬁt@& C7)al kyl) 2, oxo,
hal ogen, -NH2, -OH, R3 i's a pharnaceuti cal lé active phosphonat e,

bi sphosphonat eCl(CraCz4lﬂﬂi@§p+QiﬁaCe4)dléi¢m}datQ(¢e- 614)@}’bh @Tﬁ@@)adigﬂcal |y active
conpound, i nkggclaﬁaﬁglgf lﬁfgcotrl §&f°}'—czgfac§'1? W%rére%)%tl lgerl] one opﬁl and‘ROr {0 an

avai | abl e oxyg
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(C;- Cy)alkyl, -O(Cy-Cq)alkenyl, -S(C;-Cr)alkyl, -S(C;-C;)alkenyl,
-O(C;- Cy)acyl, -S(C;-Cq)acyl, -N(C;-Cr)acyl, -NH(C;-Cr)alkyl,
15 -N((C;-C7)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|12
85
Ry
L is a valence bond or a bifunctional linking molecule of the formula
25 -J-(CR,)-G-, wherein t is an integer from 1 to 24, J and G are independently

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



20 X, when present, is: R2 C R2' L is a valence bond or a bifunctional

i nking nolecule of the formula 25 -J-(CR2)t-G, whereint is an integer
from1l to 24, J and G are independentky -0-, -S-, -C(O - , and R
is -H, NBIBY3¢ ed or unsubstituted all7kyl, or al kenyl; %HQ;@@% 7

PCT/ USOQ' 33079 in is an integer fromO to 6; and nisOorl. 5 In preferred
enbodi nents, in = .1 o t eferred enbodi nents, R2 and R2
are preferably H, gﬁésl%léueé%ﬁgr&gd;t%zﬁﬁgg{ihen et hanedi ol , propanedi ol or

but anedi ol derivatives of a therapeutic phosphonate. A preferred ethanedi ol
phosphonat e species has the structure RL HCCH2 O(L), R3 R 1 10
wherein Rl, Rl', RASP0rdnd n are as defined above. A preferred propanedi ol
species has the structure: RL 1 HCCH2 CH2 O(L)" R3 Rl1' 15 wherein in =
1 and Rl, Rl', R3, L and n are as defined above in the general fornula. A
pref esred gl ydepotfesgbanesiimastsfine= 8t Ir erc2. uinghesRpréfeteCerbadihientd, Rk ) n R3

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

Ry

H C CH2 O (L)n R3

|

R,

10

wherein Ry, R/, R3, L, and n are as defined above.

A preferred propanediol species has the structure:

Ry

H—C CH, CH, 0] (L)i—R;

R/

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

A preferred glycerol species has the structure:

R, H

|

H—C C C'H,— O0—(L);—R;y

R, OH
whereinm =1, R, = H, R, = 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.



R1l' OH whereinin =1, R = H R2 = CH and R2 and R2" on Ca are both -H.
G ycerol 20 is an optically active nolecule. Using the stereospecific
nunberi ng ¢ ntion for glycerol, tlge sn-3 position is i.h4o0N Whi ch
IS phospﬁ&@ﬁgﬁéd by gl ycerol kinase. ? I n conpounds of thfé@ff}}]@@?ﬁfﬁgn havi ng
a glycerol residue, the -(L),-R3 noiety may be joined at either the sn-3
or sn-1 position of glycerol. WO 01/39724 8 PCT/ US00/ 33079 1In all species
of the pharmacol ogically active agents of the invention, R is preferably
an al koxy group afispecies ¢ftithe pbarmakalogioall Chijvie-aGEils ofitherisventionj R, 8- 24. More
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Ti I udbonat e: chl or o- 4- phenyl t hi onet hyl ene bi sphosphoni ¢ aci d; Pami dronate:
3-am no-1 -hydto rLopyl i dene .bi sphgsphoni ci.d (ADP‘“%{QI Al endr opat e:
aamino- 1 hy PR R e B SR SR fes B rd it LA

3- di met hydsafii Ner bxdmyslé, any esmRpiindgilene bi sphosphonic acid  (di met hyl - APD); 15
| bandronat e: 3-net hyl pentyl am no-| - hydr oxypr opyl i dene bi sphosphoni c acid

(BM 21. 0955) ; EmRlrondg: 1dydnoxyethyldangibigphpsphonigcctsk(ERMBDY | | dene

bi sphosphoni c i.d:  Ri ronat.e:  2-(31pyhLidi nyl)-1- oxy- et hyl i dene
bi sphosphoni ¢ Gifmate A IbRIB S ek TRyl (M S no-
- am ngpr opyl i denrore: bitEplaos phaahmdiisAddDisphagshdnfeadid;ke. R3 may al so be

selected froma variety of phosghonat e-cont ai ni ng nucl eotides (or

nucl eosi des whianpideaateh S-gaimovkiyFreyyrrepxlisene bispheseBprinariddAP0s phonat es)
which are al SRleﬁ@351?‘—?2g‘?%ﬁ%o5‘?@%#%&@%@{3@%%@%@5?“&9aaHC' eosi des i ncl ude

t hose useful f nappropti ate cell
proliferation Qlpabiroaste? 3edihetindamino-1-hydroxypropylidene bisphosphonic acid

(dimethyl-APD);

15 Ibandronate: 3-methylpentylamino-1-hydroxypropylidene bisphosphonic acid
(BM 21.0955);
EB-1053: 3-(1-pyrrolidinyl)-1-hydroxypropylidene bisphosphonic acid;
Risedronate: 2-(3-pyridinyl)-1-hydroxy-ethylidene bisphosphonic acid;
Amino-Qlpadronate: 3-(N,N-diimethylamino-1-aminopropylidene)

20 bisphosphonate (IG9402), and the like.

R3 may also be selected from a variety of phosphonate-containing nucleotides
(or nucleosides which can be derivatized to their corresponding phosphonates), which
are also contemplated for use herein. Preferred nucleosides include those useful for

25  treating disorders caused by inappropriate cell proliferation such as 2-chloro-

deoxyadenosine, 1-p-D-arabinofuranosyl-cytidine (cytarabine, ara-C), fluorouridine,
fluorodeoxyuridine (floxuridine), gemcitabine, cladribine, fludarabine, pentostatin
(2’-deoxycoformycin), 6-mercaptopurine, 6-thioguanine, and substituted or
unsubstituted 1-B-D-arabinofuranosyl-guanine (ara-G), 1-B-D-arabinofuranosyl-

30  adenosine (ara-A), 1-B-D-arabinofuranosyl-uridine (ara-U), and the like.



deoxyadenosi ne, 1-(3-D arabi nofuranosyl-cytidine (cytarabine, ara-Q),
fluorouridine, fluorodeoxyuridine (floxuridine), gentitabine, cladribine,
f I udar abj ne, tostatin (2'-deoxycofgrnycin), 6-mercapt i

6-t hi ogu‘é’ﬁ r‘l@gﬁ nd substituted or wunsubstituted PEY/Usbiisz079

1-P-D ar ab| nof ur anosyl - guani ne (ara-G, 1-P-D arabi nofuranosyl 30 adenosi ne
(ara-A), 1-(3- AANULARASEL Y LirdllifR

01/ 39724 9 PC'I‘QEJ%%%?SSO% R drcanht hd 1us%‘$&[ q?%%al?fggf‘?ﬁr}%“\lc‘i? fﬁgﬁheﬁ\pﬁf ecti ons
nmay al so dagrespondeng $ephiosptidneies fararse as poRgigngipS' Suph phpdphoaite andlogs use as an
R3 group. Such phosphonat e anal ogs tespl cally contain elther a g{zlosphonate

( P03H2) wwcallhﬁ?rﬁi'/méﬁéerpanﬂ?aam gip.-or pomithyleng phasphensds (-Cheed for t he

- hydr ox I iviral
hosphonat Qe gl Rb b orie o2 idrg"?%ooi‘éﬁ%éw HRIBLBSeR SR are: o
Haki meJ ahéx 1es|'d)f,ant1\'3iral ﬁﬂroﬁateédendéﬁlﬂy sNBQﬁ@tYﬁg Moy ahe@t the 5'-

di deoxyt hym di ne-5" - N A A ; Sadeghi, M5 (HO phosphonic acid 2 0

Tsay, S-Chydrexydared, R. (AZT phosphonat e) J. Med. Chem 1995, N3
38:4648-4659. O 3',5'-di deoxythym dine-2'- HN ene-5'-phosphonic acid 0 ON
I bid. P (d4T phosphonate) (HO 2 0 NH2 Kofoed, T., Ismail, A

2',3",5 -trideoxycytidine-5' - E. A A ; Pedlersen, E phasehimniGc @eid 0 0 N

B.; Nielsen, C. Bull. (HO 2 (ddC phosphopghate) 0 Soc. Chim Fr. 1997, 134:
59- 65. 3'-azido-3',5'- H)N\D%) Moosavi-Movahedi,
dideoxythymidine-5'- (,), 0" °N A. A.; Sadeghi, M. M;
phosphonic acid (HO% 0 Tsay, S-C.; Hwu, J. R.
(AZT phosphonate) J. Med. Chem. 1995,

38:4648-4659.

3’,5'-dideoxythymidine-2’'- HN
e 1Y
. . O

ene-5'-phosphonic acid O” °N Ibid.

(HO)P.
(d4T phosphonate) 0

NH, Kofoed, T., Ismail, A.
2',3',5'-trideoxycytidine-5'- N7 | E. A. A.; Pedersen, E.
phosphonic acid Q O” "N B.; Nielsen, C. Bull.

(HO),R .
(ddC phosphonate) 0 Soc. Chim. Fr. 1997,
134: 59-65.

Kim, C. U.; Luh, B.

