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phenyl-1,7-diazaspiro{4.5]decan-2-ane (the compound of Formula I) has been
described in U.S. Patent No. 7,049,320 (the '320 patent), issued May 23, 20086, the

disclosure of which is incorporated herein in its entirety by reference.
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The compounds described in the '320 patent are classified as tachykinin
compounds, and are antagonists of neuropeptide neurokinin-1 receptors (herein,
“NK-1" receptor antagonists). Other NK; receptor antagonists and their synthesis
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Schenme B b-sulfona te b- (R-isoner, not shown)(R-isonmer substantially
remai ns in solution) The process described in Schene B

conpri ses ﬁ%%fwdﬂ?isﬁ the nunber of steps conpared to 8%2&9%5&%%
0

produces the conmpound in greater yield than Schenme A, however
schenes suffer from poor diastereoselectivity. Accordi ngly,
what is needed is a nore convegygent and efficignt process which has

i nproved di astereosel ectivity. J Su Yy of thelTyvention VWhat
is needed is agsynf-H&ti ¢ sche or prepar afi
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materials, and in many steps of the process described in the '320 patent, intermediate
compounds must be isolated or isolated and purified before use in a subsequent step,
often utilizing column chromatography for that purpose. In general, the synthetic
scheme described in the '320 patent consumes a larger than desirable percentage of
starting and intermediate compounds in the production of unwanted isomers.

The process for the preparation of the compound of Formula | described in the
'640 application generally follows Scheme B:

Scheme B
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. HCl (ac)/ MeCH  HN—
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a-sulfonate {S-isomer)- precipitate
+*

a(S-isomer)
* _ besulfonate
b- (R-isomer, not shown) (R-isomer substantially remains in solution)

a-Sulfonate

The process described in Scheme B comprises about half the number of steps
compared to Scheme A and produces the compound in greater yield than Scheme A,
however, both schemes suffer from poor diastereoselectivity.



These and ot her objectives are advant ageously provi ded by the present
i nvention, which in one aspect, as illustrated in Schene |, is a
process of wivekiongs232 PCT/US2009/056020
(5S,89)-8-[{1-(R)-(3,5-Bis-ffrifluoromethypphenyl)-ethoxyynethyl]-8-p
henyl -1, 7-di azaspi r,o[ 4. 5] decan- 2- gne_hydr ochl ori d nghydrat e, the.
Compound of - FoRRUENGI; PHaE oeEe S anteTe qonvRiaen BRLEaCEahpIaEst Whish
provi di ng hhEAnsRvEd GRiERSUBSeIeipr MUl @ Via, [5(R)-[[[1(S)1[1(R)43,5-
bi s(trifluoronethyl)-phenyll ethoxy]-nethyl]-1-phenyl-2-propenyl]am no
] met hyl | 5- et henyl - 2-pyrrolidinone] [Salt 2], wherein "Salt 2"
represents at | east one proton bonded to a base functional group in
the conmpound of Formula VIia, for exanple, a nitrogen electron pair,
thus form ng an anmoni um cation, and associated therewith a

coordi nated anion noiety, for exanple, the conjugate base of an acid,
and cyclizing the diene-am ne salt conpound of Fornmula Via using a
ring closing netathesis catalyst; b) converting the cyclized product
fromStep (a) to a salt to obtain the conmpound of Forrnula VI

R5R, 8S)-841-(R)-(3,5-bis-trifluoronethyl-phenyl)-ethoxynethyll-

8- phenyl -1, 7-di azaspiro[ 4. 5] dec-9-en-2-one] Salt 3, wherein "Salt 3"
represents at | east one proton bonded to a base functional group in

t he conpound of Fornula VII and associated therewith a coordi nated
anion noiety; c) treating fromthe salt conmpound of Formula VII
provided in Step (b) with a hydroxi de base of Fornmula MOH, for
exanpl e, wherein "M is a alkaline netal or alkali earth netal, to
provi de the correspondi ng freebase conmpound of Forrmula VIIb, reducing
t he freebase conpound of Fornula VIlb and treating the reduction
product with HCl to obtain the 1,7-di azaspiro[4.5] dec-2-one

hydr ochl ori de hydrate of Forrmula VIII; and d) optionally
recrystallizing the HC salt of Formula VIII thereby obtaining the
conpound of Fornula | a. In sone enbodi nents of Schene I, it is

preferred to carry out the reduction in Step "c" on the salt conpound
of Fornmula VIl without |iberating the freebase formthereforrn and
recovering the reduced salt product produced thereby instead of
precipitating the salt of the freebase reduction product. In
sonme enbodi nents of the present invention, preferably Step (a) of
Schene | is carried out in the presence of a sufficient anount of
added acid to decrease the | oading (anmount of catal yst present) of
the ring-closing netathesis catal yst enployed. In sonme enbodi nents
of Scheme | using added acid in Step (a), it is preferred to use an
add having a pKa which is about equal to or |less than that of the
di ene conpound of Fornula VI being cyclized in the reaction, for
exanple, an acid having a pKa equal to or less than 6.5. In sone
enbodi nents of Schenme | enpl oying added acid in Step (a), it is
preferred for the acid to be: (i) a mneral acid, for exanple, HC,
HBr, or



sul furic acid;

proponoi c, maleic, fumaric,

(ii) a nmono- or di-organic acid,
trifluoroacetic,

for exanple, acetic,
or tartatic acids; or

(i) a suybaoiomaeed, for exanple, an al kyl sul fonic acin@009/0s6020

substituted al kyl sul fonic acid,

acid, or an aromatic arylsulf

acid or a substituted aryl sul fonic acid.

utilizing an excess acid in Step 2,

for exanpl e,
met hyl benzenesul foni ¢ aci d nonohydr at e,

nmet hanesul fonic acid, 4-
or trifluoromethanesul fonic
ft \/ | e p-tol uenesul fonic
In sonme enbodi nents

the acid is preferably an

aryl sul foni ¢ aWhdt ismeedegdi=a syathetic pcherhs forlthe prepasation. of IBA{ -(318-Bis-

The acia (TMSEORRABERFeRaRaDel Yl 2P st e B o sldahizohe

add

rel ative tompoendywhich haé asebgtddiemben dfistepsy indferetidiadleiebseleeiaty] A

m xt ur e. In sone enbod

carry out Proyides\ateastign

"Salt 2" is as defined above;

nts of S
e alfoTgHG; Rracicahs
|11 ustrat gehnifercpaiieaR prdparatioy) VI | wherein
t he conpound of Structure XX represents an opti onal
Ar is an aryl

che | it is preferred to

§ upyio arhatel $ze syitable for
the dotted |ine of

doubl e bond and

noi ety, for exanple,

T 2t SR g S o

al kyl ;
hal ogen;

Mnientionyathich inttnelaspect; as lilkstrated ip &chachieupis aoprocessibfumakikgi S
(6S,85)-8-[{1-(R)-(3,5-Bis-(triffuoromethyl)phenyl)-ethoxy}-methylj-8-phenyl-1,7-diaza-

spiro[4.5]decan-2-one hydrochloride monohydrate, the compound of Formula Viil.
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Ris H aryl, or heteroaryl; and HX is an aci di c speci es,
preferably where "X" is: hal ogen, for exanple, chloride, bromde, or
i odi de; suibabmozgetfite; or a sulfonate noiety, for exrOTise)09/056020
mesyl ate, trifluoromethylsul fonate, or an aryl sulfonate, for exanple
tosylate, the process conprising: (i) contacting a secondary am ne
salt of mMeraingdheproGess cAMPAEES of the Fornula HX; (ii) adding a ring

cl osi t - S E ol ' p[(3eg_ bl
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of the conpouris(biflusmmethy)-phengdlethoxyimethyll-1-pheaytiZarropaayliamipainethy]-

e e o BB TSR 3, wherin St 2 Rp g

reaction is prrbnddnded @ abaed fiinaionallgroop iptherudenpuiundef fFolraglaX¥a, for

|><ng s% xx: leizl;n\plel\,"a r'lbi\trrbgl;\ler}/ efg%trc)fn ';')z);ir, thus forming an ammoniurrnn: cCa'tig%, E%(ncl rl
associated therewith a coordinated anion moiety, for example, the conjugate
base of an acid, and cyclizing the diene-amine salt compound of Formula Via
using a ring closing metathesis catalyst,

b) converting the cyclized product from Step (a) to a salt to obtain the compound
of Formula VII [(5R,85)-8-[1-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethoxymethyl]-
8-phenyl-1,7-diazaspiro[4.5] dec-9-en-2-one] Sait 3, wherein “Salt 3"
represents at least one profon bonded to a base functional group in the
compound of Formula VIl and associated therewith a coordinated anion
moiety;

c) treating from the salt compound of Formula VIl provided in Step (b) with a
hydroxide base of Formula M-OH, for example, wherein “M” is a alkaline metal
or alkali earth metal, to provide the corresponding freebase compound of
Formula VlIb, reducing the freebase compound of Formula Vllb and treating
the reduction product with HCI to obtain the 1,7-diazaspiro[4.5] dec-2-one
hydrochloride hydrate of Formula VIiI; and

d) optionally recrystallizing the HCI salt of Formula VIII thereby obtaining the

compound of Formula la.

In some embodiments of Scheme |, it is preferred to carry out the reduction in
Step “c” on the salt compound of Formula VIl without liberating the freebase form
thereform and recovering the reduced salt product produced thereby instead of
precipitating the salt of the freebase reduction product.

In some embodiments of the present invention, preferably Step (a) of Scheme |
is carried out in the presence of a sufficient amount of added acid to decrease the
loading (amount of catalyst present) of the ring-closing metathesis catalyst employed.



L2 XXaxXXb XXd where the netal (M is preferably a transition netal
with a formal oxidation state providing 8 "d" orbital electrons (a

group 8 trgpsShid@issetal, for exanple, ruthenium pall afcg.ﬂg%pzwgﬁfmm

iridium or a group 6 transition netal, for exanple, nolybdenum,
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appropriate stereoi soner configuration to prepare all of the Isomers
of the cofpbodimedts Eopleying axceps acid iFStemMB ibisipseferred to add the acid in an

amount of from about 0.1 to about 2.0 equivalents relative to the amount of substrate

initially present in the reaction mixture.

In some embodiments of Scheme | it is preferred to carry out the cyclization
reaction in Step (a) by the process illustrated in Scheme la.

SCHEME la
0.5-5 mol%
Ar NF=\N A
. TAr
o / CFy XY
e YQ XP g XX
O +  HX - .
H CFy 50-75°C
Me
® Salt2
VI
wherein

the dotted line of the compound of Structure XX represents an optional double
bond and “Salt 2" is as defined above;

Ar is an aryl moiety, for example, pheny! or mesityl (2,4,6-trimethylphenyl);

L. is P(R®)s, wherein R*® is selected independently and is phenyl, aryl,
alkoxylphenyl or alkyl;



ry.:)< 0 N =NH Phlg WD 2010/ 028232PCT/ US2009/ 056020 In sonme
enbodi nents of the invention it is preferred to provide the conpound
of For mul awWi2a1048€d2i n Schene | by the process of Schenmc1es2oB@skohic
| aa wherein the process conprises: a) providing the pyrazol o-5-one

of Formula II11; b) providing the freebase conmpound of Formula 1V,
R1S) - 1- ({ ( 1R) M i 8 migtal which is ruthenium, palladium, or iridium;

bis(trifl uoroggt r]_i/allgé)henyl ] et hoxyl net hyl ') - 1- phenyl pr op- 2- enypami ne,
and reading i e conpound of Forrmula Il provided in Step (a)
to yield the g am, oeheferdnyaha V

[ rethyl)- 1. ohe %%S%aéq&é%e%ep“%% ttiese | XGE RBRR LR AR - one)
’ chloride, bromide, or iodide; sulfate; sulfite; or a sulfonate moiety, for example,
mesylate, trifluoromethylsuifonate, or an aryl sulfonate, for example tosylate,
the process comprising:
()] contacting a secondary amine salt of Formula VI with an acid of the
Formula HX;
(i)  adding a ring ciosing metathesis catalyst to the mixture from step (i),
preferably in an amount which is sub-stoichiometric with respect to the
amount of the compound of Formula V| used; and

(i  heating the mixture to cyclize the compound of Formula VI.

