TI TLE OF THE | NVENTI ON PROCESS FOR
{3-12(i?2)-[(11?)-1-]3,5-Bl S(TRI FLUOROVETHYL) PHENYLj ETHOXY] -

3(5) - (4- REOCREGRIGENYL) MORPHOLI N- 4- YL] METHYL] - 5- OXO 4, 5- DiPEYDREH05/039946
[1,2,4]- _TRI AZQOL- 1- YL} PHOSPHONI C ACI D BACKGROUND OF THE | NVENTI ON The
present invention relates to processes for the preparation of {3-[2(i?)-[(
)-1-[3,5-bis(trifluoronethyl)
prfny{LeTFOEy]-3(8)-(3-LIuorophenyl)norpholin-4-

yl ] met hyl ] - 5- oxo-4, 5-di hydro-[1,2,4]-triazol -1-yl}phosphonic acid, a
phosphoranﬂ@ﬂﬂ%oﬁgtE05W$£gm3N aprepi tant, and p%aigacegtically accept abl e
sal ts ther @RbCEIFOR {392@R)WAR)-0![3,5/BIs @RELUCROMEATLY LS PHENYILIETHYXES a

b L5 . . . .
25 having CHEMBEIOROT N YR v P RRR T ORI ERG S 755 a07 "
whi ch al so [dp 46 TREZ.Qir-DYESBEOSBHONAALH2t ure for this conpound. In contrast

to previously known processes, the present invention provides a nore
practical and econom cal nethod for preparing the conpound in relatively

hi gh yi el d BEKGROEVUND OREHE INKENTHAN e is a need for a process for the
preparation of the coffpeash: ilvadtionFelfesopaictaed fovie prpmawdl € to | arge-scal e

roduction and utilizes readil i
P AN R iR F 55 bR o or BB bk PeRtb S YNy Dorbiiid AVENT! ON
yllmethyl] -5-0x0-4,5-dihydro-[1,2,4]-triazol-1-y1} phosphonic acid, a phosphoramidate

10 derivative of aprepitant,

CF4
=

,,/I, \
’ CF3

[oj\\o
L
i ,N<7/J F

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 5,691,336 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 utilizes readily available reagents.
20



The present invention relates to a process for preparing a conpound of the
formula | : and pharnaceutically acceptable salts thereof, by catalytic
reduct i orwof2oadmsonior r espondi ng nono- O benzyl phosphat e cecpasaas/03dves pr esent
invention further relates to a precipitation process for increasing the
purity of a conpound of the fornula la: |a.DETAILED DESCRI PTI ON OF THE

| NVENTI ON The present invention is directed to a process for preparing a

conmpound of the formula |I: or a pharnaceutically acceptable salt thereof,
conprising:_ catalytic reductli f a conpound of the fornmula Il: p wherein
Bn is benzyluMijp QEITI}@MO& esence of the counterion of a

phar maceut i cal | y acceftealpdsent $akttjontrelatgs e frévesscfonepanidg eforhpaundibéibé a, or a
phar maceut itgal I%/_accept abl e salt thereof.The present invention is further
directed to 3’“]5 %cess for preparing a conpound of the formula I

CF3

//,Il,

[o:ro
N7

CF3

and pharmaceutically acceptable salts thereof,
by catalytic reduction of the corresponding mono-O-benzylphosphate compound.
. The present invention further relates to a precipitation process for increasing

the purity of a compound of the formula Ia:

CF3

\ ////,
NH2+ "/<j\CF3

0.0
1OH -
HO - ]
HO

 Ne -

HO -O—P=N

10



or a pharmaceutically acceptable salt thereof, conprising: (1) contacting
the conmpound of the fornula ElI: mwth tetrabenzyl pyrophosphate in the
pr esence Wb 20dniecnder ed base, and contacting the result arCTASR@EO899é t h
met hanol to give a conpound of the formula Il:p wherein Bn is benzyl; and
(2) catalytic reduction of the conmpound of the formula Il in the presence
of the counterion of a pharmaceutically acceptable salt, to give the
conmpound of forrmula la. In a further enbodi nent, the present invention is

?|3r [egE |eg) ) ??E?I; Bﬁﬁs@@%@?\fﬁ?ﬂ@mwﬂﬁ?ﬁ; phenyl ] et hoxy]

- (4- f 1 uor opheny|The present invention is directed to a process for preparing a compound of
m)rpholln L%e}'tl}g; tpyl] 5-oxo-4, 5-di hydro-[1,2,4]-triazol -1-yl}phos rhonic
acid Nmeth ]i’ ?ucam ne of the fornula la: la which conprises: catalytic
reduction of a corrpound of the formula Il:p whegmjn Bn is benzyl,

//,I /[ l

) |
o)
I N
HO—P~N T F
oH )—NH
o
5 I

or a pharmaceutically acceptable salt thereof,
comprising:

catalytic reduction of a compound of the formula II:

CF3

CF3

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.



in the presence of N-nethyl-Dglucamne, to give the conmpound of formula
la. In a further enbodinent, the present invention is directed to a process
for the pwepaseatson of {3-[2(i?)-[(1i?)-1-[3,5-bis(triflrowruscwsingdoke

phenyl ] et hoxy] - 3(S) - (4-fl uorophenyl)

mor phol i n-4-yl ] met hyl ] - 5- oxo-4, 5-di hydro-[1|, 2,4]-triazol -1-yl }phosphonic
acid Nmethyl- D-glucam ne of the fornmula la: la which conprises: (1)
contacting the conpound of the fornmula H: mw th tetrabenzyl pyrophosphate

in the presence of a nder ed base, product
with methanol to givéﬂﬁr@ﬁ dﬂﬁﬂl%ﬁwﬁ%@efor f&nl mmgﬁ%%§§%$&ggn i s benzyl ;
and (2) cat@mpbur of @gdommudnl: of the compound of the fornula Il in the
presence of N-nethyl-Dglucam ne, to give the conpound of fornula la. In an
enbodi ment of the present invention the step oﬁ3CDntact|ng t he conmpound of
formula Il with tetrabenzyl pyrophosphate in t presence of a hindered
base,

