Lysi ne-based prodrugs of aspartyl protease inhibitors and processes for
their preparation TECHNI CAL FI ELD OF THE I NVENTION 5 The present invention
relates to a process for synthesizing conpounds which are used for

i mpai ri ng human i rmunodeficiency virus (H'V) replication. Mre
particularly, the present invention relates to a process for synthesizing a
| ysi ne based conpound which is able to rel ease an active HV protease

i nhi bi tor upon cl eavage of a physiologically cleavable unit. 10The
invention aksf. 6l Bk8S: i RLE! RIS S-S B laldl rfbiont he synthesis of these
conpounds. BACKGROUND OF THE | NVENTI ON 15I nhi bitors of the HV viral

prot ease have been devel oped relatively recently and their use began only
in 1996. Currently, they are considered the nost effective drugs agai nst

H V i nf ect i CRECHNTQOAL: BEADeO ) THFONVENKIOBNt prot eases inhibitors are
relatively | arge hydrophobi c nol ecul es that possess rather |ow

bi coavail ability. A high pill burden is therefore required to attain the

t her apeut i ¢ Teogeesint igveptian rehates toTh procéss fog sprsltesiring aempopprdscrhighose B &1 resul ts

in patient 2Q.n00- mk&m&eﬁl@m# NALSAHBLSIEABAL WRRL pattRaMhY, She JrhkS

situation |l eads to sub-optimal tHerapeutic drug concentration that in turns
| eads to thenales slgise it 2 procest \orrathesizig 2 B’flf'fagﬁﬁ%‘! cEEREEHRRR 325 Rere i s
an urgent nggehst @n hdiE QYE plot@seSihibiirlvpbry clad¥ekeltit Qapdidiadidalll ke)eav@ble phiQt €ases

i nhi bitors. 25Protease inﬁibLtors have al so beeq}devé#o ed in the form of

pr odr ugs!%sudie FyeriRpae f&'é@&fﬂilﬁ%r&edla%vsegk Fibe &/t eﬂSﬁe 6551?0&?&0”‘}%‘6-. 6, 436, 989
to Hale et al, the entire content of which is incorporated herein by

ref erence. These prodrugs possess favourabl e aqueous solubility, high oral
bi oavailability and allow the in vivo generation of the active ingredient.
However, it BACKWROUKDBAOMTHREANVENIIONS the ability to devel op resistance to
the currently avail able drugs A 30 need remains for alternative HV
protease inhibitors active towards wild-type and resistant viral strains
and whi cti s HdvistoentfabredlY sioll whitdase havadbderbicyelorei relsivelvtrgeenthhandshet Besi s of a

uni que cl asg.of ALOABRLIE WELINAlHY SR WALEHARE roahitRbhRr dugfgaspanty|

proteases is described in US patent no. 6,632,816 to Stranix et atd.

Thi s pat ent Ufersipudédortupgiels mest cyragl grofepses [phibigrs eeceirtiveliniares hydioppobic

substi t ut ed pleidckied A pHQEd: Yakd: VRS bIBARMATRY.NYhipe bilinturdds Rahdryfbrepeqiranse

i nhibitory properties. Lysine basediﬁoqgognds degngstr%tiqg enhaqgﬁd

aqueous sol AEAR FEyhCEREFIBIBEAR PRI 10y & IGRISTS Jich [pe; P BY

pr epar atdon nbaven@ige HeecNaddgaes ibtheitnrebhiS Fhipplitusiahi lomisNo. s09HAOE, 935

( Stranix et thae:l"apév)tic BH:E lcé)nscgn?%ticlnznet?gtlilx? ¥L¥ns%£]agé to%Qeoc%véfgan%Et (EH-H{JI rgs?siizfnp ains.
Consequently, there is an urgent need to improve the solubility and bioavailability of

proteases inhibitors.

25 Protease inhibitors have also been developed in the form of prodrugs such as those described,
for example, in US patent no. 6,436,989 to Hale er af, the entire content of which is
incorporated herein by reference. These prodrugs possess favourable aqueous solubility, high
oral bioavailability and allow the in vivo generation of the active ingredient. However, it is
well known that HIV has the ability to develop resistance to the currently available drugs. A

30 need remains for alternative HIV protease inhibitors active towards wild-type and resistant

viral strains and which shows enhanced solubility and bioavailability.

The synthesis of a unique class of aromatic derivatives which arc inhibitors of aspartyl

proteases is described in US patent no. 6,632,816 to Stranix et ai, .
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No. US2006/ 0025592A1. Efficient and inproved route of synthesizing these
conpounds are needed in order to devel op commercially-viable processes. A
“desirabl e route of synthesis should produce the conpounds 10 in a good
yield, with the m ni mum nunber of step possible and in a manner that is of
m ni mum i npact to the environnent in terns of disposing of waste-materials.
I nt ermedi ate conpounds are also of help in facilitating the synthesis of
end conpounds. There thus remains a need for optim zing synthesis of |ysine

based conpounds. | r g nti_gngseeks to neet these and ot her
needs. SUMVA &e%%%ﬁ%lﬁﬁ I%} nte_ based conpounds ori gi nating
from a cl assamifo de isviztijuiee d-ly$ieet degivativop Dessessing peient \pparty (Prpfpast dnidibiory

i nhi bitors, TRCEYLIC haklkg ot hiny abini@sd aRekoRN A5I0MES Ukdacal
conpositi onsﬁg é‘&g&l .g%%er gltisg% Cﬁ%?%?n andohavte%been desgriobed i i

. In U S
publ i cati on beaveisPiu6ADERE30 T, mathessel pyrAratien &a%dS%Bm&ﬁWHEedhﬁ‘v@-sa
cl eavabl es unj,; Wb e Ro MBY0E eadiskinib e £1)§aMEHd FebMiay @™ Qo0salheageblasiact i ve
i ngredi ent which has an affinity for H'V aspartyl protease (US patent no.

6, 632, 816) aNURMI0RIZPEAdctive for inhibiting (inmpairing) HV replication.
The conmpounds 25 descri-bed herein may have, for exanple, a (e.g.,

physi ol ogi cal lly, enzymatically) cleavable (e.q.,. hydrolysabl e or unit
whi ch upon cq’tlééﬂ\?%@% %Tpf(’tvﬁcgroﬂtf8 VLR g‘?m%ﬁrlidts aégéenﬁ%re% "es 859051?%?0 ase
i nhi bitor (ecoghmerduilyatibiepcprat £dsaablatiisiof gmihesis shodlth proguce e mempaapdnt i on

provides in one aspect thereof. effici 0 eLhRM$haf @F 630
synt hesi 21 nd"the™ féeﬁ&r'iem@atéeecr]m%lg%orﬂ]ﬁlggp%fegg r§%§§g%ré$genl nincl udi ng t hei r
deri vati ves ramthnysharmaetde e iewddohyiers driemsalf [dspesiigto wasi¢-malgiddior &2 t h t he

present invept 085S A oY RiheHeZiRed bYSkinempaned Gerpaund using
any one of t%éjp?edse@%natqgcorrp unds 1olli §c os?ebg i?\ US pat errll1 no. 6,632,816 to

Strani x et atmass snegd fof pRimiEREY MBS brsie Bespd waWOHERewi t h. Further in
accordance with the present invention, processes for synthesizing conpounds

able to generate any one of the caonpou dh5di§dcl osed in US patent no.
6, 632, 816 t O hSPresFHt Lvgn seek iR FEsRARG MG Y'S(i n vivo) cleavable unit are
al so described herew th. More particularly, the present invention in

accordance %}ﬁﬁmgﬁﬁmﬁgk provides a process for synthesizing a
conpound (e.q. I generate an H V protease 10i nhi bitor) of
formula I: CH2ORI The) (CH23F-N Xm Re
Novel lysine based compounds originating from a class of derivatives that are potent aspartyl
20 protease inhibitors, pharmaceutically acceptable derivatives and pharmaceutical compositions
are illustrated herein and have been described in U.S. publication No.US2006/0025592A1.
These lysine based compounds have a cleavable unit which may readily be cleaved in vivo to
release an active ingredient which has an affinity for HIV aspartyl protease (US patent no.
6,632,816) and which are active for inhibiting (impairing) HIV replication. The compounds
25 described herein may have, for cxample, a (e.g., physiologically, enzymatically) cleavable
(e.g., hydrolysable) bond or unit which upon cleavage of the cleavable bond or unit generates

a protease inhibitor (e.g., an active protease inhibitor).

The present invention provides in one aspect thereof, efficient processes or methods for
30 synthesizing the lysine based compounds described herein including their derivatives and

pharmaceutically acceptable salts.



R2 pharmaceutically acceptable salts and derivatives thereof (e.g., for
exanpl e, when the conpound of the present invention conprises an am no
group, the pharmaceutically 15 acceptable salt nay be an ammonium salt),
wherein n may be, for exanple, 3 or 4, wherein X and Y, the same .or
different, may be sel ected, for exanple, fromthe group 20 consisting of H,
a straight alkyl group of Ito 6 carbon atons, a branched al kyl group of 3
to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon atons, F, d, Br, I,
- CF3, -0CF3, In idbtbrdariRith thhPAdeAbinventiCoHRsses Qﬂ:éynth‘é%ng a KR sed c@dind and

-CH2CH or X and er .define an,a I ro cted. fromthe
group consi st F’%angfong h@f ﬁi/ﬁvé?{éa‘P%%?9dsd3{’58%Be% %ﬁtq" é‘@%% étraﬁlx {F
et hyl enedi oxyi gs stagpngfnafedainam desedDEHRGERDA. , ZBuMhememamRaﬁmmylbepsshEcted

for exanple, . t [.O I:St | f I l1to6
Lot s AR S SLPP GBI LAl 1Pl QO o8 Mol

cycl oal kylsal Risfloggd suldS haicit mey 6363081 GoGamiinnt <t wos Ciewazemé" ady@dﬂ@bﬂquﬁbl@ar t
thereof and I}:0,3.680000.21L80%;{ N the al kyl part thereof, wherein R3 may
be selected, for exanple, fromthe group consisting of H a straight alkyl
group of 1 to 6 carbon atons, a branched al kyl group of 3 to 6 carbon

atons, a cychpal ﬂfaYthuMl?LtEe Bxfeseﬁt #:enforf B ROBIALO WHh oﬁ&ﬂp@t BefRbID pfidbof mul a
R3A-00-, wherein R3A nmay be selected, 5 for exanple, fromthe group

consi sting oPf&sy fc‘r‘é?ﬁ'f’ﬂs‘z&lﬁ apomRetd <& %Wml@f‘%fnbi"of" gengrge g cf'éy H’(Bﬂe""éﬁt ons
(e.g. netipyl ishetdybefornpii0pyl , 1 so-propyl, butyl, iso-butyl, tert-butyl,
tert-butyl-CH2-, etc.), a cycloalkyl group having 3to 6 carbon at ons (e.g.
cycl opropyl -, cycl ohexyl- etc.), a cycloal kyl al kyl group having 3 to 6
carbon atons in the cycloal kyl part thereof ang,1 tg 3 carbon atons in the
al kyl part thereof, (e.g. cyclqprogyle@b®1, cy ohe*yI-CHZ-, etc.), an
10al kyl oxy group of 1 to 6 carboygsato é 0~N~CH3CH20-, i so-butyl0-,
tert-butyl0- (Boc), etc.), X #“Hylox , -CF3, -CHCF3,

- CH2CH2CF3, Pyrrolldlnylx i pertidin I, 4 mor phol imyl, CH302C-, CH302CCH2-,
Acetyl - OCH2CH2-, 1-102CCH2-4.& hydroxyphenyl, 4-hydroxyphenyl,

4- CH30C6H4C12-, CH3NH-, (CHS) 2N-, (CH3CH2) 2N-, (CH3CH2CH2) 2N-, HOCH2CH2NH-,
CH3OCH20- CHSOCHZCHZO- C6H5CH20- 2- 15pyrrolyl, 2-pyridyl, 3-pyridyl,
4-pyridyl - &aﬁ)ﬁ(z%kﬂ% acc%ftaﬁll'é' &9; )él’ld d?!mCLHlfélo h¥xjeef é g;lqui}opg}lca\q le ]when the

|squ|nonI 3-1soqui hol yI', 2-qui noxalinyl, a rou formul a
compound of the present invention comprises an ammo group, the pharmaceutlcal!y

15 acceptable salt may be an ammoniam salt),
wherein n may be, for example, 3 or 4,

wherein X and Y, the same or different, may be selected, for example, from the group
20 consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 cafbon atoms, F, Cl, Br, I, -CF;, -OCF;, -CN,
-NOs, -NR4R;, -NHCOR,, -OR4, -SR4, -COOR,, -COR,, and -CH;OH or X and Y togefher
define an alkylenedioxy group selected from the group consisting of a methylenedioxy group
of formula -OCH,0- and an ethylenedioxy group of formula -OCH,CH,0-,
25
wherein Rg may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
group having 3 to 6 carbon atoms in the cycloalky!l part thereof and 1 to 3 carbon atoms in the
alkyl part thereof,



20a picolyl group selected fromthe group consisting of a picolyl oxy
group selected fromthe group consisting of a substituted pyridyl group
sel ected fromthe group consisting of and a group of formula, 10
15wherein X and Y', the sanme or different, nay be selected, for exanple,
fromthe group consisting of H a straight alkyl group of 1 to 6 carbon
atons, a branched al kyl group of 3 to 6 carbon atons, a cycloal kyl group of
3 to 6 carbon atonms, F, C, Br, |, -CF3, -NO2, -NR4R5, - NHCOR4, - SR4,

- COOR4, -@g@%-@@qe@%%%xe@a}%f%mgg A8 e crbllfc O?Qﬁpgroqul,fé( S8 t1aI}|E5Eyl

be sel ected, r romthe group consisting a straight alky
group of graup & car bearbah atems,a aactededkdl deylp gf dup Sofarl®nt gods.cacinderlkyl

ctoms, = cxeloaLirl Shoun ol S0 £ CALPRR Lo cand L phuarycarbony.
di pheny| megrhyhmgR, BoflRe @EodPEdiistind ¥ a straight or branched alkyl group of 1 to 6 carbon
atoms (e.g. methyl, ethyl-, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH,-,
etc.), a cycloalkyl group having 3 to 6 carbon atoms (e.g. cyclopropyl-, cyclohexyl- etc.), a
cycloalkylalkyl group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3
carbon atoms in the alkyl part thereof, (e.g. cyclopropyl-CH;-, cyclohexyl-CH,-, etc.), an
10 alkyloxy group of 1 to 6 carbon atoms (e.g. CH30-, CH3;CH,0-, iso-butylO-, tert-butylO-.
(Boc), ete)), tetrahydro-3-furanyloxy, ~-CH,OH, -CFs, ~-CH,CF3, -CH;CH,CF;, pyrrolidinyl,
piperidinyl, 4-morpholinyl, CH30,C-, CH30,CCH,-, Acetyl-OCH;CH,-, HO,CCHy-~, 3-
hydroxyphenyl, 4-hydroxyphenyl, 4-CH;0C¢H.CH,-, CH3NH-, (CH3)N-, (CH3;CH;);N-,
(CH3CH,CH,),N-, HOCH,CH;NH-, CH;0CH,0O-, CH3;0CH;CH;0-, CgHsCHO-, 2-
15 pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl-, 2-pyrazinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, 1-

isoquinolyl, 3-isoquinolyl, 2-quinoxalinyl, a phenyl group of formula

20 a picolyl group selected from the group consisting of

/

GH,

Ha
® (. C
N/ [f:i 2/ N/ and e

a picolyloxy group selected from the group consisting of

25



a naphthyl-1-CH2- group of formula V CH2 ?"/ XI\Y' V 5, a naphthyl -2-CH2-

group of fornmula VI H2 X Y VI 10and wherein RL nay be a cl eavabl e unit

(e.g., a physiologically cleavable unit), whereby upon cl eavage of the

unit, the conpound rel eases a protease inhibitor (an HV protease

inhibitor). For exanple, RI may be an enzymatically or netabolically

cl eavabl e unit or hydrol ysabl e bond which may be cl eaved under enteric

and/ or gastrointestinal conditions (pH) or other physLaPeg%cal condi tions.

15 In accordance with the present invention, RL may be seltted, for

exanple, fromthe group _gonsisting of ( aDQ (M) 2B(0), wherein Mis
e

an al kali nmetal (e.g. , K, Cs, etc) earth t (Ca, My,
etc.). R my also b Ian ilnternedi ateljgroup able to beltransforned into a
sui tabl e group usef ul rAhe géheratio a protedse inhiBitor or |ysine

based conpound descri bed" herefin. Further 'i n

a substituted pyridyl group selected from the group consisting of

and a group of formula,

15  wherein X° and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, 1, -CFj3, -NO,, -NR4Rs, -
NHCOR4, -ORy4, -SRy, -COORy, -COR, and -CH,COH,

20  wherein R4 and Rs, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and tert-butoxycarbonyl,

wherein R, may be selected, for example, from the group consisting of a diphenylmethyl

25 group of formula IV



accordance wth the present invention, Rl may therefore be, for exanple;
(Cl1-C4 5AI ky10) 2P(0), etc. The present invention further provides in

anot her aspect a process for synthesizing a compound of formula I, Y
10pharmaceutically acceptable salts and derivatives thereof (e.g., for
exanpl e, when the conmpound of the present invention conprises an am no
group, the pharmaceutically acceptable salt nay be an ammoni um salt),
wherein n may be 3 or 4, 15 wherein X and Y, the sane or different, nay be
sel ected, for exanple, fr%n1the group consisting of H a straight alkyl

group of 1 to 6 carlon ranched al kyl group of 3 to 6 carbon
atons, a cycl oal ky p of[|]3 to}6 carbon atons, F, d, Br, 1, -CF3, -CN,

- NO2, -NR4AR5, - NHCOR , -000124, -COR4, and -CH2OH or X and Y
toget her 20defi ne amml kyl enedi ﬁ% group selected fromthe group consisting
of a met hyl enedi oxXy grouppef fornula -00-120- and an ethyl enedi oxy group of
formul a - OCH2CH20-, wherein R6 may be sel ected, for exanple, fromthe group
consisting of a straight alkyl group of 1 to 6 carbon atons, a branched

al kyl group of 3 to 6 carbon atons, a cycl oal kyl al kyl 25group having 3 to 6

carbon atons in the cycloal kyl part thereof and | to 3 carbon atons in the
al kyl part thereof,

a naphthyl-1-CH,- group of formula V

\CH2
| ST TR
N ¢
X' Y

505
a naphthyl-2-CH,- group of formula VI

H;
A | N
/N
X 'S
Vi

10 and wherein R, may be a cleavable unit (¢.g., a physiologically cleavable unit), whereby upon
cleavage of the unit, the compound releases a protease inhibitor (an HIV protease inhibitor).
For example, Ry may be an enzymatically or metabolically cleavable unit or hydrolysable
bond which may be cleaved under enteric and/or gastrointestinal conditions (pH) or other
physiological conditions.

15

In accordance with the present invention, R may be selected, for example, from the group
consisting of (HO);P(0O) and (MO),P(0), wherein M is an alkali metal (e.g. Na, K, Cs, etc) or

alkaline earth metal (Ca, Mg, etc.).



wherein R3 may be selected, for exanple, fromthe group consisting of H a
straight alkyl group of 1 to 6 carbon atons, a branched al kyl group of 3 to
6 carbon atons, a cycloal kyl group of 3 to 6 carbon atons, and a group of
formul a R3A-00-, wherein R3A may be sel ected, for exanple, fromthe group
consisting of a straight or branched al kyl group of 1 to 6 carbon 5 atons
(e.g. methyl, ethyl-, propyl, iso-propyl, butyl, iso-butyl, tert-butyl,
tert-butyl-CH2-, etc.), a cycloal kyl group having 3 to 6 carbon atons (e.qg.

cycl opropyl -, cyclohexyl etc.), a cycloal kyl al kyl grou n 6
carbon atRpmaynlsphe emymteomhdhyle pevn ablpér Bofrapyiermed | 1(5"‘03"3l g"a‘?"’%geng gi‘ e%iﬂ niof he
al kyl part thereof ap urtl@d in

al kyl oxy é‘?@ﬁﬁe’@f‘o’lo %p%t%?é%(%ﬁp il %gs%ﬂjzbase%ﬁ%s%%fi hefeetislg )t;ut 10-
tert-but y&&ord%ch( BOBY , thet eresentt @iveatiyslr @& 3nfayr dnyéfory , be; (iR OpgameR3'(Cy

- CH2CF3, - CH2CF3, pyrrolidinyl, piperidinyl, 4-norpholinyl, CH302C,
CH3OZGCH2AquahP93%GEHZCl 12-, FEQCCI42- 3- hydroxyphenyl

4- hydr oxyphenyl, 4-CH30061- 140- 12-, C1131\ 11- 1-, (C1- 13)2N—

(Ol -130-12) 2N-, (CH3CH2CH2) 2N-, HOCH2CH2NH-, CHBOCH20-, CH3OCH2CHR0-
Col - 15C1120e | éar&enﬂoyﬂweahmh fulh@y picdydes i pyathety bspedt py pioggss, fop- pyihesizing 2

2- qui nol yI, qui nol yl 4 qui nol yl, 1- 15i soqui nolyl, 3-isoquinolyl,
2- qU|noxa¢mnWde@f@W€H94 group of formila a pi col yl group sel ected from
t he group consisting of 20 a picolyloxy group selected fromthe group
consi sting of H2 a substituted pyridyl group selected fromthe group
consi sting of CH.OR 9 T

Q o ¥t

N —cHan r

\ \N/_ 2/n H 3

10 pharmaceutically acceptable salts and derivatives thereof (e.g., for example, when the
compound of the present invention comprises an amino group, the pharmaceutically

acceptable salt may be an ammonium salt),
wherein n may be 3 or 4,

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alky! group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, |, -CF;, -OCF;, -CN, -
NO,, -NR4Rs, -NHCORy, -OR4, -SRy4, -COORy, -COR4, and -CH,OH or X and Y together
20  define an alkylenedioxy group selected from the group consisting of a methylenedioxy group

of formula -OCH,0- and an ethylenedioxy group of formula -OCH;CH>0-,

wherein R¢ may be selected, for example, from the group consisting of a straight alkyl group
of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl
25  group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms 1n the

alkyl part thereof,



and a group of fornmula 15 wherein X and Y', the sane or different, may be
sel ected, for exanple, fromthe group consisting of H a straight alkyl
group of 1 to 6 carbon atonms, a branched al kyl group of 3 to 6 carbon
atons, a cycloal kyl group of 3 to 6 carbon atons, F, d, Br, |, -CF3, -NO2,
-NR4AR3, - NHCOR4, -0124, -SRI, -COOR4, -COR4 and -CH20H, 20 wherein Rl and

113, the sane.or, different, may be selected, for exanple, fr r

consi st i ngMEreIHRs Nt E%?faﬁ?te%rl ‘?é{/lexﬁfPB prgF the oy <o '%lrlllgaotfor?fg% Etgaq%}?fﬁ%éﬁed
al kyl  group,fof3] tP6 BaftRh RRRnAt PBRnciRAhliy Gredaf Byb 60sobtm &tbms, 4 oyddoatiayibon
atons, 25wherein R2 may be selected fromthe g{ou consisting of a

di pheny! metdwplof Grio Gpradfonf asems, aad|agroup &f fermule 3h¢€01,-vchqzmﬂ Beoway 8¢ sqlefiedil a

1 S SR e B 2 SR LAl by gt yastelr
unit | ot hgip@MRoyndedRly a8/1akepHO isogiregde batybr Rb-dase, tenhblbil agrs-butyl-CH,-,
etc.), a cycloalkyl group having 3 to 6 carbon atoms (e.g. cyclopropyl-, cyclohexyl- etc.), a
cycloalkylalkyl group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3
carbon atoms in the alkyl part thereof, (e.g. cyclopropyl-CHa-, cyclohexyl-CHy-, etc.), an
alkyloxy group of 1 to 6 carbon atoms (e.g. CH3O-, CH3CH,O-, iso-butylO-, rert-butylO-
10 (Boc), etc.), tetrahydro-3-furanyloxy, -CH,OH, -CF;, -CH>CF53, -CH,CH,CF3, pyrrolidinyl,
piperidinyl, 4-morpholinyl, CH30,C-, CH;0,CCH,-, Acetyl-OCH,CH,-, HO,CCHz-, 3-
hydroxyphenyl, 4-hydroxyphenyl, 4-CH;OC¢H4CHy-, CHiNH-, (CH3pN-, (CH3CH:)aN-,
(CH3CH,CH,)N-,  HOCH,CH,NH-, CH30CH;0-, CH30CH,CH;O-, CeHsCHO-, 2-
pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrazinyl, 2-quinolyi, 3-quinolyl, 4-quinoiyl, 1-

15 isoquinolyl, 3-isoquinolyl, 2-quinoxalinyl, a phenyl group of formula

a picolyl group selected from the group consisting of

20

CH,

Hy
0 UL
‘ P c 7 N/ and P

N
Hy

a picolyloxy group selected from the group consisting of



In accordance with the present invention, R may, nore particularly, be

sel ected, for exanple, fromthe group consisting of (HO)2P(0) and

(MD) 2P(0), wherein Mis an alkali nmetal (e.g. Na, K Cs, etc) or alkaline
earth nmetal (Ca, My, etc.). 15 Rl nay also be an internediate group able to
be transformed into a suitable group useful for the generation of a
protease inhibitor or |ysine based conpound descri bed herein. Further in
accordance with the present invention, R nmay therefprg\q; for exanpl e;
(C1-C4 Al kyl0)2P(0), etc. The present |nvent|on t heref Ore provides a
process for synthesizing a conpound of f rnuhé\vﬁ5or formila Il described
herein wherein n may i ; e nvention al so
provi des a process f synt hesi zi ng a|lconpound of for or formula I
descri bed herein wher Y;°~the s di f f erseht e, nore
specifically selected flomthe group con5|st|ng of nethyl ethyl, H F, d
Br, land -NIC4R. 5. 10 In accordance with the present |nvention X and Y, the
sanme or different, may be for exanple, H, F or NH2. I n accordance with
t he present i nvention R4 and R5, the same or different, nmay be for

15exanpl eq stbstifthel pralybaoup selesied Samahs STPREPRHENECIpr ocess for

synt hesi zing a conpound of fornmula | or formula Il described herein where
R6 may be, nore particularly, selected fromthe group consisting of a
straight alkyl group of 1 to 6 carbon atons and a branched}al kyl group of 3
to 206 carbon atons. In accordance wth the present inventiion R6 may be for
exanpl e, /so-butyl. Theg'p ent inventi 0 provides process for

synt hesi zi ng a conpox of formula I ornul a |1 destrybed herein where
R3 may be, nore specif a group o#\t | a R3A®00-, ein R3A may be
sel ected, for exanple, fflomthe group consisting of a stralght or
25branched al kyl group of 1 to 6 carbon atons (e.g. nethyl, ethyl-, propyl,
iso-propyl butyl, iso-butyl, tert-butyl, tert-butyl-CH2-, etc.), an

al kyl oxy carbon atoms. In accordance with the pr esent

i nvention %g“%%c%ﬁr éﬁ exanpl e, a straight alkyl group of 1 to 6 carbon
at ons'br even nore particularly nethyl, ethyl or propyl. 30The present
invention also provides a process for synthesizing a conmpound of formula I
or formula Il described herein where nd Y, the sane or different, may
be sel ected, for exanple, fromthe g|oup isting of H nmethyl, ethyl, F,
G, Br, I and -NR4125. More particul & / X and Y' may be H

15
wherein X° and Y’, the same or different, may be selected, for example, from the group

consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, CI, Br, I, -CF3, -NOy, -NR4Rs, -
NHCOR,, -ORy, -SR4, -COOR,, -COR4 and -CHOH,

20 |
. wherein Ry and Rs, the same or different, may be selected, for example, from the group

consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alky} group of 3 to

6 carbon atoms, and a cycloalkyl group of 3 to 6 carbon atoms,

25 wherein Ry may be selected from the group consisting of a diphenylmethy! group of formula

v



The present invention also provides a process for synthesizing a conpound
of formula | or formula Il described herein where R2 is nore particularly a
di phenyl net hyl group (substituted with X and/or Y' or unsubstituted). 5The
present invention also provides a process for synthesizing a conpound of
formula | or formula Il described herein where R2 is nore particularly a
napht hyl- 1- CH2- group or a naphthyl-2-CH2- group (substituted with X

and/or Y' or unsubstituted). The present invention also provides a
process for synthesizing a conpound of formula | or 10formula Il described
herein where RI may be, nore particul For exanpl e, processes
for synthesizing the foll ow ng exenpl Sywithout linmtation, are
enconpassed by the present invention of formula | or |
wherein nis 4, R is (HO)2P(0), X ig/\;' F, X is H Y is H
R6 is iso-butyl and R3 is CH3O-CO -x'a conmpound of formula | or Il wherein
nis 4 R is (HO)2P(0), Xis NH2, Yis HadavF, X is H Y is H R6is

i so-butyl and R3 is 4-norpholine-CO 20 - a conpound of formula | or |
wherein nis 4, R is (HO)2P(0), Xis 4-NH2, Yis H X isY is H R6is

i so-butyl aphiell Cibpmpofdpgnwe Ys as described herein; - a
conpound of fornmula | or Il wherein nis 4, R is (HO)2P(0), Xis 4-NH2, Y
is H X is H 25Y is H R6 is iso-butyl and R3 is 4-norpholine-CO and R2
is as described herein; - a\s% ound of formula | or Il wherein nis 4, Rl
is (HO)2P(0), Xis 4-NH, Yig 8-F, X is FlI, Y is H R6 is iso-butyl and
R3 is CH3O-CO and R2 is as desg¢ribed herein; 30 - a conpound of formul a

or Il wherein nis 4, Rlis Xis 4-NH2, Y is3-F, X is H Y is
Au-d

H R6 is iso-butyl and R3 Iine-CO and R2 is as described
herein; - a conpound of fo ofF Il wherein nis 4, RlLis (HO)2P(0), X

is 4-NH2, Yis H X is H X is H R6is iso-butyl and R3 is CH30O CO and
R2 is a naphthyl-2-CH2, and v a conmpound of forrmula! or Il wherein nis
4, R is (HO)2P(0), Xis 4-NH2, 'Yis H X is H 5Y is H R6 is iso-butyl
and R3 is 4-norpholine-CO and R2 is naphthyl-1-CH2. In an exenplary

enbodi nent of the present invention there is provided a process for

synt hesi zing a conpound of fornula |IIA:
s anaphthyl-2-CH;- group of formula VI

Hy
ape
AANX
X Y

and wherein R; may be a physiologically cleavable unit, whereby upon cleavage of the unit

10 the compound may be able to release a protease inhibitor.
In accordance with the present invention, R, may, more particularly, be selected, for example,
from the group consisting of (HO%LP(O) and (MO),P(Q), wherein M is an alkali metal (e.g.

Na, K, Cs, etc) or alkaline earth metal (Ca, Mg, etc.).

R, may also be an intermediate group able to be transformed into a suitable group useful for

the generation of a protease inhibitor or lysine based compound described herein. Further in

10



10li I A the process nmay conprise a) reacting a conpound of formula I A :
IAwith a reagent m xture for converting an al cohol functional group of
conmpound 1A into a 15 phosphoester functional group and b) converting the
phosphoest er functional group of the resulting internediate into a
phosphoni ¢ acid functional group. In accordance with the present invention,
XY X, Y, n R, R3, R4, R5 and R6 are as defined herein and may be the
sane for boetitrdaie abtveheepcianecivémiomi| BRs. m29| theadomr dander vixamptdye(C,-C, '
pr esent inv&nk%ﬁﬁ(ﬁtéﬁ a) may be carried out at a tenperature ranging from
about 0C 'k Qo (e.g., about 0C to about 30C). Further in accordance
wth the present invention, step a) may be carried out by dissolving
conmpound 1A in a polar aprotic solvent (e.g., tetrahydrofurane,

acet oni t r i The mpdent mventjoratherefare prdvydesphpsphatfe syotHeowng dnomjvendddfariete bf

a dial kyl chlor osphat e.g., diethyl chlorophosphate) and then netal
hydri dé (eér'(_?,‘?nmtﬁ%’ﬂaq%?cr%ﬁagr%@waa{n Vﬁ’?zmg’é?d?%”h‘i"ﬁﬁfﬁ/rgde)) (about 1.5
equi val ent each). Step a) may 5al so conprise extracting and purifying

(isolatin%% the resulting internmediate (conpound |IA). Al so in accordance
with the presunsen mrentioroplse peqyidss apipcise fonpsyntkesinng a gspmpowrhple faamykel or

rangi ng from QG t o about, 40 g 4. about t o .about 30C) . Futther
| accor ddniater fe Pl haUB NI Kt B oo SRBE gy tierh R e Ry sk

di ssol vi ngeletred ifwtethares gt @nokiisd ePmethyDety], i) B G OBy eahd MeRMR; anhydrous
di chl or onet hane or any equival ent thereof) and reacting with trinethylsilyl
brom dé& (bronotrimethylsilane), iodotrinethylsilane, HBr or cheni cal

equi val entr, LAk &0ke %litl‘__i%": gx%e@&ﬁ ?ﬁ&ﬂﬁ&f%{‘éﬁn&hﬁ%@ sBhé EF@itf{eiré?;Y SRL) Ofor %&aqﬂ?l@

may al so conprise a step renovi ng y evaporati on) the solven
t her ef or e HhrFomiNlilng conpound 111 A

In accordance with the present invention Ry and Rs, the same or different, may be for

15 example, H.

The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where Ry may be, more particularly, selected from the group
consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alkyl group of 3 to

20 6 carbon atoms. In accordance with the present invention Rg may be for example, iso-butyl.

The present invention also provides a process for synthesizing a compound of formula I or
formula II described herein where R3 may be, more specifically a group of formula R34-CO-,
wherein R34 may be selected, for example, from the group consisting of a straight or

25  branched alkyl group of | to 6 carbon atoms (e.g. methyl, ethyl-, propyl, iso-propyl, butyl,
iso-butyl, tert-butyl, tert-butyl-CHs-, etc.), an alkyloxy group of 1 to 6 carbon atoms. In
accordance with the present invention R3a may be, for example, a straight alkyl group of 1 to

6 carbon atoms or even more particularly methyl, ethyl or propyl.

30 The present invention also provides a process for synthesizing a compound of formula [ or
formula II described herein where X’ and Y’, the same or different, may be selected, for
example, from the group consisting of H, methyl, ethyl, F, Cl, Br, | and -NRsR;. More
particularly, X* and Y™ may be H.

L1



151 n anot her exenpl ary enbodi ment, the present invention relates to a
process for synthesizing a conpound of formula I11: /1] the process may
conprise a) reacting a conpound of fornmula I : It 20with a reagent m xture
(e.g., netaphosphoric acid, polyphosphoric acid, polyphosphoric acid
esters, phosphorous oxychl ori de, trinethylsilyl ponphosphate or equivalent

t her eof nﬂi R esencE of an _or.gani c_base.in sol.vent) for %O ﬁ ert g

al cohol  f ubitG Pl TYBHRD GOtV ISCORBEGHY S S¥%P?ﬁlﬁlﬁg/a rHPEn E %g%ao Sfer
functi onal foghQmP IR sdbeB ORMEIH ivitird NS, nttqeetw?ﬁﬁematyngt bRRadylGedyD @bug he
resulting intermediate into a phosphonic acid functional group by reacting

t he resul tiswestitvteewithdt sand/oni Y lor ansubsiittetd. g. , hydrochloric acid or an
equi val ent thereof). In accordance with the present invention, X, Y, R2,
R3, R4, and R5 are 5as defined herein and may be the sane for both of the

above fsor MHeASresdnl iAeBA6E AR6Hrivitds & BRcPEseDeRYntheW AR hQdnioand af farayuldeor
carried out at a tenperature ranging fromabout O0C to about 40C (e.

about 0C tferraweud deejbedrpreinewherp eomeé?neetwleﬂytqqeatthﬂeéeln%m%@r%mana
t I t
ioeé’o?)veﬂf“/gﬁtyt?f%tt%r%@%wﬁ%f?*tti%%g pR° B dnautlifudafe poyar aprotie

di al kyl chl or ophosphat e (e g diethyl chlorophosphate) and t hen net al

hydride (e.g., sodiumh ? al sp canprise ext apk}
purifying Yhesl?ﬂ@%nf Ha')ent'%a 8§Uﬁ°‘f‘ gt PWF%?*S Hlsé‘t‘ges(‘@ﬂ%rﬂoct‘j’ﬁﬂf’o}”‘l E”gllal o1
accor danceowhiil 1f REREESIRMin WHEERR | A Cy%&eno@)paﬁ%é@ (@@)EP@ out at a

tenperature 15 rangi ng from about to about about OC to about
30C). Further in accordance with the present |nvent|on step b) may be

carried o solving the int rnedl anh dr ou .

