WO 2006/060110 PCT/US2005/039946 TITLE OF THE INVENTION PROCESS FOR
{3-[2(R)-[(IR)-1-[3,5-BIS(TRIFLUOROMETHYL) PHENYL]JETHOXY]- 3
(S)-(4-FLUOROPHENYL)MORPHOLIN-4-YL] METHYL] -S-O X O-4, 5-DHIYDRO-

[1,2,4]- TRIAZG 2006 PHOSPHONIC ACID 5 BACKGROUND OF THE INMENS@RIoBiaqresent
invention relates to processes for the preparation of { 3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethyl)
phenyllethoxy]-3 (S)-(4-fluorophenyl)morpholin-4-
ylmethyl]-50x0-4,5-dihydro-[1,2,4]-triazol-I-yl}phosphonie acid, a phosphoramidate 10 derivative of
aprepitant, CF3 /"['&CF3 O\O N\ I/F HO-PN OH NH O and pharmaceutically acceptable salts
thereof, which israrsseful HiErapBNTE&gent, specifically as a substance P (neurokinin-1) receptor

antagonist. Thigcoppurskisdisginges)as having therapemtonaiiityyn) BrENPatETHmDSY 115 5,691,336

and 5,780,467 y g R NARYREHEE0! Hiseomparidnipcontrast to
previously knoﬁ@p@ogé@esét é’ﬁ f\i hgt mver?flon rovides a mﬁore practlcal and economical method
for preparing thie-2dinBodr@inr 1R purity. As such, there is a need for a process

for the preparation of the compound that is cost-effective, amenable to large-scale productlon and
utilizes readily avaitpblereraentSROmENTION
The present invention relates to processes for the preparation of
{3-[2(R)-[(LR)-1-[3,5-bis(triffuoromethyl) phenylethoxy]-3(S)-{4-flucrophenylymorpholin-4-
ylmethyl}-5-oxo-4,5-dihydro-{1,2,4]-triazol-1-yi} phosphonic acid, a phosphorarmidate

10 derivative of aprepitant,
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and pharmaceutically acceptable salts thereof, which is a useful therapeutic agent,
specifically as a substance P (neurokinin-1) receptor antagonist.
This compound is disclosed as having therapeutic utility in U.S. Patent Nos.
15 5,601,336 and 5,780,467 which also disclose processes of manufacture for this compound.
In contrast to previously known processes, the present invention provides a more practical
and economical method for preparing the compound in relatively high yield and purity. As
such, there is a need for a process for the preparation of the compound that is cost-effective,
amenable to large-scale production and ntilizes readily available reagents.
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SUMMARY The disclosure relates to a process for preparing a compound of the formula I: CF3 CF3
0 ,,0 ND-,,, ON~F HO-P-N OH ~,NH 051 and pharmaceutically acceptable salts thereof, by
catalytic reduction of the corresponding mono-O-benzylphosphate compound. According to a first
aspect, there is provided a process for preparing a compound of the formula I: CF3 CF3 O 10 ND-,,
ONF HO-P-NY OH'NH 10 0 or a pharmaceutically acceptable salt thereof, comprising: -2 catalytic
reduction of a compound of the formula 11: CF3

SUMMARY
The disclosure relates to a process for preparing a compound of the formula
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and pharmaceutically acceptable salis thereof,
by catalytic reduction of the corresponding mono-O-benzylphosphate compound.
According to a first aspect, there is provided a process for preparing a

compound of the formula I:

CF,

i,
" CF3

10 0O

or a pharmaceutically acceptable salt thereof,

comprising:



\CF3 O,0N),,,,, ON~F BnO-P-N OH i-NH O Il wherein Bn is benzyl, 5 optionally in the presence
of the counterion of a pharmaceutically acceptable salt, to give the compound of formula la, or a
pharmaceutically acceptable salt thereof. According to a second aspect, there is provided a
compound of the formula: CF3 CF3 O 10 NI-Iz O N~ F O-P-N OH tNH O or a salt thereof. 10 The
disclosure further relates to a precipitation process for increasing the purity of a compound of the

formula la: -2a CF3 NH2+ CF3 OH 0 10

catalytic reduction of a compound of the formula IL:

CF,

CF,4

I
wherein Bn is benzyl,
5 optionally in the presence of the counterion of 2 pharmaceutically acceptable salt,
to give the compound of formula la, or a pharmaceutically acceptable salt thereof.

According to a second aspect, there is provided a compound of the formula:
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or a salt thereof,

The disclosure further relates to a precipitation process for increasing the

purity of a compound of the formula la:

w79 -



HO" ,OH N/ HO N- F HO -O-P-N22 O NH 0 la. -2b WO 2006/060110 PCT/US2005/039946
DETAILED DESCRIPTION OF THE INVENTION The present invention is directed to a process for
preparing a compound of the formulal: CF3 CF3 O 10 ND.,,, OSNN.-~/F HO-P-NOH/~"NH O5
| or a pharmaceutically acceptable salt thereof, comprising: catalytic reduction of a compound of the

formula ll: CF3CF3 O, OCNDON~I/F
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BnO-P-N OH ~,NH 0 10 Il wherein Bn is benzyl, optionally in the presence of the counterion of a
pharmaceutically acceptable salt, to give the compound of formula la, or a pharmaceutically
acceptable salt thereof. -3 WO 2006/060110 PCT/11S2005/039946 The present invention is further
directed to apeasméoripreparing a compound of the formula |: CF3 CF3«@usaddchsedkaN~ F
HO-P_N OH ),--NH | 5 or a pharmaceutically acceptable salt thereof, comprising: (1) contacting the
compound of the formula Ill: CF3Q Fg O 10 ND N~al F HN NH

DETATLED DESCRIPTION OF THE INVENTION
The present invention is directed to a process for preparing a compound of
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the formula I:

or a pharmaceutically acceptable salt thereof,
comprising:

catalytic reduction of a compound of the formula II:

CFs
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10 I
wherein Bn is benzyl,
optionally in the presence of the counterion of a pharmaceutically acceptable salt,

to give the compound of formula Ia, or a pharmaceutically acceptable salt thereof.



