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PROCESS FOR MAKI NG HYDRO SOLNDCOLI NE TACHYKI NI' N

RECEPTOR ANTAGONI STS BACKGROUND OF THE | NVENTI ON Thi s
wa@pplioessbd on is directed to a process of maki NnBCT/E81086/626293

hydr oi soi ndol i ne tachyki nin receptor antagoni sts.

Substance P is a naturally occurring undecapeptide

bel onging to the tachykinin famly of peptides, the

| atter bei ng so-naned because of their pronpt

PrO G FREA k| BB S NSl MR BL R Srrnconsrs

conserved carboxyl -tepninal sequence. In addition to

Cﬁgﬁg&@@p@FEﬂg Kigw@ mammal i an tachyki nins incl ude
BA neurokinin A Iﬂg neurokinin B. The current

nomenc| Hitaneliertion rikreead herecesef mekisg easteindiydisaindelin tachykinin
m“m?@gﬁ biRtisn A, and ngur&ﬁin;n B 35 neurEkinin- 1
NK- | eur oki.ni n - and neur oki ni n
r espectﬁ‘\r‘}%tﬁve 2% RRAHY prewting uw%cappmqeéahoagm&,@é@fs%fémm family of

peptides, thnihteg boing bSnaied basariadf theft griigpticheakiie ﬁ&tldﬁfon@f{travascular smooth
muscl% ltlSJl}ll Cﬂle t%?l {ntlgns %.pesdlstm%lflgktec? B ea %I?%érﬁe carboggq?rfr%rmi %lelquence In addition

sence o
to Su@@b@ﬂ’a ﬁ@éﬂl&vn m@mmllwachvkmM& uhplmge ghusindie Asind heurdk@nin B. The current

nomef&@thfe %Es1%]ﬁfe¥ Q{é§ec%¥t§fsqm suB‘sQ:ﬁ'ch %{ngﬂmﬁﬂg aﬁg’h&ma(mm B as neurokinin-1

astrointestinal disorders, disorders

(NK-Dyteiakiin-a ik e pd pardiyn-d (N A3aespedtively| t er nat i ve
pr oces sraﬁ;wlqm lammal }ﬁﬁﬂfﬁl@ﬂﬁdﬁa&% P! A}@a oSAE al%gaf@ltmlﬂlaltreament of of

cIo P /U805/021 flleP %9 ry
chmc éon%bca)é N earep 81818t§1§zed Ehegéeﬁgrg:g 8 WW&P tachykinin, in particular
substdmee B antiviyeincluSlolyMaGIEE offthiEcdnMEtMo@N\system, nociception and pain,
gastrointestinal disorders, disorders of bladder function and respiratory diseases.

An alternative process for making compounds of the same structural class is disclosed in

PCT/US05/02149, filed January 26, 2005. The process is discussed further hereinunder.

SUMMARY OF THE INVENTION

The present invention is directed to a process for preparing certain hydroisoindoline
compounds which are useful as neurokinin-1 (NK-1) receptor antagonists, and inhibitors of tachykinin
and in particular substance P. The compounds are useful in the treatment of certain disorders, including

emesis, urinary incontinence, depression, and anxiety.

DETAILED DESCRIPTION OF THE INVENTION
In one aspect the invention encompasses a process of making hydroisoindoline

tachykinin receptor antagonists of Formula (I)



The present invention is directed to a process for

preparing certain hydroisoindoline conpounds which are
waiz@nisses neurokinin- 1 (NK-1) receptor antage@i/BE$206/026293

and inhibitors of tachykinin and in particul ar

substance P. The conpounds are useful in the treatnent

of certain disorders, including enesis, urinary

i nconti nence, depression, and anxiety. DETAILED

DESCRI PTI ON OF THE | NVENTI ON one aspect the

i nvention enconpasses a procegs 3of making

hydr oi soi ndol i ne tachyki ni n pegept or ant agoni sts of

Forrmula (1)(1) and pharmace al |y acceptable salts

thereof, wherein R id;Gel eetgeg-fromthe group

consi sting of (1) hydrogef (2) G Chd kyl, which is

unsubstituted or substituped w th hal ogen, hydroxyl or

phenyl, (3) cycl opentenope, whichxis unsubstituted or

substituted with hal g ‘ | or methyl, (4)

-(CO-Ci-6alkyl, (5) 2 // (6)

-(CO - NHG _6al kyl, ang

@

and pharmaceutically acceptable salts thereof, wherein
R1 is selected from the group consisting of

) hydrogen

2) C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,

3) cyclopentenone, which is unsubstituted or substituted with halogen, hydroxyl or
methyl,

@  «CO)-Ci-6alkyl,

(5)  ~(CO)-NH,

6) -(CO)-NHC1-6alkyl, and

(7)  ~(CO)-N(Ci-alkyl)(C1-6alkyl);
X is independently selected from the group consisting of:

1) hydrogen,

2) fluorine, and

3 methyl;

comprising:

Step (a) reacting a phenyl acetic acid of Formula (2)
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(7) -(CO-N(GC- 6 alkyicCG- 6 alkyl); Xis
i ndependently selected fromthe group consisting of:

w@ 29o7kesssogen, (2) fluorine, and (3) nethyl; PCT/US2006/026293
conprising: Step (a) reacting a phenyl acetic acid of
Formula (2) (2)wth SOCI2 in an aprotic sol vent
optionally in the presence of a first catalyst to
provi de a conpound of Fornmul a (3) (3) Step (b)

with SRR oGRS S0 2 P B or s e fopouna of
Formuld&Byreb am de of Formula (4) (4) Step (c) reacting the
Weinreb amd of Fornula 4 with a suitable Gignard
reagent in an second aprotic solvent followed by a
first quenching with Ac2<3 and a second quenching with
an agueous i norganic c*d/t pr&Pa@k an enone of
Formula (5) (5) X

A3)
Step (b) reacting the compound of Formula (3) with NHMeOMe in the presence of an aqueous inorganic

base to provide a Weinreb amide of Formula (4)
X 0 Me
= .0
Me
4

Step (¢) reacting the Weinreb amid of Formula 4 with a suitable Grignard reagent in an second aprotic
solvent followed by a first quenching with AcpO and a second quenching with an aqueous inorganic acid

to provide an enone of Formula (5)

(%)
Step (d) reacting the enone of Formula (5) with a silane reagent in a third aprotic solvent and an organic

base to provide a diene of Formula (6)

I X O-Silane
L A A~

©)



Step (d) reacting the enone of Formula (5) with a

silane reagent in a third aprotic solvent and an
woe@anissebase to provide a diene of Formula (6RCT/63B0€R6293

(e) reacting a diene of Fornmula (6) with a fumarate of

Formula (7) R2C C R (7) wherein Ris (-)-nmenthyl and

a Lewis acid in a non-polar solvent to provide a

compound of Forrmula (8) (8) *Step (f) hydrolyzing a

8 drol ysi

o BRI CEL TR i e e 01 e

corrpound of Fornula (9) (9)Stepd @ reducing the
m

ket one functionality ®&O *fnd of Forrmula (9)

with a first reducing agent foll owed by reduction of

CO2R with a second reduci n& agent in an aprotic

sol vent to provide a triol 2)f Formula (10)(10) Step
whereif R)is ¢ pmetthylg the triol of Formula (10) with an

5 anda I_%Lvli@’a!cﬁqh ggg'ﬁ’-k)%}ngyo%ﬁtqg g& Q?mﬁ%o?u?rlr(ﬁ PPIEO(I%Q a4y org ani c

ase to prov con‘p (11)
Silane-O 2 \(X
T
“/CO,R
CO5R
(3)

*Step (f) hydrolyzing a compound of Formula (8) with suitable hydrolysis reagents in an organic polar
solvent to provide a compound of Formula (9)
10

&)

Step (g) reducing the ketone functionality of the compound of Formula (9) with a first reducing agent,
followed by reduction of CO2R with a second reducing agent in an aprotic solvent to provide a triol of

15  Formula (10)



wherein R 2 is nethyl, ethyl or propyl, Step (i)
reacting the conpound of Fornula (11) with conpound of

wo-emabsse4{ 12) in the presence of an aci d cat al pEL/US00&026293

aprotic solvent to produce a conmpound of Formula
(13)(13) Step (j) cyclizing the conpound of Fornul a
(13) with allylamne in a polar solvent to provide a
conmpound of Forrmula (14) (14) Step (k) reacting the
conmpound of Formula (14) Wthtgidcauﬂyﬁ fol | oned
by addition of acid to pr onpound of Fornmul a
(15)(15) as an acid salt; reacting the acid
salt of the conpoun (bf £
functionalizing reagent sol vent to provide
t he compound of Forml aHd) (D Rega dgng Step (a), the
rati o of equivalents of (2) to 2 1s typically .9:1
to 1:1.4. The preferred ratio is 1:1.2. For purposes
of this application, the af@dfptic solvent includes

e

(1)

Step (hé) QJa&ﬁ%%heatH?I J} %‘nﬁﬁﬁz?g O-I-\?ItlllJ QPQWI&IfEﬁﬁ LRbH& tl'l:eclffresencelof an organic

es o0 cation the first catalyst
base tomwldwotnﬁomd@lfﬁ@!@ubi ket hyl f ormani de. The ratio of
nol ar equi valents of (2) to the first catalyst is
0.02. The reaction istypical alflled out at a
tenperature range of 20 to The preferred range
is 60 to 800C. TheRf@s3Di op | owed to proceed
until substantially conplete,.lyplca y in 0.5 hours

to 3 hours. RZOZSC) ~X

ey
wherein R?2 is methyl, ethyl or propyl,
Step (i) reacting the compound of Formula (11) with compound of Formula (12)

CF3

H.C
3 CFs

HN O

CCl,
(12)

in the presence of an acid catalyst in an aprotic solvent to produce a compound of Formula (13)



Regarding Step (b), the ratio of nolar equivalents of

(3) to NHMeOWe (as the HCO salt) is typically 1:1.2 to
wa2@70085¢he preferred ratio is 1:1.5. The reackP¢DNS1086/026293

typically carried out at a tenperature range of -20 to

400C. The preferred range is 0 to 200C. The reaction

is allowed to proceed until substantially conplete,

typically in 1 to 4 hours. In a preferred aspect Steps

(a) and Step (b) is carried out in_a single pot

wi thout internediate isolation. Regasding Step (c),

the ratio of nolar equivalents of 4) to Gignard
F!'ii

reagent is typically 0.9:1.1 to 1.6. Preferably
there is an excess of Gigpard reageht, such as 20%to
ht s Y ncl GHg vi nyl
magnesi um or vi nyl magnesi um By om de. For purposes of
this specification, the second aprotic_sol vent

i ncl udes tol uene, THF, M
The preferred solvent is g tol uene and THF
The reaction is typically 4 at a tenperature
range of -78 to G30,SThe preerred range is -40 to
-2Q0C. The reaction is ﬁqsasb d wth 1.5 to 2 eq of
acetic anhydride and then h an aqueous acidic
buffer such as NH4C typically 0.5 to 2 hours after
the reaction is begun. Regamgling Step (d), the nolar

rati.o o 5) to.silane r ent is typically 0.9:1 to
step ] Bstigng b orhpdsPa B 4 N ot it g it Rendiq b e o
componghgfdivisula () ude chl orotri et hyl sil ane,

chl orotrimet hyl sil ane, and

t - but yl di met hyl chl orosi | ane. e preferred sil ane

reagen is chlorotriethyl silang or

chlorotrinmethyl silane. The

organi c base is typicggtx 0,

ratio of (5) to the
o 1:2.0. The
CF3

<( ~7

ANTY

N

r
(14)

Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid to

provide a compound of Formula (15)



preferred ratio is 1:1.6. Suitable organic base
i nclude triethylam ne, ethyldiisopropylam ne, and DBU
wab@7pessberred base is ethyl diisopropyl anm ne. BUI/UsI€026293
sol vents include THF, MeCN, toluene, benzene, and
ether. The preferred solvent is a mxture of MeCN, THF
and toluene. The reaction is typically carried out at
a tenperature range of 0 to 300C. The preferred range
is 15-25C. The reaction is al d to proceed until
substantially conplete, typicallly in 16 to 30 hours.
Regarding Step (e), the nola atio of (6) to (7) is
typically 0.9:1 to 1:1.6. T eferred ratio is
1:1.2. The nolar ratiHd;0f (&) _to~the Lewis acid
catalyst is typically 1:1]2 to 1: £ The preferred
ratio is 1:1.7. Suitable few s acid catalysts include
Et 2Al 5 i BUu2Al d, and_EtA C The preferred Lew s
acid catalyst is Et2A Suy't ab sol vents incl ude
tol uene, nethylene c de, \, 2/di chl or oet hane, and
benzene. The preferreg—Solvent—1s toluene. The
reaction is typicallydcapried out at a tenperature
range of-40 to 300C. Th¢ preferred range is 0 to 200C.
The reaction is alloweddto proceed until substantially
conplete, typically in 24 to 48 hours. Regarding Step
(Jf), the nolar rationgf (8) to hydrolysis agent is
typically 0.9:1 to 1:5.0. The preferred ratio is
asanagidgaly  gitabl e hydrol ysis agents include aqueous HO ,
HBr, HF, and HI . The preferred hydrol ysis agent is

5  Step (liﬁega%tgr}uggc}lg?%ﬂde%fﬁg%ih\aelzgzlﬂrt%pgu?lld \é}s%t{r%ulfﬁ gé)l{,&jl I\grg%{o?%gingtg'gent in a polar

'S reacti

solvent tpprayadelthe eappirelcbfotmud (Da t enperat ure range of 0 to
400C. The preferred range is 15 to 25C. The reaction
is allowed to proceed until substantially conplete,
typically in 1 to 4 hours. CF,

HsC,

@
10
Regarding Step (a), the ratio of equivalents of (2) to SOCIy is typically .9:1 to 1:1.4.
The preferred ratio is 1:1.2. For purposes of this application, the aprotic solvent includes toluene and
benzene. Toluene is preferred. For purposes of this specification the first catalyst is defined to include

Di-methylformamide. The ratio of molar equivalents of (2) to the first catalyst is 0.02. The reaction is
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Regarding Step (g), the nolar ratio of (9) to the

first reducing agent is typically 0.9:1 to 1:1.8. The
wQe@eossed ratio is 1:1.5 . Suitable first redeCi/ng006/026293

agents include Li Al (OBu) 3H and NaBH4. The preferred

first reducing agent is LiIAI(QBu) 3H The nolar ratio

of (9) to the second reducing agent is typically 1:1.2

to 1'2 5 The preferred ratio is 1:1.3. Suitable

ents include li Lt .and Li B e
wpioa R ERRY b At E e gD (et SheimhgeRRl vl s Gpfoitic. The
reactios ¢d allewedtoi pnaleertientiT sibstamtchllg icgrhylate, ty pibedly pu ef émuretb 3 hours.

solvent is THF. The reaction is typically carried out
at a tenperature range of -70 to 200C for the fir
r educt RegardinecStep(h), the remﬁlmlaltqq@vel@émfd3}@dﬁ@\@%we (as the HCl salt)

is typlczﬁh? 1A08b @r2r09 efhE gﬁ:@& eH?atro‘}Q 148, @ﬁ&eﬁ&f(}n t151"c§p1f:zillry%ﬁlr1ed out at a
reducti 0? for the Secon reducti on

0oC
temperaiyLe TpRgs o %0 ta|49 &Aeﬂlﬁpaefﬁf%@&s i fhioi40° %uﬁarsﬁ%}ﬂayowed to proceed

until sWbeERliAly @omplyie] togitdlly ih N told heurd 1hapreSerfed aspgebisStéps (Htand Step (b) is
or the second reduciton.