Y.; Misco, P. F.;
9-[3-(phosphono- Bronson, J. J.;
methoxy)propyl]adenine ¢ f\\ Hitchcock, M. J. M.;
(Adefovir) (HO)2 Ghazzouli, I.; Martin,

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

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



Kim C. U; Luh, B. Y.; Msco, P. F.; 9-[3-(phosphono- N NH2 \ Bronson,
J. J.; Hltchcock M J. M; nethox ro 1 adenine y)ppy] O~ :""Y

(Adef ovi P'~"0J N Ghazzouli, Iy Martin, J. C J 1990,
33: 1207 ‘R’éfiégz%orre exanpl es of antivlior al phosphonat es derlvedooggw
substituting -CH2-PG3H2 10 for the 5'-hydroxyl are: WO 01/39724 10

PCT/ US00/ 33079 Huffman, J. H; Sidwell, R N NH W,; Mrrison, A G;
Ganciclovir 0 (1 (HO2P N N' NH2 Coonbs, J., Reist, E. J. phosphonate OJ
Nucl eosi de Nucl eotides, OH 1994, 13: 7-613. O Huoffmlanyi. H.Nidvell, R.bi d.

phosphonate (HO 2P N NNH2 \-"O~ 0O Srree D. F.; Reigt, E. .J. ncicl ovir
olfat e HOP%PM?”‘SQEU %em)t her.

cyclic o N r ob. Agets phos
1996, 40: 15%%[1%&1%%6 NH -thlg@ N SNHN | Kr@bisimbs) 7., Reist, Mg eosi des

di deoxycyt i dieepHwnate( HO) 2 ) Ngc\lleot i des 1993, N&cheos:l[de?Nucleotldes

OH 1994, 13: 607-613.
o)
Acyclovir N NH
Y 0 ¢ Thid.
phosphonate (HO),R N~ NH,
0
o Smee, D. F.; Reist, E. J.
. N ..
Ganciclovir cyclic ¢ j‘f’ Antimicrob. Agents
0 N Z
phosphonate HO_'F;:)/O N" NF; Chemother. 1996, 40: 1964-
|
° 1966
NH,
3’-thia-2',3'- fm Kraus, J. L.; Nucleosides
dideoxycytidine-5'- Q 07N Nucleotides, 1993, 12: 157-
(HO),R
phosphonic acid \—VO 162
S

Other preferred antiviral nucleotide phosphonates contemplated for use in the practice
of the invention are derived similarly from antiviral nucleosides including ddA, ddlI,

5 ddG, L-FMAU, DXG, DAPD, L-dA, L-dI, L-(d)T, L-dC, L-dG, FTC, penciclovir,
and the like.

Additionally, antiviral phosphonates such as cidofovir, cyclic cidofovir,
adefovir, tenofovir, and the like, may be used as an R group in accordance with the

10  present invention.

Certain compounds of the invention possess one or more chiral centers, e.g. in
the sugar moieties, and may thus exist in optically active forms. Likewise, when the
compounds contain an alkenyl group or an unsaturated alkyl or acyl moiety there

15  exists the possibility of cis- and trans- isomeric forms of the compounds. Additional



phosphonic acid \- 0162 S Oher preferred antiviral nucleotide
phosphonat es contenplated for use in the practice of the invention are
derived sim Ly fromantiviral nuclgpsides including dd dG

L FMAU. TR 1J3§&T5D, L-dA L-dl, L-(d)T, L-dC, L-dG FTC p@ﬁ@ﬁgh%}??’g and
the like. Additionally, antiviral phosphonates such as cidofovir, cyclic
cidofovir ' ' . L e group
i n accor daesi%%@g\;ﬁ\ﬁ ct?%%’%%ne&t&%fcgﬁéésgﬁ?&? rllrli/gn t|;Sit)l ﬁ%n@?g?ﬁc}g%nagloﬁ%?%ﬁat he

I nvent i orfedd-sassS-astenars ambméxtotes tiadreafemt Biding rac@micinmixturbeassuglass noi et i es,
and may thus exist in optically active for I.kew se, when the conpounds
cont ai n dAEIRENYIS Stt!p ol r%ﬁ@af?ﬂ?&"tpi%}.gibkbpf Byvenian. %ﬁﬁ%‘i}y there 15
exi sts tNe,Rasat Reliial YmRturd fheredParelin@Aded o RNREILGd 1A' iREnddle 1#@MPOUNdS.
Addi tional WO 01/39724 11 PCT/US00/ 33079 asynmetric carbon atons can be
present iparecudaristtrédiseamr 1gdesinpd, sticin bespraparad ky imegjraals prell KifosvrRn thaatt S-

I soners and m xtures t.hereof., including racem I xtures as wel |. as

i ur o DU ERpefig S iantE L S QAR L SO PR AT TRGEL s on. Al
such i SQERlets A% M€ hiread§ réioNedoR SallcReitRely, BY thelide AR feadQo RexiuR&!dfded in
the invention. If a 5 particular stereoisoner is desired, it can be

pr epar ed thy stereoisomsrs,weid| resohaion bynknoven methodyy usi ng st ereospeci fic
reactions with starting naterials that contain the asymmetric centers and
are already resolved or, alternatively, by nethods that |ead to m xtures of
the siger eoi sonuasy REPhaRHEd ¢ErRinBY eXiBana: d¥RbRAdEvatiAd NBdhtdipB @s pfeonat e
conmpounds exi st that can be derivatized according to the invention to

i nprove tIRE§NtIOBHA HARIOYE B§iTdharnacplagic agivityoor tadraease theiepral ahsarptigbsor pt i on,

such as, ;gﬁ @@Iﬂ - di.scl. de N e follow;n t ent s,
each of [ cﬁg’ area?g}eté%ge %ﬁ%’?g@?‘%ﬁg gelé&%yﬂ?}g fé)l}lg‘ﬁi:ng rl’artlgr%t?'l%ia?h ‘gfn‘fgﬁllrc gt y: U S.
Pat ent Nage hé&ebp hcBiporatéddy ebferondecih thelr SRiked3 V.0 PRaretNdras @pg,945 705, 651
(Al endronate), 4,870,063 15 (Bi sphosphaonic [ rivatives), 4,927,814

h d d

(Di phos pH&Hgranale), 4533439 Bamiqrepgiel AdHa0es (Bfendsamats ABWAGAIC] 00| des),

5, 047,:533 1 oSBT e | de. . 5,142, 051
S I TSt LR bt

(N- Phosphon oxya erivativés o
(Phosphonates of azidodideoxynucleosides), 5,047,533 (Acyclic purine phosphonate

nucleotide analogs), 5,142,051 (N-Phosphonylmethoxyalkyl derivatives of pyrimidine
and purine bases), 5,183,815 (Bone acting agents), 5,196,409 (Bisphosphonates),
5,247,085 (Antiviral purine compounds), 5,300,671 (Gem-diphosphonic acids),

20 5,300,687 (Trifluoromethylbenzylphosphonates), 5,312,954 (Bis- and tetrakis-
phosphonates), 5,395,826 (Guanidinealkyl-1,1-bisphosphonic acid derivatives),
5,428,181 (Bisphosponate derivatives), 5,442,101 (Methylenebisphosphonic acid
derivatives), 5,532,226 (Trifluoromethybenzylphosphonates), 5,656,745 (Nucleotide
analogs), 5,672,697 (Nuleoside-5’-methylene phosphonates), 5,717,095 (Nucleotide

25  analogs), 5,760,013 (Thymidylate analogs), 5,798,340 (Nucleotide analogs),
5,840,716 (Phosphonate nucleotide compounds), 5,856,314 (Thio-substituted,
nitrogen-containing, heterocyclic phosphonate compounds), 5,885,973 (olpadronate),
5,886,179 (Nucleotide analogs), 5,877,166 (Enantiomerically pure 2-aminopurine
phosphonate nucleotide analogs), 5,922,695 (Antiviral phosphonomethoxy nucleotide

30  analogs), 5,922,696 (Ethylenic and allenic phosphonate derivatives of purines),
5,977,089 (Antiviral phosphonomethoxy nucleotide analogs), 6,043,230 (Antiviral
phosphonomethoxy nucleotide analogs), 6,069,249 (Antiviral phosphonomethoxy
nucleotide analogs); Belgium Patent No. 672205 (Clodronate); European Patent No.



and purine bases), 5,183,815 (Bone acting agents), 5,196, 409

(Bi sphosphonates), 5,247,085 (Antiviral purine conpounds), 5,300,671

(Gem di phosphoni ¢ acids), 20 5, 300, 68¢, (Trifl uoronethyl be nat es) ,
5, 312, 95WOEBL 24 and tet raki s- phospho%%t es), 5,395,826 DEXREARA

(Guani di neal kyl -1, 1- bi sphosphoni c acid derivatives), 5,428,181

(Bi sphos rivativ 10044 ( Vethyl i S ic acid
derivat i \%’??5? @%&-%&“ﬁ%ﬁ ‘?‘pr‘§?‘§%?%@%%ﬁz@#ﬁﬁ%%ﬁ%ﬁg?‘e@;ﬁ?ﬁ?%56, 745
( Nucl eot i 408 @ntigs])diptospichably, anliltheskiisd. de- 5' - met hyl ene phosphonat es),

5,717,095 (Nucl eotide 25 anal ogs), 5,760,013 (Thym dyl ate anal ogs),
5,798,340 (Nucl eoti de anal ogs), 5,840,716 (Phosphonate nucl eoti de

ds), 5 _ LS . : ) P het i
phosphonat e congBigaphdghiiBtBabaliseiaye BELERCD STANRG, 170 PG ©
anal ogs) , synithgd arldto rédavantivanetidlesadrbllepels & Rammats peoludiag nahosphonat e

| eotid I , 95,922,695 (Antiyiral h tide 30
anal 0gs) . Ees GobteRimpPETOREhFeAlTFe TBhECBRORATS o PN Ges. of

purines), § M SR | 2@ ; 204S) ,
6, 043, 230° %i%?@?‘?ﬁ?“?ﬂ%@é‘h%ﬁ%nﬁ? ﬁ?,‘i’% nucl ;eeglﬁ'( il g’é’s’)% l’é?%%’%,g’mg

(Anti vi r abotplof spivhraperbérebx incorpocdtedby thferancd indgbdir eBetiyi VmaRedsarithasle. 672205
(d odrona%g%' Euroltl)ean Pat ent No.lérﬁo 01/ 397 4 12 PCTI US 3079 . 753523
( Am no- subplepe S 9ihe5E SPHBLRE SAMBOWKIS FSOrdBg R HeARY BB fNPSITUEGE on

18640f ( 9fRiRaimdht BRRSBRRRRIES in huditths hhewlthifGhe §bk A thelirégipsphonat e

conpounds have the ability to inhibit squalene 5 synthase and to reduce
ser um choinesttemo|Bisghpsplonates v theahwention ataydiertgedrarally dEtempallstoof t hese

bi sphosphonat es are di.scl gse for ex l,e, 1 R s.. 5,441, 946
ond’ . SeantEs op Hesh e deosrots AAERY Ty Sk e H 6 Bby 7o Yan nes,
bot h of \Aﬁ,icgll%opart&nbsefee&yndenﬁ@trs@ﬁﬁ@t}ed by reference in their entirety.

