5 NUCLECSI DE PHOSPHONATE CONJUGATES AS ANTI HI 'V AGENTS This application
clainms priority to U.S. Application No. 60/591,811, filed July 27, 2004, the
di scl osures of which are incorporated by reference in their entirety. In
particular, the figures described on pages 161 to 184 are 10 i ncorporated as
Figures herein. FIELD OF THE | NVENTI ON The invention relates generally to
conpounds with HV inhibitory activity. 15 BACKGROUND OF THE | NVENTI ON

| mproving the delivery of drugs and other agents to target cells and

ti ssues has been the focus of considerable research for many years. Though
many attenpts have been made to devel op effective nmethods for inporting ;
biologically active nolecules into cells, both in vivo and in vitro, none ‘
has 20 proved to be entirely satlsfactory Cpt|n12|ng t he association of the

i nhi bitory sqnﬁg Yo : : [ ¢

intercellula TSt -6 ﬁm&-éells i's
often difficult or inefficient. Mst agents currently adm nistered to a
pati ent parenteral |y y lLjvery of
the agent to cells an%£ ﬁ@@%ﬁgﬁ%ﬁ@?ﬁﬁﬂ§gf§ PQHP? ﬁgﬂﬂhﬁéggggary, and
often undesirahﬂﬁ27Iﬂwsﬂnaymmmmnhhfwhmhdmgn@wpmﬂ&ﬂgy&m&ammﬁﬁémﬁs and often

limts the dose of dr e.g. | ucocqrti coids ther

anti-infl ammtwtﬁa@g[?%%ﬂ“iﬂ tﬂﬁgﬁgﬁﬁ&aﬁrﬂif’hogﬂ’@geé&%rfgilli ari son, although
oral adm nj@t r MbhpotaRll afFi@fesherefiener al | y recogni zed as a conveni ent and
econoni cal nethod of admi nistration, oral admnistration can result in

either (a) 30 uptake of the drug through the cellular and tissue barriers,

"d.

e.g., blood/brain, epithelial, %npﬁﬂ ing in undesirable
system c distribution, or (b) terrp[(’)]%ary re%ce of ‘the drug within the
gastroint esti nal t rieetinveAdowrafitesdeyteraldy torcampoumgis abithAB/ lbibitotyo devel op

nmet hods for acgllfl cally targeting agents to cells and tissues. Benefits of
such treat nent &-udes” avoi di ng the general 1 physiol ogical effects of

i napproprigge delivery of SUHA@RERGUND O T8IE PEVENTION
Improving the delivery of drags and other agents to target cells and
tissues has been the focus of considerable research for many years. Though
many attempis have been made to develop efiective methods for importing
biologically active molecules into cells, both in vive 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 6f 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 gither (a)
30  uptake of the drug through the cellular and tissue barriers, ¢.g., blood/brain,
epithelial, cell membrane, resulting in undesirable systemic distribution, ot (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



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

di sease of the liver which is characterized by liver disease. Although
drugs targeting the liver are in wide use 5 and have shown effectiveness,
toxicity and other side effects have limted their useful ness. Assay

nmet hods capabl e of determ ning the presence, absence or anmounts of HV are
of practical utility in the search for inhibitors as well as_for diagnosing

the presence FhYHp Wcﬂﬁfﬁeﬁﬁ phinappreprite daliyeryaf sucdeazants tothengells qnde

establ i shrent aads RLAPESRRPRePle)s] Nfection by HV as well as in diagnostic
assays for HIV. There Is a need Po HN t her apeutic agents, i.e. drugs,

having inproved i Wbﬂeomgmmd@whbmmomabdi&astoﬁth@bw]éd}iSi ncl udi ng

enhanced activ, t vel o viral..re tance roved ora

b1 oavar | abi | 1 CoariePRANES tixetdEse MRRe il ety BAGEmaP IR Fe 1)
vivo. New Bl Va.n@hmkelshm eftiveksh aystcityeid othes mdeeﬂédt@l@at@M@ameﬁorml i cated
dosi ng schedul e and be orally active." In particular, there is a need for

a |less oneroué‘WfB’é‘Sije regi nen, such as one pill, once per day. 20 SUWARY
OF THE THE | NVENTI h&BER bR ofld@f: ﬂﬁﬂ:ir%?fhé?(‘é% AGRiSKEE: MouiRt hods and
conposi tions that Sgélfélyow accS atci' on eor oncof bi ofog%i%oal 'y active

agent's i nsi de of &IV ere of pastipal agidifyt inithesearch for inribidrel eswelbapiosi t i ons and
met hods for h| b| t.l on of SHI V %ﬁ’t herapeutic activity against H V. 25 The
present i nvent RespeR @ HYy {0 the accumulation or retention of

t her apeut iig corrpoumﬂﬁmtdmﬂmcab luefol EB it e BitatOishthént ahd progfekadest t 0
attaining high concentrations of phosghonat e nolecules 1n liver cells. Such

effective talfestiondy W%é"%&ﬁ?lm@‘&&l i¢ gssaysigy HEYy of t her apeuti c
formul ations and 96 e &3 £ M%P&&lag 5, ot &TQ% hﬁ“‘f%ﬁ*ﬁ& Jgncl ude
0S

anti-viral conpounds having “optionalTy at ast on nate group.
Accordi ngly, iinhibitrey embghdrmemvkinetibprop@ties, including enhanced activity against

development of viral resistance, improved oral bioavailability, greater potency
15 . and extended 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 r SUMMARY OF THE INVENTION _
Intracellular targeting may be achieved by methods and compositions
that allow accumulation or retention of biolo gically 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 acoumulation or retention
of therapeutic compounds inside cells. The invention is also relaied to attaining
high concentrations of phosphonate molecules in liver cells. Such effective
targeting rﬁay be applicable fo a variety of therapeutic formulations and
procedures.

30 Compositions of the invention include anti-viral compdunds having

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



i nvention provides a conpound of the invention which is |inked to one or
nore phosphonate groups. | n another enbodi nent, the invention provides a
conjugate, enantioners thereof, or a pharmaceutically acceptable salt or
sol vate thereof, that is a 5 conpound of the fornula A that is substituted
with one or nore groups AA K O AAOO0 NK/ A AF wherein, 10 Ais
absent, H, a bond, A", AZ or WB with the proviso that the conjugate

i ncl udes at | eaantionproxides acompounyd2f thevigvention which ulinked e omeIABES: Yz Y WB

R2 2 M2a Ml2%ho§iahonate groups.

In another embodiment, the invention provides a conjugate, enantiomers
thereof, or a pharmacentically acceptable salt or solvate thereof, that is a

5  compound of the formula A:

that is substituted with one or more groups A°,

Ve

wherein,
10
AL ig absent, H, a bond, A!, A or W* with the proviso that the conjugate
includes at least one A';
Als:
\2 1y2
v \ 6
"] W
r2 R?
M12a
L - M12b
15
A?is:
i 2 _,Y2
v \ 3
\/ W
R? R?
M12a
L 4 M12b




A3is: YI YZPYz R R ~-RKXM 2 M2a MZ2b Y1l is independently 0, S,
NW, NNOW, NOR), NNO(OR ), or N(NNW(V)); 5 Y2 is independently
absent, a bond, 0, C(RX)(W), NW, NO(RX), NOCE, NO)(ORC)),
NN(R')(R), -S(Ohv-, or -S(Obv-S(O M-; and when Y2 joins two
phosphorous atons Y2 can also-be C(R2)(R2); Rx is independently absent, a
bond, H R, R2, WB, a protecting group, or the formula: Ry Ry Ry Y2 YZ Yz
M2c Mc Md 10 WAliser ein: Ry is independently H W3, R2 or a protecting
group; Rl is independently H or aIk | of 1 to 18 carbon atons; R2 is

r t

i ndependently H R, R3 or R4 wher eagh,iR4 { s mdependently 15
substituted with aKe tog at a carbon atom tw R2
groups forma rin ' nitrogen, and
optionally 0XN\g dther ybe substituted with 0 to
3 R3 groups; R3"is R3a Rao or \uddthat \/\henR3|s bound to a

het eroatom then -CN, N3, - NO2,
-OR, or-0Re6, ; Ri

M12b :
! is independently O, §, N(R¥), N(O)(R* ), N(OR™), N(O)(OR*), or
N(N(Rx)( R);
5 2 is independently absent, a bond, O, C(R}R®), N(R*), N(O}R™),
N(OR"), N(OYOR™), NONRM( R™), -S(O)miz-, ot -S(O)pe-S(O)pz-; and when
Y? joins two phosphorous atoms Y? can also be C(R*)(R?);
R* is independently absent, a bond, H, R! RE, WP, a protecting group, or

[ESNINE

MiZc
10

wherein:
RY is independently H, W3, R%ora protecting group,
R! is independently H or alkyl of 1 to 18 carbon atorns;
. R%is independenﬂy H, R}, R® or R* wherein each R? is independently
15  substituted with 0 to 3 RSI 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 substitated with 0 to 3 R® groups;
R?is R* R® r¥ or R¥ provided that when R? is bound to a
ﬂetero atom, then R is R* or R,
20 R*is F, Cl, Br, L, -CN, N3 -NO -OR; or —ORg;;
R®is Y';
R*is -R¥, -N(R*)(RY), -SR*, -S(O)R%, -S(0):R*, -S(O)(OR®), -
S(0)(OR"), OC(Y')RY, -OC(Y"JOR, -OC(YYNR")(R™)). -SC(Y)R", -



R3is -Rx, -SRX, -S(ORx, -S(0)2Rx, -S(O(OR'), - S(0)2(ORx), -0OC(Yl)RX,
-OC(Y1) ORx, -OC(Yl)(N(Rx) (Kx)), -SCY)Rx, - 4 SC(Y")OR", -SC(YI)(N(R") (W),
-N(RX)C(Y)RL, -N(RX)C(Y')ORX, or - NCR')C(Y' )(l t~x)(Rx)) ; Rsdis -C(Y")R",
_C(y)OR or C(yl)(N)(W); R4 is H an alkyl of Ito 18 carbon atons,

al kenyl of 2 to 18 carbon 5 atons, or alkynyl of 2 to 18 carbon atons; RS
is R4 wherein each R4 is substituted with O to 3 R3 groups; W8 is W or W5,

W is R5, - C(SOQRHOR*GEC(YMENR BRI RBRDECSIR', WHRE YT OR obocycl e or

het er ocycl e i LS LRdependent |y substituted 10 with O to 3 R2
groups; W .%ﬁcﬂﬁ%ﬂﬁé@gy substituted with 0, 1, 2, or 3 A3 groups; K
and K are indepengéhisl-g e 0Cey FOIORAC(ONNIRY(®YRI |y substituted R; M
is 0, 1 or 2; M2a_i,s 0,(‘?1?132, g% 5, gd 7, 8)( 9},1 10, 11 or 12; 15 Mi2b
is 0 1, 2 3, 4, & it gualgylof] tops earbasyaterps, alkgpy of Rrie 18 gahoM d are

i ndependentl y ' ' , 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or
12. In ano?hera%&%gﬁ?]%ﬁ??f%%lﬁf/ﬂgta%&#provi des a conpound of the

formul a: 20 [ DRUG R¢AyR* whesiamkshohiss subistimtedofithod teed Bhamonpsceut i cal |y

accept abl e salt thﬁ{gﬁofwy\h%gi n, DRUGis a conpound of the fornmula A, 25 nn
is 1, 2, or 3, Ka ae¥as defined above; Ais A, A2 or W8 with the

provi so that the cay jggé,t.@(ﬂ)g{ug@sl)wﬂ .B@%Rﬂ oprm)léWS;
W5 is carbocycle or heterocycle wherein W is independently substituted
10 with 0 to 3 R2 groups; “
W¢ is W* independently substituted with 0, 1,2, or 3 A® groups;
K and K’ are independently absent, a bond, or optionally substituted RY;
M2is0,101r2;
Mi2ais0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
15 Mi2bis0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
Mla, Mlc, and M1d are independently 0 or 1; and

Ml2c¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12,
In another embodiment, the invention provides a compound of the
formula:
20 _
[DRUGH(A ) ;

enantiomers thereof or 2 pharmaceutically acceptable salt thereof wherein,
DRUG is a compound of the formula A; '
25 niis I, 2, or 3;
K and K’ are as defined above; _
Alis Al, A% or WP with the proviso that the conjugate includes at least
one A';
_Al is:



A is: 5Y2Y2 R R M2a M2b A2 is: Yz YW R2 R2 M2a M2b 5 A3 is:
K Yl Y 2ZPYzPRK Y2YZ R R % RKM 2 MZ2a M2b Y is independently
0, S N(R'), NMO(R), NCOV), N(O(ORx), or N(CN(X)(RW); Y2 is

i ndependently a bond, 0, C(ROW, NR'), NNOW, NOR'), 10 NO)(ow,
NCN(R')(W), -S(OM-, or -S(0)n2-S(One-; and when Y2 joins two
phosphorous atons Y2 can also be C(R(R2); R' is independently-H R, R2,
WB, a protecting group, or thg formula: vyl FQY:Ry Y1 Ry Y2 y2 YZ ML2c Mlc

2
Md /Y \: .
R2 R2

M12a
L -4 M12b
Alis:
i ¥2 “,Y2
7 \ \
- W
A R? R?
M12a
. 1 mze
5 - Adis:
_ — vt 1
E P R*
Mty
Y2
\Rx
M2 19
 M12b o
Y! is independently O, S, NR®), N(O)R*), N(OR¥), N(O)(OR™), or

NORHR));
Y? is independently a bond, O, CR¥(R®), N(R¥), N(O)(R™), N(OR®),
10 N(O)ORY), NQNR)(RY), -S(O)mz-, 01 -S(Ohz-S(O)z; and when Y* joins
two phosphorous atoms Y2 can also be C(R)(RY);
R* is independently-H, R', R%, W, a protecting group, or the formula:

Y! RY, RY - Y1 ‘
RY
Y2 Y2 Y2
_\; M12¢c  M1c M1d
Mia :
wherein:
15 RY is independently H, W*, R* or a protecting group;

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



MLa wherein: 15 RS is independently H WB, Rz or a protecting group; R
is independently H or alkyl of 1 to 18 carbon atons; 6 R 2 is independently
H Rl, R3 or R4 wherein each R4 is independently substituted with O to 3 R3
groups or taken together at a carbon atom two Rz -groups forma ring of 3
to 8 carbons and the ring may be substituted with 0 to 3 R3 groups; 5 R3is
W, Rsb, R3 or Rid, provided that when R3 is bound to a heteroatom then R3
is Ric or RBa; R3a R 18Fil;ldeﬁbndeBﬂyHLR,-lﬁwR1\®hereNC@th mdﬁpemﬁﬂy Ribis Yl;

St o M B A Gyt 076

-SC(Y') (N(R") ( Bpoups forhiaiug(of3)uR8 carbbifFnfl @heiingRnay ¢ substiiidweth)) BN (Rx) )
Ridis -C(Y)R'y -C(Y)OR" or -C(Y1)(1 r(Rx)(R)); R4 is an alkyl of 1 to 18
carbon atons, i PO8R;)l of 2 to 18 carbon atons, 15 or alkynyl of 2 to 18

carbon ato RS is eiphe 4 to 3 R3 groups;
WBi sW or Vn\% Wi |SR$I§§RR@%€Y)IRR5WC(P%&&dM%HGﬁR ?quodr%{igbog W5, Wb is

car bocycl e or h@ematonyﬁlea R/\/InsaRémnR\aﬂS i s independently substituted 20 with O
2 ppr? SIS RSN COPRCRICH e B gl 1 0 ) 3 g 5,
orl2; M 2bis O, R3b1£Y13 4, 5, 6, 7, 8 9, 10, 11 or 12 25 Ma, Mc,
and Md are i ndependgnt I —N(Rr‘)( I]{") SR® -S(O)R", -S(O}R", -S(O)ORY), -
10 S(0)(OR™), -OC(Y R, -OC(Y)HOR", -OC(Y YNE®IR?)), -SCYRY, -
SC(Y)ORY, -SC(Y HYNERHR™), -NR)C(YHRY, -NR*)C(Y')OR?, or -
NR)CYHNRHRY) ;
R* is -C(Y )R, -C(Y")OR* or -C(Y Y NRIHR);
R? is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms,
15  oralkynyl of 2 to 18 carbon atorns;
R’ is R* wherein each R* is substituted with 0 to 3 R? groups;
w3 is W* or W*;
W*is R®, -C(YHR?, -C(Y)W?, -80,,R®, or —S0,, W’;
WS is carbocycle or heterocycle wherein W is independently substituted
20" with 0 to 3 R? groups;
W is W* independently substituted with 0, 1, 2, or 3 A® groups;
M2is 0,1 0r2; |
Ml12ais0,1,2,3,4,5,6,7.8,9,10, 11 or 12;
© Mi2bis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
25 M1la, Mle, and M1d are independently 0 or 1;
K and X are as defined above; and '
Ml12¢is0,1,2,3,4,5,6,7,8,9,10,11 or 12,

30



K and K are as defined above; and Mi2c is O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11 or 12. 30 7 5 In anot her enbodi nent, the invention provides a conpound
of the fornmulae A: K A-OOKN Ao F 10 wherein: Ais Al; A is: Yz Y
Wi RZ RZ Ml2a MI2b 15 A3 is: 8 Y2 Yt R Y Y2 R2 2 Rxk Ml2a M 2 M2b Y

is independently 0, 8 NW, NO(R"), NOR'), NNO(CR'), or

5 In another embodiment, the invention provides a compound of the
formulas A:
KI
K\ / AS
Al—0O O N
AU
Al =
10
wherein;
Alis Al;
Alis:
i Y2 _,Y2
v \\\“w 5
] wW
\ 2 Y2
R* R
M1i2a

L M12b

L

15 Alis:



N(N(Rx) (Rx)); Y2 is independently absent, bond, 0, C(Rx)(itx), NR'),

NCO (R"), 5 N(ORx), N(O(OR"), N(N((c)(R")), -S(0)n2-, or -S(O1"n-S(OM -
and when Y2 joins two phosphorous atons Y2 can also be C(R2)(R2); R' is

i ndependently H, R2, WB, a protecting group, or the fornula: Y RY Ry YS Ry
Y2 y2 Y2 Ml2c Mo Mid Ma Ry is independently H W3, R2 or a protecting
group; 10 R is independently Hor alkyl of 1 to 18 carbon atons; R2 is

i ndependently H R3 or R4 wherein each R4 |1s i ndependently substituted with
0 to 3 R3 groups; or Ri proyi ded that when R3 is bound

to a heteroatom a, Br, t, -CN, N3,
-NO2, -OR1 or welY ", Rx), -SRX, -5(0)Rx,
“S(02Rx, -S(O} ' ) R,

_OX(Y') (N(R") (RX)) SC| Y \ORX R S %N(RX)(RX_)),_
-N(R") (Y )R, -N(r) NV) R')) ; Ridis -C(Y)Rx,
-C(Y)ORX or -C(Y) (1L 1 (R)(RX)); MRmbs an al'kyl of |.to 18 carbon atons,
allcenyl of2 to 18 ciarbon atons, or alkynyl of 2 to 18 carbon atons; R5 is
R4 wherein each R4 Yhisdudspendente, SiNR DN(@)(B RY(QROUPED) O8RS i s

i ndependent |y @ﬁﬁ%ﬁ of 1 to 18 carbon atons, al kenylene of 2 to 18

car bon at ons, Gﬁ bene of 2-18 carbon atons any one of which al kyl ene,

al kynyl ene or al kyny# ﬁri@delpslnﬁuﬂ)ﬁ tabdeut, ®End)iC, ICRHRRINE R WIS R™),
5 N(OR™, N(O)(OR" , NINRH(R™), -S(0)z-, ot ~S(Omz-S(O)pre-; and when
" Y*joins two phosphorous atoms YZ can also be C(RZ}(E?);
* i independently H, R%, WP, a protecting group, or the formula:

JMM/

M12¢c

RY is independently H, W°, 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 ¥, Cl, Br, I, -CN, N3, -NO,, -OR; or —OR¢;
R®is Y
R™ is -R¥, -N(R¥)(R¥), -SR¥, -S(O)RY, -S(0):R*, -S(O)(OR®), -
S(0X(OR"), -OC(Y")RY, -OC(Y)ORY, -OC(Y YNRR), -SCYHR, -
SC(Y)OR?, -SCY YNER)IR?), -NRIC(Y)RY, -NRIC(YHOR, or -
20 NERHC(YHNRHRD) 5
R* is -C(Y")R”, -C(Y)OR™ or -C(Y)NGROIR™));
R*isan alkyl of I 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



WVBis W or Wo; 5W is R5 -C(Y)R5, -C(Y )W, -SO2R5, or -SO2W5; Wb is
carbocycl e or heterocycle wherein Wo i s independently substituted with O to
3 R2 groups; W5 is WB independently substituted with 0, 1, 2, or 3 A3
groups; K and K are as defined above; 10 M is 0, 1 or 2, M2ais 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11 or 12; M2bis 0, 1,2,3,45,6,7,8,9, 10, 11 or 12
Mia, Mlc, andMd are,independently 0 or 1, and M2c is 0, 1, 2,3, 4,5, 6,
7,8, 9, 10, 11 or 1R7is&mdppendent f P BhraporaienplialRwy ENBES tRENTS

Ref erence wi || eiﬂg ' ' '
i nvention, exarlrg?%%grg?ﬁ%’i TH rgﬁl?% +fu%ﬁ§%®at%%p%§§%%#ﬁkﬁg£§1 ructures
and fornul as. aMienetdnalkiynylems is eubstitutdd viaich @8 Rrgirdupe i N conj unction with the

enuner at ed enbodi mawgs, 4t wid | be understood that they are not intended to
linit 20 the invent "or® t'o % Rose enbodi ments. On the contrary, the invention

is intendeds to covw“ri@kﬁ,_@Nlﬁ@a@@vwf:,_g@gﬁf&c_gﬁ wAs, and equival ents,
whi ch may be incJuded wthin the scope of t he présent invention as defined

by the embodi ment s. W’ DEsEMcTtIONSheterocydid whasiatVit s dndepbietenilsapstithied f ol | owi ng
terms and phr asetfl 35 ed herein 25 are intended to have the follow ng
meani ngs: When"P4 8%&%&%‘3‘5‘% used herein, applicants intend to

i ndependent |y i ncl wdgs WigndehariRANEbREREE Githa)d, 1 he3altgrtpg;phar maceuti cal

ingredient(s) of the tradenane product. "Bioavallability" is the degree to
whi ch the phar maceuKiaagd K’ preaastdefieedhen®s 30 becones available to the target
tissue aftes the agRPlis i jt4.0oduction into the body. Enhancenment of the

bi oavai l abiTity of a pﬁa’r macéutically active agent can provide a nore
efficient and ef f ecMlQeistlh,@ad,He6ii6,7p8, 9pdfd,ildnk §2pecause, for a given 10

M12bis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
M1a, Mlc, and M1d are independently 0 or 1; and
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 .
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 fo_llowing 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 patienis because, for a given
10



dose, nore of the pharmaceutically active agent will be available at the
targeted tissue sites. The terns "phosphonate"” and "phosphonate group”

i nclude functional groups or noieties within a nolecule that conprises a
phosphorous that is 1) 5 single-bonded to a carbon, 2) doubl e-bonded to a
het eroatom 3) single-bonded to a heteroatom and 4) single-bonded to

anot her heteroatom wherein each  heteroatomcan be the sanme or different.
The terns "pholsharae ef thapharmageidispliiorctive aganbwil beavedahle af thelergetadet i onal
groups or nniqh&ggﬁ%gat conprise a phosphorous in the same oxidation state
as the phosphorous descri bed above, as 10 well as fixnctional groups or

noi eti es that conpribsdermspphatphenataiiand ffphokplioneta groups prahatedudationala conpound

so that the conpound retains,a ph ol,ous havi n t he ch cteriatics
descri bed aboﬁ.“ﬁ&?%%@%ﬁ@g@éﬁﬁ@ayﬁmﬁmo Oéﬁ‘{f%"%b%gsphonate
group” i nclsudesiplasafienisa sibsh, 2PAABROIAIE] FRNREFER6m , BNERABBBALddI ester,
pbosphonam dat e,” and phosphont bi oate_functi onal groups. 15 In one specific
enbodi nent of % Bdeicreiamm.iagd 4) singletbended to prlags heisenatom, girein pasBsphonat e
group” includ | . I it > | e that
conprises a pﬁ?&%ﬁ%@%%@%%gﬁ%giﬂ?ﬁ&ﬁ%& zhggen &d %p%ﬂé}aét %%% 2) doubl e-
bonded to an dylomphonad) gretpitdles incladefintitonahgrowysgemoietivd thk} canmipea@- bonded to

anot her oxygen, as well. as functi.onal groups .or noietjes,t conpri se
apr odr ug - 20 rrd?h@FRj“)f‘Wﬁfn %‘ﬁﬁa@%ﬁ’&ﬁ?ﬂ"é‘ sf‘”’?%"i’# e PRATPRATA ieac l31‘5?5?ﬂgcl"i‘fea“scorrpound
retains a jphogharmstiona\grihs SHERictiBAthACIoRiprial ﬁﬁﬁ)drdgh@i@ﬂttﬁlﬁ%a& pecific

enbodi ment of the invention, the terns "phosphonate™ and "phosphonate
group" i ncl udeseparpie fiogrmsompguad pe thet thereerapsuad refhing p phespheroschaving: hat

conprises a S ' ' i ‘ &
dOHE| :a-sbgndeg n@%&%g&gﬁgésﬂ&%ﬁb%g ?a]}l%\ieZ'_F gg%\’%g%ﬁ)%gﬁggﬁ%n%gé@gg%@%rﬁﬁi trogen,
and 4) si ngl e-‘iphosphonatograngt inelodoplyoggiondracid, phexphonic awnossedr| as functi onal

dompound so- 1 HECRES A e dr e e e o bisels e gy
characterigt i gg.ond §RcifRIMboRMAAE bthe AfektRAGNHE ¢eks PFphRbRimite? @n@ny conpound
that when 30 adm nistered to a biological systemgenerates the drug
subst ance, i . ephesphpnate group” include functional groups or moisties within a molecule
that comprises a phosphorous that is 1} single-bonded to a 6arbon, 2) double-
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 mojeties that comprise a prodrug moiety that can
separate from a compound so that the compound retains a phdéphorous having
such characteriatics.
The term “prodrag” as used herein refers to any compound that when
30  administered to a biological system generates the diug 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

it




I ngredient, as a result of spontaneous chem cal reaction(s), enzyne

catal yzed chem cal reaction(s), photolysis, and/or netabolic chem cal
reaction(s). A 11 prodrug is thus a covalently nodified anal og or |atent
formof a therapeutically- active conmpound. "Prodrug noiety" refers to a

| abi | e functional group which separ ates from the active inhibitory conpound
during netaboli sm system cal I nside a cell, 5 hydrol yS| s, enzymatic
cl eavage, or biFodmais the @ﬁ%ﬂﬂ@ﬁ&?@tﬁn@ﬁ@ﬁﬂm%c Appl i cati on
of Prodrugs” i b & otﬁﬁg_k of Drug Design and Devel opment (1991), P.

Kr ogsgaar d- Larsen and H Bundgaard, Eds. Harwood Acadeni c Publishers, pp.
113-191). Enzynes vfﬁ’mxhumeietyﬁpdhtma)]fabiknﬁm@imnglrgmﬁpowlﬁdtsiepa’atbs)ﬂomechani sm

wi th the phosphon nds of t he |nv but are
not linited to" Q%Q'Faﬂ’ébég’w &Pé’gﬁ‘g‘i@mgm g ISySteéWf E’Sl BﬁS@Lﬁ%I i pases,
chol i nest ersasegydraish, Mmﬁ@a@@aﬁfbMMem&pﬂoe&s (B@ldgsRd \Bnk,0 enhance
solubility, absorptlon and |i pgfp ilicity to optim ze drug deI ivery,

bi oavai | abi | i t yPeaiss 2a¢ Apeligation yl g iesiboolpel Dugdlesign apd

met abolite or 5 he

hydrol ytical | y‘ﬁﬁ#@g&e@gﬁ’ 'a | acy %e%%gﬁ%%tefg@%% =0) R9 and
acyl oxynet hyl Aeadbmim?ﬁﬁisher@ﬁ?(ﬂ@ 19)1%@%33 whiRd ara;ca@élalé:ﬁfai | eyl, Cl1-C6
substituted al k 0. ar 0 suhbsti aryl. The acyl oxyal kyl
ester was fi rs? V%h%% Slmna‘tg: ‘?’:E %E%‘%eand t hen
appl i ed t01mh0&9ne&ﬁﬁoﬁﬁauw@ﬁm@ﬂ@ctlﬁﬁma% tam&aaegumras@tmﬁkeblﬂl983) J.

Phann. Sci. 72: 324; also US Patent Nos. 4816570 4968788, 5663159 and

5792756. Subsetj#Emes, phosphelinsess ehojiaestargses.aad phosphasey Rrgdrug anaietics v er
hosph lability.
O bee Var | antHa s 2 ihie sollBRY ABER, ARl heSURAG A0S Mmize i BRVEL 20 11 Y

ester (carbo nad&l)iﬁrynhyaxaﬁlshllrelrdndm&’macy ah phidospmadiethndy ingluddaasctize pr odr ug
noiety in the co nds, of conbi nati ons of the invention. An exenplary
acyl oxynet hyl @g‘?‘ﬁ& %WP%EF%& oxymet hoxy, (POV) --CH20C(=0) C(CH3)3. An
exenpl ary gLyl oxymetsdauiplepplanatBoibi@dhdteie R Bfdrolytically sensitive or labile

acyloxymethyl esters ~CH,OC(=0)R® and acyloxymethyl carbonates
—CH'ZOC(:O)ORg where R® is C—Cy alkyl, C,—Cy substituted alkyl, Cs—Cao aryl
or C¢—Cyp 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 57927 56. Subsequently, the acyloxyalkyl ester was used
to deliver phosphonic acids across cell membranes and to enhance oral |
biocavailability. A close variant of the acyloxyaik}l ester, the
alkoxycarbonyloxyalkyl ester (carbonate), may also enhance oral bioavailability
25  as a prodrug moiety in the compounds of the combinations of the invention. An
exemplary acyloxymethyl estér is pivaloyloxymethoxy, (POM)
~CHOC(E0)C(CHs)s. An exemplary acyloxymethyl carbonate prodrug moiety
is pivaloyloxymethylcarbonate (POC) —CH,OC(=0)OC(CHas)s.
The phosphonate group may be a phosphonate prodrug moiety. The
30  prodrug moiety may be sensitive to hydrolysis, such as, but not lirnited 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



I s pival oyl oxynet hyl carbonate (POC) -CH20C(-0O OC(CH3)s. The phosphonate
group may be a phosphonate prodrug noiety. The 30 prodrug noiety may be
sensitive to hydrolysis, such as, but not limted to a pival oyl oxynethyl
carbonate (POC) or POM group. Alternatively, the pro drug noiety may be
sensitive to enzymatic potentiated cl eavage, such as a lactate ester or a
.phosphonam dat e-ester group. 12 Aryl esters of phosphorus groups, especially
phenyl esters, are MQﬁf@rédfphflﬁplmmﬂagréwsoﬁwbclﬂimaﬂ estsrs, ﬁweﬁcmdLonbaert et
al . (1994) J. R e 0 carboxylic
ester ortho to t%léanp Ri?é%val aﬁ?ﬁ’)@ |]j0 ag%%?%l gg?@b@%ﬁ%’ﬁ%ﬁé? and
Torrence, (1994)8)J] Phﬁ@ﬁest@heantaﬁ&géb@&oﬁylﬁ]e&&j ortidetolyd plesplestshaaee reported

t te th ' t t th
o1 t ho- o par a- U BiBReHEYSRrFLRY Trsnon (ST ! et 188a, ogs wi t h an
acyl ated phenok) ah, Béhz@ri é’sl’ér@é:@%ﬁéﬁ@dﬂﬁ:’ geﬂ@fétetg@ﬁ@é:ﬁtpﬁogﬂﬂsmelaaaomc conpound

through the action of énzynes, é€.g., eSterases, oXidases, etc., which in
turn under goesﬁquefamg@baﬁtﬂ@m%atb%wﬂq o Por@posiien ey aGclgminthat e t he

phosphoric aci this

cl ass of prodr u%gﬁ&gslg 2@5‘%’1 361%!}%% %%’I%t?‘gglé NEF&%%%S@%%&{JT}H{%%% Soc.
Perkin Tans. I-@e’héﬁteﬁpﬁdrﬁhc\i\ﬁz@iﬁﬂ%ﬁdghtﬁéadtion@lfhﬁyni&,erng(lesterazes;drugs have
been described containing_a carboxylic ester-containi nggcj)rroup attached to

the benzylic #Eda9% ke Witghaniten upgsreass tlpzvagy at theibguzylip g r odr ugs are
15 reportef’oto%éﬁ%ra'rbstﬁfegﬂmsgﬂ{ rid 361 A gﬁ%@ﬁi‘é'ﬁémﬂ?hﬁéﬁ%%ﬁﬁf f?&?ﬁé ?o_nat e

drugs. These roester aln an 'O group 1n hi ol group
i s either esteofithisethss o frodrags ae;lbscgbeﬂhyMﬁchbﬁ@ﬁh&@Qﬂ)IlﬁmoSdner t hi ef

group to form | fi es n red ction of the disulfide
generates the ?‘F’g@% %ﬁ&%@a éﬁ’uﬁﬁ?'@ﬁ §ﬁ'ﬁ§ Y@CE}P@‘&%E%’S\AM to the
phosphori c aci ﬂceﬁ'&@scﬁbb@é&n‘tﬂﬁn& EUQ‘BB}(J%} edier- aimalﬁﬂag gf’&lg&&adhﬁa tpthe Res., 22

155-174; Benmaria et al. (1996) J Chem 39: QICI iC phosphonate

esters have al b@zﬂé@ﬁe@ﬂ%&ﬁ(ﬂ%e@goﬁl&wa@s Tdo- C%@p&ﬁ g56¥ ai ni ng
compounds (£ or‘?édt@lbeu%plﬂ?ih fﬁx‘é%“@lﬂa@%%@%?ﬁlfpho@ﬁﬂ%&%tdh@. ghaup" refers

toarmlety Of oun S or
proesters contain an ethylthio group in which the thiol group is either esterified

with an acyl group or combined with another thiol group to form a disulfide.
Deesterification or reduction of the disulfide generates the free thio intermediate
which subsequently breaks down to the phosphoric acid and episulfide (Puech et

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 Chenistry,
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 fumctional group, such as the polarity, lipophilicity
(hydrophobicity), and other properties which can be measured by common
13



the properties of a functional group or the properties of the conpound as a
25 whol e. Chem cal protecting groups and strategies for
protection/deprotection are well known in the art. See e.g., Protective

G oups in Organic Chem stry. Theodora W G eene, John Wley & Sons, Inc.,
New York, 1991. Protecting groups are often utilized to nmask the reactivity
of certain functional groups, to assist in the efficiency of desired

chemi cal react realgicakiogls, Clrmivaily naptected intinadjaigomey dremsalvedlonds in an
ordered and pl | .Protection of functional groups of a conpound
alters other ﬁﬂi‘oﬁcﬁ@%%‘%&r |a8§$ebesi des the reactivity of the protected
functional group, sPwkcad compo@k ataytalso ekhipit pherkd, @hd yn sopfeyasaphobi city), and
ot her properties.which can be neasured by common 13 anal ytical tools.
Chenmical ly pr oPB@%G‘fPWP%VPﬁ%‘Givg{’%@%T%YWPﬁé‘ﬁ%@ RAsspep thro eh@@%al ly active or

i nactive. Psot Eﬁh_ﬁ%@@ﬁﬂ%ﬂ&%%e&yﬁﬁﬁ@&@rﬁaﬁ%ﬁbfs%ﬁ@éitraﬁ’diﬁ ThBhi§OME cases,

optim zed properties in vitro and in vivo,” such as passage through cellular
5 menbranes antble,@sitetedeompoondswiinmisndedibepaprivicicBectomay beeferedtdi on. I n

this role, protected conpoupds.w th intended therapeutic effects may be
eforred to | ol BPARASOR BERAP A BRarolr S FEREYE s BB o o
convert the pade@gtistb a pisdig, whifebg tharpacknttd drugtiefebdayed iRnRafiwied ofdr ug is
rel eased upon conveyrsion of _the prodrug in vivo. Because active_ prodrugs

may be absor betepsrdugpnde: Respse seivepiodrugsangyheabserbedingty efisebelugs may
possess gregte %Pe)ﬁid.] | 9 iR ERLT Ng groups
are renove @'ei t e(ra{ei n vit Pgu‘é',?ﬁ%d%u g&liaggtgsgﬁ% %E%Etﬁgé' 'cgf]Bi nt er%redi ates, or
in vivo, in thparcasledrad. Prodiinggounsiardreoiored eittier 7 vikerinthdiinitase oft i s not

particularly inportant that the resul.ti,n roduct s af depr,ot ecti on,
e.g., alcohol S&%EEG W@W?@ Fc%“i’y”’%éﬁébﬁ’?c ‘g%r%ﬁﬁojgﬁﬁﬁ??n&gﬂeral it 15 is
nore desi r abl eididrmlehigteR P W6t Sarfidifar pR&R Lo e atdulting pAaBLRUser ANY

reference to any of the conpounds of the invention also includes a

reference to adpmgisstnogecalrelpolyabe apsigleicallyiaccepiableeiihiough ingsmemsl ibf
physi ol ogi ¢al | %ﬁ&gﬂ%ﬁtﬁe%ﬁl@kﬁoﬁu&g ﬁ%@?ﬁﬁ@g@ﬁﬁggﬁaﬁﬁ%‘f@gﬁ" nvention include

salts derived froman appropriate I metal (for
exanpl e, sodium, Anyreference to any of the compounds of the invention also includes a

reference to a physiologically acceptable salt thereof. Examples of
physiologically acceptable salts of the compounds of the invention include salts
derived from an appropriate base, such as an alkali metal (for example, sodiuim),

20  an alkaline earth (for example, magnesium), ammonium and NX,;* (wherein X is
C,—C4 alkyl). Physiologically acceptable salts of an hydrogen atom or an amino
group include salts of organic carboxylic acids such ag 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, phosphotic 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 NX." (wherein
X is independently selected from H or a C;~Cj4 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



20 an al kaline earth- (for exanple, magnesiun), ammoni um and NX4+ (wherein X
Is Cl-C4 alkyl). Physiologically acceptable salts of an hydrogen atom or an
am no group include salts of organic carboxylic acids such as acetic,
benzoic, lactic, fumaric, tartaric, maleic, malonic, .matlc, isethionic,

| act obi oni ¢ and succinie acids; organic sulfonic acids, such as

met hanesul foni ¢, ethanesul fonic, 25 benzenesul fonic and p-tol uenesul fonic

aci ds; and i nopigearRiéonaerimsificatisaiet aphysiglagienlly aseqpiablesenninonnd, ABikdsphori ¢ and

sul fam c aci ds | ATHoF:} . o] . an
hydr oxy group W%%Fﬁé% ﬂe an‘%1 gdnmo%%gggggg%@ﬁ%%%%ﬂgamggﬁgﬁh#?gv}\t%lvm th a
sui t abl e cat i othescuple of thelfaesanidnPédion.( wherein X i s i ndependently sel ected

fromHor a Cl--C4 alkyl,.gro 0 For therapeutic,use, .salts, of active
i ngredi ents of the ?’b‘h%‘o&%ék%g%hy%@o“ Hfﬂﬁl&ggwmahrﬁewﬁﬂ%ﬂaﬂ%‘ﬁ%m ly
acceptabl e,z i . : ] ' fr i bcall
acceBt abl e 5aci 0(1)1% %gg%\ﬁtbhg\j\%/%@és?gﬁd‘tﬁéthﬁlﬁ zféi%g%)g?thglg@gse ??ﬁi Ia?/e not
physi ol ogi cal | propfq@FrARbREIRYCEY CRyCHA Baey] {iPr, igprapy) CH(CHA3)e1-14

preparation or purification of a physi ol ogical accept abl e conpound. All

E alts, whet thﬁblltﬂrﬁ_lfﬁm gﬁ@l@féﬂ‘ﬁf&%sﬁlﬁbﬁq -;t-@lrdwl ?ﬁﬁ)ﬁpilbgm,e :a:i (él 1gr

o ocar bon coRbaPHICH R (ESohhirt Crl Dok CHs), Lot a-ccar bon
B B Ay e B b co BB epden 7,
(n-Bu, n-buyyl 2—peﬁyp§tﬁ@ﬂ§jﬁ$ﬁzm@0&?,®ﬂfe§_{1 g%%ﬂ%%@ il -

CH2CH(CH3) 2), 2 butyl (s-Bu, -s-butyl, 2-met'hyl - 2- propyl
“-Bu, 1-butyl, but@(CHEOHE)2CH2@Hp), §meiimyd 2enttyll (;CHECHERCER OB CHBthyld 0 2- pent yl

(- o) 2o o epuvb-CHRBERCHCHa N T et by L BRSSPy - 1- buty
(- rocparcoiR TR S b S RGN
R0 RN T Mt S5ui7) 202020
15 C(CH3)CH2CH2CH3), 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-dimethyl-2-butyl (-
CH(CH3)C(CH3)3,
20 “Alkenyl” is C2-C1 g 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=CH,), cyclopentenyl (-Cst;), and 5-hexenyl (-CH,
CH,CH,CH,CH=CH,).

25 “Alkynyl” is C2-C18 hydrocarbon containing normal, secondary, tertiary
or cyclic carbon atoms with at least one site of unsaturation, L. e. a carbon-carbon,
sp triple bond. Examples include, but are not limited to, acetylenic (-C=CH) and
propargyl (-CHzC=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
15



met hyl - 2- pentyl (-CH(CH3) CH2CH(CH3) 2), 3-net hyl - 3-pentyl (-

C(CH3) (CH2CH3) 2), 2-net hyl - 3-pentyl (-CH(CH2CH3) CH(CH3)2), 2, 3-

di met hyl - 2-butyl (-C(CH3)2CH(CH3)2), 3, 3-dinethyl-2-butyl (- CH(CH3) C(CH3)S3.
20 "Al kenyl" is C2-Cl g hydrocarbon containing normal, secondary, tertiary
or cyclic carbon atons with at | east one site of unsaturation, i.e. a
carbon-carbon, sp2 double bond. Exanples include, but are not limted to,

et hyl ene or Vi difftrent(cafbbl Gozk of 8piryht alkats 2GbietH i viere Yadipeindiedyy but( - CSH-j ) ,
and 5-hexenyl (-CH2 CH2CH2 204:-8,;1;% 25 "Al k ng{l " is C2-Cl18 hydrocarbon
cont ai ni ng nor%??th%@éﬁﬁ?e%;’&qnéf ' T>1=2"8|FY1&‘§§;F SaebBi9P¥t ons with at | east
one site of urt?@ﬂwfﬁblmﬂi 1,11-b§?zlficﬁ§('§ﬂ?3 €L HORd the3Rel i pl € bond. Exanpl es

e | 0, =

i nclude, but a not ted acetyleni c”(-C=CH) and propar gyl
(-ClzCCH), "All cyl éAdkenyleneditefersdo an wsaturatedcletandhedorcsreighibthaitor gyadiht chai n or

cyclic 30 hydracar r.adi cal, of 1-1€9 arhbon . ns n n[av'!.n t wo

nonoval ent $a§}y§§cm}3§€ﬁg§;gfsoct?e]rgl (‘\9%38’18 E&haggggﬁgé/%o %l?&tv\‘d}\%n (r;aggen at ons
fromthe sanme dehiciswerivetthydhd fesioedliof tay lydrogai siolis Gbmahpaietr twd | cane. Typi cal
al lryl ene radi Q%| s include, byt are_not |im taﬁd t o, t hyl ene K%

)
1, 2-ethyl (- putycarben atops ghy parent alspsecy bypicpl alkenylangadigals melsdpbpb cro - ) |
and the like. . "t 40 Ter gy yunsat ur at ed, branched or straight
chain or cycl i%&%ﬁ%%ggbgé?zbegﬁﬁ%n%@ﬁx 2-18 carbon atons, and havi ng two
monoval ent radi cal “Aflenylens’ refers tv edhuiygintdid, brembedbr oxbightehatiyd cpdien at ons

fromthe sgme or t different carbon ato of a parent. al kene. Typi cal
al | cenyt end r JEiteaspon radicalpd. ”]@Gﬁr%oﬁﬁt@mﬁ@ F‘ﬁ%lﬁwlfl?}}w?cl?@-r@ﬁ?@l ene

(-CH=CH). " A'deﬁﬁéﬁ)deﬁ&%ﬁay&ﬁéﬁﬁﬁvﬂ%fﬁ&bI?&G%%E%@t?%@ﬁom%@ﬁﬁﬁ%ﬁt\% st rai ght

chain or cyclic 10 hydrocarbon radica carbon atonms, and having two

monoval ent  r adiierkent cebnn stoms @b+ parent alkyne: Rpicakabicalicos radisels ingtidadeh at ons
L om i, STe Bk e, ARl BB By L2 °
propar gyl (- C2GH€R,CratdcH-pent ynyl

15 “Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carhon
atoms derived by the removal of one hydrogen atom from a single carbon afom of a

" parent aromatic ring system. Typical aryl groups includs, but are not limited to,
radicals detived from benzene, substituted benzene, naphthalene, anthracene,
biphenyl, and the like.

20 “Arylalky!l” refers to an acyclic alkyl radical in which one of the
hydrogen atoms bonded to a carbon afom, typically a terminal or sp’ carbon
ator, is replaced with an aryl radical. Typical arylalkyl groups include, but are
not limited to, benzyl, 2-phenylethan-1-yl, , naphthylmethyl, 2-naphthylethan-1-
yl, naphthobenzyl, 2-naphthophenylethan-1-yl and the like. The arylalkyl group

25  comprises 6 to 20 carbon atoms, e.g., the alkyl moiety, including atkanyl,
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
alleyl, 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, -8R, -8, -NRa,
-NR3, =NR, -CXj, ~CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO3, =N, -N3,
NC(=0)R, -C(=0)R, ~C(=O)NRR -8(=0),0", -S(=0);0H, -S(=0)R, -
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(- CH2CH2CH2CMCH- ). 15 "Aryl " neans a nonoval ent aromati c hydrocar bon radi cal
of 6-20 carbon atons derived by the renoval of one hydrogen atomfrom a
single carbon atomof a parent aromatic ring system Typical aryl groups

i nclude, but are not limted to, radicals derived frombenzene, substituted
benzene, napht hal ene, anthracene, biphenyl, and the |ike. 20 "Arylal kyl"
refers to an acyclic allcyl radical in which one of the hydrogen atons

bonded to a caOBEIIARRAEOINR.aSEP)R, -ONFINRRRP(EP-RRBERNERom i s

nob Timiton t o Pt otk EBRE A ERY AUIME HEYS cRjote Put are
ek ?K'eeta??C{O’Sl?é'%?S%hém@%@ﬁﬂfmm%%mﬁ%ﬁ?gK i;%y;”d the
al kyl noiety, g Fy CLBry el ndgach Rids idepepdentlyc H. aikvk he

aryl al kyl o ouyyl Rerdrok 18 LFAER0R AT pRRelASery AR BB) ey, Sod 0 14

carbon atons bstitutéd al ky stltuted aryl'™, and "substituted
arylallcyl" mdlwnymﬂkyoupmyﬂsmmnaﬂwlywmwed espectively, in which one or

nore hydrogen at ons ach .i,ndep y re @& non hydr ogen
substituent. Typi caIPﬁa’ger%% et LG??-: %eg herr?gj ﬁgggesg’a’twaé'r@eﬁ%aﬂe Eﬂﬁﬁ P t o, -X -R
-0-, -OR - SR limftation thBBheterdNRaes ddstribe@XBPaquéid, LeOBIY MC-O - NCS,

-NO, -N2, N2, 0 NRR S(=0 2014
-S(=0) 2R, 16 ¥sder Bg(}: ; (@52%#68)113&@}

-P(=0) (O ol T, gy { o, S OR
CEO) )S(R )1%0( S %Ea(pré}% c% %1 %27 aﬁ?@h@@%%n{.%@ﬁ%?%@%zg C( )
i ndependent |y éﬂtﬁﬁﬁﬁ;@&ﬁg@;‘_d(bhﬂﬁmlwr& BonsalNdwedawk, 119505&;0 preshefeindent |y - H,

21 kenyl ane ” aratie g fuBe s s 25 QR a0 88 LY i e’ T

"Heterocycl e” gm5566edn b@é@eaﬁbreﬁbum@mhﬁmnvéhﬁmﬁ%mab@yo@d’fdna@des alimtation
these heterocygl es described in Paquette, Leo A ; Principles of Mdem

Het er ocycl i ¢ CHemesydls asviefineddisrginihereinesss oranore (emdsds 3 gaft saghemar | y
15  atoms have been replaced with a heteroatom (e.g. O, N, or S).

Examples of‘heterocycles include by way of example and not limitation
pyridyl, dihydroypyridyl, tetrahydropyridyl (piperidyl), 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,
decahydroquinolinyl, 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, phihalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, B-
carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl,

30  phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyi, pyrazolinyl, piperazinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,
benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:
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10 Chapters 1, 3, 4, 6, 7, and 9; The Chem stry of Heterocyclic Conpounds. A
Series of Mnographs” (John Wley & Sons, New York, 1950 to present), in
particul ar Volunmes 13, 14, 16, 19, and 28; and J. Am Chem Soc. (1960)
82:5566. In one specific enbodi ment of the invention "heterocycle" includes
a "carbocycle" as defined herein, wherein one or nore (e.g. 1, 2, '3, or 4)
carbon 15 atons have been replaced with a heteroatom(e.g. 0, N, or S).
Exanpl es of heterocycles include by wa exanple and not limtation
pyridyl, dihydroypyridyl, tetrahydrop%{iggl (piperidyl), thiazolyl,

t et rahydr ot hi ophenyl, sul fur oxidi zed ahydrothlophenyl pyri m dinyl,
foranyl, thienyl, pyrrolyl, pyrazolyl,zi m#Aazolyl, tetrazolyl,

benzof uranyl, 20 thianaphthal enyl, ind |ndolenyl, qui nol i nyl ,

i soqui nolinyl, benzi m dazol yl, piperidinyl, 4- pi peridonyl, pyrrolidinyl,
2-pyrrolidonyl, pyrrolinyl, tetrabydrofuranyl, tetraitydroquinolinyl,
tetrahydr oi soqui nol iByay ommbmmawmtamw carmtbah&&lﬂme@meﬁ%l nyl,
azocinyl, triazinyl, 6H.1,2, 5 thlad|a2|n 2H, 6H 1,5, 2-di t bi azi nyl

thienyl, thi antiorassat posiiondnd, 4. 5,95 Pgﬁﬁﬁﬁ%PO?lﬁ?M » eHoTdrRidyl , xant henyl ,

phenoxat hi Nyl ] Py nyI

pyri dazi nyl 35 ré’hl I Zi r’l?g&lﬂlnszol‘lnggfrly(ﬁégwﬁum}éé@%ﬁ&{i%f’ |5h aﬁgt(;)fil y, purinyl,
4H- qui nol i zi nylnyrq:zhtehmsmﬂjl?a 4rmaﬁtmfhﬁnaldrtmhydmﬁmamﬁuaﬁuanyihmphmmazoI i nyI ,
cinnolinyl, pteridi atbk carhazol .yl ,carbazel yl, | | i nyl,

Chenant hii ai myPoeien it PR ART R Hos 2. A RER R isrh Ry iR AL ot 30
pbenot hi azi nyl thlfame@@@mbnsm]emswmismtazonesp;@ﬁtrommbtm@&lemmhz or

i m dazolidinyl, imdazolinyl, pyrazolidi ny1

pyrazol |n(;;/ aeram nyl ,
indolinyl, i s &} MfderAyIdinegpRsHing 2. di ¢1yh of apBrgsidaie: pRpitio aszm Tagr 8
benzotri az I Qﬁ% Yy &;&g& Vi tinoyl,
andbi s-t et ?ﬂzgyhydor of rany%e)ﬁﬁgogh%}:L lBﬁs})g\h/ggé)gf&regx%ﬁd%ﬁe giﬂrl%tétfﬂl%&t%atl on, carbon
bonded het erocﬁgﬁ@lyacarbchﬂmﬁdddhﬁtemq&lﬂsmﬂmﬁZmidzjrl,BEyyndyl G-pgﬁdsd Pyridine,
t 3, 4, 5, 6 _af 2, .4, f
yri i dine. podbtitdnsPyRdy v A o, 4 heteginal prgiasind 2, %o 5 o
a furan, tetrahydepdidylofpyiimid@hH! fPyricidiDFeR@imidinyl, 2-pyrazinyl, 3-
pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl.