CamedrF?élgglrac? ‘“ﬁge f‘é'BIZC(“:% ntenfnﬁ&}atel Ola{l Vatio of (10) to the
al kanesul fonyl chloride is typlcally 1:2 to 1:3. The

prefer R%Ffuﬁg{/gt%h c§ he d‘gtéég?ft]ngol%lr eﬁu1€faler§§]6ft @)bl]o &ri fgnard reagent is typically

al kanes orl propanesu

0.9:1.1¢p |l §r'i BelreBravhHbea it Bmyrest ol Grigngw reagarf: Thek h%%?e@éﬂ%ﬂrﬁﬂcess The
GrignatdeddnfdGaclulib @infl ﬁfi@%ﬁﬁﬁ‘ oﬁhkﬁlﬁ&%ﬁésﬁﬂﬂb’ljomﬂé' B61 {1 48pdsés of this

speciff B gheRET BRLE EeH e Py, DAF Qigh coffend (BB, e

preferpd aflent @ d ntigtueof toduche 20d3THIO TheZeabtiorS itgpadally cayrigibmit et a temperature

range (%}a?ff"t% O"’(? l?e F})%efgt‘red drgrrlée% l4'09! rk%" @Lﬁklbé%%&%ﬂémmFS to 2 eq of

acetic gnhgdrfidgtand) thﬂ@wﬁhn@l aquep@tahgimalwffnlesuchmé\ﬂéﬁéf}@rqa&w & tqyhkugs after the
Kmaugag%gm§ 2,4,6-collidine. Suitable solvents include
THF, met hyl ene chl ori de, EtOAc, iPrQAc, 1, 2-

Regarding Step (d), the molar ratio of (5) to silane reagent is typically 0.9:1 to 1:2.0.
The preferred ratio is 1:1.6. Suitable silane reagents include chlorotriethylsilane, chlorotrimethylsilane,
and t-butyldimethylchlorosilane. The preferred silane reagen is chlorotriethylsilane or
chlorotrimethylsilane. The molar ratio of (5) to the organic base is typically 0.9:1 to 1:2.0. The
preferred ratio is 1:1.6. Suitable organic base include triethylamine, ethyldiisopropylamine, and DBU.
The preferred base is ethyldiisopropylamine. Suitable solvents include THF, MeCN, toluene, benzene,
and ether. The preferred solvent is a mixture of MeCN, THF and toluene. The reaction is typically
carried out at a temperature range of 0 to 30°C. The preferred range is 15-25°C. The reaction is allowed

to proceed until substantially complete, typically in 16 to 30 hours.

Regarding Step (e), the molar ratio of (6) to (7) is typically 0.9:1 to 1:1.6. The preferred
ratio is 1:1.2. The molar ratio of (6) to the Lewis acid catalyst is typically 1:1.2 to 1:3.0. The preferred
ratio is 1:1.7. Suitable Lewis acid catalysts include Et,AlC], iBu,AICl, and EtAICl,. The preferred Lewis
acid catalyst is Et,AICI. Suitable solvents include toluene, methylene chloride, 1,2-dichloroethane, and

benzene. The preferred solvent is toluene. The reaction is typically carried out at a temperature range of
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di chl oroet hane. The preferred solvent is a m xture of

MeCN and Et QAc. The reaction is typically carried out
W@eo0a/00sseper at ure range of -20 to 400C. The predBEUSB®A6/026293

range is 15 to 25C. The reaction is allowed to proceed

until substantially conplete, typically in 3 to 20

hours. Regarding Step (i) the nolar ratio of (11) to

(12) |styp|cally12 t0251 The preferredratlo

-40 to égt Al 'leglpreifg“re%l);wgg glol to E(}_ng 13@ r?as 1%1 1§ alﬁw&e%lﬂﬁ‘g procee untI;l égbsgantlally
completattywically id 20to 4B hbursl 0.25. Suitable acid cat aI ysts
i nclude HBF4, BF3, and CF3SBH. The preferred acid
catalyst is HBF4. Suitable solvents include nethylene

chl or i &egarding Stgp thithsrederraticeof (8P bdralysis agent is typically 0.9:1 to 1:2.0.
The pﬂefeh%a HEH ol b e@lﬁtabﬁm&r@@% ﬁ%b@lts JJ\ﬁieBﬁl?efo@sr MEYHSe| e Bkd HI. The

a mxture o ene, or| de, cycC
preferiefl Py relFib fasmiLiE ﬁ@eounsﬂ%ﬂ i f‘VW%HfE&XaBQ&F&e ?Ihe preferred

solven®i$tMEIN. aT i 83661215 W}ﬁzanﬁmﬁed)(fut atmeﬁlperﬁ%@mga'bﬂo to 40°C. The
referr

prefen%fl FES H‘ﬁg 65 gC é[lgareﬁ?]ﬂo 1,iS alll%vsg g O RS Fci It substlalqt%allly complete, typically

in 1 totApiucsal | y |n 15 to 24 hours. Regarding Step (J), the
molar ratio of (13) to allylamine is typically 1:5 to
1:10. The preferred ratio is 1:5. Suitable_ solvents

i ncl ud&egargipg piap (), thaviaeler ratie of{9) fo-tiny i@aireduping aggng fsdypiesdly 0.9:1 to

1:1.8. sx%\swf@rrdds%t% 1{@[ 0P ?Bﬁ’lltable-lﬂ}ﬁt ERREE |a§’dihts:c 1§c5htédémxﬁmb{5u)3}1 and NaBH,.
rri at a e 0

The prgfeged Frei beifiget & UG ORL. P ety SO0 1 egiageducing agent
is typltaﬂ)lypflca:ﬁadz f1NTtiel prﬁ‘etb@ltrﬁﬂtt is al1l3y Smaahid etend réduping agdnys indlude LiAIH,
and L%Ptﬂ? The Opr ‘{rg‘T seB %%?’écﬁil a%%tnf 1? 1%1}-[0 %\.ﬁ&?l@?!}l@éﬁtg 1%1{1(? ﬂf[F and diglyme.
The prefepre@Bolyept ﬁﬂ]PE%The irela@twprl@tymcaléfoparr@ﬂ jowt 4t 8 tempgragie raffgpeof -70 to 20°C
for thd W5 @EddcAéd HdB0 h 560 drdRES réRicfionP! PRl prdferded rnge is A& -25°C for

the first reduction and 20 to 40°C for the second reduction. The reaction is allowed to proceed until

substantially complete, typically in 1 to 5 hours for the first reduction and 2 to 18 hours for the second

reduciton.

Regarding Step (h), the molar ratio of (10) to the alkanesulfonyl chloride is typically 1:2
to 1:3. The preferred ratio is 1:2.3 to 1:2.4. Suitable alkanesulfony chlorides include n-propanesulfonyl
chloride, ethanesulfonyl chloride, and methanesulfonyl chloride. The preferred alkanesulfony! chloride
is n-propanesulfonyl chloride. The molar ratio of (10) to the organic base is typically 1:2 to 1:3. The
preferred ratio is 1:2.3 to 1:2.4. Suitable organic bases include 2,4,6-collidine, ethyldiisopropylamine,
tetramethylpiperidine, pentamethylpiperidine, 2,6-lutidine, and triethylamine. The preferred organic base
is 2,4,6-collidine. Suitable solvents include MeCN, THF, methylene chloride, EtOAc, iPrOAc, 1,2-
dichloroethane. The preferred solvent is a mixture of MeCN and EtOAc. The reaction is typically
carried out at a temperature range of -20 to 40°C. The preferred range is 15 to 25°C. The reaction is

allowed to proceed until substantially complete, typically in 3 to 20 hours.

Regarding Step (i), the molar ratio of (11) to (12) is typically 1.2:1 to 2.5:1. The
preferred ratio is 1.4:1 to 1.6:1. The molar ratio of (11) to the acid catalyst is typically 1:0.05 to 1:0.40.

-9.



10

15

20

25

30

preferred ratio is 1: 4.5. Suitable solvents include
THF, MIBE. The preferred solvent is THF. The reaction

WO goovppsseal |y carried out at a tenperature ranP@r/v$2006/026293
roomtenperature to 50 OC. The preferred range is
40-45 0C. The reaction is allowed to proceed until
substantially conplete, typically in 2 to 12 hours.
Regarding Step (1), the nolar ratio of (15) to X is

e pryte i 5 4 1153, S koD S i B i B St The

prefem&'d]@icm%aflﬂ isetBIS oSurtebie 801@11@-1m1mmﬂﬂiylelﬁ>'hEorlde 1,2-dichloroethane,

toluen: élﬂﬁﬁ{ot&@ A S/ }@ghéﬁq%]tﬂl'e éffiﬁ%T) { Eilﬁltxﬁl? ﬂlﬁéﬂ}ﬁ&g cltllerlde

cycloheijang & t(igngrptp nqadﬂmeaawwp@él y %ﬁl%il@yt atrqéwmeturawnge of -20 to

20°C. afhwllefe%arlahg@isw% Q178! She Bhdtish (A lvb S8l Ry il fliGantAlly
Ioaklyl(aryl) ul fonyl hal i de, an al kanoyl halide, a

comples HPYIAIE Ihi TP dd hows-hal o- CON(al kyl or aryl)2, an
al kyl (aryl') al dehyde or ketone in the presence of a

duci | f I .
or  t oshrarate il BB ATl Cp RN, BeRyiERY . e
preferrad tae'mbadr&t Suiigble aﬂg@tﬂﬁclumrbmplew EtQHh i-P1QAQ (Thepipderred
solvenpxr@? (S) v\é{?{ﬁ(q rl"ﬂ@&?cti g sqg}[n%?ly%erlg@outngteﬁl%@%{uk@t@n eDf 55-80 °C. The

procee substanti al | I e
preferreq pngais -6 nC 1 Theyeartign isralowggtp ﬂ?FQ‘Feftdan%‘ %‘ﬁﬁ%ﬂﬁaﬂﬁé PRl typically in
3t0 6 RJuRCEeSs of the present invention includes conpounds
wherein Ris selected fromthe group consisting of:
(1) hydrogen, (2) nethyl, (3) 2-phenylethyl,
Regarding Step (k), the molar ratio of (14) to catalyst is typically 1:0.01 (1 mole%) to

1:0.05 (5 mole%). The preferred ratio is 1:0.01. The molar ratio of (14) to water is typically 1: 4.5. The
preferred ratio is 1: 4.5. Suitable solvents include THF, MTBE. The preferred solvent is THF. The
reaction is typically carried out at a temperature range of room temperature to 50 °C. The preferred
range is 40-45 °C. The reaction is allowed to proceed until subsfantially complete, typically in 2 to 12

hours.

Regarding Step (1), the molar ratio of (15) to X’ is typically 1:1.1 to 1:1.5. The preferred
ratio is 1:1.1. Suitable solvents include 2-propanol, toluene. The preferred solvent is 2-propanol. The
functionalizing agent includes, but is not limited to, an alkyl(aryl) halide, an alkyl(aryl) triflate, a
dialkyl(aryl)carbonic anhydride, an acyl halide, an alkyl(aryl)chloroformate, alkyl(aryl)sulfonylhalide, a
haloaklyl(aryl)sulfonylhalide, an alkanoyl halide, a benzylic halide, a halo-CON(alkyl or aryl)2, an
alkyl(aryl) aldehyde or ketone in the presence of a reducing agent, a sulfonylate , for example a mesylate
or tosylate. The reaction is typically carried out at a temperature range of room temperature to 110 °C.
The preferred range is 60 to 75 °C. The reaction is allowed to proceed until substantially complete,

typically in 1 to 3 hours.

Within this embodiment the process of the present invention includes compounds
wherein R1 is selected from the group consisting of:
€Y) hydrogen,
2) methyl,
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(4) 2-hydroxyethyl, (5) cyclopent-2-en-|-one, (6)
5- hydroxycycl opent-2-en-1-one, (7)
wa20wydesssd/ cycl opent - 2-en-1 -one, (8) PCT/US2006/026293
2-nmet hyl cycl opent - 2-en- 1-one, (9) acetyl, (10)
acetam do, (11) nethyl-acetam do, and (12)
di net hyl -acetam do. Further within this enbodi nent,
the present invention is directed to preparing

c ound rein Ris hydrogen. Also further within
tﬁgg egﬁﬁgﬁﬂﬁﬁﬁ, the present invention is directed to
pkBpar Riydrogyedylinds wherein R is nethyl, 2-phenyl et hyl
Ofzy2- hygdy ef hyl .. Also further within this
e&%oding%#§%$%§¥LPg€ént invention is directed to
pf@par Piydrenyeelapras2wiré-ofti ch is unsubstituted or

sgpst i mz@,qx}ygyglgpgw@uemﬂle,or methyl. Al so further
i s ‘enbodi nent, the present invention is

iPect 8%3“%131%91@5@F~2ﬁ@-1-0ne’
© acetyl,
(10)  acetamido,
(11)  methyl-acetamido, and
(12)  dimethyl-acetamido.
Further within this embodiment, the present invention is directed to preparing
compounds wherein Rl is hydrogen.
Also further within this embodiment, the present invention is directed to preparing
compounds wherein Rlis methyl, 2-phenylethyl or 2-hydroxyethyl.
Also further within this embodiment, the present invention is directed to preparing
compounds wherein R! is:
) :l/E
which is unsubstituted or substituted with hydroxyl or methyl.
Also further within this embodiment, the present invention is directed to preparing
compounds wherein R is acetyl, acetamido, methyl-acetamido or dimethyl-acetamido.
An embodiment of the present invention includes the preparation of compounds wherein
X is hydrogen. An embodiment of the present invention includes compounds wherein X is fluorine. An
embodiment of the present invention includes compounds wherein X is methyl.
Specific embodiments of the present invention includes the preparation of the
compounds of the Examples herein and pharmaceutically acceptable salts thereof and individual

enantiomers and diastereomers thereof.

