PHOSPHONATES , MONOPHOSPHONAM DATES

Bl SPHOSPHONAM DATES FOR THE TREATMENT OF VI RAL
WOLGEASHE® BACKGROUNDOF THE | NVENTI ON O Fi el d oPCT/0I82004/043969

I nvention The present invention relates to conpounds

and conpositions and net hods of use thereof, useful

for treating viral infections, in particular human

papi | | omavirus. 5 Background Human papil | onavirus

(HPV)is one of the nobst preval ent sexually transmtted

infections in the world. There are nore than
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m ess. However, there are abou types
spr ead through sexual1¥%nhPat#2E&one types of HPV cause
genital warts, which appear as single or nultiple
bunps in the genital areas of nmen and wonen including
the vagi na, cervix, vulva (area outside of the
vagi na), penis, and rectum Although nmany peopl e
infected with HPV have no s nprtorrs VWi | e nost HPV
subt ypes r esul BACK@RQUEWDI @B I6HE INYVENHONsubt ypes

can 5 lead to nore serious |esions. Anogenital
infections arising from HPV-16and HPV-18, while | ess
conmon t han HPV-6 an% HPV- re npst often associ at ed
wi th precancerous |e ﬂ%ﬁ@f%ﬁwh@aq and anal tlssues

ey edg%?ﬁ%@ﬁﬁﬁﬁwe R oobReRerds Fod FOREERSTaREe)
meﬁg{gesteq'}gﬁg ftla Pﬁ?sgﬁgiﬂg éeghgg \iral 1nfect1c?rflst, i lgtagt?catlardhuman

papillomavirus.

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
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
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

tissues. Low-grade lesions may spontaneously regress, while others may progress
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O tissues. Low grade |esions may spontaneously
regress, while others may progressto high-grade

WO e@somEs9 HPV- 16 and HPV-18 are nost of ten assPCT/ESEU4/043969
wi th dyspl asi as, though several other transform ng HPV

cremlotypd o o e San PR RO UPES At fdtiated
with RgoRlanies: Resttha e A sdOrh b BaS DAoL RRY ki

horgostinL SERTATRY L/ Sais Mg Al e SR By P, FTV
pos%f,]vs? E_n%?%r\’_cp LEVALE More 'iﬂ% A fe Mégt%?i SRR n?tﬁlti?iﬂkl?s% d efof

are responsi or nearly 90%of t al

ol ; : : :
HPVQ%&\?% gﬁﬂggﬁ@ Jf/ﬁﬁrcﬁ 1Y a8 @ LA Whidhdreal! @fz%}{s%laﬂa

cording to the Anerican Social He

pro Sefation, at least 20 mllion people in the US are
urrently infected with HPV, with 5.5 mllion new

casgsniefl v ald e tthaitdnihed seikvaliynfreasinithsd divease innie
annual l'y. Genital warts usually produce painless-itchy

woRlHREl dreqadbathrevalent fiepeoplba 7¢ginydaas dhagd HPVika draltiPV-11 are
treatnent, nmay progress to |arger nore pronounced

resp@niblel fonmearly RO%gsfaill denitaRovyt, put woe tarelydssotiappsopith

who have sexual contact with a person infected with
neogdmiticajroweths.sA eok ingetoethe pAmarican Gicinl Healih dsspeiatipg, at least

of contact . Spont aneous regression of genital warts_ .
20 miltiongpeoplalit: PeYP$ atreerantlyiniected sedh Higheyah, o apuHion new

if a lesion regresses, recurrence of genita ts, IS
casepahsrunlly firamemitied HRY dafestipa OSRETIIEAN Y\Q%%Etﬂl pvarts

of the unsightly |esions, treatpent of nital. rts
ustadlyquediRe P@ﬂ%ﬁérﬂ&@YobﬂémPﬁh%Cﬁt% Pharaeal Bl bR

_to a broad acceptance that HPV infection is n

withRgRADEn's 190 ROSHESS (PR eon &P BBHERGT GG c Ak
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
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
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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cancer. The presence of HPV in cervical cancer is
estimated at 99.7% Anal cancer is thought to have a

W@ povslerisassoci ati on bet ween HPV i nfecti on andP€1EsS2004/043969
devel opnent of anal dysplasia and anal cancer as is

the case wth cervical ncer. In one st udy of HV
4 100esavIcocqcer dRptdsiire predisiedlnes wvltmﬂa? P Aesceassh ohamal

can%e%%%%&% Sso%gg%%c&ee% e Slec‘%%&%?l ﬂﬁe40 nglcgl cancer has
decESHATEIREBIEE RS 48055 8 OB pcidnce o
My A e
in p%ﬁtr RV 9nfekfi6n SACE ?—ﬁﬂ/‘;ﬁ odfiva @Llu ﬁﬁq{:a%re d ﬁl@h@f FRASANG of

e 1 ncrease 1 n ana cer I ence

anaPldreP WSy EAI dﬁ@ﬂ&%ﬁ ”Wtﬁié %?hl%aﬂ? Hﬂs\érP&%L&én%s of 0.9

patients have a i nci dence anal cancer

casdsera@0®oalin @@@gél?érh opYBbe, AR cahBECESs eﬁ@ﬁxcﬁl‘bnce of 35
i nci dence of 0 cases per 100, 000i n t he gener al

casd3qit| 180)000 in d@hos@eealial MasledPUISHSIE REE 79f103%a§@51§@c 100,000
per 100, 000i n t he honosexual "mal e popul ati on and

in tHHIVGuasitee hemoi&i)dtale popidatit Indsdt) due tddnisigkual
mal e popul ation. In fact, due to the high preval ence
prevdlencsadf ayd plyaplaaiasarnong HIV-inféeted] gahtieatd and s gaowigg trend of
grow ng trend of anal cancers, the 2003USPHA / | DSA
analargets, hes20Q USRELAT HaS Aewidelin@pfuorthadireatigent of
Infections in HV Positive Patients will include
Opparéanigiainiggiiaed inddtV Pesitet Fasiands wiil gndudd tigatmhenhnal
dyspl asia. There is ng known cure for HPV. There are
gm(ﬂ%&ﬁé@hp@ﬁ@@ﬁ dgagnasae widh esal dyerlatiat hey of t en
di sappear even WlthOlfJ a}%{ at ment. The met ho
t r dALFRIRNQUEPIWALUGR I9rdP rsTfsq;e Rrefreptaenisfar a@fatal warts,

thoqgdlg fiesraret msaapﬁegé‘%?{e‘g sbtrselog: ti?fﬁlfta%ﬁgﬂ{m reatment
S t

aep 8 P 8ol fRhgw ot sietiond Bihfoh ob e penfal it hon the

treafifibflts J&g gﬁeln‘? quﬁ%ga%rﬂeqﬂl' % 8(511%898 'dol%yllhi Mmitotic

recomen
solution, 0.5 percent podofilox solution, 5 percent 5-fluorouracil cream, and

Trichloroacetic acid. The use of podophyllin or podofilox is not recommended for
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
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.
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pregnant wonen because they are absorbed by the skin

and may cause birth defects. The use of 5-fluorouracil
W@ e@®ansd189 al so not recomrended for pregnant WoPEHUS2004/043969

Small geni t al vvarts can be physically renoved by

e N AT S TR e ) .
RE TR of b i

reanaI, in these instances a-interferon have
baﬁﬁ%iéﬁ@g 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.As

such there exisiggng ReeE 19 ive HPV
treatnent. It has n%ggggtr)gsur pIII Si rﬁf@grlt scover ed
CONRQY dipbs RBIulh i s need, and provide other
benefits as well. SUMMARYOF THE | NVENTI ON A conpound
of formula I, | wherein: YlAand YlBare i ndependently
Y1; RX1 and R 2 are independently Rx; gi is 0 -Q(RX),
=S, -N(RX), -N(O) (R, )IREPX) -N(O (ORX), or - N(N(RX)
( X)); Rx is independ§ntly Rl, R2, R4, WB, or a
protecting group; RIli |ndependently -H or alkyl of 1
to 18 carbon atorrB Npndependently R3 or R4
wherein each R4 :;%:de endantly sub |tuted with O to
ken

3 R3 groups or ta togethgt at a cakbon atom two R2
groups form a W, t N8 car bons Q\dﬂﬂhe ring may

be substituted vvlth to SWMWA

I

wherein:

Y4 and Y are independently Y%

R¥ and R*? are independently RX;

Y!is =0, -O(RX), =5, -N(R¥), -N(O)(R¥), -N(ORX), -N(O)(ORX), or -N(N(R¥)
(RX));

RXis independently RY, R? R%, W?, or a protecting group;

Rlis independehtly -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 8 carbons and the ring may be substituted 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 R34,

R%*is -H, -F, -Cl, -Br, -I, -CF3, -CN, N3, -NOz, or ~-OR%;

R¥*is =0, -O(R%), =5, -N(R*), -N(O)(R#), -N(OR?), -N(O)(OR?), or -N(N(R%)
(R9); |
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R3 is R3a, R3b R3c or R3d, provided that when R3 is
bound to a heteroatom then R3 is R3c or R3d; R3 is

WO 054066189 Cl , -Br, -1, -CF3, -CN, Ns,-NO2, or PCTIR22008143969
i s =0 - O(R4) —S N(R4) -N(O (R4), -N(OR4)

5510 A e,
-oc@@igiﬁi@)@ b Edovagtiopedall | R gors
SRRV RRATIEs, RRIChRGR. rad i s
oSN s o 08 o

4 f 3b 4\ (R4
;Iarkyngl‘? @O R 3@?@ caRrA?JoCr:] at %ggg)l S a?t)%geq Ri(R ))
t o @85 car Bpan algRf 1%&@%@&%&&@ aﬂ&ngﬁ of 2&899 car]

atons, or al kynylene of 2 to 18 carbon

atoﬁ’fs, Walk‘fﬁv\% 1 6f Ry 18 EXrB%B)a%ms’C(%b)V\B 'SOVQRG or -
erein R6 is R4 wherein each R4 is

s ukwtus blitygehardft htd18 ardoRdtafrRlikeny®nk of 2ab8GHEhdh Soms,
heterocycl e wherein W is independently substituted

or alkyylent of 3 t&28 gidhspsatoag M2 is 0, 1 or 2; and
phar maceutical  acceptable salts thereof.
DETAF L-ENDESWR; PTI O\l OF THE | NVENTI ON The present
i nvention provides .a conpound of the fornmula,
Wt is RS, -C(R®)RS, ~-C(R*®)WS, -SO,,RS, or SO, W5, wherein R6 i R4
wherein each R* is substituted with 0 to 3 R® groups;
W5 is carbocycle or heterocycle wherein W® is independently substituted
with 0 to 3 R? groups; and
M2is0,1or2;

and pharmaceutically acceptable salts thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a compound of the formula,

wherein:
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HZN N .0 - - / g 1A whereintRc RX2 QN Ais , or
Y1lAand YlBare independently Y1l; RXland RX2 are
w0 pabepenisent |y Rx; Ylis O, -0(R O =S,-N(R PCT/US2004/043969

-N(O (R*), -N(ORX), -N(O (ORX), or -N(N(RX)( x)); Rx is
i ndependently Rl, R2, R4,WB or a prgtecting,group;

Rli s |ndependently H or al kyl of f 18~Car bon .
atons; R2 is mdependentﬁy R3 or R4 V\/n ein each R4 is

|ndependentl substitute W|th O0to 3 groups or
t aken tog;l/&\\ilt a car om t wo /n?:%c\)ups forma
ring “f'0 Bxar.bo e o1 NQg~ J»supstituted

vvlthOtosRSgroups R3|s R3a R3b, R30 or 'R3d,
provi ded that when R3 is bound to a het er oat om t hen
R3 is R3cor R3d; R3a is -H, - -d, -Br,-1, -CF3,

- Oy 14N ¢ M@ire @i depeaden ] 'S —O -Q(R4), =S, -N(R4),
-N(O) (R4), -N(ORAY, -N(O (ORa), or -N(N(RAX R4)): R3

i s R¥RBhd RRERE I ndeﬁﬂﬂ',RX- S(O R4, -S(O 2R4,
-S(O) (OR4), -S(0) 2( ORA), OC(RSb) RA, ~OC(R3b) OR4

O O ENTIT
R9)N( R4) O R3b) (N( R4) (R4) ) , ViB

R*is independently R?, R? R%, W?, or a protecting group;

R'is independently -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 8 carbons and the ring may be substituted with 0 to 3 R® groups;

R3is R%, R®, R* or R*, provided that when R?® is bound to a heteroatom,
then R3 is R* or R%;

R*is -H, -F, -Cl, -Br, -1, -CF3, -CN, N, -NO2, or -OR%;

R¥*is =0, -O(R?), =5, -N(R%), -N(O)(R#), -N(OR?%), -N(O)(OR#), or -N(N(R*)(
RY);

R%*is —R% -N(R*)(R?), -SR%, -S(O)R, -S(O)2R*, -S(O)(ORY), -S(O)2(OR?),
-OC(R*)R?, ~OC(R®)ORY, -OC(R®YN(RY(RY)), -SC(RP)RY, -SC(RPF)ORY,
SCRF)I(INR)RY), -NRYCR®)R?, -NR)CRE)ORY, -N(RHC(R®)(N(RY)(RY), W?
or -RSW?3 ;

R¥ is -C(R*)R?, -C(R*®)OR?, -C(R®)W?, -C(R*)OWS? or -C(R#)(N(R4)(R4));

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,

or alkynylene of 2 to 18 carbon atoms;
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or -R5WB ; R3d is -C(R3b)R4, -C(R3b)OR4, -C(R3b)W3,

-C(R3b)OMB or -C(R3b)(N(R4)(R4)): R4 is -H, or an
w@bdogleasd 1 to 18 carbon atons, al kenyl of 2 tPCIBS2004/043969

carbon atons, or alkynyl of 2 to 18 carbon atons; R5

'S @)K%%Q%ne f 1 to 18 carbon atons, alkenylene of 2

t o WEIL¥ B8 Vat oms, or al kynyl ene of 2 to 18 carbon

B ot kol e B o RaaG i dad ink

is.substjtuted with O to 3 R3 groups; W, is carbocycle
Whﬁel%é?é?B%Vé@SW?@iVﬂtW 93 RgFePeRdent | y substi t ut ed

with 0 to 3 roups; and i.S .1 ar 2; an )
ohos b iite Dh e Bpvarobareis Whisiegepeagently substituted
" oﬁﬂgpnt of the present invention provides a
ngmﬁ PGl a |, wherein: YlAand YlBare
in g@oep&é Y1l; RXland R are independently Rx; Yl is
=Q ™ o RO, -N(O (R, -NOR), -N(O) (CRY),
- ; [ ently R, : , VB,
amgéh%tlﬂé%tﬁé)éélllﬁézége%%;e Séﬁé J|[’Hsj§|&Efgependent ly -H or alkyl

of 1 to 18 carbon atons; R2 is independently R3 or
Rdwherein each R4 is independently substituted with O

0 ABn RAHHRHRSL BF tHAERIAQESEREIN BrofidedaROMFIAE of Mrmula

R2 groups forma

I, :
RX1 RX2
\N/
\ N
Nl \>
JO N
HoN N N\\/o\/ \ "
Y1A
I
wherein:

Y4 and Y® are independently Y%

R and R*? are independently RX;

Y is =0, -O(R¥), =5, -N(R¥), -N(O)(R¥), -N(ORX), -N(O)(OR¥), or -N(N(R*)(
R));

RXis independently RY, R% R*, W?, or a protecting group;

R'is independently -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 8 carbons and the ring may be substituted with 0 to 3 R? groups;
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ring of 3 to 8 carbons and the ring may be substituted
with O to 3 R3 groups; R3 is R3a, R3b, R3c or R3d,

w@e@sgioclasd t hat when R3 is bound to a het er oat oPQT/URI®N4/043969
R3 is R3c or R3d; R3|s-H,- , -Br, -1, -CF3

55 s e e K o

R4) (R4), -SR4, -S(O R4, -S(O 2R4,
the“%(&i]?ﬁoﬁ s)(g))z)(om) OC((Rsza) RA, E)C%RBb)OM,

- gﬁ{ @bﬁ %’R@( E%)))[ CFSC@%(%@“P&F R4) C( R3b) OR4,
ety . O at) O Ve OB ko QU or NIV

RY): C(R3b) (N(R4)(R4)); R4 is -H or an alkyl of 1 to 18
carbon atons, al kenyl of 2 to 18 carbon atons,

al kgl rof N(REGRAS- s:@r BRo)RY 0578, 1K5>- 5@)@1@5' %ro@)z@@Rl)

to 18 carbon atons, al kenyl éne of 2 to’18 carbon
~OEROIBS, QT (R 6/L© RBYNIREPRA P -S@ LaSORP)WR4, 1 SWM
@(r% WL( }@'R @ E)Sl\gG R 4?(3 Sg\(/gR%S or -

-SCETNEMER?) (M’*F)r aN (R“R@(RSS)H?M\M?@)‘@(RW)(QR@ ANRRYICHR®) (NﬁR“) (RY), We
substituted with o 3 R3 groups; Wb is carbocycle or
or -R8tVéy ocycl e wherein Wb i s independently substituted
wth o 3 R2 groups; and M is 0, 1 or 2; and
phd¥frizc R IR *CEAEYER AT (RPIWPL < RARPOMOT or A(R)(N(R4)(R);
enbodi nent of the present invention provides a
cofydésrdd, @f 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,
or alkynylene of 2 to 18 carbon atoms;
W3 is W4 or W5,
Wtis RS, -C(R®)RE, -C(R*)W5, -SO\pR6, or —50,,W?, wherein RS is R?
wherein each R* is substituted with 0 to 3 R® groups;
W5 is carbocycle or heterocycle wherein W® is independently substituted
with 0 to 3 R? groups; and
M2is0, 1 or 2;
and pharmaceutically acceptable salts thereof.

An embodiment of the present invention provides a compound of the

Formula IA,



Formul a | A, where YlAand YlBare as defined above. An
enbodi nent of the present invention provides a
w@ovpoenisd of the formnmula, An enbodi nent of theP@I/ES®N1/043969
i nvention provides a conpound of the formula.H N O An
enbodi nent of the prese i nvention provides a
conpound of the fornul enbodi nent of the present
i nvention provides a nd of the formula, HZN An
enbodi nent of the L pPesent i nvention provides a
conpound of the fo mul a, An enbodi nent of the present
i nvention provides|a conpound of the fornula, HZN An
embodi nent of th esent_\j nvention provides a
conpound of th&“for , enbodi ment of t he present
I nvention provildes a donpou of the foRmula
1AAn enbodi nmenty of t presgnt invention prOV|des a
compound a, - An enbodi nejii—af, it he

f e I .
present iﬂ@%ntion %rovides\i\jijg/ d he\ﬁornula,
Y'IA

where Y and Y are as defined above.

An embodiment of the present invention provides a compound of the

formula,

An embodiment of the present invention provides a compound of the

formula,



.0- O An enbodi nent of the present invention provides
a conpound of the formula, HN An enbodi nent of the
w@e@smeat18d nventi on provi des a conpound useful BST/EHI2004/043969
antiproliferative agent. An enbodi nent of the present
i nvention provides conmpound useful as an apoptotic
agent. An enbodiEEQZEPf the present invention provides
a compound us§% as an anti-HPV agent. An aspect of
the present e di ment provides a conmpound useful as a
topi cal anti-HPY agent. An enbodi nent of the present
i nvention prg harnaceutlcal onpositio
conprising ar ef fepti veanmount of a co For mul a
1 or a phar eu L acceptaé t ereof\, and a
phar macetifN cal I'§}" acc tablq}ggbrlerN An agpect of the
present enbodi nent proyjd a phannaceutl a

conposi tion, where the conpos is\a ge
conmposi tion. Another aspect of f\he prgsent enbodi nent
provi des a pharmaceuti cal conpositi where the

conposition is an ointnent co sition. An enbodi nent
of the present invention provides a pharnaceutica
conmposition conprising an effectiveanount of a
conpound of Fornula 1 or apharnaceutically accept abl e

sal Ante??cfcﬁﬂfnelﬁl g tﬁé‘p@s&ﬁ?ﬁﬁ%ﬁh f/}cf%fs ¥ p}?@%ﬁd 8bfhe

antivi agent, and arnaceu acce
for&@l4,i er. An aspect of the present enbodlnent provi des
a pharnaceutlcm

fI\> \

O\/\H

A~

An embodiment of the present invention provides a compound of the

formula,

10



conposition, where the conposition is a ge

conposi tion. Another aspect of the present enbodi nent
w@e@sioclas8? a phar naceuti cal conposition, where PEEUS2004/043969

conposition is an ointnment conposition. Definitions

The term "PMEG'rgefers to the conmpound 9-( 2-

phosphonylnet28z§§{hyl) guani ne, The term

" PMEDAP" r ef er 0 the conmpound 9-(2-

phosphonyl hoxyet hyl ) -2, 6-di am nopurine, NH2 H N The
term " cpr PMEDAP"
phosphonykpet

refers to the conpbund 9-(2-
hyI)-2-an1no-6-(cycI9pro I rine,
"Bi oavail dpilitly" i® the degﬂee t o\ whi e

phar maceyt{ cal ive agentPQgc mesYavail able to the
targetNi sstg” af t €l the ggent’\s F '
body. Enhancenent t bioava | abi | i
pharmaceutically active can provig
efficient and effective
because, for a given dose,
phar maceutically active ag be avail able at the
targeted tissue sites. The terns "phosphonate" and-

P I}PI? Iglglgvg\%?ﬁﬁgﬁgf;&reré%rgg%#gﬁy%rg?&% gﬁé&ghesgg %819&)0%&@ of the

noi-e rrses a
fongngiphorous that is 1) single-bonded to a carbon, 2)
oubl e-bonded to a heteroatom, 3) single-bonded to a
het eroatom and 4) singl e-bonded to anot her
het eroat om wherein each heteroatom can be the sane or
different. The tg&(ns "phosphonate” and "phosphonate
group” also in functional groups or noieties that
conprise a HN

N\N\ OL(O\/\/
th//ﬂ:j;;I::;> ) N \

\\\J/o\\J/R%:H
/\;o/\ﬁ

An embodiment of the present invention provides a compound of the

formula,

11



phosphorous in the sane oxidation state as the

phosphorous descri bed above, as well as functiona
wWQ@r@apes18y noi eties that conprise a prodrug noPEL/YS1008043969

can separate froma conpound so that the conpound

retains a phosphorgus having the characteristics

descri bed above. exanpl e, the tet’“ phosphonat e”

and "phospho group” include phosf

phosphoni c oester, phosphonic di es\e

phosphonan1date and phosphont hi oat e/f uncti ona

gr oups. In i ¢ enbodi nent

the terns hosp ondf and "

i nclude fu oups or j_etif

nDIecuHeNthathbonpr ses aogngsphod%

si ngl e-bonded to a c

oxygen, 3) single- bonded t

ebonded to an
4)

si ngl e-bonded to anoths as functiona
groups or noieties 0 ):_ A prodyxug noi ety that
can separate froma /, g8o that the conpound
retains a phosphorous~h#i ng such characteristics. In
anot her specific enbodi nent of the invention, the’
ternms "phosphonate"” and "phosphonate group” include
functional groups or noieties within a nol ecul e that

c onfiniesigisodineing optiar presehihialyehtiod )previdek a-doanstaechd 6f the
car bon, 2) doubl e-bonded to an oxygen, 3)

formiuhgyl e- bonded to an oxygen or nitrogen, and 4)

si ngl e-bonded to anogt her oxygen or nitrogen, as well

as functional grou or noieties that conprise a
prodrug noiety t an separate froma conpound so
that the conpothd retains a phosphorous having such
characteristics| Recipes and nethods for determ ning
stability of in surrogate gastrointestina
secretions a e kndwn. X npoundsQar e fein as
stable in the ga i pt esti nal ﬂ act e |l ess than

of t pr el ectied gnpups are
deprotected in surrogate |Q%\S(Q\ Hor gaStric juice

upon incubation for
a

An embodiment of the present invention provides a compound of the

formula, .

fI\> !

O\/\O

12



lhour at 37C. Such conpounds are suitable for use in
this enbodi nent. Note that sinply because the

W@ ovpoenss are stable to the gastrointestinal PCEHUS2004/043969
does not nean that they cannot be hydrolyzed in vivo.
Prodrugs typically will be stable in the digestive
system but are substantially hydrol yzed to the

par ntal d he di i ve |l unen, ver or ot

ot S sPiS T be e prasft gfirion Hogidss ot d Of the
ﬁmﬁx ounds of the invention can al so exist as

aut’oneric isoners in certain cases. For exanpl e,

ene-am ne tautonmers c exi st for imdazole,

guani di ne, anidineLGQZEXtetrazole systens and al

their possible tgyponeric fornms are within the scope

of the invention. |The term "prodrug" as used herein

refers to any co und hat when admi ni

bi ol ogi cal syst es the dryug su

active |ngred|eEt as a result of pontﬂ=:o chem ca

reaction(s) yzed chenmca_ eaction(s),

phot ol ysi s,"¥nd/ oM netaggLiiﬁghenVE | Geaction(s). A

prodrugi s thus a coval en di fi edlHanal og or | atent

formof a therapeutically-acti

noi ety" refers to a labile functiopa

separates fromthe active inhibit npound duri ng

met abol i sm systemically, insidega cell, by hydrolysis,

enzymati c cl eavage, or by sone other process

(Bundgaard, Hans, "Design and Applicatjon of Prodrugs"”

in A Textbook of Drug Design and Devel opnent (1991), P.

Kr o gatbodiiheng eh tiansresbnBuiegaah prowdss aldemathd of the

Academ c Publishers, pp. 113-191). Enzynes which are
formapabl e of an enzymatic activation nmechanismwth the

phosphonat e prodrug conpounds of the invention

i nclude, but are not/\imted to, am dases, esterases,

m crobi al enzynes, phol i pases, choli nesterases,

and phosphases. HPr odrug noi eti es can serve to

An embodiment of the present invention provides a compound of the formula,

13



enhance solubility, absorption and lipophilicity to

optim ze drug delivery, bioavailability and efficacy.
w5068y noi ety nmay include an active net aboPCT/ES104/043969

drug itself. Exenplary prodrug noieties include the

hydrol ytically sensiive or |abile acyl oxynethyl

esters - CH2g C(=0O/R\and acyl oxynet hyl carbonates -

CHaOQ=0) OR whep in this instance is G- C al kyl,

G - C substitut'ed al kyl, C6- C20aryl or_C6-

C20substituted aryl. The acyl oxyal kyl G

used as a prqdr tegy for carbo

t hen appl i e/dlLt; phpsph®t es and i%\hosph

Far quhar et : 3/ . PharmiSd. :
Pat ent No#\” 4818570, 4968788, 5663159%and
Subsequent |y, the acyl kyl eBli€ B
del i ver phosphonic acids across cell
enhance oral bioavailability. A clos/,
acyl oxyal kyl ester, the al koxycarbogyl oxyal kyl ester
(carbonate), may al so enhance oral bioavallability as
a prodrug noiety in the conmpounds of the conbinations
of the invention. An exenplary acyl oxynethyl ester is
i sopr opyl car bonyl oxynet hoxy, - OCH2q C(=0) C(CH3) 2. An
eX AR leB o BAUNO XY R PidsehBINRERabS gﬁ’é@i‘é‘l‘é% OB SSUd Bseful as
i sopr opyl car bonyl ox t hyl carbonate, HOC(=0"0OCH2q

an &{5oGE&HB) e agbet. phosphonat e group nmay be a

+ phosphonat e prodrug noiety. The prodrug noi ety may be
sensnemtddimehy of theypisenisinebnéisn ppovidest donipdiet tisefal as
i sopropyl car bonyl - oxymet hoxy or

an apgpotpygeat: bonyl oxynet hyl carbonat e group.
Al ternatively, the prodrug noiety nmay be sensitive to
enzimenilodioteanof ieprestriznagetios provides a doagatrel useful as
ester or a phosphonam date-ester group. Aryl esters of

an yHEEPNORGeNgr oups, especi al |y phenyl esters, are

reported to . .
An aspect of the present embodiment provides a compound useful as a

ar.i ant of the

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
carrier. |

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

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

14



enhance oral bioavailability (De Lonmbaert et al.

(1994)/ . Med. Chem 37:498). Phenyl esters containing
w@2@anbagyl i c ester ortho to the phosphat e havECHUSI®04/043969

been descri bed (Khammei and Torrence (1996)/ . Med.

Chem 39:4109-4 est e reported to
phagerepatiealbrec taéfﬁ ag @?—’E‘F@n?’é elfectife SBjauT % b least one
substituents at the orfhg-ox r ition may accel erate

antltVH@ Rt oRyS PR SRR %Cgcgp%?ﬁ%%rﬁlegcw ated phenol

Igaﬁlae% ﬁ’? i henol E’aéwq%qr}elgeﬁtﬂeﬁégaep ne né)ceu%cal
Aejira etk %gl%;y ol i GG Rty Under goes

eavade a génerate the
h t
s OGSy B IR IR T B g
o S Ry Sy s e

prodrugs have been descri bed contalnlng a carboxylic
ester-containing group attached to the benzylic
Defiatibyé ene (A azier WD 91/19721). Thi o-contai ni ng

prodrugs are reported to be useful for the
I ntTtecetmUPAMEdE I refees Yo tie @inpotindat@- drugs. These
proesters contain an ethylthio group in which the

10  phasphohylgnethpxyethgl)ghaninest eri fi ed with an acyl group or
conbi ned with another thiol group to forma disulfide.
Deesterification or feduction of the disulfide
generates the free thio internedi ate which

subsequently bre d t he phosphoric acid and
epi sul fi de (Puech |et al ( 3)Amt|kaabHRes 22:
155-174;Benzariq/4§ﬁal 6)/ . Chem 39
4958) . Cycl i cHp¥osphbnat e %éigéz ngyg ared been
descri bed as prodrugs of phags rus-contai ni ng
conpounds (Erion et al ., US Patent No. 6312662).

 PrOLSELLDBAIEPIE [SLETS 0 R £ of 2 compound

t ha s or-a ers roper “functional

phogﬁemf?%lgﬁﬁetgpazecy B 4 I8 smBloghd econrpound as a whol e.

ng groups an Strategies for
protection/ deprotectien are wel |

SO
H,oN \\\N N \b“~0H

15 The term “cprPMEDAP” refers to the compound 9-(2-

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

15
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20

known in the art. See e.g., Protective Goups in

Organic Chem stry, Theodora W G eene, John WI ey
W@E3pasee18Nc. , New York, 1991. Protecting gr oupBCEHIS2004/043969

often utilized to mask the reactivity of certain

functional groupg, to assist in the efficiency of

desired chem ca&:zcti ons, e.g., making and breaking

chem cal bonds Tn ordered and pl anned fashi on. ‘

Protection of functi §hal groups of a conpound alters
ot her physical properties besides the reactivity of

the protected fungj#0n Noup, such as the polarity,
i pophilicity (hydfropho icfﬁz), and hem properties
whi ch can be neas d P

n analy vcal tools.

Chemi cal |y prot¥ct edN nt er fedi at gs Tiehsel ves be

bi ol ogically active or inactives Protected conpounds

may al so exhibit altered, and in sone cases, optim zed
properties in vitro and in vivo, such as passage

t hrough cel I ul ar nenbranes and resistance to enzymatic
degs [ QR 1L s e [ . LS. nret ed

G RHRRRy e e eyl i B B B agent

conmpounds WwW

bechftle8 LhGHaBIR t5ThOFAGELGT 1 ARRE RL ﬁ%&ﬁ%ﬁh%dﬁ%&% éntlontpg body.

protecting group I to convert t parenta
S S

a mBFOSIFU IR dFeecBiRe OFRBd APIR Ritleatd ba@le BAR oividh dose,
parental drug, prodrugs may possess greater potency in

moid ofcthe pariecpacait ativeraggnt Wil beclvhilgbleraWiRs taketed tissue
renoved either in vitro, in the instance of chem cal

sites.nt ermedi ates, or in vivo, in the case of prodrugs.
Wth chemcal internediates, it is not particularly
i mpidret tennstipapsphenate’ ahd i“phopploohate grafipeinclude functional
deprotection, e.g., alcohols, be physiologically )
groups epruabibiées withiioagholeeulgdhealr cdmptis¢sa phogphiwsiis Hipltds 1)

. i.f the products are dphar macol ogi cal |y i nnocuous.
single-bonded to a carbon, 2) double-bonded to a heteroatom , 3) single-bonded to
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
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,
phosphonic diester, phosphonamidate, and phosphonthioate functional groups.
In one specific embodiment of the invention, the terms “phosphonate” and

“phosphonate group” include functional groups or moieties within a molecule

that comprises a phosphorous that is 1) single-bonded to a carbon, 2) double-
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Any reference to any of the conpounds of the invention

al so includes a reference to a physiologically
waewepsakd e salt thereof. Exanpl es of physi ol opCTEE1094/043969

acceptabl e salts of the conpounds of the invention

olEL S 354 5 A AT PSR BL S BoRey e
LM N -
BRGNS BSH0R S TR, e tee
PGP o PR A g UL o fept of
S5 1P o R o AR, sy fyncona
oL W0 gt el R s 8 o S

singleyisdr@l dtoGaddrpoACDERS @b Bosdbl 3o gh @ygeg%lgf?@ded to an

ydroxy group include the anion.of sai .
oxygefitirittrogen Wirtd4 psififiet oo R dc@t driotheuety ks MatitiddeNdstwell
wherein Xis independently selected fromHor a G- Q
as falnktibnargropps oAsncietids trert ebmprisee preidiug gedicty #acsn beparate
sem solid systens consisting of either suspensions
fromealeorupouhd spdhat thecrogapin g eettinslagshasphloaogehaviggsiuch
nol ecul es encl osing and interpenetrated by a |iquid.
chapg@sestidse gel mass consists of floccules of small
particles, the is classified as a two-phase system

andR¢apesst me g«lé%fqréiﬁt@rmﬁ@gmtahﬂﬁmqﬁ eATioImelsiigsurrogate
s R T Tl BT SE 5% HPIESE e
B N T T -
groﬁ%ia %%ed_geee : \*Ag%gfzégg 8&@%%@8@%%3{ grmg)alas fie ljg"i%e %?agntilqgubation for
g8 RS SR ST A e LSRG PR o
tha{"sciﬁq)@%e@ause 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
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.

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 spontaneous chemical reaction(s); enzyme catalyzed

chemical reaction(s), photolysis, and/or metabolic chemical reaction(s). A prodrug
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conti nuous phase. As used herein the term "ointnment"
refers to a semsolid preparation for external
wa@ppbieass on of such consistency that they nmayP@BEUS2004/043969
readily applied to skin by inunction. They shoul d be
. of such _conpositjon that they soften but not . .
is g R SQuplen W&dfflﬁdg@?ﬁqa% BF faé%nttfsrw prerHesllsastive
as vehicles for the topical application of nedicinal
COMP B %nces and al so function as protectives and

B T L R O
o< YR AR B .
0 A By 58, o B PSR Dty

”D&l‘%kﬂ'&ﬁ& Aéipl'icétﬁk% Bt mragfx% &rTeawdgu @ﬁgpg&gﬁ and
physi ol ogi'cal | y ‘accept abl e conpound: )
Devigbhht ProonptP. Kebb ¥k rf Ardfséh RRY $1. B Lakd YEds, Harwoo
acg‘%pt ébI@Ie a)gi d orgb%gle, are within the 8gacop%E of the d
Acditeesie RubliRien; ppn113-ARY Enzly sl hikBhire tQsa818 R an enzymatic
contai ning normal, secondary, tertiary or cyclic
activatibnmedhanism Bidoieshesphomatdiptod e, conGind bk invention
(Et, -CH2CH3), 1- propyl (n-Pr, n-propyl, -CH2CH2CH3),
incl2der optydre(notBimited po, epyildasesCefid)e)mictebialieytyrhas, Bu,
n-butyl, -CH2CH2CH2CH3), 2-nethyl-1- rropyl (i-Bu,
phdspbaotiphses, clehiz@sfetr®is2and phbaplisess PBudrug: tnofatles can serve to
- CH( CI—B%CHZCI—B) , 2-nethyl-2-propyl (t- Bu, t-butyl,
enhageepalygjlity1ahsenpiion endgdipaphilicitCrpoptioizoiag@ylivery,
. 2-pentyl (- CH(CH3)CH2CH2CH3),. 3- pentyl ) ]
biogvatabdity gush efficacy. nd mpAryg piRigly may drdndy actaztms metabolite
-met hyl - 2-butyl (-CH(CH3) CH(CH3) 2), 3-nethyl-I|-butyl
or Cfrllgéf-ﬁ CH(CH3)2), 2-nethyl-I-butyl

§~%%%Igw&(m@@%@g%g§ th&%%%aﬂ}z%&ﬁg or labile

acyloxymethyl esters ~CH:0C(=O)R and acyloxymethyl carbonates

—CH>0C(=0)OR where R in this instance is C1—Cs alkyl, C1—Cs substituted alkyl,
Ce—Ca0 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
phosphonates by Farquhar et al. (1983) J. Pharn1. Sci. 72: 324; also US Patent Nos.
4816570, 4968788, 5663159 and 5792756. Subsequently, the acyloxyalkyl ester was
used to deliver phosphonic acids across cell membranes and to enhance oral
Bioavailabili’cy. A close variant of the acyloxyalkyl ester, the
alkoxycarbonyloxyalkyl ester (carbonate), may also enhance oral bioévaﬂability as
a prodrug moiety in the compounds of the combinations of the invention. An
exemplary acyloxymethyl ester is isopropylcarbonyloxymethoxy,
—OCH20C(=0)C(CHz)2. An exemplary acyloxymethyl carbonate prodrug moiety
is isopropylcarbonyloxymethyl carbonate, HOC(=0)OCH:20C(=0)C(CHa)..
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CH( CH2CH3) (CH 2 CH2CH3)), 2-nethyl -2-pentyl
(-C(CH3) 2CH2CH2CH3) , 3- net hyl - 2- pent yl

W@ 200510689 CH( CH3) CH2CH3) , 4- et hyl - 2- pentyl (- PCT/US2004/043969
CH( CH3) CH2CH( CH3) 2) , 3- et hyl - 3- pent yl

CQABCROn o) o et R ot The
b RS A T i e -
o PRI rE sk L e Brbnel ErnerBiipTinebl chfbagite srou.
Ay S BB Bl e
B e R e T e R

C2-A4A oBpedls 89@1(;1'@%:11&85‘ g?('bl!i‘['bsf) Qa}g&r\ﬁ% pgt QRAAE Yare re]i)c{yreted to

tertifary or c carpbon ato east one s

enh@hedsa] Bigdva@iability §Ded rabRAP £l POO4) BD/LEL (PLA. BPAGR).
Exanpl es include, but are not limted to, acetylenic

PhefryCédthrsadtshtfindmas @xtbdxyGtidGecdi tho' W thgippiephaefiene dis been
a saturated, branched or straight chain or cyclic
destwylokicb (dindonnet el Tatreate, {19%) ahednCledm 89;4100d 108N i Beghzyl
two nonoval ent radical centers derived by the renoval
estep$ atanepoytdogezenatatrshé parartt iphospheniaractdwlndidnfie cages,
carbon atons of a parent al kane. Typical alkylene
substaigicotd at thaolthdor Msta-pasitionanay andelerdta the h‘;e%‘bWS@m Benzyl

-CKb-)1, 2-ethyl (-CH2CH2-),1, 3-propyl (-CH2CH2CH2-),
analpgs-wiihyn ?(cym@:uq&@zzbmar) alkyitated phenpkmay ginesatgithe e
refers to an unsaturated, branched or straight chain
Pheap{le 9%19@%%&6@%%6@? Rgiinreal engynes) g8 ApiSERFCAt Gigases, etc,

whiFh e SRS SHEReF R5aH gt Sl BRPGHL Fr-ohboR IS BREEIBHS W
phoglia éﬁé Sgi:qeglfcgg'?eg%tﬁitgggg &?{}H@iep i er?ltlecﬁlabe? DEGXanIlXIEis 6f !rhis 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
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
Res., 22: 155-174; Benzaria et al. (1996) J. Med. Chem. 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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are not limted to, 1,2-ethylene (-CHCH).
"“Al kynyl ene" refers to an unsaturated, branched or

W@ 200ai0e189 chai n or cyclic hydrocarbon radi cal PET/BSZ84/043969
carbon atons, and having two nonoval ent radi cal

centers rlved by the renoyal of two hydrogen atons
therproReEtiRs Cgé’nﬁéméiﬂo’%{é\bgr&ﬁu&’f% PTERPISS Ogtﬂa%O@Poﬂnd as a whole.