0 Ta 10 with tetrabenzyl pyrophosphate in the presence of a hindered base, and contacting the
resultant product with methanol to give a compound of the formula II: -4 WO 2006/1160110
PCT/US2005/039946 CF3 CF3 0)00 N Q N~BnO-P-N OH/'-NH O Il wherein Bn is benzyl; and (2)
catalytic redugtianosfotielcompound of the formula 1l in the presence of theeconrstaiomefsd a
pharmaceutically acceptable salt, to give the compound of formula la. In a further embodiment, the
present invention is directed to a process for the preparation of {3-[2(R)-[(1R)-I-[3,5-bis(trifluoromethyl)
phenyllethoxy]-3(S)-(4-fluoro-

phenyl)morpholin-4-yllmethyl]-5-oxo0-4,5-dihydro-[1,2 4] -triazol-l-yl}phosphonic acid N-
methyl-D-glucamine of the demmsmlt®F®t1MH2M@F®f@Sf@H@ HOrHOOr BEIFRE HO IN, HO -O-P-N

compound of the formula L

CFs
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I
5 orapharmaceutically acceptable salt thereof,
comprising:
(1} contacting the compound of the formula TH:
CF3
1/,{
" CF;

10 with tetrabenzyl pyrophosphate in the presence of a hindered base, and contacting the

resultant product with methanol to give a compound of the formula II:



O YNH 210 C la which comprises: catalytic reduction of a compound of the formula Il: -5 WO
2006/060110 PCT/US2005/039946 CF3lIl,,.\CF3 O,10 CN> 11 ONF BnO-P-NOH >NH Ol
wherein Bn is benzyl, in the presence of N-methyl-D-glucamine, 5 to give the compound of formula la.
In a further embadinmentidhe present invention is directed to a process forithe/iprepacatan of
{3-[2(R)-[(IR)-1-E3,5-bis(trifluoromethyl) phenyllethoxy]-3(S)-(4-fluoro-
phenyl)morpholin-4-yllmethyl]-5-ox0-4,5-dihydro-[1,2,4]-triazol-I-yl}phosphonic acid N-
methyl-D-glucamine of the formula la: CF3 NH2+ CFs .nOH O ~O

CF,

g CFs

wherein Bn is benzyl; and
(2) catalytic reduction of the compound of the formula 1L in the presence of the counterion of
5  apharmaceutically acceptable salt, to give the compound of formula Ja.
T a further embodiment, the present invention is directed to a process for the
preparation of {3-[2(R)-{( 1R)-1-[3,5-bis(trifluoromethyl) phenyljethoxy]-3(5)~{4-fluoro-
phenylymorpholin-4-yljmethyl}-5-ox0-4,5-dihydro-[1,2.4] -triazol-1-y1}phosphonic acid N-

methyl-D-glucamine of the formula fa:
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which comprises:

catalytic reduction of a compound of the formula Ii:



HO"JOH N)"™'~ HO O N-F HO -O-P-N-O>_NH 2100 la which comprises: (1) contacting the
compound of the formula Ill: -6 WO 2006/060110 PCT/US2005/039946 CF3 CF3 O ~O N ,N~ F HN
> NH 0 la with tetrabenzyl pyrophosphate in the presence of a hindered base, and contacting the
resultant prosietovitivanethanol to give a compound of the formula 1l: CF3PET/US@R3039946€0 CN\ N~ |/
F BnO-P-N

[, \
nglﬂi

BnO-—

wherein Bu is benzyl,
in the presence of N-methyl-D-glucamine,
5  to give the compound of formula la.
In a further embodiment, the present invention is directed to a process for the
preparation of {3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethyl) phenyllethoxy]-3(S)-(4-fluoro-
phenyl)morpholin-4-yljmethyl]-5-ox0-4,5-dihydro-[1,2,4}-triazol-1-yl } phospbonic acid N-

methyl-D-glucamine of the formula Ia:

CF,
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which comprises:

(1) contacting the compound of the formula III:



OH /,NH 5 0 Il wherein Bn is benzyl; and (2) catalytic reduction of the compound of the formula Il in
the presence of N-methyl-D- glucamine, to give the compound of formula la. 10 In an embodiment of
the present invention the step of contacting the compound of formula Il with tetrabenzyl
pyrophosphatetinasagrasence of a hindered base, the hindered base is sadiasedsxamethyldisilazide
(NaHMDS), potassium hexamethyldisilazide (KHMDS), lithium hexamethyldisilazide (LiHIVIDS),
potassium t- butoxide, potassium t-pentoxide, potassium amylate, lithium diisopropylamide (LDA), -7
WO 2006/060110 PCT/US2005J039946 lithium tetramethylpiperidide (LiITMP), sec-butyllithium, or
tert-butyllithium. Within this embodiment, the hindered base is selected from sodium
hexamethyldisilazide (NaHMDS), potassium hexamethyldi ifzzide (KIUVIDS) and lithium
hexamethyldisilazide (LIHMDS). Further within this embaodiment, the hindered base is sodium
hexamethyldisilazide 5 (NalIMDS). Solvents for conducti @ step of contacting the compound of
formula Il with tetrabenzyl pyrophosphate in the presencepf e-hindered base comprise an organic
solvent. Within this embodiment, the organic solvent is selected ffom toluene, tetrahydrofuran (THF),
diethyl ether, diglyme, dimethoxyethane (DM ,{jd‘@ethyl t-butyl 10 ether. Further within this

embodiment, the organic solvent is tetrahydrofuran. The step of contacting the compound of formula Il
with tetrabenzyl pyrophosphate in the presen a‘hindeged base is typically carried out at a
temperature range of between about -20 and about 25 ithin this embodiment, the temperature
range is less than about 5 C. Further )%g, iS embodiient; ghe temperature range is between 15

t

oy

about -10 and about 5 C. In an embodimegn Hhe present invention the step of catalytic reduction of
@)

m
with tetrabenzyl pyrophosphate in the presence of a hindered base, and contacting the

resultant product with methanol to give a compound of the formula II:

CFj

CF4

wherein Bn is benzyl; and
(2) catalytic reduction of the compound of the formula Il in the presence of N-methyl-D-
glucamine, to give the compound of formula Ia.