//,',

CF,
0. .0

[“j""@
g N i

5  orapharmaceutically acceptable salt thereof,
comprising:

(1) contacting the compound of the formula III:

A,
oN

/0 NT

HN

-

O

NQF

I
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:



t he hi ndered base i s sodi um hexanet hyl di sil azi de (NaHVDS), potassium
hexanet hyl di sil azi de (KHVDS), |ithium hexanethyl di sil azi de (Li HVDS)

pot assi urwolwdeedde, pot assi umt - pent oxi de, potassi um amgiratsegosiod¢ohé um

di i sopropyl am de (LDA),lithiumtetranethyl pi peridide (Li TMP),
sec-butyllithium or tert-butyllithium Wthin this enbodi nent, the

hi ndered base is selected from sodi um hexanet hyl di sil azi de ( NaHVDS)

pot assi um hexanet hyl di sil azi de (KHVDS) and |ithi um hexanet hyl di sil azi de
(LiHVDS). Further within this enbodi nent, the hipdered base is sodi um
hexamet hyl di si | azi de (NaHVDS). Sol vents for conflutting the step of
contacting the conpound of formula p with tetrabenzyl pyrophosphate in the
presence of a hindered base conprise an organ bl vent. Wthin this
enbodi nent, the organic solvent is selectgd IR ene, tetrahydrofuran
(THF), diethyl ether, diglyne, dinmethoxyethane ( ; 3and net hyl t-butyl

et her. Further mnthln this enbodi ment ot he®rganic solvent i's
tetrahydrofuran. The step of contacting Yhe conmpound of formula Il with
tetrabenzyl pyrophosphate in the pregencg, of hi ndered base is typically
carried out at a tenperature range of NGt Wi bout -20 and about 25 OC.
Wthin this enbodi nent, the temper ture ran 5 | ess than about 5 0C.
Further within this enboqémsn ! t nperatufe renge i s between about -10

and about 5 OC.
OH )/NH

II

wherein Bn is benzyl; and
(2) catalytic reduction of the compound of the formula II in the presence of the counterion of

5  apharmaceutically acceptable salt, to give the compound of formula Ia.
In a further embodiment, the present invention is directed to a process for the

preparation of {3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethy!) phenyl]ethoxy] -3(S)-(4-fluoro-
phenyl)morpholin-4-ylJmethyl] -5-0x0-4,5-dihydro-[1,2,4]-triazol-1-yl }phosphonic acid N-

methyl-D-glucamine of the formula Ia:

1OH
HO'-
HO
Q ,N\ -

HO -O—P—N

10

which comprises:

catalytic reduction of a compound of the formula II:



In an enbodi ment of the present invention the step of catal ytic reduction
of the conpound of the fornmula Il conprises catalytic hydrogenation. Wthin
t hi s enboslomeewocotine step of catal ytic reduction of thePrPcomgsowsad3viect he
formula Il conprises catalytic hydrogenation with a palladiumcatal yst, a
pl ati num catal yst or a rutheniumcatalyst. Wthin this enbodi mrent, the step
of catalytic reduction of the conpound of the fornmula Il conprises

catal yti c hydrogenation with a palladiumcatalyst. Wthin this enbodi nent,
the step of catalytic reduction of the conpound ?f the formula Il conprises
catal ytic hydrogenation with a palladiumcatal y§t2 such as selected from
pal | adi um on carbon, palladiumon alum na, palladium on barium sulfate,

pal | adi um on cal ci um carbonate, pall adi um on Im car bonat e, pal | adi um on
strontium carbonate, palladiumon silica,~and adi um hydr oxi de on car bon
(Pearl man's catalyst). Wthin this enbodi nept, the §F§p of catalytic
reduction of the conmpound of the fornupa Ik)conprlses catal ytic

hydr ogenation with a palladi umon cafbon)catal yst. Further within this
enbodi ment, the step of catalytic reductijon of the conpound of the fornula
|| conprises catal ytic hydrogenation WN'h “4;10% pal | adi um on car bon

catal yst or a 5@6pal|ad|un1oncpar n cétalyt //,urther within this
t

enbodi ment, the step of HsL%?i ction © & conpound of the fornula
Il conprises catal ytic hag? gena th a 5% pal | adi um on car bon
catal yst. OH

wherein Bn is benzyl,
in the presence of N-methyl-D-glucamine,
5  to give the compound of formula Ia.
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) phenyljethoxy]-3(S)-(4-fluoro-
phenyl)morpholin-4-yl]methyl]-5-0x0-4,5-dihydro-[1,2,4]-triazol-1-yl }phosphonic acid N-

methyl-D-glucamine of the formula Ia:

CF5

N ‘n,,
NH,* 'r/lif::L\CFs

O NGRS,

“1OH :

HO! ,
HO

? N .

