PROCESS FOR MAKING HYDROISOINDOLINE TACHYKININ
RECEPTOR ANTAGONISTS BACKGROUND OF THE INVENTION This
application is directed to a process of making certain hydroisoindoline
tachykinin receptor antagonists. Substance P is a naturally occurring
undecapeptide belonging to the tachykinin family of peptides, the latter
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anxiety. In a first c&é@% there is provided a process of making
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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

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

disorders, including emesis, urinary incontinence, depression, and anxiety.

In a first aspect, there is provided a process of making hydroisoindoline tachykinin

receptor antagonists of Formuia (I)
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-1 CF3 H3C,, () NI1 R m and pharmaceutically acceptable salts
thereof; wherein RI is selected from the group consisting of 10 (1)
hydrogen (2) Cl-6alkyl, which is unsubstituted or substituted with halogen,
hydroxyl or phenyl, (3) cyclopentenone, which is unsubstituted or
substituted with halogen, hydroxyl or methyl, 15 (4) -(CO)-C1-6alkyl, (5)
-(CO)-NH2, (6) -(CO)-NHCI_6alkyl, and (7) -(CO)-N(C1-6alkyl)(C1-6alkyf);
X is independently selected from the group consisting o 20 (1) hydrogen,
(2) fluorine, and (3) methyl; comprising -la

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

{1) hydrogen

(2) Ci-galkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,

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

4@  «CO»Ci-galkyl,

5y «(CO)NHy,

(6) -{CO)-NHC1 galkyl, and

(7)  -«(COMN(C1-6alkyl)(C;-galkyl);
X is independently selected from the group consisting of:

{1}  bydrogen,

{2 fluorine, and

) methyl;
comprising:
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Step (a) reacting a phenyl acetic acid of Formula (2) OOOH X ~, r (2)
with SOC12 in an aprotic solvent optionally in the presence of a first
catalyst to provide a compound of 5 Formula (3) cOCI X (3) Step (b)
reacting the compound of Formula (3) with NHMeOMe in the presence of
an aqueous inorganic 10 base to provide a Weinreb amide of Formula (4)
0 Me 'e N10 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 A020 and a second quenching with an aqueous

Step (&) Pefstine &ehsYinterip psid GERRRIB D of Formula (5) (5) Step (d)
reacting the enone of Formula (5)with a-silane reagent in a third aprotic
solvent and an organic bas rovifle a déHekdf Formula (6) 20 -Ib o
0-Silane (6) S

@)

with SOCI2 in an aprotic solvent optionally in the presence‘ of a fret catajyst to provide 2 compound of

Formula (3)
7
y _@/\cc}cx
2

) ‘
Step (b) reacting the compound of Formuia (3) with NEMeOMe in the presence of an aqueous inorganic
base to provide 2 Weinreb amide of Formuia (4)

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

to provide an encne of Formula (5)

(5
Step (d) reacting the enone of Formula (5) with a silane reagent in s third aprotic solvent and an organic
base to provide a diene of Formula (6)

-1b-



Step (c) reacting a diene of Formula (6) with a fumante of Formula (7)
R02C'--~ CO2R 5 (7) wherein R is (-)-menthyl and a Lewis acid in a
non-polar solvent to provide a compound of Formula (8) Silane-O PX
"CO2R CO2R (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) O X "CO2R CO2R (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 trigFofgormuta &)zlc ,,.OH HO HO X (10)
Step (h) reacting the triol of*grmul (19), ith an alkylsulfonyl chloride in
the presence of an organic base®0 pro¥ide~s¥Compound of Formula (11)

(6)
Step (e) reacting a diene of Formula (6) with & fumarate of Formuls (7)

%

wherein R is (-}menthyl

and a Lewis acid in a non-polar solvent to provide a compound of Formuls (8)

Silane-0

_ &
*Step (£) hydrolyzing & compound of Formule (8) with suitable hydrolysis reagents in an organic polar
solvent to provide & compound of Formula (9)

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

Formula (19)

-lc-



,,OH R202S0O R202S0" X. (11) wherein R2 is methyl, ethyl or propyl,
Step (i) reacting the compound of Formula (11) with compound of Formula
(12) CF3 H3C CF3 HNyO CC93 10 (12) in the presence of an acid
catalyst in an aprotic solvent to produce a compound of Formula (13) Id
H3Cs.. CF3 CF3 .n x R202S0O R202S0O (13) Step Q) cyclizing the
compound of Formula (13) with allylamine in a polar solvent to provide a
compound of Formula (14) CF3 F13C,, f-"CF3 O x

HO

HO 7

(19}
Step (h) reacting the triol of Formuie (10} with an alkylsulfonyl chloride in the presence of en organic
bass to provide a compound of Formuia (11)

(1

wherein R2 is methyl, ethyl or propyl,
Step (i) reacting the compound of Formuia (11) ‘with compound of Formuia (12)

CFs ’

Hal CF4

HNs O
CCly

10 (12)

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

-1d -



Il (14) Step (k) reacting the compound of Formula (14) with third catalyst
followed by addition of acid to provide a compound of Formula (15) - le
CF3 H3C,,CF3 dx hlH (I5) as an acid salt; 5 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) CF3 H3C ,. CF3
N It R (1) 10 if In a second aspect, there is provided a process of making
a compound of Formula (1) CF3

CFs
N
HsC
3ty = CF,
N
; — X
{ _H\ /
Rzozso—-f ;
R20,30
(13)

Step (i) cyclizing the compound of Formula (13) with allylamine in a poler solvent to provide s
compound of Formula (14)

CFs

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

provide a compound of Formula (15)

-je-



H3C,,CF3 XN ItR (1) and pharmaceutically acceptable salts thereof,
wherein R1 is selected from the group consisting of (1) 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, (4) -(CO)-C 1-6alkyl, (5) -(CO)-NH2, (6)
-(CO)-NHC1.6alkyl, and (7) -(CO)-N(CI_6alkyl)(C1.6alkyl); Xis
independently selected from the group sisting of: (1) hydrogen, (2)
fluorine, and (3) methyl; comprising St&p k) reacting the compound of
Formula (14) -1g CF3

f
i

(13)

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 Formuia (T)

CF,

10
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H3C,, CF3 0 X N II (14) with third catalyst followed by addition of acid to
provide a compound of Formula (15) CF3 H3C,,CF3 O X NH (15) as
an acid salt; and 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 (1), In a third aspect, there is provided a process

of making g oAy g Q% krrowa 3 ¢:4h b6 sH a3 X oR2R2PH Formuta (1)

CF,

(0

and pharmaceutically acceptable salts thereof, wherein

R1 is selected from the group consisting of
(1) hydrogen
2) Ci.palkyl, which is unsubstituted or substituted with halogen, hydroxyl or phenyl,
3) cyclopentenone, which is unsubstituted or substituied with halogen, hydroxyl or
methyl,
(4) ~(COY-C galkyl,
(5} ~(CO)-NHz,
(6) ~(CO}-NHC|.salkyl, and
(7 ACO}N(C.galkyl(Ci.galkyl);
X is independently selected from the group consisting of;
(H hydrogen,
(2) fluorine, and
(3)  methyl;
comprising

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

..19_



R202S0O (13) wherein R2 is methyl, ethyl or propyl, Step (i) reacting the
compound of Formula (11) 0SOH R202S0O R202S0 X (ll) with compound
of Formula (12) CF3 H3C CF3 HNyO CCI3 (12) in the presence of an
acid catalyst in an aprotic solvent to produce a compound of Formula (13).
In a fourth aspect, there is provided a process of making a compound of
Formula 14 _ii CF3 H3C CF3 X li¥i4) comprising: Step (j) cyclizing the
compound of Formula (13) CF3

HaC,,

(14)

with third catalyst followed by addition of acid to provide a compound of Formula (15)

CF,

(15)

as an acid salt; and

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 (1),

In a third aspect, there is provided a process of making a compound of Formula 13

“1h -



H3C,, CF3 Q R202S0O R202SO (13) wherein R2 is methyl, ethyl or
propyl, with allylamine in a polar solvent to provide a compound of
Formula (14). DETAILED DESCRIPTION OF THE INVENTION In one
aspect the invention encompasses a process of making hydroisoindoline
tachykinin receptor antagonists of Formula (1) -1j WO 2007/008564
PCT/US2006/026293 CF3 H3C,,, 6CF3 O xUEN 11 R (1) and
pharmaceutically acceptable salts thereof, wherein RI is selected from the
group consisting of 5 (1) hydrogen (2) C1-6 hich is unsubstituted or
substituted with halogen, hydroxyliyc,,

wherein R2 is methyl, ethyl or propyl,

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

with compound of Formula (12}

CF,
HaC
3 CF,
HNYO
CCly
(12)

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

In a fourth aspect, there is provided a process of making a compound of Formula 14

Aj-



phenyl, (3) cyclopentenone, which is unsubstituted or substituted with
halogen, hydroxyl or methyl, 10 (4) -(CO)-C1-6alkyl, (5)-(CO)-NH2, (6)
-(CO)-NHC1-6alkyl, and (7) -(CO)-N(C1-6alkyl)(C1l-6alkyl); X is
independently selected from the group consisting of: 15 (1) hydrogen, (2)
fluorine, and (3) methyl; comprising: 20 Step (a) reacting a phenyl acetic
acid of Formula (2) COON x (2) -2 WG 2007/008564
PCT/US2006/026293 with SOC12 jr.an aprotic solvent optionally in the
presence of a first catalyst to provi compound of Formula (3) / COCI
X5 (3) Step (b) reactingHh€ co :paound-af Formula (3) ith *.T:-LTReOMe
in the prese ee of an aqueous inorganic base to provide a Weinreb amide
of Formula (4)

{14)

comprising:

Step (§) cvclizing the compound of Formula (13)

CF,

wherein R2 is methyl, ethyl or propyl,

with allylamine in a polar solvent to provide a compound of Formula (14).

DETAILED DESCRIPTION OF THE INVENTION
In one aspect the mvention encompasses a process of making hydroiscindoline tachykinin

receptor antagonists of Formuia (I)

1 -
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X,0Me N | Me (4) 10 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 Ac20 and a second quenching with an aqueous
INSHEeHT08%¢ to provide an enone of Formula (5) X\ O (5) RETBIewEs26293
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) O-Silane

(6) 20 -3 WO 2007/008564 PCT/US2006/026293 Step (e) reacting a

diene of Formula (6) with a fumarate of Formula (7) R02C"-z~C02R (7)
wherein R is (-)-menthyl 5 and a Lewis agidn a non-polar solvent to

provide a compound of Formula (8) Sj 0 ix"CO2R CO2R

Y

and pharmaceutically acceptable salts thereof, wherein

R1 is selected from the group consisting of

{1) hydrogen

(2) Cl-galkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,

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

(4)  -HCOyCy-galkyl,

(3  ~(CO)-NHz,

(6) -(CO)Y-NHC.galkyl, and

(M -(COXN(C1-galkyl)(C1-galkyh);
X is independently selected from the group consisting of:

H hydrogen,

{2 fluorine, and

3) methyl;

comprising:

Step (a) reacting a phenyl acetic acid of Formula (2)



(8) *Step (t) hydrolyzing a compound of Formula (8) with suitable
hydrolysis reagents in an organic polar solvent to provide a compound of
Formula (9) 10 O iX "CO2R CO2R (9) Step (g) reducing the ketone
fyacionemseof the compound of Formula (9) with a first reduch{¢f A5ass/026293
followed by reduction of CO2R with a second reducing agent in an aprotic
solvent to provide a triol of 15 Formula (10) -4 WO 2007/008564
PCT/US2006/026293 SOH HO HO~ X (10) Step (h) reacting the triol of
Formula (10) with an alkylsulfonyl chloride in the presence of an organic
with SO R S GRIENS YR GBHCPBPEB ARSI S TSEH! SR PRIE e gmpound of
ForBrula 0f) (11) wherein R2 is methyl, ethyl or propyl, Step (i) reacting the
compound of Formula (11) with compound of Formula (12)

= COCH
X'—O/\
T
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base to provide a Weinreb amide of Formula (4)
o= O Me
SO
e -
)
Me

)
Step (c) reacting the Weinreb amid of Formula 4 with 2 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)

x--~‘-\' 9
| \ /

&)

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

1 ™ O-Silane
L AN

6

base to provide a diene of Formula (6)



CF3 HSC I/ CF3 HNyO CC13 10 (12) in the presence of an acid

catalyst in an aprotic solvent to produce a compound of Formula (13) -5

WO 2007/008564 PCT/US2006/026293 CF3 H3C,, | CF3 O X R202S0O
REDPEUPORIS Step (j) cyclizing the compound of Formula (1BCRAH§2006/026293
allylamine in a polar solvent to provide a compound of Formula (14) CF3
H3C., rf: CF3 0 X N 5 (14) Step (k) reacting the compound of Formula

(14) with third catalyst followed by addition of acid to

Step (e} reacting a diene of Formula (6) with a fumarate of Formula (7)
COR
RO,C™ Y02

(7

wherein R is (-)-menthyl

5  and a Lewis acid in a non-polar solvent to prdvide a compound of Formula (8)

