PHOSPHONATES , MONOPHOSPHONAM DATES , Bl SPHOSPHONAM DATES FOR THE TREATMENT OF
VI RAL DI SEASES BACKGROUND OF THE | NVENTION 10 Field of the Invention The
present invention relates to conpounds and conpositions and net hods of use

t hereof, useful for treating viral infections, in particular human

papi |  omavi rus. 15 Background Human papill omavirUS (hpV) is one of the
st prp%éf#}?)?&frfse)fM@ﬁd%oéﬁ;ﬁﬁ%ﬂﬂﬁx@g I8k BEddrABRaM DAt WO I1Gis TRMNrRERF @FrTor e
than 10 Ifferent types of HPV, the majority of which are harm ess. However,
there are about 30 types that ZOVEW@‘Qﬁ%@ﬁﬁSthrough sexual contact. Some types
of HPV cause genital warts, which appear as single or nultiple bunps in the
genital areas of nen and wonen including the vagina, cervix, vulva (area
outside of the vagina), penis, and rectum Although many people infected with
HPV have no synptons. Wile nost HPV subtypes result in benign |esions,
certain subtypes can 25 lead to nore serious |esions. Anogenital infections
arising from HPV-16 and HPYVACGKGRAIUND @F SHEEMOENREANHPY- 6 and HPV- 11, are
nost often associated with precancerous lesions in cervical and anal tissues
cal | edl@yspl asias. Patients with dysplasias are often asynptomati c and may
only discover their |esion after screening H gh-grade dysplasias, if |eft
untreated, may transforminto caﬂﬁ@ﬁdﬁ§h88HY@§§Hés. Low grade | esi ons nmay
spont aneously regress, while others may progress to high-grade |esions.

HPV- 16 and HPV- Ige presempinvestticanrelaiesto RMBOWNER ABY SOMEISIEONE M gh sever al

ot her transform ng HPV subtypes are al so assaqci ated wi.th dysp] asi as. Recent
studi es i ntietaeds ofage theredd, Bsefmbloneaseg; YIFQ(i@l%’&HBE@%HQHﬁﬁ&&?‘Wbe
infected with_these high-risk subtypes of HPV. HIV 5 positive patients are
al so nore PRREIO]@ErYe infected with nultiple subtypes of HPV at the sane
time, which is associated with a higher risk of dyspl asia progression.
Genitaldwarts are the most conmon sexual ly transmtted disease in the world
and are nost prevalent in people 17-§gﬂ¥e_ars of age. HPV-6 and HPV-11 are

10responsi bl e for nearly 90% of all &8 rts, but are rarely associ ated
wi th neopl astic ccordin rican Soci al Heal t h, Associ ati on,

at |east 20 ml pﬂ%ﬁa""xﬁ,ggml mﬁV?H%?%ge’éﬁsgg%ﬁAJSE%WSﬁ eré’@ieéﬁ SWHYHPY, with 5.5
MG e T A e A
genitalia, }ﬁ*{}, the majority of which are harmless. However, there are about 30 types that
20  are spread through sexual contact. Some types of HPV cause genital warts,
which appear as single or multiple bumps in the genital areas of men and women
including the vagina, cervix, vulva (area outside of the vagina), penis, and rectum.
Although many people infected with HPV have no symptoms.
While most HPV subtypes result in benign lesions, certain subtypes can
25  lead to more serious lesions. Anogenital infections arising from HPV-16 and
HPV-18, while less common than HPV-6 and HPV-11, are most often associated
with precancerous lesions in cervical and anal tissues called dysplasias. Patients
with dysplasias are often asymptomatic and may only discover their lesion after
screening. High-grade dysplasias, if left untreated, may transform into cancerous

30  tissues. Low-grade lesions may spontaneously regress, while others may progress
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15 without treatnent, may progress to Iar%er nore pronounced cauliflower-Iike

growt hs. RSUgBhyerade lesions HBV-Heepd Elnrd 8raas enesd pfitgn assesiated withn a per son

infected with genital rts will devel op war ithin three, nonths of, contact,

Spont aneouSY§RigHa% §ﬁ6%8vﬁﬁe‘§%'\é\1 ther W&%ﬁ@wﬁugmfﬁ?%%@l%ﬁ?gﬁt%r t

cases. However, even if_a |lesion regresses, recurren epital warts is

comon wi t Wit ﬁl%gt:tﬁﬁ"c@ﬂ&%h’éﬁ?seﬁn ?f’ée@éair‘%p %é%ﬁpgmp‘gﬁlgf’ﬂe unsi ghtly

| esi ons, treatnent .of .genital warts.is, c Evi overfr%ﬁg I t wo
S :

decades. halOMOIT! PAFTERY ReERtrd et HEsRbigtrFek sEPEIPS=S t hough
t ffici ., for. the. d | f .Vi cal . Th f HPV

corviodl  chdare pelisht AR Aleg RBREBke o R MR RS have &
iml i at.i bet PY i nfect] t | f |

cyopl asi a By &P el el Hh HSEGRE0 PN < BpREUR BRRE8H, "00e ot uay of

HI'V negatiye patients wth anal cancer, HPV infection was found in 88% of anal

cancers. Iﬁ [gge in 2003, 12,200 new cases of cervical cancer and 4,100

cervical - cancer i i : : . nal cancer

and 500 anal -ca%gggélr&gg%%g?@(kﬁe%égfﬁoéﬁ# g%lgs gﬁ%gyo ﬁgg}l\{}?g’a g‘%&g%gg& as

decr eased JBridfind A¥imboLbredafRai St pliSld 038 YERLeade SAPFRaLAG PP 1ide! dence
ng. e inc e

of anal cancer 1s Increa ease | ana ancer 1 nci nce may be

attri b edr_eggbﬁsielaerfbr h@aﬁ‘g@oiyyéﬁ%ggﬂg | D&Rs Y ﬁ@%&fﬁ@/%&%{éﬁ%@ave a

hi gher incidence of anal tancer e general popul-ation. ile anal cancer

has an i nohEmesicirolfsCARLEARSY 1ol B ARrichn LREIYPRAIAI ABRRIR 8fleadna!

cancer has i ncidence of 35 es per 100,000 in the honosexual nale

popul at i o @ERE68PLpI€ S B TS ard BRiBRy iffetRa WtM PV {iMes BeRDESX Haly Ml e
popul ation. In fact, due to the high 10 preval ence of anal dyspl asia anong

1- IW i nf ecdaes @ﬁééx@lallg tAiEndtted (P WdnfdceBes otcatitlg HANGRNS  Géieal3P83s USPHA /

| DSA Gui delines for the Treatnent of Opportunistic Infections in HV Positive
Pati ents widdallynsiodaee paidesseithyobidglsiloeged oh daidag s gehiagiobed W th anal
dyspl asia. There is no known cure for HPV. There are treatnents for genital
var t s,1515 withoghtreheyerdf trety pliogagisatarl agee mavetgronbuheabta@iflowdhikaet hod of
treat nent depends on factors such as the size and | ocation of the genital
warts. Anmgrowthe Roeghhemvs thisdsiofipeoplernioihave setedront pattceperspedophyl 1in
antimtotic solution, 0.5 percent podofilox solution, 5 percent

5- f | uor ouriafddtedt watingerdted Waritx Wild deseletpi waets mdthifilthresm onthpofdepitadt) i n or
podofilox is not recommended for 20 pregnant wonen because they are absorbed
by the skiSpanianemys regtessioni oftgendial aarss octhes insH)-20%ffdendtmbunacidsesr eam i s

al so not reconmmended for pregnant wonen. Small genital warts can be physically
renoved byHoweset, wyeq éf 3 lesinngeagyessed weaiumgn ¢eedfegrimitat aweares ig)conrmba seith
treatnent. Large warts that do not responded to other treatnent nmay have to be
removédl by OSuFefairienceafier ahe wanr Ahavesubeeithesinsighily lesionest reatnfi@itiafwi ng
physical renmpval, in these instances a-interferon have been used to directly

i nj ect i nt&{Re¥@rigdp COMMmMPever, a-interferon is expensive, and its use does
not reduce the rate of return.of the genital_ warts. As such there exists
an unnet need foPdERgeRenBe lpsy twosdacades hag ledias broadnssepenee thatilAgVy

di scover ed_goppounds t hat et .this ed, and provide other benefits as well.
5SUMMVARY efﬁé“ﬂ?\%‘i@f?%% ﬁ%&gpp%w'}ﬁpe%f}%ﬂ& evergipment of cervical

cancer. The presence of HPV in cervical cancer is estimated at 99.7%. Anal cancer
25  is thought to have a similar association between HPV infection and the

development of anal dysplasia and anal cancer as is the case vﬁth 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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at oms; in the HIV positive homosexual male population. In fact, due to the high
10  prevalence of anal dysplasia among HIV-infected patients and a growing trend of
anal cancers, the 2003 USPHA / IDSA Guidelines for the Treatment of
Opportunistic Infections in HIV Positive Patients will include treatment
guidelines for patients diagnosed with anal dysplasia.
There is no known cure for HPV. There are treatments for genital warts,
15 though they often disappear even without treatment. The method of treatment
depends on factors such as the size and location of the genital warts. Among the
treatments used are, Imiquimod cream, 20 percent podophyllin antimitotic
solution, 0.5 percent podofilox solution, 5 percent 5-fluorouracil cream, and
Trichloroacetic acid. The use of podophyllin or podofilox is not recommended for
20 pregnant women because they are absorbed by the skin and may cause birth
defects. The use of 5-fluorouracil cream is also not recommended for pregnant
women. Small genital warts can be physically removed by freezing (cryosurgery),
burning (electfocautery) or laser treatment. Large warts that do not responded to
other treatment may have to be removed by surgery. Genital warts have been
25 known to return following physical removal, in these instances a-interferon have

been used to directly inject into these warts. However, a-interferon is expensive,

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



R5 is alkylene of 1 to 18 carbon ato kenyl ene to 18 rhon ons, or
al kynyl ene of A% %1‘3@8&85‘? %ﬁtsﬁb%@eg%(’%ﬂ@ e%cﬁye‘kg[?V%rea tlclgh%gn o
-C(R3b) R6,, - C(R3b). Wb, . -S$01, 42RG, or - SO wherei ' ' in each R4
is substi thfﬁﬁcguﬂ’ LHNEL% %@Y—‘%‘e FBHH%QWdE%}ngeFE{}E%Bﬁg@yéé}sde%ﬂ‘)éﬁgé g#%cycl e
wher ein V\Erswis.' nde&e@‘?ently substituted wwth 0 to 3 R2 groups; and 15M2 is O,
1l or 2, a nﬁﬂ ically acceptable salts thereof. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON The present invention provides a conmpound of the forrmula, 20
CS\ P---- H2NB yl1lA wherein: Ais RxIRx2 N/7 , O

5 SUMMARY OF THE INVENTION
A compound of formula I,

RX'] RX2
~ N/

10 wherein:
Y» and Y?'® are independently YY;
RX'and R* are independently RX;
Y is =0, -O(RX), =S, -N(RX), -N(O)(R¥), -N(OR¥), -N(O)(ORX), or -N(N(RX)
R));
15 R*is independently R, R, R, W5, or a protecting group;
Rlis independeﬁtly -H or alkyl of 1 to 18 carbon atoms;
R?is independently R3 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;
20 R3is R%, R%, R* or R%, provided that when R® is bound to a heteroatom,
then R3 is R3¢ or R34;
R#*is -H, -F, -Cl, -Br, -1, -CFs, -CN, Ns,-NO¢, or ~OR%;
R*is =0, -O(R#), =5, -N(R*), -N(O)(R*), -N(OR?), -N(O)(OR?), or -N(N(R%)
(R%);



Y' A and Y18 are independently "111; Rx1 and Rx2 are independently Rx; 5Yi is
=0, -O(Rx), =5, RENEWRS, -NIROIRFePR?, ~BQRL)-S(ONRO)-BERPR brS@IpCRGRx i s

i ndependent | 1AP, or protectin i s _independently -H
or al kyl é(ﬁsamgqqma@mt@@(R%)<N(R4)<R4))R§%(§3bola§e%@aﬁ@m@ 5.5 or RA
wherein each R4 is nde ndent substituted 1 W|th 0 to 3 R3 groups or

t aken togetSIQR%&(tN@“KB?) N(Bf)&&%ﬁ% RRYERPORorma ring of 3 to 8 carbons

and the rin be substituted with O to 3 R3 groups; R3 is R3a, R3b,
R3c or R34‘I\?@§4)§§W§G\I@4KN»M\% OF?BRS‘& bound to a heteroatom then R3 is R3c or

R3d; R3a S - 35 is =0,
_O(R4),0 I S, N( Bzzf)ls 'C&("SN R&3)<R3b %b%?m"l‘ﬁ(\‘o?'\g EQQW&I é&%"ﬁ%ﬁzﬁ I
-N(R4) (R4), -S 2R4 R4 01- 0 R3b 124
e, "okt t ekeaffelily o it e ekl Sl 8 oot /
SC(R3b) (N R4)) R N( R4 0124, -N(R4 R3b) (N(R4) (R4
VB 20 br - NETRPOT HHEg ﬁ%@g%%p S&rihy omi, - i Foi VB, (kb ova or
R4 is -H, lk f 1 b b
e o L RO PRS0 i B
18 carbon &{gﬂﬁn ?eh%%@&'t?&ri% c%I‘bgng%n;@ car bon atons, 25 or al kynyI ene of 2 to
18 carbon ato ;y !
10 W3 is W4 or W5; '
Wtis RS, -C(R*®)R¢, —C(R3b)W5, -SO\pRS, or -S5O, W3, wherein RS is R*
wherein each R* is substituted with O to 3 R® groups;
W5 is carbocycle or heterocycle wherein W® is independently substituted
with 0 to 3 R? groups; and
15 M2is0,1or2;

and pharmaceutically acceptable salts thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a compound of the formula,

20

wherein:



W is W or Wb, W is R6, -C(R31')RS, Cé53 - JOM2R6, or -S0,,, 2V,
wherein R6 is R4 wherein each R4 is substitute th RTo 3 R3 groups:

Wb is carbocycle or heterocycle wher@in W is |nde|blendentl y substituted 5 with
0to 3 R2 groups; and M2 is O, 1 or 2; and pharnacegutically acceptable salts

t hereof. An enbodi nent gf the prese invention prew des a conpound of Fornul a
101, Rx1Rx2 wher epA%” and n/are\kndeﬁendgm y%11; 15W and Rx2 are

i ndependent |y RRiSy1'is -0, -0(W, =8, -N(Rx) -N(O) (Rx),” -N(OW, -N(0)(012x),
or W9); Rx is independently 121, R2, R4, WB, or a protecting group; 121 is

i ndependently -H or alkyl of 1 to 18 carbon atons; 20R2 is independently R3 or
R4 wherei n eac 74| |nd ndetl bstituted with O to 3 123 groups or

t aken toget her rg% 1?[96‘?1 HF’\'}\% % groups forma

R¥ and R* are mdependently RX% .
5 Y1is =0, -O(RX), =S, -N(RX), -N(O)(R¥), -N(OR¥), -N(O)(ORX), or -N(N(R*)(
R¥));
RXis 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
10  with 0 to 3 R® groups or taken together at a carbon atom, two R? groups form a
ring of 3 to 8 carbons and the ring may be 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 R3;
R*is-H, -F, -Cl, -Br, -1, -CF3, -CN, N3,-NO2, or ~OR%;
15 R* is =0, -O(RY), =S, -N(R*), -N(O)(R), -N(OR?), -N(O)(OR¥), or -N(N(R#)(
R9);
R3ejs —R#, -N(R*)(R?), -SR, -5(O)R4, -S(O)2R¢, -S(0)(OR?), -S(O)2(OR*),
-OC(R3)R!, -OC(R®)OR?, -OCR®)(N(R4)(RH)), -SC(R*®)R?, -SC(R*®)OR?,
SCRP)INRH(RY), -NRHCER?)R?, -NRYCR®)OR?, -N(ROCR*)(N(R?)(R?), W?
20  or-RSW3;
R34 is -C(R¥*)R?, -C(R*®)OR?, -C(R*)W3, -C(R®)OW? or -C(R®)(N(R%)(R%));
R*is -H, or an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon
atoms, or alkynyl of 2 to 18 carbon atoms;
R’ is alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon atoms,

25  or alkynylene of 2 to 18 carbon atoms;



ring of 3 to 8ﬁ%b S avr\llq'the ring my be substituted with O to 3 12.3
groups; 5 S¥s B3V R3b, R3' or R3d, provided that when R3 is bound to

het t then 123 j ; B.9.is H F -a . -Br. -|, -CF3,
fic:N,e ﬁlgoa ﬁgz \gﬁqhéé '@?5%&%%% Sﬁuﬁ:ﬁ%@]}ém‘ﬁ mfteﬁi’&j‘ﬁlm{% R4)
-N( 0) (OR4), R4)): _ R3c.is -1-(4,. -N(RA)(R4), -S(0)W -5(0)2R4, -5(0)(0R4),
-sg o%(2(ORisvhgrrw%bm,s%smémpé ’F&Q}lpﬁr(( ) %4§(R4)),( ?SC( R3b) (R4?( )

- SC(R3b) OR4, - SCLR3b) (N(R4) (124)), - N(R4) C(R3b) R4, - N(R4) RSb%g(()R4

-N(R. 4) C(12. 3b) em%rﬁvmﬁ,e Omglegrows%wﬂlem%&; ﬂssmdepé@g y SukgtRE bR,
-C(R - 0 or R4 is -H or an alkyl of 1 to 18 carbon atons,
al keny\l% of%ﬁt\%ﬁgolg\éﬁé&q}&?'éf‘gn& or alkynyl of 2 to 18 carbon atoms; R5 is
al kyl ene of 1 tgo.18 c rbﬁ_n atons, al kenylene of 2 to 18 carbon atons,

wherei n each R&VIZSSIubSF*tuted with 0 to 3 R3 groups: W6 is carbocycle

or heterocycl e, wherein. i S I pendent | ubstituted with 0 to 3 R2 groups;
and 20M2 i%‘%?h%?ceﬂﬁcéﬁx %ﬁeﬁqg@@éﬁﬂﬁﬂéq¥9éaccept abl e salts thereof.

An embodiment of the present invention provides a compound of Formula

10 1,

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

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



An enbodi nent of,, 1 e, .80t _jLoventi.qn.pravi des a. 0 f.the Formula LA,
where Yl A and Y 33152{% ee{;s’iﬁeﬂ jﬁedpﬁ%vda‘éq%q[ WH%Re%C%Mﬁ(?ag\‘et?ﬁatoﬁ’esent f
i nvention i pound of the formula, HNA An enbodi ment o

t he presen e%ﬁ%/ﬁ%?{l&gor{clgjﬁ’ovi des a conpound of the fornula, HN An

A anbodi ment ok tha oy 6Sant T YT anSpr v e O Eabound of the for mil a
R* is =0, -O(R%), =5, -N(R*%), -N(O)(R?), -N(OR?), -N(O)(OR*), or -N(N(R*)(
5 RY)
R is -R¢, -N(RH)(R®), -5R?, -5(O)R?, -S5(O)R?, -5(O)(OR?), -5(O)2(OR?),
-OC(R*)R4, -OC(R*)OR?, -OC(R®P)(N(R)(RY), -SC(R*)R?, -SC(R*)OR?,
SCRP)NRH(R), -NRICR®)RY, -NRICRP)OR?, -NR)CR®IN(R(RY)), W?
or -RSW3;
10 R is -C(R®)R¢, -C(R**)OR?, -C(R*P)W3, -C(R3®)OW? or -C(R¥®)(N(R*)(RY));
R*is -H, or an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon
atoms, or alkynyl of 2 to 18 carbon atoms;
R’ is alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon atoms,
or alkynylene of 2 to 18 carbon atoms;
15 W3is W# or W3 ‘
Whis R, -C(R*®)RE, -C(R*®)WS3, -SO,R¢, or -S5O, W5, wherem R¢ is R*
wherein each Rt is sul;stituted with 0 to 3 R® groups;
W?is carbocycle or heterocycle wherein W* is independently substituted
| with 0 to 3 R? groups; and
20 M2is0, 1 or 2;
and pharmaceutically acceptable salts thereof.
An embodiment of the present invention provides a compound of the

Formula IA,



HA An enbodi nent of the present invention provides a conpound of the

formula, HA An enbodi nent /Qf the present invention provides a
conpound of the formula, An RQodi nent of the present invention
provi des a conmpound of the for a, HA An enbodi nent of the present

i nvention provides a conpoundi®f the fornula, HA

SO

where YA and Y are as defined above.

An embodiment of the present invention provides a compound of the

formula,
HN/A
N
josInY T
HoN N \\/o -/ \NHﬁ \
5 0 O/\/

An embodiment of the present invention provides a compound of the

formula,



An enbodi nent of the present invention provides a conpound of the folillilia,

HA An enbodi nent of the esent invention provides a conpound of the
formul a, An enbodi nent of the ent invention provides a conpound of the
f ormul a, An enbodi reriN“Of the present invention provides a conpound

useful as an antiproliferatijve agent. 5An enbodi nent of the present invention
provi des a conpound usef ul an_gpoptoti c agent. An enbodi nent of the
ac npégyd usefuk;as an antiQ agent .

present invention provid

An aspect of the present gnbodijment/ provides\a co d useful as a 10

topi cal anti-HPV agent odi ment ofR pregent invention provides
a pharnmaceuti cal conp&sltlon conpr sin k d¢tive apount of a conpound of
Formula 1 or a pharmaceutically ac bIe S thereof, and a
pharmaceutically acceptable carrier. 15An ect Qqf the present enbodi nent
provi des a pharmaceutical conposition, where\the £0 sition is a gel

conposi tion. Anot her aspect of the preggnt-Cenbodi nent provides a
pharmaceutical conposition, where the conpoSition is an ointnent conposition.
An enbodi nent of the present invention provides a pharnmaceutical 20
conposition conprising an effective amount of a conpound of Fornula 1 or a
pharmaceutical ly acceptable salt thereof, and an effective anpunt of at | east
one antiviral agentmbadimanpbitiegsestntdaléntiarepeptidbs e compdued of the  An
aspect of the present enbodi nent provides a pharnmaceutical conposition, where
t he conposiformnla,s a gel conposition.

HoN N \\/o\/ \NH H o)

An embodiment of the present invention provides a compound of the

formula,

10



conposition, where the conp tion is an ointnment conposition. Definitions

The term "PMEG' refers to onpound 9-(2- 10

phosphonyLnet hoxyet hyl )5' ani ne, The term " PMEDAP" refers to the conpound
9- (2- phosphonyl nmet hoxyet hyl ) - 2, 6-di arni rt opur |
15The term " cpr PMEDAP o the conpound

€

phosphonyl r net hoxyet hyj| ) - 2- am n® 6- (cydofy opyl ine, ~“L\---\ NH

"Bioavailability" is e ee/to which b_g armaceutically active agent

becormes avai | abl e Hio”t hentar gel! tissBe a \(er{)"the agent's introduction into the
N

body. H
/j\o/\/\

O

5Anot her aspect of the pr esegt enbodi nent provi des a phatinaceuti cal

An embodiment of the present invention provides a compound of the

formula,

HN/A
N7 X N\
HZN/L)NIN O\\

\ 7
\\/O\/ P\N\Hﬁ o)

Sl

An embodiment of the present invention provides a compound of the

formula,

11



provide a nore efficient and ective treatnent patients because, for a
gi ven dose, nore of the ph Ceutically active ill be avail abl e at
the targeted tissue site$N The terns "phosphonat "pRosphonat e group”
i nclude functional 10 groyps or noieties wthin nol ecul e\ t hat conprises a

phosphorous that is 1) n ded to a carbo
het eroatom, 3) single- to het er o&t orn, / i ngl e-bonded to
ch/ het er oat oly) can be \he sane or different. The

anot her heteroatom wh
osphgnat e SLEBV \§¢$o i n® ude functional groups or
[

5 Enhancenent of the bioavailgﬁility of a pharmaceutically active agent can

ternms "phosphonat e'Hyenhd ' |
noi eties that conprise a 15 phosphorgus i'n fNae sane Oxidation state as the
phosphor ous descri bed above, as we as ctional groups or npieties that

conprise a prodrug noi ety that caga-separat\e froma eonpound so that the
" .
NQS P

conpound retains a phosphorous 0 the/;-ar cter\stics described above.
For exanple, the tei "phosphonaige ) "3'ospﬁonate group” include phosphonic
aci d, phosphoni c nonoester, 20 p phoni ¢ di ester, phosphonam date, and
phosphont hi oate functional groups. In one specific enbodi nent ‘of the
invention, the terns "phosphonate" and "phosphonate group” include functional
groups or noieties within a nolecule that conprises a phosphorous that is 1)
si ngl e- bonded t ﬂﬂﬁ%ﬁ% =t ' ; iHagl e- bonded
to an oxygen, éﬁﬁ%ﬁﬁﬂgﬁﬁgfég%on ?@”ﬁ?gﬁﬁgﬁF%§§§%%?&§gﬁﬂﬁFﬁigiﬂ?ﬂnctiona|
groups or {@pield es that conprise a prodrug noiety that can separate froma
conpound so that the conpound retains a phosphorous having such
characteristics. In another :;iﬁﬁjic enbodi nent of the invention, the terns

"phosphonat e” and "phosphonat oup” include functional groups or noieties
within a nolecule that commises a phosphorous that is 1 ) single-bonded to a
carbon, 2) doubl e-bonded to|l an oxygen, 3) single-bonded to an oxygen or
nitrogen, and 4) single-b anot her oxygen,or nitrogep, as well as
functional groups or noi@ties conpri sega prodrug LeXy that can
separate 10 froma conpoynd s t he comjound ( phosphor ous havi ng
such characteristicsHN Cl and qgégggs\mor determ ning stability of
conpounds in surrogate gastrointegtinaw) ratitons ar@ known. Conpounds are
defined herein as stable in the g intestjMial tract where less than about
ted in surrogate

ns

conpounds are stable to the gastr\ i tract does not nean that they
cannot dbe hydrol yzed in vivo. Prodruds typically will be stable in the
di gestive system but are substantially hydrolyzed to the parental drug in 20

the digestive lumen, |iver or other netabolic organ, or within cells in
general . The conpounds of the invention can al so exist as tautoneric
i somers in cer tei 8 enigy thepriepent ingrriemprevidase sammoussofdkiest f or

i m dazol e, gﬁa idine, amdine, and tetra zole systens and all their possible
tautoneri(fO are within the scope of the invention. 25The term "prodrug"

as used herein refers to any conmpound that when adm nistered to a bi ol ogi cal
system generates the drug substa i.e. active ingredient, as a result of
spont aneous chem cal reactiog& ; enzyne catal yzed chem cal reaction(s),

phot ol ysis, and/or netabolic
covalently nodified anal og or
conmpound.

hem cal reaction(s). A
Iaten& formof a thergf

prodrug is thus a
( cal ly-active

12



"Prodrug noiety" refers to a labile functional group which separates fromthe
active inhibitory conmpound during netabolism systemcally, inside a cell, by
5 hydrolysis, enzymatic cl eavage, or by some other process (Bundgaard, Hans,
"Desi gn and AppAnembodinpdntifdbepyasent mvantiextprovkiesta @rupgoded of theind

Devel opnent (1991), P. Krogsgaard-Larsen and H aui dgaard, Eds. Harwood
Academ ¢ Pugmimiudders, pp. 113491). Enzymes which are capable of an enzymatic
activation mechanismw th the phosphonate prod rug conmpounds of the invention
10 include, but are not limted t am dases, esterases, mcrobial enzynes,
phosphol i pases, cholinesterases phosphases. Prodrug noieties can serve to
enhance sol ubility, absorptidfand lipopliilicity to optimze drug delivery,
bi oavail ability and efficacy. prodrug noi ety may ipeluge an active

met abolite or drug itself. y prodrug noi et ncl ude t he

hydrol ytically sensitive or|labille adyl oxynet Hyl est\e CH20OC(=0) R and

acyl oxynet hyl carbonat es ;QLE;f where R\ n th nstance is Cl -Co
all'sel, Cl1-C6 substitutggal ; o aryl or C8=6"C20 substi t ut ed aryl. The
acyl oxyal kyl ester was first used as d?ué/gz;ategy for carboxylic acids
and then applied to phosphates and 20 es by Farquhar et al. (1983)J.
Phann. Sci. 72: 324; also US Patent Nos. 48165y0, 4968783, 5663159 and
5792756. Subsequently, the acyl oxyal kyl ester S e o deliver phosphonic
acids across cell nmenbranes and to enhance or i®availability. A close
variant of the acyl oxyal kyl ester, the al koxycarbonyl oxyal kyl ester
(carbonate), may al so enhance oral bioavailability as 25 a prodrug noiety in

t he corfpounds of the conbinations of the invention: Art exenplary

acyl oxymet hyl ester is_isopropyl carbonyl oxynet hoxy, -OCH20C(=0)C(CH3)2. An
exenpl ary acyl o&pmmﬁhnmtmﬁ%e erqaeat%wgné@narwmﬁas@pvﬂb@wé@fcémy| oxynet hyl
car bonat e, =0) 0CH20C(-0) C(CH3) 2. The phosphonate group may be a
phosphona.tf@r rug noi ety. The prodrug noi ety nmay be sensitive to hydrolysis,

such as, but not limted to a isggropylcarbonyl-oxynethoxy or

i sopropyl car bonyl oxynet hyl carb te group. Alternatively, the prodrug noiety
may be sensitive to enzymatic pOtentiated 5 cl eavage, such as a |lactate ester
or a phosphonar ni dat e- est er
especially phenyl esters, arg reported to enhance
Lonbaert et at (1994) 1. 37:498). Phen

carboxylic ester ortho to|the phosphat e haveQal so been descri bed (Kharnnei and
Torrence, (1996) J. NbﬂbﬁAEgtp/ 9: 109-4115ﬂ\ BepzyT=10 esters are reported
to generate the parent,nghospRoric add. In sopB clses, substituents at the
ortho-or para-position nmay accelerate t drpliysis. Benzyl analogs with an

acyl ated phenol or an al kyl at ed pheno erate the phenolic conpound
t hrough the action of enzynes, e.g., es , ?;Lg§§g§?\étc., which in turn

geAerate the 15 phosphoric acid
s of this class of prodrugs are

under goes cl eavage at the benzylic GO
and the qui none nethide internediate. Exanpl

described by Mtchell et al. (1992) J. Cherf! Soc. Perkin Trans. 11 2345;

G azier WO 91/19721. Still other benzylic prodrugs have been descri bed
containing a carboxylic ester-containing group attached to the benzylic
nethyH%ne (d azier WD 91/19721). Thio-containing prodrugs are reported to be
useful™“for 20 the intracellular delivery of phosphonate drugs. These proesters
contain an | thi r in whi.ch the thiol group is ejther esterified with
an acyl gr%ﬁ%ﬂ%grc’dé%%ﬂ? ﬂgﬁPWE%e%Wﬁ% OoR HF%YldG? BL?BB?RPW}# ﬂ?&‘ecfpé@luﬁ%de.
Deesterification or reduction of the disulfide generates the free thio

i nternmedi ate which subsequently breaks down to the phosphoric add and

epi sul fide (Puech et al. (1993) Antiviral 25Res., 22: 155-174; Benzaria et al.
(1996) J. Med. Chem 39: 4958). Cyclic phosphonate

roup. Aryl esters of phosphorus groups,
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esters have al so been described ,as prodrugs of phosphorus-containing
conpounds (Erion et al., US PateRt No. 6312662). "Protecting group"” refers to
a noi ety of a conpound t hat or alters the properties of a functional
group or the properties ofHihe conpound as a whol e. Chemical protecting
groups and strategies for p otection/deprotection/dre well known in the art.

See e.g., Protective Go ani c Chem stry,(" Theofjora W G eene, John
Wley & Sons, Inc., New Yprk, 1991\ Protect®ng groups Aare often utilized to
mask the reactivity of c taLp f ungti onal gxpups i

of desired chemi cal pe&Cti ORS, e’%@;*2351$9/dga i ol e cal bonds in an
ordered and pl anned fashion. Protectiom of~ fy i £ yroupg of a conpound
alters other physical properties besides the readti vit X he protected
functional group, such as 'the polarity, lipophiligity (hydrophobicity), and
ot her 10 properties which can be neasured by comfon nal ytical tools.

Chem cally protected internedi ates may t hensel vBs be iologically active or

i nacti ve. Prot ect ed conpounds nmay al so exhibit altered, *and in sonic

cases, optimzed properties in vitro and in vivo, such as passage through
cel lul ar nmenbranes and resi stance to enzymati c degradati on or sequestration.

In this 15 role, protected c ounds w th i.ntended, t herapeutic effects may be
referred to as ﬁw%@mem O?r{ﬁ?lé’f?f’é?‘ Wﬁ&anrPIBim%esﬁ%cfrgBﬂlﬂ lﬁ?‘g’gﬁsi s to
convert the parental drug into a prodrug, whereby the parental drug is

rel eased uﬁ%ﬁnEBﬁﬂgﬁggﬁﬁgﬁpnbhe prodrug in vivo. Because active prodrugs may
be absarbed nore _effect.ively  than the, 20 parental . possess
gr eat e(r)g pot encyxf‘r?ni}}?‘?fﬁ)‘rqmr?fttﬁ% Pﬁ%ﬁ%‘hme%ﬁP&&f%ﬁ}‘g{SZ%??rﬁyg’ﬁgg%S@%é renmoved
either in vitro,, in the instance of chem cal internediates, or in vivo, in
the case of"APOBIGTGLE* Nt h chemical intermediates, it is not particularly

i nportant that e | £ i L t4 ol s, be
physiologicalIyhgé%égﬁgg%%ﬂqgﬁgggﬁgﬁifﬁkggﬁgrgﬁ%?pﬁgéiﬁngg egﬁﬁgﬁﬁggif 25

t he produc QIEU riogeol ogi cal |y i nnocuous. Any reference to any of
t he conpou%%gﬁéf h%g?ﬁgention al so includes a reference to a physiologically

accept abl e sal t sthRreafor FSUTELER oAb NRLOLAN AR b LoRESBIARLEPRLES of the

conmpounds of the invention a Ive roman appropriate base,

such agy aniglikalhyrgpy @r exanple, sodium, an alkaline earth (for
exanple, na ﬁesiu&), a&ﬁ%%ﬁbn1and NX4 (wherein X is Cl--C4 al kyl).

Physi ol ogi cal | yAﬁ%?lE’&ﬁ%&t%g'thé PbseRR e PAHTHAD LHhAMABOT OUP

i nclude salts of organic car oxy?ﬂc acl ds such as acetic, benzoic, lactic,
fumaric, t@ér"r@béiﬁon%_offﬁi ifig JBIRRGe affiurof 'a%.%hﬂlb&ﬁh& of Fashall pBt & and
succi ni ¢ adds; organic sulf%nlc adds, such as nethanesul f oni c,
ethaneSU|fEHhﬁnmﬁﬁﬁ%ﬂ_ ﬁ&k&@ﬂﬂ@sﬁHQh&kﬁhuﬁﬁﬁ§Eh&ﬁﬁh&nﬁﬁhﬂ?hcéﬁﬁabﬁ@rganlC

aci ds, such as hydrochloric, sulfuric, phosphoric and sulfam ¢ aci ds.
Physi ol ogi gatiey. acceptabl e salts of a conpound of a hydroxy group include the
ani on of said conmpound in conmbination with a 10 suitable cation such as Nar
and NX#B (wher eAn a¥pest dfritie prostentembaiheat paofidesn iphainacéiti€alal kyl group) .
As used herein, the term"gel" refers to sen solid systens consisting of
ei t her suspempbsitisnrwieraitheoforspasitionioa gah¢éampasitionl es or | arge organic

nol ecul es enclosing and interpenetrated by a liquid. Were the gel nass

consi sts 15 of Ahotuulaspedfofshaipreseat eirdlogéimenhpragties 8 phlaaswicéutichlas a

two- phase system and is sonetines called a magma. Al um num Hydroxi de Gel and
Bent oni t e &Rypesities, wkarpthescaphpesibophase ofytsientsongiasifien.phase gel s consi st
of organic macronol ecul es uniformy distributed throughout a liquid in such a
manner that no ApFankedimssimfdhe psesext btvebsiongquevides ajpepunacaiticakr onol ecul es

and the . . .
20 composition comprising an effective amount of a compound of Formula 1 or a
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20 liquid. Exanples of such gels are Carboxynethyl cel | ul ose Sodi um and

Tr agacant hphéitrhheugitalg lascesteblesaitoheneof Gebars effadthamheuat df af leastrane be used
as a continuous phase. As used herein the term"ointnment"” refers to a
sem sol i d pnigpiasletgent, fratf a phbenacdutipflliacedptableafarsech consi stency that they
may be readily applied to skin 25 by inunction. They should be of such

conposi ti on t hatAntdspecisoffthepresent eotbabioess provigeselphantrecenfigdli ed to t he
body. They serve as vehicles for the topical application of nedicinal

subst ancescemgosition, here fencaasppsitionds  gebcemgposiionl i ents for the skin.

For therapeutic use, salts of active ingredients of the conpounds of the

i nventibon wi-l | Baopmsrsispedgifdat pyesend epthasliment peovidhey phiarmageutsedlt s deri ved
from a physiol ogically acceptable add or base. However, salts of acids or
bases whi ceprapesition p%ys«ﬁ Beoginpesitionds epoadimertupmnasetidn.nd use, for exanpl e,
in the 5 preparation or purification of a physiologically acceptabl e conpound.
Al salts, whether or not derived forma physiologically acceptable acid or
base, are within the scope of the present invention. "A kyl" is Cl-Cl18

hydr ocar bokeEBHIISN] ng normal, secondary, tertiary or cyclic carbon atons.
Exanpl es are nethyl ( - ), ethyl (Et, -CH2CH3), 10 propyl (n-Pr,
n-propyl, -CH2 Wﬁgbﬁ%ﬁwkﬁmlﬁhﬁm@%@?‘,@“- butyl (n-Bu, n-butyl,

-Cl-1 2 , 2-methyl-1-propyl (i-Bu, 1-butyl, - CH2CH(CH3)2), 2-butyl
(s-Bu%@-Eﬁ%9$R Qf\fi(f@é%’é&ﬁ@@ﬂ%‘%mzn%thy|-2-propy| (t- Bu, 1-butyl, -C(CH3)3),
1-pentyl (n-pentyl, -CH2CH2CH2CHZ2{H3), 2-pentyl (- CH(CH3) CH2CH2CH3),
3-perityl (-CH(CH2CH3)2), 2-nethyj[-2-butyl (- 15 C(CH3)2CH2CH3),
3-net hyl - 2-butyl (-CH( CH3) CH( CH3 , S-r\rrethyl-l-butyl (- CHeCH2CH(CH3) 2),
2-net hyl - 1- butyl (- CH2CH(CH3)an112 1- hexyl (- CH2CH2CH2CH2CH2CH3),
2-hexyl (-CH(Cl-13) CH2CH2CH2CHB), 3{lhexy) (- CH( Ci2QMB) (CH2CH2CH3) ) ,

2- et hyl - 2-pentyl (-C(CH3)2C 2 N 3- methyl-EZ- pentyl

(- CH( CHB) CH( CH3) CH2CHB) ,  4Haifet hyIN2- pent yl (020 €1- T{EH3) CH2CH( CHB) 2)
3-net hyl -3-pentyl (-C(CH3)(CH2CH3) 2), 2-\nethyl-3- pentyl

(-CH(ClI2CH3) CH(C1-13) 2), 2,3-dinethyl-2-butyl (-C(CH3)2CH(CH3)?2),

3, 3- di et hy 1 2- il oo “HEBRPOLIER) b tieAlokehiing bYpC2- CL8 hydr ocar bon

cont ai ning nornmal, secondary, tertiary or cycli‘c carbon atons with at

| east One_ﬁﬁé@k@&\yﬁﬂé%%{fﬁzﬂdiﬁmﬁogaﬁﬁ@n'Car bon, sp2 25 doubl e bond.

Exanpl es i'ncl ude, “but lTmted t et'hyl ene or vinyl allyl
(-Cl12CH=CH2), cycl opentenyl (-03¢), and 5-hexenyl (-CH2 CH2Cl- 12CH2CH=CH2).

\> O\\D/OH
N -/ ~—OH

\\/o

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

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

15



"Al kynyl" is C2-Cl18 hydrocarbon containing normal, secondary, tertiary or
cyclic carbon atons with at A\east one site of unsaturation, Le. a
carbon-carbon, sp triple b Exanpl es include, but are not limted to,
acetylenic (-CeCH) and propargyl’Ng-CH2CeC. H), 5"Allcylene” refers to a
saturated, branched or straight ¢hain or cyclic hydrocarbon radical of 1-18
carbon atons, and having two no | enfy radical centers derived by the
renoval of two hydrogen atoms ¥Tom fheXsane or two q)inferent carbon atons of
a parent al kane, Typical al kyllene rigdical s i ncluadg,/but are not limted to,
met hyl ene (-CH2-) 1,2-eth NE© N 1, 3-propyF~tofH2CH2CH2-), 101, 4- but yl
(-CH2CH2C1- 12CH. 2-), and thAe like. "Al Renyl efe~Afefers to an unsaturated,
branched or straight chain or cyclic hy arbon radical of 2-18 carbon
atonms, and having two nonoval ent radical centers derived by the renoval of
two hydrogen atons fromthe sane or two different carbon atons of a parent

al kene. Typical al kenyl ene radicals include, but 15 are not limted to,

1, 2-ethyl ene (-”(Blfbafaﬁ]db)ﬁt%z"’éd; Kyngégrae'to wifie the phamaresidicallpaeidye bgentched or
straight chain or cyclic hydrocarbon radical of 2-18 carbon atons, and having
two nonovdleeoines adhilabletothetagdetissueditey thd egemrminaiodoictipnonto/inedipsty. at ons
fromthe same or two different carbon atons of a parent al kyne. Typi cal

al kynyben&ntaticemlest bhthabieavailabiity eff ephatmadeniticelly rotivesgent canapouiis gy
(-CH2G-=C), and 4-pentynyl (-CH2CH2CH2CE-CH-). "Aryl" means a

nonoval enta moveraffictertyeadoeffediive treadineat fasfpadients beqanse for orgiveredlpsed by t he
removal of one hydrogen atom froma single carbon _atomof a parent aromatic
ring syst enorefyftheathaamacegticallysadtivel ageat willtbezvailable atithe tagetest tissyer adi cal s
derived from benzene, substituted benzene, naphthal ene, anthracene, biphenyl,
and the | isktes. "Arylalkyl" refers to an acyclic alkyl radical in which
one of the hydrogen atons bonded to a carbon atom typically a termnal or
sp3 carbon at omhd termseéphesphonateh aad “ahpsphamategrouly preude fagatignall  gr oups
include, but are not limted to, bert%l 2- phenyl ehha -1-yl, naphs hyl met hyl ,
2- napHPChy | SOHRRA OF NygietipaphtweBangprule ﬂ%‘ﬁ}ﬂlﬁﬁé%ﬁ? gepaprotsfhatiad) the 1i ke.

