WD 2006/ 015261 PCT/ US2005/ 027088 5 ANTI VI RAL COMPOUNDS Thi s application
clainms priority to U S. Application No. 60/591,811, filed July 27, 2004,
t he di sclweun@wisfeiwhi ch are incorporated by reference ipaTiUusesos/02mesirety.
In particular, the figures described on pages 161 to 184 are 10
incorporated as Figures herein. FIELD OF THE | NVENTI ON, The invention

rel ates generally to conmpounds with HV inhibitory activity. 15 BACKGROUND
OF THE I NVENTION I nproving the delivery of drugs and other agents to
target cells and tissues has been the focus of considerable research for
many years. Though nmany attenpts have been nade to devel op effective

nmet hods for inporting biologically active nolecules into cells, both in
vivo and isn vitro, none has ANTPIVIRAL COMPQUNDS satisfactory.

Optim zing the association of the inhibitory drug with its intracellular
target, while mnimzing intercellular redistribution of the drug, e.g.,
to nei ghboring cell.s, 15.0fte i F 4 rq | J1.e] . t S
currently adm ni st@?%gp@locaéorbgiﬁ ?ﬂésfréﬁo%g# Eeon?'esr'a%&ggﬁgﬁ%tmyﬁﬁglg? ggﬁ

resul ting i n myptEm004dBt ieloyured of Wkichgenihcdrpomedd ty mfedertce ssthesr of the 25
body where it i's unnecessary, and often _u desirabi]éa}.S Tgis may result in
adverse drucgensireds &F patiedar, fiedimresaleseribedion nages Hs'e 16 %€ drug (e. g. ,

gl ucocor t,.coi: Q i.-4.nflanmmatory drugs) that can be
adniniste(Ed}ﬂ§§%§%ﬁ§§%?géﬁgy&gﬁ?hough oral administration of drugs is
general ly recogni zed as a convenient and econom cal nethod of

adm ni stration, oral adm nistrat] C e j jther (a) 30 uptake of
the drug through the cellular a,ﬁ}ﬁt%@ﬁ’ef@%\gkgﬁ@% , bl ood/brain,
epithelial, cell mpRbLang: o E6HseAdalltodigpuhabvith SMVtigRibgogi St ributi on,

or (b) tenporary residence of the drug within the gastrointestinal tract.
Accordi ngly, ativitpj or goal has been to devel op nethods for specifically

targeting agents to cells a i i treat ment includes
avoi di ng e general 1 WO 20gg%3§§§%ﬁﬁggﬁﬁgggigéygéggggﬁyphysiologica
effects of inappropiihatRgded dame G drsgschdagientagernitottaliet cedBlahd and

tissues has been the focus of considerable research for many years. Though

many attempts have been made to develop effective methods for importing
biologically active molecules into cells, both in vivo and in vitro, none has

20  proved to be entirely satisfactory. Optimizing the association of the inhibitory
drug with its intracellular target, while minimizing intercellular redistribution of
the drug, e.g., to neighboring cells, is often difficult or inefficient.

Most agents currently administered to a patient parenterally are not

targeted, resulting in systemic delivery of the agent to cells and tissues of the

25  body where it is unnecessary, and often undesirable. This may result in adverse
drug side effects, and often limits the dose of a drug (e.g., glucocorticoids and
other anti-inflammatory drugs) that can be administered. By comparison,
although oral administration of drugs is generally recognized as a convenient and
economical method of administration, oral administration can result in either (a)

30  uptake of the drug through the cellular and tissue barriers, e.g., blood/brain,
epithelial, cell membrane, resulting in undesirable systemic distribution, or (b)
temporary residence of the drug within the gastrointestinal tract. Accordingly, a
major goal has been to develop methods for specifically targeting agents to cells

and tissues. Benefits of such treatment includes avoiding the general
1



ti ssues, such as uninfected cells. HV is recognized as a chronic viral

di sease of the liver which is characterized by liver disease. Although
drugs tarwetnewpisise | i ver are in wide use 5 and have slramusedismetoByeness,
toxicity and other side effects have limted their useful ness. Assay

nmet hods capabl e of determ ning the preseﬁce, ?bs nce or a uneﬁs &)f HV are
of practical Bhysidlegical sfferie ol Bappmeprge deyry Of Sick agentile pihgisoells an

di agnosi ng thﬁ%ﬁ%ﬁ?ﬁd&'&%u&)ﬁnfg@téﬁcéﬂ Inhibitors of H'V are useful to limt
’an (

t he establ i shnen progression of infection by HV as well as in

di agnosti c assays HOV iHevognlieeras aichranicveied dissaseHifvhe hesrapiach isc agents, i.e.
drugs, having inprove i.nhi hitory, and ar macoki net i ropertigs

i ncl udi ng enhﬁﬁﬁ%@rgﬁgwghf’ 3 g@‘?ﬁﬁﬁlﬁmﬁgggf%gﬁaéﬁ? H@f&l@ﬁy |2 G5V Aige, _

i mproved of al o4 1PRY AP divendts ABkiRlty RAY GiREYsidSefTitt Rxleanded théif ecti ve
half-life in vivo. New H'V inhibitors shoul d have fewer side effects, |ess
conpl i cat ed desifilgesschedul es, and be orally active. In particular, there

is a need for a |l ess onerous do e i men, such Q il e per
day. 20 SUMVARY OF\ g nRRR FRERTIT Rt ST B S I%fssr%é%aaaﬁgen?r%y* mollE! oved by
net hods and cOMIPS hiel APsactibilatiliay inane seeeitsk attisitoroas well enforon of
biologically active agents inside cells. The present invention provides

conposi ti ons dingnasitgibepresenceiofiiilli tion of HIV or therapeutic activity
Ao et 2 T R e YR A SRR VRS ABRN ALl BrddIRsRETHMI! 21 | O

or retentton of t uti'c conpounds inside ce nvention is al so

related to atin®dlion®y HIVOR wehgsintdighbstitsasedysghiodphionat e nol ecul es in |iver
cells. Such effective targeti nﬁbmay be applicable to a variet

0
t herapeutic f or nul Bhereis? Besd oHHEY deauaneyiic agenth il Es ﬁ‘émgme‘?‘/Pge‘iIl nvention
i nclude anti -yj " o) honat e
PR gt s

group. According ne e
PCT/ US2005/ 023888 pnieny efwiiad nesistance diepravedompldioad adibilityg gieatee pofieoey whi ch is
Tnked to oneal%r exr’ggnrd%d effective half-life in vivo. New HIV inhibitors should have fewer

side effects, less complicated dosing schedules, and be orally active. In

particular, there is a need for a less onerous dosage regimen, such as one pill,

once per day.

20 : SUMMARY OF THE INVENTION
Intracellular targeting may be achieved by methods and compositions
that allow accumulation or retention of biologically active agents inside cells.
The present invention provides compositions and methods for inhibition of HIV
or therapeutic activity against HIV.

25 The present invention relates generally to the accumulation or retention
of therapeutic compounds inside cells. The invention is also related to attaining
high concentrations of phosphonate molecules in liver cells. Such effective
targeting may be applicable to a variety of therapeutic formulations and
procedures.

30 Compositions of the invention include anti-viral compounds having

optionally at least one phosphonate group. Accordingly, in one embodiment, the



phosphonat e groups. |In another enbodi nent, the invention provides a
conjugate, enantioners thereof, or a pharmaceutically acceptable salt or
sol vat e twenea@foisishat is a 5 conmpound of the fornula A pchhais200s/03108st it ut ed
with one or nore groups A K KAOAOO\ NA A F wherein, 10 Ais
absent, H, a bond, A, A2 or WB with the provisq that _ the co%u ate
i ncl udes at | saentiogrsoyides scompoungps the ippention vpch s Jigked to ope 15 A2 is:
|Y§ Y VB8 | Rzp&%pﬁ{)ﬂr%?e grbuﬁs‘.l ML2b 3 WD 2006/ 015261 PCT/ US2005/ 027088 A3

In another embodiment, the invention provides a conjugate, enantiomers

thereof, or a pharmaceutically acceptable salt or solvate thereof, that is a

5  compound of the formula A:

that is substituted with one or more groups A’

Kl

AV—o0O

0
A F

wherein,

10
A® is absent, H, a bond, Al, A? or W* with the proviso that the conjugate
includes at least one A';
Alis:
i Y2 _/Yz\
// we
\ 2 12
R R
M12a
L -4 M12b
15
A%is:
B Y2 _/Yz\
// w?
\ 2 \n2
R R
M12a
L 4 M12b



YY2Y2PR I12Y | YR R\ RX M 2 MZ2a M2b Y is independently O,
S, N(RX), N(O(R"), N(R N(OW N(O (O, or NIN(R')(RX)); 5 Y2 is

i ndependaewol2gocaisent, a bond, 0, C(R')(R" ), N(R, N O eRXUS2005(2MRSS ),
N(O(OR" ), N(N(R)( R )), -S(OM-, or -S(OM-S(O M-; and when Y2
joins two phosphorog at ons Y2 can aI so be C(R (R); R' is independently
absent, a bond, HA R2, WB, a protecting group, or the fornula: Y1 Rv
RV YL RV Y2 '~~ Y2 Ky2------- ML2c Mic Mid 10 l\/[La wherein: Rv is

i ndependently H, W3, R2 or a prot ec{hl ng graup; s i ndependently H or

al kyl of 1 to 18 |carbon atons; F’S i nde nden I xH Rl, R3 or R4 wherein
each R4 is indepe I 5 \%e 3 R3 groups or taken

t oget her at axcdrpon gro ps orPﬁ r| ng or fused rings of 3
to 12 carbon, Mhitlrogena ﬂd optijonall|l y\%n, atofrs, and the ring system
may be substltute W t group N /MBR3a2 R3b, R30 or R3d,
provided that wheh R3 i a heteroatom then R3 is R30 or R3d; 20
RﬁaRlls F, d, Br, |, -CN, N3, -NA12boR or -OR6a; R3bis Yl; R0 is -R',
- Y(R" ), -SR" 2

(RO ) s 1ngependengly)0 F§ N(R%( 1@(6)%:{) %\T(ORX) N(O)(ORY), or

NN (R")( RY);
5 Y? is independently absent, a bond, O, CR®)(R"), N(R), N(O)(R"),

N(OR*), N(O)(OR"), N(N(R*)( R")), -S(O)mz-, or -S(O)2-S(O)mz-; and when
Y? joins two phosphorous atoms Y? can also be C(R®)(R?);
R* is independently absent, a bond, H, R!, R?, W3, a protecting group, or

the formula:

Y1 RV Ry Y1
Ry
l M12c M M1d

1c
10 M1a :

wherein:
RY is independently H, W3, R? or a protecting group;
R! is independently H or alkyl of 1 to 18 carbon atoms;
R? is independently H, R!, R® or R* wherein each R* is independently
15  substituted with O to 3 R3‘ groups or taken together at a carbon atom, two R?
groups form a ring or fused rings of 3 to 12 carbon, nitrogen, and optionally
oxygen, atoms, and the ring system may be substituted with 0 to 3 R? groups;
R®isR*® R R¥* or R3¢, provided that when R? is bound to a
heteroatom, then R® is R* or R*¢,
20 R*isF, CL, Br, I, -CN, N3 -NO, -OR; or —ORe;
R¥is Y';
R¥ is -R*, -N(R*)}(R"), -SR*, -S(O)RY, -S(O),R", -S(O)(ORY), -
S(O)(ORY), -OC(YHRY, -OC(YHOR, -OC(YHNR®(R™)), -SC(Y)R?, -



S(O2(CR'), -0(Y])R', -O(Y)OR', -OC(YI)(N(R")(R" )), -SAY)RX, - 4 WO
2006/ 015261 PCT/ US2005/ 027088 SC(Y1)OR', -SC(Y1l) (N(R")(R" )),

-N(R") C( YWWhRog6/01846R' ) C( Y1 ) OR", or - N(RX)C(Yl) (N(R") (R' PCX/US2005@27088
-C(YI)R', C(YI)OR" or C(YI)(N(R')(R" )) R4 is H an al kyI of 1 to 18
carbon atons, of 2 to 18

car bon atom; S@@Y D@K’Fﬁdts%%r)@f(ﬁ KEC)% N&R )§(¥0859t'ﬂ‘{(3t)§(9 vmly@r'to 3 R3

groups; s RS, -C(YI)R5, -C(YI)W, -SOWRR5, or -SOM2Vb;
W is car bocyc o& P}Qﬁer)xﬂ)) e wherein Wb is independently substituted 10

1100 (o 3T gr ot O o TORpandSRL NN Lyt W 1h O, L, 2 o
apsen
2052 PO o RS ARTTE o Re R R )

10, 11 or zlitoéédyﬂaﬁgm Bof tol18 rbo’ﬁat&ns5 6, 7, 8 9,10, 11 or 12; M1 a,
M1 c, anM ‘are I'n epenent or 1; and ML2¢ 5012345

6, 7, 8, 9, 10, 11R meZthrﬂnamiﬂhels semmuemthouoﬁemmem| on provides a
corrpound of the {7&9 s [DRUG - (A),,,, enantioners thereof or a
phar maceutical |y a céi) tfe¥salt thereof wherein, DRUGis a conpound of

the formula A5 25 yid RS Loy OR3:-cly e, K0,aRE, @S- Wwred above; Ais A, A2
or WB with the proviso thath?he COKYnPugate el ud&t [east one Al; Al is:

S W5 is carbocycle or heterocycle wherein W is independently substituted

10 with 0 to 3 R? groups;
W? is W? independently substituted with 0, 1, 2, or 3 A3 groups;
K and K’ are independently absent, a bond, or optionally substituted RY;
M2is 0,1 or 2;
Ml2ais0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
15 M12bis0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
Mla, Mlc, and M1d are independently O or 1; and

Ml2cis0,1,2,3,4,5,6,7,8,9,10, 11 or 12.

In another embodiment, the invention provides a compound of the

formula:
20
[DRUGI-(A")un
enantiomers thereof or a pharmaceutically acceptable salt thereof wherein,
DRUG is a compound of the formula A;
25 mnis 1, 2, or 3;

K and K’ are as defined above;

AYis Al A? or W? with the proviso that the conjugate includes at least
one Al ;

Al is:



WD 2006/ 015261 PCT/ US2005/ 027088 Y2 Y2 R2 R2 Mil2a ML2b A2 is: Y2 Y
g%ZaJé-MZb 5Ais: YY 2P11 11 PR YI2Y2XRR\RK
alL - 02 5¥%1 is independently 0, S, N(R' ), N O @RI/US2005l0

NNO(OW, or N(N(R")(R" )); y2is independently)a bf)nzi,(l) O,IDSC(OE'K'?(A)I?' ),
N(R' ), N(Q(RX), N(OR" ), 10 N(Q(OR" ), NCN(R")(R" )), -S(Q M-, or
-S(O M2- S(O M2-; and when Y2 |j oi n§ two phosphgtous atons Y2 can al so be
CR(R; R is |ndependently-)(H/ R2 a protecting group, or the
formula: Y1 RY RY Y1 RY \Y/Z/ Y2 c Mid Mawkherein:

VB R2
M M

M12a
; EVEDI
A?is:
i 32 _/Y2
e \ 3
] W
: \ 2 \52
R R
M12a
L - M12b
5 Alis
_ oy v |
P P R*
Y \l(z\Yz
\RX
i M2 |2
M12b o
Y is independently O, S, N(R®), N(O)(R¥), N(OR™), N(O)(OR"), or

NENERH(RD);
Y? is independently a bond, O, C(R*)(R"), N(R™), N(O)(R™), N(OR),
10 N(O)(OR¥), N(N(R®)( R¥)), -S(O)mz-, or -S(O)m2-S(O)mz-; and when Y? joins
two phosphorous atoms Y2 can also be C(R*)(R?);
* is independently H, R!, R?, W?, a protecting group, or the formula:

g

1c
1a ;

wherein:
15 RY is independently H, W3, R*ora protecting group;

R’ is independently H or alkyl of 1 to 18 carbon atoms;
6



15 RY is independently H W8, R2 or a protecting group; Rl is

i ndependently H or alkyl of 1 to 18 carbon atons; 6 WO 2006/ 015261

PCT/ US20080Q806088261R2 i s i ndependently H R, R3 or R4 waEruskevspamis R4 i s
i ndependently substituted with O to 3 R3 gr oups or taken together at a
carbon atom two R2, groups forma ring of 3 to 8 carhbons and the ring my
be substituted witR’ & indergndertlydl.dtipR’ o5RRyhpisirengh Rrapindepcndgitiza g,

ded t h t R3d R3
pror 4l g0 g L iy o s
- N(RX) ( R’ gr5R1ps forB(OIM of B ebons-a5( B 1BRAnay b BuiBtIOHE] @Rh O)tp 3
-O(YI) R, -0 YI)OR', -OC(Y)(N(R")(R" )), -SC(YI)R", - SC(Yl)OR",
SOV ) (N(R') Rg])(’PPSa-N(R' YO(Y)R, -N(R') QY1) OR", of -
N(R") C{Y1){ N(R") ( )t A 1?? Rg ot ﬁ(‘d{h)cﬁlded tﬁ%(t\@fﬂegiz’ 19[)ourgtga) (N(R") (R" 1))

R4 is an al kyl of arbon af , al'kenyl of 2 to 18 carbon atons,
15 or al kynyl hetrodtohn tHe Riais BohorREms; R5 is R4 wherein each R4 is

substituted with 0_t, . WL is R5, Yl) R5,
-C(Y)Ws, -SOWRRS, B% 15%(@\% IOV@% 75\13\%{3559&&0 ‘Q&B‘het erocycl e wr?(er ei)n W is

i ndependent |y subskpttiged 20 with O to 3 R2 groups; V\B i's WB i ndependently
substituted with O, 1 2. or 3 A3 groups; M is O, or 2; MZ2ais 0, 1,
2,3, 4, 5 6, 7, B*i9;RINRIURY,-IR", -SERD, SOBR ,18((2)(03) 4, 5, 6, 7, 8,

and K ar s SERARY R Rl R B AY ARG ERT IR, O 1 o 4
or 12. 30  SC(YHORY, -SCYHNR(RY), -NRHC(YHRY, -NRHC(YOR?, or -
NRICYHNRHRY) ;
3 s -C(YHR®, -C(YHOR" or -C(YHINRHRY);
R*is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms,
15  or alkynyl of 2 to 18 carbon atoms;
R is R* wherein each R* is substituted with 0 to 3 R? groups;
W is W or W’;
W*is R®, -C(YHR?, -C(YHW?, -SO,,R, or —SO,,W’;
W5 is carbocycle or heterocycle wherein W is independently substituted
20 with 0 to 3 R? groups;
Ww¢ is W? independently substituted with 0, 1, 2, or 3 A? groups;
M2is 0,1 or2;
M12ais0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
M12bis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
25 M1la, Mlc, and M1d are independently O or 1;
K and K are as defined above; and

Ml2¢is0,1,2,3,4,5,6,7,8,9,10,11 or 12.

30



7 WD 2006/ 015261 PCT/ US2005/ 027088 5 In another enbodi nent, the invention
provi des a conpound of the fornulae A K 0 AAOO0K\ NA A F 10
wher ei n: woi2eks/G1526&° is: Y2 Y2 W 1 R2 F22 Mi2a ML2b 1BCARISR@)s/087088D

2006/ 015261 PCT/ US2005/027088 Y Y Y2 P11 11 PR' | Y~ 12 Y2 R R R MM
2 M2a M2b Y is independently 0, S, N(RX), N(O(RX), N(ORX), N(O (ORX),
or N(N(R')( R')); Y2 is independently absent, bond, 0, C(RX)(RX), N(RX),
N(O) (RX), :

5 In another embodiment, the invention provides a compound of the
formulae A:
Kl
K\ / AD
A’ —o0 O N
AO
0
A F
10

wherein:

Alis Al

Alis:

15 A3 is:



5 NORX), N(O(ORX), N(N(RX)( RX)), -S(O M-, or -S(O M-S(O M-; and when
y2 joins two phosphorous atons Y2 can also be C(R(R); RX is independently
H R2, Wawoao@wmsmeti ng group, or the forrmula: Y1 Rv ReCYWSRI0542708% Y2 2
y2 MLl2c Mic Mld Mla Rv is independently H W8, R2 or a protecting group;
10 R1 is independently H or alkyl of 1 to 18 carbon atons; R2 is

i ndependently H, R3 or R4 wherein e i dependently substituted
with O to 3 R3 grdups; R3 is R3a) RG d, provided that when R3 is
bound to a hetergay ais F, d, Br, I, -CN,
N3, -NO2, -OR+40F-OR6 Yl; -N(RX) (RX), -SRX, -S(O RX,
-S(O) 2RX, -S(OM ORX), Q 2(ORX), | ) ORX,

- OC( Y1) (NCRX) (RX) ), SC(Yl) B z\l(g)(RX)),
-N(RX) C( Y1) RX, - N(RX) C(\YI ) N( RX) C( ) (RX)) R3d is
-C(Y')RX, -C(Y1)ORX or C(YI)(N(RM{;F@()) R4 is an alkyl of 1 to 18 car bon
atons, allcenyl of 2 to 18 carbon atons, or alkynyl of 2 to 18 carbon
atons; R5 is R4 whafds mdepmideﬂﬂy OsS,sNﬁg‘bllﬂ(lﬂ)dtf‘)yN(@R’O NE@BORY), gr oups; 9 WO
2006/ 015261 P%@gg 027088 Rya is independently al kylene of 1 to 18
carbon atons he of 2 to 18 carbon atonms, or al kynyl ene of 2-18
carbon atonms any o lq\g;@x x ne is
substituted with @1%1&99{?@51‘&9%@ %Mie%f‘%ondad) (RWR )aNglﬁf(RchI ) R5,

-C(Y' )W, 5 SOXROR HN(OFERAB, NMR ){Pcb)r iﬁi@)m eo1oS(OrbLeHOdye] endiwvberin W i s

| ndependent |y Y$Ub1%1ts %wo pleosphorous atoms Y? can also be C(R*)(R?);

* is independently H, R?, W3, a protecting group, or the formula:

MMWM

M12¢c

RY is independently H, W3, R* or a protecting group;
10 R! is independently H or alkyl of 1 to 18 carbon atoms;
R? is independently H, R? or R* wherein each R* is independently
substituted with 0 to 3 R® groups;
R®is R*, R®, R* or R*, provided that when R? is bound to a
heteroatom, then R is R*® or R:
15 R*is F, Cl, Br, L, -CN, N3 -NO,, -OR; or “ORgs;
( R is YI;
R is -R¥, -N(R®)(R¥), -SR*, -S(O)R*, -S(O),R*, -S(O)(ORY), -
S(0)2(ORY), -OC(YHRY, -OC(Y"ORY, -OC(YH(NR¥)(RY)), -SC(YHR?, -
SC(YHOR?, -SC(YHINRM(RY)), -NR¥C(YHRY, -NRMC(YHOR?, or -
20 NERIHCYHNRIR) ;
R* is -C(Y")RY, -C(Y)OR™ or -C(YH(NR®)(R));
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 R* wherein each R* is substituted with 0 to 3 R? groups;
9



with O to 3 R2 groups; Ws is WB independently substituted wth 0, 1, 2, or
3 A3 groups; K and K are as defined above; 10 M is 0, 1 or 2; MZ2a is 1,
2, 3, 4, w0 2606045268, 9, 10, 11 or 12; MZ2b is 0, 1, 2, P8T/U42005/02888 7, 8,
9, 10, 11 or 12; M1 a, M1 c, and M1 d are independently O or 1; and

Mi2c is 0, 1, 2, 3,.4, 5 6, 7, 8 9, 10 11 or 12. 15 DETA| LED DESCRI PTI ON

oF (I;XTE:/PLARY EVBODR VENTdepardpthertkdeng 4T ipold %éb%@nfaﬁ?@é‘g}iﬁﬂf’ of g_lt:_%er tain

embodi ment s ofg L fion LBl Ay REBIPLAR (Afboifihfills ACord dritiEipiigichd) the
SEiS d P8l the | 1™ be

acconpanyi ng structures an rmul as. Ie vention w

descri bed i n gbsjylsnetdr atkynilche tshhabstanadwritited Rémoogisnent s, it will be
understood that they . arg notsintended to limt 20 the invention to those
enbodi ments. On th¥® d¢oM AW the invention is intended to cover all

al ternati wes, nodi§iscahfo Lwahd faeal S octw’may be included within
t he scope\sgf t he pWegs?r}t’ i@ﬁ/gﬁt’i ggggyaeﬂlzﬁeﬁog%he’ enbodi ments.

DEFI NI TIONS . Unl egB istab&dcRididewt&scletwieréinWoisiindgptndanty anlsstipliedises as
used herein 25 are intended to have the follow ng nmeani ngs: Wen
tradenanes arwithy9del 3Her@oy¥rs; appl i cants intend to independently include the

tradename product @?%?W%?ﬁ%tg%ﬁ?%?e%#@ﬁ?ﬁgﬁ%ﬂ152‘»%@%38@5‘(@ of the

t radenane product. oava egree to which the
pharmaceuti cal | y aktand& agemd defided beewenres avail able to the target tissue
after the agent's introductjon into the body. Enhancenent of the

bi oavai | a8} I'i ty ofMglﬁﬁa fadeut i cal | y active agent can provide a nore

efficient and eff bye& 1 hegtAreng 4@ g i1gnRtg2because, for a given 10 WO
2006/ 015261 PCT/ Ugglt 0%?3027088 " “dose, ’mjgfrﬁe’ of the pharmaceutically active

agent will be avai MdBbés @tl,2n3 4, &r gt 09, 10 $koelsites. The terns

"phosphonat e” and ! phosphonat roups inelude functional groups or

noi eties within a Iae@ﬂl;’ea“tadﬂﬁllgé{? dsp. gcgel Y5 Oglpﬁ%(?’ous that is 1)
Ml12¢is0,1,2,3,4,5,6,7,8,9,10,11 or 12.

15 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
Reference will now be made in detail to certain embodiments of the
invention, examples of which are illustrated in the accompanying structures and
formulas. While the invention will be described in conjunction with the
enumerated embodiments, it will be understood that they are not intended to limit 1
20  the invention to those embodiments. On the contrary, the invention is intended
to cover all alternatives, modifications, and equivalents, which may be included

within the scope of the present invention as defined by the embodiments.

DEFINITIONS

. Unless stated otherwise, the following terms and phrases as used herein

25  are intended to have the following meanings:

When tradenames are used herein, applicants intend to independently
include the tradename product and the active pharmaceutical ingredient(s) of the
tradename product.

“Bioavailability” is the degree to which the pharmaceutically active agent

30 becomes available to the target tissue after the agent's introduction into the body.
Enhancement of the bioavailability of a pharmaceutically active agent can

provide a more efficient and effective treatment for patients because, for a given
10



5 single-bonded to a carbon, 2) doubl e-bonded to a heteroatom 3)

singl e-bonded to a heteroatom and 4) single-bonded to anot her

het er oat owo,208dmasmiin each heteroatom can be the sane orcaiUsk@sontoss The

gfrgg_;PhospPﬁn?te" and "phosEhonﬁte group” al so include functional groups
ieties at conprise a osphorous in the sane i i

phosphor ous  dlesg mds éméf %W@M%@u@‘&wqw"a@%@%}‘{ﬁl P%ﬁ‘&!ﬂg@r‘eg‘gé‘g%%lggt |t 2t ?Zst e

that conpri se. aepsrit%g;lrug noi ety that can separate froma conpound so that

t he conpound PatSEIms a phosphorous having the characteriatics described

_abo?/ed FOIr‘] EXﬁ.WD! @hettﬁ?lst‘@lﬁﬁ@ﬁbﬁdﬁ@% pitbfriibeghoand groyiosghdnfimetienadbup”

i ncl ude phosphoni ¢ aci.d, 1osphoni ter, ph honi i

phosphonai ni &S %ﬁﬁ)lﬁﬁég’ﬁ%ﬁf‘ ﬁ?‘g‘g‘i”geotﬁgﬁ(sf’me%ﬁﬁ agﬁ@*&ﬁ@ff’%s %{aa?}sshgtr)ne

speci ¢ Mgl IBANRl 1l B ealBY 1Y doBBlc Hoed &Y Aot BRBED M MGl baiTlid
up"™ 1 nclude fun

“phosphonate g tironal groups or noieties wthin a nol ecul e
that conpri seas ahefhes@hoandA) stight-borsled Yo snathdrdictenerden), Wherginegebon, 2)

doubl e- bonded to an ox n, 3) single-banded ta. d 4
si ngl e- bondedlefeéoat%lﬁ&?ﬁég%?ﬁé?ﬂérﬂr dé@er%tr ﬁnhﬁgeanﬁpséﬁéf{%g? %1}]632 or) noi eti es
that conpri se: go 18R Br B al¥BiidINdd MiaktichaNeRapaseheictisOitecongpiiound so

that the conpound retarns a phosphorous having such characteriatics. In
anot her specifhosphentisdi thentansfoxidasionistaieastthe phospharops desstibpthegyioifat e and

"phosphonat e grpup” incluyude functi.opal r j.eti i4 hi

nol ecul eq@hat‘gﬁlg%%@fl%t@aggrﬁ%ss%rﬁg?l ﬁ%s tglﬁlg{c’?l!iiﬂs%ﬁi) P réq}{r% %rg)?%%\rf\ﬂc?té ér?oaa
carbon, 2) daybherclridedoipoditl @ taiee cdhpsirigkaibansdmeplicoithaamgoxygen or
nitrogen, and 4) singl e-bonded to anot her oxygen or nitrogen, wel | as

b . . . [13 n S
fS gggﬁ |a ;)ga:c rgrtbmplsarmtermﬁcéﬁ?@ﬂb%&ltwéoﬁﬁ’? PRARIC IS HIGg RS ]P‘ﬂ}laf%é‘fldcan
4 ma ¢ un Q. aseJel® h{¥Sméndd@sphor ous havin
such char acterpig?ﬁ%ggge?ﬁoél%t élﬁé%&&epé%g‘?lﬁogﬁgj%g&g?é%}ﬁerelﬁnref i’lros to any °
conpound t hatphabgibniAeaebhosphenaaadate, amdyihokdipintdabats fiscdmagrewat es t he
drug substance, i.e. active_ ingredient, as _a resul ont aneous

; 2 3 /mo(r: a Ime]{S: gclilli S @E?C,if_i%ﬁﬁ??@n@& of tz% lg’éfenté‘?’i’e Hhedgrms ?5%9?5%5‘;5) MPhot ol ysi s,
a T uévr”.qﬁcqﬁ Pfihetiona %pm RBREEDHRRBT molecule
T e e e 3 e 2
bonded to an oxygen, 3) single-bonded to an oxygen, and 4) single-bonded to
another oxygen, as well as functional groups or moieties that comprise a prodrug
20 moiety that can separate from a compound so that the compound retains a
phosphorous having such characteriatics. In another specific embodiment of the
invention, the terms “phosphonate” and “phosphonate group” include functional
groups or moieties within a molecule that comprises a phosphorous that is 1)
single-bonded to a carbon, 2) double-bonded to an oxygen, 3) single-bonded to
25  an oxygen or nitrogen, and 4) single-bonded to another oxygen or nitrogen, as
well as functional groups or moieties that comprise a prodrug moiety that can
separate from a compound so that the compound retains a phdéphorous having
such characteriatics.
The term “prodrug” as used herein refers to any compound that when
30 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

11



"Prodrug noiety" refers to a labile functional group which separates from
the active inhibitory conpound during netabolism systemcally, inside a
cell, by wb 2nywdnsieysi s, enzymatic cl eavage, or by sone eChars2@socmss
(Bundgaard, Hans, "Design and Application of Prodrugs” in A Textbook of
Drug Design and Devel opnent (1991), P. Krogsgaard-Larsen and H Bundgaard,
Eds. Harwood prodragsrhes Feypieatemedifisd ?n@‘iggf%@%‘t. OEﬁfg ?réléer%’?}né%ﬁ'&'r e capabl e
of an enzymatj.c i ion mechanismw th the phosphonate prodrug ‘
conpounds of afgvef%ogﬁéo\r@%nti on include, but are not limted to, am dases,
est erases, m cr obi‘@rodrenayives’ referus pliaiilefaseionalghalp wieish svpasiss, fraand
phosphases. Prodrug noieties can serve t enhan%e sol ubi I.Art g bsor ption
and | i pophi | ithe 8SHivE e orAFUBP NG GUripge eRRPNSI Sy eRFGAA A7 et%/l U ef fi cacy.
A prodrug ”Dih§Jd¥ ygﬁ’sy ﬁit}ﬁl Hegl oY RomBRHRP BldctR (Blndbamd, Hiuse! f . 15
Exenpl aryspro ru01 mf)lee i eas i r?%ﬁ%g’e rt \r%’goﬁlydr ol g i I(I y (g{ar_m tive or labile
acyl oxynet hyl“Desiganad APpR@GOT Of ROdangs” aiy Toxtpaelt biy/Drirgalp efngihans

- CH2OC(=0) OR9_where R9.is. Cl-CB al kyl., CL- OB spbstituted,al -C20 aryl
or C6-C20 sum%@pﬁ THECRHE _ISWEW‘@_E élrnd%ag ’ﬁ%‘?”s Xllt}%oeo as a
prodrug strat eg¥n i OpuRhA9DH. 183-291 YEBHehet hdTthapotapaBlddf aphosphat es and
phosphonat es 20 by Farquhar "ét al. ('11983) J. Pharm Sci. 72: 324; also US

Patent Nos. ABI@SAL activeb8V8EchaEesYHb ttphaspoarsarodvBseRereds ot  he
coy oaliy! ettt ek ReaRIoRANRN BB e col

nmenbr ane close’variant of the

acyl oxyal kyl &s{@ks, phb$hoBpasex hakikateydsex wal baydphess ePrddreg hoiwtiee) , nmay
al so enhance oral bioavailabil |‘t‘¥ 25 as a pro,drugjllm)l ety in tHe conmpounds
of the combi neniservs tofnhanes salvkikity, absorpiipn anddipepRilicity I PRIV Y  ester is

pval o onyreyenx. e FRORKEDL B s s e )
- CH2OC( =0) OC(/akRBdaite dherughigelghonat e group may be a phosphonate prodrug
not 1 /7 160 to a BrvEyImTE e e FraeBpegly P sLptIe
pot ent 1 at ed o) T g O AR e R Gt - ester
group. 12 —CH,0C(=0)OR’ where R’ is C,—Cj alkyl, C1—Cs substituted alkyl, Ce~Cao aryl
or Cs—C,p substituted aryl. The acyloxyalkyl ester was first used as a prodrug
strategy for carboxylic acids and then applied to phosphates and phosphonates
20 by Farquhar et al. (1983) J. Pharm. Sci. 72: 324; also US Patent Nos. 4816570,
4968788, 5663159 and 5792756. Subsequently, the acyloxyalkyl ester was used
to deliver phosphonic acids across cell membranes and to enhance oral
bioavailability. A close variant of the acyloxyaikal ester, the
alkoxycarbonyloxyalkjd ester (carbonate), may also enhance oral bioavailability
25  as a prodrug moiety in the compounds of the combinations of the invention. An
exemplary acyloxymethyl ester is pivaloyloxymethoxy, (POM)
~CH,0OC(=0)C(CH3);. An exemplary acyloxymethyl carbonate prodrug moiety
is pivaloyloxymethylcarbonate (POC) ~CHOC(=0)OC(CHs)s.
The phosphonate group may be a phosphonate prodrug moiety. The
30 prodrug moiety may be sensitive to hydrolysis, such as, but not limited to a
pivaloyloxymethyl carbonate (POC) or POM group. Alternatively, the prodrug
moiety may be sensitive to enzymatic potentiated cleavage, such as a lactate

ester or a phosphonamidate-ester group.
12



WO 2006/ 015261 PCT/ US2005/ 027088 Aryl esters of phosphorus groups,

especi ally phenyl esters, are reported to enhance oral bioavailability (De
Lonbaert w0 2a06/016%994) J. Med.. Chem 37: 498). Phenyl pestuse@soomsai ni ng a
carboxylic ester ortho to the phosphate have also been descri bed (Khammei
and Torrence, (1996) J. Med. Czem 39:4109 . g,zhllS Benz eﬁtdars are
reported to gener aAd! esiers 9APROSPhRING SHNBS SPeal 1’5388
substituents at drol ysi s.
Benzyl anal odt cuptiRe St BRaPARARLERS *H“*%?%E*’%F@?@iffe?}”%’hgﬁﬁm pydrolysis. .
t he phenolic mp’rpphmﬁ}l tdere ugitainive mctrbanyliofestenayne®, the phpsphats heveises,

to fgsSznef;f%squghégw%%ﬁ%f@rﬁ%?gﬁ et (NP AOhA b R Al S moci At o,
Exanpl es  sof 41:1'5fk| n Fes?grsgfqg%&% t@rg‘énéiﬁt%‘%]\i/%@ﬁgnt?ﬂ% Hoaftelcid.eln al . (1992)

1 Chem Soc. rans 45: d azi er 1. Still other
benzylic prodougsabaysbstiaents d‘e@lclovﬂredarwm-aomimgmay eeqelssatg lthe

ester-containing gr.o ached tg the

91/19721). THIETUHE: gﬁ?ﬁ%éf aftﬂl‘b‘ﬁr"t’f@%a%?céfla?%‘{]ﬁ et %1@1%@8@(81%&@@{“ t he

i ntracel | ul ar el ae }Shéﬁohﬁ Q@&EB&W&&@%%H@acﬁBﬂQﬁ%nzﬁﬁ@?é LekStemedt; ai N an
ethylthio gro%pln whi ch thiol group is either esterified wth an acyl

group or combixidmesyictch vdnd’t hetort inidstgays olepvass at therheazdicsert@ bered to
Deesterification or_reductiqon af th dISU|fId ener at t thio
i nt er medi & e sspRTaitihe pRAWhEEN AT aﬁﬁlgﬁl@uﬁﬂﬁnﬁn‘? ]6%? © egi gﬁji(c qgsi d and

epi sul fide (R 298) 41 NitbhdRest al. (2912 3155hé17745' Benzaria et
al . (1996) J. mﬁ% C%Cﬁgﬁglﬁhmgga 958§MB(§1 i C phosghénatg estersoﬁave al so

been descri beBeras Iru&drllleoGlaZ{lmd&’@tﬂiv’LWQéoﬁttllimhqii@e%#ﬁ g{Eveon et

al ., US Patent . 6 ty of a

conmpound tha?bet’?ﬁN%ﬁ%cr gﬁ?]%[é??gt%%a (P%/lgr?w memn E‘%&[gﬁ%‘%}é %ﬁgﬁp or the

properties ofydhercRBmAg @Faz@r%O\M]Q|9621)Q1Hﬁ@>-earhtamtngtlﬁodmgga@roups and

strategies for protection/deprotection are_. well known in_the ﬁﬁ"ée See
‘e

e.g., Protsect Iepel't@lr f@lhﬁslsi:ﬁbll tor dlagingragyiastar defivery of pagspBenats/frugs- John
Wley & Sons, éiﬁs/ oy a1n M) e%hxlé]?(ﬁ Q;rro E 1? LaRh A9thid é‘?&%w UtherUstepifieyt 1 | 1 zed

to mask the r}érgg cer i onal groups assist 1n the

ef ficiency ofwiBshhed ge&mmknwmnmmm@ thyio] gnmajiltm@rmmddlbmlﬁdkl ng 30
chem cal bonds in an ordered and pl| anned_f ashi On?st‘ilﬁg of fL%nCtI onal

groups of a cBagséifiraten %W@thWé‘rOfﬁlPﬁ/‘%l? fifle gengat m?eﬁié

reactivity of which subsequently breaks down to the phosphoric acid and eplsulﬁde (Puech et
20  al. (1993) Antiviral Res., 22: 155-174; Benzaria et al. (1996) J. Med. Chem. 39:

4958). Cyclic phosphonate esters have also been described as prodrugs of
phbsphorus-containing compounds (Erion et al., US Patent No. 6312662).
“Protecting group” refers to a moiety of a compound that masks or alters
the properties of a functional group or the properties of the compound as a
25  whole. Chemical protecting groups and strategies for protection/deprotection are
well known in the art. See e.g., Protective Groups in Organic Chemistry,

Theodora W. Greene, John Wiley & Sons, Inc., New York, 1991. Protecting

groups are often utilized to mask the reactivity of certain functional groups, to
assist in the efficiency of desired chemical reactions, e.g., making and breaking
30  chemical bonds in an ordered and planned fashion. Protection of functional
groups of a compound alters other physical properties besides the reactivity of
the protected functional group, such as the polarity, lipophilicity
(hydrophobicity), and other properties which can be measured by common

13



the protected functional group, such as the polarity, lipophilicity
(hydrophobi city), and other properties which can be neasured by common 13
WO 2006/ 0w626ds/RE361 US2005/ 027088 anal ytical tools. ChemcCealsbgospemsect ed
i nternedi ates may thensel ves be biologically active or inactive. Protected
conpounds may al so exhibit altered, and in sgne cases, ?pt'nized

eé

properties i renalstical tapld. Chenyicelly protrstpddBtepaedialgeman thamess Fular 5

menbr anes and _.resi to.epngzymati c degradation or sequestration. In this
role, prot ecl?%ﬁﬁg%;r%r%ggﬁggO\?\/i”?%{li)é%?ended therapeutic effects may be referred

to as Iorogr ugs. Amotdaexd cotpotmdimayf algo prlabieeltérnd, agd amiporns cases,.convert the
parenta rug into a prodrug, whereby the parental drug i el eased upon
conver si on of OPtipgehPioReitiss Vitip ¢Bd BEEe 8 %Fcl?%s%eﬁl?r%g%ﬁéluﬁﬁiy be absor bed

more effeqgti YEL:%b#glﬁst %}ﬁ:f;regig'tgn%%?ﬁ%l?ﬁ%r &%racﬁﬁ@ﬁj brieeuRAtiBRS BLHEs Jr eat er

potency in vivo t par ent a . Protecting groups are renoved

elh ther in vi tyofs, pratedtétbcdnstuade witbfintendeditherapetitiotetients draat e efepredityy vi vo, in
the case of prodrugs. Wth chemical. intermnediate it is, not particularl

i nportant t hats Hfﬂ‘gmg%ftﬂoﬂi% 1888@??“&‘?‘?@5 grgﬂppl,s(%? ‘é‘?f"tvie]gﬁ]fle pat .t,af al cohol s?/
be physi ol ogi &Iﬂkliﬁ‘toﬁg)?&ﬂ{lg,%l?erelﬁj ﬁl@?h‘&hta! Bru@a8 Sl @sed tipdkbednSedhefdesi rabl e
if the products~are pharnacol ogi‘cal 'y i nnocuous. Any reference to any of

t he conpoundsthefrddmeg inwent Besausd astive pridgegssnay be aerbed erore effectively

physi ol ogj cal | cceptahle salt. thereof. EX I f j i cal

accept abl sa’ih%/"_éaﬁ‘fpag)er?gﬁ%é?mﬁj&gs&mx R%SS?SE%@%;&‘{“%E%?%H%%%? gﬂaaﬁ ?bsg de)r/i ved
from an appr opiibighiedrB@SPiot&UaH gisipd Bredltaked eitiedln Lifr0f inakaimstaace sbdi um), 20
an alkaline earth (for exanple, magnesium, anmmoni um and NX4+ (wherein X is

Cl-C4 al kyl) .glwnlysalci)mt@gm@éatw ohioEY dbibe casg elpredrugh Wyl dg@iraht om or an
amno group include salts r o i &'E%%‘d etic,
benzoic, | actﬁnéefmle b ’rllk %:S,noftP Iﬁ?@ﬁ%@?%ﬁg&éﬁgﬁﬁmﬁéﬁﬁé, I :a@c,@lé%%fhi oni c,

| act obi oni ¢ aahrswednNk.g., akoh6ls; beoslyaiol ayicalilyfaotdptabis iattBoughtiolgensral it

met hanesul foni c, ethanesul fonic, 25 benzenesul fopi ¢ and p-tol uenesul fonic
aci ds; ankh i nisrperaidesizbicds thequpdncisare RYRRACAIOZIALY IOGF¥QHSi ¢, phosphoric and

R i
sui t abl e cat i sfersitetto aphiiomgitalfdeceptahersaltiihereof. Examples of
physiologically acceptable salts of the compounds of the invention include salts
derived from an appropriate base, such as an alkali metal (for example, sodium),

20  an alkaline earth (for example, magnesium), ammonium and NX," (wherein X is
Ci—C4 alkyl). Physiologically acceptable salts of an hydrogen atom or an amino
group include salts of organic carboxylic acids such as acetic, benzoic, lactic,
fumaric, tartaric, maleic, malonic, malic, isethionic, lactobionic and succinic
acids; organic sulfonic acids, such as methanesulfonic, ethanesulfonic,

25  benzenesulfonic and p-toluenesulfonic acids; and inorganic acids, such as
hydrochloric, sulfuric, phosphoric and sulfamic acids. Physiologically
acceptable salts of a compound of an hydroxy group include the anion of said
compound in combination with a suitable cation such as Na' and NX4" (wherein
X is independently selected from H or a C;~C, alkyl group).

30 For therapeutic use, salts of active ingredients of the compounds of the
invention will be physiologically acceptable, i.e. they will be salts derived from a
physiologically acceptable acid or base. However, salts of acids or bases which

are not physiologically acceptable may also find use, for example, in the
14



X is independently selected fromHor a d-C4 al kyl group). 30 For

t herapeutic use, salts of active ingredients of the conpounds of the

i nvent i orwei2bée/das2ephysi ol ogi cal |y acceptable, i.e. theypairids2ims/osms s
derived froma physiologically acceptable acid or base. However, salts of

acids or bases which are not physiologically acceptable y Is find use,
for exanple, W@%&ﬁ@nmpm@%/@fmilo P%?@@Byag%m r’r& ézl Yon or

pur 11 cat | on eyl BNSH @l 0ch R Y pipgesalal e QIALAGA oPbhosotithin whet her

or not deri vec rmapyS|o oglc acid or base, are within
the scope of thdi@ope estistprésenteinvémion. " Al kyl " |s C 1-C 18 hydr ocar bon
containing normal,_ secondaﬁlétertl ary or C carb Exarrpl es

are methyl (Me, - CAdYT &G @/dlocahggg@}tamin ?ﬂrﬂjﬁbl %rry’ eﬁnaﬁ?’opyl

- CH2CH2 but y!

Egaéucm?budtﬂf)‘/‘ﬂ?"zc%%éff’ %’%;ﬂf jg nﬁt};’%@iﬁ}ﬁ) fﬁ%ié%“ z?ullznbu;J y?/
_Bu, " -

C(CH3) 3), %%prﬁ ﬁ{ @?#%SE?% 2%143042”?214 &E%WM 02 pe%t(fm’t)y)

(-CH(CGR) CHZ(EH 2 Bu, g-bpey] ﬁHXCMWEBBmﬁh?PWTW (IQBUMWI -

- C(CH3) 2CH2CH3) ,~ 3- net hyl - 2- but yI (b(u: ( CH3) CH( CH3) 3-nethyl - 1-butyl
CH2 CH2 CH( G@Z@H(QHB)QD h%utm (stBwys- Ea )2-methyidsy |

(

(-

é %2 ;ﬁ?%? DB N ity o AGH L 3 pﬁ@ﬁ?@f “Dpty %2@3&%@84%@)
(- O oyﬂs)@pgjk’%ﬂ@(ﬁ TGSy e b Xty >
2- et hyl - g_ﬁé%‘l £)é(@@%%&%£&%ﬂl~bugyl%'CI@GGH%)@H&§3W§ 3’-IInethyl'

(- C(CHB)ZCH( di fret hyl- 2-but yl (- 20 "A kenyl" is
C2- C18 hydr ociapi@n(-CenCHITHICHR? yBimetb@ebhulyt yCHzéJH(CéhyCHQCHBM i c carbon

atons with at | east one site of unsaturation car bon-car bon sp2

doubl e bond. HexznpCHaCHaEHME2Gd2CHB b 2rhsiy] (- ﬁflﬂ@ﬂﬂ@ﬂ%ﬁ?@ﬁéﬁg%rg'w nyl
Grocrorporaiy! (HER RN GD SRR 38R Sont ai ni ng. por el
secondary, t €5l AN ~p1) CH,CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4
methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-
C(CH3)(CH2CH3)p), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2), 2,3-
dimethyl-2-butyl (-C(CH3)2CH(CH3)2), 3,3-dimethy1—2-buty1 (-
CH(CH3)C(CH3)3.
20 “Alkenyl” is C2-C18 hydrocarbon containing normal, secondary, tertiary
or cyclic carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon,
sp” double bond. Examples include, but are not limited to, ethylene or vinyl
(-CH=CH,), allyl (-CH,CH=CHy), cyclopentenyl (-CsH), and 5-hexenyl (-CH;
CH,CH,CH,CH=CHy).
25 “Alkynyl” 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 triple bond. Examples include, but are not limited to, acetylenic (-C=CH) and
propargyl (-CH,C=CH),
“Alkylene” refers to a saturated, branched or straight chain or cyclic
30  hydrocarbon radical of 1-18 carbon atoms, and having two monovalent radical

centers derived by the removal of two hydrogen atoms from the same or two
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or cyclic carbon atons with at | east one site of unsaturation, i.e. a
carbon-carbon, sp triple bond. Exanples include, but are not limted to,
acet yl eniwo(Qo@#dsde1and propargyl (-CH2C=CH), "Al kyl ene'Pcrafsenis/ oomss
saturated, branched or straight chain or cyclic 30 hydrocarbon radical of
1- 18 carbon atons, and having tw nonoval ent

) t raﬂ%]gal centers, derived by
the renoval ofiffexsat mnaiens efanagent plane. HBPES ng iRdicals ERidsoliE/ 015261
PCT/ US2005/ 027 . o ff er 0pHy. 8t on f € g e. Typical
al kyl ene radi %gggt l%n(ri!i:t:ﬁfdt}g’el,%&gﬁlt% %&gﬁﬁgtl ’%r%ﬂrlwﬁt(e(%{ “{Eg?ze)nﬁté’tg)ﬁ%f@ﬁe (-CH2-)

1, 2- et hyl (- GHRBHCH)IGH,L), 34punpy CH{CIGERLEPIGH2any Alle Bitet y| (- CH2CH2CH2CH2- )
and the like. "Al kenylene" refers to an unsaturated, branched or . straight
chain or cyclic 5 /Hiendsr Bdes F%@%Pmﬂe%grfﬁc@g%étﬁa@%&ﬁ@?Oéﬁg‘hﬁavi ng two

monoval ents alﬂjd&?clarboﬁ?%lﬁﬁl 3 48R icY®Hn Bbuds h&dﬁﬁ@ﬁ@% eonbWRedtysli@@en atons

fromthe sanme-or two erent carbon atons of a parent al kene. Typi cal
al kenyl ene r aghtad derivad bythe retnaval ofitves Ijeirogdei mfonesdfiam thelsame of Y ene

(-CH=CH). "Al kynylene" refers to an_unsatura ranched or. strajght
chain or cycl4igeresee %%?%%Paf%ﬁlgﬁlf‘e'o yp?-agggﬁrg’?%lgﬁa ‘fag%lél,clu ‘Fic}i’ukavi ng
two nonoval e%eh@ﬂhﬁ%dtocﬁﬁ-%gl?%ngs-m L€ _g'y t he renoval of two hydrogen
atonms fromthe sane or twd ferent cafbon atons of a parent al kyne.

Typi cal al kynyl ene‘Alighytale? réfas taaeynsbutatedabmnplwd dristraightcchein,or gydicy| ene

-C-C), propargyl (-CH2C-C.), _and 4-pent | . (-CHCH2CH2C- CH-). 15 "Aryl"
ﬁreans 231 nlg)noelb)fdg‘)?/ﬂaféé’% ?Ellé’fi)ﬁlérc SR B H’Sr%@ﬁ}‘?ﬁmgé’?’oﬁof@vaclg%ﬁ%aatom Y
deri ved by { NEnflYRbd B uRREmDVA BRI hidkD fori iGhmeearioN at om of

parent aromatic ring system Typical aryl groups include, but are not
limted to, difftieotdasbapetonedf 4 pavent blyns iEypical Blsynylencaadipaln nshide, but

A acyel | ¢ al &5 POHEELP: FRHE G55 PR -CH GG L BRI Bbnded to a
corbon, st on) Ligieabuesayy el o 3 carton, atom 1S eplaced i
benzyl, 2rphenyl et et mydns a,merepitityproredtivyiydro2arap kidial ef Gradcarbory| |,
napht hobenzy! étor%l-s ggr?xbe%%glptﬂéa r%%llo%glho r(])hg' h;rqro gerr]ldatcgnq %olni all< glhgl-erggrbgﬁ 1:|or81l1I o@g group
' parent aromatic ring system. Typical aryl groups include, but are not limited to,
radicals derived from benzene, substituted benzene, naphthalene, anthracene,
biphenyl, and the like.
20 “Arylalkyl” refers to an acyclic alkyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon
atom, is replaced with an aryl radical. Typical arylalkyl groups include, but are
not limited to, benzyl, 2-phenylethan-1-yl, , naphthylmethyl, 2-naphthylethan-1-
yl1, naphthobenzyl, 2-naphthophenylethan-1-yl and the like. The arylalkyl group
25  comprises 6 to 20 carbon atoms, e.g., the alkyl moiety, including alkanyl,
alkenyl or alkynyl groups, of the arylalkyl group is 1 to 6 carbon atoms and the
aryl moiety is 5 to 14 carbon atoms.
“Substituted alkyl”, “substituted aryl”, and “substituted arylalkyl” mean
alkyl, aryl, and arylalkyl respectively, in which one or more hydrogen atoms are
30 each independently replaced with a non-hydrogen substituent. Typical
substituents include, but are not limited to, -X, -R, -O", -OR, -SR, -S’, -NRy,
-NRj, =NR, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO, =Ny, -N3,
NC(=O)R, -C(=O)R, -C(=O)NRR -S(=0),0’, -S(=0),0H, -S(=O)2R, -
16



25 conmprises 6 to 20 carbon atoms, e.g., the alkyl noiety, including

al kanyl, al kenyl or al kynyl groups, of the arylalkyl group is 1 to 6

car bon aHNUBommﬂsﬂhe aryI noiety is 5 to 14 carbon at omsT/USSuBsRI0BRIt €d

al kyl ™, "substituted aryl , and "substituted aryl al kyl" mean al kyl, aryl,

d | al kyl t whi ch
ZQEhf{t%defﬁ RHEOROR 'b M”@ﬁréfmoﬁ?MP@gﬁn&@&ﬁ%ﬁ@s—?&?@%?&
supsti tuents - - -
-NR2, -NR3, i;ﬁ%))‘d@% é&@he%%p)bd Sf@é\sﬁ‘ﬂ B tl\C|=(28=%?é -Cl@g,o leg)o(ﬂ;oz SENZ, S-i\B,
D005, D261 p%@&g%%%é?g?ﬁi%?w R e B 19 0

O O2RR,
-P(=0 OZRR Prdepepdsntly a hef ey (C@H?é quc?(ndéflgbgl&tﬂ%@%%@n@ g’i‘ﬁ‘”gp(q og CRRR
-9 O, %g?g dre%@ cﬁgsgéﬁig of %@u@ﬁirﬁ%mety%@ﬁ@& alk@(;ftB)eNﬁ?ia wher e

each X |s alogen ;" and each
i ndependent I yalk;h-lyleab gyiups ﬁlaaastbemubrluéghstlélteq@rot ecting group or prodrug

noi ety. Allcylene,, Iken e;ne n ro, be simlarl
subst:tuted "Het e ?B? 1ﬁ§£@ﬂﬂgﬁgﬁwxﬁﬁ’ dﬁgg%% ﬁ%ngxanple and y
not 1imtat '19ﬁ1t£tib%stﬁ REHREQGH IS B8scHiBE [ BRMelid) UBaquepIt@; plb@@f A

Princi ples of Mder ne Het er%@%cl i cS Chemlst rye(WA Benlar% n,

hﬁ?S) palr t] dwmm@ﬁmﬂm (3V.A4 Begjanmin, New York; ﬁr?éf%mélmcglarly of
erocyc i C , Serle 09 I Sons, New
Yor k, déﬁﬁﬁ ﬂg§43|h gPt hg@ﬂ;:&%§%§¢oséﬁb@o Oﬁ%géAénd 28; and

J. Am Chem S9fes ofﬁ%@hapﬁ@ @SEOWileh &)S@ns$Nerde(k wﬂmmpmant) dfi t he
i nvention "heterocycle” includes a "carbocycle" e i n&gp erein, wherein
Ee

ﬁne or nnre((mﬂgmﬂafvﬁuﬂ@s1%ﬂ44}6tﬁk5@h2&5m ﬂbﬁ@ laced with a
et er oat om 3 tJ way of
exanpl e and n%%gs?él%m z(a)fl g)(Ié)%e%lﬁc ‘Eé}%{qﬂh&? oﬁﬁlﬁg;%‘%&?’?‘d?%%cw?aﬁ%fd%? ri éyl
(piperidyl), tdaitazodly? as ddfeed ala[;edr othhictpbenyd morsife.gut, 208j ol 4)@drbon

t et rahydr ot hi ophenyl, pyrim diny. ura

|yl
i mi dazol yl5, t%{’m&?@‘i’eyl?eenB%Wmlg}qu,flete@e Whﬁeﬁg%ﬁﬁaﬁényr r OI % o 5?” azol yl,

i ndol enyl , qui nolllg})\( B9hJc e lincl Wi d820lmlole ami R Tinslimsh.
b pert donyi . pyr PTG A POSE i it ARl

pyrldyl dlhydroypyrldyl tetrahydropyridyl (plperldyl) thiazolyl,

tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, ‘

20 thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl,
piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl,
tetrahydrofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decéhydroquinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-
thiadiazinyl, 2H,6H-1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl,

25  isobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl,
isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-
indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, B-
carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl,

30  phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,
benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:
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tetrahydrof uranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydr oqui nol i nyl , octahydroi soqui nolinyl, azocinyl, triazinyl, 6H1, 2, 5-
t hi adi aziwgl2poedsBiH- 1, 5, 2- di t hi azi nyl, thienyl, thianthremgis2ooppemsyl, 25

i sobenzof uranyl, chronmenyl, xanthenyl, phenoxathinyl, 2H pyrrolyl,

i sot hi azol yl
3H indolyl,

, 1soxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl,
1H i ndazoly, purinyl, 4H7qutyoli zi nyl, phthal azinyl,
napht hyri di nyl, qui noxalinyl, quinazglin

|, cinnolinyl, pteridinyl,

4aH- car bazol yl, carbazolyl, f3- carbol ¥nyk, phenanthridinyl, acridinyl,

pyri m dinyl,

phenoxazi nyl ,
pyrazol i di nyl,
qui nucl i di nyl

phenant hrol i nyl , phenazi ngl, B0 phenot hi azi nyl, furazanyl,

i sochromanyl, chromanyl,” ~™mr dazolidi nyl, im dazolinyl,
pyrazolinyl, piperazinyl, indolinyl, isoindolinyl,
nmor'phol i nyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl,

oxi ndol yI , benzoxagphhwaemﬁq@bhn@ybthﬁmuwmiswbeﬁb@h&dh@ﬁunady$mfl7 VO
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nitation

| d t
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pos Ion 2, a pyra2|ne p05|t|on 2 3, 4,

or 5 of a furpyrazibgtpositiya2p3, uﬁt anS of hﬁuﬁmrtatmahyﬂmfgmhe apyﬂlmﬂhén%r

thi sl e, _posPoN TRt paR PR Bk Bt PyRaLly SRS £ oo,
position 2 Orthla%oﬁf p@ﬂl(ﬁ% r4| gf Her alpﬁﬁkédo&ﬂp%saz&e &fisdthiabola positidhidXbne,
position 2, 3, 8 10 of a qU|noI|ne or position 1, 3, 4, 5

6, 7, or 8 of 3 aflan qumn,qiosﬂil@n 258 0114 efneazeidipe,eipn 26 ArbdnOHbM&d

heterocyc

6- pyrldyl
pyr||n|d|nyl
pyrazi nyl, 5-
5-thi azol yl.
het er ocycl es
pyrrolidine,

| ud I
SRR eat TN s AR e SUROE
yfﬁcauylcmwfbbhdecﬁh@wowawb inylude ﬁ-ppﬁdylt‘rﬁqjyﬂylyl,, 4a}ymzlylaﬂ+ nyl, 3
pyrazinyl , :gyra2|nyl 2-t hi azol yl, dgﬁ59L820|

nwidsy, bﬁnménclﬁ REnGAZEYA AP yreseziny St 11287 %ngloaded
l e,
ar S d'u?}frll % gyr%gﬁ%a,r lg?lrr]%dnq{/l @%zﬂﬁh(ﬁlhﬁ, Q%&;}gﬁ? Idjljlnge pyrrole

2-im dazol i ne yrazlhym daedzine, 6-pyiagingl, @ tmapgdybzﬂrahlamelyl 21 pythiazalyl. ne,

3- pyrazollne

position Yof a i s BY iesey| o exﬁﬁpﬁe%ﬁﬁaﬁllllirlﬁ%tlolb%’f%e%

20

25

30

pi peridine, piperazine, indole, in Ohoﬁﬁﬁﬁw gﬁé& aé&%ﬁe

bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline,
3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline,
1H-indazole, position 2 of a isoindole, or isoindoline, position 4 of a morpholine,
and position 9 of a carbazole, or B-carboline. Still more typically, nitrogen
bonded heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-
pyrazolyl, and 1-piperidinyl.

“Carbocycle” refers to a saturated, unsaturated or aromatic ring having 3
to 7 carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to
about 20 carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 6 ring
atoms, still more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12
ring atoms, e.g., arranged as a bicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or
10 ring atoms arranged as a bicyclo [5,6] or [6,6] system. Examples of
monocyclic carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, 1-

cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
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20 and position 9 of a carbazole, or (3-carboline. Still nore typically,
nitrogen bonded heterocycles include 1 -aziridyl, 1 -azetedyl, 1-pyrrolyl,
1 -i m dazwbyboe/dis2epyr azol yl, and 1-pi peridinyl. "Carbocyclras2eosfoerossto a
saturated, unsaturated or aromatic ring having 3 to 7 carbon atons as a
nonocycle, 7 to 12 carbon atons as a_ bicycle, _.and u% tci 25 ab(gut 20 carbon
atons as a palyglohet-é-enkbhoayiohpe2eayhdyelobex A=l Phewylesbiyhgidt ons, still
nore typi cal Iré Et of 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring
atons, e.g., p nged as a bicyclo [4,5], [5,5], [5,6] or [6,6] system or
9 or 10 ring at onsLiakérangeknl&eferdiocy chemicdl, Bdiegreoprdingsyenvelent Exanpl es
of nonocyclic carbocycl es include cycl opropyl,, cycl obut cl gpentyl, 1
30 cycl opent -tiond gy B chain gy groyp & pLom ?ftlc,oeil-eg%}éiltf?ﬁé?ﬁ@gho ﬁé?qa?%?g}lghexyl, 1-
18 WD 2006/ 0 ; : | Alemd A3 Whicygkrhex- 2- enyl
1-cycl oheg- 3%@%@#@%@& %&@%ﬁdﬁlﬁgﬁlﬂ%ﬁaé éﬁlfliAnIEer" or "link" refers
to'a cheni calmeoliietsyck anpepestinguaitsoafaditsdony (ctpmdlmthydensxsyi BEGr group of
atons that covalently attacheskg phosphonat e noup .5 |al nkers

| Eo a .drﬁdg,.

i ncl ude por t iRoheMeShyIenensy) prbakylaminoe ., ROl AMIRG, (e WEF eovi B such as:
repeating unit.s.of laxy.(; : Ehxide Rl 8R! ¥aRMmAK eneoxy)
and al kyl am n%gc(l(gésétaj,ﬁ%o%é?sﬁgflgﬁlgg%B%Mo?it%ééh am ne%l\/p syzcicr)]d di acid ester
and am des i ngldwdptogmsdecci nat e, succi nam de, diglycol ate, nmalonate, and

caproam de. 10 The term'chiral' refers to nolecul es which have the
property 18f non- stRsePImApAYERD; qefﬁrﬁt%mogﬁ‘éle%‘%?ch‘ 1 éar%%{zﬁynogrn?mMi le the
term "achi r al subGhaEbiy ok GRHoP AN ARNG, Q1i8Y BRS tofROSHLE reftrd ftel I
mrror imge pgrtn r. The term"stereoisoners" refers to conpounds which
have i denti caholeciiestwbizh aposvpeiitoposabie orbileir giufroepoagetartigigard to t he

arrangenment of the_atons.or 15 grqu i,n s P P r.refers to a
LR L L

stereoi somer with 'ty and whose nol ecul es are

not mirror i nagescHtoitatRRobheter Wiiafdeardenes srdigement dffthe stomsphysi cal
properties, e.g., nelting points, boiling points, spectral properties, and

react i vi tliSes. givhiptinspaceof di ast er eoners may
“Diastereomer’” refers to a stereoisomer with two or more centers of

chirality and whose molecules are not mirror images of one another.
Diastereomers have different physical properties, e.g., melting points, boiling
points, spectral properties, and reactivities. Mixtures of diastereomers may
20  separate under high resolution analytical procedures such as electrophoresis and
chromatography.
“Bnantiomers” refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another.
The term "treatment” or “treating,” to the extent it relates to a disease or
25  condition includes preventing the disease or condition from occurring, inhibiting
the disease or condition, eliminating the disease or condition, and/or relieving
one or more symptoms of the disease or condition.