Anal ogs of these squal ene synthase inhibiting conpounds according to the

invention, and their use in 10 the treatnent of |ipid disorders in humans

o " L SSoey Sl e OheSP: kNGPY LR BLARIARRNOTRLES AT, he

i nvention may 638 B EP pi ca reven

di sease aghdihh 6£¢yeEe dadithl Uf FormRate. to Noenth-fardatfam, athras, alviuding eestidy at ed by
reference in its entirety. 15 As used herein, the term"alkyl" refers to a
nonoval engthyl paremyl, ispprepYnB byl isobutyl, tert-butyl, n-hexyl, and the like.

As used herein, "substituted alkyl" comprises alkyl groups further bearing one or
20  more substituents selected from hydroxy, alkoxy (of a lower alkyl group), mercapto (of a
lower alkyl group), cycloalkyl, substituted cycloalkyl, heterocyclic, substituted
heterocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aryloxy, substituted
aryloxy, halogen, trifluoromethyl, cyano, nitro, nitrone, amino, amido, -C(O)H, acyl,

oxyacyl, carboxyl, carbamate, sulfonyl, sulfonamide, sulfuryl, and the like.

25
As used herein, "alkenyl" refers to straight or branched chain hydrocarbyl groups
having one or more carbon-carbon double bonds, and having in the range of about 2 up
to 24 carbon atoms, and "substituted alkenyl" refers to alkenyl groups further bearing
one or more substituents as set forth above.
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.



chain or cyclic radical of fromone to twenty-four carbon atons, including
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,

n- hexyl, and the like. As used herein,j;"substituted al kyl j al kyl
groups f WAHer"4 earing one or 20 nnré3substituents selechgﬂgﬁgﬁgﬁidroxy,
al koxy (of a lower al kyl group), nmercapto (of a |ower alkyl group),
cycl oal kyl, substituted cycloal kyl, heterocyclic, substituted

het erocyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
aryl oxy, subst Akus@bhergin,yheteyoariiatedge o ardmafid gronpeEnimihing oyaoanomi t r o,

nitrone, amno, anmido, -C(OH acyl, oxyacyl, carboxyl,6 carhbamate,

sul f onyl , helgTopMSHF-8e N 9.1%1‘ Crrthe ﬁkéﬁﬂp%Q%[W KBg spuctie, JdhAviHignBil " al kenyl

refers to } i ' i or nore
r@gﬁ 89 f}@ fﬁf%ﬁ@wﬁ&% Gl sﬁbéiw.ﬂé@ﬁﬁ&%@ GERYPS hetwargggru%ib%

car bon-car s, and having 1 n the range of about to 24

car bons5 at dnther beading sudsit moxstsbistdangsngistt fosh ebevet 0 al kenyl groups furt her
bearing one or nore substituents as set forth above. 30 As used herein,
"aryl" refers to aromatic groups having in the range of 6 up to 14 carbon

atoms and "subgfiid Beleid! We tern€f g P “ Pl ce PoRPRerdrd k4 B EhkDRYetWgnoNe or
nore substituents as set forth above. WO 01/39724 13 PCTI USOQ 33079 As

used her eatoms'dossistingefjdn'clgatfonrpgirt o ar omati ¢ groups contai ni ng one or nore
heteroatons (e.g., N, 0, S, or the |like) as part of the ring structure, and
having in the range of 3 up to 14 carbon atons and "substituted

heterogryl " refagniged Rerbipt BicQamy 'piahab@siticAly Abctfable BEa,irB@roReott nore
substituents as set forth above. As used herein, the term "bond" or

"val ence lboiddnd bagesaddition salts.j nkage bet ween at ons consisting of an el ectron
pair. 10 As used herein, the term "pharnmaceutically acceptable salts”
refers to both acid and base addition salts. As used herein, the term

"prodrug" refemns dsed Haeiny el tves “mbdpRirefecanidetedtives ofglidrmacamiopidunds t hat
have chemi cally or netabolically, cleavable groups and becone _15 the
phar mac eu@fiévg doppoupdsBatchays shericlly spmetsbglicallyleayable groyps apd gecome

physi % Ogitl?e%hanﬁg&mi&l%tive compound by solvolysis or under in vivo physiological

conditions.

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(O)O-,



Phosphonat e anal ogs, conprising therapeutically effective phosphonates (or
phosphonat e derivatives of therapeutically effective conpounds) covalently
| i nked b 20 a hydroxyl group to a 44O al kyglycerol, 3-G rol,

1- S-al ky Prﬂ”é&'{z?cer ol , or al koxy-al kanol, nay be absor bedpg‘%@eéb(g%%ffi ently
in the gastrointestinal tract than are the parent conpounds. An orally
adm ni st - i LNt t
gastroi nt(:%&ehg |1%§I§Se% ?%%%’Qg? gglﬂlﬁg%%?hgﬁﬁgﬁﬁgpoaglt@ih\?g}oé?’ %&‘F‘? OEe ased in vivo
by the atldokonliahoesrddigdgiyuaobmpienes. Phosphonat e anal ogs of the invention
may al so 25 have a hi gher degree of bioactivity than the correspondi ng
underivati zed conpounds. The conpounds of the present invention are an

| nprovement ovigl fRbKRL NG IRl pHRARRRRLE 1R AYEMER HeRkil e tidnly t he prior
art because the p%ogpﬁgnat e- copnt al ni ng rmtfwélty I|Hg)%l I nkeg dlgrlegctrly to the
al kyl 5gl yegreobf oral atserptidno fprthbtoame) cetiviaetyzyd@esamd rioe phase ot Hepresence of

t he phosphonat e bond. prevents enzymati c .conversion t the free drug. O her
[ nker s Becuirmenau RGRAE LR STHOREE o & 6GRPTIPRES: AppibErdaRafbge. For
exanpl e, JPirfdiledxyoNRdnol Bﬂ&%h&d%@svlg Rht HRQeddnBY bAco-Ritfdidired W& 0. WO
01/ 39724 14 PCT/USOQO 33079 wherein nis 1 to 24, can connect the
phosphonaeduct or ebpadish phpsphphatg absgpptotn is Igecatixirediegd af Rlamulateds reshiipk dn ycer ol
noi ety. The foreqgoing, all t he phosphonate of the invention to achieve a
hi gher 5 Fgésﬂﬁﬁ%églang%\éﬁ?rpcto l.an?‘fﬂ?)m%lre%re, cellular enzynes, but not
pl asng or digestive tract enzynmes, wll convert the conjugate to a free
phosphonate. A further advantage of the al koxy-al kanol fphosphonat es is

)

that the tenddraypasndeef the mvenBereadbe asiorintstered erglly én the famobf thhlefhosphonat e
b o _ o™ eulting in hiah I
fovel 5. andpisdieitiont QRSP Susfors iR abfllpa KETHch i piells ool eht fon can

be admi nimsicRienchpaiilatet paititidshas 4 spray, dirotigbietskin bycapsppliasice Shus hons,
enul si ons or _suspensions, inhaled liquid or solid particles,
ni cr oenc dpasdeamakpabe of eactally. fo5 exampleain the frmyRfisupprsitekph BYe an appl i ance

such ;as §; : . J e form of
suppolgi tg}ﬁoé@%%ﬂ(gﬁ%h‘fﬁrggﬁ ?fﬁée %?g%@égﬁagéﬁ%gﬁ@gglg ul{teﬁg&?nvent ion are
parti cul ardnydenmhl absoiptied aflministtatian adé debixternbgstend arahmayl afsabs usat inon and
del i very syﬁtems Ignd. may .al so he uied 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.



t oot hpaste. Adm nistration can also take place parenterally in the form of
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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, glycerol, 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,
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colorants, flavorings, buffers, coating agents, antioxidants, diluents,
and the like. Optionally, the pharmaceutical conpositions of the invention
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are within the scope of the invention. This inventjon provides nethods of
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particularl'y conprise admnistering to a or ot manmal in need
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al godystrophy, sterno-costoclavicular hyperostosis, Gaucher's disease,

Engl eman’ dsedses Eagleman ardiseiase, nentais keh-ekelttabdisendesasd padogratil diksaseal di sease,
human immunodeficiency 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  of the 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, I.J. et al.
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Sone Mn nllr\:aet}slodlslf:oéL tAfegagcin(gld?sgoerS e)ré caused by viral infections. Indications appropriate to
such treatment include susceptible viruses such as human immunodeficiency virus
(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 leukemias 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-



15 I n accordance with yet another aspect of the invention, there are
provided nethods for treating disorders caused by viral infections.
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cl asses of anticancer drugs such as al kal oi ds, topoi sonerase inhibitors,
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t he i nvention 93‘ Lo St I . i Y,
rectally, and ?ﬁ?éug q%%bﬁreggﬁggi%s% ﬁ“‘%%g?@ﬁ‘%%@g%g‘éggg‘m&?ﬂ% , as
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rectakky and by inhalation spray, as well as the nore comon routes of the
skin and mucous menbranes of the
The term “effective amount” as applied to the phosphonate prodrugs of the

invention is an amount that will prevent or reverse the disorders noted above.
Particularly with respect to disorders associated with bone metabolism, an effective
amount is an amount that will prevent, attenuate, or reverse abnormal or excessive
20  bone resorption or the bone resorption that occurs in the aged, particularly post-
menopausal females or prevent or oppose bone metastasis and visceral metastasis in

breast cancer.

With respect to disorders 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
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conposi tions
in preventing bone loss under experimental conditions designed to mimic relevant

clinical disorders. Based on these studies, several small animal model systems are
available for evaluating 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
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1solation procedures are in the examples below. Other equivalent separation and

isolation procedures can of course, also be used.