Sitane-O mx
e

CO,R

8
¥Step () 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 fuinctionality 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)
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provide a compound of Formula (15) -6 WO 2007/008564
PCT/US2006/026293 CF3 H3C,,1aCF3 O"X NH (15) as an acid

salt; 5 Step (1) reacting the acid salt of the compound of Formula (15) with
WipnianedEing reagent in a polar solvent to provide the corg&{5d08§/026293
Formula (1) CF3 H3C~,,!'CF3 X --0/ NI' R (1) 10 Regarding Step (a),

the ratio of equivalents of (2) to SOC12 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.ToMeneisﬁgfened.Forpwposesofﬂﬂs
specification the first catalyst is defi lude

HO

Al

(10)
Step (h) reacting the triol of Formula (10) with an alkylsulfonyl chloride in the presence of an organic

base to provide a compound of Formula (11)

(1D

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

CF3

HaC CFs

HN._ O
CCly

(12)

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



Di-methylformamide. The ratio of molar equivalents of (2) to the first
catalyst is 0.02. The reaction is -7 WO 2007/008564
PCTIUS2006/026293 typically carried out at a temperature range of 20 to
TH0@0THEsMEferred range is 60 to 80C. The reaction is allowREFHgS2006/626293
proceed until substantially complete, typically in 0.5 hours to 3 hours.
Regarding Step (b), the ratio of molar equivalents of (3) to NHMeOMe (as
the HCI salt) 5 is typically 1:1.2 to 1:2.0. The preferred ratio is 1:1.5. The
reaction is typically carried out at a temperature range of-20 to 40C. The
preferred range is 0 to 20C. The reaction is alléfied to proceed until
substantially complete, typically in 1 to 4 hour a preferred aspect
Steps (a) and Step (b) is carried out in a sint without intermediate
isolation. 10 Regarding Step (c), thé'eétio ofmolereq livalents of (4) to
Grignard reagent is typically 0.9:1.1to 1.0 :1.6. Preférably there is an
excess of Grignard reagent, such as 20°_§to 40% excess. The Grignard
reagents include vinyl magnesium g gresiuh bromide. For
purposes of this specification, the @- ipRotic golvent includes
toluene, THF, Methyl-t—bu%l ether (MTBE). The~preferred solvent is a
mixture of toluene and THEZHR reaction/’is typically carried out at a
temperature 15 range of -78 to OR*CH(referred range is -40 to -20C.
The reaction is quenched with 1.5 to 2 eq of acetic anhydride and then
with an aqueous acidic buffer such ag ;NHgClI typically 0.5 to 2 hours after
0N, i . ' d),.the molar ratio of (5) to silane
Sl R B SRR IR R ORL FIR o R ek
compored PEEYERYE {hilude chiorotriethylsilane, chlorotrimethylsilane, and
t-butyldimethylichlorosilane. The preferreqgilane reagen is
chlorotriethylsilane or chlorotrimethylsilane. The molar ratio of (5) to the
organic base is typically 0.9:1 to 1:2.0. preferred ratio is 1:1.6.
Suitable organic base includellré'@t/hyla pthyldiisopropylamine, and
DBU. The preferred base is ethyldii§opropylantifie. Suitable solvents
include THF, MeCN, toluene, benzgne, 25 and ether. The preferred
solvent is a mixture of MeCN, - Dg(The reaction is typically

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

provide a compound of Formula (15)



carried out at a temperature range of 0 to 30C. The preferred range is
15-25C. 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)

W OAIPE00:1 to 1:1.6. The preferred 30 ratio is 1:1.2. The BiSIHE2G826293
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 Et2AIC1, iBu2AIC1,

and EtAICI2. The preferred Lewis acid catalyst is Et2AICI. Suitable

solvents include toluene, methylene chloride, 1,2-dichloroethane, and
benzene. The preferred solvent is tolueng. ¥he reaction is typically carried
out at a temperature range of -8 WO 206
-40 to 30C. The preferred range is 0 td The reaction is allowed to
proceed until substantlally co et @:24 to 48 hours

include aqueous HCI, HBr, H referred hydrolysis agent is
aqueous HCI. Suitable solve and THE. The preferred
solvent is MeCN. The reaction;is typically carried out at a temperature
range of 0 to 40C. The preferked yange is 15 to 25C. The reaction is
allowed to proceed until substarfjally complete, typically in 1 to 4 hours.
10 Regarding Step (g), the molar ratio of (9) to the first reducing agent is
typically 0.9:1to 1:1.8. The pr&?rred ratio is 1:1.5. Suitable first reducing
agents include LiAI(OtBu)3H and NaBH4. The preferred first reducing

as a&d’!‘-i"l"‘ftSif’sl."’L|AI(OtBu)3H The molar 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 second

5 StepRfuciRgnaarIusiNGiceid Adtldolt anBokiBH41 Tveth refercechsptaeagent in a polar
Solvgq%ckq&%g@g 5 oﬁugg‘me(ﬁolvents include THE and diglyme.
eferred solvent is THF. The reaction is typically carried out at a

temperature range of -70 to 20C for the first reduction and -20 to 60C for
the second reduction.. The preferred rangsFis -40 to -25C for

H3Co..

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

-7
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20
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30

the first reduction and 20 to 40C for the second reduction. The reaction is
allowed to proceed until substantially complete, typically in | to 5 hours for
the first reduction and 2 to 18 hours for the second 20 reduciton.
RIS tep (h), the molar ratio of (10) to the alkanesulforBS BHRMeE0Rs293
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

Iéanesu onyl chloride 25 is n anesulfon chloride. The molar ratio of
Py yf’a"t’he Srghi E%‘B%sfaﬁfgetf%%) ﬂ%gﬁ% 813 @ﬁf?@%’ﬁ@@?&%“@ §03C3 The

reaggion i allowgdriaoeneymiél Bebstastinby Remplete etxritiinig, 0.5 hours to 3 hours.
ethyldiisopropylamine, tetramethylpiperidine, pentamethylplperldlne

2,6- Iutldm%gmaﬁg%tbf/k@mmﬁ@efm% (R0 BRAANIMeOMe (as the 1CI slt)

ts.inc N THE, meth nec loride,

o R L e e 3 e b BRAALY T
(MRRERERF éﬁ?&e@fo%{)cmﬁﬁ&re“aamﬁfm%@gﬂys SocHtite dlbateastiprdnpblorsd ieproceed
untilgnpptantialPOcompieE. tihiea iy éfcried hamgelisaIoefor2B GspthiS rpactiand Step (b) is

carrdiDNEnl KpERGRR ik Substantially.eemplete, 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 prefefred ratio is 1.4:1 to 1.6:1. The molar ratio of (11) to the acid

catalyst is T/BTERRG 8. {5 Hhe T35 M AR SRR &#)eA Crignard reagent is typically
0.9:pEtp/ LS Hd0 drofesdgtipivdspraterrescpF At iiviord VakBntoslch B30BuitabYe excidls. The
Grigata ysiginchstietd By inRindsian drChsSgksitheameiead ﬁﬁ%s&é@@ﬁﬁ&
speégks%mh%ué@% @ﬁﬁé&qﬁ%mﬁ;ﬂ%@nﬁ—ﬁhIl@fé&?b&b%tﬂ'g{ﬂlec}r

rofS e@n% tr{ﬂuorot(%u nteto cloh hexane '1-‘3; ?re erred so vent IS @ mixture’

P ﬁene chiorio o axane and 1FmiSrBasInalka, yrﬁ"é"reé}ef&'ﬁé"rlaltfmpermm
fa“%ﬂfc&ﬁ;‘?@aﬁ. e’&i%ﬁfﬁ%fra Eriseratifre rihGe Brereretion DaessTivd pidféd el eq of
acetfe prjydsdd S1dchehO@th Bheqeastierids biifweetho:pratebdpintisubsé@tialy after the
reacGioiplRigntypically in 15 to 24 hours. Regarding Step 0), the molar ratio of

(13) to allylamine is typically 1:5 to,1:10. The preferred ratio is 1:5.

Suitable sglvents mclud{s 2-propanol, McOK EtOH, i-PrOAc. The:preferred
egarding 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 chiorotriethylsilane, 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 0 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 (), 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 ELAICI, iBu,AIC), and EtAICh. The preferred Lewis
acid catalyst is Et,A1Cl. 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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10 solvent is 2-propanol. The reaction is typically carried out at a

temperature range of 55-80 C. The preferred range is 55-60 C. The

reaction is allowed to proceed until substantially complete, typically in 3 to

evibansolsgarding Step (k), the molar ratio of (14) to catalystrisiypinmbye26293

1:0.01 (1 mole%) to 15 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
-40trap¥iatiheprefsoeOamedsiriféiéd Taemsection s aBogedin@prsaediviilsubstantially
coraflewagrieapyases urtibsibstantially complete, typically in 2 to 12 hours.

20 Regarding Step (1), the molar ratio of (15) to X' is typically 1:1.1 to

1:1.5. The refe ret?s 1 1.1. Suita !1 vent |nclud n
toluene. T ’I‘éﬁ’ gﬁlven?lloé %trl&c?a K Werﬂrsfét? %nallztrﬁ)%wgﬁ%% 1o 1:2.0.

Therpepipiesst maiig Is lnb?-4|m‘@aiwémlawe&ww&ﬁwﬁ%@%%&ﬁ'ﬁaﬁefi&H The

prethiatid/ifarylyerrivencs aplepdsiHe]. atnadyb hellvele:s duvlabeatil) okl didforthateeferred

solaéhlviéwliguIfﬁfaixuaadwlﬁs@3&&1@&&%@@%@5@&9{9&@@%@%@@@&@)@@& The
alide, a benzyli lo- alkyl or ar

pre TR R b2t i S o oy e BB ol oty

in ]e%ﬁ‘ﬁ}gsa 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 rEhedieastionds Bl owrd 0P ropad ubh-subaiani ahhcRMpISty 0.9:1 to
I It¥p%|%{r!e@epretc9r§hg? 5. ?%M@imﬁe@m&g@g@s@m@@m@&?@bgﬂ%nd NaBH,.

Th%;g%%ggé%\éfeg?%%gé% ﬁﬂx‘fd?m%‘&tg%émvﬁ?relqfﬁera’lt?os?(SCte LrgeTmE reducing agent

is typically 1:1.2 to 1:2:5. The preferred ratio is 1:1.3. Suitable second reducing agents include LiAITL
and LiBH,. The preferred second reducing agent is LiAlH,. Suitable solvents include THF and diglyme.
The preferred solvent is THF. The reaction is typically carried out at a temperature range of -70 to 20°C
for the first reduction and 20 to 60C for the second reduction.. The preferred range is -40 to -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 alkanesulfony! 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 chioride, and methanesulfonyl chloride. The preferred alkanesulfony! chioride
is n-propanesulfony! 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, pentaméﬂlylpiperidine, 2,6-lutidine, and triethylamine. The preferred organic base
is 2,4,6-collidine. Suitable solvents include MeCN, THF, methylene chioride, EtOAc, iPrOAc, 1,2-
dichloroethane. The preferred solvent is a mixture of MeCN and EtOAc. The reaction is typically
carried out at & 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.
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WO 20071008564 PCT/US2006/026293 (3) 2-phenylethyl, (4)
2-hydroxyethyl, (5) eyelopent-2-en-lone, (6)
5-hydroxycyclopent-2-en-lI-one, 5 (7) 4-hydroxycyclopent-2-en-l-one, (8)
@ aenywpsédpent-2-en-1-one, (9) acetyl, (10) acetamido, (11kCT/US2006/626293
methyl-acetamido, and 10 (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 Rl is methyl,
Thoppiarsd st fol: 9 Jayariedystiptate Ard ontatras inslnde tREcRfboahiEmOE. The
prefleep resentdlyvien il sSuiteidted ionyy epardngpatiyizpo diltsda hexdichRidahide,
ol WO HOBURS R R IRk DI 1RSI MRV R RELRY Lo AR fW B e,
cyc‘%ﬁ%ﬂég‘%m”}%%% ) ntbf hﬁn? &2 1(9!; i ée E]ct 'ﬁ? clzgnd Irc?cé?g tote%’ e&%ﬂrgganzgg of -20 to
compounds wherein is acet cl acet Pf]l 0, mefﬁy Yacefamido or .
20%; eErEtREDs Al S SmTeReBetos isrlsrrdimRIntRsA el seetially
complsisaiicihoicdripdtimasswherein X is hydrogen. An embodiment of the
present invention includes compounds wherein X is fluorine. An

embodimegLof ihe Q{e%sﬁ)‘]'cdé‘}{l%&ﬂl?ﬁi&”&%'ﬁ%oca‘iiﬁ%%gﬁ'éﬁ‘vj‘;ﬂ%fﬁ"P:%c';,si:10. The
methyl. Specific embodiments of the present invention includes the
prc{)er%erglg%ﬁ f?]l 0? tﬁgltabie solvents meiude Z-propanol, MeOH, EiOH, I-PrOAc. Thepreferred
solvent is 2-propanol. The reaction is typically carried out at a temperature range of 55-80 °C. The
preferred range is 55-60 °C. The reaction is allowed to proceed until substantially complete, typically in

3 to 6 hours.