Stereochemical definitions and conventions used herein generally follow

S. P. Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-
30  Hill Book Company, New York; and Eliel, E. and Wilen, S., Stereochemistry of

Organic Compounds (1994) John Wiley & Sons, Inc., New York. Many organic

compounds exist in optically active forms, i.e., they have the ability to rotate the
plane of plane-polarized light. In describing an optically active compound, the
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20 separate under high resolution analytical procedures such as

el ectrophoresis and chronatography. "Enantionmers" refer to two

st er eoi sowensoafiswiconmpound whi ch are non- superi nmposablpeTniseoosn2iossnges of

one another. The term"treatment” or "treating," to the extent it relates

to a disease or 25 condition includes preventing %Ef di_ sease or. .condition
PoE

ijom occur ri myefizesH? pid Liog R andeS #ie yasekle dspoteshuats coRfigHaHaR Ph et he
i sease or conditi 2d/lQr._reli.evy f th

di sease. ofr CIB%I f]{dlggkr)flﬁ ecg{é%lcc%leﬂ% %mag%eg?gﬁygrn@x%gﬁggﬁ??ons 5sed
her ei n gener alhplofed th @esigfate e sRar kavtatifo of pleb&Spalariked lighdbytthonar y of

Chem cal Ternms (1984) McGaw 30 Hi || Book Co ny, New York; and Eliel, E
gnd Wl en, S.conmogpdgritien ot | inegpingihpl e&O@ﬂ?ﬁB@ﬁyds’V‘(f?gﬁ’iy- ohn Wley &
ons, Inc. hCq ! i hi i

. Inc. YRR prd VBN wRIANbL iSCRIRSMMSEXDSE given BRinieal | y active
forms, i.ée., I\!’t%\fqﬁgy hagleé}?he“g%gl ?t y %So rotate tyﬁe p%lamle of 1pl ane-pol ari zed
light. In desstichire)ghan sepoisvalersaraddantieal congs thred theyree mdrreyinRge6P015261
PCT/ US2005/ 027088 prefixes. D .and L or R and, S are used _tq q(%% e t he
absol ute confdnsanathen El?ec%fl?egterﬁ?}?%?flr@a%%fjﬁpe fe? EhP PR STt legf'es The
prefixes d ang gl Qlxthrglof 8 ifomherdi€ofi@naaliey 8l ehatidasiighakerd. hes@bgn of
rotation of plane-polarized |ight by the conpound, with (-) or_ 1 neaning

that the conpaixtareiof chantionstsis oefyrrehioRsEORPBNIGANIEIES PRRERCHVEN, Vichor d i

dextrorotagtory. For a.given chemcal _.struectur I somers are
i dent i g:al1 exc‘éﬁl{ O?Wﬁt‘”hglrf’etﬁergﬁjﬁs E}@r%’rSt?rﬁ%%ges? Hg or %g%gﬁ)ﬁg#ﬁie&?ﬁ specific
stereoi SOmer Rl $&chbn behHREESiTiceRSs ‘Gacama niikmneTand “endmatetirsfenr e of
such isoners i1s often called an enantioneric m xture, 50: 50 .m xture of

enanti omers i anefpimear mixters of twe eRARIEMFTIE SPFCECSofeVR1G plactiffy-ch 10 nay
occur where there has been no stereosel ection or stereospecificity in a

chem cal rea rio?e'}tig b Q&ess- The terns "racem c m xture" and "racenate"
refer to an gqurrmé‘m—]gﬁv ture of two enantioneric species, devoid of
optical activity. InRhetestitrnd tiamueat inventivn, pori¢caing gofups freclplegyeding

i nvention, protecting, groups include prodrug 15 noieties and chem cal
protectint gregissies midg E"cl?aiﬁr‘ﬁ?%%g 8- avai | abl e, comonly known and

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

optionally used to prevent side reactions with the protected group during
synthetic procedures, i.e. routes or methods to prepare the compounds of the
invention. For the most part the decision as to which groups to protect, when to

20  do so, and the nature of the chemical protecting group “PG” will be dependent
upon the chemistry of the reaction to be protected against (e.g., acidic, basic,
oxidative, reductive or other conditions) and the intended direction of the
synthesis. The PG groups do not need to be, and generally are not, the same if
the compound is substituted with multiple PG. In general, PG will be used to

25  protect functional groups such as carboxyl, hydroxyl, thio, or amino groups and
to thus prevent side reactions or to otherwise facilitate the synthetic efficiency.
The order of deprotection to yield free, deprotected groups is dependent upon the
intended direction of the synthesis and the reaction conditions to be encéuntered;
and may occur in any order as determined by the artisan.

30 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-

20
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Stuttgart, New York, 1994), .which is | r ini
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ol Protecting oups, ~ pages 95-117, Chapter 4, Cagb xyl Pr.otecting ’
G oups, page@rcﬂt&cﬁi-ngfgtou;@tfapa@ds see Greene as set forth below. ucﬁ g¥oups inc uc?e

by way of example and not limitation, esters, amides, hydrazides, and the like.

720  FEther- 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.

25 The optional phosphonate moieties of the compounds of the invention
may or may not be prodrug moieties, Z.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

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

Within the context of phosphonate prodrug moieties, a large number of
structurally-diverse prodrugs have been described for phosphonic acids

(Freeman and Ross in Progress in Medicinal Chemistry 34: 112-147 (1997) and
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15 5, Carbonyl Protecting G oups, pages 155-184. For protecting groups for
carboxylic acid, phosphonic acid, phosphonate, sulfonic acid and other

pr ot ecti mgogoaups2eior aci ds see Greene as set forth bel eer/TSa@s/0gT88Ips
include by way of exanple and not limtation, esters, am des, hydrazides,
and the like. 20 Ether- and Ester-form ng protecting)%ro s Ester-formng
groups i ncl udes in¢luylediwiskintibnsaoee 68 thePressRHNKENtpNo dH® n?ﬁ%ﬁ as
phosphonam dat e esters 0 j nat@reaters, and
phosphon- bi sPh?ﬁpg‘a?ag%?St‘(%%%ggtﬁggﬁﬁ *SZ@%@@?%?@%"&Q %?%5%'?, and (%) sul phur
ester-form ngaghgtsforratlah as sul phonate, sulfate, and sulfinate. 25 The
opti onal phosphonate noieties of the conpounds of the invention nay or may
not be prodrug noieties, i.e. they may or-fayhe susceptible to hydrolytic
or enzymatic cl eavage or nodification. rtaLﬂ_thsp@onate noieties are
stabl e under nost or nearly all netaboli ¢ condjjti ons.” For exanple, a

di al kyl phosphonat e, where the al kyl group two or nore carbons, my
have 30 appreciable stability in vivo due tq a slow rate of hydrolysis.
Wthin the context of phosphonate prod ieties, a |large nunber of
structurall y-diverse prodrugs haye be
(Freeman and Ross in Progy ess-Q-nf Medi
21 WD 2006/ 015261 PCT/ US2805/ 02708 [

present invention. An exenplary. oigﬁﬁhate estep=formng group is the
phenyl carbocycle in substructure™A3 ™having the/formula: R O/OR P\
ML YJ ORR, R R 5 wherein Rl maybe Hor Cl1-Cl2 @l kyl; m is 1, 2, 3, 4, 5

6, 7 or 8 and the phenyl carbocycle is supstituyt i th tqQ 3 groups.
Wiere Y1 Bs 0, a Mherein Bi swyde H ar @U@i‘éﬂl,iy'ﬁﬁ 6’233,%%1(%0/@%251{15?\'( OR2) or
NCN(R2) 2, a the phenyl carbocycle is substituted with 0 to 3 R, groups. Where Y115 O, a

lactate ester is formed, and where Y is N(Rz), N(ORy) or NIN(Rz)2, a

phosphonamidate ester results.

\Che stry 34: 112-147 (1997) and
n the scope of the

e W

In its ester-forming role, a protecting group typically is bound to any
10  acidic group such as, by way of example and not limitation, a —CO2H or
—~C(S)OH group, thereby resulting in -CO2R* where R* is defined herein. Also,
R* for example includes the enumerated ester groups of WO 95/07920.
Examples of protecting groups include:
C3—C17 heterocycle (described above) or aryl. These aromatic groups
15  optionally are polycyclic or monocyclic. Examples include phenyl, spiryl, 2-
“and 3-pyrrolyl, 2- and 3-thienyl, 2- and 4-imidazolyl, 2-, 4- and 5-oxazolyl, 3-
and 4-isoxazoly1, 2-, 4- and 5-thiazolyl, 3-, 4- and 5-isothiazolyl, 3- and 4-
pyrazolyl, 1-, 2-, 3- and 4-pyridinyl, and 1-, 2-, 4- and 5-pyrimidinyl,
C3-Co heterocycle or aryl substituted with halo, R!, R"-0-C1-C12
20 alkylene, C1-Cjz alkoxy, CN, NO, OH, carboxy, carboxyester, thiol, thioester,
C1-C12 haloalkyl (1-6 halogen atoms), C2-C12 alkenyl or C-Cy2 alkynyl. Such
groups include 2-, 3- and 4-alkoxyphenyl (C1-C12 alkyl), 2-, 3- and 4-
methoxyphenyl, 2-, 3- and 4-ethoxyphenyl, 2,3-, 2,4-,2,5-,2,6-,3,4-and 3,5-
diethoxyphenyl, 2- and 3-carboethoxy-4-hydroxyphenyl, 2- and 3-ethoxy-4-
25  hydroxyphenyl, 2- and 3-ethoxy-5-hydroxyphenyl, 2- and 3-ethoxy-6-
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phosphonam date ester results. Inits ester-formng role, a protecting
group typically is bound to any 10 acidic group such as, by way of exanple
and not |woizo@tdissg a - CO2H or - C(S) OH group, thereby resuistonsg2ioss - CO2R'
where R' is defined herein. Also, R' for exanple includes the enunerated

ester groups of WD 95/07920. Exanpl es of protectin rQups i nc C3-C12
het erocycl e Gydosypiradl, abcvend Gro'é?‘i}}’lp THdse é‘r%}ﬁiég ii]gn?é]i‘ﬂ%’sfmp}i@y ptionally

are polycycllc r es_iqn el 2-. 2- and
3-pyrrolyl, 30 ﬁagg %ﬁglr%eﬁcapg?ﬁ% 2 i %%3%"1331 E%Sh (m%]-ﬁ aﬁngd 5- oxazol yl ,
S- and 4- ISO)éﬁéﬂlfMioxolﬂTenyl%d&nCB 5nt1l4|-caﬂmby]hqny3 234-2 42,552 0b At anb yl, 3-
and 4- pyrazol

5-pyrim di ny g@ne@}}épbf@b’blzécy%ﬁ‘e zér 8‘@%%@13%@55%3?%3’&’%%% R1,

R1- O Cl- C12 yl Ck-C Ik hdxNhdNOR 2, 1D acarhoxy., 3gar boxyest er,
t hi ol , th%oeé?je(f%k1 %ﬂ'%g éé (:Sy(quﬁﬁ\ét % éﬂgen atoms 2-Cl2 al kenyl or

C2-Cl12 al | cymyti3 ﬁhhhlopmmpﬁcludnog Qgfledigluprephe dndl3aﬁl-4hﬁk19r;§>ﬁbm1) @c1 Cl12

BTG shiacaly i A
3- et hoxy- 5- h;y}ﬂﬁ% I)Sg]nﬁr{%flH féﬁg[)j 2_hd aéla yﬁ{ &922 %D%g%ggﬁ%%%ggl e

ch/ uszgols/ 02:,2@&%4-1{@'}&nqxbeplzﬂr(yltqahalog3n atants, @iwla@mmh@mgéb 2-, 3d and
4- di met hyl am nopheny - and 4-net rrercapto n an

4-hal ophdfy| ttiflnetoniihyiperzylandid %-and 6&?16%‘19 g%éig'f 3/‘132 gnﬁld3 4

2 orser shStagionyy e NpmetyRipertidy, MEmeyBipldRiy SRV, 2.5
2,6-, 3,4- anghypi ?eﬁlzﬂiﬁ@l Vﬁen@ymuﬂqyéahcﬂpﬁenylmf@ct aﬂwﬁ-mcladlﬁgﬁ -,3-4and 4nd

3, 5-di hal ophenyl (i ncludin di f 1 uarophenyl and 3, 5-djfl uo enyl), 2-,
3- and 4- hal (ﬂhﬂgﬂlmw@hﬂylxg,ﬁomﬁ%weéﬂwnédao ﬂé‘,@f@i}?aﬁﬂl {:H)@ﬂudl ng 4-

trifl th I 3 d 4-nit h I
11 oot el iy S IR ol ) oo
4 10 t fI d d 2-,

10 G BN 20 0 ATt arpwhahac o

3- N-net hyl pi P@ihie‘tild%)ybenzi& t@éthky)lyfbbmﬂ AzblRyl pyrivémgd YCi.4 alle)t sal i cyl phenyl
(C1-c4 alkyl, including 2-, 3- and 4-

R,0(0)C

m -CH,-O-C(O) @
o H . ; C4-Cg

esters of 2-carboxyphenyl; and C1-Cy alkylene-C3-Cg aryl (including benzyl, -
CHy-pyrrolyl, -CH;-thienyl, -CHy-imidazolyl, -CH;-oxazolyl, -CHj-isoxazolyl,
20  -CHp-thiazolyl, -CHj-isothiazolyl, -CHp-pyrazolyl, -CHa-pyridinyl and -CHp-
pyrimidinyl) substituted in the aryl moiety by 3 to 5 halogen atoms or 1 to 2
atoms or groups selected from halogen, C1-C12 alkoxy (including methoxy and
ethoxy), cyano, nitro, OH, C1-C12 haloalkyl (1 to 6 halogen atoms; including -
CH,CClz), C1-Cyy alkyl (including methyl and ethyl), Cp-C12 alkenyl or C2-C12
25  alkynyl; alkoxy ethyl [C1-Cg alkyl including -CH,-CH,-O-CH3 (methoxy
ethyl)]; alkyl substituted by any of the groups set forth above for aryl, in
particular OH or by 1 to 3 halo atoms (including -CH3, -CH(CHj3),, -C(CHa)3, -
CH,CHjs, -(CHy),CH3, -(CHp)3CHs, -(CH3)4CH3, -(CH2)sCH3, -CHCH2F, -
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et hyl sal i cyl phenyl), 2-,3- and 4-acetyl phenyl, 1, 8-di hydroxynapht hyl
(-Cl0H6- OH) and aryloxy ethyl [C6-C9 aryl (including phenoxy ethyl)], 2,2
15 di hydrweybighswyl , 2-, 3- and 4- N, N-di al kyl am nophen®C1/US2005/027088

- C6HACH2- N(CH3) 2, tri net hoxybenzyl, triethoxybenzyl, 2-alkyl pyridinyl
(C1-4 alkyl); I RIO(OC / NN-CHR-0CO OH- ;CA4-C8 esters of

2- car boxyphenyl; and Cl-C4 allcyl ene- C3- C6 w y~(¥nclydi ng benzyl, -

CH2- pyrrolyl, -CH2-thienyl, -CH2-im dazolyl, -CH2\oxazolyl

- CH2- i soxazolCH,CH3QL,--CHR Pk eazlcCH2,CCIgH2- i sot hi azoT yT, aéﬁé pyrazol yl,

-CH2- pyridinyl and -CH2- pyrimdinyl), suhstituted in th ryl ety by 3
to 5 hal ogenpepyhmorpholino 5,32d1h%érar?sh%ﬂm@%  S591aR ‘é?fie‘?’Pg%%ﬁ%%géglen, Cl- C12

(170”6 hal otk Bt Pl s Eh A B PIRR) P 08 i MR g et By
and ethyl), CE%IZ@@@(%%&"?, bR rElhohy rad ey (YOO Cat ke@ty,) 8 BiyterbCl- C6 al ky!

i ncl udi ng - met hoxy ~ethyl)]; alkyl substituted by any of the
groups set forth alBaye® dagonahyhosatdhariggdisacetaside GHoldgoshscharide(33ot9al o at ons
(including -CH3, -CH(CH3)2, -C(CH3)3, - CH2CH3, -(CH2)2CH3, -(CH2)3CHS3,

- (CH2) 4CH3, m{oppsacsicrBle reafidel2F, 23 WD 2006/ 015261 PCT/ US2005/ 027088 N O

CH2CH2CL, - GH2CR3, . AR CHL3 i DB-diglyeeridbsd whefePible TREPARdS NO,
2, 3-di hydr o- 6- hde%@?%rrllélene, iag)ga]r)'rgfl,lgcygfrelcﬁﬁl m)no.estery,D -
ﬁg( g(.c( O)OS %glbl%poﬁﬁkigwl r@)e(llﬁids genlefdﬂéf%@@(lﬂamy Pccma SHpadoy ICH2 R1) |

R1), chaol esteryl, epnol pyruvat - Cf = - erol; 5a5b
or 6 carbon WW&@@%ZMQ?-181?"3‘?@&@%&81%rs&%\ %’Sjgjgéeé%ﬁé%rll%gl 1X('(E;’o 9
monosacchari de, residues) i tri | g8S1eaRGRAB: Brdaf3a6idg) raeaisles
(wher ei n}fﬁhepla]ﬂlﬁf/’ Sg%?%sdefgbiﬁr%%%tﬁ%é’g 3§/1c6eri de i pids generg)lal ly are
natural |y ocg@*ﬂdfmme patntaledogthoands hesiattoaglea glgeedybox @B thyr  06- 10 fatty
acids such as linoleic, lauric, nyristic, 10 palmtic, stearic, oleic,
pal mtol eic, triglyesredsi ¢ and the |ike fatty acids) linked to

phospholipids linked to the carboxyl group through the phosphate of the
phospholipid;
15 phthalidyl (shown in Fig. 1 of Clayton et al., Antimicrob. Agents Chemo.
(1974) 5(6):670-671),
cyclic carbonates such as (5-Rg-2-0xo0-1,3-dioxolen-4-yl) methyl esters

(Sakamoto et al., Chem. Pharm. Bull. (1984) 32(6)2241-2248) where Rd is R1,

R4 or aryl; and

CON O
20 _CHZ()\—/;

The hydroxyl groups of the compounds of this invention optionally are
substituted with one of groups IIT, IV or V disclosed in WO 94/21604, or with
isopropyl.

Table A lists examples of protecting group ester moieties that for example

25  can be bonded via oxygen to -C(0)O- and -P(0)(O-), groups. Several amidates
also are shown, which are bound directly to -C(O)- or -P(0)2. Esters of
structures 1-5, 8-10 and 16, 17, 19-22 are synthesized by reacting the compound
herein having a free hydroxyl with the corresponding halide (chloride or acyl
chloride and the like) and N ,N-dicyclohexyl-N-morpholine carboxamidine (or
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acyl of the parental conpounds herein through a glyceryl oxygen of the
triglyceride; phospholipids Iinked to the carboxyl group through the
phosphat ewof2oedmas2ephosphol i pi d; 15 phthalidyl (shown i nPErgis2dsmb70&% ayt on
et al., Antimcrob. Agents Cheno. (1974) 5(6):670-671); cyclic carbonates
such as (5-Rd-2-oxo-1, 3-di oxol en-4-yl), I [s Saka et al.,
Chem Phar m aBhdr bagel9ghyps @ﬁ%)tEQQIé@%n%Saﬁérgﬁi? tpgth a?ﬁlng%l%}hear yl ; and
-CH2C(ON O _2Q.T dr | gro : I i&odenvent i on
opt onal 1y alEe) 8 RaF YR seeRr SR 2 e i ERE B AR oy Ot R e e i v
94/ 21604, or wWidnhhe éAPRRRYS be pabdedis hiphbsphexatepthe sstefs qfisuesies Ag/,gr oup
ester noieties that for exanple 25 can be ,bong d iwxgﬁﬁn 1o a—C(O)O and
PO (0) 2 gl buids 2156 AR miheRed Iy SBAcKOB O fRAICOIRh A KEHES Bl ng
directly to - - or._-P( . & 18-14Qnang) 16, 17,
19-22 are syE&&@éf%eﬁp%%&%%%ﬁég%ft gg%o%gﬁl%ﬂﬁc%?ru %}iin havi ng a %ree
hydroxyl wi t kithhBe GRh6EEMOPHdsphotkad dudiclotupbosphenae (arayother pgtiefede and t he
i ke) and N , N-di cycl ohexyl - N-nmor phol i ne carboxam di ne (or 24 WO

2006/ 015261 PEIPESEIOS/ 027088 anot her base such as DBU, triethyl anine,
CsCa3, N, N-dinethylaniline and the 1like) in DVF (or other solvent such as
acetonitrile or N-nethyl pyrrolidone). I\ngﬁﬁkhe conpound to be protected is
a phosphonat e.the esters—ofstruetures—or——11,—12, 2%, —=and23-26 are
synthesi zgd by reaction of the alcohol or alkoxide salt 5 (or the
correspondi ng—amnes T n the case of conpounds such as 13, 14 and 15) wth
t he nonochl orop@HsEEE@A@ 13 * di chl or ogRosPHoACEO}6(CHAbL her act i vat ed

hosphonate). TABLE A 10 1. -CH2-C(O).-N % 10. -CH2- O C(O) - C( CH3) 3
PRosP ) TR 50)®S A ONBRY, 2 C, A0 - CB)

3. -CHz-S(O%(R1) 12. -CgHs
4. -CH,-0-C(0)-CH,-CgHs 13. -NH-CH;-C(0)0O-CH,CH3
15 5. 3-cholesteryl 14, -N(CHz)-CH,-C(0)O-CH,CH;z
6. 3-pyridyl 15. -NHR;
7. N-ethylmorpholino 16. -CH»-0O-C(0)-C10H15
8. -CHy-O-C(0)-CgHs 17. -CHp-0-C(0)-CH(CH3),
9. -CH,-0-C(0O)-CH,CH; 18. -CH,-C#H(OC(O)CHR 1)-CHy-
2 | {(OC(O)CHaR1)*
HO
0
_CHZC(O)N/_\O - ng QH HO
19. N— 3. O H 21. HO
aoco Yy amem~ )
22. =/ 3.
CH,O(0)C
25 24, @

25



2. -CH2-S(O(Ri) 11. -CH2-CC13 3. -CH2-S(O 2(R) 12. -C6H5 4.

-CH2-O-C(O -CH2-C6H5 13. -NH CH2-C(O O CH2CH3 15 5. 3-chol esteryl 14.

- N( CH3) - GM22@(e26CH2CH3 6. 3-pyridyl 15. -NHRL 7. N-etrhylusesoshoiossho 16.

-CH2-O-C(O-COH15 8. -CH2-O-C(O-C6H5 17. -CH2-O-C(O -CH(CH3)2 9.

-CH2-O- C(O -CH2CH3 18. -CH2-CHH(OC( O CH2R1) - CH2- 20 (OC(O CH2R1)* HO O

-Cl-i CON_OHZ21 19. 20. OHOHHO . NN PEHR-O CO -CHCH2 22. 23.

CH3Q(O)C 25 24. 25 WD 2006/ 015261 PCT/ US200 7088 OCH3 CH3CH2O( O C - CH2

| ocH3 25. - 2&HgHBO@Miral_center iGHLR S—@CHacemate. O her esters

that are suitable for use herpeinare describ&e={n EP 632048. 5 Protecting

groups al so i ncludes "doub r" formng pro& onal |t|es such as

- CH20C( O) OCH325.0 - CH2SCOCH3, 20CTN( CH3) 2, or %

aryl -acyl oxyal kyl groups of the structure -CH(R or V\B)O((CO)RBl) or

-CH(R or W){{CO-OR38)—(}+nkedto—oxygen—otthe—acidie—greup)—wherein R37

and R38 are Kk : roups (see U. S. Patent No. 4968788).

10 Fr equentlf/#Rsyﬂ%raéﬁgt%%’slg?%)r’gg%%ﬂllﬁié%%tgups such as branched al kyl, ortho-
Other esters that are suitable for use herein are described in EP 632048

5 Protecting groups also includes “double ester” forming profunctionalities

such as -CH20C(O)OCH3, O -CH2SCOCH3, -CH20OCON(CH3)32, or
alkyl- or aryl-acyloxyalkyl groups of the structure -CH(R' or W*)O((CO)R*") or
-CH(R! or W?)((CO)OR?®) (linked to oxygen of the acidic group) wherein R*’
and R*® are alkyl, aryl, or alkylaryl groups (see U.S. Patent No. 4968788).

10 Frequently R*” and R* are bulky groups such as branched alkyl, ortho-
substituted aryl, meta-substituted aryl, or combinations thereof, including
normal, secondary, iso- and tertiary alkyls of 1-6 carbon atoms. An example is
the pivaloyloxymethyl group. These are of particular use with prodrugs for oral
administration. Examples of such useful protecting groups are

15  alkylacyloxymethyl esters and their derivatives, including -

O

CH(CH,CH,0CH3)OC(0)C(CH3)3, ; -
CH»0C(0)C1oH;s, -CHyOC(0)C(CH3)3, -CH(CH20CH3)OC(0)C(CH3)3, -
CH(CH(CH3)2)0C(0)C(CH3)3, -CH,OC(O)CH2CH(CH3)p, -
CH,0C(0)CgHj1, -CH20C(0)CgHs, -CH20C(0)C10H15, -

20 CH;0C(0O)CHyCHs, -CH,OC(O)CH(CH3), , -CH20C(O)C(CH3)3 and -
CH0C(0)CH,CgHs.

In some embodiments the protected acidic group is an ester of the acidic

group and is the residue of a hydroxyl-containing functionality. In other
embodiments, an amino compound is used to protect the acid functionality. The

25  residues of suitable hydroxyl or amino-containing functionalities are set forth
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substituted aryl, nmeta-substituted aryl, or conbinations thereof, including
normal , secondary, iso- and tertiary alkyls of 1-6 carbon atons. An exanple
is the pveabaydiseeynmet hyl group. These are of parti cul aPcuas26usiob7ops odr ugs
for oral admnistration. Exanples of such useful protecting groups are 15

e A N et by
oA BRI 58, JFRRRET0)
- CH20C( O) CHEciRpalypertide@ad CubprysisBridied amiGHAOOt ) a8 scritedsone

enbodi nents t he progected. agidic IS, -an ester. .of .t cidic group and
is the resi dde%o gé ﬁ%ﬁeg%‘&iﬁeééﬁﬁ\gfoﬁ# ﬁ%”%ﬁ&%%%#ﬂﬂ?@ m her _
enbodi MeBRt S,95879a0kREreGHRAM theakiia®s bOpRsph&t atilig vacitdviflwect i onal i ty.
The 25 residues of suitable hydroxyl or am no-containing functionalities

are set fortnderspotha gady anidatey apdrrmsbwihAnp phiks acidimsoersset @ré f ound i n
WO 95/ 07920. . i . i i f i ids, am no
heglﬁl gl’g(’{e %{e%ﬁ%@g aélﬁ'}e%fa&%g 5%25;1%!113\_&}(?_55/62%. of ~amno aci

acid esters, S, of ar ypicdl"am no acid,

pol ypepti de and caphwakydters Sérgirbetiey sidin dumtionalltRs athigso @dseribiisiar i bed on
pages 11-18 and rel ated text of WD 95/07920 as groups L1 or L2. WO 5

95/ 07920 expl OsuYY/ R rmEsundsestandingihaisthe same esdem 6o be fumed withdheit will be

under st ggd 3 L: i . aegi d: gy oups set
forth ?\gr e}aﬁﬁ%cﬂ%%%ﬁseﬁég%ﬂ%g%g%ﬁgﬁo é@%&%é@e%ﬁpﬁ%}%ﬁ% g[lgﬁ 8%20 Typi cal
esters for REfeGhpNSreFetifbLatlieRELL W@lok107650 BigsBbSB (HESGRNEeY in WO

95/ 07920, agai n understandi ng that the sanme esters can be fornmed with the

10 aci di ¢ grRO¥pIhORILEI dh Bfize WOS Neridiga s ph RaVE Off paidilar9RRreptiti cat i on.
Typi cal ester groups are defined at | east on WO 95/ 07920 pages 89-93 (under
R31 or R35)pestersd ungisttugsd aulyaich o5 phenyd opaiytadkyd sugdnbangyl, myhydopxypar t i cul ar

banan > o2 Raloe SHESS- AartbRSUAR b At AL boRY SbsAR BNV br Aty &1 kY1 sueh
15 especially phenyl, ortho-ethoxyphenyl, or C1-Cy alkylestercarboxyphenyl
(salicylate C1-Cjy2 alkylesters).

The protected acidic groups, particularly when using the esters or amides
of WO 95/07920, are useful as prodrugs for oral administration. However, it is
not essential that the acidic group be protected in order for the compounds of this |

20  invention to be effectively administered by the oral route. When the compounds
of the invention having protected groups, in particular amino acid amidates or
substituted and unsubstituted aryl esters are administered systemically or orally
they are capable of hydrolytic cleavage in vivo to yield the free acid.

One or more of the acidic hydroxyls are protected. If more than one

25  acidic hydroxyl is protected then the same or a different protecting group is
employed, e.g., the esters may be different or the same, or a mixed amidate and
ester may be used.

Typical hydroxy protecting groups described in Greene (pages 14-118)
include substituted methyl and alkyl ethers, substituted benzyl ethers, silyl

30  ethers, esters including sulfonic acid esters, and carbonates. For example:
e Ethers (methyl, #-butyl, allyl);

e Substituted Methyl Ethers (Methoxymethyl, Methylthiomethyl, -
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hal o-, al koxy-, carboxy- and/or al kyl estercarboxy-substituted aryl or

al kyl aryl, 15 especially phenyl, ortho-ethoxyphenyl, or Cl-C4

al kyl est eawvoantmuyphenyl (salicylate Cl1-Cl2 all cyl est er erT/USb@spemsect ed
acidic groups, particularly when using the esters or am des of WO

95/ 07920, are useful as rodru for oral adm nistration. However, it is
not essenti al Buedthiemethy (%he@y 1@ eipyisdyipmethesymethyh Bspesdexethylha- conpounds

of L0 20 | NRREOABhAIBEBIARCU VRN QAR PREREA ibifuohal 1 oute. When

t he conpounds roups, 1n ftlcular
am no aci d anBu&ixysetiyl, A&Bbﬂbmﬁluﬁﬁﬂethﬂdsllmuﬂmahynm ed aryl est ers are

Cl cavage | n vivgheBegearetih %7 e tishlomet s ot t he ol di ¢
hydr oxylss ar ecﬁ’l‘b%e@lﬁ meth{1, BT EintR /i thoﬁgm iyfl 'ﬁtr?%%gﬁgmg,s&p{ ﬁ;eCt ed

then the sanme or a differenf protectln rou
esters may beBdihbetremydropyradg, "EMydmpt}aopma«e;dL laMeadatgcwichexgkder may be

used. Typi cal r ox tecti cribed in ene (pages 14-118)
i ncl ude subst}\{i%](ilj %@F‘N@ﬁopéﬁfi‘z}{}ﬁf‘%}ﬁﬂg 3148? ydggﬁ@? i%g benzyl et hers,
silyl 30 ethenssth®§kfahy ﬂﬂ@@ikﬁ%y@ﬂmﬁl%".&fpfbx?dcﬁqg@z -€slgb9. and carbonates. For
exanpl e: Et hers (et hi/rﬂ t - but ubstituted Methyl Ethers

( Met hoxynet hymethﬁ)vhwxl mhmmlpendlm-y%@ $0061a0iLg61 PCT/ US2005/ 027088
But yl t hi onmet hyl Ph met hoxy. nzyl oxymet hyl, p-
Met hoxi}benzyl z)fxyn%' Lﬁ%&%‘?&%ﬁ&r %‘ ‘{%{ PX&@BQ%%?{%@%yI t -
But oxymet hyl , 74; ?&ﬁh@;ﬁylmwﬁmhmenzﬁﬁh@mnﬁy)hyl 2 Met hoxyet hoxyr net hyl ,
2,2,2-Trichloroet .hox%met h Bi SE(F@DS chl oroet hoxy) met hyl ,
é—(Tr |t rr;st mr/: 3 Shiytifete Eﬁwé&hws (1-Fidox iy b@f@&qrpeth@xy)ethylc léﬁtﬁgtyl .

r onot et r ahy -
Met hoxyt et rahggﬁ%%%nvl’ le&fe%gﬂ e%%gl[ gg%églr tl\g?t%%@/f' é YY xﬁ'
Met hoxyt et r ahyido@ptisi, ozp;ynamchlosgeﬂ@fluthhyléﬁﬁétﬁylcm or 0- 4-

met hyl ) phenyl ] - 4- met hox perl din-4-yl, 1,4-Di oxan-2-yl, 10
Tet rahﬁér of ur ‘fFl}’lS‘T]éPY Mr ot hi of ur anyI , 2,3,3 a,4,5,6,7, 7a- Cct ahydro- 7,

8, 8-trimethy b—&lo%pﬂ&hﬁ,%%%%ﬂn@ﬂ '2?4-bliﬁi2r'ophenyl, Benzyl);

e Substituted Benzyl Ethers (p-Methoxybenzyl, 3,4-Dimethoxybenzyl, o-
Nitrobenzyl, p-Nitrobenzyl, p-Halobenzyl, 2,6-Dichlorobenzyl, p-
Cyanobenzyl, p-Phenylbenzyl, 2~ and 4-Picolyl, 3-Methyl-2-picolyl N-

20 Oxido, Diphenylmethyl, p,p'-Dinitrobenzhydryl, 5-Dibenzosuberyl,
Triphenylmethyl, a-Naphthyldiphenylmethyl, p-
methoxyphenyldiphenylmethyl, Di(p-methoxyphenyl)phenylmethyl, Tri(p-
methoxyphenyl)methyl, 4-(4'-Bromophenacyloxy)phenyldiphenylmethyl,
4,4' 47-Tris(4,5-dichlorophthalimidophenyl)methyl, 4,4',4”-

25 | Tris(levulinoyloxyphenyl)methyl, 4,4',4”-Tris(benzoyloxyphenyl)methyl, 3-
~(Imidazc‘>1—1 ~ylmethyl)bis(4',4”-dimethoxyphenyl)methyl, 1,1-Bis(4-
methoxyphenyl)-1'-pyrenylmethyl, '9—Anthry1, 9-(9-Phenyl)xanthenyl, 9-(9-
Phenyl-10-oxo)anthryl, 1,3-Benzodithiolan-2-yl, Benzisothiazolyl S,S-
Dioxido);

30 e Silyl Ethers (Trimethylsilyl, Triethylsilyl, Triisopropylsilyl, .
Dimethylisopropylsilyl, Diethylisopropylsilyl, Dimethylthexylsilyl, z
Butyldimethylsilyl, ~Butyldiphenylsilyl, Tribenzylsilyl, Tri-p-xylylsilyl,
Triphenylsilyl, Diphenylmethylsilyl, ~Butylmethoxyphenylsiiyl);
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Substituted Ethyl Ethers (1-Ethoxyethyl, 1-(2-Chloroethoxy)ethyl, 1-Methyl-
1-rnet hoxyethyl, 1-Methyl- | -benzyl oxyethyl, 1-Methyl- | -benzyl oxy-2-

fl uor oet hyb,20/@584Tr i chl or oet hyl , 2-Tri net hyl si |l yl et hylpCTAIS205/027088

(Phenyl sel enyl ) et hyl, p-Chl orophenyl, p-Met hoxyphenyl 2, 4- Di ni trophenyl,

Benzyl ) ; Substl tut Benz Et h Met hox D net hoxybenz |, o
- Nit robenzyP Estas ]‘? épnz fagfl%tge/ﬁ pte, e&ﬁ‘i’ i?lﬁlbl@f?fﬁ?t Y

Cyanobenzyl , ]1;@]2&[)5&%&/@ At KR! t,(% Met hyl - 2- pi col yI N 20
Oxi do, Di phenyl p, rlﬂ"%lrcl)lxt rogenzhydr)%/y%@e 56D| benzosuberyl ,

Tri phenyl net hyITrqﬂmeh@lp‘rﬁthqﬁyehemwrﬂhemmyttatepp Gié@rhpktnghmta@h, pl‘leﬂuyl met hyl ,

Di th h Tl
2 (5 "or omophor e BT b ERYTRIRBIRO et hopenimoa el it a.4-
4,4, 4"-Tgis(4 @Iﬂl&ﬁhﬁlﬁl@ﬁféﬁf&ﬁbé‘@ ﬁ@ﬂh@t@)ﬁkﬂa{fﬁéﬂw&te Grofbnatt, 425

Tr| s(I evul i noyl oxyphenyl ) et hyl 4" -Tri s( benzoyl oxy henyl ) met hyl , 3-
. (I'rnidaz6l -1 - Wlpuhexmotpmts,(laenzaatem Rhemdbenanetayd.J fekhpethylbenzofes ( 4-

met hoxyphenyl ) - t%?: §nyl met hyl, 9-Anthryl, 9-(9-Phenyl)xant henyl, 9-(9-

Phenyl - 10- oxo0) & %}5 )’1 3- Benzodi t hi ol an-2-yl, Benzi sot hi azol yl S, S

Di oxi do); 30, %elrMJ)naEésr(Méihy(ng—Fﬁ%ﬁerﬁbﬂl?ﬂ Etl-Eﬂ,' 2D D}’Tr%ihlldfbethyl 2-
Triisopropyl si rnethy i sopropyl si D et yllsopropyIS|IyI

|
Di met hyl t hexyl JT]nmethyﬂSllyBQﬂyl @ (Phenylgylginy: )pthyl 2But yl di phenyl si |yl ,

[T Lnene ) eSS . sTEUBSTAAE Ak BORERTRRI LY

(Formate, Benzoy Meﬂ{dsz?balzyﬁget-mrﬁeth&wyveﬁ@ﬁe&amobdalzszlh hpNiaab&izgt, S:
Tri choroacetate, Trifluoroacetate, Mthoxyacetate

H\ :a ﬁhlegzlatrrgz gox@%ﬁé}gﬁhléwf@i@ﬁﬁaﬁy@b@%ﬁﬂ d1ap %W?ﬂ@%&%‘&ﬂa@e 2 lplo!sy-
(Et hgl enedi t Fn ‘%@&H% gygp é%@st@@feﬁvaﬁéé%ﬁdoan%% at4 2A£1g§l¥1#%ﬂa{%ah-q\)h£r o

Met hoxycr ot onatagme&gz[gegaheatep; E]D@ﬂ)ﬁj&ﬁeﬂlg)ﬁb@zoﬁe42-6 Tri met hyl benzoat e

(ZMSS |2t '?'?ig )hl) or dg%rﬁg%ggtgglseséfonate 2- (Meth@lt%?gngenyoxn%tﬂyll Caﬂlo%nate 4-
(Methylthiomethoxy)butyrate, 2-(Methylthiomethoxymethyl)benzoate);
Miscellaneous Esters (2,6-Dichloro-4-methylphenoxyacetate, 2,6-Dichloro-
4-(1,1,3,3 tetramethylbutyl)phenoxyacetate, 2,4-Bis(1,1-
dimethylpropyl)phenoxyacetate, Chlorodiphenylacetate, Isobutyrate,

20 Monosuccinate, (F)-2-Methyl-2-butenoate (Tigloate), o-

(Methoxycarbonyl)benzoate, p-poly-Benzoate, a-Naphthoate, Nitrate, Alkyl
N,N,N' N'-Tetramethylphosphorodiamidate, N-Phenylcarbamate, Borate,
Dimethylphosphinothioyl, 2,4-Dinitrophenylsulfenate); and

e Sulfonates (Sulfate, Methanesulfonate (Mesylate), Benzylsulfonate,

25 Tosylate).

Typical 1,2-diol protecting groups (thus, generally where two OH groups
are taken together with the protecting functionality) are described in Greene at
pages 118-142 and include Cyclic Acetals and Ketals (Methylene, Ethylidene, 1-
-Butylethylidene, 1-Phenylethylidene, (4—Methoxypheny1)ethylidene, 2,2,2-

30  Trichloroethylidene, Acetonide (Isopropylidene), Cyclopentylidene,
Cyclohexylidene, Cycloheptylidene, Benzylidene, p-Methoxybenzylidene, 2,4-
Dimethoxybenzylidene, 3,4-Dimethoxybenzylidene, 2-Nitrobenzylidene); Cyclic
Ortho Esters (Methoxymethylene, Ethoxymethylene, Dimethoxymethylene, 1-
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(Trinmethylsilyl)ethyl, 2-(Phenylsulfonyl)ethyl, 2 10

(Tri phenyl phosphoni o) et hyl, Isobutyl, Vinyl, Alyl, p-Ntrophenyl, Benzyl,
p- Met hoxywenagda1s%14- Di net hoxybenzyl, o-N trobenzyl, p- Rctrrusb@snyiogs S-
Benzyl Thi ocarbonate, 4-Ethoxy- 1 -naphthyl, Methyl Dithiocarbonate);

G o L kSR YR s

For nyl benzenggahé8pahsilidénd, Yetwirbibi hiayenslifaihe DafARA! @ -(VN-
(Net hyl t hi onet héx)%gb%%ylr a?e(’e 22 ( et ﬁ%u orr)eétlﬁgxyrr%t e bonz oAt o)

M scel | aneou@lE@the'I%m(lQ)bSnDihdthOﬂmWéi%QXQW%@@@LESIM 6- Di chl or o-

4-(1,1,3,3 tetraneth noxyacet 4-Bis(1, 1-
di et hyl propﬁ?‘b’ﬁ%‘ﬁ%i@ﬁ’%ﬁé’lﬁ )aéo%llg‘iglﬁy?’e%cet ate, |sobutyrate, 20
Monosucci pat Q“,enﬁl@prapwmsﬂ&!km@hbéﬂeﬁ nedtetbFitutaatiB)loxdne-1,3-diylidene),

(Met hoxycar bonyl ) benzoat e, y- Benzoat e, a- Napht hoate Nitrate, Al kyl
N, N, N, N - Tet (Caighie ﬁglrb@n@t@@rfé)@e Bé?ﬁ‘?ltﬂ%ﬂseEtth Bﬁ@ﬁﬂe@aﬂ@aﬁw Sorepitat e,

Di net hyl phosphi no 4 tes
(Sul fate, Met hanei\}il )(erp %E&}y( b?dl{;lég{rﬁ?ﬁé@ﬁ%%%ﬂ* %}%Oesg%@%i%qgt e).
Typi cal 1, 2- @, elill piodé 8pidailg, eporides, acttonsles, g;@dw]&tddy amdhanybatetads.OH gr oups
are taken together with the protecting functionality) are described in
Greene at pages 118-142 and include Cyclic Acetals and Ketal s (Methyl ene,
Et hyl i dene, 1- t-Butylethylidene, 1-Phenylethylidene,

(4- Met hoxyphenyl ) et hyl i dene, 2,2,2 30 Tricl-Aoroethylidene, Acetonide
(I'sopropylidene), Cyclopentylidene, Cyclohexylidene, Cycloheptylidene,
Benzyl i dene, p- Met hoxybenzylidene, 2,4- Di nethoxybenzyli dene,

3, 4- Di net hoxybenzyl i dene, 2-Nitrobenzylidene); Cyclic Otho Esters
(Met hoxyi net hyl ene, Et hoxyi net hyl ene, D net hoxyi nethylene, 1 29 WO
2006/ 015261 PCT/ US2005/ 027088 Met hoxyet hyl i dene, 1-Ethoxyethyli di ne,

1, 2- Di met hoxyet hyl i dene, a- Met hoxybenzyl i dene,

1- (NN- Di et hyl ai ni no) et hyl i dene Derivative, a - (NN

D net hyl am no) benzyl i dene Derivative, 2-Oxacyclopentylidene); Silyl
Derivatives (Di-t-butylsilylene Goup, 1,3-(1,1,3,3 5

Tetrai sopropyl di sil oxanylidene), and

Tetra-t-butoxydisil oxane-1, 3-di yl i dene),

30



Cyclic Carbonates, Cyclic Boronates, Ethyl Boronate and Phenyl Boronate.
More typically, 1,2-diol protecting groups include those shown in Table B,
still norwoty@iasdely, epoxi des, acetonides, cyclic ket alpsTarsdocanytosgcet al s.
30 WD 2006/ 015261 PCT/ US2005/027088 Table BO O O OO O ,00 O Y $\\
OOO0OO ORI ONOOO P/ Y RWO-N /0 RRO-N, POROO 0O 0 ROO wherein R9
is CI-C6 alkyl. 5 Am no protecting g(r),{o%ﬁ PAnot her set of protecting groups
i ncl ude any of the typical am no g groups described by G eene at
pages 315-385. They incl ude: Carbalnates (et hyl and ethyin

9-f1 uorenyl met hyl, ~ 9( 2 7suff o) f | porenyl me hy(

9- (2, 7-di broi n’&)ﬂ‘uor@yl @t hyly 2¢7-di ¢ yl - J(ﬁ

(10, 10-di oxo- 10010, 10, 18¢t et rah ot hi ox yl)] ma‘sgy

met hoxyphenacyl); Subsfi\ uted Etihyl : [ 2- trl(Sg thyI
2-trimethylsilylethyl, 2-phenyl ethyl, 1 (- adanma et hyl,

1, 1-di net hyl - 2- hal oet hyl, 1, 1 dinethyl 2, 2 d|br0|noethyl

1, 1- di et hyl trlchlor 1- nethyl-l-(4 15 biphenylyfje yl,

1- (3, 5-di-t- butél phenyl ) - 1 hyI et hyI “{2' - and 47T Ryridy)etpyl,

2- (N, N-di cyclo ﬁgp —iy bupyl, R?aﬁaman&yl ' , allyl

1- |sopropyIaIIyIP cin §§ -nltrOC|nn 8- qU|nonp hL
hydroxyplperEﬂ(hyIC)alkyldlt i 0, benzyl:zggI t hox sz p- Nnj enzyl, p-
br onobenzyl , p-chl orobenzyl, 2, 4- dICh| g9§ 4- nethy sul f enzyl, 20
9-anthry|nethy|, diphenylinethyl) C?oups VVth Assisted O ea
(2-met hyl t hi oet hyl, 2-nethyl sul fonylethyl, 2-(p-toluenesul fonyl)ethyl,

[ 2- (1, 3- di t hiRid R bylGe ikytet hyl t hi ophenyl,

S Amino protecting groups

Another set of protecting groups include any of the typical amino
protecting groups described by Greene at pages 315-385. They include:

e Carbamates: (methyl and ethyl, 9-fluorenylmethyl, 9(2-
sulfo)fluorenylmethyl, 9-(2,7-dibromo)fluorenylmethyl, 2,7-di-z-butyl-[9-

10 (10,10-diox0-10,10,10,10-tetrahydrothioxanthyl)|methyl, 4-
methoxyphenacyl);

e Substituted Ethyl: (2,2,2-trichoroethyl, 2-trimethylsilylethyl, 2-phenylethyl,
1-(1-adamantyl)-1-methylethyl, 1,1-dimethyl-2-haloethyl, 1,1-dimethyl-2,2-
dibromoethyl, 1,1-dimethyl-2,2,2-trichloroethyl, 1-methyl-1-(4-

15 biphenylyl)ethyl, 1-(3,5-di-z-butylphenyl)-1-methylethyl, 2~(2'- and 4'-
pyridyl)ethyl, 2-(N, N-dicyclohexylcarboxamido)ethyl, #-butyl, 1-adamantyl,
vinyl, allyl, 1-isopropylallyl, cinnamyl, 4-nitrocinnamyl, 8-quinolyl, N-
hydroxypiperidinyl, alkyldithio, benzyl, p-methoxybenzyl, p-nitrobenzyl, p-
bromobenzyl, p-chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl,
20 9-anthrylmethyl, diphenylmethyl);

e Groups With Assisted Cleavage: (2-methylthioethyl, 2-methylsulfonylethyl,
2-(p-toluenesulfonyl)ethyl, [2-(1,3-dithianyl)Jmethyl, 4-methylthiophenyl,
2,4-dimethylthiophenyl, 2-phosphonioethyl, 2- ‘
triphenylphosphonioisopropyl, 1,1-dimethyl-2-cyanoethyl, m-choro-p-
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2, 4-di net hyl t hi ophenyl, 2-phosphoni oet hyl, 2- triphenyl phosphoni oi sopropyl,
1, 1-di net hyl - 2- cyanoet hyl, mchoro p 31 WO 2006/ 015261 PCT/ US2005/ 027088
acyl oxybawmoyboe/qasiedi hydr oxyboryl ) benzyl, 5-benzi soxazol ypcmaisbyos/028s
(trifluoronethyl)-6-chronmonyl nethyl); G oups Capable of Photolytic

Cl eavage: (n2-nitrophenyl, 3,5- dinethoxybenzyl, o-nitrobenzyl,

3, 4- di et hoxy- 6- mydcm’@etm@,m-(q@lnquﬁ@rﬁ)h@nzylo%hemﬁ;soycmlwweyhyw—ea- Type

Ee[ io?lﬁtein\e/gﬁl 1£g2S{lg?ﬁ%ﬁé{ég%ééﬁ%ﬁ%hﬁ%&gﬁ%@P;am'Nnot hi ocar bonyl ) ;
M scel | aneous «CaGRaips@apsble of PROWytic B1&8BgY (mtdlieplanhRIBLe, p-cyanobenzyl,

cycl obutyl, cyclohexyl, cyclopentyl, cyclopropyl nethyl, p-decyl oxybenzyl,
di i sopropyl et hydlimephoxybenrt, degr@éqrﬁﬁh\}l4v<i11ﬁ3ﬁlth0X6=€(-thquzyl, phenyl(o-

di i net hyl car boxay - dizmet Ryl - 3~ (N -

di met hyl ca?slboxa?nll?ﬂtcfg?ﬁ)é)ér?lg@f/r?/e Ithyi)%?'[ﬂr %%"%ﬁ%@%ﬂ%%&%@%ﬁn‘&ﬁ%@&ﬂOA'yﬂaSbr%%y| , 2-
furanyl met hyl , 2n3lpdsieédegtifordytkaiiasddibonys QVihghylamshiecdbdll); p- (P’ -

Met hoxyphenyl azo) benzyl , 1-nethyl cycl obu%}yl , 1-met hyl cycl ohexyl, 1-

met hyl -1 - cycl opr@wﬂwﬁw Carbamateny(F-amyl, ;- Bergyhibideasbppiatenyicyendbehzyll 15

hyl - | -(p-ph | | | -1 4= | | , 1-nethyl- |
B o PO R oA
4- (trimet hyl ammdiisoprappBaaiiyl, 2,2 -dmbthok ot daylbeyizylV,N- Am des: (N-fornyl,

N-acetyl, N-chorgacetyl, N-trichoroacetyl, N trifluoroacetyl,
N- phenyl ad@tyl, fmst BaxsEBdRBeRAYL IN- oY V- N-3- 20

B 91 cat bosar ey MBRSaUaYRY bt O proisan benzor )
ni t rophenoxyacet fpkanyhinethet, ddoedeyhyl, kdbornyl, Isobutyl, Isonicotinyl, p-(p'-
e AR s 2 2
I e G S R G R TR B
o- ( benzoy L dxy metythybétz-ehenylazobhetiyblatyy | 1-Bethyhi phemyl 2thgh d)methyl-1-(4-

pyridyl)ethyl, phenyl, p-(phenylazo)benzyl, 2,4,6-tri-t-butylphenyl, 4-

(trimethylammonium)benzyl, 2,4,6-trimethylbenzyl);

e Amides: (N-formyl, N-acetyl, N-choroacetyl, N-trichoroacetyl, N-

trifluoroacetyl, N-phenylacetyl, N-3-phenylpropionyl, N-picolinoyl, N-3-

20 pyridylcarboxamide, N-benzoylphenylalanyl, N-benzoyl, N-p-
phenylbenzoyl);

e Amides With Assisted Cleavage: (N-o-nitrophenylacetyl, N-o-
nitrophenoxyacetyl, N-acetoacetyl, (N'-
dithiobenzyloxycarbonylamino)acetyl, N—3-(p-hydroxyphenyl)propionyl, N-

25 3-(o-nitrophenyl)propionyl, N-2-methyl-2-(o-nitrophenoxy)propionyl, N-2-
methyl-2-(o-phenylazophenoxy)propionyl, N-4-chlorobutyryl, N-3-methyl-3-
nitrobutyryl, N-o-nitrocinnamoyl, N-acetylmethionine, N-o-nitrobenzoyl, N-
o—(bénzoyloxymethyl)benzoyl, 4,5-diphenyl-3-oxazolin-2-one);

e Cyclic Imide Derivatives: (N-phthalimide, N-dithiasuccinoyl, N-2,3-

30 diphenylmaleoyl, N-2,5-dimethylpyrrolyl, N-1,1,4,4-
tetramethyldisilylazacyclopentane adduct, 5-substituted 1,3-dimethyl-1,3,5-
triazacyclohexan-2-one, 5-substituted 1,3-dibenzyl-1,3-5-triazacyclohexan-2-
one, 1-substituted 3,5-dinitro-4-pyridonyl);
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Cyclic Imde Derivatives: (N phthalimde, N-dithiasuccinoyl, N2,3- 30

di phenyl mal eoyl, N-2,5-dinethylpyrrolyl, N1,1,4,4-

t et r ai netwol2doczilbysh azacycl opent ane adduct, 5-substitut e®#CT/US2005/027088

1, 3-dinethyl-1,3,5- triazacycl ohexan-2-one, 5-substituted

1, 3-di benzyl -1, 3-5-tri azacycl ohexan-2- one, 1-substituted

3, 5-di ni t r 0- 4-*pyNiAlsmland N-2ay\Wom2ee6(\0asdel, Paliyls?e5/ 027088  N- Al kyl and

N-Aryl  Am : . hyl Y trimethylsilyl)ethgxy].methyl,
N 3 et oxypr opyi iRy ORB et bl s N rfﬁ%{ﬁﬁf;ﬂ

t AMO NéxkET3-Pahrb -3 N1 P € AdhinéninFES DR XyRamil Veuby!
%g-g{ggaﬁosm%l , ﬁ?{jri%hg&pl rretyérl;?/air,p‘l- N-(4 5 nmet hoxyphenyl )dlfhenyl nmet hyl ,
N- 9- phenyl f | uor efgthoxyphenylmpianl, i &rdthenzosyberah W-irinheyylesthyl, N-(4-

¥ LG et nytt ot ongetg R RIS, N b o kBl Fa Fhigieses (M b
N-di phenyl met hyl gung@enyinkhtany V-dytgozaglinteyhyll ERYitERRmine N'-oxide);

N, (N, N-di net hyl am nonet hyl ene, NN-iso ro%l i dene, N-p 10 nitrobenzylidene,
N-sal i cyl i den®, Ipige Privatosal Vol idiagdyltopsthyignsy Y=bpnzylidene, N-p-

hydr oxyphenyl ) p t hvi: » A7) | dene) . . m. ne..Deri yatives:

(N- (5, 5 di et hy P‘ﬁg%é%”ep%é@e@?ojﬁ ?@%@#f@%‘w%ﬁ@?@% ?&5%8‘%%1@5?6{@% 5t ane

N[ phonyl ( pent acar bonal chr o o <t cnget sy oot bor ©-N-. 15 copper or
pheny ent acar bonyl chromium. or. -tungsten)]carbeny

N-zi nc ch ‘F at e) ; MtrRbeqzpeqgeng o isglicylideng, ﬁ\{-gwchl,orwhwhd@%,i\’-@-@bépw: NP

Derivatives: (N-j J 71 ' osphinyl, N
di phenyl t hi ophoslg}ﬁ?ngﬁgé@@?%y&%{hgh%’gjxg?yp%{é%ig%’nzy! phosphoryl, N
di phenyl phosphdEndn)ine PerivativSs: (S, 3-dinietlesd»3-bkdS1 dgtloki@deny®y, and N-Sul f enyl
Derivatives: (N-_ benzenesulf en@&i) N- 0- ni trobenzenesul f enyl
O

N-2, 4- di ni t r oBeryoAal Persiives ant At e dndiphewihoriaimcid

2 e Rk AR RS 0
N- benzenesil f onyoppéd-o2 \Bzifae thelaey;hyl - 4 25 net hoxybenzenesul f onyl ,

N-2, 4, 8-tri r’ret. hOIiT(- b]%rgrzi%][%segzl(}v(_)rg rlo,’ N—l}l_lit%c’)s%: N-oxide);

e N-P Deri%zatives: (N-diphenylphosphinyl, N-dimethylthiophosphinyl, N-
diphenylthiophosphinyl, N-dialkyl phosphoryl, N-dibenzyl phosphoryl, N-
diphenyl phosphoryl);

20 e N-SiDerivatives, N-S Derivatives, and N-Sulfenyl Derivatives: (V-
benzenesulfenyl, N-o-nitrobenzenesulfenyl, N-2,4-dinitrobenzenesulfenyl, N-
pentachlorobenzenesulfenyl, N-2-nitro-4-methoxybenzenesulfenyl, N-
triphenylmethylsulfenyl, N-3-nitropyridinesulfenyl); and N-sulfonyl
Derivatives (N-p-toluenesulfonyl, N-benzenesulfonyl, N-2,3,6-trimethyl-4-

25 methoxybenzenesulfonyl, N-2,4,6-trimethoxybenzenesulfonyl, N-2,6-
dimethyl-4-methoxybenzenesulfonyl, N—pentamethylbenzengsulfonyl, N-
2,3,5,6,-tetramethyl-4-methoxybenzenesulfonyl, N-4-
methoxybenzenesulfonyl, N-2,4,6-trimethylbenzenesulfonyl, N-2,6-
dimethoxy-4-methylbenzenesulfonyl, N-2,2,5,7,8-pentamethylchroman-6-

30 sulfonyl, N-methanesulfonyl, N-B-trimethylsilyethanesulfonyl, N-9-
anthracenesulfonyl, N-4-(4',8'-dimethoxynaphthylmethyl)benzenesulfonyl,

. N-benzylsulfonyl, N-trifluoromethylsulfonyl, N—phenacylsuj!fonyl).

More typically, protected amino groups include carbamates and amides,
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di met hyl - 4- net hoxybenzenesul f onyl, N-pentanet hyl benzenesul fonyl, N
2,3,5,6,-tetranet hyl - 4- met hoxybenzenesul fonyl, N-4- net hoxybenzenesul f onyl
N2, 4, 6- twormeadbisenzenesul fonyl, N2, 6- di met hoxy- 4- netrhyluseszeemstl f onyl ,
N-2,2,5,7,8-pentanmet hyl chroman-6 30 sul fonyl, N nethanesul fonyl,

N-(3-tri rret hyl si | yet hanesul f onyl N— 9- ant hr acenesul fonyl,

N-4-(4', 8" -di rseﬂhm\y m)amallb:nyNﬁC(@)R) e A¥eEBIN(R CmyAnothwmemtymggmmnw
N-trifl uor0| ne fonyl henacyl su More typically, protected
ani no groups i 8@‘ ésa%Blé)ﬁlﬁf T 3RO0F - Eﬁ&%y% WD 2006/ 015261

PCT/ US2005/ 027088 still nore typicallg, -NHC(O RL or -N=CRLN(R1)2. Another
protecting group, also useful as a pfodrug for amno or -NH(R5), is: 0 AO
0O Y~ )--5 W O See for exanple Al exaidep, ¢gJ. et al. (1996) J. Med. Chem 3
9:480-486. 5 Amino acid and pol ypeptd p%s(—écti ng soup and conjugates An
am no acid or pol ypeptide protecti gr gof a conpound of the invention
has the structure RL5NHCH(R16) C(O -, where R15 is H, an amno acid or

pol ypepti de r &zt dstexad Elel?&l,exmr Bl&als(ld@@)m%dbeh@mﬂfﬁ) 46| ower al kyl or
lower al kyl (Cl-C6) substituted with am no, 10 carboxyl, amide, carboxyl
ester, hydr oxyI C6-C7 aryl, guanl di n%/ i mdazolyl, i ndol yl, sul fhydryl,
sul f oxi de, 5 anduBino gcid And pokypep Wupmgﬁlﬁget her wth the
amno acid a Nto f I , R1O is
generally the si de}g{r%}ﬁ%oogﬂdrﬁ)% }ép%éq %ﬁg{ggﬁ) rrcl)(l:jllgjf;_lir?nZIE(O)l)n c‘lﬂgy@:j[c as H -
CH3, - CH(CH3) vaenﬁbﬂhﬁ-ﬁqéls&)&urem YCHD)-, wikar? REGisIF], an Ghi2adcid 5 S- CHB,
-CH(OH, -CH(CH)- CO- NH2, - CH2- CH2- CO NH2,

- CH2- COOH, - P@Q‘lﬁe Sl‘i{e@&gékaﬁ&%aﬁ eﬁn%@?‘@ NH-C(NH2) NH2. R10 al so
incl udes 1-guani di 'T@@fSQQWg‘réﬂ( 1&%\%&%11&(@&%5 RREAZNith hinfodazol -4-yl,

i ndol - 3-yl, nethoxyphenyl anayet hoxyphenyl hot her set o protectlng
groups i neo udeaibbeyll sdiddyuearbdxydvstaryhpdroxyl, C-C7 aryl, guanidinyl, imidazolyl,

indolyl, sulfhydryl, sulfoxide, and/or alkylphosphate. R'° also is taken together
with the amino acid o N to form a proline residue (R'° = -CHa)3-). However,
R'?is generally the side group of a naturally-occurring amino acid such as H, -
CHj3, -CH(CH3),, -CH,-CH(CH3),, -CHCH;3-CH,-CH3, -CHy-CgHs, -CHoCHp-

15  S-CHj, -CH,OH, -CH(OH)-CH3, -CH»-SH, -CH>-CsH40H, -CH,-CO-NHj, -
CHj,-CH3-CO-NH3, -CH,-COOH, -CH»-CH>-COOH, -(CH3)4-NH3 and -
(CH3)3-NH-C(NH32)-NH». Rjg also includes 1-guanidinoprop-3-yl, benzyl, 4-
hydroxybenzyl, imidazol-4-yl, indol-3-yl, methoxyphenyl and ethoxyphenyl.

Another set of protecting groups include the residue of an amino-

20  containing compound, in particular an amino acid, a polypeptide, a protecting
group, -NHSO2R, NHC(O)R, -N(R)2, NH2 or -NH(R)(H), whereby for example
a carboxylic acid is reacted, i.e. coupled, with the amine to form an amide, as in
C(O)NR;. A phosphonic acid may be reacted with the amine to form a
phosphonamidate, as in ~-P(O)(OR)(NR).

25 ' In general, amino acids have the structure R'’C(O)CH(R'®)NH-, where
R'"is -OH, -OR, an amino acid or a polypeptide residue. Amino acids are low
molecular weight compounds, on the order of less than about 1000 MW and
which contain at least one amino or imino group and at least one carboxyl group.

Generally the amino acids will be found in nature, i.e., can be detected in
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20 contai ning conpound, in particular an amno acid, a polypeptide, a
protecting group, -NHSOZR, NHC(OR -N(R2, NH2 or -NH(R)(H), whereby for
exanpl e wocasdmzai c acid is reacted, i.e. coupled, w PoTiUseosameTvesto fonn
an amde, as in C(ONR2. A phosphonic acid may be reacted with the am ne
to forma phosphonanidate, as in -P(O (OR)(NR2). 25 In general, am no acids
have the st r udielpgicaimaen) crlrashavtetia opediiee migoPes, planGHbniz@iR orammani no aci d

or a pol ypepti Lds.are .nol.ecul ar i ght conpounds,
on thg o?lgep 0 R Blgaﬂlﬁoaam%ﬁ]t a@% a%noﬁﬂggﬁ ec‘b%?%‘?”\reﬁ%t | east one
anino or i n nehghokizaltd ate dnﬁﬁ&bl 545,5000000 1y Ytorfl k&PaRated FBMERALdrHod he am no
acids wll be foun? in nature, i.e., can {)géaidet ected in 34 WO 2006/ 015261
PCT/ US2005/ 02 798801 9catasp thgmhlﬁtbéfrai S&igl%a&stlwéedﬂdtnéwbsaﬂmd dpheearbércr obes,
pl ants, ankmal ro [ are al.pha .am no
aci ds, i.e.5 cgf(r)pngund &m%%jfé%e?ggrt ?ragjdgﬁjh%icqgsrhh%% Sgl?h i Ro° ﬁr agg% atom
separ at ed fr owr biyd amardeeids, egobealloflaraine acilsaod yihe 1@ite0 Ufhebyregidatngl e

substituted or ubstit ted pha carbon 5 atom, O particul ar interest
are hydr ophobFBntFIEE‘iedﬁé Sty ppEcasige thy W‘ltwrb‘foeﬁﬁ%wntmh% aci ?IS
cycl oal kyl am e
pgrmeabi I>/i ty ggr elﬁ%%?lzlgg:qﬁ]gkgﬂy’ thgﬁs%dtﬁlg gﬁgsc%(g? ?%ﬁ%%&%&h{yﬁgyﬁ élﬁ(gn al drug.

Typi cal |y, theubsésiedie does not cont ai n a sulfhydryl or guani d| no

bstit 10 Na al occurrln am no .acid residues, are those residues
?gu?\dl ue?@r ally i aﬁlgwgcwﬁrﬁ‘?ﬂp OSFIAeEFBEeee %é’%@é}déﬁ foupd ot ei ns

thereof. Pol yip@epiiiyds plawes hnital Gahicyobes | ds é&?al@#ﬂéﬁeﬁﬂ%&%fy conposed of

such naturall occurring am no acid residues hese am no acids are
gl yci ne, al ani\gﬂb’PepﬁaieS manst typisaldy meéll be sdistantinthe corsposed of sucﬂlmanmalige

cysteine, net uta 15 aspart

hydr oxyl ysi neg& gl?llél THe. srteflgll?fedrhﬁ ﬂ?\né?laﬁ’rdsﬁée é‘?’?f“%&‘%{we valingat ophan,
proline, as parealgineelsolehdiﬁ@rgbmee andoiiel cox¥iRe qhbmnlrﬁdglu&dn%%hy unnat ur al
am no acids, for exa val ani ne, phenyl gl yci ne and_honoar gi ni ne are

al so incl h%ledaSP%}ﬁﬁ?;H)QIYS@W@bmfPéylé@n&rﬁrgmlrﬁc inppherylalanios, tymsime, encoded

A N R
addi tion, unnatural amino acids, for example, valanine, phenylglycine and homoarginine

are also included. Commonly encountered amino acids that are not gene-

encoded may also be used in the present invention. All of the amino acids used

20  in the present invention may be either the D- or L- optical isomer. In addition,

other peptidomimetics are also useful in the present invention. For a génerél

review, see Spatola, A. F., in Chemistry and Biochemistry of Amino Acids,

Peptides and Proteins, B. Weinstein, eds., Marcel Dekker, New York, p. 267

(1983).