B g L
knc&%%ﬁl? g;éec h f%n ..... '. 1318 X " Ai“%eodora W.

o ogeﬁm wgsfﬁs é?\ﬂegv?%“é%dg% b T —
uti B RMRhGok R s £ EARLEHmBGdha0LBHBS, (NGLIAR: 1!

are not I mt I Ca Ive enzene

eff1§i‘é§§§r bf He&ited f { ﬁéb%thl;‘ £ S akﬁ{gi J}icPBFeréT(m%chemlcal bonds

bi phenyl, and t ers to

in aACyelek&d élhh ?laﬂl?éii fé@hldrf‘ Fi‘&»'té‘c@lo?lrlﬁ fghciﬁ&ﬁ‘alr%f@{l Q%Pa

atons bonded to a carbon atom typically a

congPSudhien ctherphi stanbReertics Bl the Yéac&W' the rotected
ypi cal aryl algflﬁ;l ygromjnj’ps@l ncl ude, but are no im tp

funtiondienovb, swehpdeihyl rilheaty, ﬂlﬁmghﬂﬂﬁ@r@ﬂy}dﬁ'@ﬁhﬁﬁhty) and other
2- napht hyl et han-| -yl, napht enzyl
propeﬁmhﬂhmﬂmnybeeﬂrhamﬂedwy @mdmiomearaligcal Thels aChibmbday
conprises 6 to 20 carbon atons, e.g., the alky
promﬂt@f intermediatisngapithgmselskkba iviologlcally yaiive gr magsiye.of
the arylal kyl group is 1 to 6 carbon atons and the
Jfromqt@i gompogndg may alap leshibak @imred Subin permeeases,
Ik | ", "substituted aryl"”, and "substituted
OPtHPVIeéIH(VPertFPédH varggnd i pipo, sughdpsapassagaihirough cellular
ectivel n whi ch one or nore_ hydrogen atons are
melg&:

s bﬁéﬁ*ﬂworeéwg@él& gl ationAL Aypiesgation. In this
101qS %ﬁé’{eé{;ﬁf@mp 1%%?\)1&61?1 erag(# t%gg’pél,%fcl el%ggﬁés I?llélt%ql;b%rreefer}lqéd 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
parental drug, prodrugs may possess greater potency in vivo 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
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
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=NR, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO -NO,
=N2, -N3, NC(=O R, -C(=O R, -C(=0) NRR- S(=0) 20,

WO Jos@A®H, - S(=0) 2R, -0S(=0) 20R, - S(=0 2NHR, PCT/US2004/043969
G(QR<?oqmmawqozm P(=0 (0 )2/

appr@pg)ag;\base@l@)h% a??, @}(g 1gp@t)al @C( kRple é%t%]qan%(lgh%e earth
B LTy T
PR i) Sk enls OL AR raoRr efhetor B n it ap Bfictude
saltp Bt PrEsaC bipbody IS pbifaich oo B, %FX%% o RSkt
maféfct Elfgagé%{%l 1&%}@ ﬁgg@%@ﬁg 1&2 o%@ﬁ?%?wk@&g‘aéidgﬂrg%l st¥fonic
acﬁéo Eﬁ% egrsqﬁ‘éz)char%ﬁffb 1 @fﬂaﬁﬁeg@ﬂt&u rﬁerﬁzen@s%@omgagé j: Sl and

Chem stry o Het'erocycli ¢’ Conpounds

tol@e&@l@&ﬁf: APIS; and A8iBaWd £YA&3008 as H?H’r(y&ﬂbmc ]s%%rgo

present), in partl culfar Vol unes 13,

photPhofitdhd sBlfanfb afidsSPhys(ct9ERAIP decephible kAL B?a compound of
speci fic enbodi nent of the invention "heterocycle

a hydokydesup indadbeky ehivn Gsaitt tomeduheriaicombheneh ivieme
or nore (e.g. 1, 2, 3, or 4) carbon atons have been

suitabld @tien swich s Ndretnelr Natofwi{erein X @ irldepend&htly sxlesedesom H
of heterocycl es include by way of exanple and not
or 4 Cm@mﬂk}drgwup)jyl di hydroypyridyl, tetrahydropyri dyl
(pi | t hi azoI yI tetrahydrothl ophenyl, sul fur
oxi ltt@’terra el kerohi gelfi @nfers tpyarnisolid sybtenfacansigting of
t hi enyl pyrrolyl, pyrazolyl, imdazolyl, tetrazolyl,
elthﬁé ﬁlz%ifremswma% narmismalbinenganicipagrios or lasge Pegapic
ol inyl, isoguinolin en2|mdazo
mo F ﬁ,eap]%ﬁng 341 }1}5@1rpe@§ﬁwtedb by ERi T Mere the gel mass consists
rr0|do lin tet dr of ur
of el bbbtk e el sl it wOTiTRgE 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
liquid. Examples of such gels are Carboxymethylcellulose 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
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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decahydr oqui nol i nyl, octahydroi soqui nolinyl, azocinyl,
triazinyl, 6 -1 2 5- thiadiazinyl, 2H, 6HI
wWGL@®sM6d1BY azi nyl thienyl, thianthrenyl, pyranyPCT/US2004/043969
i sobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl,
H pyrrol yl, jSOthI zol yl .. i soxazol yl raziny
%af Fé?eut}%@sw tSrgf?/aC’ﬂvg é%r@ép%nyts 0@&'\1/61 mpwnds of the
zi nyl

mvpé%ndaz I% 5’1@ s1018é}qqg¥§1cg%§;38 equzquz Rg%y) F/\P ﬂ;f,qe salts der1ved from a

4aH-car bazol

ool QRIS e P GRere i Pafn PO R3E Pl P aﬁ?ﬁ Bibasesyhich
R
preB : agﬁf&f n]gixﬂﬁg?tbderpbaf;g‘éﬁ%lgﬂl%cﬁw Qfe%ﬁai%?% ounfi All salts,

tht%eF BE o H@M’ved ?‘ngre BT ﬁélogﬁ?ﬂ? %lc&ﬂj&g%ﬁi?laad or base, are within

benzotri azol yl Xazo ,  OXI

thekg@@p@egﬁg@lp@gémm§@ﬁﬁ&pyl and bi s-tetrahydrof uranyl.
By way of "exanple and not limtation, carbon bonded

het‘etiegytises; -an § Handedbah c@ﬁﬁdlﬁir%fh& mad sé&oﬁdafy &ty or

a pyridine, position 3, 4, a pyridazi'ne,

cycB@S.éu‘Ho?lrhtgmsAf Bx@m Z}ﬂés Qr@ﬁleﬁqﬁXMeg‘-@H},? etH?FCEE, QfoCH%) 1-

of a pyraZi posi t’i on

oo AR Lr%w (P RRRSER, SHERLT, 1
buQI@FShen ok %ﬂ N o, P!
CHICEICME 2T RREF oMy CEI’%@%S%HZS?‘I%B%W%WPZ-WOWI e
B 00, LR B A b 80 e s Dot benty ¢
ColRSIORIE R AR Rl bt

| C(C§§5 S%Pfaﬂfkla)y |35m mfﬁ#&?@@k‘%f&@g)\/@ﬁieﬁﬁy}zx 3-methy1 -1-butyl (-

CHC PN 12)op-Ptaslot Pty o Ol R G oy oty (-

exanpl e and not |imtation, nitrogen bonded
CHpete(ddycHes Hn(@H3), 2-hexyl (- CI—I(CH3)CH2CH2CH2CH3) 3-hexyl (-

CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl (-C(CH3)2CH2CHCH3), 3-
methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4—methyl—2-penty1 (-
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(CH3)?),
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?
double bond. Examples include, but are not limited to, ethylene or vinyl
(-CH=CHp), allyl (-CH2CH=CHpz), cyclopentenyl (-CsHy), and 5-hexenyl (-CHz
CH,CH,CH,CH=CHo>).
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bonded at position 1 of an aziridine, azetidine,
pyrrole, pyrrolidine, 2-pyrroline, 3- pyrroline,

w0 pdodagaBe, i m dazolidine, 2-imdazoline, PCT/US2004/043969
3-imdazoline, pyrazole, pyrazolone, 2- pyrazoline,

3- pyr zol j, [ eraazi.ne, indole )
nadRAy FCeRo by drocgih RoHABGE harmabshipdery fertiary or
30|ndoI|ne positjon 4 of a:$n phol i ne, ,and p03|t|on

cyclic ggr an@mrsawﬂé at ]eﬁa%@%%?l??o@ RsatEation, hedgcarbon-carbon, sp

trlpgeylg%qcf y’mp tsglg y 1r1]td %e:“%ﬂsﬂ?ﬁ !&f_&l gq,laﬁ?iaf Cl u? =CH) and
et L AP s s A E"
7
2 oPIGTRaS" BT B RAREH Blsficndy BE s AeBERGR o e °
hyd@c?éa%é’r? kiedlf% ?Cl%(ijtalrlgor? op'?sc éﬁa %ﬁgﬂ%vt%vén}to%o@afehp fhdical

nore I Ca

cent%k§d&1é\kér%g gg’% | i Kyflfb%e%\ %tbﬁ‘@]fﬁ%xﬂ @Ee]x same or two

dlffél@nﬁ&a%éﬁ %EBm%f é-? @Fent Q1aBY ng Ie@t@g'ﬁglcﬂl% iiclude, but are
bi cyclo 6 ] system anp e nonocyclic

not ﬁﬁﬁﬁa%t:ﬂn@&xymé (JQ‘?-IzL)YlCi ey PIHATBED ED,‘BLﬁrop?fY cCeRatrpCH:-),
(cButyl), cyclopentyl (cPentyI ), 1- cyclopent-1-enyl,

1,4-butyy ¢LBRSHCHLANY), ahd eyeliogent - 3-enyl, cycl ohexyl,

1-cycl ohex-lenyl, 1'-cycl ohex-2-enyl,
| - ¢ydkatydondd -IEfQI‘IS fo a)ﬂne(nyeitureﬁtpd,rbmn&mﬂi owgthdiflyt chain or cyclic
"Linker" or "link" refers to a chem cal nviety

hydrommplrdrsiastjcad of 8vi& caniborbatodhsp and hehmignvar mymowplentf radical

atons that covalently attaches a phosphonate group to
centgraideryyed bynerreniavell ofieverbiydrages adommls feoam thegaae pntvo
dlff%gehtygpé Oqfa@, gg%l@,%; pé\%@% 1@5813 {qggll( gﬁlgl?;ﬁél’le rad?’cals include, but
e R T TS LD 3, L

Ak’)lg‘ <yr5f1%q1% qegex{é rt(g g{}ng%gWr% ].‘)?ng]% f 61[] st} aqght chain or cyclic
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
different carbon atoms of a parent alkyne. Typical alkynylene radicals include, but
are not limited to, acetylene (-C=C-), propargyl (-CH2C=C-), and 4-pentynyl
(-CH:CH:CH:C=CFHL). |
“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,
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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2- am nobut anoi ¢ aci d, where the points of attachnent
are designated by the " *" As used herein the term

w0 2008/06418f ers to a di val ent noi ety of al ani ne, PEUTES04/043969
the points of attachnent are designated by the " *"

rel3e jt R ahrasdcal, fepisal 7 %%VL%%&@SOI&?}%%E@%@ limited
to, %%?& p%%n?llaletflgﬁ? rxl wl‘?@v&%ﬁﬁgﬁ%% hEhvﬁ%tﬁ'l gla‘l a’
naﬁfsf hgﬁ)ﬁ rei n&lt%% ﬁh@ﬁ Iﬁrﬂ’%&gﬁ ?1;@{ ﬁl ?ﬁé h@“ yla sroup

confBiBhyc fS 2L k.o ﬁ{boélﬁyyglog@&%’ﬁﬁﬁhﬁnyb‘fﬁﬁ L&nyl or

attachnment esignate

alk?k\?e %fdd?se{?f tlﬁzré} P:ﬁk}’i]éggl?as thg%acﬁr]p@n dR2hS hAGdhe! §fﬁ9n01ety

ture that inco tes the af orenenti oned

is Fio/al @@boratdias.aci d noi eties and al kyl noieties, such

as in Table 80-3. For exanple, the conmpound of the

f or fMiSdisstitard dRyldessibdiededsdril, bhd “sabsiteied bf a]!kfyl” mean
Formula I, where Y1A and YlBare -N(RX), where

alkig® ,aryhend a&?lailqul Résisadbiselyt, it echidh bhe B Ghomﬁg/r ogén aﬁoms are
et hyl substituted with R3d further where R3d is -

ead(iRdbpeMentihepdadelwith aa@n-hydregamBstbstivBentwiypécalb
is a carbocycle, where R4 is propyl substituted with
sulrgidyenth snduka dutsire not BBHjORD, Wwhe&; EORIBR, SRAS, aNRe, -NRs,
where R4 is ethyl. Alternativel sai d conmpound can be
=NEeseXs, bely, @QN,nSﬁfhbl RI=85(03 - 53/ FYNS2) sNohBleeNE{ZO)R,
YlBare “Aba-Et". which describes the npiety (where
CERIR O AR RO e HorhO: SRR ARah |

S b IR Drehir R o chik B3 ok Taiory-
CLBHRNVEAT A SR, b GRRMED) MM §OR AR L BRERR,
-C(O)NRR, -C(S)NRR, -C(NR)NRR, where each X is independently a halogen: F,
Cl, Br, or I; 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

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
embodiment of the invention “heterocycle” includes a “carbocycle” as defined
herein, wherein one or more (e.g. 1, 2, 3, or 4) 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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-N(RX), where Rx is R2 where R2 is R4 substituted wth
R3d, where R4 is is ethyl substituted with R3d, where

WwWORBesi066189 C( R3b) OR4, where R3b is =0 and wher BCTRUS1084/043969
npropyl. Alternatively, said conmpound can be

oo SR oS B0 A i, 4
e B s L R Bl TR
o RSB TP S50, 0 D L PR
A A S S RLal, 6% 1 | SambSon et

e part

. "ot L " . 1. 0 ' )

piperiliR EL SRR SnyL HhafidinyE APANBHACNE PPmomHSL

tetr flrla@iyl, Bt Ay RREGEIRSIn ,ftemﬁga&@i%%@ho%w ps in
space. "Diastereoner™ reféers to st er eoi soner with

decdMRIrOuMY1EyE st &t Aot sogiidlirytlyaoishpheseingl 6EMl,es-

are not mrror inages of one another.” Di astereoners
thialiiivenyd] PHeTEL5, Plydiiadahy D tieipayl, iteiantitegyl, pyehitylng

poi nt's, boiling points, spectral properties, and
isobepacturwnyl, elsronMngtluxashefiyldiphshexathired s2Iepy rselyd risithiazolyl,
under high resolution anal ytical procedures such as
isoxetelyl, yphoingd i pyyrédeckinyly ohtlzgmydpispinddiph Atl-mealyl, 1H-
~ refer to two stereoi soners of a conpound which are
ind ayohg ypeinnpédapiisohrinybrohthalgeinydf naplehanidimdr quineealinyl,
term"treatnment” or "treating," to the extent it .
quinagolingt drnalingilspissidinyl, ¢dddierbanelyhenlhasslyprizgaiholingl,
the_dj sease or. condition fromoccurring, inhibjting
phenpethyidiagh ecping rﬂwyanrﬂﬁrﬁaﬁmgnvk Phenagazt or
phefaltadingl salRang] shenotarng, Hochfomanyt: catomanyt '
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indoliny],
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
pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 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, 3,4,5,6,7, or 8 of a quinoline or
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,
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The term "antiproliferative" refers to activities used

to, or tending to inhibit cell growh, such as
w@niospeaBe f erative effects on tunor cells, or PCT/US2004/043969

antiproliferative effects on virally infected cells.

LRGSR BN

il 1Y BE GG g 2nr et T FdiePern brBdPS beteronrrlagare
v R SE b S5 PN SE ol SRR, 25385
el SSRRLAV XL AL RS LR DR

.celhl . ' i ' . i .
Py bRLRE P pHREBY AESE PR SR ROl ot
1H—"iﬁ&£&ﬂé}?¢§>sﬁt@o§9 o BQéQiﬁﬁbie[‘HfTR%[ncP&%&kg : tﬁtzfofﬂr{o%phome,

that threaten the animal’s survival. optosi s can
andosésifion DT ol RAgbaRsIe, orenLaline! Btillsfrﬁgﬁlé"[?f%@%lﬂ?z,e%ﬁﬁi’ggen bonded
mul 1" f or

repair, or infected with a virus. The s
het@peptiesirkledd 1 comedyl pazbhaytalbyirbsal f-imide®IyT $-pyrazolyl,
surrounding tissue orfroma cell that is part of tHhe
and hpiperidiyigt.em it can be chem cal, biological or
physical. The related term "apoptitic" refers to the
pr dé&sboafclabmitissd s. saBirated) atmsatiratedief arontatinsnghdving 3 to
conventions used herein generally follow S. P. Parker,
7 ceEpon atvyes agve dhodicks, 7 dndRcadforChtemscad a Bayake, and up to about
(1984) MG aw Hi | | Book Conpany, New York; and Eliel,
20 qarbeihatoms ana pslycystee Monperalistcaybasty clos fane @ tCdniog atizms,
. (1994%]John W | eg &Sons, Inc., New York, Many organic
stillag Aty ¥ Oirgopemsal Higy distqayodystasdavie 7o, 121éRg atoms,

el
oo AT L Loy L B PLEe. O oo dompg toms
S TN R AL
el SR DR Bl RSB b PR R
cycl%fpteﬁQ}?eh&%ﬁ-?}d&;@rﬂ?z@%d?ﬁ%‘é%ﬂeh%%n’% ‘}y%ﬁ)h%())(% qgc@%lohex—l—
enyl, I-cyclohex-2-enyl, 1-cyclohex-3-enyl, phenyl, spiryl and naphthyl.

“Linker” or “link” refers to a chemical moiety comprising a covalent bénd
or a 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.

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

2-aminobutanoic acid,
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) or 1neaning that the conmpound is |levorotatory. A
conpound prefixed with (+) or d is dextrorotatory. For
w@2@swernschem cal structure, these stereoi SOMEPGT/HER04/043969
i dentical except that they are mrror inmages of one
another. A specific stereoisomer may al so be referred
to as an enantioner, /and m xture of such isonmers is
often called an enantionerijc m xture)l A 50:50m xture
of enantioners is referred(to as rgcemc mxture or
-a racemate, which y\sﬁ e re has been no
stereosel ection or stereospecificity/in a chem cal
reacti on or process. \The ter "racgm c m xture" and
"racemate" refer to an equi nolar m xture of two
WhERAREIJYIRIIf a8REGARAL aEH & Shatbd %gztth@afl* Aactivity.
Protecting Groups In the context oOf the present
| VRSN heRi®HRC trAY” AT0UREers BS b deeal BROGOUSy HP1284HiRS,
and chem cal protecting groups. Protecting groups are
avai | abl e, comonly Known and used, \and are optionally
used to prevent sidg reactijons with {he protected
group during synthefic prodedures, ile.routes or
nmet hods to prepare ﬁe\co n he invention. For
the nost part the daci sNon as]ffo whi'th groups to
protect, when todo sQ, and thd& natur/e of the chem ca
protecting group "PG" will beOdepentlent upon the

s BRI RIS T
T O AR kg i

S
generally are not, the sane if _tke conmpound is
substituted with tiple PG angral, PG w Il be
used to protect fupctional gr Huch as car boxyl,
hydroxyl, thio, or/ ami no groups. and to thus prevent
side reactions or [to other
synthetic efficiency, The jorder of depfotection to

yield free, deprotiect
i nt ended th

where the points of attachment are designated by the “ »

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

=

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,
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direction of the synthesis and the reaction conditions

to be encountered, and nmay occur in any order as
waledosnailged by the artisan. Various functi onal PQF/US3984/043969

of the conpounds of the invention may be protected.

For exanpl e, protecting grouqufor - OH groups (whet her

hydr oxyl, carboxylic acid, phaggphonic|acid, or other

functions) include "ether- or |gsterfoym ng groups”.:

Et her- or ester fgmn oup

functioning as cﬁéh®€gfg;?0 ecti ng

synt hetic schenes set forth herein. However, sone
whededihe,Bainbefcatiashengsytas designategrisuihe ‘af & nei t her et her -

nor_ester-form ng groups, as wl| be understood by

t hod®Pséikiene arquPy hé 2k Y " £an berdesribed de@gamenclature that

. amides, discussed bel ow. A ver .large number of L

ICHRRITBIEY |‘fﬂ% AT SRENHGRET ShpAeReing HedrBr iR Ayaprolipd moieties
nd.cclr S gdi ng chem cal cl eavage reactions are

sucfias dfpble ik

Protective Goups in Organic Synthesis,

1og 0 edtie A8 BE R o R oo o

Koci enski, Philip J.; §r otecting G oups (CGeorg Thi ene

Verlag Stuttgart, Ne rk, 1994),which is

i ncorporated by rngf€rence in its entirety herein. In
particul ar Chapter| 1, Protecting G oups: Overvi ew,
pages 1-20, Chapte droxyl Protecti G oups,
pages 21-94, \§0| Prot gcting\ G oups._pédges

95-117, Chapter @, Canbox Protectyng G
118- 154, Chapt yl Protectq

155-184. FSENprot étt | ngR roup \f\()/}\;gfbo add,
phosphoni caci d, phosphongke/?ul fonjNtt aci d and ot her
protecting groups for acids s ene as set forth
bel ow. Such groups include by way bf eyzrﬁﬂp-l\e and not
limtation, esters, am des, hydraz; and the like.

Et her- and Ester-Form ng Protegti ng G oups

can be described using the nomenclature of Formula I, where Y4 and Y8 are
-N(RX), where R* is R?, where R? is R* substituted with R%*, where R* is ethyl
substituted with R% further where R is ~C(R®*)OW?, where R® is =O, where W? is
W5, where W? is a carbocycle, where R* is propyl substituted with R34, 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 Y4 and Y8 are "Aba-Et",

which describes the moiety (where the " * " indicates the point of attachment),
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Ester-form ng groups include: (1)phosphonate

ester-form ng groups, such as phosphonam date esters,
wWPEhb@spbasot hi oat e esters, phosphonate esters, BETUS2004/043969

phosphon- bi s-am dates; (2) carboxyl ester-form ng

oup and ), sul.phur —esterform ng groups, such as
“&@%Yﬁhéﬁﬁtgykégﬂ?a %Reéwa'sulfinate. The phosphonat e
noi eti es of the conpounds of the invention may or may
not be prodrug noieties, i.e. they may or nmay be

su j tg h ' . enz tic cleavage or

no |C$lféég§?}l@re1’. %%%ﬁ%g%%éggﬁoﬁﬁ?%ﬁm eties are stable
under nost or nearlysall netabolic conditions. For
exanpl e, a dial kyhonate, where the al kyl groups
are two or norepgaf bons, may have appreciabl e
stability in vivpg due to a slow rate of hydrolysis.

Salts and Hydrat gy conmposi tions of this invention
optionally compris alR{s of the,conpounds rein,
especi ally phgfmaceptically accepy abl e oxic salts

cont ai ni ng, e , Na+, Li+p-K+/Ca+ \and Mg+ 1.
Such sal't 2'\lmy i Ncl ude thoseod&r/\)eduby colgpi nati on of

appropri ate cations suc al kal i,N&nd al kal i ne earth
metal ions or ammoni um and quavja\y am nosions with

an acid anion noiety. Mpnoval ent \salts preferred

if a water soluble salt is desir tal salts

typically are prepared by reacti’nhg a conpound of this

invention with a nmetal hydroxi de. Exanples of netal
candx desciihied histngtherepaerdaiure ohFormala hvéharalf'$ and Y are

containing Li+ Na+, and K+. A less soluble netal salt
-N(Rn viherp iedp Brtwhere Ryis i snbstifoted noih B, where B? is is ethyl

sqQl ubl e salt by addition of the suitable netal

subgitiied math K aadrare &7 ssHRE) QRS wheredtfris-@r aid ndiege R* is n-
addi tion of certajn organic and jnorganic acids, e.qg.,

propg AlBatsTorsogt GnPBasdicnp e e e asining 855 as

Forftilh T,rv%rhere Y4 and Y'® are "Ala-nPr", which describes the moiety (where

the " * " indicates the point of attachment),

a:\N*n/OY
H
0]

which is "Ala" linked to "nPr" (n-propyl).
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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or to acidic groups. Finally, it is to be understood
that the conpositions herein conprise conmpounds of the

WO pwened1en in their un-ionized, as well as zw PCEUSIN/E13969
form and conbi nations with stoichionmetric anmounts of

wat as ip hydrates. Al so included within the scope
of ﬁ\@ Eerrrh{}éﬁlfqoaﬁ%?ré trﬁér%%a ¢amppuRtewhiclbhewe identical

en ARG RRA R Fule R 0eEL s B hin el B goms o

the.naturally-occurring am no acids found as protein -
gro&‘é’ﬁﬁ%ﬁ@ﬁ?es, al though the amno acid typically is one

R T AR A G
chi?a{égy Bnd4GRo@Sm! }%ﬁﬁ%%re%%@%@gﬁ%@%?ﬁ hlf‘gzﬂ? ghamdpe,

euci ne, or | eucine. ron of  HPV

DR PRl A R R R A DR TELAED ffe
poihtLapédihl %)f@?ﬁiﬁie%, S PELHSHHRT MRS raﬂaéflg’ﬁég%ére nfay

conpound e invention. Conpositions of .
sephPMe inideR re@BIUtIH Bh41ptigal Probltiired SutiheERRHLBhEResis and

for such inhibitors or have other utilities as
chrdestsgdagtiybel ow. The treating step of the invention
conpri ses addi ng the conposition of the invention to
t he'Brampilomers” r¢fec torpid stesecisoinets of pranpoaad whichhee non-
conposition to the sanple. The addition step conprises
supsniynpesabbomafron timagesor atd amothsr.descri bed .above. | f
desired, the activity of HPV after application of the
condusterinofirepsmedt’ @bdesaliong, bip teyextasttibrelates todidigease or
direct and indirect nethods of detecting HPV activity.
congiféeit inchidssepreygniing dhe diseasger eanditign franogeiwing, inhibiting
net hods of determining HPV activity are all o
the diieagspr serartiony gﬂi@amgtwg)ﬁ@ Gpeaskeor sendisim gneerisligving one
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
death. As such, 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
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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descri bed above are applied, however, any other nethod
such as observation of the physiological properties of

W@200506418° or gani sm are al so appl i cabl e. Scr eensP¢DUS1PI043969
I nhi bitors Conpounds and conpositions of the invention

L
0%
phygal i pde RPbcrbuRhie Pk dkeiuPret P abPuldid
rre%‘%&regc m{cgfdgﬁl%uﬁ%h' 't':lyco%f Bﬁg?éuuser}&?—mfl gérti&%ﬁy follow S.

VI rus OCO

P. Péﬂ?&eliﬁe 348 1 HQHLr 6‘f é TRLEAS (1984) McGraw-Hill
Booﬁ%ﬂ?é@% a\| b\‘}?an ork! BRd FHER.G! %%1 WhlehDS S Ste¥SiHen®8tr3'df Organic

fornmu d W th conventional ‘carriefs’ and exci prents,

_xﬂ;_?bﬁﬂd 19b4 ﬁwy@ SbAs, 3669 NEwMY bk OMHRAdEanic

actice. Tablets W Il contain excipients, "glidants,
corrfpddrﬂs%xmluﬁl dptisalindctivierdrieei.e. Aﬂié‘?@ia‘ifeftﬁé ARy itoRState the
are prepared in sterile form and when intended for
plarttedd plany-pofardidielighith am desalbing ahripgicaly aotivg edipaiulng, the
will be isotonic. All formulations will optionally
prefbosstiRianddx or Bient $ astodedats déraste tls@hbs‘oémttefcomfnguln&tlon of the
"Handbook of Pharnmaceutical Excipients" (1986).
molexelepbent isichvhldmteglolbe prefikes diand dohét) and (-) are employed
anti oxi dants, chelating agents such as EDTA,
to desigpate/iihesigm o tathtion og plane-polatiged ghabk yhe wmmou@é, with (-
hydr oxyal kyl met hyl cel | ul ose, stearic acid and th
) or |l ppeanifg, ghas phe FOMPEUNG AERPERETY- atﬁg@glmm ﬁtﬁfmedwth )
to about 11, but is,ordinarily about to 10. One or

EXEoitts oF & BHE SFBHERLHE (B PPl grp BATISS AFe
t hi cont s the active in di ents
ldef&&m? Rr b g tﬁw BReniGor Shashy 8€?ﬁl%ﬁ%0ffns thePedfiai i on

be treat routes include oral recta
Stelﬁ%]gg]iner t‘l‘IbaFy % 1) be regerrede to as an enan%omer and a rhlxture OJT- 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

two enantiomeric species, devoid of optical activity.

Protecting Groups

In the context of the present invention, protecting groups include prodrug
moieties and Chelénical protecting groups.

Protecting groups are available, commonly known and used, and are
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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(i ncludi ng buccal and sublingual), vaginal and
parenteral (including subcutaneous, intranuscul ar,

WO paosasasous, i ntradermal, intrathecal and epi PUF/EE)004/043969
and the like. It wll be appreci ated that the

o B B SR SR SRR Sy R ependen
UG fi}ﬁtewé#q%q%%esara' LB et e
o AR OB LB T DT onc e

syngﬁ%é%‘ %9@8%1'0@% Jooxﬁ(g@ilhe?d: tfng\r;)‘;éh ?Rg %,}én% V et nﬁg same if the
con?PEuREid é{ﬁ)s'tl@@treﬁdx}vﬁ@tmu 18PeY g %gPGt&ﬁ?EQ fledd Protect

€ or nore accepta e carriers

fun@ﬁbh&lrgaﬂohabs LB’ ks Eﬁ%ﬁgg glﬁzjd&‘?%ﬁgﬂﬁg' mino gl%uips and to thus

carrier must be in t sens

preGenPale bbetitinkbrih o uirnase fa'&ﬂft&fs@ t%@ts?nﬂietfchﬁflaency The order
formul ati on and physi ol ogically innoCuous to the

of degpebhictibh tblyedlddfee, dbprdtectanl! g@bﬁp@ﬁs deépenddat 18R the intended
suitable for the foregoing adm nistration routes. The

diréatiomubfethe epathmis arhihereartidry chielifivas enbedntsuntetdd, and may
dosage form and nay be prepared by any of the nethods
occuein atkyovbes as ddiermirteddfy {htearrtinayy.. Techni ques and
formul ati ons generally are found in Rem ngton's
PhaYarieeutursaionstgrenps s the kompblinghiof gh€mvenBastoay be
PA). Such nethods include the step of bringing into
profecierdi Be errmple, pratpding gesrugdifontOW gioupisd vdwthérdxydroxyl,
whi ch constitutes one_or npre_ accessory. ingredients.

Calh"??‘}’d’é’-r?éfidalPh%@hpa}crﬁﬂl(&tqrdﬁbe%ﬁ@cﬁpéémhld@”Qihelf@F|¢IS’5€1‘-

and j nti bri n |n10 associ ati on the acti ve

fOHPHb% %]Eﬂ mgt %tﬁyl?ﬁq‘f& %wmgei@%s a}g? Ralp3blgpf fgagtioning as
cheigf g%ché%gasrsﬁbew it st Semngs BEES: ﬁgé%lﬁi%’oﬁowe"er

somseulllyc? oxyl ER& tﬁ{oalloro ec 111?;' gsrto%%ts Ia%] néitRel"etRBR 1t 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
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,
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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as discrete units such as capsul es, cachets or tablets
each containing a predeterm ned anount of the active

WO p@ysedlitent ; as a powder or granules; as sol ut PONUS2004043969
suspensi on in an aqueous liquid or a non-aqueous

Cliqui or as . an oil er liqujd enulsion or

aci M@Pphw%m syl{qguis aaérﬁnds?%ﬁ cting gww@r@&}déﬁ@e Greene
r sent ed ol us lectu
as st foafh BloRs rwpeaév@e?m%ﬁ sttp et BRasrgn
ne .Qr, nor |ngred| ents. Conpressed

eStelr%@P@ﬁgs’rm)ﬂl%l P hcfélfol 5P conpr essing i n asuitabl e

machi ne the active ingredient in a free-flowing form

such as a powder or granules, optionally mxed with a

r nt, preservative,
Eh@ AR Rer RS Prok Bl Ghadifrt - PrESSLVEL VR sy

be mapde Wg@%ﬁg‘? ggc%d@ nRh e gl)fgz{é; ﬁ%&?ﬁ&t@e@?erqof‘i‘nﬁ% such

t he po e 1 ngredi Istened with

as ﬁhb@lglé&qﬁhidé%@ Esteirsh ?h&to%hi@iﬁﬁe @ptisOpRbiphdfte @ﬁb@d and

ored and optl y are fornul ated so as to
phoBpRYh-Bes-SindIes; ( Qpéﬁxb@k’k_leé&téxeﬂo@ﬁﬁﬁg etotihes addt(Bysulphur ester-
i'ngredi ent there from For infections of the eye or
forminipegroipk efuthl astsudshenate, gilfaneuinid sidfinatel n, t he
formul ations are preferably applied as a topl cal
oi Athegritosphonateanoixties af thegprhheunds of/thd ingertoe mfsPr may
in an anount of, for exanple, 0.075to0 20%W w
not pe modmmow:asyee ithey sdiyeortihgy bersuacapiide thby dedptic or
0. 1%nd 20% n increnments of 0.1%W w such as 0. 6% w,
enzpmptigiclgavage oy mqskisifaiiep| fevam phosphumpaie m@etmss?tre stable
preferably Q.5 to 10%W w. Wen fornmulated in
undgr MQRs AT NepHE aHéﬂﬁtﬁbOﬂlﬁ@%@ﬂWs, Fragarap oyed Wi th

paraffini¢c or_a water-m sci ble oi ntnent base
| aialfylelionafrber Wheﬁ%cfaec%lil%glf%@ﬁrs@aﬁ EWPSOTH%W%@”EO“S' may have

fo b
PP AR P GO B PRAL BB PHE P Sk base may

i ncl ude, for exanple,

Salts and Hydrates

The compositions of this invention optionally comprise salts of the

compounds herein, especially pharmaceutically acceptable non-toxic salts

containing, for example, Na*, 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

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

are salts containing Li*, Nat, 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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at | east 30%Vv w of a pol yhydric al cohol, i.e. an
al cohol having two or nore hydroxyl groups such as
w@e@ppb@ase gl ycol, butane 1, 3-diol, mannitol, BOFD51004/043969
gl ycerol and pol yet hyl ene glycol (including PEG 400)
and m xt.ures thereof. The pi cal_ fornul ati ons may )
de%%ﬁl&@n&?ﬁﬁﬁd@%{?e é‘h%’é?f% oRmeeid akibng &f caraby prgapic and
. 0or penetratio f e ive ingredient through the
NOLHIHC g5 her HLf Té’té{}elaﬁg T 0@@%@2@% agigishtfeasiqsenters,
penetration enhancers include dinethyl sulphoxide and -
or tpaicidie grewps. dsallyrbisdiol Be whderstasd thas thenegmpesisions herein
thi;s invention y .be constituted from known L
Comm@%@%ﬁ?%nﬁﬁogfah@ﬁawfﬁ% Hetheigpnfi@nizad, amwel aggyvitterionic
an, emul sj fier, (other

ForrBn S oGl SRS BRI OO AR PR B iy rates.
I | S f.i i th t. i {th both
o o SRGuARY sTtinghe P B 05 injar e St sallslthgparental

(.S t oget h w.th a lipophidic enulsifie .
oot REL R eGP iy AR G4eb8 Bt Eieilqegribed
obolBSHLSGRAL NBA B0 b0t-ocfBORHL Siond o g

- i i . . . . r. .
prol I cORIER Y h L AN S PG e BRI g v
itR aHaBRdr 3$R MBI e b O1YENd NERiihd oflbRRENFELAN
Y e pr¢§n1foré%?a?io%s.f%%mlg%nts %n% e%ﬁls?%ﬁ’éﬁgn@ﬁual
gro@ip@lich iag elycise)isbARE Ahk&nike SalhRinkBofRicid, 8t Iarigd. the

i nvention include Tween(r) 60, Span(r) 80, cetostearyl

al cohol , benzyl al cohol, nyristyl al cohol, glyceryl

nono- stearate and sodium |l auryl sulfate. The choice of
Methaidsatf Tehibitien of HPAf s for the fornulation is based on

achieving the desired cosnetic properties. The cream

shovhathpr esmachbf thedavantion relatssy methods paintiihgiranthe activity
washabl e product with suitable consistency to avoid
of Hig¥kagwrisingrthaiep ob treatingra seomplaisnspectedof edmtaining HPV
. branched chain, nono- or dibasic alkyl esters such as
withyp.compaipshoktheiigpertign. st earate, propyl ene gl yco

di ecster of. coc? ut. . o . .
ompositions of the invention act as inhibitors of HPV, as intermediates

for such inhibitors or have other utilities as described below.

The treating step of the invention comprises adding the composition of the
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
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.
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fatty acids, isopropyl nyristate, decyl ol eate,
i sopropyl palmtate, butyl stearate, 2-ethyl hexyl
w@alosiease or a bl end of branched chai n est er SPRIUSZV0EE43969
Crodanol CAP may be used, the last three being
~preferred esters. These nmay be used alone or in
conbi nati on dependi ng on the properties required.

Al ternatjvely..high nmelting point I[ipids such as white
Sﬂ?@ﬁ&%@ﬁ%@i@ﬂ@gor liquid paraffin or other mneral

oilr%s areued.dForrruIegction ui.t abl.e for topical

a0 TTRE PR gid e nthRs sy O B8 Ve e o g T

e SR 9 P BB o e
. . [ [ [ . i, .

that Rl 20 G DR B B A Peiratd BE RGP Yrindected

anci @ PRSRLE A o 0o P ANYROL R To R e

virt{s%fetc‘t)éa 9@lisnpéiﬁ{lgs]§?r?3$({cﬁ§ 19y tdoh i {ffég%z g}éa@%éégaere taught in the

ozenges CoO e active ingre
Exaﬁﬁﬂ&?red basis, usually sucrose and acacia or
tragacant h; pastilles conprising the active ingredient
in an inert basissuch as gelatin and glycerin, or
sucrose and acaci a; and nout hwashes conpri sing the
Phad@ihbaiéidal Foesiuditiorshral Ruieadf &\ drihaybidagas.r i er .
Fornmul ations for rectal admnistration may be
pr &heroatbamnds sfuppoiventign wird foransldtddawi doasentional carriers
conprising for exanple cocoabutter or a salicylate.
and feocipidaisj whictswiill bblseletter inriccemlivithratynay prasiddce. Tablets
adm ni stration have a particle size for exanple in the
willrcontgpin @ cipidnis oglidenis,dilbars, Hindetsiadichinedieet i Adjeemiszes
in a range between 0.1 and 500 microns in increnments
formypletions aseprepeased i stetile pnpiandowben dstenided dosdelitary)by
which is admnistered by rapid inhalation_through the
otheyghan opalachyinisiratign paneipdy ivoll Revseinghc.t Al fapmuiatinnsaill
to reach the al yeol ar sacs. Suitable fornulation
optipRelly e E3TRIBYS By asihoge seoriy ingthe " Biorapeok of

Phatm Eeeuq&C%TE'xcipients" (1986). Excipients include ascorbic acid and other

antioxidants, chelating agents such as EDTA, carbohydrates such as dextrin,
hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.
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
(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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Formul ati ons suitable for aerosol or dry powder

adm ni stration may be prepared according to
weovgeatisonal net hods and nmay be delivered w tPCDUR®N4/043969

t herapeutic agents such as conmpounds heretofore used

riEP the treatpent or pro i nfluenza A or

hyl axi s_of
congiiHPR Of thmEeciRienb s 4y wgﬂ%%ihg@%n%mdérﬁ thisi inzenigon is
tha Bt BBty B bleCuon BLAgSeBodiBe, “foams or

s O R o A et G LR ones
' | at | itable.
et AR R B G ARl e
ForQIEAEHE U RRSTALHY SELKAMARLAETS ML SRARY comprise at
leaftridl RV ERAENISE A5 EOHD WLANe! FAUOAIE oM ile t NE
bl ood of t I nten e% reci pi ent; @nd aqueous  an

accBPRDAROEPIUSs BePElOE aﬁ&t%ﬁ)?igﬁbﬂ SN HBy t%jcgﬁgﬂgﬁents. The

suspendi ng agents and keni ng agents. T

carfief(Findist BOSaREPtAVI@SANhEdedd iHeinges@patibith-tHe$eher
contai ners, for exanple seal ed anpoul es"and vials, and

ingr@diehis cftthe éstnhilagiohreeizshybiolegically epRblididdd the recipient
condition requiring only the addition of the sterile
thetéafui d carrier, for exanple water for injection,
i medi ately prior to use. Extenporaneous injection
sol The mmmuadosszwinds tnse ausalpledpatledioregringtaeinhingstration
powders, granul es andtablets of the kind previously
rouiess chhepfeumutristrs may coniveni¢odxde freseniedtin omst dosage form and
those containing a daily dose or unit daily sub-dose,
may beprepiieddpoary péthe Bethasis well kppropin theart pbphamnacy.
[ [ ient. It _should be
TS ey S e s Pramaceci

Sci e RUFGR E ey ST G tRBr - Abesita EoRToM IR f Aot
bl‘l'.l’g‘%t%g [1151 \é)lﬁalnsg %isggrrl Qhé gcttnbeeintg%‘g(%eg{ Wfit%r t?\]é” c%trli‘igrnwil?ch 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 necessary,
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
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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exanpl e those suitable for oral adm nistration may
i nclude flavoring agents. The invention further
WEe@sicias vet eri nary conpositions conprising arCT/E8D4/043969
one active ingredient as above defined together with a
e Vet carriers are

suitieanrdliad dEER B EHEN D HEE BT B HECUh g ppgder or
srafEE ey e B ERGeE b wRr SAESRE Breservptive
: . i Ht B Fe
surfo EadieEon PRhkelld oBRE, MGG ABRI By B Tplf By2RbldRg ina
suit BT AL IHAE 60 BH o HRUSFP Gl 05 B RN O RBod wyith an
esired route. Mpounds of the Invention are Useg to

inerP ﬁmﬂcﬂsm@m rald dis ih%f%t@&%%@%ats&br es,8dl A1d ons

contal ning as active I ent "one or nore COﬂDOUﬂdS

opﬁ_@hagg Grd PUHBRIRRM do' S0 FRIEISIbR SAEHFSIIdAHAARHT the active
in ich the release of the active ingredient are

ingrediint@héedrgmd regul ated to allow |l ess frequency
dosing or to inprove the pharmacokinetic or toxicity

pr ook xgfeafiorts Gff theryadriothet ®geedil eBtuesH . anbuteanidskin, the
of active ingredient depends at |east on the nature of
formthiationsdid prafetablygppliedted topimal cintpentpbetizam tdetaining the
conpound is being used prophylactically (lower doses)
active irggadiest(spin @ bineenit of| foe rxamipltd, 876da 20Vhe/welilddding
of delivery, and the pharmaceutical formulation, and
activg {ngrediegi(spimd ratgeyetweend). 1 Shianidadd % &1 ingremantsef GHalw/w
dose escal ation studies. 1t can be expected to be from
suchyp®(670Wi0o 2760 Miviuetad pigekaply @e%/thJe% T ¢/ Wpend gpgst preferably
typical ly, from about Q.01 tqQ about 10 ny/ kg body
0.5 {GRAUh I/ pbr WieR: fomlgatﬁgﬁm@alqu}tmwomea%me 1pgteripRfs may be
bout 5 .ng/ kg bod i ght per day, st.typically, from
emBERA “DGE GOt B A 55 0y G R BT B2, For
Altegﬁggyél% tl{ceoe{ctilvg qgglglaetdignr}s trr?aey gg %(l)r\{m(l:lgpe% glaeg gl‘eglgﬁc’ vevi’{hoa{n 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,
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.