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 inclade THE, 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 vntil 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{ary]) halide, an alkyl(aryl) triflate, a
dialkyl(aryl)carbonic anhydride, an acyl halide, an alkyl(aryl)chloroformate, alkyl(aryl)sulfonylhalide, a
haloaklyl(ary}sulforylhalide, an alkanoyl halide, a benzylic halide, a halo-CON(alkyl or aryl}2, an
allkyl{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 unti] substantially complete,
typically in 1 to 3 hours.

Within this embodiment the process of the present invention includes compounds
wherein R is selected from the group consisting of:
(1) hydrogen,
2) methyl,

-10-
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25 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
weatooendssta wide variety of clinical conditions which are checagistigea26293
by the presence of an excess of tachykinin, in 30 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
depféssior-oherdetigarticularly depressive disorders, for example, single
epis@glic orfe@wkeatytajor depressive disorders and dysthymic disorders,
or b%ggar gﬁg&%_sbgg_rl_gﬁ@mple, bipolar | disorder, bipolar Il disorder and
cyclothymic disorder; anxiefy disorders, such as panic -11 WO

20077008 "ﬂyg'&xmﬁg%a%%e%%@%p’disorder with or without agoraphobia,
agofabhotd et Hesesty 6P disorder, specific phobias, for
examdple, spaecifidgnispaltphobiamesocial phobias, obsessive-compulsive
disoggler, sfkegs disorders including post-traumatic stress disorder and
acuﬁ?ztreségegais%ger, and generalised anxiety disorders; schizophrenia
and other ps chotit disorders, for example, schizophreniform disorders,
schigdaffe @Ry E2erEsderandelusional disorders, brief psychotic disorders,
shaféd) psyshettizldisedisis and psychotic disorders with delusions or
hallucinatigashélelaninnhidementianangd gmeasticeaish aatseonifivgLng

co Hﬁgggjggrggrﬁliy&gj@%)ggrs, such as Alzheimer's disease, senile

ementia, gfm ntia of the Alzheimer's type, vascular dementia, and other,

dementias’ fo} SXAM D& B LS G areE P RERH HATIRA [ PHma hgeparing
comgpewnisavherginihgtomeiiseateniabionisbelenetelizfeldi-Jakob disease,

or due to At fleiee tioddg it chibRirlensnn'sreiceasemird Bifigscted to preparing
conpdAIPWiRRIFAl movement disorders such as medication-induced

movement disQrdeks, for example, neuroleptic-induced parkinsonism,

neuroleptio nant syndrome, neuroleptic-induced acute dystonia,

neuroleptic-induced acute akathisia, neurgleptic-induced tardive

dyskinesia 34 M EHREHERCHISERATBES Y Bérmsterdttitince-related

disorders dvgifgrfrontyithis tirembosicangtha mpisatarvinten(isdirected to preparing
compinplietaraitie Hike stiodianaes)doafieind. cannabis; cacdintadatiiginogens,

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 systern, 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

-11-



10

15

20

25

30

15 inhalants and aerosol propellants, nicotine, opioids, phenylglycidine
derivatives, sedatives, hypnotics, and anxiolytics, which

substance-related disorders include dependence and abuse, intoxication,

Wit araifaBsidtoxication delerium, withdrawal delerium, persisBAg/US2086/026293
dementia, psychotic disorders, mood disorders, anxiety disorders, sexual
dysfunction and sleep disorders; epilepsy; Down's syndrome;

demyelinating diseases such as MS and ALS and other neuropathological
orders such as peripheral 20 neuropathy, for example diabetic and

dﬁ%fﬁs %&%8&3’5 Ot aRaR ARt B EtR DAt pout R Franif djegeder, specific phobias,
for grg@iita sesisranipial Begiseraihihing obtedsietabgidstrn distider, stress disorders
incheligapginsaanalicereRahoaacilahotic ofder 8isi@i AR AlIRAARIRLY disorders;

sch&%gﬁpgﬂx@ﬁ@ u{%(aa!afaqsﬁmbé%ﬂ&%u nfaf %H@ﬂeamf&kgmw schizoaffective

dis gers gus 89'\5) Etil aC |n|n and in partlcu ar substance
s, delustoa divod HS# Qi P hah e PR efﬁélé?fﬁ?ﬁ%ﬂﬂd%%lm‘“ﬂ

disqrery, r‘?é’éléiiﬁlﬂﬁ\?@ﬁﬂb‘ﬁ%ﬂi%@?@f@?é%é%f%@éﬂhﬂth@dpmmlm other cognitive or

neutrgaganenitiof dilisdascadng sohelitiensdiewh)chnpaiRaiOmRINASSof the Alzheimer’s

typdeACing RERHRSHR aRe BEHRREalAHMAGS, ﬁb’é:t}; A AIC UB Bruma, Parkinson’s

dise geggrthrltls rheumaloid arthrltls Jnusculo- skeletal pain, %artlculary after

ningon” a15Gase,
tralima, spinal pain, myofascial pain Sy n dromes, HEaalha e dpRmtbingetiologies;

Parlgasan’s G HemARd a@éfpe’&wd%@éf?%%l ’B%YFF“%%SQ@E%&% prinedipriissténguded
moysreainodrofdorapait, fenwianipledodd psatijisonisng aeninabikaimsl30ant syndrome,
neugyf;aeaﬁwab@tamysf@ﬁﬂaﬁnﬁb@t@m&ﬁwﬁe%ﬂﬁﬁg 1RRRWLRAR R ardive
dysﬁﬁéﬁ&'eﬁlt@glém@tﬂg ’i}{&@é&%&%ﬂ%%é% s Pancae-sré? %‘3 g'"g f(agzl%[l?gug\% o the use of

1 (J% [i g nerve disorders, .for exam nerve entrapmen
e T S TS oL BT 3%, 3R %f‘a?‘??é&?gﬁaﬁw?é%“aﬁ&? FEEABGrdafucinogens,
mh%%yﬁ.&afi R4E9E BEPElisetpy Bicpsat. wainidec hamdghreidine digivisiveaisedatives, hyprotics,
and agsiolititechith caseinemhtdaftiarbieehie agpaaBaes RAHbLSS Mialicdon,
wxﬁW@v@DQﬂQ@&m&éﬁﬂpﬁ%%ﬁ@?@%np %@\4&9@@&@5@%& ﬁé}cﬁ%chd%%rders mood
dlsop@[g QHQJ@ §g&n I c%ﬁr:gu rcpr I'E)eﬂm gﬁ low back paih; sciatica;

an y 0sing sponaylitic. GOUt ANnd Searpar TuHTRTIENG %‘?‘ﬁ‘éfﬁe‘fﬁ?’é‘?‘“s
demy iy ‘gsﬁ”ﬁﬁ %E%aﬁﬁaéla‘-i H@é%%ﬂﬁ@atﬁff@rﬁerefsuch as peripheral
neurlquﬁ]yafgrryx@{g@la@etpmqmmytbh@e-m@Bmdm&wﬂﬂ,&hﬁ@sw{&tﬁﬂ&mumlgia,
trigesgigat ionalgCha8eAlOPiGtercostal 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, thenmatoid 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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5 obstructive airways disease, bronchopneumonia, chronic bronchitis,

cystic fibrosis and asthma, adult respiratory distress syndrome, and

bronchospasm; inflammatory diseases such as inflammatory bowel

Wigeas®988@riasis, fibrositis, osteoarthritis, rheumatoid arthritR HH/026293

and sunburn; allergies such as eczema and rhinitis; hypersensitivity

disorders such as poison ivy; ophthalmic diseases such as conjunctivitis,

vernal conjunctivitis, and the like; ophthalmic conditions associated with

cell proliferation 10 such as proliferative vitreoretinopathy; cutaneous .
nervqIS AR BRFUD b AT WP TR S K SpRraR Pm’atﬂ?&a%ﬁtlegr?é??ﬁ?&‘o%ﬂé ca;
ankdodagsptoityideraratitmd Esmippiinin, and in particular substance P,

antagonistséRainialsadie phtatindbtadieamentolineopleamndeiotisinge treatment

ot RISERH AU DRagRlchlasiomas AR amel el GGIBR AR Aehonic

as small cell luhg cancef. Tachykinin, and ip particular s,ug_itance P, dult
ST et S e N
respiisonciéisg cin crudingararronahospasisordisramaterifivass Susk aidndampipry bowel
discBHCPsasasgaSHibsHgastsosuptienatulneris ghsic partinamastgastlergies such as

cczROMAS: JeRrdalS AT Qciaiads With theoReNIANLEARHAL Al VisGaNRE as

con'mc%gattilsv%e(x:'r?flitgz%h% rgigwr']i ?s digc? t?l%.eii’kg‘rgagk%ipnq\clv ce<:>|n§1¥ po%goagggc%@e%.%n’ec%ﬁ protiferation
st dlng acute, cfe?aye or antiCipatory emesis such as emesis |.ndﬁce,d o
suclhys prdifseatie By oT Rt QRN AIERASTS TS SPRiAEdsERgits, atopic dermatitis,
urtiqaregaanalevestibatsd disoutitss Trehdsiaimplel mpiitoubickritescol wiptopysts may

also P ENES HANAMESRIBI @ BndipRASE, IBTASY bRUG RN CurY AitatipRseiibblastomas and small
intercranial ressure, aastro- spphageal reflux disease, acid indigestion,

cell carcing such as sm dﬂ Ung ¢ A
Sverindulgence m?oo or drink, acid stomach, waterbrash _or

regurgitatiof HEAHntH TEPERA SHESBRIE St HOBHIRAAP P ERPIHL IR reament
of ehesmitivestins biSH) dijsspdssidncTdbisyRimmatnyiisaistutes Geassen RERTSI tract such as
cas@RtagRRtsicoteay alsebeatfisardndhesiigatrianbpbbasadieiyiat athelated with the
nenORAIARS RShuding sliessLelaied somatisdisordersid sliex syRRAb aliComesis,
] d stroph 3%5 sych as,shoulder/hand syndrome; adve e immunalogical. .
oo R OSSR I TS IS HERE i B or e i ™
toxipmviem erdapiariidnfesiont. stasprassits St deosdrstefricTemppig, motion sickness,
vertey thiermate aud Mrssrra dixtray asation mésuit g-ienes)itokingranial pressure, gastro-
oes?h%é@gtm%%%%gﬁrﬁl&&&%g@krf HRGILAS UE Roas RSl abilBRERIch, waterbrash
or raSUHSAL NYperEfiexia, freanent ination and HHNANRCIRHISAGE: and dyspepsia.

et ng the prevéntion or trea?ment of overactive bladder with sym spt,or&s

of urge uriﬁ mﬂ%ﬁgé{'ucular substance P, antagonists may also be of use in the treatinent
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 wrinary incontinence,
urgency, and frequency; fibrosing and collagen diseases such as scleroderma and eosinophilic
fascioliasis; disorders of blood fiow 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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30 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

MEA 2883 graine and Reynaud's disease; and pain or nociREpieaA106/626293
attributable to or associated with any of the foregoing conditions,

especially the transmission of pain in migraine. The compounds of 13 WO
2007/008564 PCTIUS2006/026293 the present invention are also of

value in the treatment of a combination of the above conditions, in

the reset TP T 8"?@5‘&?1%%!“SF%HﬁB?ﬁE‘beﬂﬁtaﬁﬁ@PA’Eﬁi@bafﬁhgﬁwg conditions, in
partisglr BiiEpdtREMsRLSEarehitkd apsitngatiepebrapboertiorsfatice prossaand vomiting,
invention ale patieuhdsl yruseftdsinthedarRvantipiranlirpaimibinahepassigion or

treatElH @%@&Htﬁmﬁiﬁlﬁg’ GO R! RAYEHAAN GES SR A% GMERS BUGRy

cneRmEhomalierany, radiation, toxing, preqnaney, vestibular disorders, .,
rPyé,ur ery mlgrgirtt’eggn varia |ons |n°fnf: r’crfhﬁ‘% TESSlI8 EEST

"a“é%%’ﬁl élt?ﬁéaéﬁﬁ?ﬁ?fé‘ﬁds WM@S@EPWR@%O&F@%’F%@ By AR Bf use

optiomalip inatiohivathnoiid odrt eniaticiagents forttheprevintioiroftamddetayed nausea
and%ﬁgﬁﬁg d&ﬁiémhfﬂ@zﬂfﬁm iﬂmmwﬂm@ﬂ&@@ﬁ%ﬂ@m@%@@&&t
maderate. ok by

chemotHerapy, mci leR/I ogggles & :rcl;a s esC ng X?'Q;%' P gxe resent invention
ﬁ ?’I agse cispiatin ost es ECIa t unds 0} qh FR

are ﬂﬁx‘}é%‘ﬂ?cfhefb" ME@?H%H‘&‘%&‘PWB%%%H’&@&%W ‘“°‘“d‘“g those

routineiinessp fastiocte visosic)ranyems sirrsia dider th dsetirouthaahpesdeicdh agantedlor

exaRPRMEIBRERADEx 2Rkl BTas indncod-yatbesphant aeol0gieah agRAls fiPexample,

ethﬁééﬂ?mg cBQl{BEﬁHH; ﬁ%ﬁ@m&ﬁ&%&&ﬁ‘&&? %%C&I&B%Hﬂ%ﬁ%ﬁg %:HQCM?& such as
ac)

nitrg or}/r%tén adents, for example, ethy ntee'sm B Cor%? gg idine
e e e T R i R T ing,or pyrimidin

aﬂ%ﬂwﬁam@@ ighipiiatm fanereaelarbasirdkadpithiatdsory s el emma’@tm and

cytcaeitd, qotibiiedosr Patinnidingaidplantfigenistisrapitaiicaninib itar sedoibed gonpietance, by D.

