PROCESS FOR PREPARATI ON OF HI 'V PROTEASE | NHI Bl TORS CROSS- REFERENCE TO

RELATED APPLI CATI ON This application clains priority to United
States Provisional Patent Application No. 60/787,126, f{] 29,
2006. FI EMY &7 H8%% NVENTI ON The invention rela t@ﬁgzgﬁ%ﬁ%y

to processes for the preparation of antiviral conmpounds with anti-HV
prot ease properties. The invention relates to the nethods for the
preparation of carbamate sul fonam de am no phosphonate esters and
intermedi ates thereof. The invention also relates to the novel

i nternedi ates prepared by these nethods. The carbamate sul f onam de

am no phosphonate esters prepared by the present nethods are HV
protease inhibitors, useful for the treatnent of human auto

i mrunodefi ci ency syndronme (Al DS). BACKGROUND OF THE | NVENTI ON

AIDS is a nmajor public health problemworldw de. Although drugs
targeting HV viruses are in w de use and have shown effectiveness,
toxicity and devel opnent of resistant strains have limted their
usef ul ness Assay net hods capabl e of determ ning the presence, absence
or amounts of HWviruses are of practical ut|I|ty in the search for

i nhibitors as_mell as forgdlao ) _
conventi onal Sues: = 1 B o AL MNH LB L r (PI)
of Formula | Owe OII P—CPh/ 0 ------ 002Et I\/EFormJIaI is

| engthy, affords a low yield of approximately 1% is variably
reproduci bl e, requiring numerous chromatographic purification steps,
and enpl oys undesirabl e reagents, such as ozone, sodium

cyanobor ohydri de, a ri j ide. 10 Formul a

is an HV protease &ﬁﬂfsﬁrg‘gkﬁwkﬁg&bﬂ%ﬁ?ﬁﬁr&d@é@é”ﬁ%‘%osed in
WD2003/ 090690. This applibdich@tiSmé priofifyao pinktpd Sestdsdirodiiobdidalzing Applination

al cohol er nt hesis of the conpound of fornula
| have be@%’égggkq%§3H8§g55§E%ﬂEO@%ezechk, M et al., Tetrahedron
Letters, 1986, 27, 3715.) and Ghosh (Ghosh,. A K -et al., J. Med.
Chem , 1994, 37, 2506; Ghosh A. K et al., J. Med. Chem, 1996, 39,

3278; Chosh, A K. et al., Tetrahedron Letters, 1995, 36, 505).
Schenme 1 shows the bisfuran al cohol synthesis from Ghosh; A K et

al ., Tetrahedron Letters, 1995 ~36- 806} ey TiON

The invention relates generally to processes for the preparation of antiviral

compounds with anti-HIV protease properties. The invention relates to the methods
f01; the preparation of carbamate sulfonamide amino phosphonate esters and
intermediates thereof. The invention also felates to the novel intermediates prepared
by these methods. The carbamate sulfonamide amino phosphonate esters prepared by
the present methods are HIV protease inhibitors, useful for the treatment of human

auto immunodeficiency syndrome (AIDS).

BACKGROUND OF THE INVENTION
AIDS is émajor public health problem worldwide. Although drugs targeting
HIV viruses are in wide use and have shown effectiveness, toxicity and development
of resistant strains have limited their usefulness. Assay methods capable of .
determining the presence, absence or amounts of HIV viruses are of practical utility in

the search for inhibitors as well as for diagnosing the presence of HIV.



Schene 1 OH, OH Chr omat ogr aphyH 0+ HO Conventi ona

naet hods require multiple steps and the use of toxic reagents. In one
of the methods_ (Gagsh, A K et al., Tetrahedron Lette S
505), resdl ?%%&K%F!a racem ¢ m xture was achi eved by géggéﬁggmygﬁ an
i mmobi i zed enzyne foll owed by chromat ographi c separation.

Reactive carbonate esters have been prepared from bi sfuran al cohol
(1) and dipyridyl carbonate (Ghosh A K et al., J. Med. Chem, 1996,
39, 3278), and pnitrophenol chloroformate (X. Chen etal., Bioorganic
and Medicinal Chemistry Letters, 1996, 6, 2847 These._ rea S

coupl e with nuct é‘EfB'}‘?P‘F‘?’@l P@ﬁﬁ%slfB’hprﬁ%ﬁr?%’r%fa pr&beaﬁeo‘f’h%“ﬁg@ % spl ay
the approprdraug 1r eactivity and efficiency. H Met hods exi st
for the preparation of chiral hal oal cohols derived from N protected
amno acids (A beck, A -etal., Tetrahedron, 1994, 50, 6333). Methods
for the conversion of such chloroal cphols to carbamate sul f onam de
derivatives are known (Malik, A ‘et ; WD 01/ 46120A1). The

hal ohydri ns can al so be nvepﬁed o] epoxides and converted to

car bamat e sul f onam de myg;kqg§,mg a si-gj lar manner (WO 03/090690).
Preparati on of gﬁaﬁ’gdesl vat ves%?‘gphosphom c acids and
subsequent convgr si too phésphonate and di esters have been
described in Ya ‘ Org.” ChefMe 1984, 49, 1158;
Yanmauchi, K etal. p kin Tra 1,1986, 765.

Am noet hyl phosphonate di esters Tan kg prepar d@% a process

i nvol ving acyl ation of an am no ‘phosphon ci cbw tboggyl halides or
benzyl chlorof ormate (CBZCl) to form conpounds of s Formula VI

CBZNH OH P- OH Me Formula I

is lengthy, affords a low yield of approximately 1%, is variably reproducible,
requiring numerous chromatographic purification steps, and employs undesifable’
reagents, such as ozone, sodiurﬁ cyanoborohydride, and tributﬁtin hydride. The
compound of Formula I is an HIV protease inhibitor which has been made and
disclosed in W02003/090690. '
. Methods for the preparation of the bxsfuran alcohol intermediate used in the
.synthesm of the compound of formula 1 have been described by Pezechk (Pezechk, M.
et al., Tetrahedron Letters, 1986, 27, 3715.) and Ghosh (Ghosh, A. K. etal, 1. Med.
Chem., 1994, 37, 2506; Ghosh A. K. et al., J. Med. Chem., 1996, 39, 3278; Ghosh, A.
K: et al., Tetrahedron Letters, 1995, 36, 505).
Scheme 1 shows the bisfuran alcohol synthes}s from Ghosh, A. X. et al.,
’ Tet‘rahedron.Letters, 1995, 36, 505). ‘ ’ '



[l O Fornmula VII. Compounds of Fornula VIl can be activated
and condensed with phenol to forth a conpound of Fornmula VIII

P-OPh Il Q Fornula VII A conpound of Fornul a b
activatedvgﬁa)ggﬁﬁﬁhsed with a second al cohol or phenorg¥®g?@?ﬂ¥T Me
zo) ThO2Et CBZNH P-OPh Formul a | X A compound of Formula I X can

be deacylated to form an am no phosphonate conpound of Formula X Me
/0----LOREt Il P-OPh O :

Scheme 1
\ - N-iodo succinimide ’/ﬂ/ i nBusSHH
Y —— oy 0
oH - © 0 o e
1.0;
" 2.NaBH,
OH OAc OH
H Chromatography H  Amano Lipase
H o . Ac0O o~

Conventional methods require multiple steps and the use of toxic reagents. In
one of the methods (Ghosh, A. K. et al., Tetrahedron Letters, 1995, 36, 505),
resolution of a racemic mixture was achieved by exposure to an immobilized enzyme

followed by chromatographic separation.

O.
H Ho
lipase m
St +
o o’ A0 oo

Reactive carbonate esters have been prepared from bisfuran alcohol (1) and
dipyridyl carbonate (Ghosh A. K. et al., J. Med. Chem., 1‘996, 39, 3278), and p-
nitroﬁhenol chloroformate (X. Cheﬁ et al., Bioorganic and Medicinal Chemistry
Letters, 1996, 6, 2847). These reagents couple with nucleophilic reactioﬂ partners, but

do not always.display the appropriate reactivity and efficiency.



Formula X. A conpound of Formula X can be isolated as a salt of an

organi c or inorganic acid. The Ghosh process for bisfuran

al cohol ( K et al, J. Og. Chem, 1995, 36, I.Les

t he use 05?63@%6$§f%in hydri de and ozone. The f?gi&%ggg&ggﬁa
conmpound of Forrmula | is non-crystalline and hygroscopic with limted
stability in protic solvents. Thus, there exists a need to
devel op syntheses of nore stable forns of the PI of Fornmula |I. There
al so exists a need to develop nore efficient processes of

synthesi zing the PI of Forrmula |I. SUMVARY Ofy THE | NVENTI ON - The

present invention provides inproved nethods,ﬁg bi sfuran al cohol
derivatives, anino pRBshagate derivati wesplid @ pfjocess to prepare
car bamat e sul f onani de /am hyl phosphonate df useful for the
treatment of human agto | ef i ¢i-eney syn ) . In
one enbodi nent, the iRy Lo/ provides a proc he preparation
of a bisfuran alcoholcﬁf orfula 00 OH - FormiPa Qonprising
reacting 2, 3-di hydrofuran and gl ycoal dehyde or gl ycoal dehyde dinmer in
the presence of a | anthanide or transition netal catalyst to formthe
bi sf uran al cohoMetbdsedisntbathe preparation DEIMAal ERoAIESOR RTFivelNfia N-

EXEMPLARY ENBCODI.VENTS DEFI.NI T1 ONS Unl es t t W.S t he
fol | owi ng R'8f¢ déﬂﬁn%ﬁcﬁs@l\g%{%’ ﬁs%&l'hg?t&hﬁdré’?elsagatgén((a?g?jﬂt 0 eﬁ%l)\c/ise‘ta "he
fol | owi ng treasiwegdon of such cMhsaldohald encaresnae sultimenhideategivativeapp i cant s
ptend Lo ARSERSRISIAL ¥ 4 NGK5 i HOREPRIBRRIE BN LRl e
epoxides and converted to carbamate sulfonamide derivatives in a similar manner
(WO 03/090690).

Preparation of carbamate derivatives of aminophosphonic acids and

subsequent conversion to phosphonate mono- and diesters have been described in
Yamauchi, K. et al., J. Org. Chem., 1984, 49, 1158; Yamauchi, K. et al., J. Chem.
Soc. Perkin Trans. 1,1986, 765. T

Aminoethyl phosphonate diesters can be prepared by a process involvigg
acylation of an amino phosphonic acid with acyl halides or benzyl chloroformate

(CBZCI) to form compounds of Formula VII

Formula VII.

Compounds of Formula VII can be activated and condensed with phenol to

form a compound of Formula VIII

Formula VIII.



"Protecting group” refers to a noiety of a conpound that masks or
alters the properties of a functional group or the properties of the
conpound . Chem cal protecting groups and st | g
protecti oﬁ%@ﬁ%ﬁé@ti on are well known in the art. Seei)ghg.g%[}%ﬂog%
Protective Gottos in Oganic Chem stry, Theodora W G eene, John
Wley & Sons, Inc., New York, 1991. Protecting groups are often
utilized to .mask the reactivity of certain functional groups, to
assist in the efficiency of desired chem cal reactions, e.g., making

db Ki hem cal I d d. | d f i on,
Prot oct1 on of FFITRORAS! GPETHNE A o2 B AN BF CaPe SOR pRerda

properti esidyasi slghehdl@o FeAC{ vity of the protected functional group,
such as.the polarity, lipophilicity (hydrophobicity), and ot her
properties which can be nmeasured by ¥®mon anal ytical tools.

Chem cal I'y protected internedi ates t hensel ves be biologically
active or inactive. cBzZNH._The t&m " al" refers to nol ecul es
whi ch have the property of nonsuper®fiposability of the mirror inmage
partner, while. the.term"achirah"™ refers to nolecules which are -
superinposable on their mrror inmage partner. FormulaTKe term
"stereoi soners”" refers to conpounds whi ch have identical. chem cal
constitution, but differ with regard to the arrangenent of the atons
or groups in spaéempound of Foirbhla$Xesr badedcylagfdan Sormoarsarsine phoiphonate
with two or nore center f chirality and whose nol ecul es are not
mrror i mRQEPOBRd 8P iatﬁer. Di astereoners have different physical
properties, e.g. , nelting points, boiling points, spectral
properties, and reactivities. Mxtures of diastereoners may separate
under high resolution analytical procg8ures such as el ectrophoresis
and chr omat ogr aphy. "Enantio . rsgf er to two stereoi soners
of a conpound which are M@—p@[i}%osa%?’e mrror inmages of one

anot her . - "Lant hani des” ref%Fr<LRb the fol l owing el enents and
their ions: La, Ce, Pr, Nd, Pm Eu, &d, Th, Dy, Ho, Er, Tm Yb,
Lu. "Transition metals" refer to the fol | famga&.-enents and
their ions: Sc, Ti, V, C, WM, Fe, Co, Ni, Cu, Zn, Y, Zr, No, M, Tc,
Ru, Rh, Pd, Ag, Cd, Hf, Ta, W Re, Gs, Ir, Pt, Au, Hg. Ligands
conpri si ng t he frepabowskcflFpsnulafaygarbes igplated las a salheh as) organi¢ aiapiganic
Schemes ang. Exanpl es Ceneral aspects of these exenplary

nmet hods are described bel ow and in the Exanples. Each of the products
of the follow nEheGsbosessy Bor bistiramalcphol {Eheshaticl: etiabdl Q@ &hend/ or
purifi ed PIdddr 8 G0k ot thOuSHATEAHG R IHEAGESRRSone. Oxidation
and reducti'on’react ons ar e typically carried out at_ tenperatures
near room t enpefha fipabasebbycorpprond %%PHB‘EI@III1?@“‘%@]‘“%%#%@”“"?“
reduct i ons,fh eaHRALLKIEPS $8HP&IAMIL e IS reduced to OC to -100C
solvents are typically aprotic for reductions and ma% be eithe

o
protic or aprot Feuss Beregisiug nepddo dpeshen HBHPesssAignots srablaformsay the,PT

achi eve degffGehubONYRES aRBSxists a need tEQREOPSAb RFfidi@ABEIcORSs 8f ©
typically carried out_at tenperatures.near roomtenperature, although

for non- eqeimtihesizing thg Pl i krsmutadt |y control | ed condensations reduced
tenperatures (0C to -100C) are al so conmon. Sol vents can be either

protic (common in equilibrating. reactions r ic (comon in
kinetically controlled rea%pmﬁé\)‘l.y OF Tﬂﬁ?mgm&synt hetic

t echni ques such as azeotropic rem.cival of reaction byproducts and
use of anhydrous_ reaction conditigns. (e.g., ipert gas _environnents)
are comon in t ABS BFeEens Hyenien prBE‘dﬁi)’ﬁ‘lgI?rngl“\/m%FH‘)‘gfﬁBI f%ﬁ'ﬁ’f‘ 31.‘:°h°q The
ternms "treai@ehtives, bin@il phdghonatel decightivegtand a prudedshe pleplee, cahaenteused in
connection with a chem cal nt heti c. oper at ] an contactin

m xi ng, r eé‘b‘f‘?“ﬁﬁ‘}d%”i“%?‘ﬁﬁ p?%g’ﬂth@ﬁ%t[’ ?“%&f%&f’?ﬂg ?qrﬁgegu%aérﬂ? r&é’? ?'mgrafg WPher

immunodeficiency syndrome (AIDS).