The compounds of the present invention are useful in the prevention and treatment of a
wide variety of clinical conditions which are characterized by the presence of an excess of tachykinin, in
particular substance P, activity. Thus, for example, an excess of tachykinin, and in particular substance
P, activity is implicated in a variety of disorders of the central nervous system. Such disorders include
mood disorders, such as depression or more particularly depressive disorders, for example, single
episodic or recurrent major depressive disorders and dysthymic disorders, or bipolar disorders, for
example, bipolar I disorder, bipolar II disorder and cyclothymic disorder; anxiety disorders, such as panic
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conmpounds wherein Ris acetyl, acetam do,
nmet hyl - acet am do or di net hyl -acetam do. An enbodi nent
w@boovkesspr esent i nvention includes the prepar ap¢DOSWD6/026293

conmpounds wherein X is hydrogen. An enbodi nent of the

present invention includes conpounds wherein X is

fluorine. An enbodi nent of the present invention

i ncl udes conpounds wherein X is met hyI Specific
o L ot B S P80 ISR R0 i o
for examjﬂie pitaifivaciaial plodlab, podd pbptiahbisesaletcompiigredifordandstress dlsorders
includi ng bs —tlgtglghlc%[}?ﬁ% d1381q§1r a‘?&d%&ge 9& @f&l?&‘gép a4 %er}epa(ﬁ &%xie%sorders;

n se

resent | nvention are
schizoprreni@and aglrer asydhdtic é@pwlerm fop example; erbizophrerafoyn disordprs fickiagatfective

disord GO RMIubibR FisWAES Mo RE Ry HRBE BfbAEs ZB ke Ysytittic RIs6RIBRGE fychotic

f tach
o i el e A G AR L e LSRR o

neurod@péhetalived@Edriers) kgth a8 Aﬁﬁélﬁi&ﬂ@dl&s@ﬁlllw dén)bntla dblﬁ’ﬁﬂtia(baﬂﬁ \lzheimer’s
of t

ar
ove, e freafi it B Tor ol esBR ol Do e R g parinson's
disease) EfonespsonindisensenBick' s faedse, élrblaszlyit-ﬁikpir dismseyer djllestomdlelpb aetiologies;

Parkm%)% ﬁ&%@é@%& th§xl &gla ?g@ (%Plg Bt ({1&)9 d s%@ﬁ asrmédﬁ‘ratlon-mduced

Iressi ve ISOf yn1c sor ers,
mover@np@scaderauf@wcmls newrexeptémﬁ'pﬂeé parisinpraisar n¢ur@lpl§t9rrlé?élgnant syndrome,

neurol%itEQh@ked Acufé'd%&&ﬁ'@ %elﬁﬂl@pt?c\lﬁh&%@ Hdﬁ'tecakgﬂhﬁﬁr ﬁiﬁfolep@ie)iﬁﬁtzéﬂ tardive
or Wt

dybkmaﬁ%?rg]ﬂ%gq’aggnqéaﬁeigﬁs?}gélgreiﬁ%)gx{qg tapﬁesrtela‘?eg} dlé?l‘dﬁl‘é m’l%}ng from the use of
alcohotl Iaﬁ@hﬁﬁﬁmesﬁ(ﬁﬁﬁhﬁhbﬁmﬁfadikb ashstah@s) @ffainp| c@nnaBlB,&:Obeflmer; hallucinogens,
inhala rgaa d%cr;llp ﬁzints 1cot1ne 10195 Aen lopy%lecﬁ' s ‘E’Qgp é’éd t1v\é§ hypnotics,

P eagihol plone L% REUEPRG post 1t A

€ss’di sor
and anstot}@ss “dim@cu@@nceanquteddwpeiemm@sb ddp@dfm@ieand aém@, mtoxwatlon

w1thdrgx%le1|ﬁ110t o8 é%lé;‘ﬁt%tma%%ﬁ eiasﬁum asllgisﬁ,&god@ﬁ@ﬁuaap@eﬁoﬂatdﬁsfders mood

I sorders, for exanP sch IZOp reni form
disor: d@ﬂs W]ﬁiézrdgsor@tsme%%flys@gpp%and eep disorders; epilepsy; Down's syndrome;

demyelinating diseases such as MS and ALS and other neuropathological disorders such as peripheral
neuropathy, for example diabetic and chemotherapy-induced neuropathy, and postherpetic neuralgia,
trigeminal neuralgia, segmental or intercostal neuralgia and other neuralgias; and cerebral vascular
disorders due to acute or chronic cerebrovascular damage such as cerebral infarction, subarachnoid
haemorrhage or cerebral oedema.

Tachykinin, and in particular substance P, activity is also involved in nociception and
pain. The compounds of the present invention will therefore be of use in the prevention or treatment of
diseases and conditions in which pain predominates, including soft tissue and peripheral damage, such as
acute trauma, osteoarthritis, theumatoid arthritis, musculo-skeletal pain, particularly after trauma, spinal
pain, myofascial pain syndromes, headache, episiotomy pain, and burns; deep and visceral pain, such as
heart pain, muscle pain, eye pain, orofacial pain, for example, odontalgia, abdominal pain,
gynaecological pain, for example, dysmenorrhoea, and labour pain; pain associated with nerve and root
damage, such as pain associated with peripheral nerve disorders, for example, nerve entrapment and
brachial plexus avulsions, amputation, peripheral neuropathies, tic douloureux, atypical facial pain, nerve

root damage, and arachnoiditis; pain associated with carcinoma, often referred to as cancer pain; central
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di sorders, delusional disorders, brief psychotic
di sorders, shared psychotic disorders and psychotic
waele®onessss wit h del usi ons or hal |l uci nati ons; deCEUR290/026293

denentia, and amestic and ot her cognitive or

neur odegenerative di sorders, such as Al zheinmer's

di sease, senile denentia, denentia of the Al zheiner's

type, vascul ar denentia, and other denentias, for

exampl e, due to .H V dis ma, Par
nervoud R Aot Rt b € SFE 28 s SRS tiipa ik SakHR: St
ankylomgwondbéiltisl,tgoﬂtakmtmmmamase or due to nultiple

aeti ol Par ' :

extra- 'g%:'rhg%ma zﬁ\d lfﬁ @ﬁ%ﬁ%a? S\gilstéfg% 2 ?@Q nfd sl'l'ﬁdé/ also be of use in the treatment
of respiratafychiseRash-Periguledyl theenasipsiated it Grepsy @ucllfs ecraiparAypleas chronic

obstrud”ﬂr"ifl%I 519\1\'@@"dis€asb N BShnB@hdoid) 88 Bhis BronBIBKY, 848 tibfosis and asthma, adult
gnant syndroneg, neuroleptlc i nduced acut e

resplramﬁlatpﬁs%synﬁ@meo@élaqne haspasive g]élargglmog digeasas |S‘§ih§18 inflammatory bowel
diseasd) psoriadis Iﬁbfd’él‘tﬂs rtdté@ﬁﬂlri&larrﬁﬁuﬁﬁtoﬁiyﬁ%lrlﬁe,&‘pn&1tﬁ Rad sunburn; allergles such as

eczemalﬁng 6&31%1'; yg?risegﬁs 15%1 &g ur sgmlllJ téasr SO ur A %ﬁaﬁrﬁﬁ%lsmses sucl'?as
conjunetivtice vaxnal wewg uifcbivitia o dtedukt m@hﬂhalkec wd@pmg@)ated with cell proliferation

such asgﬁr)lfﬂ%ia{l@e v1ﬁ9c§}&%gﬁl}g %thl?e'oﬂ@dlsela@s 54 28 9&&&? dednml ﬁ@ﬁl@ dermatitis,

aer oso nts, nicotine, oplm

urticarjghandpthgr Wﬁ@@tﬁlé da@vfit%t Taghkinin agd i Rpsiculap Wﬁté’{‘qec?s antagqpists may
also beyPhbeh Yitd t%%tme%éﬁi@olﬁ%ﬁt iBE16@Ang Beak RfhotdisSRAERAS:ioREdtsHHER and small
dependence an g @r i nt oxi cation, w thdrawa
cell caTCH’f’B‘,Q? gk oI YIg 570Gk t hdr awal del erium persisting
denent Ta;hylﬁﬁiyu:diﬂtlm partiduden sutBtasce Bmﬂdgaﬁissanajzeﬂs@ be afixde i the treatment
of gastronic’t?stmgl )gél) lﬂisor ers, 1ng1¥1§1f gm(fltam%latﬁsp ﬁso%be?? zBld ereg(?fr tRe GI traﬁ:t such as

seases
gastrltlagamda‘miﬂanﬂmseesnghs@mhtemmn@am g@mqimmdgm@al dl&@t@tﬁr@d@p@ted with the
neuron%f“’%ﬁtrﬁ%f PRE P REEALVOQHHO RASHRY qist 26, IENMPb&v bﬁl@ﬁﬁﬂe(&nd emesis,
chenot herapy- i nduced, neur opat hy, and. pasther pet |
including aguig éafelayedtoF prﬁ@ma’ﬁ)a[ eIpfsiy ls%qhgip gne%%]ﬁ%ﬁil by chgmotherapy, rad1at10n
toxins, vithBJr GaGérad] infeuba, flegnaafid vatingsr didleas, Bir 3gampld) ehotion sickness,

cere ebral wvascul ar
vertigo, dizziness and Meniere’s dlsease surgery, migraine, variations in intercranial pressure, gastro-

oesophageal reflux disease, acid indigestion, over indulgence in food or drink, acid stomach, waterbrash
or regurgitation, heartburn, for example, episodic, nocturnal or meal-induced heartburn, and dyspepsia.
Tachykinin, and in particular substance P, antagonists may also be of use in the treatment
of a variety of other conditions including stress related somatic disorders; reflex sympathetic dystrophy
such as shoulder/hand syndrome; adverse immunological reactions such as rejection of transplanted
tissues and disorders related to immune enhancement or suppression such as systemic lupus
erythematosus; plasma extravasation resulting from cytokine chemotherapy, disorders of bladder
function such as cystitis, bladder detrusor hyper-reflexia, frequent urination and urinary incontinence,
including the prevention or treatment of overactive bladder with symptoms of urge urinary incontinence,
urgency, and frequency; fibrosing and collagen diseases such as scleroderma and eosinophilic
fascioliasis; disorders of blood flow caused by vasodilation and vasospastic diseases such as angina,
vascular headache, migraine and Reynaud's disease; and pain or nociception attributable to or associated

with any of the foregoing conditions, especially the transmission of pain in migraine. The compounds of
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di sorders due to acute or chronic cerebrovascul ar
damage such as cerebral infarction, subarachnoid
wha®moesshage or cerebral oedema. Tachyki nin, aPdI/U$2006/026293

particul ar substance P, activity is also involved in

noci cepti on and pain. The conpounds of the present
invention wll therefore be of use in the prevention

or treatnment of diseases and conditions in which pain

dom nat es, incl udi Q% soft tissue, an
5

the pre E h)élé%ltlog He ﬁlsggf %’J&l{ﬁ 1 thy a%nt Qfé‘tcglaglrn?tfﬂnp‘{? Ethse att}ove conditions, in
particufah éLth@treitden bf duirbiried posrupearaiie-paiehe pest-opaitive nausea and vomiting.

part I C’i’ll ? lnﬁeunfdts ﬁf thg: éraﬁerﬁ?hwe 1'0{] %Ie 8Q1% ﬁlaﬂ}‘%{s%fu?gﬁ{)@#l gvention or

pai n syn
treatln@eeﬁ;mm mqlghm autepdglayed gl[mlhclagoﬁy@mesls pmhnas emgg;@]néuced by

Iy I
chemoﬁ Ey geﬁléal@igﬂ% Woﬁﬁregﬁaﬂw g%sﬁlBaélgdﬁ%%%S gfélﬁglg s@rgery, migraine, and

varlatl@,‘g érh;rgtegsranéa}} SFREREE- riioe é}égmpépn &hepa@gwldb pp prﬁsgpii,]mventlono are of use
optionBF/SR riRiodrith ofheF AEicatil dp@iatt fod ﬂfé@g@entﬁahi@h acaﬁe aﬁlaldalayed nausea

associ at.ed
and voxé%gxﬁﬁfs matﬁ%v}w\dyé 1%125 cgrrerg cq&lﬁsgg éfrg%ciﬁragei or&1%(y emetogemc cancer
chemothetabys iiehsljingdightioas cigpiatinp Maspéspecdlyntbe copeahdsexd thetprgsent invention
are of lgs(e) CA fLE lfﬁ%ent g% %(IRés?sa}Lducg(ﬂg?AnuR&Igﬁst m%ﬁxirc?&gemg AH88Emg those

ar ac SSOCI carcCl nonsm,
routmethsf wsedhi mr(@fl@r mmoﬂ@raas, apd presis ipdiicad biahtrmhpmesdlegicel agents, for

exampf%’l%hﬁmnp @kﬁ}nplwgu&sch%btﬁergﬁéﬁtl@ e iiftBlde ﬁnt;/ﬁuﬂg agBiit&ifbr example,

em damage; | ow back pain;, sciatica, a
ethyler&wﬁamﬁorl%ds adladtsulplawate%%fﬁrot%mnp%@h‘v a0 el aqtgn suh as
nitrosoRAS, Icﬁ;pllhﬁ{ arﬁlﬂbﬁa&t&ﬁiﬁe aBnmaﬂﬁbcﬂg@nfoS gty folik adid fyeriod onyyeimidine

antagoPlﬁts,SrgE(gléz éxg@?l LOFS %or exa%nﬂ) S in%gl glgal&d nSc'iecfaf:' 9z§1ivesooq¥p%hof?ﬂkl?ort&¥n and

MuCus
cytotoxib pgibiatics Rt ticulat pxagples pﬁ\dymotime@e@gle ag@t@m@ﬂsmm‘f@qﬂhaﬁme by D.

7. StevR@ %&e?ﬁnﬁnﬁﬂﬁlﬁﬁg ReGYPRE Qarf:lll Q{d@inﬁzaﬁﬁgvaﬁé% hegs. 1 adihdrozyk et al,

respirato stress syndro d_broonchospas

CRC Presg ngnag a\}ordf@élé%&%@%?ﬂ)aggeﬁ Vel HnePBrigMRsaR | 88.  Commonly

used chemotherapeutic agents include cisplatin, dacarbazine (DTIC), dactinomycin, mechlorethamine,
streptozocin, cyclophosphamide, carmustine (BCNU), lomustine (CCNU), doxorubicin (adriamycin),
daunorubicin, procarbazine, mitomycin, cytarabine, etoposide, methotrexate, 5-fluorouracil, vinblastine,
vincristine, bleomycin and chlorambucil [R. J. Gralla et al in Cancer Treatment Reports (1984) 68(1),
163-172]. A further aspect of the present invention comprises the use of a compound of the present
invention for achieving a chronobiologic (circadian rhythm phase-shifting) effect and alleviating
circadian rhythm disorders in a mammal. The present invention is further directed to the use of a

compound of the present invention for blocking the phase-shifting effects of light in a mammal.