20 Scheme I outlines a synthesis of bisphosphonate prodrugs that contain a
primary amino group, such as 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  U.S. 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.
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described in 25 U S. patent 5,039,819)) and hex Wl?n% propyl nethyl
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An important aspect of the process is that other long chain alcohols may be

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.



pyridine, triethylamne OHO+ ON(CH2)~ CGP(OCH3)2 rt, 6h O=P-OCH3
CH3(CH2) 15Q(CH2) 3SOOPH O O CH O CH CH OCH3 3a-b ( 2)3 ( 2)15 3 2 brono-
trlnethyIsHane CH3CN, 2h OHO 0 1. ,hydrazine, OH 0 H2 P(O)2
(NH4, ) 3" WRAHPY2A- di oxane (1: 4) N—(CHZ% CP(OH 2 O=P-0i Pet/dSfds30fs

Q( CH2) 3Q( CH2) 15CH3 2. MeOH/ Et OH/ NH3 O=P-OH 0 Q( CH2) 30( CH2) 15CH3 5a n = 2:
1- O hexadecyl pr opanedi ol - 3- pam drigepgta 4 a-b 5Sb n = 3:

1- O hexadecyl propanedi ol - 3-al endronate An inportant aspect of the process
is that other |ong chain al cohols may andS€d in place oko 0

hexadecyl oxg_prqg@{gﬂ}!,hosmtetogﬁrate th&l'le\ﬁﬁd’nineltFH Jeappeunds (éf t! L& 2

i nvent i onr-dreat et~ of iy gbate 30t th brom)trl h)?l si 1'aRe n
acetonitrile clealf8s the nethyl ters selectivel el noest er 4b.
Treatment of 4b with hydr a2|he |n a mxed sol vent system ( 120% net hanol / 80%
1, 4-di oxane) results in @H,)p€Hs he pht hal i m do protec Hg group as
shown. The desired al en@h{30 te? prodrug is collected by|{i Itr%tllgg and
converted to the triammoniu t by treatnent 10 WthLm%E I'i'¢ amoni a.
Schenme Il illustrates a synthe ég of anal ogs of bi sphosphonates | acking a

primary amno group. In this cas€ the process steps are sinmlar to those of
Schene 1 except that protection with a phthalimdo grdﬁ?p and subsequent

deprotection by 15 hydrazi nol ysis are unnec@sgah);0 qadsg &f),22
PCTI USOCQ' 33079 Schene 11 CH;0

OH

Bisphosphonates having 1-amino groups, such as amino-olpadronate, may be
converted to analogs according to the invention prodrugs using a slightly modified

process shown in Scheme III.

5
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O(CH,)30(CH,)15CHg

HDP-amino-olpadronate

Treatment of a mixture of compound 2 and 3-(dimethylamino)propionitrile
with dry HCI1 followed by addition of dimethyl phosphite affords tetraester 3 which,
10  after demethylation with bromotrimethylsilane, yields hexadecyloxypropyl-amino-

olpadronate.
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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
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Scheme V
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Reagents: a) NaH, R,0SO,Me, DMF; b) 80% aq acetic acid; c) Trityl chloride, pyridine; d) NaH, R, - Br,
DMF; e) CBry, triphenylphosphine, THF; f) cyclic cidofovir (DCMC salt), DMF; g) 0.5 N NaOH

Scheme VI illustrates a general method for the sythesis of nucleotide

10  phosphonates of the invention using 1-O-hexadecyloxypropyl-adefovir as the
example. The nucleotide phosphonate (5 mmol) is suspended in dry pyridine and an
alkoxyalkanol or alkylglycerol derivative (6 mmol) and 1,3-dicyclohexylcarbodiimde
(DCC, 10 mmol) are added. The mixture is heated to reflux and stirred vigorously
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.
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EXAMPLE 1
Synthesis of 1-O-hexadecylpropanediol-3-alendronate

Hexadecvloxypropyl methyl phosphite (b)

Hexadecyloxypropyl methyl phosphite was prepared using the method
described in: Kers, A., Kers, 1., Stawinski, J., Sobkowski, M., Kraszewski, A.
Synthesis April 1995, 427-430. To a solution of diphenylphosphite (14 g, 60 mmol)

in pyridine (50 mL) maintained at 0°C was slowly added to a solution of

hexadecyloxypropan-1-ol (6.0 g, 20 mmol) in pyridine (25 mL). The mixture was

15  stirred one hour before anhydrous methanol (10 mL) was added. After stirring an

20

25

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
(CDCl5) 8 6.79 (d, 1H, J = 696 Hz), 4.19 (q, 2H), 3.78 (d, 3H), 3.51 (t, 3H), 3.40 (t,
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
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
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(50 mL) and cooled to 0°C. A solution of bromotrimethylsilane (3.9 g, 25.5 mmol) in

10  acetonitrile (25 mL) was added slowly then the solution was stirred an additional 2
hours. The mixture was then poured slowly into crushed ice. The precipitate that
formed was collected by vacuum filtration and dried ir vacuo to give 1.2 g of 4b
(42% yield). 'H NMR (DMSO-de) 7.86 (m, 4H), 3.99 (q, 2H), 3.66 — 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). *'P NMR (21.51(doublet), 19.50
(doublet)).

D. 1-O-Hexadececylpropanediol-3-alendronate (Sb)

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.
Analysis by FT-IR indicated removal of the phthalimido protecting 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 analogous manner
(according to Scheme 1) except that 3-phthalimidopropanoic acid is used to prepare

dimethy] 3-phthalimidopropanoyl phosphonate (1a). Compound 1a is condensed with
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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.
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bi sphosphonate 3a. Deprotection as in Steps C and D above yields
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(1.8 g, 6 mmol) in dry pyridine was added DCC (2.06 g, 10 mmol). The mixture 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 column of

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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synt hesi sfipérea nlesmh@&pbam@heemﬁmdugﬂbﬁrewhwdqu&shf@ndlthepiedldgemp is
attached to a primary amino gr t he parent conpound. 30

f
Tet r anet hwpl’(eﬂlﬂbhpﬁmlrﬁf(f&wfﬁ%dﬁé‘ge{l9ﬁhﬁéﬁbﬁnm%’ﬁh@sphonate (2.0 g, 4.4
T aas iAol Mo TR LabAsaRlaBR kil and t he

solution Stirre room ure m xture was

concend r apeskphénibatit, lhdxadmndmyproﬂyeesta solid st arted separating. The solid
was filtered off and the filtrate concentrated to dryness. WO 01/39724 28
PCT/ US00/ 33079 Proton NWVR showed this conmpound to be tetranethyl - (4-am no-
| - hydroxybutyl i dene) bi sphosphongtesmpiipghas dried over phosphorus
pentoxide at 50C overnight. To a suspension of 1.2 g of the conpound in a

m xture of Syuthedisrof the¢ HExaﬂe)cybmglpMp)H,dDmdéqyldemld@c(aﬂﬁc)dw)ye\bm added
gé?ggg: In?/r: ;ile (52h§>2<dgle yoxy?{loﬁ%ecyl(ﬁtgg ogCy%IicA'CEm}}l)zfii' D cycl ohexyl
15 To a stirred suspension of cidofovir (1.0 g, 3.17 mmol) in N,N-DMF (25 mL)
was added N,N-dicyclohexyl-4-morpholine carboxamidine (DCMC, 1.0 g, 3.5 mmol).
The mixture was stirred overnight to dissolve the cidofovir. This clear solution was
then charged to an addition funnel and slowly added (30 min.) to a stirred, hot
pyridine solution (25 mL, 60 °C) of 1,3-dicyclohexyl carbodiimide (1.64 g, 7.9
20  mmol). This reaction mixture was stirred at 100 °C for 16 h then cooled to room
temperature, and the solvent was removed under reduced pressure. The residue was
adsorbed on silica gel and purified by flash column chromatography using gradient
elution (CH,Cl, + MeOH). The UV active product was finally eluted with 5:5:1
CH,Cl,/MeOH/H,0O Evaporation of the solvent gave 860 mg of a white solid. The
25 'Hand *'P NMR spectrum showed this to be the DCMC salt of cyclic cidofovir (yield
=44 %).

To a solution of cyclic cidofovir (DCMC salt) (0.5 g, 0.8 mmol) in dry DMF
(35 mL) was added 1-bromo-3-hexadecyloxypropane (1.45 g, 4 mmol) and the
30  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 (CH,Cl; + EtOH). The alkylated product was



mmol ) was added and the m xture stirred at roomtenperature for two days.
The mxture was filtered; the filtrate was absorbed on silica gel and

flash chraona raphed with an i ncreag ng gradi ent of net i
di chl or oWE Hé??g“(O% 209 to yield succinylated conmpound. p%ﬁ’i%lg()%}gw

debl ocked with trinmethylsilyl bromde in 10 acetronitrile to yield the

title co RTIPEIOH. efhetYachibi$ EthihARiguep ot wdret hanol .
EXAMPLE gnl%ynt }gsglbgtoof Ad5e3f (;(\?lr Hexaacecy ox;plrtﬁ)%yﬂu aIr)l v

1- O Cct adeapdratsdtayyige6p mEEHR-eyclicsidpdowr (AdSxYouwieldbf adefovir ( 1.36 g, 5
mol ) and 3- hexadecyl oxy-1|-propanol (1.8 g, 6 mml) in dry pyridine was
added DCC (2.06 g, 10 mmol). The m xture was heated to reflux and stirred

18h then cool et autidd dfef el cidbvir chUMC%aM\P(S 0 EDT aithdIpiedyer reduced

pressure and the residue was applied to a short colum of silica gel.
El uti dn &35 nfe wasladded wbtcrm@@cmdéwl%mmm:ﬁ%ﬁ%ﬂ ﬁan@movuaéd@w 20

hexadecy! t f

ndef ovi 1 rnopa Y seBSCyBliichich 3PEs A 35 M FpR iR cordsRg e T

in dry pyhis AR th3Resid a\d@&b@«ﬂ@i@@lhmgel(aadgﬁnﬁed B0 flaspidlumAhe m xture was
|

heated to reflux and stirred overn then cooled and filtered. The 25
filtrate chesnaogrepnt vanegradisaeelutien 1p‘r*"é~§%QH)e Berlalkpated @spdnge wWags

appl i ed " t tha91

di chl or or?guttﬁ%wgﬁ fﬁgp é cfJ ffacg()% ¥ grg%lqug ;th?eé ofggel?r‘?/ ~3-adefovir.
EXAMPBE %v&&br&ﬁéﬂ&&l%lﬂsﬁmébbmbﬁsnmtﬁbﬁrHexadecyl oxypropyl Ester The
phosphonate anal og of AZT (3'-Azido-3'-5"-dideoxythym di ne-5'- phosphonic

acid) was synthesized using the published procedure Haki mel ahi, G H.; WO

01/ 39724 29 P \/ y [ M ; Tsay,
SC: % ‘y %ﬁéﬁﬁ?ﬁ@w@?{‘.ﬁ EMB (gbe% Sy, 115‘55%9 gﬁ“,ﬁ 513654%{91659. The
AZT phos pimzrmlﬁed Q-biorﬁ53gocteﬁienyﬂok))ethm (Sﬂggérﬁ:mm&)ramirtlye myxtiucki was (30 5 rrL),
t hen 3-hexadecyl oxy-

| - 0
whre addatingnand hered ARGL: ihedbhdie sdution Mat e cawngrﬁﬁeflﬂ%aacfueranéh Then
cool elq ar{ﬂe residue adsorbed on silica gel and purified by flash column chromatography using

gradient elution (CH,Cl, + MeOH). The alkylated 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 (CH,Cl, + 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.