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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adul t human of approximately 70 kg body wei ght w |
range froml1lng to 1000 ng, preferably between 5ng and
wGdsnes18and may take the form of single or nuPET/pEm®04/043969
doses Active ingredients of the invention are al so
redients.

a OSSR BIHAPFoRe e et @aetternided IVRIHA eomtteomhich
wcthfsr SEHR egast%'i%’iﬁéfgr?% @ G aBBP BT %'ng%%ﬁf Jogetner,
ehe SRl i O KRS0 oot LB B 2 S Yenutsiying
Wa>? o d\c/) ﬁ'{rea\vagQ ?%%eélrllctarhv%lt S m’lae?rﬂieﬁ %ﬁ gﬁ% §0- g?.llged emulsifying
oin th lha{ée%h}c%f’ljr% the fﬂﬂ% %l’fﬁ?e%eod gﬂ% f the cpeam formulations.

ronchial diTators
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Accordingly, the invention includes novel

fromrtobues otistieepatiaesps W%lﬁd)rbﬁaﬂcﬂ%cpél%ﬁ BFBE bs Uihsic alkyl
contacting a conmpound of this invention with a nmamal
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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.

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.

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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about 0.5 ng/kg) to an ani mal such as rat, nouse,
gui nea pi g, nonkey, or to man, allow ng sufficient
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actrvity of their own. Additional Uses for the

micEOHE) 08 MeiRreis, TS wHIVE M d dfinidteeCBYRApIAGR hafatioN through the

i nvention, or the biologically active substances

nas@l@lﬁs@@%iof by intidlesen eornehinis nkyuthysd & tosdedci®the alveolar sacs.
nmet abolismin vivo, are used as i nmunogens or for

Suitably fogatul atiotoingiuuieaqsousteerodlyysdhidgynsef the axsive ingredient.
conmponent s of i mmunogeni c conpositions to prepare

Foramtatio sedtabdg &l aerosollvir wdy pyvedecidmirastrytico ntayebe prepared
protein, to the conpounds or to their netabolic

accqndaegg b sondrdloned mdthoid srmeh srayghe delivened ssighiotleer therapeutic
epi t oges (sites of antibody bjndi ng) . The i mmunogenic

agep iasicompautheretofaresnsesdn the decatment arepreplagaxia of
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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
non—aqueods sterile injection solutions which may contain anti—bxidants, 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
example sealed ampoules and vials, and may be stored in a freeze-dried
(lyophilized) 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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I mmune response that cross-reacts with the unnodified
conjugated protein. The hydrolysis products of
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antThoitiveatioagiF et %brdﬂrikiles RoferSidbp taMipoaltlohs comprising at least
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oneSuttsedngiaaliertr apsboveatdfinedttygéther @dtH b vetetinsgearrier
specific assay conditions for specificanal ytes
thegafbfd.cient to interfere with the assay results. The
i mmunogens’ of this invention contain the conpound of
t hi Betermaryt cawieps axsomataripls heefub&irrtbd peppospef administering
association with an inmunogeni c substance. Wthin the
the compogttisr anenaynhe selidiigid pr gesewisanptpriatewddch are
coval ent bonding to form an i nmunogenjc conjugate
otheyiss mgsh O és%pgabls in gher Qbetiparioprtrest aewenapatible with the
bonded materjals, or., a combinatjon of {Jhe above.
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- compounds of the invention ("controlled release formulations”) in which the

release of the active ingredient are controlled and regulated to allow less
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
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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structure of the desired epitope is covalently
conjugated to an i nmmunogeni ¢ pol ypepti de or

wpoiogpeashar i de by the use of a pol yfuncti onal PCT/US2004/043969
(ordinarily bifunctional) cross-1linking agent. Methods
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mulﬁgfé)&{?&st o the i nmmunogeni ¢ substance. Typically the
poél ypeptide is conjugated to a site on the conpound of

th %citi@}éGiﬂgféaﬁl%r% oF st infeARbR RSe SRLLARE diﬁ_%oﬁfbination with other

recogni ze € conjugates are prepared In

actiFOMeeBYiea Al SR IInMinatiohs 8Bl @ed bBSL R Hise boritkitiBA to be
agents N-hydroxysucci ni m de, succinic anhydride or
treafddl NFdssMah&ivaties ubeigredicAturePphingaddiprasutiivgat g of
this invention. The conjugates conprise a conpound of
comblir€ation efdd exangileawhen tivatiaghdru infecliohs okihrgregpivatorof
1-100, typically, 1-25,nore typically 1-10carbon atons
system, ihpatthoulmcigéinienzs irfettémg ehe Thmpositjargaifdébe aneention are
separated fromstarting materials and by products
combénerwith amtistivas épieh asranéetidinieerimamdad ineangdr@bastising,| e
filtered and vialed for storage. Aninmals are typically
mudolyiies gxpecigrings bronehipldiatengerniibioting, agéipysetdss, or analgesics.
derivatives and antisera or nonoc] onal antibodigs )
Ordinasir artibieticsd pnéipyreics apdanpigesicTpee admpisteaed spgether with
this invengiqn_are useful as linkers or spacers in
the gpraparndg ohthis MePBsor pti on matrices, immobilized
enzynes for process control, or i-rmunoassay reagents.
The conpounds herein contain a nmultiplicity of

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
oxidation, reduction, hydrolysis, amidation, esterification and the like of the
administered compound, 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

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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functional groups that are suitable as sites for
cross-linking desired substances. For exanple, it is
we@eoemwseatisonal to link affinity reagents such aBCT/US2004/043969
hor nones, peptides, antibodies, drugs, and the like to
These insol ublized r ts are
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etermning in vivo ava| tylnc

sk1lle@lt BshiRa, THEShwirdBh ﬁrbﬁuct%eéd 1 y%‘e nbt ¥8lerwise
honogenate stability a pl asma s assays.

fouli@We¥RD, Saikek] ihhBagsdstic, as@d(}}scf@r @Iﬂexﬁpbﬁﬁc ﬂb@ih%cdf&ﬂe
derivatives are not converte in vivo'to the free
conayurebs)df, tha ihvientin dyeiio ydy L}(Q@S@Gﬁ!ﬁno heeyarhBlida e ivb&itdry
as chem cal i nternedi ates. lity for the present
activity efitheinowas t aught using antiproliferation assays.
Antiproliferation assays neasure effect of conpounds
on proliferation of cultured cells. Cells are cultured
for 7 days in the presence of varl ous concentrations
ahlaemids the onpye: 5 @fal avénticir.e stained with
and |ntenS|t of staini ng (proportional to cell
%@s Byespent plofedrielagically ausive substances

n u %W@rcpmléo

0 nst conpound conpcentrations, fitted to the
prog 5@%&% e CeERIEEls by Raedr y%wmeéqibq W@%%%Lﬁ%"@ used as

concentration that reguces cel | .%P |ferat| on rate

iRt BRI PEU0 U BHR AT BHCBH DY) fegve a5 compotients of
m.ned oun

1mrr91?1%ogemc compos}uo\ﬁes t8 ? repare antllbodles 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
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.

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

42



10

15

20

25

antiproliferation assays may be cytostatic (inhibit

cell division) and/or cytocidal (kill cells). By
w@essoedsng antiproliferation assays in HPV poRBCT/USI04/043969

cancer cells and normal cells, we identify conpounds

that inhibit proliferation of HPV positive cancer .
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invdrRidrs o§wih%eé'§¥)§bﬁﬂ9f BiRHRYy MlFicall§ 16 anYWBne dr alt 81BY. The
G WAde, jr., 1980: Vol. 5g Ler oy Wade, Jr., 1984;

antiBbdie¥QlesirblyMvaN A6t sibbstaibdll; crass-Yeict wath Mehlly-beeurring
"Advanced O'ganic Chem stry,” Third Edition", (John

matétihBy S&B@m&tial\bi«vMsé’Qééictivl%&@)reaé’c Me‘tﬁic@@ﬁyg kénditions
Synthesis. Selectivity, Strategy Ef ficiency i nMbdern

for §Pagifiv analinesisaffigient to ifltevtdramed theBmasay rédulls: ost ,
Edi tor-in-Chi ef (Perganon Press, New York,
19I3erimhimnggenstoniubierenfior xenfpliatlye omnpodsdfafithistinvention
preparation of the conpositions of the invention are

pregandivigdbd desiredvepithips én getdssdipnawih ant ispaperogenic substance.

illustrate the nature of such preparations are not

Withi dedeated afithe invenslonssish agsocigipm mepns caselgpibonding to
Cenerally, the reaction conditjons such as

form gRdEIADPEENIF €aBIiEGH tWhen 2 Qﬁ@i%)sczr ARKtge of non-covalently

bonfJeq RalerieReoparpILITEF O BEa P VEo BEgE BTG ARSCS
inclﬁidg %gjtfv%fn 5 Stch as }e%rnid%l Eidjlt,l\g%?ts Hreurnuvl\qotg%nic 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
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
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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material cited therein, contains detail ed descriptions
of such conditions. Typically the tenperatures will be

W0 1@8065180 2000C, solvents will be aprotic or PCDUSIN4/043969
and reaction tinmes will be 10 seconds to 10 days.
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typically carried out t enper at ures room

{cQIFPEL-a5 Uh8 16 @ArboR 8 thithE Ahbiiehogenic substance.
typki Ir{}gti cal | yrec?rﬁd;&g}l?lg%d corndensati ons reducedogeI11C stibstance

ThetcmperabsnRsepBHed erord 80 Ehg 3h ftefbBURDBYBRodREE HEiHS
can be either protic (comon in equilibrating
chrqsmaﬂig'r@{jby oothelikgtand thearresterile kiltaaid @&l bialed for storage.
controlled reactions). Standard synthetic techni ques
s udiniasalsaeotypiqilly inenmnidedafgairest¢hée dnnbynquenducirgugaies or
use of anhydrous reaction conditions (e.g. inert gas
deriyativepand ansyerare monodanaerntfiwdies prpdred in cdreventional
appl i ed when applicabl e. Exenpl ary nmet hods of preparing
fashigie- conpounds of the invention are shown in the
schenmes bel ow, Detail ed descriptions of the nethods
ar degoRpPendsf thigiavertinn are st anlipketswr spagersie
referenced to the specific ,scheﬁs.gchemes ?cheme 1
PrepEEs a%HET}Q@‘EOZ’W?’GmW]Gerj@E‘O ged enpynes fQr procggsgontrol,

or immunoassay 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
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.

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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the free cglrgloexyl argugocor hydroxyl gll'\églri)s, they remain useful as chemical
intermediates.

Utility for the present invention was taught using antiproliferation assays.
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
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

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 any of the applicable techniques of
organic synthesis. Marl1y 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 Harrisoﬁ, 1971; Vol. 2, Jan T. Harrison and Shuyen Harrison, 1974; Vol. 3,
Louis 5. Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. Wade, jr., 1980; Vol. 5,
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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HNMCOCRPr / TEA/ PhOH N X JL > Pr Aldrithiol (tm-2

/ PPh 33 HRONNN NNM, NHO Pyridine, 6 00 C p\ 12
WORWSMHbdI8e " X N N HO H2N CO2JPr / TEA /| PhOHET/IS2004/043969

.O0iPr Aldrithiol (tm - 2/ PPh3 H2 N N N g NHQ

Mog¥s, %Fgff%ﬁc Cheggio@y atn ey i eResy S anpy BB pEsgrrgleet
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90 Q gurx‘?ﬂlerH%'élxelel\lallary thettiod36F ﬁlleqllaq}epgl?aﬁion of the compositions of
the invention are provided below. These methods are intended to illustrate the
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 the like, will be those common in the art for the
particular reaction to be performed. The cited reference material, together with
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.

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.

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).

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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the Experimental section below, and are referenced to the specific schemes.
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n 24 O HCIH2N C21Pr/ TEA N S

11 - 6- 111 / GPr Aldrithiol (tm-2 / PPh3 HZN N O -
- INP\J Pyridine, 60 C 25 k 0 O HN' " H N CC2BuU /
TEAr Ny \ 0 Bu HN :
HCIH,N“~CO,Et / TEA/PhOH /k | \> ROEt
Aldrithiol™.-2 / PPh, H,NT N7 N o vi$o
Pyridine, 60 °C " ~ <OPh
-
HCI.HleCOZPr / TEA/PhOH )N\)\/IEN\> Ropr
Aldrithiol™_2 / PPhy H,N” N N QN6
Pyridine, 60 °C . K/Ov P\’OPh
HN/4
X NN
HCIH,N"~CO,iPr / TEA / PhOH s > ROiPr
Aldrithiol™-2 / PPh, HoN™ N '\L/ Q.NA Do
Pyridine, 60 °C O~Popn
13
=
HCIH,N COzBu/TEA/PhOi )\ | \> ROBU
Aldrithiol™.-2 / PPhy H,N” SN N Qa0

Pyridine, 60 °C
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Aldrithiol (tm-2 / PPh3 H2N N 1J1 0 Pyridine 60
0C 26 P N .OBu OScheme 7 HO .H2N 2 (CH2 )5
WO 200ER6QHCH 2 ) 5C H3 Aldrithiol (tm)- PPh 3P¢—’|2/NSN04M3969
NNHH20Py|d|ne, 60 0C 27 1 C° SOCHZ)SCHSOHN
HCm2 N C 02 (CHg) 7C H3 / TEAO(CHZ)T H3
Aldrithiol (tm-2 / PPh 3 HON N N N H O Pyridine, 60 0C
Schefne 28 ' Y O CH Cis O H N - HJ H2N CREt TEA ,
Adrithiol (tm-2/ PPh 3 HN"' N N Pyridine, 60 0C 29
a OHN- 4 HO HR NCO2 Bu/ TEA
5 A
HN
(1) SOCI, / DMF (cat.) NP, HC
6 Sulfolane, 70°C, 1h N >
(2) TMSOPh, 90 °C, 1h H,N7 N7 N 7 OH
r.t. overnight K/O\/ P\OPh
7
’\ HN/4
7 HCIH,N” ~COMe/ TEA N7 N
Aldrithiol™-2 / PPhs PN > o ROMe
Pyridine, 60 °C H,N" N7 N i _NH o
" ~OPh
8
-
- Y
HCIH,N"~CO,Me/ TEA = OMe
7 B TMz - )\ N 0 ~&
Aldrithiol™-2 / PPhs HoN™ N nNH O
Pyridine, 60 °C 9 ~~" “OPh
2
HCI H,N ’\COztBu / TEA N” | N\>
. HaV” 004 . BN ROtBu
Aldrithiol™-2 / PPhg HNT SN N A
Pyridine, 60 °C 10 K/O\/P\oph
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Aldrithiol (tm-2 / PPh 3 H2N' N N Pyridine, 60 0C o
30 oScheme 8 j NV N/ HC H2N COR(CHz) 7CH3 / TEA JL JL
WO2@60537CH3 Al drithiol (tm) -2 / PPh3 H2N N <PCI/NS1H04D43969
Pyridine, 60 C 31 < O(CH2)7CH3 O L Ph HN HCl H2N CORE
/" TEAif N> Ph QEt Adrithiol (tm)-2 / PPh3 H2N N N
gv Ni o Pyridine, 60 C32 p h HVoEt A.Ph HNf M-
N Ph HO H2N CO 2Bu / TEA JL JL OBu Aldrithiol (tn)-2 /
ScRBm2 42N N O N o Pyridine, 60 0C 33 ,Ph H OBu O
5
HCI H,N" ~CO,(CH,)sCH; HIN
TEA / PhOH N)I
6 - ,
Aldrithio™.-2 / PPh, NSy RO(CHZ)E.CHs
Pyridine, 60 °C 2 \\
15 l\/o
HCIH,N" ~CO,(CH,);CH;4 HN
6 TEA ] PhOH N)IN
- l \>
Aldrithiol™-2 / PPhj H NAN N o RO(CH2)7CH3
Pyridine, 60 °C 2 l\/o LNH o
18 ~ “oph
-
6 HCLHN"~CO,Et / TEA/ PhOH Nfi"g
i TM o
Aldrithiol™.2 / PPh, H,N” N7 N

Pyridine, 60 °C

HCIH,N™ “CO,Bu / TEA / PhOH

Aldrithiol™.-2 / PPhj
Pyridine, 60 °C

10
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PPh HNI 1 N Ph Hci, H2N co2iBu / TEA Y JT Q Bu

Aldrithiol (tm-2 / PPh3 HZN N "N N H Q Pyridine, 60 0OC
w@2a®dsheie® HN A / TEA N r N 1- Met hyl - 2- pyrr ol i dP@DIE20BRN3969

NOn/ s AiPr 600C Sh OV 35 0 CJD Pr TO Schenel0 _

Y e2 HCOH2N CO2Bu / TEANIT ' I\ %Al drithiol (tn)-2/

PPh3 H2ZN N N Pyridine, 60 OCL O P OHH OBu O (I)

?%25/ DMF (cat.) Sulfolane, 70 0OC, 1 h 36 (2)
fi> 900C, 1h r.t. overni ght NMe2 -N

HCIHN"NCO,(CH,), o, HN \
6 TEA/PhOH NZ NN
Aldrithio™.2 / ppp,. >
Pyridine, 60 °C HzNJ\\N N O(CHaCH,
C o\ NH
19 '\/O\/P\’ ©
OPh
Ph HN’4
6 HCLHN" CO,EL / TEA / PhOH NZ NN Ph
Aldrithiol™-2/ ppp, N ’ N\> OFt
Pyridine, 60 °C 2 N QNG
20 O\/ ( ©
OPh

Fh -

HCLHN""CO,Bu/ TEA / PHOH N
Aldrithiol™.2 / ppp, i

~ xél[“» Ph
Pyridine, 60 °C HoN™ N7 N o &OBU

21 K/O\/\P\’NH 0
OPh

Ph —

HCLHN"~CO,iBy / TEA / PhOM NZ NN
Aldrithjol™.2 / e /k | > §
Niol™.2./ PPy EN N OiBu
Pyridine, 60 °C ? N 2

OPh
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Aldrithiol (tm-2 / PPh3 H2N N N g
0C. . OP 39 NoPhScheme 11 | | N
WORNsO65199 Al dr it hi ol (tm)/-2PPh3 JL
pyridine, 60 OC 2N N N N Q 40 H 41 O
Scheme 12 NHCH2CF3 NHCH2CF3 N+Sr L HC
NL/ Aldrithiol (tm-2/ PPh3 JL JL / \
H pyridine, 60 CH2N NN N Q42 0 H 43

SCheﬁ,ﬁc@em& 13 NH2

N H Q Pyridine, 60

N HCl H2ZN CO2Bu / TEA
JL \ OBu HZACTMUBLOQIA43969
1 PHV-OBu O

H2 CO 2Bu TEA N
OBu HZN N N g O
O.P H OBu

A
X TEA N7 N

] HCIHaN" COEt [ TEA > OEt

- N
Aldrithiol™-2 / PPhs H,N7 N7 N SN So
Pyridine, 60 °C 23 k/ ~ \N/%OE’[
H
o

) | z
HCIH,N ~coPr/ TEA N \ Ropr
6 PNy N> 0

Aldrithiol ™-2 / PPh3r HoN™ N i _NH 0
Pyridine, 60 °C » OVP\N/%OPr
: H
o)
a
X oimr 1 TEA NZ SN
3 HCIHN"~GOziPr / TEA O ) ROiPr
Aldrithiol™-2 / PPhs TRV N NG Do
Pyridine, 60 °C 25 K/OVP\Nlﬁ/OiPr
H
o)
)
Z N 4
HCI_HZN’\COQBU I TEA_ TS OBu
6 > )% N @)
Aldrithiol™-2 / PPhg HN” N W NH 2SO0
Pyridine, 60 °C 26 K/OVP\N/?OBU
H
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| (tm)-2/ PPh3 X
uOH45 OP. H
|

ne, FOT/08004/043969

N HCI H2N CO2BU / TEA\ I/ o Aldrithio
> OBu f VOH Pyridine,60 0OCi NOL Ob
W@BWSs18) SOCI 2 / DVF (cat.) N 44 Sul f
h (Ts (2) TMSOPh, 90 C, 1h H2N'] N 0
POHOPh 4 6 HO H2N CO2Me / TEA Al dr
PPh3 0 0 1 Pyridine, 60 0C OP * OPh HCI H2N
CRIPr /| TEANH .HOC Cg 2H Aldrithiol (tm)-2 / PPh3
ridine, 60 OC N (2) Fumaric Acid, CH3CN ~ N N o
SCh‘#“g@/ PPhScheme 14 49 AO 0 0

ol a
r.t. overnight L
ithiol (tm-2/
(1)
ol (

=L
g HCIHN"COCHy)CH; / TEA e IS 5 &O(CH2)5CH3
Aldrithio™.-2 / PPh, HN” N Nk/o 1LNA S0
Pyridine, 60 °C 27 ~ \H/ﬂ/o(CHZ)E,CHg,

O

‘ HN
X N)IN\
o HOWNTCOACHCH ITEA | N> 5 RO(CHQhCHa

Aldrithiol™-2 / PPhg HoN™ N o i N 0
Pyridine, 60 °C 28 ~ \H O(CH4)7CH3
o)
=L
HCIH N”(co Et / TEA NZ N
6 Ha TMz -~ s > OFEt
Aldrithiol'™-2 / PPhs H,N” N N _Nf o
Pyridine, 60 °C » K/OVP\N /§;
OFEt
, H
o)
f HNA
N
HCLH,N"~COzBu / TEA _ )Nj\l[ N &OBU
Aldrithiol™-2 / PPhg H,N” N7 N ENTINGS
Pyridine, 60 °C 30 K/O\/P\
H OBu
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H H HCO H2N CQ2I Pr / TEA / OH Aldrithiol (tm-2 / PPh3
Pyridine, 60 0CPd(OH2/ C H IPrOH r.t. *Scheme 15
W(EIZOOBM%ISSOOAPd/C H2 i j CHZNA NN Qi Pr MOH 'PEI/NSIN04/043969

4 GPr TVMSBr, C HBC N H

S

qiPr \ _ - .
2NNN0QH560POHHCIH2NC(IBU/ TEA M A NX M
30B 56 Aldrithio,(tm-2/ PPh3 HZN N g N Pyridine,

600C57 H)r-0Bu 0 HO H2Nj
/ V c:OEt Aldrithio ,TM2 / p p h 3

Sché{nng?thO—H L Jil
NNO NDO

HCIHaN™ "CO,(CHy),CHz [ TEA

Aldrithiol ™-2 / PPhg
Pyridine, 60 °C

,(Ph
HCIH,N"~CO.Et / TEA _

6
Aldrithiol™-2 / PPhy
Pyridine, 60 °C

Ph

HCIH;N™ "CO.Bu /TEA‘

H,N

Aldrithiol™-2 / PPhg
Pyridine, 60 °C

Ph

HCIH,N”~CO,iBu / TEA

Aldrithiol™-2 / PPhg
Pyridine, 60 °C

A COOREEtt // TT EEAA

HN/4

e

s O(CH,),CHs
N7 N Q _NA o

31 K/O\/\iD\IN
N O(CH,),CHs
o)
-
N7 N Ph
R I > &OEt
0

NN Qg
32 ~~ \N Ph
H OFEt

@)

N Ph

&OBU
O N o
~R L ph

H OBu

)

OiB
HQN/KN N Q & -
K/O P ~NH O
34 N~ \N Ph
H OiBu

55



Pyridine, 60 0C 58 QPhW Schene 16  HN N N >
Allylamne HZN N N O G Pr CH3CN, 65 OC H NLNJ NN > CX

WO 2005M6618% Pr O 59 ' P"G Pr HN HCl H2N CO2JPr / PCT/US2004/043969
TVBBr, CH3CN N | > TEA / PhCH Al drithiol (tn)-2/ PPh3
H2ZN N N J OH Pyridine,60 0C1 -C 60 ' OH HN HCl H2N
C2Bu / TEA 60 Aldrithiol(tm-2 / PPh3 OBu HN N N

Scheme 9

A 0 N
6 Cl/\o’lLoJ\ / TEA )Nj\/[ ) 0
N )

1-Methyl-2;pyrrolidinone' H,N N 5 ‘\p’o/\o OPr
60°C,3h .
35 ~ Yo._0._OiPr
0]
5
Scheme 10
10 ‘
NMGZ l NMGQ
\ -
N AN | N> o Aldrithiol™-2 / PPhg HZN)%N N o ni o
\\ » . o rd
2 o P\’OH Pyridine, 60 °C a7 I\/O\/P\N
36 f OH H OBu
0]
) NM82
(1) SOCI, / DMF (cat.) N7 N
26 Sulfolane, 70 °C, 1h _ PN >
(2) TMSOPh, 90 °C, 1h HNT SN N Q on
r.t. overnight - K/O\/F’\ oph
NM82
HCIH,N”~COiPr / TEA | \> ROiPr
- Is A~y
Aldrithiol™-2 / PPhj Ho,N™ °N O\\P N Do

o 0 o)
Pyridine, 60 °C 39 ~""oPh
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Pyridine, 60 0C 63Schenme 17Schene 18 J N HCO H2N CO2Et

/| TEA1l L T > Aldrithiol(tm-2/ PPh 3\ >P F HZN N N
wW@2@566d2gr i di ne, 60 C H2ZN g >C 0 COH 65 O PN NeCTQUS#N04/043969

HCl H2NV O 7TEA N | Aldrithiol (tm-2 / PPh3 HZN NN r O

Pyridine, 60 0C66 - p\ ,NCOHN wNgNG60 HC H2N

COZ(CH2)5CH3/ TEA NL KL N O Aldrithiol (tm-2 / PPh3
HNHOPyrldlne 60 0C 67 H) Q(CH2)5CH3

Scheme
\
HN/\/ ~ l HN/\/ ~
z N HCIH,N"~CO,Bu / TEA _ N :
N -~ N |
< Aldrithiol™.2 / PPhg SNy | ) OBu
N N H,N
0, _OH Pyridine, 60 °C 2 o
\/P < K/ovp\
OH
H OBu
5 o]
Scheme 12
10
NHCH,CFs ) NHCH,CF,
NZ SN HCIH,N” ~CO,Bu / TEA I N 4
s I AIdrithioITM—2/PPh3= /Nk > OBU
4 <

HQN N N O, OH Pvridi o HoN N O
‘ L yridine, 60 °C 2 v _NH 0
42 ‘\/O\/P\OH 43 K/O
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O HN 60 HCI H2N CO2Bu / TEA N |
HZN N N O Pyridine, 60 0C 2 |
w@soheeasd9 H N HO. H2N C Q2 Et / TEA 60

Aldrithiol~-2 / PPh3
nVNHOG®G68 NHy-0Bu

PCT/US2004/043969

Aldrithiol(tm-2 / PPh 3 H2ZN N Pyridine, 60 0C 69 H N
Schefflx H4C1 , H2N CO2 Bu / TEA 60 Aldrithiol (tm-2 / PPh

3 HZN N Pyridine, 60 0OC 70 H N -

C21Bu / TEA D Bu

NH,
NZN—N

HCIH,N™ ~CO,Bu / TEA

-Ph Ph HO H2 N

NH,

LD

NN Aldrithio™-2 / PPh,
P K/O\/\b\/OH Pyridine, 60 °C

OH

(1) SOCI, / DMF (cat.)
44 Sulfolane, 70 °C, 1 h
(2) TMSOPh, 90°C_1h
r.t. overnight

46 HC',HZN Cone / TEA‘

Aldrithiol™-2 / ppp,

Pyridine, 60 °C

(1 HCI.HQN’lcogipr / TEA
Aldrithiol™-2 / Pph,
46 ‘ Pyridine, 60 °C
(2) Fumaric Acid, CH,CN

58
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k\N, N> 0 &OBU
45 K/OV\ED\’,\"\IH O
H§OBU

o
NH,
NZ NN
AL A
TN N NK/ Q .oH
O_P?
46 \/\Oph
NH,
NZ NN

k\N , N\> o &OMe
‘ “ _NH
47 K/O\/P\ ©

OPh



60 "N Aldrithiol(tm-2 / PPh 3 o Ph Pyridine, 60 0C 71
N\ Hy-o0 OiiBu OScheme 20 HCI H2 N CO 2Et / PhCH 60
WO 20050&A8N Mi \ Aldrithiol (tm-2 / PPh 3 H >PCFUS2004/043969
Pyridine, 6 0 0 CH2 NNNONOHNHHCCII HH2 NN .i
Schéme@gvO2 BB o uu . , /// PP P hh h COHHW/// TT T
EEI =AAD JIN |[M " \) \ OBu 6 O ALldIritrhitol (tmi -2l
i iviOo// DPPDhI-.-WMM.,3H2 NONoO
Pyridine, 6 00 C7 3 0 P CPh - 2NS 0| M-
-NOS/(B?PthO—H/TTEEAA’\NiI)6 -
Aldrlthl (tRZ/PPhSHZNNNn V PyoBgli ne, 6
>7

00 C 4 oph H 1 N%H NaH N7 N

HoN N k/o il OH HZN/k\ ' \>

P

N N
N HCI H
0_
N n

HCI_HleCOZiPr / TEA / PhOH N | N\>

Aldrithio™.2 /PP, HzN/k\N N ROiPr

Pyridine, 60 °C 1 K/O » _NH o
5

HN N
Pd(OH),/ C, H,_ /l“N | N> Rijr

iPrOH, rt. HoN o
“ _NH 9]
,\/O\/P\

/k N> HC'.HleCOQBu ! TEA HN/[j:N\>
AldrithiolTM—Z/PPh3 S N o kOBU
53 K/OVP Pyridine, 60 °C o K/O\,\i’\’ Nfgf 0
N
H
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I

HHCCI | HH 22 NN CCCOOCR2 (( CCC22HHH ) ) SSCC33CHH

PPPhhhODQ/ / HTTHTEHFEAAA, N' ) - Q(CH 2 ) 5 C
waasisdisol (tm) -2 / PPh 3 H2 N N N N H O Pyri POTIBS2064/043969
0 C75 OP OPhScheme 21 HCl H2N CO2 B u / PhOH / TEA
b UAdrithiol (tm-2/ PPh 3 u Pyridine, 6 0 0 C HC
Scher2®1®02 Et / PhOH / TEA 6 0 Aldrithiol (tnm)-2 / PPh 3

Pyridine, 600 CHNTf 1 NPh HJ H2N C2Bu / PhCH

/
TEA ) OBu Aldrithiol(tm-2/ PPh 3 ZN NN ON N ( Q
PyrHji ne, 6 00 C778R p

z N N/ N
)N\ TS 10% Pd/C, Hy O )
X ~ N o ..
H,N” N7 N Q oipr  MeOH.rt H.N" N Lo b
4 O~Poipr 55 ~ "OiPr
TMSBr, CHyCN HZN)%N \ 0.

l N ‘ N\
A HCIH,N"~COBu / TEA /k\ | N> ROBU
Aldrithiol™-2 / PPhg _ L_o K
Pyridine, 60 °C H OBU
O

Ph N o
HCIHoN” ~CO,Et / TEA/PhOH I » &OEt
> H,NT N7 N Q o

0

36 Aldrithiol™-2 / PPh; \,P\’NH
Pyridine, 60 °C 58 OPh
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oph HN P h HC H2NJ' "CCOQo 2 ilBBuu // PPhhOOHH /
TTFEAA NL iT -r . b Aldrithiol(tm-2/ PPh 3 H2 NN N

WOR200506d297 i dine, 6 0 0 C 7 9 O RSchene 22 HCLHXI/X604/043969
TEA PhOH N g N Aldrithiol(tmM-2/ PPh3 MMNO T

60 CHNNiIi o VNHOAdithiol (tm. 2/
ché]{wl{fdj*éwHo%<OL Pyridine, 60 0C8 1 N~ HO O H\
A,

>
".HNO/TEA TY N> o dt hio,(tn)-2/ PPh3 ' H2N N NI
0 %S Pyridine, 60 0C82 \ -Ph HNLr >/ tEANT N

Cl

Z

N)IN\> Allyl s
ylamine N? N

Ca'ey - o

Q oipr  CHiCN, 65 °C

N
4 VP\OIPY HoN™ °N K/O O o
59 ~N \o P
TMSBF, CchN NZ , N\> HCI-HZNLCOziPr /TEA / PhOH
- . . TM -
HzN/k\N N ') Aldnt.hn.)l -2 /oPPh s
o. p-OH Pyridine, 60 °C
60 K/ ~N \OH
HN"NF L~
NZ NN AN

Aldrithio™-2 / PPh, o > ROBu
Pyridine, 60 °C HN" N NK/ Q _Nf
ey
H
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vi Pn Aldrithio!(tm-2/ PPh 3 RN NNON QV
Pyridine, 60 0C 83 / Ph Hv OSchene 23 C NHCH2CF3
WO RooB6dHSCH2NH2> | N TMSBr H2ZN N N O G p CH3CNec/TS14BM043969
NNGQPr CH3CN4 GPr 84 OPr 42 - ' \ 8 OHHU- 00
optionally separated, isolated, and/or purified prior
to its use in subsequent processes. The terns J
Gchemelf7€ated”, “treating”, "treatment”, and the like, when

used in the context of a chenmical process, protocol,

"~ preparation mean contacting, m Xxing, reactl ng,
aIIovvl ng to react, bringing into c q{,{ﬂ:&/and ot her
LR psAomon in theoart for indi cat| g that one or

re i’:{hem cal en,ud)isg i pTEAeat ed N
ert |t_t_<5—ene—er—3'mher gh
)\r?n\ﬁ ans tha?MeW\eza:f g

4g, com:
HzN tWwo" ‘% 1 owi ng cospou OiPr
regct \\u und tvvo" "contacting conpound one \[]/
W th corrpound tvvo reactl ng conpound one wth O

compound two" and ot her expressions conmon in the art
of organic synthesis for reasonably indicating that
compound
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one was "treated", "reacted", "allowed to react”,

etc., wth conpound two.In the context of a chem cal
WEe@SOeds9 pr ot ocol , or preparation, "treati ng"PCT/US2004/043969

i ndi cates the reasonabl e and usual nmanner in which

chem cals are allowed to react. Nornal

Sccélg%gr?fratl ons (0.01Mto 1OMtypically 0.1Mto I M,

tenperatures (-1000C to 2500C, typically -780C to
. 1500C, nore typically -78C to 1000C still nore

typi,caN y#00C to 1000C) _ reaction vessel s/wi cally

gl pl astic, netal sol vents, pres

at es (typi cAPIFNRIGOFigh T %&ygen vvgt

in ensI tl\)/e reacti omar,mroﬂm;gypgﬁ or go r oxygen OFt
H.Q ertNsensitove r o~ € nded B\Q
“unl ess OQ%@M sB-PH dlpgigﬂééé%Tﬁe k edde off si ni %r NG So

r eact%on nownh 1@Ht he art of or gani ¢ syqt hesis™i P

used in selecting the conditions and apparatus for OEt

“"treating"” in a given process. In particular, one of 4

ordinary skill in the art of organic synthesis selects

condi tions and apparatus reasonably expected to
successfully carry out the chem cal reactions of the
descri bed processes based on the knoy,€dgg#in the art.
Modi fi cati ons of each of the above schene(s) leads to

vari ous anal@gsN’o q’\@ ecific ex material s
pg(pduced abhove d éEAQlted cithti ns >descr| b|

sui tabl e rremwmﬁolw-zorp%gl C SynHpeS| appl I(Oa

to such nodi fog g,hb oc I n each of the gsb enlp\’r

schenes it may be advant ageous to separate reactl

products from one anot her and/or fromstarting b

materials. The desired products of each step or sen@s
of steps is separated and/or purified (hereinafter
separated) to the desired degree of honpbgeneity by the
techni ques conmon in the art. Typically such
separations involve nultiphase extYaction,

crystalli zaion froma sol vent % oI wWent mxture,

45t et A LR Al 0:1 N v RO(CH2)5CH3
Aldrithio™-2 / PPh, 2 0
Pyridine, 60 °C k/ovp \ ,gk
H

O(CH5)sCH3

HCIH,N"~CO,Bu / TEA N*

60 > )I \
Aldrithiol™-2 / PPh, H N/k\N l N> &OBU
2 -NH

Pyridine, 60 °C
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chr omat ogr aphy. Chromat ogr aphy can i nvol ve any nunber
of methods including, for exanple, size exclusion or

w0 ovsesaBange chromat ogr aphy, high, medi um orP¢DUS2004/043969

Sch

pressure |iquid chromatography, small scal e and
preparative thin or thick |ayer chromatography, as
wel | as techniques of small scale thin layer and fl ash
chr ot ogr aphy. Anot her cl ass of separation nethods
eﬁVﬁﬂEes treatment of a mixture with a reagent
selected to bind to or render otherw se separable a
desired product, unreacted starting material, reaction

by product, or the like. Such reagents Lnghyde
adsor bents or Bbrbents such as act it ed“car bon,

nmol ecul ar_ si ev (e} change nedi a, thRe |ike. Ph
60/“ternatLﬂiﬂ&ﬁLLﬁgéizgégth can be gﬁ;ds |%Fthe case S;\é?Et

60 | ocat i O”SAIGFithﬁélﬁ‘“-& /S tion. SpediMicaily ¢ited O\\ _NH

60

of a basi cAlastesiTéL, / BRIses in the ¢ aci di_c

materi al , bppgmﬂg sgagents such BgNant Nbodijes, biﬁbLng1 )
proteins, selective chelators such as cromA\eLﬁbLsF\ Ph
l[iquid/liquid ion extraction reagents (dl X), or the H OEt
i ke. Selection of appropriate nethods of separation
depends on the nature of the materials involved, for O
exanpl e, boiling point, and nol ecul ar weight in
distillation and sublinmation, presence or absence of

pol ar functional groups in chromatography, stability

of materials in acidic and basic nedia i ti phase
extraction, and the like. One skilleddNn e art wll
apply techni que {rost likely to achiey th@ desired Ph
separation. ALY I'iterature and pateri®ciyfatyons above

are her eigi ey essBy/ ThAor por at ed byL£eH é%ce at theS;\<?BU

. . @]
sections o es_0f .te above cited works~areO. R
incorporat%&ﬁﬁaergfe?ence with specifici®®y. The N Ph
i nvention has been described in detail sufficient t OBu
all ow one of ordinary skill in the art to make and useO

the subject matter of the following clainms. It is
appar ent

Ph

. | > .
HCIH,N™ ~CO,iBu / TEA PN N &OnBu
Aldrithiol™-2 / PPhy

o)
AUNA o
o__P
Pyridine, 60 °C 71 oK §Ph
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that certain nodifications of the nethods and
conpositions of the follow ng clains can be nade
wowakioesishe scope and spirit of the invention.PdnEs2004/043969

foll ow ng Exanpl es are provided to exenplify the
present invention, and in no nmeans can be construed to

Scheme2® t he present invention. EXAMPLES General Sone
Exanpl es have been performed nultiple tines. In
repeat ed Exanples, reaction conditions such as tine,
tenperature, concentration and thelike, -and yields
were within normal experinental ranges. In repeated
Exanpl es where significant nodificationssere nmade,
these have bpen noted where the redtlits varied

si gni fiHQAHIN yCPEPhRbYeTRfescr i bed,, anpl es where
60 different S ﬁbpggvﬁﬁﬁlals were psed, these are OEt
not ed. \When Exanpl § mNo a o NA o

"cor respondi éﬂmaﬁa og of a co ound sub\{gﬁ\gp
"correspondi ng ethyl ester”, this |ﬁ?ends hat” aloPh

ot herwi se present group, in this case typically a

net hyl ester, is taken to be the sane group nodified
as indicated. Exanples 1 to 35 refer to Schenmes 1 to 9
above. Exanple 1 Acetoxyethyl oxynethylchloride 1: A 5
L three-neck flask was fitted mﬁth mechani cal stirrer
t her nonet er, 500nL additi onal qﬁ P\Qﬁﬁ argon purged.
1,3-D oxalane (140m, 2.00 nDI) [ anhydrous Et 20

(800mL) Ng 1. OM ZnCh/ EbO (7. 5y wer
addedici ANSOt@ELdItheH Atehy| chl %del (])57m_ 2. 2&0}%

60 in ET ), p|s, added dr NUhr ugh am,
addltlpg)d"tﬁ Emzl over 20 mg-pzA cald \p vaaso
used to |n tenperature bet ween 19 - 27C OPh

t hr oughout . Cbntlnue stirring w thout external cooling
for 4 h, reaction self

HN/\/
O
’ HOIHN T \<>/PhOH/TEA_> Jiaiﬂz S 3\\<?~<:>
- SN
Aldrithiol™-2 / PPh H,N” N7 N Q_NA o
Pyridine, 60 °C 74
HN/\/
X . NZ SN
HCIH;N™CO5(CHa)sCHs / PhOH / TEA_ PN IS O(CHy)5CH3
NS
60 Aldrithiol™-2 / PPhg H,N” N7 N Q NG So
Pyridine, 60 °C 75 O

OPh
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heating at 20 - 25C for about 1 h. A clear, colorless
sol ution retained under argon overnight. Stood for 3
wa@l2008/064189 f or med an orange solution. Strip Et ELDOS2004/043969

rotavap (water aspirator) until no nore distilled at

350C bath. A quantitative yield of product 318 ¢
Schefn@bretical yield 306 g) was obtai ned. Exanple 2

Di i sopropyl Phosphonate 2: A 500nL three-neck flask

was charged with the crude chloronethylether 1 (317 g,

2.00 nol). Triisopropyl phosphite (494 s added
dropwi se th gh an addi tional fun whi'l e heating in
a 125 g vigorauslyy Col |l ect

60 2-chl g"g“é@?’\boanﬁ HI St |C?|-It|a:|1§"£g.a sh -p thl\head ina dofy OB
i ce cool gagldrrtﬁ@pTMLgr/,PFaf3gon bl anketisC ted 140 g u
di stillat ePS/hBﬁ% 157 g)Ho®hosWhi t & bl anc d NH 0)
reaction to’yell"ow, contl nue heating s@anot

125C oil bath, then arrange for vacu{lm di stillati oQPh
using a vacuum punp. Distilled a yellow front cut
(1409, head to 135C bottomto 1900C), then changed to
cl ean receiver. Main fraction was coll ected at head
tenperature of 178- 187C (nostly 185 - 187C)with
vacuum unknown at bath tenperature of 222 - 228C. 258

g of the product 2 was given (47%i eIW
1, 3-di oxol ane). Exanple 3 Al cohol 3H ution of 2
(1259, 0.443pwl) in absolute MeOH (440 was treate
wi th concenfy at ed 0. 1N1o d heated
50 refl uxdddMN6 Q‘Pzﬁhéggo/ﬁ{ éiﬁiﬁt rip MeOH ot ava OEt
(wat er NDB) 55C | eavi fpNI15Ny of a cl e
whi ch Aeam%ﬂ\éég%@% ed with tol uene % {[L)P\ The
pe

crude pr ried under vacuum’fo gi ve an oi OPh
(102 g, 96% . Exanple 4 D isopropyl Phosphonate 4: A
sol ution of triphenyl phosphine (25.57g, 97.5

HNN
" N7 SN Ph
HCIH,N"~CO,Bu / PhOH / TEA e TS &OBU
0 Aldrithiol™-2 / PPhj H,N” N7 N O N o
Pyridine, 60 °C g ONG “oph
Ph N
Z N Ph
HCI HoN CoziBUIPhOH/TEA> )N\ S &OiBu
%0 Aldrithiol™-2 / PPhs HNTSNN o W0
Pyridine, 60 °C 79 O NoPh
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mmol ) and al cohol 3 (18 g, 75 mmol) in DVF (120nL) was
treated wwth 6- chloropurine (12.72g, 75 nmmolL) and

w@ombmeeh18o - 15C. A sol ution of diisopropyl PCT/US2004/043969

azodi car boxyl ate (16.68g, 82.5mml) in DVF (50nL) was
added dropw se through an additional funnel over 80
mn. The reaction m xture was kept at -15C for 2 h and
then warned to roomtenperature and stirred for an

Sche@gi%Zi onal 2 h . A cloudy reaction mxture turned to

be a bright yellow solution. The reactign sol vent was
evapor atgd under reduced pressure, }_W(Qaporat ed with
toIH En?\% and dried under vacuuym overni ght prior
to %'}P% i ¢at i‘or/ TERe Ri@Ee produciy®a rified by

c

on ilica ¢ ( CH Ch) Yo O
gi've thé‘dcﬂ'm'gbprgégf’;;bhosphonap; 20 63% @as \G
whi t e solRydidinBH6RNR (CDA 3) d 725N95(S | H) (4. (5 \’l\gﬁ) , O

4.31 (nv2H)7 3.93 (nv 2H)7 3.73 (mv3) 7 129 (v OFH) ; |
31P NMR (CDC 3) d 18.42. Exanple 5 Diisopropyl

Phosphonate 5: A m xture of 4 (11.00 g7 28.08 mmol)

and cycl opropyl anine (4.86 g, 85.16mmol) in CHsCN (80

nm.) was placed in a reaction bonb an eated to 1000C

for 4 h. The reaction m xture wa$iid0otred to room

tenperaturg and concentrat ed underé redyced pressure.