G ehl or onei S ETAC.aFFBPY AP D BBl g 0% rt%tt%fﬂ?‘)maﬁa o gt
trinmet hyl gjphiydtiodr f@led€orh S@é%fﬂl%ﬁ'&wxﬁh‘b@ﬂ@)l Al'so in accordance with the
present invention, step b) may al So conprise a step of renoving the sol vent

t herefore prOV|d|ng
15 - a compound of formula I or Il wherein n is 4, Ry is (HO)LP(O), X is NHz, YisHor I, X' is

H, Y’ is H, Rg is ise-butyl and R; is CH;0-CO;

- a compound of formula [ or II wherein n is 4, Ry is (HO)LP(O), X is NH;, YisHor F, X is
H, Y’ is H, Rg is iso-butyl and Ry is 4-morpholine-CO;

20
- a compound of formula | or IT wherein n is 4, R is (HO)LP(O), X is 4-NH,, Y is H, X" is H,
Y is H, Rg is iso-butyl and R; is CH3;0-CO and R, is as described herein;

- a compound of formula I or Il wherein n is 4, R, is (HO),P(O), X 1s 4-NH, Y i1s H, X’ is H,
25 Y’ is H, Rgis iso-butyl and Rj is 4-morpholine-CO and R; is as described herein;

- a compound of formula I or II wherein n is 4, R; is (HO),P(O), X is 4-NH;, Y is 3-F, X’ is
H, Y’ is H, Ry is iso-butyl and Rj is CH30-CO and R; is as described herein;

- a compound of formula I or Il wherein n is 4, R, is (HO),P(O), X is 4-NH,, Y is3-F, X is
H, Y’ is H, R¢ is iso-butyl and R; is 4-morpholine-CO and R; is as described herein; .



20 conpound HI. In a further aspect, the present invention provides a
process for synthesizing a conpound of formula Ha where RL is (OH)2P(0); ha
25 pharmaceutically acceptable salts and derivatives thereof (e.g., for
exanpl e, when the conmpound of the present invention conprises an am no
group, the pharmaceutically acceptable salt may be an amoni um salt),
S5wherein X and Y, the sane or different, may be selected, for exanple, from
the group cansinptimigpfdbrokila d os {irahghin rak Ky R, gr{®i(h.R10) Xtip4aNKBarnbodl,af'asél, a
branched al kyl group of 3 to 6 carbon ato a cycl oal group of 3 to 6
carbon at ofsls IFI?RGS,’SOBH"}tYIIE}“d-%Pé?H?  and ,lsﬁwgﬁfﬁﬁs@ijNHcm& - SR4,
-COOR4, -COR 4, and -CH2OH or X and Y together define an al kyl enedi oxy

group selected fromthe group consisting of a methyl enedi oxy group 0 of
formul a - OCHR@mpaund afrfomtuiy [ enédioeryingrisdpRofs (HEDER(CH, XACHIAIR (- is thirerieith

X and Y, the,sane or, different, may, he selected,. for e e, fromthe
group c%nsi‘[gfsie[ﬂgﬂblis ’ﬁq,'b‘ﬁy@&?ﬁﬁ#"ﬁ?%i}ﬁa"ﬁf(ghﬁngg{zIIS ?@hglyi"gnggﬁ atons, a
branched al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6
carbon atonms, F, C, Br, I, -CF3, -NO2, -NR4R5, - 15 NHCOR4, -OR4, -Sltt,
- COOR4, - ClBRAn amx@mplFy 20khodamentnhitled preseniRBvemipn BB rarid mReVided aaprogessi foed
her ei n. ,[I n..accor dance ,w kh theﬂﬁ_esent i nvention, the process for

synt hesi zi?‘?’d1 ‘ﬁ%@‘%%‘i?é“%“&ﬁ%&& %E“% " formula ha may conprise the steps of
a) reacting a conpound of formula CH2 OHO0O O E N R6

?
HO—ﬁ’—OH
e QO
O\\ //O f C N N R
. \ S\N’ ( Hz)-l:l_H 3
U | R
N Re
Y
10 A

the process may comprise a) reacting a compound of formula /4 :

_OH 9 H
O\ /O :'.: . /UYN\R
\S:N/- (CHZ)n ﬁ 3

Y Re

Y

1A
with a reagent mixture for converting an alcohol functional group of compound /4 into a
15  phosphoester functional group and b) converting the phosphoester functional group of the
resulting intermediate into a phosphonic acid functional group. In accordance with the
present invention, X, Y, X’, Y, n, Ry, R3, R4, Rs and Ry are as defined herein and may be the

same for both the above mentioned formulas.

20 In accordance with the present invention step a) may be carried out at a temperature ranging

from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance with



with a reagent m xture (e.g., netaphosphoric acid, polyphosphoric acid,

pol yphosphoric acid esters, phosphorous oxychloride, trinmethylsilyl

pol yphosphat e or equival ent thereof in the presence of an organic base in a
solvent) for converting an al cohol functional group of 25 the above
conpound into a phosphoester functi onal group and b) converting the
phosphoest.er fun tlonal u of .the r internedi ate into

Phosphont CHRBISOT FHEPT Bal Pgn Gty B arasoti by e rBrRoRA h et R et
with an a@oﬂzeﬁ?(% teﬂMWd?@ﬂﬂfa‘%' &cﬁﬁhtﬁ) DMFnet@C)(&ﬁH i Mo&ﬁha&é1§>llﬁfv@§%?tthe

i nvention R5 and are as defined herein
accor danceddition Qflﬁedlp]kgls@dprqphvwmﬁedn gs tdeqjhid)ch&myplb@pbm)r andatheumetd hydride

e 2L ) AT R BRRD RS ROk Gl

carried ouﬂsdboncbrﬁ;s ekividfigg tahe paksy @ﬁﬁrdgkv&@ r@@ﬂﬂﬁ%&i@krﬁn@d@m}i{@brﬁfyoﬁﬂﬁm)l c
soel vent (e.g., tetrahydrofurane, acetronitril, etc.) and triethyl

phosphat e fol | owned by the addltlon of a dlalkylchlorophosphate (e.qg.,
di t hyl t h
I et hy CUAJQ(E PR gg&?@a%%@ )wﬁ]ng‘][e {Te nv%n a&' pur ]% i ad/ %(‘)Ea%lgﬁ atuEn ap %q%rﬁ%ergture

Step a) may al'so conprise ex ng an I Ng

res ul ting rhiigg AR Aot 0N &atiolt W@(recgarub@uquwtotéwumm MeurtHey @NddcORlagdeP
b) may be carried out at a tenperature ranging fromabout O0C to about 40C

(e.g., abouth e prescabidyentBCHep Phmayehe ¢amied ewryadiewlving the méermeé@@mf step
' nvent On’ % g@ol% ésgg %cﬁfvrg @%1‘8 tmém n%' osrsa% V' n altepsethel% %El%gcx)’fn[

step 1 anhy or onet hane réact

trinet hyI Stlinyihybli@m lﬁlen{ncbsr o(rmbmbnﬁmelnwﬁlalna)ﬁe)odoﬁlus:ethmnlamoImﬁnczﬁ: vm&rhlc‘alhe
present inventjon ﬁ b) may al so conprise a step of renpving the solvent
thereforeeBPﬁﬁkaﬁﬁﬁm? eAEdeécﬂ%%%FFﬁﬁﬂ“%%ﬁﬁ%@ﬂdnvaﬁm“T%@’Bk@%bﬁ%oFWW€ﬂ¥ion

provi des iyny fqgrﬂb\tnh%?@% 9§Q%r£ﬁe h IRIBKRH: tﬁ’iEn%‘P&é?p \f?&méléﬁngS’lﬁldzﬁlﬂxg a 20

conmpound of formula process may conpriset step o
acyl ating a conpound of fornmula X'V

15 In another exemplary embodiment, the present invention relates to a process for synthesizing

a compound of formula HI:

;‘ 0
\\Sji /\/\/\
R
O H/ H ’

m

the process may comprise a) reacting a compound of formula I :

ll
20  with a reagent mixture (e.g., metaphosphoric acid, polyphosphoric acid, polyphosphoric acid
esters, phosphorous oxychloride, trimethylsilyl polyphosphate or equivalent thereof in the

presence of an organic base in a solvent) for converting an alcohol functional group of the



XV with a reactive am no acid having structure : R3 5Were LG
represents a | eaving group which nay be a hal ogen (e.g., F,Cl, Br, 1), an
azide, a synetrical anhydride (e.g., -000-C(R2)(NR3)) wherein R2 and R3 are
as described herein, a m xed anhydride, an active ester, a reactive

hydr oxyl am ne (e.g., N-hydroxysuccim m de) etc., such as those comonly
known in the art (Principles of peptide synthesis, M Bodansky,

Spri nger - \lenipegnd 188 4)rmuld /Thetoahs phashRomnf fugutiatal apowf ahbebarbmertgd dharay
be Ror S. The S formmay yield sone of the actjve, conpounds descrj bed

herein. THEOsREACHET Biacuena) erayp ofdhe revliiag injemmegiate inte Apbespharis ackhiyneipnal om
about OC t o@&?ﬁt 406 &R 1(ge§u1‘an i%y ARRULiRG tg’ci@ttggt,awcmm 8cid or an

particul arly, e acylating ste e carried out ncreasi ng the
al kal i ni t yeqoivabemt dguedL sinseboutlror wolrgre sesegt anveainpo KidYOR S, Grnkil, anX/RY are

(e.g., with a_.base, e.g,, saqdi uym hydfroxyde to about pH 7-10 and b)
addi ng’a %I%ﬁ??fﬁh?fﬁlﬂﬁﬁflﬂﬂg’wﬁ%sﬁ% ibgg1 %ﬁﬁ%@b%%ﬂ? 8% pol ar aprotic
solvent (e.g., acetone, THF, acetonitrile, DMF or any equival ent thereof)

and al l owi ng reaction between the conpound of formula X'V 20 and the
reactive dmapecrdwicd with dgipreseniomvémsionsstgrea) way bé carbiodiputlai24tehnparatur¢ oanging e)

t 1 t bout bout . f fornmul HA b
S0l at eo” Brebeudre dn b At Gofegu BHG L R ROR Js g PLagrdra Wik &
et hyl acetadsent SREQIRS HePla) beVERKed bRARMIYOIVIR Bé(rlnpglgﬁdolggm tm aprotic

hal ogenat ed sol vents or any chemi cal equival ent thereof). Is to be
under $0 oodohventeimd triealtyl phostatd Gmllovwedebe deeadiiing 24 ahbalkglcblorgihogttatey (d.@ss
than 1 hout y.be suitahle top.carr t,the invention.,. 4, is,also to
bo- under s PR R SR e Gy R Bt actend B gty
| ess 5t haroRpriedyxthetiss biRrefying (dl#idg Pk réRGidpHRAhEARe (tdmpsisar/dance
with the present invention, the proportion of conpound X'V and reactive

amno acid may vary fromabout 2:1 to 1:2 or nore particularly a proportion

o, 2L N g GABECTRE b REIPUESRP L Ll S Spuaytee

et hyl 1acetaigh)g fréei abolil @&l toqiboof 40°0ecaquHousthasdoir30°0e. PetHed imBdordande
exanpl e by adjusting the pHto < 2 with a strong acid (e.g., HO phosphoric
aci d, sul Wi t@e REgsgnt mpgtiog) Hep hsnaydieccayried out by dissolving the intermediate of step

a) in anhydrous dichloromethane or an equivalent thereof (i.e., solvent) and reacting with
trimethylsilyl bromide (bromotrimethylsilane). Also in accordance with the present
invention, step b) may also comprise a step of removing the solvent therefore providing

20  compound f{/.

In a further aspect, the present invention provides a process for synthesizing a compound of
formula Ila where R, is (OH),P(O);

CH,OR i T
LUKy
O\\S//o : {CHa—N
| ‘\ \N -~ Zin H
X—“\' I
/ / RG
Y
X'/ Y

25



151 n accordance with the present invention, the suitable solvent may be
evaporated, thereby providing a substanti aI |y pure powder of the conpound
of formula INA. Also in accordance with the present invention, X Y, X,

Y, n, R, R3, R4, R5 and R6 are as defined herein and may be the sane for
the above nentioned fornulas. 20 Additi onally, when X, VY, X, Y, R RS
R4, RS an%bB@né‘c@Wal@eac%eﬁtg@IQt Y6 OB b s +the ]glgizf(%%cﬁ)r éx%mbﬁ: t\%eplethe

understood herein that a protective group, suc exanpl e, & carbanate
(e.qg. Boc)f:pmanuradmﬂethé eprgsenAc)inventiph ospinoieas ean| emino -gRGd), (tBEQEharmmyeutically
transientl ched during the synthesis process. 25 Therefore, when X
and/or Y g&ep?a& ﬁ ongin i/ or R5 may al so be a protective group
selected fromthe group consisting of for exanple, a carbanate (e.g. Boc
(tertbutoxycarbonyl)), an amde (e.g. Acetyl), a phosphonate (e.g.

- P( 0) ( 9EOXheyhih ch anéyY,t thansinen bt yliffmerpr esaenfbe dclaa:tmy fohe:xamptehémm tlper QuBPS

and whi ch verte a N u h

accor dancéOQ%%thfﬁ%{]ﬁesrtrakgﬁ’ﬁS&Yﬁ%WPp@% It aﬁ@@rﬁ?@ﬁ '“yg( ?%a‘??kytl ﬁ@“gaﬂ?g Br
differentg dﬁﬂibn%mmr@cﬁﬁﬂ@'i tcﬁ@l Y3 t%&.l e5b&HalohRNF! OB BI QURFEQDBIFSTICRg -Of
met hyl, et hyl - NR4R5. 5l n accordancé with the present

H,
i nvention ah{&% Nﬂﬁé}%ﬁn@%r S(%f PRy, -Gy, bed -6H0kampKeandHY dogegher

For oxapre P Bhuas b sltcuta,mRndtattors o e Lmbbal RefP 0 e ik

i nvento onoffaﬁmﬁhyolﬁlﬂg()m&@ apattiylauliakl roupelresinada foomchHsOgr oup consi sting
of a straight alkyl group of | to 6 carbon atons and a branched al kyl group

of 3to 6 carbon atons. More particularly, R6 may be for exanple, isobutyl.
15l n acco et t e e,
nor e specf)\?l cal agt]ag‘)r/oﬂcl)@cs)%l oﬁ%f@%%%?é \%{(%C&H %%\&%&1 gros{]gﬁjeegg%ﬁg
for ex arrpb«msmtmgmf the sgaxghpalkphgnap loﬁg tob cart&hraamghta hrandbfealaﬂdyegroalb Io;? B3 to
group of Jto,6 carbon ato eth p SO-prop

butyl, i sBCHEPYRIOMSe? LYY WEY‘ gr?'g‘? ?Pﬁﬁﬁ Far@&a% {f %éﬂl a¢]ﬁ3yr]89y éllRéBp “of
| to @ CaNpPRIDRL OUR,, -§R,, aCORSEANCOR VM- GI}E‘%)}E” esent i nvention R3A, may be,

for exanple, a strai ght "20al kyl' group of to 6 carbon atons or even nore

particularly methyl, et hyI or propyl. In accordance wi th an additional
enbodi nen t he | articularly a di phenyl net hyl
gr oup (su{%)nsf!?\lv}tleﬁ ec’f d§28 %Cpegr“gcp Stibstituted). 25In accordance

wth yet an additi onal enbodi nent of the |nvent| on, R nmay nore

particularly
In accordance with the present invention, the process for synthesizing the above compounds

20  of formula l1a may comprise the steps of a) reacting a compound of formula

with a reagent mixture (e.g., metaphosphoric acid, polyphosphoric acid, polyphosphoric
acid esters, phosphorous oxychloride, trimethylsilyl polyphosphate or equivalent thereof in
the presence of an organic base in a solvent) for converting an alcohol functional group of
25  the above compound into a phosphoester functional group and b) converting the phosphoester
functional group of the resulting intermediate into a phosphonic acid functional group by

reacting the resulting intermediate with an acid (e.g., hydrochloric acid).



be a naphthyl -I-CH2- group or a naphthyl-2-CH2- (substituted wth X and/or
Y' or unsubstituted). Al so in accordance wth a further enbodi nent, X
and Y', the sane or different, may be 30selected, for exanple, fromthe
group consisting of H nethyl, ethyl, F, O, Br, land -NR4125. Mre
particularly, X and Y may be H The present invention relates in a
further aspect thereof to an inproved process for synthesizing a conpound

of formul g 4dcbrdaki€d @itBIthpresent vention, X, NG >0t ¥¢as R.nBy, RapRparidshy arbes defepd of
acylatlngha conmpound of forrmula X/ X 9 Ho-PI-CH
creimn.

In accordance with the present invention step a) may be carried oul at a temperature ranging
s from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance with the
present invention, step a) may be carried out by dissolving the above described compound in
a polar aprotic soelvent (e.g., tetrahydrofurane, DMF, acetronitril, etc.) and triethyl phosphate
followed by the addition of a dialkylchlorophosphate (e.g., diethyl chlorophosphate) and then
metal hydride (e.g., sodium hydride). Step a) may also comprise extracting and purifying

10 (isolating) the resulting intermediate.

Also in accordance with the present invention step b) may be carried out at a temperature
ranging from about 0°C to about 40°C (e.g., about 0°C to about 30°C). Further in accordance
with the present invention, step b) may be carried out by dissolving the intermediate of step
15 a) in anhydrous dichloromethane (i.e.. solvent) and reacting with trimethylsily! bromide
(bromotrimethylsilane). Also in accordance with the present invention, step b) ma_ym also

comprise a step of removing the solvent therefore providing the above described compound

The present invention provides in an additional aspect an improved process for synthesizing a

20 compound of formula ///4;

A

the process may comprise the step of acylating a compound of formula X7V



XIXwith a reactive amno acid having structure : 5 LG MN R3 0 where LG
represents a | eaving group which nay be a hal ogen, e.g., F,Cl, Br, |, an
azide, a synetrical anhydride (e.g., -000-C(R2)(NR3)) wherein R2 and R3 are
as described herein, a m xed anhydride, an active ester, a reactive

hydr oxyl am ne (e.g.. N-hydroxysuccim m de) 10such as those commonly known
inthe art (Principles o peptide synthesis, M Bodansky, Springer-Verl ag,
1984 the entire content of which is inc@rporated herein by reference). The
absol ute configuration of the am noRer@—&Hy be Ror S. The S form may
yield sone of the active conpounds descfi bed herein. 15 The acyl ation step
may be carried out at a tenpera®ur® ranging fromabout 0C to about 40C
(e.g., fromabout 0C to aboutxg ~ ? ﬁa{ng larly, the acylating step
may be carried out by a) k_bre Si ngf}'t he (GHRAT nF’t”@ of an aqueous sol ution
conprising a conpound of fow a XIRg(wth a base, e.g., sodium hydroxyde)
up to pH 7 to pl-1 10 and b) a¥ding a solution conprising the reactive
amno acid in a dipolar aprotic solvent_k g., acetone, THF, acetonitrile,
etc.) and allow ng reacti on between the conpound of formula X/ X and the
reactive amimareaciic dyinagriddtavig sofuctune: mi xture for a period of 1 to 24
hours at a tenperature of from about OC to about 40C. Conpound of fornula
/1l may be isolated by extraction of 5the agueous phase with a suitable
solvent (e.g., ethyl acetate, chloReform DCM MEEK, isobutyl nethyl

ketone, TBDMK, hal ogenated solvent$ or gny chem cal equivalent thereof). In
accordance with the present i NYRATT Of; the proportion of conpound X/ X and
fro

reactive am no acid may nay var about 2:1 to 1:2 or nore particularly
about 1:1.1. In accordance with'the Qresent i nvention, the aqueous phase
may be acidified before being eReracted with the suitable sol vent (e.0.,

ethyl acet LA L E AL QN SviROH GRYSHPNRRAS é{\iﬁa(%&bq? PE oG azihOr

exanpl g bﬁ%ﬁj}ug\gﬁg S%%tg%tlo%gérvﬁuph a st rg'ngﬁ3 a@afldg e. g, 'HC, p)hosgﬁor’iac

aci d, sul sumeticacamhydfi@A(esg| LDCORS(REENR 3)) wherein R, and Rj are as described herein, a
mixed anhydride, an active ester, a reactive hydroxylamine (e.g., N-hydroxysuccimimide)
etc., such as those commonly known in the art (Principles of peptide synthesis, M. Bodansky,

Springer-Verlag, 1984).

The absolute configuration of the amino acid may be R or S. The S form may yield some of

the active compounds described herein.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C

15 (e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a}) increasing the alkalinity of an aqueous solution comprising a compound of formula
XIV (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7-10 and b) adding a solution
comprising the reactive amino acid in a polar aprotic solvent (e.g., acetone, THF, acetonitrile,
DMF or any equivalent thereof) and allowing reaction between the compound of formula X7V

20  and the reactive amino acid by agitation for a period of about 1-24 hours (or more) at a
temperature of about 0°C to about 40°C. Compound of formula ///4 may be isolated by
extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate, chloroform, DCM,
MEEK, isobutyl methyl ketone, TBDMK, halogenated solvents or any chemical equivalent
thereof).

25

18



In accordance with the present invention, the suitable solvent may be
evapor ated, thereby providing a substantially pure powder of the conpound
of formula ///. An exenplary reactive amno acid may include, for exanple,
a conmpound of formula In accordance with the present invention, X, Y, R2,
R3, ft4, and R5 are as defined herein and may be the sane for the above
mentioned fornulas. 25 In accordance with an enbodi nent of the invention,

R3 may be,lt mﬁﬁoeb%p@%ﬁrﬁp%hq:rymathgﬁr pIgschen tigrenencaedn2 b dours gieshishthg kssrifiange
selected,}l%rFW¥%p%I dﬂe o&%%fqngg ﬁgaﬁﬁﬁslstlng of a straight or branched
al kyl group ™o car . methyl, ethyl-, propyl, isopropyl,
butyl, iso-butyl, tert- butyl, tert-butyl-CH2-, etc.), an alkyloxy group of
1to 6 carbon atonms. |In accordance with the present invention R3A may be,
for exanplleis assta bg gmerﬁpw hergmoﬁhpt ofenpesatgrechighdn cxeastme 0 e v nligiheless

particul ar | or pro In accordance with an additiona
enbodlﬁenth%?gaagéyhe %&ﬁﬁo y ¥ﬂﬁé“ﬁ3¥‘ Mparticularly a 5di phenyl net hyl
group (substituted with X and/or Y' or unsubstituted). In accordance with

yet an additional enbodinent of the invention, R2 may nore particularly be
a napht hy In lacCpiRlangyr pith ihe @resvaphnteption- GeRpropetibs taft eamebupdl tX VXandaradtiore Y

° 4 d L. h i pEnt. X, and
¥ e e Ak QB bR TR A e oSO RR R "

consisting of H nethyl, ethyl, F, d, Br, | and -NR4R5. Mre particularly,
X and Y may be H 15In an addltlonal aspect the present invention
rel at €8 t dn @RcIrApIcs e Freopisset frenggmt the SREsIg phagcompb bAdCilifisdopaiteab g as

descr | bed RLELINHNGESLRRL SR R2PLON AR heL 8l 5 GEAO00 ese

process may conprise the npoun 1
HO- PI - OH Gnd)’ Be Béx@)‘l&)d@lN@ example by adjusting the pH to < 2 with a strong acid {e.g., HCI,

phosphoric acid, sulfuric acid, TFFA solutions, etc.).

15 In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the compound of formula /7/4.

Also in accordance with the present invention, X, Y, X’, Y’, n, Ry, R3, R4, Rs and R are as

defined herein and may be the same for the above mentioned formulas.

.

20
Additionally, when X, Y, X, Y’, Ry, R3, R4, Rs and Ry comprise a reactive group (e.g., -NH;
etc.), it is to be understood herein that a protective group, such as for example, a carbamate
(e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —-P(O)(OEt)2, may transiently be attached
during the synthesis process.

25

Therefore, when X and/or Y are for example NR4Rs, R4 and/or Rs may also be a protective
group selected from the group consisting of for example, a carbamate (e.g. Boc (tert-
butoxycarbonyl)), an amide (e.g. Acetyl), a phosphonate (e.g. —P(O)(OEt),, which may
transiently be present during the synthesis process and which may be converted into a NH,

30 group upon hydrolysis.



R6 XV with a reactive amno acid having the follow ng structure In
accordance with the present invention, X Y, X, Y., n, R4. R5 and R6 are
as defined herein and may be the sanme for the above nentioned fornul as.
VWhen X, Y, X, Y., Ra, RS and R6 conprise a reactive group (e.g., -NH2
etc.), it is to be understood herein that a protective group such as for

bl ¢ 3,63 bamle, (6.0 Botl @R AN (b 8 SRRl U
Ther ef or e, WHER XaR lfe}rseiéc?crdefrcfnﬁ’ EheStBP LS sNRAS 29 meidy1 adTkl 10K, RECITBY, jalngo be

a protectlve group se ted fromthe group consisting of for exanple, a
carbamat eNFaRg. Boc (tert- butoxycarbonyl)), an amde (e.g. Acetyl), a
phosphonate (e.g. -P(0)(OEt)2, which may 10transiently be present during
the synthesis process and which nay converted into a NE12 group upon

hydrol ysi $ oIodafcy! #ith Qe iﬁr@s@nﬂfﬁﬁoeﬁkﬁ)rﬁm rinddrQUihe adan bieapREa UMY MNeendirmng
fromabout 0C to about 40C (e.qg., from about OC to about 30C). Mbre

parti cul aekamplehld one praedtivg %@@p may be carried 15 out by a) increasing
the alkalinity of an aqueous sol ution conprising a conpound of formula X'V
(with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and

b) addi ng nors phtifcii@Ry CRFRA NS itgsateaor Idefa bty hag e rfor @@ipld, i, & «fiNJ&J. ar
aprotic solvent (e.g., acetone, THF, acetonitrile, or an equival ent
thereof) and allow ng reacti on between the conpound of formula X/ V and the

r eaCti e qm, (%r@ﬁicg ‘}f;)¥h a%bﬁéﬂ Q‘glé(;(ﬂtrne W{Heoﬂv%ttdn 1R R4y ROUMSrOpariiBiri At

20 a t nperature o rom about toaout 40 Conpound of formula Ila may
be isol at gdedryd €oht dwrt gronp @:bnmhmgaqu@emmgbmaikel wiouh o kui ﬁatbtl@nsmmemld a

(e.g., ethyl acet ate chl or of i sobyt n BDVK,
hal ogenat SEgRdAkylsLrawr & %/“bgégf}’@étflmg&ﬁ%ee‘?ﬁ[ t‘ﬁ@{yegg%my)zlbﬁ i S%acn? rla’a{ﬁce
with the Q[lﬁ,gent i nvention, the proportion of conpound X/ X and reactive

am no aci ly may vary fromabout 2:1 to 1:2 or more particularly a
proportion of about 1:1.1. :

15 In accordance with yet a further embodiment of the invention, R; may be, more specifically a
group of formula R34-CO-, where Rz may be selected, for example, from the group
consisting of a straight or branched alkyl group of 1 to 6 carbon atoms (e.g. methyl, ethyl-,
propyl, iso-propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH;-, etc.), an alkyloxy group of 1 to
6 carbon atoms. In accordance with the present invention Rya may be, for example, a straight

20 alkyl group of I to 6 carbon atoms or even more particularly methyl, ethyl or propyl.

In accordance with an additional embodiment of the invention, R may be more particularly a

diphenylmethy! group (substituted with X* and/or Y” or unsubstituted).

25 In accordance with yet an additional embodiment of the invention, R; may more particularly
be a naphthyl-1-CH,- group or a naphthyl-2-CHp- (substituted with X’ and/or Y’ or

unsubstituted).

Also in accordance with a further embodiment, X’ and Y’, the same or different, may be
30 selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4Rs.
More particularly, X* and Y’ may be H.

The present invention relates in a further aspect thereof to an improved process for

synthesizing a compound of formula //{

20



In accordance with the present invention, the agueous phase may be
acidified before being 30 extracted with the suitable solvent (e.g., ethyl
acetate). Acidification of the aqueous phase nay be perforned, for exanple
by adjusting the pHto < 2 with a strong acid (e.g., HC, phosphoric acid,
sulfuric acid, TFA solutions, etc.). |In accordance with the present

i nvention, the suitable solvent may be evaporated, thereby providing a
substantially pure powder of the conmp@und of fornula Ha. I n accordance
with anot her enbodi ment of the inyerth X and Y, the same or different,
may 5be, nore specifically selected fnomthe group consisting of nethyl,
ethyl, H F, d, Br, | and - NRARS. R accordancqjmﬁth t he present
invention RA - and R5, the same gD different,

may] be Hflor exanple, H,
tert-but oxycarbonyl, etc. 48 ?Séhga${}<ﬁﬂiw+§g 3ufimNﬁp3the sanme or
different, may be for @ H, or NH2. Inﬁxcco dance with a further
enbodi nent of the inxgg gs RG ndyan, nmore partiddtarly, selected from
the group consisting a straight kyl group of I to 6 carbon atons and a
15branched al kyl group of 3 to 6 carlbon atons. Mire particularly, R6 may be
for exanple, iso- butyl. Al so in accordance with yet a further

enbodi nent, X and Y', the sane or dipierent, may be sel ected, for exanple,
fromthe group consisting of H nethyl, ethyl, F, O, Br, | and - NRAR5.

20Mor e par thie rdcasd ttay $ompiik the s@BY o yhiting B coapotstbac®mital/an enbodi ment
of the the present invention, a PL-46] conpound of fornmula 1 1 1 .13; O
HO 1?-0H 1 Ho . O

XX

with a reactive amino acid having structure :

LG
HN/klf

Rs O
where LG represents a leaving group which may be a halogen, e.g., F,Cl, Br, 1, an azide,-a
symetrical anhydride {e.g., -OCO-C(R;)(NR;)) wherein R, and R; are as described herein, a
mixed anhydride, an active ester, a reactive hydroxylamine (e.g., N-hydroxysuccimimide)
10 such as those commonly known in the art (Principles of peptide synthesis, M. Bodansky,

Springer-Verlag, 1984 the entire content of which is incorporated herein by reference).

The absolute configuration of the amino acid may be R or S. The S form may yield some of

the active compounds described herein.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula

XIX (with a base, e.g., sodium hydroxyde} up to pH 7 to pH 10 and b) adding a solution

21



may be synthesized using a process which may conprise the step of acylating
a conpound of formula XX HOOP-OH HZN NH2 XIX with a reactive amno acid
of formula 5 The acylation step may be carried out at a tenperature

rangi ng fromabout 0C to about 40C i) (e.g., fromabout O0C to about 30C).
More particularly, the acylating step may be carried out by a) increasing

t he al kal i nit .of aH ueous sol uti.gn. corrg ng a.compound of formul e?.bﬁ/
Cocgr i romPtee e TESSECuR i Ayl pabpo i heoub et (98¢ ceasgin
and b) addhdtgorAtr8Q! dit ) QRd GOV hS B bR RAGT heCcARpAMJaEH @brm@kaaxsﬂxraghahe
aprotic solvent (e.g., acetone, THF, acetonitrile, or any equival ent

t her eof ) armdctyd amnngmﬂéycagﬂ@hmbef isenixtire fars: n@mﬁmfridtoo?‘l lhavrsveil satexpXrasme

th t f d t 1 bout. 24
nour s or . nby BoRg e e BUG:  ClurindBeliy® (Emabdt igied B REPisliofst
conmpoungd My RReb KO ﬂlﬂf’a%@%ﬁly a%ﬁtéﬁ@@o%n@fc %C'%th?«ﬂldé‘&&'té El%ﬁﬁox% tﬂjcﬁfl SMEEﬁb' e
solvent (e.g., ethyl acetate, chloroform K, 1sobutyl nethyl

ket one, Tasmtyhaetbglekmr@dTBEMKnh@O@ﬂna@defhetmocallly chpmiivall egnivalehiethereb). 20
I n accordance with the present invention, the proportion of compound Xl X
and reactive amno acid may vary from about 2:1 to 1:2 or nore particularly

in a propof hedrddhc@Rail (hk! dredent ihferdiaOHRaAPGBoMIchNoft BANPHEFIERLY hily @&dctiof,
t he aqueous phase may be acidified before being extracted with the suitable

sol vent (eargino asdHpay maevaydiom aAbpwliZ | toak:? enmefe paricidatieseertghake nay be
perfored, for exanple by adjusting the pHto < 2 with a strong acid (e.g.,
HC1, 5phosphoric acid, sulfuric acid, TFA solutions, etc.).

In accordance with the present invention, the aqueous phase may be acidified before being

extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCI,

phosphoric acid, sulfuric acid, TFA solutions, etc.).

~ In accordance with the present invention, the suitable solvent may be evaporated, thercby

providing a substantially pure powder of the compound of formula ///.

An exemplary reactive amino acid may include, for example, a compound of formula

20 O

In accordance with the present invention, X', Y’, Ry, R3, R4, and Rs are as defined herein and

may be the same for the above mentioned formulas.

In accordance with an embodiment of the invention, R; may be, more specifically a group of
formula R35-CO-, where R34 may be selected, for example, from the group consisting of a
straight or branched alkyl group of | to 6 carbon atoms (e.g. methyl, ethyl-, propyl, iso-
propyl, butyl, iso-butyl, tert-butyl, tert-butyl-CH,-, etc.), an alkyloxy group of | 10 6 carbon

22



In accordance with the present invention, the suitable solvent may be
evaporated, thereby providing a substantially pure powder of the PL-461
conmpound. 10Further in accordance with the present invention, a PL-462
conmpound of forrmula O 11 NaO-4,-ONa 1 O may be synthesized using a process
whi ch may conprise the step of reacting a free acid of PL-461 with a sodi um
base. Other alkali netal salts nmay be prepared by treating the PL-461 15
conmpound Wid Hs AlrCRESRERNGiNte Prdsahi inn@itan Foasey bl fo ckamplecosttagivallod t h
the invention, divalent nmetals such as Ca, My, Zn et%y (ge.g.,l as acetate
sal ts) maeroe olbtd § eArherkeoms OF BV BeISIRI AT BLBRbY s sy Lor Probyl. e o
particularly, the present invention relates to a process for the
preparation of compound 20 of formula I11B (PL-461) MB the process ma
conpri se tjhecsdrapseafitiadrphisidnal yhbodingneoftbepoanidbroR, fresyrhe morrigeulariyg t h

for exanpl e, netaphosphoric acid | ypho ric acid | yphosphoric acid
esterss trdipkanpymahyhgroupys %‘é‘gﬁ‘ﬁ]&?&%mzﬁg%ro&l@%ﬁ}%ﬁ%&i de or equival ent
thereof, in the presence of an organic base (e.g., a tertiary anmne (e.g.
pyridine, etc.)), in a dipolar aprotic solvent (e.g., MBK acetone, etc.);
b) hydr ol Viaisgordheeonitppetra atiitanal embéimgniesfehe envertiens Feenty BoEgparticularly

hydrochl OI’bleCa naphthyl-1-CHz- group or a naphthyl-2-CHs- (substituted with X’ and/or Y° or

unsubstituted).

10

Also in accordance with a further embodiment, X* and Y’, the same or different, may be
selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, [ and -NR4Rs.
More particularly, X* and Y’ may be H.

15 In an additional aspect, the present invention relates to an improved process for synthesizing
a compound of formula Ila as described herein, wherein Rj is (HO)»P(O) and wherein Ry is
CH;0CO, the process may comprise the step of acylating a compound of formula X/V

O

HO—P—OH

O
0, 0O L
s,
(ﬁ/ N (CHon——NH;
¢ Rg

XIv

In accordance with the present invention, X, Y, X, Y7, n, Ry, Rs and Rg are as defined herein

and may be the same for the above mentioned formulas.



acid to give a water soluble hydrochloric salt of phosphoric acid nono
ester, and; c¢) acylating the conpound of step b) conprised in an aqueous
solution with a suitable reactive am no acid as described herein to provide
t he phosphate nono ester of fornmula HHB [111B In accordance with the
present invention, the dipolar aprotic solvent may be, for exanple, nethyl

| so-butyl ketone or acetone. 5 In accordance with the present invention,
the suitable reactive amno acid may be, for exanple, a conmpound of formula

tol n asepdaNce XM th RNORNeid Rpedipfent rebctivBerpiréen] -NHY ert)| ﬁns t@ be
PL-515 conpound of formula; 0 HO P--OH 15may be synt hesi zed using
process whhddrsteay hersimpihas @ praciyeprayp wehiastion gxanpie mptimas (¢-8r ﬁ'ﬂF)a ag/ x

XX with afi éeefj‘e(:t IXS‘\) an h@?ph%%ﬁtg (gf f@f(mfb%t)z) may transiently be attached during the

5 synthesis process.