filtered. The filtrate was concentrated under reduced pressure and the
residue was applied to a columm of silica gel. Elution of the colum wth

a 9:1 dighl t hane/ met hanol vyi el deg 3'-azido-3'-5'-di w gHdi ne-5' -
10 phosﬁﬁBH?@ i d, hexadecyl oxypropyl ester. EXAVPLE 8 ntﬁ%@%@ of the
Hexadecyl oxypropyl, Cctadecyl oxypropyl, Octadecyl oxyethyl and Hexadecyl

Esters of Cyclic G dofovir 15 To @Xﬁ%ﬁ%ﬁ@ suspensi on of cidofovir (1.0 g,
3.17 mmol) in NNNNDWVF (25 nmL) was added N, N-di cycl ohexyl - 4- nor phol i ne
car boxan dymhésBMEhe HeXadecyboxypromyl) Octadeeyloxyqirapgl, @asadecyloxeethgl er ni ght

to dissolve the cidofovir. [ s ¢lear, solufion was then charged to an
addi tion funnel and slow 9@%&68%@%9’55 ?}{Jgioéogf! rred, hot pyridine
sol ution (25 rﬁexa@&y@xyﬁfop%'l-gyaicmvmXﬂ)o%%%qgés:pmeg% 05 ¥Ngu7- 9 20

mol ). This reaction mxtufe was stirred at 1 or 16 h then cooled to
room 5t empésatred & roamdemh dosbh he A0%vapicoearetc was then adéetLidrepwimedssur e. The

resi due S ds ed on,sklica ge ified.by flash colum

chr omat o\éﬁ%‘ﬁh@?e Qg Eoggﬁjﬁléai Led?? pre@ﬂﬁ{af%ﬁg?%@%{fiv a 1?\9&5@?5 _ﬁy %ILFE‘RW active
product WaSed Wwithater@nttdeidd hétreoiyatallizeGhB.E diN%ﬂé’/\'ﬁiﬁ@%E& Rper@dpon of the
sol vent gave 860 ng of a white solid. The 25 1H and 31P NWR spectrum showed

this to B&Yhe DCMC salt of cyclic cidofovir (yield = 44 %. To a solution
of cyclic cidofovir (DCMC salt) (0.5 g, 0.8 muvol) in dry DV (35 nL) was
added 1-br ono- 3- hexadecyl oxypropane (1.45 g, 4 mol) and the 30 m xture was
stirned and hesiingldrlatth80ctbddcgltox§propyheodaleuilooyetivs afidiggxadesyteaDnat ed i n
vacuo and the residue adsorbed on silica gel and purified by flash colum
chr omat oge&pnyera At red dees- vMANRGR quempriisd fo giweilye comeapandiig at ed

product vas MO Q132724 30 PCTI USOO 33079 eluted with 90:10 CH2A 2 /Et OH.
The fractions contal ning pure product were evaporated to yield 260 ng
HDP-cyclic cidofovir (55 %yield). To a solution of cyclic cidofovir (DCMC

ialo'; z)m()13oogt ag-eZylmorgl/?or ioBaﬁrey( Mﬂl%%mrrl)m}/\?saﬁgdteﬁe m xture was
stirned and ReatRdis®f cPaiCgditiclovir phBeHvahtd HethdéeplokysrdpyPREEPL rated in
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.



vacuo and the residue adsorbed on silica gel and purified by flash colum
chr omat ography using gradient elution (CH2A 2 + MeOH). The al kyl at ed
product was eluted with 9:1 CH2Cl2 /MOH The fractions pure
product WRPY3%34 evaporated to vyield 4%% my ODP-cyclic ci df;?o/y?}?d%q%
solution of cCDvV (DCMC salt) (1.0 g, 3.7 nmmol) in dry DM (35 nL) was
added 1-brono- 3-oct adecyl oxyet har]gxéﬁ,[& q27-9 mol) and the m xture was
stirred and heated at 80 C for 4h. e sol'ution was then concentrated in
vacuo and 13-OlHex=aicylogymdpandademtirosateilahilds Dantdhisohedddiyed | ash

col utm chr omat ogr aphy usi n radient elution (CHRC12 + MeCOH). The
al kyl ated product was elﬁi’gﬁ"gl [‘ﬁ]@L? @%@yﬁlﬁ/@@ls The fractions

contai ni ng purlﬁm thtmeo ceceﬁy% ﬁxteﬁ'gatE@ 'Eh%s?uﬁ?&t r&ncentraz%% sal t)

oct adecyl oxyet To a so tion o cyclic crdofovir
(0.5 ¢, 01-®- hmtigzcylcrxy@rqpaﬁwﬁlenc@l@ﬁataﬂ)IDBaalemﬁdmje)Jfobﬂdnmr hedadecane (1.2 g,

4 mol ) an the heat ed at for 6h. The

sol ution §eqcuﬁ% YVFra?tlE‘HJbaf?%&%ggogﬁdv ifhynd ‘?“é%w‘i EXaRtASBRY on silica
gel and p(qor‘*fmmababnwﬁﬁﬁoﬁpln{abe@&gn@ag%t&%@@wlswsr&teng{&al h hutl on
(CH2C12 + MeOH). The al kyl ated product” was eluted with 12 2C12 /[ MeCH.
The fractbluﬁs}pdﬁﬁﬁfl’éﬁ)ﬂﬁm@ aput thﬁm‘cﬁatﬁwwfé B4 b?%eaesldtsw@p@smeﬁ nmy
hexadecyl 01/ 3972 1 PCT/ CI%! 79 E MPLE 9 S nhgae%m s of the
Hexadecy!* %‘r‘r&}yl arﬁeﬁ’éég 3} B O g@ &%Pﬁwens tiexadecyl

Esterg) ofwsile%awedby t@o@d@qmwmﬁwiﬁe%ymwm@%st)r @bovappas di ssol ved

in 0.5 OH 5 and stirred at roomtenp for 1. g“%aqueous acetic was
t hen adde@lemﬂ’rgw gihits degemmerbasonprandsiaed eperiiosis a'f910 nd0PMci pi t at ed HDP- CDV
was isolated by filtration, rinsed with water and dried, then
recrystallized (3:1 p-di oxane/vvater) to give HDP- CDV. 10 Simlarly, the
oct adecyl oxypropyl -, octadecyl oxyEXAMPLENG hexadecyl -cCDV esters were
hydrol yzed using 0.5 M NaOH and purified to_give the corresponding

cidofovir dile©rBexadecyloxypropane Alendronate Inhibits Dexamethasone-Induced
15 Apoptosis in Calvarial Cells
Calvarial cells were obtained from neonatal C57BL/6] 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 ANOVA (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 uM DEVD (a peptide inhibitor of apoptosis) followed by dexamethasone did not
exhibit an increase in % dead cells demonstrating that DEVD blocks dexamethasone-

induced apoptosis.



EXAMPLE 10 15 Synthesis of cyclic-ganciclovir phosphonate

Hexadecyl oxypropyl Ester The cyclic phosphonate anal og of ganci cl ovir was

prepare t he published procedung: (Reist, E J. Pong,
T K’ ng and Sidwell, R W Synt heS| s of acyc onucp(g%"gfgde

phosphonat es for evaluation as antiviral agents, p. 17-34. In J, C Martin

(ed.), Nucleotide Anal ogues as AnixXmMpPLEApENts, 20 Anerican Chem cal

Soci ety, Washington, D. C.). After conversion to the DCMC salt in DM the

cGCV phos phibition efBorer Resorption imOyaﬁcdnnﬁmrﬁmwdyOekwﬂogdpmpmd t he

m xture was heated to 80 C for hﬁ ‘i ?ol ation of the al kyl ated product

by flash chromatography vyiel ded %- v phosphonate. 25 EXAMPLE 11

Synthesi s of gangidelfidro ham ezgmeghaﬂ@ﬁm RAVAWRS 86 thddDP- cycl i c

GCV phosphonate from abg:)vlgﬁ\j\qgg dl%20| ved in e(Bﬁfﬁ)%\laa—l ang stirred at room

t enpersat uh@/ettmdmﬁwbtlatmtal efﬂrteﬁ@nat@ré tieated ﬁébqrewth Famirwlut i on was

neutraliz product whi ch was
recrystal F?c’i ‘W}{aﬁ ey, l%lg%%gxane 8tcg§°%?%g%‘&§§g'?§4 32 PCT/ US00/ 33079
EXAVPLE lﬁexhdacylﬂﬁnpded;dloxamtdwme1@&@6@@6@&1&@@1@! ikigtRluated doses of

Dexanet hasone- | nduced Agopt osi s of MLO-Y4 Osteocytic Cells MO Y4
ost eocyt i Eore) mg hg/day toremedke/day- Py hperind qfﬁavrdaﬁ\@alvewbm%weéw of 5

1-0- hexad%gll Y RO RAL m@%ﬁ&%ﬁ%ﬁ@&r@égﬁﬁws \%1\”%%:%& %dﬂaeb?rw)racﬁ”nd

subsequent | e cél e | ncubat and
dexanti hasahenirdl(s dshietlf iArhtatnauMcigetﬂlbmmﬂnccﬁ”Qf adqunaromena)ageomﬂ Tkad cells

was det erm ned | ue k| n et al Cin |Invest

104: 1363- 1@7%61%%’%@ ST fr g %b “ﬁ‘?Fde‘de’raB‘ei forggach srUpr esent
the mean .gbhatbd 3 amﬁa&aw@mbomwts@feﬂahﬁme@ahﬁ«velﬁhw&l Sankaed by 1-way
ANOVA ( St udent - Keul s- Newman test). *p<0.05. HDP- al endronate inhibits

dexarmet haswaeg thedrestnerd prpieesds. s1-8x- hejz@dazyﬂmon@efalamdrorﬁmmzd ariimals
1- 0- Hexadg] 0P 8RARS. AL &AL ORRY Sk ARl QTS hasone- | nduced

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.