15 By way of example and not limitation, nitrogen bonded heterocycles are
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,

20  and position 9 of a carbazole, or f-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

25  about 20 carbon atoms as apolycycle. 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 [6,0] system. Examples of
monocyclic catbocycles include eyclopropyl, cyclobutyl, cyclopentyl, 1-

30 cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
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pyrrol e or tetrahydropyrrole, position 2, 4, or 5 of an oxazole, imdazole
or thiazoye, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidi ne,
position 2, 3, 4, 5, 6, 7, or 8 10 of a quinoline or position 1, 3, 4, 5, 6,
7, or 8 of anisoquinoline. Still nore typically, carbon bonded heterocycles
I ncl ude 2-pyridyl, 3-pyridyl, 4-pyridyl, 5- pyridyl, 6-pyridyl,

3- pyri dazi nyl , cyelghexileamyl, IydyclobepPenyaticpdlohex-Bepy ribdad] spify] ar®k  pyri mi di nyl ,
4-pyrimdinyl, 5 iinidinyl, 6- pyri mdinyl, 2-pyrazinyl, 3- pyrazinyl,
5-pyrazinyl, 6- inyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl. 15 Byway
of exanple and not FLiskéftok Chak Fefeisqg ichepivdbioet @mhaekiloescoadlent bonded at
position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3
pyrroline, ini Ba¥ore chaigiog graypiofpiqms that poyalpnily pitsrbes aphasphonsts arol®  pyr azol e,

pyr azol i ne, s 2- Ry a%o! 1 iers SaciodpQtonRBe b RBEKEIANE B, REEAARTfse | ndol e,

indo!ine, | Hindazol e, position 2 a lsoln , or ‘isolndoline, position
4 of "a nor phol meiglieochast repesiing wnis9f atkylaxy fa b apodyethylenoxg, RE(F,bol i ne. Stil |

nore typicall ni t rogen on het er.ocycl.es, i.ncl ude |-azi.ri. gyl ,
oot oyt 1 byl Rt ) RS (L By Py et fempsfopd 1

" Carbocycl e 1 @fagidestoad aiﬁ&éériﬁélﬁﬁ%g stiveihie! bSiHakide AL QWBSIAE, thalBshtdlavi ng 3
to 7 carbon atons as a nonocycl e, to 12 carbon atons as a bicycle, and up

to 25 about 2eodeppmemide ons as a pol ycycl e. Mnocyclic carbocycl es have 3
to 6 ring ons, sti LQ - | ! ' i C

car bocycl egé have 7 %étfgy %%%ﬂg%gér%é?ﬁm}%{e?%%rgﬁggg%g%}pgﬁg%@% "0 [4, 5],
[5,5], [5,6] osufefimpbsability efthe aiirrér inage ffdinet, ndnila tieternatachirgfe ekfas ta bi cycl o
[5,6] or [6,6] i/stem anpl es, of nocycli.c carbocycl es include

S
cycl opropyl, cyrolesBEs jhich ajrupgriRRappble pn SISt giziop Pease PRy | |
1-cycl opent - 2- enyl , THe e FQR8EoBere Mbters HYoIPOE Wwhidlr hal8idedGdphex- | - enyl,
1-cycl ohex-2-enyl, 1-cycl ohex-3-enyl, phenyl, spiryl and naphthyl. "Linker"
or "link" ref eplerieal gonstibionaiut didfeemyihe todhaayrangeroeioéthe atdyert or a chain
or group ofl at gi{ﬂ%ga&oval ently attaches a phosphonate group 5 to a drug.
Li nkers i ncTud p%r ons’ of substituents Al and A3, which include

“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.
“Enantiomers” 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 y
25 condition includes preventing the disease or condiﬁon 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
QOrganic 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
19



noi eti es such as: repeating units of al kyloxy (e.g., polyethylenoxy, PEG

pol ynet hyl eneoxy) and al kylam no (e.g., polyethyl eneam no, Jeffam neTM; and
diacid ester and am des including succinate, succinamde, diglycolate,

mal onate, and caproamide. 10 The term"chiral" refers to nol ecul es which
have the property of non- superinposability of the mrror inage partner,
while the term"achiral" refers to nolecules which are superinposable on

their mrror i pefecplandéror Rend § ave nyedde densis tho alerobite eaffigreatipmotbepounds
whi ch have identic ' |t | u i r.Wwth_regard to the
A5l GO Sy SRR T OBres Mot St e ©0

arrangenent of 't ons or S space. mer" refers to a
st er coi soner Wweinblolyedtoalesigndte theainasf sotafion afipldnalpolayizedlichbosle nol ecul es are

not mrror imges of one ot her. ast ereoners . have different physical
properties, e. g?@PWWﬁB%SBT P@?H%Dﬁﬁﬂif co s ﬁ%‘ﬂf@ﬁ%l“{pr operties, and
reactivities. Mubsin@Sr&ixedAhi(F) QB USxFRN Ry, FEPALRRLENSAASH Ni gh

resol ution anal ytical "procedures’ such as el ectrophoresis and
chr onmat ogr aphy stractiresthese sisrepisomgfsare identicabexseptrthaiithyymis mirodr imageswbound whi ch

are non- superi |.e, o r.ror inqg f nat.h h .m "freatnent"
or "treating," D{loﬁﬁﬁ%r‘ég‘(?%eﬁ% iS%er?oe %gmygﬂgbg@%%egdemggagﬁﬁc%% Ption

I ncl udes pr eveaid afhitie ofisschdsEndays isodiog tdlledan bnmmome o fiitag, AiSOE0bi ting the
di sease or condition,, elimnating the disease, or, condition, ag‘g{ior relieving

one or nore syMiXEROTGRantiqmer ig elsrEeddp a4 HRGPRICIRIXINE 8% LEEHRHS:hicClief i ni ti ons

and convent b ons,yeesr iRl e 8aehah kY shrlobaWtioS or RereBRkkBEity Bk . MG aw- Hil |
Dictionary of Chémi cal Terns (1984) McGaw 30 Hill Book Conpany, New York;
and Eliel, E shanigliresstiosoer provess. dde b Stapgmnic ndrise)isod Covpodatsfer1994) John

active torms, 19 cpfilr Rlchue PPo SRR SSRIRIRER B gy ' oY
pl ane-pol ari zed light. In describing an optically active conpound, the 19
prefi xes D andPlotentinRGaouwhsS are used to denote the absol ute configuration of
the In the context of the present invention, protecting groups include prodrug
15 moieties and chemical protecting groups.
Protecting groups are available, commonly known and used, and are
optionally used to prevent side reactions with the protected group duting
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 deiaendent upon the
intended direction of the synthesis and the reaction conditions to be encéuntered;
and may occtr 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, of other functions) include “ether- or ester-
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nol ecul e about its chiral center(s). The prefixes d and | or (-t-) and (-)
are enployed to designate the sign of rotation of plane-polarized Iight by
the conmpom .d, with (-) or |I neaning that the conmpound is |levorotatory. A5
conpound prefixed with (+) or d is dextrorotatory. For a given chem cal
structure, these stereoisoners are identical except that they are mrror

| mges of one anot her . eci fic stereoi soner nmay aI%ggge referred to as

an enantioner, formyng geoupy’ xt - of esterdpring revRs are capeble @ QI
enanti oneri ¢ nanghidaEprofdeftts upsrﬁmie%ﬁth&ﬁc RASNLd LIRHA heid, SiSidee to as a

racem c mxture or a racena whi ch may occur where there has been no

stereosel ect | cmm@rhyémylee@dmemt@qhuggrqupaare@nléhﬁr@@m-mea@smrtfnn@ng process. The
ternms "racem ¢ t.ur.e; r a 'xture of two
enanti onmeric s% ’eésé,‘%%}e cclierétﬁ&?ﬁlhgs (ﬁe ﬁ{e%rt’ &9939%1 oups In the

cont ext of Sthemﬁdﬁsemstuskad\mtdw on, prot ect| ng groups i ncl ude prodrug 15

noi eti es and chem cal otecti.n Prot.ectin r.oup re_avail abl e,
comonly known and 4% Ii egc'?%f# %’%B‘T‘ﬂtﬁ?hﬁ%@i?u %ag’&raé‘i}éﬁg’@il{'ﬁe reacti ons
Wi th the protesbind 28 eotesPiHdiicheyddl 8ivate REQKRAE We R scribe@in  OUt €S OF

met hods to prg% e the cogrr%%unds of the agnventlon'3 Focr thl nost part the

deci si on as t Haitiste 1g Qrganie Bynthasis, TeedonadV XGredes (dehn Wildy the nat ur e of

t he chem cal uRon t he chem stry of
the reaction to gﬁéj,rlgggg"o%q?g%nmﬁ" @1%3825?{}%?&”833 geal%XI dati ve,
reductive Ior d(daﬁmlapﬂdhp T.9Rfkectn g(‘itchm (@é(ﬁg\(ﬂ'ﬁﬂnﬂl\feﬂ@g Stiuigaf, Néwe synt hesi s.
The PG groups do, no and generally are not, the sane if the

conpound is subEK ]tgbf%éf’%éﬂhtlﬁm‘fﬂ'ippﬁﬁqd@m ereFlﬁeﬁéﬁé’PBF‘ i | be used to 25

protect, funct i.pRakigCRMRS S Prlted® X W OJRHAER Ibocc fer &M NO_gr oups
and to thus prevent side reac?| o%s o@gto ot herw ?eﬁgigsam ta grt’he synt hetic

efficiency. m%‘ﬁ&mtmmﬁﬁp@maweﬂﬁi -94% ChapsteisB, ﬂ]lelé’rotﬁetmgﬁ@umd groups is

dependent upon th d of.. t nt he reaction
condi tions to He" ggr?ciolﬁ E?P%J,f 3‘% %&Qﬁ G%Q%Pw/a%ﬁe Egei‘ﬂpg&]@?er m ned by
the artisans. Si)cyﬁaronﬁtmoﬁ‘ectmgt(ﬂmpd p@e@mwlsﬁ Edﬂ@rcﬁéuﬂinggnﬂ@sﬁﬁ the invention

may be r ot ect ed or .exanpl| e,, pr.otecting groups faqr roups (whet her
hyér oxyl , P carboxylﬁ: acid, phosp onic a(:ld, P osphogate sulfomc ac?d and othgr ps

protecting groups for acids see Greene as set forth below. Such groups include
by way of example and not limitation, esters, amides, hydrazides, and the like.

20  Bther- 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, suifate, and sulfinate,

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

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

Within the context of phosphonate prodrug moieties, a large number of
siructurally-diverse prodmgs have been described for phosphonic acids
(Freeman and Ross in Progress in Medicinal Chemistry 34: 112-147 (1997) and
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carboxylic acid, phosphonic acid, of other functions) include "ether- or
ester- 20 form ng groups”. Ether- or ester-form ng groups are capabl e of
functioning as chem cal protecting groups in the synthetic schenes set
forth herein. However, sone hydroxyl and thio protecting groups are neither
ether- nor ester-formng groups, as wll be understood by those skilled in
the art, and are included with 5 am des, discussed below. A very |arge
nunber of hydrawﬁhclpd&dtmithiﬁﬂgsgmpan&mdseaﬁhdmﬁbnrHmmgemglagups and
correspondi ng ¢ cal cle reactl ns, ar escr.ibed,in tective
Groups in Orgaﬁp?:s %sgqr %‘38?5‘ ﬁ@“@@ﬁé °€X%¥ﬁ%FWF‘B§?W& ons, Inc.,
New Yor kK, 1991ha¢1§gmeqoﬂﬁﬂa 62301 6) ("G eene"). See also 10 Koci enski,
Philip 7.; Protectin Goups (Georg Thiene Yerlag Stuttgart, New York,
1994), which is i ncorporated by reference S entirety herein. In
particul ar Chapter 1, Protecting G oups; An Ovelvi ev%a pages 1-20, Chapter 2,
Hydr oxyl Protecting Groups, pages 21-94, Protecting G oups,
pages 95-117, Chapter 4, Carboxyl Protecti oups, pages 118- 154, Chapter
15 5, Carbonyl Protecting G oups, pages 155-184. For protecting groups for
carboxylic acid, phosphonic acid, phospRonat i
protecting groups for acids see Greene a ,se
include by way of exanpl eyane-
and the like. 20 Ether- and EsterAf
groups include: (1) phosphonate es% zf{ m ng gro ~“"Such as
phosphonani date esters, phosphorothi oat'le esters, phosphonate esters, and
phosphon- bi s-am dates; (2) car boxyl ester-form n@ groups, and (3) sul phur

ester-form pg groups,, suc ul a t finate., 25 The
opti onal phdsphonat " HEFRE: %F}f L2 @%@E&E?bﬁ ?agqﬁ ﬁvéeﬁtqrg admy or may
not be prOdrUgtﬂ%h@ﬁyl%ﬁnbobyc@alsfsﬁ&iitu"t’%&wﬁfoﬂ%/RpgoﬁlbbsoﬁﬁérblY'l%('90a hydrol ytic
or enzymatic cleavage or_nodjfication. Certai np% osphonate noieties are

stabl e under mipstategstesésaiorpeds pnd yhera Yo s N(Eed NORberNNEB)2.dxanpl e, a
di al kyl phOSphoﬁﬁtSs‘ﬁhoﬂéﬁiﬁﬁa%Eﬁ&r@s!uﬁé’.l groups are two or nore carbons, may have

In its ester-forming role, a protecting group typically is bound to any

th bel ow. Such groups
sters, am des, hydrazides,
i ng (%oups Ester-form ng

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~C13 heterocycle (described above) or aryl. These aromatic groups
15  optionally are polyeyclic or monocyclic. Examples include phenyl, spiryl, 2-
“and 3-pyrrolyl, 2- and 3-thienyl, 2- and 4-imidazolyl, 2-, 4- and S-oxazolyl, 3~
and 4—isoxazolyl, 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-C12 heterocycle or aryl substituted with halo, R?, R1~0-C1.C12
20 alkylene, C1-Cyz alkoxy, CN, NO,, OH, carboxy, carboxyester, thiol, thioester,
C1-Ci2 haloalkyl (1-6 halogen atoms), C3-Cj3 alkenyl or C»-Cyg alkynyl. Such
groups include 2-, 3- and 4-alkoxyphenyl (C1-C1z 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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30 appreciable stability in vivo due to a slow rate of hydrolysis. Wthin

t he context of phosphonate prodrug noieties, a | arge nunber of

structurall y-diverse prodrugs have been described for phosphonic acids
(Freeman and Ross in Progress in Medicinal Chemistry 34: 112-147 (1997) and
21 are included within the scope of the present invention. An exenplary
phosphonate ester-formng group is the phenyl carbocycle in substructure A3

havi ng t he forlhﬂﬂmxyﬂbzﬂylﬂ-l,ﬁ)ﬂd4@mtﬂpheﬂkt2- 3-rnd p-digethglawiopbényl,R1 maybe H
or A-Cl12 ailryl; S n nyl carbocycle
IS substitut ed)évfn t ﬁn%h e@]@(’%}t% en;l \%ﬁe3r am%hglgp% yg(mﬁqudlﬁ%?éxest er is
forrer, and whené¢4-fiotapheiyRand 2- L\llﬁiﬁﬂﬂ-@ﬂorbiﬁﬁ‘dﬁﬁ?)% , A4~ Qt‘ﬂa,szmpiﬂlanmdhtg es:j er
results. Initg ester-tormng.rqle, ectl roup typica yls ound to
any 10 aci di c%gsr‘i‘{i‘ﬁﬁg’hg‘ﬁnﬂszq 319% 4wéysa of 6% éf‘rﬁ’!“gé%&f‘cﬁgf’ Rgilon, a - co2H
or - C(S)OHsgroup, z& heke 6-@&%&1'3@:1@&11&?&% hyl'hsLe &' 25-52‘3@f3'416d her ei n.

Al so, R' for eXanpl & Tncludés the enunerated ester groups of YD 95/ 07920.

Exanpl es of pr@n@3,15rmmmimmw-mmommmbmmwr@umx Rhed above)

or aryl. These aro 5 _ rg G nonocycl i c.
Exanpl es i ncl u ﬁﬁﬂf’a’ﬁ%pﬂ&y (lli S%E-t?& 3§9¥’r%l'yl£oﬂ?x'%ﬁlﬁﬁ%¥hi enyl, 2- and
4-im dazol yl, %'Iﬂuoffométﬁﬁ ‘éen%az-ok Ydnd &yaaé}meﬂyu @0$%€|4¥ﬂ1tro;lihen 142-and
5-thiazolyl, 3-, g i SOt hi azol'y 3- and pyrazoly { 2-, 3- and
4-pyridinyl, aﬁdalll"r-hﬁoalh}dbml@fp§|hﬁloaﬁldﬂtﬁf}lﬁ,,cl€g}2@ilﬁ'1m1§h®‘ycl e or aryl
substi t ut e% Enﬂhal 0

uoroméﬂaﬁbénz% angzg,lio— anc% 4-irichloromethylphenyl and 2-, 3- and 4-
trichloromethylphenyl), 4-N-methylpiperidinyl, 3-N-methylpiperidinyl, 1-
ethylpiperazinyl, benzyl, alkylsalicylphenyl (C;-C4 alkyl, including 2-, 3- and 4-

ethylsalicjrlphenyl), 2-,3- and 4-acetylphenyl, 1,8-dihydroxynaphthyl (-CyoHg-

OH) and aryloxy ethyl [Cg-Cg aryl (including phenoxy ethyl)], 2,2*
15  dihydroxybiphenyl, 2-, 3~ and 4-N,N-dialkylaminophenol, -CgHsCH,-N(CHjs)s,
trimethoxybenzyl, triethoxybenzyl, 2-alkyl pyridinyl (Cy-4 alkyl);

m R,0(0)C
aoco{ 3 /O
:C4-C8

o H

esters of 2-carboxyphenyl; and C1-C4 alkylene-C3-Cg aryl (inchuding benzyl, -
CHy-pyrrolyl, -Cng-thienyl, -CHy-imidazolyl, -CHy-oxazolyl, ~-CHj-isoxazolyl,

20 -CHp-thiazolyl, -CHp~isothiazolyl, -CHz-pyrazolyl, -CHa-pyridiny! and -CH-
pyrimidinyl) substituted in the aryl moiety by 3 to 5 halogen atoms or 1 to 2
atoms or groups selected from halogen, C1-Cq2 alkoxy (including methoxy and
ethoxy), cvano, nitro, OH, C1-C14 haloalkyl (1 to 6 halogen atoras; including -

, CH3CCl3), C1-C12 alkyl (including methyl and ethyl), C3-Cy; alkenyl or C2-Cig

25  alkynyl; alkoxy ethyl [C1~Cg alkyl including -CHz-CHp-0O-CHj3 (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 -CHs -CH(CHaz)z, -C(CHz)s3, -
CH,CHj3, (CHz2)2CHj, ~(CHp)3CH3, <(CH))4CH3, «(CHz)sCH3, -CHaCHF, -
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20 al kyl ene, CI-Cl12 al koxy, CN, NO2, OH, carboxy, carboxyester, thiol,

t hi oester, d-Cl12 hal oal kyl (1-6 hal ogen atons), C2-Cl2 al kenyl or C2-Cl2
al kynyl . Such groups include 2-, 3- and 4-al koxyphenyl (Cl-Cl12 al kyl), 2-,
3- and 4- nethoxyphenyl, 2-, 3- and 4-ethoxyphenyl, 2,3-,2,4-,2,5-,2,6-,
3,4- and 3,5- diethoxyphenyl, 2- and 3-carboet hoxy-4-hydroxyphenyl, 2- and
3-et hoxy-4 25 hydroxyphenyl, 2- and 3-ethoxy-5-hydroxyphenyl, 2- and

3- et hoxy-6- 22 hydroxyphenyl, 2-, 3- and 4-0%&0V"p'ﬁhnyl, 2-,3- and
4- di net hyl am nopheayl, 2-, 3- and 4-net hyhnercap h 2-, 3- and

4- - hal opheny! CHsCHg@l, ROHZCT, 3nd AHLCTIEE uor opheny 2N-23- and

4- chor ophenyl), 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3, 5-dinethyl phenyl, 2, 3-,
2,4-,2,5-, 2, 6- Popymospheligo 2, hildydionpRydsorxindsae osameat, cpteghol mongesterp 57 2 6.
3,4- and 3, 5-dj-hget Yoy 2 A s, e iihal opl i enyl
(i ncl uding 2, 4!:%#@%@%11%%@%%@9?%’- guﬂrzll SEQ?%%ﬁénC;IF% ,Cﬂg@{,%@@zgnﬂ

4- hal oal kyl phe ¢d(0)eRR PRLRAGEA! S pyrFate GHO@EYECH Loagl;4-
trifluoromnet hy%(en%ﬁcg), Hg I,[D?S- and” 4- cyanophenyl , JZC( 3% And 4-ni trophenyl ,
2-, 3- ands 4- hal oah Kyt bembyh mphodaccharidig Mizgerharddecn®ligtiacdhibidda(3kiyl9 i ncl udi ng

4 10 trifluoronethyl enﬁél %nd 2-, 3- and 4-trichloronethyl phenyl and 2-, 3-
and 4- trichl o@@ﬁ@%ﬁiﬁ‘aﬁaﬁ 8519804 N- et hy |l pi peri di nyl, 3-N-net hyl pi peri di nyl ,

1- ethyl pi perazi ny!n«igg@eﬁdés,su@ldswbqﬁmglgﬁémgnyﬁeréi{»}%&ﬂwwi&é, including 2-,
3- and 4- ethylsalicyl’phenyl), 2-,3- and 4-acetyl phenyl,
1, 8- di hydr oxy negshpdsig glyeenide-Bpidepgneratls arernpiussily ecchiring[selraig aar yl (i ncl udi ng

phenoxy et hyl) A5 dihydr bi %ﬁi% - 1 an : "
4- NN-di ai | cyl a#lmr?op%%dné?‘?ﬁ’ 61 ééﬁlﬂ%lq\ﬁ 1‘[2‘8, su%% & necflgig%}%iechlznw ,Stlc’
tri et hoxybemzypalndticbisatic, B)kd, PhlmiboletClindledb kivd the liky i} QA Qinkb ic G O (O O
X4 -C8 esters of 2-carboxyphenyl; and Cl-C4 al kyl ene- C3- aryl (including
benzyl’, - C1128¢% pfeppren RoyRdsRarein thopyehiaglyrerd opyeenof - oxazol yl |
- CH2- i soxazol yi.. .2l 12-t hi azol yl, -CH2-isothiazolyl, -CH2-pyrazolyl,
- CH2- pyddi nyl g%%g%gfg
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-Rd-2-oxo-1,3-dioxolen-4-yl) methyl esters
(Sakamoto et al., Chem. Pharm. Bull. (1984) 32(6)2241-2248) where Rqis Ry,

R4 or aryl; and
C(O mO
2 CHRCON__ P
The hydroxyl groups of the compounds of this invention optionally are
substituted with one of groups ITI, IV or V disclosed in WO 94/21604, or with
isoprapyl.
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-)2 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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pyrimdinyl) substituted in the aryl noiety by 3 to 5 halogen atons or 1 to
2 atoms or groups selected from hal ogen, Cl-Cl2 al koxy (i ncludi ng net hoxy
and ethoxy), cyan, nitro, OH Cl-Cl2 haloalkyl (1 to 6 hal ogen atons;
including - CH2CC13), CI-Cl12 al kyl (including nethyl and ethyl), C2-Ci2

all cenyl or C2-Cl12 25 al kynyl; al koxy ethyl [Cl-C6 al kyl including

- CH2- CH2- O- CH3 (net hox et hhﬁé al kyl  substituted by any_ of the groups set
forth above foranghgybasg PPChﬁé GF%FFYIQ-WG{ CeyO31 N - @DPFHY]GNHP%W@? ncl udi ng

5y ST Ll b PRy o Bt R IR ot 4

-N-2- propyl rerhﬁiﬂJaeomﬁmﬁzddm by giotected hy diplmsyhondrnie eﬁasaﬂﬁ@tlmchﬂmﬁchol

"6 o 0 iR 2 P e er S&%me@w%ﬂ%@&@wm sl

( HOOC- C(=CH3) - )orﬂw&%ésgbmﬁgme@ﬁnﬁe&@é@%ﬂﬁ@&%@ﬁ&bﬁﬂd%aﬁhfﬁccharide or
ollgosaccharlde (3 nonosacchari de residues); trigl ycerldes such as

a-D-0-di gl ycer |Vd§sth€ mﬂ@hlwophnsplﬁ@atqordwhbsophe@nhpw try agbtheractiviied i pi ds

generally are gé 4{% occurring saturated or wunsaturated C6_26, C6-18 or
C6-10 fatty aci Uehas linoleic, lauric, nyristic, 10 palmtic, stearic,
oleic, palmtoleic, linolenic and the like fatty acids) linked to acyl of

the parental conpounds herein through apghygaryl oxygen of the
triglyceride; WWWW‘?%FTE%GUXVIWWh t he

phosphat e d0 the_ phospholipid; 15 phthalidyl (shown in Fig. 1 of Cayton et
al., Antimcro (1974) 5H(6 clic carbonates such
as (5-Rd- 2- oxobl %%@&%ﬁnﬁ yl) net hyll% éﬁg Cg'cﬁé%}&%‘%%o et al., Chem

Pharm Bull. (]298@233%()5‘(-}{%?41 2248) wherje BicciR, R4 or aryl; and

CH2C(O I\ _ 2. _
3. -CHp-S(Oh(Ry) 12, -CgHs
4, -CHy-0-C{O)-CHy-CeHs 13, -NH-CHp-C(0)0-CH2CH;
15 5. 3~cholesteryl 14. -N(CHs)-CHy-C(0)O-CH,CH;
6. 3-pyridyl 15. -NHRy
7. Neethylmorpholino 16. -CHy-0-C(0)-C1oHys
8, ~CHy-0-C(0)-CgHs 17. -CHp-O-C(0)-CH(CHz),
9. -CHy-0-C(0)-CH;CH; 18, -CHy-CH#H(OC(O)CHR1)-CHo-
20 ' | (OC(O)CHgR*

HO
{ ] ] to &
™ OH HO
-CH,C(O) o - N
19. N\—/ 20, O H 2]. HO

. 7N N-
-CH,-0-C(0) ) - 7"\
CHQO(O)C:
25 24,

25



20 The hydroxyl groups of the conpounds of this invention optionally are
substituted with one of groups Ill, IV or V disclosed in WO 94/21604, or
with isopropyl. Table A lists exanples of protecting group ester noieties -
that for exanple 25 can be bonded via oxygen to -C(0)O and -P(O (0O )2
groups. Several am dates also are shown, which are bound directly to -C(O) -
or -P(O2. Esters of structures 1-5, 8-10 and 16, 17, 19-22 are synthesized
by reacting the conpound herein having a free hi##xyl with the
correspondi ng halide (chloride or acyl chlory and the like) and N

, N-di cyol ohexyl - F%ﬁéﬂﬁﬁ@ ar boxam di her base such as DBU
triethylam ne, CsCO3, NN di mnetpiylNgni fne and t like) in DMF (or other

sol vent such as acetonitril eG When the conpound to
be protected i 5 phosphonate, e ef.ers of struc es 5-7, 11, 12, 21,
and 23-26 are synthesized by reaction of the al cohol or al koxide salt 5 (or
t he correspondi ' ' —3+4 and 15)

wi th the nonoch ageahaaRban®aY.qSPer MidkiQr ophosphonat e (or anot her activated
phosphonate). TABLE A 10 1. - 2-_C(O)-N(R;t%2.* 10. -QHZ-.OC(O%-C(CHB)B 2.
-CH2-S(O) (R1) 11. - Eiberesters that arecyptalile Gy mpehepein are deggilpd 4n EP 632048.

TN(C13) - G0 0 O ot Bl hdhide SR sfr Jorfn  PRAGRSIMR 1 1
- CH2- 0- C(O) - C1OHL5 8. -CH2- O C(O) 17. -CH2-O C(O) - CH(CH3) 2 9.
- CH2- 0- C( O) - CH2CH3 18. - CH2- CH#H( O( PR1) - C132- 20 (OC(O) CH2R1)*

such as ~-CH20C(0)OCH3, 0 -CH2SCOCH3, -CH2OCON(CH3)2, or
alkyl- or aryl-acyloxyalkyl groups of the structure ~CH(R' or WO((CO)R®") or
-CH(R! or W¥)((CO)OR®) (linked to oxygen of the acidic group) wherein R’
and R?® are atkyl, aryl, or aikylaryl 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
adminisiration. Examples of such useful protecting groups are

15  alkviacyloxymethyl esters and their derivatives, including -

O

CH(CH,CH0CH;3)OC(O)YC(CHz)s, ;-
CH20C(0)CqpH15, -CH20C(0)C(CHs)3, -CH(CHz0CH3)OC(0)C(CHs)s, -
CH(CH(CH3)2)OC(0O)C(CHa)z, -CH;OC(O)YCH,CH(CHz)z, -
CHOC(0)CgHj1, ~CHa0C(0)CgHs, ~-CH20C(0)C10H15, -

20 CH0C(0O)CH2CHj, -CHyOC(O)CH(CH3); , -CHyQC(0)C(CH3); and -
CH20C(0)CHCeHs.

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
26



 HO -Ciji 2C(ON 'O N 0131d0 19. "--' 20. OH21. HO C1 2-O0C(O -CHzCH2 NJ~
22. ~-~ 23. dQQOC 25 24. 25 OCH3 CH3CH2ZXOC - | OCH3 25. - 26. OCGH3 #
- chiral center is (R, (S) or racemate. Ot her esters that are suitable for
use herein are described in EP 632048. 5 Protecting groups al so includes
"doubl e ester” formng profunctionalities such as -CH2OC(O OCH3, O
- CH2SCOCH3, -CH2OCON(CH3)2, or al kyl- or aryl-acyl oxyal kyl groups of the
structure - CHgidve of ardBn@d(ioY ®I3F)07620. Gﬁﬂé‘tﬂihlair:nt%ﬁ(aéé?@:m&&)eséf i nked to
oxygen of the acldl rqu rein 1x37, and R3 aryl, or
al kyl aryl gr ot ngﬁf HW%%?“S@W“%@ ‘ﬁf‘eﬁ %‘/ﬁl 7 and R38
are bul Ky groyps p%ﬁ@)@piﬁﬁ: 20 _ASBeA-calekifibd arRinb RO rés‘:’cﬁﬁ& ble\deQReibBA M ,

net a- substituted a ryl, or .conbinations thereof, includi n%& nor mal

secondary, |spageah&lﬁendreéatgﬁtamﬂ\?go&ﬁmf% eegrens Idtasdd. A exanple is the
pi val oyl oxyme r rugs for oral
adm ni st r | O%QMEZ% egﬁ%ss%{égs uc use{m%agf&)h?%hgﬁ ﬁg&gsr’%ﬁgng;ggw

al kyl acyl oxynnm&a:ydtoce]stbﬂrsﬁclemﬂdaihﬁwe fﬁtﬁredwaﬂll ang of themeidygoung set fdithh V

OH( OH2CH200H3) OGO OLOHB).3, 0 0C( O) CLQHL5.. - 0 C(CHB) 3.
_Cl 3( CH20CH) O%f@é%ﬁé’)’%ﬂ %M@WM
G2G0 0 CPOH (0ot oGHRACURMER i RGN R i AUGRLQLFLOHNIS, 20

CH20C( O) CH2CHS, OC(OCHCH3)2 CHzoC(O)
WO 95/07920 again understanding that the same esters can be fmmed with the

10 acidic groups herein ag with the phosphonate of the ‘920 publication. Typical

ester groups are defined at least on WO 95/07920 pages 89-93 (under R31 or

R33), the table on page 105, and pages 21-23 (as R). Of particular interest are
esters of unsubstituted aryl such as phenyl or arylalky! such benzyl, or hydroxy-,
halo-~, atkoxy-, carboxy- and/or alkylestercarboxy-substituted aryl or alkylaryl,

15  especially phenyl, ortho-ethoxyphenyl, or Ci-Cy alkylestercarboxyphenyl
(salicylate Cy-Cyq alkylesters).

The protected acidic groups, particularly when using fhe esters or amides
of WO 95/07920, are useful as proérugs 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 toute. When the compouﬁéls
of the invention having protected groups, in particnlar 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

I25 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:
o Ethers (methyl, #-butyl, allyl);

s Substituted Methyl Ethers (Methoxymethyl, Methylthiomethyt, -
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CH20C( O) CH2C6H5. I n some enbodi nents the protected acidic group is an ester
of the acidic group and is the residue of a hydroxyl -contai ni ng
functionality, In other enbodinments, an am no conmpound is used to protect
the acid functionality. The 25 residues of suitable hydroxyl or

am no-containing fanotionalities are set forth 26 S above or are found in
WO 95/07920. O particular interest are the residues of amno acids, am no

acid esters, poBytgHm:um&grl (Bhexgl@hethylmqﬂ}mhahoxmmIBeaJaylnxymahylgp

pol ypepti de and -.ester)] no.acid,re es._are cri bed on
pages 11-18 andN& %%‘z 8’)??‘1?}?3’1\/@'%61 35’56“‘5%’) ?tﬁﬂp peobp ‘g > WO 5

95/ 07920 exprethMx%@gﬁﬁea_pbﬁ@nﬂ&ﬁﬁ&m, Slfoxpﬁh@@lphgrl c acids, but it will be
understood that such amdates are formed with any of the aci d groups set

forth herein aMgthorpcthenymsthydiZe.2-dsichlowsthorymetbyl Bis(3hr WO 95/ 07920. Typl cal

esters for prot f I

95/ 07920, agal naﬁ(tr)lger s}?@nghﬁd 2”(2?1%11“;@ ‘ﬁ/?slﬂgfgétﬁéxﬁe ?hr)g ’%e%ﬁ;ﬂ g(ggé%%%d# Wit h t he

10 acidic gr oupBrdnmtarahympymn}i, Tétmhpiropthivopahgl, diMéihetyePdokpbl, 4cat i on.

Typi cal ester g S ar |ne ast 95/ 079 pages 89- 93 (under

R31 or R35), %&Béﬁtle@ 13%\4t§ i?@g«‘é%\o ﬁ O particul ar

interest are effefioRyiek Wéﬁﬁi@@gg{mbmggcp[(%m&gwl or aryl al kyl such
hal o-, al'Koxy-, car boxy- ~and/ or

benzyl, or bydroxgw
al kyl est er car bog Bshenvﬂﬁeuefhﬁwlwndmkwl, arkiioxas2ebpeci al | y phenyl ,

ort ho- et yph i@i‘ ;ﬁﬂ [ € r cyl ate Cl C12
al kyl est gr%)s() eﬂ%ﬂﬂ%ﬂ'{o %né%" aci cJ)tgl?’tg ﬁ%r% teﬁ’lylﬁ Og@ﬁ@ﬁ yu5| ng the
esters or am degg, S%My%f?@i&ﬂﬁhobmﬁuaﬁﬁwﬂ))as prodrugs for oral

adm nistration. However, it is not essential that the acidic group be

protected i n *or Stdetifugnd Hihy Ftbarp Cobtexyethi.ii-¢- Q]@"’fcﬁﬂ'éﬁi’)?@ﬁil A MeBylef f ectively
d db f h
adm ni stere Y1l mog?),g%,l o %’?ﬂ%ﬁfyﬂmogagt 1-1 9% nﬁys&g@vent I on havi ng

prot ected groups am no” acl s or ubstituted and
unsubstit ut ed afiydrogbyle?,8,2dFrichitodingls2-Eripdthylsdylethiyb @1y or orally they are

capabl e olf5 hydr@h&ﬁé:elé:nlysg%gﬁe in vivo to yield the free acid.

s__,u

+ p-Chlorophenyl, p-Methoxyphenyl, 2.4-Dinitrophenyl, Benzyl);

* Substituted Benzyl Bthers (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, S-Dibenzosuberyl,
Triphenylmethyl, a-Naphthyldiphenylmethyl, p-
methoxyphenyldiphenylmethyl, Di(p-methoxyphenyl)phenylmethyl, Tri(p-
methoxyphenyDmethyl, 4-(4'-Bromophenacyloxy)phenyldiphenylmethyl,
4,4' 47-Tris(4,5-dichlorophthalimidophenylmetbyl, 4,4',47-

; 25 . Tris(levulinoyloxyphenylymethyl, 4,4',4”-Tris(benzoyloxyphenylymethyl, 3-

_ -(Imi&azdl-l—yhnethyl)bis(4',4”—dimethoxypheny1)methyl, 1,1-Bis(4-
methoxyphenyl)-1'-pyrenylmethyl, '9-A11thry1, 9-(9-Phenyl)xanthenyl, 9-(9-
Phenyl-10-ox0)anthryl, 1,3-Benzodithiolan-2-yl, Benzisothiazoly! S,5- |
Dioxido);

30 e« Silyl Ethers (Trimethylsilyl, Triethylsilyl, Triisopropylsilyl,
Dimethylisopropylsilyl, Diethylisopropylsilyl, Dimethylthexylsilyl, -
Butyldimethylsilyl, &-Butyldiphenylsilyl, Tribenzylsilyl, Tri-p-xylylsilyl,
Triphenylsilyl, Diphenylmethylsilyl, ~Butylmethoxyphenylsilyl);
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One or nore of the acidic hydroxyls are protected. If nore than one 25
acidic hydroxyl is protected then the sane or a different protecting group
is enployed, e.g., the esters maybe different or the same, or a m xed

am date and ester may be used. Typical hydroxy protecting groups described
In Geene (pages 14-118) include substituted nethyl and al kyl ethers,
substituted benzyl ethers, silyl 30 ethers, esters including sulfonic acid

esters, and carbdpdereonpge, ﬁmﬁﬂf@mﬂe, Eﬁﬁ@tﬁsck%@cngate Dichipgeagetateg| | y| ) ;
St £ Ut od, M BB BN AR M g e 27
Met hoxybenzyl oxy rﬁiph;ehﬂﬂﬁmhﬁchﬁaﬁeyﬂﬂrmnm&ta’et p}ﬂdor@}ﬁh@qabeme ybolyt

2. 2.2 Tri Chl or oet YRR PP Lpiopimat SLEP AP FRLLRORIE). J T

2- (Trimet hyksi | yl(E@ignaxsians prdtanchR! PAENEE ORI date, Srotonate, 4
Br onot et r ahydr opyr anyl, Tet rahydropt hi opyranyl 1- Met hoxyc | ohexyl, 4-

Met hoxyt et r ahydr d¥§thexmerotompte,Beneaie: Etﬂ@ﬁbﬁﬁ@@ﬂ%@pﬂyﬁ%ﬁ ethylbenzoate

Met hoxyt et r ahydr Q% .anyl SS-Di oxi do, 1-[(2-Chloro-4-

met hyl ) phenyl | - 4- ft %)Ei I peridin-4-yl, 1,4-D oxan-2-yl, 10

Tet r ahydr of ur ary| Cari&iates iyiethet, blmﬁﬁé@ﬂmbthyQEa;yB 22,3 T8icBlorbeitigt, @ct ahydr o-
7,8,8-trinethyl - benzof ur an- 2- yl ? Substituted Ethyl Ethers

(1°Ethoxyothy! ﬂpem%yﬂ@wﬁ@m&@@pmﬂfony erhi

1 uor oot lyl 02, 2, SR smenBmi AL gty %e‘{’ﬁ%%ﬁ‘ﬁyfﬁﬁ%‘aﬁﬂ%%f’%ﬂfﬂ

( Phenyl sel enyl ) ethethox]abe@hyld Aidimathoxybenesl hoXiipdtentl, p- H;ttbbalzyﬂ t% ophenyl ,

ey SO e ot e (o) VLG DS by s Bt oy enay

3’ anobenzyl , p- Bheagi; thlAssidted @Mﬁvé%e&&qg&dyenzoate'\@@mdo‘batyﬂit@ Q-L]SHIIOM 20 Oxi do,

phenyhnet h yi.p. tP methylpeﬁtral?og?cr: f)—(%)lbromomgth)[r)ll)l?e?n%gé lé- eryl,

15 Formylbenzenesulfonate, 2-(Methylthiomethoxy)ethyl Carbonate, 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, (£)-2-Methyl-2-butenoate (Tigloate), o-

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

o 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-
t-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); Cyelic

Ortho Esters (Methoxymethylene, Ethoxymethylene, Dimethoxymethylene, 1-
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i
D (p- met hoxyphenyl ) phenyl )i etbyl, Tri(p- mnmethoxyphenyl) net hyl,
-(4' - Bronophenacyl oxy) phenyl di phenyl net hyl ,
4,4"  4"-Tris(4,5-dichlorophthalimdophenyl)nethyl, 4,4,4" 25
Tri s(l evul i noyl oxyphenyl ) et hyl, 4,4',4"-Tris(benzoyl oxyphenyl ) net hyl, 3-
(I m daz6l -1 -yhnet hyl ) bi s(4', 4" - di met hpxypheryl et hyl, 1, 1-Bis(4-
met hoxyphenyi ) Methaxygthylidaneel-Ethoxyehyligitey {-2-Diglethpxpitaylidens gnt henyl , 9- (9-

Phenyl - 10- ox0) - 3= Benzodi i -2 : } I .2ZQ - $, S
B e e i e A A

Trii sopropyl si DBingthyRimmyheizyidape Bleyivativiey2-OxBivetopshiyidepe) Sifiki | yI |

D net hyl t hexyl s{ lyl,. t-Butyl.dirnethylsilyl,%=sButyldi phenylsilyl,

Tri benzyl si | yl 5‘“’?&%"-"5‘%WV#@'#Y@XIGHH%B%%@P% T, Diphenyl nethylsilyl,

t - But yl met hexy gasivdprbppdidiloxdBylidelrs)| AT ebEobaRKGdisiBRaASY Bl AylRLE, Acetate,
Chor oacetate, Dichloroacetate, Trichloroacetate, Trifl uoroacetate,

Met hoxyacet at e Cyolig Cophapasesabytlingorenaten BthyHheressly andihenyl Boronate.

p- Chl or ophenoxyacet P - 3 3~ i

4- Oxopennt anoat e (Lgog?l é@#,ﬁ,%?@?@%kemﬁpesﬁ %lﬁ%g@%%e%@gﬁggg%ﬁ%’i val oat e,
Adamant oat e, CBysidhaies tygicallh epaxidess atoniibe cyderketid andprhestglbenzoat e,
2,4,6-Trinethyl benzoate (Mesitoate)); Carbonates (Methyl,

9- Fl uorenyl nethyl, Ethyl, 2,2;2-Trichloroethyl, 2- (Trinmethylsilyl)ethyl,
2- (Phenyl sul fonyl )ethyl, 2 10 (Tri phenyl phosphoni o) et hyl, 1sobutyl, Vinyl,
Al lyl, p-Ntrophenyl, Benzyl, p-Methoxybenzyl, 3,4-D nethoxybenzyl, o

Ni trobenzyl, p-N tropeenyl, S- Benzyl Thiocarbonate, 4-Ethoxy-1 -naphthyl,
Met hyl Dithiocarbonate); Goups Wth Assisted C eavage (2-1odobenzoat e,

4- Azi dobutyrate, 4-Nitro- 4-nethyl pentanoate, o-(D brononethyl)benzoate, 2
15 Fornyl benzenesul fonate, 2-(Methylthionethoxy)ethyl Carbonate, 4-

(Met hyl t hi onet hoxy) butyrate, 2-(Methylthi onet boxynet hyl)benzoate);

Tri phenyl nmet hyl , a- Napht hyl di phenyl net byl , p- net hoxyphenyl di phenyl net hyl
4
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M scel | aneous Esters (2, 6-D chl oro-4-nmet hyl phenoxyacetate, 2,6-Di chloro-
4-(1,1,3,3 tetramet hyl butyl) phenoxyacetate, 2,4-Bis(1, 1-

di met hyl propyl ) phenoxyacet at e, Chl or odi phenyl acetate, |sobutyrate, 20
Monosucci nate, (F)-2-Methyl-2-butenoate (Tigloate), o-

(Met hoxycar bonyl ) benzoat e, p- pol y- Benzoat e, a-Naphthoate, N trate, Al kyl
N, N, NR- Tet r anet hyl phosphor odi am date, N-Phenyl carbanate, Borate,

Di net hyl phosphi not hi oyl, 2,4-Dinit ropheBéI sul fenate); and Sul fonates
(Sul fate, Methanesul fonate (Mesyl at e) I sul fonate, 25 Tosyl ate).

Typical 1,2-diol protecting gr oups (t hus, generally where t 1 groups
are taken together with f]hé‘{'prot u onal i are déscr¥ bed in
G eene at pagesﬂfB- l4dyangh i nc Q/ci{gL :%get al(gi Ket@| s @Mt hyl ene,
Et hylidene, i- t-Butyleth |dene hen lid

(4- Met hoxyphenyl ) et hylid . 2,2,2]30 Tri c or oet HS\‘de”e bni de

(I sopropylidene), Cyclopentyli deneo Cycl olaexylid cI ohe | i dene,
Benzyl i dene, p- Met hoxybenzyl i dene 2, 4- Di nmet hoxybenzyli dene,

3, 4- Di et hoxybenz?t.l ene, 2- obenzyl i dene); Cyclic., Otho teﬁ's

( Met hoxymet hyl one hoxyrret yI ne, Di meffhogyrnet hyl efie{1 -

Met hoxyet hyl i denQ I, del REO—IN, 2~ methﬁmym hyO doné

Met hoxybenzyl i dene;, +1- ( hyl am no) et yI i dene Der’ IPéatl ve, - ( N, N-
Di et hyl ani no) Byl Odene Deridati ve, 2-6‘5( cl operﬁ-‘?)zj’ ene) ; I

Derivatives (D -t-butylsilylene Goup, 173-(1,1,3,3
Tet r ai sopropyl di sil oxanyli dene), and

Tetra-t-but oxydi sil oxane-1, 3-diylidone), Cyclic Carbonates, Cyclic

Bor onat es, Et hytheRdn Bt @)-@gcdillghenyl Boronate. Mre typically, 1,2-diol
protecting groups include those shown in Table B, Al nore typically,

epoxi des, acetonides, cyclic ketals and aryl acetals. 30 Table Br~c 00O

Oor a 5 Amino protecting groups

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

* Carbamates: (methyl and ethyl, 9-fluorenylmethyl, 9(2- .
sulfo)fluorenylmethyl, 9-(2,7-dibromo)fluorenylmethyi, 2,7-di-#-butyl-(9-

10 (10,10-dioxo-10,10,10,10-tetrahydrothioxanthyl)Jmethyl, 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 ° biphenylylethyl, 1-(3,5-di-z-butyiphenyl)-1-methylethyl, 2-(2'- and 4'-
pyridylethyl, 2-(N, N-dicyclohexylcarboxamido)ethyl, #butyl, 1-adamantyl,
vinyl, allyl, 1-isopropylailyl, 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);

o  Groups With Assisted Cleavage: (2-methylthioethyl, 2-methylsulfonylethyl,
2-(p-toluenesulfonyl)ethyl, [2-(1,3-dithianyl)]methyl, 4-methylthiophenyl,
2,4-dimethylthiophenyl, 2-phosphonioethyl, 2- .
triphenylphosphonioisopropyl, 1,1-dimethyl-2-cyanoethyl, m-choro-p-
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00 OOr~c r~r rlc o CkP,ORIO,NORON "OWONNO RQ 0OOCHORd
PPNO wherein R9 is C-C6 alkyl. 5 Amno protecting groups Another set of
protecting groups include any of the typical amno protecting groups
descri bed by Greene at pages 315-385. They incl ude: Cat bamat es: (et hyl
and ethyl, 9-fluorenylnethyl, 9(2 sul fo)fluorenyhnethyl,

9-(2,7- dlbronD)quorenyIrnethyI 2, 7-di-t-butyl-[9- 10

(10, 10- di ox0- 10, 1QacdldxFEentef p-@ﬁihﬁ[r@ﬂbbgmsﬁiwls)ﬂmisbﬁﬁayhﬁcthyl 2-
nmet hoxyphenacyl); ~ Substituted Ethyl: -trichoroethyl,

2-trimethylsiiylet “Of%m?ﬂiﬂw C@f‘?ﬂqnyhﬂ‘afhi(lk adamant yl ) - 1- net hyl et hyl ,

1, 1-di met hyl - 2- Qal g&

1,1- d: xt hgl 2, gaZ tr*9 E?ﬁ?%e#ﬁﬂ&ﬂ%k%aﬁ%e 'pfrg %gglgxp%ﬂenyl yl)ethyl,

%- E %i\l?&'di: - f: | bﬁte yl prhmnl h thoxytbnmg} dyitebénzll, S&memoayad-lﬂtrc:]btep%d,lmhyléft hyile "
- i X

| -i sopr opgl aflyl, Y D&‘?ﬁﬁ’&ﬂgﬁmﬁ%ﬁ&%%@ﬁé auv%sjtaﬁ gﬁ?ﬂ]ﬁ/ 11@0) catbony, @' Y

hydr oxypi per i di nylar ;ﬁioméhebu!;fhnﬂamﬁemydn 1 w'@ﬁ&ﬂ}@aﬁﬁh@mzo»hrb@nﬂ) trobenzyl, p-
bromobenzyl , p- chl or obenzyl , dlchlorobenzyl nethylsulflnylbenzyt 20

9-ant hryl net hyl ¢ &dpsndla;apwﬂayba;natesdt@mﬁb S\;h'epwlﬁsbgwb@@t@peafmj@nzyl
(2Tt 02 b ol A BN B oo BBy ARSI
2- phospboni oet hyl dlﬂepmpylﬁie&ﬂylzmﬂmjmﬂmﬁpmm los(V, N-
iqlll g;%ggﬁbp%c%%@yﬁ@ﬁﬁﬁor O I1 1 ~Smetid 38 ol yl met hyl, 2-
8 re;f/ ;ugr 0??: Elylt 3 Océﬁg%%mﬂﬂﬁ%ji%p}d 1, 1B ITERARI, al(QprH@ﬁjreétuﬁl £
? hplr gnethyl 2-Todoethyl, Isobornyl, Isobutyl, Isonicotinyl, p-(p'-
Methoxyphenylazo)benzyl, 1-methylcyclobutyl, 1-methyleyclohexyl, 1-
methyl-1-cyclopropylmethyl, 1-methy?-1-(3,5-dimethoxyphenyl)ethyl, 1-
15 methyl-1-(p-phenylazophenyl)ethyl, 1-methyl-1-phenylethyl, 1-methyl-1-(4-
pyridyl)ethyl, phenyl, p-(phenylazo)benzyl, 2,4,6-tri-t-butylphenyl, 4-
(trimethylammonium)benzyl, 2,4,6-trimethylbenzyl);
»  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); ‘
» Amides With Assisted Cleavage: (N-o-nitrophenylacetyl, N-o-
. nitrophenoxyacetyl, N-acetoacetyl, (V-
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-phenytazophenoxy)propionyl, N-4-chlorobutyryl, N-3-methyl-3-
nitrobutyry!, N-p-nitrocinnamoyl, N-acetylmethionine, N-o-nitrobenzoyl, N-
o—(bénzoyloxymethyl)bcnzoyl, 4,5-diphenyl-3-0xazolin-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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di met hoxybenzyl, o-nitrobenzyl, 3, 4-dinethoxy-6-nitrobenzyl, phenyl(o 5

ni trophenyl)nethyl); Urea-Type Derivatives (phenothiazinyl-(10)-carbonyl, N
p-t ol uenesul f onyl ar ni nocar bonyl, N -phenyl am not hi ocarbonyl); M scel | aneous
Carbamates: (t-anyl, S-benzyl thiocarbanate, p-cyauobenzyl, cyclobutyl,

cycl ohexyl, cycl opentyl, cyclopropyl nethyl, p-deoyl oxybenzyl,

di i sopropyl net hyl, 2, 2-di net hoxycar bonyl vinyl, o-(N, N 10

di net hyl ear boxami d@)@ble_,ﬂayleAnylAdimt@MneﬂxyLN allvl,dvitbt hyl car boxam' do) pr opyl,

1, 1- di et hyl pr opy %91 B\b - far hnet h et hyl ,
| sobonyl, 1sobutyl }Z‘I’JP@;%H ‘gyéﬁﬁﬁﬁqum TT? Xaﬁg{) E?% n‘é‘

1- et hyl cycl obut Yl oxol-pk dmt:nyl? A&nmmjﬁsslané MNéiJz?IPNQﬁML met hyl
1-net hyl -1 - (3, 5-di net hoxyphen )eth 15

met hyl - | - (p- pbeny|magthqnye ﬂvl N- —dnb@mgsubqrylpwéﬁphe@vhgqthylaﬁ%%t hyl -1 - (4-

dyl)eth |, 4-
F%/;: r%e% ﬁyl g.#TTTDnI ur#%oxﬁ?h %Wngﬁﬁeﬁdﬁ%&ﬂ %GEM Kt gg}scmo?{?pgr nyl ,
N-acetyl, N-chor oaimrqnlyhnd‘ﬂaﬂenegh’efmmy]yﬂcthyw-}v Emudoﬂ}thmnmaa\%mﬂe),

N- phenyl acetyl N-_3- ph nyl propl on pj col i noyl, N-3-
pyridyl car boxant ddming Wg glr ﬂm‘i@"@ E%Wbewlbdeﬂﬁ%ﬁyl benzoyl);

Ari des Wth Assi stﬁgh‘gygmqgne, f\”\h@ eﬁ#ﬁwobmﬂ y_'BM'e Brl]ﬁaethgdane

rut rophenoxyacetyl, N acetoacetyl, car m no) acet yl ,

N- 3- ( p- hydr oxyphed%(N@fdpn@mﬂmmnmﬁyEn@dvmlmmm&ﬁyﬂe)Mp}pl onyI

Bl;uzan;rr) ;%lphi%(()gy)ng’trl ﬁeﬁ%&%%@fa@%ﬁ%ﬁ%&%—z@lpﬁﬁc&h@e( T(s'§]31°]|;|ci'%'r obutyryl,
N-0- ni t r oci nnanoy |hydfxgpiehyl)sehiieaiylae, mcsaclmetxmdviae}zoyl N-
0- (benzoyl oxymet hyl )benzoyl 4 5- dlgfhenyl - oxazol i n- 2- one Cyclic Imde

Derivatives: ( N®pHitaammeematipgss (Y- Frdyaxo-helahexayDdi phenyl mal eoy!
N-2, 5-di met hyl pyrr | ghi pent ane adduct
5-subst i t ut ed 1,3 IgMrfell!:aflF?ép%i&vfégébf)ralsélé‘%%%{%hjgx@ﬂ%& g@ig gubst ituted
1,3- gu beln)zyl 1, 3- Hletivatbag oy phetndgantadnbayhrobnitob 6 itirgkied)|Grleng], M-t r 0- 4
pyri donyl);
15

copper or N-zinc chelate);

e N-N Derivatives: (N-nitro, N-nitroso, N-oxide);

e N-P Derivatives: (N-diphenylphosphinyl, N-dimethylthiophosphinyl, M-
diphenylthiophosphinyl, N-dialky] phosphoryl, N-dibenzyl phosphoryl, N-
diphenyl phosphoryl);

20 o N-SiDerivatives, N-S Derivatives, and N-Sulfenyl Derivatives: (N-
benzenesulifenyl, N-o-nitrob enienesulfenyl, N-2 4-dinitrobenzenesulfenyl, N-
pentachlorobenzenesulfenyl, N-2-nitro-4-methoxybenzenesulfenyl, N-
triphenylmethylsuifenyl, N-3-nitropyridinesulfenyl); and N-snifonyl
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-p entameﬂwlbenzen;sﬁlfonyl, N-
2.3,5,6 -tetramethyl-4-methoxybenzenesulfonyl, N-4-
methoxybenzenesulfonyl, N-2,4,6-trimethylbenzenesulfonyl, A-2,6-
dimethoxy-4-methylbenzenesulfonyl, #-2,2,5,7 8-pentamethylchroman-6-

30 sulfonyl, N-moethanesulfonyl, N-B-trimethylsilyethanesulfonyl, N-9-

anthracenesulfonyl, N-4-(4',8'-dimethoxynaphthylmethyl)benzenesulfonyl,

. N-benzylsulfonyl, N-trifluoromethylsulfonyl, N-phenacylsulfonyl).

More typically, protected amino groups include carbamates and amides,
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32 N A Kyl and N-Aryl Amnes: (N-nethyl, Nallyl, NJ[2-
(trimethylsilyl)ethoxy]nmethyl, N 3-acetoxypropyl, N-(1-isopropyl-4-nitro-2-
oxo0-3-pyrrolin-3-yl), Quaternary Anmonium Salts, N-benzyl, N-di(4-

met hoxyphenyl ) net hyl , N5-di benzosuberyl, N-triphenylrnethyl, N-(4 5

met hoxyphenyl ) di phenyl nmet hyl , N-9-phenyl fluorenyl, N-2,7-dichloro-9-

- fluorenyl met hyl ene, N-ferrocenyl nethyl, N 2-picolylamne N-oxide); |Imne
Derivatives: (Nsll inofflé typtchw t NHO@®)R W eNeCR N (BE Rz Wriothenprotddtipg group,
met hoxybenyl i dene, Ndi phenyl net hyI ene, N-[(2: pyr| dyl ) nmesi tyl ] met hyl ene,
2V, (N, W di r net hyisaws tarRppding forung g Vi isdene, N-p 10

ni trobenzyl i dene, N-salicylidene, N 5 ¢hl orosal i cyl i dene, N (5-chloro-2-
hydr oxyphenyl ) phenyl ni et hyl ene, N-cyc hexyl i dene); $nam ne Derivatives:
(N-(5, 5-di met hyl - 3- oxo- | -cycl ohexenyl ~o M Met aI Derivatives (N-borane
derivatives, N-diphenylborinic acid va

N- [ phenyl ( pent acar bonyl chrom um or un n) | car benyl, N 15 copper or
N-zinc chelate); NN Derivatives: (I\?-nltro N-nitroso, N-oxide); NP
Derivatives: (NSdiplteryhplddseandst]J. ef dil9%s) Dy Melli RhosphasmYBs. N

di phenyl t hi ophosphi nyl, N-diali cyI phosphoryl, N-di benzyl phosphoryl, N
di phenyl phogphoryl ) . rivati ves, N- S Derl vat I ves, andN SuI f enyl
Deri vati ves: et ide profecing goy; 2

N-2, 4-di ni trobenzene%Iagﬁﬂy;md kl_ﬁgghg eﬂ%ﬁg%mtiﬂﬁésoﬁb%{é%@?fthe

N-2-ni tro- 4- met hoxybenzenesul fe H)
N- 3- ni t xopyr i di mumxehﬂ,sltl;esmn@trqu SNHCHR (Qéf,Wb&IQR/esﬁH an amino acid

(N- p-tol uenesul fo enzenesuylsf 16 i met hyl -4 25
met hoxybenzenesu P&h@‘ip%% 13@@?'& a%@%] %ﬁ%ez%ebnéﬁl fonyl, N2, 6-
di net hyl - 4- et hoxybenﬁlmﬂrmydyr,lo%mm@ﬁchydubmﬁﬂe&mla&ﬁm;| N-

2,3,5,6,-tetranet hyl - 4- met hoxybenzenesul f on N-4- et hoxybenzenesul fonyl,
N2, 4, r| A8t hyribekd caeide crdeyyl esw,ilyétoxméeﬁn 85s-gmanidingl esul fonyl ,
N 2,2

»2,5, 7, 8- pent aﬂﬁtmﬁﬂ}gﬁypgﬁ%mde and/or alkylphosphate. R'® also is taken together

with the amino acid p. N to form a proline residue (R'° = -CHy)3-). However,

R s generally the side group of a naturally-occurring amino acid such as H, -
CH3, -CH(CHj3)y, -CH2-CH(CH3)y, -CHCH;3-CHy-CHa, -CHy-CeHs, -CH,CHy-
15 8-CHj, -CH>0H, -CH(OH)-CHj, ~CH3-SH, -CH;-CgH40H, -CH;-CO-NHa, -
| CH,-CH-CO-NH3y, -CHy-COOH, -CH3-CHy~COOH, -(CHz)4-NH; and -
(CHz)3-NH-C(NH3)-NHa. Rjg also includes 1-guanidinoprop-3-y1, 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, .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)(NRz).

25 " In general, amino acids have the structure R'’C(O)CH(R'*)NH-, where
R'7 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 witl be found in nature, i e., can be detected in
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30 sulfonyl, N-nethanesul fonyl, N(i-trinethylsilyethanesulfonyl, N 9-

ant hr acenesul fonyl, N-4-(4',8' -di net hoxynapht hyl net hyl ) benzenesul f onyl ,

N- benzyl sul fonyl, N-trifluoronethylsulfonyl, N phenacylsulfonyl). Mre
typically, protected am no groups include carbamates and am des, 33 still
nore typically, -NHC(ORL or -N=CRIN(R )2. Another protecting group, also
useful as a prodrug for amno or -NH(R5), is: O f 0 0O~5 WA O See for

exanpl e Al exandéiological miatesibl su¢h 896ctedia olvbifier ivedbes, pkiits] lmbBtr man. Ami no aci d

and pol ypepti de ectin rou nd cp ates. An, am no _aci d or pol ypeptide
protecting grouER‘&% ﬂ%‘&‘g Hﬁﬁe‘g‘m h’a%c?IHB"“:‘f‘g? ucture

RL5NHCH( R16) C( OtharactéiRe@b &érﬁlnb'or ﬁﬁin@ﬁltfb@eﬁ@tbﬂl seﬁirat@@ﬁﬁﬁﬁﬁé b:ﬁlﬁorf esi due, or
R5, and R16 is defined below. R16 is |ower "al kyl | ower al kg:l (d-Co)

substituted witRAoEehaHe cgbﬂ@émwaSwﬁlwbst&awéekwsub@ﬁwd alp , 06-C7
oYL o2 98 OB S o B P ol b Sl or
a proline resi doearyRifing asi@¥;2ydedlkylhnime\aeids andihe liks. ’Qbsmermiduys t he si de group
of a naturally-occuyring ﬁm'no%jd such as H, - fg{gd—l})

- CH2- CH( CHB) 2, 9‘251131@ el ﬁj%bwasm@h%ﬁ&mfa capfigiynt

- CH( OH) - CH3, cbgm y[g@ﬂ, gppm?dm CH2- COON,
- CH2- CH2- 000H, 2)4 H2""and %?gﬁgﬁgdﬁ%k%ﬁ%m% Ri'o al'so m%l udes

| - guani di nopr ops@siituentpenzyl , 4- hydroxybenzyl, ‘i mi dazol -4-yl, indol-3-yl,
ot hoxypheuyh and et Gyl AONISEEla Rl oY BLAFHAR. Bars | nol ude {he
contarning co

resi due of -an am no an amno acid, a
pol ypepti de, a patofatig in pignts,Ghiobdls orﬂd&%ﬂesﬂ%bﬁ{l@bﬁtem%&b&f NH_2 or

-NH(R wh f | i . €. |
L e ant e, EOVPERFA RS 29 bR B SR ekt ey be
reacted with thg.agifeantiRo hQh Msfues. These amino acids are glycine, alanine, valine,

leucine, isoleucine, serine, threonine, cysteine, methionine, glutamic acid,

15  aspartic acid, lysine, hydroxylysine, arginine, histidine, phenylalanine, tyrosine,
tryptophan, proline, asparagine, ghutamine and hydroxyproline. Additionally,
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 génera;l |
review, see Spatola, A. F., in Chemistry and Biochemistry of Aming Acids,
Peptides and Proteins, B. Weinstein, eds., Marcel Dekker, New Yotk, p. 267
(1983). .