Anot her class of separation nethods involves treatnent of a m xture
with a reagent selected to bind to or render otherw se separable a
desired pr, reacted starting material, reaction t, or
t he Iike.V%ggﬁﬁ?gﬁg%nts i ncl ude adsorbents or absorbenf’g%rglgjcuﬁg@gm;4
activated carbon, nol ecul ar sieves, ion exchange nedia, or the |ike.
Alternatively, the reagents can be acids in the case of a basic
material, bases in the case of an acidic material, binding reagents
such as antibodi es, binding proteins, selective chelators such as
crown ethers, liquid/liquid ion extractiqQn reagent LI X r the

i ke, A s i piobudEiea SR IoR Py viden TN [0 o oparstion oF
subst ant i gidtMraha@Rhelf ofiHosmelady: €oi soner may be obtai ned by resol ution
of the racem c. mixture using a neth such as formation of

di astereoners using optically actiyve,resolving agents
(Stereochenmistrv of Carbon Conpgun (1962) by E. L. Elie!, MG aw
HIll; Lochmuller, C H, (1975)J.AChfomatogr., 113:0) 283-302).
Racem ¢ mi xtures of chiral conpounts ofFormmlaithvention can be
separated and isolated by any suitable nethod, including: (1)
formation of ionic, diastereoneric salts with chiral conpounds and
separ at i orcobyprisingct i onal crystallization or other nethods, (2)
formati on of diaster ' | i i {: 7]

reagent s, SeparStiDh sorerkGroaRER At 3edhddydcty BleAREEL Behe
st er eoi soneesncanih laBhasidpar sensoionohetelatadyst &1 fonnithd bigfupapraleahp! of
enri ched %ﬁgﬁgéoners directly under chiral conditions. EXEMPLARY

EVBODI MENTS™. I n one enbodi ment, the invention provides a
conmpound of Forrmula C and a pharnaceutically acceptable salt thereof:
Formula C I n anot her enbodi nent, the -invention provides a

process of preparing a conpound of Forrmula Mconprising a)treating a

conmpound of Forrmula E with an am ne such as 1-anino-2- netgﬁ%gropane

H OH tBuO P. CREFAMREDDESCRIPTEPM QF ESHMEILRY HMPQRIN

b)treating the conpound of Formula F with a conpound of Formula G
DEFINITIONS

Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:

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

“Protecting group” refers to a moiety of a compound that masks or alters the
properties of a functional group or the properties of the compound as a whole. _

| Chemical protecting groups and strategies for protection/deprotection are well‘known
in the art. See e.g., Protective Groups in QOrganic Chemistgg. . Theodora W. Greene,.
John Wiley & Sons, Inc., New York, 1991. Protecting groups are often utilized to

.-mask the reactivity of certair; functional groups, to assist in the efficiency of desired
chemicallreactions, e.g., making and breaking chemical bonds in an ordered and
planned fashion. Protection of functional groups of a compoun;:l alters other physical
properties besides the reactivity of the protected functional group, such as the polarity,
lipophilicity (hydrophobicity), and other properties which can be measured by
common analytical tools. Chemically protected intermediates may themselves be

biclogically active or inactive.



to forma conmpound of Formula C Fornmula C treating the
conpound of Formul a C with a reducing agent to formthe conmpound of

fgrgﬂ ZCL\AW(})‘%&:%%?? Typi cal reduci ng agent Vm%ﬁ@ugfoﬂ’ﬂpo%dﬁse‘j

ormation of the nitrite noiety to
car boxal dehyde noi ety can found in Larock, Richard, C. "Conprehensive
Organic Transformations 2nd Ed. 1999 John W/ ey and Sons publi sher,
pages 1271-1272. | n another enbodi nent, the invention provides a
conmpound of Formula M H OH IL"- IE 02 CHO Formula M

anot her enbodi nent, the. | vrelglf_stgn Scifh aqﬁf%% L,%;OEIQ)%

preparation of comnmpoun or N or imu r|5|n
treati ng aupaimpusabiiitf offbe mitrer iDage pdrrtra:r r»ddlﬁdhmgrrmqgchlral”oref@s mthe

conpound %olggurlg;u \Ll%ch ar'é superimpocs;able on their mirror image partner.
The term “sterecisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atorns or groups in space.
“Diastereomer” refers to a sterecisomer with two or more centers of chirality
and whose molecules are not'mirror images of one another. Diastereomers have
different physical properties, e.g., melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedufes such as electrophoresis and chromatography.
“Enanfiomers” refer to two stereoisomers of a compound which are non-
| superimposable mirror images of one another.
) “Lanthanides™ refers to the following elements and their ions: La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu.
“*Transition metals” refer to the following elements and their ions: Sc, Ti, V
Cr, Mh, Fe, Co, Ni, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, Hf, Ta, W, Re,
Os, Ir, Pt, Au, Hg. |

Ligands comprising the metal catalysts may be chiral, achiral or racemic.

Schemes and Examples

General aspects of these exemplary methods are described beldw and in the
Examples. Each of the products of the following processes is optionally separated;
isolated, and/or purified prior to its use in subsequent processes.

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

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

reactions).



I n anot her enbodi nent, the invention provides a process of preparing
t he conpouncl of Formula M wherein the reducing agent is diisobutyl

al um num %&5%9@)63}% g al n anot her enbodi nent, the i nvgelr)gg%o%ﬂquides

a process conmpound of Forrmula 0, furthe

treating the bisfuran al cohol of Fornmula O with disuccinirnidyl

di carbonate to forma conpound of Forrmula LI OFormul a LI In
anot her enbodi nent, the invention prOV|des a process of preparing the
conmpound of Formula O, further conpr|5|ng treating the bisfuran

o cohol ol For s 2 SR PR IR0 Bt g v
For mul a Laaroducts anﬂmsanmxﬂﬁdrcaamdﬁmmdxttdme (¢.py Bnttigoncpimningsts) are
tp Feat mg. cREETOR et SRLEACR BEOEET RIB P oi pyridyl carbonate
to forma corrpaundemfs ‘fenved’ a‘trha'hr@”,d tREonant!, and e like, whdrmusadhot her
CTo0d T ek DGR AR PSRV gl sl
allowing to react, bringing into contact, and other terms common in the art for
indicating that one or more chemical entities is treated in such a manner as to convert
- it to one or:more other chemical entities. This means that “treating compound one
with compound two” is synonymous with “allowing compound one to react with
compound two”, “contacting compound one with compound two”, “reacting
compound oﬁe with cd:ﬁpound two”, and other expressions common in the art of
organic synthesis for reasonably indicating that compound one was “treated”,
“reacted”, “allowed to react”, etc., with compound two. For example, treating
indicates the reasonable and usual manner in which organic chemicals are éilowe'd to
react. Normal concentrations (0.01M to 10M, typically 0.1M to 1M), temperatures
(-100°C to 250°C, typically -78°C to 150°C, more typically -78°C to 100°C, still
more typically 0°C to 100°C), reaction vessels (typically glass, plastic, metal),
solvents, pressures, atmospheres (typically air for oxygen and water msensxtwe
teactions or nitrogen or argon for oxygen or water sensitive}, etc are intended unless
otherwise indicated. The knowledge of similar reactions known in the art of organic
synthesis are used in selecting the conditions and apparatus for “treating” in a given
process. In particular, one of ordinary skill in the art of organic synthesis selects
conditions and apparatus reasonably expected to successfully carfy out the chemical
reactions of the described processes based on the knowledge in the art.
In each of the exemplary schemes it‘may be advantageous to separate reaction
products ﬁom one another and/or from starting materials. The desired products of
_ each step or series of steps is separated and/or purified (hereinafter separated) to the
'desxred dcgree of homogeneity by the techniques common in the art, Typicaily such
separations 1 involve multiphase extraction, crystallization from a solvent or solvent
mixture, distillation, sublimation, or chromatography. Chromatography can involve
any number of methods including, for example: reverse-phase and normal phase; size
exclusion; ion exchange; high, medium, and low pressure liquid chromatography

methods and apparatus; small scale analytical; simulated moving bed (SMB) and
’ 8



I n anot her enbodi nent, the invention provides a conpound and
pharmaceutically acceptable salts thereof having Formula A H CH

I n anot her, g@ | ppnt, the invention provides a proces .
preparati &’180 9@%r amat e sul fonam de am no phosphonat e%&@ézr(}y}%%?ﬁéh

conpri ses: a) addition of a dihydrofuran to a gl ycoal dehyde
or glycoal dehyde diner in the presence of a Yb, Pr, Cu, Eu or Sc
catalyst to formthe bisfuran al cohol of Formula O b)

treating the reaction product of step (a) wth disuccinim dyl
0 o S AP SRR e D SO st . |
1 , For nultainlidyer kod Aedhechr@patograplyy.nmul a L3, respectively, c)treating
c comboun of il s 4 AR e b el B OB B
For mul a G reddent febrcmd ta bad tb or foxdm chowipoupatalt alesimd| raoddcet, unreacted
starting material, reaction by product, or the like. Such reagents include adsorbents or
absorbents such as activated carbon, molecular sieves, ion exchange media, or the
like. Alternatively, the réagents can be acids in the case of a basic material, bases in
the case of an acidic material, binding reagents such as antibodies, binding proteins, .
selective chelators such as crown ethers, liquid/liquid ion extraction reagents (LIX),
or the like. ' |
A single stereoisomer, e.g.,-an enantiomer, substantially free of its
stercoisomer may be obtained by resolution of the racemic mixture using a method
such as formation of diastercomers using optically active resolving agents
(Stereochemistry of Carbon Compounds, (1962) by E. L. Eliel, McGraw Hill;
Lochmuller, C. H., (1975) J. Chromatogr., 113:(3) 283-302). Racemic mixtures of
chiral compounds of the invention can be separated and isolated by any suitable
method, including: (1) formation of ionic, diastereomeric salts with chiral compounds
"and separation by fractional crystallization or other methods, (2} formation of
diastereomeric compounds with chiral derivatizing reagents, sepa:étion of the

diastereomers, and conversion to the pure sterecisomers, and (3) separation of the

substantially pure or enriched stereoisomers directly under chiral conditions.

EXEMPLARY EMBODIMENTS

In one embodiment, the invention provides a compound of Formula C and a

pharmaceutically acceptable salt thereof:



Formula C e)treating a conpound of Formula C with a reducing agent to
forma conpound of Forrmula M Fornula M 0. deprotecting a conmpound of

Formula M w i.f] uoroacetic acid, hydrochloric acid ;
toluenesuﬂygkgghé%i%, met hanesul foni ¢ aci d, benzenesul f oG aerd, !

oni ¢ acl
hydr obrom ¢ acid or another suitable acid as listed in Protective

G oups in Organic Chem stry, Theodora W G eene, John Wley & Sons,
Inc., New York, 1991, to forma conpound of Fornmula N Formula N
treating a conpound of Formula N wth a conpound of Fornmula L, L2, -or
L3 to forma conpound of Formula A treating a caonpound of Fornula A
wi th a conpound of Fornula.J Me ,0)}F--OO2Et 8 Fornmula J to forma
compound of Formula | Formuka | 4gtr +ng a conpound of Fornula |
with adipic acid to forma dalt »f fornula |V Ove 00 teN

0,
8]
~cN

In another embodiment, the invention provides a process of preparing a

N

Formula C

compound of Formula M comprising

a) ﬁcating a compound of Formula E with an amine such as 1-amino-2-

methylpropane

tBuO.

*sn/N\v/“\v/@

Formula E

to form a compound of Formula F
?_ OH (/L;
tBUOYN\é/-\/N'-H
CN Formula F
b) treating the compound of Formula F with a compound of Formula G

*



P'-OPh 0 CO2Et HO2C Me Fornula 1V, I n anot her enbodi nent, the
invention provides a salt having Formula I'V: Formula IV.

The
salt of f was prepared and has a nelting poin T
121C The %@gdo@ééﬁguof the salt of formula IV is an Envi)%?ﬁd?%oﬁ(e%h“

i nhi bi tor which has been made and di scl osed in W2003/ 090690, which
is herein incorporated by reference. The salt of Formula IV is also
an HV protease inhibitor useful for treating patients infected by

H V. Table 1. Chiral catalysts in bisfuran al cohol formation. "OH H
+ 0,0 23 Entry Conditions S0,CI

MeO Formula G

to form a compound of Formula C

Formula C

c) treating the compound of Formula C with a reducing agent to form the
compound of Formnula M

Formula M

Typical reducing agent which can be used to effect the transformation of the
nitrilé moiety to the carboxaldcﬁydc moiety can found in Larock, Richard, C.

“Comprehensive Organic Transformations 2" Ed. 1999 John Wiley and Sons
publisher, pages 1271-1272. }

In another emboediment, the invention provides a compound of Formula M:

11



Cat al yst Sol vent Conversion (% GC Analysis' I(-)-1to (+)-1I 1 50C,
5 hr Yb(hfc)3(+) DHF 100 49 to 51 2 50C, 5 hr Yb(hfc)3(-) D U 100 50
to 50 3 5%2&7H£68Eu(hf c)3(+)

PCT/US2007/007564
T
EBUO\[(NY:\/N\S
E Os I |
o E
\©\ _ OMe
CHO
Formula M

In another embodiment, the invention provides a process for the preparation of
a compound of Formula M: '

Formula M
comprising '

treating a compound of Formula C with a reducing agent to form the
compound of Formula M

B
tBuO z

Formula C

In another embodiment, the invention provides a process of preparing the
compound of Formula M, wherein the reducing agent is diisobutyl aluminum hydride.

In another embodiment, the invention brovides a process of preparing a
compound of Formula 0, further comprising



DHF 100 48 to 52 4 r.t., 20 hr Yb(fod)3, S binaphthol MIBE 100 50 to
50 5 50C, 5 hr Yb(tfe)3(+) DHF 100 52 to 48 6 50C, 5 hr Pr(tfc)3(+)

DHF 100 WO 2007/126812 PCT/US2007/007564

treating the bisfuran alcohol of Formula 0 with disuccinimidy! dicarbonate to

form a compound of Formula L1

' 0
O O.
AT N
H O
o Formula L1

In another embodiment, the invention provides a process of preparing the

compound of Formula 0, further comprising
treating the bisfuran alcohol of Formula 0 with bis(z-nitrophenyl) carbonate or

p-nitrophenol chloroformate to form a compound of Formula L2

O ')
0L
Qjo N,

H o

Formula L2

In another embodiment, the invention provides a process of preparing the

compound of Formula 0, further comprising
treating the bisfuran alcohol of Formula 0 with dipyridyl carbonate to form a

compound of Formula L3
O O
A \®
o O N~
H o Formula L3

In another embodiment, the invention provides a compound and

pﬁannacgutically acceptable salts thereof having Formula N

13



56 to 44 7 50C, 2.5 hr Yb[(R)-(-)-BNP]3 DHF 100 60:40 8 30C, 12 hr

DHF 100 59:41 9 50C, 5 hr Yb[(R)-(-)-BNP] 3 DHF 100 65:35 10 r.t., 5
hr WO 2007/126812

PCT/US2007/007564

Formula N.

In another embodiment, the invention provides a cornpound and
pharmaceutically acceptable salts thereof having Formula A

o
Y ~~Nsg,
YT
£ 0 Mo
H o CHO Formula A.