Therefore, when X and/or Y are for example NR4Rs, Ry and/or Rs may also be a protective
group selected from the group consisting of for example, a carbamate (e.g. Boc (tert-
butoxycarbonyl)), an amide (e.g. Acetyl), a phosphonate (e.g. —P(O)(OEt);, which may
10 transiently be present during the synthesis process and which may converted into a NH;

group upon hydrolysis.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C

(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried

15 out by a) increasing the alkalinity of an aqueous solution comprising a compound of formula
X1V (with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b) adding a
solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g., acetone, THF,
acetonitrile, or an equivalent thereof) and allowing reaction between the compound of
formula X7V and the reactive amino acid by agitation for a period of 1 to 24 hours or more at

20 a temperature of from about 0°C to about 40°C. Compound of formula ila may be isolated
| by extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate, chloroform,
DCM. MEEK, isobutyl methyl ketone, TBDMK, halogenated solvents or any chemical

equivalent thereof).

25 In accordance with the present invention, the proportion of compound XIX and reactive
amino acid may may vary from about 2:1 to 1:2 or more particularly a proportion of about

1:1.1.

In accordance with the present invention, the aqueous phase may be acidified before being
30  extracted with the suitable solvent (e.g., ethyl acetate). Acidification of the aqueous phase
may be performed, for example by adjusting the pH to < 2 with a strong acid (e.g., HCl,

phosphoric acid, sulfuric acid, TFA solutions, etc.).
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5 The acyl ation step may be carried out at a tenperature ranging from about
0C to about 40C (e.g., fromabout 0OC to about 30C). More particularly, the
acylating step may be carried out by a) increasing the alkalinity of an
aqueous sol ution conprising a conpound of fornula 10 X/ X (e.g., wth a
base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b) addi ng
a solution conprising the reactive amno acid in a dipolar aprotic solvent
(e.g., acpi snerdahti widCtqitdeni Ireetioranlye sgjtibkabanentthey bofeyammaed| theowbng
reacti on between the conpound of formula X/ X ag&% t h feactive am no acid
by agit at Prowiding 2 substantialy pyre gpwder of thecormRrnnd allat 5 tenperature of
about OC to about 40C. The conpound PL-515 nmay be 15 isolated by extraction
of the aqueous phase with a suitable solvent (e.g., ethyl acetate,

chl or of or A aco6Mbnddkith ad@RiMemtiosohartt p thehvanitiokeXane Y, izl wyeraddtres! went s
or any equi val ent thereof I n accordance . with the e ntion,
the propobtitestic speciisiaby sageind omihg gF‘é‘H’c‘ﬂ“x?‘é“%&EV‘ﬁa‘y& flﬁﬁg’f ﬁr@ A A8
about 2:1 1:2 or nore particularly in a proportion of about 1:1.1. 1In
accordance W th the present invention, the agueous phase may be acidified
before being extracted with the sui tabI e solvent. Acidification of the

aqueous phase perforned, for exapgple ustin i.th
a strong Hb??fo?%“ﬁe W‘Eﬁbihe BHSEBHBYFHORC Ny g&%f 3?{% csarélgl% 5@@&% 8 i%%n}g,r
etc.). Ing g@% dance sWMdxRcdhenprasent i nvent i on, the suitable solvent may
be evapor at ed, thereby providing a substantially pure powder of the
conpound PL- 515 An al kall nmetal salt of PL-515 nay be prepared as

i ndi cated, for tivel 5 atse el ective
f1 uori nat I"OF° E’aé“ ‘ﬁ ﬁle ngfiiéggﬁl;ﬁréﬁ '\é? ?(%aelg?ﬁl recgngé’gnéfz of the
PL-461 conpound. The pr esent invention in furt her aspects, provides
novel internedi ates, their synthesis and 5t.heir in tp? ﬁr epar atl o of

the |ysink %@@é@n@%ﬁﬁﬁumﬁ“h%eﬁ@%m%so afif 1BH%WW§C ¥ FECRSH
salts desgplbedsherg ;brm% b %%guse ?{Fﬂ?rgtalk§'lh§‘09]5 eFank & @%Bhla@ﬂng @ﬂl@taes

to internBdiates. of generate several conpounds
descr i pedbhagseidmlliyneredi ofp toneiarbateatorat Mas parttulohyh Bs mey dgtfpredample, iso-

accept ablg slalts thereof; 9 HO 17-0H O
uty

Also in accordance with yet a further embodiment, X* and Y’, the same or different, may be
selected, for example, from the group consisting of H, methyl, ethyl, F, Cl, Br, I and -NR4Rs.
20 More particularly, X and Y’ may be H.

[n accordance with an embodiment of the the present invention, a PL-461 compound of

formula fI/B;

Il
HO—fp—OH

il

0 O ||-| O
N

\4'5
O\r O OO_
IIB

25



0"0 N(CH2)n-NR411R5' R6 XV wherein n may be 3 or 4; wherein X and Y, the
sane or different, nmay be selected, for exanple, fromthe group 25
consisting of H a straight alkyl group of 1 to 6 carbon atons, a branched
al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon
atons, F, CI Br, I, -CF3, -0CF3. -CN, -NO2, -NRrR4125, -NHCCR4 - OR4,
COCR4 - or X and .Y .together

group sel B’@Feba W?’gﬁsllf%ﬂ usg}goqj%rog%srgs\y}ggf} B yc?mgrlsedts%yqegr?ggl 0%y gjga(raoug Q'?M of
formul a - QCHR®: xand an et hyl enedi oxy group of fornmula - OCH2CH20-, wherein
R6 may be selected, for exanple, fromthe _group consisting of a strai ght

al kyl group 5 of 1 to 6 carbon atons, a ®ranched al kyl group of 3 to 6
carbon atons, a cycloal kyl al kyl group HavpPR@IB to 6 carbon atons in the
cycl oal kyl part thereof and | to 3 carboniatons in the al kyl part thereof,
wherein R4 and R5, the same or di{feren may be sel ected, for exanple,
fromthe group to consisting © H‘sa S group of 1 to 6 carbon
atons, a branched al kyl group t oNG car bon atNéﬁ a cycl oal kyl group of
3 to 6 carbon atons and a pre ive 0 sel ected fromthe group

consi sting of a carbanmat é*'zgé Boc), arl amde (e.g. Ac), a phosphonate
“(e.g. - P(0)(OEO2, 15wherein R4' and R5'', the sane or different, nay be
sel ected, for exanple, fromthe group c D@lstl ng of H a strai ght al kyl
group of I to 6 carbon atonms, a branched al kyl group of 3 to 6 carbon
atons, a oyblagehdkivk agnmupzld)bf@rm@l% carbon atons, and a protective group
sel ect ed fromthe group consisting of a car bamate (e.g. Boc), an am de
(e.g. Ac), a phosphonate (e.g. - P(0)(0E02, 20 The present invention
therefore provides a conpound of fg la XV wherein n nmay be, nore
particularly, 4. The p tion also provides a conmpound of
formula XV where X and or 25different, may be, nore
specifically selected fromthe grOl(J)p corisi sting of nethyl, ethyl, H F. d,
Br, | and - NR4RS.

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
10 (e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous-solution comprising a compound of formula
XIX (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b)
adding a solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g.,
acetone, THF, acetonitrile, or any equivalent thereof) and allowing reaction between the
15 compound of formula XIX and the reactive amino acid by agitation for a period of about 1 to
about 24 hours or more at a temperature of about about 0°C to about 40°C. The PL-461
compound may be isolated by extraction of the aqueous phase with a suitable solvent {e.g.,
ethyl acetate, chloroform, DCM, MEEK, isobutyl methyl ketone, TBDMK, halogenated
solvents or any chemical equivalent thereof).
20
In accordance with the present invention, the proportion of compound XIX and reactive

amino acid may vary from about 2:1 to 1:2 or more particularly in a proportion of about

1:1.1.



In accordance with the present invention at |least one of R4 or R5is a
protective group. 30ln accordance with the present invention X and Y, the
sanme or different, may be for exanple, H F or NH2. The present invention
al so provides a conpound of fornmula Xr where R4’ and R5', the sane or
different, may be sel ected, for exanple, fromthe group consisting of H and
a protective group. 5 The present invention further provides a conpound of
formula XV where R6 nay be, nore particularly, selected fromthe group
consisting of a straight alkyl gro rbon at ons.

al kyl gro @)a@,qor@arlc@vg @pﬂgtﬁsem ngnpqrh tléece BH%B%%TW ‘ﬁ@“ﬂafgege lfore%emg
i nvention . Bo, nBY A& hOkuitk ?’e{}gcll@ent (§ t?:'tﬂ)bf'acetélgg FolciRadInCof t@l@%ﬁ@éﬂ&ﬁl%h@ﬁe

t he present |nvent|on I nc limtation, the follow ng; -
conmpound  efayf by mﬂf@nﬁé&" fmmcrampre by |aﬂju¢§tm@(|t® Do <2i witkacstromg aid (ese. HHC‘V

is H R4. is Hand R5. 9 i so-butyl; 15 a conpound of formula
XV Wnérelphowhp§CACId>éUJ%lf1@,ﬂNﬂrz,T &SPL““H“S RChs H Y is H 1241 is H and
R5., and R6 is iso-butyl; a conmpound of formula XV, wherein nis 4,
Xis 4-NH2, Yis 3-F, X is H Y is H R4 is H20and R5', and R6 is

i so- but yl In aac@dampeurith dfe presemlimveitionwtherseitabln splyent mayibe ¢ydporated; ghepphyr
F, X is H Y._.is R4. is H and, R5 rotective group and R6 is

/ so- but y| Prepad ‘“&aégWHYBPquFSfW%%@r%W% gs 4, Xis NH2, Yis Hor
F, X isH Y isH R isH R is Hand R6 is /so-butyl; a compound of
fornula XV wherein nis 4, Xis 4-NH2, Yis H X is H, Y' is 14, R4' is
H, R5'0i s Farthebactdrdacgmolithaptts@e inention-aklk-¢62 caoppvncef fagaviei onal
aspect, the present invention relates to internediates of formula X'V
useful to generate several conpouhds described herein including their
derivatives and pharnaceuticHB@y*FCéBptable sal ts thereof;

may be synthesized using a process which may comprise the step of reacting a free acid of
PL-46] with a sodium base. Other alkali metal salts may be prepared by treating the PL-461
15 compound with a corresponding alkali metal base. Also in accordance with the invention,
divalent metals such as Ca, Mg, Zn, etc. (e.g., as acetate salts) may be used to make the

corresponding PL462-salts.

More particularly, the present invention relates to a process for the preparation of compound

20  of formula IIB (PL-461)



HOP-OH 0"0 'S/ tj(C H2) n-NH2 XII/ wherein n may be 3 or 4, wherein X and
Y, the sane or different, may be selected, for exanple, fromthe group 5
consisting of H a straight alkyl group of 1 to 6 carbon atons, a branched
al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon
atoms, F, O, Br, I, -CF3, -0CF3, -CN, -NO2, -NR4R5, -NHCOR4, -01L4,
-COORI, -COR4, and -CH2OH or and Y together define an al kyl enedi oxy group
sel ected fromthe group consi g of a methyl enedi oxy group of fornula

- OCH20- and an et hyl enedi oxy \grgup of formula - OCH2CH90-, 10 wherein R6 may
be sel ected, for exanple, fromthe p consisting of a straight alkyl
group of | to 6 carbon atons, ichgd al kyl gkqup of 3 to 6 carbon
atons, a cycl oal kyl al kyl rdHB to 6 carbayyatons in the cycloal kyl
part thereof and 1 to 3 qg? s i n the algkyFpart thereof, and; 15
wherein R4 and R5, the sane d? Qiff may /be sel ected, for exanple,
fromthe group consisting of H a i yl group oficl to 6 carbon
atons, a branched al kyl group of 3 to 6 carbdn a cycl oal kyl group of

3 to 6 carbon atons, and a protective group TRct pr-NAIL he group
consisting of a carbamate (e.g. Boc), an am de (@.g—“Ac), a phosphonate
(e.g. - 20P(0)(0OEO2, The present inventioh therefore provides a conpound of
formula X'V wherein n may be, nore particularly, 4. 75The present invention
al so provides a conpound of fornula X/ |MiEhere X and Y. the sanme or
different, may be, nore specifically selected fromthe group consisting of
nmethyl. ethyl, 1-1, F, d, Br, | and -NR4AR5. |In accordance with the

pr esent iﬂ%gﬂb&ggﬂmgthggﬁéﬁ@@@prfR4 or R5 is a protective group. In
accordance with the present invention X and Y, the same or different, may
be for exanpl ea)H, Pplwsphqplating a compound of formula AVII

o\(o '
>< HN OH

O
N-S':' T
— b@w o
X
XVl 7<

with for example, metaphosphoric acid, polyphosphoric acid, polyphosphoric

L

acid esters, trimethylsilyl polyphosphate, phosphorous oxychloride or
equivalent thereof, in the presence of an organic base (e.g., a tertiary amine
(e.g. pyridine, etc.)), in a dipolar aprotic solvent (e.g., MiBK, acetone, etc.);
10 "b) hydrolyzing the compound of a) in the presence of concentrated hydrochloric
acid to give a water soluble hydrochloric salt of phosphoric acid mono ester, and;
c) acylating the compound of step b) comprised in an aqueous solution with a
suitable reactive amino acid as described herein to provide the phosphate mono ester

of formula /{{B

28



5 In accordance with the present invention R4 and R5, the sane or

different, may be for exanple, Hor a protective group. The present

invention al so provides a conmpound of forrmula X/ 17 where R6 may be, nore to

particularly, selected fromthe group consisting of a straight alkyl group

of I to 6 carbon atonms and a branched al kyl group of 3 to 6 carbon atons.

In accordance with the present invention R6 nmay be for exanple, iso-butyl.

In an additional aspect, e present invention relates to internedi ates of

formula XV useful to 15¢ ate several conpounds described herein

i ncluding their derivatives and= armaceutically acceptable salts thereof;

9 HOp--OH O XV , where By be 3 gf, 4 wherein Y may be sel ected,

for example, fromthe gh¥up consi’sting of THya straight alkyl group of | to

6 carbon atons, a brgﬁ d 2 kyI group Gf'ﬁgto 6 carbon atons, a cycl oal kyl

group of 3 to 6 carbon aPofts, I, -CF3 -0CF3, -CN, -NO2, -NR4RS5,

-NHCOR4, - OR4, - COORM4, CCR4 and - zf étédin R6 may be sel ected,
ot

for exanple, fromthe group consi sting N@% t alkyl group of 1 to 6
carbon atons, a branched al kyl grou on atons, a
cycloalkylalkyl

ne

In accordance with the present invention, the dipolar aprotic solvent may be, for example,

methyl iso-butyl ketone or acetone.

Ln

In accordance with the present invention, the suitable reactive amino acid may be, for

example, a compound of formula :

10 In accordance with another embodiment of the present invention, a PL-515 compound of

formula;

N
HO F[’——OH
—O N
O% //O E N_<

15  may be synthesized using a process which may comprise the step of acylating a compound of

formula XIx~

29



group having 3 to 6 carbon atons in the cycloal kyl part thereof and 1 to 3
carbon atons in the al kyl part thereof, and, wherein R4 and R5, the sane
or different, nay be selected, for exanple, fromthe group 5consisting of

H, a straight alkyl group of I to 6 carbon atons, a branched al kyl group of
3 to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon atons, and
tert-but oxycarbonyl. The present inventio& t herefore provides a conpound of
formula XV wherein n nay be, nore particuliarly, 4. 10 The present invention
al so provides a conpound of formula XHMOwRer@1Y nay be, nore specifically

selected fromthe group consisting of nethyl, ethyl, H F, d, Br, | and
- NRARS. I n accordance mnth thhcpae ent invention Y may be for exanple,
H F. d, or Br. Mre 15par S|t|on 3. For exanple Y
may be 3-F. The present |nven als prOV|des a npound of formula XV
where R6 may be, nore paﬁﬁ ed fromthe group consisting of a

strai ght al kyl group of 6 carbon atjons and a branched al kyl group of 3
to 6 carbon atons. In accordance with the present 20invention R6 may be for
exanple, iso-butyl. In a further aspect xpt’he present invention relates to
internedi ates of formula XV/ useful to generate several conpounds descri bed
her ei n |ncﬂﬂﬁiﬁ@dﬁﬁémﬂnﬁé?ﬁvéf¢W%%aand pharmaceutically acceptable salts

t her eof ; HO- | D- OH ol () ,0

The acylation step may be carried out at a temperature ranging from about 0°C to about 40°C
(e.g., from about 0°C to about 30°C). More particularly, the acylating step may be carried
out by a) increasing the alkalinity of an aqueous solution _comprising a compound of formula
10 XIX' (e.g., with a base, e.g., sodium hydroxyde) up to about pH 7 to about pH 10 and b)
adding a solution comprising the reactive amino acid in a dipolar aprotic solvent (e.g.,
acetone, THF, acetonitrile or any equivalent thereof) and allowing reaction between the
compound of formula XZX" and the reactive amino acid by agitation for a period of about 1 to
about 24 hours at a temperature of about 0°C to about 40°C. The compound PL-515 may be
15 isolated by extraction of the aqueous phase with a suitable solvent (e.g., ethyl acetate,
chloroform, DCM, MEEK, TBDMLK, isobutyl methyl ketone, halogenated solvents or any

equivalent thereof).

In accordance with the present invention, the proportion of compound XLX” and reactive
20  amino acid may vary from about 2:1 to 1:2 or more particularly in a proportion of about

1:1.1.



SNI WAH 2
t he group

I HZN\ R6  25XVI wherein Y may be selected, for exanple, from

consisting of H a straight alkyl group of 1 to 6 carbon atons,

branched al kyl group of 3 to 6 carbon atonms. a cycloal kyl group of 3 to 6
carbon atonms, F, d, Br, I, -CF3, -0CF3, -CN, -NO2, -NR4R5, -NHCOR4, - OR4
-SR4, -COOR4, -CORI, and -CH2OH wherein R6 may be sel ected, for exanple,
fromthe group consisting of a straight alkyl group 5 of 1 to 6 carbon

atoms, a hpapehedn@ Kith (8¢ MBer?finvkntion 6the alhesusafhassman beyeldifitd pélatckhding

group havi

ng 3 to 6 carbon atons in the cycloal kyl part thereof and 1 to 3

carbon at esaited thith Hiekyltalgaselventer dwidifigaipn ofHbe anveora Phrg mBy b Rert ' 0

di fferent,

may b el ected, .for ex l.e, f t i st i .
Stralgnt dPRGTB B samentis P on Aol b i PR e S
6 carbon q&gﬁqmpgmﬁw&hgghgxl group of 3 to 6 carbon atons and
t ert - but oxycarbonyl .

5

20

25

In accordance with the present invention, the suitable solvent may be evaporated, thereby

providing a substantially pure powder of the compound PL-515.
An alkali metal salt of PL-515 may be prepared as indicated for PL-462.

Alternatively, PL-515 may be generated by selective fluorination (e.g., using an electrophilic

fluorinating compound) of the PL-461 compound.

The present invention in further aspects, provides novel intermediates, their synthests and
their use in the preparation of the lysine based compounds, derivatives and pharmaceutically

acceptable salts described herein.

In another aspect, the present invention relates to intermediates of formula XV useful to
generate  several compounds described  herein including their derivatives and

pharmaceutically acceptable salts thereof;

I
HO—Fl’—OH
O

O, ,/o/(
CN S\N (CH)r—NR4Rs'
X R
Xxv'

wherein n may be 3 or 4;

wherein X and Y, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, 1, -CF,, -OCF;3, -CN,
-NO,, -NR4R;5, -NHCORy, -ORy4, -SRy4, -COOR4, -COR4, and -CHOH or X and Y together

a

r



The present invention also provides a conpound of forrmula XVl where Y may
be, nore specifically selected fromthe group consisting of nmethyl, ethyl,
H F, C, Br, I and -NR4R5. 15 In accordance with the present invention Y
may be for exanple, H F, O, or Br. The present invention also provides a
conpound of forrmula XVI where R6 may be, nore particularly, selected from

the grou i st} : trai ght al.kyl f 1. A
2 br anched Nkt {5y bapor 38 eerat o UEaeP RirsaubEeba AR RRA0R) g™
present i Ry@s 8- RELIY adlear! Pyl €AY Qo S6E kit -OUM, @80, dance with an

enbodi ment of the present invention nore particularly relates to an
internmediate of fornmula XX 9 HO1'-CH (!) 25XI X In yet an additional

aspect, th resent invention.relate t f .at

i nt er medi é’t’ellee?%f’ ﬁd?%?ease}&c\tf, ’%,eXWp,ﬁe’ §V%f1, ﬂ%g&ﬁ@n%/n Sfr%@é Qaé%tﬁa‘?%iﬁealkyl grotp

nmanuf agt ursg 10fo 8 caited érhs, P BrafelsRUALk glagroap I Gsict 6 @ajbon aipns, si g latklidkyt

one conpound described herein as well as derivative? a 9 phar paceuti cally

accept abl eres hayinenbiochearbomraiems ép e oyHowkyl prrbiseo éﬁ‘fg i Wg@ba‘PWP“ the

prot ease” y‘? Eﬁﬁ%réo’?t erchangeably and include the aspartyl protease

encoded by _hg uiman 1 mmunodeficiency virus type 1 or 2. The terns

"ghar maceutically acceptable carrier”, "pharnaceutically acceptable

adj uvant” and -physiologically acceptable vehicle" refer to.a non-ioxic

carrier omigEidENEd Rat thﬁasﬁ‘ml?eora‘g“ﬁi%l;ﬁ“%t '@%3’%%&6&‘%? TefmAlG Eﬁ“ﬁéﬁe W R

one ofr,,mr.&,4 oug i Lol INYeNtd BRE, MBiaabhedagisy] pd&rst 100

t he phlgr nﬁgﬁgg}lﬁcal ’Zac%}fa\l/ }?%1%§§§§f0ﬂ1 bYLdrGEh o , ABiAEn ARy 1 oS Y
6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac). a phosphonate (¢.g. —

- P(O)OEt),,

15  wherein R4 and Rs’, the same or different, may be selected, for example, from the group
consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a Branched alkyl group of 3 to
6 carbon atoms, a cycloatkyl group of 3 to 6 carbon atoms, and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —
P(O)OEt),,

20

The present invention therefore provides a compound of formula XV wherein n may be,

more particularly, 4.

The present invention also provides a compound of formula X7 where X and Y, the same or
25  different, may be, more specifically selected from the group consisting of methyl, ethyl, H, F,
Cl, Br, I and -NR4Rs.

In accordance with the present invention at least one of Ry or R; is a protective group.

30 In accordance with the present invention X and Y, the same or different, may be for example,

H, F or NH,.

In accordance with the present invention Ry and Rs, the same or different, may be for

example, H or a protective group.



A "pharmaceutically acceptabl e derivative" neans any pharmaceutically
acceptable salt (e.g.. 15 ammniumsalt, etc.), ester, or salt of such
ester, of a conpound of this invention or any other conpound which, upon
adm nistration to a recipient, is capable of providing (directly or
indirectly) a conpound of this invention or an antivirally active

nmet abolite or residue thereof It is to be understood herein that a
"straight alkyl group of 1 to 6 carbon atons” includes for 20exanpl e,

met hyl, ethyl, propyl, butyl, pentyl and hexyl. It is to be un st.pod
herei n t hatheapressnbie paiiPiaa kg Proyidse Cempgwtdoof)éfﬁealﬂﬁo’ﬁ; a‘i’}&ﬁ‘i‘%& i%ﬁ‘gﬁ{fdége pape
exanple, w.t im.tat i | SO- eORE Wetive
etc. 251t ?rscnﬁ%'legg rﬁl?ﬁdgér %etqg%%ﬁ’ﬁgrr ée)#ln, l%’h%ct%gﬁé?g{/&g ocglgsklglﬁr%?(ﬂoﬂpa%ﬁ%%g 3to
6 carbon- grpgp.udes for exanple, without limtation, cyclopropyl,

cycl obutyl, cyclopentyl, cyclocycl ohexyl (i.e., C6HL The term
"pharneceutically acceptable salt" refers to either a basic addition salt
or an aci 0 j bk SS T rhReas T alteye R trbhfre
aci d addi ﬁ%ﬂﬁg%n% ﬁsrﬁ)aflg&% mrteh-r%ggrd tosgipcgllngﬁbtugggﬁ; non%lt)dgii c or gg?ﬁ? or

i nor gani ¢ meiidilatdistiected Salrh thé gepupasasisongp ofi acstigharaksdfereupsof 1 to 6 carbon

internediates. Il|llystrative inorgani ¢ acids which fqgrm suitahl t

i ncl ude hyﬂ?rﬁéﬁ’ﬂ%?i ?ﬂ‘%ﬁé& et <4 §h‘iﬁ‘FSti°& GRS pH&s?%‘HS?“%? ‘gig?ﬁ’lea‘%ﬁsegéi d
net al sal tj3y Skl Aod HrermpgBYds-8gen ort hophosphate, and potassium
hydrogen sulfate. Il l'ustrative organi ¢ acids which formsuitable salts

i nclude® the nono-, di-, and tricarboxylic acids. Illustrative of such acids

are, for anple,. acetic, glygcalic, lactic. . i .G 0Nl A LS o
Gl Ut ar ¢, T nprble S kR grent B Pr, MY o B Biafion SHERNBLAng
hydr oxymal ei ¢, benzoi c, hydroxy-benzoic, phenylacetic, cinnamc,
salicyclic, 2-phenoxy-benzoic, p-toluenesulfonic acid, _apd.sulfoni Ci
such as net&mmnfi@%if@%fiXVaWSe@lﬂﬂ&rdo@@tWhé( Wflf’éﬁig Scitd? ‘é&g sHI't s

can exist | it har ydeagted jor substantially anhydrous form toThe
expr essi onanﬂplﬁa%r]rgcaggtﬂllégfy?y&g%E:ept abl e basic addition salts" is intended

to appilsy to any non-toxic organic or inorganic basic addition salts of a

conmpound or any of its interpgediates. Illustrative,ba Wi f.oemy

sui tabl e sa tPGHRA I dODPWAEY RAEEP™ 1S 4t Eéllsi‘l%ghéaﬂ‘ﬁ%ﬁz ;kaﬁi}(drlggné{e‘slss%ch
as sodi um,ngt.assh Ris saletym magnesi um or barium hydroxi des; ammoni a,
and aliphatic, 'alicyclic, or aromatic organic am nes such as net hyl am ne,
15di net hyl ami ne, trinethylam ne, and picoline. Either the nono- or di-basic

salts may be forne i.th th 0 vk thsyder i ved §F P rg a
bases i ncl PHETHRAEf° mla%ﬁg‘%e@ggﬁg%?églélk%?f’ﬁ%llseg?f% %enﬁtlgf iEsce}.p’glr.h, %
magnesjoum anddlMRAH Biazd-ttyl; (Cl-4 al kyl): salts.

- a compound of formula XV wherein nis 4, X is NHp, Y is Hor F,XisH, Y isH,Rs is H

and Rs- is a protective group and Rg is iso-butyl;

25 - acompound of formula XV’ wherein nis 4, X is NHp, Yis Hor F, X isH, Y’ is H, Ry 1s H,
Rs  is H and Ry is iso-butyl;

- a compound of formula XV~ wherein n is 4, X is 4-NH, Y isH, X isH, Y’ is H, Ry 1s H,

Ry is a protective group and Ry is iso-butyl;

In an additional aspect, the present invention relates to intermediates of formula X1V useful to
generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof;

i3



20 The conpounds of this invention contain one or nore asymmetric carbon
atons and thus may occur as racemates and racem c m xtures, single
enantiomer, diastereonmeric m xtures and individual diastereoisoners, Al
such isoneric forms of these conmpounds are expressly included in the
present invention. Each stereogenic carbon may be of the Ror S
25configuration. Pharmaceutically acceptable salts of the conpounds of this
i nvention include those derived fripm pharmaceutically acceptabl e i norganic
and organi c acids and bases. EH&Nﬂ?e@be such acid salts include: acetate,
adi pate, alginate, aspartate, benzgate, benzenesul fonate, bisulfate,
30butyrate, citrate, canph®raOe,| canphorsul fonate, cycl opentanepropi onate,

di gl uconat e, dodecyl hy gerssul e, .dodecy| sul fate, ethanesul fonate,
formate, fumarate, [_96ﬁ‘ptadﬁate§j@®966? ﬁhosphate, gl ycol | ate,

hem sul fate, heptan Schexamat e, hydrochl ori de, hydrobrom de,
hydr oi odi de, 2-hydroxyet hanesul fonate, | actate, nal eate, nal onate,

met hanesul f onat e, 2-napht hyl sul fon ?, nicotinate, nitrate, oxal ate,
panoate, pectinate, perchlorate, g@ sul fat e, 3-phenyl propi onat e,
phosphat e, Hi&h atthy RiVa 4t e, propionate, salicylate, succinate, sulfate,
tartrate, thiocyanate, tosylate, and undecanoate. This invention also

envi sions the quaterni zation of any basic nitrogen containing groups of 5
t he conpounds .di.scl d.herein. Tk sic nmitr t i it h
any agentgﬁfﬁ%ﬂﬁéﬁggiﬁogg %?”%PBF%%?? SE%?]B%ﬁggﬁgig?¥‘?ﬁ?@ggﬁﬁg?t%ﬁgﬂM®
exanpl ¢, longstingldH, ahdaighe aikys yedupast InBtaarboredtbyk, a praopheld adind ghupydf 3 to

chlorides, brom des and iodides; dialkyl sulfates inc in i.nme ,

di et hyl , & dsthop 2iame aiFetgalkdgrpr e53 t%)/ én‘ﬁ‘lrjll%‘a’i“ﬁmﬁ’a ﬁéﬁgjfsgdﬁbagb@féw@’

lauryl, Wﬁ'pg%mgd I\ﬁ&?é y{j_(?%gqgkgeﬁochwﬂtém and_dradirdes X andyaoadiky!
nc a

hal i des i di ng Benzy henét hyl brom des. Water or oil-soluble or
di sper si bldefips adaigyienetiyxybgroaptselected fioyn tegroupuaneishing af & owthylaneflioxy grayg

W th T oapEEfoTRIQRIt-ciran ehdr e iese Lol Brgiia“PETLERERS, o ° M O

concenjration, time and the like) of the 15 present invention, the present
invention relates to and explicitly incorporates herein each and ?v?ry
speci fic mewhen Ramhyderdslested 611 cohmplsh foaniGe Lram uBisgroH b stHeMally! group
what soever .. . Thus, an ecified ran 0 B 1St r

shor t hand “hdy'% CW@P%F&? Y & ”%%%%i%gﬁ é@gégyﬁ%%%%FgB ﬁéﬁggﬁdiégﬁﬂgggﬂgw

i ndi vi dualgkatpasviMel 3 roascesahatand ieveroycpaks pirethstdof pah g es3 oarbguiblogsoupe
enconpassed therein; and simlarly with respect to any sub-ranges or

20sub- gr oap! prethsraef, apdus, for exanpl e, with respect to the nunber of
carboq atons, the nention of the range of 1 to 6 carbon atons is to be
under stood herein as i ncorporating each and every individual nunber of
carbon at eikrds Raednd Rs thabamengedifEumh msy beorlasiedmborecxammiar bom the ¢haiP 3

carbon at Cc):ggs’istélgtoc% P?, acsétlrrall:)gcf'lrt] aﬁgy? g}'sdupeotfcl' to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms, and a protective group selected
from the group consisting of a carbamate (e.g. Boc), an amide (e.g. Ac), a phosphonate (e.g. —

26 P(O)OEt),,

The present invention therefore provides a compound of formula X1V wherein n may be,

more particularly, 4.

25  The present invention also provides a compound of formula X/ where X and Y, the same or
different, may be, more specifically selected from the group consisting of methyl, ethyl, H, I,

Cl, Br, [ and -NR4Rs.
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25- with respect to reaction tine, a tinme of between 1 to 24 hours or nore,
is to be understood as specifically incorporating herein each and every

i ndividual time, as well as sub-range, between and including 1 and 24
hours, such as for exanple 1.5 hours, 12 hours, 22.25 hours, etc., with
respect to a tenperature range of from about OC to about 40C, it is to be
30 understood herein as specifically incorporating herein each and every

i ndi vi dualy_t : l: Ssubsn iandrdtfteive ditgng. 0C and
400, " such WetrBE iy e JrEly igfipi ' G AThe B30 ARG LN
tenperature range of about OC to about 40C al so includes, for exanple,

ranges of between about 0C and .about C,, between ab 0C and '

bet ween adﬁﬁﬁc@ﬁﬂgﬁdmﬁﬂéﬁP“??@fnﬂﬁﬁﬁﬁgga‘%%ubwfﬁesgﬁgﬁﬁ%gﬁimi%&?@%%%mﬁﬁg

and sinilaglyopﬁgg respect to other paraneters such as concentrations,
etc. Tt

el enent s, _ is in particular to be understood herein that the
conpoursd fornul ae each include each and every i ndividual conpound descri bed

t hereby as well as each and every possible class. or - ¥ r = Ss
of conpoun®saSeR H@?“@Gbﬁch§§§“dPR§§ 92¢h3233§=3%%F%ﬁg‘%§5§§§P§ﬂ3§F§eq§g

i ncl udi ng papiicl &a GerPESupas excluding particul ar conpounds or a
conbi nation thereof; for exanple an exclusionary definition for the fornula

(e.g. 1) may read as follows: "provided that when one of A or Bis -COOH
and the other is H,. - t ' Lti-on. ] | $Rr
Biriiertiin gy g pgyiie i eiph 8 of rohRah JPOuppAT nl 17, SR ©

be under st reference to t gram wei g

uni t apd "Gric@kily, 'sMectell Srdin BE @ifRipCEosBlhp ©f Gedimighs alerimneogt of é wrfi tarbon
BRI EF DESCRI PTI ON OF THE DRAW NGS 20l n drawi ngs which illystrates exenPIﬂry
enbodi nentalows anthe hprchedalkyhesenn oh3 teibgcarton domsyIp AGENGATE ‘1’“‘?%8& The

PL-462 conpo [ %H&O i Qn gnification of 200X) and; 25Fig. 2
is a diagggﬁgﬁg%ﬁygg t|n%EF%§hﬁ$t$§P¥§ﬁ curve of PL-462 with NaOH DETAILED

DESCRI PTI ON OF THE | NVENTI ON 30The conpounds of the present invention nmay
r r in nvent i onal hni rom . .

be prepa elclil aunsaddgio%gi legectt,l t?\e %res&:gtcinvén x%%srelfate% to intermediates of formula XV useful to

|5 generate several compounds described herein including their derivatives and

pharmaceutically acceptable salts thereof;

HO—-P—OH
0
O, ,,o/]i
S.
' S T (CHE)n—NHZ
HoN \Y Re
XV

, wherein n may be 3 or 4

20
wherein Y may be selected, for example, from the group consisting of H, a straight alkyl
group of | to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl
group of 3 to 6 carbon atoms, F, Cl, Br, |, -CF;, -OCF3, -CN, -NO,, -NR4Rs, -NHCORy, -
OR4, -SR4, -COORy, -CORy4, and -CH,OH;

25

wherein R¢ may be selected, for example, from the group consisting of a straight alkyl group

of 1 to 6 carbon atoms, a branched alkyl -group of 3 to 6 carbon atoms, a cycloalkylalkyt
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readily available starting materials. The detail ed descriptions of these
approaches are presented bel ow. However, inproved processes are described
nore particularly in schemes 2B, 2C and 2D below. Schenme 1 illustrates a
generic exanple for the preparation of the phosphate nonoester 1l 5
derived froma primary al cohol (see /), a corrpound of HV prot ease

Lni's. dooun@E PaTHE JapEertRE “rmemnee sioeiRd raf ARHBE T T huoaMRbisifid e g

R3 are as gefinednbebeiand; The synthesis of phosphate nonoester /// may use
a HV aspartyl protease inhibitor (/', see US patent no. 6,632,816
(identified as /)) as the starting materlal The di et hyl phosphotrlester /1

was obt ai ne ood e on tre trrent Wt h t hy, pRQ d
sodi um | shyf ?l H‘e ydf?rﬂ%?%"%f)r dé FERY &rr'agf% %ecg%% f!LOF %gjfuﬁéllg ﬁospp7 0%1
Then, addi ¢drRRtag of Hi, aBiiyRi AlNY1 Hb@poee tb 8 cditohlatmeyatthantced BEY) cgayer 3 o
corrpound 1l in good to excellent yields. 9 EtO-p-OEt D ethyl

chl or ophospharben gtoms, a cyqlpadkH @renioefphte @cagben atomygnd tpuputopgycarbonyl.

The present invention therefore provides a compound of formula XV wherein n may be, more

particularly, 4.

The present invention also provides a compound of formula XV where Y may be, more

specifically selected from the group consisting of methyl, ethyl, H, F, Cl, Br, I and -NR4Rs.

In accordance with the present invention Y may be for example, H, F, Cl, or Br. More

15 particularly, Y may be at position 3. For example Y may be 3-I'.

The present invention also provides a compound of formula XV where Ry may be, more
particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon
atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

20 invention R may be for example, iso-butyl.