In some embodiments of Scheme la, the ring-closing metathesis
catalyst used in the reaction is preferably selected from the compounds of Formuiae
XXa, XXb, or XXd:

N Ar T Ar
Ar” Ar 1 X\M R
X R1 X\“ R1 X/ [ -
/Mz——( X~ '; R3 R1/O
L l E‘ " .
XXa XXb XXd

where the metal (M) is preferably a transition metal with a formal oxidation state
providing 8 “d” orbital electrons (a group 8 transition metal, for example, ruthenium,
palladium or iridium, or a group 8 transition metal, for example, molybdenum), 1 isa
sigma-bonded carbon ligand with substantial Pi-backbonding capability, for exampie,
the imidazole ligand shown in the compounds of Formulae XXa and XXd, and L? is a
monodentate ligand, for example, a phosphine ligand, for example {CysP), or, as
indicated, L2 is optionally bonded to the R® substituent of the carbene lligand, and
when optionally bonded to the carbene ligand via R, illustrated by the semicircular



c) reducing the diene-imne conpound of Fornmula V prepared in Step
(b) to obtain the correspondi ng di ene-am ne conpound, converting it
to the corywpspandsng salt conpound of Formula VI, PCT/US2009/056020
[5(R-[[[1(S-[[1(R 13,5-bis(trifluoronethyl)-

phenyl | et hoxyl - met hyl ] - 1- phenyl - 2- pr openyl | am no] net hyI2] 5- et henyl - 2-
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enbodi ments of the present invention, in Step 2, pref erably, the

ring-closing netathesis catal yst i s i ng-cl osi ng net af i's
catal yst of Formula XX, described |n efie 4 (bel ow). CFsln sone
enbodi ments of the present inventigait is preferred t repare the

i nternmedi ate of ForrruIaIVurn e Yprocess | that'ed®in Schene 2,
steps 2-3 and beyond. In @ |men| S ityd 4.ed g provide
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WD 2010/ 028232PCT/ US2009/ 056020 Schene 2 XII'1lv wherein the
process conprises: Step 2-1: cyclyzing the 2-phenyl gl ycine derivative
shown w t hwBh6tdoeXiB) 2 t o obtain the oxazolidi none of BITUA20091036020
wherein Cbz is a carboxybenzyl- am ne protecting group; Step 2-2:
conbi ning the conpound of Formula I X with

[3,5-bis(trifluoronethyl)phenyl Fet hoxybr onmonet hyl ether to obtain the
l'actone of FonmulaaXmpddiReRrtsDf the invention it is preferred to provide the compound

of Formula Vla used in Scheme | by the process of Scheme laa

SCHEME laa

[ CFs FaC
JNC e oFs
0 ﬂ H HN P

m OIEXZN Ph 1. Reduction

2. Salt Formation

wherein the process comprises:

a) providing the pyrazolo-5-one of Formula lll;

b) providing the freebase compound of Formula IV, [(18)-1-({(1R)-1-[3,5-
bis(triflucromethyl)phenyllethoxy}methyl)-1-phenylprop-2-enyl)amine, and reacting
it with the compound of Formula Ill provided in Step (a) to yield the diene-imine of
Formula V, [((5R)-5-((Z)-{[(18)-1-({(1R)-1-[3,5bis(trifluoromethyl)-phenyl]-
ethoxy}methyl)-1-phenylprop-2-en-1yljimino}methyl)-5-vinylpyrrolidin-2-one)];

¢) reducing the diene-imine compound of Formula V prepared in Step (b) to obtain
the corresponding diene-amine compound, converting it to the corresponding sait
compound of Formula Vi, [5(R)-[[[1(S)-[[1(R)-[3,5-bis(trifluoromethyl)-
phenyl]ethoxy]-methyl]-1-phenyl-2-propenyllamino]methyl]-5-ethenyl-2-
pyrrolidinone] [Salt 2], wherein “Salt 2" represents at least one proton bonded to a
base functional group in the compound of Formuia VI, for example, the electron

10



reducing the lactone of Formula X to the lactol of Fornmula XI; Step
2-4: WD 2010/ 028232PCT/ US2009/ 056020 opening the ring of the |actol

of For mul awylzoiozgt ai n the al dehyde of Formula Xl |; St@Rfds:®0056020
Converting the al dehyde of Forrmula XIl to the al kenyl am ne of

Formula XI1l; and Step 2-6: deprotecting the al kenyl am ne of formula
Xl Il and copsieirta nijrctghe atam rive theoron paynid; eed baseriatad $herbwith aadbordinated
salt of Fornula IV In sone enbodi nents of the process of the
i nvention i #"PY n?ﬁ'%tP'Erred to prepare the internediate of Fornmula I
in accordance with the process illustrated in Scheme 3. Schene 3

In some embodiments of the present invention it is preferred to provide the
pyrazolo-5-one compound of Formula lll in Step (a) of Scheme 1aa by freating the
compound of Formula ll, (3R)-(1,1-dimethylethyl)-7aR-ethenyltetrahydro-1(R/S)-
hydroxy-3H,5H-pyrrolof1,2-cloxazol-5-one, with an appropriate base, for example,
triethylamine. In some embodiments of the present invention it is preferred to provide
the free-base compound of Formuia IV in Step (b) of Scheme 1aa by treating the
corresponding salt compound of Formula IVa with a water soluble base, for example,

Fs
CF,
& 0
KNPy Salt1 Formula IVa

wherein Salt 1 represents at least one proton bonded to a base functional group, for

sodium hydroxide,

example, the amine substituent, in the compound of Formula IVa and associated
therewith a coordinated anion moiety. Suitable acids for preparing the salt
compounds of Formula 1Va are, for example: organic acids, for example, maleic acid,

succinic acid, or malic acid; and inorganic acids, for example, HCI, HBr, and HI.

In some embodiments of the present invention, in Step 2, preferably, the ring-
closing metathesis catalyst is a ring-closing metathesis catalyst of Formula XX,
described in Scheme 4 (below).

In some embodiments of the present invention it is preferred to prepare the
intermediate of Formula IV using the process illustrated in Scheme 2, steps 2-3 and
beyond. In some embodiments it is preferred to provide the intermediate of Structure
X for use in preparing the compound of Formula IV as shown in Scheme II, steps 2-1
and 2-2.

11



0 NKCOOH Step 3-1 wherein the process conprises: Step 3-1:
treating pyroglutamc acid with trinethyl acetal dehyde and

met hanesulyfhempesi d to obtain (3R 6S)-3-tert-butyld iprgdiseamsss6020
H pyrrol o[ 1, 2-c][ 1, 3] oxazol e-1,5(6H)-d lone of Formula XV, Step 3-2:

Scheme 2

NHCDz Q\/O o
OH \
m Step 2-1 cvz i Fsc

Sk

Step 2-2
X
CF, Fs
0, OH \\/@\ NH ph
Step 2-3 Cbz CF3  Step 2-4 3
Me
Xil
XI
CF3
Cbz.
NH Ph
N + sait1
XU “step 2-5 f\/ CFs  smp2-6 g\
Me HZN
X v

wherein the process comprises:

Step 2-1:

cyclyzing the 2-phenylglycine derivative shown with PhCH(OCHa): to obtain the
oxazolidinone of Formula IX, wherein Cbz is a carboxybenzyl- amine protecting
group;

Step 2-2:

combining the compound of Formula IX with [3,5-bis(trifluoromethyl)phenyl]-ethoxy-
bromomethyi ether to obtain the lactone of Formula X;

Step 2-3:

reducing the lactone of Formula X to the lactol of Formula XI;

Step 24:

12



reacting the pyrrolo[1,2-c][1, 3] oxazol e-1, 5(6H)-di one of Fornmula XV
with nethyl formate to obtain the

pyrrol o( 11goGhyRgRh e- 7a- car bal dehyde of Fornula XV,  S@Bysdomdiossoo
converting the car baI dehyde of Formula XV to the

7a-vinyl -di hydro-pyrrol o[ 1, 2- c][1, 3] oxazol e-1, 5-di one of Formul a
XVl ; and c$teramg&hé ringed thee lagtal bEF dinauia Xbto kaa'mﬂle alddhyte ob Fomnulatdik
(3R)-111- Iy1l- 7a(R) - et henyl t etrahydro

-1(RI'S) - [g‘gx - 3H, 51i =pyrrol o[ 12-cloxazol -5-one of Formula I1I.

Anot her a3graerting the Rtdehyas of Formulanli ©rthe alkehgsarhinetdf Foraliaodiingnd
novel inter rredl ates used or prepared in the processes represented in
Schenes R8P 26 Schene 4 illustrates a chem cal process for

renovi ng JEké Ebﬁﬁﬁ[ tﬁe%}@ﬁuﬁé SFofhfa msﬁa %Bn\FErﬁﬁQ’{I'% &ricRpohding free

closure is co I'n Sone enbodinents of the present inventionh it
is pref erb‘c?ééth'dﬁ @btplr@ﬂfomeeaibﬁﬂﬁqmlﬂﬁ%ess illustrated in Scheme 4
at the end of reaction Step 2 shown in Schene 1 to renoval of the
netal associated with the netathesis catal yst enployed in the
cyclization rdasbmerembsiimedisrufltye pochesof theiihvandibn dttie prefened td prepare

For mil & et Eriiatg ECBPUREin 2ccoideBrR e Thabe Procssn IbRTaise v Scheme:.

be appreciated that the process canSghes@goyed to chem' cally renove
any netal netathesis catalyst fromthe reaction m xture. Scheme 4 WO
2010/ 028232PCT/ US2009/ 056020 / ==

f
_—_— N
07N COOH ™ Step 3-1 0 __)© Step 3-2 g Mo
H IS} \\‘\
A K 7\\;
Xiv

e e———————

X IO © N\’ ©
7‘* L Step 3-3 7\ Step 3-4 7\ H

XV XVi [}

wherein the process comprises:

Step 3-1:

treating pyrogiutamic acid with trimethylacetaldehyde and methanesulfionic acid to
obtain (3R,65)-3-tert-butyldihydro-1H-pyrrolo[1,2-c][1,3]oxazole-1,5(6H)-dione of
Formula XIV;

Step 3-2:

reacting the pyrrolo[1,2-c][1,3]oxazole-1,5(6H)-dione of Formula XIV with methyl
formate to obtain the pyrrolo[1,2-cloxazole-7a-carbaldehyde of Formula XV,

13



Ar,....NyAr X- IR MFC L2 R3 _., XXat wherein the dotted

| i nes represent optional bonds; Ar is phenyl, 2,4,6-trinethylphenyl,
or 2,6-di ngbhyiopbenyl; Mis preferably a transition nmetedT/v82009/086020
formal oxidation state providing 8 "d" orbital electrons (a group 8
transition netal, for exanple, ruthenium palladiumor iridiun) or a
group 6 tStemsiXion netal, for exanple, nolybedinum L2 is a phosphine

| i gand, f 1 I f
ol v, CBhyHRT R carBh e SRGGIAKS RETBMnAEHyar by R 2- o
subst i t uei[t, AloazBiE-1,5Rton=aoElormnula X¥1;sand ci rcul ar dotted |ine between

L2 and R%ﬁ fgf‘g‘n ng a bidentate ligand, wherein L2 is a chel ating
noi ety, FP &% npl e, an oxygen, phosphorous, or nitrogen noiety, for
exanmpl e, réMecixieedion®bEFyrmuta Xve to sbtairothe-(BRNM yi-didmtieyHTiadR) ethenyl-

i hown i |
' gand s fetrahydro t.{}%;§ﬁﬁ%%’§ﬁ3ﬁfsf=%@ﬁ‘é|o?1 5 ?gxa(zgﬁg-eolng)df Formula IL.