10 In an embodiment of the present invention the step of contacting the
conapound of formula II with tetrabenzyl pyrophosphate in the presence of a hindered base,
the hindered base is sodivm hexamethyldisilazide (NaHMIDS), potassium
hexamethyldisilazide (KHMDS), lithium hexamethyldisilazide (LiHMDS), potassium t-

butoxide, potassium t-pentoxide, potassium amylate, lithium diisopropylamide (LDA),



the compound of the formula Il comprises catalytic hydrogenation. Within this embodiment, the step of
catalytic reduction of the compound of the formula Il comprises catalytic hydrogenation with a
palladium catalyst, a platinum catalyst or a ruthenium catalyst. Within 20 this embodiment, the step of
catalytic redogtianafeteeicompound of the formula Il comprises catalytic airagematicpewsith a
palladium catalyst. Within this embodiment, the step of catalytic reduction of the compound of the
formula 11 comprises catalytic hydrogenation with a palladium catalyst, such as selected from:
palladium on carbon, palladium on alumina, palladium on barium sulfate, palladium on calcium
carbonate, palladium on barium 25 carbonate, palladium on strontium carbonate, palladium on silica,
and palladium hpiroxide et dansodidp aiiNBin s chualsugieniartd kst fesstep of
catalytic reductipnpfnihe apmRevedidhadeopaloth compiisesoatalyticly t Ay emsion, with a
palladium on carbon catalyst ExtbEr R iR clPARITENL e sieRalsatalyistguction of the

tas

compound of the ?ormq a')f oniprises catalytic hydrogenation with a 10%. palladium on 30 carbon
catalyst or a SRIFAfRite G Eﬁmﬂﬁ}%éﬁgﬁnéﬂ%@ﬁ%\ﬁiﬁﬁﬁ@%ﬁ & r%‘%sﬁ&ﬁzfé% step of catalytic
reduction df theMegiivgiind of the formula 1l comprises catalytic hydrogenation with a 5% palladium on
carbon catalyst. Solvents forgnagiueing e siemoteatalysiciesyciomabthedgmpouladiof the formula
| comprises a solyentyigh Js sslesied. fom the.gioup o Cds(Cf-RURANK: R0 Segondary and tertiary

alcohols, and water. Withiri this embodiment, the solvent may -8 2006/060110

PCT/U S2005/0:39526 WD HsAH AN, B BT RO tr‘}f/é‘(pglﬁBﬁlat(r31f(551|3,nﬁ’-butanol, water, and
mixtures thereoérdaydthravitiiFthis=tistdndegiynhdissiheny o R hiethasHsl! if4bding mixtures
of methangl ang watgk:ipr thenhy eseatiovertiomhdligpietatved thatthedefoparature of the reaction 5

mixture for the catalytic red“FHQ%?UHL%&QJ&%%Q%%&%JQWH i5ffem@en10C to about 50C,

wherein the most preferred temperature is about 20-25 C In,thﬁ reslggt inventtion it iseDreferred that

the pressure of ByISRMEHRIY PR 53 T RETRT TS h b PR cdRbound oF the tBrmula Il is from about

1 to about 150 psige of between about -20 and about 25 °C. Within this embodiment, the temperature range

is less then about 5 °C. Further within this embodiment, the temperature range is between
15 about ~-10 and about 5 °C.

In an embodiment of the present invention the step of catalytic reduction of
the compound of the formula II comprises catalytic hydrogenation. Within this embodiment,
the step of catalytic reduction of the compound of the formula I comprises catalytic
hydrogenation with a patladium catalyst, a platinum catalyst or a ruthenium catalyst. Within

20  this embodiment, the step of catalytic reduction of the compound of the formula I comprises
catalytic hydrogenation with a palladium catalyst. Within this embodiment, the step of
catalytic reduction of the compound of the formula II comprises catalytic hydrogenation with
a palladium catalyst, such as selected from: palladium on carbon, paliadiom on alumina,
palladium on barium sulfate, palladium on calcium carbonate, palladium on barium

25  carbonate, palladium on strontium carbonate, palladium on silica, and palladium hydroxide
on carbon (Pearlman’s catalyst). Within this embodiment, the step of catalytic reduction of
the compound of the formula I comprises catalytic hydrogenation with a palladivm on
carbon catalyst. Further within this embodiment, the step of catalytic reduction of the
compound of the formula I comprises catalytic hydrogenation with a 10% palladium on

30 carbon catalyst or a 5% palladium on carbon catalyst. Further within this embodiment, the
step of catalytic reduction of the compound of the formula I comprises catalytic
hydrogenation with a 5% palladivm on carbon catalyst.

Solvents for conducting the step of catalytic reduction of the compound of
the formula I comprises a solvent which is selected from the group of C,-C, primary,

35  gecondary and tertiary alcohols, and water. Within this embodiment, the solvent may

-8-



wherein the most preferred pressure is about 5 to about 50 psi. 10 Optionally, following the catalytic
reduction of the compound of the formula U to give the compound of formula | (or the compound of
formula la), the solution of the compound of formula | (or the compound of fomiula Ia) is contacted
with a tri-alkyv pbesplhinerto remove the catalyst. Within this embodiment, tbe/ptmsphipsianay be
tri-n-butyl phosphine. 15 In another embodiment, the present invention is directed to a process for
increasing the purity of a compound of the formula la: GF3 NH2+ GF3 'JOH O .0 HOB' 10H CN)",./
HO 0 11 aF HO -O-P-N O ~NH 2 O la which comprises: 20 contacting a solution of the compound of
formula la in methanol with an antisolvent which comprises acetonitrile to give the compound of
formula la as acafitse maifiuthemaspestphthisbmbugmment- thienahtissivant wiithce divisplses

acetonitrile furfher commrises anwerhal etbesthancamgihanahmafuithesiaspeatet tiis embodiment,
the antisolvent which co grlses acetonitrile further comprises an alcohol -9 WO 2006/060110
PCT/U82005/6:)‘[3?6@5‘%1 081 88&d from ethanol, isopropanol, isobutanol and n-bytanol. In a further

aspect of this embodiment, Tribe REESBNEHPHMC] ’é&‘r‘ifﬁﬁ’?géh%@?oﬁ?ﬁféafﬁﬁﬁ Fh(?dﬁ%?%les an alcohol

which 5 mixture for the catalytic reduction of the compound of the formula 11 is from about 10°C to
about 50°C, wherein the most preferred temperature is about 20-25 °C
In the present invention, it is preferred that the pressure of hydrogen during
the catalytic reduction of the compound of the formula I is from about 1 to about 150 psi,
wherein the most preferred pressure is about 5 to about 50 psi.

10 Optionally, following the catalytic reduction of the compound of the formula
I to give the compound of formula I (or the compound of formula Ia), the solution of the
compound of formula I (or the compound of formula fa) is contacied with a wri-alkyl
phosphine to remove the catalyst. Within this embodiment, the phosphine may be tri-n-butyl
phosphine.