25 ‘When profecting 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-termainal 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
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phosphonam date, as in -P(O (OR)(NR2). 25 In general, am no acids have the
structure RLITC(O CH(RL) NH-, Where R17 is -OH, -OR, an amno acid or a

pol ypeptide residue. Amino acids are | ow nolecul ar weight conpounds, on the
order of less than about 1000 MWand which contain at |east one am no or

I mno group and at | east one carboxyl group. Generally the amno acids wl|
be found in nature, i. e., can be detected in 34 biological material such as
bacteria or ot hemmmiacrcbﬂngﬁnemlanhbaanﬁMomdexyMuposﬂieta&hzh@aMmo aci ds

typically are alpha am.no.acids . char one ani no
or imno nitrog t‘é‘f%‘?ﬂl%’b%ﬂ%ftc@ﬁ’oﬁ’l&‘ﬁ‘{ﬂfgp p 5'5‘1"11‘“ﬁe ﬁ‘? H’n eE 6]xyI group
by a single subsiictisaBfledt.c.UBSHEST bit dbif6 gRPWR tESEPD aéld%idéféhaﬂ particul ar

i nterest are hydrophobic residuesS such as nbno-or di-alk or aryl am no
acids, cycl oaI kgmmlla@r%r@qtagedeméomh@eﬁm@borrdfe%hﬂ@ commﬂ. bute to
cell perrreab R dhe parental
drug. Typica Eﬁtpﬁxeghrtgggle%@pgoeyﬁg% é)tg %(g%edcﬁﬁl%fsﬁﬂtg or guani di no
substituent. 100¢mgamlah;lesnnb¢ﬂﬁmhg'bamoo acid resi dues are t hose residues

found naturally in nts ni mal m' cr obes eci.al | roteins
thereof. Pol ypept i dg}é‘%ﬁﬁwcﬁ %1°§y]\/ﬁopm%%g§%‘§{3§’ﬁ 5@?’{0 d@@ﬁﬁﬁsed of such
natural |y- occui:.my%sq)uaa@ nQilpsd ﬂldeﬁﬁoqm the CRARRyIad R oohaly Willehed! YCi ne,

al ani ne, valine euci ne, _isol eucine, seringe, 1hreonine, Ccysteine,

met hi oni ne, gl ublegies, agi by R s@aﬁedmthRa@mmdﬁtyéuﬁ@uﬂw dihe ripinpssidee.

arginine, higti e 1P giproline,
aspar agi ne, Ilgl u?‘i"ﬂﬁw nRe gﬁ%}d%ra@wfgtrﬂg%%ﬁga{hgdmSﬁ%sﬁg{twﬁﬂunnat ural am no
acids, for exanple, Swhasicner axmﬂehmi@hwmismohmdahmmr@f’umﬁ gréus, lites o

i ncl uded Commonl y encount red no acid at are_not n encoded may
al so be used i nteEeES08 SEES W P H‘qe ’PPFB’%?FSIJS(@? B?alﬂgé’bl 20 in the

present 'nVent'Oﬂoﬂﬁbfnﬁ%ﬁﬁ&e?%dﬂ:@{%)&rbahb(ﬁ@%&ﬁ‘onﬂﬁ@ﬂ?r In addition,
ot her peptldom netics are al so use€ resent invention. For a

general revi enAltswatighy thayare substemtiallyistablgtin ﬁheﬁaﬁwomtqm mgfﬁmany of Am no

ci ds.  Pepts deBuriRet ki ViR IS b oot S5birSRBISKET mublew Yor! .

esters or amino acid or polypeptide amidates also are useful as intermediates for

the preparation of the parental molecule containing free amino or carboxyl

groups. The free acid or base of the parental compound, for example, 1s 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 io 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 fransport 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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(1983).. 25 Wen protecting groups are single amno acid residues or

pol ypeptides they optionally are substituted at R3 of substituents A", Az
or A3 in a conmpound of the invention. These conjugates are produced by
form ng an-am de bond between a carboxyl group of the am no acid (or
Cterminal amno acid of a polypeptide for exanple). Simlarly, conjugates

are fornmed between R3 and an 30 am no group of. an am aci pal ypepti de.
General |y, onl pB#Bicaf lﬂghyg{qxé'g\aﬁml? Afdd; &aﬁ”&ﬁﬁ"&w% @é‘glﬁ gyl Fed with
an anino acid ggade Cdﬂn@ﬁ&léé‘ﬁ‘drﬁéﬁbld @ﬁw@mﬁcww b Ry abdxe gREaRe of this

I nvention to |ntroduce am no aci ds at than one permtteéd site

Usual |y, a car b@iﬂyﬂ @ﬁ@dﬁu@ﬁnﬂmd&ﬁﬁmﬂaﬂ@hﬂwmﬁc@ﬁ wumdawzmﬂ @& In
general, the a- rh m Qu the. .d or the term nal
am no or carboxy gggé&fcag*d?a PO ﬂtﬁ%"g{ &ﬂaﬁhz cn%eg%& co&g e parental

functional i &i es, mnm@aﬁ@ﬁmjdes SuchasphenghoapasparagiRg am no acid side
chai ns generally are not used to formthe anide bq?gs wi th the parental

conpound 5 (alt hougRopRBEe- &MWW@@@B"U c@eidys é‘éﬁmﬁsﬁﬁ synt hesi s
of the conj ugalefindal B8 el @%hu@.ﬁleowmﬂ@ hbmb to the

car boxyl -cont ai ni ng si de ‘chai ns o am no acids or poly eptldes it wll be
under st ood t haliomhetreBinbdyyitoxylysimg, aﬂphy@wmlm and| diarpigobuyrdedesdti, e.g., by R,

esterified with R5 dat no side 10 chai ns R16
optional ly will @Iﬂ%%E] lﬁﬁaﬁfr%sﬁ “gﬁéﬁl,a{‘ﬁ}@@n% th R5. Such ester or
am de bondaowith SI DeanginaditarBotilio acids GRh ROU Y -dBnGbRaccihit keld, ¢, esters or

am des with the parent al. nol ecul e, optional] y are hydrol yzable in vivo or
in vitro under E@}lﬁqgé“?lb‘fi‘m 3 “d@lﬂﬂﬁﬁ@lfﬁﬂ o0 O dEBRERADEPEHRcdaps €T nat i vel v,

they are bst (s | .t n 15
y subst afhad r@z@a&@aﬂg i;sakia, SR RhES ol AR, o &%Tahnﬁéazgi S

but are hydrol.yzed e I n ood or In |ntrace ar enV|ronnents.
The esters or aad;annduaartﬂammomblagupegﬂ; de ani dates al so are useful as

intermedi ates for he oRLapar tiongof .t arent a D ecul containing free
am no or carboxyl B:P%' ﬁg gagpgoémg,&ygmg E‘% af(lj?hy_ f”é‘?!t Tal conpound,
for exanpl g5 lsnaﬂgqﬁblhne pfpeasdmchcfd;marbgylﬁpdceni@aoﬁu aﬁ@hmamzd or pol ypeptide

conjugates of this invention
carboxylic acid;

=

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

20  methyl-8-hydroxyvaleric acid, o~-amino~ o-methyl-e-hydroxycaproic acid,
isovaline, a-methylglutamic acid, a-aminoisobutyric acid, o-aminodiethylacetic
acid, o~aminodiisopropylacetic acid, a-aminodi-n-propylacetic acid, o-
aminodiisobutylacetic acid, g-aminodi-n-butylacetic acid, o-
aminoethylisopropylacetic acid, e-amino-n-propylacetic acid, o-
25 aminodiisoamyacetic acid, a~-methylaspartic acid, a-methylghitamic acid, 1-
aminocyclopropane-1-carboxylic acid, isoleucine, alloisoleucine, zers-leucine, -
' methyltryptophan and o-amino- P-ethyl-B-phenylpropionic acid;
B-phenylserinyl;
Aliphatic g-amino-B-hydroxy acids such as setine, f-hydroxylevcine, 3-
30  hydroxynotleucine, p -hydroxynorvaline, and a-amino-f-hydroxystearic acid;
a-Amine, -, ¥-, 8- or e-hydroxy acids such as homoserine, &§ -
hydroxynorvaline, y-hydroxynorvaline and e-hydroxynorleucine residues;
canavine and canaline; y -hydroxyornithine;
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20 by conventional hydrolysis procedures. Wien an am no acid residue
contains one or nore chiral centers, any of the D, L, nmeso, three or
erythro (as appropriate) racenates, stalemates or mxtures thereof may be
used. In general, if the internediates are to be hydrolyzed
non-enzymatically (as would be the case where the am des are used 25 as
chemi cal internediates for the free acids or free amnes), D isoners are
useful. On the ot her2-hesodgminid ssoiysrch Rl givoosamie sed ot B-gilactwartingy can be
susceptible to both non-enzymatic and enzymatic hydrolysis, and are nore
efficiently traffdPorted by amino acid or dipeptidyl transport systens in the
gastroi ntesti nal tragmﬁ&g&pﬁamhﬁﬁasqfenﬁmmﬁ p.tﬁmna@aﬁﬁé Qqa-\/\/nose resi dues
are represented b¥ Rx, or Rl include the follow ng: 4 ycine;

Ani i nopol ycar bo b #ds, e.g., aspartic acid, (3-hydroxyaspartic acid,

36 glutamc @cid, O . 51%]—@ o} : k. acid,
] 3- net hyl gl u“?am’ C g%?gyﬁ%ﬂ%%gkﬁ#ﬁg y galg%zarret?ﬂc;&gtéﬁydd, g/)%{/eg]r%bxygl utam c
acid, 0, y-di hylmoooysting prphenylraethidning, mehienink g3-aliddi-cysteind gilfoxide, 2-

y- nmet hyl enegl ut am.c _aci d, 3-am noadi,pi. cid . 2- atninopinelic acid,

2- ani nosuberi ¢ @t‘%“&%fﬁ’a%ﬁy%@ﬁwg&ﬂaéﬁe&% ,6ﬁ§y§\tﬁ¥nﬁ8rg LYEMes such as

gl utam ne and aspar g@iei@alafidk iFHtdphan Sid ROLABRRIEd FRRARAARENNLH 6 B61 dS such
as arginine, lysine, (3, -amnoalanine, y -am nobutyrine, ornithine,
citruline, honezhegyinpheyclobgryieaineepids paaingpheriacpiiyatida- al | ohydr oxyl si ne
and di am no ty%ﬁ'ﬁ b Gl L Fo- 2208264 | h as histidine;
10 Diam nod?jéjar ox?/ i %o%g%ﬁéa«?ﬁﬁ%cgaa, a'of-) gf%%legﬁ@?to ?:b?l?ﬁ a(?"Hifftci d a, a'-

di ami nogl ut ar i cpleayldlanime adaldgresambdelivpiives acinphisiag argl, ichwa alkiyl) Gpdroey,i ¢ aci d,
a, a'- diamno-_ R hydroxypinmelic.acid, . a, .a -diamnosuberjic acid, a,

a' - di ani noazel ag‘@m%’ B’fya'ﬁﬂ’gg]&?r’ IHgQ m%&’@@ﬂb%ﬁgp ,nyi &erﬁ" FO8CPds such as
proline, hydroxypholire@ne &ld QEMEHOpYdNRb], DE-didtHorbPoTRL BYp-Rleflyi- N2 4,601 pecol ic

aci d, 5-hydroxypi pecolic acid, and azetidi ne-2- i
trimethyl-, 2-ethoxy-5-nitro-, 2-hydroxy-5-nitro- and p-nifro-phenylalanine);

15 furyl-, thienyl-, pyridyl-, pyrimidinyl-, purinyl- or naphthyl-alanines; and
tryptophan analogues and derivatives including kynurenine, 3-
hydroxykynurenine, 2-hydroxytryptophan and 4-carboxytryptophan;

e-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
a-Hydroxy and substituted o -hydroxy amino acids including serine,
threonine, allothreonine, phosphoserine atd phosphothreonine.
Polypeptides are polymers of amino acids in which a carboxyl group of
one amino acid monomer is bonded to an-athino 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 immume response. The nature and identity of the
polypeptide may vary widely.

The polypeptide amidates are useful as immunogcns in raising antibodies
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carboxylic acid, A nono- or di-alkyl (typically C-Cg branched or nornal)

am no acid such as alanine, valine, |eucine, allylglycine, butyrine,
noi val i ne, norleucine, heptyline, a-nethylserine,

a- am no- a- net hyl -y- hydroxyval eri ¢ acid, a-am no- a 20

met hyl - 8- hydr oxyval eri ¢ acid, a-am no- a-nethyl-s-hydroxycaproic acid,

| soval i ne, a-nethylglutam c acid, a-am noisobutyric acid,

a- ai ni nodi et hylaagiastietthergtheé polypeptide (b i b priopydganietin theaaingk] to which it

a- am nodi - n- pra acetic.acid = am nodi i sobut vyl acet.i.c acid - am nodi - n
butyl acetic acilgfxc‘rﬁl‘-msgemq) HB@W?@SBW?/P%@@W’BX‘E@V ?ﬂvg_cgmpﬁg@ﬁquﬂgpw acetic
acid, a 25 am nggiptisg@anyacetic acid, a-nethylaspartic acid, a-nethylglutamc
acid, 1- aninocycloprqgane-l-carboxyLic acid, ioreucine, alloisoleucine,

;g_rfj-l et(Jg:i neénJB- eeppdiey palin ahbindiae to haprsatal mucpepiifyl comppiedarpr ggir _omac
i d; i - | ; |ngsgj - 'mlr’ﬁi)%%' _ i ne,
( 3- hydr oxnguc?{iﬁgﬁof%&%%ﬁ# r oxuly?\%@?@@g:ﬁ%e, -g{igﬁlyegﬁ%%%%rﬁl\l/g#%oes,ﬁsand

a- am no- J3- hydrooxestifaemiiog afthe parestalvvimponnd - Theyoonjugateosf mrdmyadr oxy aci ds such
as honoserine, S h%éyngévaédéne, - hydr oxynorval i ne_an

s- hydr oxynor | elfef"R8 QP TPUCHINIT e T jogenic thag oxyoni t hi ne; 37
2-hexosam ni C gplypepthdds h ASsely EHMAORAThhials2ddh @Bk SakAGE B&gﬁéﬁﬂ@ aci d;

a- Ami no" p-t hi ol's ‘such as_peni'ci || anmine, p-thiolnorvaline or thiolbutyrine; 5
Ot her sul fur copraimmpgogemcfor RReilitrting sidngantivpdiesetismgt $yAdceidingly, the

honocystin p- L QNI Ly QN -al .yl -L- | ul f oxi de,

2- thiol hi Y dlp%ggg%‘}i/dsg%?ﬁ’?%lﬁ ARy ,nggiegd?#%&%iﬁﬁg!ﬁéggﬁmpys ey | |
honocyst ei ne; Riediylraisamitibedies, yn tratihiamoadsedhdrsde) 9r sttt the dinalbradwei no aci ds
such as the phenyl - Ofgrtﬂlf cl ohexyl am po aci ds a- an}lnoph nyl acetic acid, a 10
am nocycl ohexy|°qplgaie s '%bealﬁﬁﬂ OZPRIF BL 95 158t qus REUFN SRRl TR aci d;

phenyl al ani ne SR DpARSAIGREANAL b PESHA AR ehSrillo BFthe sile@tle al Ky |
hydr oxy, guani%igiﬁ}rl?o, oxpal kyl?et her, \rl?i rogmggl ffur or Vhéaei S(%-esubgt i tuted phenyl
(e.g., tyrosin@gptide bond between the first and second residues adjacent to the acidic

15 heteroatom. Such cleavage sites are flanked by enzymatic recognition
structures, e.g., a particular sequence of residues 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 a~-amino group to the phosphorus or carbon atoms

25  ofthe 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, AT, AL, AK, AM, AF, AP, AS, AT,
AW, AY, AV, RA, RR, RN, RD, RC, RE, RQ, RG, RH, RI, RL, R¥, RM, RF,
RP, RS, RT,RW, RY, RV, NA, NR, NN, ND, NC, NE, NQ, NG, NH, NI, NL,
NK, NM, NF, NP, N§, NT, NW, NY, NV, DA, DR, DN, DD, DC, DE, DQ, DG,
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met hyl tyrosi ne and o-chloro-, p-chloro-, 3,4-dichloro, o-, m orp-nethyl-,
2,4,6- trinmethyl-, 2-ethoxy-5-nitro-, 2-hydroxy-5-nitro- and

p-ni tro-phenyl al anine); 15 furyl-, thienyl-, pyridyl-, pyrimdinyl-,
purinyl - or naphthyl-al ani nes; and tryptophan anal ogues and derivatives

i ncl udi ng kynureni ne, 3- hydroxykynureni ne, 2-hydroxytryptophan and

4- car boxytrypt ophan; a-Am no substituted am no acids including sarcosine

(N- et hyl gl yci nej, DI, Wih @k vl BE] DB, DSEDW] BYapinea, Spheng vimlcani ne, N-nme
t hyl phenyl al ani ne, N 20 benzyl phenyl al ani ne, N-net hyl val i ne and
N-benzyl al i ne; GEEQ-CGEBGE EhiCy BN FuCBICS ChydWolY, 6% Bo- BRi ds

N-benzy! al i ne; _ _ _ |
phosphot br coni e RSNt F s EoarEy L FAER ENp B LB BT en

carboxyl group @A, QBn@Na@DHQCa Qi Qi REHEHTLIQ, QbnABIQM, GNICR, QBNQTor i m no

Pncl tde. di papt 1t O3 B Wbkl GG A, B FPEL L HHERE. 5000

and proteins. RERIES, T, PRGNSV, WAC OIR, 8IN) H, HC, HIE, HQMHG, 81, &0emgr nore
residues, and suitably are substanti al h%ysequence- honol ogous Wit h human,

ani mal , plant JdiKnklkk 8 BHF. HEr BT Ws HYTHB LA, il ellb 4Gy e §Q.(16 B, Lhydr ogen
er oxi dase) as i ) i i r proteins
gf any typ)e aga%s [&%I%’ﬁl)’ Wiﬁﬂ%ﬁ?%ﬂi giﬁkieﬁqalin])ioﬂnci;r‘%%% g‘p(%z“sﬁé) 'FI)'he
nature and i deritli L, 1K, EMeLFdd, ¥ SepT) W, DEyLVaky, KiRg €Ny KDL eC, (i, y pept | de
am dates ar | . ' .S |.bodi I nst either
t he pol ypep]t%i 32@@:’*@??}1’? ﬁ?gﬁq&m&ﬁ:ﬁ%ﬁﬂi‘&n%ﬁﬁ%mh It : S
adm ni stered) quNapad,ME, MBESVERIMGPSSL, B, Ve MIe M) aer, Mb, Niargompound of

this invention. Antibodies capabl e of bi ndi n}g to the ‘parental non-peptidyl
compound are SMUSY:iMVsEPaFRt BNIHS A FENFQ) %&%ﬁlrﬁifﬁ%%%ﬁ?es, for

conj ugat es of IR EIENCEYIRY RTINSO be PE MR REEH, s IKOEN, 01
I mmunogeni ¢ t helfF, PREPS, [P, PPE MY, 885 SANSR.| 816,80y, S 88| SQMBG, SH)iSTls SKand
therefore make {ePUpYBERT Wy sy, sv, TA, TR, TN, TD, TC, TE, TQ, TG, TH, T,

TL, TK, TM, TF, TP, TS, TT, TW, TY, TV, WA, WR, WN, WD, WC, WE,

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

YR, YN, YD, YC, YE, YQ, YG, YH, YI, 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. Whena

phosphonate is fo be protected, the sequence - -pro-X°- (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  iotestinal mucosal or other cell types. Dipeptides and tripeptides lacking an o-
amino group are transport substrates for the peptide transporter found in brush
border membrane of intestinal mucosal cells (Bai, I.P.F., (1992) Pharm Res.
9:969-978). Transport competent peptides can. thus be used to enhance
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nmore i mmunogenic for facilitating raising antibodies against it.

Accordingly, the 10 pol ypeptide or protein nay not need to be inmunogenic in
an animal typically wused to raise antibodies, e.g., rabbit, nouse, horse,
or .rat, but the final product conjugate should be inmunogenic in at |east
one of such animals. The polypeptide optionally contains a peptidolytic
enzyne cl eavage site at the peptide bond between the first and second

resi dues adj aceneavadatihity odifliedmyd:scirependstdinor Speptides banpgenesirnage ar e

fl anked by enzymatic. .hec op_struct res ul ar.sequence of
resi dues recognalnili“%la%dS ctgiB 5%?’“@& ﬁo%dénpaﬁg%twlgioé)?fl&e& yrres for

cl eaving the pcdnme@bedﬁllmmthgamwﬁomﬁauﬁds df i fifveionarsanine ktidkimown, and
in particular ECl ude_car boxypept i dases 20 Car boweptl dases, di gest

pol ypept i des byl Brswfiggaicon e pagd tp Sadupr e susgrRitbality of & disor Hinepiide nany
instances faor PghliGHR %r&t@ﬁs@% &%%ﬁ@ﬂﬁ%bo?&@r@u@i‘gsydﬁﬁﬁ epfighsk hei r

substrate requirefrent’s | genera known. For exanpl'e, a dipeptide
(havi ng a gi verNp&i adddfonrésnﬂimgsptzﬂsdalarmmdywm’gcﬂ onélnfnbasm@fthesr

coval ently bonded..t hr ough am no rou to.t sp car bon
aroms 25 ot ndSEtpsaRaReL b PR drdbnr she e RER R HedSefinepnonat e i «

i's expected t i ekdiiysieREpéptides widolyp d’ebﬁﬂkﬁﬁaﬁyaﬁdl’lﬁ‘gﬁpﬁéﬁﬁéﬂ ate

peptidolytic enzyne, |eaving the car of the prOXI rral ~am no acid
residue to autibgrgs 93%913}39811@8@@%%&}?@ dugsyi t abl e

AN “hD, A, e B NEBARR ol hygrBfhic b %?1’1? g %éﬁgﬁﬂ‘%ﬁwé AY. AV R
RR RN, RD, RC,poeEsubSittes¥or elddpeildaseRind Iﬁﬁuddﬁl\]@ckﬁrgaprﬂ&md%ﬁ atfRé, RW RY, Ry,

NA. NR NN, ND, NG. NE. NO, . NH, NI NEC, NV NE. NP, NS, NT, W
NY, NV, DA, “’Bﬁ‘mﬁgp"% s figgs %Vltg@“ IS Bpor I}I DF, DP, DS,

DT, DY, DV cafx yhdptidastiP, @Qﬂllﬁ%{)ﬂﬂ%ﬁﬁ@cﬁom ﬁbd to@he se@%hog\/l CF, CPR,
CsS, CW Cv, <Qv, ., ER EN, ED, EC, EE, EQ EG, BF| El, EL, EK, EM

EF, ES, ET,ofwptideyhapace citly relgielyesisiem; or qetivaly siempiiieo o, Q, @, Q¢
M P, 155, hy%lysm by eytosolic, renal, hepatic, serum or other peptidases. Such poorly

z

959

cleaved polypeptide amidates are immunogens or are useful for bonding to

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:

/ b /Yz\ g
w5/

RZ R?

—\—/

MilzZa

MI12b

25
In another specific embodiment of the invention Al is of the formula:
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5 QN QY, Q/, GA, OR O\, G, CC, G, GQ GG GH 4G, d, X av G, GP
GS, O, GW GY, GV, HA, HR, HN, HD, HC, HE, HQ HG HH, H, HL, HK, HM HF,
HP, HS, HT, HW BY, HV, IA IR IN ID IC IE 1Q IG IH11, IL, 1K IM
IF, IP, IS IT, 1IW 1Y, IV, LA LR IN LD LC LE LQ LG LH LI, LL, LK
LM LF, LP, LS, LT, LW LY, LV, KA KR, KN, KD, KC, KE, 10 KQ KG KH K

KL, KK., KM KF, KP KS, KT, KW KY, KV, MA, MR, M, MD, MC, Mg, MQ I\/G
MH, M, M, MK, WM M, , M5, FA, FR, FN, FD, FC, FE, FQ
FG FH, FI, FL, FK, FM PA, P ASPN, PD, PC, PE,
PQ PG PH Pl, PL, PK PY§/S%, SR, SN, SD, SC
SE, SQ SG SH, SI, SL, Y, SV, TA, TR, TN,
TD, TC, TE, TQ TO Wt
YC, YE, YQ YG YH VI,
VD, VC, VE, VQ VG VH, : 20 VS, VT, _V\N VY and W.
Tripeptide residues are also useful as protegjipg groups. Wien a
phosphonate is to be protected, the sequence -X4-pro-X5- (where X4 is any
amno acid residue and X5 is an am no acid residue, a carboxyl ester of

proline, or hydrogen ill b ved b um nal cgrboxypepti dase to yield
X4 with a free 25 cﬁ’r%@ﬁlﬁ §P‘?‘Rﬁ° Hﬁ){ﬁtge BYpRiongy if 8%%62%%?% ytically
cl eave the phosphonoamn dat ¢ bond. The car boxy gr Qup of X5 optionally is
esterified wth benzyl. D eptlge or tripeptild %FQ;!{Z can be sel ected on

the basis of known transpont erties and/ susceptibility to peptidases
that can affect transport t i cosal ther cell types.

Di peptides and tri pepti e\' llacki ng{an i group are Transport substrates
for the peptide transporter [found ijn bgr der nenbrane of intestinal
(1992) \Pfar nik .| 9:969-978). Transport

mucosal cells (Bai, J.P.F.,

10 In another specific embodiment of the invention A' is of the formula;

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 A' is of the formula:
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bi oavail ability of the am date conpounds. Di- or tripeptides having one or
nore amno acids in the D configuration are also conpatible with peptide
transport and can be utilized in the am date conpounds of this invention.
Amino acids in the D configuration can be used to reduce the susceptibility
of a di- or tripeptide 5 to hydrolysis by proteases common to the brush
border such as am nopeptidase N. In addition, di- or tripeptides

heir relative resistance to
hydrol ysis by proteasgs four the intestine. For exanple,
tripeptides or pol ypepti 6?\QLQ\§re poor substrates for
am nopepti dase A & - i i i g am no Edd resi dues 10 on the
N-term nal side of s {leu, tyr, phe, vat, trp) are

car boxypeptidase P. Siimlar constderati can al so be applied to the
selection of peptideg that. are either relgtively resistant or relatively
susceptible to 15 hydrolysis by cytosolic, rgral, hepatic, serumor 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 i nnnunogens. Specific

Enbodi ments' of_ the, Inveption 20 Specific valyes described for radicals,
substituents, alﬂﬁnﬁ’tgﬁﬁg?lﬁ"é € %ﬂéer}B‘é‘inPP’&%eﬁ%‘bf&ﬁ %f the invention
described herein, are for illustration only; they do not exclude other

defi ned val ues or ot her ned ranges. In one specific
thew: Y2\ A3 W MeRR Ml2a

enbodi nent of the invention
ML2b 25 In another specifi nt of the™jgmvention A" is of the

formul a: 41

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

2 woe

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;

ﬁ .
e R /JW/O\
SeRn v
¢ H W

—
i

Mi2d

wherein Y? is O or N®?); and M12dis 1,2, 3, 4,5,6,7 or 8.
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Yz Y As 1123 R2 R2 ML2b ha anot her specific enbodi nent of the invention A
is of the formula: W 2 As Rll12a ML2b 5 In another specific enbodi nent
of the invention Al is of the formula: ~ W A3 R2 R2 Mi2a 10 In anot her
speci fic enbodi nent of the invention A" is of the formula: to 5a ' \As R2
'R2 MLl2a and Wea is a carbocycle or a heterocycle where V' is independently
substituted with O or 1 R2 groups. A specific value for Mi2a is 1. 15 In
anot her speci fi & sitierd isprsific exbbodireent oftwtiivention Al & offhetthaniler nul a: 42 Y2 W6
MFReR22 ML2a ML2b I n anot her specific enbodi nent of the invention A" is of

the formul a:
2 W5E
\As

R? R?
M1i2a ;

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

5 In another specific embodiment of the invention A’ is of the fornmla:
2 WSa I
\As
RZ R2 :

wherein W™* is a carbooycle or heterocycle where W™ is independently
substituted with 0 or 1 R* groups.
10 In another specific embodiment of the invention A’ is of the formula:

0 i
e W‘Y /H)/ O‘\Ry
p d N\ W
Y2b/
’ Ml12d

wherein Y is O or N(R®); and M12dis 1,2, 3,4, 5,6, 7 or 8.
In a specific embodiment of the invention A? is of the formula:



W As R2 R2 Mi2a | n another specific enbodinment of the invention Al is of
the formula: Wa \As R2 R2 wherein We is a carbocycl e independently
substituted with O or 1 R~ groups; In another specific enbodi nent of the
invention Al is of the formula: Rz 11 // / YzbHl Rv | HHO0 2 M2d
wherein Y2b is Oor N(R2); and ML2d is 1, 2, 3, 4, 5 6, 7 or 8 43 in

anot her specific enbodi pent of the inventionsAl is of the fornula: w 5a \A3

R2 R2 Ml2a wherein whatlis a C@rbocycle i ndedendent|ly substituted with O or
| R2 groups; 5 In anotHher eck{i £ enbodi M invention Al is of the
[ cycl

formula: Wha \Aa R2 2 i r heterocycle where Wa
groups. “y5

Mi2b

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

RZ R?

-L/

Ml2a

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:

Ml2a

~ wherein W2 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 mvention Mi2a is 1.
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10 I n anot her specific enbodi nent of the invention A' is of the formula: R2
ORy } /71 Y2b CO y2b Mi2d wherein Y2b is Oor N(RZ); and M 2d is 1,
2, 3, 4, 5 6, 7 or 8 1In a specific enbodinment of the invention A2 is of
the formula: 44 z W YM2R2 Ml2a ML2b In anot her specific enbodi nent of the
invention Az is of the formula: Yz W5 TR Rz Ml2a ML2b 5 | n anot her
speci fic enbodi nent of the invention ML 2b is 1. In another specific

enbodi nent of the iImenstbérepedifi@émbmiifent ¥ thednenbomd? issalictdd fiom a car bocycl e

S or 5 905 nbERe: el s SPa buP R AR Rt rd SRR ent  on A3 15
of the formul gyridyWba RZ R2

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

MI12b

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

' "7
B Y2 | w

Mi2b,

In another specific embodiment of the invention M12b is 1.
Tn a specific embodiment of the invention A® is of the formula:

#-,_.W

¥ R R®
. v .

RZ REf| &

::'_.-i

M12q

M12b



ML2a wherein Wsa is a carbocycle or heterocycle where Wea is optionally and
i ndependently substituted with 1, 2, or 3 R2 groups. 15 In another specific
enbodi nent of the invention M2a is 1. 4% In another specific enbodi nent of
t he i nventi eyp AdsiS2qe! ected from phenyl, substituted p |,
substituted benzyl, pyridyl and substituted pyridyl. Inpgﬁ%%ﬁQQEQ%%cific
enbodi nent of the invention A2 is of the formula: Y2 Y\ MRFRW Ml2a Ml2b

I n anot her speci fi c lambottiensprtifio bmbbdimentof it ioventidn iAs ioéf thtriolanul a: Y2
INd R2 R2 MLl2a ML2b I n anot her specific enfodi nent of -the invention ML2b is

1. In a specific enbodinent of the invention A3 is of the formula: -Y, Rx
Y2/ R2 R2 2 Ml2a M2b 46 WD 2006101526%'PCTI US20051027098 | n anot her
speci fic enbodi ment of the inveyr}ti on A3 i f the fo!r:{gu a: Y2 R

v

5 M12a
wherein Y'*is O or 8; and Y** is O, N(R™) or S.

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

it
RX
-\./ F\\\ Yzb/

RZ R2 - -
2
MiZa ;
wherein ¥?* is O or N(R®).
10 Tn another specific embodiment of the invention A? is of the formula:
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Y2~ R2 R2 K 2 M2a In another specific enbodi nent of the invention A3 is
of the fornula: ~ta 2a Rx Y2a R2 R2 2 5 Ml2a wherein Yla is 0 or S; and
Yea is O NR') or S. In another specific enbodiment of the invention A3 is
of the formula: Rx R2 2 2 Ml2a wherein Y'2b is 0 or N(R" ). 10 In

anot her specific enbodi nent of the invention A3 is of the fornmula: 47 Rx
Rl Rt Y2b 2 ML2d wherein Y2b is O orNW; and Ml2d is 1, 2, 3, 4, 5, 6, 7 or
8. In another specific enbodi ment of the inyention A3 i's of the fornul a:

{y2bH H 2
i

AN
'\/ \Yzb/

R! R!

)

RX

M12d
wherein Y* is O or N(R®); and M12dis 1,2, 3,4, 5,6, 7 ot 8.

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

- _

O

l X
\/ N\ Yzb/R

_—

Mi2d
5  wherein Y>is O or N(R®); and M12dis 1,2, 3,4, 5,6, 7or &.
In another specific embodiment of the invention M12d is 1.
Tn another specific embodiment of the invention A® is of the formula:

B ]
RX
Yz/
3
2/ v
Y
10 In another specific embodiment of the invention A® is of the formula:
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ML2d 5 wherein Y2b is O or N(R); and M 2dis 1, 2, 3, 4, 5, 6, 7 or 8. In
anot her specific enbodi nent of the invention ML2d is 1. In another specific
enbodi nent of the invention A3 is of the formula: Y2 111 Rk 2 Y R2Z RZ WB
ML2e Y2 ML2b 10 In another specific enbodi nent of the invention A3 is of
the formula: 48 Y1 YZ PR Y2/ NMRR2 yes 2 M20 Y M2b In another

speci fic enbodi nent of the invention Wo is a carbocycle. 1|n another

speci fic enbodi ment of the invention A3 isjof the formula: Y1 Y2 | P~ Rx
\Rx R2 R2 N/~5. M2a M2b )
‘ Y
/Yz u\ /Rx
X ,,2
R? R W
"
Y
_ iz
Mi2b

In another specific embodiment of the invention W? is a carbocyele.

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 formmla:

M12a

wherein Y'* is O or §; 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 I'n anot her specific enbodi nent of the invention Wb is phenyl. |In another
speci fic enbodi nent of the invention A3 is of the formula: 1l1le Rx YZ YW3
2a Ml2a wherein Yta is Oor S; and Y2a is O NW or S. 10 In another

speci fic enbodi mrent of the invention A3 is of the formula: 49 0 11 x Yz R
R2 RZ W 2b Ml2a wherein Y2b is 0 or NW, In another specific enbodi nent
of the invention A3 is of the fornmula: Il Rx y2b R~ R~-/WB P M2d Y2b 5
wherein Y2b is Oor N(Rx); and M2d is 1, 203, 4, 5, 6, 7 or S. 1In

anot her specific enbodi rent of the inventioll R is H. | n anot her specific
embodi nent of the invention A3 j t he | a: I/Rf‘ 1 o

\

wherein Y? is O or N(R%).

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

0
| \_/ P\Yz/R

R' R 3
/W

Mi2d Y2
5  wherein Y is O or N(R¥); and M12d is 1,2, 3,4, 5,6, 7 or 8.
In another specifié embodiment of the invention R is HL.

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

AN
Sran

S

Q
\ 0 R _
N
Y2 1
M12d OR
R'" R
O

wherein the phenyl carboeycle 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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fO ~OR ~Yzd t2d OR RL R1 O wherein the phenyl carbocycle is substituted
with 0, 1, 2, or 3 Rz groups. 10 In another specific enbodi nent of the
invention A3 is of the formula: 50 R2 I~-O~ 1 O~PORM2d NOR R1L
RL Ii O In another specific enbodinent of the invention A3 is of the
formula: O1 O~PIOCH3 NOR HHIn another specific enbodi nent of the
invention A3 is of the formula: -0 . 0 CH3 P. ORS H O In another

speci fic enbodi ment of the invention A3 i the formula; 51 OO0 n
R2
N\ R’
‘ M12d ) OR'
R'" R
&)

OR
H

In another specific embodiment of the inveniion A® is of the formula;
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X 0 ~P Q)"

wherein Y"

OR2 HHH 2.
invention A3 is of the fornul a:
is 0Oor S; and Y2a is O N(R2) or S.
enmbodi nent. of the invention A3 is of the formula: OR2 Y v
rRl2k2 2 Ml2a wherein YYa is O or

I n anot her specific enbodi nent of the

S; Y2b is O or

Yta R2 ~2a YK RY Y2a R2 Rz 2 Ml2a 5

I n anot her specific

N(R2) ;

y2b R Y7a
and Y2 is O NR3")

or S. 10 In another specific enbodi nent of the invention A3 is of the

fornul a:

52 ORR Ry | RLRL Y2b la T M.2d -
0 o)
- 0 P )J\ 2
R
\/ Y o o o7
H H
N

2,

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

1a R2

YZa | Y\\ ,
\'/ P\K Y2a R

2 2
R R |

Mil2a
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 R?
I

2¢
/ F\\ (AN RY
'\' Y2b

R? R?

Ml2a

wherein Y is O or 8; Y** is O or N(R®); and Y is O, N(R") or 8.
10 " Inanother specific embodiment of the invention A is of the formula:
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wheren YS8 is O or S; Y2b is O or N(R); YZa is Oor N(R3); and M2d is 1, 2,
3, 4,5,6,70r8. In another specific enbodi nent of the invention A3 is of the
formumla: ORz R1 -1l 0. Rv | YZb HHO2 5 M2d wherein Y2b is 0 or
N(R2); and Mi2d is 1, 2, 3, 4, 5, 6, 7 or S. In another specific enbodi nent
of the invention A3 is of the formulax O R2 Il 00Rz Yze O HH 2 10
wherein YZb is O or N(R). In another specific enbodinent of the invention A3
is of the fonnula: O11 OPz 0 HHOPF 53 In another spdcific enmbodi ment
of the invention A3 is of the formnul aq rl 2 Jl ~RB><

u
R S
v s R

Y1a
R" R
B - 2
Mi2d
wheren Y™ is O or §; Y? is O or N(R?); Y2 is O or N(RY); and M12d is 1, 2, 3,
4,5,6,7o0r 8,
In another specific embodiment of the invention A® is of the formula:
i T
P O
. R’
\/ y2
O
H H . i
2
5 Miz2d

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:

T i
O P\ )\“/O\ 2
/ N R
v T
H H

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

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

O
||
0 P 0
\/ Y \O/\’r “R2
H H O
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Y2 R2 R2 WB Y2~ ML2a 5 In another specific enbodi ment of the invention A3
is of the formula: yla RR 2a Py~ Ry Y2a Yl R R 'I-WB M2a y2a wherein
Yla is O or S; and Y2" is 0, N(R2) or S. In another specific enbodi nent of
the invention A3 is of the fornula: 10 0 R2 Rr Y2b Yla. R R2 W -26"
ML2a wherein Y' is O or S; Y2b is 0 or N(R2); and Y2c is O, N(FV) or S. In
anot her specific enbodi nent of the invention A3 is of the fornula: 54 ORz
/I RY Y2b

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

24
Ml2a Y

wherein Y'* is O or S; and Y** is O, N(R?) or 8.
In another specific embodiment of the invention A’ is of the fornmla:
10

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

In another specific embodiment of the invention A? is of the formula:
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WVB Yia R R 2b M2d wherein Ylais Oor S; y2b is Oor NR2);

y2d is 0 or

N(Ry); and ML2d is 1, 2, 3, 4, 5 6,70rS. 5 In another specific enbodi nent
of the invention A3 is of the formula: ORz Il RY - \i HHW M2d 2b
wherein. X26 is Oor N(R 2); and Ml2d is 1, 2, 3, 4, 5, 6, 7 or S. In

anot her specific enbodi nent of the invention A3 is of the formula: ORz II

r~ly HHW zb P- 1,2¢e R 10 wherein Y2b is 0 or N(R2). In another

speci fic enbodi mrent of the invention A3gs of the fbérmul a:

0 2b IP Rx Y26/

R~ R2M 2d \y2/ wherein: Y2b is O orN(Rf); and M2 |sl 2, 3, 4, 5 6, 7

or 8. 55 In another specifi
formul a: /

X

Rithe i \%\3 is of the
Yzb

wherein Y™ is O or §; Y? i3 O or N(R?); Y** is O or N(R”); and M12dis 1, 2, 3,

4,5,6,7o0r8.

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

/ . O\

\ b

H

. ) b/W
M12d Y

wherein Y2 is O or NR?); and M12dis 1,2, 3,4, 5, 6,7 or 8.

In another specific embodiment of the invention A3 is of the formmla;

1/\(\ NS

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

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

0
2D Ll R¥
\ / \Yzb e
Mi2d Yzb/

wherein: Y2 is O or N(R*); and M12dis 1,2,3,4, 5, 6, 7 or 8.
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09 O\PPOR |_\,2b OR RL R1L Mi2d O wherein the phenyl carbocycle is
substituted with 0, 1, 2, or 3 Rz groups. I n another specific enbodi nent of
the invention A3 is of the formula: O\p/OR~\OORS Rl R~ M2d 5 O
wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 Rz groups.

I n anot her specific enbodi nent of the invention k is of the formula: M M
OCH3 v-0 ORS O In a specific enbodinent of the inyention Ais of the
formula: 10 56 0 Pdnmotgmmiﬁ@ embodihentof thedmeentitn As isi afdeplormaaat | y
(d-Co)allcyl. I'n a specific enbodiment of the invention Rx is independently
H R, WB, a protecting group, or the for

o)
. \\P o R’
\/ \Zb OR1
R' R
M12d
0

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

8]
\ o R
-0 R
\ \\0 OR'
R' RVmi12d
5 0

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
O
0 \\p /0 CH3 '
\ N
o o
H
‘0 .

In a specific embodiment of the invention A’is of the formmla:
10
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Y~ Rv Y1 Rv YY2 y2 Ml2c Moc Mld 5 Ma wherein: Rv is independently H, W3,
R2 or a protecting group; R is independently Hor alkyl of 1 to 18 carbon
atons; R2 is independently H R, R3 or R4 wherein each e is independently
10 substituted with 0 to 3 R3 groups or taken together at a carbon atom two
RZ groups forma ring of 3 to 8 carbons and the ring may be substituted
wth O to 3 R3 groups; wherein R3 is as defined herein. In a specific
enbodi ment of the invention Rx is of the fafmula: R2 Y2c Ry 15 yla wherein

YYais Oor S; andY2o0 is 0, N(RV, or S. Inf|a specific enbodiment of the
invention Rx is of the forrrulaﬁl(ﬁ%)1 X+a-Rherein Yla is 0 or S;
and Y2d is Oor N(R>'). In a spec%flc e dI ment of the invention R'" is of
the formula: R2 RY 0 0

\R

wherein each R is independently (C;-Cg)allcyl.
In a specific embodiment of the invention R* is independently H, R!, W,
a protecting group, or the formula:

Mg -

M12¢

wherein:

RY is independenily H, W, R% or 2 protecting group;

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

R? is independenily 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 0to 3
R’ Zroups;

wherein R? is as defined herein,

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

R2
e
Y2

15 Y1 a
wherein Y**is O or S; and Y* is O, NR) or S.

In a specific embodiment of the invention R? is of the formula;
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In a specific enbodiment of the invention RY is hydrogen or alkyl of 1 to

10 carbons. In a specific enbodinent of the invention R' is of the formul a:
R2 ti ---ly '"--"R2 0 10 in a specific enbodinment of the invention R' is
of the formula: R2 RR YI RY .. Y2 i Y2 ML 2a In a specific enbodi nent of
the invention e is of the formula: 58 RZ R2 Y2 1 Ry Ml2a Y1l In a specific
enbodi nent of the invention Y is 0 or SIn a specific enbodi nent of the
invention Y2 is 0, N(RY) or S. 5 In qfe specific enbodinent of the invention
R' is a group of the formula: R Y RY y2 Y2 y2~ Ma Mb M2c Mc Md 1Mo
wherein: ma, mb, mMc, mMdand M e jare indepspdently Oor 1;, 10 mM2c is
0, 1,2,1,4,5,6,7,8,9, 10, 11 or 12; Y\\\

AV

RY

Y1a
wherein Y**is O or S; and Y*®is O or N(R).

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

2
0
\ SR
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\ ,
\ R
O
10

In a specific embodiment of the invention R” is of the formula;

R R? v

J\' RY
2 YZ/

~ Y
M12a

In a specific embodiment of the invention R* is of the formula:
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RY is H WB, RZ or a protecting group; wherein WB, R2, Y' and Y2 are as
defined herein; provided that: if mM a, m2c, and md axe 0, then mb, nmc
and M a are 0; 15 if m a and m 2c areOandm di snot O, t hen m bandm car e0;

i f M aandm dar eOandm 2ci snot O, t hen ml bandat| east oneof mMc and me are O; if
ma is O.and. m2c and md are not O, then mMb is O; ifm2c and told are O
and mMma is not O, then at least two of mb, tic 20 and ma are 0; if m2c
isOand M aand mM d are not O, { least one of mM b and tic are O;
and 59 if mdis Oand m aand m 2c@rg,noi-Q,then at | east one of mcand mle
are 0. In conpounds of the invenfi rbocycl es and Wb heterocycl es may
be independently substituted witih O groups. Ws may be a saturated, 5
unsaturated or aronmatic ring co or bi cyclic carbocycle or
het erocycle. Wo may have 3 to 1 3to 7 ring atons. The Wb
rings are saturated when cont i urated or

nono- unsat urated when containing‘4 rin , saturated, or nono- or

di -unsaturated when containing 5 ringMitens)t and saturated, nono- or

di -unsaturated, or aromatic 10 when containing 6 ring atons. A W

het erocycl e may be a nonocycle having 3 to 7 ring nmenbers (2 to 6 carbon
atons and 1 to 3 heteroatons selected fromN, O, P, and S) or a bicycle
having 7 to 10 r|ngﬁWEﬂmﬂﬁﬂqmbMMMQMQﬁ%buhw@m@hﬁ'aﬁaotsto 3 het eroat ons

selected fromN, O, y have 3 to 6
ring 15 atons (2 to@aéﬁ&ﬂ'gse)ﬂ%%\&e%ghﬁtﬁ]?%%ﬁ@%hﬁ)g %@c{)ﬁé’ ggl ected fromN,
0, and S); &r 5 or Ibotid spgcifit enbodithehicoiTheciavdition Rf iy gaislofltht CorBulaet er oat ons
selected fromN and S). Wb heterocyclic bicycles have 7 to 10 ring atons (6

to 9 carbon atons

— — = - . —

et

M1a M1b Mi2c M1c Mid Mie

wherein:
mla, mlb, mlc, mld and m1e are independently 0 or 1;
10 ml2¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
- RVisH, W*, R? or a protecting group;
wherein W2, R%, Y! and Y? are as defined herein;
provided that: :
ifmla, m12c, and m1d are 0, then mi1b, mlc and mle are 0;
15 ifmla and ml2c¢ are 0 and m1d is not 0, then m1b and m1lc are 0;
if m1a and m1d are 0 and m12c is not 0, then m1b and at least one of
mlo and mle are 0;
ifmla is 0 and m12¢ and m1d are not 0, then m1b is O;
ifm12c¢ and m1d are 0 and mla is not 0, then at least two of m1b, mic
20 andmle are 0;
ifml2c1s 0 and m1a and m1d are not 0, then at least one of m1b and

mlc are 0; and
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and 1 to 2 heteroatons selected fromN, 0, and S) arranged as a bicyclo
[4,5], [5,5], [5,6], or [6,6] system or 9 to 10 ring atons (8 to 9 carbon
atons and 1 to 2 20 hetero atons selected fromN and S) arranged as a
bicyclo [5,6] or [6,6] system The Wb heterocycle nay be bonded to Y2

t hrough a carbon, nitrogen, sulfur or other atomby a stable coval ent bond.
Wb heterocycles include for exanple, pyridyl, dihydropyridyl isoners,

pi peridi ne, pyridazi dyildipQmndindaayd mlpyamenphd; thenst leastame oy lc anchzol yl ,

i m dazolyl, 25 thiaqPIyI, | soxazol yl , pyrazoyl, isothiazolyl, furanyl,
thiof uranyl, thPERHC%and’ pyrrolyl. W also includes, but is not Iinmted

to, exanples such asindeghpédhdy of dhe invention WN darbocycles'and WE fxtéaoelc)b nagr bocycl es
and heterocycl es maybe i ndependent|y substituted wisth 0 to 3 R2 groups, as

defined above. PordeReRAFAtlY subsiisdted with 8do WK EEruBd cYC Pey beiargluries o4 N Q
of subst tut b GHERST ooy Bory L (OnrRg opo brtickith cathajuch® et es

hetsrocycle. W° may have 3 to 10 ring atoms, e.g., 3 to 7 ring atoms. The W°
rings are saturated when containing 3 ring atoms, saturated or mono-unsaturated
when containing 4 ring atoms, saturated, or mono- or di-unsaturated when
containing 5 ring atoms, and saturated, mono- or di-unsaturated, or aromatic

10 when confaining 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 io 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], ot [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) amranged 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, thicfiaranyl, thienyl, and

pyrrolyl. W° also includes, but is not limited to, examples such as:
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HN HN ~-NH2 NMe2 -~--NH2 O Z - ~000O0O-~0--\"--NH NHR2 ~--NH2 NH2 D 5
Li nki ng Groups and Linkers The invention provides conjugates that conprise
an 131V inhibiting conmpound that is optionally linked to one or nore
phosphonat e groups either directly (e.g. through a coval ent 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
phosphonat e contai nin jon as a th eutic agent. The
phosphonate or the Ii o the co (e.g. a compound of
formula A) at any synt sition d,conpound by
removi ng a hydrogen or any Jortion of theJconpound to pridvi de an open

val ence for attachment of the phosphonate or the Ilnker 15 I n one

enbodi ment of the invendon the |inking group or I|nk (whi ch can be
designated "L") can iRcluge all or a rtions of thﬁg A A, A2, or W

descri bed herein. In the inve n the Ilnklng group
or |inker has a nolecutar i ght of\fr m about 20 tons to about 400
daltons. 20 In another enbodi nent of i nventi orHt he |inking group or

|l i nker has a |length of about 5 angstronms to about 300 angstrons. |In another
enbodi nent of the invention the linking group or linker separates the DRUG

and a P(=Y1l) residue b 5 angs o about gstrons,
inclusive, in |ength. %éi not her nt of N nvention the |inking
group or linker is a N

W carbocycles and hcterocycles may be independently subsiituted with
0 to 3 R* groups, as defined above. For example, substituted W* carbocycles

include:

/_/ ct

Cl

l \ M l NH I—N\_/NH
}]—N - © {—N \_/s‘ H ! __N'\_/\802

Examples of substituted phenyl carbocycles include:
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di val ent, branched or unbranched, saturated or unsaturated, hydrocarbon
chain, having from2 to 25 carbon atons, wherein one or nore (e.g. 1, 2, 3,
or 4) of the <carbon atons is optionally replaced by (-0-), and wherein the
chain is optionally 5 substituted on carbon with one or nore (e.g. 1, 2, 3,
or 4) substituents selected from (G -C6)al koxy, (C3-C6)cycloal kyl,

(G -C6) al kanoyl, (G -C6)al kanoyl oxy, (CrC6)al koxycar bonyl ,

(Ct-Co6)al kylthio, azHg yano, b | o, hydroxy, (=0, carboxy,
aryl, aryl oxy, heter a%,ﬁ@pl e r_’;%mén r-—~- e NHprent of the
invention the Ii up of of 10 the WA wherein Ais
(G -Cza)all cyl, (2 4)le kenyl , 4) al kynyl, ¥ C8) cycl oal kyl ,
(C6-Cio)aryl or astohbi nation thereof, wherein Wis/ - N(R)C(=0)-,

A=0 N(R) -, -Og=0)-, -Q(0)0-, 40-, -s-, -8(0)-\vs(O2-, - N(R-, -(=0-,
or a direct bondy wherein each Q’. S mdependently Hor (G- Co6)all cyI 15 In
anot her enbodi nent of the invention the linking group or b ker is a

di val ent radical forRt\fronfa pepti de, anot her enbodi the
invention the |ink=Ag gr or lin valent 0 cal fo d from an
amino acid. In a r enbodiyppnt e mvc?—o—mmzt ki ng q%thy“zor
linker is a 20 #ent radical f fromdiol y-L am ¢ acfPd,

pol y-L-aspartic.gdcid, poly-L- histjydine, pon L- orn\Ehlne pol y-L-seri ne,

pol y-L-threoni Mg, poly-L-tyrosine\ poly-L-Ieucine,

pol y-L-1ysi ne-L-phenyl al ani ne, poly-L-lysine or poly-L-lysine- L-tyrosine.

I n anot her enbodi nent of the invention the linking group or linker is of 25
the formula W(CH2)n wherein, n is between about | and about 10; and Wis -
N(R (=0 -, -Q=ONR-, -0(=0)-, -A(=90C, -0-, -5, -5(0)2-, - (=0-
-N(R) -, or a direct bond mhereln each Ris |ndependently Hor (C

Co)allcyl. 1In another enbodlnent of the invention the |inking group or

i nker is kg Gpon 5618, or propyl ene.

The invention provides conjugates that comprise an HIV inhibiting

compound that is optionally linked to one or more phosphonate groups cither
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
W3 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.
In another embodiment of the invention the linking group or linker
separates the DRUG and a P(EY?) residue by about 5 angstroms to about 200

angstroms, inclusive, in length,
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I n anot her enbodi nent of the invention the |inking group or linker is
attached to the phosphonate group through a carbon atom of the |inker. 63
Intracel lul ar Targeting The optionally incorporated phosphouate group of the
conmpounds of the invention may cleave in vivo in stages after they have
reached the desired site of 5 action, i. e. inside a cell. One nechani sm of
action inside a cell may entail a first cleavage, e.g. by esterase, .to

provi de a negat i vel yinenethgembodipeset of the invenficarthelnlinge groap enlinkgeisaf a

term nal ester groupi,ng hn c QN f invention.thus affords an
unst abl e | nt or rbet ot En By ERERRIE shlralsBr wa R, rorBord el o
intermedi ate. IviNpiffin Pas3RGEbIEoES whettfd bne drifiore (. 11,83, oL fyyftRd i C

cl eavage or nodificatiaon otoa{ane phos(%)hongt eélgi{e Ero,drug conmpound may result
in an i ntracel®HeaatondspptionalBrrobeed Be-Pre s uha@rintbgshamsg opimsbund by a

"trappi ng" rgteﬁgs%tagtﬁmed g@&s&m%@émﬁa@i é.'.qugsz%Pﬁyaﬂsmym hanide

"l ocked-in" cel a significant cr(1a gée 1 n charge, po% arity, or other

physi cal properfigm (GiaGgalkons (UhiCahydethbdSetsalkaneds (€1 is)allkancylorhe cl eaved
or nodified co can it.the l...relative ta.th ate,at which it
entered as theﬁ'%%ﬁ@%%&?ﬁ&gg&'%?’ az}?fg’c?ygﬁ?’srﬁ%o’ﬁ@o\nhdgﬂxya t herapeutic
effect are achimqﬂo}myxbbgy,m{@ylbxg}ﬁfemm_,}ljandﬂéfugamgas;;ymi ch are capabl e of

an enzymatic activatl on chanismw th the phosphonate prodrug. caonpounds of
the invention incl udeangigr egbadissat of ts inagntiog the Fgurer linksf i§ohises,

m cr obi al y hol i : Qi a 5%95@‘ ases. From
t he forego?jr?gzg, @?fovﬂa qﬁ??g%??ﬁ%ﬁ@g@%%@%ﬁ?’?@ﬁ‘?g&%% C n't" e
derivatized i n (Ge€o)gcloilkyl, (CweCp)acd ent combiesiicndheredfuwheremsWdsich drugs are

specifically aped herel ery | haul d b rs d that the 25
di scussi on of mé?@iaetlgﬂp 'ﬁ@)ﬁ;‘ﬁﬁﬁ? %Zq\’((rgbg'pé@:ﬁ)@"ﬁgﬁﬁ TS T”"%@S’i"v"ati zation
accordi ng to t @), nuei)i,enadiedi®bnd; RtRAEeshch ® BendRpsRdEAY Mor (DUt nerely
illustrative. H V-Inhibitory Conpounds
Celalkyl.
15 Tn another embodiment of the invention the linking group or linker is a
divalent radical formed from a peptide.