In a further aspect, the present invention relates to intermediates of formula XV7 useful to
generate  several compounds described  herein including their derivatives and

pharmaceutically acceptable salts thereof;

wherein Y may be selected, for example, from the group consisting of H, a straight alkyl

group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalky!
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H2N 11 1) TM5-Br DCMfo/ 2) H20 9 HO p-OH Scheme 1A represents another
generic exanple for the preparation of the phosphate nonoester 1114 derived
froma primary al cohol (see IA), a conpound of HV protease inhibitors.
5Note: a) n, X, Y, R2, R3 and R6 are as defined herein. Schene 1A CH 0"0
(CH2)T,-N X-T!,

group of 3 to 6 carbon atoms, F, Cl, Br, I, -CF3, -OCF3, -CN, -NO,, NR4R;s, -NHCOR4, -

OR4, -SRy, -COOR,, -CORy, and -CH,OH

wherein Ry may be selected, for example, from the group consisting of a straight alky! group
5 of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl

group having 3 to 6 carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the

alkyl part thereof, and;

wherein Ry and Rs, the same or different, may be selected, for example, from the group
10 consisting of H, a straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to

6 carbon atoms, a cycloalkyl group of 3 to 6 carbon atoms and tert-butoxycarbonyl.

The present invention also provides a compound of formula XVI where Y may be, more

specifically selected from the group consisting of methyl, ethyl, I, F, Cl, Br, and -NR4Rs.
In accordance with the present invention Y may be for example, 1, F, Cl, or Br.
The present invention also provides a compound of formula X¥7 where Ry may be, more

particularly, selected from the group consisting of a straight alkyl group of 1 to 6 carbon

20  atoms and a branched alkyl group of 3 to 6 carbon atoms. In accordance with the present

invention R¢ may be for example, iso-butyl.

In accordance with an embodiment of the present invention more particularly relates 1o an

intermediate of formula XY

25



R6 0 EtO P-CEl Diethyl chlorophosphate, 0 -- triethyl phosphate,0', "o THF,

NaH X-

20

25

7-..%s 11A LA 1) TM5-Br DCM 2) H20 9 HOP--OH 0 o, "o (cHo-R-N

In yet an additional aspect, the present invention relates to the use of at least one intermediate
of formula XIV, XV, XV, XVI, XIX and/or XIX’ in the manufacture of a drug (or
pharmaceutical composition) comprising at least one compound described herein as weil as

derivatives and pharmaceutically acceptable salts thereof.

The terms “HIV protease” and “HIV aspartyl protease” are used interchangeably and include

the aspartyl protease encoded by the human immunodeficiency virus type 1 or 2.

The terms “pharmaceutically acceptable carrier”, “pharmaceutically acceptable adjuvant”
and “physiologically acceptable vehicle™ refer to a non-toxic carrier or adjuvant that may be
administered to a patient, together with one or more compounds of the present invention, and

which does not destroy the pharmacological activity thereof.

A “pharmaceutically acceptable derivative™ means any pharmaceutically acceptable salt (e.g..
ammonium salt, etc.), ester, or salt of such ester, of a compound of this invention or any other
compound which, upon administration to a recipient, is capable of providing (directly or

indirectly) a compound of this invention or an antivirally active metabolite or residue thereof.

[t is to be understood herein that a “straight alkyl group of 1 to 6 carbon atoms™ includes for

‘example, methyl, ethyl, propyl, butyl, pentyl and hexyl.

It is to be understood herein that a “branched alkyl group of 3 to 6 carbon atoms” includes for

example, without limitation, iso-butyl, tert-butyl, 2-pentyl, 3-pentyl, etc.

[t is to be understood herein, that a “cycloalkyl group having 3 to 6 carbon™ includes for
example, without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclocyclohexyl (i.c.,

CeHis).

The term "pharmaceutically acceptable salt" refers to either a basic addition salt or an acid

addition sait.

The expression "pharmaceutically acceptable acid addition salts" is intended to apply to any
non-toxic organic or inorganic acid addition salt of a base compound or any of its

intermediates. Illustrative inorganic acids which form suitable salts include hydrochloric,
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X-L1R2 111A toThe synthesis of phosphate nonoester Il Ais perfornmed as
described for the preparation of Ill (scheme 1). Scheme 2A illustrates a
generic exanple for the preparation of the phosphate nonoester a
compound of HIV protease inhibitors, with a different approach starting
from (351)-3- i 5isobutylam no-azepan-2-one (1V). Note: a) R2 and R3 are as
defined herein. As shown in schene 2A, the phosphate nonoester derivative

11 was obfaie8mid sMpk@E, nd bEaPHENd &id mat adeprei Raloneck A3fodium a
seven-step reaction sequence. Initially, f’ﬁéS) - 3- isobutyl am no- azepan- 2- one
(/V) was subiadvdtogdn withpphosplines. ans goleasiye émg%ﬁglfat%ﬁilbﬁa&&e prgapigeids

presence of,.tri.ethylam ne.in di.chlo t ha 1 CQIF i
e A e L s
tTLeat md3nt t&ids\érwmﬁbﬂh@@mcthu%wboim lazoias hemst enandic DvMaBinia) ghtatco fintarid, e.
The reductive ring opening w th sodi um borohydride .i t hanol |.ead to- ke
i Bt er mégl andlic, Warmmlgtygasogrlégt,dnalmﬁé)&T@%Wlé&M%%ﬁﬂfYﬁé@&Ygl?e%lﬁ was Y
obt ai ned i [ of, 1 t ' j

: o &h QL B L ndb Rt ByduaRbaraphasahateuand
sodlun1hyd?Fgggg%%alnﬁ§ %F%ﬂ%? té?ﬁ%h?%?g?aggn’gﬁéutrﬂgthyIphdspha?e. %he
Boc o pr Ota%i‘(%jsl slv% a¢ muhansselfenic ack\aad 2dpainoxtyedrtesulfonid adid. Hoch iseltsetah w61 it o
gi ve conpoun quantitativel T.W Geene and P. G M Wits, Protective
groups in @ﬂ@hﬁhﬂhEVHPﬁ@§ﬁ§WUS3ﬂ&§ﬂﬂﬁﬂﬁﬁ?”@ohn Wley & Sons, Inc. 1999).
Then, coupling of the free am no group present on internediate /X with a
variety of synthetic amno acid in the presence of 1- hydroxybenzotriazole
( HOBt ) 10andTHASpfetbinet plydramat evoi glhopyrtitaBle dasiy ldditipn galsiiidiatepgehipdPBEHP GRY de

Of 1 met MR St Hanpreob R SPGB R ARG Lo redue s d A 00
to excel | el stydtfk Bases viitcH rdeRURithne sEEARelulOBkali metal or alkaline-earth metal
hydroxides such as sodium, potassium, calcium, magnesium, or barium hydroxides;
ammonia, and aliphatic, alicyclic, or aromatic organic amines such as methylamine,
15 dimethylamine, trimethylamine, and piceline. Either the mono- or di-basic salts may be

formed with those compounds.

Saits derived from appropriate bases include alkali metal (e.g., sodium), alkaline earth metal
(e.g., magnesium), ammonium and N - (Cy4 alkyl)s" salts.

20
The compounds of this invention contain one or more asymmetric carbon atoms and thus may
occur as racemates and racemic mixtures, single enantiomer, diastereomeric mixtures and
individual diastercoisomers. All such isomeric forms of these compounds are expressly
included in the present invention. Each stereogenic carbon may be of the R or §

25  configuration.

Pharmaceutically acceptable salts of the compounds of this invention include those derived
from pharmaceutically acceptable inorganic and organic acids and bases. Examples of such
acid salts include: acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate,
30 butyrate, citrate, camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecyihydrogensulfate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptanoate, glycerophosphate, —glycollate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,

malonate, methanesulfonate, 2-naphthylsulfonate, nicotinate, nitrate, oxalate, pamoate,
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Alternatively, it has also been found that the use of phosphorous
oxychloride in the reaction 5 with internediate VII provides, after

hydrol ysis of the carbamate groups and acylation of the resulting free
prinmary amne, the phosphate nono ester Il in only three steps. This

i nproved process yield 50-55%of H (scheme 2B). From an industrial point

of view, the sequence offers advant |y | I
and shor t SFCHRGRegE Tbtrethe PprUsarat T aorePPPraRy BESER M Rentbn € HERE, &
less har iy (I)ploﬁ)até Q@l(&é&b I QBARAE . sufaRen®raB thiocyddatediddylbte, afdl imdecanoate.

T , 1- 15N NNHBocM BK | =------ VI XV 5011 X X

Phosphoryl at ion of VI/ was car ried out with phosphorous oxychloride in the
G pol ar - aptt I egaty et cEhoRta gt BT Surt o it R leRiE S0 Enuuduosel,
conpould XY{ Lbmph@sis’ @5QYRHERdN. Thy ibasid rﬁ@é\gtlnnﬁaff enquaimized with any agents
known to those of ordinary skill in the art including, for example, lower alkyl halides, such as
methyl, ethyl, propyl and butyl chlorides, bromides and iodides; dialkyl sulfates including
dimethyl, diethyl, dibutyl and diamyl sulfates; long chain halides such as decyl, lauryl,
myristyl and stearyl chlorides, bromides and jodides, and aralkyl halides including benzyl and
10 phenethyl bromides. Water or oil-soluble or dispersible products may be obtained by such

quaternization.

It is to be understood herein, that if a "range" or "group of substances" is mentioned with
respect to a particular characteristic (e.g.. temperature, concentration, time and the like) of the
15  present invention, the present invention relates to and explicitly incorporates herein each and
every specific member and combination of sub-ranges or sub-groups therein whatsoever.
Thus, any specified range or group is to be understood as a shorthand way of referring to each
and every member of a range or group individually as well as each and every possible sub-
ranges or sub-groups encompassed therein; and similarly with respect to any sub-ranges or

20  sub-groups therein. Thus, for example,

- with respect to the number of carbon atoms, the mention of the range of 1 to 6
carbon atoms is to be understood herein as incorporating each and every individuat
number of carbon atoms as well as sub-ranges such as, for example, 1 carbon atoms,

3 carbon atoms, 4 to 6 carbon atoms, etc.

25 - with respect to reaction time, a time of between 1 to 24 hours or more, is to be
understood as specifically incorporating herein each and every individual time, as
well as sub-range, between and including 1 and 24 hours, such @s for example 1.5

hours, 12 hours, 22.25 hours, etc.,

- with respect to a temperature range of from about 0°C to about 40°C, it is to be
30 understood herein as specifically incorporating herein each and every individual
temperature, as well as sub-range, between and including 0°C and 40°C, such as for

example 4°C, 4.5°C, 16°C, 20°C, 22°C, 32.7°C, etc.
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to 80% Hydrolysis of the carbamate protecting group, carried out, for
exanple, in nethyl iso-butyl ketone at 50C or in nethyl tert-butyl ketone
at 55C in the presence of concentrated hydrochloric acid, gives the water
sol ubl e hydrochloric salt of phosphate nono ester X/ X in is good to
excellent yield. Acylation of MK wth an am no acid was perforned under
aqueous conditions as reported by Anderson et al. in the J. Am Chem Soc.

1964, 1839 and af f grgapgera@mPeapd df/ dbokin 08008 dbbel do°(aiouaeludés, et bydmple,
tert-butyl ketone solvent may facilitate the direct extraction of this

i nternedi at e i n roipes adbelwwsn ;ahalﬁé)"CZ@ld'ﬁbeuqo}5°60rﬂmtwatne@boaq@é(éasd g B05R
above may, for exanple, be treated wt ﬁ
nethoxycarbonyléﬁﬂﬁﬁm3ﬂ§m896%%%&?”%?%%(6 progen g L7 Ged A 67 SCUFth- 1- y1est
er. Conmpound PL-461 free acid may be precipitated fromreaction m xture by
aci di fication w-t hagli $itdilefly agtleessechydshehpoameteaciudh akicomdehiratid?s- déhefthia) 2
may be obtained by recrystallization of crude PL-461 free acid in %
aqueou$ sodi um &Hl-ori de solution at pH 9- 10 (8196y|eld) 5 Schene 2C
presents the synthesis of a specific compound;

(1- (544- Ami no- benzenesul fony1) -

but yl - 6-ph h -h | b 11- th - b
ol d ot byl JSaSTERiCLIPER DPUDGEY O DASEH B (PR LOBERLKLIOTBY RE FedT eobrEeaT 28 | o
Scheme 2B. g}&%ﬁ@x@[@la?&% Oﬁ%#'xh egélrl%ed the b§ as wellsa%ké%@f?aﬁf%ﬁ?}eﬁ@s@ib% LR d4S8b- Of

an |nterne5' te compoun o mul a i'n the synthesis of 5lysine based
conpounds gl@gc bi bﬂdclla@ref omfodreviziher IsbciHORR oOBb-class is defined as positively

10 including particular compounds, as excluding particular compounds or a combination
thereof; for example an exclusionary definition for the formula (e.g. I) may read as follows:

“provided that when one of A or B is -COOH and the other is H, -COOH may not occupy the

4’ position”.

15 It is also to be understood herein that "g" or "gm" is a reference to the gram weight unit and

“C™, or “°C ™ is a reference to the Celsius tempcralme unit.
BRIEF DESCRIPTION OF THE DRAWINGS
20  In drawings which illustrates exemplary embodiments of the present invention;

Fig. 1 is a microscopic image of the PL-462 compound in aqueous solution (magnification of

200X) and,

25  Fig. 2 is a diagram representing the titration curve of PL-462 with NaOH.
DETAILED DESCRIPTION OF THE INVENTION

30 The compounds of the present invention may be prepared using conventional techniques from

readily available starting materials. The detalled descriptions of these approaches are
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--0 0"0 SCW ThCH2) 11-NE12 1 ->\->146 H2N XV 10 R2 Il R3 000 OHO p-CH O
Coupling vThci-12)n H2ZNR6 The synthesis schenes 2B, 2C and 2D are
preferred over synthesis schene 1, since exhaustive phosphorylation of the
i nternediate (conpound O with diethylchlorophosphate is not atom

econom cal . Furthernore, the concomtant hydrolytic renoval of the four

ester

15

presented below. However, improved processes are described more particularly in schemes

2B, 2C and 2D below,

Scheme 1 illustrates a generic example for the preparation of the phosphate monoester 111
derived from a primary alcohol (see 1), a compound of HIV protease inhibitors (see example
1 (step G and H) in the experimental portion of this document for a specific example of this

synthesis).

Note:

a) R;and Rj are as defined herein.

The synthesis of phosphate monoester IIT may use a HIV aspartyl protease inhibitor (I, see
US patent no. 6,632,816 (identified as I)) as the starting material. The diethyl phosphotriester
IT was obtained in good yield upon treatment with diethyl chlorophosphate and sodium
hydride in a mixture of tetrahydrofuran and triethylphosphate. Then, addition of trimethysilyl

bromide in dichloromethane (DCM) gave compound 717 in good to excellent yields.

Scheme 1 o
I
EtO—I?rOEt
_-OH . o Diethyl chiorophosphate, O
0.,0 % . SR T triethylphosphate, 0. O ° Oy ..
PN NN N-n. THF, NaH NG e N
R, H R
HzN ]\( HzN H/ 2

1) TMS-Br
DCM
2) Hy0
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15 groups and N-dephosphorylation of the resulting internediate,
necessitate an excess of corrosive and hazardous bronotrinethyl silane (up
to 4L per kg of product treated) in |arge volune of dichloromethane. As a
consequence, isolation and purification of this internmediate is technically
conmpl ex. 20Schene 3 presents the transformation of a di phenyl net hyl
derivative; (1S,551)-(l 154(4- am no-benzenesul fonyl)-i sobutyl

- am no] - 6-uydroxys heyxk&Rs bagaxt %e%er?c dz'xﬂtlﬂﬁl%y koretthy biepatstiohast theaghdspiretchy |
ester (PL -100) into its fluorinated phosphate nonoester sodiumsalt anal og
Xl This reastoestar $Hduénroednfiymbe puisedy tabroppbéige ddng enmpraund af HBY protease
conpounds.éc ngounds) made of unsubstituted (or substituted)

di phenyl mgv,“1 -napht hyl , 2-naphthyl, 25bi phenyl and 9-anthryl groups
described in this invention. Thus, the treatnment of PL-100 with

Sel ectfluorTmin acetonitrile gave derivative X in 38%yield. The

i ntrodéct iMmeof the phosphate nonoester group was performed as descri bed

previ ously.in,sgh 1 d_2A.. Fi e di ethyl phosphotriester
internedi5@8p§ag’§g?§ﬁﬁ§§ﬁgﬁiﬁcggg359F% d upon treatnent with diethyl

chl or ophosphat e and sodi um hydride in a m xture of tetrahydrofuran and
triethyl phosphate. Secondly, addition of trinethysilyl bromde in

di chl or onethefe’f DOV gave t he phosphat e monoester conpound i% good to
excel l ent yields. The final product X/ was easily obtai neBQUFoPH r eat ment
of the phosphate nonoes®®r with abisol ut Disybhlossliesafietfy dr oxide wi t hQgodt

yields. 10 Schemeo30 : PL-10Q Nrmo) e rie‘“éf‘gﬁp*?ﬁ)te'l) 0,0 : A NG
Di et hyl chl oro ﬁa$éf{¢?%%£myhghospha&EF' ST B 2 SE;NB%H

thyl ohi orop Ly
NaO- p- ONa U = Rq U Re
Y Y
| A
A
1) TMS-Br
DCM
2) H,0
2
HO-E’#OH
- i
Q.0 = -
87~ —{CHaJ N Rs
XT '1\] H 2
/N Re
Y

HIA

10 The synthesis of phosphate monoester J114 is performed as described for the preparation of

III (scheme 1).

Scheme 2A illusirates a generic example for the preparation of the phosphate monoester 111,
a compound of HIV protease inhibitors, with a different approach starting from (3.5)-3-

15  isobutylamino-azepan-2-one (IV).

Note:

a) R, and R; are as defined herein.



XI Scheme 4 illustrates a generic exanple for the transformati on of a
phosphotriester // into its fluorinated analog X/// in a two-step reaction
sequence. This generic exanple represents a 15 second approach for the
synthesi s of fluorinated conpounds of this invention. In this case, the
fluorine atomis added to the phosphotriester // instead of the primary

al cohol derivative o eneral fornmula / or, re speglficall PL-1

shown on <theiymsin 3?11?’83 2?‘? g}%pﬂoesp aé%&qHBﬁStirg%ﬂ‘éfﬁ%\% ﬁé)’” aﬁé)bf%%e&i #%mgg‘gg%ce
any other ;gigiidhi ngl ofy &l i Wt RHok ObeqibiRet | InitlBgl) (25)-3-

ai bheny! Mot )%la%l-n%apihél% h';?ii énég?‘gg%h{nhﬁ ?‘%‘t&:ﬁ%ﬁé&;&gﬁd 9-ant hryl I‘g{IsSS)_
descri bed isoburHiaminorazepnt Dane KBewasajulfRpatgd dvik34-aceamidopetdenea! frayleghipride
Briefly, treatnment of .derjivative // with SelectfluarTMin tonitrid: ave
e fvat | van e Broninge sk e aine T aich e BieRaE e pvE S uis PG At yigads
di chl ok onefRaneri¢de) roaye bb@iﬂ@ﬂogmat@iv@@nap@i elea@mP M Wit/ di-rrgoagd to
excellent yields. If desired, the final product 10X/// may be easily .

t r ansf or mapgrécartwnaise apth oS eimnrelentivle. s upAvsHYe | GENRE dedic sPHuE
before in boso eylzlr%dg ' inscenlea%i A]f(é)ac{E ttoO Eéyqz ztnté?%le\aldiatey VII in good yield. The diethyl
phosphotriester V71T was obtained in good yield upon treatment with diethyl chlorophosphate

and sodium hydride in a mixture of tetrahydrofuran and triethylphosphate. The Boc

10  protective groups were removed upon treaiment with HCI in ethanol to give compound IX
quantitatively (T.W. Greene and P, G. M. Wuts, Protective groups in Organic Synthesis, 3™

Edition, John Wiley. & Sons, Inc. 1999). Then, coupling of the free amino group present on
intermediate IX with a variety of synthetic amine acid in the presence of I-
hydroxybenzotriazole (HOBt) and  l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide

15 hydrochloride (EDAC) led to derivative II in good to excellent yields. Finally, addition of

trimethysilyl bromide in dichloromethane (DCM) gave compound III in good to excellent

yields.
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4 Selectfluor, MeCN O EtO P -OEt TVSBr HPLC X'l As it may be
appreci ated by the person skilled in the art, the above synthetic schenes
are not intended to be a conprehensive list of all nmeans by which the
conpound described and clainmed in this application may be synthesi zed but
only represent exenplification of synthesis nethods anong others. Further
nmet hods will be evident to those of ordinary skill in 5the art. The
conmpounds ofschthesoA nventl may be nodified by appendi ng appropriate

functionalities to en sel ecti v’éE‘bPB'V’ i cal properties. OSué!
nodi fications are knovvn inYhe art an e ude t hose whi @& ©OnErease

bi ol ogi cal penetrati qg a given Fedal syste @ N1 ood,
| ynphatic system cent I nervous s @ i ncreage 0 avéi\l'/@\bi lity,

i ncrease AcHN
v v
3 eq. di-tert-buty! pyrocarhonate
DMAP cat, ACN
OH Boc
oI O N
’f : 5
NABH T
S\ /\/\/\NHBOC EtOH 4 0, .0 =

S/
/E j N
B ]
BocHN Q/
Boch

Vit Ac

Diethy! chlerophosphate,

triethylphosphate,
THF, NaH
0 Q
EtO~P—OE EtO-H—OFt
O
0 \\,, :
- /\/\/\
/©/ ~ /\/\/\NHBOC HCH, EtOH /@/ ~ NH,
A —————————
BocHN
Vil X
Coupling
EDAC, HOBt
TMSBr (I?
9 EtO*—P‘OEt
HO-P-OH HPLC 5
-~
e o 30-45% q E
o0 I ot
PPN , ——————

S
O \ H k‘/ : Rz
Rz HoN
H2N ‘\r
1

Alternatively, it has also been found that the use of phosphorous oxychloride in the reaction
s with intermediate VII provides, after hydrolysis of the carbamate groups and acylation of the
resulting free primary amine, the phosphate mono ester i1 in only three steps. This

improved process yield 50-35% of 111 (scheme 2B).
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solubility to allow adm nistration by injection, alter metabolismand alter
rate of excretion. As discussed above, the novel conpounds may rel ease the
active ingredients that arc excellent |igands for aspartyl proteases, for
exanple, H V-1 protease. Accordingly, these 15 conpounds are, by rel easing
the active ingredient, capable of targeting and inhibiting | ate stage
events in_the replicatiaon, j.e. the processing of the viral polyproteins by
H V encodEH“5P6PE%§%@IE% dﬂﬁ@"%8%%@?%@§ﬁ%s%h?%mpgggﬂFb§ﬁ$§agéﬁ‘gbggﬂsly
i nhi bi t t@@mﬁfékl h ¥nder ghﬁegl f¥r t:he\r?r J}é?&tltoﬁ Jefesl st @ichaddiz@g dtemmn T cell's
over a perio of days, as determ ned by an assay neasuring the anount of
ext racel | hhrarfup@4haetvigement speci fic marker of viral 20replication (see,
Meek et al.. Nature, 343, pp. 90-92 (1990)). In addition to their use in

t he prophylaxis or treatnment of HV or HILV infection, the conpounds
according tQthis i nvention may al so be used as inhibitory or interruptive
agents for other viruses which use aspartyl proteases, simlagr to HYV or
HTLV aspartyl proteases, in 25 their life cycle. Such conpgq_q%minhibit t he
proteol ytic processing @f; viral polyprotein precursors by TAN; I'ting
aspartyl proteasef.Because aspartylpo%roé gqfe is essential of 6r the
production of B W ORs NHBbd bi LIk OF that pr g effecthyglby

bl ocks th r oflyﬁpus by i nhi bi ++rReg—tme produc and reproduction of
infectiou 0%ﬁ‘rions, pafticularly fromacutely &e"chroni callly i nfected
cells. The conpounds of, this invention advantageously 30i nhi bit aspartyl
proteases, thus blocking the ability of aspartyl proteasesxyﬂ catal yze the
hydrol ysis of peptide bonds. The conpounds of this inventfjon may be

enpl oyed in a conventional manner for the treatnent or prpYefiPon of HV,
HTLV, and other viral infections, which involve aspartyl |proteases for
their life (replication) cycle. Such nethods of treatnent{ their dosage
level s and requirements jray be selected by those of ordinfry §ki|| in the
art from avail abl e Jigds,and techni ques. For exanple, a eonpaund of this
invention may be combingd with a pharmacegps@l |y acceptabl e-@dj uvant for

administration to & yivally inferted patient. in a 5ph-r%§;e7ti al |

accept abl e nman 8, A-an-ang ekfective to | eheN severityN&f the
vi ral infectiqﬁizéft rnativel yi the conpounds of iy nveh&k@n may be used
i n vacci nes Ha¥id thgﬁz/for protecting individuals against viral infection
over an extended period off tinme. The to conpounds rmay be empd oyed in such

vacci nés either al one or toget her with other conpounds of this invention in
a manner consistent with the conventional utilization of protease
inhibitors or protease inhibitors derivatives in vaccines. For exanple, a
conpound of this invention may be conbined with pharnmaceutically acceptable
adj uvant s Phosphdsilaticerof 19¥ stas warricd mvewith phadnhyroasmoxpshderidainyagpiekrase ahy
adm ni st e{jgscci:, {yr;])ic%hg%g%lrgaa%}cl l:():a%é: Is cherfp%%Ei{n\f/:,e inaarﬁ)lg&tars aprotic solvent such as methyl
10 iso-butyl ketone or acetone. The compound XVITI, was recovered in a yield ranging from 70
to 80 %.
Hydrolysis of the carbamate protecting group, carried out, for example, in methy! 1so-butyl
ketone at 50°C or in methyl tert-buty! ketone at S5°C in the presence of concentrated
hydrochloric acid, gives the water soluble hydrochloric salt of phosphate mono ester XIX in
15 good to excellent yield. Acylation of XIX with an amino acid was performed under aqueous
conditions as reported by Anderson et al. in the J. Am. Chem. Soc. 1964, 1839 and afforded
compound /7 in good yield. The use of methyl tert-butyl ketone solvent may facilitate the

direct extraction of this intermediate in the aqueous phase.

20 The pH controlled aqueous solution above may, for example, be treated with 2-

methoxycarbonylamino-3,3-diphenyl-propionic  acid 2,5-dioxo-pyrrolidin-1-yl  ester.
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15 to protect individuals over an extended period of tine against viral

i nfections, such as HV infection. As such, the novel conpounds of the
present invention (upon cleavage of a physiologically cleavable unit) may
be adm nistered as agents for treating or preventing viral infections,
including HHV infection, in a mammal. The conpounds of this invention may
be adm nistered to a healthy or H V-infected patient (before or after the
onset of ALRSENPLABE 1Rl deltPhai e Previpited Pgpntaction imixwenby addifoation with
other antiviral agents which interfere with the replication cle of Hkv.
By admi ni stheted ngqucoes chydrochidsc otcidhi sFiralentilofo v ot may %t phtpingd by

agents which target di.fferept .events.in th i i: , -
therapeutf%?%ﬂﬁgg¥mapffﬁgggﬂﬁéﬁ%ﬁﬁ% §dﬁ§]ﬁ§€éﬁ%ﬁg€%gpﬁﬁ%¥ﬁkﬁé?%@gg?t?ﬁé)co-

25 admi ni sheged yamd)i viral agent may be one which targets early events in
the viral life cycle, such as attachnent to the cell receptor and cel
entry,5reverse transcription and viral DNA integration into cellular DNA

Ant i viral ent I ' { f . @VEDIS A NSI- RRDIREh v1)-
ot hers po§§tgeﬁﬁ‘%§qé%8%§% %/hs%g’ gﬁggf ggé .wes? i L?)gg?é Eh?’e@(%d? %}rﬁﬁl&g o%ﬁg? c_orrpgu)nds
whi ch bl ogsbiiyPelinii@]-6f phaisplumobry-EB)dy lcabaptyd} -2, D dipDBdy st -ergbamik yeighocyt es

and other CD4(+) 30 cells r inhipit fusion of the viral, envelgpe with
The oyt opmedin eusrdbBa b T B daribs EFET aanpets Brecr i PP Eed)
stavudi ne (d4T), zidovudine (AZT) and | am vudi ne (3TC) which inhibit
reverse transcription. For exanple another protease inhibitor may be used
W th conpBulmahse 2E. t he present invention. Other anti-retroviral and
antiviral drugs nay al so be co-adm nistered with the conmpounds of this

i nventi onAto provide therapeutic treatnent for suQ;tantiaIIy reduci ng or
elimnating viral infectivity and the synptons ass@Ciated thegpew th.
Exanpl es ®ther antiviral agents include gandlchevr, di degpeycyti di ne,
tri sodi um-phos nof orpmte, eflornithine, ribavirin, ycl pvi®, al pha
interferon and tringnotrexate. Additional ot her type f(prugs may be

ly,
used to potentiate tHe gffect of the cﬁﬁﬁﬁ%ﬁ&gmof 5 this Ngefit{ on, such as
viral uncoating i nhibltox inhintorsapﬁmﬁaE*br Rev tfans-a i

proteins, antisense nol®ct esMbﬁflnhibitors of the viral integrase. These
conmpounds nay al so ,C0-adm ni stered with other inhibitoms of H Vaspartyl
prot ease. Furthernore, it may found useful to adm nister conpounds of

t he preseqt invention with any other drug (other anti-viral conpounds,
antibiotics, payn killer, etc.,). 10 Conbination therapies according to
this inveggt%h(exert a syrergistic effect in inhibiting KV replication
because edc

d onent caggent of t nbi.pat ita cts op-&ali fferent site of
H V replicatioﬁﬁpThgﬁyée 8f such ggﬁggﬁa??ons ETSUNQS%Antageously reduces
the dosage of a givern cenventional —anti-—+ekroviral a nk)tha?m%ould be

required for a deiyLéH% efapeuti ¢ or 15 prophyl acti dVe Qﬁa‘ as conpared to
when that agent ig admitsye S a nonot herapy. /These® capbimgti ons may

reduce or elimnate the side effects of conventional single anti-retroviral
agent therapi es whil &Hot inté?(ering with the anti-retypviral activity of
thoselége@ts. These conbi nations reduce the potential of resistance to
singl e agent therapies, while mnimzing any assoegi ated~toxicity. These
conbi nat i ! SO0 i ncrease the efficacy of venti onal agent

Wi t hout in asinrg-t he assocyat e@CEdkPeray. Conbinatyi t her api es
enconpassed by] t hg, preseaty1 venrfnn“fﬁtfudéT*TorH- amgl-g At he

adm ni stratitgn gf a conpo of tord.gvdmighention witph AYT, {3TC, ddl, ddC, d4T
or ot her refﬁiée)transcrﬂbtase inhibitors. 25Altefmativety, the conpounds
of this inventton may al so be co-adninistered with other H V protease

i nhi bitorsg such as Ro 31-8959 (Saqui navir; Roche), L-735,524 (Indinavir;
Merck), AG 1343 (Nelfinavir; Agouron), A-84538 (R tonavir; Abbott),
ABT-378/r (Lopinavir; Abbott), and VX-478 (Anprenavir; d axo) to increase
the effect of therapy or prophylaxis against various viral mutants or
menbers of other H V quasi species. 30 Adm nistration of conpounds of the
present invention may be perforned, for exanple, as single agents or in
conbination with retroviral reverse transcriptase inhibitors, or other HV
aspartyl protease inhibitors. Co-adm nistration of the conpounds of this
invention with retroviral reverse transcriptase inhibitors or HV aspartyl
protease inhibitors may exert a
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substantial synergistic effect, thereby preventing, substantially reducing,
or conpletely elimnating viral infectivity and its associ ated synptons.
The conpounds of the present invention nay be adm nistered in such a nmanner
or form 5 which may all ow cl eavage of the RI unit to rel ease a protease

i nhi bitor. The conmpounds of this invention may al so be adm ni stered, for
exanpl e, in conbination wth i munonodul ators .g., bropirimne,
anti - human al pha interferon anti body, |L-2, F, met hi oni ne enkephalin,
interferon al pha, diethyldithiocgybamate sodi umy t r necrosis factor,

nal t r exone-and PO) gt bioticsg (. 9., pentami-din set hi oprat e) or

vacci nes t i oor \eqnbaf i'afection ape dijsease assegetffed with HV

i nfection, Vet t he conPonds thjs rnvention are
admi ni st er edn

h as AIDS and :
M Sggggnatiog‘; Capies wi tH ot & agent St h
adni ni st er eghsequgnati al |y or C‘Fgﬁi¥emmly to the patieqt VA ggb aiij vel y,
phar maceutiical or° prophyl actic conpositions according to th? s nvention may
be conprised 150f a conbi nati on of one or nore conpounds of this invention
and anot her therapeutic or prdphylactic agent. Al thoutfh this invention

focuses on the use of the conpounds disclosed herein for preventing and
treating HIV infection, the conpounds of this inyention .also be used as
i nhi bi t or ychoyes g@éﬁ?@“ﬁsd\ge Bt infeaRig 1a£eh%qmnﬁ>é15§ﬁ3tf *%Wﬂartﬁ%%i} Py

pr ot eases|fQl. ABLd GRIVNJIEXERESed ikedifei r 1ife cycle. These viruses include,
but are not limted to, retroviruses causing Al DS-1ike di seases such as
sim an i nmunodeficiency viruses, H V-2, HTLV-1 and HTLV-I1. In addition,

t he conpounds of this invention nay al so be used to inhibit other aspartyl
prot eases and ¥¥3%r ti cul ar, ot her human aspartyl proteases including
renin and aspartyl proteases that 2%procegs endothelin precursors. In the
description herein, the follow n brevidéti ons are used:

Abbr evi at i onMeani ng 30AcAcet vyl Agﬁﬁﬁ@étgéﬁacid APC1At ngspheric pressure
chemi cal ionizationHé+¥£Mcquired I'fmunegdet i ci ency SydPodrt

o)

AZT3-AZ|do-3-deqixkh¥none (Zi dovudiclgiing o o s 0 ;
= S\N/\(CHz)n—NHZ = S“N/\(CHz)nﬂ——NJ\r “R3
j N7 Fii % = I H Rq
H2N Y ° ™ R
XV

The synthesis schemes 2B, 2C and 2D are preferred over synthesis scheme 1, since
exhaustive phosphorylation of the intermediate (compound /) with diethylchlorophosphate is
not atom economical. Furthermore, the concomitant hydrolytic removal of the four ester
is  groups and N-dephosphorylation of the resulting intermediate, necessitate an excess of
corrosive and hazardous bromotrimethylsilane (up to 41 per kg of product treated) in larpge
volume of dichloromethane. As a consequence, isolation and purification of this intermediate

is technically complex.

20 Scheme 3 presents the transformation of a diphenylmethyl derivative; (1S5,55)-(1-{5-[(4-
amino-benzenesulfonyl)-isobutyl-amino]-6-hydroxy-hexylcarbamoyl}-2,2-diphenyl-ethyl)-
carbamic acid methyl ester (PL —100) into its fluorinated phosphate monoester sodium salt
analog XI. This reaction sequence may be used to produce any other similar compounds
(compounds) made of unsubstituted {or substituted) diphenylmethyl, 1-naphthyl, 2-naphthyl,

25 biphenyl and 9-anthryl groups described in this invention.
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BocBenzyl oxycarbonyl t-Butyltert-Butyl CAMCerium anmoni um nol ybdate
DCVDI chl or onet hane 5DVAPN, N-di et hyl ami nopyri di ne DMSCDI et hyl sul f oxi de
DMEDI net hyl f or mam de DNADeoxyr i bonucl ei ¢ aci d

EDACL- 13- (di net hyl am no) propyl ] - 3- et hyl car bOdi i m de 10hydr ochl ori de

Et OAcEt hyl acetate EtOHEthyl al cohol Gam hour 15H V-1, -2Human

i mmunodeficiency virus type 1, type 2 HOBt1 -Hydroxybenzotriazol e HPLCH gh
performance |iquid chromat ography HTLV-1, -Il1Human T-cell |ynphotropic |

virus typfl:hus thg Ft?%atlrr{ent of %I[,ni(?d t?xkéeiectﬂuor in acetonitrile gave derivative X in 38%
yield. The introduction of the phosphate monoester group was performed as described
previously in scheme 1 and 2A. First, the diethyl phosphotriester intermediate was obtained

5 in good yield upon treatment with diethyl chiorophosphate and sodium hydride in a mixture
of tetrahydrofuran and triethylphosphate. Secondly, addition of trimethysilyl bromide in
dichloromethane (DCM) gave the phosphate monoester compound in good 1o excellent
vields. The final product XJ was easily obtained upon treatment of the phosphate monoester

with a solution of sodium hydroxide with goed yields.

Scheme 3

OH
o< O H
\\/, PN N. Selectfluor,
Moc  MeCN S\

H/- 9 H/

P1.-100 (example 1, step F)

IZ

1) Diethylchlorophosphate,
triethylphosphate,

THF, NaH, /
2) TMS-Br, DCM

3) NaOH

1
NaO—P'"ONa
O

O S N.