25 When protecting groups are single amino acid residues or polypeptides

they optionally are substituted at R® of substituents A', A% or A®in a compound
of the invention. These conjugates are produced by forming an amide bond
between a carboxyl group of the amino acid (or C-terminal amino acid of a
polypeptide for example). Similarly, conjugates are formed between R> and an
30  amino group of an amino acid or polypeptide. Generally, only one of any site in
the parental molecule is amidated with an amino acid as described herein,
although it is within the scope of this invention to introduce amino acids at more

.than one permitted site. Usually, a carboxyl group of R? is amidated with an

35



ot her peptidom netics are al so useful in the present invention. For a
general review, see Spatola, A F., in Chemstry and Bi ochem stry of Am no
Aci ds, PReptwezasmnd Proteins, B. Winstein, eds., MarcecTthskéosn27oBew York,
p. 267 (1983). 25 Wen protecting groups are single amno acid residues or
pol ypeptides they optionally are substituted at R3 of substituents A, A2
or A3 in a compouherid.oin gemeral,riheatanine ofMregdoxyrgrogmeitbe aménqacddioced by

' ' b .of ' id
Crornnal amioetnd ik oF G SoiAaR e BRARH el toul FARPGACab] ugat es

are formed betfeeiondaies k. 2arbdRkyPod 4h@ing edips &f thaAnad Aad 8fde ¢h&ihs )
pol ypeptide. Generally, only one of any site in the parental nolecule is

ami dat ed wi t h 28PeTalhY #6 naEvdde faresibe apede bradawith thepamaighepmpound wi t hin t he

£ this . . : . s .
ot ed o ¢ SRR IS EubChpR bAoAt e il o RS M b an 35 vo
2006/ 015261 PcahjusRe0n/ d22ctRd fuakereloadi d. | n general, the a-am no or

a-carboxyl group of_the am no_acid or, the term nal anno or carboxyl group
of a pol ypeptide arBithEspRyte becabopdreontaining sige chaipnal aringgcids og.

car boxyl or am TTLEA ] I I ' . I are not
used tg form ?F]@B%%{dggﬁéxgﬁg)se%ﬁgﬁmtoﬁgh%gé%ﬁ?ﬂé é?&%{‘g&ﬁgo@ gal i?]hﬂdcyugh t hese
groups may nebtbcked, lbe. fryR ‘g estedfietlwith & oy amidasids Sifilbtie the amjrogadees SS
described further below. Wth r ct, t.g the carboxyl -copfai ning side

chai ns of lém' oRetin dsc’pg nalb’p‘i"{ﬁp}ée:tfﬁggﬁgwlﬁ”&d s %tltHWE}é?Ylg%]god that the

car boxyl group opt sg&bdtet opatdiddBonde ketkedh chirfaminBY%r Bérbog@ﬁ%g? ds! Bk Wi th RS

or amdated. Simlarly, the am no side 10 chains RL6 opti®©o y wll be
bl ocked with R estersenssmidesivill thei nanerR mdeaite, optionallyrarahjdrelyzablds: wi t h si de

chain am no or.carboxyl groups,. like, the ester r .des with the
parental nol e€UP& mo‘ﬁ%%‘ﬂgrl%lcg? b’%?&%ﬁ%ﬁlﬁﬁg >isqu9°?}?a£%6ort§r in vitro under
aci di ¢ (pH <3\lemabiadiyCthépte3h09taRME}istabRi TS th\bdsabmddstiMal thhct b1k e
substantially stable 1n the gastrointestinal tract of humans 15 but are

hydr ol yzedP enbyiie hrdiplyged poaymssigalby injtoedwrrindetracallelar ervidonownienilse The
oo T T o R e, PO 5 B30 70, A8 BT g 10
am no or car btxydreparation of the parental molecule containing free amino or carboxyl
groups. The free acid or base of the parental compound, for example, is readily
formed from the esters or amino acid or polypeptide conjugates of this invention
20 by conventional hydrolysis procedures.
When an amino acid residue contains one or more chiral centers, any of
the D, L, meso, threo or erythro (as appropriate) racemates, scalemates or
mixtures thereof may be used. In general, if the intermediates are to be
hydrolyzed non-enzymatically (as would be the case where the amides are used
25  as chemical intermediates for the free acids or free amines), D isomers are
useful. On the other hand, L isomers are more versatile since they can be
susceptible to both non-enzymatic and enzymatic hydrolysis, and are more
efficiently transported by amino acid or dipeptidyl transport systems in the
gastrointestinal tract.
30 Examples of suitable amino acids whose residues are represented by R*
ot R? include the following;:
Glycine;
Aminopolycarboxylic acids, e.g., aspartic acid, B-hydroxyaspartic acid,
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groups. The free acid or base of the parental conpound, for exanple, is
readily formed fromthe esters or amno acid or polypeptide conjugates of
t hi s i nvewi2006/012831by conventi onal hydrol ysi s procedur eeCTMIS2005a0708311 NO
acid residue contains one or nore chiral centers, any of the D, L, neso,

threo or erythro (as ropri t I t i [
t her eof may sléta&?géa?ldﬁﬁ H@’é‘ﬁ%‘lry%iu? ﬁaﬁwiﬁ%tgylﬁéj%ﬁzﬁn%ééif %Ewgp%lé%%%cszr ol yzed
non- enzymat i &a!rif?' B(cﬁﬁleﬂggdsﬁar% abiaey-60&@x WiBfamhit had BTHABEy@bLydlsemi25 as

cheni cal interngdi at es rthe free acids or free anmnes), D isoners are

useful . On thaddt pbenyglutymit apidonerethydensgivaraic\agids dtamieoasinie aclidy can be

susceptible to.both non-enzynmati ¢ _and .enz [ . I's, and are nore
efficiently ?WIHTRBB%?‘{C@&I@‘%WP%“%S%? ac@rangd?%gédpl ?Sgy{lj&?irl%%’sport systems in
the gastyg oi nt est p\Raho héid@inidedQuéixa@h@mied arslisp@bki@eani no aci ds whose
residues are represented by R' or Ry include the follow ng: dycine;

é\g‘l \r}\% pcz)i)%g ;a (r) bg)ZQé IlP%lg%@ifgs or polgbasigaeeareoxydic geids sughag PR RS PP aci d,
et ﬁt&lggglra?mg 7 -%9131 %ﬁl%t %%tgﬁgn&iﬁ‘uﬂﬁ\é, (ﬂom&érgzxg%{éj,r oxygl utami c

acid, (3- i ¢ ‘aci ne tamc ’aci

(3- di met hy| ap@asdiirellias; drysxyihysiiie xieHydtayisinemiddiiaiBiobytydt hyidr oxygl ut ani ¢
acid, (3 -phenylglutamc acid, y-nethyl enggl th ainic acid, 3-am noadipic
acid, 2- ani nopi nPrhes bags amine. agd resilupeiich 28 81SHIWAY 2- ani nosebaci ¢ acid; 5

Ami no acjgl am desg§ iPofﬁ%al%l) 1R s20a ¢ RARHMiAGsucERlYARME, 800 OF _
pol ybasi c- monocar boxyl'rc "acids such as ardinine, lysine, 3 -am noal ani ne,
y - ani nobut ydiangnoghitati¢ hiidgy, ob-tiamihoadenic hadpa rdidimnrsepimebereait ¢, wlH i ne,

hydr oxyl ysi ne, all ohé(,jc{’iox l.si pe and dj 'nobuﬁ ric.acid, .Q her hasic am no
acid resi due§iagtid Palydipatnige %?Clﬁ’d*’ﬁi‘gﬁlpﬂ%cﬁffl %/f}“o % &-4EnHOETRR as a,

a’' - di am nosugGh NG AG-GianfnosBbacicddd nogl utaric acid, a, a'-di am noadipic

)

acid, a, a'-diamnopinelic acid, a, a - diamno- (3-hydroxypinelic acid, a,
a' - di am nosuber i clmmbdgcida sueh asgiralna badrokproline @llghydipxypsoline, y-

g; |_ glhs (rjnr gﬁ;g%%ﬁ{yi@gﬁi 9;12)11;6@.01?(9 ac?g',i Sqﬁydsrg)gy%il?esco L g(':iéi,”g%d a*%é’t?cfiRéS%P roline,
carboxylic acid;

A mono- or di-alkyl (typically C1-Cg branched or normal) amino acid
such as alanine, valine, leucine, allylglycine, butyrine, norvaline, norleucine,
heptyline, a-methylserine, o-amino-a-methyl-y-hydroxyvaleric acid, a-amino- a-

20  methyl-8-hydroxyvaleric acid, o-amino- a-methyl-e-hydroxycaproic acid,
isovaline, a-methylglutamic acid, a-aminoisobutyric acid, a-aminodiethylacetic
acid, a-aminodiisopropylacetic acid, a-aminodi-n-propylacetic acid, o-
aminodiisobutylacetic acid, a-aminodi-n-butylacetic acid, a-
aminoethylisopropylacetic acid, a-amino-n-propylacetic acid, o~

25  aminodiisoamyacetic acid, a-methylaspartic acid, a-methylghutamic acid, 1-
aminocyclopropane-1-carboxylic acid, isoleucine, alloisoleucine, zert-leucine, f-
methyltryptophan and a-amino- B-ethyl-B-phenylpropionic acid;

B-phenylserinyl;

Aliphatic a-amino-B-hydroxy acids such as serine, B-hydroxyleucine, f3-

30  hydroxynorleucine, B -hydroxynorvaline, and a-amino--hydroxystearic acid;
o-Amino, o-, y-, 8- or e-hydroxy acids such as homoserine, 6 -
hydroxynorvaline, y-hydroxynorvaline and e-hydroxynorleucine residues;
canavine and canaline; y -hydroxyornithine;
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15 met hyl proline, pipecolic acid, 5-hydroxypipecolic acid, and azetidine-2-
carboxylic acid; A nmono- or di-alkyl (typically Cl-C8 branched or normal)
am no aciwowohsws al anine, valine, |eucine, allylglycipogusbasypeiose,
norvaline, norleucine, heptyline, a-nethylserine,

a- am no- a- nmet hyl -y-hydroxyval eric acid, a-am no- a_ 20 ..

met hyl - S- hydr oxyv arksxogamioicacids-sagh AoD-HusAsERICc 8 PHPoSARLBPBIEC aci d,

i sovaline, a-nethylglutamc acid, a-am noisobutyric acid,

a- ai ni nodi et Afi%cetic acid, a-arinodiisopropylacetic acid,

a- am nodi - n- pr opylagefine pakiots sueh agpémetamiebplyibmostalioe acpd,
a-am nodi - n-butyl acetic acid, a- am noethylisopropylacetic acid,

a- am no- n- pr dpiplaéeiiee acid, a 25 arinodii soanyacetic acid,

a- met hyl agpartic ﬁﬂlgr Sugﬁngér{Hihﬂll %gﬁﬁ@) GeifiSldued including cysteine;

an nocycl opr opane-1-carboxylic aci I sol euci ne, all oi sol euci ne,

ter Ej -1 el(Jg i nﬁ,ho&flaycystmehiy-lphemﬂmmﬂﬁmMeambtlaomime,rﬁaalls(lgfelfﬂigine gdigzidenyt pr opi oni c
aci d; - phenyl serjnyl; Aljphatic, a-am,no-(3-hydroxy acids.such as serine,
(3-hydroxy|eG@PH@$ﬂ¥%EC$ﬁM3VBF@X?HU%F@ghpﬁ%#%?g%gﬁﬁﬁ%8&9%%;%%?ine, and
a-am no- (3- hydr F’Xﬁ%@% aﬁirﬁ?ﬂr%itopl?ahﬁ%rﬂﬁlg-s%bstitﬁted oBami®b a6idl yeibasytha@ci ds
such as honoseri ne, hydr oxynorval i ne, "y-hydroxynorval i ne and

c- hydr oxynor Ighenylner cyediheduglemincaidsd-pairplcasaanglip aeid, § - hydr oxyoni t hi ne;

37 WD 2006/ 015261 PCT/ US2005/ 027088 2- hexosani ni ' ch as

D- gl uposalﬁi ni EIFLTHE'S ng‘ffg’icé‘ﬁ%@grﬁ'wﬁgaﬁo{ﬂ%y%%&%@ffita hi ol s such as
peni ci |l am n%heﬁﬁhfaﬂin@'aﬁ@lb siaR@ defivakidres bhplifing yiyi,newebal k1 hieydrexy, f ur
contai ning amno acid residues including cysteine; homcystine,.

(3- pheny! met hivenidie, oxysalkylethen aitrosselfyryar helocspbstanted phgnyl 4% gdbyrogine,

t hi ol histidi t at hi oni | i
I stidl neﬁﬁgﬁf’g{%h’?‘ﬂé‘? orcga;-g -(S:p%'rg-, 3%%1&185131"09];)- %’-%r?'—rﬂ@thﬂ’-, 2,4,6-

honocyst ei ne;™ r an’a ring-sdbstituted a-am no acids
such as the pheml- 2Qthaycs-afexyl-aydrogy-daiitls- adgrinopitenylbhioee);c acid, a
10 ami nocycl ohexyl acetic acid and a-am no- (3-cycl ohexyl propi o ic acid;
phenyl al di nefusylaltiguds PardyldadTvHinYEsPEY TW@?%EtXﬁé INPRET al kyl
hydr oxy, tryptophan analogues and derivatives including kynurenine, 3-
hydroxykynurenine, 2-hydroxytryptophan and 4-carboxytryptophan;
a-Amino substituted amino acids including sarcosine (N-methylglycine),
N-benzylglycine, N-methylalanine, N-benzylalanine, N-methylphenylalanine, N-
20  benzylphenylalanine, N-methylvaline and N-benzylvaline; and
o-Hydroxy and substituted o -hydroxy amino acids including serine,
threonine, allothreonine, phosphoserine and phosphothreonine.
Polypeptides are polymers of amino acids in which a carboxyl group of
one amino acid monomer is bonded to an-arhino or imino group of the next
25 amino acid monomer by an amide bond. Polypeptides include dipeptides, low
molecular weight polypeptides (about 1500-5000 MW) and proteins. Proteins
optionally contain 3, 5, 10, 50, 75, 100 or more residues, and suitably are
substantially sequence-homologous with human, animal, plant or microbial
proteins. They include enzymes (e.g., hydrogen peroxidase) as well as
30  immunogens such as KLH, or antibodies or proteins of any type against which
one wishes to raise an immune response. The nature and identity of the
polypeptide may vary widely.
The polypeptide amidates are useful as immunogens in raising antibodies
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ni di no, oxyal kylether, nitro, sulfur or halo-substituted phenyl (e.g.,
?;?osi ne, me%/hyl %lyrosi ne and o-chloro-, p-chloro-, 3,4-dichloro, o-, m 4
or p- met hywe,20@/04584 triinethyl-, 2-ethoxy-5-nitro-, 2-hpdrwsyeos/2messro- an
p-nitro-phenyl al anine); 15 furyl-, thienyl-, pyridyl-, pyrimdinyl-,
purinyl - or napht h[yl.- I%ni nes; and  tryptophan anal ogues and der.l vatives
i ncl udi ng kym?g%‘ﬁf‘ rrthery] eH%’P@i%ﬂ@ﬁﬁ]?@moh@mﬁanmythwm?mSanlaahrngSi iy
4- car boxyt rypﬁ@&ﬂﬁﬁist@ed&%agaiﬁé{@ﬁé ééﬁ&)kgéjmﬁﬂer}grpgi%?%sofjtﬁégg A 04 i o
(N-met hyl gl ycine), N-bénzyrglycine, net hyla €, _ :

N- met hyl phenylizdeaiidme, N- 20 benzyl phenyl al ani ne, N-nethyl valine and

l'i ne; s Hydroxy, and substituted a -hydroxy am no acids
o s v AR B SRR e
phosphot hrﬁonhgyal.toB@g@@mgﬁ@éltﬁrcgﬁ%gw&rﬁgﬁl Xg% éggft%%lg%feaihin. ich a

1 - .
carboxyl group of one amno acid nononer Is ( dﬁ%@BF_Sl m no
group of the AeRenyBCtarngIOf the pdrentahoompoiny. dheashjigateobtparBhly pept i des

i i i i I tides (about 1500-5000 MW
and pr ot ef ne sl 84 pe TRe g therdBiies b iMbinpgenisghnzhs 100 or nor e
resi dues, andpcsiyj)etpaildéslinajl&elﬂ&ﬂﬁ%l_@éﬁds%ﬁrﬂaﬁ%&lﬁ?labggfoﬂaolggl%é’tgg?)él'yg"ef)@qﬁlhuman’

i t or mcrobial roteins. They i e en : . 3 drogen
por oxi dabe) | aBOIPIEDESGC foariliuing resioh aatbidit) samsmtA frofiiagly o br OF o1 NS

. : . : , The
of any t : . wi shes .to rai se an.immune_ response. _
nat urg aﬁlgﬁ i 3@%@?‘%@ ﬁ%&ell?glgy?ﬁgﬁqﬁéggMwa Wmﬂéméﬁlbgg% |1 3261
ami dat es ar e wsétautaigantibodleggensabbit, hajusé, Mrnbi BOLLES. 38 éﬁ}@g&& '
PCT/ US2005/ 027088  a ai]ﬁ t .either the polypeptide (if it I's not inmunogeni

t

. . he S . he
in the ani mal “PBERS sEAVIdibe ingnumggenie 1 atrdead) omgr ofzpgelh msimalshTtepi t opes on t|

i LS. .Lnvention. Antibodi es. capabl e of binding
'[ gr?lhgdggr gi}tﬁgl‘ﬁ)ﬁ%ﬁ?ﬁg%&?lgﬁ C%Ig%%aﬁg&g@yl%enﬁg@a C&S"%@p%{?éf@et he parent al

epiistt borsishetwem the firg hed bevodd agRNSE Sdjatht IRANEGRIUT i ng of the
ggme)(r)lggﬁ fg(r)orn o oy o coreround and pol ypepti de

general | ;} ar %ﬁ@gg%oggﬁﬂ%ggﬂ@%?%ggﬁ%;grﬁ %gglseggq%mﬂ@mcbgnidbmsel y honol ogous
ani mal s, and st 0s 8, Fpk@ichREsRALYREI LG ies recognized by a peptidolytic

enzyme.

Peptidolytic enzymes for cleaving the polypeptide conjugates of this
invention are well known, and in particular include carboxypeptidases.
20 Carboxypeptidases digest polypeptides by removing C-terminal residues, and are

specific in many instances for particular C-terminal sequences. Such enzymes

and their substrate requirements in general are well known. For example, a

dipeptide (having a given pair of residues and a free carboxyl terminus) is

covalently bonded through its o-amino group to the phosphorus or carbon atoms

25  of'the compounds herein. In embodiments where W1 is phosphonate it is

expected that this peptide will be cleaved by the appropriate peptidolytic
enzyme, leaving the carboxyl of the proximal amino acid residue to
autocatalytically cleave the phosphonoamidate bond.
Suitable dipeptidyl groups (designated by their single letter code) are

30 AA,AR, AN, AD, AC, AE, AQ, AG, AH, Al, AL, AK, AM, AF, AP, AS, AT,
AW, AY, AV,RA, RR, RN, RD, RC, RE, RQ, RG, RH, RL, RL, RK, RM, RF,
RP, RS, RT, RW, RY, RV, NA, NR, NN, ND, NC, NE, NQ, NG, NH, NI, NL,
NK, NM, NF, NP, NS, NT, NW, NY, NV, DA, DR, DN, DD, DC, DE, DQ, DG,
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nore i munogenic for facilitating raising anti bodi es against it.
Accordingly, the 10 pol ypeptide or protein may not need to be inmunogenic
in an aniwal2oesypsmwal |y used to raise antibodies, e.g., pcahiszeosormese,
horse, or rat, but the final product conjugate should be i munogenic in at
| east one of such aninmals. The polypeptide optionally contains a

pepti dol yti c édyk Idl,édddos, HIFY ®PaDSt B, DépDYdBDWdhy CRtAeDs 6€, fi r st

os oo 11 et iy GGt Beaai EF b Qo brabee e A dibar t | cul ar
sequence of e FUSFEE %P@I% 759l By, 1, EEPEKdEM@FCEPeEg)’E“P EWEBYi g9l ytic

enzymes for cleaving the peptide’ conjugatés of th invention are well

known, and in Qﬁ%r@RcQNaQD |Q£1' @% QQArQoxpk il QaseK, QM (Qﬁ,r OBXQPPTi dases

R e LR A N N X NNt R A

substrate req@w, @serms GW, ganenalHAl BRVEN, By, HquQeH@rrpﬂ}p,HIaHLdl peptide
(having a given pair of residues and a free carbox t'erm nus

coval ent |y bodHedMhHbubR, HosHE, HW{BYQHUUE)AIRJINJ%H@SE%(IQU ﬁﬁ éI?]lr bon
stom 25 of e ROTPYFdp Reypiy, AngoToed ponks Bhegs W s pgphonate 1

is expected t rs ’peptrde w’l'l"’be clEeav byt . . .
peptidol ytic Ienzymex, LMavFngp tits; IGaIoxyY, oY, KAe KR, &N, /b, ’a) ke, aci d
residue to autocatalytically cleave the phoighonoam dat e bond. Suitable
di pepti dyfOgr dléglr By KMhdil, K. kgt & T.dt We Ko &de)Mas R.30 AA, AR

AR e g arm S Bt 1 2
RY, RV, NA, NRIWNMYN@YV, NE, FREFNNED, RG, FBHQNIG, FL, FI, RK, FRIMMNFE, NP, NS,
o o o oS S b oy on

CN, CD, CC, , , CV,
EA ER EN EDEe e PEGT S-S S SN B o g SEL L gy
Qs

BY, By, QA ORI SBNSPCES, SL.SVQESY.QY, s TRIINJD, TL, TMQQW TH, TIP, :
Q. 5> QN QY (VxS G, 18 s Fr, By, i E T aSir v, Rp, W, Wiy M &

WQ, WG, WH, WI, WL, WK, WM, WF, WP, WS, WT, WW, WY, WV, YA,

YR, YN, YD, YC, YE, YQ, YG, YH, YL, YL, YK, YM, YF, YP, YS, YT, YW,

YY, YV, VA, VR, VN, VD, VC, VE, VQ, VG, VH, VI, VL, VK, VM, VF, VP,
20 VS, VT, VW, VY and VV.

Tripeptide residues are also useful as protecting groups. When a
phosphonate is to be protected, the sequence -X4-pro—X5 - (where X*is any amino
acid residue and X° is an amino acid residue, a carboxyl ester of proline, or
hydrogen) will be cleaved by luminal carboxypeptidase to yield X* with a free

25  carboxyl, which in turn is expected to autocatalytically cleave the
phosphonoamidate bond. The carboxy group of X° optionally is esterified with
benzyl.

Dipeptide or tripeptide species can be selected on the basis of known
transport properties and/or susceptibility to peptidases that can affect transport to

30 intestinal mucosal or other cell types. Dipeptides and tripeptides lacking an a-
amino group are transport substrates for the peptide transporter found in brush
border membrane of intestinal mucosal cells (Bai, J.P.F., (1992) Pharm Res.

9:969-978). Transport competent peptides can thus be used to enhance
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&P, GS, GI, GN GY, Gv,
HVM HF, HP, HS, HT, HW
IL, 1K, IWD2bds/01581 |S,
LI, LL, LK LM LF, LP,
KG KH KI, KL, KK, KM S, KY, MC,
ME, M MG ipavalabiliy,of e anm@tervpmpwndS% R}rrtﬂpemes rbﬁ”mwne P%fnoﬁ‘R FN,

E[R): Eﬁ: E[E): ﬁ%mfb%ld% thgg coghgujjéfo El%{'al%go at1ble':w$1th g%)tldg%nf _I_rt Ey\/ Ef(\

PV, SA, SR Shd c&bve S@izedEn tH3QmiS&e cGposids oSthls Bi([enﬁ.tﬁl S‘MnlI@FaCidSIiﬁ SS, ST,

'Sr\é\,l 'Sr']{, 'Sr% % D%lﬁ;&atlg@caq-%cq usT ’co qﬂg.l e\fge sus\ﬁ@)t-lfqhﬁ % di trlg\%ncﬁz J\E/l
VP, WP, Y)g %hy@g\{ysg?y %as@b‘com}ﬂ&l 1 Bhe l%Qsh B(&derYsﬁch X&miﬁ@pe Haserl , YL,

YK, YM YF, YV, C Q VG VH,
VI, VL, VK, W Iedithd, dl-zetﬂ;spu&ee alwvauwmmSeWtemn tbeb@sm@f theisj dues are

al so usef ul as rot ecting e |s tected,
the sequence /% be]feéls%cc‘(oah’ y%bYBméWe t?ﬂ" (gm tglg Ottt Elen%%sﬁcringS is an
amino acid r %&gy%nglgr%g Xeﬁf&(lor Bl FEptidbs E&;Kh'ng@ atl/or élﬁdfd}ﬂﬁ)'ﬁ) will be

cl eaved by | um na pepti dase to yield wth a free 25 carboxyl,
which in tur rsubﬂraﬁaesﬁecmopcpwiasﬂ)éadlaby‘tﬂpéﬁmeﬁ l%qk%/@nmﬁémdﬁﬁ%@ﬁﬁonoam dat e

bond. Th car bo f. X5 n Lf

Di pept i d Oor %ﬁ%éﬁ gﬂ@%i’fe‘%ﬁﬁc&ﬁl ﬁ %%P ﬁgﬁ tﬁgh%‘gga?grng I a| own
transport propgf LitREaROHrRndSpEpaeRe] &id pebﬁdéﬂaaﬁﬂg hgasesidubatthean affect
transport to 30 intestinal nucosal or other cell types. Dipeptides and

tripeptides mnuitmgat@ppsanmtﬁ&regrcgtb@xalrténvmamrﬁwr SihsEReRi%s for the

ol (ool - FapSber B85 Bl it AR BT 400 Pepled R0 oD o

peptides can dffpéﬁtﬂb‘s th@eb ditheprilaively Hlstifl RQOBLI0AS 26ceRblL WS2005/ 027088
bi oavai l ability of the amidate conpounds. Di- r tri %‘F gghhav ng one or
more anildo dwideelysinby REOpCormplyhRAC oI YR &T gt Bp%‘ﬁﬁ i B pepti de

transport cleaved polypeptide amidates are immunogens or are useful for bonding to

HR, HN, HD, HC, HE, HQ HG HH, HI, HL, HK,
H, 1A IR IN ID IC IE I1Q IG IH II,
, AW 1Y, IV, LA, LR LN, LD, Pc@uski@sor@ss LG LH,
, LT, LW LY, LV, KA KR KN KD KC KE 10 KQ

%5:&%

proteins in order to prepare immunogens.

Specific Embodiments of the Invention

20 Specific values described for radicals, substituents, and ranges, as well as
specific embodiments of the invention described herein, are for illustration only;
they do not exclude other defined values or other values within defined ranges.

In one specific embodiment of the invention Al is of the formula:

| W

Mil2a

M12b

25
In another specific embodiment of the invention Al is of the formula:
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and can be utilized in the am date conpounds of this invention. Am no acids
in the D configuration can be used to reduce the susceptibility of a di-
or tripep¥oadeos/@sicdo hydrol ysis by proteases conmon to tireThrso@s/obmsgler such
as am nopeptidase N. In addition, di- or tripeptides alternatively are
selected on the basis of their relative_resistance to hydrolysis by
proteases found in the|lumen of the intesting2 For exanple,; tripeptides or
pol ypeptides | acking asp ard/or glu are pmafz supstrates am nopept i dase
A, di- or tripeptides | ' ' esi duesN0 o he N-term nal side
of hydrophobic aning/an val, trp)wlre poor substrates
for endopepti dase, \dnd pro residue at the penultimate
position at a free carl boor substrates' for

car boxypepti dase P. Sin 5 can al so be applied to the

sel ection of peptides llatively resistant -or relatively
susceptible to 15 hydrolysis by cytosolic, negerral, hepatic, serum or other
pepti dases. Such poorly cleaved pol ypepti de am dates are i nmunogens or are
useful for bonding to proteins in order to prepare imnunogens. Specific

Enbodi nents' of the I nvention_20 cifjc.val ues,.descri adi cal s,
substituents, andh%@%§@§§P§§ﬁ%@mgg§§mnéﬁgﬁ?FP@H%ﬁb dﬁﬁ%nﬁ%&%@u%he i nventi on

descri bed herein, are for illustration only; theg do not excl ude ot her
I
ﬂ;

defi ned val ues or other val ues yﬁthin defined r

S. In one specific
enbodi ment of the inventioVCAVY s of the o Ia:g$2\X§nA3 W R2 R2 Ml2a
ML2b 25 In anot her specif enbo e inventi sA' is of the

fonnula: 41 WO 2006/0{?261 PCT/ US20 2 y2 A 3N v
L M12a
M12b
5
In another specific embodiment of the invention Al is of the formula:

10

and W>? is a carbocycle or a heterocycle where W>? is independently substituted

with 0 or 1 R* groups. A specific value for M12a is 1.
15 In another specific embodiment of the invention Al is of the formula:
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R2 R2 Ml2a ML2b I n another specific enbodi ment of the invention Al is of
the formula: W 2 A3 R2 R2 Mil2za Mi2b 5 I n another specific enbodi nent
of the i nwenviens?w1l is of the formula: 6 \A3 R2 R2 ML2acTAB2005/02108% her
speci fic enbodi nent of the invention A" is of the formula: 5a \A3 R2 R2 M
12a and Wha is a carbocycle or a heterocyele where Wea i s independently
substituted with 0 of 1 Rzygroups. A specifig value for M2a is 1. 15 In

anot her specific enbodi f ghe invantip~Al is of the formula: 42 WO
2006/ 015261 PCT/ US2005+027088 VPRR ™Ml2a ML2b | n anot her
speci fic enbodi ma-rif/)f the inventi i s{of the pmul a: Wb

M12b

In another specific embodiment of the invention A' is of the formula:

2 W
M \A3

Mi2a

In another specific embodiment of the invention A’ is of the formula:

/ W 5a
V \A3
R? R?

wherein W>? is a carbocycle independently substituted with 0 or 1 R? groups;

In another specific embodiment of the invention A’ is of the formula:

0]
I '
/O P\\ng/k‘(O\Ry
% d u) L °

Mi2d

wherein Y? is O or N(RZ); and M12d1s1,2,3,4,5,6,7 or 8.
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A3 ""-~ R R2 Ml2a In another specific enbodimrent of the invention A" is

of the formula: Wa "'~~A R2 R2 wherein Wha is a carbocycl e i ndependently
substi t utwo 2mattisBior 1 R2 groups; | n another specifi crerusdiosootosof t he
invention Al is of the formulax: OR2v OP--, --)YO1y2b R O HH2
ML2d wherein y2b is O or N(R2);..and dis 1 2,.3,.4 .5 6, 7or 8 43
WD 2006/ 015261%&‘3?%%2%6 ‘t)%“?%%%me%cl’\%ﬁ%twwl%éc}quféh%??%al%‘rmnt of the
invention A is of the formula: wb5a '~~~ A3 VR Ml2a wherein Wa is a

carbocycl e i ndependently substituted with O or 1 R2 groups; 5 In another
speci fic enbodi nent of &£he invention Al \saof the formula: Wa A3 R2 R2
wherein Wha is a carbocyc cle ere Wha i s independently

substituted with O or 1 R2

AS

Mi2a

wherein W™ is a carbocycle independently substituted with 0 or 1 R groups;

5 In another specific embodiment of the invention A' is of the formula:

/ W5a
\/ \A3
R? R?

wherein W>* is a carbocycle or heterocycle where W is independently

substituted with 0 or 1 R? groups.

»
3

10 In another specific embodiment of the invention A’ is of the formula:
o 2
él :
e ~RY
\ 2 R
0]
¢ H H 3
W
/
28
M1i2d

wherein Y? is O or N(RZ); and M12dis 1,2, 3,4, 5,6, 7 or 8.

In a specific embodiment of the invention A? is of the formula:
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10 I n anot her specific enbodi mrent of the invention Al is of the formula: O
RR 11 PO-RY Y2 O HHW 2b M2d wherein Y2b is Oor N(R2); and ML2d
is 1, 2, 8p2d6/@5266, 7 or 8. In a specific enbodi nent ofrctrhus2eoswerss on A2
is of the formula: 44 WD 2006/ 015261 PCT/ US2005/ 027088 Y2 Y2 W R2 R2
ML2a ML2b | n anot her specific enbodi nent off the invention A2 is of the
formula: Y2 W5 MRR |ML2a b. 5 1n anotrgp speci fi c enbodi nent of the

i nvention ML2b is 1. Ig/géof [ nt of the invention ML2b
is 0, Y2 is a bond an is a hetexocycl e where W is
optionally and ind ndent |y 'th 1, 2,°\@P 3 R2 groups. 10 In
anot her specific e di rent of A2 is of the formula: Wa R2

Miz2b

In another specific embodiment of the invention A? is of the formula:

—— —

/yz Lo

RZ R?

\/

Mi2a

M12b

In another specific embodiment of the invention M12b is 1.

In another specific embodiment of the invention M12b is 0, Y? is a bond
and W° is a carbocycle or heterocycle where W is optionally and independently
substituted with 1, 2, or 3 R? groups.

10 In another specific embodiment of the invention A? is of the formula:

M12a

wherein W is a carbocycle or heterocycle where W is optionally and
independently substituted with 1, 2, or 3 R? groups.

15 In another specific embodiment of the invention M12ais 1.
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TRML2a wherein Wha is a carbocycle or heterocycle where Wsa is optionally
and independently substituted with 1, 2, or 3 R2 groups. 15 In another
speci fi c wobkoaiorest of the invention M 2a is 1. 45 WOr20asL@F552H8s

PCT/ US2005/ 027088 1 n another specific enbodi nent of the invention A2 is
sel ected from phenyl, substituted phenyl, benzyl, substituted benzyl,

pyridyl and substintazethgr spegificprbodiment wdiheinveiivn 4’ s seaedififBnt of t he

i nvention ' ' ~tod ha : - 2b In
anot her sp%%?%f%%gﬁt%@&ﬁb%%ﬁiSﬁP/Setn ﬁegﬁeﬁﬁipﬁy%ﬁg& %%?t%: a Y2 WM
X2RR ML2a Mighidyl.l n anot her specific enbodi nent of the invention M2b is 1.

In a specific enbodi nt of the .inventi 3 i1s. of the formula: Y1 2 11
N Rx Yp R R2 2 lppgt %cifw@mbod\{ment o?rt]hepinvention A~ is of the fgrymxﬁa:

M12b

In another specific embodiment of the invention A? is of the formula:

W4

T Ml12b,

In another specific embodiment of the invention M12b is 1.

In a specific embodiment of the invention A® is of the formula:

-<.—\

=
/
\;‘l

e

M12a

M12b

46



WO 2006/ 015261 PCT/ US2005/ 027088 1 n another specific enbodi ment of the
invention A3 is of the formula: Y1 11 Y2 PRx Y2/ R2 R2 L- -1 2 MZ2aln
anot her swecndamsmnbodi ment of the invention A3 is of tireTiuseonsloazoss Yla
y2a 11 Rx y2a R2 2 2 5 M12a whereinylais O or S; and y2a is 0, N(W or
S. In another specific enbodi nent of the invention A3 is_of the formula:
11 Rx  Y2b R2 R2 Ipanghomspepidiceipogiipent of thedpveytipn A 1s ?Lgthﬁfo Fher
speci fic enbodi ment of the invention A3 isrof the formgla: 47 WO
2006/ 015261 PCT/ US2005/ 027088 O IP Rx R[R 2 ML2d wherein y2b is 0 or
N(R'" ); and ML2d is 1, 2, 3, 4, 5, 6, 7 ﬁi‘ 8. In anothgr specific
enbodi nent of the invention A\C('}2 is of thePf pr mul a:

AN

-
X/ S~

M12a

5 M12a
wherein Y'#is O or S; and Y* is O, N(R¥) or S.

In another specific embodiment of the invention A’ is of the formula:

M12a

wherein Y?* is O or N(R¥).

10 In another specific embodiment of the invention A’ is of the formula:
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O 11 Rl Rx Y2b HH2 M2d 5 wherein y2b is 0 or N(R" ); and M2d is 1,
2, 3, 4, 5, 6, 7 or 8 1In another specific enbodinent of the invention M
12d is l.wonoemsiser specific enbodi ment of the inventi ®@nTAS2005/02f08¢ he
formula: Y1 Y2 Rk Y N2RR Y2 /WB Ml2a Mi2b 10 In another specific
enbodi nent of the invention A3 is of the fonnula: 48 WO 2006/ 015261

PCT/ US2005/ 027088 Y1 Y2 IPR' Y R2 R2 Y2/[ M2a W K’/I 12b I n anot her
speci fic enbodi mrent of the invention Wb i§ @ carbocycle.[ In another

speci fic enbodi nent of the invention A3 iﬁs of the formulja: Y1 2 IP Rx N

P X
'\_/ \\ Yzb/ "

R1 R1 - _J

Mi12d
wherein Y is O or N(R*); and M12d is 1, 2, 3, 4, 5, 6, 7 or 8.

In another specific embodiment of the invention A2 is of the formula:

‘,-J
\
Jp=o
/
\I;

Mil2d
5  wherein Y?®is O or NR); and M12dis 1, 2, 3,4,5,6,7or8.
In another specific embodiment of the invention M12d is 1.

In another specific embodiment of the invention A3 is of the formula:

- -
1
|
| P\ R*
\(2/
wa
g
Y
M12b
10 In another specific embodiment of the invention A is of the formula
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Rk R2Z R2 N/W. M2a O M2b 5 In another specific enbodi nent of the
invention Wb is phenyl. In another specific enbodi nent of the invention A3
is of thewbanewdise6r Yla Y2a |l | Rk Y R2Z RR W3 2a Meea/ush@seemsgla is O
or S; and Y2a is 0, N(RX) or S. 10 In another specific enbodi ment of the
invention A3 is of the formula: 49 WO 2006/ 015261 PCT/ US2005/ 027088 O Rx

y2b R2 R2 WB ~,2b Ml2a wherlein y2b is O Jor N(W. In another specific
enbodi nrent of the invention A3 is of the for1mJIa: O RxY2/ R R W
ML2d Y2b ﬁ
LP. RX
‘\: \\\\Y?///
W5
YT//
M12b

In another specific embodiment of the invention W° is a carbocycle.

In another specific embodiment of the invention A® is of the formula:

M12b

In another specific embodiment of the invention W? is phenyl.

In another specific embodiment of the invention A® is of the formula:

2
M12a Y=
wherein Y'*is O or S; and Y** is O, NR" or S.

10 In another specific embodiment of the invention A® is of the formula:
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5 wherein y2b is 0 or N(Rx); and ML2d is 1, 2, 3, 4, 5, 6, 7 or 8. In

anot her specific enbodi nent of the invention RL is H |In another specific
enbodi nenwoaboditisesiinvention A3 is of the fornmula: R2 @eT@SRbs/oetosy2b, 2d
OR' R R O wherein the phenyl carbocycle is substituted with 0, 1, 2,
or 3 R2 groups. 10 In another specific enbodi nent of the invention A3 is of
the forrmula: 50 WD 2006/ 015261 PCT/ US2005/9027088 R2 O 1~0~P/OR M2d
NORS R R HIn another specifjc enbodi memt of the inyention A3 is of the
formulaz: OOCH3I NORL HH eC|f|ée odlrrent of the
invention A3 is of the fo1\’

M12a
wherein Y?* is O or N(R¥).

In another specific embodiment of the invention A is of the formula:

5  wherein Y is O or N(R¥); and M12d is 1, 2,3,4,5,6,7 or 8.
In another specific embodiment of the invention R® is H.

In another specific embodiment of the invention A is of the formula:

X
@—w
Vs

R

%m OR'

wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 R? groups.

10 In another specific embodiment of the invention A® is of the formula:
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O In another specific enbodi nent of the invention A3 is of the fonnul a:

51 WD 2006/ 015261 PCT/ US2005/027088 O 1 2 | J~ OOOHH2 In another
speci fi c wohoaiorezst of the invention A3 is of the fornulpaT/Uskoosba7oB2 Yea \
Y2a RY L_ Y1 R2 R2 2 M2a 5 wherein Ylais 0 or S; and y2a is 0, N(R2) or
S. In another specific enbodi nent of the invention A3 is of the formula:

li RRY Y2b Ry y la R R 2 MZ2a wheregj ais0O0Oor S y2bis 0 or
N(R2); and Y20 is 0, N(RY) or S. 10 In anfjt her §pecifjc enbodi ment of the
invention A3 is of the formula: 52 —71 R

In another specific embodiment of the invention A3 is of the formula:

o)
N\ _©O CHs

O- R
\— g
OR
H H

In anpther specific embodiment of the invention A?® is of the formula:
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WD 2006/ 015261 PCT/ US2005/ 027088 O R2 11 \

2 M12d wheren Yla is O or S; y2b is

speci fic enbodi nent of the invention
Y2b 0 HH2 10 wherein y2b is 0 @gr
of the invention A3 is of %ye foran

a

OOP/O“i 1\\

AN R?2

VKT o e e
H H

OR1~1-12bRy Yla R Rl

0 or N(R; y2d is 0 or N(Ry); and
ML2d is IwoO2p06a15264, 5,6, 7 or 8. In another specific enbedirrmsaesot7oshe
invention A3 is of the formulax OR2 00,1y Y2 R O HH2 5 Mz2d
wherein y2b is 0 or N(R2); and ML2d is 1, 2, 3, 4, 5 6, 7 or 8. In another

A3 is of the formil

O

L i

OR OPO' R

a:
N(R). In gnot her specific enbodi ment

Oll

In another specific embodiment of the invention A is of the formula:

Y1a

[
YZa
_\ / P\ Y\ RV

Ml2a

R2

5  wherein Y'*is O or S; and Y* is O, N®R?) or S.

In another specific embodiment of the invention A®is of the formula:

0
l

\/ ° ™ =

R2 R2

M12a

wherein Y'*is O or S; Y2 is O or N(R?); and Y* is O, N(R”) or S.

10  Inanother specific embodiment of the invention A is of the formula:
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HHO2 53 W 2006/015261 PCT/ US2005/ 027088
enbodi nent of the invention A3 is of the formula: Y1 Y2 IPRx 2 YR R2
\7w3  ML2amo2o00emisasat her specific enbodi ment of the i nverCiras203/0emsof t he

formul a:

invention A3 is of the fornul a:
ML2a wherein Ylais O or S; Y2b

I n anot her specific

yla R2 Yea Y~ ----,y Ry Y2a Y1 R2 2 WB Ml2a Y2a wherein Yla is
Oor S and Y2a is 0, N(R2) or S.

R2 R2 W8 Y2b
N(RY) or S.

I n anot her specific enbodinent of the
I00RR Ol I W Ry Y2 1la
is Oyo N(R); apd Y20 is O,
¥
D RY
Y
Y1a

Mi2d
wheren Y'#is O or S; Y2 is O or N(R?); Y*is O or N(RY); and M12d is 1, 2, 3,

2

4,5,6,7or 8.
In another specific embodiment of the invention A’ is of the formula:
T T
O P\ O\
y
N R
\./ y2b
O
H H = _

5 Mi2d

wherein Y?® is O or N(R?); and M12dis 1,2, 3,4, 5,6, 7 or 8.

In another specific embodiment of the invention A’ is of the formula:

it
\_/ Y \Yzb/k”/ RE
H H

10 wherein Y** is O or N(R?).

In another specific embodiment of the invention A® is of the formula:

O
1
O P 0
\/ Y \O/\ﬂ/ \RZ
H H O

L S5
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I n anot her specific enbodi nent of the invention A3 is of the fornmula: 54
WD 2006/ 015261 PCT/ US2005/027088 O R2 Ol | y RY y2b l1a RL RL\Y2WB b M
12d wher ewo 2¥62015%10 or S; y2b is 0 or N(R2); y2d is O ecTNSERMs02meel M 2d
is 1l 2, 3, 4,56,70r8. 5 In another specific enbodi nent of the invention
A3 is of the formulax ORIl Ry OPO0-1Y2b O HJH W M2d Y2b wherein
y2b is 0 or N(R2); and M2d is 1, 2, 3, 4, 5 6, 7 or 8. In another

speci fic enbodi ne e B O y2b ON'
R2 ~- O HH V\Bnﬂla%gthteggj\ﬁﬁy é?]l%no y @ﬁ equérﬁﬁ) R mrd?fg}rll%foﬁ}gra?aspem fic
enbodi nrent of the invention A3 is of the foﬂrrula 0 Y2b I P Rx

P\ Y2/ R*

M12a

wherein Y'#is O or S; and Y** is O, N(R?) or S.
In another specific embodiment of the invention A’ is of the formula:

10

wherein Y'*is O or S; Y2 is O or N(R?); and Y* is O, N(R¥) or S.

In another specific embodiment of the invention A’ is of the formula:
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\y2b/ NMLRR WB 2d y2 wherein: Y2b is 0 or N(R'" ); and ML2d is 1, 2, 3, 4,
5 6, 7 or 8 55 WO 2006/015261 PCT/ US2005/027088 In another specific
enbodi nenwoaboditis2sii nvention A3 is of the formula: O 1 PEI@SROsD2X082D - - ~r
Y ORL MRRW ML2d O wherein the phenyl carbocycle is substituted with 0, 1,
2, or 3 R2 groups. In another specific enbodi nent of the invention A3 is of
the formula: I O1/OROORL NRR d 5 C wheRein the phenyl
carbocycle is substituted with 0, 1, 2,lor 3 R2 gr 5N anot her specific
enbodi nent of the inventi or mul g: \ORy\\ /OCH3 P
ORL HHO Inaspeo\ enbo L A is of the formula:

Mi2d

wherein Y is O or S; Y? is O or N(R?); Y*is O or N(R?); and M12d is 1, 2, 3,

4,5,6,7o0r8.
5 In another specific embodiment of the invention A is of the formula:
R2
. / O Pi O< RY

M12d
wherein Y is O or N(R2); and M12dis1,2,3,4,5,6,7 or 8.
In another specific embodiment of the invention A3 is of the formula:
¢ T
OL R?

10  wherein Y® is O or N(R?).

In another specific embodiment of the invention A? is of the formula:

Y2b
wherein: Y? is O or N(R¥); and M12d is 1,2, 3,4, 5,6, 7 or 8.
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10 56 WD 2006/ 015261 PCT/ US2005/027088 O 11 (CH2)1-10 1-0-R OR wherein

each R is independently (Cl-C6)alkyl. In a specific

enbodi nent of the

i nvent i orwB2006201528dependently H, R1, WB, a protecting @roas2005/02108%

fornlula: Y1 Rv Rv Y1 Ry Y2 Y2 Mi2c Mlc Mid 5 Ma

wherein: Ry is

&R4 wherein

i ndependently H, WB, R2 or a protectin I% roup; Rl i;S i %e endently H or
ot ﬁ“; Sy

al kyl of 1 to 18 darapethensnsaitc ergbodine
each R4 is independently 10 substituted wi
together at a carbon atom two R2 group
the ring may be substituted with O to 3
defined herein. In a specific enbodi nent

qQups;

B@HHWIIO?A—HS
. 0 to 3 R3 groups or taken
a ring of 3 to 8 carbons and

wherein R3 is as

¢ invention R' is of the

formula: R2 2c A Ry 15 Yla ; wherein YIgis 0 or S; and Y20 is 0, N(RY)
or S. In a specific enbodiment of the |c51vent|on R is of the formula:

WD 2006/ 015261 PCT/ US2005/ 027088 \\ O R'

wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 R? groups.

In another specific embodiment of the invention A? is of the formula:

R1
OR'
5 O
wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 R? groups.
In another specific embodiment of the invention A’ is of the formula:
Me Me
0]
\ O GHs
O OR'
H H
"0
In a specific embodiment of the invention Alis of the formula:
10

56
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R2 Y2d Ry Yla wherein Ylais Oor S; and y2d is 0 or N(RR). In a specific
enbodi nent of the invention R' is of the formula: R2Z Ry OS5 1In a specific
enbodi nenwoabodiths2sii nventi on R3" i s hydrogen or al kyl of peTIUs2005027088 bons.
In a specific enbodi ment of the invention R' is of the formula: R2 O-~ R2
O 10 In a specific enbodinent of the invention R" is of the formula: NR2 Y
RY Y2 Y2 Mi2a |In a specific enbodi nent the invention R' is of the
formul a: 58 WD 2006/ 015261 PCTf US2005/021p88 R2 R2 Y2 Ry M2a ~, | In a
speci fic enbodi nent of the in (OR,)E;+9-0—0—SRn a specific embodi ment
of the invention Y2 is 0, N(R3)S%or S. |

-

R
wherein each R is independently (C;-Cg)alkyl.

In a specific embodiment of the invention R* is independently H, R, W2,

a protecting group, or the formula:

v! RY. RY v!
RV
Y2 Y2 Y2
\ " M12c M1 M1d

c
5 a ;

wherein:

RY is independently H, W3, R? or a protecting group;

R! is independently H or alkyl of 1 to 18 carbon atoms;

R? is independently H, R}, R® or R* wherein each R* is independently

10 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;

wherein R® is as defined herein.

In a specific embodiment of the invention R* is of the formula:

R2

wherein Y'?is O or S; and Y** is O, N(RY) or S.

In a specific embodiment of the invention R* is of the formula:
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5 In one specific enbodinment of the invention R' is a group of the formul a:
ryYL. RRy YL RY Y2 y2 y2 Mia Mlb Ml2c Mic Md Mle wherein: m a, mb, mn

c, md amsonb@/aswii ndependently 0 or 1; 10 PCT/US2005/027088

m 2cis0,1,2,3,4,5,6,7,8,9,10,ilorl12; R}' is H W, R2 or a protecting
group; wherein WB, R2, Y1 and Y2 are as defined herein; provided that: if
ma, m2c, and mMd are 0, then mb, Rfic and mMe are 0; 15 'if ma and n 2c
are 0 and md is not O, then mb and mMc are O0; if ma and md are 0 and
m2c is not 0, then mb and at |east| one of pjc and mMe are 0; if mMais O
and m2c and mid are not 0, then mN{s 0; j& 2c and nMld are 0 and ml a
is not 0, then at |east two of, i#alb, 20 andpd e are O0; if mM 2c is O
and M a and ml d are not O, then at |l eagt one of mMb and mc are 0; and
59 WD 2006/ 015261 PCT/ US2005/ 027088 i f dis 0 and ma and m 2c are not
0, then at least one of nic and nie are ¥!2 In conpaunds of the invention W
carbocycl es and Wb heterocycles may be independent’ly substituted with O to
3 R groups. WhemhyYBds @ & andvétis Gou@.urated or aromatic ring
conprising a nono-_or bicyclic carbogycl.e or. hegter le. Vb may have 3 to
10 ring atons, e. gl@aﬁ’eﬁﬁ%?mhoﬁ{:}n%w e Hﬂﬁ%ltl’%q{ i @Xi‘?rémg%ltur ated when
containing 3 ring atons, saturated og2nono-unsaturated when containing 4
ring atoms, saturated, or nono- or dij-unsaturated when containing 5 ring
atonms, and saturated, nono- or di-ungaturated, or aromatic 10 when
containing 6 ring atons. O

5
In a specific embodiment of the invention R” is hydrogen or alkyl of 1 to
10 carbons.
In a specific embodiment of the invention R* is of the formula:
R2
O\ X
oV R
0]
10

In a specific embodiment of the invention R™ is of the formula:

R R? v

T«

N Y2 vad

M12a

In a specific embodiment of the invention R™ is of the formula:
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A W5 heterocycle may be a nonocycle having 3 to 7 ring nenbers (2 to 6
carbon atons and 1 to 3 heteroatons selected fromN, 0, P, and S) or a

bi cycl e WeawnesgpiF2éio 10 ring nenbers (4 to 9 carbon at orsETAISd00k/02 S

het eroatons selected fromN, 0, P, and S). W heterocyclic nonocycl es may
have 3 to 6 ring 15 atons (2 to 5 carbqgn atons and 1 to 2 heteroatons
selected fromN, 0, and S); or ing atons (3 to 5 carbon atons and
1 to 2 heteroatons selected fro S). Wb heterocyclic bicycles have 7
to 10 ring atons (6 to 9 carbo 1 to 2 heteroatons selected from
N, 0, and S) arranged as a bicyclo [5,5], [5,6], or [6,6] system

or 9 to 10 ring atons (8 to 9 gar and to 2 20 hetero atons

or [6,6] system The Wb
het erocycl e may be bonded t o\‘Y2\t hr ough/a bon, mytrogen sul fur or

ot her atom by a stabl e coval ent
pyridyl, dihydropyridyl isoners, plpenﬁhjn 1 pyridazinyl, pyrimdinyl,
pyrazinyl, s-triazinyl, oxazolyl, imdazolyl, 25 thiazolyl, isoxazolyl,
pyrazolyl, isothiazolyl, furanyl, thiofuranyl, thienyl, and pyrrolyl. W

al so |ncludes but is not Ilnlted to, exanples such as: 60 WD 2006/ 015261
PCT/ US2005/ 027088 InM spécﬂﬁcIembodiisherf&ofthel‘mvdnum\Y]BNON$—I NN ICNS and \-S

. Wb carbocycl es and het er.oc y i ndependen |tut ed with O
to 3 R2 groups, asde®e é%@ggmﬂ¢8 %ﬁﬁﬁﬁg?ggd%§%¥¥%ﬁ Wb car bocycl es
i nclude: GH Cl

In one spec1ﬁc embodiment of the invention R* is a group of the formula:

A

M1a M1b M12¢ M1c Mid Mle

wherein:
mla, m1b, mlc, m1d and mle are independently O or 1;
10 ml2cisO0,1,2,3,4,5,6,7,8,9,10,11 or 12;
RY is H, W°, R? or a protecting group;
wherein W°, R?, Y! and Y? are as defined herein;
provided that:
ifmla, m12c, and m1d are 0, then m1b, mlc and mle are 0;
15 'ifmla and m12c are 0 and m1d is not 0, then m1b and m1c are 0;
ifmla and m1d are 0 and m12c is not 0, then m1b and at least one of
mlc and mle are O;
ifmlais 0 and m12¢c and m1d are not 0, then m1b is 0;
ifm12c and m1d are 0 and m1a is not 0, then at least two of m1b, mlc
20 andmle are 0;
ifm12c is 0 and m1a and m1d are not 0, then at least one of m1b and

mlc are 0; and
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NOH1C NH2 N1l 5NHI NH1I-NNH -NOt -NSH1-NS® Exanples of
substituted phenyl carbocycles include: 61 WO 2006/ 015261 PCT/ US2005/ 027088
HN HN ~ NwD 2bdaids261) N H2 -\, --NH NH NH2 NH2 2 1 1 ~PpCH/uszevkiorms& oups
anﬂ IBi nkers The invention provides conjugates that conprise an HV

I nhibiting conpound that is optionally Iinked to one or re phosphonate
groups either di r’éél’lllldylsQGﬁné.mlta’rﬂl’éd@]f?Cér%%‘aQébﬁn %8‘??8‘)01}%0 fhicagh g | i nki ng
group (i.e. II'EQ ). The nature of the linker is not critical provided
it does not intérfere with the 10 ability of the phosphonate containing
conmpound to funct i bicoagoandhelthpaventon Bheatbociities plidFPhetrmiceclos makie | i nker

Synt hot i cal | yo% BASHBHENBSPRTBaant e SBmBBURE Ny ey S Thy dr ogen or
any portion O&nsﬁiﬁ?atgﬁaﬂ)#wﬂl‘%ti& Hng EOMbASnS A nRRD or Ui@%ﬁf&%rﬁdé&cl@b? achment of
t he phosphonate or the linker. 15 I'n one enbodi ment of the inventjon the

| i nki ng gr ouphaierotyaikeW (myi lelve 3¢an 0 megdbsng mat Sdto 1 ting gamsi Abt Wde al | or a
erein anot.h

RATENINT TN NG MR AR R
wei ght of froghab@itaidPgdaidOnsmt SafRabd, it @brdabi @hensaturated when
containing 5 ring atoms, and saturated, mono- or di-unsaturated, or aromatic
10 when containing 6 ring atoms. |
A W? heterocycle may be a monocycle having 3 to 7 ring members (2 to
6 carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a bicycle
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms
selected from N, O, P, and S). W’ heterocyclic monocycles may have 3 to 6 ring
15  atoms (2 to 5 carbon atoms and 1 to 2 heteroatoms selected from N, O, and S); or
5 or 6 ring atoms (3 to 5 carbon atoms and 1 to 2 heteroatoms selected from N
and S). W? heterocyclic bicycles have 7 to 10 ring atoms (6 to 9 carbon atoms
and 1 to 2 heteroatoms selected from N, O, and S) arranged as a bicyclo [4,5],
[5,5], [5,6], or [6,6] system; or 9 to 10 ring atoms (8 to 9 carbon atoms and 1 to 2
20  hetero atoms selected from N and S) arranged as a bicyclo [5,6] or [6,6] system.
The W* heferocycle may be bonded to Y? through a carbon, nitrogen, sulfur or
other atom by a stable covalent bond.
W heterocycles include for example, pyridyl, dihydropyridyl isomers,
piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,
25  thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyl, thiofuranyl, thienyl, and

pyrrolyl. W? also includes, but is not limited to, examples such as:
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20 I'n anot her enbodi nent of the invention the linking group or linker has a
| ength of about 5 angstrons to about 300 angstrons. |In another enbodi nent

of the i nwenveéwmnsishe |inking group or |inker separatespPChasbiRsiG2ang a
P(=Y1) residue by about 5 angstrons to about 200 angstrons, inclusive, in
| ength. 62 WD 2006/ 015261 PCT/U82005/027088 In another enbodi nent of the

i nvention the |inkingZgroup or Ilnk a di val en anched or
unbranched, saturat unsat ur at h dr ocar bon hal having from2 to
25 carbon atons, wheraiaA~Qpe or nnr 1 2, 35 ot t he carbon

atons is optlonally repla\ d by (-0-), a mhereln the cHain is optionally
5 substituted on carbon with one or nore (e.g. 1, 2, 3, or 4) substituents
selected from (Cl-C6 koxy, (C3-C6)gycl oal kyl, (Cl ﬁB)aIkanoyI

( C1- 06) al kanoyl oxy, N C6) al koxycar honyl , (C1l- CB)?P o, a2|do cyano,
=0), cat ryI aryl het eroaryl, and

nitro, hal o, hydroxyI

het eroaryl oxy. I n anotter odinen o the i hvent i the | i hki ng group or
linker is of 10 the formila WA whereNn A is (Cl1-lt24)al kyl
(C2-C24) al kenyl , (C2-C24)al kynyl, (C3- C8)cyc|oa|ky| (C6- C10)ary| or a
conbi nati on thereof, wherein Wis - N R)C(—O)- - O)N(R) -0C(=0 -,
-(=0 O, -0-, -S-, -SE0-,5-5(0O 2-, Ma di rect bond;
wherein each Ris in epémﬂghtly H of/ )aIkyI 15/ 1 n" anot her

enbodi nent of the inv on the linig grougnqr \hksr is a divalent
radi cal formed froma peptide. In another enbodlnent of the invention the

| i nki ng group or | Whloerbogeles andl hetdresytclas amtiydz inflependentlyrsohstined iiitho aci d.

I n anot her e nt of t i nvention the |inkin risa 20
di val ent radi éggﬁﬁﬁﬁsfﬁ 1 %f%*t?- Btgﬁ?%ﬂ%éPﬁgﬁﬁﬁf%P Q%E F?c aci d,

pol y-L- histigiRge: Poly-L-ornithine, poly-L-serine, poly-L-threonine,
poly-L-tyrosine, poly-L-Ileucine, poly-L-lysine-L-phenylal anine,.
poly-L-lysine or poly-L-lysine- L-tyrosing." In another enbodi nent of the
invention the linking group or linker fss”of 25 the formgla W(CH2)n
wherein, n is between about 1 and t 10; and Wis - :

\_\ l
OH

(Cl

Cl

N @]
_ \__/ ) O Nz
=\ <§

}—N - o {—N  SH ]—N S0,

Examples of substituted phenyl carbocycles include:
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N(R)C(:O)'1 'C(:O)N(R)'1 -@(-O)-, 'C(:O)O'1 '0'1 '8'1 'S(O)'1 '8(0)2'1 -
C(=0-, -N(R)-, or a direct bond; wherein each Ris independently Hor (Cil-
C6) al kyl .wonoemsiser enbodi ment of the invention the |i mkKrnug2@soepsor
linker is 30 nethylene, ethylene, or propylene. In another enbodi nent of
the invention the Iinking group or linker is attached to the phosphonate

group through a ca atom of the IH . 63 WD 2006/ g152%1

PCT/ US2005/ 027088 __d nt r yceflul ar Faeget | Nhie, opt i |y pmcdfpor at ed
phosphonat e gr oy t conf)oun t i nventi

stages after th®y hgve-~reached tNg dg

eave in vivo in
sired site of ction, i.e. inside a
cell. One necha of action ingide a cell may enyai
e.g. by estergs€e, to provide aqn

a first cleavage,
egativel y-charged\"l ocked-in" internediate.
Cl eavage of a ®erm nal ester grouping in a conpound of the invention thus
affords an unstable internediate which_rel eases a negativeg char ged

"l ocked in" interme@rate. J@ After pa.gag inside a cell / intya | ul ar
enzymati c cl eavage ora\hed%ficatio t he—pRbosphonat £ prodrug compound
may result in & /traceIINhar a ation Nhg G ed or n%HFN d
conpound by a " pi ng" mechani s e cleayed or nog ed comgound may
then be "l ocked/i n" in charge, polarity,

the cell by significant change
or other physfcal property changg 15 which decreas the rate at which the

cl eaved or nodified conmpound can exit the cell, relative to the rate at
which it entered as the phosphonate prodrug. O her nechanisns by which a
therapeutic effect are achieved nay be operative as well. Enzynmes which

are capabl e of an enzymatic activation nmechanismwth the phosphonate
prodrug conpounds of the invention include, but are not limted to, 20

am dases, esterases, mcrobial enzynes, phospholipases, cholinesterases,
and phosphat ggRme Gro0 dRELhRESYOI Ng, it will be apparent that nmany
different drugs can be derivatized in accord with the present invention.
Numer ous such dr ugEheinsentigpenpyideseanyugeios ihas seaPHas & HIV wWeiEg, it shoul d

be under st OOdcc}rrrl]&)ttm& ¥t is optionally linked to one or more phosphonate groups either

directly (e.g. through a covalent bond) or through a linking group (i.e. a linker).
The nature of the linker is not critical provided it does not interfere with the
10 ability of the phosphonate containing compound to function as a therapeutic
agent. The phosphonate or the linker can be linked to the compound (e.g. a
compound of formula A) at any synthetically feasible position on the compound
by removing a hydrogen or any portion of the compound to provide an open
valence for attachment of the phosphonate or the linker.
15 In one embodiment of the invention the linking group or linker (which
can be designated “L”) can include all or a portions of the group A% A, A% or
W? described herein.
In another embodiment of the invention the linking group or linker has a
molecular weight of from about 20 daltons to about 400 daltons.
20 In another embodiment of the invention the linking group or linker has a
length of about 5 angstroms to about 300 angstroms.
Tn another embodiment of the invention the linking group or linker
separates the DRUG and a P(=Y1) residue by about 5 angstroms to about 200

angstroms, inclusive, in length.
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25 di scussion of drug famlies and their specific nenbers for
derivatization according to this invention is not intended to be
exhaust i wep 2besto1amnel y illustrative. H V-1nhibitory Compoasd@shbmss
conmpounds of the invention include those with H V-inhibitory 30 activity.
The conpounds of the inventions optionally bear one or nore (e.g. 1, 2, 3,
or 4) phosphonat e Wravgpsr emhpdimentyf the invehtionithadinkiigargup qhales s

"HI V-i nhi bi t or.y .compound", i nﬂ o t OTpsoTo]BToTe SPELY 12§06/ 015261
PCT/ US2005/ 02%%1511&& 1?15%“ .g%eﬁll’ga §/e,% corrpoun‘E tg’ 0 dr? Le}b(?{ﬁ/ent’i on have

a mol ecul ar wWeivaitit fréh ¥ to@% cafoduiiord€) Gvirfain boe abmote (@, 00R 3aou4) éfitha

speci fic enbodi ment of the invention conpounds have a_npl.ecul.ar wei ght of

| ess than abogb&uToMS i eptionalintspksed By &b iaflgc‘,"’ﬁ’@%’b erfRbAt 5 PPigRally

i nvention,c co : Lgh AL 2500 anu;

in anot her sp%@?@%aeoﬁ%\ég?o?#ew glgéj(%lﬁ{emﬁléﬁ%/gh%’i%%f of @%%%Eﬁédhst havtéedg

m)nLeg ul ar vve:cghﬂﬁ (031}-GGMI&ﬂyhm@-@@opﬂoaélQﬂﬁChr@@alkmoahCQChéYs)aH@pesﬂiOKi’,c

enbodi ment of the_ipvention, u have_a nol ecyl ar wej ght of | ess

t han about 80@la¢ﬁ)%1{2?wcé¥]i’8?ﬁ]e?8g§3€ﬁ%’t OeBIUAICHRIY ng O’Enﬁ]@’ij &ion, 10

conpounds hav 1l i f t ) anmu; and in
ﬁﬂ—@@gﬂ&kﬁé a8 9bx P h_e{e@éa'i%fl_, Qﬁ’@h@e%ﬂfg&

anot her spec nt” 'of "t he invention, conpounds have a nol ecul ar
wei ght of | ess thamnatientmbodinentiofthd inventdrethe/limkingegrgim onlinkgr satfer t han

about 400, anu he co unds of , the inventi o,typi gal ave, a

| ogD( pol atY ty‘}he}@?%lﬁa W‘%nwg‘HSWtA%S. &lh&é)r? <Ylﬁ§a%2§%%?wn@r%@%n h provi des
conpounds havcdggcggyci&ulﬂ,g@l@gﬁrﬂ B8R caRbiatidn tHefeolNOhdien Wiie- enbodi ment

t he invention provi'des conpounds "having a IogD | ess than about 3; in

anot her one eNRMIFEEM -CEHEONRY-eCER)proGT Qupound§hati@y: a | ogD
t th t <51 { , i I ti. id
Qompounds. navRRg- s iegl B APk Sonyferff R BR b hde LA 06, P oVt des

enbodi ment t heyalkyenti on provi des conpounds 20 having a | ogD greater than
about 0 and | ess than about 3. Selected substituents w thin the conpounds

of the inllention akensihesembodipinhotibe drvenien edinkns grAUR A 4nkepitext ,
"recursive s ugi%feht“riﬁfcal fORALF fI'E)HlaEI pe%tide.

