PHOSPHONATES MONOPHOSPHONAM DATES BI SPHOSPHONAM DATES FOR THE TREATMENT OF
VI RAL DI SEASES BACKGROUND OF THE I NVENTION 10 Field of the Invention The
present invention relates to conpounds and conpositions and nmethods of use
t hereof, useful for treating viral infections, in particular human

papi | | omavirus. 15 Background Human papillomavirus (HPV) is one of the nost
pr evalREASPRONRTES |, YONQREQABHANAMERRTEAT AESPEPSPHONANTPATHDr FAR THFFREMMENTYFe t han
100 different types of HPV, thezrgr) orekyssef which are harm ess. However,
there are about 30 types that 20 are spread through sexual contact. Sone
types of HPV cause genital warts, which appear as single or nultiple bunps
in the genital areas of nmen and wonen including the vagina, cervix, vulva
(area outside of the vagina), penis, and rectum Al though many peopl e )
infected with HPV have no synptons. Wile nost HPV subtypes result in benign

| esi ons, certain subtypes Iﬁgg oqugr VAN | esi ons. Anogeni tal
infections arising from I—E%ﬂ%cgﬁ)cp 9%1 , \}\ﬁll l'e Fggém common t han HPV-6 and
HPV- 1%9 are nost often associated wth precancerous |esions in cervical and
anal ssues call ed dysplasias. Patients wth dysplasias are often

asynptomati c and may only di SCOVﬁEIc{Qﬁﬂ{éfﬂ—ﬁéﬁﬁ’&hafter screeni ng. Hi gh-grade
dysplasias, if left untreated, nmay transforminto cancerous 30 tissues.

i g gr ade | o5t DRE TPV Bt e RO B R oun R e T
atsoc at e S B e e  or miv
POSI tive ysapillomavirus. ‘
15
Background
Human papillomavirus (HPV) is one of the most prevalent sexually
transmitted infections in the. world. There are more than 100 different types of
HPV, the majority of which are harmless. However, there are about 30 types that
20  are spread through sexual contact. Some types of HPV cause genital warts,
which appear as single or multiple bumps in the genital areas of men and women
including the vagina, cervix, vulva (area outside of the vagina), penis, and rectum.
Although many people infected with HPV have no symptoms.
While most HPV subtypes result in benign lesions, certain subtypes can
25 lead to more serious lesions. Anogenital infections arising from HPV-16 and
HPV-18, while less common than HPV-6 and HPV-11, are most often associated
with precancerous lesions in cervical and anal tissues called dysplasias. Patients
with dysplasias are often asymptomatic and may only discover their lesion after

screening. High-grade dysplasias, if left untreated, may transform into cancerous

30 tissues. Low-grade lesions may spontaneously regress, while others may progress
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honpsexuaj, a@i@ﬂeﬁ&i\é. nlfw—féﬁegtﬂnpm%sa%e h&dt-drtetkassBlbeewigl HPV. HV 5

positive patients are al so nore ely to be infected with nultiple subtypes

of HPV aay%igﬁsiagrfﬁoﬁ'%neevmi 6ther fraBESEhiALFIP Vi dulbtypdy £1aeilsd és%,tsfi(aied

dyspl asi a ogression. CGenital warts are the nost conmon sexual |y

transni t t gathod pRAsdiad. Rédeart stlibsliraliehta tRat @5 to 89%\GEHIEIV pbsitipeopl e 17- 33
years of age. HPV-6 and HPV-11 are 10 responsible for nearly 90% of all

geni tal wasindseiuil nadles hidyhe/irdscted ivaitle thevetighe ikl sadbity pegofMPNs HIE cor di ng
to the Anerican Social Health Association, at least 20 mllion people in
the U$ ar positive patieitsi aré @tdoasiore likelyR¥ bevinfdrtdd writh inultiplensibtypeses of
sexual ly transmtted HPV infections occurring annually. Genital warts
usually pHPMWatetheasiamestiimej wilich saspscihtedawittl adnigher riskiof diysphysiai t al i a, but
15 without treatnent, nay progress to |arger nore pronounced

caul i f | owprogresston.gr owt hs. Roughly two-thirds of people who have sexual
contact with a person infected with genital warts will develop warts within
t hree nont hs ofeniial watts arSirnmastcormmaeaysesellyirafsmjtiedtdiseasarin sheccurs in
10- 20% of genital wart cases. However, even if a |esion regresses,

r ecur r encwoukd grrchateanoskpteyalentdo peopled 7-83 geas@fngectVehaaddiP¥rlloare year .
As a result of the unsightly lesions, treatnment of enital warts is common.
Evi defce wgpensible foasearlu?Odeohal genidal weartsthutarp rr@@gy asingjatedodth hat HPV
infection is necessary, though not sufficient, for the devel opment- of

cervi cal nexagtic g rés@qr%m@fo e Amerisanposial Healhefssariaen, ahleadt at

99. 7% Anal cancer 25 is thought to have a sim | ar__associ ation _between HPV
i nf ect i onGrellionepeaple &1 Bindntare cusgatly dptesteskwithddH Vamath 8 &reilliongens t he

case with cerv# cal aglancer. . Iadpﬂr;% study of HIV, negati patients with anal

V,
cancer, HBJeP A EeURgY HapsbE Vringgsiions Oﬁﬁéqrutgaﬁ@@#%lf}’-lﬁeﬂ’i@l‘wgtﬁn 2003,
12, 200 new cagﬁ’es of ceryi.cal, cancer asgd 2 4,100 ceryical -cancer deaths are
predi ct ed"SHANPIAduse pagyessHitoh: Bumypsdpcatrd on rpeag the genitabia,An4| - cancer

deat hs. Wil e e | ncidence of cervi.cal cancer has
w1t&10utc ?re tment, may progress to larger more pronounced cauliflower-like

growths. Roughly two-thirds of people who have sexual contact with a person
infected with genital warts will develop warts within three months of contact.
Spontaneous regression of genital warts occurs in 10-20% of genital wart cases.
However, even if a lesion regresses, recurrence of genital warts is common with

20 50% recurrence after one year. As a result of the unsightly lesions, treatment of
genital warts is common.

Evidence over the last two decades has led to a broad acceptance that HPV
infection is necessary, though not sufficient, for the development of cervical
cancer. The presence of HPV in cervical cancer is estimated at 99.7%. Anal cancer

25  is thought to have a similar association between HPV infection and the
development of anal dysplasia and anal cancer as is the case With cervical cancer.
In one study of HIV negative patients with anal cancer, HPV infection was found

in 88% of anal cancers. In the US in 2003, 12,200 new cases of cervical cancer and °
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decr eased; §d (iidRShnded ealRAEFreiifed AoHEAFRRUSAR AL B85 anl1®

i nci dence’0 anal cancer 1S 1ncreasing. i ncrease 1 n anal cancer

| nCi denc & ey %@‘%?%%éﬁgél%a%ggdé&hﬁav%ﬂ@fﬂﬂ i cld¥hRE of @Brvitd) Chnbdr fyagoS LT ve

pati ents have i nci dence of anal cancer than the genera

popul at i Qfbcrd¥etign #hélast BeCdeAdss dite it@%ﬂ@g@%aafsc&e?ﬁngﬁﬁ@%@&énéeo& 000 in
t he general popul ation, anal cancer has an incidence of 35 cases per

100, 000 izhal bende D ER¥EESnFBTRe RAREAGR! ihQMmaBbsh e iddeR@SRay IR ath@N: (@40 i n
the HI 'V positive honbsexual nale population. In fact, due to the high 10

pr evabengf pairt ANEITV difetiafisth @MY pbkitiviergatichesh@ad a bidleerdnddanes ofM ng trend
of anal cancers, the 2003 USPHA /| DSA i delines for the Treatnent of

Oppor t unizaial eardel ehan s gerertd Mopigiativhy SVRHE aaal cartet has ae inddetdeastt (12Nt

gui delines for patients diagnosed with anal dysplasia. There is no known
cure for ddsdé peiOg00aria the gehemb popplbaticye anhbtarwer has an incitlanegdf 35ey of ten
di sappear even without treatnment. The nethod of treatnent depends on
factors siasés per 1006008 inetha hdnmaseatialomale ponelationiainal 704400 casedypen 0,060
treatnments used are, Imquinod cream 20 percent podophyllin antimtotic
sol ut i on,in@h& HId pesitive boofdserualsnhle papylaBopdncant, direftbube bighaci | cream
and Trichloroacetic acid. The use of podophyllin or podofilox is not

r ecoflenduévéalence of pnagiyaplasioamonigdd Bdefertesypatients bod ripdwipgtttendséd n and
may cause birth defects. The use of 5-fluorouracil creamis al so not

r ecommendadl tanceps,dha 2003 Usbirbh / IBHdA Guigalinea ffomtet Ereetmenieofphysi cal | y

renoved by freezing (cryosurger%d?), _burning (electrocautery) or |aser
o5t

t r eat nentOppestysisfigdntectipns inf téepBadentswill ipchule treadmenént nmay have to

be renoved hy surgery. Cenital warts_ have been 25 known to return follow ng
physi cal Fudelngs for patigatsedipgnespdcwithanaldysplesisn have been used to

directly injegt into these warts. However, a-interferon is expensive, and
its use does nGEIRéHNR KknoME guredontit\bt Therepretrrateents far graitekwastsAs such

t here_exists unnmpt need for effecgtive HPV treathent. It has now been
surpﬁﬁsi ﬁﬁpg}gﬁ?’g%Q R Ji2Fmsat AvRn Maoutdeatingnt  hhemethod of treatmenbt her

depends on factors such as the size and location of the genital warts. Among the
treatments used are, Imiquimod cream, 20 percent podophyllin antimitotic
solution, 0.5 percent podofilox solution, 5 percent 5-fluorouracil cream, and
Trichloroacetic acid. The use of podophyllin or podofilox is not recommended for

20 pregnant women because they are absorbed by the skin and may cause birth
defects. The use of 5-fluorouracil cream is also not recommended for pregnant
women. Small genital warts can be physically removed by freezing (cryosurgery),
burning (electfocautery) or laser treatment. Large warts that do not responded to
other treatment may have to be removed by surgery. Genital warts have been

25  known to return following physical removal, in these instances a-interferon have
been used to directly inject into these warts. However, a-interferon is expensive,

and its use does not reduce the rate of return of the genital warts.



benefits as weh{ sudh SAWBRY G et NYENTdRffectivedPVuneataferitoftrthilsadw Rx%,
NRxz NNO H2N/\N NP~te ylA |l 10 wherein: Y~ and Y'B are

i ndependegehsu¥piisinBly daRevéed @mepowttdpiiadeanddt yhivrieell, and prévidedtie ,
-N(Rx), -N(O (Rx), -N(ORx), -N(O (ORx), or -N(N(Rx) (Rx)); 15 Rx is
i ndependesinefitfasweld, R4, W or a protecting group; R is independently -H
or alkyl of 1 to 18 carbon atons; R2 is independently R3 or R4 wherein each
R4 is independently substituted with O to 3 R3 groups or taken together at
a carbon atom two R2 groups forma ring of 3 to 8 carbons and the ring may
be sulsstituted with 0 to 3 SERVIMARYSOFICIRENVENEBYONRI b, Ric or Rid,

provi ded that when R3 is bound to a heteroatom then R3is Rc or Rid. R3a
is -H -F, -CA coBipourld of foEgula@N, N3; -NOz, or -OR4; Rib is =0, -QR4),
=S, -N(R4), -N(O(R4), -N(OR4), -N(O(OR4), or -N(N(R4) R4)); 4 R3c is -R4,
-N(R4)(R4), -SR4, -S(OR4, -S(O1R4, S(O(OR4), -S(O2(0R4), -0OC(R3b)R4,

- OC( R36) OR4, -OC(R36)(N(R4)((I$§43, - SC(R3b) R4, - SC( R3b) OR4, :

-SC/ 7(~R3b) (N(R4) (RR4/)), -N &kﬁ?b) R4, -N(R4) C(R36) OR4,

S,

N NN

10  wherein:
Y'* and Y8 are independently YY;
RX! and R*? are independently RX;
Yt is =0, -ORX), =S, -N(R¥), -N(O)(RX), -N(ORX), -N(O)(ORX), or —N(N(RX)
®);
15 RXis independently RY, R? R W?, or a protecting group;
Rlis independeﬁtly -H or alkyl of 1 to 18 carbon atoms;
R?is independently R?® or R* wherein each R* is independently substituted
with 0 to 3 R® groups or taken together at a carbon atom, two R? groups form a
ring of 3 to § carbons and the ring may be substituted with 0 to 3 R® groups;
20 R3is R%, R, R* or R%, provided that when R? is bound to a heteroatom,
then R®is R¥* or R%;
R3is -H, -F, -Cl, -Br, -1, -CFs, -CN, N5,-NOz, or ~OR%;
R¥®is =0, -O(R?), =5, -N(RY), -N(O)(R?), -N(OR?), -N(O)(OR?*), or -N(N(R%)
(RY); |



- R4, Iy S B > b) OR4,
AT L R R S A oI Y |
b R4 _@@qj% 4 IR s 40Q 0 0
ggr gg;\ g?b@n@f@%{'ﬁs a foglb%%ége{f'g)to 1%@2? b?n a Iér’rg,scgik}\e/\gy!’en\emof 2V\%O \1/\2

3 L 4 t ;1 'S or ;
car bon 2L SR MIRRARO TR ayoemeRat ors: 10 V8 1 W or
wher ei n eqq(RMsg(NggW%yw%rmmww to 3 R3 groups; W is carbocycle or

het er ocycl e ein i s’i ndependenfly substituted with 0 to 3 R2 groups;

and 1% M2 is ORsdigsor(Ry)Rand (RRFORBCEYR®PAD |- (ROYOVBR -€(R® (ON\(RENR yof .
DETAI LED DESCRI PTI O\I( 02 THE(I N%El\ﬂ'l ?J\I<IR he pr(es)(;(gt i nver(lt i 2)n pr)lgvpges a

conpound of t hR# fsoH)Wran alkfl o o 18 cd¥bbn atéiih dikehl ofy2 1o 18\abehn: 5 R’
Rx2 O \N~ 1l Ais or Y1lA and Y1B are independently Y'; RX' and Rxz are

i ndependeationys, Bx allynyl of 2 ts08 cafidiatonsp, - N(Rx), -N(O (Rx), -N(ORx),
-N(O (ORx), or - NCN(Rx) (
R is alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon atoms,

or alkynylene of 2 to 18 carbon atoms;
10 W2 is W4 or W5;
Wt is RS, -C(R®)RS, -C(R®)WS, -SO,,RS, or —-SO,, W, wherein RS is R4
wherein each R* is substituted with 0 to 3 R® groups;
Ws is carbocycle or heterocycle wherein W® is independently substituted
with 0 to 3 R* groups; and
15 M2is0,1or2;

and pharmaceutically acceptable salts thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a compound of the formula,

JOLIEY
HoN N \\/O \/ \Y1A yiB

20

wherein:



RI)); Rx is independently R, R2, R4, WB, or gx otechk:ng group; R is

i ndependently -H or alkyl of 1 to 18 carbon ato K2 is independently R3 or
R4 wherein each R4 is independentl yfjsubstituted 1?) with O to 3 R3 groups or
taken together at a carbon atom t R2 groups forilma ring of 3 to 8

carbons and the rlng/g&y\be subst i+ dW|th0 %ﬁgroups R3 is R38,
R36, Ric or R fgprevi ded hat en s» Boundf jeteroatom then R3

i sR3corR3d; R3ais -H -F -d, -Br, -I - CF3, CN N3, -NOz or -OR4; 15 R3b
is =0, O(R4) =S, -N(R4), -N(O)(R4), -N(O?4), -N(O) (OR4), or -N(N(R4)(
R4)): R3c is -R4, -N(R4)(R4), -SR4, -S(O R4, -S(0)2R4, -S(0)(OR4),
-S(Oz(OR4), YOENBYERMe inddpleRden@p4(t; - OC( R3b) (N(R4) (R4) ), - SC(R3b) R4,
-SC(R3b) OR4, -SC(R3b)(N(R4)(R4)), -N(R4)c(R3b)R4 -N(R4) C(R3b) OR4,

- N( R4) c( R3b) ( N¢RAhIRP)are WeletondentlR$S;; 1 1 / ~~ R3d is _C(R3b)R4,
_C(R3b)OR4, _C(R3b)WB, C(R3b)OMB or -C(R3b)(N(R4)(R4)); R4 is -H or an
al kyl 50f 1 t0 Y8ised,bORY; 455 N(RK) eNYO) @), 2N(ORES -DHEHIOR )a0nAS(NERY)él kyny!
of 2 to 18 carbon atons; R5 is alkylene of 1 to 18 carbon atons, al kenyl ene
of 2 to I®9parbon atonms, 25 or alkynylene of 2 to 18 carbon atons; 6 WB is
W or Wo; WI is RG, -C(R3b)R6‘-C(R36)V\5, - SO uR6, or -SOVRWs, V\/nerein R6 is
R4 wherein eaRhisRAdepersddrety RUTREARYWWH 0 atprogedidigggroups; VB i s carbocycl e
or heterocycle wherein Wb is independently substituted 5 with 0 to 3 R2
groups; and MR} is ifddpergiendlydFphaatkgd efilitodBloprkarcaiomtl e sal ts t hereof.

R? is independently R® or R* wherein each R* is independently substituted
10 with 0 to 3 R® groups or taken together at a carbon atom, two R? groups form a
ring of 3 to 8 carbons and the ring may be substitu{ed with 0 to 3 R® groups;
R3is R, R%, R* or R¥, provided that when R® is bound to a heteroatom,
then R3is R or R%;
R* is -H, -F, -Cl, -Br, -I, -CFs, -CN, N3,-NOz, or ~OR%
15 R is =0, -O(RY), =5, -N(R?), -N(O)(R¢), -N(OR?), -N(O)(OR¥), or -N(N(R#)(
19)%
R3* is —-R* -N(R*)(R?), -SRY, -S(O)R?, -5(0)2R¢, -5(O)(OR?), -5(0)2(OR?),
-OC(R*)R?, -OC(R®)OR?, -OC(R*)(N(R4)(R4)), -SC(R®)R?, -SC(R®)ORY,
-SCRP)NRY)(RY), -NRH)CER*)R?, -N(R)CR*)OR?, -NR)CR*)(NR?)(R?), W?
20  or-RSW3;
R34 is -C(R*)R?, -C(R*)OR?, -C(R*)W?, -C(R*)OW? or -C(R®)(N(RA)(RY));
R*is -H, or an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon |
atoms, or alkynyl of 2 to 18 carbon atoms;
R® is alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon atoms,

25  or alkynylene of 2 to 18 carbon atoms;



An enbodi ment Wsigwcwws,ent i nvention provides a conpound of Fornmula 10 I,
R NW Rxz N N X N O- Yea, | wherein: ylA and Y'$ are independently Y';
15 RX' and Rx2n\areRE,NAERERES DC{RA)RE, -90,,R3, 610-SO,WR% whetdin RNsRe) | ‘
-N(O (Rx), -N(ORx), -N(O(ORx), or -N(N(Rx)( Rx)); Rx is independently R,

R2, R4, V\ﬁ,heggm@agqgugédmtg{egqpiﬂlﬁogstglr@ﬁ&ggndentI_y -Hor alkyl of 1to
18 carbon atons; 20 R2 is independently R3"or "R4 wherein each R4 is

i ndependent |y pBhstartbidcpele oMHelerdcy Qe HiR3el WURSirlepenlient]ly @0BtNetedt a
carbon atom two R2 groups forma “ring of 3 to 8 carbons and the ring may

be sutsstiwmqe@lto@Rthoﬁpg;aHBB groups; 7 R3 is Rae, R3b, R3c.or R d, provided
that when R3 is bound to a heteroatom then R3is Rc or Rid, R3ais -H,
-F, -d, -Br, M2is0CFar2:CN, N3, -NO2, or -OR4; R3b is =0, -Q(R4), =S,
-N(R4), -N(O(R4), -N(OCR4), -N(O(OR4), or -N(N(R4)(. 5 R4)); Ric is -R4,
- N( R4) ( Rdand pha¥macdi(tionRe,actéphBRdsalts HéreofiR4) , - S(0) 2(OR4), - OC( R3b) R4,
-OC(R3b) OR4, -OC(R3b) (N(R4) (R4)), -SC(R3b)R4, -SC(R3b)OR4,
-SC(R3b) (N(R4) (R4)), -N(R4)C(R3b)R4, -N(R4)C(R3b) OR4,
-N(R4) C(R3b) (N(R4) (R4)), WB

An embodiment of the present invention provides a compound of Formula

10 I,

RX1 RX2
\N/

wherein:
Y4 and Y are independently Y%
15 RX! and R* are independently RX;
Y1is =0, -O(R¥), =5, -N(R¥), -N(O)(R¥), -N(ORX), -N(O)(ORX), or -N(N(RX)(
R);
R¥is independently R?, R? R¢, W?, or a protecting group;
R! is independently -H or alkyl of 1 to 18 carbon atoms;
20 R?is independently R® or R* wherein each R* is independently substituted
with 0 to 3 R® groups or taken together at a carbon atom, two R? groups form a

ring of 3 to 8 carbons and the ring may be substituted with 0 to 3 R? groups;



or -R5WB; 10 RRelig &b, AB0PRR3, prifvided @t wheh R3h9 B8und € RHptéMdatan,

-C(R36) (N(R4) (R4)); R4 is -H or an alkyl of 1 to 18 carbon atons, al kenyl
of 2 to ltharaRbisR* atRi¥s, or al kynyl of 2 to 18 carbon atons; R5 is al kyl ene
of 1 to 18 carbon atons, al kenylene of 2 to 18 carbon atons, or allcynylene
of 2 to 18 car Révris dtlpihs -Cl 5BH)\BL i-E€FyCHY, NN O or sORS; - C(R3b) R6, - C( R3b) W5,
-SOM R6, or -SOm®Ws, wherein R6 is R4 wherein each R4 is substituted with O
to 3 R3 groupsR®™B =G, -CURHoeF,IN(RE), -NEDRROE y¥ (@RI SNEDHORE), ioz -NiiéRBOdent | y
substituted with O to 3 R2 groups; and 20 M2 is 0, lor2; and

phar neEteuRf)¢al | y acceptabl e salts thereof. An enbodi rrent of t he present

I nvention provides a conpound of the Formnul Ni \1 N Yes

H2N N Yia wheR&istR: a @ﬁ),aﬁ& a§(@)c1¥ T%@)M@)@R“énﬁ@)%@%‘t) of the

present invention provi nl_’{p
-OC(R)RY, -OC(R3b)OR4 -OC( 3b)(N(R4)(R4)) -SC(R3‘°)R4 -SC(R3‘>)OR4

-SCRP®)(N(R?)(R), -NRHCER*)R?, -NR)C(R*®)OR?, -NR)CRP)(NRH(R?)), W?
or -RSW? ;
10 R3 is -C(R¥)R¢, -C(R*)ORY, -C(R*®)W3, -C(R®)OW? or -C(R*)(N(R*)(R);
R*is -H, or an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon |
atoms, or alkynyl of 2 to 18 carbon atoms;
R5is alkylene of 1 to 18 carbon atoms, alkenyléne of 2 to 18 carbon atoms,
or alkynylene of 2 to 18 carbon atoms;
15 W3 is W# or W5; .
Wtis RS, -C(R®)RS, -C(R®)W?, -SO,,R6, or ~SO,, W5, Wherein Rfis R*
wherein each Rt is sul;sti’cuted with 0 to 3 R® groups;
W? is carbocycle or heterocycle wherein W? is independently substituted
. with 0 to 3 R? groups; and
20 M2isQ, 1 or 2;
and pharmaceutically acceptable salts thereof.

An embodiment of the present invention provides a compound of the

Formula IA,



N\ \ O HZNNNH |I°'~NHO~. 5 enbodi nent of the present invention
provi des a conpound of the fornul 9 HNA NO0O%I \ N N HzN-N P\'Hp NH
"0 /~~ O An enbodinment of the p i nvention provides a conpound of the
formula, HN' 1IN N HZN N CN B \-H NH LOLL/ Hp 5 0 An enbodinent of

the present invention provideg a conpound of the formula,
> 3
/k \\/ P\\ y1B

where Y4 and Y8 are as defined above.

An embodiment of the present invention provides a compound of the

formula,
HN/A
)N|\ NN N\> (i\ o \/\
HoN Nz N o \/P\\ﬁ \
\\/ NH
| S~

An embodiment of the present invention provides a compound of the

formula,



10 HNVAp O NHZN N NPL HOANH OO0 An enbodinent of the present

i nvention provides a conpound the formula, HNAp O NHZNNP HO NH
p/ 0 An enbodiment of th sent invention provides a conpound of the
formula, 11 HNA N\ Np HZN' NN NOP\"HO NH O O An enbodi ment of

the present invention provildes a conpound of the

HzN)\; | N\> o\/P\\NH \(
j )~

An embodiment of the present invention provides a compound of the

formula,
HN ‘
i N\> i ~
H N/k 7N \P\
2 N \\/0\/ \ H 0
o/\
5 o]

An embodiment of the present invention provides a compound of the

formula,

10



present invention provides onpound of the formula, HN' N/ 0% HZN NN P
A 12 An enbodi nent of Hyp® present invention provides a compound of the

formula, HN' N N O H2ZN|N N P_ONH 5 An enbogi nent of the ppesent
invention provides a c oundyof the fornula/ HN AW

N \ 0
HZN/”\N/ N> O\}:\N

formula, HN~ N C 0% | O%NN‘NJ NH O 5 0 An enbodi nent of the

An embodiment of the present invention provides a compound of the

formula,

N

An embodiment of the present invention provides a compound of the

formula,

11



HZNNV NP\-"O NH O 10 An odi nent of the pr};-- i nvention provides a
conpound of the fornmula, 1 N % HZN N N ' 2 \ O O An enbodi nent of
the present invention prgwt des a conpound usef ul an antiproliferative

agent. 5 An enbodi ment of] the present invention j5=aw des conpound usef ul
enb di rent of the pyesent inveptiogn provides a
agent. Ar, aspegt of o resent enbodi nent
provi des a conpound usgful as a 10 topicyl ant PV agent. An enbodi nent of
t he present |nvent f Na pharnace \
effective anount a co oumj$£ﬁi}£?&uxgﬂ aof a

nﬂpOSltlon conprising an
acceptabl e salt thereof and a ceutigally acceptable carrier. 15 An

ouarnaceutlcally
aspect of the present embodi ment pro pharmacgutical conposition,
. r aspect of the present
sidd' i on, \where the conposition is

where the. conposition is a gel
An embodiment of the present invention provides a compound of the

as an apoptotic agent.
conpound useful as arlanti

enbodi ment provi des a phar nmaceg
an oi ntment conposition.

formula,

An embodiment of the present invention provides a compound of the

formula,

.

)\t \> }

O\/\O
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An enbodi nent of the present invention provides a pharnmaceutical 20
conposition conprising an effective anount of a conpound of Fornmula 1 or a-

14 pharmaceuti gal C 4] . i nt of at
| east one ant?’%ﬁérrépg‘gg‘gﬁtﬂatﬁaﬁé%ﬁgpﬁksg{?ﬂ %q’r‘@&a%‘fé’g‘@ tg}#@ O?&B?li er. An
aspect Off&ﬂ-ﬁﬂgr esent enbodi nent provi des a pharmaceutical conposition,
where the conpdsition is a gel conposition. 5 Another aspect of the present

enbodi ment provi des a pharmaceuti fal conposition, where the conposition is

an oi ntrment conposition. Definitfohs The term"PMEG' refers to the conpound
9-(2- 10 phosphonyl met hoxyet PN guanine, 0 HN N The term "PMEDAP" refers to
t he conmpound 9-(2- phosphony t hoxyet hyl ) -2, 6-di am papurine, NH2 Ni ,OH

H2N-1 N SOH 15 The term "cpr I\/EDAFIG' refers to the gbnpdund 9-(2
phosphonyl met hoxyet hyl ) - 2- & | NO% cl opropy)) puri 35 NHN | ~; I'H
HZN' *'N N H "Bioavail abiﬂlt\y" ils thy degree §o whi pa-tyfe pharmaceutically
active agent S '

N R
HzN N \\/o\/ \N\HO

o
5
An embodiment of the present invention provides a compound of the
formula,
N
NT N \
)l\ & > )
. N R—
HoN N o\ ©°
\\/ H
O /\/\
o
10

An embodiment of the present invention provides a compound of the formula,
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the body. 5 Enhancenent of t ioavailability of a pharmaceutically active
agent can provide a noreygificient and effective treatnment for patients

because, for a given dose, | nore of the pharnmaceujteally active agent wll
tisgue sites. The "phosphonat e" and

beconmes avail able to the targe&tissue after the agent's introduction into

be avail able at the target

"phosphonat e group” incINide ctyonal  10,group poi eties within a
nol ecul e that conprises pho ph%}bus that\@s 1)
2) doubl e-bonded to a r 3) singl erbap
si ngl e-bonded to anékMer h¥ eroatlom wberefn\ eac
sane or different. The terns "ph3§ph92gte" aNo

i ncl ude functional groups or npieties that conpr
sanme oxidation state as the phosphorous descri begd
functional groups or noieties that conprise a p odrug\ggiety t hat can
separate froma conpound so that the conpound retain phosphor ous havi ng
the characteristics described above. For exanple, the terns "phosphonate”
and "phosphonate group” include phosphonic acid, phosphonic nonoester, 20
phosphoni ¢ di ester, phosphonan date, and phosphont hi oate functional groups.
I'n one speci fi &resBSdRRAIL SHihk hRedot efdrdion provid& Aeormpbasdhaefilels and
"phosphonat e group” include funcCtional groups or noieties within a nol ecul e
t hat COﬂpﬁﬁgﬁﬁpﬁﬂE@ﬂﬁﬁbQ{ .that is 1) single-bonded to a carbon, 2) double
16 bonded to an oxygen, si ngl e-bonded to an oxygen, and 4) singl e-bonded
to an®ther oxpgesinbedinieit ofahe fpradenit vdntiphopis/ides avompoesdtusefulasnpri se a
prodrug npiety that can separate froma conpound so that the conpound
retai ns aanppopfitirapenthavi ng such characteristics. In another specific
enbodi mrent of the 5 invention, the terns "phosphonate"” and "phosphonate
group” i ncl udeAnembodimaént cfrthe present imverttiomsproivideésa eompoendlwsefilas
conpri ses a phosphorous that is 1) single-bonded to a carbon, 2)

doubl e- boadedtitidP¥rageny.gen, 3) singl e-bonded to an

gl e-bonded to a carbon,

s==het eroat om and 4)
e er oatjom can be the
phoshon e group" al so
To-94

Phosphorous in the
ppve, as well as

An aspect of the present embodiment provides a compound useful as a
10  topical anti-HPV agent.

An embodiment of the present invention provides a pharmaceutical
composition comprising an effective amount of a compound of Formula 1 or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
cartier. |

15 An aspect of the present embodiment provides a pharmaceutical
composition, where the composition is a gel composition.

Another aspect of the present embodiment provides a pharmaceutical
composition, where the composition is an ointment composition.

An embodiment of the present invention provides a pharmaceutical

20  composition comprising an effective amount of a compound of Formula 1 or a

14



o elhct el MioRad ST al B SREBRR i o B .

nav ngpsu@ggv‘&%a%?&??ewi#?@?mﬁs%%' Y&ﬁ&epﬁeﬁ%gﬂ%r det er i ni ng St abi 11y
. : : . >

are derined: herd 1redodt e RSl B R e eE o A pRE G . Moot t han

about 50 g‘&ln og‘?iro%eWheg 6%%?9]-?{@8];@?%39a%%gélﬁgg’gla e deprotected in

surrogat e intestinal or ion for 1 hour at 37C

Such Sompounds s saal & bRErst LA SRR IR0, ik cpLiBl o1 1Y
t hat - i i Lypi cal | ill b
rean (el eSO e VAt 0o b iSalypl ol |y T be

parental drug. in 20 the digestive lunen, liver or other netabolic organ, or
within cells in general. The conpounds of the invention can also exist as-
taut omeri pelispidisS I N certain cases. For exanple, ene-amine tautonmers can
exi st for imdazole, guanidine, amdine, and tetrazole systens and all

their possi bl eThayeRePMEGOFSRrs &) BieWoipdudde-(3cope of the invention. 25
The term "prodrug" as used herein refers to any conpound that when

adm njt epREspbA IRIcEhS8) )&¥&lige) generates the drug substance, i.e.
active iggré%iéﬁi, a;ﬂ%@?ﬁt&?¥ of spont aneous chemi cal reaction(s); enzyne
catal yzed chemical reaction(s),9photolysis, and/or netabolic chem cal
reaction(s). A prodrug 17 is thugs a covalently nodified anal og or | atent
formof a therapeutically-actk und. "Prodrug noiety" refers to a

| abi | e functional group whi cH ive inhibitory conpound
during metabolism system cal N,/ hydrol ysis, enzymatic .
cl eavage, or by sone ot hegy ~or Desi gn and Application
of Prodrugs” in A - Text book

of Drug De§ign

The term “PMEDAP” refers to the compound 9-(2-
phosphonylmethoxyethyl)-2,6-diaminopurine,

NH,
= N
N
/k ‘ \> O\ /OH
" N \D\OH
Hy \\/o\/
15 The term “cprPMEDAP” refers to the compound 9-(2-

phosphonylmethoxyethyl)-2-amino-6-(cyclopropyl)purine,

15



Academ c¢ Publishers, pp. 1 191). Enzynes which are capabl e of .an enzynmatic
activation nechanismwth

10 include, but are not limted
phosphol i pases, cholinesterases

to enhance solubility, absor 0

delivery, bioavailability and eff A prodriyg aroi ety may include an
active nmetabolite or drug |/!,E§If enpl ary prodrug noieties include the
hydrolytically sensitivetn”| abiN"e atyl oxypet hyl e&fers -CHzOC(=O) R and
acyl oxynet hyl carbonates -Cl20C(=0 wheye Rin this instance is Cl-Cs
allcyl, GCs substituted alkyl, Cs-C20 aryl or Cs-C20 substituted aryl. The
acyl oxyal kyl ester was first used as a prodrug strategy for carboxylic
acids and then appli ed to phosphates and 20 phosphonates by Farquhar et al.

L o S R,

b caval RS ae05 et o #Ee??e%iﬁﬁ%:ﬁgﬁ%fﬁe ody.

t(;} O?xe | a‘%ﬁ}aiyntcﬁn'ég %%%&g@’&%%ﬁég %nﬂ%ee cogg;r EES ogelﬁa c%rr%‘)qlcrll%tl ons
Lzsgggg%llac%?%%ﬁg}%‘in naéﬁ:oxy,h € 5%? %&;g RS florr%ﬁlven dgcs:?l oxynet hyl
Foo( 20y CaPIBCy L el A R WA D MBI pE PR e

prodrug r@ﬂeg y. The prodrug noiety may be sensitive to hydrolysis, such as,
but not I'Tmted to a isopropylcarbonyl-oxymnmethoxy or

| Sopropy! car hofd QIR GNGspBhaR" ahe g{)}{&gﬁhonﬁezgq-gﬁgt’ lialde fERG&iRHRIT ug

noi ety may be sensitiv enzymati c trate | eavage, such as a

lact gpe &sbfibs OF nfoieRes RIGRA T HBlcBuRthef csthP¥Res a phosphorous that is 1)

single-bonded to a carbon, 2) double-bonded to a heteroatom , 3) single-bonded to

Devel opnent (1991), P. Krog:gaard-Larsen and H. Bundgaard, Eds. Harwood

sphonat e prodrug conpounds of the invention
o, am dases, esterases, mcrobial enzynes,
and %ﬁsphases. Prodrug noi eties can serve

| i pophilicity to optim ze drug
cac

a heteroatom, and 4) single-bonded to another heteroatom, wherein each
heteroatom can be the same or different. The terms “phosphonate” and
“phosphonate group” also include functional groups or moieties that comprise a

15 phosphorous in the same oxidation state as the phosphorous described above, as
well as functional groups or moieties that comprise a prodrug moiety that can
separate from a compound so that the compound retains a phosphorous having
the characteristics described above. For example, the terms “phosphonate” and
“phosphonate group” include phosphonic acid, phosphonic monoester, |

20  phosphonic diester, phosphonamidate, and phosphonthioate functional groups.
In one specific embodiment of the invention, the terms “phosphonate” and
“phosphonaté group” include functional groups or moieties within a molecule

that comprises a phosphorous that is 1) single-bonded to a carbon, 2) double-

16



Aryl est h@s 3PERURSHOREREES @k bity 46 and Hsimgle-boridedrteported to
enhance gé%f%i%ava%#‘?i?% ?De OLonbaert 'etyga)él’i? (1994) J. Med. Chem

37:498) . afiREYdxRRhERS WelNHsHuBlcienal gaupevy maietied trat eotripridea proelrpgosphat e
have al so been escri bed (Khamei and Torrence, (1996) J. Med. Chem

39: 4109- 4ty tiRartan!sepBrae Feimh addoenpepat se@thdt the eompatmd tetaipaaent

phosphonic acid. In sone cases, substituents at the ortho-or pars-position
may accelgHiciphordigs hadhglsyshshaBenersticsairmbhongthewispecifin eadyddiredt pherol  or an
al kyl at ed phenol nmay generate the phenolic conpound thrpugﬂmt he action of
enzynss, iaventiogsthetasrs  phasplarete” and “phosgiianaté groupning foetionhkavage
at the benzylic GO bond to generate the 15 phosphoric acid and the qui none
met hi de i griotipyedinadietieEwdthih @smolectild that teraprises a phodphgrousrtbatiisdgr i bed by
Mtchell et al. (1992) J. Chem Soc. Perkin Trans. 112345; dazier WO

91/ 19721. sifsglletorateldeto dearbphi 2) duuklebgnded te abanygeasd) single-bastaddioitmg a
carboxylic ester-containing group attached to the benzylic methyl ene

(d azi er aNygeh/araiddgen End4rsingk-hondedionnalher exygareponitmgenoaswellsef ul
for 20 the intracellular delivery of phosphonate drugs, These proesters

cont ai n aas fusctighaligrougs ouoietioh thet compriseiaopraghugpnpiete thatcansspearate i ed

wi th an acyl group or A conbined with another thiol group to forma

di sul0 defromexeenappind $oitbat the carapoend setaisr a PRORINTPHS BavEE@Icht es t he
free thin internedi ate which subsequently breaks down to the phosphoric add
and epi suthfaraderishigseh et al . (1993) Antiviral- 25 Res., 22: 155-174; Benzaria

been descr | bedk PRGN TEheqs B AL Gt SHOMN T FHFOrUOT AR SRR, ot
al ., US Patent No. 6312662). "Protecti roup” refers a.noie of a
Compound BAEOHESHRASECEAtickere KBOPTe GIBPERRRS ST eAeHRd AR B ARP AT or
e P oPShL ol SOIROUN] 25,2 0L ey STl B P PEL D dhoyes 2nd
AR F PO ERE AL RN CN T RTICE
1 hour at 37°C. Such compounds are suitable for use in this embodiment. Note
that simply because the compounds are stable to the gastrointestinal tract does
not mean that they cannot be hydrolyzed in vivo. Prodrugs typically will be stable
in the digestive system but are substantially hydrolyzed to the parental drug in
20  the digestive lumen, liver or other metabolic organ, or within cells in general.
The compounds of the invention can also exist as tautomeric isomers in
certain cases. For example, ene-amine tautomers can exist for imidazole,
guanidine, amidine, and tetrazole systems and all their possible tautomeric forms
are within the scope of the invention.
25 The term “prodrug” as used herein refers to any compound that when
administered to a biological system generates the drug substance, i.e. active
ingredient, as a result of spoﬁtaneous éhenﬁcal reaction(s); enzyme catalyzed

chemical reaction(s), photolysis, and/or metabolic chemical reaction(s). A prodrug

17



the efficiency of desired chem cal reactions, e.g., 'maki ng and breaking
chem cal &phAgsundh an ordered and pl anned fashion. Protection of functional
groups of a " conpound alters other physical properties besides the
reactivity of thedpughesitgd refaints a bibile fghcinal grelp ahidhsepasatas froyn

| i pophilicity (hydrophobicCity), and 6ther 10 properties which can be

measur ed fhy activeithibitelyydompbutid dusing@hetaboklisrhysyspemically ddsidetaceligbly at es may
t hensel ves be biologically active or inactive. Protected conpounds may al so
exhi bist  ahydrodykis, @ndyiatis cleavags s by gptriedtheriprcesssBuindgaard, Hansp and in

vi vo, such as passage through cellular nenbranes and resistance to

enzymat i c“Idesigmdad iApplinatior gf Esodimatgstdin Al Fexthosk 86 Drog &esigroamdt ed conpounds
with intended therapeutic effects may be referred to as prodrugs. Another

functi on Révelopnwrg¢19Hy Byiknogsgsardelarsan ant HhBupdgardaEddridgrwaod a

prodrug, whereby the parental drug is rel eased upon conversion of the
prodrug Apadémic Pielishess pac il §-4 9p). dinayysesrwhidhearetcapabledofry enzyimhatic | vel y
than the 20 parental drug, prodrugs nmay possess greater potency in vivo than
t he par emadivatiognugectmismovithdhe pbophenate preduugicemphends of the inyentiant he

i nstance of chemical internmediates, or in vivo, in the case of prodrugs.

W t h heninchide, buéprenotlimitedito, amidases, asterasesumieriopialigpaymest t hat t he
resulting products after_ deprotection, e.g., alcohols, be physiologically
accept abl ehosphdkipages, ichokiperterases, andsp agess i itgdreg imoietigs ediesqsvedact s are
phar macol ogi cal | y_i nnocupous. Any reference to any of the conpounds of the

i nvent i oretiaweispiuhibiss ahsonpdiosy ast Epephuidicnyieioptisvize firng dedivent.abl e sal t

5 utilized th@s Festalbhfy heREtied kh¥lolordfehfiotn! SiftHepA\RutithMtastve O assi st in
e.g

t hereof . Exanpl es..of physi ol ogical l acceptabl e salts of the conpounds of
the i nverkioaKeFRl Hoend S @cHoA PRARtHEgRoiy mym%%a@mta%ﬁ as an
al kali netal r .exanpl e, sodium, an alkaline earth (for exanple,

magnesi uny?, d‘éﬁﬁflﬁ‘f'ﬁlgm and NX4* (wherein X is G-Qalkyl). Physiologically
ace epltsabl e sal ]E?ergfola%?r p%g{‘l? Moie te?snfn(c):lrudaen’chg rﬂy%?‘oﬂlrﬁ%gﬁy isgr(i;igggor labile
acyloxymethyl esters ~CH20C(=O)R and acyloxymethyl carbonates
~CH20C(=0O)OR where R in this instance is C+—Cs alkyl, Ci—Cs substituted alkyl,
Ce—Ca aryl or Ce—~Ca substituted aryl. The acyloxyalkyl ester was first used as a
prodrug strategy for carboxylic acids and then applied to phosphates and
20 phosphonates by Farquhar et al. (1983) J. Pharn1. Sci. 72: 324; also US Patent Nos.
4816570, 4968788, 5663159 and 5792756. Subsequently, the acyloxyalky! ester was
used to deliver phosphonic acids across cell membranes and to enhance oral
Bioavailabﬂity. A close variant of the acyloxyalkyl ester, the
a]l;oxycarbonyloxyamyl ester (carbonate), may also enhance oral bioéva’ilability as
25  aprodrug moiety in the compounds of the combinations of the invention. An
exemplary acyloxymethy!l ester is isopropylcarbonyloxymethoxy,
~OCH20C(=0)C(CHs)2. An exemplary acyloxymethyl carbonate prodrug moiety
is isopropylcarbonyloxymethyl carbonate, HOC(=0)OCH20C(=0)C(CHs)z.
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salts of organjie H«B%ﬂl@ﬂdtég?&i fnaisdla A8y tdte PREAARE foibtgCtTHe fumaric,
tartaric, 5 mal eig | oni c, mglgii c, i s% hioo i C, ?ggt o%%nioé tgf]d succi pi c
aci ds; orgdirtg Sl%ifa%nfrfhty BeihsitivieliohyairoliRid) 806l i ikt Iehitedesal f oni c,

benzenesul foni ¢ and p- fol uenesul foni'c acids; and inorganic acids, such as

hydr ochl gsbsropslddrBohgl-oxprretixgT drdsepdpyldarbohglorgiithyRiaybordte greap) v

accept abl e sal'ts of a conmpound of a hydroxy group 1 nclude the anion of said
conpound Ahegoiivehntthe prodiuy moidty shay bokenditivé emenzianatic pdeentiaed NXC

(wherein X is independently selected fromH or a ClL-C4 al kyl group). As
used Ber adleavageesuddr ap d hetdte esfee s atphasphbaainidateyestargroapnsi sti ng of
ei ther suspensions nade up of small inorganic particles or |arge organic
mol ecul es encl Asylrgters of phbsphhamstgratips) dpecally gpiiedyl #terseatdrepgetednas s
consists 15 of floccules of small particles, the gel is classified as a
t wo- phas eerdwsice oralrioawailabilityt (Dreelsombhéert et al. (P ], Medirileam3AddBpxi de Gel
and Bentonite Magnia are exanples of two-phase systens. Single-phase gels
consi st dfhenyastets comteining lactatb@sy licrestayrartlyo th therphosphdte havriglsobeen | i qui d
in such a manner that no apparent boundaries exist between the di spersed
macr onol edascrdbed (ghammmed end Touience FlAAG) Jedeads Chera h3€109-4k15). Benzyl
Car boxynet hyl cel | ul ose Sodi um and Tragacanth. Alt houtirz gel s are conmonly
aqueddls, estershne reportedid genragtatbe pasentazhasphovin acido s spmasesesps used
herein the term"ointnent" refers to a sem solid preparation for external
appl i cat issisBtuenieat terasthoeipys-pesitionhapy megelpeate thethydrolpgisi Banzyl skin 25
by inunction. They shoul d be of such conmposition that they soften but not
necessar i3Malogs Wlt%/r?éha, appledarhenel or anpdgylaterielenad may generefd diees for the
t opi cal pplication of medici ntﬁl subst ﬁnces and al so function as
prot ect | \ﬁzer'é\lfa cogrrAund Hreughthe getien phenzymes, €. & 1fsterpeas pxidases ettal t s of
active ingredients of the cogpounds of the _invention will be
physi ol og%&?‘ﬂp tER UprgEgQes deayage HE&IWQI}ZY&@ &P bendepisraarate s a
15  phosphoric acid and the quinone methide intermediate. Examples of this class of
prodrugs are described by Mitchell et al. (1992) J. Chem. Soc. Perkin Trans. II 2345;
Glazier WO 91/19721. Still other benzylic prodrugs have been described
containing a carboxylic ester-containing group attached to the benzylic methylene
(Glazier WO 91/19721). Thio-containing prodrugs are reported to be useful for
20  the intracellular delivery of phosphonate drugs. These proesters contain an
ethylthio group in which the thiol group is either esterified with an acyl group or
combined with another thiol group to form a disulfide. Deesterification or
reduction of the disulfide generates the free thio intermediate which subsequently
breaks down to the phosphoric acid and episulfide (Puech et al. (1993) Antiviral
25 Res., 22:155-174; Benzaria et al. (1996) J. Med. Chent. 39: 4958). Cyclic phosphonate
esters have also been described as prodrugs of phosphorus-containing

compounds (Erion et al., US Patent No. 6312662).