An alternative process for making compounds of the same class is disclosed in
PCT/US05/02149, filed January 26, 2005. Referring specifically to Example 7, the process can be
summarized as shown in the scheme immediately below. Significant disadvantages are that the route is
racemic and requires the chromatographic separation of both enantiomers and diastereomers after the
reduction of racemic ketone IV. In addition, the synthesis requires 5 steps to bismesylate VIII from

ketone IV (reduction, separation, etherification, reduction, mesylation). This route utilized a benzyl-
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di sease, psoriasis, fibrositis, osteoarthritis,

rheumatoid arthritis, pruritis and sunburn; allergies
w@emh/oesseeczema and rhinitis; hypersensitivityPCT/US2006/026293

di sorders such as poison ivy; ophthal mc diseases such

as conjunctivitis, vernal conjunctivitis, and the

i ke; ophthal mc conditions associated with cel

proliferation such as proliferative vi treoretinopathy;

plotectagg%rglﬁ}?o? %ﬁﬁs cg‘%opi?dé g%alo& i ﬁ ?ste%gug{]bgzﬁ)taha 1um—c§atll1oz% fl:ydrogenation

was follewavetyi reacson Witle hgdcydopentangribnie o gise the proldeat oSEdkrstpdante P,
ant agoni sts may al so be of use in the treatnent of

neopl asiespd/p@hpdi Ng breast tunours,

meur ogamgl;NROCAgt omas ongallEmgtL/Qg nonas such

as small cell Iunq,cand r. Tachykinin,

ticubar tance P, gonists may al s .

he ?reat Nt of gastrefntesting a‘%; OE@EZ@g@,

i ncl udi Ag-BUSVERR®AL or yidi sorders dRY™di seases of the =~ T
G tract such as gastritis, gastroduodenal ul cedlsracemic
gastric carcinomas, gastric |ynphomas, disorders

1. HFAde@¢ i at ed wi t h neuron@N BQNEIRY Of Vi sceraOH

——ulecerative coli _s_aLsease+,|rr|tabl-.E’

2. A¢ Xagpone arfOgdre |s[§§gglug|§£m@@&¢e del & ¥

etheHikir&dtpat ory EtGeSi s ashiRlBS tSuhmduced D500
chenot herapy, radiation, toxins, viral or bacteMa

i ons, pri¥dASENS, vestibul ar disorders, for

exanpl &, notion sickness, vertigo, dizziness and

e's disease, surg&fy, migraine, variations

Hal @mi al pressure, strooesophageal refl ux
HNdiGsea8e, acid indilgés @ver indul gence in f dgfél.

ti;nk, acid stonach, ter rasn gBnggurgltatlon

- for ex »Ie eplsodfe——ﬁee%ﬂfnal
ee@aHBFNduced ghgarty @ and dysh#s€l AEATa
in particular sypstance = ant agoni sts nmay aMggvbe
use in the treaf meniy Vil

F3
0o HaC.
1. PhCH,NH, H3C.. CF, XY 3 r %
EtOH

0 PTSA (0.1eq.)
2. Pd(OH),/C s foluene,
45PSI Hy HN— £ reflux, 3hr

Example 7

F
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of a variety of other conditions including stress
related somatic disorders; reflex synpathetic
waly®vnoessky such as shoul der/ hand syndrone; advBCBHES2006/026293
i mmunol ogi cal reactions such as rejection of
transpl anted tissues and disorders related to i mmune
enhancenent or suppression such as system c | upus
eryt hemat osus; plasma extravasation resulting from
Ki , disorders of bladder function
EXAN@ﬁEﬁ—ggﬁ%agg?ﬁﬁgi& dder detrusor hyper-reflexia,
frequent urination and urinary incontinence, including
step 1 B ALGUGILY PR, Rlnbl SERIRDhoRimayenact i ve bl adder with
Sy ons 0 rge urrnary fncontinence, urgency, and
frequency; fibrosing and col |l agen di seases such as
scl eroderma and eosi nophilic fascioliasis; disorders
Summ%?;blood fl ow caused by vasodil ati on and vasospastic
I seases such as angi na, vésciul ar headache, m graine

and Reynaud's di se; aﬁ “ﬁ R, © C|gept|on
attributable to o cio (;he
foregoi ng conditions, espe@M <1w the traHsn1SS|on of
pain in mgraine. The conpbtinds oft he ?resent
invention are also of value ®h the tyigatytent of a
conbi nation of the above conditions, in particular in
the treatnment of conbined post- operative pai n and

pﬂﬁ§ re@ i adivey QomdtinaR hid §ieWDaAdt HigtOpurity 6f ﬁ:‘nﬁteﬂikﬂ UNdSnddr side products

have bfﬁllé@%ﬂ? ch n{"lbe‘, fn I{a? grglfil%g I]ﬁaz{necfﬂomcgﬁ§ claeirirl (}él gtﬁ& dregovg)t ang Is isolated with

the abogte pajte gdrodite famt iheicpet oosk wpnesi s, such as enesi s i nduced
by chenot herapy, radiation, toxins, pregnancy,
vesti bul ar di sorders, notion, surgery, mgraine, and

Procedyrgr i ati ons in |ntercran|al pressure. F r exanple, the

conmpounds of the presgnt anentloekgm%cqj yse
h

opt|onargz;%géionbthﬁlon ther_dntiene a eq;s
for the &on @fc acut ay€8Cnause

vom ting assaciated with initial @@@f coursee of
noderate or highly enetogenic cancer
MeOH

RO
OMe

Quant. Assay

FW: Amt. Moles Equiv.
4-Fluorophenylacetic acid (1) 154 5.0kg 32.47 mol 1.0 eq.
DMF 73.1 48 mL 0.65 mol 0.02 eq.
SOCl, 119 284L 38.96 mol 1.2 eq. Weinreb
amine-HCI 97.5 4.75 kg 48.70 mol 1.5 eq.
NaOH 4.0M 32471 129.87 mol 4.0 eq.
Toluene - 49.19 L --
Brine - 64.92 L--
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chenot her apy, including high-dose cisplatin. Mst

especially, the conpounds of the present invention are
w@booosesssh the treatnment of enesis induced by PCT/US2006/026293

anti neopl astic (cytotoxic) agents, including those

routinely used in cancer chenotherapy, and enesis

i nduced by ot her phapnacol ogi cal agents, for exanpl e,

rolipram Exanples of such chenntherapeutic agents

A 100 SR B Ry e o e a8 B e R VAU RAB i B fouene oo
L, KFst00gipky had 4-figorapitehaceticiadid €3 was &M@@@lﬂ@sﬂll@ ppticatwas heated to 70
<. ol % RGN DR7LRe DRI & deg{L R@k'ﬁ@%m% fas acﬁé@EFRi' tﬁmnyl%lﬂoﬁde (2.8 L) was
purine or pyri he ant i sts;
SlOleaﬁﬁﬁdiPb}@ur# or exanple, vinca al kal oi ds and
derivatives of podophyllotoxin; and cytotoxic
ant| iotics. Particul ar_exanpl es of .ch erapeuti c
demsgegabiye wEl daseeae Yhije thip Hpoe lbgﬁed@) ?ypwgf teipgpipture changes
|nmgaﬂaﬁa1and Vomi ting: Recent Research and dinica
Advances, Eds. J . Kucharczyk et al, CRC Press Inc.,
Boca Raton, Florida, USA (1991) pages 177-203,
When elé théaiy béhllridp aweiﬁﬁdemfagaﬁin@@d ceAseditptpiratln p@ oriri. efter addition is
compl%g)eaﬁtaﬁ% dot Gf ﬂ'ig ﬁat&ﬂ &zf% q;ﬂgﬂcﬂed i‘flﬁ)ceﬁgég§ﬁl'eﬂﬂ§noﬁ BRI II-@LC analysis as the methyl
actinonycin, or et ham ne, streptozocin,
eSter~cyc|ophosphamde, carnustine (BCNU), |onustine (CCNU),
doxor ubi ci n (adrianycin), daunorubicin, procarbazine,

m t ony t.ar abi ne, §L.0po ide t hot rexat e,
5- fluoﬁﬁﬁlg%rﬁm“V”ﬁﬁﬁgg ln%f%éﬁn%ngtine, bl eomyci n
and chlorambucil [R J. Galla et al in Cancer

Next the r%gc'ilgg gv% %%ﬁ[%ﬁ % S 16 :bq%e V@éﬁr& amﬂn@ %fC]f ZA?'}S kﬁv&fay %&d’&? fo the batch at

resent 1 nvention conp
this poetﬁnﬁbmﬂdd@fm oﬁi‘éaQH eaért) vian \bmuabﬂmfp@mt aHh$ basp WS @ded at arate that

mamtafﬁj?:ﬁ ARt ltéﬂgiefatlfr@ oy ng@ ri 0 Fd“%ﬁﬂ %t@ﬁa@dfﬁl@h fitnk 893 hours. Once this
fect and | evi ating rcadi an rh m di sorders

s e améqw abuR bece e Rsed S MF@IH apd %f?%yeg P%Hl’i% to check for

compléth CorldGBpt@i ofithe acid chloride.

Complete consumption of the acid chloride (in the form of the methyl ester after this quench)

should be seen. Additional base can be added if the acid chloride is still present.

The biphasic solution was separated at between 5 “C and room temperature and the organic phase was
washed with 15 wt. % NaCl (aq) (2 x 32.5 L).

Typical assay yield of the organic phase was 96%.

The organic phase was concentrated to a 50 wt. % solution (typical KF < 500 ppm).

Step 2: 1-(4-Fluorophenyl)but-3-en-2-one (3):
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conmpound of the present invention for blocking the
phase-shifting effects of light in a manmal. An
wW@bkdoenosssd ve process for making conmpounds of tPET/BEs2086/026293

class is disclosed in PCT/US05/ 02149, filed January

26, 2005. Referring specifically to Exanple 7, the

process can be summarized as shown in the schene

i mredi ately below. Significant di sadvantages are that
S the route is racemic and requires the chromatographic
Ul ¥nar ati on of both enanti oggy,s and di astereonmers after

the reduction of racem cikgtzpge |V. In addition, the

synt hesi s requi 5 st eps” ¥g bi s atg VIE from

ket one 1V (redtgjjgpm,$e£é£ﬁﬂﬂ5%,HEEEEkLﬂLQation,

reduction, mesylation). &ﬁﬁ%éﬁﬁgkﬁ utilized a

benzyl protecting grbup of wtzhexsesjcahydr ofsoi ndol e.

Renoval of this group by pafRadi umcatalized

hydr ogenati on was foll owed by reaction with

1,3-cycl opent anedi one tp give the product of Exanple
7. 1. EDC/ ||oracem. HF/ MeCN 2. Ag. |NaOH,
et her extract. l,}llroace EEXAMP g 9-p SYOTO KETONE

Step 1: A B c
2- (4- Fl uor ophenyl ) - N- met hoxy- N- met hyl acet ai nide (2):
Sunmary:

This reaction is very sensitive to the quality of the Grignard reagent and the quench method.
Major side products have been identified (A, B, C), and are shown above. The product is unstable when
concentrated to an oil, and has moderate stability in solution. The final toluene solution should be kept

cold and used in the next step without delay.

Procedure:
F 1.CiMg™ o | 2.A0
0 — ~ _
N s0c 3. NH,CI 7
2 I 4. NaHCO;3
FW: Amt Moles Equiv.

Weinreb amide (2) 197.2  157.2 g 0.800 mol 1.0 eq.
Vinyl magnesium chloride in THF 1.6 M 700 mL 1.12 mol 14 eq.
Acy)O (density 1.082 g/mL) 102 151 mL 1.60 mol 2.0 eq. NH,CIl (2.5 wt% aq.
solution) - 1.29L - -
Toluene (density 0.865 g/mL) - 1.54 L - --

A 3 L round bottom flask equipped with an addition funnel was charged with the Weinreb amide 2 as a
61% wt solution in toluene (262 g tot mass; 157.2 g 2, 105 g toluene). This solution was diluted to a 0.5
M solution of amide 2 in toluene by addition of 1.32 L of toluene (KF of solution < 150 ppm). This

solution was cooled to -30 °C, and vinyl magnesium chloride was slowly added.

During the addition of vinyl magnesium chloride the batch temperature is maintained at -30 °C.

Typical addition time is around 60 minutes.

-18 -



Step 1 This reaction gives consistently high yield and
hi gh purity of material. No major side products have

whew@noistenti fied. The final product is an oil PCT/US2006/026293

Aftert

(typically clear or slightly yellow) and is isolated
with the above purity profile fromthe crude work up.
Procedure : Quant. Assay FW Ant. Ml es Equiv.

4- F uorophenyl acetic acid (1) 154 5.0 kg 32.47 nol 1.0

. 73.1 48nmL 0. 65 0. 02 . 9
Sind i a0}, WaREPPEI e BN ORS SV 8 aic3D 4 or G0 minutes.

The redcfioh wis dhe@@d bNBAGHC 4(t0thid 30 hinuke 5e29. 87 nol 4.0 eq.

Acetic

Toluene - 49.19 L - Brine 64.92 L -A 100 L extractor

equi pped with a reflux condenser, and a base scrubber

wely ddéea(l s Ljvivbdtherodlorelp@dded o @e kgactic< 100 ppn) and

4-f 1 uorophenyl acetic acid (1) was added (5.0 kg). This
solution was heated to 70 C. Once 70 "C was reached

t BeiclpRpmpgraigre ip maintajned 56p Mulmg shiggiditipn é%@/ogchlmﬁnyqles Typical time is

chd Qiobide AdaPotihe WAGiof Pk ¥nRFdadadarRIn tyhiddAY Klfows approximately 0.5%
LCAP of impurity B when compared to product.

10  Inaseparate 5 L 3-neck round bottom flask a 2.5 wt % solution of NH,Cl in water (1.29 L) was cooled to

10 °C.

The batch at -30 °C was cannulated to this vigorously stirred ammonium chloride solution.

The final temperature of the batch is typically around 12-13 °C.

15  When the batch had reached ambient temperature the aqueous and organic layers were cut. The organic

Jayer was then washed with water (1.3 L). The organic layer was dried with MgSO,4 powder (~100-200g)

until the KF of this solution reached at or below 1000 ppm. The solids were filtered away and washed
with dry MeCN (4x50 mL) to provide a solution of the product in THF/MeCN/Toluene (~2.0L, KF ~970

ppm, 1.80kg, 7.29wt%, 131 g of 3, 100% yield) which was used directly in the next step.
20
The impurity profile shows 1.5 LCAP of impurity B and 9.1 LCAP of impurity C.
Step 3: TES dienyl ether
F THF- F <,Si/\
\@\/\OK/ + TESGI + Pr NEt MeCN-THF-tol i
Z NG
25 3 4
30  Materials: FWamount mmol equiv.
vinyl ketone 3 164.18 6.62¢g 40.3 1.0
TESC1 150.73 972 g 64.5 1.6
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Batch tenperature wl| decrease while thionyl chloride
i s added. Typical tenperature changes range from 6-10
w@2o0nhesseal |t hi onyl chloride has been added aPdir/UuS2006/026293
of f-gassing has ceased (typically 30 mn. after
addition is conplete) an aliquot of the batch was
guenched i nto excess nethanol for HPLC anal ysis as the
nmet hyl ester. Reaction is done when acid 1 is at <0.5
LCAP. t he ction was.,cooled to 5-10 C. The
DIPEApgi nr e@ggzﬁ‘i ne- I—|%J§2§4 75 kg§64i(;5\/as addé% to the batch at
MeCNt hi s poi A8 mISl ow addition of NaOH (32.5 L) was begun
' oi nt. | ¢ base was added at a rate that
NmCl%?%?{ﬂ)gd t he M@h tenperature at or below 10 C with
Tolueng t ypi call0O%@dition time of 3 hours. Once this addition
was done an aliquot of the batch was quenched into
MeOH and assayed by HPLC to check for conplete
Procedpighsunpti on of the acid chloride. Conplete consunption
of the acid chloride (in the formof the nethyl ester

fter [.S,,quen houl n [t
7o 90 400 YRS O P08, R P s
more diyi b@N i(t8ndgland iPoNENaEE$elpyeas dtee ddded slopixnelte Baigtaining rt. The solution

. : | ase was washed with
was Stlﬁrg@ﬁg. &%%%\%‘gg% ?"?%1%@%2“9%9@@?% cal assay yield of

the organi c phase was 96% The organi c phase was
The re4c80E€ &8 §uah@dd (ih awBH ayWH,GH(F@hILY ITBB ofehnipiagé wasepardddind washed

with wgtgP?mmL). It was then concentrated and flushed with toluene to ~37wt% with a KF of
~200ppm. Assay yield: 8.64 g, 77%. NMR shows <5% of the E-isomer.