HO -O—P=N

10

which comprises:

(1) contacting the compound of the formula III:



Sol vents for conducting the step of catalytic reduction of the conpound of
the formula Il conprises a solvent which is selected fromthe group of CC
pri mary, woecowdmomoand tertiary al cohols, and water. W PRITUS2ONSH3I9946
enbodi nent, the sol vent mayconprise nethanol, ethaiiol, isopropanol
n- propanol , n-butanol, water, and m xtures thereof. Further wthin this
enbodi nent, the solvent conprises nethanol, including m xtures of nethanol
and water. In the present invention, it is preferred that the tenperature
of the reaction mxture for the catalytic rqg ction of the conpound of the
fonnula His fromabout 100C to about 500C, 2rein the nost preferred
tenperature is about 20-25 OC In the prese fovention, it is preferred
that the pressure of hydrogen during the cp ytic reduction of the
conpound of the formula Il is from about I ; $; 150 psi, wherein the
nost preferred pressure is about 5 to about i"38 Optionally, follow ng
the catalytic reduction of the conpound®f the formula p to give the
conmpound of forrmula I (or the compound of fornula la), the solution of the
conpound of formula | (or the conpoung of fornula la) is contacted with a
tri-al kyl phosphine to renove the cafal{g Wthin this enbodi nent, the
phosphi ne may be tri-n-butyl ph@sphine. ot her enbodi nent, the present
invention is directed to a thF for F

>//NH

O

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:

CF3

/,/I/
.

CFs
0.0

n N
BnO—P—N ﬁ) F

OH )—NH
5 0

I
wherein Bn is benzyl; and
(2) catalytic reduction of the compound of the formula II 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
compound of formula II with tetrabenzyl pyrophosphate in the presence of a hindered base,
the hindered base is sodium hexamethyldisilazide (NaHMDS), potassium
hexamethyldisilazide (KHMDS), lithium hexamethyldisilazide (LiHMDS), potassium t-

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



increasing the purity of a conpound of the fornula la: la which conprises:
contacting a solution of the conpound of fornmula la in nethanol with an
anti sol vewo 2ofwmhiioconpri ses acetonitrile to give the compowsdiosiofoes nula |a
as a solid. hi a further aspect of this embodinent, the antisolvent which
conprises acetonitrile further conprises an al cohol other than nethanol. In
a further aspect of this embodinent, the antisolvent which conprises
acetonitrile further conprises an al cohol sel ected from et hanol ,

i sopropanol , isobutanal. and n- nol . a furth as.ne . .
enbodlnentPﬂWﬁ%mgﬁpﬁgﬁPW@ﬁﬁkW%B@hs%8W§Wb®5@u§bgfgﬁﬁyyHﬁgﬁﬁuﬁéﬁéﬁh%onprises
anI alt cohol fif{ad;]cmheﬂt,ahemihmﬂ basd i8 seledtadr frdnesodasplexemethyliisilazide iy aidMPSht |
sol ution of the conpo of f rﬂﬁﬁj | Rmes)sol ut i
of aceton!PP?FBW%vﬁg %Fﬂ%?&%g%§OX|nﬁ#gwiﬂg%gg%§?€%$§§m%%ﬁﬁgﬁed bi'addiL?gn
of acet oni Finithee witbinithis pebelimerahy kindeseddiascie sediwm hexamethyiditdrrdte t o
apprOX|gat%&¥ﬂ%§Sg5 (v/v). The present process for increasing the purity of
a conpound "o e fornmula la by precipitation elimnates th? neqd for
| yophi | i zat i on and/o§0§§¢&§WGWVWﬁ§$tmhﬁﬁﬁﬁﬁﬂﬂ%ﬁmgg%ﬁ??@“?ﬂ@ frRIaft speci al
equi pnent  fyaf, tét?&'ﬁ&_ﬁyﬁpé@dfﬁodpﬁﬁb @R bidbdn6dof alHindara bhercomptiedinentic t he

|

present invention S directed to, a conpo
solvent. Within this em%o iment, the organqpso"ll\peglt fgfselected from toluene,

tetrahydrofuran (THF), diethy! ether, diglyme, dimethoxyethane (DME), and methy] t-butyl
10  ether. Further within this embodiment, the organic solvent is tetrahydrofuran.

The step of contacting the compound of formula II with tetrabenzyl
pyrophosphate in the presence of a hindered base is typically carried out at a temperature
range of between about -20 and about 25 °C. Within this embodiment, the temperature range
is less than 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 IT comprises catalytic
hydrogenation with a palladium catalyst, a platinum catalyst or a ruthenium catalyst. Within

20  this embodiment, the step of catalytic reduction of the compound of the formula II 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, 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 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 palladium on
carbon catalyst. Further within this embodiment, the step of catalytic reduction of the
compound of the formula II 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 IT comprises catalytic
hydrogenation with a 5% palladium 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;-C4 primary,