“Protecting group” refers to a moiety of a compound that masks or alters
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physi ol ogirgalrbye E%%ffﬁh@né‘ﬁé d%‘éhgl&scﬁe g‘i%@i@ﬁ of $la tsmpbuadi s whokases

which are ot p ysiologically pt abl y also find use, for exanple, in

the 5 prepréfidaP rc?céctﬂ‘xg] gf-duil ared s@htegidsiTus pedtegtiowidepratectph akd wetlonpound.
Al'l salts, whether erived form a physiologically acceptable acid or

base, ar ekrdevaﬁh{\thém SeoRg, PhofebBveGeseps il Ovgmit Chemibtryy Theddor@aWC18
hydr ocar bon cont ai ni ng nor na secondary, tertirary or cyclic carbon atons.

Exanpl es @feen@) |W(il@?,&56fﬂ§)lncer Yokk,, 199CHPEb R ting -gréGpp arepyfter( n- Pr
n- propyl , - CH2' 2CH3), " 2- pr opyl -Pr, i-propyl, -CH(CH3)2),1 butyl (n- Bu

n- but W , widHRGHIGHRSIHE)e redctie Cl_tgyolf cértmncfpmbh@malEgrpups,mma;slsl,stmfh&ZCH( CH3) 2) ,
2-butyl (s-Bu, s-butyl, -CH ) CH2CH3), 2-net hyl -2-propyl (t- Bu, t-butyl,

- C(CH3) 3)eff1&1eneylbflde£mecbelméryﬂcal reﬁdﬁﬁhﬁ,@k@@ﬁﬁkﬁ@ an@ mlmyg chemical bonds
CH( CH3) CH2CH2CHB) ,  3- pentyl (- CH(CH2CH3)2), 2-methyl-2-butyl ( 15

C( CH3) Zmﬁ@ch)rdeBedmnﬂplamqéﬂlfq;Shlc(n @K@Q@O@-ﬂ(f@&)ﬁﬂ?na@wpﬁﬂ al -butyl (-
CH2CH2CH( CH3) 2), 2-nethyl -1 -butyl (-CH2CH(CH3) CH2CH3), 1-hexyl (-
CH2CH2 mzﬁrwmahersmmexphys1cﬂ-pmp:e)tﬂammztxH3¢actsﬁltyeq@/ulle(protected
CH( CH2CHB) (CH2CH2CH3) ), 2- et hyl - 2-pentyl (- C(CH3) 2CH2CH2CH3) ,

met hy| - 2- fuewtighal(groHpCHIICRY e drpityEipophilistyh{ydropbabigity), apd other
CH( CH3) CH2CH( CH3) 2 nmet hyl - 3-pentyl (-C(CH3) (CH2 C%:i@ 2- met hyI

pent V0 ( - me@gpm@wiumh(c@m;ezmeasumdcbymmmomﬂbwwal(togis PIEEY )2)

3, 3-di net hyl - 2-butyl (- Cé . "AlRenyl| " is C2-Cl8 hydrocarbon

cont ai ni ngrqﬁeqtedamtegacdmgﬁmam emsalwys be bl@lpg}qakl}'@&hsé@ramﬁwew th at |east
one site of unsaturation, i.e, a carbon-carbon, sp2_ .25 double bond.

Exanpl es i ncl ud@tedsed cam%mdsmm’ﬁb@ exib 1E@}r§§4eélﬂén@ﬁn\$9m¢lca€es€|—lz0—|2) al |yl
(- CHZCH:CHZ) cycl opentenyl {?‘ﬁﬁgd , .and C31|1exen yl (- CHZCHZCH=CHZ)
22 " Al kyn9Pptimizedpropestien 4 Bea R ﬁ‘il RYPATAFR L : tertlary or

cyclic carbon atons gvlth at | east one,si 8f unsat urati on,
car bon- c aM8Blpranes and resistance to enzymatic egra ation or sequestrahon In this

15  role, protected compounds with intended therapeutic effects may be referred to as
prodrugs.
Another function of a protecting group is to convert the parental drug into
a prodrug, whereby the parental drug is released upon conversion of the prodrug
in vivo. Because active prodrugs may be absorbed more effectively than the
20  parental drug, prodrugs may possess greater potency in vive than the parental
| drug. Protecting groups are removed either in vitro, in the instance of chemical
intermediates, or in vivo, in the case of prodrugs. With chemical intermediates, it
is not particularly important that the resulting products after deprotection, e.g., |
alcohols, be physiologically acceptable, although in general it is more desirable if
25  the products are pharmacologically innocuous.
Any reference to any of the compounds of the invention also includes a
reference to a physiologically acceptable salt thereof. Examples of physiologically

acceptable salts of the compounds of the invention include salts derived from an

20



I b
;th Srog gy %&1@5@%\@%&% %ghgls tura{kgglllggérgﬁcged or
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RN ek R T R R %aeu%le o
hyd t
o kane. | Tnt oo BicAly Cepat, S%%fﬁ?*?ﬂéﬂ’%ég&ﬁﬁﬁmﬁﬁé%%ﬁ“ B chrer
met hyl enesaﬁt’s Griér arllc %aﬁ;o% c(acfaﬁ?sgéh a)s’a@ef’fc Weﬁﬁbﬂc, (e FaSitie, )tartélqc 1, 4-butyl

(-Ci CH2CHCH2-) and t he "Al'’kenyl ene” refers to an unsat urat ed,

brancized @Qhlesd, rrﬁ‘élghic ﬁﬁﬂicnls@fluéﬁfd 1o tot¥Ricos @l AReiriadriea) o@anic dilf&ae bon
atons, and havi ng two nonoval ent radical centers derived by the renoval of

two hydr Qfteds, Bl16 RS TP R RANE ethariaslifoflic beiAHesG BORR hrit ?{ns_ of a parent
al kene. Typi cal al kenyl ene radi cal's include, but 15 are not 1inmited to,

1, 2- et hyl ioheerestfbidaids; AhHIANIRREC adidh efivhia Hgargdslaties llegkic br anched or
strai ght chain or cyclic . hydrocarbon radi cal of 2-18 carbon at ons, and

havi ng t vishosphoyielagwdt sulehiealcids G?H)%iélog?(allyﬁdcép’cabh%a[te @ vlongforriof
e

hydrogen atons fromthe sanme or two di rent carbon atons of ‘a parent
al kyne. Tyhyésixyadroupyheinelertadiagddrsof sidl wdmpdutid 20caanpinadion withtaed t o,

acet yl ene (-CC), propargyl (-CH2C=C), and 4 pentynyl (-CH2CH2CH2C=CH-) .
"Aryl10 neantble cavivovaichrs Macared NXshiwtheredt Kds indeperalendly l€ed oo  at ons
derived by the renoval of one hydrogen atomfrom a single carbon atomof a
par ent arareCi-«Cardlkygl ggpapgm Typi cal aryl groups include, but are not
limted to, 25 radicals derived from benzene, substituted benzene,
napht hal ene, ahs$ bsatberein, thiepérenygel arfers he sémiselid'sistams kghdistiref ef s t o an
acyclic alkyl radical in which one of the hydrogen atons bonded to a carbon
atom ty pﬂlﬂmtr Isyslaertsama matle mp ofppnalhinmrganicqrarticles 28 largelargexdiowi t h an aryl
radi cal . i cal fll al kyl groups include, but are not limted
ecules enclosing and interpenetrated by a liquid. Where the gel mass consists
15  of floccules of small particles, the gel is classified as a two-phase system and is

sometimes called a magma. Aluminum Hydroxide Gel and Bentonite Magma are

examples of two-phase systems. Single-phase gels consist of organic

macromolecules uniformly distributed throughout a liquid in such a manner that

no apparent boundaries exist between the dispersed macromolecules and the

20 liquid. Examples of such gels are Carboxyniethylcellulose Sodium and Tragacanth.
Although gels are commonly aqueous, alcohols and oils may be used as a
continuous phase.
As used herein the term “ointment” refers to a semisolid preparation for
external application of such consistency that they may be readily applied to skin
25 by inunction. They should be of such composition that they soften but not
necessarily melt when applied to the body. They serve as vehicles for the topical
application of medicinal substances and also function as protectives and

emollients for the skin.
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protectlng group-or pro rug nnlety enyl ene, and alkynylene
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9; Th f He A h Joh

W eye& WI&%&&S&Y@%&% g'smﬁﬂé rlfﬁ?%lﬂogl(l' g 'is (12 n16
19, and 28 and J Am Chem Soc. (1960) 82:5566. In one specific 25

enbodi nentHeCHEST8)a)ehbubH (s-Ray ebidyle HeH(CHR)GHIRCHR); e4np propyd (ef i ned

herein, wherein one or nore (e.g. 1, 2, 3, or 4) carbon atonms have been

repl aced Bui Fhutyl, h€t(€H:&)3)oﬂn}'(entgl (neperNIyl eCHQ)CHﬂ\ZhIz@HzCHB) Hepentyt -l es
i nclude by way of exanple and not limtation 24
CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2-methyl-2-butyl (-

15 C(CH3;)2CH2CH3), 3-methyl-2-butyl (-CH(CH3)CH(CH3)2), 3-methyl-1-butyl (-
CHoCH2CH(CH3)?2), 2-methyl-1-butyl (—CHQCH(CHg)CHzCHs), 1-hexyl (-
CH2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH3)CH2CH2CH2CH3), 3-hexyl (-
CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl (-C(CH3)2CH>CHyCHz3), 3-
methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4—methy1—2-penty1 (-

20 CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3-
pentyl (-CH(CH2CH3)CH(CH3)?2), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CHa)2),
3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3,

“Alkenyl” is C2-C18 hydrocarbon containing normal, secondary, tertiary or

cyclic carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp?
25  double bond. Examples include, but are not limited to, ethylene or vinyl
(-CH=CH>), allyl (-CH.CH=CHb), cyclopentenyl (-CsH), and 5-hexeny! (-CH2
CH,CH,CH,CH=CH>).
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pyridyl, dihyd i @Yt y- (BRI AADRY dofiyAin{ri Refrhally kdcoridairpziettdry or
ﬁ§ Eél su?ful% X1 di B

t et rahydr ot hi ophenyl, r | zed tetrahydrothi ophenyl, pyrimdinyl,
furanyl, 1hie ?’F&{ Vdive dftirdaaaiayibn, 1 &trazbdy arbepnzef ur anyl
t hi anaphgﬁéqceé%l:)?nl@rggé?w{,h ?tﬁ%% en eI ,1 equi nol i nyl, 1soquinolinyl, s

benzi m d?]ﬁﬁﬂeﬂoné EE! Ted il de, Ao 426 ot Biited RY !aéé’cPrléiﬁ@!LCE(Z-I))md ol i donyl,
pyrrolinyls ~ tetrahydroturanyl, tetrahydroquinolinyl,

t et rahydrj ' .oGH) decahydr oqui nol i nyl, oetahydroi soqui nolinyl,
azoci nyl b?&t)ﬁé}ggll ﬁ?{fﬁ 6H 1),'2, 5- tl-uadiazinyl, 2H 6H 1,5, 2-dithiazinyl,
thienyl, thi anhpeaoyd” repatsdd¥lsaturhedbbrnehed anytraighbtlainmyicycli@nt henyl
phenoxat hi nyl , 2Hpyrrolyl, isothiazolyl, 10 isoxazolyl, pyrazinyl,

pyri dazi mykirodaRsisl feiiel bf 1118Qafsts Moms3khd heving twddbnowakéaz eddicalpur i ny!
4H qui nol rzi nyl, phthal azi nyl, naphthyridi nyl, quinoxalinyl, quinazolinyl,
ci nnol i Nybptell @Irivlid By thedathcal baged Ity drogentatamks ftom (Be senbot twyl |,

phenant hridinyl, acri‘dinyl, pyrimdinyl; phenanthrolinyl, phenazinyl,
phenot hi g@ffereht cdrbsmarinys of pperexaidany) Typatilikylemeyhdicalrindady) butige

i m dazol i dinyl, imdazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl,
i ndol i ny ot liSekrtd phiethylene+Ciize) 1, 2tethyll (-Ciibiie), 13ypropyk &£ 3l GHAH ),
benzotri azolyl, benzisoxazolyl, oxndolyl, benzoxazolinyl, isatinoyl, and

bi s- tet r ahyblutyl (CEREL-CBEClhy), ehddéixalibt.e and not limitation, carbon bonded
heterocycles are bonded at position 2, 3, 4, 5 or 6 of a pyridine,

posi tion 3, 4Alkenyleree”akfers fDapynsaturitad, brpnehad enstraight cwin o cyclist a
pyrimdine, position 2, 3, 5 or 6 of a pyrazine, position 2, 3, 4, or 5 of
a furan, hydrocnlyet tidicad of 2t18 catbormatoms, aog hewing fwe msnevglent radical
tetrahydropyrrole, position 2, 4, or 5 of an oxazole, inidazole or thiazole,
posi t i on ceslersideriredibyptheziemasst af bie hygrogenditamsdromshe AL 8F EWOposi ti on 2
or 3 of an aziridine, position 2, 3, or 4 of an azetidine, .pctisition 2, 3,
4, 5, 6, different garben atems aba parenyalkeneydypiqbalkenylene gadicalsgnclyde,futg of an
i soquinoline. Still nore typicall carbon bonded heterocycles include

2- py &P dy lare Botimiteq to, 12-pthwilena (CH=)dyl , 6-pyridyl, 3- pyridazinyl,
T o B o S e et Pl ar B
hydrocarbon radical of 2-18 carbon atoms, and having two monovalent radical
centers derived by the removal of two hydrogen atoms from the same Or two
differenf carbon atoms of a parent alkyne. Typical alkynylene radicals include, but
20  arenot limited to, acetylene (-C=C-), propargyl (-CHz2C=C-), and 4-pentyny]
(-CH.CH:CH:C=CH-). |
“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Typical aryl groups include, but are not limited to,
25  radicals derived from benzene, substituted benzene, naphthalene, anthracene,
biphenyl, and the like.
” Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen

atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, is
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25 6-pyr ali?éﬁyéed_\giﬂl '?a?r?l Yddicdt: T '%95’{32?“525 élﬁg& liagRIdd, buBYregyt Idhiteganpl e

and not | tation, nitfogen bonded he are bonded at position |

of an azi {J; BeAgyl, 2pdlkhfictRan-NVf1l RhShthphetyl D-Aephériiythaali-pE, 3- pyrroline,
i m dazol e, i m dazolidihe, 2-imdazoline, 3-imdazoline, pyrazole, 5

pyr azol i ngaplhpéra) 2-daphthdphicdsddthar.1-yll et i lile. Theerazikyegraupsiol e,
I ndoline, "1HindaZole, position™2 of a 1soindole, or isoindoline, position
4 of a noEgrhphiberss to 2MchrbofidtoRR, g othealkl Matetleinchidihg-atkylhalkengl oSt i | |-
nore typically, nitrogen bonded heterocycles include 1-aziridyl,
1- az et&dy&lkyﬁyb%ﬂdi@syd)f. thi-arpriafleylogrplup 14 1 py baadbon atomandnd the peylirdoseyy . 10
"Carbocycle” refers to a saturated, unsaturated or aromatic ring having 3 to
7 car bon Btsowsl damrbbomatomy.cl e, 7 to 12 carbon atons as a bicycle, and up to
about 20 carbon atonms as a pol ycycle. Mnocyclic carbocycles have 3 to 6
ring atons, stSubstibmied alkyl’cédubstibuted £yl agd dsobstituBed wcylatkydanteany cl es
have 7 to 12 ring atons, e.g., arranged as a bicyclo [4,5], [5,5], [5,61 or
[ 6, 6] sysalky], aoyl, andmarylallyilrgspectivelyl in athicingre oamarethydrogen pfory ace [ 6, 6]
system Exanmples of nonocyclic carbocycles include cyclopropyl (cPropyl),
cycl obut y¢éachdBdegénderdlyctepparedyiithaRreon-hiiirogen substivpentt -Typeall |
1-cycl opent - 2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-I-
enyl ,10 cysubshisertts erghiide, bud\aee olob lingteshipl, ; X,pRer@, ;ORpiIR,I-SartiRgapiRshy| .
"Linker" or_"link" refers to a chenical noiety conprising a coval ent bond
20 or a ctRn-©% febufOeNN, abeht -Nir&rQ; oN&ISe NOy -M2aeNosNa, Degs@lonat e gr oup
to a dru_g:i Linkers include noieties such as: repeating units of al kyl oxy
(e.g., pHFRRYyCERIER -BEE)PorSTNMALeSeaRyR, L= Rani ho (e.g.,
pol yet hyl enean effam neTM ; and_di acid _ester and am des_incl uding
Btcor nat ¢ SlRORNR RGO R G e UPHRE Pl oHER oD AMODB P A BDn25 s Used
herein the,t " N s a divalent noiety of 2-an nobutanoic acid,
iy TEOIR-{EB)x EGE £l0fok ‘A58, LR -L(0)ér 2EERK.
15 -C(O)NRR, -C(S)NRR, -C(NR)NRR, where each X is independently a halogen: F,
Cl, Br, or [; and each R is independently -H, alkyl, aryl, heterocycle, protecting
group or prodrug moiety. Alkylene, alkenylene, and alkynylene groups may also
be similarly substituted.
“Heterocycle” as used herein includes by way of example and not
20 limitation these heterocycles described in Paquette, Leo A.; Principles of Modern

Heterocyclic Chemistry (W.A. Benjamin, New York, 1968), particularly Chapters
1, 3,4, 6,7, and 9; The Chemistry of Heterocyclic Compounds, A Series of

Monographs” (John Wiley & Sons, New York, 1950 to present), in particular

Volumes 13, 14, 16, 19, and 28; and . Am. Chem. Soc. (1960) 82:5566. In one specific
25  embodiment of the invention “heterocycle” includes a “carbocycle” as defined

herein, wherein one or more (e.g. 1,2, 3, or4) carbon atoms have been replaced

with a heteroatom (e.g. O, N, or S).

Examples of heterocycles include by way of example and not limitation
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decahydroquinoliny], octahydro1soqu1nohnyl, azocmyl,‘ triazinyl, 6H-1,2,5-
thiadiazinyl, 2H,6H-1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl,
isobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl,
10  isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-
indazoly, purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxaliny],
quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, B-carbolinyl,
phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenaziny],
phenothiazinyl, furazanyl, phenoxazinyl, isocflromanyl, chromanyl,
15 imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,
. benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl.
By way of example and not limitation, carbon bonded heterocycles are
bonded at position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a
20 pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5,0r6 of a pyrazine,
position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or
tetrahydropyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiazole, position
3,4, or 5 of an isoxazole, pyrazole, or isothiazole, position 2 or 3 of an aziridine,
position 2, 3, or 4 of an azetidine, position'2, 3,4,5,6, 71, or 8 of a quinoline or
25  position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Still more typically, carbon bonded
heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-
pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-
pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl,

25



HZN'N  Ng. *rdﬁh:l}zloz-tﬁ!dz@ylpmla%o%%ﬁ@-Qﬁ&izdlﬂng t he nomencl ature of Fornul a
|, where YiA and YiB are’ -N(Rx), “where Rx i5 R2, where R2 is R4 substituted
with Rid, whergy ®hysf Xabiple ldsididimitati®d nbtrbpeftbdntivdheesrothcieeald d i s

- C(R3b) OMB, wheére gSG is =0, where WB is W, where Wb is a carbocycle,

wher e R4 Bondedatyosititis 1 iof dheginding, diddidingpyerdtedpyarolidE(dRpokdlinepler e Ri b
Is =0, and where R4 is ethyl. Alternatively, said conpound can be

descri begyyresling) ifhadid =018 Anddasslidioe 2+Hmidazolines &-inidazoitheYpPramode,” Aba- Et ",

whi ch describes the noiety (where the " * " indicates the point of
at t acBerpyrazdline, 25pﬁtazaﬂna/rﬂ-?yrazs>ljhébpfpetiidmd@ piperazitié, iadoleyindolifer
exanpl e, the conmpound of the formula, HN N / H2ZN'N N/ O-\ H NH 5

can be deddtindezble,position ofansrintete, oe isvindalime, positiondhef @ mordnolingl113 ar e
-N(RX), where RXis R2, where R2 is R4 substituted with Rid, where R4 is is
et hyl  sudsl positienl Qaftacarbazolaher B-ciibwline. SGlIRB6YORicallyp métregén bended and-
where R4 is n- propyl. Alternatively, said conpound can be described, as in
Tabl e 80-l&termsyclEnimliide [;azitidyk 15dzatesiyd, Iypprigiyd, 1Addazoly], pyramolydscri bes
the noiety (where
and 1-piperidinyl.
10 “Carbocycle” refers to a saturated, unsaturated or aromatic ring having 3 to
7 carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about
20 carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 6 ring atoms,
still more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms,
e.g., arranged as a bicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or 10 ring atoms
15 arranged as a bicyclo [5,6] or [6,6] system. Examples of monocyclic carbocycles
include cyclopropyl (cPropyl), cyclobutyl (cButyl), cyclopentyl (cPentyl), 1-
cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-
enyl, I-cyclohex-2-enyl, 1-cyclohex-3-enyl, phenyl, spiryl and naphthyl.
“Linker” or “link” refers to a chemical moiety comprising a covalent bond
20  ora chain or group of atoms that covalently attaches a phosphonate group to a
drug. Linkers include moieties such as: repeating units of alkyloxy (e.g.,
polyethyleneoxy, PEG, polymethyleneoxy) and alkylamino (e.g.,
polyethyleneamino, Jeffamine™); and diacid ester and amides including
succinate, succinamide, diglycolate, malonate, and caproamide.

25 As used herein the term “Aba” refers to a divalent moiety of

2-aminobutanoic acid,
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10 the " * "-indicates the pointsof~attachnent)y, O NH'Yy Owhichis
"Ala" linked to "nPr" (n-propyl 15 e term"ghiral" refers to nol ecul es
whi ch have the property of non-{ superifrposabilitly of the mrror image
partner, while the term"achir Iﬂ\Ief tag Oqgl cul es which are
superinposable on their mrror ym par Dyier . The term "stereoi soners”
refers to conpounds which have chem ¢gal constitution, but differ
with regard to the arrangenent of the atdds or / groups in space.

"Di astereoner” refers to a stereoisomer with two or nore centers of 5

chi ral i t ywhete teopeinkodfcattddnanentera designatesk by theye “of one anot her.

D astereoners have different physical properties, e.g., nelting points,

boi ling point &5 uspdderein the dewen('Ada” refeis toeadivalant meeietypkalaning, of

di astereonmers nay separate under high resolution anal ytical procedures such
as el ectrophoresis and chromatggraphy. 10 "Enaqntioners” refer to two
stereoi soners of a conpound whi th are hon- supeni nposable mrror inmages of
one another. The term "treat nent," or i to the extent it relates to
a disease or condition includegs™py e, di sease or condition from
occurring, inhibiting the disehse ition,/ elimnating the disease or
condition, and/or relieving one\ 15 or tons of the disease or
condition. The term"antiproliferative" refers to activities used to, or

tendi ng t%ﬂe?@h@é(?ip?s%é[atg{c?\\%&t asrg%llasf@%af%r&tﬂ}p{@“'a.r ative effects on tunor

cells,” or antipr eratrve
As used herein the term “Phe” refers to a divalent moiety of alanine,

*\ O\ .

Iz

0
where the points of attachment are designated by the “ o

As used herein the term ”Ala” refers to a divalent moiety of alanine,

Iz

10 o)
where the points of attachment are designated by the “ * ”.

As used herein the term “POC” refers to the divalent moiety of

hydroxymethyl isopropyl carbonate,

27



effects on virally infected cells. The tetns "appptosis” refers to one of
the main types of programred cell 20 degi{h. As fuch, it is a process of

del i berate suicide by an unwanted cell inla nultiicellular organism In
contrast to necrosis, WhiCI‘l\%a m o | | that results fromacute
tissue injury, apoptosis is ca@Tied 060t in a@ orderéd process that

general |y confers advantages during an organisms life cycle. Apoptosis is a
type of whete thegtdini of attdctumartids desipnateddystheci &f'i zed cel | ul ar machinery to
kill itself; a 25 cell suicide nechani sm_that e.nggl es netazoans to_contr ol
cel | nunber arfiubséitutenhgreupsY *andhit® cenbesdeasarip uﬁﬁl%‘PmémgéF‘%e\ﬁQPt.
Apoptosi s can occur, for instance, when a cell, is danagﬁg ond,repair, or
i nf ect ed inFerpazatesithe aforpmengionad divalsnt aping adddneleties apd & Wrmoietiese] |
itself, fromits surrounding tissue or 30 froma cell that is part of the

i mundé syscbias infablg8®hd. cheni cal, biol ogical or physical. The related term
"apoptitic" refers to the process of gpoptosis. Stereochem cal definitions
and convent i onEOTRXEENPIE eﬁoﬁ?@?‘&fp@& [BWS, P Parker, Ed., McGrawHill
Dictionary of Chemical Terns (1984) McGaw Hi Il 5 Book Conpany, New YorKk;
and Eliel, E. and Wlen, S., St echem' stry of Organic Conpounds (1994)
John Wley & Sons, Inc., New York. Many organic conpounds exist in

optically active forns, i.e.ﬁNthey have the ability to rotate the plane of
tive compound, the

pl ane-pol arized light. In desgcribing an optically
prefixes Dand L or R and a to denote thel\absol yte nfiguration of
er(s). e prefixe nd I or (+) and

the 10 nol ecul e about its ghiral
(-) are enployed to desi)?ﬂqﬁe | ane- pol ari zed |i ght
by the conpound, wth if;n") OIN1 neahi ng t@at N\?l@orrpo Od is |levorotatory. A
conpound prefixed with (+) or d is\dextsforotatiggy. For~“a given chem cal
structure, these stereoisoners are .ideéentical /oxcept that they are mrror
i mges of one another. A specific 15 stepeoi spner al so be referred to as
an enantionmer, and a mxture of such isoners) %called an

rs

enantioneric m xture. A 50:50 m xture of en%

can be described using the nomenclature of Formula I, where Y4 and Y8 are
-N(RX), where RX is R? where R?is R* substituted with R®, where R* is ethyl

10 substituted with R% further where R is ~-C(R*®)OW?3, where R* is =O, where W2 is
W5, where W8 is a carbocycle, where R* is propyl substituted with R%*, where R* is
~C(R*®)OR, where R® is =0, and where R#is ethyl. Alternatively, said compound
can be described, as in Table 80-3, as Formula I, where Y'* and Y?!B are "Aba-Et",

which describes the moiety (where the " * " indicates the point of attachment),

15 0
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i's referrgghiliPis@ A" 17&eH16 "B XEtHy]).0r a racemate, which may occur where

there has been no stereosel ection or stereospecificity in a chem cal
reaction or process. The terns "racem c mxture" and "racemate" refer to an
equi nolar m xture of 20 two enantioneric species, devoid of optical

activity. ProtpetéiEnSedéorhpolhe of @ forimudh, t he present invention,
protecting groups include prodrug noieties and chem cal protecting groups.

Protecting groups are avail abl e/\conmonly known and used, and are 25
optionally used to prevent si actions with the protected group during
synthetic procedures, i.e. utes or nethods to prepare the conmpounds of the

i nvention. For the nost part| the decision as to which groups to protect,
when to 31 do so, and the re_Qf the chem cal protecting p "PG wll
be dependent upon the chgm sty o\ the reaetion @%oi/ég?gﬁ agai nst
(e.g., acidic, basic, oxjdatiye, reductive Zr ot onditions) and the

intended direction of, t Nl's. The PGR ps d§ not need to be, and
generally are not, thé sane |f thé\g%g?ﬁpeugz i ¢ substotuted with multiple
PG 1In general, PGw Il be used to ect fAWctional groups such as

car boxyl, hydroxyl, thio, or am.no groups d to thus revent side
reactions or to otherwise facilitate the syn hei%ﬂ‘e#f(giency. The order of
deprotection to yield free, deprotected gro ic§ dependent upon the
intended direction of the synthesis and tbé reaction conditions to be
encountered, and may = 10 occur in any order as determined by the artisan.
Vari ods fearche desaribgdouging she npmepslapaerfFarmulpd, wheehY P andl ase
protected. For exanple, protecting groups for -OH_groups (whether hydroxyl,
car boxyl i & @%‘D,dyh@}ed%’bﬁd% wheze B? 15(:11%4 sbstFuted veith &i6 whereRideisethigbr - or
ester- formégglgroups". Et her-_or ester-farmng groups are capabl e of

f unct i oni fiepssiduted witb R avheredRd és TG R Ipwhere Kids s{thendiwheredidabs set
forth herein. However, sone _hydroxyl_ and thio rotectingbgrou s are neither
et her - noprcwtlemife(gnﬁﬁly@ly, said compound can be described, as in Table 80-3, as

Formula I, where Y4 and Y'® are "Ala-nPr", which describes the moiety (where

10  the"*"indicates the point of attachment),

* \N /K{(o\r
H
O

which is "Ala" linked to "nPr" (n-propyl).
15 The term “chiral” refers to molecules which have the property of non-

superimposability of the mirror image partner, while the term “achiral” refers to

molecules which are superimposable on their mirror image partner.
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groups, as i | lpgHndersbaadniatst RASS t8lebhipRfhnidd WhRthitdve idestiane i ncl uded

wth am des, discuss very | arge “nunber of hydroxyl protecting

groups ang, am @aaﬁg%ﬂéggp,ﬁ Qﬁﬁf&%ﬂ@@e%ﬂ%&ﬁ_@ BftiaRgeaTteniof he sloaavage

reactions "are descri rotective oups in Organic Synthesis. Theodora
W Gee”e)gﬁ-&tgéﬁnv@fﬂa%& & Sons, Inc., New York, 1991, |SBN 0-471-62301-6)
("G eene"). e al'so Kocienski, Philip J.; Protecting G oups (Georg Thiene

Verl ag Stutt gampj,depohdk ref3940 a siibsiBoiner witlt bwporaherk dentersfoér ence in
its entirety herein. In particular Chapter 1, 25 Protecting G oups: An

Over vi 8W, RAGRE; dnd WhdsBanRbREuks aty dbpistitroPimbged ofgne &hothes, pages 21-94,
Chapter 3, Diol” Protecting G oups, pages 95-11/, Chapter 4, Carboxyl

Pr ot ect i n@yiGhieHRsineR3a8e différefiphyshappesperties aghanyltiny poiets, bogings oups,
pages 155-184. For protecting groups for carboxylic acid, phosphonic 32

aci d, phosiRieRadfctalbisirtegcird fadtioitiesr Mixtires bf dipsjereopeers orayaci ds see
Greene as set forth bel'ow. Such groups include by way of exanple and not
| i mitati oneparsé ander highdesolutiol azilyidcal paackduires budteas éleEtrhphoresiscand
Ester-Form ng Protecting G oups Ester-form ng groups include: (1)
phosphonatcareshtgrhphyi ng groups, such as phosphonami date esters,
phosphor ot hi oate esters, phosphonate esters, and phosphon-bis-am dates; (2)
car box9l est er “Emantiomeys’orafer taiwlo sterecisdmphrsofescampotwdmhighgwe es: such
as sul phonate, sulfate, and sulfinate. 10 The phosphonate nvieties of the
conpounds supetigpdsablenmimwor iragges ofnare anaghelhe prodrug noieties, i.e. they
may or may be susceptible to hydrolytic or enziqmat.i c .cl eavage or
modi fi cation. Ghettarm 'preatiphntizare’ trastiog ot theexsanpt relaighden digrpse 6F nearly
all netabolic conditions. For exanple, a dialkylphgsphonate, where. the alkyl
groups ar eondiias inehrdesprerentng the disgawe 011‘5”"&%%@%@1‘%@@%1?&[@84 RS vi vo
due to a slowrate of hydrolysis. Salts and Hydrates, .
the disease or condition, eliminating the disease or condition, and/or relieving one
15 or more symptoms of the disease or condition.
The term “antiproliferative” refers to activities used to, or tending to inhibit
cell growth, such as antiproliferative effects on tumor cells, or antiproliferative
effects on virally infected cells.
The terms “apoptosis” refers to one of the main types of programmed cell
20 death. Assuch, it is a process of deliberate suicide by an unwanted cell in a
multicellular organism. In contrast to necrosis, which is a form of cell death that
results from acute tissue injury, apoptosis is carried out in an ordered process that
generally confers advantages during an organism's life cycle. Apoptosis is a type
of cell death in which the cell uses specialized cellular machinery to kill itself; a
25  cell suicide mechanism that enables metazoans to control cell number and
eliminate cells that threaten the animal's survival. Apoptosis can occur, for
instance, when a cell is damaged beyond repair, or infected with a virus. The

stimuli for apoptosis can come from the cell itself, from its surrounding tissue or
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The conposidoh anellehat Bigart sVERliAAUAREYSEAI, icatdimeticricahbislogical be
conpounds herein, especially pharmaceutically acceptable non-toxic salts 20
cont ai ni nghykieal. ERRlgtedNarm “apbplitic” Cefers tarthielrodess Siapopaddis may i ncl ude
t hose derived by conbination of appropriate cations such as alkali and

al kal i ne eart Sterebéterhizabdefinitions androcandntions asethhgreimganeiatiyfollowtS.an
acid anion noiety. Mnovalent salts are preferred if a water soluble salt

i s desir el. PMidter) Ed aMcGiappifill DigtionarypofeGhemitaberma 1984y Mc@awpdilitld of
this invention 25 with a netal hydroxi de. Exanples of netal salts which are
prepar®d BookiCampayy, Mew Yalk; anddiltehihiang Wilen, Siabteaecchémisixy] af<droamli

netal salt can be precipitated fromthe solution of a nore soluble salt by
addi ti on Gompeursds (18B#)ohet Whley drfonsydnc3Newn Yadki Many, orgainic may be f or med
fromacid addition of certain organic and inorganic_acids, e.g., HC, HBr,
H2SO4, or compeuinglsexist dmoptigellyiactivefayms ce.c&\eygrasr,e theebilgydeiratate grorups.
Finally, it is to be understood that the conpositions herein conprise
conpounds péne ofeplane-polarized lighta by desamibing apaptically wetive sgempounde theni ¢ 5
form and conbinations with stoichionetric ampunts of water as in _ hydrates.
Al so i ncl paefixesil? and Ik eeRassha ars used to denaia theabsaleteqonfigyrationpf the
parental caonmpounds with one.or nore am ng aci ds. of the am no_acids

R et 1hed MalBGHE ABPut L6FRHB] conterle TAPIot el ABd 4 ORITAASE S APd SrEDIHERD

acids found as protein cogponents | t hough the anjno acid typically is one
bearing at@rgEiSRA the sigmhpf Fptation of plae- @?&?@@B@E‘BY the g@r,nnomdn&lﬂﬁ(-gi ni ne

or glutamc acid, ,or a neutral roup such as glycine, serine, threanjne,

al ani ne. ) &6k BiraniRg Hat e ceioufays ReaG RSP Y COPRHG Prope U]

aspect of the invention relates.to nethods of inhibiting the activity 15 of.
Y compr Pbiig IRHEOLo @b For & BV ey e AL B i SRS ORI Alho HPV
with a con&)m{nd of th ir{ ention.. Co ositipns of thhe Anve.n}.i on act as

i nhi bi t or <41 }D?ifceﬁ%i‘?ﬁ EY846 QYEror 1ages or one another. A specific

15  stereoisomer may also be referred to as an enantiomer, and a mixture of such

isomers is often called an enantiomeric mixture. A 50:50 mixture of enantiomers
is referred to as a racemic mixture or a racemate, which may occur where there
has been no stereosélection or stereospecificity in a chemical reaction or process.
The terms “racemic mixture” and “racemate” refer to an equimolar mixture of

20  two enantiomeric species, devoid of optical activity.

Protecting Groups

In the context of the present invention, protecting groupé include prodrug
moieties and chefnical protecting groups.
Protecting groups are available, commonly known and used, and are
25  optionally used to prevent side reactions with the protected group during
synthetic procedures, i.e. routes or methods to prepare the compounds of the

invention. For the most part the decision as to which groups to protect, when to
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for such | 3ol theHatHAY6f @{e*’tﬁéxdﬂ&dl' 'r?%egagg%gaﬁe@@ewm%E%peﬁa_@né reating

step of the 1nvention conprises addin sttion of the "20 invention

to the Sa”igﬁ(?n fHe éHerﬁi@,ﬁ’g’ dfhs r@é’c@fo&‘x&o%e%r%@éﬂt&%g%sf {é%.,oﬁi@fé,sbésiién to the
sanpl'e. The addition stép conprises any nmethod of adm nistration as

descri bed ab@¥gve, llbddesvé 86 otHdt@oAGitofis) ¥In@théheAdé@ WiRALH GAthON Of the
conposition can be observed by any nethod including direct and indirect

met hods of syeeh@ss. i Tie PRVgrotipsald hotl ieed QRN khd leh¥sallyiaiR Adtpthiewameaiidhs em

quantitative nethods of detérm ning HPV activity are all contenpl ated.

Typi calg y @mpoind kesulstieerid@ithehibijse PR ser gdiedalnPO/wilkbe usedkd peotect

however, any ot her nmethod such as observation of the physiol ogical

properti esfudttionili gtonds sugh ak sabaxg ], dyslkorpptiio pbt @mirdd glaumeasl fothudPV

| nhi bitors Conmpounds and conpositions of the invention are screened for

t her apeut i revrent sitly réyctivedoirto pghérveséilitatenidie systhdtic effinieenyr dheorderf

conpound 5 that achieves 50% i nhibition of cell growh. The ratio of EC50

i n HPV- uni offdeptretectiod toryieldifeek, deptstepted\grdeps is degendent afponithe sefeadedvi t y

of the compound for the virus infected cells. The protocols used to obtain

t hese neasdiredioaraf thasyhthesis arttethefbeantpdre sondifiobk 40 beearbunred;aminali ons

and Routes of Adm nistration. The conpounds of this invention are fornul ated

wi t h dénvemichoitahny arderasdetarmdireddypthedrsisamhi ch wi || be sel ected in accord

with ordinary practice. Tablets wll contain excipients, glidants, fillers,

bi nders and t heVagiges fusuptionat grdupsmfithe icompoane spf éhe irsceritiorsmayibiee f or m

and when intended for delivery by 15 other than_ oral adm nistration

gener al | y miotected Fevexainple, protetiangrgreupsoios -WiH groups (voretheyhydreyln

excipients such as those set forth in the "Handbook of Pharnaceuti cal

Exci pi ent scarbaxgd)acigphosphonic 26ié, erethgs furasionshiziciude detbenar ester-

anti oxi dants, chelating alglent s such ,as EDTA, carbohydrates such as dextrin,
forming kroups”. Ether- or ester-forming groups are capable of functioning as

15  chemical protecting groups in the synthetic schemes set forth herein. However,
some hydroxyl and thio protecting groups are neither ether- nor ester-forming
groups, as will be understood by those skilled in the art, and are included with
amides, discussed below.

A very large number of hydroxyl protecting groups and amide-forming

20  groups and corresponding chemical cleavage reactions are described in Protective
Groups in Organic Synthesis, Theodora W. Greene (John Wiley & Sons, Inc., New
York, 1991, ISBN 0-471-62301-6) (“Greene”). See also Kocienski, Philip J.;

Protecting Groups (Georg Thieme Verlag Stuttgart, New York, 1994), which is-
incorporated by reference in its entirety herein. In particular Chapter 1,

25  Protecting Groups: An Overview, pages 1-20, Chapter 2, Hydroxyl Protecting
Groups, pages 21-94, Chapter 3, Diol Protecting Groups, pages 95-117, Chapter 4,
Carboxyl Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting
Groups, pages 155-184. For protecting groups for carboxylic acid, phosphonic
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hyd I I s i th

01y L, R TR SP AR e

Ceferred fs O b, Bch BRG.Y iR RS UESalple B IO 10T S
t i at : L bl to be t ted.” Suit abl t

"0 e, coafis; SRIAA RydfAges SSBMRIAEE | 0 7P (i Pe buccal and subl i noual ),

vagi nal and parenteral (including subcutaneous, intranuscular, intravenous,
intradermal, intrathecal and epidural), and the like. It will be

appreg atggﬁe}r@{dEg@r_gbgﬁﬁﬁ%@goge@.iﬁgg};gﬁpyary with the 35 condition of the
reci pi ent” An advantage o € conpounds  of this invention is that they are
orall y bi oaval babi forifileubs 149588 (@) phbdphotiiké Estl-fbAnBRSEORPS, dith L he
active ingredients to bg%;%dlr%?nilster ecf é?onée?it may be preferable to present

them as m bhhfftafeddshtsaphphordftBoate leoted) IpHdsphSnakddhers Odnd/ et eri nary
uran

and for se, of the invention conprise at | east one active

i ngr edi enphogphortisivantightdse ) cadgntyl esteMfbiinigegroupspaed grsa)@ﬁpm@bé@elcar riers
therefore and optionally other therapeutic ingredients. The carrier(s) nust
be " aCCePﬂo&ﬁ{iﬁ%gi:cﬁh;bd)@u&@%@ul}ﬁd@ﬁt@@uﬁ@ﬂép&hdlbhEindté.h the other ingredients
of -.the formul ation and physiologically innocuous to the recipient 10
thereld . The fDhephedplitate nwdigtles sibeeosipduaklseoffthe ihvention 8@9iorgnay

adm nistration routes. The fornul ations may conveniently be presented in
uni t dosaget Heoprodrng maoietiede.eptimyanay obynsnlye siisceptiblhetioltoetdroletid oknown i n
the art of pharmacy. Techniques and formul ations generally are found in
Reni ngt onérezyBfeticdeatdgeaa mbdiffeitionc €2er{dit phoBphonathimgieGes aréstablen, PA) .
Such net hods include the step of bringing into association the active

i ngr edi eminggrtrthosthes resrkyi all nvetaldlicamstifions. dor exaenle, aor e accessory
ingredients. In general the fornulations are prepared by wuniformy and

i nti mat el diabeyilplgospdronate, valseredhatallgr grovepsate tweo ongragdicertionsj triay have

15  appreciable stability in vivo due to a slow rate of hydrolysis.

Salts and Hydrates
The compositions of this invention optionally comprise salts of the

compounds herein, especially pharmaceutically acceptable non-toxic salts

20  containing, for example, Nat, Lit, K Ca™ and Mg**+. Such salts may include
those derived by combination of appropriate cations such as alkali and alkaline
earth metal ions or ammonium and quaternary amino ions with an acid anion
moiety. Monovalent salts are preferred if a water soluble salt is desired.

Metal salts typically are prepared by reacting a compound of this invention

25  with ametal hydroxide. Examples of metal salts which are prepared in this way

are salts containing Li*, Na¥, and K+, A less soluble metal salt can be precipitated
from the solution of a more soluble salt by addition of the suitable metal

compound.
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liquid carri erﬁh&idﬁi‘oﬂe éitsdfhﬁg@%ckﬁﬂha‘i‘r ra'acieé&di@iront&téértaﬁ'i‘gr%ﬁﬁ@anaf
S

necessary, 20 apl ng the product. Formulations of the inventidn suitable

for oral pdpbdlisheRlsi €B. RID F@@J ¥ O AGE ShBoMR dcids 46 Badie ceRRe)! es,
cachets o@gt ég}lgthgﬂgégg'%%lfai m’%I a4"pr ed%t ermned amount of the active

I ngredi ent; . 1 | [ in an
aqueous. 1SR Qe OB Shali il Ry BagRRgd RRBE SrpsSRERS Iftety G |
emul si on . =1.0=QL L ¢ Ly guj l.Si k i ' | y also
be. pr eoort e dpplatl of et SnBEH 3 thels uIBpB, KEwdlE A0 EoIED ession
or noldi ORt.| : ] st chiRhE i PG r 2 npr esse

t abl et5g %ﬁsg}‘ B?@%&%ﬁ%’@‘é’gﬁ‘pﬁtgga nggﬁ] a SﬁﬁsﬁiW%Fgg%@h?ﬁ%@ghe. act : ?/e
i ngredient in reer f WP i A PVEST 2R nal |y
m ged with a b‘lg%lggel?@rllldueg%{(:}gﬁ{ ﬂ{e{‘gﬁék&g Q’é?’?‘ﬁ?ﬁn ., pr e%lteért\lr}gtg :é@g%k Egeu? ag&-:‘gﬁgf:t ive
or disperg] ﬂ{\%ﬁ L &t; b YarFhd8s dRs@ibesi t abl e
machi ng a&nrﬁg?%?ggg? t eéjggm?gﬁhggﬁé%%s ?}1 rgg’f}%nt m)(?ste%egsvmlt Sn g
inert |i oyy ' T, écﬁa@;ﬁlt}ér{ﬁ%ﬁr | ih¥ BPSIneoRE $sored an

opti onal %ij{regdrkgrﬁ%llﬂgfgﬁj SO 13 to pr o@%%&g?%&%or cont rd(ﬁjﬁe rgi%I ease of Ithe
active | i fHR Arin@Cch i ReofVsea?indl Bl Bxier na
tissues eﬁgtgﬁn(%ﬁhp%ﬁtglﬁin, t%??%ornﬁ%ﬁ%ﬁ?%% prefera.bléj I?eggl led as a

t opi WTEhTEEPAsi@br SE1ERB1ORR, 8o [98ink Ergidifle R0l YRMIGACRIiRAIA&KrdIN an
arrguﬁlf@l o?%v for esia?ri)l el, a:Bg.07&F3ﬁ)tt§r]28%w/ : vf\;/ (i ncl tuggi@r;géact | Velﬁl ngrgd%(?/nsv; S) in
a range belotgeduch. ab%! 28%rieN thrdehiiEe Alaird, i4dldeiné or 18H6imeas 0. 6% W w,

0. 7%\9/]vlw, etc.),&pazse Z?ggly 0.2 to 15% wWw anél nost preferably 0.5 to 10%
w w. When fornulated in an ointnment, the active ingredients may be enpl oyed
with either a paraffinic or a water-m sci ble oi ntnrent base. 15 _

Al t er nat i Metlyodd dfdnhitiitiva of #P¥di ents may be fornulated in a creamwi th an
oil-in- water cream base. |f desired, the aqueous phase of the cream base
may include, fAnothexmppect of the invention relates to methods of inhibiting the activity

15  of HPV comprising the step of treating a sample suspected of containing HPV .
with a compound of the invention.
Compositions of the invention act as inhibitors of HPV, as intermediates
for such inhibitors or have other utilities as described below.
The ti‘eating step of the invention comprises adding the composition of the
20  invention to the sample or it comprises adding a precursor of the composition to
the sample. The addition step comprises any method of administration as
described above.
If desired, the activity of HPV after application of the composition can be
observed by any method including direct and indirect methods of detecting HPV
25  activity. Quantitative, qualitative, and semi quantitative methods of determining
HPV activity are all contemplated. Typically one of the screening methods
described above are applied, however, any other method such as observation of

the physiological properties of a living organism are also applicable.