Step 4: Di-(-)-menthylfumarate

l'e)
T
e

i-Pro,NEt, DMAP W

4y, = O
“ toluene, -20 °C to rt *O

ty, 5

I

Materials: FW d/conc amount mol equiv.

fumaryl chloride 152.96 1.412 80.5 g (95%) 0.50 1.0

(1R,2S,5R)~(-)- 156.27 1578 g 1.01 2.02
menthol

i-PrNEt 129.25 0.742 191 mL 1.10 2.20

DMAP 122.17 305¢ 0.025 0.05

toluene 600 mL

1.0 N HC1 110 mL 0.11 0.22

NaCl 60g

Procedure:
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Step 2: |-(4-Fl uorophenyl)but-3-en-2-one (3): Sunmary :

Step 2 This reaction is very sensitive to the quality
wo@Roovkessex i gnard reagent and the quench net hodPCIVERIN6/026293

si de products have been identified (A B, C, and are

shown above. The product is unstable when concentrated

to an oil, and has noderate stability in solution. The

final t ol uene solution should be kept cold and used in

Toa 3 é'gelﬁtﬁ 1@&#&@ 1? u@@glt?%d (551%% 9 Tglslg ggvxéheén%ltlon yvas cooled to -
20 °C ahd Gfursmyl cHlonig (30esgNErHE Uinwehdharged evith 180 TEERludnedlush @OGxotherm was
observe:‘lld) EPm#t (%9gmﬁgwa eg c‘vg:eﬂ)yntl }]111 ?%nlg @%L tg'sg%e :h%gh :HL2O °C.
DMAPTwis addrd ifichedigiclnafiona@ess. ghadark slury was themalwwed FOG{{FW&} to 21 °C over
~601nnpﬁtgt1\%n$ Jah@s%ﬁtﬁﬁ,%lﬁ Bedowdd Jaln@l'éteaémbél 418

charged w I nreb am de as a G)fl%vvt sol utlon
in toluene (262 g tot nass; 157.2 g 2, 105 g toluene).
Tm @oﬁ@émgemme VBl dhixotht@tcansedahdtempdvhta el toi ke ~80 °@nit déll be

S EIER & gt BC o BB Rool ed o - 30

0C, and vinyl magnesium chloride was sl owy added.
600mL of aqueous 3% NaCl was added. The aqueous layer (~800 mL) was cut away and the organic
layer was washed with 800 mL aqueous 0.15 N HCI containing 5 wt% NaCl. The dark organic layer
(~800 mL, 710 g) showed 93% assay yield (182 g, 0.464 mol product in 98LCAP) and was concentrated
to 378 g (48wt%) for direct use in the Diels-Alder reaction. '"H NMR showed non-detectable menthol.

Step 5: Diels-Alder

4 5 6
Materials: FwW amount mmol equiv.
diene 4 278.44 8.64¢g 31 1.0
di-(-)-menthyl fumarate 5 392.57 146¢g 37.2 1.2
diethylaluminum chloride 1.8 M/tol 29.3 mL 52.7 1.7
hydrochloric acid 30N 52.7 mL 158.1 5.1
hydrochloric acid 10N 100 mL 100 32
NaOH 05N 50 mL 25 0.81

Procedure:
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During the addition of vinyl magnesiumchloride the

batch tenperature is nmaintained at -30 0C. Typica
W@ea7niss time is around 60 minutes. After the RETIYE2006/026293

Gignard addition was conplete the reaction was

allowed to age at -30 OC for 60 m nutes. The reaction

was checked by HPLC after this 60 m nute age. Acetic

anhydride (151 nL) was then slowy added to the

t fch t I S. ' - 30, "
e G B B0 STV ik B PSS T g8
combiried aBcaviedut @8C. Pthgialwfintuh ehloridecbiution iattolidne (bANL, 8.3 mL) was added
over 44 Qin k&gﬁgk q:ﬂqun ﬁﬁrg %Lllﬁ(/ 5% @ﬁ)ﬂ%ﬂﬁfc 35&1{@{) elrye @drlg’c{f’aﬁé’;%glutlon was

en compare In a separate
aged at) iC fgn bl k~9ﬁ%mqavemmn)mdfthea§k21a sz056 vvhon & EﬂaalteldaﬁS% conversion.
ONHL(A in water (1.29 L) was cooled to 10 0C. The

bat ch -
oo O h o B L e b AR PR e secssary coud
be addéEATREY plintloE thefreaktign. bat ch is typically around 12-13 0C
When the batch had reached anbi ent tenperature the
aqueous and organic |layers were cut. The organic | ayer '
The reguwtisn tuiverure was teecfully quendbed sith ¢queods 3 HCTHemb) geen €Onhin e keeping

ﬂwta%gﬁmﬁghqu o6h MySO4 powder (~1 00-20Qg) until the KF

is solution reached at or bel ow 1000 ppm The
solids were filtered away and washed with dry MeCN

Tt is ik e Némd _Igful@ filsk Mlg@oﬂ{@lﬁ)}%ﬁ:}l ﬂ@ﬂy Qthdud enyBuBds) CAltHo[igh the batch is not
o -
very gl § e gp s eaptosanecir D el o G FRI ey = dhsasous

overfldvhef thebadtchs tTapfoaihite neadsus bé watpliedfvelyelsélpws 1.5 LCAP of
inmpurity B and 9.1 LCAP of inpurity C. Step 3: TES

di enyl ether
The remaining HCI (3N, 44.7mL) was added slowly while keeping temperature at 15-25 °C, and the

resulting mixture was aged for 30min at rt. The aqueous layer was removed, and the organic layer was
washed with 1 N ag HC1 (2x50 mL) and 0.5 N aq NaOH (50mL). The toluene solution was used directly

in the next step

Any E-isomer of the diene (<5%) which is present does not react in the Diels-Alder reaction.

A small amount of deprotected products 7 could form in the organic layer during the work-up.
Step 6: Deprotection and Epimerization

‘ OTES ag. HCI 0
*RO,C MeCN *RO,C7 Y
%R0,C . *RO,C .
7

6
R* = (-)-menthy!l

Materials: FW amount mmol equiv.
cyclohexene 6 671.01 31 1.0
acetonitrile 211 mL
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Materi al s: FWanpunt mmol equiv. vinyl ketone 3 164. 18

6.62 g 40.3 1.0 TESA 150.73 9.72 g 64.5 1. 6D PEA
wa2®7268564 34 g 64.5 1.6 MeCN 18 ni NHAC (2. 0 MEPAUSIYP6/026293

70 nL Tol uene 100 nlL Procedure : To 90.8g of the

7.29wt % enone 3 solution in THF/ MeCN t ol uene obt ai ned

fromstep 2 at rt was added nore dry MeCN (18nl) and

i Pr2NEt. TESC was then added slowly while maintaining

re. sol ution vvas stlr dat r ntil LC revegl ed
aqueouégr%{{g?:é conversi on (- Lo ngctl on was qggnched

W th 2wt % aq NH4ACI (7om_) The organi c | ayer was

separated and washed with water (7Qr1L). It was then

concentrated and flushed with toluene to ~37wt% with a
Proceduie: of ~200ppm Assay yield: 8.64 g, 77% NMR shows <5%

of the E—isomer Step 4. Di- Materials: FWd/conc

nt equiv. fumaryl chloride 152.96 1.412 80.5 g .

The tolclg@o/@lua%@ow Stgp MRS zfgcgm)ateé lgremge @17501‘@17"88"}‘@11 ."Gﬁl &f?feg'mle’ to
give 210mL slurry in acetonitrile. Aqueous 6 N HCI (6.2 mL) was added. The slurry was stirred at room

temperature for ~2 h, at which point HPLC indicated that the reaction was complete.

The desilylation initially gave a mixture of 2,3-cis and 2,3-trans ketones, which, driven by

crystallization of desired 7, isomerized to predominantly trans.

After aging, filtration followed by 3x51.4 mL (3.5 volumes) acetonitrile slurry washes and drying in
vacuo overnight at 60 °C yields a white solid (15.3g, 98.6wt%, 87% yield).

EXAMPLE 2—KETONE REDUCTION TO COMPOUND A.

Step 1. Ketone Reduction to Triol

<OH
*RO,C «%\ Lit-BuO)sAH «go, ¢ LiAIH, H(}/%\ i E
*ROZC *ROZC *ROzC HO— F

R* = (-)-menthyl 1a

Materials: FwW mass volume mol equiv.
ketone 1 556.75 7.25 kg (96.5wt%) 12.57 1
Li(t-BuO);AlH (1.0M THEF) 189L 18.86 1.5
THF (KF=74.5 ppm) 25L

LiAIH,4 (2.3M THF) 7.11L 16.34 1.3
HCl (50%v/v, 6.0N) 29.5 L 177 14.1

HC1 (conc., 12N) 89L 106.8 8.5
Heptane 35L

NaOH (10.0N) 14L 140 11.1
Ethyl Acetate 2x39L
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ment hol i-Pr2NEt 129.25 0.742 191 nlL 1.10 2.20 DVAP

122.17 3.05 g 0.025 0.05 toluene 600 nL 1.0 N HCO H
w@rd07008584 0. 22 NaCl 60 g Procedure: To a 3- neckp€1/851006/026293

was charged tol uene (500 nL) and (-)-nenthol (157.8

g). The solution was cooled to 20 0C and fumaryl

chloride (80.5 g of 95% was charged with 80 nL

tol uene flush (no exotherm was observed). i-Pr2NEt

s RT3, TSR "SR 10 20 T

afterwards. The dark slurry was then allowed to warm
Procedife 2 1 OC over ~60m n to give a dark solution, which
—  showed conpl ete conversion by HPLC. At room

tenperature, a mld exotherm caused the tenperature to
ri se t 8dd3QLJEF tota WOLIRBewillesi fngh|atnaesphesgye Caal theflask do —40 °C and

f -2 N before warmng, u rt. .60 f . o
s it Ot a8 153 06 S R0 1k e Rggipegego <25 .
Stir atwa8 tcHl5 @Whamptil a8t dtdingOmngadl Genhasgall WolRl dasked), apbioRin®dy 2-3 hours.
Th rrL/ aﬁuteo.u 0. 11[5 %%HCI containing 5 wt% NaCl . The dark
° Uy gk ?b°1F§SVé°|a {800 L, 710 g) showed 93% assay yield
(182 g, 0.464 nol product in 98LCAP) and was

concenty at to 378. f{j‘ 8\/\1'\3‘@0 for dir. in th _
b o 5 A ate SR B Rl il L 1 B el v up 1010
°C andy@iplylvobling to keep the temperature <30 °C. Stir the reaction mixture at room temperature until

observing complete reduction to the triol (<0.5% desired diol 1b left), >3 hours.

Cool the batch to ~0 °C and reverse quench slowly into 6.0 N HCI (23.5 L) while
keeping the temperature <40 °C. Use 2 L. THF to rinse the reaction vessel. Caution! Significant H, off-
gassing and exotherm will occur over the entirety. Two clear layers should form if settling occurs.
Concentrate the quenched solution to ~30 L (4.3V) (water starts to condense at this point).

Add heptane (35 L) followed by 6.0 L. 6.0 N HCI and 8.91. 12.0N HCI to dissolve a rag layer.
Cut and keep the aqueous layer (~40L) (org layer ~43L), being certain to keep any rag (<250ml.) with
the aqueous. Assay each layer to ascertain the menthol distribution, which should show <2% remaining
in the aqueous. Charge the aq layer back to the extractor with 1 L water rinse. Titrate to pH ~1.5-2 with
~14 L 10N NaOH while keeping temperature <30 °C (charge 12 L first, followed by 0.5 L portions; pH
is ~0 after 13 L is charged; it could take ~10—15min for pH meter to give a stable pH reading.).

Add 39 L EtOAc and stir vigorously for 30 min. Make sure pH is ~1.5-2, otherwise add 10 N NaOH or
conc HCl in 250mL portions to adjust the pH. Allow 1-2 h for the emulsion layer to break up. Cut and
keep the aqueous (50 L), which should show ~14% product remaining. Drum off the organic (41L)
followed by addition of collidine (35mL) to adjust to pH ~4—4.5. Repeat the extraction once more with
39 L EtOAc (faster settling this time). The aqueous layer should show ~2% product remaining and is

discarded.

A pH of —0.4 would result in slow decomposition of the triol, possible to
acetate at ~0.1%/h. A higher pH to ~1.8-2.0 reduces the aq solubility of
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Step 5: Diels-Ader Materials : FWmmpl equrv. diene 4
278.44 8.64 g 3 1 1.0 di-(-)-nmenthyl fumarate 5 392.57
wa2006/00858%. 2 1.2 di et hyl al umi num chl ori de 1.8 MT/052006/026293
29.3 nL 52.7 1.7 hydrochloric acid 3.0 N52.7 nL 158.1
5.1 hydrochloric acid 1.0 N 100 nL 100 3.2 NaCH 0.5 N
50mL 25 0.81 Procedure: The tol uene sol utions of diene

4 (23 4 g, 37w % and di ment hyl fumarate 5 (30. 4q,

onbi ne coo ed t
i et hyPAT it 0 FEL 07 FREOSERULT SH ToeRSh (D g
29. 3 ntipl sehsion doeid AoiestablSatipth] . 4Hoet giand)attpe4-5 at 45 ° (8
terrper@aé,%re bel ow 5 0C (exotherm c addition). The dark
or ange [ution was aged at 0 OC for 18 h ( 90%
conversion), and then at 2 1 0C for [
r eac hedonsgBmacthp casmbinedipreapic lpyees aad §1Pfihe‘ﬂ1ﬂb%tﬁ)ﬁért% Bk Withsr KF <1000

ppm. ]ﬂﬁ)ﬁl om{llea\ﬁqglnne@{efewl-tEWLSM@@N Ghnfea i patidaBdIN Y0 1f14gr@ Er8hsBriol (91%Y),
I f necessary) could be added at any point of

3.02 kg toted tricdn(tralieis r2ac flhe reswliing saletiondsstetde effrt) fqry?9qialé9nﬂélﬁei650 °C for >4
wi th aqueous 3 N HO (8 nL) over >60m n while keeping

the tenperature at 15-25 0OC. It is inmportant to add

this first portion of HO very slowly wthout any

bursts. Al though the batch is not
Step 2: Sulfonylatlon

days.