15 Apoptosis in Calvarial Cells Calvarial cells were obtained from neonat al
C57BL/ 6J m ce and passaged in tissue culture. The cells were pretreated
with the indicated concentration of - al endronate for d
subsequeWPI%3tHe celI's were incubat egmf:‘or 6 hours with an%da/\%ng?%zgﬁ’ta 10- 4
dexanet hasone. The percentage of dead cells was determ ned by trypan 20

bl ue uptake (Plotkin, L. et al., gxkfhMprLER¢Eest 104: 1363-1374, 1999).
Results are presented in Figure 2. Bars represent the nean SD of 3

i ndependerStimakdionarfdBune. ForDetimniie Humand with Stenoid-Indyced NI eoporosis

( St udent - Keul s- Newman, t )., * ps0.05. Pretre t of cells with

HDP- al endr onat e at 18338f‘ﬁ'Oﬁﬁagﬁgyé?xyé’%wlémﬂl%ﬁb’g%ggwétﬁet hasone- i nduced

i ncrease in % @fags 6EpAtRn{sATTDsOR)d-ifdBbdBoRepRRRE 40 1Rat@8wih MDEVD (a
pepti de inhibitor of apoptosis) foll owed by dexanmet hasone did not exhibit

an i nér eastadenyloxyigapyl cwhing-ofpadmmste ertrilangbe hban @eldsglod ks Yéxamet hasone-

Bone - Res ohBREG T p AP et o R pAg Honon G Ve, ek BRE 00 21

Menber s ohe Ge@iditat SfoupLn@ contidBlly ghdnifoestbder Biercagtie-odDaehtent fdrdohbat 5 have
undergone bilateral ovariectony are treated either with 4-amno-1 -
hydr oxybuminieral dgesity, incisiesgmelsysiishiat fragtites. RiPgisasiomPE¥artebil defogmities

hexadecy!l hal < 3= r } y.EC : i raduat ed
doses of B RGN oxlnh ARk Pt E e B e e el ve
weekslo At mhdeinieng the eksotdtecatraest, groupsltodetarmine tipesffecob erescant-Oal  group, are
sacrificed and the fenora of 10 each_ animal is ashed. Alternatively, the

met hod of OARIFCHPEYRISPY \iningyP ppdresaly therppy amoug thelreafmenteroips f enpra f or

each indi @bx?ﬂ ed ivﬁth%&&ﬁ%@ﬁxen’i,%né’%ﬁéﬁ?ﬁ Rleradardl PitRreCAEPar ed as an
i ndi cator o one nmass to determne relative inhibition of bone | oss anong

t he tr eat deerntaspl ot lbOsdadetyOxmrpylenyinpodprdnanatd-weadebpeaticatst r eat ed ani mal s
exhibit | ess bone nass | oss than the ovariectom zed controls. 15 EXAMPLE 15

15 Example 17
Antiviral Activity and Selectivity of Phosphonate Nucleotide Analogs Against
Human Cytomegalovirus (HCMYV)
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  wells in 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 ECsg (the 50% inhibitory concentration).



I nhi bition of Bone Resorption in Humans with Osteoporosis By 1-0-

oct adecyl oxypropyl - al endronate Two groups of postnenopausal wonen are
treated with placebo or with 1-0 203%ct adecyl oxypr opyl - al t an
or al do§@OJ@B§V6n1O.1 ng/ kg/ day to 100 ng/kg/day for a pgg?%g&%%ﬁ?fon1tmo
to three years. Menbers of the treatnment groups are continually nonitored
over the couggmitary EGREHARRE W& pbEbendd sier-@-heladséiyropanadoil (BREe  of
vertebral fractures, progression of vertebral deformties by radiographic
exani natdrivatiwsof hisoghr andedefarinpashiossns Teplekasur ement s are made anong t he
25 various treatnent groups to determ ne the effectiveness of the forns of
al endronate therapy anong the treatnent group. The group treated with

1- 0- oct adecyl oxypropyl al endronammabkd1| have fewer fractures and a | esser
rate of reduction in bpne density than th | acebo, gr ouR. 24 34
PCT/ US00/ 330719r“gEXANPLE MY BGhatMn of CBShE For i onl%uehe\@ﬁﬁﬁ%‘g&vz& th

St er oi d=lnduced_OsteepprostT—Ry—t—-O—octadecyi@xypropyt—am ng-gdopadr onat e
G oups of patcgﬁis mﬁF spé'gfgb?ﬁgzced osteoég?osis are treated with 1-0-
5 octadecyl o pyl - am ng-0l pgq te or plagepbo at an oral >@8d6e of from
0.1 ny/kg/ day {g 100 /?g/day ?g?§a period of fromone nonth to one year.
Menbers of gpeecdmeat mgnt 0g08GpPs a2¢ conti nual 3¢ nonit ored ové009 he course
of treatnment for bone |m neral denééty, i nci dence of vertebral fractures,
progressi on ddefouirt ebr 4 deformiti by radi ogr aphi ¢ exam natiron and

hei ght | osgpRAPRVISONS Qfoimeasurg@nents are 10 made anpng the_various
treatnment groups to detlerm ne the effectiveness of 1-0-

oct agecyl oxypr opyl - am no- ol padronat e t herapy anong the treatnent group.

oAl e kg gﬁﬂftgﬁa‘}f’&%ﬁ@g&”l 6991%Q§de9§1§333rﬁta¥edi§1r%ggaﬁaéﬁd' fractures

are ypropy no-o ronate-treated
pati ent sté;ﬂ:é) 0Binkds ABiei Aétiv@thaACIDV ot yyaiecCTS¥| dbilasinbye oftotPRésphonat e
Nucl eot i

e Anal ogs Agai nst Human Cytonegal.ovir SE%H H i viral
assay: Aht saleativity asdeayagainsi HERN/ARRIARe A 1438 F?lgd" Tt M08t
>2.100 for the underivatized CDV’s. Based on these promising preliminary results,

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.



DNA hybri di zation as reported by Dankner, WM, Scholl, D., Stanat, S C,
Martin, 20 M, Souke, R L. and Spector, S. A, J. Virol. Mthods
21: 293- . Briefly, subconfl@dént MRC-5 cells in 24; re
di shes \AZ‘/Z’?yemérgégr eated for 24 h with various concentrati gﬁg}dg?(ﬁ%irozdé in
Eagle s m ni num essential nedium (E-MEM containing 2% FBS and
antibiotics. The nedium was renoved dadldCW strains added at a dilution
that will result in a 3-4 + cytopathic effect (CPE) in the no-drug 25 wells
in 5 days. The virus.was I oAt . i nd repl aced
with the drug dli?lt%}?) I:%ﬁlgqﬁiﬁ@g??g\@ﬁ;f;gﬂi&aﬁoﬁéa%ggfoﬁ?ﬂéﬁvf/ﬁ %ﬂlﬁgms
quantified in triplicat e]?ﬂgﬁ‘l'zlﬁs@is@ay?&i DX Rdd@tonon usi ng a CW
Antiviral Susceptibility Test Kit friom D agnostic Hybrids, Inc. (Athens,
OH). The nedium was renoved and cells 1ysed according to the nmanufacturer
S instructions. After absorption of the lysate, 30 the HybriwixTMfilters
wese lyigodhded overnight at 60C. The HyBChuuMTM welGEsomad hed Seleetivigy adex at
73C and counted in a gamma counter. The results are expressed as EC50 (the
50% i nhi bitory concentration). WO 01/39724 35 PCT/USOQ 33079 Prelimnary
exper idBsfoSir\EDE)Per f ormed on 1- O hexadec§hpr opanedi 8l0GHDP) deri valives of
Ci dof Q¥jlic @gheee{@by) as shown in Tabl e0d7 Table :1@ug HOW EC3028 M
8% exMe &&ahe\!&iBNB-IOWX CDV 0. 457 x0.089 (3) 857 m) 900 cCD¥x0L047
(3 o o y % 4i6PR 0. 0005 (2} «3@%59, 600 Agigfovir 55 (K10° -
Aji ovir, 0o i 5.cpys the resul ks jyr Table 1 iggdicate, 1x 10°
1- O hex o;gg:yfgggg edl.oiljg- lic CDV (HE)EHOG“CDV) was 3200 tines norg°
active® PP T V. Wil e more qybotoxic, hhe selectiyityy'i ndex
agai nstrOretaderyiethapidiply 40 g ng cell's wa§ '>59, 000 vs. 35§900 to 32,490 for
t he underooaderylednangdils2-cBRYed on t hese Eqsgi ng prel |qr§/nary resulfs, 10

0.8

f urt hellexedpedick®™ s were carried out usi n8~ ddi ti onal ention conpounds.
These
Adefovir (ADV) 55 >1000 >1685
1-O-hexadecylpropanediol-3-ADV 0.10 6.5
1-O-octadecyl-sn-glycero-3-ADV 0.21 - -
20

ECs - 50% effective concentration; CCs, - 50% cytotoxic concentration; selectivity index - CCSO/'EC§0. ECsresults are
the average of 3 to 6 determinations, 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), cyclic 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 ECs values were determined in a CPE reduction assay in human foreskin

35  fibroblast (HFF) cells. The data thus obtained is shown in Table 3.



further experiments are described as follows. Cytotoxicity of test
corrpounds in vitro: Subconfluent human lung fibroblast cells (MRC5,

Aneri can |ture Collection, Rockville, MD) in 24-we 15 were
treated W (ﬁ%a%gs diluted in E-MEMM{ G bco BRL, Grand Isl g’%&'msﬁﬁ%ﬁ”

suppl emented with 2% fetal bovine sgrjypgnd antibiotics. After 5 days of

i ncubation at 37C, the cell nonolayer was visually inspected under

magni fication abtug he cpressiniatE@yp, oM dr Cowpk cPCsaubed BB WelledUCEg, ON
in cell nunber was estinmpted. 20 The data obtained fromthese experinents
is shown in Table 2. WO )1/ 39724 36 PCT/ USOO/ 33079 TabI e 2 Inh| tion of
Human ] o a3 PYA

Reducti on 5 Conpound EC TR sel ectl vity |7 a dof ovir ;.i 0. 46
>1000 >2174 (thic])@i dofovir (0©RV) 0.47 >10000>2128 >100

1- O hexadecyl opaned| ol {3-CDV 2 x 10-6 10 5 x 106 10

1- O hexadecy | BPB&RY |0I 3-ccoV031x 10-4 320 1 X096 >100

1- O oct adecy|H)| 13- CbV 10-5 32 1 x 1

1- O oct adecyl pr opangg' 13- cChv dbx 10-4 320 1 xp(stbOG ~100

1- O oct adecyl et hanedi ol -2-CDV <1 x 10-9 210 2 x 10"

1- O oct adecy] et hanedi.o 320 1 x. 106 15.Hexadecyl -cCDV 0. 04
6.5 163 idé*‘%\"/? En f%#ﬁ/l)‘ é@ﬁ%\fbg “Safe]a'ug Y et AgaRe | Ya5F BB ‘&tﬁlen ADV 0. 10
6.5 65 11& 04 ?g)ﬁhmvg}s\ig:@rg@aﬁa/w ﬁ%}ccnvé%é%)res 2R figct i ve

concent I’atl on 0% cyt ot oxi c COI’]CEI’lt ration; sel éCt Vi ty i n ex -

momocomnf@&dl delis BIDP-cCDY wyetagtnedy efdedtive @/nﬂﬁinel(m ot D@3UIMW th the
exception that ADV is a m@gle rzipllcatlon done in duplicate 25 As the
resul ts sheries 0-42 Fabd for ¢V ad S DY orepisstiniely o Basaseon wisanpmésingir e uni forny

more act | éf‘ehﬁ{lﬂa&%ﬁﬂﬂe \eBrel 3R irHRARSA cYﬁBfo%ﬁ%ﬁfoﬂQ bRl repl?éﬁ?loh Bf S{hgp fovir

and adefovir
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 orthopoxvirus
and three others remained uninfected for toxicity determination. Plates were
examined and stained after the virus-infected, untreated cells showed 4+ CPE.