I, S%k@&f;ﬁﬁ@é@é@%ﬁ%ﬁﬂh@ﬁ%@&ﬂﬁ&mmﬁ@t%&m A0hnGHOINIT. Kucharczyk et al,
tibiatics,.Particular.exa mot tic a tS are

O e AR A RA PRI 20 SRR lan, Componts

“Sﬁcﬁfég‘é‘aﬁlﬁﬁaﬁﬂﬁ“&ﬂﬁ‘?fﬁéﬁlﬁ'\%ﬁ‘éﬁﬁ% &%"?ib?%ﬁ’(‘fﬁgr%@kdé’f%ﬂ"“@?%’t ’Fﬁ‘é‘%‘ére"hamm*’
streptrzocBo cxcReltoh A S SAIBTN Palyensting (5152 Bs feiaibjcpegdriamycin),
daud@BiGaPRAry-ihsetichemy therapattitopgem sraeiea i platistouraci!, vinblastine,
vinéi’ﬁ&@ef,tiﬁ&%c@ Q@éhﬂ%ﬁmm i.ﬂ d&%f&wﬁﬁ@m@%e&tmm 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 alterpative process for making compounds of the same class is disclosed in
PCT/US(5/02149, 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 diastersomers after the
reduction of racemic ketone IV. In addition, the synthesis requires 5 steps to bismesylate VII from

ketone IV (reduction, separation, etherification, reduction, mesylation). This route utilized a benzyl-
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20 streptozocin, cyclophosphamide, carmustine (BCNU), lomustine

(CCNU), doxorubicin (adriamycin), daunorubicin, procarbazine,

mitomycin, cytarabine, etoposide, methotrexate, 5-fluorouracil, vinblastine,

wczistinesdsheomycin and chlorambucil [R. J. Gralla et al in CROT&1S2006/626293

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 25 circadian rhythm disorders in a mammal. The present
profepfisatERofiberatalirdeiandsi S asavat of thisrarssn by roflaqirpreataized hydrogenation
wad BoleRtiarbiaedetaciivity thegphtiagenshiftiog effgetstief pightdnoéranpimal. An

alternative process for making compounds of the same class is disclosed

in PCT/USO6/E2e48)4#ed January 26, 2005. Referring specifically to

H mple 7, fePess ca dBmMmarZedag’stoym in the schameTes
[ |ately'bet0vv‘8rgrrrhcant ntages arethatthe route |s
ra andreul¥eBhe chromat ic separiatiem of both'BRS igm @

'and diastersorBaGKatBSahe reduction of racerfii%etone IV. In ac
the synthesis requires 5 steps to bismesylate VIl from ketone I racemic
reduction, separation, etherification, reduction, mesylation). This ro,u;e

1 Y4 penzyl- -14 07/00856HdBBIIIEISBOO6/026293 @
group of the oc Rémoval'df“rms*group leyo,¢”

catallzedr.ﬂ lgy reactiorevaib
{'EX
cyc pentanedlone to glve the pro ct of | Example 7. 1. EDCADMAP H
CH3NH H3 TBS B{0#e%e__CO2Et OTBS F 2. rMgBr | i F xylenes,
*t1i 3. t-BuOK/TBSCI I;eflux 2 F lll racemic 1. HF/MeCN 1.
NaBH %E OH 2\EtO _:\1X ®2. Agq. NaOH, Et0 C' 2. Separation
3

F H3Cfr.
1. LiBH,4

cat. HBF, ESOQ{%\ 2. MsCl, TEA Msﬂp\@
EtO,C F MsO™ F

s
Vil Vil

1. PhCH,NH,

EtOH . PTSA (0.1eq.) 0
2. Pd(OH),/C ) toluene, 3

45PSI Hg HN o reflux, 3hr fq~ -
X Example 7
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ether extract. EtO2C F chiral AD column 2 F V IV racemic F3 F3 F3 H3
CF3\HN VI H3G,, i H3G,, F3 F3 CI 1. LIBH cat3HBF4 Et02 2. MsCl,

TEA Ms EtO2C F MscY F VII VIII F3 AF 1. PhCH2NH2 H3G,. F3 H3G
PO1454983%40.1eq.) 10 2. Pd(OH)2/C toluene, 45PSI H2 HNPETYBRENL6/8PF293
liF IXal~ Example 7 5-15 WO 2007/008564 PCT/US2006/026293
EXAMPLE 1-PROCESS TO KETONE Step 1:
2-(4-Fluorophenyl)-N-rnethoxy-N-methylacetamide (2): 5 Summary: Step

EX}QMPLE 1—PROCESS TO KETONE

Step 1: 2~(4-Fluorophenyl)-N-methoxy-N-methylacetamide (2);

Summary:
Step 1
F- 1. Tol 70C;
m DMF, socl2
OH 2. Weinreb amineg;
4,0M NaDH
10C
96% LCAP 58.9%

LCWP 98.0%

This reaction gives consistently high yield and high purity of materjal. No major side products
have been identified. The final product is an oil (typically clear or slightly yellow) and is isolated with
the above purity profile from the crude work up.

Procedure:
O, o
510C
MeQH
o
OMe
Quant. Assay
FW: Amt. Moles Equiv.
4-Fluorophenylacetic acid (1) 134 50kg 32.47 mol 1.0 eq.
DMF 73.1 48 mL 0.65 mol 0.02 eq.
S0OCL 119 2.84L 38.96 mol 1.2 eq. Weinreb
amine-HCI 975 4.75 kg 48.70 mol 1.5 eq.
NaOH 4.0M 32.47 L 125.87 mol 4.0eq.
Toluene - 49,19 L -
Brine - 64.92 L~
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0O 1.TO170C; F DMF, SOCK OH 2. Wetnreb amine; N,O 4.0M NaOH 1

2 96% LCAP 98.9% LCWP 99.0% This reaction gives consistently high
yield and high purity of material. No major side products have been

YHfe AtTEH35 e final product is an oil (typically clear or slightlyREHE6ZPeE6293
is isolated with 10 the above purity profile from the crude work up.
Procedure: F 1. SOCIzFHWOHCIF'O 17[02.00O0HO0 C CI3N loc
3.4,0M NaOH 2 5-10 C MeOH O Me Quant. Assay FW: Amt. Moles

iv, 15 4-Fluorop nyI cetic Clé% 450k 247m|10e
A G B B B P EsMA PRS 5 R B Biggloene 492
L, Bitreippgpen) and 4~ ﬂuorcvplaenylacetlc ac1d (1) was added (5.0 kg). This solution was heated to 70
"C. Once 70 °C was reached the DMF (48 mL, KF< 150ppm) was added and thiony! chloride (2.8 L) was

slowly added over 3 hours,

Batch temperature will decrease while thionyl chloride is added. Typical temperature changes

range from 6-10 "C.
When all thiony! chloride has been added and off-gassing has ceased (typically 30 min. after addition is
complete} an aliquot of the batch was quenched into excess methano! for HPLC analysis as the methyl
ester.,

Reaction is done when acid 1 is at <0.5 LCAP,

Next the reaction was cooled to 5-10 °C. The Weinreb amine-HC] (4.75 kg) was added to the batch at
this point. Slow addition of NaOH (32.5 L) was begun at this point. This base was added at a rate that
maintained the batch temperature at or below 10 "C with a typical addition 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

complete consumption of the 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 chioride 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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amine-HCI 97.5 4.75 kg 48.70 mol 1.5 eq. NaOH 4.0M 32.47 L 129.87
mol 4.0 eq. 20 Toluene - 49.19 L Brine - 64.92 L- -16 WO 2007/008564
PCTIUS2006/026293 A 100 L extractor equipped with a reflux condenser,
ah8 2498 %¢rubber was charged with toluene (49.2 L, KF< FEUSRAY6/026293
and 4-fluorophenylacetic acid (1) was added (5.0 kg). This solution was
heated to 70 'C. Once 70'C was reached the DMF (48 mL, KFS 150ppm)
was added and thionyl chloride (2.8 L) was slowly added over 3 hours. 5
mlr?{%gch temperature will decrease while thionyl chloride is added. Typical
erature changes range from 6-3,&. When all t hionyl chloride has
been added and off -gassing has ceasedk(typically 30 min. after addition is
10 complete) an aligt the batchy i guen intocexcess methanol
for BPLC analysis as t P estei Reaction en acid 1 is at
<0.5 LCAP. 15 Next the reaction We§ H3BREY 5-10 C; The Weinreb
amine-HCI (4.75 kg) was added to tHectiaich at this point. Slow addition of
NaOH (32.5 L) was begun at this point. This base was added at a rate that
maintained the batch temperature at.or below 10 "C with a typical addition
time of 3 hours. Ondgitioan))aliquot oPth% batch was
quenched into MeOH and agsayed by HPLC tdfcheck for”cimplete
consumption of the acid chloride. 20 Coniplete consumpticn 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.
This reaction is very sensitive to the quality of the Grignard reagent and the quench method.

S

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:
Ot e N o g
’i‘ro 306 m\ 3. NH,CI ; Z
2 4. NaHCO,
FW:. Amt Moles Equiv.

Weinreb amide (2) 1972 157.2 g 0.800 mol 1.0eq.
Vinyl magnesium chloride in THF 1.6 M 700 mL 1.12 mol 1.4 eq.
Ac;O (density 1.082 g/mL) 102 151 mL 1.60 mol 2.0 eq. NELCI(2.5 wt% aq.
solution) - 1291 - -
Toluene (density 0.865 g/ml) - 1.54 L - --

A 3 1. round bottom flask equipped with an addition funnel was charged with the Weinreb amide 2 as a
61% wi 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.
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The biphasic solution was separated at between 5 "C and room

temperature and the organic phase was 25 washed with 15 wt. % NacCl

(aq) (2 x 32.5 L). Typical assay yield of the organic phase was 96%. The

wganie/Pease was concentrated to a 50 wt. % solution (typicEORRES4§§26293

ppm). 30 Step 2: 1-(4-Fluorophenyl)but-3-en-2-one (3): 17 WO

2007/008564 PCT/US2006/026293 Summary: Step 2 1. Tol -30C; F\ O

GMFO "1.6MInin THE 110 N. 2. Ac20 -30C | 3. Addition of batch 2

to7wt%NH4CI 3 10 C-R.T.FiCNAEiO N,O0 N,O H A C This reaction is
Afisrshy werkriman addicuaey eTIRISERhE MR 298NS iRasgaERCnC for 60 minutes.
Thenrattowh tMajrdsid erprodifietsiiacernneatn agentified (A, B, C), and are

shown above. The product IS unstable when concentrated to an oil, and

h_as ilit soI | toluene solution should be
Acql SIS e B RIAIAD a8 IR (IR0

Batch temperature is maintained at -30 'C during this addition to avoid impurities. Typical time is
30 minutes. Assay of the reaction at the end of this addition typically shows approximately 0.5%
LCAP of impurity B when compared to product.

In a separate 5 L 3-neck round bottom flask a 2.5 wt % solution of NH,4Cl 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.
When the batch had reached ambient temperature the aqueous and organic layers were cut. The organic
layer was then washed with water (1.3 L}. The organic layer was dried with MgSO, 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 ~070
ppm, 1.80kg, 7.20wt%, 131 g of 3, 100% yield) which was used directly in the next step.

The impurity profile shows 1.5 LCAT of impurity B and 9,1 LCAP of impurity C.