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

-8-



the formula: or a salt thereof. Wereas the correspondi ng di benzyl
phosphoram date conpound is very unstable and is present as an anor phous
mat er i al ,wohne/monobenzyl conpound is a stable, crystal lPCmass@siosh4dhi s
crystalline penultimate intermediate is readily isolated by filtration,
therby elimnating the need for chromatographic purification, adsorption,
nanofiltration, |yophilization, spray drying, or SCF precipitation of the
final product. In addition, this crystal i ne penul timate internedi ate

allows a reduction in the alal oadln i
hydr ogenat $8rPrisTRpEaRa, ;‘?‘shtaﬁ r’iS?Pé Ptpf??& h‘fter rhe*d"E a’taé18 %ﬁ}eg}%ag an
i ncrease i PurthBewaARR ¢ entodient, c]mmﬂ\e:m wnpnsasmtmtlmsol[\klnbdlhg mi{urgs efc ami ne,

t her eby |nc%tﬁ c{l Qe purity of the conpound of formula | prior to final
i sol ation @Igirﬁ Phar naceut i cal | y acceptable salts" refers to salts
prepared from phar mabebe presint ipvensionpit istrreenrshibat Sieiemprax s of hErwatiany

| norgani ¢ of, QL 43 G caBﬁ/%%%cdu%ntoszﬂ dofSfduld &hd f@ﬁﬁlﬂ@-ﬂh§ﬁ&ﬁ§l§iﬁlt Lorcloide

al um ndm armmoni um _cal’ci um coggrg ferric, fer r@gg ithium magnesium
mangani ¢ sahous30°Faivhesei the, msbPIEEERH tHMRSEHTS 2 %‘itl% a%d the |ike.
Particularly preferr ggnap@sdodiveitivnnit wprefelaéduhatmhe pmgmesf hymrogpmﬂlahgi um and

sodiumsalts. Salts deri v %Ffrom fgar eut
non-t oxi c B‘S%@IYPNFF‘ERE‘@“Q §°18?°"8’ lf‘r&%;% con }eél’rmy%% S'][ ?gér) am nes,
subst i t ut edhaBinNBsSmbd plefedied presatreisabbyt Sac ebout Hhgsi.

10 Optionally, following the catalytic reduction of the compound of the formula

1I 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 Ja) is contacied with a tri-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 Ia:

CF3

\ //,l, / :‘: ~
NH2+ ) CF3

o .0
+11OH :
HO! - .
HO

T Ne -

HO -O—P=N

which comprises:
20  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.
In a further aspect of this embodiment, the antisolvent which comprises
acetonitrile further comprises an alcohol other than methanol. In a further aspect of this

embodiment, the antisolvent which comprises acetonitrile further comprises an alcohol



substituted am nes, cyclic am nes, and basic ion exchange resins, such as
argi nine, betaine, caffeine, choline, N, N -dibenzyl ethyl ene-di am ne,

di et hyl amvoepoecdsdiiet hyl am noet hanol , 2- di met hyl am noet ramais2oostobne©l am ne,
et hyl enedi am ne, N-ethyl -norpholine, N-ethylpiperidine, glucam ne,

N- net hyl - D- gl ucam ne, gl ucosam ne, histidine, hydrabam ne, isopropylam ne,

| ysi ne, nethyl gl ucam ne, norpholine, piperazine, piperidine, polyam ne
resins, procaine, puri nes t heobrom ne, triethylam ne, trinethylam ne,
trlpropylam am.ne. d. t ul dis the
N- net hyl - D- G156 eg%ﬁoﬂlee lsolgaRaflcgl 1|Scr’1but(%"he %ngln'b %Tn Cm %Ahxr Egé?%f[ girtB{rgmr e than
one cryst aI emhqumEtnu Itlee, anamvena\yhleh sopiiecsianctoniild fylrtmr@bmwm an deoholntykiclhr esent
process i's SRS iohanéaldel o s orBollintisObibite tm:raa%s&dm F@huRigf:

pr oduct s, I'ncreasi ng productivity and purity. Apre

5-[[2(R) - [ mﬂ}lar{o@lsad@quf,@ﬁmlww 6??&“#? e)eﬁwé?ﬂwrt fmwvflyé? é? Iw followed

f 1 uor ophenyhy) addid¥Rlop ARtdnidle koBEBYE ke raids 68 AMtehiBTSEhinoRiohppiokiaaely B-a3ne
(i.e. [2]7- %a(l ?*),3a]]-5-[] 2- [I-[3 5-bis(trifl uoromatﬁ

rhenyl]-eth 1-3-(4-fluorophenyl)-4- m)rphollnyl]rrethyl]-l 2-di hydr o- 3

H 1, 2,4-triazol - 3- oneThe pregntieccei fat inedasing thcpoityleixcempbind otEJtlﬁ.forBaIllaent Nos.

6. 350, 015, Btigeisonndgne i negt SERofibacin sy Qg fnghgody o, o

J.: et al. ®quiltle use of special equipment for large scale implementation.
10 In another embodiment, the present invention is directed to a compound of
the formula:
CF5
//,,
CF3
O WO

oo ;ﬁ @

Whereas the corresponding dibenzyl phosphoramidate compound is very

or a 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-



Chem 2000, 43, 1234-1241, or using nodifications thereof. Tetrabenzyl
pyrophosphate may be obtained in accordance with Nelson, T. D.; Rosen, J .
D.; BhupawbypoddeptiMcNanmara, J.; Sowa, M J.; Rush, C ; Ecoalseeos/0894&. O g
Synth. 2003, 80, 219-226, or using nodifications thereof. The starting
material may be used directly or follow ng purification. The foll ow ng
exanpl es are provided for purposes of illustration and are not intended to
limt the present invention. EXAIVPLE 1 Tetrabenzyl pyr ophosphate (TBPP) A

12 L round-pattoned. fl ask wa an over hea
t her nocoupl €VFO i n8’fgamﬁhﬁse%1’r?e1§§%ll P Hmf unr’ilﬁoqlumﬂcﬁ g%"}lg' rfen% SRR ged with
di benzyl pHokiphatmegned®d, gingamicsalts.ompmepphs, poetsas SQCBum)ZmCT#ml ﬂsﬁ laher y was

cooled 10 Fapdy Eagx Brk L hSinchoilln Maflluy Gl 6aRAG] bill G

solution (1 via t 1tron erralntalnlngthe
bat ch t enpeSaiis dereved from phanpecsutiqallyiageptabld @rgapis Rop-ioreas inclyseslsoh 25- 35

m nut es sandprinlﬂa?y s&%ﬁ&a!rp fanavéﬁlaw{imﬁél ilmstﬁﬁkemhrﬁfh@s Wb 1hdihFn3@ang Mﬁl@iﬁg The col d
slurry was filtered and dicycl ohexyl urea waste cake was.