In another embodiment of the invention the linking group or linker is a
divalent radical formed from an amino acid.
In another embodiment of the invention the linking group or linker is a
20  divalent radical formed from poly-L-glutamic acid, poly-L-aspartic acid, poly-L-
histidine, poly-L-ornithine, poly-L-serine, poiy-L-threonine, poly-L-tyrosine,
poly-L-leucine, poly-L-lysine-L-phenylalanine, poly-L-lysine or poly-L-lysine-
L-tyrosine.
In another embodiment of the invention the linking group or linker is of
25  the formula W-(CH,;), wherein, n is between abput 1 and about 10; and W is -
N(R)C(=0)-, -C(=0)N(R)-, -OC(=0)~, -C(=0)0O-, -O-, -S-, -S(O)-, -5(0);-, -
C(=0)-, -N(R)-, or a direct bond; wherein each R is independently H or (C;-
Ce)alkyl.
In another embodiment of the invention the linking group or linker is
30 methylene, ethylene, or propylene.
In another embodiment of the invention the linking group or linker is

attached to the phosphonate group through a carbon atom of the linker.
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substituent may recite another instance of itself. Because of the recursive
nature of such substituents, theoretically, a |large nunber nay be present
in any giweno@hiswbodi mrent. For exanple, R' contains a RET/tsa@swetosent. R3'
can be R2, which in turn can be W If R3 is selected to be Rao, then a
second instance of R' can be selected. One of ordinary skill in the art of
medi ci nal chem stry understands that the total number of such substituents
is reasonably limted by the desired properties of the conpound intended.

Such pr opertl}e%acegﬁfayigr e&;{ of exanple 30 and not limtation, physical
properties s wei ght, solubility or log P, appllcatlon
properties such asThaciptivhdlly 1ﬁg&pa1$1edtﬂimsphmetrecg£d1n@ﬁtgetzqmamndSpf thet i cal
properties such as ease_of synthesis. \a% V%ZgOG/Ol 23}%P§T1 ? 205{ 027088
By way of eanfﬂnéloﬁﬁHer?&aVFi"fﬁW‘éiq gpgesiger |Bey hayrfe &cufsi ve
substituegts rt d ' aéﬁc@ﬂl n{a QilEfirst

i ndependeﬁt | ycg%r(?fq %Bﬂe%%@ﬂlgﬁg%%&hﬁ%yﬁ OQ%ﬁdh mﬁ 2, 10, 9, 8, 7, 6,

5 4, 3, 2, cleavage,8.g. by aserase tapwividera 1mgb@‘€hlmhalge¢/dpd<qdyipl cally, each of
these may 5 i nde endentl occ 12 or i

fewer tines | nbodi nent .
Mor e typi cal I19tem9@%13te’\/\§ VRge FActrmppat ‘?f?eé S ml%com%q% 1H§?Eh§r 0to 6
times and R3 }%én{t oR el arfrdsCan &Qtabldﬁﬁ&rﬁl@d@tegﬂfﬁi&[\r&éﬁbém mepativelifven nore
typically, V\é ]l occur O to times, R}' will occur O to 4 tinmes and R3

will occur O cﬂqer@dflonk@imhnaelgmadwe errbodl ment. 10 Recursive substituents
are an i tended aspect of the.jnventi i1l in the art
of nedi ci rQaI chem‘gﬁ‘?ﬁpaﬁsﬁgg d:fnadcs[l‘llt %%%@%@t@??%@?wa cﬁksubstl t uent s.

To the degregnbfigtadRiEd Mdsphidittd drigodisg@b@ppiebany rdsnlt &nan enbodi nent  of
the invention, the total nunmber will be determned as Sﬁ% forth . above. 15

Whenever a c antywﬂdlad ecauubaipnd tiag ﬁ64V§d§t§ Bdificd GanRAune bigr HPNEE  one of
the same desi IJB %t%e;dy pc’lea%(ﬁ:cgJ ot moﬁiéﬁeflg B@ﬁad ma§/ BRA tel1¥cka-iPanender st ood

that the gro “e~Sane’ or I e., each group Is
i ndependent | yeellSsi aﬁﬁglﬁﬁcarﬂ\éhahglellﬂilehargﬂdjomt}a o loéhes phﬁl@iﬂ popedly ehangsond

ambodi ek of b drsrosht Itceh Brirpotre s e cBBita oah it 1%
cell, relative to the rate at which it entered as the phosphonate prodrug. Other
mechanisms by which a therapeutic effect are achieved may be operative as well.
Enzymes which are capable of an enzymatic activation mechanism with the
phosphonate prodrug compounds of the invention include, but are not limited to,

20  amidases, esterases, microbial enzymes, phospholipases, cholinesterases, and
phosphatases.

From the foregoing, it will be apparent that many different drugs can be
derivatized in accord with the present invention. Numerous such drugs are
specifically mentioned herein. However, it should be understood that the

25  discussion of drug families and their specific members for derivatization
according to this invention is not intended to be exhaustive, but merely

illustrative.

HIV-Inhibitory Compounds

The compounds of the invention include those with HIV-inhibitory

30  activity. The compounds of the inventions optionally bear one or more (e.g. 1,2,
3, or 4) phosphonate groups, which may be a prodrug moiety.
The term “HIV-inhibitory compound” includes those compounds that
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purified form Generally, the term"isolated and purified" means that the
compound is substantially free from biol ogical materials (e.g. blood,

ti ssue, owbl2sge/o1st6a. ). I n one specific enbodi nent of thecirrsessiooTnsst he
termmeans that the conpound or conjugate of the invention is at |east
about 50 wt.% free from 25 biological materials; in another specific

enbodi ment, tihbibitdtl¥.neans that the conpound or conj ugate of the invention

|s at |east about fypl%lé/%gn[lﬁo%nhg Ofthe t?ﬁx%hﬁﬁﬁ ﬁ@\}e dRbRE éhf‘opf?&hher

speci fi c enbodi men tErm means t hat npoun onjugate of the
invention is gout £HdM@aRAHouO00,000 Smiyiae sbécﬂﬁl: ehmbodhm:ﬂn(:af thewventiah,s: in

anot her specific enbodi nent, the term neans e 30 co or

conj ugat e of Qoﬁ@quﬁ@sehﬁ"ie@ﬁn‘ﬂ@c‘ﬁ%r Weghtof nj?féﬁlfangag’ LANTRLS lng%ﬁfefbl ol ogi cal
material si; c':1'ﬁc %ﬂl%%?ﬁ{en?mg nwaeﬂhon tciagl Bﬁﬁ(ﬁ‘ H@@Q%l&l@&ﬂartvtﬂﬁghtc‘&”pound or
conj ugat e of ReInvention Is at |east a w.%free from biological
mat eri al s. | riegythihsyous pHAG dmne; mnbmuemmﬁctehé)odmnmf the ipyepiibdes a 66 WO

2006/ 015261 PCT/ US2005/ 027088 n on of the I ti t hat
has been synt$@1RoEafs Wﬁ@éﬁ%lﬁ%laar(‘@ 1 Ht O%é?s\yl?ax?o%bog&@qﬁnél} “A& Inalt iogn I ﬁ

one embodi meng,, E@%rdb@ 'th‘th'e?thé'hﬁMh Ct%ﬁlp%eﬁ&%%% rEGipalhevakht &
accumul ati ng uman peri pheral” bl 6od nononucl ear cells). PBMC

rﬁf er to bl oo]ésstihhﬂ a;bdma%mgnuummmﬂhymﬂmﬁi}@teaﬁoodmemﬁ)ﬁ@thé@ltlon

Physi ol ogi cal | y, are critical. co I nst

i nfecti ogl PEIGEIRPRAS I\@é' SiadpPlgr e W?lgﬁji(ﬁg bé’&‘ é\ﬁ??n ’bﬁrﬁgg%aﬁ%tﬁ%?r nal

heal t hy donors%e@i&icl%ﬁ{b%ﬂlméh@éf the 1@énﬁbﬁ%ﬁ{péuﬂwl§a!v%}i raslaclilantyeigerdfr i f ugati on
and harvested fromthe 10 interface, washed 6@26 hosphat e- buf f er ed

sal i ne) and sltemthahabpm6@Qazmngndm@nlmlarmx@t@§3%r r dhan aber A0 ¢ i - wel |

pl ates. At various.t f
Peecasment , or ool Pl fragpads ftibt UbRuiSkRSs BRLRDY AR LRIl 18077505
Bl ood 102(7) : @5R3bRR40)n offéﬂanb@dama@mdsmehumhpmvmbodnpamdsﬁmymgurther

conprise a phosphonate or 15 phosphonate prodru Mre typically, the
phosphonalt’e ologgﬂéﬁﬁh@hﬁlo@“ﬂ)ﬂé@ﬂ er WW@W&%&WG@% © ge%\s descri bed

herein. Typic a'11'11¥dun8§’ FRALNIR o 1eld1Bad BYSHRE! AhndBEPBSE &db&diERS BY ed

invention provides compounds having a logD greater than about -5; in another
one embodiment the invention provides compounds having a logD greater than
about -3; and in another one embodiment the invention provides compounds

20  having a logD greater than about 0 and less than about 3.

Selected substituents within the compounds of the invention are present

to a recursive degree. In this context, “recursive substituent” means that a
substituent may recite another instance of itself. Because of the recursive nature
of such substituents, theoretically, a large number may be present in any given

25  embodiment. For example, R* contains a RY substituent. R” can be R?, which in
turn can be R>. IfR? is selected to be R, then a second instance of R* can be
selected. One of ordinary skill in the art of medicinal chemistry understands that
the total number of such substituents is reasonably limited by the desired
properties of the compound intended. Such propesties include, by of example

30 and not limitation, physical properties such as molecular weight, solubility or log
P, application properties such as activity against the intended target, and

practical properties such as ease of synthesis.
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intracellular half-life of the conmpounds or intracellular netabolites of
the conmpounds in hunman PBMC when conpared to anal ogs of the conpounds not
20 havi ngvoheoghsxphonat e or phosphonate prodrug. Typi caCiryus2aose2tvegf-11fe
is inproved by at |east about 50% nore typically at least in the range
50-100% still nore typically at |east about ;100% nore ically yet
greater than aboutBYPey%f ckamplgand paldmiao, 3 nﬁlﬁvéﬁtqﬁﬁﬁc‘ffﬁ’é’e
intracel [ ul ar S 10 : ol e LOEoL@bRaHAd i n human PBMCs
is inproved m%@%ﬂl%g#ﬁ%?%%{apgmﬁﬁo@tﬁgﬁ@bg&%f al?%ee co?rpound %gt havi ng t he
phosphonat e oindppwagpitbnatcar po,ddr iR).17] b6, 1Suth 1Bpbadilpotds 3, THe Snétiabol i te
may be generated intracell ul,arl‘%/, ed.lgl. ]g/g)ne ated w tgiﬁ human PBMC. The
met abol i te med her & WPEHHA S TR diRpRi, VIoze YBICALY 1§ B gﬁ?cﬁ@a%rodrug
W thin humgn Bﬁ%{%ﬁdeﬂgﬁ?&% L PBRfek¥r ﬁ&eph%?h@ﬂ@ﬁlﬁo@iﬁféhﬁ' NioRgtypfe@gphonat e
eaved to

prodrug may be orma netabolite having at |east one negative

charge at phygitpWogiiakcyid toBremesp RS sphonerd toddimeranddl’ wal easusy/ia i cal | y
cl eaved withip human PBMC to. f.or haosphonat e, hayi n t st one active
hydr ogen' at onl GRTERE ¢ 8¥H BRERAIRSH- deyauar olasay S Redbned 85 oss

St er eoi soner sy fBe ROGHAYBHD R4 Lies AdiEWilDscBY th8vienes i & glvegenters, e.g.,
chiral carbon or phosphorus atons. The conpounds of the invention thus

i ncl ude raceembodimentures of all stereoisoners, including enantioners,

di ast , d,5_at.ropi ] it} d h
nvent1 onlt nel ude. BRrtrea aptepdan TuiEL et dnEAIBIRE DRG! 27

asymetric, CHidimky siDHs theldit GtrheticinalidismistiynmdeRiands theentsatiktyagfpar ent from
the depictions are provided as the chiral isomers aor raceinjic mxtures.

Both racemi c sush subsifuente ohethie degies thit gasursive spoptitugds pgdreseRRAqual

optical i S_Orre(rmsib(lefﬁ&leﬁ{ &4no fnv%ﬂt%rpﬁ?ej t%%‘finuﬁﬂas&fﬁl’i{ﬁei RhdohidddeR s8f fokiel r 10
enantioneric Or diastereoneric partners, are a wthin the scope of the
invention. Thigveacen ¢ mxtures are separated into their individual,

Pl A R R
oL Y2 N e g5 Rkl s o o1
that the groups may be the same or different, i.e., each group is independently
selected. Wavy lines indicate the site of covalent bond attachments to the
adjoining groups, moieties, or atoms.
20 In one embodiment of the invention, the compound is in an isolated and
purified form. Generally, the term “isolated and purified” means that the
compound is substantially free from biological materials (e.g. blood, tissue, cells,
etc.). In one specific embodiment of the invention, the term means that the
compound or conjugate of the invention is at least about 50 wt.% free from
25  biological materials; in another specific embodiment, the term means that the
compound or conjugate of the invention is at least about 75 wt.% free from
-biological materials; in another specific embodiment, the term means that the
compound or conjugate of the invention is at least about 90 wt.% free from
biological materials; in another specific embodiment, the term means that the
30 compound or conjugate of the invention is at least about 98 wt.% free from
biological materials; and in another embodiment, the term means that the

compound or conjugate of the invention is at least about 99 wt.% free from

biological materials. In another specific embodiment, the invention provides a
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15 nost instances, the desired optical isoner is synthesized by neans of
stereospecific reactions, beginning wth the appropriate stereoisoner of
the desiwedoevmsising material. The conpounds of the invpemusemsoamnsal so

exi st as tautomeric isonmers in certain cases. Al though only one

del ocal i zed resonance structure may be 20 depicted, all such forns are

cont enpl at ed semusiuad pheonjgaeotthe itvention dat hasbeersyntheticalipPeraighe- ani ne

t aut omer s ca%eex% %h%9r purine, pyrimdine, imdazole, guanidine, amdine,
and tetrazol e é?s ens’and all their possible tautoneric forns are within

t he scope of E!irnvecnti EE Salts and Hydrates 25 The conpositions of this

i nvention optd e sal ts of the conpounds herein, especially
pharmaceutical |y agGRpleatbotinian-the@xiventsal & providetoaiipongds dapablexainpl e, Na+,
Li +, K+, Ca+2 and My+2. Such salts may include those derjved Ip/f/

conbi nati én ofccapplebpg inkenaaPBMs (Pstibkeraldlagdamononilpan Filis)i RBMGart h net al

i ons or amoni um a u r } I i id L iety,
typically a cfﬁf%é&@!%f)@ Cgiéssh&%ﬁ{%rﬁg{g%pgnrﬂhgggtf%ﬁ&;ﬁgﬁ% ee%‘s'erP;111 gggﬁgﬁguﬁgt ery

solt u:alﬁ Zal t_%Ehd@frﬁbﬁdcaégb%%bgégg%?ﬁhé yeickalidny agdinst prfegtiore PRVICrreact i ng t he
net a ydr oxi de w a \O 015261 PCT/ US2005/ Q27088 . ¢ ound of

; 2: tssi nve?t! ot?ﬁls‘éﬁ‘j@ﬁfﬂoé%h@ﬁaﬂﬁﬁeé[whé%ﬂ 1?1§0%1PWF§§668$¥8%%& of hm%hrrgasu vvag are

contain + g +1 : an be

precipitated #OE %‘mﬁ' ﬁ%naé\%ﬁgtm?sg% %dlgﬁ%@g%%ﬁhﬁ%@%%ﬁ@gyﬁ%gg?fi on of the
sgld tabl e 10::retia.terﬁoammshéﬂ (. phosplidiettiudieredsaline amdptope fndraesiaief r om aci d
addition of certain _organic . and i nprgani.c ids, e.qg., H HBr, H2SOM4,
H3PO4 or or galpPeéiugy B p(:‘“%)é]i"?j%’ﬁmﬁﬁomg’a@flbwgg’ﬂfléﬁsgt tg %‘?‘E%]I’IV Ogn' nes, or to

aci dic gr OUP_Sculéﬁ?ré‘@n%ééfmﬁbﬁt iy B eilhr redfteien S5rarskstmadt, &nRIIs appesi ti ons
herein conprise coénpounds of ‘the invention in their un-ionized, as well as
ZWi tteL i gnl ¢ havesedand apdybid(@mitnR. atlt(R00B) Feasi KR ORBRI2D48hollt s of wat er
as in hydrates. Alsq ipcluded within t scope of this.i ion are the
salts of the SPaRVH %Ptn@ o8 'I?W%‘ﬁgerocro Hore ﬁlo%gogéé?gé Any of the
am no acifs phosphonate prodrug. More typically, the phosphonate or phosphonate prodrug

can have the structure A® as described herein.

Typically, compounds of the invention demonstrate improved
intracellular half-life of the compounds or intracellular metabolites of the
compounds in human PBMC when compared to analogs of the compounds not

20  having the phosphonate or phosphonate prodrug. Typically, the half-life is
improved by at least about 50%, more typicélly at least in the range 50-100%,
still more typically at least about 100%, more typically yet greater than about
100%.

In one embodiment of the invention the intracellular half-life ofa

25  metabolite of the compound in human PBMCs is improved when compared to an -
analog of the compound not having the phosphonate or phosphonate prodrug. In
such embodiments, the metabolite may be generated intracellularly, e.g.
generated within human PBMC. The metabolite may be a product of the
cleavage of a phosphonate prodrug within human PBMCs. The optionally

30  phosphonate-containing phosphonate prodrug may be cleaved to form a
metabolite having at least one negative charge at physiological pH. The
phosphonate prodrug may be enzymatically cleaved within human PBMC to

form a phosphonate having at least one active hydrogen atom of the form P-OH.
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descri bed above are suitable, especially the naturally-occurring am no
acids found as protein conponents, although the amno acid typically is
one beariwg 2806ltAs®ide chain with a basic or acidic groupCTaisgoos/obyss ne,
arginine or glutamc acid, or a neutral group such as glycine, serine,

t hreoni ne, al anine, isoleucine, or leucine. Methods of Inhibition of HV
Anot her aspecX{CepISPWELS nvention rel ates to methods of inhibiting the
activity of HV c ISl : j salsagfal ed of ,
containing 20 H W%O#ﬂgﬁgggr}%foﬁsi% ?ﬁgg&%%ﬁl?%gh\?%&%gfi@%ﬁ#@éﬁ%bosi tions of the
i nventi on maycagsin @phbsphionistaserss.oThd-torpamds dhithe invedtion twis firmptudguch

i nhibitors or have ot hers(ﬂtii ill ities as de@ccrl.i bed t%el oW. Th;[a i nhi baintors wi ||
general |y bi HaCHBiCIYEaE TSl HerpHEORSTs PR EdigE ERpPUomELs) i3 erFo g, fiver .
Conposi t i gns Qfo%%'oﬁ&ré. MnbA8itoh MBE cOMPolid &f WMelivertion iRdudtegiRRed & 25
reversibility. ose conpounds binding substantially irreversibly are ideal
candi dat es f arsalse épticahisemenstahey afalk asgminreien chisel al@ps elnl ofba werdst he

substantially_ iryeversibly bindin onposi tions. ar. ef ul . s for
the det ect i g BRICCACRAPBRETGNG (o RERsve At oo re) S pAR 1BRABES of
detecting NS3 hébnfic $ARREE. Bpactad Hid Gandradmémombtves,odpvellsdsiige t he st eps
of treating a 30 sanple suspected of containing HV with a conposition

C](c)][mri Si ]Elg ﬁ i@divﬁjb}ahdptiogf iﬁpm@rsiiml@t!qd pbwnﬂmgﬁgd,tsgblaamtggy_éqf,reeéﬁahe@bs erving the
wel | knodd | rerBRBbarG e BRbY bt ofedf B s §3bb B e imdREbe. are

PCT/ US2005/ 02788 cerhiRGhittlgesirabbrite®mts tdirdadisidubl, subsephieliysptically

radi oi sot opes, enzymes, chem | um nescent grOlﬁ;S nd chrﬁn%gens. The
i t
9

conmpounds herRuirp isgaeery demigh v glnknasr e EHE S U e 1 B FXaRP unct i onal

groups such a - ' Ll Tt extivOidifihigs, levent i on
sanpl es sus pescs?P g%gégégélﬁﬁgﬁeﬁmﬁggIs—ﬁ%\%{]ﬁ%dr:vgftﬁggﬁ%g?ur éY or’ masn-e %de

mat eri al s sucdridsorlbavdsgllowehby somversidrstsck totheeptitallyuddive eshstaices. dgi cal
sanpl es such as hiological material sanples | aod,, serum . urine,

cer ebr ospihal mpshingances the desagd ppfqal &89 e%?,syﬁf’g%%d QRSP and the 1ike):

| aboratory s ec 1AL Deginingdhifh HEAPHBPriatdisRPERDuE: oFal¥pl es such as
extracts of ggefﬁjlegs,%eggfra?%ull arl yglr eélgnbli nan?ﬂ%:e ’ili ssynt hesi zing a desired 10

gl ycopr ot ei n; dairdd stagingith@eridlypi cal |y the sanple will be suspected of

containing The compounds of the invention can also exist as tautomeric isomers in

certain cases. All though only one delocalized resonance structure may be

20  depicted, all such forms are contemplated within the scope of the invention. For
example, ene-amine tautomers can exist for purine, pyrimidine, imidazole,
guanidine, amidine, and tetrazole systems and all their possible tautomeric forms

are within the scope of the invention.

Salts and Hydrates

25 The compositions of this invention optionally comprise salts of the

compounds herein, especially pharmaceutically acceptable non-toxic salts
containing, for example, Na™, Lit, K+ Ca™2 and Mg™2. 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

30  moiety, typically a carboxylic acid. Monovalent salts are preferred if a water

soluble salt is desired.

Metal salts typically are prepared by reacting the metal hydroxide with a
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H V. Sanples can be contained in any nmedi umincludi ng water and organic
sol vent/water m xtures. Sanples include |living organisnms such as humans,
and nman wedeosmasmii al s such as cell cultures. The treatCmgsstsp2misthe
invention conprises adding the conposition of 15 the invention to the
sanple or it conprises adding a ecursor of the conmposition _to. fhe

Zarrpl eb ‘(Ij'hebammppr?d\g@ﬂl@pnwd wioni Fxemaley ofeed galis whighpre nienased wrihiss

escri bed above esire theatl of . HI t | f th
conposi tion c¥Y Besa B‘t?@@?a%‘é%lgby é\[%%r ﬂ@%dﬁ‘ﬁé? %ﬁ?b%a%{?@é@f at%Fl iogdior ect ©
met hods of d elgﬂrtfafe{'&lhﬂ)d%{ %Q}éﬁ‘t‘féﬂ S e{ﬁﬁoregéﬁfbtlé tAtdvRIditthnad fith@dditeBle and

sem quantitativ ~determning HV acti'vity are all contenplated.
Typi cal | y oneneihl dongposad.eeni ng net hods descri bed above are appl i ed,

however, any ot her hod s sery, t| on. .of. .. 1t he cal
properties of a | |I%}|nﬁé}t18?g§iﬁf W}ng (Hﬁﬁfﬁdcagg tlém Olt/gel){am n| “sns contain
H V. The POTTD%H 51{10 LAES o V0L, TR, HQSO4Zﬁ%/P®§foB brgaﬁlctshﬁoﬁlb%aidﬁﬁﬁt or
prophyl axi s con Itions associated with activation in animals or in

man. However ,pakid csfteRSHipRalls afsnoisiocejdabgreupd. Findilyittis tgbedl V it shoul d be
kept in mnd that the results of enzyne assays may %orrel ate with cell
cul ture assayslersedghatsheeqoppasiineg b é@%‘i}’%ﬂ&ﬁlcﬂmﬁém‘i‘?é’ B8 FEERIO8 R eeni ng

tool. 30 Scr eﬁiﬁl L3 {mg‘gdvaé {3@1‘1 Q% L iRt @H@ﬁlhta\'r}ar?:%m@ naﬁbﬁs ‘I,Vm{ent ion are

screened for Ivity agal nst by any of the conventi onal

t echni que fCsto1emahluaiclaﬁgnmrnzqfnmtmlmhy@rateio WO 2006/ 015261

PCT/ US2005/ 027088 Wt hin the context of_the |n ent| 0 ally
i e 51

conpositions are f’?*]ts@ﬂn%l;‘&eéé?ﬁgﬂnf scopepfi tleﬁ’il gk 45 % and

conposi tions @ﬂ&%ﬂg dpBRA iR Mn@&IﬂlUﬂeta}ﬁnﬁé @cﬁlf‘eﬂn SEiheanfso A@ds activity in
vi vo. Conpositlions ha ing invitro Ki (inhibitory constants) of less then

iabout ﬁ X 18 &esddibedyapbeadte puitads, esmmllabbmatmraidyio@cm agigheLigs ef er abl y
ess than abo X 10-8 M are ferr for.

screens have %@’éﬁiaﬂggﬁq‘]? pEBPGTET e qugﬁgﬁﬂ?lﬁlg%‘él\élttvq #hsy E5 P %ﬁ%ﬁ% nglng ¥Iht O
conpounds; 0f G ShatdWRRLIVANC 3F SoiflR bR ked 1Wihd) acanivie i plaahic acid, or

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

Methods of Inhibition of HIV

Another aspect of the invention relates to methods of inhibiting the

activity of HIV comprising the step of treating a sample suspected of containing
20  HIV with a composition of the invention.

Compositions of the invention may act as inhibitors of HIV, as
intermediates for such inhibitors or have other utilities as described below. The
inhibitors will generally bind to locations on the surface or in a cavity of the
liver. Compositions binding in the liver may bind with varying degrees of

25  reversibility. Those compounds binding substantially irreversibly are ideal
candidates for use in this method of the invention. Once labeled, the
substantially irreversibly binding compositions are useful as probes for the
detection of HIV. Accordingly, the invention relates to methods of detectingA
NS3 in a sample suspected of containing HIV comprising the steps of: treating a

30  sample suspected of containing HIV with a composition comprising a compound
of the invention bound to a label; and observing the effect of the sample on the

activity of the label. Suitable labels are well known in the diagnostics field and
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carriers and excipients, which will be selected in accord with ordi nary
practice. 10 Tablets will contain excipients, glidants, fillers, binders
and t he |IwbeaoocAgsmous fornul ati ons are prepared in steripce/usesnsiozasg when
intended for delivery by other than oral administration generally will be
isotonic. Al formulations will optionally, contain excipients such as

t hose set f orltnhludﬁs‘[fiwé freanarbendk fbmfoﬂhﬁﬁﬁsnﬁ‘é&ﬁqt‘ﬁ%fﬁa EFMB-ent s (1986) .

Excipients in \ I ng
agents such acsleﬁlgﬁl ‘ﬁ§ﬁ 1%8 g%gﬂrguc lﬁéxcﬁ)?l}ﬂr?%a %1%)?§§1QEJ§}@%6| | ul ose,
Pydr ory?I | C}"lﬁf&‘bﬂV&Iﬁlfehdﬂlihﬂﬁ(ﬁl lgﬂrtégtﬁmbﬁ%rmd:tgd)f?mshdﬂw Hydtoexyl orTmIrlpH of tthe7 t
ormul ations ranges from abou 0. abou i i nari ou 0
10. Wiile it is po¥dih @eFBIPt@Etiﬂéftlé"(:’ﬂ"@@lqnnijfné’&u‘iséﬁf@c{ea 0880"3 %%ﬁgr ed
alone it 520 E{%Y]ld?ﬁ?tg{a%fﬁﬁﬁin?ad%@%z%ﬁaﬁ@akhta@%mr@sorgmﬁﬂmﬁmel kIl

formul ati ons ati1ons oth for veterinary and for human use, of
t he inventi oncuttongr biskgixtal sdngalet suohes hivlogienl inmderaad sanples Gdoahesremgef | ned,

t oget her with one or. nore C tabl e carrier er ef.or onal |y
ot her ther ape‘Hﬂ‘ieec?rﬁlbrP@HP@rffué‘ﬁ%ﬁ% SPRGFY F%l}v(asﬁssﬁﬁﬁmﬂgsﬂa&g&%@gﬁ’l e" in the
sense of bei ngyGOMPALINIES; Wdd) whah®, Stdiedandlest BRHRLuE Yasnpls siblead or nul ati on

and physiol ogically innoclious to the recipient thereof. The fornul ations
i ncl ude t hoseextuttsabels; partichlerly crcogbinagt ecllsissnbesiaineenlesiresut es.  The

B L e

Techni ques andr§ OgsbRE b S @R inangmeedian mtmding?amea@ﬁmrgamc
Phar maceuti cal Sciences (Mack Publishing Co., Easton, PA). Such mnethods

i ncl ude the stodyenifvateppiingrasg Sempiesdediedd hying ﬁraaﬁ@m&étww RN ANt wi t h
the carrier which onstitut 6/ 015261 PCT/ US2005/ 027088 one or
nor e accessor?a”{t";l el ’ta&g S%?%a%éer%g&éﬁp%he formul ati ons are prepared by

uni formy and i ntied etxinRisiepaiftig innémionsvopiiatd aiditghtbe achpostiomof edi ent
with liquid carriers or finely divided soljd carrlersq% bot h, nd t hen,
if necess y,theéml‘ﬁﬁtl%tqqhésﬁ%lﬂ@éﬂt compHiseSAAdIRS HIECHFOL éhep?‘?é’élé(ﬁf 1% venti on

suitable for grgl ¢ ea?%ﬁ%.ml"ﬁé ﬁ&psteaf)rﬁtymﬁﬁseg LEy SR AR GR{8 24Nl tS such

as capsul es, cacC r ta ets eac
described above.

If desired, the activity of HIV after application of the composition can be
observed by any method including direct and indirect methods of detecting HIV
20  activity. Quantitative, qualitative, and semiquantitative methods of determining
HIV 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.
Many organisms contain HIV. The compounds of this invention are
25  useful in the treatment or prophylaxis of conditions associated with HIV
activation in animals or in man.
However, in screening compounds capable of inhibiting HIV it should be
kept in mind that the results of enzyme assays may not correlate with cell culture

assays. Thus, a cell based assay should be the primary screening tool.

30  Screens for HIV Inhibitors

Compositions of the invention are screened for inhibitory activity against

HIV by any of the conventional techniques for evaluating enzyme activity.
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containing a predeterm ned amount of the active ingredient; as a powder or
granul es; as a solution or a suspension in an aqueous Or non-aqueous
l'iquid; owo2as/mmeil-in-water |iquid enulsion or a watecTiusz@islo2iosgui d
enul sion. The active 10 ingredient may al so be adm ni stered as a bol us,

el ectuary or paste. A tablet is nmade by conpression or nolding, optionally
with one or rr%ri@ln he centgsl gf th%@f"é‘éfl‘é‘mf}@.lca@éfﬁﬁm@@%l%n%%ﬁﬁé"‘ttécrﬁgiﬁdt‘fp I prepar ed

by conpressing, hh. S AR i E i ] i o

free-flow ng lglajrb%wgly%h asl%_gj llg%\%g%?&gﬁosﬁtgbﬁl g%ﬁ%\gl\sﬁ% ﬂ(])lglg{to. (;I% _y.”’;mﬁ??éenw th a
bi nder, | ubrigasthed forectividi inuent ,Canpsétionathavieg il wreuif @debiaeyi ve or

Tohi e - stcasiani of kes (povelaed Tate 6, bgrBHIsnthensherdiedor Mh an
machi ne a ni xtomsientsy of legs , iypgaeyicshithapgpei Wi an
inert liquid diluent. The tablets mag i%pti onal |y be coated or scored and
optional |y arandfpseferablyt ksss than about § A Vi Mere pisieresd oot e 18d r el ease of

the active ingredient th holstration to the eye or other
external ti ssggeéf‘lelcejlflé}?}fo %ﬁc{nﬁﬁ%ﬁ%ﬁeeﬁ%{&fbﬁﬁgﬂ%&%l ations are preferably
applied as a topical ointnent or cream containing the active ingredient(s)
in an anount PHarmbesutiexdivphelationd75 to 20% w w (i ncluding active
ingredient(s) in a_range between 0.1% and 20%i increnents of 0.1% ww
such as 0.6% w w, Bhwq}\’/}ld%?fg&-)s,mw&a _ nbﬁ?dt‘ﬁl%?%oni@%%ﬁiv and nost
preferably O. émtl%g ltgc(i/ ¢ i%g%t%mcﬁ Qfifk 8d188ted th af?é@ord%i'ﬂ{ SRMary bhgtiact i ve

i ngredi ents may npl o th either a paraffinic or a Wwater-mscible

oi nt ment lIfaseTabMts erthaoitvial excipidnés, gidanis fillagps bididenstand theylikse Aduspwul at ed i n

a creamwith an ojl.-in-water cr.eam. e. |f si.red e ueous phase of
the cream bas@nﬁﬁ tlf’?ﬁ:arrﬁaée,pa?eg{rm §%}1E§§WB1 qpd ‘gﬁenl ! %&fie%%%de er‘()gyap
pol yhydric al galohan braadBhistagen %‘:neﬂﬁl&i Wl beNotehic. I RrAMEKEXYWIlDr oups

such as propyl ene glycol, butane 3-diol, mannitol, sorbitol, glycerol
and pol yet hyl eponglly coitaipieneipicafsrigcipadhasroget fyth inithe Hardbookwér eof . ~ The

topi cal for ations.. desi r.apl - nel . Q i
2006/ 015261 %ﬁ%@%@é@@%@é%%— 8 Dkl oS TR bl ®
active i ngy ediikidabfsOet@hting@gsits Buchras BD TS cagddbediated sacleasdextikgnpl es of

such dernmal penetration enhancers include dinethyl sul phoxjde and rel ated
anal ogs. phydroxyalkylcellulose, hydroxyalkylmethylcellulose, g;:earisc ac?({] ancf tge e & AE

The pH of the formulations ranges from about 3 to about 11, but is ordinarily
about 7 to 10.
While it is possible for the active ingredients to be administered alone it
20 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 therefor and optionally other therapeutic ingredients. The
carrier(s) must be “acceptable” in the sense of being compatible with the other
25  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.

30  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
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The oily phase of the emulsions of this invention may be constituted 5
fromknown ingredients in a known manner. \Wile the phase may conprise
merel y arwermdeziificer (ot herw se known as an enul gent), PCTABSI005AD108S
conprises a mxture of at |east one errulsifier with a fat or an oil or
with both a fat and an oil Preferably, ¥ foph|I|c enul si f (3

i ncl uded t ogePReer WTPWC%PSWTM(&%F@P@S &T&qf@raﬂ paHonsare prepate §’tyab| lizer.
It is also pr er, the
erul 51 11 or ( 5 T EREDeAEREt gy .H%‘Qf%s%laﬁé‘&%ﬁ%g%%@es?‘??@e

emul si fyi ng wheyid amdietshe fiveeky diogiet] kelid vdrtibrstonbothi, ndathein fiihearsdeey,up t he
so-cal l ed emul sifying ointment base which forms the oily dispersed phase of
the cream f ofpRpE:! H‘?)H’?du@nul gents and enul sion stabilizers suitable for
use in theforml aﬁéﬁlﬁions %%tﬁeﬁﬁeéeﬂb’ﬁ%ﬂt% s'uﬂ%lb'?@r ob¥eRR{iAiktrfbn Span(r)
80, cetostearyl alc benzy al cohol, nyristyl alcohol, glyceryl

nono- st ear at emaptie podeniad bsadusgtbtesmitﬁ amCélaS‘EhES%ocaﬁéef@for tblataeich oils or
fats for the fornmul ation,is esired cosnetic

e
properti es. T?@?}Plél&r?\@ﬁ%‘framﬂ) ?%P@ﬁlﬁé“’%ve ﬂ&?ﬁbepgélgﬂpowgﬁr%t ai ni ng and
washabl e prodgighyes;tl assHlutn@ﬁ |o?a§@sl1‘>'éh§é1@ﬁ% dReds Rhthghenkagaid, bem t ubes
or other containers. Straight branched chai n, nono- or dibasic al kyl
esters such ass ai oil- svowaiephqleld eh@(b%@t 9na‘§@t@mra@1é liqudopyulsne iogstve diest er

f d I
gal (r:notcgtng ﬂ# éet%:]-ingagt 3P0 ra%gﬁmls exyei%t r%?ﬁ?%l‘lg? rg’%%}?en:jsggrgrpgnched

chain est er s known asle(Ge el rbglcoﬁ@&sﬁﬁay obﬁlolltﬁﬁgi optibgallyasith bhs eembei ng
preferred 25 esters. These nay be used _al one or in conbination, dependi ng on

the properti e&cce%@@mng&ﬁhenlﬂt TRBREFSPE APIethngh DRPINRFY BOTOMPIPSSIEds 2such as
white soft pa @Eﬂg{ f rRl, e used.
Phar maceut i ca lﬁ{a% Mt At | otﬁé alzﬁt%‘%glrlgﬁeﬁ%ﬁﬁ% tfﬁego%?‘gfg %nﬁ%naﬁ (;%wé%ﬂ%rrl se
one or nore cgrpolendptiohallyhaixedwethid bindérplybtibantt, nett diloes, mesemotize30

phar maceutl cal I )F(ﬁcaccept able carriers or.e CI | ents_and OE;[I oqr)lal | y ot her

t her apeut 12 & actprer eTRngAgent JYiplded fablsie My be e gt Pve
I ngredi ent r@&it Ih&:h?&ya ol tﬁ?e%‘f 'tﬁ@[mv@defr&f acttlbg 1ﬂ%?§cﬁ&g%1§@ﬁémgltﬁ)ﬁn

adm ni strati on. used oral 'use exanpl e | ets, troches,
| ozenges, aq u&mrtshqutd dilden? ﬁh@a@@@@ﬁ@&@ﬁ@haﬂﬁﬁ useahE/0ored88d

optionally are formulated so as to provide slow or controlled release of the active

ingredient therefrom.

20 For administration to 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

25  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

30  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

72



suspensi ons, dispersible powders or granules, enulsions, hard or soft
capsul es, syrups or elixirs may be prepared. Conpositions intended for
oral use waypodmispnepar ed according to any nmet hod knownPro/usb@sae1os§ or t he
manuf acture of pharnmaceutical conpositions and such conpositions nmay
contain one or nore 5 agents includi na% sweet eni ng _agtents, fIaY(ori ng agents,
col ori ng agenenhanged abssrpien o negetasioneal the aptiye dgredigntihpyeltheskghetat abl e

DO TR B AARR Bptdk B ekl AR AR hhdrbeAd G € L

non-toxi ¢ pharmaceutica acce excl pirent are suitable for
manuf act ur e odinfe@Bll edlphaviée acteptabdrelog¥hese exci pi ents may be, for
exanple, inert diluents, such_as cal ¢ci um_or. sodium 10 %ar bong e, lactose,

. . .at
| act ose nonohydr at E2® AroRhass Pr%‘i Gg@l%?f&iqfﬁlius BECPagHRaY bE SPRst _ %r sodi um
phosphat €;s grﬁﬁ{g@%{yﬂqn%@&keﬂes% Qkﬁ%ﬁlhiaﬂlﬂ?@gﬁm@ﬁh@ﬁm Ay cdlpe starch, or

al gi nic acid; ng agents, such as cellulose, mcrocrystalline

cel l ul ose, stmaeehy; amehalsifier othavae kwowarad ah gbwigeat)i gesitpbht eompyisehaas
magnesi um stearate, stearic acid.or talc., Tablets e pncoat ed.or nay
be coated by PEWHORA ]:‘“‘%%I‘?H_F aﬁlél_L“ﬁ‘?’fé’Ylh’d? %@%ﬁ‘%?@%ﬁgﬁégﬁﬁ aa#llt B4 0iel ay

di sint egr at i opyoplshly AASREEIHIR e lsifie iashLac WBEentd Wih alipagliliand ther eby
provi de a sustal ned action over a |longer period. For exanple, a_tine delay

mat eri al suchemmslsifiey wbiojlactsrasactabdligeat B ivalsgprpésred to dnadudedtosh an eflone or

with a may pe | oyed. . Formul.atjons.for .qr pr esent ed
as hard at %/”r‘libacggs ‘P?e%he’fz%e&ﬂlél Séﬁffrﬁgw t@tog\)ﬂélﬁ}oﬁ{gsrt%%ﬁ%n P%?‘ﬁ]%@% with an
inert solid did &8RH enfulifyedd®t, and €@ waxicgphespiiatie @r arkiabl make @ thes sof t
gelatin capsules wherein'the active ingredient is mxed with water or an

oi | medium sucenlled epadmiyingpintment fagegviighiosms ithe @1y gppsyreddibpse ddhieous
suspensi ons of the inyention contain the active materials in 25 adm xture
w th excipi en‘frgalgﬁ?%%?etéonfsbr t he manuf acture of .aqueous suspensions. Such
exci pi ents i ncl udeEaukieapendicngld@estbilisus buitblesforngenm the formulation of

car boxynet hyl cel | ul ose, net hyl cel | ul ose, hydroxypropyl mnethyl cell uose,

sodi um al I nathe inyeatiyw imchideyiweashEh Spanfd 801 eetayteeavittrohold beryl acaci a, and

di spersing or tting.agent uch as a naturally,ocgurrin phati de

(e.g., 30| ec?l\{é\ﬁ?qt%’)rflg"ésltg]@ﬁﬁ‘g“r‘?igﬁ’%ﬁ;5]?0618?% ar a%c}lsoa IWII%IHgI sglitg %‘e with a
fatty acid (e.g., TROLNRYSHOHAEBSGILSbeRisAHbEIhe BrnllEaS dhsedonpr oduct  of
et hyl ene oxide with a long chain aliphatic al cohol

hept adecaet hyhdirdxythe dasitsd)cosmedopipperéigs.i bae cream shoélg b?éférably be a
non-greasy, non-staining and washable product with suitable consistency to
20  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
25  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.
Pharmaceutical formulations according to the present invention comprise
one or more compounds of the invention together with one or more
30 pharmaceutically acceptable cartiers or excipients and optionélly other
therapeutic agents. Pharmaceutical formulations containing the active ingredient
may be in any form suitable for the intended method of administration. When

used for oral use for example, tablets, troches, lozenges, aqueous or oil
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product of ethylene oxide with a partial ester derived froma fatty acid
and a 74 WO 2006/ 015261 PCT/ US2005/ 027088 hexitol anhydride (e.g.,

pol yoxyetwpl2essa1sminbi t an nonool eate). The aqueous suspeOFIUSR005M@Y7088 SO
contain one or nore preservatives such as ethyl or n-propyl

p- hydr oxy-benzoate, one or nore coloring agents, one or nore flavoring
agents and oePERIRSrdEspevElle PAIVAES 25 8FNEIes spaHsigns, bard IS §APWSehar i n. 5

G | suspensions Rl &rag%}azﬁegﬁfelayo | eggﬁb@gﬁgmd%lt&gpusie%}ﬂdy ent in a

veget abl e oi Is;yruspuc_ as ara sesanme ol l or coconut oil,
or in a mnegapared hecordihg asarlyi igethdd kasvarf fo the affter e alanslspensf ons may
contain a thickeni n(t]1 agent, such as beeswax, .hard ar f.fin or cetyl

al cohol .  SweeRRHPAFUTIGHEATPOSIEGRH ueh, GRBPQLHONS (RAYHCORFIY 81° IHOF avori ng
agents mays be@;ﬂlgqgclﬁﬁn%?\\yg%&gig}g%g&lt@,@fa%ﬁ@ @geﬁ%s?l:ol@ﬁ gdeatd gl These

conposi tions be pres he "addi tion of an antioxidant such as
ascorbi ¢ aci dprefireipngngéri$,én poled ér srozidd agrakatablleprepiration  Tehlelh COWAEE t abl e

for preparation of an uepus, suspensj on N addi ti on of r provide
the active i‘ili‘ﬁta%téﬁee‘ﬁgrea DG ARG WdE‘ HOE’%?%gﬁ%aﬁﬂnggux\%%cﬁ%\%%ﬁaggnt, a
suspendi ng agé&ﬁapient%iél{lﬁegﬂﬁam P RUPICRTE bY Aiblevesre adidptadlY. Fheesper si ng or
wetting agents and suspendi ng agents are exenplified by those discl osed

above. Addi t i emaientereypesior sxariple, iosa dijhents weed asriakegumor godBing and

col oring ent s al so .be resent.. . Th h t4cal sitions of
the inven oncﬂvlgg%:%a&l[%@ lia‘ﬁtoﬁ On%df%?’r%(g' at?# %lg;eﬁ%ﬁdé@lg’rp 0&%‘1@21 ons. Thg

oi l'y phase may,8emarysiahesloRpitd; cratitdiingSnd disintegraiihg ogenay achias oil, a
mneral oil, such as liquid paraffin, or a mxture of these. Suitable

emél sifying ageirestarde praginiaecid:dinding agmis sud Qjm%?l%%@ﬁ‘?fé?gfysaﬁﬁﬁeac aci a

and gum tragac h, nhaturall.: I 1.des ; bean

| ecithin, est %eﬁ‘@ﬁogp ’ Spt)zg%%’i %iat%lsogé%&%gﬁg\l}g%ﬁ? % egt"t%f i“cz‘?? %%a%gﬁséﬁlﬂgxi tol 25
anhydri des, sgeftaRSste@icidsr taleh dabkeataay bodnaated @n setyi tercopteddyct s of these

om0t eat B VRGPS Ry HE S8 OB S UE EHYTIHREEPRORY i ng agent s.
ol yeer of - sor BB BT e e &
denul cent, a pveadongtipedod.aFor example, a time delay material such as glyceryl
monostearate or glyceryl distearate alone or with a wax may be employed.
Formulations for oral use may be also presented as hard gelatin capsules
20  where the active ingredient is mixed with an inert solid diluent, for example
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, such as peanut oil, liquid
paraffin or olive oil.
Aqueous suspensions of the invention contain the active materials in
25  admixture with excipients suitable for the manufacture of aqueous suspensions.
Such excipients include a suspending agent, such as sodium
carboxymethylcellulose, methylcellulose, hydroxypropyl methylcelluose,
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and
dispersing or wetting agents such as a naturally occurring phosphatide (e.g.,
30 lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
polyoxyethylene stearate), a condensation product of ethylene oxide with a long
chain aliphatic alcohol (e.g., heptadecaethyleneoxycetanol), a condensation

product of ethylene oxide with a partial ester derived from a fatty acid and a
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30 flavoring or a coloring agent. The pharmaceutical conpositions of the
invention may be in the formof a sterile injectable preparation, such as
a steril evonpeotisdshe aqueous or ol eagi nous suspensi on. PCHIGS2@39p@BSI ON NMay
be fornul ated according to the known art using 75 WD 2006/ 015261

PCT/ US2005/ 027088 those suitable dispersing or wetting ents and

suspendi ng adwwitel ahyendhige Pobyety Fé%ga%ﬁ’(?@@‘?leqfﬁnggéﬂ‘ilqoé‘Si nj ect abl e
preparation may_al B Lnject i sty PN in a
non-t oxi c parsél e&?hﬁlnsa%/aagscoz%ot%g%ﬂl‘ gn%%)ﬁggﬁtﬁggre?vag%}eggedﬁ? T&S ggl hgilgﬁa Sol ution
in 1, 3- but angy-Bidtbxpberpoaraseorator cojooipialemecns op awtte flavomgrgenise

accept abl e vehicles and sol vents that %rrcgy be enépl 0 e‘g are water, Ringer's
sol ution and aE0ERT BIEDENVERTERG e SEHI EPIRSC PrP28dd i on, sterile fixed

oil's may gonventi ' EfbrAfilae MRHndHe BHIRERALPdiedEdi um  For
this pur pgse any gpgrslg%fe%?% r%&fyrray be éﬁ%}l oyg%ln i rt)gcl udi ng ng$‘I$/Lnt'heti C nono-
or diglyceri das. vegatablddilt suwh,as heachig cde plivee ailysbsaas @l @ evcamit@ilyayink)

| i kewi se be used in_th reparat i i njectabl.es. The ampunt of active
i ngredi ent t Hﬁ%neF?éyﬂﬁB&bM“ﬁ‘iﬂarﬂﬁgh%L%rd&é?ﬁpfléﬁlonsr%ﬁ?%?qngqmtao produce a
single dosagetgfc%l]ﬁhé’ié%%nt)’sﬁEﬂ 2SEREREL MardPARFnNSE BB hicohdleSwvestedng t he

o)

particul ar node nistration. For exanple, a tine-rel ease ornul ati on
i ntended for agents, adhianilese sdtifouth slwvieuandriaveripe egeniamay bs adgasrtexi matel y 1

to 1000 of active rial co unded Wi th an. ri

conveni e an@ﬂﬁ’fie(%fpaggaﬁ’?‘? %rla1 P%P%Bﬁ%ﬁ'%\%ﬁ?ec‘%?n%%’gﬂk?g%{ a? i%&%?%as %VS? %g to about
95% of the tohahdGiaPReskt haRsidaei@hts Weioght heidThe phar maceut i cal
conposition can be prepared to provide easily neasurabl e amounts for

adm ni stration. FoDiSP@fﬁ%&ﬁchéYd@&ﬁwaféjcﬁIé@dgs elghetvention§uadbledot or i ntravenous

i nfusi on may contain fr 0, o L.l gdient per
milliliter ofprgp)efra??rb?%oﬁnnaqggad%%%ﬁeﬁ%? L:BX uesall(%lrllt?%nf M;%St%ﬁrg‘\é]ﬁg VO Cume at a
rate of aboutindfdiduf i adb@iRtueE ®ith a didpersing @twetisg sgrnt,abiuspdndingagaitni st rati on
to the eye include eye drops wherejin .active ingredient is, dissolved or

- he r
suspended 5 n #ndACOAIFIGC PEABPIVRETCS- %@fﬁélﬁ dde%SI%O’éﬁg@BgégQE‘f e for the
active ingr edéu%ﬂéﬁdir;gr}%gﬁ@ta'ré’ &ehﬁﬂl}’ﬂ%g'bg%os'eﬁisc%ecpéﬁv%f ABliviopsiesent in such
n of 0.5 1to

formulations 1Tna ¢ ration 20% advantageously 0.5 to 10%
particul arly edeipiéntd . fbexaple sweetening, flavoring and coloring agents, may also be

present.
The pharmaceutical compositions of the invention may also be in the
20 form of oil-in-water emulsions. The oily phase may be a vegetable oil, such as
olive oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of
these. Suitable emulsifying agents include naturally-occurring gums, such as
gum acacia and gum tragacanth, naturally occurring phosphatides, such as
soybean lecithin, esters or partial esters derived from fatty acids and hexitol
25  anhydrides, such as sorbitan monooleate, and condensation products of these
partial esters with ethylene oxide, such as polyoxyethylene sorbitan monooleate.
The emulsion may also contain sweetening and flavoring agents. Syrups and
elixirs may be formulated with sweetening agents, such as glycerol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a preservative, a
30 flavoring or a coloring agent.
The pharmaceutical compositions of the invention may be in the form of
a sterile injectable preparation, such as a sterile injectable aqueous or oleaginous

suspension. This suspension may be formulated according to the known art using
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Formul ations suitable for topical admnistration in the nouth include

| ozenges conprising the active ingredient in a flavored basis, usually
sucrose wWoOQo@odasica or tragacanth; pastilles conprisi ngpPChhaSa@sioymss
ingredient in an inert 30 basis such as gelatin and glycerin, or sucrose

and acaci a; and nout hwashes conpri sing the active ingredi %g% in a suitable
liquid carri ethoseraitable sispersingrosrvatideg agenidmd sPEcrdipg gaeHR Y sl Ve sent ed as

a suppository i . i I i1S1 butter or
2 sal oyl at e verh iR Beghib TR B R BROBRLS BB aelon B R R ORd e i bl e
for intrapul npfetaplesohnasar sagehsioms ir ahdmtoxiopeerepty beababk dikehioer exanpl e
in the range of 0.1 to 500 m crons, (inclydin article, sjizes.in a range
between 0.1 ai9dVabEUrh &y dIUHAR lpﬁér'é%m' lohPEpiERed aﬁﬁlyé’?h@?%‘} 1, 30

m crons, 35 m S : ' L&hi Wy e0hLYmaPEd Enpiobad aki on 5

t hr ough t%e :angg(%?'p%%lgg gﬁegg%&ﬁﬁ%xg?ggﬂggﬂsﬁ]\fe%ugh the}armut%_go as to reach
the al veol arwstar Ringsu's selotien fund isuloaici sodsin pldbridkescdefineo Iisadstitias,| y sol uti ons

of the active ingredient. Fornul.ations suitable for aerosol ar dry powder

adni ni strat i oﬁefﬂ%ﬁ%s&‘)ﬁ% E’&XF%’&I"%@B’W&%&W@OF @rﬁoiv g?r WW@H@ and may be

delivered w tReghRekof ﬂﬁ?sr}ﬁﬁi}ﬁ‘é!;l%iaﬁy BHBA X8 Ul nBShCAFIoVEIacIngmgt of or e used
ophy

in the 10 treatnment or prophylaxis of conditions associated wth HV
activity. FosymtHetit noms- eudighiobrddso addijionafatiadeidgissel e aleia apidynae

pr esent ethQas .pessaries, .t anmpons, .Ccreans s, pastes, foans or spray
formul at itbhs & lﬁﬁal?ﬁ Yigd ﬁwé’(ﬁ%ﬁa‘ﬁ%ﬁ O?énj?ﬁgﬁgt%t i ve ingredient such carriers
as are known in thenadrhod® obEctivdRpgrodiehithes mdypbd-eumbihed wtth shesasictiabl e f or
parenteral adm nistration include agueous an non- aqueous sterile
i nj ection solmeicoaktowiodise gaingtotrsaghioamtwillgerydeneading yppa fhe host
bacteriostats,_and, sol Whi : : ' | SELORLELM th the
bl ood of t hetr?ai%?deaﬁl etgé § %r(t:llg{gﬁlgnO?ggﬁ%{ng%il}g%égﬂ'a%%%%ﬂﬁ@g’queous s%ser ile
suspensi ons WeingllatibRynteritet deteorslripanidiragoraigeninmnanthytdontekeni ng agents. 20
The formul ations areeg)réesented in_unjt-dose or nultj-dase containers, for
exanpl e skl expparpBRicds | i 00 me of aciig malsria) compaRApdivH LA} FRERA | ed
(1 yophil i zed) o0l o il of i@ Matelidl Sty 9fiyGtorh BBo!sAb bt T qui d
carrier, for “exanple water for injection, imediatély prior to use.
Ext enpor aneoud5% of the total compositions (weight:weight). The pharmaceutical composition
can be prepared to provide easily meastrable amounts for administration. For
example, an aqueous solution intended for intravenous infusion may contain
20  from about 3 to 500 pg of the active ingredient per milliliter of solution in order
that infusion of a suitable volume at a rate of about 30 mL/hr can occur.
Formulations suitable for administration to the eye 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
25  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
30  basis such as gelatin and glycerin, or sucrose and acacia; and mouthwashes
comprising 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.
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i njection solutions and suspensions are prepared fromsterile powders,
granules 25 and tablets of the kind previously described. Preferred unit
dosage fowoubawdiszes are those containing a daily dose eCTws2dosdaioBy
sub-dose, as herein above recited, or an appropriate fraction thereof, of
the active ingredient. It should be understood that in addition to the

i ngredi ents parti digramlajionssiteblsrferiniBpecnay qraapaldRiFfEatgn haKg @

i nvention may_inel ude.ot S 0) 1 i havi n
regard to the a_{%“’eﬁ%_ f%(%gggruﬁlp %tq |§(lg)ﬁr§3 T q%f(e\(g?lyogfrﬁd Iﬁoﬂ?& nesx(gl%ﬁlﬁ%ggésui ? abl e
]1: or t ﬁr al adm_s([jlée§ i @kdn@d bemyeeh 0c] ardies 00| e mis g inegmndngs micTores sunly en.Son

urther provides veterinar it | Si i

| nar odi ent g SBEVEBBLTRNTTRGHE ReVGY CrDEEN Ry kaRRT 77 V0 |
2006/ 015261 RCH Q592,40 : ' j [

7 b Rkon ¥RLEH MBoueIREd ABbTeRhehdrat eri al s

useful fof the pgggggesgﬁ)éﬁgfﬁ%gfégénéonthé%%onpo;}tion andenay be solid,
liquid or gastwaiekrsadser Sutablemormhlations incufe aqicoes pneityt sodwtians o€fteabl e i n t he

veter!nary art .and are coppatible with.the 5 active ingredi ent. These
veterinary c@ﬁﬁﬁ%}lﬂ@@t-ngg%a%ﬁsﬂﬁt&%%é&e]j&s‘gll * ,ypf)‘gfl%rnt erally or by any
ot her desired, omteat H@gépﬁfedfag&rdiﬁg%‘&érﬁ/@nﬁ&fhl tHesdbend prgbkat ed to
provide controlled release of the activé ingredient to allow |l ess frequent

dosi ng or to detiperod evithhetherphernprartiokeizends suchas comppendsyheprteprd esedfn e acti ve

i ngredient. Accordingly, the. 1Q invention als j ositions

conpri si HQ oﬁ&eaiﬂne%?Byo@gﬁgéﬁr?ggo%‘%g??feass?cﬁ%@‘ﬁﬁ%ﬁﬂ%ﬁﬁ’ﬁg{rﬁd for sustained
or controlled rel easguidEbheslila¥R BPsIM adtidiveationgnadbentsciedends at | east
on the nature of the condition being treated, toxicity, whether .the

3 olrr_pound i's gmssvgleaﬁ@uporm olshis.caels, pagtesy fqamsvas spEySegnulations cRBPHERE of
elivery, and the .pharpaceutica ' i '

the clinici aﬁﬂ&g&lﬂgng%ﬂ%eaﬁ IY%lnéjfed#glgge&'he@élga %&lq%rﬁ%g?‘gﬁ? ejgl{e%ﬁttg?gﬁr [)nened >
expected to hgpfdppimeabout 0.0001 to about 100 ng/ kg body wei ght per day.

Typically, from about 0.01 t bout 10 ngl k d i gh i

(Vb cal 1315 11 om apoumulagons oA BT BaTREPb SUBGY OB R UG5ty Bipr o

typically, f F N 2084 s %&ge ﬁrge%p)ﬂléb%ugoﬁs %{cgg?%pﬁﬁﬁtéﬁﬁ halbxiaghts A rrtay - For
ndi da ose for ult hu

exanpl e, the dar ca an a man of approxi mately
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.

20 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

25  and tablets of the kind previously described. Preferred unit dosage formulations
are those containing a daily dose or unit 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 -

30 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
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70 kg body weight will range from1 ng to 1000 ng, preferably between 5 ng
and 500 ng, and nay take the formof single or nultiple doses. Routes of
Admi ni st rwDi2006/08m10r nore conpounds of the invention (Ireraispoosetmss ed to
as the active 25 ingredients) are adm nistered by any route appropriate to
the condition to be treated. Suitable routes include oral, rectal, nasal,
topi cal (incl A buccal and subl i ngual ), vagi nal and parenteral

(i ncl udi ng subcut aRg@dtfary EHirfiSRURCMhRFials ukEthl RY B pode i b ARG BYin
intrathecal and epidural)’, and the like. It will be " appreciated t%at t he
preferred routle saypogiion and miayfiersobid diplid ot geseausnditeiidn which3ge t he

reci pient. An gdvantage of th 0 unds .of this.invention is.that they are
oral 'y bi oavaPipyas Jhd ancihiatlouhae Sy sspdires o thiear e vo
2006/ 015264 Pedi}d330Ra{02 7OfBe vACtihat9 coMPbaHb&Yhay BE adilRidtIVEBIIQN are al so
used in combination with other active ingredients. Such conbinations are
sel ect ed basedawsnterdlly adydinyiogher desredgottieeat ed, cross-reactivities of

i ngredi ents and pharnmaco- pr ties.of t C inati.on. 5.1t | | so
possi bl e to conbi n?ogl 3? u%%rr%ofg[ﬁ‘%ﬂwg?u? %anih‘lﬁs\f)ebnetl n&\?\iefiﬁo 8he l%rcon%Bﬁeedsot her

active ingredir&@dss of thedactiné ingradido s@Peow saTitQiens Hodihd e Amprove thesequent i al
admnistration to a patient. The conbination therapy may be adm nistered
as a si mul t anebuBaspkinelin iipxigity prdileehtbe peiéve naiedient t A¢eadinglygihent i al 1 y,

t he conbi pat i Egg;!i [ | g 1 ni lons. The
conbi nat i 2(2 t ere%n %ggl pr od\}f%%ﬁ{p g%ﬁgﬁsgélq\?ﬂpgﬁgfl g@{yeﬁoégﬁg‘?@? ?}(I:IB gﬁ‘%?ﬁ& i.e.
the effect achiveusech filienldtdiefoasistaiged srgioattokel iwleased t oget her is greater

than the sumof t effects that results fromusing the conpounds
separately. A syngﬁ%ﬁw Bsgpr é@%veﬁagre%n%éeps?%_@a Ieghietp fgﬁ@a@&i RYES
i ngredi ents aggdifidn b&ﬁ%ﬂr@atg&rt?iér%%eﬁm t&dd&ﬁ‘do%h&‘ise&hgus@@ i ver ed

simul taneously 1 n a conbi ned l'ation; (2) delivered by alternation or
in parall el agropbplactatadlyf(brwaldasdsp s method e83lelowery and tlot plermacegticaln. When

del i ver ed,Ln glLehot) O LA SR S AUPELUSELS SR il 2 e
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 .01 to about 5 mg/kg body weight
per day. More typically, from about .05 to about 0.5 mg/kg body weight per
20  day. For example, 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.

Routes of Administration

One or more compounds of the invention (herein referred to as the active
25  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 for example the condition of
30  therecipient. An advantage of the compounds of this invention is that they are

orally bioavailable and can be dosed orally.

Combination Therapy
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delivered sequentially, e.g., in separate tablets, pills or capsules, or by
different 20 injections in separate syringes. In general, during

al t ernat iwo 200vansgey, an effective dosage of each acti vecrmnge@dioeTss i s

adm ni stered sequentially, i.e. serially, whereas in conbination therapy,
effective dosages of two or nore active ingredients are adm ni stered

toget her. Met abol i Aetévegngiefientoieninuention ahalse nyeshinicombyBliph ¥6h al | i ng

W thin the scg gra%{iv%ﬂlﬁ didlf& @dc@%oﬁ{bﬁlatﬁ fs b s¥ie¥Ra BRIARAI the codfi@iict s of

t he conpounds déscCri be Herein. " Suc products nmay result for exanple from
t he oxi dati onyp beegbdietlj @ss-Ryctivitisssifingradicntaihd pharesiteprdpeassiobtheand  t he

| i ke of the adm ni stered conpound, primarily due to enzymati c processes.
Accor di ngly, $H®IRHPBNti on i ncl udes conmpounds produced by a process 30
conpri sing contacty BB oRlbiddUny dofieRhd SPthiidnBolRilBhe bPr 2
period of time su ?&?aé?oeﬁ%,%%l 8?{31a r@t aE‘X’I Ic pr odtljct nt?ler eof . Such
product s typimatel otheractvd mgredidnitsio anniteriegmeganfpra fonsinltabemubed (e.g., Cl4
or H3) compound of the 79 W) 2006/ Q15 PCT/.US2005/ 027088 .i nventi on,

adni ni steri ngseﬂPel}?éi %‘ﬁ?lé‘FS_glaPW fap BatWQ%gﬁtfea‘Hnéblﬂ%?@t gy fna_éfbgat er than
about 0.5 o/ kg); %&r&f‘as%iﬁﬁlta&éﬁ@o@s?eqﬁéﬁtial POYtEEn. WHeR9ABmRBliGereqONkey, or to
man, allow ng su%1 icient tinme for netabolismto occur (typically about 30
seconds to 30sequentis)lyahe combinatiomgay bs admimisgersil amtvpe oimetes from t he uri ne,
blood 5 gr other. biol ogi cal sanples. These products are easily isol ated

si nce the@ araedg‘iuﬁﬁgﬁté

WS(others are isolated by the use of antibodies

capabl e of bi ndi ngheRbhBREGon SHeFaply \thdydprbhidt FeynBtyahal it @ergisiee gt abol i t e
structures are determned in conventional fashion, e.g. . %)y M5 or NWR
anal ysis. |n igethereffect 20higvipd vhepfthe aetiva braredienss pseddegherds gisates 8188 way as
conventional gdru abol. i t Wi - killed in the
art. The convtglP 3\%8%%@?’606 te Ssrﬂf1 gtsrog*ltgnﬁﬁ%ggﬂﬁ%glf%g%u%%t ge@@ﬁ%%% )s‘e found in
vivo, are usefyabreidstic@ifRenasy beamasaywhémthe hbbredipgretiicats abogin@-of t he
conpounds of the invention_ even if the efgghsls ss no HV - inhibitory

activity bt tlenplagdrnd pdeinjeisrediny dﬁlé‘fq)!i_ AIPRERIARPASPRG S abi i ty of
e deti ned oy AHEkT2) oA R B B R s 2ot han
about 50 nol eo(8) berdm®bthehegimen. When delivered in alternation therapy, a
synergistic effect may be attained when the compounds are administered or
delivered sequentially, e.g., in separate tablets, pills or capsules, or by different
20  injections in separate syringes. In general, during alternation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e.

serially, whereas in combination therapy, effective dosages of two or more active

ingredients are administered together.