JCI\( @/

Scheme 4 illustrates a generic example for the transformation of a phosphotriester IT 1nto its
fluorinated analog XIIT in a two-step reaction sequence. This generic example represents a
15 second approach for the synthesis of fluorinated compounds of this invention. In this case, the
fluorine atom is added to the phosphotriester I instead of the primary alcohol derivative of
general formula I or, more specifically, PL-100 as shown on scheme 3. This alternate

reaction sequence may be used to produce any other similar compounds made of
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20KgKi | ogram Liter LC-MSLi quid chromat ogr aphy- mass spectronetry Ml ar
MeOHWet hyl al cohol 25ngM I i gram npMelting point m nM nute

MocMet hoxycar bonyl nol Mol e 30miM I liliter nmol M I 1inol e nnNanonet er
nMNanonol ar poOrally rEPCReconbi nant erythropoietin TLCThin | ayer
chromat ography 3TC2', 3' - Di deoxy- 3-t hi acyti di ne TFATrit horoacetic acid

unsubstituted {or substituted) diphenylmethyl, 1-naphthyl, 2-naphthyl, biphenyl and 9-anthryl

groups described in this invention.

Note:

Lh

a) R, and Rj are as defined herein.

Briefly, treatment of derivative IT with Selectfluor™ in acetonitrile gave derivative XIT in
good yields. Then, addition of trimethysilyl bromide in dichloromethane (DCM) gave the
phosphate monoester compound XJIT in good to excellent yields. If desired, the final product
10 XM may be easily transformed into the phosphate monoester sodium salt analog as described

before in scheme 3.

Scheme 4 G

i

Selectfiuor,
MeCN

F
Xil
TMSBr
HPLC
Q
HO—I‘D*OH
9]
-~
o O

z H
Q =
N - N
~ /\/\/\\ -
5%, NJH/ R

H R
F XiI
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5THETet r ahydr of uran EXAMPLES Thi s section describes the synthesis of |ysine
based conpounds able to release an HHV 10 aspartyl protease inhibitors as
descri bed herein. These exanples are for the purpose of illustration only
and are not to be construed as limting the scope of the invention in any
way. This section presents the detail ed synthesis of conpounds no. Ito 10
of this invention. Materials and Met hods 15 Anal ytical thin |ayer

chr omat ogpraphia( bk epprédisted i rthe gersoit shilledinGth brtntine sbbvecsyngelic Echewss aie 180

F254 plates and el uted with the indi ahed solvent . syst ens. Prgrgfr albi, e
chr omat ogipHigdiasdepe comprabgnyye fishoh al Hpgrft g bﬁrsﬁ*yt, CURpUST SR §‘é|a“%o
(EM Sci eng i t. e_.Lndi.g v e Lbh(v ex@hlifREESS W e
to all ow ﬁg%]ﬁ(\éar n?atglteg g[‘gﬂ]fe%ﬁﬁ(?ﬁ& gﬂ?}s%fo%?%zzt%?oﬁﬁo?& h{é%iéos%r%touﬁdsﬁ.ms carried
out by expashags aktibédambns etherlsaRatlyer mgshods wildibe paidani wehosew fioetinane skithm

| i ght and/or treating analytical plates with a 2% sol uti on of pani sal dehyde
in et hanothec®ht ai ni ng 3% sulfuric acid and 1% acetic acid foll owed by
heating. Alternatively, analytical plates may be treated with a 0.3%

ni nhydrin solution in ethanol containing 3% acetic acid and/or a CAM |

sol uti on madeonhoRisgf(th-idvnbivb Z024bampdHied hy %@QISMPETOQBWﬁW’QP@“i%
water (750 nlL) containing.concentrated sulfuric..acjd ( aratjye
HPLC wer e%éﬂ%ﬁﬁéagﬁﬁ\“‘a%@?%% %YBB%‘?‘S?'U “C@q%“f’%%%aﬁ%% r%a{‘p&)i’ﬁ“ E%ﬁ%n%ﬁ d§M215
liquid haggdher. mRdulGidNthcRRsalHifbpicsapatihiiohead DyiNes. bibhgiddPsBiis (e.2.

operated wwth a G lson Uni Point System Software. 30 Sem - pr qug_%ti ve HPLC
condi 16 ondldodr lpmphdticc aysitem, ckntrals NerOHpoVRESY), IMPEASE SO etnalaMay) Jpgfease

#305-25 nl ps, G lson #215.11guid hand LSk ARG eRbk@Gl i on
and a G| §%’ﬁg%¥5§’ &M@"BH&SP%%% & J%Féft%gt%lgg ﬁeg{bpll%nt r gﬁﬁed froma G'lson
Uni point V1.91 software Colum: Alltech (#96053) Hyperprep PEP, C 18, 100
Act, 8 um 22 x 250 mm Flow. 15 nL/mn Solvents: A 1120. B: CH3 ) _
G adi ent : AB50sewsghabeve, Bh?)v’é—‘r"eh@oﬁipﬁuggef’@éft G qas%ﬁg%raﬁﬁg%é?gr%le%éhg 965
nm Crude mater | al. di 0 RAGRLQEI i dx8mbR, HIGONGRBeEA i ARoRlingly, atied 50
to 80 ny Fx?%ﬁf?\l/{%%@?ﬁ% \eégf%gg!ﬁipg each run.P_< rIélté)a(’:ti onsqﬁer e collected in
anounts oko@polndsert,dyntaiepsatpshebmtive ingredicwt eanable of targriing\andeinbibiting, late
stage events in the replication, i.e. the processing of the viral polyproteins by HIV encoded
protease. Compounds according to- this invention advantageously inhibit the ability of the
HIV-1 virus to infect immortalized human T cells over a period of days, as determined by an
assay measuring the amount of extracellular p24 antigen; a specific marker of viral

20  replication (see, Meek et al., Nature, 343, pp. 90-92 (1990)).

In addition to their use in the prophylaxis or treatment of HIV or HTLV infection, the
compounds according to this invention may also be used as inhibitory or interruptive agents
for other viruses which use aspartyl proteases, similar to HIV or HTLV aspartyl proteases, In
25 their life cycle. Such compounds inhibit the proteolytic processing of viral polyprotein
precursors by inhibiting aspartyl protease. Because aspartyl protease is essential for the
production of mature virions, inhibition of that processing effectively blocks the spread of
virus by inhibiting the production and reproduction of infectious virions, particularly from
acutely and chronically infected cells. The compounds of this invention advantageously
30  inhibit aspartyl proteases,-thus blocking the ability of aspartyl proteases to catalyze the

hydrolysis of peptide bonds.

The compounds of this invention may be employed in a conventional manner for the

treatment or prevention of HIV, HTLV, and other viral infections, which involve aspartyl
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10 Unl ess otherwi se indicated, all starting materials were purchased froma
commerci al source such as Aldrich Co. or Signma Co. Melting points (np)
were determned on a Btichi 530 nmelting point apparatus in capillary

15t ubes and were uncorrected. Mass spectra were recorded on a Hew ett
Packard LC/ MsD 1100 system using APCI or electrospray sources either in

y
necal v o, Bt A i A0, e et i ot (e soge
Sanpl es wetguithngsod nedbéd seleteet By 0bd of olitrany QDG Bk, ardiRarh e eidabid mﬂmods and

(acet one-d6), deuteronethano | (CD30D) or deuterodi nethy Igulfo
( DMBO- d6) tﬁemusﬁai:ar:oﬁﬁampﬂq of ERIMPRINCeOf aist AYYERIPANEaYsbE ngash %ﬁ with a

standar d. (é 1caz;1?) k8§ ptgble a%lilﬁ/aﬁf(%re ﬁ'ﬁ%s'trgt(l@g;té %ﬁpﬁélw&fe%t | %t%.mn.’l 4 he

coupling é%ns are expressed i n eredas mult Icities
are denot %aﬂﬁa@uﬁ@ﬂly&icf@it:ﬁﬂe nainhar andlon kinetmoud effeativiewo ebserbthetssyerdd of thre
doubl et of doubl ets, t for triplet, q for quartet, quint, for quintet, m
for nulti piigdin fegd@br s for broad si ngl et. Specific exanples for the
preparation of derivatives of general forrmula | 30 The foll ow ng conpounds
were prepared f using the procedures sunmarized in schenes 1 to 4. Exanple
| A. Pr epar atlionmatofely( 115 Eﬁ)lp(QLﬁld'@B}f]I(‘lfé- mventmnbeay dnased flnwiqmﬁserbhwthods for

ani nol - 6- ph h yl b 2-di ph h
Tothyl s CRBL o B GRS ar BT BCST: ALY, A1 B RHCS S didea it

schemgg 1.c02Mofhddhbd SMBIBLEPR: sush Qﬁ)cdﬁael?reﬁﬁé* AdeQd} t8fether with other compounds
(3S)-3-isobutyl am no- azepan-2-one (1V) L-a-am no-,-caprolactam (22.0 g) was

di ssol ved dfnthgolinvediierhlior o andraae c@mnemzmthnﬂye corp@niigrsth Uty zatiefe K e ot 6

was added d st d h
Dhater tonmiles e Eifialeh{fi 5 40t OFy ERlnEuEL Shale, £ GRbRRICE, i
powder ed NaRiich\eday Berbo@@%dd)wﬁh Iphammadu(aﬂsa aﬁdebtabﬂaesachﬂaﬂb too deimqs oY stetison.

The slightly turbid mxture was stirred_at g nL sol ution
of 2M NaOHomsatiagdbdersplovsd in wcees apg Mfalnh%t@{F%%%P*&ﬁayl@ﬁtécaHMe (GF OGBS |

L usi pge i t(g %?&S&t ﬁ@kﬁﬂall\laogéir e leygehg%%&%ﬁiﬁﬁﬂe aéaﬁnsthﬁram%wc%s 5%\\/155 ragayifyor

a fur ter extraction | ayer "was dri ed
filtered anfdcemaps atxﬁd thd hevvel Icomlpusndsbdbféthttedreserrysma¢rit1011e@ip§hovikcy/&ﬁm of 4

standin 27 use Wi t hout further cation i
next stgp(phys'mlo%lca /?ea)ﬁ%g?tl édrﬁl%erfﬂl as 3gem%P°£§ tre@i—f)‘g Oll()prgxfén !HE ?r 2L
6.5, 3H), iredforst l,ncmdm§%{ﬁf uﬂfwmnlm@maem 1H), 1.78-1.65 (m 2H),
2.00-1.93 (m 2H), (m 2H), 2.38 (t, J =9.7, 1H, 3.16 (m 3H),
6.62 (s, 1H (NH)) np 52-54 C (hexanes). A small sanple was converted to

t he S, mat aﬁ?’ﬁi’]@ép% uﬂﬁ%ﬁb%\fﬁﬁgdnnglat ﬁljg g’iéﬁ‘llllllgle;eg 3 SHld Q)@ l-@lf\/ B, %’@?&h{)ﬁttent

benzyl‘ i's nant 1 omeric e cess
(before or after the onset of AIDS symptoms) either as a single agent or in combmat:on with

other antiviral agents which interfere with the replication cycle of HIV. By administering the
compounds of this invention with other antiviral agents which target different events in the
viral life cycle, the therapeutic effect of these compounds is potentiated. For instance, the co-
25  administered antiviral agent may be one which targets early events in the viral life cycle, such
as attachment to the cell receptor and cell entry, reverse transcription and viral DNA
integration into cellular DNA. Antiviral agents targeting such early life cycle events include
among others polysulfated polysaccharides, sT4 (soluble CI>4) and other compounds which
block binding of virus to CD4 receptors on CD4 bearing T-lymphocytes and other CDA4(+)
30 cells, or inhibit fusion of the viral envelope with the cytoplasmic membrane, and didanosine
(ddl), zalcitabine (ddC), stavudine (d4T), zidovudine (AZT) and lamivudine (3TC) which
inhibit reverse transcription. For example another protease inhibitor may be used with
compounds of the present invention. Other anti-retroviral and antiviral drugs may also be co-

administered with the compounds of this invention to provide therapeutic treatment for
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25 Step B.Preparation of

Na- i sobutyl - Na- (4- acet am dobenzenesul f onyl) - L- a- am no-, - caprol actam (V)
Na-i sobutyl -L-a-am no-, -caprolactam (1V) (4.1 g free base) was dissolved in
DCM (200 nL) 30 and treated with 4.0 g triethylanm ne, followed by

4- acet am dobenzenesul fonyl chloride (5.2 g). A 0.1 g portion of

di met hyl am nopyri di ne was added and the m xture was stirred 5 h. The

resul tingghluliagl ‘r'é'Ju)ém eﬁﬁﬁﬂa@ﬁl iviaPinPERivil: 28d the\dyriploran aksediakee therewith.
vigorously. The solid |\%%? ﬁa5| c sol Jgflyon was filtered out and washed

wi th col dEaemptese of 00@1ﬂx/ealfllVBab 5(@2% influde egancisiQydi c fidegqycytifuR (\BRASBIRG) -

;108231( ggh?qﬁﬁong_fghnﬁe,ogﬂ%nﬁg % 15a\arm a%)ﬁ)lo%rgz cgéhfg?rg%}fe(’mh ar dlairgenogr@ate.

(m 2H), %d%ﬁldﬂaﬂy mhéllzyges oF. drugslithy b&.188d (cdpotem&tazhejdﬂyept 6f me(wmpmm)qs of. 42
(d, J =8.8, 2H), 7.6 (d 8.8, 2H). 230-233 C_(FEtOH) ep.

COErepar athlf)][mm\fe(nlggt) &311:{1 [34 \Q@J;@pwalmgrlpthﬁxy@alptggﬁy)f ré_lh()ﬁé-")e\f tra s-activating

| enzenesul 1.on

B

Na- i sobut gl cbardafinideaddawitel Qken1eiBiors fad rHIL) ai;pa&yhpromw; Eaphe:rkrMQ,ahﬂ‘(aV)be\/\/as
suspended in 30 nL MeCN and briefly sonl cated to break u ny | ar QH
To this whiund usiy e pdminisiar wa@p%ﬂiécpfet g PgeseRt @aief)“f’&fwtﬂ? aPérOtthe&f?% tolht

pyr ocar bonat
D e oo A Q/lrap%c;ngp haaehioThe psspRasen. was stirred with a magnetic bar

Thé sol uti on becones a clear |ight
yellowjafter a few mnutes. TLC (Et0OAc) reveals 1 product Rf 0.9 (starting

mat eri al t 0,4 Th I ) .

oxt  act ed CAPHnBioRSherags st SsBICHT S bl LR iR Be 319,
sanpl 5 Wa?e Ig gﬁ%ﬁ%@éahéez&gh %Qxfn'bgﬁ@ﬂ?%?@rﬂ%? th¢ %Mﬁaﬁcﬂ\ﬁ@s d@)l differOntG@e Od HIY =
6. 0. 10H), 1.47 (s, OH), 1.85-1. 65

3H), 2 15 rf(pil,caﬁcbi) ,Th2. 186 of q;chlcomlﬂlqatlpﬂ)‘. alsg, ag@argag;gw( mredzlpﬁs thg d@g_ag(ed) a g(men
?22_ 12|4_1|)C ggnxﬁngénﬁ ?’?tbbeéqpéﬂr%l g%}t é} wculc:.erbe ’recﬁ.H)ed for 84 c(egpredlahgfape%ﬁl-or”p |
(19)-- 45 ampRstivdclic @ffedl0s lcompareaty Reehythatpahtyit JadMinistefed tag la-monotherapy. These
combinations may reduce or eliminate the side effects of conventional single anti-retroviral
agent therapies while not interfering with the anti-retroviral activity of those apents. These
combinations reduce the potential of resistance to single agent therapies, while minimizing
any associated toxicity. These combinations may also increase the efficacy of the
20 conventional agent without increasing the associated toxicity. Combination therapies
encompassed by the present invention include, for example, the administration of a

compound of this invention with AZT, 3TC, ddl, ddC, d4T or other reverse transcriptase

mhibitors.

25 Alternatively, the compounds of this invention may also be co-administered with other HIV
protease inhibitors such as Ro 31-8959 (Saquinavir; Roche), L-735,524 (Indinavir, Merck),
AG-1343 (Nelfinavir; Agouron), A-84538 (Ritonavir; Abbott), ABT-378/r (Lopinavir;
Abbott), and VX-478 (Amprenavir; Glaxo) to increase the effect of therapy or prophylaxis

against various viral mutants or members of other HIV quasi species.

Administration of compounds of the present invention may be performed. for example, as
single agents or in combination with retroviral reverse transcriptase inhibitors, or other HIV
aspartyl protease inhibitors. Co-administration of the compounds of this invention with

retroviral reverse transcriptase inhibitors or HIV aspartyl protease inhibitors may exert a
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benzenesul fonam de (V//-deprotected) (reductive ring opening and
deprotection) A 3.0 g portion of (35)-3-

{{4-(acetyl -tert-butoxycarbonyl -am no) - benzenesul fonyl j-isobutyl- 30

am no}- 2- oxo-azepane- 1 -carboxylic acid tert-butyl ester (V/, step O is
di ssolved in 40 nL EtOH fol |l owed by 750 ng NaBH4. Brief heating with a heat

un gi ves clear solutj.on..TLC.reveal s one streaky. spot .after 20 mm
CEt0AC) . THeTarlial T BHEIHS caifrebnthrtebE qp e g PR obedlbingy of reomiis et
and extra%hﬁl%ae{ntgmlgﬁm&cﬁag)ewi@sasrséseat@a gpfpenihase dried with Na504 and

evaporated to give 2.8 g of product internediate (Vii); (1 S)- {
4-[ (5-tertbutoxycarbonyl am no-1 - hydroxynet hyl -pentyl)-i sobutyl -sul

famoyl | - phenyl -carbam c_acid.tert.-buty] ester . i) r ct
|t e red 4re qoringn§8,PE B pA%® i ealiph il o€ SRy S, BHRYT A7 RM
Vi gor osis  gasclemal ullb@ntléasa@bsemead, fiaf trelve Biprottes.inibiter TaeRotpeunds of
solution is evaporated and rendered basic with concentrated KOH and

extract ed tvif t inEnoae yiay dalsg Pe7sadmiprtescdanitpe SEHARE. 101 FPINRARRYPIVEY H6) -
* 0. 82 6 5.1 30 ,(m 5 1 4
(m by Sniphppoaihioh . Ghptec anflu s o sibol KON GSIET

3.44 (d, kwfhidnin2Hnkephalid, (Herferon2kdpha,6dkthyfdithidcartBuite 2bfiiumy . BHof diectdsis
8.0, 2H). Step E.Preparation . e e .

(29) - 2- nef¥enyedrBEFIBAITRBEO3 2P iRt Ry PEPBFIYRT ECHLH ST YEELE R BEVEH of
L- di phlﬁnyloﬁlz@rﬂb%?ﬁ(ggt%@’dis"ea% Miﬁte& thin%iBn)subH a9 AMLS lahl Ne@H and

0.5 nL saturate resulting solution at pH 10) was added
r net hoxycar bonyl oxysucci ni m de (carbonic acid 2,5-di oxo-pyrrolidin- ester

t hyl 180 , . mol i | d i 5 . f.t . 1th
Toacti o Widhhe ComBSindt ot i p bR A italbast Prscu b lbRhianict Wi otper
sol ution %@&tﬁ%kf\yﬁ%%e%ﬁniﬁ&e&éﬁ gighertialilQrdohc@nshtiyh® hepatets. Ahasetivag,

acidified with 1 This was extracted twice with 20 nL Et0Ac, and . .the
conbi ned phganiceutishhsepropbylectigastiopepsitians asepring| (N this)inverkien dpgahe EOYBWé%
was drjed pver 2 , diltered an r gt ] 0lls j | @i.fl.es
to vyi & dsogé‘ocoﬁ%ﬁ ?%?%Ot{)?mt reg‘ éegf:?%kﬁg‘ﬂn@tgeoﬁi tgﬂ. &gﬁr?%ndéglrdl %%e\%ghémg éugllge‘%:lr as
such in theyphertticigp. 25 Step F. Preparation of (1 S 55)-( 1-

(5-[ (4-am no- benzenesul fonyl) -i sobutyl -am no] -6- hydroxy -hexyl car banoyl)
-2, 2-di phenyl -ethyl )-carbam c acid nmethyl ester (PL-100) The title conpound

i soburyl i{ thodadtrABLARS by i A r B herBRNbY bk
N-i sobut yIA?%gIrll }g{r?ésgﬂj’]?%lgﬁ)gm d%%? @?ﬁ%e?ﬂﬁ?? !é%r?ﬁt\(ﬂgng 23%%%%(?( 28) - 15__"6““0’@'

met hoxy caabb nyhtarg HOV 3nfdetitim lengdmprogs ofithis aviedti¢ns ey #ig0 bshiwg asHghibitory
coupling procedure with t .and .EDAC descri bed i.n_ex I _ The
final pr od&Ys etsbyhtseca AR P 8F ar(afﬁi‘?yﬁré’f?teaﬁ%%?‘ir\};%bﬁg%ﬁé’.s‘%"%?ﬁmhf,“
95% pur e Jife cycle. These viruses include, but are not limited to, retroviruses causing AIDS-like
diseases such as simian immunodeficiency viruses, HIV-2, HTLV-I and HTLV-Il. In
addition, the compounds of this invention may also be used to inhibit other aspartyl proteases

and, in particular, other human aspartyl proteases including renin and aspartyl proteases that

25  process endothelin precursors.

In the description herein, the following abbreviations are used:

Abbreviation Meaning

30 Ac Acetyl
AcOH Acetic acid
APCI Atmospheric pressure chemical ionization
AIDS Acquired Immunodeficiency Syndrome
AZT 3-Azido-3-deoxythymine (Zidovudine)
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H NV\R (CD30D): 5 0.71-0.85 (m 2H), 0.88 (d, | =6.3, 5H), 0.91-0.96 (m
2H), 1.29-1.34 5 (m | H), 1.41-1.52 (m IH 1.82-1.92 (m 1H), 2.61-2.68
(m 1H), 2.81-2.85 (m 2H), 2.94- 3.05 (m 2H), 3.38-3.40 (t, | = 5.0, 1H),
3.50-3.51 (m 1H), 3.52 (s, 3H), 4.28 (d, | - 11.0 1H), 4.87 (d, J = 11.0,
1H), 6.69 (d, J =8.0, 2H), 7.15-718 (m 2H), 7.20-7.31 (m 6H), 7.33 (d, J
=7.9 2H), 7.47 (d, J =7.5, 1H. 13C NWR (CD30D): 5 20.0, 20.1, 23.3,
25.4, 28.1, 28pge 28.9, 38.1, BéRxloxyedrbdnylS1l. 6, 53.1, i057.2, 57.4, 59.5,
61.9, 62.4, 112.6, 125.7, 126.2, 126.3, 127.9, 128.1,128.15, 128.2, 128. 4,
128.7, 141.3, tBapyd, 152.4, 18%-Butyle9.9, 172.5. Step G Preparation of (I
S, 53)-{145-[ (4-ani, no- benzenesplf.onyl) - | 1 no]J - 6-
(di et hoxy- phosswyl oxy) - hexyﬁ%:lg'? fhyonﬁilﬁl?@qééﬁg}ap enyl -ethyl{ -carbam c acid
met hyl ester 1pCNpe PL-100 comphigtdmepaaeduct of step F. 203 ng, 0.325 nmol)
was dissolved in dry tetrahydrofuran (3 niL) and 0.2 nL triethyl phosphate
under N2 at mosPMAR. The ni xt Hrf&dipeth¥eminpdpyUIdinet hj s t enperature for 15
mn, followed e addition i -ichl orophosphate (0.061 ni, 0.423
m nol ). Sodi um%%i?i de (60% i %)%rjne%gfr%gﬁ%g??) (17 mg, 0.423 mmol) was 20
added at 0 C. her sol uti on wapimtethyifednhdneidel h at 0 C and 12 h at room
tenperature. 20 nL of Anberlite XAD 2 added to the solution and the
beads were thoPdUghly mi xed WOERXYHOMGEYAHS To the nixture was added ice
water 2 nlL, an THF evaponategd; 8891 wekiey 1tdisdimagbed w t h
distilled wat erthéﬂfei mes 100 m{"’[? g%ﬁ%ﬁ%@ﬁ?f@ﬁ ;ee lf'\/l mes with ethyl
acetate (30 nL). The conbi nedhphrasidonds evaporated and the resi due was
dri ed under hi %h 25vacuum Th crudeﬁ tQroduct was purified by flash
chr omat ogr aphy Eti&fg et hyl acEfSt 85Hd%ane (8/2), then Et OAc 100% as el uent .
The yield of tRjsyreaction isgi?am@héll% LC MS: 761.2 (MtH)+, 90% pure 30H
NVR (CD30D): 6 0.68-0.75 (m 1H), 0.75-0.84 (m 1H), 0.84-1.10 (m 9H),
1.21-1.50 (m 8H), 1.88 (m 1Mfam2.58-2.71 (m | H), 2.80-2.89 (m 1H),
2.89-3.08 (m 2H), 3.49-3.60 ilsmr 3H), 3.65-3.74 (m 1H), 3.85-3.95 (m 1H),
3.97-4.02 (m M1), 4.07-4.21¢W 4H), 4.29 (d, J = 10.8, IH), 6.71 (d, J
= 8.0452H), 7.40v7.20 (m 2H) Hufa2AmfmBddéfgied)virug (R t48 A m 3H), 7.50
(d, J 7.5, 2H), 7.86 (br s, | I—IQI 31P NMVR. CI?SOD): 1.62 5

HOBt I-Hydr zole

oxybenzotn
HPLC High performance liquid chromatography
HTLV-I, -1 Human T-cell lymphotropic virus type I, type Il
IL-2 | Interleukin-2
20 Kg Kilogram
L Liter
LC-MS Liquid chromatography-mass spectrometry
M Molar
MeOH Methyl alcohol
25 mg Milligram
mp Melting point
min Minute
Moc Methoxycarbonyl
mol Mole
30 mL Milliliter
mmol Miilimole
nm Nanometer
nM Nanomolar

po Orally
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Step H. Preparation of

(1S,55)-(1-{5-[(4-am no- benzenesul fonyl)-i sobutyl -am no] - 6-

phosphonooxy- hexyl car banoyO- 2, 2- di phenyl -et hyl ) -carbanm ¢ acid net hyl ester
(PL-461) The product of step G prepared above (152 ng) was dissolved in
anhydrous dichloromethane 0 (3.0 nL). Trinethylsilyl bromde (0.5 nL) was
added at 0 t. T i Xxture was stirred riqng J.h-at this tenperature and
over ni ght at ro{(;}fnq(?nenperature.ﬁ‘?‘f?én%gffn\?grrﬁtm%vﬁ%wteu\llaporat ed and 0.2 nL wat er
was added to thgLcesidue. 3 niTEWAEMeBroad@qdapiyxed and evaporated. This
step was repeated three tines and _the residue dried in vacuo. Yields 98 ng
70% of the titl&Iderivatives of.3f-Rideoxyristhiasyddipfe. 15 LC-MS: 705.2 (M+H) +,
95% pure 1l-1N CD30D): 6 0.65 m. .kH), 0.75-0.83 (m | H), 0.89 (d,
J = 5.6, 8H)), 'ﬁ%‘%-l.B& (m 1%}?‘9‘1‘"@?@?&%‘@ (m 1H), 1.82-1.94 (m 1H),
2.57-2.568 (m 1®)F 2.78-2.90 (TetrdhylPofurdn91l- 20 3.09 (m 211), 3.54 (s,
3H), 3.60-3.72 (m | H, 3.87-4.05 (m 11-1), 4.00 (m | H, 4.29 (d, J =
11.3, 1H). 4.90 (d, J = 11.4, 1H), 6.73 (d, J =8.0, 2H), 7.13-7.22 (m
2H), 7.22-7.33 (m 6H), 7.33-7.45 (m 2H), 7.51 (d, J = 7.5, 2H). 3 1P NMR
(CD30D): 2.80 25 Exanple 1B Alternative preparation of

(1S, 5S) - ( IEXAMPEESM no- benzenesul fonyl) -

i sobut yl - api.no] - 6- phosphongoxy-hexyl car banoyl} - 2, 2- di Phenyl - et hyl ) -

car bani ¢ gﬂ%lﬂ Sﬁ@f%geségp%sr %&Yﬂ@ﬁé %gti)‘ﬁﬁg %@%ﬁ&&ﬂwggn s 8 _‘:'f18rre¥eﬁ%esén HIV
procesges ALStAUPRRLLZ §chibifors GRENREHER RBleinSt BRs@ exaMpleh@sd JoOthe purpose of
(4-[ (5-tert=-Butoxycarbonyl am no- 1- phosPhonooxynet hyl - penlyl) -

i sobut yl - sUlteatiopidpbpiraiye hetdetbarsonstasidds diariting theytorssafahe [ryeption in amy way.
cool ed solt.ion.of V// 17, 9., 31 l. n rikdin . mol ;
Al drich Ch 8“%&1“%8&%%‘%1‘%3“%%%‘6@ iRy ﬁ%%ﬁ?%%%ﬁt‘éﬁ%@d%%%%i ch

Chem cal Conpany) was added dropw se neat phosphorous oxychloride (8.4 mi,
93 mmol ; Al drich Chemi cal Conpany). Cooling was renoved follow ng the

addi ti on dYaterkds pandMathodsont ai ning a white Sprecipitate was stirred for 12
hours at roomtenperature. The solution was then poured into 600 nL of cold
(i ce bath) aqueous IN HCL. The biphasic m xture was heated to 50C and
stirred vigorigisl yhihoay@hetsomdtograpbe | @AY wasucaerivhout ectnd 24. mirhesiliagygelobs

phase was extrac e% once with ne hdle- iso-@utyicﬁeto e and the conbjned ..
organic p _E‘@g\@r 2%?&@%‘ \Bi“‘fihebdé%/ rWith, ®sof ?‘?t%dr: Wivsenﬁl_rf’yéﬁnbs\‘/e?re%ratl“ﬁem
sul fate, fdubdBEBErapRE waOPEEBIRAL B flaéh é‘hr"oﬁﬁtd_ig%ﬂ 6sind Bigick REESIERMAS Gervap
extracted i n aqueous sodi um hydroxi de (1M . The aqueous .
with the indicated solvent systems and positive air pressure to allow proper rate of elution.
20 Detection of the compounds was carried out by exposing eluted plates (analytical or
preparative) to iodine, UV light and/or treating analytical plates with a 2% solution of p-
anisaldehyde in ethanol containing 3% sulfuric acid and 1% acetic acid followed by heating.
Alternatively, analytical plates may be treated with a 0.3% ninhydrin solution in ethanof

containing 3% acetic acid and/or a CAM solution made of 20 g (NH4)sMo07024 and 8.3 ¢

25 Ce(SO4); polyhydrate in water (750 mL) containing concentrated sulfuric acid (90 mL).

Preparative HPLC were performed on a Gilson apparatus equipped with a C18 column, a 215

liquid handler module and 25 mL/min capacity head pumps. The HPLC is operated with a

Gilson UniPoint System Software. ‘ '
30

Semi-preparative HPLC conditions for purification of test compounds:

HPLC system: 2 Gilson #305-25 ml pumps, Gilson #215 liquid handler for injection and
collection and a Gilson #155 UV-Vis absorbance detector, all controiled from a Gilson

Unipoint V1.91 software
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phase was washed twice with ethyl acetate, separated and then neutralized
with diluted agueous hydrochloric acid. Extraction with ethyl acetate
yielded 13g to 199 (88% of the title conpound. (LCGMS: mz 624.2; 1H NWVR
(acetone-d6) : 7.8 (dd, 4H), 4.1-3.95 (m 3H), 3.05 (m 1H), 2.95 (m 3H),
1.95 (m 1H), 1.73 (m 4H), 1.5 (s, 9H), 1.455 (s, 9H), 1.15 (m 15 2H),
0.89 (m 6H). The enantioneric purity of internediate XV/// may be

det er mi neqtdpymACAilEMEITEhs3 enanty aEeobals, 180 Ag, ¥DEDRPX 25hmyugh a DCC/ DVAP
condensation, then determning the ee either qualitatively with a TLC or
quanti t at FelylSmbéagh HPLC. Step b. Synthesis of the aqueous sol ution of

t he hi s-hydrochl qride sa phosphoric 20 acid

mono- { 6- aﬁOLV(?pES-'&}génﬁngﬁgﬁzenesul fOny1) -i 50but yl - ami n01- hexyl | ester
(XIX). To (BagehtbbRNo8HLXM Blo(dd@ m®L mmol) in 150 nl of methyl iso-butyl
ket one was added 7.2 ml (90 mmol ) of concentrated HCl and the resulting

m xt ur e héxttedor ebBB@ntari: @ 1A&U?® #Ren al l owed to cool to roomtenperature.
Water (50 nL) was added and the resulting two phase m xture separated to

gi ve approximately a 0.6 M aqueous solution of X/ X. 25M5: mlZ 424.2; 1H NWR
g CDB?D)H) 5 C%u%%méa@ria%&ﬁsol{edig a(é@{onigrlﬁ:lbk o gcg&gzatrag):éwﬁa;d@m502w§°(r?g /amb WW9E
m , 1. m , 1. m , 0.9 (m ternpat.iv | -L,
one- neck edpiected rredsbiri iragtioak WeFragoliSalse an Wnaumaﬁ%mlcpeéﬁ“?% (%a%s\éﬁ%arn Q‘:’;lr%réls’L

pl aced 19 31 I f, (4-115-tert-But oxycar bonylam no-1

- phosphongiﬁg?fgpf?%g@f@{eﬁté)ﬁt y1) -i sobuod- sul f anoy0O- pheny1}-carbam c acid
tert-Qytyl ester paffiv,150-nL of acetone and 7.2 m (90 mmmol ) of

concentrated HO The flask is fitted with a condense t [ LS
refl uxed florles gtherwisphadicalgds ?1Lﬁtaﬁﬁs% HETHS PSS 15’9”“%&{59/%?8‘?@2%33?%’3%% 9‘iglusr

evapor at ed_ usi : [ Y,?aO@(gat or and the gumy red residue is

parti onned"be %ga%m%%cﬁoﬁfgo ethyl acetate and 50niL of water. The crude
brown aqueous solution of the amne.2HC (2X 32.5 nL) is recovered in 50 niL
23 L%’E;gipgll\z?l%nléup%?gts ?r?l%) ld\.'fse?ed 488 S e ML OB U SN Ble Y SdihCAIpaRRus BpR1Ey
(1-(5-s( 4-t@935r}1%t1,@g}ggmcfegnyl) -i sobut yl - ami nol - 6- phosphonooxy-

hexyl car banmoyl | -2, 2-di phenyl -ethyl)carbam c acid nethyl ester (I1IB:
PL-461). 57 nL (or approximately 26 mmol) of the aqueous sol ution of
phosphoric acid no- 16- lett Packard LC/MSD 1100 system using APCI or
ani no- 2- [ (I%?%f’nfl?%-rﬁe“ﬁei%rl{%csolﬁ??do%f) %{F\é‘gbut?/cl ?lg_am nokhexyl} ester (MX) was
neut r al i zegedidspradQoticenditheNirsmgatine ingde oxpaiéliveThedpH of the sol ution

(pH 4-5) was then adjusted to topH = 8 by adding 150 niL sol uti on of
saturated of sodium bi carbonate. To this well stirred solution was added a

freShig}/) PrepaLgdn ghéﬂd Qsonhitel A0MR) Secaseivome recofded on a Bruker AMX-II-500

met hoxycar’bonyl am rio- 3, 3-di phenyl - prOpi Oni ¢ acid 2, 5-di,oxp-pyrrolidin-A-yl
ester (13 eqddighed3vwithmrirgvepsedperr @Mé@@(&ﬁdi&e}gﬂpﬂﬁ ﬂﬁ{fea%‘ﬂ"%ff ”glde te gl"&%‘#

Soc. 1964, 1839. The,resultjng clear _4tion Vied for (&BPhoDThe or
reaction niSitubs Wasdet‘;’EFﬁ%aé:ﬁtOPgt ed %ﬁ%&?ﬁlhg(’)’r enap?]?tﬁé)%leréﬁ aqueous( pﬁasg

extract ed §uiGeaMdivIaifxidcataisteal,) Tralaagarepisiiqhases wremetelsilaes o !
with IN hydrochloric acid and the resulting sugpeqﬁi on e>3t raecctogdmyvi t N.&hhY!
acetate. Thendardjaitieorigh abitsversarrees Aredsanl ip ataPer Mt heh (e HeG08P S di i
sulfate, filtered and ,concept rat.e - BV b@H-asThe&rsghpldt, d for
resi du® wal) aag;%ieﬁl’%?ﬂelﬁg*éedpﬁ (1, ﬂ?&%ﬁg{“ﬁ@%ﬁ %g?{le?fi ot HeL (9)
The resul t jQi@ideb®erRietidbledd ddvasdadlidedtdedblos, f fritripket. onfor @ugissedudt:
(669 of the 20title product. Purity S éEt ermned by LC_ M5 and is greater
than 97% &Bntetym fqoBuitiplet, BRANKRQARED"ET. 52 (d, 2H), 7.37 (d, 2H),
7.30-7.19 (m 8H), 6.69 (d, 2H), 4.92 (d, 1H), 4.28 (d, 1H), 3.87 (m1lH),
3.76 (m 1H), 3.67 (m 1H), 3.54 (s, 3H), 3.04 &m 2:? 2.85 (m 2H), 2.65
(m 2H), 1594ifitexakihles forGhe prepaiitipn of deGivdtives o/l dgner fopuldy | gg (m 10H).