In another embodiment, the invention provides a process for the preparation of
carbamate sulfonamide amino phosphonate esters which cornprises: '

a) addition of a dihydrofuran to a glycoaldehyde or glycoaldehyde dimer

in the presence of a Yb, Pr, Cu, Eu or Sc catalyst to form the bisfuran alcohol of

Formula 0
\ LH
H o

treating the reaction product of step (é) with disuccinimidyl

Formula 0
b)
dicarbonate, bis(p-nitro)phenyl carbonate, p-nitrophenol chloroformate, or dipyridyl

" carbonate to form a compound of Formula L1, Formula L2, Formula L2, or Formula
L3, respectively,

14



Cu[ Pybox] . DHF Pol ynmerized DNA 11 50C, 5 hr Cu[ Pybox] DLO
Pol ymerized DNA 12 r.t.,

5 hr Cu[ Pybox] DCM <5 DNA 13 50C, 5 hr
CU[ Pybox] \%%09/126812 PCT/US2007/007564

O O 0
NI 4 \©\
A 0o > NOD,
o
o H O
H o

Formula L1

. O (o)
0
fo) O N. =

H o

Formula L2

- Formula L3

c) treating a compound of Formula E with an amine

tBu(:_') l

CN  Formula E
to form a compound of Formula F

T (:DH '/Q
N z

tBUOW \:/\\/ N\H
CN Formula F

d) treating a compound of Formula F with a compound of Formula G.

’ : -S0.CI
MeO

Formula G

to form a compound of Formula C



DNA 14 , 20 hr Cu[ Pybox] DHF/ DC O DNA DHF =di hydr of uran, DCM
=di chl or onet hane, M/' BE=net hyl -t -butyl ether. GC anal yses were

per f or med I zing bisfuran alcohol to the trif t
with tril I‘ﬁ%rz@g}é@é c anhydride in DC?.?. Table 2: UselPE?)’Uggugﬁdﬁ&
(HI') catalyst and chiral ligands to di rectly access (-)-1. 00 )
HO "O 23 Entry

li' OH rk .
tBuQ N .

Formula C

e) treating a compound of Formula C with a reducing agent to form a
‘compound of Formula M

H OH H\
tBuO Z

" Formula M
). deprotecting a compound of FormuIa M with trifluoroacetic acid,
hydrochloric acid, toluenesulfonic acid, methanesulfomc acid, benzenesulfonic acxd
hydrobromic acid or another smtable acid as listed in Protective Groups in Organic
Chemistry, Theodora W. Greene, John Wiley & Sons; Inc., New York, 1991, to form
a compound of Formula N

HzN\//é\/
5
\©\ ' OMe
CHO
Formula N
2) treating a compound of Formula N with a comppund of Formula L, L2

orL3 to form a compound of Formula A

16



Catatyt Mol % Liga n d Mol % Tenp (C) Tine (hrs) Sol vent Conversion GC
Analysis' (AHYR) to (+)] 1 3.4 7.5r.t. (3)5 DCM 100 .79:21 2 3.4 3.6
WO 2007/126812

PCT/US2007/007564

'H' CH (l\
_9

N\/\/N SOZ

%\@‘@

- Formula A
h) treating a compound of Formula A with a compound of Formula J
Me
L0 CO,Et
H2N\/\E—OPh 2
_ - Formula J
to form a compound of Formula 1

N 1]
H” PCOPh
A O -COzE
Me
Formula l

1)

treating a compound of Formula I with adipic acid to form a salt of
formula IV )

Formula I'V. -
17



-10 to (3)5 DCM 100 62: 38 F. t. 320.0 21.4 r.t. (3)24 DCM <10
NA

WO 2007/126812 PCT/US2007/007564

In another embodiment, the invention provides a salt having Formula IV:

|
: N N<
- H\fr \2/\/ S“@\
e} = 02 .

H o o O
-N P—OPh
H - .
N0 _cogkt
A C0H :
HOQC ‘ Me
Formula IV."

The salt of formula IV was prepared and has a melting point of 118°C - 121°C.
The free base of the salt of formula IV is an HIV protease inhibitor which has been
made and disclosed in WO2003/090690, which is herein incorporated by reference.

The salt of Formula 1V is also an HIV protease inhibitor useful for treating patients
infected by HIV.

Table 1: Chiral catalysts in bisfuran alcohol formation.

o oH ' OH ~_JOH
& LY f c%H e
H H™
HO™ O o 0
2 '3 . (31 ()1

18



43.47.6r.t. (3)24 DCM<10 NA 5 3.4 7.5 r.t. (3)5 DCM 100 78:22. . .-
6 3.35 9.37 50 (3)5

WO 2007/126812 PCT/US2007/007564

3.
3.

- T v
Entry  Conditions Catalyst Solvent Conversion  GC Analysis

(%) [(-}-1¢to (+)-1] -
1 50°C, 5 hr Yb(hfc; (+) . DHF - 100 49 to 51
2 50°C, 5 hr Yb(hfc)s () DHF 100 50 to 50
3 50°C, S hr Eu(hfe)s (+) DHF - 100 48 t0 52
4 ‘rt,20hr “;’(ﬁ’d)ﬂ’ S- MTBE 100 50 to 50
inaphthol :
5 50°C, 5 hr Yh(tfe)s (H) . DHF 100 52t0 48
6 50°C, 5 hr Pr(tfc)s (+) DHF 100 56 to 44
7 50°C,2.5hr  YbB[(R)-(-}-BNP);  DHF 100 60:40
3 30°C, 12 hr  YB[(R)-(-)-BNFP], DHF - 100 59:41
9 50°C,5hr  Yb[(R)-(-)-BNP];  DHF 100 65:35
10 r.t,Shr Cu[Pybox] . DHF Polymerized DNA
11 50°C, 5 hr Cu[Pybox] DHF Polymerized DNA
12 r.t., S hr Cu[Pybox] DCM <5 DNA
13 50°C, 5 hr Cu[Pybox]} DCM 0 DNA
14 rt, 20 hr CufPybox] DD c 0 DNA

DHF =dihydrofuran, DCM =dichloromethane, MTBE=methyl-t-butylether.
'GC analyses were performed by derivatizing bisfuran alcohol to the
trifluoroacetate with trifluoroacetic anhydride in pcm.

_, _ . . , -
HsC. _CHs | el oHs
Chis E CF;
M(hfc)s () = =0 M(tfc)s (+) = | _—
O/,M O\
O N
CF3CFxCFp ' ™
. R — =3
CFaCF,CF; ‘ | = I
Mifod); = s °~ g | B
3= . CuPybox =
. M y I
‘ A \ o—'/ S,N Cu—“NJ
% 2 SbFg
(CH3)C Ph Ph

19



DCM <10 NA- 7 3.35 9.37 r.t. (3)5 THE <10 NA 8 3.35 9.37 r.t. (3)5
MIBE/ <10 NA

WO 2007/126812 PCT/US2007/007564

Table 2: Use of scandium (I1I) catalyst and chiral ligands to directly access (-)-1.

g
] \N (o] OH
S"N N
( Y /E j Se(OTh, PR 0 P Q’
Conditions H "o
3 {-)-1
Catalyt Ligand Tewmp Time Conversion GC Analysis'
Entry Mol% Mol% (°C) (brs) Solvent (%) () to ()]

1 34 7.5 r.t. 3)5 DCM 100 .79:21

2 3.4 3.6 10t (3)5 DCM 100 62:38

r.t.

3 20.0 214 I.t. {(3)24 DCM <i0 - ' NA

4 34 7.6 .t (3)24 DCM <iQ NA

5 34 7.5 r.t. 3)5 DCM 100 78:22 -
6 3.35 9.37 50 {(3)5 DCM <10 NA

7 3.35 9.37 .t (35 THF <10 NA

8 3.35 9.37 Lt (3> - MTBE/ <10 NA

DME

9 3.35 9.37 1] (3)5 THF 100 75:25
10 3.35 9.37 L.t (3)5 MeCN 100 74:26
11 6.7 18.74 r.i (3)5 DCM 100 82:18
12 10.0 60.0 I.t. 35 DCM 100 82:18
13 6.7 18.74 r.t. (3)5 TET <5 NA

14 6.7 18.74 0 3)5 DCM 160 85:15
15 6.7 18.74 0 (3)6 CHCly >10 NA

16 6.7 18.74 -78 (3)6 DCM 0 NA

17 6.7 18.74 20 (3)6 DCM <5 NA

18 6.7 1874 . 0Oto-5 (5)68 DCM 100 82:18

TFT = trifluorotoluene, DME =din;rethoxyethane, DCM =dichloromethane,
MTBE=methyi-t-butylether, THF=tetrahydrofuran.

’G'C ‘analyses were performed by dertvat:zmg bisfuran alcohol to the .
trifluoroacetate with trifluoroacetic anhydride in DCM.

Table 3 Use of eatalysts and chiral ligands to directly access (-)-1.
H :(_)H H, OH

/[ :I’ ~ Catalyst, Ligand

HO (@) Conditicns

6
20



DNFE 9 3.35 9.37 0 (3)5 THF 100 75:25 10 3.35 9.37 r.t. (3)5 MeCN
100

WO 2007/126812 PCT/US2007/007564
Catalyst Catalyst Ligand Ligand Temp Time GC
Entry Used Mol% Used Mol% (°C) (hrs) Selvent Analysis'
. [(-) to
: )]
i Sc(OTi) 3.4 2 7.5 r.L (3)24 DCM Messy
2 Sc(OTf) 34 2 75 . ()5 DCM  26:74
3 YBOTD: 3.4 2 76 ot (33 DCM  50:50
4 Sc(OTH); 3.4 2 120 .t 3)s DCM 2377
5 Sc(OTH,  3.35 3 754 rt (35 DCM  51:49
6  Sc(OTD; 3.5 4 75 rt. (35 DCM  57:43
7 Cu(OTf, 48 5 56 rt (053 DCM  52:48
8 Cu(OTf), 5.6 5. 13.97 r.t. {3)5 DCM 52:48
9 Yb(OTL)s 6.7 1 18.74 1.t {3)5 DCM 61:39

'GC analyses were performed by derivatizing bisfuran alcohol to the
trifluoroacetate with trifluoroacetic anhydride in DCM.

*OU JO\V aﬂ
(S)

bh PR F’h —
1 2 3
o KX
o o%,o
1LLD l
Ph S/ \}-—Ph S’IN N\})
HaC - (8) CHa Ph S) Ph
4 : 5 .

Table 4. Use of column method for enantiomeric resolution of (+)-bisfuran

alcohel.

OH oH Ac - OH
. H ~\ LH
Lipase PS-C | % Qj Extraction %

O e O
. Ac,0, DME
o) J 2 : H o H o
-1 ' (1 10 -1
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74:26 11 6.7 18.74 r.t. (3)5 DCM 100 82:18 12 10.0 60.0 r. t. (3)5
DCM 100 82:18 13 6.7 18.74 r.t.

WO 2007/126812 PCT/US20071/007564

Lipase Amtof Flow Residence Total Conversion* Optical
‘ Activity Lipase Rate Time Time (ROActo Purity Yield
Entry (U/g) (@ (mL/min (min) (hrs) ROH) {Yoee) (%e)
. ) . .

{10: 1) .
1925 18.6 17 1.8 10.5 1.5:1.0 97.2 32
2 1925 227 164 0.52 15.0 NA 98.2 42
1925 275.6 2000 . 0.8 14.5 12:1.0 97.2 33
_ Relief Valve r/_\
and
Pressure s "
Rinse to purge line and column,
Guage Input Line ~
Circulating
Pump
Glass - ;
Columnt "} N ¢
N2
Lipase l
in
Sand
LA d]

Reactor

i . . or
NT——r Retum Line Flask
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(3)5 TFT <5 NA 14 V 18.74 0 (3)5 DCM 100 85:15 15 6.7 18.74 0 (3)6

CHC13 >10 NA 16

WO 2007/126812

PCT/US2007/007564

Scheme 1: Process used to prepare bisfuran carbonates from bisfuran alcohols, using

the novel process for synthesis of bisfuran alcohols.

&

=0

130
O
\

T ©
o&
ja s

HO™ O

O._-OH

,Ej/ OH ' | 0

Catalyst

~2:1 cis,cis : cis,trans racemic ketone

J Reduction

H H
Ho- . Hbo OH
ee >06% Amano Lipase A H
RO-CO-OR' . Zlos:2) %

extraction + AcyO H o
ToluenefWater OAc
oH ~08:2 ¢is,cis : cis,trans
e > racemate
H o
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6.7 18.74 -78 (3)6 DCM O NA 17 6.7 18.74 -20 (3)6 DCM <5 NA 18 6.7

18.74 . 0 to -5 (5)68 DCM

WO 2007/126812

PCT/US2007/007564

Scheme 2: Amination of chlorohydrins to BOC(OBn)Tyrosine.

|
tBuO, N = Cl
Y N

OCHgPh

HPLC AN 96.8 - 99.5

B OH
HN_ A Nago,
MESO;;H :

\©\ : OMe
QCHzPh

HPLC AN =99

MeSOzH"

CH3CN

24



100 82:18

TFT = trifluorotol uene, DVE=di nmet hoxyet hane, DCM

=di chl or onet hane, MIBE=net hyl -t -butyl ether, THF=tetrahydrofuran.

(Canal yse formed by derivati zi ng b| sfuran alc e
trifl uoro&@?@?’é&%zt h trithioroacetic anhydride in DCI\/PEBER%O%&O%“
Cat al yst Used Cat al yst Ml % Li gand Used Li gand
Mol % Tenp

(© Tinme (hrs) Solvent

Scheme 3: Reaction of the product obtained in Scheme 2 with a bisfuran carbonate

obtained as described in Scheme 1.

o _MNO2
¢ o LY y o O
HN\-/\/N\SOZ o~ o :..O\H/N\-/\/N\SOZ
T B R T
: OCH,Ph H 5 H o OCH,Fh
3 NEt3
- HPLC AN 96-98%
10% Pd/C
% EtOAc, 50°C
Hy sparge
l OH l/k ©\ SOch3 H OH
o)
:“ N\/\\/N 502 . SOch3 NWN 302
Q:, v G o C?) Aol L.
OS0,CFa
HPLC AN 97-98 HPLC AN 97-98
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GC Analysis" W | Sc(OT3 3.4 2 7.5 r.t. (3)24 DCM Messy 2 Sc(Oras
3.427.5r.t. (3)5 DCM 26: 74

WO 2007/126812 PCT/US2007/007564

Scheme 4.

].;| QH CIS0; H OH I)\
EBUOYN\/.\/Cl OMe lBquNWN S0,
" L | L, .
CN NEt3

92%, HPLC AN >89

3.5 Dibal-H, -20°C

OOtrQ
QJLO.N ¢
A L Y
M CH o] 1BuO, Na_~~_-N<

N )¢

o)

= S0, .
I SNso, Ho MsOH,THF O - @\ .
A\ O - @\ \©\ _ OMe
% \©\ OMe  N-Methyl 40°C CHO
H o CHO imidazole

88%, HPLC AN 98.6
70-80%, HPLC AN 93-97
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3 Yb(011)3 3.4 2 7.6 r.t.
(3)5 DCM 23: 77 5 Sc(OTC8 3. 35

WO 2007/126812

(3)3 DCM 50:50 4 Sc(OTCB 3.4 2 12.0 r.t.

PCT/GS2007/007564

Scheme 5.
.. 0
. P o —ci adjust Q 1. Dowex. MeOH
HzN/\/P\E)gH CBZNNPB%:- 2. CHyCN
NaOH to pH 1 lli - LH3
Aminoethyl phosphonic acid
~_P-0OH
L
CBZI}E OH
H
mp 104°C  77-84%
DCC DMAP
PhOH CH;CN
adjust to pH 10
CBZN
H Q
. PhO-P.
(.Pl)_ Pyridine soci, HO \/\';ICBZ extract o
OPh ~3°C 2 ~ H  organics PhO—IEJ’\/\
O—-;——COzEt TT% ] Nad riJCBZ
Me HO-_?—COZEt Toiuene adjust H
Me topH 1
~ 1:1 mixture of diastereomers,
at phosphorus (14 equw)
78%, oil
Yamanuchi, K. et al, J. Org. Chem., 1984, 43, 1158, Chapman H.et al ; Nucl. Nucleotid.
Nucleic Acids, 2001, 20, 621
Scheme 6.
Kromas Qutput HPLC AN
utpu
CBZN/\/P":.OPh ' p
H e EtOAc/Heptane 250 ¢ 947 99.2:0.8
mixture of diastereomers 760 g 94.5 99.2:0.8
at phosphorus
Output HPLC AN
486 g 86.1 98.9:1.1
4359 895.7 99.1:0.9
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3 7.54 r.t. (3)5 DCM 51: 49
Cu(OTC2 4.8 5 5.6 r.t.