Metabolites of the Compounds of the Invention

25 Also falling within the scope of this invention are the in vivo metabolic
products of the compounds described herein. 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 compounds produced by a process

30  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 radiolabelled (e.g., C14 or H3) compound of the
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protected groups are deprotected in surrogate intestinal or gastric juice
upon incubation for 1 hour at 37 C. Sinply because the conpounds are

st abl e t owbheos/gasstir oi ntestinal tract does not nean tharcrhmsygosanmes be
hydrol yzed in vivo. The 20 phosphonate prodrugs of the invention typically
w |l be stable in the digestive systembut are substantiall B drolyzed to
the parental iovengoiradnreisigrigs stnayenterpllyrng detpgiahle éPsecffﬁergT‘??é‘%/ré %/ﬂ ic organ,
or within cells i ener : Vi . i ounds of
the | nvent | oroon(ls DGR an R SRLes YL RRER, lirable o e

conposi ti ons Bn, khewindBuffivien tinenfor eaabolisos o¢duo (typiaaldy prapdbed by any of
the applicable techni ques of _organic synthesis. Many such tecE i ques are
wel | known i rreednds & 30 heygnandrisolatingils eomversioniadiets @Hﬁﬁ%ﬁré%e’ Poé)

el aborateq in i Qr.gam G- b 1 Bv\M¥d ey & Sons,
New Yor k)fg Vo r%ﬁ%?%{bg#fqgl9{1%%e?Sg%&gﬁao%ﬂgﬁs[}gée%&ﬁgﬁ%gﬁﬁﬁ%ggﬂ Vol . 2, lan
T. Harrison dsgiskl&hissters daisolaedby 1@7%e oVaitibod®s apabbawidislingiepiéenss and

Leroy Wade, 1977;. Vol. 4, Lero Wade, .jr. 980: MVol..5. .lLeroy G Wade,
Jr., 1984; arfdrwpng “Bt,heW%h&’éﬁt%B%hgﬁ?‘?tﬁ?Ohlé%St%hresa@e dRAgFRfped Aévanced
Organi ¢ Chem—@é tioﬁ%ﬁi fﬁ&i&gietéi,ggﬁS%d@@NMde@Wsﬁ P9 B8neral DandysRr6/ 015261

PCT/ US2005/ 02 w YorK, Conpr ehensi ve gani ¢c_ Synt hesi s.
Sel ectivity, rtwiadlaeyisdondinfthe sancway as Mtentioral dergimeetaprlisistndies | n 9

Vol unmes, Barr Tr ost Edi t ar.-in- Chief (Pergano , 1993
printing)l¥ A ‘%ﬂl\%‘é‘?wrb?o t@??r%flk%ﬂnﬁlﬁe[%d@ﬁ %Orn an%gmﬂgr} %pl%(r?sg? 7 %dr}l{%\gf\ﬁ?%

conposi tions ,.0n0fothdRide TRt hOhv ke e iledghatiowssayhiis eherpidadds are
intended to iallustrate the nature of such preparations and are not

i nt ended to |dosing aftize eceapainds ofthp inveabrreverdt RsHPOsseE R HlYy, the reaction
conditions suc £33 tepgg}r,at\fﬁ%%, “;neacti on time, solvents, work-up
procedures, afgtRE kS SWHET Vet hose common in the art for 10 the
particul ar reacti oRedigesaad pethcs feddetdhgniap satility b Bcempemnds inewurmigatet oget her
with material cited therein, contains detail ed descrj pftl' ons of ch
condition$.  ghgispintestiyel speretiensies krqyb sCHRPeUsls a’fel‘gﬁﬁ@e be%b"@, St%iff vents
w1 be aprotj G0 éastrp{n?ésﬂﬁal t?a%flwilgl%fcléés%nt HERE5Mrole REcchPoseonds to 10
days. Work-up typrcally “consists of quenching any unreacted reagents
fol | oned by pgbtecied@roupstavedopratected in surrogate intestinal or gastric juice upon

incubation for 1 hour at 37 °C. Simply because the compounds are stable to the

gastrointestinal tract does not mean that they cannot be hydrolyzed in vivo. The
20  phosphonate prodrugs of the invention typically will be stable in the digestive

system but are substantially hydrolyzed to the parental drug in the digestive

lumen, liver or other metabolic organ, or within cells in general.

Exemplary Methods of Making the Compounds of the Invention.

The invention also relates to methods of making the compositions of the
25  invention. The compositions are prepared by any of the applicable techniques of
organic synthesis. Many 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, Tan T. Harrison and

Shuyen Harrison, 1971; Vol. 2, Ian T. Harrison and Shuyen Harrison, 1974; Vol.
30 3, Louis S. Hegedus and Leroy Wade, 1977; Vol. 4, Leroy G. Wade, jr., 1980;

Vol. 5, Leroy G. Wade, Jr., 1984; and Vol. 6, Michael B. Smith; as well as

March, J., Advanced Organic Chemistry, Third Edition, (John Wiley & Sons,
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15 water/organic | ayer system (extraction) and separating the |ayer
containing the product. Oxidation and reduction reactions are typically
carried owND2ad6/015®IPEr at ures near room tenperature (aborcTAB2605/02708% hough
for netal hydride reductions frequently the tenperature is reduced to 0 C
to -100 C, solvents are 20 typically aprotic for reductlons and nay be

ei ther proticNew Sagikobd8e).fepmprghensviedganic RYA: Selpetndtvgpatsay &t ed t o

hi d
gﬁtl g;’et eﬁ;;ﬁ GV &L B85S ofaRAnRaAliLaN fRRAGhI u?xﬂe%h @Mﬁ?ﬁ&g;m’l ICE‘: ;'t ?ﬁg,

ki netically CEdh‘&erhl(ﬂdef(Pel@dﬁmﬁa’tressmiewadnkew%@mmengx ur es (0 Cto -100 ©
are al so common. 25 Sol vents can be ef,}({]éI rotic |ne](u§]jﬁlibrating
G

reactions) or aproﬁﬂﬁmﬂféﬁﬁﬁﬁﬁﬂﬂﬁyﬁ?% PF@ﬁf’BP QQﬂﬂﬂp

' Standard Synthgl ! b ﬁ{‘%ye %H&ﬁd&%é lov?S THZRGhERBsCark RITNRH tOfiIukBASHhON by-
products and use us reaction conditions (e.g., inert gas
envi ronnent s) natanee)f csmhmmaparmtmmemd rate wridntenddd thdindpihliseepevtfanplgabld cabl e.
30 Schenes and %éanples General aspects of these exenplary nmethods are
described bel ®#4A% in the Exanples. Each of the products of the follow ng
processes is opti 0@@111&1”3{11}8 IR R aRA st bs HURRRGRHEY, f&880n GRRAT at ed,
i solated, and/or purified prior to its use in subsequent processes.
General |y, t hsolvends; twodkup @nmedumwné tlashlilees wilk bp droae 9@1@mone1athe| aghiori ne,

I t d d b
For the Jhrt P SPuPRRERRERGR a & balonBed of e atlosrictier AFFDRRAY ot o7 a1

together 5 W {ith iRd&idl @lteCihkRsh, chﬁtraﬁisraetaﬂ@dlﬁascﬁ tlﬁiﬁt(ﬁ]sh&dcdiﬁlﬂi‘d’ﬂsptl ons of
such conditions. Typically the t enperatures w be -100C to 200C,

sol vents wi |l ITmlC%ib’r @utq;nwatu{svso\ﬂll@e hQQﬁCrtQQQQ|Q)r$0}cV|ePr@§N1unblelaP¥%10m seconds
to 10 days. VLUl ¥Rl6Rl s viRRR 1B Scdiis PNALII S ay BbRARY ed T eagent s
Bofic4hg Ve

foll owed by p a at er, organi c syste extraction)
and separati ngoﬂstm dfapefichegnisi wircigtddreagehfs fotlowed by ptitidabeoreeand

reduction reactions are typically carried out at nperatures n room
t enper at uke (gfg@g{prgglc@yel qut%lg@ﬁrchpn)@&iéppqﬁ@}g ‘%tgl er containing tlel
product.

Oxidation and reduction reactions are typically carried out at
temperatures near room temperature (about 20 °C), although for metal hydride
reductions frequently the temperature is reduced to 0 °C to -100 °C, solvents are

20  typically aprotic for reductions and may be either protic or aprotic for oxidations.
Reaction times are adjusted to achieve desired conversions.

Condensation reactions are typically carried out at temperatures near
room temperature, although for non-equilibrating, kinetically controlled
condensations reduced temperatures (0 °C to -100 °C) are also common.

25  Solvents can be either protic (common in equilibrating reactions) or aprotic
(common in kinetically controlled reactions).

‘Standard synthetic techniciues 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.

30  Schemes and Examples

General aspects of these exemplary methods are described below and in

" the Examples. Each of the products of the following processes is optionally
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reductions frequently the tenperature is reduced to 0 Cto -100 C, solvents
are typically aprotic for reductions and may be either protic or aprotic
for oxi davDoan®/013%s1Reacti on tinmes are adj usted to achi epeTds2005007088
conversions. Condensation reactions are typically carried out at
tenperatures near roomtenperature, although for non-equilibrating,

ki netical |y cepamatsd isalatedoméersarified Prioetpuiterretn fEseaicnt BOCPHCE to - 100 O
are also conunon. gg Oelre\lelgrn%hse LA R oE 1&19161‘{ SLR‘EQLF kSl S ATTO Roak forSGiE] 1 br ati ng
reactions) or apro e ’(‘conmon i n KineticallTy controfled reactions).

St andard synt&gtdnGs, k@ebop grirsdiass hndsheddeptvilope thoseomumbn df theeatcloi on by -
products and use of anhydrous reaction condition e.g., lnert gas

envi r onment s)the ap@icalsrrrsRtiomtothsaeaiormeth 41 ‘FlFedHEI%é%‘ﬁF %@Gerwrfréﬂgeé Pl i cabl e.
The terns g tr\%ﬁﬁﬁ terial ﬁ&faﬂﬂn{%ﬂl conthin§ ALGARM descﬁgﬁjoﬁshﬁ’ shdtk&ndieps. used in

25 connectiion W a chem cal Synthetic operation, nean contacting, m xing,
reacting, allDypicadlytthe tepgetatutes wildbeagl GOAECdo 200 solverinavibbheprotieons conmon
inthe art for .indicating that one_or nore chem cal . ,entities is treated in
such a nannerProgs %nér%ﬂ%?l@eﬁf""lﬁgeéﬁée‘iﬂndﬂﬂ’r@ @yﬁehgﬁé}ﬁt&*d tities.
This neans th g L -gcgp};gﬂlyghg i SRR Fartivien bétsvesy RONY MOUS
with "all ow n?ngg#pﬁg{%bn oné to rteeggtgag\;&mh%sﬁogorrpoungatm", "contacting
conpound one watetioxzanisdayed systew (gxttacertand gerroatprathel layaecantaining dhpound

two", and ot her expressions conmmon in the art of organic synthesis for
reasonabll)p i RFPAUT ng that conmpound one was "treated", "reacted", "all owed

to react”, etc., VOk{llaGOMRRHREudIR. redctionSzre\Wpi2dlB6l0A&RAk aPCT/ US2005/ 027088
exanple, treating indicates the reasonabl e and usual manner i n _which

organi ¢ chenfeomestureenedr Fewe eninstatated eboutidP ih). adbaesntor et Aydride 01Mm t o

o 150", morautispt gt BIREHAERdeci) S0 & F Lo @ ¥ 100 ©

C), reaction M¥p&sRY Sphtit forke@tiois ghdmay beklsdripeotiotetaptdtic Hooxidaiamns.
pressures, atnospheres (typically air for oxygen and water insensitive
reacti onslr Reactiondimes pregdietied orachieygdesigs CONGIEMSsensi tive), etc., are

| ntended unl ess ot Pgﬁ&gﬁﬁlo'nr}g%/cﬁl?h? Se t%]@alm‘{%&g&ﬁ anem fdfile@hedreact i ons

known in the art of organic s esisTare‘used i n selecting the conditions
and appar at usrdoat tentpeeire itholgh forgowenuilibotiagskinttrazmicontcelledr, one of

condensations reduced temperatures (0 °C to -100 °C) are also common.

Solvents can be either protic (common in equilibrating reactions) or aprotic
20  (common in kinetically controlled reactions).

Standard synthetic techniques such as azeotropic removal of reaction by-
products and use of anhydrous reaction conditions (e.g., inert gas environments)
are common in the art and will be applied when applicable.

The terms “treated”, “treating”, “treatment”, and the like; when used in

25  connection with a chemical synthetic operation, mean contacting, mixing,
reacting, allowing to react, bringing into contact, and other terms common in the
art for indicating that one or more chemical entities is treated in such a manner
as to convert it to one or more other chemical entities. This means that “treating
compound one with compound two” is synonymous with “allowing compound

30  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. For
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10 ordinary skill in the art of organic synthesis selects conditions and
apparatus reasonably expected to successfully carry out the chem cal
react i onswofoadnmas2edescri bed processes based on the knowpetagms2005/0rtoes art .
Modi fications of each of the exenplary schenmes and in the exanpl es
(hereafter "exenplary schenmes") |eads to various anal ogs of the specific 15
exenpl ary mat exangile t{ﬁaﬁﬁ&éﬂlcaﬂqfiéh%ﬁémbﬁe@@é ué‘i‘%lﬁ’t%%md@gﬁl} PISPRG suitable
met hods of Or&?e%igal}%X&ta%Wea t&fea @F}@%{ﬁ?p&{%eﬁ@aﬁ)‘ﬂg@o.npgj'tB'l@M,'t%ﬂéall.yl n each
of the exenplary schemes It nay Be "advant ageous to separate ‘reaction
products fronpanetcary, henpanttsr(- 000 tet2a0 Cntypimatlg F 78S to THe @esireed
products of each step or series of steps.is separated and/or purified
(herei naf t er %I@E}Sa’fgat%&)lq(b Q,ﬁgflépggp Wa@é{é}r égtog]f()%h BHENPSYRS t he
techni quess co | NBla8id, meldRisGRLAY, FHGHreS SRR HRRT typitaall ue

mul ti phasz5 exmgatﬂll}g%?gsé ;@E Al zgtslgon ’fgcrom a sol vgﬂnte 03 }}gol vgnt m xture,
di stillati on, fewhlgepdrdomteninsanitiveatastorspinynitrogenrasregongfonptyges@an i nvol ve

any nunber of nethods. ipcluding, for exanple: . reverse-phase a noy mal
phase; size eWéT%%‘?%H‘,VCQ&FFve%{% FRged uﬂféé‘%n&h?@vdﬁm]\‘lhc %861%6 %W%’g%%%{n e
liquid chromataahARRY:SRUGBAS ANt APPRSBAMS é}éﬁﬁ&ﬁé ar8 §Sddein saleading theal ;

»
si nul ated novi ng bed (ISI\/B) and preparative thin or thick |ayer
chr omat ogr aphyondisonsehfl apsarates oi“tpeatingsfin ¢ it precese InHiaptiquigreoneafd f1 ash

h hy. .. her. ¢l f i hads...i f
ixcure wn oy pafge i e Qred e RhBGRIMEL PR M ERabRE ™ '

separabl e a d%%édxﬁ@ly%x%@ét@& to suéeésmgp@drr?bamlb RBerRblefeh@lons bedet i on by
product, or the |like. Such reagents include adsorbents or absorbents such

as activated desctiber prop¢ssesased en thekaowlagdge inthedithge nedia, or the |ike.

Al ternatively, the en i | ; 15261

PCT) Us2005/ 027088 MFTERals GPa Gt R oHeihlinl (AehRT i HELEIAL P00S
materi al, bi ndic@ftleeageniptars scttemes’s) leadsith oali@s, anblogslbfie ppartific ns, sel ective
chel ators such as crown ethers, liguid/li qu[%éi ion e tragti on. r?agents

(LI X), orl3 heexqoudarysapignals B?Pdﬁﬁe-a'g'%ﬁ@ﬁf"?'ﬁ%t d citong dessriowg suHaRe on  depends
on the nature 18diS ade MU MBI 10 B5AEN B8ITRLBongP0I | 1 Ng point, and
nol ecul ar wei S%EhoidgO%glrgg{{j?ltsﬁgﬁh?%%aﬂgnéﬂs%bﬁ ﬁgtslson, pres%nnsce or absence of
pol ar functional "gimegeh ofithe exemplary schemes it may be advantageous to separate

reaction products from one another and/or from starting materials. The desired
products of each step or series of steps is separated and/or purified (hereinafter
20  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 including, for example:
reverse-phase and normal phase; size exclusion; jon exchange; high, medium,
25  and low pressure liquid chromatography methods and apparatus; small scale
analytical; simulated moving bed (SMB) and preparative thin or thick layer
chromatography, as well as techniques of small scale thin layer and flash
chromatography.
Anothér class of separation methods involves treatment of a mixture with
30 areagent selected to bind to or render otherwise separable a desired product,
unreacted starting material, reaction by product, or the like. Such reagents
include adsorbents or absorbents such as activated carbon, molecular sieves, ion

exchange media, or the like. Alternatively, the reagents can be acids in the case
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chromat ography, stability of materials in acidic and basic nedia in

mul ti phase extraction, and the like. One skilled in the art will apply

t echni quewormatoibickel y to achi eve the desired separati eaT/ukB00s/0si08g! e
stereoi sonmer, e.g., an enantioner, substantially free of its stereoisoner
may be obt ai ned by resol ution of the racem c mxture using a rret hod such
as formation ofabkiisiesnaieaelnbasss insthp gasspitiae aFidic materiole bindug 162g6g1s siglnt s

(St ereochem str f 0 MG aw Hill;

Lochmul | er, aét180%1‘:§f}a dqlﬁgcg e?%wﬁg %%%é%ﬁ%)ﬂ)p%é%hfggro@&?herﬁacem c 15

mi xtures of Cﬂ‘t}lm@ﬁllqﬁﬂ@@umt@ﬁréalgents (VED! o1othe tike. be separated and isol ated

by any suit e net hod, incl udi ng@ﬁfé formati Oné@? nic, diastereoneric

salts with chiral Sdesien s aerigntats saethodsiob senyation ?Qﬁ%aﬂn the PP 9% zat i on

or other net h@lgiiater§a%g inbQRERL F%x%hgfé @ﬁith‘ﬁg SR dnel RAERAMNIS M ihh chiral

derivati zi'ng rea , Separation ast ‘er eoner s, and conversion to

t he pﬁr e st er@@tnlmonemé sulslivdlatRid, pﬁ);errsepaalmenmnquolartfencswbsltgmupsahl y pure or

enriched stereoisorners directly under . chj ondltl met hod

(1), diaster e@ﬁ%’inﬁ‘@g%a&f‘}’ tabality sk n?a(‘ﬁr}?ésci‘nﬁ\?ld;“e%‘l‘ﬁ?aé’r? gt th’ﬁlHﬂ}pgl?Weri cally

pure chiral £3(iH %H? % R %I{éeskﬂ%' iR kiRt KNG RRIniqE HEN Tk

a- net hyl - ( 3- p eny et’hyl am ne (anphetam ne), and the like with 25 asymetric

conmpounds beaﬁolac@eacﬂnhdesﬂr@dlmpm@nam ty, such as carboxylic acid and

sul fonic gcid. The,diastereoneric sa in t rate by

fractionald cryst af' S FHROBPOL £ig% a@ﬁr‘%’%ﬁ%ﬁdr%ﬁ?ﬁ n{agg?@%e(gﬂgr%atl on of the

optical i somegs effom@iniPbe opRAHADS reRUich FTOfacEhicrmixngantiaxyl i ¢ or

sul fonic acids, such as canphorsulfonic acid, tartaric acid, mandelic acid,

or lactic acitethed su@wl ﬁormattlormf dastareamaerh ugng phdcally Astier woolsiigc sal ts.

Al ternatively su lyv &agted with

one enant i orre?'ge&?s( it SRR C(é?é):zgt %&ne%ﬁfié%%l r(Eliel,

E. and W engiiB.LocA2890dr, 8 B g0CTHI shfoynmg;mgamﬁmgsemmmmld ohn Wley &

Sons, 84 WD 2006/ 015261 PCT/ US2005/ 027088 I nc, Di ast reorrerl c

conpoundslianﬂlﬂiéuﬁeépﬁ@ﬁf%yoméa‘@% 19 thesprepsionican be 6‘??&!%?&%%11%? Ated

enanti onerica S t

derivati ves, %Igyﬁuﬂ%glﬁg}hés%lﬁ%?lgﬂh%gw @hﬁgn&gﬁfggfti%reggﬁe&%gmgﬁﬁ ErOfl"qled\)tr;i ?)1} ysi s
chiral compounds and separation by fractional crystallization or other methods,

(2) formation of diastereomeric compounds with chiral derivatizing reagents,
separation of the diastereomers, and conversion to the pure stereoisomers, and

20  (3) separation of the substantially pure or enriched stereoisomers directly under
chiral conditions.

Under method (1), diastereomeric salts can be formed by reaction of
enantiomerically pure chiral bases such as brucine, quinine, ephedrine,
strychnine, o-methyl-B-phenylethylamine (amphetamine), and the like with

25  asymmetric compounds bearing acidic functionality, such as carboxylic acid and
sulfonic acid. The diastereomeric salts may be induced to separate by fractional
crystallization or ionic chromatography. For separation of the optical isomers of
amino compounds, addition of chiral carboxylic or sulfonic acids, such as
camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid can result in

30 formation of the diastereomeric salts.

Alternatively, by method (2), the substrate to be resolved is reacted with
one enantiomer of a chiral compound to form a diastereomeric pair (Eliel, E. and
Wilen, S. (1994) Stereochemistry of Organic Compounds, John Wiley & Sons,
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to yield the free, enantionerically enriched xanthene. A nethod of
determining 5 optical purity involves making chiral esters, such as a

ment hyl ewoenos/msmwi, (-) nmenthyl chloroformate in the presase@sot7os@ase, or
Mosher ester, a-nmethoxy-a- (trifluoronethyl)phenyl acetate (Jacob I11.
(1982) J. Og. Chem 47:4165), of the racemc mxture, and analyzing the
NVR spect r um os pt 382) p Pésstareameric ¢dmepouids cag hediprmerhy 1eaciii Sy BYRGHEr s.

St abl e di astereoners. o [ [ ted and
Csol ated by rerarosh RhRRRSTRIL fuE BB RS aiE ARLBR, SRR T B0 £ or
separ ati on of majthglniesi@amvdsclollapil by lsepasaiipui ofahd diesierefiioyseand hydrdlydis

96/ 15111). By nethod (3), a racem ¢ mxture of two enanti.qQners. can be
separ at ed by ‘enidfdteditea praptigaicHgally @riched xathaneofal thﬁﬁ&é e il Li qui d
Chr omat ograaph ) \y Yor k;
Okanot 0, (199 dogfbifiy %P%ﬁ%b%g?& s iU ?@kie%st%?e@'%ﬁ”? i fied
enantiomers caenthgl dilgbiorguieshelst fysenes bbisise usddodber elitat ongethety-at her

chiral nolecules with asymmetric carbon_atons, such as opti (I‘al r thgti on and
circul ar di chitaileoromethyhpheny] matase flecaell (382D d @ra hsar 44 @@eﬁg‘i ry

met hods for t I [ - %ﬁﬁ@ j [ vi ded
herein, for e%g?rrgﬁcgﬁﬁﬁé’taﬁg a&élg%rl%gg% er %%%gﬁelﬁg\(fvf. ﬂ%ﬁgislgg%eﬁg%@%;r e

i ntended to idttdpiongiie diseremners.eStablesliastere@napaf atromstsnaicecongioundt ended t o

limt the scope of applicable methods. rtain c ounds of the invention
can be uskd aniberseparalgrd gn §°¥36‘?d1?3h]@3r’6¥agﬁ‘gfié‘?‘ie&}§‘?'1§%€? SPREE PG pounds of

the inventio | o584 doRHmoliRgtosphonat e
conpounds of n@"#@?“ﬁéﬁ@%ﬁ’f Eaﬁfé[t%ﬁfgﬁgﬁdﬁﬁf%%fﬁﬁ VERSI ONS OF THE

PHOSPHONATES (RidykeNK; W@960RI ) D), By methiik(F) Oydcomid nomre ANDVR- LI NK- P( O) ( OH) Z.

30 The follow ng.schenes, 32-38 descr.ibe the preparation of.phosphonate
esters of thee‘{j‘gﬁ%tiﬂgﬁs CaR P SEFFALCRRY PIHRE“@{O a(p%yélu%?,g 49 lr%ﬁq%thobnﬁw POups R1

may be the sgifgpfidlid ERf&Rkoerd; (@ssgrwupio@ hachethap@ar ahHEPHONAL €
ester, or to /' US2005/ 027088 recursors thereto, my

be changeld usNey YeskaBkinoted(10AGN. AL tanaiesroP iBTDASS). Epmiehedieter conver sion
reactions of Ig)ur}ﬂ‘?e%he?lgn 1ioerrsler‘ésl Céh ﬂ)e! (lhg 1}1&11%11%8 b'y rr‘ne%?or&% %eds%zdistinguish other

chiral molecules with asymmetric carbon atoms, such as optical rotation and

circular dichroism.

Examples General Section

20 A number of exemplary methods for the preparation qf
compounds of the invention are provided herein, for example, in the Examples
hereinbelow. These methods are intended to illustrate the nature of such
preparations are not intended to limit the scope of applicable methods. Certain
compounds of the invention can be used as intermediates for the preparation of

25  other compounds of the invention. For example, the interconversion of various

phosphonate compounds of the invention is illustrated below.

INTERCONVERSIONS OF THE PHOSPHONATES R-LINK-P(Q)(OR"), R-
LINK-P(0)(OR")(OH) AND R-LINK-P(O)(OH),,
30 The following schemes 32-38 describe the preparation of phosphonate

esters of the general structure R—link-P(O)(ORl)z, in which the groups R! may be

the same or different. The R' groups attached to a phosphonate ester, or to
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The group R in Schenme 32 represents the substructure, i.e. the drug
"scaffold, to which the substituent Iink-P(O(OR )2 is attached, either in
t he conpowodsoanfisishe 5 invention, or in precursors theretras20s/otoes poi nt
in the synthetic route of conducting a phosphonate interconversion, certain
functional groups in Rmy be protected. The nethods enployed for a given
phosphonat e t prasisorsiiedreionmay bp ehanged using epiablished ghernigal tpptormetist R, and

of the substrate.to which the .pho on ' .

preparation ara\.he e {rEi {??Ctb%(%s(%ﬁg%sgg Eégaf%'rée%gﬁ ledrsgraf%étngggﬁegllebgeafi n Organic
Phosphor us Conpeurfis R fa SdMemK33etmpats thé subsivaeiure, i.edBe diigl‘Byaffdd 26, p.

of f. In general, synthesis of phosphopate esters is achieved by coupling a
nlucl eophi | e afihied the substiarst link-ROXOR e ratieshssh githeg imteicompaandsiiddhonat e
el ectrophilic.pregc . F , itFon on to 5 15
hydr oxy of§ nut g%tgclﬂéépl{n 5 m%q??ﬁ%g%ﬁhAmeﬁ%%ﬁpgr p egltgﬁ(éﬁm%éﬁ&%f nucl eosi de
p h?ls ph z;t e non @@ﬁiugfnsg %:h iﬂlitgph@r?]dwmtacbm/resdmr, sattain dimchiengd rgeqeps éa Rbyaskew er al

we nown net hods, or ophosphonat es useful for synthesis of the
prodrugs are Pifessk cherpefhdsranrloyre: for ﬁggﬁnfkgﬁpg'PBﬁéFéﬁqf%ma(thsner .. et

al, (1992) J-d%@eﬂdo. Wy iojfﬁ?eOQubstﬁﬁ%ﬁﬁ@PBﬂﬁW[H@&R&ﬁa@t@wmech@y oxi dat i on
of the 20 correspondi ng chl or ophosphol anes (Anderson, et al, (1984) J. Og.

Chem  49: 130#hosphomdte gioap ddittacheld Thy prepaction andhydiokyssusphosphoadedi ol wi th

phosphorus_trichl oride. ternatively, t chl or.o onat e .agent is nade
by treati f‘n‘b tiprs s @ﬁ?%@ﬁ?%ﬁﬁ%ﬁ%%@ﬁ%ﬁ%ﬁ@@fg atois, et
al, (1990) J. Ng%?rm:ds, ﬁqpe,y fge;d( mpefrans. |, 1577). Chl orophosphonat e speci es
may al so be generated in 25 situ from correspondi ng cyclic phosphites

(Silverburg, et alIyggeadsynthesis afiplosphonateesters iszehieved vy 4yupliggiach in turn
can be either de .from.chl orophos ane aor hosphor am i.nt er medi at e.
Phosphor of | ouﬂqagﬁ@ﬂﬁ ﬁfné?en%roql%fﬁ’tgp‘ﬁ'%ggﬂéef TRy ?rhdg?ga Y %t%ggbg%%ﬁ%%ﬁhat e or
phosphori ¢ acikRcHgphildd srec@dssr. For BraRplE SlorbphdspBRaiteiddtion &f tocycl i C

pr odr ugs %V\at anabe et al., (1988) Tetrahedron lett., 29:5763-66). 30
Phosphonai® phpdoryef micledsideds a sisHtknorvpanethethfonpyeparadion pénpsledsiieed from

R T T AT
i ncludi ng, bukn®®h nletivids.e Ghiodephogpiumdics mbatalsfot Amkaisddithe plodalgs afel 994)
Collect. 86 prepared from the substituted-1,3-propanediol (Wissner, et al, (1992) J. Med
Chem. 35:1650). Chlorophosphonates are made by oxidation of the
20  corresponding chlorophospholanes (Anderson, et al, (1984) J. Org. Chem.
49:1304) which are obtained by reaction of the substituted diol with phosphorus
trichloride. Alternatively, the chlorophosphonate agent is made by treating
substituted-1,3-diols with phosphorusoxychloride (Patois, et al, (1990) J. Chem.
Soc. Perkin Trans. I, 1577). Chlorophosphonate species may also be generated in
25  situ from corresponding cyclic phosphites (Silverburg, et al., (1996) Tetrahedron
lett., 37:771-774), which in turn can be either made from chlorophospholane or
phosphoramidate intermediate. Phosphoroflouridate intermediate prepared either
from pyrophosphate or phosphoric acid may also act as precursor in preparation
of cyclic prodrugs (Watanabe et al., (1988) Tetrahedron lett., 29:5763-66).
30 Phosphonate prodrugs of the present invention may also be prepared
from the free acid by Mitsunobu reactions (Mitsunobu, (1981) Synthesis, 1;
Campbell, (1992) J. Org. Chem. 57:6331), and other acid coupling reagents

including, but not limited to, carbodiimides (Alexander, et al, (1994) Collect.
86



WD 2006/ 015261 PCT/ US2005/ 027088 Czech. Chem Commun. 59:1853; Casara et
al, (1992) Bioorg. Med. Chem Lett. 2:145; Chashi et al, (1988)

Tet r ahedrwo 2b@t(t1526129: 1189), and PCT/US2005/027088
benzotri azol yl oxytri s-(di net hyl am no) phosphoni um salts (Canpagne et al
(1993) Tetrahedron Lett. 34:6743). 5 Aryl halides undergo N +2 catal yzed
reaction w t Cahbsphin Codumin 49i168% Caseragt ok (HA32) Bistess pHerh 467 b ai ni ng

conmpounds (B?r' %}a r,..e 0] . ] :5425) . Phosphonat es
may al so be L ar%%@sﬁlre})ﬁﬂwg%?gﬁ%%]iegm%g% "o%ffegg?’flﬁtd he pr esencepof a
pal | adi um cathystiakislogytak-gamicic/lahinbighatsimn(Re talakCampbgmd et @1987) J. Am

Chem Soc. 109:283 1; Lu et al (1987) 10 Synthesis 726). In another nethod,
aryl phosphora9®3)dstrehedrar éefbry@t8d from aryl phosphates under anionic

rear rangetent cond ) gl WrhoRE N 2980y cToLE AP e BB i RRvARTS:  Cast eel

et al (1991) Synthesis koxy “ary al kali met al

ﬂ:[l vat i v?aszqf) r%@x;ecaﬁy@l?blﬂ%dnatghmma?gm%tmmm( 1;33211@132@‘; et al (K980) He@is f or
eroaryl - 2- phosphonate 1inkers e r 0 . . Chem 15 35:4114).

These above ré’?ﬁ”’i-éﬁésézﬁ}st%&h%ﬁﬁsé‘Faé’g‘?ngeeB?P%é%%oF‘glgonpounds wher e th)e

W6 group is ﬁ%ﬁ'&})@éogﬁg&la?e in @& lﬁge:n_cl: ofa Bé@&ﬁlﬂwcaﬂamﬂﬁ@a@fnaﬁ@hosphonat es

are al so synthesi rom phosphoni ¢ diacids and substituted propane-
1, 3-di ol s usitaflates (Bxpkisrey af @A§ENE Azucthens Sag. 309d88 i, dlwdtek (1984) bodi i mi de

(DCO) in presence of . g. i di : her 20 bodid m
coupling 12’95\5@%166?4%«3 2%,' gﬁ%ﬁe@%& %ﬁ%@é&iﬂﬂéﬂr‘]}gﬁo qeo?%{%?r&%%pggq%hfﬁ?rﬁéd?eggZﬁ? ,
1-(3-di met hyl 208 NERHIORA! unddr £ibit SkaREEM it dendiiedsq@IEIGihi(8es1) (EDCI) can

al so be utilize or the synthesis of cyclic hosphonat e prodrugs. The
conver si on of TarqiadspHenals 33l % Sasteelss al (199 h lfﬁl??éisc@‘?lr)eé\géﬂiﬂhxﬁ@f}’l

phosphonat e nonoest e 32.2.(;Schene 3 { I i d by a 25
nunber of et Sﬁg‘ﬁ ylﬁllf@)lfa IR ?18{1“?113(85 %é(%yé: Eg %@éﬁ @?qséﬁ%a?ecﬁ 8&@%@%216& aIy kyl
group such agmBRER Ybr hdiGoH9NYPhbghohitt tinkéte (REBNESY EY703 OnPay@he®32. 2 by
reaction wth a tertiary organi c base such as dj azabi cycl ooct ane ( DABCO)

or qui nudl i el 14sThesezhavserpnitiongd methgds exeeo pa9gedeg o sgnRoUnTRe
ot ene, at - anagre 9 ¥Rk QI RRE T R T o E ™) | D T en R
is an aryl grgiegplaatesase alghgmliesized fram phdspimylic dincidpasdisibstmteal | yl, into
t he nonoester S32.2 is_effected by,
propane-1,3-diols using a coupling reagent such as 1,3-
dicyclohexylcarbodiimide (DCC) in presence of a base (e.g., pyridine). Other
20  carbodiimide based coupling agents like 1,3-disopropylcarbodiimide or water
soluble reagent, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDCI) can also be utilized for the synthesis of cyclic phosphonate prodrugs.
The conversion of a phosphonate diester S32.1 into the corre‘sponding
phosphonate monoester S32.2 (Scheme 32, Reaction 1) is accomplished by a
25  number of methods. For example, the ester S32.1 in which R!is an aralkyl group
such as benzyl, is converted into the monoester compound S32.2 by reaction
with a tertiary organic base such as diazabicyclooctane (DABCO) or
quinuclidine, as described in J. Org. Chem. (1995) 60:2946. The reaction is
performed in an inert hydrocarbon solvent such as toluene or xylene, at about
30 110 °C. The conversion of the diester $32.1 in which R' is an aryl group such as
phenyl, or an alkenyl group such as allyl, into the monoester S32.2 is effected by

treatment of the ester S32.1 with a base such as aqueous sodium hydroxide in

acetonitrile or lithium hydroxide in aqueous tetrahydrofuran. Phosphonate
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treatment of the ester S32.1 wth a base such as aqueous sodi um hydroxi de
in acetonitrile or lithium hydroxide in aqueous tetrahydrofuran.
Phosphonawe 2806/M&62006/ 015261 PCT/ US2005/ 027088 di est ePsT&3200%/02T088Vhi Ch
one of the groups R _is aral kyl, such as benzyl, and the ot her is alkyl,
is converted into the nonoesters S32.2 in ich RL is alkyl

hydr ogenat i ondiestors S2dniplvehics prapighe atoupsiRuinagHlrlasusbres (1981@76141 yﬁ’élti the

Phosphonat e este S:i.n_whi h both of t r I such as
oy e Contbrt gL ifedefid i hdbol el SRR nEE R BAEEY, SN ©
treat ment W tRydregdnation, fbSdxtafipdresiyd @b&lﬁddiuﬂil en lch®dh unalyey. Pkosphonaits
catalyst) in aqueous ethanol at reflux, optionally in the presence of

di azabi cycl oodiesifrs in fichdedlpf e gyoups |Rh@re aflIﬁ"élerSHE]é%&ﬁlE’H»dé%%"eEé@I inl Og.

Chem (1973) [ I tes. 10 The
conver si onsgof 2 f’fl'ﬁospoce)%[a éi}? es‘?@l\réﬁggiso%ﬂkerg}l wt ospﬁg)r%il{}g nonoest er S32. 2
into the cor raﬁm&@h(h@hsﬂmepMpmme)rb@ﬂmm$M11<3ns(oﬁts leetatys§2n aqiReas tthemsd 2 and

3) can be effected by reaction of the dies t he noes e with
trimet hyl si |yt BleriogEonally ipdaeppsage phdigza éﬂ?féﬁ%“@% Or BHIEMIC BHHTHE  (1979)

739. The reaci.Qf.de u&%?xf}%ﬁ% TToAN Crbf! §9§§’J 3’83§§245 %hh@@lea\fa%é ogxanpl e, 15

di chl oronet hane,” optionally Tn the presence a silylating agent such as
bi s(trinmethyl sllylychﬁbbkylhteaoroacet ai ni de, at anbi ent tenperat ure. A

phosphonate nonoe S32, 2 | r h l, i
convertedQnto t he%ﬁ%ﬁ)?qv@§%h #5@&’%&6?8@1%@@ as gPééenalt Ison
over a pall adhl%ﬁbes%tsgbquhto tﬁé c&’)‘esb{)ﬁ(ﬁﬁgfﬁmspﬁbﬁlb aHﬁ@SQQBe('ScEéih@BZ de in an

et hereal sol vent such as 20 di oxane osphonat e nonoester S32.2 in which
Rl is al kenyl Rsamlhnﬁz and 3y canéocanffﬂc‘@d ba|rpaf1t10n|o§ ﬂ@dh%éfrltoétﬂlq T el 37

phosphoni ¢ aci eact [ son I t | n an agueous
organi ¢ sol veWﬂth ?@F&@Eﬁ%tfr@ql %&/%5383 S]k & nl’t 1T )ts i aqugous

et hanol , for epoaopy®m. usk @ﬂlcﬁbﬁlspbﬁ@ﬁdwﬁleﬁﬁﬁ&f sdneshusnch ztsI@th exﬁhplep Act a.
(1985) 68 618. Pal | adi um cat al yzed hydrogenol ysi s of 25 phaosphonate esters

S32.1 in Whi chicRbromgetbanez gptigng lmelstheum@anqerpfy silplaging @geFhsucl 35059) 24: 434.
L Vs SR
of a phosphonaioaossir®32126h wIdeh R isntalkyl sptiosytemmglt & converted into the
corresponding phosphonic acid S32.3 by hydrogenation over a palladium
catalyst, or by treatment with hydrogen chloride in an ethereal solvent such as
20  dioxane. A phosphonate monoester $32.2 in which R'is alkenyl such as, for
example, allyl, is converted into the phosphonic acid $32.3 by reaction with
Wilkinson's catalyst in an aqueous organic solvent, for example in 15% aqueous
acetonitrile, or in aqueous ethanol, for example using the procedure described in
Helv. Chim. Acta. (1985) 68:618. Palladium catalyzed hydrogenolysis of
25  phosphonate esters $32.1 in which R!is benzyl is described in J. Org. Chem.
(1959) 24:434. Platinum-catalyzed hydrogenolysis of phosphonate esters S32.1
in which R' is phenyl is described in J. Am. Chem. Soc. (1956) 78:2336.
The conversion of a phosphonate monoester $32.2 into a phosphonate
diester $32.1 (Scheme 32, Reaction 4) in which the newly introduced R! group is
30  alkyl, aralkyl, haloalkyl such as chloroethyl, or aralkyl is effected by a number
of reactions in which the substrate $32.2 is reacted with a hydroxy compound
R!OH, in the presence of a coupling agent. Typically, the second phosphonate
ester group is different than the first introduced phosphonate ester group, i.e. R!
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di ester S32.1 (Schene 32, Reaction 4) in which the newy introduced Rl
group is 30 alkyl, aral kyl, hal oal kyl such as chloroethyl, or aralkyl is
ef f ect ed W9 2000musdser of reactions in which the substrat @ecgdR@sioz7oseact ed
wi th a hydroxy conpound RICH, in the presence of a coupling agent.

Typically, the second phosphonate ester group is different than the first
i ntroduced phisdplioresty @5?@?0‘3@%%@1?\.‘él.leeraChB‘QfR/\Gnﬂd%)ZG? épi‘glzéia?kyl

PCT/ US2005/ 02 i i tah : gLepeach of Rl
and R2 is al k%alqgfﬁkﬁlasﬁ?(%% Ah@%??%lg?’/ I?%ﬁlsﬂggﬁugcggﬁg ﬁ?ggg%ﬁlﬁﬁla?y\gr argl kyl
(Schene 32, Re3X?isapndajedwbéseiy. S83zbI2 cowplingmgents e thaseS3Ehldyed Bui t abl e

coupling agents are those enpl qyed for he preparation of carboxylate
esters, and itll?EPEFd’éra&OEQ?B@g&)ﬁ%ﬂéS@ﬁCW‘iﬁc@aﬁ?G?éloéﬂ@}%?lS_(‘:‘&}ﬂ Bodi i mide, in
whi ch case t h&cﬁﬁ&%&(&%&fﬂoﬁiiﬂﬁ&t ﬁ{??fc}i QMY EL860d R préfeRBB) GonBhi@dic sol vent

such as pyriding, enzotriazol-1- yloxy)tripyrrolidi nophosphoni um
hexaf | uor ophoshdsat @g@BYBOPentSugmay pyridine, wh(behzatszolilhe reaction is

performed in | ar sol.vent such as, djnethylfor | Lh_the presence of
atertiary orgﬁgﬁg%@? dgi%’ho Olilﬁmcslli‘%}g’b(?IB SB&%W@&'S _ aliillari t hiol -2
(Aldrich) in whicsRka&atErdabod RetbARC B o fidaBleabsuch aa basic sol vent such
as pyridine, in the presence of a triaryl phosphine such as

t ri phenyl phosgihietiylforhamideain the pyesenchof o dertiarysirggniobasetsach ghosphonat e

t S32..2 to t i est 2.1 i f.f.ect. ' f t
it sunobulG oatitrebv R fuER b (GHCEIEN P UEea i (1 (e

15 hydroxy cogmauied Rl bhsid 1vdae siwhes eRtidinef indheplryéncasddidayboxyl ate and a
triaryl phosphi ne such as triphenyl phosphine. Alternatively, the
phosphonat e  Phssplise srchggriphanylphpsphites Phematively, the sopyrsuphehiee di ester

S32.1, in whigh the | 0 i |-{k: | k¥l reaction
of the nonoes eors})}\}\?ntaﬁe rﬁ%%oe@ﬁ%??%?ﬁ ?ﬁ%ﬁf%téﬁ%v%zilﬁl ﬁ @%Ct?(ibgg}?eaﬁl%g% or
aral kyl . The ®ifsyhddbuiredvtioapastdeseribied aBOvee he watiserdtel inraaciedivath thegani ¢ sol vent

such as di net hyl formam de qr, acetonitrile, _jn the presence of a base such

as cesi uniar Bherecomauad RaOE é 6‘1_,6 W’W@ncéﬁfdgﬁhﬂr?%glcﬁ%ﬂ%@??é‘m s

transformed 'ﬁfa?ylﬁlﬁt% %ﬁ@§9&9&%i§héﬂy@?ﬁ&%hfn@. AWl ERhe PHRERMHAEE. | N the
ep B ester S

first step, t osphonat e non 2.2 is transforned into the chloro
anal og RP( O) (fah)dster §$2.2dathndornwidtintotthé pgsphaortsitodiester $32. bxawpicipBechl or i de

and the 11 ke, in?r%dgc%ﬁi{rli gl%gl(ljp {-s Qﬂlgn cpri a?a@l?ﬁ? Pe%%tlilgn cc%) HR %{Jorr]lggéterc\;;\vitlllvhle

halide R'Br, in which R! is as alkenyl or aralkyl. The alkylation reaction is

20  conducted in a polar organic solvent such as dimethylformamide or acetonitrile,
in the presence of a base such as cesium carbonate. Alternatively, the
phosphonate monoester is transformed into the phosphonate diester in a two step
procedure. In the first step, the phosphonate monoester S32.2 is transformed into
the chloro analog RP(O)(ORI)CI by reaction with thionyl chloride or oxalyl

25  chloride and the like, as described in Organic Phosphorus Compounds, G. M.
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product
RP(O)(OR')Cl is then reacted with the hydroxy compound R'OH, in the

presence of a base such as triethylamine, to afford the phosphonate diester S32.1.
A phosphonic acid R-link-P(O)(OH), is transformed into a phosphonate
30 monoester RP(O)(OR)(OH) (Scheme 32, Reaction 5) by means of the methods
described above of for the preparation of the phosphonate diester R-link-
P(O)(OR'), $32.1, except that only one molar proﬁortion of the component
R'OH or R'Br is employed. Dialkyl phosphonates may be prepared according to
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Kosol apoff, L. Maeir, eds, Wley, 1976, p. 17, and the thus-obtained

product RP(O(OR)C is then reacted with the hydroxy conpound R1COH, in
t he preswoceodfiswibase such as triethylam ne, to affor@crhs2@sospionat e
di ester S32.1. A phosphonic acid R 1ink-P(O(OH)2 is transforned into a

phosphonate 30 nobnoester RP(O)(CR'L%(CH) (Schenme 32, Reaction 5) by neans
of the nethodthe raesBedsi eQuasbetal (5974 Synirpgs $9% Siewell el 619%he phosphonat e

diester R-link- P : pt that only one nolar proportion of
FereblelHs @ézéﬁ%s%@g?gd Di al kyl

t he conponent or r-1’s enp phosphonat es may be
prepared accor di ngAtghoS§hodR 209 RLMIEPEN(CEY/I3BBBF/020088] inthe et hods of

t et al 1974) Synthesis 490: St | | 1990 Tet d Lett.
$961; Us SooSmBBPhUspRORELI O G e bpeeRd. Reetgniof Y Aoy o e
100 a - phosphanane desh Sinhl hiddr PLOMEROR OBk el ehampoiz. React fon

6) by a cou reaction wth t roxy conpound RL OH, in the
presence of aceplipkiapentagends Aldeithials2 A ldrich)vind| t;iﬁhe(mdphobpihl)e. dihe

tri phenyl phosphi ne.. The, reaction. is conducted in a hasic. splvent such as
pyridine. Al t B@pAQn isppductesddgadnisiviselvars aspyriding é’H?%%‘sYFg’r med into

phosphoni ¢ esgﬁ&ﬁhéﬁéaéidé Q3Z§@iamrarﬁﬁorh§d%tbﬂEhoéiﬂﬁoﬂi@%ﬁt%_rs_cgiiﬁl BOMRchNg
reaction enpl oyl ng, for exanple, 10 dicycl ohexyl carbodiimde in pyridine at

ca 70 C. At eRXBteir)debymeplmﬁrﬂmphng teertdon @Bplogingy ko examelfor ned i nto

phosphoni ¢_ester 32.1 in.which Rl is al keqyk, \..0y_neans . al kyl ati-on
reaction. ?Ql'hedﬁﬁag HoheP Hrﬂd?glg%’éf&eeagc 9? h&t‘ﬁge%%ﬁez%ﬁhg rh%%lcde R1Br in
a pol ar or ganhgds9dy s ate tBaslbrAsd #06 HRGiphohik @stel 3821 10Mm wliich Refs dlikenyl,

tenperature, the presence of a base such as cesium carbonate, to afford the

15 phosphoni cbesteens €32 akylaioneaciows ba BaephmeT AudIDIFFied TOBEhe Scheme 32 0
0 Rlink-p- Gaﬁ%er:l'yl R M R pgﬁls 01%%1%‘0 Lo fP6ht33¢h 45 aRkonitrile solution at

reflux temperature, the presence of a base such as cesium carbonate, to afford the

15  phosphonic ester S32.1.
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2 RIlink-Pc ORl1 R Zink-Pc OH OR1L S32.1 OH 532.3 OO R-link-P- p ORS 3
R-1ink-P- OH OH 532.2 OH S32.3 OO0 RZnk-P1 ORL 4 - RIlink-P1 OR COH OR1L
S32.1 S3R020€/0A526R- | i nk-P* ~ ORL 4a R-link-p_ OR OH ORZT&32005m270882.2 O 5
O RIlink-P_ OHR-link-P1 ORL OH S32.3 OH S32.2 06 0 R1link-P_ OH
R1ink-P ORL 1 OH S32.3 OR S32.1 Preparation of phosphonate carbanates.
Phosphonat e est er sSeh8&¥nt ai n a carbamate |inkage. The preparation of 5
carbamates is described on Conprehensiyve O ganic Fun(ﬁti onal G oup
Transfor mati ons, AR-ifk—KatORt zky, -ed——PepgamoR-Ii99R—-Ol . 6, p. 416ff,
and in Organic Functi ona\d)RGé p Preparations, by S. RH S&%3i2er and W
Karo, Academ c Press, 1986, %‘u 260ff. The carbanoyl group may be forned by
reaction of a hydroxy group according 20 the nethodsQknown in the art, 10

i ncl udi ng the teachilinlgs—' ORf |i s, US200260103&76kA-RaAd Hajima, US
6018049. Schene 33 illusprbtes various methods by whosh tdy scar bamat e

|l inkage is synthesized. As 8¥Wn in Schene 33, in the general reaction
generating carbamates,,Oan al cohol S33.1, is conver egHi nto the activated

derivative S33.2 iRdink—R—OR' —_ R'“”k—F’\gH
OH g325 $32.3
9 1 4 : 1l 1
R—link——P\—-OR - R-Ilnk-—P\—-OR
OH OR' s32.1
$32.2
, || 1 4a . 1l 1
R-Ilnk—P\—-OR — R-Imk———R——OR
OH OR? S32.1a
$32.2
N 1l ’ 5 . ] 1
R-llnk——P\-‘OH —_— R-lmk—P\—-OR
, OH
$32.3 $32.2
O 0
. 1l 6 |l
R-link—R—OH —_— R—link——P\~OR1
1
o s32.3 OR" 321

Preparation of phosphonate carbamates.

Phosphonate esters may contain a carbamate linkage. The preparation of

5  carbamates is described in Comprehensive Organic Functional Group

Transformations, A. R. Katritzky, ed., Pergamon, 1995, Vol. 6, p. 416ff, and in

Organic Functional Group Preparations, by S. R. Sandler and W. Karo,

Academic Press, 1986, p. 260ff. The carbamoyl group may be formed by
reaction of a hydroxy group according to the methods known in the art,
10  including the teachings of Ellis, US 2002/0103378 Al and Hajima, US 6018049.
Scheme 33 illustrates various methods by which the carbamate linkage is
synthesized. As shown in Scheme 33, in the general reaction generating
carbamates, an alcohol $33.1, is converted into the activated derivative $33.2 in

which Lv is a leaving group such as halo, imidazolyl, benztriazolyl and the like,
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which Lv is a | eaving group such as halo, imdazolyl, benztriazolyl and the
i ke, 91 WD 2006/ 015261 PCT/ US2005/ 027088 as descri bed herein. The

acti vat edwdenicvmasicre S33.2 is then reacted with an am necT®32003/021088 af f or d
t he carbamate product S33.4. Exanples 1- 7 in Schene 33 depict nethods by

whi ch the general reaction is effected, Exa il.lustrate

al tFIr native mstdeserberdreraimdhsragtivited deayatiye gg? %%ﬁ%ﬁ%gﬁac@d%ma@@e Exanpl e
1 illustrates n ngs 9§ onny |
derivat i ve or T GrEBRTAL Ll Bk RSB R e D A a5 i s
reacted with @pﬁxﬁg@dﬂmdsibny varich thergtencsra] mewttonsisleffecasd tFxboptes 8 -0 about 0 C,
as described in 167, or wth an equival ent

reagent such lélélStfalftF élﬁ?ré?tb‘f?é?ﬁgw fgﬁfhﬁrpé?ﬂﬁ'faﬁ’ﬁpé’ Ca@ala‘é?én bed in Og. 10
Syn. Coll.5 Vol . 6, gcflme d113:9ﬁ§ rn][Blg| 18iifgrfestthepfephiartion of mbanass3. 6. The latter
compound i's then reacte f e am ne conponent S33.3, in the presence of
an organic oasmplnpmgardhbarbﬁmayl devivafifoofithe hisobel$33ra e thégmroredurn thexanpl e,

the chlorofor .S reacted.w S33.3.in a

wat er- ni sci barlgg}%ggggtls %e@r&tﬁ é&@f’?%dﬁﬂﬂ??ﬁsow?{l?f%%} %%%lug%cét of aqueous
sodi um 15 hydjoxi gec, Aicdaafel iR erlo.iynQrel. WIN3, 1871 1965Yet witB.anl167, 1965, to
yield the carbamate S33.7. Aternatively, the reaction is Berformed in

di chl or omet hasmivatent réngepirsssle aciichioremetbpgactilerofemeaties at Aesggded in Org.

di i sopropy] et

depicts the res o1 ﬂﬂé gﬁ g’yt g?rd}ﬁ%ﬁjﬁgdtﬂ&atgg%%@%@eglgﬁ%??: ren éazol e

to produce thgm uﬂél@ih'eﬂ@ea@&a wath ﬂibammdmcﬂrqmlemcﬂmm (i)ldﬂietpresenctd”l@“ranr eact ed
with the amne S33.3 to yield the carbanmate S33.7. The p I@ tt|on of the
il

i m dazol i de |@1gp@1ﬁf06m¢égﬂm%b3éﬁa tasfiord the satbpmate S33ch Foééxadlil f omret hane at
0, and the pr i r i ilar solvent
at ambi ent teﬁg%ﬁp mS'T C%B‘h ona é)ﬂ:}@& € eﬁie@lg?gfség%gggg?ig n‘g%g?e?uch 25 as

di met hyl am nopydcitdé §tﬂverﬁ8u¢lﬂ&déﬂrzﬁ@dldfmraﬂ inNkelpretrenof aqi@89s s@ym357. Schene

33 Exanple 3, depicts the reaction of I rof o e. 6 with an
act i vat edﬁwydhﬁtﬁ?%ld@cﬁsrﬁéﬁﬁ e 1&—@&#&?—3&—@ r@it7 L%rgaé’r aﬁgﬁ% est er

533.10. The r@a‘?ﬁéﬂlﬁ@ shs. 7C%ﬂ%ﬁﬁ@eq e ?c'acﬂld]ﬁrs&)eﬁ*éﬂﬁéﬂ 6 BV BRHetiaHE th as et her

or dichloronethane, 1n the prese i‘ce of a base such as dicycl ohexyl am ne or
the presence of an organic base such as diisopropylethylamine or

dimethylaminopyridine.
Scheme 33, Example 2 depicts the reaction of the chloroformate
20 . compound 833.6 with imidazole to produce the imidazolide S33.8. The
imidazolide product is then reacted with the amine 833.3 to yield the caﬂ)amate
S$33.7. The preparation of the imidazolide is performed in an aprotic solvent such
as dichloromethane at 0°, and the preparation of the carbamate is conducted in a
similar solvent at ambient temperature, optionally in the presence of a base such
25  as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 357.
Scheme 33‘ Example 3, depicts the reaction of the chloroformate S33.6
with an activated hydroxyl compound R”OH, to yield the mixed carbonate ester
$33.10. The reaction is conducted in an inert organic solvent such as ether or
dichloromethane, in the presence of a base such as dicyclohexylamine or
30 triethylamine. The hydroxyl component R"OH is selected from the group of
compounds $33.19 - S33.24 shown in Scheme 33, and similar compounds. For
example, if the component R"OH is hydroxybenztriazole $33.19, N-
hydroxysuccinimide $33.20, or pentachlorophenol, $33.21, the mixed carbonate
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30 triethylam ne. The hydroxyl conmponent R'OH is selected fromthe group of
conpounds S33.19 - S33.24 shown in Schene 33, and simlar conpounds. For
exanpl e, wb aéwismrponent R'OH i s hydroxybenztriazol e SRE8TAS2005H27088
hydr oxysucci ni m de S33. 20, or pentachl orophenol, S33.21, the m xed
carbonate 92 WO 2006/ 015261 PCT/ US2005/ 027088 S33. 10 is_obtai ned by the
reaction of t#H33-Ehisorhidinechy hevpactior REthgywhlosiprmatesvfuiiadydiexsh et her eal
solvent in the pr. i l.am : ' in Can. J.
Chem . 1082,  SUTEIETE fo Sinel YT A B BBl Ao IR & R G 1 s
pent af | uor ophegetib&Bd. Cai. gr CRerny 982X $@)AT6dAREMB@&Ie@3iongn Whidrther med in an
et hereal solvent in the presence of triet r}.yl am ne, ~as de.scriéji%c%g)i.n Syn.,
f

1986, 303, anéPrapRaIFnt BeOL 1&R@tf‘fh’@8?l’_hf9‘81553 SR A ORRYREING IBist r at es
the prepargti ?(%f } G RRORERSI éo'?véi’f?iqctﬂg R%{Qex?égg%f'hg&}{g@ﬁl%?)@ hddegohe S33.8

i s enpl oyed. I's procedure, an alc Is reacted wth an
equi rnol ar anmfunt1986, 2CH, hodhend Ban Iz db8, I983. 11 to 10 prepare the

internedi ate S33.8, The reactiqn . i.s conducted in.an rooti ¢ argani
sol vent such as di gﬂ!‘%‘?_ eéfﬁ‘fsértaFeé TP .Oﬁ‘%&b 6fs(ﬂ%s‘f%rlﬁhglazol e
S33.8 i,s thenyy ﬁﬁgltogﬁ}ica%éﬂﬂfliﬁﬁd@zgw S8 s PG, B thishBoeiunte affaldbkort 0 af f or d

the carbamate S3 The‘reaction is performed in an aprotic organic
sol vent such $33.5dk chited vithtahaqeimads: ajesot pheabonyl EemidazeletS33.1420 2001,

5227, to ford the 15 carha . 7. Schene 33 ample 5 illustrates
the prepatati BWP%EP%%%%W&?@%-%?“@P“ Encopﬁ'?‘g?%ﬁr}g%p§°tlc OTgatie

al koxycar bony{f1eqz shidipaQlign S3deline bitetiah pdrbfiRse e @cyloRyimddazokol ROH is
reacted at anbient tenperature with an equi nol ar amount of benztriazole

carbonyl chl oP348 igBen teactet gvitlf anogqimeler aipRetwE arenipe RNBaiecaiford thsz3 13

The reaction is, perf {n_an.aorganj yvent . r
tol uene, in tﬁaéb%?%%%éggqgke Eeaftéor 1ig§|Sa @fg%ﬁe?éﬁi%‘@ agf#%g rgﬁu%(ggdys&?rg?og]taﬁyl am ne,
as descri beddichlosyhtthess, 8s dest ATt in 104 .Lekh@2p200d 227, $o dfffierd theeact ed wit h

the amine R NH2 to afford the carbamate S33.7. The reaction is conducted
i n tol uenk orcarbaRARSB3-7Tat from anbi ent tenperature to about 80 C as

described in Synthegig,. 33 %2(2&:?%7%%ﬁgtﬁatesstﬁgﬁ%a?ﬁ%0n BrasmBhials by hsahd at es

t he preparation of “carbana
of an intermediate alkoxycarbonylbenztriazole S33.13. In this procedure, an

alcohol ROH is reacted at ambient temperature with an equimolar amount of
benztriazole carbonyl chloride S33.12, to afford the alkoxycarbonyl product

20  S33.13. The reaction is performed in an organic solvent such as benzene or
toluene, in the presence of a tertiary organic amine such as triethylamine, as
described in Synthesis., 1977, 704. The product is then reacted with the amine
R'NH, to afford the carbamate S33.7. The reaction is conducted in toluene or
ethanol, at from ambient temperature to about 80 °C as described in Synthesis.,

25 1977, 704.

Scheme 33, Example 6 illustrates the preparation of carbamates in which

a carbonate (R"0),CO, S33.14, is reacted with an alcohol S33.5 to afford the
intermediate alkyloxycarbonyl intermediate S33.15. The latter reagent is then
reacted with the amine R'NH, to afford the carbamate S33.7. The procedure in

30  which the reagent $33.15 is derived from hydroxybenztriazole $33.19 is
described in Synthesis, 1993, 908; the procedure in which the reagent S33.15 is
derived from N-hydroxysuccinimide $33.20 is described in Tet. Lett., 1992,
2781; the procedure in which the reagent $33.15 is derived from 2-
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a carbonate (R'0O)2CO, S33.14, is reacted with an alcohol S33.5 to afford
the internedi ate al kyl oxycarbonyl internediate S33.15. The latter reagent
is then weaodsdsawiith the amne RNH2 to afford the carlpamatseoS®837088 The
procedure in 30 which the reagent S33.15 is derived from

hydr oxybenztriazole S33.19 is described in Synthesis, 1993, 908; the
procedur e in hurexpyrdinesBddtis demribel insTerdeh MG 420 emyefea¥Fdlicci ni ni de

S33.20 is desgyi i : . 7814 [OG Lh: whi ch the
Ceagent Sa3. 15nel M ieRee s a8 18 desiy b Kom R SR AR S Bpt i

hydr oxypyri di $ig/33. PB3i, $03leRerredieidn batwkeh eqhietdlar,anid@@fs, of4RSdlpoliche
procedure in _which the reag{ent S}S. 15 i s%éjeri ved from 4-nitrophenol S33.24
i s descri bed RRH angihegarbenate §3314 1epndugied mandped QresBiq b tdui nol ar
amounts of: t he @l and the carbonate S33.14 is conducted in an

i nert or gasni Cﬁg%e@@?@bgrta ‘anbi ent tenperature. Schenme 33, Exanple 7
illustrates the prsgenstilBExahped bastedtesthé peparatibh of yarbabamy frouzi des

S33.16. In thi d N | hi f | at . 6. d with
o azide. 't or A BRRIRITE A g eln 5 BrReRE. pRey ROePETES S £1 e
S33.16. The | abtiel wAMROUNR, {03 ckiBPle s6AGHLLINW, tdaffdtd BHUIRBLREbAAPUNT of 10

the amine R NH2 to afford the carbamate S33.7. The reaction is conducted at
ambi ent t enperadai$is.1h Thepateacompoand is thepl reanted with an gguigiotastampustief oxi de,

for exanple as descrjhed i t hesi s. 404. ..Sche anple 8
illustrates t aB?’éep%,rl\gﬁ tBﬁ?%f%/ @ﬁfﬁ%ﬁﬁ’ta es§3§y ‘%ﬁﬁ%acugg % %gldgég%ﬁ( on between
an al cohol ROR,giRe: tkhPeiailr@Pd P61EY hprei@d $0l9dnt ¥echods diethlsalfotide, 383 17. I n
this procedure, which is described i nw%yznt hetic Organic Chemstry, R B.

Wagner, H. D.exzoutte asnigsesibediigsgnihgsis.clo82, 40k reactants are conbined at

anbi ent tenperaturg,in [otj G4 : | tpd i he
presence of a basegcshtfg}'?a%s%? ?@é{eﬁsyﬁlgl%tlyaﬁ%thg §Pe§1a %@P g%? E%B%ﬁééﬂg%i %ﬂee 33. 7.
Schenme 33, Exanik eeatibh betsice@beslcolvg ROK pad diei dhitoroformst daivatiesofyn neans 20
of the reaction between an_al cohol ROH and an_ i socyanate S33.18. In this

pr ocedur el5 whiineiS33dds by thisaosasurs, mihgdy1s deserigach eSmtlsticdzegnicn g vagner,
H D. Zook, W , 45, 1t R i nmbi ent

t enper at ur e f&nﬁé—zn@éi%llrg'?i\gag%ﬁqvgh]?' gﬁ%l’Q}g%é}gtlﬁzé’%?g%egggnntg%ﬁgne and the
| i ke, to affocembined at ambient temperature in an aprotic solvent such as acetonitrile, in the

presence of a base such as triethylamine, to afford the carbamate S33.7.
Scheme 33, Example 9 illustrates the preparation of carbamates by means
20  of the reaction between an alcohol ROH and an isocyanate S33.18. In this

procedure, which is described in Synthetic Organic Chemistry, R. B. Wagner, H.

D. Zook, Wiley, 1953, p. 645, the reactants are combined at ambient temperature
in an aprotic solvent such as ether or dichloromethane and the like, to afford the
carbamate S33.7.