(agi t at ed) W%twt?%w%spwcha@@%% and basig Tongpchapse resipg, syqhyag Ffé{“&}l eaal?fi nses
\Q/er ehconbl rtaﬁela?,dhaﬁiamm-aﬁ»ta@gi1ethylemaaiamﬂeodlamﬂammle Mdibtipiemibetharsl,2-  The

atch was transfere 2 r,ound d fl ed with
over head stiPF Ylam{nﬁ%t&‘ﬂ’(ﬁ’ggélﬁ %amlﬁ%e et “and l\?stl%édla&%tfo\gﬁé nwéllpp Th\ém bat 22

piperidine, glucamine, N-methyl- D—glucamme glucosamme histidine, hydrabamine,

10  isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine
resins, procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,
tromethamine, and the like. Particularly preferred is the N-methyl-D-glucamine salt. Saits in
the solid form may exist in more than one crystal structure, and may also be in the form of
hydrates. k

15 The present process is surprisingly efficient, minimizing the production of
side products, and increasing productivity and purity.

Aprepitant, 5-[[2(R)-[1(R)-[3,5-bis(trifluoromethyl)phenyl]ethoxy]-3(S)-(4-
fluorophenyl)-4-morpholinyljmethyl]-1,2-dihydro-3H-1,2,4-triazol-3-one (i.e. [2R-
[20(R*),301]]-5-[[2-[1-[3,5-bis(trifluoromethyl)phenyl]-ethoxy]-3-(4-fluorophenyl)-4-

20  morpholinylJmethyl]-1,2-dihydro-3H-1,2,4-trjazol-3-one), may be obtained in accordance
with U.S. 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, J. J.; et al. J. Med.
Chem. 2000, 43, 1234-1241, or using modifications thereof. Tetrabenzyl pyrophosphate may
be obtained in accordance with Nelson, T. D.; Rosen, J. D.; 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

invention.

30 EXAMPLE 1

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 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
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was diluted wth heptane (500 nL) and seeded with 1 nol % of tetrabenzyl
pyrophosphate (8 g) to forma seed bed. Heptane (4.0 L) was then added to
30 mi nut es. PCha/sbasobomas t hen

t he stirrwao 280amomoat
cooled to 3 3 0OC and

filter cake was washed with 20% i sopr opyl

roomtenperature over
aged for 1 hour.

The slurry was filtered and the
acet at e/ heptane (3 x 500 ni).

The

product cake was dried in vacuo and under a bl anket of nitrogen overni ght

at
nol ,

room t enper at ur e.
after correcting

for seed as a whit

Tet rabenzyl pyrophosphate was i sol at ed (671 g,

1.25

I, 91%
yi el d) whi Bhneladilemaintsiniigihed %?Ibte%%?fat“%%ﬁ%e‘%z ESP1°63§% 2y ‘meé"éesr%%g? JeUSt -

phosphat e \bnasQsbs %ydtma& maamnmnmrmmnatcanpwnhm 1(2m111ut8@u"ﬁhk—d@bt t omed

flask was equi pped with

The vessel SIWaS Ve egddndf

A (YRS b Bl s LABLTRABKE) BiRREp B2 11l €t

bi s(trifl ugdearss k) piignyhe fétrite xyd rinsgg ‘@rﬁ G@nlflhqsimﬂéﬁh@quﬁ)t@%m%‘?“ﬁﬁ%ﬁl nyl ]

met hyl |

pyr ophOSSphéP"é%lg%‘grg 3 t%(f%’ﬁf’%y E%&e&

under N2 t equipped mtleama‘}'eﬂteefirﬁtﬂe&tthﬁf@o%mp

&8 QQZ Q(?hgg bggtcoméaeﬂefsﬁ BRnYd

%éﬂ%\lé‘eeﬁ an a%ﬁ‘iii %Sneﬁuahﬁ%ﬁé Flleg7 L

of a 1.0 M50kihdaqn Rptd500\BE,) attkeshed withamnawdif téuaberizyirgyedphadphatel (h

10

g) to form a seed bed. Heptane (4.0 L) was then added to the stirred slurry at room
temperature over 30 minutes. The batch was then cooled to 3 + 3 °C and aged for 1 hour.
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 a blanket of nitrogen overnight at

roomtemperature. Tetrabenzylpyrophosphate was isolated (671 g, 1.25 mo), after correcting

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

15

CFs3

EXAMPLE 2

e 9
BnO-P-0-P-0Bn
8n0O  OBn
NaHMDS

THF, 0 °C

CF3
O

BOPN\!)