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, poiir-L-tIueonine, 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 ab_out 1 and about 10; and W is -
N(R)C(=0)-, -C(=O)NR)-, ~-OC(=0)-, -C(=0)0-, -0O-, -S-, -8(0)-, I—S(O)z-, -
C(=0)-, -NR)-, or a direct bond; wherein each R is independently H or {Cs-
Celalkyl. '
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 linket.
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The conpounds of the invention include those with H V-inhibitory 30
activity. The conpounds of the inventions optionally bear one or nore (e.qg.
1, 2, 3, or 4) phosphonate groups, which may be a prodrug noiety. The term
"MW-inhi bitory conmpound” includes those conmpounds that 64 inhibit H V.

Typi cal ly, conpounds of the invention have a nol ecul ar wei ght of from about
400 anu to about 10,000 amm; in a specific enbodi nent of the invention,
conpounds have a nol ecul ar wei ght of |ess than about 5000 aru; in another 5
speci fic enbodi nrent of the invention, compounds have a nol ecul ar wei ght of

| ess than about1 25%&61@'2 é!n anot her specific enbodi nent of the invention,
conpounds have i ght of less than about 1000 ammu; in another
speci fic enbodi ment ThE opthiRailyinesipbeked phoshekRe groip e tR coRlpeeids af theei ght  of

| ess than about 800 anu; in another specific enbodi nent of the invention, 10
" conpounds have IRVERIRTEERY eleavRar yive ibstages sleriheyrhaxe irachasigbe destred siffPti n anot her

speci fi c enmQodi t.of & LWV i 2 . CLkar i ght of
| ess than ggout OL‘ginnllftl%%déegl' ?Dﬁeengé&}%ﬁ%?%{ﬁ?ﬁé g%e%yggyﬁﬁg%}ada out 400
amu. The conpowhkdwagefe.s. by cstateentid provilesmegativelyathbsgetl dloeked-inbgD( pol ari ty)

| ess than about, 5. .In e enbodi ment the invention provides, conpounds
having a 15 |é‘&ﬁﬂ}e&?&-?@%V&gﬁaﬂ%gﬁ?mﬁlﬁ@ﬁ%ﬁwg&%maﬁi% the invention
provi des conpoungstifemieiadd A0kstabRSnlehadliAbHIch Jledsts ARGy One

enbodi ment the _invention provides conpounds having a | og]) greater than

about -5; in aseaEel locksdindiemediaie. t he i nvention provi des conpounds having
a | ogD greagher than PO i ]&%ﬁ | the i nvention
provi des cgrbrpounds 5\5@%%%8%51‘%8%&18?23@?%%a ggggltgﬁ%ggﬁ{j | ess than about
3. Sel ect ed substdification of the plrsphdrate o prgioumaepoiind hey resuk i aon are present
to a recursive.degree. In this context, “recur.siye substituent” .ngans that a
substi t uent nm’;&l:ﬂgfé]ﬁﬁg Bt @013933‘3%%%&8%?“P?@§F¥9°’%@88@b¥ao PPRE r ecur si ve
nature of sucChhsehdssn.t TR dl&aved BERABEITES Sdhpound nlad iR HRUTRREI-TBYhdE present

in any given 25 enbodi nent. For exanple, e contdins a R3' substituent. R3"
can be R2, whi &8l by significant change in charge, polarity, or other physical property change

15  which decreases the rate at which the cleaved or modified compound can exit the
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 drmgs 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

illustraiive.

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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turn can be R3. If R3is selected to be Rao, then a second instance of R
can be selected. One of ordinary skill in the art of nedicinal chem stry
understands that the total nunber of such substituents is reasonably
limted by the desired properties of the conpound intended. Such properties
I nclude, by of exanple 30 and not limtation, physical properties such as
nol ecul ar weight, solubility or log P, application properties such as
activity agai nsinhibitélIVint ended target, and practical properties such as ease

of synthesis. 65 By f exanpl d.not limtatign, WB, .R3' ~and R3 are
all recursive subst%&ﬂ{”scopﬁ’gﬁ'ﬁﬁfiaﬁ"éwgﬂ? vﬁtaél.lﬁm&fré’%ﬂlﬁ}%?f %h of these
may i ndependenddoyt A0GkL 1dAboukd 0,008 amby/in akPecii®emBtiimdt. of Yb indehtiod 0. 9, 8,

7, 6, 5 4, 3, 2, 1, or O, tines in a %lven enbodi ment. More typically,
each of these niyPFuRdFdiEBemEwiRcnlr weighl ofiess thanmbowi S0P pey; npnathgi ven

enbodi nment . r WD : Wi ; ] | i%?«w : i1l occur O
to 6 tines asm %g&\iﬁmp}?@g%dé%ﬁ?t ogtﬂ%eoﬁ%efg? 11’i cr?g]i) Sﬁ]dsgm{éﬁ/%ﬁieg odi tndtf Even nore
typically, WB vitsltharabont 2500 @mB; intanoiéher, spRdfivetnbodivent of@hd mvehtionyres and R3

wll occur O to 8 ti in agiven e i ment. .10 ursive substituents
are an intendeacoggnﬁgg‘%ﬁﬁ’e?ﬁ’é’g‘icﬂ@é}’{?’iggﬁ&qﬁﬁ%aﬂfaboﬁrlﬁﬁﬁm; Iglf"fl?tﬁcri n the art
of medi cinal  chgebisis baibsteRSIT A Evinien B fipBlidsthve PholesiePwsigRidti tuents. To

t he degree that recursive substituents are present in an enbodi nent of the
i nvention, the lewtthan shamodl0 apw; in wethsetneeific sadodisnestel thevanticatbove. 15

Whenever a nm, | 04 ' .10, or. one of
t he sane defs)ffg n%#gjgmgcrﬁgﬁgé Q%%gl}e%ﬁfaf@gh %?ﬁ%&%yéﬁﬁoma&% ﬁalﬁgﬁ ‘Eﬁﬁ er st ood
t hat the groupsspeefic bebsdimestaifehednvatitibh,compbyunds have a malebulgr weight of

i ndependent | y el ect ed. vy lines indicate,the site of covalent bond
attachnents to ]fseﬁéﬁﬂ”aﬁg’f’ﬁﬁ %ﬁﬁﬁémg@g&a%?lewiﬁf&e@{éfwﬂ&t%%.b%‘?d%%e o
enbodi nent of the I%%@&M&B@m@%ﬁﬁ@ﬂﬂ@f@mﬁ@%@h olafif)) 1eRy/r i i ed
form Generally, the term"isolated and purified” neans that the conpound

i s substanti al |thag #hegt §.r brangiembediment theriventios psoyidespomppemsts havinggue, cel | s,

15  logD less than about 4; in another one embodiment the invention provides
compounds having a logD less than abont 3; in another one embodiment the
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 substitueni” 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. RY can be R?, which in
turn can be R®. IfR? is selected to be R*, then 2 second instance of R* can be
selected. One of ordinary skill in the art of medicinal chemisiry understands that
the total number of such substituents is reasonably limited by the desired
properties of the cornpound intended. Such properties 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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etc.). In one specific enbodi ment of the invention, the termneans t
conpound or conjugate of the invention is at |east about 50 wt. % free from

25 bi ol ogi cal

the conpound or conjugate of the invention is at |east about 75 wt.
from biological materials; in another specific enbodinent, the term neans
that the conpound or conjugate of the inventlg)n Is at | east about 90 wt. %

free from biol ogi cﬁywmftafrercahgle andhnetliotifagon,

nmeans that the

Qun t tlon is at | east
98 w.% free fls}%‘};b e|noslut})(fjl caérll tﬁ%dulug%f eryplﬁ%l er?cgé RE ™ &b odi nment ,
mdepmltemmﬁowm p@rpppR e, 16f 15,1e, inventi, oo 9,8, A6, benss about 99

nmeans that the

hat the

materials; in another specific enbodi ment, the term nmeans that

% free

8@ fanéd R atsadliremitive t he term

about
the term

vvt.%freefrom i ol ogical] nmateri Is I n another sp ecilflc enbodi nent, the

i nvention provi2d&<r 8, Brer BrimvanFrhodingg. ere syitallyreach A{ERIG A t hat has been
synthetical ky piRRaRMAy 6&ub12 o Mﬂt\ﬁﬁé Jell @b &sfeﬂfﬂﬂaafe' dlify one

enbodi nent, the (%Event I'on 1's p?ov‘lv des csonrlr]%r?dg cgpab tgﬁ?ac@’urml ating

in human PBNC (yptefW pmélmburtﬂ to@dnrmnﬁ’hmﬂ @am @tol G Gres @ami mﬂ@ben' Otto bl ood

cells having r
critical conpo

ﬁgﬁﬂeSé %%gé{ ﬁ%@% WP%‘%]X%WJ I C%WM PBMC are

y be

i solated from hﬂmrmmm%cmfmﬂoe;mhmad@f mnbml_roh@ahm:teymiwgi@é@ or buffy
coats, by standard den5|ty gradi ent centrifugation and harvested fromthe 10

i nter f ace, was [FERO

e elther renove assessnent, or cells

harvest ed and ardihary elill(uSHictart dRmedicarial (IROOS)Y Bldewstind O PyrsaiBP o 540)

conpounds of t
phosphonat e pr

eGSR R RO bR P BF ShREE bt e o

egt. phosphat e-buffered saline) and stored in freezing

medi um  PBYg maybe R‘ék&k&'&rﬁgﬁsﬁm@ﬁi& hie Wit éﬁhﬁﬁrlﬁétof'?ﬁe MEdti3HS Ohb GBS Of

cul ture, supernatant nay

maybe
The

prodrug

can have the stefib6ditient &&h@ﬁv&ﬁﬁﬁ[ﬂh@&ﬂdhﬁﬁﬁbﬁhnﬂ%e@sﬁhimdwwds of the
i nvention denonstrate inproved intracellular half-life of the compounds or

intracel | ul ar #B9%bolites of the

15

20

25

Whenever a compound described herein is substituted with more than
one of the saﬁ:e designated group, e.g., “R!” or “R*”, then it will be understood
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,

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 biclogical materials (e.g. blood, tissus, 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
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

30

compound or conjugate of the invention is at least about 90 wt.% free from
biological materials; in another specific embodiment, the ferm means that the
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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conpounds in human PBMC when conpared to anal ogs of the conpounds not 20
havi ng the phosphonate or phosphonate prodrug. Typically, the half-life is

i nproved by at | east about 50% nore typically at least in the range
50-100% still nore typically at |east about 100% nore typically yet
greater than about 100% In one enbodi ment of the invention the
intracellular half-life of a 25 nmetabolite of the conmpound in human PBMCs is
i nproved when compamddrconjagete afthé dyemiontthe heotmen spdheimellhprepargd t he
phosphonat e or &é)ho%’phogate prodrug. In such enbodinents, the metabolite
maybe generate Fntr'dl | ul arl y, €.9g. generated within human PBMC. The

net abol ite may fud roduct., of the cleavage of a phosphonate prodrug within
human PBMCs. Té—gﬁ—g—%ﬂi@@ 0 phosphonat e- cont ai ni ng phosphonat e prodrug
may be cleaved to fofdReemb¥einidde)thd @véaivh MretidésCRsipoti® pdH éive charge at
physi ol ogi cal pH The phosphonate prodrug nmay be enzymatically cleaved
within hunad PRMERIWALnG R s ﬁmhéfﬂ%hl@f’ groaereteas eellshePBME ve hydr ogen
atom of the formP: ' H&?e% -he . ntion may
have chiral ce% elrtgmgg;“ﬁ%ﬁ@gﬁ@ﬁ@@%“%%ﬁ%@%ﬁo us’ g@%gr]r@fgg'll“ﬂéfcorrpounds

of the inventi #BMQas criticil tdmporsatarfitle mechhnise aganstatfectine PBMG onpr S,

i ncl udi ng enantioners,. di astereopers, .an 5 at Lsoners. I.n_addition, the
conpounds of t Elsgﬁvgrﬁqrﬁ_ egaﬁy.zgggrhglﬁpfogﬂggngpaﬁggagqﬁyg‘gpo%rgq. i soners at
any or all asygp®i, by etanddit dehsitdlafiifont deirtih Sfion Wad BldvestddTfore et @l centers
apparent fromthe depictions are provided as the chiral isonmers or racemc

m xtures. BBt hinterése washedi(edt Rbesohdotaiiered seline)and storeginifisetings t he

i ndi vi dual opt]| ' ' N |.zed Lally free of
their 10 enant ?%@e%‘i%@%%%@%@%%%%@ﬁ@?@? %};i&%ﬁ%ﬁ%%% In the scope
of the inventi onlture, Bypernaadmay teieitherranowddorsapasmtredoricallombhnks r i ndi vi dual ,
substantially ticall ure Lsonmers r |- hni ques such as,
for exanple, tﬁ e ﬁW%ﬁW&F@f@B%%@%Q%@%ﬁ?‘@%@ wilhh optical |y
active adj unct gempofilds of il fboBimdARMEP fifrBkl QNBHisPY pEEPUSHRd @0 back to the

optically -active substances. In
15  phosphonate prodrug. More typically, the phosphonate or phosphonate prodrug

can have the structure A” as described herein.

Typically, compounds of the invention demonstrate improved
atracellular 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 typically 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 infracellular half-life ofa

25  retabolite 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 numan 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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15 nost instances, the desired optical isoner is synthesized by neans of
stereospecific reactions, beginning wwth the appropri ate stereoi sonner of
the desired starting material. The conmpounds of the invention can al 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 fornms are
contenplated within the scope of the invention. For exanple, ene-am ne

t aut oners can Steiepisofoers purine, pyrim dine, imdazole, guanidine, am dine,
and tetrazol e syst and ahg t?gLr ssible tautonerjic forns. .are within
the scope of the iﬁﬁ%ﬁ?P@ﬁ?ﬂ S eIﬁﬁﬁgg@ﬂ?ﬁﬁggﬁ%gaQ%@&%%ﬁﬁbgﬂfﬂons of this
i nvention opt i eifisdd of phospbeie atosal The edmpdiards 6DMP aivesfonREEintludespeci al | y
pharmaceutically acceptabl e pon-toxic salt containing@$for exanple, Na'i',

Li +, K+, Ca+2 BRguggusiresedall sreoisomasy. PHEMGAEMIRBSE. HrFiseleBy idonbi nat i on
of appropriat CatfBidoRiIR. iﬂﬁﬁﬂiﬁ&,%c‘%\l;\iﬁpoﬁﬂﬂ ot ahdeRfion BRIE ARIBA of ONS OF
anmoni um and quaternary am no I ons th an acid anion 30 noiety, typically a
car boxyl i ¢ aci wsoltshaplistlasnmesiitany ar al prypimstne dhirdl atomsatie vtheswbudsl e salt is

desired. Metal ;salts typicall re prepared by reacting the t al hydroxide
Weh a 68 conb o srtbraceariny Fafh Bh 8RR R SO e S Boilie O v e

prepared in thosacendy nittitres aABbth i6@RiQaMl dightdrbdmdNR-mixQnek, fstwelPasaes sol ubl e
nmetal salt can be, precipitated fromthe solution of, a nore soluble salt by

addi ti on of t hisdividuabentical ipeinsss iselgtes on Avnthesized, subriantipby free of theiT nmy be f or med

fromacid di L0 s cerdal j | ' : s+ HCI
HBr , 1d2804,P@H3 ﬂ%@%ﬁg&%@%&?ﬁe&g%@%@ s%uqﬁglﬂ& zfgsic cdgﬁl%eelrﬁg%h%) 1§7pi cally
am nes, or to &hdmeanignukiusss afd sepdrhigd inte thel individeal, mbslentiplipogticaint t he

conpositions herein comprise. ¢ ounds, of the,invention,i their
o oni seq. acPE 1P B et wER RPN el At BBt PTG (1 10
st oi chi onet ri csepaftioh 6f ddstetedrdrionsld riddwil Stically s@iveRaiuMeied o t hin the

scope of this invention are the salts of the . .
acids or bases followed by conversion back to the optically active substances. In

15" most instances, the desired optical isomer is synthesized by means of
stereospecific reactions, beginning with the appropriate stereoisomer of the
desired starting material,

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 coraprise salts of the

compounds herein, especially pharmaceutically acceptable non-toxic salts
containing, for example, Na¥, LiT, K Cat2 and Mgt2. Such salts may include
those derived by combination of appropriate cations such as alkali and alkaline
earth metal jons 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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parental conpounds with one or nore am no acids. Any of the am no acids
descri bed above are suitable, especially the naturally-occurring am no acids
found as protein conponents, although the amno acid typically is one
bearing a 15 side chain with a basic or acidic group, e.g., lysine, arginine
~or glutamc acid, or a neutral group such as glycine, serine, threonine,

al ani ne, isol eucine, or |eueine. Mthods of Inhibition of H V Another
aspect of the rompovndoithisinsensiont ExmeplhocEnethl salihwbich aregorepaeed in¢his vi ty of

H 'V conprising the step of treating,a sanpl e suspected of containing 20 HLV
with a conposi Waﬁﬁreogﬁlt%%@t%%%ﬁﬁsé‘%t@@r%%sﬁtl?séﬁ%luwﬁnﬁﬁ%siﬂh%rhei on may act
as_inhibitors gfetifed 83m htaEABRAGISERe SOhbE YaPod MR AR Qiatlgve ot her
utilities as dgsegirﬂlibgd bléﬂi ow. The in |gitors V\nﬂl)jr getﬁjélral y Eland to

| ocati ons on t hstdoeripwwdor in a cavity of the |liver. Conpositions binding
in the liver may bind mith varyin eqrees of .25 reversibi.lity.. Those
conpounds b$ ndi ng SWEIHH sgﬁémy&&;ﬂlp@%wc&faedd}ﬁ@g&fcm%% 'gglgfes for use
in this methodagd inbip@nicavidsle L HCIOABE, HB®| eHPOshe orgulsuBEsit adidly to
irreversibly binding conpositions are useful as probes for the detection of
HI V. Accor di ngbssic ¢enters, frpécatly emines) axtiescidio gromph oldisaltyf, itdetodet ing NS3 in a
sanpl e suspect ed, of talning HYV c rising the steps . gf: treating a 30
sanpl e suspect Bﬂdewooglgﬁ?t%% Uﬁﬁt@“ﬁ%ﬁnﬁc’% &?WPW&@S%FF?H@HQ conpound
of the inventi gRirk@uUssizéd) adwhldbetwittanchi®hsa! Mdtembhatiedfwet of the sanple on
the activity of the label. Suitable |abels are well known in the

di agnost i c407 i seighiometricgonquats of yetes g hydratee radi cal s, fl uor ophores,

radi oi sot opes, enzy : it . U#ﬁi A00e{AS. The
conpounds herein argﬁ?ﬂ%ﬁe}g%l n C(Q)%L\ﬁl%ﬁtemgﬁalﬁ asoﬁlg%ﬁﬁgésl nggﬁ‘gnct i onal
groups such as paypanlocoyipoondsamiinane ddirdae mminh ecidanfsx bf thé amhm aciteent i on

sanpl es suspected .of. containing. HV 5 ipclude natural or,nman-nmade material s
such as livi ngdﬁcﬁgﬁ ai’ﬁﬁ‘?arfﬁ‘él e S?GE@X%G%WW&W%WO@ﬁd%aWI es such
as bi ol ogi cal raing&t flotctdFiRhRhelt)] MBGuShIBS MiTino abidit|Beallsed S RaRANA! 1 Ui d,
tears, sputum saljiva, tissue sanples, and the like); "|aboratory sanples;

food, watedd opidarhainwithpdasic by anitio D, axiphias agiehe arglutamic 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 compogition of the invention.

Compositions of the invention may act as inhibitors of HIV, as
intermediates for such inhibitors or bave 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 co:ﬁpounds binding substantially itreversibly are ideal
candidaies 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 detccting'
NS3 in a sample suspected of containing HIV comprising the steps of: irsating 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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extracts of cells, particularly reconbinant cells synthesizing a desired 10
gl ycoprotein; and the like. Typically the sanple will be suspected of
containing H V. Sanples can be contained in any nedi umincludi ng water and
organic solvent/water m xtures. Sanples include |Iiving organi snms such as
humans, and nan made materials such as cell cultures. The treating step of
the inventi-on conprises adding the conposition of 15 the invention to the
sanpl e or it comrdesebledtiatiradjcas, fluemphees, raficisdtepespamamsed,i on to the sanpl e.

The addition st conprises an t.hod of adm nistration.as escri bed
above. If desi Fﬁ%‘,’l‘ﬁ{”ﬂ?sﬁﬁq i%‘?qp%_a'bmfcqlﬁwo%‘?nﬁ'e?ﬁn%ﬁoﬁ’mo&lﬁ_ ﬁlbe_ﬁe%f’wtlfﬂ\ée?e onmposi ti on
can be obser Vggcdivemithanesti@tndinpchtetionsl fhus GhclPdthydfhT &GmiAkt hods of
detecting HHV 20 activity. antitative, qualitative, and sem quantitative

met hods of det er mi niiginiby catextaf the inyeatign pareplen wppecied @f contyiping HIVy one of
h ' ; ' . i . h
the screeni gg H%Eﬁ&%imﬂ%?ﬁ{a#-%tﬁﬁgﬁ&@?fs{éﬁ% %ﬁ%gecggaﬂ}&ﬁﬁ%ue o?@éﬂ ot her

nmet hod such as servation o operties of a living
or gani sm ar e akslnres blolegadal esmlérsycloagziologivsl maeriad sanypled(blobdeseciompounds  of

this invention are 25 usefyl.in the treatment, or prophyl axis.af conditions
associ ated wi t -G 5’19%1#1%41 tqars, %%ﬂ%afﬁeﬁ%ﬂﬁgﬁﬂi@&ﬁl}(em screeni ng
compounds capaiyraadry bitipIo; tbagwelel o hir diablbs] bRprodiedamplis Bt hat the

results of enzyne assays may not correlate with cell culture assays. Thus,

a cel |l based a$sbEaptsssalls paEcHpdy wepmbingntsellcwnibegzipgeldesivd Screens for H V
s ¥ ) . for b b
| nhi bitors,60 g@ébﬁ)@ﬂxg afd e ﬁ‘&?.' ?ﬁg&%% 1&&{1?5‘%%%]&0%& of Qgéghggr y

activity agai y any o nvent ronal techni ques al uating
enzynme acti vi t HIV/Gabiplehican behmnpiretdn tnyoheditve indwdng weter artdypgadd | y

conpositions are first screened for .i L@i ition of HHV.in vitro and
compost 11 ons < AOWFIHGASSRBESDr yaler iiefe Byt Pfiefisms R RatibEn bt i vi 1y i n
Vi vo. Conposi t ingRSndde iangialskuvh b @l1hitidkshi bi tory constants) of |ess then
about 5 X 10-6 M t}ll‘ﬁécally | ess than about | X 10-7 M5 and preferably |ess

than about 5 X 10- 8Ths tipasingsiep of hednvestion ¢pmyrises agding the composition of
15  the invention to the sample or it comprises adding a precursor of the composition

to the sample. The addition step comprises any method of administration as
described above.
If desired, the activity of TIIV 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 Gther 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 resulis of enzyme assays may not correlate with cell culture

agsays. 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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Useful in vitro screens have been described in detail. Pharmaceuti cal

For mul ati ons The conpounds of this invention are fornmulated with
conventional <carriers and excipients, which will be selected in accord with
ordinary practice. 10 Tablets will contain excipients, glidants, fillers,

bi nders and the |ike. Aqueous fornulations are prepared in sterile form and
when intended for delivery by other than oral admnistration generally wll
be isotonic. AWithiwthewbatextaishaitivdntionpypicaiiy doynpositidriane Brstsgpdeaed Hrsuch as

t hose set forth. in.the dbgok of Phar.nmaceuti cal, .Excipients (.1986).

Exci pi ents i nci”é?ﬂ’én%%fﬁr & VHEq ?:P%é‘t‘fﬂlpfi“flﬂ%‘?s ngﬁﬂ%gm&ﬁ?%‘?tyéﬁe'iﬁﬁ‘h ng agents
such as EDTA, gaédedYdaolay RysH. TonkiesitisrshayvinB Yiehisy Kal(auitgehl ul ose,

hydr oxyal | cyl net hyi cel | ul ose, stearic acid and the like. The pH of the

formul ati ons r emgeatsj ofiessabenebost 5 K 150M typicallpless than elscit hag 10-Y M about 7 to
10. _ Wiile it is possible for the actiyve ingredients to be adm ni stered
alone it 29 nendgrefernbist lessabaationt HXOehhM artprefeassd forain mivoast.i cal

formul ati ons. formul ations ot r rihnary and for human use, of
the invention @g%lrlf"swetr@aﬁmehgg%‘ftebgﬁne&g%%e&%‘??%&lg‘edi ent, as above defined,
together with one or nore acceptable carriers therefor and optionally other

t her apeut i ¢ i nHhathacsutigal Foheulatdasr i er (s) nust be "acceptable” in the sense
of being conpatible with the other.25 ingredients of the fo,rgq}jl ation and

e
physi ol ogi cal I'y i nnbResRPopads gfghis invprsjomzre topulated withmeavengpral) ati ons

i nclude those éﬁﬁé@%@cﬁ&ﬁieﬂtﬂ%ﬁ&{ WY Blesd I Hoebrti SR Riice. The
formul ati ons may conveniently be presented in unit dosa ormand may be

e
prepared by0 anYaldets wilk contain exeipiars, clidpsswiiliers, bindera pnd b ?ibhaﬁﬁ@@}ls 30
Techni ques and L e {ﬁw‘ ] ' )
Phar maceuti cal fo éﬁg!r)\%eésrgﬁ %B%Egﬁj%%ﬂés/ﬁo?%lg 2 %@?@?%ﬁﬁ%@é’ h net hods
i ncl ude t he st etherothan bl ingtrativneeassibewil bedrotbiie. Aditfomenlatiopns edll ent with
the carrier which constitutes . 71 ope qQr nor ccessory ingredients. In
general the foPPHACELY 69%?’%?’&9‘@?@5%‘?8&5 8&?_53 i?ﬁfqr%r%t Sg@&b‘?—qqg‘lfrnalt el y bringing
Into associatli Pﬁhrhﬁé‘euﬁ@él (P BipidAE (ORI NExMbikhts include ascorbic acid and other
15  aniioxidants, chelating agents such as EDTA, carbohydrates such as dexfrin,

hydroxvalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like.

The pH of the formulations ranges from about 3 to about 11, but is ordinarily

about 7 to 10.

‘While it is possible for the active ingredients to be administered alone it

20  may be preferable to predent 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. . o

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 Reminpton's Pharmaceutical
Sciences (Mack Publishing Co., Easton, PA). Such methods include the step of

bringing info association the active ingredient with the carrier which constitutes
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liquid carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product. 5 Formul ations of the present invention
suitable for oral adm nistration naybe presented as discrete units such as
capsul es, cachets or tablets each containing a predeterm ned anount of the
active ingredient; as a powder or granules; as a solution or a suspension
I N an aqueous or non-aqueous liquid; or as an oil-in-water |iquid emulsion
or a wat er - i n- aink of mgrs atcessudysngredienfih elngetdraldhd forinmbytient areprepayd by so be

adm ni stered as bal us,.el ectuary.or. paste. A tablet is d conpr essi on
or nol ding, opt ﬁﬁﬁwﬁﬂQf% %%g%ﬁgﬁ%Wg”mg?Eggg@%ngﬁﬁ?@E%EngﬁﬁCbnpressed
tabl ets maybe pi afr{brdyr RRIPAiICRISd Bdid Arrirs SWotin Bh@theRGhhdesshiye active
ingredient in a free-flowng formsuch as a powder or granules, optionally
mxed with a bisherne thegmduglant | inert diluent, preservative, 15 surface

active or dissper si ngofgaRions MPllGHt A EhEIRIDE BRAR MbiflBklond 1n a
sui tabl e machine a mxture of t powdered active 1 ngredient noistened with
an inert |i quindkytelpuesapied Fhdistraioueitssuchys captiles) addhyisloetabletst aadh or scored and
optionally are fornul ated.so as to provide slow or.controlled rel ease of the
active in_gredicgﬂtf“m%%tﬁl%ﬁm%%&%@ﬁ%ﬁcﬁ?ﬁ’ﬁ%ﬁg&sﬁﬁgwgv Tor ot her
external tissugganles; as aBRHiton ANE suspleision ik BE adiREEbrHohAGBeoRE Bqipeder abl y
applied as a topical ointnment or cream containing the active ingredient(s)

in an amount ofas ap eil-ie-watep liguid grglsnias 2 xeder-ipgoil lintideamudsiony Te aet
[ di t I : { . %, | t f 0.1%w
such as 0. 03] e Bba R8s A R stodb R bor Urebia) ASRSRED &, 1 0 roet

preferably 0.5 to 1@=bletis nvie by bampusksidrest moldiag, optiondilyswith odelve nagé | ve

i ngredients may be enpl oyed w th either paraffinic Qqr a wat.er-m scible

of nt ment | base. SR REETY. Cafereetd ooy esee Ry OB HBE A at ed i n a
cream wi th an QuitabldmWeHRs the beADRASRent irf 2 HESHERM hCnRAUSYSwidase of the
cream base may include, for 30 exanple, at |east 30% w w of a polyhydric

al cohol , i.e. amwmleomiiontliimizgd wiib adindendrbaicaytdines dituat,augssrvelich as
propyl ene gl'syc%]urfa&{%‘é AN r]d&s&;é ﬁIP:Ea’ée# Ug})ﬂdlge%gab%gtg ?r[??g:é?ﬁdde 8L %&e48) AN

pol yet hyl ené gl'yco I ncl udiFng
suitable machine a mixture of the powdered active ingredient moistened with an

Cr

inert liquid diluent. The tablets may optionally be coated or scored and
optionally are formulated so as to provide slow or controlled release of the active
ingredient 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
contaihing 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/iw, 0.7% w/w, ete.), preferably 0.2 to

25  15% w/w and most preferably 0.5 to 10% w/w. When formulated in an
ointment, the active iﬁgredients 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 bagse may include, for

30 example, ai 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
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thereof. The topical formulations may desirably include a conmpound which 72
enhances absorption or penetration of the active ingredient through the skin
or other affected areas. Exanpl es of such dermal penetration enhancers

i nclude dinethyl sul pboxide and rel ated anal ogs. The oily phase of the

emul sions of this invention may be constituted 5 from known ingredients in
a known manner. Wiile the phase may conprise nerely an emulsifier

(ot herwi se knosuhases absogmtidnge peetration cfdhe aciivt yngratient ilvegshahe shixbur e of at

| east one enul sifi wi.th a fat or an oi] or. with both a fat d an oil.
Preferably, a P ﬁﬁeﬂiaﬁea%n%’faﬂ@'seq%sﬁl@ 48 @5%@@858@??8?“%“?&98 l'i pophilic
emul si fier whi g SulpifoxddesdndRélhted Bialogs! IS al so preferred to include both

an oil 10 and a fat, Taogether, the enulsifier(s) with or wthout
stabilizer(s) nmake L Qilyehasenfihy eraulsians afdhis ynvepfionamay bareustitedax t oget her
with the oid apgd.f Bmﬂ%@ﬁ? hGHnh L Ev [ base which
fornms the oillyﬁg?jg%erse %géahggeﬂg‘h%ﬁrg crglgm ortr% %dts’?glr? c%ﬁﬁ gents and
emul si on st abi merbran guilsifibt (etheoviselsmvinas th emfilgent) inddsirablg compises he

i nvention include Tween(r) 60 n(r), 8 cet ast ear | cohol , benzyl
al cohol , nyri spﬁ%ﬁ\lggﬂﬂgﬁs} oM %‘gg’??(‘ﬁ%lh%g%f”éﬂ’r?if@ ‘Eﬁ%{"%tga&%ﬁml %P‘il sul fate.
The choi ce of Bufdratty,e 1idtophiic efﬁh‘ls‘iﬁefr@sﬁnélh&dft@gdﬂkl%r&ﬁmiﬁo?hﬁﬁsed on
achi evi ng e desired cosnetic properties. e_cream shou preferably be a
h the desired cosnet th Th 1shoul d preferably b

ggn- gr _egs?/, Eo?ﬁ%?@ﬁh‘ffh’@g]&ﬁ&aﬁ/\h%th‘é & Bﬁ%%i_ﬁqutmeﬁtwpha?b@he@ﬁ%i sth egcyht 0

avoi a ranched chain,
nono- or di asig{:Fl aﬁaﬁﬁ&égs,‘[@ %P%r %Iﬁl%:lﬂﬁéargﬁg%iq%oa ?utastgg,ﬁlﬁgeg@c%%ellﬂstﬁgar at e,

y p y
propyl ene gl ycsi-calldd emtbifying wercawithe Wat togetheri with the sil pnd fiay naky up fieat e, decyl
ol eate, isopropyl almtate, .butyl stearate - et.hyl hex almtate or a
bl end of brancﬁ%ﬁﬂﬁ'ﬁﬁmﬂim@g@ E%&?&?@chéoﬁ%ﬁ (ORISR H@S‘h ® the |last
three being prgtghf@eubhiopst ers. These may be used alone or in conbination
depending on the properties required. Alternatively, high nmelti ng poi nt
r

g1 . I *
li pids such as whi tlemalgents prad emylsian stahilizess suifablgifer ysa imibe iormwiatign RBr  ni ner al

oils are uped UGl IRCEUL] S8 ) 3hL930 35608 ol ISR oo

alcohol, myristyl alcohol, glyceryl mono-stearate and sodium lauryl sulfate.
The choice of suitable oils or fats for the formulation is based on
achieving the desired cosmetic properties. The cream should preferably be a
non-greasy, non-gtaining and washable product with suitable consistency to
20  avoid leakage from tubes or other containers. Straight or branched chain, mono-
or dibasic alky! 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 meliing 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  pharmaceuticaily acceptable carriers or excipients and optionally 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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one or nore conmpounds of the invention together with one or note 30
pharmaceutical ly acceptable carriers or excipients and optionally other

t herapeutic agents. Pharmaceutical formulations containing the active
ingredient may be in any formsuitable for the intended net hod of

adm ni stration. When wused for oral use for exanple, tablets, troches,

| ozenges, aqueous or oil 73 suspensions, dlsperS|bIe powders or granules
enul si ons, har guspensigys; dispgssble pewders pr grpaules; emplsioing, élarﬁhqr sp8 capstlsar ed.
Conposi tions in I any net hod
known to the ar%ﬁpg&dﬁllﬁ%&%Q%ng%gl}egagﬁﬁo%gélﬁg%éu Emsg% ?’lcons and
such conposi ti anq:arﬁ;acm%gtmmrmethmd]mmm t5tlagmtrfnst11|e|mu}inufblcmm ﬂWeet eni ng
agents, flavori agents, colarin ents and reserving agents, in order
bt ovi de. . pabdriR oSt P Fi) SrBOUHARLRR S P HAT o

i ngredi ent kn %géﬂtﬁlumam@sw&taﬁﬁ henisCHRRBLEBE@ML taIBtihy ahis@RE abl e

exci pient which are suitable for manuf acture of tablets are accept abl e.
These exci pi erwr@em algents,fmprcb;‘(‘@mw‘édcalpfdat@blqpmp&qatlgn ‘Babdats epntadzingi um or
sodi um 10 car bqﬁ]g; Bre gﬁ%iﬁ 0< [ sodi um
povi done, cal cium OF &5 U pAh Sp 5&@@?@%&%&2@%}1\3@%@%&%{ ?#t%ggatl ng
agents, such asxclpﬁnmehmetshuabdﬁfoah:@mfhmwfthbldm a:tdadi‘cgpﬁblerfr]&se such as
cellul ose, mcrocgrystallin cel | yl ose, tarch tin or acacia; and

| ubricating ag&ﬁ‘f‘gleméﬁ%?ﬁbﬁsf" % dnprt & %hg F Or SRR o tal .

Tabl et s maygbe chipeRAL S5LRE, HRYsBorfhpdad, auscaénéﬂaee%dhﬁﬂ Yidegs 1 ncluding
m croencapsul ation to del ay di sintegration and adsorption in the

gastrointesti n&ﬂlcmna@tsoélmnhﬁ)eﬂ@ﬁyg{wdﬂlmﬂd@i@t@a‘ﬁh@ﬁmﬁiE’@nhaa)ver a | onger

period. For ex%ggﬁi i I ce tearate or
gl yceryl di stearaeesmgt dne c brr%\/\/%xag%lﬁ?f%gagarr%l%ﬂgo H#PW@?”%% for

oral use may becllisse, snmh,%&laaﬂ o&ﬁcabﬁrﬂ:dgelbrwamgm&pmhasﬂﬁgwmm the active
i ngredient is m xed W|th an, i nert tﬁl id diluent, for %ﬁnpl e . cal cium

phosphate or k&R, SErricasidgiglogdp £15 FRay Bp Engoated pR 12X bR chated Bt i ve
i ngredi ent 1ks '1616\‘3'&té%ﬁ%aé@%&ﬁmﬂ%m?&oéﬂb%sﬂﬁﬂéﬁt@deﬁd&%%ﬁé%ﬂm Ul oi I, i CIUI d
ueous spensi ons of the T nvent

paraffin or olive oil on contalnt
active materi alaésoa‘ptlonmthe gastromtestmal tract and thereby provide a sustained action

over a longer period. For 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 capsales

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 peamut oil, liquid
paraffin or olive oil.

Aqueous suspensions of the invention contain the active materials in

25  admixture Withl excipients suitable for the manufacture of aquecus suspensions.
Such excipients inciude a suspending agent, such as sodium
carboxymethyice]lulose, methyleellulose, hydroxypropyl methylcelluose,
sodium alginate, polyvinylpyrrolidone, gum fragacanth 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., heptadecacthyleneoxycetanol), 4 condensation
product of ethylene oxide with a partial ester derived from a fatty acid and a
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25 adm xture with excipients suitable for the manufacture of aqueous
suspensi ons. Such excipients include a suspendi ng agent, such as sodi um
car boxynet hyl cel | ul ose, nethyl cel | ul ose, hydroxypropyl methyl cell uose,
sodi um al gi nate, polyvinyl pyrrolidone, gumtragacanth and gum acaci a, and
di spersing or wetting agents such as a naturally occurring phosphati de
(e.g., 30 lecithin), a condensation product of an al kyl ene oxide with a
fatty acid (e.lgxjtol gybygnidey(eihpblnryetiviare acmbjtan movaricke)sEhd apeprsoduct  of

et hyl ene oxi de_wi t hioﬁ Iaorﬁl?gﬁ cc.hfauinn al i %‘gat i C aIa .ohoIu @e.ﬁ&h nepropv

hept adecaet hy | SREBRIR 4 f5i0) 00N One 95 FOLG RIETFTVALY SRt 2PNk IPEPRY oxi de wi t h
a partial est ep-hgdbky-Behzbiteons of atoke/colming agatls,and 4r Mexd fabrinnhyegtsi de (e. g.,
pol yoxyet hyl ene sorbitan nonoo] eate). The aqueous suspension nay al so

contain one or2MH8 OpROETRESICRIPE SEEHD uchas sEHpIe Fseqthyimpy |

p- hydr oxy- bgnzoat e, ; | AGERE : oring
agents and one or %%?lgsp%&sédeaggﬁyﬁglfgéﬂgg%é, suc%ng%g&%cggg%gdgg{écharin. 5
Q| suspensi onig anegetblle bidy suoh ag arachin/olk obiyesitisesgmetod caicodomst dibgrimdi ent  in a

vegetable oil,_ suc s_arachi s, oil ive.oil, sesame oil.or coconut oil, or

e A neral B o R TR ftagin e 6t Sener SR 85 one mmy: cont ai n

a thickening hgketing sgeaf) sach RdesX, hdtdpataffiaroa bityhalehol @Wec@higghol .

Sweet eni ng agents, such_as those get forth above, and flavoring agents nmay
é

be added to 10°85RE:\qualeathes sstvphaboveapndflayprpgigesis mapheaddedioposi ti ons may
be preserv i biel QX Mafﬁﬂ?‘% G acid.
Di sper si bl 1(.:a{;dpo 7 ‘élrgggn ggfreé)(r?\él}lpe a%&"?’%ﬁ?\?e t%lgﬁ sulta ege?‘z)e?b%prepar ation
of an aqueous thosgdiiei aiantaptictidand detibtas escodfic sad.er provi de the active
ingredient in adm xture . th di sper si:n wettin n a suspendi ng
agent, 15 and one lsmﬂeéapgggp\%&m@gsgcgﬁ%%B?rgmagg,%%‘f%foﬁg or wetting
agents and Suﬁrﬁlﬁiﬁﬁdﬂ@f&ﬁ%ﬁi@u@i@?mﬂm%ﬁda%ldiﬁbﬁofh@ﬁaﬁpﬂivﬁié' liRsggvabove.
Addi ti onal excipients, for exanple sweetening, flavoring and col oring
agents, nay al@gregient igadaisdyre withe SNSFIREE TSI a280inh SEPENIREALEEL t he
I nvention y ' f ar: Qo] %ﬂfg@ﬂjs ns. The oily
phase nmay E% aﬂ\ﬁizgig? ggﬂlogs ﬁgle%fvaﬁﬁ%shggl?b R difelsilg br & e

suspending agents are exemplified by thoge disclosed above. Additional

excipients, for example 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 & mixture of
these. Suitable emmlsifying 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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olive oil or arachis oil, a mneral oil, such as liquid paraffin, or a

m xture of these. Suitable emulsifying agents include naturally-occurring
gunms, such as gum acacia and gum tragacanth, naturally occurring
phosphatides, such as soybean lecithin, esters or partial esters derived
fromfatty acids and hexitol 25 anhydrides, such as sorbitan nonool eate, and
condensati on products of these partial esters with ethylene oxide, such as
pol yoxyet hyl en¢hososuitablaniispersingloe ateing aféres anlsfuspendingayerad whick biteai n

sweet eni ng and_fl avorin ents. I ups d elixirs maybe fo | ated with
sweet eni ng ageh??,m%q}eﬂg%‘g’%ﬁ?'@&s@%?e IEJ(?F%EFQFCPB‘?‘I’“O’%H@V 6%8_%‘3 %ﬁ{?ﬁﬂ'f ormul at i ons
may al so cont ajdjechabkLdBlttRaIb susPeriddSH b Wehl0i8e paentbtally 20tepthble dienfof Ol O i NG
agent. The pharmaceuti cal conpositions of the invention may be in the form

of a sterile pelyenbtsuph e piobigiopde | droutapadipl 95 prepered ps 3 rophifizadt abl e aqueous
2o ! ; . s
Che koo ors BAVARAShAR e Wb RRRR, s IR b R058) 0 10 ©

the known art | spersing or g “agents and
suspendi ng agewhter,\Rihgd's keluon drddsotormasddbme dhlabdywlutibhelnsidditiohe | nj ect abl e

preparation ma e..a sterile, ipjectahl e solutjon or suspension in a

non-toxi ¢ par e\ﬁ?ﬂﬁﬁxﬁgoﬁ%’?@?ﬁ%@mﬁ?ﬂtgﬁm Yeaas B sayent & fPeREns sol ution i n
1, 3- but ane- di O{ne@¥und) FEPREQATEe %ﬂMﬂMﬂdﬁ%ﬂ%@mﬂﬂéyed&ﬁ@ﬂﬁng he acceptabl e
vehicles and solvents that nay be enployed are water, R nger’ s solution and

i sotoni ¢ sodi ufmEtie miage- erliglyraides. ha 0 Aty acids seqhyas elof¢ seédimay | s may
conventiongjl y]jjgﬁvigmé%¥§%ﬁ§g§@%§h%}ﬁﬁ%§§aﬁgépendl ng medium For this

pur pose any bl an | Xe I ncl udi ng synthetic nono- or
di gl yceri des. | n adtlhd amount bftctiye amgrediens thetmeagsbotomtdnaicvith e yartier | | kewi se be

used in the preparaiion of injectables. The anoynt af actiye ingredient that
may be conbi neﬁpa%”#mtpﬁ%‘ﬁﬁﬁ?ﬁén dowz%w?kwa%’aﬂ@@gﬁp%tﬁﬁh@tdosage form
W 'l vary depeggiigfaddiROpiriouitasdde dih@alr@daftd Fohexapmld, hGiMedkicanrde of

adm ni stration. For exanple, a tinme-release fornulation intended for oral

admi ni st r at i onfarmulitipn Hdenday i ol afministatigplodiineas @iy cantgis 1000 ng of active

material c o] | ' o] i - carrier
CATEOMHEATY SPURLERL ) el SHDYGIAE S Aol o211 o

mat eri al

and convenient amount of carrier material which may vary from about 5 to about
95% of the total compositions (weighf:weight). The pharmaceuntical composition
can be prepared {o provide easily measurable amounts for administration. For
example, an aqueous solution intended for intravenous infusion may contain
20  from about 3 to 500 pug 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, nsually 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 mbuthwashes
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.
76



95% of the total conpositions (weight:weight). The pharnaceuti cal
conposition can be prepared to provide easily neasurable anounts for

adm ni stration. For exanple, an aqueous solution intended for intravenous

i nfusion may contain 20 fromabout 3 to 500 g of the active ingredient per
mlliliter of solution in order that infusion of a suitable volune at a
rate of about 30 M./ hr can occur. Formulations suitable for adm nistration
to the eye include &psnurips suitablefoninthpuloohiryer nagl sathieistraiien livegol ved or

suspended in a _suyitable. carrier especi aqueous sal vent. for the
et ve i ngr ed dttelds ot Mepist inghERRECHY L DB BRI RROREPREER. 1 Such
fornul ations i RiRs BOANGEFE Bedivb@0. Dind)50D hierodd % inadihank ageetshich@s 6.5 0 10%
particularly about 1.5% w. w. Formul atjons suitable for to iC?‘lélb
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admi ni strati on % AQ EREORH AP FIFTRBY, Gige, Whish isngrunisigieh by s3mig

I ngredi ent ign ' g]hhpé- A4 BGAG gacant h;
pastilles cgrrp?]?%!l%ﬁ%ﬁgsag@%b%g #ﬁgre | 2?\1?&% ar%h?%g‘ilt %ggé %arg%cgtté%ch as

gel atin and gl yatweplansacer Switelle Semalatiomdadinds aguaalisrp wiliseleties of ¢tenpri si ng t he
active ingredient i.n a.sujtable |iqui arrier. -Formul atjons for rectal

adni ni strati on Vlﬂgemg ﬁ%‘&&laﬁ%fﬂ*’&“gﬂ%%ﬁ F?%ngﬁytﬂﬁ’wge’éui tabl e base
conprising for agmiiRtaios @69de PriphRi abdording & dodyttiofal M@hdR AT Ay boNs .
suitable for intrapul nonary or nasal adm nistration have a particle size
for exanpl e i n deliecrediwie offer herppewiczgeninsuch ansorppavadyleareigiosapsed & Be sj zes in
a range betypee ) A1 Qe such as 0.5, 1,
30 m crons,I%S%%gﬁ%rgwl%&%%ﬂh%agﬁlrr%ﬁﬁsterg([:l\? y rapid inhalation 5

t hrough the nasal p&esaugjetias styabladoalaginadadministratitn mlgpbapesdntedasas to reach
the alveolar sacs.. Suitable fornulations,include a ue@l%ﬁ or ojly solutions
of the active PCHErEarEMC > E6PH %etlﬁ’B_ e85 ToPs B PO Q5 cogipt powder
adm ni strati on By RIBPANIQE irdesnt il chvicfhaR Wl omah H¥REReds and maybe
delivered with other therapeutic agents such as conpounds heretofore used in
the 10 treat rrer‘i‘_PPI’@PﬂﬁPophyl axis of conditions associated with HV activity.
For mul ati ong_sul t ablegyhhisAgiile AFlSh] AlifRuliRY Biud SAENL 5 a5
pessaries, tanpons, creans, gels, pastes, foans or spray fornulations
cont ai ni ng non-agueous sterile injection solutions which may contain anti-oxidants, buffers,

bacteriostats and solutes which render the formulation isotonic with the blood of
the intended recipient; and aqueous and non-aqueous sterile suspension;s which
may inclnde suspending agents and thickening agents.

20 - The formulations are presented in unit-dose or niulti-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. Extemporaneons
injection solutions and suspensions are prepared from sterile powders, granules

25  and tablets of the kind previously deseribed. 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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in addition to the active ingredient such carriers as are known in the art
to be appropriate. 15 Fornul ations suitable for parenteral adm nistration

i ncl ude aqueous and non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and solutes which render the
formul ation isotonic with the blood of the intended recipient; and agueous
.and non-aqueous sterile suspensions which may include suspendi ng agents and
t hi ckeni ng ageftesefor20 The fornul ati ons are presented in unit-dose or

nmul ti-dose containe Jor ex | e.seal e oul es and vi,al s nd may be
stored in a freeze- r?%ﬂyfﬁg‘éﬁ ?%%Er?sg‘ge@@ri%ﬁp}l@aﬁoriaﬁgnncl)ghtf%gt he

addi tion of théhesbmipbiition arflingly Bogoliddiquid argasednamptegialyatiach fror i nj ecti on,
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containing a daily dose or unit dai sub-dose, as .herein above'recited, or
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understood that in di.tion t.he i.ngredjent articul arl. ioned above
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i nvention fur_tH]éarmﬁ‘FW‘ﬁé@tPéi%’P 90’%%%%’?@%%6%%?91@@5@ | east one
active ingiedi REnRR ﬂ%g&f@vﬂ&f écﬁ?ﬂsi R oRrisith toﬂ?@rﬁﬂﬁﬁfeecrohﬁy%ﬁﬂs%ﬁhre' er 77
r are seful for

therefor. Veterinary carriers materi al s e purpose of
admi ni stering tiventvmrfpugilated foramslained orlventsaleddeledsequi d or gaseous material s

whi ch are otherw sgq.dnert. or acceptabl.e in the veterinary, art,and are
conpatible with t heﬁﬂg"?’ac SfiPVeOf?lﬁ%Y’ éﬂ?&%‘?’%ﬁ %‘Q a(}g@gpyﬂgrréu%% Sitions
maybe adm ni st esRigtioartRidgyireatedpoRiditg rtlctiiér the coyipaid i9bEiRE ustdsi red route.

Conmpounds of the ir}ve_nt on can_al so, be fornmul ated to provide caontrolled
rel ease of thePHWPRY Wﬁ%ﬁlé‘HFféjf?ﬁesﬂséh%mP@W pedelrverye ¢ Phpswasytiedl to i nprove

the 15  formulation, and will be determined by the clinician using conventional dose
escalation studies. It can be expecied 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 mutiiple 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

éublingual), vaginal and parenteral (including subcutaneous, intramuscnlar,

intravenous, intradermal, infrathecal and epidural), and the like. It will be

appreciated that the preferred route may vary with for example the condition of
30  the recipient. An advantage of the compounds of this jnvention is that they are

orally bioavailable and can be dosed orally.

Combination Therapy
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phat macoki netic or toxicity profile of the active ingredient. Accordingly,
the 10 invention al so provided conpositions conprising one or nore conpounds
of the invention formulated for sustained or controlled rel ease. Effective
dose of active ingredient depends at |east on the nature of the condition
being treated, toxicity, whether the conpound is being used

prophyl actically (lower doses), the nethod of delivery, and the

phar maceut i caI 15 fAetivelisdredients aflﬂemivbﬁudnardﬂkeﬁseﬂmdorbbmﬁthmmﬂi ni ci an using
conventi onal 13 escalatron e |t can q gegﬁed to be.from about
0.0001 to aboutB¥GSIVHIEEGBH Psararewrsﬁﬁ 658 Py BefpRfiithout 0. 01
to about 10 nogoks thedy, crasairg&z:hvi@er oﬂﬁ%‘bdl%tﬁand opétiyarakout . 01 to
about 5 ny/lcg body merght per day re typrcally, ronrabout .05 to about
0.5 ng/ kg body® HyWPnper 20 day. For exanple, the daily candrdate dose for

?gogdlrjrlgt Brefgrg{)l ag)ss)é’\/\réen @%){0 CO%%Qg%%g%w g (WIME t{?ﬁ%ﬁﬁlegnfﬁgmlopg to
single or mul tmpﬂeeaﬂnhmaﬁ;sve Iﬁg're:ﬂmﬁts ufarﬁdmyuﬂcﬁageaﬁ)rmrﬁor@nﬂultmnemroe conmpounds of
the invention (herei eferred to as E acti.ve %r edi.ents) are

admi ni st ered bSFISHY SE?}WBF‘IPSH t et‘??e“bél@ﬁﬂP g treat ed.

Sui tabl e rout eginlifiislckds 8 sRhultah8Gil ¥k seqlaRAl rogtfd. q#hedac&ﬁhﬂféreag buccal and
subli ngual), vaginal_ and parenteral (br ncl udi ng subcut aneous, intranuscul ar,
i ntravenous, iyearentielyrdhe cambination swaibe adwinigserad ndvp, orarde t he |ike. It wil |
be apprecjaqt ed, t:-hat Jtﬂg preferred route may vary with for exanple the
condition of 30U the'recipient. An advantage of the conpounds of this

invention is that Theyonaisationrthdrhpy maousidb Sﬁh&gghdnd:‘&@néigstﬂ@&ﬁit”pr ally.
Conbi nati on Ther 3%8 Agit@iyvtf Ln edi ents of the |nve tion are al so used in
conbi nati on wit%h glracgiey e} ‘?“%?@‘iﬂvér’ﬂ%e legitised EsAniese 198 sel ect ed
based on the Cﬂ@@r!rﬁr'o?fheeﬁ@ct?ﬁm@fe@ﬁ%s%mﬁi ﬁe%@ﬁﬁ&ﬁn\ﬂhgép%faté?% Angredients and
phar maco- properties of the onbi nati on. It 1s also possible to conbi ne

any conpound ofynetgistic affeqt mw@emmed)wbﬂlﬁhe active ingredients are: (1) co-
15 fotmulated and administered or delivered simultaneously in a combined

formulation; (2) delivered by aliernation or in parallel as separate formulations;
or (3) by some other regimen. When delivered in alternation therapy, a
gynergistic 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 Tnvention
25 Also falling within the scope of this invention are the in vivo metabolic
‘ products of the compounds described hetein. 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 manumal 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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nore other active ingredients in a unitary dosage formfor simultaneous or
sequential admnistration to a patient. The conbi nation therapy nay be

adm ni stered as a simultaneous or sequential reginmen. When adm ni stered
sequentially, the conbination my be adm nistered in two or nore 10 .

adm ni strations. The conbination therapy may provide "synergy" and
"synergistic effect", 1i.e. the effect achieved when the active ingredients
used toget her ﬁlwegﬁma@nhﬁmﬁng itpmerscmlijoiﬁl adw@c@bfeebﬂs(etg;@eatﬂshm s from

using the conpg te A ner Ilc effect nm {4 a ned when
the active i ng g‘?ﬁgrﬁ%gg@% %m%al Sy a]sa usfe%“%ﬁﬁl%mggtered or
delivered si mJkﬁa@mm&ﬁg/sufﬁmmtmﬂmdtabcmmloﬁédxc(@plcéﬂy aMdtwered by
alternation or @“épgl el as separate formyl atigns; sonme ot her

or
regi men. Wien aesondi 40 bopesEandiselatings CORESFH P Progucts frpmthe W%g@f) fect may be
attai ned when a: ntlaIIy,
e.g., in segar tg?gtht ab} Q%@ﬂ%aﬁpﬁﬁg ggésgg{)&gﬁétggre%ﬂﬁ%%ﬁéﬁigg%%g 9%‘8 i nj ections
in separ ate sylla'bnlgééoﬂlﬁ:rsla@eﬂ:éﬂatlby ‘dl@msm@ aatibaticsampaie oifiundipgpplmpes effective

dosage of each _active i ni. st d s i aII Le.

serially, V\,herglérg% &T%Fﬁtg?qqﬁ?? tﬁ‘g tgfsﬁ'g?;ﬁq/%r gie B two or nore
active i ngrediemfesticabiaglith, ¥ s 88 otM&@ﬂydeﬂhigbﬂﬂrﬂlﬁﬁlﬁfsthe Conpounds
of the Invention %5 Al so falling within the scope of this invention are the

in vivo netaboeano W%&L?@P%WWW‘EWHWHG Sryeseetabrlisas sudissych product s
may result qfor Weﬁ%ﬁﬁﬂh?o b i QEt 9B co xgcﬂ’akg} cts*‘k’(g{?‘ﬂ%)éﬂh%

am dation, esterification and the ni st é&red conpo
primarily due wwnz&Ma;echpmd)m%sre usetfuhurdmgn@tzy assahefor thegapeiin ncI udes
conpounds produced D sin ntactin ompound of this
i nvention wit h% ?f%g?c "’Ouﬁa?)%ég%ﬂwc" n‘[evﬁg @fﬁyf Poe asnrga 1?]c}?yl eld a

nmet abol i ¢ produﬂﬁblfohjeﬁmftywm&mmduct s typically are identified by
preparing a radiol apelled or H3) corrpound of the 79 invention,

administering it paRedd P@@&&W%ioﬁls for deterpingig stabtls ef pamppundyinsuresata han
about 0.5 B/ Keifofht@BntbdBlons Y \afdSim! ompBRttRGre EinBE HerlinGs sfIBAkEY, or to

. in the gastrointestinal tract where less than about 50 mole percent of the

.