34



at | east 30% w w of a polyhydric alcohol, i.e. an alcohol having two or nore
hydr oxyl groups such as propyl ene glycol, butane 1,3-diol, mannitol,

sorbitol, yet hyl ene gI ycol (i ncluding PEG 400) and
m Xt ures %%%%M VI%%IP&JS formul ati ons may desirably include a conpound
whi ch enhancescoalisiild 41 8m E%Bﬁfoh@b%%ﬁfvehﬁ%n%@é's&ﬁéeh@&'f&d' ent through

the skin or other * affected ar Exanpl es of such dermal penetration

enhancer Stﬂe@&ﬂ»é{ﬁf‘c@bﬂﬁi by meugliBR &héﬁ@;g@xdﬁb Heebriteatiation ofScothipo@hdly phase
|

of the enul si‘ons S |nvent| e constituted from known

| ngr eoq enfiH {O ?}HQVEQQM‘% iHRIADn ofRél Br gﬁ% PFRS £a 1B EOLRA FERVIRTAIHtA]

emul sitier erw se known as an e gent), It desirably conprises a

m xture O%nd ?ﬂfe%t%a IQ'i'f‘ro 'hx’)f}gé‘srur@"o"f Ih&sdidtiaty 8l dondpoird foltgkh a fat

and an oi Prefera rophilic emulsiftier is included together
wth a 'Ipﬂﬁyh{fb&eareél@' fm@ rwftsc%lb Ul 1D i thedPhldag@fes aré télfglﬁ'ﬁi@he
preferred to include both ar‘P and a fat. Together, the enulsifier(s)
wth or V\Ekﬁlﬁﬁles.s'fab' l'izer(s) make up the so-called enmulsifying wax, and
the wax together with the oil and fat nmake up the so-called errulsifyi ng 5
oi nt mrent base which forns the oily dispersed phase of the cream

formul ati ons. Enul gents and enul sion stabilizers suitable for use in the

f or muiat i pPRaghaceiftival Py@RhlRions ReldURISutEYBE AdMindératiian(r) 80, cetostearyl
al cohol, benzyl al cohol, nyristyl alcohol, glyceryl nono-stearate and

sodi um lauryl Thé Eaﬁq;ouﬂﬁﬁ ofhhisgaventicnl aie':\@irﬁuﬂaﬂesl withfeehsehBondlh@rriers
formulation is based on achieving 10 the desired cosnetic properties. The
cr eam shoand epcipferits biitichewil] boselgrted sy accordrwith@rdirtgy prdcties Nedblets pr oduct
with suitable consistency to avoid | eakage from tubes or other containers.
St rai ght wiill bontadh egiciphaits), glidamds, fillers)ibiadérs aaldkthle likes tAequecusch as
di -i soadi pate, isocetyl stearate, propylene glycol diester of coconut fatty
acids, i sfnqzmmiyﬂiomaﬂesp@parecﬂ'&c;ﬂerﬂd foare andsepenptenged ot delezerip bty |
stearate, 15 2-ethyl hexyl palmtate or a blend of branched chain esters
knownldas Q]rh@dalrmi oratad mimystiatiars geheralie wil e isdhoadc. ball figrpuitonsedillest er s.
These may be used al one

optionally contain excipients such as those set forth in the "Handbook of

Pharmaceutical Excipients" (1986). Excipients include ascorbic acid and other
antioxidants, chelating agents such as EDTA, carbohydrates such as dextrin,
hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.

20  The pH of the formulations ranges from about 3 to about 11, but is ordinarily
about 7 to 10. |

One or more compounds of the invention (herein referred to in this context

as the active ingredients) are administered by any route appropriate to the
condition to be treated. Suitable routes include oral, rectal, nasal, topical

25  (including buccal and sublingual), vaginal and parenteral (including
subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural),

and the like. It will be appreciated that the preferred route may vary with the
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or in combidipfitign _o@ﬁp@fgéﬁ'hﬁgnanAhf&hﬁh@&g%fi tB8 cHRPHURT ofthieinRehtivgly, hi gh

nmelting point lipids suc s white soft” paraffin and/or liquid paraffin or

ot her  m n@{a@khdyi &2 GthRy b36saiRBldidbdrabe €8SeduidIBR! e for topi cal
adm nistration to the eye also include eye drops wherein the active

i ngredient is diAgaR! iy edpedsilsiesoetidedttive iagradidrabhe becdnhintdteredisslene &l | y an
aqueous solvent for the active ingredient. The active ingredient is

pref er abl yma?r farabRuolpreseritheir &sharaeatioglefotmefationOfThe 5 to  20%
advant ageously 0.5 to 10% particularly about 1.5%ww. 25 Formul ati ons

sui tabl%® fforntudpiicns, bathrior witedhannandfdritermantise,i ofche deventicrecgeaprise at
conprising the active ingredient in a flavored basis, usually sucrose and
acaci a or lenstymeeadtive ipgstdibhipas abope defimey, ttbgethet mith ongoedaaet in an inert
basis 38 such as gelatin and glycerin, or sucrose and acacia; and

nmout hwas heacceptablé eamigrs thereforeiand dpipretly ether theaapeiticingeedientsi Thearri er .
Fornmul ations for rectal adm nistration nay be presented as a suppository
with a suitableyspasst befigprdeptatge’t iov thexxenss &f ing aompatible wiithatteaithey| ate. 5
Formul ati ons suitable for intrapul nonary or nasal admnistration have a
particl e singsedientsexfdhp fermulation arahpkysiologicallydnsoouens taothe recipi¢ntdi ng
particle sizes in a range between 0.1 and 500 mcrons in increnments m crons
such a¥) 0.#ereof. 30 microns, 35 microns, etc.), which is administered by
rapi d i nhalation through the nasal passage or %i nhal ati on through the

mouth so as to Featormibations éxlude ghese suifebkfor s foregping administrafen ude
aqueous or oily solutions of the active ingredient. Fornulations suitable
for aer osofoudgs. dFie @mﬂﬁﬁaﬂﬁmﬁ}’s@qm _ PrespRiedanagnit é@&&gﬁfpﬁ@l
RE LT LN TR I
R CAXUL LR T R T
gel s, 1%ast §cslénge(s)?16facﬁrPu%q{s%}/ngf Bglgag%cjn??’i).c glqt irrrllcl.tﬂ%ds include the step of
bringing into association the active ingredient with the carrier which constitutes
one or more accessory ingredients. In general the formulations are prepared by
uniformly and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then, if necéssary,
20  shaping the product.
Formulations of the invention suitable for oral administration are prepared
as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as
solution or a suspension in an aqueous liquid or a non-aqueous liquid; or as an
25  oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The active
ingredient may also be presented as a bolus, electuary or paste.

A tablet is made by compression or molding, optionally with one or more

accessory ingredients. Compressed tablets may be prepared by compressing in a
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in additi ewitdlsle niechand theeadtiveriagreatient sucfree@owiagfoansurh dsropewder bhe art
to be appropriate. Fornulations suitable for parenteral adm nistration

i ncl ude agtwniles, aptiondlly mixedgwith asbiater, iltlericanjteimier odil senty presesvathiech may
contain anti-oxidants, buffers, bacteriostats and solutes which render the
f or mul at i surfaceodativieorvdispersireg dged Mbldetiteblets miagtdnk made piyembldingdn aqueous
and non-aqueous sterile suspensions which may include suspendi ng agents and
t hi ckeni nguisgidansachiinea foixateatfi tha poavderpd estivie sgrediantinoigteredoritmant i - dose
containers, for 25 exanple seal ed anpoules and vials, and may be stored in
a fredze- threreliquid didyenti Thedpbledhdiayi eptionadlyi be enptedoy seonedzadl ti on of the
sterile liquid carrier, for exanple water for injection, immediately prior
to use. Esptapahaawiesmulatedtsons toguovideoslewsprranizgladksialepsenf sheaeteg ed
fromsterile powders, granules and 39 tablets of the kind previously

descri bedingeedieat Here §fom. dosage fornul ations are those containing a daily
dose or unit daily.sub-dose, as herein above recited, or an appropriate
fraction ther eBer nfections ofdhe egeiongither eternal Hsytes @8l Iaeuﬂha@dgfl@o & hat in
addition to the ingredients partigularly .. 5 nentioned above the
formul ati éﬁmgﬁhpm arq preserabbhapiled At p tericek giBiMERkek SreapbeRRIAIYRE e i n t he

t havi d to the t f f | at i [ ion, for anpl e those
Ui tabl e Refveonareciant(e) s rhamguniep IohexamBle PATST AYTeliHtencedE nverit | on
furth i d teri i ti Ising. at | t active
| ngr odi entCHe IREBCHE) AT A RABEn 156 An Do MHEEBERTS 0-18 WHEr of or e,
the. composit B0-Eiche Aty OB WAI: B PERIPERELY DgeiOaau Wik ens R etV e
ot herwi se,i-ner.t.,0r ,ac table ip.the veterinary,.art .and are,.conpatiple with
t he \glcts i Qllg P&Q@W/@nﬁ&a%ﬂgggnb&t‘é&Pﬁé’??%@%ﬁgﬁl i AHY eﬁﬁgrexgée%tgpﬁl?ﬂ E‘F ered
orally, 1<§m%%}?erg %t%l eliM\e?' ra }?&Yra?fnlﬁ{ic %tr gev(rat%%-snlliggigler gﬁ%%ent base.

15  Alternatively, the active ingredients may be formulated in a cfeam with an oil-in-

water cream base.

If desired, the aqueous phase of the cream base may include, for example,
at least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more
hydroxyl groups such as propylene glycol, butane 1,-3—diol, mannitol, sorbitol,

20  glycerol and polyethylene glycol (including PEG 400) and mixtures thereof. The
topical formulations may desirably include a compound which enhances
absorption or penetration of the active ingredient through the skin or other
affected areas. Examples of such dermal penetration enhancers include dimethyl
sulphoxide and related analogs.

25 The oily phase of the emulsions of this invention may be constituted from
known ingredients in a known manner. While the phase may comprise merely an
emulsifier (otherwise known as an emulgent), it desirably comprises a mixture of

at least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably,
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Conpounds @ﬁ}é(ﬁgqﬁ)ﬂiﬁy@ﬂﬁﬂﬁﬁeﬁ{ﬁneﬁﬁédt@ggﬂ@Y gieh ﬁ‘l’ij'foghklli@é’mméiﬁésﬁrhich

phar maceut 1 c ornul ations contal ning~as active ingredient one or nore

conpounds Lts §NLsiaByIeR:] Qﬂs(a'iéwl?xte’f&lré&@o il eds BoftPambliaindonfat) Togedrch the

rel ease of the active ingredient are controlled and regulated to allow | ess

20 frequengy etashifibr@) with bAWithtit i iRAa( RRkClipehe So-Rpllé@$htilsifyinsof i | e
of a given active ingredient. Effective dose of active ingredi ent” depends

at | east oRakhedieunex ebgdther witbitetoilahdfit igaltd @ptte solcalled eiulsifgiagher
t he conpound is being used prophylactically (lower doses) or against an

acti vesi nfditierment bdﬁe&ehic@lﬁormeh@Bﬂ?Qﬂsp%sﬁ pHasd ofethe, creard fohmulations.
phar maceutical formulation, and will be determ ned by the clinician using

conventional dd&mubgaas ahd @muslbiod tsbilizérscsanitabée forpeetindhé forimeulhtiomofabout
0.0001 to about 100 ng/ kg body wei ght per day; typically, fromabout 0.01

to about LferENditiRPRRGIYES PeeR® 609'%?11@‘8'0‘?0‘5%9%9?1: ﬂyeol;idl,c’ﬂé dicofofl to

about 40 5 ng/ kg body wei ght per da nost typic rom about 0.05 to

about 0.5 ytike] M%nggg@é]}}d ﬁﬁfndiﬁéaralf@an%aaﬁirﬁaaﬁ% siilfhd, ation the daily
u .

candi dat e dose“for an human of approxi mately kg body weight wll

range from 1 nurkecHSIBOof sEitatile ©ils bty fOEthiesdbmlaiorabase8 oftachdddngBy

take the formof single or 5 nultiple doses. Active ingredients of the

i nventigon theelesired cus@dtit propettiesaThe kradrh Bhotiltepreferibly be anwregiealy,s. Such
conbi nations are sel ected based on the condition to be ~ treated,

cr oss- r eaaidrvsfairdageind wgsledble prodactdvithauitable-qonefsedridyat® avfoid heakage
conbi nation. For exanple, when treating viral infections of the respiratory
10 syst emfrom todes oe otiasr dontditiersz Stra 1 lranchéd chainporio- on glibdsit akikyl
invention are conbined with antivirals (such as anmantidi ne, rimantadi ne and
ri baviri n)esterswudh gt di-dsoadxpates ivocatybstednrade) gropl inlegdlped  diestet of addonsit
antipyretics, or analgesics. Odinarily, antibiotics, antipyretics, and
anal gesi cSattyacidsyisopsopykbmytristate, acylwleate, isopropypbpainuisatef butyl stearatent i on.
15  2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol
CAP may be used, the last three being preferred esters. These may be used alone
or in combination depending on the properties required. Alternatively, high
melting point lipids such as white soft paraffin and/or liquid paraffin or other
mineral oils are used.
20 Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable
carrier, especially an aqueous solvent for the active ingredient. The active
ingredient is preferably present in such formulations in a concentration of 0.5 to
20%, advantageously 0.5 to 10% particularly about 1.5% w/w.
25 Formulations suitable for topical administration in the mouth include

lozenges comprising the active ingredient in a flavored basis, usually sucrose and

acacia or tragacanth; pastilles comprising the active ingredient in an inert basis
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15 Met abolsi tiegs gél_aﬁﬂean@@@%é‘ﬂﬂ?op@;u&% arwséuciaaanahﬁoamsmesic@}&gg%ﬁﬁgr al so

provides the 1n“vivo netabolic products of the conpounds descr ei n,

to the extgdhctiiGRgPEREHESa 8hRabIeIRIuidRSkridsNObVi ous over the prior art.
Such products may gesult for exanple fromthe 20 oxidation, reduction,
hydrol ysis, aniFdahiulitior&so rbéthCadin@iisiaton tay b& pradentdibas adippbsitased
conpound, primarily due to enzymatic processes. Accordingly, the invention
i ncl udes r@veh saitablenRYiconfpriHng doneanpsledvcesbtefoph @ak&HatecoONpri si ng
contacting a conmpound of thi's invention with a manmal for a period of tinme
suffickent to VFoemdilgtiore alitdble fqrintaptilthbramodr nddat hdpintbiettionthepiecal |y are
25 identified by preparing a radiol abeled (e.g. Cl4 or H3) conpound of the

I nvent i onpagtidte vizetfer example inathentageabf §.1ita 580 delcemistthdudasepiside sigeeat er
than about 0.5 ng/kg) to an animal such as rat, nouse, guinea pig, nonkey,
or to manjn aahhgebetyveenfd.1 andri0ltmiteofioin imeterherts snicronoswalr ag @.§,01, 881 | y
about 30 seconds to 30 41 hours) and isolating its conversion products from
t he uri nemictaed3Dmiotdres) etd)j eihidh isedmamgtbrs] byl hasid iphathtivnsthaoegle s | y

i solated since they are | abeled (others are isolated by the use of

ant i bodi enasalgmissageodr by imhalatiepithropgh themvouthray asi to reheh theg z2lvedlar edcs. The
netabolite structures are determned in conventional 5 fashion, e.g. by M
or NMKOan&uitsbke. formudatiansdinchutead qusioss of oftytsebaionsesf the attive ingredidrd. same
way as conventional drug netabolismstudies well-known to those skilled in
the art. Foeemulationssiudtable tataeresolon dry pyvedertadeyinisteation matyrkes prepared ound
in vivo, are useful in diagnostic assays for therapeutic dosing of the
conpounds agfording ins@ensional sretheds armifnmyslseséghvared@mthmtmrdhgeapWCbi tory
10 activity of their own. Additional Uses for the Conpounds of This

| nvent i on aZME seeps saapamdsheretofgraiisedrin the tlteﬁ‘emsggobgmdmlwa@fi ve

substances _produced_fromthese conpounds by hydrolysis or netabolismin
vivo, arenflusnzadA or B infections as described below.

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

Formulations suitable for parenteral administration include aqueous and

20 non-aqueoﬁs sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of
the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents.

The formulations are presented in unit-dose or multi-dose containers, for

25  example sealed ampoules and vials, and may be stored in a freeze-dried
(Iyophilized) condition requiring only the addition of the sterile liquid carrier, for
example water for injection, immediately prior to use. Extemporaneous injection

solutions and suspensions are prepared from sterile powders, granules and
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15 | mmunoggpRetsS thekik MrévidusBdéRriBea! Préterredaiie BsddretorarilyBodbare
conponents of inmmunogenic conpdsitions to prepare antibodi es capabl e of

bi ndi ng sphekd édirthining b dilyed s¥edrainit dhidy bille-dogapauidsiroabdwe fdeited, sredrabol ic
products which retain inmmnol ogically riecogni zed epitopes (sites of

anti body hkipptbpgihte ffa@iorn theresefite aeivedngiddoast. t herefore are useful as
internmediates in the 20 preparation of antibodies for use in diagnostic,

qual ity contr ollt siesultiite hnderstootbthae its addition astheisgfedientts pactiopatiyds or
their novel netabolic products. The conpounds are useful for raising

ant i bodi esmegomst atedveethei foemudatioreafrthigdaniventigu hypeipiciukbs ottien agbats t he
conpounds serve as haptenic sites stinulating an 1imune response that

cr oss- r eaadonventibnalin theartdhdving regardugahe dype of fermulatoii e gagstian, fer s
products of interest include products of the hydrolysis of the protected
aci di ¢ ancexbagile thysesuitabiesforssebadiministration matyeihchiste/Bavotieg agentisc  or

basi ¢ am des conpri sing i nmunogeni ¢ pol ypeptides such as al bumin or keyhole
| i rpet henocyanihe ipyartiah fyrthee predties veterinarn nonpesitionseoneprsioyiat least
products descri bed above may retain a substantial degree of inmmunol ogi cal
cross reautd adtivg ingredientasaboye definedftogetber miina veteritysartiére ant i bodi es
of this invention will be capable of binding to the unprotected conpounds
of thd0 i rihevafpren wi t hout binding to the protected conpounds; alternatively
the netabolic products, will be capable of binding to the protected
conpounds and/ oYetetiparyhearziess axe matariads usefjt fasdhe pusppsrof admiristerivgect ed
conpounds of the j[nvention, or wll be_capable of binding specifically to
any one orthgicpmpesiion aind maghbe selif. disuad or gasgqusater @“&H%‘%?@ﬁﬁti ally
cross-react _with pnaturally-occurring materials. Substantial .

cr oss- r eacthgTwige inert eracqeptalle in dag vetgeEary erta%@a@recc@wqﬁ?hlﬁ ity theyr

speci fic anal ytes auffi pent to jnterfere wth the, assay. results._ The

i Munogen?CBYeigTEdianfe tiesh vElSRINA T COmposibions ey Be admiinisteredrrmally,
[0 i 5t BB BF by RBY ol Er PP ascoci ati on means coval ent bondi g
to Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more
- compounds of the invention (“controlled rglease formulations”) in which the
release of the active ingredient are controlled and regulated to allow less
20  frequency dosing or to improve the pharmacokinetic or toxicity profile of a given
active ingredient. | |
Effective dose of active ingredient depends at least on the nature of the
condition being treated, toxicity, whether the compound is being used -
prophylactically (lower doses) or against an active influenza infection, the method
25  of delivery, and the pharmaceutical formulation, and will be determined by the
clinician using conventional dose escalation studies. It can be expected to be from

about 0.0001 to about 100 mg/kg body weight per day; typically, from about 0.01
to about 10 mg/kg body weight per day; more typically, from about 0.01 to about
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forman i GBS WwelhegRl @la?z)’\ﬁﬁi@t BRALAIEABI ) aBObuR0BLH WbBueD.5 mg/kg

non-coval entty 15 bonded fmterfals, or a conbination of the above.

| mmunogenbéds wasgRNs@sday. Edsk@nasle forihRalat6h the dﬁﬂ?waﬂdﬁiaaéjdws!@f@r,an
I mmunogeni ¢ proteins such as viral, bacterial, yeast, plant and ani nal

pol ypept i déslt humaaof asproximii J0 &gl badeiveigie witlmnige fraer mg tal 10001 n,

bovi ne thyrogl obulin or soybean trypsin inhibitor, and i nmunogenic

pol ysacchatg, gpesferablpibetivesn 5tohg andB00ung, dralinag thke tROfeht ofsingte @f t he
desired epitope is covalently conjugated to an i munogeni c polypeptide or
pol ysaEchardltipldjodebe use of a pol yfunctional (ordinarily bifunctional)
cross-1linking agent. Methods for the manufacture of hapten i nmunogens are
conventi onal pdrctise ingredianty obthed ineentivh ads alssedeti én ebofhinatiomwitoofhegat i ng
hapt ens to i mmunogeni ¢ pol ypeptides or the like are suitably 25 enployed
here as wettive ingkedigntsntSmchoombinatioms frerseldatechbaspdoom shevcondidongodeur sor s
or,  hydrol ytic products which are available for cross-linking and the

| i kel i hootteafedp cssaeaivaties dbiigeedisptscirid phamnactn:epscmetrﬁpS:O? thequesti on as
opposed to the immunogeni c substance. 43 Typically the polypeptide is

conj ugat ecombinatioin: Fasrexamplecwben tgatihgieal infevdons ofithe respiatoryom t he
epitogﬁ to be recogni zed. The conjugates are prepared in conventional
fashibh. smtemxanprdicuardnflyenss infeetiom ghe gempostiongnf dke reasitiorarge,
succi ni c anhydride or al KN=C=Nal k 5 are.useful in_preparing the conjugates
of this ievmhineshwithantidrglepachas congntidinearivemasding asd ribaviriayent i on
attached by a_bond or a linking group of 1-100, . typically, 1-25, nore

t ypi cal | yImcoly ticsy BHreciRrghts: bmmcﬁualﬂm@g%m@og%@aﬁm 1IcSTRBARYBERGAL es
are separated fromstarting materjals and by products, using. chromatography
or the | i Redingsty anifbiaiies, sntpyratics; and ARalggsis areadminigiered irgejler wh

Ani mal s aje typical ' ni zed agai nst the i munogeni c conjugates or

derivati v@h"— %P%Wégeéﬁgmvﬁﬁ%& onal antibodi es prepared in conventional

fashiféﬁ. -
Metabolites of the Compounds of the Invention

The present invention also provides the in vivo metabolic products of the
compounds described herein, to the extent such products are novel and
unobvious over the prior art. Such products may result for example from the

20  oxidation, reduction, hydrolysis, amidation, esterification and the like of the
administered ‘corripound, primarily due to enzymatic processes. Accordingly, the
invention includes novel and unobvious compounds produced by a process
comprising contacting a compound of this invention with a mammal for a period
of time sufficient to yield a metabolic product thereof. Such products typically are

25  identified by preparing a radiolabeled (e.g. C14 or H3) compound of the
invention, administering it parenterally in a detectable dose (e.g. greater than
about 0.5 mg/kg) to an animal such as rat, mouse, guinea pig, monkey, or to man,
allowing sufficient time for metabolism to occur (typically about 30 seconds to 30
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like to iglfﬂ{etmleﬁab%ﬁ@a” . etalBEEstri AP el FRE M BRASAL DnFEALSARI Oyed i n

known fashion to absorb nding partners 20 for the affinity reagents from

manuf agt UERRidH, S M@%NM@QH?@MSS? IR 3BRERS, %i@bf'ﬁ{etémﬁéﬁsrﬁ&é%es-

Simlarly, 1 mobbi ed enzynes a used“to perf . catal ytic conversions

Wi th faci g §R6OWARYastor@RAYioRal BhigihetdHlidh SARAUNIEE-Idifvn EOFHBRR! ¥ used to
link anal ytes to détectable groups 1n preparing diagnostic reagents. 25

Scr eeni nggrifladYa thé 8HEITEHY dbri@esi6R bk@dﬁét@,@dl@h?la@thé? abé SUEthetWde are
susceptible to HPV infection. Assays known in the art are suitable for
det erm ni F@Jﬂdliﬁ/ﬂ}zv@_&b@@éﬁilliﬁbﬂié%ﬂdéﬁb Assaydifopthathpettindbsingrofnhet abi lity,
cell permeation, liver honogenate stability and plasma stability assays.
However, @ddmpoandsbof theitantion éende PUsheds iy Abeeinethidede inaibikgy are not
converted in'vivo to the free carboxyl,” am no or hydroxyl groups, they
remai 00 usaétivitpef tHeendpeal internmediates. Wility for the present invention
was taught using antiproliferation assays. 5 Antiproliferation assays
measure effect of conpounds on proliferation of cultured cells. Cells are
cultured for 7 days in the presence of various concentrations of conpounds.
On the 7t AddhisionaldUses far ¢he Cammrlindstdf ThieInwendidmt ensity of stai ning
(proportional to cell nunmber) is neasured by spectrophotoneter. Data are
plotted agai ndhecompunilscoirtbéinwantionsgr thebicldgiallyrestive gobstdndes e
response curve, from 10 which the conpound concentration that reduces cell
pr ol i f er apreducestfeomythesecompounds by dtyidrelystnarmetattolism or viBg-Be used as
determ ned. Active conmpounds in

immunogens or for conjugation to proteins, whereby they serve as components of

immunogenic compositions to prepare antibodies capable of binding specifically
to the protein, to the compounds or to their metabolic products which retain
immunologically recognized epitopes (sites of antibody binding). The
immunogenic compositions therefore are useful as intermediates in the

20  preparation of antibodies for use in diagnostic, quality control, or the like,
methods or in assays for the compounds or their novel metabolic products. The
compounds are useful for raising antibodies against otherwise non-immunogenic
polypeptides, in that the compounds serve as haptenic sites stimulating an
immune response that cross-reacts with the unmodified conjugated protein.

25 The hydrolysis products of interest include products of the hydrolysis of
the protected acidic and basic groups discussed'above. As noted above, the acidic
or basic amides comprising immunogenic polypeptides such as albumin or

keyhole limpet hemocyanin generally are useful as immunogens. The metabolic
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anti prol i tphatiteiedaHbatizve R Eéiﬁfa%hb&ahﬁaha@%ﬁee(zﬂlﬂmﬂﬁﬁbﬁigm cﬁH%\Q/ or

cytocidal = (kill cells). By performng antiproliferation assays in

positive Q_@i&-ﬁzﬁ?ﬁ@ith&he RBEhPHAITER ofaheb sveriidn, dRHLY, the Sotpediag of tHIat | nhi bit
proliferation of HPV 15 positive cancer cells nore efficiently than cells

from nor mghvéHtiGRwill b dgSable lof Bimdiagto Ve hagsotettelitdonigotfids ébtheounds of the
I nvention. The invention also relates to nethods of making the conpositions

of the i mvesrttonwithoat bindiagitdithe preteetefircopgpcthdyy aktashativeljneheappl i cabl e
techni ques of 20 organic synthesis. Many such techni ques are well known in

the arb. Huwtebelic pratuctsfwillise bEbindirgesther rotéabd catgbunads aGaimendi um
of Organic Synthetic Methods" (John Wley & Sons, New York), Vol. 1, lan T.
Harri son ahemefioitrprdductsswithoh® bindivglto tik piatectdd compowsads afrttie Shuyen
Harrison, 1974; Vol. 3, Louis S. Hegedus and Leroy Wade, 1977; Vol. 4,
Leroy G ‘Wnntigny or wil®@;capable & bipdirigspeyifigallpddenylone orldi8threandhwol . 6,
M chael B. Smth; as well as March, J., "Advanced Organic Chem stry, Third
Edi ti on", apfibbdiesidesiralslySuilbnoNewbsvantially aossyeact Gotipnatvealywec@rriygni c
Synthesis. Selectivity, Strategy & Efficiency in 45 Modem O ganic

Cheni st r y matariglsvSubstaztial Bmssyreattivityois readtiviityounder-specific ass@g cgaditionpr ess,
New York, 1993 printing). A nunber of exenplary nmethods for the preparation
of t h&0 cofigospecifinrnalytes sufficientotintarfere avith the apsay seswis. These net hods are
intended to illustrate the 5 nature of such preparations are not intended to
limt the scopdhgfimspunogens @f thiginwenton centain thecompeupd aftthisingemdon i ons
such as tenperature, reaction tinme, solvents, workup procedures, and the

li ke, wil Presentingdbe depives ePHOPR AN asgociasiony with aseimmamogenicsubstamses o be
perforned,, The cited refzrenpe rra,tersiggg, together with 10 material cited

t her ei n, mﬁﬁa cgBfext|ob dheBSEnTion 8 agfodation BeABs crBRlENt hopdingi oy  t he
tenperatures will be -10QC to, 200C, solvents will be aprotic or protic, and
reaction L9FRANFINURREETHC soniyigate Qvgh%a]at\g@b\fmq)&rmq%q: ehnPY-co¥Alentlys of

15  bonded materials, or a combination of the above. Immunogenic substances
include adjuvants such as Freund's adjuvant, immunogenic proteins such as viral,
bacterial, yeast, plant and animal polypeptides, in particular keyhole limpet
hemocyanin, serum albumin, bovine thyroglobulin or soybean trypsin inhibitor,
and immunogenic polysaccharides. Typically, the compound having the

20  structure of the desired epitope is covalently conjugated to an immunogenic
polypeptide or polysaccharide by the use of a polyfunctional (ordinarily
bifunctional) cross-linking agent. Methods for the manufacture of hapten
immunogens are conventional per se, and any of the methods used heretofore for
conjugating haptens to immunogenic polypeptides or the like are suitably

25  employed here as well, taking into account the functional groups on the
precursors or hydrolytic products which are available for cross-linking and the
likelihood of producing antibodies specific to the epitope in question as opposed

to the immunogenic substance.
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quenchi ng any %@aq}ye@er é;é(édé g'doa;]\gg%t&arswomﬂe% Pof the

wat er/ or gani c er ‘syst'e tractio separating t ayer contai ning

the prodU%ve&ﬁ&is%{tif%%né%ﬁegg%Beré i@s are typically carried out
at tenperatures near roomtenperature (about 20C), although for netal

hydride reduct @i&%on?dg@éié'ﬁé‘ﬁe' prebifed RIRRF2hHbA) BshRAUTRS dx@nifile! ®ie- 100G,
solvents are typically aprotic for reductions and may be either protic or

aproti c_f @fogeXirtlahf aBentsa6idroRysddciifids Sureinic aklly d9daohhBe-CeNalled
conversions. 20 Condensation reactions are typically carried out at

t enper gt upes uperal il aringnibercahflightefoft thiigivehtion N Theegujuddieatdmprise
kinetically control Fg? condensat H)g%s reduced tenperat urejs g(OC to -9100C) are
al so comarcongsbiad bé tiesinveation aftathed by hiboridconaiinking gauip of1-200,ng
reactions) or aprotic (common in kinetically controlled reactions). 25
Standard sypichiy, 1525,en6rd yypecal ULNH0 @arbneatonatodhe démmvahogdnic ealsdtane. by -

products and use of anhydrous reaction conditions (e.g. inert gas
envi r onnefTthe)conjugatepameseparatbd éroam istartidg whaterials apbby edodhets wing i cabl e. 46
Exenpl ary met hods of preparing the conpounds of the invention are shown in
t he schenmehrdmhtographky ar Hedlike sowd thiehans stefile fitterst indiyiaded foostotagen  t he
Experi nental section below, and are referenced to the specific schenes. 47
Schen#8 Schenrimdls aretypi@lly ifmauizadagaintithe{mnrmagenieaonjugateoorr . t .
ACO*~ 1 AcO' -" \P HQO, I\/EO—If Pr G Pr reflux, 6 h HO~~ O Pr
derivatives and antisera or monoclonal antibodies prepared in conventional
fashion.
The compounds of this invention are useful as linkers or spacers in
preparing affinity absorption matrices, immobilized enzymes for process control,
15 orimmunoassay reagents. The compounds herein contain a multiplicity of
functional groups that are suitable as sites for cross-linking desired substances.
For example, it is conventional to link affinity reagents such as hormones,
peptides, antibodies, drugs, and the like to insoluble substrates. These
insolublized reagents are employed in known fashion to absorb binding partners
20  for the affinity reagents from manufactured preparations, diagnostic samples and
other impure mixtures. Similarly, immobilized enzymes are used to perform
catalytic conversions with facile recovery of enzyme. Bifunctional compounds are
commonly used to link analytes to detectable groups in preparing diagnostic
reagents.
25 Screening assays preferably use cells from particular tissues that are
susceptible to HPV infection. Assays known in the art are suitable for

determining in vivo bioavailability including intestinal lumen stability, cell

permeation, liver homogenate stability and plasma stability assays. However,
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Utility for the present invention was taught using antiproliferation assays.

5 Antiproliferation assays measure effect of compounds on proliferation of cultured
cells. Cells are cultured for 7 days in the presence of various concentrations of
compounds. On the 7% day, cells are stained with dye, and intensity of staining
(proportional to cell number) is measured by spectrophotometer. Data are plotted
against compound concentrations, fitted to the sigmoid dose response curve, from

10  which the compound concentration that reduces cell proliferation rate by 50%

(50% effective concentration or ECs) is determined. Active compounds in
antiproliferation assays may be cytostatic (inhibit cell division) and/or cytocidal
(kill cells). By performing antiproliferation assays in HPV positive cancer cells
and normal cells, we identify compounds that inhibit proliferation of HPV

15  positive cancer cells more efficiently than cells from normal human tissues.

Exemplary Methods of Making the Compounds of the Invention.

The invention also relates to methods of making the compositions of the
invention. The compositions are prepared by an-y of the applicable techniques of
20  organic synthesis. Ma1‘1y such techniques are well known in the art. However,
many of the known techniques are elaborated in "Compendium of Organic
Synthetic Methods" (John Wiley & Sons, New York), Vol. 1, Ian T. Harrison and
Shuyen Harrison, 1971; Vol. 2, Ian T. Harrison and Shuyen Harrison, 1974; Vol. 3,
Louis S. Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. Wade, jr., 1980; Vol. 5,
25 Leroy G. Wade, Jr., 1984; and Vol. 6, Michael B. Smith; as well as March, J.,
"Advanced Organic Chemistry, Third Edition", (John Wiley & Sons, New York,
1985), "Comprehensive Organic Synthesis. Selectivity, Strategy & Efficiency in
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5 nature of such preparations are not intended to limit the scope of applicable

methods.

Generally, the reaction conditions such as temperature, reaction time,
solvents, workup procedures, and thé like, will be those common in the art for the
particular reaction to be performed. The cited reference material, together with

10  material cited therein, contains detailed descriptions of such conditions. Typically
the temperatures will be -100°C to 200°C, solvents will be aprotic or protic, and
reaction times will be 10 seconds to 10 days. Workup typically consists of
quenching any unreacted reagents followed by partition between a water/organic
layer system (extraction) and separating the layer containing the product.

15 Oxidation and reduction reactions are typically carried out at temperatures
near room temperature (about 20°C), although for metal hydride reductions
frequently the temperature is reduced to 0°C to -100°C, solvents are typically
aprotic for reductions and may be either protic or aprotic for oxidations. Reaction
times are adjusted to achieve desired conversions.

20 Condensation reactions are typically carried out at temperatures near room
temperature, although for non-equilibrating, kinetically controlled condensations
reduced temperatures (0°C to -100°C) are also common. Solvents can be either
protic (common in equilibrating reactions) or aprotic (common in kinetically
controlled reactions).

25 Standard synthetic techniques such as azeotropic removal of reaction by-
products and use of anhydrous reaction conditions (e.g. inert gas environments)

are common in the art and will be applied when applicable.
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HCI_HleCOZiPr / TEA/PhOH

N H O(CH2)5CH3 0 HNC 60 HCl

60 C NH O 69 P~N Ph HOEt
60 AldrithiddITM2 / PPh3 HZN N ~ ~NH O Pyridi ngpg®0 C 70 N Ph H OBu

H2N, (C02Bu / TEA N N\\ Qsu
60 CNH 68 HOBu O 5 63 Schene 19

N O OEt

H2N CO2Bu / TEA

~Ph Ni N Ph HC

Aldrithiol™-2 / PPh;
Pyridine, 60 °C

Pd(OH),/ C, Hp
iPrOH. 1L

BnOH, NaHA' \>

/k
HN g K/O b’

OBn
N/ N
/:IN\> OiPr
5t ~ oph
0O
N
HN
):‘E: > OiPr

HN™ N NK/O CQ\P,NH )
52 ~" opPh

o)

Aldrithiol™-2 / PPh,
Pyridine, 60 °C
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o O >

ROBU
O
K/Ov P\
H OBu
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(Ph NxN g&n’é%!l H2N CQ2i Bu / TEA G BU 60 Aldrithiol TM2 | PPh3 H2ZN N ~Ck% NH
0 Pyridine, 71 v ;NPh HGBu O 5 10 64 Schene 20 HNC A 60 HC H2N |
COZEt /| PhOH / TEANAIdrithioITMZ/ PPh3 N N ~ Okt Pyridine, 60 C H2N 1tz
N~p, OP,NHp 72 v '"OPh HNC N~ HCIH2N COzBU / PhOH /TEA I | OBu 60
AldrlthloITMZ CPPh3 HZN ~-N N p OP,NH I \O Pyridine, 60 C 73 OPh HNC
HCl , H2NY- (O O z! N 60 / PhOH /TEA \> AldrlthloITMZ PPhﬁ H2N ~N N %%

Pyri di ne, 60 ﬁ ng\ N H O OB parc, /L >

MeOH, r.t.

|l O|Pr l' OiPr
4 v 55 K/O OPr
‘ N/ N\
TMSBr, CHsCN g N>
- H2N N ",OH
56 K/OVP\OH
‘ HCIH,N"~CO,Bu / TEA N )\N N o B\QOBU
56 >
Aldrithiol™-2 / PPhj 2 Lo RNy ™©
Pyridine, 60 °C 57 H&OB
' u
0]
Ph
) 4 NN Ph
HCLHoN” ~CO,Et / TEA / PhOH R L@OEt
56 Y > H,NT N7 N o)
Aldrithiol"™-2 / PPhg 0 \\P,NH 0]
Pyridine, 60 °C 58 ~ oPh
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HNC HCI . HRM, GRR(EH2) 5CH3 / PhOH / TEAN I N M\ OCH CH 2)5 3 60
Aldrithi ol TM2 / PPh3 HZN-N O Pyridine, 60 C75 ~O, P\ NHp OPh 5 65
Scheme 21 HNC 60 HCl . H2N' C2Bu / PhOH / TEA N N Al drithiol TM2 /PPh3 \ ~
OBu PYridine, 60 CHZN NN O NH 'O 76 OvP~OPh HNC ~Ph HCl, H2N COREt /
PhOH/ TEA N/ I QW\ ( OBt 60 Aldrithiol TM2 / PPh3 H H O Pyridine,
60 C 77 ' OAP HNC rPh N N Ph  HCl . H2N CO2BU / Ph /TEACBu 60
Al drithi ol TM ZJN\/P \>H2NN NS NH O Ayidfihge. 60 C 7§ ZEgPh HN  (Ph
o
HN" N 2 oer CHiCN,65°C |\ A | >
4 l\/o . K/O bOrPr
TMSBr, CH3CN‘ NZ N\ HCIH,N™ "CO4iPr | TEA/ PhOH>
> S | N> Aldrithiol™-2 / PPhy
HoN™ N K/O I -OH Pyridine, 60 °C
60 ~OH
HN N HN
N
NZ >N N* N ,
O oiPr N N Oifr -
> N H,N” N7 N o)
HN™ N QN o 2 Lo 0
I\/OVP\OPh 62 O\/P\N
o H )—OiPr
0
60 HCILH,N"~CO,Bu / TEA N7 N\
Aldrithiol™-2 / PPh, N N> ROBU
Pyridine, 60 °C HaN™ N Q_NA o
k/o\/P\N
H OBu
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HG~ FR2NLC2¢Bu7 PROH / TEA NI N\ Ph G Bu 60 Aldrithiol TM2 / PPh3 H2Ni N N
0. N\HO Pyri dine, 60 C79 ONll~ P OPh 66 Schene 22 HNA HCl . H2N~(p TEA/ PhOH
Ni N 3 6 AldrithiolTM2 / PPh > HNN N O Pyridine, 60 C 2 60 \NH OPh

HN- -4 - SFRFﬁlgblZNl(p /| TEA 6 Aldrithiol TM2 | PPh3 H2ZN N N OP-NH 0 Pyri di ne,

60 C 81 O HNHC,H2Nyp'Q/ TEAN N 6 Aldrithiol TM2 / PPh3 H2N N N
OOP-NHO- Pyridine, 60 C82 ~NHO O
P N~
HIY Ao~ OJ\ JTEA  N? N\> ~ 0
/']': | \> {-Methyl-2-pyrrolidinone HZN)\\-N N Q. .o” 0" ~oiPr
HoN \No ‘\/ \/ OH 60°C, 3h 64 OVP\ OiPr
6!

~OY
0o
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Ph HN--4 H eﬁﬁég§(~ /| TEANNPh 6 O Aldrithiol TM2 / PPh3 HZN N N ~

Pyri di ne, C O-P~NHP H OO~~ 5 67 Schenme 23 C NHCH2CF3 | N
CF3CH2NH2 TwMsBr HZN N'N ~G Pr CH3CN, 80 C H2ZN NN Q- O Pr CH3CN 4 O O Pr
84 ~OvPPG pr NHCH2CF3 HCI, H2NI Yp)/ NHCH2CF3 \ TEA N - N Aldrithiol TM2 /
PPh3 H NYN N ?ﬁWZN N N Q I‘O‘lfyl‘ldl ne, 60 o@l QP, NH O 42 ~OvP"'CH 85
HOS5 Ob Ea of the produc PJ'-[IERV\A ng prcesses is optionally

separated, i , and/ or i ) §# Nn subsequent
processes. 10 The| t ey s "treatAldmtde-EaPPhg", "t ea rre , and tNe | pke,
when usedH N nt ext @‘ acplyﬁa(hgaaomoceﬁ oroprfgl |on
mean contactlng m 9 ing, allowing to react r|
contact, and ot h&r te ns con@bh inthe art for indfati ng t or nore
chemical entities is treated in such a manner as to convert |t Ho Ebr
nore other chem cal entities. This neans that "treating 0
| HN/\/
,gro AN
O TS ey
60 Aldrithiol™-2 / PPy ~ HaN K/ _NH
66 O

Pyridine, 60 °C

H/§r0b

HN'A\/
N/ N
X > O(CHR)sC
60 HCIHoN " CO5(CH)sCH; / TEA | N /kN N o R (CH2)sCH3
Aldrithiol™-2 / PPh, 2 L_o kN, 0
Pyridine, 60 °C 67 N .
| H O(CH,)sCHs
e
HN/\/
HCIHN” ~CO,Bu / TEA N7 NN
60 = >~ I N OBu
Aldrithiol ™2 / PPhs HoN” N N 0, N o
Pyridine, 60 °C
68 k/OvP\N
H OBu
o]
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15 conpound one with conpound two" is synonynous with "all ow ng conpound
one to react with conpound two", "contacting conpound one with conpound
two", "reacting conpound one with compound two", and ot her expressions
conmon i n Schemer19 of organic synthesis for reasonably indicating that
conpound one was "treated", "reacted", "allowed to react”, etc., with
conpound two. 68 In the context of a chem cal process, protocol, or
preparation, "treating" indicates the reasonable a‘Wal manner in which
organic chemcals are allowped to react. Nornal ad4NCenfTations (0.01Mto
10M typically 0.1Mto 1M ,Y tenperatures (-100C t 25&(;, typically ;78C to

150C, nor e ypi cal | y HABENT 6CG,E100EA sti || nore MYpi y 0C to 1qe8N
reaction vessels (typigally ohassyoplastic, metal), Usolvents, pr%%@a
at nospheres (typically rf?or 8\>(,g\))étge3n and waHeN~ I'NSensitive O@aﬂtHo ol
2 er sensitive reactioQs)O e\Fr;. \ sh
o)

nitrogen or argon for oXY4¥Reo &

i ntended unl ess otherw se indicated. The know edge gf simlar red

known in the art of organic synthesis is used in selecting the condijrt@rt
and 10 apparatus for "treating” in a given process. In particular, gne of
ordinary skill in the art of organic synthesis selects conditions and

appar atus reasonably expected to successfully carry out the chem cal
reactions of the described processes based on the know edge in the art.