WO 2007/126812

Scheme 7.

1

('r? OPh
\

"0~——~COgEt
Me

CBZN" ™~

i

The invention will

6 Sc(OTCB 3.5 4 7.5 r.t. (3)5 DCM 57: 43

PCT/US2007/007564

0% Pd/C

H, sparge

2 HOAc

EtOH Na{CAc),BH
——
CH;CN agueous
carbonylation product workup
adipic acid
{ Isopropyl

- acetate

P

\/\\/N\S
OMe
(o}

N 1}
o PCOPh
0 _cogt

Me

H
;
N

[KTe]

O
\ L H
509°
H o
H OZC/\/\/COZH

now be illustrated by the following non-limiting Examples.

Scheme 8. Kinetic lipase-induced hydrolysis of bisfuran acetate.

OAc - . OH OAc -
Q Lipase PS NaOH (0.5 M) O
-~ " - - + .
O ’] _ Phosphaie Buffer  MaintainpH O O~/ ,",
e pH 7.2 @7.2-7.3 o o
: Water, r.t. '
Water/DCM sep.
OAc
5§
o

© Yield: 47%; 80%ee
{90:10 {-) to (+) ratio)
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(0.5)3 DCM 52: 48 8 Cu(OTC2 5.6 5 13.97 r.t.

6. 18.74 r.t. (3)5 DCM 61: 39

7

1

WO 2007/126812 PCT/US2007/007564
EXAMPLES
OH
1) Ag. NaHCO3/DCM, ;-(')H
r\‘> /E :r _Vb(fed)s TEMPO, KBr, 0°C O
ol gy,
o} “50°C,5hrs © /| 2) NaQCl, < 10°C O/ J’
( 8 3) NaBH,, EtOH, "?
= 1010 0°C &
Lipase PS-C
“Amano I”
AczO, DME

r.t.

.

]
\‘-"Q' ey

-~
1

Preparation of, (3R, 3aS, 6aR) Hexahydrofuro}2,3-5]furan-3-ol, (1).

To a reaction vessel, charge glycolaldehyde dimer (4.45 kg), Yb(fod); catalyst (0.2%
kg) and dihydrofuran (20.5 kg). Agitate contents to mix and heat to 50°C for ~5
hours. Concentrate reaction content to z; crude oil, dissolve in saturated aqueous
NaHCO; solution (60 kg), and wash with dichloromethane (6 kg). Charge
dichloromethane t58 kg), KBr (0.89 kg), TEMPO (0.116 kg) to the aqueous layer and
cool the mixture to 0°C. Slowly add to this mixture with sodium hypochlorite
(NaOCl, ~11% Cl, 55 icg). Upon completion of reaction, allow the organic and
aqﬁeous layers to separate. Wash the aqueous layer with dichloromethane (29 kg).
Combine the organic layers and wash with water, 10% HCI with K1, and 10% sodium -
thiosulfate. Dry the organic layer over sodium sulfate, filter the solids, and cool the
filtrate to below 0°C. Add a solution of sodium borohydride (0.36 kg) in ethanol (7.1
kg) while maintaining reaction content temperature below 0°C. Upon completion of
reaction, add acetic acid (1.4 kg) and water (13.4 kg) to quench. Concéntrate mixture
by vacuum distillation. To the resuiting crude oil/semi-solid mixture, add ethyl

acetate (31 kg). Dry organic layer over sodium sulfate, filter solids, and concentrate

29
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' GC anal yses were performed by derivatizing bisfuran al cohol to the
trifluoroacetate with trilluoroacetic anhydride in DCM

ct). “‘/I' bdo 268{0 NI Ph(SNIIi(R 12 Tabl e 4. H@f@g"ﬂﬁ@%’%@q

method for' Aant1%Heric resol ution of ()-bisfuran al co
Li pase Activity (U g) Amt of Lipase

-via vacuum distillation to isolate (£)-1 as an oil. Enzymatic Resolution. Charge
ethylene glycol dimethyl ether (DME, 14.7 kg) and acetic anhydride (4.6 kg) to the
crude product oil. Circulate this solution through a column packed with a mixture of
Lipase PS-C “Amano I (0.36 kg) and sand (6 kg). Upon completion of the
enantiomeric resolution, concentrate the solution via vacuum distillation. Add water
(18 kg) to dissolve the product and wash the soiution with dichloromethane (28 kg).
Concentrate the product containing aqueous layer via vacuum distillation. Dissolve
the resulting oil in ethyl acetate (16 kg) and dry over sodium sulfate, Additional
product can be isolated by back extracting the dichloromethane layer with water
se\}eral times. Concentrate the combined water layers via vacuum distillation. |
Dissolve the resulting oil in ethyl acetate; dry over sodium sulfate, and filter éolids.

- Concentrate the combined ethyl acetate layers via vacuum distillation to afford the
product, (3R, 3a8, 60R) hexahydrofuro[2,3-b]furan-3-o}, (-)-1, as an oil (1.6 kg, 97
%ee, 33% yield) contaminated with a approximately 15 wt% of the corresponding
acetate. Analytical data: 'H NMR (DMSO-d6, 300 MHz) § 5.52 (dd, 1 H), 4.25-4.15
(m, 1 H), 3.85-3.75 (m, 2 H), 3.7-3.6 (m, 1 H), 3.3 (t, 1 H), 2.75-2.65 (m, 1 H), 2.23-
2.13 (m, 1 H), 1.75-1.6 (m, 1 H).

. QH B ’ -
O : O __TEA o@““‘o‘n’o-
Oy J, + /©/ 5 \©\ DCM, rt,48hr 4 o \Q
“ OuN NO, . 2z NO
3 | o/ 2

)

Preparation of (3R, 3a8, 6aR)-Hexahydrofuro|2, 3-b]furan—3-y1 4-N|trophenyl

Carbonate).

Charge to a reaction vessel with bis(4-nitrophenyl)carbonate (2.85 kg) and
“dichloromethane (33.4 kg). Add to this solution with (3R, 3aS, 6aR)-

hexahydrofuro[2,3-b]furan-3-0l, (-)-1 (1.2 kg, 98.5% ee, contaminated with ~36%

acetate) dissolved in dichloromethane (6.7 kg). Charge triethylamine (1.6 kg) and

agitate the resulting reaction contents at 20-25°C. Upon completion of reaction, wash
" the contents with water (16.8 kg). Separate the layers and concentrate the
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(9) Flow Rate (nmi/min Residence Total Conversion* TinmeTime (ROAc to
(mn)(hrs)ROH) Optical Purity (%e) Yield (% ) (10 : 1) 1

WO 2007/126812 PCT/US2007/007564

dichloromethane layer via vacuum distillation. Dissolve the product containing oil in
ethyl acetate (21.2 kg) and sequentially wash with water, aqueous potassium
‘carbonate solution and brine. Dry the ethyl acetate layer over sodium sulfate, filter
solids, and concentrate via vacuum distillation. Dissolve the cbncentrated product
mixture in ethyl acetate (9.3 kg) and heat to 45°C. Charge hexanes (6.7 kg) slowly
and cool the final mixture slowly to 0°C. Filter the resulting slurry to isolate 12. |
Wash the solid cake with a solution of ethyl acetate and hexanes (1 :1 viv, 5.3 kg).
Dry the product to constant weight affording 1.5 kg of 12 (55%) as an off-white solid.
Additional product may be obtained by -concentrating the mother liquor via vacuum
distillation and repeating the crystallization procedure. Analytical data: '"H NMR
(CDCls, 300 MHz) § 8.3 (d,2 H), 7.4 (d, 2 H), 5.8 (d, 1 H) 5.3-5.2 (m, 1 H), 4.2-4.1
(m, 1 H), 4.1-3.9 (m, 3 H), 3.25-3.1 (m, 1 H), 2.3-2.1 (m, 1 H), 2.1-1.9(m, 1 B);
HPLC AN = 98.5%.

Procedure for Formula 12, {(2S, 3R)-1-(4-Benzyloxy-benzyl)-2-hydroxy-3-
[isobutyl-(4-methoxy-benzenesulfonyl)-amino]-propyl}-[3R, 3aS, 6aR}-carbamic
acid hexahydro-furo[2,3-b]furan-3-yl ester

MeSOsH  oH KI\ MeSOH  OH H\

z O2N

HaN_ o~ N~ . \@\ '

> S HoN N..
= O:@\ O &) H 2 \-//\\/ _@\
eURa &

OBn D

Formula 11

Formula 27 Formula 12

—_— -

A flask is charged with Formula 27 (1.3 Kg), followed by Formula 12 (0.65 Kg) and
ethyl acetate (7.2 Kg) and agitated and triethylamine (0.65 Kg) and
dimethylaminopyridine (24g) added and agitated at ambient temperature for several
hours. The reaction mixture is washed sequentially with water (8 Kg), aqueous
saturated NaHCO; (8 L) and dilute aqueous HCl1 (8 L)and brine (8 L). The reaction
mixture is charged with activated charcoal (0.13 Kg), stirred for several hours, filtered

thxoﬁgh celite and rinsed with ethyl acetate. Heptane (6 L) is added, the mixture
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agitated for several hours and the product collected by filtration, and rinsed with 1:1
EtOAc/Heptane. The product is dried to constant weight affording 1 Kg of Formula
12 (70%) as an off white solid, mp 127.5°C, HPLC purity 98.4. '"H NMR (CDCls) 7.7-
1.75(d, 2 H), 7.26-7.48 (m, 5 H), 7.12-7.20 (d, 2H), 6.96-7.03 (d, 2H), 6.85-6.94 (d,
2H),5.65(d, 1 H), 5.3 (broad d, 1H),-5.01 (s, 2 H), 4.96-5.06 (broad, 1 H), 3.63-3.96
(m, 7 H), 3.84 (s, 3 H), 2.62-3.20 (m, 7 H), 1.8-1.95 (m, 1 H), 1.40-1.69 (m, 2 H),

0.95 (dd, 6 H). '

Procedure for Formula 13, {{1S, 2R}-2-Hydroxy-1-{4-hydroxy-benzyl)-3-[N-
isobutyl-(N-4-methoxybenzenesulfonyl) -amino]-propyl}-carbamic acid
hexahydro-[3R, 3a8S, 6aR]-furo[2,3-b]furan-3-yl ester .

o, T W QL
M H o
© OBn OH

Formula 12 ' . Formula 13

A flask is charged v;fith Formula 12 (1 Kg) and flushed with nitrogen. Palladium on
activated carbon, 10 wt %, wet, (0.2 Kg) is added, the flask flushed with nitrogen and
ethyl acetate (10 L) added and the mixture is heated to 50°C and hydrogen is sparged
into reaction mixture for 2.5h until feaction is complete. The mixture is sparged with
nitrogen and then filtered through celite under mitrogen and then rinsed with ethyl
acetate. The filtrate is concentrated to 2.5L and heptane (7.5 L) added to the warm
solution. The resultant slurry is coqled in an ice bath, coltected. and washed wiﬁ n-
neptane and dried to constant weight affording Formula 13 as a solid, 0.82 Kg, mp:
two endotherms at 98.2 and 133.8°C,. HPLC purity 97.4%. '"H NMR (CDCly) 7.61-
7.75 (d, 2H), 7.01-7.10 (m, 2H), 6.91-6.99 (d, 2H), 6.63-6.79 (d, 2H), 5.62 (d, 2H),
5.51 (broad s, 1H), 4.96-5.09 (d, 2H), 3.81 (s, 3H), 3.59-3.98 (m, 6H), 2.62-3.18 (m, |
7H), 1.42-1.91 (m, 3H), 0.78-0.95 (dd, 6H).

32



0.8 14.5 1.2 : 1.0 97.2 33 WD 2007/126812PCT/ US2007/ 007564 Schene 1:
Process used to prepare bisfuran carbonates from bisfuran al cohol s,

US'”Q the cess for synthesis of bisfuran alco
cis,cis : vgﬁ\é&)%gd%gz racem ¢ ketone 1 Reduction -98: ejrﬁlszuomo-;?m

cisitrans racemate Schene 2: Am nation of chlorohydrlns to
BOC( OBn) Tyr osi ne.

Procedure for Formula 14, Trifluoro-methanesulfenic acid 4-(28,3R)-{2-([2R,
3S]-hexahydro-furo[2,3~b_]furan—(3R)-3—yloxycarbonylamino)—3—hydroxy-4-[N—
isobutyl-(V-4-methoxybenzenesulfonyl)-amino]-butyl}-phenyl estér

i—li H\ t# OH

gEIn
95 \QO:CL 95 \QQ

Formula 13 Formula 14

Formula 13 (0.82 Kg) and dichloromethane (8 Kg) were charged into a flask, and
gently warmed to dissolve the Formula 13. A separate flask was charged with
N-phenyltriflimide (0.61 Kg) and dichloromethane (2.6 Kg ) and gently warmed to
obtain a solution. A solution of triflating agent was transferred into the solution
containing Formula 13 and cesium carbonate (0.55 Kg) was added and stirring
continued at ambient ternperature for several hours until reaction was complete. Water
(4 Kg) was added, the layers separated, the aqueous back extracted with
dichloromethane and the combined organic layers dried over anhydrous sodium
sulfate. The solution was filtered and concentrated to a small volume and diluted
sequentially with methyl tert butyl ether (7 L) and heptane (16L) and stirred at
'ambient temperature to obtain a solid which was collected and dried to constant
weight to provide Formula 14 as a solid, 0.68 Kg, mp 133.7°C, "’F NMR (CDCl3) -
73.5 ppm, HPLC purity 97.2%.'H NMR (CDCl) 7.70-7.78 (d, 2H), 7.29-7.38 (4,

~ 2H), 7.16-7.23 (d, 2H), 6.96-7.06 (d, 2H), 5.67 (d, 1H), 4.95-5.04 (m, 2H), 3.87 (s,
3H), 3.64-4.01 (m, 7H), 2.78-3.21 (m, 7H), 1.51-1.90 (m, 3H), 0.87-0.97 (dd, 6H).
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Procedure for Formula 15, {(1S, 2R)-[1-(4-Formyl-benzyl)]-(2R)-2-hydroxy-3-
[N-isobutyl-(N-4-methoxy-benzenesulfonyl)-amino]-propyl}-carbamic acid
[3R,3a5,6aR]-hexahydrofuroe{2,3-b}furan-3-yl ester

¢ on O R

0 o N N.
. IhrN\/\_,N-.S . W \:/\./ S
0o Z 02 O e O2
e} \©\ OMe o " “OMe
H H o H
00 oTf : _ .
] O
- Formula 14 Formula 15