Another aspect of the present invention relates to the following novel
intermediates used or prepared in the processes represented in Schemes 1-3:

!

|| Fa"i} &
);HOH | CFs
E CF.
O h\/o N k\fo )
AN, S B TR b dl& 0
0" N =N Ph
v

IVa
i W or a sait thereof

FC FC
CF3 CF3
o)
J\/{ | 4 K\, \\/O
07N M-NHPh ad O N M—nNHPh
or a saltthereof or a salt thereof

Scheme 4 illustrates a chemical process for removing metathesis catalyst from
the reaction mixture after ring closure is complete. In some embodiments of the
present invention it is preferred to employ the chemical process illustrated in Scheme
4 at the end of reaction Step 2 shown in Scheme 1 to removal of the metal associated
with the metathesis catalyst employed in the cyclization reaction. Accordingly,
Scheme 4 illustrates removal of a metathesis catalyst of Formula XXa’, preferably the
complex of Formula XXa’ is an N-heterocyclic carbine metal complex, but it will be
appreciated that the prdcess can be employed to chemically remove any metal
metathesis catalyst from the reaction mixture.

Scheme 4
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Rl is independently selected fromaryl, alkyl, or hydrogen; R2 is H,
OH, or =0; R3 is an aryl, alkyl or phenyl noiety,or Hif L2 is not
bonded to @% ofdskX) is a conjugate base of a strong geiGyshdlossor
exanpl e, zlogen a sulfate, sulfite or sulfonate anion, prefera ({)I y
"X'is a suI fonate anion, for exanple tosylate or a hal ogen noiety
which is chloride or brom' de, the process conpri sing: (i)heati ng a

m xture of an—_agueous sol ution of a reguci reagent, ferably a

reduci ng readg?l\, whi ch is sodi um et abj sul{i t (Na2820 ngrdl um

sul fite (Ma2S ) Arsodl um bi sul fit ML¢Na y\pow‘no&ﬁ O’(Otlﬁr
phosphi nic gc PRdcings@eitum f or maf e (I\aOCHO)

2010/ 028232Fa(1‘|"1q Oﬁ%&@?@-lphosphoro s acid so salt (NaH2PQ3) ,
or mxtures ofi?tp or MWt he presence of Ag s UBF on conpri §i ng
a water-inmiscrbi‘e orgahi®® sol vent andlat |east ongoj\F heterocyclijc
carbine netal ¥plex of Formula [XX], [XXa], [)O0Cb] or [XXd]; and

wherein

the dotted lines represent optional bonds;

Ar is phenyl, 2,4 6-trimethylphenyl, or 2,6-dimethyiphenyl;

M is preferably a transition metal with a formal oxidation state providing 8 “d”
orbital electrons (a group 8 transition metal, for example, ruthenium,
palladium or iridium) or a group 6 transition metal, for example,
molybedinum;

I.2 is a phosphine ligand, for example, P(R)s , where “R” is phenyl aryl, or alkyl,
for example, (Cy)sP, or optionally, L? is bonded to the carbene substituent
via R, indicated by the semicircular dotted line between L? and R?,
forming a bidentate ligand, wherein L2 is a chelating moiety, for example,
an oxygen, phosphorous, or nitrogen moiety, for example, the oxygen
moiety in the isoproxy-benzylidene bidentate ligand shown in the catalyst
of Formula XXd (herein),

R! is independently selected from aryl, alkyl, or hydrogen;

R?is H, OH, or =0O;

R®is an aryl, alkyl or phenyl moiety,or H if L2 is not bonded to R®, and

(X) is a conjugate base of a strong acid, for example, a halogen, a sulfate,
sulfite or sulfonate anion, preferably “X” is a sulfonate anion, for example
tosylate or a halogen moiety which is chloride or bromide,

the process comprising:

0] heating a mixture of an agueous solution of a reducing reagent,
preferably a reducing reagent which is sodium metabisulfite (Na,S;05s),
sodium sulffite (Na;SO3), sodium bisulfite (NaSO3H), hypophosphorous
acid (phosphinic acid, HsPO5), sodium formate (NaOCHO) or

15



(ii)separating the metal conplex of Fornula M2 fromthe organic

| ayer after heating Step (i) by: (a) filtration where the netal

conpl ex i swonslebdse; or (b) where the nmetal conpl ex i spEPbsbdoRs6020
upt ake of the netal conplex into the aqueous |ayer and separating the
organi ¢ and aqueous | ayers. In sone enbodinents it is preferred

to carry out the mMsplwom acidrsedium salh (NaldRO 9 serrpituses af wmeremore, in -

examl o, & qua or 125 SresBRER B sBPHR BRERE RS VREL YRR g piini

wherein Ra3 is al Ieplv,enf and akleapt ane N-Pmteryobycllca:ad)m@ metal deaipleleof

sul fonate, or n|t s it is preferred to
enpl oy as the red Iar%e[%b&] WELHEB@&'] I norgani c salt
conpounds,  f ofj eX%b%tmb‘%ﬁ&B’%’ial of Pdnﬁﬂﬁ’d‘ﬂﬁ@ﬁ'on{lhe)organlc layer

phosphorous acid, for exanple one or nore net hydri de

conpounds, for ex@ﬂ@léeawwmﬁ!’r Jﬁtr@@&lwrﬁéh%ﬂ'%ﬁ licamp ?Ea‘r's
et 2T HEUE: or(bY nfrd 8 PR B R sl S PRkl
and a catal yst, for exar'rb? 'I- I'um on car bon an organic
reduci ng reagent, domplexintpthe, aqamusﬂnyerand senanatlngata@rganmmd aqueous
hydr ogen peroxide;_or (vii) one or nore netal reducing reagents, for
exanpl e, copper, 2 L, iron or magnesium It will be appreciated that
whil e Schenme W domé éﬂnbﬁﬂmtﬁn@htw ﬁrbférl‘mi toadantytas tee patasy ot ScHenf@#iimil a
)0Ca, the process a?%&[el d sults nd advant ages if use

in the pﬂ‘@slé’ﬁ%%n@waﬂﬂh tm? §E‘amp a qUELHETY SERANIM SAd:
advant aggs eRhmiphs al qimé}hwhmmbhlmsﬂfraf m@rraﬁ@.ma (RO | Whem R™ is

Det ai | ed Description. Detailed Descri tlono the | nvention

Earlier alkylcferaxempls, nthidylnrangaX is @ balidg, sulfenategiditidieof For mul a |
i ncl ude pr epay, aédn?é‘er?lf)f)&@ferﬂ% R bRHAd BRIy ab the % nPreagaR! (ipbie

to add the spiro pyrro ring, e’ prese
process oymore gmrgari; Salt compounds for example Na,S20s5, Na;S0O3, or NaH,PO3; (i) a

et hy! | - BOSRIBrASRA 6 Ja0Esthe s Bk ehe B BFEFIABHGRE BYinh P
Conpar edfdr@xﬁfr?‘!é @Ualum I@ﬁﬁiﬂer eadnumrﬁhmmt of lithieint alamifium mdaqimr(l\n)lg
t he conpound o orter vi,des

t h
o ovearadiisHion sAGAG B MR AV S AR AotA FeBBEh doprire. HABUREReN Bhbon:
conmpound (\})réinrbrggﬁib réd il rediglint, fored@hiple, aitdorBE Snd BRdlicidides (ViyRydrégen

use. used I n thé general schenes herein, in t he exanpl es,
and t hr oRgIewiste; ohiik pee Pf Mose Metal redusing Eeagests; farexammle. copper, zinc, iron

bb t
2t the pof BOnpbERE; G0 abronitds (RARLIISCALING Sls iEsaed e 2O
E t g rtiar yt"ltdmmB gbik catﬁdmtt of EJannhldb & W¥ex) the process wéttw?ld Bimifer rg%l;i@tq_pljll)lz
oc or u r bo ami de) ;
(tetr ahya%c')ﬁ?é?ﬁ fl ﬁﬁtﬁ?@r?%ﬁ%ﬁgﬁ%}%%ﬁ cf%ﬁ (r oom
tenperature, QftRraspbytsahd @)dvar'i'ﬂé@eé of tHel invertanatill beeamnd appdieht from

(triethyl am neb NPQS?% f hyl - 2-pyrrolidinone); MIBE or TBME
(t er t but JYoMing, ptaﬁlgqg SO met hyl ); Mes, when used as a structural

substituent (nesityl, which is 2,4,6-trinethyl phenyl-noiety); Ph
(phenyl); NaHWVDS (SOdI um hexarret hyI disilizane); DM (1, 3-dinethyl -2-
i mi dazol i di none); AcOH ( &efailed Beseyiptionjofithe ;

bi s(trimethyl bl e8&ds for the preparation of the compound of Formula | include
preparation of the piperidinyl moiety, followed by reactions to add the spiro pyrrolidinyl

ring, while the presently claimed process cyclizes a 3,5-
bis(trifluoromethyl)phenyllethoxylmethyl]-1-phenyl-2-propenylJaminc}methyl]-5-
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TMSCI (chlorotrimethylsilane or trinmethylsilyl chloride); TFAA

(trifluoroacetic anhydride); and |IPA (isopropanol). As used
herein, thgof@ld@¥sng terns, unless otherw se indicat echer@fBo09/056020
understood to have the foll ow ng neani ngs: Al kyl neans a

strai ght or branched chain aliphatic hydrocarbon having 1 to 6 carbon
atoms. etheaybZeymolidinene Gompgesd tagirevigyus procediwraaptng présand invention for

hl , | PT -~ t , . t which
FherT 7 o PRt Boeo TR 2GR R BPBEBR 2L bori nERBRTSE o ©
one phasémprovet ehantiondricsand diastereoménioselattivityrpovides thefcomapounid ine

WA' appearing op, a structure and joini a functional group to the
structur 'qhﬁpi"ﬁg’r Eaéi'ﬁ PHEAN mg%@%@rﬂfg%\{quﬁ%! cates a mixture of,
or either of, Téfes B&SPinh& gbR&EPSchentethere M TH e txBpldR) andfttolighout

stereochem stry. For exanple, It,:"\Od and/ or "?N neans contai ni ng
nclude the following abbreviations, together with their meaning,

ei t her, e gracicgtion, |
unless defined otherwise at the point of their use hereinafter: Me (methyl); Bu
(butyl); t-Bu (tertiary butyl); Cbz- (Carboxybenzyl); Et (ethyl); Ac (acetyl); t-Boc or t-
BOC (t-butoxycarbonyl); DMF (dimethylformamide); THF (tetrahydrofuran}; DIPEA
(diisopropylethylamine); RT (room temperature, generally 25 °C); TFA (trifluoroacetic
acid); TEA (triethyl amine); NMP (1-methyl-2-pyrrolidinone); MTBE or TBME (tert-
butyt methyl ether); Me (methyl); Mes, when used as a structural substituent (mesityl,
which is 2,4,68-trimethylphenyl-moiety); Ph (phenyl); NaHMDS (sodium hexa-
methyldisilizane); DMI (1,3-dimethyl -2- imidazolidinone); AcOH (acetic acid);
LHMDS (lithium bis(trimethylsilyl)amide); ‘
TMSCI (chlorotrimethylsilane or trimethyisilyl chloride); TFAA (trifluoroacetic
anhydride); and [PA (isopropanol).
As used herein, the following terms, unless otherwise indicated, are
understood to have the following meanings:
Alkyl means a straight or branched chain aliphatic hydrocarbon having 1 to 6
carbon atoms.
Halogen means a halogen moiety, for example, fluoro, chloro, bromo or iodo.
PTC, a phase-transfer catalyst, an agent which facilitates transfer of a reactive
moiety or reaction product from one phase to another phase in a reaction mixture.