Neutral 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 (CCsp) were

determined from plots of the dose response. The results are shown in Table 4.

Table 4
EC.SQ-'\-,JM
Variola Major, Variola Major, Variola Minor, CCs

20 _Compound Vaccinia _Cowpox _Bangladesh Yamada Garcia uM

CDhV 2.2 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

ECs; - 50% effective concentration; CCs, - 50% cytotoxic concentration in Verocells; selectivity index - CCso/ECsp;
Abbreviations as in Table 2. Results are the average of 3 determinations.



Exanpl e 18 Effect of HDP-cCDV on Poxvirus Replication, in vitro 30 The
activity of cidofovir (CDV), cyclic cidofovir (cCDV), and 1-0-

hexadecy, di ol -3-cCDV (HDP-cCDV) were tested for ang, ivity
in huma 81‘085972% n fibroblasts infec¥ed with vaccinia vi ru§¥or%é303awf)%x Vi rus
by neasuring the dose dependent reduction in cytopathic effect (CPE).
Prelimnary vaccinia and cowpox EC50 values were determned in a CPE
reducti on assas shovhumelableot,eskantio Sompburslsivast stdkR}ialbe hose ackhve dat a t hus
obtained is shown in Table 3. WD 01/39724 37 PCTI USOQ 33079 Table 3 Drug
Vacci ni a te@sthe uniaovgbiesd CBA50r cQP MrEaigs! Yascin@Csowpoivandpetiqussmnatlpog 89. 8
Cyclic CDV 0.97 0.72 >100 HDP-cCDV 0.11 <0.03 >100 Control lipid >100
>100 >100tlasshown in Table 3, HDP-cCDV was highly active agai nst vaccinia
virusSwith an 1C50 value of 0.11 Mversus 0.97 and 1.8 Mfor cCDV and CDV,
respectively. In 5 cowpox i nfect egEceI | .S DP-cCDV was extrenely effective
with an 1C50 of < 0.03 M versus O. 21for cCDV and CDv,

respectivel y pfigas ﬁﬂlﬂﬂékbde@ﬂmmﬁShwol-MAﬂidféﬂlﬁﬂHEPdAD&’) onArefif ects of

i nvention cidofovir anal ogs on e replication of other orthopox viruses
was investigated. 10 Poxvirus ARFPW%‘H’I“sGW%at hic Effect (CPE) Assay: At
each drug conc Vi re infected
wi th 1000 pf UI%HH%M r%‘g%‘i%ﬁnﬁés he 1&@9?@?&5@%}%2% h?%%%llsb ed uni nfected
for twxi cllnwntdmtcﬁhmouﬁcﬂs were petfatread sefoHowe XBrig@dayanders carmriedduadd er t he
virus-infected, untreated cells showed 4+ CPE. Neufral red was added to the
medi um arRfePEs! Més%i’g’%&é&r% ehaludrimiceabiql fespis daChemsthsmpynm  The 50%

R e A N e G S e e T
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 ECsp 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, pM, in HIV-1 plaque reduction assay
AZT 0.007
Adefovir 16.0
HDP-ADV 0.0001




ECso. JpM Variola Mjor, Variola Major, Variola Mnor, CC50 20 Conpound

Vacci ni a Cowpox Bangl adesh Yanada Garcia UM CDV 2.2 3.8 100 - - >100
cChvV asyy >100 HDP-CDV <0.03 <0.03 0.0015 0.0015 Tigrol
HDP-cCD\)Vé’Q)?/f”%.OB >0.01 - - >0.1 2B EC50 - 50%effecti \g;e?@%ﬁ%entratl on;

CC50 - 50% cytotoxic concentration in Verocells; selectivity index -

CC50/ EC50; Abbreviations as in Table 2. Results are the average of 3

det er m nat i onsAd¥OVE WBITRKkErB88lyREIVd IS8 FIEY of s ubhosBTiwasFagile 4,

i nvention conpounds subst anti al | )mﬁmre active than the underivatized

CDV o CCRIVAGaRRIGPRISE GG 4002 sybRat AR ARRY vetsdhe mes! astixe ob thedfise
Sxarml ¢ 19, 156008 o2 PRERASEY 01 SRANSHL 13 AMGL QUL (LPRARY on H V-1

Repl i cati on, Vi Vo I'm nar Xperi men 1'on of H V-1

replicati MklibjBaéte ¢mmesuprmm@gm@uﬂﬁﬁary\e¢salt@%ﬂ@f e rigfentsoldroWarricBr ug

assays were carried out as previously described by Larder et. al.,

Ant i ni cr o®itas fald@ht- s & Chenot herapy, ~ 34: 436-441,1990. HI V-1LAl infected

HT4-6C cells were exposed to drugs as indicated and incubated for 3 days

at 37C. The cells were fixed with crystal violet to visualize plaques.

Ant i vi r al HAEA arittviralasapsSes sffett abarthdrapesmpnindg en ¢l Voeplication ph @pdes 15
treated sanpl The EC50 |s the m cyonol ar

(no drug) neasur
concent raF’FH??FSW%eIgﬂ“arnlé%tég‘sceﬁ]Fa\ﬁWﬁ%ﬁW@r ybeyplg@% re¢pciionassay; Lgrdst: adef ovi r

was ﬁP”pBr&dc%éeBrdA%Taﬁ&RM' 550 %@inﬁm@ géﬁgéﬁXhQ{h‘épaﬂ?%@M? adef ovi r
(HDP- " ADV) "ih HI'V-1 infected HI4-6C cells results are shown i'n Table

5. 20 Tabl29®. BrieflyE8saolajrs pﬁHmn\ﬁchnsa@e infeded witbrl 08<36ayplaque
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 drug-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 CCsp, 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/ECso. ECsg

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.



AZT 0.007 Adefovir 16.0 HDP-ADV 0.0001 WO 01/39724 39 PCT/ USOQ 33079
Adefovir was noderately active wwth an EC50 of 16 M AZT was highly active

as anti gj EC50 0.007 M but HDRjADV was t he nost act) gfasbie three
corrpoun?i‘é’Ba}/?%Zén EC50 of 0.0001 M nore than 5 | ogs nor ef’gﬂgﬁsve tﬁgn

adefovir 5 itself Based on these promsing prelimnary results, futher
experiments were carried out as fgl, 21 H V-1 antiviral assay: The effect
of antiviral conmpounds on HV replication in CD4- expressing HeLa HT4-6C
cells, was neasur elffest of Gitlefguir Aralogs oroHenpesayirgs Replieation1l0 B. A.

Chesebro, B. Richman, D.D. . Antimr nt.s. not.her.. : 436- 441,

1050y B i of 1 YISkt SronB el MRS i SRR F it A 300

pl aque fyarBiR@ulaiidisy refo\Wingthe Mictilisn BRT addRld HEW- R4mieatla diiviioadhdtut i on

pl ates. Various concentrations of dr ug. were added to the cul ture nedi um
i

Dul beéco' willresiilf inadB-fEh §IPE inteeinerdiugoreldinndhdd Bodbssvasabserhed lroth és, as

noted ab After 3 ; frexed with 10%

f or mal deﬁ;;?gcé" asSB}rﬁttefigrﬁg?% ag%%gﬁ%&(agfo g??’lngreedﬂ féé?ﬁfelﬁlg%ﬁ%Mgﬁg stained with
0. 25% cr yshalinidg 0VEFBS and hitikadticze Aftet upprokintpiely 24 Adflintubation,ddSVvity was
assessed as the percentage of contral. plaques neasured in drug-treated

sanpl es. RYAovasquantifiediadripicae Brpudgicrapd hybridiation unpg a iy \eAngyirg) |
Ant i viral 2 89 68 : Fﬁmr ! r h s 6. 20
Table 6 Isn Slg%]ﬁ{%lﬂgg %g?t%élt @%ﬁg%}aﬁégst??ol{ In Sﬁi%ﬁe | ?gﬁ b?wgfﬂéégblgﬁggguct i on
Conmpawnd kesoyedviriaCls WsSé hemirdivg ty themaex facAdef Oinstrudtidy) Ate? >1000 >122 25
1- O hexadecyl propanedi ol - 3- ADV 0.068 6.5 813, ECH0 - 50% effective
concentr a%tﬁs%‘ﬁ,loﬂtﬁgg‘eﬂy@fﬁ/é WIBYRC (t,“gtﬁ@é’ﬁ?r? lei’rﬁ,zf’ds‘é‘feé‘&‘gh\ﬁtp@ rndex -
CC50/ ECS 0y, HEEHw Al 418 valihedl foP'80 AUR HBERCOUnd%o8XRE il #BAthiha c3lnter.

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 4x107 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. ECso - 50% effective concentration; CCs, - 50% cytotoxic concentration; selectivity index -
CCs¢/ECsp. ECsg values are the average of two experiments with the exception of HDP-CDV which is a single
determination in duplicate.