BnO }/’

Di-O-benzyl phosphate

(DOB

Mono-O-benzylphosphate intermediate (MOB)

)

MeOH “,

—_—

45°C

BnOPN 7)

0]

Mono-O-benzyl

CF3

CFj

@

phosphate

(MOB)

A 12 L round-bottomed flask was equipped with an overhead stitrer, a

20

thermocouple and a N2 inlet. The vessel was charged with aprepitant, 5-[[2(R)-[1(R)-[3,5-

bis(trifluoromethyl)phenyl]ethoxy]-3 (S)~(4-fluorophenyl)-4-morpholinyl]methyl]-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

minutes and the reaction was typically complete in 60 minutes. Upon completion, the
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arate that the internal tenperature remained < 5 0C. Typical addition
tinmes were 25-35 mnutes and the reaction was typically conplete in 60

m nut es. wWpanoswsopbet i on, thereaction was poured into aPCcaisdéog/03wuer ed

m xture of t-butyl methyl ether (10.4 L) and saturated sodi um bi carbonate
(10.4 L). The two phase system was separated and the organic |ayer was
washed with saturated sodi um bi carbonate (1 x 10.4 L), 10% sodi um bi sul fate
(1 x 5.2 L) and water (2 x 5.2 L). The batch was concentrated in vacuo (100

torr) to approxi mat el |t | svmtched
to met hano? capqgvap Pﬂ‘ﬁ%/d Wa? c]ﬁl ld??' SS%SMHIQQL E@ %lg&ge#?\g:ﬂ {{ﬁ

t enper at ur exvatued sglitrhisicabbnaen(l 0t The thepsphasi sstern f@g seperated il @EOIE’FHF s

sol ut i on as, {1 ANSCRALAG ol hRRGhdRkiOXe04 L) avk, audnnaled (¢ 45 0C

while sti rrlyng u ni g After 30 tes, m)no- enzyl phosphat e
(3.0 g) was2dddedwaipt2a %% 4 T&@&agchd@ﬁa%émgﬁt@tm vaefi (L9QPFY%%as aged 18
hours & A43,0Gindbk h§1|f 118 bﬁglm&omhima@leh@olcm kwitdhed mﬁatnaeﬁp(areatnarmcand t hen

aged one hour. The sl urr red thr S|nt ass. el and
washed wi t NolH@e Wéﬁ%pL X lgé “ite‘?alﬂﬁatcth'ef‘?f@p gﬁ‘%@ '&%mhﬁ?’ gP%’a%gélﬂgﬂ{a% room

t enper at ur gy < y3 &t dngsoBﬁﬂmgvaé #8nsPerreddp mﬁﬁﬁduﬁddrottsmecdﬂasmn@hmémﬂfﬂ $hosphat e
intermediate. as. a white .cr XA dded
{3-[2(i ?)- F;?,rl? 5 mPg rléie%m % ?‘t %f#e gg?%rﬁl%és%? %ﬂz?lpﬁos%ﬁétg(i% 0 g) was adde

phenyl ] et hemd/3 se@d[ @d@mlﬂmmbﬂi@ﬁwrmsaw i8rhours at 45 °C. The slurry was

10  allowed to cool to room temperature and then aged one hour. The slurry was filtered through
a sintered glass funnel and washed with methanol (2 x 1.2 L). The wet cake was dried in
vacuo at room temperature, yielding 307 g (78 %, adjusted for seed) mono-O-

benzylphosphate intermediate as a white crystalline solid.

15 EXAMPLE 3
CFq
CF3
III" CFs _ _
N\
[O]-“O Ha, 5 Wi% of 5% Pd/C NH* oFe
N N-methyl-D-glucamine MOH
0 Me(?H / Water HO:
BnO—E’—N’N\ F 40 p.s., room temp. o mOH
OH )NH o)
g | wo ooy \
|
- 0 }/
(o]

{3-[2(R)-[(1LR)-1-[3,5-Bis(trifluoromethyl) phenyllethoxy] -3(S)-(4-fluorophenyl)morpholin-
4-ylJmethyl]-5-0x0-4,5-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 mL).
In a separate container, 5% Pd/C (15.0 g) was slurried in 350 mL methanol. This catalyst
slurry was pre-reduced at room temperature and 40 p.s.i. after which the mono-O-benzyl-
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 concenirated in vacuo, maintaining the
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4-yl ] met hyl ] - 5- oxo-4, 5-di hydro-[I,2,4]-triazol -1-yl } phosphonic acid

N-Met hyl - D- gl ucam ne Salt The nnno-C)benzyIphosph;tépintgrnediate (300 g)
and N- nmetwgl2edagiconam ne (166 g) were conbi ned and di ssolpeeaiseevsmedohanol
(1.90 L) and water (110 nmL). In a separate container, 5%Pd/C (15.0 g) was
slurried in 350 nL nethanol. This catalyst slurry was pre-reduced at room
tenperature and 40 p.s.i. after which the nmono- O benzyl phosphate

i ntermedi ate and gl ucanm ne slurry was added The systen1mas hydr ogenat ed

overni ght. The crude hydrogenat | sl

sol ka 1 oeinkmie (esPREEFHOR DRBtAF ?@ Qa C°“°FHtéa“r°| fé@?ge”t‘ hfﬁy?ﬂ‘éﬁn%g °
concentratgﬁn&nmmaﬁmﬁwamapﬁt@hnkmg thelnternal tenperature at or bel ow 18
0C, to a final concentration of 200 g/L. This solution was carried forward
into the precipitation. EXAMPLE 4 R gfﬁﬁb tion of
{3-T2(i?2)-[(1i?)-1-[3,5-Bi s(trifluoronethyl

phenﬁl}fthzxy}]3(5ﬁ (4-f|uoropheny|)
nmor phol T n- 4-yl ] met hyl ] - 5- oxo- 4, 5- di hydro- [ 4] -tri az

aci d Nvet hyrempma@mp@ém@ BER LR, Szb@énﬁkwormt%w Ri’]ﬁilifl M}Zlé@e@y \%hOSphom ’
magnet i c Skh&1RQﬂxﬂﬂﬂ-N%d Ak eongs-gapRed 2 Theiahatl o phosphodomtdNt r at i on
was added e bot fol |l owed by tr|-nbutylphoph|ne (300 m.). The batch
was al | owe out—12—hotts—at—roomtenp—A