,_,

protected groups are deprotected 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 vive. 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

tumen, liver or other metabolic organ, or within cells in general.

Exemplary Methods of Making the Compounds of the ITnvention.
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 Comppendium of Organic
Synthetic Methods (Tohn Wiley & Sons, New York), Vol. 1, Ian T. Harrison and
Shuyen Harrison, 1971; Vol. 2, Ian T. Hairison 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. Smifh; as well as
March, J., Advanced Organic Chemistry, Third Edition, (John Wiley & Sons,
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man, allowi ng sufficient tinme for nmetabolismto occur (typically about 30
seconds to 30 hours) and isolating its conversion products fromthe urine,
bl ood 5 or other biological sanples. These products are easily isol ated
since they are |abeled (others are isolated by the use of antibodies
capabl e of binding epitopes surviving in the netabolite). The netabolite
structures are determned in conventional fashion, e.g., by M5 or NWR
anal ysis. | n g&leerirk, B84), ComprebensivarDrapnicSynthedis Skientivitn Sttsteeyfore way as
conventional d . i ' 1 |4 t S illed in the
art. The conveﬁgggig%ﬁgg%gggkﬁ$u1%@ﬁmﬂg * 9%%%@%Q&§%P&QQH§P%¥SE found in
vivo, ate usef BlitdrrindlldgiPatitomBiesy NelivdWork 993 peititing. dosi ng of the

conpounds of the inyention even jf th possess no H'V - inhibitory activity
of their own. Reci sluawar?ﬁ?ﬁﬁ%ﬂﬂ!&?ﬁﬁé@tf&:%Fﬁreﬁgrag%aﬁhpwnwﬂ@&ﬁpounqs in
surrogate 45 gpmb iRl PRVIREGEBY. AMSscAhRhdRAN intd-APGYMEERE. def i ned

herein as stable 1in the gastrointestinal tract where | ess than about 50
nmol e percent ofatiteef guaktpsenasatiogs enduse notdutgedaddoe nitdhe soope of appliedble i nt est i nal
or gastric jui g(}%g%ﬁgn i ncubation for 1 hour-at 37 C. Sinply because the
conmpounds are to the gastrointestinal tract does not nean that they
cannot be hydr ol yzeGeneball, the.reabtién 26hditivds piuhag tenpetate igsctioh tinfeg | nventi on
typically wll crtie stable in the digestive ééﬁst m but are, substantially
hydrol yzed to SHEnEsWorEdp Prreresnandibe Brgyadll be those epmupon Iy thert 8 ot her

et abol i ¢ 9 gafhe ot RhiNicidhhe pbifoRACTRL oi 8L YrafdRED Mai dn. gt he

t
Conpounds of the lnvention. The fnvention also relates to fret’hods of maki ng
t he conposi t i owithafateriabcite@Shérmmernniains. defiled desepipiéins obsehaprdiionspar ed by any

of the applicahl e technjgues. of r.ganj IS n uch techniques are
wel | known in ?ﬁ%ca&&tﬂe SHtRatRkres mﬁa%ﬂ%@@ﬁ%ﬁﬁﬁﬁ@%ﬁm@%%’ oG E el abor at ed
i n Conpendi um @foti€)and agkction Ges Wil beClOMEdHAd S0 (O, Wdreyp &phatg, New Yor k),

Vol. 1, lan T. Harrison and Shuyen Harrison, 1971; Vol. 2, lan T. Harrison

and Shuyen Har Fusisi of gysnehinggny unygacied jeagants faflo oERBP \\ade, 1977

oRpstt
Vol . 4, Legoy G V)ﬁ%gnij o l 1\@2& o thd84; and
Vol . 6, M chael §. m tG %{%@ﬁ%ﬁﬁﬂg{%& %%gﬁ%@ﬁg?ﬁ%a nggn%{nénagnt?xc Chem stry,
Third Edition pddiei. Wl ey & Sons, _

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 teduced 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, althongh for non-equilibrating, kinetically controlled
condensations reduced tempcraﬁlres (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 synthétic techni@es such as azeotropic removal of reaction by~

products and use of anhydrous reaction conditions (e.g., inert gés 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. Bach of the products of the following processes is optionally
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80 New York, 1985), Conprehensive Organic Synthesis. Selectivity. Strategy &
Efficiency in Modern Ora nic Chemstry. In 9 Volunes, Barry M Trost,

Edi tor-in-Chief (Perganon Press, New York, 1993 printing). A nunber of

exenpl ary nethods for the preparation of the conpositions 5 of the

i nvention are provided bel ow. These nmethods are intended to illustrate the
nature of such preparations and are not intended to limt the scope of

appl i cabl e nestmadded, Golatadabddfor puhified pawmtto da usdndithsequesit piwcdssas t enper at ur e,

reaction tinme, solyent rk-up progedures, and the |like 111 be those
common in the art f ner%év’ Gl ngﬂjﬁ%c?nslsg%&s?%pelr ereﬁ%qqnmﬂﬁ%d. The cited
reference mat egbl@énts, vagleup pfocudurs, AR @& liRd, vEll be thosbedinbn il bAIfGS det ai | ed

descriptions of such conditions. %’ypi cally the tenperatures will be -100C
to 200C, sol vethepaiquar sackies gibepegprmegy dhf sltedygtpronsa matesial, tagelsT wi | | be 10
seconds to %0 00 ke Loy, i : i enghi : uur eact ed
reagents foll o&g%l %/ palél?;l ti %rﬁ&bg@v\u}e%sndegﬁ%gd\é/%figfr?‘;ngﬁbgam ?Oﬁgieg#bysyst em
(extraction) aflgpisabaihatdnmmgratives Will/r-10¢16t tai2B0N1E) solvents pilbbeigirotiddei dati on and

reduction reaction re typi.call i ed t t ratur.es, near room
terr;eriatt ure (aBEﬂ%f’s f@}"fh&gﬁ’ﬁwﬁhgmée dgiflo h@é@ﬁd%ﬁ'&ﬂﬁﬁ??@ﬁs frequently
the tenperat ur @ofsssty EfueRBidpnd vbrebted ffbnts foHOWNER Sarfiich Fldwéeni cal |y

aprotic for reductions and may be either protic or aprotic for oxidations.
Reacti on ti nes watesopgapigdesey Sﬁé@@ﬁﬁ@ﬁﬁ@%@@i sepsdatingribe laypinentainiegi@ensat i on
reactions gpe typigally carried out at tenperatures near roomtenperature,
al t hough for non-equilibrating, kinetically controlled

condensat i ons- r educ &didatiopardatduction {Actionk are-t§HiCally) camisd cak slo conmon. 25

Sol vents can be either protic (commpn |in equi llbrating reaction or aprotic
P oo o et abes Seat o GrPSRRTelbe R a0or). MiBpiehdar GoGlhiRek o P

techni ques suchedasticie FREkRy e BABM ROk rddBcd b @ (Dty~10U @uslhsniand use of
anhydrous reaction conditions (e.g., inert gas environnents) are common in

the art and wi kxpidsly apistic & redvstionsmpH imeaibe either protic or aprotic for oxidations.
15 Reaction times are adjusied to achieve desired conversions.

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

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”, “ireatment”, 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 componnd two” is synonymous with “allowing compound

30  one to react with compound two”, “contacting compound one with compound
two”, “reacting cortpound one with comnpound 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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30 Schenes and Exanpl es Ceneral aspects of these exenplary nethods are
descri bed below and in the Exanples. Each of the products of the follow ng
processes is optionally 81 separated, isolated, and/or purified prior to its
use i n subsequent processes. Cenerally, the reaction conditions such as
tenperature, reaction tinme, solvents, work-up procedures, and the like, wll
be those common in the art for the particular reaction to be perfornmed. The
ci ted ref er encexanpleticating indigates the reasongblerendusenl mahneriin whichivegasion, cont ai ns

detl o0 oo Al HER ) LRl VBRI 041 BEURORREF 1 ] e

0 e aprotirc or I mes will
be 10 seconds 0dM b 1My, sempdbatkres P10 TC A0YC, Bphallgt? Wf tod¥enChintg any
unreacted reagents foll] owed by partition betwes wat er/ qrgani ¢ | ayer

syst em (ext r acBPSRY affy S lpf0a iﬁ&f@ﬂ@ %@W\ﬁggﬁpipﬂi ﬁi} r?@‘fB‘”?‘i‘ﬁs ¥ oduct .

Oxi dation apd ualy Qhs! 1A ABRY AoBrehitPiréRhieY, ARbiphEd i ait ENPEratures
near room temgt?git uryeél( asblgut 20 C_:)_)’, Y t_hgﬁurgh_fo’r mtpgl %ggéllcd reducti ons
frequent |y t hefurexpeanand ity dnsensiiincagactionQor@itregen boargon fyckygmita ar e

typically aproti or..r tions, a ei.t her. nroti.c .or rotjc for

oxi dati ons. 15%"&%5%%5%%??%@#&P@n‘gegij%%%ﬁ?%“%%ﬂ?%%ad ?IWQW?%%Q rsions.
Condensat i on r eadlar fastick &nbyRircb by ofGipidie shrihtisisake tedReseldctifighenear room
tenmperature, although for non-equilihrating, kinetically caontrolled

condensat i ons PEUIHAY 2pd ARRSFakes fre drephng® il @ BIVED BTQCPssa fb PHTiEHat: 8Rsen.

Solvents caf b%rcﬁﬂa&?ﬁ&‘lﬁ&{ﬂ%ia&oﬁl ed'@#ﬂeﬁ%ﬁebﬂs%&%@%ﬁ%g&%%@aﬁ%ﬁ%) or aprotic

20 (common 1 n kinetically contro eactions). tic
t echni ques suckeasmablyespeatsl to snesessiidly cofry pelibe ciamital reastiodhinftle and use of

anhydr ous reactian, conditions_ (.e. i nert gas _environnments) are conmon in
the art and wi PP lée‘ﬁ%ﬁ?".%ea bﬁf?gﬁngfb‘i}ﬂoyi@ﬁggl@ﬁ@qt erns "treated",
"treating”, "treatnRRiificafitid dflbgchl ofkiR exeiRr}EREmEshad2b HeRAREFRE ON With a

chemi cal synthetic operation, nean contacting, mxin reacting, allow ng
to react, bri nigliphiesemplapschemen Hepdsie yanqus gaal §pRcifife

15 exemplary materials produce. The above-cited citations describing suitable
methods of organic synthesis are applicable tc; such modifications.

" In each of the 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 technigues common in |
the art. Typically such separations involve multiphase exiraction, 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; ion 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
chromato graphy.

Anotﬁer class of separation methods involves treatment of a mixture with

30  areagent selected fo 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

&3



art for indicating that one or nore chemcal entities is treated in such a
manner as to convert it to one or nore other chemcal entities. This nmeans
that "treating conpound one with conmpound two" is synonynous with "all ow ng
conpound 30 one to react with conpound two", "contacting conmpound one with
conpound two", "reacting conmpound one with conpound two", and ot her
expressions comon in the art of organic synthesis for reasonably

i ndi cating t hatf adesip owbstial, bass wathe tiseod eralidic rateatal, ditding mhgcowedelt 0 react”,
etc., with conpound two.. For 82 .exanpl.e, treating indicates the reasonable
and usual nan gﬁnﬁo%ﬁ%‘gﬂgﬁﬁﬁ?%s’s E%ﬁlageorﬁls’égja BN TE®r eact . Nor mal
concent r at i onYicuQl/Kqdil fon ekfhdtiob yeugeds (MX),GriMdlilke. 1M, tenperatures (-100 C
to 250 C, typically -78 Cto 150 C, nmore _typically -78 Cto 100 C still
more typically 0 CS¢lctomoi@ppropgatemmaihedy abssppation depgpdsan thyogmsof | pl asti c,
metal), solsvenhemaRiet MofRd, PbIDRRRR! Bsilikd YA Bid Mofkbilar fanAYYIeN and

wat er insensitive reactions or nitrogen or argon for oxygen-or water
sensitive), etdstillatioreaidsubligaeiion, piesmee ot dbeense 9€polamiuoctiondl gty iknowl edge of

simlar reactigns kno in 4. rt of,arganic nthesis.are.used in

sel ecting the G%Ec’&’ﬁag?gr sg}%'ﬂgg’a"gﬂ?%ﬁt%}a{f %‘8& 'aPﬁﬁﬁsll?Wﬁ ai”hmﬁl_t‘é’ﬁ?ﬁgn process.
I'n particul ar,exgagionf anBGhOTikd. NOdieyskelet i the ArttwiE apply tehnineanbs likypt hesi s

sel ects conditions and apparatus ,Z reasonably expected to successfully carry

out the cheni dapchigngdbs desgedseppraiondescri bed processes based on the

know edge g0 the arg I f i : schenes and in
t he exarrpllé)g (heréﬂ?l?%frggf%é)?gsgn%leg?%’g%ﬁg%glgm)glt’Is{égal St v%ﬁ%ﬁs anal ogs of
~the specific Iserenismph aray bewmbiicd by rgsolmton of thd keeembovichot tgdg gi t at | ons

descri bi ng suit apl t hods.. of organi c synt hesi.s .are .appli.cable to such
nodi fi cat i ons.m‘%ﬁo‘gs&'ﬁﬂg%g’r@ﬁtéone?foé#%feﬁqﬁ?%%Wg}gé?hﬁlg’rfﬁyv‘gg’s%m’\l?ﬁnt ageous to
separate reacigkh (Eresiheinsstivi FDHIA CoRlobiets, Q082 )Hy B.IQMWlsE Mddrig naterial s.
The desired girgoducts of "each (ié,gﬁyor series gf s)?jey S IS separated and/or

r -

purified (her dfifabecdmuler, Co bl lgorRegtebi@H2 e Rappmifongenei ty by
the techni gues,Goprmg chﬂal-comgpﬁdgg}?the-[ﬁ%w&l doh b%‘é%é}rﬁ&?&[d%dl{&\@g?é nvol ve

mul ti phase extraction, cryst I on roma solvent or 'so m xt ure,
distillation, amsubtitablemethod,dnchoting i)t fomuatiph pf ionic, diastereomeric salts with

chiral compounds and separation by fractional crystallization or other methods,
(2) formation of diastereomeric compounds with chiral derivatizing reagents,
separation of the diastersomers, and conversion to the pure stereoisomers, and

20  (3) separation of the substantially pure or enriched sterecisomers directly under
chiral conditions.

b 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  asymmeiric 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 sepération 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 diastercomeric salfs.

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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Chr omat ogr aphy can invol ve any nunber of nethods including, for exanple:
rever se- phase and nornmal phase; size exclusion; ion exchange; high, nedium
25 and | ow pressure |iquid chronmat ography nethods and apparatus; snall scale
anal ytical; sinulated noving bed (SM 3) and preparative thin or thick |ayer
chromat ography, as well as techniques of small scale thin |ayer and fl ash
chromat ogr aphy. Anot her class of separation nethods involves treatnent of a
m xture w th B@,a 322)gBPmstesmlrect edmpaunids oah Hedoomed tgnderiingabenmitsie separ abl e

a desired product nreacted startin terjal..teaction b roduct, or the
ke soanr oatitiount] Wi S aRdtay it S e B e el S B 07 v o
carbon, ol ecuigfith§ll RYieSives, FollowedhiaRpaRatiRdifahe distdrbEndrs kel hyllrdigdiaat i vel y,
the reagents can be acids in the case 83 of a basic material, bases in the

case of an aci Wiveldthedreapnantiomenically prricheckapthanen A aethehef ds@nEdng pi ndi ng

pr ot ei ns, | eCtlid | QL le)gui d ion
extracti onsjraea edﬁ&@@%f%%ﬂé@?ﬂﬁ&&@%?&%gﬁgﬁ %1§8%m%§%%g% ’z@e nmet hods of
separ at i on depmagthylahldrdfermats it te pfeserioe bhieasemic Mashbresten\oinettdxy-bpr exanpl e,
boi ling point, apd nolecular weight in _distillation and sublimation,
presence or a_b%% %‘EOI_E‘F& @Pﬂ‘%ﬁﬁ@ﬁ@_&?ﬁb Hbl(ir{ﬁ;ijl (hrg. @ﬁ%ﬂﬁﬂé&gﬁ% stability
of materials | foaoitnA dnPas B AR RAAREorofetcE BEE Ry and the

like. One skilledint e.’art W t echni ques st ITtkely to achieve
the desired segepitoinsric dibSierkoniersg|Stabét diastareanare of atwopipomerion canpmndoner

substantially free of it tereoisoner.,.may _be obtal ned by resolution of the
racem c m (ﬁur%anleP i %eéﬁﬁflﬁcgateghgHow'f%ﬁﬁfa@rs&?ﬁ%?e cﬁfoﬂ%{%g@%r S usi ng
optically acti pfowapchsthedy foe@pabtion Saabpieaheid mphthybkoduatdiass Conpounds
(1962) by E, L. Eliel, McGaw Hill; Lochmuller, C H, (1975) J.
Ewhro_mat og[_., 1@@?37(3;312,%%’é@%;lﬁgmﬁé@aﬁﬁg?%we%%l corrpognds of

e invention : | : : %rjp@??lg :
i ncluding: (1) %@?mﬁgﬁﬁoﬁﬁg yg?sﬁggggngﬁfgﬂigéﬁ?%%ﬁtdw |€al
conpounds and dal i ographp(1489)cWy Laligh, Fdt ngm aod Biell, met hods,
(2) formation Qb4 2R\ GLERTS (o0 PARSTRantly! BrePsPhe) SBlhoyaa b o reagents,

purified enaptiomers can be distinguished by methods used to distinguish other

chiral molecules with asymmetric carbon atoms, such as optical rotation and

circular dichroism,

-Bxamples General Section
20 A number of exemplé:ry methods for the preparation of

compounds of the invention atre provided herein, for example, in the Examples
hereinbelow. These methods are intended to illustrate the nature of such
preparations are not intended fo limit the scope of applicable methods. Certain
compounds of the invention can be used as ii:lt;armediates for the preparation of
25  other compounds of the invention. For example, the interconversion of various

phosphona;fe compounds of the inveniion is illustrated below.

INTERCONVERSIONS OF THE PHOSPHONATES R-LINK-P(O)( ORM, R-

LINK-P(QYORYOH) AND R-LINK-P(OYOH).
30 The following schemes 32-38 describe the preparation of phosphonate

esters of the general structure R-link-P(O)(OR "), 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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separation of the diastereoners, and conversion to the pure stereoisoners,
and 20 (3) separation of the substantially pure or enriched stereoisoners
directly under <chiral conditions. Under nethod (1), diastereoneric salts
can be forned by reaction of enantionerically pure chiral bases such as
bruci ne, quinine, ephedrine, strychnine, |X-nethyl-(3-phenylethylam ne
(anmphet anune), and the like with 25 asymmetri c conpounds bearing acidic
functionality, gwchsas thaﬁtbmwibecchanged waing estgblishotelemrical dtansformations.

di ast ereoneric | t in ced arate a a
crystallizati onig‘f" ﬁgﬁ?‘}é’e@hoﬁl& e iaeleit Jt;ﬂiﬁlmp Bes g Qﬁ"ﬁ{r %‘% C%F]ﬁlgsgpt i cal

i soners of am Me gip RiAEhera¢l 8l febfsdernd thebmb’s&hctﬁﬁ( ba e drag Gscaﬁ‘ollﬂmm c
aci ds, such as canphorsulfonic acid artaric acid, 11ggndellc or

lactic acid canYedipe quﬁﬂtg@lt#@kﬁé@}@ﬁﬁ}aﬂs fifeehods sithe indBpesmpors:
Al ternatively, ?%% ‘ﬂ %(ﬁécur%t:ﬁhg%stﬁ&%e%&ﬁé@ﬁwrs oAb Ryl T eact ed W th

one enanti oner conpound to for astereoneric pair (Elie], E
and Wlen, S ¢a8hdingSt phosphoineteiistercynyeisi@y, g%mﬁm@hmlugmgpslmﬁhmwb@y &

acymret i c. | ConBOUHAS e eRBRGr PEAey R URCE BB T POREY 21 ng

reagents, such dspentien yrangde bf tha bibetifent B, havefdhdsubsepatoahicnhe! t he
di astereoners an gdroly5|s to yield the free, enantionerically enriched

xant hene. A net FBeFDBPTatRgroRmisHitARiee Bisurepatation and hydrelygs Q@Oﬁ@lﬂ@nﬁf@ chiral
esters, sucligas e&e%%beﬁ%%%g@ﬁ Rh@,ﬂ %C@&Eﬁ (Kog e in the

presence of Dbase uoro ) phenyl
acetate (Jacob Mdeir, (d‘sSW)l)ey,JlQ?Qm%fChem a47: 4165) of t he racemc m xture,

and anal yzing the N ru e of 1he t r Opi SONeric
di ast ereoners. St ab:vg'%egﬁ’?{ YIgB??égr%ftpg?Spﬁ Wraf ¥ cﬁ?Hﬁ%ﬂgl can be
separated and i sfdlaipRée ByilRQr ARbhol aA6h tﬁ@mfegﬁnﬂﬂagsf@wéié@m@ﬂmﬁ y

foll ow ng nethods for separation of*atropi-soneric naphthyl - soqui nol i nes

(Hoye, T., WO 9slessophilic preguusent Ferexpmple, f&\l@eﬁhﬁsehq%@tad@éw@pnt - enantioners

[Tauia o ot oSy S AETRFA PRVl SR A F brpbBhodiyepuase (O rel

phosphate monoesters. The actwated precursor can be prepared by several well

known methods. Chlorophosphonates useful for synthesis of the prodrugs are
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, 157T). Chlorophosphonate species may also be generaied in -

25  situ from corresponding cyclic phosphites (Silverburg, et al., (1996) Tefrahedron
lett., 37:771-774), which in turn can be either made from chlorophospholane or
phosphoramidate intermediate. Phosphoroflouridate intermediats prepared either
from pyrophosphate or phosphoric acid may also act as precursor in. preparation
of cyclic prodrugs (Watanabe et al., (1988) Tetrahedron lett., 29:5763-06).

30 Phosphonate prodrugs of the present invention may also be piepar’ed
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.
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15 New York; Ckanmoto, (1990) J. of Chromatogr. 513:375-378). Enriched or
purified enanti oners can be distinguished by nmethods used to distinguish
other chiral nolecules with asymretric carbon atonms, such as optical
rotation and circular dichroism Exanples CGeneral Section 20 A nunber of
exenplary nethods for the preparation of conmpounds of the invention are
provi ded herein, for exanple, in the Exanples hereinbel ow. These nethods
are intended t@zdach|Clsn SomrneShE53r Gasefa o al; L1998y BijpargtMedn€hanm. defiot i nt ended

tolimt the sgope qf .appli met hods tai conmpounds of the

i nvention can %ﬁi%}ﬁgﬁ%@gg@m%ﬁ@o’f{S‘f’gﬁ?eﬁég}eﬁﬁ‘?at ion of 25 ot her
conpounds of th@zbtiayRMN1bANss-ERhe@yRMRlIphokftdniimt S 0OMEpEO6L Hf vari ous .
phosphonat e conpounds of the invention is illustrated bel ow.

1NTERCONVERS O Pl drpioBRHAKRTES: R-LINK-P(O) (OR') R LINK-P(O (OR') (OH)
AND R- LI NK-(O) (OH) : F 0l 1@ gﬂfl@ - ' :

pr epar ationspofphosp %g%éiwg%d?grosﬁof&t Ie gg@%ﬁﬁﬁﬁ%ﬁﬁlﬁa& %ﬁn%g P(O (OR) 2,
i n whi ch the go@igesar® phogphotde cothiainisg vemponnds (Batbentr, ot Th@ 98 JgOegips at t ached
to a phosphonatge ester, oOr.to.85 precursars thereto, .may be changed using
est abl i shed ché gﬁgﬁ?gnﬁlﬁpﬁﬁ?qt aay alsg, Rr?ﬂaé‘?cﬁ% i on reactions of

phosphonat es  adi@orbpiddsiidnateal tHobrese R HE 2 paladiun] 8L 95U gRrdnlatidC hene 32,
represents the substructure, i "scaffold, to_ which the

. the d
subst i tuent | | wdaicp(RoralRe) 3l (19575d e ehem: Soq KO9O-28H: Lnel 84HSands of the 5
conduct i ng'h (RALRHE TS St Biha, &t raGpiRpb st s ltomi iy © T E

conducting a pHOSP erconver si ain groups in R

{raybef pro: _ectﬁsildphﬁblﬂagfmmhfﬂﬂanbnialrwﬂd%émnt m@gﬂc:m J[(Mbhﬁpﬁt 68t ed .

ransformati on nd .on ure, Q s i . an e

substrate to m}’ﬁﬂ@%@c?rﬂgl,ezﬁﬁg%ﬁ%s e’g“rtéhélag 9‘5‘“5({1 éﬂﬁﬁg%fﬁg’r@”ﬁ?‘@ﬁﬂaat i on and

hydrol ysi s of pagsRaRREE nled abhiShifvel _§fé%@ﬁ@§]k?%o'sﬁho% %Hv?de%ég?rfﬁlhorus
) ] p

ig
Conpounds, G M Kosol apoff, L. Maeir,” eds ey, . 19 ) . In
general , synt hevathssisfor hhisyandraphesphonate finkers Radmoved 969) £ S| Ghey- a

15 35:4114). These above mentioned methods can also be extended to compounds

where the W° group is a heterocycle. Cyclic-1,3-propanyl prodrugs of
phosphonates are also synthesized from phosphonic diacids and substituted
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-diniethylaminopropyl)—i%-ethylcarbodiin:uide hydrochloride
(EDCI) can also be utilized for the synthesis of cyclic phosphonate prodrags,

The conversion of a phosphonate diester 832.1 into the corre'sponding

phosphonate monoester 832.2 (Scheme 32, Reaction 1) is accomplished by a

25  number of methods. For example, the ester $32.1 in which R' is an aralky} group
such as benzyl, is converted into the monoester compound §32.2 by reaction
with a tertiary organic base such as diazabicyclooctane (DABCO) or
quiruclidine, 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 alkeny! group such as allyl, into the monoester §32.2 is effected by
treatment of the ester 8§32.1 with a base such as aqueous sodilﬁn hydroxide in
acefonitrile or lithium hydroxide in aqueous tetrahydrofuran. Phosphonate
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nucl eophil e am ne or al cohol with the correspondi ng activated phosphonate

el ectrophilic precursor. For exanple, chlorophosphonate addition on to 5 15
hydroxy of nucleoside is a well known nethod for preparation of nucleoside
phosphat e nonoesters. The activated precursor can be prepared by several

wel | known net hods. Chl orophosphonates useful for synthesis of the prodrugs
are prepared fromthe substituted-I|, 3-propanediol (Wssner, at al, (1992)

J. Med Chem 3diest6i65832. IGhthchph@sﬁhagmuﬁR’aseraMGuﬁyascbenzM;andnhmf t he 20

79: 1302 i oh b8 SRR ﬁ%ﬁl'ﬁ%%teeﬁééé\ %3%%3?“%&32%&%? BR A b on
phosphorus  t rigjatdehsifon, f&t:- ¥ paltaBRutH QFRNAEDAOTASsAgA: | S made

by treating substituted- d| ol s wi t'h, phosphorusoxychl ori de (Patois, et

al, (1990) J. cdrx@ﬁﬁqrmsahlchb@thwfﬂwﬁrmfi &reaﬂmyl)sucmw@mplﬁ@gtpwﬁ%te speci es
| b h hi t
ey o 30 Do ek Brsst b LRI RESPRO BRI AE PrOSP (05
Ehosphor of PﬁrrTmmﬂ’?’é?hﬁgmh m‘:%ﬁw?mmm ophoophat 6 or <
sp uri i sph
phosphori ¢ aci oaﬁ%fﬁ"" Bp%"é‘g? aza °}5‘? t BEXE’-“HJ © B i
prodrugs’ (Wt arkﬁ@ﬁro%édxﬁé deschPe88Y. 3t AR oB)helbhay, f@&h@@l@éra@@bf 30

Phosphonate prodrugs of the present 'invention nay al'so be prepared fromthe
free acid by Mallyleasberylaesct i ons (M t sunobu, (1981) Synthesis, |; Canpbell,

(1992) 37, B o o R B S DO BB, L v

Czech. Chem Canbnester 2.2 B53the Cosapendiiz fHosptohR%2)d SX(Sohenhd3l, Chem Lett.
2: 145; GChashi at al, (2(1982% Tetr hedr n Len 29:1189), and

benzot ri azol yl d§AeHons MYy Bﬁa@ﬁwﬂm@aﬂ@@r@@ﬁmﬁg et al
(1993) Tetrahedgn ﬁ&ttﬁ | ¢ cat al yzed
reaction with phosg eylségrj?l\?gﬁ‘?%gsséestégwgll{ﬂ/g a&f}f gg%%grgg?}ggcont ai ni ng
conpounds '(Bal tﬂia’&r’!?&a’fheabac(:lm@&CC)anduct@gannﬁtt@niveﬂﬁuaﬂ@aﬁfor eRhopphonat es may
al so be pre Cg f.,rom t.he chl. onraﬂ?ho%ghonate 'i.n tlti res ehof a pal l adi um
cat al yst us (r‘lgwg{nie ane, optio 11 the presence ol a silylaiing agemn s

bis(trimethylsilyl)itrifluoroacetamide, at ambient temperature, A phosphonate
monoester 832.2 in which R is aralkyl such as benzyl, is converted into the
corresponding phosphonic acid 832.3 by hydrogenation over a palladium
cafalyst, or by treatment with hydrogen chloride in an ethereal solvent such as

20  dioxane, A phosphonﬁte 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. Palladtum 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 8321
in which R! is phenyl is described in J. 4m. Chem. Soc. (1956) 78:2336.

The couversion of a phosphonate monoester $32.2 into a phosphonate

diester $32.1 (Scheme 32, Reaction 4) in which the newly introduced R' gronp 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 infroduced phosphonate ester group, i.c. R!

33



triflates (Petrakis et al (1987) J. Am Chem Soc. 109:283 1; L u at al
(1987) 10 Synthesis 726). In another nethod, aryl phosphonate esters are
prepared from aryl phosphates under anionic rearrangenent conditions
(Melvin (1981) Tetrahedron Lett. 22:3375; Casteel et al (1991) Synthesis,
691). N-Al koxy aryl salts with alkali met al derivatives of cyclic alkyl
phosphonat e provi de gener al syntheshi for heterqaryl-z-phosphonate | i nkers

(Rednor e (1970is fallowyddy thnwodagiog st R whyre eanheef R ayd RS imalkili asallszl, net hods can
al so be extend e i ycl e.
Cyclic-1,3-pr og%%%%?%ﬂ)d# u%gg%?t%’pﬁgg%% Ig%"ﬁgrgggg,g@ %Icé%@%@ﬁ]ﬁé%?z ed from
phosphori c di aB3Zi2 issdvestelidd 532112 dSuijabiopamding agerds mk shass emglogedfoupl | Nng

reagent such ag 1, 3- dicygcl ohexyl carbodi | m in . presence of abase
(e.g., pyridinBfFr __Pflé’gca&‘?xﬁ ‘?SFW%EH%’&&%@%E%% B SRS | ke
1, 3-di sopr opy| gRydGibxyIRhBEdidhiddah ShichSQbd tht Bab@R08 Preferably conducted in

1- ( 3-di met hyl am hopr opyl ) - 3- ets%l carbodi i m de hydrochloride (EDCl) can al so
be utilized fo#basirorgghe prduin ag pelidise, ohthepradngaoblpr odr ugs. The conversi on

of a phosphona ' . ' cOor j opat e nonoest er
S32. 2 (Schene ?ﬁkg’}%ﬁ%glgﬁg%ojs?ﬁs&ﬁgsﬁc%%ﬁ %%éﬁiﬁ%@%{%%%%%ﬁgb met hods. For
exanpl e, the eghih c&3Zherenstiontis pdrfdned & opolarsatvkpisughiasup such as benzyl, is
converted into_ th noest er, compound $32.2 by reaction with a tertiary
organi ¢ base s@ﬂﬁg’%ﬁ?ﬁ?&&%@lﬁ%‘i&? B PSHREOF SRS PARPIHES | di ne, as

described i@ Jdii&ﬂ:prﬁ?ﬁﬂﬁhniﬁ L 9P AlacfiloRD (laridit en WARALERNhE feactRBiE Or Med in an
inert hydrocarbon solvent such as toluene or "xylene, at about 30 110 C. The
conver si on of e¢trducie@intayas®aplvent suclwisi noynidiRe, indhepresened ofgrtoiagyl such as

phenyl, or an | . L1 Vg the noest 532.2 is
effected by t ogﬁﬂ”é?\f&ég EF’F@%@P@P @géﬂfewaﬁ{{'ﬁ% tﬂ%%ogl% g’%@ﬁ oigheaqueous sodi um
thr o>r<]i de in p]gﬁplﬁ:ﬂliafel’ﬂldmeﬂér Sﬁztzmtﬁmmhmmmgadi éﬂﬁecmmwaheusteeifrﬂ&hyflrk O}‘i nan. .
Phosphonate 87_diesters $S32.1 .in whj one of the_ group is aral kyl, suc
as benzyl, ancMiwgRobFeRon. 55 deseybed abeve 3o Bihstugfe w%%@ﬁmest ers $32.2

i n which S ¥ ' - LSy l,| adi um on
Ri? h?dx%ﬁocﬁouﬁw il @%ﬁﬂ%& e‘ﬂébenée%f Saidhb A aft A48y

carbon catal yst. lonat e lesters in which both of the groups R- are
al kenyl , such urdphogphing snchestriphemsd phospbine, Alternatively, the phosphonate

monoester 832.2 is transformed into the phosphonate diester 832.1, in which the

introduced R' group is alkenyl or aralkyl, by reaction of the monoester with the
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 $32.2 is transformed into
the chloro analog RP(O)(ORl)CI by reaction with thionyl chloride or oxalyl

25  chloride and the like, as described in Organic Phosphotug Compounds, G. M.
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 17, and the thus~obtained product
RP(OYORY)CI is then reacted with the hydroxy compound R'OH, in the
presence of a base such as triethylamine, o afford the phosphonate diester §32.1.

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'Bris employed. Dialkyl phosphonates may be prepared according to
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5 into the nonoester S32.2 in which Rr is alkenyl, by treatnment with
chlorotris(triphenyl phosphi ne)rhodi um (W1 kinson's catal yst) in aqueous
ethanol at reflex, optionally in the presence of diazabicycl ooctane, for
exanple by using the procedure described in J Og. Chem (1973) 38: 3224,
for the cleavage of allyl carboxylates. 10 The conversion of a phosphonate
di ester 532.1 or a phosphonate nonoester 532.2 into the correspondi ng

phosphoni ¢ aci dheyssthadsaficQuasbetzh (197RbSmerin 4°% Sowelbyt a9 ef f ect ed by
reaction of th i U@S@ r-with trinmethylsilyl brom de, as
described in J%%hﬁ(;%&{sg%g?igem ?rgmge (1979) 739. The reaction is
conduct ed i n an i nedtphwsphosirtackl R-inkP{OXOH)£532is dérandbrmkidahioar onet hane,

optionally in the presenc a, §j 1N nt s as,.

bl S(tri met hyl s PRTPROT %@?‘%&B@@ﬁé,ﬁ ARt e?’gwhr%"e?rc_ﬁ%?)eb.y %A phosphonat e
monoest er 532. %ptmm\gﬁe&ﬁoﬁkjmﬂaﬁiﬂkdxgwbmﬁmﬁ@@%mlp;esbﬁcewaverted I nto
the correspondi ng phosphonic acid S32.3 hydr ogenati on over a palladium

b
catal yst, or byo¥ i@ﬁt“ﬁ@ﬁtﬂuw@Wﬁ?@i@@éﬁk@i@ﬁbﬁdd@wqw@mmr@%ﬂ sol vent such

as 20 di oxane. . AREYY ol .1 §5..al kenyl such as,
for exanple, 5%c§+}?ﬁ=%§8@%%\?é€?ggﬁ?gr\ﬁm?ﬁéhéﬁ%&%&h?@w%fﬂéagﬂz. 3 by reaction
wi th W ki nsomphssphatiebsidt S3203 ave tagsfemes intophodphosiokstenatS32fan whichnpl e in 15%
aqueous. acetonjtrile or in_aquequs ethanol, for exanple using the
pr;)cledurg Ellezc 'lbgé’ﬂffwm%‘};ﬂfa%ggﬁﬁlgrﬁ’&at%ﬂ er(llilg@gg’ fgﬁ‘?’%:%g’?eapal !];gi télm _
catalyzed Ngdr Qgsee GrtRUiidR SRARO A R 703 EABerRARely, bho I's’
benzyl is descrig?ged ﬁﬂl\] Org. Che_% (1959) 24: 4331. _Pleia&t_%)n S%}H‘%:at alyzed

hydr ogenol ysi s 2eiflphdbP srieansfomsedsinty mgz_h.pmcieptewﬁ?:@ﬂ irwhich BHeskenils
desorbed L S A SRy CHIAE THE AR R RO AR 2
Reaction 4) i nalehyibrérhide BEBE n d pollar @sianizdoRknignchi: destonitflieablkiibn atar al | cyl

hal oal kyl such chl oroethyl, or arglkyl is effected by a nunber  of
reactions in wh? t?lﬁﬁe%%ﬁ‘reé’ﬂ"“e%@??%? bgs‘s; SP@%@F@EF“% @fpe atﬁyfﬂrag ®®npound

Ra OH, in tihe phESBAGE A @200upl ing agent. Typically, the second
phosphonate eStelf group is different than the first introduced phosphonate

ester group, i. e. R 88
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is followed by the introduction of R2 where each of Rt and Rz is al kyl,
aral kyl, hal oal kyl such as chloroethyl, or arallcyl (Schenme 32, Reaction
4a) whereby 532.2 is converted to S32.1a. Suitable coupling agents are
t hose enployed for the preparation of carboxylate esters, and include a
carbodii m de such as 5 dicycl ohexyl carbodiimde, in which case the reaction
is preferably conducted in a basic organic solvent such as pyridine, or
(benzotriazol -1- yl 83 2pyrrol i di nophosphoni um hexaf | uor ophosphat e ( PYBOP,
Sigma), in which case th,:gz reaction is,performed in pol ar solvent such as
di net hyl f or mam de, Rmnlt-ha:{mlé’sence»—e#—-a—t-er-ti alinsrgBnPPB base such as 10
di i sopropyl et hyl am ne, or m;k1d§3j2t1hi ol -2 (Aldrich) in wBHchS3a%e the reaction
is conducted in a basic solvent such as pyridine, in the presence of a
triaryl phosphine such a% tr1i phenyl phosphi ne. Al terC[hati vely, the conversion
of the phosphonat eRﬁﬂfmeﬁ-tQﬁ 532. 2~te—the-di eﬁlbk—dﬁﬂ?ﬁ is effected by the
use of the Mtsunobu read®op, ,as described above, The sg@%rate is reacted
with the 15 hydroxy conpound (ﬁ—i in the presence (8 di et hy
azodi carboxyl ate and a tﬁi ar,yl phosphide such %51. f%ll'pp——hﬁ-?yl phosphi ne.
Alternatively, the Bffdsptioiit e noRoester =532. 271's tkapsforned into the
phosphonat e di ester 532. 10H mgaphai ch the introduced gr%??p? i s al kenyl or
arallcyl, by reaction of the nonoester with the halide RBr, in which R is
as al kenyl or arallcyl. the gllcylatiop reaction is 90 conducted in a polar
organi ¢ sol vent sucRlieis—HTRR hyl f ormamxde-or aBdiplont ‘r“?ﬁ‘e, in the presence
of a base such as cesium @%Hgg?%te. Al ternatively, tH& pf3dhonate
nonoester is transformed int ‘fle phosphonate diester in a two step
procedure. In the first step, the phosphonate nonoester S32.2 is transforned
into the chloro analog RP(O (OR )Cl by reaction w th thionyl chloride or
oxal yl 25 chloride la-lnnd<—t-hu{e-0ﬂ1ke, as_deé;u.bed Rfﬁnlehg%rﬁl@ Phosphor us
Conpounds, G M | Cosolapeff, L. Maeir, eds, WIley, af76,83p1al7, and the
t hus- obt ai ned product RP(O S8R)C is then reacted with the hydroxy
conpound R OH, in the resence of a base such as triethylamne, to afford
t he phosphonat e di ester €3 1. A phosphoni c aci R- +4P(O(OH2 is

sp ’a ?rds)—('@gs C];%zéSchema 32,

transforned into a'T)“ sSp te 30 nonRoester RP

Reaction 5) by nmeans of t'ﬁ

g@ighods
o 0
i 6 11
R-nnk—b\-—OH ——  Riik—R~OR'
k1
™ sa3 OR s3i

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
Organib Functional Group Preparations, by 8. 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 A1 and Hajima, US 6018049.
Scheme 33 illustrates various methods by which the cariaamate linkage is
synthesized. As shown in Scheme 33, in the general reaction generating
carbamates, an alcohol §33.1, is converted into the activated deﬁvative S§33.2in

which Lv is a leaving group such as halo, imidazolyl, benztriazolyl and the like,
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descri bed above of for the preparation of the phosphonate diester R-Ilinlc-
P(O (ORI )2 S32.1, except that only one nolar proportion of the conponent
R1OH or RtBr is enployed. Diallcyl phosphonates nay be prepared according to
89 the nmethods of Quast et al (1974) Synthesis 490; Stowell et al (1990)
Tetrahedron Lett. 3261; US 5663159. A phosphonic acid R-1ink- P(O)(O—l)z S32.3
Is transfornmed into a phosphonate diester R-link-P(O(OR )2 S32.1 (Schene
32, Reaction 63s dppcribedhersiughe n@vﬁ@édﬁmmvwsﬁﬂumemmtg&yﬂtb@nﬁmmd RIOH, in

e presence ckafsSeunbld i SR HE AR kLAl ZriNaenY and
pyridine. Al t edépdtinvghods bymm:ﬁh@@mraamadﬁorﬁseff&tar Exﬁmplegss omred into

phosphoni ¢ est {s S32.1 in which Rl is ary ans of a coupling
reaction enpl oﬁ Eﬂteﬁwwaﬁ&ﬂﬂé’dsi%ﬂ&ﬁl?fm% F%‘ #B¥8S-i ni de in pyridine at

ca 70 G Mg ernal T valmeBROSPGN indEhEnd ool kAskAL TSI [Nt o

phosphoni c esters 532 in whicC means of an al kyl ation
reaction. The phﬂQENQmelmemYlslecheﬂﬂwahhhqlﬁ& 5a1t1ktbmpll:0d©dlu‘mth@ RBr in a
pol ar organic nitrile on, at I ex tenperature,

Pre oy csonne’ RSl aa S e AR PR ARk bbbl Goh of Bhiefs 4 71

phosphoni ¢ est ghoubB2C Jlas d9&riSediar®re38yra Col), Woll 3 ,rllé’?p}%mrv&ﬂf%ﬁl nk-p- ORS OR
S32.1 OH $32.2 02 O Rfink-piOR. ~.~ R1ink-PPOH OR S32. 1 C]—ISSZ 3 00

R 1ink-P~ OR epuyalent ppagemi S@hﬁ@m@@QO@e@mg@éorgformate as described in Org.
10 Syn. Coll. Vol 6, 715, 1988, to afford the chloroformate $33.6. The laiter

compound is then reacted with the amine component §33.3, in the presence of an .

organic or inorganic base, to afford the carbamate §33.7. For example, the

chloroformyl compound 833.6 is reacted with the amine §33.3 in a water-

miscible solvent such as tetrahydrofiiran, in the presence of aqueous sodium
15 hydroxide, as described in Org. Syn. Coll, Vol. 3, 167, 1965, to yield the

carbamate 833.7. Alternatively, the reaction is performed in dichloromethane in

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 S$33.8. The
imidazolide product is then reacted with the amine 833.3 to yield the carf)amate
833.7. 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 &
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 833.6
with an activated hydroxyl compound R”OH, to yield the mixed carbonate ester
533.10. 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 833,19 - §33.24 shown in Scheme 33, and similar compounds. For
example, if the component R"OH is hydroxybenziriazole $33.19, N-
hydroxysuccinimide 833.20, or pgntachlorophcnol, 533.21, the mixed carbonate
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R-1ink-P OR 4 RIlink_ P- OR OHORS 532.1 $32.2 Rlink-P- OR 4a R-link-p
ORL OH OR2 S32.1a $32.2 0L 50 RIlink-1 OH-- - Rfink-P ORlL OH S32.3 OH
$32.2 ORIlink-P- OH6 RLink-p OR OH 832.3 OR 532.1 Preparation

of Rhosphonat e oar bamat es. Phosphonate esters nmay contain a carbamate

| i nkage. The preparation of 5 carbamates is described in Conprehensive
Organic Functional Goup Transformations. A it. Katritzk ed., Perganon,

1995, Vol . 6, [33.4 Btoblaieaddyithe reaptiparmif gherlilnsoformatt withdbmhydrenyhr at i ons, by S.
R Sandi er and Kar ' A e s ki f T ar banoyl group
may be forned Bé;%p‘;r%g%g%éﬁ%g gggoﬁrﬁ%;lgﬁe pé%s%%% Oafcg%:cgrglgﬁ?\’é’latnghf’ﬁag met hods known
in the art, 10desofibediinCmt N HerndBRDGS, 376, Kl sirnflar ré&éfstidh @PwhitR8278 Al and

Haj i ma, US 6018049. hene 33 illustr various net hods i ch the
carbamate |i nk&%PQ@nﬁéMeﬁé%eP?@H?mﬁgmg 2\"?{2‘5391%9@? : ‘?gy:’t°¥£‘sgener al
reaction geger g&ﬂf&ﬂned%%rpéﬁ;@rkﬁ%obv?]%h@n ﬁie%?é%@ﬁce%@ﬁi&hyléﬁinﬁ,%\ﬂ@gcﬁg% fnnto the

activated derivative S33.2 In wh v'is a |leaving group such as. hal o,
i m dazol yl, beAwtsi%880303, anghCherh Eehilk®, 468,11988. descri bed herein. The

activated deri.vativg,S33..2 4.5 then.react with an ampe 833.3.,t0 afford
t he carbamate produg?m?f?.%fxaﬁpgir#&luggr qﬁ%ge?rﬁp%%q?gr?gc?gamﬁ%ﬁn&%%t hods by
whi ch the genesghlkylergdatonylimidebdflessRs is duxAgien Bis plddedirk, ansildonsle

alternative nethods for the preparation of carbamates. 5 Schene 33, Exanple
1 illustrates BR®Spriepdechyithan equimalarampeingef carbonyl diimidazole $33.11 to

10 prepare the intermediate S33.8. The reaction is conducted in an aprotic organic
solvent such as dichloromethane or tetrahydrofiiran. The acyloxyimidazole
$33.8 is then reacted with an equimolar amount of the amine R'NH, to afford the
carbamate §33.7. The reaction is performed in an aprotic organic solvent such as
dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the

15  carbamate §33.7. .

Scheme 33, Example 5 illusirates the preparation of carbamates by means
of an intermediate alkoxycarbonylbenztriazole §33.13. In this procedure, an
alcohol ROH is reacted at ambient temperature with an equimolar amount of
benztriazole carbonyl chloride 833.12, to atford the balkoxycarbonyl product

20 S$33.13. The reaction is performed in an organic solvent such as benzene or
toluene, in the presence of a teriiary 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 833.7. 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, 833.14, is reacted with an alcohol §33.5 to afford the
intermediate alkyloxycarbonyl intermediate 833.15. The latter reagent is then

" reacted with the amine R'NH; to afford the carbamate §33.7. The procedure in

30  which the reagent 8§33.15 is derived from hydroxybenztriazole 833.19 is
described in Synthesis, 1993, 908; the procedure in which the reagent §33.15 is
derived from N-hydroxysuccinimide $33.20 is described in Tetf. Lett., 1992,
2781; the procedure in which the reagent 833,15 is derived from 2-
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enpl oying a chl orofornmyl derivative of the alcohol S33.5. In this procedure,
the alcohol S33.5 is reacted with phosgene, in an inert solvent such as

tol uene, at about 0 C, as described in Ora. Svn. Coll. Vol. 3. 167,1965, or
with an equival ent reagent such as trichloromethoxy chl oroformate, as
described in Org. 10 Syn. Coll. Vol. 6, 715, 1988, to afford the

chl orof ormat e" S33. 6. The latter conpound is then reacted with the am ne
conmponent 533.la{dr¢x3fpvﬂkén98é$%iseiem:ﬁibadﬁnﬁ¢gam,d9ﬂr 4p5g thyeproccdbgr, to afford

t he carbanate . _For £ h nd.533.6 is
reacted with tﬁé%%%er{gagggwﬁsge ?50&% g‘?"‘@, g%fg‘gﬁ%gm ‘%gns
t et r ahydr of ur aﬂmtﬁemstIWSSpI(BS’fhEﬁam‘onm%@m sq@0lat Bndinthytihoxlcelenl as

described in a. Sy , 1965, to yield the carbamte
S33.7. Alter naﬁ@ﬁeq@%lec%ébqnéféﬁ:ﬁéﬂ 1§ @ng@ﬁ?ddPﬁﬁdnqufm%F‘BY% hane in the

presence ofs an,iganifndasR. such as diisopropyl et hyl am ne or
di met hyl am nopyr |1d| netﬁp chenme 33, Exanple 2 depicts the reaction of the

chloroformate 20 (ﬁvhﬂmlﬁa,ﬁ{&mp@ Tnillnbiraies thkapropaatian qfrceﬂbametes fremi ni dazol i de
533.8. The im zoI de enre cted th 533to
yield the carb é I%Q%ﬁ{}h‘ﬂﬁmﬁ? 15?’ 533- 6e”§;1 Ber f or med
in an aprotic @éxitacp@ﬁhsw@ﬂde @51‘dithﬁfile@ﬁdlﬁﬁtaﬁﬂeeto&ffoﬂthaﬁﬂiokﬁ:@rbbﬁﬁpar ation of
the carbamate is conducted in a simlar solvent at anbient te erature

optional |y in ¥4 $38deRoelatier compaund is then roasted Svith sneaniplen amspyh aldi ne, as
descri bedoifd"t ‘r]]t(]aze %%31 cafﬁj?gggcgﬁ;amgéﬁss 7SSRELB R Eﬁ&gﬁ&‘é‘d depi cts the

reaction Or 6f Of mat e Wth-an activated roxyl  conmpound R
OH, to yield tdmbimt%mnbeu:atnﬂonapelaesmemc sob&at Slﬁhaﬁ'ﬂmemgm:tbmﬂelfsr conducted in

an inert orgam et he di chl oronet hane, in the presence
of a base such xgg;pﬁqa@?;i %‘}S?E‘EW'%H{ {982040[4r| et hyl ani ne. The hydr oxyl
conmponent R'CH i s sRhest sy, Eﬁaﬁiﬁldihﬂluﬂf@é&ﬂh@%ep&ﬁﬂm%a&%sﬁ mea33. 24
shown in Scheme 33, and simlar ound exanple, if the conponent

R'CH i s hydr oxgisaneastionhstvces 3n alrsghel IROTEM@W@QE@WYMW&QBW@@ or
t achl SSRg Sni@bt d by th
Peaction ¢ th%ﬁ%ﬁﬁorg?or na%gt%w%lﬁeeqﬁ&ﬂﬁ (ggfgox]%d% eﬁl':%ll aine y ©

reaction o
Chemistry, R. B, Wagner, H. D. Zook, Wiley, 1953, p. 647, the reactants are

combined 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  ofthe reaction between an alcohol ROH and an isocyanate 833.18. In this
procedure, which is described in Synthetic Organic Chemistry, R. B. Waguer, 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 833.7.
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
proc;:dure, which is described in Chem. Lett. 1972, 373, the reactants are
combined at ambient temperature in an aprotic organic solvent such as
teirahydrofuran, in the presence of a tertiary base such as trethylamine, and
30  selenium. Carbon monoxide is passed through the solution and the reaction
proceeds to afford the carbamate 833.7.
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conpound in an ethereal solvent in the presence of dicycl ohexylam ne, as
described in Can. J. Chem, 1982, 60, 976. A simlar reaction in which the
conponent R'OH i s pentafl uorophenol 833.22 or 2-hydroxypyridine 533.23 is 5
performed in an ethereal solvent in the presence of triethylamne, as
described in Syn., 1986, 303, and Chem Ber. 118, 468, 1985. Schenme 33
Exanple 4 illustrates the preparation of carbamates in which an

al kyl oxycar bonyrheneda frearation ofpajhamaliag| oyed. In this procedure, an al cohol
533.5 i s react ednail teactin equi nol ar anount of carbonyl diim dazole 533.11 to
10 prepare the inter mﬁdi ate S33.8. The grgaction_is conducted in an aprotic
organi ¢ sol vent suth'as arth of8HRthameorret W Rof uran. The

acyl oxyi nudazole 5%338B is then r#etedS.3h an &38#nol ar anount of the
amne RNH2 to afford the carbamate 533.7. The reaction is performed in an
aprotic organic solvent such as dichloronethane, as described in Tet.
Lett., 42, 2001, 5227, to afford the 15 carbamate 533.7. Schene 33, Exanple
5 illustrates th&Meparation of carbagﬁﬁ$s Eé means of an internediate

al koxycar bonyl bgnzt gpogzol e 533. kdcobin Ocedufgr an al cohol ROH is
reacted at anbi ent %grgper ature wiégsan equi nol ar _gmpunt of benztriazol e
carbonyl chloride 833712, to af f 6Pa°t he alkoxycaﬁ %yl product 20 533. 13.
The reaction is perfornmed in an organic ol vent such as benzene or tol uene,
in the presence of a tertiary organic Nne such as trriethylamne, as
described in Synthesis., 1977, 704. Thgf\l oduct__ips @‘g reacted with the
am ne R NH2 tqgaf f apd-—t-he-car bagabe 833F1F+Ihézr@é #O0n i s conducted in
tol uene or ethanolgzat from anbiggng tenperature Po ghagut 80 C as descri bed
in Synthesis., 25 1977, 704. Schene 33, Exanple 6 illustrates the
preparation of carbamates in which a carbonate (R'0O 2C0, 533.14, is reacted

with an al cohol 533rknt @s#f f or b ngﬁ( i nternedi at e al kyl oxycar bonyl

i ntermedi ate 533. 15 tte ent is then reacted with the am ne RNH2
to afford the carbamate 533.7. € procedure in 30 which the reagent 533.15
is derived from hydroxybenztriazole S33.19 is described in Synthesis, 1993,
908; the procedure in which the reagent 533.15 is

' R'OH R'NH

(3) ROH—————» ROCOC] ——— ROCOOR‘—‘-—E»- ROCONHR'
533.5 533.6 §33.9 $33.10 533.3 $33.7
0
N =\
= == -0 RINH, $33.
(4 ROH §33.11 R NN -;,3 8 ROCONHR'

533.5 — O §33.8 $33.7

N\
A N
ool N RNH, 8333

&)  ROH ‘ P ROCONHR'
$33.5 §33.12 533.130% 0" S33.7
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derived from N-hydroxysuccinimde S33.20 is described in Tet. Lett., 1992,
2781; the procedure in which the reagent 533.15 is derived from2 93

hydr oxypyri dine S33.23 is described in Tet. Lett., 1991, 4251; the procedure
in which the reagent 533.15 is derived from4-nitrophenol 533.24 is
described in ,~nthesis. 1993, 103. The reaction between equi nolar anounts
of the alcohol RAI and the carbonate 533.14 is conduct ed in an inert
organi ¢ sol ventgpt @.gb Ber)Q"@nperat (ﬁ) ,.Sch'éN’elz 33, Ex@BRlye 7 illustrates
t he preparation of {1 azi 53 16. In this
procedure, an al kyl chl orof §?‘H§t‘te 533 reacfed W t an azide, for
exanpl e sodium azide, to afford the all coxycar bonyl azide 533.16. The
latter conpound is then reacted with an equi nol ar am)unt of 10 the am ne

R NH2 to affor the 6?{barrate 53:}ﬁ The reac; conducted at anbi ent
tenperature |n IR aprotic so ¥§% such as | sul f oxi de, for
exanpl e as descrl beﬁ 3% Synt hesi s. P°4982, 404. Scﬁ 33, Exanple 8

illustrates the preparation of carbamates by neans of the reaction between
an al cohol RO d and ki, eds or okecHMrderivative of an 15 amine 533.17. In
this procedure, which_is dgscri b§§I7| n Synthetic Organic Chenis , It. B.
Wagner, H D. Zook, Wley, 1953, p. 647, the reactants are conbi ned at.
anbi ent tenperature in an aprotic soI vent such as acetonitrile, in the
presence of a hase such as C%;prl amne, to afford the carbamate S33.7.
Schenme 33, Exar?%l e BOH| | usEr_a.Les_,Lhe th on of carbamates by neans 20
of the reaction betssen an af¥elol RA lkzgpd an i socyanate 533.18. In this
procedure, which is described in Synthetic Organic Chem stry. It B. Wagner,
H D. Zook, Wley, 1953, p. 645, the reactants are conbined at anbient
tenperature in an aprotdg,g§ol vent such as ether or dichloronethane and the
like, to afforcdetheRoe:a-fbaaa.t_ﬂ SBRCONHRS Schene 33, Exanple 10 illustrates
t he preparation of gﬁg)aﬁéf?é§ by wmgaps of the reaction between an al cohol
ROL4 and an anmine RNH2. In this procedure, which is described in Chem
Lett. 1972, 373, the reactants are

R'NH,
(10) ROH————=— ROCONHR'
8335 5333 533.7
0 OH
N cl cl
R"OH = N,N N—OH
' cl Cl
OH
0 ¢l
$33.19 $33.20 $33.21
OH OH . OH
F. F
[ )
F F &
|:' NOZ

533.22 §33.23 833.24

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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conbi ned at anbient tenperature in an aprotic organic solvent such as
tetrahydrofuran, in the presence of a tertiary base such as triethyl am ne,
and 30 sel enium Carbon nonoxide is passed through the solution and the
reaction proceeds to afford the carbamate 533.7. 94 Schenme 33. Preparation
of carbamates. General reaction ROH - ROCOLv RNH2 b ROCONHR 833.1 333.2
$33.3 $33.4 Exanples RWH2 833.3 (1) RON a ROCOCI ROCONHR  833.5 533.6
833.7 H N O chi@jdeRidthe phd2p)0id acid\Nis RetN-ateBdB sy 3 ea6tith $BB aBamBeNk2 533. 3
ROCONHR 533. 75%%:%0% %I R'OH ROCOOR' R NH2 s- ROCONHR  533.5 533.6
333.9 533.10 (SO FITPOURT 1] N N~ 11 RO N R NH2 533.3 (4) ROH 533.11 r

ROCONHR  833. 5 - - “TH coavrlo®aiSphbsphohicMciis (nté dhosdh&FBehBoridel isROH O CI R NH2
ROCONHR accomplished by reaction with thiony! chloride, for example as described in J.
5  Gen. Chem. USSR, 1983, 53, 480, Zh. Obschei Khim., 1938, 28, 1063, or J. Org.
Chem., 1994, 59, 6144, or by reaction with oxalyl chloride, as described in J,
Am. Chem. Soc., 1994, 116, 3251, or J. Org. Chem., 1994, 59, 6144, or by
reaction with phosphorus pentachloride, as described in JJ. Org, Chem., 2001, 66,
329, or in J. Med. Chem., 1995, 38, 1372, The resultant phosphoryl chlorides are

10 then reacted with amines or hydroxy compounds in the presence of a base to
afford the amidate or ester products.