25 Scheme 33, Example 10 illustrates the preparation of carbamates by

. means of the reaction between an alcohol ROH and an amine R'NH,. In this

procédure, which is described in Chem. Lett. 1972, 373, the reactants are
combined at ambient temperature in an aprotic organic solvent such as
tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and

30  selenium. Carbon monoxide is passed through the solution and the reaction

proceeds to afford the carbamate S33.7.
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carbamate S33.7. 25 Schene 33, Exanple 10 illustrates the preparation of
carbamates by neans of the reaction between an al cohol RCH and an am ne
R NH2. | rwohas/oiprzeocedur e, which is described in Chein. PCEUS2005027D88 373,
the reactants are conbined at anbient tenperature in an aprotic organic
sol vent such as tetrahydrofuran, in the presence of a tertiary base such
as tri et hyl anPremedAdPreprrationdfh FaRam s bon nonoxi de i s passed through t he
sol uti on and Géeral eacldnon proceeds to afford the carbamate S33.7. 94 WO
2006/ 015261 PCT/ US2005/ 027088 _Schene 3{NHPr ep [ Qn: of carbanat es.
General reaction RCPTROCOLVR NSO ROCONAR ™ S3%) .2 S33.3 S33.4
Exanpl es R NH2 533833.({1) ROH ROSGE: ROSEMNHR  SPFP34 533.6 S33.7 H N CN
RON (2) ROH ROCOCI S33.5 S33.6 0 533.8 R NH2 S33.3 ROCONHR 10 S33.7
R NH2 (3) ROH ROCOCI R "OH ROCOORROCONHR  S33.5 S33.6 S33.9 S33.10 S33.3
S33.7 O NNk NI~N (4) ROH S33.11 RRON R NH2 S33 .3 ROCONHR  S33.5 0
S33.8 S33.7 Examples

R'NH, $33.3

(M ROH——» ROCOCI —————» ROCONHR'
$33.5 $33.6 $33.7
H
N
[/> O _N__}
(2) ROH———> ROCOCI ———> z
$33.5 $33.6 $33.8
- $33.7
"OH " 2 ]
3) ROH~——» ROCOC] ——» ROCOOR-—» ROCONHR
$33.5 $33.6 $33.9 $33.10 S33.3 $33.7
0
OO A
= == O N RNH, $33.3
(4)  ROH $33.11 R NN 72 32 ROCONHR'
$33.5 - O 8338 $33.7
N\
\,N
N N,
)\ N'N R'NH, S33.3
%) ROH o™ ¢ )\ — ROCONHR'
$33.5 $33.12  §33.1307 “o ™ $33.7
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CNNNN N533.3 (5 ROHOC NRNH RCONHR S33.5 533. 12
533.130-_J_0, R S33.7 95 WO 2006/ 015261 PCT/ US2005/ 027088 (6) ROH (R'02) C=0
ROCOR' R WHR20REGENHR S33.5 S33. 14 S33.15 S33.3 S33.7 (OI/ROMSROOSC
ROCON3 S33.5 S33.6 S33.16 R NH2 33.3 ROCONHR 33.7 (8) ROH R NHCOCI
ROCONHR  S33.5 S33.17 S33.7 R NCO (9) ROH 10- ROCONHR  S33.18 S33.5
S33.7 (10) ROHeR NHol N (REBIERRR  S33) )r833. BNG83,7 @oadnHkCl G R'OH N

NNOHOHC :J[ Clgz39 CI‘_S‘%%S&‘TQ S33. @45 333. 2334%1 OH Oggaf I\ F I LN Iw F
F .

(7) ROH ——— > ROCOCI ————— > ROCON;
$33.5 $33.6 $33.16

R'NH, 33.3 ROCONHR'

—_— 33.7
R'NHCOCI :
(8) ROH s ROCONHR
$33.5 §33.17 $33.7
RNCO ,
(®)  ROH———> ROCONHR'
$33.5 ' S33.7
R'NH
(10) ROH——2>» ROCONHR'
S33.5 S33.3 $33.7
0 OH
N, Cl cl
R"OH = N,N N—OH
' cl Cl
OH
o Cl
$33.19 $33.20 $33.21
OH OH . OH
F F | N
F F 7
F NO,

$§33.22 $33.23 $33.24

PREPARATION OF CARBOALKOXY-SUBSTITUTED PHOSPHONATE
BISAMIDATES, MONOAMIDATES, DIESTERS AND MONOESTERS.

5 A number of methods are available for the conversion of phosphonic
acids into amidates and esters. In one group of methods, the phosphonic acid is
either converted into an isolated activated intermediate such as a phosphoryl
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F NO2 S33.22 S33.23 S33.24 PREPARATI ON OF CARBQOALKOXY- SUBSTI TUTED
PHOSPHONATE BI SAM DATES, MONOAM DATES, DI ESTERS AND MONCESTERS. 5 A nunber
of met hodsoane/myxmill abl e for the conversion of phosphoniPCT/isedd®27088 0

am dates and esters. In one group of nethods, the phosphonic acid is

ei ther converted into an isolated activated |nterned|ate such as a

phoz phoryl 96higidz006tho pbphomCTLidSP 9ubREE 1D SBY fempastioaavithyn ap@e 8kosphoni ¢
acid is activ in situ for reaction with an amne or a hydrox

conpound. Théfg%ﬁvgtspghugg phosphonic acids into phosphorylychlo¥ides is

acconpl i shed by r epgtdoanensiohfphophyhicabldetintd @hodpbibrydxhlvpides as descri bed in
J. 5 Gen. Chem USSR, 1983, 53, 480, Zh. Obschei Khi 195@ 1128 1063, or
i

J. Og. onemccormmedeg TC@H!QEWI‘@rthWy]r%@tq%@r\ﬁxﬁm 51955 ORE Gt {-de, as
described 4 (%en reacﬁ&g C53 4899 ApkBnei ¥ 1958 28 s, ofhemg 1994,

59, 6144, n W h phosp orus pent achl ori as descrlbed in J.
O g Chem (2@49;1 1898, 59,3294, qribyireactionMeth oxahdrchlorte Qs described i872. The

resul t ant h h | chl d 10
Conpounds | n AnCCkeshe S0U 116 S ot it bharns PO sied Bect ef
products. Phqgphonicy ?@tﬂ%@%@g&ﬂﬁb‘f}%ﬁ(ﬁdaé &Hs@rﬂ?&itlh\!]abﬁg an.A ol yse,

derivatives by reacti ar bon dii m dazol e, as described in | Chem
Soc., Chem Q®%9nor in(J19%4) CB4i., 1995, &ectﬁ@sEUeses@ltM@herhmdféslﬂpzdwre 19: 1885.

Activated 15 | f I d t b
oL VAl e ot S R S LR A BéelniS s e R " ©f

triisopropyl bﬁﬁﬁ,gmﬁhﬁ%)&eg&lﬂba@&s as described in Tet Lett. (1996)
7857, or Bioorg. Med. Chem Lett. (1998) 8:663. The activated sul fonyl oxy

derhvatlves are tHﬁnmpbant@ddmmthO@ﬁIﬁésmeﬁw%y@Wb&de@%ﬂﬁ@UWﬁgwﬁBYafford
am dat es or est at d
hydr Oxy r eact g?ﬁ: 1051rv%1 1(&86 811’1:1 Z{) EC%C&C%SIBUOB% a§dC Cq’lgg’l 63 Pm ne or

presence of ~a dita i de coupl1 ng

agent. The pr(ftpat)ajtlzoarmde&tm@Nnbz@omqm(ms 1an«38@sztamteldy means of
coupling reactions in the presence of dicyclohex carbodiimde is

descri bed,5 f onlfoxslepy derivativgs arepbipineddyy, the tgagton oy phosphonlc ac1ds with

trichloromethylsulfonyl chloride or with triisopropylbenzenesulfonyl chloride, as
described in Tet. Lett. (1996) 7857, or Bioorg. Med. Chem. Lett. (1998) 8:663.
The activated sulfonyloxy derivatives are then reacted with amines or hydroxy
compounds to afford amidates or esters.

20 Alternatively, the phosphonic acid and the amine or hydroxy reactant are
combined in the presence of a diimide coupling agent. The preparation of
phosphonic amidates and esters by means of coupling reactions in the presence
of dicyclohexyl carbodiimide is described, for example, in J. Chem. Soc., Chem.
Comm. (1991) 312 or Coll. Czech. Chem. Comm. (1987) 52:2792. The use of

25  ethyl dimethylaminopropyl carbodiimide for activation and coupling of
phosphonic acids is described in Tet. Lett., (2001) 42:8841, or Nucleosides &
Nucleotides (2000) 19:1885.

A number of additional coupling reagents have been described for the
preparation of amidates and esters from phosphonic acids. The agents include

30  Aldrithiol-2, and PYBOP and BOP, as described in J. Org. Chem., 1995, 60,
5214, and J. Med. Chem. (1997) 40:3842, mesitylene-2-sulfonyl-3-nitro-1,2,4~
triazole (MSNT), as described in J. Med. Chem. (1996) 39:49358,
diphenylphosphoryl azide, as described in J. Org. Chem. (1984) 49:1158, 1-
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Comm (1991) 312 or Coll. Czech. Chem Comm (1987) 52:2792. The use of 25
et hyl di net hyl am nopropyl carbodiimde for activation and coupling of
phosphoniwoaecesdnsics described in Tet. Lett., (2001) 42: ggdas2as/obiess eosi des
& Nucl eotides (2000) 19:1885. A number of additional coupling reagents
have been described for the preparation of am dates and esters_from

phosphoni ¢ adqRdss-triibepramébingenaselionié-3-BooAl, Aftrisdobt (EESNINs Beseibednd BOP,
as described .in J. : em, 1 ) 214, and J. Med. Chem (1997)

40: 3842, nesi® ’%‘H@%@@u&eghﬁq’?ﬁﬁ?@rgg?ql,g,4- triazole (MSNT), as described
inJ. Med. dlﬁgﬂno{rﬂs?cﬁﬁlkth%%nﬂﬁé)%hos bphenyéxplospphospha@Beed), s descri bed in
J. Og. Chem (1984) 49: 1158, 97 WO 2006/ 015261, PCT/ US2005/.027088

(2, 4, 6-trii salesohadiedze hebu(199A)31:399 2 tehinro, >dimethylt,8xes L 3EPSNT)  as

descri bed _in Biooyg. .Med. Ch Let :

bronotri s(sdi rfﬁ?’fﬁg?ﬁh}f@lﬁ’hagsd%%ggl Aﬁ%gﬁ%Nﬁél%gs??%gﬁu o%%é%ﬁ%}agtgg ’ z A@rgg I%) ?ndas
described in Jighenyl&ilbrophéshBHe) asiies@add,in - el oCikend, B83i BBtIFPh- 2- oxo- 1, 3, 2
5 di oxaphosphi nane, as described in Nucl eosides Nucl eoti des 193}3, 14, 871,
and di phenyl chl dthesplasimenids arg soppesied inje gmicdates apdpstepsapneansgddhe 31

1305, | PhoS PG i 2B S GARMPE Bl ol AT RARe ARearbORENDY reans of

the Mtsunobu reaction, I whic onic acid and the am ne or
hydroxy reactkanintare€caabinédiadheé prestree pf esemykplufsphine andia glallghosphi ne and a

di al kyl 10 azodi carboxyl ate. The procedure .i.S descri i g.. kett.,
2001, 3, 1643, azgdicarboxyjats. T@B‘iﬁc?d@Q ,es‘ifd’,edénéiiﬁzf%@gﬁoﬂi@e%rtjérs are

al so obt ai ned r eREt k@R ghet ween phosphonic acids and hal o conpounds,
in the presenj\gg%o(?ﬁkz’"’suitéb(?’e base. The nethod is described, for exanple,

in Anal . Chem, 19Bsphhic &0&86 aremlsalobtghedby Swaeaqhenibieivees phpgphenic | 1993,
Scheros 34_ 374643 Teitein SRRy s BFTTRT T O DUBRs bars ey, 45 1TO%
phosphoni ¢ acidsibdit RrERERAGR! XY STRSH.] 1987889 lvss phron binsanbataPeskii Schene
34), phosphonam dates (Schene 35), phosphonate nonoesters (Schene. 36) and
20" phosphidnat Brag.e£t180%, 1% 230 ne/3tyd. Grenem®93838.1130dt 0 deedely dbPesi s of
gem 43,1161.
Schemes 34-37 illustrate the conversion of phosphonate esters and
phosphonic acids into carboalkoxy-substituted phosphonbisamidates (Scheme
34), phosphonamidates (Scheme 35), phosphonate monoesters (Scheme 36) and
20  phosphonate diesters, (Scheme 37). Scheme 38 illustrates synthesis of gem-
dialkyl amino phosphonate reagents.
Scheme 34 illustrates various methods for the conversion of phosphonate
diesters S34.1 into phosphonbisamidates S34.5. The diester S34.1, prepared as
described previously, is hydrolyzed, either to the monoester $34.2 or to the
25  phosphonic acid $34.6. The methods employed for these transformations are
described above. The monoester $34.2 is converted into the monoamidate S34.3
by reaction with an aminoester $34.9, in which the group R”is H or alkyl; the
group R is a divalent alkylene moiety such as, for example, CHCHj,
CHCH,CHs, CH(CH(CHj;),), CH(CH,Ph), and the like, or a side chain group
30  present in natural or modified aminoacids; and the group R is C;—Cy alkyl,
such as methyl, ethyl, propyl, isopropyl, or isobutyl; Ce—Cno aryl, such as phenyl
or substituted phenyl; or C—Cyy arylalkyl, such as benzyl or benzyhydryl. The

reactants are combined in the presence of a coupling agent such as a
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di al kyl am no phosphonate reagents. Schene 34 illustrates various nethods
for the conversion of phosphonate diesters S34.1 into phosphonbi sam dat es
S34. 5. Thwodveatisr61S34. 1, prepared as described previ omslryus2e0s/o0bods ol yzed,
either to the nonoester S34.2 or to the 25 phosphonic acid S34.6. The

met hods enpl oyed for these transformations are  descri b%d above. The
nonoest er S34apbadsimidm err exethpladieydlehexibersodimzite asglgscst e%)‘/“iéﬁ’&ti on with

an ami noester_,S34. | LG R2 ivaf group e is a
di val ent all c?/f‘seé%és% %t@é?%%?ﬁ%?l’ g(ﬁrg&lrﬂ‘?’elxaneﬁfr ee%én%—l(@é%g&&%é?&

CH( CH( CH3) 2) , sueliik by ybeanigiatdle, tbiykedd theranddat geoduoe$Iu. Hr ShpaBBlapresent in

natural or nodified am noacids; and the group R5b is Cl-Cl12 such as

| k
methyl, et hy | forpingggaction doppopifectedrin thepissange Of eeHnting agenfs ,Sucgl?é?g%% phenyl
or substi tut ed RGRKL in S0P TR, AGKSPbdH 14, AEDNAS, DEBOPlanSinagAZY Ny T Y .

The react’ant’s are conbi presence of a coupling agent such as a
98 WO 2006/ 01&aplindsFntdSRE FirGRT fdBaratian bbathides aie] esteys. Adicanpiivelydiley cl ohexyl

car b1t 58 SECHLbe D5 B SO0 S JERIL SR
optionally i . i :
hydr oxybenzt r | azihe, b9 r¥id Fﬁi Tﬂ%?r%ﬂﬁﬁn%ﬂhﬁgﬁ% byPRiask of theVBRuasHue-

formng reactioni1s also effected i'n the presence of coupling agents such
as BOP, 5 as medmiibdesciihedin JOMpd. Chem (109992818 Equimolaxagiqupkicd] |  PYBOP

and simlar oupl i ng agents. used for the preparation ﬁﬁm' and esters.
Al t er nat i \e| ythef tan%@é%?%‘ﬂ © %@%nﬁlﬁa% .Sﬁglé?sgtebr %§$0r$ EIE;i‘ento t he
monoam dat e S3dsAcOyr MBAR phdbptanddddsimalry] sRdAmkiteRylalh&hpegar at i on of
am dat es by ans of the tsunobu reaction is described in J. Med. Chem

(1995) 38: 274éhtaidedinonbamidaivmaist 534 isthen fanslermedintosamidate PHARNEY i n an

inert solvent s t et r ghydr of uran.i . C [ s
phosphi ne andacééjg?%{?%‘/l?e @7 f”&l%}l%%x@f %]tegl.y%mf{?gs?dﬁoﬁp %%%{H&%g%m dat e
ester S34.3 igsfhbRM gtdupNsd @isomsshd prtdoaty. dette@hphimphoricamaate8383kis4.  The
conditions used for the hydrolysis reactign depeg?d on tgegfl ature of the R

group, aslXesthen radtegmaih BuanipoestiS b 8p ASKIECGRIA Calfti) °s34.4 is 15
then reacted énr{dggspig%ﬁ?gﬁgrm %lﬁthe%ﬁiig@%sg&%ﬂtsﬁp@ﬁﬁ@saﬁlgoy ield the

bi sam dat e pr%lauc I'h Wwhic € amno substituents are the same or
different. Al gigfereat.i Xakativdig, thbpsgbboic acidiS3483dapbatgatbbwithéaved with two

. . 4b 5b
different amino ester reagents simulataneously, i.e. $34.9 where R%L,R™orR

are different. The resulting mixture of bisamidate products $34.5 may then be

20  separable, e.g. by chromatography.
Scheme 34

0 0 C
R-nnk——B\—OR1 — R-nnk——l‘é\~OR1———> Relink—R—-OH —— 347

OR' OH OH
534.1 $34.2 $34.6
$34.9
S34.
¥ PR link 9—-OH
R-link—|'°'\—0R1 Relink—R-OR’  —> R-lin —P\N—R?‘

Lv RZNH(R4b)C02R5b 4{,N—R (R4b)/

(R )\ 5b \C02R5b
$34.8 $34.9 COR

$34.3 S34.4
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different am no ester reagents simulataneously, i.e. S34.9 where R2, R4b or
R5b are different. The resulting m xture of bisam date products S34.5 may
then be WO @pasmhl e, e.g. by chronat ography. Scheme 32CcOU320s5/08088 nk
-P-OR 1 R Zink-P~ ORL R-Zink-Pc OH - 34.7 ORS CH OH S34.1 S34.2 S34.6
534.9 534. 1 00 1 n1lRIInk-P-OH R-1link- OR R-Ilink- P~O?\N—R2 Lv
R2NH( R4b) CC2R5b N-R "R4b/ S34.8 S3409Rﬁ4b) OQ@RSb i " CEZFJ? 5b S34.3 S34.4
99 WD 2006/ 0182k GTF\/USZGGS%»OZ??I%{B—P{I\I A\i;?> 0 RRWITPIN%,H Lv

R | i nk- P~ N. ( RAbCOXR/ ®ROF) nkSHNR - L S3 qﬁ), P%géz R4 'ﬁ;l

S34.9 (Lv or OH) S®RRSbh S34.11 S 5t§z‘f§ ) C02R R-1ink-P_

NH 11 R-1ink-P-NH2 S34.12 NH (R4b) (15%54% NH2 R4b/ 33411

|

O

e 8, HARTOOR kg
TN $34.12 NH (R*®)COR™
2 —_— (R4b)
$34.10 Ex6 “COogR®®
$34.5

An example of this procedure is shown in Scheme 34, Example 1. In this
procedure, a dibenzyl phosphonate S34.14 is reacted with diazabicyclooctane
5 (DABCO) in toluene at reflux, as described in J. Org. Chem., 1995, 60, 2946, to
afford the monobenzyl phosphonate S34.15. The product is then reacted with
equimolar amounts of ethyl alaninate $34.16 and dicyclohexyl carbodiimide in
pyridine, to yield the amidate product S34.17. The benzyl group is then
removed, for example By hydrogenolysis over a palladium catalyst, to give the

10  monoacid product S34.18 which may be unstable according to J. Med. Chem.
(1997) 40(23):3842. This compound S34.18 is then reacted in a Mitsunobu
reaction with ethyl leucinate S34.19, triphenyl phosphine and
diethylazodicarboxylate, as describc?d inJ. Med. Chem., 1995, 38, 2742, to
produce the bisamidate product S34.20.

15 Using the above procedures, but employing in place of ethyl leucinate
S34.19 or ethyl alaninate S34.16, different aminoesters 834.9, the corresponding
products S34.5 are obtained.

Alternatively, the phosphonic acid S34.6 is converted into the bisamidate
S34.5 by use of the coupling reactions described above. The reaction is

20  performed in one step, in which case the nitrogen-related substituents present in
the product S34.5 are the same, or in two steps, in which case the nitrogen-
related substituents can be different.

An example of the method is shown in Scheme 34, Example 2. In this
procedure, a phosphonic acid S34.6 is reacted in pyridine solution with excess

25  ethyl phenylalaninate S34.21 and dicyclohexylcarbodiimide, for example as
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S34.10 Ex6 ( )", CO2R5b S34.5 An exanple of this procedure is shown in
Schene 34, Exanple 1. In this procedure, a dibenzyl phosphonate S34.14 is
react ed wWwohoeiiazmbi cycl ooctane 5 (DABCO) in tol uene at prefusaoos/oamss
described in J. Og. Chem, 1995, 60, 2946, to afford the nonobenzyl
phosphonate S34.15. The product is then reacted with equinolar anmounts of
ethyl al ani natescr88gd.ing Gnandiocy Elhstrekyread8bdl (od tesivhi eisiHe, to yield
t he am date pro&”c?§3§?f' 17. The benzyl group is then renoved, for exanple
by hydrogenol}/8F§"8Vér“a pal | adi um catalyst, to give the 10 nonoacid
product S34.18 whiwéngay devepscadires, bacanplbyigg)ia placeMédthyChem  (1997)
40(23):3842. This conmpound S34.18 is then reacted in a M taunogg reaction
with ethyl | ethenrataaingteg different apypessicrs S pbg srarespepding products S34.5

di et hyl az%di ca%g&)%jle?te, as described in J. Med. Chem, 1995, 38, 2742, to
produce the brsamdate product S34.20. 15 Using the above procedures, but
enpl oyi ng i n pl aceAof fietiey bltdrastiventicepho§nichcol Skt s coavenddiatoeth§34. 16,

di fferent am noesters S34.9, the. i ducts S34.5
O o e Mk R R B o e
bi sam dat e S%ﬂ‘oré i 1d%?1?{r}ii§g%?o@%kéﬂ%9ulfcﬁﬁfﬁﬁy% ThES6hVREEn above. The

reaction is 2 petrforne _ e step, in which'case the nitrogen-related
subst it uent s pitosstemic aaids intvechboridbe SB4334v5 @b és ¢lfrstesidpreadionwith wo st eps,

in which case_the nitrogen- | at ed substi.tuents can .be fferent. An
exanpl e of t httl}l_ lc?qgﬁf“? ?fs%%ﬁﬁ“ 1166 A eélﬁf,e’ aéé?ﬁ%fabéad?ija” is procedure,
a phosphoni ¢ pigjsHhR3¢cBrinsutBact 8 KdloRysidi. NEa&Rlets, Wiewilonsgxagss 25

et hyl phenyl al'aninate S34. 21 and_di cycl ohexyl carbodiiinide,  for exanple as
100" WD 2006/ 0lE2®nvesibhuEpboshorircesls iete seeriobailarelidss Sehd{vSoc. , Chei n.

Conm, 1991, 1063 0. gi ve..t he bi 1dat e o) 22 1N he above
procedur es, b’ﬁ%lgm})ﬂ?%%‘fnqea 1%?‘4%%%(? w}é?t' ’hz39 ﬁﬁ’ ﬁg%%’sg?%aﬁl{]m&g}n %OlC]t‘ ferent
ani noest ers S@feR,Crhn., 199 T, 83 P OANErAg ) duChifsiitshibacid isotivatbd aiy ned.

15  reaction with triisopropylbenzenesulfonyl chloride, as described in Nucleosides

dnd Nucleotides, 2000, 10, 1885. The activated product is then reacted with the

aminoester $34.9, in the presence of a base, to give the bisamidate S34.5. The
reaction is performed in one step, in which case the nitrogen substituents present
in the product S34.5 are the same, or in two steps, via the intermediate S34.11, in
20  which case the nitrogen substituents can be different.
Examples of these methods are shown in Scheme 34, Examples 3 and 5.
In the procedure illustrated in Scheme 34, Example 3, a phosphonic acid S34.6 is
reacted with ten molar equivalents of thionyl chloride, as described in ZA.
Obschei Khim., 1958, 28, 1063, to give the dichloro compound S34.23. The
25  product is then reacted at reflux temperature in a polar aprotic solvent such as
acetonitrile, and in the presence of a base such as triethylamine, with butyl
serinate S34.24 to afford the bisamidate product S34.25.
Using the above procedures,Abut employing, in place of butyl serinate
S34.24, different aminoesters S34.9, the corresponding products S34.5 are
30 obtained.
In the procedure illustrated in Scheme 34, Example 5, the phosphonic
acid S34.6 is reacted, as described in J. Chem. Soc. Chem. Comm., 1991, 312,
with carbonyl diimidazole to give the imidazolide S34.S32. The product is then
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As a further alternative, the phosphonic acid S34.6 is converted into the
nono or bis-activated derivative S34.7, in which Lv is a | eaving group such
as chl orwo 2000cdsmol yl , triisopropyl benzenesul f onyl oxy etcwT/Usidvs/ocmsyer si on
of phosphonic acids into chlorides S34.7 (Lv = ) is effected by reaction
with 10 thionyl chloride or oxalyl chloride and the like, as described in
Organi ¢  Phosiehdediin Cotppiititediolution ayrmkisableapstature) withaae polagds, w ey,

1976, p. 17. The.conversign.of i i i im ol i des
s34.7 (Lv = SHGIIEPYTT] QhiBke BIR3R P Rl AFLRolibRoIBEBATE 023 and
in J. Chem S934.S34T88atfep dmpoukd9d thed keactod Wil cabomé Idyimiddrelephosphoni ¢
acid is activated by 15 reaction with _triisopropyl ben chl ori de,

“reac | | f opyl
as descri bed pradugeche adivgted intgrraedigie Iséééﬁd@éi,th?Bﬁ’@Pthé?&%g%ﬁg‘#ﬁadeécti vat ed

product is then Wi th. i 3 i : resence of a

base, to éi vet ¥ ﬁgeﬁg?ésngﬂnuégqast gltggﬁy%mﬁg?ﬁg%g%ﬁ§§%@?%d %e%l?%rh?red in one step,

i n whi ch casebitdigidaietpretienS34B6t i tuents present in the product S34.5 are
p

the sanme, or in tw steps, via the internediate S34.11,. i.n. 20 whjch case
the nitrogen subst V808 HiesaboynPse rF%éPE‘?ﬁlP Og?gn’ﬂlpi%ceé’ff e][hﬁfé% mr?@{ehods are

shown in Schegpy 34, EXATRLAIB18MHaR 534130al BERIPEAHSERes ISBU Rt ed i n
Scheme 34, Examﬁ%or& a phﬁb’ﬁ%m caaci d S%’4. 66i S react%d with ten mol ar
equi val ent s ofortepa@mniyg wthoats 824.5 ax aésoed.bed in Zzh. bschei Khim, 1958,

28, 1063, to give the dichloro conpound .23. The 2 roduct is then
reacted at’ refl ux W@P@ ngp%&&ﬁﬁﬁé%%ﬁ%%egﬁﬁg,ffongugh as
acetonitrile, 3Rckstd SBAS R HSERRCerPhg TdtASRoSIE i@ theldcti®tby HaiRatiee Wi th
butyl serinate S34.24 to afford the bisam date product S34.25. Using the

above procedu$¥4$ itbwhickdyiisgilenying grow sish ashalouinyidazadylisiaisingdsn 24,

different am noesters. S34. 9, .the.corre j > 5 are 30
obt ai ned. In ?fﬁ&ealﬂ!‘lr%?cdeeﬁifﬁ’ee%iappﬁ%#g?é%su?ﬁ@éﬂgégég%?&g%ﬁg 5, the

phosphoni ¢ aghfhoSRé: $B4.Bin'tBe tebchce d$ a Bascsuch aslpyridide, t€amanSoc. Chem
Comm, 1991, 312, wth carbonyl diimdazole to give the iinidazolide

S34. S32. lthe iptasthediate mondagrdato profiect¥iie)- s dgier peppRIsEbioshd27088  react ed
of ot nyl " al anrTAEEeEY) HuBta BFHISTE phEFREL ShiGy oMk Bty i o caut val ent
aminoester S34.9, as described above, into the bisamidate S34.5.
An example of this procedure, in which the phosphonic acid is activated
by conversion to the chloro derivative $34.26, is shown in Scheme 34, Example
20 4. In this procedure, the phosphonic monobenzyl ester S34.15 is reacted, in
dichloromethane, with thionyl chloride, as described in Tet. Letters., 1994, 35,
4097, to afford the phosphoryl chloride S34.26. The product is then reacted in
acetonitrile solution at ambient temperature with one molar equivalent of ethyl
3-amino-2-methylpropionate S34.27 to yield the monoamidate product S34.28.
25  The latter compound is hydrogenated in ethylacetate over a 5% palladium on
carbon catalyst to produce the monoacid product $34.29. The product is
subjected to a Mitsunobu coupling procedure, with equimolar anloun’;s of butyl
alaninate S34.30, triphenyl phosphine, diethylazodicarboxylate and triethylamine
in tetrahydrofuran, to give the bisamidate product S34.31.
30 Using the above procedures, but employing, in place of ethyl 3-amino-2-
methylpropionate 834.27 or butyl alaninate $34.30, different aminoesters $34.9,

the corresponding products S34.5 are obtained.
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S34.S34. The latter conpound is then reacted with carbonyl diim dazole to

produce the activated internmedi ate S34. 35, and the product is then reacted,
under 5 twesavmsmonditions, with ethyl N nethylal ani nareT834003827089 gi ve

the bisam date product S34.36. Using the above procedures, but enpl oying,

in place of ethyl alaninate S34.33 or ethyl N-methylal ani nate S34. 33a,

di fferent ani noestEheacgzated phosphonis aeidelepgpidvatpdor Bl conegiedgnio the

D ee: el MeRaTRAUE RARATABLE PR Fo. TheloRerploRREY o0 T om the

nonoest er S34. “TiTst” conve nonoester 1 nto the activated
df,‘l’l vative ﬁ&‘ﬂiv&eﬂ @h{dﬂiﬂd hehic lavid Rriatiea viudigasphosphsvichlaiiehaltothe m dazol yl
etc, using the procedures described above. The product. S34.8 is . then
reacted with GArCSReAdiEcERIBP aS@Qg%}S?ﬁlq’E’é{ rﬁ?‘é@@ﬁ‘@@ %]Fmamﬁalgéﬁe%%ﬁdg’s

Compound’ s« SEAEb e Co M TP PR PO e TR 51 e
§34.5. Ar exammie of ¢ @??Bﬁ%ﬁ}eisa?emwgd e ohobhor & ac e e
act  vat ed g(/hr%%‘?ﬁﬁérséf‘gﬂ g iﬁ@é&mb?-ﬁdﬁ%ﬁh%@@@a@ fi;SNEhsh
cotor S34. 15 Fan e e s L b oyl chl or e, s

descri bed i n dietethylmhinepwidind GIMAP3 5y potdgdiin caiponite.de didlé deghissapreey|

chl ori de S34. T roduct.,is then reacted in etonitrile solution at
anbi ent t]zrmegi‘{'%r‘gﬁ?}ﬁ?tweg'ng"’ﬂ%lr’%\?’ryel?eecfﬁ?a\%eéilt ‘@ﬁlﬂ %‘?5? dlgfeﬁeﬁ? amind esfer ‘

3- am no- 2- met QYL HRONMANMR ORI, 127 S3N1Y wakst ’her hpadiftaée. mMheduct S34. 28.
25 The latter conpound is hydrogenated in ethylacetate over a 5% pal |l adi um

on carbon cateailfisg mixtupsr fcdusenigate prashiets S3d-Sypavthen bgsepapaple, Piga by oduct i s
subjected to gFl\/lllt%%unogu coupling procedure, with equiniolar amounts of
butyl alanin & 2B tri phenyl phosphi ne, diethyl azodi carboxyl ate and

triethylamne in hAgatekahy@rorinis Eﬂmemems\hewhhﬁ Sbhanrsrb4l EsamplotiUatthiS34. 31.
30 Using the above procedures, but enplaying, in place of % hlyl 3- am no- 2-
met hyl pr ol onaetodzdistlogphesrhpnatySaA2Aat eadsd with anypenia fe o ihfoest er s

S34. 9, i [
ooT) 882 ogg? 0o @gc?eoﬁlf.’éﬁ GHRYALHEA & perrdrmentaddBOR! AGftous Bontic 206/ 015261

alcoholic solution, at reflux temperature. The resulting diamino compound is
then reacted with two molar equivalents of ethyl 2-bromo-3-methylbutyrate
$34.38, in a polar organic solvent such as N-methylpyrrolidinone at ca. 150 °C,

20  in the presence of a base such as potassium carbonate, and optionally in the
presence of a catalytic amount of potassium iodide, to afford the bisamidate
product S34.39.

Using the above procedures, but employing, in place of ethyl 2-bromo-3-
methylbutyrate $34.38, different haloesters $34.12 the corresponding products

25  S34.5 are obtained.

The procedures shown in Scheme 34 are also applicable to the
preparation of bisamidates in which the aminoester moiety incorporates different
functional groups. Scheme 34, Example 7 illustrates the preparation of
bisamidates derived from tyrosine. In this procedure, the monoimidazolide

30  S34.32 is reacted with propyl tyrosinate S34.40, as described in Example 5, to
yield the monoamidate S34.41. The product is reacted with carbonyl diimidazole
to-give the imidazolide S34.42, and this material is reacted with a further molar

equivalent of propyl tyrosinate to produce the bisamidate product S34.43.
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- The activated phosphonic acid derivative S34.7 is also converted into the
bi sam date S34.5 via the diam no conpound 534. 10. The conversi on of

acti vat edwphoephsmwic aci d derivatives such as phosphorylpcthisesis@demss nt o t he
correspondi ng am no anal ogs 534.10, by reaction with anmmonia, is described
in 5 Organic Photh'orus Compounds, G. M Kosol apoff, L. Meir, eds, WIey,
1976. The bi sani noUsiaglnaheve Brpcedips buhanplogimg: woblage of|pseRi HdOtiBHper at ur e
with a hal oe : ] = i . ).z 4.0 a pol ar

or gani ¢ sol vesl%‘ﬁé%c éerz%ét a&i’?ﬁ%ﬁsﬁeﬁﬁ‘%‘g%ﬁﬁe 8%“%’ ﬂ&%lﬂgb foordgétgnsgg'so Qa base such
as 4, 4- di nepthyihad.rmihrepyhodicneertipvid) inche pod sagdswhthasioonateedte yiel d t he
bi sam date 10 S34.5. Alternatively, S34.6. pay be t;ﬂreated W ith two different
ami no ester taddsehe samg prAEErERbL oY dhay bispmidatasyvith te spae o BA™SE Rsb are

different.z The .r j Lxtdr e of bisam date products S34.5 may then be
separ abl e,5 e.%?lllgéag%ﬁég%a%grﬁpﬁyﬁ An exanple of this procedure is shown

in Schene 34, Exandlents 3sliusthites mdthodsefohte, prepadatom afipbpéphopitonat e S34. 23
is reacted with ammpnia to afford the diam de S34.37. The reaction is
perforned i n BEOBREaqueous al coholic or al coholic solution, at refl ux

tenperature. The rﬁﬁéﬁéﬂr@&dﬁf@%@spﬁ&%@ﬁﬁﬁoé&er S3aeNisic8AedRE i th two nol ar
equi val ents of ethyl 2-brono-3-nethylbutyrate S34.38, in a polar organic

sol vent such dsciibateint8chpye 84) inthi the agivatedalerivathe: §34.8 T hincanupdésence of a

base such as potassjym car bgnat and.optional Ly d he., presence of a
catal yti Eloarm ’E‘rw{eao?sa%é?rﬁ?ﬁ%i%m%&ltht 35?918?Saélrt§r?g_‘%?r§%lﬁipaegﬁ%ce Ograoduct
S34.39. Usi ngpdshaoapRyeihe maGRem®ss pldtct®IBlioyi ng, -in place of ethyl

2- brono-3- nethyl butyrate S34.38, different hal oesters S34.12 the

correspondi ng pr odlies procedirsi4llastetas ipiHichemeds, Brame ddladhis dicthiddodn i n

Schenme 34 are_al sq applicabl e to.t r.atd i 1 S which
t he am noest e?loﬁ%q%eeflgl Ii’}]r?g@oﬁlgtrea gj%ir?e%e?lgﬁll[’tﬁ%ﬁ%gﬁ {pé%%@@l%ﬁ%ogﬁe chenme 34,
Exanpl e 7 il astHigdds A GenpCeparzBIRN1 983, 3hi3samodtivethe dRlory pbdfictom
tyrosine. In this procedure, the nonoin dazolide 30 S34.32 is reacted with

propyl tykosi $3r-8 Wepraduct sdheprcastedag desrribed ipPehase 14 withiedhyd ¢ he
nonoam dat e Sﬁémﬁ&ggiggﬁg%%h&h%ﬁSgg.%.ed with carbonyl diimdazole to
[ .42,

gi ve the imdazo an I's material is reacted with a further
nmol ar - Using the above procedures, but employing, in place of ethyl alaninate

S35.9, different aminoesters S34.9, the corresponding products S35.1 are
obtained.

20 Alternatively, the phosphonate monoester S34.1 is coupled, as described
in Scheme 34, with an aminoester S34.9 to produce the amidateS335.1. If
necessary, the R substituent is then altered, by initial cleavage to afford the
phosphonic acid $35.2. The procedures for this transformation depend on the
nature of the R group, and are described above. The phosphonic acid is then

25  transformed into the ester amidate product S35.3, by reaction with the hydroxy
compound R*OH, in which the group R? is aryl, heterocycle, alkyl, cycloalkyl,
haldalkyl etc, using the same coupling procedures (carbodiimide, Aldrithiol-2,
PYBOP, Mitsunobu reaction etc) described in Scheme 34 for the coupling of

amines and phosphonic acids.
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equi val ent of propyl tyrosinate to produce the bisam date product S34.43.
103 WO 2006/ 015261 PCT/ US2005/ 027088 Using the above procedures, but
enpl oyi ngvoiznogqulisase of propyl tyrosinate S34.40, differemtusassnomss ers
S34.9, the corresponding products S34.5 are obtai ned. The am noesters
enployed in the two stages of the above procedure can be the sanme or

di fferent, soSthsae 3pFMIY4tes with the same or different 5 amino

substituents are prepared. Schene 35 illustrates nethods for the
preparation of phosphonate monoani dates. I'ﬁz'\’&h'@\" F8&édur ep sphonat e
nonoest er S34gk i s [tofyerted, .as R—IdESGIP-I—‘bHd meR- lBﬂt——PﬁNe\(

activated dervati VeypR34. 8. This corrpoumh is 10 then react@& @soglescri bed
above, with an am noester S34.9, in tgg sRsesence of a base, tos3gf1:;ord t he
nonoai ni dat e produ€$*'¥35. 1. The procedure is illustrated in Scheme 35,
Exanple 1. In this nmethod, a nonophenyl phosphonate S35. 7 is reacted with,
for exanple, thionyl chloride, as described in J. GCen. Chem USSR, 1983,
32, 367, to give the chloro rlgduct 15 S35. 8. The roduct i% Irthemereact ed,
as described in Scheme 3 _Whifl_e MWl Hé‘lcéﬁﬁ*hﬁ"tg t (B eRa ™\ hé ani date
S35.10. Using the above procegyr but ggyhng, in Iacer"f (=10l )71
alaninate S35.9, different am nong"zérs S34 the co lélézpo (é>l Rg pr oduct s
S35.1 are obtained. 20 Alté&?adtively, the phosphonate rronoe%t?% S34.1 is
coupl ed, as described in Schene 34, with an am noester S34 pr oduce
the ainidateS335.1. If necessary, the R substituent is then altered, by
initial cleavage to afford the phosphoric acid S35.2. The procedures for
this transformati on depend on the nature of the R group, and are
descri bed abo®ehempd4 FxemplwAi ¢ acid is then 25 transforned into the ester
am date product S35.3, by reaction with the hy r oxy conmpound R3CH, in
which the group R3 is aryl hetero cle, allc kyI halo al kyl
etc, using the sane Ickoupl i Cdé carb di w%bBEAI drithi ol -
PYBOP, M t sun@bink-ee:tOdn etc)_%ghl be 'f‘ —S&Té\‘ﬁé 34 for the coupl ing of
am nes and phosphoni ©kci ds. 5

n

' COOEt
$34.6 $34.22
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104 WD 2006/ 015261 PCT/ US2005/ 027088 Schene 34 Exanple | O H2NCH( Me) CO2Et
OORIlink-P- OH S34.16 Rlink-p_ N(Me R-link-per OBn OBn OBn OBn COOEt
S34. 14 S3%0bBocBA&2617 O H 1 H Me H2NCH( CH2Pr' ) CO2Et R- | ipokAlR2005/0b/m88
R-1ink-P- N~ NH OH ; COOEt COOEt S34.19 Pr H2C-K S34.18 COOEt S34. 20
Schenme 34 Exanpl e 2" Bn O H2NCH( Bn) CO2Et 0 ) _ R-11i nk& OH S34. 21
R-1i nk- P~- NH §kheld 34 BRarfple GOOEt S34. 6 S34. 22 5 105 WO 20067015261

PCT/ US2005/ 027088 Schene 34 Exanpl e % CHNOHCT HHRNIE§ B2 gg - CO2Bu
R-1ink-11P OH R-Zirfg-P- C 534 24 R—I nmli: P~_Nigses ¢l . NH HS% 6 %34 23 HO
CO2Bu  S34. 25Rlik—R—OH  ———> !

OH CI NH
S$34.6 S$34.23 HG c0,Bu
$34.25

Scheme 34 Example 4
o) HoNCH;CH(Me)COEt (5

R-link —P~OBn——> R- llnk—E'\——OBn —_— R-[ink_.||:I>\__OBn

"oH Cl NH
$34.15 $34.26 coyt
Me
$34.28
Me
. 1
Relink —R S Ho LncHMecosu . § )—COzBu
N > R-link —R—NH
$34.30 NH
CO,Et
Mé CO,Et
Me
534.29 $34.31
Scheme 34 Example 5 Me
9 H,NCH(Me)CO,Et 0 )—COEt
R-link —P—-OH — > Rlink—B—OH  ———— Rdlink—R—NH

“oH Mm $34.33 OH

$34.6 $34.32 $34.34

Me
o >~COzEt 0 )—COEt
MeNHCH(Me)CO,Et
- R-lmk——-llD[\——NH (Me)COEL. 1k — BN
Im $34.33a N-Me
Me
$34.35 co,t
$34.36

Scheme 34 Example 6

Py
Q 9 BICHPHCOEt  § }‘COzEt
R-link—R—Cl ———— R-link —R—NH; m R-link —R—NH
o NH2 ' . N s3430
$34.23 $34.37 Pr
CO,Et
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Schene 34 Exanple 4 O O H2ZNCH2CH(Me) CO2Et O ii n 534.27 ii R-1ink-P_ OBn
R-link-P~ OBn - R1link-P1 OBn OH C NH S34.15 534.26 -COREt Me S34.28 0
Me R-1i mkoRoeelHs1) - - CO2Bu H2NCH( Me) CO2Bu n NH R- | i nkPPTAUNEDOSHCHREL
S34.30 NH Me ~---CO2Et S34.29 Me S34.31 Schene 34 Exanple 5 M 00
H2NCH( Me) COREt 0 > CREt R-link-P_ OH R-link-P~ OH)o R Zink-P- NH OH I m
S34.33 OH S3%ckerag34 Brample 34 Me Me 0 11 -- CO2Et McNHCH( Me) CO2Et 0
)-CREt R-Zink-R\ NH R-link-P~-NH I mS34.33a N-Me S34.35 Me-~ CO2Et
S34.36 Schene 34 Exanpd@_ 6

+

R-nnk—E\—OH R-link ———E\———Im

NH
O H.N" >CO,Pr NH
R-link —p—0H —_— —
im $34.40 COQPI’ COZPI'

S$34.32 S34.41 S34.42
HO HO

PrOzC

R-link—;'{—NH

N NH

COZPI’ OH

S$34.43
HO

Examples of this method are shown in Scheme 35, Examples 2 and 3. In
5  the sequence shown in Example 2, a monobenzyl phosphonate $35.11 is
transformed by reaction with ethyl alaninate, using one of the methods described
above, into the monoamidate S35.12. The benzyl group is then removed by
catalytic hydrogenation in ethylacetate solution over a 5% palladium on carbon
catalyst, to afford the phosphonic acid amidate $35.13. The product is then
100 reacted in dichloromethane solution at ambient temperature with equimolar
amounts of 1-(dimethylaminopropyl)-3-ethylcarbodiimide and trifluoroethanol
S35.14, for example as described in Tet. Lett., 2001, 42, 8841, to yield the
amidate ester S35.15.
In the sequence shown in Scheme 35, Example 3, the monoamidate
15  S35.13 is coupled, in tetrahydrofuran solution at ambient temperature, with
equimolar amounts of dicyclohexyl carbodiimide and 4-hydroxy-N-
methylpiperidine §35.16, to produce the amidate ester product $35.17.
Using the above procedures, but employing, in place of the ethyl

alaninate product $35.12 different monoacids 835.2, and in place of
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r' O 0 O0BrCH(Pr')CO2Et CO2Et 11 R-link-P_ d R 1ink-P- NH2 10 R Zi nk-P\
NH G NH2 534.38 PrNH S34.39 S34.23 S34.37 CO2Et 106 WD 2006/ 015261

PCT/ US20080Q80088261 Schenme 34 Exanpl e 7 HO R- Zi nk- P- OH Regirnis209siomosC O H
2N CO2Pr NH NH R-link-p-0OH CH | M S34. 40 COzPr COZPI’ S34. 32 HO S34.41 HO
S34.42 PrA2C O R Ilink-P~ NH NH CX®Pr OH S34.4 |l es of this
net hod are shéiifrorectigaebhds. bor ‘E%X%F%%‘I'Zleﬂ%lp@enqlﬁe S35. iﬁéia gpﬁﬁtence shown

i n Exanpl e 2, b c] dEEa‘i‘n reaction
with ethyl al a fggﬁﬁé%gakoggpo r?:t% & %I%#Ib%ecgtcf?%%% abov A into the
nonoani dat e 835 12A1t?£hﬁt1bﬁp,zthb agivatgd pmaspﬁmatereemswsmlreaciad ahtjnt | c

hydr ogenation in et hyI a tate sol ution ver a 5% pal | adi um on
catal yst, to HFORH PHE 'gﬂt?saﬁﬁé"ﬁ?ggs ' %lmoéﬁftés §ri%§ted1'ﬂ% fi‘?f’% is then

5  Scheme 34, with a haloester $35.5, in the presence of a base, to produce the
amidate product S35.6. If appropriate, the nature of the R! group is changed,
using the procedures described above, to give the product §35.3. The method is
illustrated in Scheme 35, Example 4. In this sequence, the monophenyl
phosphoryl chloride $35.18 is reacted, as described in Scheme 34, with

10  ammonia, to yield the amino product 835.19. This material is then reacted in N-
methylpyrrolidinone solution at 170° with butyl 2-bromo-3-phenylpropionate
$35.20 and potassium carbonate, to afford the amidate product S35.21.

Using these procedures, but employing, in place of butyl 2-bromo-3-
phenylpropionate $35.20, different haloesters S35.5, the corresponding products

15  S35.6 are obtained.

The monoamidate products $35.3 are also prepared from the doubly
activeited phosphonate derivatives S34.7. In this procedure, examples of which
are described in Synlett., 1998, 1, 73, the intermediate S34.7 is reacted with a
limited amount of the aminoester S34.9 to give the mono-displacement product

20  S34.11. The latter compound is then reacted with the hydroxy compound R’OH
in a polar organic solvent such as dimethylformamide, in the presence of a base
such as diisopropylethylamine, to yield the monoamidate ester S35;3.

The method is illustrated in Scheme 35, Example 5. In this method, the
phosphoryl dichloride S35.22 is reacted in dichloromethane solution with one

25  molar equivalent of ethyl N-methyl tyrosinate $35.23 and
dimethylaminopyridine, to generate the monoamidate S35.24. The product is
then reacted with phenol $35.25 in dimethylformamide containing potassium
carbonate, to yield the ester amidate product S35.26.

Using these procedures, but employing, in place of ethyl N-methyl

30 tyrosinate S35.23 or phenol S35.25, the aminoesters 34.9 and/or the hydroxy

compounds R?0OH, the corresponding products $35.3 are obtained.
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10" reacted in dichloroinethane solution at anbient tenperature with

equi nol ar anounts of 1-(dinethylam nopropyl)-3-ethyl carbodiimde and

trifl uor owOhaswl1526835. 14, for exanple as described in TecT/useds/02708001, 42,
8841, to yield the am date ester S35.15. In the sequence shown in Schene
35, Exanple 3, the nonoam date 15 S35.13 is coupled, in tetrahydrofuran
sol ution at anﬁ@@ﬁ?3ﬁenperature with equinolar anmounts of dicycl ohexyl
carbodii m de and 4-hydroxy-N mnet hyl pi peri di ne S35.16, to produce the

am date ester prod@tt 835 17. Usi ng @ he above proceduré%, but enpl oyi ng,

in place of thkenetiRy B-lipk-odtréR ' S35—12~ di Religkerit- hnoadi B8-3535. 2,
and in place of Jsg pro 20067 15261 Pgwﬂaézooy 027088 tgt;'\f"ﬁlor oet hanol

S35. 14 or 4-hydroxy- N—netqylplger'dﬁl S35. 16, di ffer €l @roxy conmpounds
R30H, the correspondiRiyHE o S35. ¥%Re obt ai ned. Alté% tlvely, t he
acti vat ed phosphomnate esf#9534.8 is regmgated with ammoniS85£0 yield the

am date S35.4. Th prod is then reacted, as described in 5 Schene 34,

w th a hal oester in the presenge ofH Rl st 0 ppoduce the am date
product S35. 6g “gLJHmm@prlate &h@mﬂabuoﬁ1aLJJMLéamﬂLQHpoRS changed,

using the proce uréivdescrlbed above, N@ gi vé836Be productyS35. 3. The net hod
is illustrated in Schenme 35, Exa 44 In this sequgﬂ%ﬁ, t he nonophenyl
phosphoryl chloride S35.18 is reacted, as described in Scomfe 34, with 10
ammoni a, to yiel d34fe am no product S35.19. This material issstéhen reacted
in N nethyl pyrrolidinone solution at 170 with butyl

2- br ono- 3- phenyl propi onate S35.20 and potassi um carbonate, to afford the
am dat e product S35.21. Using these procedures, but e oying, in place of
butyl 2-brono-3- phenyl propionate S35.20, different haloesters S35.5, the
correspondi ng produygsts 15 S35.6 are Gﬁtald%@H The nompam date products
S35.3 are aIsghggedhngd_LanLthakdgkbmy acrrVatednphd§ﬂn6nate derivatives
S34.7. In this procdgure,s3éfanpl es omMﬂﬁich are descrinsed in Synlett.

1998, 1, 73, the |ntern?d|ate S34.7 i oqgacted mnth(a“)llnlted anmount of
the aninoester S34.95%% gi ve the nono- é§ﬁlacenent pr odeR®20 S34.11. The

| atter conpound is then reacted with £ ydroxy conmpypgd R3CH

Scheme 35 Example 1
$ C H,NCH(Me)COEt
Relink—R~OPh———Relink—R—-OPh  * ——— =" Rilink—R-OPh
OH cl S35.9 NH
Me—<
$35.7 $35.8 COLE
$35.10
Scheme 35 Example 2
0 0 ,
. 11
Rilink—p—0Bn ——— Relink—R-OBn ____,_ R.Jink—R—OH
“oH NH NH
Me‘—< Me—<
CO,Et CO,Et
$35.11 $35.12 $35.13
Q
CF3CH,0OH R-link—R—OCH,CF3
$35.14 NH
CO,Et
$35.15
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in a polar organic solvent such as dinethylformam de, in the presence of a
base such as diisopropylethylamne, to yield the nonoam date ester S35. 3.
The met howoi2eod/dibaest rated in Scheme 35, Exanple 5. |n tircs/usedosocoss he
phosphoryl dichloride S35.22 is reacted in dichloronethane solution with
one 25 nol ar equivalent of ethyl N-nethyl tyrosinate S35.23 and
di met hyl am nopyridi ne, to generate the nonoam date S35.24. The product is
t hen reacted 5 in dinmethyl fornmam de containing potassium
car bonat e, toyye'ng%%@aﬁgrgam date product S35.26. Using these
procedures, but enploying, in place of ethyl N-methyl 30 tyrosinate S35.23
or phenol 835 25, the am noesters 34.8B|and/or t hé héqe[%:; conpounds R3CH,
- Zi

t he correspongi. mg(_qud@q:-ts S35. tai Rqﬁl\k_],d%}— 006NOBM=261
PCT/ US2005/ 027088  S¢ gne 35 0 BI nk- P- OR1L S34. Q\“ﬁz i P~-OR 2 1

R-Zi nk-P- OH 535g/§_§ PH 1184 R Rab N-Rgy ROH(Rab) CO2RSh_CO2RSD
CO2R5b  S34.9 S3 o@é 00 % RAb) C02 (%0%2. nk- P- OR1
R-1ink-P-OR R-1i nk- B85 5 Lv NH8354(R4b R5b S34.8 S35.6 O

0 R2 R30H 0 R-1inig3B43v R link-P-N 4b R-link-P~ OR3S36M7S34.9 Lv (R) NR2
S34.7 CO2R5b (R4b) CO2R5b S34. 11 S35. 3

Scheme 35 Example 4

0 0] BrCH(Bn)CO,Bu 0]
: ink—B—OPh ———=  Relink—R—OPh
R-link—p—-O0Ph ————— R-Ilnk—P\——OPh
\CI NH, $35.20 NH
Bn
S$35.18 $35.19 CO,Bu

$35.21

Scheme 35 Example 5

HO
C MeN"Scoet 0
R-Ilnk-—P\—-CI H R_lmk_p\——C|
Cl $35.23 N-Me
HO
CO,Et
$35.22 $35.24
PhOH
$35.25

g
canc—bo0—« )
N—-Me
e
CO,Et

Scheme 36 illustrates methods for the preparation of carboalkoxy-

$35.26

substituted phosphonate diesters in which one of the ester groups incorporates a

carboalkoxy substituent.
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Schene 35 Exanple 1 0 0 H2ZNCH(Me) CO2Et O 11 R-1ink-OPh R-1ink-P-GCPh .

R 1ink-P-OPh S35.9 OH CI NH S35.7 535.8 Me-K CO2Et S35.10 Schene 35
Exampl e 2w02000015%1 =R-1i nk-P-OBn R-1ink-P~ OH R-1i nk- PETOBR00SMEI0ORH NH
Me-C Me- < CO2Et COREt 535.11 S35.12 S35.13 0 CF3CH2OH R-1i nk- P~ OCH2CF3
S35.14 NH Me-{ COREt S35.15 109 WD 2006/ 015261 PCT/ US2005/ 027088 Schene
35 Exanpl e 3 O 0 ~Inorrmpesdure, aphogorete mppopstend3del . prpparedigs/desqgele N

Me--( Me--< N&bo'\\/f%,- is (:ou%%sin%so%e]o? th%%gtﬁiodss(”lgécr}@edsa%%vé;zmth a

hydroxyester S36.1, in which the groups R* and R are as described in Scheme
34. For example, equimolar amounts of the reactants are coupled in the presence
5  of a carbodiimide such as dicyclohexyl carbodiimide, as described in Ausz. J.
Chem., 1963, 609, optionally in the presence of dimethylaminopyridine, as
described in Tet., 1999, 55, 12997. The reaction is conducted in an inert solvent
at ambient temperature.
The procedure is illustrated in Scheme 36, Example 1. In this method, a

10  monophenyl phosphonate $36.9 is coupled, in dichloromethane solution in the
presence of dicyclohexyl carbodiimide, with ethyl 3-hydroxy-2-
methylpropionate S36.10 to yield the phosphonate mixed diester S36.11.

‘ Using this procedure, but employing, in place of ethyl 3-hydroxy-2-
methylpropionate $36.10, different hydroxyesters 833.1, the corresponding

15  products S33.2 are obtained.

The conversion of a phosphonate monoester S34.1 into a mixed diester
S36.2 is also accomplished by means of a Mitsunobu coupling reaction with the
hydroxyester $36.1, as described in Org. Lett., 2001, 643. In this method, the
reactants 34.1 and S36.1 are combined in a polar solvent such as tetrahydrofuran,

20  in the presence of a triarylphosphine and a dialkyl azodicarboxylate, to give the
mixed diester $36.2. The R! substituent is varied by cleavage, using the methods
described previously, to afford the monoacid product $36.3. The product is then
coupled, for example using methods described above, with the hydroxy
compound R’0OH, to give the diester product S36.4.

25 The procedure is illustrated in Scheme 36, Example 2. In this method, a
monoallyl phosphonate $36.12 is coupled in tetrahydrofuran solution, in the
presence of triphenylphosphine and diethylazodicarboxylate, with ethyl lactate
S36.13 to give the mixed diester S36.14. The product is reacted with
tris(triphenylphosphine) rhodium chloride (Wilkinson catalyst) in acetonitrile, as

30  described previously, to remove the allyl group and pfoduce the monoacid
product $36.15. The latter compound is then coupled, in pyridine solution at
ambient temperature, in the presence of dicyclohexyl carbodiimide, with one

molar equivalent of 3-hydroxypyridine $36.16 to yield the mixed diester $36.17.
111



Schenme 35 Exanmple 4 O 0 BrCH(Bn)CO2Bu O 11 R-link-P- OPh R-1ink-P~-OPh IN.
R-1ink-P~-OPh CI NH2 S35.20 NH S35.18 S35.19 Bn--< CO2Bu S35.21 Schene
35 Exanplwo200dd15B1Me~N CO2Et 0 R-1ink-P~ C H R-|ink-PCT@IS20065/03388 23 3
N-Me HO $35.22 COZEt S35.24 PhOH S35.25 0 R-link-P,, OO / NMe HO
CO2Et S35.26 5 Schenme 36 illustrates nethods for the preparation of

car boal koxy- substVsing & aheue prasadires, dubemplogingninacerpidhiectbyl lagiateest er
groups incorp )X [ A

PCT/ US2005/ 0 %;egrl Phyigk oiélz‘gm%éi?ﬁéa%‘g%ﬁ%sﬁp% ﬁ%@@%@% ﬁgﬁeﬁ%
prepared as deseéioempandREOH, shcapkmshdingsproduans3@4 atehbtaipédiods

descri bed above, with a hydroxyester S36.1, in ich the grou and R5b
are as descri bed iﬁheg@ﬁ@ﬁéhesﬁeﬁ SEP aé%@j%q}f&?meﬁggwgam ‘?\‘FS§6§ t he
reactants qr eviﬁ%é%h?egmé(ﬂa&hgf tRE GSRAt! monoesters $36.5. In this procedure, the

monoester S34.1 is converted into the activated compound S36.5 by reaction

with, for example, phosphorus pentachloride, as described in J. Org. Chem.,
2001, 66, 329, or with thionyl chloride or oxalyl chloride (Lv = Cl), or with
triisopropylbenzenesulfonyl chloride in pyridine, as described in Nucleosides

10 and Nucleotides, 2000, 19, 1885, or with carbonyl diimidazole, as described in J.
Med. Chem., 2002, 45, 1284. The resultant activated monoester is then reacted
with the hydroxyester $36.1, as described above, to yield the mixed diester
S36.2.

The procedure is illustrated in Scheme 36, Example 3. In this sequence, a

15 monophenyl phosphonate $36.9 is reacted, in acetonitrile solution at 70 °C, with
ten equivalents of thionyl chloride, so as to produce the phosphoryl chloride
S36.19. The product is then reacted with ethyl 4-carbamoyl-2-hydroxybutyrate
S36.20 in dichloromethane containing triethylamine, to give the mixed diester
S36.21.

20 Using the above procedures, but employing, in place of ethyl 4-
carbamoyl-2-hydroxybutyrate $36.20, different hydroxyesters S36.1, the
corresponding products S36.2 are obtained.

The mixed phosphonate diesters are also obtained by an alternative route
for incorporation of the R?0 group into intermediates $36.3 in which the

25  hydroxyester moiety is already incorporated. In this procedure, the monoacid
intermediate $36.3 is converted into the activated derivative $36.6 in which Lv
is a leaving group such as chloro, imidazole, and the like, as previously
described. The activated intermediate is then reacted with the hydroxy
compound R*0H, in the presence of a base, to yield the mixed diester product

30 S364.

The method is illustrated in Scheme 36, Example 4. In this sequence, the
phosphonate monoacid $36.22 is reacted with trichloromethanesulfonyl chloride

in tetrahydrofuran containing collidine, as described in J. Med. Chem., 1995, 38,
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5 of a carbodiimde such as dicycl ohexyl carbodiimde, as described in
Aust. J. Chem, 1963, 609, optionally in the presence of

di met hy| avono@yuswine, as described in Tet., 1999, 55, pe2a870050bm@ss eacti on
is conducted in an inert solvent at anbient tenperature. The procedure is

illustrated in Schenme 36, Exanple 1. In this nethod, a 10 _nonophenyl
phosphonat e S464%) te Broguemibe drichlerometisnerubivay vy erosart® 3G i1kl he  presence

of dicycl ohex il - WM = yl pr opi onat e

S36. 10 oyt erdrpnaan elled ittt ofhBibords BYNIRRU B BT PR

procedur e, buticaltpboythmg conteipihg cdetbflamitey to Feldyte ovyeddiestatydyst opi onat e
S36. 10, different hydroxyesters S33.1, the corresponding 15 products S33. 2
are obt ai ned. S¥#éSconversion of a phosphonat e nonoester S34.1 into a m xed
di ester S36.2 is @30 RCHVTRISRAGObIEARHyH e, h phtSHngRscoupl ing
reaction vS\?th t he rsly%roxyestxglrI 836.61’, as ge cr%’be%ﬂai n Og. Lett., 2001,
643. I n this fmoiphdlindrhehyljpacolSRes243differenmidlc®B6ls RO thwoedsiespahding a pol ar
sol vent such as tetrghydrofuran, 20 in the presence of a triaryl phosphine
and a di al kyl P%P?Bﬁfﬁéggﬁcﬂwéf“@?a-to give the mixed diester S36.2. The R

substituent is varirgdpRysphbRAYad&s 864N 4186 oPRINRABS mdkas 6f AReMSH evi ousl y,
to afford the nonoacid product S36.3. The product iS then coupled, for

exanpl e usi ngresetitrogsrivened e nadrwesters3dhl. {The répgtienkgtweomBsund R3OH, to

give the diester pr. S36.4. .25 T rrocedure .i.s il]ustrated.in Schene
To Cxanpi b ool e o Bie bl R36 P BTt RgSn pplot B BSR k" SCIP S
in tetrahydr obtkséite 28h Bhifich b diidtProfyl EBRmGEehs ddstihealiylphnspRine and
di et hyl azodi carboxyl ate, with ethyl lactate S36.13 to give the m xed

di ester S36. 149877138, Y¥aorcticthylandaetss desdribRd in £iMed [GligorlyP phb's pRi he)
rhodi um chl or I01d & e{angé((%l%Ss%ﬂieﬁﬁ%tﬁh%g l;o)enieﬂe 618%68@6&6&1‘3%}81‘ 183&0%91-8‘ &ser! bed
e ally ce the

previously, to renov group and pro nmonoaci d ~ product

S36. 15. The | aédceibecanPaucenmins, 0B8R 6663.ed, in pyridine solution at
anbi ent tenperature, in the presence of dicycl oheXéISdc‘ar bodii njde, with one
I

mol ar equi¥al ent ofthameheddsBkaiad feSdsger > E8gplel 4 [ Hés PRogetireites t er
D36 17, 111 V060080183626 5 %%é%g%ﬁfﬁ%{bqglgioﬁ"-fﬁéﬂglprr&ﬁoﬁﬁ@?‘s%.w grgpdur es,

but enploying, 1nh place o acta
diisopropylethylamine in dimethylformamide at 80 °C to afford the mixed

diester product S36.28.
Using the above procedure, but employing, in place of ethyl 2-bromo-3-
20  phenylpropionate $36.27, different haloesters $36.7, the corresponding products
S36.4 are obtained.
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S36. 13 or 3-hydroxypyridine, a different hydroxyester 536.1 and/or a
different hydroxy conpound R3CH, the correspondi ng products S36.4 are

obt ai ned.woth&/o1526ed di esters S36.2 are al so obtai ned fPomusb@sopeest er s
S34.1 5 via the internediacy of the activated nonoesters S36.5. In this
procedure, the nonoester S34.1 is converted into the activated conpound
S36.5 by reacBshgmed®i th, for exanple, phosphorus pentachloride, as
described in J. Org.oChem, HBOUedwb,) 329, or grith thionyl chloride or
oxal yl chIori@amgLvé%oﬁﬂ), Qwith triisgprapddeenzenesul fonyl chloride in
pyridine, as described g434Nucl egsi des;10 and Nugjeot i des, 2000, 19, 1885,
or with carbonyl m#%nidazoleﬁoég'ﬁgggribed inJ. Md. Chem, 2002, 45,
1284. The resultant @@R’Vvated nonoester is then reacted with the

hydr oxyester S36.1, as described above, to yield the m xed diester S36. 2.
The procedure is iyllustrated in Scheme 36, Exanple 3. In this sequence, a
15 nonophenyl phojphggg@@b 9 is reacted, in acetonitrile solution at 70
C, with ten equivalents of thionyl chloride, so as to produce the
phosphoryl chl oride s3651%7 The product is then reacted with ethyl
4-carbanDyI-2-hyer§ybutyraLp S3p. 20 i n dichl oronmet hane contai ni ng
triethylanine, to L&ﬁgﬂ#&ﬁﬂ@@%ﬁdiesteﬁ? S36. 21. 20_Usi ndl the above
procedur es, bﬁ#”@ﬁ%1 |ngT—§§;gIa084@¥—éi 4o RAnkREVD -

car bai noyl - 2- hyogga,gqu'ﬁtyr ate 836.20, diffERe Oy dr oxyest erg"': $8°R " t he
correspondi ng products S36.2 are t ai ned®3%the ni xe hosphonat e di esters
are al so obtained by an alter Ive route for i rporat%pn of the R30

group into internegi ates S367%35m wWhich the 2 ydroxyestgr noiety is

al ready incorporatggd. Inthis procedure, t nmonoacid infermedi ate S36. 3
is converted kmhf_qngxgctivated derivetivé S36.6 in which Lv is a |eaving
group such as chloryg, inidazole,Rmmd_ﬁpevlikeT—aS [R-lBK+ B descri bed.
The activated internediate is then reaotrdticobr? t he hydr oxR*-coeRrBund R3OH,
in the presence ofS3-Sbase, to yield the %&ﬁpd di ester productg,30 S36. 4.
The nethod is illustrated in Schene 36, anple 4. In this sequence, the
phosphonat e nonoacid S36.22 is reacted with trichl oronmet hanesul f onyl
chloride in tetrahydrofuran containing collidine, as described in J. Med.
Chem, 1995, 38,
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112 WD 2006/ 015261 PCT/ US2005/ 027088 4648,
trichl or onet hanesul f onyl oxy product S36.23. This
S36.24 in
to yield the m-xed diester product

3- (mor phoonroewatibet ) phenol
triethyl am ne,

above procedures, but enploying,

to produce the

conpound is reacted with
di chl or onet hane c®OTAISRO0SY27088
S36.25. 5 Using the

in place of with_3-

(nor phol i nonetSehkeneHigniexangdle. 124, di ff er ent alcohdfs R30H, the correspondi ng

products S36.4 are qftained. The phos

ﬁw@t—i llg_QS)P;]eaUﬂ%@%Mﬁ

by neans of

reacti on bet he"\1

?honaﬁbmﬂstdﬂsOEBG.4 are al so obt ai ned
@Pam3d on t heOnonoesters S34.1. The

nnnoacFH‘@S?’I and the hakoester S36.7 is perforned
in a polar sol vent i "Othe preseﬁ %f a base suchy»-ags0,Ft

di i sopropyl et hyl ar83% as described in Anal.
Med. Chem,
in the presence of 18-crown-6, as

Sehemesibrkxample? 25 3565. 15 The nethod is illustrated in
In this procedure, the
2- br ono- 3- phenyl propi onate S36.27 and diisopropyl ethylamne in

triethylamne, as described in J.
non- pol ar sol vent such as benzene,
described in
Schenme 36, Exanple 5.
with ethyl

Chema/, 1987, 59, 1056, or
1995, 38361372, or in a

nonoaci d S36.26 is reacted

di met hyl f onnani de at80 CHOCH{NMe)QDEhe mi Xpd di ester productOs36. 28.