15 Tn another embodiment, the present invention is directed to a process for

increasing the purity of a compound of the formula la:
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which comprises:
20  contacting a solution of the compound of formula Ia in methanol with an antisclvent which
comprises acetonitrile to give the compound of formula Ia as & solid.
In a further aspect of this embodiment, the antisolvent which comprises
acetonitrile fusther comprises an alcohol other than methanol, In a further aspect of this

embodiment, the antisolvent which comprises acetonitrile further comprises an aicohol



is ethanol. In a further aspect of this embodiment, solution of the compound of formula la in methanol
is added to a solution of acetonitrile:ethanol at approximately 50:50 (v/v), followed 5 by addition of
acetonitrile to increase the ratio of acetonitrile:ethanol to approximately 75:25 (v/v), The present
process for inopemesngahie purity of a compound of the formula la by precipitetismedimates the need
for lyophilization and/or spray drying, which would require the use of special equipment for large scale
implementation. 10 In another embodiment, the present invention is directed to a compound of the
formula: CF3 CF3 O ~O N\ O N~F O-P-N OH ~-NH O or a salt thereof. Whereas the corresponding
dibenzyl phosphoramidate compound is very 15 unstable and is present as an amorphous material,
this monobenzylessipbandinechisprerasistdhinansbied This2epkstamfatpaiontthat&intermediate is
readily isolated dayblilirationhdhsdbyelnvhatirgrbasaced doitlhrintatographhis putikicatiorhiddsorption,
nanofiltration, lyophilization. apray.drines ok S aresipiation of thedinabriedretmmaddition, this

crystalline penultimate intermediate allows a reduction in the catalyst loading for the.step of 20
catalytic hygrog@ﬁtg?‘fb% .lsléﬁli%ecffls zsﬂ?‘nnecfrb%fnaﬁ iARa ein et iHea &5 ogvb%é# gﬁdrfgag%e%] the
amount of the ceiufidition oEerstraisie-in BFD U seinRirsC HEvEBY THER ESTRE REBEH Y 8f the
compound of fogmala | prior to final isolation. The term "pharmaceutically acceptable salts” refers to

salts prepared from pharmaegutically.arseentakinooniexic basssincudingneraanis.arprganic
bases. Salts Ia by precipitation eliminates the need for Iyophilization and/or spray drying, which would
require the use of special equipment for large scale implementation.
10 In another embodiment, the present invention is directed to a compound of

thie formula:

CF,

/-"I,,

CF,
o)

[”j""@
0
I KN\
0-P—N \T) F
OH )—NH
S

Whereas the corresponding dibenzy! phosphoramidate compound is very

O

or & salt thereof.

15  unstable and is present as an amorphous material, this monobenzyl compound is a stable,
crystalline solid. This crystalline penultimate intermediate is readily isolated by filtration,
therby eliminating the need for chromatographic purification, adsorption, nanofiltration,
lyophilization, spray drying, or SCF precipitation of the final product. In addition, this
crystalline penultimate intermediate allows a reduction in the catalyst loading for the step of

20 catalytic hydrogenation. This crystalline penultimate intermediate also allows an increase in
the amount of the counterion, such as N-methyl-D-glucamine, thereby increasing the purity
of the compound of formula I prior to final isolation.

The term "pharmaceutically acceptable salts” refers to salts prepared from

pharmaceutically acceptable non-toxic bases including inorganic or organic bases. Salts

-10-



-10 WO 2006/060110 PCT/US2005/039946 derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous,
potassium, sodium, zinc, and the like. Particularly preferred are the ammonium, calcium, magnesium,
potassium, anghsoginmisalts. Salts derived from pharmaceutically acceptabieuwsmeasnicaman-toxic bases
include salts of 5 primary, secondary, and tertiary amines, substituted amines including naturally
occurring substituted amines, cyclic amines, and basic ion exchange resins, such as arginine,
betaine, caffeine, choline, N,N'-dibenzylethylene-diamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-morpholine, N-ethyl- piperidine,
glucamine, N-irfestfsed Brayhinenmirie betercoshifs Aerminstd peneRidrlsalviiie COPPRJpHoD Jhavihe, lysine,
methylglucamingnimerphelipnp ipekaaire paLidiaen NeaKine, JRi%ins 2pkoeadnls Prines,
theobromine, tfieasl?xlﬁl%l &efg}mw@mmmowmr}ﬁafﬁ@qmst&xaayﬁsmq thaikeaRarticularly

preferred is the N-met ucamine salt, Salts in the sofid form may exist i re than one crystal
o i ¢ Salico y

structure, and maY 4RH T?eﬁ?ﬂﬁgafﬁﬁ??'btfcﬂ%arﬁf D ORER L PR G PA R 4R surprlsmgly efficient,
minimizing the prochustiorroiasidedpioius Erang ﬁ?ﬁéé@ﬁ@%‘?@ﬁ@é@éﬁiﬂ Apeplit RyCUAERE pitant,
5-[[2(R)-[ I(R)- [&L@Qﬂﬁ{&ﬁfwﬁ)ﬁmw)ﬂhﬁ@yﬂ&m@k}doB(c&):k(aﬂrge resins, such as arginine, betaine,

fluorophenyl)-4-merpholnylimatiylid.2-ql ﬁ’e %la'n&n% %&ﬁ?&%ﬁ'oﬂ QitkB1iaRoddakR, h3all-5-[[2-
1-[3,5- b|s(trlfluoromethyl)phenyl] -ethoxy]-3

n
morpholmyl]mefh?ﬂ HY%‘HWH&%I%W&&EO ﬂgﬁgay S BbTAE P e ANce with U.S.
Patent Nos. 5,687:699:5:iptonin7 mm,lﬂzit@azw&w06%5&51@6&2@7@#@%%50,915,
6,407,255 ,16,462:3fy fr5iad, 0660 6168513 84nRiB0ABMAHa g pdudinebakriidMarlyGiiem. 2000, 43,
1234-1241, or ysing Mo ﬁ%gbméj*}ﬁé@%&ﬁyer@mg@@ﬁa{am&mmﬁlned in

accordance with Nelson, T Bhupath Na I\/l J Rush, C.;
Crocker, L. S. d?a‘%&?ﬁﬁ%““zéﬁ%’zﬁﬁdik§1’§ﬂ§%m¥ Bg?ﬁnxr%g Fcaf%rgsﬁtf? ?fuc “he s afting material may
be used d|rect|yﬂmsmwbimmgxwﬂwéh@oﬁowﬂ@%n@mﬁ§i %ﬁe@é@bw&ém&? pifheises of
illustration and agaraet.intended to limit the present

15 The present process is surprisingly efﬁcxent minimizing the prodnctmn of

side products, and increasing productivity and purity.