Phosphonic acids are converted into activated imidazolyl derivatives by
reaction with carbonyl diimidazole, as described in J. Chem. Soc., Chem. Comm.
(1991) 312, or Nucleosides & Nucleotides (2000) 19:1885. Activated

15 sulfonyloxy derivatives are obtained by the reaction of phosphonic acids with
trichloromethylsulfonyl chloride or with triisopropylbenzenesulfonyl chloride, as
described in Tet, Lett. (1996) 7857, or Bioorg. Med, Chem. Left. (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 Ter, Lett,, (2001) 42:8841, or Nucleosides &
Nucleotides (2000) 19:1885.

A mumber 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-niiro-1,2,4-
triazole (MSNT), as described in J. Med. Chem. (1996) 39:4958,
diphenylphosphoryl azide, as described in J. Org. Chem. (1984) 49:1158, 1-
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333.5 533.12 533.130 OR -~~ 533.7 95 (S) ROH (R ' 02) C=0 ROCOR' RNH2
ROCONHR 533.5 $3314 533.75 533.3 533.7 (7) ROH ROCOCI f ROCON3  S33.5 $33.6
533.16 R NH233.3 ROCONHR 33.7 (8) ROH R NHCOCI ROCONHR — S33.5 833,17
533.7 R NCO (9) ROH 533.78 ROCONHR  533.5 533.7 (10) ROH R NH2 _ ROCONHR
S33.5 S33.3533.700H \ NGO O ROANN-OHI\ N oHOO C O 533.19
533.20 $33.21 OHOHOH FF-NFi i F N® 533 22 533,23 533.24

PREPARATI ON OF(2@XRBOAIDK b e SHRERI HhIEDRIASEHAIATE BPSNT) BAIESibed

MONOAM DATES. .DI%%EEE%@%@%%{%%SMOF&A nunber of | met hods are avail abl e

for the conver®
bromotris(dimethylamino)phosphonium hexafluorophosphate (BroP), as

described in Tet, Lett., {1996) 37:3997, 2-chloro-5,5-dimethyl-2-0x0-1,3,2-
5  dioxaphosphinane, as described in Nucleosides Nucleotides 1995, 14, 871, and
diphenyl chlorophosphate, as described inJ. Med. Cher., 1988, 31, 1305.

Phosphonic acids are converted inio amidates and esters by means of the
Mitsunobu reaction, in which the phosphonic acid and thé amine or hydroxy
reactant are combined in the presence of a triaryl phosphine and a dialkyl

10 azodicarboxylate. The procedure is described in Org. Lert,, 2001, 3, 643, or J.
Med. Chem., 1997, 40, 3842,

Phosphonic esters are also obtained by the reaction between phosphonic
acids and halo compounds, in the presence of a suitable base. The method is
described, for example, in Anal. Chem., 1987, 59, 1056, or J. Chem. Soc. Perkin

15 Trans., I, 1993, 19,2303, or J. Med. Chem., 1995, 38, 1372, or Tet. Leit., 2002,
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 $34.5. The diester S34.1, prepared as
described previously, is hydrolyzed, either to the monoester S34.2 or to the

25  phosphonic acid 834.6. The methods employed for these transformations are
described above. The monoester S34.2 is converted into the monoamidate §34.3
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;CH;, CH(CH(CHj3)z), CH(CH,Ph), and the like, or a side chain group

30  present in natural or modified aminoacids; and the group R? {5 C~Cs alkyl,
such as methyl, ethyl, propyl, isopropyl, or isobutyl; Ce~Cao aryl, such as phenyl
or substituted phenyl; or Ce—Cay arylalkyl, such as benzyl or benzyhydryl. The

reactants are combined in the presence of a coupling agent such as a
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acids into am dates and esters. In one group of nethods, the phosphoric acid
is either converted into an isolated activated internmedi ate such as a
phosphoryl 96 chloride, or the phosphoric acid is activated in situ for
reaction with an amne or a hydroxy conpound. The conversi on of phosphonic
acids into phosphoryl chlorides is acconplished by reaction with thionyl
chloride, for exanple as described in J. 5 Gen. Chem USSR, 1983, 53, 480,
Zh. Qbschei Kh¢aandiiﬂr@t% for2gamplB@iR;yclohexyl ce(fbcg:liimid}h@srﬂascriﬁﬁhip.fwm 6144, or by

reaction vvlth vd_chl.ari.de s _des i.b d Soc 1994, 116,
3251, orJ. 8‘}’( ésjﬁf Hf@@ﬁ%@ﬁ Zfﬂ"’(i resreg‘é %ﬁiﬁ?ﬁgﬁ%&éphor us
pent achl ori de s@ﬁaﬂnﬁﬁm%eﬂzm&olb t@igdt@mﬁdategﬂﬁﬁctm.s BRAmide-i n J. Med.
Chem, 1995, 38, 1372. The resultant phosphoryl chlorides are 10 then

reacted with aiffHiRg IEActiny iralsoeticeiam agreﬁwc@ ﬁécwé%ﬁﬁfétséndha%@% to
affordthe h rted into
activated im dazo%r{%%%ﬁ'?\% Pt\f/'gég#giﬁ)ﬁ g@?@?‘on W t Egcar bon&r g :{%1 dazol e, as
described in Jcouﬁhmmgeﬁtaamd ﬁhﬁmpr@aMDn ofmﬂ&s) alﬂleztersoﬂltBMllm:slﬂmkes

&Nucl eot i des (20 15 s | o ves are

obt ai ned by thrga?%%{%g?%ﬁ %ﬁ'@s 1?Y1‘ ‘faﬁ?‘gﬁ?%%/%}’ﬂ‘g??@ul f onyl
chloride or W&ﬁhM[tSﬂn‘éE@féﬁBﬂd:bQ’ﬂéﬁﬂé hﬂuf]ﬂﬁ)ébn@dﬁésfﬁ B&ins 8bthe AE@&ahothed in Tet.
Lett. (1996) 7857, or Biogorg aa?ﬁl% 98 8: 663. The acti vated

sul onyl oxy derﬁ%oﬂv%@esﬁﬁi@dtm&m%ﬁ??@dﬂﬁ?ﬁ)ﬁg e%quanolnwn@;a;s ofconpounds to
afford am gat ege ol,. %écoﬁ:@ndﬁﬁﬁﬁ%l Bty Y6kt Héﬂ"&t&%ﬁgﬂg‘?ﬁ?fmqgéd and the

am ne or hydroxy reactant are Inthe prese i mde
coupling agentpreéﬁhee@Teﬂnar}daph@sphméandmma}khmmcmmwﬁbnﬂusesters by means

f | th f_di | odi d
Gescr i bed. r or Sunhmet e b i 3G opsiined SR GRS or coi 1
Czech. Chem GRuas344. %Z)coﬁﬁﬁ&?s%ed fo'hmem@&cogfsm%éacﬁbﬂ HbpefiH BR tHRaam nopr opyl

carbodiiniide for agtlvatlon and_couplin phosphoni c_acids is described

inlet. Lett.,ofthoR1gronp, asmnb@ipmu%bg‘ha@hos&homew@m@@s%%zbm) 19: 1885.
15  thenreacted with an aminoester §34.9, as described above, to yield the

bisamidate product 834.5, in which the amino substituents are the same or

different. .Altematively, the phosphonic acid §34.6 may be treated with two

different amino ester reagents simulataneously, i.e. $34.9 where R% R® or R

are different. The resulting mixiure of bisamidate products §34.5 may then be
20  separable, e.g. by chromatography.

Scheme 34

0 0
R-Imk—-—b~0R‘ — R-llnkH—E’*OR ———>  Riitk—R-OH — 347
"oH

534,1 334 2 $34.6
\ ksm

9 9 1 9~OH
Reink—R~OR" Rlik—R-OR!  —~ R"'"k“—PN_RZ
Lv R2NH(R4‘°)002R5" MR

4h
4h (R, &
$34.8 $34.9 (R )“*cozR% “COR

834.3 S$34.4
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A nunber of additional coupling reagents have been described for the
preparation of am dates and esters from phosphoric acids. The agents i nclude
30 Aldrithiol-2, and PYBOP and BOP, as described inJ Org. Chem, 1995, 60,
5214, andJ. Med. Chem (1997) 40:3842, nesitylene-2-sulfonyl-3-nitro-1, 2, 4-
triazole (MSNT), as described in J. Med. Chem (1996) 39:4958,

di phenyl phosphoryl azide, as described in J. Org Chem (1984) 49:1158, 1 97
(2,4,6-triisopropykbenzenesul fonyl - aa-nmztro % -tri azot?eRfTPSNT) as

descri bed |nREﬂnloe1f=gLV I\/bd—Ghema-lmlL—eu:t—N ?«@8’; % 10181#— PN

br onot ri s(di met hyl al¥ #i@Hbh&Esphoni u gj sph@;ﬁ ngap)‘%%'%s
described in Tet. Se&£ft., (1996) 37(2313)9 7 2-cChl i net hyl -2-o0xo0-1,3,2 5

di oxaphosphi nane, as described in NuEP |des NucI eot i ¥#dd1 1995, 14, 871, and
di phenyl chl orophosphate, as descri bed*t . Med. Chem, 1988, 31, 1305,
Phosphoni c acids ar¢ converted into am dat es and esters by nmeans of the

M t sunobu reaction, 'in which the phosphoric acid and the am ne or hydroxy
reactant are conbingd in the presence of a ﬁ’rl aryI phosphi ne and a di al kyl
10 azodi car box#ltngLe'P_N'ﬁt%e prBetir i s d@@&ﬁl’oé |n Or% Lett., 2001, 3, 643,
or J. Med. Chem 40, 384412 Ehosphomg,@‘t‘t BCGRE al so obt ai ned by the
reaction between phgsghonic aC| ds and haffoconpgunds, in the presence of a
sui tabl e base. The nethod is™%escribed, for &% nple, in Anal. Chem, 1987,
59, .1056, or J. Chem Soc. Perkin 15 Trans.§3415, 1993, 19, 2303, or J: Med.
Chem , 1995, 38, 1372 or Tet. Lett., 2002, 43, 1161. Schenes 34-37

illustrate the con n est. h n aC|ds into

car boal koxy-substl %ﬂgﬁos%ﬁ% ggrmq%ﬁ} ‘§§§‘h&?§3“ %g%% p%o@p Oonani dat es

Egcﬂems gg) phmschﬂﬁggghlﬁblnlﬁjdqmeqﬂleﬁﬂe SSI:IVEmh eadfell \ﬁﬂﬁl&(}bﬁ?ﬁlﬁ@ﬂﬁmat e diesters,
chene illustrates synthesis m dia

phosphonaté gﬁ‘@@mm'@%ﬁéﬁﬁ Wfs [3p G%“P?%ﬁdé% vé”& gﬁ@ﬁé?%gé 21‘96g]tf’he

conver si on of %&%M@ﬁ&eﬂlﬁﬁéﬁmﬁ%ﬁa ThOpRAAS R BBPIAaBY dahes S34.5, The

diester S34.1, prepared as
eqmmo ar amounts of ethyl alaninate §34.16 and dicyclohexyl carbodiimide in

pyridine, to yield the amidate product $34.17. The benzyl group is then
removed, for example by hydrogenolysis over a palladium catalyst, to give the

10 monoacid product $34.18 which may be unstable according to J. Med. Chem.
(1997) 40(23):3842. This corapound 334.18 is then reacted in a Mitsunobu
reaction with ethyl leucinate S34.19, triphenyl phosphine and
diethylazodicarboxylate, as descﬂbm_ad in J. Med. Chem., 1995, 38, 2742, to
produce the bisamidate product $34.20.

15 Using the above procedures, but employing in place of ethyl leucinate
S34.19 or ethyl alaninate 834.16, different aminoesters $34.9, the corresponding
products 834.5 are obtained. ‘

Alternatively, the phosphonic acid 834.6 is converied into the bisamidate
$34.5 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 534.5 are the same, or in two steps, in which case the nitrogen-
related substituenis can be different.

An exarnple of the method is shown in Scheme 34, Example 2. In this
procedure, a phosphonic acid 834.6 is reacted in pyridine solution with excess

25  ethyl phenylalaninate $34.21 and dicyclohexylcarbodiimide, for example as
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described previously, is hydrolyzed, either to the nonoester S34.2 or to the
25 phosphonic acid 534.6. The nethods enpl oyed for these transformations are
descri bed above. The nonoester 534.2 is converted into the nonoam date 534. 3
by reaction with an am noester 534.9, in which the group R2 is H or alkyl;
the group Ris a divalent allkylene noiety such as, for exanple, CHCH3,
CHCH2CH3, CH(CH(CH3)2), CH(CH2Ph), and the |ike, or a side chain group 30
present in nat desetibedrin doidhent. Sdc.abhars Sorus; 1994 d106Atogivaibe BisamideteCl - C12

al kyl , such ttgi% et hyl, propyl, isopropyl, or isobutyl; C6-C20 aryl,
such as pheny Toor 8 s%ltut ed phenyl; or C6-C20 arylal kyl, such as benzyl
or benzyhydryl . Thdjsmgﬂnetah@st@xareﬁmarﬁutmplojnng,tlh@lapéeﬁehﬁe of a coupling

agent such as arbodll e, for ex e di cycl ohexy ar i.imde, as
descri bed in Jgheﬂ)ﬁlﬁf fé%?&‘ a“”(nﬁ!%efﬁg% G cﬁ" %%g'ﬁe presence
of an activatigpg aERRY. such as hydroxybenztri azol e, to yield the am date

product $34.3. The am date- forming reaction is also effected in the
presence of coupl i nds afethesalisirativeshaadpsplenigscddiddib beooverted intaghg.  Chem

ol oo st i et R ASEUT Bl SRR RS2 1%
534.9 are th ansiiexo nieddazoly0, mhepmpﬁbamxfb@uﬁ)@&ﬁyatcbwﬁmaﬁv&sm@foga M t sunobu
reaction. The eparatl neans t t sunopu reaction is
descri bed in JPNORBRPIICASEH, intp ¢ Slae “ﬁgm%ﬁéﬁamh%m 10 the
reactants gye &EHE{?IMde%r%ﬁalwlﬂ&n&%d&@%ké%'&es%ﬁb&&&f yggof nran in the

presence of a triaryl phosphine and a dial kyl  azodi car boxyl ate. The thus-
obt ai ned nonoabaipharusiSompoinds B M.Kashlapoff,laddfety edsdWileyol996i pidfe phosphori c

acid 534.4. T ondi ti on for e h _depend on the
nature of thhﬁl}ﬁmn?%tu °§gﬁj°§ ik %n%tPgono@%ﬁm?%S%h @phonlc acid

art;1 date 534. 4I Mdzi}]zﬁmﬁedesrcﬁa@imd mtémfm amoz;@eslmjhaﬁaﬁqﬁ Chaf. §@scr i bed
above, to yle t he S roauy 4.5 In JC m no
substituents apéen: h@"@’énﬁgrgé ﬁ?tf“’@?'% Ya%ﬂ Rhesmhenic Agidyis a?q%’étegh’éﬂsphori c acid
534.6 may pe tfeﬁtﬁfoﬁ%m t{—lﬂog bgﬁzfeﬁéﬁﬁ‘aﬂ .@lﬂbﬁ& Sé&e%&nﬁe?ﬁfﬂ?@%oszdes

si mul at aneously, 1. ere or b are rent
resulting m xt@ndd\ha’ieabd@aﬁ@%ﬂ@, wsmmuw.@myxsmﬁemed with the

aminoester 834.9, in the presence of a base, to give the bisamidate 834.5. The

reaction is performed in one step, in which case the nitrogen substituents present
in the product 834.5 are the same, or in two steps, via the intermediate S34.11, iri
20  which case the nitrogen substituenis 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 834.6 is
reacted with ten molar equivalents of fhionyl chloride, as described in Z7.
Obschei Khim., 1958, 28, 1063, to give the dichloro compound 834.23. 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 834,24 to afford the bisamidate product 8§34.25.
Using the above procedures,.but employing, in place of butyl serinate
834.24, different aminoesters $34.9, the corresponding products S34.5 are
30 obtained.
In the procedure illustrated in Scheme 34, Example 5, the phosphonic
acid 834.6 is reacted, as described in J, Chem. Soc. Chem. Comm., 1991, 312,
with carbony] diimidazole to give the imidazolide 834.832. The product is then

101



20 separable, e.g. by chromatography. Schene 34 0 0 Rfink S OR -.-
R-link---P- ORI - R1Ink-k OH- 34.7 ORS OH OH 534.1 534.2 834.6 534. 534.9
000 RIink-F -CHRI1ink-P-ORL R-l1ink-b-Opl N2 i v RZNH(R46) COZR5b 4 -R
(R4bl ~N-Rz 534.8 534.9 (R 1~CO2R5b COyR5b 534.3 $34.4 99 R2 2 R-link-ft
Lv -ti R-link-P-NR 46, C02R56 R-fink--NR45b S3 (Lv or OH) 534.9 (R4b R2 (R)
$34.9 (LvorlOH))- (R C2R COX2R5b 534.11 S34.5 O 0 Hal (R4b) CO2R5b

R-1i nk- P--" NH reReted inkaceipnitrilsspluti@ atipnbigat tepperae b, wiiRais)@2Rsb 334, 90 Ox6

'CO2Reb 534.5_ An. _ex Q hi r ' Ln 34, Exanple

1 oin thie prSREEOR el s BRI Pl ke bRl

di azabi cycl ooc83h$34 TePABEompouhdisuksraeatted il cexborgd diieziarolbeed in J. O Q.

e 005, i B GRS BBy RSplonaLe Bagls, The
and di cycl ohexik s&a€ i dws AfitH Shyl N-methylalaninate $34.33a to give the
bisamidate product $34.36.

Using the above procedures, but employing, in place of ethyl alaninate
$34.33 or ethyl N-methylalaninate 834.33a, different aminoesters 834.9, the
corresponding products 834.5 are obtained.

10 : The intermediate monoamidate S34.3 is also prepared from the
monoester $34.2 by first converting the monoester info the activated derivative
834.8 in which Lv is a leaving group such as halo, imidazolyl etc, using the
procedures described above, The product §34.8 is then reacted with an
aminoester $34.9 in the presence of a base such as pyridine, to give an

15 intermediate monoamidate product 834.3. The latter compound is then
converted, by removal of the R' group and coupling of the product with the
aminoester §34.9, as described above, into the bisamidate $34.5.

An example of this procedure, in which the phosphonic acid is activated
by conversion to the chloro derivative 83_4.26, 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. Letiers., 1994, 35,
4097, to afford the phosphoryl chloride $34.26. The product is then reacted in
acetonitrile solution at ambient temperature with one molar equivalent of ethyl
3-amino-2-methylpropionate 834.27 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 834.29. The product is
subjected to a Mitsunobu coupling procedure, with equimolar a.mount‘s of butyl
alaninate $34.30, triphenyl phosphine, disthylazodicarboxylate and triethylamine
in tetrahydrofuran, to give the bisamidate product 834.31.

30 Using the above procedures, but employing, in place of ethyl 3-amino-2-
methylpropionate $34.27 or butyl alaninate 834.30, different aminoesters $34.9,
the corresponding products 834.5 are obtained.
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pyridine, to yield the am date product 834.17. The benzyl group is then
renoved, for exanple by hydrogenol ysis over a palladiumcatalyst, to give
the 10 nonoaci d product 534.18 which may be unstable according to J. Med.
Chem (1997)40(23):3942. This conmpound 534.18 is then reacted in a

M tsunobu reaction wth ethyl |eucinate 534.19, triphenyl phosphine and
di et hyl azodi car boxyl ate, as described in J. Med. Chem, 1995, 38, 2742, to
produce the bi sani detesichvabeilphosPBBaic20id debividbieriF4tThe alab ovvepedimbihe es, but

enpl oying in pl. f I leucinate S34 t hyl al aninate S34. 16,
different am ﬁ%%g’ﬁg%{g Sgé‘g)%ath? ﬁl St 03?83%%%‘@%‘3588%&8%&% .5 are obtained.
Al ternatively, actitgtePplosphaid seidgdrtratdd stch ® phospheryll ekloriddsdntoliee bi sam dat e
S34.5 by use of the coupling rﬁ)actigns descr.i bed above, Th r_eafcition is 20
performed in offEresiagingaminhareipss §3414. by reactipn ik apaonize b desiibe ient s

present in st r@rq@iﬂ?%ﬁ@h@?ﬁé&@ﬁn&sb@. FERBsol ot B. Mw:,%ﬁe,ﬁﬁrﬁ%,},ﬁgmi ch case

the nitrogen- Telated substituents can be different. An exanple of the

met hod i s showhbhe tisagihe camBrind Bihibd ischen reaoted diictevatpd teogeitatiee withphosphoni ¢

acid S34.6 is reacted.i ridi ne sqluti it h exgess 25 ethyl

phenyl al ani natlﬁcgéé?? %J-%]@y%rg@@ﬂ%éﬁiﬁ’gg%\é\@rHarﬁ"g%',orﬁ‘j’fc Séaivgﬂ%qugh as 100

described i n Jas dehyiferaRmidd RERE pletdiiat of 8R4 suckdR3, 41 0 give the bisam date

product S34.22. Using . the above procedures, but errpfoy_i ng, i.n place of ethyl

phenyl al ani natdmetiylmincnyriding (PN oe pefassium oubangie, wflﬂéglﬂﬁiﬁ%ﬁﬂﬁé&tﬁr oduct s

534.5 5 ' r PVA-WER ic acid S34.6
R L R R S

is converted into activate ativ , in which Lv
E[s_ a | eavi nlgbglemgmtsm'mddal ! faseously) n{ 834‘!|’Mh. a‘mﬁ"%r,l_lsb are c}iﬁerent. Thf:1 _ ds int

riisopropyl benzenesul f on etc. e nyersion .o sphonic acids into
chl ori des 534.T?S‘§‘E’%ﬁ @X&F?%k@é%?ﬁ@&ﬂ’aﬂl“%g?‘éﬁ&%ﬁ“ﬁ%sﬁpg&qm%ﬂ%| chl ori de
or oxalyl chl ogrglgatagrdpiishe |1 ke, as described in Organic Phosphorus

Compounds, G M Kosolapoff, L. Meir, eds, Wley, 1976, p. 17.
An example of this procedure is shown in Scheme 34, Example 6. In this

15 method, a dichlorophosphonate §34.23 is reacted with ammeonia to afford the

diamide §34.37. The reaction is performed in agqueous, agueous alcoholic or
alcoholic solution, at reflux temperature. The resulting diamino compound is
then reacted with two molar equivalents of ethyl 2-bromo-3-methylbutyrate
834.38, 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 jodide, to afford the bisamidate
product $34.39.
Using the above procedures, but employing, in place of ethyl 2-bromo-3-
methylbutyrate S34.38, different haloesters S34.12 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  $34.32is reacted with propyl tyrosinate $34.40, as described in Example 5, to
yield the monoamidate 834.41. The product is reacted with carbonyl diimidazole
to-give the imidazolide $34.42, and this material is reacted with a further molar
equivalent of propyl tyrosinate to produce the bisantidate product 534.43.
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The conversi on of phosphoni c acids into nonoi m dazolides 534.7 (Lv =
iridazolyl) is described in J. Med. Chem, 2002, 45, 1284 and in J. Chem
Soc. Chem Comm, 1991; 312. Alternatively, the phosphonie acid is
activated by 15 reaction with triisopropyl benzenesul fonyl chloride, as
described in Nucl eosides and Nucl eotides, 2000, 10, 1885. The activated
product is then reacted with the am noester 534.9, in the presence of a
base, to give the bUdagﬂﬁaibevﬁﬁdﬁﬁureﬂ’cmt emplagingon plase pépiopylitpsinagisone st ep,

in which case n sub rese h uct 534.5 are
the sane, %‘?‘FV\Q dgé%%g Vi a? gjﬁﬁt%? Sg\?}id]%%]?fo%i&s ggfgi% whi ch case
the nit rogen sutﬁsihed a@eramnmmeﬂserrgﬂdyé@&aﬂé m&stagmbeﬂle(abmtd}&s&dm&t hods are
shown in Schenme 34, Exanples 3 an procedure iJlustrated in

Scheme 34, Exa?ﬁﬂt@tbesaanw@é%@mw%m feavw@lth?@a&&@dﬁfﬁﬁrﬁrn ten nol ar

equi val ent s5 of b hi Qo Qfd described in Zh. CObschei Khim, 1958,
28, 1063, to gl vglbtﬁy SI&B% or o‘?r%ound 534.23. The 25 product is then

reacted at reflux tdnomedt dlilwstrates methofimior tepotpamtion by pinisplanate as
acetonitrile, and in.the presence of a base such as triethylamne, wth
butyl seri nat @9 %%aﬁmg%e%o afford the bisanidate product 534.25. Using the

above procedures, bMtonegﬁJc@&ha%pﬂoébh@hﬁ@&oﬁéesmﬂssh 15€EdnRak®, ad34. 24;
di fferent am noesters 534 the correspondi ng products 534.5 are 30

obtai ned. In tﬁe@clpbeddeﬁehe@lﬁ 4. irse thenelivatad deghiative S34.8. B spreowmd it he
phospho”' ¢ oacq,g %iéreﬁ dsTedd ﬂ&&?&geﬂ&&%&mh@e% r584.9; ?%beé&se O of ZCNEM

Comm ,- 199 car ony I"imdazole to give 47000 de
S34. 832 The pbasel,uohﬂbﬁiﬁmmlonoaiﬂﬂlatepmdum%s.rl acet onl trile solution at

anbi ent tenperatur wi th one | ar val t.h al anj n te 534.33 to
yi el d the nonodi spl W“ﬁ?ﬂ%ﬁﬁ‘é‘?ateds@%ug%e %;#é‘ 1e¥“ i s then
reacted with Cﬁbﬁ&iﬂhﬁhyl%béﬁh@ﬁ%@&% 1] i%res[éfdad;biﬁf férRadple] tﬁﬁin?pclﬂdﬁd%r&ed' ate

534. 35, and the product then reacted, undér 5 the sane conditions, wth

et hyl N net hyl dasetiheddn & @@m%@a USSR b%83t$ﬂa36htggrﬁedha®1@p@mﬂ@@t 534. 36.
Using the abovgsg AGEUNIRR: is Bidh rSITRLON Aibb i AESe 3, Mhyd! ani nat e

alaninateS3, to yield the amidate §35.10.

. Using the above procedures, but employing, in place of ethyl alaninate
835.9, different aminoesters §34.9, the corresponding products $35.1 are
obtained.

20 Alternatively, the phosphonate monoester $34.1 is coupled, as described
in Scheme 34, with an aminoester §34.9 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 835.3, by reaction with the hydroxy
compound R*OH, in which the group R® is aryl, heterocycle, alkyl, cycloalkyl,
halda]kyl etc, using the same coupling procedures (catbodiimide, Aldrithiol-2,
PYBOP, Mitsunobu reaction etc) described in Scheme 34 for the coupling of

amines and phosphonic acids.
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834.33 or ethyl N-nmethyl al aninate S34.33a, different am noesters 534.9, the
correspondi ng products 534.5 are obtained. 10 The internedi ate nonoam date
S34.3 is also prepared fromthe nonoester 534.2 by first converting the
nonoester into the activated derivative S34.8 in which Lv is a |eaving

- group such as halo, imdazolyl etc, using the procedures described above.
The product S34.8 is then reacted wwth an am noesier S34.9 in the presence
of a base such3§§mﬁfﬁﬁﬁwmk1tC)glve an 15 internedi at e nonoam date product
534.3. The latter compound is then converted, by renoval of the Rl group
and coupling of the product with the o nodACHMIBRED, as descyi bed above,
into the bisangate ! ;EL% &..Am,exannim-&t—ot—rhls_ﬁiﬁﬁﬁ.edwlﬂkAm— R the
phosphonic acid is aQﬁhvated by conversbon to the chloro @8ni kghive 534. 26,
is shown in Schene 34, Exanple 20 4. &f.his procedure, the $phor|c
nonobem yl ester 53% 4 | s reacted, in dichloronethane, wth t |onyI
chloride, as described in Tet..Letters., 1994, 35, 4097, to afford the
phosphoryl chloride 834. 26. The product is then reacted |n acetonitrile
sol ution at ambient tenperatusg with ope Iar egu i val ent fHetnMI

3- am no- 2- met hyl pr opj onathgkﬁ?pfl. 7,¥® yﬁ@{cﬁ* ) amtW4reRp ‘cm{uct 534. 288.
25 The | atter conpound is hydcpge Shgd in eggyjacetatgﬂpé_z suopal | adi um
on carbon catalyst to produce t fnoaci d product 5 product is
subj ected to a M tsunobu couﬁFﬁﬁb procedure, wth equimol ar’ %ﬂB ynts of butyl
al ani nate S34.30, tripbenyl phosphine, diethylazodicarboxylat'e”and
triethylamne in tetrahydrofurau, to give the bisam date product S34.31. 30
Usi ng the above procedures but enploying, in place of ethyl 3-am no-2-
nethylpropiona%g 534 %; Eg% al ani nate 534.30, different am noesters
534.9 the co B ﬁ o] ucts S34.5 are obtained. 102 The activated
phosphoric acid derlvatlve S34.7 is also convegted into the bisamdate
534.5 via the dlanan)conp The coave ®f activated

pl t osphoni c acgﬂwﬂernw |ve§W% %qs Sﬁﬁq Qor%RI | orides into the

correspondi ng by react i l_lv\/lth ammoni a, i s described
in
Bw—(
‘ COOEt
§34.6 534.22
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5 Organi ¢ Phosphorus Conpounds. G M Kosol apoff, L. Maeir, eds, WI ey,
1976. The bi sam no conpound S34.10 is then reacted at el evated tenperature
with a haloester $34.12 (Hal = halogen, 1, e. F, d, Br, |I), in a polar
organi ¢ sol vent .such as dinethylformam de, in the presence of a base such
as 4, 4 dinethylam nopyridine (UVAP) or potassium carbonate, to yield the

bi sam date 10 834.5. Alternatively, $34.6 nmay be treated with two different
am no ester reagaRtlsExdnpld At aneously, i.e. 534.12 where ef8r R56 are
different. The resulting mxture of bisamcsetigoRcOdBICt S 4.%é{py t hen be
separable, e.g. | @hr omat ograpgy. AR e anpl asnis ﬁ{gj pi O &u?e is shown in
Scheme 34, Exaﬁ'ﬂ!‘%—ek{(“qm rhrs—™1 '"Hlé't'FFgﬁf a di cbl orophosghphate $34.23 is
reacted with amoni a®b afford the diafti de $34.37. Th/e_K ction is
performed in aqueod46aqueous al coholB42r al cohol i gysolgd kpn, at reflux
tenperature. The resulting diam no conpound is then rea with two nol ar
equi val ents of ethyl 2-bronp-3-nethylbutyrate $34.38, in a polar organic
sol vent such aScheMstEsapRI? ¢ ol i di none at ca. 150 C, 20 in the presence of a

base such.as potassiym carbonate, and, optiNuathguejc.kthe |, presence of a

catal ytic amounf. of Dotassi umjqdide.ll . af f 0S34the bi sair date product
534.39. Using t lgﬁ)ab'poénihpr ocea‘ufﬂg@%j bbtﬁ grrpl oyi ng,%lﬁﬁk plaﬁn&q‘of et hyl

2- brono-3- nethyl butyrate S34.38, different hal oesters $34.12 the
correspondi ng pr od@é%/-!@ 25 $34.5 areS¥#%ined. The procedurggshown in
Schenme 34 are also applicable to the preparation of biygéam dates in which
the am noester noiety incorporates different functional goups. Schene 34,
Exanple 7 illustrates the preparation of bisanm dates derived fromtyrosine.
In this procedure, the nonoi m dazolide 30 534.32 is reacted with propyl
tyrosinate 534.40, as described gn Exanple 5, to yield thg nonoam date
$34.41. The product is reagh@—wbtdwcarbonyl diini dazole Oﬁo eyt he

i m dazol i de S34.42, and this mat%;ihal i 5127?@?‘:{@?)@92% t Ak Libanisher ol ar

equi val ent of propyl Tyrosinate o produce ghhg, Bi sam dat e }m.,oduct 534. 43.

103 CO,Et
Me CO,E
53429 $34.31
Scheme 34 Example 5
Me
C 0 HoNCH(Me)GO,Et O )-COzEt
R-link —P\-—OH ———— Rdink —p—0OH ————3 Rdink —F?\—-NH
534.5 $34.32 $34.34
Me, Me
O,Et
9 Co MeNHCH(Me)CO,Et Q )—COaEt
— R-link —- \"_”NH » R-link _"P\""NH
im $34.33a N-Me
Me
534.35
CO,Et
$34.36
Scheme 34 Example 6 :
Pr
» Q BrCH(PACOEt  § YCOzEt
Relink —R—~Cl ~——=—R-link —R—NHz  ——— Relink —R~NH
o NH, 53438 NH 53439
$34.23 $34.37 pr—(
CO,Et
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Usi ng the above procedures, but enploying, in place of propyl tyrosinate
534.40, different am noesters 534.9, the correspondi ng products S34.5 are
obt ai ned, The am noesters enployed in the two stages of the above procedure
can be the sane or different, so that bisam dates with the same or different
5 am no substituents are prepared. Schene 35 illustrates nethods for the
preparation of phosphonate nonoam dates. |In one procedure, a phosphonate
nonoest er S34. Pehame3hEXPRIE7 as  described in Schene 34, into the activated
derivative 534.8. This conpound is 10 then reacted, as described above,

W th an am noester 534. HOJ he presence of a base, to afford the

nonoam dat e product 535. 1. procedure is 4llustrated in Scheme 35,
Exanple 1. In this method, unophenxmnghgggagnate 53§%ﬁﬂjig§ﬁ ted with,
for exanple, thionyl chloride, as descri ed\hq J. Gen. em '\ ., 1983,
32, 367, to give theﬁbhloro pLetOgo.Hpb 535. 8/ The product is t react ed,
as descri bed i -8k G, wth—ethyl al ani é 3, To Yrel d the am date
535.10. . Using the above proc&3448s, b ¢ %§ in g '2§fhyl

al aninate 535.9, different am noesters$, 5%4. di ng products
535.1 are obtained. 82Q3Al ternativel y, /the gddphonat e npnoests34.4834. 1 i s
coupl ed, as described 1in Schene 34,lﬂPth an am noest eF'9534.9 to produce the
am dateS335.1. If necessary, the R substituent is then altered, by initial
cl eavage to afford the phosphoric acid 535.'2. The procedures for this
transformati on depend on the nature of the,8 group, and are described
above. The phosphonic acid is then 25 trangfo into the ester am date
product 535.3, by reaction with the MRHQOP-NH d R3CH, in which the
group B? is aryl, heterocycle,, alkyl, cycldﬁ#kyl | oal kyl etc, using the
same coupling procedures (carbodiirnide, rithi 2, PYBOP, M tsunobu
reaction etc) described in Schene 34 f th c%guplin@Hof am nes and
phosphoni ¢ acids. 104

83443
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 835.12. 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
$35.14, for example as described in Tet. Lett., 2001, 42, 8841, to yield the
amidate ester $35.15.
In the sequence shown in Scheme 35, Example 3, the monoamidate
15 835.13 is coupled, in tetrahydrofuran solution at ambient temperature, with
equimolar amounts of dicyclohexyl carbodiimide and 4-hydroxy-N-
methylpiperidine 8§35.186, to produce the amidate ester product 835.17.
Using the above procedures, but employing, in place of the ethyl
alaninate product 8§35.12 different monoacids 835.2, and in place of
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Schene 34 Exanple 1 O O H2ZNCH(Me)CO2Et OH R-link-pl OBn 01 R-link---PI OH
534.16 R-link-P~ OBn OBn OBn OBn COCEt 534.14 $34.15 834.17 H \ NM O H
Me H2NCH(CH2Pr1)CO2Et R-link-Pt R-link -P'"N NH OH COCEt 534.19 Prl H2C <
COOEt 534.18 COOEt 534.20 Scheme 34 Exanple 2 Bn 0 H2NCH( Bn) CO2Et O
)-000R 11 11 _OH 534.21 Rlink-p- NH R-link-p OHNH Bn- COOEt 534.6
534.22 5 105 OH Schene 34 Exanple 3 O 0 H2NCH( CH2OH) CO2BU O - - CO2Bu
R-1ink-M OH Ruiflugtesthanol 35844 2-hyfrory-Memethylpipeddine§35/16Nlifferggl. 6 534. 23 HO

COR2Bu  534.25 hydroxy compounds R*GH, the corresponding products 8§35.3 are obiained.
Altematively, the activated phosphonate ester $34.8 is reacted with
ammonia to yield the amidate S35.4. The product is then reacted, as described in
5  Scheme 34, with a haloester $35.5, in the presence of a base, to produce the
amidate product 8$35.6. If appropriate, the nature of the R group is changed,
using the procedures described above, to give the product 835.3. The method is
iltusirated in Scheme 35, Example 4. In this sequence, the monophenyl
phosphoryl chloride 835.18 is reacted, as described in Scheme 34, with
10  ammonia, to yield the amino product $35.19. This material is then reacted in N-
methylpyrrolidinone solution at 170° with butyl 2-bromo-3-phenyipropionate
$35.20 and potassium carbonate, to afford the amidate product §35.21.
Using these procedures, but employing, in place of butyl 2-bromo-3-
phenylpropionate $35.20, different haloesters 835.5, the corresponding products
15 835.6 are obtained.
The monoamidate products $35.3 are also prepared from the doubly
activeited phosphonate derivatives 834.7. In this procedure, examples of which
are described in Synlett., 1998, 1, 73, the infermediate $34.7 is reacted with a
limited amount of the aminoester S34.9 to give the mono-displacement product
20 834.11. The latter compound is then reacted with the hydroxy compound R*0OH
in a polar organic solvent such as dimethyl’r:onna.mide, in the presence of a base
such as diisopropylethylamine, to }fic;ld the monoamidate ester S35..3.
The method is illustrated in Scheme 35, Example 5. In this method, the
phosphoryl dichloride §35.22 is reacted in dichloromethane solution with one
25  molar equivalent of ethyl N-methyl tyrosinate §35.23 and
dinethylaminopyridine, to generate the monoamidate $35.24. The product is
then reacted with phenol 835.25 in dimethylformamide containing potassinm
carbonate, to yield the ester amidate product $35.26.
Using these procedures, but employing, in place of ethyl N-methyl
30  tyrosinate $35.23 or phenol §35.25, the aminoesters 34.9 and/or the hydroxy
compounds R*OH, the corresponding products 835.3 are obtained.
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Schene 34 Exanple 4 0 O H2NCH2CH(Me) CO2Et O u J $34.27 n  R-link-P oh OBn
R-[Ink.---P OBn Rlink-per OBn 534.15 5 S34,26 CO2Et Me 534.28 0 Me RAnk
-p-OH H2NCH(Me) CO2Bu u  R-fink-P~-NH CO2Et S34.30 NH Me -CO2Et $34.29 Me
834.31 Schene 34 Example 5 M@ O 0 H2NCH( M) CO2Et O }--CO2Et 11 - OH
R-1ink-PP NH R-link-" OH- RIfnk-P OH 1M S34.33 OH 534.6 534.32 534.34

Me O e>- CO2Et MeNHCH( Me) CO2Et 0 ~CO2Et R-fink~ NH R-link-Pc NH in S34.33a
N-Me S34. 35 nBesheme@@2Et S34. 36

0
O ? . i
R-link —f=|*\--~0R1 — e Rdlink -—-FL\—-OR‘] —» Rdink —-F’\'-OH2 $35.3

534.9 N—R2 N-R
334.?H (R4bi (R4b) 5b

RENH(R*)COR COR™ CO.R

l $35.1 535.2

0 1Hal(R4b)CozR5h o |
R—Iink-——-i:"\--"OR‘I —_— R-]ink—-—l?\-OR — R-Iink-—F{-'"OR

Ly NHa S35.5 W
$35.4 R
CO.R
534.8 $35.6

/

0 o g ROH 0
ink—P » Relink—R-N ™ Rilink—R—OR’

R-link—R—Lv = RAink—R—N in Y
v S349 Ly (R™) 4biN_R2

5b R
S34.7 COzR ( COR®

§34.11

535.3

Scheme 35 Example 1

o 0 H,NCH(Me)CO,E! Q
1] 2 2 . Ilﬂ
R—link—-—iil-'-\—-OPhw—*—h—R—iink——P\"QF’h T maee Rink—R OPh
OH Ci NH
Me—<
$35.7 $35.8 CO,EL
$35.10
Scheme 35 Example 2
ink —H—0Bn R 0 OH '
R_"nk__.llzl)\__.OBn _.“_—__)..+ R—I]I’lk“—'P\NH R_.Imk—-P\[-\[-H
OH o "
CO.EL CO,Et
$35.11 $35.12 $35.13 .
g
CF4CH,0OH F':-nnk—-lz\——ocHzc;F3
$35.14 NH
— Me
CO,Et
$35.15
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Schenme 34 Exanmple 6 Pri OO BrCH(Prf)CO2Et 0 )-CO2Et R-link-p-d ~- |
R-link-p-NH2 . RIlink---P-NH\CO \NH2 334.38 H $34.23 $34.37 p~~ 534. 39
CO2Et 106 Schene 34 Exanple 7 HO R-link-p OHR-link-P-Im "2~ ;1 0 H2N
CO2Pr NH INH R-link-p-OH - =r ~Im S34.40 CO2Pr CO2Pr $34.32 HO 534.41 HO
834.42 PrQR2C R link-p° NH NH CO®2Pr OH i S34.43 HO Exanples of this

nmet hod are shown in Schene 35, Exanples 2 and 3. In 5 the sequence shown in
Exanpl e 2, a nonobenzyl phosphonate 535.11 is transforned by reaction with
et hyl al ani na [ ’&E@! fo the nethods described above, into the
nonoam dat e S?%hﬁlglai%%e nlg):/al group is then renoved by catalytic

hydr ogenation in ethylacetate solution over a 5% pal | adi um on carbon
catalyst, to afford g?he phosphori ¢ agl_p am date|C|535. 13—Jhe product is then
10' reacted irR-mhlc-thle-@hﬂbt hane golut’l on aR.lmei—Q{ﬁ-O nperftiMee with

equi nol aar NH NH

-~
Me Me_ > . Me
CO.Et $35.16 CO,Ft
$35.13 $35.17
Scheme 35 Example 4
e Io ~ BrCH(Bn)CO.Bu ll?
Relink—R~OPh ———» Relink——R—OPh ———»  Relink——R~OPh
b NH, $35.,20 NH
Bn
$35.18 $35.19 CO,Bu
535.21
Scheme 35 Example 5
HO
9 Me~nco,et 0 |
Refink—R~Cl H Relink—R~Cl
' Ci §35.23 N-Me
o)
Et
$35.22 COEL <1524
PhOH
$35.25
9
R-link—-—ID\—O—@
—Me
o)~
COEL 3526

Scheme 36 illustrates methods for the preparation of carboalkoxy-
substituted phosphonate diesters in which one of the ester groups incorporates a

carboalkoxy substituent.
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anounts of 1-(di nethyl am nopropyl)-3-ethylcarbodiimde and trifl uoroethanol
535. 14, for exanple as described in Tet. Lett., 2001, 42, 8841, to yield the
am date ester 535.15. In the sequence shown in Schene 35, Exanple 3, the
nonoam date 15 S35.13 is coupled, in tetrahydrofuran solution at anbi ent
tenperature, with equinolar anounts of dicycl ohexyl carbodiim de and

4- hydr oxy-N- net hyl pi peri di ne 535.16, to produce the ani date ester product
$35.17. Using the dg@aepmcg&;w@r@%ph@mtew@;ﬁrﬁg-*-,l-la'memﬂr%ﬁt@ dgscriba@ et hyl

al ani nate prod dj f | .4 p place of 107
trifIuoroethaﬁ%%%%ggéﬁé&gf&aéiégggy%ﬁﬁ@%%#ggwgﬁg%%@JIQQH%ES.16, di fferent

hydr oxy conpouh}dso:ﬁaﬁtS&ﬁﬂehcwhichﬂwdipn@“bmﬂmf tue a5 dBscBbed in Sohérad ned.
Al ternatively, e actiyated osphonat e, ester 534.8 is.reacted with
oTon 4t 6 yi G FOr S SRRl Ao un G the GRS P ORRRY UBE PR

descri bed iy @fa%%ﬂﬁmﬁfbsu%&sfﬁi?dﬂﬂa'eﬁé%%&%ﬁdi” ens deftripb@iigaonce of a

base, to .produce the am date product _appropriate, the nature of
the R group i&hahat§edi09, optianglly indhpprsesagripicmadylemineniridizgsas, to give the

product S35, 3. o Ttk B b, o 1489 Sk RENGHT Ay gAMLt I (1

sequence, the nohopheny dgsphoryl” cnl ori S reacted,
descri bed i n StlhambiEnBimpetatire, 10 anmonia, to yield the am no product 535. 19.

This material is then reagted jn N nethyl py | i diugn plutjon at 170 with
butyl 2- br ono- 3-phQﬁﬂf|$9%ﬁ}%ﬁ%11%sﬁ%%§5§é§@§m%§f<§§glﬁdn&c§w %2 to afford
the am datg) prg e Bhesbhontddd §55.9 BRSEHIRL, AL EEMbRMeIRNE sQMMOMiRg, 1 n place
of butyl 2-bronp-3- phenyl propi onate 535.20, different hal oesters $35.5, the

corr espondi ng pessdecefdlicyt®Bhery carbadignidpitvaitinethly! 3tyeroryribani dat e product s

835.3 are al som%glggg ?O%{er%?alkp%ggf)%@émqs (}nia%%d &%&g te derivatives

534.7. In this pr ure, are descrrbed I'n Synlett, 1998,
1, 73, the intermedisigthEItockdiuR, titatbheing inplae of eyt Blydoppnt of the

oo oy B TR0 SRS oL B D hE et The ot

15  products 833.2 are obtained.

The conversion of a phosphonate monoester 834.1 inio a mixed diester
$36.2 is also accomplished by means of a Mitsunobu coupling reaction with the
hydroxyester 836.1, as described in Org. Lett., 2001, 643. In this method, the
reactants 34.1 and §36.1 are combined in a polar solvent such as fetrahydrofuran,

20  inthe 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*0H, to give the diester product $36.4.

25 The procedure is illustrated in Scheme 36, Example 2. I this method, a
monoallyl phosphonate $36.12 is coupled in tetrahydrofuran solition, in the
presence of triphenylphosphine and diethylazodicarboxylate, with ethyl lactate
836.13 to give the mixed diester 836.14. The product is reacted with
tris(triphenylphosphine) rhodium chloride (Wilkinson catalyst) in acetonitrile, as

30  described previously, to remove the allyl group and pr-oduce 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 8§36.16 to yield the mixed diester $36.17.
111



in a polar organic solvent such as dinethylformam de, in the presence of a
base such as diisopropylethylamne, to yield the nonoam date ester 535. 3.
The nethod is illustrated in Scheme 35, Exanple 5. In this nethod, the
phosphoryl dichloride S35.22 is reacted in dichl oronethane solution with one
25 nol ar equi val ent of ethyl N-nmethyl tyrosinate 535.23 and

di met hyl am nopyri di ne, to generate the nonoamni date $35.24. The product is

t hen react ed vvi th ﬂﬁﬂn@theaﬁsveaﬁotrﬁdws roest h;lplbpiingfimmwe obtle &fhyl lagtaeot assi um

car bonat e, ster m. da ct S35 n hes
pr ocedur es, %ﬁﬁfﬂ? Vi A5 OXYPW@P%C% 1@?:@ Hfoxﬁsg%tsﬁglagg)ﬁrgﬁﬁe iMhat e S35. 23
or phenol 835 Rﬁmﬁmn@hﬁmﬁm,rthe Bamep@ﬂdigqyrodﬂm Sﬁﬁdrmybtamaﬂrpounds R3CH,

t he correspondi ng products S35. 3 _are ohtained, 108 Schenme 35 00
R-1ink-N ORL 534 g h@qﬂﬁﬁ@dwstel@xﬁz%ﬁamﬂw ghtaiggd fram ﬁ%menoestgr@%ﬂrl( R4bS ( R4b)

5b  RzNH(R ke RSb 0 O ~
R-1i nk- Pf: ég) E@%@E&%@%@@ﬁ%@ﬁ&% 38363, %ﬂﬁﬁ& 535 (R4b) CO2R5b

534.8 535.6 OunondReteRB: B aonver@d imo fhierdetivated sonvporad 83kS bpreaktidd | i nk- ft OR

with, for example, phosphorus pentachloride, as described inJ. Org. Chem.,
2001, 66, 329, or with thionyl chloride or oxalyl chloride (Lv = CI), or with
triisopropylbenzenesulfonyl chloride in pyridine, as described in Nucleosides

10 and Nucleotides, 2000, 19, 1885, or with carbony! 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
$36.2.

The procedure is illustraied 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
836.19. The product is then reacted with ethyl 4-carbamoyl-2-hydroxybutyrate
836.20 in dichloromethane containing tristhylamine, to give the mixed diester
$36.21.

20 Using the above procedures, but employing, in place of ethyl 4-
carbamoyl-2-hydroxybutyrate §36.20, different hydroxyesters 836.1, the
corresponding products 8§36.2 are obtained.

The mixed phosphonate diesters are also obtained by an alternative route
for incorporation of the R*Q 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 detivative $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*OH, in the presence of a base, to yield the mixed diester product

30 836.4.

The method is illustrated in Scheme 36, Example 4. In this sequence, the
phosphonate monoacid $36.22 is reacted with trichloromethanesulfony! chloride
in tetrahydrofuran containing collidine, as described in J. Med. Chem., 1995, 38,
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Lv 534.9 'LV (Rb) N-R2 5b (R49 534.7 CCPR CoyRS5b 534.11 $35.3 Schenme 35
Exanple 1 O 0 H2NCH(Me) CCREt 0 R-link-P_ OPh =R-1ink-Pc OPh 535.9 R'li nk-
P--OPh OH O NH Me-K 535.7 535.6 COREt  535.10 Scheme 35 Exanple 2 0 0
11 --=~R-link-P-OBn ~R-link-P11 -OH R-link-R 013n NH ~NH OH Me---~ Me--~
COREt COZEt 535.11 535.12 535.13 0 CF3CH2OH R-link-p- OCH2CF3  $35.14 NH

Me-~ CO2Et 535.15 109 Schene 35 Example 3 O0 R-]ink-P OH OH
R-1ink-p,, . O (46480 produce the trichloromethanesulfonyloxy product $36.23. This

compound is reacted with 3-(morpholinomethyl)phenol §36.24 in
dichloromethane containing triethylamine, to yield the mixed diester product
$36.25.

5 Using the above procedures, but employing, in place of with 3-
(morpholinomethyl)phenol $36.24, different alcohols R?0H, the corresponding
products $36.4 are obtained.

The phosphonate esters $36.4 are also obtained by means of alkylation
reactions performed on the monoesters $34.1. The reaction between the

10  monoacid 834.1 and the haloester 836.7 is performed in a polar solvent in the
presence of a base such as diisopropylethylamine, as described in Anal. Chem.,
1987, 59, 1056, or triethylamine, as described in J. Med. Chem., 1995, 38, 1372,
or in a non-polar solvent such as benzene, in the presence of 18-crown-6, as
deseribed in Syn. Comm., 1995, 25, 3565. _

15 The method is {llustrated in Scheme 36, Example 5. In this procedure, the
monoacid 836.26 is reacted with ethyl 2-bromo-3-phenylpropionate $36.27 and
difsopropylethylamine in dimethylformamide at 80 °C to afford the mixed
diester product $36.28.

Using the above procedure, but employing, in place of ethyl 2-bromo-3-

20  phenylpropionate $36.27, different haloesters 836.7, the corfesponding products
836.4 are obtained.
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NH ,Na NH -C Me---~ Me- Me-~ CO2Et S35.16 CO2Et S35.13 S35.17 Schene 35
Exanple 4 OO0 BrCH(Bn)C28u 0 R-link-P-OPh R-link-per OPh R-link & OPh O
NH2 535.20 NH 535.18 S35.19 Bn--~028u S35.21 Schene 35 Exanple 5 HO j
Me,N C2Et O R-link-P- C HRIlink-P~-O C 535.23 NMe HO $35.22 CO2Et
535.24 PhOH 535.25 O RIink-~-0 G \ NNMe HO CO2Et S35.26 5 Schenme 36
illustrates nmethods for the preparation of carboal koxy- substituted '
phosphonat e diSsbereg3 i n whi ch one of the ester groups incorporates a

car boal | coxy substitgent. 11HOR'(1equiv.) 0
|
Riink—§B-OR' e Relink —-R—OH |
(R4bio 8364 LoR*.GOORE OH |
CO,R®

] Hal-R**.COOR®®
§33.7

? 1HO-R4b-COOR5b C
R—Imk—P\-'OR __,_ Rnnk——P—OR‘ —_— Rllnk—-ﬂ#’—OH

0-R*-COOR® “0-R¥-COOR®
334 1 $36.2 : 536.3
R: Imk—E"*QR1
\y R- |mk_—|!;-—:.v — R-hnk—--P~0R3
0-R®.cOOR™® “0-R®.COOR™
$36.5 $36.6 - $36.4
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In one procedure, a phosphonate nonoester 534.1, prepared as descri bed
above, is coupled, using one of the nmethods descri bed above, with a

hydr oxyester S36.1, in which the groups Rob and R56 are as described in
Scheme 34. For exanple, equinolar anpbunts of the reactants are coupled in
the presence 5 of a carbodiimde such as dicycl ohexyl carbodiimde, as
described in Aust. J. Chem, 1963, 609, optionally in the presence of

di met hyl am nopacheine@6 Exampietcri bed in Tet ., 199&%} 55, 12997. The reaction
is conducted in an ingrt solvent at anbi eRirtic lure. The procedure is

illustrated i ”g?@-.h%-géph BEXSHZXCHMe)GOsBh s net hgd, a 10 nonophenyl
phosphonat e 836. ﬁ S gﬁgpled, rﬁ_ggggroronethane olution in the presence
of dicycl ohexyl carbodf'm de, wi He: hyl 3- hydrox hyl pr opi onat e 536. 10
to yield the phosplﬁ?’ﬁ@ce m xed di ester 536.11. ing this procedure, but
enpl oyi ng, in place of ethyl 3-hydroxy-2- nethyl propi®3tatle S36. 10, different
hydr oxyesters 533. 1, the corresponding 15 products 533.2 are obtai ned. The
conversi on of X°PHBeFR&aMPlednoester S34.1 into a mixed diester 536.2 is
al so acconpli shed by neans of a Mtsunobu coupling reaction with the

hydr oxyester 536.1, as described in Og. Lett., 2001, 643. In_this nethod,
the reactants 34.1 ghd S3BIOCH{ME)&BEbi ned@ n a polar sol ventQsuch as

t et r ahydr of ur aiR-iko—RrQ@he presenee~ GHink R4 y -phosphi RdinlandRaOHi al ky!

azodi carboxyl ate, to @& Noe #H¥6EH dieste()§36N@. The R substituent is
vari ed by cleavage, using the nethods mhesefibed Previousipe—K0o afford the
monoaci d product 5383812 The product is t hencagupl ed, for exampbggtusi ng

nmet hods descri bed above, with the hydroxy con&§§9& R3OFI, to give the

di ester product 536.4. 25 The procedure is ill ated in Schere&H Exanpl e
2. In this method, a nonoallyl phosphonate S36.12 is coupled in
tetrahydrofuran solution, in the presence of triphepyl pbesphi ne and

di et hyl azodi car boxyl ate, with ethyl lactate 536.13 gi ve fhe m xed

di estor 536.14. The product is reacted with tris(trkQkenyl phpsphine) rhodi um
chloride (WIkinson catalyst) in acetonitrile, as 30 descriped previously,
to renove the ally] group and produce the nonoacid 836.16 :

Relink——R—~0._~

A
o |
Me——< N/
s36.47 CO2Ft
Scheme 36 Example 3
G SOCI i
RAink—R-OPh  2--2 o R ink—P—0Ph
oK $36.18 C'}l
- §36.9 $36.19
Q
Et0,CCH(OH)CH,CHaCONH, R"‘“k—"\goph
$36.20 0
—T——
CO,Et
H,N 83621

115



product 536.15. The latter conpound is then coupled, in pyridine solution at
anbi ent tenperature, in the presence of dicycl ohexyl carbodiimde, with one
nol ar equi val ent of 3-hydroxypyridine 536.16 to yield the m xed diester
536.17. 111 Using the above procedures, but enploying, in place of the ethyl
| actate S36.13 or 3-hydroxypyridine, a different hydroxyester 536.1 and/or
a different hydroxy conpound R30OH, the correspondi ng products S36.4 are
obt ai ned. The m xed diesters 536.2 are also obtained fromthe nonoesters !
534.1 5 via tdgehid ggy 40f the activated nonoesters 536.5. In this '
procedure, the nDnoester 4.1 is converted into the activated conpound

836.5 by reaction wth, for exanple, phosphorus pentachloride, as described
inJ. Og. Chem, 2ZD01, 66, 329, or wi ©h thionyl chloride or oxalyl

chloride (Lv R. ﬁ;]k)ﬁ_@.tow.t.h_u.ulq g, uI fonyl chloride in

pyridi ne, as descrlb i n Nucl eosi es 10 eotldes 2000, 19, 1885, or
w th carbonyl zoI e, as descrihed n J Med Chem 2002, 45,-1284.
The resul tant ac a noester i 9'¢h reacted with the hydroxyester
536.1, as descri bed a , to yiel d the MGeEH diester 536.2. The pr ocedur e

isillustrated in S 36, Exanple 3. In this sequence, a 15 nmonophenyl
phosphonat e S36. 9 |g§’s§ct ed, in aceto3¥sdd e solution at 70 C, with ten
equi val ents of thionyl chloride so as to produce the phosphoryl chloride
536.19. The product is then reacted with ethyl 4-carbanoyl-2-hydroxybutyrate
S36.20 in di cHi@xgaw taining triethylanine, to give the nixed
diester S36.21. { i m above précedures but enpl oyi ng, in place of
et hyl 4- carbanoy ydrlm(ytﬂjtﬁ-hm 60 s ém] hydr oxyesters S36. 1,
the correspondi ng~proddtts 536.2 are opta ed phosphonat e
diesters are al so obt aB3é@4by an alpg ative i ncorporation of the
R30 group into internediates S36.3 in bgﬁtthe 25 hydroxyester noiety is

al ready incorporated. In this procedure, e nongacid internmediate S36.3 is
converted into the activated derivative 836.6 i P¥hEeh Lv

Scheme 36 Example 5
BrCH(Bn)CO,Et O
R- nnk——f:—-OH ——— > Relink—R~OCH(Bn)COE
"OCH,CF4 ' §36.27 "OCH,CF,
$36.26 - $36.28

Scheme 37 illuetrates methods for the preparation of phosphonate
5  diesters in which both the ester substifuents incorporate carboalkoxy groups.