The aryl al kyl. group conpri ses 0.20 carbon atons, e.g.,,the Kk iety,

i ncl udi ng 5&41&191%0 edemyA cagf)og, I -bgpded o adretergat y?’?ﬂ?‘ﬁ‘ﬁie%?%wcé 1to
6 carbon atons and the aryl iety iis 5tg 1 arbon at ons., "Substituted
al kyl ", " sét#b%f?r%ﬁ?%*daa@%)@%ngg%oméﬁ%é? ﬁaﬁﬁaﬁﬁf%maﬁquﬁmea@fkyu aryl, and
aryl al kyl .respectively, in which or re hydr,ogen .atons, are each

| ndependeriaiS R SeBe e AR I Hp el gdNedarEs | PISMRIOnA/R: e

}ﬁngbst ' Y% tossphgﬁét%dgerbugutals%rigc e AdnTibRd gtr%’up_s Bt et inat %51‘np_nss_e’a )

NR2,

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

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

that comprises a phosphorous that is 1) single-bonded to a carbon, 2) double-
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E(Nfb) -ch3 clqof@ema ars’migsegg-%) sggfegbyrz@ﬁql ta 25( 9)%@“ a@é%@j‘t%%bOFéIEng’z NFER,

-S(0)R, -0P(=0)02. RR-P(=0)02RR -P 0 0 0) X,

gIEIR)R NRI?@IIIII)II onch é(S“I d (d )I| Pg@sg %I%Iaé‘%ﬁ%co%pé Iﬁﬁm%&%I i oach
ere eac i s i ndependen . and eac

Ris indep@Riginth %anPISGHPI@}F?T pﬂcomm%}‘g% %}ag%“‘%%?&%mﬁlgl%&mgp or prodrug

t Al kyl e I d I
Subst ]t ut B OSPBERFoRGEg SUgE @af AR EPR R P RIBRRR BT ¥ o
20 | t at t.h h t I f
Nodom Fei GFOEY P OEAGS | PUOTRIY %‘é%ﬁ'linpdh&h@%fét&%‘“‘éﬁ S AFORA L Ty

Sertes o imsiibg spzeRps B R T“T’eguo%of#s?54&%@%%%8@%%"&%%?“ds. §
Y 1 14,16,
S‘E”lts'ség "sitg %@?@f%ﬁ%o st RS Red R R R 3 SR g R
1, 2, 3,
or 1) car SN AT age i o URRRRR o L0REEL DR, mg{%mg%ag o' s

Ex I
S £ o, USSP PR R Ssepm e et s

tetr a;?tf” Oﬁ‘BI‘nOzPF ébuna%ft%t i &:ﬁgﬁuﬁ&%tﬁﬁw 6&85;9{&6{15’ haviig dehdi ny!

furan Ieny rrolyl, pyrazo I m dazol tetrazol yl,” benzof ur anyl

t hi analet hé}Ia‘??é’tIe &Qdolyl, indol enyl, quinolinyl, isoquinoli nyI
benzi m daz 5pI perl di nyI 4- pi peridonyl, pyrrol idinyl, 2- pyrrol i donyl

pyrrolirtyl, teksa Pa&lmﬁ %@fhb&lb forl &étéﬂﬁﬁﬂﬁggtﬂbﬂ?ﬂyl dftdmpounds in surrogate
tetrahydr0|squ|no i nyl, decahydroqui nolinyl, octahydr0|squ|noI|ny

azocinyl, gédtﬁﬁhfe%bﬂ\al feldreli ghstare UdhioReh. a@bﬂiﬂouhﬁls%@é’ Hefitbd h@i‘éih%@%‘cabl@iﬂ anyl,
i sobenzof uranyl, chronenyl, xanthenyl, phenoxathinyl, 2H pyrrolyl,

i sot hi azol e, &bﬁqémmactﬁmaéuéaslthaﬂnbmwo fmdle p brgat bz theyprotécted ndol yl ,
3Hindolyl, 1 ind azoly, purinyl, 4H quinolizinyl, phthal azinyl,

napht g i dgmsd s dielidepratettey!in ﬁurd@z@imestmal or ga@dﬁcquice ypicer inditbation for
4al- 1- carbazolyl car bazolyl, 13-carbolinyl, phenanthridinyl, acridinyl,

pyrim di nyt hoﬁheﬂ@m(h r&idhmdmﬁphﬁd@zrerstmiablq)fmmbhn _a]msreymt;oc_lmmtawte
phenoxazi nyl, isochromanyl romanyl , 15i m dazolidinyl, imdazolinyl,
pyrazol i di thalt sinpplyazehusythe @mpoandnyte stalidad ithe ghstrointestinal tract does
not mean that they cannot be hydrolyzed in vive. Prodrugs typically will be stable
in the digestive system but are substantially hydrolyzed to the parental drug in
20 the digestive lumen, liver or other metabolic organ, or within cells in general.
The compounds of the invention can also exist as tautomeric isomers in
certain cases. For example, ene-amine tautomers can exist for imidazole,
guanidine, amidine, and tetrazole systems and all their possible tautomeric forms
are within the scope of the invention.
25 The term “prodrug” as used herein refers to any compound that when
administered to a biological system generates the drug substance, i.e. active

ingredient, as a result of spontaneous chemical reaction(s); enzyme catalyzed

chemical reaction(s), photolysis, and/or metabolic chemical reaction(s). A prodrug
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i soi ndolinyl, quin i nyl olir oxazol zotriazolyl,
benzi soxazléfﬂiﬂl15 as&vaﬁ%f)ymodb%%@%g%m pnt foggeqt praﬁlggﬁgcaelf -active

bi s-tetrahydr ofurcgnyl By way of exanple and not limtation, carbon
bonded het‘é‘%& s are bonded at position 2, 3, 4, 5 or 6 of a pyridine,

fg;?: H ginng, §OSI trfaﬁugrr%;et?/g:e agli‘%ﬂ ﬁw(%%%ﬁ%gron s‘ivmckr?egar%%esfsfﬁ&fno? 5 of a
B R e e R ARl
posi i n 2090 %}S"%ﬁ%ﬁ‘aﬁc éﬁ%?&%?é%%\?ﬁ%&sﬂf 'c%%uﬂégg’agaf 578 of o
orea 15, TFRRA At Syl o dubilpt Rl S e
g Bg“ d;z;D 43 h@ﬁ 9?93 rt)ﬁ%@%éé&f')k}?%%s%%ﬁﬁg rgaégp%%ﬁﬁ %“ rrddi nyl,
2-pyrazi “%ca&rﬂi}?ﬂﬁdl&)ﬁb ?ppﬂ:??céfét ﬂnzyn@efsméﬁ%'e{}w %olb*@if%lﬁl%&‘rmauc

%
4-t hi azol yl I azo exanpl e not tion,

nitrogen %ﬁﬁoﬂ%@&%YﬁH%tﬁﬁ?e gRB o r?atte %dﬁig% n&sno%'erlh@éﬁttl@n

azetidine, pyrrole, pyrrolidine, 0|n 3- "pyrroline, 1imdazole

i m dazl i dheRedeZblif M thited @Urzﬁ‘ﬁf?iages 531@‘55@%%&6b1a¥eﬁ l_iﬁ\%@' i ne, o
3- pyrazol i ne, plperldlne plpera2|ne i ndol e, indoline, nda?ole position

2 of a i sqhmsiohelipated, ROl ASes, PRGIPHRPhAseR] PRodRIPHRiétE caftldefy PRSI tion 9
of a carbazolé, or p-carboline. Still "nore typically, nitrogen bonded

het er ocycl @ganké kglidilltypabddribn ahdasdsdiitity o @pﬁﬁqkyumgdem@ﬂyazol yl,
1-pyrazolyl, and 1-pipéridinyl. 10"Car bocycl e" refers to a saturated,

unsat ur at dﬁomalwhi)lm@tami éﬂfmgqha dm@d&&ugm&e 8ﬁn@lﬁ1@1@&m3é?cti&'eﬁﬂ@@5&5ﬁ{ee, 7 to
12 carbon atons as a bicycle, up to about 20 carbon atons as a pol ycycle.

Monocycl i croduigoitsetl. es have 3 to 6 ring atonms, still nmore typically 5 or 6
ring atons, Bicyclic carbocydes have 7 to 12 [ ng atons, e.g., arranged as a

bi cyclld [ 4, 5], Pmndplary prédrupg mpobetils isglsitierthe hydolgticdlly sérmdtivad onabile ar r anged
as a bicyclo [5,6] or [6,6] system Exanples of nonocyclic carbocycl es include

cycl opr opyicy(cv@rrmﬂnb') estesscl@D¢(=Q)dBeng biylogymetpdriaybor{at@ent yl ), 1-

cycl opent - | l{C| ope_nt-2-enyl, 1-cyclopent-3-enyl, cycl ohexyl,

1- cycl ohex-@.HzéﬁfﬁQ)Q Wtﬂreﬁ?em ﬁaaalmlyta,ncﬂ:m@ﬂ@smékylai‘ﬂ*ﬁjd subslmétmtyeld alkyl, ryl and
napht hyl . "Linker" or "link" refers to a chem cal noiety conprising a coval ent
bond 20 orCeaCetrtiyhobCsdrnapbsiitutacharylt ke acploxlyelkyll pstat wrsHest asgshasphonat e
group to a drug. Linkers include noieties such as: repeating units of al kyl oxy

(e.g., polBredrys ehategy, fOPEr@:bowhyﬁetdwnértéenyappaad talphpkphates apd. g.
pol yet hyl eneam no, Jeffam ; iacid ester and am des including
succi Rt e,P q@ﬁ?bpﬁ&ﬁeﬁ|bd§arﬂﬂb@§/%fcﬁla&1883)ﬂapbﬁéﬂ ¢l dRd3Haplaoaddd Paterz Iss. used

herein tNGgh 878, 4688ss) S0e3180 bR 37975, Sbsequenty, the acyloxyalky] oetor wa
used to deliver phosphonic acids across cell membranes and to enhance oral
1bioavailability. A close variant of the acyloxyalkyl ester, the
alkoxycarbonyloxyalkyl ester (carbonate), may also enhance oral bioéva’ilability as

25  aprodrug moiety in the compounds of the combinations of the invention. An

exemplary acyloxymethyl ester is isopropylcarbonyloxymethoxy,
~OCH0C(=0)C(CHs). An exemplary acyloxymethy! carbonate prodrug moiety
is isopropylcarbonyloxymethyl carbonate, HOC(=O)OCH20C(=0)C(CHa)..
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0 where the points of attachnment are designated by the " *" ~As_used herein
the term"Al a" ﬂ'@ﬁlélﬂ%‘sﬁ N3t gTRURRRY ks &P joghonak PF@meeTﬁﬁe poi nts of

i tox i he, t.er.m ' Phe" f
o Ui val ontP RS SR D aH e e Ao MBI S 4% Db BRRURE € st Sn% od
by the" *.". As us herein the term"Al a".refers to a.dival.ent rmiet}}/o
e, HROPY TR VI SOBRChONE G AT RY e TR Y ndHiK) EHEate BIOUR. pg. ysed
ﬁlefg: Re{ he, term." Peg' refers to the dival ent .thi §t of récd 0X éeglyl e
sopr opy| iralEey thé frEide RS riny B S TR R S N by (her -
i Y, [ sing nonmencl ature
that i ﬁcorcg%&ggg’tsﬂ{cﬁgatsaafgl%?@rgﬁ%t%g\ﬂgggggg %gbéﬁ%ng%tg—gg%g :ggg?rgreti gs an]g al k?/;
ieti i S . 0 rmul a,
i can be deuapraish JEBhEsr shdind SRRl blEn IR KBt 187 T Vi
are - N(W o pagRES okt 'biiéa\}ggl’abmr(ﬁe%rhﬁaé?{l eBHDFgoU Y}, %edf“@z@m%ﬂ@gwer e Rdis

et hyl
Phenyl esters containing a carboxylic ester ortho to the phosphate have also been

described (Khamnei and Torrence, (1996) ]. Med. Chem. 39:4109-4115). Benzyl

10  esters are reported to generate the parent phosphonic acid. In some cases,
substituents at the ortho-or para-position may accelerate the hydrolysis. Benzyl
analogs with an acylated phenol or an alkylated phenol may generate the
phenolic compound through the action of enzymes, e.g., esterases, oxidases, etc.,
which in turn undergoes cleavage at the benzylic C-O bond to generate the

15  phosphoric acid and the quinone methide intermediate. Examples of this class of
prodrugs are described by Mitchell et al. (1992) J. Chem. Soc. Perkin Trans. II 2345;
Glazier WO 91/19721. Still other benzylic prodrugs have been described
containing a carboxylic ester-containing group attached to the benzylic methylene
(Glazier WO 91/19721). Thio-containing prodrugs are reported to be useful for

20  the intracellular delivery of phosphonate drugs. These proesters contain an
ethylthio group in which the thiol group is either esterified with an acyl group or
combined with another thiol group to form a disulfide. Deesterification or
reduction of the disulfide generates the free thio intermediate which subsequently
breaks down to the phosphoric acid and episulfide (Puech et al. (1993) Antiviral

25 Res., 22:155-174; Benzaria et al. (1996) ]. 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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10 substituted wwth Rd further where R3d is -C(12390W8, where R31' is =0,
where VB i heysopartiesef wiunstignelbgioseyer the prapedierefithe gpupprundassa whalteed wit h
Rad, where R3d is -C(R390124, where R3b.is -0, and ere R4 is ethyl.

Al t er nat i Viehgmicshproteshine sraLRRANG stakegiss iRE @rotgstion depppiecton are wellror nul a L

il cat o5 ENOVRGH ke ot Sed asnBesivasrohin rpanic hamilg fhcodorodt:
o AR il AR 0 e R e oS encr P20 |
L2 B R o LA Bl B R 0 128
RN TR T N, e A S R N SN
(1 o oL B RSB, PR S Ao IR T oy o
ron SOPETARARARLL i ke P BB AR s U A G5l
functional group, such as the polarity, lipophilicity (hydrophobicity), and other
10 properties which can be measured by common analytical tools. Chemically
protected intermediates may themselves be biologically active or inactive.
Protected compounds may also exhibit altered, and in some cases,
optimized properties in vitro and in vive, such as passage through cellular
membranes and resistance to enzymatic degradation or sequestration. In this
15 role, protected compounds with intended therapeutic effects may be referred to as
prodrugs.
Another function of a protecting group is to convert the parental drug into
a prodrug, whereby the parental drug is released upon conversion of the prodrug
in vivo. Because active prodrugs may be absorbed more effectively than the
20  parental drug, prodrugs may possess greater potency in vivo than the parental
drug. Protecting groups are removed either i vitro, in the instance of chemical
intermediates, or in vivo, in the case of prodrugs. With chemical intermediates, it
is not particularly important that the resulting products after deprotection, e.g.,
alcohols, be physiologically acceptable, although in general it is more desirable if
25  the products are pharmacologically innocuous.
Any reference to any of the compounds of the invention also includes a
reference to a physiologically acceptable salt thereof. Examples of physiologically

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

20



The term "stereoi soners” refers to conpounds which have identical chem cal
const i t ut iappropuiatedidstesuchi asmrr daldnetal (fhe examply eodivtm b fantaikalincoerstior
groups in space. "Diastereoner” refers to a stereoisoner with two or nore
centers of(f® eamplri mpgaesiumhosmpelissuted Nefe (wherein i isICi-kraglelbf one
anot her. D astereoners have different physical properties, e.g., nelting
poi nt's, bditnisijogisally accepsellesalts pf apdydregen alom pe aB YN FOUPNNKiudees  of
di ast ereoners y separate under, high resolution a altyti cal procedures such
as el ect r 68H® 6T ATAMERT, ﬁ?‘ﬁ%%‘&ﬁ&ﬁ%ﬁ}?s 2eetiy ﬁm@ﬁpgag 1, MG rages

st ereoisoners, of conpound whi,ch are non., superinposahle mrror i es of
one anét hahaleic, malegic, mafig, isgth gtobipnicgp éﬂlﬁ%‘é}@a@é%%@s&%@ 0
relates to a,di sease or, condition j,ncludes preventing.the disease or

condi t i on AP UL Bt MHARGSHHPBIC, PR rERA R EDRIZeBEERIF ARG el i mi nat i ng

e 3 seasgyon candii Lon andler el eving one. 1a,0LomRLe SYmo™ of the
O oo B S5 SRS S LU RLLA o
R T
e T SO oSO 38 (AR BESTSl sl SeBolrmtcel |

ordered pr S |y confers advantages during an organismis life
cycle. Apoogfag(gll sdl‘?jggyal%?@gé?of cell death in which the cell uses specialized

cel l ul ar machi j 1 - i i enabl es
ot azoans o cont e nEpl (he B LB ERETEL sHieBli 3y FREMRISINE R

ani mal''s Skl r@?g.gt i sl : el | is damaged
beyond re?gﬂih\ré,kggérpei n ectlgﬁﬂémuﬁﬁ&és?@éﬁlﬁg?ré%gﬁsé?tltlﬁgf?r}ao 8%6 pt gsi S can co?re

fromthe GRbleciifes %h@losﬁrgrondﬁd {rte PR atli'qﬁﬁg.e er,eftf\|@ @eiinfaﬁé bokdigk 1S

part of the inmmune syst it can be chem cal’ Dbiological "or physical. The

rel at ed t effMocaRepbf tnall Aj’a@ﬁ@l'é& the \;@ﬁa M RHERRBaLS rRBYPHLE isZstem and i
St ereochem cal definitions and conventions used herei'n generally oﬁ low S. P.

Par ker, E@omeMas@saaletl|d mBl fitd. Qs ¥in o ISHeakHa Gl %&Beﬁt%%ﬁé)vr&r\,&ﬁé’ﬁéf Hi || Book
Conpany, New York; and Eliel, E. and Wlen, S., Stereochem stry of Organic

Conpounds eka@49s Jfaivo-PhhgysyBlerionSingls hasé\%é/l/s\e’éﬁi‘ist&@é“r afifcgani ¢ conpounds
exist in optically act?.%/le foy{rsms, i.e.g!1 ?hey ave the abi%ty to rotate the

pl ane of phmeHQQé@ﬂésZ@dlféﬁlﬁlgﬁdistﬁbtd@thﬂbigm)@@ leptidgalshyh aghhneercgpound,
the prefixes Dand L or Rand S are used to denote the absolute configuration

of the 10 nondpgrrket bhmdaridsextsibeakegetticedicpersed ifa@baidld@iedandend or (+)
and (-) are enployed to designate the sign of rotation of plane-polarized

|i ght 20y diqeidoRpampies ofistich [gels) arerCarbogarntindeellnivse ShiusCaROUABatdth.
| evorotatory. A conpound prefixed withm?ﬂ or d is dextrorotatory. For a
gi ven cherfiltdugh gels arr egmiriverdy agtieoeyiabwimisared oils denytbeatedsscept that they

are mrror images of one another. A specific
continuous phase.

As used herein the term “ointment” refers to a semisolid preparation for
external application of such consistency that they may be readily applied to skin
25 by inunction. They should be of such composition that they soften but not
necessarily melt when applied to the body. They serve as vehicles for the topical

application of medicinal substances and also function as protectives and

emollients for the skin.
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15 stereoi soner may al so be referred to as an enantionier, and a m xture of
such isoners i sF@ftherasalticatdepsal snerictiogengedidnt of the dorbPobAdsokthe e of
enantioners is referred to as a racemic mxture or a racemate, which nmay
occur wheriavehgor willdebpleysiologiiaélyensetable, oa they stibheamps detrivedtfyornr a
chem cal reaction or process. The terns "racernic mxture" arid "racenmate"
refer to aphysjulogdlally atceptabke afid 20base Hoartensalts of peidises, bades/wihdchof

optical activity. Protecting G oups In the context of the present
i nvent i on,arprot ehiyisitjogjically scieptahld enayr alde digidmases foreexamnpleciretfiecal prot ecti ng
groups. Protecting groups are avail able, commonly known and used,

and ar & 25pwepetalingl pypusifdation pf @ phiysiotogiealtracteptalde apmpounel. phbsalts,ed group
during synthetic procedures, i.e. routes or methods to_prepare the conpounds
of the i nvehethenor pet dterﬂ@eﬁrﬁ@m@aphyswi@gtr@lﬂwcmtabletastngm gnS@ra@@paﬂtm
protect, when to do so, and the nature of the chem cal protecting group "PG
will be defpersgepe olfwpresenidheanteny of the reaction to be protected against
(e.g., acidic, basic, oxidative, reductive or other conditions) and the

i nt ended di r ect 1%yt isthiCaphirlerarboneonfaingigoneianao serondasy dertiitEOr and
generally are not, the sane if the conmpound is substituted with nultiple PG

I n gener al GycRGeahan aemys dikamaples erentetiiyl{dMe, onll3) gtbub&tstic2@810.ar-boxy! |

hydroxyl, thio, or am no groups and to thus prevent side reactions or to

ot her ilse prpyl (1-&trenipreppl ACHe(H) EflR), CHpropyl (TRe igrdeyl, oCIHERIFDRAt i ON toO
yield free, deprotected groups is dependent upon the intended direction of

t he synt hesityl apBuf ﬂ&)d@BCCHQEHmHizU}m$2-tn@eth§‘l-$rpx_@p§)l grig, i-angl, may 10 occur

in any order as determ ned by the artisan. arious functional groups of

t he conpo He ) VB Rk L : X _pr (g
groups fo;m%%(r%u%éﬁ'(m&gB%Fg%F,@g;@rgg%ﬁ?g@i %ﬁm%ﬁlglsgrgﬁ?gl (aici d, or

est or-1 or g B Bhs GO NELIRRL Tk FkE %i%fn’{z?;”%%@?%%%%%%fi@ggm C
i i \ n. » However,, X

o o S BHIEERER GERIEACHELD, BRI L 220, 7

B e S RIS K LB B kP 951 e g s

Gescri bed CHIBT Rl e Br by f BaH CHB I s IR EGac koW (& sene (John

Wley & Sons, Inc., New York, 1991, |SBN 0-471-62301- 6})d &"Geene"). See al so

Koci enski ,CRRCHC H2C B e Hah @-wpal A< [t bisyC Ha CofaC et Hy, Shexykart, New

York, 1994), which is incorporated by reference in its entirety herein. In

par ti cul arCldfabipeH3)(CPBCPixtHda))i Rgnéthglipentyl (CUECHBRE Hp@H< H3)20; Chapt er
2, Hydroxyl Protecting G oups, pages 21-94, Chapter 3, Diol Protecting

G oups, pagethyda-fdntyl Gﬁ]ﬁ(@ﬁs)@H(@ﬂ@)@HﬁCH@Qt@ﬁtQtM—ﬁgéﬂ@ﬂ (- pages 118- 154,
Chapter 5, Carbonyl Protecting G oups, pages 155-184. For "protecting groups

L o ot e SO SR L

protecting groups for adds see G e€ene as roups i nclude

by way  of eI CERAMN:)AMICRY)9, 3 ettty ABL AR CRUFBErIRTBIY e
3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3,
“Alkenyl” is C2~C18 hydrocarbon containing normal, secondary, tertiary or

cyclic carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp?

25  double bond. Examples include, but are not limited to, ethylene or vinyl
(-CH=CHo), ally] (-CH:CH=CH), cyclopentenyl (-CstHy), and 5-hexenyl (-CH:
CH,CH,CH,CH=CHb).
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S5 Ether- and Egter-Formng, Protecti G oups. st er-f,orm ng. groups

i nclude: (1) phéli@mhalséze%éhﬂd@%fﬁgnépaﬁg@?&‘tﬂ?ﬁnaissﬁmBé&%ﬁ%‘?ﬁag‘é?é
esters, phosphorothioate esters, phosphg)?ate esters,, and

phosphon- bydicaathbn atlomy withcafrlpestynesite &f NSRTRAGORYr U p SATBAT-CRIPST I phur
ester-form ng groups, such as sul phonate,. sulfate su) i pate. 10The
phosphonat@plebioad; &xagiplenindededitiase opt ?%tefi%eﬁﬁq%%nﬁ%{?&ﬁﬁﬁ)ﬁ%ot be
prodrug noieties, i.e,. they may or may be susceptible to hydrolytic or
enzymat i cpwwﬁb@cﬁﬂcﬁ@%ﬂ cation. Certain phosphonate noieties are stable

i prosgholls bufar s Sl o (BB clone, oy ave
yfares Mo bepalot T SHTS RORGEIATIRARsal o
20 conta s o dEn el of S RS GF SR ARBENTSAA, " e
al kal i ne éléf‘?rﬁn%fcté?n plofLs %frr]a B%ﬁ%%énﬁ@ﬁ%?%%ﬂgﬁ ?/%%P%lg%?(%éﬁéévt\%u LA™ aci d
e o T s NOIRYent ) Lec85q RSB LB o vty kbl eenly (2

invenﬁd)0“1%%%f@€%@%@&&%§@9§&]%%m| es of metal salts which are

prepared i Ss'way are sa con g Li+, Nat and K+. A |less soluble

met al salt Ca””ﬂﬁce‘??gegiepiriei%@ H%&H@t&?'ﬁﬁﬁ&@dﬁ% Sgrglggﬁm Sbbeligal t by

addition of the sui e netal conpound. ion, sal'ts may be

formed fr@uyadd aatiadian of’ﬁ-lg_"céﬂ%r{‘atefr&?‘&il&h%ﬁgiWﬂ@ﬂbﬁal@ﬁ{ Aelica®- 9., HO,
HBr, H2SO4, or organic sulfonic acids, to basic centers, or to acidic groups.

Finally, lcbntefs d&ived tﬁnﬂéﬁrr%ﬁ@%l bh@bo hjA@rozeAReshs HORS tHieL@hdoLavd! | se

conpounds of the invention in their un-ionized, as well as zwitterionic 5

form and gemsrbhin@irbOMatoshd Hf $p et hIkeRE.! TepiealiIRérsylohe vRtiedls Belude, budr at es.
Al so included within the scope of this invention are the salts of the

par enggl gmemd,h,mymemﬁﬁm-no acids. Any of the am no acids
descri bed above are suitable, especially the naturally-occurring am no adds

found as prot e’ Alleptparenefers & dhangitutdted drancheaicorcstiaighicalairy ot syaine beari ng
a side chain 10 with a basic or acidic group, e.g., lysine, arginine or
gl utam ¢ agtiehcadboraradéesl bap-1§raattprsatomspsn@hyeingdw cseonoealehtwaelidail ne,
al ani ne, isoleucine, or leucine. Methods of Inhibition of PTV
Anot her as@etets deriviedebyi theentriomal oftived Bgdtogenatdms fronf thedainie o1 tvgo t he activity
15 of I-W/ conprising the step of treating a sanple suspected of containing
HPV wi t h diffeyepiocanbor&toneof aparent alkyne. Typical alkynylene radicals include, but
20  arenot limited to, acetylene (-C=C-), propargyl (-CH2C=C-), and 4-pentynyl
(-CHCH2CH.C=CH-).
“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Typical aryl groups include, but are not limited to,
25  radicals derived from benzene, substituted benzene, naphthalene, anthracene,
biphenyl, and the like.
“ Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen

atoms bonded to a carbon atom, typically a terminal or sp?® carbon atom, is
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Conmpositions_of the invenfion act as jnhihjtors of HPV, as internediates for
such i nhi bﬁetpé%@ddflth&v@rﬁi WcadtTYPlﬁﬁle%rY@kﬂle%r@PpﬁéﬂdﬂgﬁgW“ RO IDE GG st ep

O e PR I OB Sk R e Th o0 L
Bt R e e e
observec Doy 1o LASASLIR S 5l S0 AT SERATD LB E e 1Y
e e R A SO ST EPl 0 B R oo 9

observati on af -t i ol ogi cal properties of a living organismare al so
appl i cabl e’ 5t cléle%gﬁ@}?%tro V I nhibitors Compounds and conposi tions of

ot LEV&Z‘ELS& R S PR Sl A e R #%1%21’%?3%5?0’ et
measure of TG ol 8id ARy Re iRl b en G oL Bl e R R B o™ The
br ot 00l . Y8R0l IRk fLBERETERR RS, B Grdalalibslfl dilte THRRu! es. 10

Phar maceut 1 cal atron tes o ni stration. The conpounds

of thig i i | itds ventiongl GRI gL ex®, pi ent s,
9 rg{gdgahﬁ@téﬁmﬁ&é, "Bﬂlt%}@go{%uﬁxﬁteﬁqg, antiRong! ORI I9RLS, AR, p

whi ch will sel ected I n accor ordi nary practice. ‘Tabl'ets will contain

exci pi ent ssNg! idanice, focherseNoiNders, agdst ol iey,, AaeryaNCpio ations are
prepared in sterile form and when intended for delivery by 15 ot’her than oral
adm ni st r ai(i(e0)ReCERINTBR W6 (OB, is{ed uj}q,._s@l(b)zk,o_r l:@t)g@R;s will optionally
contain excipients such as those set forth in the "Handbook of Pharnmaceuti cal
Exci pi ent sSHQ)AFEIR, -$p<0)R) -OR(sO) OsRR dB-@JORR L (=81 {02 RR(=0}([GH)2nt | oXi dant s,
chel ati ng agents such as EDTA, carbohydrates such as dextrin,

hydr oxyal kyl(€@)R,ulC¢s@)X,hE@ )R ya{ByORB i) OeLC(8)0%e ~-CEO¥SR, I-C($)sRd and the i ke.
20 The pH of the fornulations ranges fromabout 3 to about 11, but is

or di nd5i | yCAOINRR7 -C(G)NRR, -C(NRINKR) winare eadoXi9 itidispedidehtly d alepén:a) (herein
referred to in this context as the active ingredients) are adm nistered by any
rout e appr@pBraird; snd eheh Bds ilidépemdentlpety aﬂqﬂ,mi?rl,wémb%de,rpmit@cﬁMgncl ude
oral, rectal, nasal, topical 25 (including buccal and sublingual), vaginal and
par ent er al groupairydpdgigsuiotty addbylene, ialkt ergeres ahd alkyinylersvgoaps mdydls@der nal |
intrathecal and epidural), and the like. It will be appreciated that the

pr ef er r ed hecimdarppubstitytad.t h t he

"Heterocycle” as used herein includes by way of example and not

20 limitation these heterocycles described in Paquette, Leo A.; Principles of Modern
Heterocyclic Chemistry (W.A. Benjamin, New York, 1968), particularly Chapters
1,3,4,6,7, and 9; The Chemistry of Heterocyclic Compounds, A Series of

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

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

herein, wherein one or more (e.g. 1, 2, 3, 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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condition of the recipient. An advantage of the conpounds of this invention is
that they il aibydrbyppnayl atavahidpeadybepidesaoasdalyl,  While it is
possi ble for the active 1 ngredients to be admnistered alone it nay be

pref erabl Qeﬁrﬂlj&ﬂﬁl%‘@bh@h?hbﬁ&u@bﬁifdﬁmiet&fa}@ﬂdréﬂﬁ@ph@t}ﬂppﬁrinﬁﬁ'ﬁlyﬁ, fornul ati ons,
both for veterinary and tor human use, of the invention conprise at |east one
active i nguediydrthjeras, vl defranely], intiderdiel, teiribolphdenrofmaryliccept abl e
carriers therefore and optionally other therapeutic ingredients. The

carri er ( s)thimmsphtimlémdcipicdyl, aidalenylhqusehisgl,dfodenogngbbpatintidezelylh t he
other ingredients of the formul ati on and physiol ogically innocuous to the

reci pi Bnt plpehéingdf4-piperidoriyd fyorolidiayi,Gasytrotidodel, plyosdirglii t abl e for the
foregoi ng adm ni stration routes. The fornul ati ons nay conveniently be

pr esent ed témalyydnofdesydaetrahyd eovpinelynyle tetralyyalresogyinadinydf t he net hods wel |

known in the art of pharmacy. Techni ques and fornul ations %ener ally are found
i n Reni ngtdseaky diegrireiytli egrhydrassdqrnelnyivazecimylhiriaginylg 68b1,2,5ast on, PA) .
Such nethods include the step of bringing into association the active

i ngr edi entﬂu@dﬂaﬁmﬂe%b@}rlﬂe’ﬁmﬂuhzmhgmenm,ébla@ﬂere@yl,rmﬂénﬁhcessor y
ingredients. In general_ the fornulations_are prepared by uniformy and

i nti mat el ysqhenﬁg%fgnyhpbr%gmh yenthenyhehgpexatdinyl g daranelyh isethiazplyld

carrii s or fi n]glly divjded solid carriers or both, and then,_ if_necessary, 20
shapi é t RO3Eeybdryrazinyl, gidaany} sdoliziny hisommdlyl SirdelyhBrE for or al

ol 6t 5. edtVR AR 1oL @ BaUe kD MR NSRBI, dugSahent; as 2
on- aqueodbuTtrg ) Sndinlp B8y L BRI e ealisF s g e or - - oi
el ect uar y PP ARGy Sl PR S G iR SR 6o a ng,
orepar e By e iraSyp el EERPSH e R e R, SROTOE g carent ina
bi ndet | S canpiy o apFRgB e Ve RBb LYy FRordh iRty Bt o i ng
of the port S Rt 1y SRS B P Rl P R RaPe DRl G et
The tabl ebénﬂ%dx%tl}l%ﬂd&bl ?P%?ffégﬁ%gflgls?S%ﬁﬂﬁﬂﬂd%q%-!t&?ﬂ%%@%%g& rnul at ed

so as to provide slow or ¢ ase o he active i there

from For Byl &¢ bt edsmple éx?fn %?K?Q{aﬁgf'\?gg&‘b‘aﬁtb%rntﬁ%h.Hét?x%t)&??l{a%%n mouth and

skin, the fornulfati‘ons are prefera app as a topica or cream

cont ai ni ngohhEd ;Jﬂpgggtdio_ﬁq, g‘ngrfg}gqﬁgafﬁggﬁ%@;pgggwg #fg ofr%rﬁarrpl e, 0.075to

20% w w (i ncluding active 1ngredien range between % and 20%in

| nCrenpnt gy &alink/pUbinonlcl, 8%, 6% Wi WOUiR!E 5) 5, S EHEL BOLYif, 2 tO 15%

w w and nbst preferably 0,5 to 10% atedin an o t he

active i ngbsitioars 8, LB HE LAY LYW oﬁﬁ&ﬁ,%@?ﬁ{ﬁﬂdﬁﬂeﬁeﬁ%;g@g}ee%rts may be

wat er - m sci bl e oi ntment base. 15 Altérnatively, the actrve it
formul at etktiahyairopgawlopmobitRi Didl of B\l baloxazSRMRRRold dr $824J1€ostish agueous

phase of the cream base may include, for exarrpf e,
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
25  position1, 3,4, 5,6, 7, or 8 of an isoquinoline. Still more typically, carbon bonded
heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, S-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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at least 30% ww of a po(lp%/]gydri c alcohol, i.e. an alcohol having two or nore

i.e

hydr oxyl @Grexmeginylchthiezelybyhiseolyl v& Sithiazetdne 1, 3-diol, nanriitol,
sorbitol, 20 glycerol and polyethylene glycol (inc]uding, PEG 40 and

mi xt ures t her e, WInef expmdle aﬁ@ﬂﬁﬁﬁﬁﬂf%’r@r H%Wg%f’é% ?%‘a?‘ghfe%{?f}’d:ggsa?rgorrpound
whi ch enhances . absorption_or penetratian.of the.active.ingredi ent.through
the skin SOndefiar Papet baf an aBTIcins A PHE G PYSRS RIS R Ber b PR

ot ho. enETRE, SO R AT ey BBt T I HB R RYBUAIS not eft on s
(ot her ot < YERGITE2 Thiregning Py oo Rt SPPERITE eifeshrthel eRIE, R blRE,

ot herwi s “Bya APy raz : ’ 5 ’ e of at
R T
L ety
(ot ke d5eRey Qe B fab ] Sa Ny Rt egS T pa I LISSERE Wb dmiO L o

di sper SEdtag‘?iai'? Oefricfi.Fﬁl cream formul ati ons. Enul gents and enul sion stabilizers
sui tabl e &9 € fokinulation of the invention include Tween 60,

span(n), 80, CelealBariheadolaha HeIAYd Al kaAtated W Ltiilhtinghakindb yser vl

nono- stearate an I 'umTadry ol ce of sult e ol IS or fats

for the f@r%ia iafa}n§§s Qgﬁgﬂ%g&lé%bqwda%&@am ges bl angRld © Mpnerties.

The cream's prefera a non-greasy, non-staining and shabl e -

g eam ( ) .
produc szohtgtﬁ?kgi{ fs s&g%ﬁ%cﬁpgwd RsTHa0 3 REBNP atGhBer

cont ai ners. ght or nono- or dibasic al kyl "esters such as

di -i soadi pgliémots éa»qy 5beardiLatobi QBILRAR @hYES/cldhitenteer trf2 ARG ARbhsT at ty
aci ds, isopropyl ristate, decyl oleate, isopropyl palmtate, butyl

stearate, (b Ar&idvddexyicyer M 5)aES5] 015,61 ?1[68Yspitedr apohad 0ohad Brtozss ers known
as CrodarmlngCAP y be uscgd, Eﬁge]afsagtﬂst%r ee[ bqeji%% preferred esters. These may

be usgd alRRmged dsth kiRYHo8]6] OR @!srgyzdérﬁgmant &5 of SRRk Eic FRBbky b
Alternativel y,thi gh nelti Eg p])oi r[1t i"pi ds such }gs white g;ft pargdf:};i n and/ or

l'iquid panaéitide c9elopidpy] @PEeHH), @hlo@u@yle(cBﬁ?d), cRolbpertil gtlPaigl)sui t abl e for
e

topical admnistration to the eye also inclu eye drops wherein the active
i ngr edi entclyicbpdhwwrm,dl-oyclspamemdﬁyll, reyalopent-3bdreyl cayrdldlerxyLels prdoladr-y- an
aqueous solvent for the active ingredient. The active ingredient is
pr ef er abl enpt, dsgriohax-2eakl, floryuldledd-Boayl, phangbspant aad naphdiyl0. 5 to 20%
advant ageously 0.5 to 10% particul arly about 1.5% w w. 25Fornul ati ons
sui tabl e for toflLinkkr'adnilimlst refersdo a dheifiealmoidy iconiprikéng azenglest bonghr i si ng
the active ingredient in a flavored basis, usually sucrose and acacia or
t r aga@int lor apdsin bt gsowp wpatannthat kovalently etianheea phnsphonata groep to basi s
drug. Linkers include moieties such as: repeating units of alkyloxy (e.g.,
polyethyleneoxy, PEG, polymethyleneoxy) and alkylamino (e.g.,
polyethyleneamino, Jeffamine™); and diacid ester and amides including
succinate, succinamide, diglycolate, malonate, and caproamide.
25 As used herein the term “Aba” refers to a divalent moiety of

2-aminobutanoic acid,
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such as gelatin and glycerin, or sucrose and acacia; and nout hwashes
conprising the active ingredient /in a~suitable I\quid carrier.

Forrmul ations for rectal adm nistfation |ray be prasented as a suppository with
a suitable base conprising for gxanple Jcocoa huttier or a salicylate.

S5Formnul ations suitable for intragp ar nasdl administration have a
particle size for exanple in the\ramge of [p.1 to/500 m crons (including
particle sizes in a range between 0.1 and 500 m/rons in increnents mcrons
such as 0.5, 1, 30 mcrons, 35 microns, etc.), which is adm nistered by rapid

inhalationnggg$gggrﬁﬂg(gqﬁék?%ﬂgﬁ%ggggggﬁmeh t4om t hrough the nouth so as

to reach t ar sacs. uita ormul’ati ons i ncl ude aqueous or oily
sol utions of thgsaEbl KerdiRInEtrNY AITOFRUL3S 2QNGaRHE hASLS ddlafiOSOl or dry
powder admi nistration nmay be prepared according to conventional nethods and
may be delivered with other thergpeutic agents such as conpounds heretofore
used in the treatnent or prophyl axis of; influenzg A or B infections as

descri bed bel ow. 15Formul ati ons [suitablfe for vagi\nal adm nistration may be
presented as pessaries, tanpons,| *ereansis_gel pastes, foans or spray
formul ati ons containing in additlionNo th acfrv i ngredi ent, such carriers
are as known in the art to be ap roﬁfiate. Formuf ati ons suitable for

parent eral adm nistration include\ aqueous Gand 2@ non-aqueous sterile injection
sol uti ons which rmay contain anti-oxidants, buffers, bacteriostats and sol utes
whi ch reendeherdhefpintsl ctatachisutt eme desighatedty tledot” of the i nt ended

reci pient; and aqueous and non-aqueous sterile suspensions which may include
suspendi ng agenf\8 uaed herdin kbetergn AGbelt seferpiie afdivalenanmeiaty of dapinesent ed i n
unit-dose or nulti-dose containers, for 25 exanple seal ed anmpoul es and vi al s,
and may be stored in a freeze-dried (|yopps gd), condition requiring only the
addition of the sterile liquid tarrier, fp an e water for injection,

i mredi ately prior to use. Extefrporaneous i on\ sol uti ons and suspensi ons
are prepared fromsterile powders, graptl esNahd tablets of the kind

previ ously described. Preferrgd unit dpsage fornul ati ons are those contai ni ng
a daily dose or unit daily su -daaﬁ, as_her @ n aboye recited, or an
appropriate fraction thereof, bf the actiye ingredient. It should be
understood that in addition to\he Hngreo ents payticularly 5 nmentioned above
the formulations of this inventiton may izl ude ot‘her agents conventional in
the art having regard to the type of fornulation in question, for exanple

t hose sui t‘é(b?’@ thgpadnigiof adiachment are desigaster iyl thee tT-avori ng agent s. The
i nvention furtggr géfvides veteripary conpositions conprising at |east one
active ingredi eht used hersie thre farpe dAld gefais fo gidivelanteoietymfrajaniaer i er

10t herefore.