The -t tioned bet W€n MeOH CEb (3

X) a%ré’?ﬁ?‘? n% 7 P Na2SO4lg filltered, and OS#%\O
Qe u

conc e, & Truds proddgdd” wad” pukli fi ed
chroﬁQ: a‘?‘%‘ﬂ;m%r{ @%% capgel (S%JQQ—VpCIh\QA@\t,(?;\%V 5
d
oad,

(10. 42g7P90d§eal0 8Cpal e yel | ow foam 1H NMR (
7.59 (s, IH 7 5.83 (broad, S7 IH) 7 4.88 (br

o}
2H)7 4.70 (nv 2H)7 4.21 (nv 2H), 3.88 (n72H 7 3.72Qd, b
J =8.4 Hz, 2H), 3.03 (broad, s, IH), 1.28 (m 12H),
0.84 (m 2H), 0.60 (m 2H); 31P NWR (CDA 3) d 18.63.

Exanpl e 6 ‘
=L
J\n,o NZ N
HerN O TEA O RO\O
2 ~  HNT N7 N Q _NA o
Aldrithiol™-2 / PPhs L_o ¥ )gl
N
N o0

Pyridine, 60 °C 82
0]

Ph
HCLHQNL&rO\O I TEA. /r\L’J’IN» QO \O

Aldrithiol™-2 / PPhy H,NT N7 N O NA

Pyridine, 60 °C 63 O P\’N Ph
H o
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cPr PMEDAP 6: A solution of 5 (11.00 g, 26.67 mol) in
anhydrous CHsCN (120 nL) was treated

wowdkbeasot ri met hyl sil ane (21.1 ni, 160. 02nmol PQT/UT1964/043969
reacti on was protected fromlight by wapping the
flask wwth alum numfoil. The reaction m xture was
stirred at roomtenperature overnight. The volatiles

re.evaporated under reduced pressure. The residue

SCI\FH&? # ssol ved in H20 (250 nL) and pH was adjusted to 9
wi t h ammoni um hydr oxi de. The reaction m xture was
concentrated and a yell ow solid was obtained. The
solid was dissolved in H2O (30 nmL) and pH was adj ust ed
to 2 with 10%4CI. Fine solid was collected and dried
under vacuumto give 6 (7.88 g, 90% \gscphi te solid.
Exa Ie 7Monophosphoni ¢ Aci d Hydrochljori dz 7 A

e:;?})f acid 6 (3.8p,c%,nR, 15 mm*' E‘L)DM: (O 1) rviser

ane (9.2nl) ——

Hz"*’hl\gnyl thg) ‘g&qm 6E&HEN @zcmﬁhﬂl) NNas dded® jed %, _oipr CHsCN

dr opwy riod of 1 h . The tgnpe v@g

|ncreased to 90 and TMsOPh (1.74nmL, 9.61 nmol) 5

added and stirred for 1 h . The reaction m xture was

cool ed to room tenperature overnight. The reaction

m xture was added dropwise to well-stirred, ice-cold

acetone (100 nmL). Theproduct was precipitated out.

Thel\llscoH-IiCtFe,was fi Llé?—% r Ar, wash % scol d

ac g (100ni), eddun /T\Eécuum

j t he
h 3 70 llg, Y929
HNQ,E:; pa::;:o: Sl NS N W
monoph sph@ quQH dPyriding; 8°G, 0. 50 Mol ), K/akgm\éi;gl

met hy? er~hygyochl ori de (0.14 g, 1.%0 mol)
triethylamne(O 21 nmL, 1.50 mmol) in pyridine (3
was heated to 60Q0C for 5 min. A freshly prepared
bright yell ow solution of aldrithiol (0.39 g,

1. 75mmol )

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

"non

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

"non

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

"o

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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and triphenyl phosphine (0.46 g, 1.75mmol) in pyridine
(2 m.) was added to the above reaction m xture. The

WO 2@sN6as was stirred at 600C overni ght, cool ePCT/US70000m3969
tenperature, and concentrated. The product was

RSB B B
e
aﬂoghrq[rrato raphy gn sislbiacgt. el 0%&%@%%@% 358 VS 1M

Pie Hiohoind Sttt dnnerr SR g% g 01366 1My T e PIRkiT I,
B S R L

(s 1WA s O o b ' .
B e S A R R S B R T
metélg,- ey tls, éﬁje%r@g%ih}nds h@b@si(ggﬂ&liﬁaiMr DM Pt

600C for 5mn. r | ow

A freshty pre ed “bri ght ye

insefSitivel reActtinsdrdHitroBbR or GEeg &P i 0x4:@ABFRL dted Bhsitive reactions),
tri phenyl phosphine™(1.84 g, 7.00mmol) in pyridine (8

etc., Mg infea dad dedess o thdieviad auticatedc tlherkriwdied e of $igilar reactions
reaction was stirred at 600C overnight cooled to room

knotenipethataut 6f ogadicsymtieedis atwedd iftvelaptinguhé camditions and
partitioned between Et OAc and sat urated NaHCCk. The

apparajaniar 'eatinghisa gasneprotesh Ihrpartculdr,i e of ardinary skill in
Na2SO4, filtered, and evaporated under reduced

the prted suganic Syethesigdelestsoniuntitions apd ppphesdupyeasohalply expected
chromat ography on silica gel (7% MeOH CH2Cl 2) to give

to su¢nessoHy SRy o ihachemécal geantigns of dhe described processes based
di astereoneric mxture) as an off-white foam Exanple

on the kopndphesBhideatf-dat e 10: A nixture of nonophosphonic

VR Ry Dt L RS
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
separate reaction products from one another and/or from starting materials. The
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 involize any number of methods
including, for example, size exclusion or ion exchange chromatography, 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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triethylamne (0.84nL, 6.00 mvol ) in pyridine (8 niL)
was heated to 600C for 5 mn. A freshly prepared
wheioghsergel | ow sol ution of aldrithiol (1.54 g,PCT/US2004/043969
7.00mmol ) and triphenyl phosphine (1.84g, 7.00 mml) in
bove reaction

py;}édi ; %ﬁ?e"‘% a%%‘?’raﬁ%&é%e%a% P@ Yrlyes BepEevie i gikture with a
fea%%ﬁ%%e?f%&%@ PRl ﬁeq'?%ta‘gégﬂw%@ﬂseg%%f ra}%ﬁﬁ&:ﬁ@éu“
ung A et s R eRE RS PRl B e it s R gents
o A S ey oo
excHéu’{ IeamrRbesehe gy (Re gga%ntg’gaﬁ I?él' adids in the case of

%}@gﬂ range

tereoreric m xtu

‘a bf@f@ﬁﬁt&lﬂlbéﬁé%@&? %&Qﬁ%%(ﬁc Jfﬂateﬁa[n%&'{rg L%Bgents sth as

phosphoni ¢ acid 6 (0.10 g,

an’r%ﬂ@és, bi&dﬁﬁf@r Hretdife seR4tiHE ch&aﬁﬁs B’H@H hs cRIGA @Jche(rQ 14_
1.52 mmol’) and trlethylamne (0.51m, 3.60 nmmol) in

liqmismi iiddof éxGatiionbsageasat @UX), pEREIker S mn. A
freshly prepared bright yeI | ow sol ution of aldrithiol

( 0.SeTedtionflPpprophiptemdtiodspiferphphspdépadsbrbthethature of
2.13 mol) in pyridine (1.0 nL) was added to the above

the meatetiplrinmblvtedy for eMaenpledudiling pedst, shd meldcalar 669Eht in
overni ght, cooled to roomtenperature, and
distgidatieenand sellinmtienpprriante erabssare df po}aie dubeioved groups in
Et OAc and saturated NaHCCte. The organi ¢ phase was
Chrve@éﬁwammhstabﬂmé of gratedalsin AoRiOSTH bepicraedid in awajltlphase
d .pressure, The crude produ

d du
extigd %L%Cf f l@erQég @hﬁil%éﬁnéhﬁﬁﬁgwabwpweghm@as gmst likely to

Yo ﬁ/e CJ kCh t.o give the nmonophosphonami date (74
ach#aet %_Vﬁie 181:‘eomer| c mxtur e) as a pal e yell ow

1‘70%%{!1 l};cledg&ltrﬁ] a(r@a%veag §étms(a%9)v’e aje Elgretbﬁz] exiarﬁkgslﬂ}rbrgrporated
by fefarehf at ied8eahdR dftheir 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 claims. It is apparent
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.

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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4H), 3.03 (broad, s, IH), 1.30-1.26 (m 3H), 1.24 (m

3H), 0.88 (m 2H), 0.63 (m 2H); 31P NMR (CDC 3) d
WQ@2009466129. 68. Exanpl e 12 Monophosphonam dat e B@TI/U$2004/043969

m xture of phosphonic acid 6 (1.50 g, 4.56 mml),

L- alanlne 7-praopyl ester hydrochloride ( .59 g, 9.49
likepapyl yieldswigse V\(lﬁmzswgm merlmarﬁ ralﬁae% H%@fa%ﬁa@mples

whg é%@%@%r&rrgédﬁzq%ﬂmgﬁ!s %Yeég ARl i e &fﬁa HET hsne Hhe
| O

rescif ieRmhis AR S bk deheingd 1% FRits s digferent
starfi dpfighaiadef i, o Bo BRRE ARG Tt tb B gmilGrerer
to 2 ERCHRKl g'b%{‘]ﬁ"%%@ée"é%ﬁﬁgi SHT PERCEM i%@‘?‘h&g effpd ester’,

b
oA SR MSS P O OAN MR

is ta‘k%Hqs bRKRE Q&&e"%@t&@v‘iﬁb&ﬂ%@ RYindRawm chromat ograp hy on
lica gel (7% to give the

m)nophosphonam date (0.43 g, 18% Conpound E 1:1
di astereoneric mxture) as a pale yellow foam 1H NWR

( CRdanysles’l 63 3% defed taSEhemédzl td Hhbove.27-7. 09 (m 5H),
4.27-4.20 (m 2H), 4.16-4.00 (m 3H),3.93-3.82 (m
4H), 3.04 (broad, s, IH), 1.63 (m 2H), 1.30 (dd, 3H),
0.92 (m 3H), 0.89 (m 2H), 0.63 (m 2H:; 31P NMR
Exafr@defi3) d 21.89, 20.66. Exanple 13 Monophosphonani dat e
13: A m xture of phosphonic acid 6 (0.10 g, 0.30
Acefgyiethylpxametiydehlogisier lo pirld e thuee-riegly flask voasi fitsed o7itto
0. 60 nmol phenol go 14 1.52 nnoli and
mecg@n@hwréﬁf,ﬁ el(momtem Oosrréoaéﬁlmppak frget pad @égfenpgqu
heated to 6Q0C faq A freshly prepared
13- DRI D 80N i e i ol (b, ) i 30

ZannEFzQ @;}d r(nir Igm_%?%ﬁ Q\?gt% ed( 9& gglu%on of ace mimMondpe (157 mL,

2.20 mol) in Et2O (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
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
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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added to the above reaction m xture. The reaction was
stirred at 600C overni ght, cooled to roomtenperature,

wa@pasoengent rat ed. The product was partiti onedP@BEUSEEH043969
Et OAc and saturated NaHCCb. The organi c phase was

a dﬁ"?iﬂ%ﬁ%&i‘“@ufﬁfﬁ{y@r e cliniesulsied His éﬁ%ﬁ?t%@tﬁa@r@ﬁlcal 157
o) (hehieta) r%%'f“”f@@c?ﬂ e eiBelgh at 125°C
oil ?%%@Eé‘i ?%Eé?g gﬂi‘?ag&%ﬁg?fsjﬁla% U 5“’1_{% as a ’%lel | ow ggla[nﬂe da
yelfd% fﬁgot é:gf’ 129 é ﬁ)baélgg 8%#%%00%@111 %(g_')_l?%ﬂ?)o% %n;@bfhg%d ﬁgnclean

rec&'&'}'ﬁr Q/Ia‘oﬂg fl(a@uoﬁ Kas (lelﬁgte(irﬁt Al teﬁ#%r% bEPsR 3 g b (mostly

20. 68. Exanpl e 14 Monophosp ate 147 A
185m 1>8179C}?mﬁiﬂ1 Phesrh oRkaoas] s tﬁatﬁQe ﬁbegatuPe 8921@%%" 258 g of

L-al ani ne n-butyl ester hydrochlo

the ?mtﬁlct z)m@@wél{)(zﬂ?% gield Hfomn MPHioxalhe ! | et hyl am ne
51 nmL, 3.60 mmol ) in pyrldlne(lo ) was heated to

600C f or 5 mn. A freshly prepared bright yellow
solution of aldrithiol (0.47 g, 2.13 mol) and
Exaonpletfenyl phosphine (0.56 g, 2.13 mmol) in pyridine
(1.0n.) was added to the above reaction m xture. The
Alcpbabd:i drsakaions of 2 (Bt gt0. 4@ obMeratisghtte MaOHe@40 st owss
tenperature, and concentrated. The product was
treajeql tYith epretvétaird AlEH(Ehe mbd0.342 nral) and Rewed t8 reffhe for 6 h
gani ¢ phase was_washed with brine, dried with
unc}%e\z@@@ﬂ |3tepdeOkh anéow@pa(v@demaﬁwat@@dg S8 peavingiléd g of a
urifi ed by col u

Th duct
Cleaeﬁﬁbﬁfi&cgbwgra Ega %g’ﬁpg?asf?@ Wit folpens M‘tﬂd@ dhergugp poduct
h h dat 80 9%
Wa%{i]]agaono OS '%81??1 mtg}?%?m%g @Hggr ggf?ll | ow foam 1H NMR

(CDCb)d761(dJ 4.20 Hz, IH), 7.27-7.08 (m 5H);
5.93 (broad, s, IH), 4.97 (broad, s, 2H), 4.23 (m

Exaﬂig_le 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
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),
and dried under vacuum overnight prior to purification. The crude product was
purified by column chromatography on silica gel (5% MeOH/CH:zCL) to give the
diisopropyl phosphonate (18.52 g, 63%) as a white solid: 'TH NMR (CDCls) & 7.95
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4.10-4.08 (m 3H), 3.91-3.84 (m 4H), 3.03 (broad, s,

IH, 1.58 (m 2H), 1.34-1.27 (m 5H), 0.92-0.89 (m
WGR05/0:168 (m 2H); 31P NVR (CDClIs)d 21.94, 20P@BUS2004/043969

Exanpl e 15 Monophosphonani date 15: A mi xture of

0 oni ci ( 0 0. L-al anj : :
& L 2D, 553 drocRor P AR 63 o BB med G 1260
N'M@i] Q‘?’S}S 4g, 1.52 mml) and triethylamne (0.51 ni,
&P 8% pyridine (1.0 m) was heated to 600C for
5 mn. Afreshly prepared bright yellow solution of
aldrithiol (0.47 g, 2.13 mmol) and tri phenyl phosphi ne

28 9, 2.13 nmmol) in pyridine (1.0nL) was added to
Exanbl : : . )
bove reaction mxture. The reactlon was stirred
Dii 5: >&Ei d& 4 qn@d d
HS%grégntrat %Ege p% uctrvvas artl |one e\eaﬁa

1 [aRfine .86 8t e3l1
B W BT B8 s

bon€y aR®hahed tonberCIredyae ¢mr1@§§mem&ﬁﬁ~e%a%omécp%mdom
was purified by chromatography on | SCO

tem%:@raﬂﬁfm@lﬁ@ bRt A3 Ladet valdded presanboIplasiadiudedas

0.10 g, 59% 1:1 diastereoneric mxture) as a pale

partyigdhahbéiveran 1HY NIEOHBDE:G). (8 xJ abé Krihe, drieddvRB NHESO,,
IH)y, 7.26-7.08 (m 5H), 4.22 (m 2H), 4.11 (m |H),

filteded) Gndngor@eihiraBad 1T1: @md@rprodhlyt was Plrifdoadcolsmn H)
1.59 (m 2H), 1.31-1.27 (m 9 0.89 (m 3H), 0.86

Chfqmﬂtomphw o zilian gei K% MeOH %}Ved5 £10. Mg, We)58:. 2 pale
npl e 16Mbnophosphonam dat e X m xt ure
YEHBWof@Bﬁb ANAR &C@cjﬁa BE5% (5 LR hGpad 5 AT B8 (broad, s,

ZH)p‘f‘rgﬂ r obD165h (g 285 T St 443 6L Aishife2lD. Sibroad, s
1H)ZL 28@% 5 %ﬁgi@(%%hwﬁaf@@%lﬁﬁf@ o

aldrithiol (0.47 g, 2.13 nmol) and tri phenyl phosphi ne
(0.56 g, 2.13 nmol ) in pyridine (1.0n) was

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

mL) 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
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 H20 (30
mlL) and pH was adjusted to 2 with 10% HCI. Fine solid was collected and dried

under vacuum to give 6 (7.88 g, 90%) as a white solid.

Example 7
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added to the above reaction m xture. The reaction was
stirred at 600C overni ght, cooled to roomtenperature,

wa@pasoengent rat ed. The product was partiti onedP@BEUSEEH043969
Et OAc and saturated NaHCCb. The organi c phase was

Mogjh %?pg}%?aﬁﬁéeﬁﬁ@%@%dé“ b drsieied asid B0 sidp mmo

and BYGP L L R e R0 L Pit Mgt Rodfronhiesisbloride (166
L % ?’63 Wg?%l 34 slaéilcﬁ\cj‘:ﬁ%ct@%%g )'5?/81' % pg'g)é(j 1) asl}ezt%ﬁﬂaerature was
lnCIIEE%E}j %}m%%g’_ﬁrpg g%()gﬁ%a 7%1 Hﬁgz?(}-éﬂ xr@ff%l% w4abr X ac%'ﬁ' arlcﬁ%%red for 1
h. "%hé?ef }_gﬁ)n éﬁkgd% n\]ggszﬁg(ﬁg% gk%ﬁr/g'ﬂ%r&g%rﬁ)ﬁré E%eﬁ{'%ht. O](")Iix)’eg eaction

m1@@@h§a&&e%@§ﬁ@@s%%@ﬁnsﬂﬁ‘éa fké: chd HbethHE @160 mL). The

phosphoni c aci 0.21 mmol ), L-2-am nobutyric

prod@ttwas Yéa%i%&t@ﬂ dmd rmb,bgaw@s filferedunderdLr, 'W@AHed with cold
phenol g, 1.05 mmol) and triethylamne (0.3

ace@n24100m1D), dAedyinddi vacidmOolgivavse MeabetobPh&ie @cfdor
5 mn. Afreshly prepared bright yellow solution of

hydabdhlotidedB.70@, 33%) as 2.sélidmmol ) and tri phenyl phosphi ne
(0.39 g, 1.47 mol) in pyridine (1.0 nL) was added to
t he above reaction m xture. The reaction was stirred
at 600C overnight, cooled to roomtenperature, and

Examplesht rat ed. The product was partitioned between

Et QAc and saturated NaHCO 3. The organi ¢ phase wa
Mopgplresphanemidatets, Agnbdarewhmonapkesphiariic aried] (Oaz?dg, 0.50

o Ll ate Ry esebfbia ngégg(f iy 06 PO ool

tie %my%%’?% o it 25 Rt
mirg %\ yl‘%%%%?ﬂ?ﬁg gglglllf &gﬂow sgl;ut (H} 3 z‘bld}_%llucx; ﬁf 99 é, 9%5 STI%OI)
and%%)%eﬁyl]p%xo(sghme (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 NaFHCOs. The organic phase was washed with brine, dried
with NazSOs, filtered, and evaporated under reduced pressure. The crude
product was purified by éolumn chromatography on silica gel (7%
MeOH/CH:CL) to give the monophosphonamidate (97 mg, 39%, 1:1

diastereomeric mixture) as an off-white foam.

Example 9
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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4H), 4.01-3.81 (m 5H), 3.03 (broad, s, IH), 1.71-1.60

(m 2H), 1.24 (m 3H), 0.89 (m 2H), 0.84-0.76 (m
W@R05/0:168 (m 2H); 31P NVR (CDC 3) d 22.15, 2BCPBS2004/043969
Exanpl e 18 Monophosphonani date 18: A mi xture of

minf o Fah HOBAFDF POk DSy ey ik O ARGk - B0 mmol)

oy S8R o R0 i T g e

nm_ . N, o

el LT PSR iy g

oo BB BAANSER % B S FRa e

EtOQlc’%FrHi’ SrutdiEd NeASEORNTHE B SAik éa?ﬁs@%ag Q@&éh%g%{}h%he, dried
cooled to room terrper ature’ an concent r at ed. e

wiﬂglamHgs.@, iRfed Al dvapResteRaIIRS Qegﬁ%?%?éégul%@_tﬂ{ea&%ﬂe

e organi c phase was wa th brine, dried

proaﬁétmwg%iédfb doBi Bk, ﬁﬁ&ﬁg&g@gﬁ@?ﬂ@ga egluced

pressur The Crude product i ed by colum

MeORI/CRBLDY ERPHY tAB nSdr dtbs@bbnbhta Me@uCBO Tk, 19 gi ve
t he nono%hogigﬁonam datPgﬂ)(g’J g, 42%@vCo@r%gound G 1.1

diastérashefrRonBitite) fkxhwitvidse anef f - white foam 1H NWR
(CDCK) d 7.60 (d, J = 6.60 Hz, IH), 7.27-7.04 (m 5H),
5.89 (broad, s, IH), 4.94 (broad, s, 2H), 4.22 (m
2H), 4.07-3.99 (m 3H), 3.91-3.84 (m 4H), 3.03
Exafipledd, s, |H, 1.70-1.57 (m 4H), 1.35 (m 2H),
0.92-0.75 (m 8H), 0.63 (m 2H); 31P NMR (CDd 3) d
Morgsplrasphppagédatex@ng snixbimets epbrepivesphentzasd Y90.88 g, 2.00
m xt ure of phosphonic acid 6 (0,10 38 0. 30 nml ),
mmpl)p Lzpdamian derrbusylester hirdechloyidedd 3drg, iylrmarlyande
. (0,15, 9,,0.60 mml), phenol (0.14g, 1.52 | ), .and_
tﬂetﬁwﬂ%ﬁﬁw @rrtrel( 008 %@PBSDGTO’IH%BP ig mﬁ)ﬁwfr Braled te .68 Grfgr 5
min\tl)vaﬁ ﬁ%ﬁqe&%@ﬁﬁgﬁ&el W sgluh%nf of eﬁ%%hi% 8p§4{ §,d7.oo 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 phase was washed with brine, dried
with Naz250y, 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 (0.38 g, 36%, 1:1

diastereomeric mixture) as a light orange foam.

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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aldrithiol (0.47 g, 2.13 mol) and tri phenyl phosphi ne
(0.56 g, 2.13 mmol ) inpyridine (1.0 nL) was added to

W0 b@sabase reaction mxture. The reacti on was BCT/DSM04/043969
at 600C overnight, cooled to roomtenperature, and

6o ORI € o QS L A SRE PSR 47
2 ST At S o 300 bt G was
A A W e M
i D N RS STRETAR Pt
botHin D RS PN hHACOR 0Bl B 100 e it

brink; dBed wih (NT@:Séﬁf,')fﬂtée@,7ar(d‘%vé&%ﬁtecpu§§é10rea@c§<ﬂéyr§§§%re. The
062 (m 2H): 31P NVR (CDCL) 'd 22.22, 20.972. EXanple

rudOpMeieRhesPhenasd Bateldlh chrdnstdd@pRi RhIBENSE (7%
c uac?d 6 (1.5 79, 4. 57?mml ), L;Jhenyclsgz;l gn?re et hyl g)éels(t er

MeOYHICRLOLH kb db/e( e IogoplbsphonEmliflatene meg, 48%, 151 9,
22.85 mmol) and triethylanmne (7.64nL, 54.84 nmmol) in
diagpgtreodiaree (ki) asveysalb gatledr foant IANMR (GD@ls).0 261 (d, J=4.2
freshly prepared bright yellow solution of aldrithiol
Hz, (H)0B.26,7 L8523 @n@H), kikdny 1 25hp408i(ne 168, 392¢,.85 (m,
31.99 mmol) in pyridine (7.0nm) was added to the above
4H)r 388 (brpadns xtid), .307he6 (readtl), dn2dnies, i), 0k &d(rat 218)0@3 (m, 2H);
overnight, cooled to roomtenperature, and

P R €ab D21 9h@0®Boduct was partiti oned between

Et OAc and saturated NaHC g 3. The organi c phase was
washed with brine, dried with Na2SO4,filtered, and

ev g at ed under reduced pressure. The crude product
m&é@—@éri fied by column .chromatography on silica gel

Mot R RS RGP0 12 O e P oPREOTE A GhE b0 & 36 gomo)
L-al¥hirfe 1%—%1‘(%73% gst%y&jrbgﬁl%lrivd%ctl%g gl,, BriH mgnloq), rB‘Hen‘ol (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)
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 NaHCQs. The organic phase was
washed with brine, dried with NasSOy, 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 (0.43 g, 18%,
Compound E, 1:1 diastereomeric mixture) as a pale yellow foam: 2H NMR (CDCls)
07.61(d,]=5.1Hz, 1H), 7.27-7.09 (m, 5H), 4.27-4.20 (m, 2H), 4.16-4.00 (m, 3H),
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and transferred to a hot i PrOH (30 nmL) sol ution of
fumaric acid (0.27 g, 2.28 mmol) and stirred at 8Q0C

w0 2005865188 n. The reaction m xture was gradual | BCTUS1084043969
to roomtenperature and the fumarate salt was

590 ApRa By (pisaeh b B £ ComNA, & 8(ac b eyt 0.8
(a0 R R PDTE R CGELR LB AeEG The product

was dried under vacuumto give the nonophosphonam date
(0.70 g, 26% Conpound A, 1:1 diastereoneric m xture)

BB 137776 55 (m 10M, 4.85 (m 1K), 416 (m 21y,
g 9.2 b ot g2 o
L-afaflin pr%}%ﬁfgg‘#ﬁ’f’%ehﬁﬁagg{?/g@ gc@@b:ﬂurfd)l)z iﬂhéﬁ?l (%).114%7 1.52

Exanpl e onam m xt U

Rl e BLSOEIO, 1. kb o

60°QHeNs |m1(10 Al&eghl Jp&@ambﬁl%nnﬁeltdw ebhptombMnadfiehidb (017 ¢,
2.52 mmol) in pyridine (1 m.) was heated to 600C for

2.1Bmindl) aAd firi h%ylmmphm@c(mmgg BﬂB}tﬁh{cﬂ)l\irSpjfﬂicﬁirQr(lemL) was
al drithi ol ?O 33 1.47 mol) and tri phenyl phosphi ne

added.t83%hg abdv@f?eamoh)mlmulpey ritei reactidn Ovasistirmebatealdebennight,
t he above reaction m xture. The reaction was stirred

cookad 1©00CNoiemnperghure, andcedcandratednhe ppedaciwas partittioned
concentrated. The product was partitioned between

betweanEtQAG anak saturader NephticOs . Thip ergmie phasevas avaghed with
washed with_brine, dried with Na2SsH, filtered, and
bringy dpiselavish Nasder flisrad eanewaparated mhderciedised poersere. The

Cru%a%%rlfl ed b c?i}urm chro tog%?g%gébg%s I%ng%lg((%{)
Me%ﬁ%ﬁ@_‘ &ﬁv&l (eé%éltr%)go sggmmal)%l at_e) (§_9a;ng, 5%%,61:]}@' | ow

diastereomeric mixture) as a yellow foam: "H NMR (CDCls) & 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.

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
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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Hz, IH), 7.25-6.98 (m 10H), 4.36 (m IH), 4.17 (m
2H, 4.02 (m 2H), 3.83-3.35 (m 4H), 3.02 (broad, s,

WO Ro5/0&6189-2.86 (m 2H), 1.52 (m 2H), 1.29 (npCERH§2004/043969
0.90 (m 3H), 0.88 (m 2H), 0.62 (m 2H); 31P NMR

el B R RPLE abereR R 0
brirgs, ﬁgl%ﬁ[%&ﬁg ?\T‘a'ﬁﬁéﬁgﬁ?e?éé,{%mg S Sharte 7 eiofediRed Prdssufle. The
crugt pRogie R et BedEyrtn B iR deePRE ¥y i sl
MeBHIPHCETHO BV MhoRTlarloibllidn 6 hg ot th 47
diadi¥icoth dfe dpbcflrdfiab a'fe HH6G: ol I RNAYRDRAG o P81 (d 7=4.20
Hz,g | e97t00g QRMBHIE B BESE s, @212, 4&97‘ &ﬁ”@ﬁ&,aé, Q@i), 1hs élél, 2H),

roduct was partitioned betwe c and sat'ur at

4,10NabIC (6, §H%,Td?@1-9!8g§ﬁ1 arphape (WRsadNaSITeY 18t (tn, DI €.34-1.27 (m,
dried wth Na SQ , filtered, and evapor at ed under

5H)f 8.92063b @h,I5) 0853 (M) 21Ty BReNNR (UDTIe104;, R icgd by

col um chr omat ography on silica gel (7% MeOH CEbCK) to

gi ve the nonophosphonam date (65 ng, 50% 1:1

di astereoneric mxture) as a pale yellow foam 1H NWR
Exatr@ell§)d 7.56 (d, J = 3.6 Hz, IH), 7.26-6.98 (m 10H),

4.40 (m IH, 4.17 (m 2H), 3.82 (m 2H), 3.75-3.62
Morioph@honangadaien5: |Admixsuepf(dasatonis, acid (0.20 g603087mol),

(m 2H), 1.83 (m_IH, 0.90 (m 2H), 0.86 (m GI—I{ 0.63
L—al@mnez;a\:exgllqsmwctre%osydeo(ozl .8 9,602nn03), pheapp(klpg, 1.52

Bi sphosphonam date 23: A m xture of phosphonic aci

mmp}) arl fiethyRenipagd §12 e 6l weneh) iy pysisiieg (1.0 mL) Wasgj he6ated to
o dgEE fe (030 g S0y S Lt

2 05 B B 5B A B s
addl'tBEONLENORRNOS 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 Na250s, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CH2Clz) to
give the monophosphonamidate (0.10 g, 59%, 1:1 diastereomeric mixture) as a
pale yellow foam: THNMR (CDCls) 8 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
(CDCls) & 21.94, 20.68.

Example 16
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(0.56 g, 2.10 nmol ) in pyridine (1.0nm) was added to

t he above reaction m xture. The reaction was stirred
W@e0060&Tsover ni ght, cooled to room t enper at ur ePCHO/004/043969

concentrated. The product was partitioned between

Et QAc and saturated NaHC q 3. ~The_ organi hase wa
Monpg) Fugpienko: 1 PpgHG; thﬂ?hqaﬁé@awfacrmf @ﬁ%a,ﬁ Zafid0 mmol),

LG R P raletst b %dﬂl#ﬁ?%f%@f% %@lefaﬁf)ﬁ?‘fé?@iﬁ 5152
m%é(’% (P 21 Pt Pl B B RO RS B gt o
60°Cyfeyt e REs e ois tzl‘a%ﬁ%ﬁo%@ @%P%%ddfﬁ?@ﬂ%?%@(% 2
2.13 olfaﬁ)& Eﬁ?ﬁ@x@;ﬁg?&(pﬂﬂé |_856 %gaﬁﬁ‘mﬁ%@%%&g‘él QQ\L) was
addgﬁ@ggllﬁ EaBGvdHe gﬁ@ﬁ ?Aknﬂﬂﬂ@ %Ra‘aregé‘tmrf‘n}é;s)&hﬁ:‘fe%] #60°C overnight,

oni c acl 1.00 g, 3.05 rn ani ne

coolRdRbIBYM t%%ﬂ rafue] Db detgrate. Oﬁhg Pré@ué@v ABArkitioRRd
triethylam 510rrL 36. 50 Mol n pyridine (5.0

betviden BESABR @ﬁﬂ%@ﬂ@t@&%@a 5THé Brg aeué Rad WaPHRBREE Hith
bri ght yellow solution of al drlthl ol (4.70 g, 21.32

briney@tipd avith N6 Mittepbd sphi aeapdrafed @adeIreddcedpldssite. The
pyridine (5.0 nL) was added to the above reaction

crude praduet widsepuréfed by rhrasasigraplkyl oatlSEADQR-progranmioliH-Clz) to
cooled to roomtenperature, and concentrated. The

giveptheduonophespiantinidetes(. 19eg, wisén 168t Qdsteancmssr uniatied) as a
NaHCCk The organi c phase was washed with brine, dried

palay oo H VB (1 C a7 S9ddor addd antid), 7+ Bdigeom, SH),

pressure. The crude product was purified by colum

4.224 pr, S éépdﬁhﬁ@n%?l(wa&)é Q-8B (e AR braast, i 1), 1.59
b h h dat 71Y%
i LA IR O b ST el
5.03 (broad, s, 2H), 4.24 2
(CD&?@%%@Z@W 3. (87r??n 2IS:I), 5?73 (m (2Ln|) gl?os

(broad, s,

Example 17
Monophosphonamidate 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
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 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 NaHCQOs. The organic phase was
washed with brine, dried with Na:SOs, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica

gel (7% MeOH/CH2Cl) to give the monophosphonamidate (66 mg, 60%, 1:1
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IH, 1.65 (m 4H), 1.37 (m 6H), 0.93 (m 6H), 0.88

(m 2H), 0.63 (m 2H); 31P NMR (CDd 3) d 20.61
WE@P6E8RL5 Bi sphosphonam date 25: A m xt ure OPCT/US2004/043969

phosphonic acid 6 (0.60 g, 1.83 mol), Lal anine

diasigoharR ekt AR NeS  BaYom %@%ﬁﬁ%ﬁm{%ﬁ @1=72
w1 b 27 USSP i P Sk B B Wit e B W1z n
g 2t BB AR08 50 %?%@%—22@@?@&-%%8132*1{» 0.89 (m,

2 3640 90 313 (Reanf o AN Ep 0 225 3 00C

concentrat ed. The product was partitioned betweenEt QAc
and saturated NaHCO 3. The organi c phase was washed

Exa%%ﬂ@l rine, dried with Na2SO4,filtered, and evaporated
under reduced pressure. The crude product was purified

MohY ﬁ@ééﬁmamaa[@wgmﬁb&u%ﬁpm of®d adid %"@1 00 % 3.05 mmol),

to give the bi sphosphonam date

-2Ea2ﬁm ca Md%ba laspeahedyeinlomdé ¢pno 6"091%6%3&1
d7gs(s tE;fo?m ,424?%%1,397 °

(1.431d) 1523 Sﬂm(oﬂr) ar&i—lhr;letﬁy]bhuhm(SZBl)mL,IB&ﬂo 1120 10 10 ] g?ndﬁrk@ (5.0 mL)
1.34 (m 6H), 1.23 (m 12H), 0.86 (m 2H),
waPkfated 1@6%(61@)@16) Adfr2ghly @reﬁm&dﬂhglﬁ@feﬂow solutlon of
Bi sphosphonam date 26: A m xture of phosphonic acid 6
ald1(1tanb(4€;70 ©.23B2nmwhql) and|t1apheueylphbaplyahee(§15@ 1g, 21.32 mmol) in
rochloride (0.33 g, 1.82 mmlz, and triethyl am ne
PYT(%J\% {5.fmLawes adﬁ@d)to ithe phoveieastion nuxtyrenddereattian wes
Cfor., 5 mn, Afreshly prepared bright yellow
Stlrge&i HG0S drerpigiti qqql%f tq poary tgnpgrat@renﬁad)coaﬁ@ﬁrated The

proguc{ife) PaBA LR Pra oY FURBH RGN A G d herpganic
pharsg %\%s vggshm%swﬂ'hl ]:;llil”?eq }ed619/3g N aZEEﬂ, i%tex’edc gr?cli eegra}taorated under
reduced pressure. The crude product was purified by column chromatography
on silica gel (5% MeOH/CH2Cl) to give the monophosphonamidate (0.7 g, 42%,
Compound G, 1:1 diastereomeric mixture) as an off-white foam: 'H NMR (CDCls)
07.60 (d, J=6.60 Hz, 1H), 7.27-7.04 (m, 5H), 5.89 (broad, s, 1H), 4.94 (broad, s, 2H),
4.22 (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); P NMR (CDCls) § 22.21, 20.95.