The compounds are prepared directly or indirectly from the phosphonic
acids §34.6. In one alternative, the phosphonic acid is coupled with the
hydroxyester §37.2, 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 $37.3 in which the ester substituents are identical.

This method is {llustrated in Scheme 37, Example 1. In this procedure,
the phosphonic acid 834.6 is reacted with three molar equivalents of l_autyl lactate
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Is a |l eaving group such as chloro, imdazole, and the |ike, as previously
descri bed. The activated internediate is then reacted with the hydroxy
conmpound R3CH, in the presence of a base, to yield the m xed di ester product
30 536.4. The method is illustrated in Schene 36, Exanple 4. In this
sequence, the phosphonate nonoacid S36.22 is reacted with

trichl oronet hanesul fonyl chloride in tetrahydrofuran containing collidine,
as descri bed i6315bN&dpﬂﬁhﬂawfﬁmtﬂbbb23ﬂdHﬂmﬁﬁdpﬁmﬁbhménpwﬂthdecmhe

trichl oronet ha I fo r,0 S36.23. This conpound is reacted with
3- (nor phol i no Sﬁérﬁﬂﬁgggga%ﬁ% di chl or onet hane cont ai ni ng

triethyl am ne, to yUEJ.ln ticubod pracdlis bitnyoydsly o pla 6L ekl g the above
procedures, but ersrgcilgy qy n place of wt (.mor phol i nonet hyl ) phenol

S36. 24, differ&Al d@&fﬂéﬂfﬁﬁ%’é%&??%ﬂﬁw&w BIeERI 13836, 4 are

obt ai ned. The ghggphonate esters 536.4 are al so obtained by means of .
allcylation reactions perforned on the nonoesters 534.1. The reaction
bet ween the 10 nonoAdemialBdly, theadicsterh83Tdlmebtagred 83@liFlatonpétheor ned in a

pol ar sol vent I, f a, bas as,, dj I.so l.et hyl am ne, as
described in AHQ?SPQ@’I%%{“?%‘% aé@loeﬁﬁrg%asﬁg&h f[ah %ﬁ‘f‘ﬁ%’ Sas described in
J. Med. Chem, pdfifihed 38desd@ticd in sememw@foﬂmagwphﬁtmﬁefmeréﬁteﬁtsgh .4as benzene,
in the presence of 18-crown-6, as described in Syn. Comm, 1995, 25, 3565.

15 The method is i | Fhismetiodds iliystepterimschune Hdxpnbles. In tismpeedieocedur e, t he
monoaci d S3f. Zﬁn[egﬁoépeﬁﬂﬁ&%gﬂ‘ﬁsﬁ'% #e@é’tlad%ﬂﬁe?&’é?s égﬁgel%inw 2pi onat e 536. 27 and

di i sopropyl et hy eln met'h onnam de at to af ord the m xed

di est er producmedBtr@ionatsSIKT7 aﬂ@EbmwlﬁhﬂMﬂmguMylﬁmuhmgdemgea.i n pl ace
o L1 2 b ogt SR -BRSTHL BLPIeha 8020 Bl L ILELEN, Rlogsigrs %0 7
Using the above procedure, but employing, in place of ethyl 3-bromo-2-
methylpropionate 837.7, different haloesters 837.1, the cotresponding products
15 $37.3 are obtained.
The diesters $37.3 are also obtained by displacement reactions of
activated derivatives 834.7 of the phosphonic acid with the hydroxyesters §37.2.
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 $37.3 in which
the ester substitnents 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 $37.9 in
tetrahydrofiran containing potassium carbouate, to obtain the diester product
$37.10.
Using the above procedure, but employing, in place of ethyl 3-hydroxy-
30  2-(hydroxymethyl)propionate $37.9, different hydroxyesters 837.2, the
corresponding products $37.3 are obtained.
Scheme 37, Example 4 depicts the displacement reaction between
equimolar amounts of the phosphoryl dichloride 835,22 and ethyl 2-methyl-3-
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Schenme 36 0 HORL (1 equiv.) O RIlink-]S OR ~- R Ilink-P- OH 536.4 4b 5b OH
HO-R -000R "CO2 | CO2R5b Hal - Rob-COOR5b 533.7 0 1 HO Rob-COORSb 0 11 0OOL
R-1ink-P- OR- RI1ink--P-OR1 -' R 1link-P~ OH OH S36.1 O Rob- COOR56

0- Rob- COOR55 S34.1 536.2 536.3 536.1 OO R-Ilink-P1 ORlL uu Lv Rlink-N Lv
' R]ink-4 OR3 O Rob-COORSb O R4h-COOR5b 536.5 536.6 836.4 114 Schene 36
Exanple 1 0 O R-1ink-P~OPh u HOCH2CH( Me) CO2Et O R-1ink-P-0OPh OH S36. 10
S36.9 CO2Ef  hydroxypropionate 837.11, fo yield the monoester product 837.12. The reaction

is conducted in acetonitrile at 70° in the presence of diisopropylethylamine. The
product 837.12 is then reacted, under the same conditions, with one molar
equivalent of ethyl lactate 837.13, to give the diester product §37.14.

5 Using the above procedures, but employing, in place of ethyl 2-methyl-3-
hydroxypropionate $37.11 and ethyl lactate §37.13, sequential reactions with
different hydroxyesters §37.2, the corresponding products 837.3 are obtained.

Scheme 37
1
R-link .......II:I:\_-OH —— R-link —R"LV4 5
O(R*)CcO,R® . O(R"COsR
837.5 37.4
837.2 $37.2
0 HOR*)CO,R® o
. . i
Relink —R—OH S37.2_  Riink—B—O(R™)COR™
—_— .
s34.6 1 HaR®)COR™ OR™)GO,R™
§37.3
$37.1
537.2
$37.2
I - (Il)
R—link—-P\—-LV _— = R~Iink—P\——Lv
Ly 837.2 OR*™)CO,R™®
S34.7 $37.4
Scheme 37 Example 1
9 HOCH(CH3)CO,Bu Q
Rlink —R—OH = Relink—R——0CH(CH3)CO,Bu
OH $37.5
OCH(CH3)COzBU
S34.6 537.6
Scheme 37 Example 2
N BFCH2CH(CH3)CO2E'Z il
R-fink—R—OH ———»  RHink—R—0GCH,CH(CH3)CO,Et
OH 537.7 \
OCH,CH(CHg)CO,Et
$34.8
10 $37.8
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Me 536.11 Scheme 36 Exanple 2 O HOCH(Me) CCREt 0 O R-1ink-pr-O R-fink-P-0
R1ink-P-OH OH--\\ $36.13 Mc ~0 Me O ~ --~ S36.12 --CCREt COREt $36. 14
536.15 $36.16 0 R link-p_ & OfJE Me--~ N 536.17 CREt Scheme 36
Example 3 0 0 R-link-p~ OPh SOCI2 _ R-1ink-POPh 11 OH 836.18 | $36.9
$36.19 0 Et O2CCH( OH) CH2CH2CONH2 R-fink-P~-OPh 0 536.20 O CO2Et HzN
S36.21 115 Schene 36 Exanple 4 O0 R-link-p- OH R link-ft OSCRCCI 3

Scheme 37 Example 3

0 (HOCH,),CHCO,Et
R—link—-—E’-—Ci ——— il
\ R-link—R—OCH,CH(CH,OH)CO,Et
cl $37.9 . ;
§35.22 OCH,CH(CH,OH)CO,EL
837.10
Scheme 37 Example 4
o HOCH,CH(CH3)COE 0
Jink—p—gf ———> . Rlink—R—OCH,CH(CH3)CO,Et
R-fink—R—C! ey . 2CH(CH3)CO,
&
$35.92 ' §37.12
HOCH(CHg)CO,Et

$37.13 Q
Relink—B—~OCH,CH(CH;)CO,Et

OCH{CH3)CO,Et

537.14

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 $38.11 (J. Org. Chem.
1999, 64, 12). Addition of dimethyl methylphosphonate lithium to §38.11
afford §38.12. Acidic methanolysis of §38.12 provide amine $38.13. Protection
of amine with Cbz group and removal of methyl groups yield phosphonic acid
10 S38.14, which can be converted to desired 838,15 (Schéme 38a) using methods
reported eatlier on. An alternative synthesis of compoimd $38.14 is also shown
in Scheme 38, Commercially available 2-amino-2~methyl-1-propanol is
converted to aziridines $38.16 according to literature methods (J: Org. Chem.
1992, 57, 5813; Syn. Lett. 1997, 8, 893). Aziridine opening with phosphite give
15  838.17 (Tetrahedvon Lett. 1980, 21, 1623). Reprotection) of $38.17 affords
$38.14.
Scheme 38a
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OO0 Me-( Me-( CO2Et CO2Et 536.22 S36.23 HO Nt N O RIink-P-O S36.24 Me
O CO2Et 536.25 Schene 36 Exanple 5 0 BrCH(Bn) CO2Et 9 R-link-k-OH R-1ink-Pc
OCH(Bn) CO2Et OCH2CF3 836. 27 OCH2CF3 S36.26 S36.28 Scheme 37 illustrates
met hods for the preparation of phosphonate 5 diesters in which both the
ester substituents incorporate carboall coxy groups. The conpounds are
prepared directly or indirectly fromthe phosphonic acids 534.6. In one
alternative, the phogphoric acid s coupled with the, hydr yester 537. 2,
using the condltlons}éi; ed pre ouslwp(onosaé)gnes}(ng sh as
coupling reactiongy NR arbgefi T enR reagents,

or under the condi tions of the M ts% by reaction, to afdsng the di ester
product 537.3 in which the est er ubst [ t%e@é R§Q i dentical . This method is

illustrated in Schenme 37, EX 10}4 n this procedure, the phosphoric acid
534.6 is reacted \M_t_I:L,.Ihree i val ents of butyl lactate 116 S37.5 in
the presence of AldrithfeaHo an &bLhenyI phosphine in pyridine at ca. 70

C, to afford the diester S37. @%Uh ng the above procedure, but enploying, in
pl ace of butyl lactate
The invention will now be iltustraied by the following non-limiting
Examples and Exemlﬁlary Embodiments:

0
BzO E
’\:Q\Br
BzO
2-deoxy-2-fluoro-3,5-di-0O-benzoyl-g-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 NaFICOs (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 NaFICO; until no acid
was present. The organic phase was dried over MgSQy, filtered and

concentrated under reduced pressure to give product 2 as a yellow oil (~115 g).

20
Cl
N B
N
\ F
BzO

2-deoxy-2-fluoro-3, 5—d1-0-benzoyl-[3-D-arabxnofuranosyl—9]§[—6-
chioropurine (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
Kazgimierczuk et al, JACS 1984, 106, 6379
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537.5, different hydroxyesters 537.2, the corresponding products 837.3 are
5 obtained. Alternatively, the diesters S37.3 are obtained by al kyl ati on of
the phosphoric acid 534.6 with a bal oester 537.1. The al kyl ati on reaction
is performed as described in Scheme 36 for the preparation of the esters
536.4. This nmethod is illustrated in Schene 37, Exanple 2. In this
procedure, 10 the phosphoric acid 534.6 is reacted with excess ethyl

3- br ono- 2- neffhplspspnpiiomafﬁaﬁ’\emg,GQWMCEE@MTWM @ﬁDamﬁ«)né- in

dinethylforna de at. c scri bed.in Chem, 1987, 59, 1056,
Lo or oduce 1 nehipretting 3244 gras R b ¥ Rerant, LA tp ARG oS M=t BT oy ng. i
pl ace of et hykerﬁmmﬂmforasHert\_lhhhmbﬂbfp(smsenrﬁ&?m7ACETbMTME {3aboesters
537.1, the correspondlng product s 37.3 are obtained. The diesters 537.3

are al so obt affddvaspd @ﬁ%@%&ﬁm’?&erﬁ@&a&gr@ﬁ&%‘f‘f&s Huredwhioom G@prales ves 534. 7
of the phospheRiig mAch idctibn RAAPAGKS a5id (3 3l Tttt 2l aCent

reaction is performed in a po a solvent in the prese sui tabl e
base, as descroivenirited Suleerdu®d prebhee.dThqpicsidenwad paritamied betwicsn 20 per f or med

in the presen s of the hydr ster ford he di ester

product 537. 3%8{&15&‘@}? mﬂ@w’ﬁ?‘ﬁ?ﬂﬁs gvgrl\@gécgkﬁxtf:rggpn or sequentially
with 1imtedcaivertisd. OfhedbdidiRrwddtireRitd WARNEST and thed MOBNRL 2 di esters S37.3
in which the ester substituents are different. The nethods are illustrated

in Schenme 37, ose@lRpp execipitais@ulithe dgsited praguct s avelgwishisali®(331en65%hos phor y|
dichloride SSﬁnﬁg is reacted with three nolar equivalents of ethyl

3- hydr oxy- g 3xynethy|)propionate 537.9 in tetrahydrofuran containing
pota55|un1carbonate to obtain the diester product 837.10. Using the above
procedure, but enploying, in place of ethyl 3-hydroxy- 30

2- (hydr oxynet hyl ) propi onate 537.9, different Ohgdroxyesters 537.2, the
correspondi ng products 537.3 are obtainedy me 37, Exanple 4 depicts the
di spl acenent reaction between eqU|nDIar€a uny's of the phosphoryl

di chl ori de 835.22 and ethyl 2- mﬁ%

15 2-deoxy-2-finoro -f-D-arabinofuranosyl-6-methoxyadenine (4)
To a suspension of 3 (83 g, 167 mumeol) 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 mI, 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
OlMe
N S N
0] <" /l
e
oAl

2-deoxy-2-fluore-5-carboxy-f-D-arabinefuranosyl-6-methoxyadenine (5)
Moss et al. J. Chent. Soc. 1963, p1149
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117 hydroxypropi onate 537. 11,

reaction

I's conducted in acetonitrile at 70 in the presence of
di i sopropyl et hyl am ne. The product S37.12 is then reacted, under
condi tions,

wi th one nol ar
di ester product S37.14. 5 Usi ng the above procedures,

pl ace of ethyl 2-nethyl- droxy ro I onate S37.11 and ethyl | act
S37. 13, sequen‘bmﬁweééé’ttfﬁdh@/wfm( % 10k PAUITY Uy W FEB TS 847 2,

correspondi ng
Q( R4h) CO2R5b

S37.2 11

537. 2 O(R4b)06?

R- i nk- P-

NP3 11 93 B SRR DO i 35RO 50 I

to yield the nonoester product 537.12. The

t he same

equi val ent of ethyl lactate 337.13, to give the
but employing, in

ate

t he

R-1i nk- PLv
2R5 0 u

4b 5.5 R- TheeactioRimikire wib ﬂlbmklldi#e@(t&ct)cﬂm&ed%der& v@einial ( R4b) CO2Rbb
O( R41) CO2R5b $3é§]§she§§g7{. g%;erﬁl . S37, %ﬁpcl) teggl}g%wg ]E%@l v_R-Zink-P- Lv Lv

10

15

20

25

30

) C02Bu 0

GH Rsl1ignk7.B4 QakdI{Gas 1582 Eded &Hob ferRpdhtikeCH Tk CEb Bbn mBdtke6 337. 6

wag stirred at 65 °C under O, (balloon) until the reaction was complete by LC-
MS (typically 24-72h). The mixture 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 HC! (4N)
at 0 °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 off-
white solid.

OMe

N '\N

i <1
FtO—P._ Qu O LN N

—_—

(2°R, 3’8, 4R, 5°R)~6-Methoxy-9-[tetrahydro 4-iodo-3-fluore -5- -
(diethoxyphosphiny)methoxy-2-furanyl]purine (6)

Zemlicka et al., J. Amer. Chem. Soc, 1972, 94, p3213

To a solution of 5 (22 g, 73.77 mmol) in DMF (400 mI), 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
pressure. The residue was partitioned betwee_n ethyl acetate and water. The
organic phase was separated and washed with NaHCOs followed by brine, dried
over MgSQy, filtered and concentrated under reduced pressure. The residue and
diethyl (hydroxymethyl)phesphonate (33 mL, 225 mmol) were dissolved in
CH,CI; (250 mL) and cooled down to -40 °C. A solution of iodine
moncbromide (30.5 g, 1.1 mol) in CH,Cl; (100 mL) was added dropwise. The
mixture was stitred at -20 to -5 °C for 6 h. The reaction was then quenched with
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Schene 37 Exanple 2 0 BrCH2CH(CH3) CO2Et 0 11 11 R-link--P- OH 36

R- i nk- P- OCH2CH( CH3) CO2Et OH 537.7 \ OCH2CH( CH3) CO2Et 534.6 10 S37.8 118
Schene 37 Exanple 3 O (HOCH2) 2CHCO2Et O R-11 nk- PCCl

R-1i nk- P- OCH2CH( CH2OH) CO2Et  S35. 22 537.9 OCH2CH( CH2OH) CO2Et 537.10 Schene
37 Exanple 4 O HOCH2CH( CH5JCO2Et O R-link-DI~ C X3711 R-link-PI
OCH2CH(CH3) CO2Et O C 535.22 S37.12 HOCH(.CH3)CO2Et O 537.13 R-link-P11
\ OCH2 CH( CH3) COREHCOChId NS, S¢02 Frhe8BZanicdphade Raddepamhfayl kn@thamataehingl phosphoni ¢
aci d internediat es can, be ré’Fﬁ%ﬁﬁe red B%‘E he rou ein ScheHe 5, . Condensati on
of 2-nmet hyl - 2 BrOPEREEd in ECAR %SGWP%W o Withe s38.11 (J.

Org. Chem 1989 éﬁed&%}Mgé@ﬂ'ﬁlte%ﬂﬁﬁcghdéﬁfrﬁ}k(dluﬁ@}%dh@ém%%aqﬁe' i thiumto
538.11 afford 538.12. Acidic nethanolysis of S38.12 provide am ne S38.13.

Protect ion ofesidné wes purifled Oy silige gelrheomentogsanhy 40 gk prasupng (68, oups yi el d
phosphoni c 5alci f's 3%).

Alternative Procedure for the Preparation of 6
A solution of 5 (2.0 g, 6.7 mmol) in THF (45 mL) was treated with triphenyl

10 phosphine (2.3 g, 8.7 mmol) under N,. Diisopropyl azodicarboxylate (1.8 g, 8.7
mmol) was added slowly. The resultant mixture was stirred at room temperature
for 1 h and then concentrated under reduced pressure to dryness. The residue
was dissolved in CHRCly (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 reaciion mixture was diluted with CH,Cls,
washed with saturated aqueous NaHCO;3, and then with aqueous sodium
thiosulfate. The organic phase was separated, dried over MgSO,, and

20  concentrated under reduced pressure to dryness. The reaction mixture was
purified by silica gel chromatography (eluting with 25 % ethyl acetate in
CH_Cly, then switching to 3 % methanol in CH,Cly) to afford product 6 (0.9 g,

33 %).
25

OMe

' N e
N

Eto—g O.. O <"N I /’l

v S~ \q N

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 stitred for 0.3 h and concentrated under reduced pressure. The
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10 538. 14, which can be converted to desired S38.15 (Scheme 38a) using

nmet hods reported earlier on. An alternative synthesis of conpound 538.14 is
al so shown in Schenme 38b. Commercially avail abl e

2-am no-2-.nethyl -1-propanol is converted to aziridines S38.16 according to
literature nethods (J: Org. Cheri. 1992,57,5813; Syn. Lett. 1997,8, 893).
Aziridine opening with phosphite give 15 S38.17 (.7 ettahedron Lett. 1980,
21, 1623). Reprasid&ctwiamh&ateﬂwﬁ&hﬂkcaﬁﬁfmdd;hen%ﬁreﬂzto r@mdxerseliaﬂBﬁhde Y

HP(O (OCH3) 2 v H2N OH NR,NaH, RHN Cbz, R SO2 S38.17
0 O CorbN_ PO CoRSSriia o ADLHE PO 1o PRORPD SR - at od by t he

fol | ow ng non- khrbinkioBsh ?ﬁm dand (Fxeggotyary Enbodi nents: 5 BzO-~~~ Br
BzO 2- deoxy- 2-fl uoro- 3 - di %gnzoyl% Da)(raabl nof ur anosyl brom de (2) 10

Tanya et at, JOC 1985, 50, p3644 Howel|l et at JOC1988, 53,p85 To a solution
of 1(120 g,5258 nwr ), commerciall y avai | abl e from Davos or CMS chem cal s,
in CH2CI2 (1 L) was added 33% Her Acetic acid |Q|8 m.). The m xture was

stirred at roomtenperature for 16 h, cool ed |ce water, and 15 slowy
neutralized over 1-2. h with NaHCCBdlSO g/ }L olution). The CH2Cl 2

phase was separated and concenmaaé_efﬁ uadeb r pr essure. The
+NaO

F

{2’R, 5°R}-9-(3-fluore-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 wa.s dissolved in aqueous NaHCO; (2.3 gin 100 mL of water). The
solution was evaporated and the residue was purified on C-18 (40 um) column,
eluting with water. The agueous fractions were freeze dried to give di-sodium
salt 8 (1.22 g, 57%). '

20
NHs
{ >0 f\
o;'>' HN-«P 0 o N )
@ =
Example of Monoamidate Preparation (9)
25

Di sodium salt 8 (25 mg, 0.066 mmol), (S)-Ala-O-cyclobutyl ester hiydrochloride
(24 mg, 2 eq., 0.133 mmol) and phenol (31 mg, 0.333 mmeol) were mixed in
anhydrous pyridine (1 mL). Triethylamine (111 gL, 0.799 mmol) was added
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resi due was dissolved in ethyl acetate and washed with NallCO03 until no acid
was present. The organi c phase was dried over MgSO4, filtered and

concentrat ed under reduced pressure to give product 2 as a yellow oil (-115
g). 20//,, G N4\ N BZNJ] BzO 2-deoxy-2-fluoro-3,

5-di - O benzoyl - Ji - D- ar abi nof ur anosyl - 9H 6- chl oropurine (3) 25 Ma et al., J.
Med. Chem 1997, 40,2750 Marquez et at, J. Med. Chena. 1990, 33, 978

Hi | debrand et ahd thetesuliam mitmenwadligRd abo0 IBQBler Kitipgen. dneseparateflagki SACS

1984, 106, 6379, ). .T.0 usp L on of NgH. (,14 6099 .in ACETON TRI LE (900
n), 6- chl oro%ﬁ%ﬁﬁ’g’lﬁ’]‘a@%m&) 8\%@%%@@%& hf%lgmspgﬁ%dd%ﬂﬁgﬁ ure was
stirred at roommdélpweR ddsuved fnmhdrdud pyriflireq SHil) Andihe 2e<EH yaN®,) in
ACETONI TRI LE (300 ?m_) was added dropw se. %he rUgsuItiene m xture was stirred

at room t enper &¢lgHien wag girred gonyl 5-20ainy dhesalwienyes tanadderbl thy sohutiRdet i ¢ aci d
3.5 m), fklt 3 : . resi due was

E)art I ti ZjnedSbet%\{;\gg%%%ﬂ%jﬁgﬁﬁﬁﬁg%e%g@%géggg%ﬁ%Bgﬁ%sﬁg&e\?\%tg%% ed over

MySH, filt er edordibch togiveceri¢ar yelbuly tollight brewindukitioas The mathed wak then CH2C12 and

then Et O11(41:2 overall).to .precipitate out.the.desire oduyct..3 as a
yel | owi sh sol i §OFE%H° ‘8@% fef@“ﬁ%%ﬂ?:ﬁé%s‘ﬂtﬂ% ofl wag Cﬁﬁiﬁé"%i BB o
and purified by silica gel chromatography (eluting with a linear gradient of 0 to
5% MeOH in CHCly) to give an oil. The resulting oil was dissolved in
10 acetfonitrile and water and purified by preparative HPLC (linear gradient, 5-95%

acetonitrile in water), Pure fractions were combined and freeze-dried o give

mono amidate 9 as a white powder.

15
NH»
— <9 <1
iy NH g

NN g
Example of bis amidate preparation (10)

20  Disodium 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 pL, 0.384 mmol) was added and the resuitant 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
125



15 2-deoxy-2-fluoro -$-D arabi nof uranosyl - 6- met hoxyadeni ne(4) To a :
suspension of 3 (83 g, 167 nmuol) in Methanol (1 L) at 0 C, NaOwe (25% w,

76 nL) was added. The m xture was stirred at roomtenperature for 2 h, and

t hen quenched with Acetic acid (a 11 nL, pH=7). The m xture was

concentrated under reduced pressure and the resultant residue partitioned 20
bet ween hexane and water (approximtely 500 m, hexane and 300 nL water).

The aqueous | aydpurified byapmenasatiod BRAE (ihesr gragient, $-955 acetonitibadinwiatdn). wat er once

agai n (appr oxi,mt.el Q0 ). ..Th er fracti . ' and
concentrat ed g‘ﬁ‘rer © %cfu%%rﬁc%)?g]ggfg ﬁec?&‘?"%%ﬁ?%. 13&%@3%%%?%? precipitated
out and was cebkésted by filtration (42 g, 88%. 25 Ov O- "O//N I N HO
, Y N\\ ~~F HO .

2- deoxy- 2-fl uor o- 5- car boxy- Ji - D- ar abi nof ur anosyl - 6- net hoxyadeni ne (5) Mbss
et al: J: €hien. Soc. 1963, pl149 121 A mixture of Pt/C (10% 15 g (20-30%
not equiv.) as a water slurr Wdﬂﬂl? 17.94 mn 1) in 1420 (500
m.) was stirred at 65 C undegkﬁ o‘%ﬁl? .9 h. eﬂrr{‘gacti on mxture was then
allowed to cool, placed under a vacuum and flushed with N2 several tinmes to
conpletely renmove all H2. Conpound 4 5 (5.1 g, 494 mol) was then added at
roomtenperature. The reaction mxture was sti rfed at 65 C under 02
(balloon) until the reaction was gonplete WIC,ENNB (typically 24-72h). The
m xture was cooled to roomtenperdture and I%red. The Pt/ C was washed

wi th H20 extensively. The conbi1r]¥ TN A 'g Were concentrated to - 30 ni,
and acidified (pH 4) by the addit4d on of (4N) 10 at 0 C A black solid
preci pitated out which was collected by fiHtration.. The crude product was
di ssol ved1fn a m ni num anount of Methanol and filtered

Example R R2 Ester MW
55 Ala OPh - | cPent | 546.5
54 Ala QCH2CF3 Et 512.36
53 Ala opn | 3MEN~ | gug47
52 Ala OPh cBut 532.47

' 50 Phe{é.) 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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t hrough a pad of si

i ca gel

(eluting with Methanol).

The filtrate was

concentrated and crystallized fromwater to give conpound 5 (2.5 g) as an

of f -

white solid. 15 W

/ NN

EEO qi p,

-q F I

NJ

FT

5'13) - 6- Met hoxy-9-[tetrahydro 4-iodo-3-fluoro -5-

(2'R

3'S 4'R

(di et hoxyphosphl nyl ) net hoxy-2-furanyl ] purine (6) 20 Zemicka et al., J.
Amrer. Chem Sac, 1972, 94, p3213 To a solution of 5 (22 g, 73.77 mmol) in
DMF (400 nl), DWMF di neopentyll acetal 150 nL, 338 mmo|) and |nmet hanesul fonic
acid (9.5 nm., 146.4 mmoi9 re Bokded.| T®eH3CERct]i oBuni k60681 was stirred at
80-93 C (internal tlenperature) for 30 nin_ then cooledto ragmtenperature
and concentrated under reduced 25 presjsure, Theijresi dug was partitioned
bet ween et hyl acetgte and waf er Alefhe or g inc phasg‘vvas 59%‘5& ated and washed
wi th NaHCO3 f ol | owad—by--b+re—ared—poever—MySO4—+H+pred—and concentrated
under reduced presgqure., The tesi gHe an £t hyl %ﬁt@iﬂr O@WE‘& hyl ) phosphonat e
(33 nm., 225 mmol ) were dissolved ih  gH2ct (250 }I aphd coolled down to -40
C. A solution of igdine—30—nmprobronid (30. 501 no ) —CH2C12 (100 I’T‘L)
was added dropwi se.| Theg, mi x{ureaas stirrgg at éi-% BO| 5 47 flor 6 h. The
reaction was then quenched wth 2 NaH and [Na §203. The |organi ¢ phase
was separated and tie water phase ™ wWas[ extractey W th 2Cr2| The conbi ned
organi c phases werg wasgyed with aeh)i ne, drapgd oVerHMESO%$z247 It ered and
concentrated under |reduced piessure. The residye was purifieéd by silica gel
chromat ography to dive produ¢t 6 (6 g,! 5 15.3% .| Alterhative]|Procedure for
the Preparation of |6 &2 " Phe(B) OPh nBu £10.58

63 Phe{A) OPh nBu 610.58

47 Phe OPh CH2cPr | 608.57

46 Phe OPh CH2¢cBu | 622.59

45 Ala OPh 3pent | 54851

64 ABA(B) OPh Et 520.46

65 ABA(A) OPh Et 520.46

44 Ala OPh CH2cBu | b546.5

43 Met OPh Et | 566.55

42 Pro QPh Bn 594.54

66 Phe(B) OPh iBu £10.58

67 Phe(A) OPh iBu 610.58

4 Phe OPh iPr 596.56
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A solution of 5 (2.0 g,
10 phosplvne (2.3 g,

g,
t enperature
dryness.

for

6. 7 nunol)
8.7 mmol ) under

N2. Dii sopropyl

The residue was dissolved in CHzClZ (20 m),

in THE (45 nL) was treated with triphenyl
azodi carboxyl ate (1.8

8.7 mmol) was added slowy. The resultant m xture was stirred at
1 h and then concentrated under reduced pressure to

room

and then treated with

di et hyl (hydr oxymet hyl ) phosphonato (4.5 g, 27 nmmol). The m xture was cool ed
15 to -60 C and them a cold splution off i odine mpnobronjde 2 ¢, 9.6 nml) in
CH202 (10 m) was added.“0The feacPhn ni xt P& wag el med 5858 10 C and then
kept at -10 C for 1 i ] wi-th CH2C12, washed
W th saturated aquegus HCO3| ang, then w aqu hlosulfate.
The organi ¢ phase S s aratnd gPled ovefﬂ’ C%QEQH%%Zé&g%h(entrated under
r educed pressure to Gy HResSS— Hhe—r+eaction—cttH WetS Pt —+ed by silica
gel chromatography (el utdgng w th % et hyloeR cet%teE{ gy%ggz, t hen
switching to 3 % nefhanol” in CH2CL to f%r oduct |6 .9]g, 33%. 25
O N:I NN EE O =0 O NN—F<
S'R)-6-N@thoxy-9-[3-f|uqmo-Z,5-dihmdro-5- 3pr(di et hexyphesddy pyl ) met hoxy- -2
furanyl | purine (7) TJo a solut|jon of conpound 6 (6 g, 112. 3 mol) in acetic
acid (2.5 nL) and thanol (p0 ni), NagCO (10-1I¥% (50 nL). was added
dropwi se. The reactifon am xtufe wea t hgn stophr ed! f grenp. [556p.5n¢ concentrat ed
under reduced pressure. The [23 residue was treated wfth ethyl acetate and
then filtered to refove solids. The fijltrate wa$ concentratefl and the
resi due was purified by 3ilicph gePhe chrlomatPbgr aphy nPo di ¥@0.9r pduct 7 (4 g,
88% . 5

38 Phe Phe Et 681.66

37 Ala Ala Et 52047

71 CHA GPh 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 Bu | 520.46

72 CABA OPh iBu | 548.51

73 Ala OPh nBu 534.48

31 CHA CHA Me 865.7

30 Phe - Phe Allyl | 705.88
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NH2

(}- N +Na"OFI~-OOINN +Na O F
5'R)-9-(3-fluoro-2, 5-di hydro. 5- phosphononet hoxy- 2-f ur anyl ) adeni ne
salt (8) 10 A solution of conpound 7 (2.3 g,

(2'R

5.7

nmol )

was m xed with anmoni um hydroxi de (28-30% (60 nilL).

was stirred at 120

Cfor 4 h

in nmet
The res

cool ed, and then concentrated under

di sodi um
hanol (6 ni)
ultant m xture

reduced

pressure. The residue was dried under vacuumfor 12 h. The_ residue was
di ssolved in DVF (40 nmL) and bronotrinethylsilape (3.3 nL) was added. The
m xture was stirred| 15 & roodm t éber atffur eABSr 1p Wentadb4t8n| concent r at ed
under reduced pressure __The Iresidue s.dissolved.in dqueous{ NaHCO3 (2.3
gin 100 nL of water). The solution wasg evaporated and |t égi;' epi due was
purified on C18 (4p pnfscolu Gl utiln " mpté? 1h aueous fractions
were freeze dried tp—givwe—di sodi-tm °"+ 81 2% g—54%— NH2 0-OON
IN OH NP, ONN D OF Exanple oam gat e Prepar at (9) 25 DI sodium
salt 8 (25 ny, 0.06p nngr), (1S) Aﬁ ﬂyclo ut yl esﬁgr :%ggchloride (24
ng, 2 eq., 0.133 WWDF%“aﬁd“punU| 3t—1g,—0-—333—moh) ure—ni ed in
anhydrous pyridine [1 mgy. TrliethyLam ne (gpd j sk, i 799%+qamel ) was added
124

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 737.77

19 ABA ABA nPr 585.57

18 ABA ABA Et 567.52

17 Ala Ala nPr 557.52

74 Ala CPh iPr 520.46

75 Ala OPh Bn 568.5

16 Ala Ala nBu 585.57

15 Ala Ala iBu 585.57

4 ABA ABA nBu 613.63
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and the resultant m xture was stirred at 60 C under
(122 ng, 0.466 mmol) and tri phenyl phosphi ne (103 ny,

flask, 2'-Aldrithi

ol

ni trogen.

In a separate

0.466 mmol) were dissolved in anhydrous pyridine (0.5n) and the resulting

yellow solution was stirred for
the solution 5 of 8 in one portion.
give a cle

under nitrogen for
m xture was then (¢
di ssolved in CHZClﬂ
with.a |linear gradi
resulting oil was ¢
preparative HPLC (|
fractions were co

powder. 15 NH2 O H

preparation (10) 2¢

16.h to

15-20

m n.

r.vel ]l ow

to ligl

The solution was then added to
The conbined m xture was stirred at 60 C
brown sol ution.

The

oncent r at §
antf puri
irent—of

0to

bd under r
fi etBhy s

50 Ms

| i BAgel

| in CERC

educed pressure

The r¢
867-8bt

\[Q QI’

|
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'LLfn
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|ssoL¥ed i
i neal” gr aq
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i en F 5-9

oni t d
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nd wat
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ter).

purified by
Pur e

red—and
N P nj
DI sodi uj

J
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NH
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msalt S (
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UIV
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f Exé
P
12 ndg:,hoc

antT UGL
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Mmoo

plg O

32 Mt

f

e 9 as a white
\m dat e
(S)-Ala-On-Pr

ester hydrochlorid
pyridine (I m). T
resultant m xture \

(dd rrg,
rietyyl am
las  stirrd

6 eq, 07

ne A3 L
bd at 60 Q

T92—Tmot)

0. 38 'y

under nit

were

| ) ippas
rogen.

xed ™1

Fo4l g

In a 4

anhydr ous
and the
eparate flask

2'-Aldrithiol (59 n
nmol ) were di ssol ve

g, 0.224
d imi25 a

mol’) and
nhydsmaus p

triphenyl

yel | ow sol uti on wa

stirred

or _15-20

yri cisae (Q.

m n. The

phosph
5igal)

ne (49
amnigd |

ng, 0.224
e resulting

sol uti bn was

the solution of 8 in one portion.
16 h to give a clear
m xture was tBameRgent rated under

di ssol ved in mlm

under nitrogen for

with a linear gradi

resul ting &i

4

ent of

The

8. ﬁ@ @dmx/t@!iz%é '1}%@'
9 413509 OtedeH) Sefetht (3nitrd 3.2 (.

then added to

conbi ned m xture was stirred at 60 C

reduced pressure.

yellow to Iight brown solution
The resultant oil

ssaglorp'm?a@%w ap(ﬂy (eluting

give an ol'l

i @6—1 69 (im, 10

The
was

The
H) 8§

1.26 (m, 4E1) § 0.91 (m, 125) 31P NMR (CDCI3) 20.37 (s, 1B) MS (M+1) 614

Example 12
'H NMR (CDCI3) 8 8.39 (s, LH) 6 8.13 (5, 1H) 8 7.27-7.11 (m, 5H) § 6.82 (s,

10

1H) § 5.97-5.77 (m, 4H) 5 4.14-3.79 (m, 65 & 3.64 (t, 1 H)  2.00-1.88 (bm,

4H) 5 1.31 (dd, 3H) 5 0.91 (m, 6H). 31P NMR (CDCI3) § 20.12 (s, 0.5P) § 19.76
(s, 0.5P) MS (M+1) 535

Example 13

15

'H NMR (CDCL): §8.39 (s, 1H), 8.13 (s, LH), 6.81 (m 1H), 5.95 (m, 1),

5.81(s, 1H), 4.98 (in, 2H), 3.90 (m, 2H), 3.37 (m, 1H), 3.19 (m, 1K), 1.71 (m,
4H), 1.25 (m, 12H), 0.90 (m, 6H)
Mass Spectrum (m/e): (M+H)™ 586.3

20

Example 14

'H NMR (CDCL): & 8.38 (s, 1H), 8.12 (s, 1F), 6.80 (m 1), 5.93 (m, 1H), 5.79
(s, 1H), 4.02 (m, 6H), 3.42 (m, 1H), 3.21 (m, LH), 1.65 (m, 4H), 1.35 (m, 8H),

0.92 (m,

12H)

Mass Spectrum (m/e); (M+H)" 614.3

25
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125 and purified by preparative HPLC (linear gradient, 5-95% acetonitrile in
water). Pure fractions were conbined and freeze-dried to give bis anidate
as a white powder. 5 EXEMPLARY EMBODI MENTS NH2 O\N 1 iN RZ to Exanple
RI R2 Ester MW 55 Ala ON cPent 546.5 54 Ala OCH2CF3 Et 512.36 53 Ala OPh
3i 548.47 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 oBu
608.57 126 49ERmleTBPCF3 Su 616.51 59 Ala(A) OPh Et 506.43 48 Phe OPh
sBu(R) 610. 56 oMK &CBLLEPESGRIZs PH), 32 @71 H)GE.80\(@m (1)), OPh (i} BDPs.8832. 47 62

Phe(B) OPh nBu,610. 58 . 63 OPh.nBu 610,58 47 Phe ON CH2cPr 608.57 46
(B O B ol 391 G2 6 Y o 1,4 G- Gen 21 o1 (o 46, Ehb Gl
0.90 (m, 12H)
5  Mass Spectrum (m/e): (M+H)" 586.3

Example 16
'H NMR. (CDCls): 88.37 (s, 1H), 8.17 (s, 1H), 6.80 (m 1H), 6.18 (s, 1H), 5.93

(m, 1H), 5.79 (s, 1H), 4.02 (m, 6H), 3.46 (m, 1H), 3.37 (m, 1H), 1.61 (m, 4H),
10 1.32 (m, 10H), 0.92 (m, 6H) |
Mass Spectrum (m/e): (MHH)" 614.3

Example 17
' NMR (CD;OD): 88.29 (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 (/e): (M+H)* 558.3

Example 18
'H NMR (CD;0D): 6 8.29 (s, 1H), 8.25 (5, 1H), 6.84 (m 1H), 5.99 (s, 1H), 5.96

20 (m, 1H), 4.04 (m, 8H), 1.67 (m, 4K0), 1.23 (m, 6H), 0.95 (m, 6H)
Mass Spectrum (n/e): (M+H)* 558.3

Example 19 . _
' NMR (CD40OD): 68.29 (s, 1H), 8.25 (s, LH), 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
4 NMR. (CD+OD): 8 8.25 (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, 2E), 2.90 (m, 4H), 1.47 (m,
8H), 0.92 (1, 6H)
Mass Spectrurn (m/e): (M+H)" 738.4

EBxample 21
35 HNMR {(CD;0D): & 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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45 Ala OPh 3-pent 548.51 64 ABA(B) OPh Et 520.46 65 ABA(A) OPh Et 520. 46

44 Ala CPh CH2cBu 546.5 43 Met OPh Et 566.55 42 Pro CPh Bn 594.54 66

Phe(B) OPh iBu 610.58 67 Phe(A) OPh iBu 610.58 41 Phe CPh iPr 596.56 127

40 Phe CPh nPr 596.56 79 Ala OPh CH2cPr 532.47 68 Phe OPh Et 582.53 69

Ala OPh Et 506.43 70 ABA OPh Pent 562.54 39 Phe Phe nPr 709.71 38 Phe Phe
Et 681.66 37 Ala Ala Et 529.47 71 CHA CPh Me 574.55 36 Ay OPh Pr 506. 43 :
35 ABA OPh nBUEXRMBI®A2 34 Phe OPh allyl 594.54 33 Ala OPh Pent 548.51 32

Ay OPh i Bu 528 NKR (CD@ABAS 8RR (&,Bii)$48125d, 1585 ABL-7AM(nnmBH) 6848148, 31 CHA CHA

VB 665.7 30 Fg) 575168.6475 ¥k, 4875 893 3158 IH'BA 30, 1RF 8.4k, SRy 5 .
1.26 (m, 4H) 8 1.05-0.78 (m, 3H) 31P NMR 521.01 (s, 0.6P) § 20.12 (5, 0.4P) 5
5 MS (M+) 521

Bxample 23 f
THNMR (CDCI3) 5 8.40 (d, IH) 8 8.13 (d, 1H) & 7.30-7.10 (m, 5H) & 6.82 (m,

1H) 5 5.99-5.77 (m, 35) 5 4.22-3.92 (m, 6H) 5 3.61 (m, 1H) § 1.65 (m, 4H) 5
10 1.26-0.71 (m, 6H) 31P NMR (CDCI3) § 20.99 (s, 0.6P) 5 20.08 (5, 0.4P) MS
(M+1) 535

Example 24
'H NMR (CDCI3) & 8.39 (d, 1H) & 8.08 (d, 1) § 7.28-6.74 (m, 10H) & 5.90 (m,

15  4H)54.37 (m, 1H) 8 4.05 (m, SH) 5 3.56 (m, 2H) 5 2.99 (m, 2H) § 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) 8 8.11 (5, 1H) 8 7.31-7.11 (m, SH) & 6_.82 (s,

1H) § 5.96-5.76 (m, 4H) & 4:22-3.63 (m, 6H) 5 2.17 (bm, 2H) & 1.65 (m, 2K0)
1.30 (m, 4H) 8 0.88 (m, 3H). 31P NMR (CDCI3) § 20.75 (s, 0.5P) § 19.82 (s,
0.5P) MS (M+1) 521

25 Bxample 26
'HNMR (CDCI3) 5 8.40 (d, 1H) 3 8.09 (d, 1H) & 7.27-6.74 (m, 10H) & 5.93-

5.30 (m, 4H) § 4.39 (m, 1H) § 4.14-3.77 (m, 4H) § 3.58 (m, 2H) § 2.95 (m, 2H) &
1.90 (m, 3H) § 1.26 (m, 1K) 8 0.85 (m, 6ED). 31P NMR. (CDCI3) & 20.97 (s,
0.5P) § 20.04 (s, 0.5P) MS (M+1) 611

30
Exanple 27
'HNMR (CD30D): 8.31 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 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 (w/e): (MHHE)+ 530.2
35
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28 Gy @y Bu 557.52 27 Gy Gy Pr 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 737.77 19 ABA ABA nPr 585.57
18 ABA ABA Et 557.52 17 Ala Ala nPr 557.52 74 Ala OPh Pr 520.46 75 Ala
OPh Bn 568.5 16 Ala Ala nBu 585.57 15 Ala Ala iBu 585.57 14 ABA ABA nBu
613.63 129 13 ABA ABA i Pr 585.57 12 Ala OPh i Bu 534.48 77 ABA OPh M
606. 43 78 ABExmpnled8 534,48 11 ABA ABA i Bu 613,63 Exanple |1 1H NVR
(CDC13) S 8. 3SHASMRIAP3ODY: 18.31 &5, 1H))8.25 (sglé@,éﬁﬂ(mﬂ)ﬂ)sﬁal (G61H).LE08(m 5 4H)

?12160?;113'Z%(@loﬁgﬁ%oﬁmiﬁf’(%@mﬂ% %%@z@%@?%ﬁ%%%&ﬁé@mn 614

Exanpl e 12 ' HVHYRSp&ERGHA/S: BMBE{ 558.4H) 8 8.13 (s, 1H) S 7.27-7.11 (m 5H)
S6.82 (s, 10 11 5 5.97-5.77 (m 411) 8 4.14-3.79 (m 6H) S 3.64 (t, | H S

2.00-1. 88 ?mexam 029
THNMR (CD30D):  8.29 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 5.99 (s, 11), 5.97

(m, 1H), 4.01 (m, 8H), 1.66 (m, 8H), 1.32 (in, 8H), 0.96 (m, 12H)
Mass Spectrum (m/e): (M+H)+ 642.4

10

Example 30
H NMR (CD30D): 8.25 (s, 1H), 8.16 (s, 1H), 7.24 (m, 10H), 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

Example 31 :
'HNMR (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 {CDCI13) 8 8.39 (s, 1H) 8 8.17 (d, 1H) & 7.32-6.82 (m, 5H) & 6.82 (s,

1H) & 5.98-5.81 (m, 3H) 6 4.27-3.64 (m, 6EL) § 1.94 (m, 1H) § 0.90 (m, 61). 31P
25 NMR (CDCI3) § 21.50 (s, 0.5P) 8 21.37 (5, 0.5P) MS (M-+1) 521

Example 33
'H NMR (CDCI3) 5 8.39 (s, 1H) 3 8.13 (5, 1H) 8 7.27 - 7.14 (m, SH) 4 6.85 (s,

1H) 8 5.97-5.77 (m, 4H) 5 4.186-4.05 (m, 7H) § 1.60 (m, 350 5 1.29 (m, 7E) §
30 0.90 (m, 3H) 31P NMR (CDCI3) 20.69 (s, 0.6P) § 19.77 (s, 0.4P) MS (M:+1) 549

Example 34
T NMR (CDCI3) 6 8.39 (d, 1H) 8 8.07 (d, 1H) §7.27 - 6.74 (m, 10H) 4 5.91

(m, 2H) & 5.69 (m 2E) § 5.27 (m, 2H) 5 4.55 (m, 25T) 5 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)  19.94
(s, 0.5P) MS (M+1) 595
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4H) 6 1.31 (dd, 3H S 0.91 (in, 6H. 31P NMR (CDC13) S 20.12 (s, 0.5P) 8
19.76 (s, 0.5P) MS (Mrl) 535 Exanple 13 15 1H NMR (CDC13): 6 8.39 (s, 111),
8.13 (s, 1H), 6.81 (m1H), 5.95 (m 1H), 5.81(s, 111), 4.98 (m 2H), 3.90
(m 211), 3.37 (m 1H), 3.19 (m 1H), 1.712 (m 4H), 1.25 (m 12H), 0.90 (m
6H) Mass Spectrum (rile): (MrH)+ 586.3 20 Exanple 14 1H NWVR (CDC13): 5 8. 38
(s, 111), 8.12 (s, 111), 680(m111) 5.93 (m 1H) 5.79 (s, 1H), 4.02
(nn, 6H), 3.4ZxmpleBs), 3.21 (m IH, 1.65 (m 4H), 1.35 (m 8H), 0.92 (m
12H) Mass Spe&HrM(ﬁMS)&MIGﬂ)@&BII(@SI }Bﬁ'/BSani’)ﬂ@(m,S‘Sle&u\?R (CDC13): S

?m386(H)S, %.Hzlz(i’r%%l -;983!5'%?8(%?%?&)% @ig 4%?%@@148@% ’,le) 00 ?%

1211) 5 Mass Spﬁlqtﬁ I 3VPMR(IBAI3: 833160 (E&@ e.086s, o4 Wl CDC13): S
8.37)(5 1H), 17 (gmlll) 6. 80 (IT)I 1H), (S(S ?rg 1H)@g 5. I?BMm(irI;]{ 1H), )5 79
(s, 1H), 4502*(1&1 4811), 3.46 (m 1H), 3.37 (rn 1H), 1.61 (m 4H), 10 1.32
(m 10H), 0.92 (m 611) Mass Spectrum (We): (MtH)+ 614.3 Exanple 17 1H NWR

(CD30D): S 8. 29 H, 8.25 (s, 1H), 6.84 (m1H), 6.00 (s, IH, 5.96 15
1 4. 047N . , 8 .
(S[)nect |r_?Jm (m e)lj's1 mﬁigb‘%%’fgﬁ@%%?%s%%ﬁ%&ﬁé&%ﬁﬁ% "(SF%("gg) I(i/fasil—i) ;
8.25 (s, 1H), 5%.84s(PHL85.94%dH9 H)H 5.804s,, 35)965.02 (m, 1 H) § 4.23 - 3.58 (m,
10 6H)82.18(s, 3 H) 5 1.23 (m, 6 H). 31P NMR (CDCI3) § 21.54 (5, 0.5 P)
12143 (5, 0.5 P). MS (M + 1) 507

Example 37
'H NMR. (CD30D):  8.30 (s, 1H), 8.25 (s, 1H), 6.84 (m 1H), 6.00 (s, 11), 5.95

15  (m, 1H), 4.06 (m, 8H), 1.31 (m, 12H)
Mass Spectrum (m/e): (M+H)+ 530.3

Bxample 38
'H NMR (CD30D): 8.25 (s, 1H), 8.16 (s, 1H), 7.24 (m, 10H), 6.84 (mn 1H),

20 5.91 (s, 1H), 5.75 (m, 1H), 4.08 (m, 65, 3.60 (m, 2H), 2.90 (m, 4H), 1.21 (m,
6H)
Mass Spectrum (m/e): (M+H)+ 6824

Example 39 _
25  'HNMR (CD3QD): .25 (s, 1H), 8.16 (s, 1H), 7.22 (m, 10i1), 6.81 (m 1H),

5.90 (s, 1H), 5.72 (m, 1H), 4.02 (m, 65), 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, 31)
Mass Spectrum (m/e): (M+H)+ 5974

35
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20 (m 1H), 4.04 (in, 8H), 1.67 (m 4H), 1.23 (m 6H), 0.95 (m 6H) Mass
Spectrum (me): (MtH)+ 558.3 Exanple 19 1H NMR (CD30D): S 8.29 (s, 1H),
8.25 (s, 1H), 6.84 (m1H), 5.99 (s, 1H), 5.96 25 (m IM 4.03 (m 81D, 1.66
(m 811), 0.93 (m 12H) Mass Spectrum (me): (MrH)+ 586.3 Exanple 20 1HNWR
(CD3OD): S 8.25 (s, 1H), 8.17 (s, 1H), 7.21 (m 10H), 6.80 (m1H), 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 Bimpleds Spectrum (me): (MrH) + 738.4 Exanple 21 35 ' HNMR

(CD3OD): S 8. 2 KMR @H)30OD): 3B.Z50(m, 2EIH)7.206(u8 PH)G6.94 (), LFH, 881 (. 1H)H), 5. 84
m 1H), 5.12 4 , 5 6 S. Spectr nie):
EM+H)}H) 654. 3 1%%@2?&37%35 m@@b)”%@ (. %}ﬁi(ﬁggzﬁ% 1H§
67.31-7.10 (mléﬂf)lsgé;gﬁ)(m 111) 6 5.98-5.75 (m 411) 6 4.23-3.92 (M 7H)
6 3.65 (m 111) 6 1.63 (m 311) 6 1.26 (m 411) 6 1.05-0.78 (m 311) 31P
NVR 521. 01 X s, Messgippetgmp (m/ey (MG S8BF 5 MS (Mrl) 521 Exanple 23 ' HNMR
(CDC13) 3 8.40 (d, "111) 6 8.13 (d, 1H 8 7.30-7.10 (m 511) 8 6.82 (m 111)

6 5.99-5.77 (m_ $ 4.22-3.92 (m 611) 6 3.61 (n, 1H) 6 1.65 (m 411) 6
10 1.26-0.71 ; N . 0.6P).5 0 , 0.4P) M8
(M+1) 535 aaﬁ%ﬁm’\@%ﬁ% 7%5%3“(%31{5%%3 ®=é}‘@r85-?778(,m:| 6 7.28-25. 74
(m 1014) 8 5.@95(rﬁpz}%l&@,z%l@nll)@.,3.20(%%15)%&%%&,54@ 511)53.56 (m 211) 82.99

. m .