Iz

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

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

hydroxymethyl isopropyl carbonate,
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Veterinary carriers are materials useful for the purpose of admnistering the
conposition and nay be solid, liquid or gd&seous terials which are otherw se
inert or acceptable in the veterinary art |pnd are| conpatible with the active
i ngredi ent. These veterinary conpositions y be adm nistered orally, 15
parenterally or by any other ¥fe Qute. 4 ounds of the invention
are used to provide controlled Tel ease pharnmaceutical fornul ations containing

as active‘Lﬂa%qgkgﬁ%m§ﬂﬁﬁgﬁﬂﬁgﬁﬁgi§&$gﬁagaBy}ﬂguyiﬁvention ("control | ed

rel ease fornulati ease’of the active ingredient are

control | ed and.s&uhﬁ%ﬁtﬂ%ﬁ&l Yewniegs 2R bhlRGHEPEY usegi memenclhturenhapove the
phar macol cinetic or toxicity profile of a given active l ngredient.

Effective iﬂ@&ﬁm@ﬁte@@lﬁé AR reRAGhASheA divaPRNIRiRS adi@anbietins bhe aliaflunheietiest he
condition being treated, toxicity, whether the conmpound is being used
prophykactdehlakYn (aByeg0-goses) or against an active influenza infection, the
nmet hod 25 of delivery, and the pharmaceutical foinmulation, and wll be

det erm ned by thg éj(bh{}ilé,itﬁ@ c@g{mugpﬁﬂmtfbm@ﬂa,dose escal ation studies. It can
be expected to be from about 0.0001 to about 100 ny/ kg body wei ght per day;

typically, fromabout 0.01 to abog& 10 ng/ kg body wei ght per day; nore

typically, fromabout 0.01 to ab 5 ny/ kg body wei ght per day; nost
typically, fromabout 0.05 tainbout 0.5 ng/ kg body wei ght per day. For
exanple, for inhalation the ddily candi date dose for Aan adult human of

approximately 70 kg body wei W |y range from1 to 1000 , preferably
between 5 ng and 500 ng, an® mayJtaks the formof si\ngle 6 | ti ple doses.
Active ingredients of the ifiventijon gfe al so ujed i ination with other
active ingredients. Su i I on the condition to

are sel edt-edybase
be treated, cross-reacti?vities of inQLgE%éh£§/gRid*pharnaco-properties of the
conbi nation. For exanple, when treati iral idfbctions of the respiratory 10
system in particular influenza infection, /At conpositions of the invention
are conbined with antivirals (such as amehti di Ne, T} tadi ne and ribavirin),
mucol ytics, expectorants, bronchialdilators, o' otics, antipyretics, or
anal gesics. Ordinarily, antibiotics, antipyretics, and anal gesics are
adm ni stered together with the conpounds of this invention. 15 Metabolites of
t he Conpoutteidecdescribed weing themomenclafwe pf Fsamula hwelhgreo” andoY’Baeri des the in
vivo netabolic products of the conpounds described _herein, to the extent such
products aPERAbveieradd inRébvheisRoydy* suhetifted it R, wiere Bf &Y nmay resul t
for exanple_fromthe 20 oxidation, reduction, h drolysisb_anidation _
est er i10i caubsttuad wite R fusthsr Wh@redﬁfﬁiw@(t?é‘%)@xf% SrRRredd” issPnwhere Wi t o

enzymatic processes. Accordingly, the
Y \Rﬁ, where W5 is a carbocy¢ e,y where R* is propyl substituted with R%, where R* is

~C(R*)OR?, where R® is =0, and where R*is ethyl. Alternatively, said compound
can be described, as in Table 80-3, as Formula I, where Y14 and Y!B are "Aba-Et",

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

15 0
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i nvention includes novel and"uqobvi?us conpounds produced by a process
conprisingW@BﬁHécﬁbﬁgh§k§6ﬁ%o@h&e%ﬁ’Xhis invention with a manmal for a period
of time sufficient to yield a netabolic product thereof. Such products
typically are 25 identified by preparing a radiol abeled (e.g. Cl4 or H3)

conpound of the,invention, adm nister| it renterally in a detectabl e dose
(e.g. greater ﬁfﬂfrfgxéﬂﬂf}fe' @%W%‘?Pt)ﬁ%rfoéﬁgﬁ%ﬂ such as rat, nouse, guinea

pi g, nonkey, or to man, allow ngsufficient time for netabolismto occur
(typically about 30 seconds t;;%f&hours) and isolating its conversion
products fromthe urine, bl Qo or ot her bi ol ogi cal sanples. These products are
easily isolated since they arje | abeled (others are isolated by the use of
ant i bodi es capabl e of binding epitopes surviving in the netabgolite). The

met abolite structures are T in conventional 5 Q§§Ebdﬁf\é.g. by M5 or
NMR anal ysis. In general, met aboRj t es i\s_dofie Th the sane way as
conventional drug netabol wel | - kno tg’thdge skilled in the art.
The conversion productsy” so Nong a theyong/dptﬁother j se found in vivo, are
useful in diagnostic assays for therapedtic dosiHng of the conpounds of the

invention even if they possess no neuram e i;;Lilépry 10activity of their
i_gn

own. Additional Uses for the Conpounds of Thi\s | nv The conpounds
of this invention, or the biologically activ tances produced fromthese
conpounds by hydrolysis or netabolismin viyd, are used as 15 i mrunogens or
for conjugation to proteins, whereby they serve as conponents of immunogenic
CONPOSIH | Ok BOdEcRiIBRHE: HROfbeencaRAklc? FREmiANEiwHeRPEG dnidCab hye t 0 the
protein, to the conpounds or to their netabolic products which retain

i munol ogi OHRXY, WIRGeWX i3 €U, RbietORES Kisubsstubd anih RedwHira ti ik otHyle

I munogeni ¢ conpositions therefore are useful as internediates in the 20
prepar at i ofytetinael WeHIRRS Wikéreleid ICR9ORASivhere RUad LOY af@RIH@E R4@5nt he | ke,
nmet hods or in assays for the conpounds or their novel netabolic products. The
conpounds d}ﬁxrc@y!ll.sﬁflt'éknét@d‘elyﬁéaﬁd Q dadindse @@rtibed, £ METAW16 80/3pAs | MMunogeni ¢
pol ypeptides, in that the conpounds serve as haptenic sites stinulating an

i mune r espamsdatihwhees ¥Y&san@ IR GeWAlHnPRE witdah diebdriisbsabajmigiatiedvieret ei n.
25The hydrolysis products of interest include products of the hydrolysis of

t he pridt ecthed *ddhdicatesnttheladncofgattuchseatitycussed above. As noted above, the
acidic or basic am des conprising i munogeni ¢ pol ypeptides such as al bum n or
keyhol e |i npet henobcyanin generally e useful as i munogens. The netabolic
products described above may retain substanti al degree of inmunol ogi cal

Cross N 0

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

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

molecules which are superimposable on their mirror image partner.
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reactivity with the conpounds of the invention. Thus, {he anti bodies of this
invention wi |l Baetepalbteredisomens nigfers to ﬁ@n@@bméﬁé@ﬂlé%?@éfﬁﬂé%%alof t he
invention without binding to the protected conpounds; alterngtively the

met abol i ¢ phemigel sonskitutiopebetgibfer svigh regasdita§i e srehgeBEst 8? BHfYunds
and/ or the netabolic products w thout binding to the protected conpounds of
t he i nvent goPLPOM SMACE- be capabl e of binding specifically to any one or all
three. The antibodies desir

nat ural | y-occur r%tﬁlﬁp&qrél%g}é%\&l%ltsﬁg?o‘%ié‘ii%g?%g E%"Zél?ﬁ’%]ioe)sfse?‘geergg%cﬂ ;[IIht y
nter foFo. Whimibha degeye raaigriles aré ot REEOF {ipBBge et ket | nvent f on
ass00i at i ORIAHERORET ARTRCEA B EDS AP Eh AT he i eif BLkRE® "
coni Ugat e ERHER SPETP ORI Gy Anchieertrtcer Moies oo L Bhe - TRRIea ™ ©

terials, i nat i f th ; ' i
PR T G A R S e e e S
bacteri al, C@%fltamg‘%l nt and ani mal pol ypeptides, in particular keyhole |inpet

henocyani n, 'm n, bovine thyroglobulin or soybean trypsin

T ouagE ;N0 HEURRRRILS. RALYRAREIRE AR XAl dapolile WRIRAHERRAVI NG

t he 20 cture e desirted epl e 1S coval ent conjugated to an

i mrunogeni %uﬁ.g}fﬁéﬁ’?t%bgqf‘ OP%X@%CMé%tpé{r.the use of a pol yfunctional

(ordinaril I ona cross?linki ng agent. Methods for the manufacture of

hapten | MuNogens 46inoRaiaRbAPRA tRATNEL: oARE ROl rdlkies REhmdasHsed

heret of ore for conjugating haptens to | nogeni ¢ pol ypeptides or the like

are sui t ablasndpidRlcR¥RS ﬂi@(fﬁn’gﬁ%\ﬂ% Hiseh ko t@nididi On &R votuirhey, intibitignal
ydr

groups on the precursors “or | ytic products which are available for

cross- | i nkiRg daResd Hecdrdifbhhandietiriy edulibdige dntcbRatias aspgs felieving drie

epitope in question as opposed to the i mmunogeni c substance. ypically
t he pohgpemrirﬂ@reisg,n@ j 2@ difesericBn@iidme conpound of the invention
distant fromthe épitope to be recognized. The conjugates are prepared

in conventional TfrasbiarankiproRfadil &, refdre t6 oGSt Nised go,ageiehding to inhibit
N- hydr oxysucci ni m de, succinic anhydride or al kN=C--Nalk 5 are useful in

preparing tdan geOwitgRlchSisahtibhilFerufivesttéeon Tingoe eslls) gataesipeoliferathee a
conpound of the invention attached by a bond or a |linking group of 1-100,
typical ly, effedfs,ormirally jtfectalllglld- 10 carbon atons to the

i mrunogeni c- subst ance. The conjugates are separated fromstarting naterials
and by product s Theitagms Hapoptosis”aefers ¢o ohbef thamairatypeshd pragemmsired ded
filtered and vialed for storage. 10Aninals are typically imuni zed agai nst

t he i m2noghmatlc Assjidydt issa prowes di/deliberateamicidablysar anwantarheal] ol

anti bodi es prepared in conventional fashion. The conpounds of this invention
are usef ul melicelklr organispader®rnitrasptepearpsig, whidhnistyfoatmsofrqelli deatimthati ces,
i mobi | ized enzynmes for process control, 15 or immunoassay reagents. The
conpounds heswdisfremrcite tissuringipt, iapppiosifisfcarried onkin ap otgrred fapcessdhat
suitable as sites for cross-linking desired substances, For examnple, it is
convent i on@engllyi gnfemfadvianyagesAhEing a8 QegrHsMIFdiREIES, ARppiogisds a type

anti bodi es like.to insoluble sub?t rat es. Thesggj{_nsol ubli zed

, drugs, .and th LUk
reagents ard ¢ ?69@6‘Wh1°jh%epd§‘iﬁéﬁe@%h@%@ﬂﬂ ¥ marhigepnfe kil dsep af or t he
af fini reagent s,from manuf gct ured preparati ons, diagnostic sanp]es and
ot her :zﬁpuﬂéﬂﬁp%ﬂ‘éﬁ’&e Wg?qtfﬁag}?ﬁﬁ%?t%%&@ﬁ??@%ﬁﬁé‘u@% aLJ'\rSJperform
catalytic conversions wth facile recovery of enzyne. Bifunctional conpounds
are comonl YRRk Gegs th Eﬁ?%ﬁ?§§%§n%a]§e%’é'¥{vggl épg%%%f-‘%os%pgm ng
diagnostic ].Irlsetggger)twshen 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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25Scr eeni ng assay referably use cells fromparticylar. tissues.that are
suscept i bl %aIQBﬁtﬁﬁtflé&airB ~thedauang AytATYy # ea#\e%%f' Etﬁtif’a‘ﬁ? % or

d i ni [ ' bi il abi,l i J.nel udi ' i nal. | . bility, |
per reat  onP ek HérieRd TS a'g%%ﬁb%e#ais&?ébﬁfﬁé%ésgﬁf PpfPEELy H:);[A/g\d/e_?,e
Uivo to the freusrnipice dfbon? RYSPbTRIGHoNR MERupb il TRREF °5s "
antiprol i 1B B Bteltald- Ll niRhoh S & ITRIcal TUGR ORI RR:G AR <! 10

antiprolif

compounds 8RoRIApEAAINAN Vincthl iRf i ShliSwith! & SsRbe Al obeApatiddays 1
t he presence of various concentrations of - conmpounds: ; | s are
tained vi ™ . ; e i ¥ b .
SCained % Eheiundlidobal ERSIWHET SLAL TAOONGRY 98 {@glonfel | nurber) s
concent r at h%?ouk'd’s k&t ?ﬁgﬁaﬂ%%%&oﬁ?@&%ﬁ@gg M35 GHE UBilith 19 Ththfe W Ch the

conpound concentrati on ces ce ration rate’ by 50% (50%

effective gg)%ﬁe‘dghjﬁﬁé-gﬁ]&izeﬁ t, P d 8L A aﬁgﬁtﬁsﬂy&@tw@e&%@%& fhe

antiprolifere assays nay cytostatic(inhibit” cell div si_onj and/or
cytoci dal ?k‘éﬁies@bh&)L- oBR PRIrd Fdididl Rdrif@thd MdlkRroasigaystidhoHfé positive
cancer cells and normal cells, we identify conmpounds that i'nhibit

prolifepat hgle@ile HBYul Rs BRIFAL de@er¢ANTRE pecfites ABAE ] 6F t+gocar@n(tj ¥retdiaplogel! s from
normal human tissues. Exenplary Methods of Making the npounds of "t he

I nvention. to desighéte thewiit oOdt@ico of pladleqsolhOz8@iBREDy dhe EGHPOANLNR/ith (-
conpositions of 'the invention. The conpositions are prepared by any of the
appl i cabl e?]bechmaqu%St}@fc tROcengdnnd is Jevioresitsry. Mrynipteind pedfixequeshére wel |
known in the art. However, many of the known techni ques are el aborated in

" Conpendi uor dfis Qegaotatatypt het a givdet dhedsical(stntuiuly tese Stévenisonddesaror k) , Vol .
1, lan T. Harrison and Shuyen Harrison, 1971; Vol. 2, lan T. Harrison and
Shuyen Har idesdital &8épt thédltheyd ard mifrer Bnaglepeftrse andhéeroypsfie, 1977, Vol . 4,
Leroy G Wade, jr., 1980; Vol. 5, 25 Leroy G Wde, Jr., 1984; and Vol. 6,

M chaelb B. st8nedispmeasmayl dlsabe kifected td,as"addaremtiothdd gadiaanGierd sfsuch Third
Edition", (John Wley gr Sons, New York, 1985), "Conprehensive Organic

Synt hesi s. isSatars ig oftery calkid am eggni@orBefic anighcne. 4 50:50 deixt@egsafrinanGoemrst ry. | n
9 Vol unes”, Barry M Trost, Editor-in-Chief (Perganmon Press, New York, 1993
printing) . 1s referred fuabhe racemiexeixplizergr anschoude, fwhichimeap peparahewnthefe t he
conpositions of the invention are provided bel ow. These nethods are intended
to il ustrbeebeeneng sieseenetecipnqudhenspepeaificitinsa ehemivel réactiondedrooedsi nit t he
scope of applicable nmethods. = CGenerally, the reaction conditions such as

t enper at ur e fraRg gRemiGEixiyge’y and STagerate prefenteduegsimelad mikbiteidfe, will be
those common in the art for the particular reaction to be perforned. The cited
ref erefite HEP SPRRIIOMEHgsPRELS Wavieid of prfietliastivitit ed therein, contains detail ed
descriptions of such conditions. Typically the tenperatures will be -100C to
200C, sol vlgntg Wi Ibrbe aprotic or protic, and reaction tines will be 10

seconds to%—%%.——%?%up typically consists of quenching any unreacted
reagents foll owed,b rtition between a water/organic | ayer syste
(extraction) a\r,1\_§1 g@%@?ﬁ?’ft@é_tﬁﬁgr?sﬁmvﬂtﬂp&i HFCP{‘SC%‘F’%B’H? Iu gi on and
reduction £aatd 0% At APHAALIHASBIJRY out at temperatures

Protecting groups are available, commonly known and used, and are

25  optionally used to prevent side reactions with the protected group during
synthetic procedures, i.e. routes or methods to prepare the compounds of the

invention. For the most part the decision as to which groups to protect, when to
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direction of the synthesis and the reaction conditions to be encountered, and may
10  occur in any order as determined by the artisan.
Various functional groups of the compounds of the invention may be
protected. For example, protecting groups for -OH groups (whether hydroxyl,
carboxylic acid, phosphonic acid, or other functions) include “ether- or ester-
forming proups”. Ether- or ester-forming groups are capable of functioning as
15 chemical protecting groups in the synthetic schemes set forth herein. However,
some hydroxyl and thio protecting groups are neither ether- nor ester-forming
groups, as will be understood by those skilled in the art, and are included with
amides, discussed below.
A very large number of hydroxyl protecting groups and amide-forming
20 groups and corresponding chemical cleavage reactions are described in Protective

Groups in Organic Synthesis, Theodora W. Greene (John Wiley & Sons, Inc., New

York, 1991, ISBN 0-471-62301-6) (“Greene”). See also Kocienski, Philip J.;

Protecting Groups (Georg Thieme Verlag Stuttgart, New York, 1994), which is-

incorporated by reference in its entirety herein. In particular Chapter 1,

25  Protecting Groups: An Overview, pages 1-20, Chapter 2, Hydroxyl Protecting
Groups, pages 21-94, Chapter 3, Diol Protecting Groups, pages 95-117, Chapter 4,
Carboxyl Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting
Groups, pages 155-184. For protecting groups for carboxylic acid, phosphonic
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as set forth below. Such groups include by way of example and not limitation,

esters, amides, hydrazides, and the like. .

5  Ether- and Ester-Forming Protecting Groups

Ester-forming groups include: (1) phosphonate ester-forming groups, such
as phosphonamidate esters, phosphorothioate esters, phosphonate esters, and
phosphon-bis-amidates; (2) carboxyl ester-forming groups, and (3) sulphur ester-
forming groups, such as sulphonate, sulfate, and sulfinate.

10 The phosphonate moieties of the compounds of the invention may or may
not be prodrug moieties, i.e. they may or may be susceptible to hydrolytic or
enzymatic cleavage or modification. Certain phosphonate moieties are stable
under most or nearly all metabolic conditions. For example, a
dialkylphosphonate, where the alkyl groups are two or more carbons, may have

15  appreciable stability i1 vivo due to a slow rate of hydrolysis.

Salts and Hydrates

The compositions of this invention optionally comprise salts of the

compounds herein, especially pharmaceutically acceptable non-toxic salts

20  containing, for example, Na*, Li*, 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
mojety. Monovalent salts are preferred if a water soluble salt is desired.

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

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

are salts containing Lit, 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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inorganic acids, e.g., HCI, HBr, Hp5O4, or organic sulfonic acids, to basic centers,

or to acidic groups. Finally, it is to be understood that the compositions herein
comprise compounds of the invention in their un-ionized, as well as zwitterionic
form, and combinations with stoichiometric amounts of water as in hydrates.

Also included within the scope of this invention are the salts of the parental
compounds with one or more amino acids. Any of the amino acids described
above are suitable, especially the naturally-occurring amino acids found as
protein components, although the amino acid typically is one bearing a side chain
with a basic or acidic group, e.g., lysine, arginine or glutamic acid, or a neutral

group such as glycine, serine, threonine, alanine, isoleucine, or leucine.

Methods of Inhibition of HPV

Another aspect of the invention relates to methods of inhibiting the activity
of HPV comprising the step of treating a sample suspected of containing HPV
with a compound of the invention.

Compositions of the invention act as inhibitors of HPV, as intermediates
for such inhibitors or have other utilities as described below.

The 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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Screens for HPV Inhibitors

Compounds and compositions of the invention are screened for
therapeutic utility by measuring the ECs, that is the concentration of compound
that achieves 50% inhibition of cell growth. The ratio of ECso in HPV-uninfected
and infected cells provides a measure of the selectivity of the compound for the
virus infected cells. The protocols used to obtain these measures are taught in the

Examples.

Pharmaceutical Formulations and Routes of Administration.

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets
will contain excipients, glidants, fillers, binders and the like. Aqueous
formulations are prepared in sterile form, and when intended for delivery by
other than oral administration generally will be isotonic. All formulations will
optionally contain excipients such as those set forth in the "Handbook of
Pharmaceutical Excipients" (1986). Excipients include ascorbic acid and other
antioxidants, chelating agents such as EDTA, carbohydrates such as dextrin,
hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.
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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While it is possible for the active ingredients to be administered alone it
may be preferable to present them as pharmaceutical formulations. The
formulations, both for veterinary and for human use, of the invention comprise at
least one active ingredient, as above defined, together with one or more
acceptable carriers therefore and optionally other therapeutic ingredients. The
carrier(s) must be "acceptable” in the sense of being compatible with the other
ingredients of the formulation and physiologically innocuous to the recipient
thereof.

The formulations include those suitable for the foregoing administration
routes. The formulations may conveniently be presented in unit dosage form and
may be prepared by any of the methods well known in the art of pharmacy.
Techniques and formulations generally are found in Remington's Pharmaceutical
Sciences (Mack Publishing Co., Easton, PA). Such methods include the step of
bringing into association the active ingredient with the carrier which constitutes
one or more accessory ingredients. In general the formulations are prepared by
uniformly and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then, if 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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surface active or dispersing agent. Molded tablets may be made by molding in a
suitable machine a mixture of the powdered active ingredient moistened with an
inert liquid diluent. The tablets may optionally be coated or scored and
optionally are formulated so as to provide slow or controlled release of the active
ingredient there from.

For infections of the eye or other external tissues e.g. mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the
active ingredient(s) in an amount of, for example, 0.075 to 20% w/w (including
active ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w
such as 0.6% w/w, 0.7% w/w, etc.), preferably 0.2 to 15% w/w and most preferably
0.5 to 10% w/w. When formulated in an ointment, the active ingredients may be
employed with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredients may be formulated in a cream with an oil-in-
water cream base.

If desired, the aqueous phase of the cream base may include, for example,
at least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more
hydroxyl groups such as propylene glycol, butane 1,3-diol, mannitol, sorbitol,
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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acts as a stabilizer CII_'|c31s also preferred to include both an oil and a fat. Together,
the emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying
wax, and the wax together with the oil and fat make up the so-called emulsifying
ointment base which forms the oily dispersed phase of the cream formulations.

Emulgents and emulsion stabilizers suitable for use in the formulation of

the invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol,
myristyl alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

The choice of suitable oils or fats for the formulation is based on achieving
the desired cosmetic properties. The cream should preferably be a non-greasy,
non-staining and washable product with suitable consistency to avoid leakage
from tubes or other containers. Straight or branched chain, mono- or dibasic alkyl
esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of coconut
fatty acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate,
2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol
CAP may be used, the last three being preferred esters. These may be used alone
or in combination depending on the properties required. Alternatively, high
melting point lipids such as white soft paraffin and/or liquid paraffin or other
mineral oils are used.

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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the active ingredient in a suitable liquid carrier.

Formulations for rectal administration may be presented as a suppository
with a suitable base comprising for example cocoa butter or a salicylate.

Formulations suitable for intrapulmonary or nasal administration have a
particle size for example in the range of 0.1 to 500 microns (including particle sizes
in a range between 0.1 and 500 microns in increments microns such as 0.5, 1, 30
microns, 35 microns, etc.), which is administered by rapid inhalation through the
nasal passage or by inhalation through the mouth so as to reach the alveolar sacs.
Suitable formulations include aqueous or oily solutions of the active ingredient.
Formulations suitable for aerosol or dry powder administration may be prepared
according to conventional methods and may be delivered with other therapeutic
agents such as compounds heretofore used in the treatment or prophylaxis of
influenza A or B infections as described below.

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

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

The formulations are presented in unit-dose or multi-dose containers, for
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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se containing a dalqy dose or ul?ﬁ]t daily sub-dose, as herein above recited, or an
appropriate fraction thereof, of the active ingredient.

It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring agents.

The invention further provides veterinary compositions comprising at least
one active ingredient as above defined together with a veterinary carrier
therefore. |

Veterinary carriers are materials useful for the purpose of administering
the composition and may be solid, liquid or gaseous materials which are
otherwise inert or acceptable in th‘e veterinary art and are compatible with the
active ingredient. These veterinary compositions may be administered orally,
parenterally or by any other desired route.

Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more
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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pongikg b ‘é{ﬁafghg per day; most typ1ca%y, from qbout 0.05 to about
body weight per day. For example, for inhalation the daily candidate dose for an
adult human of approximately 70 kg body weight will range from 1 mg to 1000
mg, preferably between 5 mg and 500 mg, and may take the form of single or
multiple doses.

Active ingredients of the invention are also used in combination with other
active ingredients. Such combinations are selected based on the condition to be
treated, cross-reactivities of ingredients and pharmaco-properties of the
combination. For example, when treating viral infections of the respiratory
system, in particular influenza infection, the compositions of the invention are
combined with antivirals (such as amantidine, rimantadine and ribavirin),
mucolytics, expectorants, bronchialdilators, antibiotics, antipyretics, or analgesics.

Ordinarily, antibiotics, antipyretics, and analgesics are administered together with

the compounds of this invention.

Metabolites of the Compounds of the Invention

The present invention also provides the i 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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biological samples. These products are easily isolated since they are labeled

(others are isolated by the use of antibodies capable of binding epitopes surviving

in the metabolite). The metabolite structures are determined in conventional

5 fashion, e.g. by MS or NMR analysis. In general, analysis of metabolites is done in

the same way as conventional drug metabolism studies well-known to those

skilled in the art. The conversion products, so long as they are not otherwise

found in vivo, are useful in diagnostic assays for therapeutic dosing of the

compounds of the invention even if they possess no neuraminidase inhibitory

10 activity of their own.

Additional Uses for the Compounds of This Invention.

The compounds of this invention, or the biologically active substances

produced from these compounds by hydrolysis or metabolism in vivo, are used as

15 immunogens or for conjugation to proteins, whereby they serve as components of
immunogenic compositions to prepare antibodies capable of binding specifically
to the protein, to the compounds or to their metabolic products which retain
immunologically recognized epitopes (sites of antibody binding). The
immunogenic compositions therefore are useful as intermediates in the

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

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

keyhole limpet hemocyanin generally are useful as immunogens. The metabolic
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reactivity with the compounds of the invention. Thus, the antibodies of this
invention will be capable of binding to the unprotected compounds of the
invention without binding to the protected compounds; alternatively the
metabolic products, will be capable of binding to the protected compounds and/or
the metabolic products without binding to the protected compounds of the
invention, or will be capable of binding specifically to any one or all three. The
antibodies desirably will not substantially cross-react with naturally-occurring
materials. Substantial cross-reactivity is reactivity under sf)eciﬁc assay conditions
for specific analytes sufficient to interfere with the assay results.

The immunogens of this invention contain the compound of this invention
presenting the desired epitope in association with an immunogenic substance.
Within the context of the invention such association means covalent bonding to
form an immunogenic conjugate (when applicable) or a mixture of non-covalently
bonded materials, or a combination of the above. Immunogenic substances
include adjuvants such as Freund's adjuvant, immunogenic proteins such as viral,
bacterial, yeast, plant and animal polypeptides, in particular keyhole limpet
hemocyanin, serium 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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invention distant from the epitope to be recognized.

The conjugates are prepared in conventional fashion. For example, the
cross-linking agents N—hydroxysuccm‘imide, succinic anhydride or alkN=C=Nalk
are. useful in preparing the conjugates of this invention. The conjugates comprise
a compound of the invention attached by a bond or a linking group of 1-100,
typically, 1-25, more typically 1-10 carbon atoms to the immunogenic-substance.
The conjugates are separated from starting materials and by products using
chromatography or the like, and then are sterile filtered and vialed for storage.

Animals are typically immunized against the immunogenic conjugates or
derivatives and antisera or monoclonal antibodies prepared in conventional
tashion.

The compounds of this invention are useful as linkers or spacers in
preparing affinity absorption matrices, immobilized enzymes for process control,
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 carboxyl, amino or hydroxyl groups, they remain useful as chemical
intermediates.
Utility for the present invention was taught using antiproliferation assays.
5 Antiproliferation assays measure effect of compounds on proliferation of cultured
cells. Cells are cultured for 7 days in the presence of various concentrations of
compounds. On the 7% day, cells are stained with dye, and intensity of staining
(proportional to cell number) is measured by spectrophotometer. Data are plotted
against compound concentrations, fitted to the sigmoid dose response curve, from
10 which the compound concentration that reduces cell proliferation rate by 50%
(50% effective concentration or ECs) is determined. Active compounds in
antiproliferation assays may be cytostatic (inhibit cell division) and/or cytocidal
(kill cells). By performing antiproliferation assays in HPV positive cancer cells

and normal cells, we identify compounds that inhibit proliferation of HPV

16  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
20  organic synthesis. Mal;ly such techniques are well known in the art. However,
many of the known techniques are elaborated in "Compendium of Organic
Synthetic Methods" (John Wiley & Sons, New York), Vol. 1, Ian T. Harrison and
Shuyen Harrison, 1971; Vol. 2, Ian T. Harrison and Shuyen Harrison, 1974; Vol. 3,
Louis S. Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. Wade, jr., 1980; Vol. 5,
25  Leroy G. Wade, Jr., 1984; and Vol. 6, Michael B. Smith; as well as March, J.,
"Advanced Organic Chemistry, Third Edition", (John Wiley & Sons, New York,
1985), "Comprehensive Organic Synthesis. Selectivity, Strategy & Efficiency in
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A number of exemplary methods for the preparation of the compositions of
the invention are provided below. These methods are intended to illustrate the

5 nature of such preparations are not intended to limit the scope of applicable
methods.

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

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

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

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

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

are common in the art and will be applied when applicable.
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i di 60 C5 1 | -1 N HN s Q. Pr HO HOGPr 0 HN HC
ﬁg\lllcl(l?gu / TEAEXe Taerr;e met?iogls of preparing the compou.nds of tshevaenhon are

shown in the schemes below. Detailed descriptions of the methods are found in

the Experimental section below, and are referenced to the specific schemes.
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Aldrithiolrm2 / PPh3 Pyridine, 60 C Li't."',11 1L,1%$r' Schene 17 HN'."''-"1" o
NG e-' 0A01S5ehémdEAN 1- Met hyl - 2-pyrradi none.)0 IS OH 60 Cs 3 hH2NN | -, ,,

,000Pr 0"--. ..../. ONNN®60,,,,,,"0,,,,"P(64-".."0P\ GPr 0 0 Scheme 18
Scheme 1
5
0 o AcCl, ZnCl,.Et,O O. _Cl P(OiPr);, Heat
" - AN 3
(- Et,0, .. AcO -
1
0 0
n_QiPr i_OiPr
O.__F HCI, MeOH_ o. b
AcO” N OIPF oA B HO™ NN oiPr
2 3
ol ' cl
NJIN N/ N
T Jj: \
HN S N/ DIAD, PPh, | N>
DMF,-15°Ctort, NN (_o PP
’ . 4 ~ ~OiPr

R . N = N
Cyclopropylamine )\ ] \>
CH3CN, 100 °C H,N" N7 N

TMSBr, CH5CN NZ NN
N /:\/[N>
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HCLH2NI c02( CH2) 5GH3 / TEA 60
H2) 5CH3

(1) SOCI, / DMF (cat.)
6 Sulfolane, 70°C, 1 h

H2N Al drithiolTm 2 / PPh3 Pyri di ne,
SNHOO PCHO(CH)5CH3 67
CO2Et / TESYhemébdrithiol Tm2 / PPh3 Pyri di ne,

(2) TMSOPh, 90 °C, 1h
r.t. overnight

7 HC'I,HZN"cone/ TEA‘

Aldrithiol™-2 / PPhs
Pyridine, 60 °C

; HCIH,N"~CO,Me / TEA _

Aldrithiol™-2 / PPh,
Pyridine, 60 °C

HCI.HZNlCOZtBu / TEA‘

Aldrithio™-2 / PPh,
Pyridine, 60 °C

10

60C 0(C
Scheme 19 x Ph 60 HCl . H2N

60 C

H,N” N
(_o_pn O
. OPh
-
N/ N\ -
/k\ | > E OMe
H,N” N7 N ,,,Nﬁo

HN’4
N 7 N
/:IN\ . ROtBu
H,NT N 2 N
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"(Ph 60HCI H2N CO2Bu / TEA s.
60HCI H2N BdemeBEA r

Aldrithioirm2 / PPh3 Pyridine,
Aidrithiolmi-2 / PPh3 Pyridine,

HCI,HZN’\COzEt / TEA/PhOH

Aldrithiol™-2 / PPh;
Pyridine, 60 °C

HCI.HZN’\COzPr / TEA/ PhOH

Aldrithiol™-2 / PPhj
Pyridine, 60 °C

HCIHN"~CO,Pr / TEA / PhOH

6
: Aldrithiol™-2 / PPh,
Pyridine, 60 °C
6 HCl_HleCOZBu / TEA / PhOH

Aldrithiol™-2 / PPh,
Pyridine, 60 °C
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60 C 5 Ph
60 C H2N 71 Ph O Bu

HN/4
| ):I > ROEt
HaN™ N Nk/o Q\P NH o
1 ~ Yoph
HN/4
)%)\/I[ > ROPr
HN™ N7 N O _Nf

HN/4
Ay
OiPr
HQNJ%N N Q Ng\éo
O _F
. ™~ “oph
HN"4
):\/I[ > ROBU
HN™ N7 N O\b,NH 0
14 ~N



SNHOOPCPHh HGBu O 10 Schene 20 HCl ,H2N o ."0/ PhOH / TEA
AldrithiolTm2 / PPh3 Pyridine, 60 C 1-10, H2NI CO2( CH2) 5CH3 / PhOH / TEJ\ LN
Aldrithiol Tm2 / PPh3H2NNNO Pyri di ne, 600075NNF: ¢ NH OPh

Scheme 4
5
X -
HCIHzN COZ(CH2)50H3 ]
6 TEA/ PhOH o NZ | N\) ol
Aldrithiol™-2 / PPhy HZNJ\\N N o R (CH,)sCHs
Pyridine, 60 °C 0 \b,NH 0
15 ~N \OPh

HCIHoN ™ CO,(CH,),CHa H \
TEA / PhOH N?
6 > S O(CH,),CH
Aldrithiol ™-2 / PPh; HZN*\N Nk/ Q. N o( 2)OH3
Pyridine, 60 °C 0. p°
18 ~ Yoph
-
HC! HZN’(CozEt /| TEA / PhOH i o\
6 ' - O L OEt
Aldrithiol ™-2 / PPhg HoN" N NK/ QA NG T So
Pyridine, 60 °C oK
17 OPh
HN’4
HCIHN” ~CO,Bu / TEA / PhOH NZ SN
6 e ke - N OBu
Aldrithiol™-2 / PPh, H,NT SN N A NG
Pyridine, 60 °C " O R ©
OPh

10
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I AU YAVISE o

SChenﬁ;ozz%os/ossﬂﬁ) HCl , H2N CO2Bu / PhOH / TEA, 60 Aldrithiol Tm2 / PPh3H2N
Pyridine, 60 C 60 Ph HCl.H2N CO2iBu / PhOH /TEA Ph G Bu 0 N%-NH P\

Scheme 5
5
HCI HoN" ~CO(CHg)7CH, HN
~ TEA/PhOH NZ 5N
6 — A\
Aldrithiol™.-2 / PPhg y N/k\Nl N> o &O(CHz)'/CHs
Pyridine, 60 °C 2 K/O \\P\,NH o}
’9 ™~ “oPh
IPh HN’4
P
HCIHoN”~CO,Et / TEA/ PhOH )NjiN\) QOEt
Aldrithiol™-2 / PPhg HNT N7 N i <o
Pyridine, 60 °C IR ¢
OPh
Ph HN/A
HCIH,N” ~CO,Bu/ TEA ) PROH N? | N\> Ph
6 T - PN OBu
Aldrithiol' ™-2 / PPhg H,N” N7 N 9 Wi 5
Pyridine, 60 °C N ¢ '
OPh
© =
6 HCIH;N“~CO,iBu / TEA / PhOH - Nﬁ% PhO'B
Aldrithiol™-2 / PPhj HQN/}%N N o &' u
Pyridine, 60 °C ” k/ov\i:,\,NH 0

OPh
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OPh Aldrithiol Tm2 / PPh3 Pyridine, 60 C Schene 22 HNA Ph HCI H2NO
[TEA O Aldrithioirm2 / PPI-13 Pyridine, 60 C

Scheme 6
N

X / TEA N7 SN

; HCI H,N” ~CO,Et _ PN IS ROE’:
Aldrithiol™-2 / PPh, HoN” N S NG So
- o Z
H
o

X | N
HCIH,N"~co,Pr/ TEA N*
6 , 2. . TM2 r > /k\ I \> OPr
Aldrithiol'™-2 / PPh4 N )

Pyridine, 60 °C bNH 40
y 24 K/O\/P N/%OPF
H
0

HCIH NJ\CO iPr / TEA NZ SN
6 et B > /k\/i > QiPr
Aldrithiol'™-2 / PPh3 H,N” N7 N O
Pyridine, 60 °C » L_o_pbNH a0
N QiPr
0
a4
6 HCI,HZN"\COZBU ] TEA /Nk)\”/:N» OBu |
Aldrithiol™-2 / PPh, H,N” N7 N 0 N%Xo
Pyridine, 60 °C s O
” OBu
5 0
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Schene 23 CI NHCH2CF3 ,....NN ) CF3CH2NH2N--- INN )TA/I1SBr H2N. L. 1(-)lo QG Pr
CH3CN, BO C H2N--s-s'NNI, n gbecipt -CH3CNs '..N 4G Pr84' "...... -UtONGL L
01Pr Each of the products of the follow ng processes is optionally
separ at ed,gdpegi@yed, and/or purified prior to its use in subsequent processes.
10The terns "treated", "treating”, "treatnment", and the |ike, when used in the
context of a chem cal process, protocol, or preparation nean contacting,

m xi ng, reacting, allowing to react, bringi P' idt\o contact, and other terns

common in the art for indicating that one o re chemcal entities is treated
in such a manner as typ convert it to one or eNpt her chemical entities. This
means that "tread g Toocomeond TEE W th gonpflundh two" is now&w&)&%th

"al | owi ng Conpoun (S C i, "conpac éom? nd one
with conpound two" AdytgIRL Spound h qg\rr‘f}i und It Wb, gZ3Dd ot her

expr essi ons conmon i RyRdiee. & °G@f or gani ¢ synt hesi g%\rga bl % kgl €at i ng

t hat conpound one was "treated", "reacted", "allowed to reblct" eﬁ(%.?f’vvl £h
conmpound two. In the context of a chemi cal process, pr@ocol, or
preparation, "treating" indicates the reasonable and usual manner in which
organic chemcals are allowed to react. Normal concentrations (0.01Mto 10M
typically 0.1Mto 1M, tenperatures (-100C toj%c, typically -78C to 150C,
more typically -78C to 100C, still nore typH 0C to 100C), reaction
vessels (typically glgss, plastic nmetal), ?\f/ enip. Ppressures, at nospher es
(typically air f W(I%n d i nsensiN1T vg racti ons ol nitroge ar gon
for oxygengor H%EHz C%n) Cly'va/t A ns), ,el@: e i ntepdediu Oéég'Z rw se
i ndi cated. The knowlarthelt-2¢Pmhar redd@N ond kn ion tIIDQNHt organi c
synthesis is used i nPap@ligs g0 t he conditionsgn ~ H O(CHy),CHs

r

i

L

N
HCIHN" ~COEt / TEA N~
6 N’ TMz . N IS OEt
Aldrithiol™-2 / PPhy H,N” N7 N NH -0
g 0 ¢
Pyridine, 60 °C 29 l\/ovp\
| N OEt
O

HCIH N/(CO Bu / TEA NZ N
6 2 2 > N N\> &osu

Aldrithio™-2/PPhy  H,N" N

Pyridine, 60 °C . Lo RO
N OBu
0
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10 apparatus for "treating" in a given process. In particular, one of ordinary
skill in the art of organic synthesis selects conditions and apparatus
reasonably expected to successfully carry out the chemi cal reactions of the
descri bed @aﬂﬁﬁiges based on the know edge in the art. Mdifications of each
of the above schene(s) |eads to various anal ogs of 15 the specific exenplary
mat eri al s produced above. The above cited citatigns describing suitable

met hods of organic synthesis are applicable t_/zﬁph nodi fications. In each of
the above exenplary schemes it may be advantdgeous to separate reaction
products from one an;[her and/ or fron1star erials. Thes/20 desired

products of eac I teps se ar ed and/ or¢ pur kLA
(hereinaftgr s b(éﬁ (ﬁ§ qf ?PJ&il onogeneity @&%%ﬁégﬂniques
comon in the art. AjbyiisPMly; ppel separ on IHVQQh% F%\,INU‘H] QCextraction,
crystallization fro%%ﬁdﬁ% KB or sol vent m xture n, subllnatlon
or chromat ogr aphy onafography can invol ve any number o teHozCH3

i ncluding, for exanple, size exclusion or ion exchange chroma{pgraphy, high,
medi um or | ow pressure |liquid chromatography, small scal e and preparative
thin or thick Iayer chromatography, as well as techniques of small scale thin
| ayer and flash chromatography. flu arO MJ 10Y Another class of separation
met hods i nvolves treatment of a mixture with a r ent selected to bind to or
render otherw se separabl pna desired product) rimreacted starting material,

reaction by product, or fhe like. Such reagen nqlude adsor begsy s or
absorbents such asHeuvaacegﬂdaﬂbﬁn nol ecul qle ion 5 xcnggge medi a,
or the Iikeé. AIteFﬁ‘EEYET’Q:%PS‘E@E@entS G Wf ds in a basic
mat eri al, bases in @ E BRs aci di dH2fht e al , blndlnéi3 e such as
anti bodi es, binding ysdisien§0 el ective chel atgss as-fer o ers

liquid/liquid ion extraction reagents (LIX), or the liKke. SELe t|
appropriate nethods of separation depends on the nature of e naterlals

i nvol ved, for exanple, boiling point, and nol ecul ar weight in @istillation and
sublimation, presence or absence of polar functional groups in chromatography,
stability of materials in acidic and basic nedla in multiphase extraction, and
the like. One skilled in the art will apply t ues nost likely to achi eve
the desired separation. JBAl |l literature and tent citations above are hereby
expressly incorporated reference at the s of their gphation.
SpeC|f|caI y C|tedH§@bN|oﬁ@ﬁbw/E5©es of the bo ted wor ksyar e Bgcorporated
by referen e with a& 6@” nventl en descri 9 et ai
sufficient to allow ég y ski 11 |n the aLEnt ﬁgngHn Gse the
subject matter of th VFQW?O clalns It is appar tfcepr ai n
nodi fi cati ons of the nethods and conpositions of the follomn g éRys can be
made within the scope and spirit of the invention. The foll ow Exanpl es are
provided to exenplify the present invention, and in no nmeans cdan be construed
tolimt the present invention.