Step 3: TES dienyl ether

F. MeCN-THFtol  F O,Si:?
\T:::L\/ji\/, + TESCI +  PLNE e \T:::L\/i\¢,
= N
3 &
Materials: FWamount mmol equiv,
vinyl ketone 3 164.18 6.62¢g 40.3 1.0
TESCI 150.73 9.72¢g 64.5 1.6
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Procedure: F\1. CMg'~ 2. TF 1 3. 10 2 -\ 4. NH,CI03 3 FW: Amt. Moles
Equiv. Weinreb amide (2) 197.2 157.2 g 0.800 mat 1.0 eq. Vinyl
magnesium chloride in THE 1.6 M 700 mL 1.12 mol 1.4 eq. Ac20 (density
WOg24j/#h%36402 151 mL 1.60 mol 2.0 eq. NHgCI (2.5 wt% adgCIBIS2006/026293
solution) - 1.29 L - Toluene (density 0.865 g/mL) -- 1.54 L -- - A3 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
2, 105 g toluene). This solution was diluted to a Q.5 20 M solution of
DIPEfide 2 intttéene by &dfiiion of 1.321f toluen]éﬁ(KF of solution < 150
Me@¥m). This sol8tidn was cooled to -30 C, and vinyl magnesium chloride
NH)Ag Somlygsided. Durmpgithe addition of vinyl magnesium chloride the
TorRRICh tempergggreis maintained at -30 C. Typical addition time is around
60 minutes. 25 -18 WO 2007/008564 PCT/US2006/026293 After the vinyl
Grignard addition was complete the reaction was allowed to age at -30 C
Progedugp minutes. The reaction was checked by HPLC after this 60 minute
age. Acetic anhydride (151 mL) was then slowly added to the reaction. 5

To %&Gﬁ%@’ﬂ%@&% CoShEAINRIRCH m&%ﬁgn%tﬁgmtmt&@\mgﬁ was added

Eyurmes. ]{}%Ellgal time i%m?afm““tesu-ﬁs’s’-aﬁ%%f the.reaction at the end.of ., .

i I1eS. ASS S N al e €
oS adeta L s Lot B TR R

was, ffese @bﬁl‘ﬁg @Wplete conversion (~16 k).

The reaction was quenched with 2wt% aq NH,4Cl (70mL). The organic layer was separated and washed
with water (70mL). Tt 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

OH
l z -ProNEt, DMAP -
Q?/\,g . I-PraNE, M
C 0 e = .
* toluene, 20°Ctont
-'f,,’ 5

Materials: FW d/conc  gmount mol equiv.

fumaryl chloride 152.96 1412 80.5 g (95%) 0.50 1.0

(1R,28,5R)-(:)}- 156.27 157.8 g 1.01 2.02
menthol

i-Pr.NEt 129.25 0.742 181 mL 110 2.20

DMAP 122.17 305g 0.025 0.05

toluene 600 mL

I.ONHCI 110 mL 0.11 0.22

NaCl | 60 g

Procedure:
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10 In a separate 5 L 3-neck round bottom flask a 2.5 wt % solution of
NHA4CI 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
weprpgetanssedof the batch is typically around 12-13 C . 15 WhE&RTHEA6AR6293
had reached ambient temperature the aqueous and organic layers were
cut. The organic layer was then washed with water (1.3 Q. The organic
layer was dried with MgSO4 powder ('100-200g) until the KF of this
solution reached at or below 1000 ppm. The solids were filtered away and
To ayiaetle Bt TRsPIRsCoens 68 f&lib@wafélta%&1&E’iér%>of%ee5?}?6*aﬁ§faﬁ1°°°‘ed fo-
20 °T ke Avie SN /Fdduida B(-2 if IK%) 30RChprees, 1iSAmY powneslusiBieesptherm was
obserfd _iOiw%hdtwm@mmay afe&mwmttmmgs SR 20 ToRdB Fusiiyat 20 °C.
ofile shows 1.5, CAP_of impuri ofi | t 1
I A o S e e S T R
~60mig 101 ghat e\ AR IO BEL R RAIST RETEHES P85 6.62 g 40.3 1.0
TESCI 150.739.72 g 64.5 1.6 -19 WO 2007/008564 '
PCZ{L2006/R26293 BiIPEbk29 2 BBl ddpbriut MeSNaESML. Tt will be

NHACTR QW% AR08 e HO1UEREAR0 MkaRigsEdre:

600mL of aqueous 3% NaCl was added. The aqueous layer (~800 mL) was cut away and the crganic
layer was washed with 800 mL aqueous 0.15 N HCI containing 5 wi% 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 (48wi%) for direct use in the Diels-Alder reaction. ' NMR showed non-detectable menthol.

Step 5: Diels-Alder

T e e Uy
+ —_—
d : ROC Y
‘ *RO,C F

4 5 6
Materials; FW amount minol equiv,
diene 4 - 278.44 8.64¢ 31 1.0
di-(-}-menthyl furnarate 3 392.57 i46g 37.2 1.2
diethylaluminum chioride 1.8 Mftol 29.3 mL 52.7 1.7
hydrochloric acid 30N 52.7 mL 158.1 5.1
hydrochloric acid 1.0N 100 mL 100 32
NaOH 0.5N 50 mL 25 0.81

Procedure:
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To 90.8g of the 7.29wt% enone 3 solution in THF/MeCN/toluene obtained
from step 2 at rt was added more dry McCN (1Smi) and irr2NEt. TESC1
was then added slowly while maintaining rt. The solution 10 was stirred at
Y0P 1/#88%bealed complete conversion (-16 h). The reactionBf&&52006/026293
guenched with 2wt% ag NH4C1(70mL). The organic layer was separated
and washed with water (70mL). It was then concentrated and flushed with
toluene to -37wt% With a KF of -200ppm. Assay yield: 8.64 g 77%. NMR

The%h%éxvﬁg? % of %] 31 ?ﬁv&; Zmd%ﬁ%&%ﬁﬁ@tﬂéﬁu rla tigc\gxl}_‘!ﬁa) were

comér}eeﬂ?él%?ﬁe}aﬁfqﬁope&imﬂ.néeiwﬁwléﬁmﬁd@%?.%Oi*%aaez(bm & (g was added
ove45 @b, Ge¢ iR A% BRYIISERY 35C.8xpthddhi@ AaitimniFie] dabr Biskgt solution was

aged 8 20 Br 142 1 Dbyl oy dQidn R BndPbAR: 222c114r3 0980 P2adildd> 985, conversion.
toluene 600 mL 1.0NHCI 110mL 0.11 0.22 NaCl 60 g Procedure' -20 WO

2007/008564 PCT/US2006/026293 To a_ 3-neck flask was charge

I the,flaeied R AR I aqt )awfémﬁdmas%%jlﬂ%@f*é&f&f?&%ﬁgnemé%m@ could

be added at any point of the reaction.

The reaction mixture was carefully quenched with aqueous 3 N HCI (8 mL) over >60min while keeping
the temperature at 15-25 °C.

It is important to add this first portion of HCl very slowly without any bursts. Although the batch is not
very sensitive to heat, rapid off-gassing and foaming vpon addition of HCI could result in a disastrous

overflow of the batch. The foaming needs to be watched very closely.

The remaining HCl (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 aq HCl (2550 mL) and 0.5 N aq NaOH (5 OmL) 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 orgapic layer during the work-up.

Step 6: Deprotection and Epimerization

s OTES ag. HC
*ROLC™ Y Q MeCN "ROC™ 7%
*RO,G = *ROLC
& 7
= (}-menthy!
Materials: Fw amount mmol equiv.
cyclohexene 6 671.01 31 1.0
acetonitrile 211 mL
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20 C and fumaryl chloride (80.5 g of 95%) was charged with 80 mL
toluene flush (no exothenn was observed), i-Pr2NEt (191 mL) was added
over 30min (fuming) with 20 mL toluene flush at -20 C. DMAP was added
Wometlatehsaiterwards. The dark slurry was then allowed to WeFHI2@105293
over 5 -60min to give a dark solution, which showed complete conversion
by FIPLC. At room temperature, a mild exotherm caused the temperature
to rise to -30 C. It will be desirable to age at -20 to 0 C for 1-2 h before
warming up to rt. 10 600mL of aqueous 3% NaCl was added. The
aquepiEiE A Fyfer (-800 mL) was cut dwailand thé otganic layer wagwashed
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
Prcwmﬁpulngroduct in 98LCAP) and was concentrated to 378 g (48wt%) for
*EfEct use in the Diels-Alder reaction. ‘H NMR showed non-detectable
menthol. 15 Step 5: Diels-Alder ppp,,, ~ TES Et2AICI TES E ii/+
The tRGIR @ITIORON FepiS5vas Matentsitedryyemeisat ivaaiscliisied ohnetianrile, to
giveNBAY B¢ B Sektdlriti-(AgmeantoyW HIngatan) 382:0de4 4ThasBrPwhstirred at room

temBUEHI AU &Hé&{é@&%&ﬁ&ﬁh@%&am& R feckifontyAlQekiRsic acid 3.0
N'52.7 mL 158.1 5.1 hydrochloric acid 1.0 N 100 mL 100 3.2 NaOH

0.5N50mL 250.81 . )
The desilylation initially gave a mixtore 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 ~OH ~OH
*RO, 3 Li(t-BuO)zAlH *ROZ(QQ LiAlH, H()/Q\t@\ tio%\
*ROLG *ROLC . “RO,C £ HO-" £
th 2

4 R*=(-)-menthyl ia

Materials: FW mass volume mol equiv.,
ketone 1 556.75 7.25 kg (96.5wt%%) 12.57 1
Li(t-BuO)sAlH (1.0M THF) 189L 18.86 1.5
THF {(KF=74.5 ppm) 251

LiAlH, (2.3M THF) 7.11L 16.34 13
HCI (50%v/v, 6.0N)Y29.5L, 177 14.1

HCl (conc., 12N) 8SL 106.8 8.5
Heptane 35L

NaOH (10.0N) 4L 140 11.1
Ethyl Acetate 2x39L
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Procedure: -21 WO 2007/008564 PCT/US2006/026293 The toluene
solutions of diene 4 (23.4 g, 37wt%) and dimenthylfumarate 5 (30.4q,
48wtO/0) were combined and cooled to 0 C. Diethylaluminum chloride

KR AT #8886 uene (1.8M, 29.3 mL) was added over 45 min, RESHISQ00G826293
temperature below 5 C (exothermic addition). The dark orange solution

was aged at 0 C for 18 h (-90% conversion), and then at 21 C for 6 h

when it reached >95% conversion. 5 If the desired conversion was not

5 4a6gpoiﬁ o qre Lewis a &. 5 nd dlmenthilsfumarate if necessary) could
“’be ad‘g 8 at’'any point of't éactlo?h’.‘ & kaltiBriixture was c@a%fully
quenched with aqueous 3 P: HCI (8 mL) aver>60.ntn while keeping 10

Prateduemperature at 15-25 C. It is important to add this first portion of HCI
very slowly without any bursts. Although the batch is not very sensitive to

heat, rapidid-gas9ing &l ieaReg waeRAHEHaRREIHGL could HRsHILING 40 °C and
adddfe @C? li l%]/eggl fethe hatch. The foamln‘%gneeds to be watched very .

ely. e ] TEHCE BRI 2t FBS bl Ees Bbils irniae temp <-25 °C.

Stikeegihty té!rﬁﬁ@namwe% itrig @aerial tedains@lingliniisIRS)ASHBPGRENEMY 2-3 hours,

Tha3@mirigtdlio Fg mEuIgQus layer was removed, and the organic layer was
washed with 1 N aq HCI (2x50 mL) and 0.5 N aq NaOH (50mL). The

toluene solution was used directly in the next step 20 Any E-isomer of the

diene (<5987ah bR TAFHISBATEE & N8P readindthbididis Miderthe hettbwart up to ~10
°C st aiphneooliieah degy dle aiapbRIedUSIE ¢, Cgﬁ}qﬂ@féﬁcﬁbﬁhﬁb@ﬁ% 'ﬁ)&ﬁ‘y@fnperamre until

obngfHé%Ql%1¥¥é’¥é&1ﬁ'&ion5cketﬂe§m'ﬁ?96‘3‘? elsolpe 1L:1%I nzglthogrsz °

Cool the batoh 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 (4.3 V) (water starts to condense at this point).