F
OH F nPrsSO,Cl, . H
2,4 6-collidine
ny -OH 1, LOSOLPF wm OH [ 1, OSO,Pr
MeCN-EtOAG, rt 2 2

OH OSO,Pr OSO,Pr

’O
ile)

2a 2b 3

OH F
i, Q80oPF
0SO5Pr
A B c
Materials: FW mass volume mol equiv.
Triol 2 254.30 434 kg 17.1 1.0
nPrSO,Cl1 142.6 6.59 kg 5.18L 46.2 2.7
collidine 121.18 6.01kg 6.55L 49.6 2.9
MeCN 22L
HCI (1.0N) 21.6L 21.6 1.26
EtOAc 14L
NaCl 10% aq 38L
HC1 (50%v/v) 0.50L 3 0.018
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very sensitive to heat, rapid off-gassing and foam ng

upon addition of HCO could result in a disastrous
w@@robsses of the batch. The foam ng needs to beCTEHShe€R6293

very closely. The remaining HO (3N, 44.7n) was added

slowy while keeping tenperature at 15-25 0C, and the

resulting mxture was aged for 30mn at rt. The

aqueous | ayer was renoved, and the organic |ayer was

washe i.th 1IN ag HCO (2x m.) and,0.5 N ag Na
NaOH(SOTL;j(.l'\&TJLe t ol uene sol ut ﬁg was uggd di rec?l y in the
NaCl next Si%pg Any E-isonmer of 20He diene (<5% which is
present does not react in the Diels-Ader reaction. A
smal | amount of deprotected products 7 could formin
the organic layer during the work-up. Step 6:
ProceddfEPr ot ection and Epinerization Materials: FWanount
—  mol cycl ohexene 671.01 3 1 1.0 acetonitrile 21l
nm_Laqueous 6.0 N HO 6.2 nl 37.3 1.2 Procedure . Th .
t ol uerfehags| the freh selpiith CPRNEE ferd oAtbRn b 2 e OF other riols and
~8.7 L ERIAR/E4 8IMe@0 RuEN080pph, bGe tond1 %I 11,89,eMeTN t14ill)@nd 4-8rSO,Cl to a 100L
ive 210nL slurry in acetonitrile. Agueous 6

extractqlo, Gooihp SBGOMIRILHC TG, S, lin S PPEEna PPGRPIInS to keep the
reactim{i %g{ﬂ%{aﬁﬁ‘&[ﬁSb? bc~& snlrrngmﬁﬁmli@ﬁh A_hiat HPLC indicated

that the reaction was conplete. The desilylation
initially gave a m xture of 2,3-cis and 2, 3-trans

kl\%%‘? e r%iti&hby Ae ieV&? h&¥ after 2h mark until no starting material and <2.5% of the
mono-sulfonates 2a+b are left (typically 4-6 hours). Leaving the reaction run for longer leads to

more tri-sulfonate C formation.

After 230min (2atb: 120 min-14.4A%, 180 min—4.6A%, 210min—-1.4A%, non-SM
related peaks—collidine, EtOAc, n-PrSO,Cl-are not integrated), quench the reaction with 1 N HCI (21.6
L) and add 14L more EtOAc The quench is slightly endothermic to ~15 °C and then back to ~18 °C.
Cut away the bottom aqueous layer (~34 L). Wash the organic layer with 10% NaCl (38 L) combined
with 50%v/v HC1 (6.0 N, 0.50 L) to remove any residual collidine. Cut away the bottom aq layer (~41 L)
and add NaOH (1 N, 30L, removing PrSO,CI) to the organic layer while keeping temperature <27 °C.
Stir for 15 min and let the layers settle. Cut away the aq layer (~36 L) and wash the organic layer, which
should show <2mol% of n-PrSO,Cl left, with 6% NaCl (20L). Cut away the aq layer (~24L ) and collect
the organic layer (25.6 kg) with 1 L EtOAc rinse and assay for yield (6.80 kg 3, 85%).
It is then concentrated to an oil, flushed with 20L cyclohexane to an oil and then with 30 L CH,Cl, to
~10 L (transfer the solution to a new flask via an inline filter after 15 L CH,Cl, is used and then continue
the distillation), when KF should be <250 ppm and EtOAc <8mol% by LC. The solution is used for the

next reaction.

Step 3: Imidate Preparation
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crystallization of desired 7, isonerized to

predom nantly trans. After aging, filtration foll owed
who03x0a85644 nL (3.5 vol unes) acetonitrile sl urrpCESINes026293

and drying in vacuo overnight at 60 OC yields a white

solid (15.3g, 98.6w% 87% yield). EXAMPLE 2- KETONE

REDUCTI ON TO COVPOUND A. Step 1. Ketone Reduction to

Triol Materials: FWnmass volune nol ketone 1 556.75

7.25 g (96.5w% 12.57 1 Li(t-BuO 3AIH ({.0M THF)

18.9 If 18,86.1.5 THF piE= ppm) 25 L Li (2.3M

THE)O™ 7 fé?sd 1.3 H(%“Z?’ggomv, 6. 0%),c29; CFs
OH

14.1 HC one, 12N) 8 %Hl: 106.8 8.5 Heptane 35
(10.0N) 1% L 140 11,155 }éf\' Acetate 2 x 39

L2, 4, 6- cdPai di ne 151 Y@ HEA 22 x 0. 035 L 2x0. 2%
0. 04 gro% dure Add 22L THF to a | OOL RBF with%an inert
at noé Cool the flask to -40 0C and

Materials: FW mass volume mol equiv.
(S)-BTBA 258.16 8.00 kg 31.0 1.0
CCI3CN 144.4 492 kg 342 L 34.07 1.1
DBU 152.24 92.2 mL 0.62 0.02
Cyclohexane 4241

CH,Cl, 8.6L

Procedure:

To a 100 Liter Flask containing 27 L of a 4:1 mixture of cyclohexane/CH,Cl, was added 8.0 Kg of (S)-
BTBA as a solid and the sides of the flask were rinsed with an additional 10.3 L of 4:1 mixture of
cyclohexane/CH,Cl,. To the resulting slurry was added 4.92 Kg (3.42 Liters) of trichloroacetonitrile
followed by 92.2 mL of DBU. The reaction mixture was aged at rt for 5.5 h and assayed for completion.
The reaction mixture was then transferred to a 100 Liter extractor rinsing the reaction flask with
cyclohexane. The mixture was washed with 27 Liters of water and then with 27 liters of brine. The
organic layer was then filtered over a small plug of Solka floc and azetropically distilled under reduced
pressure ( 24 mmHg, internal temp < 35 °C) and a final volume of ~15 Liters and a Kf < 200. Assay
yield = 12.00 Kg (96.2%).

Step 4: Etherification
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add Li (O 1Bu) 3AIH Charge ketone 1 as a solid with a
THF (3 L) rinse while keeping tenp < -25 0C. Stir at

w0 3®7me8se8B5 0C until <5% starting material renmeCTES1086/026293
solid dissolves), approximately 2-3 hours. The
trans/cis ratio is typically ~25. Warmthe reaction
m xture to ~-20 O0C and add LiAlH . Allow the batch
wapn up to ~ 10 OC and apply cooling to keep the
tenperature <30 OC. Stir the reaction mxtgre at room cr,
tenperature until observing conplete red ion to the
triol 1(D<O. 5% desdr; ed 1di10h HBR, heefet ), 3B p CooIHe'RgéiEL

batehy®8 - 0 0 d r@%eg/syelompmach sl 6.
Prom%ﬁu“a KEEpiNg The 3.8, 9&9% <49 s&%

ArolsoTH e the react| on ves ﬁ

Si gni fi cant 'aqffg@g@ ng and exot her g wi I occu? Qver

the entirety. Tvvo clear layers should formif settling

occurs. Concentrate the quenched solution to -30 L

(4.3V) (water starts to ndense at, this jnty. Addcrs
hept ane (3 Prone 6 0 L 650 N and 8 oL
12,0 H@bzs Ivés or -~ Ch; oF,

aqueous | ayge ( E) (6Fg Iayer ~43L), being c rtaﬁ 0

to keep any rag (<250nm) with the aqueous. Ass

Iay°er to ascePtain the ménthol di8tributi on y ﬁ:&m"@c“

shoul d show <2% renai ning in the aqueous. Charge the

aq | ayer back to the extractor with 1 L water rinse.
Materidb:t r atEwt 0 pH ~Im&s2 Wi t Rotudé L | OsidNaOH whi | e k@épi ng

tenperature <30 OC (charge 12 L first, followed by 0.5

L portions; pHis ~0 after 13 L is charged; it could
Alcohdl ake ~4-585mi n f@T3H neter to gi vété stable pHLO

adin Add d stir vigorougly for 30
Imldatef f hﬁne . %s‘-@%ﬁ?@% 238 g

re p 2, otherwi se add | ON NaCH
HBEF, (é/,’l-wt% in Et,0) 0.558 L 4.09 0.28
cyclohexane ~10L
CH,Cl, ~9L
NaOH (2.0N) 16 L 32 22
IPA 125 L
Procedure :

Charge the CH,Cl, solution of the cyclohexanol 3 (containing 6.73 kg active 3 + ~0.78
kg of related other alcohols and ~6 L. CH,Cl,, KF <250 ppm, equiv <1.2mol% H,0) to a 100 L extractor.
Charge the imidate solution (~850 g/L in cyclohexane, ~11 L, containing ~2 L cyclohexane) followed by
additional cyclohexane (8.0 L). The mixture turns cloudy due to 3 oiling out. Add more CH,Cl, (2 L) to
dissolve the oil. Cool to —17 °C (oiling out at ~0 °C) and add more CH,CL, (1.3 L) to dissolve the oil.
The KF at this point should be <110 ppm (<1.5 mol% water). Add 0.17 equiv of HBF, (0.339 L) in one
portion, resulting in temperature rising to —16 °C. The slightly cloudy mixture is aged at—16 °C. It turns

clear in ~40 min and a slurry starts to form and thickens as the reaction proceeds to generate poorly

soluble trichloroacetamide A.
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cone HG in 2501 portions to adjust the pH A low 1-2

h for the enulsion |ayer to break up. Cut and keep the
wa@owansse{ 50 L), which shoul d show - 14% pr oducPCT/US2006/026293

remai ni ng. Drum off the organic (41L) followed by

addition of collidine (35nL) to adjust to pH -47.5.

Repeat the extraction once nore with 39 L Et OAc

(faster settling this tine). The aqueous |ayer shoul d

show ~2% product remai ning and is discarded. A pH of

After zig&o)tgga[t W?g |°€ J&Zi&ﬁ{lt sle?d alssoa\év r%%n%ﬁ %Z%'r]%o'aﬁ chP ! Js?lga&or oto ~6. For slightly
higher cdnvdrs#n00.1 € d4GE ot 1EBBY0.3 0 Dﬁis laide f@ﬂdﬁlh@i)y agdih at LOO°C for 4 h. The
hi gh a pH woul d result mgh formation (Al ( 37?
e

reactionfithep wermesdp gtoComdiagedsionhd tefore being gueaghed pyith MaOFT (4 N, 16 L). The
t 4-5 atq4 ny

by M 0 et 15, ARGIANEL PSSOl B RybE qoved o s

The boffiomninqaecdh lay&i0E08 pp i cuDrvanaod themrgalnicdayek sl washedf witlt By L of water. The

cloudyvuotttlgm or%an%el% ri% /§8 Ectgggrgsea&é@ (iid Xf (yi’l 090}1 éﬁgratgzl }o |~250 L, and flushed

Ians- T ot a t rans
with IPAQ@)) L) Widle kespitgtHatel) tapetshiro ak 49 °€taaﬂ> belumt atr+50f60rL to@nable stirring as
at 50 f.or >4 St e ation

the pr(%g%/t cp{sgaﬁil Zes ﬁ%ggal \Y8}ume oga%? L.Ils e Fh é agg {eggln% sléuzy I1<S aged at rt until

mothedfqubr §ho®vsPl SO BES (51%4X%0855. BBe kgdixet 18thén Alerdd, vaghed w1th IPA (35 L),
and dried. 7.07 kg, 98A%, 96wt%, 6.82 kg corrected, 67% yield.

Step 5: Cyclization with Allylamine

CFs CF3

Me:, :
© 'K©\CF3 )5eq >N Meu(©\CF3

IPA (4 LIKg), 80 °C, 4 h

2) 1.6 Vol. water
(95%)

5
Materials: FwW mass volume mol equiv.
Bis-propylsulfonate 5 706.73 6.79 kg 9.61 1.0
allylamine 57.09 2.85kg 3.74 L 48.0 5.0
IPA 27.0L
Water 430L

Procedure
The reaction vessel was charged with [PA (27 L), allylamine (3.74 L, 50.0 moles), and bis-
propylsulfonate (6.79 kg, 9.61 moles).
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collidine 121.18 6.01 kg 6.55 L 49.6 2.9 MeCN 22 L HC
(1.0N) 21.6 L 21.6 1.26 EtOAc 14 L Nad 10% aq 38 L

woigo708360v/ v) 0.50 L 3 0.018NaCH (I.QON) 30L 3PCUUFH06/026293
NaCl 6% aq 20 L Procedure Charge the triol solution
(containing 4.34 kg active triol + 0.23 kg of other
triols and -8.7 L EtOQAc + 4 L MeCN, KF ~2000ppm equivV
10mol % H2O), MeCN (14 L) and n-PrSO 2C to a | OOL
extractor. Cool the solution to 15 0C and add

collidine all in one portion. Apply cooling to keep
the re [ f enper 8-21 4
' RERAT ARG SN E Rl 0 oty A AR Mk VLR

af t er diffionlitkstinriflielreastorsmiture lagsematewpoalbeating aepbgamof
the moggmsiidif ﬁ&ﬁ&%ﬁeo@@ﬁbﬁg—%@ ob & dte ﬁlwa@l'yf‘aahl{evwﬁbgilin at +53

hours), Leaving the reaction run for longer |eads
nore t1G-sulfonate C formation. After 230nin (2a+b:

The mﬂ(allge ?llsgheét'@d #F%-Sll)?@dfm 41, 41}%(5&% codlkl EF? -FSHOI’C‘}:A%oxﬂ’l@lﬁpecﬁere.
r e ea -CO 1 dl ne, , nN-pPr -a (0] o
One halﬁeﬁogaﬁwa}f @her ?la wendtRs @ﬂ@d ragig? i%ﬁatﬁh Rt %%%9%{556 g [52‘%”)

The batch may crystallize without seed but seeding gave more consistent results.

The batch was aged for 30 min and the remainder of water (29.5 L) was added over a couple hours. It
was filtered, washed with 65/35 H2O/IPA (12 L). Product was dried at +40 °C for 24 hours under a
stream of nitrogen to give 4.9 Kg of product (95% yield).

Step 6: Deprotection
C F3 cO 2H CF3

o
1) 1.05eq
Me/,' CF3 Me/,‘ CF3

Pd,(dba)s (0.005 mol%),
dppb (0.01 mol%), THF, +40°C , 4 h

2) MTBE, HOAc (1.1 eq)

i HOAc F

(96%) 6
Materials: FW mass volume mol equiv.
Allyl-protected pyrrolide 515.5 5.16 kg 10.0 1.0
THF 25.8L
Thiosalicyclic acid 154.2 - 1.62 kg 10.5 1.05
Pd,(dba); 915.7 46.0 g 0.005 0.005
Dppb 426.5 43.0¢g 0.01 0.01
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30

L) and add 14L nore Et OAc The quench is slightly
endothermc to ~15 0C and then back to -18 0C. Cut
w@way/00d3e4 bot t om aqueous | ayer (~34 L). Wash tP@I/US2006/026293
organic layer with 10% NaCl (38 L) conbined with
50/v HO (6.0 N, 0.50 L) to renove any residual
collidine. Cut away the bottomaq |ayer (~41 L) and
add NaOH ( 1 N, 3CQL, renoving PrSQ2C ) to the organic
MTBE' ayer while keeping tenpey afiur e <27 0C. Stir for 15
mn and let the | ayers sett Lé Cut away the aq | ayer
NaOH (~36 L) and wash the or ga@di8d (1ay&.8 whi ch shoul d show
Water<2m)|%0f n-PrS2C left,,owth 6% NaCl (20L). Cut away
the aq |l ayer (~24L ) and collect the organic | ayer
AcOH (25. 6 &5 wi t h 1660 ebt OAc 2P ide andlh8say Fbr vyiel d
(6.80 kg 3, 85%. It is then concentrated to an oil,
flushed with 20L cycl ohexane to an oil and then wi t h
30 L CH2A 2 to -10 L (transfer the solution to a new
Procedgteask via an inline filter after 15 L CH2A 2 is used

The rea2f6n ¥dISID waOEHatdod &ith fIEIFQR%iS L), laB§1@in} prosdaea pisirolkieu(b d6 Big, 10.0
moles),f< %ﬁ?@lﬁ%mwiggmgtélaqa ﬁg% 8 ?)SX éﬂ'ﬁe ﬁ#@o}trﬁg{ ulrjet wa%,rhegasselé angI dppb (4.3

g, 0.01 Bi&Ws&HﬂéﬂMv&ﬂibg Tﬂz(dHEW(%%SO V(33 mﬂEurﬂEi nl(r@eﬂB[ﬂB/kuxture was

ned 33 470 O Dy o oS S 05 5
stirred §t4-l- gf f @q i éevrertse ad 1r60 itlr % b ﬁselc):( rélhxéure made of
MTBE421 B) dndCHR &du20i8 NaOH solution (25.8 L). Layers were separated and the organic was
washed with water (2 x 23 L). The organic solution was concentrated under vacuum with feeding of

MTBE (in-line filtration w/ 1 Om) with a constant total volume of ca. 45 L to lower the KF to less than
5000 ppm.