A flask is charged with Formula 14 (0.15 Kg) followed by Pd(CAc), (b.06 Kg),
dppp-(0.1 Kg), dimethylformamide (1.9 Kg) and sequentially evacuated by vacuum
and purged with nitrogen several times and then heated under nitrogen to an internal
temperature of 60 to 65°C and lithium chlori&c (3g) is added. The mixture is heated at
65-70°C and the mixture is sparged with carbon monoxide for 30 minutes.
Triethylamine (86g) is charged to the solution, followed by slow addition of
triethylsilane (0.05 Kg). The reaction is maintained at 65-70°C under a CO
atmosphere until the reaction is complete. The reaction mixture is cooled to ambient
temperature, diluted with ethyl acetate (1.8 Kg) and washed with water (4 Kg). The
ethyl acetate is back extracted with water (1 ' Kg) and the combinéd water layers back -
extracted with ethyl acetate (0.5 Kg). The combined ethyl acetate extracts are washed
with water several times and the ethyl acetate filtered through celite, diluted with
acetonitrile (0.2 Kg). HF (48% in water, 0.23 Kg) and saturated NaHC03 (3 Kg) are
added, the reaction mixture is separated and the aqueous layer discarded. The organic
layer is d;*ied over anhydrous sodium sulfate, filtered and the ﬁlu.'ate heated to a
temperature of 50-55°C, treated with trimercaptotriazine (23g) for several minutes, l
activated ca'rbon (10g) added, the mixture heatet at 50-55°C for at least 30 minutes,

" cooled to ambient temperature and filtered through a pad of celite. The filtrate is
washed with saturated NaHCO-J; (0.7 Kg), separated, d‘riecl over anhydrous sodium
sulfate, filtered, and concentrated and the residue purified by silica gel column
chromatography cluting with a mixture of ethyl acetate and heptane. The fractions
containing desired Formula 15 are collected and concentrated to afford a white solid

which is recrystallized by dissolving in ethylene glycol dimethyl ether at elevated
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temperature and slow addition of heptane followed by cooling to ambient
temperature. Collection of the solid by filtration, rinsing with heptane and drying to
constant weight provides Formula 15 as a white solid, 72%, 0.125 Kg, mp 140.2°C,
HPLC purity 98.3%. 'H NMR (CDCl) 9.98 (s, 1H), 7.80-7.85 (d, 2H), 7.67-7.76 (4,
2H), 7.39-7.45 (d, 2H), 6.95-7.04 (d, 2H), 5.65 (4, 1H), 4.96-5.12 (m, 2H), 3.85 (s,
3H), 3.64-4.02 (m, 7H), 2.75-3.21 (m, 7H), 1.72-1.89 (m, 1H), 1.42-1.70 (m, 2H),
0.84-0.98, dd, 6H). '

Procedure for Formula 16, 2-(N-Benzyloxycarbamoyl)-
aminoethylphosphonic acid

NaOH

HaN -~ b0 CBZHN. U~ 1

CBZCL Hz0
AEP Formula 16

A flask is charged with de.ionized water (9 Kg), inerted, agitated and charged with

sodium hydroxiée (2.7 Kg) in portions to maintain the temperature below 35°C.

Aminoethyl phosphonic acid (AEP, 3 Kg) is charged into the flask in portions. Benzyl
chloroformate (5.6 Kg) is added in several portions controlling the temperature at
approximately between 40°C. The mixture is allowed to react at ambient temperature
for several hours until reaction is complete. The mixture is extracted twice with ethyl
acetate (16 Kg portions). The aqueous layer is acidified with concentrated HCI to pH .
1.3 and aged for several hours. The solid is collected and washed with acetonitrile
(2.3 Xg).  The solid and methanol (9.6 Kg) is then charged to a flask and treated with
Dowex resin (8.7 Kg) that has been prewashed with water and methanol. The mixture
is stirred at ambient temperature for 1h, filtered and rinsed with methanol (3 Kg). The
filtrate is concentrated to thick oil, diluted with acetonitrile and azeotroped repeatedly
‘with acetonitrile until residual methanol is removed. The solution is then diluted with
acetonitrile, heated to attain a solution, filtered and allowed to cool graduélly to ice

bath temperature.
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The solid is collected and dried to constant weight affording Formula 16 (CBZ-AEP)
4.8 Kg, 77%, mp 107°C, >'P NMR (D,0) 26.6 ppm. 'H NMR (D,0) 7.2-7.36 (broad
s, 5H), 4.95 (broad s, 2H), 3.16-3.30 (m, 2H), 1.78-1.94 (m, 2H).

Procedure for Formula 17, Phenyl-2-(N-benzyloxycarbamoyl)-
aminoethylphosphonate -

o o o o}

N _OH W OH
@/\O)LN/\\/P\OH " ©/\O)tN/\/F’\OP
. H H h
. Formula 17

CBZ-AEP (2.5 Kg) and acetonitrile (3.1 Kg) were stirred and heated to 60-65°C.
In a separate flask, phenol (4.5 Kg) and acetonitrile (3.5 Kg) were warmed to afford a
solution and this solution was charged to the CBZ-AEP mixture and stirred until a
solution was obtained. To this solution was charged a slurry of 4-
dimethylaminopyri_dine (DMAP, 14 Kg)in acetoﬂtﬁle (3.1 Kg). Ina separate flask
was charged acetonitrile (0.8 Kg) and dicyclohexylcarbodiimide (3 Kg) was charged.
This DCC solution was added to the warm AEP solution. As sooﬂ as the addition was
complete, the reaction mixture was refluxed for several hours until the reaction was
complete. The reaction mixture was cooled to ambient temperature, filtered and the
filtrate concentrated and diluted with water (20L) and aqueous NaOH. The solution
was extracted twice with ethyl acetate (13.5 L). The aqueous phase was acidified to
pH of 1.0 by addition of 6M HCI, the resultant solid collected and reslurried w1th
water (19 L) and collected again, and dried to constant weight to provide Formula 17
as a white solid, 2.47 Kg, mp 124°C, HPLC purity 99.2%, *'P NMR (CDCls) 29.8
ppm (~90%) and 28.6 ppm {~10%) due to rotamers of the carbamate functional group.
"'H NMR (CDCls) 7.05-7.40 (m, 10H), 5.10 (broad s, 2H), 3.41-3.59 (m, 2H), 2.01-
2.20 (m, 2H). '
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Procedure for formula 18, Phenyl, (ethyl (S)-2-propionyl)-2-(N-
benzyloxycarbamoyl)-aminoethylphosphonate

CH,
_Ph CH3 S0CI, ‘
CBZHN O CBZHN.__~._/O  COsEt.
\/\ﬁ’_oH + HOA002Et ﬁ“""OPh
Pyridine O
"Formula 17 Formula 18

mixiure of diastereomers
at phosphorus

Formula 17 (4.8 kg) was charged to the reactor along with toluene (24 kg) and DMF
(4 g). The mixture was warmed to 70°C. SOCI; was added over time while
maintaining 67-72°C internal contents temperature, and the reaction agitated at 75°C
until the reaction was complete. The solution was cooled to 45°C and conc.:entrated
under vacuum to approx. half volume. In a separate reactor a dry sclution of (8)-ethyl
lactate .(1.9 kg), toluene (15 kg), and pyridine (1.5 kg) was prepared and cooled to -
1°C. The chloridate solution was added slowly while maintaining an internal
temperature of -3 to 3°C and then the resulting solution was warmed to 20°C and
agitated unti] the reaction was complete. The reaction was added to a solution of 10%
- aq. citric acid (10 kg), the layers separated and the organic layer washed with 10% aqg.
NaH,PO4 (10 kg). The organic layer was dried over anhydrous sodium sulfate (5
kg), concentrated and evaporated from ethyl acetate (4 kg) to a viscous oil which is
purified by passing through silica gel plug (9.2 kg) eluting with a mixture of ethyl
acetate and heptane. The fractions containing Formula 17 were combined and
concentrated to afford an oil. The solvent was exchanged by evaporating twice with
aCetonitriie (2 x 3 kg) to afford an thick liguid (4.7 kg, 80%) with HPLC purity 98%

as a mixture of two diastereomers (corrected for benzyl chloride).

The mixture of isomers was separated on Chromasil silica gel, eluting with a mixture
of ethyl acetate and heptane. The desired isomer Formula 20, displayed the following
physical data: Oil, *'P NMR (CDCls) 26.1 (~90%) and 25.4 (~10%) due to rotamers
of the carbamate functional group; 'H NMR (CDCl3) 7.24-7.4 (m, 8H), 7.14-7.21 (m,
2H), 5.65 (broad s, 1H), 5.1 (s, 2H), 5.02-5.06 (m, 1H), 4.12-4.17 (g, 2H), 3.52-3.70
(m, 2H), 2.15-2.36 (m, 2H), 1.57 (4, 3H), 1.22 (t, 3H).
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EXAMPLES ' S-C "Amano |" Ac20, DME r.t. Prep | _
(3R, 3aS, ‘%%k?ogﬁ'?ﬁgighydr ofuro[ 2, 3-b]furan-3-ol, (1). (’%?HS%?/QJTSM

Procedure for Formula 19, Phenyl, (ethyl (S)-2-propionyl)-2-amino
ethylphosphonate, acetate salt

CBZHN._~ /O _ CO:zEt HoN o~ /O COEt
: ﬁ—OPh HOAG I|=|’ OPh
O
Formuia 20 . Formula 19

A flask is charged with palladium on activated carbon, 10 wt %, wet (0.28 Kg),
acetic acid (0.15 L) and Formula 20 (0.56 Kg) and ethanol (5.6 L) and the flask is
sparged with nitrogen for approximately 30 minutes. Hydrogen is sparged i.nto
reactioﬁ mixture for se-veral hours until the starting material is consumed. The
reaction mixture is sparged with nitrogen for 60 minutes and the reaction mixture is
filtered through celite and washed with ethyl alcohol (2 L). The filtrate is
concentrated at ambient temperature to a small volume, diluted with acetonitrile (5.6
L), céncentrated to half volume, a_ncl treated with activated carbon (0.3 Kg), filtered
through celite and washed with acetonitrile (2.5 L). The filtrate is evaporated at
ambient temperature and diluted with acetonitrile and evaporated. This is repeated
several times to remove all ethanol and water and the solution finally concentrated to -
a small volume and stored at 5°C. Evaporation of an aliquot provided yield. Oil,
90%, 0.49 Kg, >'P NMR (CDCl3) 25.2. The material was used in the next step
without further purification. : '
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To a reaction vessel, charge gl ycol al dehyde di nmer (4.45 kg), Yb(fod)3
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A flask is charged with Fornula 27 (1.3 Kg), followed by Fornmula 12
(0.65 Kg) and ethyl acetate (7.2 Kg) and agitated and triethylam ne
(0. 65 Kg) \9890(9 Il pyl am nopyri di ne (24g) added and ag F?ﬁ]@%ﬂ?]ﬂﬂ?a&
anbi ent tenpérature for several hours. The reaction m xturée I's washed
sequentially with water (8 Kg), aqueous saturated NaHCO3 (8 L) and

di lute aqueous HO (8 L)and brine (8 L). The reaction m xture is
charged with activated charcoal (0.13 Kg), stirred for several hours,
filtered through celite and rinsed with ethyl acetate. Heptane (6 L)

50, SR, 9808 T T 0

product i S(ngriiEdl.6 (o218, a3 (weRHhtl. 3 @od1d), i 14t ’FHOH- 933(31, 3td) 20.82(d,
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(CDC13) 7 7 o) PEm 7 3"#10%}%’ 31‘33%(%Ii Mw# {17515, (Igbj’\%?s
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2121- 2- Hy dnethyliro p¥bémiind:3ychipdroy 15 ut S [Hobekoxy) (2 N2 B)-peediondy beldz enesu

| fonyl ) - asthyicdstepyaxyifiosphinpHethylaadnd]besxdhicirbahiRRciBER,3a8,6aR)-
6212] - f ur die3aBydrtofwroih3 PlfurawStdrestarf butghedigatelsalt God) wi t h For mul a 12
(1 Kg) and flushed with nitrogen. Palladiumon activat ed carbon,

% wet,
othyl aceraterfa bR bRl 05“'%%?%55?%“?23%bﬁ‘ﬂéﬁ*ﬂ%“’é%‘gﬁ%%
hydr ogen i=egEar-g:d@ mi), gharglagtsuqmuqacm Gt eqiivelent), Bhd aiteria sohwigotis on i s
corml ot e ] L SR D O AT £ S8 o
The filtr aicebath fernerent mam@qs the produit eatldcthd padimiesed with iggprepid eeetate t he

war m sol utj o egrg . d.g wadH@ ;bcgmg,“ e%dsubama@sal@e @aéé% HPLC

coll ected an : tane an to const ant WEI8
af fording mnﬂﬂé"/lmpaw@ §o1 M@%} 1293, 1298, B9 iRePHE0& 08. 2

77017 10 YTy AP iy i 5 IR S gl oS ol 36 )

2H), . 5. 5154.95,6aQ4s52.2H)51.74, 9575 AP d2.42430,653 2884 (24, 73048, D542, 3. 98

oo o 147 B o P I eRh P 2 o B Pl -

4- (2S, 3R) -1.23-0[38Rm, 2H), 7.24-7.29 (d, 2H), 7.15-7.20 (t, 1H), 6.98-7.05 (4H), 5.63 (d,

S el Sl M R e i

111 9H (Ll$b1 %1éf1()13 79@9%::1,4&1),@@6-3 74(&n m},szz-:aSeJ\{IﬁsuE) b193-30050
-02 Owe00 | ormula 13For nu

and di chl o%r?éﬂh&@ 383 kg) 1%1} é 7érﬂa$7g£éa ?Iﬂl é fa(dr F”]&le 4%%@(195%1494 ]yigl)
warmed to @|§ggﬂ\@gdjl 1% A separate flask was charged with
N-phenyl trifTimide (0.61 K ) and di chl oronet hane (2.6 Kg) and gently
warmed to obtai-n a solution. A solution of triflating agent was
transferred into the solution containing Formula 13 and cesium
carbonate (0.55 Kg) was added and stirring continued at anbi ent
tenperature for several hours until reaction was conplete. Water (4
Kg) was added, the | ayers separated, the aqueous back extracted with
di chl oronet hane and the conbi ned organic | ayers dried over anhydrous
sodium sul fate. The solution was filtered and concentrated to a snal
vol ume and diluted sequentially with nmethyl tert butyl ether (7 L)
and heptane (16L) and stirred at anbient tenperature to obtain a
solid which was collected and dried to constant weight to provide
Formula 14 as a solid, 0.68 Kg, nmp 133.7C, 19F NMR (CDCI3) - 73.5
ppm HPLC purity 97.2% 1H NWR (CDC13) 7.70-7.78 (d, 2H), 7.29-7.38
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A flask is charged with Formula 14 (0.15 Kg) foll owed by

Pd( QAc) 2(0.06 Kg), dppp.(0.1 Kg), dinethylformam de (1.9 Kg) and
sequenti al\bﬁﬁ;‘fﬂ? ed by vacuum and purged with nit roQ%‘?/U%?]\é%(ﬁg "
times and t heated under nitrogen to an internal tenperature o

to 65C and lithiumchloride (3g) is added. The m xture is heated at
65-70C and the m xture is sparged with carbon nonoxide for 30
mnutes. -Triethylamne (86g) is charged to the solution, -followed by
slow addition of triethylsilane (0.05 Kg). The reaction is maintained
at 65-70C here until the reaction is conplete..
The reactl%%qgﬁi%%uf%?}sr“é%’gﬁigd to anbient tenperature, diluted with
ethyl acetate (1.8 Kg) and washed with water (4 Kg). The et hyl
acetate is back extracted with viater (1 Kg) and the apnbi ned wat er

| ayers back extracted wgHth etmwcc.aiﬁﬁg,ate (0 oKglo. THe conbined et hyl

acetate extracts are d wiidarboadter se H d the ethyl
acetate filtered thr cel i +e—dit+ut ed Pet rilc (0.2 Kg).
HF (48%in water, O. ) and matide at ed (3 Kg) are added, the

reaffirmm xture is separated and the aqueous | ayer discarded. The
organi c |l ayer ‘i s dr Feghuavex. anhydr ous sodi um Sulnfutz?, filtered and
the filtrate heated to a tenperature of 50-55C, treated with
trimercaptotriazine (23g) for several mnutes, activated carbon (109)
added, t heaAnfiazk isrcbargedivith 128 $0f &S cidimidytcaltmaste, GHCk (Rt ®E), Sdbpbed

t nb to1 { f I he...