30

The following compounds were prepared f using the procedures summarized in schemes 1 to

4.
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In step c. above, nethoxycarbonyl am no- 3, 3-di phenyl - Propi onic acid

2,5-di oxo-pyrrolidin-1- yl ester may be prepared as follow, In a 500 ni,
erl enneyer flask is placed 26g (87 mmol) of MOCDIP 175 nL of anhydrous

di oxane and |1 Qg (87 nmol) of N hydroxysucci m de. The 30solution is cool ed
in an ice bath while 18g (87 mmvl) of DCC is added. The mixture is allowed

to stand i therefrlger or at.( t forrred }

di cycl ohexk¥amRYE ik 1) tgﬁ%@%’?{b‘"&ﬂg@gﬁ% Eé g@o% ifppyly-isobutyl
concentrated using a rot agy;RNIPRApRENddxy- ﬁ@x?lcdrl?mﬁ@ﬁ}-d Ztmghen)a e&lﬁyl; ur at ed
in ether. The white solid is recovered by filtration and dried. The yield

is 35 g. Exanple 2. Preparearbamiocid methyl ester (PL-461)
(1S,5S)-(1-15-1(4-am no-benzenesul fonyl)-i sobutyl -
5am nol - 6- phosphonooxy- hexyl ear banoyl1} - 2, 2- di phenyl -et hyl ) -carbam c acid

et hyl sestege sOpriBriSeH the (1ﬁécér§§3und id @as%dl@'ﬁ sehenidzel, RiAndlthip trodntddn. of ei t her
exanples A or 1B is added to m_ 0.1 N NaOH and diluted with 1 nL of

distilled water. The Sol ution | s then frozen and |yophilized. Yields 67.2
929 he d CD30D): 6
g.nngo.s/% %ﬁ%’ﬁﬁe egﬁ%ﬁ%ﬁ&&g{@g@ Otbgﬁé'@g%ké%%b%m | 1. 52% 1.65 (m
1H), 1.88- OO(m IH), 2.60-2.70 (m 1H), 2.79-2.89 (m 111) 2.98-3.00

1 3.00- 3.08 1H), 3.54 31-1) 3
Em 15)') 3L -B4a18Ing5 - qagfrgqutgm (32 Pae)( t(ygs ﬁssomecaln £01d111{)3h1029(eg]fn? E%Cﬁ‘i—g‘ﬁ“&%
1 6. 70 7 v issi
2y Siogg i %ﬂ?“tﬁimﬁy“ﬁeﬁé? g lasgfialy Sl %g%ﬁ‘ﬁﬁf‘e '{c’%bgﬂl By gsspated
Crystal s q?NaEdaLezdgiimﬁﬁtz ﬂ@‘@rﬁpﬁum \'rmqraeaﬂtii':1 ajcllmmf; a.sasn;1 aﬂc{l&nlvvsso roérmowdered)
10. 00 s _wei ghed ou i
O 19 RO NBE (D hen T EOAD B e aHaP TRt e 5oy Tty ooy
portions. S«ﬁh@&r@ GRGRARELE beRCLHes BH M@@o%@u WSit8Gn WE bl NaGH Watadded Bidwly &

In the la ew portlons eat was applied with a heat gun to help in the
di ssol ut i ahe afrbidaixalueghid] e plir i aktechonblyusog ewoaeensetedtNasH] stiygon, and then

tenperature did not 25 xcee C..-,A Furt t

added bri ri§F AgXtEe SE‘H‘? Orv%l%ﬂ!%ber 3 By nf&[eheﬁg?c%ghfé%n y{'l%ﬁpé’%@ﬁ %8%%
mg/ nL pH a{thH@S orchidr&d &acﬁe%om&d PERES) thulfdbelinebal/talized slowhnort eapbnat e
for 3h a thick paste was obtained. This paste was filtered and pressed to

gi ve an ofd, $ikitaed ek asguihowtfuriiar grEificatiepathSBXGEICBf the | i quour was
recovered and re-acidified to recover the PL-461 (get 1.6Q)

'HNMR (CDCly): & 0.93 (d,J = 6.5, 3H), 0.97 (d, J = 6.5, 3H), 1.39 (1, J = 9.8, 1H), 1.47
20 (m, 1H), 1.78-1.65 (i, 2H), 2.00-1.93 (m, 2H), 2.32-2.2 (m, 2H), 2.38 (t, /= 9.7, 1H), 3.16
(m, 3H), 6.62 (s, 1H (NH)). mp 52-54 °C (hexanes).

A small sample was converted to the S-methyl benzyl urea by adding the solid to a solution

of S-methyl benzyl isocyanate in MeCN. NMR gives 98% enantiomeric excess (ee).

25

Step B. Preparation of Na-isobutyl-Na-(4-acetamidobenzenesulfonyl)-L-a-amino-.-

caprolactam (V)

Nea-isobutyl-L-a-amino-,-caprolactam (/V) (4.1 g free bﬁse) was dissolved in DCM (200 mL)
30 and treated with 4.0 g triethylamine, followed by 4-acctamidobenzenesulfonyl chloride (5.2
g). A 0.1 g portion of dimethylaminopyridine was added and the mixture was stirred 5 h. The
resulting thick slurry was poured ’into 500 mL 0.5 M HCI and shaken vigorously. The solid in
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30from the discards. The cake was re-dissolved in 40 nL of distilled water
with warmng to 50C and | eft to cool for 5h. The resulting thick paste was
filtered and pressed. The resulting solid was then dried in a |yophilizer
for 36h. The yield for PL-462 was 8.89g, 11.8 mml (83%. HPLC analysis
showed identical profile of PL-462 as the free acid (PL-461) and 93-94%
unit equival ence. A mcroscopic inmge (200X) of the PL-462 crystal in

sol ution {hs bsHRME sblutibh GvasIfiltdEbotiyan(i4@dshed) with. @5 acatmie of girt 7461 (B@%) of

di ssolved in 10 nL 50% di oxane solution with nmagnetic stirring and the pH
measur ed ﬁﬁ@hmﬁdwﬁihhter. A solution of standardized 0.01 N NaOH was pl aced
in a burette and di spensed portionwi se with concomtant pH readings shortly
after each aliquot. A graph of pH vs volune of NaOH was plotted and is

shown in i giMR (DMdExanp! € 893 Riepanvd BH), ©96 (d, J = 6.0, 3H), 1.39 (1, / = 12.0, 1H),
1S,5S)-(1-{5-1(4-am no-b | f 1) -isobutyl -am - ,,
Rk S A U e
t hyl t - Th ' t i 17l ' C
e S ThA T AR PR 201 L s 5 Smes

[ 5-tert - bahargeasbongEidHaM i no- 1-
(di et hoxyphosphoryl oxynet hyl ) - pentyl | -i sobutyl - sul fanoyl | - phenyl) - car bam ¢
acid tertbutyl ester (M11) 20 2.00 g (3.7 nmol)

(1S)-(44(5- t - but :honyl am fyo- | - hy viTei Rty IReATHilxye oot ki b )f ano
yl kphenyl?gegg'bam cﬂgﬁﬁg{@grt-butdﬁ estegrs?el{[?(( ex%rrpl_e 1,6):y stg%tD) IS

di ssolyedbénrestBonyl]-isobeyhathplodTptrat-ezcamt- H0anhpxyiigF agid oo tyfitie fStndPPC
argon at nosphere. 0.63 niL (4.44 mmol) diethyl chl orophosphate is added and
then 0.252VeRo™ (Kbl ), NaH 60%in oil is 25 added in portionwi se. The

m xture is allowed to warmto roomtenperature and left to stir for 2 h
(LG M5 showed conpletion after 1 h). To the solution is added 20 m(.%?f
Anber | i t e4XAD-T NessaburiaVa-(é-asttamidpbetrencsulfrx))-F xemiagrercagakgiam (Mo ovam.

ice water. After st{irri r .mn. the resin, sus ' lyStcd t ;and
the resi nSYsBYHKEd 1%@@8}%%8%%&551% %ﬂ“éctaﬁdltgg’ré\/}\%{t@r81(?98%%%%]&%%&@%2??%
pr Odufst | SusPERPRYs LR bheg (8siqn ¥F EhveACRiANEyoGrborbk k)l mBOMEENAIHES X
50 nL), the organic phase is then dried over Na2SO4. ﬁﬁ%f%%égaworaakpq?pf
the sol vestsp@stt way 804l with @|rezgnebs bag adghi H] REOrTHR © ﬁ‘f"éd‘ d- the
contains a.fraction wth t di VAR AN V1S58 Ge @81l 1Sprofud: g
next step°lufgy W’Eﬁﬁ)ﬁg& H@B ’6%!% Afﬁpggaghgﬁ'%és 2‘2‘0 , ( 1.11-1.21 (m 214)
1.33 (t, d.9%strihe ddddl.Ri%t 43H)(She Qithtjondis Haured jn ABUUY] waiepB0 mIonq ¢xitaciedq)
2.88-2.96 (m 31I), 2.96-3.04 ( 1H), 3.81-3.9 . 91-3, '
111), 4. Ovath ether(dredsppth Na Q4 e%i evaporatedzyieklige 8—?.6;92 %E?amf‘?’eﬁéﬁ %,C%%f%"?*g
3P ( ; 1.59 Step B.Preparation of (25)-phosphoric acid
6- am 0-25??%E%ﬁ?%b-benzenesulfonyl)-

'H NMR (DMSO-dg): * 0.68 (d, J = 6.0, 3H), 0.85 (d, J = 6.0, 3H), 1.39 (s, 10H), 1.47 (s,

9H), 1.85-1.65 (m, 3H), 2.15 (s, 3H), 2.80 (q, J=4,1H), 3.10-3.36 (m, 211), 4.01 (d, /= 8.0,

1H), 4.85 (d, J = 8.7, 1H), 7.32 (d,J = 8.8, 2H), 7.87 (d, /= 8.8, 2H). mp 123-124°C

25
Step D. Preparation of (18)-4-amino-N-(5-amino- 1-hydroxymethyl-pentyl)-N-isobutyl-

benzenesulfonamide (VII-deprotected) (reductive ring opening and deprotection)

A 3.0 g portion of (34 —3—{[4—(acetyl~tert-butoxycarbonyl—amino)—benzenesulfonyl’]—isobutyl—
30 amino}-2-oxo-azepane-1-carboxylic acid tert-butyl ester ( V1, step C) is dissolved in 40 mL
EtOH followed by 750 mg NaBHy. Brief heating with a heat gun gives a clear solution. TLC
reveals one streaky spot after 20 min (EtOAc). The solution is concentrated to a pasie, poured

in 40 mL 1N NaOH and extracted with ethyl acetate, the organic phase dried with NaSQOq and -
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i sobutyl -am no] - hexyl ester diethyl ester (IX) toThe crude product obtained
in the previous step (M, 2.66 g) is dissolved in 12 nL EtOH 4 nL of
HCl.s i added and heated briefly to 70 C then left at roomtenperature for
3h. The canc. solvent is evacuated and the residue triturated with 50 nL
ether. The thick residue is then dissolved in 3 nL ice water and the pH
adjusted to 12 w,th 50% NaO

The thick sl bt ai ned | tract th
B0 (3 X HTHEY Gfa ENE oPdhnis Mhadeomed R o SEHTD s Al PO tert
filtrat 1.84
Tl onut oo ST 815 PRy AR e

NMR ( CD30mri- batyd)esaqr(w) 6H), 1. 11 1 26 (m 3H), 1.28-1.43 (m 8H),
1.45-1.51 (n, 1H), 1.52-1.61 (n, 1H), 1.89-1.96 (n, 114), 2.56 (t, J = 6.7,
214), 2.85-2.91 (m 111), 2.98-3.11 (n, 1H), 8.79-3.99 (m 1H), 3.94 (d, J

5.3, 51 Hhe %00@&3@1@{ inmrmédible is@ifBved in 3 mL EBH gﬁ’cﬂ-)S,mIZ 190N (61 ¥ added. 9.
2H) 25 31P NMWR ( 0D): 6 1.61 Step C. Preparation of

(29) - 2- net\/hg@@w%lg@ﬁoﬁ\gﬂitarﬁnn@ seraphiorad v mlmeqarfmﬂcﬂwh ¢hfas¢1dtu(rms evaporated
L- Moc-2-n 0 To on .of .- alan 15 1
nmol ) (Pe% @E%}H r p. lt Cﬁfceln% %gcﬁt) dIdOEX%rarc‘rIEdsa UEW‘% (7% of ¥

(resul ti ngvhselpairden at pH 10) was added net hoxycar bonyl oxysucm nimde (187
ng, 1.1 mmol) dissolved in 5 nL. Afterwards, the reaction m xture was
stirred at roomtenperature for 2 h. The al kaline solution was extracted

t h! d t
This the EOPRR AT Pere A w0 T bR Bndrins sunbiTed D GIhIE Hhhses
wer e washe®4wid, N D M0t IN=HC, 2H§hg 79r(ﬁam{): 2W138E 1M8s3.d1 (Bdiy er44Na2504.4,
filtered and evaporated to an oil, which solidifies to yields 200rrg(73%
of the dedM).cdoererith) 6.-59Hds/ Fi%brRiBdl-22 & ¢re¥b&rdd as the N-substituted

am no acid) was used without further purification in the next step. 5 Step
D. Preparation of (1 S ,59)-(1- {
5-[(4-am Sfﬁ:pb“ﬂnzene?tdpfamnyﬂXES)Sbbmthdxy@a‘ﬂ)m]anﬁﬂo 3,3-diphenyl-propionic acid

15
To a solution of L-diphenylalanine (241 mg, 1.0 mmol) (Peptech Corp.) in 5 mL IN NaOH
and 0.5 ml saturated Na,COs; (resulting solution at pH 10) was added
methoxycarbonyloxysuccinimide (carbonic acid 2,5-dioxo-pyrrolidin-1-yl ester methyl ester)
(180 mg, 1.1 mmol) dissolved in 5 mL. Afterwards, the reaction mixture was stirred at room

20 temperature for 2 h. The alkaline solution was extracted once with ether (10 mL) and the
aqueous phase was acidified with 1N HCl. This was extracted twice with 20 mL EtOAc, and
the combined organic phases were washed with 50 mL IN HCI. The organic phase was dried
over Na,SO, filtered and evaporated to an oil, which solidifies to yields 250 mg (83%) of the
desired material. This derivative was used as such in the next step.

25
Step F. Preparation of (1S5,55)-(1-{5-[(4-amino-benzenesulfonyl)-isobutyl-amino]-6-
hydroxy-hexylcarbamoyl}-2,2-diphenyl-ethyl)-carbamic acid methyl ester (PL-100)

The title compound was prepared from (15)-4-amino-N-(5-amino-1-hydroxymethyl-pentyl)-

30 N-isobutyl-benzenesulfonamide (VII-deprotected) (step D) and (25)-2-
methoxycarbonylamino—3,3-diphenyl-pr.'opionic acid (step E) using the coupling procedure
with HOBt and EDAC described in example 3 (step D). The final product was obtained in
67% yield (121 mg).
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phosphonooxy- hexyl car banoy11- 2- napht hal en- 2-yl - et hyl ) - carbam ¢ aci d net hyl
ester (PL-507) i0100 ng L-Moc-2-naphthylal anine (step C) was activated with
100 ng EDAC and 57 ng HOBt in 1.5 nL DMF for 30 m nutes. Then, 100 ng of
phosphoric acid 6-am no-2-[(4- am no-benzenesul fonyl)-isobutyl-am noj] - hexyl
ester diethyl ester (step B) was added and left to stir at roomtenperature
for 1 it 40 nmL of 1M K2CO3 was added to the DMF solution and left for 10
mn. 50 nmL of EtOAc was then added and the m xture was then agitated 15
vigorously. Separation of the Et0OAc phase was effected, followed by
extract i onLGiVR :5% 3iMHHD . A5%dpws0 i) once, then water (50 nl) 3 times and
finally brine. The organic phase was the separated and evaporated. The

resi due was taken up in 50 nL DCM and re-evaporated. The residue was again
taken up iy CB&M}%@?&Q@S (&, 2TYBB83 v& s %lddeﬁiH) Dt -8.66 (i @H)vl/a?é? 1.84t
over ni ght (16 h) was evacuated and a solutiaon of ice c %;%9934
Water 1 @nslld{);lded -1.82 (my &d) brd2ek 93 (mndHovhae Udoddm. ﬂi@ ?ééﬂdfi?e -

triturated e e B0k Ylsi (@n 7 wasg) o
extracted ?Hi’rfai h(g aqugeg’ufsjmp%aésd:‘% ggl(aé{ Tlﬁz %ﬁ 3EEIFQI h%t% (Q’Tf;e whi t
precipitat gq W ﬁhgnz Clod, I 180t edolyy, J H 8.0,a2H)0A. 18AH 8drd, éﬂi); h2Q-dctio(nmovéhni- éant
Yi el ds 88 of the title conmpound, 25LC-Ms: 679.8 (M+1l-1)+, 95% pure.
NI\/R (CD30D)d J 578, 89). 64984 (At 82iH) 1.15 (m 2H), 1.35 (m 1H), 1.45 (m

1.88 (z 1 1 3 s(m
111) 3.56 ?gﬁ@@ﬁ(ﬁ%&”‘%o% %ah)%’ £ 8]1 %%lf B h08 1%0%1 25¢ 9 (t, J
= 6 8, 101H) 57.5. 59714(5@5 313,89, nalsl)lzs?? 3@62d1,26J3=1879 12&1)12871&523@@ ﬂﬁS $11)

8 (d, J = 8. 766(1 ;ng 70-7.82 (m 3H). 31E NWR (CD30D): a
2 56 Exan‘p?fb74141I3r éﬂ)b?:altﬂ&a 8b.9¢ %S})npsnosphorl c acid
nono- ( 2- [ (4-an nobenzenesul fony1) -i sobutyl - ani nol - 6- { 2- 1( nor phol i ne- 4- car bo
nyl ) -am nol- 3-napht hal en-1-yl - propi onyl am no} - hexyl ) ester (PL-498) 5Step
A. Prepar at§ep (f ( 2Spreparion pifok 151844 o &-[(érayipo-hemasod subfonelphobatydaming=6-

pr opi oni ¢ aC|d To a solution of L-1-n y

(Pept ech dshighgxy- W@PPHIYHONY}KEWI%W%OﬁmE %EJF LF@&I(} S%E rersm%Jt % %1 i

sol Utl%ﬂ at pH 10) was added norpholine-4-carbonyl 0 chloride (150 ng 1 0
I's

nmol ) solved in 5 niL. Afterwards, the reaction m xture was stered
r oom t enpeTht Wiel dbro@péundTheoduck aifi sep oI WBi @ﬂ R3S emttiohc g Broe i Pty

2110 T AP OB 0 AT Beklfad o

extracted or gahi ¢ phases were
washed Wi t ;2@ #lihlsNehb&laturd i6r 03 @@n] ﬁ)lp)h&ﬂeawm adrhte»d qfvdacthNaQ}S@mwmphafe

filtered and evaporated to an oil i.di f.ies t.aa yields 38%
150f the d@%@frleaané}t@mramol>T§P§IUEbH¥5%fd¥Fd(ﬁs}9?§ “hé’léaefals"@u@ﬂ R 9 a2y r{’éx?‘(’ .
Step B %ﬁf el BPOfhé goc'fugﬁ \APQQ HE@TdrCI ﬁ%l 8°C and 12 h at room temperature. 20 mf

a

nono- (2- m no- benzenesul tonyl I sobut yl - am no] - 6-
( 2- Rnor phoamerbéfmamymasaddmmae nolBtiom ahdihe begds-ysere thaspyshdy mines Wk je)

et ot et PO SR SR AR 35pL Ohind B8 AIFRALATHER off ThO%eads

(29)-2- Rﬂ%@#&%kﬁ%&h&mﬁ@ﬂys%meaimaml6 BrRaRbo Rdl eRnlexythetpd ﬁnbonmes amhdethyl
(step A of this exanple). The resulting precipitated residue ({W&ite 1gh

purified bycetatw€3GalphBlsecomiiped ahisgevagppaporgicd) and the repfiust Wit

corrpou2r15d vacuum. The crude product was purified by flash chromatography using ethyl acetate/hexane

(8/2), then EtOAc 100% as eluent. The yield of this reaction is 152 mg 61%.
LC-MS: 761.2 (M+H)", 90% pure
30 'H NMR (CD;OD): & 0.68-0.75 (m, 1H), 0.75-0.84 (m, 1H), 0.84-1.10 (m, 9H), 1.21-1.50

(m. 8H), 1.88 (m, 1H), 2.58-2.71 (m, 1H), 2.80-2.89 (m, 1H), 2.89-3.08 (m, 2H), 3.49-3.60
(s, 3H), 3.65-3.74 (m, 1H), 3.85-3.95 (m, 1H), 3.97-4.02 (m, 1), 4.07-4.21 (m, 4H), 4.29 (d,
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25 LC-MS: 734.8 (MrH)+, 95% pure. 11-1 NVR (CD30D): a 0.83-0.98 (m 8H),
1.00-1.25 (m 4H), 1.45-1.52 (m 111), 1.52-1.66 (m | H), 1.88-1.99 (m
1H), 2.77-2.92 (m 2H), 2.98-3.16 (m 314), 3.40-3.49 (m 1H), 3.50- 303.56
(m 6H, 3.67-3.69 (m 1H), 3.81-3.89 (m 111), 3.99-4.05 (m 1H, 4.59 (t,
J =6.0, 11-1), 6.75 (d, J = 8.0, 2H), 7.30-7.60 (m 7H), 7.75 (d, J = 8.0,
)s

790 (diadol B s S Tt e Tk SRIOPY 785
mono- { 6- (2 aegf yLam, @H)%%&{(brs 1H).

di phenyl - propt onyl ani noj - 2- [ (4- am no- benzenesul f ony1) -i sobut yl - ami nol hexyl )
ester (PL-504) 5 Step A Prepar ation

(25) - 2- acej 1 nQ-3, 3 h propi onic acid To a solution of

L- di phenyl aﬁ(mze&%é) p1€f4 mmol ) (Peptech Corp.) in 5 nL I N NaOH and
0.5 nL.saturated Na2CO3 (resultl ng solution at pH 10) was added acetyl

chloride (0.5 10 nmmol ) dissolved in 5 nL. Afterwards, ﬁhﬂ %)%ﬁn mx]té.lre
was sti rré?de}aH roomRreW@tFCat LSPIf e(lfsoﬁs)ﬂlﬂ5 [hamokkanzeResy an mino

i)lilt Ir-l?:ft e'?'rﬁ' ?08’% ?ceadlg e Wl Hh%léﬁl nﬁ‘géec%%nﬁg ?@Qt@é %%ﬁ%%dﬁgr)gaar c

phases were washed with 50 nL IN HC1. The organi c phase was dr| ed over

Na2SX4, filtered and evaporated to an_oil, which solidi ds ZO ny
(609 of tHe me@wcﬂéast% prsparad aborsi(d 5% Pigdavas Sé?'?f%%i“a%f@y 35)8/3”% B

I n thel ;t’ ﬁﬁ[%gth? g&lepx%hﬂgé ?@ SQ%Lﬁ 28 ZriePROBPION T @ittre was stirred
nono- acet y] am no-

pr opi onyI altiring ) 1h2:xt Elﬁétearpemburbend ememgjht almpoin-tempbratuyé. - B %‘kﬁﬁ’é)&?ﬁ ?V@§f5éerd
Cxcanpl o 3 0dtloh Tty NI e aaud ink: PR 28T sl REpRUEG o
aci d (thi srigxeRplistbsRie®thred Midndsiandlthe residue dried in vacuo. Y1elds 98 mg 70% of the
title derivatives of this first example.
Is
LC-MS: 705.2 (M+H)", 95% pure

'"H NMR (CD;0D): § 0.65-0.73 (m, 1H), 0.75-0.83 (m, 1H), 0.89 (d, J = 5.6, 8H), 1.27-1.38,
(m, 1H), 1.42-4.55 (m, 1H), 1.82-1.94 (m, 1H), 2.57-2.68 (m, 1H), 2.78-2.90 (m, IH), 2.91-

20 3.09 (m, 2H), 3.54 (s, 3H), 3.60-3.72 (m, 1H), 3.87-4.05 (m. 1H), 4.00 (m, 1H]), 4.29 (d, ] =
11.3, 1H), 4.90 (d, J = 11.4, 1H), 6.73 (d, J = 8.0, 2H), 7.13-7.22 (m, 2H), 7.22-7.33 (m, GH),
7.33-7.45 (m, 2H), 7.51 (d, 1 = 7.5, 2H).

3P NMR (CD;0D): 6 2.80

Example 1B Alternative preparation of (15,55)-(1-{5-[(4-amino-benzenesulfonyl)-
isobutyl-amino]-6-phosphonooxyahexylcarbamoyl}-Z,Z-diphenyl-ethyl)-
carbamic acid methyl ester (PL-461)

30  The procedures used for these processes are summarized in schemes 2B-2D.
Step a. Synthesis of {4—[(S-tert-Butoxycarbonylamino—1-phosphonooxymethyl—pentyl)—
isobutyl-sulfamoyl]-phenyl}carbamic acid tert-butyl ester (VII1).



product was obtained in 30%yield (30 ng). LC-MS: 689.3 (Mt14)+, 95%
pure. 25 11-1 NWR (CD30D):60.77-1.04 On, 911), 1.10-1.17 (n, , 1H)

1.23-1.49 (m | H), 1.46-1.57 (m 1H), 1.78 (s, 3H), 1.88-1.99 (m 1H5
2.80-2.92 (m 2H), 2.92-3.08 (in, 2H), 3.63-3.75 ’

To a cooled solution of VI ( 17 g, 31 mmol) and pyridine (30 mL, 372 mmol; Aldrich
Chemical Company) in 200 mL of methyl iso-butyl ketone (Aldrich Chemical Company)
was added dropwise neat phosphorous oxychleride (8.4 mL, 93 mmol; Aldrich Chemical
Company). Cooling was removed following the addition and the mixture containing a white

s precipitate was stirred for 12 hours at room temperature. The solution was then poured into
600 ml, of cold (ice bath) aqueous 1N HCL. The biphasic mixture was heated to 50°C and
stirred vigorously for 2hrs. The cooled mixture was decanted. The aqueous phase was
extracted once with methyl iso-butytketone and the combined organic phases were washed
with water. The solution was dried over sodium sulfate, filtered and concentrated to a red

10 paste. The intermediate was extracted in aqueous sodium hydroxide (1M). The aqueous
phase was washed twice with ethyl acetate, separated and then neutralized with diluted
aqueous hydrochloric acid. Extraction with ethyl acetate yielded 13g to 19g (88%) of the utle
compound.(LC-MS: m/z 624.2;'"H NMR (acetone-d6) & : 7.8 (dd, 4H), 4.1-3.95 (m, IH),
3.05 (m, 1H), 2.95 (m, 3H), 1.95 (m, 1H), 1.73 (m, 4H), 1.5 (s, 9H), 1.455 (s, 9H), 1.15 (m,

15 2H), 0.89 (m, 6H). The enantiomeric purity of intermediate XVIII may be determined by
deriving the pendant alcohol using MOCDIP, through a DCC/DMAP condensation, then
determining the ce either qualitatively with a TLC or quantitatively through HPLC.

Step b. Synthesis of the aqueous solution of the bis-hydrochloride salt of phosphoric

20  acid m0no~{6-amin0-2-[(4-amino-benzenesulfonyl)-isobutyl-amino]—hexyl} ester (XIX).
To a solution of XVIIT (19g, 31 mmol) in 150 mL of methyl iso-butyl ketone was added 7.2
ml (90 mmol) of concentrated HCI and the resulting mixture heated to 55°C for 6 hours then
allowed to cool to room temperature, Water (50 ml.) was added and the resulting two phase
mixture separated to give approximately a 0.6 M aqueous solution of X/X.

35 MS: m/z 424.2; '"H NMR (CD;0OD) & 7.95 (d, 2H), 7.35 (d, 2H), 3.90-3.05 (m,
3H), 2.9 (s, 4H), 1.95 (m, 1H), 1.65 (m, 4H), 1.45 (m, 2H), 0.9 (m, 6H).

Alternatively, in a 1-L, one-necked, round bottom flask that contain a magnetic stirring bar
are placed 19g (31 mmol) of {4-/ (S-tert-Butoxycarbonylamino-1-phosphono-oxymethyl-
30 pentyl)-isobutyl-sulfamoyl]-phenyl}-carbamic acid tert-butyl ester (XVIII), 150 mL of
acetone and 7.2 ml (90 mmol) of concentrated HCI. The flask is fitted with a condenser and
the solution is refluxed for 6 hrs. The reaction was monitored by LC-MS. The solvent is

evaporated using a rotary evaporator and the gummy red residue is partionned between 100



(m 1H), 3.79-3.95 (m 111), 4.00 On, 1110, 4.34 (d, J = 11.3, 1

gii?-572g2(9’4|1 |(—|) SH)??-7 2985 (m 2H), 7.10-7.20 (n, 2H), 7.27-7.33 (m
, 71.32-7. m , 7.49-7.62 (n, 2H). 30 31P NWR (CD30D):

Exanpl e 6. Preparation of K ( ) 210

(1'S,5S)-(1-(5-1(4-am no-3-fl uoro-benzenesul fonyl)-i sobutyl am nol - 6- phosphon
ooxy- hexyl ear banoy1} - 2, 2- di_.phenyl - et hyl ) - car bam ' P P
(PL-515) gpupg@rhmﬁt@mnegpﬁl%%wwﬁ%éﬁ%sﬁr% nﬁ%‘&p?ﬁ?@ﬁd@%&%@ihgri s based
on scherme a%i;?éc_zf—[lgl (?Rd VeI ONrec SR B FT MPYORIPrepYIafe tubes and used as is without
(1-{5-[(4-am no- - or o- benzenesul f onyl) -i sobutyl - am nol- 6-

hydr oxy- héxytes aubficmiphb} - 2, 2- di phenyl - et hyl ) -carbam c acid nmethyl ester (X)
(PL-337) 10 The product of example I'A step F (0.624 g, 1 nmml) is
dissolved in 5 nL MeCN at 24 C. SelectFluor 0.35 g (I nmmol) is added in one

portion ardest! Sfyrn?ﬁjesfSfo (5. [l4-Rinifh-beRi @icsiiforagicieobety baiven o bespbanavag -
I njected directly I nto a preparative r ever se-phase HPLC. enprp ct was
E(C):I :Vgct g2émgylcblyhxnmyﬂ}i-%ehdmegylv@hxﬁgﬂrrﬁ*gnvg80)@ mysthylestr (ép‘;%ﬁfg'e @gl id 15
- VB: \ +, 99% AN " =
J = 6.3, éle)“?£ %’QPP@X%ME&%%Ok)lo%é%‘%g&?%mﬂ’% hogptiglc g‘msj%w(nr% &ia? (e
1. 82- 1. 92 (o 3H)4-airP Irepz &R stifny DHso bRty RdmioBBexyi) c2)(XLX) 94s nQO3Lios! (m
2H), 3.38-3.40 (1, J =5 IH, 3.49:3.52 (m 5. 4 28 (d 43 = 100 21 1)
4.87 (d, Jvith 40 mL of IN sodium hydroxide. The pH of the solttion (p ~4-5q’was thenri acfjus&ijd tgi '
10 pH =8 by adding 150 mL solution of saturated of sodium bicarbonate. To this well stirred
solution was added a freshly prepared solution, in 130 mL of acetone, of
methoxycarbonylamino-3,3-diphenyl-propionic acid 2,5-dioxo-pyrrolidin-1-yl ester (13.34g,
34 mmol) prepared according to Anderson et al J. Am. Chem. Soc. 1964, 1839. The resulting
clear solution was stirred for 12h. The reaction mixture was concentrated and the remaining
15 aqueous phase extracted twice with ethyl acetate. The aqueous phase was then acidified with
IN hydrochloric acid and the resulting suspension extracted with ethyl acetate. The organic
phase was washed with water then dried over sodium sulfate, filtered and concentrated on a
rotary evaporator. The solid residue was again suspended in ethy} acetate and acidified with

HCl (g). The resulting beige precipitate was collected by filtration to give 12.5g (66%) of the
20 title product. Purity was determined by LC_MS and is greater than 97%.

MS: m/z 7052 : 'H NMR (CD;0D) § 7.52 (d, 2H), 7.37 (d, 2H), 7.30-7.19 (m, 8H), 6.69

(d, 2H), 4.92 (d, 1H), 4.28 (d, 1H), 3.87 (m,11), 3.76 (m, 1H), 3.67 (m, 1H), 3.54 (s, 3H),

3.04 (m, 2H), 2.85 (m, 2H), 2.65 (m, 2H), 1.94 (m, 1H), 1.65 (m, 1H), 1.25 (m, 1H), 0.92-
25 0.88 (m, 10H).

In step c. above, methoxycarbonylamino-3,3-diphenyl-propionic acid 2,5-dioxo-pyrrelidin-1-
yl ester may be prepared as follow; Ina 500 mL, erlenmeyer flask is placed 26g (87 mmol)
of MOCDIP 175 mL of anhydrous dioxane and 10g (87 mmol) of N-hydroxysuccimide. The
50 solution is cooled in an ice bath while 18g (87 mmol) of DCC is added. The mixture 1S
allowed to stand in the refrigerator at (~ 0)°C overnight. The formed dicyclohexylurea is

filtered and washed with dioxane. The filtrate is concentrated using a rotary evaporator to
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10, 1H) 6.90 (t, J =8.3, 1H, 7.20 (m 2H), 7.28 (m 3H, 7.33 (m 3H),
7.39 (m 4H). Step B.Preparation of (15,55)- {

145-[ (4- am no- 3-fl uor o- benzenesul f onyo-i sobut yl -

am no] - 6- (di et hoxy- phosphor yloxy) - hexyl car banoy1] - 2, 2- di phenyl-et hyl
-carbam cacid 25nmet hyl ester The product of step A was phosphorylated with
chl or odi et hyl phosphate foll owi ng the procedure described in exanple IA

step G Y'yf'él&ﬁ sél?c? thHgls t%r/ﬂted?’ﬁ‘n é%l@r'vsfhe me%oﬁ&/lﬂ)rﬂfcov@&%@bﬁl&atmﬁ hndNivRd.
(CD30D) ; (m 1M, 0.92 (d 8, 0.96 (m 3H), 1.36 (d, J =
3.7, 6H), Thf:g@h@mﬁ]g-l) 269(m 1H) 289(m 11-1), 2.98 (m 2H), 3.56
(s, 3H), 3.74 (m 1H), 3.93 (m 1H). 4.03 (m IH. 4.12 (q, J = 7.5 and
14,8, 4y, 432 (d, J =114, 10, 492 (d J =114, 1H. 690 (t, I =

S (Ot 2H. P [14-aBdifb-beRz@ft BpbuGLP
NMR ( CD30D) E&QT{%ZSFD& ep ré P'%?Sg?‘aﬂtxll‘%ﬁsﬁa (3-ftd-aBlifip-berzdftsgHanyhlibhbuty

(1S,58)-(1- eBpoKG-phpsThopopxyrbexritrhaetylul 2 shiphonyl-sHplk-(arbamic acid methyl

am no] - 6- phosphongo bam)yl} 2, 2-di phenyl -et hyl )-carbam c acid
methyl estef® %W?ﬁffy{sa%%?}‘ protecti on was effected using the procedure
descri bed in exanple 1A step G Yiel ds 101 ng LC—MS 723.2 (M-H) +, 95%

pure. 1511-1 NVR (.CD30D): 65-0.77 (m 77-.0. 5 ( 0,.85-1. 05
(m 9H), ¥0J5mgoBthefinal ppq)ducq_oﬁq)thfr RS MB.DOI‘ 1§ 1gzad(_dLe ](irnr‘ﬁllr A'{?Q{ I,\Iaoglsan]d
2.58-2.72 {lmed ]WFQh’ 1 188 (ﬁstﬂ?ed(vpﬁter,lﬁe StuBid is then frozen and lyophilized. Yields 67.2

10 mg(92%) of the desired material with 95% purity.