Add heptane (35 L) followed by 6.0 L 6.0 N HC! and 8.9L 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 HCI 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 agueous 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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TES ag. HCI *RO MeCN *RO *RO2C i F *R02C 6 7 R* = (-)-menthyl
Materials: FW amount mmol eouiv. 30 cyclohexene 6 671.01 31 1.0
acetonitrile 211 mL -22 WO 2007/008564 PCTIUS2006/026293 aqueous
Gi@MHobi@b542 mL 37.3 1.2 Procedure: 5 The toluene solutiondfg S1aR 6203
was concentrated to remove all solvents, flushed with acetonitrile, 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. 10 The desilylation initially gave.
a mixture &g Inivahiie Bplfamsikbtembspwbidormdtive (AIOB)yStallization
of desired iolSOmMeizackio Ay esmipinanily transAftan aginos. §itkatens
followed b¥a§§5_51.4 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). 15 %%(I,IA\Q{IIPITEH[Z-KETONg RED%CTION I'_{}O CQM ND A. St

1. Ketone Re uc;lf?o% 16 c'IDrrlﬂcﬁl Ekeji szrﬁ%ﬂ FH Etggc to~9L W1ﬁlpa KF <1000
ppm. Drun off with an inline filter with 3 I, MeCN rinse. Expected yield: 2.91 kg of trans-triol (91%Y7),
3.02 kg total triols (trans/cis ~25). The resulting solution is stable at rt for >9 days and at 50 °C for >4
days.
Step 2: Sulfonylation

OH F nPrSOLCH, OH F
2,4 8-colliding
O yecN-EtoAC, t O80T
OH H
2  2a 2b 3
OH F
u.,,OSOzPr "H/OSOQPI’
OSO,Pr
A B C

Materials: Fw mass volume mol equiv,
Triol 2 254.30 434 kg 17.1 1.0
nPrSO,Cl 142.6 6.59kg 5.18L 46.2 2.7
collidine 121.18 6.01 kg 6.55L 49.6 2.9
MeCN 22L
HCI (1.0N) 216 L 21.6 1.26
EtOAc 141
NaCl 10% ag 38L
HCl (50%v/v) 0.501L 3 0.018
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RO L1(t-BUO)3AIH 'R02 'ROZO ROZC F F F 20 1 R* = (-)-menthyl rya 1b

2 Materials: FW mass volume mol equiv. ketone 1 556.75 7.25 kg

(96.5wt%) 12.57 1 25 Li(t-BuO)3AIH (1.OM THF) 18.9 L 18.86 1.5 THE

WKE2907/9856M) 251 LiAIH4 (2.3M THF) 7.11 L 16.34 1.3 HCIPSOUS006/626293

6.0ON) 29.5L 177 14.1 HCI (conc., 12N) 8.9 L 106.8 8.5 30 Heptane 35L

NaOH (10.0ON) 14 L 140 11.1 Ethyl Acetate 2 x 39 L -23 WO

2007/008564 PCTIUS2006/026293 2,4,6-collidine 121.18 0.064 kg 2 x

0.035 L 2x0.25 0.04 Procedure 5 Add 22L THE to a 100L RBE with an
NaOfHert atmé%ﬁﬁére. Cool the flask to #o'C and atid Li(O-tBu)3AII]+.7§3harge
NaCketone 1 8% agsolid with a THE (3 LEfihse while keeping temp <-25 C. Stir

at -30 to -35 C until <5% starting material remains (all solid dissolves),
approximately 2-3 hours. The trans/cis ratio is typically -25. 10 Warm the
reaction mixture to -20 C and add LiAlH4. Allow the batch warm up to -10

Hhd apply cooling to keep the temperature <30 C. Stir the reaction

mixture at room temperature until observing complete reduction to the )

triol (<o.5%%%??’&0“6%F?B‘Té’ﬂ)§°9§t%'aﬁsf‘%%ls€ AR5 tb 28 Ck@R§ other triols and
~8.7 lePde tddnite SO RE A0 B IBNH B (@B B a0hildeCN (14 L) and n-PrSO,Cl to a 100L

extractor. Cool the solution to 15 °C and add collidine all in one portion. Apply cooling to keep ihe

Proc

reaction temperature at 18-21 °C. A shurry forms within 30 min.

Monitor the reaction by LC every hour 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 (2at+b: 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 HCI (6.0 N, 0.50 L) to remove any residual collidine, Cut away the bottom aq Jayer (~41 L
and add NaGH (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-PrS0,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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15 keeping the temperature <40 C. Use 2 L THE to rinse the reaction

vessel. Caution! Significant H2 off- gassing and exotherm will occur over

the entirety. Two clear layers should form if settling occurs. Concentrate

wie gpeaenedrsd solution to -30 L (4.3V) (water starts to condenseatuthise/o26293
point). Add heptane (35 L) followed by 6.0 L 6.0 N HCl and 8.9L 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 20 the aqueous.
Assay each layer to ascertain the menthol distribution, which should show

ﬁﬂng in the agqueous, Cor!l?r he aq layer backld tHéeextractor
' gFaritraiE_Lo_pﬂ-_f@vm4 L IgN:Nagtwhite. -CF3

with b
keeping te ture <30 C (charge.d2 L first, followed by ns;
pH is -0 afterél’_:% Lis char‘g@qi,goggkggegeg‘gd%o-15min for pH metef to give

a stable pH reading.). 25 Add 39 L EtOAc and stir vigorously for 3&Fain.
Make sys-pibis -1.5-2, otherwise add 10 N NaOH or cons HCI 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
Materiglsi) ) to B¥just to pH 28%.5. Rep&diem extraciieh once more ARIY-39 L
EtOACc (faster settling this time). The aqueous layer should show -2%
(SyBnashict repsgingng and gsgg’s%discarded. A pH oD would resultig slow
mpositipn of the tri ossible to, acetate at,-0.1%/h. A higher pH to
CC-legc-)Z.O r:f(%l?'cges the aqu'sboz%%ility 0?9222 WO 2(6)3%)47&608564 hl{
DBBcTIUS2066/F26293 triol, but toogﬁiﬁﬁ’% pH wBfd resith gel formation
Cyclptigap)3?). The triol solution in Et@tls stable at pH 1.4-5 at it and at pH
CHA® at 45 0 (8 days). 5 Concentratg.dhe combined organic layers and flush
with EtOAc to -9 L with a KF <1000 ppm. Drum off with an inline filter with
3 L MeCN rinse. Expected yield: 2.91 kg of trans-triol (91%Y), 3.02 kg
prodQi@kiriols (trans/cis -25). The resulting solution is stable at it for >9 days

and at 50 C for >4 :
To a 100 Liter Flask containing 27 L of a 4;1 mixture of cyclohexane/CH,Cl, was added 8.0 Kg of (8)-

BTBA as a solid and the sides of the flask were rinsed with an additional 10.3 I, of 4:1 mixture of
cyclohexane/CHyCly,. 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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days. 10 Step 2: Sulfonylation OH ( F nPrSO2CI, OH F OH F OH
2,4,6-collidine OH .. SO2Pr "™-OH ,.,0S02Pr McCN-EtOAc, rt OH H SO02Pr
22a2b3 OH\FOH F PrO2SQ\ F If' ...I0SO2Pr OSO2Pr OSO2Pr
BOZP7WBE Materials: FW mass volume mol egg 15 Triol PQBAB004/@4293
kg 17.1 1.0 nPrSO2C1 142.6 6.59 kg 5.18 L 46.2 2.7 collidine 121.18

6.01 kg 6.55 L 49.6 2.9 MeCN 22 L 20 HCI (I.ON) 21.6L 21.6 1.26 EtOAc
14 L NaCl 10% aq 38L HCI (50%v/v) 0.50 L 3 0.018 25 WO 2007/008564
PCT/US2006/026293 NaOH (1.0N) 30L 30 1.75 NaCl l(-y?? aq20L £y

Fs  17+11% HBF,, -18 °C

WEH cHzcizlcyclohexane
PrO§ ngs&% ProstJO\O
P'OZSOI Ch PO, so’ Prozsc’
4 (1.6 equiv)
OSOgPr \/é\: %/é‘;
ClGCN P'C’zs C\fé*- Qfé\‘ [ M~ or l
PrO, Sﬁ V“‘ { '"‘f" J
A B F (from MeCN
quench)
Materials: Fw mass volume mol equiv.
Alcohol 3 466.58 6,713 kg 144 1.0
Tmidate 4 402.55 9.33 kg active 23.2 16
HBF, (54wt% in Ep0) 87.8 ' 0.558 L 4,09 0.28
cyclohexane ~]0L
CH,Cl, ~9 L
NaQH (2.0N) 16 L 32 22
IPA 1251,
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, (0.33%9 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 shury starts to form and thickens as the reaction proceeds to generate poorly

soluble trichloroacetamide A.
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5 Procedure Charge the triol solution (containing 4.34 kg active triol + 0.23
kg of other triols and -8.7 L EtOAc + 4 L MeCN, KF -2000ppm, equiv |
Omol% 1120), MeCN (14 L) and n-PrSO2C1 to a | OOL exuactor. Cool the
BEI0HeA836% C and add collidine all In one poi ion. Apply codiiijUsrkisd)36293
the 10 reaction temperature at 18-21 C. A slurry forms within 30 min.
Monitor the reaction by LC every hour 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 Ionger leads to more tri-sulfonate C

formatlon 5,After 230min +b: 120 4 4A%, 180 4.6A%
Aftes PERH A ﬂ%ﬁséwrﬂﬁe%a aS%}feaﬁé’é"acsou. 8 CEVGRE 53 Ly For slightly

hig mbont’ergreneﬁl),10pqewohdieé%°anﬁﬂéh%ﬁh313¢didd Gl lty)anﬁ aidd@_ﬂ@ for 4 h, The
reacm)(ﬁrﬁ EEQ%IIQQ t(al?%gn!g aﬂé‘&%‘y 1615“39%]% rﬂ@i %tguel‘éhgd %ﬁl tlb&ﬂfpécﬁ 195 L). The

Cut away the bottom aqueous layer (-34 1L). Wash the organic

exoq%ﬁy@rtwnaf T mpsera ) EEmbiiies 22ne M E0vsuAmNches ayat sesdiqiyed to settle.
ThelbotRm Qyecaiyl4asidual Coltidinewsyuindwiayotien batimmiaeaaye (i 18 of water. The
clouép%&m, NARH G- §%n£9£&%@@ BIaPFS) 1940 Qrganic.layss V\;@a'@ and flushed

eeplgﬁ temperature <27 C. Stir for 15 min and let the la Iﬁgéers settle. C

Wihile e ping Raych SemRERI R ottt by RERGRter Cbiouia glﬁg\lﬁ stirring as
the ﬁﬁm%@faﬁimm it wotlnBI6f NACL(BOk)cHed had\vhy dhickatptaysraged at rt until

mothe? Hod @l apdlest é}ief&,@é”% Layey (%@ﬂ%@&d&'tﬁ thdn BHOAE WASEANG PA (35 L),
assay f?m%% fdé%/yg Ig;%/s 38150/ 25 It IS then QOﬁcentrated to an oil,

and jetheft SR S T RSP T it 30 L CH2CI2 fo 10
L (transfer the solution to a new flask via an inline filter after 15 L CH2C12
is used and then continue the distillation), when KF should be <250 ppm

stePRAELRAGSSMP X aa¥nkife: The solution is used for the next reaction. 30

Step 3: Imidate Preparation -26

CF3 CF,

Me;,, CF:; 1) 5 eq //;\,,NHZ Mef,. CF3

| 0 IPA (4 L/Kg), B0°C, 4h 0
Pr-0,50 - 2} 1.8 Vol, water 5
Pr-0,80" F (95%} o F

5 5a
Materials: W mass volume mol equiv.
Bis-propylsulfonate 5 706.73 6.79 kg 9.61 1.0
allylamine 57.09 2.85kg 374L 48.0 5.0
PA 270L
Water 4301

Procedure
The reaction vessel was charged with IPA (27 L), allylamine (3.74 L, 50.0 moles), and bis-

propyisulfonate (6.79 kg, 9.61 moles).
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WO 2007/008564 PCT/US2006/026293 Me NH Me HO / CFs 2 mol%
DBU C13C)~0O CF3 CCI3CN CF3 4:1 cyclohexane/CH2CI2 CF3 4
(S)-BTBA Materials: FW mass volume mol equiv. 5 (S)-BTBA 258.16
SO /898%4 .0 CC13CN 144.4 4.92 kg 3.42 L 34.07 1.1 DBUE2M@E/026293
92.2 mL 0.62 0.02 Cyclohexane 42.4 L 10 CH2CI2 8.6 L Procedure: To a
100 Liter Flask containing 27 L of a 4:1 mixture of cyclohexane/CH2CI2
was added 8.0 Kg of (S)- 15 BTBA as a solid and the sides of the flask
were rinsed with an additional 10.3 L of 4:1 mixture of
cyclohexane/CH2C12. To the resulting slurry was added 4.92 Kg (3.42
Liters) of tieBto AR IR 5.6 MIOLBRY s RacHon
mixture wa&gg&% asthJ} r5.5 p and assayed3 or co |5_1Fe on. The reaction
mixture was then transfalvéd THo8 T T RP SRt R BriAates e hectfon
flask with IR APrROZRECH BT &GRS vitash bt witraBTink fterch oifimgiet 53

~and then With 27 liters of brine. The 20 organic layer was then filtered over
TheBRAaY Who Geal-o0)ka flgs @ndazetiapical i distillediyndgr redueed. oore.
Onﬁ%%g&%gg%mrtng% % mah}g{%[) < %5 and a flngl volume of -1§jﬁﬁers
and a Ki < 200 Assay Yol v 5 g5 Dy seeded (ca. 35 g, 0.5 wt%).
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 H20/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

CF3 CO.H CF3
1} 1.0 S
L5 eqg
Me, CF3 .
o) Pda(dba)s (0.005 mol%),
dppb (0.01 mol%), THF, +40°C , 4 h
N__.s‘ . 2) MTBE, HOAc (1.1 eg)
/ %
/4 sa {96%) 6

Materials: FW mass volume mol equiv.
Allyl-protected pyrrolide 5155 5.16 kg 10.0 1.0
THF 258L
Thiosalicyclic acid 154.2 © 1.62 kg 10.5 1.05
Pdy(dba); 915.7 460 g (1.005 0.005
Dppb 426.5 430 g 0.01 0.01
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Step 4: Etherification 25 -27 WO 2007/008564 PCTIUS20061026293 F3
F3 ,BAH F3 17+11% HBF4,-16 C H3C, F3H3 I Fs
CH2C121CYClohexane + PrO2S + H 3 F3 Pr02S Pr02S i\ Pr0350~ F
WORBO8086r02S(Dr F 3 CI' 4 (1.e equiv) 8 5a OS02Pr F3 FBOARSTE6/P24293
\I\ CI3CCN PrO3S H3 F3 H3 F3 H34,,CF3 PrO2Sd~FABCDELF
(from McCN quench) Materials: FW mass volume mol equiv. 5 Alcohol 3
466.58 6.73 kg 14.4 1.0 Imidate 4 402.55 9.33 kg active 23.2 1.6 HBF4
(54wt% in Et20) 87.8 0.558 L 4.09 0.28 cyclohexane -10 L CH2C12 -9 L
MTB) NaOH (2.0N) 16 L 32 2.2 IPA*F5H. Procedure:

NaQH 258 L (IN)25.8

Water 46.0 L

AcOH 60.05 660 g 629 mL 11.0 1.1
Procedure

The reaction vessel was charged with THF (25.8 L), allylamine protected pyrrolidine (5.16 Kg, 10.0
moles), and thiosaticylic acid (1.62 Kg, 10.5 moles). The reaction mixture was degassed and dppb (4.3
g, 0.01 mol) was added followed by Pd,(dba)s (4.6 g, 0.005 mol) under nitrogen. The mixture was
stirred at +40 °C for 4 h, cooled 1o r.t and was reverse added into a stirred biphasic mixtare made of
MTBE (41 L) and 1 N aqueous 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 wt%, 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. | 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 b, 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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15 Charge the CH2C12 solution of the cyclohexanol 3 (containing 6.73 kg
active 3 + -0.78 kg of related other alcohols and -6 L CH2C12, KF <250
m, equiv <1.2mol% H20) to a 100 L extractor. Charge the imidate
g‘gﬂﬁft? 0886 g/L in cyclohexane, -11 L, containing -2 L cycloREkAle)06/026293
followed by additional cyclohexane (8.0 L). The mixture turns cloudy due
to 3 oiling out. Add more CH2C12 (2 L) to 20 dissolve the oil. Cool to -17
C (oiling out at -0 C) and add more CH2CL2 (1.3 L) to dissolve the oil.
The KF at this poi Fshould be <110 ppm (<1.5 mol% water). Add 0.17
equiv of HBF4 (0.3 g L) in one powion, resulting in temperatureising to
-16 C. The Ilghtl udy mixture jg.aged at -16 C. It turns cle
min and a slurt tS‘@Bform. an ckens as the reactiofp

generate posf§ soluble trichloroaggtamide A. -28 WO 20Q4®08564 ®
PCT/US2006/Q26293 After agmg—a«——%le»' for 18 hours 1Ssay reveals
-82% cqysandla 5l5a ratio dtA8. ek STRgRtRM higher onyers|
equiv mieve HBFZ (0.219 L) is added following by aging at -16€ foF 4 h.
The reactiorsis then warmed?td-8\C éreF aged for efore being
guenched with NaOH (2 N, 16 L).gelag 5 exotherm brings the temperature
to 18 C. After aging at rt for -15min, the layers are allowed to settle. The
bottom aqueous layer (-18 L) is cut away and the organic layer is washed
tWIIh 18 L Mater The cloudy botto organlc la & is collected (assay
Materldl§s of 5:5%49%), concdlifited to S892%nd flusff}T/ed with IPA (98 %while
keeping batch temperature at -40 C and volume at -50-60 L to enable
AcesitiratinSals 5386 product @rysiallizes out. A final viddishe of -70 L is ¥éached
1,3-efdbiemdhigleglurry is aged @t it untlskQegmother liquor shows <11 gl loss
A(5/5a <0.55). The product is then filtered, ed with IPA (35 L), and
dried. 7.07 kg, 98A%, 96wt%, 6.82 kg corrected, 67% yield. Step 5:
watezyclization with Allylagsine 15 CF3 CF3

A 100 liter flask was charged with IPA (26 L). To this was added the acetic acid salt (7.5 K g) 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 wi%h) to initiate crystallization. Afler 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 sturry was aged for 12 hours at rt. The batch was filtered and the wet-cake was washed with 2 bed
volumes of 2:] 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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Me,,. CF3 1) 5 eq ~NH2 Me,,. CF3 O IPA (4 UKg), 80 C, 4 h O Pr-02S0O\\

2) 1.6 Vol. water Pr-O2S0O' " F (95%) N--" F 5 5a Materials: FW mass
volume mol equiv. 20 Bis-propylsulfonate 5 706.73 6.79 kg 9.61 1.0
witytosmigsas .09 .2.85 kg 3.74 L 48.0 5,0 IPA 27.0 L Water 43 Opbcdthepz6393
Procedure The reaction vessel was charged with IPA (27 L), allylamine

(3.74 L, 50.0 moles), and his- propylsulfonate (6.79 kg, 9.61 moles). -29

WO 2007/008564 PCTIUS20061026293 At room temperature, the

mixture was a very thick (pasty) mixture that was difficult to stir. The

WHAGASHTIAMMEINI8:loosens up upon heating and became completely

Fornpyla (B

homogeneous at +55-60 C. Note that allylamine was boiling at +53 5 C.
The mixtyre was heateg to +75- O&%or 4 h, and was cogled to +40 C to .
room temperature. Orfé BaIFVTLRTEBE fytmaindeline pevkinin moapiar fpsegonists of
was seeded (ca. 35 g, 0.5 wt%). The batch may crystallize without

seed but seeding gave more consistent results. 10 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'H20/IPA (12 Q. Product was

dried at +40 C for 24 hours under a SN

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

{1 hydrogen '

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

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

)  «CO»Ci-galiyl,

(5)  -(CO)»NHz,

(6)  «(CO)-NHC}.galkyl, and

7y -(CO}N(Ci-galkyl)Cj.galkyl);

X is independently selected from the group consisting of:

(1)  hydrogen,
(2) fleorine, and
(3)  methyl;

comprising:.-
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H

15

20

stream of nitrogen to give 4.9 Kg of product (95% yield). 15 Step 6:

Deprotection CF3 CO2H CF3 Me,,,\11) 1.05eq | SH CF3\ Me,, #CF3

O Pd2(dba)3 (0.005 mol%), O dppb (0.01 moi%), THF, +40C ,4 h 2)

W BE7p@ec (1.1 eq) FHH=1i F HOACc 5a (96%) 6 Materiab%flggmﬁ&ms

volume mol a uiv. 20 Allyl-protected pyrrolide 515.5 5.16 kg 10.0 1.0

T1W 25.8 L Thiosalicyclic acid 154.2 1.62 kg 10.5 1.05 Pd2(dba)3 915.7

46.0 g 0.005 0.005 25 Dppb 426.5 43.0 g 0.01 0.01 -30 WO 2007/008564

PCT/US2006/026293 MTBE 41.0 L NaOH 25.8 L (IN) 25.8 Water 46.0 L
Step A OB 0 PIGED! gooi0erid of Feduiulk (2)

2
y U\COOH
S

(2)
with SOCIy in an aprotic solvent optionally in the presence of a first catalyst to provide a compound of

Formula (3)

7
L eec
X

(3)
Step (b) reacting the compound of Formula (3) with NHMeOMe in the presence of an aqueous inorganic
base to provide a Weinreb amide of Formuls (4)

| N
_ 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 AcyO and-a second quenching with an aqueous inorganic acid

S
= i
&)

Step (d) reacting the enone of Formula (5) with a silane reagent in a third aprotic solvent and an organic
base to provide & diene of Formula (6)

to provide an enone of Formula (5)

-34 -



5 Procedure The reaction vessel was charged with THE (25.8 L),
allylamine protected pyrrolidine (5.16 Kg, 10.0 moles), and thiosalicylic
acid (1.62 Kg, 10.5 moles). The reaction mixture was degassed and dppb
WO 30800§88401 mol) was added followed by Pd2(dba)3 (4.6 grOmieenstle2ss
under nitrogen. The mixture was stirred at +40 C for 4 h, cooled to r.t and
was reverse added into a stirred biphasic mixture made of MTBE (41 L)
and 1 N aqueous 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 W ding ofgydiE (in-line filtration w/ 1
Om) with a constant total vélite /gt ca.43 L Eg)ower the KF to less than
15 5000 ppm. THE at the end ofdistill&tion 10 vol%, The mixture (ca.
8-10 L MTBE/KQ) is heated to ca. +50 C and acetic acid (10 Vol%, 62.9
mL) was 20 added and the batch w3 seeded (0.1 wt%, 5 g) to initiate the
Step (¢ystailizat dlendtofPamge deaivith@ HfarBR Fauas @gnd remaining acetic
acid (535.5 mL) was added over ca. 1 h at +50 C. The salt crystallizes as
a quite thick slurry but remainﬁgg@efﬁﬁ\m%@gg‘ns up upon aging.
Alternatively, acetic acid can be added as an MTBE solution (ca. 1 M). 25
5 After aging at + 50 C for 2 h the bati was cooled to room temperature
and aged for rgother 2 h, it was filtered, washed with MTBE (8 L) and
whergip s "}Fﬁ’ﬁngyunder vacuum for 24 h to give 5.14 Kg of the product (96%
and ajetis P Pasenpds ppinBo SRy eppeparatef Beda{8bund A -31
WO 2007/008564 PCT/US2006/026293 CE3 CFs Me,,. 4CFs 1. O Meg,. \
| CF

)
10 *S‘;ep (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 & second reducing agent in an aprotic solvent to provide a triol of

Formula (10)
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s 1.10 eq. HN-', / IPA (4 UK9), +70 C, 2 h HOAc F, (N 6 2. 1.2 Vol

Water C -\ A (98%) Materials: FW mass volume mol equiv. 5 Acetic acid

%t SRRekdea6 kg 13.74 1.0 1,3-cyclopentanedione 98.10 1.28'KySE804/926293

IPA 30L Water 36L 10 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 completesToP¥le reaction mixture was

then added 1/3 volume of water (10| eping the temperature at + 60 C.

15 The batch was seeded (4168.g#082.x 8) to-nitiate crystallization.

After aging at 50-60 C for 30 min, the mlxtu wa$ cooled to 40 C. The

remaining water (26 L) was added6Ver a perd-oT K25 h and the slurry

was aged for 12 hours at rt, The batch was flltered and the wet-cake was

washed with 2 bed volumes of 2:1 W /IPA and then | bed volume of

water and dried overnight under v, ccurmﬁ I ic
Stapeld wrating Abesrint ebFRIEER NS 0828 tWe Zg%eﬁ%g%%égi?fm e
pasaRUoRidvittoRPasivEEpronlilidgen for 24 It to give 7.45 Kg of API (98%

yield). -32 WO 2007/000564 PCTIU82006/0262%:§_‘

R20,80._~

R20,80~ X _X

(i1

wherein R2 is methyl, ethyl or propyl,
Step (i) reacting the compound of Formula (11) with compound of Formula (12)

HN
CCls

(12)

in the presence of an acid catalyst in 20 aprotic solvent to produce a compound of Formula (13)
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WHAT IS CLADABD IS: F. A process of making hydroisoindoline
tachykinin receptor antagonists of Formula (1) 5 CF3 H3C,,.\(r) N 11
{1) and pharmaceutically acceptable salts thereof, wherein Rl is selected
W T RESfoup consisting of 10 (1) hydrogen (2) C1-6allryl, BHGH806/026233
unsubstituted or substituted with halogen, hydroxyl or phenyl, (3)
cyclopentenone, which is unsubstituted or substituted with halogen,
hydroxyl or methyl, 15 (4) -(CO)-Cl-6alkyl, (5) -(CO)-M2, (6)
-(CO)-NHC1-6alkyl, and (7) -(CO)-N(CI-6alkY)(CI-6alkYF); Xis
independently selected from the group consigfidg of. 20 (1) hydrogen, (2)
fluorine, and (3) methyl;

HaCr,. CFy
L
\ =\_X
-
( )=/
R20,50—" ";,
R20,80
(13)

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

compound of Formula (14)

(14
Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid to
provide & compound of Formula (15}

.37-



5

10

comprising -33 WO 2007/000564 PCTIVS2006/026293 Step (a) reacting
a phenyl acetic acid of Formula (2) i COOH x\ (2) with SOC12 in an
aprotic solvent optionally in the presence of a first catalyst to provide a
compound of 5 Formula (3) x \' I COCI (3) Step (b) reacting the
compound of Formula (3) with NHMeOMe in the presence of an aqueous
inorganic 10 base to provide a Weinreb amide of Formula (4) CO Me N
Me (4) Step (c) reacting the Weinreb a of Formula 4 with a suitable
Grignard reagent in an second aprotic §ol¥ent followed by a first
guenching with Ac20 an&a second querghing with an aqueous inorganic
acid 15 to provide an enone of For (5) Step (d) reacting the anon
of Formula (5) with a silane Irs&gent ?rotic solvent and an
organic base to provide a diene af Formula (6 20 -34

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)