L0 oo o e B P 2 o WO Bt SR Syl

over an hyd:e@tpsl asgdlticmrﬁmt foaseverdl ibburs uatl] reagtibncompdaies éi@ﬁn&ndemheed

oSt due DUy EE @Y pilyil CAdChe AL SAIATRI 01 ANL ShULLOg i th 2
acet at

m xt ure of e an cti1ons conta n|n
desi red Foaemrhb:dl’shmreaweph@etiewamd smmteaib'r\anﬂwam(ﬁfmb}@ddmm(%

sol i d whi Cljﬁ bsrh %a}é?évﬁl ?s‘”tgxeﬁ%vgj Sy Lfifed, QIt@l{eBXh@ cOhae. The
di met hyl er at d 3 nBerature an ow ad |t| on of
hept ane f oﬂcmdv\ea redissobustiimdichiyremes mCItI&%p@ﬂaph} with bestingepd beptefe t he
soli d by T{biiBfdddbs ol O 3lR8 sYhutilh NERNA Bfeel Qauxnggo&l@dfaonstant |
wei ght pro es Formula 15 as a V\)}nte 2% 125 Kg,

140. 2C, HPipBrgrimately H8C3tHe sphﬂdﬁ%ﬂé@(f@@@lﬁf)ﬂl@e%ﬂe{ and drigd to ¢018=0mv 85
(d, 2H), 7.67:.7. " 7.39-7.45 (d, 211), 6.95-7.04 (d, 2H),
565 (d 1 ‘,gh‘zf’.’é‘gfié’glf‘?%%])mf/, 3.85 (s, 3H). 3.64-4.02 (m 7H),
2.75-3.21 Arflask H)c,l'lar_‘ged ith Bele Farmule122, (106g)2activaed Caibon (2Bg) ag! Rlicoe 98,

dd, 611). Rr r .

o noet hyl BroRBhaes -EtecGB R M RS REBERAM RN AP e,
A flask i sevahenateddo afford i 93 ropavery) COF agule 2hes aneff-waige selieed and
charged wi i 2591, t5h0

ooy at ur 2 ISP ARLEN Ui Ko brRORORR 0 (B Bhdhibidd S
charged i n%%’Cttﬁebmra%wiwwrp&epﬁam OgB@reﬂghd f@ﬁb‘bWé’F’é)F?i’aft‘@ ela Kg) is
added in s é{;gxl. ﬂ%r;ﬁlkﬁﬁéas%efeﬁ%%ﬂt%ﬁoﬁﬁs zB%FB%&Hﬁ&ﬂ&?Iéic the solid
apprOX|nate Yy et ween C. he m xture is al to react at anbi.ent
t enper at ur @lkﬁeﬁcds‘eaﬁéﬁfhthemﬂr 3 1apetppe:hapianeiand dried toppstantaveigiie ni xt ure
s EX”aCtgr‘Ea%d‘fmgC% £y 866} %Svééﬁas*égvm%tohen%rqﬁh CRRHOoUS

| ayer is a donce trated .3 and a for?®
several ho®¥8 (d,THd), §@[lr5130 Qﬁ:dﬁ)e@?@é Mm,\fﬂé@hé@7ﬁ I (addioRiBb($| e

(2.3 Kg): dy is then charged to a flask
and treat e‘%ﬁ\?(/lztsﬁJ %)ogzv&% 9%209((%@61 hat has been prewashed with
wat er and net hanol. The mxture is stirred at anbi ent tenperature for
| h, filtered and rinsed with nethanol (3 Kg). The filtrate is
concentrated to thick oil, diluted with acetonitrile and azeotroped °

repeatedly with acetonitrile until residual nmethanol is renoved. The
solution is then diluted with acetonitrile, heated to attain a
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HOHHOPh Fornula 17 CBZ-AEP (2.5 Kg) and acetonitrile (3.1 Kg) were
stirred and heated to 60-65C. In a separate flask, Phenol (4.5 Kg)
and aceto 5 Kg) were warned to affordasolu

sol ution %QE@?]E%%%d to the CBZ- AEP m xture and sti rregbﬁntsgﬁ%()%ﬂ4
solution was obtained. To this solution was charged a slurry of 4-
di met hyl am nopyridine (DVAP, 1.4 Kg) in acetonitrile (3.1 Kg). In a
separate flask was charged acetonitrile (0.8 Kg) and

di cycl ohexyl carbodiim de (3 Kg) was charged. This DCC sol uti on was
added to e war.rgln%lt:.lﬁormupa ﬁ)n As soon as the addition was conplete,
the react FSPHACHCE REL FefT uxed for several hours until the

reacti on was conplete. The reaction m xture was cool ed to anbi ent
tenperature, filtered and the filtrate concentrated and diluted with
wat er (20L) and ue@tus NaCOH. The sol uti.on was extr d;iﬂl\vm ce with

et hyl ace%ﬁo S5 A) . CThe atffedl:® phase was aci di to pH of 1.0

by additi HCI the rmollﬂﬁcxmaireslurrled
\@I ected again Ad idrigd £e; _gonstant wei ght

wi th Water

to provide Forrrulal a white solid, 2.47 Kg, np C, HPLC purity
99. 2% 31P NMR (CDC13)~ 29°% ppm (-90% and 28.6 ppm &y due to
rotanmers of the darpdn@t e functional group. 111.Fermaly#é ( CDC13) :
7.05-7.40 (m -10H), 5.10 (broad s, 211), 3.41-3.59 (m 2I1), 2.01-
2.20 (m 2H). Procedure for formula 18, Phenyl, (ethyl

(S)-2-propig QMQ% gairgé\&)@nﬁ%mgag g@g;ggztaﬁq@m&t(wlgom%%%aae

For mul a 1| m xture o eoners at orus Formul a
17 (4.8 kdjobntdargina (2 £0-8 he).teabidrmixiusn featpd 1o 16@f’ agiateqad and
DVF (4 9) -pilh&n, ﬁ%}gﬁél Y EBREh1E0a. Ale reation k@ 1@@%@3(9&% 166 e
whi | e mai nt ai ni nternal contents tenperature, and

reaction angakabg vegter yer Iﬁﬁ minutesevinegpaintginion eé’éfﬁ*ﬁ‘?b‘le@PerPﬁ’ée

sol uti on wageEoplEidnste £ oRdito BONGOAL T, %&ﬁs %d%zd\/@wf&ﬁﬁem&wf&x

hal f volune. In a separate reactor a _dry sol utian of L -ethly
| act at e ( Brodiigipnali3y) TH@H@S(TL@ Ty lsé'ﬂtfﬂ‘;s‘ywﬂler%é“@u%m §¥ PRiSIefY Y ar ed
and cool edi iQried !&aonmﬁt ﬁ&%ﬁfﬁrﬂ%ﬁiﬁngﬂnﬂhla@ \1\@94 gd@@mmm mw e

mai ntai ning an .inte Héa‘gnthe Léltlng
sol ution VHS MW%C%)M? %@2 ﬁbt?é@ Zﬁ?ﬁ 3& (ﬁ’ez $3-6r{2(BLoa
conpl et e. kgl}i')est he BRo4@ 5, 39929, 4&955’0619'1%}0 8/hgof. 16’-?2 186); 2.63-HrdoC

acid (10 a ers separated and ani c yer washed with
10% aq. Ne(pRROH, (’-%@(ﬂg’éH) THS-bBY ami B, dydsr (svdld). §93dd. 6fer anhydr ous
sodium sul fate (5 kg), concentrated and evaporated fromethyl acetate
(4 kg) to a viscous oil which is purified by passing through silica
gel plug (9.2 kg) eluting with a-m xture of ethyl acetate and
hept ane. THreppraiom Sorama 8% ni ng Fornul a 17 were conbi ned and
concentrated to afford an oil. The sol vent was. exchanged by
evaporating twice with acetonitrile (2 x 3 kg) to afford an thick
liquid (4.7 kg, 80% WE‘DEPLC purity 98% as a m xture Qf two

fo

di ast ereoners (cwre@'t'e benzyl chloride). 4Th&thi tBre of isoners

was separa "Cbkomaéiﬂ Si. |4+ea—ged, CP{PNW/t’h\,aN & Qi

et hyl acetat|e d Reptane. The desired is mery Fokmul a 20, \- 5pl ayed
thefollownngpysm ata; O, 31P NI\/R(CDC13) rﬁ (-90% and
25.4 (-10% due to r @ of the carbamate funct b~ @group; 1H NWVR
(CDCL3) 7.24-7.4 (m 8H) 14-7.21 (m 2H), 5.65 (broad s, 1H), 5.1
(s, 2H), 5.02-5F8" &3 1 4.12-417 (q, 2H), 3FmWBE (m 2H),

2.15-2.36 (m 2H), 1.57 (d 3H), 1.22 (t, 3H). 37 Procedure for
Formul a 19, Phenyl, (ethyl (S) 2 propl onyl) - 2-am no et hyl phosphonat e,
acetate salt M CBZHN

A flask 1s charged W _‘th_Formuia 2'3 (10 5 gg dC%oromethane (63 mL) and
triethylamine (3.1 g, 1.05 eq.) and a solution of 4-methoxyphenylsulfonyl chloride
(6.1 g, 1.02 eq.) in dichloromethane (18 mL) added over ~10 minutes, maintaining the

42



8 Formula 20 Me ,0 CO2Et H2N.'--P-OPh HOAcii 0 Formul a
19 A flask is charged with palladiumon activated carbon, 10 wt %
wet (0.28 » ¢t c acid (0.15 L) and Formula 20 (0. 381KL00d 364
et hanol (E}@ ?_O)ﬂandithe flask is sparged with nitrogen ?or >
approximately 30 m nutes. Hydrogen is sparged into reaction m xture
for several hours until the starting material is consuned. The
reaction mxture is sparged with nitrogen for 60 mnutes and the
reaction mxture is filtered through celite and washed with ethyl

al cohol (2 . . The filtrafe~i S _.copcentr.at t .anmbi.ent t ratu to
2 orm | vorlie iRty Goe SeBP R bR Yurt f Rablly RIS §
hal f vol una ansieht tengataare)il MhaguetusdadCled ek ib adddd) agitakag) fpr § mlin,emd dhe

through .celite an d wit opLt ril e 5. L). The.filirate is
evapor at edﬁ%ﬁrs 5?%[32%‘{\61?&%%1? %'fstl}?[ %SQ%P%I 1 taécdg d\?‘?f? i %1’8 St prhfa%ee%g nd
evapor at edthe Tikisrd spitaeddat B ohisehelagtrs sepreged andriberosgeniglphast hanol and
wat er and the sol utiaon. fi I 0 kat. . I o@nd
stored at 5C° aaeléot(r}g{} F%mn'ng*e éérﬁ&%l{;}%ﬁﬁ%tl Sa&ﬁgsg\]/‘{e eugzﬁrg{l'd? tbg %&T&Qg%
0.49 Kg, S3dReNVROMOCEDEUSd &Fer 2 45Thimutest ehilernaintegning g ingrmehwmpeseturst ep
w t hout f r QL f. i r r AR

24(28, 3R o C 2RHe RUSOELI R, PRTFER(F 2! 6 587 D4 @, 2, a.60-4.72

met gyl FL Of)ﬂdré?dﬁs,mdﬂ}, Fﬁﬁﬁwﬁ]ﬂxwﬁﬁbﬁ{?ﬂ?ﬂm@w@%&b 31? (12, SER-FH2p1 (mi c

acid ethy e no z ar C

aci d- (3R, ﬁfé?gfé%éﬁaﬂ%fo%bﬁf’ﬁgéﬂﬂ &?Z]éiﬁgelgx %j/flf'légt?é?}?@ﬁé?anedi oat e
salt (1:1)approdiey) 45 h5mar mhk slud iffiftées knd washearaedsovnLibf Bovomul a 15
(0.5 Kg), acetonitrile (1. 6%%%'_ %nd a sol ution of. Forg.%l a%%,; éﬁ) 6 Kg)
in acet oni 1PEPY FIPH, haeiucidaenip seoseahy ¢ipRY rroyidng Itye 347 M kb ur e

i s stirredmatty 80ig6ent'H KPR (@DALG 7SEVRTA(d, 201)] B.555BHI G503, IH)P 08B- Kg)
is added in _portiqgns over tine at anbient tenperature to nmaintain at
anbi ent te%gﬁ%ﬁlr : The reaction mxture is stirred several hours
until reaction is conplete. Celite (0.24 Kg) is added and the
reaction mxture is filtered and washed with acetonitrile and

i sopropyl pesRbad® fof Ferduld feate is concentrated to a small vol unme and
diluted with isopropyl acetate (12.5 L) and washed sequentially with
saturated NaHCO3 three - four tines (7.5 L portions), brine (3.8 L),

the organi c solution driled over sodiumsulfate, filtergkd,
concentrated to @ s@dl | 9

ol diluted with isppriopyl @cerateyand
resi dual v\]@ié? %@Ved”a%@ﬁaDl%l-HTthﬁM @ With
acetonitrile, Errﬁm@c dipic acid (0.13'K ae solution is

cool ed gradual ly an e solid collected, and rinsj ith isopropyl
acetate to provide M 21 as a solid, 0.69 Kg, 79%CHmp 119C, HPLC
purity 95.3% Speﬁg& |, -data was consistent wth tpgt,,gfsa reference
standard: 3 1 P N ?acetone-dG) 27.6; 13C NWR (acetone-d6) ppm
173.4, 170, 162.6, 155.0, 150.4, 137.9, 137.4, 130.7, 129.3, 129.2,,
129.1, 127.6, 124.5, 120.4, 113.9, 108.9, 72.7, 72.6, 70.4, 70.4,
68.6, 60.7, 57.8, 55.6, 54.9, 52.8, 52. ‘31 45,1, 42.1, 34.9, 32.6,
26.5, 26. 54 faskas charged with Bormuda 5 (3p)qtolugne NwR e BegRbant eplsdfr
;. gg g d, |2‘E|)bo’c'$‘ sztgutgdém of'gllz% M %I%%L((I—ﬁin t%lﬂ)ane gx.sggnm,g,.s Rd-ll,ls,s &236) 55(; dgcéeaH) ,
1H), 4.14 ggduslly ,kee:?.l@ztheée,m%qzs@reézew%?ﬁ C1ife f%?@w%}ati%%,” 8,
(m 1H, 3nhd@sbebhistempthturdumifl comhgletel Mothandl @3 fdld3.5leqblis cldrdge@ (dd,
H, 3.20 %ghal}y%dllo%éeg%y(ﬂ% (818|_21L),28i18 zhe?’n?ixture warmed above 0°C. Aqueous
citric acid {220 ml of 40 % (w/w) of citric acid,7 eq.) diluted with 130 m! of water) is
added over 5 minutes and the mixture then warmed ~60°C for approximately 1 hour.
The mixture is cooled to ambient temperature, the layers separated, and the organic
layer added to 175 m! of 1M HCI and 35 ml of water. The separatory funnel is rinsed
' ' - 43