Modi fications of each of the above schene(s) |eads to various anal ogs of 15
the specific exenplary materials produced above. lQe'\aga?/e cited citations

descri bing suitable nethods of organic synthesis e applicable to such

nodi fications. In each of above exenplary s Nt nmay be adyBht ageous
to separate reaction pr ts_f one anot her @gnd/pr ®»rom startifg
material s.ggfthe 20 L . ﬁ‘t"zgsgh& each ét@ Nlbes of oSt eps~ QBu
separ at ed and/ or pur i Aldethidif2di PRl er separ'a?

d) to the desi r%dNH’e of
honpgenei ty by the tecppignaseooemmon in the art. Typic @\s«u 1‘N8 arRat i ons
i nvol ve nul ti phase extraction, H OBu

O

Ph Ph

| X N .
60 HCLHN™~CO,iBu / TEA s | N> &OrBu
Aldrithiol™-2 / PPh, Lo QNE o
Pyridine, 60 °C 71 ~ \N§Ph
H

OiBu

o

10



crystal li zghi dsoma solvent or solvent mxture, distillation,
subl i mation, or chromat ography. Chronmatography can invol ve any nunber of
met hods 25 including, for exanple, size exclusion or ion exchange

chromat ography, high, nedium or |ow pressure |iquid chromatography, snal
scal e and preparative thin or thick |layer chromatography, as well as
techni ques of small scale thin layer and flash chromatography. 69 Anot her
class of separation nethggds involves treatnent gfaa\av&ture with a reagent

selected to bind to ST Pﬁh separabl a desired product,
unreacted gg arting 2 pr odugj e | i ke. Such reagents
i ncl ude adsorbents or abammﬁaﬁta/ as activ ed ca nol e§ul apegi eves,
ion 5 exchange nedia, or phRiind, ggoCAIternatHﬁegg‘ elreagant e acids
in the case of a basic material, bases in the case ao acpdi'c nmalerial,

bi ndi ng reagents such as antibodies, binding pr& eins, séréétwve chel ators
such as crown ethers, liquid/liquid ion extraction reagents (LIX), or the

| i ke. Sel ection of appropriate nethods of separati'on depends on the nature
of 10 the materials involved, for exanple, boiling point, and nol ecul ar
weight in distillation and sublimtion, presence or absence of polar
functional groups in chronmatography, stability of materials in acidic and
basic media in nultiphase extraction, and the, Jike# One skilled in the art
will apply techniques nost likely to achieve tjhe desired separation. 15 Al
literature and patent Eitations above are her ressly incorporated by
ref er ence (ﬁ] t he 1®8aY 68sBufPRR TEQ t ati on.) Sp cikgi cal l'y ci\ed @gg:tl ons or
pages e abowgdmhk@M1@p kR, are I ncor M W refergn

speC|f|C|ty The PvﬁﬂﬁéQ$ s° been descri bed in et ap| QMf WCleﬁt to all ow
one of ordinary ski 4 he” art to make and d%e th sDﬁ'é@pwwatter of the
followng clains. It is apparent 20 that certain nodifications of the

met hods and conpositions of the following clainms can be nade within the
scope and spirit of the invention. The follow ng

HCIH N’\n’o\<>
20 / PhOH / TEA \>
60 - X kO
Aldrithiol™-2 / PPhg HaN” N NH

Pyridine, 60 °C e k/o %

HN/\/
' N
HCIHaN"“COx(CH,)sCHs / PhOH /TEA. N7 '\ |
60 o - o Y Y OCrHascH;
Aldrithiol"™-2 / PPh; H,N” N7 N ) NG o
Pyridine, 60 °C s N_OLK
OPh
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Exanpl es %&g{?%i ded to exenplify the present invention, and in no neans
can be c tolimt the present invention. 25 EXAMPLES GCeneral Sone
Exanpl es have been performed nultiple tines. In repeated Exanples, reaction
conditions such as tine, tenperature, concentration and the 70 |like, and
yields were within normal experinmental ranges. In ;,Qg?ﬁed Exanpl es where
significant nodificatio were made, these haveHen Hoted where the

results varied siggpfih &an ROHP$EAdESCri be
different 6Gtarti el ferboled 2 A hese Nif

I nNExarrpI es where

re jpot\gd. Wen t r epeat ed
Exanpl es refer 5 to aAldrithioE¥g@hBPhg" anal og oﬂ§a und, such Ys FOBU
"correspondi ng et hyl es;bwd‘in ¢d}b(§ i nt ends Hahat b ot Her wi serr n oup,
in this case typically a mat‘}a‘l’y ester, 1is taken to bé&t @\SQI?é group
nodi fied as indicated. Exanples 1 to 35 refer to 8chemes 1 to PORhove. 10
Exanpl e 1 Acet oxyet hyl oxynethyl chloride 1: A5 L three-neck flask was fitted
with nechanical stirrer, thernonmeter, 500 ni additional funnel and argon
purged. 1, 3-D oxalane (140 nL, 2.00 nol) in anhydrous EbO (800 niL) and 1.0
M 15 znd z/EthO (7.5 nmL, 0.007 nol) were added. A solution of acetyl
chloride (157 m., 2.20 nol) in EtbO (200 nmL.) was added dropw se through an
addi ti onal funnel over 20 min. A cold water bath was used to nmaintain
tenperature between 19 - 27C t hroughout. Conti nquM ng wi thout external
cooling for 4 h, reactii)ipﬁelf heating at 20 - 2pC for about 1 h. A dear,

colorless-sol ution retaifned under argon 20 overn -NSt ood for 3-HBys and
formed an or ange HHupNOrCOSt /iRh@HBOEM r ot ava t}r aspirat®) upgil no

more di sti®Q ed at™3RC Patfwm RtTtatirve pyi Nr oductp318
(theoretical yield ég@}gél \/\7@ 'gﬁbﬁ%i ned. M o. BN 0
Pyridine, 60 °C 77 ~ \OPh
HN/\/
Ph
X NN Ph
g HOUNCOMu/ PROH/TEA, g N) &osu
Aldrithiol™-2 / PPh HoN™ N K/ A NG o
Pyridine, 60 °C " OVP\OPh
/\/
IPh HN
HCIH,N”~CO,iBu/ PhOH / TEA JNjﬁ:N\> QO.B
I =1V
60 Aldrithiol™-2 / PPh, H,N” N7 N o N0
Pyridine, 60 °C 79 K/OVP\’OPh
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Exampl e 2 25 Dii sopropyl Phosphonate 2: A 500 nL three-neck flask was
charged with the crude chloronethylether 1 (317 g, 2.00 nol).
Triisoprosdheipsphite (494 nlL) was added dropw se through an additi onal
funnel while heating in a 125C oil bath and stirring vigorously. Collect

2-chi oropropane distillate via short-path head in W/ | uu3/ uod ay _,
.. a dry ‘ice cool ed Neceiver, argon bl anket, cdiN&ctad 140 g distillate
(theoretical 155CiHN ite bI anched reactigh to yel | ow, continue
heating anpther 2 h ato 125C/ 1A /BBOK then arN&ngg NN

i ﬁr vacuum gi stillation
using a vactuum punp. t&t foyid. qlp@ yeI I"ow front scut 0 g, head Yo
bottomto 190C), the Gl ean 5 riggii veN’ mfraQtlﬂ S
col l ected at head te%@l‘ﬁ‘t‘% 178 -187C (m)stdoy 5 Ol@jaf W t © vacuum
unknown at bath tenperature of 222 - 228C. 258 g of the prodd@Ph2 was given
(47% yield from 1, 3-di oxol ane). Exanple 3 10 Al cohol 3: A solution of 2 (125
g, 0.443 nol) in absol ute MeOH (440 nL) was treated with concentrated HC
(11.2 L, 0.112 nol) and heated to reflux for 6 h wunder Argon. Strip MCH
on rotavap (water aspirator) to 55C | eaving 115 f a clear oil which was
co-evaporated with toluene (2 x 200 nL). The KNG €-product was dried under
vacuumto give an oil ﬂloz g, 96%. 15 Exarrpl el 4 sopropyl Phosphonat e 4:

A sol ution of trigths 25.57 g, ; ) and al hoI 3 (18 g,
75 mol ) ip DVF (120 nl)owa treated W th 6- urlne(12 L)
and cool ed®to -15C ol i ||sopH@nsin !20 a d| car px (16 g,
82.5 mmol ) in DW ('%Ekrl ’ vwgolrb%d dropwi se ghro f unnel
over 80 min. The reabVi¥Ren®QCGre was kept at -150 o hen war med
to roomtenperature and stirred for an additional 2 h. A \‘

HN./4
eteom Py

‘ HN” N
Aldrithiol™.2 / PPhj 2 K/O \\ N 0
Pyridine, 60 °C 82 v
H O
| ' o U

Ph
O
| HCl‘HzNgo( O 1TEA Néj:N\> Ph
6 > ° <>
Aldrithiol™-2 / PPhs HQN/’%N N Q NHL<O

Pyridine, 60 °C 83 K/Ov P(ngiph
H 0
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cloudy reaction mxture turned to be a bright yellow solution. The reaction
sol vent was evapor at ed under reduced pressure, co-evaporated with toluene (3
X), 25 a clfgn under vacuum overnight prior to purification. The crude

pr oduct § purified by colum chromatography on silica gel (5%

MeOH CH2C12) to give the diisopropyl phosphonate (18.52 g, 63% as a white
solid: 1H NWR (CDC13) b 7.95 72 (s, 1H), 4.70 (m 2H), 4.31 (m 2H), 3.93
(m 2H), 3.73 (m 2H), 1.29 (m 12H); 31P NWR (CDCl13) 6 18.42. Exanple 5 5
Di i sopropyl Phosphonate 5: A m xture of 4 (11.00 g, 28.08 nmol) and

cycl opropyl am @ (4.86 g, 85.16 nmol) in CHsCN (BBCHEJFaas placed in a
reaction bonb jand heat ed to 100C for 4 h. The rgactjyon m xture was cool ed
to room te ur? and concent rGH;€d,NHyder reduc essure. Thepygpduct

was partitij ween 415% W i‘g | ne gried wn;b—NaZSm
10 filter é’gh cghflf(g @d’r e pf@ﬁjct was fl\}g,eD'Biy col um

chromat ogr aphy op pk 5% MeOH CH2C12) toggi ve /9, 90% as a
pal e vyellow foam 1H NIVR (CDCls) 6 7.59 (s, 1H), 5.83 (broad s, 11-1),

4.88 (broad, s, 2H, 4.70 (m 2H), 4.21 (m 2H), 3.88 (m 2H), 3.72 (d, J =
8.4 Hz, 2H), 3.03 (broad, s, 1H),1.28 (m 12H), 0.84 (m 2H), 0.60 (m 2H);
31P NWR (CDCls) 6 18.63. 15 Exanple 6 cPrPMEDAP 6: A solution of 5 (11.00 g,

26. 67 muol ) in anhydrous CHaCN (120 nlL) was treaﬁ\g_g,ﬁvi(%_h
bromot ri met hyl siHGMer{21. 1 nt, . Zﬁm)%% The 308 was protected
N

fromlight by aplngtheflas’k e reacti

h num f@I
m xture was at roomTE T veT ni gh hedvol atil e
e i Sy

evapor at egl 'g duced ress°1'1'1 soI ved) |
and pH was$'23d;j ¢ te%ﬂch W’QH dniEReL% Gy dr oxi de The tire was

concentrated and?a id was obtai ned. The %ol i d was dlﬁ vgd in H20

(305 Ob

Each of the products of the following processes is optionally separated,
isolated, and/or purified prior to its use in subsequent processes.

10 The terms "treated", "treating", "treatment"”, and the like, when used in the
context of a chemical process, protocol, or preparation mean contacting, mixing,
reacting, allowing to react, bringing into contact, and other terms common in the
art for indicating that one or more chemical entities is treated in such a manner as
to convert it to one or more other chemical entities. This means that "treating

15 compound one with compound two" is synonymous with "allowing compound

LI

one to react with compound two", "contacting compound one with compound

LI 1)

two", "reacting compound one with compound two", and other expressions
common in the art of organic synthesis for reasonably indicating that compound

one was "treated"”, "reacted", "allowed to react", etc., with compound two.
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m.) and pH was adjusted to 2 with 10% HCO . Fine solid was collected and
dried 25 undeln thecomtextofgichendcdlprogesy, psaogolaer preparaionoltreatingxanpl e 7
73 nt, LVWWA VWkoJ Monophosphonic Acid Hydrochloride 7: A mxture of acid 6
(3.00 g, iadiateﬁﬂe)ream%m@@ osualmpnner suwhitheorgands chemicalgareheat ed to
70C. Thionylchloride (1.66 nlL, 22.76 mmopl ) was added dropw se over a period
of 1 h. wedrpe reactr Mogael coneangeationst(8.0oVO M TvmRiraily 4. 1WhteiM)o. 61
mmol ) was added and stirred for 1 5 h. The reaction m xture s caoled to

r oom t enplemparrIey &l A Ghto 25KE, hazisallnrd Qitsatlépecmm@r%a@aalg?ﬂ&ﬁ% to -
well-stirred, ice-cold acefone (10 . The product was precipitated out.
The sd& i dlABS, siill metedynica YOAQ,tO%gQ@ %Cflﬁmc‘t%eqs TRieNY glagfo DRSS dri ed
under vacuum.to gi ve the nonophosphoni ¢ acid. hydrochloride (3.70 g, 92% as
a solid. @@taé)(éf%&%lt% PVBTFYERR S PRORRINGTE (Y PEcallx QP esn ¥BHSs phoni ¢

AR A R NN TS E M B
D
P2 %R e SSANSRS i B3040 RRELASE L il b 20l o
e B PR e R B b T AR e DR el o 070
et M B AR e BB A B R e

ot ?m 0% gt%?%%%%&ﬁiﬁy (Ry Bhe (RO Rerichl rélAShE LPAIPEseriBhd PHbEdssBSpARd

on the knowledge in the art.

Modifications of each of the above scheme(s) leads to various analogs of
15 the specific exemplary materials produced above. The above cited citations
describing suitable methods of organic synthesis are applicable to such
modifications.
In each of the above exemplary schemes it may be advantageous to
séparate reaction products from one another and/or from starting materials. The
20  desired products of each step or series of steps is separated and/or purified
(hereinafter separated) to the desired degree of homogeneity by the techniques
common in the art. Typically such separations involve multiphase extraction,
crystallization from a solvent or solvent mixture, distillation, sublimation, or |
chromatography. Chromatography can involife any number of methods
25  including, for example, size exclusion or ion exchange ci\romatography, high,
medium, or low pressure liquid chromatography, small scale and preparative thin
or thick layer chromatography, as well as techniques of small scale thin layer and
flash chromatography.
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25 Exanpl e 9 Monophosphonam date 9: A m xture of nonophosphonic acid 7 (0. 88
g, 2.00 mmol) Anbildradiasseofreephidtiorsmethddsdnuoes tiadémeit 84a grixBireGvitial ) ,
and triethylamne (0.84 nL, 6.00 nmol) in pyridine (8 nL) was heated to 60C
for 5 74 rdaganpsdlecistiity bin@ paoeterster ghterydbé¢ sepagabletd desindd pratiuathi ol (1. 56
g, 7.00 mol) and triphenyl phosphine (1.84 g, 7.00 muol) in pyridine (8 nl)
was addedunreactes starttvgmaserdal, reactiprbyrproduieh ardhe diken Sueh reagantad at 60C
overni ght, cooled to roomtenperature, and concentrated. The product was
parti t i onglugde adsovbenisanmbsarkerdasuchrasartivatesbearbpremle@idatsigyess i0mas
washed with_brine, dried_ w.th Na2SO4, filtered, and evaporated under
reduced pexdiwnge media, oF thedikey Adtarnetively, derepgertsispnbelagias thesaseef aphy
on silica gel, (7% MOH CH2C12) to give the nobngophosphonam date (%. 40 g,
41% 1:1 2Bbpsismetesiabbasesmingcase akamacidie material, biswing repgsuihpid aso

Monophosphonani date 10: A m xture of npphosphoni ¢ aci d (0.88 g, 2.00
mrol ), L- aniabedies anding piateins; @ieqfi&)’@%@fﬂt% Sd@ﬁ(af.cg@“@, ethersp nmol ), and

A P BB oy (o
was adaed t ot PRCCUR PEAPBERTIAA T thpds 6f SoprEa RO EPEhINAR the FAREE ot 600
o o Bk B 0T LRSI TS e SLed, The pigduct ves
vashed ol D08 o L8080, 1 oS L Lot e cuapersed rcer
on 511 o2 G S MDD Lo Sl LER EOPRLEEOIanE 180,55 o
extraction, and the like. One skilled in the art will apply techniques most likely to
achieve the desired separation.
15 | All literature and patent citations above are hereby expressly incorporated
by reference at the locations of their citation. Specifically cited sections or pages
of the above cited works are incorporated by reference with specificity. The
invention has been described in detail sufficient to allow one of ordinary skill in
the art to make and use the subject matter of the following claimé. It is apparent
20  that certain modifications of the methods and compositions of the following
claims can be made within the scope and spirit of the invention. The following
' Examples are provided to exemplify the present invention, and in no means can

be construed to limit the present invention.

25 EXAMPLES

General
Some Examples have been performed multiple times. In repeated

Examples, reaction conditions such as time, temperature, concentration and the
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25 Exanpl e 11 Monophosphonam date 11:- A m xture of phosphonic acid 6 (0.10
g, 0.30 mid, hnd yheldb andreaviehinyhorsilexpeyidiantal mngde [rorepegieddEsdmptas| ),
phenol (0.14 g, 1.52 mol) and triethylamne (0.51 nL, 3.60 mMmol) in

pyri di ne Whef sigificast imedifichtionsASet0Gaderthesehare Pedry netedywheretheed bri ght
yel l ow solution of aldrithiol (0.47 g, 2.13 mmmol) and trj phenyl phosphi ne
(0.56 g, r2siBs waméd sigmificarithi frony those aieyriersl. Iadéeeanplestwibergisbitferanéact i on

m xture. The reaction was stirred at 60C overnight, cooled to room

t enper at wtartingmiataridemeraveed, these preowied. Yékerptha repeatasiExamplesgeier £t oac
and saturated NaHCO3. The organic phase was washed with hrine, ﬂri ed wth
Na2SOF, ftola womespanding) apalog efp cprppund ;RHERSH COSTRSPONTERS etbwl getehy oduct
was purified by colum chromat ograph¥ on silica gel (7%, MeOH CH Clh) to

gi ve t he thimisyersdythehaniodaeviss presgnt gemup, in thisgase batiedlhet methykesitle) as a
pal e yell ow foam 1H NWR (CDC13) 6 7.61 (d, j = 4.2 10 Hz, 1H), 7.26-7.08
(m 5H), iataen e bothespmegnay modifigd agimglicatad. 1H), 3.92-3.85 (m  4H),
3.03 (broad, s, 1H, 1.30-1.26 (m 3H), 1.24 (m 3H), 0.88 (m 2H), 0.63 (m
21-1); 31P NWR (CDCb) 6 21.94, 20.68. Exanple 12 15 Monophosphonam date 12:
A m xture of phosphpnic acid_.6 0 g, ,4.56 . mol), L-alanine n-propyl
ester hydrochI%’FqIHEPe@ﬂ.@@%g"Ff@.t%CgﬁB}eﬁltB% V€(2.25 g, 22.80 mmol) and
triethylamne (10.50 nL, 54.72 mmol) in pyridine (8.0 nL) was heated to 60C
for 3in. A freshl y prepared bright yellow solution of aldrithiol (6.54 g,

31.92 rm&“ ang tri phenyl phosphine (7.32 g, 31.92 mmol ). in pyridine (8.0 nL)
20 was a he above reaction m xture. The reaction was stirred at 60C

part “'5 ?théﬁ&‘é%ﬁ@xii@{rﬁ%?yﬁggﬁé? at éﬁ?ﬁiﬁ%%é&e%%a%’%g5#%@&23”3;3“""‘2 d
Wi i.ne, i W 2 o : V. a
br assur o, mteesP s oo et RE il okt AR LHRRRIGET G, <P Ca

1,3-Dioxalane (140 mL, 2.00 mol) in anhydrous EtzO (800 mL) and 1.0 M

P

15  ZnCL/EtO (7.5 mL, 0.007 mol) were added. A solution of acetyl chloride (157 mL,
2.20 mol) in E£O (200 mL) was added dropwise through an additional funnel
over 20 min. A cold water bath was used to maintain temperature between 19 -
27°C throughout. Continue stirring without external cooling for 4 h, reaction self
heating at 20 - 25°C for about 1 h. A clear, colorless solution retained under argon

20  overnight. Stood for 3 days and formed an orange solution. Strip EtzO on rotavap
(water aspirator) until no more distilled at 35°C bath. A quantitative yield of

product 318 g (theoretical yield 306 g) was obtained.

Example 2
25  Diisopropyl Phosphonate 2: A 500 mL three-neck flask was charged with the

crude chloromethylether 1 (317 g, 2.00 mol). Triisopropylphosphite (494 mL) was
added dropwise through an additional funnel while heating in a 125°C oil bath

and stirring vigorously. Collect 2-chloropropane distillate via short-path head in
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25 gel (7% MeOH/ CFECh) to give the nonophosphonam date (0.43 g, 18%
Conpound &drit ick ebodead mcemmr argoniblamiket) caltectedh dbg ylistiliake (theoretical NWVR
(CDC13) 6 7.61 (d, j = 5.1 Hz, 11-1), 7.27-7.09 (m 5H), 427420&1

4. 16- 4. 00g), rﬁhcﬂip}ute?cﬂaﬂd%l— agtior k9 yallyw, cortinyoheating anothey 2 atgl®5p@  2H)
1.30 (dd, 3H), 92 (m 3H), 0.89 (m _2H), 0.63 (m 2H); 31P NNR(CDC13) 6
21. 89, 2wﬁbatmhﬁpauamgeﬁomwmdpﬁ:dlﬁmru@@g aacaum pugie Bistiledsphoni c
acid 6 (0.10 g, 0.30 nmol) L- al ani ne |sopropgl ester hydrochl oride (0.10
g, 0.60 nyellqw fromsraut (149 g,zhe@d to. 1§§°beﬁit9méﬁd ¥l thgn al?ﬁrrg@d( t9.dearyi | 3. 60
mml) in pyridine (1.0 nL) was heated t 60C for 5 mn. %gé? repar ed
bri ght5 yefdcsivesoMaindracsionayvas religctrd @bh‘iﬂd pmperature pfdy7p éﬁ mostly

trlphenyl hos hi ne (0.56 g, 2.13 in pyridine ( ded to
t he above 7@%["9?‘@11111‘14%“% ibﬁtwglmrawg&]@&g%@g@e? %H? ,
cooled to roomte erature, centra pr.oduct was partitioned
bet ween Eﬂﬁdléméh’d: a‘(’t’%ﬁﬁt"éﬁ(ﬁ%ﬂl ]oé’ (-LE Mase was washed with
brine, dried with Na2SO4, flltered and evaporat ed under reduced pressure.
The crude product was purified by colum chromatography on silica gel (7%
15 McOHICH2d z éo gi ve the rmnophosphonam date (87 ng, 55% 1:1

d| ast er eo xture) as a yellow foam 'H NMR (CDCl1l3) 6 7. 60 (d, j = 2.1

3 91- &34?8%‘04% Sé’mémé‘?f’@o‘ﬁgg@' 6?431“317 ulaéi?l‘(f{%bﬂzﬁﬁ ‘g"fif n‘”]éf’g';l(m m 2H),
(Is/b(rzgpgur)nspﬁr %Wiﬁé NRQ&WW%%G} @ﬁ#“ﬁﬂ&s@% Qaé\%%eagg?éo i%ﬁbx fg &R mol ),
v glzan'mr;ﬁ}l?*dgﬁ%?ﬁleﬁﬁw MO ot R Ve (Pated i1l BB 0 1egPEE IS 8¢ D1
heat ed .tOFJZ eﬁgﬁc {2k wad co~evaApora?eSd]w¥thptroﬁP&"ee@ &d@ﬁt)yﬁg%&gb%d@& of

aldrithio
was dried under vacuum to give an 0il (102 g, 96%).

15
Example 4
Diisopropyl Phosphonate 4: A solution of triphenylphosphine (25.57 g, 97.5
mmol) and alcohol 3 (18 g, 75 mmol) in DMF (120 mL) was treated with 6-
chloropurine (12.72 g, 75 mmoL) and cooled to -15°C. A solution of diisopropyl
20 azodicarboxylate (16.68 g, 82.5 mmol) in DMF (50 mL) was added dropwise
through an additional funnel over 80 min. The reaction mixture was kept at -15°C
for 2 h and then warmed to room temperature and stirred for an additional 2h. A
cloudy reaction mixture turned to be a bright yellow solution. The reaction
solvent was evaporated under reduced pressure, co-evaporated with toluene (3 x),
25 and dried under vacuum overnight prior to purification. The crude product was
purified by column chromatography on silica gel (5% MeOH/CH2Cb) to give the
diisopropyl phosphonate (18.52 g, 63%) as a white solid: '"H NMR (CDCls) d 7.95
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2.13 mmol) and tri henylphos hi ne (0. 56% 2.13 mmol) in pyridine (1.0 n)
was addeg, Hd)mf@f o, DnB3:98 (e 2EDh .78 dan 2Fon 1284 tIRF)dP at  60C
overnight, cooled to roomtenperature and concentrated. The product was
partiti oW R CPEL)®I&4TUUS Y . ~, .i v.ao0~o+. aoi bet ween Et OAc and
saturated NaHCO3. The organic phase was washed with brine, dried with
Na2SO4, filtered, and evaporated under reduced pressure. The crude product
was purified by colum chromatography on silica gel (7% MOH CHzClI2) to

gi ve the M@é&phonam date (80 rrg, 50% 1:1 5 diastereoneric mxture) as a
al e yel |l ow foam H N (CDCL3) 7.27-7.08 (m
EH) % 9 {%RFQHY Eho Onaéte@?A(B%%eO 91(%1—490 84%88(1?\@0&)@% 4.10-4.08 (m
3H), 3.91-

o 9@@1%0%%@% (e 5e 8506 Tomiel) B EHAGA @ @5@@%&)&'&&0 2 Siaghon 1
0 S0 o Bomb g %%%@ﬁ@t R Iéﬁﬂﬁ% e @S%%daf@'r%@m| o

BC?;“S! n(eotlfe“ %ﬁédq?é‘é@%fag{‘eﬁ e %}'laei.ﬂz ?T%%Rr@ﬂ ”“”'elé 'EP. ot
13,1
(0. 58Wgs°@:r °ﬁﬁ@‘bﬁ%ﬁ%§5“/%§%@6&&@@ ot 03 & i Bz*a\%%‘a'ﬁ@fré’aﬁff’oh”e
T
Tonpdle: el ftd fcetfrardl, ThERufle BRTRRETEE Hilitied BRRORImED, oo & onc

%225%? “rﬁrﬁé}aﬁ?gﬁﬁa oenVSeB%% %?2@%)?{2@@4%%?@2@% s ¢1§ a2, bﬁ% % LPEa‘fe““ i
F[ﬁgdlrjnc)ﬁlo osp on M%WBPQZ% ’1@ §%§3Pé(rg%cgﬁrg 04é ure és agl \r;gl e
Ze'z'z"z”ni 47 QAR 2l e, Ak Ao e s 42%% %ﬁe %%;7®?§a@&?ba3“> :
m 2H) %}&%ﬁ?ﬁﬂhﬁés& (B, 2688 0.85%m, 92 RV deDO1PS 16883, 21-1) . 0. 62

15 :

Example 6
cPrPMEDAP 6: A solution of 5 (11.00 g, 26.67 mmol) in anhydrous CHsCN (120

mlL) was treated with bromotrimethylsilane (21.1 mIL, 160.02 mmol ). The reaction

was protected from light by wrapping the flask with aluminum foil. The reaction
20  mixture was stirred at room temperature overnight. The volatiles were

evaporated under reduced pressure. The residue was dissolved in H20 (250 mL)

and pH was adjusted to 9 with ammonium hydroxide. The reaction mixture was

concentrated and a yellow solid was obtained. The solid was dissolved in H=0 (30

mL) and pH was adjusted to 2 with 10% HCI. Fine solid was collected and dried
25 under vacuum to give 6 (7.88 g, 90%) as a white solid.

Example 7
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25 (CDC13) b 21.94, 20.68. Exanple 16 78 Monophosphonami date 16: A mixture
of phosph®fdnophobphdnit (\da Hydochboride!:) A mixtureof acd b @061 15meel)
hydrochl oride (0.15 g, 0.60 mmol), phenol (0.14 g, 1.52 nmml)_ and

triethyl aand®MDB(G1 ml) indsudiolane (9.2 d.)pyas Beated ¢a .7©°fﬁ15[m@r§'1ﬁ%l9r@@ L&6 60C
for 5 mn. Afreshly prepared bright yellow solution of aldrithiol (0.47 g,
5 2.13 mmuily 2274 mmiobreay hgded shippwigeowsy agoeriod of inbe| Yhe feTpperafitreewes. 0 ni)
was added to the above reaction mxture. The reacti 08 V\SS stirred at 60C
over ni ght incressed éd 99% ppdMMSRTSy di%dal, 384 mBebenas added andestiss t was
partitioned between Et OAc and saturated NaHCOB. The organic,phase was
washed wi hhTherearsiondgnbearetas oRgiegae ropm teamperatigie P EFag atl g Teachan
reduced pressure. The 10 crude product K was .pur

ified, b onpt agr aphy on
| SCO ( 2- proyae Wasgdes drepvgise &0 MWedl-$HH H%%BWWQ}Q@%GHEEQ@}Q 73% 1:1
di astereoneric mxture)  as ale yellow fgam ., 1H NVR ( 3) h.7. (d, j
= 4.2 Hz, PYQguct wassprecipit 05\5) The at?eléw(aﬁ]ﬁq%rﬁé Uﬁ‘dfgﬁrrm%ﬁ&& witlygold o
3.90-3.84 (m 4 3,02 (broadq, s, i 1.59 2 1,29-1.26 (m 13H), .
0.88 (m Q%tsm?)a@? oy de)d,ru’ég%b"?%u%ﬁﬁ ,31V§1ti3{:—‘ Wr{i\llﬁ‘i%h?%ﬁyﬁ% agd,)’ 96, 20. 69.
Exanpl e 17 nopho m e 17: .A,m xture of phosphonic acid 6 (70 nyg,
0.21 mol yg@ﬁ&fﬁﬂ}%@&y@@%ﬁol&hw ester hydrochloride (72 ng, 0.42
mmol ), . phenol (0.10 20 g, 1.05 mmol) and triethylam ne (0.36 niL, 2.52 nmol)
in pdei ne (1.0 m.) was heated to 60C for 5 min. A freshly prepared bright

yel | ow 5°|Eé_"ti oa gf aldrithiol (0.33 g, 1.47 mml) and tri phenyl phosphi ne
(0.39 g, 1) in pyridine (1.0 nL) was added to the above reaction

. - ) i . |

{“ezrégi Y R S ???!E@?&O%%"@Qeg et o
i _ [Tt oned Hetvieen &

Nazson, f FitEel Saine BEhE STEfy BRGS0 S 0 BdhoyPaAge, At ed Wit

triethylamine (0.21 mL, 1.50 mmol) in pyridine (3 mL) was heated to 60°C for 5

15 min. A freshly prepared bright yellow solution of aldrithiol (0.39 g, 1.75 mmol)
and triphenylphosphine (0.46 g, 1.75 mmol) in pyridine (2 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCQO:. The organic phase was washed with brine, dried

. 20 with Naz:SO,, filtered, and evaporated under reduced pressure. The crude
product was purified by éolunm chromatography on silica gel (7%
MeOH/CH:Cl) to give the monophosphonamidate (97 mg, 39%, 1:1

diastereomeric mixture) as an off-white foam.

25 Example9 ‘
Monophosphonamidate 9: A mixture of monophosphonic acid 7 (0.88 g; 2.00

mmol), D-alanine methyl ester hydrochloride (0.84 g, 6.00 mmol), and
triethylamine (0.84 mL, 6.00 mmol) in pyridine (8 mL) was heated to 60°C for 5
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pressure. The crude. product was purified by columm chronat og;@ghy on silica
gel (7% Madr/ SHzestdy prepapeddrighs yeblowpslupbhorefrmldrithdol @&6ng, 7.@bomal) 1 79 w
AWJINOO OY . di astereoneric mxtureé as a pale eI | ow foam 1H NWR (CDC13) 6
7.61 (d, @dtriphenylphogpljine {1.868770 mimol)sm-mn igedd mlpkwas; adged i!;iﬁhe 4. 9:{)
broad, s, 2 4.22-4.12 4.01-3.81 3 roa s, 1

(1 71- 1. eoalzcm@@ﬂ;ﬁounﬂxﬁ{rm rﬂ\ﬂ)reawcsgweﬁ gtirredat 60688)4&@'1 t(qQQ leki | 0.63
(m 21-1); 3WNWR (CDCla) 6 22.15, O,ﬁ% 5 Exa le 18, l\/bngghosphonam date
18: A ni x¥9me tnPEFRSYEm eRd c?oﬁléﬁ?l&fr%teé }bro :‘.}ICDB’W*)"“C’“?_ B¥¢¥bbut yri c

- 15. 23
e X
Al dri thi SW?&%a%ca liare, ahsrypa %a&ipﬁgﬁ et %‘g‘e?@‘@&'rét €31 52 mmol)
in ridin add d to bove, reaction jure. The reaction
was gtl 3% %?W@M%Pﬁgf’b EIBBWP&%%'{&Z/ agcctchoq_ﬁentrat ed.
Th ro riiti.on et we : e organic
15ephgsed%?ﬁz@ﬁgghmota %&%@OHG’P%QGPE&??WN&ggﬁw& %ﬁg'r , and evapor at ed
under &uc ressur.e e cru .0 uct was purified by colum

hr omat o € rgﬁrlgrniu]xgge ay @g}eW@\dﬂ/ Eaite h) to give the
(r:mno sghonﬁg;n date (0.7 g,8 421((’;; Compound G 1:1 diastereoneric mxture) as
an off-white foam 1H NWR (CDCI3) 6 7.60 (d, j = 6.60 Hz, 1H), 7.27-7.04

(m 5H) éﬁ%igi%)ad, s, 1H), 4.94 (broad, s, 21-1), 20 4.22 (in, 2H),

4. 07- 3.91-3.84 (m 4H), 3.03 (broad, s, 1H),1.70-1.57 (m

3 35&%@%@%%88%%&%% bed of ordbhogphon iR IBRE 2% 6076 *"

(0-10 9. B WBlabine b1 284ch Ml tiGriRE (130 528 00 Biincif iy Ny ochl or de

(0.15 g,
triethylamine (0.84 mL, 6.00 mmol) in pyridine (8 mL) was heated to 60°C for 5

15 min. A freshly prepared bright yellow solution of aldrithiol (1.54 g, 7.00 mmol)
and triphenylphosphine (1.84 g, 7.00 mmol) in pyridine (8 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCQOs. The organic phdse was washed with brine, dried

20  with Na:SO, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (7%
MeOH/CH:CD) to give the monophosphonamidate (0.38 g, 36%, 1:1

diastereomeric mixture) as a light orange foam.

25  Example 11
Monophosphonamidate 11: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol),

L-alanine ethyl ester hydrochloride (94 mg, 0.60 mmol), phenol (0.14 g, 1.52

mmol) and triethylamine (0.51 mL, 3.60 mmol) in pyridine (1.0 mL) was heated to
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(0.14 g, é0°@2fo‘i115%in.aﬁqré§}ﬂgb?é‘ﬁé@ii'b@ig@@-y@ﬂloW—soIﬁﬁ@ﬂ ofaRdrithiél (pw7igi ne (1.0
m.) was heated to 60C for m™n. A freshly prepared bright yell ow sol ution
of al dri2.ng edmbh).«hd @i %nwszm@}ﬁn@aﬂs. 6 & D@ Mthel)af Pyritiné §1.66nL) was 13

mmol) in 80 pyrigi ne (IF.O n.) was added %o t he abgve reactigln m'g)tvtyrg. The

reaction added & therfifbvetrepEioronexttirgdhThe eqitiesn Was saedtae 60eC atefrdghgnd
concentrated. The product was partitioned between Et OAc and saturated

NaHCCOa. Téwled garoem t atees, angistvedemirbtedorTteepratiuce dvas partiNea&d,
filtered, and evaporated under 5 reduced pressure. The crude product was

puri fised bstwaendtaiAganad byturatei ITTHACE: Thepmgahid iliddedyad waghekwitte
nonophosphonam date (0.12 g, 64% 1:1 diastereoneric mxture) as a pale

yel | ow f obwiné, riidRwibISas5O 6 filtefitl, @rd evapofaté@ urnider réddged pre@sure. Gthg m 5H),
4.24-4.21 (m2H), 4.09-4.04 (m 2H), 4.00 (m 1H), 3.91- 3.83 (m 411), 3.01

(broad, scrutleproduztwas pairifind bl dglninPhiomatdgtiphpoBSilragel (7% 10 811),
0.62 (m 211); 31P NWR (CDCb) b 22.22, 20.92. Exanple 20
Monophos phetddi (0o give themonepbbsphasarhitate (Zeing, 88%119 g, 4.57 mol ),

L- phenyl al ani ne ethyl ester hydrochloride (2.10 g, 9.14 mol), phenol (2.15
g, 22.85 dinsteneernpriamaixtutedabgipatd yellqw feamni] ACInab) P 761 (dy? Fdie (8.0
m.) was heated to 60C for 5 mn. A freshlgl pr epar ed bri(i:jht el l ow sol ution
of al¥i tHizolH),7.2657 §8 (mg 594 Addm) 2Endt-1 (Iphgﬁil),lqoﬂ%ﬁph H} 392-885¢m,31. 99
mmol ) in %ridi ne (7.0 rraj was added to the above reaction m xture. The
reacti on ¥db 3443 (bread s 150.CL-36 6y P), E241(au HD, PS8rtm eiheP 48 (e 2HRNd
concentrated. The ISrOdUCt was 20 partitioned between Et QAc and saturated

NaHCOS. THe NYF&IeChha9é-Head0-68ashed with brine, dried with Nai SO4,

filtered, and evaporated under reduced. pressure. The crude product was
purified by colum chromatography on silica gel (5% MeOH CH2Ch) to give a
pale yellow solid 1.32 g containing about 10% inpurity. The yellow solid
(1.32 g. & ) was dissolved in iPrOH (10 nmL) . 25 and transferred to a

hot 1.5 O_Mo%%pﬁ%)spﬁgrlxa%%far%e % k“:%ﬂ?t&'rg of I%Lgsp(l%n%z adid 62 (1??0 g, 4.56 mmol),
L-alanine n-propyl ester hydrochloride (1.59 g, 9.49 mmol), phenol (2.25 g, 22.80
mmol) and triethylamine (10.50 mL, 54.72 mmol) in pyridine (8.0 mL) was heated
to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (6.54 g,
31.92 mmol) and triphenylphosphine (7.32 g, 31.92 mmol) in pyridine (8.0 mL)

20  was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated. The product was
partitioned between EtOAc and saturated NaHCQOs. The organic phase was
washed with brine, dried with NazSO4, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica

25 gel (7% MeOH/CHzCL) to give the monophosphonamidate (0.43 g, 18%,
Compound E, 1:1 diastereomeric mixture) as a pale yellow foam: 'TH NMR (CDCls)
5761 (d,J=5.1 Hz, 1H), 7.27-7.09 (m, 5H), 4.27-4.20 (m, 2H), 4.16-4.00 (mn, 3H),
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mmol ) and stirred at 80C for 30 min. The reaction m xture was gradual ly

cool ed t3.93GHR (nerdid); 3104 (broad st bH) flerairat 2 4130 (g 3ED 0 821(mv 35D, @59 The
resulting funarate salt was neutralized artition fromNaHCO3 (2 x) and
Er Ohc. | ThEnEAH D (e, T3S0 MRER (DRSS B 1ei0, BBicke. | Tho,  arl e i th. Kabod.
filtered, and concentrated. The product was dried under vacuumto give the
m)nophosphonam' date (0.70 g, 26% Conpound A, 1:1 diastereoneric.mxture)
as a white foam 1H NWR (CDCla) b 7.54 (d, j = 2.4 Hz, 1H), 7.27-6.98 (m
10H), 5 4Bzampla1diH)  4.16 (m 2H), 4.08 (m 2H), 3.84-3.61 (m 3H), 3.33

(m 15? elwwo@ngﬁoggmw 1%@}%69?%%8?&%?@@&%@ b 330 giynol), °7 (™M
w?gﬁsﬂsfsﬁa@:z%@é%@y TR A 25 bl Sy
h) was EAPRANHATEEIR “'fd#ﬁmm”éﬁéém@mm% BB el o on
o) 1 5@&# fAronty, 33 8 aly prpued b b PWeyoéﬁgg’i%?ég‘ffﬂé‘g?ﬂs@%garleﬂme
Concent r aaa meRD %ipe?e%%gg SiRnd [fas 2t 2 bvbln B RgATR L A el
PﬁﬁﬁedTQ‘gdgdg{/g‘r?arl’gi r}m\ﬁﬁﬁﬂgemwe@bﬁg“%@%ugg rly%éuc \Nas_
Phe. L{)ﬁﬁpﬁ%sléﬁaﬁg%oréﬁéﬁ'ﬁ%%%@%&ﬁh%@ EhSPlodu IMETLHIOILE) 12 D
z_e'g,g"zvmf °§%Wée§ BRSH SRERndigte RO Theorfantfppeivad yignbg gl 1) 000
(m o, 25l et Yiin KIS0 fReredlonl raphraifa Widef shayfed Préslrehe 0- 5

crude product was purified by column chromatography on silica gel (7%

15 MeOH/CH2ClL) to give the monophosphonamidate (87 mg, 55%, 1:1
diastereomeric mixture) as a yellow foam: 'H NMR (CDCls) 8 7.60 (d, ] =2.1 Hz,
1H), 7.26-7.09 (m, 5H), 4.98 (m, 1H), 4.23 (m, 2H), 4.06 (m, 1H), 3.91-3.83 (m, 4H),
3.04 (broad, s, 1H), 1.29-1.21 (m, 9H), 0.89 (m, 2H), 0.63 (m, 2H); *P NMR (CDCls)
0 21.85, 20.68.

20
Example 14 _
Monophosphonamidate 14: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol),
L-alanine n-butyl.ester hydrochloride (0.11 g, 0.60 mmol), phenol (0.14 g, 1.52
mmol) and triethylamine (0.51 mL, 3.60 mmol) in pyridine (1.0 mL) was heated to
25 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (0.47 g,
2.13 mmol) and triphenylphosphine (0.56 g, 2.13 mmol) in pyridine (1.0 mL) was
added to the above reaction mixture. The reaction was stirred at 60°C overnight,

cooled to room temperature, and concentrated. The product was partitioned
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Exanpl e 22 Monophosphonam date 22: A m xture of phosphonic acid 6 (70 nyg,

0. 21 mol petwedenFit€yt ahdnatueaiesldNalyIO= skrer ortgpdiayeidserwaewadhdad wgth 0. 42

mmol ), phenol 150. 10 g, 82 1.05 nmmol) and triethylamne (0.36 nL12.52 nmol)
in pyri di leng ididedinithiNe:SOe filtered, andowaporated vinder sedueschpyesgurspatlead bri ght
yel l ow solution of aldrithiol (0.33 g, 1.47 mol) and tri phenoyl phosphi ne
(0.39 g, arugie predurt was pyrifiediey calugnn ghomatogsaphsdon silicaggel 66fe react i on

m xture. The reaction was stirred at 60C overnight, cooled to room

t enper at uMeOHEAdHchktorgiva themonephesphoramidate (Fhmg o0%ndd bet wveen Et OAC

and saturated NaHCQ3. The organi ¢ phase was _washed with brine, dried with
Na2SOP  f fiastaraemeris gnixiksd Aot adleHellow feume &4 NW%@B&@) gﬂ@ @ lgd-# oduct

3‘?‘36"’?%‘;%ﬁﬁ?gﬁ%ﬁ%@éﬁﬁ%@?@%&%ﬁik@?@%ﬁe & DEBIE T e as
o), 64.y?1@1§¥¥,08§@§? 3ED, B o4 apy 118, 85 fhroadis 15, 3584y D 3459 s, 30 (m
o s i aiey 85 8B (rrr by G . b TODRTE (GG 821081068 S e a6 53

Bi sphosphonam date 23: A m xture of phosphoric acid 6 (0.10 g, 0.30 mmol),
L- alanine ethyl ester hydrochloride (0.28 g, 1.80 nmol), and triethylam ne
(O.Sh(gt, 3.6 {g’ﬂ)l) in pyridine (1.0 nL) was heated to 60C for 5 mn. A
fres bright yellow solution of aldrithiol (0.47 g, 2.10 nmol)

o the abSrRERRBRORERida A M e PR hate 8 ¢ L0T0b woeRavelly ohi -
between VARG RaphPHeE by AR ERRE T T, Bl SR bBCHEL R R, 1"
AR L L GO R R T
(10% Me Ot ff)5 thih, 9AEedhl prepared bright yellow solution of aldrithiol (0.47 g,
15  2.13 mmol) and triphenylphosphine (0.56 g, 2.13 mmol) in pyridine (1.0 mL) was
added to the above reaction mixture. The reaction was stirred at 60°C overnight,
cooled to room temperature, and concentrated. The product was partitioned
between EtOAc and saturated NaHCOs. The organic phase was washed with
brine, dried with Na:SO, filtered, and evaporated under reduced pressure. The
20 crude product was purified by chromatography on ISCO (2-propanol/CH2Cl) to
give the monophosphonamidate (0.10 g, 59%, 1:1 diastereomeric mixture) as a
pale yellow foam: 'H NMR (CDCls) 4 7.59 (d, ] = 4.20 Hz, 1H), 7.26-7.08 (m, 5H),
4.22 (m, 2H), 4.11 (m, 1H), 4.06 (m, 2H), 3.91-3.84 (m, 4H), 3.01 (broad, s, 1H), 1.59
(m, 2H), 1.31-1.27 (m, 9H); 0.89 (m, 3H), 0.86 (m, 2H), 0.62 (m, 2H); ¥P NMR
25 (CDCl) 6 21.94, 20.68.

Example 16
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bi sphosphonam date ( , 50% ) as pale yellow foam |IH NVMR (CDCLS) b

7.63 Mprpphgspeo e lg: Alm;the gispbmmuc gcidA§0. 1d(hg 2fh301m0221 (6H)
72 3.01 1
o) (1”‘2 ERAE 3¢+)81600@a81%é( mﬂrpymor@(ee?b 1519 Oéq)mnpﬁf%r orol Gt b Edo &5

EXSEDLT‘?D%?m?qP RN R AR B R Q%S%tév?‘a%gwegae by,
50¢ ?L'reééﬁéb?fé‘r%m&bs%‘%pes eferaaed bt velef s&}ﬁé@ﬁeﬁ%@ﬁtﬁ%&ﬁﬁ?éﬁf‘éfd e
E)sr rgl n %%3 g@@&ﬁ%?ﬁé‘%@%%ﬁ %%gﬁéﬁpﬁff’idﬂﬂ? 2 "Itvg%lct i on
The pr L&[ﬁfdﬁ%‘a@f‘%ﬁ CEP She e ’Eﬁﬁ\ R SRR
Cindor T echRoten f ekl ?sr%'fﬂaéma% e coptbita R at e piddd S pRfiaikd e o
%gﬁ%g%&%ﬂ%@%ﬁ%sﬁ Zt%t%/%%%dgﬁﬁ?{ %j%?&)é’ﬁ%%l sng%%\‘?%i W(i%r;x 41 §4N?/§]
G ittt G g et
1 ) l?mé?%ﬂ R S T AL DR G Ty
ECS?E’E‘E’F' I pplphpfogfmida 018z, Fyok L BURACRIRESOHDERER IS 56 1)
bri Gnt  yerTon Lol uerat B AR REDCIIRTS) B 1o 43 Bin TP Ta IR
ELLphenylmpaabzm 4.80 88, 9r1),1%20B0n,PM), 3.9073.BY (irndurs, 3.82 brdhY, yas@dsged to
(m, 2H), 1.29-1.26 (m, 13H), 0.88 (m, 3H), 0.85 (m, 2H), 0.60 (m, 2H); P NMR
15 (CDCL) d 21.96, 20.69.