THF at the end of distillation is <10 vol%.

The mixture (ca. 8-10 L MTBE/Kg) is heated to ca. +50 °C and acetic acid (10 Vol%, 62.9 mL) was
added and the batch was seeded (0.1 wi%, 5 g) to initiate the crystallization. It was aged at +50 °C for

30 minutes and remaining acetic acid (535.5 mL) was added over ca. 1 h at +50 °C.

The salt crystallizes as a quite thick slurry but remains stirrable. It loosens up upon

aging. Alternatively, acetic acid can be added as an MTBE solution (ca. 1 M).

After aging at + 50 °C for 2 h the batch was cooled to room temperature and aged for another 2 h, it
was filtered, washed with MTBE (8 L) and dried at +40 °C under vacuum for 24 h to give 5.14 Kg of
the product (96% yield). Pd was ca. 25 ppm.

Step 7: Preparation of Compound A
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Procedure : To a 100 Liter Flask containing 27 L of a
4:1 m xture of cycl ohexane/CH 2C 2 was added 8.0 Kg of

W@ 3)07/08FBA as a solid and the sides of the fl| aB&I/Wg2006/026293
rinsed with an additional 10.3 L of 4:1 m xture of
cycl ohexane/ CH2Cl 2. To the resulting slurry was added
4.92 Kg (3.42 Liters) of trichloroacetonitrile
followed by 92.2 nL of DBU. The reaction m xture was
aged at rt f 5.5 h and assayed for conpletion._ The
reaction mxtu?‘e was thengtransferred to a 100 Tot er

extractor ri ngthe reagtion flask with cycl xane.
The m xMer. g 27 Liters of wade CFs

t hen W|th027llters T bri The organic | ayer was

t hen 'ered over a smahhoql ug of Sol kayThoe and

iy dlstllled under Teduced ppeSst

MTHg - & tenp BAE5*BC)0 e a fi naN yol of ~15
Li t escsncand a KF < 200. Assay yield

Step 4: Ftherif cati GnBZVolWétErom Me nch)

Materials: FWmass vol u Al cohol 3 466 58 6. 73 kg
14.4 1.0 Imdate 4 402.2@3@)33 kg active 23.2 1.6 HBF4
(54wt % in Et20 87.8 0.558 L 4.09 0.28 cycl ohexane -10

L
Materials: FW mass volume mol equiv.
Acetic acid Salt535.5 7.36 kg 13.74 1.0
1,3-cyclopentanedione 98.10 1.48 kg 15.12 1.1
PA 30L
Water 36 L

A 100 liter flask was charged with IPA (26 L). To this was added the acetic acid salt (7.5 Kg) followed
by 1,3-cyclopentanedione (1.51 Kg). The sides of the flask were washed with IPA (4 L) and the
mixture is heated to + 75 °C for 1 h at which point HPLC indicated that the reaction was complete. To
the reaction mixture was then added 1/3 volume of water (10 L) keeping the temperature at + 60 °C.
The batch was seeded (2.00 g, 0.02 wt%) to initiate crystallization. After aging at 50-60 °C for 30 min,
the mixture was cooled to 40 °C. The remaining water (26 L) was added over a period of 1.25 h and
the slurry was aged for 12 hours at rt. The batch was filtered and the wet-cake was washed with 2 bed
volumes of 2:1 Water/IPA and then 1 bed volume of water and dried overnight under vaccum/N,sweep.
The resulting wet cake was transferred to a vacuum over and further dried at 45 °C under vacuum with

a sweep of nitrogen for 24 h to give 7.45 Kg of API (98% yield).
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CH2Cl2 - 9 L NaOH (2.0N) 16 L 32 2.2 DPA 125 L
Procedure : Charge the CH2O 2 solution of the
weyshobsssanol 3 (containing 6.73 kg active 3 +PEDUFBOKER6293

of related other alcohols and ~6 L CH2C 2, KF <250

ppm equiv <1.2nmol % H20) to a 100 L extractor. Charge

the imdate solution (-850 g/L in cycl ohexane, -11 L,

containing - 2 L cycl ohexane) foll owed by additional

cl.o (8.0 L). The mxture turns cloudy due to 3

WHATS%I(J‘T ."Add nore CH2A 2 (2 L) to dissolve the oil.

Cool to -17 OC (oiling out at - 0 0C) and add nore

CH2CL2, (1.3 L) t ' . L) o a) :

goi nt g’houl d be fgf%g%gk%\ﬁ @PQ Eyd%%d%d\;\;g?eer W%,&gld’g %@?%amagonms of
Formukaglli v OF HBF4 (0.339 L) in one portion, resulting in

tenperature rising to -16 0C. The slightly cl oudy

m xture is aged at -16 OC. It turns clear in -40 mn

and a slurry starts to form a@Fjt hi ckens as the

reacti on proceeds to generate |poorly sol uble

trichl oroacetam de A After aging at -16 0OC for 18

hours, LC assay reveal s - 82% v and a 5/5a ratio of

~6. For slightly highdsCeor sg0. 11 equiv nore

HBF4 (0.219 L) is added foll ow ng by aging at -16 0C

for 4 h. The reaction is\@hen wanned to 5 0C and aged

for 1 h before being ||I‘che NaOH (2 N, 16 L).

The exot herm bri ngs poR&ratyre to 18 0C. After
aging at rt for ~15m he , s are allowed to
settle. The bottom agpeous |ayer (-18 L) is cut away
and the organic layerN s/washed with 18 L of water.
The

R1

@

and pharmaceutically acceptable salts thereof, wherein
R1 is selected from the group consisting of

(D hydrogen

) C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,

3) cyclopentenone, which is unsubstituted or substituted with halogen, hydroxy! or
methyl,

(4)  -(CO)Ci-galkyl,

(5)  -(CO)-NH2,

(6) -(CO)-NHC1-6alkyl, and

(7)  -(CO)-N(C1-salkyl)(C1-6alkyl);
X is independently selected from the group consisting of:

€9 hydrogen,

2) fluorine, and

3) methyl;

comprising:
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cl oudy bottom organic layer is collected (assay yield
of 5: -749%, concentrated to -20 L, and flushed wth

wo RA70@364.) whil e keepi ng batch tenperature atPEHOSDI/026293
and volunme at -50-60 L to enable stirring as the
product crystallizes out. A final volune of -70 L is
reached and the thick slurry is aged at rt until
not her |iquor shows <11 g/L loss (5/5a <0.55). The

LS hen fi shed with EPA (35 L), and

Swp(alﬁaqwgaf %ﬁ“cgﬁi@ﬁg %ﬁgﬁ 6. 82 kg corrected, 67%
yield. Step 5: Cyclizati | am ne Nhterlals
FW mass vol ume nol Bi |suCQQ| te 5 706.73 6. 79
kg 9.61 1.0 allylam 2.85 kg 3.74 L 48.0 5.0
| PA 27.0 L Water 43.0 L ocedure The reaction vesse
was charged with BPA (27 L), allylamne (3.74 L, 50.0
mol es), and bi spropyl sul fo@te (6.79 kg, 9.61

with SOU188 hn ArotiRNehtRGTaRY i tBe preft@cddDatfitstRatigs t@pioeidy a compound of
thick (pasty) mxture that was difficult to stir. The

Formulad2kt i on ni xt ure | oosens up upon heating and becane
conpl etely honogeneous at +55-60 OC. Note that
allyl am ne was boiling at +53 0C.

©/\COCI
X |
x

€))

Step (b) reacting the compound of Formula (3) with NHMeOMe in the presence of an aqueous inorganic

base to provide a Weinreb amide of Formula (4)

7N 0] Me
= .0

Me

“4)
Step (c) reacting the Weinreb amid of Formula 4 with a suitable Grignard reagent in an second aprotic
solvent followed by a first quenching with Ac2O and a second quenching with an aqueous inorganic acid

to provide an enone of Formula (5)

(%)
Step (d) reacting the enone of Formula (5) with a silane reagent in a third aprotic solvent and an organic

base to provide a diene of Formula (6)
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The m xture was heated to +75-80 OC for 4 h, and was
cooled to +40 OC to roomtenperature. One half vol une
wo@booraesss4 (13.5 L) was added and the batch wasPGEHEM®U6/026293
(ca. 35 g, 0.5 w9%. The batch nay crystallize w thout
seed but seeding gave nore consistent results. The
batch was aged for 30 mn and the renai nder of water
(29.5 L) was added over a couple hours. It was
filtered, washed with 6535 H2Q DPA (12 L). Product
was dried at +40 OC f o houfsSilamder a stream of
nitrogen to give 4.9 of | pra ucL/(QSWbyieId). Step
6: Deprotection Materiahg? mas%s” vol une no
Al'lyl -protected pyrrolide 515.5 5.16 kg 10.0 1.0 THF
25.8 L Thiosalicyclic acidil54.2 1.62 kg 10.5 1.05
Pd2(dba) 3 915.7 46.0 g. 0. 0. 005 Dpph . 426.5 43.0 g
Step (¢ rq94ting, AP EFarmugy (6) Né‘tﬁq‘%?@.r%e 9f Formyyla 879 8 Wter 46.0
L AcOH 60.05 660 g 629 nL };§g/%cgﬁ?rocedure

RO,C

5 (7
wherein R is (-)-menthyl
and a Lewis acid in a non-polar solvent to provide a compound of Formula (8)

Silane-0 ¢ L X

\
—

“'CO,R
CO,R

(8)
10 *Step (f) hydrolyzing a compound of Formula (8) with suitable hydrolysis reagents in an organic polar

solvent to provide a compound of Formula (9)

®

15  Step (g) reducing the ketone functionality of the compound of Formula (9) with a first reducing agent,
followed by reduction of CO2R with a second reducing agent in an aprotic solvent to provide a triol of

Formula (10)
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The reaction vessel was charged with THF (25.8 L),
allyl am ne protected pyrrolidine (5.16 Kg, 10.0
woredoesdsseand thiosalicylic acid (1.62 Kg, 10.5P@miUsmp6/026293

The reaction m xture was degassed and dppb (4.3 g,

0.01 nol) was added foll owed by Pd2(dba)3 (4.6 g,

0. 005 nol) under nitrogen. The m xture was stirred at

+40 OC for 4 h, cooled to r.t and was reverse added

into a stirred biphasic nixtureéﬂgde of MIBE (41 L)

and 1N aqueous NaCH sol utiG 2578 L). Layers were

separated and the organic washed with water (2 x

23 L). The organic e O Ad coQcent rat ed under

vacuum wi th feeding of MIBEZ(in{/limg filtration w 1

DM with a constant tot#Ovolunk ofjea. 45 L to | ower

the KF to | ess than 5000 ppm THFat the end of

distillation is <10 vol % The m xture (ca. 8-10 L

MIBE/ Kg) is heated to ca. #®0 0C and acetic acid (10

(7% - i) t ) ] .

St s B B S A e A (e Rl g aoreanie
base togrovidgr eporpid dFomytlds and remai ni ng acetic acid

(535.5 nL) was added over ca. 1 h at +50 OC. The salt

crystallizes as a quite thick un but remains

stirrable. It |oosens up up ng. Alternatively,

acetic acid can beR4Qg8®-as~an MRBE sol ution (ca. 1

M. After aging at + 50 0C for:z 2 N bat ch was

cool ed to room tenperagu age anot her 2 h,

it was filtered, masheg %E?Epﬁ}BE g1)“and dried at

+40 OC under vacuum for 24 h to give 5.14 Kg of the

product (96%yield). Pd Wag) 1§a. 25 ppm

>

wherein R? is methyl, ethyl or propyl,

Step (i) reacting the compound of Formula (11) with compound of Formula (12)

CFs

H.C
3 CF,4

HN._ O

CCly
(12)

in the presence of an acid catalyst in an aprotic solvent to produce a compound of Formula (13)
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Step 7: Preparation of Conpound A2 h 2. 1.2 Vol Water
(98% Materials: FWmass volune nol eqi Acetic acid
w@adoy/088364 5 7. 36 kg 13.74 1.0 1, 3-cycl opent anePiDN82006/026293
98.10 1.48 kg 15.12 1.1 I PA 3CL Water 36 L A 100 liter
flask was charged with IPA (26 L). To this was added
the acetic acid salt (7.5 Kg) foll owed by
1, 3-cycl opent anedi one (1.51 Kg). The sides of the
flask were washed with 1PA (4 L) 2ﬂ9 the m xture is
heated to + 75 0OC for 1 h at whicly'point HPLC
i ndicated that the reaction was cogplete. To the
reaction m xture was then added | ol ume of water
(10 L) keeping the tenperptgre 2 Q0 OC. The batch
was seeded (2.00 g, 0.02 w9 [fo ™itiGke
crystallization. After aging 50-60 OC for 30 mn,
the m xture was cooled to 40 OC. The renai ni ng wat er

filtered and the wet-cake )was washed with 2 bed

vol umes of 2:1 WePerp8EPAANd then 1 bed vol une of water
and dried overni ght undﬁfovgﬁzunihQSMeep. The
resulting wet cake was trafsterred to a vacuum over
and further dried at 45 OC under vacuumw th

(13)
Step (j) cyclizing the compound of Formula (13) with allylamine in a polar solvent to provide a

compound of Formula (14)

CF;

(14)
Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid to

provide a compound of Formula (15)
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a sweep of nitrogen for 24 h to give 7.45 Kg of API

(98% vyield). WHAT IS CLAIMED | S: 1. A process of naking
wharoissed ndol i ne tachyki ni n receptor ant agoni BEBHUS$006/026293

Formula (1) (D and pharmaceutically acceptable salts

thereof, wherein R is selected fromthe group

consisting of (1) hydrogen (2) C _6alkyl, which is

unsubstituted or substituted with hal ogen, hydroxyl or

phenyl, (3) cycl opentenone, WE h is unsubstituted or

substituted with hal ogen, hydrfo®yl or nethyl, (4)

-(CO-GCG - 6 alkyl, (5 -(CO , (6

-(CO -NHG - 6al kyl, and (7)

-(CO -N(Gi-6al kyl) (CGHgal k

sel ected fromthe group cfnsistind®

i S _independently
fo - (1) hydrogen,

(15)

optionally as an acid salt;

5  Step (I) reacting the acid salt of the compound of Formula (15) with a functionalizing reagent in a polar

solvent to provide the compound of Formula (I)

CF3

10

-38 -



10

15

20

(2) fluorine, and (3) nethyl; conprising: Step (a)

reacting a phenyl acetic acid of Fornmula (2) (2) with
w@EQO/A085M an aprotic sol vent optionally in thePQrESHNee6293

of a first catalyst to provide a conmpound of Formula

(3) (3) Step (b) reacting the conmpound of Formula (3)

with NHVMOWe in the presence of an aqueous inorganic

base to provide a Winreb am de of Fornmula (4) (4)

Ut | ab GAERGR AR g A ot e S ST P Ok

ormula (6)(6) Step (e) reacting a diene of Formula
6) with a fumarate of Fornula (7)

3. A process according to claim 1 wherein

Steps (a) and Step (b) is carried out in a single pot without intermediate isolation.