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

L-2-aminobutyric acid n-octanyl ester hydrochloride (0.15 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 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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roomtenperature, and concentrated. The product was
partitioned between Et OAc and saturated NaHCO 3. The

woe@ansasphase was washed with brine, dried w PET/US2004/043969
Na2SO4, filtered, and evaporated under reduced

pr B 50 B e A S B e
s BRI S Wi i B e
pro e 9ha ) O B rwaﬁ«évs Hileggic
phafholic 0y linfoAc (e in S0 Bl R Mg uncer
e 0L, SO ARL 6 (00 rsfppiiygnsco
e T T

~ dlasterrs&%yle &ﬁ&ﬁh@? adh ')p@m yAIRbk QeSO NIAR @D@lsplb |7t62| (qI] 6.60

and triphenyl phosphi ne (0.56

Hz, ZH} Jz@rulo)s (nnsmormimezl((inQHmOMso el J,qmr(m 61M>)y691—
reaction mxture. The reaction was stlrre at 600C

3.83 ¢ive i) gh01 (noadey 1ED, 1 J0.5&metid), ULy, (naridH), 0.89-0.76 (m,
concentrated. The product was partitioned between

8H), L& AR1H); S8t NivER ¢dDIEHCCR.27126.99r gani ¢ phase ‘was
washed with brine, dried with Na SCk,filtered, and
evapor at ed under reduced pressure. The crude product

was purified by chromatography on | SCO
MME@panol /| CH2Cb) to give the bi sphosphonani date
65% as a pale eIIowfoam 1H NWR

Monpp@rpspgonmn} atg 203 4 mlxtglp:@ of phospheric aej 6 (. %g, 4 ﬁ?( mmol), L-

pllew%mm et!m} estﬁ%@@t%@f(lﬁ% (ﬁl% g é‘?gfggl?f}a S]gﬁ‘-‘i)& @15k 2255
mmg)n gﬁé}_‘%leggrlamusgb 624_%11, %&P NmNII%o(I) in p};ﬁdme%g 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

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 column chromatography on silica

gel (5% MeOH/CH:CL) to give a pale yellow solid 1.32 g containing about 10%

. impurity. The yellow solid (1.32 g, 2.28 mmol) was dissolved in iPrOH (10 mL) .

and transferred to a hot iPrOH (30 mL) solution 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 salt was collected at 0°C. The resulting

fumarate salf was neutralized by partition from NaHCO: (2 x) and EtOAc. The
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Bi sphosphonam date 28: A m xture of phosphonic acid 6

(0.10 g, 0.30 mmol), Lalanine n-octanyl ester
whyasoediBori de (0.43 g, 1.80 mmol ), and tri et hpdCEHDB2964/043969

(0.512 nL, 3.60 mmol) in pyridine (1.0 nm.) was heated

or S0k eSS 0L 05 L B YELLEY

corp g GARY TSRS FhePundirera i bo re i e The
T T I AT
as Mﬁtje.tfbé’ﬁlﬁ %W@Dé&ﬁ@%ﬁ@ pa Ao ?nggs‘iﬁ{? 10H),

organi ¢ phasé was' was rine,

i t r duee
4:Bp eﬁ?’é'iéTﬁg'e%gh%@ p d%@tr' gﬁ?gﬁgﬁf ?@Z by thn, 181, 3.02
br&dd, QMBHPAY.FRHhB7 ¢, bEEA (2 (R 9PBNREY GH26413)0.60(H] ¥9);ts
( bi sphosghonam' dgte (ﬁg.ql?, é 6?1?/@ asggzgg?%e yeflow) ENMR
(CO©RY 2LBRNMRIZ.CDCI 3) d 7.61 (s, IH), 4.21 (m 2H),
4.07-4.00 (m 6H), 3.84-3.70 (m 4H), 2.98 (broad, s,
IH, 1.60 (m 4H), 1.34 (m 6H), 1.27 (m 20H), 0.87
(m 6H), 0.83 (m 2H), 0.58 (m 2H); 31P NMR (CDC 3) d
Exadfple@1FExanpl e 29 Bi sphosphonami date 29: A m xture of
phosphonic acid 6 (0.70 g, 2.13 mml), L~2-

Moanphotphonantidats 21: ef hpixtest e plnsphocidt auid 6670 20d,9.2), mmol),

12.80 mmol ), and triethylamne (3.57nl, 25.56 mmol) in
L-pbynylalandne 3-lpityl stemby dremshbatide(0s0g .42 nened)phenol (0.10 g,
freshly prepared bright yellow solution of aldrithiol
1.03 mmal) gnd triedrAnmine &Wcﬁ L, gieripmsibEppyHéined1§aml) was
14,91 mmpl ) in pyridine (3.0 was added to the .
hea%w%%ﬁ% Adtpsely P@%&@r@ﬁ YeHEWstalw ey ofpldrithiol
00C qvernight . cooled.to rogamt erature, and . 1
03 gt dlvrmabend haShtdnBesmage (P8 ot f dnennsDRgaridine (10
t QAc .and .saj urated Nal 3. The,organic phase. o
i (2 e b PR FAaanr i RO Pa Szt at 60°C
ove?fﬁ%@x%rc%to?é%i HWm "Eeergﬁ&%guper, G2 WlicenttSied" 198 product was
partitioned between EtOAc and saturated NaFHCO:. The organic phase was
washed with brine, dried with Na2SOs, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography on silica
gel (7% MeOH/CH:Cb) to give the monophosphonamidate (30 mg, 23%, 1:1
diastereomeric mixture) as a pale yellow foam: "H NMR (CDCls) 8 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, 2H); 0.90 (m, 3H), '
0.88 (m, 2H), 0.62 (m, 2H); P NMR (CDCls) d 21.85, 21.05.

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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product was purified by columm chromatography on
silica gel (10% MeOH CKbCh) to give the

wher@phegghonam date (0.71 g, 60% Conmpound D) BGI/HSPad/€13969
yellow foam 1H NWR (CDCl3) 6 7.64 (s, IH), 4.24 (m

105§;Dglql&ar:1[ (énl lag@n(ecﬁ()@gdnﬁ g 52 &Bmodﬁ uglg)yi:lcé@e %ﬂp n%Lb:x’Nas
hea’%q)zt% @U@ fRﬁé&“@'@D@é )ﬁ(eglqbzlgxbfg @Bﬂ%ﬁt é@v\f soluﬁcil'on( 82 aldrithiol
0375 B RSN A Bt et B ol DR BRHBNGS BBy 0
mlL ex?z%g %%H?&j &S ﬁgé %%D\%ﬂ?%&l%.gng% m’rbl%?le Fggép%orl} %ﬂg stn(‘rgddat 60°C
OVGE"ﬂ%h?Q'?é SR i ob Bkt T plhech g7 He RE R as
parmif&h )1 B8 Eét‘évéeh' E’c@ﬁi@&’ %33"2 gé@ga%a NEHEDY THEAor %énm@haseiwas

pyri to the above action

was!l’{béitthl@ br]ﬂéedﬁ@é%ﬂﬂ@ N#BO., Hltere & hrif e%a?é‘detﬁﬁkﬂ&%duced
cooled to room t enper at ur e, and concent rated. The

pres@ﬁ@@l UThe Was] ePgiddiict QR et aiey cblaie carsinariouspiheen silica
The organi c phase was washed with brine, dried

gel (M% Méﬂaﬂﬁwizﬁz} tegrd thantbreydpsphoramidate (63 ady 6o, 1:1
pressure. The crude product was purified by col um
diastéreomatrimgnagthye)as aspdle yallgel foadd %I MEM CEDCEXD 1% @i, Ve 3.6
t he bi sphosphonam date (0.40 g, 31% Conpound C) as
I—Iz,é.ibﬁl E2§él 98c(w1,flﬁﬁrﬁ)b 438 (MvREDCHTY 31)11 aHj. @82 (ng, 2H|)1)3 734352 (m,
3.91 (m
3H>33 # (l(ﬂd 1H) &049 ﬁvoﬂ@u s,zzm 236887 @%o%lﬂ) 185 G 1ED), 090 (e, 25D,
5 écg% S;% Sm 4H), 0.94
086(m,66ﬁ)06é(992m BMMFO C 2iﬁ)2 2082 (m 2H); 31P
NVR (CDA 3) d 21.25. Exanple 31 Bi sphosphonam date 31:
A m xture of phosphonic acid 6 (0.10 g, 0:30 mmol),
nobutyric acid n-octanyl ester hydrochloride

—X—a’@@iﬁé—g, 1.82 mml), and

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

(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
NaHCOQOs. The organic phase was washed with brine, dried with Na2SO;, filtered,
and evaporated under reduced pressure. The crude product was purified by
column chromatography on silica gel (10% MeOH/CH:Cl) to give the
bisphosphonamidate (80 mg, 50%,) as a pale yellow foam: 'H NMR (CDCls) 6 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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triethylamne (0.51 nm, 3.60 nmol) in pyridine (1.0

rnL) was heated to 600C for 5 min. A freshly prepared
whreiogheoigel | ow sol ution of aldrithiol (0.47 g,PQI/LS2004/043969

mml ) and triphenyl phosphine (0.56 g, 2.10 mol) in

i et e S G P )
5P %13) ARSI RS wien Erone and cai ur at ec

The organi c phase was washed with brine, dried
vvlth Na2804 filtered, and evaporated under reduced

Fx sjyre. The crude product was purified by
'—ac?#&rﬁ%mography on | SCO (2-propanol /CH2CI2)to give the

. i i t 0, . |

B1s]f9% SpIRE Hﬁ%%%f@(ﬁ&.‘ £ élgugtl%i% 6(% p(l'ééﬁ?ﬁ}g@ﬁ %Kgg (%.OM%%@W mmol), L-

alal‘ﬂmlz?n' % c?%d EBler ‘ﬁ!?'lliroﬁﬂ@ﬁdg 'Q%O%E') 18.80 ﬁ?m%l) 7311& @1etﬁg‘ia(nme (5.10

mLZ%‘IEQ nfn8l) i rﬁ@l%g%o &9 (Whs ﬁéﬁted Qo %@°((1 !%r ?h')m A Béshly
(m 2H); P NWR ( s) d 21.20. Exanple 32
prePaspiiosghioyalvw adletida: of Aldiixtiol @.7 g, [ EIpheiyangi d 6
0.60 g, 1.82 mmol), Lphenylalanlne et hyl ester
triphedypttusphireg562. 5 2132 rﬂlﬁmcﬁ}ﬁrzp)jahdmea(ﬁtﬂ) hil) etdsyddaiddre the
(3.06 nmL, 21.84 mmol) in pyridine (3.0 nL) was heated
above re@3Onf mixtEreri ‘Fhe redctioshiys girepd 60N oghnighe tavled to
solution of aldrithiol (2.82 g, 12.74 mmol) and
room tq@nmttpﬁo@m corecengraded.gThe produetorys partpsioniedi regween
was added to the above reaction m xture. The
Eth%%@ql éﬁu\m\t@dé\ﬂ sy dihegmganisvpdiase gyas, wedhidewithdrgndried
rat and, concentrated. The product was
Wlt‘tﬁi\ﬂ)g%f Eﬁ‘&e%%%\ﬁalﬁréf@@ rslzﬁthF%(il Baeaﬂam&he TRle

was washed with brine, ied

PIO%&gé%&gpﬁrﬁéﬁ&y ClHAU LB PSRRI S isy ge o0

MO PERHEY 1 B ToH el poprtanill crscy 7 Compapnd s o

‘ pa1$g§1%\8§§§‘xﬁwg¥%(sc§ﬂc?f’69’ 653 A% 5 @R358, %1903 (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); 3'P NMR
(CDCls) & 20.61.

Example 25
Bisphosphonamidate 25: A mixture of phosphonic acid 6 (0.60 g, 1.83 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
freshly prepared bright yellow solution of aldrithiol (2.82 g, 12.80 mmol) and
triphenylphosphine (3.36 g, 12.80 mmuol) 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
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7.48 (s, |H), 7.22-7.06 (m 10H), 4.20 (m IH), 4.12

(m 4H), 4.09 (m 2H), 4.04 (m IH, 3.63 (m 2H),
w@2830&1891 (m 2H), 3.04-2.78 (m 5H), 1.20 (nPCBH$2004/043969

0.83 (m 2H), 0.58 (m 2H); 31P NMR (CDCk) d 20. 38.

BB A e o S Py moorlggﬁifs 5t as Rt withirine, dried
h h|
with Waé’f?%wfﬁ il a4 SOl Cfﬁ%&ﬁ%ll?%# Bossuraer q%ﬁ%

600 A freshl

ool EE LB 00 e Mas A 3 LRG0,

, Medgg?bé—b § (tﬁ gg%@g v\ﬁﬁ%%ggbﬁglgl (9%‘%20 %g &/gﬂg ég%?xll%odr{ﬁ B)asa

paléﬁ%éﬁﬁdmoa&h%{m@% 7%*5' & dﬁq)énc A I‘g\dlg.@%h(gi{)tZH), 3.97

ed to roomte era
(m, deyst Qﬂa%gag i rhomg abmtqeﬁsad% 284 (@aBH!) 2t 88l(m, 101),

ni'c phase was washéd w t

086‘*&1&%{ td N@Z_@g@lplwm@gcg ¢ »evspor at ed under

uced pressure. The crude product was purified by
coI um chromat ography on silica gel (10% MeOH GHbCk)
to give the bisphosphonanmi date (0.11 g, 70% as a pale
le@®% foam 1H NVR (CDCb) d 7.51 (s, IH), 7.23-7.06
(m 10H), 4.23 (m IH), 4.11-4.05 (m 7H), 3.65 (m
Bisphdsph8ndmidat226( A nikfure df Phosphohidacids (%12 g /@30 mmol), L~
4H), 1.57 (m 4H), 1.33 (m 4H), 0.92 (m 6H), 0.86
alanfng nz;m)’cyl esterhydyochigrid 3ORBINYR .320DChaY), ahddriebylamine (0.51
Exanpl e 34Bi sphosphonam date 34: A m xture_ of
mL, pﬁa@%mﬂb én gyirigline (T7Qmiy, was haatadde )60°¢ foiehyptinl Anfraghly
i sobutyl ester hydrochlorlde (0.33 g, 1.26 nnol ), and
Pleﬁart%éth%f&mdﬂ@w gplgoniof apdmhichBiey g R Iymmplhand 1. o
to 600Cfor 5 mn., Afres prepa

trlpﬁ}&ﬁ?ﬁo 6D 5618 218 FBYO PRy hin: (1@@359%@3 agidgg fo the

above ree?ctlon 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:S0O, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
MeOH/CH:Clz) 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 (CDCls) & 20.59.

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
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tri phenyl phosphine (0.39 g, 1.47 mmol) in pyridine
(1.0 nL) was added to the above reaction m xture. The

WO 2@sN6as was stirred at 600C overni ght, cool ePCT/US70000m3969
tenperature, and concentrated. The product was

preBtsd e B A e HHO b 4 at?f;‘f@ B AR
trip%'?ﬁ}?%}o higel B 2 anal i @-%ﬁﬁ%&w to the
abof gt ;5‘%&%%% Sk ?lea%v?fg&}r%’(y/&wéﬁ” SR rdbib to
rool R Rfee PR oo 76 ?ﬁé@m@%‘#ﬂ%’wﬁ'ﬁweﬂ
Et({ﬁm argc,’{:%atug tgg Pgﬂ;[g@j) Tl‘%ﬁga{h gtgqa%@w%ﬁgras%ec&%ﬁ% @ﬂ%e dried

w1t13c 3@2809 fﬁgaré@ ar?d"@vaﬁbr@?ecﬂﬁ@ld@'ﬂedu@é(f PP L EDEh Sdrflle

['e” 35 Bi'sPOC of cPrPVEDAPT35. A 'mxfure of
roﬂﬁ@ﬁ@ﬁ@ uBifRe ¥ ShidPnABoth &419@@' 2-p3BPanol/CH:CL) t
P triethy arrllneb(jyo 42m_g3p5§7 | p@fﬁano/ (L) to give

he bisptlobiphoRaryd 410 (0.93 8088 s § v €SB NH JIMRACDCL:) &
teff)g;phBOFﬂr]r?nImF/’dOéCI %2 /I ghlen;y% {;,gds addgzj gh@ Cls)

| 7.62 @ATH), A2t AR 4v@95(xﬁt4}ﬁy &d)l&(tn @@{)Csfser(ng 2iH), 802l(&¢ 2H),

to roomtenperature, and concentrated. The product was

2.9%@road,isphE, bét (wesaHkt (Fe 1 20 drs d8LI),0.88 (Na6K),D.84 (h2H), 0.60
ani ¢ phase was washed with brine, dried with

%%S@NMR@@Gls)éQ@éévaporat ed under reduced

pressure. The crude product was purified by

chr omat ogr aphy on | SCO (2-rropanol /CH2Ch) to give the

bi sPOC of cPrPMEDAP (0.13 g, 39% as a solid: 1H NWR
Examplei28) o 7.58 (s, IH), 5.66 (m 4H), 4.92 (m 2H)

90- 3. 88 br oad

4 3. 01
Blsé‘loél?h%)ﬁ?mi@ﬁ)e 238@ %@%Pﬁre%ﬂholé%%%me rﬁcicfzﬁf@ 180, Rﬂ/nunol) L-
alargme n-oc)tany?l s?el ‘hy rgEhIe rld?é6(0t48 8rOerI1%1rol) anﬁ trleﬂz?ylamme (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 (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 Na:50y, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISACO (2-propanol/CH:CL) to give
the bisphosphonamidate (0.13 g, 61%) as a pale yellow foam: "H NMR (CDCls) &
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 (CDCls) d 20.63.

86



10

15

20

25

Exanpl e 36 Bi sphosphonam date 37: A m xture of

phosphorite acid 36 (0.32 g, 1.00 mmol ), Lal anine
wheaoploeass er hydrochl oride (0.47 g, 2.60 mmol )PCHO004/043969

triethylamne (0.27 g, 2.60 mvl) in pyridine (5.0nl)

Was,l heated to 600C for 5 mn. A freshly prepared
——Blﬁ—%-ﬁg ygllow sol utlgn o; aldrithiol (0.77 g, 3.50
BisfyRPHPRET{SAt510) AEr GHRO PLo RIS a5ioE RLALEs &P miinol), L2
amif il a5ty 8@?@%{5@9@{“@3@%@ EL R LRI ™
e fgFle 0% AR S4 40 ggﬁg SRRl E G B SALUEAYE d01C for 5
mind’A ﬁ%sfgfytr}gk ?‘ggé%l’l 8{&9 ’soﬁﬂﬂ) Ci?ﬂva\/{ggfhgg }?ﬂg d14b91 mmuol)

r educe ure crude produ

md%ﬁ@gag%@g phoqs @9% 1@@1%{ﬂ%ﬁng§h1&&@%y!@%wa%d%a to

sphorfam dat e as a pale

the X!%xl’@i@af:@é‘ﬁfm&ﬁﬁﬁp TRe3éadRnPRhg SRRl £ %%%v%%il\}éﬁt cooled to
m xture of diacid 36 (1.30 g, 4.10 mol)

roofGediperatuie, tHd @raeatrbBRLThaBfodied et afO8Ed between
Thi onyl chl oride (0.54nL, 7.38 mmol) was added dropw se

EtOdueindsaperdted NefHHTOb. Théhegieiopbiast was washedneithdsat, dried
to 900C and TMSOPh (0.75g, 4.51 mmol) was added and
witls Na:3@d filtered, aimd. evEiperatedatriden raduted prasasre ddiedutle
room tenperature overnight. The reaction m xture was
produdesasipopficd dytwlhwein crevimategiaphyercglid: gelefl6te (100
H) The product was precipitated out. The solid was
Me®H/CEREH) émglv@ﬂbg buapéwphomd?\rta@ g, 6074 Qplrrmund D)asa
adjusted to_3 wth 45% KCH. was col | ect
palg Y¢1lqvatf<i>%ﬁ HREVIBy EJR@@) ?A/Z@f(érrltfﬁ)efl Zéu(m,f%d‘l&? (m, 4H), 3.89-

387 %é?ﬁmflﬁz 39 b bt SuicBrfr ot thl-(51 6 e D, 1.26 (m,

611) B IPRROSLN GBS (m, 281, 0.61 (m, 2H); 'P NMR (CDCls) & 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
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 mmo]) 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
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 column chromatography on silica gel (10%

MeOH/CH:CL) to give the bisphosphonamidate (0.40 g, 31%, Compound C) as a
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acid (0.20 g, 129% as an off-white solid. Exanple 38

Monophosphonam date 39: A m xture of nonophosphonic
w@ei0d/08384 0. 20g, 0.50 mmol ), L-al ani ne i sopr opRdT/ES1064/043969

hydrochl oride (0.17 g, 1.00 nmol) and triethyl am ne

paldseafion s SN (GIAEHT Y 76ridpera 14 Giv2gbrt duim, 41D, 391
m, 2D R Rkt hi 0 %8 T 2178 SRioan St el 64 . 41D,
voo Tk AR B 4P b G BEBoRSG T RO lntrd e rmortd
3p %g{rft@?gﬁtgg%gj% concentrated. The product was

etvieen Et OAc and saturated NaHCCfe. The
organi ¢ phase was washed with brine, dried wth
Na2SO4, fil tered, and evaporated under reduced

Exaligissyre. The crude product was purified by colum
c'FEr]'oma' tography on silica gel (7% MeOH CHzCb) to give

BispH{8pRBASRR@SRM Nk Ge p%sﬁllno%%udlé {0.10 g 0.30 glnréllolg, L-2-

di astereoneric mxture) as a pale yellow foa

amiB8bt B RS &cid @-SeheyTresiek HaoPhiordR (5138?) qQghafw), dake
41: m xture of ‘phosphonic acid 40 (0.36 g,
triethylnine (0,51LaLaB60 enmobutypyrédine (1.0ya1 paak blehiie to®osT for 5
g, 2.60 mmol), and triethylamne (0.27 g, 2.60 mmol)
mini A eshli prepabedbright yelbomeateibrt of AALIEHiIO(0.57 gi h10 Aumol)
freshly prepared bright yellow solution of aldrithiol
and (ttiphenglpl®spbinentdI5p ga2dl Ot minpdlg ity pptidsphilieml ) vepdded to the
3.50 nmmol) in pyridine (2.0n) was added to the above
aboyemaction mixtuts: elhenpacten erdsotirveid a0 °r @kraighsooled to
overni ght, cooled to roomtenperature, and _
roodrEEfBrecandrencsnbatest e prduatoyasieartibensd dgtween
t CAc, and sa g 3.. The organi c _phase. was .
EtOqsehekeaiiaion ﬁfﬁé%aﬁ 8 OhBHC Rhpsow s Waskieddyith brine, dried
with Na250;, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol /CH:Cl2) to give
the bisphosphonamidate (0.12 g, 55%) as a pale yellow foam: 'H NMR (CDCL) &
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),

0.86 (m, 2H), 0.62 (m, 2H); P NMR (CDCls) & 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
(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

88



10

15

20

25

and evaporated under reduced pressure. The crude

product was purified by colum chromat ography on
w@rdosoes1gel (10%veOH CH Ck) to give the PCT/US2004/043969

bi sphosphonam date (0.32 g, 35% as a pale yellow

f oam Exanmples 40 to 56 r fi{l to Schemes 12. to 16.
roop, teyperajiye sl AaReRbTAied-d hhe PEadug waspaitidigred between

B
with NEROL AP0 deih & aufraindBRelply RS b et
proflsb b KR bR AL o Elodn iR o sive
the BRPHELBRof IO 8%, 2087 S b aS R Bk E SR (CoCw ©
7.45@01 18 m-v.@@r@ﬂé ﬁg%ﬁiz,r@wgﬁ; 113151(11.1323%2,@4%%@1@@@3}% 4.04 (m,

product was parti ned between Et sat ur at

1TH)Ne6SE, 2TFh e3.98.3ani Gn PIFAS 8. 04es7avBs NSH), i 2 (! ésm,o.%wn%dm),

W th Na2SH, filtered, and evaporated under reduce

0.58pﬁr?ﬁe,sz&m):fell>mﬁmt@¢es)@rmt was purified by colum
chromat ography on silica gel (10%eCH CHbCk) to give
t he bi sphosphonam date (0.53g, 85% as a pale yellow
foam Exanple 41 Bi sphosphonam date 45: A m xture of
ExaptideBBoni ¢ acid 44 (0.55 g, 2.00 mmol ), .Lal ani ne butyl
ester hydrochloride (0.94 g, 5.20 nmol), and
Bisphasghhyhemdlate 300 .4 anigturs of Phosphynicracpy 6 (A meg, 0216mixol), L-
was heated to 600C for 5 min. A freshly prepared. .
phepylajaning ety sstenhydrodfonde (Q-8hgol .26 mmal)gand triethylamine
.00mml ) and.triphenyl phosphine (1.84 1

(0-3%W1p,d%~$?enxrsolo inpyrigiae dedeth)rwag heatad 6o B s onn. A freshly
PreqEFRIY SEUGH taHoR At Al el 0 o s dr et anle
tripﬁéx%%%%%s%e ’%8 .rSBigt, i1 %I}elgm%‘:l‘)t i }?yric%tng?(i .Oargi) Sx?\?atsuard%ite%dto 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 Na2SOq, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
MeOH/CH:CL) to give the bisphosphonamidate (0.11 g, 70%) as a pale yellow
foam: "H NMR (CDCls) 6 7.51 (s, 1H), 7.23-7.06 (m,r 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); *P NMR (CDCls) &

20.35.

Example 34
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NaHC q 3. The organi c phase was washed with brine,
dried wwth Na SO filtered, and evaporated under

w0 esoedspr essure. The crude product was puri fPeOUR2004/043969
col utm chr omat ogr aphy on sili ca gel (10%veOH d rbCk)

0
Bisé)%q)% ve th b| spho;g‘honam dat éﬁﬁ%s%?%éf(%@ma%@al rg%ol) L

PhWT tl%f@ﬁ%? d'f%‘ﬁ%ﬁ%%@fé%%&ﬁ’%&%%&%@%@af biédhy fomine
oA 5 BT i i
pre B P 3PYF. M RBP4 SRat ve
oSBT PN T e
abo®@€ %&@i‘%m(rﬁg@ufﬂ—)rfhe-rﬁ%cﬁbﬁjy%f RE 8FPHT 1t°&6rﬁ_§d to

The solid was filtered olved 1n MeCH

rooB éniibtriafe ath U&dRent@te] Wk Ipi‘éc%t&f%s PRI etween

collected by filtration and dried under  vacuumto give

EtOUearibsanhasp NHHC Cac iI%e(Ql'gaﬂiQ rthas@ (W4s V&éslrﬂadswlitﬂldorlne dried
Exanpl e 43 Monophosphonami date "47: A m xture of

withdieapOg sitteoed, anacéhpéiatetl OOl &, redubéd pra@shive. LFlad aidee
nmet hyl ester hydrochloride (0.80 g, 5.73 mmol ) and
productewhy parifind biy0cdbmy, cliofttogmiphyion gijica geh@0¢6. Onl)
was heated to 600C for 5 mn. A freshly prepared
MG@H/ ght:Clep ko givegbe MSpimSphoahmmdathl(% (R 52%)@!§ a pale yellow
Ommlg@nd tr| phosphl ne (2.63 g, 10.00 mmlz
foamn%WM& €h) DS @ )aeTePéJd7 %) (mh éOHbdk/%é (mealtit), dnl 1 (m,

ture._ The react| on was stirred at 600C overni ght

2H)e i 4, ﬂH%%Wlpeﬁlﬁér%@@f@r 2Hh 25 REY AR 0TRES (m, 3H),

29REfete FEHE éng%fﬁ O ek 0adRe ATl PR2KH) ALD: 7P NMR
ot %dzo 31.

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
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
NaHCQOs. The organic phase was washed with brine, dried with NazSO4, filtered,
and evaporated under reduced pressure. The crude product was purified by
chromatography on ISCO (2-propanol/CH2CL) to give the bisPOC of cPrPMEDAP
(0.13 g, 39%) as a solid: 'H NMR (CDCls) d 7.58 (s, 1H), 5.66 (m, 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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with Na2SO4, filtered, and evaporated under reduced
pressure. The crude product was purified by colum

w@ boosiediegr aphy on silica gel (7% MeOH CHbCk) POT/UB2084/043969
t he nonophosphonani date (0.80g, 64% 1:1
di astereoneric mxture) as a pale yellow oil. Exanple
44 NMonophosphonam date 48: A m xture of nonophosphonic

.d 4 3 00 ), L-al ani [ | t
o SRR B0e0 SRRy by ol e Soprcpyl ester

Fx go.%zgég, 2.00 mmol) in pyridine (2.0nm) was heated to
4 or 5 mn. Afreshly prepared bright yell ow

. | U] g it his .
mict PR B 4 ot O oS SRR 1y 806 100 mamon) 1
G 0 r j s T
alaniife Q5L U8 IBHGCHIGAAE 184 D8R Bousal), AR Tt it a7 o
2.60LRARAY & irf218.0GA0 Rb& tolEP IR BURIN. VAT resh] d
partiti oﬂ%lgd]beﬁeogﬁ Etw(%%c and soat ur atoe?%ﬁllal—CCb.reSTt?éprep are
bright gaMb® MESEh WesIAWARRNE (0. &N3 BD i@l B eiphdilyIphosphi
mgNagSOdf, fil terled, and evg%orgt ed undgr)dé educl:%vaﬂyp osphine
(0.9P rﬁ’,eg.su hemol)if Siritife PX.OMMCE wrBadHEd itd itedlalbyveRladitn mixture.
chr omat ography 'on silica gel (7% MeOH CH2d 2)to give
The trbfctitnepb espldraBd M@ beendghgicobld ®awen tempértayureaed
resul ting conpound was treated with fumaric acid
condentraged.i ThaptrodideGkay partitignedrivbtemeh ditOtAa: arabsaturated
tenperature. The product was precipitated out and
NalCOed The deganiaphase was giashetheith rareateiedavith 0¥a:S0s, filtered,
nonophosphonam date (0.13 g, 22% 1:1 diastereoneric

- and gvrparaded ander seduaed mEeasipee The mede produ¢tayappupfigdby

50: A mxture of diacid 49 (0.62 ?H 2.00 nmol ) and
colupain ghrompiagraphy ensiicagel (K5e MeOTHCEBENMe giverther i ng.

. Sodi um hydrid 0.24q9,. 10.00 ) s added portion
bispROSEGMIIRSTRGCBI EATehTSeh BRlS TS HERRBA 1o 1600C over

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
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.
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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1 h . Additional benzyl alcohol (20nm) and sodi um

hydride (0.12 g, 5.00 mmol) were added. The reaction
wo®se6618y ed at 1400C for 1 h and cool ed to r oRPET/US2004/043969

tenperature. The vol atil es were evaporated under

redec d pressure, water (50 nL) was added, and the pH
M usted to 11 vvlth NaC]—| The product was

vl @%@:@%ﬁ%ﬁ%ﬂ mnsaﬁaé’@% iR
oA 00 éea;ry'a B R L,
B e
i SRR S BTSN SR R AT )
OV 5T 5 PP SR8 o o

abodk @eAdtHirohiXidr& 2TE@ r@acBion R 9tird8d af BORNEH¥R %ﬁ‘i’@ @5‘(51@8 to
(0.62 g, 2.37 mmol) in pyridine (2.0nL) was a

roohh& furep@sd cORcafitydted eThd b@od@@%h@ﬁaﬁﬁﬁnﬁ@ Eét%en
at 0C overnight, cooled to roomtenperature, and

Et@mm sataraedd NAHQD:0 ditetorgasicstidst twanedstiet wegibrine, dried
Et OAc and saturated NaHCCfe. The organi c phase was
withdéhBa: filtdredy armb evapporatbdut derNedGeed firedseredThaoide
evapor at ed under reduced pressure. The crude product
produst was phirigigddyy cdtomm cluionoatag egprhgpiny sitica giel (4 gel
5% MeOH Cf i Ck) to give the nobnophosphonan date (50
1/CEE842) 1o givil hetapropheinhomartidrts) (Oaldt & 54, dKL oi | .
. Exanpl e 47 Monophosphonani date 52: A m xture of
dia ﬁﬁ%’éﬁwm%p@fmwﬁ@m 09 mol ) and
Pd(OH)2/C (50 ng) in iPrOH (3 nL) was stirred at room
tenperature under 1 atm of H2(balloon) overnight. The

Exa{"nepalggbggfe% 0 JS»Jcheme ?1]‘ 'l tered through

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 freshly prepared
bright yellow solution of aldrithiol (0.77 g, 3.50 mmuol) and triphenylphosphine
(0.92 g, 3.50 mmol) in p}}ridine (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 Na25Os, filtered,
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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a plug of celite and the solvent was renoved on

rotavap under reduced pressure. The crude product was
wWEosN6@Esd by col umm chromat ography on silica geCT/(52008043969

MeOH CHCl s) to give the nonophosphonan date (40ng,

95% 1:;1 diastere ric mxture) as an off-white foam
Examyplep A ta 86 B¢f§b%§$§$%ﬂ%ﬁﬂ?d@tjé-54: A mixture of

BRI 268 5,0 6,0 0 35 T Lo e by

Bisifie ke BTE ogE s R R pisdy b b dhpchod o, 1-
s TSRl BB D e 0275
2.6%&? gﬁ%gléidﬁ'gg'a@ 0470 aodad ko E&%@%&?@%@CN f?ggg%h}lb,’ prepared

m xtu fion‘was stirred at over ni

brigg{r? gzlgﬁth DHAGLE Ef&?ﬁh?é&‘(ggtv \%@%O%Mﬂ&h‘?@%ﬂ%ﬁ?ggsphme

uct was partitione en Et OAC’ and ura
0.9%@He50 rdmol) 19 fiRk G2 hdhbBydrd ixture.
( %%:/—Igd DRmo )l'N[gt 215537 _ l(( PhAE PR S dHRE 8 dhdvhb dtBon mixture

4, filtered, and evaporated under

The'rRELEQRHWRE 8HstetSt 6DPE RieWEighB @BUET to/RDnP tithbeREBURY and
col utm chr omat ogr aphy on si'lica gel (15%wke CHbCk) to

congémeatede Thiegpbas phena phete e dPBetipen FINA @sn @ sl gted
yell ow foam 1H NWR ( QD) d 7.82 (s, IH, 4.26 (m

Nal26))s. 4htbriamic4iHase SvaB4vished2ivijth 1318 diied wih, N&STR, filtered,
(m 2H), 1.61 (m 4H), 1.39 (m 4H), 1.34 (m 6H),

andevwpofaed Gid)der 3adidd peBGine. d123ride pErdupl wadpurified by
Di i sopropyl Phosphorate 55 A mixture of 4 (3.00 g,

columa ghmerinptagidphy oR@Ea( grl 610% )M e@HVEBHCI3 torgiveardhs

. stirred at roomtenperature under 1 atm of H2

bisphngphepanidate (bt 357has p@ate yHPWiteamr e was filtered
through a plug of celite and the sol vent was renoved
on rotavap. The crude product was purified by colum

chr.omat ography on silica gel (5%eO0OH CHCk) -to give the
m&?—ﬁlgggropyl

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 mmuol) and triphenylphosphine
(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:5O, filtered,
and evaporated under reduced pressure. The crude product was purified by
column chromatography on silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (0.48 g, 45%) as a pale yellow foam.

Example 42
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phosphonate (2.08 g, 76% as a thick oil which was
solidified upon standing: 1H NWVR (CDO 3) d 8.72 (s,

wo po5/08618% (s, IH), 4.73 (m 2H), 4.33 (m 2H)PCBUS2004/043969
(m 2H), 3.73 (d, J =8.1 Hz, 2H), 1.31 (m 12H); 31P

PR RLE NS R T L
o2k R G SR A et AR . o7
R R Ry .
oSSBT 8 A0 A UL 0 T AR

reac%ﬁ%b&h?@vdé@ QSglegecg :fgﬁﬁmyt% Hhfre oﬁ%@r&‘%ﬁmfﬂé ek VR

uti on was adde to 1ce-co CN and t he

mixRIRMES a I &S BRI sBdo MlI-stTed SiebiHlVR&S6hé BORHLRNhe
dri ed under vacuumto give the phosphonic acid (74 ny,

pro@awasprecipitdted Sak. Uhe ESBRAR L HllerBl HRIIOSRESINATN BIEOH (40
57: A m xture of phosphonic acid 56 (23 ng, 0.08

mL)ar pH wab adjuseedrdBiinth 5% KOHY Batichvas coitedt&d birdiltration
0.50 mmol ), and triethylam ne (0.14 niL, 0.96 mMmol) in

and pitiddnéer Yaduuih Yo ghe theahenoploopddnid arid §1ihg, F%) as a
freshly prepared bright yellow solution of aldri thiol

solid.0. 11 g, 0.56 mmmol) and tri phenyl phosphine (0.12 g,
0.56 mmol ) in pyridine (0.5 nL) was added to the above
reaction m xture. The reaction was stirred at 600C
overni ght, cooled to roomtenperature, and

Examydeddtrated. The product was partitioned between

Et QAc and saturated NaHCCb. The organi c phas
M hapemidatedd: APHERiaL m%%@ﬁm%%%‘g ;ggigo g 2.86

o

enngie e ey P HETSAE BHEY 5ty S minoh Bnd
trietﬁx%r_lfrﬁ&%a(%%g g(,:|5|27%‘ nzx}ncgl?irg]igyreldine (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 triphehylphosphine (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
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 column chromatography on silica gel (7%
MeOH/CI—IzCiz) to give the monophosphonamidate (0.80 g, 64%, 1:1

diastereomeric mixture) as a pale yellow oil.

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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t he bi sphosphonam date (17 ng, 38% as a pale yellow
foam 1H NWMR (CDCla)b 8.65 (s, IH), 7.94 (s, IH, 5.20
w@ 3005h06casd, 2H), 4.35 (m 2H), 4.20-3.92 (m 6PYT/US2088043969

(m 2H), 3.72 (m 2H), 3.42-3.19 (m 2H), 1.61 (m
c4H), 1.32 (m 8H), 0.96 (m_ 6H); 31P NWR (CDA 3) d
trieghy/lapgpin g@-@& nyBAb ph B3 pieRaR-dEle was ﬁsaatﬁd@ GPeC &or 5

. ph honi id 56, (20 , 0,07 ), .L-phenyl al ani ne
i RyFesBEy Breiiayest Beiant elier oty Obalkiithiel (977 g g mimol
33 . 35, Mo n Lethyl.am ne.(0 . 0.84
and Ry IR0 9285 L Tial imexpidins & €80 wat added to the
in, A freshl ared bright.yell | ution of
abofreadigriste SAE RRERR WA kil PO S et pratad to
0 5 [ r -] s _added to
roof teh ot B I Fah e e T B B B R
0 . . .
B2 B0 GO C oM O SRS AL e, aried
i T | .
s S g e
i ; oduct
P S e o RB BT, GRS #ePORs
MeOHyRERAIl) @E?&Q then&h¥phdsphorAAaRRSIIMeMAT £ 38 e (iﬂq?urity.
ng, 34% 1:1 diastereoneric mxture) as an off-white
Thef reanti tedled Yiftdfundarc 26.d07Aing) id)hot CIH4CN (10
P B, e g Ko
mLYa®3 céobed26lrporh @drferptidel) Tha 86daoh whsfpre@piftergut and
IH), 3.73-3.62(m IH, 3.38 (m IH, 2.95-2.86 (m
driegHynder, vacugm tagive thepuiieRaieEaitid mangghaphopanddate (0.13 g,
Exanpl e 53 Diisopropyl Phosphonate 59: A m xture of
22% d Hpdiasteraomeriognigture) sa apidd) and al |yl anine (3 nl)
in CH3CN (3.0 nL) was placed in a scintillation vial
and heated to 650C for 5 h. The reaction m xture was

coqgled to roomtenperature and
Examole4g P

Benzyl Ether of PMEG 50: A mixture of diacid 49 (0.62 g, 2.00 mmol) and benzyl
alcohol (10 mL) 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 benzyl alcohol (20 mL) and sodium hydride (0.12 g, 5.00 mmol)
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 H20O. The aqueous phase was acidified with
HCl to pH = 3 and kept at 0°C overnight. The product was collected and dried

under vacuum to give the benzyl ether (0.18 g, 22%) as a tan solid.