A wavy line Wy

appearing on a structure and joining a functional group to
the structure in the position of a bond generally indicates a mixture of, or either of, the

possible isomers, e.g., containing (R)- and (S)- stereochemistry. For example,
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As well known in the art, a bond drawn froma particul ar at om wherein
no noiety is depicted at the termnal end of the bond indicates a
met hyl gr ong :b@uee3i hrough that bond to the atom unl esgTRtRI®AS6020

ot herw se. For exanpl e: However, sonetines in the exanpl es herein,
the CH3 noiety is explicitly incl uded in a structure,, As used herein,
e goHconvention for depicting mepty 8 p M%ht to

t he use of t

be equi val and the conventions are used hefein [ ghgejchangeably for
conveni end hout intending to alter the neaqi conwent Lonal |y
under st ood WSr either de iction é her eb NThe t er mN’ sol at ed"”
or "in isol & ed fofF@Ng "?”E%ﬁ r&q{do;léqtgpg to the physi dhl state of

sai d_conmpound Aafvér kit the ghah%n& rd@awﬁfraﬁpsgaﬁmuﬁh%tdmwnerem no

"purified" or "in purified form' for a conmpound refers I%l)\{i‘g
physi cal raeigtyds depistadatdbeiriminal endaf thabery beicatessy metiphgseup bound

purifica f rﬂ%@l known to
t he skil ﬁg@gﬂ tﬁ’&%ﬁdQ{)‘ tﬁ%ﬁﬁgﬁgﬁ%t ?ﬁ'gbo e CF;]bE;..I’ act er(:Tl zabl e by

standard anal ytical technyfques described herein or M8 known to the
skilled artisan. the reaction schenes d ting the present
I nventi ons, brackq’is}a und a structure indi @,Nhat t he conpound is
not necessarily pwifi ed oN i soleRresends t hat ge HJ S preferably
used directly inshhe next step. Al so, vari steps in t°he gener al

reaction schemes do not specify separation or purification procedures
for isol diowever somettneeih tbemtautp@s Hereint thes@Hs kidigty is explicitly ingluded in|

t hat | k d d
e o or sty An ekt fegBino i (S5 B #38 By Brcipi b HEh ot
ref er encqs hieapt t‘tﬁﬁ@eﬂuwﬂlbﬁt@nd the mnﬁﬁmemeti Smesélﬂ}lmérd'langqa:blpﬁir

carried out in accordance with th | | ow ng reacti.on
convenience without |ntend|ng to alter '81 gg conventlonaﬁy uncfﬂa rstood for

e meanl
either depiction thereby.

The term "isolated” or "in isolated form" for a compound refers to the physical
state of said compound after being isolated from a process. The term "purified” or "in
purified form" for a compound refers to the physical state of said compound after
being obtained from a purification process or processes described herein or well
known to the skilied artisan, in sufficient purity to be characterizable by standard
analytical techniques described herein or well known to the skilled artisan.

In the reaction schemes depicting the present inventions, brackets around a
structure indicate that the compound is not necessarily purified or isolated at that
stage, but is preferably used directly in the next step. Also, various steps in the
general reaction schemes do not specify separation or purification procedures for
isolating the desired products, but those skilled in the art will recognize that well
known procedures are used.

Typical parameters for the process described in Scheme 1 are discussed
below.

With reference to Scheme |, above, in some embodiments step 1 is typical

carried out in accordance with the following reaction scheme:
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WD 2010/ 028232PCT/ US20091056020 In sone enbodi nents, it is
preferred to provide the conpound of Formula Il by carrying out Step
l'a, whereigolpRseapound of Formula Il is converted toﬂcﬁﬂrs‘z‘&ﬁ]ﬂfﬁdﬂf’
of Forrmula Il ()y treatment with a base, for exanple, a lower alKkyl
am ne, for exanple, a tertiary amne, for exanple, triethylanm ne,

di i sopropyl ethyl am ne, or tributylamne, in a solvent that is
mscible with water, for exanple, a | ower alcohol (that is, having
fromabout 1 to about 6 carbon atons), for exanpl e ethanol, nethanol,

i sopropanol , but or mxtures theregf, at a tenperature of from
about 0 C to about pr eferably fro out 10 C to about 60C, nore
preferably from ab C to about 30C, %or a period of from
about 3 hour bo oa.J,O Ronir s. In Step I'b, the conpound of
Formula 111, rrpleme r fromStep la, is added to a
sol ution of HEbh hfree duase of Formya,)V and heated to react the two.

After addition thgam xture is heated to refl ux
the reaction is renoved via azeotropi & di sti
reaction. In sone enbodi ments, the freehase of
froma salt\‘&f Forgza Va treating tlhe salt |of

a water solu forjz};g)?l NaO—|d|ssoIvd|n||a
r

sol vent,

xyl enes, aﬁxture of{ ¥hel t wo. ste;tn some MRS, in Stdp
lc, it is preferred to redume the product of St b is with a soyrce
of hydride, Yor exanple, metal hydride reducing reagents,v for

exanpl e, sodi um bor ohydri de, sodi um cyanoborohydride, or sodium

tri acet oxybor ohydp n the Faesence of an aci exanplag,
acetic acMBH(QAF)B-fIﬁg?gJ i c aghd, Hosgp%rr C aw hanesyhif oni c
acid or t£ ¥ uereneth subfo aci res t\hef eqf btai n
the free bad¥&"of For mf I T sBfre eﬁﬂBW{‘ﬁents it B '&e erf edFt o
carry out t¥e'¢eaction td’leuene, acet SR tri | e 1, 2- chiororbhane,

t et rahydrof uran, ethyl etate, isopropyl acetate, or>m xturesHB8f two
or nore thereof I n so enbodi nent | | referred to carry out the

reaction at alft $omeempdinetssif SAre vide thegampayng of Pé’f‘HtaaHIbf)’
from aboghrriigGut St Pallwii&in tﬁ@%@nﬁb@ﬁ&bﬁpbﬁndléﬂ%%Bﬁwﬂe@ﬁ@tﬁ@ about
25C. In songe enbodr ments it is preferred to carry out the reaction
for a percoowound of banawa i bztrﬁegn@twttambase for example, anlower aliyt aminieng
a free b r r

conpound R LHaramie, e RRMIE; tiethy iR, AibobropRlcfyfghine, or
exanpl e, tgbutglbonéimes rrsalsbtvantthatlsdnlsmbtermﬂewatérpimrexampb a lower alcohol
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sol vent , exan;p al k rom about abqut
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or but an%asa@tsd%laﬁarrsrépeﬁéd afmmta%atthohrtoto%om)t@hbbereof and
thereafter 1solate the salt product I'n ep 2, the salt
compound of Formula Via is converted to a free base which is then
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removed via azeotropic distillation to drive the reaction. In some embodiments, the

d wat er gener at ed

freebase of Formula IV is prepared from a salt of Formuia IVa by treating the salt of
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where the nmetal (M is preferably a transition netal with a formal

oxi dati on whabRyb9¥i ding 8 "d" orbital electrons (a gripuddossnsco20
transition netal, for exanple, ruthenium palladiumor iridiun) or a

group 6 transition netal, for exanple, nolybdenum (X) is a conjugate
base of Foshuariyaanitha waterfsotutié base,ifer example f Na@Haisaslvad/in & low polarity

e ; hal : e AN o
a1 . BGlHaLL T BEIP P, UGS A APESURREYEL B SsbRist ruPfigs or s
capabi | i tgf thd ®o. exanpl e, as shown in the rTh catal yst of Formula XXa,

an imdazolidine |ligand(wherein Ar is an P1J1 aryl noiety, for
exanpl e benzyl, phenyl or nesityl (2,4,6-trinethyl phenyl) noiety),

L2 is a ph i i . | . . .
phospiy %E'eﬂ%@%ﬁlﬁém 18 i fBlerred to radudd'theGrb@tbt of Btdps
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bet ween L1b iamithResourbe af hydride, fayexempie; metal ysiridefedusing fepgents, fags i t
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i s not bopgeshd MikdrestRerddy tdshtindre &e8 base of Formula VI. In some
embodiments it is preferred to carry out the reaction in toluene, acetonitrile, 1,2-
dichloroethane, tetrahydrofuran, ethyl acetate, isopropyl acetate, or mixtures of two or
more thereof, In some embodiments it is preferred to carry out the reaction at a
temperature of from about 0 °C to about 80 °C, preferably from about 10 °C to about
60 °C, more preferably from about 15 °C to about 25 °C. In some embodiments it is
preferred to carry out the reaction for a period of from about 2 hours to about 10
hours. After obtaining a free base of Formula VI, it is converted (step 1¢’) to a salt
compound of Formula Vla by treatment with an acid reagent, for example, p-toluene
sulfonic acid, methanesuifonic acid, trifluoromethanesulfonic acid, trifiuoroacetic acid,
HCI, HBr, or sulfuric acid. In some embodiments it is preferred to carry out the
conversion to a salt compound of Formula Vla in a water-miscible solvent, for
example, alkyl alcohol having from about 1 to about 6 carbon atoms, for example,
methanol, ethanol, propanol, isopropanol, or butanol and its isomers, or a mixture of
two or more thereof, and thereafter isolate the salt product.

In Step 2, the salt compound of Formula Vla is converted to a free base, which
is then cyclized with a ring closing metathesis catalyst, and the resuitant product is

converted again to a salt and isolated.

The ring closing metathesis catalysts are preferably those containing a metal
with a carbene ligand, for example, the catalyst of Formula XX:
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Suitable ring-closing nmetathesis catal ysts are commercially

avail abl e, for exanple: (i) the catalysts described as "G ubbs' First
generatio > in US Patent No. 6,215,019 and th ' as
"G ubbs’ g‘g?gﬁ WG&erglzerat ion catal ysts" in published PCT%W@?P?’?%
Nos. WD 99/51344 and WD OOR1554 and the catal ysts described as
"Hoveyda- Grubbs' First and Second Generation catal §st%s" in published
PCT Application Nem, PCT/US01/ 24955, both avai l agll/él Materia; (i)
Zhan' s cat al yz\t, KLi bed in published internatiopal application

publ i cation né’ 2097/ 003135) , availl-f able from Rhar ma; and
(iii) Gela's cdtplyse! described i fypubkl shed i At el natixgnal

appl i cati on pubKicatken no. W2004%10355R6, availBRble '

Boehri nger - I ngel héj ms I n some enbodi rhant;s of the presen
is preferred to use”a catalyst having:" (i) a chelating
i soproxybenzyli deXXai gand; and (ii)XXbbisnestiyl eXXdsubstituted

N het erocycli¢ car | igand,, for_ex | e h veydaG ubbs' K Second
Gener at | dihees e DEEr () ( Efaeeniy 8 slibovetel WEh pRTIA PatgabeR stk oy o
cat al yst pedviding sf“ar smital electronseia drouf’8 ttamshioRenétah st gx@mripte, irtitheRium,
preferred to enplqy a catalyst of the forrruI?: where R4 is "H", a
nitro noiPali@dipgmpgrpiydiungy opagieyrf drnsitionpietaly for %@’R@Rﬂ)%{quéﬁéioﬁ) R
I's an al kghjugRieAlaseqf aldlrdif RAN pRERMBLIPK i85 &lifonate moiety, for example,

tosylate; or halogen moiety, for example, chloride; (L*) is a sigma-bonded carbon

i nvention it

ligand with substantial Pi-backbonding capability, for example, as shown in the

Ar"’N N

~Ar
catalyst of Formula XXa, an imidazolidine ligand nl’m (wherein Ar is an
aryl moiety, for example benzyl, phenyl or mesityl (2,4,6-trimethyl phenyl) moiety), L2
is a phosphine ligand, for example (CysP), or, as indicated, L2 is optionally bonded to
R3, illustrated by the semicircular dotted line between L? and R®, when L? is bonded to
the carbene moiety via R, it forms a bidentate ligand, and L? is a chelating moiety, for
example, an oxygen, phosphorous, or nitrogen moiety, for example, the oxygen
moiety in the isoproxy-benzylidene bidentate ligand shown in the catalyst of Formula
XXd , R is independently selected from aryl, alkyl, or hydrogen, and R® is an alkyl or
phenyl moiety, or when R3 is not bonded to L%, R® may be hydrogen.