A 2000 ml 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 pL). The batch was allowed to stir for about 12 hours at room temp. A
72 L RB flask was setup with overhead stirring, N 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)-1-[3,5-bis(trifluoromethyl) phenyl]ethoxy]-3(S)-(4-fluorophenyl)-

15 morpholin-4—yl]methy1]-5-oxo-4,5—dihydro-[1,2,4]—triazol—l—yl}phosphonic acid N-methyl-D-
glucamine salt in methanol was added to a 5000 m! dropping funnel 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
shurry 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 slurry 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 filter via
nitrogen blow and transfered 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(irifluoromethyl) phenyl]ethoxy]-3(S)-(4-fluoro-
phenyl)—morpholin-4—y1]methyl]-5—oxo-4,5-dihydro-[1,2,4]—triazol—1-y1}phosphonic acid N-
Methyl-D-glucamine Salt

30 To a solution of {3-[2(R)-[(1R)-1-[3,5-bis(trifluoromethyl) phenyllethoxy]-
3(S)~(4-fluorophenyl)-morpholin-4-yl}methyl]-5 -0x0-4,5-dihydro-[1,2,4]-triazol-1-
y1}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
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72 L RB flask was setup with overhead stirring, N2 inlet, and tenperature
readout. Ethanol : (21 L) and acetonitrile (21 L) were added to the flask
and al | ows0 20@/068rim t 0 RT. The sol uti on of PCT/US2005/039946
{3-[2(i?2)-[(I11?2)-1-t3,5-bis(trifluoronethyl)

phenyl ] et hoxy] - 3(S) - (4-fl uorophenyl) -

nmor phol i n-4-yl ] net hyl ] - 5- oxo-4, 5-di hydro-[I,2,4]-triazol -I-yl}phosphonic
acid N-nethyl - DgI ucam ne salt in nethanol was added to a 5000 m dropping

funnel via vac m n i filter added to
the anti- 56114/% ‘ﬂ(%l:hd@w%@ﬁd# %(gg Ny Iﬁ’r‘ﬁlel Ceo tklﬁqlfﬁwﬁgét@%n addi tion
was conpl eta@dedthhe satch over Wbmaged Thersluisy- mammtesettlél'ﬁf?e3%mﬂ\?e§ bofeE al | owed
to settle E}Q«Q e@“ﬁg%%a?a%@%‘&%ﬁﬂéd ﬁtrQﬁ%? eﬁltc?aﬂﬁé‘t FRC AR REhe WM rOMts T enovi ng

solids. Thi en replaced wth_an equal volume of 1:1
et hanol /acdteom suspdndechand praseure filigred %y%@ﬁkﬁé‘ﬁéda%i’vﬁhf‘?ﬁ‘ aogpiilfut es. A 3L

; ' : E er ¢ § ;TE(@ ﬁmafnﬁ ke coll&?éﬂ%&ﬂlt \V@%ﬂ@@ﬁﬂd@r “Bwman &O0LC. RBelll va€ gbicaltyt 92%e
i rate

he solids were isolated on with
et hanol / acet oni tri | e Whilefhe inygpsion asibgen %?@e‘g?rfde‘hu%rﬁ{efl |“11t?'ég%.€r\7?§eq%| trogen
bl ow and t rcamﬁ rﬂéilldr@mﬁodiﬁ@ﬁiuﬂihﬁvﬁﬂlosé skilled dlettle arvivéll ebpreamitet thgsiveddusy 340 g
E gg[ ;/% | ?) - [a qp;agf,% E]%a%(g:!gp}@%)cz %1{:%%10%1? at%)t}s%tﬁ%?r}_slyde}etlons, or additions of procedures and
phenyl ] et hgxatpcoB(Bly-be4naflt withay Hegayting from the spirit and scope of the invention.

rmrpho:vgn 4-yl ] met hyl ] - 5- oxo-4, 5-di hydro-[1,2,4]-triazol -1-yl}phos rhonic
acid NMvet hyl - D-glucam ne Salt
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To a solution of {3-[2(i?)-[(1IJR)-I1-[3,5-bis(trifluoronethyl)
phenyl ] et hoxy] -

3(S) - (4- fwoanapisenyl ) - mor phol i n-4-yl ] met hyl ] - 5- oxo- 4, 5- ¢#chyu$easjobqo2e 4] -tri a
zol -1yl j phosphoni ¢ acid N-nethyl-D-glucam ne salt (356.4 g) in methanol was
added tri-n-butyl phosphine (TBP) (1.7 m ) and aged over night under
agitation at 200C (the TBP was added to renove excess dissolved Pd). The
solution was then added to a m xture of 8.9 L acetonitrileand 8.9 L ethanol
(KF < 1000 ug/m) at 20C over 1 hour. Acetonitrile (17.8 L) was then added
to the batWHAGVRCLARIERiIpUt es. The slurry was allowed to settle for 30

m nutes before 70% qf they srpE Rapaphringascoipoant e@dhefornilt knsferred to a
filter. The remaining slurry was then re-suspended and pressure filtered.
The wet cake was washed with neat acetonitril €&8.6L) and the coll ected
product was dried under vacuum at 20C. Yield was typically 93% While the

i nvention has been described and il lustrated reference to certain
particul ar enbodi ments thereof, those s?illen the art will appreciate
t hat various adaptations, changes, nodificati stitutions, deletions,

S nmy be made w thout departing from
the spirit and scope of the invention: IS CLAIMED IS: 1. A process for
preparing a conpound of the fornula|l : |or a pharmaceutically acceptable

salt thereof, conprising: catalytic Obti?iii a conmpound of the fornula
[l
O

or additions of procedures and protoc8l
R

1|
HO—P—

' NH
Ong’

I
5  or a pharmaceutically acceptable salt thereof,
comprising:
catalytic reduction of a compound of the formula II:

CF5

7,

oo CF3
KO,

0O
NNQT) F

10  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.