4. A process according to claim 1 wherein

in Step (a) the aprotic solvent is toluene or benzene; and the first catalyst is Di-methylformamide;

in Step (c) the second aprotic solvent is THF or Methyl-t-butyl ether or a mixture of toluene and THF;

the Grignard reagent is vinyl magnesium or vinyl magnesium bromide;

in Step (d) the silane reagents is chlorotriethylsilane, chlorotrimethylsilane, or t-
butyldimethylchlorosilane; the organic base is triethylamine, ethyldiisopropylamine, or DBU; the solvent

is THF, MeCN, toluene, benzene or ether or a mixture thereof;

in Step (e), the Lewis acid catalysts is Et,AICl, iBu,AIC], or EtAICl,; the solvent is toluene, methylene

chloride, 1,2-dichloroethane, or benzene;

in Step (f) the hydrolysis agents is aqueous HCI, HBr, HF, or HI; the solvent is MeCN or THEF;

in Step (g) the first reducing agent is LiAl(OtBu);H or NaBH,.; the second reducing agent is LiAlH, and
LiBH,.; the solvent is THF or diglyme;
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RO2C C 2R (7) wherein Ris (-)-nenthyl and a Lew s
acid in a non-pol ar solvent to provide a conpound of
wao-o00mabsse4 8) (8) *Step (f) hydrol yzing a conporemusf006/026293

Forrmula (8) with suitable hydrolysis reagents in an
organi c polar solvent to provide a conpound of Fornula
(9) (9) Step (g) reducing the ketone functionality of
t he conpound of Fornula (9) with a first reducing
agent, followed by reduction of CO2R with a second
reduci ng agent in an aprotic solvent to provide a

in Stept(h), dle aﬂq‘and?solfasnyl chlofid3)ig AropanStudfony]l lehloride ethanesplfongl chloridé, or

nethan%gulf%ﬁ% 5! oo fié Jtlgp or .nﬁcl'ba@]igéulﬁféoﬁwu{e %ldﬁ:gabr%[éylgﬁnb nt h €

an organi c pase rovide a c ound
tetramqﬂ@gjp]lgqn Hline] nontaetiy Injeeidiag.? @mehge 96 Epiily lamdnep 91e sg,lyent is MeCN THE,

methy 1B eQdBWride, FiOR (dr)Prbﬁ@Cth gighibRemhepound of Fornula (11)
with conpound of Formila (12) (12)

in Step (i) the acid catalyst is HBF,, BF3, or CF3SOsH; the solvent is methylene chloride, 1,2-

dichloroethane, toluene, trifluorotoluene, cyclohexane;
in Step (j) the solvent is 2-propanol, MeOH, EtOH or i-PrOAc;
in Step (k) the solvent is THF or MTBE; and

in Step (1) the solvents is 2-propanol or toluene and the functionalizing reagent is

an alkyl(aryl) halide, an alkyl(aryl) triflate, a dialkyl(aryl)carbonic anhydride, an acyl halide, an
alkyl(aryl)chloroformate, alkyl(aryl)sulfonylhalide, a haloaklyl(aryl)sulfonylhalide, an alkanoyl halide, a
benzylic halide, a halo-CON(alkyl or aryl)2, an alkyl(aryl) aldehyde or ketone in the presence of a

reducing agent, or sulfonylate.

5. A process of making a compound of Formula (I) comprising:

CF3

)

and pharmaceutically acceptable salts thereof, wherein

R1 is selected from the group consisting of
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in the presence of an acid catalyst in an aprotic

sol vent to produce a conpound of Formula (13)(13) Step
w@rooepedso«i ng the conpound of Formula (13) w tPCT/US2006/026293
allylamne in a polar solvent to provide a conmpound of
Formula (14) (14) Step (k) reacting the conpound of
Formula (14) with third catalyst foll owed by addition
of acid to provide a conpound of Fornula (15)(15)
optionally as an acid salt; Step (1) reacting the acid
sal't df) t hdvdegpbund of Fornula (15) with a
f unct i@nal i j-pakyledgenis usabsityiad @rsulstiiuealnyitht lalogem W dtexyl or
t he conpound of Formula (1) (l1)2. A process according
10 claim1l, wherein the conmpound of Forrmula (I) is 3.
A prod@ss agychpelitmgng, whhad unsdbstituied er subSiteted with halaged, hydroxyl or
;Step (b) is carried out in a single pot wthout
internediate isolatjon. 4. A process according to
clain1f)mheﬂ%@hciﬁa%wep (a) the aprotic solvent is
tol ueng) or peogEAg, and the first catalyst is
D - met hyl f or de. i tep (c) the second aprotic
solveﬁgyis'fﬁéﬁggfﬂﬁ?ﬁyﬁ%éa-butyl ether or a m xture of
t ol uen@ and(IBIFN(GhellG(@Gnealldly eagent is vinyl
. ._agnesi um o i nyl magnesi.um brom de; in Step (d) the
xis infgp PRty Rellea Komite ARARRIERR s | ane.

chl or ofly i neliyldydgsin,l ane, or tbutyl di net hyl chl or osi | ane;

2) fluorine, and
3) methyl;

phenyl

methy

comprising

optionally as an acid salt;

Step (1) reacting the acid salt of the compound of Formula (15)

CF5

HsC/, oF,

e

e
( _H\ Y4
{ ;

N

H
(15)

with a functionalizing agent in a polar solvent to provide the compound of Formula (I)

6. A process according to claim 5, wherein the compound of Formula (I) is
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5

the organic base is triethylam ne,

et hyl di i sopropyl am ne, or DBU; the solvent is THF,
wWOR@N00ES64 uene, benzene or ether or a m xture PEBUSDG/026293

in Step (e), the Lewws acid catalysts is Et2AId,

i Bu2ZAICl, or EEAIA 2; the solvent is toluene,

nmet hyl ene chl oride, 1, 2-dichloroethane, or benzene; in

Step (f) the hydrolysis agents is aqueous HC , HBr

HF, or H; the solvent is MeCN or THF;, in Step (g) the
[ duci ng agent is LiAl(OBu) 3H or NaBEL .; the
educi ng agent is LiAIHLt and LiBH .; the

sol v THF or diglyne;in Step (h), the
H3@Jka- fony chlorides is propanesul fonyl chloride,
et | f oDly4 chloride, or nethanesul fonyl chloride;

organi c base is 2,4,6-collidine,
etihyl di i sopropyl am ne, tetranethyl pi peridi ne,
hy| pi peridine, 2,6-lutidine, or triethylam ne;
nt—Fs MeCN, THF, nethyl ene chloride, EtQAc,
0 OA¢, 1, 2-dichloroethane; in Step (i) the acid
catalyst is HBF4, BF3, or CF3S8H, the solvent is
Néthylene chloride, 1,2- dichloroethane, toluene,
rifluorotoluene, cyclohexane; in Step ) the sol vent
2-propanol, MeOH, EtOH or i-PrQAc; in Step (k) the
@ vent is THF or MIBE, and in Step (1) the solvents
s 2-propanol or toluene and the functionalizing
O” reagent is an alkyl (aryl) halide, an alkyl(aryl)
triflate, a dialkyl (aryl)carboni c anhydri de, an acyl
hal i de, an al kyl (aryl ) chl or of or mat e,
al kyl (aryl)sul fonyl halide, a
hal oakt.yA (pedcyds hsdokdimy blagth 5 demprésingal kanoyl hal i de, a

Step (k) reacting the compound of Formula (14)
CF;

H.C,,
ShE CF,

O~

N

r

(14)
with third catalyst followed by addition of acid to provide a compound of Formula (15)
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benzylic halide, a halo-CON(al kyl or aryl)2, an
al kyl (aryl ) al dehyde or ketone in the presence of a
w0 e@aodsset agent, or sulfonylate. 5. A process PET/DBI0061026293
a conpound of Forrmula (1) conmprising: (1) and
pharmaceutically acceptable salts thereof, wherein R
is selected fromthe group consisting of (1) hydrogen
(2) G -6al kyl, which is unsubstituted or substituted
wi t h hal ogen, hydroxyl or phe , (3) cycl opent enone,
which is unsubstituted or substituted wth hal ogen,
hydr oxyl or nethyl, (4) -(CO~&_6 alkyl, (5)
-(CO-NH , (6) -(CO-NHC i yl, and (7)
-(CO-N(Gi _6 al kyi cCi Hg@l},k S _i ndependent |y
sel ected fromthe group cgnsisti n986$: (1) hydrogen,

(2) fluorine, and O
; —\ X
( _H\ /)
{

N
H

as)

optionally as an acid salt;

Step (1) reacting the acid salt of the compound of Formula (15) with an alkylating reagent? in a polar

solvent to provide the compound of Formula (I)

8.. A process according to claim 7 comprising

Step (j) cyclizing the compound of Formula (13)

CF3

wherein R2 is methyl, ethyl or propyl,

with allylamine in a polar solvent to provide a compound of Formula (14)
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(3) methyl; conprising optionally as an acid salt;
Step (1) reacting the acid salt of the conpound of
wao-o00mabsse4 15) (15) with a functionalizing ageneCT/NSH06/026293
pol ar solvent to provide the conpound of Fornula (1)
6. A process according to claim5, wherein the
conpound of Formula (1) is7. A process according to
claim5 conprising Step (k) reacting the conpound of
Forrmula (14) (14) with third &%talyst fol | oned by
addition of acid to provide ayc8npound of Fornul a
(15)(15) optionally as an acjchsalt; Step (1) reacting
the acid salt of the conpou Forrmula (15) with an
al kyl ating reagent? iH,®&, po gQl vent to provide the
conmpound of Fornmul a (|3 8. A proé@%s according to
claim?7 conprising Step (@) cyclizing the conpound of
Fornmula (13) (13) wherein R 2 is ggthyl et hyl or

propyl ,

(14)
Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid to

provide a compound of Formula (15)

CF;

(15)

as an acid salt;

Step (1) reacting the acid salt of the compound of Formula (15) with a functionalizing reagent in a polar

solvent to provide the compound of Formula (I)

9. A process according to claim 8 comprising

Step (i) reacting the compound of Formula (11) with compound of Formula (12)
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with allylamne in a polar solvent to provide a

conpound of Formula (14)(14) Step (k) reacting the
w@ooopoessed of Fornula (14) with third catal yst POI/US2006026293

by addition of acid to provide a conpound of Fornul a

(15) (15) as an acid salt; Step (1) reacting the acid

salt of the conpound of Forrmula (15) with a

functionalizing reagent in a polar solvent to provide

t he conpound of Formula (1) 9. process according to

claim8 conprising Step (i) redcding the conpound of

Formula (11) with conpound of Iiornula (12)in the

presence of an acid catal yst an aprotic solvent to
produce a conpound of Hermula R) (13) Step (J)
cyclizing the conpound “of “YFor a Ct3) with allylan ne
in a polar solvent tgnproyhde a conmpound of Fornul a
(14)(14) Step (k) reacfﬁﬁg t he conpound of Fornul a
(14) with third catalys?xéollomed by addition of acid
to provide a conpound o drmul a (15) (15) as an acid
salt; Step (1) reacting the acid salt of the conpound
in the ﬁfesleﬁw dfdh acid dfedlystfisd di aprditiv BElYén® foafrodiicé1g cangyaddf Honmala (13)
pol ar

CF3

(13)
5  Step (j) cyclizing the compound of Formula (13) with allylamine in a polar solvent to provide a

compound of Formula (14)
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solvent to provide the compound of Fornmula (1). 10. A
process according to claim9 wherein in Step (i) the
wa@edod/oesssal yst i s HBF4, BF3, or CF3SGBH;, the sPCTWES1006/626293
nmet hyl ene chloride, 1,2- dichloroethane, toluene,
trifluorotoluene, cyclohexane; in Step (j) the sol vent
is 2-propanol, MeOH, EtOH or i-PrQAc; in Step (k) the
solvent is THF or MIBE; and in Step (1) the solvents
i's 2-propanol or tolugqF 11. A process of making a
conpound of Fornmul a 1 flS) wherein R 2 is nethyl,
Step (kb?tréh)thng]he pomaoyihd ofFospulg (11) with dtiidregtalybiefolia ed by additidn of acid to
th conmpound of Formula (12) (12)
WOWdeau% oum#%é%rﬁ&a@? an acid catalyst in an aprotic
solvent to produce a conpoundcgf Formula (13). 12. A
process according to Claimll erein R2is
propyl ,the acid catal yst is HB&4, BF3, or CF3SQ3H, and
t he solvent is nethyl ene chl 1, 2-di chl or oet hane,
tol uene, trifl uorotolhighe ' xane. 13. A

(15)

as an acid salt;

Step (1) reacting the acid salt of the compound of Formula (15) with a functionalizing reagent in a polar

solvent to provide the compound of Formula ().
10. A process according to claim 9 wherein
in Step (i) the acid catalyst is HBF,, BF;, or CF3SO;H; the solvent is methylene chloride, 1,2-
dichloroethane, toluene, trifluorotoluene, cyclohexane;
in Step (j) the solvent is 2-propanol, MeOH, EtOH or i-PrOAc;
in Step (k) the solvent is THF or MTBE; and

in Step (1) the solvents is 2-propanol or toluene.

11. A process of making a compound of Formula 13
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(14) conprising: Step (J) cyclizing the conpound of

Formula (13) (13) wherein R2 is nethyl, ethyl or
w@e@ppbssewi th all yl amine in a polar sol vent toP@r/U8100€026293

a conmpound of Forrula (14).14. A process according to

G aim13 wherein R2 is propyl, and in Step (j) the

sol vent is 2-propanol, MeOH, EtCOH or i-PrQOAc.

CFj

wherein R2 is methyl, ethyl or propyl,

5  Step (i) reacting the compound of Formula (11)

with compound of Formula (12)

CF3

HaC
3 CF3

HNy_ O

10 CCly

(12)

in the presence of an acid catalyst in an aprotic solvent to produce a compound of Formula (13).

12. A process according to Claim 11 wherein R is propyl,
-47 -
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the acid catalyst is HBF,, BF;, or CF3SO;H; and the solvent is methylene chloride, 1,2-dichloroethane,

toluene, trifluorotoluene or cyclohexane.

13. A process of making a compound of Formula 14

CF3

5
(14)
comprising:
Step (j) cyclizing the compound of Formula (13)
CF4
R%0,S0
2

(13)
wherein R2 is methyl, ethyl or propyl,

with allylamine in a polar solvent to provide a compound of Formula (14).
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14. A process according to Claim 13 wherein
R2 is propyl, and
in Step (j) the solvent is 2-propanol, MeOH, EtOH or i-PrOAc.
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