Suitable ring-closing metathesis catalysts are commercially available, for
example: (i) the catalysts described as “Grubbs’ First generation catalyst” in US
Patent No. 6,215,019 and that described as “Grubbs’ Second Generation catalysts” in
published PCT Application Nos. WO 99/51344 and WO 00/71554 and the catalysts
described as “Hoveyda-Grubbs’ First and Second Generation catalysts” in published
PCT Application No. PCT/US01/24955, both available from Materia; (ii) Zhan's
catalyst described in published international application publication no. WO
2007/003135}, available from Zannan Pharma; and (iif) Grela’s catalyst described in
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Wth reference to Schene 1, Step 2, in sone enbodinents it is
preferred to use a reaction mxture |oading of the ring-closing

met at hesi sygab@foyebz (catal yst [ oading) in an anmount of sermaszedoosdn2d 00
nol % to about 0.1 nol % nore preferably the catalyst is used in an
amount of from about 20 mol % to 0.1 noP/0, and nore ref er abl about
10 1ol % tpobbishegt in@rmatienabapplisatien peblictiom 8o AH24/63 ft%ea!%

2010/ 028232 2009/ 056

Feact i on BHERTIPE IndE ey, fErer & E%%'ﬁ“%%%zﬂiﬁéf?%%“taﬁvﬁﬁ‘?ﬁ“ft'%ﬁ{%rﬁﬁed
reaction tmmé arcatalyst$taeng? (i) a@helaﬁagr[doproxzybemdiﬂyh@ﬁm @ad|(fi)ani c
acid non r I foni c_ aci ce C

m xture ?%’E o%%ﬂsh@??ia stergeyglic e eé\?gl ﬁ"éte ‘I"#@ ﬁ-ge 'E'f"%’da‘
conpl et e,GeBBY Verofd GindrakorbOhilyset € under given reaction
conditions. Table I, below, illustrates the results obtained by

addi ng various anpunts of p-toluenesulfonic acid to the reaction

m xture and o

funct] on of il S eemcHmEHRUNG (e UINS FRirfo  RBhAL Pne Tortule:
enbodi ments where acid is added to reduce catalyst loading it is
preferred to add acid in an anount of from about 0.01 equival ents
(eq.) to about 2 equivalents (eq.) relative to the anount of
substrate initially present in the regction r§j xture, nore preferably,

acid is added in an anount of f 2 NG~ to about 1.8 eq.,
and nore preferably acid is adde n aﬁpannu fromabout 0.2 eq. -
to about 1.5 eq. relative to the ano __ ubstrate initially
present in the reaction m xture. cr wanting to be bound by
theory, the inventors believe that best S respecting the use of
added acid in Step 2 for the redu c- alyst loading wll be
achi eved by adding to the reacti xture aci d possessing a pKa
:c. 6.5, which is the calculated nedlate | V. Various
types of acid are believed to be usef or redUC|ng the required

catal yst | oading to achieve high conversion of the substrate, for
exanpl e, but not | insomae embodimgntsiitie prefeered do employex aatplyst efthe fomula:
H , phosphoric acid, or sulfuric acid or mxtures thereof; and (ii)
organic acid, for exarrpl e, acetic acid, trifluoroacetic aci d,

met hanesul fonic acid, trifluoronethangsuol fonic acid, benzenesul fonic

aci d, p-toluenesul fonic acid, p‘ﬂést*"‘*j"*“ﬁié | fonic acid,

hal ogen- substituted benzenesul fonic aciid, or heteroaromatic sul fonic
acid, or mxtures thereof. Table I: C@ te{sion vs. Catal yst Loading
vs. TsOH Charged Catal yst Loadi ng (&bl itional TsOH Added (nol %
Reaction Conversion. R4

where R* is “H-", a nitro moiety (-NQ), or a sulfonamide moiety (-SON(R®);, wherein

R% is an alkyl moiety of 10 carbon atoms or less).

With reference to Scheme 1, Step 2, in some embodiments it is preferred to
use a reaction mixture loading of the ring-closing metathesis catalyst (catalyst
loading) in an amount of from about 100 mol% fo about 0.1 mol%, more preferably the
catalyst is used in an amount of from about 20 mol% to 0.1 mol%, and more
preferably about 10 mol% to about 0.5 mol%, relative to the amount of the compound
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of Formula V initially present in the reaction mixture. As mentioned above, the
addition of acid to the reaction mixture in Step 2, for example, 4-
methylbenzenesulfonic acid monohydrate or toluenesuifonic acid, can reduce the
reaction mixture catalyst loading required to achieve complete, or nearly complete,
conversion of the substrate under given reaction conditions. Table [, below, illustrates
the results obtained by adding various amounts of p-toluenesulfonic acid to the
reaction mixture and observing the amount of substrate conversion as a function of
catalyst loading with and without added acid. In some embodiments where acid is
added to reduce catalyst loading it is preferred to add acid in an amount of from about
0.01 equivalents (eq.) to about 2 equivalents (eq.) relative to the amount of substrate
initially present in the reaction mixture, more preferably, acid is added in an amount of
from about 0.1 eq. to about 1.8 eq., and more preferably acid is added in an amount
of from about 0.2 eq. to about 1.5 eq. relative to the amount of substrate initially
present in the reaction mixture.

Without wanting to be bound by theory, the inventors believe that best results
respecting the use of added acid in Step 2 for the reduction of catalyst loading will be
achieved by adding to the reaction mixture an acid possessing a pKa < 6.5, which is
the calculated pKa of intermediate IV. Various types of acid are believed to be useful
for reducing the required catalyst loading to achieve high conversion of the substrate,
for example, but not limited to: (i) mineral acid, for example HCI, HBr, HI, phosphoric
acid, or sulfuric acid or mixtures thereof; and (ii) organic acid, for example, acetic acid,
triflucroacetic acid, methanesuffonic acid, trifluoromethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, p-nitrobenzenesulfonic acid, halogen-
substituted benzenesulfonic acid, or heteroaromatic sulfonic acid, or mixtures thereof.

Table I: Conversion vs. Catalyst Loading vs. TsOH Charged

) o Additional TsOH Added Reaction Conversion
Catalyst Loading {mol%) (mol%) (% of VIIVI)
5 0 85-90
55-7 0 90 -100
>7 0 100
1 20 57
5 20 100
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3 60 100
5 60 100
5 100 100
2 100 93 - 100
1 100 88

1.5 150 58 - 100
1 150 g8

0.5 150 76
1 200 44

With reference to Table 1, cyclization reactions in accordance with Step 2 of
Scheme | (above) were run employing from 0 to about 2 mole equivalents (eq.) of
added acid relative to the amount of subsirate to be cyclized. These data show that
adding acid to the reaction mixture in Step 2 can reduce by a factor of more than 4.5
the catalyst loading required in the reaction mixture to achieve a high percentage
conversion of the substrate. Accordingly, where loadings of 7 mol.% or more were
needed to achieve nearly 100% substrate conversion without added acid, conversions
approaching 100% of substrate could be achieved using a catalyst ioading of 1.0
mol.% in conjunction with 150 mol.% additional acid in the reaction mixture.

~ In some embodiments it is preferred to carry out the ring-closing reaction of
Step 2 in an anhydrous, degassed (for example, using N2} reaction medium
comprising a non-coordinating rhediurn polarity solvent, for example, toluene,
trifluorotoluene, chlorobenzene, benzene, xylene(s), chloroform, dichloromethane, or
dichloroethane. In general, the reaction is carried out at atmospheric pressure or a
pressure slightly elevated above atmospheric pressure. In some embodiments it is
preferred to carry out the ring-closing metathesis reaction by dissolving the catalyst in
a solvent which is the same as, or similar to, the reaction solvent and adding the
catalyst solution slowly over a period of about 30 minutes while maintaining the
temperature of the reaction mixture within a temperature range of from about 20 °C to
about 100 °C, preferably from about 30 °C to 90 °C and more preferably from about
60 °C to about 80 °C.
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In some embodiments, at the end of the cyclization reaction it is preferred to
remove the metal from the catalyst using the process described in Scheme 4, i.e., the
product of the ring-closing procedure is treated with an aqueous solution of a reducing
reagent and the resultant metal species is extracted into the aqueous layer. Suitable
reducing reagents include, but are not limited to, inorganic reagents, for example,
sodium bisulfite, sodium metabisulfite, sodium thiosulfite, sodium formate, sodium

borohydride and its derivatives.

In some embodiments employing the process of Scheme 4 to remove metal
from the metathesis catalyst, it is preferred to employ also in the reaction mixture a
phase transfer catalyst (PTC) in an amount of from about 0.05 moi% of PTC relative
to the amount of reducing reagent employed to about 200 mol% of PTC relative to the
amount of reducing reagent employed, preferably PTC is employed in an amount
which is from about 0.1 mol% to about 100 mol% relative to the amount of reducing
reagent employed. Suitable phase transfer catalysts for use in the process include,
but are not limited to, quaternary ammonium salts of the Formula (R*sN*X} wherein
“R*” is an alkyl group, as defined herein, and “X" is an anion, preferably “X” is CI', Br,
I, F', or NO3". The inventors have surprisingly found that when the process is carried
out in the presence of a suitable phase transfer catalyst, the PTC permits the
reduction to proceed to completion at either a lower temperature, for example, as low
as 25 °C, within a shorter period of time, for example, in less than 1 hour, or
depending upon the temperature regime selected, both the reaction period and the
reaction temperature can be reduced over that required to achieve a complete
reduction in the absence of a phase transfer catalyst.

In some embodiments it is preferred to convert the cyclized product from which
the catalyst has been removed {o a salt by treatment of the reaction mixture
containing the cyclized product with a reagent comprising: (i) a mineral acid, for
example, HCI, HBr, HI, HaPQy4, or H2S0; (i) an organic acid or substituted organic
acid, for example, Maleic Acid, Fumaric Acid, Tartaric Acid or trifluoroacetic acid; (iii)
a sulfonic acid or substituted sulfonic acid, for example, methanesulfonic acid,
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1 150 98 0.5 150 76 1 200 44 Wth reference to Table I,
cyclization reactions in accordance with Step 2 of Schene | (above)
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about 10(FomPYyNg .Faﬂw*a?‘#'h Hikaoastion 10 el by tRATBeR{ it Pidiogen
from aboy 10pfesbRe8PY hydtBgénation catalyst, for example, palladium on carbon,

platinum on carbon, palladium oxide, ruthenium, or Wilkinson's catalyst, or mixtures
thereof. In some embodiments it is preferred to carry out Step 3 in a low polarity,
organic solvent, for example, toluene or Xylene, or in a polar organic solvent, for
example alcohols (C1 to C12 linear or branched alky!), or ethers, or in water, or a
mixtures of fwo or more thereof. In some embodiments, after the hydrogenation
reduction is complete, the catalyst employed in Step 3 is removed from the reaction
mixture, for example, by filtration, and the product compound in the reaction mixture is
then treated with an acid to make the corresponding salt, for example, in
embodiments where the procuct compound is treated with HCI at this step, the
compound of Formula VIl (Scheme ) is obtained as the hydrochloride hydrate.