As the results in Table 6 readily indicate, invention conpound

1- O hexadecyl propanedi ol -3-ADV is nore active and sel ective than adefovir.
WO 01/ 3 CTI USOQ 33079 Exanple 21 Effect of C dof gy gs on
Her pes Vi rg’ﬁb%é%é& ication HSV-1 antiv#tal assay: Subconfl ugﬁ/bﬁ%gﬂcel s in
24-well culture dishes were inoculated by renoving the nmedi um and addi ng
HSV- 1 virus at a dilution that 5 will result in a 3-4+ CPE in the no-drug
wel | in 28sshown inThibde Weadl iavendiopedmponnds dre atore &iTe agaipstrBS$ ¥el than r epl aced
wi th varigus concentrations of dru i n. E-MEM cont ai,ni.ng 2% FBS and

anti bi o | 06 erARtERAd Blue BardraaiRet Sidor It OB BaET. BN v
quantified in triplicate by nucleic acid hybridization using a HSV
Antiviral Susceptibility Test Kit from Di agnostic Hybrids, Inc. (Athens,
OH). The nedi uﬁqltg@‘éghl‘(l}e f@ReRiBg Inysatigehasdepy deygrihed by @megletal bhway of

manuf act u ] r ' ' te,

rybr i wi x TR TR b 13e pebh & of B! Bd MMkt LR EiopbilEn e,
washed f oto tBsemfrordinarg3Kilhimdhe antid Bghtiaf tiee {gashine eftiztieventiofyliadcoxaiai ty was
assessed as described_.i n. Exanple 17 C50 and CC50 val yes thus, . obtained
are shown® %g%dén#ﬁi@iwamaabﬁmmﬁ oo ﬁswaﬂna-%vmp&bﬁpp@am on in
MRC-5 Hunmgh,Ldpghefiinebl asts Assayed by DNA Reduction Conpound EQo.. M
Soso. pM SePecti vity I'ndex 20 Ci dofovir (CDV) 1.20 >1000 > 800 Cyclic

Ci dofovir (cCDV) 2.10 >1000 > 475 1-0O hexadecyl propanediol -3-CDV 4 x 10-7
10 25 x 106 1- O hexadecyl propanedi ol - 3-cCDV 0. 030 320 10, 667 25

1- O oct adecyl propanedi ol - 3-CDV 0. 003 32 10, 667

1- O oct adecyl propanedi ol - 3-cCDV 0. 330 320 970

1- O oct adecyl et hanedi ol - 2- CDV 0. 002 210 105, 000

1- O oct adecyl et hanedi ol - 2-cCDV 0. 008 320 40,000 30 Abbreviations as in
Table 2. EC50 - 50% effective concentration; CC50 - 50% cytotoxic
concentration; selectivity index



CC50/ EC50. EC50 val ues are the average of two experinents with the
exception of HDP-CDV which is a single determnation in duplicate. WO
01/ 39724 4 USOQO 33079 As shown igqp Table 7, all invengd unds
are nor e%%?ﬁ%hagai nst HSV-1 than the underivatized nucrkled(}?ﬁsc}]‘ggwg
phosphonates, cidofovir or cyclic cidofovir. 5 Al though the foregoing

i nvention Wapabeeordaremiped in sonme detail by way of illustration and
exanpl e 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 nodifications may be made thereto

W t hout departing fromthe spirit or scope of the clainms. WO 01/39724 42
PCT/ USQCQO 33079 A WtAphérfatdtothpddnd Ihaving thdstRftagphonat e conpound having the
structure: RILRR H C(X)1 CO O(L)n R3 Rl' R2" 5 wherein: Rl and Rl
are independently -H, optionally substituted -Q(Cl-C24)alkyl,

-Q(Cl1- C24) al kenyl, -Q(Cl-C24)ad\yil, -S(Cl-B24)alkyl, -S(Cl-C24)alkenyl, or
-S(Cl-C24) acyl, wherein at |east one of Rl and R1' are 10 not -H, and
wherein said al kenyl or a%¥l optionally haye 1 to about 6 double bonds, R2
and R2' are independently “*H, T o ek y ubstQtut i RC1- C7) al kyl ,
-Q(CLl-C7)al kenyl, -S(C1-C7)al kyl, -S(Ci1-CYy)al kenyl, 15 -Q(C1-C7)acyl,
-S(C1-C7)acyl, -N(Ci1-C7)acyl, -R\JH( Cl1- C7) aﬁkyl , -N((C1-C7)al kyl)2, oxo,

hal ogeg, -NH2, -OH or -SH R3is a phosp 6nate derivative of a

phar macol ogi cal ly active conpound linked to a functional group on optional
i nker L or towarrednail able 20 oxygen atom on C

R; and R’ are independently -H, optionally substituted
-O(C1-Ca)alkyl, -O(C;-Cas)alkenyl, -O(C-Cas)acyl, -S(C;-Cys)alkyl,
-S(Ci-Cag)alkenyl, or -S(C;-Cag)acyl, wherein at least one of R; and R’ are
10 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-Cy)alkyl, -O(C;-Cr)alkenyl, -S(C;-C)alkyl, -S(C;-C7)alkenyl,
15 -O(Cy-Cr)acyl, -S(Ci-Cy)acyl, -N(C;-Cq)acyl, -NH(C;-C7)alkyl,
-N((Cy-Cr)alkyl),, oxo, halogen, -NH,, -OH, or -SH;

R3 is a phosphonate derivative of a pharmacologically active
compound linked to a functional group on optional linker L or to an available

20 oxygen atom on C%

X, when present, is:
ll{z
5
Ry

25 L is a valence bond or a bifunctional linking molecule of the formula



X, when present, ist: R C1 | / R2 25 L is a valence bond or a

bi functional |inking nolecule of the fornula WO 01/39724 43 PCTI USOCQO 33079
-J-(CR2)t-G-, whereint is an integer jgom1l to 24, J and G are

i ndepend®RIY7H. -S| -C(0)0-, or -NH, and Ris -H sub&/¥00&E78,

unsubstituted al kyl, or alkenyl; 5inis an integer fromO to 6; and n is

0 or 1. 2. The phosgﬁa_?%ge)g%%g%ﬁgﬁqig&p&ﬁ%epg{g&ol &)lle rf‘aﬁdd‘ﬂ%rei n R3is a

bi sphosphonate. 10 3. onat e conpound according to claim 2,
wherei n the bi sphospdepeadantlysOal-8ndCONED-€or AHdRad R © -Hi subgdruespsre,

i bandronat e, EB- 1053, amd t e, ol padronate, am no-ol padronate,
cl odronate, or ri sedﬁné‘ﬁlggp _tecggﬂgl_, Orrﬂgergﬁbsphonate compound according to

claiml1, wherein R3 is a phosphonate derivative of an antiviral
nucl eoside. 5. The phosphonate conpound according to claim4, wherein said
phosphénat e deri vat ines arsingagef Womr) todi; dod ovi r, cyclic cidofovir, or
tenofovir. 20 6. The. hoa\ehonate conpound according to claim4, wherein
said phosphonate dét¥vati've is a derivative of azidot hym di ne (AZT). 7.
The phosphonat e compound according to claim1, wherein R3is a 25
phosphonate derivative of an anti-neoplastic nucl eoside. 8. The phosphonate
conpound accor d ng theathasphopatehepeind aesonling trodpinohavlereis Ry ider i vati ve of
cyt osi ne %ris% |O£1p %lngltg', gencti t abi ne,
10
3. The phosphonate compound according to claim 2, wherein the
bisphosphonate is alendronate, etidronate, tiludronate, ibandronate, EB-1053,

pamidronate, olpadronate, amino-olpadronate, clodronate, or risedronate.

15 4. The phosphonate compound according to claim 1, wherein R; is a

phosphonate derivative of an antiviral nucleoside.

5. The phosphonate compound according to claim 4, wherein said
phosphonate derivative is adefovir, cidofovir, cyclic cidofovir, or tenofovir.
20
6. The phosphonate compound according to claim 4, wherein said

phosphonate derivative is a derivative of azidothymidine (AZT).

7. The phosphonate compound according to claim 1, wherein Rs is a

25  phosphonate derivative of an anti-neoplastic nucleoside.

8. The phosphonate compound according to claim 7, wherein said
phosphonate is a derivative of cytosine arabinoside, gemcitabine,
5-fluorodeoxyuridine riboside, 5-fluorodeoxyuridine deoxyriboside,

30 2-chlorodeoxyadenosine, fludarabine, or 1-B-D-arabinofuranosyl-guanine.

9. A pharmaceutical composition comprising a phosphonate compound

according to claim 1 and a pharmaceutically acceptable carrier therefor.



5-fl uorodeoxyuridi ne riboside, 5-fluorodeoxyuridi ne deoxyri boside, 30
2- chl or odeoxyadenosi ne, fl udarabine, or 1-(3-D arabinofuranosyl-guanine. 9.

A pharnaﬁﬁHh' |, conposition conprisiag a phosphonate conppyRReeapsPr di ng
to claim a?gﬁg pharmaceutically acceptable carrier there?or. WO 01/ 39724

44 PCT/ USOQO 33079 10. A method for treating osteoporosis in a manmal, said
nmet hod conprising admnistering to a subject in need thereof an effective
anount of a phosphonate conpound according to claim1l. 5 11. A method for
augnent i ng bon&0-nmi nérmpthed fayjtrepting gsteonpsesive 2 wamptal.spidgnefbed ni stering to a

accor ai ng vR e AR 8 e iR PR Rt on B b PG ot pocyt e

apopt osi sphasphRonat®compourld acsadohgnethad lconpri sing adm nistering to a
subj ect in need thereof an_ effective amount of a. phosphonate conpound
accordi ng to clhi m £ mgthod forauemsntingboneaimeral density; sad metodetion in a

mammal, - Sgl gy Reh Qcﬂmngs@{ﬁﬁgit%iarsqbﬁ%%é&ﬁ{e}éagaﬁeg@céivgo' fht bfla N€€d t her eof

an effective anount o 15 phosphonat e conpoun rding to claiml1. 14.
A net hod plosphoredd camgpaindraceardggrieoliradm i n a manmal , sai d net hod
conprising admnistering to a subject in need thereof an effective anount
of a phosphonate conpound according to claim1l. 20 15. A nmethod for

modul ating cel k7 prolal yemhad f@prewatidg BREOKIS GAIBSbSIyRapAt¥sthst ering to a
subj ect in need thereof an effective anount of a phosphonate conpound
accor i ngmamr@alaﬁaiﬂ method comprising administering to a subject in need thereof an

effective amount of a phosphonate compound according to claim 1.

13. A method for treating a viral infection in a mammal, said method
comprising administering to a subject in need thereof an effective amount of a

15  phosphonate compound according to claim 1.

14. A method for treating a growing neoplasm in a mammal, said method
comprising administering to a subject in need thereof an effective amount of a
phosphonate compound according to claim 1.
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15. A method for modulating cell proliferation, said method comprising
administering to a subject in need thereof an effective amount of a phosphonate

compound according to claim 1.