'H NMR (CD;0D): 6 0.72-0.83 (m, 1H), 0.90 (d, J = 5.8, 9H), 1.26-1.38 (m, 1H), 1.53-1.65
(m, TH), 1.88-2.00 (m, 1H), 2.60-2.70 (m, 1H), 2.79-2.89 (m, 1H), 2.98-3.00 (m, 1H), 3.00-
3.08 (m, 1H), 3.54 (s, 3H), 3.58-3.71 (m, 1H), 3.72-3.83 (m, 1H), 3.84-3.95 (m, 1H), 4.28 (d,

s I=11.1, [H), 491 (d, J=11.0, 1H), 6.70 (d, } = 7.6, 2H), 7.12-7.22 (m, 2H), 7.22-7.32 (m,
6H), 7.33-7.40 (m, 2H), 7.50 (d, J = 7.7. 2H),

3'p NMR (CD;0D): & 3.13

20 Crystals of the PL-462 compound were obtained as follows. Ten grams (10.00g) of PL-461
(14.2 mmol) was weighed out. Thirty milliliters (30 mL) of 1% NaCl was then placed in a
beaker and the PL-461 powder added in 1g portions. After each portion the pH was adjusted
with NaOH 40% to pH 6-8. In the last few portions heat was applied with a heat gun to help
in the dissolution of the slightly turbid, honey coloured sojution. The temperature did not

25 exceed 60°C. A Further 15 mL of distilled water was added bringing the total volume to 50
mL. Final concentration gave 200 mg/mL pH adjusted to 8.5-10 (pH paper). After cooling at
room temperature for 3h a thick paste was obtained. This paste was filtered and pressed to
give an off-white cake (24g wet weight).

About 35 mL of the liquour was recovered and re-acidified to recover the PL-461 {get 1.6g)

30  from the discards. The cake was re-dissolved in 40 mL of distilled water with warming to
50°C and left to cool for Sh. The resulting thick paste was filtered and pressed. The resulting
solid was then dried in a Iyophilizer for 36h. The yield for PL-462 was 8.89g, 11.8 mmol
(83%).
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3.05 (m 2H), 3.54 (s. 3H), 3.64-3.75 (in, 111), 3.80-3.92 (m 1H),
3.91-4.04 (m 1H), 4.29 (d, = 11.4, 1H), 7.19 (t, J =6.6, 1H), 7.13-7.21
(m 2H), 7.22-7.33 (m 611), 7.34-7.38 (m 21-1), 7.39-7.48 (m 2H). 20 3IP
NVR (CD30D): 6 2.74 Second net hodol ogy: The preparation of the title
conmpound i s based on schene 4 of this invention. 25 Step

A. Preparation(1S, 59)-(1-{5-[(4-am no- zenesulfonyl).-i | -.am - 6-
E)hos pgo ?oéﬂ)ﬂ* a5ay Sé%l?@é{‘f?ﬂ)}q‘}nglﬁ?lz’-r @q?lﬁﬁ’g%&}f f@t W%ﬁ ﬁeg?‘ﬁﬁﬁ?ﬁ%wﬁ&ﬁ%%\% Uit or
PL-461 == et : ; i , i phepyl.: ! i | e
T sten B P oty SR

9 mol) and HOBt (1.2 g, 9 nmmol). To the solution was added 1.17 g of
(2S) - phosphoric acid

6- am no- 24( 4- am nobenzenesul fonyl) -i sobutyl - am nol - hexyl ester diethyl
ester §/ X)Eoﬁgigﬁ}r)h& @055 1SRoIBYf PNA6t Reasmdiddowed ist i m@ds0oedickahe s@tion &fith

Anberlite XAD-2 Tesin was then added and the beads were left to soak for 10
nmn. The meghptinssringandfer pddnéastredavigh apdl MetareA sohuiionens eendendired fehi I

with distill wat er (/400 nd 200 . of 1M CB,. Th S -1 hen
washed wi Oig X! %’;Oglﬁ?eﬁpglr ?{g_b‘%e%t%o?ndh/g’ﬁgquﬁ‘gﬁcéfcﬁl&%s géthﬁqn%ﬁgagr%%ﬁ%%dlﬁ ase
was evapokmé@d. afitheadiesliqide Aasaphdsosiped volinge 5F NaOM get pRidd pas seshavir mugh
a short silica gel colum (EtOAc) to yield 2.4 g (83% of white solid after
evaporati &fg25 NVR identical as in exanple |A step H Step
B. Pr eggr ation(13,5S)-{115-[ (4-am no- 3-fl uoro-benzenesul fonyl)-i 50butyl - am
i no] - 6- (di et hoxy- phosphoryl oxy) - hexyl car banoyl ] - 2, 2- di phenyl -ethy 11-carbam
i( (1: gCng) 1(()1[1&'((3#51114[1‘(3 %St B_E‘e[(a?ﬁll;ﬁbn ﬂ'h@S‘gl‘}l*.?E{ﬂlq’lS—[m-aﬁﬁwbﬁlzﬂmuﬂfonyl)—isobutyl-amino]-

: -(1-(5- - am no- benzenesul f on -i sohutyl - am nq] - 6-. phosphonoox:
hexyl car banoy1} - 2, 2-ﬁoﬂ'ﬁ‘ﬁBh%“—"éﬁ'&?l"ylﬁé’la@?%’é?ﬁlé"ga‘ﬁ)ﬁ?ﬂl‘lgﬂ‘\%yl'&lﬁg}'c?'g’.ag%aﬁ;‘?é

methyl ester (PL-507)
15 The preparation of the titie compound is based on scheme 2A of this invention.

Step A. Preparation of (15)-(4-{[5-tert-butoxycarbonylamino-1-
{diethoxyphosphoryloxymethyl)-pentyl}-isobutyl-sulfamoyl}-phenyl)-carbamic  acid  tert-
butyl ester (VIIT)

20
2.00 g (3.7 mmol) (18)-{4-[(5-tert-butoxycarbonylamino-1-hydroxymethyl-pentyl)-isobutyl-
sulfamoyi]-phenyl}-carbamic acid tert-butyl ester (VII} (example 1A, step D) is dissolved 1n
0.63 mL triethylphosphate and 10 mL THF at 0 °C under inert argon atmosphere. 0.63 mL
(4.44 mmol) diethylchlorophosphate is added and then 0.25 g (6.2 mmol), NaH 60% in oil is

25 added in portionwise. The mixture is allowed to warm to room temperature and left to stir for
2 h (LC-MS showed completion after 1 h). To the solution is added 20 mL of Amberlite
XAD-2 resin and the slurry thoroughly mixed and added to 200 mL ice water. After stirring
for 15 min. the resin suspension is filtered and the resin washed several times with distilled
water (500 mL). The desired product is desorbed from the resin with acetone (5 X 50 mlL),

30  EtOAc (5 X 50 mL), the organic phase is then dried over Na,8O,. After evaporation of the
solvent 2.66 g (89%) of clear oil is abtained. The crude product contains a fraction with two

diethyl phosphates and is used as is in the next step.
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0.73 mml) was dissolved in 5 nL MeCN. Selectfluor (0.26 g, 0.7 mol) was
added and the 15m xture stirred for 30 mn. The m xture was purified by
reverse phase preparative HPLC and |yophilized to yield 278 nmg (48%yi el d)
white solid. 1H NVR identical as previous entry, see first nethodol ogy
above. 20Step

gmpggfagati on(1S, 59) - ( ﬁ-{S- [ (4- ami no- 3-f | uor o- benzene5ul f ony1) -i sobut yl -
- 0" O, . =1 1 | ~ . ?
SERRPRICOYSY Ty psRiogy 3o Bl pt a1 o, s

met hyl este / ic case is co u ) (PL-515 The
procedur egHpkes3 ki $0MBIi. AR Emyd$1)aB. 888 i), A.%6hb 04 &y éHéci@%?ﬁggt(@p

f i 0
| FANR | doRH -85 helRb g iehtf i 42b Hade michaty by Bag Bn . TC

30Bi oavai l ability of the conpounds To assess the extent of in vivo cleavage
of the pholsphate group fromthe putative conpounds, PL-100, PL-462 (based
on PL-5100j'p NMRIBD;60Y: BL15%5 (based on PL-337) conpounds were admi ni stered
per os (po) (50 ng/kg) to nmale Sprague-Dawl ey rats and their plasm
concentration nmeasured at different tinme intervals post-adm nistration.

PL100 is tive p | g id Rbidb i f[(4-amifob ' -
for mil a g{%B?CH O_I’br?ﬁr%%ﬁ%?é@ﬂ phAPRSd RBIdDEaeiho-Of [(4-Bmifobdrawtesg fonyl)
isobutyl-amino]-hexyl ester diethyl ester (£X)

10 The crude product obtained in the previous step (VIII, 2.66 g) is dissolved in 12 mL EtOH. 4
mL of HC! cone. is added and heated briefly to 70 °C then left at room temperature for 3h. The
solvent is evacuated and the residue triturated with 50 mL ether. The thick residue is then
dissolved in 3 mL ice water and the pH adjusted to 12 with 50% NaOH. The thick slurry
obtained is extracted with EtOAc (3 X 50 mL) and the organic phase dried over Na;SOs.

15 After ﬁltration‘of the drying agent the organic phase is evacuated to yield 1.84 g (98%) of the
desired product (ZX).

LC-MS: 480.2 (M+H)', 95% pure.

50 'H NMR (CD;OD): & 0.91 (s, 6H), 1.11-1.26 (m, 3H), 1.28-1.43 (m, 8H), 1.45-1.51 (m,
1H), 1.52-1.61 (m, 1H), 1.89-1.96 (m, 1H), 2.56 (1, ] = 6.7, 2H), 2.85-2.91 (m, 1H), 2.98-3.11
(m, 1H), 3.79-3.99 (m, 1H), 3.94 (d, J = 5.3, 1H), 4.09-4.11 (m, 4H), 6.69 (d, } = 7.9, 2H),
7.50 (d, J = 7.9, 2H).

25 2'P NMR (CD;0D): §1.61

Step C. Preparation of (25)-2-methoxycarbonylamino-3-naphthalen-2-yl-propionic
acid (or L-Moc-2-naphthylalanme)

30 To a solution of L-2-naphthylalanine (215 mg, 1 mmol) (Peptech Corp.) in 5 mL IN NaOH
and 0.5 ml saturated NayCO; (resulting solution at pH 10} was added
methoxycarbonyloxysuccinimide (187 mg, I.1 mmol} dissolved in 5 mL. Afterwards, the
reaction mixture was stirred at room temperature for 2 h. The alkaline solution was extracted

once with ether (10 mlL) and the aqueous phase was acidified with IN HCL. This was
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PL-337 is an active ingredient (protease inhibitor) of the follow ng
formula; CH2 OHOH O %, 71( 00 -7 S N/\/----. [----- \O-- H The active
i ngredi ent has been shown to be efficient against an H V-1 aspartyl

prot ease (US patent no. 6,632,816). The active ingredients al so present
potent antiviral activity when tested 10on non-nmutated H V-1 viral strain

est art exgentse HBR 25 maos, Ba in Rt e P iafd s e Bt pirsh
different pfehiclie) it r&?gefnﬁd‘?ﬁas@%%ﬁé’d%de? NSOP Filekidnd aﬂapom%hltslaa oil,
conposition is as fo 0% et hanol : 1550% p pﬁene gl ycol ; 0. 05%

""fj" T""efnwmmclmm Y(eMSxi)OO @2X7%505ﬂﬁf®srr<mperiatre is apteieddéate (tefeared
aam ni stere
Each arti &f ﬂ‘ev(g@&@ “P Otaﬁ §§€rda W@} ggurthsel B foa?xgﬁén gn%}% nf%tepso my/ kg.

coll ected at the post-dose tine of 10, 20, 40, 60 120, 180 and 360 m nutes.
The harvested bl ood was 20centri fu?ed to isolate plasm. The resultl]hng

pl asma waStepdpar at elrepardtien of @, 5%-(1 1604 ma@rhfné%mp Iy oigeiheranine

hen anal Jog8" By it K op oy DRt L BRD Gl B AR UL
PL-337. 25g7jTable 1

10 100 mg L-Moc-2-naphthylalanine (step C) was activated with 100 mg EDAC and 57 mg
HOBt in 1.5 mL DMF for 30 minutes. Then, 100 mg of phosphoric acid 6-amino-2-[(4-
amino-benzenesulfonyl)-isobutyl-amino]-hexyl ester diethy! ester (step B) was added and left
to stir at room temperature for 1 h. 40 mL of 1M K;CO; was added to the DMF solution and
left for 10 min. 50 mL of EtOAc was then added and the mixture was then agitated

15 vigm-'ously. Separation of the EtQAc phase was effected, followed by extraction with 5%
citric acid (50 mL) once, then water (50 mL) 3 times and finally brine. The organic phase was
the separated and evaporated. The residue was taken up in 50 mL DCM and re-cvaporated.
The residue was again taken up in 50 mL DCM and 0.5 mL of TMSBr was added. The
solution was left overnight (16 h). The DCM was evacuated and a solution of ice cold

20  MeOH: Water 1:1 was added, stirred briefly and evacuated. The residue was triturated with
cther then dissolved in 1IN NaOH. The clear solution was extracted with ether and the
aqueous phase acidified with 6N HCL. The white precipitated was then collected by filtration

and dried in vacuo overnight. Yields 88 mg of the title compound.

25 LC-MS: 679.8 (M+H)", 95% pure.
'H NMR (CD;0D): § 0.89-0.98 (m, 8H), 1.15 (m, 2H), 1.35 (m, 1H), 1.45 {(m, 1H), 1.88 (m,
1H), 2.84 (m, 2H), 2.98 (m, 1H), 3.01 (m, 2H), 3.24 (m, 1H), 3.56 (s, 3H), 3.60 (m, 1H), 3.81
(m, 1H), 3.99 (m, 1H), 4.39 (t, ] = 6.8, 1H), 6.91 (d, J = 8.0, 2H), 7.34 (d, J= 8.0, 1H), 7.45

30 (m, 21), 7.58 (d, J = 8.0, 2H), 7.66 (s, 1H), 7.70-7.82 (m, 3H).

3P NMR (CD;0D): & 2.56

68



Conmpound
(Ex. No.
50 po 50

10

20

25

30

PL-462 (Ex. No. 2) PL-100 (Ex. No. 1-F) PL-515 (Ex. No. 6) PL-337
6-A) Vehicle PBS M x PBS M x Nunber of rats 3 3 3 3 Dose %ng/Kg)

po

Example 4. Preparation of (25,25) phosphoric acid mono-(2-[(4-amino-
benzenesulfonyl)-isobutyl~amin01—6—{2-[(morpholine-4-carb0nyl)-amin0]-

3-naphthalen-1-yl-propionylamino}-hexyl) ester (PL-498)

Step A. Preparation of (28)-2-[(morpholine-4-carbonyl)-amino]-3-naphthalen-1-yl-

propionic acid

To a solution of L-1-naphthylalanine (215 mg, 1 mmol) (Peptech Corp.) in 5 mL IN NaOH
and 0.5 mL saturated Na,CO; (resulting solution at pH 10) was added morpholine-4-carbonyl
chloride (150 mg, 1.0 mmol) dissolved in 5 mL. Afterwards, the reaction mixture was stirred
at room temperature for 2 h. The alkaline solution was extracted once with ether (10 mL) and
the aqueous phase was acidified with 1N HCL. This was extracted twice with 20 ml. LtOAc,
and the combined organic phases were washed with 50 mL IN HCL The organic phasc was
dried over Na,SOy, filtered and evaporated to an oil, which solidifies to yields 125 mg (38%)

of the desired material. This compound was used as such in the next step.

Step B. Preparation of (25,25) Phosphoric acid mono-(2-{(4-amino-benzenesulfonyl)-
isobutyl-amino}—G-{2-[(morpho1ine—4-carb0ny1)»amino]—3—naphthalen— 1-yl-propionylamino}-

hexyl) ester (PL-498)

This compound was made as for the preparation of the product of example 3 (step D) with
100 mg of (28)—2-[(morpholine—4-carbonyl)—amino]-3-naphthalen-l-yl-pmpionic acid (step A
of this example). The resulting precipitated residue was further purified by reverse phase

preparative HPLC. Yields 41 mg of the final compound.
LC-MS: 734.8 (M+H)", 95% pure.

' NMR (CD;0D): 6 0.83-0.98 (m, 8H), 1.00-1.25 (m, 4H), 1.45-1.52 (m, 1H), 1.52-1.66
(m, 1H), 1.88-1.99 (m, 1H), 2.77-2.92 (m, 2H), 2.98-3.16 (m, 3H), 3.40-3.49 (m, 110), 3.50-
3.56 (m, 611), 3.67-3.69 (m, 1H), 3.81-3.89 (m, 1H), 3.99-4.05 (m, 1H), 4.59 (t, ] = 6.0, 1H),
6.75 (d. J = 8.0, 2H), 7.30-7.60 (m, 7H), 7.75 (d, J = 8.0, 1H), 7.90 (d, = 7.8, 1H), 8.23 (d,
J=7.8 2H).

3P NMR (CD;0D): § 2.71
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50 po 50 po AUC (ug/hr*m) 0.816 0.295 (PL-100, detected) 0.675 + 0.171
1.075+ 0.625 (PL-337, detected) 1.180 0.196 Cnax (nM 330 + 109 498 203
545215 681131 Trnax (min) 93 60 40+16 87 60 6015 50 ny/Kg PL-462 = 43 ny/ Kg
PL- 100 50 ng/Kg PL-515 = 43 ng/ Kg PL- 337

Example 5. Preparation of (25,25)-phosphoric acid mono-{6-(2-acetylamino-3,3-
diphenyl-propionylamino)-l-{(4-amin0-benzenesu]fonyl)—isobutyl—amino]-

hexyl} ester (PL-504)
Step A. Preparation (25)-2-acetylamino-3,3-diphenyl-propionic acid

To a solution of L-diphenylalanine (100 mg, 0.4 mmol) (Peptech Corp.) in 5 mL 1N NaOH
and 0.5 mL saturated Nay;CO; (resulting solution at pH 10) was added acety] chloride (0.5
10 mmol) dissolved in 5 mL. Afterwards, the reaction mixture was stirred at room temperature
for 2 h. The alkaline solution was extracted once with ether (10 mL) and the aqueous phase
was acidified with 1N HCI. This was extracted twice with 20 mL EtOAc, and the combined
organic phases were washed with 50 mL IN HCl. The organic phase was dried over Na;SOq,
filtered and evaporated to an oil, which solidifies to yields 70 mg (60%) of the desired

15  material. This crude intermediate was used as such in the next step.

Step B. Preparation of (25,25)-phosphoric acid mono-{6-(2-acetylamino-3,3-diphenyl-

propionylamino)~2—[(4—amino—benzenesu!fonyl)-isobutyl~amin0}~hexyl} ester (PL-504)

20 This compound was made as for the preparation of the product of example 3 (step D) with
100 mg of (25)-2-acetylamino-3,3-diphenyl-propionic acid (this example step A). The final
product was obtained in 30% yield (30 mg).

LC-MS: 689.3 (M+H)", 95% pure.

25
'H NMR (CD;0D): ¢ 0.77-1.04 (m, 9H), 1.10-1.17 (m, 1H), 1.23-1.49 (m, 1H), 1.46-1.57
(m, 1H), 1.78 (s, 3H), 1.88-1.99 (m, 1H), 2.80-2.92 (m, 2H), 2.92-3.08 (m, 2H), 3.63-3.75
(m, 1H), 3.79-3.95 (m, 1H), 4.00 (m, 1H), 4.34 (d, J = 11.3, 1H), 5.19-5.28 (m, 1H), 6.77-
6.85 (m, 2H), 7.10-7.20 (m, 2H), 7.27-7.33 (m, 611), 7.32-7.41 (m, 2H), 7.49-7.62 (m, 2H).

3'p NMR (CD;0DY: & 2.70
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5The results denonstrate that PL-462 and PL-515 conpounds nmay be delivered
orally in aqueous solutions. None of the PL-462 and PL-515 conpounds,
del i vered as aqueous solutions, are detected in the bl ood sanples, which
suggests rapid netabolismto PL-100 and PL-337 the parent drugs. 10Agueous
dosing of PL-462 and PL-515 solutions showed equivalent to slightly
superior delivery of PL-100 and PL-337 conpared to non-aqueous formul ations
of PL- 100EannipRL6. 33Hreparat1mBa’$(€lS 56h-( 1B $(d-ammio-3-Sluoad-bediracpiifoaphasotiudyled

conpounds described in th ent i nvention 15w || sim | ar
phar macoki netic pr op@Rqle -p P?‘?"é’ g‘ﬁ’f'f’%‘?“& %{gﬂ{génﬁlrﬁgﬁﬁé%f@dmc
conpounds and the cg)&aqﬁggppésm(ﬁbél@ot ease inhibitors (drug) are as
foll ow. 20Table 2. Conpounds Log? Correspondi ng drugs LogP PL-461 (or

PL-462) -1.2 PL-100 3.6 PL-515 -0.75 PL-337 3.8
5 First methodology: The preparation of the title compound is based on scheme 3 of this

Invenhion.

Step A. Preparation of (1-{5-[(4-amino-3-fluoro-benzenesulfonyl)-isobutyl-amino}-6-
hydroxy-hexylcarbamoyl}-2,2-diphenyl-ethyl)-carbamic acid methyl ester (X) (PL-337)

The product of example 1A, step F (0.624 g, 1 mmol) is dissolved in S ml. MeCN at 24 °C.
SelectFluor .35 g (1 mmol) is added in one portion and stirred for th. 1 mL of water is
added and the solution was injected directly into a preparative reverse-phase HPLC. The

product was collected and lyophilized to give 250 mg (38%) yield of a white solid.

LC-MS: 643.3 (M+H)". 99% pure.

'H NMR (MeOD): § 0.71-0.85 (m 2H), 0.88 (d, J = 6.3, 6H), 0.91-0.96 (m, 2H), 1.21-1.29

(m, 1H), 1.41-1.52 (m, 1H) 1.82-1.92 (m, 1H), 2.61-2.68 (m, 1H), 2.81-2.85 (m, 2H), 2.94-
20 3.05 (m, 2H), 3.38-3.40 (t, ] = 5, 1H), 3.49-3.52 (m, 5H),4.28 (d, ] = 10, I1H), 4.87(d, J =

10, 1H) 6.90 (1, J = 8.3, 1H), 7.20 (m, 2H), 7.28 (m, 3H), 7.33 (m, 3H), 7.39 (m, 4H).

Step B. Preparation of (15,55)-{1-[5-[(4-amino-3-fluoro-benzenesulfonyl)-isobutyl-

amino]-6-(diethoxy-phosphoryloxy)-hexylcarbamoyl]-2,2-diphenyl-ethyl }-carbamic acid

25 methyl ester

The product of step A was phosphorylated with chlorodiethylphosphate following the
procedure described in example 1A, step G. Yields 157 mg, 68%.

30 LC-MS: 779.3 (M+H)", 95% pure.

"H NMR (CD;0D): & 0.82 (m, 1H), 0.92 (d, J = 6.2, 8H), 0.96 (m, 3H), 1.36 (d, J = 3.7,
6H), 1.90 (m, 1H), 2.69 (m, 1H), 2.89 (m, 11, 2.98 (m, 2H), 3.56 (s, 3H), 3.74 (m, 1H), 3.93
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The LogP were neasured in a standard fashion by dissolving 1 of

in 0.8 nL of each octanol and phosphate bufferypH 7.4 (0.84 NFEHPO4§?n$ﬁgnd
concentration of the conpounds in the phases was detected by LC-MS. This
test dermonstrates the solubility of the 5conpounds at physiol ogical pH The
LogP obt ai ned show that the conmpounds are highly soluble as conpare to the

o eSPon a0 o 0 I IBRLS L AUELERTRENR LLALIE 4 DTREEAR (EAv
Structur esbﬁ%g'?(@lkﬁ%xé@f\g@), G, 26%%98 @%C}}Eﬂamge{mmm, 1.5% (pr €8Nt

i nvention

3P NMR (CD;0D): d 1.65

Step C. Preparation of (lS,SS)—(1-{5-[(4—amino-3—ﬂuoro—benzenesulfonyl)-isobutyiQ
amino]—6-ph0sphonooxy-hexylcarbamoyl}—2,2-diphenyl—ethy])-carbamic acid methyl ester
(XN (PL-515)

10 Deprotection was effected using the procedure described in example 1A, step G. Yields 101

mg.
LC-MS: 723.2 (M+H)", 95% pure.

s 'H NMR (CDsOD): & 0.65-0.77 (m, 1H), 0.77-0.85 (m, 1H), 0.85-1.05 (m, 9H), 1.25-1.39
(m, TH), 1.40-1.52 (m, 1H), 1.82-1.98 (m, 1H), 2.58-2.72 (m, 1H), 2.82-2.92 (m, 1H), 2.92-
3.05 (m, 2H), 3.54 (s. 3H). 3.64-3.75 (m, 1H), 3.80-3.92 (m, 1H), 3.91-4.04 (m, 1H), 4.29 (d,
J=11.4, IH), 7.19 {t, ] = 6.6, 1H), 7.13-7.2] (m, 2H), 7.22-7.33 (m, 6H), 7.34-7.38 (m, 2H).
7.39-7.48 (m, 2H).

20
3'p NMR (CD;OD): d 2.74
Second methodology: The preparation of the title compound is based on scheme 4 of this
- invention.
25
Step A. Preparation (lS,S.S')—(l—{5-[(4-amino-benzenesulfonyl)-isobutyl—amino]—é-

phosphonooxy—hexylcarbamoyl}—2,2—diphenyl-ethyl)-carbamic acid methy! ester (PL-461)

(25)-2-methoxycarbonylamine-3,3-diphenyl-propionic acid (example 1A, step E) 0.9 g, 3
30  mmol) was activated in DMF (5 mL) with EDAC (1.7 g, 9 mmol) and HOBt (1.2 g, 9 mmotl).
To the solution was added 1.17 g of (2S)-phosphoric acid 6-amino-2-[(4-amino-
benzenesulfonyl)-isobutyl-amino}-hexyl ester diethyl ester (IX) (example 3, step B) and the
mixture stirred for 3 h. 20 g of Amberlite XAD-2 resin was then added and the beads were

left to soak for 10 min. The resin was transferred into a glass filter and washed thoroughly
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(PL-14) XYnR R 123 R6 X /Y DL

10

15

20

25

with distilled water (400 mL) and 200 mL of 1M NaHCOs. The beads were then washed with
4 X 50 mi portions of MeOH then EtOAc 200 mL. The organic phase was evaporated. The
residue was adsorbed onto silica gel and passed through a short silica gel column (EtOAc) to

yield 2.4 g (83%) of white solid after evaporation.
NMR identical as in example 1A, step H.

Step B. Preparation (15,55)- 1-[5—[(4-amino—3—ﬂuoro-benzenesulfonyl)—isobulyl-
amino]-6-(diethoxy—phosphoryioxy)-hexy!carbamoyl]-2,2—dipheny]~ethyl }-carbamic acid
methyl ester (XIT)

The product of step A above, (IS,SS)—(I-{5-[(4-amino-benzenesulfonyl)—isobutyl—amino]-6—
phosphonooxy hexylcarbamoyl}-2,2-diphenyl-ethyl)-carbamic acid methyl ester (0.555 g,
0.73 mmol) was dissolved in 5 mL MeCN. Selectfluor (0.26 g, 0.7 mmol) was added and the
mixture stirred for 30 min. The mixture was purified by reverse phase preparative HPLC and

tyophilized to yield 278 mg (48% yield) white solid.
'H NMR identical as previous entry, see first methodology above.

Step C. Preparation (IS,SS)—(1—'{5—[(4-aminow?:—ﬂuoro—benzenesulfonyl)—isobutyl—
amino]-6—phOSphonooxy-hexylcarbamoyl}-2,2-diphenyl—ethyl)—carbamic acid methyl ester
(XII1, in this specific case is compound X7) (PL-515)

The procedure make this derivative was as described in the deprotection step for the

methodology above. Yields 139 mg 70% after reverse phase HPLC.

"H NMR identical as previous entry, see first methodology above.

Bioavailability of the compounds

To assess the extent of in vivo cleavage of the phosphate group from the putative compounds,
PL-100, PL-462 (based on PL-100), PL-337 and PL-515 (based on PL-337) compounds were
administered per os (po)} (50 mg/kg) to male Sprague-Dawley rats and their plasma

concentration measured at different time intervals post-administration.
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R S, RS 1 (PL-461) 4-NH2 H 4 (HO)2P(0)(O6H5) 2CH CE130-00 iso-butyl HH S, S
2 (PL-462) 4-NH2 H : Y ’

PL.100 is an active ingredient (protease inhibitor) of the following formula;

s PL-337 is an active ingredient (protease inhibitor) of the following formula;

The active ingredient has been shown to be efficient against an HIV-1 aspartyl protease (US
patent no. 6,632,816). The active ingredients also present potent antiviral activity when tested
10 on non-mutated HIV-1 viral strain (NL4.3 as the wild type virus) as well as several mutant

strains.

All test articles (PL-100, PL-462, PL-337 and PL-515) were prepared in different vehicle at
the final concentration of 25 mg/mL. The vehicle composition is as follows: (1) 20% ethanol;

15 50% propylene glycol; 0.05% w/v Tween 20 and water (Mix); (2) PBS buffer (PBS).

Test articles were administered to male Sprague-Dawley rats at a single oral dose of 50
mg/kg. Each article was tested in three rats. Blood samples (0.2-0.3 mL) were collected at the
post-dose time of 10, 20, 40, 60,120, 180 and 360 minutes. The harvested blood was

20  centrifuged to isolate plasma. The resulting plasma was separated and stored at -70°C.

Plasma samples together with standards and quality control samples were treated to
precipitate proteins, then analyzed by HPLC-MS, for the presence of PL-462, PL-100, PL-
515 and PL-337.

25

74



4 (
(HO
4 (

Na0) 2P( 0) (C6H5) 2CH CH3O-CO i so-butyl Fyn S;S 3 (PL-507) 4-NH2 H 4
) 2P( 0) Napht hy1-2-C1-12 CH3O-CO i so-butyl 1-1/H 5,5 4 (PL-498) 4-N1-12 H
HO) 2P( 0) Napht hy1- 1- CH2 4- nor phol i ne- 00 i so- butyl

20

Table 1
Compound PL-462 PL-100 PL-515 PL-337
(Ex. No. 2} (Ex. No. 1-F) i (Ex. No. 6) (Ex. No. 6-A)
Vehicle PBS Mix PBS L | Mix
Number of rats 3 3 3 3
Dose (mg/Kg) 50 po 50 po 50 po 50 po
AUC (pg/hr*ml) §0.816+£0.295 | 0.675=0.171 | 1.075£0.625 1.180 %+ 0.196
(PL-100, (PL-337,
detected) detected)
Cmax (nM) 330+ 109 498 + 203 545+ 215 681+ 131
Tmax (min) 93+ 60 40+ 16 87+ 60 60+ 15

50 mg/Kg PL-462 = 43 mg/Kg PL-100
50 mg/Kg PL-515 = 43 mg/Kg PL-337

The results demonstrate that PL-462 and PL-515 compounds may be delivered orally in
aqueous solutions. None of the PL-462 and PL-515 compounds, delivered as aqueous
solutions, are detected in the blood samples, which suggests rapid metabolism to PL-100 and

PL-337 the parent drugs.

Aqueous dosing of PL-462 and PL-515 solutions showed equivalent to slightly superior
delivery of PL-100 and PL-337 compared to non-aqueous formulations of PL-100 and PL-
337.

Based on these results, all the phosphorylated compounds described in the present invention

will demonstrate similar pharmacokinetic properties.

Partition coefficient (LogP) of selected compounds and the corresponding HIV protease

inhibitors (drug) are as follow:

Table 2.

Compounds LogP ‘ Corresponding drugs | LogP
PL-461 (or PL-462) -1.2 PL-100 3.6
PL-515 -0.75 PL-337 3.8
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HHS5 (PL-504) 4-NH2 H 4 (HO) 2P(0) ( C6H5) 2CH CH3CO i so- buty

(PL-515) 4-NH, 3-F 4 (HO)2P(0)(C8H5)2CH CHLO0- 00 i so- butyl

|
H H

H H
S S

3,

S 6

The LogP were measured in a standard fashion by dissolving 1 mg of compound in 0.8 mL of

each octanol and phosphate buffer pH 7.4 (0.04 M KHPO,). The concentration of the

compounds in the phases was detected by LC-MS. This test demonstrates the solubility of the

compounds at physiological pH. The LogP obtained show that the compounds are highly

soluble as compare to the corresponding drugs.

The numbers of the compounds listed in Table3 (Ex. No.} corresponds to the example

numbers presented above.

Table 3: Structures of lysine based compounds in accordance with the present invention

Ex. No
(PL-#) X

1 (PL-461) 4-NH,
2 (PL-462) 4-NH,
3 (PL-507) 4-NH,

4 (PL-498) 4-NH,
5 (PL-504) 4-NH,
6 (PL-515) 4-NH,

L T

4

I

Fa B B

(HO):P(O)

{NaO),P(0)
(HOXLP(O)

(HORP(O)
(HO)P(O)
(HOY:P(O)

R
I
R, Rs
(CeHs),CH CH;0-CO

(CsHs);CH CH;0-CO
Naphthy}-2-CH, CH,0-CO

Naphthyl-1-CH; 4-morpholine-CO
(CsHs)hCH CH,CO
(Ce¢HshCH CH;0-CO
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iso-butyl
iso-butyl
iso-butyl

iso-butyl
iso-butyl

iso-butyl

Xy’

H/H
H/H
H/H

H/H
H/H
H/H

D, L,
DL
R S RS

S8
S8
S5

885
S8
S8



W claim 1. A conpound of formula XV and pharmaceutically acceptable
salts thereof; 0O I HOP-OH O 0"0 N(01-12)n-NR4I RS XV 5Swherein 11 is 3 or
4: wherein X and Y, the same or different, are selected fromthe group
consisting of H a straight al kyl group of 1 to 6 carbon atons, a branched
al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon
atoms, F, d, Br, I, -CF3, -0CF3, -CN, -NO2, -NR4R5, - to NHCOR4, -O0R4,
-SR4, -COOR4, -CORI, and -Cl1-1201-1 or X and Y together define an

al kyl enedi oXgclgemoup sel ected fromthe group consisting of a nethyl enedi oxy
group of fornula -OCH20- and an et hyl enedi oxy group of fornula - OCH2CH20-,
wherein R6 i,s s Iectedfr m t he,gr al kyl group
of 1 to 6 carboft TERPE} om; f?o u#aancheg%h%&ﬁﬁéﬁ?éﬁlﬁgmgé;ptm{%ﬁ%{hg%%%on atons, a
cycl oal kyl al kyl group haV| ng 3to6 car(Bon atons in the cycl oal kyl part
thereof and 1 to 3 carbon atons in tq@_al_lgpl part thereof, wherein R4
and R 5, the sane or different, are sel cted fromthe group consisting of
H, a straight alkyl group of 1 to 6 c on atonms, a branched al kyl group of
3 to 6 carbon atonms, a 20cycl e Y /Z:up of 3 to 6 carbon atons, and

tert-but oxycarbonyl and, ) ane or dlfferent, are
sel ected fromthe group cmng 2§tra| al kyl group of 1 to 6
carbon atons, a branched al grourgsof 3to6 car bon atons, a cycl oal kyl
group of 3 to 6 carbon atons, and tert-butoxycarbonyl. 75 2. The conpound
of claim1l, wherein n 18 4. XV

5  whereinnis 3 or4;

wherein X and Y, the same or different, are selected from the group consisting of H, a

straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a
cycloalkyl group of 3 to 6 carbon atoms, ¥, Cl, Br, 1, -CFs, -OCF3, -CN, -NO,, -NR4Rs; -

10 NHCOR,, -ORs, -SR4, -COOR4, -COR;, and -CH,OH or X and Y together define an

| alkylenedioxy group sclected from the group consisting of a methylenedioxy group of

formula -OCH,0- and an ethylenedioxy group of formula -OCH,CH,0-,

wherein Rg is selected from the group consisting of a straight alkyl group of 1 to 6 carbon
15 atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalkyl group having 3 to 6

carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the alkyl part thereof,

wherein Ry and Rs, the same or different, are selected from the group consisting of H, a

straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, 2
20 cycloalkyl group of 3 to 6 carbon atoms, and tert-butoxycarbonyl and;

wherein Ry’ and Rs’, the same or different, are selected from the group consisting of H, a

straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 10 6 carbon atoms, &

cycloalkyl group of 3 to 6 carbon atoms, and tert-butoxycarbonyt.

2. The compound of claim 1, wherein nis 4.
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3. The compound of clainms 1 or 2 wherein X and Y, the sanme or different are
sel ected fromthe group consisting of nethyl, ethyl, H F, d, Br, |and
-NR4AR6. 4. The conmpound of claim3 wherein X and Y. the sanme or different,
are selected from5the group consisting of H F and NH2. 5. The conpound
of any one of clainms Ito 4, wherein Xis NH2 and Yis Hor F. 6. The
conpound of any one of clains Ito 5, wherein Xis 4-NH2. 10 7. The
conpound of any one of clains 5 or 6 mherein Yis 3-F. 8. The conmpound of

any one of ¢l ai l1to7 rein i ng
of a straight al RYIGPSHIY < g? "“f8(% car on <F9 ﬁm%ﬁ%&ﬁﬁ%ﬁ% gﬁ”ﬁ?ﬂé%éfroup
of 3 to 156f@atHeqRodBhEstingDf mENg!, etiypdy erCDBr,dlaad ANBsRswherein R6 is
tso-butyl. 10. The conpound of any one of clainms Ito 9, wherein R4' is H.
20 11. The conpound of any one of clains 1 to 10, wherein R5' is Hot
tert-butoxygar bOI'T])é'com;a(&%d oA ONPRYAE Y0hndCl adhBlsdme vheiffeicnt, asd @ecediiound

has fornmula X'V wherein nis 3 or 4,
5 the group consisting of H, F and NH,.