The inventor's have surprisingly found that alternatively, with reference to
Scheme |, above, the tetrahydropyridine sait compound of Formula Vii can be directly
reduced to yield the corresponding amine-salt compound. When the compound of
Formula Vll is a hydrochloride salt, reduction of the salt compound of Formula VI
yields the hydrochloride hydrate compound of Formula VIII directly without having to
generate the intermediate free-base form of the tetrahydropyridine, the compound of
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Formula VIl b. In some enbodi ments enpl oying direct reduction of the
tetrahydropyridine salt conpound of Fornula VII, preferably after the
reducti on \Kié%fok)%lsi s conplete, the catal yst errpl oyed ipgrTid¥009/056020
reduction is renpved fromthe reaction mxture by nechanical neans,
for exanple, by filtration, and the resultant amne salt is recover ed
fromthe filtAstmentioned ab&ee, i aomei embadimentscof teel prasieohinwéntiprsitilst

conpound of, Forpula VI I di.rectl i thout fiprst .pravidi ng the .

f r ee- bas 8§ BHRY gc}'lpliengrqtgprl \5ns 'ngr?ﬂ%{g'mq h’gu?’ﬁ%gﬁ Brlpgg s@gstrated n

surprisi sgheme®N@ dokd ehb@dlhﬁ#ﬁé e@Ployingithe eo cass)of Sehemed tmﬁromdeahe

solvent which is: (i) a low polarity organi c so]vent, for ex?%wgl
vent

t ol uene 6PMPPHBHEf ‘P"‘ﬂ-"ﬁ‘!@t'h\sé’rﬂ?&egﬁ use tthe capdifigns,and
for exanigiafaiiil h SeBthe 2Bt bamiihg BatScHerigobon atomto about 12

carbon atons or a mxture of two or nofe thereof; (iii) organic
ethers conprising fromabout 2 to about 12 carbon atons or a m xture

of two or nore thereof; and (iv) wat :? k0 ures of any two or-
nore t hereof. Sui t abl e met hods or reduci ng the salt-form of

t he tetrahydropyridi ne conmpo to the correspon ycl ohexyl am ne
i ncl ude treat myREpOfi. Arbig ef For'riiMRS\v) | d@% ydroge Fin the
presence of edeifdti?4sn_cat al \s}‘%u“t_ﬁl_“’hydrog n Iysts
i ncl ude, f@ﬁf‘ﬁl e,sepahl adi ugpon : carb | I adi Wy Loy (Mo l-R

on carbon, > uthenium and W1 ki ns " Bpr mx S Wf tvvo or
nore thereof. I n sone enbod ts f |OWI ng St of Schene

I, it is preferred to carry out gtep 4, 425 ystaII|Z| ng J he product
of Step 3 froman al cohol/water soluti ort, tzﬁereby provi ding a
desirable crystalline formof the corrpound of Formula la. Suitable
al cohol sol vents useful in carrying out Step 4 include, but are not
limted to, alcohols havi ng fromabout Ito about 12 carbon atons, or

a m xture of tvvo or ereof AIt natively to recrystal lgrzati on,
t he conpound Qf rrrul a be s §pend@ld0yn telzyene, t
suspensi on eXtﬂ'm@.dteN\llth aq e @H and™Piiedy t reatEl  wi Cl to
preci pi t at excomposhe--of qu;rb IO7"O‘2*8235l / % 097 0%6020
As mentioned at¥vé&3 in some nts PP bresePt i nMention it
is preferred to prepare the i rrredl ate of Formul a |1 V¥sing the
process illustrated in Scheme 2. Fh sonme enbodi nents enpl oying the
process of Schene 2 to provide the conpound of Formula IV, it is
preferred to use the conditions and paraneters illustratgd below in
Schenme 2ab in carrying out Scheme 2. SCHEME 2ab X1V
1. CHyPPhyBr/ F3 1. Me3Sil/PhMe
NaHMDS/oluene  Cbz, 2. Silica gel
2. MgClz N"?.\Pho 3. Maleic acid . i
X Step 25 | 2 sep2s
Me
XIn Iva

In the process of Scheme 2ab, Steps 2-1 to 2-3 are described in the above-
mentioned U.S. Patent No. 7,048,320 (the '320 patent) the Examples, columns 43 to
44, compounds 1 io 3, and removal of the triphenyiphosphine oxide resulting from
carrying out step 2-5.1 shown in Scheme 2ab is described on pages 4 to 5 of
European published application No. EP 0850902.
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In the process of Schenme 2ab, Steps 2-1 to 2-3 are described in the
above-nentioned U S. Patent No. 7,049,320 (the '320 patent) the

Exanpl es, wolHdissAs to 44, conpounds 1 to 3, and rermqujmggzodgy‘}gm
tri phenyl phosphine oxide resulting fromcarrying out step 2-5. Fl

in Schenme 2ab is described on pages 4 to 5 of European publi shed
appl i cati on Nin séifle @8t@eidents Wis paeferréd 8BPEARCIUtLIREA @94 OB‘Gﬂmne 2ab using

el mo . BES. 1o et R G Rt R tis . 25 Greile NEWERE A7

NVP wat emixﬁlréfbf(zhttét@‘llﬁlﬂe andimmrt o1 & mixtock Mo@tonaﬁnd&uguext erson@é ]
acet one an ter I.n sane nts It 1.s rre to.styr t
e bl entsi iF pratarred I St ngwﬂpegmugfhw}ﬂ & IaintaRineithe asrton
from abOlﬂﬁlx@ré:antéﬁ&bf fl’@fg dbouPoeEab %Bbut 60 f@f‘ébl? fromt Qbéll@%wb W

C, nore preferablyfrom 5C to about C, after” a period

agi t at i oboHERl °@H§079e@[§qu%biyfﬁﬁ°m % eCLﬁtpabQUfaZEt drandaafter a nﬁrwdesés t han
bout 90 4 7
o ef er ably a8t hEalRekehlioh HRHRE LB Wafetipeldta: drlah A Ybodbod e P 2

react i on préfetablyctot atenngerature b‘él&psztf&lnmtmtt 795 Cc aldry pedfenably? 6f fymaatodut

extract ed .t a rature r xtur with an ani c
ol vt aEoHEALF RS < oGHEY Bl Sob e TPatiaHahdtd riihrR it Gture
| sopr opy I(typicen;awouttzcsl W) 2Rd SXrhcted thé amu'amwhpeufaturéwaabnmmre with

t her eof . h further reference to Schene _2ab,

St e
carried @GtOFB?f"'ﬁ&a'nVﬁﬁt farexampda crethy! thudy ether (M Bﬁ)rﬁﬂi‘vkﬁf@f@# 'SC’PTOF’YI
Ph3PCH3X edtae, thiueh, Xﬂéné or & iSRG Yr rﬁér’éhhéi@bf
hexanet hyl di si ‘I'fzane or |ithiumdiisopropylamn de, sodium or potassium
al koxide in an organic solvent for exanple, toluene, THF, MIBE at a

tenperature r W&efghpgmfggr%nééllwfsgc@m? b&b %@ElﬂS J ARied bt tép?éamgﬂ{e

preferably fro reactiron mxture 1s war
t enper at praduwrh df Steipr2-¢do atrhigture obPbgPCGld: X GhgeCIf Biomr 1)Adtsodilon G lithium

Guenched eyt 2 i SomaeyBR St dcerlarmun s an

sol ut i onord’diﬁc poloshtdor exanipleokéns] THF MITBE atiitediparatart Ringe i - -20 to
t enper at theﬁ@Hyufated wth silica gel Filtration of solid gives

t he conp n&: gre % tp140 °C, moremefgg%tﬂy from 1Q 1923 1 dneeaat
Formul a ikturd & vbérﬁfédet@ r&bmemb’@at&ﬂe% §tlr|"€%t fhensedofdifib rﬁﬁ% ﬁaﬁn%betg

with an al cohol havi nfg rom about to about 12 carbon ato t here

provi di n¢0(. Preferabbt feeroe20 to S@ﬁ@n@ﬁre prefergblyifiorn HED for20:°Gycang qyfenched
F |
o?r Elcj)r ?ru llvg/thlc@ﬁtér %‘%’éﬁg Jgf’olt 5;#:{ WQSI%(F\BW@ Pﬁdﬂf’n E’EQ@%?I%as%utfone fh’eepﬁgpgt?tgs

reated w an acl or exa
aci d, hydmeated wth Mg&iti ahd smcbd*qtdnodnrtempera‘:tura;l thardréaiednmthe;llica gel.

correspo ) pre aC| used, t her eby provi di ng
t he corrﬂt@%ﬁﬂﬁ# %I%"fﬁ?‘%&#’ﬂ%ﬂ%Bﬁﬁ rrul alva. In sone WO
2010/ 028232PCT/ US2009/ 056020 enbodi ments, it is preferred to
cyrstallize the salt thereb provi ded from t ol uene and_an_ anti

sol vent, for HYSRRIZE e pwaﬁwam ﬁf&eat%wﬁPJ\M%e a
crystal ' '(B@ofﬁﬂ{éihﬁéllahg?aﬁ&‘hhenched witH\in BRBhb %bohm ¥ 9kout 12
enmbodi nent s of resent 1nvention it 1s pre rre prepare th

i nt er med |C§tt@ﬂ(ﬂt0lln§r reby providinggwith éefprem@stg Schieonet Iy atepd bl) thﬁﬂh% hESQ

In sone t r

compound hf SERURY'5 AR st oiE BIECEShoRls 267 1HE e bAsF SPEOARM 1V
par anet empsovidédiisttrestertiwitie bawacid) f@ehamplgabaleit auid, hydrghluric aSidhand 3.
SCHEME 32‘I"lmydrobromm acid, to form the corresponding salt, preferably maleic acid is used,

thereby providing the corresponding maleate salt compound of Formula IVa. In some
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C H3 PPh3Bri NaHVDS (12.6%in PhMe)/ My G2 Step 3-3 xvill Wth
reference to Scheme 3ab, in sonme enbodinments it is preferred to carry

out Step 3wd bipespne of several nethods: a) refl uxi ngeqyuaesnian c
acid with diethylene glycol dinethyl ether, trinethyl acetal dehyde and
a strong acid, for exanple nmethanesul fonic acid; or b) heating

pyr ogl ut ambodioentsyit istprefermedttn pyestallize thetsplidheragy aravideshifomdeldensg gpd

| e, h f.oni i d: : ) . :
hexanet heh AN aoRedk (8 St hednerhedtine B Rbr® fPPiblE Enahifletbint
trimet hylopgi@dliidehyde and net hanesul fonic acid; or

As mentioned above, in some embodiments of the present invention it is
preferred to prepare the intermediate of Formula Il using the process illustrated in
Scheme 3. In some embodiments employing the process of Scheme 3 to provide the
compound of Formula Il it is preferred to use the conditions and parameters
illustrated below in Scheme 3ab in carrying out Scheme 3.

SCHEME 3ab
LIHMDSHCOMe/
P W CuClorznCl/ f
; 700
Jo AT S SN
07 )" COOH step 31 0 “"\\,o Step 32 G N\/ )
A H A |
XV XV
CHyPPhyBr/ _
NaHMDS {
{12.6% in PhMe)/ ” S OH
MgCl 3 LIAIH(OBu-4)y/
N THF/-20°C o N\,o
——— ot
Step 3-3 o © Step 34 7\ ’
A H
XVI .