Ph
6 HCI HoN COleu/TEA: e IS &OiBu
Aldrithiol™-2 / PPhy H,N” N7 N O N
Pyridine, 60 °C " L\V,O
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25EXAMPLES General Sone Exanpl es have been perfoied multiple tinmes. In

repeat ed Exanples reaction conditions such as tinme, tenperature,

concentrat and the Ilike, and yields were within normal experinental
ranges. ? &ted Exanpl es where significant nodifications were nmade, these
have been noted where the results varied significantly fromthose descri bed.

I n Exanpl es where different starting materials were used, these are noted.
When the repeated Exanples refer 5 to a "correspondi ng" anal og of a conpound,

such as a "corresponding ethyl ester", this inte that an ot herw se present
group, in this case typically a nethyl ester HNs taken to be the sanme group
nodi fi ed as indicated. (Exanples 1 to 35 refer hemes 1 to 9 above. 10

Exanpl e 1 Acet oxy hydlx | oride 1: e-neck flask was fitted

wi th mechagi cal efar é fhe?ﬂ% 500 ny\ado‘ tjonal funnel andJ rgon
purged. 1, 3- Di oxd-ilethyl-24pyrralidimoreo ol )HiM~ armydr Bus Et 2@ (BP0 l)~ 1.0
IV 15 ZnC12/ Et20 (7.5 60°C03007 nol) were added. A'sol Fl’ “of acetyl | ori de
(157 m" 2.20 mol) in Et20 (200 nL) was added dfopwi Se ou@bva@ iRri onal
funnel over 20 truth. A cold water bath was used to nai nt ain terrpEﬂ/d@ure

bet weery 19 - 27C t hroughout. Continue stirring w thout external coOling for 4
h, reaction self heating at 20 - 25C for about 1 h. A dear, colorless solution
retai ned under argon 20 overnight. Stood for 3 days and formed an orange
solution. Strip EbO on rotavap (water aspirator) until no nore distilled at
35C bath. A quantitative yield of product 318 g (theoretical yield 306 g) was
obt ai ned. Exanple 2 25 Dil sopropyl Phosphonate 2: A 500 rrilL three-neck flask
was charged with the crude chloronethylether 1 (317 g, 2.00 nol).
Triisopropgtidaenbi te (494 nL) was added dropw se through an additional funnel
while heating in a 125C oil bath and stirring vigorously. Coll ect

2-chl orpropane distillate via short-path head in * W 2LIU3/1M)15, a dry ice
cool ed receiver, argon blanket, collected 140 g distillate (theoretical 157
g). Phosphite blpamgped reaction to yellow, continue N¥&ting another 2 h at

125C oil bath, then arrange for vac mdi§ illation i ng a vacuum punp.
Distilled a yeN 0 '\?\;ont cut (WSCﬁot on)to 190C) thsg
changed to cl 9@ Aldrithiol™-2 / PPhg NH o

2 0 “
k/o OH Pyridine, 60 °C K/o
H OBu

o
' NM82
(1) SOCI, / DMF (cat.) Y
Sulfolane, 70°C,1h | \>
36 (2) TMSOPh, 90°C, 1h HzN/l*N 0, o
r.t. overnight 28 k/O R
NM82
N
HCI H,N” ~COgiPr / TEA N*
S N PN &inr
Aldrithiol™-2 / PPh, H,N7 N7 N QAN o
Pyridine, 60 °C s oK
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5 receiver. Main fraction was coll ected at head tenperature of 178 - 187C
(nostly 185- 187C) w th vacuum unknown at bath tenperature of 222 - 228C 258
g of the p uct was given (47%yield from 1, 3-di oxol ane). Exanple 3 10

Al cohol |on of 2 (125 g, 0.443 nol) in absolute Me011l (440 nL) was
treated W|th concentrated MCI (11.2 mL, 0.112 nol) and heated to reflux for 6
h under Argon. Strip MeOH on rotavap (water aspirator) to 55C | eaving 115 g of
a clear oil which was co-evaporated with toluene (2 x 200 nlL). The crude
product was dried under vacuumto give an oil (102 g, 96%. 15 Exanple 4

Di i sopropyl Phosphonatje 4: A solution of triphenyl phosphinge (23.57 g, 97.5
nmol ) and al cohol g, 75 mol) in DM 17 (120 nL S _Kreated with 6-

chl oropuri ne (1"2"62\% 5 rnnolL) andf cooled to -15C! NA)Ag\o/Iu& on of diisopropyl
20 azodi car boxq\é N 16.68 g, wi&Nmmz)Bm/rTEHVE (5& wes added dropwi se

t hrough an additi qnal\>funnel OV‘?\rIdrmolm'ﬁlP-BPwe reac

on|jm ture wasl(;%:’ﬁt
-15C for 2 ngd to te at Nredf a I t1onal
2 h. Acl Ol‘ﬂ(}?I reactlQev@ xt\ r@Ht d?yﬁ'g]@e g{})@é‘ a br‘?ght yel Ilow oI e
reaction sol vent “has ap\ofaw under reduced pressuré” co® ev?arp’or d wth
toluene (3 x), 25 and dried under vacuum overnight prior to puri cha i u The
crude oduct was purified by colum chromatography on silica gel (%%

MeOH/ 02) to give the diisopropyl phosphonate (18,52 g, 63% as a white
solid: "El NVMR (CDCb) b 7.95 (s, 111), 4.70 (m 214), 4.31 (m 2H), 3.93 (m
2H), 3.73 (m 211), 1.29 (m 12H); 31P NWR (CDCb) 6 18.42. Exanple 5 5

Di i sopropyl Phosphonate 5: A m xture of 4 (11.00 g, 28.08 mml) and

cycl opropylamine (4.86 g, 85.16 nrnol) in CH3CN (80 nlL) was placed in a
reacti on bonb and heated to 100C for 4 h. The reaction m xture was cooled to
room t enpeggh g 1@2nd concentrated under reduced pressure. The product was
partitioned between 15% I vl eOH C142C12 (3 x) and brine, dried with N32SO4, 10
filtergg, and concentrated. The crude product was purified by colum

chromat ography on silica gel (5% MeOH CH202) to give 5 (10.42 g, 90% as a
pale yellow foam 'FI NWR (CDC13) b 7.59 (s, IH), 5.83 (broad, s, 1H), 4.88
(broad, s, 2H, 4.70 (m 2H, 4.21 (m 2H), 3.88 (m 21-1), 3.72 (d, J = 8.4
Hz, 2H), 3.03 (byH@d,Chsy 111), 1.28 ¢m 12H), 0.84 (mH C‘F) 0.60 (m 211);

, | P NVR (CDC13) & 1§ 63. 15 Examgl CogfrPt:@;)AP 6: A solption of 5 (11.00 g,
26. 67 mmol ) in‘anhyd us teoN ronotri hyl si | ane
The r%’ﬁ&tf‘iobn -2eRPlr ot ecihd li ght bylwr | ng

(21.1 nti \m%[tg SO,

the flask h al umi nunsz o(P\ ~OH hePyriging, B8AC20 nitxtlur &N stl eretd
t enper at ure over n#gh i_‘atl | es were evaporat ed uruade essure
The resi due was di ssolved in LO (250 rnL) and pH was adj usted t y
ammoni m hydr oxi de. The reaction m xture was concentrated and a yel |l 9w soli d
was obtai ned. The solid was dissolved in H20 (30 rnL) and pH was adj
with 10% HCl. Fine solid was coll ected and dried
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25 under vacuumto give 6 (7.88 g, 90% as a white solid. Exanple 7 W IL/
1.01.1.1/5&%%%97:$bnophosphonic Acid Hydrochloride 7. A mxture of acid 6
(3.00 g, 9. éﬁb ) and DI'VEF (0.1 nmL) in sulfolane (9.2 nL) was heated to
70C. Thionylchloride (1.66 nL, 22.76 mol) was added dropw se over a period of
1 h. The tenperature was increased to 90C and TMsOPh (1.74 nmL, 9.61 nmol) was
added and stNmwsed for 1 5 h. The reaction mxture waﬁzcooled to room

t enperature bverni ght. The re '333 'xyq¥ was added dropw se to

wel | -stirrgd, Jt&-cold acet - . pr odyEt precipitg ed out. The
solid was Lilt r under Ar, nashesl™htiPRdgl d ace.gnd (100 nl), dr\edQBder
vacuumto giNe t'he non hqﬁ@hop?ﬁdﬁgqxhygrochloriddﬂ 3.0 g, WA @sa,solid.
10 Exanple 8 ,M jnam date 8: A mixture of nopophkos NIRS " acj (0. 22
g, 0.50 nunol), L-al ani neOhkethyl ester hydrochloride (0.14 g, 1.H nqg%é, and
triethylamrte (0.21 nL, 1.50 mmiot) in pyridine (3 nL) was heat Bd for
515 mn. A freshly prepared bright yellow solution of aldrithiol (®. 39 g,
1.75 mml ) and triphenyl phosphine (0.46 g, 1.75 nmol) in pyridine (2 nL) was
added to the above reaction mxture. The reaction was stirred at 60C
overnight, cooled to roomtenperature, and concentrated. The product was
partitioned between Et 0Ac and saturated NaHCO3. Th %Zganic phase was washed

with brine, dried 20 wmi iltered, and rafed under reduced
pressure. The crude Hﬁ%gﬁxgg&gﬁ%h é%?#ied by colu§§§cq oMt ogr aphy on silica
gel (7% MeOHMCH2C12) e I osphongny my, 39% 1:1
di ast ereomeric m xt ur@) TE¥S@RhAG “Ghitt e f oam gg npl g 9 v OH
Mbnophosphonar ni dat e 9: rA owerbighe of nonophosphoni cssadd 88N h2.00
mi ol ), D-al anine nethyl ester hydrochloride (0.84 g, 6.00 nunol.f, and
triethylamne (0.84 nL, 6.00 mmol) in pyridine (8 nL) was heated to 60C for 5
mn. A freshly prepared bright yellow solution of aldrithiol (1.56 g, 7.00
nmmol ) and tri phenyl phosphine (1.84 g, 7.00 mmol) in pyridine (8 nL) was added
to the above reaction mxture. The reaction was gHLrred at 60C overnight,

cooled to room tenperature, d concentrated. Theé product was partitioned
bet ween 5 Et 0Ac and sat ur at e NaH The or gamfc '?;Le was wasped with brine,
dried with Ng2. 504, fil Fel, aRes ted uhger reduced pres$ur dMghe crude
product was purified by salithig)™¢hr/qrad,ogr aphy odﬂsiINca,geK%( o
Pyridine, 60 °C pu O~Ropn
CO,H
(1)HCI‘H2N"\C02iPr I TEA NHy - HO,C” "2

Aldrithiol™-2 / PPh;

N 7" N
46 ) Pyridine, 60 °C |§ | \> Ro“:r

(2) Fumaric Acid, CH;CN
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MeOH CH2C12 Q}_?I ve the nonophosphonam date (0.40 g, 41% 1:1 diastereoneric
m xt ure) Sshgm white foam 10 Exanple 10 Mnophosphonam date 10: A

m xture of nonophosphortic acid 7 (0.88 g, 2.00 rrunol), L-alanine tert-butyl
ester hydrochloride (1.31 g, 6.00 nmol), and triethylamrte (0.84 nL, 6.00
mmol ) in pyridine (§n) was heated to 60C for 5 15 min. A freshly prepared
bright yell ow sol utijon of aldrithiol (1.54 g, 7.00 mml)o

tri phenyl phosphi ney 7.00 nmmol )_in idine (8 added to the
above reaction m xfurd. s}he reacti on__\%%%;ed at 6 o] erP)i ght, cooled to
room tenperat uHeN" a centr %ﬂ-i The product wag N ed bet®een Et 0Ac

and saturated NaHCOB, T hase was washed \%nth br| n @rleﬁlf% Wi th
Na2SO4, filtered, anty evapor at ed\%{fﬁder reduced pressure. She of udy prQidluct was
purified by colum chr omat ography on silica gel (7% MeOH CH2C12) to give the
nonophosphonanmi date (0.38 g, 36% 1:1 diastereoneric mxture) as a |light
orange foam 25 Exanple 11 Monophosphonam date 11: A m xture of phosphonic
acid 6 (0.10 g, 0.30 rnnol), L-alanine ethyl ester hydrochloride (94 ng, 0.60
nunol ), phenol (0.14 g, 1.52 mmol) and triethyl aasBﬁe (0.51 L, 3.60 rru-nol)

in pyridine (1.0 rnLy was heated to 60C for 5 freshly prepared bright
yel | ow sol uti on i.thi 4 g, 2.13 melI tri phenylgphosphi ne (0. 56
g, 2.13 mol) Mﬁp b'Erh, ;Bh S added t \t %ove react onCifTxt ur e.

The reaction was sAldrithietf™a2 / BRIG over ni ght , to room e e, and
concentrated. The pPoHied, 60 partitioned 5 bet wegn nggtur at ed
Na_HCC3. The organi c phase was washed with brine, dried with filtered,

and evapor at ed under reduced pressure. The crude product was purifi ed by

col um chr omat ography on silica gel (7% MeOH C1-hCl2) to give the
nonophosphonanm date (74 ng, 48% 1:1 diastereoneric mxture) as a pale yellow
foam 11-1 NWVR (CDCb) 67.61 (d, J = 4.2 10Hz, 1H), 7.26-7.08 (m 51-1), 4.23
(m 2H), 4.13 (m 2H), 4.09 (m 11-1), 3.92-385 (m 41-1), 3.03 (broad, s,
1H), 1.30-1.26 (m 3H), 1.24 (in, 3H), 0.88& AF), 0.63 (m 211); 3'13NWR

(CDC13) 62194, 20.68. H \ .

lPrOH rt ~NH 0
O P
52 l\/ S \OPh

i X I |
N A HN N

Aldrithiol™-2 / PPh, H2N

NN O \\ H
o K/Ov\b\’OH Pyridine, 60 °C |\/O N ©
OH N OBu
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Exanpkl12 15 Monophosphonam date 12: A m xture of phosphonic add 6 (1.50 g,
4.56 mmol )Schena¢ ¥mi ne n-propyl ester hydrochloride (1.59 g, 9.49 mol), phenol
(2 25 g, 22.80 mol ) and triethylarnine (10.50 nil" 54.72 mnol) in pyridine
(8.0 nL) was heated to 60C for 5 min. A freshly prepared bright yell ow
solution of aldrjthiol (6.54 g, 31.92 mmol ) and triphenyl phosphine (7.32 g,
31.92 mmol) in pyridine (8.0 nL) 20 was added to the above reaction m xture.
The reaction wasAstifred at 60C overnight, cooled to negMmteddperature, and
concentr at ed he ro§uct was par t il0voRd/€, bkt ween Et OA d s\kturat ed NaHCC3.
The organlc ﬁhésﬁ washed mnth b‘Eﬁ;"QT—EH mnth \\zeanecs Kilteredy and
evaporated ender™r edyced pressOWﬁ The cruJe produc% was pur flqg by"é@thn
chr omat ogr aphy omg si Iy ?g_( /% MeOH CH2C1. 2) to givesd he ~~ \OP
nonophosphonar ni date (0. 43 g, Conpound E, 1:1 diastereoneric mxture) as
a pale yellow foam 11-1 NWR (CDC13) b 7.61 (d, J =51 Hz, 11-1), 7.27-7.09
(m 5H), 4.27-4.20 (m 2H), 4.16-4.00 (in, 3H), 3.93-3.82 (m 4H), 3.04
(broad, s, 111), 1.63 (m 211), 1.30 (dd, 311), 0.92 (m 3H), 0.89 (in, 2H)
0.63 (m 2H); "P NWMR (CDC13) b 21.89, 20.66. Exanple 13 5 Monophosphonani dat e
13: A m xture of phosphoric acid 6 (0.10 g 0.30 nnDI , L-al ani ne isopropyl

ester hydrochloride (0.10 g, 0.60 nmol), phenqﬂ’( g, 1.52 nmmol) and
triethyl am ne (9 O mol) in pyrldln/L\ ) was heated to 60C for
5mm A freshly Bgéﬂgtéhiﬁf;ght yel | ow sol giNon” o aNdrlthl B 47 g, 2.13
mmol ) and tri phenyl phosphine (0.56 g, 2.13 mmol) in |nep( 0 m) was 10
added to the above reaction m xture. The reaction &a | ed @H 60C

overnight, cooled to roomtenperature, and concentrated. The product was
partitioned between E.t0OAc and saturated NaHCO3. The organi c phase was washed
with brine, dried with Na2SO4, filtered, and evaporated under reduced
pressure. The crude product was purified by colum chronmat ography on silica
gel (7% 15 MeOH CH2C12) to give the rnonophosphonam date (87 ng, 55% 1:1

di astereonmeric m xture) as a yellow foam 1H NMR (CDC13) 6 7.60 (d, J =2.1 Hz,

1H), 7.26-7.09 (m 511), 4.98 (in, 11-1), M 21-1), 406(m 1H),
3.91-3. 83 4 b . 111 20-[. 2 911 21-1
o e o 2(m H), li'g'ﬁ é%rgoa&ﬁé ), 5J\ $ (m )1 . 89g(m ),

Monophosph nldaUQdﬁﬂﬂoﬂMggpppﬁe of pﬁ%sphoﬁlc Cld ?y 0.30 mml ),

L- al ani ne n-butyl . ?& i yﬁée hiori de (0.11 gs7 O. nol (0.14 g,
1.52 mol) and trie 6?3 @0 51 nL, 3.60 mml) in pyrld ne BunL) was

heated to 25 60C for 5 min. A freshly prepared bright yeIIOM/ ol ution of
aldrithiol (0.47 g, 2,13 nmol) and tri phenyl phosphi ne (0.56 2.13 nurtol) in
pyridine (1,0 nL) was added to the above reaction m xture. The reaction was
stirred at 60C overnight, cooled to roomtenperature, and concentrated. The
product was partitioned between Et0Ac and saturated NaHCO3. The organi ¢ phase
was washed with brine, dried with Na2504, filtered, and evaporated under

reduced pressure. The de product was purified by colum chronatography on
silica gel (7% MeOH CY-hCl2) to give the nonopfios am date ( Py, 50% 1:1
5 di ast er eorrerl HOHN U Ead T&EAaPeOyE! | ow fo 1- MNVR (CDC13y 6 QE61 (d, J
420+t 3T93H N 0al,” sN 1H), @9 d, s,
1), 4.23 (m 21£X§r'th£?r105]!1p?é’3(m 3H), 3.91-3.84 l(\/ok/‘p)(?“ .03%road, s,
1H), 1.58 (m 2H), Bigine, £p 51-1), 0.92-0.89s¢in.” 51-1),00PH63 (m 211);

31 NWR (CDC13) 621.94, 20.68.

5
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10 Exanpl e 15 anophosphonar ni date 15: A m xture of phosphonic acid 6 (0.10
g, 0.30 rrﬁﬁb‘ﬂ}le 16- al ani ne n-hexyl ester hydrochloride (0.13 g, 0.60 nmol),
phenol (0.14 g, 1.52 mml) and triethylamne (0.51 nL, 3,60 nmol) in pyridine
(1.0 nL) was heated to 60C for 5 mn. A freshly prepared bright %ell ow
solution of al dl’lk]’”ll ol (0.47 g, 15 2.13 rnnol) and trlphenyl p/osphi ne (0.56 g,

2.13 mmol) in pyri |ne(10rrL) was added to the above n mxture. The
reaction was sti 60C overnight, cooled to roomte er ure, and
concentrated. The pfloddct was partiti dﬁldl?”b@?v\e,en Et OANZnN turat ed NaHCOB.
The organic %}]@g@ Nvashed @ Lh, bridgye,cidréset wit h Na2lRo4 l fiftered, and

chr omat ogr aphy on FSCOZ-pr6pabifrl/ 01202) to gi ve the nonoph

(0.10 g, 59% 1:1 diastereoneric mxture) as a pale yelloﬁ/qfoam 1H N
(CDC13) 6 7.59 (d, J= 4.20 Hz, 111), 7.26-7.08 (m 5H), 4.22 (in, 2H), 4.11
(m 11-1), 4.06 (m 2H), 3.91.3. 84 (in, 4H), 3.01 (broad, s, IH, 1.59 (in,
2H), 1.31-1.27 (in, 91-1); 0.89 (m 3H), 0.86 (in, 211), 0.62 (m 211); 3'1
NVR 25(CDC13) 621.94, 20.68. Exanple 16 Monophosphonam date 16: A m xture of

evaporated under reduded pyes ﬁpé:’ The 320 crude prodiddt Was r|f| ed Nglpr

phosphonic acid 6 (0.10 g, 0.30 nmol), 4A-al ani ne n-octanyl ester hydrochloride
(0.15 g, 0.60 nTnoI) phenol (0 Wg .52 mmol ) and tryethylamne (0.51 ni,
3.60 rnnol ) in_pyrid 1. ated to 60Gch N ScoLip: / AEAr/EHOHN
prepared bri gh-fle‘ég (;lé.Lutl rNB

dyy t hi ol (OW
tri phenyl phosphine (0.56 g, 2. l,3|\ |n pyrpdi ne (1 AMDIp e/ BRbied to the

above reaction m xture. The 'T"Zal\&ct |N)n stirfeOHat 60 ywidimei6@PC, cool ed to
room tenperature, and concentrated.gTh oduCtopas partitioned between EtOAc
and saturated NaHCO3. The organi ¢ phase was washed with .brine, dried with
Na2SO4, filtered, and evaporated under reduced pressure. The 10 crude product
was purified by chromatography on | SCO (2-propa_nol/CH2Cl2) to give the
nonophosphonani date (0.13 g, 73% 1:1. di aster eonmeric mxture) as a pale
yellow foam 1H NWR (CDCl13) b 7.59 (d, J = 4.2 Hz, 1H), 7.25-7.07 (m 5H),
4.22 (m 2H), 4.10 (m 1H), 4.07 (m 2H), 3 90- 184 (in, 4H) 3.02 (broad, s,
1H), 1.59 (m 2H),"129-1.26 (m 1311), 0.88 (in, ﬁﬂdﬂ\)\/o 85 (in, 2H), 0.60

(m 2H); 3113 15(CDC13) 5 21.96, 20.69. Exanple|17 Monophosphonam date 17:
A mxture of p Nic acid 6 (70 ng, 0.21 rrunoNF, -am nobutyric acid
ethyl ester hydrochl obi de (72 , 02 mw*ol) phe oI 0.0 g, 1.05 rmDO)Prand

triethyl amyp ﬁ]h 2. 53 n pyridine,NI. Nwas he(at 0C for
5 nin A fréshly prerhar 6 bripght! yel® ow sol ution of aI drhh/ool ®0. g, 1 47
nmrnol) and triphenylp pm’ﬁe\d,QhBQ g, 1.47 mol) in I ne (1

added to the above reaction mXxture. The reaction was stirred at F60 OIPF
overnight, cooled to roomtenperature, and concentrated. The productH was 25
partitioned between Et 0Ac and saturated NaHCO3. The organi c phase was washed
with brine, dried with Na2504, filtered, and evaporated under reduced
pressure. The crude product was purified by colum chromat ography on silica
gel (7% MeOH CH2C12) to give the nonophosphonam date (66 ng, 60% 1:1

: N
50 Aldrithiol™-2 / PPhg )\JI ) ROB“

. H,N™ °N
Pyridine, 60 °C 2 \\ NH 0
. Lol
H OBu

0]
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W/ ZUU3111001rEte di astereoneric mxture) as a pale yellow foam 1H NAIR
(coc18 T M e (l; J= 71 H 1H), 7.26-7,08 (m 51-1), 5.91 (broad, s, 11-1),
4.97 (broad, s, 211), 4.22-4.12 (n, 41-5), 4.01-3.81 (m 5H), 3.03 (broad, s,
1H, 1.71-1.60 (m 2H), 1.24 (m 3H), 0.89 (in, 2H), 0.84-0.76 (m 311), 0.63
(n, 21-1); 3iRedMR~( CDC13) b 22.15, 20.93. 5 Exanple 18 Monophosphonani date
18: A mxture of phosphonic acid 6 (1,00 g, 3.05 mml ), L-2-am nobutyric acid
n- butyl ester hydrochloride (1.19 g, 6.09 nunol), phenol (1.43 g, 15.23 mmol)
and triethylamne (5.10 nL, 36.60 nmol) in pyridine (5.0 nt.) 10 was heated

to 60C for 5 mn, A eshly prepared bright yellow on of aldrithiol
(4.70 g, 21.32 ) and triphenyl®hesphine (5.59¢.1 21.32 nrnol) in pyridine
(5.0 nL) was ag t he abowg™ 0 » IV EA Xt ure.y action was stjirred at

60C overni ght, ] C to roomqmﬁmpgqﬁmgmﬂu”@ﬁﬁ copcentrated.- The prodgct was

partiti onegi,REtWeen Nt 0Ac @nd, sat NaHCOB,NTheior dfani ¢ 1% s

washed mﬁthzbriqg, dpLgd\ﬁﬂ{%ﬂibzggjéﬁg?ltered, anq4ev§$g;@Lé§{pnde§ re ﬁ%ed
pressure. The crude product @&k purified by col um chromat ograp® PiRrca
gel (5% MeOH CH2Ch) to give the nonophosphonami date (0.7 g, 42% Co und G
1:1 diastereoneric mxture) as an off-white foam tH NVR (CDC1l3) o 750 (d, J
= 6.60Hz, 1H), 7.27-7.04 (m 5H), 5.89 (broad, s, 11-1), 4.94 (broad, s,
2H), 204.22 (in, 2H), 4.07-3.99 (in, 3H, 3.91-3.84 (n, 41-1), 3.03 (broad,
s, 11-1), 1.70-1.57 (m 41-1), 1.35 (n, 2I-1), 0.92-0.75 (m 8H), 0.63 (n,
2H); 3113 NMR (CDC13) h 77.21, 20.95. Exanple 19 Monophosphonarnidate 19: A
m xture of phosphonic acid 6 (0.10 g, 0.30 mml), 25 L-2-am nobutyric acid
n-octartyl ester hydrochloride (0.15 g, 0.60 muol), phenol (0.14 g, 1.52
mml ) and triethylarrtine (0.51 nm, 3.60 mmol) in pyridine (1.0 nL) was
heated to 60C for 5 mn. A freshly prepared bright yellow sol ution of
aldrithiol (0.47g. 2.13 mnol) and triphenyl phosphine (0.56 g, 2.13 nmol) in
pyridine (1.0 nL) was added to the above reaction m xture. The reaction was
stirred at 60C overnight, cooled to roomtenperature, and concentrated. The
product was partitioned between Et OAc and saturated NaHCOa. The organi ¢ phase
was washed with brine, dried with Na2SO4, filtered, and evaporated under 5
reduced pressure. The crude product was purified by chromatography on | SCO
(2-propartol /C11202) to give the nonophosphonarnidate (0.12 g, 64% 1:1

di astereonmeric mxture) as a pale yellow foam 1H NWR (CDCl3) b 7.62 (d, 5=
6.60 Hz, 1H), 7.25-7.08 (m 5H), 4.24-4.21 (m21-1), 4.09-4.04 (n, 21-1),
4.00 (m 1I-1), 3.91- 3.83 (in, 4H), 3.01 (broad, s, 1H), 1.70-1.58 (m 4B),
1.27 (in, 10H), 0.89-0.76 (in, 10 8H), 0.62 (m 2I-1); "P NWMR (CDCl 3) b
22.22, 20.92. Exanple 20 Monophosphonam date 20: A m xture of phosphonic
acid 6 (1.5 g, 4.57 nrnol), Lphenyl al anine ethyl ester hydrochloride (2.10g.
9.14 mmol ), phenol (2.15 g, 22.85
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15 rrunol) arid triethylantirne (7.64 ni, 54.84 nmmol) in pyridine (8.0 nL) was
heated O t&cl@@efl8r 5 min. A freshly prepared bright yell ow sol ution of
aldrithiol (7.05 g, 31.99 mmol) and tri phenyl phosphine (8.39 g, 31.99 mmol)
in pyridine (7.0 nL) was added to the above reaction m xture. The reaction
was stirred at 60C o/ernlght cooled to roomtenperatu e, and concentrated.
The product maﬂﬂ&ﬁ\baftltloned bet w§en Et 0Ac and s&iNir ated NaHCO3. The

organi ¢ phase hed with bcn—aﬂ (d:rgEte/dTE/ﬁ\t h Na2 iltered, and

evapor at ed und ed pr essu s\purified Py ccgllﬁurm
chr omat ogr aph ca ge (50 ﬁ)% pal e el | fd
1.32 g cont®&lni rfﬁ ut 10%u|opu iy el l soINd LPpEﬁ \\ | ) was
di ssolved in iPrq;j( ndtransferredtoah&; i sol ution
of furnaric acid (0.27 g, gmml) and stirred at 80C for 30 m Et

reaction m xture was gradually cooled to roomtenperature and the fMrnarate
salt was collected at OC. The resulting fumarate salt was neutralizeéd by
partition from NaHCO3 (2 x) arid EtOAc. The organic phase was washed with
brine, 1-120, dried with Na2SO4, filtered, and concentrated. The product was
dried under vacuumto give the nonophosphonam date . g, 26% Conpound A,
1:1 diastereoneric mxture) a whlte foam 1- 1H MR (CDCLI) h 7.54 (d, J =
2.4 Hz, 1H), 7'27_6'98$-| 4 35 (m 1H) ~LON( M 2H) 4.08 (m 2H),
3,84-3.61 (m 3H), 3.33 aﬁz 1 Q)iE(z\broad s, \§ 95-2.87¢{m o’— 1.17

3 0. 87 2
(E>r<narrp:-|)e 21 1gom|\/bn(|;|)phos/blﬁﬂ'ﬁ% dat BPESL A m><2ture of

006 (70
my, 0.21 mnol), L-phenyl Byddinne&0PCout yl ester hydreéch 0. 42
mol ), phenol (0.10 g, 1.05 nmmol) and triethylarnine (0. 36 m, H2 noI) in
pyridine (1.0 nL) was heated to 60C for 5 mn. A freshly preparecbbrl
yel l ow solution of aldrithiol (0.33g. 1.47 mmol) and tri phenyl phosphi (0.39
g, 1.47 mmol) in pyridine (1.0 15 |a) was added to the above reaction
m xture. The reaction was stirred at 60C overnight, cooled to room
tenperature, and concentrated. The product wa A i oned between Et 0Ac and
saturated NaHCO3. The organi ¢ phase was washed'wi th brine, dried with Na2SO4,
filtered, and evaporat eﬁ;;mder reduced pressyy crude product was

purified by col um f 0, lica 2 g I h%?% MeOH C}- LED@HALCHY ve
t he nonophosplébnam & S ,ans éraé‘tg eomeric rd)xt%e és a2 pal e
yel | ow foam 11-1 NVR Aldmihis) -3/ PPEs (d J =27 a)vﬁ' 8 (m
1011), 4,36 (at, 1H), 4Pyidifaté02H), 4.02 (in, 2#), 35@ I—li_)| CH

1. 2)s 3

b218

(broad, s, 11-1), 2.94-2,86 (m 21-1), 1.52 (m 2H),

HCIH,N” ~CO,Bu / TEA NZ SN
60 e T;‘ > S > OBu
Aldrithiol™.-2 / PPhy H,N™ SN N o N30
Pyridine, 60 °C R
o K/Ov W
H OBu
O

63



LAV APSIVAVIVTRVE VAVIFR VY

1.29 (m 21-1), 0.90 (m 314), 0.88 (m 2H), 0.62 (in, 2H); 31P NWR (CDCb) b
21.85, 21.05. 25 Exanple 22 Mnophosphonam date 22: A m xture of phosphonic
acid 6 (70 nmg, 0.21 rrunol), L-phertylalanine isobutyl ester hydrochloride
(0.11 g, Osggeﬁggi?, phenol (0.10 g, 1.05 mmol) and triethylamne (0.36 ni,
152 mol ) in pyridine (1.0 nL) was heated to 60C for 5 mn. A freshly prepared
bright yellow solution of aldrithiol (0.33 g, 1,47 nnDI) and

tri phenyl phosphine (039 g, 1,47 n-unol) in pyridine (1.0 nL) was added to the

above reaction mxture. The reaction was stirred 86C46Vern|ght cooled to
room tenperature, and conce %ted The product partltloned bet ween Et OAc
and saturat ed NaHCGS. J&]e, Q /pkase was wash \lbl’l ne, driedPiith
Na2304, fil@Cered, and reduced pr ss The crudefprogyst was
purified by col um chrdﬁdmﬁgﬂ EYFdﬂhS|I|ca

Cl 1%?12& |ve t he
nvnophosphonan1date (65 PYidin®%0 1C1 10 dlast onerlc g! Bre“ Ha
yellow foam '"H NWR (CDC13) b 7.56 (d, J= 3.6 Hz, .

4.40 (m 1H), 4.17 (m 2H), 3.82 (m 2H), 315-3.62 @ﬁ] 311), 3 3 1}&@
3.04 (broad, s, 11-3), 2.96-2.87 (at, 2H), 1.83 (m 1H), 0.90 (|n :

(m 6F1), 0.63 (m 2H); 3113 NWR (CDC13) b 21.82, 21.03. 15 Exanpl e-23

Bi sphosphonam date 23: A m xture of phosphonic acid 6 (0.10 g, 0.30 mol),

Lal ani ne ethyl ester hydrochloride (0.28 g, 1.80 mml), and triethylam ne
(0.51 rri, 3.60 nmol) in pyridine (1.0 nL) was heated to 60C for 5 mn. A
freshly prepared bright yellow solution of aldrithiol (0 7 g, 2.10 mmol) .and
tri phenyl phosphi ne 20 (0.56g. 2.10 mmol) in pyridiH¥ (I¥0 n) was added to the
above reaction mxture. The rgaction was stirred at} GOCNovernlght led to
room tenperature, and conce!@raled The product 5 q rtgti oned be en _Et OAc
and saturated NaHCO3. HChe,NST Ganpbc/ PRAse was wash rine, dri By
Na2so4, fil@red, and ﬁgﬁ@%m%c} p{{,}der reducd‘dzl\bres!‘éureN The CQ\ugﬁHpr ct was

purified by 25 col umm ‘¢ d&ga&h on silica gel (10% Ch) ive
t he bi sphosphonami dat e X@ﬂﬁﬁ ) as a pale yellowfoam 1H N b

7.63 (s, 1H), 5.88 (broad, s, 114), 4.96 (broad, s, 21-3), 4.24-4116 H)
4.00 (m 2H), 3,86 VY&V.); 1.101/41107 o)

Ph Ph

' HCIH,N™ ~CO,iBu / TEA /g | \> QOiBu
60 — > N7 N )
Aldrithiol™-2 / PPhy

« _NH O
Pyridine, 60 °C 74 O P‘N«§Ph
H

OiBu
O

10
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(in, 2H, 3.72 (m 2H), 3.01 (broad, s, 1H), 1.36 (m 611), 1.26 (m 6H),
0,86 (in, Bkheme.2®1 (m 2H); 'IP NNNIR (CDCI 3) 6 20.63. Exanple 24 5

Bi sphosphonam date 24: A m xture of phosphonic acid 6 (1.00 g, 3.05 mmol),
Lal ani ne npropyl ester hydrochloride (3.06 g, 18.30 rnnol), and
triethylantine (5.10 nL, 36.50 mml) in pyridine (5.0 nL) was heated to 60C
for 5 mn. Afreshly prepared bright yellow solution of aldrithiol (4.70 g,
21.32 mol ) and tri phenyl phosphine (5.59 g, 21.32 W in pyridine (5.0 m)
was added to the 10 aboveyreaction m xture. The HHactYon was stirred at 60C
overni ght, cool ed t oncienRT teyperAaiom eTEAND concenfiy at gd. The product was
partiti oned®®et ween -&OWWHCCB. NT/%TN ani ¢ pha s washed
with brine, dried with Na98 yP,' il &d, and ev,Agor ﬁg under ri&%ﬁ
pressure. The crude produdtyids 84r¢fi ed by N unl ch orratog}\am-y ovosilica
gel (10% 15 MeOH CH2C12) to give the bi sphosphonani date44~13\g_ 71%
Compound F) as a pale yellow foam 11 NMR (CDCl3) 6 7.65 (s, 1 h 5.92
(broad, s, 1H), 5.03 (broad, s, 2H), 4.24 (in, 21-f), 4.10-1.02 (rn, 61-1),
3.87 (m 2H), 3.73 (in, 2H), 3.03 (broad, s, 1H), 1.65 (in, 4H, 1.37 (m
6H), 0.93 (m 6H), 0.88 (m 21-1), 0.63 (m 214); 33P Nlv1l1-2 (CDCl13) 6
20.61. 20 Exanpl e 25 Bi sphosphonam date 25: A m xture of phosphonic acid 6
(0.60 g, 1.83 nmmol ), L- al anine isopropyl ester Wchl oride (1.84 g, 10,98
rrunol), and triethylamne (3.06 nL, 21.96 mmoHN"i "™”pyridine (3.0 nL) was
heated to 60C for 5 m'rL A 25 freshly prepared Joright yellow sol ution of

aldrithiol (2,82 14880 IphANATEAI phertyNéh% yne (3,36¢y, 12.80 =lop
in pyridineo3,0 W—(—e—(—hﬁbove reqact m Xt ure. Ejl%?;’é‘acti on
was stirred at 60CAJdithiol'gr/ PRiwol ed to rdtM 't eNperat ure, Gndifcontent r at ed.