- 16 -



p wherein Bn is benzyl, optionally in the presence of the counterion of a
phar maceutically acceptable salt, to give the conmpound of fornula la, or a
phar macewocaddosoaecept abl e salt thereof.2. The processprofi/uSk@sms®4ehi ch
conprises a process for the preparation of the conpound of fornmula la: la
whi ch conprises: catalytic reduction of a conpound of the formula Il: p
wherein Bn is benzyl, in the presence of N-nethyl-D-glucamne, to give the
conmpound of forrmula la.3. The process of daiml or daim2 which further

conprises contacting the conpound of .the fgrnmula |H_ i | t etrabenzyl
pyrophosphate in th62~pr es BRFCEOSES (&q%?lwge‘?ﬂg %)g?nsesazlir})a&c@ssvi‘o}tﬂe.

€, contacting the
resul tant peegich oMbk Bompiunaspfortda Bt ve the conpound of the formula I1: p
CFs3
— =
//’/,
\NH2+ ‘ CF3
o .0

2 OH :
HO! -

21OH N O\
HO (I? ,N\ i

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

CF,

//,,"

CFq
0_ .0
' [Nj""@
0
n N
BnO—P—N ﬁ) F

OH )—NH
0

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

to give the compound of formula Ja.
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wherein Bn is benzyl. 4. The process of Caim3 wherein the hindered base
is selected from sodi um hexanet hyl di sil azi de, potassium

hexanet hywaiz2sedimmailde, | it hi um hexanet hyl di sil azi de, pot assiusmos/obastexi de,
pot assi um t - pent oxi de, potassium anylate, |ithiumdiisopropylamde, lithium
tetramet hyl pi peri di de, sec-butyllithium and tert-butyllithium5. The
process of Caim4 wherein the hindered base is selected from sodium
hexanet hyl di si | azi de, potassi um hexamet hyI di silazide, lithium

hexanet hyl di sil azide, lithiumdiisg ropy
t et r anet hyl pi peri di d&. 6. TheRgogspidsd %P%‘gl“g{#@ Ber Co?lﬁnseﬁl nder ed base

i's sel ect eghnfdcib HOEImyBuREKanEohlidiiBi | azi de, pot assi um

hexanet hyl di si |l azi de and |ithi um hexanet hyl di sil azide. 7. The process of
Clai m 6 wherein the hindered base is sodi umxanet hyl di sil azide. 8. The
process of any one of Clains 1 to 7 whereinlthe catal ytic reduction of the
conpound of the formula Il conprises catal hydr ogenation with a

pal | adi um catal yst, a pl ati num cat al yst or t henium catal yst. 9. The
process of Claim8 wherein the catal yt| ¢”T etdct TOR; of the conpound of the
formula Il conprises catalytic hydrage ation with a palladi um catal yst

.
FS A

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

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

//,, E l

) @
9 /N\w) F

BnO—P—
oH )—NH
0]
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 diisopropylamide,

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

-18 -



which is selected from palladiumon carbon, palladiumon alum na,
pal I adi um on barium sul fate, palladiumon calcium carbonate, palladiumon
bari um cawbanateyiipal | adi um on strontium carbonate, pal lpagiuseoosn3®iéica,
and pal | adi um hydroxi de on carbon. 10. The process of Caim?9 wherein the
catal ytic reduction of the conpound of the formula Il conprises catalytic
hydr ogenation with a pall adi um catal yst which is a pall adi um on carbon
catalyst 11. The process of any one of Clainms 1 to 10 which further
conpri ses contacting the conpound of fornula | or fornula la with a
tri-alkyl phosphine. 12. The process of Caim2 which further conprises
co?pacflngta splﬁtiom,of tThe paoepofioiind wherimthahihder¢dbapeeis kedentdd fpoe-h an
anti sol ven | co . ses .acetonitri ol t abs
2s o sol | dodtun g R IR IERa S PRI i e Audhare MR BRI B T 2
acet oni t ri llghiemndiisopraply ookl and Bthaw ettatheteyipiperitbdeol | i sopropanol , i sobut ano
andtn-b tarol.lg. TEe p{ocess of Claim 13 wherein the antisolvent conprises
acetonifrile and et : : ;

a6no ’I;LhSe prc;?:\esg%f %lijrg %I W%Lregnhtﬁe Li(rjlcrler;yci ’t?é'se i% rselg'ctesfgrémt LU

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 wherein the catalytic

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

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

9. The process of Claim 8 wherein the catalytic reduction of the
compound of the formula II comprises catalytic hydrogenation with a palladium 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

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 II 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 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, isopropanol, isobutanol and n-butanol.
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14. The process of Claim 13 wherein the antisolvent comprises

acetonitrile and ethanol.

15. A compound of the formula:

CF3

CF3

or a salt thereof.
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