CF,

38
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15

20

WO 2007/009564 PCT/US20061026293 x O-Silane (6) Step (e) reacting
a diene of Formula (6) with a fumarate of Formula (7) RO2C~CO02R 5 (7)
wherein R is (-)-menthyl and a Lewis acid in a non-polar solvent to.provide
a compound of Formula (8) Silane-O PX'CO2R CO02R (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) O yx
CO02R CORRBr®}ssixStamia) cedudingtihe keionenipaaiiDaatisynofiihe is
compourF of Formula (9) with a first reducing agent, followed by
reduction_of CO2R with a second reducing agent in an aprotic solvent to

-
{

‘\\“

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 soivent is THF or Methyl-t-buty! ether or a mixtare of toluene and THF; the

Grignard reagent is vinyl magnesium chloride or vinyl magnesium bromide;
in Step (d) the silane reagents is chiorofriethylsilane, 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 (¢), the Lewis acid catalysts is EAICL iBuzAlCH, or EtAICk; the solvent is toluene, methylene

chloride, 1,2-dichloroethane, or benzene;
m Step (f) the hydrolysis agents is aqueous HCI, HBr, HF, or HI; the solvent is MeCN or THF;

in Step (g) the first reducing agent is LIAKOtBu):H or NaBHy.; the second reducing agent is LiAIH, and
LiBH,.; the solvent is THF or diglyme;



HO™ X (10) Step (h) reacting the triol of Formula (10) with an alkylsulfonyl
chloride in the presence of an organic base to provide a compound of
Formula (11) ,,(NOH R202SO R202SO0 -x 5 (11) wherein It2 is methyl,
ethyl or propyl, Step (1) reacting the compound of Formula (11) with
compound of Formula (12) CF3 H3C !/ CF3 H[3yO CC13 10 (12) in the

. GE.0f [ In. an aprotic solvent to produce a compound

i Step D R R o e
methan@}g?n@ shioudgHihs geganic base is 2,4,6-collidine, ethyldiisopropylamine,
tetramethylipiperidine, pentamethylpiperidine, 2.6-lutidine, or triethylamine; and wherein the reaction of

Step (h) is carried out in a solvent selected from MeCN, THF, methylene chioride, EtOAc, iPrOAc, and
1,2-dichioroethane;

in Step (i) the acid catalyst is HBF,, BF;, or CF.S01H; the solvent is methvlene chioride, 1,2~
dichloroethane, toluene, triflnorotoluene, cyclohexane;

in Step (j) the solvent is 2-propanol, MeOH, EtOH or i-PrOAc;

the reaction of Step (k) is carried out in a solvent selected from 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) rifiate, a dialkyl{aryl)carbonic anhydride, an acyl halide, an

alkyl{aryl)chloroformate, alkyl{aryl)sulfonylhalide, a haloaklyl(aryl)sulfonylhatide, an alkanoy! halide, a

benzylic halide, 2 halo-CON(alkyl or aryl)2, an akkyl{ary) aldehyde or ketone in the presence of a
reducing agent, or sulfonyiate. )

40



R202S(r) (13) Step (j) cyclizing the compound of Formula (13) with
allylamine in a polar solvent to provide a compound of Formula (14) CF3
CF3 H3C,510x H5(14) Step (k) reacting the compound of Formula
(14) with third catalyst followed by addition of acid to provide a compound
of Formula (15) -37 CF3 H3C,,, CF3 O --0 x H (15) as an acid salt; 5
Step (1) egcting the acid salt of the compound of Formula (15) with a
functionagl'izgilnégp?%%lsé((e:'nfaf]r}ﬁdk}an DO RBA X fPpRAd® the compound of

Formula (I) CF3

CFa
H.C,,
3 . CFS
0
— X
P
\_/
{7
N
F[:1

@

and pharmaceuticalty acceptable salts thereof, wherein

R1 is selected from the group consisting of
(- hydrogen

- o .
{1 C1.palkyl, which is unsubstituted or substituted with halogen, hydroxy] or

phenyl,

(3 cyei ich i i
) yciopentenone, which is unsubstituted or substituted with halogen, hydroxy} or

methyl,

41



H3C,,CF3 XN I1 R (I) 10 38 2. A process according to claim 1,
wherein the compound of Formula (I) is CF3 H3C,, CF3 OO 3. A
process according to claim | wherein 5 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 catalhyst ¢s Dinmethylformamide; 10 in Step (c) the second
aprotic sglf\éent i@ﬁ%ﬁ gm&gihyl-t-butyl ether or a mixture of toluene and
THF; the'™ rign Cr‘&)}é%%nt is vinyl magnesium chloride or vinyl
magnesiifh brofhideNHStepliel) the silane reagents is chlorotriethylsilane,

chIorotrimgthyls{@@gmf;élgw@@% orosilane; the organic base is
e, ethyldiisopropylamine, or DBU; the solvent 15 is THF,

Xis i H}ethylami’n 2, 0
is infEReReRE RSSO SHPL e SPRRFPEFETaREure thereof; in Step (e), the
Lewis acid)cataystsgsnEt, AICI, iBU2AIC1, or EtAICI2; the solvent is
toluene, methylgngichigede, 1,2-dichloroethane, or benzene;
G} methyh
comprising

St@n fi(\ ean 'no' the camnannmd ~AF Baremanal
P ASs) TR s WLLIpOWGG O OThUL

CF,

-~
~

(14)

with third catalyst foliowed by addition of acid to provide a compound of Formula (15)

4la



20 in Step (f) the hydrolysis agents is aqueous HCI, FIBr, HF, or HI; the
solvent is MeCN or T1IF; in Step (g) the first reducing agent is

. LIAI(OtBu)31-1 or NaBH4.; the second reducing agent is LiAIH4 and
LiBH4.; the solvent is THF or diglyme; 39 in Step (h), the alkanesulfony
chlorides is propanesulfonyi chloride, ethanesulfonyl chloride, or
methanesulfonyl! chloride; the organic bﬁe is 2,4,6-collidine,
ethyldiisopropylamine, tetramethyipiperldlr?e, pentamethylpiperidine,
2,6-lutidine, or triethylamine; and whe e reaction of Step (h) is
carried out in a solvent selected from jMeCN, THF, methylene chloride,
EtOAc, iPrOAc, and 1,2-dichoroethans; ?Q I) the acid catalyst is
HBF4, BF;, or CF3SO8H; the solvent is methylene chloride, 1,2-
dichloroethane, toluene, trifluorotofuene, cyclohexane; in Sten (i) the
solvent is 2-propanol, MeOH;, EtQH or j/"PFOAE; the reaction of Step (k) is
carried out in a solvent sele M™RIE 9f MTBE; and in Step (1) the
solvents is 2-propanol or tolyeretand the-fahctionalizing reagent is an
alkyl(aryl) halide, an alkyl(ar§l) trﬁlate, a dialkyl(aryl)carbonic anhydride,
an acyl halide, an alkyl(aryl)chiproformate, alkyl(aryl)sulfonylhalide, a
haloaklyl(aryl)sulfonylhalide, attalkanoyl! 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 sulfdhglate. 40 S. A process of making a

as an adéryouidd of Formula (I) CF3 H3C,,. CF3 X C/

S 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

6. A process according 1o claim 3, wherein the compound of Formula (1) is

10

7. A process according to claim 5 comprising
Step (j) cyclizing the compound of Formula (13)

42



N 11 R (I) and pharmaceutically acceptable salts thereof. wherein RI is
selected from the group consisting of (1) 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. 41 (4) -(CO)-C1-6all.yl. (5)-(CO)-NH2, (6)
-(CO)-NHCI-6alkyL and (7) -(CO)-N(C1-6alkyl)(C 1 _6alkyl); Xis
independently selected from the group consisting of: (1) hydrogen, (2)
fluorine, and (3) methyl: comprising Step (k) reacting the compound of
F'nrmuln (1 A\ CF3 H3C,, CF3

CF,

>
RaC., P

ek,

R20,S80
R20,50

(13)

wherein R2 is methyl, ethy! or propyl,

with allylamine in a polar soivent to provide a compound of Formula (14)

42a



0 x | (14) with third catalyst followed by addition of acid to provide a
compound of Formula (15) 41a CF3 H3C,, CF3 XN H (15) as an acid
salt: and 5 Step (1) reacting the acid salt of the compound of Formula (15)
with a functionatizing reagent in a polar solvent to provide the compound
of Formula (1) 6. A process according to claim 5, wherein the compound of
Formula () is CF3~Cr3 PP;7& F N 0 Gis7. A process according to
claim 5 comprising

AN
H3C:,. i =

CFj

(14)
Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid 1o
provide a compound of Formula (15)

CF,

N
H

(15)
as an acid salt;

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

) with a functionalizing reagent i
soivent to provide the compound of Formula (. g reagent in a polar

8. A process according to claim 7 cornprising

Step (i) reacting the compound of Formuia (11)

43



Step (j) cyclizing the compound of Formula (13) 42 CF3 1{309,, /' CF3
R242S0 R202S(r) (13) wherein R2 is methyl, ethyl or propyl, with
allylamine in a polar solvent to provide a compound of Formula (14) 42a
CF3 H3C,,CF3 O-, X Px-N r- 1l (14) Step (k) reacting the compound
of Formula (14) with third catalyst followed by addition of acid to provide a
compound of Formula (15) CF3 H3C,, /

with compound of Formuia (12)

43a



CF3 XN H (15) as an acid salt; Step (l) 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). 8. A process according to
claim 7 comprising Step (i) reacting the compound of Formula (11) 43 \O
1 R202S0O RZ(r)2SC' X (il) with compound of Formula (12) 43a CF3
H3C CF3 HNyO CC13 (12) in the 'prese@p%\ of an acid catalyst in an
aprotic solvent to produce a compound of Formula (13) CF3

YO

CCly

FHN

(12)

in the presence of an acid catalyst in an aprotic solvent to produce a compound of Formula (133

Step (j) cyclizing the compound of Formula (13) with allylamine in a polar solvent to provide a
compound of Formula (14)

44
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15

20

H3C,, CF 33 R202SC R202S(r) 5 (13) Step (j) cyclizing the compound
of Formula (13) with allylamine in a polar solvent to provide a compound
of Formula (14) CF3 H3C,,CF3 0 X N 1144 (14) Step (k) rggctlng thg
compound of Formula (14) with third catalyst followed by addition of acid
to provide a compound of Formula (15) CF3 ICF3 ON H 5(15) as an

acid salt; (14)

Step (k) reacting the compound of Formula (14) with third catalyst followed by addition of acid to
provide a compound of Formula (15)

O

T
~

X

HSC”'/@CFS
e

CF,
/T X

N/

;
N
H

(15)

as an acid salt:

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 (D.

9. A process according to claim § wherein
in Step (i) the acid cataiyst is HBF,, BF;, or CFaSO3H; the solvent is methylene chioride, 1,2-
dichloroethane, toluene, trifluorotoluene, cyclohexane;
in Step (j) the soivent is 2-propanol, MeOH, EtOH or i-PrOAc;
the reaction of Step (k) is carried out in 2 solvent selected from THF or MTBE; and

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

10. A process- of making a compound of Formula 13

45



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 (1). 10 9. A process according to claim 8 wherein in Step (i) the
acid catalyst is HBF4, BF3. or CF;SO3H; the solvent is methylene
chloride, 1,2- dichloroethane,toluene, trifluorotoluene,cyclohexane; 15 in
Step (j) the solvent is 2-propanol, McOH, EtOrpr i-PrOAc; the reaction of
Step (k) is carried out in a solvent selected frojn THE or MTBE; and in
Step (1) the solvents is 2-propanol or tolue
a compound of Formula 13 45 CK 3C,,
(13) wherein R2 is methyl, ethyl or prop

R20,S0

) /
R20,S0

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

5 Step (i) reacting the compound of Formula (1D

with compound of Formula (12)

CF,
{ S
HaC
3 Z > CF,
HNYO
(12)

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

11. A process according to.Claim 10 wherein R2 is propyl,

46



with compound of Formula (12) CF3 H3C CF3 HNO 10 CCI3 (12) in the
presence of an acid catalyst in an aprotic solvent to produce a compound
of Formula (13). 11. A process according to Claim 10 wherein R2 is
propyl, 46 the acid catalyst is HBF4, BF3, or CF3SO3H; and the solvent
is methylene chloride, 1,2-dichloroethane, toluene, trifluorotoluene or

e aci ‘ 12 A [ making a compound of Formula 14 CF3
e i KA o b BT e e itkepeics
roleng: G elupe e yrigsxane.

12. A process of making a compound of Formue 14
CFq
=

|
HaC,,
3, | == CF,

0

{
|

: T

(14)

comprising:

Step () cyclizing the compound of Formula (13)

| R20,80 3
10 'R20,S0

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

-with allylamine in 2 polar soivent to provide a compound of Formula ( 14).
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CF3 0x RZOZSO 10 R02SO (13) wherein R2 is methyl, ethyl or propyl,
with allylamine in a polar solvent to provide a compound of Formula (14).
47 13. A process according to Claim 12 wherein R2 is propyl, and in Step
(j) the solvent is 2-propanol, McOH, EtOH or i-PrOAc. 5 48

13. A process according to Claim 12 wherein
R2 is propyl, and '
in Step (j) the solvent is 2-propanol, MeOH, EtOH or i-PrOAc.

48