Aprepitant, 5-[[2(R)-[1(R)-[3,5-bis(triflnoromethyl)phenyl]ethoxy]-3(S)-(4~
fluorophenyl)-4-morpholinylimethyll-1,2-dihydro-3H-1,2,4-triazol-3-one (i.e. [2R-
[20R*),30]]-5-[[2-{ 1-[3,5-bis(irifluoromethyl)phenyl]-ethoxy]-3-(4-flucrophenyl)-4-

20  morpholinyljmethyl]-1,2-dihydro-3H-1,2,4-triazol-3-one), may be obtained in accordance
with 17.8. Patent Nos. 5,637,699, 5,719,147, 6,096,742, 6,229,010, 6,255,545, 6,297,376,
6,350,915, 6,407,255, 6,469,164, 6,504,066, 6,538,134, 6,600,040, Hale, I. J.; et al. I. Med.
Chem. 2000, 43, 1234-1241, or using modifications thereof. Tetrabenzyl pyrophosphate may
be obtained in accordance with Netson, T. D.; Rosen, J. I.; Bhupathy, M.; McNamara, J.;

25  Sowa, M. I; Rush, C.; Crocker, L. S. Org Synth. 2003, 80, 219-226, or using modifications
thereof, The starting material may be used directly or following purification. The following
examples are provided for purposes of illustration and are not intended to limit the present

mvention.

30 EXAMPLE 1

Tetrabenzyl pyrophosphate (TBPP
A 12 L round-bottomed flask was equipped with an overhead stirrer,
thermocoupie, N2 inlet, and an addition funnel. The vessel was charged with dibenzyl
phosphate (762 g) and isopropyl acetate (3 L). The slurry was cooled to 3 + 3 °C and then
35  the 1.08 M dicyclohexylcarbodiimide (DCC) solution (1.30 L) was added via the addition

S11-



invention. 30 EXAMPLE | Tetrabenzyl pyrophosphate (TBPP) A 12 L round-bottomed flask was
equipped with an overhead stirrer, thermocouple, N2 inlet, and an addition funnel. The vessel was
charged with dibenzyl phosphate (762 g) and isopropyl acetate (3 Q. The slurry was cooledto 3 3 C
and then 35 the 2n@3dd:dicyclohexylcarbodiimide (DCC) solution (1.30 L) newectdedwadthe addition
-11 WO 2006/060110 PCT/US2005/039946 funnel while maintaining the batch temperature at 3 3 C.
Typical addition times were between 25-35 minutes and the reaction was typically complete within 30
minutes. The cold slurry was filtered and the dicyclohexylurea waste cake was rinsed (agitated) with
isopropyl acetate (3 x 600 mL). The filtrate and rinses were combined and concentrated in vacuo to a
5 final volume @fideBylnild heihaichewas tteln siepedttaeat B2 d (id BivitshiddifielsKiparas  equipped with
an overhead 5%5&)%&&@%@@%9&94%&%4@éﬁétlaﬂ@@mﬁﬁ@um&@me{vime Joaighuwadiluted with

heptane (500 mL) and seeded with 1% of tetrabe 2 o d seed bed.
Heptane (4.0 W3 ?ﬁgﬁeé 8%1 é"‘e‘/stlére&mﬁu?r“)? ggtg%(%%nwt%%hhngegg ga 1(%%) %?EO rr%rr%gs The batch

was then cooledetai 33 oami-aded fiFaeHarinees Hie §ﬂf?W’9@a§’ﬂﬁ8?@%iﬂw e v?ﬁfler%]cake was
washed with 2@8%a1isaprepy|acbtate/kegiare (BnstB00rnLL} Pheddretiuetddaied heidvatied in vacuo and

under a blankg @;18{ QEENOVRIIgh LBt FORBMiBmARtalY eudetrbanayipyapiesphiateanas isolated
g 2ol e Pt g N SN 8 gt wnc v
‘O NaHMDS 0 'S Espced e p‘.@pbﬂl@lﬂl@ B wes h&%aédﬁd G he stirre 1urry at room

temperature over 30 minutes. The batch was then cooled to 3+ 3 °C and aged for § hour.

10 The slurry was filtered and the filter cake was washed with 20% isopropyl acetate/heptane (3

x 500 mL). The product cake was dried in vacuo and under 2 blanket of nitrogen overnight at

roomiemperature. Tetrabenzylpyrophosphate was isolated (671 g, 1.25 mol, after correcting

for seed) as a white crystalline solid (91% adjusted yield) which was stored in a freezer.

15 EXAMPLE 2
CFs —
| - CFq
o I 800-B-0B-0n 4
CFa anG  OBn Ry ii
0.0 NaHMDS —nggﬂ—‘“‘ ) oFs
(o, RO [ e
O @ "@
HN
O}fNH Bﬂgﬂg \’ﬁ BﬂO*F"’N ‘r)
Dl-o—be?é%g?ospha}[e Mano-O-benzy! phosphate
(MOB)

Mono-O-benzyiphosphate intermediate (MOB)
A 12 L round-bottomed flask was equipped with an overhead stirrer, a

20  thermocouple and a N2 inlet. The vessel was charged with aprepitant, 5-[{2(R)-[L(R}-[3,5-
bis(trifluoromethyl)phenyl]ethoxy] -3(8)-(4-fluorophenyl)-4-morpholinyljmethyl}-1,2-
dihydro-3H-1,2,4-triazol-3-one (300 g), tetrabenzyl pyrophosphate (393 g), and 3.85 L of dry
THF. The batch was then cooled under N2 to an interpal teraperature of between -5 and 5
o, NaHMDS (1.37 L of a 1.0 M solution in THF) was added via an addition funnel at such

95  arate that the internal temperature remained <3 °C. Typical addition times were 25-35