The product was partPyidimee@03Et ween Et 0Ac and gatu g% The organic
phase was washed with brine, dried with Na2504, filtered, an vapor at ed
under reduced pressure. The crude product was purified by col um

chr omat ogr aphy on silica gel (10% MeOH CH2C12) to give the bisphosphonam date
(0 53 g, 52% Conpound B) as a 5 pale yellow foam 11-1 NWMR (CPUs) b 7.65 (s,
1H, 5.00 (m 2H), 4.24 (m 213), 3.97 (m 2H), 3.87 (m 211), 3.71 (in,
211), 3.01 (broad, s, 1H), 1.34 (m 6H), 1.23 (m 12H), 0.86 (m 2H), 0.62

(m 2H); 31P NWR ( 3) b 20.59. Exanple 26 QAN hosphonam date 26: A
m xture of phosphonjclacd 6 (0.10 g, 0.30 mol )|, Lal ani ne n-butyl ester
gay,
A2

hydr ochl ori de (OH , 1.\@ s TeRd triethyZany (0.51 3.60 nmmol ) in
pyri di ne (1600 mhm%ﬁﬁmwm 5 nm/léf e%ly pr eparkd *ﬁiﬁ/‘%
yel | ow sol ution of A& hi-8/ PPBs 47 g, 2. #:NmoN) aﬁd tri ghenf piogphine

(0.56 g, 2.10 nrriol Pyiidingyd0@ ne (1.0 nL) was agde 1 he 15 above reaction
m xture. The reaction was stirred at 60C overni ght, cool ed t ®Phoom
tenperature, and concentrated. The product was partitioned between Et0Ac and
saturated NaHCO. 3. The organi c phase was washed with brine, dried with
Na2SO4, filtered, and evaporated under reduced pressure. The crude product
was purified by colum chronmat ography on silica gel (10% 20 MeOH CH2Ch) to

gi ve the bi sphosphonam date (97 ny, 55% as a pale yellow foam 1H NWR
(CDC13) 6 7.63 (s, 11-3), 4.24 (m 2H), 4.09 (}WM, 4.01 (m 2H), 3.86 (m
2H), 3.72 (in, 2H), 01 (broad, s, 1H), 1.61 ( 44, 1.37 (m 101-1), 0.93

(in, 6H), 0.88 (woiHAHrcofeBiotmy pRHl, T NVR b 20. 59.
60 SN W Y OlCHascHs
Aldrithiol™-2 / PPh; H,N" N7 N o NSO
Pyridine, 60 °C s L_O_ P o
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25 Exanpl e 27 Bi sphosphonarni date 27: A m xture of phosphonic add 6 (0.10 g,
0. 30 mmol ) Scheimar?ine n- hexyl ester hydrochloride (0.38 g, 1.80 nunol), and
triethylamne (0.51 nL, 3.60 mmol) in pyridine (1.0 nL) was heated to 60C for
5 mn. Afreshly W) /MUMrobl59 prepared bright yell ow sol ution of
aldrithiol (0.47 g, 2.10 nmmol) and tri phenyl phosphine (Q.56 g, 2.10 nmulol) in
pyridine (1.0 nmL) was ad to the above reactiop e. The reaction was
stirred at 60C overni ght X cool e tenperatyre, and concentrated. The
product wassooartiti'd@r'gb be@@@é’rf%h@ﬁdaﬁ nd sat njAted-MaHCO8. The ef gani ¢
phase was washed wth Rldl?ﬂ‘io‘ﬂdl?figpwth Nﬁz 504 fil ter%d and ev por W
under reduced pressure cr dduct elN by chrona hy on
TKO ( 2- pr opanoWCH2Ch) t &> idire, s’ (Er sphosphoﬁam date (D.13yg, “[55'%1 as @ pale
yellow foam I -IN-MR (CDC13) 6 7.62 (s, 1H), 4.23 @6n 21 4 OHb 41-1),
4.01 (rn, ZH), 3.86 (rn, 2H), 3.72 (m 21-1), 102.99 (broad S, I-@n 1.61 (m
41-1), 1.36-1.29 (m 18H, 0.88 (m 61-1), 0.84 (m 21-1), O. 60 (m 21-1);
311" NWR (CDCbh) 620.61. Exanple 28 Bi sphosphonam date 28: A m xture of
phosphortic acid 6 (0.10g. 0.30 nunol), Lalanine n-octanyl ester

hydrochl oride (0.43 g, 1.80 mmol ), and triethylamne (0.51 n, 3.60 mml) in
pyridine (1,0 nmL) was heated to 60C for 5 mn. A freshly prepared bri ght

yel | ow solution of aldrithiol (0.47 g, 2.10 mol ) i phenyl phosphi ne
(0.56 g, 2.10 nmmol) in pyrﬁdr ne (1.0 nL) was addg{ to t he above reaction

m xture. The reaction way'dtirred at 60C overni g copled to 20 rgom

tenperature, and coraAIN Sft / PROHPY TgiACt was pa ti oyed betwee Et% and
2

sat ur at ed NgHCOS. —'Fhe—eaegam;?p-h-aee—wae—wa é‘ﬁﬂb LBnihe, 504,
filtered, and evaporddeifiaing@r RRftluced pres e cyude pr dmrH

purified by chromat ogpgisie0s0 PSCO (2- propartol / CHRC12 g the

bi sphosphonam date (0.13 g, 61% as a pale yellow foam "11-1 N@?."( CDC. 13) 25
7.61 (s, 1H, 4.21 (m 2H), 4.07-4.00 (m 6H), 3.84-3.70 (m 4H), 2.98
(broad, s, 1H, 1.60 (m 41-1), 1.34 (m 6H), 1.27 (m 20H), 0.87 (m 6H)),
0.83 (m 2H), 0.58 (m 21-1); 'TN-MR (CDCb) 6 20.63. Exanmple 29

Bi sphosphonam date 29: A m xture of phosphonic add 6 (0.70 g, 2.13 mmol),
L-2- am nobutyric acid ethyl ester hydrochloride (2.15 g, 12.80 mml), and

triethylamrte (3.57 rnL, 25.56 rnnol) in pyrrdrne rrL) was heated to 60C
for 55 rnM A freshly prig ared bright yellow soH i of aldrithiol (3.29 g,
14.91 nmmol ) and tri phen H’Eosphr ne (3.92 g, 14. 91 IN in pyridi nq:,l,(3 0 n)

was added to the ghgpuey Bl gy The re t| s stirre 60C

over ni ght , at)oole 9@’ ] d conc tr The rod ct (B

partitioned between At dtkiol Yh@ SRPby at ed NaHEGD TAE oMyani c wasyashed
wWith brine, dried Pyridine, 60 °C

/\/
IPh HN
HCIH,N"~CO,iBu/ PhOH / TEA N” | N\> °h .
60 - )% OiBu
Aldrithiol™-2 / PPhj H,N” N7 °N )\

Pyridine, 60 °C
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10 with Na2504, filtered, and evaporated under reduced pressure. The crude
product was purified by columm chromatography on silica gel (10% MeOH C H2C12)
to give the F‘i sphosphonam date (0.71 g, 60% Conmpound D) as a pale yell ow
foam 1H NI 13) b 7.64 (s 1H, 4.24 (m 2H, 4.16 (m 4H), 3.89- 3.87
(m 411), 3.72 (d, J 9.0 Hz, 3.01 (broad, , 1.78-1.64 (m 41-1),
1.26 (in, \156H), 0.91 (m 61- 1) 0 87 (m 21-1) (in, 2H); 311" NWR

(CDC1.3) b 21.2 Ie Bi sphosphonami dat e 0: A mxture of phosphonic
acid 6 (0.70 g, . I:@,aanpﬁgpptyrl C ag.h | tyl ester hydrochl oride
57

(500 wah *mﬁwm“e( 22556 mrol) i ._pyr di ne
(3.0 ni) was heated NsirgtialVo? /RGN Afrqﬁmm Y o

S,

ed brig ow

sol ution of aldrithiolPyidiZ a9 °c4. 91 rnnol y2and tri p%@ph% g,
14.91 mmol ) in pyridine (3.0 nL) was added to theé%abov xture The
reaction was stirred at 60C overnight, cooled to roomtenper ature and
concentrated. The product was partitioned between 25 Et 0Ac and saturated
NaHCCO3. The organi ¢ phase was washed with brine, dried with Na2SO4, filtered,
and evapor ated under reduced pressure. The crude prpduct was purified by

col um chromat ography on silica gel (10% MeOl4y 12) to give the

bi sphosphonam date (0.4Q g, 31% Conpound C) as a flULW3R 0010YIt2.3.60r3

| |1 f 13) 7.64 M 2E), 4.11 41-1
o1 (m 211 3l b1y, AL (d B 3.0 foroml i

A1 (d, J- , 3 03 bro
11-1), 1.7%1.64 41- : 6 .90
(m 61-1), 0.86 (m Aeithi@d B2 /(RRh2H) : é){?\lh} b021 gsNH5 e 31
Bi sphosphonani dat e 31pyAdiAkxé0Pe of phosphorlc8 dd 6 Ie’g, 0 nTrtoI)
L-2- arni nobutyric aC|d n- octanyl ester hydrochl oride (0 33 94 1 mmol ), and
triethylamne (0.51 nL, 3.60 mmol) in pyridine (1.0 nL) was heat#d t»-§0C for
510 min. Afreshly prepared bright yellow solution of aldrithi (0 g,
2.10 nmmol ) and triphertyl phosphine (0.56 g, 2.10 rrintol) in pyridine (1.0 nli)
was added to the above reaction mxture. The reaction was stirred at 60C
overnight, cooled to roomtenperature, and concen{ﬁpted. The product was
partitioned between Et 0Ac and saturated NaH The organi ¢ phase was washed

with brine, dried 15 wi§h SO4, filtered, evapor ated under reduced
pressure. The cr ulet N /‘pEIAI fied byj’\hro t 8gr aphy on CQP opanol
[/ CH2C12) gi ve the bi sphosphonani date H}ZN \%3 as paI% P@o

1H Nl\/R(CD((:E)) b7§\4rgt§ k), @4(m 2 4 5 m H

3.87-3.72 (in, g‘{ébé H, 1784, L(\m/ 129(m
24H), 0.91 (in, 6H) Yo 611) 20086(m 2H) 062 |n 2(#) 31P NMWR
(CDC13) h 21.20. Exanple 32 Bi sphosphonam date 32: A mxture of ric
acid 6 (0.6(1g, 1.82 mml), Lphenylal ardne ethyl ester hydrochl@rl de 51 g,
10.96 mmmol ), and triethylamne 25 (3.06 rnL, 21.84 nrnol) in pyridine (3.0 ni)
was heated to 60C for 5 mn. A

Ph
0
HCI_HZNLr( \o / TEA NZ NN
0 NG | \> &O\O
Aldrithiol™-2 / PPh, HN™ N NA

Pyridine, 60°C . K/o *
o
o I
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freshly prepared bright yellow solution of aldrithiol (2.82 g, 12.74 mmol) and
tri phenyl phosphine (3.36 g, 12.74 mmol) in pyridine (3.0 nL) was added to the
above reaction m xture. The reaction was stirred at 60C overnight, cooled to
flu DI JUz Saheore 25Y1f IteUL.ILI.M, roomtenperature, and concentrated. The
product was partitioned between Et OAc and saturated NaHCOa. The organi ¢ phase
was washed with brine, dried with Na2504, filtered, and evaporated under
reduced pressure. The crude product was purified by chromatography on | SCO
(2-propanol / CH202) to give 5 the bisphosphonam date (0.53 g, 43% as a pale
yell ow foam 1H INR (CDC13) b 7.48 (s, 11-1), 7'%\%4%%2%(”] 10H), 4.20 (m

1H, 4,12 (m 4%“1), 4.09 (m 21-1), 4.04 (m 1H) .83%m 2H), 3.33-3.21 (m

2H), 3.04-2. 78y BH), 1.20 (m E 3 (m R% ,N\0.58(in, 2H) : "P NWR
(CDC13) b 20.3B. 10 Exanple 33 BL.EM&QaMd tel33? A rrixtureﬂg%osphonic
acid 6 (70H; 2INmmol ) Q Ligipe nyCHyCANBMES n-Hadf y Nester hy(ﬁ\o@iﬁaropﬁ (0.33 g,
1.26 ranol ), and trisg Rine (0.36 m., 2.52 Inmm') Lixn/@quE{i ne (1.0 nL) was
heated to 60C for45 mn. A fQBsh] y prepared brigh¥ yel | ow sol Yfon of
aldrithiol (0.33 g, 1.47 mol) and 15 tri phenyl phosphine (0.39 g, 147 mmol) in
pyridine (1.0 nL) was added to the above reaction m xture. The reaction was
stirred at 60C overnight, cooled to roomtenperature, and concentrated. The
product was partitjoned between Et OAc and saturated NaHCO3. The organi c phase
i £, dried with S, filteredNH&hHCEByapor at ed under

was washed with n
reduced pr essuerH‘l?‘Ee cr ude HZOHPI u?_@waéc\ purifi by col um chr omat ogr aphy

on silica gel N Myi eOH CH2C12) t% give the biiho phenami dat ey (0,511 g, 70%
as a pal e yel llQw oa}ﬂ -1 NV\IMEri(hﬁzﬂj@lzlz?.bPFt)137.E]'\j , 7.%3- Mé\n@mﬂ),
4.23 (m 1HN"ANTI-W. 05 (Qn,ofHPyridnéB0Cor 21-1), ¥ 35(3. 23 HAHZHO 3701 (m
1H), 3.04-2.78 (i@, P1.57 (m 4H), 1.33 (m 44-1) >~0.9%2 6I3, 0. 86
(m 21-1), 0.61 (in, 21-1);@’1"\/I R (CDCl.3) b 2520.35. Exanple 34

2005/ 11. 1b61t49rt, WVt.13LMI4/U4JYU7 Bi sphosphonami date 34: A m xt@ore E
phosphanic acid 6 (70 ng, 0.21 mmol ), Lphenyl al ani ne isobutyl ester

hydrochl oride (0.33 g, 1.26 mmol ), and triethylarnirte (036 nL, 2.52 muol) in
pyridine (1.0 nmL) was heated to 60C for 5 mn. A freshly prepared bright

yel l ow solution of aldrithiol (0.33 g, 1.47 mml) and 5 tri phenyl phosphi ne
(0.39g9. 1.47 mrnol) in pyridine (1.0 nL) was added to the above reaction

m xture. The reBadh afithegaodtictsraddhafolkddngymonesghs is eutodmadlyt sepavabed,
tenperature, and concentrated. The product was partitioned between Et0Ac and
sat ur at ed iSald@®k andliier pugtiad privhdedtswise imasheadueint prévessrs, dried with Na2SO4,
filtered, and evaporated under reduced pressure. The crude 10 product was
purifildd by col Thetterhisoteeabest apigatong " sittdatment and the Nserwhrpcseq in theyi ve t he
bi sphosphonarni date (78 ng, 50% as a IDal e yellow foam 11-I NMR (CDCb) b 7.52
(s, 111), maxtpferchespicalophocess, peotoepl, 01 pyepagation ppgarpggnitacting miHngH) , 3. 85
(m 4H), 3.66 (at, 21-1), 3.35-3.25 (in, 2H), 3.07-2.85 (m 31-1), 2.97-2.79
(m 2H), 1reggting,allepyingdogeagtnbringinginto gorgacy apd ofher termsgonpren pfhe 3j p NVR

art for indicating that one or more chemical entities is treated in such a manner as
to convert it to one or more other chiemical entities. This means that "treating

15  compound one with compound two" is synonymous with “allowing compound
one to react with compound two", "contacting compound one with compound
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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ARV AFTATISTRTIVIVE RV g PR N R VICFUATITE TRVE (VAT

15 (CDCh) 620.31. Exanple 35 BisPOCC of cPrPMEDAP 35: A m xture of
phosphortic aci : i ) 4 . o'3. 01 nmol )
in 1-nethyl-2- p@rtggﬁpgﬁgggga%%%%%gg%& E%(S%I’E%J ﬁrg@pgﬁgaé{ df}lo'r ?rggﬂm POCC1
(0.45 g, 2nkafEhk BRHAGHLh] TSl RAGE4AR Mﬁ&h‘&ﬁaﬂ‘ﬁ%@hﬁ&&l@@r@t 60C for 3

h, cooled to roomtenperature, and concentrated. The product was partitioned

bet ween EtRcvaDeh skt RbataNaHeehtrafibhs fU.0aV 16 IMAS pr@sywasiiad Wwif,h bri ne,
chied with Na2SO4, filtered, and evaporated under reduced pressure. The crude

product “@énﬁi&&ﬁir@ﬁ%@@ﬁ@te@%@ﬁ%ﬂéaﬂ}}h}%@@ td WO, Zn o ELQILIQICVQ‘@?G to give
t he bi sPOC of cPr PMEDAP (0. 13 g, % as a solid: 1F NVR (CDC13) 5 7.58 (s,

1H), 5566 100PCAsiLinoré tPFichlly 0°C 1o 100°Q), ZRActioh vabdels @yﬁﬁaﬂy%&adsﬂplasﬂdzj) , 3.01
(broad, s, 11-1), 1.81 (m 12H), 0.86 (m 21-1), 0.62 (m 2H); 31P NWR
(CDC13) 6 1#etad solvéhik, prédlitdspahospliefesl(tPpicdlly hirlfdd bxkapel) anfveatet es 36 to 38
refer to Scheme 10. Exanpl e36 Bi sphosphonam date 37: A m xture of phosphonic
aci d 36 ((nséhsitivdrétion®by nittogen @l angondobukygerest eatdnym@nsitivearador(s). 47 ¢,
2.60 nmmol ), and triethylandne (0.27 g, 2.60 mmol) in pyridine (5.0 nL) was
heat ed t o éi6Cafenintdndddnunléss odbehivisefindiratet] e khowlelgdeoot ssmlilat reactiohs
aldrithiol (0.77 g, 3.50 nmol ) and triphenyl phosphine (0.92 g, 3.50 mmol) in
pyri di ne (Khd®wvni theasrtad deghrtio syhiheaisdy esedacsdleding thewondititns aredict i on was
stirred at 60C overnight, cooled to roomtenperature, and 10 concentrated.
The pri@ductppeaistysdot ['treatiteg] ib et gieem pEo@as. Enpadmularapne oNartioary 3kid ior gani ¢
phase was washed with brine, dried with Na2SO4, filtered, and evaporated
under redubedrbefsrgant: syTitkesis selectp condidionsaadmpparaag egsansblimaxpected

chromat ogr aphy on silica gel (10% MeOH CH2C12) to give the bi sphosphonam date
(0. 43 g, ﬁso,&}lca@sgﬂbawry@utﬂwd@mallrsamwfeﬂ@ﬁemrnMQWwS&aA@dd 38: A
m xture of diacid 36 (1.30 g, 4.10 nmmmol) and DVF (0.1 nL) in sulfolane (35
m) was hedit Bie knpwisdgethitemgttenl ori de (0.54 nL, 7.38 mmol) was added

dropwi se over a perjod of % h. The tenperature was jncreased 20 to 90C and
TVBOPh (0. 75 g, Medificatiops pf fagh agﬁ@oabm& sehemes) leagts te variopmsanalagstaton

m xture was cooled to roomtenperature overni ghé,h The reaction m xture was
added 1dr ohiF SBEEIHCREPIMPATYTRatrialTRIQdIgd200vEnd nE POOVRLCId tHRUBRD duct was

b a6 uei GieRbing SIS EA RO okereRd G TheT BRIyl IRt on. |
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

20  desired products of each step or series of steps is separated and/or purified
(hereinafter separated) to the desired degree of homogeneity by the techniques
common in the art. Typically such separations involve multiphase extraction,
crystallization from a solvent or solvent mixture, distillation, sublimation, or
chromatography. Chromatography can involve any number of methods

25  including, for example, size exclusion or jon 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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25 The product was further purified by dissolving in MeOH, adjusting pHto 6
monophosphont ¢ A880(3 b Lo el Tk HeF Tpr PR LRy R St Suk e wishs
ronophospHBARER L s F 80 & Jortber BURRMIST SR S RHeE U

o Lo o afing PRI N LA I8 S0 |l 1
yell ow sol i{%d&rgbﬁo ﬁscﬂ'bgﬁést&ijafyrslgf%§§s&h as acPivATR darBBf, HJIRRGAVdiBRASRIN ne

(0.46 g, 1 In pyri .0 nmL) was added to the above reaction

m Xt ur e T&aﬂaﬁgé th QN aVGStHRtIie, 2dtethatdtly OherBAgHHts &R Ok &didsIn!tREBAse of
tenperature, and concentrated. The product was partitioned between Et0Ac and

sat ur at ed NahGO3atEH81, BasedinCthRRasEoMas aNa sl oMl MbibidiAe readieh st 481 t h
Na2SO4, filtered, and evaporated under reduced pressure. The crude product

was puri fi gekiydies biRirGhhRITBING Jeddtiiy e RReRitbisthicH@ls crdWmekEds/ CH2C12) to give
t he nonophosphonanmi date (0.14 g, 54% 1:1 diastereoneric mxture) as a pale

yel | ow f oanyuilijlifxidnphesdhctiohaesgdrls g_qh( ey the ikeanpl e 39 Bi sphosphonani dat e
41: A m xture of phosphonic acid 40 (0.36 g, 1.00 nmol), Lal anine n-butyl

ester hydrochl opéldéid®oftdpgropifie nathbdls oﬁsugatrmii@m dgpaniisen (Re Adtuge o2. 60
mol) in pyridine (5.0 m_g was heated to 60C for 5 mn. A freshly prepared 20
bri ghtlyel trewnamdridls B1vodbedfdr exdinple, bOilihggpoidt, Sthdmmllgcudadweight in

tri phenyl phosphine (0.92 g, 3.50 mnol) in pyridine (2.0 nL.) was added to the
above r eactlistiflationtandesublitea i @3 giresemcams absertceed paflatfi@ctivanhgghips inool ed to
roomtenperature, and concentrated. The product was partitioned between Et0Ac
and sat ur atlednNebigERhyT Istaboli tyaofi mafeinadeinwecsd mesicddohsi trtedir immuldphass wi t h
Na2SO4, filtered, 25 and evaporated under reduced pressure. The crude product
was puri f i edragtiorpodrthe tikemdregsialbéd) irothesart mo b agelly ¢t quesinoat-likxdy 29 t o

gi ve the bi sphosphonam date (0.32 g, 35% as a pale yellow foam re ea

. 413' 307" 3adhigvetie dasiregl ®patatfort.i 1. 111t.)71.1, Exanples 40 to 56 refer to
Schemes 12 to 16. Exanple 40 Bisphosphonarnidate 43: A m xture of phosphonic
aci d 4% (0. 37 gAllliteratimehnd pakérdreitations Bboye argshesebyigdprashlydncamoratedr g,
2.60 mmol ), and triethylamne (0.27 g, 5 2.60 mjrpla% in pyridine (5.0 nL) was
heated to BpeefeEncs atithe loxatios bf $heir dpaticsy Ipdcifirallyeiitegisestons popagss

al drithi ol égn 77 g, 3.50 mmol) and triphenyl phosphine (0.92 g, 3.50 mmol) in
pyri di ne (9t Mepbpvegitedgderks aretineorpprited bygefarencenvithsnecificity. 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
20 that certain modifications of the methods and compositions of the following
claims can be made within the scope and spirit of the invention. The following
' EXamples are provided to exemplify the present invention, and in no means can

be construed to limit the present invention.

25 EXAMPLES

General

Some Examples have been performed multiple times. In repeated

Examples, reaction conditions such as time, temperature, concentration and the
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The reaction was stirred at 60C overnight, cooled to roomtenperature, and
concentrated. The. product S_partiti 10

Nl OB, e Broainte pree e TRo i s R e 5 B R RS
filtered, _and evaperat.e [ r was
purified B’flﬂ%rglsfﬁ}:ﬁﬁg rtor?}g? g%‘%&ﬁh§q%%%‘?‘?@%%ﬁ“{%%%%@ﬁ%@%@? 0 give the

bi Spho%h%ﬂ&g’%@%g@%@&%@‘?@gﬁ% ipegl IIHVEXE%IES %\;’f}le%éﬂmél% é1

n
Bi sphosphonam™d osphortic acid 44 (0.55 g, 2.00 nmol),

Bi sph | _ .55 g _
(054 g S agmaar e B B e A D e T ar AT A |

freshl g prigpaf i y theBud, sticHMs tahicetre6 Rding etif 0éstépit o! ) and
tri phe)r?yl gﬁ%sgﬁﬁretp%&gghgl%ﬁﬁ O?;Hé(% ﬁ'm)i) in S;ri di nrg %‘% 0 rrei L) was added to

the above yeaatdrRfd thiAl btheriSe ??e%éﬁi Sioupas Bk baRdypicB)Q Mediylieghdr, cool ed
to roomtenperature, and concenttated. Thé product was partitioned between

Et 0Ac and js aiitdnabest el grbv® ebdaiCadinds@tyds washed with brine, dried
with Na2SO4, filtered, and ‘evaporated under reduced pressure. The crude

product was purified by 25 col unm chromat ography on silica gel (10%

MeOH/ C1- 12C12) to give the bisphosphonam date (0.48 g, 45% as a pale yell ow
foam Exanpl e 4XaniblesphosphefircoAdHeres 140 Aabbuee of diacid 44 (10.00 g,

36. 30 mml ) and (0.2 nL) in sulfolarte (50 nL) was heated to 70C

Thi onyilochl oride (4.72 i, 64.70 nmol) was added dropwi se over a period of 1 h.
The tenperature was increased to 90C and TMSOPh (6.65 g, 40.00 rol) was added
and stirregkdnoplell h. The 5 reaction mixture was cooled to roomtenperature
overnight. The reaction m xture was added dropwi se to well-stirred, ice-cold
acet one ( 186&etokyethFloaymeattychlavide pr ch pitheaecenediflaskTires Steddvilas filtered and
di ssolved in MeOH (40 nmL) and pH was adjusted to 3 with 45% KOH. Solid was

col | ect ed mgcldrical atiren, thetmonesdr, $0enl. additional funprel endnargepmspBedphoni ¢ aci d

(12.40 g, 97% as a 10solid. Exar‘rFI.e 43 Mbno hosgﬁhonat nidate 47: A m xture of
nonophos pho#ilioxaade 46t0(mLod.0§ mol) &6 andpiljous EtD 48(tenLariyl .0 86t er

hydr ochl ori de ;5%80 , 5.73 mol) and 15 triethylamrte (0.58 g, 5 73. mol) in
pyri dilse (BnQh QIngL/Hb@We@Oﬂ)oWemddﬁd-SAﬁph%ﬁW @w@mw@@%ge@a BEi ght

yel l ow solution of aldrithial (2.21. g, 10.00 nrnol) and _triphenyl phosphi ne
(2.63 g, 1B2Omabis BeQ20mldiwes eddel dropwise waddiionsbi@niedact i on

m xture, The reaction was stirred at 60C overni ght, cooled to room
terrperatur%Yera?Hdmébn%:@ﬁﬂm.bathéNﬁwgép HadtgEtempesaaue Betweanl 20 Et 0Ac

and saturat HCO3. The organi ¢ phase was washed w,th brjipe, dried with
Na2SO4, f ﬁ%%grtgg?u%te@ﬁﬁ\wﬁﬁh%m gaglipg for EAGH frlbduct was
ifi 0l h il | % ( 12 i h
pur 11 ed by col uym ol ogy apiy; o0 SLE &o98ls Gl ALEE G 28 e the
20  overnight. Stood for 3 days and formed an orange solution. Strip Et20 on rotavap
(water aspirator) until no more distilled at 35°C bath. A quantitative yield of

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

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

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

and stirring vigorously. Collect 2-chloropropane distillate via short-path head in
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di astereoneric mxture) as a pale yellow oil. 75 Exanple 44

v SRS iy Sl S RBAEDE it Bl oy L

?.1, LI Y i (E' m%zl i i,dj Qo

h?agt edht oI @g?qoc()gp h%t%;ﬁlﬁﬁ%df%éﬁ?ép%gg%%%%?br I'g téayé{g %t!slg{ gﬁagﬁzgf@tl) e
1 hi . 5 . _ _ . 3 .

pyri di ne. (% B4 e 3 g T, o R o b R AR DRI s

stirred at i t § u ated. The
ARw VSt H.9 Qi%) e@@@b&dgg;\ic, 3\55{8;% ;%g?%@’g, 'él\tgeﬂ Cg@@@%%@

pr oduct wa% partitione ween ate he organi c phase

was wasedyopbllr PMAIR frabiioRGvid édlldaSi¥hedd tehfieadrurard 193 apgyat geostngler

reduced pressure. The crude product was purified by colum chromatography on
silica gel1457%dyelliGln JA&hah trkn@wieat hAhBARGRASRE 0P am? 2R (T 8f ng sone
inmpurity. 10 The resulting conpound was treatéd with fumaric acid (77 ng) in

hot  CH3CN {hkQoridldlicenevA0aY el (479 Keda i QANS3-didkctanelhe product was
preci pitated out and dried under “vacuumto give the fumarate salt of

nmonophosphonam date (0.13 g, 22% 1:1 diastereoneric mxture) as a solid. 15
Exanpl e 45 Benzyl Ether of PMEG 50: A m xture of diacid 49 (0.62 g, 2.00
nmol ) and Egmpleal cohol (10 nmL) was cooled to OCwith stirring. Sodium
hydride (0.24 g, 10.00 mmol) was added portion wi se and the reaction mxture
was herlt edAlehbdBC Hovelutibnlof 24d25 &) 044d niashity hbsalwielMeOF2 (44 Landiss odi um
hydride (0.12 g, 5.00 mmol) 20 were added. The reaction was stirred at 140C
for 1 h anftesied withtconcertrated FEL @tld mL., THa2wbRunddearet & sfhpadioatdd under
reduced pressure, water (50 nL) was added, and the pH was adjusted to 11 with
NaOH. The pndeultrgoasSirgy MaOldmedrdiat ape 6mateo kepinatof Btodi5°anldatig,. 1 IBhgofaajueous
phase was acidified wwth HOto pH= 3 and kept at OC overni ght. The product
was col | ectlear amovidch exhs2®-enaperatedcwitintobiegiey(@ xt206 thbhzVihe etdvsr proslues g,
229 as a tan solid. Exanple 46 TV NJ fanr.0) trtnP 0.7 Modnophosphonam dat e
51: A mi xt wae dofedpiod@phomuarate giveen 0l 6102, 8 ®5%). ol ), L- al ani ne i sopr opy!
ester hydrochloride (0.11 g, 0,68 nunol), phenol (0.16 g, 1.69 mml) and
triethifdamne (0.28 nL, 2.03 nmot) in pyridine (2.0 nL) was heated to 60C for
5 mn. A freshl repared bright yellow solution of aldrithiol (0.52 g, 5

2. 37 mol )Eéﬁﬂpilﬂ_iphenyl phosphine (0.62 g, 2.37 mol) in pyridine (2.0 niL)
was added to the above reaction mxture. The reaction was stirred at 60C

over ni ght , Déiseprpyt ¥hosphenatpderasatuionafdripheesinhospbine (PRe7 @ ddct was
W h bri nomsne) adaleanalSga) Filie b Mhase vinorat BadtsHog iieduced
pressure. ;:rlﬁgropurine (12.72 g, 75 mmoL.) and cooled to -15°C. A solution of diisopropyl
20  azodicarboxylate (16.68 g, 82.5 mmol) in DMF (50 mL) was added dropwise
through an additional funnel over 80 min. The reaction mixture was kept at ~15°C
for 2 h and then warmed to room temperature and stirred for an additional 2h. A
cloudy reaction mixture turned to be a bright yellow solution. The reaction
solvent was evaporated under reduced pressure, co-evaporated with toluene (3 x),
25 and dried under vacuum overnight prior to purification. The crude product was
purified by column chromatography on silica gel (5% MeOH/CH:Cl) to give the
diisopropyl phosphonate (18.52 g, 63%) as a white solid: TH NMR (CDCls) & 7.95
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10 crude product was purified by col um chr omat ogr aphy on si I ica gel (5%
MeOH CH2C%2)q VEn 6 gﬁz(SI reomeric
m Xt ure) ;.(é ﬁpﬁ?}gk %H) E‘xmgp 5)@%%%_%#62%%3_% fd/gtg % nlfxture of
nnnophospf}qpﬁg*&@l@t% 348(p0 no, 0 09 rarnol) and Pd(OH)21C (50 ng) in iPrOH (3
m.) was stirre oomterrperature under 1 atmof n (balloon) overnight. The
reaction mxture was filtered through a plug of celite arid the solvent was
removed on rotavap under reduced pressure. The crude product was purified by
col um chrpmsigsaphy on silica gel (5-15% 20 MeOH Cl1-1C13) to give the
nonophosphonani cTat e (40 ng, 95% 1:1 diastereoneric mxture) as an off-white

foam Bxamiig )}:ﬂ'BE Bistses smAdaierubd of A (T1.60 gy 28.08 nphepieni ¢ add 53 (0. 10
g, 0.35 rnnol 25 alanlne butyl ester hydrochloride (0.38g. 2.10 rrunol),

and tri et hyk H)?Sr Pylabnin8 (486 g4 8806 mmio)) infCHYCNABOen . Lwas pllicedds dheatigont o 60C
for 5 mn. Iy prepared bright yellow solution of aldrithiol (0.53 g,

2. 45 mmol )boanl ahdilepheny it ghione H, OTlbedreactidn 4aixmieoihs coolpgitodoos (1. 0 nl)
was added to the above reaction mxture. The reaction was stirred at 60C
over ni ght tecpersitiré and concérenpedatrdes redmcedCpresente. dftedprothect prasduct was
partitioned between Et0Ac and saturated NaHCO3. The organi c phase was washed
Wi th bri nepardtiondd Witwedia 25BAVIeOH (BAT; (3a¢)cinelMizyine, at réetl widheNarS6ic ed
pressure. The crude product was purified by 5 colum chromat ography on silica
gel (185% NE@Ted/ Bid 2Gh@nttaved)i Thethnid)pm@immrplmﬁiemby cohEnng, 13% as a
pal e yellow foam NWR (CD30D) b 7.82 (s, 1H), 426 (m 2H), 4.11 (m 4H), 3.94
(rn, 2H, GresatograpHy, orgsiliea geh (54HeOHBIHIGE) wrgive D.(30.421gn 90%MHps apalet (rn,
61-1), 0.95 (m 6H); 3T NIMR (CDC13) 6 23.39. 10 Exanple 49 Diisopropyl
Phosphonatyel®sy foumd Xt NAERACACK)E 0894s, 11)68.8artbroachisdl % 8% (bread e, 60 g) i n
MeOH (30 nL) was stirred at roomterrperature under 1 aimof H2 (balloon)

over ni ght .2HHhé-70dan 2Hn 4@A1{mu2E)wa 88 1(m, 2Ehed 72 kd.duyB-4d1pl 313), 8f03dbreade sand t he
sol vent was renoved on rotavap. The crude product vvas urifi ed by 15 col um
Shr ormat ogr By 28{si 2HBa0 I, BEDNBOM(THER); Tio NIIR GINELEP 1868r opyl
phosphonate (2.08 g, 76%9 as a thick oil which was solidified upon standing:
1H NVR5(C1JC13) 68,72 (s, 111), 7.94 (s, )111), 4.73 (m 2H), 4.33 (m 21-1),
3.97 (m 211), 3.73 (d, J =8.1 Hz, 21-1), 1.31 (m 12H); 3T NMR (CDCb) 61847.
20 Exanpl M

cPrPMEDARP 6: A solution of 5 (11.00 g, 26.67 mmol) in anhydrous CHsCN (120
mL) was treated with bromotrimethylsilane (21.1 mL, 160.02 mmol ). The reaction
was protected from light by wrapping the flask with aluminum foil. The reaction
20  mixture was stirred at room temperature overnight. The volatiles were
evaporated under reduced pressure. The residue was dissolved in Hz0 (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
mL) and pH was adjusted to 2 with 10% HCI. Fine solid was collected and dried
25 wunder vacuum to give 6 (7.88 g, 90%) as a white solid.

Example 7
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Phosphoni ¢ Acid 56: Diisopropyl phosphonate 55 (0.10 g, 0.28 mmtol) was

di | ved | . : . : 1 | sigl @nan{dy 18 ni,
1 20" mrol ) SRR A L A R B P 51

warnmed to e 1{2%@ ' ] @Qmjd Fi 8625
sol ution agr'lrgfstl r egh?@%gs ) %%ng;%%i}ge%%ﬁm?ed fo %mﬁ.lgsg} gt6i | es
ver e evapoiat 99.7?5@%?})2@%1% e&a%égms%-ov@% PEIR &f DB Dife @@iTlﬁ&ﬂa@unrmﬁs added

slowy to icé-co t he product precipitated out. e solid was flJ

Al PQZI 1 %%s&&kﬁs@%amgdm%mﬁn 9L ULl v 8 ¥@dédanghesiidoiora aci d
(74 mg, 9 as a ite solid. Exanple 51 5 Bisphosphonarnidate 57: A m xture

of phosgphopi ghackdttied thiduf@wal c@@le@f@'rboﬂ@hﬁféramn&-d@ﬁe&m%m.sf['hé réydtioechl or i de
(91 nmg, 0.50 mmol ), and triethylamne (0.14 inL, 0.96 rnnol) in pyridine (0.5

n) was_hegledré @8Q8deardidpitbe tdwhllagitted, itepsldetetvrieg0 yel). dBhesol uti on of
aldrithiol (0_11 g, 0.56 nanol) and triphenyl phosphine (0.12 g, 0.56 nmol) in

pyridi ne (Prdeluttvasasedigtaced out. MEhd fblitbmee filtleaed tinderiits washed dth eddt i on was
stirred at” 60C overnight, cooled to roomtenperature, and concentrated. The

product wagcepgid (100 @Ry dbidweredertl hanateigivatihe atebMeddpb®nicaa@dor gani ¢ phase
was washed with brine, dried with Na2SO4, filtered, and evaporated under
reduced priegdtochlorides(3ciugle26)cabesolivhs purified by chromat ography on TSCO
(2-propanol / CH2C12) to give 15 the bi sphosphonam date (17 ngy, 38% as a pale
yel l owldfoam "H\TIMR (CDCb)b 8.65 (s, 11-1), 7.94 (s, 1H), 5,20 (s, broad,
21-1), 4.35 (m 21-1), 4.20-3.92 (m 6H, 3.89 (m 2H, 3.72 (m 2H),
3.42-3.19 (Exaim#d81), 1.61 (m 41-1), 1.32 (m 8H), 0.96 (m 6H); 'JP NWR ‘
(CDCb) b 20.70. 70 Exanple 52 Monophosphonam date 58: A mi xture of phosphonic
aci d 56 (2Blargphospifomamislate 8t -4ominturelcdmoenophasphorin agid Ay BR3E0H0 de (33 n,
0.14 mml), phenol (33 ng, 0.35 mml) and triethylamne (0.12 nm, 0.84 mmol)
in pyridi nexnpol)S-planingmeapk ester lay dochiasides Ontidrg, LOG maael)sargt epar ed bri ght

yel l ow sol ution of aldrithiol 25 (0 .11 g, 0.56 mml) and triphenyl phosphi ne
(0.12g. 0. Beethyiem)ing (0.8) mldi 'he0 ponsl) dn pywidine toed.) twas iated &y 607 &8t on

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

t enper B ur BinaAdredix @repareddbrigitey ghovaselttigaf g i pbe?y Hek- e oAc and
saturated NaHCO3. The organic phase was t./ LtilY.3/1/ A3tO Ag \/\gshed wth
brine, drieddphendpBosphing (940 &d 1 7asamwlpdraidiae i dak) veaadeadfpagure. The

crude product was purified by_chronmatography aon | (2- propanol {CH2Ch) to
gi ve the WB%%WH&Fey@f?eﬁﬂ?mBW% S@rf%(ﬂt@%r%’ﬁﬁ@&:% "ﬂo%i k) as an
of f-white foam 1H NI\/R(CDgl%) b8.6%(ﬂ\, J = 15.0 -
room temperature, and concentrated. "The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
- 20 with Naz50s, 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 (97 mg, 39%, 1:1

diastereomeric mixture) as an off-white foam.

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

mmol), D-alanine methy! 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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5Hz, 11-1), 7.84 (d, J = 4.2 Hz, 111), 7.25-6.97 (m 1011), 4.35 (m 1H), 4.23

(70 g P B Ay SR A AR 1)
20.84. Ex : i i . 41 00
e ﬁmﬁnﬁg@fﬁﬂ@(?g& g,t”)ifb%ﬁg@lg%hﬁpf%mé\ (@eXL) R8s de@mand 4(

g, 2.56 mol) m ne In .0 nL) was placed in a

sci nti | | atigyveveattigichikRab ethe QefiBforf Whs Stifted HI®0PE 2% LHEBHEIcsblEtovas cool ed
to roomtenperature and concentrated under reduced pressure. The product was

parti ti oneghobetiaperaeli\andrenbér tbgedd I'Iih‘égarwﬂhbt Wag pdtitibhéd Begskerand

concentrated. The product was 15 dissolved in m nimal CHCN and H20 was added

and | ygphikiedaha@ satutatddNatiCO prepytgaphophhsnate wabhed veith 98i%e, dExanpl e 54
Phosphoni ¢ Acid 60: Diisopropyl phosphonate 59(1.00 g, 2.43 nunol) was 20

di ssol ved withCdadSOY filterednnd andpoeebddntier tduddgimessurer Tl sutane (0.31 ni,
12. 15 nrnol) was added. The reaction m xture was stirred at OC for 2 h arid

war med to prooict enseyuifi &bﬁwermh@hmoxﬂhﬁg(rgpﬁybnisﬁ]ﬁda geig7added to forma
solution and stirred for 2 h. MeOH was added and stirred for 2 h. Volatiles
wer e evapaviaOad/Airigel) toggtue g poasphosphditenidana(ihg, 4, el uti on was added
25 slowy to ice-cold CH3CN and the product precipitated out. The solid was
col | ect ed dindtedeomdrio nieturepesiamotfowhitedoatme phosphonic acid (0.48 g, 60% as
a white solid. VIl "4-9 LUUJIIT)013 1 0,1 Exanple 55 Monophosphonani date 61
and Bil¥phosphonam date 62: A mi xture of diacid 60 (0.40 g, 120 rrunol),

L- al ani ne i sopropyl ester hydrochloride (0.49 g, 2.40 mmol ), phenol (0.68 g,
7.20 mmol )Examglet¥q et hyl amine (1.0 nl, 7.20 rrunol) in pyridine (3.0 5 nL) was
heated to 60C for 5 min. A freshly prepared bright yellow solution of

al dri t hi ol Monoghogphgnapidatel): Anerixtuire hEmeansipbeppheric@zid? (888, 200rarri ol )
in pyridine (3.0 nL) was added to the above reaction m xture. The reaction was
stirred atmsow)dvaleminhiert-kel ester bydoothloddpél dt gr e 00anmotoaddnt r at ed. The
product was_partitioned between Et0Ac and saturated NaHCO3. The organic 10
phase was tFesindamine k0.8t rHe 6.0t marolhin pyNdZROf mi) masrhapteditri6@afsabat ed under
reduced pressure, The crude product was purified by columm chromat ogiraphy on
si | i cdogelmis. Adugghly poaparedprightyeiloposeitien pé albtddpHd d4rg d40me1ol) 0. 52 g,
37% 1:1 diastereonteric m xture) and bi sphosphonam date 62 (0.13 g, 20% . 15
Exanpl e 560 trﬁﬁwéﬂﬁmvagﬁe%& 780 ol RBFLIHAS P AR waaadded o the 33 g,
1.00 rnnol), Lal anine hutyl ter hydrochl oride %8647 g, .2,60 nml), and

tri et hyl ardl9Y& reactomstuse, Ireagtiorpyas ghirfed @ 60° Gy etpighheapked 00 60C for 5

nm A freshl repared bright yellow solution of aldrithiol_ (0.77 g, 3.50
mol ) and Wﬁf@ﬂﬁ?@%%&ﬁ@n%ﬁ@?%%ﬁ RS‘.OSHCHWBP partitioned é?tﬁ‘éee{\Z. 0 m) was
e oo D B D o s i 1 ekt
e Bt AReh, ORE, 8 ¥ S otalb Efinba 1 Tbed Presstrd? e Bgee 1eo vashed
product was purified by column chromatography on silica gel (7%
MeOH/CHzCL) to give the monophosphonamidate (0.38 g, 36%, 1:1

diastereomeric mixture) as a light orange foam.