5. The compound of any one of claims 1 to 4, wherein X is NHyand Y isHor F.
6. The compound of any one of claims 1 to 5, wherein X is 4-NH,.
10
7. The compound of any one of claims 5 or 6 wherein Y is 3-F.
8. The compound of any one of claims 1 to 7, wherein R is selected from the group

consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alkyl group of 3 to

t5 6 carbon atoms.
0. The compound of ¢laim 8, wherein Rg is ivo-butyl.

10. The compound of any one of claims 1 to 9, wherein Ry’ is H.

20
11.  The compound of any one of claims | to 10, wherein Rs’ is H or tert-butoxycarbonyl.
12 The compound of claim 1, wherein said compound has formula XIV
0
HO—ilD—OH
0
2 [
\S/
X—] = \f?} (CHz)n_NHZ
NV Rs
Y
25 X

whereinnis 3 or 4,
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wherein X and Y, the sanme or different is selected fromthe group
consisting of H a straight alkyl group of 1 to 6 carbon atons, a branched
al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon
atons, F, C, Br, I, -CF3, -0CF3, -CN, -NO2, -NR4115, - NHCOR 4, -O0R4,
-8124, -COCOL -COL and -CH2OH, 5 wherein R4 and R5, the sane or different,
are selected fromthe group consi sti ng of El, a straight alkyl group of 1

to 6 carbon atons, a branched al gro 0 6 car
cycl oal kyl wreseip Xofnd3Y tthe BT f?at‘tt 1 ff%?ihelﬁﬁ?'{?&’g ’kr)lgn?FPa B ein

R6 is select h Shi afd aikst epughlf 3alocky lcagoo ncsﬁalto
o LS Sel e 5}5@ érﬁﬂgb% 16,% %Bmp%ﬁfs bigghe st pRug § @ W

anched al kyl group of to 6, car
CKM oa:c kyl gdjkgolalkgf Qupp gawmg c@rhog a@rﬁzﬁb% E%ém%n;}b & ]@\gngg\)lz’ﬁﬂmpart |
t her eof an EI&P&“ r_%_gbgrfg o, hgaa ppart thereo 13. The conpoun
ein | . ]

of claiml 14" The compound of claim 12 or 13,
wherein X and Y, the same or different are selected fromthe group

consi sting of matlgly dﬁ%% syamt:l ?{Fdxffgent %Fe dc{]ec%dfrorm%oup 18ssisting oc eyROUNd

of cl ai m 14VhekR8y sane’ or fferent, are selected from
20t he gr oupsyGRS ik i diBuposf 1Ho SFcattod abd, ab_a_a@chéﬁrvékmmwﬁél%@ <HRY" YRES G
clains 12 to 15 ereltn Xis NH2 and Y,i %—{&g)(yfg %_ 7 The conpound of any

one of cl ai¥slonkky} goyRo Wércﬁbﬂn%‘)g’sfnﬁlt—ﬁt e conpound of any one of
claims 12 to 17 wherein Y is 3-F. 19.The corrpound of any one of clains 12

to 18, wherein R6 is selected fromthe gro 0, f stk ght
al kyl groupwiirein Regs el Bam dbo#eUR 58PS St’ﬂ?ﬁﬁg aigﬁ ﬂ;ﬁ/}i l%gepfqoﬁ‘oa% tro 3 6

carbon at ong, .. 20, Th8.£ UPQURGD &3 @lﬂdﬂbo&&tomnar@clnauaﬁaﬂcsl grewp Baying 3 to 6

carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the alkyl part thereof.

13. The compound of claim 12, wherein n is 4.

15
14. The compound of claim 12 or 13, wherein X and Y, the same or different are selected

from the group consisting of methyl, ethyl, H, F, Cl, Br, I and -NR4Rs.

15. The compound of claim 14, wherein X and Y, the same or different, are selected from

20  the group consisting of H, F and NHz.

16. The compound of any one of ¢laims 12 to 15, wherein X is NHz and Y is H or F.

17. The compound of any one of claims 12 to 16, wherein X is 4-NH,.

25
18.  The compound of any one of claims 12 to 17 wherein Y is 3-F.

19.  The compound of any one of claims 12 to 18, wherein Ry is selected from the group

consisting of a straight alkyl group of 1 t0 6 carbon atoms and a branched alkyl group of 3 to

30 6 carbon atoms.

20. The compound of claim 19, wherein Rg is iso-butyl.
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21. The conpound of claim 12 wherein said conpound has fornula XV HO p- OH
0"0 \S N(CH2)rt-NH2 H2NR6 XV wherein nis 3 or 4, 5 wherein Y is selected
fromthe group consisting of H, a straight alkyl group of 1 to 6 carbon
atons, a branched al kyl group of 3 to 6 carbon atons, a cycloal kyl group of
3 to 6 carbon atons, F, d, Br, 1, -CF3, -0CF3, -CN, -NO2, -NR4R5, - NHCOR4,
-014, -8R1l, -COORLI, - COR 4, and -Cl-120H, 1 O wherein R4 and R5, the sane
or different, are selected fromthe group consisting of H a straight alkyl
group of 1 6 n r 0 6 carbon
atons, and gqcycﬁg%g% 0%6(?(3%131%#%3 em gaé(gécﬁ% ugcgﬁéé%ﬁri‘gv\%gr ein R6 is

sel ected fromthe group consisting of @ straight alkyl group of 1 to 6
carbon atons, a branched al kyl groH@_qf‘o_él_;o 6 carbon atons, a
cycloalkylalkyl group having 3 to 6 carbon atoms in the cycloalkyl part
thereof and 1 to 3 carbon at o% (g al kyl part thereof 22. The conpound
of claim2l1l, wherein nis 4. 23. The corrpound of claim?21 or 22,
wherein Y is selected fro ﬁr\

)s tinguof nethyl, ethyl, H F a,
Br, | and -NR4AR5. 24. Th d of an§ "one o? cl ai ns 21 to 23 wher ei n
Y is selected fromthﬁ@ 25CO%I sting of 1-1, F and NI -12. 25. The
conpound of any one of2¢l ai m;‘f'21 {6 24, wherein Yis Hor F.

Xv

wherein nis 3 or 4,

wherein Y is selected from the group consisting of H, a straight alky! group of 1 to 6 carbon
@toms,'a branched alkyl group of 3 to 6 carbon atbms, a cycloalkyl group of 3 to 6 carbon
ato-ms, g, Cl, Br, 1, -CFs, -OCF;, -CN, -NO;, -NR4Rs, -NHCORy, -ORy4, -SRy4, -COOR,, -
CORy, and -CH,0H,

HY

wherein Ry and Rs. the same or different, are selected from the group consisting of H, a
straight alkyl group of | fo 6 carbon atoms, a branched alky! group of 3 to 6 carbon atoms,

and a cycloalkyl group of 3 to 6 carbon atoms,

ts  wherein Rq 1s selected frofn the group consisting of a straight alkyl group of 1 ta 6 carbon
atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalky! group having 3 to 6

carbon atoms in the cycloalkyl part thereof and 1 to 3 carbon atoms in the alkyl part thercof.
22.  The compound of ¢laim 21, wherein n is 4.

20
23.  The compound of claim 21 or 22, wherein Y is selected from the group consisting of

methyl, ethyl, H, F, Cl, Br, I and -NR4R;.

24.  The compound of any one of claims 21 to 23, wherein Y is selected from the group

25  consisting of H, F and NH,.

25.  The compound of any one of claims 21 to 24, wherein Y is Hor F.
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26. The conpound of any one of clainms 21 to 25, wherein Y is F. 27. The
compound of any one of clains 21 to 26, wherein Y is 3-F. 5 28. The conpound
of any one of clainms 21 to 27, wherein R6 is selected fromthe group
consisting of a straight alkyl group of 1 to 6 carbon atons and a branched
al kyl group of 3 to 6 carbon atoms. 29. The conpound of claim28, wherein R6
is iso-butyl. 10 30. The conmpound of claim21, wherein the conpohnd has
formula XVl HO-P-OH ol 00 S, NN2 H2ZN R6 XV/ 15wherein Y is selected from
the group consisting of H a straight alkyl group of 1 to 6 carbon atons, a

branched al kyl grpup of 0 6 | oal kyl group of 3t
car bon aton13¥6‘F, ‘%?‘?’mé?ﬁng’?ffmzﬁﬁ%?&%?@%@%g%f@%} -NRZRS,g -NﬂCOM, -8124,

-SRI, -COORA, - COR4, and -CH20H, 20 wherein R4 and R5, the sane or

different, ane SeheChSohnlidiam dab6r GLAUD 1ETNSIiert i i
, . ) g3of El, a straight alkyl
group of 1 to 6 carbon atons, a branched al kyl group of 3 to 6 cgrbon d

atons, and a cycloalleyl group of 3 to 6 carbon atons,
5 28 The compound of any one of claims 21 to 27, wherein R; 1s selected from the group

consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alky! group of 3 to

& carbon atoms.

29. The compound of claim 28, wherein Rg is iso-butyl.

30, The compound of claim 21, wherein the compound has formula XV

HzN ’\ RES
Xvi
s  wherein Y is selected from the group consisting of H, a straight alkyl group of 1 1o 6 carbon

atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkyl group of 3 to 6 carbon
atoms,- F, Cl, Br, 1, -CF3, -OCF3, -CN, -NO;, -NR4Rs, -NHCOR4, -ORy, -8Ry, -COORy, -

CORy, and -CH>OH,

90  wherein R4 and R, the same or different, are selected from the group consisting of H, a
straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms,

and a cycloalkyl group of 3 to 6 carbon atoms,

wherein Rg is selected from the group consisting of a straight alkyl group of 1 to 6 carbon
25  atoms, a branched alkyl group of 3 to 6 carbon atoms, a cycloalkylalky!l group having 3 to 6

carbon atoms in the cycloalkyl part thereof'and 1 to 3 carbon atoms in the alkyl part thereof.

31.  The compound of claim 30, wherein Y is selected from the group consisting of H, F

and NHa.
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wherein R6 is selected fromthe group consisting of a straight alkyl group
of 1 to 6 carbon 25 atons, a branched al kyl group of 3 to 6 carbon atons, a
cycl oal kyl al kyl group having 3 to 6 carbon atons in the cycloallcyl part
thereof and 1 to 3 carbon atons in the alkyl part thereof. 31.The conpound
of claim 30, wherein Y is selected fromthe group consisting of H F and

NH2. 32. The conpound of clains 30 or 31, wherein Y. is Hor F. 33. The
conmpound of any one of clains 30 to 32, wherein Yis F. 5 34. The conpound
of any one of clains 30 to 33, wherein Y is 3-F. 35. The conpound of any

one of clainms 30 to 34, wherein 12.6 is selected fromthe group consisting
of a straight alkyl group of 1 to 6 carbon atons and a branched al kyl group

of 3 to 106 carbon atons. 36. The conpound of claim 35, wherein Rfi is
/. ca-butyl. 37 The conmpound of claiml. wherein said conpound has
formula XL| g“ o, mmBm emsMhMﬁ%u%§%&¥ 38The conpound of claim 1,
wher ei n sai d corrpoun ormJ a X'X

33. ’Ihe compound of any one of claims 30 to 32, wherein Y is F.

34.  The compound of any one of claims 30 to 33, wherein Y is 3-F.

35. The compound of any one of claims 30 to 34, wherein Ry is selected from the group
consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alkyl group of 310

1¢ 6 carbon atoms.

36.  The compound of claim 35, wherein Ry is ise-butyl.

37.  The compound of claim 1, wherein said compound has formula XZX

|
HO—-£—OH

°S
oy :
HoN L\r/

38  The compound of claim 1, wherein said compound has formula XZX*

£ “r
ISR SR
HoN L\r/

20
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0 00 HN NH2 XX

am';no acid having structure : LG

39. A process for synthesizing a compound of formula £/

o H
HzN \\]/ R2

i

the process comprising the step of acylating a compound of formula XX

Ho- #-OH _

X

HZN

with a reactive amino acid having structure

R2

LG
o
R Q

3

wherein LG represents 2 leaving group, selected from the group consisting ofhalogens, azide,

a symetrical anhydride, a mixed anhydride, an aclive ester and a reactive hydroxylamine;

whereinnis 3 ord,

wherein X and Y. the same or different, arc selected from the group consisting of H, a

straight alkyl group of 1 to 6 carbon atoms, a branched atkyl group of 3 10 6 carbon atoms. a

20 39. A process for synthesizing a conpound of
formula 111 HOI'-OH Il the process conprising the step of acylating a
conpound of formula X/ X 1-10-if :OH Ckz, ..0 WNH2 H2ZN XIX with a reactive

cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, 1, -CFs, -QCF,, -CN, NO,, -NR4R;. -
NHEOR,, -ORy, -SRs, -COOR4, -COR4, and -CH;OH or X and Y together define an



HN | R3 wherein LG represents a | eaving group, selected fromthe group
consi sting of hal ogens, azide, a synetrical anhydride, a m xed anhydride, an
active ester and a reactive hydroxyl am ne; wherein nis 3 or 4, wherein X
and Y. the sane or different, arc selected fromthe group consisting of FL
a straight alkyl group of 1 to 6 carbon atons, a branched al kyl group of 3
to 6 carbon atons, a 15cycl oal kyl group of 3 to 6 carbon atons, F. O, Br

I, -CF3,-CN, -NO2, -N124125, - NHCOR4, - SR4, -COOR4, -CORA, and -CH2OH or X
and Y together define an al kyl enedi oxy group selected fromthe group

consi sting of a nethyl enedi oxy group of fornula -OCH20- and an

et hyl enedi oxy group of fornula -OCI | 2CH20-, wherein R3 is selected fromthe
group consisting of H a straight alkyl group of I to 6 carbon 5 atons, a
branched al kyl agn@upxptod fRud warhogoatonBing at e yelhgakdy) sgwodp of 3 to 6
carbon atons, gggmgogﬁ%ygdghmh&&ﬁHLng@ﬁﬁggiocgggg@jn 1231 is selected from
the group consisting of a straight  or branched alkyi group of 1 to 6 carbon
atons (e.g. nethyl, ethyl-, propyl,' isopropyl, butyl, iso-butyl,
tert-butyl, temberddutydselESidd from ibt goup congstimpyef aatdieh! alkgranube! A Fi<tBP"3 to 6 carbon
atons (e.g. LYGhOPL ARYled allcf Y60 € %) carb@taimy, a ciobiyse kodl ok y lodlckeirdn gr oup havi ng

3 to 6 to carbon atong in.the cvcloal kyle part. . lhehet hsitd@or3 car bon
atons in the aﬁ%? mg%f?mfhe?gb$¥%§é Rl e Po " %IohexyI-CHZ-,

.g. cyclopropyl -Cl-12- 7
Gte), an al kyP RGP BB ool s BB APBA PEG et M B 120.
i SO-but y10-, t v butlydduy| Bodyy! eteis)CHit et alvydieby 3opirdmd By, - CH2011
503, OO, cHRGHACE i Okt 0 @i guny bupbammaripiol | ny
-, - A\C - - - (X ]—!;1)__ - , :
4- hydr Oxyphg}ny%‘%‘jﬁ?tdrrfé“ ‘%ﬁ@-"%ﬁ?ﬁa};‘%ﬁ Nikis i&%% ?@F‘% ﬁg}zﬂmu 12) 2N-,
( CHBCH2C1- 12) 2% orelpiseriCie woip - Crapeis ety Bpidd 4oLy
C61- 15CF120-, RepHinelGpbCLOy [sybuvty By iBagy ltc.). 4ty p-enranylaxy. -pyr azi nyl
2-qui nol yl',  3- gioRolc¥l, .crleUcRRINF,, phroliGO6] Yipditiyl! 4 m3prbiBggCi:amhy|
2- qui noxal i nyt cm"i’),&}iﬁeﬁyf{ce&fogﬁ&ﬁ-‘: I-{()?(E&:F—l aS-l-gQroxyph@nyel Q%Miypfgﬁ 2UR sel ect ed
fromthe group con5|§thg 0 a pleo_yloxyﬂqgogﬁ ﬁﬁﬁﬁﬁﬁ% TL{OH]the gr oup
consi sting Yf CH;0CHCH;-, CHsNH-, {CHa)aN-, (CH3CHBN-, (CH3CHRCHa)aN-, GUHNH-, &
CH;0CH,0-, CH3OCH:CH20-, CellsCH,0-, 2-pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyt, 2- '
pyrazinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, l-isoquinolyl, 3-isoquinolyl, 2-quinoxalinyl, a

phenyl group of formula

20 . Y

a picolyl group selected from the group consisting of

/

Gy

H .
N/ C/ N/ and ) F

Iy

23
a picolyloxy group selected from the group consisting of
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Ha and ti2 a substituted pyridyl group selected fromthe group consisti ng
of and a group of fornula, wherein R2 is selected fromthe group . .
consi sting of a diphenyl nmethyl group of fornmula IV [V a naphthyl-1-CH2-
group of formula V CH2 Y V

O O &

a substituted pyridyl group selected from the group consisting of

L r.!(\/]/ x_fg
IKN/ ”\N/ and kN/

and 2 group of formula,

wherein Ry is setected from the group consisting of a diphenylmethyl group of formula IV .

CH l N
: X

X . 4
v

E

a naphthyl-1-CH,- group of formula V

a5



a naphthyl-2-0-12- group of forrmula VI H2 vi - .* XY 5 wherein X andthe
sane or different, are selected fromthe group consisting of 1-1, a
straight alkyl group of 1 to 6 carbon atons, a branched al kyl group of 3 to
6 carbon atons, a cycloal kyl group of 3 to 6 carbon atons, F, C, Br, I,
-CF3, -NO2, -NRas, -NHCOR 4, -OR4, - to Sit,, -COOR4, -COR4 and -CH20H, and
wherein 1.24 and Rs, the sane or different, are selected fromthe group
consisting of Il, a straight alkyl group of I to 6 carbon artons, a
branched al kyl group of 3 to 6 carbon atons, a cycloal kyl group of 3 to 6
carbon ato:ns, and tert-butoxycarbonyl. 1540. The process of claim 39,
wherein the acylating step conprises; a. increasing the alkalinity of an
aqueous sol ution conprising the conpound of fornula X/ Scrup to about pH? to
about pH b. adding a solution conprising the reactive amno acid in a

di pol ar aprotic solvent and all ow ng reaction between the conpound of
formula XLX and the 20reactiveffani no acid by agitation for a period of
about 1 to about 24 hours at ast erature of about OC to about 40 C, and;
c. extracting the conpound of foynulla Il from an aqueous phase conpri sing
a conmpound of forrmula /// w w7t abl e sol vent selected fromthe group
consisting of ethyl acetate,xchloroform DCM MEEK, isobutyl nethyl ketone,
TBDWK, hal ogenated sol vents or any chem cal equival ent thereof. - 41,
The process of claim40 wherein the aqueous phase is acidified before being
extracted 5with the sol vent.

a naphtityl-2-Clls- group of formida Vi

Hy
A l S Sy
/ P /\/
. y
V1

wherein X* and Y*, the same or different, are selected from the group consisting of H, a

straight alkyl group of | 1o 6 earbon atoms, a branched alky! group of 3 10 6 carbon atoms, a

eycloalkyl group of 3 to & carbon atoms, F, Cl, Br, I, -CFa, -NO2, -NR4Rs, -NHCOR., -OR4, -
ip SRy, -COOR,, -COR4 and -CH;0H, and,

wherein R; and Rs, the same or different, are selecied from the group consisting of H,
'
a straight alkyl group of | to € carbon atoms, a branched alkyl group of 3 te 6 carbon atoms, 2

i
cycloalkyl group of 3 1o 6 carbun atoms, and tert-butexycarbonyl.

15 40, The process of claim 3%, wherein the acylating step comprises;
a. increasing the alkalinity of an aqueous solution comprising the compound of
formula XZX up to abowt pkl 7 to about pH 10,
b. adding 2 solution comprising the reactivé: amino acid in 2 dipolar aprotic
solvent and allowing reaction between the compound of formula X£X and the
20 reactive amino acid by agitation for a period of about 1 to about 24 hours at a
temperature of about 0°C to about 40 °C, and;
. exftracting the compound of formula 7if from an aqueous phase comprising a

compound of formula /77 with a suitable solvent selected from the group
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42. The process of claim39 or 40, wherein the solvent is evaporated.

43. The process of any one of clains 41 to 42, further conprising
recovering conpound to of formula |la 44. A process for synthesizing a
compound of formula MA; HOP--OH 0 SIN'H2rN X-H R6 R2 111A 15 the
process conprising the step of acylating a conpound of fornula XV O
HO-PI-OH O xlv with a reactive am no acid having structure

consisting of ethyl acetate, chloroform, DCM, MEEK, isobuty] methyt ketone,

TBDMK, halogenated solvents or any chemical equivaleat thereof.

41.  The process of claim 40 wherein the aqueous phase is acidified before being extracted

5 with the solvent.
42.  The process of claim 39 or 40, wherein the solvent is evaporated.

43.  The process of any one of claims 41 (o 42, further comprising recovering compound

10 of formula /11

44, A process for synthesizing a compound of formula [//4;

Q
HO-P—OH
O
7 o
o..0 = H .
\\S"/ : J\(N\R
xS TG ?
o 2
Y
HA

15 the process comprising the step of acylating a compound of formula X1¥

Ho—%—OH

Q}GO‘J:?
SN
Xﬂquy’ N (CHIn—NH,
e -
Y

XV

with a reactive amine acid having stucture ;
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wherein nis 3 or 4, 5 wherein X and V. the sane or different, are selected
fromthe group consisting ofa straight alkyl group of Ito 6 carbon atons, a
branched al kyl group of 3 to 6 carbon atonms, a cycloallcyl group of 3 to 6
carbon atons, F, Cd, Br, |, -CF3, -0CF3, -CN, -NO2, -NR412.5, - NHCOR4,
-ORA, -SRA, -COORA, -CORI, and -C1-120H or X and Y together define an

10al kyl cncdi oxy group selected fromthe group consisting of a

met hyl enedi oxy group of formula -0CLl120- and an et hyl enedi oxy group or
formula - OCH2CH20-, wherein R3 is selected fromthe group consisting of H,
a straight alkyl group of Ito 6 carbon atons, a branched al kyl group of 3
to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon 15 atons, and a
group of fornula R3A-00-, wherein R3A is selected fromthe group consisting
of a straight or branched al kyl gRpup of 1 to 6 carbon atons (e.g. nethyl,
ethyl -, propyl, isopropyl, butyl,lisojgutyl, tort-butyl, tert-butyl-CH2-,
etc.), a cycloalkyl group havi 0 6 carbon atons (e.g. cycl opropyl -
cycl ohexyl - etc.), a cycl oal kyl group having 3 to 6 carbon atons in
the cycl oal kyl part thereof and™ to 3 carbon atons in the al kyl part

t hereof, 20 (evhgenkSrelaqisepsying@P2ad cycl ohexyl - CH2-, etc.), an al kyl oxy
group of 1 to 6 carbon atons (e.g. Cl-130-, CH3CH20-, iso-butyl0-,
tert-butyl0- (aﬂ&énn§§&4) t et rahydro- 3-furanyl oxy, CH2OH, -CF3, -0-12CF3,
- CH2C112CF3, pyrrolidinyl, piperidinyl, 4-norpholinyl, CH302C,

Cl - 1302CCH2-3,  Acetyl - OCHZCHZ-, 1302CCl 12, 3- hydroxyphenyl . 4-hydroxyphenyl .
4- Ol - 13006H4CMerein CRBINFHEe ser@HS )difkent, {rCHB@IY0RINEe eréu@ oS0 PICHA) 2N-, |

| OCI - 12(211214 dikight 2l grofd/b8 0436 126dn atokad 13 ekck2fand 2 &bup 036 4 &EH2Aoms, :2- Pyr r ol yt,
2-pyridyl.  3- pyfj.gul gmuﬁ Vbl 60leron ,,?oms l%y&aés N¥de, &:Fquwowz ANRF qw nol yl,

2- qui_noxal i phenyl group of

_ i | | _
PRI RATIN 2 B R M SRR SR ML AR

1o alkylencdioxy group selected from the group consisting of a methylenedioxy group of

formula “QCH;O- and an ethylenedioxy group of formula ~-OCHCH,0-,

wherein Ry is selected from the group consisting of H, a straight atkyl group of 1 to 6 carbon
atoms, a branched alkyl group of 3 to 6 carbon atoms, z cycloalkyl group of 3 to 6 carbon

15  atoms, and a group of formula R34-CO-, wherein R, is selected from the group consisting of
a straight or branched alkyl group of 1 to 6 carbon atoms (e¢.g. methyl, ethyl-, propyl, iso-
propyl, butyl, ise-butyl, fert-butyl, tert-butyl-CHa-, ete), a cycloalkyl group having 3 w0 6

‘ carbon atoms {e.g. cyclopropyl-, cyclohexyl- eic.), a cycloalkylalkyl group having 3 o 6
carbon atoms in the cycloalkyl part thereof and 1| 1o 3 carbon atoms in the alkyl part thereof,

20 (e.g. cyclopropyl-CHs-, cyclohexyl-CHa-, efe.), an alkyloxy group of 1 to 6 carhan atoms
(e.g. CH;0-, CHiCH,G-, iso-butylQ-, sert-butylO- (Boc), etc.), tetrahydro-3-furanyloxy, -

~ CHOH, -CFs, -CHCF;, -CELCHCF,, pyrrolidinyd, piperidinyl, 4-morpholinyl, CH;O:C-,
CH;(:CCHa-,  Acetyl-OCHoCHa-,  HHOCCHa-. 3-hydroxyphenyl, 4-h){droxyphenyl,- 4-
CH30CHCHy-, CH3NH-, (CHa)alN-, (CH;CH)N- (CH3CHACH LN, HOCHCTENIL-,

25 CH;OCH,0-, CH;0CHCH;O-, CslisCHL0-, 2-pyrrolyl, 2-pyridyl. 3-pyridyl, 4-pyridyl, 2-
 pyrazinyl, 2-quinolyl, 3-quinolyl, 4-quinolyl, l-isoquinolyl, 3-isoguinolyl, 2-quinoxalinyl, a

pheny] group of formula

38




and N a picolyloxy group selected fromthe group consisting of a
substituted pyridyl group selected fromthe group consisting of and a

group of fornula, wherein R2 is selected fromthe group consisting of a
di phenyl net hyl group of fornula IV a naphthyl- | -CH2- group of fornmula V
CH2 V
7N
x
L

a picalyl group selected from the group consisting of

Ha
. UL C
N/ . l/ N/ and A s

a picolyloxy group selected from the group consisting of

o
, < ey,
Hz
c
. L
N/ ﬁ/o\ N/ and N/

a substituted pyridyl graup selected from the group consisting of

and a group of formula,

10

is

20

&9




a naphthyl-2-CH2- group of formula VI 1-12 VIX Y 10wherein X and Y', the
sane or different, are selected fromthe group consisting of H a straight
al kyl group of | to 6 carbon atons, a branched al kyl group of 3 to 6 carbon
atons, a cycloal kyl group of 3 to 6 carbon atons, F, Cl, Br, |, -CF3, -NO2,
-NR4AR3, - NHCOR4, -0124, - SR4, -COOR4, -COR4 and -CH2013, and, 15wherein R4
and Rs, the sane or different, are selected fromthe group consisting of 11
a straight alkyl group of 1 to 6 carbon atons, a branched al kyl group of 3
to 6 carbon atons, a cycloal kyl group of 3 to 6 carbon atons, and
tert-butoxycarbonyl. 45.The process.of claim44, wherein the acyl ating
step conprises; a. increasing the alkalinity of an aqueous sol ution
conprising the conmpound of formula X/V up to about pH 7 to about pH 10, -b.
addi ng a sol ut whicRaimpeldcsd frgn thdpeur @atstingwen dphinfigetatirap bfforauidivpol ar aprotic
sol vent and all owi ng reaction between the conpound of formula X/ V and the
reactive amno acid by agitation for a period of about | to about 24 hours
at a tenperature of about OC to about, 4 d; c. extracting the conpound
of formula MA from an aqueous phaseq Ol a conmpound of formula H A
with a suitable solvent selected frigmdahe 10consi sting of ethyl
acetate, chloroform DCM MEEK, isgbutyl w ketone, TBDMWK, hal ogenated
solvents or any chem cal equival ent theieof. 46. The process of claim45
wherein the aqueous phase is acidified before being extracted with the

sol vent. 15 47akhiewprotessy offoraliaivm 45 or 46 , wherein the solvent is
evapor at ed. 48. The process of clains 46 or 47, further conprising
recovering conpound of fornuLa 1L

GHs
I e Ry
AN
WX Ya
v

a naphthyl-2-CHy- group of formula VI

H;
-~ I S
AN
. v
VI

to  wherein X’ and Y?, the same or different, are selected from the group consisting of H, a
straight alkyl group of 1 to 6 carbon atoms, a branched alkyl group of 3 to 6 carbon atoms, a
cycloalkyl group of 3 to 6 carbon atoms, F, Cl, Br, [, -CF3, -NQ,, -NRyRs, -NHCOR., -ORy, -
SRy, -COORs, -COR. and -CH;OH, and, '

15 wherein Ry and Rs, the same or different, are selected from the group consisting of H. a
straight alkyl group of 1 to 6 carbon atoms, a branched alky! group of 3 1o 6 carbon atoms, a

cycloalky! group of 3 to 6 carbon atoms, and tert-butoxycarbonyl.




20 49. The process of any one of clains 44 to 46, wherein n is 4. 50.The
process of claim43 or 47,. wherein X and Y, the sane or different are

sel ected fromthe group consisting of nmethyl, ethyl, H F, d, Br, | and

- NR4K5. 25 51. The process of claim52, wherein X and Y, the sane or
different, are selected fromthe group consisting of H F and NH2. 52. The
process of claim53, wherein Xis NH and Y is fl or F. 30 53.The process
of claim54, wherein X is 4-NH2. 54.The process of clains 54 or 56 wherein
Y is 3-F. 55.The process of any one of clains 47 to 56, wherein R4 is
selected fromthe group consisting of a straight alkyl group of I to 6
carbon atons and a branched aIkyI group of 3 to 6 carbon atons. 5 56. The
process of claln15 24y The process of any one

of claims 39t O 56%\]/\/(1? Igeéso?ciatlrﬁﬁG whcrem the acgltgtmﬁ‘lylﬁr corré{)

e’reac cid has structure 10
a. increasing the alkalinity of an aqueous solution comprising the compound o

formula X7V up 1o about pH 7 o about pH 10,
b. adding a solution comprising the reactive amino acid in a dipolar aprotic
3 solvent and allowing reaction between the compound of formula X1V and the
reactive amino zcid by agitation for a period of about 1 1o about 24 hours at 2
temperature of about 0°C to about 40°C, and;
c. extracting the compound of formula J//4 from an aqueous phase comprising a
compound of formula /f/4 with 2 suitable solvent selected from the group
consisting of ethy] acetate, chicroform, DCM, MEEK, isobutyl methyl ketone,

TBDME, halogenated solvents or any chemical equivalent thereof.

" 46.  The process of claim 45 wherein the agueous phase is acidified before being extracted

with the solvent.
47.  The process of claim 45 or 46 , wherein the solvent is evaporated.

48.  The process of claims 46 or 47, further comprising recovering compound of formula

HIL
20
449, The process of any one of claims 44 to 46, wherein n is 4.
50.  The process of claim 43 or 47, wherein X and Y, the same or different are selected
from the group consisting of methyl, ethyl, H, F, C, Br, [ and -NR4Rs.
25

51.  The process of claim 52, wherein X and Y, the same or different, are selected from

the group consisting of H, F and NH;.
52. The process of claim 53, wherein X is NHy and Y is Hor F.
53.  The process of claim 54, wherein X is 4-NH;.

54, The process ol claims 54 or 56 wherein Y is 3-F.

9l



wherein X, Y, R2, R3, Rel, and R5 are as defined in any one of clainms 39
to 56. 58. A process for synthesizing a conpound of fornula 111B; HO OH
15 H2N the process conprise the step of acylating a conmpound of fornulaM
0 HO PI-COH XIX wth a reactive amno acid of formula 5 59. The process
of claim58, wherein the acylating step conprises; a. increasing the

al kalinity of an aqueous sol ution conprising the conpound of fornula XIV up
to about pH 7 to about pH 10,

35.  The process of any one of claims 47 to 56, wherein Rg is selected from the group
consisting of a straight alkyl group of 1 to 6 carbon atoms and a branched alky! group of 3 to
6 carbon atems.

38.  The process of claim 57, wherein Ry is iso-butyl.

57.  The process of any one of claims 39 to 56, wherein the reactive amino acid has

O
O.

Ry O

structure

wherein X°. YY", Ry, R3, Ry, and Rs are as defined in any one of claims 39 to 56.

58. A process for synthesizing a- compound of formula J/{5;

15 .
the process comprise the step of acylating a compound of formuia XX

I
HO—I’I’— CH

O

o
e H/
- XIX
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b. adding a solution conprising the reactive amno acid in a dipolar
aprotic tosolvent and all ow ng reacti on between the PL-461 conpound and the
reactive amno acid by agitation for a period of about | to about 24 hours
, and; c. extracting the PL-461 conmpound from an aqueous phase conpri si ng
the PL-461 conpound with a suitable solvent selected fromthe group
consisting of ethyl acetate, chloroform DCM MEEK, isobutyl nethyl ketone,
TI 3DMK, 15hal ogenat ed sol vents or any chem cal equival ent thereof. 60. The
process of claim58 wherein the aqueous phase is acidified before being
extracted with the solvent. 2061. The process of claim58 or 59 , wherein
the solvent is evaporated. 62. A process for the preparation of conpound
11173 said process conmprisi t he steps of a)phosphorylating a conpound of
fornula Xvi| 21F%”B%9' ’%W?ﬂgﬁgnghosphoric aci d, pol yphosphoric acid,

pol yphosphoric acid esters, trinethylsilyl polyphosphate phosphorous
oxychl ori de or equival ent thegeof pm~the presence of an organic base in a
di pol ar aprotic solvent; iab zing the conmpound obtained in a) in

t he presence of concentr at edAygro oriec acid to provide a water soluble
hydrochl oric salt of phosphoric aci% nojijo ester. and; c)acylating an
aqueous solution of b) with aguiyablg reactive anmino acid to provide the

hosphat e nono ester of fornul 5
phosp ?/QOO

59.  The process of claim 58, wherein the acylating siep comprises;
a. increasing the alkalinity of an aqueous solution comprising the compound of
formula X/V up to about pH 7 to about pH 10,
b. adding a solution comprising the reactive amino acid in a dipolar aprotic
10 solvent and allowing reaction between the PL-461 compound and the reactive
amino acid by agitation {or a period of about 1 1o about 24 hours , and;
¢. extracting the PL-461 compound from an agueous phase comprising the PL-
461 compound with a suitable solvent selected from the group consisting of
ethyl acetate, chloroform, DCM, MEEK, isobutyl methy! ketone, TBDMK,

15 halogenated solvents or any chemical equivalent thereof.

60.  The process of claim 58 wherein the aqireous phase is acidified before being extracied

with the solvent.
20 61 The process of claim 58 or 59 , wherein the selvent is evaporated.

62. A process for the preparation of compound fI/B




OH 0-pc-CH O -1) \ 63. The process of claim61l, wherein the dipolar
aprotic solvent is nethyl iso-butyl 5ketone or acetone. 64. The process of
claim62, wherein said suitable reactive amno acid is a conpound of
formula : 10 95 :

o

Z
T
e

said process comprising the steps of

a} phosphorylating a compound of formula X¥7/

o _
O\( ‘?H
; ~pgOH

HN 053

Gy

o/ Aly

b
Xy 7<

u

with metaphesphoric acid, polyphosphoric acid, pelyphosphoric acid esters,
trimethylsilyl polyphosphate phosphorous oxychloride or equivalent thereof in
the presence of an organic base in a dipolar aprotic solvent;

10 b) hydrolysizing the compound obtained in a) in the presence of concentrated
hydrochloric acid to provide a water soluble hydrochloric sali of phosphoric
acid mono ester, and;

c) acylating an aqueous solution of b} with a suitable reactive amino acid to

provide the phosphate mone ester of tormula fFB
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63. The process of claim 61, wherein the dipolar aprotic solvent is methyl iso-butyl

5 ketone or acetonc.

64. The process of claim 62, wherein said suitable reactive aming acid is a compound of

formula :

95