minutes and the reaction was typically complete in 60 minutes. Upon completion, the
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ND., NUIF F O N,/ CN)~"HN-NH Bno-P N F 0 N~ QF 0 Bn6 0 NH Bn0-OH ;NH O Di-O-benzyl
phosphate Mono-O-benzyl phosphate (DOB) (MOB) Mono-O-benzylnhosphate intermediate (MOB) A
12 L round-bottomed flask was equipped with an overhead stirrer, a 20 thermocouple and a N2 inlet.
The vessel was ehavgediwith aprepitant, 5-[[2(R)-[1(R)-[3,5- bis(trifluorometyphesyietoxy]-3
(S)-(4-fluorophenyl)-4-morpholinyljmethyl]-1,2- dihydro-3H-1,2,4-triazol-3-one (300 g), tetrabenzyl
pyrophosphate (393 g), and 3.85 L of dry THF. The batch was then cooled under N2 to an internal
temperature of between -5 and 5 C. NaHMDS (1.37 L of a 1.0 M solution in THF) was added via an
addition funnel at such 25 a rate that the internal temperature remained < 5 C. Typical addition times
were 25-35 mirutésrard theakadtenpay fisedmitomplietatn %‘W#ﬁ?ﬁé‘s@@%‘g ®¥mpletion, the -12
WO 2006/060110:PECilylde2006/A3994 61 dadctioryas piideassiato vees agiciytastiond dhmixtene of t-butyl
methyl ether (10.4 1) and satyrated sdiumy hicarhanale(10.41b) Thedweshasesysien was
separated and the organic layer shed with saturated Eodlum b QonﬂtOe (1x10.41L), 10%
sodium bisulfate?( X% By &yrfﬂ%\i(ﬁé‘:\@ex %t.%h@'.a THEBAEHR Was %Cgﬁc(gn@ra%%d in vacuo (100 torr) to 5
approximately hedfdtsratidiraliitl Grtnahiiten a6 henrawarad s hiethethuidieerinal BEtth volume
was 3.0 L). Thedntgenalsaich, temepesatureaditringihiense Weitsshdtetveraswiaintainedntainsd25 C. This

solution was transipried 19,2, Sk fqunek bettamed faskandeaieshio 45 Cothilsfisingrnder
nitrogen. After 30 minutes, monq-Q-benggﬁIgg%s ha'%e (3.0 )O\{\(fsz 189 a{g%q} §§%g5%§96§hould
persist. The sld?!rkﬁ}l?l\f‘é’glé‘ééladi@‘ﬁ%?ﬁ%'a CC The Sy was 103 oy)vé)(glmto oofto room temperature
and then aged owe: kesdrberieosldipsrairas TieeraertaLrgR’ ASiRteratry s ThnfBmaR@ washed with
methanoli® x hik:dtheones eake wasdrieel dnd then aged one hour. The slurry was filtered through

a sintered glass funnel and washed with methano! (2x 1.2 L). The wet cake was dried in

vacuo at room temperature, yielding 307 g (78 %, adjusted for seed) mono-O-

benzyiphosphate intermediate as a white crystalline solid.

i5 EXAMPLE 3
CFy

CFs

OFg - -

Hag, & wi% of 5% Pd/C NHL*

CFs
N-methyl-D-glucamine

‘.
N7 OH 0O
e} N MeOH / Watar HOn- o 1: ]
’ 40 p.s.d., roorn temp, " »
BrO-P-N ﬁj F P&l p HO —
OH N ) {I_?
o] HO o= £ -

N
L. P —N%NH
0

4

—

{3-[2(R)-[(1R)-1-[3,5-Bis{trifluoromethyl) phenyl]ethoxyl-3(S)-(4-fluorophenylmorpholin-
4-ylimethyl}-5-oxo-4,5-dihydro-[ 1,2.4]-triazol-1-yl } phosphonic acid N-Methyl-D-glucamine
20 Salt

The mono-O-benzylphosphate intermediate (300 g) and N-methyl-D-
glucamine (166 g) were combined and dissolved in methanol (1.90 1) and water (110 mL).
In a separate container, 5% Pd/C (15.0 g) was slurried in 350 ml metbanol. This catalyst
slurry was pre-reduced at room temperature and 40 p.s.i. after which the mono-O-benzy!-
25  phosphate intermediate and glucamine slurry was added. The system was hydrogenated
overnight. The crude hydrogenation slurry was filtered through a pad of solka floc and
washed with MeOH (2 x 2 L). The filtrate was then concentrated in vacuo, maintaining the
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vacuo at room temperature, yielding 307 g (78 %, adjusted for seed) mono-O- benzylphosphate
intermediate as a white crystalline solid. 15 EXAMPLE 3 OF3 CF3 C'F3/CF3 O 00 H2, 5 wtk of 5%
Pd/C \NH2 ~ N-methyl-D-glucamine .\ O N McOH/Water HO~OH OIl,.Q It N" 40 ps.i., room temp.
NCH C J., Be@Budd/d@ 8 OH~NHON/OHO-1-)F 2-O0I-NH { PCT/US2005/039946
3-[2(R)-[(1R)-1-[3,5-Bis(trifluoromethyl) phenyllethoxy]-3(S)-(4-fluorophenyl)morpholin-
4-ylimethyl]-5-ox0-4,5-dihydro-[1,2,4]-triazol-1-yl}phosphonic acid N-Methyl-D-glucamine 20 Salt The
mono-O-benzylphosphate intermediate (300 g) and N-methyl-D- glucamine (166 g) were combined
and dissolved in methanol (1.90 L) and water (110 nd.). in a separate container, 5% Pd/C (15.0 g)
was slurried inid@@miempethanal. of hidosatARSt eyl wersenteation ot aflrobhs fomper dttire and 40

p.s.i. after which thg Wg@%g@m@phme intermediate and glucamine slurry was added. The
system was hydrogenated overnight. The crude hydrogenation slurry was filtered through a pad of

solka floc and washed with MeOH (2 x 2 Q. Thefillgiepmas then concentrated in vacuo, maintaining
the -13 WO 2006/060110 PCT/US2005/039946 internal temperature at or below 18 C, to a final

concentratson of 200 g/L. This solution was carried forward into the precipitation. EXAMPLE4
Precipitation of {3-12(R)-[(1R)-1-[3,5-Bis(triflucromethyl) phenyllethoxyl-3(5)-(4-fiuoro-
phenyl}amorphoiin—ék—yl]methyi}—S-oxo—ﬁi,S~d'1hydro-[1,2,4] -triazoi-1-yl}phosphonic acid N-
Methyl-D-glucamine Salt
A 2000 m] Pyrex bottle was setup with magnetic stirring and N blanket and

10 capped. The batch post concentration was added to the bottle followed by tri-n-
butylphophine (300 uL). The batch was allowed to stir for about 12 hours at room temp. A
72 L RB flask was setup with overhead stirring, N» iniet, and temperature readout. Ethanol :
(21 L) and acetonitrile (21 L) were added to the flask and allowed to warm to RT. The
solution of {3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethyl) phenyllethoxy]-3(S)-(4-fluorophenyl)-

15 morphoiin-4~yl}methy1]n5—oxo—4,5-dihydro—[1,2,4]—triazoi—l—yl}phosphonic acid N-methy}-D-
glucamine salt in methanol was added to 2 5000 ml dropping funne! via vacuum and 1
micron in-line filter. Then the batch was added to the anti-solvent over 1 hour via dropping
funnel. After the batch addition was complete, the slurry was aged for 15-30 minutes. The
slurry was allowed to settle and as much supernatant as possible was decanted without

20  removing solids. This volume (~ 30 L) was then replaced with an equal volume of 1:1
ethanol/acetonitrile and the slutry was agitated again for 30 minutes. A 3L filter (medium
frit, jacketed) was setup on a 50 L RB to collect the filtrate/wash. The solids were isolated
on the filter and washed with ethanol/acetonitrile (1:1). The solids were dried on filiter via
nitrogen blow and iransfered to a vacuum oven if needed. Yield was typically 340 g {79 %}.