Usi ng t he aboRelink: Ore,

but—emphofR-k—iR-Ql ace—of setfbyiik-2-RFOb- 3- 20

phenyl propi onat e S36.@H, 'ffeN83&1maloesten§‘SSG§Z& t he correspondi ng

products S36.4 are obtain

113 WO 20Qp/

5261 / US2005% 088 Schene

36 0 HORS (1 equivs3e@ R-1ink-P~_OR R-IinkRygH (Rab) S36.4 WO
Rob- COORSb OH CO2RSb Hal - Rob- COORSb ~ S33. 7

Scheme 36 Example 3
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0 HO Rob-COOR5b O O R-l1ink-P~ ORr R link-P-ORS R-link-P- OH OH S36.1

O Rob- COOR5b O- R4b- COOR5b  S34.1 536.2 S36.3 S36.1 O R1ink-P1 OR 0 O Lv
R-1i nk- P-wo 2Bd/a16d61 P- OR3 O R4b- COOR5b O Rob- PO  S36.5 8861526362788 114 WO
2006/ 015261 PCT/ US2005/ 027088 Schene 36 Exanple 1 0 11 OPh 1 R-Zink-PO
HOCH2CH( Me) CO2Et  R-1ink-P ~ OPh OH S36.10 CO2Et S36.9 Me S36.11 Schene
36 Exanple 2 0 HOCH(Me)CO2Et 0 O R-link-P-OR-1ink-P-OP. R-1ink-P-CH 11
11 O -~\ S36$¢1.§er9eg6 é@él‘{\pl\@-’l( S36. 12 CO2Et CO2Et S36.14 S36.15 Ea OH N

0 0
1i
R-link—R—OH R-|ink_'p'>\—osozc;0|3
o) 0 4
Me——< Me—<
CO,Et CO,Et
$36.22 S$36.23

HO
N 0
\(jA (jo R-Iink——“\—O N
$36.24 Me_<o Oﬁ K/O

CO5Et
$36.25
Scheme 36 Example 5
Q BrCH(Bn)CO,Et O
R—link-—P\—OH —_—— R-Iink—P\—-OCH(Bn)COZEt
OCH,CF3 -+ §36.27 OCH,CF4
$36.26 $36.28

Scheme 37 illustrates methods for the preparation of phosphonate
5  diesters in which both the ester substituents incorporate carboalkoxy groups.

The compounds are prepared directly or indirectly from the phosphonic
acids S34.6. In one alternative, the phosphonic acid is coupled with the
hydroxyester 837.2, using the conditions described previously in Schemes 34-
36, such as coupling reactions using dicyclohexyl carbodiimide or similar

10  reagents, or under the conditions of the Mitsunobu reaction, to afford the diester
product 8$37.3 in which the ester substituents are identical.

This method is illustrated in Scheme 37, Example 1. In this procedure,
the phosphonic acid $34.6 is reacted with three molar equivalents of butyl lactate
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S36.16 0 R-link-P- 0 O Me--( N S36.17 CO2Et Schene 36 Exanple 3 0 O
R-1ink-P1l OPh SOC12 R-link-P-OPh OH S36.18 | S36.9 S36.19 0

Et 02CCH( GMDCHIBEHRBONH2 R- | i nk-P- OPh 0 S36.20 0 02Et W (S3@sP170845 WO
2006/ 015261 PCT/ US2005/ 027088 Scherre 36 Exanple 4 O0 10, R-Ilink-P~
S@2CCl3 Rlink-P ~ OHOO M-K Me--(  COREt COREt S36.22 S36.23 HO

| cf' ~ N~ ~O RSBV.fikn the poesenee ofghldrithioks2 endiiphenyl phogphime in pyridine at ca.

70 °C, to afford the diester S37.6.

Using the above procedure, but employing, in place of butyl lactate

S37.5, different hydroxyesters S37.2, the corresponding products S37.3 are
5  obtained.

Alternatively, the diesters S37.3 are obtained by alkylation of the
phosphonic acid S34.6 with a haloester S37.1. The alkylation reaction is
performed as described in Scheme 36 for the preparation of the esters S36.4.

This method is illustrated in Scheme 37, Example 2. In this procedure,

10  the phosphonic acid S34.6 is reacted with excess ethyl 3-bromo-2-
methylpropionate S$37.7 and diisopropylethylamine in dimethylformamide at ca.
80 °C, as described in Anal. Chem., 1987, 59, 1056, to produce the diester S37.8.

Using the above procedure, but employing, in place of ethyl 3-bromo-2-

methylpropionate S37.7, different haloesters S37.1, the corresponding products
15  S37.3 are obtained.

The diesters S37.3 are also obtained by displacement reactions of
activated derivatives S34.7 of the phosphonic acid with the hydroxyesters S37.2.
The displacement reaction is performed in a polar solvent in the presence of a
suitable base, as described in Scheme 36. The displacement reaction is

20  performed in the presence of an excess of the hydroxyester, to afford the diester
product $37.3 in which the ester substituents are identical, or sequentially with
limited amounts of different hydroxyesters, to prepare diesters S37.3 in which
the ester substituents are different.

The methods are illustrated in Scheme 37, Examples 3 and 4. As shown

25  in Example 3, the phosphoryl dichloride S35.22 is reacted with three molar
equivalents of ethyl 3-hydroxy-2-(hydroxymethyl)propionate S37.9 in
tetrahydrofuran containing potassium carbonate, to obtain the diester product
S37.10.

Using the above procedure, but employing, in place of ethyl 3-hydroxy-

30  2-(hydroxymethyl)propionate S37.9, different hydroxyesters S37.2, the
corresponding products S37.3 are obtained.

Scheme 37, Example 4 depicts the displacement reaction between

equimolar amounts of the phosphoryl dichloride $35.22 and ethyl 2-methyl-3-
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S36.25 Schene 36 Exanple 5 BrCH(Bn) CO2Et 0 11 ON- R-1ink--OCH Bn CO Et
R-link-P~ OHP () 2 OCH2CF3 S36.27 OCH2CF3 S36. 26 S36.28 Schene 37

il lustratwe 2omtthons for the preparation of phosphonate PBcuiussasns7ossr whi ch
both the ester substituents incorporate carboal koxy groups. The conpounds
are prepared directly or indirectly fromthe phosphonic acids S34.6. In
one al t er nat i iglroxypeonpbipRdnit, tagiadd the mengskietpipduet 3 2. h)elrssest er
S37.2, using the condjtions described. preyi Y - such as
coupling r eac’tsic8ﬂ‘iu°ﬁ% h§° P%@@F(?EZQ?IP ﬂgea}?rﬁééeg‘lg'? Pﬂ?@%&g%%g}li%m %Iﬁﬁlfo%geeagent s,

or under the £0a6tS3912 i9thehReachdd, aadeelthe sagreohaitions,avitf b dolahe di est er
product S37.3 in which the ester substituents are identical. This nmethod is

i |lustrated iefusehaief gthyl kgiaptdd-18. tq give Hiedipstesguediice S37-dde phosphoni ¢

acid S34.6.is reacf.ed wt k ' n I t 116 WO
2006/ 0152§1 PCT/ usgglgg%%’gg590%5@@%%%‘6%%%24?2@% é%"f%‘?%’ rzur?ﬂ}lgl %5 and
tri phenyl phosyphbteroplomte S87.0¢ and etbgl lactd S37.130safubmiad ré¢detionk wgkher S37. 6.
Usi ng the above procedure, but_ enploying, ipn place of ggtyl | actate S37.5,
different hydfiskiashuefrexsteroS3T hehe Gorrnpuiing ARIprte ddérosraadtaged, o 5
obtai ned. AltgrRahiks! v, the diesters S37.3 are obtained by alkylation of
the phosphonic acid S34.6 with a hal oester S37. The al kyl ati on reaction
is perfornmed as de!ﬁ;ribed in Schene 36 for the pfeparation of the esters
S36. 4. This nBtime—i-OH ust r atedt T Schen®-BK—#Xakf)l e 2. In this
procedure, 10 the plo®IMEOKRAci d S34.6 is react EARWEBRXcess et hyl
3-brono-2- net hyl pgepisonateS37. 7 and dii sopropyBéthyl ani ne in

di met hyl formam de at ca. 80 as described in Agal. Chem, 1987, 59,
1056, to produce t di ester S37~8,SBBilng t he abovye procedure, but

enpl oyi ng, in place 937.2t hyl 3-brondb-2- §37.2
Q HO(§2)70202R5 (I? 4b 5b
Riink—R-OH ~ —"%»  Rilink—R-—O(R")CO-R
—->
s346 O HaR*™)COR® O(R*)CO,R™
S37.3
S37.1
S37.2
$37.2
o)
il ) 1
R-Iink—P\——LV - »  R-link—P—Lv
Lv $37.2 O(R**)CO,R®
S34.7 S37.4
Scheme 37 Example 1
O HOCH(CH3)CO,Bu O
R-link—R—OH ~—  »  R-link—BR——0CH(CH3)CO,Bu
OH S37.5
OCH(CH5)CO,Bu
S34.6 S37.6
Scheme 37 Example 2
O BrCH,CH(CH3)CO,Et O
R-link—R—OH - > R-link—BR—OCH,CH(CH3)CO,Et
OH S37.7
OCH,CH(CH;)CO,Et
S34.6
10 S37.8
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met hyl propi onate S37.7, different hal oesters S37.1, the correspondi ng
products 15 S37.3 are obtained. The diesters S37.3 are al so obtai ned by

di spl acerwotooeasisions of activated derivatives S34.7 eCTiuseooshosphoni C
acid wth the hydroxyesters S37.2. The displacenent reaction is perforned
in a polar solvent in the presence of a suitable base, as described in
Schene 36. The di spl acenent reaction is 20 perforned in the presence of an
excess of thechydrao i e o afford the diester product S37.3 in which

t he ester subgfﬁ?ﬂgﬁ¥§§§W@“Féentical, or sequentially with Ilimted anmounts
of different hydroxyesters, to prepare diesters S37.3 in which the ester
substituents are di f¥erent. (HD@HpeCHE®sERre il lystrated in Scheme 37,

Exanpl es 3 ang-ihk-Ag-stown 25 in Exanpl t he phasp | di ride
S35.22 is reacted wi fd;] three nofar g equi jﬁﬁ%ﬁ EfggﬁﬁgﬂwHZCﬂ_‘)%Z%t

3- hydr oxy- 2- (hydr oxymnet hyl ) propronate S37.9 in H 8HobRjEO, EtoNt ai ni ng
pot assi um car bonat &35t22 obt ai n t he di ester product Z?:g Eb ing the above
procedure, but enploying, in place of ethyl 3-hydroxy-"-30

2- (hydr oxyret Bghemedgikxample 437. 9, different hydroxyesters S37.2, the

correspondi ng products ined. Scﬁfne 37, Exanple 4 depicts the
di spl acenent reactiqp Hi@&&gﬁﬁagaﬁpﬁgFQr anouiit s_ of tqgéggosphoryl
di chl ori de S3R-@k-a+s-et hyf—Z-—?;aEyl - 3- Reink—y S0 1EFBICOEL
PCT/ US2005/ 027088 hﬁgroxypro ohate S37.11, té&lyield the nonoester product
S37.12. The reaction is conducted in acetonitrilegy 460 in the presence of
di i sopropyl et hyl anmi§89.22The product S37.12 is then reacted, under the sane
conditions, with one nolar equivalent of ethyl |actate S37.13, to give the
di ester product S37.14. 5 Using the above procedures, but enploying, in
pl ace of ethyl|&3@ﬂkﬂ¥b3§55hydroxypropionate S37.11 and ethyl lactate
S37. 13, sequenti al éfﬁﬁgions with diffé&ent hydroxyesters S37.2, the

uct's

correspondi ng prod 37.3 are RhtanéﬁTOCSQ(DH(m-IQGOQEtO Lv
OCH(CH3)CO,Et

S37.14

2,2-Dimethyl-2-aminoethylphosphonic acid intermediates can be
5  prepared by the route in Scheme 5. Condensation of 2-methyl-2-
propanesulfinamide with acetone give sulfinyl imine S38.11 (J. Org. Chem.
1999, 64, 12). Addition of dimethyl methylphosphonate lithium to $38.11
afford S38.12. Acidic methanolysis of $38.12 provide amine S38.13. Protection
of amine with Cbz group and removal of methyl groups yield phosphonic acid
10  S38.14, which can be converted to desired $38.15 (Scheme 38a) using methods
reported earlier on. An alternative synthesis of compound S38.14 is also shown
in Scheme 38b. Commercially available 2-amino-2-methyl-1-propanol is
converted to aziridines S38.16 according to Hterature methods (J: Org. Chem.
1992, 57, 5813; Syn. Lett. 1997, 8, 893). Aziridine opening with phosphite give
15  S38.17 (Tetrahedron Lett. 1980, 21, 1623). Reprotection) of $38.17 affords
S38.14.
Scheme 38a
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R-1ink-P-OH R-1ink-R O(R4b) CO2R5b O(R4) CO2R5 S37.5 37.4 S37.1 S37.2 S37.2
0 HO(R4b) CO2R5 O Il S37.2 11 4b 5b R-link-pk OH Am R-1ink-p-O R )CO2R
S34.6 OH Walp®4h3BO2R5b O RAb) CO2R5b S37.3  537.1 S37. 2 PCHAB2B5@27088
R1ink-P Lv Rlink-P- Lv Lv S37.2 O(R4b) CO2R5b S34.7 S37.4 Schene 37
Exanple 1 1 HOCH(CH3) CCRBu O R-1ink-R OH R-1ink-P OCH(CH3) CCPBu OH S37.5

OCH(CH3) CCRBu  S34. & S37.6 Schene [37 Exanple 2 1 Br CH2GH( Et 9
R-1ink-ps OH R-|i nk- R/OCH2CH( CH3 Et  H{ORBLHE), OCH2 CH3 S34.6 10
S37.8 118 WO 20064 6%@17‘03%0 N 708 R, SCITE e e R, O

538.16R — Cbz, R'SOZ 838'17

o)
X ke
CbzHN OH

$38.14

The invention will now be illustrated by the following non-limiting

Examples and Exemplary Embodiments:

O

N Br
BzO

2-deoxy-2-fluoro-3,5-di-O-benzoyl-a-D-arabinofuranosylbromide (2)
10  Tann et al., JOC 1985, 50, p3644
Howell et al. JOC 1988, 53, p85
To a solution of 1 (120 g, 258 mmol), commercially available from Davos or

CMS chemicals, in CH,Cl, (1 L) was added 33% HBr / Acetic acid (80 mL).
The mixture was stirred at room temperature for 16 h, cooled with ice-water, and
15  slowly neutralized over 1-2 h with NaHCOs (150 g/ 1.5 L solution). The
CH,Cl, phase was separated and concentrated under reduced pressure. The
residue was dissolved in ethyl acetate and washed with NaHCOj3 until no acid
was present. The organic phase was dried over MgSOa, filtered and
concentrated under reduced pressure to give product 2 as a yellow oil (~115 g).

20
Cl
N \N
.

o)
\ F

BzO

2-deoxy-2-fluoro-3, 5-di—0-benzoyl-B-D-arabinofuranosyl-9H-6-
chloropurine (3)
25 Maetal., J. Med. Chem. 1997, 40, 2750
Marquez et al., J. Med. Chem. 1990, 33, 978
Hildebrand et al., J. Org. Chem. 1992, 57, 1808
Kazimierczuk et al. JACS 1984, 106, 6379
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11 (HOCH2) 2CHCO2Et O R-1i nk-PCCl R-Zi nk- P- OCH2CH( CH2OH) CO2Et  S37. 9 S35. 22
OCH2CH( CH2OH) CO2Et  S37.10 Schene 37 Exanpl e 4 O HOCH2CH( CH3) CO2Et O

R-1i nk- 11Wo0G@Gbhodad3261l R-11i nk-P1 OCH2CH(CH3) CO2Et CI ClI  88%/182005827082

HOCH( CH3) CO2Et O S37.13 R-1ink- P\ OCH2CH( CH3) COREt  OCH( CH3) CO2Et S37. 14
2, 2- Di et hyl - 2- am noet hyl Phosphoni c acid internedi ates can he 5 prepared

byt Lhe r?ut e T@asaﬂpe??'%o T@Hfﬂ%ge@%}iﬂﬁc@TQﬁHWIL@(%ﬁ%}aésuI fi nam de
with acetone gjve su i . : , .
Addition of dTHEPRIANS 5?#@6@8&%&%&%@?@%' hhetluixiglE Wps stitpPat B, 12)

A_citﬂi (C::b met han@hma%mrefoﬁ?ﬂshl% qolgionce 205 § ennS3AB il ACEPONIERILB300f ani ne

W z group_and renoval of nethyl groups yield phaosphonic¢c acid 10

S38. 14, whi chintawapaddedijenyise 1oe @é%lg%&ll@%? s f(tgﬁﬂﬁeaﬁ&’oz%&)mﬂfﬁfh@ net hods
reported rlger-an. : i i : BRQUY) ) is also
shown i n%gch%)?réé ggghég%%héﬁg& gbkéﬁgg%ﬁtggﬁgﬁﬁ-g&aﬁg%o- 2- r’rgtlt%%la-a%?pr opanol is
converted to @nceitchitetbmdsBRdhéedaymressurt. richetresithie waspartigonedtbebnesn(J Of g.

Chem 1992, 57, 5813; Sy Lett. 1997, 8, .893). .Azjridi i ith
phosphi te gi vVetiGh %gv"if?f-?PF@tqr%ﬁ%’é‘aP © pas flf_le‘gé%%,M%%‘?L%’étg%)d%%ggw ot ect | on)
8f S38. 17 af f QfdSnrapaB b resGEWEs 38Redlwfh \VP1,2006d 28D IPET2/S2005/ 027088

overall) to precipitate out the desired product 3 as a yellowish solid (83 g, 65%

10 from1).
OMe
N N N
/
<N o

T
ol:

15  2-deoxy-2-fluoro -B-D-arabinofuranosyl-6-methoxyadenine (4)
To a suspension of 3 (83 g, 167 mmol) in Methanol (1 L) at 0 °C, NaOMe (25%

wt, 76 mL) was added. The mixture was stirred at room temperature for 2 h, and
then quenched with Acetic acid (~ 11 mL, pH=7). The mixture was
concentrated under reduced pressure and the resultant residue partitioned

20  between hexane and water (approximately 500 mL hexane and 300 mL water).
The aqueous layer was separated and the organic layer mixed with water once
again (approximately 300 mL). The water fractions were combined and
concentrated under reduced pressure to ~100 mL. The product, 4, precipitated

out and was collected by filtration (42 g, 88%).

25
OMe
N N
0 ¢ )
s
\_LF

2-deoxy-2-fluoro-5-carboxy-B-D-arabinofuranosyl-6-methoxyadenine (5)
Moss et al. J. Chem. Soc. 1963, p1149
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HP(O (OCH3)2 ~' OCH3 H2N ~ OH NR NaH RHN OCH3 S38. 16R = Cbz, R S02 S38.17
OS-OH CbzHN SOH S38.14 The invention will now be illustrated by the

f ol | owi ngwoanediiisiétii ng Exanpl es and Exenpl ary Enbodi mercsus200Boeioss PF Br
BzO 2- deoxy-2-fl uoro-3, 5-di - O benzoyl - oc- D- ar abi nof ur anosyl br omde (2) 10
Tann et al., JOC 1985, 50, 3644 Howel | et al. JOC 1988, 53,'p85 To a

sol ution of 1A(mixturgofPEE (A%l 13 gEHrReoanel aayva)asia wares e BaBavos or  CVB

chem cal s, Th
mxture vas SNTPOCH et ShotHinBARE R S0 hapSEERAL & bty Bpor T0
and 15 sl owl yoBeutTia reZidnani&turd was thewiallbwbh HCED] (plﬁ@dgulﬂerila wclumsol ut i on) .

The CH2C12 phase was separ at ed and conce trated un duced pressure.
The residue oRfsileshed Hithddy senerat e %te]é(ﬁﬂl%%lgﬁgl Wl%p until no

T
g. 20 a / Nak\lst‘lrred]at B3 GCNhrNer 0, (I:Bﬂﬁoﬂldﬂd)t&;e-raadtﬂouwascamplete by LC-
-di - O benzoy] S( ? yplcﬁ atﬁl ?2%)”[1%2 (r)nSlXture was cooled to room temperature and

filtered. The Pt/C was washed with H,O extensively. The combined filtrates

were concentrated to ~ 30 mL, and acidified (pH 4) by the addition of HCI (4N)

10 at0°C. A black solid precipitated out which was collected by filtration. The

crude product was dissolved in a minimum amount of Methanol and filtered

through a pad of silica gel (eluting with Methanol). The filtrate was

concentrated and crystallized from water to give compound 5 (2.5 g) as an ofi-

white solid.

15

N
¢

EtO~P_ O _O_N" N
5L

(2’R, 3’S, 4R, 5°R)-6-Methoxy-9-[tetrahydro 4-iodo-3-fluoro -5-
(diethoxyphosphinyl)methoxy-2-furanyljpurine (6)

20 Zemlicka et al., J. Amer. Chem. Soc. 1972, 94, p3213
To a solution of 5 (22 g, 73.77 mmol) in DMF (400 mL), DMF dineopentyl

acetal (150 mL, 538 mmol) and methanesulfonic acid (9.5 mL, 146.6 mmol)
were added. The reaction mixture was stirred at 80-93 °C (internal temperature)
for 30 min, then cooledto room temperature and concentrated under reduced

25  pressure. The residue was partitioned between ethyl acetate and water. The
organic phase was separated and washed with NaHCO3 followed by brine, dried
over MgSO,, filtered and concentrated under reduced pressure. The residue and
diethyl (hydroxymethyl)phosphonate (33 mL, 225 mmol) were dissolved in
CH,CI; (250 mL) and cooled down to -40 °C. A solution of iodine

30  monobromide (30.5 g, 1.1 mol) in CH,Cl, (100 mL) was added dropwise. The

mixture was stirred at -20 to -5 °C for 6 h. The reaction was then quenched with
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chloropurine (3) 25 Ma et al., J. Med. Chemn. 1997, 40, 2750 Marquez et
al., J. Med. Chem 1990, 33, 978 Hildebrand et al., J. Og. Chein. 1992,
57,1808 wWeznewmaswmazuk et al. JACS 1984, 106, 6379 120 WOr20asL@55H2H8s

PCT/ US2005/ 027088 To a suspension of NaH (14 g, 60% in ACETONI TRI LE (900
mL), 6- chloropurine (52.6 g) was added in 3 portions. The m xture was
stirred at rodsCOeapENatuPe The orgasiciphask weA sgpiisiedend the walgr phasel ) in

ACETONI TRI LE (300 d | ; ' ] ti d
a1 oom terpevanaiia g Wi GRS, ThORMERe HUT TR SRR BRSSP ned

(3.5 m), fildgrefeedria@never ntittated dndli bollenti sidd ordbr ped@ssdipessuftieThesi due
was partitioned bet ween . 2Cl12 and water. The organic phgs was dried over
MySO4, filt ertesidanyas peiiasivrwlieassel vhemategranhy tagseredictd Wt h cH2c12 and

t hen EtO—IS(-llzsgypgerall) to precipitate out the desired product 3 as a
yel | owi sh”sol 1@ (83 g, 65% 10 from1). W /NN \' NN HOJ HO 15
2-deoxy-2-fluoro -f -D- arabinofuranosyl -6-nmet hoxyadenine (4) To a
suspension of 3 (83 g, 167 nunol) in Methanol (1 L) at 0 C, NaOwe (25% wt,
76 nL) was added. The m xture was stirred at roomtenperature for 2 h, and
t hen quenchedAltpnniatize Broeedsee fpr(the Preparatispefp The ni xture was

concent r at ed Andistion o520 gpd.desmeb imRHF(HE nleoswast tegtedrveish aipberdr t i t i oned

20 betwe hexane .an t appr.oxi nat el. 3 wat er) .
The aqueglg)s Iéﬁ?@ﬁu%&ﬁ’pg? gfn%@?gﬂ‘éertmé%&%g%&;gﬁ?ﬁ%&%%ﬁg%?%’ %t er once
agai n (appr oxnfRl)eka 2306d Sbwly. Thiee wadlnt ot wasstived at monbicnpdraand
concentrated under reduced pressure to -100 nL. The product, 4,
preci pi t at ed for 1 hand then concentrated under reduced pressure to dryness. The residue

was dissolved in CH,Cl, (20 ml), and then treated with

diethyl(hydroxymethyl)phosphonate (4.5 g, 27 mmol). The mixture was cooled

15  to -60 °C and then a cold solution of iodine monobromide 2 g, 9.6 mmol) in
CH,Cl, (10 ml) was added. The reaction mixture was warmed to -10 °C and
then kept at -10 °C for 1 h. The reaction mixture was diluted with CH,Cl,,
washed with saturated aqueous NaHCO3, and then with aqueous sodium
thiosulfate. The organic phase was separated, dried over MgSOys, and

20 concentrated under reduced pressure to dryness. The reaction mixture was
purified by silica gel chromatography (eluting with 25 % ethyl acetate in
CH,Cl,, then switching to 3 % methanol in CH,Cl,) to afford product 6 (0.9 g,

33 %).
25
OMe
‘ N AN
N
EtO(IF?’ 0. .0 </N I /)
= N
EtO NS \q
F

(2°R, 5’R)-6-Methoxy-9-[3-fluoro-2,5-dihydro-5-
30 (diethoxyphosphinyl)methoxy-2-furanyl]purine (7)
To a solution of compound 6 (6 g, 11.3 mmol) in acetic acid (2.5 mL) and

methanol (50 mL), NaClO (10-13%) (50 mL) was added dropwise. The reaction

mixture was then stirred for 0.5 h and concentrated under reduced pressure. The
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out and was collected by filtration (42 g, 88%. 25 W& O NN ONHON H6
2- deoxy- 2-fl uoro-5-carboxy- f -D arabinofuranosyl - 6-net hoxyadeni ne (5)

Moss et aWwo 2006/0C6@m Soc. 1963, pl149 121 WO 2006/ 01526 PCcPTRL0ISAOMSE 027088
A mxture of Pt/C (10% 15 g (20-30% nol equiv.) as a water slurry) and
NaHCO3 (1.5 g, 17.94 mmol) in H20O (500 nmL) was stirred at 65 C under H2 for
O.g PI The r emsiduowasinated witheshyt hestatalandihes filisredoolrempyasodids-uifer a vacuum
an ushed w.th N2 several .tj to. C . 2 | H2. Compound 4 5
(5.1 9, 17. 9\4,\&‘1 q‘f’aﬁ/\‘é)gc?rﬁ%aﬁeda%@z%e B%Sld?lgglﬁgkgl&%gé g?%\rﬁgg géllhe react im(;n
mxture was girbmb@graphy @bgibe prstRet P4 gleab)oon) until the reaction was
conplete by LG M (typl ca%ly 24-72h). The m xture was cooled to room
tenperature and filtered. The Pt/ C was washed with H20 extensively. The
conbi ned f§|trates were concentrated to - 30 nL, and acidified (pH 4) by
the additi'on of HO (4N) 10 at 0 C A black soligHprecipitated out which
was col lected by filtration.. The crude product Jwas di ssolved in a m ninmum
amount of Methanol and filtered 'thyough a p f;?ilica gel (eluting with
Met hanol ). The filtrate was ofolal e_rlt_i,tra(?edoan allized fromwater to

gi ve compound 5 (2.5 g) as an o Wht S d. 5 W 0 </NN EEOP O ON
N ~F (2R 35S, 4R 5 R)-6-Mthoxy-9- trahydro 4-iodo-3-fluoro -5-

(di et hoxyphosphi nyl ) net hoxy- 2-furanyl ] puri ng (6)

(2°R, 5°R)-9-(3-fluoro-2,5-dihydro-5-phosphonomethoxy-2-furanyl)adenine
di sodium salt (8)
10 A solution of compound 7 (2.3 g, 5.7 mmol) in methanol (6 mL) was mixed with

ammonium hydroxide (28-30%) (60 mL). The resultant mixture was stirred at
120 °C for 4 h, cooled, and then concentrated under reduced pressure. The
residue was dried under vacuum for 12 h. The residue was dissolved in DMF
(40 mL) and bromotrimethylsilane (3.5 mL) was added. The mixture was stirred
15  atroom temperature for 16 h, and then concentrated under reduced pressure.
The residue Wés dissolved in aqueous NaHCOj3 (2.3 g in 100 mL of water). The
solution was evaporated and the residue was purified on C-18 (40 um) column,
eluting with water. The aqueous fractions were freeze dried to give di-sodium

salt 8 (1.22 g, 57%).

20

NH,

0] S
C 2 S0 ¢ N
] /)
0] —
<k
Example of Monoamidate Preparation (9)

25

Di sodium salt 8 (25 mg, 0.066 mmol), (S)-Ala-O-cyclobutyl ester hydrochloride
(24 mg, 2 eq., 0.133 mmol) and phenol (31 mg, 0.333 mmol) were mixed in
anhydrous pyridine (1 mL). Triethylamine (111 gL, 0.799 mmol) was added
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20 Zesnlicka et al., J. Amer. Chem Soc. 1972, 94, p3213 To a solution of 5
(22 g, 73.77 mol ) in DMF (400 nL), DVMF dineopentyl acetal (150 nmL, 538
mrol ) andwoebdsansezsul fonic acid (9.5 nmL, 146.6 mvl) wereTAkAd@d/027DEe
reaction mxture was stirred at 80-93 C (internal tenperature) for 30 mn,
t hen cool edto room tenperature and concentrated under reduced 25 pressure.
The residue \A/asdﬁ@rrﬁuﬂ@@trm@ﬁlfétWWQéhﬂéd#ﬁ °z§bléltf1§f aitepgan.wir eseparpieflasky gani ¢

phase was sep a e ied over
MpSo4, fil tergdg;(ﬁlgmopﬂ ﬁil nagl;%gre gllp%\%%éu (el% éOrA’gél due and
di et hyl (hydr exystpiveyd dlﬁﬁtbﬁ&ldhﬁ)aﬂli}elréﬁ%ymldmeZBSnﬂﬂmhﬁi theresuldhg sdloved in
CH2C12 (250 nL) and cool ed down to - A. sol ution of |og1 ne, 30

nonobr oni de ( S@fuBoRywag stirgesioy 15130@12@1123 E(Oiwni ‘ﬁis)th%édd&é(ﬁ% edPBRAse. The

m xture S guenched
wth 122 555@?@1@%"&3@@3 % ﬁg%gf}l ggggjégwa{la ﬁand Na ZI&%ﬂagé'llhe organic
phase was sepéralodritoagive 4 bleanyadlew tph@hebromomttona&hemmmwﬁﬁ—meiz The
conbi ned organi ¢ phases re. washed w ne rie er filtered
and concent r affehn#e u’fl@%tﬁ%‘@&e‘ip@é%? efﬁ%l ta?%@?ﬁﬁ%gﬁﬁ’iveﬂd%

silica gel chpg 1id0 éF'cl‘ﬁ%nﬁ'E@%{ﬁﬁf (Blutifig 9v1th5a l%géa?’g@adleﬁi (5190' f@)at' ve

Procedure for t Prep atlo of 6 A'sol ution of .7 mol) in THE
(45 nL) was tﬁ%aIVIeﬂ)Hmnt(EH:t(Blt)ﬁhgmelanJSﬁl pftegpshilineg QQ“@S glsSCSVéd mml) under N2.
Dii sopr op azodi C&Abox | at e

Poser PRI A RE A vl at ot i FEEC (s it toh ™

concentrat ed Yad&ii{1€HI&EEr)PPRESHERIohS wifydRSSinedliiR fQsb-dried td’\?% di ssol ved
in CH2C12 (20 m), and then treated with diethyl (hydroxynet hyl) phosphonat e

(4.5 g, 27 moiopo affidated s avdiispewdesl ed 15 to -60 C and then a col d
solution of iodine nonobromde 2 g, 9.6 nunol) in CH2Cl12 (10 m) was
added. The reaction mxture was warned to -10 C and then kept at -10 C for
1 h. The reaction m xture was diluted with CH2C12, washed with saturated
aqueous NaHCO3, and then with agueous sodium thiosulfate. The organic
phase wasléeparat ed, dried over MgS™, and 20 conce rat ed under reduced
pressure to dryness. The reaction m xture was

— < 9 <, @
OHNP

L =
N0 X

Example of bis amidate preparation (10)

20  Di sodium salt 8 (12 mg, 0.032 mmol) and (S)-Ala-O-n-Pr ester hydrochloride
(32 mg, 6 eq., 0.192 mmol) were mixed in anhydrous pyridine (1 mL).
Triethylamine (53 uL, 0.384 mmol) was added and the resultant mixture was
stirred at 60 °C under nitrogen. In a separate flask, 2'-Aldrithiol (59 mg, 0.224
mmol) and triphenylphosphine (49 mg, 0.224 mmol) were dissolved in

25  anhydrous pyridine (0.5 mL) and the resulting yellow solution was stirred for
15-20 min. The solution was then added to the solution of 8 in one portion. The
combined mixture was stirred at 60 °C under nitrogen for 16 h to give a clear
yellow to light brown solution. The mixture was then concentrated under
reduced pressure. The resultant oil was dissolved in CH,Cl, and purified by

30 silica gel chromatography (eluting with a linear gradient of 0 to 5% MeOH in

CH,Cl,) to give an oil. The resulting oil was dissolved in acetonitrile and water
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purified by silica gel chromatography (eluting with 25 % ethyl acetate in
CH2C12, then switching to 3 % nethanol in CH2Cl2) to afford product 6 (0.9
g, 33 Yoyom&/(@ss1 O //N NI  EECO P~O O\N NJ F (2' RPCT/US2005/027088

5'R) - 6- Met hoxy-9-[ 3-fl uoro- 2, 5-di hydro-5- 30

(di et hoxyphosphi nyl ) met hoxy-2-furanyl Jpurine (7) To a sol ution of corrpound
6 (6 g, 11.3 andgiuyified bapetpacative |P£Pué(lglemgra@1ﬁ@t, Sthethasstnigdpingiater)NaCcl1O

(10-139% (50 jinL s added dro S e r hen
stirred for Oé‘ge )h:fa\éﬁ Sc%%ﬁg?ftiﬁg‘%nﬁm?ﬁaezg dr{ éc]'% pri)rlsegsﬂsﬁéltra{eé.a%'?ﬁgﬁt%ZB WO
2006/ 015261 Rgl{dd22005/ 027088 resi due was treat ed with ethyl acetate and
then filtered to renove solids. The filtrate was concentrated and the
residue was purified by silica gel chromatography to give product 7 (4 g,
889%) . 5N|—5|2 OY<INN +Na 0 eP~r-OO0O NN +Na'OF (2'R

5'R)-9-(3-fluoro-2,5-di hydro ranyl)adenine di
sodiumsalt (8) 10 A soluti oﬁwggmﬁmfi@x@gg%% 7 mol) in nmethanol
(6 nmL) was m xed with ammoni um hydroxi de (28- 30% (60 nmL). The resultant
m xture was stirred at 120 C for 4 h, cool ed, then concentrat ed under
reduced pressure. The residue was dr| ed under ?ﬂaéuumfor 12 h. The residue

was dissolved in DV (40 nL) and brom)trl Nl ane (3.5 nlL) was added.
The m xture was stirred

Ri—
Rz
F.'
10
Example R1 R2 Ester MwW
55 Ala OPh cPent 546.5
54 Ala OCH2CF3 Et 512.36
53 Ala OPh -furan- | 540 47
4H
52 Ala OPh cBut 532.47
50 Phe(B) OPh Et 582.53
56 Phe(A) OPh Et 582.53
57 Ala(B) OPh Et 506.43
51 Phe OPh sBu(S) | 610.58
58 Phe OPh cBu 608.57
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15 at
pressure.
wat er) .
(40 gm col um,

roomtenperature for

eluting with water.

16 h, and then concentrated under
The residue was dissolved in aqueous NaHCO3 (2.3 g in 100 nL of
TWe 20ealisd6iion was evaporated and the resi due wascparsedosoeossh C- 18
The aqueous fractions were freeze

r

educed

dried to give di-sodium salt 8 (1.22 g, 57%. 20 NH? </ SI 0-0 NN
0// NP,,,~OONNIJ| / I F Exanple of Mnoam date Prepafation |(9) 25 D
sodiumsalt 8 (25 tg, @966 mml Phe (S){ACEHECES cll obiBYyI é%@é? hydr ochl ori de
(24 nyg, 2 eqg. , 0. 183 anl) and nhpnnl 3] ng, 0.-833 nun were mxed in
anhydrous pyridine|(1 nL). Tli et h Ianlne (111 L, {0.799 ), Wwas added 124
WO 2006/ 015261 PCT| Us2085) 027088 4(h {he PBEul t ant Shi xtng’%“ %ds stirred at
60 C under nitrogeq_ |ln_a sebharate fla 5l 2 Aldri-t-hie (122 my, O.466
mol ) and tri phenyl phosphi ne| (10 D. 46 di ved in
anhydr ous pyridine| (0. 5§ ) and tégeresultl g yeIIo&ﬁﬁgo Sﬁ?§% was stirred
for 15-20 m n. Thersetut+en—pas—then—agded—to—the—sotution—S5Sof 8 in one
portion. The conblwed Xt ur e tlrled 60 Cupdsr| nkippden for 16 h
to give a clear yell mﬁ%o |Ith@%ﬂ0 >olu??on Tﬁ%inxturé was t hen
concentrat ed under retuced—ptressure—The resuttamt—ort—was digsol ved in
CH2C12 and purified by,silica g\ hr omat ggpaphy ekt | mgowy tih a | i near
gradient of 0 to @6Nb in|CH C12§ 0 give an 0il. The resuljting oil was
di ssolved in 10 acetomtriterand water jand purified by prepardati ve HPLC
(linear gradient, b-95% acetoniphgile in wabgr). |Puba fragbbons were
conbi ned and freeze-dried to|give nono amdate 9 as a white powder. 15 NH2

63 Phe(A) OPh nBu 610.58

47 Phe OPh CH2cPr | 608.57

46 Phe OPh CH2cBu | 622.59

45 Ala OPh 3-pent | 548.51

64 ABA(B) OPh Et 520.46

65 ABA(A) OPh Et 520.46

44 Ala OPh CH2cBu | 546.5

43 Met OPh Et 566.55

42 Pro OPh Bn 594.54

66 Phe(B) OPh iBu 610.58

67 Phe(A) OPh iBu 610.58

41 Phe OPh iPr 596.56
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O11 N< OHNPLOO NN

',Co \~ F Exanple of bis am date preparation (10)

20 DO sodiumsalt 8 (12 ng, 0.032 nmmol) and (S)-Al a-On-Pr ester
0.192 nmol ) were m xed i nramhysdeosos7opyri di ne

hydr ochl owodeo6/13%1ny,

6 eq.,

(1 m). Triethylamne (53 L, 0.384 mvol) was added and the resultant
m xture was stirred at 60 C under nitrogen ln ¢ Qpnnra,t_g_f_l_a_sk,
2'-Aldrithiol (59 ng, 0,224 (IJ_) and [t ri phenyl [:host ne é%? ng, 0.224
nunol ) were dissol yed i1P 25 cmhy M8us pyri Pe (0.5 he resulting
yel | ow sol uti on was—sti+rred-for—15-20-tm-nr—7Fhe sn"'f'c. was—then added to
the solution of 8 ijn o portion., The comq' ed m tjrred at 60 C
under nitrogen for |16 hto gijve fﬁ]%l earl ye PIrp‘owt dﬁlztég V%?S’\?m sol ution.
The m xture was thenr—concenttated—under—reducedpressuie—The| resul t ant
oi | was dissolved iln Cl2 and i fied bys30 silli ge I5 Rponat ogr aphy
(eluting with a |inear gradient of 0 ta 5% MeCH ifn 2C1 f% ol give an oil.
The resulting oil ywasdrssotyed—tnacetomtritegndwater J.45 A WO
2006/ 015261 PCT/ US2005/ Q27088 ang, puriifi eghgpy priepgiat i vpedBLIC (|1 near
gradient, 5-95% acetonitrile(in water)., Pure fractions|were cpnbi ned and
freeze-dried to giye bis amdgate as a white powder. 5 EXEVPLARY
EMBODI MENTS NH2 N NR AOIO0O \Ngh NY| R2dph 10| npent | 562.54

39 Phe Phe nPr 709.71

38 Phe Phe Et 681.66

37 Ala Ala Et 5290.47

71 CHA OPh Me 574.55

36 - Gly OPh iPr 506.43

35 ABA OPh nBu 548.51

34 Phe OPh allyl 594.54

33 Ala OPh nPent 548.51

32 Gly OPh iBu 520.46

72 ‘ ABA OPh iBu 548.51

73 Ala OPh nBu 534.48

31 CHA CHA Me 665.7

30 Phe - Phe Aliyl 705.68
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Exanpl e R

R2 Ester

MN 55 Ala OPh cPent 546.5 54 Ala OCH2CF3 Et 512. 36

53 Ala OPh 3-fura 4H n 548.47 52 Ala OPh cBut 532.47 50 Phe(B) OPh Et
582.53 5ORheAy26DPh Et 582.53 57 Al a(B) OPh Et 506. 4BCTAK20E@208h sBu(S)

610. 58 58 Phe OPh cBu 608. 57

OCH2CF3 i Bu 616. 51
Al a(B) OPh CH2cPr

610. 58 63 Phe(A)

CH2cBu 622.59 45

OPh Et 520.46 44

594.54 66 Phe(B)

596.56 127

126 WO 2006/ 015261 PCT/ US2005/ 027088 49 Phe

59 Ala(A) OPh Ft 506 43 48 Phe OPh sBu(R) 610.58 60
532.47 61| Al a(f) OPh CHocPr 532 47 62 Phe( B) OPh nBu
Ph 8u 610. 58AB47 Phe OPRACH2¢PPP®b8| $71-986 Phe OPh
Al g OPh 3-pent 548 51 64 ABA(B) OPhEt 520146 65 ABA(A)
S ST LI 0 T N AR

27 Gly Gly iPr 529.47

26 Phe OPh iBu 610.58

25 Ala OPh nPr 520.46

24 Phe OPh nBu 610.58

23 ABA OPh nPr 534.48

22 ABA OPh Et 520.46

21 Ala Ala Bn 653.61

20 Phe Phe nBu 73777

19 ABA ABA nPr 585.57

18 ABA ABA Et 557.52

17 Ala Ala nPr 557.52

74 Ala OPh iPr 520.46

75 Ala OPh Bnl 568.5

16 Ala Ala nBu 585.57

15 Ala Ala iBu 585.57

14 ABA ABA nBu 613.63
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WD 2006/ 015261 PCT/ US2005/ 027088 40 Phe OPh nPr

596.56 79 Ala OPh CH2cPr

532.47 68 Phe OPh Et 582.53 69 Ala OPh Et 506.43 70 ABA OPh nPent 562.54
39 Phe Phwonbve/0i8%171 38 Phe Phe Et 681.66 37 Al a Al aPET/ 15265477081 CHA
OPh Me 574.55 36 Gy OPh Pr 506.43 35 ABA OPh nBu 548.51 34 Phe OPh

al 1yl

10

15

20

25

594.54 33 Ala_(QOPh nPent
i Bu 548.51 73 Al a| OPh nBu 5B4.48 31
705.68 128 WD 200p/ 015361 P
Gy @y iBu 557.52
nPr 520.46 24 Phe
520.46 21 Ala Ala

548 51

32 @y OPh i Bu 52046
CHA CHA Me| 665, 7 ¢
1 US¥05/ 027088 29| AB r_ABA%g%gﬂt

641. 68 28
v Pr 529.47 26 Ph

27-Gly-Gy—Pr—529 26 Phel CPh—i-Bl—616-98 25 Al a OPh
U 610, ABA NPl 534. 48 ABA OPh Et
Bn 693 61| 20he Phe ngg't‘]n? 77'§”19 R%%gSABA nPr 585.57

72 ABA OPh
Phe Allvyl

77 ABA OPh Me 506.43

78 ABA OPh iPr 534.48

11 ABA ABA iBu 613.63

Example 11
'HNMR (CDCI3) 8 8.39 (s, 1H) 6 8.12 (s, 1H) 6 6.82 (m, 1H) 6 5.96-5.81 (m,

4H) § 4.03-3.79 (m, 10E) § 3.49 (s, 1H) § 3.2 (m, 2H) § 1.96-1.69 (m, 10H) 3
1.26 (m, 4H) § 0.91 (m, 12H) 31P NMR (CDCI3) 20.37 (s, 1P) MS (M+1) 614

Example 12
'H NMR (CDCI3) 8 8.39 (s, 1H) 8 8.13 (s, 1H) 6 7.27-7.11 (m, 5H) 6 6.82 (s,

1H) 6 5.97-5.77 (m, 4H) & 4.14-3.79 (m, 6H) & 3.64 (t, 1 H) § 2.00-1.88 (bm,
4H) § 1.31 (dd, 3H) § 0.91 (m, 6H). 31P NMR (CDCI3) § 20.12 (s, 0.5P) 8 19.76
(s, 0.5P) MS (M+1) 535

Example 13
'"H NMR (CDCl3): 68.39 (s, 1H), 8.13 (s, 1H), 6.81 (m 1H), 5.95 (m, 1H),

5.81(s, 1H), 4.98 (m, 2H), 3.90 (m, 2H), 3.37 (m, 1H), 3.19 (m, 1H), 1.71 (m,
4H), 1.25 (m, 12H), 0.90 (m, 6H)
Mass Spectrum (m/e): (M+H)" 586.3

Example 14
'H NMR (CDCl): 8 8.38 (s, 1H), 8.12 (s, 1H), 6.80 (m 1H), 5.93 (m, 1H), 5.79

(s, 1H), 4.02 (m, 6H), 3.42 (m, 1H), 3.21 (m, 1H), 1.65 (m, 4H), 1.35 (m, 8H),
0.92 (m, 12H) ‘
Mass Spectrum (m/e): (M+H)" 614.3
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18 ABA ABA Et 557.52 17 Ala Ala nPr 557.52 74 Ala OPh Pr 520.46 75 Al a
OPh Bn 568.5 16 Ala Ala nBu 585.57 15 Ala Ala iBu 585.57 14 ABA ABA nBu
613. 63 1WO NW/@SH6/ 015261 PCT/ US2005/ 027088 13 ABA ABACPUSI@B05Msd2 Al a
OPh i Bu 534.48 77 ABA OPh Me 506.43 78 ABA OPh Pr 534.48 11 ABA ABA i Bu
613.63 Exanple 11 'H NVR (CDC13) 8 8.39 (s, 1H) 6 8.12 (s, 1H) 6 6.82 (m
1H 6 5.96-5. Blample 155 4H) 6 4.03-3.79 (m 10H) 8 3.49 (s, 1H) 6 3.2 (m

2H) 6 1.96- 1. BONMR (CDE);)S & 8136, (1), 842)(s,81H), 680((m 1HR5)9331R 2KYR.$€DCL3)

(s 14 B 7. % AIh s i sep. 548 0Bo Tk 330 ! EVEtyoed. It ot By ° O

4.14-3.79 (moég'imﬁlﬁ 4 (t, 1 H 8 2.00-1.88 (bm 4H) 6 1.31 (dd, 3H) 8
0.91 (in, 6H). 31P NMR (CDC13) 6 20.12 (s, 0.5P) 6 19.76 (s, 0.5P) M

(Mr1) 535 ExaifabeSHdirit (HA)NWRHEDENS) : 5 8.39 (s, 1H), 8.13 (s, 1H), 6.81
(in 1H), 5.95 (m 1H), 5.81(s, 1H), 4.98 (m 2H), 3.90 (m 2H), 3.37 (m |
H, 3..9(m L H, 1.7 (m 4H), 1.25 (m 12H), 0.90 (m 6H) Mass Spectrum
(me): (MH) 538181600 Exanple 14 1H NVR (CDCL3): S 8.38 (s, 1H), 8.12 (s,
1H), 6.80 (m HHNMB(6DClan OB (s51Hp 8.10ds, D) 6.8, (ol - 1616, 11, 333 (in, 1H),

3.21 (m 1H, 183 §% ¢k, 030 b, 34D, 192239 d; 18761 (m, 4m),
10 1.32 (m, 10H), 0.92 (m, 6H)
Mass Spectrum (m/e): (M+H)+ 614.3

Example 17
'H NMR (CD;0D): 6 8.29 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 6.00 (s, 1H), 5.96

15 (m, 1H), 4.04 (m, 8H), 1.66 (m, 4H), 1.38 (m, 6H), 0.98 (m, 6H)
Mass Spectrum (m/e): (M+H)" 558.3

Example 18
'H NMR (CD3;0D): 68.29 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 5.99 (s, 1H), 5.96

20  (m, 1H), 4.04 (m, 8H), 1.67 (m, 4H), 1.23 (m, 6H), 0.95 (m, 6H)
Mass Spectrum (m/e): (M+H)" 558.3

Example 19
'H NMR (CD;0D): 6 8.29 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 5.99 (s, 1H), 5.96

25  (m, 1H), 4.03 (m, 8H), 1.66 (m, 8H), 0.93 (m, 12H)
Mass Spectrum (m/e): (M+H)" 586.3

Example 20
'"H NMR (CD;0D): 68.25 (s, 1H), 8.17 (s, 1H), 7.21 (m, 10H), 6.80 (m 1H),

30 5.91 (s, 1H), 5.72 (m, 1H), 4.04 (m, 6H), 3.50 (m, 2H), 2.90 (m, 4H), 1.47 (m,
8H), 0.92 (m, 6H)
Mass Spectrum (m/e): (M+H)" 738.4

Example 21
35 'HNMR (CDs;0OD): & 8.24 (s, 2H), 7.33 (m, 10H), 6.81 (m 1H), 5.88 (s, 1H),

5.84 (m, 1H), 5.12 (m, 4H), 3.94 (m, 4H), 1.35 (m, 6H)
Mass Spectrum (m/e): (M+H)" 654.3
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Mass Spectrum (me): (MrH) + 614.3 25 130 WD 2006/ 015261 PCT/ US2005/ 027088
Exanple 15 "H NWR (CDC13): S 8.38 (s, 1H), 8.12 (s, 1H), 6.80 (m1H), 5.93
(m 2H), wWo&006/0152611H), 3.91 (m 6H), 3.42 (in, 1H), 3. B0oT(USRookioR7084. 91 (m
2H), 1.40 (m 6H), 0.90 (m 12H) 5 Mass Spectrum (nfe): (M-H)+ 586.3

Exanple 16 1H NIVR(CDC13) 8837(5 1H), 817(s 1H), 6.80 (m 1H), 6.18

(s, 1H), 593Elélﬁi11_63=9),579 (s, 1H), 4.02 (m . 3.46 3.37 (m
1H), 1.61 (m HMMR(@@CJBB&S@m(dﬂ@H)SS@Z@lmSB -7Wim,3éié§t6r&in6114rﬂe)

(it Sa'od TS SR e Gty SR 005, 3

(in, 6H), 0.9826Mn & Yeu5s0. 99 et 3HN3 IMNRIR 58 Mo H| st 05698 530.1 Me 18 1H NMR
(CD3CD): S 8.29 éM"H):@, 8.25 (s, 1);1)3 6. 84 (|nHIlH)E@2 99 (E;@’me)) 5.96 20

(m | H, % oMY 1.67 (m 4H), 1.23 (m 6H, 0.95 (m 6H Mass
Spectrum (nz/ e) (NH—|)+ 558.3 Exanple 19 1H NWMR (CD30D): 6 8.29 (s, 1H),
8.25 (s, 1H), 84 (2 5.99 (s, 1H), 5.96 25 (m 1H), 4.03 (m 8H),

1.66 8H), le 20

RGN cé‘té*ga%?ﬁgﬁﬁ%é LT 9.8 i 38 5 Bt T 1y

30 5.91 (s, 1@1&5% 9025, ﬁ'ﬂ%mliﬂl\}a 54295, s(mm@r&)aﬁéﬁ@mﬁﬂm Siss (8} aﬁ)ém 4H) ,

1.47 (m ss Spectrum (inle): %—|)+ Exanpl e 21
10 1.26-0.71 (m 6H)31P NMR (CDCI3) & 20.99 (s, 06P)820 08 (s 04P) MS

(M+1) 535

Example 24
"I NMR (CDCI3) 6 8.39 (d, 1H) 6 8.08 (d, 1H) 6 7.28-6.74 (m, 10H) 6 5.90 (m,

15 4H) 5 4.37 (m, 1H) 8 4.05 (m, SH) § 3.56 (m, 2H) § 2.99 (m, 2H) 5 1.55 (m, 2H)
§ 1.22 (m, 3H) § 0.88 (m, 3H) 31P NMR (CDCI3) & 20.95 (s, 0.5P) § 20.01 (s,
0.5P) MS (M+1) 611 |

Example 25
20 'HNMR (CDCI3) 6 8.38 (d, 1H) 6 8.11 (s, 1H) & 7.31-7.11 (m, 5H) & 6.82 (s,

1H) & 5.96-5.76 (m, 4H) § 4.22-3.63 (m, 6H) § 2.17 (bm, 2H) § 1.65 (m, 2H)
1.30 (m, 4H) § 0.88 (m, 3H). 31P NMR (CDCI3) § 20.75 (s, 0.5P) & 19.82 (s,
0.5P) MS (M+1) 521

25  Example 26
"HNMR (CDC13) 6 8.40 (d, 1H) 6 8.09 (d, 1H) & 7.27-6.74 (m, 10H) 6 5.93-

5.30 (m, 45D & 4.39 (m, 1H) 8 4.14-3.77 (m, 4H) & 3.58 (m, 2H) § 2.95 (m, 2H) &
1.90 (m, 3H) 8 1.26 (m, 1) § 0.85 (m, 6H). 31P NMR (CDCI3) § 20.97 (s,
0.5P) § 20.04 (s, 0.5P) MS (M+1) 611

30
Example 27
'"H NMR (CD30D):  8.31 (s, 1H), 8.25 (s, 1H), 6.84 (m 1), 6.02 (s, 1H), 5.98
(m, 1H), 4.98 (m, 2H), 4.01 (m, 2H), 3.66 (m, 4H), 1.23 (m, 12H)
Mass Spectrum (m/e): (M+H)+ 530.2
35

132



35 1H NWR (CD3CD): 6 8.24 (s, 2H), 7.33 (m 10H), 6.81 (m1H), 5.88 (s,

1H, 5.84 (m 1H), 5.12 (1n, 4H), 3.94 (m 4H), 1.35 (m 6H) Mass Spectrum
(me): (MvleocaBs263 131 WO 2006/ 015261 PCT/ US2005/ 027088cTBsamploe70282 ' H NVR
(CDbC13) 6 8.3 8 (d, 1H 68.12 (d, 1H)67.31-7.10(m5H)56.81 (m 1H) 6
5.98-5.75 (m _4H) 6 4.23-3.92 (M 7H) 6 3.65 (m 1H) 6 1.63 (m 3H) 6 1.26
(m 4H) 5 1.0Bxampig28m 3H) 31P NWVR 621.01 %3 0.6P) 6 20.12 (s, 0.4P) 5
M (M+1) 521 EkNVR ECD30DNH NRAR1 (CDED3S 25 (8 140, -84 (mHf)e0-81 isgliia,i%) 6

7.30-7.10 (m 5H)..5, f, 82 . 7 4 . 6H) 6
3.61 (m 1H) %“’%54-?%%’%@’8'%’%@6?38?"f’ %%W@@f%‘m%g e "5 25? 99
"6P) S 20085desiru@.(#R): MB-HIMs33 3535 Exanple 24 'H NWR (CDCL3) 5 8.39
6 8.08 (d, 1H) 6 7.28-6.74 (m 10H 6 5.90 (m 15 4H) 6 4.37 (m
.05 (m 5H) 6 3.56 (m 2H) 52.99 (m 2H) 6 1.55 (m 2H) 5 1.22 (m
.88 (ixan®Hp291P NVR (CDC13) 5 20.95 (s, 0.5P) 6 20.01 (s, 0.5P) NS
11 ExapNMRECDRBAODH NVRI(GDEDRS-25 (8188, ¢.8¢4 (mH)65.89 fs1 1H3, 59H) 6

7.11 (m  5H)_6 2 . 96:5. 7 .22-3.63 (in, 6
.17 (bm 2@)‘9%{)914'&%@ %ﬁ),ﬁﬁ@%ﬁ, ?-2%%12@%@&%@’(@{6 3H) . 31P( NVR K
(CDC13) 5 20. Niasd SpecBumfhy/d: @1&@?6&2.4 0.5P) M5 (M+l) 521 25 Exanple 26 IH
NVR (CDC13) 6 8.40 (d, 1H) 58.09 (d, 1H 6 7.27-6.74 (in, 10H) 6 5.93-
5.30 (m UH) S 4.39 (m 1H 5 4.14-3.77 (m 4H) 6 3.58 (m 2H) 5 2.95 (m
2H 6 1.90 (Bxand#®36 1.26 (m 1H) 6 0.85 (in, 6H). 31P NVR (CDC13) 5 20.97
(s, 0.5P) 6 Z20NMR (SD30DHP) 8186 (§,NHD) 8.64 {s, 3B]) Fx 24rrh 21 (HY), 6.80 (m 1H),

5.90 (s, 1H), 5.71 (m, 1H), 5.25 (m, 4H), 4.57 (m, 2H), 4.51 (m, 2H), 4.05 (m,
2H), 3.46 (m, 2H), 2.92 (m, 6H)
15  Mass Spectrum (m/e): (M+H)+ 706.4

S
d,
H)
H)
Mt
.3
2

( 0
(d, 1H)
1H) 6 4
3H 6 0
(Mr1) 6
7.31-
6 2.1

Example 31
'H NMR (CD30D): 8.32 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 6.00 (s, 1H), 5.97

(m, 1H), 3.93 (m, 4H), 3.71 (s, 3H), 3.60 (s, 3H), 1.51 (m, 26H)
20  Mass Spectrum (m/e): (M+H)+ 666.5

Example 32
'H NMR (CDCI3) § 8.39 (s, 1H) 6 8.17 (d, 1H) & 7.32-6.82 (m, SH) 6 6.82 (s,

1H) & 5.98-5.81 (m, 3H) § 4.27-3.64 (m, 6H) 8 1.94 (m, 1H) & 0.90 (m, 6H). 31P
25 NMR (CDCI3) § 21.50 (s, 0.5P) § 21.37 (s, 0.5P) MS (M+1) 521

Example 33
'H NMR (CDCI3) & 8.39 (s, 1H) 6 8.13 (s, 1H) 8 7.27 — 7.14 (m, SH) 8 6.85 (s,

1H) & 5.97-5.77 (m, 4H)  4.186-4.05 (m, 7H) 8 1.60 (m, 3H)  1.29 (m, 7H) 3
30 0.90 (m, 3H) 31P NMR (CDCI3) 20.69 (s, 0.6P) § 19.77 (s, 0.4P) MS (M+1) 549

Example 34
'H NMR (CDCI3) 6 8.39 (d, 1H) 4 8.07 (d, 1H) 67.27 - 6.74 (m, 10H) 6 5.91

(m, 2H) § 5.69 (m 2H) & 5.27 (m, 2H) 8 4.55 (m, 2H) & 4.30 (m, 1H) & 3.69 (m,
35  1H)§2.95 (m, 1H) § 5.05 (m, 2H) 31P NMR (CDCI3) § 20.94 (s, 0.5P) 3 19.94
(s, 0.5P) MS (M+1) 595
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"H NVMR (CD3OD): 8.31 (s, 1H), 8.25 (s, 1H), 6.84 (m1H), 6.02 (s, iH, 5.98
(m 1H), 4.98 (m 2H), 4.01 (m 2H), 3.66 (m 4H), 1.23 (m 12H) Mass
Spect r umyorbeyaisiehiH) + 530. 2 35 132 WD 2006/ 015261 PCPCIDRR0@5/0023988
Exanpl e 28 1H NWVR (CD3OD): 8.31 (s, 1H), 8.25 (s, 1H), 6.84 (m1H), 6.01
(s, 1H), 5.98 (m 1H), 4.03 (m 2H), 386(m4H) 368(m4H) 1.92 (in,
2H), 0.93 (inEx 35|\/ass Spectrum (ni e) + 558.3 5 Exanple 29 1H NWR
(CD3OD) : 8. 29HNM}1|6)?DC83)258§%(dﬂH‘)DSBIMd(Irﬂﬂ 7285?990(@,5@1)66%297 (m

% Dl s B S 8y iy Yl A s s

1H), 7.24 (moizéldh, 1@ 3 1PV R CD@B?@ZG@O(@HMP%ZQOQI@ 0.4 PY. MS(MS (in,
4H), 4.57 (in, 1(m 2H), 4.05 (m 2H), 3.46 (m 2H, 2.92 (m 6H)
15 Mass Spsectfdbrﬁﬁd e) (MtH) + 706.4 Exanple 31 1H NVR (CD30D): 8.32 (s,
1H), 8.25 (s, lH) 6.84 (m1H), 6.00 (s, 1H), 5.97 (m 1H), 3.93 (m 4H)
3.71 (s, 3H), E ég 3H), 1.51 (m 26H) 20 Mass Spectrum (nfe): (MH)

(" 5 o0, o (G (G5 5B 130 2adys 720"l St ks 0100 ¥
oD D20k 8o B BIE S A34MN| CREhTY 818 S2 (8,1 B) 56 333, (o

13) 6 8. éﬂg 6 8.13 (s, 1
6 7.27 - IR 146(H~)16251-$(s83 8) 85.23(m, 6LH). 38P5NMR(§DC7131 lﬁm)(s ®.2P186- 4. 05 (in,

7H 6 1.60 (my; 308 1200 R THseS

Example 37
'"H NMR (CD30D): 8.30 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 6.00 (s, 1H), 5.95

15  (m, 1H), 4.06 (m, 8H), 1.31 (m, 12H)
Mass Spectrum (m/e): (M+H)+ 530.3

Example 38
'H NMR (CD30D): 8.25 (s, 1H), 8.16 (s, 1H), 7.24 (m, 10H), 6.84 (m 1H),

20 5.91 (s, 1H), 5.75 (m, 1H), 4.08 (m, 6H), 3.60 (m, 2H), 2.90 (m, 4H), 1.21 (m,
6H)
Mass Spectrum (m/e): (M+H)+ 682.4

Example 39
25 'HNMR (CD30D): 8.25 (s, 1H), 8.16 (s, 1H), 7.22 (m, 10H), 6.81 (m 1H),

5.90 (s, 1H), 5.72 (m, 1H), 4.02 (m, 6H), 3.63 (m, 2H), 2.90 (m, 4H), 1.58(m,
4H), 0.87(m, 6H)
Mass Spectrum (m/e): (M+H)+ 710.4

30 Example 40
'H NMR (CD30D): 8.25 (m, 2H), 7.22 (m, 8H), 6.95 (m, 1H), 6.82 (m 1H),

5.90 (m, 2H), 5.72 (m, 1H), 3.95 (m, 4H), 3.63 (m, 1H), 3.07 (m, 1H), 2.81 (m,
1H), 1.55 (m, 2H), 0.86 (m, 3H)
Mass Spectrum (m/e): (M+H)+ 597.4