25  Example 11
Monophosphonamidate 11: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol),
L-alanine ethyl ester hydrochloride (94 mg, 0.60 mmol), phenol (0.14 g, 1.52

mmol) and triethylamine (0.51 mL, 3.60 mmol) in pyridine (1.0 mL) was heated to

75



ol umn ChrGraeBPaBRy STy BECETera gy e %?s% s ta&dﬁé@«ﬁibkgi edl bty 25t
relates to
Schome. 17 LEAEHBPG 67 3%%@?%%9%%%@%% 2W42%§E’]Bﬁ“§{ﬁ$@ SPlgHEEpor i ¢
| | ..n
L et byl -2 %%n?saf?‘a RENE T DA TRSRATb T el U Ve (0,45

added. The r.eacti n m _xt.ur.e st t 60

3ot ed t o LolEP IS e PEr LGRS W8 koML AN Gl Thehad S il PR ohed " |boned
ari ed w troasOECPl R S R s TR HELE PR YES wRsleriih brin ;ﬂe
D ohon of iR deld EINESITRLERRY ph a8t 2 9@&5’(@4 (G, e e
(coer) gg@nqae oﬁ&l‘y&%ﬁ(@gd coffg, BB i Iggﬁl? (gt 517 (ad
éi'anm L g D HCrERHITh AP0 ok BBYSRoreini ROl 4 e &%éﬁ?%séf!.ege 6$8<35 -
ri et hyl an 2eRp@h0e ?“Mfﬁﬁm&yﬁm&??&#ﬂ? %\@\@3 @B@&,ﬁ? TR0 o
for 5 qgin. Hémfw(wgg@gﬁggg boi ghy tzmgl raommgmpeﬁ filzsirg g5 @k é(l(nO 16 g,

0.74 mol ) and tri phenyl hine in pyridine (0.5 nilL)
was added 419) BB d@b@y& g ?H(}tl%ll%)(hw?,ﬂ ?Qﬂﬁﬁsﬁ)a@m vzﬁg @.gsgueérﬁi 60 0C

over ni ght, coole to room t enper at uré, and concentrate product Was
partitioned eDELPF1 ahmEed.ur at ed NaHCG3. The or ganl ¢ phase was washed
with brine, dried with Na2SO4, filtered, and evaporated under reduced
pressure. The crude product was purifi ed by chromat ography on | SCO
(2-propartol /CH2C12) to give the bi sphosphoam date (23 25 ng, 41% as a pale
yel | ow f odigampleNPR (CDC13) 87,70 (s, 1l11), 6.00 (in, IIl), 5.30 (dd, 1H),
5.17 (dd, 1H), 4.30 (in, 41-1), 4.20-4.00 (m 6H), 3.89 (m 21-3), 3.72 (m

3.42 (1% WMbhopBogzhdramitidte 12: ASmixtdke fphdsPioniSdBdNVR. H0GHAEH) mB2eY),77 .
L-alanine n-propyl ester hydrochloride (1.59 g, 9.49 mmol), phenol (2.25 g, 22.80
mmol) and triethylamine (10.50 mL, 54.72 mmol) in pyridine (8.0 mL) was heated
to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (6.54 g,
31.92 mmol) and triphenylphosphine (7.32 g, 31.92 mmol) in pyridine (8.0 mL)

20 was added to the above reaction mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentrated. The product was
partitioned between EtOAc and saturated 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

25 gel (7% MeOH/CH:zCl) to give the monophosphonamidate (0.43 g, 18%,
Compound E, 1:1 diastereomeric mixture) as a pale yellow foam: H NMR (CDCls)
67.61(d, ] =51 Hz, 1H), 7.27-7.09 (m, 5H), 4.27-4.20 (m, 2H), 4.16-4.00 (m, 3H),
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Exanpl e 59 Bi sphosphoam date 66: A m xture of phosphonic acid 60 (0.10 g,

0. 30 | | @l | ' 0 9 , d
Ui ot hyl at-Rg (o B0 D) g EB R, e, R P ol B22 R DR 0™

for 5 mn. A JHLeRBYm z@{)enﬁrr@mwé@@ pehlgwgebution of aldrithiol (0.47 g,
2.12 rnrmls ‘and’ t r1 phenyi‘phosphi n (0.%6 g, 2.14 mnol) in pyridine (1.0 nL)

was added to the above reaction m xture. The reaction was stirred at 60 C
overnight, cooled to roomtenperature, and concentrated. The product was

partiti onegxg;tﬁh}@e@w Et 0OAc and saturated Nali CO3. The organi c phase was washed
with brine, dried 10 with Na2SO4, filtered, arid evaporated under reduced

pressurse. Mogh@%ﬁh&mﬂi&dte 1&s Aptaikthir@of plosphoeimadgra@ng gro.36amol),
(2- propanol / CH2C1 to give the bisphosphoam date (45 ng, 26% as a pale

yel | ow f oammaldtin 3 prEREAst& My ddchivrideHD. 1063, 0B0(mmdly)phencd@0.(4ld, 1.52) , 5. 18
(dd, 1H), 5.00 (m 2H), 4.78 (s, 2H), 4.30 (m 4H), 4.00 (m 214), 3.89 (m

21-1), 3. 7Trfiol) addiirieSyddnimg (01511nL, 3.60thw]) ibHhyridibed1 B8niwadHeated th0 (m
4H), 1.85-1.60 (in, 411), 1.45 (in, 61-1); 3l 1)NVR (CDCb) 8 20.61. Exanple 60
Bi sphospho&fiCtet 6 rfif1. A frashiy peepsdres boighhgailowaoluti@® of eldrithip! (0.43@, mi nol )., L-
20 al ani ne n-hexyl ester hydrochloride (0.25 g, 1.21 mmol ), and triethylam ne
(0.7 n, 52.02mmol))anidririphengipleosphie @56 gdslheamel) in pysioline (160 ntl)mvas A
freshly prepared bright yellow solution of aldrithiol (0.47 g, 2.12 mmol) and
tri pheiyl paddghiatie@ose rgactrizhixinme.) Therreagkiodiwies tirred at p0Kasvemndglt, t o t he
above reaction m xture. The reaction was stirred at 60 C overnight, cooled to
25 room t efAsdecitaraom s petrtotn angt eoscerttratedy ddeRrogaist prastpartisaned bet ween

Et OAc and saturated NaHCO3. The org%&i c phase was washed with brine, dried

Wi t h Na2SAzetwaendOAr andh spteyated Meds Qindde arganicathase asasuvasherhwiléy ude
product was purjfied, by chro } ogr aphé on | SCO_(2-propariol/CH2Cl2) to give
the bi sphoRPRS&IHIWLE 1‘68@,04%,% svapprated UBdepipd @resh PrespeR 1.3) 6
7.65 (s, 14, 6.00 (m 11-1), 5.30 (cid, 1H), 5.17 (dd, 1H), 4 80 (s, 2H),
4.25 (m 4qu)1lyi,e PAIPgECMWé@PPﬁhﬁeG\IJBX coju %hrprrzafogljapi\y oy sidigp gstZ/og 3.42 (m
11-1),..3.20 H).. .1.70Q 41-1), 1.32 (m, 18H), 0.96 (m 6H); 3T NMR
(CDCb)lsg ZMQ@/@Q%I%"%ERG ‘@i%‘ﬁﬁé@fﬂ#&% te srﬁgAgifoxﬂlre of phosphonic
acid 60 (35 nmg, 0,11 mml),, L-2- i nobut yr | [ = I ter _hydrochl ori de
(0.13 g, o‘i’@%ﬁﬂ%?{m Mﬁgfﬁ? as ﬁyxeifgm ?F@D(*dﬁz&&.ﬂ;ﬁ (%5151% %ﬁpiai f}%;}ﬁ%}i ne (0.5
m.) was he CC.ior 0 m.n. r y, or d by el ] .ow

sol ution ofﬁglc}oi&?%ﬁggp' ?%81465%%%@ %Jwe@% 4t¢%1 @Rﬁ)x&?&égﬁé ﬁ%‘f‘ /20 g,
0.75 mmol ), | ri,di ( t h bov eacti i e. The
react i on vibERYtcy B0’ 833 TR Blaein D Bt mrEpan Bl Rt g
concentratgg1 g’%égoduct was partitioned between Et 0Ac and saturated NaHCG3.
The organicC p'ﬁa{se'was washed with brine, dried

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

cooled to room temperature, and concentrated. The product was partitioned
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15 \évith Na2SO4, ]1:| Itered, and evaporated under reduced pressure. The crude ]
b1 sphosphasinss ey dnd LB aNAACO T tgahie B AR R 5) %57 6a°
, 1H), 1 VN2 - , = 11-1),
R L R e R e T AR W e

in, 1H), ieB5vle B mih , 12H); "P
MR (ooC1s) 2ot i burtied Aoty s B i 62

BiSphOSphm@I@ﬁ)@gﬂéMﬁo@&) BRSSO 3€ (3 ©@, 63%, 1, 0.11 rrunol), L-
25 phenyl al ani ne et hyl ester hydroghl oride (0.15 g, 0.65 mmol), and

tri et hy andiastetEbmefit mikiiAd) BIR/phld Vel fshm et (VR MDCWRS 7tegatiep=4pe60 C for
5 mn. Afreshly prepared bright yellow solution of aldrithiol (0.16 g, 0.74

mmol ) and g mgrmmosm,s ; %.93 Z8road, §-119), a9qblodd) spw%'?{oh.zm@ﬁ,f)zﬁ),rm) was
j

added to the T AkOLNUI ) U10> above reaction m xture. e reaction was

stirred at4.60-408q%eBH)YBOI-TRO(RMIY I.@PMBrogane1 BT 68 (Andiyonsenta7akhed. The
product was partitioned between Et OAc and saturated NaHCO3. The organi c phase

was was hedsH), 10r0200.89 ¢m, §H), 06 M 2Ny 28OMMRI (CDXCIe)Xh 2804, Evehor at ed under
reduced pressure. The crude 5 product was purified by chromatography on | SCO
(2- propanol / CH2C12) to give the bisphosphoam date (28 ng, 39% as a pale
yell ow foam 1H NWMR (CDC13) 7.58 (s, 1H), 7.28-7.03 (m 1011), 6.00 (m 11-1),
5.30 (I0d, Bximpl &7 (dd, 1H), 4.25-4.00 (m 8H), 3.65 (m 2H), 3.42-3.19 (m
2H), 3.15-217 (m 611), 1.23 (m 6H); 31 NWR (CDC13) 8 20.34. 10 Exanple 63

Bi sphos phalsfromogabspi@naniidate fbr & mixtahespphosphaddaéd 4 @6lthg, 0.80 dimoiypl ) ,
phenyi al ani ne n-butyi ester hydrochloride (0.15 g, 0.58 ranol), and

tri et hyl arhiatenin® nzhaxyl ested hgdroanddnide (0.pY gi Abdenthol)5phenolv@si4redti®d to 60C
for 5 mn. Afreshly 15 prepared bright yellow solution of aldrithiol (0.16 g,

0. 74 ol )manel) and sHethylamispi®. Hem 0350 mymad) inspymmading (L Q pl) mdisheaid] ® nl) was

added to the above reaction m xture. The reaction was stirred at 60 C
over ni ght ,6@60ios§ mi. rdrashbnpranared &right yebowcwhttion eflaldritbig(6ddg was
B e e L o 2 e ST et s e 5, oo
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:SOy, filtered, and evaporated under reduced pressure. The
20  crude product was purified by chromatography on ISCO (2-propanol/CHzCl) to
give the monophosphonamidate (0.10 g, 59%, 1:1 diastereomeric mixture) as a
pale yellow foam: "H NMR (CDCl) 6 7.59 (d, J = 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); 3P NMR
25 (CDCls) d 21.94, 20.68.

Example 16
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20 with Na2SO4, filtered, and evaporated under reduced pressure. The cr ude

product wagoREphbs Mmﬁ'&%@l@tﬂ%ﬁ&ﬁ% Hozph ic &iQrBa0al/ 0'3@01'2111161 9'
t he bi sphosghog (}ggj (49 nmg, 63% as &?p%I e yg | ow fog(m 1% 5) 7. 58

(s, 1H), l-aﬁnfn@ﬁ-o&:fan eri)e,rh deScH1pRidd 155356(7}(@&1%1) bh@adL(Ollld)gz|_1|)55230 (dd,
(m ,

1H), 5.17 (dd, 1H), 1-1), 4.2 (m 8H), 3.65
3. 42- 3. 19 ol Pid tr3eth 132n17r& @31, D60 nuiqoblnpgmcﬁﬂ;eUOrﬂLﬁ&aé hoatedHp, 0. 96
(m 61-1); 3T NWR (CDC13 20. 35. Exanpl e 64 i sphosphoam date 71: A

m xt ure ofsopBdephanine fmfred l(egaiéﬁ brigBt gellow solytiorl phadyithioh (0.4 ¢gj sobut yl
ester hydrochloride (0.31 g, nunol ), and triethylamne (0.7 nlL, 5.02

mmol ) Bn @13 ninel) a&d Ariphenyhshdsp hir(ec(Ot56 £62.138 mharolbirmmpyridink Glr(bsﬂﬁ])yva[sr epar ed
bright yellow solution of alclrithiol (0.44 g, 2.00 mol) and 5

tri phenyl pakegtiortbe @D0%8 repctipnGixtumd. ) Thargaytiod iwes stirrdl at §0asveadggd, t o t he
above reaction mxture. The reaction was stirred at 60 C overnight, cooled to
room t enpecatad &, roamd teyopesiureanad combentprtedudhewasdpeatr wias pertiionest ween Et 0Ac
and saturated NaHCO3. The organi ¢ phase was washed with brine, dried with
Na2SO4, fiheteeen Et@dd aé\da@ﬁtumt@dl NaTdePs+ 3Ha oeganic gphase wasmrshedudBh10 product
was purified by chr omat og on | SCO (2-pr opanol/CHZClZ) to give the

bi sphosphduihed dried(gith rﬁjazS@gpg lteredaand peapeiateshundanieduced puresurepdhe) 5 7. 55
(s, 1H), 7.27-7.03 (in, 10H), 6,00 (m 1I- Pl)85 7% broad, 1H), 5.25 (dd,
11-1) 105, crudggrod 1H)t was pgrléled byrghromagegra @cpm}zarsﬁ/qlrhcwltol) 3.65
(rn2H),342319 ,317278 in H1197 (m.2H), 0.96 (m
121-1); 3EVRKE : @rlaamxdai@,(@%aﬂ?e/ 651 AASHTSREBIIRRITHED @S 722: A

ydr &Eﬁ: eyt “°Ifb§m"°‘8h§alvﬁ% P e, (56w 35 “'zﬂ%[sa T

i 20 60 C
for 5 22&%&@% -9 Gialidh 671 G2t OB S5(hebigh o2 e 4%5% {816 g
0.74 2 0.5 nL
was ahégﬁ%ﬁﬂel%o@?&éﬁﬁ{ﬁbﬁ%ﬂ 0 83%4%%&5%&2?2?% Hﬂgﬁaﬁao "

T

par t1 trondS e veah I BB and sat ur at ed NaHGGB.  The or gani ¢ phase. vas vashed
with 25 brine, dried with Na2SO4, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on |SCO

(2-propan ) to give the nonophosphoam date (12 ng, 22% 1:1
di astereo%)! 911% ure) as an off-white foam 1H NWVR (CDCl12) 67.62 (d, 1H),

(71 1) MagBRing il 17 Ao Qurt bt piStoniilg ety B 5 g S hemgto o o5

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

20 g, 1.05 mmol) and triethylamine (0.36 mL, 2.52 mmol) in pyridine (1.0 mL) was
heated to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.33 g, 1.47 mmol) and 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

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

gel (7% MeOH/CH:CL) to give the monophosphonamidate (66 mg, 60%, 1:1

79



WU LUUD/Y00 1D R Y P

Exanpl e 66 5 Monophosphoam date 73: A m xture of phosphortic acid 60 (35 ng,

0.11 mol ),. L-al ani ne_n-butyl ester chl oF§ riraagl),
phenol (SOdIﬁﬁt,er?Q%%nW%r Xas ?Pﬁget%%g&mgonagll‘ ( S—EM%&% %Z'ﬁ%l(?’f nﬁ'gyri di ne
(0.5 nL) f L. r I ep j_ el | ow

sol uti on \cl)ﬁsz’aﬁgﬁiyte%'%ﬁs ?% %g)g%bwgm%ﬁfﬁaﬁgwﬁﬁ%ﬁ?}gﬂé?%?2% (%0. 20 g,
0.75 mol ) 44 ri gy ) a  ( i ] Xture.
The reacti4011%;)\/4\‘/a|'%s/l é’sﬂ K}rﬁég’jﬁg% %W@V%?ﬁ)gﬁ? ?qéooi e’gﬁ?)’o;q(f)zo@oﬁ’te 'g%gt(gf}'e, and
concentr at T u I High.is gl sat ur at ed NaHCGSB.
The or gani%q{ﬂr?aés%go'\p/\é/a \’/\gs ’\é%é%\natihitl?’i %ﬂ%gsgﬁ tsﬁmlglggsoil, ‘filtered, and
evapor af ed under reduced pressure. The crude product was purified by

chromat ography on | SCO ( 2- propanol / CH202) to 15 give the nonophosphoani dat e
(16 nmy, 28f%aminik @& astereoneric mxture) as an off-white foam 1H NMR (CDC13)
57,61 (d,‘TlT%T7.32-7.06 (m 51-1), 6.00 (m 1H), 5.80 (s, broad, 1H), 5.30
(dd, 1H), Mo%@pheﬂph&t&ma%t@@simmre&§&¢Mi& Arid (1100 g,3.Fmn0l§0 (M
4H), 3,90-3.60°(m” 2H), 1.60 (m 2H), 1.32 (m 511), 0.96 (m 31-1);311) INM

(CDCh) 5211 %rardthobity B0 aEidaiBlieyétdyitiyelbasipidan nidg) 6.0p4nodl)yipketivk of
phosphori c add 66) (5}.,10 g, O. Sg,m' nol ), L-alar u;(le c?c;:l obut yl )ggqer

hydr ochl or {1063 ¢ Q528 rgmd)) &dd mtethlylamphendl10(AL136.60 nim3) impyirjdiaa .0 mL)
triethylamne (0.5 nL, 159 mmol) in pyridine (2.0 nL) was heated to 25 60 C
for 5 18 n. whs hestellity 6pPE@dar Benibr i Aylfiteshylsl prepasnl biighhyeiovwalsdhitidni @i (0. 47 g,
2.12 mmol ) and tri phenyl phosphine (0.56 g, 2.14 nunol) in pyridine (1.0 nl)
was added sldrithiel 6b0¥g, 232 trirnol) mindt tiphenFlphosphirtd (GrbWg@L1s¥2 mmead) &t 60 DC
overnight, cooled to roomtenperature, and concentrated. The product was
parti t i onepyriditel(GOTh MW/ dsketedeiorthEnbove sradtiontmabdinrad NeHE@8tiormeasor gani ¢
phase was washed with brine, dried with Na2504, filtered, and evaporated under
reduced prgiged ef 60PReoernightpraeelad to weempemiperaitirg\ansheaneentigteshhlheon | SCO
(2-propanol / CH2C12) to give the rnoriophosphoamdate (28 ng, 17% 1:1
di ast er eonpradsichinas pestifigped et een Bt aadfsahmpler ¢ Ol ogRré0 (d, 1H),
7.25-7.03 (m 5H), 6.00 (m 5..30 (%dN 12; 5.18 (dd, 1H), 5.00 (in, 2H),
. 4{

4.79 (¥ 2Phasesvagwashe pith kl;;ome Figbwi fifereyl, @pd emaporated nnder 1H) |
2.30 (rn, 21-1), 2.00-1.60 (m 4H), 1.25 (m,SI:?T‘;) 3,]) NM ( (CDC13) 6 21.91,
20.64. 10 @d@%@fr%urwﬁhﬁﬁas%ﬁm?éwswrf)@d XEQLUéngﬁhmraamﬁmy aci d 6|0
0.108, 0.30 - ' - , ide (0.13 g, 0.61 ,
bhenol (o.qqgmgfc%’gé%%@w @%ﬂf@kﬂ@i?qﬁgwéféxgéwﬁﬁh%%p-géw :éﬁ%o.y g942<|¢4>yri dine
2.0 60 C 5.mn. A . '
Soi ut o oEOmRGHFo! (Resleregmeris bz ahAsIn S irs Breom PhhALBHRCIR0 56 o
2.14 I i i di ; o | i i .
The reacti %z-'%%yt—-% ?H’iaééﬂké’-zac*é%ﬁ%%ﬂ%?8%&98@%%% 3P0 oEok fkptr o : e, and
T iti 0A NaHCO8.
The orhni L2 et RO SRLE BB el Car il ST e s D TEAREE n
o et IR SIS eSS AR R B0

trig, 16% 1:1 diastereoneric mxture) as an off-white foam 1H N vfR (CDC13)
67.60 (d, 1H), 7.25-7.03 (in, 5H), 6.00 (m 1H), 5.85 (s, 1H), 5.30 (dd, 111),

5.17 (dd, flidbe 418 (d, 21°1), 4.35-4.05 (m 7H), 3.90 (m 4H), 3.70 (m
11-1), 1. 1), 1.30 (m 9H), 0.96 (m 311); 3P NWR (CDC13) 821.97,

2520.69, Monophosphonamidate 19: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol),
25  L-2-aminobutyric acid n-octanyl ester hydrochloride (0.15 g, 0.60 mmol), phenot
(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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(50 mp. 0555 GiayerrBel r‘f9f§fﬁ¥er toacbe: Ee é’rﬁ"fﬁ’égéﬂétcgﬂpwgéesig?tﬁs) ( op?e%
ion o

el ) ol B it ;;Sw R Wit ) i

pyri di ne 0 m, Xt ur e e.r

i B LEH Sk

St red ot Pt B té)m?lﬁﬁ ekl i ?mﬁﬁé\?ﬁzﬁ@m@?ﬁ@ G Eaneivatco e

R W R o S S Ry e ol %ﬁ’&%g o
a on

(2" "or opaf -P?éﬁé%%é?f%@zﬁé&%ﬁ%%%%péh SRHFR B0 5103 °gr_(p ’

2‘. ggt Z §§ﬁ?iﬁ&ggﬁﬁ%%§ﬁ%>%%@%ilg%5ﬁfggﬂ% METEHES 76743 6?%0§d 2.,

I 80- 1. oo Prarlr 2y iR A o, doge bl fin, Hiie i 6 1, (i
osphoni c

2(2:i2d220 (2§58%36n n?lO?r{qua)dNQ ﬂgz@{]gﬁgﬂ#lhe tlﬁz”r%s?%ﬁ hy%% A %—l gi Elng ny,

1 t t

%ﬁ)@?gvlghgl(g?%gﬁ %{C@Q% ated to (3 f(r)lreS %ﬁm Refgeshly pr epar ed

bri ght yellow solution of aldrithiol (0.16 g, 0.74 nmol) and

tri phenyl phosphine (0.20 g, 0.75 mmol) in pyridine (0.5 rot) was added to the

above reag&h%wmtur e. The reaction was stirred at 60 C overnight, cooled to
room tenpératdre, and concentrated. The product was 25 partitioned between

Et OAc and)\aisplasspiobaiidite 20N A figfiteof ISEhYRIe AMRBHETN5W, UiK7hhiidg), 1dr i ed
wth Na2SH4, filtered, and evaporated under teduced pressure. The crude

product Iaﬂafrhﬁée 1@Bed MG (2110 C@l@ ehel RGRELDR)85t 0 gi ve
t he m)no\g%h i oam da)tmey(14 my, 23% 1:Q Li LUIJgopihlJUQ(/]OY di ast ereoneric

mi xt 1§ e) nasobrardl friethylamihe o4 til, 54RO Gh 8ink B0 #d.) wddhealed®5- 7. 03
(mxlol—l)) 6. 82 (m 1H), 5. 30%@1 1H), 5.17 (dd@Tl ) (?iso 2m 21ea1€§ 4. 40-

4.08 (in,td80C f@ BawiR. Bréghly paréd&ﬂ&@t%éﬂbmsolﬂh%n of aldrithi®H7(0mg, 211) ,
1.20 (m 3H); 31PNVR ( CDCL3) L 1.86, 21.06, 5 Exanple 71
31.99 mmol) and tnphenylphosphme (8.39 g, 31.99 mmol) in pyridine (7.0 mL)
was added to the above reastion mixture. The reaction was stirred at 60°C
overnight, cooled to room temperature, and concentratedl. The product was
20  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 (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) .
25  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 salt was neutralized by partition from NaHCO: (2 x) and EtOAc. The
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Monophosphoami date 78: A m xture of phosphonic acid 60 (35 ng, 0.11 nmol),

L- phenyl al Igh;?éét%s f8lsRed M@i{@ﬁh&%@edlﬁé&mm 1\&3@4,%&@ afenol (50
ng, 053 nun dtriethylamine (0.2 n-1L, 1.43 nmrnol) in pyrldl ne (0.5 )

was 10 heaé&ftehﬁaﬁ&i ThOprédt vasAidid@ahbivr PacRanad givd gt yel | ow sol ution of
aldrithiol (0.16 g, 0.74 nmmol) and tri phenyl phosphine (0.20 g, 0.75 rnnol) in

pyridine (Sobophbspiesn a&ﬂﬁﬁﬂe(@?@% 63b0Vempeaat ANL:MidiidteRonidic meaeké)on was
stirred at 60 overnight, cooled to roomtenperature, and concentrated. The

product wass paitiiet foane dHISMR ¢ODBI) AT B, § at2it &2 d HaHODS.98The, IHRNi ¢ phase
was 15 washed with brine, dried with Na2SO4, filtered, and evaporated under

reduced pr43sumelH)hel€ (md2H)roekith, 28y 3843 Hi éoh, BI)chB8 (mi, d5F)apby on | SCO
(2- propanol/Cl-12Cl12) to give the nonophosphoam date (18 ngy, 28% 1:1

di ast er eonforoad,rs, 1H)r 295-a87am, AH), Wi7t(en, BEHND.8T KntNRRI)( CHCIB) 28I) 2 BNNER HI ),
7.25-6.97 (m 1011'), 6.00 (in, 1H), 5.80 (s, broad, 11-1), 5.30 (dd, 1H),
5.17 (dd, (a2§)s) 8@4.88821.67. 2H), 4.40-4.03 (m 7H), 3.85-3.65 (m 4H),
3.45-3.25 (in, 2H), 2.95-2.86 (in, 211), 1.57 (m 211), 1.30 (m 211), 0,96
(m 31-1); 31P NWR (CDC13) 321.39, 21.09. Exanple 72 Monophosphoam date 79: A
m xture of phosphonic add 60 (0.10g, 0.30 mnol), 25 L-phenyl al ani ne isobutyl
ester hydrﬁﬁmp%ﬂe (0.16 g, 0.61 mml), phenol (0.14 g, 1.52 mml) and
trieth amrt 0.7 nmL, 5.02 mmol) .in pyridine (2.0 doé was heated to 60 C
for 5 w&@ﬁpbow@mt@albﬁ g tuye pf phO%Rimmp@ﬁl (7R mgi 041 snmEd ,47g
2.12 rrrml and trlphenylghosphl ne (0.56 g, 2.14 mml) in_pyridine %cﬂlo
20U51061891>?h4511yha1wm|em 1837 esfrqvhyﬁr_?cmg@da&éh gt 8-42mamablo paenak®:

m xture. The reacbl on was_ sti rrez%at 60 C overnjght, cooled tq room

t enper atgrlD FHRoY Gk igthy baning k@ 36 pjen 232 Vﬁ%o%éﬁlpb’flﬂé%b (l?)dgﬂv)e‘@ﬁs Et 0Ac and
ﬁﬁ;gggff St @60§§0@§/§58L§§|3§§a§?5@@8m§16 5 l/ééﬂ?lglonﬁ#' 3{9%@? pr oduct
e ophosphaE d e S ey RoaPhiedD S e Hrtls P YA G f o t e
f N 37.60,(d, Y 7.0 10E1 6. 00 30
T g ngd (%e)dl b&V?ge%%onzquz%re oiné Machon vas Sied STH0TS (

4 3.95-3. 60. 1 3. 00+ 8 10 1

OH)96 (m 6% e"éfgmi%? (tg}f‘f’ g%hr%fi‘ﬁlﬁr@fﬁ%}eéﬁ% PBO‘g%C(tlr”n’é&} fat edH%o
Scherre 22. %ﬁ%@\@gﬁ%weyg%gégosa?\d) A48 N Q1ch, MK telgrgar%fcp Jaophgsphoni ¢

acid 6 ( 0.8
washed with brine, dried with NazSO;, filtered, and evaporated under reduced

pressure. The crude product was purified by column chromatography on silica
20 gel (7% MeOH/CH:Cb) to give the monophosphonamidate (30 mg, 23%, 1:1
diastereomeric mixture) as a pale yellow foam: TH NMR (CDCls)  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, 5, 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); 3P NMR (CDCls)  21.85, 21.05.
25

Example 22
Monophosphonamidate 22: A mixture of phosphonic acid 6 (70 mg, 0.21 mmol),
L-phenylalanine isobutyl ester hydrochloride (0.11 g, 0.42 mmol), phenol (0.10 g,
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15 mol ), L-alanirte cycl obutyl ester hﬁdrochl oride (0,11 0.61 mmol ),
phenol (0.185 gunqmnﬁlme)hy anune (G.3¢ my, 2m2 @) supyidine 67 mior AYPOY3s i n

pyridine (2 |nL2 was heated to 60 Cfor 5 min, A freshly prep red right
yel | ow sol heateshtp0 51 Wrﬁ%l A(foeshly grepared br’f’r&%]’f)yegﬁd’ $INBRBIR RS ne

(0.56 g, 2,14 rrrml yri di ng to t eabQ ctlon
mxture THSH R §n§tt¥1p éﬂy]&’?‘ B@h}@e%%g Sﬁﬁg EBbPIéH

t enperature, _and con ent d. The product art t| oned bet yee OAc and
sat ur at ed ‘Néﬁ-l@@ﬁ adfied tgy ﬁﬁ QV%H%%@%%% B?.Vr.aes SW?%E"&(}& Na2804,

%P'L it d P@‘%m ST gPRsn tesas e ﬁ@%gﬁ,ﬂ? ﬁ?ih q"c&ré?r:atsyz’gfr
20% 1:1 dpaa%iﬂe érﬁé‘r QA r€lfed (B P o FRARREIRoRE ) 57. 60
21'1). s, SRRy drediivesgl %?efeé“é%dega&%ra&%% g esitsl 1y
0,90 (m 53%6558%@33‘?181%?@%%{9311 el i B Bhudrheo Bl oprutd, =1
Lal ani ne. cganbarsorHGERCTITG B s RABSPHOTYorRE Ll (S Ps A7 ™)

5 min a (VASk Féy?’r%%%%%’%%‘ i 4*%?' R e AL U
i) andytsprendshepuns ﬁﬁ Y CRRR 0 SPEH ??’3896? ¢ "
par {11 one E‘é"lﬁté’?ﬁ?o%?%@%?b?%?&ﬁ&%@ﬁQﬁréﬁg?gmh.fgﬁp@ i ashed
wi th brinegggdy mengy\nOtéggﬁ ﬁ@&;s pu“ ggl%rbdng@@qr@t ed under reduced

pressure. The crudé produ y chromat ography on silica gel (5%
MeOFT/ CH2C12) to give 15 the bi sphosphoam date (30 ng, 28% as a pale yellow
foam 1H NMR (CDC13) 5 7.60 (s, 1H), 5.70 (s, 1H), 5.00 (m 211), 4.90 (s,

211 2 4.00 (m 21-1), 3.90 (m 21-1), 3.78 (m 211), 3.40 (m
11-)1) 15, B I%IQBl) 30%(5 erJad 111§ 235%|n 41- (1) 20)5(m 41(1),

1.90-1. 65 Kikphosptonaniddte 28: BhhixtQre8F {11Bs Adnid aci@ 640.108, 03D mmblf; TR
(CDC13) 620,70, 20 Exanple 75 Bi sphosphoani date 82: ‘A mxture of phosphoni c

acid 6 (6QuagineQ@tif d¥ra DydrbahRMdR02BG, QBB olf Shel tridyilf IBETHhe | oslﬁn{LO 13 g,
0.72 mmol ), and tr}laethylg}rnrl ne ((Sﬁg(l cé 2.16 ron)?ml) |rn pyri di ne (1.0 was

heat ed t o BExines]) 5n piyridire (1r@iiriL)YW2é3héHt@@% g0°@fdnivelA ﬁ’é/s}ﬂYlp%Ep%dof
aldrithiol (0.28 g, 1.26 nmol) and tri phenyl phosphi ne (0. 34g 26 atnmol) in

pyridine (Wight How&laddﬁd)ffa(hiﬁﬂﬂob(oqv% REAGHNAT) Bhd tkibRen ok SRkl ON wWas
stirred at 60 overni ght, cooled to roomtenperature, and ctoncentrated. The
produc@) wa8.5pgy; Rillimneyl) hepyedne (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 Na25Qs, filtered,

and evaporated under reduced pressure. The crude product was purified by

25 column chromatography on silica gel (10% MeOH/CH:CL) to give the
bisphosphonamidate (80 mg, 50%,) as a pale yellow foam: TH NMR (CDCls) 8 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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"OTCS tskil."-)0)."7,47.7 EtOAc and saturated Nal |1CO3. The organi c phase was

washed wi hn i ] R 1\ f n t d r educed
pressur e.t({hﬁle%_p’r%g%?%f %&bg@%%ﬁgfl@dh%;? @ﬁ?o ?33@8%’%‘2@% gg{)’gel (5%
MeOH CH2C}y, iV e i @Pa@ date (30 , 27% as a pale yellow

f oam ldb@&}?&){?)}{lﬁﬁg@?@é% 1Ff), 5. (72 (ggJ 1H) ,/() 5.20 (Iran 2H§/, 4.80 (s,
21-1), 4.25 (in, 21-1), 4.04-3.88 (m 4H), 3.74 (m 2H), 3.40 ( m 11-1),
3.23 (m 1H), 3.03 (s, broad, 11-1), 1.95-1.58 (m 1614), 1.37 (m 6H), 0.90
(m 21-1) g eOm 214); 31P NMR (CDC13) 8 20.64. Exanple 76 10

Bi sphosph € 83: A mxture of phosphonic acid 6 (40 ng, 0.12 mmol),
Lphenykal a3 SR bHSNiCGcikB6 91.00 ¢48.08TRelbl), 1.and
triet h?/l aﬁ}ﬁé@%ﬂ‘\%@@.ﬁ?fl{ﬂe % ﬁ%ﬁ%ﬁw}%&?ﬁgﬁ%e%g rr1_§4vvas heg%)ed to 60 C

for 5 mm afaﬂﬁx@%b}%vﬁb@ epar ﬁgd%dhwidagé.b@gg 80RO Ofn@bad thi RirRine(8.189 9,
0.85 mmol ) and triphényl phosphine (0.22 g, 0.85 randl) in pyfridine (0.5 ni)

was added thp, 34150 AEnah @y Bytidaed (AT 58 Beatdl @0 BERT EbONnWAS AStreshled at 60 C
overnight, cooled to roomtenperature, and concentrated. The product was

partiti ongftepatcdamott fiovaBslusishlyfal @diHeIHAM8). ¢, Ph2ahaadl) endhase was washed
Wi th bri ngﬁ,i gri ed with Na2304, filtered, and ev%por at ed u)nder reduced
pressure. thbdeaylRspheeys5ouwe 91 Barhirigrin ihe(Bl0aal aphiy aekledlitbitha gel (5%
MeOH CH2C12) to give 20 the bl sphosphoarnidate (20 ng, 22% as a pale yellow
f oam 18INVRbeCBEaR)Hoh MidQrd. SThd dehktion . v2&s stirdéd an0°LDbYerndgii2cdsled 16 , 5. 00 (m
2H), 4.90 (s, 2H), 4.23-4.03 (m 414), 3.68 (m 2H), 3.42-3.19 (m 21-1),

3. 15- 2. 82 rpom tefdperhturd, 38 (omcehitdate@. The produddtlwaslp&Fitiored HdtweerdH) , 0. 90
(in, 2H), 0.60 (m 21-1); 31P NMR (CDCl13) 620.31. 25 Exanples 77 and 78

rel ate to EChenend SatukatadNaICO:Dilheapganiyl pHase sydsomastedBwith/onines tdrieel of 4
(5.0 g, 12.82 mol) and trifluoroethylamne (635 g, 64 10 nmol) in C1-LCN (40
m.) was plwitbdNa:80s filteradarehevapdratedduhdat reduted plesSufer THe hrudkhe reacti on
m xture was cooled to roomtenperature and concentrated under reduced
pressur e. prdupr wdsptirified pacdlutirodednrbgeahyl&GYsiled gelCHI0Z12 (3 x) and
brine, dried with Na2.504, filtered, and concentrated. The crude product was
purifiled ByleO/6iidytagive thedisplRBphpRapyidgparn(d/lB@HZTY2 Conmpdwvedl) bya G | son
HPLC purification (CH3CN 1-120) to give 84 (3.26 g, 56% as a pale yellow

f oam ExamsleydidowEpaphdd phivaidacs) 85.654smid), % (broahas phbr5.03 duwad? (0. 11
g, 0.29 mmuol L- 10 alanirte cycl obutyl ester hydrochloride (0.31 g, 1.75
ol ) - and, EH)eA M (rmardih 4T-682(m, 61133 87 (ma?Hdi 373 Grpdid) . 0e(broad, 1) vas
heated to 60 OC for 5 mn. A freshly prepared bright yellow sol ution of

al dri t hi ol1f)o14% (&, 4121.),123?.i(m6§1).a@183/ {1 r@&‘&)ﬁ’os%ﬂ),rﬁgﬁ( sy PANMR  nioll )
in pyridi neééL.O rr(il:/% was added to the above reaction m xture. The reaction
was stirr dgDieb)gp2&byer ni ght, cooled to

20
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

25  freshly prepared bright yellow solution of aldrithiol (2.82 g, 12.80 mmol) and
triphenylphosphine (3.36 g, 12.80 mmol) in pyridine (3.0 mL) was added to the
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to

room temperature, and concentrated. The product was partitioned between

84



15 room tenperature, and concentrated. The product was partitioned between

Et 0Ac andEtExiuand eatuatdddSaH2:. digaotigenistizizasewass wa wiliht brine idréed dri ed

wi th Na2504, filtered, and evaporated under reduced pressure. The crude
product wahNabOkdilterpdcamd auapeyatgshynder 1edoced Pregsypandhe crgd®) to give the
bi sphosphoani date (97 ng 540/19 as a pale yellow foam 1-1(J\INR (CDhC13) 3 20
7.65 (s, prafucswae pugifiask by eolummy chomgogmplaHpn skica@ef 610%H) , 4. 35-4. 20 (m
41-3), 4.00 21-1), 3.87 (m 21-1), 3.70 (d, .21-1), 3.38 (i 11-1), 3.20
(m 1H), Me@ﬁ{r?@hlﬂa)fp,gl‘éetmlzlf:‘@heﬁmhonméatf. (@653(845,2)791P3%5‘P°‘£‘@§) 8P 613);

Sotont aE RO I R I ARSI AT st o
cor vt cal | Gariindnd el PreeTpl . 1A BuorypeaToy 1 1ob0: fa3 e, 10 S
HPV- 39) , |1 [ ' i ell line, d

kerati %oc@g&mi Eg)lggqgﬂév i?‘ﬁ’m@@@) 0 'ehumalnngel ?2 tte\é\?ed i ncl uded
skin keratinocytes, cervical 5keratinocytes, and lung fibroblasts. Skin
keratinocytes and cervical keratinocytes were obtained from Canbrex (East

Rut herford, NT) .and all other cells were obtained from Anerican Type Culture
Col l ecti as, VA). Table 79-1 surrunarizes characteristics of each

cell oo S b B PR Ay TR Rt 10
Pt ed BRI SERhaleRcEED 5 292 R aR Tt o BP IR 1O o
oL oL e L ReT 1y ) 975, P ARy 3t Ay cale. o
ol et T e IR e aten ey Do L o
o | on STUSATIAHO R CHI S0 1) Bome DS Gt a4 e

cel | qderi yed e REQLEI MRk QD! e kO dHoR WL LT Uk B@‘@g%nﬁé@%@é@legr@t eins were

stained wth 0.4% Sul forhodarnine Bin 1% acetic add for m nutes, foll owed

by ext ensjgsen Y@ﬁ?éﬁ%ﬁ@, bAd t¥masftdied 2ahe prBa g ﬂEQEaHYt?oMJMV\fe%nt he bott om of

pl ates was dissolved in 10mM Tri znma base.” This generated purple color that was

quant i fi egkCc ARASHAIrAGI REHRTSLT aftlc SHdken B waRUEWSNTbAne, URid

spectrophotoneter. 3. Data analysis Fromthe experinental data, sig-rnoidal
dose-res Wﬁﬁm@smefﬂwédg&ﬁ@@aaﬁ&aWuﬁQ% RidRel iptesseRECERE CAldON (ECsa) was

cal cul ated using G aphPa
product was purified by column chromatography on silica gel (10%
20 MeOH/CH:CL) to give the bisphosphonamidate (97 mg, 55%) as a pale yellow
foam: "H NMR (CDCls) 8 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.

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

alanine n-hexyl ester hydrochloride (0.38 g, 1.80 mmol), and triethylamine (0.51
ml, 3.60 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly
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Prismversion 4.01 for Wndows (GraphPad Sof t war e, San Di ego California USA).
Table 79-1. Cel d t t [ me , ,.. HPV
status | @fﬁ?ﬁﬁe@%&? fe ! arllll-ﬁli’f%l‘ggél‘t%{@eb%r e nona éaHF Ilnes Si Ha HPV- 16
(1-2 copigg el %m%“@’?&“gs LR tnafdl G PORBIHN 1R X dd addidl @ the2 Ca SKi

HPV- 16
above reaction mixture. The reaction was stirred at 60°C overnight, cooled to

room temperature, and concentrated. The product was partitioned between
5 EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na2SOy, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH2CL) to give
the bisphosphonamidate (0.13 g, 65%) as a pale yellow foam: 'H NMR (CDCls)
' 7.62 (s, 1H), 4.23 (m, 2H), 4.09 (m, 4H), 4.01 (m, 2H), 3.86 (m, 2H), 3.72 (m, 2H),
10 299 (broad, s, 1H), 1.61 (m, 4H), 1.36-1.29 (m, léH), 0.88 (m, 6H), 0.84 (m, 2H), 0.60
(m, 2H); P NMR (CDCls) 8 20.61.

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

15  alanine n-octanyl ester hydrochloride (0.43 g, 1.80 mmol), and triethylamine (0.51
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

20  room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Naz50y, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on IS'CO (2-propanol/CH:CL) to give
the bisphosphonamidate (0.13 g, 61%) as a pale yellow foam: 'H NMR (CDCls) d

25  7.61 (s, 1H), 4.21 (m, 2H), 4.07-4.00 (m, 6H), 3.84-3.70 (m, 4H), 2.98 (broad, s, 1H),
1.60 (m, 4H), 1.34 (m, 6H), 1.27 (m, 20H), 0.87 (m, 6H), 0.83 (m, 2H), 0.58 (m, 2H);
3P NMR (CDCls) 6 20.63.
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(600 copies per cell) Epidernoid carcinoma, netastased to small intestine from
cervix 18 (al so contains a partial HPV-45 genone) Epidernoid
carci nona,_ et ast ased to !énph node from cerviXx chﬁ/t hel i al _adeno ar ci noma in

cervix A ,315@1 pamjiglate e X yrg.of phosplronica (080 gad-d7 momRDi FrZer vi x

ME- 180 HPV-39
ammobuty-nc acid ethyl ester hydrochloride (2.15 g, 12.80 mmuol), and

triethylamine (3.57 mL, 25.56 mmol) in pyridine (3.0 mL) was heated to 60°C for 5
5 min. A freshly prepared bright yellow solution of aldrithiol (3.29 g, 14.91 mmol)
and triphenylphosphine (3.92 g, 14.91 mmol) in pyridine (3.0 mL) was added to
the above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
room temperature, and concentrated. The product was partitioned between |
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
10 with NazSO, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
MeOH/CHz(L) to give the bisphosphonamidate (0.71 g, 60%; Compound D) as a
pale yellow foam: 'H NMR (CDCl) 5 7.64 (s, 1H), 4.24 (m, 2H), 4.16 (m, 4H), 3.89-
3.87 (m, 4H), 3.72 (d, ] = 9.0 Hz, 2H), 3.01 (broad, s, 1H), 1.78-1.64 (m, 4H), 1.26 (m,
15 6H), 0.91 (m, 6H), 0.87 (m, 2H), 0.61 (m, 2H); *'P NMR (CDCl) & 21.23.