Example 46
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concentrated under reduced pressure. The product was
partitioned between Et OAc and brine, dried with
wONaRS0d6189 | t ered, and concentrated. The producPCTES2004/043969
di ssolved in mnimal CH3CN and H2Owas added and
ilized to give the diisopropyl phosphonate

Moglgggg%homt%msﬁpﬁe@a%ﬁﬂ Eh()-'ﬁ}ﬂ n@oac;dxméleéﬁ@gﬁ-gg mmol),
. . 2. 43 [ '

muigly 3¢ e bR P:Zfdnfzﬁﬂ Ly E@Bmﬁ Was heated 0
i ) : , . t

60"??55?{1%#’éﬁér"eéﬁwﬂ?%ﬁar%%gﬁ%%%aa%ﬁg%ﬁ%&rﬁm? (@53,

i f.Qr. i .
237 B ariRbipBs e niRe s @R 2 AR B PEIESC.ampLy was
ad RO tﬁéﬁtaBo{zg ?%a%ﬁ'oﬂ aﬂﬂe i tidé‘ﬁ .%i:%csttir déc?&ﬂ e Flnight,
out . e soll was collected an rrea under vacuumto

i i i , 0 i ce
ol o, MBI A o e, 1Tt diioned

bet®esR MeORRAURRINIMafLed NaMCU: X THE &r&4nid iphab&waQ v('éb_h‘ég With

1.20 mml ), L-al anine isopropyl ester hydrochlorid

brife) d4fd, wh402,800) filterelead et Op&Btdl urkd@OrsdRickd 3Eﬂ@ﬂﬁure. The
triethylamne (1.0n, 7.20 mmol) in pyridine (3.0 nL)
cruda proé¢attadad puGAOCbiyarolimei dhroats@abhy oar dhed gel (5%
bright yellow solution of aldrithiol (1.84 g,
Me®H/QIL) tagive thephengphtspdimandgda@ F0gng, 2646 Inhol ) i n
pyridine (3.0nL) was added to the above reaction
diagtereameric Mipdure)astd Briclvad. stirred at 600C overni ght,
cooled to roomtenperature, and concentrated. The
product was partitioned between Et OAc and sat urated

lix Naii g, 3. The organic phase was washed with brine,

with Na2SO4, filtered, and evaporated under
Monophosphonamidate 52: A mixture of monophosphonamidate 51 (50 mg, 0.09
mmol) and PA(OH)2/C (50 mg) in iPrOH (3 mL) was stirred at room temperature
under 1 atm of H (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%
MeOH/CHCls) to give the monophosphonamidate (40 mg, 95%, 1:1

diastereomeric mixture) as an off-white foam.

Example 48
Bisphosphonamida’ce 54: A mixture of phosphonic acid 53 (0.10 g, 0.35 mmol), L-

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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reduced pressure. The crude product was purified by

col umm chromat ography on silica gel (5-10%e0OH CH Cb)
wa 200giosasnonophosphonam date 61 (0.52 g, 37% RCT/US2004/043969

di astereoneric m xture) and bi sphosphonam date 62

(0.13 g, 20% . Exanple 56 Bi sphosphonam date 63: A
Thersepetior wits shlitshH@i’e weraishd qolabp ropnotemperature, and

Lal ani ne _butyl ester hydrochloride (0.47 g, 2.60
Conﬁ%mt,ega Hﬁleﬂ?rioéflﬁwaﬁpﬁ’éﬂte@?%b@t,wezne@%@m}d paturated

{di.ne (5.0nlL), was heated to,.6Q0C for. 5 mn. A .
NaBl{Chep e (rgﬁlalﬁ nase W@%W%qdow 1, SR VN RS cfiltered,

andi g R sy R e e YRS FRRGck o Re My
con R o AR AN S o bR
oisRRRERE e TG Qa4 e BRI SRE e R o) 0702
o e G DRy e drhet B Rt oy S By 1o (o
O IR i TS o o0 SO Doyt sl

g, 55% as a pale yellow foam Exanple 57 relates to

Schene 17. Exanple 57Bi sPOC of 6-allyl PMEDAP 64: A

Exampieype of phosphonic acid 60 (0.20 g, 0.61 mmwol) and
triethylamne (0.42 ni, 3.01 mml) in
DiidoprephlyPhdspipnatd 551 Aenit{2 & 1300/ Y .deainesl) bad80%ORd/C
for 30 mn. POCA (0.45 g, 2.92 mmol) was added. The
(0.60 ga it MeOI (20 onle) was stitred e doan t6hp@Catfuoe uBdbr 1 atmlefd:
to roomtenperature, and concentrated. The product was
(balfm)icviesnight b EheeenactiBnanixtaredwaa filiese e thrNa pit agplag ofieelite
organj ¢ phase was washed with brine, dried with
and\he Solyent Masemovaddrenciptaat Bae grtike piosdt s purified by

ressure. The crude product was purified b
coluennsé gomatography on sﬂ?ca gel (5% MeO[IJ-I/CHCls) to gzr/iVe the diisopropyl

phosphonate (2.08 g, 76%) as a thick oil which was solidified upon standing: 'H
NMR (CDCls) © 8.72 (s, 1H), 7.94 (s, 1H), 4.73 (m, 2H), 4.33 (m, 2H), 3.97 (m, 2H),
3.73 (d, ] = 8.1 Hz, 2H), 1.31 (m, 12H); ¥*P NMR (CDCls) d 18.47.

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
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 CHsCN and the product precipitated out. The solid was
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chr omat ogr aphy on |1 SCO ( 2- propanol /CH2Cl 2) to give the

bi sPOC of 6- allyl PVEDAP 64 (0.11 g, 32% GS 192727)
W@2008/06a89 d: 1H NMR (CDC 3) d 7.60 (s, |IH), 6.POr/{83004/043969

IH, 5.66 (m 4H), 5.30 (dd, IH, 5.17 (dd, IH), 4.92

2H) . 4.80 (s, 2H), 4.22 (m 4H), 3.95 (m 4H),

CO@%@‘ e duiefundey pagiry temiv g fheipbosphiwnicred V¢ ms 9500 as a

61 relate to Schene 18. Exanpl e 58 Bi sphosphoani dat e
WhBtS.SOﬁdm xture of phosphonic acid 60 (35 ng, O0.11

mol ), Lal anine ethyl ester hydrochloride (0.1 g, 0.65

mol ), and triethylamne (0.2 nL, 1.43 mmol) in
Ex fe 'lne (0.5 nL) was heated to 60 OC for 5 min. A

prepared bright yellow solution of aldrithiol

wikfldhcinfiadts 7ol St ARSI BNSRIRRES 28 o, 1-
alal'ii‘f'l@%ﬂ)gtﬁ/tl Bhet Wy BrocHISHEE P fg%go%m{dﬁ, off bifadiine (0.14

over ni coofed to roo erature,

mLE0I6 %bgtigg)yrﬂlﬁe g@ Rg%lg var‘é’%ﬁe%ﬁttbtéoe@_?gr @Eﬁﬁ’{e A freshly

EtOAc an t'urate The organi ¢ phase was

prepaﬁéaelsﬁgggkblww B8k SFhidMithoNa2SY . 0 5 h8h6H endnd

evapor a under reduced pressure. The crude’ product
tripheaypliosphit (Y1204 0BRhee IRy A8ideS0B mL) was added to th
p(hg-}rglrpg;a%ol /CI(?QCI ) to gi VZ t }é bi sp osphgam' dat ee (53 ©
abowg reddidn mixtar@alke yeldiow v asdtirrddat\B®R hiflcdbléd to
(s, IH, 6.00 (m IH), 5.30 (dd, IH, 5.17 (dd, IH),
rooth BMnerptudl) and c@feehtfed.nThé Hrod@ct89aq parttdnedhet@een
(m 2H), 3.42 (m IH, 3.22 (m IH, 1.45-1.25 (m
EtOrpehnd satpraier NDOD) The20gadichlwmsp veass®ashed with brine, dried
. Bi sphosphoani date 66: A m xture of phosphonic acid 60
with NapOg filtpred, anbeyaparateshimdercpdieed pyessuse. eFhe crude
der ochlorjde (0.33 g, 0.91 mmié) and triethyl am ne
progyciyagpurifieddrehyomatasphydrh BYQ (& propaneldCHeakkie give
0 60 OC for.5 . m A freshly prepared bright vyellow
the bbﬁPSP?B]ﬁo%%mea&? (s 3% & as/a@zaﬁqy%éo%#e@m: TadvR Cbcr) 5
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.

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 prepared bright yellow solution of aldrithiol
(0.11 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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tri phenyl phosphine (0.56 g, 2.14 mmol) in pyridine
(1.0 nL) was added to the above reaction m xture. The
WO e@sn6as was stirred at 60 OC overni ght, cool BGI/US2004/043969
roomtenperature, and concentrated. The product was
partitioned between Et OAc and saturated NaHCCfe. The
wagheshwilh g driggswithdNea Qi tiketied; aed eviaperhted tihder reduced
Na2SO4, filtered, and evaporated under reduced
Pregwss (he crafie PEodiad waopwatied Ry dhuemptegraphy on ISCO (2-

PropPRONDLBsAR Hivedhe SEoRep AP ARIdaeAL S 4| o Hoam

o SRR ETErare) 45 41 SHthbith ooy T AR (CDChYy E8'dor = 150
Ho B Yk o 1 Aol 7 257 (a4 3 45, SRy g, 260, 4.08
(m 2503588 e 80 e el 36 Rl B b apee (.
D A D o N DRy %1 08 ) % ol T an

triethylamne (0.7 nL, 5.02 nmol) in pyridine (2.0 L)
.was heated to 60 OC for 5 mn. A freshly prepared

Exahb@ys yel l ow solution of aldrithiol (0.47 g, 2.12
nﬁ%lj and tri phenyl phosphine (0.56 g, 2.14 mol) in

DiigyprogiBhésbHontd 5Hvas raddetk dcdhBo@R@4q108a¢ bissinmol) and
m xture. The reaction was stirred at 60 OC overni ght,

allydaaired3tal) 2o0CHENE.@hul)eayagpllced e 8 Btihallaton ¥A&l and heated
product was partitioned between Et OAc and sat urated

to 6NaEEoS5 B. Theeeactimninixpira seasvaslathshedmidhpbratns and
dried with Na2SO4, filtered, and evaporated under
concenfuzied prdes sedecedpressuted &l herpubdetct was pautitibnedibeiyveen
chr omat o-grg(%ihy on |1 SCO (2-propanol /CH2Ck) to givethe
EtO e bpheadiied vath Doushyy, fiteedd, andaapapatrgesd. oiinef pradiuct was
1H NVR (CDCls) d 7.65 (s, | 6. 00 IH), 5.30 (dd,
disgqlyed m émupmj)(:ﬁ{@N mcéﬁz(()yf_gszqq}(jedgﬁg% lqu%)hiﬁngq to g(give the
diisopropyl phosphonate (1.00 g, 95%).

Example 54
Phosphonic Acid 60: Diisopropyl phosphonate 59 (1.00 g, 2.43 mmol) was

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
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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4.20-4.00 (m 6H), 3.85 (m 2H), 3.72 (m 2H), 3.42

(m IH, 3.20(m IH, 1.70 (m 4H), 1.32 (m 18H),
WwW@2®6/064189 6H) ; 31P NVR (CDC 3) d 20.61. Exanpl BCBLS2004/043969

Bi sphosphoam date 68: A mixture of phosphonic acid 60

R, L A R
AT Rt T B8
©. %%;%a 1?4 ﬁ%ﬁéjrlt‘elpﬁgg %{’R Eeﬁthé’éﬁ 8‘31%81'1%719 (ﬁﬁg Ig) 21419 mmol),
phdi B FRate e, P o @Yi#?f}%@@@%‘ﬁ&r By I@dee 30
ng Q\PA&uctattﬁ%{s& o Fishal u‘%eff o S plipasolution of

AR 7 PR PO nUTR AREPE A 2/ ) B

pyrdi®egY 08T Was %EM@@ tB Ré HB&V@@(%CHFJ% &Ek%qr%)yfhe reaction was

chr omat ogr aphy on propano

stirBdb Wﬂk@@él‘h%@{tecdo'f(?d E@rocﬁﬁ%m%%re?cu?@|a%dy&3ncé’ﬂ\fr£@ﬁm”l"he
1H NVR (CDCb) d 7.68 (s, TH, 6500

proﬂﬁl@adzas gﬁd}tltl&léiﬂbétd\ﬁ’eerﬂ HOA®aAS séﬂﬁatéd"NaH@@ao "ﬂ% organic
5 (m 4H), 4.20-4.05 (m 6H), 3.89 (m 2H)
pha’se Was(vmslﬁ&db with 135nd, miriddHvithANAB Quriltbidd, add %%%D%Qed under
(m 8H), 1.40 (m 4H), 0.96 (m 12H); 31P NMR (
reddced pﬁ@ssuE(aThtﬂ emcﬁzprbduﬂiwrae lpatrifibct oy &Iham:‘cﬂﬁ)matography
Exanpl e 62 Bi sphosphoam date 69: A m xture of

on giHes gﬁ%rlﬂ%M&DHﬁCmGLh’g) giyeonuphdsphiopherighi Gn0E g,
et h ester hydrochloride (0.15 g, 0.65 mmol), and
379 /@,ﬂ#ﬁdrﬁﬂ%ﬁolﬁ@ne onixtie) amd@sphmp?lonarrp@aﬁecﬁz .18, 30%))
was heated to 60 OC for 5 min. A freshly prepared
bri ght yellow solution of aldrithiol (0.16 g, 0.74

Exa@nlp le)56a nd

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 (027 g,
2.60 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freshl}} prepared
bright yellow solution of aldrithiol (0.77 g, 3.50 mmol) and triphenylphosphine
(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
NaHCOs. The organic phase was washed with brine, dried with Na:SOs, filtered,
and evaporated under reduced pressure. The crude product was purified by
column chromatography on silica gel (10% MeOH/CH2Cl) to give the
bisphosphonamidate (0.32 g, 55%) as a pale yellow foam.

Example 57 relates to Scheme 17.

Example 57

100



10

15

20

25

tri phenyl phosphine (0.20 g, 0.75 mml) in pyridine
(0.5 nL) was added to theabove reaction m xture. The
WO e@sn6as was stirred at 60 OC overni ght, cool BGI/US2004/043969
roomtenperature, and concentrated. The product was
artitioned between Et OAc and saturated Na

BisRiaA & AN EhAD A HORART O BRARDaTE A0 @ A, 0.61
ol 2 T R (Ao OF TRy it oy BT eBome (2.0
mip e e SPAIL iR L PR D RRR e dged. The
reaf it nfifjurkighas stinfa 4t 857 BerdRldouS B rdlh 16 beeRi and
CM@EE\FM%C@W&%} g?a@éjaiﬁtléae& E;Z(’é/vn%e}ﬂe]i@kc allid%g‘a{r@ced
N bt af WAL L PR fORBRIP Wi REISO Bltered,
ancPUPHREAIA hfieribied prébofle TR drucithodic P AY LRI by

pyri di ne

chrBth 86z faphy oSO £o-br&sit ol DY 18dkibE Hehbispelc 8-

sol u%o%hgf al dri t@hli)ollg(o./m g, O. %4 mmol ) and
alltiPMRIRAYP a@r(oap(rjg‘, 32% GR992279ad & s61@! TH NMRYOBTBES 7.60 (s,

(0.5n.) was added to the above reaction m xture. The
1H), &t (oo riHas.66t(hr, Aét), 80 §ad 0Ly Bel/nidght H)c dsi2qeh, t281), 4.80 (s,

roomtenperature, and concentrated. The product was
2H ) a2 (1, el 3 1961 (we &) E1 GB¢ra A AHS Rt RINMB A CR(EIR) §2@94.The

organi ¢ phase was washed with brine, dried with

Na2SO4, filtered, and evaporated under reduced

pressure. The crude product was purified by
Examplepad &g pApelrtele $demg IB.pr opanol / CH2A 2) "to give the
bi sphosphoam date (49 ngy, 63% as a pale yell ow foam

Ex (CDCk) d 7.58 (s, IH), 7.28-7.03 (m 10H), 6.00
o e TR of o o o, 1.

alar%h%Ze%l*?ylle%te(rrﬂyclzr(lg%hlo%'dle?(().?[' g7, %.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.
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:SOs, filtered,
and evaporated under reduced pressﬁre. The crude product was purified by
chromatography on ISCO (2-propanol/CH:CL) to give the bisphosphoamidate (23
mg, 41%) as a pale yellow foam: 'TH NMR (CDCls) § 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); 3P NMR (CDCls) § 20.77.
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(m 6H), 1.61 (m 4H), 1.32 (m 4H), 0.96 (m 6H); 31P
NVR (CDCk) d 20.35. Exanpl e 64Bi sphosphoam date 71: A
woreoos6@asof phosphorite acid 60 (0.10 g, 0. 30 PEDUF2004/043969
Lphenyl al ani ne i sobutyl ester hydrochloride (0.31 g,
1.20 ), and triethylamne (0.7 inL, 5.02 mml) in
ne (2.0 nmL) was heated to 60 OC for 5 mn. A

. f I br.j j it hi
ST RS L PG R o,
SR TR P25 5 R 20, 088 gt o phove 0.

mlL, 388 i) in EOALAR %;DO IALHRREAIIEE°C A5 min. A freshly

concen uct was partitioned between

re G AbW A1edoNaHeEithivg (01gana2phatsd) aws
P l%arsgﬁeéga%ﬂty% b(;li ne, dried wth I$| ag%?), ?Flte)red, and
tripBMAPPhBLSEnEN0ISH of 2dueRsholyieSsidine The mIydespdddddo the
vaalzﬁguriﬁiqumby ghromat og%phy on I-S(CO . pe
abol@ reiPPanAhdHEH2 A1) rehetigh weastshierdd silorshoroemiglzs eoqled to
ng, 42% as a pale yellow foam 1H NMR (CDCbh) d 7.55
roofrStenigdratufe 2hd/c@entnateD Hihe prailudt vas| pdyrtitiongd begyeen
broad, IH, 5.25 (dd, IH), 5.17 (dd, IH, 4.78

Exa

S )
- BtO2H) andd s Grated NI O4H he Drganic phasefyas gy@e@myitﬁﬂbrjne, dried

3.42-3.19 (m 2H), 3.17-2.78 (m 6 1. 97 2
with NesSQmfilie2ed,;a @ma’(e@mde(;)reau;gd Blle_ssg@g %\eeglb@'gie
Monophosphoani date 72: A m xture of phos horlié: ﬁﬁf d 6Q
prodset was porifiediyoshromatageamhyeontSGfP (eprapanol/CHL)to give

the %%?E%%?{a@é {5 o 45 65 ke s gt R (1510 8
7.6 e 3R yb 1 @pabidt o1 Gk 1G0T 40 Y SR 2THE R 2D,
st @ R oT" s SR E AL DR i SDre S 5
BRI T Sy R

2O.ézlc_ancent rated. The product was partitioned

Example 60
Bisphosphoafnidate 67: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol), L-

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 ovefm'ght, cooled to
room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with NasSOy, 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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bet ween Et OAc and saturated NaHC q 3. The organic
phase was washed with brine, dried with

WORS@E6189 | t er ed, and evaporat ed under reducedPCT/US2004/043969
pressure. The crude product was purified by

chromat ography on 1SCO (2-propanol / CH2Cl 2) to give the
the hispdioapbpamatatad8emer 217y as agmale yellowifaame Fid SR (CDCLs) §

7,634, T 08 ol Gt e 357 Gt (ThD). A (528 e, o, 411,
o e 5B0; s iy 2ra s i b i B 0501885170 o
T R L A G AN s s L KRR

n- butyl ester hydrochloride (39 ng, 0.21 mmol), phenol
(50 ng, 0.53 mmol ) and triethylamne (0.2 nL, 1.43
Exa ME)&Li n pyridine (0.5 nL) was heated to 60 OC for 5

m. A freshly prepared bright yellow sol ution of

) S 1 : : h .
B et PR R 1 IR a8 AR 12
amihBBugk}‘iW&:i& A iy0 Bstll Ky 8FSchldige (RES &l @84 WaRoR! fd ed
at 60 OC overni ght, cooled to roomteéenperatureé, and
trietBNEeMd @21, Ths mhed R0 A 9RRE MAIMERIG0 °C for 5
E?HOAC angI saturated Na*—%(%ﬁ%?eéqor gan?c phase was
minvas ieghly preparédbright yeltowisbiuthéh SQuIHrithiol €. 86lg, AMImmol)
evapor ated under reduced pressure. The crude product
andviaiphenylghicsphine ©R0oydt omapdly iropyH8aR (0.5 mL) was added to the
(2- propanol / CH2Cl 2) to give the nonophosphoam date (16
abowg re&8in mixtudk. aBiercactien was stirkediaed0 43 owerniglitnbodled to
foam 1H NWMR (CDCIs) d 7.61 (d, IH), 7.32-7.06 (m
roogHemeratirengnd gncebtigted.sThe poediict vA)s patigioneddetwedn
5.20 (dd, IH), 4.80 ( 2H), 4.30-4.05 (m 7H, 3.90- =
Et%csanci patugaipd NaldgOs. g"be oaganigphase garswigshed)with bgine, dried

v 0.9 3H); 31P NMR 5 21.96, 20.70.
witl%(ﬁ% flé’e)ereg, a(nrg eval]_g?orated under r(e uceci3 %)ressure. The crude

product was purified by chromatography on ISCO (2-propanol/CH:CL) 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
(m, 1H), 1.86-1.60 (m, 8H), 1.40 (m, 4H), 0.96 (m, 12H); 3'P 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~
phenylalanine ethyl ester hydrochloride (0.15 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
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Monophosphoam date 74: A m xture of phosphonic acid 60
(0.10 g, 0.30 mmol ), L-alanine cyclobutyl ester
whyasoediBori de (0.11 g, 0.61 nmol), phenol (0.BGI/YS2004/043969
1.39 nmol) and triethylamne (0.5 nL, 3.59 mvl) in
pyridine (2.0 nL) was heated to 60 OC for 5 mn.
abqweé@ﬁpfgprpfréﬁwéd beirgatiopevre aiiged @t 68 ﬁCmeamght,mptﬂd to
0. 47 [) and tri henylphosphlne (0.56
ro tsquz ﬁn FPDaeHEated. odust was @artﬂfzfpnqéeb%@@e

Et@%&%ﬁ%ﬂéﬁﬁ‘aﬁe&ﬁ&aﬁﬂ@r beiicasab RS Waghed with &?ne, dried
d t dbet Et
i EEE 88T & %@%ﬁm‘%@g%ﬁ I EE e Taeh
Na C fjl d
prfii e b gééé%%togﬁrinméiéﬁ%cﬁ@paﬁgﬁﬁ%ﬁ z?Foeawe
| -
the e tRIR A0 0TS Bl (D ans SRR SHEE MR BfEw) o
] f [ 7
7.58(1‘85?,“11;%9) 289 Bo° Oﬂ‘g %&.@g@?'ﬂ%{%ﬁ?%@,ﬁ@%f ?Q(gd(%llg?, 4.25-4.00
I ( 7 ! , . 31
(m, 8?%3.%5%&, 0gg, 3.@&03.195@02(}23641%@.7% @08[?2,]%%%?’)1, 6H); 5P NMR
(CBE(UI&s)Mi)342 30 (m 2H), 2.00-1.60 (m 4H), 1.25 (m
3H); 31P NWR (CDCls) 21.91, 20.64. Exanple 68
Monophosphoam date 75: A m xture of phosphonic acid 60 )
(0.10 g, 0.30 mol), L-alanine 7-hexyl ester
Examyie@Shl ori de (0.13 g, 0.61 nmmol), phenol (0.14g, 1.52
mmol ) and triethylamne (0.7 nL, 5.02 mmol) in
Blspmsmhmmldat@i&)A\mscthmqu:masphﬁﬁlc@@cﬂ 60 (35 mgn0.1A mmol), L-
freshly prepared bright yellow solution of aldrithiol
phe(rwlaiamgle @bmwlmﬁtﬂr)hydmddﬂorldh éMyb ghoSpmumely, endérigthylamine

pyridine (1.0 nL) was added to the above
(0. %Ié&ci #3 mlmOJOtlarré’ndlﬁé (0. ark) was heatedttoralsE far 5600 G\ freshly

over oled to roomtenperature and
preBEiRaa R el AelOB s Lramah secn

tllpﬁﬁgaﬁ)@q%g{lﬁmaet@r %t % %I)a Inol) in g?ﬁdﬁ{e%.@ mLe rx]/\;aasseadvgied 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 Na2SOs, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:CL) to give
the bisphosphoamidate (49 mg, 63%) as a pale yellow foam: 'H NMR (CDCls) §
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
(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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brine, dried with Na2SO4,filtered, and evapor at ed

under reduced pressure. The crude product was purified
whoosheasat ogr aphy on | SCO (2- propanol / CH2Q 2) PEDUSL004043969

the m)nophosphoam date (28ng, 16% 1:1 diastereoneric

ture) as an offwhite foam 1H NWR (ﬁ 32) d 7,60
BlsPhosnhq)amldaWh @wr%%phC@pb@n{qﬁa |66) (0 ] 850(39 mmol), L-
30 (.dd, 4. 78

phanyglaginggsy bﬂty#ﬁﬁ et @y@tpcéﬂiq iﬁokgisgvbzq fﬁmpnb ancl trigthylamine

OAR U B0 T 3 B MR LA
plegﬁ egg)fﬁla%f }%gg hoar?rﬂjgngmiﬁ(o mi( 3" rrn?nglf) and

trlpmeaygsﬂfggﬂw@'a% £24 1@131@@ jul pﬁgagr{; @1@?@3 WA dftfed ihe
abotvre'rg &YA %OT]S%P%HCU{) k drlr eé’(%f(; al B, % gmﬂ)ed to

eat

rooﬁ{ ’céiﬂfverléﬁiﬂe?%& %H&érﬁfht@% Thg Eﬁ%@&@cl wésgpg%tgl%ngfi)?bdétween

and tri phenyl phosphi ne

EtORé hﬁ‘(ﬂ B&tukfred NAFCQWRS Hﬁe Q@&Wﬁa&%@vﬁ&%rme dried

m xture. The reacti on was t|r ed at 60 OC overni ght,

with 00280, Hfltdrea anEepasdatdeun didredie® prélied . TAYrude
product was partitioned between Et OAc” and sat urat ed

roNalkowgs purified 19f gaontatp Wers [SEB g ropaholfCHREL) to give
P dri ed vv?th Na2SO4, fllterge and evap%?)at ed under 8

he béshiosphpasdate é94 fitpp 4294) de afprabelyellowdoampu tH INIR (§DCls) &
chr omat ography on | SCO (2- propanol /GH oCk) to give
7.58 «selerVo%zs@@ o dDH ®0Q &, i), IV, broaddil BB BR6 ¢der 1), 5.17
xture) as an off-white foam 1H NMR (CDCL) d 7.60
(dd( BH)AéHi (s72105-422%94.08 (w, 3Hj), 3.87 GO, ¢H), 3.6f (m52HY e(@:s 19 (m,
dd, | 4.78 (d, 2 4. 30-4.03 7H) ,
2HD, SYE B k7 an S 96y, LD R O gl 5531,
1.80-1.60 (m 4H), 1.38 (m 2H), 0.98-0.75(m 6H); 31P
NMR (CDCls)d 22.26, 20.95.

Example 65
Mondphosphoamidate 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
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
brine, dried with Na2SOs, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CHzCL) to
give the monophosphoamidate (12 mg, 22%, 1:1 diastereomeric mixture) as an off-

white foam: 'H NMR (CDCls) 6 7.62 (d, 1H), 7.30-7.04 (m, 5H), 6.00 (m, 1H), 5.30
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Exanpl e 70 Monophosphoam date 77: A m xture of
phosphonic acid 60 (35 ng, 0.11 mol), L-phenyl al ani ne
w@tdvgloass er hydrochloride (48 ng, 0.21 nmmol ), PEITE8204/043969
(50 mg, 0.53 mmol ) and triethylamne (0.2 n_, 1.43
ridine (0.5nm) was heated to 60 OC for

: nmol ) in 5
(i H), 5018 (b HIED), A6l 7Yy B0y B0 G, 45Dk 2B moH): P NMR

aldrithiol (0.16 g, 0.74 mol) and tri phenyl phosphi ne
(C %23@,§9/0207@-mm|) in pyridine (0.5 nL) was added to
t he above reaction m xture. The reaction was stirred
at 60 OC overnight, cooled to roomtenperature, and
ExaSONG trated. The product was partitioned between
and saturated NaHC q 3. The organi c phase was

MolEGThA e Rl A B b PESR a BGE preb i mmon
LR B OO S0 S0 el e, g5
g ML FRRSTRGHE, Ty AN o MOl LR o
0 (Tt AL, FeblldbBehly LA Mo BRLTT BT

. . & P -
TG A I B M DS ) o

addetixbuhe abbve haepbAmhik @@, dHe0reb 386 Wdd.slitrdd @ 60 °C overnight,
L- phenyl al ani ne n-butyl ester hydrochl oride (55ng7

cooled2id ool Jemphranale, &5 ogicdhtledn®hy produtirves pyttRivned
(0.2 nm, 1.43 mmol) in pyridine (0.5 nL) was heated to

betwgBer) EtOAc anhdndaturated Ne$HCQs.pThp argahib phasd wyerasived with

~solution of aldrithiol (0.16 g 0.74 nmol) and

briney dpilednylth Aepbl, fdtered 2nd@vaparstadhenden redpyed giressure. The
éo. 5 nL) was added to_the above reaction mxture. The

crugepEed e Wikspwiified by chrometagraph oni 1§10 (pusipsgol/€H:Cl2) to

. room tenperature, and concentrated, The product was

give the monophosphoamidate (16 mg, 28%, 1:1 diastereomeric mixture) as an off-

white foam: 'H NMR (CDCls) 6 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); 3'P NMR

(CDCls) 6 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
mmol) and triethylamine (0.5 mL, 3.59 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 overnight,

cooled to room temperature, and concentrated. The product was partitioned

106



10

15

20

25

partitioned between Et QAc and saturated NaHCCk The

organi ¢ phase was washed with brine, dried with
WONaRSTedsd i | t ered, and evapor at ed under reducePRCT/US2004/043969

pressure. The crude product was purified by

chr omat ogr aphy on 1 SCO propanol /| CH Ck) to give the
be%%ﬁﬁ@ém%maaa ated @@ao/&" @oxg@ugmﬁ@mrvv@shed with

bringy i WA NG, ity e Ry 7Peraes ey Taploped Fagistse: The
Cru?%l Pr%w%%u%ﬁsé Yorony éagb%g)%%w-%gand/&—lﬁh) to
glvit}fomf’ Béﬁmﬁ%ﬁ}%@%ﬁ%ﬁ%%%g ergjl;\’bi?t rgcr%li%e) as an off-
i AT 7R 08T 2o B % RIS 5o

| (@dLTRpe. ﬁ@ﬁp}qgg op ?ngb@ £55 £, I (g%;li 95 FilCal): 216 fn, 4r3),

S EhEREET 08 48 Bt S0 B0, B0 P

(C[jtmg)gsml g;qsljocaeg solution of aldrithiol (0.47 g, 2.12
nd triphenyl phosphine (0.56 g, 2.14 nmol) in

pyr [ d| ne, (1.0nL) was added to the above reaction
m xture. The reaction was stirred at 60 OC overni ght,
Exacgsik®8 to roomtenperature, and concentrated. The

product was partitioned between Et OAc and saturated
Mohaplibsphvamiideteord) aAimixpinsesel plecssphestetidv60 0.00 igne.30 mmol),

dried with Na2SO4, filtered, and evaporated under
L-alasihecediepyleesien lay drbioblaided®. 19 dufelt mwasl), hrdniol éd14yg, 1.52

chromat ography on | SCO (2- propanol/GibCk) to give the
mmebhpshigthplemiagt(e.7(mb, p2 mued) in pyrifline (3P svhewhs heated to

m xture) as an_ off-white foam 1H NVR (CDCls)d 7. 60
60 °Cfor ppin. 7A freshlypprepared brigh tselé@v(smutm) of %ldmhl(oélép 47 g,

IH), 5.1
2. 124150§501ha11@ tl(lﬁﬁeaﬂ@wgpb@eé&éé ge %14spmolhlre@yre%neu(ﬁp mL) was
addFéﬁﬁﬂ% 8% x%qr%@og fm@(%u rIllhe reactlon Was stlrred_gt 60° éj 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:50s, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CH:Cl2) to
give the monophosphoami&late (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) § 21.97,
20.69.

Examples 69 to 72 relate to Scheme 21.

Example 69
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Exanples 73 to 76 related to Schene 22. Exanple 73
Monophosphoani date 80: A m xture of nonophosphonic
wW@ei0d/06189D. 10 g, 0.30 mmol ), L-al ani ne cycl oburgl/usxb€043969
hydrochlorlde (0.11 g, 0.61 nmol), phenol (0.13 g, 1.4
andtrlethylamne(o 51nmL r(“)ain
Moaypham?r@amldﬁtey 78l TRBAVERIOR RhGp T\@elcf @ﬂidéo Hmgn0.11 mmol)
fresh are bri ght IIowsqutlon of aldrithio
L-2 (aénw%,fspr Dyl &pigT ﬂs@féﬂgﬂﬂ QZéenml)g phenol (50
) | di ne ) wa ded t
mi; Q5 BRD B ey e (2 o 48 gl eam%e 50 %@"L) was

hea@%cﬁio%ﬂ?{éfoﬁ’"' £ eSS/ et lacvo

I 1o e P e
nggae%aagg gﬁg% R PSRG & eg%%ctg@%seaﬁde% 60 °C

uri I‘OIT& ograp on

| Dt L .
R A T T
parﬂihén@d{ Béttv%e@tomﬂ DAE afH )éth%}ec?N aPIC@I. fTﬂ@bﬁ%ﬁ@%ﬂé sed(as
MR ( CDCb) 0 (s, I'H),
Was@fe@aﬁlth |Hr§)ne, 51'1@@ With Ndﬁ@@ﬁﬂ@é}e&l dand?b's)a Srablt ﬂn@ér Ke@ﬂuced
3H, 3.90 (m 4H), 3.03 (s, broad, IH, 2 35 (?
reu@e. (he c2idle prddict Mras2irifidd B chfﬁ)ma a On BC(Y(@
P 0.62 (m 2H);1131P NI\/RS(%iE:ﬁDCl 3) gl 91, 2 }ehﬁExan‘pl e 74
proBasoliCEpGhpto g[&eehBMOﬂbphosphoamodatpmuémg)m% adid 6
(60 ng, 0.18 mmol ), Lal anine cycl obutyl ester
d1a$t§1momﬂmm>dar<{)casm1 cgf,f v@hl?éfcrml 1 N (CDEs)hyT.abi(del H),
(0.31 nL 216% ridine lOITL; was heat ed
7.25% 08 6mp BH-).cr- 0G5 ( /5$Q I1ﬁ)p5é%&dédlfﬂ , i4gt® (dy 8H).oB0-4.03

solution of aldrithiol

510. 28 8 1.26 mmol ) and
(m, vH p%%W}S(Qh(%ﬁlﬁhé 62dng 41y, 34028, dhb1 3-89 .65/, iRk 1.38 (m,
21 §98-098 (b £ 985S (P 32226, 2095

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,
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
partitioned between EtOAc and saturated NaHCQOs. 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:zCL) to give the monophosphoamidate (14 mg, 23%, 1:1
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above reaction m xture. The reaction was stirred at

600C overnight, cooled to roomtenperature, and
w@eonseatisat ed. The product was partitioned betEENS2004/043969

Et OAc and saturated NaHCO . The organi c phase was

washed with brine, dried with Na2SO4,filtered, and
diagipagripatie mlmhaé} ag enoffedhie ez 51 NIMK (élﬁ)@b) P77 du(ds 1H),

S purifi chromat o on S|I|ca (5%
72%%@3/@&@5 600 P D1 B EpHEDn R el ) (8 g, 2idho o
4 o@f‘m&}‘(ﬁ 895, 5 e 6?6%3%2@“@@&5? g39?52f1§67 o B, ’(1ngok?n’1, 3H);

, 3. 40

mpf‘ﬁhb/IRKﬁﬁé)&é)(&l %ﬁ?ﬂr ?03.(313 (2?) b?ogg (ImH) 2H)2 35 (m
2.05 (m 4H), 1.90-1.65 (m 4H), 1.32 (m 6H),

0 90 (m 2H), 0.60 (m 2H); 31P NMR (CDO 3) 6 20. 70.

Exal 1€ 75 Bi sphosphoam date 82: A mixture of
—%mc acid 6 (60 ng, 0.18 mmol), Lal anine I
MSHEHORIHLIER 2% RIFLER S UBghnios S B I2nER o,

L- pﬁén amf)méé\’ﬁsm.nfﬁéﬁgr E&iﬁﬁgﬁnﬁc@é’ % n@ 2f‘n§ithgf)h%%e1}%l (50 mg,

prepared brigh sol ution' of 1dr|t

0. 53Lmzl@olma)m@?§/mmummhﬂh q&mn&eolg th Beriflinel( ozﬁxnmma

in pyridine 5 mL) was added to the above reaction

heatdk tai6®2C The5 fmeacl Reshitpreparetiasicit yeDloWssMabA i@ Aldrithiol
cooled to roomtenperature, and concentrated. The

(0.1p rg) Ordtmwes) gad tmlblherr}dﬁhbqiihvﬁé iE-2O8¢ 078 dnsal)Uhgdaitine (0.5
NaHCCt e. The organi ¢ phase was washed with brine,
mLjinias dddietitoNbe iy d rdaictpr anixdume. @m@aam@dwm@mred at 60 °C
reduced pressure. The crude product was purified by
ove fshsooom te;np’el@au@e lancl&%veemme@ﬁhmargduet whe
bi sphosphoam dat e , % pal e yel |l ow f oam
partifjonRbepesitA Y aad semratereb aﬁ@@s (Ehe m@amcsplzmse(ms
4-3.88 (m
Wasgneﬁm{thﬁ)rm drlg'c_l')mlﬂ(t Y azﬁ(q)q fﬂgrgg qubﬁl eyqq;ora@cbgn@gr reduced
presbsure The C ude1 p1905dulct %\78&18 purltl e%y chromatography on ISCO (2-
propanol/CH:CL) to give the monophosphoamidate (18 mg, 28%, 1:1
diastereomeric mixture) as an off-white foam: "H NMR (CDCls) § 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),
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); *P NMR (CDCls) § 21.89, 21.09.

Example 72
Monophosphoamidate 79: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol),

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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1.37 (m 6H), 0.90 (m 2H), 0.60 (m 2H); 31P NWR
(CDCA 3) d 20.64. Exanple 76 Bi sphosphoam date 83: A
worRoosie@asof phosphonic acid 6 (40 ng, 0.12 mMmoPQT/US2004/043969
Lphenylalanine cycl obutyl ester hydrochl oride (0. 13 g,
48 , and_triethylamne (0.20n, 1.44 mmol)
mewaS@add@d(tg the pbpverepchientatkture. Sthaycarden svas slurreﬁ at 60 °C
fre re ared bright yellow solution of aldrithiol

OVerpis ol Qﬁ%rte)maﬁ@twqf pREpnEeRIEpRHn d heprodugt was
oS Tl P 5, B, 01
was?sﬁé s P LRSS SRR Bt v recced
preRed R %ﬁ%@%&qmse%ux‘imb%?s%g@ﬁw%?%r%gﬁ“""Sefé%‘i@fa-
pro&éﬂgfgur PLES) U0l (hEERIREASHE faad TP Bl dPoRag
sl ACR o s RRE P R0

7. 2527 28 ;&1 %H§ 918, o%@g% 11({2157%0 ﬁ‘ %Pg)s ar?n (@g, Agﬁ) 34%@3_‘4"11-@04.45 (m,

1H)( m35?4HD8 gﬁ ;5%.%23.6m(m7*5h3, §3§§m( M‘I),%G-Z.%B%Ql, oMy, 1.85 (m,
1H)30P6 6H§D@19)NMR2 13C1:) 52a19p) 28077 and 78 rel ate to

)gchenngZB Exanpl e@77 Dl)lsoprJopyI Phosphonate 84: A

m xture of 4 (5.0 g, 12.82muvol) and

trifluoroethylamne (6.35 g, 64.10 mol) in CH3CN (40
Examiplesvds tplacddtadniodichantad 22n bob and heated to 80 0OC

for 4 h. The reaction m xture was cooled to room
ExampipdBat ure and concentrated under reduced pressure.