25

EXAMPLE 5

Precipitation of {3-[2(R)-[(1R)-1-{3,5-Bis{trifluoromethyl) phenyijethoxy}-3(S)-(4-fiuoro-
phenyl}-morpholin-4-yljmethyl}-5-ox0-4,5-dihydro-[1,2.4] -triazol-1-y] }phosphonic acid N-
Methyl-D-glucamine Salt

30 To a sotution of {3-[2(R)-[(LR)-1-[3,5-bis(trifluoromethyl) phenyllethoxy]-
35 —(4—ﬂuorophenyi)—morpholin—ét—yi]methyi}—5—oxo—4,5~dihydro-[1,2,4]-triazol—1-
yl}phosphonic acid N-methyl-D-glucamine salt (356.4 g} in methanol was added tri-n-butyl
phosphine (TBP) (1.7 ml) and aged over night under agitation at 20°C (the TBP was added to

remove excess dissolved Pd). The solution was then added to a mixture of 8.9 L acetonitrile

14 -



5 Precipitation of {3-[2(R)-[(1R)-1-[3,5-Bis(trifluoromethyl) phenyllethoxy]-3(S)-(4-fluoro-
phenyl)-morpholin-4-yljmethyl]-5-ox0-4,5-dihydro-[1,2,4]-triazol-I-yl}phosphonic acid N-
Methyl-D-glucamine Salt A 2000 ml Pyrex bottle was setup with magnetic stirring and NZ blanket and
10 capped. e pataiw@paost concentration was added to the bottle followedrbyarsmedseryphophine (300
pL). The batch was allowed to stir for about 12 hours at room temp. A 72 L RB flask was setup with
overhead stirring, N2 inlet, and temperature readout. Ethanol (21 L) and acetonitrile (21 L) were
added to the flask and allowed to warm to RT. The solution of {3-[2(R)-[(1R)-I-[3,5-bis(trifluoromethyl)
phenyllethoxy]-3(S)-(4-fluorophenyl) 15 '

morpholin-4-y pme 8 1}-Skexd-&K5-diparefal paudditaeic ipshodpriemilatid KRR iRED- glucamine
salt in methangkwasaddestde #2000 mwdeappisgifiunrelsviowad wserdnidrBomicrors e filter. Then
the batch was agidled o (n¢.anliaqleBlaes hbaur YA eppiae- unRelaplistliehaidh addiion was

complete, the slurry was aged tor 15-30 minutes, The slﬁj{rrxlwas %II v\}\/fﬁg!}oatsa%gtle d as much
supernatant asi8<EiBIPHALIFEL A HAHBET 20 PR bRARG LSS This Vo ume.(2 0 L) was then
replaced with a8 @guativisiuniwidpiodath appfitebrofit e a0 Suripid agsagierts 2dain for 30
minutes. A 3L filter (mediumvwfite jackaiadiwas setupanisedont RBtasoiebthefitréte/wash. The

solids were isolated on the filtler and washed with ethanaliacetanitileChrldialhesokigsawere dried on
filter via nitrogen %llré)ev and transfered to a vachm oven.if needed. %ﬁﬁlgans rt%/ e@gya:ﬁgo g (79 %).
y

f
25 EXAMPLE B98pEEatimast (399t R TS S B Bl (i orome g enyljethoxy]-3(S)-(4-fluoro-
phenyl)-morphelirtatojdjrmsths pBloxEhars camyi It iEy HIAsSAPR ROSSHBHE Eid N-
Methyll-DiRjucamine Salt 30 To a solution of {3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethyl) phenyl]lethoxy]-
3(S)-(4-fluorophenyl)-morpholin-4-yljmethyl]-5-ox0-4, 5-dihydro-[ 1,2,4]-triazol-I - yl}phosphonic acid
N-methyl-D-glucamine salt (356.4 g) in methanol was added tri-n-butyl phosphine (TBP) (1.7 ml) and
aged over night under agitation at 20C (the TBP was added to
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remove excess dissolved Pd). The solution was then added to a mixture of 8.9 L acetonitrile -14 WO
2006/060110 PCT/US2005/039946 and 8.9 L ethanol (KF < 1000 ug/ml) at 20C over 1 hour.
Acetonitrile (17.8 L) was then added to the batch over 120 minutes. The slurry was allowed to settle
for 30 minutesdeferestd®do of the supernatant was decanted and transferratktusasfittessskhe remaining
slurry was then re-suspended and pressure filtered. The wet cake was washed with neat acetonitrile 5
(3.6L) and the collected product was dried under vacuum at 20C. Yield was typically 93%. While the
invention has been described and illustrated with reference to certain particular embodiments thereof,
those skilled in the art will appreciate that various adaptations, changes, modifications, substitutions,
deletions, or agiditions of precasiges and protocols may be made without departing from the spirit and

scope of the invention. 10 -15 W%%Q&@é@@&%}g%ﬁ%ﬂ@&ﬁ&%@&&%ﬁ)dﬂm&T IS CLAIMED IS: 1. A
process for preparing a compound of the formulal: CF3 CF3010 NO N~ HO-P-NOH~-NH 01 5

or a pharmaceutically acceptable salt thereof, comprising: catdlytic reduction of a compound of the
formula 11

5  orapharmaceutically acceptable salt thereof,
comprising:
catalytic reduction of a compound of the formula IL

10 wherein Bn is benzyl,
optionally in the presence of the counterion of 2 pharmaceutically acceptable salt,

to give the compound of formuia Ia, or a pharmaceutically acceptable salt thereof.

- 16.