Example 17
Monophosphonamidéte 17: A mixture of phosphonic acid 6 (70 mg, 0.21 mmol),

L-2-aminobutyric acid ethyl ester hydrochloride (72 mg, 0.42 mmol), phenol (0.10

20 g, 1.05 mmol) and triethylamine (0.36 mL, 2.52 mmol) in pyridine (1.0 mL) was
heated to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.33 g, 1.47 mmol) and triphenylphosphiné (0.39 g, 1.47 mmol) in pyridine (1.0
ml) was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated. The product was

25  partitioned between EtOAc and saturated NaHCQs. The organic phase was
washed with brine, dried with Na:SQs, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica

gel (7% MeOH/CH:CL) to give the monophosphonamidate (66 mg, 60%, 1:1
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above reaction mxture. The reaction was stirred at 60C overni ght, cooled to
room t enpéhsterdcinerathivnmepas a pabyellive fgaroiit N MBS(GBACE) 8 7hled, hefileen 84
Et dAc and saturated NaHCO3. The organi ¢ phase was washed with brine, dried
Wi th Na2S94, 1H), 1126208 (an SEDvapd(baced, & v488dbtceaﬂi pr%&lﬂr%’z—ﬁﬂémzr ude

product was purified by colum chronmat og hy on silica 10%

MeOH/ CH2 GAET), 4:03-3B1 émy, BED) 3. e@)ﬂwpdomlﬁ)déﬁg 160 63, %H) g2 ( bO ®) as a 5

pal e yell ow foam 1H NVR (CDC13) b 7.65 111 )oé 2H) , 424(m .
2H) , 3. 972HJ, 1842046 (13, 8F) 963 fuel) 2&“7111\?1\&3 (yre 3)36 é%lé @a% s, 1.34
(m 6? 1.23 (m 121-1), 0.86 (m 2H), 0.62 (m 2H); IT NIVR(CDC13) b
20. 59.0 Exanpl e 26 10 Bi sphosphonam date 26: A m xture of phosphonic acid 6
(0.10 g, 0.30 mmol), L- alanine n-butyl ester hydrochloride (0.33 g, 1.82
nmmol ), anBxampla3d/| anine (0.51 nlL, 3.60 nmmwl) in pyridine (1.0 nL) was

o dr ¢ hi SM%pﬂn%?@hor?wﬁm’?ﬁéé)e Aoy PRRBASRISINICA t'dﬁ 85288 80 o
Feact] on W BRI CEDE PR D o gaee B 1o 'é?dbt Sy atiseel® ang
R i

Pﬁcral Ll%ghwsg‘o’ 9%(?&8{'5 Hgff)eﬁﬁg' Fecg&“’gisnﬁg@e%&%?&ﬁ@g ) ('a:))dg;;/eb
(7.mt332(H)s, %@%:ﬁ’z?zg%t S 2%3—% “ﬁ%"@sﬂaﬁ:jﬁ)“ @‘%ﬁ‘ﬁé %ﬁ%@a”inﬁ} 6,H)3 72
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triethyl aging. Q/va5.sjpart1t10ned between EtOAc and saturated NaHCOs. The organic

15  phase was washed with brine, dried with NazSOs, filtered, and evaporated under
reduced pressure. The crude product was purified by column chromatography
on silica gel (5% MeOH/CH:CL) to give the monophosphonamidate (0.7 g, 42%,
Compound G, 1:1 diastereomeric mixture) as an off-white foam: ZH NMR (CDCls)
8760 (d, ] =6.60 Hz, 1H), 7.27-7.04 (m, 5H), 5.89 (broad, s, 1H), 4.94 (broad, s, 2H),

20 422 (m, 2H), 4.07-3.99 (m, 3H), 3.91-3.84 (m, 4H), 3.03 (broad, s, 1H), 1.70-1.57 (m,
4H), 1.35 (m, 2H), 0.92-0.75 (m, 8H), 0.63 (m, 2H); 3P NMR (CDCls) 5 22.21, 20.95.

Example 19
Monophosphonamidate 19: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol),

25  L-2-aminobutyric acid #-octanyl ester hydrochloride (0.15 g, 0.60 mmol), phenol
(0.14 g, 1.52 mmol) and triethylamine (0.51 mL, 3.60 mumol) in pyridine (1.0 mL)
was heated to 60°C for 5 min. A freshly prepared bright yellow solution of
aldrithiol (0.47 g, 2.13 mmol) and triphenylphosphine (0.56 g, 2.13 mmol) in
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n, 3.60 ;ﬂ}?ﬂﬂﬁle i!I‘ ALY WhE8dEdd %o Phe a¥eFe RBRESH mliRnARC TR relctidwad freshly
85 WU ZrJiJ sy -- prepared bright yellow solution of aldrithiol (0.47

g, 2.10 nERled ABCloveRliRAY,) ROREDR ffonk GrAfefitus, AAdTSRIntratcAY THé ne (1.0

nm.) was added to-the abGve reaction m xture. The reaction was stirred at

60C over proliict wadpagitiched BatceArBIOI A atid sataifsted MNEHITOATR orfagidr oduct
was partitioned between 5 Et OAc and saturated NaHCOa. The organi c phase: was

washed wighasémwasevashedestithirirte, NeR8MithNA50u flteredlary apapetated under
reduced pressure. The crude product. was purified by chromatography on | SCO
(2- pr5panediuédd pidspute0 Wieverudelpeoliusipwas hmﬁmdlbjzaﬂ&ohﬁhtdagragp WOYISEO a pal e
yellow foam 1H NMR (CDCI3) 6 7.62 (s, 1H), 4.23 (m 2H), 4.09 (m 4H,
4.01 (m (24gropandGCHeCI2 ) givd: the rhono spl'itﬁtaﬁuﬁﬁte((lﬂr](%gj 648, 1H), 1.61 (m
4H), 1.36-1.29 (m 18H), 0.88 (in, 6 0.84 (m 2H), 0.60 (m 2H); 31P NWR
(CDGCi s) Ghmelﬁ:bmdﬁcamrpttaréb&sﬁl pqihqsﬂbonﬂxmdéHd\]m (@Dﬁb@tiu? 62 (d, I;m@é@hom c
acid 6 (0.10 & 0.30 mmol), L- 15 al anine n-octanyl ester hydrochl oride (0.43
g, 1.80 HmllH), Z25-208 @nHilhHi24es. 20 (502H)14,0934.66 (mpBH), 4.00 fyy 1H),H9%-1. 0 nl)
was heated to 60C for 5 min. Afreshly prepared bright yellow solution of
al dri t hi @L83((m,4ﬁ-1)93 02 .(beoadns) JERA70-1 58 fine did) ph 33 i, meH),0.850§6 (1,10 mmol )

I n pyridine é 2gx)was added to the above reaction m xture. The reaction
was 30 r i8ED, 862€0C2E) A NMR ([F6lpd 2282220.920m t enper at ure, and
concentrated. The product was partitioned between EtQOAc and saturated
NaHCO3. The organi c phase was washed with brine, dried wth Na2SO4,
filtered, and evaporated under reduced pressure. The crude product was

pumﬂedhﬁ%ﬁﬁ&ﬁ‘atography on IS CO (2-propanol/ClC h) to gl ve t he

bi sphosphonam da 0.13 6199 as a pal.e yell ow foam (CDC13) 6 ‘25
7I 2? (ip Megopho ; Qﬂ;?e 203, fb/omh@@ q%rﬁhO@)éhon@ agnd 8. (1745 & .4;574;4;1101)2 1923
(broad, s 1.27 (m

(m 2H), p@)leé%/i alaging ﬁjhyr{]estelibhyd}odﬂonde (gli% g, 9.14 mmol), pheno?(Z 15 g,rg.z 85
15 mmol) and triethylamine (7 .64;mL, 54.84 mmol) in pyridine (8.0 mL) was heated
to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (7.05 g,
31.99 mmol) and triphenylphosphine (8.39 g, 31.99 mmol) in pyridine (7.0 mL)
was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated; The product was
20  partitioned between EtOAc and saturated NaHCOs. The organic phase was
. washed with brine, dried with NazSO4,' filtered, and evaporated under reduced.
pressure. The crude product was purified by column dﬁomatography on silica
gel (5% MeOH/CH:CL) to give a pale yellow solid 1.32 g containing about 10%
- impurity. The yellow solid (.32 g, 2.28 mmol) was dissolved in iPrOH (10 mlL) .
25  and transferred to a hot iPrOH (30 mL) sqluﬁon of fumaric acid (0.27 g, 2.28
mmol) and stirred at 80°C for 30 min. The reaction mixture was gradually cooled
to room temperature and the fumarate éalt was collected at 0°C. The resulting
fumarate salt was neutralized by partition from NaHCOs (2 x) and EtOAc. The
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3117 NWR (CDCh) 6 20.63. 86 Exanple 29 Bisphosphonam date _29: A nm xture of
phosphor i ergagi¢ipaseovaswashed withhgpg, HO; Hﬁ;ﬁ’ﬁgb S{a@%& fﬁ?ﬁrﬂd@{a/ ester

hydrochl oride (2.15 g, 12.80 mmol ), and_ triethylam.nne (3.57 nL, 25.56 nmol)
in pyri diﬁ@ceegr@t%)lgmﬁrwgéﬁtm%ﬂ%%eﬂfiﬂVBC‘BHHitﬁ.le\theeshly pr epar ed

11 pheny | PYOSBRORE e itagS (G40 oot 5inpruiih Aol d citeromeicmbxhd 1 o
Lhe above g Sotl o M R R SR LRy YA LT ot 20 prerpia
betveey  FL 900, A B8 I R e T A B
D AR, 2y 7 G s TR 28R Ao = L) o

D | | H.NMR (CDCb) S 7.64 (s, 1H), 4.24 (m 2H), 4.16
(%aZma, @@33)@.2@%(%%2?11), 3. 72((d, j) = 9.0 Hg 2H)H? 3.01 (E)road,H)s, 1H),

1.78-1.64 (m 4H), 1.26 (m 15 6H), 0.91 (m 6H), 0.87 (m 2H), 0.61 (m
2H); 31 NWR (CDCIs) 6 21.23. Exanple 30 Bi sphosphonam date 30: A m xture of

phosphor i i (0.70 g, 21.32 mmol),. L- 2-am nobutyric acid n-butyl
ester hyd'?%‘%ﬁ'br%ﬂilde (2.50 g, 12.80 mmol ), and 20 triethylamne (3.57 ni,

2 S TOMerh Y R dFe 1T RSl 8056106 (0 Dot st

pr epar ed ow solutton o

tri pheny'ﬂ{};ﬁ%@??ﬁ&&é-r%ugd e%ﬁeé?&d%ahbﬁhe (O41 14028 hhdl), PrendP®. fifligled to

t he above on m xture. eaction was stirred at 60C overni ghit,

cool ed t 01 oF QRMOl)RIRE Rmideq0 86 HSE M. 52hRHol) TR yRIGAR ¢1.0 WIS) Wwasti tioned
bet ween Z%OBEt OAc “and gg%tﬁ at ed@(lglaH(Q:O& The orga)mi ?yghasegwag@?/\)/ashed W th

The of ude REouict e a1 el bey d b e Enal o o = 10%

(0.33 g, 1.47 mmol) and triphenylphosphine (0.39 g, 1.47 mmol) in pyridine (1.0

15 mL)was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated. The product was
partitioned between EtOAc and saturated NaHCOs. The organic phase was
washed with brine, dried with Na:SO;, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica

20 gel (7% MeOH/CH:CL) to give the monophosphonamidate (30 mg, 23%, 1:1
diastereomeric mixture) as a pale yellow foam: *H NMR (CDCls) 4 7.55 (d, ] = 2.7
Hz, 1H), 7.25-6.98 (m, 10H), 4.36 (m, 1H), 4.17 (m, 2H), 4.02 (m, 2H), 3.83-3.35 (m,
4H), 3.02 (broad, s, 1H), 2.94-2.86 (m, 2H), 1.52 (m, 2H), 1.29 (m, 2H5, 0.90 (m, 3H),
0.88 (m, 2H), 0.62 (m, 2H); *P NMR (CDCls) 6 21.85, 21.05.

25

Example 22
Monophosphonamidate 22: A mixture of phosphonic acid 6 (70 mg, 0.21 mmol),

L-phenylalanine isobutyl ester hydrochloride (0.11 g, 0.42 inmol), phenol (0.10 g,
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OH CHC C 87
w Ly vl 3PSl i RO BRIBP RSO AT SO T et Bt %@i*p@wgs ] ZS Hg 24
(2|r_n|) 2I?:|) OBﬂeaét%% S%TBO“;@‘%r l?n%:’r 7A(9fﬂ_;lslg rfm%a t(rf@hlt%%%l%)wms&zlﬁ%n & ahﬂnﬁu@} 4.

0.94 mh 13) 6
21. 25( m5 g?&n%lqe 31 glsgﬁ%s%%ona datéh%}f (g,g@r?ﬁ g%%@ﬁbgﬁ gplﬁgﬁ g@;gl d)6

(0.10 g, A nga{HHH&edtbt%e BB eRANON wiatkd ThesdEwh wad siirrby At a0ttt or i de
(0.33 g, , and triethylamne (0.51 nL, 3.60 mol) in pyridine

1.0 mﬂg&&t @Sbléd) thaempetuiie, Andrednicetthiedd 'BRap st vetit  yel | ow
gol ut :H(;z] of aldrithiol t(?g&zﬂ gnébz 10 nmol ) zgnd tri pheny?phosphi ne (0.56 g,

2. 10 mol partitioppdibétweed E+O Adand\estufided WN4FaCOe Theleganicgitist &hsm Xt ur e.
The reaction was stirred at 60C overni ght, coéoled to roomtenperature, and

concent r aivashedwethits:dnk) ciristbsvifelNai SO0 fiRdrdele and evapbiAded 1antér seducert ed
NaHCOs. The organi ¢ phase was washed with brine, dr| ed 15 with Na2SO4,

filtered, prssurey dpera@udd prodact waspaeitiedtgssolumn diventatogeaptpr ol sidica was
purified by chromatography on | SCO (2-propanol /CH2Cl2) to give the

bi sphos phgeldecdde©HAHRX 1s), o098 tlesmanpphesphedriaamidade (65 inlg, BB, {:CDCI S) 6
7.64 (s, 1H), 4.24 (m 2H), 4.13-4.05 (m 4H), 3.91 (m 2H), 3.87-3.72 (m
4H) , B Oldiatteremmderis miktre) ds ﬁ@ale y}sﬂlc(wnfoathl)lH INMR-(CDXQLs) &n7.584H) ] =0.601 (m
6H), 0.89 (m 61f), 20 0.86 (m 2H), 0.62 (m 2H; 31P NMR (CDC13) b 21.20.

Exanpl e SHZBLH)JWQ%pﬁB&ém aath, 820 (m, hlii[)ot‘i.llk(m,fZIﬂhds&?nbm ZHp A 15—362(()11160 g,
1.82 mmol ), L- phenyl al anine ethyl ester hydrochloride (2.51 g, 10.96 mml),
and tri etﬁylb Sdor(en, 113), B40broad, s21HBAL. 961’6187 (Im 21y 1.88 iz, (B1)00. EQXmNaH),heat ed
to 60C for 5 mn. A freshl pre ared bri el | ow sol ution of aldrithiol
(2.82 g, 4.86(m, 6xip0.6%¢m, 2H); 3P NMR (CDCls 62 .82, 21.03.

15 Example 23
Bisphosphonamidate 23: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol), L-

alanine ethyl ester hydrochloride (0.28 g, 1.80 mmol), and triethylamine (0.51 mL,
3.60 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly prepared
-bright yellow solution of aldrithiol (0.47 g, 2.10 mmol) and triphenylphosphine
20 (0.56 g, 2.10 mmol) in pyridine (1.0 mL) was added to the above reaction mixture.
The reaction was stirred at 60°C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCOs. The organic phase was washed with brine, dried with NazSO, filtered,
and evaporated under reduced pressure. The crude product was purified by
25  column chromatography on silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (80 mg, 50%,) as a pale yellow foam: '"H NMR (CDCls) § 7.63
(s, 1H), 5.88 (broad, s, 1H), 4.96 (broad, s, 2H), 4.24-4.16 (m, 6H), 4.00 (m, 2H), 3.86
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tri phenyl phosphine (3.36 g, 12.74 mol) in pyridine (3.0 was added to
the aboVe, 28 8i7ar{m2ki)uB.61 (B'madv edld), aBbvias &), ierédnatﬂ—B)o@Bé\(m, aEhht |
cooled to 88 WJ NV, NOOL5Y rt. V acvvyi 11,41.1 roomtenperature, and
concentre&@ti(mﬂié)fﬁ’ﬂ’oNMR(GﬁKHpaﬁZOw oned between EtQAc and saturat ed
NaHCOa. The organi c phase was washed with brine, dried wth Na2SO4,
filtered, and evaporated under reduced pressure. The crude product was
purified by chronmatography on | SCO (2-propanol /CH2C12) to give 5 the

bi sphosptixamplede (0.53 g, 43% as a pale yellow foam 'H NVR (CDC13) 6

;111? g4 ﬁlgé%@spmi%pzdgfe&(ﬂ%ﬂm%g@pbom qaidl 6119& g §4Q]54%1)2n§}301?m( 511),
LT T b b ke 6
0.21 mmol ), L- pheny] al ani ne n- butyI ester hydrochloride (0.33 g 26
mol ), a8l 36.55 RYNahiin@yridine &.8mLywes haatei)toi6l e for amp@. (A feshy) was
Al ar ¢ i @reparsbbighiT Ao selp s A8 ERp b Bt HReD dod 8'9”5', "1 47 mol)
s L4 | ¢ PR BB o5 200 ol PO UL 0745 Adsee! €oMecnt T at o0
phas QUhahigeeatin RosFhe: étre“%ﬁl%mﬁﬁsmg%eﬁ# E?éﬁﬂaﬁagﬁﬁgégﬁr aea
B I Nk U
7 55 Cor ERFAE 536 Satutap Sar 1L e SRy %f'f?&vlvs Waoﬁé&m@ biRe ad 3. 65
Elrlnl) 2 3‘§1t¥3‘%’§2§@) fgl?%eééa%%?’%g‘%a Edunge ’%’Fﬁdsuflié 205 %‘? - 3115 MR
(A 3) 6prod!151cg Wwas purlfled by column chromatography on silica gel (10%
15 MeOH/CH:CL) to give the bisphosphonamidate (1.13 g, 71%, Compound F) as a
' pale yellow foam: 'TH NMR (CDCls) 6 7.65 (s, 1H), 5.92 (broad, s, 1H), 5.03 (broad,
s, 2H), 4.24 (m, 2H), 4.10-4.02 (m, 6H), 3.87 (m, 2H), 3.73 (m, 2H), 3.03 (broad, s,
1H), 1.65 (m, 4H), 1.37 (m, 6H), 0.93 (m, 6H), 0.88 (m, 2H), 0.63 (m, 2H); 3P NMR
(CDCls)  20.61.
20
Example 25
Bisphosphonamidate 25: A mixture of phosphonic acid 6 (0.60 g, <1.8‘3 mmol), L-
alanine isopropyl ester hydrochloride (1.84 g, 10.98 mmol), and triethylamine
(3.06 mL, 21.96 mmol) in pyridine (3.0 mL) was heated to 60°C for 5 min. A
- 25  freshly prepared bright yellow solution of aldrithiol (2.82 g, 12.80 mmol) and
triphenylphosphine (3.36 g, 12.80 mmol) in pyridine (3.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to

room temperature, and concentrated. The product was partitioned between

84



i xtur o 'SP A e Ralrata RGERIOL he Megtd bRt o SR BRI PEAR 8 s 1
ot 1 s it s e par e BRI e P) T epared
H: gmanﬁ%@&ﬁ%ﬁﬁ{gﬁgﬁ%%%%%wéﬁﬁﬁ%& Péisggca?g??or?ﬁ)ndwgs added to the
oo t e P P e e

Et QAg arzxss%g %gbﬁtf%@n{\.lam@ﬁm ey ms:(spmﬁﬁ,es.w&n\ﬁ@ﬂly,&ﬁmmhzlg?{im dri ed

w th Na I ltered, and evaporated under 'reduced pressure. e crude 10

product waSTRLBigi (8l 2pY), 3 YH) 281) DOR(DBadPEYIIF)) 154 (ng BHAST.2BYRY612H),
Mc OH/ CI-lZ(%?Z)I-p)?O gi(ve %ﬁe bi ls(phogir}honarri datg (7.8r|rrg, (SG%PQES aj(pal e}?el | ow

foam | H 8évin( B D.6D(nd; 2H),65 NMR (CDAH-02@%9.(m 10H), 4.26 (m 1H), 4.11
(m 2H), 4.0'(1 (m 1|—6, 3.%5 (m 4|(—|), 3966 (m 2H), 3.35-3.25 (m 2H),
3.07-2.85 (m 311), . 2.97-2.79 (m 2H), 1.89 (m 2H), 0.90 (m 12H), 0.89
(m 2H), 0.62 (m 211); 31P NMR 15 (CDCla) 5 20.31. Exanple 35 Bi sPOC of
cPr PVEDABa3hple/26m Xt ure of phosphonic acid 6 (0.20 g, 0.61 mol) and
triethylamne (0,42 nL, 3.01 nmol) in 1-nethyl-2-pyrrolidinone (2.0 nL) was

20 heat eBisphogpHorfanidate P6:nA hitEte ¢fOpHdsphonzc £adBn0l10 gr@s3taddesl), [Fhe
reaction mxture was stirred at 60C for h, .cooled to roomtenperature, and

concent radarithe nFbatylrestd ¢ty deachlpridei(0.88 geil.SRehwed)) ahtl Gletlaridmied (.51 ed
NaHCO3. The organi ¢ phase was washed with brine, dried with Na2SO4,
filterednLl, 3,60 rerapoinghyaddimede0 mejluwas hepteestous08C fohé miruda fpeshipct was
purified by 25 chromatography on | SCO (2-propanol /CHzCl12) to give the bi sPCC
of cPr PNE©@ARred bright yellow solution of aldrithiol (0.47 g, 2.10 mmol) and
triphenylphosphine (0.56 g, 2.10 mmol) in pyridine (1.0 mL) was added to the
15  above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na:50y, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
20 MeOH/CH:CL) to give the bisphosphonamidate (97 mg, 55%) as a pale yellow
foam: "H NMR (CDCls) 6 7.63 (s, 1H), 4.24 (m, 2H), 4.09 (m, 4H), 4.01 (m, 2H), 3.86
(m, 2H), 3.72 (m, 2H), 3.01 (broad, s, 1H), 1.61 (m, 4H), 1.37 (m, 10H), 0.93 (m, 6H),

0.88 (m, 2H), 0.61 (m, 2H); *P NMR (CDCL) & 20.59.

25  Example 27
Bisphosphonamidate 27: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol), L-

alanine n-hexyl ester hydrochloride (0.38 g, 1.80 mmol), and triethylamine (0.51
mL, 3.60 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly

85



WU 2U05/0001067 A s BT RSN RE T RS

(0.13 g, 39% as a solid: THNW (CDCla) b 7.58 (s, 11), 5.66 (m 41), 4.92
(m 2H), prépared BRigRiH)ellcv 86hdiddBof airididp] (84708, .10 pedol)sand H), 1.81 (m
12H), 0.86 (m 2H), 0.62 (m 21-f); 31P NWR (CDCla) b 20.93. 90 WU
LuuUMUCO Si‘ipihenylph&El'\anr (0.56 &,.2.10 mitnalin pyridéng @.Bmb)evas addedsthtee 10.
Exanpl e 36 Bi sphosphonam date 37: A m xture of phosphoric acid 36 (0.32 g,
1. 00 ol ghovkresctadramixterbulhe reatton wysistirad at FAXC penrtght, ceolkd tanol ), and
triethylamne (0.27 g, 2.60 mmol) in pyridine (5.0 nL) was heated to 60C
for 5 ni rneoofn ferepédayure; epdedcerdratgtit Thelprodustovas partidened befweaenol (0. 77 g,
3.50 mmol ) and triphenyl phosphine (0.92 g, 3.50 mml% in ,ﬁgri.di ne (2.0 nm)
was addedEtQA¢ ted apmratadNeFIGDs. iThe onganic piwserias wiaghe brineedried 60C
overnight, cooled to roomtenperature, and 10 concentrated. The product was
partiti omeithd¥ahea, filkered: and ¢veporated undeneaduced presswegdhecTpfidse was

washed with brine, dried with Na2SO4, fil teréga& and evrm@;d upder
reduced ppreskigt was raifiad g chrematagraphky padd ~PRPPaBEl t® Fgr aphy

on silica gel (10% MeOH CH2Cl 2) to give th bi sphosph ' 3 0,

75% as athediizphesphenamddate (@513$<e§5%1)@837p M@%Wéﬁﬁ%?ﬁ%@@& %m xture
of diacid 36 (1.30 4.10 mml ) and DME | (0, | n folane 5 nmL) was
heat ed t 07626, 11 ‘bg%l@h%}h 4689 (v, §4)4.01 @?‘3@!{)’% é‘n«/\g&'m&‘é}i}bw se over
a period of 1 h. The_tenperature was .incyeas to 9 TN h .75 g,
4. 51 Yhol 3-99\@03%%&}%8-6&(1444@'@/ﬂéﬁ‘llf%{mfﬁ%/ 5%§&m'm%d%%sﬂ%§o| ed .
to roomtenperature overni ght. The reaction mxture was added dropw se to
wel | -sti r@f’éd’%H)Pélg-Méfﬁﬁ?ép 8&2‘{-%0 m.). The product was precipitated out.
The solid was filtered and dissolved in MeCH (40 nl) and pH was adjusted to
3 wth 45% KOH. Solid was collected by filtration.

Example 28
Bisphosphonamidate 28: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol), L~

15 alanine n-octanyl ester hydrochloride (0.43 g, 1.80 mmol), and triethylamine (0.51
mlL, 3.60 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly
prepared bright yellow solution éf aldrithiol (0.47 g, 2.10 mimol) and
triphenylphosphine (0.56 g, 2.10 mmol) in pyridine (1.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to

20  room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Naz250, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on IS'CO (2-propanol/CH:CL) to give
the bisphosphonamidate (0.13 g, 61%) as a pale yellow foam: 'H NMR (CDClL) 6

25  7.61 (s, 1H), 4.21 (m, 2H), 4.07-4.00 (m, 6H), 3.84-3.70 (m, 4H), 2.98 (broad, s, 1H),
1.60 (m, 4H), 1.34 (m, 6H), 1.27 (m, 20H), 0.87 (m, 6H), 0.83 (m, 2H), 0.58 (m, 2H);
3P NMR (CDCl) 6 20.63.
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25 The pn s further purified by dissolving in MeOH, adjusting pHto 6
wth 45‘%@6—\:% crystallizing fromice-cold acetone to give the

mnophosgj}f@x&gh%ﬁbﬂl @Qt Ziéug«} rﬂ:l%?@reaocf ﬁ}{bsghamwaaes(@ bo%oz% mmMIP1-2-

LVU~/ U66 r>v' ['e 38 Monopltosphonam date 39: A

m xture b rb@lﬂ%@d@ 2% 12/80%hingl}, a@ldani ne i sopropyl
ester hy%}%chl ori deﬁ?g@ﬁyl;& %%ﬁa ! and %)l et hyl angjr;e (0.10 g, 1.00

Mol ) i N gagy \kfiw@qé &.57 ML) 2588 rﬁﬁ@ﬂ)eﬁl %&1&9@ (8. (larmﬁ) ﬁfa@li)%ate%l fo &pll forr epar ed

bri ght yellow sol ution of aldrithiol

tri phgnylrRhQsAFdxa1 }(Preﬂﬁrgdb%l gh® m)solhﬁhaybfmdmdcﬁ (8.297g) 108% nadidpd to the

above reaction m xt'u The reac |on was stirred at 60C overnight, cooled to

room t enpedaripteny gﬂﬁbsgg.n&g@(ﬁsuagem 91Tﬁ@n<§1?]qdpyhdmes(mmmtww@&u&md\een

Et OAc and saturate The  organi ¢ phase” was washed with brine, dried

10 wi th MagabYve tedctiohedixtardd FhvaRcabe SvasHigred &0B0°orasgiuy €olddeo cr ude
product was purified by columm chromatography on silica gel (7%

MeOH/ Of h@b3in tepnppiéra furie)iendronieenerben Ahe gabddu Oy adpartitiotted Hetdveen
di astereonmeric mxture) as a pale yellow foam 15 Exanple 39 refers to

Scheme 1EtOA@amd satdifatBd a0 MTaw cighricdihasd wasivasieedvitihoipgahriiel aci d 40
(0.36 g, 1.00 mml), L- alanine n-butyl ester hydrochloride (0.47 g, 2.60

nol 10 aneithiN250y,|fitdreé, 4l @vagpratéd tfdemeduced ppessude.n®hé Griderl) was
heated to 60C for 5 min. A freshly prepared 20 bright yellow sol ution of

al dri t hi grofdQctwag pusified byneoljran duangtbgraphphas pilicagel (10992 g, 3. 50 nmol )
in pyridine (2.0 m.) was added to the above reaction m xture. The reaction

was st i r MdOH/BDClyve givetie, bispldsphonamidete (D&t 68%a Campodnd EYresent r-at ed.
The product was partitioned between Et OAc and saturated NaHCO3. The organic
phase vvasp&l@ydé@lwvfpm BANMR (CDEB) 7t (SaDiSDa. 24 (tht Zpdk.16 (m, 41H), 3.89-

3.87 (m, 4H), 3.72 (d, ] = 9.0 Hz, 2H), 3.01 (broad, s, 1H), 1.78-1.64 (m, 4H), 1.26 (m,

15  6H), 0.91 (m, 6H), 0.87 (m, 2H), 0.61 (m, 2H); P NMR (CDCL) 5 21.23,

Example 30
Bisphosphonamidate 30: A mixture of phosphonic acid 6 (0.70 g, 21.32 mmol), L-

2-aminobutyric acid n-butyl ester hydrochloride (2.50 g, 12.80 mmol), and

20 triethylamine (3.57 mL, 25.56 mmol) in pyridine (3.0 mL) was heated to 60°C for 5
min. A freshly prepared bright yellow solution of aldrithiol (3.29 g, 14.91 mmol)
and triphenylphosphine (3.92 g, 14.91 mmol) in pyridine (3.0 mL) was added to
the above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between

25  EtOAcand saturated NaHCO:s. The organic phase was washed with brine, dried
with NazSO, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
MeOH/CH:Ck) to give the bisphosphonamidate (0.40 g, 31%, Compound C) as a
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25 and evaporated under .reduced pressure. The crude product was purified by

col um clyabepeibewdphm: G NMR (GDGH) d(71606sMIH) LR Ch22H), ot Dl (e, 41} 3.91
bi sphosphonam date (0.32 g, 35% as a pale yellow foam 92 f V wO r000107 c

a, i ~o~.(wy2H)}38%W(knyak) 83144, Jt-09.861z &), 3108 (Bodwehws 11}, 179—154 (iARhpl e 40
Bi sphosphonami date 43: A m xture of phosphonic acid 42 (0.37 g, 1.00 mmol),
L- al ani Aebtnnhutly), 1635 (@n, 41K OSEH(moraHe 000.(av, 6§]), 0.86( )osamm, 2H);
triethylamne (0.27 g, 5 2.60 mol) in pyridine (5.0 nL) was heated to 60C
for 5 mi &P WNMR&ERN Q) 2baAb.ed bright yell ow solution of aldrithiol (0.77 g,
3.50 mmol ) and triphenyl phosphine (0.92 g, 3.50 mmol) in pyridine (2.0 nL)
was aflded to the above reaction mixture. The reaction was stirred at 60C
overnight, cooled to roomtenperature, and concentrated. The product was
partiti odampledden Et OAc and saturated 10 NaHCOa. The organi ¢ phase was
washed wi th brine, dri ed W|th Na2SO4, filtered, _and evaporated under

reduced Fiepkesphongrddatadis Hrpirdete Qﬁ&ﬂ"%@hpm(‘eﬂl@)é (OéQIEAWOéﬁm%tIo%T aphy

on silica gel  (10% MeOH/ CHt Cl z) to give, the hos hona date (0.53 g,

859 as @AYAObUIRIe meaﬁ@nike@%mwchbrﬁ% aDeand. A m xi ure

f ph h d 44_(0.55 2 but

PP S, o 5.3 et ST B St 1
d 5.0 heat f 5 d ht

Dol | dh'saiik  AnreshVE perpatki Grieht ysioy, soren el 0 B edpmBmsbni pe. 20

1.84 g, 7.00 dded b

e ur o, anrhneRtpispriite 858 i dmimbn T3 pudiion ! O sbl) was paded e °"

t t d t d. Th duct t1t Et OA
and. Sa U8 FERGHETERRE. PG AFACLOBASos et L G B OWPHERE CHBIEEP! e wi ¢ h

Na2SOk, i eE S era, SYAROHEL S e [ AHEE L FRA Sred Bhusitide Product
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
15 with Na:50, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol /CH:Cl) to give
the bisphosphonamidate (0.12 g, 55%) as a pale yellow foam: 'H NMR (CDCl) d
7.64 (s, 1H), 4.24 (m, 2H), 4.13-4.05 (m, 4H), 3.91 (m, 2H), 3.87-3.72 (m, 4H), 3.01
(broad, s, 1H), 1.78-1.65 (m, 4H), 1.61-1.29 (m, 24H), 0.91 (m, 6H), 0.89 (m, 6H),

20 0.86 (m, 2H), 0.62 (m, 2H); 'P NMR (CDCls) d 21.20.

Example 32
Bisphosphonamidate 32: A mixture of phosphonic acid 6 (0.60 g, 1.82 mmol), L-

phenylalanine ethyl ester hydrochloride (2.51 g, 10.96 mmol), and triethylamine
25 (3.06 mL, 21.84 mmol) in pyridine (3.0 mL) was heated to 60°C for 5 min. A

freshly prepared bright yellow solution of aldrithiol (2.82 g, 12.74 mmol) and

triphenylphosphine (3.36 g, 12.74 mmol) in pyridine (3.0 mL) was added to the

above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
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25 col umm chromat ography on silica gel (10% MeOH CH2Ch) to give the
bi sphosphgpantdnperat@rel 8nd cohoditrateda Thelprodakt was paatitiofxd bptvecet2 93
Monophosphoni ¢ Add 46: A m xture of diacid 44 (10.00 g, 36.30 nmol) and DWVF
(0.2 nl) EiDAthhékbaneateddlNaHCOasTieatganid phaGrad washypd ehitlhbride, dded2 ni,
64.70 mmol) was added dropw se over a perl od of 1 h. The tenperature was
i ncr eas edwithdN&SOsafilteredSart e¢’6p6tated uAdedfeduvet)pressuraddde crade stirred for
1 h. The 5 reaction m xture was cooled to roomtenperature overni ght. The
reacti on priddctiwasyasifittley ciranatogeaphy wsllSCEX (2-prparniol/éTddlly tageteone (100
m.). The product was precipitated out. The solid was filtered and dissol ved
in MeGH (the bisphosphdnpiidate (AdP.s Ush)tas Bpaletyellossdacon. "TEDIVE (WX le)dd | ect ed
by filtration and dried under vacuumto give the m)noghosphonl c acid (12.40
g, 97% aB4& (510590127 OcHariiite), 430mdﬁ)oé|lﬁémﬁi‘ﬁa’&@ 4, 2H)n4 4 (me of
nmonophosphoni c "acid 46 (1.00 L-al ani ne neth ester
hydr ochl oHiIh8. 6@0(@,(5&@, 35337%%2@ )ZHé«raleLlrg 7Br(m215@1 ar0re, 6bl)s 8@ (m278, mol )
in pyridine E ) was heated to 60C for 5 min. A freshly prepared bright
yel | ow sof-b® IanZHb NM—RHC@C]@Z?)ZQ3§ 10. 00 mml) and triphenyl phosphi ne
(2.63 g, 10.00 mmol ) in pyridine (5.0 nL) was added to the above reaction
m xture. The reaction was stirred at 60C overnight, cooled to room
tenperature, and concentrated. The product was partitioned between 20 Et OAc
and skt urBxampleaddcos. The organi ¢ phase was washed with brine, dried with
Na2SOM4, flltered and, eva orat ed under red ced pr.ess N&e cr Udﬁ; pr oduct
Poawe g

was puri f PR %%Pl'&ﬂaﬂ%ﬁla% Srbt BEHHEhYL E}PPO qnécaa‘fj 16 to
gi ve the %ﬁ 5590”% aés%er(}(eyc?rocglon%dé% 3?3 g,12 r%%.:[lo S, anrée th}rr’(i| xture) as a

pal e yell
- (0.36 mL, 2.52 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly

prepared bright yellow solution of aldrithiol (0.33 g, 1.47 mmol) and

15  triphenylphosphine (0.39 g, 1.47 mmol) in pyridine (1.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na2SOy, filtered, and evaporated under reduced pressure. The crude

20  product was purified by column chromatography on silica gel (10%
MeOH/CH:2Cl) to give the bisphosphonamidate (0.11 g, 70%) as a pale yellow
foam: 'H NMR (CDCl) d 7.51 (s, 1H), 7.23-7.06 (m,b 10H), 4.23 (m, 1H), 4.11-4.05
(m, 7H), 3.65 (m, 2H), 3.35-3.23 (m, 2H), 3.01 (m, 1H), 3.04-2.78 (m, 4H), 1.57 (m,
4H), 1.33 (m, 4H), 0.92 (m, 6H), 0.86 (m, 2H), 0.61 (m, 2H); 3P NMR (CDCls) &

25  20.35.

Example 34
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Exanpl e 44 Monophosphonam date 48: A m xture of nonophosphonic add 46 (0.35

9, 1.00 BEBhdspHordinfidafiesd:SARMBAUEe 86pRSspROHOAHT (708ng 0. 28 ntimoB; RO Mol )
and 94 vwVv L VVO VVVIO -.1.1----- triethylamne (0.20 g, 2.00 nmol)
in pyri di piRer{ydaldnitle is¥Bistyl ealet tyteo&6rille(0.33 gl 26 riuiolp ahttrietignatese bri ght
yel | ow soliﬂﬁﬁ iygn of aldrithiol g 77 g, 3.50 m%gIl) and )tc;ri phenglgghosphi ne
(0.92 g, 3.380mIM5Y nhob)iki Piridineq1.0 L) waaheatkdetb 605C foe 5 boVA fe@hly i on

m xture. The reaction was stirred at 60C overnight, cooled to 5 room

t enper at upepasatibeight pell svatselitiokhef ddeihicl (118G gpRAY ninobeshdet ween  Et OAc
and saturated NaHCOa. The organi c phase was washed with brine, dried wth
Na2SOs, firipglengtbhespliiey @RS gtled” nodel) in pgwickne (@ iy was dtlded toitlee pr oduct
was purifie% by col umm chron%t ographyl’)on@g}ul i ca gel ();% MeOH CHzCl z) to

gi ve the shovepkestidrondrfuntat #heaviction wgs stimediand0PCloyerdightmeoteskta t i ng
compound was treated with fumaric acid (77 ng) in hot CHSCN (10 nlL) and
cool ed t aravmoterhpersduce, and cofbentpatedu dthevaodpctviapipaatisdnedibeamebn dri ed
under vacuumto give the fumarate salt of nonophosphonami date (0.13 g, 22%
1: 1 di ast EBtAcendsaiviratad WpH{O=a Elo¢ organiSpEasemyhe wished nwigh bEimleedrieg PVEG
50: A m xture of diacid 49 éo. 62 g, 2.00 mml) and benzyl alcohol (10 ni)
was cool ewithdNeSQOy filtered; and eyapsoded mnded rédiwedpreasure. Theggudemol ) was
added portion wise and the reaction m xture was heated to 100C over 1 h.
Addi tlilonaprdskre: wasgturifies] by 2olumi chremetagraphyiparsiliea ge (10%g, 5. 00 mmol ) 20
were added. The reaction was stirred at 140C for 1 h and cooled to room

t enper at uMeOHKIKdh)dpoigiee theehisphosplumanaidath F$rmgedfopds pipatsyellowwat er (50
m.) was added, and the pH was adjusted to 11 with NaOH The product was
partiti on@amHRNMR (6PN 132 {5 15hd7 R-3.071(e 148)ed 26 (phdsd, 4dd (axi difi ed
with HC _to pH = 3 and kept at OC overnight. The product was coll ected and
dried 2H), 4.01 (m, 1H), 3.85 (m, 4H), 3.66 (m, 2H), 3.35-3.25 (m, 2H), 3.07-2.85 (m, 3H),

2.97-2.79 (m, 2H), 1.89 (m, 2H), 0.90 (m, 12H), 0.89 (m, 2H), 0.62 (m, 2H); P NMR
15 (CDCl) 5 2031

Example 35
BisPOC of cPrPMEDAP 35: A mixture of phosphonic acid 6 (0.20 g, 0.61 mmol)

and triethylamine (0.42 mL, 3.01 mmol) in 1-methyl-2-pyrrolidinone (2.0 mL) was

20  heated to 60°C for 30 min. POCCI (0.45 g, 2.92 mmol) was added. The reaction
mixture was stirred at 60°C for 3 h, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCO:s. The organic phase was washed with brine, dried with N azSO4, filtered,
and evaporated under reduced pressure. The crude product was purified by

25  chromatography on ISCO (2-propanol/CHzCL) to give the bisPOC of cPrPMEDAP
(0.13 g, 39%) as a solid: '"H NMR (CDCls) b 7.58 (s, 1H), 5.66 (i, 4H), 4.92 (m, 2H),
4.22 (m, 2H), 3.90-3.88 (m, 4H), 3.01 (broad, s, 1H), 1.81 (m, 12H), 0.86 (m, 2H), 0.62
(m, 2H); P NMR (CDCls) & 20.93.
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25 under vacuumto give the benzyl ether (0.18 g, 22% as a tan solid.
Exanple 46 95 11V L 11J 1111 i a a ------ l---1 .1 Mnophosphonam date 51:
A m xture of phosphonic acid 50 (0.13 g, 0.34 mol ), L-al anine isopropyl
ester hydbaedples Beleo 88 rdfbr ¢ Sthefife B! ), phenol (0.16 g, 1.69 mmol) and
triethylamne (0.28 nL, 2.03 mmol) in pyridine (2.0 nL) was heated to 60C
for 5 m Exafgle&shly prepared bright yellow solution of aldrithiol (0.52 g,
5 2.37 mmol ) and triphenyl phosphi ne (0. 62 % 2.37 mol ) in %ri dine (2.0 nl)
was  add@isplosphenahddeter 3% cA mixtuwioafphespibsicacid 86 (9-33gs 1 SDimmed), &t 60C
overnight, cooled to roomtenperature, and concentrated. The product was
parti Bi ordahinbétiylerstditiGatroahlbrit (Aridtg @-6dmomel), anetrinthplansing K328 gnas
washed with brine, dried with Na2SO4, filtered, and evaporated under
reduced prasmmnal) iTpgridine Glimlyrwarieatod so pUTC formin. fofreplydrepatadogr aphy
on silica gel (5% MOV CH C2) to give the nonophosphonam date (50 ng, 26%
1:1 diAashr%gl‘etqneﬂpmsaﬁlﬁou@)al@&éoh(%i%?@ &30 mmgrpné typhenylphosphine
Monophosphonami date 52: A m xture of nonophosphonam date 51 (50 ng, 0.09
mol ) and098 oy @pimpyrigdine (0@l svas addegstosthieabsy eg@aq%mr%h\ﬁ%r ature
under 1 atmof H2 (balloon) overnight, The reaction mxture was filtered

t hrough Thepreagtion was|stireechalpQ°heoeBnigditt capded fF FRRrBdeBPeFIVES 5\ Under
reduced pressure. . The crude product was Burifieﬁj@% col.um Cgéffmit ogr aphy
on sillj cxogeentratedsokhepradeicHesEpaitioned Peavesr: 63RIS3HYALEA date (40 N,

B1 s phospSAE n e F B G Ao AR BB D G R WA fesesl ol )
Criet hy lr %ﬁ}%ﬁ%&%%%@g&ﬁg%{%} é)srsi}lgﬁe- pjt}l(i‘)‘? el Rf%dé‘%ﬁﬂn&{é}g@%g%d to 60C
For 5 M iinn ot ainy oh silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (0.43 g, 75%) as a pale yellow foam.
15
Example 37
Monophosphonic Acid 38: A mixture of diacid 36 (1.30 g, 4.10 mmol) and DMF
(0.1 mL) in sulfolane (35 mL) was heated to 70°C. Thionylchloride (0.54 mL, 7.38
mmol) was added dropwise over a period of 1 h. The temperature was increased
20 to 90°C and TMSOPh (0.75 g, 4.51 mmol) was added and stirred for 1 h. The
| reaction mixture was cooled to room temperature overnight. The reaction
mixture was added dropwise to well-stirred, ice-cold acetone (100 mL). The
product was precipitated out. The solid was filtered and dissolved in MeOH (40
mL) and pH was adjusted to 3 with 45% KOH. Solid was collected by filtration.
25  The product was further purified by dissolving in MeOH, adjusting pH to 6 with

45% KOH, and crystallizing from ice-cold acetone to give the monophosphonic

acid (0.20 g, 12%) as an off-white solid.
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bright yellow solution of aldrithiol (0.53 g, 2.45 mmol) and

tri phenyl pResphi 8@ (0.64 g, 2.45 nmol) in pyridine (1.0 nm) was added to

t he above reaction mi xture. 96 The reaction was stirred at 60C overni ght,

cool ed t oM@wplicsphenhatid#te 39n A ntigture of hedrexpbhobphopicatid 3340.20 gr050t | oned

bet ween Et OAc and saturated NaHCO3. The organi ¢ phase was washed with

brine, drperdol) L-aldMA&Repropt estexdhydmichloridep@riat gd . Qhoenol) eddced pressure.