(dt, 2H),2.91 (dd, 111), 2.85 (m 1H), 2.70 (dd, 1H), 2.33 (m 2H),
2.24 (m 2H, 2.04 (m 1H, 1.67 (m 2H, 1.51 (m 2H), 1.51 (d, 3H)
1.21 (t, 20099314 d, 3H), 0.89 (d, 3H); IR (K_Br) C%QT;%% 1009963
3300- 2400 rg, 2959, 1755, 1703, 1599, 1497, 1308, 1343, 2/ 991
950. Procedure for Formula 21b,

2-[(2S, 3R) - 4- R(4- met hoxybenzene) sul f onyl ) ( 2-

met hyl propyl ) am no] - 3- (hydr oxy) but yl Maphenoxy) (2- (2R)-propitinic acid
et hyl ester)oxyhohosphinyl I et hyl am no] benzyl Hcar bami c

aci d- (3R,

salt (1: 1;%8‘%}»%%5%%1&}6%)&% |ss}l'tc:?ilf \'ﬂ/ti¥h %Le%’}ﬁﬁ‘ﬁq’t‘?a“ﬁ‘y ?tgéh gggn’é Egrﬁfu?é;‘

agi tating fpmﬂmmmstybr bbwr dibsediwish (THR(6 ml) Semr%(vcgth@rmiamlc aci d
(1 equival en an

o adual | y oagticd b 4 br ErPRAECI Aol 2ok PP 30 e ThELL B e
bath for sepaatad, ﬁttemd tbﬁqugh malapq:raduohyctmmd reeg!“@dlumlfaier(smownarﬁly 2

e 0By, A5 bl G Rt A B bR e 1

(CDC13) 1261.1181;3 thR@. tinestd Be@east 2ebi@al THF3Thd fial olub@ds 8djiusted &, -72. 7,

4 7S ok yaly il 00 M sy 98 B aifip Lyt ropy i B8
25. 42, 19.ral)i$8dded gradually an@ i mixFriNRN(ECH02RY cqolgtsover 7B tq aimbighy)
7.38-7. 43 o 20
(t, 1H), éérggergk%% }zéﬁvdﬁ%@’ig g‘ %d \;ik_%h'ed zu%xgl_' YtggenQCimpt%hg )(1? déédS % 4.92
(m 1H), 4c09gaut igghinprogiling FUSmQB’-Zﬁ 988.(88k0, n‘lﬁlﬁ)o §5; ﬂf LFQDUHMQ? 6%.
3.79-3.92: 02
(in, 211), W%‘}:Q&R%ﬁ %41)(7”9‘ *%‘%134?5 %5@'50% ﬁﬁ%?%l?%%d
1.46-2.01 AEB)Hp,9946.07 (brvad HI ), 1B.BB(s¢ EH);@-B’B 3_93681, @Iﬂ) 334.&;3 51 (dd 1H),

Forml a 16eF ado R fr/gns el ot e Vi AR g8 IR e, YT clne

di succi di m dyl car bonat e, CHZC1 2 (25 m), 5.0 g of Formula 10 as-a

heat Ehc’Qt'ﬁgﬁ i-geffgéf Rmr’ 15405 PR lﬂ Hﬁxﬁ’ %}Q%EE Qgp” 'Zt” a;fd
Heat.i T
se\elltelrglg Im Fr 345,64 Fl§°fa‘r’8 ’[‘%‘ y organi ¢ phase is

washed sequentially with water (35 nL) and br| ne ((30 nmL.). The organic
phase is dried over sodi um sul fate, fiJx ffred and concentr at ed The
e E%r
h

resi due is redissolved_n dichloro e CH2C12 (13 m_)

heati ng an gepgar‘l?éf‘l 10 ni) added to X msolgt |l,;pn_ T e mxture

i s gradual+y aoolzed”t &FPP) oxi mat el y "10C% % f‘l/T’er gn@ nsed
H

wi th heptane &hd .‘d@g'rt 0 COM6 t ad¥o, ekl 2B O\H Xone
‘ o 0
Formula 26 © Fomula 15

A flask is charged with Formula 26 2.0g) anci 20_ mlL THF. Méthanesulfonic acid
was added drop-wise to the solution. The solution is warmed to 40°C until de-
protection ‘was complete. The solution was cdoled to 20°C and N—methylimidazble
(2.3%9 g) was added to the reactor. Formula 22 (1.52 g) was then charged and the
reaction was warmed to 50°C until the reaction was complete. Ethyl acetate (250 rnI__,)
was charged and the solution was sequentially washed with 0.5 M aq. citric acid (20
2), 10% aq. NaH,PO4 (20 g), sat. NaHCOQO; (20 g), and 10% agq. NaH,PO4 (20 g). The
organic layer was dried over anhydrous sodium sulfate (2 g), filtered, and
concentrated to a viscous oil which was purified by silica gel column chrométography
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A flask is charged with crude Formula 22 (106g), activated carbon
(23g) and toluene (5.7 Kg). After agitation for 2h the mxture is
filtered tpasBhel ite and the filtrate evaporated t o paffiQsd74d%:9
(94.3 %recovery) of Formula 22 as an off-white solid. A flask is
charged with Formula 22 (12g) of Formula 22, acetone (24g) and heated
to . 52C to obtain a solution. Heptane (60g) is added to the warm
solution under agitation. The m xture is cooled over tw hours to
approximately 10C, the solid collected, washed the with 3:1

acet one: hephafewahd nsikheslof &h mﬂ%&b@%d%;bt&m Trwmldhmnmhﬁyh@su%a
11.4 g, 95 Wbrecover as.a ite solid H_NVR ((CDC13 75 (d, 1H),
5.21-5. 30 Fergulajh Welse @mb@eﬂ@néﬁpﬂwateét%aiff%dfevlpmmm?'%2 &s,
414), 2. 10nBr.2%ukifg o), 1.92-2.06 (m 1H). Preparation of Fornul a
24 A flask is charged with Fornmula 24 (10 g), potable water (7.5 g,

13.5 eq.) i SO | am ne (22.08 t he .t hi ck mi xt
noated i b LGNSR Bhg TIpEde Srtemhyreiadgus 3 Wb SRNGRETT FEBAE ghvich
conpl et ed. arthitustra@dtin 0@ attorhpngingslesdritigektrttules ko fdsminmon&blbeha/vat er
over -30 m nutes while i nt |n|n the in nal tenpera e >55/ he -
it ur o i oGRS et soRptaen v B RRE RAbS Eiepy Sl o
for an addbd umadtoo’ﬁ&hmm &8 noflinenddd orlinit slefmwbetneibﬁch thmasdmﬁd:dmxérhs 20
nm. of pota I nd dried.to, c t ant rOVIdI Formul a
23, 10 94 HBECTRIFIOP §° Ghde o fve sjpogEatoRsGId g
2H) 7.32- gqu'B'&le(rﬂls v&ﬂ)lni)h, mdy b@inéluded (ixhinetle sqop&HIﬂae&rgsBﬂﬁnﬁﬁltz@bbﬂad m
3.42- 3.08-3.16 (dd, 1H), 2.63-2.90 (m 3H), 2.42
(d '2H), éﬁg’eiq’rﬁh(ﬁ% 1.35 (s, 9H), 0.93 (d, 6H). Preparation
of Formula 25 A flask is charged with Formula 23 (10.5 g),
di chl oronet hane (63 nL) and triethylamne (3.1 g, 1.05 eq.) and a
sol ution of 4-nethoxyphenyl sul fonyl chloride (6.1 g, 1.02 eq.) in
di chl oronet hane (18 nL) added over -10 m nutes, maintaining the 42
internal tenperature <25C during the addition. Follow ng reaction
conpletion (-2 h at anbient tenperature) |IMaqueous HCL (5 nL) is
added, agitated for 5 mn, and the |ayers separated. 1 M aqueous
NaHCO3 ( 5 nlL) are added to the organic phase and the m xture
agitated for 5 mm the |ayers separated and the organi c phase
concentrated to a foam The crude product is dissolved in 200 nL EtOH
at 65C, water (120 nL) added over -.45 mnutes, while maintaining
the internal tenperature >57C, and the m xture d, 2H), 7.36-7.43 (d,
2H), 6.96-7.04 (d, 211), 4.63-4.72 (broad s, 1H), 3.88 (s, 3H),
3.72-3.90 (m 2H), 3.04-3.18 (m 311), 2.79-3.01 (m 3H), 1.78-1.92
(m 111), 1.62 (broad s, 1H), gradually cooled to 10C over
approximately 4.5 hours. The slurry is filtered and washed with 50 niL
of 30% aqueous EtOH, the product dried to constant weight providing
14.5g, 94% HPLC purity 99.86 % 'H NMR (CDCl) 7.70-7.76 (d, 211),
7.55-7.64(1.35 (s, 911), 0.85- 0.95 (dd, 6H). Procedure for Formula
26 DIBAlI-H Formul a 26
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A flask is charged with Formula 25 (35 g), toluene (525 nL), inerted
and cooled to - 20C. A solution of 1.5 MDI BAL-H in toluene (154 inL,
1.5 M -3.5equiv.) is added gradually, keeping the tenper

-10C. The reaction is agitated for. several hours at tihs. Nﬁ%ﬁ&%ﬁ?ﬁ?@gw
until conplete. Methanol (9.3 ni,. 3.5 eq.) is charged gradually,
follovwed by THF (88 nlL), and the m xture warned above OC. Aqueous
citric acid (220 m  of- 40%(v’v/vv) of citric acid,7 eq.)-diluted with
130 M of water) is added.over 5 minutes and the mi xture then warned
-60C for apphesis elaimeadys:1 hour. The mixture is cool ed.to anbient
tenperature, the l.ayers separated, and the organic |ayer added to 175
m of IMMI and 35 m of water. The separatory funnel is rinsed 43.
forward -wi tth 105precessfforpaparinge hisfamah alcobplmf Foomea s agi tated at room
tenperature . for approximately 1 hour, diluted with 'UHF (35 nl), '
separated, the organic |ayer conbined mnth 35 mM of 1 M NaHCO3 and
agitated for 30 m nutes. The | ayergpwer e separ at ed, filtered thr ough .
a layer of anhydrous nagnesiu {fate (approxi mately 2 g) and ri nsed
with toltuene (35 nlL). The sol I's concentrated and azeotroped
with toluene-three tines to d&t residual THF. The final volune
is adjusted to approxinately . and the slurry heated -65 C-to
attain a solution. Heptatie (1_2(Pr1_) i s added gradual |y and the

m xture then gradual ly cool ed over 4h'to ambi erforh@mgr ature. The .
product i-s fl|ﬁ? d, washed with 2:1 tol uene: heptane, and dried to
const ant well(?ﬁ mg’row ding Fornmula 26, 31g, 88% np 120.5C, HPLC

purity 99. Gecting ”ﬂk&ﬂaﬁdﬁﬁﬁia’h)anﬂlﬁ gbymald&id)d;: of gRRoaldéfydt Bimé il the

(77550 ek o fadse i byod! oo Frb 5B bl 157

2.79-3.05 (BoymblaD),- 1.29 (s 9H) 0.87-0.93 (dd: 611). Procedure for
formula 15, i (1S, 2R)41-(4-Fornyl-henzyl)]-(2R)-2-hydroxy- 3-
[N-i sobutyl - (N-4- nethoxy benzenesul fonyl)-am rm - propyl | - carbam c

aci d E3R, 3as, 6ammwdmﬁuc odh2re ShdXdhdlyd BoRphides O, OF, cgﬁa of Q& mul a
26 A flask is CH%F%§&§§3 i F%Egula 26 (2.0 g) and 20 nL THE.

Met hanesul 6] Aplex P¥p-wi se to the sol ution. The
solution is warmed fo. 40C until de-protection was conplete. The
solution was cooled to 20C and N-nethylim dazole (2.39 g) was added
to the reactor. Fornula 22 (1.52 g) was then charged and the reaction
was warnmed to 50C the reaction onpl ete. Ethyl
m.) was charged an sol ution was ntially washed Wi thfi0.5 M-
ag. citric ‘acj
and 10% aq.
anhydrous sodifimsul fate (% , andyconcent:;

viscous oil Which wds purlﬁhed U% S|I|c§“gel dﬁdunn;e?&onatd@raph 4
eluting wth a mxture of ethyl acetate and heptane e fractions ’
cont ai ni ng desired Forrmula 15 were conbi ned and concentrated to

afford a white solid, 95% 2.13 g, HPLC purity 97% Reference has

been made to certai odi ments of the_inyention, exanples of which
are illustratedgin ccogpanyi ng q§sc ¢ption, structures and
formul as. Vi.l.g tie i Nven li}LJpﬁs b jpes ‘gb@d in conjunction with

t he enuner at ed di ments t mnll%§g4und ood that they are not
intended to |t thegd nvenQ%gn to tWose gnbodi ments. On the - .
contrary, the fhvention is inhtended ?o cover aFl alternatives,

nodi fi cations, and equi val ents, which may be included within the
scope of the present invention as defined by the clains. What is
clainmed is: 1. A process for preparing a blsfuran al cohol of ‘Fornul a
0: Formula O -
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conprising, reacting 2,3-di hydrofuran an4 a gl ycoal dehyde or

gl ycoal dehyde dinmer in the presence of a |anthanide or transition

metal catalyst to formthe bisfuran al cohol of Famlia O. Andmeyliteket No. 680 FF
process of c¢laim 1, where the catal yst conprises Yb, ! App@UNo. EElTMﬂQQGGﬂDTSGﬂ:
cot npl exed to a ligand selected from 46 3. The process of claim 2,
where the catal yst is Yb(hfc)3(-0, Yb(hfc) 3( ), Eu(hfc)3(t),

Eu( hfc) 3(- ),H &b(fegl) 3(+) ~and S—gl napt hol , Yb(tfq.) +)gRoC(OTA8 and
(S) - pybox, andN\gr t'fc)3(t) whe 8BS Shuher e Mrepres 's Yb, Pr, Cu,

A

Eu or Sc: . TH& fihcess of claimf, wame the reacti €W carri ed
out at a terggefatyesoof between Q¢ TO about The process
of claim1, whéng t he bisfuran orrmula O i '

gaction is
ant hani de or-

(3R, 3aS, 6aR) - hea
carried out |nc'L’
transition neta

drgf urof 2. 3- Qgtur -3-01 and where th

e presence of a catlyst conpri
r'*conpl exed to a chiral [igen& &lFr}g:zer

. CF3CFoCF,
o .
N oH

(CH3)C

3. -Thc process of claim 2, Wherc the catalyst is Yb(hfc)s(+), YB(hfc}g(-
Eu(hf(:]s(‘*'} Euthfc)z(-), Yb(fod);(+} and S—Bmaphthol Yb(rfcjs(ﬂ Sc(OTf); and
" (S)-pybox, and Pr(fe)s(+)

where
CHiC CHs S H3C, CH3
_ | chy | CF,CF,CF4
M(nfe)z (-) = ..-0.\“ Mihfc)s (+) = | 1
B . “M' L 0
A HaC
0 3 o e — ::::*:.M
CF3CF2CF2 : :
HaC CHa ' I ]
CH4
. --G"\ ' - .
M(tic)s () = g Ml ()=
" '
0
CFy
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48 6. The process O claim5, where the chiral hgaarl is PhOr
H3C(5)-613 where, Ph is phenyl. Ph(S)Inn , 7. The process of
claim, which is carried out.in the presence .of a sol venjg, ¢ DOERR No. 680.PF
process of claim7, where the solvent is a polar apr ot dpgONd 0T/US2087/007564
The process of claim8, where the solvent is.nethyl-t-butyl-ether,
di chl oronet hane or a m xture thereof 10. The process of claiml,
whi ch i.s_cad;I.'lHi,ed out in the-presence of excess 2 dihydrofuran as’a

17.

sol vent . ‘The process of claim1, where the catal yst conprises
Sc. 12. The procegs of claim1, “here the catalyst conprises Yb.
13The process _of (;I abﬁ},éffzél%rt her cgrrprl si ng,
_ ) =0.§
M(fod)s = | \ .
. - \ 0’-—*""".M '
(CHS):;»C
, - -3

where, M represents Yb, Pr, Cu, Eu or Sc.