CF3 CF3 O,.0(N)aF 11 BnO-P-N'N OH ~-NH 0 u 10 wherein Bn is benzyl, optionally in the
presence of the counterion of a pharmaceutically acceptable salt, to give the compound of formula Is,
or a pharmaceutically acceptable salt thereof. -16 WO 2006/060110 PCT/11S2005/039946 2. The
process of Claimmedaviaialmcomprises a process for the preparation of the gampermd@biessmula la: CF3
NH2+ CF3 OH 0\O HO1- 10H NHO O ,N~F HO-O-P-NL 2-O NH 0 In 5 which comprises:
catalytic reduction of a compound of the formula II: CF3 CF3

2. The process of Claim 1 which comprises a process for the

preparation of the compound of formula Ia:

OH :
HO! )

10H N WI‘\

Ho 2 N -
HO -O=F=N

5  which comprises:
catalytic reduction of a compound of the formula Ik

CFs

n,,,

CF,
0 0

L
2 n i

wherein Bn is benzyl,
10 in the presence of N-methyl-D-glucamine,

to give the compound of formula Ia.
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O10ONCQF BnO-P-NOHIi"NH 011 wherein Bn is benzyl, 10 in the presence of
N-methyl-D-glucamine, to give the compound of formula la. -17 WO 2006/060110
PCT/11IS2005/039946 3. The process of Claim 1 or Claim 2 which further comprises contacting the
compound ofitbedamasiaclll: CF3 i GF3 0;10N HN N Tr NH O la 5 witiCttrsdsesiaydopyrophosphate
in the presence of a hindered base, and contacting the resultant product with methanol to give the
compound of the formula Il: CF3 CF3 O ~O CND\\

3. The process of Claim 1 or Claim 2 which further comprises

contacting the compound of the formula IIL:

2,
oY

oI

5  with tetrabenzyl pyrophosphate in the presence of a hindered base, and contacting the

N

=T

HN

%

O

resultant product with methanol to give the compound of the formula Ii:

CF;
/1',,
Q.

0.0
\1.

QL
NS F

il
BﬂO“l?“
OH )—NH
O
I
wherein Bn is benzyl.
10
4. The process of Claim 3 wherein the hindered base is selected from:

sodium hexamethyldisilazide, potassium hexamethyldisiiazide, lithium hexamethyldisilazide,
potassium t-butoxide, potassium t-pentoxide, potassium amylate, lithinm diisopropylamide,

lithium tetramethylpiperidide, sec-butyllithium, and tert-butyllithjum.

S18 -



O BnO-P-N'N~ F OH NH O Il wherein Bn is benzyl. 10 4. The process of Claim 3 wherein the
hindered base is selected from: sodium hexamethyldisilazide, potassium hexamethyldisilazide, lithium
hexamethyldisilazide, potassium t-butoxide, potassium t-pentoxide, potassium amylate, lithium
diisopropylamidesdéhéunmtetramethylpiperidide, sec-butyllithium, and tert-batyllishiosns+ g WO
2006/060110 PCT/US2005/039946 5. The process of Claim 4 wherein the hindered base is selected
from: sodium hexamethyldisilazide, potassium hexamethyldisilazide, lithium hexamethyldisilazide,
lithium diisopropylamide and lithium tetramethylpiperidide. 5 6. The process of Claim 5 wherein the
hindered base is selected from sodium hexamethyldisilazide, potassium hexamethyldisilazide and
lithium hexamethyldisilazide. to 7. The process of Claim 6 wherein the hindered base is sodium

hexamethyldisilazide. 8. Thesprocesg.qf:aieys nelefClaimseh e hiseceimibe eatalyicoreduction of the

compound of the .ormhula Il comprises catglgl ic hydrogenation with g IR € i
, anal )iAnihm Raladimcaiahyst, a platinum
catalyst or a rutﬁeﬁfﬁmﬁ%aé gﬁﬁ?ta%iaﬁ'ug .?(fcsélslgrg?élaim 8 \,/vlllinherein thle catalyticﬁlgduction of the
compound of tHéT%FﬁﬂH‘@HF&’éﬁﬁ%é@ N e RyrBY RTIRith a palladium catalyst which is
selecte_d fram: palladium on qarbon, palladium on alumina, palladium on barium 20 sulfate, palladium
on calcium carbonate, pallacium onrkRagidrascarignats wpatagtehdhered base is selected from

sodium hexamethyldisilazide, potassium hexamethyldisilazide and lithium

hexamethyldisilazide.

10 7. The process of Claim 6 wherein the hindered base is sodium
hexamethyldisilazide.
8. The process of any one of Claims 1 to 7 whereir the catalytic

reduction of the compound of the formula II comprises catalytic hydrogenation with a

15  palladium catalyst, a platinum catalyst or a rathenium catalyst.

9. The process of Claim 8 wherein the catalytic reduction of the
compound of the formula I comprises catalytic hydrogenation with a paliadivm catalyst
which is selected from: palladium on carbon, palladium on alumina, palladium on barium

20  sulfate, palladium on calcium carbonate, palladium on barium carbonate, palladium on

strontimm carbonate, palladium on silica, and palladivmn hydroxide on carbon.

10. The process of Claim 9 wherein the catalytic reduction of the
compound of the formula II comprises catalytic hydrogenation with a palladium catalyst

25  which is a palladium on carbon catalyst

il The process of any one of Claims 1 to 10 which further comprises

contacting the compound of formula I or formula Ia with a tri-alkyl phosphine.
30 12. The process of Claim 2 which further comprises contacting a
solution of the compound of formula Ia in methanol with an antisolvent which comprises

acetonitrile to give the compound of formula Ia as a solid.

13. The process of Claim 12 wherein the antisolvent comprises

35  acetonitrile and an alcohol selected from ethanol, isopropanel, isobutanol and a-butanol.
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strontium carbonate, palladium on silica, and palladium hydroxide on carbon. 10. The process of Claim
9 wherein the catalytic reduction of the compound of the formula Il comprises catalytic hydrogenation
with a palladium catalyst 25 which is a palladium on carbon catalyst 11. The process of any one of
Claims 1 to Movtiatichartieer comprises contacting the compound of formua/osFmsnsdadba with a
tri-alkyl phosphine. 30 12. The process of Claim 2 which further comprises contacting a solution of the
compound of formula la in methanol with an antisolvent which comprises acetonitrile to give the
compound of formula la as a solid. 13. The process of Claim 12 wherein the antisolvent comprises 35
acetonitrile and an alcohol selected from ethanol, isopropanol, isobutanol and n-butanol. -19 WO
2006/060110 PCT/US2005/039946 14. The process of Claim 13 wherein the antisolvent comprises

acetonitrile and ethanol. 5 15, A comp%@gsogftbpaﬁgrmujgerg;Eﬁ,&EBsc@anghrpEs@ P-NOHO ora

salt thereof. -20
acetonitrile and ethanol.

3 15. A compound of the formaula:

CFj

1/,”

CFs
o W0

SR ﬂf @

or a salt thersof.
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