The crude product was purified by 5 colum chronat ography on silica gel (15%

M OH CH2 Cdthy tangined0£1Aeg, 18i0sphaspiropyaridishet (2.0(125.) mps Heatgd &s6@Gofdrd yel | ow

foam 'H NWR (CD3OD) b 7.82 (s, 1H), 4.26 (m 2H), 4.11 (m 4H), 3.94 (m

2H), 35 88m(im Afpshlg.pidpéarad 2tight yelkiv sofutiondf, aldrifigio] (0.3%g)1.73 ngxol)m

61-1), 0.95 (m 6H); 31P NWMR (CDC1l3) b 23.39. 10 Exanple 49 Diisopropyl

Phosphonated s8phénylphosphinef(046 (23 106 gmot) depymidine (@foml)wasdidded(©.t66 g) in

MeOH (30 nL) was stirred at roomtenperature under 1 atm of H2 @ébal | oon)

over ni ght abQtrereagtien invixtuiex tThesreagion masstised: afrafigtoverpighy, afolektd te and

t he sol vent was renoved on rotavap. The crude product was purified by 15

col um chremateqpaptyre mnsi ¢ansantrated, SEhaepraducteras)partitigned behweent i sopr opy!|

phosphonate (2.08 g, 7602 as_a thick oil which was solidified upon standing:
@@3%@ Riyate

1H NWVR ( NatifyOs.7Tha organiq phaseiwag waghedHyithbrge, deied2H) |
3.97 {m 2H) 3.73‘{d, 1= 8.1 Hz, 2H), 1.31_.(m. 12H); 31P NMR (CDC13) b
18. 4710 20&%@%@ terrsh grervapasatgd sardenirediegadopiassiro siroerade 55 (0. 10 g,

0. 28 mmmol ) s dissolyed in CHaCN (1.5 nl) and cogled to OC
Br onot ri nBF Céiwww@eqby@}umy.dmomgramﬁgm ¢7 88Hé% eacti on ni xture

was stirr r 2 h d warned {o ropmte ra e_qverni ght. DV
(0.5 ni) &g‘@z‘a‘éfg’g‘a&m@%@e?@wﬁﬁw ﬂn%ﬁ%&n%tt’—i(&ﬁg&gg% 23 MeOH was added
and sti rr(ad for 2 h. Vplatiles re .ev 8orat ed under reduced pressure. The
r emai ni ng SSEETERTSTICARIREe) 38 eé’?%%f"? 28 i ce- col d CH3CN and the product

precipitated out. The solid was

15  Example 39 refers to Scheme 11
Example 39 ‘
Bisphosphonamidate 41: A mixture of phosphonic acid 40 (0.36 g, 1.00 mmol), L-
alanine n-butyl ester hydrochloride (0.47 g, 2.60 mmol), and triethylamine (0.27 g,
2.60 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freéhly prepared
20  bright yellow solution of aldrithiol (0.77 g, 3.50 mmol) and triphenylphosphine
(0.92 g, 3.50 mmol) in p}‘rridine (2.0 mL) was added to the above reaction mixture.
The reaction was stirred at 60°C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCOs. The organic phase was washed with brine, dried with Naz2SOs, filtered,
25  and evaporated under reduced pressure. The crude product was purified by
column chromatography on silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (0.32 g, 35%) as a pale yellow foam.
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97 collected and dried under vacuumto give the phosphoric acid (74 nmg, 95%
as a Wwhi Exarapldsdi0 tbo5amefes to Scheifies pRespbonam date 57: A mi xture of
phosphonic acid 56 (23 ng, 0.08 mml), L- alanine n-butyl ester

hydr ochl oExatapleédd0 ng, 0.50 nmol ), and triethylamine (0.14 ni, 0.96 nmol) in
pyridine (0.5 nL) was heated to 60C for 5 min. A freshly prepared bright
yel | ow soBisphosplusnamhidiaie £3:0A mhbktiite of phosphomioadid#2d0.37rg, A minpdipdphi ne
(0.12 g, 0.56 mmol) in pyridine (0.5 nL.) was added to the 10 above reaction
m xt ur e. dlbsinegabutydestehysirochlodidat(040@, a6mirgil), andduiethiylamine (b7 g,
tenperature, and concentrated. The product was partitioned between EtOAc
and sdt ur26@mmeliapyritise ¢r.0 anl.xweh heatedde 6REES fer5whinh Afrasbly prapaged wi t h
Na2SO4, filtered, and evaporated under reduced pressure. The crude product
was puri fbrghbyellstw solatiogrefpigrithhiol €S0 ¢,23.50 opaek landHeiptenyiphapphine 5 t he

bi sphosphonam date (17 ng, 38% as a pale yellow foam 1H NMR (CDCls) b
8.65 (s, (™42 g 350 menol) H) pysidiee (X0 nilr)oues added tattesahaye repjtiomndgtigeg2 (m
6H, 3.89 (m 211), 3.72 (m 225 3.42-3.19 (m 2H), 1.61 (m 4H), 1.32 (m
8H), 0. 96ThereasHpn wasgbi at gyemightt, zopled 4o EReppieapsrature, an
Monophosphonam date 58: A m xture of phosphonic acid 56 (20 n@i 0.07 mmol ),
L- phenyl a¢mﬁ€a&%yﬁ%ﬁf@uﬁmﬁﬁﬁtl@pm@%GBGG%,E’C@AFWWW pthenol (33 ny,
0.35 mml ). and triethylamne (0.12 nL, 0.84 mmol) .in_pyridine (0,5 n.) was
heat d t oGBS Por Tae argRnIoPRasesiry Wisked wath BRngr Arisd Mg NPt tiliered.

aldrithiol 25 (0.11 g, Q.56 |.) and tr}pheny| phosphine (0.12 0. 56 mmol )
in pyridi ’ﬁ‘é‘f FE?BoraFﬂ_‘f “-Qg%r gd (gessiae-abBe 6% ’EQ‘ﬁ%FtﬁY@@tRH’éﬁeghé’ reaction
was stirred at 60C overnight, coole ature, and.concentr at ed.
The pr odufQIUREsC ﬁg%%tpsﬁmgfombéﬁkﬁégﬁfjﬁb%ﬁfeﬁ?é}ﬁﬁs?@f%%ﬂwﬁm. The organi c

phase Wasbigsghosphonamidate (0.53 g, 85%) as a pale yellow foam.

15 Example 41
Bisphosphonamidate 45: A mixture of phosphonic acid 44 (0.55 g, 2.00 mmol), L-

alanine butyl ester hydrochloride (0.94 g, 5.20 mmol), and triethylamine (0.54 g,
5.20 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freshly prepared
bright yellow solution of aldrithiol (1.54 g, 7.00 mmol) and triphenylphosphine

20 (1.84 g, 7.00 mmol) in pyridine (5.0 mL) was added to the above reaction mixture.
The reaction was stirred at 60°C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCOs. The organic phase was washed with brine, dried with Na:SO, filtered,
and evaporated under reduced pressure. The crude product was purified by

25  column chromatography on silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (0.48 g, 45%) as a pale yellow foam.

Example 42
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rrv woi uwm > -'- ~~~~ washed with brine, dried with Na2SH, filtered, and
evapor at ddfonnpbospleehic é’d:id Bbedeonidurd nédtacm;lé4 pEoRigt 3636 mpuol) faindldDMF
chr omat ographi on | SCO (2- propanol | CHzCh)7 i ve the nmonophosphonani dat e
(13 my, 0B )msullf@bnér(@bnﬂr)wa&ﬁmtadéfy o %kwlmiprléef@am LipARR
(CDCIS)b869(dd|—1505Hz 1H), Hz, 1H), 7.25-6.97
(m 10H) ,mmd gyl deoprgse ﬁyerzq_penqd@él I-( mThgftgmpgr@gr@ masmcm)asedg, 72

1H), 3.73- 62 2.95.2 86 3
E%TP NWR (@@@i@)a%i ?ZP(l’I h%%g, 4@& ggwsmictﬂ (m ﬁ%%@pﬁiﬁ‘agg} 59H)A

m xture of conpound 4 (1 00_ g, 2.56 rrrml) and aIIyI am’ﬂ} I n CHSCN
(3.0 ML) Rﬁé%ﬁ?ﬂ BEXEIreWas %‘291%1 fQ TR SpMPRE tUER AV eIEag Al E’OTG’GS@\‘or 5 h. The

giﬁﬁ%'eg“ :‘Xt“rgfa?’af Té%a%a«%%éﬁ%%@??qc@“:rcﬁe%%émce‘)@ﬁ@xei“t ) deo?‘?ﬁirl d

' 904 T

irﬂ'%ﬂ% roghic N o8 FIeTIPER Lo BIORtE e 10 hner«?dzeﬁd : Vi Bt opy
1.0 95 P, A

Phosphondri) 554 ¢H Sinsgaibeted 1A AS% B Selifvees colleeinachy ERBER!) ana

cooled to O (o] rimet hyl sil.an dded. The
reaction %Cf@{}PQ‘Wgte é’laF’er%Htoaﬁlvﬁgqé WI‘?PE%QB]GOHWW;@}E@ wg% Brfber at ur e
overnl\?kg1 (0.5 nL) was added to forma solution and stirred for 2 h.
ed and stirred for 2 h. Volatiles were evaporated under reduced
pressure. The remai ning DVF sol ution was added 25 slowy to ice-cold CH3CN
and the product precipitated out. The solid was collected and dried under

vacuuth phosphoric acid (0.48 g, 60% as a white solid. 99
WULWVDI V .

Monophosphonamidate 47: A mixture of monophosphonic acid 46 (1.00 g, 2.86

mmol), L-alanine methyl ester hydrochloride (0.80 g, 5.73 mmol) and

15 triethylamine (0.58 g, 5.73 mmol) in pyridine (5.0 mL) was heated to 60°C for 5
min. A freshly prepared bright yellow solution of aldrithiol (2.21 g, 10.00 mmol)
and tripheriylphosphine (2.63 g, 10.00 mmol) in pyridine (5.0 mL) was added to
the above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between

20  EtOAcand saturated NaHCQOs. The organic phase was washed with brine, dried
with Na250;, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (7%
MeOI—I/CHzCiz) to give the monophosphonamidate (0.80 g, 64%, 1:1
diastereomeric mixture) as a pale yellow oil.

25

Example 44
Monophosphonamidate 48: A mixture of monophosphonic acid 46 (0.35 g, 1.00

mmol), L-alanine isopropyl ester hydrochloride (0.34 g, 2.00 mmol) and
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Exanpl e 55 Monophosphonam date 61 and Bi sphosphonam date 62: A m xture of

di aci d 60tridtRy¥nige (0.28¢, 0OIshmdl) i pyriidigei (2 OpnDpwasdadated ty60°efordr i de
(0.49 g, 2.40 mmol), phenol (0.68 g, 7.20 mml), and triethylamne (1.0 ni,
7. 20 nmol jninn Apfrestdiy perepared Bright) yellosy belatied dfal@fithidbb{0.%” gi :150 rhokshl y.
prepared bright yellow solution of aldrithiol (1.84 g, 8. 40 mmol) and

tri phenyl ahdspphenydphaspiting, (09240 35twhinolnin pyridigier(2.0(:8L) wes)addesl tadted t o

t he above reaction m xture. The reaction was stirred at 60C overni ght,

cool ed t oabomwepchipe mixtiure, Thedeadimewas stived ared°Covednightyeaolgshiat i t i oned
bet ween Et OAc and saturated NaHCOs. The organic 10 phase was washed with

bri ne,5 dr teamigmpenrdasnandfdancendteda nidheaurpsoichweg nartitioned batigesh pressure.
The crude_product was purified by colum chromatography on silica gel

( 5- 10% MeBHP &rand)satwrated Naklnophte hrgravc phase was wrshedgyvith brine, dried

di astereoneric m xture) and bi sphosphonam date 62 (0.13 20% . 15 Exanpl e
56 Bi spho¥pioNam(Yafitersl, mdePQI§96W6§W@%$W%%R@rBQGg, 1. 00
mrol ), L- al anine butyl ester_ hydrochloride (0.47 g, 2.60 mml), and

tri et hyl apfefudt waspuyyified byeorn)chromaiagrap EO@&I&C%@I (fes heated to 60C
for 5 mn, Afreshly prepared bright yellow solutiogn of aldrithiol (0.77 g,
3.50 ol M@H/ngﬁ)em@aﬁé%mw synggi,atgcgotmwg)sqme BypuEbhe (2.0

m.) s added to .the above yeaction mxture. _The . reactiqon_was_stirred at
60C o rni"gﬁrsrs 458 MBSO &%%W&L&P%EF ag@heemdndet CHREN (Hhuct
was partitiqQned be en Et OAc and saturated . NaHCO3. The organi c phase was
washed wi S@Pgrfé’otlg F%@%t@“ﬁﬁ%@ﬁ-uﬁi‘ﬁ PEQQULt WagRresipiinde PBHaﬂ‘Eder

on 5111 cHIGeR HrHssREHICEHERY (R Cgaate Rt ofrierbpRBhaRree (b145 o oboy

s pal epypl | QUL QR RANRY 6,35 46l ghep 1o Scheme 17, Exampl e 57 100

15  Example 45
Benzyl Ether of PMEG 50: A mixture of diacid 49 (0.62 g, 2.00 mmol) and benzyl

alcohol (10 fnL) was cooled to 0°C with stirring. Sodium hydride (0.24 g, 10.00
mmol) was added portion wise and the reaction mixture was heated to 100°C over
1h. Additional benzy! alcohol (20 mL) and sodium hydride (0.12 g, 5.00 mmol)
20  were added. The reaction was stirred at 140°C for 1 h and cooled to room

temperature. The volatiles were evaporated under reduced pressure, water (50
mL) was added, and the pH was adjusted to 11 with NaOH. The product was

~ partitioned between toluene (3 x) and 0. The aqueous phase was acidified with
HCI to pH = 3 and kept at 0°C overnight. The product was collected and dried

25  under vacuum to give the benzyl ether (0.18 g, 22%) as a tan solid.
Example 46
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Bi sPOC of 6-allyl PMEDAP 64: A m xture of phosphonic acid 60 (0.20 g, 0.61

nol )  andMdéndpHuspachasid&e42: W mistié ofpblojphonit-acki 5§ (0.23 gy 0t3d mehaipne
(2.0 L) was heated to 60 C for 30 mn. POCCl(O 45 g, 2.92 mmol) was added.

The reaclidlaninexsoprepyhestet hydesthiorid®(00 §d.68ntmohpphembolt(0.16GH 69

tenperature, and 5 concentrated. The product was partitioned between Et CAc
and sat ur aimd]) andHfiethylahene (@28 ind., 2 smmel} inmpgtidtherf2 hmils)iwas hebteédo wi t h
Na2SO4, filtered, and evaporated under reduced pressure. The crude product

was puri f6@?!3@5mhmoAxaﬂresjrlymrypmdllsight(}@llpmﬁdnbbn@ﬁla@ﬁyhlob(odﬁm t he
bi sPOC of 6- al oil PMEDAP 64 (0.11 g, 32%. GS 192727) as_a solid: 'H NMR

(oAl P S2 $7fmm( armbtrml)enyéphosnhme 1062 g52.86 npmpl)dn)pyrilise (ZﬂdnL}Mas5 17
(dd, 1H), 4.92 (m 2H), 4.80 (s, 2H), 4.22 (m 4H), 3.95 %r‘% H, 1.35 (m
121-1); 3a¢édeglio thepdxwie reacionmixtuzea Fpeacadtpr was stirrerat 60PG osetight, 18,
Exanpl e 58 15 Bi sphosphoam date 65: A m xture of phosphonic add 60 (35 ny,
0.11 mmol §9oled tam‘hmrténmeﬁ@/irur@smi cmntfétﬁdarﬂa%?(@qctgvammwm and
triethylamne (0.2 ni mol) _in pyridine (0.5 nL) was heated to 60 C
for 5 ni nbew?%%h%c @n@ﬁaﬁvéate alngyeTh%wg@alwhm Was waghed With (0. 16 g,

0.74 nnDI and tr nyl p hi n (0.20 g, 75 pyridine_ (0.5 nL)
was added lde»tqir’ée Mr%&ﬁ?r?ﬁ )@E@r%’a%at?ﬁé“}(g;gﬁiﬂﬁe%?%ﬂﬁ rER at 60
par 1 18 onGadsPRSEH BRBRETAIR CA Lo AR G OGROBP I Gnogadd (Fhase vas
washed w ' ried with Na2S ilter par.at ed under
reduced p%@ﬁz@ﬁgc’c@ﬁ él't‘ %qﬁagoxa@p;cfartg@(ﬁ@g,gﬁ% ogr aphy on | SCO
(2- propan l/ 2Ch lve the ph sphoam date (23 25 ng, 41% as a pale
yellowfo§ (’83%&1 fglfif g 6.00 (m 1H), 5.30 (dd, 1H),

5.17 (dd, 1H), 4 30 (m 4H), 4 20- 4. oo (m 6H), 3.89 (m 2H), 3.72 (m 2H),
3.42 (m 1H), 3.22 (m 1H), 1.45-1.25 (m 12TH): 3T NMR (CDO 3) 6 20.77. 101

Exanpl e 5Examp_le 47
15 Monophosphonamidate 52: A mixture of monophosphonamidate 51 (50 mg, 0.09
mmol) and Pd(OH)z/C (50 mg) in iPrOH (3 mL) was stirred at room temperature
under 1 atm of Hz (balloon) overnight. The reaction mixture was filtered through
a plug of celite and the solvent was removed on rotavap under reduced pressure.
The crude product was purified by column chromatography on silica gel (5-15%
20 MeOH/CHCD) to give the monophosphonamidate (40 mg, 95%, 1:1

diastereomeric mixture) as an off-white foam.

Example 48
Bisphosphonamidate 54: A mixture of phosphonic acid 53 (0.10 g, 0.35 mmol), L-

25  alanine butyl ester hydrochloride (0.38 g, 2.10 mmol), and triethylamine (0.58 mL,
4.20 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly prepared
bright yellow solution of aldrithiol (0.53 g, 2.45 mmol) and triphenylphosphine
(0.64 g, 2.45 mmol) in pyridine (1.0 mL) was added to the above reaction mixture.
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Bi sphosphoam date 66: A m xture of phosphonic acid 60 (0.10 g, 0.30 mmol),

L- al ani MEheyeictibtitwis shtred ab§ONOemigltecddled 3o goof teinperatyre, antl
triethylamne (0.50 nlL, 3.59 nmol) in pyridine (2.0 nL) was heated to 60 C

for 5 m nconehtrasdd. yTle Erc&hmt evhstpargtionyé betwesro EtD Acrandf sadduchted hi ol (0. 47
g, 2.12 mmol) and triphenyl phosphine (0.56 g, 2.14 mol) in pyridine (1.0
m) was aNdEC®o Theorgamivphaseasas vrashed witlebrimbedriedetittoNaa3(9s, filteredd at 60
C overnight, cooled to roomtenperature, and concentrated. The product was
partiti ora eeapwreted Endercresivded pressuredThe BOe pibic waspwifiediby was
washed with brine, dried 10 with Na2SO4, filtered, and evaporated under
reducéd peadesur éromasograply ompsibidagel (1a% MeQHICH:GY) ergisethegr aphy on | SCO
(2-propanol /CHi Cl12) to give the bi sphosphoam date (45 269 as a Eal e
yel | ow f deisphasphavRgidpt: € rsg, m%DaS(%paf@H)e,ﬂoav bt ﬁﬁk EBORR7-82H)
5.18 (dd, 1 5. 00 ( 21-1), 4.78 (s, 2H), 4.30 (m 4H), 4.00 (m 2H),
3789 (m GHLD Ao AEnu 1L D, S ry, 250, 365, 268 3784w 25D, 161 (av)

2.10 (m 4H), 1.85-1.60 (m 4H), 1.45 ( 6H) ;. 31P NMR (CDCla) 8 20.61.
Ecanpl o 6HIBIshanAhh e () ORErme e BNMHb AT © Bl 60 (0. 10 4,
0.30 mmol ), L- 20 al ani ne n-hexyl ester hydrochloride (0.25 g, 1.21 mmol),
and triethylamne (0.7 nL, 5.02 mmol) in pyridine (2.0 nL) was heated to 60
C for, 5 m,n. freshly prepared bright yellow solution of aldrithiol (0.47
g, 2.1 tri phenyl phosphine (0.56 g, 2.14 mmol) in pyridine (1.0

C over ni GHBSORAOILAROERSAT 55177 BRGS0 f? GO RRIRY BTt oduct
vasned wi CHAAHENpatet T gl e S8 s LoRh Sl oAl avef BHaer
(52 b opanienepp Eayerel Wi ssBeam bR i R Rl A RS BB 5 par e
yel l'ow Togmg thleHsol}I{\r‘/cle?nt(wcgg t&hoPed on rotavap. The crude product was purified by
15 column chromatography on silica gel (5% MeOH/CHCL) to give the diisopropyl

phosphonate (2.08 g, 76%) as a thick oil which was solidified upon standing: "H

NMR (CDCls) 8 8.72 (s, 1H), 7.94 (s, 1H), 4.73 (m, 2H), 4.33 (m, 2H), 3.97 (m, 2H),

3.73(d, J =8.1 Hz, 2H), 1.31 (m, 12H); *P NMR (CDCl) d 18.47.

20 Example 50
Phosphonic Acid 56: Diisopropyl phosphonate 55 (0.10 g, 0.28 mmol) was

dissolved in CHsCN (1.5 mL) and cooled to 0°C. Bromotrimethylsilane (0.18 mL,
1.40 mm'ol). was added. The reaction mixture was stirred at 0°C for 2 h and
warmed to room temperature overnight. DMF (0.5 mL) was added to form a

25  solution and stirred for 2 h. MeOH was added and stirred for 2 h. Volatiles were
evaporated under reduced pressure. The remaining DMF solution was added

slowly to ice-cold CH:CN and the product precipitated out. The solid was

97



WU LUUJINUVVLIO07 A s A7 RS RSAATAT B AT RAT S AT

7.65 (s, 1H), 6.00 (m 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.80 (s, 2H), 4.25
(m 4H), colledteddarttDdtied atder vicBbn to giklithe ph@ﬂpl(msm@l:bd (7a.rg, 95%) 444, 3. 20
(m 1H), 1.70 (m 4H), 1.32 (m 18H), 0.96 (m 31P NWR (CDCla) 6
20.61. 5 Wwhitesod61 Bi sphosphoam date 68: A m xture of phosphonic acid 60
(35 nmg, 0.11 mol ), L-2- am nobutyric acid n-butyl ester hydrochloride (0.13
g, 0.64 mol), and triethylamne (0.2 nL, 1.43 mol) in pyridine (0.5 nl)
was heated to 60 CC for 5 10 min. A freshly prepared bright yell ow sol ution
of al dritE}Qm_p(gﬁ_llG g, 0.74 mol) and triphenyl phosphine (0.20 g, 0.75
mol ) in g@rrdr ne (0. é was added to the above reaction nmxture. The
react ifn phgsphormn&ate 7:08 mixdure ghphosplwingeiacid S56r(@3mghdemanabd.- and
concentrated. The product was partitioned between EtOAc and saturated
NaHCCB. Taleniregahiitylsisterdiydrochlesided Shimg 0510 manolyrarsbitrigshylarminrig0.364
filtered, and evaporated under reduced pressure The crude product was
purifi ed B Q96aREIBLirapyKid m(pmh)z\zq@rhggéﬁ%rq §°Carr)> mingAvizeshiye

bi sphosphoam date (32 r’rH 49% as pal e eI |l ow foam 1H NMR (CDCla) & 7.68
(s, 1H), Brerr@r% Grpuighy ye ewmhr on@faﬂéal léga@»SéaanmlbamB 18 (dd, 1H),

4.80 (s, m 20-4.05 .(m 3.72 (m 2H),
3.35 (m herwlnleoﬁz&urt 1,0-52.699119?366130’ vaq(% m&) wes er%ried,rtry they 96 (m
12H); . 31P NVR (CDCl a) . . Exanples g2 to 7 elated to Schene 19.
Exanpt eab%res@ﬁee%eamrst ﬁ@greamﬂ wea sirisH %r@@ {Smﬁreg%.ceo 35 ny,
0.11 rrrml , L- 25 IaI ani ne et hyl ster hydr ochl orrdeég : 0 65
mrol ) . anéPaR t%‘PR? dnsenirated. Zheprgryict WS o°

neat s (ogRg,c B@aﬁg% O e AT
react i on Tad Refideliefe 3ng e raipg e Fatiad mreeurd” The'ial ™
product was purified by chromatography on ISCO (2-propanol/CH2CL) to give
15  the bisphosphonamidate (17 mg, 38%) as a pale yellow foam: *H NMR (CDCls) d
8.65 (s, 1H), 7.94 (s, 1H), 5.20 (s, broad, 2H), 4.35 (m, 2H), 4.20-3.92 (m, 6H), 3.89
(m, 2H), 3.72 (m, 2H), 3.42-3.19 (m, 2H), 1.61 (m, 4H), 1.32 (m, 8H), 0.96 (m, 6H);
3P NMR (CDCls) & 20.70.

20 Example 52
Monophosphonamidate 58: A mixture of phosphonic acid 56 (20 mg, 0.07 mmol),

L-phenylalanine ethyl ester hydrochloride (33 mg, 0.14 mmol), phenol (33 mg,
0.35 mmol) and triethylamine (0.12 mL, 0.84 mmol) in pyridine (0.5 mL) was
heated to 60°C for 5 min. A freshly prépared bright yellow solution of aldrithiol
25 (0.1 g 0.56 mmol) and triphenylphosphine (0.12 g, 0.56 mmol) in pyridine (0.5
mL) was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated. The product was

partitioned between EtOAc and saturated NaHCOs. The organic phase was
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room tenperature, and concentrated. The product was partitioned between

Et OAc andwaghed agtbhaE ded With NaghD), éltehas andas apasired wmddt rediiael dried
with Na2SO4, filtered, and evaporated under reduced pressure. The crude 5

product wpgespuird. fTledcriade bdtmt Was pibified'byt Stonfatoprapianon ISEDE22) to give
t he bi sphosphoam date (28 ng, 39% as a pale yellow foam 'H NVR (CDCl3) S

7.58 (s, ptipanolZFLClH3ogive tHi-HhonophOsonandatd(13amed84%1HL, 5. 17 (dd,

1H), 4.25-4.00 (m 8H), 3.65 (m 2H), 3.42-3.19 (m 2H), 3.15-2.77 (m 6H),
1.23 (m dtdbteréd’mﬁﬁl?m(x&ﬁ@l@aﬁolﬂn&dte fbAm: BINPIR (6B () Hth6s () Jaiiscat e 70:
A m xture of phosphonic acid 60 (35 ng, 0.11 mmol ), L-, phenylal ani ne

n- but ya eHzeilH),yZiﬁi@td)I]eﬂl A&z, 0H)57 85-60075@n, riHbT)) 4.35r(m,t1H)eﬁﬂﬂl(HmZI1§ 4.08.2 ni,
1.43 mmol) in pyridine (0.5 nL) was heated to 60 C for 5 mn. Afreshly 15
prepar ed mj ZH), quﬂ\lﬂbl&ﬂz (om 1041), 81733.6 (w0} 153D 3138 gn, VLY L.9m28% (snd

tri phenyl phosphi ne (0. 20 75 mol) in pyridine (0.5 nL) was added to the
above reaZH),dnliﬁ(m,t?vIrIb“Pl'l%MRé@G@rﬁ2\13@791&% ed at 60 C overnight, cooled
to roomtenperature, and concentrated. The product was partitioned between
Et OAc and saturated NaHCO3. The organi c phase was washed with brine, dried
20 with Na2SO4, filtered, and evaporated under reduced pressure. The crude
pr oduct V\E.Ké@@k_ﬁed by chromat ography on | SCO ( 2- propanoI/CHzCh) to give

t he bi sphgsphoam date (49 ny 3% as a pale yellow foam 'H NVR (CDC1l3) S

7.58 &, Dusoyr%d fhggp}(l@ﬁlat@@ﬂ) y em@blr(emf compoundrp(1.Q0 gr2-sagmmelands 30
gdgz éH)l 9313 ?3 311?15 £3If1h¥«]1‘£5§g@@vaoaséﬂazfgﬂﬁporﬁBSwﬂ}llgf;g@zgé ﬁnfldzhﬁ)afe%? 96
i xtur & ofd ﬁ@ﬁ%%?@%%eiﬁmr@waac@% AriBPOm CIRGAGAIR ne | Sobut
ester hydégr?crc]eh gcf ux(xger red%ce& p%gssgl.rgl )ﬂ'\e ?)?gdacr:tl vggshgaruuoned between
EtOAc and brine, dried with Na2S0;, filtered, and concentrated. The product was
15 dissolved in minimal CHsCN and H20O was added and lyophilized to give the

diisopropyl phosphonate (1.00 g, 95%).

Example 54
Phosphonic Acid 60: Diisopropyl phosphonate 59 (1.00 g, 2.43 mmol) was

20  dissolved in CHsCN (1.5 mL) and cooled to 0°C. Bromotrimethylsilane (0.31 mL,
12.15 mmol) was added. The reaction mixture was stirred at 0°C for 2 h and
warmed to room temperature overnight. DMF (0.5 mL) was added to form a
solution and stirred for 2 h. MeOH was added and stirred for 2 h. Volatiles were
evaporated under reduced pressure. The remaining DMF solution was added

25  slowly to ice-cold CHsCN and the product precipitated out. The solid was
collected and dried under vacuum to give the phosphonic acid (0.48 g, 60%) as a

white solid.
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(0.7 m, 5.02 nmmol) in pyridine (2.0 nL) was heated to 60 Cfor 5 mn. A
freshly Bxapled5bright yellow solution of aldrithiol (0.44 g, 2.00 nmol)
and 5 triphenyl phosphine (0.53 g, 2.00 mmol) in pyridine (1.0 nL) was added
to the aMweplesphbnamidatefilendBisphesptioramidate 62:i Armaiktate 60didcil/éd ni ght ,
cooled to roomtenperature, and concentrated. The product was partitioned
bet ween E.40°g, b neaol)y hiadahine iCprophkesterjaydochhasde (040 gasHbthmo)h bri ne,
dried with Na2SO4, filtered, and evaporated under reduced pressure. The

crude 10 pheualdp. 68@5 7|:2£erm<dbi anyl trietlyyladige ébﬂynb,r? 2G5aanoh) ip pypistine (XHH2C12)
to give the bisphosphoam date (94 ny, 42% emﬁ:?l e yellow foam 1H NWR
(CcDC13y Smb) 83s ﬁeatedlép) 609C for- Fyram. Mreak@lngrepar l(ight yiellow solmiotisof br oad,
1H), 5.25 (dd, 111), 5.17 (dd1,478(1 H), 4.25-4.08 (m 4H), 3.87 (m
4H), 3. e5aldrithinl)(1.84 g48.49 mmalhand miphery; phog)hzae (320 g 40 mmwwl)im 2H), 0. 96
(m 121; 3117 N%CDCI a) 8_20.31. 15 Exanple 65 Monophosphoam date 72: A

m xture oPYPHE H@')éﬁ&jacb@ﬁ gswbwer@awaweaThﬁrwb@was est er
hydr ochl ori de (32 r‘a@ ﬁﬁ@ﬂ) phenol nmol )

triethyl apiirfed @60 vemlght eyi tprrogmemp@"guesam@owt%%ea‘h@o 20 60 C

B"%fm?‘o{‘pré‘@ié%?% A A e M e foQ'g%'@c% 5 )
e g e e SR R0 A e v
SHUCTN RO denipe i s ey
e R P SRS o B0 B ﬁx@“f%z@sgzégw“ 500
%1 ORI Rl e SR S i B SBan E FEaB 2,(

430405(m 7H), 3.90-3.80 (m 4H), 1.23 (m 6H): 31P NMR

15 Example 56
Bisphosphonamidate 63: A mixture of phosphonic acid 60 (0.33 g, 1.00 mmol), L-

alanine butyl ester hydrochloride (0.47 g, 2.60 mmol), and triethylamine (0.27 g,
2.60 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freshl}.r i)repared
bright yellow solution of aldrithiol (0.77 g, 3.50 mmol) and triphenylphosphine
20 (0.92 g, 3.50 mmol) in pyridine (2.0 mL) was added to the above reaction mixture.
The reaction was stirred at 60°C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCO:s. The organic phase was washed with brine, dried with Na2SOs, filtered,
and evaporated under reduced pressure. The crude product was purified by
25  column chromatography on silica gel (10% MeOH/CH:Cl) to give the
bisphosphonamidate (0.32 g, 55%) as a pale yellow foam.
Example 57 relates to Scheme 17.

Example 57
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phosphon EREGkso6 S PMETHP EF: %%“ﬁ?%@%?ﬁﬁaﬁﬁﬁéfmﬂffé? Oafgpattre o

1 S R e b e TR T, o o
0.7 ol T AN TRFAR PEnGach Eﬂ?of”%@w R LA SR T

was 10. aé&ﬁﬁoh%&hﬂeamy@uﬁ@a% bORCTHXS W Eoolddeo &@&ﬁttbﬁgaée@ﬁuétar{d ed at 60
C overnight, cooled to roomtenperature, and concentrated. The product was

par ti t3 ongghceRela Qe NTIRE gésdﬁ} aApal éﬁﬁfo%d'ﬂ@% EIOA coirgpitGrdibdse was

washed with brine, dri filtered, and evaporated under

reduced PRRSEUOS. Tﬂ@@rgéiﬁé'ﬁﬁaﬂiﬂ@ﬁ%asﬂé& WAt bfnerdyd SRR IRLO0K, 3afe@n | SCO
(2-propanol /CHzCl 2.) to 15 give the nonophosphoami date (16 rrg, 28% 1.1

di ast er eopRd ieQaporstet! @hdasratfuceliipreydtire. e The @ftidd prdiit (WX Pvifiéd By61 (d,
1H), 7.32-7.06 (m 5H), 6.00 (m 1H), 5.80 (s, broad, 1H) 5.30 {dd, 1H),

5.20 (dd, ciddmatégfipHynon BBTO (2- @ﬂCI—EChYtd) iv3 R0 HIPAQ dfdr 4H),

3.90-3.60 (m 2I—§f®1yg% (m (p’mfé}:}, (m 096(m 3H); IT NVR (CDCl a)
6 21.96, alyIPMERAEA(0] kg, @WSHBQWQ&@%&HG‘HNW (@R & 7060 @hosphoni ¢
add 60 (0.10 g, 0.30 mml), L-alanine cyclobutyl ester hydrochl oride (0 11

g, 0.HL nid),)6.0(bmentH), G0661ENg4H) 53D (daiyoH), R (dd,i N4 92(e2K),. £80s, 3
mmol) in pyridine (2.0 nL) was heated to 25 60 Cfor 5 min. Afreshly
prepar ed BH)gh22 (el 41d)y3s @uti 41d), df35x(mm)rlizEH; BP NRIR{COCL) 3.2084mol ) and
tri phenyl phosphine (0.56 g, 2.14 mol) in pyridine (1.0 nL) was added to
t he above reaction m xture. The reaction was stirred at 60 C overni ght,
cooled to roomtenperature, and concentrated. The product was partitioned

106 WV 4Bxamptas 58ty 61 relate to Scheme 18.

Example 58
15  Bisphosphoamidate 65: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol), L-

alanine ethyl ester hydrochloride (0.1 g, 0.65 mmol), and triethylamine (0.2 mL,
1.43 mmol) in pyridine (0.5 mL) was heated to 60 °C for 5 min. A freshly prepared
bright yellow solution of aldrithiol (0.16 g, 0.74 mmol) and triphenylphosphine
(0.20 g, 0.75 mmol) in pyridine (0.5 mL) was added to the above reaction mixture.

20 The reaction was stirred at 60 °C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCQOs. The organic phase was washed with brine, dried with Naz2SOs, filtered,
and evaporated under reduced pressﬁre. The crude product was purified by
chromatography on ISCO (2-propanol/CH:CL) to give the bisphosphoamidate (23

25 mg, 41%) as a pale yellow foam: '"H NMR (CDCl) § 7.70 (s, 1H), 6.00 (m, 1H), 5.30
(dd, 1H), 5.17 (dd, 1H), 4.30 (m, 4H), 4.20-4.00 (m, 6H), 3.89 (m, 2H), 3.72 (m, 2H),
3.42 (m, 1H), 3.22 (m, 1H), 1.45-1.25 (m, 12H); P NMR (CDCls) § 20.77.
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bet ween EEfA@piiBb saturated NaHCOa. The organi c. phase was washed with

brine, dried with Na2SO4, filtered, and evaporated under reduced pressure.
The crudBisphosplodanigate6s:i Aimikthye chploosyihomiapdis 60r(0118@)0.30 mmol), L-
(2-propanol / CH2C12) to give the nonophosphoam date (28 ng, 17% 1:1

di ast er ecatenine ayicidburtyl) ester Ieyd rotchldsiden(0t38 &, Ol mordINVRJ TiathBlandineé (6.60 ( d,
1H), 7.25-7.03 (m 5H), 6.00 (m 111), 5.30 (dd,1H), 5.18 (dd,1H), 5.00 (m
2H), 4. 79m{lgl 3.59Hpmol) 2 yridifie(0 mL) was easnl ’(orﬁO mqrssﬁﬂoA(msmyl) 3.57
(m 1H, 2.30 (m 2H), 2.00-1.60 (m Eg 1.25 31P NMR (CDCh) S
21.91,5 20pmpara<bbﬂghhp¢1@w@8ohmmp«hbdpi ah@%g,%lzmrmbtamb of phosphonic
acid 60 (0.10 g, 30 mol L-al ani ne n-hexyl ester hydrochloride (0.13 g,
0.61 nmol vlplme&mosmmm( 6g. 25324 mmol) in gydidine 6thgnlanvaeadded tathe 5. 02
mml) in pyridine (2.0 nL) was heated to 60 Cfor 5 mn. A freshly pr epar ed
bri ght yeabwig reactien ﬁﬁxmreaﬂhﬁ ireagtisin wes atirrgd at 605Coverpight, caeded to

tri phenyl phosphi ne , 2.14 mmol )T&Wn pyridine (1.0 Igé_ﬁ was added to

t he aboverQasasempar 15@ an compentratgd: ilbe pradust vas partationsl betweami ght |
cooled to_roomtenperature,_and concentrated. The product wa partltloned
bet ween EEEC and saurarest NaEKnocthe qrganes ghsneovaneehod avilabras

The. 59 %?f%lﬁ”a#@“?ﬁw% @%él%ﬁé%% ﬁﬁfigﬁgﬁp BisedTgsBHe: Sbecru d press”re
2- CH2C12 % 1:
i aot o ot fasin ey ShiaaOE e ohIdeD CrpipRrOHRES 6o Bt (),
(o 11y gt Giphaidridteds i ey as i pale yeBiw ot RRRIEDGRYS 1y 11 60
2 3
(E:(nanp:_i)es %68?%(1% g@&?‘elﬁg %é‘i@)]’ﬂ)’ 51 éygﬁp %&qgl?' %Pr mép%}c%@(m dat e
76: A m X} B & ORGP AR! 519), HF S P 3 Fhn, S 3R, 1H), 3.19 (m, 1H),
15 2.38 (m, 4H), 2.10 (m, 4H), 1.85-1.60 (m, 4H), 1.45 (m, 6H); P NMR (CDCl) §
20.61. |

Example 60
Bisphosphoamidate 67: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol), L-

20  alanine n-hexyl ester hydrochloride (0.25 g, 1.21 mmol), and triethylamine (0.7
mL, 5.02 mmol) in pyridine (2.0 mL) was heated to 60 °C for 5 min. A freshly
prepared bright yellow solution of aldrithiol (0.47 g, 2.12 mmol) and '
triphenylphosphine (0.56 g, 2.14 mmol) in pyridine (1.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60 °C ovefnight, cooled to

25  room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na:SOs, filtered, and evaporated under reduced pressure. The crude

product was purified by chromatography on ISCO (2-propanol/CH:CL) to give
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L- 2-am nobutyric add n-butyl ester hydrochloride ( 21 mmol ), phenol
(50 nyg, theb&pﬂnmphommﬁatm(&img,éh%)es a@ade grellow. famﬁlwm(@%ﬁne (0.5
m.) was heated to 60 C for 5 mn. A freshl epar e brlght el | ow sol ution
of aldri Ml 5., 1), mm;fﬁnmmi%hﬁmpa%pzﬂ Flmodid), 0. 75
mmol) inp ridi ne g was added to the above reactlon m xture. The
reaction 4.0 (my 681)a3- S@GTICZI‘B\%?’ (Igh?-H),c?G‘%ﬂ@H 14), Bdhip.eldb Aad0m, and
concentrated. The product artitioned between Et QAc and saturated
NaHOOB. | 0. bA3AR d8ENad 86 s SHGI SIME: (GG} $20.6% i ed wi th Na2SO4,

filtered, and evapor at ed under reduced 10 pressure. The crude product was
purif5ed by chromat ography on |1 SCO (2- propanol/CHzCl2) to give the
nonophosphoam date (17 ng, 29% 1:1 diastereoneric mxture) as an off-white
f oam 1H$@R£%é13) S7.60 (d, 1H, 7.25-7.03 (m 5H), 6.00 (m 1H), 5.30

14y 3 spiesp PRt o e o lpfinisand 1 (47 U i3y "
Bbﬁﬁpﬁo?’ Aepthie seid n%wieane@ﬁ%gﬂ?wﬁ%ﬁsm?ia BP0, 0. 11 ol ).
56"36%' rieylamine M2 Tt 1 B 6%%&35%%% d R s )
At ar ADpi g (%?ae@ﬁgy pEFoafed i Xﬁﬁg%?ﬁ%wﬁéﬁ B&@ng B Eb7g a0 'm?& 3
s s B AT P RS g b
e St A T R U RO R
R N e e L E T
monophos RREAE L4 Eatld 4reiiNares. Fink Jr%gxqu\ﬂe!sm\é\%i@eﬁ with brine, dried
15  with Na:SO,, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:ClL) to give
the bisphosphoamidate (32 mg, 49%) as a pale yellow foam: '"H NMR (CDCls) §
7.68 (s, 1H), 6.00 (m, 1H), 5.70 (s, broad, 1H), 5.30 (dd, 1H), 5.18 (dd, 1H), 4.80 (s,
2H), 4.25 (m, 4H), 4.20-4.05 (m, 6H), 3.89 (m, 2H), 3.72 (m, 2H), 3.35 (m, 1H), 3.15
20 (m, 1H), 1.86-1.60 (m, 8H), 1.40 (m, 4H), 0.96 (m, 12H); 3P NMR (CDCls) § 21.25.

Examples 62 to 71 related to Scheme 19.

Example 62 '

Bisphosphoamidate 69: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol), L-
25  phenylalanine ethyl ester hydrochloride (0.15 g, 0.65 mmol), and triethylamine

(0.2mL, 1.43 mmol) in pyridine (0.5 mL) was heated to 60 °C for 5 min. A freshly

prepared bright yellow solution of aldrithiol (0.16 g, 0.74 mmol) and

triphenylphosphine (0.20 g, 0.75 mmol) in pyridine (0.5 mL) was added to the
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di astereoneric mxture) as an off-white foam 1H NWMR (CDCls) S 7.60 (d, 1H),
7. 25- 7. 03abdve Aakbion tnit@uremTHelfehctidn #@s tiked 4)60 °& dverfibight, dddled €0 80 (m
2H), 4.40- 4.08 (m 7H), 3.85-3.65 (m 4H), 3.38-3.25 (m 2H), 2.95-2.86 (m
2H), 1. 20rdom t&iiperatdid? AR oncBitrpted. TheSfrod2itt OGis fharikianpd befteen
Monophosphoam date 78: A m xture of phosphonic acid 60 (35 , 0.11 mol ),
L- pheny| aEfdAnand-datunated NadiCOy.dThe htgaridphesSwag washed witb byinepfradl (50
ng, 0.53 mol) and triethylamne (0.2 nL, 1.43 nmmol) in pyridine (0.5 )
was 10 heatiduNed@pfitefest, abdraviaporated auidey r@d\@m&lrpmsmneg@wudew sol ution
of aldrithiol (0.16 g, 0.74 mmol) and tri ph%g%a;hosphi n%&zo. 20 g, 0.75
mol ) 5n pyedwtitiveaspustiedby duemategraphy onds propancl{@R-Gh)togiee The
reaction was stirred at, 60 C overnight, cooled to roomtenperature, and
concent r athabisgrhesphrosmidate?s mpga3d%h) asompalegeallpse foamokE (CRI)A ed

NaHCOa. Th i ¢ _ph 15 washed with brine, dried with Na2SO4
{11t er ed, 7&RdsdbipGRAUER (ROMD, &dlay THy a59dd, k- (dd Toddsrt dbs

purified by chromat ography on | SCO (2- propanol /CH_ Cl to give e
PonophoaplBeRiHaaD (Reiy 3 Bhaq S o 20 L B a M AFD: 2R G DREE VR - whi t e
f oam IH%FéCQgZ S 7.60 (d, 1H), 7.25-6.97 (m 10H), 6.00 (m 1H), 5.80
(s, broad(Cys) 0208 (dd, 1H), 5.17 (dd, 1H), 20 4.78 (d, 2H), 4.40-4.03 (m
71-1),3.85-3.65 (m 4H), 3.45-3.25 (m 211), 2.95-2.86 (m 21-1),1.57 (m,
2H), 30 (m 2H), 0.96 (m 3H): 31P NMR (CDCla) S 21.89, 21.09. Exanple 72

anophospaoam' gaég 79: A m xture of phosphonic acid 60 (0.10 g, 0.30 mmol),
25 L-phen i sobutyl ester hydrochloride (0.16 g, 0.61 nmol), phenol

) vas FEROePRG R phy At niE R Broio b ral RS T PRROLLEG) w0
o 7491 B o B B Al RPbdochad LPRER A0SR i 1ty
(0.2 mL, 1.43 mmol) in pyridine (0.5 mL) was heated to 60 °C for 5 min. A freshly

15 prepared bright yellow solution of aldrithiol (0.16 g, 0.74 mmol) and
triphenylphosphine (0.20 g, 0.75 mmol) in pyridine (0.5 mL) was added to the
above reaction mixture. The reaction was stirred at 60 °C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried

20 with Na:SO, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CHzCl) to give
the bisphosphoamidate (49 mg, 63%) as a pale yellow foam: "H NMR (CDCl) §
7.58 (s, 1H), 7.28-7.03 (m, 10H), 6.00 (m, 1H), 5.70 (s, broad, 1H), 5.30 (dd, 1H), 5.17
(dd, 1H), 4.78 (s, 2H), 4.25-4.03 (m, 8H), 3.65 (m, 2H), 3.42-3.19 (m, 2H), 3.17-2.78

25 (m, 6H), 1.61 (m, 4H), 1.32 (m, 4H), 0.96 (m, 6H); P NMR (CDCls) § 20.35.