The product was partitioned between 15%veO0H CH CL (3
Mos@pwmarméat%ﬁ(? ety rmxwemsfszJmph@m}mm@acxdr@oKo 10 g, 0.30

ncentrated. The crude product was purified
m@i}, reeRigeyRlpbutyl ester hydrochlorlde (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 stirted at 60 °C
overnight, cooled to room temperature, and concentrated. The product was
partitioned between EtOAc and saturated NalHCOs. The organic phase was
washed with brine, dried with Na25Os, filtered, and evaporated under reduced
pressure. The crﬁde product was purified by chromatography on ISCO (2-
propanol/CHzCl) followed by Gilson HPLC purification (CHsCN/H-=0) to give the
monophosphoamidate (33 mg, 20%, 1:1 diastereomeric mixture) as an off-white
foam: "H NMR (CDCls) 6 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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on | SCO (2-propanol /CH2C 2) followed by GIson HPLC

purification (CH3CN H2O)to give 84 (3.26 g, 56% as a
w@2008/0aBd ow f oam Exanpl e 78 Bi sphosphoam dat BCBES2084/043969

m xture of phosphonic acid 42 (0.11 g, 0.29 mol),

Lal ani ne_cycl obutyl ester hydrochloride (0.31 g, 1.75
2yt (o0, €50dmyAE AL 96 (0 369, R20 (3, BFDrk6R (i, AED; B NMR

idine (2.0m) was heated to 60 OC for 5 min. A
(Cﬁﬁggg?}sﬂnﬁb@r-ed bri ght yell ow sol ution of aldrithiol
(0.47 g, 2.12 mmol ) and triphenyl phosphi ne (0.56 g,
2.12 mol) in pyridine (1.0 nL) was added to the above

Exd 88 tion mxture. The reaction was stirred at 60 0C
—"%%f@%m , cooled to roomtenperature, and
. t .04l N roduct s partiti.gned bet
BisfREFRRER o aoRar PR g B0 B dE R mero) 1-
. . ciad wi . ; an .
e P RIS LGB 2o 872l B e Bllamine 01
T8 6 Rl 5 {RAr i
T e ) PP AR ARl (SC for & iy 4 freghly
PHIGh el bRt akieae] (oL . gl)m@ 7. 65
prepRred e ERelp SOREL QHHPREL R P S o) g <
tripHahylhodphhe?@.34%, 1498 mudolYoh H§id2H (0.5n85 a8 adddd to th
3.7 p?d’, ﬁzme,z@s.%% (m IH),@ \ b e H),32. 30 (m e
abottdrea@idi0mixiurd Hl he teft8ioh. 08s {tifred bl 60°C SPerthitdhtSoled to
31P NWR (CDCl 3) d 20.61. Exanple 79 This exanpl e
roohe trhparaaseaysd eorcbritratdénhs pradlectants pagitidreiddbdtaren
activity. Cell types used for anti-prolife ration
EtQhc ayd bamaateddNaEC (x| The ongesiaysedeiwas washed with brine, dried
.anti -&;o[ i feration assays included six cervical
with¥aPerfiltered) and peapaatdr whderredyged poessHRY ThiPvES;
HPV-18, HPV-39), one HPV negative cervical carcinona )
proggct wep peritieddst eroreatesrardtyer silick get 6% MSAE/€Fe:) to give
ongue. Norrmal human cells tested jncluded skin
the&z SRBe ite {3 Y1 4P %) as a pale yellow foam: 'H NMR (CDCls) &
7.60 (s, 1H), 5.70 (s, 1H), 5.00 (m, 2H), 4.90 (s, 2H), 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); 3'P NMR

(CDCls) § 20.70.

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
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

111



10

15

20

25

keratinocytes, and lung fibroblasts. Skin
kerati nocytes and cervical keratinocytes were obtained
wo e@s&asbr ex (East Rutherford, NJ) and all ot PEr/US®DI/E43969
wer e obtained from Anerican Type Culture Coll ection
(Manassas, VA). Table 79-1 summari zes characteristics
EtOd¥c anyt pptveated tYgdCohd Thelargrricqdwde tasrigashed with brine, dried
_Anti-proliferation assay procedure 1, Cell culture
Wlﬂméiazégmlt@r%t%%‘@Wé%ddmdw@dﬂp% REesgaTergl e Giyslen,

prodogo esprE Ry mAtepeRY i 8hice sF1 G BTG to give
the BiybhosRotbiatn K 85, 22 8 & rlls P ip gy B SRR (B 5

7 R Ra ) St L AR SRt % (R ARae it I 4m,
o748 Rl P18 o WG TR e Bl et 8 p 16D,
L R 0, B N PG D T

treated with 10%trichl oroacetic acid at 4C for 1 hr,
then washed with water. This procedure all ows

Exaﬁlbmerived proteins to bind to the bottom surface of
plfates. Proteins were stained with 0.4% Sul f or hodam ne

Bisphdsphbieradkiss: achdxfuae &@hﬁb?ﬂbﬁ%aef@& &40/\1@@, 02 mmol), L-
extensive washing with 1% acetic acid. Remaining dye
phehglaighihe ciytiebhotltestar by dpoeilesidedS.1digs §@Bathaly) and

. 1OnMIri zma base. This generated purple color that was
trietiydarnirfe @ROpLykds uninod) inhpyradise(Bamk) wtas hiedteduo 60 °C for 5
~wavel engt h, using spectrophotoneter. 3. Data anal ysis
minkr/y feshly eseperédrbright yelkaw sobitimodiadritlviob (. B gdh8z mmol)
curve was generated L
and triphenylphosphine (0.22 g, 0.85 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
with Na2S0y, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on silica gel (5% MeOH/CH:CL) to give
the bisphosphoamidate (20 mg, 22%) as a pale yellow foam: 'H NMR (CDCls) 6
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,
4H), 3.68 (m, 2H), 3.42-3.19 (m, 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, 2F); #'P NMR (CDCls) § 20.31.

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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and 50% effective concentrati on (ECso)was cal cul at ed

usi ng GraphPadPrismversion 4.01 for Wndows (G aphPad
w®odosmed1ey San Di ego California USA). Tabl e 79pdr/usmbi/ 043969

types used in antiproliferation assays Culture Nane

HPV status Oigin nedia* HPV positive carcinoma cell
reagtigreBomb\aribhaited to 80 2Cdopt bs Therresetion miyuuaoves celled to

carcinoma in cervix Al HPV- 16 Epi der noi d
roogateémm@fﬁﬁﬂer?étda%qrw@tra@ai Ismer@@dgcgg pressuper Theprgdugs was

ntestine fro X A2 HPV-18 (al so

parfiansd Beseghis bl ﬁb@%% o i ceiegowih NaxSOs
. ast sed g I h node.fr cervi x Al.
6ltef5 S psomTi ot e Prkle BEachioh Bieg HiGHC< Y EBramAoAzaphy

on BS B Ml Rty BRI hEiBHOR om -
(CHEENTFEOR offs S0 B SR R R oo 1 om

cervix Al, A2 SCC-4 None Squanous cell carcinoma in
tongue Al. A2 SCC-9 None Squanpus cell carcinoma in

Exah@flgyg Al, A2

Bisphosphoamidate 85: A mixture of phosphonic acid 42 (0.11 g, 0.29 mmol), L~
alanine cyclobutyl ester hydrochloride (0.31 g, 1.75 mmol), and triethylamine (0.52
mlL, 3.67 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, 2.12 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 NaHCO:. The organic phase was washed with brine, dried
with Na:50y, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:CL) to give
the bisphosphoamidate (97 mg, 54%) as a pale yellow foam: 'H NMR (CDCls) &
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

This example teaches assays used to demonstrate antiproliferation activity.

1

Cell types used for anti-proliferation assays

113



10

15

20

25

Cell's fromnornal human tissues HEL299 None
Fi brobl asts in enbryonic lung Al. A2 PHK (skin

weraned1eryt es) None Keratinocytes in adult fore€FkKEI904/043969

Bl, B2 CK (cervical keratincytes) None Keratinocytes

in adult cervix Bl, B2 * Culture nedia Cells .were

mai hivanarecanaer heliines tieetl imantbaroliferatiorBI3Gayk included six cervical

5CC2,in the following culture nedia. A : Mediumfor

cul €are@monea erlblinerowiththepestypesOhi Y EdPVela HPV-18, HPV-39), one
herford, NJ) supplenented with

?g? Cagégféwex er%g%téléam ICINORM ¢l Uﬂ%ﬁnaﬁgpwob@mﬁn@ﬁm-hke carcinoma

gﬁtn réiILHn%eﬁaW% O%éﬁ%@n celeRIeRet Dided S Kerasmees, cervical
8Cﬁ%%;w iR rBlasy A RerAlipeTE i) sfcvical
ié:%%’f%?ﬁ%&tgs @E/ﬁe\m%&gﬁﬁ, C%%ﬁrg% Z%%S II%&Eer ord, NJ) and all other
I PN e -
uni Taﬁfl@?@ﬁ%ﬁﬁfﬂaﬁz@s Fﬂ&%ct]eggtl@[)f%a&t Jj}ﬁ%&%ﬁ%l@% gpnditions.

Medi um f or antlpr0| erati on assays ure

andAAR-prBBEthtiSn heseSehRELHNR: ant prol i feration
act|V|ty of the am date prodrugs in HPV positive SiHa

cell.s canglargl@um th normal fi brobl asts.
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
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
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
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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The goal was to discover a conpound that inhibits
grow h of HPVtransf orned |esion wthout affecting
worseée1gel | s in epiderm s and derm s (such asPCT/US2004/043969
keratinocytes and fibroblasts). In vitro
antiproliferation assays were setup using S Ha cell
an@®Prisf vemsidre4. 0o Wingdewis (Qmphl?%ﬁ%@f’%@ﬁ% éiap@},egﬁ C}Mornia
normal fibroblasts, respectively. SiHa cells are
deliSA) from squanous cell carcinoma in cervix caused
by HPV-16 infection and HEL fi brobl asts are derived
from normal human enbryonic lung (Table 79-1). As
A 2 ncentration
T B e S cel I
ranged 0.13 - 3.2 nM while ECsoin HEL cells ranged 12
- 727 n\f indicating that these conpounds i nhi bit edCulture
‘MN&he f eriat i onpeistatusla cel'l's nore ef®iiginent|y t han [HBtedia®

Cer's. HEL/ S Ha yp§f §6ditiveé Ercinbify céifithes-Csodi vi ded by

Ll

SrHa—EEs qugeu from 72— 559 (Table 79-2). AT skven

ag]ﬁ,_mp 195L 4 C 9 éd“u% Q%elﬂ?ér@ah@ﬂn’atl@ cervix | A1, A2

"YHPVHB 5 ZRétakassdvEs
k%ogﬁt oln 0%bp|es 539 Has tthaﬁ'int tme%%ﬁwglemx A1, A2
wor e michRVaBor than tHose of Che prodrugs (Tanl o

abl e
79-2), | %SO%#%{a' at gtg J}m% gm%é@sﬁ%@t es
il\”ﬁ‘?fﬁ‘fd iy, Further higeSRl ectivity a1 A2
- Beba ig \/ oL ':-78”,, E’pltﬁkﬂ V@gglﬁ?ércﬁ\%a incervix | A1, A2
oot ugs| RRYe!%et t er sel ﬁlrgmpna Iy ceryix 'VLP'“VHL_I,%%P an At, A2
cpr PVEDAP has better : F’:ﬁ/j \A° © e
RBBxB0 o] HBVpdths phor vt ot 08 st el PG TS| a1, po
chai n-t er mi nat i KRV, Regative garginoma Gall esyn oot e ase
[ Conpton|et alv Carcinoma, metastased to lymph’
HT-3 None node from cervix A1, A2
SCC-4 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

* Cuiture media
Cells were maintained in humidified incubators at 37°C with 5% COz, in the
following culture media.

A1: Medium for culture maintenance: Fagle 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 streptomyecin.

A2: Medium for antiproliferation assays: Fagle 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), supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 pg/mL
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1999; Haste et al., 1999]. Four known DNA pol ynerase
inhibitors (Cdofovir, Ara C, doxifluridine, and

wao\ptsdecasd i n) and ot her anticancer drugs w th BCT/D820041043969

mechani snms of action, including DNA topoi somarase
i nhi bitors (Dacarbazine, Ellipticine), DNA al kylaters
reexhinaneepidennabgray thofaetor Bl (omgits/mL penicillin, and 100 pg/mL

hﬁegdo@nﬁﬁhanm ne), and tublin inhibitors (Vincristine,
B2:\1Q/I@ ﬁfi‘ﬁ

Y o PO B B, ARl B AT o

ECsoof these conpounds in SiHa cells varied, and sonme
5 Resylhs m

10

15

20

25

e equally or nore potent than the seven am date

pr ddr BelectiWoaetipelEsstioal dctioftytdfehe axtidbict@ddpags in HPV

HEL/ Si Ha selectivity indices (0.01 - 3.98), conpared

wi t h phsitivevéda arilsletre pprastiwitdisnorfiak dibrobhstsher , a

uni gue set of conmpounds were taught, which shows

s ubthecgpal wasrio disestvier ercanipeurECE It irEits growsh of YBV-

SiHa carcinoma cells and greater than 50 fold

selteansteumgd Iasion wémont atfeqingnermal ¢adlsinlepsdermig and dermis

o1 GBHILRS KToHPUCBR LA P SpEtsbe & iogmstraliag o assays

28:&%@%@5; hlsﬁ%? i aSC@ Epﬁé&?ﬁ#cé]&%, S»zltpjﬁﬁg;gﬁél I—?f’Vt-tI;aensformed

o BRShi A OB, SFRE MERS 05LT @0 ol 0 B

g T O e I

985000 e 0 (RSOGO BR RS RS-,

o Rk K SRR 8 Y e
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 ECso divided by SiHa ECso) ranged from 72 — 559
(Table 79-2).

All seven amidate prodrugs produce the same metabolite,
cprtPMEDAP. 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),
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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the control conmpounds PMEG and a DNA pol yner ase
i nhi bitor AraC (Table 79-3). Thus, the prodrugs

w@e@bee@asd i al |y inhibited proliferation of HPV-RGI/US2004/043969

positive SiHa cells, conpared with nornmal

keratinocytes from skin and cervix. 3. -

Ant i pr ol PMEG{s bnowattpetphosphardatest tolMELpy thajects as a
cells . The seven prodrugs were then tested in five

addF A BriaTm RRPng TRt afico Ular N HP Y Piageel§-ompton et al.,

ot TR R Bl chatonDads st kravanb N A pelighbrascinhiviiere 4

o RS S B el KRR AT e
vl Witk s miRapists Sfiory b PLEA f8uispmarase
cor oS IDRLABaL, AR D NSRRI 0O Sl
VeI ohs BRCRLAIS MBS dhaimidd) Shd D hiBRts
CONMAHAGs A G ik BINAHRS MBBHESE, iﬂH‘H&eﬁRfc}ne? i diR ftgétgﬁ in SiHa

inhibited afll cell [i'nes W th ECsoval ues fangi ng

25 TartMHEL ceMRYTRPRI 7B o 1hi@ G éravibhi TS5 b HEY comlpounds in
negati ve carcinoma cells To investigate the effect of

t heSithanqedly vdsiednatiP YoRrgabie@eHy Griaste f6leht thdtege seven
three cell lines (HT-3, SCC4, SCC9, Table 79-1) were

t esamaitidtepaodiugso N dresthéless) atsgaliem AsilsibaipobnHEASG®Ia

79-4, all seven prodrugs were equally or nore potent

t hageledbizitydntlices (€0hp@a%), cdmagarbdbivigh TBe ReveéBedmiddte @rodrugs.

i nhibition of HPV16+ SiHa cells conpared with HEL

fi br obl akakenAngethes) 4 faigre sshoEGB0pOuMls Beire tauglitt which
shows sub-low nM antiproliferation ECsin HPV-16 positive SiHa
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

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 ge&en prodrugs in PHK and CK were lower
than those in HEL, indicating that keratinocytes are more susceptible than
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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(HEL/ Si Ha) Si Ha cervical carcinoma HEL |ung fi brobl ast
Conmpound I D. Note (HPV16) A 72 0.6 43 B 559 1.3 727 C

wa1®s5066489 23 D ' 135 3.2 431 E 164 0.50 82 F Z2HOI/BSZH04/043969

526 G 92 0.13 12 Controls cpr PVMEDAP Metabolite 17 284

4821 PVEG Metabolite 4.1 207 861 AraC DNA pol inn

0. HBVsEpositivy ddlavells, ompastd with nongderatinggses from skin
Doxi f] uri di ne DNA pol inh 0.449 8755 3927 Aphidicolin
(+)2ONETB i nh 0. 40 856 324 Dacar ba-zi ne DNA topo inh
3.98 7402 29481 Ellipticine DNA topo inh 1.02 478 486
Doxorubi cin DNA al kyl ater 0.43 9.76 4.20 M toxantrone

R S LT

The seven prodrugs were then tested in five additional cell lines
derived from HPV-induced cervical carcinoma (listed in Table 79-1) in
antiproliferation assays and data are shown in Table 4 along with SiHa
data. In SiHa, C-4lI, and MS751 cells, all compounds except Compound C
showed sub-low nM antiproliferation ECs. In CaSki, Hela, and ME-180,
however, all compounds were significantly less potent, with ECsoranging
7.8 —410 nM. There seems to be no correlation between resistance and HPV
type (16, 18 or 39), or resistance and metastatis (CaSki, MS751, and ME180
are derived from metastased site). The control compound AraC (DNA
polymerase inhibitor) uniformly inhibited all cell lines with ECsovalues

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
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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Bl eomyci n DNA al kyl ater 0.01 3138 20.28 Vincristine

Tublin inh 1.55 1.24 1.92 Vinblastine Tublin inh 0.39
W@2®8/06:187 Et oposi de Tublin inh 0.31 469 144 | PCIEHOSRD41@13969

Tublin inh 0.27 588 159Table 79-3. Sel ective

i nhibition of HPV16+ SiHa cells conpared with primry

kerati nocytes Antiproliferation EC50 (nM Sel ectivity

Sel Ealblevioty, St inhjbiliCHoSHIRY 168 $idlLedlicepared with HEL

car gj,

HK skin CK cervical

ker

ati nocytes

kerati nocytes (HPV16) Conp ID. Note A58 11 0.6 35 7 B

75 A2—1-3-98-54-C 4706200814 ? 12 7 3.2 390 22 E
10 11 0.50 5.2 5.4 F 31 3 2.5 78 7.1 GudgoimnioREchs nmy 9
1.9 Controls cpr PMEDAP netabgh%@ﬁw%E 2.4 284 3698 694
PVEG netabolite 0.48] 2.4 207 | Helsibh)] SiHa cervical HEL lung
carcinoma fibroblast
Compound ID. Note (HPV16)
A 72 0.6 43
B 559 1.3 727
c 115 0.20 23
D’ 135 3.2 431
E 164 0.50 82
F 210 2.5 526
G 92 0.13 12
Controls
cprPMEDAP Metabolite 17 284 4821
PMEG Metabolite 41 207 861
AraC DNA pol inh 0.113 257 29
Cidofovir DNA pol inh 0.3 84013 27952
Doxifluridine DNA pol inh 0.449 8755 3927
Aphidicolin (+) DNA pol inh 0.40 856 324
Dacarba-zine DNA topo 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 hydrochloride { 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 Tublin inh 0.31 469 144
Indanosine Tublin inh 0.27 588 159
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AraC DNA pol inh 0.57 0.4 257 147 107 Table 79-

4.

Antiproliferation activities in other HPV positive and
WOe@anse189 car ci noma cells Antiproliferati on EQBOI/{829p4/043969

in Antiproliferation EC50 (nM in HPV positive
carci noma cells HPV negative carcinona cells Si
CaSki HeLa Ms-751 C-41 Me-180 HT-3 SCC-4 SCC-9

Ha
HPV16

HPW‘@eH@XégSéTE’&ﬂx& i;lg&ﬂi&oﬂ@ﬁfm"éh&wﬁ"ﬂh enljuempargdevith
1.7 6.5 27 14 17 40 B 1.3 246 410
1859%“ kig‘ﬁﬁ%%’?50002038766054107895

2.1 2 D 3.2 301 3981624

TO—ZH 8812744147 E O

19 2.40 3.1 27 17 8 1B F 2.5 (124 127AdudRfe@tioOER (n@4 10

5038

28 G 013 28 12&9@% koivdy 6.0 21 7.9 Controls AraC
257 94174 144 @2&HED| (KIHaY 4 68a Exaapl € pBRskin CK cervical
Antiproliferatfion assayAnti | F3C ' inocyte
ﬁy I prio Hlﬁlﬂ? i D Merdis®ASES keratinocytes
ceasur ¢ efidect]| of conmpounds an nr ol 'fetationofl_
cultured cells|. Astive cdipounds §% antipréiiferatidn
assays|may be [cytmstatic 4inhibit'Tel |l |di vPSion 54
an%/ or cyE ocidal gkiTlT cetls)|. Byzperform og 1.4
all:.D: Prof ',4' erat{ o, ASSays gsing HPé/z positivey car Ci noan
ce S n narand r\nl | :
uTu o el *CTr P, VW | —Iold 5.2 5.4
F 31 3 25 78 7.1
G 22 15 0.13 2.9 1.9
Controls
cprPMEDAP | metabolite 13 24 284 3698 694
PMEG metabolite 0.48 2.4 207 101 501
AraC DNA pol inh 0.57 0.4 257 147 107

Table 79-4. Antiproliferation activities in other HPV positive and negative

carcinoma cells

Antiproliferation EC50 (nM) in HPV positive carcinoma cells ﬁgﬁ\l/p ggzﬁ}?g;fgsgrégl\g)e;g
SiHa CaSki Hela MS-751 C-4l ME-180 HT-3 SCC-4 SCC-9
HPV16 | HPV1E | HPV18 | HPV18 | HPV18 | HPV39 cervix tongue fongue
Comp ID.
A 0.6 29 16 1.7 6.5 27 14 17 40
B 1.3 248 410 18 27 254 104 53 150
C 0.20 3.87 6.6 0.54 1.0 7.8 9.5 24 2.5
D 3.2 301 398 16 24 288 127 44 147
E 0.50 38 19 2.40 3.1 27 17 ) 13
F 25 124 127 4.2 6.0 44 24 10 28
G 0.13 28 12 0.9 3.1 8.2 6.0 21 7.9
Controls
AraC 257 94 174 144 123 101 214 74 68

10 Example 80

Antiproliferation assay
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conmpounds that selectively inhibit proliferation of

HPV positive carcinoma cells conpared with cells from
wmorosmbe1BuMan ti ssues. Table 80-1 summari zes PCT/US2004/043969

characteristics of each cell type, including six

cervical carcinoma cell lines transformed by HPV,

nor AatiprOkiferRtiN assRES Brdagors eféect oPEpNpoands worpmlifératign of |

fibroblasts (HEL). Skin keratinocytes were obtained _
culfyrgdh celpnAckve eagpormdsdn paEgroliferation assaymaraydes pygostatic

(i eIy At Porb (Rt PesmpDIng Ariproliferation
assuf e Fip Lihestf3Sesein g e Frgbontl e laae mag on
B S P AN SR B e
ot 2R SRR biShn ARb] Rl FRURE, Tis ab Shfetids °3
RS A STl TR S s
traﬂgéféfrﬁ@d PY ASriner ﬁuﬁ%ﬁisﬂﬁgk&aﬁﬁo%%%%%P%@@ ﬂ@ﬂh@ﬁung

in 1%acetic acid for 10 m nutes, d
fib1RBl RS (NEL YV Rar i dtyldd RERL biStaffektroRa R BEOYFd%E

bound to the bottom of “plates was solubilized In

Ruth@aFdj XiR Aldseherdens alre BBtRHED FRnE AlBéricdd T EHs Tttt
the color (proportional -to cell nunber) was

Coltpction (Macdchskys, Megdsuri ng t he absorbance at 510 ran
wavel engt h, using spectrophotoneter. Cells wthout
dr ugelis watadettcliedd GO clinfectladis asjngairgpsie) teuritedpded plated
with 10 nmM col chicine (cell division inhibitor)
in Y6=wellgrbuie pleded @AY- 1M eellggred veadl, depending, ont cell type). On the
det er mi ne % nhi bi tion. %inhibition values were )
nexp dgyt(dafingrhpndey Obdpiels deddrdibrions ofmespdundsedetoadded in
[ i dal dose respaonse curve, from which the conpound

duril%%g VeN Y Stakier aFldéfirreal eanpopRds icqubivae phites wese bipated
B Englvastet et neg, G aphiad Pism versi on, 4, 00
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
bound to the bottom of plates was solubilized in 10mM Trizma base, generating
purple color. Intensity of the color (proportional.to cell nurhber) 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
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% (= ECso) was
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Diego California USA) was used for the curve fitting

and ECsocal cul ati on. Apoptosis assay (caspase 3
WO pabaoed1en net hod) | nduction of caspases i s oneCDiS100€043969

early events associated with apoptosis or programed

cell death. Caspase activity can be quantitatively
deteimnivete GraphFgd rison ¥srsdon 401t VandowsdfyephBbad Shéiware, San

directly act on the apoptotic pathway % i nduce
Diegg&paidarnip U Aeivas nged {prdhe curvedtibeg ansh Epercplsglation.
(<24hrs). Conpounds that disturb other cel
physi ol ogy, which eventually causes apoptosis, may
reoUJre | o oer [ qd (>48hrs) for
NS SESIAgs GORHIOEY | o mere plated in

ure lates a

d, wi .
serT“ﬁPCfaﬁgﬁLl‘ ol FioneSe T St bl 285t tppcvidley Syiinpgptosts or
proprelEl B PR B e SRR D Phtctod woine

ﬂuoggécghglﬁﬁ'[?stf%o. E%chsﬁ%ﬁg fre(s,‘tlf( %?tt&ig{é %’}posé’cé:ﬁg gﬁ'il%ay may
md&ﬁég&% X\y??éhfﬂ/&? s%fmgﬁbgﬁ&p?leﬁﬁa kﬁ‘h&? Compounds that

sphat | serine’fromthe Inne he ce

distu®b bﬂ?er%ll?}%ldlé j& REhRh év'@ﬁhleﬁgf ERIskY a Ws%r Hﬁgf Rhfiire longer

events associ‘at ed th apoptosis or pro

incd@aidh pdridd 8H48dats r@ﬂ@ﬁ&i‘tﬂ{bﬂéﬁsgﬁéé.ne can b_e det ect ed
by i ncubat| ng cel with FITC | abel |l ed Annexin V,

WhilQD00seHs Gaete plietpe il 06twdlhaslphie! platad-didnigiciBated with 5-fold
protein. Wien cells are stained with Annexin-FlI TC and

seripk @i donswf adhpeutadhiont24stsiamsl Helars. c@dllssyerd lyvel ard bstivity
are negative for both dyes, dead cells are positive

of chgpashban kell Wydakes wppheasured elsingg Hnergsositt substrat, yedoading to
Annexi n-FI TC. HPV- 16 SiHa cells were cultured wth

the prpradadiuf¢rés mstructng énaspased assayfkit dinsbendslifrerp odis oliN)7
days and sinmul taneously stained with Annexin-FlI TC and
propi di um i odi de. Staining of each individual cell was

exam ned by fl ow
Apoptosis assay XAnnexm 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
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 apoptotfc cells are positive only for Annexin-FITC.

HPV-16 SiHa cells were cultured with three different concentrations of
compounds for 3 or 7 days and simultaneously stained with Annexin-FITC and
propidium iodide. Staining of each individual cell was examined by flow

cytometry.
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cytometry. Results Selective antiproliferation activity
The purpose of this procedure was to identify
Weowpoees that inhibits growh of HPV-transf oreEts2004/043969
| esion without affecting normal cells in epiderms and
derm s (such as keratinocytes and fibrobl asts).
Re?rﬂ@?efore, conpounds were tested in SiHa, PHK and HEL
cells, which nodel HPV-transformed cells, nornal
kerati nocytes, and normal fibroblasts, respectively.

epr esent ati.ve conpounds of the present invention,
S—egﬁﬁ%e—%m%gm Tabl e 80-2, showed detectable
f i lif ti tiyity in SiHa cells, ..
w t RS EOrRPrLe PP iBaLH Fastor %@yégk?%@smg eHinbivis
' d .S0 test n, .
e T Rl bl R AN R

on BGRB8 K L RN, B 5L Koy ver

tesd ilnCSlPR'lt, P;’-IK, HEk, &8s Yﬁzhicg B9He Hgéf—g%ormed cells, normal

nucl eot’i de/ nucl eosi de anal 0gs, suc

; NPABER I YSIOR ' a- C (cytarabi ne,
e RV XS, o506, 8- 4) i ¢

not Represtacike TBhARIUNsl of thEPE&ehk Bty iR swdPagBioRe tisted in

the active ingrediient of the anti-wart drug Condyl ox,

Talalke$0-25 bhowdd rizteehisleievdls wf Fgentadhl a‘éﬁvpc?(iﬂ Silda cells,
conmpounds of the present invention, such as those

withi 1% dffectiviatireeftraBon ({BGsRtsh Widr 25000 AMIOAEL ¢@8@Bpounds
the prodrugs were nore potent and in sone cases, nore

wesehlge tesied trhbiiLt ¢edisr Inedmasts, B€sparlBL celispaye tighethRan ECs

maj ority of phosphoani date prodrugs were nore active

in ﬁ}éi el dadicps t hedadtiviespmXakets inbgstddeproliferation of SiHa
C ounds were identified that possess sub nM

cells more efficiently than HEL cells. Other nucleotide/nucleoside analogs, such

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
listed in Table 80-3 show activities. In most cases, the prodrugs 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

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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antiproliferation ECsoin HPV-16 positive SiHa cells

and greater than 50 fold selectivity when conpared
WOwak/o6HB9 ker at i nocytes or with HEL fi brobl astBCT/US2004/043969

Antiproliferation activity in other HPV+ cell

| i nesSel ect ed conpounds were also tested in five )
ad dieleased compornds fesre@dsq tesiedrindinemdifigaakeed lnes derived

S PG I E LA o
comppgach showgd gétiesest ,iev : ﬁ’éﬂ%\?ei?ithtﬁé&%e%l 15'}?3'

resP i oG b b e 0N af B fbditnein
SiHa eV o Gt By Rl B JPRRE SRR B Eadit (ePv-16)
Heb SR U AR PRSI0 | S er e noubat ed Tor

72 hrs (solid bars), significant dose responsive
i nducti on of caspase was observed, indicating that the

' 2GS .54 o89-1). Induction of

Iww%wl__nd%%ﬁs‘b@g 2 %gga%?ggéa%céﬁh%tﬁr ?ncubati on (shaded

barﬁ)regf@eﬂﬁﬁiv@‘%bnﬁk&ﬁ{d/ 8L prlasaft ihvehtisiuakiteited dat a

not shown). Induction of apoptosis (Annexin V staining
indRetiBAGY a? fasiNB-SiWel @l OpVherPMIRARerctindubated for 72 hrs (solid

representative conpound of the present invention were
barb) siggtfiedntidise eegficrisreciniduction ef icagidasonegs dierved, indicating

i nduction of apoptosis in SiHa cells, using Annexin
thaViiy aphgbund inodickel apptbeissFigume 6G-Weltbitionaefiragpase was less

t hree conpounds, a greater percentage of apoptotic
obviels svitted®ho bsmbatan dshatted arshaind aap @t oprerved with 24 hr

af orenenti oned representative conpound of the present
incithegon (datawes shéwmyost active in inducing apopt osi s;

on day 7, 63.8%of cells in the culture treated with

0.2 nmg/ mof this conpound were apoptotic. In

Induction of apoptosis (Annexin V staining method)

PMEG, Né6-cyclopropyl PMEDAP, and a representative compound of the
present invention were tested at three different concentrations, for induction of
apoptosis in Sita cells, using Annexin V-Propidium iodide double staining
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 pg/mL PMEG and 0.5 ug/mL Né-cyclopropyl
PMEDAP oniy had 1.2 % and 15.9 % of apoptotic cells, respectively.
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contrast, cultures treated with 0.2 ng/nL PMEG and 0.5

mg/ mL N6- cycl opropyl PMEDAP only had 1.2%nd 15. 9%of
waposvetiBr cel l's, respectively. Tabl e 80-1. Cel PCT/Yfm84/043969

used in antiproliferation assays Cul ture Name HPV

status* Origin nmedia** HPV positive carcinoma cell -

lines Si Ha HPV-16 Squanous cell carcinoma in cervix

TabI%]SO-ﬁZCEHitgfésF@ééa i@afrtiprolferafieh asdgsed Ca Ski HPV- 16
to small i

: estine fromcervix Al. HPV- 18 (al so
coft a%:ﬂo g partiat HRV="Eprdermoi d carcimoma, - | Culture
ast ase 751 45 ’—lenon“e tool .node fr SV X o
aNamg” St dETONe) Lo LYEpiyipode 1T om el infedia

Aacdalsa Al N AR
LILA 2 I L@ 8 uucnuunl LT 1rorrer 11 CEeT VX

Al. A2 C 4 | HiPYepasitive ganginoma celllines; Ao

£

EpSither moi d KRYelfonm, | fevamous e6ll DErCIBemepycen/ix o | Al, A2

oment um frjom cer vi x AlEpid2raeid cartinomay onetabtasedan
t cassigs HELUA®9-1®ne Fi for srblasttsstine feofrgeovike | ung |A1IAT, A2

A2 PHRK(SKigpyef@t i nocytes) none Keratinocytes in
adult fore¢g Bl. B2l * The subtype of HPV DNA

. l :
i nt egr at edsﬁmtémg aceI ul ar DNA.
partial HPV- | Epidermoid carcinoma, metastased

MS751 45 genome) | to lymph node from cervix A1, A2
HelLa HPV-18 Epithelial adenocarcinoma in cervix A1, A2
C-41 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

* The subtype of HPV DNA integrated in the cellular DNA.

** Culture media
Cells were maintained in humidified incubators at 37°C with 5% COz, in the

following culture media.

A1l: 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 peniciilin,
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),
supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 pg/mL recombinant
epidermal growth factor, 100 units/mL penicillin, and 100 pg/mL streptomycin.

B2: Medium for antiproliferation assays: 4:1 mixture of B1 and A2.
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** Culture nmedia Cells were maintained in humdified
i ncubators at 370C with 5% CQ2, in the foll ow ng

weuose@asedi a. Al: Medi um for cul ture mai nt eneCDES2004/043969

Eagle MEMwith Earle's BSS (Canbrex, East Rutherford,
NJ), supplenented with 10% etal bovine serum 2 nM

gl utam ne, 100 units/nL penicillin, and 100 ng/ L

TalsleSOm. OAmﬁpfbliféfatid&Bthwﬂgf SNeRubptiRltbd PMEDNP RSHRY3 6+ Sita
S, supplenmented with 5% fet al

celFP M LB €S B

ovine s
and 100

mai nt enance: Kerat | hocyt
CA), supp! ement edRwg AR

extract,
f act or,

streptonycin. B2:

4:1 m xt
activity
and HEL
one of t
indicaté
forns a
1- butyl g
2- met hyl

erum gl utam ne, 100 units/nL penici
6> SFM (I nvitrogen, Carlsh
B1 ng/ mL bovi ne pituitar
0. 001 ng/ nmL f%econbi nant epi dermal growt h
100 units/nL penicillin, and 100 ng/ nL
antiproliferation as
ure of Bl . Tabh\e 80-2. Antiprolifer
of Nb-subBtitutjed PXEDAP in HPV16+ Si Ha

N-heterocyclic ring. t hyl am ne ropyl
m ne di net hyl am ne net hyl et hyl am ne

ro -ani ne al | amn
the%%“ il's hymogen, and %J(Z is one o?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-jsobutylen amine

cyclopropylamine

cyclopropylmethanamine

1-cyclopropylethanamine

dicyclopropylamine

cyclobutylamine

cyclopentanamine

cyclohexaneamine

cycloheptanamine

cyclooctanamine

diethanolamine

2-ethanolamine

2-propanol amine

1-amino 2-propanol amine

2-methoxyethylamine

B-aminohexaneamine

3-aminopropylamine

2-dimethylaminoethylamine
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2-propynyl am ne 2-butyl ene am ne 2-isobutylen am ne
cycl opropyl am ne cycl opr opyl net hanam ne
wa2@p0bagy opyl et hanam ne di cycl opropyl am ne  PCT/US2004/043969

cyci obut yl am ne cycl opent anam ne cycl ohexaneam ne
cycl ohe

ptanamne cyclooctanam ne diethanolamne
2- et hanglani ne 2- pr oparfote*amtepine ani no 2- pr opanol
am ne 24net hoxyet hyl am neergylaminaohexaneamni ne
3- am nopr opyl am ne methylbenzylamine _
2- d|nethylan1noethy|aumgﬁgigﬁ%@ﬂgﬁgan1ne benzylam ne
met hyl benzytam e 4= ary; ﬁh‘éﬁﬁé’tﬁgﬂaﬂ{fﬁ e
2-pyridinyl 1-methanamine
3-pyridinyl 1-methanamine
4-pyridinyl 1-methanamine
1-naphthylamine
*pyrrolidine (N6 makes pyrrolidine)
*piperidine (N6 makes piperidine)
*morpholine (N6 makes morpholine)
2,2, 2-trifluoroethanamine

Table 80-3. Antiproliferation activity of phosphoamidate prodrugs of N6-
5  substituted PMEDAP in HPV16+ SiHa cells, PHK keratinocytes, and in HEL

fibroblasts
ﬁm

K/ /Y‘lB
\/

Y1A
where R*! and RX‘? are substltuted 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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2- phenyl et hanam ne 2-pyridi nyl
1- met hanam ne 4-

3-pyridi

nyl

1- met hanam ne
pyri di nyl

1- net hanam ne

wa2008p6418y1 am ne *pyrrolidine (N6 makes pyrr ol PCi/N8)004/043969

*pi peridine (N6 makes piperidine)

“nor phol i ne (N6

makes norpholine) 2 2 2-trifl uog e
80-3. Ankiprol i Pbe-Relbn activity of At8dWhoani dht e
prodrugs| of N6- ®udstituted IPVEDAP ikheHRV16+ Si
cells, P ker at PROBYt es, and i n HElPHeiduw obl asts D H\
H2N N N D g 1A V\ﬁ%rlgqul and|R 2 |ar|1¢,§1,m§t|tuted as
depi ct edi-+A—the—tormuta—and YA = dBare
substituLed_avclJmH%teu, g ’\y}Ba.u.P@rDC
OiPr O|Pr Ala-EPPAla-Ft Al-pr AlLpMe
OPh Ala-Et
OPh Ala-Pr |
OPh Ala-iPr
OPh Ala-Bu
OPh Ala-tBu
QPh Ala-Hexyl
OPh Ala-Octyl
OPh Aba-Et
OPh Aba-Bu
OPh Aba-cBu
OPh Aba-Octyl
OPh Phe-Et
OPh Phe-Bu
OPh Phe-iBu
OPh D-Ala-Me
7
H\N
Wﬁ%
zN)‘\N/ N (i Y18
e K
ST Ny
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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Ala-iPr Ala-iPr Ala-Bu Ala-Bu Al a-cBu Al a-cBu Al a-cPen

Al a- cPentyl Al a- Hexyl Al a- Hexyl
wo\bmsmeo18ba- Et Aba- Bu Aba- BuAba- Cct yl

Al a- Cctyl

Al a- Cctyl
Aba- Cct yPCRPIS208L/043969

Phe- Et Phe-Bu Phe-Bu Phe-i Bu Phe-i Bu Phe-cBu Phe-cBu

OPh Al a- I\E u-'n Aﬁeﬁiw{l Aar |-': %E’ % In':: Iur'l
AI a.' BU II I'\I a- . 1T 7\ a IIUI(‘yII 7 A/ h
Aba- Et OPh—_Aba :-Pﬁﬁﬁ Aba-cBu Phe-iBu__
OPh Ala-Et
OPh Ala-Bu
OPh Ala-cBu
OPh Ala-Hexyl
OPh Aba-Bu
OPh Phe-Et
OPh Phe-Bu
OPh Phe-iBu
N, \ N\>
PO
LN N
” Y1B
o) /
\/ \

where R*! and R are substltuted as depicted in the
formula, and Y™ and Y'® are substituted as indicated,

OH OH
O-iPr O-iPr
Ala-Bu Ala-Bu
OPh Phe-Et
0
N
HN } \>
AN
H,N N N C,’
Y1B
K/o ;L/
\/ \Y1A

where RX! and RX?‘ are substltuted as depicted in the
formula, and Y™ and Y'® are substituted as indicated,

OH OH
Ala-Bu Ala-Bu
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OPh Aba- Cctyl OPh Phe-Et OPh Phe-Bu OPh Phe-i Bu OPh
D-Ala-Me N - g 1A where RX1 and R 2 are substituted as
waelepsotasy in the formula, and YIA and Y1B ar e PCT/US2004/043969
substituted as indicated, g 1A g 1B OHOH OiPr Gi Pr
POC POC Ala-Et Ala-Et Ala-Bu Ala-Bu Al a-cBu Al a-cBu

Al a- Hexyl Al a- Hexyl Aba-Bu Aba- Bu Phe- Et Phe- Et Phe- Bu
TabRI88-BuARhiproBierdtien h8ividEhofINg-@clarplyAIAMBlY AdPand its
phoé!)ﬁo'éiﬁiﬂate prodrugs in six different HPV positive cells

Antiproliferation EC50 (nM) in HPV positive carcinoma cells
Compound ID.
SiHa CaSki HelLa M8-751 C-4| ME-180
HPV16 HPV16 HPV18 HPV18 HPV18 HPV39
A 0.6 29 16 1.7 6.5 27
B 1.3 246 410 18 27 254
C 0.2 3.9 6.6 0.5 1.0 7.8
D 3.2 301 398 16 24 288
E 0.5 38 19 2.4 31 27
F 25 124 127 4.2 6.0 41
G 0.13 28 12 0.9 3.1 8.2
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
10  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®
(male)
1 Compound BP | 3
2 Compound A€ 3

2Fach 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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OPh Al a- Hexyl OPh Aba- Bu OPh Phe- Et OPh Phe-Bu OPh
Phe-iBu T jj g where R and R are substituted as

walesoeas i n the forrmula, and Y1A and Y1B ar e PCT/US2004/043969
substituted as indicated, g 1A g 1B OHOH OiPr Gi Pr
Ala-Bu Ala-Bu OPh Phe-Et OIll >/ H2N N Y1B g 1A where
RX1 and R 2 are substituted as depicted in the

d Y1B bst it ut ed i ndj d,
Theé&e%gala,aﬁ%?%gg é]ﬁrglnarﬁc es, e?r{cﬁtesé’lcj axg’t}cllesuwgre aa mhir}s’ée(r:gé (ceiermally

once daily for seven days during the study. The test articles were administered at
concentrations of 0.01, 0.03, and 0.1%. The positive control articles were
administered at concentrations of 0.1% (PMEG) or 1% (Cidofovir®). The dose

volume for all formulations was a fixed volume of 100uL.