211) 61.55 21 8 311) 31P NMR (CDC13) 5
(23]. 95 ()s, 195#)43%1 Spgotymm (r/e): (M+H()+ 595.6 (m ) ( )

Example 43
'"H NMR (CD30D): 8.25 (m, 2H), 7.15 (m, 5H), 6.83 (m, 1H), 5.98 (m, 2H),

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 (i, 2H),

20 4.10 (m, SH), 2.57 (m, 1H), 1.80 (m, 6E), 1.25 (m, 3H)
Mass Spectrum (m/e): (M+H)+ 547.7

Example 45
'"H NMR. (CD30D): 8.25 (tm, 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, 1E), 3.99 (m, 4H), 3.65 (m, 1H), 3.05 (m, 15),2.85 (m, 1H), 1.02 (m,
1H), 6.51 (m, 2H), 0.20 (m, 2H)

Mass Spectrom (m/e): (M+H)+ 609.3
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0. 5P) MS( M+ )61 1 Exanpl e 25 20 ' HNMR (CDC13) 5 8.38 (d, 111) 5 8.11 (s, 1H) 6
7.31-7.11 (m 511) 6 6.82 (s, 111) 8 5.96-5.76 On, 411) 6 412-3.63 (m 611)
5 2.17 (bm 211) 6 1.65 (m 211) 1.30 (m 4H) 6 0.88 (m 311). 31P NMR
(CDC13) 5 20.75 (s, 0.5P) 619.82 (s, 0.5P) MS (M+1l) 521 25 Exanple 26 'H
NVR (CDC13) 5 8.40 (d, 111) 6 8.09 (d, 111) 6 7.27-6.74 (m 1011) 8 5.93-
5.30(m 41- 1) 54. 39(m 113) 64. 14-3.77 (m 411) 53.58 (4 211) 62.95 (m 211)8
1.90 (m 313) 8 1.26 (m 1H 6 0.85 (an, 611). 31P NMVR (CDCI3) S 20.97 (s,
0.5P) 6 20.04 Emmfle5P) M5 (Mr1) 611 30 Exanple 27 'H NVR (CD30D): 8.31 (s,

%ﬁg 2 (2)? gs , 'HINMR ((@8IDY: mi{l:}ﬂﬂ()mm_') , 260),0220 Gn, D[-D),ltilﬁﬁﬁwg,l}ﬁgﬂiBILﬂxﬁ)lH)?n?S)(m

SS ectrum e
EL + 530, zm%%7é922%xé%£’£}12‘@ ki1 Ko DO, D0k 0 6o ) 308 e (2 14y
6. 84 111 1 211 3. 86 4H) ,
3. 68 Em 4191) ﬁ?o%gﬁ?m’ iﬂ)l)l 49§m9§H)iU’?(r%2311%) Oéﬁ/a@s @pectrtm (n1e):(m(|v+r||:|)|)+

558.3 5 Exarrpll‘e{a.ﬁﬁpeﬁmwmm+6 129 (s, 111), 8.25 (s, 1H), 6.84 (m
111), 5.99 (s, 111), 5.97 (m 111), 4.01 (m 811), 1.66 (m 811), 1.32 (m

811), 0.96 (m 121] ss Spectrum (me): (MtH) + 642.4 10 Exarrpl e 30 "H NWR
(CDBCD): 8. 25 %ﬁéﬁgg&)ﬁ &5 (s 280,7.25 Gt ok 6.82 G, & S0t T3 1)
10 5.68 (m, 1H), 3.93 (m, 6H), 3.50 (m, 1H), 3.20 (m, 1H), 2.81 (m, 1H), 1.90 (m,
1H), 0.95 (m, 6H) '
Mass Spectrum (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
' NMR {CD30D): 8.25 (m, 2H), 7.20 (m, 9H), 6.96 (mm, 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
' NMR (CDs;0D): 6 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, 1K), 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
ample 53
IHNMR (CD;0D): §8.29 (m, 1H), 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 (w/e): (M--H)* 549.2
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5.90 (s, 111), 5.71 (m 111), 5.25 (m 411), 4.57 (m 211), 4.51 (m 211),
4.05 (rn, 211), 3.46 (m 2H), 2.92 (m 611) 15 Mass Spectrum (nmic): (MtH)+
706.4 Exanmple 31 'H NWR (CD3COD): 8.32 (s, 111), 8.25 (s, 111), 6.84 (m
111), 6.00 (s,1H, 5.97 (m 113), 3.93 (m 4H), 3.71 (s, 3H), 3.60 (s,
311), 1.51 (m 2611) 20 Mass Spectrum (me): (MtH)+ 666.5 Exanple 32 'H NWR
(CDC13) 5 8.39 (s, 111) 6 8.17 (d, 1H 8 7.32-6.82 (m 511) S 6.82 (s, 111)
8 5.98-5.81 (nExadi®y 58 4.27-3.64 (m 611) 6 1.94 (m 111) S 0.90 (in, 611).

31P 25 NWR (cmmm&mnmoa(m@aﬁm 82, IH){ &01 (u,30), MNB3 (MiZE)), 521 Exanpl e
33 'H NMR (CDCL 111) 6 7.27 - 7.14 (m 511)5

6.85 (s, 111)4@@19‘3ﬂ)5??§7a{11ﬁ1ﬂ4 %3)(115 36186’4 05 (m 711) 8 1.60 (m 311) 8

1.29 711 848 NVR (CDC13) 20. 69 0.6P) S 19.77 (s,
0. 4P)(WB (M+)1)ﬁ54§'9) EE)”&%Q(’W Y %%Ri\l( CDélB) 6)8 39 (d(slll) S)8 07 (d, (s

111) 57.27 - 6.74 (m 1011) S 5.91 (m 211) 55.69 (m 211) 55.27 (m 211)
54.55 (m ﬁll)Mm 111) 83.69 (m 35 111) S 2 95 (in, 111) 5 5.05 (m

211) 31P NWR (CDC13) 6 20.94 (s, 0.5P) 8 19.94 éﬂ M5 (Mrl) 595 133
Exanpl e 35 rﬁm@mm@@mmmwsﬂphbsm@s 0pQMHz 1%133@135?3)?56 82

AR (E0C13) 6 i Dt & 0gPRIn Gl a2 ot 2 P06 38 1 4,580 exchmprc
3 PR COCIE G005 810) 4, 2 M 29 mzsy@;m 9.396.82 (s, 1 H)

65.94(dd, 1 10 6 5 2.18
03 94(dd. 1 M B0 usts 55 SRR Sk B - S ooy © 1)

10 diastereomers at phosphorus(121 MBz, 'H decoupled): 3 (ppm) = 23.56, 22.27
(~60:40 ratio).

Figore 1:

15  +=>1000
= 100-1000
=1-100
- =0.01-1

20

EC50 CC50  Resistance - fold EC50mtDNA

Compound |u IC50
P ][]Il‘él.l 1[\:;1:[{]2 K65R 6TAM M184V [uM]

Tenofovir +++ + ++ 4t HH
d4AP -+ + il = = R o o S &
d4TP -+ + A e
d4CP ++

d4uUp ++

Figure 2:

25  +=>1000
++=100-1000
++=1-100
++++ = 0,01-1
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21.43 (s, 0.5 P). M5 (M+ 1) 507 Exanple 37 '"H NWVR (CD3CD): 8.30 (s, 1H),
8.25 (s, 111), 6.84 (m1H), 6.00 (s,111), 5.95 15 (m 1R, 4.06 (m 8H),
1.31 (m 12H) Mass Spectrum (me): (MH)+ 530.3 Exanple 38 'H NVR (CD30OD):
8.25 (s, 1H), 8.16 (s, 1H), 7.24 (m 10H), 6.84 (mlIH), 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 (me): (MtH)+ 682.4 Exanple 39 25 '"H NWVR (CD3QD): 8.25 (s, 1H)

8.16 (s, 1H), 7.22 (m 10H), 6.81 (m1 ik, 15, 7 a, 113),
4.02 (m 6H), Gofiipdund2H), 2Bage(m 4*"%&5@&%&&% Wo.'g"):(D l‘f':EH) Mass
it ' H N4 co3oBpiDMALs (m 2H)

Spectrum.me): (MtH)-1- 710.4 30 Exarrpl'é'v

7.22 (m SH), 6.95 (m 1H), 6.82 (mIH, 5.90 (m 2H), 5.72 (m 1H, 3.95
(m 4I(—I), 3%3%’ﬁd415£3, 3.H2)7 Mﬁnm(ﬁb, ;981 (i (1H),i!_|)55 (m*"k(H), o.Hzae (m
3H) ' Mass Spectrum (me): (MrH) + 597.4 35 134 Exanple 41 uH NVR (CD30D):
8.25 (m 211),27-4Km oH), Geageg m 1H),+6t81 (m¥H), 5.97 (m 2H), 5.73
(m 111), 4.05 gm 2H), 3.60 (m_ 1H), 3.02 (in, IH, 2.81 (m 1H),1.13 (m
6H) 5 Mass SpeebrdfiP(nmic): (NBegine597.5 Exianple 42 1H NVR (CD3OD): 8.25 (m
2H), 7.33 (m IOH), 6.83 (m 111), 5.92 (m 2H); '5.15 (m 2H), 4.25 (m
4H), 3.20 (m ZFd4DARR (2p-Disminopurine ++

Figure 3:
+=>1000
5 +F=100-1000

+—H+=1-100
-+ =0.01-1

g O

O A ¢ N

R \I]/\NH>E\,O <N I N)
O O

0 R

s o
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10 Mass Spectrum (me): (MtH)+ 595.6 Exanple 43 1H NVR (CD30OD): 8.25 (m
2H), 7.15 (m 5H), 6.83 (m IH; 5.98 (m 2H), 15 4.10 (m 5H), 2.50 (m
411), 2.01 (m 311), 1.22 (m 3H) Mass Spectrum (me): (MH) + 567.3 Exanple
44 1H NWR (CD3COD): 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) Mss Spectrum
(me): (MrH) +547.7 Exanple 45 1H NVR (CD30OD): 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 411),
1.28 (in, 3H), 0.88 (m 6H) Mass Spectrum (me): (MH) + 549.3 Exanple 46 1H
NVR (CD3OD): 8.25 (m 2H) 1(% (m 1011), EEegﬂ[mM]lH) 5.99 (m 211), 30
5

5.72 (m 1H), 4.10 (m 4 (m 1H), 3.02°(In, 279 (m 1H), 2.50
(m IH, 1.89 g_;](egt}é)a_bl\/asi fgegtﬂmlgScEthyl\/HH)M&lh’yM Phenyl e gL) 35 '5H73
NVR ( CD3OD m 2H). 5.
(m (lH) 3)99(m aH . 365 (in M P%’EAEB 285(% . 1.02 (m

1H), 0.51 (m ﬁ%y 0.20 (m 2H) Mass Spectq.l.q.m(vv/o)l..i..p(I\/H—D +.609.3 135
Exanpl e 48 1H lCD30D): 8.25 (m 2H), 7.20 (m 9H), 6.96 (m 111), 6.81

1 5. 97 5. 73 | 4.71 1 05 3. 60
(m,Hé 02 (m ("gpléﬁ"z 81 (ﬁnm 1H)H) 1.49 ((rhmzH)H))“F(f’éq'(m r%gH) 82 (m(glll)

%/ass Spectrum (|n1 Op)?IMFH) + t-311. 2 |[Exanple 49 r et
n-Butyl e 34 i+
Isobutyl + ++ +++ T4t
10 CHz-cyclopropyl ook +++
CH,-cyclobutyl ot +4+4

n-Pentyl o

15 Benzyl Tt

* Same prodrug moiety as GS-7340

20 | All prodrugs show good selectivity with S of +

25

30

35

40
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"H NWR (CD30D): 8.20 (m 2H), 7.25 (m 6H), 6.82 (m1H), 5.95 (m 2H), 10
68 (m 1H), 3.93 (m 61J), 3.50 (m IH), 3.20 (m 111), 2.81 (m 1H),1.90
1H), 0.95 (m 611) Mass Spectrum (me): (MrH) + 617+3 Exanple 50 15 1H
(CD30D): 8.23 (m 2H), 7.18 (m 1011), 6.96 (m 1H), 6.81 (mIH), 5.94
2H), 5.72 (m 1H), 4.81 (m IH), 4.05 (m 2H), 3.60 (m 1H), 3.02 (m
2.81 (m 1H), 2.25 (m 2H 1.81 (m 41T) Mass Spectrum (me): (MH)+
09.3 20 Exanple 51 1H NWR (CD30D): 8.25 (m 2H), 7.20 (m 9H), 6.96 (m
H, 6.81 (ml1H, 5.97 (m 2H), 5.73 (n, 1H), 4.71 (m 1H)), 4.05 (m 2H),
60 (m 111), 3.02 (m 1H, 2.81 (in, 114), 1.49 (m 2H) 1.07 (m 3H)),

82 (m 3H) Femss4pectrum (mic): (MrH + 611.4 25 Exanple 52 1H NMWR
(CD30D): S58.29 (m 111), 8.25 (m 1H), 7.20 (m 511), 6.85 (r, 1H), 5.97
(m 2H), 4.854+=1400d, 4.15 (m 211), 3.95 (m 1H), 2.28 (m 2H), 1.99 (m
2H), 1.77 (m +2I-:|)101;;|12}@0(zn 3H) 30. Mass Spectrum (me): (MtH)} 533.3
Exanpl e 53 ' HNWVR ({883 8829 (m IH, 825 (m 1H, 7.20 (m 511), 6.85
(m 1H) 5. 98 1 502@)_ .18 (m 111), 4.03 (in, 7H, 2.15 (m 1H, 1.95 (m
11-1), %? (m 3 ]1 Mass Spectrum (me): (MtH) 549.2 136 Exanple 54 'H
NNR(CD30 8 8.24 (m 211), 6.85 (m 1H), 6.01 (m 2H), 4.43 (m 2H),
4.09 (m 5H, 1.38 (m 3H) 1.23 (m 3H) Mass Spectrum (me): (MH) + 513.2

©\= NHo E
Ao ¢ I: )\’O‘f‘NH%’ gIﬁ;’f

@”““ Aig o Y

F

5.
(m
NVR
m
|_|)

(
|

6
1
3.
0.

Mono(Phe-iBu)

lsomer A and B

ISOMER | EC50 [nM] Cat A hydrolysis In vitco PBMC loading
[pmols/h.ug] [fmo] of DP/mil cells.2h]

A +H+ + ++

B -+ + o+

15
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5 Exanple 55 1H NWR for m xture of diastereoners at phosphorus (300 MHz,
CD30D ref sole. resid. 3.30 ppm): S (ppm) = 8.22-827 (m 2H), 7.09-7.34 (m
5H), 6.84 (br s, 1H), 5.93-6.02 (m 211), 5.00-5.14 (m 1H), 4.01-4.26 (m
2H) 3.89-3.94 (m 111), 1.50-1.88 (m 8H), 1.23, (br t, 3H J = 6.8). 31P
NVR for m xture of 10 di astereoners at phosphorus(121 MHz, 'H decoupled): S
(ppm = 23.56, 22.27 (-60:40 ratio). Figure 1: 15 +=> 1000 ++= 100-1000 =
1-100 =UM 2®igass®H CC50 Resi stance -fold EC50 nt JDNA Conpound | uM [uM
IC50 HI V-1 MI-2 K65R 6TAM ML84V JuAq Tenofovir +++ + +++ +++ +F++ ++ d4AP
+++ 4+ 4+ ++++J—l5 d4TP +++ + +++ +++ +++ d4CP -1--~ d4UP -1--1-
Figure 2: 25 g%lg%m ++=100- 1000 +++=1-100 +++-F = 0.01-1 137 Conpound
Base EC50 [u IC50 [uM HIV-1 MI-2 ntDNA 2' F-d4AP Adeni ne +++ +

o = 0.01-1
R NH2
o NN
Ry oo NH { ] )
0% > Q o NN
O A
W L
10 ©
F
R (aa) ECso [nM]
H Ethyl Methyl Phenyl
R (ester) (Gly) (o-ABA) (Ala)  (Phe)
Ethyl _ + ++ bt
15 n-Propyl ‘ + ++ bt
Isopropyl + +
n-Butyl | Fbt +++ +++
Isobutyl \ + ++ ++
n-Pentyl +++
20 Benazyl ++
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2' F-d4GP Guani ne +++ ++

++ Figure 3:
N ~2 ~NH)
Phenyl
++ +++ +++

| sopr opyl

+ 4+ ++ +++

2' F-d41 P I nosi ne ++
+=> 1000 5 ++=100-1000 4-++=1-100
~O-"NO~OON 15 F 138 Rl(aa) ECso [nM H Ethyl

5 R2 (ester) (dy) (a,-ABA) (Ala) (Phe) ++ +++ +++

n- But yl

Et hyl
+++ +++ +++

| sobut yl

2' F- d4DAPP 2, 6- Di am nopuri ne
++++= 0.01-1 10 R NH2 |

Met hyl
n- Pr opyl
+ ++ 4+ e+

10 CH2-cycl opropyl

+++ +++

CHp- cycl obut yl

+++ +++

n- Pent yl

+++ 15 Benzyl

prodrugs show good selectivity

+++ " Sane prodrug noiety as GS-7340 20 All
with SI of +
Figure 6:
NH,
N
? <1 )
Ha\ﬂwxo o N MJ
Ho”” ‘<=2,
= F NH,
g < 1)
5 Q o NN
o M —‘F
= NH,
O: G>E\/O‘C)2,N NA
10 i
= NH,
AOLA SN
g 500
0 % 5 N
of
F
= NH;
A 0 H N \N
NH ¢
!r\ :E\,/O o <N v
ot
15 .
oA N =
S PUR e
o
F
20
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25 30 35 40 139 Figure 4: 5 + > 1000 ++100-1000 +++=1-100 =0.01-1 10
| I NH2 NH2 "1~-OD NON N~ NHo ~ I ~0, o N Mono(Phe-iBu) Isomer A and B

| SOMER EC50 [nM Cat A hydrolysis In vitro PBMC | oading [pnols/h.ug] [finol
of DP/mil cells.2h] A +-1-3- + ++ B +++ + 4-1-F 15 140 Figure 5: +=> 1000
++ =100-1000 ++i =1-100 5 1 H += 0.01-1 NH2

Figure 7.

NH,

)\’ © §HN\8 <’N | ;N ~0 h(i)&/ f\
Q 0/\/ N \Q’

aklIE]

10

Figure 8:
Alternative embodiments of Figures include

15

Re=  RHE 0™ FC” 07 FHET O
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,OR- /NI iN RzrR, 001~0 0N R 9M10 0 F R (aa) EC50 [nM H Ethyl
Met hyl Phenyl Rz (ester) (dy) ((c-ABA) (Ala) (Phe) Ethyl + ++ +++ 15

n- Propyl + ++ +++ isopropyl + + n-Butyl +++ +++ +++ |sobutyl + ++ ++

n- Pentyl +++ 20 Benzyl ++ 141 Figure 6: NH2 NNl HO g O ON Ny How _ F
NHZ 5 v-ONH/, NI ~N OONN O1HF =NHZ 00O NN O\ND'" <N "N

All literature and patent citations above are hereby expressly
incorporated by reference at the locations of their citation. Specifically cited
sections or pages of the above cited works are incorporated by reference with
specificity. The invention has been described in detail sufficient to allow one of

5  ordinary skill in the art to make and use the subject matter of the following
Embodiments. If is apparent that certain modifications of the methods and
compositions of the following Embodiments can be made within the scope and

spirit of the invention.

In the embodiments hersinbelow, the subscript and superscripts of 2
10 given variable are distinct. For example, R, is distinct from RL
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1i '"=(F 10 NH2 ~-ONO//N(\V N NNHZ ONHONO" Vv ON 151i "I F NH
ONH <N I ~N OOYO~-N N F 20 142 Figure 7: NH2 = NH2 J ~ON CN ~p~NHR <N ~°
NIOp NNO ONN 5a0Or _}/ FI' /' F NH2 COQNONJ ON I~pF 10
Fi gure 8:

CLATMS:

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 thersof, that is a compound of

10
”
K\ / AP
AV—0 0 N
Aﬂ
' . TN\
formula A A F
substituted with one or more groups A’
wherein:
Al is A, A% or W* with the proviso that the conjagate includes at least
15 one Al
Alis: '
2 L~ 2\
: /Y 6
\/ W
R? R?
M1i2a
| -4 M12b
) A?ig:
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Al ternative enbodi nents of Figures include 15 9 0- o- {o- - 1INH2 O- HNO
R~1"NHp ANNR O\l NN R2CHRF FF 2 - F2HC~---O F3C"O-- F2HGC--O 143
it All literature and patent citations above are hereby expressly

i ncorporated by reference at the | ocations of their citation. Specifically
cited sections or pages of the above cited works are incorporated by
reference with. specificity. The invention has been described in detai
sufficient to allow one of 5 orglinagy skill in art to make and use the
subject matter of the follow ng i i S parent that certain
nodi fications of the nethod f the W&l | owi ng Enmbodi ment s
can be nmade within the scope‘an N\of fthe invention. In the

enbodi ment s herei nbel ow, the su uperscripts of a 10 given
variabl e are distinct. For exa iygphnct fromR 144 CLAIMS: 1. A
conj ugate conprising a conpound i nhi bits H ¥12aphked.to one or 5 nore
phosphonat e groups; or_a pharmaceutically acceptable salf or solvate
thereof. 2. The conju@%&e of claim1, enantioners thereof, or a
pharnmaceutically acceptable salt or solvate thereof, that is a conmpound of

10 K, v 1
FYZ g :"'; R*
\/V W}Y \LZ\Yz
5\,2 \
R*R R /m2 |,

Mi2a| L .
M12b ,

¥ is independently Q, S, N(RY), N(O}R™), N(OR"), N(O)(OR¥), or
5 NEN®RNRY);
Y? is independently absent, a bond, O, CR*)(RY), N(R®), N(O)XR™),
N(OR?), N(OYOR®), NN®)( R), -S(O)hez-, or -S(Ohaz-S(Oz-; and when
Y? joins two phosphorous atoms Y2 can also be CRYHRY;
R* is independently H, R', R%, W*, a protecting group; or the formula:

Y RL R Y
RS“
-YZ Y2 Y2 _
\. " Mic M1id
a

M12c
10

wherein:

R is indépendently H, W*, 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 ¢ 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 %%

20 R™is R, Cl, Br, I, -CN, N3, -NOs, -OR; or ~ORg;
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KO AOONA formula A AF substituted with one or nore groups A,

wherein: Ais A, Az or W with the proviso that the conjugate includes at
| east 15 one Al; A is: ' Y W 1 Rz RZ Ml2a Mi2b ; AZ is: 145 Yz \ R2
Y Ml2a Mi2b A3 is: Y2 Y Yz Rx | Rz Rz YXRx Ml2za M2 2 ML2b Y' is

i ndependently 0, S, N\W, N(O(R'), N(OW, N(O(ON, or 5 NN(R)(RX)); Y2
i s independently abgent, a bond, 0, C(R)(R), N(R" ), NNO(R"), NOR),
N(O (OR"), N(N(R')B%liY S(O)"M or -S(OI,y2-S(O M-; and when YZ joins

}QZWO \%?Sghg; 8?20?} ng gr otlcﬁ@‘ );d{s) S%Q %@(-@%LRRLS (GroRependently iR
S(O)%(OR™), -OC(Y HR*, -0C(YHOR?, -OCCYHINR™HRY), -SCYHRE, -
SC(YHORY, -SCYHNER™(R™), -NERHC(YHRY, -NRNC(Y)ORF, or -

5 NERICYHNRHRY); |
R* is -C(YD)RY, -C(YHOR® or -C(YHNERHR™);
R*isan 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 . WisWoW;
W*is R?, -C(YHR?, -C(YHYW?, -80, ,R?, or =80, W*;
W is carbocycle or heterocycle wherein W* is independently substituted
with 0 to 3 R? groups;
wois WP independently substituted with 0, 1, 2, or 3 A’ groups;
15 M2is0,10r2;
Ml2ais 1,2,3,4,5,6,7,8,9,10, 11 or 12;
Mi2bis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
M1a, Mle, and M1d are independently 0 or 1;
K and K’ are independently absent, a bond, or optionally substituted R;

20 and
Mi12¢is0,1,2,3,4,5,6,7,8,9, 10, 11 or 12.
3. The conjugate of claim 2, or a pharmaceutically acceptable salt or solvate
thereof, which has the formula:
25 [DRUGT-(AYm
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 Ais AL,
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Y1 Rv Rv Y1 Rv Y2 y2 Y2 MI2c Mc Mid 10 Mla wherein: Ry is independently
H W8, R2 or a protecting group; R is independently Hor alkyl of 1 to 18
carbon atons; R? is independently HH R, R3 or R4 wherein each R4 is

i ndependently 15 substituted with O to 3 R3 groups or taken together at a
carbon atom two R2 groups forma ring of 3 to 8 carbons and the ring may
be substituted with roups; R3 is R3a, R b Rc or Rd provided
that when R3 is bou %Sdnfz‘ihoﬂife?tg??éfa?@ﬁ?x% Hiffnoresusthoxy, kiflgorqmathoryg RRa is F,

c, Br, 1, -CN, , Rk - R,

“N(R) (RX), -sﬁ“m &%thﬂ%%%?z%ﬂ E%}‘E‘)’)r%@e m@?%fﬁ(‘ggi)l S ooy Rx,
-CNJ(C(RYI))C(Yij ﬁﬂm)(m)) -SAY ) RX, - $C§(Y)N(OI§>7()(ER>?)C§Y)(RIN((:IRE)(RX))

- - ; is

- YY) R, C(YI)O?x ‘i‘f)("@x ('I'Flg(‘}‘)& ]1’s an alkyl of 1 to 18 carbon
atons, al kemsyl of Z)stﬁblslﬁ Ak OHh AL S8Rpropl, vilyl, @Vﬂ'Yﬂuoﬂfm&h}HOanHB carbon
atons; RS is e wherei each R4 is substituted wth to roups 10 W8

is W oor VB, W is Ko, istemetyeethylysiopingyl, Q@GJWF@yl éuylsm W is

car bocycl e or tﬁ{e«ﬁr&%ycl e wherein Wb is independently substituted with O to
3 R2 groups; W i ndependently substituted with 0, 1, 2, or 3 A3
groups;

10
15
5. The conjugate of any one of claims 2-4, wherein each Al is of the
Tormula:
'\_/
M12
_ "1 Mz
20 6. The conjugate of any one of claims 2-4, wherein each A’ is of the
formula: '
i ] 2
L 4 3
¥2 -~ /A
v - s
\
R? R?
" M12a] M12b




15 MW is O, 1o0or 2; M2ais 1,2,3,4,5,6,7,8,9,10,11 or 12; M2b is O,
1,2,3,4,5,6,7, 8 9, 10, 11 or 12; Ma, Mc, and Md are independently O or
1; Kand K are independently absent, a bond, or optionally substituted Ry;
20 and Mi2c is O, 1, 2, 3, 4,5,6,7, 8, 9, 10, 11 or 12. 3. The conjugate of
claim2, or a pharnaceutically acceptabl e salt or solvate thereof, which
has the fornula 25 [ DRUG - ,,, Wherein: DRUG s onpound of fornul ae
A and nnis ¥ 2, PG@JH ﬁaﬂYﬁéeﬁfﬂ?lH@&‘b“éﬁemém%ﬁchﬁglm@h has any one
of fornulae A %&%ﬁ&&ﬂ: one Ais A ; 147 X61 is nethoxy, ethoxy, propoxy,

di f1 uor onet hoxy, trifluoronethoxy, vinyl, ethyl, methyl, propyl, butyl,
cycl opropyl, N-methyl ani no, for N fornylanlno Xfl@ IS nethyl chl oro, or
trifluoromethyl; 5 Xfi3 is ﬂ nghhyl et hyl , J V9 opyl , V|nyI, or
trifluoromethyl; and X64 i cycl op pyI, chloro, vinyl,

allyl, 3-methyl-1- buten- %y+. onj ugat e 3any one of clains
2-4, wherein each Al is gqs Wb/ ML
M1i2b
5 8 The conjugate of any one of claims 2-4, wherein each A' is of the

formula:

16 9 The conjugate of any one of claims 2-4, wherein each A' is of the

formula:
/ W'Sa

N

A
R 2
W12a

wherein: W°? is a carbocycle or a heterocycle where W™ ig 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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2a ML2b 20 6. The conjugate of any one of clainms 2-4, wherein each A is of
the formula: Y2 Y2 ~ A3 s/ 1 TR2Z R2 Mil2a ML2b 148 7. The conjugate of
any one of clainms 2-4, wherein each A' is of the formula: W As XY R2 R2
ML2a ML2b 5 8. The conjugate of any one of clainms 2-4, wherein each A is of
the formula: r N\ NA3 Ml2a 10 9. The conjugate of any one of clains 2-4,
wherein each A' is of the fornula: *1 W5a \A3 WR22 Ml2a wherein: Wa is
a carbocycle or a heterocyfle where Wea i s independently 15 substituted
with 0 or 1f2 groups. 10. e of clainms 2-4, wherein
Ml2a is 1.

AS

M12b

12.  The conjugate of any one of claims 2-4, wherein each A’ is of the

WS
\AS 3

formula:

/

RZ R?

5 Mi2a

13.  The conjugate of any one of claims 2-4, wherein each Al is of the
formula:

(J _ woe

10 _
wherein: W™ is a carbocycle independenily substituted with 0 or 1 R* groups.

'14.  The conjugate of any one of claims 2-4, wherein each Al is of the

formmula;
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11. The conjugate of any one of clainms 2-4, wherein each Al is of the 20

formula: 149 Y2 W \A3 TRW R2 Mil2a ML2b 12. The conjugate of any one of
claims 2-4, wherein each Al is of the formula: WAs RgR 5 Mi2a 13. The

conjugate of any one of clainms 2-4, wherein each A is of the fornula: Wa
\A3 Rz R2 10 wherein: Wa is a carbocycle independently substituted with O
or 1 R2 groups. 14. The conjugate of any one of clains 2-4, wherein each A
is of the fornula: 150 R2 Il Y2p RY ~f HH2 M2d

| ? R?
- P‘\\YZb/k(O\Ry
3 d vl L >

2
Mizd
wherein:
Y% is O or N(R?); and
5 MI12dis1,2,3,4,5,6,7or8.

15.  The conjugate of any one of claims 2-4, wherein each A' is of the

formula:

H W5a
\AS

R R?

1 0 . M I 2a ;

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 Alis of the

15 formula:
/ Wsa
Y \Aa
RZ R? .

wherein: W is a carbocycle or heterocycle where W™ is independently
substituted with 0 or 1 R? groups.

20
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wherein: Y2b is 0 or N(R2); and 5 M 2disl, 2,3,4,5,6,70r8. 15. The conjugate
of any one of clains 2-4, wherein each A' is of the fornula: Wea \A3 R2
R2 10 ML2a wherein: Wa is a carbocycl e independently substituted with O or
1 R2 groups. 16. The conjugate of any one of clainms 2-4, wherein each A" is
of the 15 fornmula: Wea \A3 R2 R2 wherein: IS acarbocycle or

het erocycl e where V._is i ndependentl sub ted w 1 R2 groups. 20
151 17, The conlfugatBe sAmiugHe qu 3’81‘16%‘1‘ 321 Z’P’lﬂe ’:‘rr‘}‘ is of the

formul a: 0 R ghbw®b Rv. 0 HHW Y2b ML2d wherein: 5Y2b|$00r N(R2) ;

TN

| Mi12d
wherein:
5 Y? is O or N(RY); and
Ml2dis 1,2,3,4,5,6,7 or8.

18.  The conjugate of any one of claims 2-17 wherein each A” is of the

formnula;

10 MI2b

19.  The conjugate of any one of claims 2-17 wherein each A” is of the
formula;

/Y2 S

RZ R?

—\./

M12a

15 Mi2b.
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M 2dis 1, 2, 3, 4, 5, 6,70rS. 18. The conjugate of any one of clains 2-17
wherein each A2 is of the formula: Y2 Y\ ws R2 R2 Ml2a 10 ML2b 19. The
conjugate of any one of clainms 2-17 wherein each A2 is of the fornula: Y2
Wb MR Ml2a 15 M2b. 152 20. The conjugate of any one of clains 2-17
wherein each ML2b is 1. 21. The conjugate of claim 20 where M2b is 0, Y2 is
a bond and Wo is a carbocycle or heterocycle where Wo is optionally and

i ndependent | y 2&bst Tharamjiiga® ofjaphore of2laims 24 7wherpimeash MED is The conj ugat e of
any one of clainms 2-17 wherein each A2 is of the fornula: Mg Y2R2 10 M2a
wherein: Wsa is a carbocycle or heterocycle where Wea is optionally and

i ndependent | y 8ubst Thakdadfhpaietof clbim 20 whiereM126%s ) ¥hjz2. bodd andWe isonj ugat e of

claim22 wherein. M 2a s 1. _15 24. Jhe conjugate .of gny one of clainms 2-17
wher ei n_each ASETPREYSlEi0 Beteigeyle Bhes R PPEQP@Q&’%%%{HQ@J%? |subshifisd) | |

substi t ut eds beqgyli, 2 RY¥BIFENGRR]

22.  The conjugate of any one of claims 2-17 wherein each A% is of the

formula:

/ e

R? R?
10 Mi12a R
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 M12ais 1.

13
24.  The conjugate of any one of claims 2-17 wherein sach A? is selected
from phenyl, substituted phenyl, benzyl, substituted benzyl, pyridyl and
“substituted pyridyl.

20 25. The conjugate of any one of claims 2-17 wherein each A® is of the

formula:

F 2 2
/Y ,Y\

RZ R?

W4

7

M12U

Mi2b
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substituted pyridyl. 20 25. The conjugate of any one of clains 2-17 wherein
each AZ is of the formula: Y2 Y2 4 MAR M2a M2b 153 26. The conjugate of
any one of clainms 2-17 wherein each A2 is of the formula: YW R2 R2 M2a
ML2b. 5 27. The conjugate of claim26 wherein M 2b is 1. 28. The conjugate
of any one of clains 2-27 wherein each A3 is of the fornula: 2 R® N2RR 2
ML2a 10 ML2b 29. The conjugate of any one of clains 2-27 wherein each A3 is

of the formula: 154 2 11" Y2 Rx N R M2a 30. The conjugate of any one of
claims 2-27 whgg el nTl?eatﬁnlﬂjd%gte'o%a&t otte ¥ claims 2-17 wherein each A% is of the
formula:

W4

- T M12b,
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:
™ 1 - -
1
Y2 W R*
\ v N\vz/
R* R? - =
2
5 M12s |
10 M12b

29.  The conjugate of any one of claims 2-27 wherein each A’ is of the

formula:
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formula: 1la Y2a Rx Y2' R2 2 2 $ Ml2a wherein: Ylais O or S; and Y2a is
0, N(Rx) or S. 10 31. The conjugate of any one of clainms 2-27 wherein each
A3 is of the fornmula: Il ~ Rx y2b R2 R2 2 M2a wherein Y26 is 0 or N(Rx).
155 32. The conjugate of any one of clains 2-27 wherein each A3 is of the
formula. 01l XYz R 1JR R 2 M2d wherein:

30.  The conjugate of any one of claims 2-27 wherein each A? is of the

formula;
1a
LI
v N
R OR| - -

2

5 MiZa ‘
wherein:

Y®is O or§; and

Y*is O, NR") or S.

10 31.  The conjugate of any one of claims 2-27 wherein sach A® is of the

formula;

‘\'/ P\R YZb/

R2 RZ L.

Mi2a

wherein Y is O or N(RY).
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5 Yzb is 0 or N(W; and M2dis 1, 2, 3,4,5,6,7 or 8. 33. The conjugate of
any one of clains 2-27 wherein each A3 is of the formula: 0O P /Rx Yzn Fi
2 10 ML2d wherein: Y2b is O or N\W; and Ml2dis 1, 2, 3, 4, 5, 6,70r8. 15
34. The conjugate of claim33 wherein ML2d is 1. 35. The conjugate of any
one of clains 2-27 wherein each A3 is of the formula: 156 y2 Rx YZ/ R2 R2
VW8 2/ Ml2a Y M2b 36. The conjugate of ang one of claims 2-27 wherein each
A3 is of the 3%r mihs cogugate of sy one\agclajpns227 wherein each A° is of the

formuia:

wherein:
5 Y% is O or N(R®); and
Mi12dis1,2,3,4,5,6,7or 8.

33, The conjugate of any one of claims 2-27 wherein each A” is of the

formula:
I
Q P R*
)
'\-/ \Y2b/
10 ) Mid :
wherein:

Y% is O or N(R®); and
M12dis 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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ML2b 37. The conjugate of claim 36 wherein Wb is a carbocycle.
conjugate of any one of clains 2-27 wherein each A3 is of the

Y1l

wherein Wb i s phenyl.

ly2 1R~ RXx NNW\Rx NRR W Ml2a 0 ML2b 39. The conjugate of

5 40. The conjugate of claim 39 wherein

41. The conjugate of any one of clains 2-27 wherein each A3 is

formul a:

y2a is 0, N(RW or S. 42. The conjugate of
each A3 is of the

p R2 R2 WB 2a M2a 10 wherein:

IvSl 9 a 12a Rx Y2

a. 158 O

Y2
v v

\R2 R2

15 fornu :

==

K

3
//M!

2
Mi2a Y

M12b

36.  The conjugate of any one of claims 2-27 wherein each A> is of the
formula:
5
o N
¥
l
Y2 L R*
‘WC//,/ \\\\vf///
RE RZ Ws
v
| Mi2a | Y
MI2b
37.  The conjugate of claim 36 wherein W° is a carbocycle.
10 38  The conjugate of any one of claims 2-27 wherein each A® is of the
formula: |

157

Y' is O or
any one of clainms 2-27 wherein

10 38. The
formul a: 157
claim 38

ML2b is 1.

of the
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fl Rx Y2~ R2 R2 WA Y2b Ml2a wherein Y2b is O or N(W. 43. The conjugate
of any one of clains 2-27 wherein each A3 is of the 5 formula: O Yzh Rx
Y2b/ R1 R2ML2d WB wherein: Y2b is 0 or N(R); and ML2d is 1, 2, 3,4, 5, 6,7
or 8. 10 44. The conjugate of claim43 wherein RL is H 45. The conjugate
of claim44 wherein Ml2d is 1. 15 46. The conjugate of any one of clains
2-27 wherein each A3 is of the formula:_|I~ O\P,,0R t ~-OL %b Y ORS
-lr QM 12d O 159 wherein |t he phenyl earbpcycl e is substituted with 0, 1, 2,
or 3 R2 groups.

NN

RX
R? R?
e o
M12a 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:

10  wherein:
' Y®isQorS; 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: .

158



47. The conjugate of any one of clains 2-27 wherein each A3 is of the
formula: O1 \p/OR\OOR M2d O wherein the phenyl carbocycle is
substituted with 0, 1, 2, or 3 RZ groups. 48. The conjugate of any one of
clainms 2-27 wherein each A3 is of the formula: O \\ /OOH3 [-"0// \\ vy
OR HH 10 49. The conjugate of any one of clains 2-27 wherein each A" is
of the fornmula: 160 M M OCH3 ORS HH O 50. The conjugate of any one
of clainms 2-27 wherein each A3 is of the ﬁbrrmla: O 11 1p0 O 2

R*
\-/ Y2b/

wherein Y2° 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
M12dis1,2,3,4,5,6,70r8.
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:

\\ / R’

R/ M2



PHHS5 2 51. The conjugate of any one of clainms 2-27 wherein each A3 is of
the fornmula: Ta Ra yea Y\ Rv yea Y1 2 N2R MLl2a 10 wherein: YfaisOorsS
and y2a is 0, N(R2) or S. 15 52. The conjugate of any one of clainms 2-27
wherein each A3 is of the fornmula: 161 R2 Ry Y2b Yia R2 2 2 Ml2a wherein:
YISis Oor S; 5Y2bis 0 or N(R2); and Y2c is 0, N(Ry) or S. 53. The

conj ugat e of ang one of clains 2-27 wherein each A3 is pof the
wherein the phenyl carbocycle is substituted with 0, 1, 2, or 3 R” groups.

47.  The conjugate of any one of claims 2-27 wherein each A® is of the

formula:

q
\\ / R
R' RY/mizd
5
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 CHs
\—° N
N OR'
H H
10 O

49.  The conjugate of any ong of claims 2-27 wherein each A” is of the

formula:
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formula: QR2 11 1 Y2b 1. Yia Ry RL R 2 10 M24 wherein: Yl aisOorb5;
Y2b is 0 or N(R2); Y2d is Oor N(RV); and 15 Ml2disl, 2, 3,4,5,6, 7or8. 54. The
conjugate of any one of clainms 2-27 wherein each A3 is of the formula: 162
OR2 1l Y2b O KHH 2 ML2d wherein: Yzb is Oor NW; and 5 ML2d is 1,
2,3,4,5,6,7 or S. 55. The conjugate of any one of clainms 2-27 wherein each
A3 is of the formula: O R2 Q /Il 0.82 ~//. K Y2b

Mg Ma

0
. \\P O cHy
/“'
\ Y \0 OR!
H W
3

50.  The conjugate of any one of claims 2-27 wherein each A® is of the

formmula:

F -
O

O " /U\ R?

\ / Y ~o” N0 o

51.  The conjugate of any one of claims 2-27 wherein each A® is of the

formula;

Mi2a .
10
wherein:
Y is O or §; and
Y% is 0, N(R*) or 8.

15 52.  The conjugate of any one of claims 2-27 wherein each A’ is of the
formula:
161



O HH2
i

10 wherein Y2b is O or

N(W .

clainms 2-27 wherein each A3 is of the
O 2 15 163 57. The conjugate of any one of clainms 2-27 wherein each A3 is

of the

fornmul a: Yz/

56. The conjugate of any one of
formula: O u

any one of clains 2-27 wherein each A3 is of the

Ry’ Y2a Vi

53.  The conjugate of any one of claims 2-27 whersin each A is of the

TR/ w3
0
L
R? R?
Ml2a
wherein:
Y*®isOorS;
5 Y? is O or N(R?); and
Y% is O, N(RY) or 8.
formula:
O
ll
/ P\\
‘ rR! R!
i0 M12d
wherein:
Y®isOorS;
Y% is O or NRY;
¥ is O or N(RY); and
15 M12dis1,2,3,4,5,6,7 or 8.

54, The coﬁjugate of any one of claims 2-27 wherein each A” is of the

formula:

162

lz O\ POR2 n ~ ||

H H

y2 I'y x R2 RZ WB Y2 M2a 5 58. The conjugate of
formula: Yla R2

/Yza f~



ML2a Y2a wherein: 10 Y" isOorS;and Y2a is O NR or S. 59. The conjugate
of any one of clains 2-27 wherein each A3 is of the fornmula: 15 RZ 0 Ry
Y2 Yta RIR2 WY2b/ Ml2a wherein: Ylais Oor S; 164 y2b is 0 or N(R2); and
Y2 is O NRY) or S. 60. The conjugate of any one of clains 2-27 wherein
each A3 is of the 5 formula: R YRy Y2b Yea Rl JRL /W Yzb M.2d

r
l i
N o
v~ \yz/\!f af
°

H W/ L

=—=Q

M12d

wherein:
Y? is O or N(R®); and
5 Ml2dis 1,2,3,4,5,6,7or 8.

55.  The conjugate of any one of claims 2-27 wherein each A® is of the

formula:,

i i
o
1/'0\( P\vzb)\n/ R
H H ©

2
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:

| or T
-\/ OYPW\O/\[OroxRZ’
H H
' I i

15
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wherein: YleisOorS, 10 Y2b is O or N(R); Yea is 0 or NW); and M2dis 1,
2, 3,4, 5, 6, 7 or 8. 61. The conjugate of any one of clains 2-27 wherein
each As is of the 15 fornmula: OR2 i v ~Y2b L. O HHW I'Il M2d Yea
wherein: Y2b is 0 or N(R); and ML2disl, 2,3,4,5,6,70r8. 20 62. The
conjugate of any one of clains 2-27 wherein each A3 is of the formula: 165
OR2 Il O HHY2b wherein Y2b is O or N(R2). 63. Thezcon'ugate of claim3
wherein A is d¥7. t h&heepujugas of Byone pf ¢lainm)2t27 whizei@-erch A” is of the

formule:
Y2 ir R*
TN
R? R? ’ /w3

Ml2a

5 58. The conjugate of any one of claims 2-27 wherein each A® is of the

forimula:
Y1 a RZ
& ,'l\ e
’\—/ ’ Y2a R
1
R? R? !
W3
Za/
Ml2a Y ;
wherein;
10 Y®isOQorS; and
v is O, N(R¥ or S.

59.  The conjugate of any one of claims 2-27 wherein each Alis ofthe

formula;
15
I il
. Y‘%f\
Y
v Yzb/Hf R
, 1a
R®> R? Y
W
2

M12a ;

wherein:
Y®isQorS;
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7 R wherein each Ris independently alkyl. 10 64. The conjugate of claim1,
2, 3, or 4 which has the fornula: Y1 IDRug L--P11-Y2-Rxnm Y2-Rx or a
pharmaceutically acceptable salt or solvate thereof, 15 wherein: DRUGis a
conmpound that inhibits HV, Y is independently 0, S, NW, NNOW, NOW,
NO (W, or NNRX)(RX)); Y2 is independently a bond, 0, N(Rx), N(O (RX),
N(ORX), N(O (ORX), 2’{,0 N(N QREQ -S(O M-, or -S(OM-S(OM-; R is

i ndependently H, R2Y 'I'K]RO)E ing group, or the formula: 166 Y2 Ry 4RY
Ys ky2- Ry Ml2c I\/Ilgzcl‘y;gN is independently R W8, R2 or a protecting
group; Rz is |ndependentTy H, R3 or R4 wherein each R4 is independently
substituted with 0 to 3 R3 groups; 5 R is R3a, R b, Rao or Rid, provided

Lhat when R3 1 & DOURHL &b b A 0027 helely BRF 405 JFR: 02,1 0 By OO

“SW -S(OW - f@hRW -S(O) (OR'), - 10 S(O2(OR'), -0 Y )R, -0 Y )CR',
OC(Y) (N(RX)(RX)), -SC(Y')R" , -SC(Y')COR", -sc(y-)z(N(W(RW),
NR)C(Y)R', -N(RAHC(Y' )OR, or - h) R

2d
/ Ny
Y1a
1 1
. R R w3
e
wherein:

YisOorS;

10 Y is O or NR?Y);
Y2 is O or N(RY); and
Mil2dis1,2,3,4,5,6,7 or 8.

61.  The conjugate of any one of claims 2-27 wherein each A” is of the

15 formula:
0
o O
y
1 / F\YZb R
O
H H 3
i
M12d Y ;
wherein;

Y is O or N(R?); and
Mi2dis 1,2,3,4,5,6,7or 8.
20
62.  The conjugate of any one of claims 2-27 wherein each A? is of the

formula:

165



N(Rx) C(Y' ) (N(Rx) (RX)) ; Ridis -C(Y)W -(Y)OR" or -C(Y)(NR")(R" )); 15
R4 is an alkyl of 1 to 18 carbon atons, al kenyl of 2 to 18 carbon atons, or
al kynyl of 2 to 18 carbon atons; RS is R4 wherein each R4 is substituted
with O to 3 R3 groups; WBis W or Wo; WI is R5, -C(Y')R5, -C(Y )W5,

- SQZR5, or -S2Wh; 20 Wb is carbocycle or heterocycle wherein Wb is

i ndependently substituted with O to 3 R2 groups; M is 1, 2, or 3; Mla,
Mc, and Md are independently 0 or 1; QML2c is O,R4, 2,3,4,5,6,7,8,9, 10,
11 or 12, 25 nnis 1, 2, or 3; and L i} a direct pond or a linking group.
167 65. The conjugate of cl formula: R2 2c

CRY A Y9a Yl aisOors; 5 S. 66 Thé“conjugate of
claim 64 wherein each R is of th 2d OY\ RY Yta ylais 0 or
S; and

wherein Y7 is O or N(R®).

63.  The conjugate of claim 3 wherein A" is of the formula:

o

—
Jopm———

"%—'(CHz)l-m

O—"0

wherein each R is independently alkyl.

10 64.  The conjugate of claim 1, 2, 3, or 4 which has the formmula:

Y1
[DRUG]~{~L.—P —Y,—R*

2 %
Yo—R nm

or a pharmaceutically acceptable salt or solvate thereof,
15  wherein:
DRUG is a compound that inhibits HIV;
Y! is independently O, S, NR®), N(O)R™), N(OR™}, N(O)(OR¥), or
NN®RH(RY);
Y? is independently a bond, O, NR™), N(O)(R™), N(OR®), N(O)(OR¥),
20 NEERHRY), -S(O)z~, or -S(O)z-S(O)naz-;
R* is independently H, R?, W*, a protecting group, or the formula:
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10 y2d is Oor N(RY). 67. The conjugate of claim 64 wherein each RX is of
the formula: R2 .1 RY O 15 68. The conjugate of anyone of clains 65-67
wherein each RY is independently Hor alkyl of 1 to 10 carbons. 20 168 69.
The conjugate of claim®64 wherein each R" is of the formula: R2 0 5 70.
The conjugate of claim64 wherein each Wis of the formula: R2 R2 Yt Y2
Y2.,RY ML2a 71. The conjugate of _claim64 wherein each RX is of the
formula: R2 R2 Y2 ti Ry M2a 10 72.| The n'1ugate of claim 64 wherein
each Y is 0 or S. 73.[ Th Yconj tR¥, ofR¥dl ai m §4 ‘wherein eacch Y2 is O,
N(R ") or S. 15 74. The clpnj ug | ai s 64-7%,\/\,herein nn is
1. 75. The conjugate [of~an 8.5 ' I's 2 76. The
conj ugate of any one‘t cl ai s 6473 whe n‘ni-is 3. 69 77. The conjugate
h

of claim®64 wherein conpound that i i bigg | MPDH i s Mid
rrp M1a INHEG

'RY is independently H, W, R? or a protecting group;
R is independently H, R® or R* wherein each R* is independently
substituted with 0 1o 3 R? groups;
5 R?is R™, R, R¥ or RY, provided that when R® is bound to a
heteroatom, then R® is R* or R*;
R*is F, Cl, Br, I, -CN, N3, -NOy, -OR; of —ORg;
R?is Y
R* is -RY, -NRM(RY), -SR*, -S(O)R%, -S(O),R*, -S(O)OR™), -
10 S(OR(ORY),
-OC(Y)R, -OC(YOR?, -OCYHNERIRY), -SCY)RY, -SC(YHOR?,
-SCYHNRHRY), -NRICY)RY, -NR*IC(Y)OR®, o -
NRHCHNRIR™) ;
R*is -C(Y)R", -C(Y')OR" or -C(Y YINR)R"));
15 R* is an alkyl o;f 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(YHR®, -C(YHW?, -SO,R?, or -SO,W?;
20 W? is carbocycle or heterocycle wherein W is independently substituted
with 0 to 3 R groups;
M2is1,2,0r3;
Mla, Mlc, and M1d ate independently O or 1;
M12¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
25 mnis 1,2, or3; and
L is a direct bond or a linking group.
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a conmpound of formula A. 5 78. The conjugate of claim77 wherein each L has
a nol ecul ar weight of fromabout 20 daltons to about 400 daltons. 79. The
conjugate of claim77 wherein each L has a |length of about 5 angstrons to
about 300 angstrons. 10 80. The conjugate of claim 77 wherein each L
separates the conpound of any one of formula A and the phosphorous of the
phosphonate group by about 5 angstrons to about 200 angstrons, inclusive.
15 81. The conjugate of claim 77 wherein each L is a divalent, branched or
unbranched, sagyrat g, g ﬁé@%{ﬁh%qwlﬁyeﬂ{% R GhakRmutaavi ng from2 to 25
carbon atons, erein oné or nore of e car on atons 1s optionally repl aced
by (-0-), and wherein the chain is @ptionally substituted on carbon with
one or nore substituents selected frjom (G -C6)al koxy, (C3-C6)cycloal kyl,
(Cf-C6) al kanoyl, 20 (G -C6)al kanoyl ox j ) al koxycar bonyl ,

(C1-Co)al kyl thio, azido, cyano, n ¢groxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and et eroar | oxy. '82. The conjugate of claim?77
wherein each L is of the formula WA wheflein 25 Ais (G -C24) al kyl ene,

(C2- C24) al kenyl ene, (C2-C24)al kynyl ene, ¥C3- C8)cycloal | cyl ene, (C6-d a)aryl
or a conbi nation theqeo wherein each Wis -NRC(=O0-, -C(=ONR)-
-0Q(=0) -, -C(=0)O, -980°r§md8(®-, -S(0)2-, -N(R-, -=0-,

-N(R) C=N(R) s N(R) - &N&@é S(O nag-N(R) -, -N(R-S(OnR-, or a direct
bond; where| n each Ris 1 engently H or alkyl of 1 30 to 10 carbons. 83.
The conjugate of claim82 wherein each Ais alkylene of | to 10 carbons.

170 84. The con of cl 7 L | ent radical
forned froma b’ept Owa%ﬁﬁg&%\ggﬁ@ﬁ]e@waﬁg %ﬁ%foﬁ Bfein each L is a

divalent radical forned 5 from an aﬁtno aci d.

Y2d
, Ny
2V R
Y1a ]
Y2 is O or S; and
10 Y% is O or N®).

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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86. The conjugate of claim77 wherein each L is a divalent radical forned
frompoly-L-glutamc acid, poly-L-aspartic acid, poly-L-histidine, poly-L-
ornithine, poly-L-serine, poly-L-threonine, poly-L-tyrosine, poly-L-Ieucine,
.10 pol y-L-1ysine-L-phenyl al ani ne, poly-L-lysine or poly-L-lysine-L-tyrosine.
87. The conjugate of claim77 wherein each L is of the formula W(CH2)n
wherein, n is between about 1 and about 10; and Wis N(R C(=0 -, -
C(:C))N(R)-! -CE(:C))-! -C(:C))O'! -0-! -S-! -S(C))-! -S(C))Z-! -C(:C))-1 -N(R)-,
15 -N(R) O =51 65) - Nof) conjodabe Becbb st winoRbiactfie M B bkl (O or @ di r ect
bond; wherein each R is i ndependently H or (Cl-C6)al kyl. 88. The conjugate
of claim 77 wherein each L is nethylRfne, ethylene, or propylene. 20 89. The
conjugate of claim77 wherein each Ljis linked to k at a carbon atom of L.
clainms 1-89, which is isol ated
25 and purified. 91. An HV inhi bptor>eg ughiﬁzas descri bed herein. 92. A
conpound of the formula MBF. 30%93. A cHnmpound™of ‘claim 92 selected from
Tabl e 100. 94. A pharnaceutical conpositli on conprising a pharnmaceuti cal
excipient 171 and a conjugate as descrObed in any one of clains 1-89 and
91-93. 95, A unit dosage form conprising a conjugate as described in any one
of «clains 1-89 and 91-93 and a pharmaceutical excipient. 5 96. A nethod for
inhibitings2 kR Vi . i N : i .sanpl e in need of
such treat?ren?o'wit ﬁgcﬁﬁa%gﬁcgﬂg?ﬁ?ﬁ%ggi?nmﬁé%ﬁ& clainms 1-89 and
91-93. 10 97. The nethod of cl d m 96, wherein the contacting is in vivo.

2 2
R? R v
¥
YZ/H\YZ/R

M12a

71.  The conjugate of claim 64 whetein each R* is of the formula:

10

72, The conjugate of claim 64 wherein each Y' is O or S.

73.  The conjugate of claim 64 wherein each Y2 is O, N(RY) or S.

15 74.  The conjugate of any one of claims 64-73 whetrein 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 whereinnnis 3.
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98. The invention also provides a nethod of inhibiting HV in a mamal ,
conprising adm nistering a conpound as described in any one of clains 1-89
and 91-93 to the mammal . 15 99. The net hod of claim 98 wherein the conpound
is formulated with a pharnmaceutically acceptabl e excipient. 100. The net hod
of claim99 wherein the fornmulation further conprises a 20 second active

i ngredient. 101. A conpound as described in anyone of clains 1-89 and 91-93
for use in nedical therapy. 25 102. The use of a conjugate as described in

n o con ugat e as_desor|
' an ani ml b3, RTiee o iR B oA R R P or TBed

herei n accor di agnpomntibéfdonabpd.es or Schenes. 30 172

5 78.  The comjugate 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 I has a length of about 5
angstroms to about 300 angstroms.

10
80.  The conjugate of claim 77 wherein each I separates the compound of
any one of formula A and the phosphorous of the phbsphonate group by about 5

angsiroms to about 200 angstroms, inclusive.

15 81.  The conjugate of claim 77 wherein each L is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 2 o 25
carbon atoms, wherein one or more of the carbon atoms is optionally replaced by
(-O-), and wherein the chain is optionally substituted on carbon with one or more
substituents selected from (Ci-Cglalkoxy, (Cs-Cgloycloalkyl, (Cs-Cg)alkanoyl,

20 (Ci-Cg)alkanoyloxy, (Ci-Ces)alkoxycarbonyl, (C;-Ce)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
25 A s (C-Cyg)alkylene, (C3-Cpy)alkenylene, (Cz-Cagalkynylene, (Cs-

Cg)cyeloalkylene, {(Cs-Cig)aryl or a combination thereof, wherein each W is

NER)C(=0)-, -C(=OINR)-, -OC(=0}-, -C(=0)0O-, -O-, -S-, - , ~3(0)-, -S(0);-,

“NR)-, -C(=0)-, -NR)C=NR)-N(R)-, -CR)=NR)-, ~S(0) mz-N(R)-,

N(R)-S(O)p-, or a direct bond; wherein each R is independently H or alkyl of 1
30  to 10 carbous.

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 2 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 I. is a divalent radical formed
from poly-L-glutamic acid, poly-L-aspartic acid, poly-L-histidine, poly-L-
omithine, 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-(CH,),
wherein, n is between about 1 and about 10; and W is -N(R)C(=0}-, -
C=ONR)-, -OC(=0)-, -C(=0)0-, -O-, -S-, -8(0)~, -8(0)2~, -C(=0)-, -N(R)-,
-NR)C=NR)-N(R)-~, -CR)=N(R)~, -8(0) m2-N(R)~, -N(R)-S(O}2-, o1 2 direct
bond; wherein each R is independently H or (Cq-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 hereiﬁ.
92. A compound of the formula MBF.

93. A compound of claim 92 selecied 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 vifro 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 -89
and 91-93 to the mammal.

99.  The method of claim 98 wherein the compound is formmlated 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 FITV in an animal.

103.- A method of preparing a compound or conjugate described herein

according to the Examples or Schemes.
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