Example 64
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WO 2005/ U66189 nl) was added to the above reaction m xture. The reaction was

stirred aBisphosghaamiduitefil: Acmittede bbphospharénpedA0(0d0 HBmmoal)il-at ed.
The product was partitioned between Et OAc and saturated NaHCO3. The organic

phase wasphewdhlkaing ishbutyilieeter dvyidedchbride K3.35@41 .20 imhed)e dnddrigthedamimet ed -
under reduced 5 pressure. The crude product was purified by chromatography
on | SCO (.7 prleFdRantaHpim pyndmeg(axﬁbmﬂhevaasdmmvb@%%f@as min1 @ frgshlyory 1:1
di astereoneric mxture) as an off-white foam ' (CDC13) 8 7.60 (d, 1H),
7.25- 7 o3p(6mar@_®bmgh6yd@0wrsplqm4)n ofsalslmltbm (0.444g, ZQomm@b)oan H, 4.78 (d,
2H) , 4.35-4 3.95-3.60 (m_5H), 3.35 (m 1H),

3. 00- 25 ssmphermlly osphame (453 goé &H}nmei %WmdlaﬂilémemseMjﬂo the1.90,

21. 07. nples 73 tq 76 related to Schene ) %

I\/bnophospﬁ%‘fﬁ TeAciopuXIR, Q?@rréa@forhﬁrﬁéﬁwgéwéﬁpc mean@%xtoc@ée@to 0.30 15
mol ), L-al anine cycl obutyl ester hydrgchloride (0.11 g, O gl mol ), phenol
(0.13 g,Tocm ‘?H?Bﬁljam%&nfirqoé't:?mra‘iﬁin rodugh was P@?ﬁﬁﬂ%‘?fi EAVERIY i di ne (2

o e B R Bl T e, M,
oacti on V0 SecHltsieds 5ha ST apaTaRA HaNe FEBGRp B SoNPESTIRR at eT“Snd
Narioch | ThEBi e Sis oy ZaroRakiasp iy on I%&ﬁﬁ@~5m3aé'§?/§?%1§3t &%
LL'r |1 od B EPl ARl ST mec R apﬁr YRR KRS 1% o
1 dl ast CPEBarDe W@y%@aﬁ%&@ i 5%252}559%%%?5‘3@‘6? 39S ?9602??
o0y o GBI ER B 8 o ) o8 s Bk
WU 2UULY 0983y 51955 78 (i 611) 2 .95 Ml 321) Y0796 (tn, 12H); 3P NMR (CDCls) §20.31.
15
| Example 65
Monbphosphoamidate 72: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),
L-alanine ethyl ester hydrochloride (32 mg, 0.20 mmol), phenol (50 mg, 0.53
mmol) and triethylamine (0.2 mL, 1.43 mmol) in pyridine (0.5 mL) was heated to
20  60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (0.16 g,
0.74 mmol) and triphenylphosphine (0.20 g, 0.75 mmol) in pyridine (0.5 mL) was
added to the above reaction mixture. The reaction was stirred at 60 °C overnight,
cooled to room temperature, and concentrated. The product was partitioned
between EtOAc and saturated NaHCOs. The organic phase was washed with
25  brine, dried with Na:SQy, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CH:CL) to
give the monophosphoamidate (12 mg, 22%, 1:1 diastereomeric mixture) as an off-

white foam: H NMR (CDCls) & 7.62 (d, 1H), 7.30-7.04 (m, 5H), 6.00 (m, 1H), 5.30
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2H), 2.05 (m 2H), 1.80 (m 2H), 1.30 (m 3H), 0.90 (m 2H), 0.62 (m 21-1);

31P NWR (ddDTED) 5.88 2d d S1ET), 2B064.05 ExaTH) £3.903-3B0Ring [@ids P28 4m, d&i)e> B NIMR

m xture of phosphonic acid 6 (60 ng, 0.18 nmol), L- al anine cycl obutyl ester
hydr ochl ofGELs) 62139920.65.72 mol ), and triethylamine (0.31 nL, 2.16 nmmol)
in pyridine (1.0 nm.) was heated to 60 C for 5 mn. A freshly prepared
bright yellow solution of aldrithiol (0.28 g, 1.26 mmvol) and

tri phenyl phosphine (0.34 g, 1.26 mol) in pyridine (0.5 nL) was added to the
10 above Exmupleb nmi xt ure. The reaction was stirred at 60C overni ght, cool ed
to roomtenperature, and concentrated. The product was partitioned between

Et OAc SandVmophaesphoawmidate 73 Themdxiyae ot phhsphonia acifh(@8 mgthlbmmel), dri ed
with Nai SO4, filtered, and evaporated under reduced pressure. The crude
product wealanine prlaetybgstenhpaeachiprign (39mgs0 21 samgdl pheneMEOmEH.TS h) t o
give 15 the bi sphosphoam date (30 ng, 28% as a pale yellow foam |H NWVR
(CDCh) s mmelpand triefyylamireyQZmly )43 mmyd) mhpyridine (§:oml) gvasheated ta). 25 (m
2H), 4.00 21-1), 3.90 (m 2H), 3.78 (m 2H), 3.40 (m. .1 3.21 (m
113), 3. 0@( {&forbﬁ B, Aifreshly preparedgrighdyyelloy salugipn Qfl%&dﬂ@g%{ﬂil% (m 4H),
1.32 (m 6H), 0.90 (m.21-1), 0.60 (m _2H: 31P N\R (CDCls Q.70. 20
Exam | p eo-ﬁnmgrﬁgg]ﬂﬂﬁ}ﬁrw&@sg%m%{aﬁﬂxmﬁmma 48 prrsichine i&g &lg wa® ny,
0.18 I L- al anine cycl popentyl ester hydrochlorijde (0.13 g, 0.72 nmmol),
and t -et@%ﬁﬂ%@e o9 VE TeRGHOTD MK Ukigr er%ﬁycamwaﬁ@hr(r@d%f ﬁ&j’cmgrrﬁsﬁfred to
60C for 5 m.n, A freshly 25 prepared brjght | | ow sol uti on af. al drithiol
(0.28 g, wded ﬁ%ﬁ?@méﬁﬁlpef?‘wgﬁéga C;ﬂ?&%ﬁg?ﬁg %@.‘%ﬂr ucy Wig Rﬂ*‘EHPYn?& pyri di ne
(0.5 nl) s ad o the  above.r i Qn m xture.. The react.o s stirred
ft 60'C oheRHOACHE B e A D dhe e e e S AP B By e
product "‘E‘r?m?,%ﬁé& {/V?ﬁiequaz%:;\,ﬂﬁﬁgred% %111d evaporated under reduced pressure. The

crude product was purified by chromatography on ISCO (2-propanol/CH:Cl) to

15 give the mon0phosphoamidatg (16 mg, 28%, 1:1 diastereomeric mixture) as an off-

white foam: '"H NMR (CDCl) § 7.61 (d, 1H), 7.32-7.06 (m, 5H), 6.00 (m, 1H), 5.80

(s, broad, 1H), 5.30 (dd, 1H), 5.20 (dd, 1H), 4.80 (m, 2H), 4.30-4.05 (m, 7H), 3.90-

3.80 (m, 4H), 3.90-3.60 (m, 2H), 1.60 (m, 2H), 1.32 (m, 5H), 0.96 (m, 3H); *'P NMR

(CDCls) & 21.96, 20.70.

Example 67
Monophosphoamidate 74: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol),

L-alanine cyclobutyl ester hydrochloride (0.11 g, 0.61 mmol), phenol (0.13 g, 1.39
mimol) and triethylamine (0.5 mL, 3.59 mmol) in pyridine (2.0 mL) was heated to
25 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (0.47 g,
2.12 mmol) and triphenylphosphine (0.56 g, 2.14 mmol) in pyridine (1.0 ;nL) was
added to the above reaction mixture. The reaction was stirred at 60 °C overnight,

cooled to room temperature, and concentrated. The product was partitioned
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Et OAc and saturated NaHCO3. The organi ¢ phase was washed with brine, dried

Wi t h Na2S6¢wekh!Hter/8dand BstueRENAHED:U Mieror sprveaswashedthcr ude
product was purified by chromatography on silica gel (5% MeOH CHzCl2) to

gi ve t hepihs REashROINGS®, (iBered) and S¥hpasatad palder yedhoad preasarel HHEVR
(CDCJ)85762(s 11-1), 5.72 (s, .1H), 5.20 (m 2H), 4.80 (s, 2H), 4.25
(m 2H), &udépIolBc Was gﬁkﬁxedﬂo}?éhl(ommmaghaplﬁr COIR{GY) (Iﬂi)rppﬁnﬁBCl-hClz].H) 3.03
(s, broad, 1H) 1.95-1. (m 16H) 1.37 (m 6H), 0.90 (m 2H), 0.60 (m
2H); 31P ¥ wmm-a%pl&spﬁoﬁﬂudﬂea(ﬁ&mg , 168%4.Q: 1I3ﬂmptameqntwannnbatmxe$85 a\off- xt ur e
of phosphoni c acid ng, 0.12 mmol), L- phenyl al ani ne cycl obutyl ester
hydr ochl owihite fom&im @EDAitay B)7,60eldel 1101 7.26-7y03e(mi, Hd 1), 6,000m11H)1 588 ol )
in pyridine (0.5 nL) was heated to 60 Cfor 5 mn. A freshly prepared
bright ye(ddaiBo5.u8 (dd, 1), H.00 (oo, n2kd), 4(7@ (!Ii92H) 4)28}5%@)4H)aﬁ@0 (m, 4H),

tri phenyl phosphi ne (0. 22 % 0. 85 nmol gyrldlne (0.5 nL) was_added to the
15 above 3.2a6mj bH),M.87 (melH)h30 émc?i n?QQa 681y ED, 5 ém, BHHVER NMK: |

cooled to roomtenperature, and concentrated. The product was partitioned
bet ween (GI08b) 8RY.9a2Qi64t ed NaHCO3. The organi ¢ phase was washed with
brine, dried wth Na2SO4, filtered, and evaporated under reduced pressure.
The crude product was purified by chromat ography on silica gel (5%

MeOH CaCh ive 20 the bi sphosphoam date (20 ng, 22% as a pale yellow
foamlOHﬁﬂS@E%ﬁ) 8 7.50 (s, 111), 7.28-7.05 (m 1OH), 5.72 (s, 1H), 5.00

g 15 2. szh’{%OP&’lﬂfPhQa@sélf(f%]%jﬁ? ?m’(z“% O?E% ahg\}\omc %%155@((@0 gl g%%n%g’c)r( g‘ 0 (22
Scherre’ 23l aliniaRpHa ) <o SosropyPrin K8 06T o hpReReLcElls 1545 5 5, °
s p ?cr‘éalm&?andit%'gft'} SeRrb b i B i PR PR T
mxture 80 -C For § fnin’ A freshly prepared bright yellow solution of aldrithiol (0.47 g,
15  2.12 mmol) and triphenylphosphine (0.56 g, 2.14 mmol) in pyridine (1.0 mL) was
added to the above reaction mixture. The reaction was stirred at 60 °C overnight,
cooled to room temperature, and concentrated. The product was partitioned
between EtOAc and saturated NaHCOs. The organic phase was washed with
brine, dried with Na:SOq, filtered, and evaporated under reduced pressure. The
20  crude product was purified by chromatography on ISCO (2-propanol/CH:zCl) to
give the monophosphoamiaate (28 mg, 16%, 1:1 diastereomeric mixture) as an off-
white foam: 'H NMR (CDCls) § 7.60 (d, 1H), 7.25-7.03 (m, 5H), 6.00 (m, 1H), 5.85
(s, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4:78 (d, 2H), 4.35-4.05 (m, 7H), 3.90 (m, 4H),
3.70 (m, 1H), 1.60 (m, 2H), 1.30 (m, 9H), 0.96 (m, 3H); ¥*P NMR (CDCl) 8 21.97,
25  20.69. |

Examples 69 to 72 relate to Scheme 21.

Example 69

107



YU L4UVUI/IUVVL0.T A S BTN aTUN VWSS

room tenperature and concentrated under reduced pressure. The product was

partiti oreEbriophvesiodkhidae P/ BHEGUAré 3f shosptibriic atid 60435atlgd.1 Dndiad O,
filtered, and concentrated. The crude product was purified by chromatography
5 on | SCO{2apirapanptit atidGhbutyll dstarety drpclidorisler(42iBtg; Ou2ir irfcholyt plegol (50
(CH3CNH O to give 84 (3.26 g, 56% as a pale yellow foam anple 78

Bi sphos p g0 $atremdb) andl triethylamioke (P2aaphbiB mmol)dn4riding 10.§,mD) #asnmol ) ,

L- 10 al ani ne cycl obutyl ester hydrochloride (0.31 g, 1.75 nmol), and
triethyl aneated ¢@662C fot 5 n8n6A freshly preppyed bifight Ydlldw sblutimsotedrithiol o 60 C
for 5 min. Afreshly prepared bright yellow solution of aldrithiol (0.47 g,

2. 12 1ol (0.1ng) 0.74 inphelp ghd Huippanykphasphiiey0.20. g1 9.4hmimol) in pyridiien@.5 1. 0 nl)
was added to the above reaction mxture. The reaction was stirred at 60 C
over ni ghtmLy svdscdlded to3he above eegationt mbdpranthe sractionraesestirrdthat 0 8duct was
partitioned between EtOAc and saturated NaHCOs. The organi ¢ phase was
washed wi everpighiecodded éeiroarnitemperaiose, and canceniratadd Bvaproduckavasnder
reduced pressure. The crude product was purified by chromatography on | SCO
( 2- pr opanpartitigned between EHQActansl mwm@ééfﬁéﬁﬂaaﬂbe(wgam,pmwa&s a pal e
yellow foam_ |IH NMR (CDCls) S 20 7.65 %s, IH), 5.90 (s, broad, 1H), 5.00 (m
2H), 4. soweshedwyth bring driechwith Nai9Oy, filtered, el evpporajed rnder redyceds. 70 (d,
2H), 3.38 (m 1H), 3.20 (m .iH), 2.30,.(m. 44, 2.00 (m 4 .90-1.60 (m
4H), 1 35p{qs§um'l?heﬁpdmw@&m purifigddy. dmgrﬁépgrapgﬂym %ﬁ@ ]@x anpl e

t eaches assays us deponstrate antiproliferafion activity. Cell types
used for amnwf@%&&)gb‘fﬁ 9§OEQQSPH’!°@IWQ g, 29%, 117 yman cancer

Il lines, used in .antji-prolif i or ' i '
Ot oS kDbt 5 AL ke TSI A0 B A8 8oy one
HPV negalty e aef vl Aty SA6GHNITR, §3blal 1), A AL 2 305, G4 K6
(m, 7H), 3.95-3.80 (m, 4H), 3.62 (m, 1H), 3.40 (m, 1H), 1.80-1.60 (m, 4H), 1.38 (m,

15 2H), 0.98-0.75 (m, 6H); 3'P NMR (CDClL) § 22.26, 20.95.

{

Example 70
Monophosphoamidate 77: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-phenylalanine ethyl ester hydrochloride (48 mg, 0.21 mmol), phenol (50 mg,

20 0.53 mmol) and triethylamine (0.2 mL, 1.43 mmol) in pyridine (0.5 mL) was
heated to 60 °C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.16 g, 0.74 mmol) and triphenylphosphine (0.20 g, 0.75 mmol) in pyridine (0.5
mL) was added to the above reaction mixture. The reaction was stirred at 60 °C
overnight, cooled to room temperature, and concentrated. The product was

25  partitioned between EtOAc and saturated NaHCOs. The organic phase was
washed with brine, dried with Na:SOy, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:CL) to give the monophosphoamidate (14 mg, 23%, 1:1
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fromtongue. Normal human cells tested included skin keratinocytes, cervical

5 ker at i n@ia¥ic@Somand nhithere) hHhR bR hste fSHind YRR (COYILH S mwlgd;em; cal
keratinocytes were obtained from Canbrex (East Rutherford, NJ) and all other
cel I's were28bioai (agd 0H)P§100(ET, 1€55.39 ké&d QAH), 5117 (del, 1ED] 4.80 (f)RFHSE48- VA) .
Tabl e 79-1 summari zes characteristics of each cell type and culture

condi t i on&08 (ANYH) [B.85-Bi66r (ad, i481), 3.38<By2P(mCHd) 2950.86 (mO2H), T.20 (my 8He! | S
were detached fromculture flasks using trypsin, counted, and plated in 96-
wel | cul t3p NMRACGRCER601.860PN06 el | s per wel |, depending on cell type). On
the next day (defined as day 0), after cells attached to the bottom of

pl ate$ 5-fold serial dilutions of conpounds were added in duplicate. No
conmpound and 10 15 M col chicine (cell division inhibitor) was added to
control wekdmpletdii ch woul d represent 100% proliferation and 0%
proliferation, respectively. 2. Staining of cells wth Sul forhodam ne B
Seven dayMomoplospbicimidate 38: dompdiume of pbosphonic prigh &k (3reng, Q.1bammalwi t h 10%
trichloroacetic acid at 4C for 1 hr, then washed with water. This procedure
20 al | onsL-phienytpdanined-butyl estes hydrochidride ($hmg 82lanmal), pheaob(G0omgt es .-
Proteins were stained with 0.4% Sul forhodamne B in 1% acetic acid for 10
ni nutes, 0.p3mMmwabdrnsltresthplasine (dsnknbdhimmoldan pysidiae £3P alwWaai ni ng dye
bound to the bottom of plates was dissolved in 10nM Trjzma base. This
generd} edheaied jo 60 8GIfer 5 ona: Anfreshivapreppredibrghteeliow spitonobaydsithighce at
510 nm 25 wavel ength, using spectrophotonmeter. 3. Data _analysis Fromthe
exper i ment0al6 g4 mang art Elp?waiamee&)&%@- & RyEdinetp 5096

effective ncentratjon_ (ECso) was, cal gul ated usi ng, G aphPad 114 Prjism
version 4 W@aﬁ%me(@asﬁ%@lwmr%, ﬁeqﬁ%é&d”@%ﬁﬁ“%&ﬁf‘ 55’ °@3A).

overnight, cooled to room temperature, and concentrated. The product was

partitioned between EtOAc and saturated NaHCOs. The organic phase was

15  washed with brine, dried with Naz50, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:Cl) to give the monophosphoamidate (18 mg, 28%, 1:1
diastereomeric mixture) as an off-white foam: 1H NMR (CDCls) 6 7.60 (d, 1H),.
7.25-6.97 (m, 10H), 6.00 (m, 1H), 5.80 (s, broad, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H),

20 4.78 (d, 2H), 4.40-4.03 (m, 7H), 3.85-3.65 (m, 4H), 3.45-3.25 (m, 2H), 2.95-2.86 (m,
2H), 1.57 (m, 2H), 1.30 (m, 2H), 0.96 (m, 3H); 3P NMR (CDCls) & 21.89, 21.09.

Example 72
Monophosphoamidate 79: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol),

25  L-phenylalanine isobutyl ester hydrochloride (0.16 g, 0.61 mmol), phenol (0.14 g,
1.52 mmol) and triethylamine (0.7 mL, 5.02 mmol) in pyridine (2.0 mL) was
heated to 60 °C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.47 g, 2.12 mmol) and triphenylphosphine (0.56 g, 2.14 mmol) in pyridine (1.0
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Table 79-1. Cell types used in antiproliferation assays 5 Culture Name HPV
status Orlgi 'ékialfg)%ﬁ'g%’a to'@ﬁyaB%i—:‘ boaRiohdhBitTET e dactibA8Pad $trdbat 6 ¢ (1-2

copi es per uanmous cell carcinoma in cervix A, A2 HPV-16 Epi dernoid

carci no%véigfg@ﬁ;@%%h ar(%ﬁ\ té&?@_ré%ﬁpé,%ﬁd%hcé@drhbedt OTHBidduchinest i ne from

cervix A (al so contains a partial HPV-45 Epi dernoid carci nong,

met ast a?ggar bRdd BRENEEN FHOA dRdsahegeéd NEHEOY! X‘hélo'\rﬁﬁﬁc bewdsV- 18
Epi t hel i adenocarcinona in cervix Al, A2 C4 1 HPV-18 r.cinoma in cervix

A, A2 ERbggidWith Brn€ i iesmwilfENasSCisilledd; 388 evBioifted arciee nédimelr om
cervix Al, A2 HPV negative carcinoma cell |ines Carcinoma, netastased to

| ymph sHT- 3rehne, Mederiiaemreguvi wadburifidd b5BréniitograpiyerIBCO¢21 car ci noma
in tonguelgrAI, A2, SCC-9 gone Squaér:%us cel I carci noﬁra in tongue Al, A2 Cells

from nor ngio CHLC3S Y6 siviEnedaohopRodptvantidass @9imgetdshyhhi ¢ 1 ung Al, A2
PHK ( ski nnﬁll Pg?g?i noc@%s ne Kerafl,iggocdﬁ es in adult %oreski n Bl, B2 CK-
(cervi cal digstereomeric mixture) as an off-white foam: 'H NMR (CDCls) $ 7.60 (d, 1H),

7.25-7.03 (m, 10H), 6.00 (m, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.78 (d, 2H), 4.45 (m,

1H), 4.35-4.18 (m, 4H), 3.95-3.60 (m, 5H), 3.35 (m, 1H), 3.00-2.83 (m, 2H), 1.85 (m,

10 1H), 0.96 (m, 6H); ¥P NMR (CDCls) 8 21.90, 21.07.

Examples 73 to 76 related to Scheme 22.
Example 73
Monophosphoamidate 80: A mixture of monophosphonic acid 6 (0.10 g, 0.30
15 mmol), L—alam'he cyclobutyl ester hydrochloride (0.11 g, 0.61 mmol), phenol (0.13
g, 1.4 mmol), and triethylamine (0.51 mL, 3.67 mmol) in pyridine (2 mL) was
heated to 60 °C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.47 g, 2.12 mmol) and triphenylphosphine (0.56 g, 2.14 mmol) in pyridine (1.0
mL) was added to the above reaction mixture. The reaction was stirfed at 60 °C
20 overnight, cooled to room temperature, and concentrated. The product was
partitioned between EtOAc and saturated NaHCOas. The organic phase was
washed with brine, dried with Na:SOs, filtered, and evaporated under reduced
pressure. The crﬁde product was purified by chromatography on ISCO (2-
propanol/CH2Cl:) followed by Gilson HPLC purification (CHsCN/H:20) to give the
25 monophosphoamidate (33 mg, 20%, 1:1 diastereomeric mixture) as an off-white
foam: 'H NMR (CDCls) 8 7.60 (s, 1H), 7.30-7.03 (m, 5H), 5.80 (s, broad, 1H), 5.00
(m, 1H), 4.80 (d, 2H), 4.28-4.05 (m, 3H), 3.90 (m, 4H), 3.03 (s, broad, 1H), 2.35 (m,
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keratinc tes None Keratinocytes in adult cervix Bl, B2 * Culture nedia

Cel I's v griyes 04 hie), B4R 241, 13 (oCHROSI, BTGk BEROLRMI N Lhe

following cllturé nedi’a. 1 Medi um for culture 'mai ntenance: Eagl e MEM
with Earl g‘;]gcﬁ§§2(1'_©q,nm,§1<,, East Rutherford, NJ), supplenented with 10%
fetal bovine serum 2 mM glutamne, 100 units/nmL penicillin, and 100 g/ nL
streptomycin. A2: Mediumfor antiproliferation assays: Eagle MEMw th
Earle's BSS, 15 supplenented with 5% fetal bovine serum 2 nM glutam ne, 100

uni ts/ L Egm’%’ y4in, and 100 Itg/nL streptonycin. Bl: Mediumfor culture
mai nt enance: Keratinocyte-SFM (invitrogen, Carlsbad, CA), supplenented with

0. 01 rw/ nBisphwkpleodrhidaté 81y Aetixiaee of Phofihalichcidlbl (G0rmgpoiB mamiol)eht der nal
grow h factor, 100 units/nL penicillin, and 100 4g/nL streptomycin. B2:
Medi um f oslaairid @rcidbutel edteohy dssdioridet (011 (.72 mmbl) BindindetAZlamineReSl ts 1.
Sel ective antiproliferation activity of the am date prodrugs in HPV
positive SHilk2. WahhsolponparidthenltOmiy) wasl hdaitdd thb6@IE for Theingdafreskly t o ;

di scover a conpound that inhibits gromh of HPV- transformed | esion wthout
af f ect i ngprepared beight yellowepildigomos akirithibd (BR8 g, 1.26(moh) asd ker at i nocyt es
and fibroblasts). In vitro antiproliferation assays were setup using SiHa

cel | s andtdijphenydphasphihe (h34gdeR6 Heviolriamps/fridine (0.5 nek) was addeddo e
fibroblasts, respettively. SiHa cells are derived from squanous cell

car ci Hbmaaboversaciion caxboe. heHegetien wab stitiedrat006C eEernighhrooblesistos ar e
derived fromnormal human enbryonic lung (Table 79-1). 15 As shown in Table
79-2, 50%edthdemperatoom aadt qcomcentratedCsidie produet was\pamtitioned between

EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Naz250,, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on silica gel (6% MeOH/CH:zCL) to give
15  the bisphosphoamidate (30 mg, 28%) as a pale yellow foam: 'H NMR (CDCL) &
7.60 (s, 1H), 5.70 (s, 1H), 5.00 (m, 2H), 4.90 (s, 2F]), 4.25 (m, 2H), 4.00 (m, 2H), 3.90
(m, 2H), 3.78 (m, 2H), 3.40 (m, 1H), 3.21 (m, 1H), 3.03 (s, broad, 1H), 2.35 (m, 4H),
2.05 (m, 4H), 1.90-1.65 (m, 4H), 1.32 (m, 6H), 0.90 (m, 2H), 0.60 (m, 2H); “P NMR
(CDCl) 8 20.70.
20
Example 75
Bisphosphoamidate 82: A mixture of phosphonic acid 6 (60 mg, 0.18 mmol), L-
alanine cyclopentyl ester hydrochloride (0.13 g, 0.72 mmol), and triethylamine
(0.31 mL, 2.16 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly
25  prepared bright yellow solution of aldrithiol (0.28 g, 1.26 mmol) and
triphenylphosphine (0.34 g, 1.26 mmol) in pyridine (0.5 mL) was added to the
above reaction mixture. The reaction was stirred at 60 °C overnight, cooled to

room temperature, and concentrated. The product was partitioned between
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am date prodrugs in SiHa cells ranged 0.13 - 3.2 nM while ECso in HEL

celI's rargeyAdand sfttifafell NAHAIGRTHidodghalc phwsevaowashied! svitnbiihet dxded
proliferation of SiHa cells nore efficiently than HEL cells. HEL/Si Ha

sel ecti ViwithiNa8®.fildreBECaed dvapsiatedyndeteduCed)pressugedThearud® - 559 20
(Table 79-2). Al seven am date prodrugs produce the sanme netabolite,

cpr PVMEDARrodpcPVabpRirified by themategsdshy ardilica gé&/&i’%[l\db@ﬁ/ﬁfﬂﬁzéﬂz) talgive 1999;
Haste et al., 1999 Antiproliferation ECso of these conpounds in SiHa

cel | s werthebigpghdsp gbmmdditar(S(D g5 @78) ashaepale yeflaysfoaita BHENIMR 27 DY b

I ndicating that attachnent of a nidate noieties inproved potency

Fur t hér mot.62 (sHEE),S. P (5 aFHCE.20 (ny 2H).H.8@ s, amwa&mmmmmgm vdle 17 and
4.1, respectively (Table 79-2), indicating that the p rodrug have better

sel ect i w324(rhaZH&;@4&EDAE’Pﬁr@2&(mP&HD)@O$1ésbmd ditl), $8belcv8 (mt 6 pan PVEG
116 YFV COQJ/ VW107 PMEG i s known to be phos ated to PMEGop that acts
as a 'chal.37 (ray oEI) & 9gni 2H), 9i60m,GH) T M (@ﬁkbb&?%&ase [ Conpt on et
al., 1999; Haste et al., 1999]. Pour known DNA pol ynerase inhibitors

(G dofovir, Ara C doxifluridine, and Aphidicolin) and other anticancer 5
drugs wit h di fferent nechanisns of action, including DNA topoi sonmarase

i nhi bi t orExammplesf@hazi ne, Ellipticine), DNA al kylaters ( Doxor ubi cin,

M toxantrone, Bl eonmycin, Mechl orethanm ne) and tublin inhibitors

(Vi ndfi stBisphosphusinaiciated3: Amopduraiel pherp honda@ditnd) @12 synel kn S Ha

and HEL cells (TabI e 79-2). Anti rollferatlon ECso of these conpounds in 10
Si Ha cel | henyilileineeyelohory] Wé?léﬁ d (Ot} & Gt manobmnd t he seven

am date pr odrugs Nonet hel ess, al I of them exhi bi ted poor HEL/S

sel ect i vi riethylamine (.80 gL, -1 4 mgyol) sy pprdine (-2 ﬁ‘[t)ﬁ’éa%}é%ﬁdé?rﬁgaago{)?odr ugs.

Taken togeth t of
aren Ogr%m efx frgshlfjrz] Ip?g;arzcei br?ght%r%ﬁggvugoqatl\o,\g%? aic?nt ol (0% r6.85 mmol)

and triphenylphosphine (0.22 g, 0.85 mmol) in pyridine (0.5 mL) was added to the

15  above reaction mixture. The reaction was stirred at 60 °C overnight, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na2SO, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on silica gel (5% MeOH/CH:CL) to give

20  thebisphosphoamidate (20 mg, 22%) as a pale yellow foam: 'H NMR (CDCls) §
7.50 (s, 1H), 7.28-7.05 (m, 10H), 5.72 (s, 1H), 5.00 (m, 2H), 4.90 (s, 2H), 4.23-4.03 (m,
4F), 3.68 (m, 2H), 3.42-3.19 (mn, 2H), 3.15-2.82 (m, 7H), 2.38 (m, 4H), 2.00 (m, 4H),
1.85-1.55 (m, 4H), 0.90 (m, 2H), 0.60 (m, 2H); P NMR (CDCl) § 20.31.

25  Examples 77 and 78 relate to Scheme 23.

Example 77
Diisopropyl Phosphonate 84: A mixture of 4 (5.0 g, 12.82 mmol) and

trifluoroethylamine (6.35 g, 64.10 mmol) in CHsCN (40 mL) was placed in a
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shows sub-low nM antiproliferation ECso in HPV-16 positive SiHa 15 carci noma
cel | s andregctiah onibhamd heafed b 80elfol k. t Theveartionmixterk was boolelto
fibroblasts. 2. Selective antiproliferation activity of the am date prodrugs
in HPV  progirh iterep&idtareahd soncmteated undenrethroed | pressuaei dbeypredu2bwhs or der
to test effect of the conpounds in normal cells from epiderms,

ant i - pr ol paritamiedrbedweeay 4 5HeMeQid(Gd:(le (8 x)simpbrine ndrigd maiHRNa:%es, at | nocyt es,

i solated fromskin (PHK) and cervix (CK). Antiproliferation ECso val ues

obt ai ned filteted; Ard seneantpatedr a@@wd@pm@mmmléedMOmebye in
HEL, indicati that keratinocytes are nore susceptible than 25 fibrobl asts
(Tabl & 7902 IS0 (RpropaneBbbEs) éaiwatiay S aondiT Bp@iHEataRl ot | vi ty

i ndi ces of these prodrugs and cpr PVMEDAP were still better than the control
conpounds(EENARD atorgime $41( %érga&@ki) ahRpaioyelewidoatTabl e 79-3). Thus, the
prodrugs preferentially inhibited proliferation of 117 WV LUUD UUU OY a ~.
ar ~v..o..+ o~eioi HPV-16 positive SiHa cells, conpared wth normal
keratinocytes fromskin and cervix. 3. Antiproliferation activities in

ot her HP_ME\.EQZ& cells 5 The seven prodrugs were then tested in five

addi tion rived from duced ce rv cal carci no&? (listed

in Tabl ea%pﬁ?sphparrlgfﬁai %§%| Af@%rtlr%ﬂ r%aaé Ogrles, Oetmel) tapl e 4

o ot el m}tﬁrﬂq@ b &faar&a Bniiah i TR
vangi g Ple3tr bl Hﬁf’e!@imfﬁ ALl BliG o el L BRea ts?aﬁ?é’
and sz¥8op¥e%%é%§pgbzagﬁ9w ) t?égpﬁél@@t&oiiq R N
triphenylphosphine (0.56 g, 2.12 mmol) in pyridine (1.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60 °C overnight, cooled to
15 room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na250q, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:zC) to give
the bisphosphoamidate (97 mg, 54%) as a pale yellow foam: '"H NMR (CDClL) &
20 7.65 (s, 1H), 5.90 (s, broad, 1H), 5.00 (m, 2H), 4.80 (s, 2H), 4.35-4.20 (m, 4H), 4.00
(m, 2H), 3.87 (m, 2H), 3.70 (d, 2H), 3.38 (m, 1H), 3.20 (m, 1H), 2.30 (m, 4H), 2.00
(m, 4H), 1.90-1.60 (m, 4H), 1.35 (m, 6H); P NMR (CDCls) § 20.61.

Example 79

25 This example teaches assays used to demonstrate antiproliferation activity.

1

Cell types used for anti-proliferation assays
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pol ymerase inhibitor) uniformy inhibited all cell lines with ECso values 15
rangi ng 94 - 23Runidh cncelitbil Pinek ivked it hat-paoliferatio assaystiRdudedalix vévical
carcinoma cells To investigate the effect of the conmpounds on HPV negative
car ci noma cel | chicligsina téill Haeselith thirse sypedbf HP BCEPV-$6TIP VFEE) IEPVBI)) onver e

20 tested in antiproliferation assays. As shown in Table 79-4, all seven
prodrugs were &ffMhegative carvixapodeirtorhhael! line, arahtwo kecatirpmytetlike agtcindrh8
Vrv cvv.nvvww Table 79-2. Selective inhibition of HPV16+ SiHa cells
conpared w th Hem tdngweoiNamnhal Kuiiapreells festert Instudeebskifigratisedydes, icervigal
(HEL/ Si Ha) Si Ha cervical HEL | ung carcinoma fibroblast Conpound ID. Note
(HPV16] A 72 Okeératihocptessand hingy filrobdasts.5Skinderanogytegand cervigall E 164 0. 50
82 F 210 2.5 526 G 92 0.13 12 Controls cprPMEDAP Metabolite 17 284 4821
PMVEG Met abol i t keratihoRpiessedre ohtaipediiromdlambrexqEasiBRugrerfradCNIpand al othéx pol
nh 0.3 84013 27952 o
| cells were obtained from American Type Culturé Collection (Manassas, VA).
Table 79-1 summarizes characteristics of each cell type and culture conditions.
Anti-proliferation assay procedure
10 1. Cell culture
Cells were detached from culture flasks using trypsin, counted, and plated in 96-
well culture plates (250- 1000 cells per well, depending on cell type). On the
next day (defined as day 0), after cells attached to the bottom of plates, 5-fold
serial dilutions of compounds were added in duplicate. No compound and 10
15 UM colchicine (cell division inhibitor) was added to control wells, which would
represent 100% proliferation and 0% proliferation, respectively.
2. Staining of cells with Sulforhodamine B
Seven days after addition of compounds, culture plates were treated with 10%
trichloroacetic acid at 4°C for 1 hr, then washed with water. This procedure
20 allows cell-derived proteins to bind to the bottom surface of plates. Proteins
were stained with 0.4% Sulforhodamine B in 1% acetic acid for 10 minutes,
followed by extensive washing with 1% acetic acid. Remaining dye bound to
the bottom of plates was dissolved in 10mM Trizma base. This generated
purple color that was quantified by measuring the absorbance at 510 nm
25 wavelength, using spectrophotometer.
3. Data analysis

From the experimental data, sigmoidal dose-response curve was generated

and 50% effective concentration (ECso) was calculated using GraphPad
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Doxi fl uridi ne DNA pot nh 0.449 8755 3927 Aphidicolin (+) DNA pol inh 0.40
856 324 DacarPudsml vezsibhA.Qlofor Windhwes(GraphPad Rftvwrate, pan &liggo QBid i nh
1.02 478 486 Doxorubicin DNA al kylater 0.43 9.76 4.20 M toxantrone DNA

al kyl ater <0. 3WUSA)67 <3.2 Mechl oret ham ne hydrochl ori de DNA al kyl ater 1.02
21863 22203 Bl eonmycin DNA al kyl ater 0.01 3138 20.28 Vincristine Tublin inh
1.55 1.24 1.92 Vinbastine Tublin it 0.39 0.68 0.27 Etoposide Tublin inh

055 0 AR SR R T 13 T2

keratigmcytes Antiprollferatlon EC50 (nM Selectivity Selectivity

( PHK( —(CRSIHay —SINS Tervical farcinoma, PAK§KI N CK cer vi[cgliltukeHPV16)
Eiratcl Zocyieﬁﬂh.&r at if noc#@ps‘ta@mn D Note. A 58iin 0.6 357 B dledfe L.g 28
78 7.1 177" “ APV pos"tlve carcmoma el ' 5254 F 31 :
' HPV-16
SiHa (1-2 copies per cell) | Squamous cell carcinoma in cervix A1, A2
HPV-16 Epidermoid carcinoma, metastased
Ca Ski (600 copies per cell) | to small intestine from cervix A1, A2
HPV-18 '
(also contains a
partial HPV-45 Epidermoid carcinoma, metastased
MS751 genome) to lymph node from cervix A1, A2
Hela HPV-18 Epithelial adenocarcinoma in cervix | A1, A2
C-4 1 HPV-18 Carcinoma in cervix A1, A2
Epidermoid carcinoma, metastased
ME-180 HPV-39 to omentum from cervix | A1, A2
HPV negative carcinoma cell lines
Carcinoma, metastased to lymph
HT-3 None node from cervix A1, A2
SCC4 None Squamous cell carcinoma in tongue | A1, A2
SCC-9 None Squamous cell carcinoma in tongue | A1, A2
Cells from normal human tissues
HEL299 None Fibroblasts in embryonic lung A1, A2
PHK
{skin ;
keratinocytes) | None Keratinocytes in adult foreskin B1, B2
CK (cervical
keratincytes) | None . Keratinocytes in adult cervix B1, B2

* Culture media
Cells were maintained in humidified incubators at 37°C with 5% CO;, in the
following culture media.
10
Al: Medium for culture maintenance: Eagle MEM with Earle’s BSS (Cambrex,
East Rutherford, NJ), supplemented with 10% fetal bovine serum, 2 mM
glutamine, 100 units/mL penicillin, and 100 ug/mL streptomycin.
A2: Medium for antiproliferation assays: Eagle MEM with Earle’s BSS,
15 supplemented with 5% fetal bovine serum, 2 mM glutamine, 100 units/mL
penicillin, and 100 ug/mL streptomycin. :
B1: Medium for culture maintenance: Keratinocyte-SFM (Invitrogen, Carlsbad,
- CA), supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 pg/mL
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G 22 15 0.13 2.9 1.9 Controls cprPMEDAP netabolite 13 2.4 284 3698 694
PMVEG net abolre¢cambinast epidlezoial geawdofactoy 400 Dhits/mol. pentrilbinsand 140 287mia7 107
5 Tabl e 79- étre?&ﬁ'h gl i feration activities in other HPV positive and

negative ¢ no cell.s Lproliferat]on .EC50 I PV positive

car ci norraBg‘gflli%guﬂﬁt Pﬁ%%?f@;}tgfaﬁjc%“ﬁ '(41 ' ﬁ?reﬁg%%rbcgﬁlj\./e carcinoma cells
7,91Ha. Sl Ha CaSk! HeLa Ms-751 C-41 ME-180 HT-3 SCC-4 SCC-9 Conp | D HPV16
HPV16 SHP\ER&uHBY18 HPV18 HPV39 cervi x tongue tongue . A 0.6 29 16 1.7 6.5 27

1. i i 2 1.0 7.8
0551 2.5 D3 2 S0 SobTTe S B ar g e e B dg 3 ) 071y

8 13 F 2.5 124 LauufeXibriiehih cBthpHRedyititdrrkd] BBrbadls® 3.1 8.2 6.0 2.1
7.9 Controls AraC 257 94 174 1447123 101 214 74 68 10 Exanple 80

Anti proliferatTRagasismis 2Qisto¥énd @d:ﬂ\f)éﬁﬁﬂitﬁﬁlt RS SgIRARUBEIEVE ect  of
conpounds on prolrferation of cultured cells. Active conpounds in

T hy e PRSI S v i o

10 (such as keratinocytes and fibroblasts). In vitro antiproliferation assays
were setup using Sil{a cells and HEL cells, which model HPV-transformed
lesion and normal fibroblasts, respecﬁvely. SiHa cells are derived from
squamous cell carcinomé in cervix caused by HPV-16 infection and HEL
fibroblasts are derived from normal human embryonic lung (Table 79-1).

15 As shown in Table 79-2, 50% effective concentration (ECso) of the seven
amidate prodrugs in SiHa cells ranged 0.13 ~ 3.2 nM, while ECs in HEL
cells ranged 12 - 727 nM, indicating that these compounds inhibited
proliferation of SiHa cells more efficiently than HEL cells. HEL/SiHa
selectivity index (HEL ECs divided by SiHa ECso) ranged from 72 — 559

20 (Table 79-2).

All seven amidate prodrugs produce the same metabolite,
cprPMEDAP. cprPMEDAP is further metabolized to PMEG [Compton et
al,, 1999; Haste et al., 1999]. Antiproliferation ECsoof these compounds in
SiHa cells were much higher than those of the prodrugs (Table 79-2),

25 ~ indicating that attachment of amidate moieties improved potency.
Furthermore, HEL/SiHa selectivity indices of cprPMEDAP and PMEG
were 17 and 4.1, respectively (Table 79-2), indicating that the prodrugs
have better selectivity than cprPMEDAP and cprPMEDAP has better
selectivity than PMEG.
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assays using HPV positive carcinoma cells and normal cells, we identify 5

conpounds that sel ePMEG!iy khoWirbio bepplubspherplaiehtoPMESHp that dcveagar ci nona
cells conmpared with cells fromnormal human tissues. Table 80-1 sunmari zes

char act eri sti cghsih-teaginating irfhibitor ofelludtinidN#A polyenerasa[Comptometral.cel |
lines - transformed by HPV, normal human skin keratinocytes (PHK), and nor nal
| ung fi br obl a3999; (HEstd et 8kil99Rk rBdumaryr DMArpolphtezasecichilvitors Canbr ex ( East
10 Rutherford, NJ). Al other cells were obtained from American Type Culture
Col | ecti on ( Ma(@kkodsvirVAra Galdxifluedined end dphddicodim) endtather iticainseisi ng
trypsin, counted, and plated in 96-well culture plates (250- 100 cells per
wel |, Blependi ndrogs with diffepent merhartisms péactiorayin¢lyding doNAstapojsaparase f ol d
serial dilutions of conpounds were added in 15 duplicate. Seven days after
addi ti on of coinjdbiides (Racarbazing Ellipticine), ONAcalkglatensi(Doxooubicin, chi or oaceti ¢
acid at 4C for 1 hr and washed with water. This procedure allows cellular
proteins to bi MiteoaniraneyBleasnyeiny Meshlasethsnmiae), anpltyblinishibétoss st ai ned

wi th 0.4% Sul forhodanmi ne B in 1% acetic acid for 10 mnutes, followed by
ext ensi ve wash{Yigcristine 1¥irddastine, Btoppsidee gad Andgnegiaepwetasted g 3k bot t om

of plates was solubilized in 10mM Trizma base, generatjng purple color.
Intensity of tABdddrbrelpiinide vP-dhafintipgoliieration, tﬁwm@wﬁw by
measuring the orhance . at 510 nm wavel engt h, using spectrophotoneter.

Col T s 104 thout gﬁﬁgcelfsew tmxdme/mgﬁqv%ﬁsém B}Wemg%% tﬂe 83¥&Y with 10
M col chicine (cell division jnhiRQitor) (= 0% proliferatio ore used as
controls, to Zgﬁﬂéﬁf@rﬁﬁoﬂé“@ﬁ-i%‘ﬁaﬁﬁ%ﬁc alg/gf &Wﬁ?%ﬁeﬁi&?%g%aﬁ&ﬁﬁl otted
agai nst conpoun cancent.ratjons, fLtted to S] i dal _dose, response curve,
e om whi ont ne SR AESHOIE aoBbrompared slEHE Sien SRRl BIER 1 ot o
by 50% (= ECso) wasTéél get m ned.. Graé)h@ad Pris versigaglrgA 00, for W ndows
(GraphPad Sof t war e, -85 I9FLGET BHPAYE AFLLIGSHIP LWSER Pyeht Ry e

Fitting and ECyRoCaleuhal) K andBORFIShon BRI PRSPEBSsR L AGHE!  On et hod)

15 carcinoma cells and greater than 50 fold selectivity when compared with

HEL fibroblasts.

2. Selective antiproliferation activity of the amidate prodrugs in HPV
positive SiHa cells compared with normal keratinocytes

20 In order to test effect of the compounds in normal cells from
epidermis, anti-proliferation assays were performed using primary human
keratinocytes, isolated from skin (PHK) and cervix (CK). Antiproliferation
ECso values obtained with the s\\éven prodrugs in PHK and CK were lower
than those in HEL, indicating that keratinocytes are more susceptible than

25 fibroblasts (Table 79-2 and 79-3). Nonetheless, PHK/SiHa and CK/SiHa
selectivity indices of these prodrugs and cprPMEDAP were still better than
the control compounds PMEG and a DNA polymerase inhibitor AraC
(Table 79-3). Thus, the prodrugs preferentially inhibited proliferation of
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5 I nduction of caspases is one of the early events associated with apoptosis
or  programredypgi-ie géﬁﬁk}e S5 RERE @siparbd Y¥vitk Aok alidanitinoal tesdtomdriect ed
using fluorescent substrate. Conpounds that directly act on the apoptotic
pat hway may igfueaveaspase in a relatively short incubation period (<24
hrs). Conmpounds that disturb other cell physiology, which eventually causes
apoptosis, may require |longer 10 incubation period (>48 hrs) for induction
of caspase. 10,000 cells were plated in 96-well culture plates and incubated
with 5-fold s&riftigholitération activitizspn oter FIDV kitid@cellsnd 72 hrs. Cel I's
were lysed and activity of caspase in cell |ysates were neasured using
fluoré&scent substraTke saenopdidrggs were eermrestedsint fiveead ditionat celtlinen
(Caspases assay kit, Roche, Indianapolis, IN. 15 Apoptosis assay (Annexin V
st ai ni ng net hodirivedfrehoEENV-imd wde dptersichibdar diylosen (listed irohabled 9 hinr of t he
cell nmenbrane to the outside is one of the the early / internedi ate events
associ at ed wi tintgpofiferstisnassaysragt dataede showndeafdble Fatorg with Sitla

phosphat i dyl seri ne can be detected by 20 incubating cells with FITC | abell ed
Annexi n V, whid4tai In§ilda+G-4epehMNET51 cplis sihminpoands extiepy Gonapeimd GAhen
cells are stained with Annexin-FI TC and propidiumiodide (which stains dead
cells), live cﬁwvs;edasﬁa-ﬂm\gatl\id\wthmdﬁmaﬁomﬁéw Todzabkicdelgs, andeMIb388,i ve for
both, while apoptotic cells are positive only for Annexin-FITC. HPV-16 SiHa
cel | stOrer e cul hewevemall ifompasmdsi were significentdp fessqatents with EQ5 reagisgunds f or
3 or 7 days and sinultaneously stained with Annexin-FI TC and propidium

i odi de. St ai ni H8 —cFl0addh These seamuaito benp camelasicanbetuieepyesistance apd SHRYr vy .