-4 The process of ¢laim 1, where the reaction is carried our a1 a Temperature of
between about 0°C 10 about 100°C.

5. Thg process of claim 1, where tiue bisfuran alcohel of Formula 0 s

© N\ o H
0
H o

(3R 3aS 6aRHheahydrofuref2, 3-bifuran-3-al

and where the reaction is carried out in the presence of a catalyst comprising a
lanthanide or transition metal complexed 1o a chiral ligand.

a8




(i) combining the bisfuran al cohol of Formula O with disuccinimdyl

di carbonate to forma conpound of Formula LI: 49 nf:k-plat the EPO on
Jan 26,” 2008 00: 44:43. Pa AVENDED SHEET .- Formula L 1;  agomey Docker No. 680.FF
(ii)combining the bisfiran alcohol of Forrmul.a 0 with i Appin. No. PCT1u52007:007554
bi s(p-nitro)phenyl carbonate or p-nitiophenol chloroformate to forma
compound OF Formula L2: Formula L.2; , or (iii) conmbining the .
bi sfuran al cohol of Fornmula 0 with di pyrldyl carbonate to forma
conmpound of Formula L3: ,0 Formula L3.. 14. The process of .clai'm 13,

further corfpri sffﬂngprm;easbxfnlaugﬁhrhel@@mdumthdlﬁor mula LI, L2 or L3

with a corrpound Forrrul a N,

PR & Bn
: 7 l | o |
O = 0 . ~ O\Xro
: N
- , b
) Fn S”N Nl\)——Pn or S"‘“ N\)
HaC {5} %Ha Ph S} Bn
where,.
Ph is phenyl.
7. The process of claim 1, which is carried out in the presence of a solvent.
8. The process of claim 7, where the solven: is a polar aprotic solvent.

. 9. - The process c_xf claim 8, where lhc solvent is methyl-t-butyl-ether,
dichloromethane or a mixwre thereof.

10.  The process of claim 1, which is carried our in the presence of excess 2,3-
dihydrofuran as a solvent.

11, The process of claim 1, where the catalyst comprises Sc.
12, The process of claim 1, where the catalyst comprises Yb,
13 The process of claim 1, furthes comprising,

()  combisiing the bisfuran alcohol of Formula 0 with disuccinimidy]
 dicarbonare to form-a compound of Formula L1:

49
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Formula N, to forma conpound of Formula A, where, M is nethyl.
15. The process of claim 14, further conprising, conbining the
conmpound of Formula A with a conpound of Fornula-3, M. H2MGERoalt Ne. ssime
Formula.3, to forma conpound of Fornmula |, M For nuhtaadpin NhRE T S2MI007564
is methyl; Et is ethyl; and Ph is phenyl. 51 Attor ney Dochet ND.

680. PF Appl n. No. PcDusno?/ 007864 16. The process of claim15, further
conpri si ng, conbi ni ng the corrpound of 0 : '

0 O .

e S
o
H o

- Formula L1,

()  combining the bisfuran alcohol of Formula 0 with bis(p-aitro)phenyl
carbonaie or p-nitrophegol chlaroformate 1o form a compound of Formula L2;

O Ol
T
Q
0 T NO2
H o ’
Formula L2;

| or

(iii) ~ combining the bisfuran alcohol of Formula 0 With dipyridyl carbonate-
) form a compound of Formula 13: ‘

o o

14.  The process of claim 13, furthey comprising, combuung the compound of
Formula L1, L2 or L3 with a compound oi Formula N,

J

’cf5/‘12 atthe EPO on Jan 26 2008 00:44:43, p5 AMENDED SHEET
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Formula | with adipic acid to forma salt of Formula IV, Ov 0 H N
A-OPh . 0 CQ2a HRC----C2F1 M Formula 1V, where, Me, Er and Pb are

each i ndependentl|y defined-the same as in claim15. 17. ThRwREPERRS NOBBG
claim 14, where the conmpound of Forinula N is prepar gt bypin No. PCT/US2007/007564
deprotecting a. conmpound of Formnul-a M Formula M 18. The process

of claim 17, -where the deprotection is .acconplished by combining the
conpound of Formula Mw th a deprotecting agqj}ﬁ,u}/g}qch is selected
fromtrifluoroacetic acid, hydrochloric aci enesul foni ¢ aci d,

met hanesul #ofeny aaa@mpoum;ﬁfé %orendd Aoni ¢ acid, or hydrobronic acid. 109.

The process of claim 17, where the conpo nd of Formula Mis prepared .
by reducing .a conpound of Formﬂ'a SH l;jil\he EPO on Jan 26, 2008
00: 44: 43 Pa AI\/ENDED SHEET
?] W@
Farmula A,
where, .
Meismethyl.

15, The process of claim 14, furthcr comprising, comb:.mng the compound of
' Formula A with a compound of Formula J,
Me

A

HoN \/’\P-c—)oph CozE‘[ .

A ‘ ~ Formulal,
1o form a compound of Formula I,

" where,
Me is methyl;
. Eris ethyl; and -
Ph is phenyl.’

c@ Egat the EPO on Jan 26 2008 00:44:43.
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(KT/ 12j Attorney Down No. 680.0F I1r0.1. Appin No.

PC170520071007584 Fornula C. . 10-The process of claim 19, where the
reducticon i s acconplished by contacting the conpound of Fmom,gm@m;ggﬁ‘m‘
with a reducing agent-which is fithiumal um num hydrindeppinsedPCTIS2Z007/007564

bor ohydride, |ithium borohydride, sodiumtrisacetoxyborohydride,

sodi um cy- anobor ohydricle, potassiumtrii sopropoxy‘borohydri de or

di i sobutyl al u r og i Pk SomMigsEofl he
conpound ofl%For g}%xgdfg%g%grseﬁy (ofo] ngoalconpoung%f F%rrml a

F wth a cdipmautad vath dimieredid taCformid s@lﬂOﬁFQxﬁMﬂUﬂ? 502C1L Me  Fornul a

FFornul-a G 22. The process of claim2l, where the conmpound of . .

Formula F'is prepared by conbini-ng a cohpound of Fornula E with.an -

amne: t- . the EPO on Jan’ 26!‘1200@!'!00%&43 Pa 9b- Nj a 'AMENDED SHEET
0

& NV/\/N"' .
H o~ ~ Sy 1

P=OPh -
TN com
o~ o) 3
Formula 1V,

where, : A
Me, Et and Ph are each independcnﬂy defined the same as in claim 13,

17. The process of claim 14, where the campound of Formula N is prepared by
~deprotecting a compound ef Formulsg M: ‘

tBMD\N/ N WN ~g .
o) Oz
] - OMe

CHO
Formula M.

18, The process of claim 17, where the deprotection is accomplished by
 combining the compound of Formula Mwuh a deprotecying agent which is selected
- from wiflucroacetic acid, hydrochloric acid, toluenesulfonic acid, methanésulfonic
acid, bénzenesulfonic acid, or hydrobromic acid. |

19, '{he process of claim 17, where the compuund of Formula M is prepared by
reducmg a compound of Fonmlla C:

52
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23. The process of claim?22, where the amne is 24. A conpound
having the formula C. or a pharnmaceutically acceptable salt thereof.

95. A conpound having the formula M Fornula M or a p'har,{ﬁﬁ.ﬁ}ﬁ&x&%d.ﬂmw
acceptabl e salt-thereof. 54 )5Tnlat the EPO on Jan 2Ga. ZQMANIIBCHELBI71007564
Pa AVMENDED SHEET 26. A conpound -having the formula N OH-E 02 0-10 .

Formula N, or a pharmaceutically accept able salt ‘thereof. *. 27.A
salt having the fornmula |V:- '

.Formu'ia C.

20.-  The process of claim 19, where the reductibn is accomplished by coxit&:’;ing’ '
the compound of Formula C with a reducing agent which is lithium aluminym
“hydride, sodium borohydride, lithium borohydride, sodium trisacetoxyborohydride,
sodium cyanoborohydride, potassim tfiisopmpoxy borohydride or diisobunyl
aluminum hydride ' |

21.  The process of claim 19, where the compound of Formula C is prepé,rcd by
combinihg a compoﬁnd of Formula F with a4 compound of Formula G:

. H od
Eo. b Ny,
| . ' - S0,Cl
O '\(1 .
cN . MeO
FormwaF . Formiia G.

23, The process of claim 21, where the compound of Fermula F is prepared by
combining a compound of Formula E with an amine: .

. Formula E.

& ssiat the EPO on Jan 26, 2008 00:44: g 3
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Owe -N,14-0Ph CO2Et CO2H 1?:10 Fornula IV. 28: A phannacei ni cal
conposition conprising the salt of claim27 and an excipient, diluent

or carrier. 29. A nmethod for the treatment or prophyl axuamméymckemo BBO.FF
mrovirus infection in a patient, conprising adni ni stifAanty NOPEHES2007/007584
patient a therapeutically effectlve amount of the salt of claim 27

30. The nethod of cIa|m29 where the retrovirus is human ‘

i mmunodefi.ci ency:. virus.-(llly). 31.The nethod of claim.29, where the

t herapeutical ly effective ar ndunt, i s _aboyt 10 ng to about 2000 ny. 55 .
32. The meRhod Bhe prgssio daimpiar W BesaNFe B8s adninistered in a

phar maceuti cal corn positi on 33. The nethod of claim32, where the
phar maceuti cal conposition is in a unit dosage formof a tabl et. 34.
The method of claim29, where the salt i5 adnministered orally. 35. A
conmpound, conposition or nethod as osed herein. 36. The use of

the salt of claim27 for the manufActur® of a nmedi canent for .

inhibiting activity of a retroy zﬁ's prot®ase in a patient, conprising
admi ni stering to the patient a .therapeutically effective ammount of
the salt. 37. The use of the salt of claim27 for the manufacture of

a nedi canent for the trggﬁ)rrent E:Pyl axis of a retrovirus

i nfection H"la nistering to the patient a

t herapeutically effectl ve am)unt of the saFL

H OH
: : 02
a .
: . OMe .. -

FormulaC,

€148

tBul

ora phahnaceﬁtically acceprable salt thereof,

25. A compound having the formula M:

C e >
{BUOYN - E

or a pharmaceutically acccptai:le salt thérf:of.

\;\‘_]at the EF’O on Jan 26, 2008 00:44; 43 Pa AMENDED SHEET




38. The use of claim36 or 37, where the retrovirus is human

i mmunodeficiency virus (HV). 39. The use of the salt of claim36 or

37, whére the salt is administered to the patient as a siQghg packetNo. 680.PF
conposition. 40. The use of the salt of ¢laim 36 or i@7appiniel BCTIB2A07/007564
salt is adnministered to the patient orally. 41. The use of claim 40, .
where the oral admi ni stratlon is once a day. 42. The.use of claim36 :
or 37, whene th WwhREENY1 N one or nore agents _

sel ect ed th§ grg\up onS| s %Jb ? stavudl ne, entricitabine, tenofovir,
entricitabine, abacavir, I am vudi ne, i dovudi ne, didanosine,

zal ci t abi ne, p'hosphazi de ef avorenz; Vi rapi ne, del avi rdi ne;
tipranavir, saquinavir, d[l‘naVEr azanavir, nelfinavir,

anprenavir, sanprenavir, ﬁép“ﬁ’ﬁh‘“’ Mdg-eq

Fozi vudi ne tidoxil, Al ovud| nei Dexel v e, Aprici 't abi ne,
Andoxovi r, El vuci t abi ne ( ACH126%4 RaC| , Craeeni ¢ FTC, PSI-5004),
M V- 210, KP- 1461, fosal vudine ti (HDP 99. 0003) AVX756,

Di oxol ane Thymni ne (DOT), TMC 2540%2 CHK— 20, 4'-Ed4T, .TMC- 125
(etravirine), Capravirine, TMC 278 (ri.I pivirine % 95634

Cal anolide A BILR 355 BS, and VRX 840773, and %?1%" ceutically
accept abl e alphamichaneally accdfiabléhalt herofif cl ains 36 or 37, where the
therapeutically effective anmount i s about. 10 ng to about 2000 ng.
44. The use of claim 36 or 37, where the salt is admnistered in a
phar maceut iXfal cosghdmivingahe forkbla IVhe use of clai m 44, where the
pharmaceutical conposition is in a unif dosage formof a tablet.

46. The use of claim45, where the sall}li\s adm nistered orally.

, enfuvirtide,

H OH

HOg CM/ CO,H !ae
' Formula V.
28. A pharmaceutical composition comprising the salt of claim 27 and an

excipient, diluent or carrier.

29. A method for the reatment or prophylaxis of a retrovirus infecrion in a patient,
comprising administering to the-patient a therapeuricatly effective amount of the salt

of claim 27.

'30.  The method of claim 29, where the retrovirus is human immunodeficiency -
virus (HIV).

31.  The method of claim 29, where the therapeuncally effective amount is about
' 10 mg to about 2000 mg. '

.35
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32. The method of claim 29, where the salt is administered in a pharmaceutical

composition.

33.  The method of claim 32, where the pharmaceutical composition is in a unit

dosage form of a tablet.

34. The method of claim 29, where the salt is administered orally.

35. A compound, composition or method as disclosed herein.

36. The use of the salt of claim 27 for the manufacture of a medicament for
inhibiting activity of a retrovirus protease in a patient, comprising administering to the

patient a therapeutically effective amount of the salt.

37. The use of the salt of claim 27 for the manufacture of a medicament for the
treatment or prophylaxis of a retrovirus infection in a patient, comprising

administering to the patient a therapeutically effective amount of the salt.

38. The use of claim 36 or 37, where the retrovirus is human immunocdeficiency
virus (HIV).

39. The use of the salt of claim 36 or 37, where the salt is administered to the

patient as a single composition.

40. The use of the salt of claim 36 or 37, where the salt is administered to the

patient orally.

41, The use of claim 40, where the oral administration is once a day.

42. The use of claim 36 or 37, where the patient is also receiving one or more
agents selected the group consisting of stavudine, emtricitabine, tenofovir,

emtricitabine, abacavir, lamivudine, zidovudine, didanosine, zalcitabine, phosphazide,

56



efavirenz, nevirapine, delavirdine, tipranavir, saquinavir, indinavir, atazanavir,
nelfinavir, amprenavir, samprenavir, lopinavir, ritonavir, enfuvirtide, Fozivudine
tidoxil, Alovudine, Dexelvucitabine, Apricitabine, Amdoxovir, Elvucitabine
(ACH126443), Racivir {racemic FTC, PSI-5004), MIV-210, KP-1461, fosalvudine
tidoxil (HDP 99.0003), AVX756, Dioxolane Thymine (DOT), TMC-254072, INK-20,
4'-Ed4T, TMC-125 (etravirine), Capravirine, TMC-278 (rilpivirine), GW-695634,
Calanolide A, BILR 355 BS, and VRX 840773, and pharmaceutically acceptable salts
thereof.

43. The use of claims 36 or 37, where the therapeutically effective amount is
about 10 mg to about 2000 mg.

44, The use of claim 36 or 37, where the salt is administered in a pharmaceutical

composition.

45, The use of claim 44, where the pharmaceutical composition is in a unit dosage

form of a tablet.

48. The use of claim 45, where the salt is administered orally.
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