The test sites for each animal were shaved prior to the initial administration and
as needed during the study. Two sites were clipped on the left dorsal side, and
three were clipped on the right dorsal side. The outline of each dosing
(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
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
folldwing 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
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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Al a- Bu Al a-BuTabl e 80-4. Antiproliferation activities
of N6-cycloprolyl PMEDAP and its phosphoam date
wee@dnegss i n six different EtPVpositive cells PCT/US2004/043969
Antiproliferation EC50 (nM in HPV positive carci noma
cells Conmpound ID. SiHa CaSki HeLa Ms-751 C-4l
condRVA® piridY16 reRUiaizdrivngprPY i@ dpsiygerDay 4, gad | féYIhvreaf’fer
6.5 27 B 1.3 246 410 18 27 254 C 0.2 3.9 6.6
Bodg vaeigh®, wesoneagged gngsepggled heslaymafiey ayriy ab PPOZ fo
5 124 127 4.2 6.0 41 G 0,13 28 12 0,9 3.1 8.2 0.03
randbroizetipnpand peios 40 doging %Pla &@%4 14149 6926
3313, 1332 8315 Exanple 81 Rabbit Skin.Lrrifation
Eutmﬁwaahugnt&aﬁwg medthsp %f‘srdeawaf@} iy Suphaftdar
t e tenti of oun s of_the
beseehersines olusRAREerRRBR A o et SR TTE fengiplyegsels
Theggf[*{glg W {%\el%%lgg '&a{e&ngy %%é gxbcgh{aﬁ F)ﬁ&rﬁgﬁﬁgs mcludmg masses.

eS were assi

The Rgg} gﬁﬁi%#%d&ec? Frofh §30HAY nhahhg %&ﬁgh%IHGAIS%b@r%b{hﬂes were

identified and correlated with ante-mortem findings. The abdominal, thoracic,
and cranial cavities were examined for abnormalities and the organs removed,
examined, and, where required, placed in neutral buffered formalin. The dosing
sites, kidneys, and any gross lesions of each animal were collected and preserved.
Microscopic examination of fixed hematoxylin and eosin-stained paraffin sections
were performed for each dosing site for all animals. The slides were examined by
a veterinary pathologist. A four-step grading system was utilized to define

gradable lesions for comparison 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
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

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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Nurmber of Animals G oup Nunber Test Article (male) 1

Conmpound Bb ' 3 2 Conpound Ac 3 aEach ani mal received
waleoosmbe18y eat ment s of vehicle (placebo gel), OPEI/US2004/043969

positive control article, and three concentrations of

the appropriate test article. Each animal received one
rabbétstfonsaven eoraecwiirecdagts: o tenbob24 talds wordd@sigired to the

0.1% bThe positive control article used was
study19@- ( 2- phosphony! net hoxyet hyl ) guani ne (PMEG). cThe

0 . e .

vehicl e, positiv&tedyilesigmien CompouawtBt est articl es

wer e admi.ni steried der Gedupyl once d¢ai f.or [seven Glays2
duri ng {%ré)ug udy. Tlenct@sdiostrti Cl eéré’ﬁ’r% adm rRicst@t@gon

Dat sigoricenhsept i qns of 0. 01 mPul3, |and=B- 1% The, (mg/mL)

positi|ve contrgl articles were agm yEEer ¢l At
concent r deHdns (of Q1% (PVEGY or | 196, (G, dof oviprr)) L0
formul at | fixed -

The dcseCCW)ﬂOhnq for all

_ £ B-—Cér}-j:};{g?)lsa ?ni
C. T

o

1 L ANl Tl + HErY A il Wi

B TS TR et Shhe G P b were o
O LTAVTY A —C TTI 11T g1 AT TS L=, % 0 oY
n2edes ulfdﬂg%? dhe é&gdy. Twhblsite @eclipptl onl the0
| &ft dobeD%e de 84d threedderel dighBew on the rjght 3.0

“Each Gragw| condistsl of Fha@aigeitabbitee of each dosi ng (approxi mately
*ThejvebisledpeDésp Ete b &edrp wars! Drase &iged!, Grdulp 2 (AMEG) rhsethe mndhiclelged The
vehicletied Grolp ppyetediteawasohprahiigenand e setidiafor GEUPD tiehred sites was
the tebidhd oitzodyt. sur f ace of each animal. The vehicle and

appropriate positive control and test article were
adm ni stered to each animal within a dosing site of
approximately 1 square inch. Vehicle was adm ni stered
on the left rostral site (Dose Site 1), and the

appropriate posi 6tudy Design for Compound H

Group 3 Group 4
Group 3 Concentrpationb Group 4 Concemtr}?a’cionb
Dose Site (n=6)2 % (mg/mlL) (n=6) % (mg/mL)
Vehicle FMEG
1 0.0 0.0 (positive 1.0% 10.0
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. ‘

bThe vehicle for Dose Site 1, Group 3 was the vehicle ointment, and the vehicle for Dose Site 1,
Group 4 (cPrPMEDAP) was the vehicle gel. The vehicle for Group 3 treated sites was the vehicle
gel, 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 cPrPMEDAP
(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 100uL. Less than 24 hours prior to the first administration, the hair
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control article was adm nistered to the |left caudal

site (Dose Site 2). The appropriate test article was
waehvsnedaser ed as follows: 0.01% o the right roBCT/EE2004/043969

site (Dose Site 3), 0.03% o0 the right mddle site

(Dose Site 4), and 0.1%to the right caudal site (Dose
waBiclipp&d frobo thebsclvef thepindmet Binistchppad iamed somprised no less

i mredi ately followi ng dosing for 1 to 2 hours. The
thasi 1086 ofvirectoéal dlodyt edfdcerares. yChrermyasn tekeaderyopdt Abracing the

dosing on Day 1 and daily thereafter, approximtely 24
skihours fol |l ow ng each dose and prior to the next dose.

Each site was assigned an irritation score based upon, .
The krst,rasitivee eadral, fod vebista epntaliaatitles weae pdmiphiteredgvithin a

JH, Woodard G, Calvery HO _Methodsfor the study. o
dosipgisita of sAPERETRAERY di ¥>y1 ofT‘é’@bﬂisa?&%%esa‘ﬁﬁqu placdd a{ong the left

domgEu s, s R S e SRS TR RR S s the

oo P g e B s A e e 088 a0 e
o S e e P L o R ab ot e
tes% %@fcgeaa){y/\}aar pnﬁﬂgﬁeﬁ@' tﬁ'ﬁlg ra\ﬁfaq sﬂ@,aa?rﬁ ﬁ“ﬁa lﬂgﬂ dde gfg‘g test article

{
er arriva priror to random zation, a

waB i infPedQSh e Qﬁu&ﬁyﬁte.l Cc%]zar?%_rg ﬁla%HH RAN@RI MR s OY

I'ntravenous anesthesi a overdose wt sodi um

apgﬁgﬁﬁg?eﬂﬁ ivBIHRAES dnBM N ARAP A AhYId Rth@Mhe duration of

anguihations by severirg the fenoral” vessels. The

colHABas W81 Hethecakelislal y for external |
abnormalities including masses. The skin was reflected

Oblséf/atiany €6t mak talityl| I'hﬁﬁbii:lﬂ?)j aidbthendcihbjlitgtdood bhtlivester were
were identified and correlated with ante-nortem
cofdundéd g&ice thelyafod aifi ardamald. Hireiebcsiteandererevalledted for erythema
cavities were exam ned for abnornalities and the
andedanms préomivetie fextad madstration and et eppeepimately 29 ayed
~in neutral buffered formalin. The dosing sites, i
folldvdimgyesch adaniaisyragioss@rios $p dhe next ssheduledi drginglegnd daily
col | ected and preserved. . .
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
to test article administration on Day 1, and on Days 7 and 14, and at necropsy
(Days 8 and 15). Body weights 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 animéls/group at recovery
from the jugular or other suitable vein for evaluation of clinical pathology
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
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M croscopi ¢ exanination of fixed hematoxylin and
eosi n-stained paraffin sections were perforned for
weawlvoeast ng site for all aninals. The slides PET/ES2004/043969

exani ned by a veterinary pathol ogist. A four-step

grading systemwas utilized to define gradable Iesions
pladed incabpacdiaainihg poeasiuin £ BA enpsstoeshet asiicnislothemtil

two test articles did not produce notable clinical
cenfrifogedg Anidelswieré noi faateddreforsizlogd sollactigtySamplistwesie

macroscopi ¢ and m croscopi c observations at any dose
storedrat eTi°rattilexgmicn@omf t he positive controls was

associated with clinical findings and slight to *
Compliée AEOREE CHSBEP OTEHICIA RITE: Endesprarspgssapproved by
oGS 52 el S a1 Lot on S vty 5 COmOINGe v
oS SR o L B S5 NER L Ot 0 PSR o
o SR, e RS S By bR e
s TGRS B S ARl 185 & AN R BB Bt s
Theg SB%I/Q rviz‘%s\}’gflé&%agfﬁg%(a% " &lﬁ}ﬁ?{e\{ﬁgﬂsﬂneaﬂd Qn9 aBnBrmalities were
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

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
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
dosing sites were wiped with three gauzes of ethanol (95%) and allowed to dry
cémpletely. Tape (BM® phacking tape or equivalent) was applied to each dosing
site ten times. A clean piece of tape was used for reach application. The
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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control) 2 Low Dose 0.03 0.3 Low Dose 0.03 0.3 3 Md
Dose 0.1 1.0 Md Dose 0.1 1.0 4 High Dose 0.3 3.0 High
woeme/ 06,189 3. 0 aEach group consi sted of six navRCT/US2004/043969
rabbits. bThe vehicle for Dose Site 1, Goup 1, and
Dose Site 1, Goup 2 (PMEGwas the vehicle gel. The
The eibdied sarfiple vanowpighted eat edcaideds Theskihpunehesciveramilinced
and the vehicle for Goup 2 treated sites was the
withefieag! gcigsions nemdlv@uaaypmrga’celfyc&iz«domuﬂ@hw oy Cald
Goup 4 Goup 3 Goup 4 Concentration 1 Concentration
phqspﬂa@é%bgfﬁeéaf splBe (%I(Ir}gwmadcieﬁctg thp scingiltationpigels The tissue
Vehicle 1 0.0 0.0 (positive 1,0% 10.0 contraol control
was thesuhemegenized with 20 seranskpulseogsiosa @eW@lﬁlB%]sléOféoaer)uzer
1,0 Md Dose 0.1 1. hDoseOS h Dose 0.3
5 ThehgmogspatesMaers %ﬂgyglf @ft 2PPROFERALe ﬁﬁu bThe

vehicle for Dose Site 1, Goup 3 was the veh| cle
ointnment, and the vehicle for Dose Site 1,

Conclusions
Based on dermal irritation scores and mlCI‘OSCOPIC 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 I.

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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G oup 4 (cPrPMEDAP) was the vehicle gel. The vehicle

for Goup 3 treated sites was the vehicle gel, and
woewsobasd or Group 4 treated sites was the vehPCT/ES2004/043969

ointnent. The test and control articles were

adm ni stered dermally once per day for 7 consecutive

days during the study. The dose |levels for Conpound

: o eg&%? @flance with the
Ot%@%%ﬁ]b&ﬂﬁl S\/\(nggzorHa{Ol% I ’OSCL)&?L{ ’asgﬁ% . BAak%g{ %Cocge | evel
preffs&ﬁt M GRBRI dah iR 15l dsThe a¥@Se BorhYouhiandhe régatation of the
or cPrPVEDAP (positive control) was 1.0% The dose
ge1|f§Mﬁ{llaftﬂqswehi‘é%&hﬁ{Iﬂe.COntr0| was 0.0% (this was dosed
as both gel and ointnent fornulations). The dose
5 The/fJlowngGhgaddieststayewls Feeamvalwted f@3ditatibiysdtitiag the
24 hours prior to the first admnistration, the
devedpmvent of thipsdniulativhhe back of the aninmal. This
clipped area conprised no I ess than 10%f the total
bodigoptogydceysnitese (sChreatisasolveidpenaraiion enhemcati ng
the skin. The test, positive control, and vehicle
confPolykthyiene glysolseTeacatin (sokteat®d wi t hi.n a dosi ng
site of approximately 1" x 1". Two dosing sites were
pl acely! alcong! end Stesry] deekel| (SEtipningagent?). vehicl e or
positive control  article \gvas dm nistered to the
10 rostrehomen iseasiyeRGanesy). of the test article was
adni ni st ered tz thf. aygal site. Two dosing sites were
pl abW&eRy SRGNE RFHIHEYor sal surface. The ni d-dose of
the test article was adm nistered to the rostral site,
and the high dose of the test article was adm ni stered
EXto iel-%l caudal site. Collars were placed on the animls
8P proxi mately two hours inmedi ately follow ng

X / two hours im w ng
B (e R R S T

15 and the availability of food and water were conducted
twice daily for all animals. The test sites were

ThR\BhHA1E Alistrates Hd1eEpatittbresReREsitative tdigcdlidisiment

adm ni'strati on and "at "approxi mately 24 hours
composition containing an active compound of Formula I.

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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foll ow ng each adm nistration (prior to the next
schedul ed dosing) and daily during the 7- day recovery
w@ensoehisObser vati ons for clinical signs were PORUSZIDEH3969
daily during the study at the sane tinme as the derma
observations. Body wei ghts were neasured and recorded
Thé¢ Fedloleingahpeadiemts diape alqrben dvaluatad dor sdtatohity guiiog the
to test article admnistration on Day 1, and on Days 7
dewaidpivnaofithas farenrlefiey: (Days 8 and 15). Body weights
taken at receipt and prior to randomare not reported,
but Ispaiowydimestitate (shbvestigasolypngperBtediprseiiingsT),
(4-6mL) will be collected from®6 anlnals/group at
terRﬁhﬁﬂndﬁmaﬁwfgbdﬁﬂﬁﬁﬁ§¥@pbﬁﬁ- recovery fromthe
jugul ar or oLher SUIt bIe n for eval uati on of

cI | hEArlhohand §ieass %lr(étlff%]éigte}%ﬁ%ﬁ bl ood

oXi Jmat e re taken from al
an Fﬁaﬁ?é?ml%q%l @ﬁ%@ﬁ?e ) her suitable vein for
det rn1na$|on E%? sma concentrations of the test
art gpgn% pﬁBﬁ %F 2 hours postdose on Day 7
Sanpl es werepl aced in tubes containing potassi um
EDTAand stored on an ice block until centrifuged.
Animal s were not fasted before bl ood collection.
Sanpl es were stored at -70until exam nation. Conplete
necr opsy exam nations were perforned under procedures
approved by a veterinary pathol ogist on all animals.
Eut hanasi a was by anesthesia overdose wi th sodi um
pent obar bi t al - based eut hanasia solution via the ear
vein/artery or other suitable vein and exsangui nations
by severing the fenoral vessels. The animals were
exam ned carefully for external abnormalities
i ncl udi ng masses. The skin was reflected froma
ventral mdline incision and any abnornmalities were
identified and correlated with antenortem fi ndi ngs.
The abdom nal, thoracic, and cranial cavities were
exam ned for abnormalities and the organs renoved,
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exam ned, and, where required, placed in neutra
buffered formalin. M croscopic exam nation of fixed
whewanexyd i n and eosin-stained paraffin secti oPGI/UER04/043969
performed on sections of tissues fromthe dosing sites
(4 per animal), kidneys, and any gross |lesions. At the
What ilselagmeadecr opsy, Day 8 for main study aninals and Day
15 for recovery animals, the four dosing sites per
animal were identified. Approximately half of each
dosing site Mﬁé excj sed and then coll ected and
pr nd Oh BRI above for histologic
processing. Wiile the other approxinate half of each
dosing site was still intact on the animl, the
foll owing progedures awe performed. The dosing sites
were w ped wi th~hree gauzes of ethanol (95% and
allowed to dry cofjpl etely. Tape (3Mr) packi ng tape or
equi val ent) was applied to each dosing site ten tines.
A cl ean piece of e wasyused for reach application.
The remai ni ng rti he dosing sites were then

0

exci sed with slii ssors] TheN\sci ssors werg washed
bet ween each dpse sit

et hanol . Th raer

and animal with et one or
site renoval yehicle or

positive fbntrol &te, | ow dose spte, dose site,
and high dose site. A1l c ti ssde was exgised from
each dose site.The tissue sa e was wei ghted and
recorded. The skin punches re mnced with clean
scissors in individual appropriately sized
scintillation vials. Cold phosphate-buffered saline

whefelni ) was added to the scintillation vial. The tissue

Wa?“¢%ﬁ?¥“%ﬂ§%§gé S Wit hyR0 second pul ses using a

nmechani cal ni zer . é honogenat es were quickly

froze EOXI - C. Concl usi ons Based on
degwéﬁmﬁ$$?$g€€%ﬁﬂg%§%§']ggg m croscopi ¢ findings, one
of vi fb%é,e—@(Ra)éL%CJlNg(%"WaN(@?(R’?,g!\}(tﬁi ,“N(U)(®1$ﬁ,el‘5ﬁh‘l QUERX)(

gel, but was 0 nodeéera rritant in
RX));

R¥is independently R, R? R% W?, or a protecting group;

R! is independently -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 8 carbons and the ring may be substituted with 0 to 3 R® groups;

R3is R%2, R%, R% or R, provided that when R? is bound to a heteroatom,
then R? is R or R¥;

R®is -H, -F, -Cl, -Br, -I, -CFs, -CN, Ns,-NO2, or -OR%

R*is =0, -O(RY), =S, -N(R¥), -N(O)(RY), -N(OR¥), -N(O)(OR?), or -NINR*)(
R%));

R is R, -N(R*)(R?), -SR% -S5(O)RY, -5(0)2R?, -5(O)(OR?), -5(O)2(OR?), -
OC(RP)RY, -OC(R®)OR4, ~-OC(R®)(N(RY)(RY)), -SC(R*®)R?, -SC(R*)ORY, -

139



vehicle ointnment. The second test article was a very

slight irritant in the vehicle gel and a mlId irritant
wob@s/o6asnul ated in the vehicle ointnment. ExanpdEUS304/043969

Preparation of Topical Gel Pharmaceutical Conposition

This exanple illustrates the preparation of a
SC(R%)jNéEéﬂR"&), FYNERDOPRER, GRBARFVOR: i SHRESARI) AN Eg) (RA), W2 or
active conpound of Formula I. A topical gel

RSW%hpo& tion is prepared having the follow ng

o R B P R ORI - R0 R R N 5,
W%ﬁ o AlkEo! Gt oreokaRy ol pesbon

UsP 10..00 Clt c Acid, USP 0.50 Sterile
5 ato%tog lggpyh 0]1 1b‘?5‘5 0385125 *X— Corrpound rangi ng

?}?%?a%e% TS GEARR Y RGN A By |s cAHER oftSns,
or a@%@,ﬁg L@t fonlg:gg}Pgﬁ ay&gg as the act | ve conpound in

epara 1on o formul ati ons of this

W@Q #1 5fol | owi ng | ngr edi ents have al so been
eval uat ed or“suitability during the devel opnent of

t hipg: i ®s M @RS -C(RYWS, -50,,R6, or ~50,, W5, wherein R¢ is R4
10  wherein each Ré is substituted with 0 to 3 R? groups;
W is carbocycle or heterocycle wherein W? is independently substituted
with 0 to 3 R? groups; and
M2is0,1o0r2;
and pharmaceutically acceptable salts thereof.
15

2. The compound of claim 1 wherein R¥ is H.
3. The compound of claim 2 wherein R*? is W3,
20 4. The compound of claim 3 wherein W2 is W5.

5. The compound of claim 4 wherein W? is cyclopropyl.
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| sopropyl nysritate (sol vent/cosol vent/penetration
enhancer), Pol yethylene glycols, Triacetin (solvents),

w@eiogle@aBrohol and Stearyl al cohol (Stiffeni ngPEES108/043969

10.
11.
12;
13.

14.

Car boner (Vi scosity enhancer), and Tweens, Spans
(emul sifiers). npl e 84 Preparation of Topi cal

O ﬁh@éﬁ’@%‘i@%@latm@a?f thefpowiuda by, This exanpl e
illustrates the preparatjon of a representative

topi cal oi ntnment conposd \i on contai ning an active
conmpound of Formula I, opi cal oi ntnment conposition
i s prepared havi e follow ng conposition:
Conmponents % w w Active Conmpound X* Petrolatum USP
94.0 Sorbitan Sesqui ol eate, NF 0.5 Propyl ene dycol,
USP 4.5 *X=Conpo rang| Rg from0.01% o0 1.0% O her
conpounds of HR9fnul a h as those prepared in

accordance witfj the p esent Speci ficati n can be used
as the active gonpou |n t e preparat| of t he
oi nt ment ' 'S exanpl e Th 1Epwl ng

0

I
i ngr edi er{{zgj have &l so bee eval ua ui tab| lity
during the devel opnent of dhis f rrul atl AA | sopr opyl
nysritate (solvent/cosol vent etration enhancer),

Pol yet hyl ene gl ycols, Tri a tin (solvents), Cetyl
al cohol and Stearyl aI cohol Stiffening agents),

The compound of claim 6 wherein Y4 and Y8 are -N(RX).

The compound of claim 7 wherein RX is R

The compound of claim 8 wherein R? is R* su]estitu’ced with R%d.
The compound of ‘claim 9 wherein R* is ethyl substituted with R,
The compound of claim 10 wherein R¥ is ~C(R*)OR.

The compound of claim 11 wherein R® is =O.

The compound of claim 12 Wherein‘R‘1 is propyl.

The compound of claim 13 wherein R* is n-propyl.
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Car boner (Viscosity enhancer), and Tweens, Spans
(emul sifiers).What Is Cained: 1. A conpound of

wo-008106@84 , | wherein: Y1A and YlBare i ndepende@it/Ug20¥4/043969

15. .

16.

17.

18.

19.

20.

21.

RXland 2 are independently Rx; Y is =0
-0(R*), =S, - N(RX) _-N&O Héﬁ -N(O) (ORX) or
R%R%Inom)iof m &4 @ly R, R2 R4 V8, or a
protecting group;ARlis |ndependently -H or alkyl of 1
to 18 carbon ato R2 is independently R3 or
Rdwherein e I's independently substituted with O
to 3 R3 gro or taken together at a carbon atom two
R2 groups forfma ring of 3 to 8 carbons and the ring
may be subgti ith O to 3 R3 0 R31s a,

R3b R3c or |R3d, prow ded t hat \\vvh bound to a
het er oat o t

is R3c or dN:RR3a|s-H, -F -d,
- Br, - [ H:N- CF3,N"- CN, - NG, of \- 4 b =0,

-OER4), =S, - N(R4) , ‘QBN(\O)/(M), -\ma(m4), -N(IO)S((R4), or
-N(N(RAX R4)); R3 is - R4, R4) (R4), -SR4, -S(O R4,

-S(O) 2R4 -S(O) (OR4), -S(O) 2(OR4), b) R4,
- OC( R3b) OR4, - OC( R3b) ( N( R4) ( o+~ SC( R3b) R4,
- SC(R3b) OR4, - SC(R3b) (N(R4) (#4)) -N R R R4

- N(R4) C( R3b) OR4, - N(R4) C(R3b) (N(R4) (R4)) W8 or -R5\WB ;
R3d is - C(R3b)R4, ~C(R3b)OR4, - C(R3b)W8, - C(R3b) OMBor
- C(R3b) (N(R4) (R4)) ;

The compound of claim 13 wherein R* is i-propyl.

The compound of claim 16 of the formula,

The compound of claim 10 wherein R® is -C(R*)OW?.
The compound of claim 18 wherein R® is =O.
The compound of claim 19 wherein W2 is W>.

The compound of claim 20 wherein W® is a carbocycle.
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W@ t@swe618b5 i s al kyl ene of 1 to 18 carbon at onsPCT/US2004/043969

22.

23.

24.

25.

26.

27.

28.

R4 is -H or an alkyl of 1 to 18 carbon atons, al kenyl
of 2 to 18 carbon atons, or alkynyl of 2 to 18 carbon

al kenyl ene of 2 to 18 carbon atons, or al kynylene of 2
to 18 carbon atons; WB isW or Wo; W is RG,
-C(R3b) R6, -C(R3b)Ws, -SOWR6, or - SOVW5, wherein R6

is.-R4 wherein each. R4 is substituted wifth O to 3

or 05N BEFBIE doi Bt RecoPBPL Fubal e HidBRYs
i ndependent|ly substituted with 0 to 3 R2 groups; and
M is 0, 1 or 2; and pharmaceutical ™ acceptable salts

5. THRCompRessIng SRR AN et KPP SRR 4. The

conpound of claim3 wherein WB i sWs. 5. The conpound
of claim4 wherein Wo is cycl opropyl.6. The conpound

of qlealym ﬂdBPﬁaﬁﬁ@@%ﬁeﬂeﬁ‘le‘b"}?ZO.The conpound of
claim6 erein YlAand YlBare -N(RX). 8. The conpound

of claim7 wherein Rx is R2. 9. The conpound of claim

8 wherein R2 is R4 substituted with R3d. 10. The

COMpRUENShured 8f fhfin MAGykéRIRR isSetRYNYl substi tut ed
with R3d.” 11. The conmpound of claim 10 wherein R3d is

C(R3b)OR4. 12. The conpound of claim l1llwherein R3b is
=0 13. The conpound of claim 12 wherein R4 is propyl.
The compound of claim 25 of the formula,

HN/A
N N\
HZN)I\/II\I;[N O\\

» L
\\/O\/ \NHN o)
/\LQ —

The compound of claim 24 wherein R* is butyl.

o/

The compound of claim 27 wherein R* is n-butyl.
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14. The compound of claim 13 wherein R4 is
n- propyl .15. The conpound of claim 14 of the fornula,

waseosbmasconpound of claim 13 wherein R4 is i-PeDPY1004/043969

29

“claim31 of the formnula,

30.

31.

32.

33.

34.

17. The compound of claim 16 of the fornula, 18. The
compound of claim 10 wherein R3d is - C(R3b)OAB. 19.

-Thelko sgpaundrof claim?d ef tiedosinmla3b is =0 20. The

compound of claim19 wherein WB i sWs. 21. The conpound
of claim20 wher Wb is a carbocycle.22. The
conmpound of clam9 wherein R4 is propyl substituted
with R3d. 23N The conpound of claim22 wherein R3d is

- C(R3b)OR4. |24. The conpound of cldi m 23 wherein b
is =0 25\ Thax und of claim 24 wher W
ethyl. 26.[| The nd of claim 2 e~fornul a,
27. The yu[go of /claim 24 erefn is butyl. 28.
The compoundNof cl §i m 27dWeWNR4 is

n- butyl.29. The
conpound of claim 28_of /the’fo mTI a, 3¢ The conpound
of claim24 wherein R4 is

yl. 31. The_conpound of
claim30 wherein R4 is yl. . e conpound of
he conpound of claim

8 wherein R2 is R4 independ tlyosubstituted with two
R3 groups. 34. The conpound of claim33 wherein R4-is
nmet hyl substituted with two R3 groups.35. The conpound
of claim 34 wherein one R3 group is R3c. 36. The

conpatninBra S led AT RS bR T ene. T

The compound of claim 30 wherein R? is i-propyl.

The compound of claim 31 of the formula,

HN
N oSN o
| ) 1 \(
HZN)\N/ N \/P\\N
\\/O NHH °
-

The compound of claim 8 wherein R? is R* independently substituted with

two R?® groups.

The compound of claim 33 wherein R* is methyl substituted with two R®

groups.
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we eovpoensd of cl aim 35 wherein the other

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

38. The conpound of claim 37 wherein WB i sWb. 39. The
conpound of claim38 wherein Wb i s phenyl. 40. The

R3d. 41. The compound of claim 40 wherein R3d is -
C(R3b) OR4. 42. The conpound of claim4l wherein R3b is
=0 43. The conpound of claim42 wherein R4 is butyl.
44. The conpound of claim 43 wherein R4 is z-butyl. 45.
Thdhesppnmmde! dpian st auhesein pee RogrAHRIS 6. The
conpound of claim®6 wherein YlAis - N(RX). 47. The
conpound of claim46 wherein Rx is R2. 48. The

conpound of c)JaimaAa7 rein A substituted with
rodneg g alein Aot R Rl o R 1's- et hyl
substituted with R3d. 50. The conmpound of cl aim 49
wherein R3d is - C(R3b)OR4. 51. The conpound of claim

50 erej | §.= 52, ent of claimb51
Meﬂ%icﬁ%ﬁé)%fr%%%?%@er eRc%%%u%&gerbef cl aim52
wherein R4 is /-propyl. 54. The conmpound of cl aim 46
wherein Y1Bis - N(RX).55. The conpound of claim54

whetigi m%& | 2837 L8Meyagyof claim 55 wherein
qu:hgc& [ #@p%&%ntly@ﬁ%stltut ed wwth two R3 groups.
57. The conpound of claim56 wherein R4 is nethyl

substituted with two R3 groups. 58. The conmpound of

cl gihdmpMeiEdclgne 3RIvIgreliPWeSs PRenyl9. The conpound
of claim58 wherein R3c is -R5WB. 60. The conpound of

claim59 wherein -R5- is nethyl ene.

The compound of claim 35 wherein the other R® group is R®.
The compound of claim 40 wherein R* is -C(R3*)OR*.

The compound of claim 41 wherein R* is =O.

The compound of claim 42 wherein R¢ is butyl.

The compound of claim 43 wherein R* is i-butyl.
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we ovpoensd of cl ai m 58 wherein the other

61. The conpound of claim60 wherein WB i sWb. 62. The
conpound of claim6l wherein Wb i s phenyl. 63. The

R3d. 64. The conpound of claim 63 wherein R3d is -

)OR4. 65. The conmpound of claim64 wherein R3b is
4520, 13k coripo

46.

47.

48.

49.

50.

51.

52.

53.

54.

wyhpbeladn 4 of the fersslaherein R4 i s butyl
67. The corrpound of claim®66 wherein R4 is z-butyl.
The conpound of claim67 of the forrmula, 69. The

conpound of claim®&3 wherein R3d is - R3b) ONB. 70.
The conpound of cm 69 wherein R3b j 71. The

compound of clakm 70 wherein VB isVb. {he conpound

conmpound of NCl & wherein Y1Bi s -

compound of (cl ai erein i SWB\_ 76

of claim?7 i i's a carhocye '
conpountNof cINi m 78 vvher gj.n_sa\d”

78. The conpound of 7770f Nrhe fornul a, 79. The
compound of claim78 V\,here -YXAI s - N( . 80. The

The

conmpound of claim 79 whe .
4 sybstituted with

conmpound of clai m 8Q 3
R3d. 82. The conpou 2| aign 81 Wwherein R4 is et hyl
substituted with R3d. The conpound of claim82
wherein R3d is - C(R3b) 0?4 84. The conpound of claim
83 wherein R3b is =0 85. The conpound of claim 84
wherein R4 is propyl.

The compound of claim 6 wherein Y4 is -N(RX).

The compound of claim 46 wherein RX is R2.

The compoﬁnd of claim 47 wherein R? is R* substituted with R2.
The Compoﬁnd of clgim 48 wherein R* is ethyl substituted with R,
The compound of claim 49 wherein R% is ~C(R®*)OR*,

The compouﬁd of claim 50 wherein R® is =O.

The compound of claim 51 wherein R# is prol:;yl.

The compound of claim 52 wherein R* is i-propyl.

The compound of claim 46 wherein Y8 is -N(RX).
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86. The conpound of claim85 wherein R4 is n-propyl.

87. The conpound of claim 86 of the fornula, HON 88.
wab@speimgound of claim 81 wherein R4 is propyl PCT/US2004/043969

substituted with R3d. 89. The conmpound of cl ai m 88

wherein R4 is n-propyl substituted with R3d. 90. The

conpound of claim89 wherein R3d is - C(R3b)OR4. 91.

The f clai Q. wherein. R3b is =0 92. The.
55'0om@gﬁ&g&%&%ﬁfﬁ@fﬁ%m@ﬁl‘% Bbutyl . 93, The

conpound of claim92 wherein R4 is n-butyl. 94. The

conpound of claim93 of the fornula, 95. The conpound

of [ ' i . LE . .
%21 af b SPfuNaRIRnrss el R I} S GRIRREE Slngtituted witn
mg@ﬂ.gr&zpsﬁhe conmpound of claim96 wherein R4 is ethyl

substituted with R3c and R3d. 98. The. conpound of

claim97 wherein R3c is - R5WB. 99. The conpound of

claim98 wherein - R5 is nethylene. 100. The conpound

57.0f Thaiompdunbesfeidn/B6 whbeinl®is nldtByLAREMARIONith two R3
cl aim 100wherein Wb is a carbocycl e. {02. The conpound

granfpscl ai m 101wherei n sai d carbocycle is phenyl. 103.
The conpound of claim 102wherein R3d is - C(R3b) OR4.
104. The conpound of claim103wherein R3b is =0.105.
The conmpound of claim 104 wherein R4 is ethyl. 106.

58.The Téermompaitgt oftlainmb7 08herkirt tiee ROgruimis RA7. The
conpound of claim®6 wherein Y1A and YlBare - Q(RX).
108. The conpound of claim2 wherein RX2 is R4. 109.
The_conpound of claim 108 wherein R4 is al kyl. 110.

59. TheThe RpyBRRENgOf cladmnds vierpia e s -RWPs al keny! .

60.  The compound of claim 59 wherein -R5- is methylene.

61.  The compound of ‘cléim 60 wherein W?® is W>.

62.  The comppund of claim 61 wherein W5 is phenyl.

63.  The compound of claim 58 wherein the other R? group is R¥.
64.  The compound of claim 63 wherein R is —-C(R%)OR4

65.  The compound of claim 64 wherein R® is =O.

66. . The compound of claim 65 wherein R¢ is butyl.

67.  The compound of claim 66 wherein R* is i-butyl.
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wQ2psopasy| . 113. The conpound of clai m2 wher BETUR0B4/043969

111. The conpound of claim 108 wherein R4 is al kynyl.
112. The conpound of claim 110wherein R4 is

is R2.114. The conmpound of claim 113 wherein R2 is R4
substituted wth one R3. 115. The conpound of claim
114 wherein R4 is methyl substituted with one R3. 116.

The ai m wher ei R3 is R3a. 117. The
68bong§§g§8§?’ ?ﬁ%l 6%ﬁ€?@ﬁ % s - CF3. 118. The

The conpound of cl 1 used as an antiproliferative
agent. 120. TheyeOnpound of claim 1 used as an

apoptotic agent. 121. The conpound of claim 1l used as
an anti-HPV age The conpound of claiml used

compound of cIa|n11%§ wherein R4 is - CH2-CF3. 1109.

as a topical nt gent The corrpqynd
claim1l used roli fer The

. compound of ed as an 125. A
phar macele\ cal Honp03|t|on ooy’ fective

70.

71.

72.

73.

74.

75.

76.

anount of a conpound o
acceptabl e salt thereof, an

acceptable carrier. 126

conposi tion of claimd 5a

gel conposition. 127. phrar rgceut i cal conposition of
claim 125, where said co’w4%ition i's an oi nt ment
conmposition. 128. A pharmaceutical conposition
conprising an effective anount of a conpound of claim
1 or a pharmaceutically acceptable salt thereof, and
an effective anount of at |east one antiviral agent,

and F pharnaceutlcallg acceptabl e carrier.
The compound of claim 63 wherein R is ~C(R#®)OWS,

The compound of claim 69 wherein R® is =O.

The compound of claim 70 wherein W? is Wb,

The compound of claim 71 wherein W® is a carbocycle.
The compound of claim 6 wherein Y'® is —~O(RX).

The compound of claim 73 wherein Y8 is —O(W?3).

The compound of claim 74 wherein W is W5.

The compound of claim 75 wherein W? is a carbocycle.
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129. The pharmaceutical conposition of claim 128,

where said conposition is a gel conposition. 130. The
w@b@soeaeut i cal conposition of claim 128, wher ePGHUS2004/043969

conposition is an oi ntment conposition.

77.  The compound of claim 76 wherein said carbocycle is phenyl.

78.  The compound of claim 77 of the formula,
N
N\
N

HN
A
HyN N

79.  The compound of claim 78 wherein Y4 is -N(RX).

> \
\\/o\/ \

Y1A

80.  The compound of claim 79 wherein RX is R2.
10~ 81.  The compound of claim 80 wherein R? is R* substituted with R,
82.  The compound of claim 81 wherein R¢ is ethyl substituted with R,

83.  The compound of claim 82 wherein R% is —C(R®)ORX
15

84.  The compound of claim 83 wherein R® is =O.
85.  The compound of claim 84 wherein R*is propyl.
20 86.  The compound of claim 85 wherein R* is n-propyl.

87.  The compound of claim 86 of the formula,
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88. The compound of claim 81 wherein R* is propyl substituted with R,
5 89. The compound of claim 88 wherein R? is n-propy! substituted with R,
90.  The compound of claim 89 wherein R% is —C(R®*)OR*.
91.  The compound of claim 90 wherein R® is =O.
10
92.  The compound of claim 91 wherein R* is butyl.

93.  The compound of claim 92 wherein R* is n-butyl.

15 94.  The compound of claim 93 of the formula,
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95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

HN
N
N X \ 0
x \\
N R—g
NH
o] .
The compound of claim 79 wherein RX is R2.
The compound of claim 95 wherein R? is R* substituted with R* and R*!.
The compound of claim 96 wherein R* is ethyl substituted with R* and R®.
The compound of claim 97 wherein R* is —-RW?.
The compound of claim 98 wherein —R° is methylene.
The compound of claim 99 wherein W? is W5.
The compound of claim 100 wherein W? is a carbocycle.
The compound of claim 101 wherein said carbocycle is phenyl.

The compound of claim 102 wherein R* is —~C(R**)OR%

The compound of claim 103 wherein R® is =O.
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105.  The compound of claim 104 wherein R* is ethyl.

106. The compound of claim 105 of the formula, .

A)I\> i

—\

; T

107.  The compound of claim 6 wherein Y4 and Y8 are —O(RX).
10 108. The compound of claim 2 wherein R*? is R#,

109.  The compound of claim 108 wherein R¢ is alkyl.

110.  The compound of claim 108 wherein R* is alkenyl.
15

111.  'The compound of claim 108 wherein R* is alkynyl.

112. The compound of claim 110 wherein R* is 2-propenyl.

20 113. The compound of claim 2 wherein R* is R2.
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114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

125.

The compound of claim 113 wherein R? is R¢ substituted with one R3.

The compound of claim 114 wherein R* is methyl substituted with one R®.

The compound of claim 115 wherein R is R%,

The compound of claim 116 wherein R* js —CF.

The compound of claim 115 wherein R* is ~CHz-CFs.

The compound of claim 1 used as an antiproliferative agent.

The compound of claim 1 used as an apoptotic agent.

The compound of claim 1 used as an anti-HPV agent.

The compound of claim 1 used as a topical anti-HPV agent.

The compound of claim 1 used as an antiproliferative agent.

The compound of claim 1 used as an apoptitic agent.

A pharmaceutical composition comprising an effective amount of a

compound of claim 1 or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

126.

The pharmaceutical composition of claim 125, where said composition is a

gel composition.
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127. The pharmaceutical composition of claim 125, where said composition is an

ointment composition. -

128. A pharmaceutical composition comprising an effective amount of a
compound of claim 1 or a pharmaceutically acceptable salt thereof, and an
effective amount of at least one antiviral agent, and a pharmaceutically acceptable

carrier.

129. The pharmaceutical composition of claim 128, where said compositionis a

gel composition.

130. The pharmaceutical composition of claim 128, where said composition is an

ointment composition.
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