122 Results Selective antiproliferation activity The purpose of this
procedure was O®e@d6ntS 9nsNovirssisrneerrad metastatiss(Casky Mar »l, gnd ME180

HPV-transformed | esion wthout affecti normal .cells in iderms
are derived from metastased site). The control compound g?ag (DNA

polymerase inhibitor) uniformly inhibited all cell lines with ECso values
15 ranging 94— 257 nM.

4. Antiproliferation activities in HPV negative carcinoma cells
To investigate the effect of the compounds on HPV negative
carcinoma cell lines, three cell lines (HT-3, SCC4, SCC9, Table 79-1) were
20 tested in antiproliferation assays. As shown in Table 79-4, all seven

prodrugs were equally or more potent than the control compound AraC.
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and derm s (such as keratinocytes and fibroblasts). Therefore, conpounds
were tested in SiHa, PI K and HEL cells, which nodel HPV-transforned

cel s, nor mal Tiple3iol 106 ERSye AHhIERRBHIIPVRGSES ks SRAPRE WRIHEL
Representati ve ,go%ounds of the present invention, such as those listed in
10 Tabl e 80- 2, fi HSdet ectabl e 1 evel s of anti proliferation activity in
SiHa cells, wth 50%effective concentration (ECso) |less than 25, 000 nM

Active conpounEs were also tesfed in HEL cells| Ln all ca ECso in HEL
celI's were higher than ECso in|SiHa cellls, ind| cé"tq'f”ﬁ'ée '%’afs“?otﬁwé ctive
conmpounds i nhibited proliferati qbn of Si Fhﬁ%ﬁ%{ﬁm S pre efficiently| than HEL
cells. O her nucleotide/nucl eosifde anal ags, such j;?binaﬁa t'ung
(2- phosphononet hoxy @b hhag fHani ne) , whga- g (cyt arjabiry;6) CASH Tojopigs 941- 4), and
gencti t abi ne ( CASHF 95058; 81-4) difd Not SHOwW suUch SelrggTivj Ty. zPod0f i | ox
(CAS# 518- 28- S5f—the—agtive—ingredient—gf—the—ant+— + trg; .).r‘ﬂll yl ox, al so
o . 559 1.3 2
showed no sel egtivity R fart_l-v-e prodr cionpoinds—pf--the priesent
invention, such_as those 20 listed in abl'® 80-3 IRBw aktivPties In nost
cases, the prodrugs werle nore potent and i1Bf sone cdses,| nor®l sellective than
their respectiye parente conpounds. The |[majieritly ofosphosphoass datje prodrugs
were nore acti Y€ and sed ective ghan podof ih@X. [ Takghn topet igg, clonmpounds
wer e identifieg—that—pogssess—sutynivt25- lfigl otjfergttonrECsg+mHPV- 16
positive SiHa ¢gelHs—and—greaterithan-50-{old—slelectivity—when—egnpared with
PHK keratinocyles or Gdnrds HE| filbrobl ast Antiproliferation actlivity in
ot her HPV+ cel | | ineswsPY¥RRPSe| ect eMetebdtepqundt wer e &840 testé#lin five
additional cell linespoesived fruenbi/-li nduced| cerzot cal | carsei nonfa (see
Exanpl e 79 and[Tabl e 8c4). Each pNagameUndo sBowed disi T erent jgevel(s of
activities in fhe sTx Y cet T iiEs reggratess e type, g, RV present.
idofovir nh . 3.
I n general, cohlpeurds—pere—+orepot gr‘. —HA—5—SHHa—(HPY-—16}) %\,Zyil HHPV- 18) ,
and MS751 (HPVi18) cEXfudhan i n PaeRih (HpRAN )| 875 3027
Aphidicolin (+) DNA pol inh 0.40 856 324
Dacarba-zine DNA tapo inh 3.98 7402 29481
Ellipticine DNA topo inh 1.02 478 486
Doxorubicin DNA alkylater 0.43 9.76 4.20
Mitoxantrone DNA alkylater <0.37 8.67 <3.2
Mechlorethamine hydrochioride | DNA alkylater 1.02 21863 22203
Bleomycin DNA alkylater 0.01 3138 20.28
Vincristine Tublin inh 1.55 1.24 1.92
Vinblastine Tublin inh 0.39 0.68 0.27
Etoposide Tublln inh 0.31 469 144
Indanosine Tublin inh 0.27 588 159
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HeLa (HPV-18),

i nducti on net hod

tested for 10 T gﬂf%ﬁﬂﬁcﬁfﬁiﬁb&pgniqg@\l@%%iﬁ%?eq

and ME-180 (1PV-39) cells.

| nducti on of apoptosis (caspase 3

A representative conpound of the

esent

I nvention

pazedsvikBr e

was

i ncubated for Kesatinstytésar s) , significant dose responsive induction of
caspase was observed, indicating that the conpound induced apoptosis
(Figure 80y1%)y—imd o gf—caspape was [[ess obvious W th 48 nhr incybation
(shaded bans) and was not |observed with %4 hr i fnéndifaretiooFC50 it a not  $hown) .
15 I nductign of appptosis |(dumamyi h Skechitai ri-Rg—ret-hpe)—PVEG-Ne—eyet-opr opyl
PVEDAP, and a represent at i M S8 Rpp (HeFHET tﬁ@aﬁyP%sbankamenti@ﬂmm@me t est ed
at three di|fferent|concent{rations| for indu@ Of keraliproys O ikgrathawytdsi IHa
celI's, usingSmRibxln Noloor gpi di-um |- odi-de—double—stal-ni-rg—20—pethod—Wth all
three conpqundd. a| greater| petcent agd’ of lapoftbotic cel % were dhserved on
day 7 than|dayB3. [The af orlenefit i ohed 42 eprleserttdati ve coffpound of 5 t he pr esent
I nvention was ¢the post act|i vesi n j nduci ng apopd osi 5; o day| 7, 6€8. 8% of
cells in thecgrtufe treatjed @i th{ 0. g/ 1 0f g4 S Lonpgynd Wer e,apopioti c.
In  contragts—gut-tpres—treateg-—wth q52 at rltofngG A O-5—gfnt
N6- cycl opr opy+—25+PMEDAR lonlyhad 12 -%and—15-9-Pe-of—apeptett+e—eehHls,
respectivelly 24 Table 80-1.%'Cell| tyhes useddn.aptipfhliferatibn agsays
Culture Nanme ®PV btatus* |Oi22rnl nedfa**' P positi&® carci nbha cel |
| ines Si Ha|HRYz4$ Squanoug cell cprcinong in cervixk A, A2 | Epi dernoid
carci noma, |RRhASAAEGQwlefte IKI IPV- L6 b@ STHalT kNt esiinggdgr o Cergpnx All, A2
HPV- 18 PMEG metabolite 048 24 207 101 501
AraC DNA pol inh 0.57 0.4 257 147 107
5
Table 79-4. Antiproliferation activities in other HPV positive and negative
carcinoma cells '
Antiproliferation EC50 (nM) in HPV positive carcinoma cells ﬁ;@%ﬁgﬁﬂ?ﬁgf&gﬁg
SiHa | CaSki | HeLa | MS-751 | C-4l | ME-180 | HT-3 SCc4 | scc9
HPV16 | HPV16 | HPV18 | HPV18 | HPV18 ; HPV39 cervix tongue tongue
Comp ID.
A 06 29 16 1.7 6.5 27 14 17 40
B 13 246 410 18 27 254 104 53 150
c 0.20 3.87 6.6 0.54 1.0 7.8 95 2.4 25
D 3.2 301 398 16 24 288 127 44 147
E 0.50 38 19 2.40 3.1 27 17 8 13
F 2.5 124 127 4.2 6.0 41 24 10 28
G 0.13 28 12 0.9 3.1 8.2 6.0 2.9 7.9
Controls
AraC 257 94 174 144 123 101 214 74 68
10 Example 80

Antiproliferation assay
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A po PRI R dd BP Uil €08 AARE By BEABHANS F*t‘ﬁ#’ﬁ‘%ﬂéflg%”ﬁq‘sl, =
* 1PV . i WA *h*fyCu t medi a
gel | lhﬁef%%%i?ﬁ?ﬁ%ned iﬂnagﬁnuw%??ﬁl iebgﬁ?ﬁéclg’bgartr%?gﬁg%wﬁé e . i n the

fol | ow ng i@} ﬂb'lzl\rﬁﬂiw FSlifefdtl oIV pYsSHPE EfrcirfeRah BeliEM Wi th
Earleyss BCS(%%l %ﬂ%?gg#sgggt ; therngd, elo&l\ﬁ, suppl enented with 10% f et al

bovi ne segdtfipared Vit delid Fdt notRfal Uil filsuRsNTEblel 8001 sudshrdRE po/ nl
streptomycin. A2: Mediumfor antiproliferation assays: Eagle MEMw th

Earl e's BSwraétepiBtieGidaeH cdllithp ncludind sixQérvieaS@rbitionta ¢81) Bhed am ne, 100
units/mL penicillin, and 100 pglnm. streptomycin. 61: Mediumfor culture

Mai nt enanggsflemeat| ByoRPVe ndhiMal hiMid 468 Rer&EHdcyBaAPHIY) and nortiniengnt ed
with 0.01 ng/nL bovine pituitary extract, 0.001 pg/niL reconbi nant epi der nal

growt h f afibfiblastd (HEN).t Skifilkep@Eh6tytd Wer@pbtalfdt fohCasibrer{Bantci n. B2:
Medi um for antiproliferation assays: 4:1 m xture of Bl and . 125 WV
LVVDI MWV Ratherford, NJ). All other cells were obtained from American Type Culture
Collection (Manassas, VA).
Cells were detached from culture flasks using trypsin, counted, and plated
in 96-well culture plates (250- 100 cells per well, depending on cell type). On the
next day (defined as day 0), 5-fold serial dilutions of compounds were added in

15  duplicate. Seven days after addition of compounds, culture plates were treated

with 10% trichloroacetic acid at 4°C for 1 hr and washed with water. This

procedure allows cellular proteins to bind to the bottom surface of plates.
Proteins were stained with 0.4% Sulforhodamine B in 1% acetic acid for 10
minutes: followed by extensive washing with 1% acetic acid. Remaining dye

20 bound to the bottom of plates was solubilized in 10mM Trizma base, generating
purple color. Intensity of the color (proportional.to cell nufnber) was quantified
by measuring the absorbance at 510 nm wavelength, using spectrophotometer.
Cells without drug treatment (=100% proliferation) and cells treated with 10 uM
colchicine (cell division inhibitor) (= 0% proliferation) were used as controls, to

25  determine % inhibition. % inhibition values were plotted against compound
concentrations, fitted to a sigmoidal dose response curve, from which the

compound concentration that reduced cell proliferation rate by 50% (= ECx) was
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Tabl e 80-2. Antiproliferation activity of N6-substituted PMEDAP i n HPV16+
Si Ha  cel deteemihedz| GfdpiTo Brsrs vRx$ioR4D0 fug WNMG%IQNGMPQDHaId/SDﬂMm, Samer e
Rx' is hydrogen, and Rx2 is one of the following substituents, except in
the i ndi cRiegd CaliformiaddS Mhwras umed forthe qrge fibdeg had B ealcalaiionet er ocycl i c
ring. nmethylamne 1-propylamne 1-butylamne dinet hyI am ne

nmet hyl et hyl am ne 2-net hyl propan-1-amne ally) am ne propynyl anm ne

2- butyl ene am ne 2 [ sobutyl en am ne cycl opropyl am ne

cycl opr op! 69a Y fcaspase 3 induction methadini ne”  di cycI opr opyl am ne

cycl obut yl am ne ¥1 cl opent anani ne C?lﬁl ohexaneam ne cl ohept anam ne
5 duction of caspases is one of the early events assoc1a ed Wlth apoptosis or

programmed cell death. Caspase activity can be quantitatively detected using

fluorescent substrate.. Compounds that directly act on the apoptotic pathway may

induce caspase in a relatively short incubation period (<24 hrs). Compounds that

disturb other cell physiology, which eventually causes apoptosis, may require longer
10  incubation period (>48 hrs) for induction of caspase.

10,000 cells ;vere plated in 96-well culture plates and incubated with 5-fold
serial dilutions of compounds for 24, 48, and 72 hrs. Cells were lysed and activity
of caspase in cell lysates were measured using fluorescent substrate, according to
the manufacturer’s instruction (Caspases assay kit, Roche, Indianapolis, IN).

15
Apoptosis assay (Annexin V staining method)

Translocation of phosphatidylserine from the inner of the cell membrane to the
outside is one of the the early / intermediate events associated with apoptosis or
programmed cell death. Translocated phosphatidylserine can be detected by

20  incubating cells with FITC-labelled Annexin V, which is a Ca++ dependent
phospholipid-binding protein. When cells are stained with Annexin-FITC and
- propidium iodide (which stains dead cells), live cells are negative for both dyes, dead
cells are positive for both, while apoptoﬁé cells are positive only for Annexin-FITC.
HPV-16 SiHa cells were cultured with three different concentrations of
25  compounds for 3 or 7 days and simultaneously stained with Annexin-FITC and

propidium jodide. Staining of each individual cell was examined by flow

cytometry.
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cycl ooct aﬁam' pe di et hanol am ne 2-et hanol am ne 2-propanol am ne 1-am no
2- propano € lH\Sne 2- met hoxyet hyl am ne 6-am nohexaneam ne

3- am nopropyl anm ne 2-di net hyl am noet hyl am ne 126 6-hexanat eam ne

benzyl am ne net hyl benzyl am ne 4-am nobenzyl am ne 2-phenyl et hananm ne-

2-pyridin ¢ . 2-pyLidinyl 1-nmet hanam ne 4-pyridinyl
1- met hanagélea:“;g-3 tiof A rolidine (N6 makes pyrrolidine)

*pi peridine (N@hg*pﬁggo@ M%Lgugg%g fe(g\kdé}ﬁjfg :NIQ RISRLPRRlibRS)

2,2,2-trifl uoro amin e ntipr ration activity of

phosp@am,& & lgf“w&éné’fbn'ﬂ‘éd% Hﬁ%iitﬁc&litﬁﬁg&ﬁﬁ@%rh{hl lblYd firepiibbmee! | s, PHK

keratino in HEL fibroblasts H
and dermis (such as keratinocytes and fibroblasts). Therefore, compounds were

tested in SiHa, PHK, and HEL cells, which model HPV-transformed cells, normal
keratinocytes, and normal fibroblasts, respectively.
Representative compounds of the present invention, such as those listed in
10  Table 80-2, showed detectable levels of antiproliferation activity in Sita cells,
with 50% effective concentration (ECso) less than 25,000 nM. Active compounds
were also tested in HEL cells. In all cases, ECso in HEL cells were higher than ECso
in SiHa cells, indicating that the active compounds inhibited proliferation of SiHa
cells more efficiently than HEL cells. Other nucleotide/nucleoside analogs, such
15  as PMEG (2-phosphonomethoxyethyl guanine), Ara-C (cytarabine, CAS# 147-94-
4), and gemcitabine (CAS# 95058-81-4) did not show such selectivity. Podofilox
(CAS# 518-28-5), the active ingredient of the anti-wart drug Condylox, also
showed no selectivity.
Representative prodrug compounds of the present invention, such as those
20  listed in Table 80-3 show activities. In most cases, the pfodrugs were more potent
and in some cases, more selective than their respective parent compounds. The
majority of phosphoamidate prodrugs were more active and selective than
podofilox.
Taken together, compounds were identified that possess sub nM
25  antiproliferation ECsoin HPV-16 positive SiHa cells and greater than 50 fold
selectivity when compared with PHK keratinocytes or with HEL fibroblasts.

Antiproliferation activity in other HPV+ cell lines
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formil a. ;Eél%ﬁéééeﬁl PP G HieEs i e éﬁﬁkéﬁé fticyal ool fings deriopdon poc
TR B SR oA AT 5
e UL A ot P B AR L B B Sl Bu, AR fom RLY! te oLy
oPh Ala- E%e ardpess khe grpe ogal—lilPé prelse%rt Ircl]ggnérﬁ compounds were more potent in

5 SiHa (HPV-16), C-4I (HPV-18), and MS751 (HPV-18) cells than in CaSki (HPV-16),

HeLa (HPV-18), and ME-180 (HPV-39) cells.

Induction of apoptosis (caspase 3 induction method)
A representative compound of the present invention was tested for

10 induction of apoptosis in SiHa cells. When cells were incubated for 72 hrs (solid
bars), significant dose responsive induction of caspase was observed, indicating
that the compound induced apoptosis (Figure 80-1). Induction of caspase was less
obvious with 48 hr incubation (shaded bars) and was not observed with 24 hr
incubation (data not shown).

15
Induction of apoptosis (Annexin V staining method)

PMEG, Né-cyclopropyl PMEDAP, and a representative compound of the
present invention were tested at three different concentrations, for induction of
apoptosis in SiHa cells, using Annexin V-Propidium iodide double staining

20  method. With all three compounds, a greater percentage of apoptotic cells were
observed on day 7 than day 3. The aforementioned representative compound of
the present invention was the most active in inducing apoptosis; on day 7, 63.8%
of cells in the culture treated with 0.2 ug/m of this compound were apoptotic. In
contrast, cultures treated with 0.2 ug/mL PMEG and 0.5 ug/mL Né-cyclopropyl
25 PMEDAP only had 1.2 % and 15.9 % of apoptotic cells, respectively.
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OPh Ala-tBu OPh Al a-Hexyl OPh Ala-Cctyl OPh Aba-Et OPh Aba-Bu OPh
Aba-cBu OPh Aba-Cctyl OPh Phe-Et OPh Phe-Bu OPh Phe-iBu OR D-Ala-Me H

~N N N Crabiel$oN.NCéll kypesRisetl it antlppobfdutionaskalfs2 are substituted as
depicted in the formula, and YA and Y'.B are substituted as indicated, Yl A

Yis  OH QO PO B RCC POC—Aa- B AT B A anBU AT & BU T8 e
Ala-cBu AL a- gexyd - Al i diatuss | 0 T Origin' ~ . /i | media**
HPV positive carcinoma cell lines
SiHa HPV-16 Squamous cell carcinoma in cervix A1, A2
Epidermoid carcinoma, metastased
Ca Ski HPV-16 to small intestine from cervix Al, A2
HPV-18
(also
contains a
partial HPV- | Epidermoid carcinoma, metastased
MS751 45 genome) | to lymph node from cervix A1, A2
Hela HPV-18 Epithelial adenocarcinoma in cervix A1, A2
C-4 | HPV-18 Carcinoma in cervix A1, A2
' Epidermoid carcinoma, metastased
ME-180 HPV-39 to omentum from cervix A1, A2
- Cells from normal human tissues
HEL299 none Fibroblasts in embryonic lung A1, A2
PHK
(skin
keratinocytes) | none Keratinocytes in adult foreskin B1, B2

5 * The subtype of HPV DNA integrated in the cellular DNA.
** Culture media
Cells were maintained in humidified incubators at 37°C with 5% CO,, in the

following culture media.

At: Medium for culture maintenance: Eagle MEM with Earle's BSS (Cambrex, East Rutherford,
10 NJ), supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin,
and 100 pg/mL streptomycin.
A2: Medium for antiproliferation assays: Eagle MEM with Earle’s BSS, supplemented with 5%
fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin.

B1: Medium for culture maintenance: Keratinocyte-SFM (Invitrogen, Carlsbad, CA),
15 supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 ug/mL recombinant
epidermal growth factor, 100 units/mL penicillin, and 100 pg/mL streptomycin.
BZ: Medium for antiproliferation assays: 4:1 mixture of B1 and A2.
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Aba- Bu Aba-Bu Phe-Et Phe-Et 128 wU LUV3/ UOCOLOy Phe-Bu Phe-Bu Phe-i Bu
Phe-iBu OPh Ala-Et OPh Ala-Bu OPh Ala-cBu OPh Al a- Hexyl OPh Aba-Bu OPh

R R e e i

subst i t ut e} S@dlﬁglcfﬂftf@éaS‘}%YlBO-lO-l OiPr OiPr Ala-Bu Ala-Bu OPh
Phe-Et 0 HN N

RX1 RXZ
\Na/
N
/Nik \>
HoN N Q

L[ _OH
O\/ ~N
OH

where R™ is hydrogen, and R™ is one of the following
substituents except in the indicated instances (*), where R*
and R™ together forms a N-heterocyclic ring.

methylamine
1-propylamine
1-butylamine
dimethylamine
methylethylamine
2-methylpropan-1-amine
allyl amine
2-propynyl amine
2-butylene amine
2-isobutylen amine
cyclopropylamine
cyclopraopylmethanamine
1-cycloptopylethanamine
dicyclopropylamine
cyclobutylamine
cyclopentanamine
cyclohexaneamine
cycloheptanamine
cyclooctanamine
diethanolamine
2-ethanolamine
2-propanol amine
1-amino 2-propanol amine
2-methoxyethylamine
6-aminohexaneamine
3-aminopropylamine
2-dimethylaminoethylamine
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S depicted in

YIA Yls OH CH
of

HZN' N N O 1B O~/ v~¥tA—whereRx* Fre—substituted

the formula, and Y“~A-and—Y¥-B-are méﬂ%p Lﬂ?'ﬁ% as—ae-cateds
Al a-Bu Ala-Bu 129 (Tahle 80-4_ Anti ;'?P'Eﬂyaf‘g}?ai ion_activities
N6- cycl oprolyl PMVEDAP and its phowtibardy@aine prodrugs in Si

x different HPV

positive cells Anti

proliferation £&5Bolemklarine HPV positive d

arci noma cells

Compound I D. Si Ha
HPV18 HPV39 A 0.6
0.51.07.8 D3.2

aSki TeLa V& 7hpndryhaMmidg0  FPVI6 FPVI

HPV18 HPV18

4.2 6.0 41 G O0.13

(cpr PVEDAP) 284 14

29"“r6*1_7—6—§ 3 4101827 284 CO0.2 3.9 6.6
So1 306165 oupiv Brgndailfe 010 0 20 S8t Lt e 107
28 12 0.9 3. 3Pyidipyl Tmghgeaming” "5 0" 0g 044 1 8
49 6926 3313+p@iinyghmethamaminenp| e 81 RabHit Skin

Irritation Study of

Conmpounds A ant-nBphthymimyy was conduct ed

to evaluate the

potential of two cd

npounds  ofpyrddife @Behdkes pyrrolidine)

*piperidine (N6 makes piperidine)

*morpholine (N6 makes morphaiine)

2,2, 2-trifluoroethanamine

Table 80-3. Antiproliferation activity of phosphoamidate prodrugs of N6-

5
fibroblasts

H\N/A
NN
H N/‘L/Ni"‘\> l Q

I Y1B
P
PN
where R and sz are substituted as depicted in the
formula, and Y* and Y'® are substituted as indicated,

Y1A Y1B
OH OH
POC POC
O-iPr O-iPr
Ala-Et Ala-Et
Ala-Pr Ala-Pr
Ala-iPr Ala-iPr
Ala-Bu Ala-Bu
Ala-cBu Ala-cBu
Ala-cPen Ala-cPentyl
Ala-Hexyl Ala-Hexyl
Ala-Octyl Ala-Octyl
Aba-Et Aba-Et

Aba-Bu Aba-Bu
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where R* and R are substituted as depicted in the
formula, and Y" and Y'® are substituted as indicated,

Y1A Y1B
OH OH
O-iPr O-iPr
POC POC
Ala-Et Ala-Et
Ala-Bu Ala-Bu
Ala-cBu Ala-cBu
Ala-Hexyl Ala-Hexyl
Aba-Bu Aba-Bu
Phe-Et Phe-Et
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where RX! and R* are substituted as depicted in the
formula, and Y™ and Y'® are substituted as indicated,

Y1A , Y1B
OH OH
Ala-Bu Ala-Bu
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H 0.03 2.0 0.7 0.04 0.44 1.8

(cprPMEDAP) 284 14149 6926 3313 1332 8315

Example 81

Rabbit Skin Irritation Study of Compounds A and B

A study was conducted to evaluate the potential of two compounds of the present

invention to produce irritation when administered via dermal application to male

rabbits for seven consecutive days. A total of six males were assigned to the study

as presented in the table below.

Group Assignments
Number of Animals
Group Number Test Article® y
(male)
1 Compound B> 3
2 Compound A¢ 3

*Each animal received dermal treatments of vehicle (placebo gel), one positive
control article, and three concentrations of the appropriate test article. Each
animal received one test article at concentrations of 0.01, 0.03, and 0.1%.

bThe positive control article used was 0.1% 9-(2-phosphonylmethoxyethyl)

guanine (PMEG).

“The positive control article used was 1% Cidofovir®.
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vehicle for Goup 1 treated sites was the vehicle gel, and the vehicle for
Goup 2 treated sites was the vehicle ointnent, Study Design for Co pound H
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dose |l evel for PMEG (positive control) was 0.1% The dose |evel for
cPrPVEDAP_10 (positive control) was 1.0% The dose. level faor the vehicle
control vid testosidesfor eacharimad yerreshaped prige to Hgindtiakasdminisation andons) .
The dose vol ugg for,all sites _was .a constant 100L. Le?ts t han 24 hours prior

to the fiasdteedadiduring teisndy« favansites warsslippedan Pisdattidaplsidesack of the
20 e S e e e 35 The e Sl 1 00
(approximately 1 square inch each) was marked with indelible ink. The total
clipped area comprised no less than 10% of the total body surface of each animal.
The vehicle and appropriate positive control and test article were administered to
each animal within a dosing site of approximately 1 square inch. Vehicle was
15  administered on the left rostral site (Dose Site 1), and the appropriate positive
control article was administered to the left caudal site (Dose Site 2). The
appropriate test article was administered as follows: 0.01% to the right rostral site
(Dose Site 3), 0.03% to the right middle site (Dose Site 4), and 0.1% to the right
caudal site (Dose Site 5). Collars were placed on the animals immediately
20  following dosing for 1 to 2 hours.
The sites were evaluated for erythema and edema prior to dosing on Day 1 and
daily thereafter, approximately 24 hours following each dose and prior to the next
dose. Each site was assigned an irritation score based upon the Draize scale for
scoring skin irritation (Draize JH, Woodard G, Calvery HO, Methods for the study of
25 irritation and toxicity of substances applied topically to the skin and mucous membranes.
J Pharmacol Exp Ther 1944;82:377-90).
Observations for mortality, morbidity, and the availability of food and water were

conducted twice daily for all animals. Detailed clinical examinations were
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The test, positive control, and vehicle control articles were adm nistered
wi thin a condiesechprist terafdappatiohnptiet jo ddsirng bh DIy, alud daidy shereafteer e

pl aced along the left dorsal surface. The vehicle or positive control

arti cl e vBodydmights veeredneasured and ascordiedghe dayafitrambvabprivode of the test
article was adm nistered to the caudal site. Two dosing sites were placed
al ong t herandgmizatior,sndpribntedosthg om ldayoke, ehdiZlhe test article was

adm nistered to the rostral site, and the high dose of the test article 10
was adni nfwthanasiatwas e irdzaremousianesthesin|aviesd orer with|sedéamapenthbarbitiabal s f or
approximately two hours inmediately follow ng dosing. The duration_of

col | abi nghasad eydhanasia selutionend exsangrinationp by seueiing the mersl vasselsy,
norbidity, and the availability of food and water were conducted tw ce

dai |y forlhg animalpsyere exprinedscarefulissfogexteraghabraraalitis inelidingEnasses. and
edema prigr tao the fiyst adm nistratjon_and at . approxi mately 24 hours

fol | ow ngﬁ@a@ﬁnéﬂ?ﬁ lfﬁd@ﬁeétfg@wwemalm&fllmﬁemmn% S8y mormalitgs Waie daily

during the 7- _.day recovery perjod. Qbservations for clinical signs were
conduct ed eﬁ%ﬁf—‘? aaeirq%ﬁ@qyeé ey ayt%mqrﬁ@ngg\%nﬁ-n@%b@%%r fhgracic

observations. Body wejghts were sured and, recorded the day after
recei pt, vy CP&H&%M%&thg&?%abzwm@ tesang, e QrgangFEme¥sd at i on on

PR e R e S e g S
i mal & QSRR S ARG BiPaHar Tt s ariRaby e Plcavrpd Brbede
e A S Bl VAR AR BT o
ol s conemReRriEofachiactit i il amele, pph e € SmRe Host dose
crored orf TRePRER PEBIGHE PATEE o eP s ARNA LR B G WIREd Deror e

bl 004 5¢0l 4.56LbRNesiGRYBIEO M Sson between dose groups.

Conclusions

The two test articles did not produce notable clinical findings, dermal irritation,

changes in body weight or macroscopic and microscopic observations at ény dose
20 concentrations. One of the positive controls was associated with clinical findings

and slight to moderate macroscopic and microscopic observations.

Example 82

Rabbit Skin Irritation Study of Compounds B and H
25

A study was conducted to evaluate the potential of two compounds of the present

invention to produce irritation when administered via dermal application to male
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stored at -70 until exam nation Conpl et e necropsy exam nations were

per f or med 7 d ?é}{gal%gt on all
ani mal s. r@@? ﬁtgrfl%lggleg’%%s y anes S|Ag¥(g\?g?€%4s/§{a%§‘nﬁf S§I m

pent obar bit gl =based euthanasia solution via the ear vein/artery or other
sui tabl e Véern and exsangui nati ons by severing the fenoral vessels. The

ani mal s Were exam ned car ef lyﬂ;a fv)ermgﬁqﬁr@gﬁ\ pulities including masses.

The ski nHwas—refheeted—fragmr=a vc ar ot reT s —and @{Fx‘ Qunornu ities
were 10 |dent|f|qd @rdpaorjrel a e Wth ant efroGrewp 2 i ndi n Qr .abdom hal ,

t horaci c and_crlani al —cawi d—for—abmnorra au%r%"* the
organs rereasedite lexAniéFed | and® wh rém}/ﬂ}mu pd(nté) aced.| °ngu_f /BA £ br ed
formalinf, M croscoplvghldexdm nation |of fixed heﬁMﬁnyl in and e@si n-stai hed
par af fi n| secti ong rif or ¥8d on se6Pi ong dfosttivesyies KlPom { he HBsi ng
sites (4| per ani nal f‘,’ntf?rrl)dneys, and | 15 any grasstélpsiions. At t{he tine of
necropsy, Day 8 IO owiddide St Udgosni mal spgnd DayowtDode0r] remamvery amsnal §, the
four dosfmg §iTes %{“ﬁgj gare 1jdengipf 1 ed. \ApphRXI[Mai ghy halT o each

dosing s e paS ER L e ubeo,n ('U. 'E‘sbeq 4 AT, RS Ve U 0 3S ntTg@ed 0

above f of—hi-s5t6t +e—the—other approxiriate fratf— €qach

dosi ng ﬁ@%@éﬁ‘ftg‘{?fﬁmveg??bﬁe aninal, the f g {oceg s are
per f or nef "ThTYﬁé“d?jfBrsPﬁijSétFié%w%} anGPREFHGH O € Cl‘?ég‘ d'p 1 nﬁﬁ (95%
and al | ojedhidedorfprpup & Gepped sites yras thaﬁ@“f(lwé rd BecriiFlg fardpens retfdisiean Wt ) was
applied fthesetdticolowiany site ten tines. A clean piece of tape was usedifor
reach application. The 25 remai ning portions of the dosing sites were then
excised with scissors. The scissors were washed between each dose site and
animal with acetone or ethanol. The order of dose site renpbval was vehicle
or positive control site, -low dose site, nmid-daose site _and hjigh dose site.
A 1 cnR tissue was excised Stady ®eslignléeeContppunidH The tissue sanpl e yas

wei ght edand Tecofded. The[ SKin RGeS wer r mnced TWTh CEgap4ScIssois in
i ndi vi dupl appropfi &ty sj zed Gl ALidhat i on Grare4 (ol d Concentration®
Dose Site (n=6)2 % (mg/mL) (n=6) . % (mg/mL)
) ’ PMEG
1 Vehicle 0.0 0.0 (positive 1.0% | 100
control
: control)
2 Low Dose 0.03 0.3 Low Dose 0.03 - 03
3 Mid Dose 0.1 1.0 Mid Dose 0.1 1.0
4 High Dose 0.3 3.0 High Dose 0.3 3.0

aEach group consisted of six naive rabbits.

*The vehicle for Dose Site 1, Group 3 was the vehicle ointment, and the vehicle for Dose Site 1,

Group 4 (cPr’MEDAP) was the vehicle gel. The vehicle for Group 3 treated sites was the vehicle
el, and vehicle for Group 4 treated sites was the vehicle ointment.

The test and control articles were administered dermally once per day for 7 |
consecutive days during the study. The dose levels fc;r Compound B were 0.03,
0.1, and 0.3%. The dose levels for Compound H were 0.03, 0.1, and 0.3%. The
dose level for PMEG (positive control) was 0.1%. The dose level for cPtPMEDAP |
10 (positive control) was 1.0%. The dose level for the vehicle control was 0.0% (this
was dosed as both gel and ointment formulations). The dose volume for all sites
was a constant 100pL. Less than 24 hours prior to the first administration, the hair

133



T TR T EE e R RSEE T R A W

phosphat e- buffered saline (5nm) was added to the scintillation vial. The
tissue Wagad dffhABRENeARL WS the ZRInSAC s BlithS&b atédl ddnpris@TheNessal
honogeni zer. 5 The honbgenates were quickly frozen at approxi mately -20C.
Concl usi onRafBae%bidhe d6talBbdy stitfadé heda. e eastallenite aosibaghading1tiengs, one
of the test articles was non-irritating in the vehicle gel, but was a mld
to noderatsgir.rritant in the 10 vehicle ointnent. The second test article was
a very slight irritant in the vehicle gel and a mld irritant when
f or nul at edHetett) posieire cbatrol, rien¢hiclexanhiot afti-léy weee adininistdred oyitltala Cel
Phar maceuti cal Conposition 15 This exanple illustrates the preparation of a
r epr esént atdsireg sitepofcapproaimatebypdxil’i dwe dosiaigrsitey veeregdacedealongitbe baft of
Formula |I. A topical gel conposition is prepared having the foll ow ng
conposi t i alorsalGorfacechhe véhivlewApositize confrolianticle waplddnifistered tBuhéer 25
Propyl ene G ycol, USP 25 H dro eth Icellulose, NF 1.25 Pro 1 araben, NF
0.01 Met lrostraksitecand Mre o dosEdé th esDirtictl was adsEn(t@28 toGhy candal siteSP
10.00 Citric Acid, USP 0.50 Sterile Water for lii ection, USP 38.125 20 *X
= Conpound'wadgsing sites werelasadoalongdhe tight dorsal suxfapsn ubde mifl-daserfithe | |
such as those prepared in accordance with the

test article was administered to the rostral site, and the high dose of the test article

10  was administered to the caudal site. Collars were placed on the animals for
approximately two hours immediately following dosing. The duration of
collaring was documented in the raw data.

Observations for mortality, morbidity, and the availability of food and water were
conducted twice daily for all animals. The test sites were evaluated for erythema

15 and edema prior to the first administration and at approximately 24 hours
following each administration (prior to the next scheduled dosing) and daily
during the 7- day recovery period. Observations for clinical signs were conducted
daily during the study at the same time as the dermal observations. Body weights
were measured and recorded the day after receipt, prior to randomization, prior

20 to test article administration on Day 1, and on Days 7 and 14, and at necropsy
(Days 8 and 15). Body weighfs taken at receipt and prior to random are not
reported, but maintained in the study file. Blood samples (4-6 mL) will be
collected from 6 animals/group at termination and 3 animals/ group at recovery
from the jugular or other suitable vein for evaluation éf clinical pathology

25  parameters.

Additional blood samples (approximately 1mL) were taken from all animals from
the jugular or other suitable vein for determination of the plasma concentrations

of the test article at approximately 2 hours postdose on Day 7. Samples were

134



present Specification can be used as the actiyve conpound in the preparation
of the gplackdimiliads cmdaining posmsexamBlDE A andiséored! droan nae blogk edtiént s have
al so been evaluated for suitability during the developnment of this

f or mul at i oentrifsged.opnimelssweteatat fastet\beforeddeod velledtipen stamplesiwerehancer) ,
Pol yet hyl ene glycols, Triacetin (solvents), Cetyl alcohol and Stearyl

al cohol (Stotrégeh+7|ﬁ)§uawgiénx@)1inatm1.0ar bormer (Viscosity enhancer), and Tweens,
Spans (emrul sifiers). Exanple 84 Preparation of Topical O ntnent .

Phar naceufJoszpleteorgsoepsy examir@tivns svere pepfosmed urderprosedurespappaved bypn of a
representative topical ointnment conposition containing an active_ conpound
of Forhul a vetermarypashelogistomail anitrale sEuthsnasia washy arasthesinayerdese

foll ow ng conposition: Comonents % w w Active Compound X* Petrolatum USP
94.0 Sor withhspdum perfobarhitaliased suttpngsiagelutipy ¥ig thegep veiapery s =
Conpound ranging from0.01%to 1.0% O her conpounds of Formula |, such as
th(r)n; e pr eﬁﬂi@géu%ﬁbkc‘t%ﬁ aadexsangwinatiens py seweringtha-femeral vesselsanige used as
the active conpound in the_ preparation of e ointnent formulations of this
exanpl e. 3BIMalE vergexaNne FHg écrwtmwieglam%@ pel1ding aRsees-

(sol vent | Theakinhas pefrotsiPon aarpiLefing ndSio afd any abrotmalides wie o
10  identified and correlated with antemortem findings. The abdominal, thoracic,
and cranial cavities were examined for abnormalities and the organs removed,
examined, and, where required, placed in neutral buffered formalin. Microscopic
examination of fixed hematoxylin and eosin-stained paraffin sections was
performed on sections of tissues from the dosing sites (4 per animal), kidneys, and

15 any gross lesions.

At the time of necropsy, Day 8 for main study animals and Day 15 for recovery
animals, the four dosing sites per animal were identified. Approximately half of
each dosing site was excised and then collected and preserved as mentioned .

20 above for histologic processing. While the other approximate half of each dosing
site was still intact on the animal, the following procedures are performed. The
dqsing sites were wiped with three gauzes of ethanol (95%) and allowed to dry
completely. Tape (3M® packing tape or equivalent) was applied to éach dosing
site ten times. A clean piece of tape was used for reach application. The

25  remaining portions of the dosing sites were then excised with scissors. The
scissors were washed between each dose site and animal with acetone or ethanol.
The order of dose site removal was vehicle or positive control site, low dose site,

mid-dose site, and high dose site. A 1 cm? tissue was excised from each dose site.
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Pol yet hyl ene glycols, Triacetin (solvents), 5 Cetyl alcohol and Stearyl

al cohol ( Stheftisenie BEmpde Mas)wei \%hﬁ&rd?ﬂm%fecbi?ﬂié@ .0Fhé ykignpands)werndiricedens,
Spans (emul sifi ers) 10 138 Is Cainmed: 1 A conmpound of forrmula A HN
N ) 11- ~ ~with Neanyt®sotddN ihdixidudlerpprbpribtely vired scintilationndalé. Ealde

I ndependently HO N O CH--kOR4 ' CHOR4A (Cr-C3)al kyl or (C6-Cla)aryl

wher ei n R@hbs?haﬁt@ﬂaﬁﬁéredlshl&he (5raCpw@B adaleklenythe scantillatidn @931. AlHeytissie 2 The
conmpound of claim1, wherein'R4 is -(CLl-C4) al kyl. 3 The conpound of claim
1, wher ei waslthenhdnyogerdzed withP@i¢cORd pulSs-1Gihg ekybchanited hemmognizer.
-(C1-Ce) alkyl. 4 The conpound of claim1, wherein Y'" and Y' B are

i ndepebdeiieyhoriGgernates were quickly frozen at approximately -20°C.

Conclusions
Based on dermal irritation scores and m1croscop1c findings, one of the test articles
was non-irritating in the vehicle gel, but was a mild to moderate irritant in the

10  vehicle ointment. The second test article was a very slight irritant in the vehicle

gel and a mild irritant when formulated in the vehicle ointment.

Example 83
Preparation of Topical Gel Pharmaceutical Composition
15
This example illustrates the preparation of a representative topical gel
composition containing an active compound of Formula L.

A topical gel composition is prepared having the following composition:

Components % wiw
Active compound X*
pH 4.5 or 7 Buffer 25
Propylene Glycol, USP 25
Hydroxyethylcellulose, NF 1.25
Propylparaben, NF 0.01
Methylparaben, NF 0.09
Edetate Disodium, USP 0.025
Glycerin, USP 10.00
Citric Acid, USP 0.50
Sterile Water for Injection, USP 38.125

20  *X=Compound ranging from 0.01% to 1.0%
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-N OCHORM ~-NHO\ CH -kOR4 ~~\ CHOM [/ , or wherein R4 is -(Cl-Ce)
al kyl, -(C2-C6) al kenyl, or -(C2-C3) alkynyl. 5 The conpound of claim 4.

e kb bRl e SR R AR B N0,
EI/ENI NP!D: $$¥e%W%H?ggﬁOEHy@%éuséd Bs tife :ﬁ%e%oﬁﬂ;ouﬁ'cflﬁl W'preyaf\étfancbf the- HZNN
gel formulations of this example.
5 The following ingredients have also been evaluated for suitability during the
‘development of this formulation:
Isopropyl mysritate (solvent/cosolvent/penetration enhancer),
Polyethylene glycols, Triacetin (solvents),
Cetyl alcohol and Stearyl alcohol (Stiffening agents),
10 Carbomer (Viscosity enhancer), and

Tweens, Spans (emulsifiers).

Example 84
Preparation of Topical Ointment Pharmaceutical Composition
15
This example illustrates the preparation of a representative topical ointment
composition containing an active compound of Formula 1.

A topical ointment composition is prepared having the following composition:

Components % wiw
Active Compound X*
Petrolatum, USP 94.0
Sorbitan Sesquioleate, NF 0.5
Propylene Glycol, USP 45

20  *X=Compound ranging from 0.01% to 1.0%

Other compounds of Formula I, such as those prepared in accordance with the
present Specification can be used as the active compound in the preparation of the

ointment formulations of this example.
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H NH 0 (eThe follawiithg ingredint&Navéalsbibebh etdduated fdd suifdhility difitigthdN O-/ P H
p NHO/- 0 (9) HNADPp
development of this formulation:
Isopropyl mysritate (solvent/cosolvent/penetration enhancer),
Polyethylene glycols, Triacetin (solvents),
5 Cetyl alcohol and Stearyl alcohol (Stiffening agents),
Carbomer (Viscosity enhancer), and

Tweens, Spans (emulsifiers).

10
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conpri si ng
phar maceut
accept abl e
conpri si ng
antiviral

phar maceut

nmor e t herppeutA cemppuadiaffernagamAs sel ected from amanti di ne,

ri bavirin.

NN /1IPL RN NO'/ 1 HO NH OO 7 A pharnaceuti cal

NH OO/
conposition

an effective anount of a conpound according to claiml, or a
ically acceptable salt thereof, and one or nore pharnaceutically

carriers. 8 The pharmaceutical conposition of claim4,

further

r~tMo or nore therapeutically active agents selected from
a%%fgs ciﬂ‘ﬂe&?oti cs, antipyretics, or analgesics. 9 The

i cal conposition of claim4, further conprising one or two or

A
fIﬁ\> -
A

aw

Formuia lA

wherein Y' and Y'® are independently

H (o) H
N —N
- \CH/ILOR4 \CH*
|

0
OR*

(C1-C3)alky| , Or (Ce-Cro)aryl

wherein R* is ~(C;-Cs) alkyl, —(C2-Cg) alkenyl, or —(C2-Cg) alkynyl.

2

3

The compound of claim 1, wherein R* is —(C;-C,) alkyl.
The compound of claim 1, wherein Y'* and Y'® are

H o)

/ N
\ /U\OR“

4

?H
(C1-Cy)alkyl | wherein R* is —(C1-Cg) alky!.

The compound of claim 1, wherein Y™ and Y'® are independently
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143 10 A nethod of inhibiting proliferation in cancer cells conprising
adm nistering to the cancer cells an effective anmount of the conpound
according to claiml1. 11 A nethod of inhibiting proliferation in cancer
cells conprising admnistering to the cancer cells an effective anmount of
t he conpound according to claim4. 144

- R\ /olL CH
cH” TOR?
, , OT ,
wherein R* is —(C1-Cs) alkyl, —=(C2-Cs) alkenyl, or —(C2-Cs) alkynyi.
5 The compound of claim 4, wherein R* is —(C;-C,) alkyl.

6 The compound according to claim 1 being selected from the group
consisting of the following compounds:

Q (a)

S )
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o (c)
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0 (d)
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7 A pharmaceutical composition comprising an effective amaount of a
compound according to claim 1, or a pharmaceutically acceptable salt thereof,
and one or mare pharmaceudtically acceptable carriers.

8 The pharmaceutical composition of claim 4, further comprising one or two
or more therapeutically active agents selected from antiviral agents, antibiotics,
antipyretics, or analgesics.

9 The pharmaceutical compasitian of claim 4, further comprising one or two
or more therapeutically active agents selected from amantidine, rimantadine and
ribavirin.
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10 A method of inhibiting proliferation in cancer cells comprising
administering to the cancer cells an effective amount of the compound according
to claim 1.

11 A method of inhibiting proliferation in cancer cells comprising
administering to the cancer cells an effective amount of the compound according
1o claim 4.
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