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

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

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

25 BEtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Naz:SOq, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (10%
MeOH/CHzCL) to give the bisphosphonamidate (0.40 g, 31%, Compound C) as a
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1.60 (m, 4H), 1.37 (m, 4H), 0.94 (m, 6H), 0.90 (m, 6H), 0.86 (m, 2H), 0.62 (m, 2H);

3P NMR (CDCls) & 21.25.

Example 31
Bisphosphonamidate 31: A mixture of phosphonic acid 6 (0.10 g, 0.30 mmol), L-2-

aminobutyric acid n-octanyl ester hydrochloride (0.33 g, 1.82 mumol), and
triethylamine (0.51 mL, 3.60 mmol) in pyridine (1.0 mL) was heated to 60°C for 5
10 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
15 with Na:SOy, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol /CH:CL) to give
the bisphosphonamidate (0.12 g, 55%) as a pale yellow foam: 'TH NMR (CDCls) &
7.64 (s, 1H), 4.24 (m, 2H), 4.13-4.05 (m, 4H), 391 (m, 2H), 3.87-3.72 (m, 4H), 3.01
(broad, s, 1H), 1.78-1.65 (m, 4H), 1.61-1.29 (m, 24H), 0.91 (m, 6H), 0.89 (m, 6H),
20 0.86 (m, 2H), 0.62 (m, 2H); P NMR (CDCls) 8 21.20.

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

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

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

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

above reaction mixture. The reaction was stirred at 60°C overnight, cooled to
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kerati nocvtes None None, Keratinocytes in adult foreskin Keratinocytes in
Cel | 5 wor ShER HRPHRLIn BTG Sfin B A2l s PE U PRESIFRXS™ | ' he
o110 9 S LS TRl R ACONH A o SRLLS, TR DLETOeS xRl PN
st ept ony ol it SeSU bR B skePottd Rofb RERLEE o B Sl ear s
pent ci 111 roroaG 13 Fop e S0 Pl EoafRAP AR R G MR R B e
bovi ne opi L L) BRRP et g p8iey 3R s PR ETRA LR TR ™
Factor, 100480 45 2P9 Ve, 10k, 278 (AO9H; 495 T, IH)CLDOWHC LB, 4.04 (m,

1H), 3.63 (m, 2H), 3.33-3.21 (m, 2H), 3.04-2.78 (m, 5H), 1.20 (m, 6H), 0.83 (m, 2H),

0.58 (m, 2H); %P NMR (CDCls) & 20.38.

10 Example 33 i
Bisphosphonamidate 33: A mixture of phosphonic acid 6 (70 mg, 0.21 mmo}), L-

phenylalanine #-butyl ester hydrochloride (0.33 g, 1.26 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

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

20 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: 'TH NMR (CDCls) 0 7.51 (s, 1H), 7.23-7.06 (m,'IOH), 4.23 (m, 1H), 4.11-4.05
(m, 7H), 3.65 (m, 2H), 3.35-3.23 (m, 2H), 3.01 (m, 1H), 3.04-2.78 (m, 4H), 1.57 (m,
4H), 1.33 (m, 4H), 0.92 (m, 6H), 0.86 (m, 2H), 0.61 (m, 2H); 3P NMR (CDCls) &

25  20.35.

Example 34
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B2: Mediumfor antiproliferation assays: 4:1 mxture of Bl and A2. 5 Results

posi tive. RPROTFETHIHRIsalS IR SO PRORSASE P70 T (RETE o

o A LA A

e
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L A A T T
abi eb 79- 2y, e e TSevi a 3

72 - 559 seven a e prodrugs produce the sane

met abol i t LR %Qﬁ%g&ﬂ?ﬁ _ aAinfnJ wéagfa egﬁ&%%?ﬂgggﬁ%c} h@ﬁ%ﬁﬁe[cﬁ%ﬁ)t on et

al ., 1999; ste et I pr ation ese conpounds in

SiHa cel | SR 1Bl alCind BpbAesPullicl fRlREA btk TaRb RIS 2)

25i ndi cating that attachnent of ‘a_m date noieties i nproved potency.

Furth e L (VA WeTall - PVEG 17 d
ur t hegnor dld%Hv%l(s Pdtr)lﬁleea%?%mm m&ﬂa&gé%;%gyt SRITNVGLAP (avd were 17 an

4.1, respectively a , I'ndicatin t he prodrugs have better

sel ecti vitye 1SR YE R &&%i&ﬁﬁgﬁﬁgﬁ?gﬂggt&gﬁgggﬁoﬁ/%%éﬁwéw PVEG,

I nt 1?3?23 3/ VOV 107 ~PMEG 1's” known ated t o 'PMEGpp t hat
acts as a fohai: HINMR F@Dc%gabm gl, [12)) 70@4-7@%,@0@%2@%&?})9@@1 [Honpt on et

al ., 1999; Haste et al. 99] . Four "known I pol ymer ase inhibitors
(G dof ovi r2H\4a 1Gm,dex), BJSBK?Q'LL’BE,S;%‘énﬁQH)ﬂ&Bmslzs)(n%rEH}?BlWEZ.BSIKmPQ er drugs

with different nechani'snms of act'ion, including DNA topol sornarase inhibitors
( Dacar bazinez-2E9l(hh D] 18Y (mPNA) 206 (@l e2E), (XX Gh MR I0062 (vh ! TRIRAY VR
Bl eonyci n, Mechl orethanm ne), arid tublin inhibitors (Mincristine,
Vi nbl ast i NE€EDELPPLS.8Ue, and | ndanoci ne) were tested in SiHa and HEL cells
(Tabl e 79-2). Antiproliferation ECsoof these conpounds in 10Si _Ha cells
vari ed, and sone were equally or nore potent than the seven anmi date prodrugs.
Nonet hel ess, all of them exhibited poor HEL/Si Ha selectivity indices (0.01
-3.98), ¢ ¢ 3% t h t he seven ami date prodrugs. Taken together, a
uni que set of conpounds were taught, which shows sub-|ow nl VI
ant i prol i fRisBOCort dEEEMEINARRS: 18 mixsitel ofeptBisHhohficaid 6r(0.28 g5 6ld1smansd) gr eat er
than 50 fold selectivity when conpared with

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

20  heated to 60°C for 30 min. POCCl (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 o;gam'c phase was washed with brine, dried with NazSO4, filtered,
and evaporated under reduced pressure. The crude product was purified by

25  chromatography on ISCO (2-propanol/CH:CL) to give the bisPOC of cPrPMEDAP
(0.13 g, 39%) as a solid: 'H NMR (CDCls) & 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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| bisphosphonamidate (0.43 é, 75%) as a pale yellow foam.

15
Example 37
Monophosphonic Acid 38: A mixture of diacid 36 (1.30 g, 4.10 mmol) and DMF
(0.1 mL) in sulfolane (35 mL) was heated to 70°C. Thionylchloride (0.54 mL, 7.38
mmol) was added dropwise over a period of 1 h. The temperature was increased

20  to 90°C and TMSOPh (0.75 g, 4.51 mmol) was added and stirred for 1 h. The

| reaction mixture was cooled to room temperature overnight. The reaction

mixture was added dropwise to well-stirred, ice-cold acetone (100 mL). The
product was precipitated out. The solid was filtered and dissolved in MeOH (40
mlL) and pH was adjusted to 3 with 45% KOH. Solid was collected by filtration.

25  The product was further purified by dissolving in MeOH, adjusting pH to 6 with
45% KOH, and crystallizing from ice-cold acetone to give the monophosphonic

acid (0.20 g, 12%) as an off-white solid.
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mumol), L-alanine isopropyl ester hydrochloride (0.17 g, 1.00 mmol) and
triethylamine (0.10 g, 1.00 muol) in pyridine (2.0 mL) was heated to 60°C for 5
5 min. A freshly prepared bright yellow solution of aldrithiol (0.39 g, 1.75 mmol)

and triphenylphosphine (0.46 g, 1.75 mmol) in pyridine (2.0 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

10 with Naa50, 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 (0.14 g, 54%, 1:1

diastereomeric mixture) as a pale yellow foam.

15  Example 39 refers to Scheme 11
Example 39 '
Bisphosphonamidate 41: A mixture of phosphonic acid 40 (0.36 g, 1.00 mmol), L-
alanine n-butyl ester hydrochloride (0.47 g, 2.60 mmol), and triethylamine (0.27 g,
2.60 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freshly prepared
20 bright yellow solution of aldrithiol (0.77 g, 3.50 mmol) 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 Na:SOs, filtered,
25 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, 35%) as a pale yellow foam.
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Examples 40 to 56 refer to Schemes 12 to 16.

Example 40

Bisphosphonamidate 43: A mixture of phosphonic acid 42 (0.37 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 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 Naz2SO;, filtered,
and evaporated under reduced pressure. The crude product was purified by
column chromatography on silica gel (10% MeOH/CHzCl) to give the

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

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

alanine butyl ester hydrochloride (0.94 g, 5.20 mmol), and triethylamine (0.54 g,
5.20 mmol) in pyridine (5.0 mL) was heated to 60°C for 5 min. A freshly prepared
bright yellow solution of aldrithiol (1.54 g, 7.00 mmol) and triphenylphosphine
(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 Na2SOy, 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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Monophosphonic Acid 46: A mixture of diacid 44 (10.00 g, 36.30 mmol) and DMF
(0.2 mL) in sulfolane (50 mL) was heated to 70°C. Thionylchloride (4.72 mL, 64.70
mmol) was added dropwise over a period of 1 h. The temperature was increased
to 90°C and TMSOPh (6.65 g, 40.00 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
and dried under vacuum to give the monophosphonic acid (12.40 g, 97%) as a

solid.

Example 43
Monophosphonamidate 47: A mixture of monophosphonic acid 46 (1.00 g, 2.86

mmol), L-alanine methyl ester hydrochloride (0.80 g, 5.73 mmol) and
triethylamine (0.58 g, 5.73 mmol) in pyridine (5.0 mL) was heated to 60°C for 5
min. A freshly prepared bright yellow solution of aldrithiol (2.21 g, 10.00 mmol)
and triphenylphosphine (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 Naz30s, filtered, and evaporated under reduced pressure. The crude
product was purified by column chromatography on silica gel (7%
MeOH/CHzCiz) 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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triethylamine (0.20 g, 2.00 mmol) in pyridine (2.0 mL) was heated to 60°C for 5
min. A freshly 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 NalHCOs. The organic phase was washed with brine, dried
with Na2S0y, 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 containing some impurity.
The resulting compound was treated with fumaric acid (77 mg) in hot CHaCN (10
mL) and cooled to room temperature. The product was precipitated out and
dried under vacuum to give the fumarate salt of monophosphonamidate (0.13 g,

22%, 1:1 diastereomeric mixture) as a solid.

Example 45
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 H20. 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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L-alanine isopropyl ester hydrochloride (0.11 g, 0.68 mmol), phenol (0.16 g, 1.69
mmol) and triethylamine (0.28 mL, 2.03 mmol) in pyridine (2.0 mL) was heated to
60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol (0.52 g,
2.37 mmol) and triphenylphosphine (0.62 g, 2.37 mmol) in pyridine (2.0 mL) was
added to ﬂme 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 Naz:50s, filtered, and evaporated under reduced pressure. The
crude product was purified by column chromatography on silica gel (5%
MeOH/CH:zCL) to give the monophosphonamidate (50 mg, 26%, 1:1

diastereomeric mixture) as a thick oil.

Example 47
Monophosphonamidate 52: A mixture of monophosphonamidate 51 (50 mg, 0.09

mmol) and PA(OH)z/C (50 mg) in iPrOH (3 mL) was stirred at room temperature
under 1 atm of 1 (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/CHCl) to give the monophosphonamidate (40 mg, 95%, 1:1

diastereomeric mixture) as an off-white foam.

Example 48
Bisphosphonamidate 54: A mixture of phosphonic acid 53 (0.10 g, 0.35 mmuol), 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.

96



0. 40856 324 Dacar ba-zi ne DNA topo i nh 3.987402 29481 EllipliclneJDNA topo it
]M ,([) gxng o rlgl%% Sg}l%glﬁa $‘t| é%éta overmgh13coo(fed°’ lo fodiR ’celnpggargt%ré1 e

concentrated. The product was partitioned between EtOAc and saturated

NaHCOQOs. The organic phase was washed with brine, dried with Na2S0y, filtered,

and evaporated under reduced pressure. The crude product was purified by

5 column chromatography on silica gel (15% MeOH/CHzCL) to give the

bisphosphonamidate (25 mg, 13%) as a pale yellow foam: 'HH NMR (CDsOD) & 7.82

(s, 1H), 4.26 (m, 2H), 4.11 (m, 4H), 3.94 (m, 2H), 3.88 (m, 2H), 3.78 (m, 2H), 1.61 (m,

4H), 1.39 (m, 4H), 1.34 (m, 6H), 0.95 (m, 6H); 3P NMR (CDCls) d 23.39.

10 Example 49
Diisopropyl Phosphonate 55: A mixture of 4 (3.00 g, 7.66 mmol) and 10% Pd/C

(0.60 g) in MeOH (30 mL) was stirred at room temperature under 1 atm of Hz
(balloon) overnight. The reaction mixture was filtered through a plug of celite
and the solvent was removed on rotavap. The crude product was purified by

15 column chromatography on silica gel (5% MeOH/CHCIs) to give the diisopropyl
phosphonate (2.08 g, 76%) as a thick oil which was solidified upon standing: 'H
NMR (CDCls) 4 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); 3P NMR (CDCL) d 18.47.

20  Example 50
Phosphonic Acid 56: Diisopropyl phosphonate 55 (0.10 g, 0.28 mmol) was

dissolved in CHsCN (1.5 mL) and cooled to 0°C. Bromotrimethylsilane (0.18 mL,
1.40 mmél) was added. The reaction mixture was stirred at 0°C for 2 h and
warmed to room temperature overnight. DMF (0.5 mL) was added to form a

25  solution and stirred for 2 h. MeOH was added and stirred for 2 h. Volatiles were
evaporated under reduced pressure. The remaining DMF solution was added

slowly to ice-cold CHsCN and the product precipitated out. The solid was
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white solid.

Example 51
5 Bisphosphonamidate 57: A mixture of phosphonic acid 56 (23 mg, 0.08 mamol), L-

alanine n-butyl ester hydrochloride (91 mg, 0.50 mmol), and triethylamine (0.14
mlL, 0.96 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

10  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 Naz50, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CHzCL) to give

15  the bisphosphonamidate (17 mg, 38%) as a pale yellow foam: 'H NMR (CDCls) &
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 (CDCl) d 20.70.

20 Example 52
Monophosphonamidate 58: A mixture of phosphonic acid 56 (20 mg, 0.07 mmol),

L-phenylalanine ethyl ester hydrochloride (33 mg, 0.14 mmol), phenol (33 mg,
0.35 mmol) and triethylamine (0.12 mL, 0.84 mmol) in pyridine (0.5 mL) was
heated to 60°C for 5 min. A freshly prepared bright yellow solution of aldrithiol
25 (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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Sel ectivi tgre spﬂlg %’h@ c%de product was purified by chromatography on ISCO (2-
ﬁropanol/CH;.Ch) to give the monophosphonamidate (13 mg, 34%, 1:1
diastereomeric mixture) as an off-white foam: 'H NMR (CDCls) 8 8.69 (d, ] =15.0
5 Hz 1H),7.84 (d, ] = 4.2 Hz, 1H), 7.25-6.97 (m, 10H), 4.35 (m, 1H), 4.23 (m, 2H), 4.08
(m, 2H), 3.85 (m, 1H), 3.72 (m, 1H), 3.73-3.62 (rri, 1H), 3.38 (m, 1H), 2.95-2.86 (m,

2H), 1.17 (m, 3H); *P NMR (CDCls) & 21.67, 20.84.

Example 53
10  Diisopropyl Phosphonate 59: A mixture of compound 4 (1.00 g, 2.56 mmol) and

allylamine (3 mL) in CHsCN (3.0 mL) was placed in a scintillation vial and heated

to 65°C for 5 h. The reaction mixture was cooled to room temperature and

concentrated under reduced pressure. The product was partitioned between

EtOAc and brine, dried with Na250;, filtered, and concentrated. The product was
15  dissolved in minimal CHsCN and Hz0 was added and lyophilized to give the

diisopropyl phosphonate (1.00 g, 95%).

Example 54
Phosphonic Acid 60: Diisopropyl phosphonate 59 (1.00 g, 2.43 mmol) was

20  dissolved in CHsCN (1.5 mL) and cooled to 0°C. Bromotrimethylsilane (0.31 mL,
12.15 mmol) was added. The reaction mixture was stirred at 0°C for 2 h and
warmed to room temperature overnight. DMF (0.5 mL) was added to form a
solution and stirred for 2 h. MeOH was added and stirred for 2 h. Volatiles were
evaporated under reduced pressure. The remaining DMF solution was added

25  slowly toice-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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Monophosphonamidate 61 and Bisphosphonamidate 62: A mixture of diacid 60
(0.40 g, 1.20 mmol), L-alanine isopropyl ester hydrochloride (0.49 g, 2.40 mmol),
phenol (0.68 g, 7.20 mmol), and triethylamine (1.0 mL, 7.20 mmol) in pyridine (3.0
5 mL) was heated to 60°C for 5 min. A freshly prepared bright yellow solution of

aldrithiol (1.84 g, 8.40 mmol) and triphenylphosphine (2.20 g, 8.40 mmol) in
pyridine (3.0 mL) was added to the above reaction mixture. The reaction was
stirred at 60°C overnight, cooled to room temperature, and concentrated. The
product was partitioned between EtOAc and saturated NaHCQOs. The organic

10  phase was washed with brine, dried with NazS0O, filtered, and evaporated under
reduced pressure. The crude product was purified by column chromatography
on silica gel (5-10% MeOH/CH:Cl) to give monophosphonamidate 61 (0.52 g,
37%, 1:1 diastereomeric mixture) and bisphosphonamidate 62 (0.13 g, 20%).

15  Example 56
Bisphosphonamidate 63: A mixture of phosphonic acid 60 (0.33 g, 1.00 mmol), L-

alanine butyl ester hydrochloride (0.47 g, 2.60 mmol), and triethylamine (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
20 (092 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
NaHCQOs. The organic phase was washed with brine, dried with Na:SOs, filtered,
and evaporated under reduced pressure. The crude product was purified by
25  column chromatography on silica gel (10% MeOH/CH:2CL) to give the
bisphosphonamidate (0.32 g, 55%) as a pale yellow foam.
Example 57 relates to Scheme 17.

Example 57
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BisPOC of 6-allylPMEDAP 64: A mixture of phosphonic acid 60 (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. POCC1 (0.45 g, 2.92 mmol) was added. The
reaction mixture was stirred at 60 °C for 3 h, cooled to room temperature, and
5 concentrated. The product was partitioned between EtOAc and saturated

NaHCO:s. The organic phase was washed with brine, dried with Na25Oy, filtered,
and evaporated under reduced pressure. The crude product was purified by
chromatography on ISCO (2-propanol/CH2ClL) to give the bisPOC of 6-
allylPMEDAP 64 (0.11 g, 32%, GS 192727) as a solid: "TH NMR (CDCls) 8 7.60 (s,

10 1H), 6.00 (m, 1H), 5.66 (m, 4H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.92 (m, 2H), 4.80 (s,
2H), 4.22 (m; 4H), 3.95 (m, 4H), 1.35 (m, 12H); 3P NMR (CDCls) 6 20.94.

Examples 58 to 61 relate to Scheme 18.
Example 58 |

15  Bisphosphoamidate 65: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol), L-
alanine ethyl ester hydrochloride (0.1 g, 0.65 mmol), and triethylamine (0.2 mL,
1.43 mmol) in pyridine (0.5 mL) was heated to 60 °C for 5 min. A freshly prepared
bright yellow solution of aldrithiol (0.16 g, 0.74 mmol) and triphenylphosphine
(0.20 g, 0.75 mmol) in pyridine (0.5 mL) was added to the above reaction mixture.

20 The reaction was stirred at 60 °C overnight, cooled to room temperature, and
concentrated. The product was partitioned between EtOAc and saturated
NaHCQOs. The organic phase was washed with brine, dried with Naz2SOs, filtered,
and evaporated under reduced pressﬁre. The crude product was purified by
chromatography on ISCO (2-propanol/CH:CL) to give the bisphosphoamidate (23

25  mg, 41%) as a pale yellow foam: 'H NMR (CDCl) & 7.70 (s, 1H), 6.00 (m, 1H), 5.30
(dd, 1H), 5.17 (dd, 1H), 4.30 (m, 4H), 4.20-4.00 (m, 6H), 3.89 (m, 2H), 3.72 (m, 2H),
3.42 (m, TH), 3.2 (m, 1H), 1.45-1.25 (m, 12H); %P NMR (CDCls) & 20.77.
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Bisphosphoamidate 66: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol), L-
alanine cyclobutyl ester hydrochloride (0.33 g, 0.91 mmol), and triethylamine (0.50
mlL, 3.59 mmol) in pyridine (2.0 mL) was heated to 60 °C for 5 min. A freshly
5 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 between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried

10  with Na2SOs, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CHzCl) to give
the bisphosphoamidate (45 mg, 26%) as a pale yellow foam: 'H NMR (CDCls) 3
7.60 (s, 1H), 6.00 (m, 1H), 5.30 (dd, 1H), 5.18 (dd, 1H), 5.00 (m, 2H), 4.78 (s, 2H),
4.30 (m, 4H), 4.00 (m, 2H), 3.89 (m, 2H), 3.72 (m, 2H), 3.38 (m, 1H), 3.19 (m, 1H),

15 238 (m, 4H), 2.10 (m, 4H), 1.85-1.60 (m, 4H), 1.45 (m, 6H); 3'P NMR (CDCL) &
20.61.

Example 60
Bisphosphoamidate 67: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol), L-

20  alanine n-hexyl ester hydrochloride (0.25 g, 1.21 mmol), and triethylamine (0.7
mlL, 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 overnight, cooled to

25  room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na:SO, 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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7.65 (s, 1H), 6.00 (m, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.80 (s, 2H), 4.25 (m, 4H),
4.20-4.00 (m, 6H), 3.85 (m, 2H), 3.72 (m, 2H), 3.42 (m, 1H), 3.20 (m, 1H), 1.70 (m,
4F), 1.32 (m, 18H), 0.96 (m, 6H); P NMR (CDCl:) § 20.61.

Example 61
Bisphosphoamidate 68: A mixture of phosphonié acid 60 (35 mg, 0.11 mmol), L-2-

aminobutyric acid n-butyl ester hydrochloride (0.13 g, 0.64 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:SOy, filtered, and evaporated under reduced pressure. 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); 3P NMR (CDCls) § 21.25.

Examples 62 to 71 related to Scheme 19.

Example 62 |

Bisphosphoamidate 69: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol), L-
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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room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was waéhed with brine, dried
with NazSO;, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:Cl) to give
the bisphosphoémidate (28 mg, 39%) as a pale yellow foam: TH NMR (CDCls) &
7.58 (s, 1H), 7.28-7.03 (m, 10H), 6.00 (m, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.25-4.00
(m, 8H), 3.65 (m, 2H), 3.42-3.19 (m, 2H), 3.15-2.77 (m, 6H), 1.23 (m, 6H); 3P NMR
(CDCl) 8 20.34.

Example 63
Bisphosphoamidate 70: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol), L-

phenylalanine n-butyl ester hydrochloride (0.15 g, 0.58 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 Na250s, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH2CL) to give
the bisphosphoamidate (49 mg, 63%) as a pale yellow foam: TH NMR (CDClL) §
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, 4F), 0.96 (m, 6H); P NMR (CDCls) § 20.35.

Example 64
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phenylalanine isobutyl ester hydrochloride (0.31 g, 1.20 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 (0.44 g, 2.00 mmol) and
triphenylphosphine (0.53 g, 2.00 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
FtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na2SO,, filtered, and evaporated under reduced pressure. The crude
product was purified by chromatography on ISCO (2-propanol/CH:CL) to give
the bisphosphoamidate (94 mg, 42%) as a pale yellow foam: 'H NMR (CDCL) 3
7.55 (s, 1H), 7.27-7.03 (m, 10H), 6.00 (m, 1H), 5.70 (s, broad, 1H), 5.25 (dd, 1H), 5.17
(dd, 1H), 4.78 (s, 2H), 4.25-4.08 (m, 4H), 3.87 (m, 4H), 3.65 (m, 2H), 3.42-3.19 (m,
2H), 3.17-2.78 (m, 6H), 1.97 (m, 2H), 0.96 (m, 12H); 3P NMR (CDCls) 6 20.31.

Example 65
Monbphosphoamidate 72: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-alanine ethyl ester hydrochloride (32 mg, 0.20 mmol), phenol (50 mg, 0.53
mmol) and triethylamine (0.2 mL, 1.43 mmol) in pyridine (0.5 mL) was heated to
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:S5Os;, 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: tH NMR (CDCls) 6 7.62 (d, 1H), 7.30-7.04 (m, 5H), 6.00 (m, 1H), 5.30
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(dd, 1H), 5.18 (dd, 1H), 4.30-4.05 (m, 7H), 3.90-3.80 (m, 4H), 1.23 (m, 6H); *P NMR

(CDCls) § 21.89, 20.65.

Example 66 _
5 Monophosphoamidate 73: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-alanine n-butyl ester hydrochloride (39 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
10. 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 NazSO;, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CH2Cl) to
15 give the monophosphoamidate (16 mg, 28%, 1:1 diastereomeric mixture) as an off-
white foam: "H NMR (CDCls) § 7.61 (d, 1H), 7.32-7.06 (m, 5H), 6.00 (m, 1H), 5.80
(s, broad, 1H), 5.30 (dd, 1H), 5.20 (dd, 1H), 4.80 (m, 2H), 4.30-4.05 (m, 7H), 3.90-
3.80 (m, 4H), 3.90-3.60 (m, 2H), 1.60 (m, 2H), 1.32 (m, 5H), 0.96 (m, 3H); *P NMR
(CDCls) 6 21.96, 20.70.
20 !
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
25 60 °Cfor 5min. 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
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between EtOAc and saturated NaHCOs. The organic phase was washed with
brine, dried with Naz2S0Os, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CHzCl) to
give the monophosphoamidate (28 mg, 17%, 1:1 diastereomeric mixture) as an off-

white foam: TH NMR (CDCls) & 7.60 (d, 1H), 7.25-7.03 (m, 5H), 6.00 (m, 1H), 5.30

' (dd, 1H), 5.18 (dd, TH), 5.00 (m, 2H), 479 (d, 2H), 4.28-4.05 (m, 4H), 3.90 (m, 4H),

3.70 (m, 1H), 3.57 (m, 1H), 2.30 (m, 2H), 2.00-1.60 (m, 4H), 1.25 (m, 3H); *P NMR
(CDCls) §21.91, 20.64.

Example 68
Monophosphoamidate 75: A mixture of phosphonic acid 60 (0.10 g, 0.30 mmol),

L-alanine n-hexyl ester hydrochloride (0.13 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 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 Na250O;, filtered, and evaporated under reduced pressure. The
crude product was purified by chromatography on ISCO (2-propanol/CH:CL) to
give the monophosphoamiaate (28 mg, 16%, 1:1 diastereomeric mixture) as an off-
white foam: TH 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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Monophosphoamidate 76: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-2-aminobutyric acid n-butyl ester hydrochloride (42 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
5 (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 Na250, filtered, and evaporated under reduced
10  pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:CL) to give the monophosphoamidate (17 mg, 29%, 1:1
diastereomeric mixture) as an off-white foam: 'H NMR (CDCL) 6 7.60 (d, 1H),
7.25-7.03 (m, 5H), 6.00 (m, 1H), 5.30 (d.d, 1H), 5.17 (dd, 1H), 4.78 (d, 2H), 4.30-4.03
(m, 7H), 3.95-3.80 (m, 4H), 3.62 (m, 1H), 3.40 (m, 1H), 1.80-1.60 (m, 4H), 1.38 (m,
15  2H), 0.98-(;.75 (m, 6H); *P NMR (CDCl) § 22.26, 20.95.

i

Example 70
Monophosphoamidate 77: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-phenylalanine ethyl ester hydrochloride (48 mg, 0.21 mmol), phenol (50 mg,

20 0.53 mmol) and triethylamine (0.2 mL, 1.43 mmol) in pyridine (0.5 mL) was
heated to 60 °C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.16 g, 0.74 mmol) and triphenylphosphine (0.20 g, 0.75 mmol) in pyridine (0.5
mL) was added to the above reaction mixture. The reaction was stirred at 60 °C
overnight, cooled to room temperature, and concentrated. The product was

25 partitioned between EtOAc and saturated NaHCOs. The organic phase was
washed with brine, dried with Naz2S0s, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:CL) to give the monophosphoamidate (14 mg, 23%, 1:1
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diastereomeric mixture) as an off-white foam: "H NMR (CDCls) § 7.60 (d, 1H),
7.25-7.03 (m, 10H), 6.00 (m, 1H), 5.30 (dd, 1H), 5.17 (dd, 1H), 4.80 (m, 2H), 4.40-
4.08 (m, 7H), 3.85-3.65 (m, 4H), 3.38-3.25 (m, 2H), 2.95-2.86 (m, 2H), 1.20 (m, 3H);
3P NMR (CDCls) & 21.86, 21.06.

Example 71
Monophosphoamidate 78: A mixture of phosphonic acid 60 (35 mg, 0.11 mmol),

L-phenylalanine n-butyl ester hydrochloride (55 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 NaHCOs. The organic phase was
washed with brine, dried with Naz50s, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:zCly) to give the monophosphoamidate (18 mg, 28%, 1:1
diastereomeric mixture) as an off-white foam: 'H NMR (CDCls) 6 7.60 (d, lH),I
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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15 mmol), L-alanine cyclobutyl ester hydrochloride (0.11 g, 0.61 mmol), phenol (0.13
g, 1.4 mmol), and triethylamine (0.51 mL, 3.67 mmol) in pyridine (2 mL) was
heated to 60 °C for 5 min. A freshly prepared bright yellow solution of aldrithiol
(0.47 g, 2.12 mmol) and triphenylphosphine (0.56 g, 2.14 mmo]l) in pyridine (1.0
mL) was added to the above reaction mixture. The reaction was stirted at 60 °C

20  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:SOs, filtered, and evaporated under reduced
pressure. The crude product was purified by chromatography on ISCO (2-
propanol/CH:Cl2) followed by Gilson HPLC purification (CHsCN/H:z0) to give the

25 monophosphoamidate (33 mg, 20%, 1:1 diastereomeric mixture) as an off-white

foam: 'H NMR (CDCls) § 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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Example 75

Bisphosphoamidate 82: A mixture of phosphonic acid 6 (60 mg, 0.18 mmol), L-

alanine cyclopenty] ester hydrochloride (0.13 g, 0.72 mmol), and triethylamine

(0.31 mL, 2.16 mmol) in pyridine (1.0 mL) was heated to 60°C for 5 min. A freshly
25  prepared bright yellow solution of aldrithiol (0.28 g, 1.26 mmol) and

triphenylphosphine (0.34 g, 1.26 mmol) in pyridine (0.5 mL) was added to the

above reaction mixture. The reaction was stirred at 60 °C overnight, cooled to

room temperature, and concentrated. The product was partitioned between
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of apo_ptosis (caspase 3 induction nethod) A representative conpound of the
present invention was tested for 10 induction of apoptosis in SiHa cells.

Wien cel | s5 ilgcubated for 72 hrs (solid bars), significant dose
r esponsi ve‘%%@gr‘l‘on of caspase was observed, indicating that the conpound
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48 hr incub (shaded bars) and was not observed with 24 hr incubation
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PMEG N6- cycl prggyl éIXQI\/EDAg’ and d represent(gﬁ@\r;% conpoun?f of the present

i nvention Mﬁﬂglhﬁﬁﬁ@ft}.z@ mihres ﬂhiélpﬁep%ﬁam@mm inedisheat@d td BT Fbi0m Of

apoptosis in SiHa ce usi ng Annexin Propi diurn iodi de doubl e staining 20

net hod. Wﬁqth.aAlfréémyegrm@w@m yallgheilefioR ef arititags (0f19gpombahielrel | s
wer e observed on day than day 3. The aforenenti oned representative conpound

3. 8% of callS i n e ool tur & LT 3ated w Ch 03 b0 m of L hio compount were .
apopt dbi c.aboveceattiasinixttié.t The sedctioatveds stitrdd @t 80 °C overdigRlykGoRiidtc0. 5 pg/ mL
No-evel Oprr%gﬁ temperature, and concentrated. The product was partitioned between

EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried

with Na:SO, filtered, and evaporated under reduced pressure. The crude

product was purified by chromatography on silica gel (5% MeOH/CHzCL) to give

20  the bisphosphoamidate (20 mg, 22%) as a pale yellow foam: 'H NMR (CDCL) &
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, 2E); *P NMR (CDCl) § 20.31.

25 Examples 77 and 78 relate to Scheme 23.

Example 77
Diisopropyl Phosphonate 84: A mixture of 4 (5.0 g, 12.82 mmol) and

trifluoroethylamine (6.35 g, 64.10 mmol) in CHsCN (40 mL) was placed in a
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25 PMEDAP only had 1.2 %and 15.9 %of apoptotic cells, respectively. Table
It E A R S T A T
S ekl ST MY RSNt e TRty Ao ERL BBt o
partitioned between 15% MeOH/CH:CL (3 x) and brine, dried with Na2SOx,
filtered, and concentrated. The crude product was purified by chromatography
5 onISCO (2-propanol/CH2Cl) followed by Gilson HPLC purification
(CHsCN/H:0) to give 84 (3.26 g, 56%) as a pale yellow foam.

Example 78
Bisphosphoamidate 85: A mixture of phosphonic acid 42 (0.11 g, 0.29 mmol), L-

10  alanine cyclobutyl ester hydrochloride (0.31 g, 1.75 mmol), and triethylamine (0.52
mL, 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

15  room temperature, and concentrated. The product was partitioned between
EtOAc and saturated NaHCOs. The organic phase was washed with brine, dried
with Na250;, 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) &

20 7.65 (s, 1H), 5.90 (s, broad, 1H), 5.00 (m, 2H), 4.80 (s, 2H), 4.35-4.20 (m, 4H), 4.00
(m, 2H), 3.87 (m, 2H), 3.70 (d, 2H), 3.38 (m, 1H), 3.20 (m, 1H), 2.30 (m, 4H), 2.00
(m, 4H), 1.90-1.60 (m, 4H), 1.35 (m, 6H); *'P NMR (CDCls) § 20.61.

Example 79

25 This example teaches assays used to demonstrate antiproliferation activity.
Cell types used for anti-proliferation assays
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HPV negative cervical carcinoma cell line, and two keratinocyte-like carcinoma
from tongue.' Normal human cells tested included skin keratinocytes, cervical
keratinocytes, and lung fibroblasts. Skin keratinocytes and cervical
keratinocytes were obtained from Cambrex (East Rutherford, NJ) and all other
cells were obtained from American Type Culture Collection (Manassas, VA).

Table 79-1 summarizes characteristics of each cell type and culture conditions.

Anti-proliferation assay procedure

1. Cell culture

Cells were detached from culture flasks using trypsin, counted, and plated in 96-
well culture plates (250- 1000 cells per well, depending on cell type). On the
next day (déﬁned 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 procedutre
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 nmn
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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Cells were naintained in humdified i ncubators at 37C with 5% CO2 , |n the

followi ng cultuge nedia, f agged
Earl e's BSS (C;[?fﬂ?rngerﬁgrslél%l\@% JO S%@ glr%p %\gnte 15?(% 10%fet aI
bovi ne serum AH gl ut am ne, 100 un| ts/nl penl cillin, and 100 pg/nL

strept omycin. dium for antiproliferation assays: Eagle MEMwith Earle's
BSS, supplenented with 5% fetal bovine serum 2 nMglutamnne, 100 units/nL

penicillin, and 100 pginm streptomycin. 51: Medium for culture naintenance:
Ker at i nocyTeﬂaléb"Ml( |@atl typegened Ganhspadife@ijon dSayppl emented with 0.01 ng/nl
bovine pituitary extract, 0.001 pg/nL reconbinant ~epidernmal growh
factor,5 100 units/nl penicillin_ and 100 pg/nl str 2: Modi-um f or
ant | proI | fler ati-on™ assays: | 4:1 mic xt'ur g of 51 and A2 flLul, 11 31 ﬂ'%'ﬁr(fl:), Tabl e
80-2. AntiproNaferat i on. B statys of OEWIbVEDAP | n HIVMERIE| (1 cel | s
and HEL filbrobl asts 6- hexarﬂP\tmrtwebmnmynbmaneﬂdlm hyl benzyl am ne
4- am nobenzyl'am ne 2-pimenyd et hanam ne. ... 2-pyridi nyl 1-nethanam ne
3-pyridinyl 1-gmahanami-peopies per cell) | Squamous celi carcinoma in cervix | A1, A2
HPV-16 Epidermoid carcinoma, metastased
Ca Ski (600 copies per cell) | to small intestine from cervix A1, A2
HPV-18
(also contains a
partial HPV-45 Epidermoid carcinoma, metastased
MS751 genome) to lymph node from cervix A1, A2
Hela HPV-18 Epithelial adenocarcinoma in cervix A1, A2
C-41 HPV-18 Carcinoma in cervix A1, A2
Epidermoid carcinoma, metastased
ME-180 HPV-39 to omentum from cervix | A1, A2

HPV negative carcinoma cell lines
Carcinoma, metastased to lymph

HT-3 None node from cervix A1, A2
SCC4 None Squamous cell carcinoma in tongue | A1, A2
SCC9 None Squamous cell carcinoma in tongue | A1, A2

Cells from normal human tissues
HEL299 None Fibroblasts in embryonic lung A1, A2
PHK
(skin ,
keratinocytes) | None Keratinocytes in adult foreskin B1, B2
CK (cervical
keratincytes) | None . Keratinocytes in adult cervix B1, B2

* Culture media
Cells were maintained in humidified incubators at 37°C with 5% COz, in the
following culture media.
10
Al: Medium for culture maintenance: Eagle MEM with Earle’s BSS (Cambrex,
East Rutherford, NJ), supplemented with 10% fetal bovine serum, 2 mM
glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin.
A2: Medium for antiproliferation assays: Eagle MEM with Earle’s BSS,
15 supplemented with 5% fetal bovine serum, 2 mM glutamine, 100 units/mL
penicillin, and 100 pg/mL streptomycin.
B1: Medium for culture maintenance: Keratinocyte-SFM (Invitrogen, Carlsbad,
CA), supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 pug/mL
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1. Selective antiproliferation activity of the amidate prodrugs in HPV
positive SiHa cells compared with normal fibroblasts.

The goal was to discover a compc;und that inhibits growth of HPV-

transformed lesion without affecting normal cells in epidermis and dermis

10 (such as keratinocytes and fibroblasts). In vitro antiproliferation assays
were setup using Sila cells and HEL cells, which model HPV-transformed
lesion and normal fibroblasts, respecti’vely. SiHa cells are derived from
squamous cell carcinoma in cervix caused by HPV-16 infection and HEL
fibroblasts are derived from normal human embryonic lung (Table 79-1).

15 As shown in Table 79-2, 50% effective concentration (ECso) of the seven
amidate prodrugs in SiHa cells ranged 0.13 - 3.2 nM, while ECso 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 ECx) ranged from 72 — 559

20 (Table 79-2).

All seven amidate prodrugs produce the same metabolite,
cprPMEDAP. cprPMEDAP is further metabolized to PMEG [Compton et
al,, 1999; Haste et al., 1999]. Antiproliferation ECso of these compounds in
Sita cells were much higher than those of the prodrugs (Table 79-2),

25 indicating that attachment of amidate moieties improved potency.
Furthermore, HEL/SiHa selectivity indices of cprPMEDAP and PMEG
were 17 and 4.1, respectively (Table 79-2), indicating that the prodrugs
have better selectivity than cprPMEDAP and cprPMEDAP has better
selectivity than PMEG.
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chain-terminating inhibitor of cellular DNA polymerase [Compton et al.,
1999; Haste et al., 1999]. Four known DNA polymerase inhibitors
(Cidofovir, Ara C, doxifluridine, and Aphidicolin) and other anticancer
5 drugs with different mechanisms of action, including DNA topoisomarase
inhibitors (Dacarbazine, Ellipticine), DNA alkylaters (Doxorubicin,
Mitoxantrone, Bleomycin, Mechlorethanmine), and tublin inhibitors
(Vincristine, Vinblastine, Etoposide, and Indanocine) were tested in SiHa
and HEL cells (Table 79-2). Antiproliferation ECsoof these compounds in
10 SiHa cells varied, and some were equally or more potent than the seven
amidate prodrugs. Nonetheless, all of them exhibited poor HEL/SiHa
selectivity indices (0.01 - 3.98), compared with the seven amidate prodrugs.
Taken together, a unique set of compounds were taught, which
shows sub-low nM antiproliferation ECsoin HPV-16 positive SiHa
15 carcinoma cells and greater than 50 fold selectivity when compared with

HEL fibroblasts.