With reference to Scheme 3ab, in some embodiments it is preferred to carry out Step
3-1 using one of several methods: .
a) refluxing pyroglutamic acid with diethylene glycol dimethyl ether,
trimethylacetaldehyde and a strong acid, for example methanesulfonic acid; or
b) heating pyroglutamic acid with trimethylacetaldehyde and a strong acid, for
example, methanesulfonic acid; or
¢) refluxing pyroglutamic acid with hexamethyl disilizane, then reacting the
product with trimethylacetaldehyde and methanesulfonic acid; or
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WO 2010/ 028232PCT/ US2009/ 056020 d) heating pyroglutam c acid and
triethylamne with chlorotrinethylsilane, and then reacti ng the
product Wi hioBshyl acet al dehyde and a strong acid, n%i@o%go%zo
nmet hanesul fonic acid; or e) adding trifluoroacetic anh e to a

m xture of pyroglutam c acid, trinethylacetal dehyde and a strong acid
and mai nt ai dji hgatﬁdgepyreglpmnatmmi dndonietitytauming Ovite dhh)ratnméthﬁm&n@ andi |

the reaction 's co t he co ound Qf,

For mita X1 v i 15 BREIEE produat with eIy Biretade S R SROTH 2tyPEne
gl ycol di met hgkampleemetttdrnegnifonit Bciher presence of
trlnethylacetalde de and a strong acid. In some enbodinents it is

preferred forad 89§W%P@"hfﬂrﬁ@ torg mixtigre Rl P¥radutamicacibhos phor i ¢
acid, sulfuri @ﬁﬁé&

aci d, benzene?rﬁ?ﬁhﬂlgg&?ﬁ%ﬁ?@éa ﬁ?é‘??é‘ﬁ"@ O%rlﬁc{:hfaair!@hf?\gq hé A8 6m
pni t r obenzenesbditdti € mttoutﬂﬂo%rmtlbhhmraactmmtls compiede.hod (a)
refluxing with pyroglutamc acid is carried out in the presence of a
co-solvent, for exanple, toluene, Xylene, cycl ohexane, THF, or a

m xture of twn ewethr(@), tthecemboum oflécf)rhlu{:h XV iscprepamdbiereloxihgyi ng a

Dean St ark ter re aratus t refl uxi ng .apparatus ungil
e Py Eata i AR i e eNe Gy oo dRstRe e then SoNenl in TR asencs 6
pyr ogl ut gifhethricEtaMehydé ahaR ShoncRidt| Medbrste ebBdfnetits Q@p@ﬁérﬁbd for the

wi t hout the diethylené glycol dimethyl ether solvent used in method
(a) is hé&Hpagarid tahea*wﬂwaawc;mdnphpﬁwnc\mcbrsulf@rﬂﬁ)aqd,, methanesufepice,
a Dean Sra@fdktr}?@rl%%énétﬁﬁﬁé(ﬁ]lfoﬂﬂ%%ﬁcﬁ #ﬁzeﬂé&;uﬁgﬁl@%‘@d( Ptolu@ﬁeémfoﬁ%m&ior p-
(a), in so odinents 1t Is erre a strong acrd
trifluor oawenzem&audfpmplmrﬂoHmsnmeawnuodrmmwﬁ roethod da) mﬁuhmgmsthl fonic

ot of o e Y RRIARTE 8 BEeciSRbfis B pestEREs PER o Bllehe ¥l Sxegppte. touene,

gﬂbodl gemwelrszegeymhﬁulhe THF hered miktine dfeﬁivbwnlu?rym&érebf ﬁt fedfmmfnfgbmﬁt 103
to abouyt C il e wate zeot ropi ca tilled off throug
Che' t  ap IEmARIaH s P IPEnG B aan ST eIer Te@b e SPERETL OF Sfiese.  on
a bench- \?\Bﬁé@t@ﬂhtp[ﬁﬁﬁkabmﬁ isl compiétecal |y acconplished in about 14.5

hour s. 2010/ 028232PCT/ US2009/'056020 In method (c),
pyroglutam c acid and hexanmethyl disilizane in a solvent which is

B heated ot Oprog (bF S ERBRIHTRBTAT 45 BB ECERer R g =

hours. Tweirorg aynuawahmmhe.ywm giysullcﬁmgthabether salvendxmey liremethod (a) is

aci . tr RERESH D RO ArRed PBIRIG. Palel bt tor rBible. adfapt SR walth: °

pht ol uegeaubfra:lmppammsj (0] lm@thud (fbt)lwmeimhua f(@)nirgscﬂﬁe g(r;mfccﬁ}rﬂ@kd@d i$0 g
t he product e resultant m xture i s heat to erio
of 1 om DiRErd (o selpl oA s60tH 209 llieroatet 4o, RripSaRbTRAeHuRE 2uid

chl or ot r iyetkdneselfbAb acids tﬂﬁ.@ﬁsﬂnétﬁaﬁeéu%hw&.@fbeazéwmfbﬁlma%mﬁgt d and
triethylam ne in toluene eelnﬁ;t he tenperature under

and t hen teluenafufonie acidonpeaitrehenzenesulfepic apid; |In sp@eRmBodimpols thg

| et d
SOTE] on iR gt (R MBCIRPACT SRTRIA01, il
treated med:tmm:a’rl&td@lllad eﬁahmgpcﬂme Ha[ﬂ, ancbrteﬂuxlg; contidued antilevatepdemoval

trifluor I C, ac) hosphoric acid ri.c acid hanesul f.onj
et o, oo B S EIeE AR A BIRR SRR < fimn i in Bl efompRned it sbolt 11§
p- t ol uendsuis oni ¢ acid or pnitrobenzenesul fonic acid, nmaintaining the
tenperature of the reaction mxture in a tenperature range of from
about 50 C to about 100 C, preferably fromabout 60 C to about 90 C,
nore preferably, fromabout 70 C to about 85 C until the reaction is
conplete, typically a period of from about 18 hours to about 24

hour s. In nethod (e), a mxture of pyroglutamc acid,
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WO 2010/ 028232PCT/ US2009/ 056020 general the reaction mxture is
mai ntained in the desired tenperature range until the reaction is

conpl et e, pRhGabd: about 5 to about 10 hours. | neca@R2009086026 he
conmpound of Forrmula XIVis mxed with: (i) a solvent which is

preferably 1, 3-dinmethyl-2-im dazolidinone (DM) or tetrahydrofuran,
(ii) nethyl f brmetheddr), pytaglutamicracie and hexamethy! disilizangin § selvertwhich

d, f C
Cypi al | RRETRLN A0, Aoy Huer SN g ioRiPnt TG oY Rated to
relati \r/ne) re(§jfﬁ1xtfbltea paﬁwnbf ﬁémtdbmmenpa:ﬁm ab;louFoz mmuﬂ; Xlt'nmemrgﬂaogtawehyde
sone enbodinents a S aci enpl oyed | i s step.to ihcrease
yi el d an&"glarﬁﬁqngfc\@?%ﬁi‘am ?Hé'ﬂ‘t“gg@ tt‘ﬁ?#?ﬁ\??@“"‘ ?'M%”‘f ﬂ@a
addi tion niﬁthéﬂ&uﬁ@ﬁéhb@&ﬁ%rorh@lﬁah@ﬁﬂfoh%dﬂ ﬁem&ene@ﬁ@ﬁﬁlm to a
tenperature of from about |- 100] C to about [-55]

mei nt ai nprigluenesultoniseacid oF é-wohef@en@ﬁ&fpanﬁ ﬁﬁﬁ@edtfe tﬁﬁefqd&&&taﬂan
mXxture iy Pe%ﬂﬁgnyt'm bl 8 %;@ég@ G5t 0)biS b¥tiddt B fisin ol P Rbufsbl el

by chl orotrite I'si Tane After ditron is conple

reactionhoussture is warnmed to a tenperature of from about OC to about
[+10] C and conbined with an aliquot of a citric acid or acetic acid
solution. The resultant intemediate is treated with trifluoroacetic
aC| d to obt ai mﬁnbﬂ-.dmy(dy Qimdrﬂutr%éthﬁlmmlleaadecw b)a’nxkal'a'd’épwbglﬁtamnuhald

- t hal deh f F ed .t
Che 7a- vRGTEShYBIIS 1P beoE MHe CEBIng oS LPePes Hien 0 o 301 N4
XVl by an‘ﬁﬁfu Heaitéd t@ﬂéﬂuﬂﬁhtlﬁhéw*gu&w ﬁ?létéﬂ ﬂ'he%élhtant trimethylsilyl-
phen

met hyl tri phosphoni um hal i d and sodi um

or lithi mtaetedrmmmuadss addechto @solvemthfm WGWP%N-B‘P}*F%%TO"QW uPh
or pot assacg{*&nﬂ{n%% F‘?dté'd Qﬂh‘iﬁ% Fac% Out Fagkg]%f %E@.gﬁ cb& %H?wo |£Hf

or MIBE erature range out
pref er abltgrflddrmnednb(mtd bh&Q}hCﬁCtamICblSUlﬁlﬂrIC[ add] methaneswioniceddd.abl y from

about [+ Cto bout [+15] .C the e 0 ched
by addl[ ng']rf ﬁﬁ'é!hnéc ég&nber?zﬁ "B%&[f ?ab% W"gélﬁesgﬁgm{; %C@/Ebg 2 and
]Ehe Ngﬁlznttdbe?hgﬁwémfﬁ?M|dgen?ﬁmla¢lﬂn ﬂfmfem?ﬁtétu& %hhenehctmnmmratreﬁ
romthe reaction mxtu [ ion uc i ni

react i on WRe@lYe range 9£§ Yabfeagé %ﬁ? ?B?%@Dﬂr&gd’rﬁft@ﬁbﬁg q&”{;go E
conpound 195 934 E e preferably! For¥la@BuB7#°C td BbS@EEN dnmfthecféaalbms
XVl is dissolved in an ether solvent which is preferabl

t et r ahy dresmpleta, ypicaihae pesipd oh fram akeub P aours,tockeahk 26 hé)éiﬂ'svent f or
exanpl e, toluene. The reaction mxture is maintained at a terrper ature
of fromabout [-40] Cto about O C, preferably at a tenperature of
from about [ - 3®methad(edbd mixthre G’jpy@;gltﬂaﬂ&c peidf tmmihylamtabietmdm&ndtajre

o eSO B A
?' umi nU[néiﬁlﬁtSdlﬂentsCthe lstrohg agidds lselétbteﬂ}ﬂ'cﬁh Ltsrganlumcld(dbneiﬂnmlmlt t heb t

e erature 1 s ralse e efature 0. a .
LS10T & difiioraacatic 45t GR nprab AP oo EXA BB RhOS R AL sl pidh Silfonic
hour's and,digife é&dﬁ%ie URkiHanbb@fdrRP&did QRflidrofRiiirRkaifobasidl he

reaction is conpl eted, the reaction nixture i s quenched with an
acetat e dnzenesulfenicoieid, ﬁs»lt@mﬁaltnryc acid\ar pav@em@enﬁﬁiﬁlfgmc agidt it gome

or isopr t uot s
of an gm : %@@? hr%agisﬁ Bflgtée!a;{ :olﬁg{h%m or t ;gdf(?{rgéylg\ggie\)tépglf%'gl d,
and t hen exangle, ctuhrbneodNﬂmneﬁM-bmelldmaeamydomBeemhodmeatsntIsrpeefeo‘mi@md
of Formul r%aljnkam Fhe react or'm N 'aatteﬁ\p%?ﬁﬂpeugﬂ‘?orﬁ 'Bo0BF0 RS o Sfout’ 95%C,

more preferably the temperature is maintained at from about 80 °C to about 95 °C. In
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CF3 NH PhandNNH rn VI or a saltthereofVII or a salt thereof In sone
enbodiments it is preferred to isolate conpound IV as either a

mal eat e salyh.20igRgsMsei Ng hydrates thereof, or as a hydr ghnh@R:seal t.
i ncludi ng hydrates thereof. In sone embodi ment s t he conmpounds of