35
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30 0.90 (m 3H) 31P NMR (CDC13) 20.69 (s, 0.6P) 6 19.77 (s, 0.4P) M5 (Mrl)
549 Exanple 34 1H NMR (CDC13) 6 8.39 (d, 1H) 6 8.07 (d, 1H) 67.27 - 6.74
(m 10H) WoRo&lo1siem 2H) 6 5.69 (m2H) 8 5.27 (in, 2H) @©c#B505mp708¢) 6
4.30 (m 1H) 8 3.69 (m 35 1H) 8 2.95 (m 1H) 6 5.05 (m 2H) 31P NMR
(CDC13) 6 20.94 (s, 0.5P) 8 19.94 (s, 0.5P) M5 (Mrl) 595 133 WO

2006/ 015261 Pmmgdﬂy 027088 Exanple 35 'H NVR ( CDC13 8.39 (d, 1 H 8
8.11 (d, 1 H) 'BNMRECD3DDIO @i24,(u62H), B2G(1829H), §,9611, 1 ),56 8B(m 1&)76 (m 3

H 6 4.18 - 4 9 8 31P NMWR
(CDCL3) 6 21 6%9(@%6)65%&%% ‘6@5”((’%1 28). 5% @@(%Pzgm( W%zlfsglg?%mpl e 36
" HNIVR( CDC13) 65H;;s1(pp, %,H)@g 12(d. 1H) 87.29(in, 2H 67. 15(m 3H) 6 6.82 (s, 1 H)
5594(dd1 15? 5.02 (m 1 H 64.23-3.58(in, 10 6 H) 6
2.18 (s, I H) S&Smtl’(lm(llﬂe)ﬂX T3P SRR (CDC13) 6 21.54 (s, 0.5 P) 8 21.43
(s, 0.5 P). MS (M+ 1) 507 Exanple 37IHNNR(CD3CD) 8.30 (s, 1H), 8.25
(s, 1H), 6.84 mg!H);EGOO(s 1H), 5.95 15 (m | H, 4.06 (m 8H), 131

(in, 12H M 3

g. gg Es if?) S%%MR(@DTQEBW %‘32@@{ E%{)’lgié) (m61® '?’Wﬂ; i), W@lﬂy

. m 0 21y 4 1.21 6 |va
Spectrum(Me#S?%ﬁgDmﬁg?z%&Pg’x?é%O}(%’e §91292(§@n(4lnl\)WRF% CD3QD) : (g].zS (H)s 1i|)s,
8.16 (s, 1H), Mas@Spdotmumil@Ap): (BHED+GR6PH), 5.90 (s, 1H), 5.72 (m 1H), 4.02
(m 6H), 3.63 (m 2H), 2.90 (m 4H), 1.58(m 4H), 0.87(m 6H Mass
Spectrum (me): (MtH)+ 710.4

Example 43
'H NMR (CD30D): 8.25 (m, 2H), 7.15 (m, 5H), 6.83 (m, 1H), 5.98 (m, ZH),

15 4.10 (m, 5H), 2.50 (m, 4H), 2.01 (m, 3H), 1.22 (m, 3H)
Mass Spectrum (m/e): (M+H)+ 567.3

Example 44
'"H NMR (CD30D): 8.25 (m, 2H), 7.15 (m, 5H), 6.83 (m, 1H), 5.98 (m, 2H),

20  4.10 (m, 5H), 2.57 (m, 1H), 1.80 (m, 6H), 1.25 (m, 3H)
Mass Spectrum (m/e): (M+H)+ 547.7

Example 45
'H NMR (CD30D): 8.25 (m, 2H), 7.17 (m, 5H), 6.85 (m, 1H), 5.99 (m, 2H),

25  4.66 (m, 1H), 4.12 (m, 3H), 1.56 (m, 4H), 1.28 (m, 3H), 0.88 (m, 6H)
Mass Spectrum (m/e): (M+H)+ 549.3

Example 46
'H NMR (CD30D): 8.25 (m, 2H), 7.12 (m, 10H), 6.83 (m, 1H), 5.99 (m, 2H),

30  5.72 (m, 1H), 4.10 (m, 4H), 3.65 (m, 1H), 3.02 (m, 1H), 2.79 (m, 1H), 2.50 (m,
" 1H), 1.89 (m, 6H) '
Mass Spectrum (m/e): (M+H)+ 623.4

Example 47
35 HNMR (CD30D): 8.25 (m, 2H), 7.15 (m, 10H), 6.82 (m, 1H), 5.99 (m, 2H),

5.73 (m, 1H), 3.99 (m, 4H), 3.65 (m, 1H), 3.05 (m, 1H), 2.85 (m, 1H), 1.02 (m,
1H), 0.51 (m, 2H), 0.20 (m, 2H)

Mass Spectrum (m/e): (M+H)+ 609.3
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30 Exanmple 40 'H NMR (CD3CD): 8.25 (m 2H), 7.22 (m 8H), 6.95 (m 1H),
6.82 (m1H), 5.90 (m 2H), 5.72 (m | H), 3.95 (in, 4H), 3.63 (m | H),
3.07 (in,whHpe/@ssl (m 1H), 1.55 (m 2H), 0.86 (m 3HpCIES00SPeTES UM
(me): (MH)+ 597.4 35 134 WD 2006/ 015261 PCT/ US2005/ 027088 Exanple 41 'H
NVR (CD3CD): 8.25 (m 2H), 7.20 (in, 9H), 6.96 (m 1H), 6.81 (m1H), 5.97
(m 2H, 5.73 (m 1H, 4.05 (m 2H), 3.60 (m 1H, 3.02 (m 1H, 2.81 (m

1 H, 1.13 (nmEx @jpleEASIV!ass Spectrum (nme): (MrH) + 597.5 Exanple 42 'H NWR

ECDBS% 2 gglIﬂINMEZHDB:CYD)% 826 (nd, 1), 7.80 &3, 1), 6196)(m 5H%26 gin(m2Hy), 5. 1;5

rum
(mH)+ 595 6 5&&]@(%5@45373 81“1\10% 65@5@9&1{%84%]( +¥)6 g, @F&% P (gl sg)
m 1 .9 0 , 2.01 3H), 1.22
Em 35)0 I\/ass ngcr:Etiéﬁﬁ?‘(lr%Dlhé((ﬁ“ %&m 3?%3981@& 44 | H NMR Elcgsoo)m 8. 25
(m 2H, 7. 15Masslsp5dﬁ)umﬁn/83(MmH)1r+@1125 98 (m 2H), 20 4.10 (m 5H), 2.57
(m 1H), 1.80 (m 6H), 1.25 (m 3H) Mass Spectrum (me): (MH) + 547.7

Exanpl e 45IHNI\/RECD3CD) 8.25 (m 2H), 7.17 (m 5H), 6.85 (m 1H), 5.99

2 25 4.12 8 3H), 0.88
Em 6|I:|)|) Mass EP(%?@) & @%4&5(%&%)1&% @HH5MD§,8@EB: 8. 25

I T B PR e R
1H), 0.95 (m, 6H)
Mass Spectm (m/e); (M+H)+ 617.3

Example 50
15 HNMR (CD30D): 8.23 (m, 2H), 7.18 (m, 10H), 6.96 (m, 1H), 6.81 (m 1H),

5.94 (m, 2H), 5.72 (m, 1H), 4.81 (m, 1H)), 4.05 (m, 2H), 3.60 (m, 1H), 3.02 (m,
1H), 2.81 (m, 1H), 2.25 (m, 2H) 1.81 (m, 4H)
Mass Spectrum (m/e): (M+H)+ 609.3

20  Example 51
'"H NMR (CD30D):  8.25 (m, 2H), 7.20 (m, 9H), 6.96 (m, 1H), 6.81 (m 1H),

5.97 (m, 2H), 5.73 (m, 1H), 4.71 (m, 1H)), 4.05 (m, 2H), 3.60 (m, 1H), 3.02 (m,
1H), 2.81 (m, 1H), 1.49 (m, 2H) 1.07 (m, 3H), 0.82 (m, 3H)
Mass Spectrum (m/e): (M+H)+ 611.4

25

Example 52
'H NMR (CDsOD): 0 8.29 (m, 1H), 8.25 (m, 1H), 7.20 (m, 5H), 6.85 (m, 1H),

5.97 (m, 2H), 4.85 (m, 1H), 4.15 (m, 2H), 3.95 (m, 1H), 2.28 (m, 2H), 1.99 (m,
2H), 1.77 (m, 2H) 1.26 (m, 3H)
30 - Mass Spectrum (m/e): (M+H)™ 533.3

Example 53
'H NMR (CD;OD): 68.29 (m,.lH), 8.25 (m, 1H), 7.20 (m, 5H), 6.85 (m, 1H),

5.98 (m, 2H), 5.18 (m, 1H), 4.03 (m, 7H), 2.15 (m, 1H), 1.95 (m, 1H), 1.26 (m,
35 3H)
Mass Spectrum (m/e): (M+H)" 549.2
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1H), 1.89 (nl, 6H) Mass Spectrum (me): (MrH) + 623.4 Exanple 47 35 'H NWMR
(Ch30D): 8.25 (in, 2H), 7.15 (m 10OH), 6.82 (ni, 1H), 5.99 (m 2H), 5.73
(m | H,w8.20&mme14H), 3.65 (in, 1H), 3.05 (m 1H),' 2. 86T(UspookioRr708d. 02 (m
1H), 0.51 (m 2H), 0.20 (in, 2H) Mass Spectrum (me): (MH) + 609.3 135 WO
2006/ 015261 PCT/ US2005/ 027088 Exanple 48 1H NVR (CD3OD): 8.25 (m 2H),
7.20 (m 9H),Egam@ple(h 1H), 6.81 (m1H), 5.97 (m 2H), 573 (m | H, 4.71
(m I H), 4 %m\m@mm 6@.24n(m, PH), 6.85 08, (1), 6.8 (bHRH)24.61 nHLH) , 1. 49

in, 2 1. 07 3 Spect / MrH) + 611. 2
(Elxgrrpl 5)49 " H %@@8@3&% ka(m%s) Ioeg5“(1|mn(I erslH)e) 6.(82H%i n 1H), 5.95
2H) , 3.50 1 3.20 1H), 2.81
Em 1|I:|)|), 1. QO%QBSIQHI—WH_%"/@O?@H()%I—B NRSS Spec'g ;num |(_Drﬂ e): (I\/EF$+ |E;Dl?. 3
Exanple 50 15 1H NW\R (CD3CD): 8.23 (m 2H), 7.18 (m 10H), 6.96 (m 1H),

6.81 (m 1H), Efaddle(® 2H), 5.72 (in, 1H), 4.81 (m | H)), 4.05 (m 2H),
3.60 (m | H, 3.02 (m 1H), 2.81 (m 1H), 2.25 (m 2H) 1.81 (m 4H) Mass

Spect rum (m ey NMRHrim608edf d2BteFeoargy & phosphidridR00 SI3OOD:GD 28, (m 2H) ,
7.20 (m 9H), 6.96 6.81 , L97_(in, 2 5. I :
4.71 Ei n, 1H) 901"46%}%"% ?9@@-‘05?@3‘1&){% 28:22 WTme 3 Q%P” {1y zﬁ)z%gf‘ ( mH) 1H),
%s‘%g %l gH}S 28“&7@%% 9 Q@f 8 %3)8(5?8 -2 (Ai/ﬁ)sx»?) §RﬁC4 éélfﬁl(mj ?%9 3(%3}') +5E|)11 4
6.85 (m 1H), (m, 1H), 1. 50 1.88 (m 8H), 1.23, (brt 30,J=6. 8) PNMR formlxture of
10  diastereomers at phosphorus(121 MHz, 'H decoupled): & (ppm)= 23.56, 22.27
(~60:40 ratio).

Figure 1:
15 +=>1000
++=100-1000
+++=1-100
+++=0.01-1
20
EC50 CC50  Resistance - fold EC50 mtDNA
Compound [uM] [uM] IC50
HIV-1 MT-2 K65R 6TAM MI184V [uM]
Tenofovir +++ + e S s e e S o
d4AP +++ + AR = = = R
d4TP A+ + - +++
d4CP ++
d4UP ++
Figure 2:
25 +=>1000
++=100-1000
+++=1-100
+++=0.01-1
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.97 (m 2H), 4.85 (m 1H), 4.15 (m 2H), 3.95 (m 1H), 2.28 (111,2H), 1.99

m 2H, 1.77 (m 2H) 1.26 (m 3H) 301, Mass Spectrum (me): (MtH)+ 533.3

arrpl e 5802bhadVR6(CD30D): 8 8.29 (m 1H), 8.25 (m 1H) PCT/I@GOOSMNEH) 6. 85
1H, 5.98 (m 2H), 5.18 (m 1H), 4.03 (ni, 7H), 2.15 (m 1H), 1.95

z 1H), 1.26 (m 35 3H) Mass Spectrum (nme): (M-H)+ 5492136V\D

2006/ 015261 PCT/ US2005/ 027088 Exampl e Sécsol-td}w.ﬁ é@PS M] &M’&g&“’(]m 2H) ,

NN Am

6.85 (m 1H), Gompound 2H), 4B&dse(m 2H), %2 , 3H) 1.23
(m 3H) Mass Spectrum (me): (MH)+ 513. ZHW arrpl'¥I mxture
of di astereorrers at phosphorus (300 MHz, CD3QOD ref solv resid. 3.30 ppm

8 (ppm = 8. 22%dZAFE)m 2H) , Adending . 34 (m 55 6.84%F (br s, YHH), 5.93-6. 02
(m2H),500514mlH),401426(m2H)389394 (mlH) 1.50-1.88
(m 8H), 1.232'K46MGFR 3H, J Sumrgpe 31P NVRfbr nixtire of 10 diastereoners
at phosphorus(121 MHz, 1H decoupled): 8 (ppm = 23.56, 22.27 (60:40
ratio). Figur@'B-d4iR5 + = > 1666ine+ = 100-1660 +++ = 1-100 ++++ = 0.01-1
20 EC50 CC50 Resistance - fold EC50 nt DNA Conpound [uM [uM I1C50 H V-1

MI-2 K65R 6TAY'ME3PAPRBM2 BeDightiibpurine + +## +++ ++++ ++ d4AP +++ + +++
+++ +++ +++

Figure 3:
+=>1000
5 ++=100-1000
+++=1-100
++++=0.01-1
NH
10 Ri :

S AUV <j@
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d4TP +++ + +++ +++ +++ d4CP ++ d4UP ++ Figure 2: 25 + = > 1000 ++
= 1-100 ++++ = 0.01-1 137 WD 2006/ 015261 PCT/ US2005/ 027088
IC50 [UM HI V-1 MI-2 mcDNA2003/0870d8t AP
++ 2'F-d4GP Guanine +++ ++ 2'F-d41P | nosine ++ 2'F-d4DAPP
2,6-D am nopurine ++ Figure 3: +_ > 1000 5 ++ =100-1000 +++-1-100
~ONN R2 YN\ ONN OQ O 15 F 138 WD 2006/ 015261

100- 1000 +++

Conpound WBa=eod#dsis1[ uM CC50 [uM

Adeni ne +++ +

0.01-1 10 R NH2

PCT/ US2005/ 027088 RL (aa) EC50 [nM H Ethyl Methyl Phenyl

10

15

R, (aa) .EC50 [nM]
H Ethyl Methyl Phenyl
R, (ester) (Gly) (o-ABA) (Ala)  (Phe)

Ethyl ++ +++ +4++
n-Propyl ++ 4+ +++
Isopropyl _ + + ++ 4+
n-Butyl +++ +++ ++4
Isobutyl + ++ +++ 4
CH,-cyclopropyl +++ o+
CH,-cyclobutyl +++ +++
n-Pentyl | +4+

Benzyl T+

* Same prodrug moiety as GS-7340

20

All prodrugs show good selectivity with Sl of +

25

30

35

40

139
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R2 (ester) (Ay) (cc-ABA) (Ala) (Phe) s Ethyl ++ +++ +++ n-Propyl ++ +++
+++ |sopropyl + + ++ +++ n-Butyl +++ +++ +++ |sobutyl + ++ +++ +++ 10
CH2- cycl opoapedo1s2z6t +++ CH2-cycl obutyl +++ +++ n- Pent pcTAB200582B802y| +++
Same prodrug nmoiety as GS-7340 20 Al prodrugs show good selectivity with
SI of + 25 30 35 40 139 WO 2006/ 015261 PCT/ US2005/ 027088 Figure 4: 5 +
= > 1000 ++ =100-1000 +++ 1-100 ++++ = 0.01-1 10 NH NH2 2 NH ~N \N
~ONHO< OONN O ONNW

Figure 4:
5
+=>1000
++=100-1000
+++=1-100
++++=0.01-1
10
©\_ NH, )l/O\; NH;
)\/ H N N O\Ir\ </ f\
¢ NH ||
\[Ol/\ \\\\\\E\/O o N N/) Ow
e o’
& F
Mono(Phe-iBu)
Isomer A and B
ISOMER EC50 [nM] Cat A hydrolysis In vitro PBMC loading
[pmols/h.ug] [fmol of DP/mil cells.2h]
A ++H+ + ++
B - + F
15
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O F F Mono(Phe-iBu) Isonmer A and B | SOVER EC50 [nM Cat A hydrolysis In
vitro PBMC | oading [prols/h.ug] [finol of DP/m| cells.2h] A +++ + ++ B
+++ + ++AWW0DRB0cIAS26NO 2006/ 015261 PCT/ US2005/ 027088  Fi gece/Us2005/027088 1000 ++
=100- 1000 +++ = 1-100 5 ++++ = 0.01-1 N2 _ NN RZNH<:: I OI11AOIl R X

ONN R-rNH 100 F Rl (aa) EC50 [nM H Ethyl Methyl Phenyl R2 (ester)
(Ady) ((x-ABAVigem %) (Phe) Ethyl + ++ +++ 15 n-Propyl + ++ +++ [sopropyl
+ + n-Butyl +++ +++ +++ [|sobutyl + ++ ++
+=>1000
++ =100-1000
+++=1-100
5  ++++=0.01-1

R, NH,
o. i N
Ry~ NH 4
2 z \E\/O <N l )
oA S ©
Rs N
H —_
10 F
R, (aa) ECso [nM]
H Ethyl Methyl Phenyl
R, (ester) (Gly) (o-ABA) (Ala)  (Phe)
Ethyl | + ++ Tt
15 n-Propyl ‘ + ++ i+
Isopropyl + +
n-Butyl +++ +++ +++
Isobutyl \ + ++ ++
n-Pentyl t++
20  Benzyl ++
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n- Pent yl
NH2 ~iNIT N HOI'II
HF NH2 wdl2boed1526iH

+++ 20 Benzyl

++
O<110NN HOFNH2 5 ~~0 NN
\, NNJ 0 LO Vv-'

O ONNFNH ON\H~N\NN 0LO15 O~o0 F NH2

Figure 6:

10

15

20

NH,
N e
7 <1 )
HO )
>lL/O o p- N
= F NH,
o0 A / SN
H NEQLV/O o <N L7
o0 A
TN _
© F
NH,
=

= NH,
~ N~SN
\([)I/\Zkﬁﬂ\/o 0 <N I N)
o W
Zﬁx\/ z NH
O A / SN
TG oo S

142

c~0 10 F - // NHPRT/UGSOMSIoxTds J

141 WO 2006/ 015261 PCT/ US2005/ 027088 Figure 6:
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I\ ONH\ N OOONN F 20 142 WO 2006/ 015261 PCT/ US2005/ 027088
Figure 7: I~ - NH2 NH2 OHN~ ~N N -"OYNi _,0 ~NI \NO~0 ONNI OONN 5
CO _ a- ~wb2hos/b1Z~S " ONH </ND, N OO0 ON N F 1@cFuyaes/087088

Al ternative enbodi nents of Figures include 15 0- o- 0- ~o- NH2 O-D H\~ d
RINH <N ( J R OZOONNO O -0~ R ~~/ FCHF R2 F2HCO F3C"O
F2HCO 143  Figure 7:

? NH, ? N\Hz
)\'OTI/FiN\ B e N:‘\)\N \/O\[C])/\[\O“iivo i </:f\l\/)N
oY o Y

NH,

willif

ZX’OT\NH ¢ f

@‘Lf
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Figure 8:
Alternative embodiments of Figures include

15

O~ o= o—  0O—
= NH; oil N, ) d |___(

4 1
Y\NH <N l ) o o— -0 o—
o! Q o N
Ry ‘Q Q—/ )—/
= CH,F
F
Ry=  FHC o~ Fe” 0 FZHC)\O/
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WD 2006/ 015261 PCT/ US2005/ 027088 All literature and patent citations above
are hereby expressly incorporated by reference at the locations of their
citati on.wBpeaidfiswal | y cited sections or pages of the abows:mistemsswr ks
are incorporated by reference with specificity. The invention has been
described in detail sufficient to allow one of 5 ordinary skill in the art
to make and use théllditpjabie apdipatent ciiptioniebpyg Mﬁ\bﬁﬁ‘@y eEPiSEYY nents. It is

apparent thal ; hll s GPHicieral 1 9S1pLi b HRIMAdR0R NSheciRARPSILY ONS of the

fol |l ow ng Enbo S can e scope an spir t he
i nvention. | nsdchienesmegenefths abevesirel elooky art ircospbsted bptefaredcswilr scri pt s

of a 10 given variable are disti For._exa Is distinct fromR .
144 WO 2006/ 0ISSEEIBCE 1892‘@@9%%@'53%@811 degcaprisn etalkSLtPfJﬁ WSSt si ng a

conpound tsat of(@rb!l?lsl&lﬁ ifikné %rf f3kA ta%d%@@tlﬁrsubﬁctrﬂaét?erB@ﬂ‘?e%ﬁ@%ﬁ% groups, or

a phar maceut i acceptable salt or solvate thereof. 2. The conjugate of
claim1, enanElmnélmenltmdt sappamnt thaipdrarimavedificatains pf t@an@bo@ﬁnd salt or

sol vate thereof, that fornul a
A F subst it ut SYRGTHPTS ﬁzﬂ%?rf%ﬂﬁng@%\?%@ﬁkmﬂm C%ﬁg‘? Biage Wghfrét\"ﬁm’pﬁ?ngr WB Wi th
the proviso t{ati; {fiBe GRBhEGAT € includes at least 15 one A'; Al is: Y2 Y Vi

In the embodiments hereinbelow, the subscript and superscripts of a

10 given variable are distinct. For example, R; is distinct from R
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R2 R2 MLl2a ML2b A2 is: 145 WD 2006/ 015261 PCT/ US2005/027088 2 Y WB | Rz
R2 Ml2a L -J Mi2b A3 is: YY Y-2Pl1 PRx Y212 Y2 R R Rx M 2 - ( _
ML2a ML2bwoYaodmsiemdependently 0, S, N(RX), N(O (R' ), NRCCRS2005/0b08) (OR" ),
or 5 N(N(R')( RX)); Y2 is independently absent, a bond, 0, C(R")(R' ),
N(R' ), N(Q(R" ), NOR ), NNO(OR ), NCN(R)( R )), -S(QM-, or
-S(O M2-S(O M2-; and when Y2 joins two phosphorous atons Y2 can al so be
CR)(R2); R M&M@ependently H Rl, R2, WB, a protecting group, or the
formula: Y1 Rv VRY Y1 Rv Y2 Y2 YZ Mi2c Mic Mild 10 Ma wherein: R}' is
i ndependently H, WB, R2 or a protecting group;

1. A conjugate comprising a compound that inhibits HIV linked to one or

5 more phosphonate groups; or a pharmaceutically acceptable salt or solvate

thereof.

2. The conjugate of claim 1, enantiomers thereof, or a pharmaceutically

acceptable salt or solvate thereof, that is a compound of

10
«
K\ / Al
A"—o0 O N
ﬁ \
0
formula A A F
substituted with one or more groups A°,
wherein:
Alis A', A% or W? with the proviso that the conjugate includes at least
15 oneAl;
Alis: '
i Y2 _/YZ\
/ 6
pd \
\ 2 12
R* R
M12a
_ 1 m12b
) A’is:
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Rl is independently Hor alkyl of 1 to 18 carbon atons; R2 is independently

H Rl, R3 or R4 wherein each R4 is independently 15 substituted with O to
3 R3 groupe 2006/t18d6en t oget her at a carbon atom two R2 Ppgmasp@sihoross a ri ng
of 3 to 8 carbons and the ring may be substituted with O to 3 R3 groups;

R3 is R3a, R3b , Rao or Rid, provided that when R3 is bound to a
heteroatom then R3 is Rao or| Rid, 20 R3a is Ey3d, I, -CN, N3, -NO2,
-OR, or -OR6a; 146 V\02006/0 027 Rlb is Yl; Rao is
-RX, -N(RX) (Rx), -SR, -( (ORX), \A/S(O)Z(O?X)
-OC(YlI)Rx, -OC(Yl)ORX, - C(YI) Rx, - SC(Y') ORx,
-SC(Yl) (N(Rx) (Rx)), -N(Rx)C(YI)Rx ORx, or - 5

N(Rx) C(Y1) (N(Rx) (Rx)) ; Ridijs -C(YI")R, %) ORx or -C(Y1)(N(Rx)(Rx)); R4
is an alkyl of 1 to 18 carbonatons, al ke nyl _ofpmz2po0 18. carbon atons, or
allcynyl of 2 to 18 carbon atons; R5 is R4 wherein each’ R4 is substituted
with 0 to 3 R3 gropgpa: 10 WB is Wt or Wo; Wt is R5, -C(Y)R5, -C(Y)W5,

- SOMRR5, or -SOVWs; Wb is carbocycle or heterocycl e wherein Wb is

i ndependent|y substituted with 0 to 3 R2 grofip s V\B i s W |ndependently
substituted with 0, 1, 2, ¢r 3A3 groups sO 1or 4; M2a is 1,
2345678910\& Hs$ 5, 6, 7, 8,
9, 10, 11 or 12; M1 1 c, dareYnepZ[h‘e\rﬁyCor 1; K and
K are independently ab%eni, a ro tio1a| y%\ubstl uted R'; 20 and
Mi2c is O, 1, 2, 3,4, 5, 6] 7, 10 3.RTh M2orjj digat e of

claim?2, or a pharmaceutically ce MﬂlZe sal - or sol vate
Y! is independently O, S, N(R¥), N(O)([R*), N(OR*), N(O)(OR), or
5 NENE®RH(RD)
Y? is independently absent, a bond, O, CR*)(R¥), N(R*), N(O)(R"),
N(OR¥), N(O)(OR™), N(N(R*)( R™)), ‘-S(O)MZ', or -S(O)a2-S(O)e-; and when
Y? joins two phosphorous atoms Y? can also be C(Rz)(Rz);
R* is independently H, R!, R?, W?, a protecting group, or the formula:

N

M12c
10 ;

wherein:
RY is independently H, W2, R? or a protecting group;
R! is independently H or alkyl of 1 to 18 carbon atoms;
R? is independently H, R, R® or R* wherein each R* is independently
15  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;
R’ is R® R3, R* or R*, provided that when R is bound to a
heteroatom, then R® is R* or R%;
20 R*isF, Cl, Br, [, -CN, N3 -NO,, -OR; or -ORg;
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t hereof, which has the formula: 25 [DRUG-(A)"T, wherein: DRUGis a
conpound of fornmulae A; and nnis 1, 2, or 3. 30 4. The conjugate of claim
2 which hwe 2aswpoi1s26e of formul ae A wherein: one A is A PCTAAZo0RD27088

2006/ 015261 PCT/ U82005/ 027088 x 61 is nmethoxy, ethoxy, propoxy,

di f | uor onet hoxy, gfluqronethoxy, vinyl, ethyl, methyl, propyl, butyl,

cycl opropyl, N-met?\yllaﬁﬁynO or N fornylamno; X62 is nethyl, chloro, or

L) uoromethyl | ah a1 Rty PO ?*’6 R GRVER "Lhi oro, vinyl
allyl, 3-net thdO)L(ORth-@E{Y WE, -y )I(}R EOC(Pﬁ (N((R’f}(ﬂé)ai SafY! Riy- one of
o é&}{ﬁéﬁ&@%@@ngﬂﬁamﬁ%d& o SR GRIU nokach & i of
the formy a: N@R"')é(Y )(\ﬁ?(RAﬁRX)();, wW
R is -C(YHRY, -C(Y")OR or -C(YHNRF(R);
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 R* wherein each R* is substituted with 0 to 3 R? groups;
10 W is W* or W’;
W*is R®, -C(YHR®, -C(YHW?, -SO,,R®, or —S0O,,W*;
W5 is carbocycle or heterocycle wherein W° is independently substituted
with 0 to 3 R? groups;
W is W2 independently substituted with 0, 1, 2, or 3 Al groups;
15 M2is 0,1 or2;
Ml2ais 1,2,3,4,5,6,7,8,9,10, 11 or 12;
Ml12bis0,1,2,3,4,5,6,7,8,9, 10,11 or 12;
M1la, M1c, and M1d are independently O or 1;
K and K’ are independently absent, a bond, or optionally substituted R”;
20 and
Ml2cis0,1,2,3,4,5,6,7,8,9, 10, 11 or 12.

3. The conjugate of claim 2, or a pharmaceutically acceptable salt or solvate
thereof, which has the formula:
25 [DRUG]-(A%un
wherein: |
DRUG is a compound of formulae A; and

mis 1, 2, or 3.

30 4. The conjugate of claim 2 which has any one of formulae A wherein:

one A%is Al;.
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ML2a ML2b 148 WD 2006/ 015261 PCT/ US2005/ 027088 7. The conjugate of any
one of clainms 2-4, wherein each Al is of the fornmula: Wo Y2 A3 | X2RR
ML2a ML2bw® 2806/0ib1conj ugat e of any one of clains 2-4, WRIEUS20502088 A' i S
of the fornmula: 6 \A3 R2 R2 Ml2za 10 9. The conjugate of any one of
claims 2-4, whereingach Al is of the formula: Sa NA3 Ml2a wherein: Wa
is a car bocycl e or & Wéﬁ%‘h@’é‘)ﬂ/@F}’@XWP%OWQIHJU@“?IH?}E%’%éFéfrll‘iqr9meti’9X1§ubst| t ut ed

with 0 or 1 R2; PR 8 Qifmrfbl B 2-4, wherein

M2a is 1. 11. % gon]jnug tghﬁ)fyp 3)”%;?0 8?$p8/?al s 4 V\ﬁerel n each A is

of the 20 forfomydamihé9® WO 2006/ 015261 PCT/ US2005/ 027088 Y2 W5 A3 MRR
X% is methyl, chloro, or trifluoromethyl;

5 X% is H, methyl, ethyl, cyclopropyl, vinyl, or trifluoromethyl; and
X% is H, methyl, ethyl, cyclopropyl, chloro, vinyl, allyl, 3-methyl-1-
buten-1yl.
10
15
5. The conjugate of any one of claims 2-4, wherein each A! is of the
formula:
/Y2 /Y2\ A3
\/ W5/
R? R
M12a
L M12b
20 6. The conjugate of any one of claims 2-4, wherein each A' is of the
formula:
Y2 3
_ \ /A
W6
M12b




ML2a ML2b 12. The conjugate of any one of clains 2-4, wherein each Al is
of the fornmula: Wo A3 R2 R2 5 Ml2a 13. The conjugate of any one of

cl ai nms 2-wWp 20éw@rision each Al is of the formula: Wsea A3 PR2/UR200502B&r ei n:
Wha i s a carbocycl e independently substituted with O or 1 R2 groups. 14.
The conjugate of an e of clains 2-4, wherein each Al s of the formla:
150 WD 2006/ 015261Tl};@wmw% oy 7oEef chime 2 yhgrein eagh A'Gs offhy 2 M12d
wher ei n: y2bf(;l_§_1 f.or N(R2); and 5 Mi2d is 1, 2, 3, 4, 5, 6, 7 or 8. 15.
The conj ugate of any one of claims 2-4, wherein each Al is of the formla:

Wba A3
/ \
A3

M12b
5 8. The conjugate of any one of claims 2-4, wherein each Al is of the
formula:
10 9. The conjugate of any one of claims 2-4, wherein each Alis of the
formula:

wherein: W is a carbocycle or a heterocycle where W?>? is independently

15  substituted with 0 or 1 R* groups.
10.  The conjugate of any one of claims 2-4, wherein M12ais 1.

11.  The conjugate of any one of claims 2-4, wherein each Alis of the

20 formula:
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R2 TR10 MLl2a wherein: Wha is a carbocycl e independently substituted with O
or 1 R2 groups. 16. The conjugate of any one of clains 2-4, wherein each
Al is of wbeokdismimul a: Wha A3 R2 R2 wherein: Wba i s actarsbasyeioss or

het er ocycl e where Wsa i s independently substituted with O or 1 R2 groups.
20 151 WD 2006/ 015261 PCT/ US2005/027088 17. The conjugate of any one of
clains 2-4, wherein each Al is of the formula:|OR2 OP O1, RY Y2b HH
W 2b M2d wherein: 5 ypb is or NMy2dis 1, 2, 3, 4, 5,

6, 7or8. 18. The conjugate P-1 erein each A2 is of
the formula: Y2 2 "" (- Pb A3

\

M12b

12.  The conjugate of any one of claims 2-4, wherein each Al is of the

formula:

5
13.  The conjugate of any one of claims 2-4, wherein each Alis of the
formula:
/ W5a
\As
R* R? :
10

wherein: W is a carbocycle independently substituted with 0 or 1 R? groups.

14.  The conjugate of any one of claims 2-4, wherein each Alis of the

formula:

150



19. The conjugate of any one of clainms 2-17 wherein each A2 is of the
formula: Y2 W TR 2 RML2a 15 ML2b, 152 WD 2006/ 015261 PCT/ US2005/ 027088
20. The owojagatiszeof any one of clains 2-17 wherein eaclkrchliRboos®27088 21. The
conjugate of claim20 where M2b is O, Y2 is a bond and Wo is a carbocycle
or heterocycle where Wo is optionally and independently substituted 5 with
1, 2, or 3 R2 groups. 22. The conjugate of pny one of clainms [2-17 wherein
each A2 is of the fornmula: Wa R2 TR10 MiRa whergin: Wa ifs a carbocycle
or heterocycle where Wea-is optionally ard |independently substituted with
1, 2, or 3 R2 groups. 23. Th njugate | ai m Q\Lny 2a is 1. 15
24. The conjugate of any % i rein efch AR ils selected

from phenyl, substituted supstituted penzyl, |pyridyl and
substituted pyridy j any one of cl ai 2-17 wherein
each A2 is of the : ' R2 Ml2a M 12b 153 2
Mi2d
wherein:
Y? is O or N(R?); and
5 Mil2dis1,2,3,4,5,6,7 or 8.

15.  The conjugate of any one of claims 2-4, wherein each Alis of the

formula:

2 W56
\A3
R?> R?

10 | M12a

2

wherein: W is a carbocycle independently substituted with 0 or 1 R? groups.

16.  The conjugate of any one of claims 2-4, wherein each Al is of the

/ W 5a
\/ \A3
R? R?

wherein: W** is a carbocycle or heterocycle where W>? is independently

15  formula:

.
El

substituted with 0 or 1 R* groups.

20
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WD 2006/ 015261 PCT/ US2005/ 027088 26. The conjugate of any one of clains
2-17 wherein each A2 is of the formula: y2 W X2RR Ml2a ML2b 5 27. The
conj ugat ewof2o@laszen 26 wherein ML2b is 1. 28. The conj ugace/ustooany7oehe of
clainms 2-27 wherein each A3 is of the formula: Yi y2 Re 2/ N22 Y 2 M2a

10 ML2b 29. The cqnj ugate of _.any one_qf. cl ains 2-27 fein each A3 is of

the formila: Wea MBeSUBBERT SO PR LABE0R bOTEN A o P s Y R R 2
ML2a 30. The ggpigate of any one of clains 2-27 wherein each A3 is of the

formul a: Yla

I il
o R 0]
pd SRy
\ (2 R
O
% H H 3
W
e
\26
M12d
wherein:
5 Y? is O or N(R?); and
Ml2dis 1,2,3,4,5,6,7 or 8.
18.  The conjugate of any one of claims 2-17 wherein each A? is of the
formula:
Lv2
\Ws
10 M12b

19.  The conjugate of any one of claims 2-17 wherein each A? is of the

formula;

/ " u

Ml2a

15 Mil2b,
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Yea IP Rx Y2/ TR 2 5 M2a wherein: YlaisOorS and Yeais 0, N(R') or S
10 31. The conjugate of any one of clains 2-27 wherein each A3 is of the

formul a: WO 2@601526Rx y2b RIR 2 ML2a wherein Y2b is 0 e@cTNS®jos/oinss WO

2006/ 015261 PCT/ US2005/ 027088 32. The conj ugate of any one of clainms 2-27

wherein each A3 is of the fornmula: 0 IP R

TRWR 2 ML2d wher ei n:

5 y2b is 0 or20N( W Thaeenjugatoef anypne pf cimg2-15, Wlf?feﬂﬁle%chMé 2bink conj ugate of

any one of clainms 2-27 wherein each A3 is of the

HH 2

10

15

20

21.  The conjugate of claim 20 where M12b is 0, Y? is a bond and W’ is a

carbocycle or heterocycle where W is optionally and independently substituted

with 1, 2, or 3 R? groups.

22.  The conjugate of any one of claims 2-17 wherein each A?is of the

formula:

Mi12a

wherein: W is a carbocycle or heterocycle where W** is optionally and

independently substituted with 1, 2, or 3 R? groups.
23.  The conjugate of claim 22 wherein M12a is 1.

24.  The conjugate of any one of claims 2-17 wherein each A? is selected

from phenyl, substituted phenyl, benzyl, substituted benzyl, pyridyl and

substituted pyridyl.

25.  The conjugate of any one of claims 2-17 wherein each A?is of the

formula:

M12b

153

formula: O OIP Rx

1,2b



10 ML.2d wherein: y2b is 0 or N(W; and M2dis 1, 2, 3, 4, 5, 6,70r8. 15
34. The conjugate of claim33 wherein ML2d is 1. 35. The conjugate of any
one of clwommsocdRib1wherein each A3 is of the formula: PEGUANRO0BKO1I5261
PCT/ US2005/ 027088 Y Y2 Rx Y2/ N2RR /WB Ml2a ML2b M 12b 36. The
conjugate of any one of clains 2-27 wherein each A3 is of the formula: 5
YI Y2 IPRx \Y2 R R 5 Y M2a MZ2b 37. The conjugate of claim 36

wherein VB isa caphogy TP 50N IO cRIADRSF Qe Cl ai s 2- 27
wher ei n each32 |§fﬁ§ef ]rﬁlé%tfor nﬁﬁ%e 157 WO 2006/ 015261 PCT/ US2005/ 027088

formula:

W4

‘\/

- ~ Ml2b.
5
27.  The conjugate of claim 26 wherein M12b is 1.
28.  The conjugate of any one of claims 2-27 wherein each A?is of the
formula:
Y1
L -
~_, e
Y
2
MIZE_
10 M12b

29.  The conjugate of any one of claims 2-27 wherein each A?is of the

formula:
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YI 2 Rk \N Rx R R \W 223 0 ML2b 39. The conjugate of claim 38
wherein Wb is phenyl. 5 40. The conjugate of claim 39 wherein M2b is 1.
41. The owojo@atis2eaf any one of clains 2-27 wherei n eaclkrcAdsc@sotioshe
formula: Yla Y2a |l | Rx Y2I RR RR W3 2a Ml2a 10 wherein: Ylais 0 or S
and Y2a is 0, N(W or S. 42. The conjugate of any one.of clains 2-27
wherein each A3 is of the 15 fornula: 158 WD 2006/ 015261 PCT/ US2005/ 027088
O 11 ~~ R Y2b R2Z RR W8 2b Ml2a whereiih|y2b is 0 or [N(R).

R R
S~

M12a

30.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:

5 Mi2a ;

wherein:
Y?is O or S; and
Y*is O, N(R) or S.

10 31.  The conjugate of any one of claims 2-27 wherein each A®is of the

formula:

Mi2a ;

wherein Y?° is O or N(R¥).
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43. The conjugate of any one of clains 2-27 wherein each A3 is of the 5
formula: 0 Y2b IP Rx Y 2b/ TRIRL W3 12d Y2 z wherein: y2b is 0 or
N(W; andwolbd@diis2él, 2, 3, 4, 5, 6,70r8. 10 44. The corcugstesobd7oss ai m 43
wherein Rl is H 45. The conjugate of claim 44 wherein I\/|12d is 1. 15 46.
The conj ugate of any one of clainms 2-27 wherein each A3 j ?f the fornula:
09 \P,0 Rl 3% -'TFhewcogiueateipry o oficlgms g7 WheTOR 7B g ot

PCT/ US2005/ 02f70881 wherein the phenyl carbocycle is substituted with 0, 1,
2, or 3 R2 gr HB 47. The conjugate of any one of clains 2-27 wherein each
A3 is of the formula: 09 1 \PFOR 1,0CRY] Rl R1 ML2d]

Mi2d

wherein:
5 Y? is O or N(R); and
Mi2dis1,2,3,4,5,6,7or 8.

33.  The conjugate of any one of claims 2-27 wherein each A is of the
formula: ‘
I
0 P. R
~
'\/ \YZb/
| H H : -2
10 - ) M12d :

wherein:
Y? is O or N(R*); and
Mi12dis 1,2,3,4,5,6,7 or 8.

15 34.  The conjugate of claim 33 wherein M12d is 1.

35.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
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5 0 wherein the phenyl
gr oups.
t he

The conjugate of any one of

OO0 O~/P/\ )\ /RR HHH

wherein each A3 is of the

\]

36.
formula:
5
37.
10  38.
formula:

carbocycle is substituted with 0, 1, 2,
48. The conjugate of any one of clains 2-27 wherein each A3 is of
f or rubanodd1sdet /O CH3 V--P\N ORL H HH 10 O 49prCcThms2@snpiogat e of
any one of clainms 2-27 wherein each A3 is of the
2006/ 015261 PCT/ US2005/ 027088 M Me O \\ O CH3

clains 2-27
2.

formula: Y 1 a

51. The co

or 3 R2

formula: 160 WO

loo \OORL HHO 50.
erein each A3 is of the formnula:
nj ugate of any one of clains 2-27
| Yea Ip Y Ry

M12b

The conjugate of any one of claims 2-27 wherein each A is of the

Y
L e
\Yz /
W5
Yf/

157

MI2b

The conjugate of claim 36 wherein W3 is a carbocyecle.

The conjugate of any one of claims 2-27 wherein each A? is of the



\' Y2a R2 R2 2 M2a 10 wherein: ylais Oor S; and Y2a is 0, N(R or S
15 52. The conjugate of any one of clains 2-27 wherein each A3 is of the
formul a: Ww6Rodd120306/ 015261 PCT/ US2005/ 027088 O R2 Y @cir/us2605/0Y28s RY Yl a
R2 R2 2 M2a wherein: YlaisOorS;, 5 Y2b is Oor N(R2); and Y2Cis 0,
N(R}') or S. 53. The conjugate of any one of clains 2-27 wherein each A3 is

of the

formula: OR2Z OI|Il KT Y2b Y\ RY|la Rl

LR R*
3 \ /
\_ N\Rx

W5
o
M12b
39.  The conjugate of claim 38 wherein W is phenyl.
5 40.  The conjugate of claim 39 wherein M12b is 1.
41.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:

Y1a

P\Yza /RX
| \ Py
Y2

a

M12a

10  wherein:
Y®isOor S; and
Y*is O, N(R¥) or S.

42.  The conjugate of any one of claims 2-27 wherein each A is of the

15  formula:
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2 10 ML2d wherein: Ylais Oor S; y2b is 0 or N(R2); y2d is 0 or N(RY);
and 15 Mw2d is 1, 2, 3, 4, 5 6, 7 or 8 54. The conjugate of any one of
clains 2-W0 2érsion each A3 is of the fornlula: 162 WOrR2OABL@EH2HES

PCT/ US2005/ 027088 O R2 Il OY2b O Ry O HH2 M2d wherein: y2bis O
or N(R; and 5 ML2d is 1, 2, 3, 4, 5, 6, 7 or 8 55. The conjugate of any
one of clainms 2-27 wherein each A3 is of t formula:, OR2 OP O' R2
.~[. Y2b O HH2 10 whereiny i R). 56. Thegxconjugate of any

one of clains 2-27 wherei nyzﬁ or mu
\ Y2b
w3
y
y2b

M12a

wherein Y? is O or N(R).

43.  The conjugate of any one of claims 2-27 wherein each A is of the

5  formula:

wherein:
Y? is O or N(R¥); and
Ml2dis 1,2,3,4,5,6,7 or 8.
10
44.  The conjugate of claim 43 wherein R'is H.

45.  The conjugate of claim 44 wherein M12d is 1.

15 46.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:

OR!




O u ~-OPO-2HHOL-J 2 15 163 WD 2006/ 015261 PCT/ US2005/ 027088 57.
The conjugate of any one of clains 2-27 wherein each A3 is of the formula:
YI Y2 R'wopBodRdsid2 Y2"-*," Ws Ml2a 5 58. The conjugareTafs:@sp2mse of
clainms 2-27 wherein each A3 is of the formula: Y1 a R2 Y2a P Y2 \ RY Y2a

Y1 RR R /W3 M2a Y2a wherein: 10 Yl ai sOor S; and
59. The conj ughemsinghe phenyd garbeeycds isisubstiputod wighds &i &
formula: 15 O R2

3

2a is 0, N(R2) or S.
dh #8URSs of the

47. The conjugate of any one of claims 2-27 wherein each A% is of the

formula:

OR'

wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 R? groups.

48.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
O\\ O GCH,
\—° N
H H
10 O

49.  The conjugate of any one of claims 2-27 wherein each A®is of the

formula:

160



0 I

\

Y2 RY la R2 R2 W Y2b Ml2a wherein: YlaisOorS, 164

)

2006/ 015261 PCT/ US2005/ 027088 Y2b is 0 or N(R2); and Y2c is O N(RY) or S.

60. The owojagatiszeof any one of clains 2-27 wherein eackrch@se@sob7oshe 5
formula: O R2 Ol ( W RY Y2yla RRL W 2b M2d wherein:

S; 10 Y2b is O or N(W; y2d is 0 or N(RY); and M2dis 1, 2, 3,
6, 7or8. 61. The conjugate of any one of c
15 formula: O R2

t he

Me Me
@)
\\P/O CH3
/O
\ Y \O o
H H
0]

50.  The conjugate of any one of claims 2-27 wherein each A is of the

formula:
(“) O
O P. )k 2
/ N ~R
\ O O O
H H
5 B -2
51.  The conjugate of any one of claims 2-27 wherein each A’ is of the
formula:
B ]
Y1 a R2
Il
2a y2
/ b P\\ o RY
YZa
\ U,
R? R?
- 2
Mil2a ;
10
wherein:

Y!*is O or S; and
Y?is O, N(R?) or S.

15 52.  The conjugate of any one of claims 2-27 wherein each A® is of the
formula:

161

Ylais O or
4, 5,

2-27 wherein each A3 is of



Il OY2b -~ly Ry O HHP W 1-11 Mil2d y 2b wherein: y2b is 0 or N(R2);

and ML2dis 1, 2, 3, 4, 5, 6, 70r8.
cl ai nB 2-R0 206vareiem each A3 is of the

20 62. The conjugate of any one of
fornmul a: 165 WO PQOAISRMSABDSS

PCT/ US2005/ 027088 OR2 OP O, R-"Y2 Y2b O HHW Y2b wherein y2b is

0 or

(CH2)1-10 P OR | OR wherein each R|is independently alfkyl.
conjugate of claiml, 2, 3, or 4 whigh has the Rrrmula: Y1 [DRUG
L-1P-Y2-RX Y2 -RXx nm or a phar maceu|| cal |l y accept abl ezCsaIt or solvate

thereof, 15 wherein: Y
/ R
\Yzb
Y1a
R2
- 2

M12a ;
wherein:
2is0orS;
5 Y? is O or N(R?); and
2¢i5 O, N(RY) or S.
53.  The conjugate of any one of claims 2-27 wherein each A is of the

formula:

10 V Mi2d
wherein:
850 orS;
% is O or N(R?);
Y?is O or N(RY); and
15 Ml2dis 1,2,3,4,5,6,7 or 8.

54.  The cohjugate of any one of claims 2-27 wherein each A®is of the

formula:

162

N(R2). 63. The conjugate of claim 3 wherein Ais of the formula: 5 0

10 64. The



DRUG is a conpound that inhibits HV, Y1 is independently 0, S, N(Rx),
N(O (Rx), N(ORX), N(O(ORX), or N(N(Rx)(Rx)); Y2 is independently a bond,
0, N(Rx),wbi@es26), N(ORX), N(O (ORX), 20 N(N(Rx)(Rx)PCTASL@5NRH088 Or
-S(OM-S(O M2-; Rx is independently H, R2, WB, a protecting group, or the
formula: 166 WD 2006/ 015261 PCT/ US2005/027088 Y1 Ry Ry Y1 RY Y2
~y2-~_J~Y2 MLi2c Milc Md Ma Ry is |ndependently H Ws,| R2 or a
protecting group; R2 is independentIQH R3 or %2 wherein efach R4 is
i ndependently substituted with O to R3 groupsf 5 R3 is R3a, R3b, R30 or
R3d, provided that when R@ i's bound 3} het er tomothen R3 is R3o or
R3d; R3a is F, d, Br, \ a; RRSbisYI;R30is
1

R -NR)(R ), TBRT - S( (02RO (Tl 3. a0 S0 2R ).
_oQq(YI )R, -og(W) - o N(RY). -sa(Y )R, -SC(YI)OR’",
SOV ) (R (RO ), MR "N(RY G(YI) R, or -

) 1
N(R)CYI)(N(RXY)(RX)) R3d is\-C(YI)R", -C(YI)OR" or -C(YI)(N@F\’)(F\’ )); 15
R4 is an alkyl of 1 to 18 car on%@i&gs al kenyl of 2 to 18 carbon atons,
or alkynyl of 2 to 18 carbon atons,”R5 is R4 wherein each R4 rs substituted
with O to 3 R3 groups; WBis W or Wo, WI is R5, -C(YI)R5, -C(Yl)W,
-S02R5, or -S02Wh; 20 Wb is carbocycle or heterocycle wherein Wb is
i ndependent | ywherbisit i t ut ed

Y? is O or N(R?); and
5 Mi2dis 1,2,3,4,5,6,7 or 8.

55.  The conjugate of any one of claims 2-27 wherein each A®is of the

formula:.

10  wherein Y? is O or N(R?).

56.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:

15

163



with Oto 3 R2 groups; Mis 1, 2, or 3; MI a, M1 c, and MI d are

i ndependently 0 or 1; M2cis 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12;
25 nn is WP 2806/m6263; and L is a direct bond or a |inkingcgrusa@s/o208§ WO
2006/ 015261 PCT/ US2005/ 027088 65. The conjugate of claim 64 wherei n each
R' is of the fornula: R2 Y2c CRY A Y 1 a__YlaisQorS; angd

Y2ci sO, N( RY) 0?5, 6bhe omgugataRfiagaose of claimas 228 vhsan gach %a’éﬁ’fﬂ‘e is of the

f or mul a: Kﬁg CRY ---~Y Yla Ylais Oor S; and 10 y2d is 0 or N(RY).
67. The COI’lj ugate %f claim64 wherein each R' is of the formula: R2 RY O
15 68. The conjugate of any one of clains 68-67 wherein each RY is

i ndependently H or alkyl of 1 to 10 car bond| 20 168 WD 2006/ 015261
PCT/ US2005/ 027088 X

Mi2a

5 58.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
Y’l a R2
Y2a Il'_'l) Y2
/ \ Sre
‘\.‘ Y2a
Y1
2 2
R R W3
e
2

Mi2a A\ :

wherein:
10 Y?is O or S; and

Y% is O, N(R* or S.

59.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
15
i il
2
O : Y\C »
/ y2b
\- | Y1a
2 2
R® R w
y2b

M12a ;

wherein:
Y®isOorS;
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69. The conjugate of claim64 wherein each R" is of the formula: R2 O 1 1
R -~---- ly O5 70. The conjugate of claim 64 wherein each RX is of the
formul a: wB20kd1%26Ry -'~ Y2 Y2~ ML2a 71. The conj ugat ecofuseéoaioniosst
wherein each R' is of the formula: R2 R2 2 Ry M2a Y1 10 72. The
conjugate of claimg4 wherein each Yi is O or S. 73. The conjugate of claim
64 wherein each YXids0QorN(Ryyasd S. 15 74. The conjugate of any one of
clainms 64-73 V\here%:raigq N%Ryé'orsm' The conjugate of any one of clains 64-73
wherein nn is 2. 76.” The'conjugate of any one of clainms 64-73 wherein m
is 3. 169 WO 2006/ 015261 PCT/ US2005/ 027088 77. The conjugate of claim 64
wherein the conmpound that inhibits | VPDH i a.conpound, of rmula A. 5 78.
The conj ugat b b Goneea @@Vﬁn‘éagﬁa@%%?&%r@ﬁf?’a‘} l\ﬁﬁiffa’r‘?t of from
about 20 dal tféﬂﬁulﬁo about 400 daltons. 79. The conjugate of claim 77

wherei n each as a length of about 5 angstroms to about 300 angstrons.

10 80. The conjugate of claim 77 whereign each L s rates the conpound of
any one of fornula A and the phosphorods of the ph sphor\l(gote group by about
b

5 / > SR
2
\ Y Y'Ia
3
/W
y2b
wherein:
Y"?isOorS;
10 Y% is O or N(R?);
Y?is O or N(RY); and
M12dis1,2,3,4,5,6,7 or 8.
61.  The conjugate of any one of claims 2-27 wherein each A®is of the
15  formula:
¢ f
/o R O« oy
O
H H 3
s
M12d Y :

wherein:
Y% is O or N(R%); and
Ml2dis1,2,3,4,5,6,7or 8.
20

62.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
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angstronms to about 200 angstromns, inclusive. 15 81. The conjugate of claim
77 wherein each L is a divalent, branched or wunbranched, saturated or
unsat ur atwo,2oéwydswear bon chain, having from2 to 25 carhorsatsmsiossher ei n
one or nore of the carbon atons is optionally replaced by (-0-), and
wherein the chain is optionally substituted on carhon with one or nore
substituents selected from (Cl-C6)al ko®y, (C3-C6)&fcl oal kyl,

(C1- C6) al kanoyl, 20 (.C1-C6)al kanoyl oxyl, (C1-C6) al koxyc§r bonyl ,

(C1- C6) al kyl t hi o, azi do, nitrefNhal o, h xgq;( =0), carboxy,
roanyl 25°82. Thle conjugate of claim
e
(

aryl, aryloxy, heteraoaryt, and
77 wherein each L is the for a WA rein 25 is (Cl-C24)al kyl ene,
(C2-C24) al kenyl ene, (C2-C24) al - gycl oal | cyl ene,
(C6-C o)aryl or a conbination thereof, whexeima'€ach Wis -NR) C(=0) -,
-Q=ON(R-, -00(=0-, -q=00, -0-, -S, ¥¥O-, -S(02-, -NR-,
-A=0-, -N(RCN(RyNR) -, -LR NR-, -S(O M-NR-, -NR)-S(OM-, or
a direct bond¥hsgpigr D5 QRENRD s i ndependently Hor alkyl of 1 30 to 10
carbons. 83. The conjugate of claim82 wherein each Ais alkylene of 1 to
10 carbons. 170 WD 2006/ 015261 PCT/ US2005/ 027088 84. The conjugate of
claim77 whergjn ch L.is, adivalent radjcal r froma peptide. 85.
The conj ugat €%f cti5 SR EHRR rclﬁl e\gg?{eﬁ‘%‘slggf%’%vtgﬁgﬁ?' radical forned 5
froman axino acid. 86. The conjugate of claim77 wherein each L is a
di valent radical formed frompoly-L-glutarc acid, poly-L-aspartic acid,
pol y-L-histidine, poly-L- ornithine, poly-|L-serine, poly-L-threonine,
pol y-L-tyrosine, poly-L-Ieucine, J( ol y- 11 ysine-L-phenyl al ani ne,
poly-L-lysine or poly-L-1ysiné-&- & Silpe.| 87, The conjugate of claim77
wherein each L is of the fornmulad W(CH2)" | wherein, n is between about 1
and about 10; and Wis -N(R C(=0 -, - ¢(=QR-, -0C(=0-, -C(=0 O, -0-,
-S-! -S(C))-! -S(C))Z-! -C(:C))-! -N(R)-! 15 -NR)C:N(R)-N(R)-! -C(R) N(R)-1
-S(O M-N(R)-, -N(R-S(O M-, or a direct bond; wherein each Ris
i ndependently H or (Cl-C6)al kyl.

wherein each R is indepéndently alkyl.

10 64.  The conjugate of claim 1, 2, 3, or 4 which has the formula:

Y1
[DRUG]——L ——P —Y,—R*

Y2 _RX

or a pharmaceutically acceptable salt or solvate thereof,
15  wherein:
DRUG is a compound that inhibits HIV;
Y! is independently O, S, N(R), N(O)(R™), N(OR"), N(O)(OR"), or
NENRH(RD);
Y? is independently a bond, O, N(R¥), N(O)(R*), N(OR®), N(O)(OR,
20 NER)(RY), -S(O)mz-, o1 -S(O)m2-S(O)nz-;
R* is independently H, R%, W3, a protecting group, or the formula:
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88. The conjugate of claim77 wherein each L is nethylene, ethylene, or
propyl ene. 20 89. The conjugate of claim 77 wherein each L is linked to P
at a car bwo 2adaors260f L. 90. The conjugate as descri bed ipaTarsgoosne7oes cl ai s
1-89, which is isolated 25 and purified. 91. An HV inhibitor conjugate as
descri bed herein. 92. A conpound of the_formula MBF. 30 93. A conpound of
claim92 selected from Taple 100.; 94. A pghar madeut, cal cjpnposition
conprising a pharmacefiticgl ex¢ipi &t R(71 WO 200%/ 0152601 PCT/ US2005/ 027088
and a conjugate as de i i f clai 1-89 and 91,93. 95. A
unit dosage form conpfi ' one of clains
1-89 and 91-93 and nént. 96. A method for
inhibiting 2 in vi tYotor in vivo corrprivﬁ'bng Montacting a mlanple in need of
such treatnent with a conjugatiias descrfbed in any one of «clains 1-89 and
91-93. 10 97. The nethod of claim erein the contacting is in vivo. 98.
The invention al sogiso‘%}‘fl‘?ﬂé’gd%{lﬂﬁ‘ﬁ’ @g %?OTiarﬂ{PWF@?%@OFFV in a mamal ,

conpri sing adm ni shetd: HIRAY “AesGLil R clainms 1-89
and 91-93 to the rrgm%fl.gep’l%%&%. Tg%ﬁhod %PQgﬁa%{n%sgga%eg%ﬂ t he conpound
i s fornul at edswlistitutal with@rtodd®e growpa) | y accept abl e exci pi ent. 100. The

Rotive i nghedi ont . RIGIC ACeoRnstn - B edheirt, S ATRHE%r "ol af me. 189
and 91-93 for hé{@ﬁ,a{om HEdeTRIR3 &qg?apy.
R*isF, Cl, Br, I, -CN, N3 -NO, -OR; or —ORg;
R® s Yl;
R is -R¥, -N(R®)(R%), -SR*, -S(O)R%, -S(O),R%, -S(O)(OR™), -
10 S(O):(ORY),
-OC(YYHR¥, -OC(YHOR?, -OC(YHMN(RM)(R™)), -SC(YHR*, -SC(YOR,
-SCYHINR¥)(RY)), -N(RHC(YHR, -N(R*C(Y")OR?, or -
NERIHCYHNRHRY) 5
R*is -C(Y)R", -C(Y')OR" or C(YHINERHR);

15 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 R* wherein each R* is substituted with 0 to 3 R? groups;
W is W* or W° ;
W*is R, -C(YMHR®, -C(YHW?, -SO,R?, or -SO,W>; |
20 W is carbocycle or heterocycle wherein W3 is independently substituted
with 0 to 3 R? groups;
M2is 1,2, or 3;
M1la, Mlc, and M1d are independently O or 1;
Ml2¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
25 nnis 1,2, or 3; and

L is a direct bond or a linking group.
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25 102. The use of a conjugate as described in any one of clains 1-89 and
91-93 to prepare a nedicanent for inhibiting HV in an animal. 103. A

met hod ofwpnreariszegy a conpound or conjugate descri bed hecgius20aoemsgli ng to
t he Exanpl es or Schenes. 30 172

65.  The conjugate of claim 64 wherein each R* is of the formula:

R2
Y20
N~ Y
Y
Y1 a .
Y™®isOorS; and
5 Y*is O, N(RY) or S.
66. The’ conjugate of claim 64 wherein each R* is of the formula:
R2
Y2d
\ =Y
A
Y1 a

Y®isOorS; and
10 Y*is O or N(RY).

67.  The conjugate of claim 64 wherein each R* is of the formula:

15 68.  The conjugate of any one of claims 65-67 wherein each RY is

independently H or alkyl of 1 to 10 carbons.

20
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69.  The conjugate of claim 64 wherein each R is of the formula:

5 70. The conjugate of claim 64 wherein each R* is of the formula:

2 2
R R v
y
\ YZ/“\YZ/R
M12a
71.  The conjugate of claim 64 wherein each R* is of the formula:

10
72.  The conjugate of claim 64 wherein each Y!'isOorS.

73.  The conjugate of claim 64 wherein each Y* is O, N(RY) or S.

15 74.  The conjugate of any one of claims 64-73 wherein nn is 1.
75.  The conjugate of any one of claims 64-73 wherein nn is 2.

76.  The conjugate of any one of claims 64-73 wherein nn is 3.

169



WO 2006/015261 PCT/US2005/027088

10

15

20

25

30

77.  The conjugate of claim 64 wherein the compound that inhibits IMPDH is

a compound of formula A.

78.  The conjugate of claim 77 wherein each L has a molecular weight of

from about 20 daltons to about 400 daltons.

79.  The conjugate of claim 77 wherein each L has a length of about 5

angstroms to about 300 angstroms.

80.  The conjugate of claim 77 wherein each L separates the compound of
any one of formula A and the phosphorous of the phosphonate group by about 5

angstroms to about 200 angstroms, inclusive.

81.  The conjugate of claim 77 wherein each L is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 2 to 25
carbon atoms, wherein one or more of the carbon atoms is optionally replaced by
(-0-), and wherein the chain is optionally substituted on carbon with one or more
substituents selected from (C1-Cg)alkoxy, (Cs-Ce)cycloalkyl, (Ci-Ce)alkanoyl,
(C1-Cs)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;1-Cs)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and

heteroaryloxy.

82.  The conjugate of claim 77 wherein each L is of the formula W-A wherein
A is (C-Cag)alkylene, (Co-Cas)alkenylene, (Co-Cos)alkynylene, (Cs-
Cg)cycloalkylene, (Cs-Cip)aryl or a combination thereof, wherein each W is
-N(R)C(=0)-, -C(=0)N(R)~, -OC(=0)-, -C(=0)0O-, -O-, -S-, -5(0)-, -S(O)2-,
-N(R)-, -C(=0)-, -NR)C=NR)-NR)-, -CR)=N(R)-, -S(0) m2-N(R)-,
-N(R)-S(O)yp2-, or a direct bond; wherein each R is independently H or alkyl of 1

to 10 carbons.

83.  The conjugate of claim 82 wherein each A is alkylene of 1 to 10 carbons.
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84.  The conjugate of claim 77 wherein each L is a divalent radical formed
from a peptide.
85.  The conjugate of claim 77 wherein each L is a divalent radical formed

from an amino acid.

86.  The conjugate of claim 77 wherein each L is a divalent radical formed
from poly-L-glutamic acid, poly-L-aspartic acid, poly-L-histidine, poly-L~
ornithine, poly-L-serine, poly-L-threonine, poly-L-tyrosine, poly-L-leucine,
poly-L-lysine-L-phenylalanine, poly-L-lysine or poly-L-lysine-L-tyrosine.

87.  The conjugate of claim 77 wherein each L is of the formula W-(CHz),
wherein, n is between about 1 and about 10; and W is -N(R)C(=0)-, -
C(=0)N(R)-, -OC(=0)-, -C(=0)0-, -O-, -S-, -S(0)-, -S(0)z-, -C(=0)~, -N(R)-,
N(R)C=N(R)-N(R)-, -C(R)=N(R)-, -S(0) m2-N(R)-, -N(R)-S(O)n2-, o1 a direct
bond; wherein each R is independently H or (C;-Cs)alkyl.

88.  The conjugate of claim 77 wherein each L is methylene, ethylene, or

propylene.

89.  The conjugate of claim 77 wherein each L is linked to P at a carbon atom

of L.

90.  The conjugate as described in any one of claims 1-89, which is isolated

and purified.

91.  An HIV inhibitor conjugate as described herein.
92. A compound of the formula MBF.

93. A compound of claim 92 selected from Table 100.

94. A pharmaceutical composition comprising a pharmaceutical excipient
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and a conjugate as described in any one of claims 1-89 and 91-93.

95. A unit dosage form comprising a conjugate as described in any one of

claims 1-89 and 91-93 and a pharmaceutical excipient.
96. A method for inhibiting 2 in vitro or in vivo comprising contacting a
sample in need of such treatment with a conjugate as described in any one of

claims 1-89 and 91-93.

97.  The method of claim 96 wherein the contacting is in vivo.

98.  The invention also provides a method of inhibiting HIV in a mammal,
comprising administering a compound as described in any one of claims 1-89

and 91-93 to the mammal.

99.  The method of claim 98 wherein the compound is formulated with a

pharmaceutically acceptable excipient.

100. The method of claim 99 wherein the formulation further comprises a

second active ingredient.

101. A compound as described in any one of claims 1-89 and 91-93 for use in

medical therapy.

102. The use of a conjugate as described in any one of claims 1-89 and 91-93

to prepare a medicament for inhibiting HIV in an animal.

103.- A method of preparing a compound or conjugate described herein

according to the Examples or Schemes.
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