2. Selective antiproliferation activity of the amidate prodrugs in HPV
positive SiHa cells compared with normal keratinocytes

20 In order to test effect of the compounds in normal cells from
epidermis, anti-proliferation assays were performed using primary human
keratinocytes, isolated from skin (PHK) and cervix (CK). Antiproliferation
ECso values obtained with the s:elven prodrugs in PHK and CK were lower
than those in HEL, indicating that keratinocytes are more susceptible than

25 fibroblasts (Table 79-2 and 79-3). Nonetheless, PHK/SiHa and CK/SiHa
selectivity indices of these prodrugs and cprPMEDAP were still better than
the control compounds PMEG and a DNA polymerase inhibitor AraC
(Table 79-3). Thus, the prodrugs preferentially inhibited proliferation of
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HPV-16 positive SiHa cells, compared with normal keratinocytes from skin

and cervix.

3. Antiproliferation activities in other HPV positive cells
5 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-41, and MS751 cells, all compounds except Compound C
showed sub-low nM antiproliferation ECse. In CaSki, HeLa, and ME-180,

10 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 ECso values

15 ranging 94 - 257 nM.

4. Antiproliferation activities in HPV negative carcinoma cells
To investigate the effect of the compounds on HPV negative
carcinoma cell lines, three cell lines (HT-3, SCC4, SCC9, Table 79-1) were
20 tested in antiproliferation assays. As shown in Table 79-4, all seven

prodrugs were equally or more potent than the control compound AraC.
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Table 79-2. Selective inhibition of HPV16+ SiHa cells compared with HEL
fibroblasts

Antiproliferation EC50 (nM)
‘Selectivity
(HEL/SiHa) Sg?c?:;:/ri‘c;al HEL lung
Compound 1D. Note (HPV'16) foroblest
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 25 526
G 92 0.13 12
Controls
cprPMEDAP Metabolite 17 284 4821
PMEG Metabolite 4.1 207 861
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 043 9.76 4.20
Mitoxantrone DNA alkylater <0.37 8.67 <3.2
Mechiorethamine hydrochioride | DNA alkylater 1.02 21863 22203
Bleomycin DNA atkylater 0.01 3138 20.28
Vincristine Tublininh 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 0.27 588 169
5
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Table 79-3. Selective inhibition of HPV16+ SiHa cells compared with

primary keratinocytes
{ Antiproliferation EC50 (nM)
Seleclivity Selectivity
(PHK/SiHa) | (CKISIHa) | SiHacervical | oy gin OK cervical
c(ar:gsarg)a keratinocytes keratinocytes
Comp ID. Nots
A 58 11 0.6 35 7
B 75 42 1.3 9 54
c 4 7 0.20 0.8 1.4
D 12 7 3.2 39 22
E 10 11 0.50 5.2 5.4
F 31 3 25 78 7.1
G 2 15 0.13 2.9 1.9
Controls
CPrPMEDAP | metabolite 13 2.4 284 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

10

carcinoma cells

- Antiproliferation EC50 {(nM) In
Antiproliferation EC50 (nM) in HPV positive carcinoma cells HPV negative carcinoma cells
SiHa | CaSki | Hela | MS-751 | C-4l | ME-180 | HT-3 | SCC4 | SCC-9
HPV16 | HPV16 | HPV18 | HPV18 | HPV18 | HPV39 cervix tongue tongue
Comp ID.
A 0.6 29 16 1.7 6.5 27 14 17 40
B 1.3 246 410 18 27 254 104 53 150
C 0.20 3.87 6.6 0.54 1.0 7.8 9.5 2.1 2.5
D 3.2 301 398 16 24 288 127 44 147
E 0.50 38 19 2.40 3.1 27 17 8 13
F 2.5 124 127 4.2 6.0 41 24 10 28
G 0.13 28 12 0.9 3.1 8.2 6.0 2.4 7.9
Controls
AraC 257 94 174 144 123 101 214 74 68
Example 80
Antiproliferation assay
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Antiproliferation assays measure effect of compounds on proliferation of

cultured cells. Active compounds in antiproliferation assays may be cytostatic
(inhibit cell division) and/or cytocidal (kill cells). By performing antiproliferation
assays using HPV positive carcinoma cells and normal cells, we identify
compounds that selectively inhibit proliferation of HPV positive carcinoma cells
compared with cells from normal human tissues. Table 80-1 summarizes
characteristics of each cell type, including six cervical carcinoma cell lines
transformed by HHPV, normal human skin keratinocytes (PHK), and normal lung
fibroblasts (HEL). Skin keratinocytes were obtained from Cambrex (East
Rutherford, NJ). All other cells were obtained from American Type Culture
Collection (Manassas, VA).

Cells were detached from culture flasks using trypsin, counted, and plated
in 96-well culture plates (250- 100 cells per well, depending on cell type). On the
next day (defined as day 0), 5-fold serial dilutions of compounds were added in
duplicate. Seven days after addition of compounds, culture plates were treated

with 10% trichloroacetic acid at 4°C for 1 hr and washed with water. This

procedure allows cellular proteins to bind to the bottom surface of plates.
Proteins were stained with 0.4% Sulforhodamine B in 1% acetic acid for 10
minutes,' followed by extensive washing with 1% acetic acid. Remaining dye
bound to the bottom of plates was solubilized in 10mM Trizma base, generating
purple color. Intensity of the color (proportional.to cell nmhber) 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 usedas 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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determined. GraphPad Prism version 4.00 for Windows (GraphPad Software, San

Diego California USA) was used for the curve fitting and ECso calculation.

Apoptosis assay (caspase 3 induction method)

Induction of caspases is one of the early events associated with apoptosis or
programmed cell death. Caspase activity can be quantitatively detected using
fluorescent substrate. Compounds that directly act on the apoptotic pathway may
induce caspase in a relatively short incubation period (<24 hrs). Compounds that
disturb other cell physiology, which eventually causes apoptosis, may require longer
incubation period (>48 hrs) for induction of caspase.

10,000 cells tE/vere plated in 96-well culture plates and incubated with 5-fold
serial dilutions of compounds for 24, 48, and 72 hrs. Cells were lysed and activity
of caspase in cell lysates were measured using fluorescent substrate, according to

the manufacturer’s instruction (Caspases assay kit, Roche, Indianapolis, IN).

Apoptosis assay {Annexin V staining method)

Translocation of phosphatidylserine from the inner of the cell membrane to the
outside is one of the the early / intermediate events associated with apoptosis or
programmed cell death. Translocated phosphatidylserine can be detected by
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 apopto’dé 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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Selective antiproliferation activity
The purpose of this procedure was to identify compounds that inhibits

5 growth of HPV-transformed lesion without affecting normal cells in epidermis
and dermis (such as keratinocytes and fibroblasts). Therefore, compounds were
tested in SiHa, PHK, and HEL cells, which model HPV-transformed cells, normal
keratinocytes, and normal fibroblasts, respectively.

Representative compounds of the present invention, such as those listed in
10  Table 80-2, showed detectable levels of antiproliferation activity in SiHa cells,
with 50% effective concentration (ECso) less than 25,000 nM. Active compounds
were also tested in HEL cells. In all cases, ECso in HEL cells were higher than ECs
in SiHa cells, indicating that the active compounds inhibited proliferation of SiHa
cells more efficiently than HEL cells. Other nucleotide/nucleoside analogs, such
15  as PMEG (2-phosphonomethoxyethyl guanine), Ara-C (cytarabine, CAS# 147-94-
4), and gemcitabine (CAS# 95058-81-4) did not show such selectivity. Podofilox
(CAS# 518-28-5), the active ingredient of the anti-wart drug Condylox, also
showed no selectivity.
Representative prodrug compounds of the present invention, such as those
20  listed in Table 80-3 show activities. In most cases, the 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
25  antiproliferation ECsoin HPV-16 positive SiHa cells and greater than 50 fold
selectivity when compared with PHK keratinocytes or with HEL fibroblasts.

Antiproliferation activity in other HPV+ cell lines

123



0-Pr O-Pr
Al a- Hexyl

10

15

20

25

POC POC Ala-Et Ala-Et Ala-Bu Al a-Bu Ala-cBu Al a-cBu A a-Hexyl

Selected compounds were also tested in five additional cell lines derived
from HPV-induced cervical carcinoma (see Exarﬁple 79 and Table 80-4). Each
compound showed different levels of activities in the six HPV+ cell lines,
regardless the type of HPV present. In general, compounds were more potent in
SiHa (HPV-16), C-4I (HPV-18), and M5751 (HPV-18) cells than in CaSki (HPV-16),
Hela (HPV-18), and ME-180 (HPV-39) cells.

Induction of apoptosis (caspase 3 induction method)

A representative compound of the present invention was tested for
induction of apoptosis in SiHa cells. When cells were incubated for 72 hrs (solid
bars), significant dose responsive induction of caspase was observed, indicating
that the compound induced apoptosis (Figure 80-1). Induction of caspase was less
obvious with 48 hr incubation (shaded bars) and was not observed with 24 hr

incubation (data not shown).

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 SiHa 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 ug/mL PMEG and 0.5 ug/mL Né-cyclopropy!
PMEDAP only had 1.2 % and 15.9 % of apoptotic cells, respectively.
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G o | ¥ T _;; , ‘;_w»,w:,; “ ] ‘Culture“
"Name . . HPV status R T Ongln‘ U media®
HPV posmve carcmoma cell lines
SiHa HPV-16 Squamous cell carcinoma in cervix A1, A2
Epidermoid carcinoma, metastased
Ca SKki HPV-16 to small intestine from cervix A1, A2
HPV-18
(also
contains a
partial HPV- | Epidermoid carcinoma, metastased
MS751 45 genome) | to lymph node from cervix A1, A2
HelLa HPV-18 Epithelial adenocarcinoma in cervix A1, A2
C41 HPV-18 Carcinoma in cervix A1, A2
! Epidermoid carcinoma, metastased
ME-180 HPV-39 to omentum from cervix A1, A2
. Cells from normal human tissues
HEL299 none Fibroblasts in embryonic lung A1, A2
PHK
(skin
keratinocytes) | none Keratinocytes in adult foreskin B1, B2

5 ¥ The subtype of HPV DNA integrated in the cellular DNA.
** Culture media
Cells were maintained in humidified incubators at 37°C with 5% CO,, in the

following culture media.
A1: Medium for culture maintenance: Eagle MEM with Earle's BSS (Cambrex, East Rutherford,
10 NJ), supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin,
and 100 yg/mL streptomycin.
A2: Medium for antiproliferation assays: Eagle MEM with Earle’s BSS, supplemented with 5%
fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin.

B1: Medium for culture maintenance: Keratinocyte-SFM (Invitrogen, Carlsbad, CA),
15 supplemented with 0.01 mg/mL bovine pituitary extract, 0.001 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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Al a-Bu Al a-Bu OPh Phe-Et Table 80-4. Antiproliferation activities of

N6- cycl opr ol y1PVMEDAP and its phosphoam date prodrugs in six different HT
positive cells Conpound ID. Antip ollferation EC50 (n in H.' positive
car ci noma Tlé 80-2S|AHipidliisraGaskictiMirty 16 N babstituli] K8t \NHBVES# b 180
HPV18HPV39.0115 and HEL fibroblasts

RX1\ /RX2
Neg
\ N
)N|\ \>
S
H,N N N o‘ o
o M
N oy

where R*! is hydrogen, and R* is one of the following “
substituents, except in the indicated instances (*), where R
and R* together forms a N-haterocyclic ring.

methylamine
1-propylamine
1-butylamine
dimethylamine
methylethylamine
2-methylpropan-1-amine
allyl amine
2-propynyl amine
2-butylene amine
2-isobutylen amine
cyclopropylamine
cyclopropylmethanamine
1-cyclopropylethanamine
dicyclopropylamine
cyclobutylamine
cyclopentanamine
cyclohexaneamine
cycloheptanamine
cyclooctanamine
diethanolamine
2-ethanolamine
2-propanol amine
1-amino 2-propanol amine
2-methoxyethylamine
6-aminohexaneamine
3-aminopropylamine
2-dimethylaminoethylamine

126



0.6 29 1.716,5 27

5

1.3 246 410, 18 27 254 C 0,2 3,9 6.6 0

6-hexanateamine

benzylamine

methylbenzylamine

4-aminobenzylamine

2-phenylethanamine

2-pyridinyl 1-methanamine

3-pyridiny! 1-methanamine

4-pyridinyl 1-methanamine

1-naphthylamine

*pyrrolidine (N6 makes pyrrolidine)

*piperidine (N6 makes piperidine)

*morpholine (N6 makes morphaline)

2,2 2-triflucroethanamine

51.07.8D

Table 80-3. Antiproliferation activity of phosphoamidate prodrugs of N6-
substituted PMEDAP in HPV16+ SiHa cells, PHK keratinocytes, and in HEL

fibroblasts

N
N
)Nl\ \>
Z
HoN N N E 8
O\/<
YA

where R*' and R* are substituted as depicted in the
formula, and Y™ and Y'® are substituted as indicated,

Y1A Y1B
OH OH
POC POC
O-IPr O-iPr
Ala-Et Ala-Et
Ala-Pr Ala-Pr
Ala-iPr Ala-iPr
Ala-Bu Ala-Bu
Ala-cBu Ala-cBu
Ala-cPen Ala-cPentyl
Ala-Hexyl Ala-Hexyl
Ala-Octyl Ala-Octyi
Aba-Et Aba-Et
Aba-Bu Aba-Bu
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3,2 301 398 16 24 288 E 0.5 38 19 2 4 3 27 E 2.5 124 127 4. 26.0 41
Aba-Octyl Aba-Octyl
Phe-Et Phe-Et
Phe-Bu Phe-Bu
Phe-iBu Phe-iBu
Phe-cBu Phe-cBu

OPh Ala-Me
OPh Ala-Et
OPh Ala-Pr
OPh Ala-iPr
OPh Ala-Bu
OPh Ala-tBu
OPh 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
oz
H\N
Wﬁ%
HzN)'\N/ N OI "
PP
NG N
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-Hexy! Ala-Hexyl
Aba-Bu Aba-Bu
Phe-Et Phe-Et
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0.13 28 12 0.9 3.1 8.2 H0.03 2,0 07 0.04 0,44 1.8 (cpr PMEDAP) 284 14149

69263313 1332 8315 Phe-Bu Phe-Bu
Phe-iBu ' 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
HzN)\N/ N O| "
o M
~_ \Y1A

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
Ala-Bu Ala-Bu
OPh Phe-Et
O
HN
A
HoN N

0]
18
k/o LI/Y
N
where R and R*® are substituted as depicted in the
formula, and Y™ and Y'® are substituted as indicated,

Y1A ?ﬁ
OH OH
Ala-Bu Ala-Bu




5 Exanple 81 Rabbit Skin Irritation Study of Conpounds A and B A study was
conducted to evaluate the potential of two conmpounds of the present 10

i nvention uge ,irri.tati.on ﬁﬁ% @Rl i cation to
nal e rabbliai’léjé(?g é\}&?rgh%?éhﬁpl% ﬁ“e%%gw &(ﬁéﬁ%lyt K?l es mgre assi gned to
t he study plwsphesmidas prﬁdfmﬁslﬂ"aﬁé*élffﬁ%wﬂ)@ﬁ%“ﬂ%ﬁ %rrents Croup Nunber Test
Articlea Nunber of Animals (male) 1 Conpound 13"' 3 2 Cormounc A< 3 ' Each

ani mal received defmal treatinents of vehicle ne positive

control article, and three coné‘@ﬁ?"fe5¥°f'59?§("m'”‘§ é’°s 'bep‘;?’gg ét"% tlest article.

Each ani mal recei ved-one teégt—artyjctegt—congentragions jor 0.Q1, 0.03, and
0.1% 'The positive control [asHec| €=3xsadHeas | B1ST9% O- €-2- ph¥sihany| met hoxyet hyl )
guani ne (PMEQ). cThe positi e e¢8nt FRY'C aritivdd e Hi¥Bd \/F\'/g@el%'w ®afovirt.

A 0.6 29 16 1.7 6.5 27

B 1.3 246 410 18 27 254

C 0.2 39 6.6 0.5 1.0 7.8

D 3.2 301 398 16 24 288

E 05 38 19 24 3.1 27

F 25 124 127 4.2 6.0 41

G 0.13 28 12 0.9 3.1 8.2

H 0.03 20 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® y
(male)
1 Compound B> 3
2 Compound Ac 3

*Each animal received dermal treatments of vehicle (placebo gel), one positive
control article, and three concentrations of the appropriate test article. Each
animal received one test article at concentrations of'0.0l, 0.03, and 0.1%.

*The positive control article used was 0.1% 9-(2-phosphonylmethoxyethyl)
guanine (PMEG).

“The positive control article used was 1% Cidofovir®.
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AARV AP AVAVISTAVAVIVE W g PRV WR VISP AT A JAth LV g Vry

TT V 1.4.513.-"WL. AU .7A. 1.),,1111, ,UNIV -. KW The vehicle, positive
control articles, ancirtest articles were adm nistered dernmally once daily
for seven days during the study. The test articles were adm ni stered at

éﬁlﬂfﬁ?ég o °”v;%h?f@%?%%%wgf&i%%ﬁ%?k&sr}%?‘%%Ee;?@%%s: i BBl %%@xﬁf&ﬁse
cach ani marcadrdd Sty Rl pife Mo FRaYy TR eRarhlhe y (iR di Rl fldeR O

during the&oﬁfa&ﬂi‘at{i}p%fﬁﬁfﬁdg@ﬁ%ﬁg@.f‘)@pqgfeg&sﬁ‘[}% Jo?ftfql%?ﬁél@% werde, and 10

three were clipped on the'ri orsal e outline of each dosing
(appr oxi el ugrenk &ﬁﬂ (y?ggpgg W 19 Egp@. It §osel NEe total
clippeg g%@a cg%%%?Seégﬂo e%s t %%' (590;§§g8 t%ﬂgF ody sﬁgpgieé%ﬁ each
ani mal . TheyyeRice} 811 80idn BRROAR WAL LHRAS L bIntRe 6PT6GQI, and test article were
adm nistered to each animal wthin a dosing site of approximately 1 square

i nch. Vehicle was 15adm nistered on the left rostra' site (Dose Site 1), and
the appropriate positive control article was adm nistered to the | eft caudal

site (Doserha k6t dies (INEaRPRIIAR vl sh&dd gﬁb‘t & st ANHMIra1948sh aRdf ol | ows:
0.01%to the right rostral site (Dose Site 3), 0.03%to the right mddle site

(Dose Sit @sheedd@di@inke@tide. Thalditaametdldliphed dnDoRdeffidasd)sidéanldar s were

pl aced on the animals 1 mrediately 20 follow ng dosing for 1 to 2 hours. The

si t es 1per ehpasalbR! @fppedore thd HERBd8RE] SdeNThRlou®lind 6f eadi A@ing Day 1 and
daily thereafter, approximately 24 hours foll ow ng each dose and prior to the

next dose.(afpeixigiatédy WaguassirghadcBwiak mdrked anitlh eed«idlasgd Therotahe Drai ze
scale for scoring skinirritation (Draize JH, Wodard G Calvery HO Mt hods
for the stdigpedfar@btdnbtiséd oo laskhiaaxioes bftheftosdl bodgmetacapilcaeidahipalcal [y to
t he skin and nucous nenbranes. J Pharmacol Exp Ther 1944; 82: 377-90).

Coser vat i diie faticleantappirgpriaty posdtivy comind! ity artidbditert wdatinfstarddaod wat er
were conducted twice daily for all animals. Detailed clinical exam nations
wer e concach edirpal withiroa dasihgsirkedf approginhatelyt b sqaasierigclon Vidhycld waand dai |y
thereafter. Body wei ghts were neasured and recorded the day after arrival,
prior 160 reamciondterzd @nthedrft rosirat siteo([2tseiSiig 1Qnarshite dppRypraatd positivet hanasi a
was by intravenous anesthesia overdose with sodi um pentobarbital- 5 based

eut hanasi aostiol aitinte wiad adxsiangeradato thadefhyasdal siter{osaSitt&ypiak vessel s. The
animal s were exanined carefully for external abnornmalities including nasses.
The ski n @@prepriatedesidrticlervas administered db folkbowsicd .81 Yntoathe right rabiraksitd i ti es
were identified and correlated with ante-nortem findings. The abdoni nal,

t horaci c, (Bege EitaR) H03%ale thedghemeddlemite{Bpse Sited:brmtdgr@.ll% taetheaightt he or gans
removed, 10 exam ned, and, where required, placed in neutral buffered

formal i n. IHdalydts (pssiSited). kiollasy werapthcad pnghe egimels iomsediatelych ani nal
were coll ected, and preserved. M croscopic exam nation of fixed hematoxylin
and eéQi ntelawingidounater htaddushs were perforned for each dosing site for
all animals. The slides were exam ned by a veterinary pathol ogist. A

f our - st ep ‘deaiien gveas svelaird fof sy thena apd @demacdrior 5y deribg oni Bay dradf or

conpari sor(lia?gt,c el%r;f dose q_

r oups.
ter, app oxmgately 24 hours following each dose and prior to the next

dose. Each site was assigned an irritation score based upon the Draize scale for

scoring skin irritation (Draize JH, Woodard G, Calvery HO, Methods for the study of
25 irritation and toxicity of substances applied topically to the skin and mucous membranes.

J Pharmacol Exp Ther 1944;82:377-90).

Observations for mortality, morbidity, and the availability of food and water were

conducted twice daily for all animals. Detailed clinical examinations were
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Concl usions The two test articles did not produce notable AchAi';\T(:;Im;’ivrl\di ngs,
q L oirri o _ch 0 b . : : o .
obser vat | S RapAE RISl A B Lo SO PR SEORRY S IANTRESRERE ¢ v
ot : ) e L _ _ . q
m or oscop bR Wi rbR P an 33E b the 1Ry BRRE B P RELERETP T Compounds
B and H Zﬁaﬁdﬁhﬁgé{ﬁé’@%tn?f);gﬂ&qoe&losﬁﬂ gﬁ%%p o hggpotential of two conpounds of
o Droduce ire

t he present Inventior i'tati‘on’when adni ni stered via dernal

copL oo bl e PRI Libgrel el pesniianssaanits, 4
1 Concent raskQRutBuldsRHdiatich QHE ksS4 ERREHAS b RevEFit thelfemoral vessels.

The animals were examined carefully for external abnormalities including masses.

The skin was reflected from a ventral midline incision and any abnormalities were

identified and correlated with ante-mortem findings. The abdominal, thoracic,

and cranial cavities were examined for abnormalities and the organs removed,

10 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

15 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 any dose
20 concentrations. One of the positive controls was associated with clinical findings

and slight to moderate macroscopic and microscopic observations.

Example 82

Rabbit Skin Irritation Study of Compounds B and H
25

A study was conducted to evaluate the potential of two compounds of the present

invention to produce irritation when administered via dermal application to male
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Dose Site(n=6)0 ok(ing/nL) ; (11=6)a0 (ng/ni) PMEG Vehicle 1 control
0.00.0 (positive 0.1% 1.0 control) -
rabbits for seven consecutive days. A total of 24 males were assigned to the
study.
i Study Design for Compound B
Group 1 Group 2
Group 1 Concentritionb Group 2 ConcentrF;itionb
Dose Site (n=6)° % | (mg/mL) | (N=6) % (mg/mL)
. PMEG
1 Vehicle 0.0 0.0 (positive 0.1% 1.0
control :
controt)
2 Low Dose 0.03 0.3 Low Dose 0.03 0.3
3 Mid Dose 0.1 1.0 Mid Dose 0.1 1.0
4 High Dose 0.3 3.0 High Dose 03 3.0
sEach group consisted of six naive rabbits.
bThe vehicle for Dose Site 1, Group 1, and Dose Site 1, Group 2 (PMEG) was the vehicle gel. The
vehicle for Group 1 treated sites was the vehicle gel, and the vehicle for Group 2 treated sites was
the vehicle ointment.

Study Design for Compound H

Group 3 Group 4
Group 3 Concentrationd Group 4 Concentration®
Dose Site (n=6) % (mg/mL) (n=6) % (mg/mL)

. PMEG

1 Vehicle 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 30

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
el, and vehicle for Group 4 treated sites was the vehicle ointment.

10

The test and control articles were administered dermally once per day for 7
consecutive days during the study. The dose levels fdr 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 100puL. Less than 24 hours prior to the first administration, the hair
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Low Dose 0.030. Low Dose 0.03 0.3 3Md Dose 0.11.0 Md Dose 0.1 1.0 4Hi gh

Dose 0.33.0 Hi gh 0.3 3.0 h. i sted of six.nai bbits.
The venn oMt PnedaEos;the back af il AP et 7o CoRmim A he) v t he

vehicl e geI,Ch

10

15

20

25

an l115\% of the total body surface area. Care was taken to avoid abrading the
skin.

The test, positive control, and vehicle control articles were administered within a
dosing site of approximately 1” x 1”. Two dosing sites were placed along the left
dorsal surface. The vehicle or positive control article was administered to the
rostral site, and the low dose of the test article was administered to the caudal site.
Two dosing sites were placed along the right dorsal surface. The mid-dose of the
test article was administered to the rostral site, and the high dose of the test article
was administered to the caudal site. Collars were placed on the animals for
approximately two hours immediately following dosing. The duration of
collaring was documented in the raw data.

Observations for mortality, morbidity, and the availability of food and water were
conducted twice daily for all animals. The test sites were evaluated for erythema
and edema prior to the first administration and at approximately 24 hours
following each administration (prior to the next scheduled dosing) and daily
during the 7- day recovery period. Observations for clinical signs were conducted
daily during the study at the same time as the dermal observations. Body weights
were measured and recorded the day after receipt, prior to randomization, prior
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 ;:>f 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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vehicle for Goup 1 treated sites was the vehicle gel, and the vehicle for

arti ol es vEPCCLS L b B G B R orpg HICA ERRIBECLAT VS auri ng
R e R e e T o
(positive &Bpéf{ 8#)70%5%%%%{@%“%% | evel for cPrPMEDAP 10 (positive

control) was Yo evel for the vehicle control was 0.0% (this was

dosed as b@bﬂqﬂ?ﬂ&%&ﬁoﬂ&%aﬁ@ﬁ b ?@%ﬁe@%&@ﬁﬂo\f@aﬁ?@ amﬁ‘éﬁ‘éd bgi tes

was a const ant an 24 hours prior to the first a ni stration,

the haiy %@téfﬂaef%ﬂme st BR 4 gﬁhm%ﬁs.tmh%ﬁbﬂﬁlwasw An&dthPRS SR EGseCONPr i sed

no I ess than 10% of "the total body surface area. Care was taken to avoid
abr adi ng t RIS Bum P tbBatbitaAlBaEd EGt}FaS’iBEi][a%'olut%}@yiéeﬂPﬂeféa? v%ﬁﬂhﬁt@fy gFticles
X

were adm nistered within a 5 dosing site of approximtely 1 .” Two dosi ng

sites wer eofleagafaBleaRSh hha elxgzﬁﬂogﬂ_ﬁéﬁéaﬂws BYkéPGeng fHtcreitalyBssels. MaRd ti ve

control article was admnistered” to the rostral Site, and the | ow dose of the

test artich@inWds wadEeRhSiEEearefulthRoreatdabl shi@mdiMesdasiing ntfsesver e pl aced
along the right dorsal surface. ThHe m d-dose of the test at-tide was

adni ni st er He bkint Was reffdctal froht & vennd! fhilihé glridos andfartynebrisialtiesiveére 10 was
adm nistered to the caudal site. Collars were placed on'the animals for

appr oxi0vat elentified drold@rélatmidwithelntefnokteavtindirgss i Tig abldwen thal athioeatigf
collaring was docunented in the raw data. Observations for nortality,
nor bi di ty, amddrarial awvitidsabetd éxanthetidorlalamolmaittys avet thecapdus retioted,ce daily
for all animals. The test sites were evaluated for erythema 15 and edema prior
to the firetamaheidnasd rahemregudred; piagpd dx nwatral puffdrdaoformalio. | Midrogropie h
adm nistration (prior to the next schedul ed dosing) and daily during the 7-
day recoveexampiratiod.of thedrhetatomglih@ndadadsin-sainesi pasfiiesecttmmdvas ed daily
during the study at the sanme tinme as the dermal observations. Body wei ghts
wer e measupedormed peceriiens ohessiay frim éhe desing sites pf par animalpiddnegsatndn,
prior 20 to test article admnistration on Day 1, and on Days 7 and 14, and at
necropSy (Daygr@sderdons). Body wei ghts taken at receipt and prior to random
are not reported, but maintained in the study file. Blood sanples (4-6 nL)
will be collected from6 aninmals/group at term nation and 3 ani mal s/ group at
recovery fromthe jugular or_other suitable vein for evaluation of clinical
pat hol ogy 4 thaaesisesropgyd Daychisr milsctudyapimels@EagiPayilidoetecovaty) wer e
taken fromall animals fromthe jugular or other suitable vein for
det er mi nat M5 $ the o QRS cHATRAE arimad ergfideméfieds A pprokichatelt half of

r oxi I hour n ?. I r
appro rrateea&/“fos,ou S postdose o dlit)lql;e/n ColSarrp es were

g site was excised an lected and preserved as mentioned

20 above for histologic processing. While the other approximate half of each dosing
site was still intact on the animal, the following procedures are performed. The
dqsing sites were wiped with three gauzes of ethanol (95%) and allowed to dry
completely. Tape (3M® packing tape or equivalent) was applied to éach dosing
site ten times. A clean piece of tape was used for reach application. The

25  remaining portions of the dosing sites were then excised with scissors. The
scissors were washed between each dose site and animal with acetone or ethanol.

The order of dose site removal was vehicle or positive control site, low dose site,

mid-dose site, and high dose site. A 1 cm? tissue was excised from each dose site.
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pl aced in tubes containing potassium EDTA and stored on an ice block until
trif An t .fasted bef d | I . Sanpl
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y Sev vessel's wer e “exam ned

carefully Wstﬁéﬁgw]o e?.ﬁ’é‘eod%‘?ﬂ}{éd oh&%hbnormu@'g?ﬁécham%lﬁ\éh{bggﬁfz ef | ect ed

froma ventral II’]CISIOI’] an ies were ied and

correl ated n@ﬂé raci ¢, and crani al
cavi ti :55 we%% eﬁ{eggé% or a@gl(oélrgﬁgﬁio%l es Jﬁg%gﬁ.}e\ or ganser ermved exam ned,

and, where required, placed in neutral buffered forrnalin. M croscopi C
exam nation of fixed hematoxylin and eosin-stained paraffin sections was
perfor rred reB&idgns of tissues fromthe dosing sites (4 per aninmal),
ki dneys, 15any gross lesions. At the time of necropsy, Day 8 for main

study ani rr@h§edasﬂ defhal Bt @fion SERUE RN %'ﬁlcff?sk'?‘ ctfﬁ?dﬁgb”orﬂzoé‘f' A€ t&dtbeBcIeST
animal were i1dentified. Approximately half of . each dosing site was excised and

then col | eqiRthcriRAeSe ﬁvmwesua@‘rgtel e 20 RRRMS rhoteFits 11211984 & tAeOCessi ng.
Wil e the other approxinate half of éach dosing site was still intact on the

ani mal 10t heehield GvtmenpIIGEHORS t@gtart@@éws@dertﬂ hdositagt B fesehale W ped

wi th three gauzes of ethanol (95% and allowed to dry conpletely. Tape (3Mr)
packi ng tagel ad equild &ritah) whes fappliled rotiraedhidlesingnentt € ten tinmes. A clean
pi ece of tape was used for reach application. The 25 renmi ning portions of the
dosing sites were then excised with scissors. The scissors were washed between
each dose site and animal wth acetone or ethanol. The order of dose site
renoval wa¥xuelpleB® or positive control site, |ow dose site, mid-dose site,
and high dose site. A1 cnR tissue was excised from each dose site. The

ti ssue sanprepavatonei Jopicl &fell Pheroedadical@engidsitigrunches were nminced with

cl ean scissors in individual appropriately sized scintillation vials. Cold
phosph&t e-buffered saline (5nL) was added to the scintillation vial. The
tissue was_then honogeni zed with 20 second pul ses using a nmechani cal

homogeni zelhissexameplachugeates dee peparafiorckf y répresentative appicalgatat el y - 20C.

Concl usi ons Based on dermal irritation scores and mcroscopic findings, one of
t he test aﬁ@m@pé@o\m@rﬁmg an aaiveeoinpouhd of doioiida el , but was a mld to
moderate irritant in the 10 vehicle oi ntment. The second test article was a
very sl i gh® fopisal gat compesisionds peerargéhaging therfollawiing icomposithen f or mul ated i n
the vehicle ointnment. Exanple 83 Preparation of Topical Gel Pharnmaceuti cal
Conpositio

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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This exanple illustrates the preparation of a representative topical gel
conposition containing an active conpound of Formula |I. A topical gel
conmposition is prepared having the follow ng conposition: Conponents % wW w
Active cor QtRem@m{SoundsbiFarmilal, Buff arthase Prepared G acoirdapsPwis thedxox et h
dcellulose, NF 1.25 Prol araben, NF 0.01 Meth | araben, NE 0.09 Edetate
Di sodi um  pPRRenOSHR i@ arerambe WS as the active compound in the preparation of the
gel formulations of this example.
5 The following ingredients have also been evaluated for suitability during the
development of this formulation:
Isopropyl mysritate (solvent/cosolvent/penetration enhancer),
Polyethylene glycols, Triacetin (solvents),
Cetyl alcohol and Stearyl alcohol (Stiffening agents),
10 Carbomer (Viscosity enhancer), and

Tweens, Spans (emulsifiers).

Example 84
Preparation of Topical Ointment Pharmaceutical Composition
15
This example illustrates the preparation of a representative topical ointment
composition containing an active compound of Formula 1.

A topical ointment composition is prepared having the following composition:

Components % wiw
Active Compound X*
Petrolatum, USP 94.0
Sorbitan Sesquioleate, NF 05
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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10.00 CGtric Acid, USP 0.50 Sterile Water for In'ection, USP 38.125 "X =
Conmpound r ing from0.01%to, 1, 0% her oupds of .Farmul a L .,such as

t hose pr epi&%&oﬁﬂ%g}gﬁégﬁtw@w ﬁggﬁ%%ﬁﬁﬁ%ﬁrﬁu tgp %%Xrgéw&g‘eused as the
active co nd in th ' .of the gel fornulations of this exanple. 5
The foll ovﬁgegﬁgﬁ%%ogﬁ%%ﬁ%@éa&&d been evaluated for suitability during the
devel opnent of thi & 1.Qn; i .

(sol vent/ cosol vé%ﬁ‘g@ﬁfeﬁyas%éot%Qse%hgﬁgée%w‘kﬁio%%é‘te h?/flgﬂee I%jla%%ﬁ)’s, Triacetin

(sol vents), Cet Woéf‘%tﬁg’%ﬁ% %@éﬁéﬁ‘?@’éhgg@gﬁﬁ‘@( Stiffening agents), 10Carboner

(Vi scosity enhanc an ifiers). Exanple 84 Preparation

of Topigal G nt 15@51{51%%@3“5?%@@%&%%’5@% exanple illustrates the

preparation of a representative to nt nen onpOsi tion containing an

active conpound G%‘}bgﬂl%gg%%cbsitﬁem&?)', aRint ment conposition is prepared

having the followng c osi ti‘on
Tweens, Spans (emulsifiers).

10

138



Conmponents % w w Active Conmpound X* Petrolatum USP 94.0 Sorbitan

Sesqui ol eate, NIT 0.5 Propylene ?col, USP 4.5 20 *X = Conpound ranging from
0.01%to 1.0% O her conpounds of Formula I, such as those prepared in
accordance with the present Specification can be used as the active conpound
in the preparation of the ointnent fo€hallei ons of this exanple. The
follow ng ingredients have al so been evaluated for suitability during the
devel opnment of this fornulation: |Isopropyl nysritate

(sol vent/cosol vent/ penetrati on, hancer), Polyethylene glycols, "'Triacetin
(sol vents) 508t Ig]‘E‘(Sirﬂf ormy! ;learyl al cohol (Stiffening agents), Carboner
(Viscosity enhancer) and Tweens, Spans (enulsifiers).

A

HN

O -
5 o L/¢ Y

wherein:
YA and Y8 are -NH(R¥);
R*is independently R%
10 R?is
(a) ethyl substituted with C(=O)OR¢, wherein R*is methy], ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-
butyl, 3-methyl-2-butyl, 3-methyl-1-butyl, 2-methyl-1-butyl, 1-hexyl, 2-hexy]l, 3-
hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-
15 pentyl, 2-methyl-3-pentyl, 2,3-dimethyl-2-butyl], 3,3-dimethyl-2-butyl, vinyl, ally],
cyclopentenyl, 5-hexenyl, ethinyl or propargyl;
(b) propyl substituted with C(=0)OR¢*, wherein R? is an alkyl of 1 to 18 carbon
atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl of 2 to 18 carbon atoms; or
(c) methyl substituted with two R® wherein one R?® is -R*W3and the other R?is
20 C(=O)OR*; R?is 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 methylene; W?is phenyl;

or a pharmaceutically acceptable salt thereof.
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10 CLAIMS 1. A compound of Formula A HN5 H2N | A wherein: Y1A and Y33 are
Rx is independently R2; 101-22 is (a) ethyl substituted with C(=0)0124,
wherein R4 is nmethyl, ethyl, n-propyl, propyl, n-butyl, 1-butyl, 5-butyl,
t-butyl, 1-pentyl, 2-pentyl, 3-pentyl, 2-nethyl-2butyl, 3-nethyl-2-butyl,
3-nmet hyl - 1-but gl , ZFheeddhyporbdoateyddingl ton@aiy 1 bdnhexytted Bronhiexyl ,

2- et hyl - 2-pentyl, 3-nmethyl-2-pentyl, 4-nethyl-2-pentyl, 3-n-tethyl-
13pentyl, 2-nethyl-3-pentyl, 2,3-dinethyl-2-butyl, 3,3-dinethyl-2-butyl,

vinyl, allyl, cyclopentenyl, 5-hexenyl, ethinyl or propargyl; (b) propyl
substituted with C(=0)0R4, ein R is an alkyl of Ito 18 carbon atons,
al kenyl of 2 to 18 carbo ons, or alkyl-w. of 2 to 18 carbon atons; or

(c) methyl substituted wi two R3 wherein one R3 is -W/Wand the other R3 is
20C(=0)0124; Rl is an alk of & to 18 carbon atoms, alkenyl of 2 to 18 carbon

atonms, or al kynyl of i/T\\ on atong;, R5 \s mephyl€ne; Ws phenyl;

© (b)

| \
Z —_
AL
NH
O/\
o) (©
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or a pharmaceutically acceptable salt thereof. HA HA H2N (b)

H N
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N (g) 3.The conpound according to clain]. having the fornula O IC 4. The
conpound according to claimhaving the formula HN-4 NPh )G Bu 0,' NHO N HG Bu
A pharnmaceutical conposition conprising a conmpound of any one of clains 1 to
4, and a pharmaceutically acceptable carrier. 6. The conposition of claimb5,
whi ch conprises an effective a nt of a conpound 5o0f any one of clains 1 to 4

or a pharmaceutically accept salt thereof, an effective anount of at | east
one other antiviral agent,™nd a pharnmaceutically acceptable carrier. 7. The
use of a conpound of Formulga I A or a pharmaceutically acceptable salt

10t hereof, in the preparg 3>ned|canent r the \L%fétnent of tunors
//u\ F :i\\§(
N

H,N Y\

o~

0]
(8)
3. The compound according to claim 1 having the formula
5
HN x
N7 N
/:I > ROE’[
NN YNNI 30
|\/C)\/ P~ N
H OEt
O
10 4. The compound according to claim 1 having the formula

N7 N Ph
R | - f\éomu
N Q_NH . S0
N
H QiBu

O
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| A wherein: 15 VA and Y'' are Rx is independently R2; R2 is (a) ethyl
substituted with C(=0)0R4; (b) propyl substituted with C(-0)0OR4; or 20(c)

met hyl substituted with two 12.3 wherein one R3 is --R5WBand the other R3 is
C(-0)0R4; R4 is an alkyl of 1 to 18 carbon atons, al kenyi of 2 to 18 carbon
atons, or 5l kyAyphafaZedtaral&ncpoddidon atropEsing Roompourd by henene MBildanphanyl .

8. The use according to claim7 wherein the conpound of formula A is selected

from RNA 4, and a pharmaceutically acceptable carrier.
6. The composition of claim 5, which comprises an effective amount of a compound
5 of any one of claims 1 to 4 or a pharmaceutically acceptable salt thereof, an

effective amount of at least one other antiviral agent, and a pharmaceutically

acceptable carrier.

7. The use of a compound of Formula IA or a pharmaceutically acceptable salt

10 thereof, in the preparation of a medicament for the treatment of tumors

wherein:
15 Y™ and Y8 are -NH(R*);
RXis independently R
R?is
(@) ethyl substituted with C(=0)OR¢;
(b) propyl substituted with C(=0)OR¢; or
20 (c) methyl substituted with two R?® wherein one R? is -R’W?and the other R?is
C(=O)OR¢;
R*is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl

of 2 to 18 carbon atoms;
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HN 10 2N (b) HN (c¢) NA HN (e)

R is methylene;

W2is phenyl.

8. The use according to claim 7 wherein the compound of formula IA is

5 selected from:

© (a)

© (b)

10
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H2N (O H 5 H2ZN (g) 9.The use according to claim7 wherein the conpound

of formula | is selected from |lo HN'--4/-\

| \
4 —_—
AR I
NH
O/\
3 (©)

© (@
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0 10. The use according to claim7 wherein the conpound of formula | is

sel ected from 0 11. The use of any one of clains 7 to 10, wherein the

medi cament conprises an 10effective anount of a conmpound of formula IA or a
pharmaceutically acceptable salt thereof, an effective amobunt of at |east one

antiviral agent, and a pharna utically acceptab arrier. The use
of any one of clains 7 to 1 re said nedica gel conposition, 15or an
oi nt ment conposition.
ﬁI \
TN
o\\/\hd 0

()

5 (8)

9. The use according to claim 7 wherein the compound of formulal is
selected from:

10
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5
11.

10
12.

15

10.  The use according to claim 7 wherein the compound of formula I is

selected from:

NS Ph
I \> &OIBU
0

K/OVP\ Ph
H OiBu

)

The use of any one of claims 7 to 10, wherein the medicament comprises an
effective amount of a compound of formula IA or a pharmaceutically acceptable
salt thereof, an effective amount of at least one antiviral agent, and a

pharmaceutically acceptable carrier.

The use of any one of claims 7 to 11 where said medicament is a gel composition,

or an ointment composition.
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