Forrmulae VI and VII are preferably isolated as a hydrochl oride salt
or a 4- ngehygial thenzackauinbaureds addistamedtin theodesipdeéepakityretringdunlil afie

of a 4-net hyl - benzenesul f qni c
2010/ 025 55HeR % AoBBEISEIBHY about s I ahaut b above, at the
concl usi on of InteP 322%e%@hﬁmﬂn&1ofFBﬁnﬁ!b()GVSi§n1|*édAﬁftﬁ ) ks dIVEnPWRRIES

4, above, can be eggp éwbgto renpve netal fromthe reaction m xture
&

of a ringrefe@biny3 1'@'@%@@&"@#‘ (QMI)@mtetgarwﬁ@fwena(") rr@tlméfonnate
| ed
ubat ant CLPfryPioRfate: BRAIPOARNY & Lelie LBl tor eRaRBEPEUE or ZnCly When o
Wt h ref dpwiscacid & anpleyed @plcallwhe rl.avmdata&m/addw iaiamoutrite of mwt:mbnut 1
h f h t at b d
From ¢ he SPeRAtNE o AP LCRfhE Enbp be SEF 3Tty XN Bvidfeet dn BBRS) ot o
byt th r eat egﬂaoﬂhﬂeﬁtgamev?@ ?ﬁu?é umloy@ﬂtmttrﬂs a&pttbmcn‘si@é yieRi amtdrmml plifys tT )
W a reducin en at re Wi esl s cata e
process wogkyn %é[ie ,r%a@engwgtu&e gﬁ'ﬁﬂ‘ﬁ"@%?‘er%‘Hﬁﬂqm@fati"ﬁg%ﬁﬂtﬂ?@@{t Prieqgtion
reacti on mfngdsoddab S RFYeratfe @ffY@ﬁ Abolt A 0 P |t§ abBLMEsH] °BYthen,

contactlng the reaction mxture wth an agueous solution c ntalnlng a
r educi ng Maelgiaing thaHemepraturerad the rastion mlvutﬁimthedfeacm muaﬁhegd@ed

I
ohyei oal fRE iR Eride LARMERY TRl EtnioRRinbmiRIAR: gMsC)
of the tvdter agdition isfammpleteniiiecreabljorsmpduratis esarmed dimaaelhpemlra of frofrs
cnar o caop T RSl RS BTl Rl o S LS )
out the ppidaioNfivhs Thaddshlt uftéﬁﬁéd A8 i§lfeatcldath triNusteRBOR: dbid &p&\tﬁm

sui tabl e reduci ng reagents include: (i) one or nore inorganic salt
conpound41e PTG oRazeE 78 combrigeaient BmFIaNREC, 0) 1y o NatDRO3;
(i1) a phosphorous acid, for exanple, H3P02; (iii) one or nore netal
hydri de compounds, for exarrpl e, sodium hydri de, sodi um borohydri de,
or |ithium al Im$leprd-Bytheicadaldehyelof foogela XViist donverted tnthe a-vinyl-

reducti on. p r gani c
r educi nglaf'hgg} ehﬁ(’?"'Pfé rfgﬁﬁ&”ﬁk&g&%ﬂlﬁg Qj?ﬁ@'%ﬁ*@ﬁyc? SM&'Q(@P 0% for
hydr ogen gﬂ@mpbel b%ﬁn'ealrng(lt/with m@lm‘phm&ﬂﬁa@h&hmnﬁ RalRde) Blafifle eaTIr B] &)
outareutlnrec zinc, iron
magnesi ufil sodium h 'té ﬁﬁgnﬁlganq of @Rwﬁb#w&P%ﬂ'ﬂﬁ&w.%
the r eaCbbiH%s@ﬂ': hIREXiB& M &n %?dém&mnﬁevé}hsm t@lﬁ@né Unet | PMTEE [ 4t%
reaction as a ase transfer cataloy % i
tempera ure range from about [-20] “C to about {+60] °C preferably from about [-10]
°C to about [+30] °C, more preferably from about [+5] °C to about [+15] °C, then the
reaction mixture is quenched by adding NaCl and acetic acid. The product is treated
~ with MgCl> and the MgClz-triphenylphosphine oxide complex thus formed is separated
from the reaction mixture by filtration. The product remaining in the reaction mixture is

crystallized from toluene and heptane to give the compound of Formula XVI.

In Step 3-4, the compound of Formula XVl is dissolved in an ether solvent
which is preferably tetrahydrofuran or MTBE, or in a low polarity organic solvent, for
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exanpl e, a quaternary ammonium salt, for exanple (CH3(CH2)3)4114X- ,
wherein Xis preferably a chloride, brom de, iodide, fluoride,

bi sul f at e W6'S6bloas2sal fate (SO4-2), or nitrate anion. TheTuszZEhsII
have found surprisingly that including a PTC can permt the reaction
to be carried out at a tenperature of as |ow as about 20 C, whereas,
wi t hout example, hauenscThereacigumidyrenistraaiptainad atea empesatyre 9bitern gbout

proceed. é‘b{ﬁ f/(?}/oeéboﬁt%e"d) oreRpify 8 a ?enSJ(%Ohfg% bPfo e " :ﬁﬁ%ﬁ 2301 a¢ to about [-

signi fican uce the'trme require e reaction at a
parti cul &) °Cempes picferablyfaba tempepitere ofdone abguil[e?ﬁzi @de mbdutdf 19 56uand

enper at 0140 G rapgian mbie i roatel Wi B g RooleBRinra e iy
ut r[ I : Zi ?Qldﬂgu?ﬁﬂﬁﬁ'ldénoﬂl_iﬂmﬂﬁ%n%b hl@rminlﬂﬂ't Iﬁ)ydrlelmrﬁl thheemfpemtdrgss s
catal yst used for ring-closure in s esi s is preferr

enpl o);, aeisad m@&mpﬁ%@eu%?e%@%&%% ?E‘?‘Hé"‘ e %&5?&%'0& %fBFfb
t ol uene, ééﬁ%ahngwot&gﬁ tABHHA8nd HWSM@d uhYil BB9ESdtion is

di chl ororre ane roet ane or m xtures of two or nore
t her eof . compdeter Vémothierreactionis icompieted.tthe reaciienimaintuse iscausncbed with @re

4 h

Syt heei Sort SolBAT WARNS pRERE A PARAR, nbtPaCoBRbPiscBionl

te ﬁPer at WC?'?]aﬁé a‘rqu:‘lbaboutac%dmeahtmly \&Iﬂgaltihudtsr oﬁmgldnmtbtratbly@acral
tilizin e reacti hene o.renove |
cat al yst A5€GaFROTEreAGIEASId, And g Aligat sodig ?@Paﬁ? detahafie o
run the r&%ﬁg@cémgo@‘daggp:@ﬁ]uﬁ [iff rom about 0.1 hour to about 24

hours. GCenerally, en this nethod is enployed to renove the
nmet at hesi s catalyst, the reaction is continued until all of the

et at hesi s CatF%'r‘ﬂ'ﬂ;lgmelafﬁé’cBﬁl ctﬁﬁnérzﬂﬁ‘er@@jl gf the reduction

reaction the reduced neta typlic y In the formof an M2 conpl ex,
is either sol ubIHe and so in the coupze,-e of the reaction igextract ed

into the aquedlgs s@hution cﬂ)rrprr sing t drgduci ng reagent, IS
i nsol ubl e i it Rer the c or aqufobus |ayers, and ther §Fa
preci pi t at e¥_f t he and dedbus m xture. sone

i
embodi nent s m Hi zi ng the "r eBct i daN pihocgss of Sc ve the
nmet at hesi s catal yst used fipr ring-cl glsa%pm Q)fthe , Where "
of the netathedls catalyst, for exanple, mePat esr cat al yst of

Formula XXa, is ruthenium it is preferred to enpl oy Na¥8203, Na2S03
or Pd on carbon in gge presence of hydrogen as tdje reducing reagent.

In sone enbodi nents u izing the reaction processy-@f Schene 4 to
renove the netat hesr &Fyst used for ring-closg OFst he

synt hesi s, Wne e the netathesis catalyst, for exanple, the
met at hesi s Formul a XXa, is rufher |upﬁ t is preferred to
i ncl ude aI as descri bed above, ﬁg{'%\ef erably, in processes
wher ei n fﬁe Phet at hesi s caamnd ysto” RERium it is preferred
to enpl oy [(CI—|3(CI—|Q1}) 4V\15§tlth%04)] or [(CH3('CH2) 3) 411 (B@saithdreeds t he
phase transfer cata It will be appreciated that the novel

met hod prlewmeeembwmms)nt lswp&rratd tadsalatexnompaasiddVasteiihgs a maleatersal,

reaction m X I

emove o HetapeTuBlanBedd, flag dhBRaHoBR AR bR TR BRI n
such cat adgmé¢ embodinggs e dzdmpml.aﬂiscnfll-'(munplaedﬂcandc\ﬂham pirefgablyesoimtaellas
is either qubI in the mx hase reaction product O&ﬁ c!

af ter reo%bﬁ 8ﬁh|8F' ¢ salk or ggrpe - Hrrengsy! CBﬁ‘a of Ot raglg Bhase
reaction ipfdpaiacdf a 4-methyl-beREEndsibmdackikedivl es illustrating the
processes of the invention. Unless otherw se specified, all reagents

are articles of commerce, |aboratory grade, and used as received.
Example 1 rNH2 "A) -CO2H ph
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CF3 Dia Preparationof
R1S)-1- ({(1R)-143,5-Bis(trifluoronethyl)phenyfiethoxy}nethyl)-1-

phenyl pr opyd-8iyd43mM ne, nononal eate Step 1: To a sol utﬁ&g%ﬁ ];0%%
conpound of Forrmula XI (prepared as described in WO 2003/ gg 20

(100.0 g, 154.9 mmol) in NWMP (200 nL) at RT were sequentially added
KHCGB (4.6 g, AsTméntioiel)aband, atthe cofdusion ofl 8fep2 oNBthemd hﬁth:eq:s-ud:ésisng

m xture S Sti d vigorouysly for 16 h at 20 C Thet re was
Then 1 a1 dBstpled inishemi Ahad G be Smplared 5o remers Meisi gt i resction
Af ter th%l&ﬁﬁébf@ﬁn&%sﬁ@h@fbtmréa@hﬁ all%@lﬁ\?)gﬂae%et‘é%ﬁﬁe f%?clé&’gﬁ&'

The resultlng solutfon was extracted with T x 200 mL
conbi ned Psevjding ¢he prosust mtﬁfmeéaﬁ@éwmpaumq/smmwlwfma of co mlmaiwndrom

14% NaHSQg, ﬂ%q%tﬁe/&é%%e@ water (2 x 100 nl), a saturated aq. NaHCCB

sol ution, organic layer was dried (Na2sO4), filtered
and concentrated in vacuum The crude conpound of Fornula XI'I was

RGN LI e e e
7.89 (s, sllhﬁnsmbl Fbuﬁﬂlthét(ihﬁ méiaiﬂ@élddtatﬁﬁt caft béZefdded irbin thé. r@@ctfdﬂ
1H), 3.90 1 34 (d, 2: To a slurry of Ph3PCH3Br

(78.0 g, relztpr%mﬁmﬂye rlﬂgﬁﬂsua?séetmsmnm byderatinguivisactiansmixiyre
tol uene, c%ﬁf%?mn?"'% r‘ﬁ@ﬁitﬂes?é %WS%Ith Eﬁe&wlﬁé Fé‘e{ et H'{ai Yddtts Wits thc?  ed

resulting mxture for h, the crude oms ep 1 was a

sl ow y. Tn@taﬂ@atstqabaiystag hetracsasrdaseri tnostmemd comprisesi reiducingrthe:
ddi t f ith
o o Tl i R SEu AR e onefiI5 £ SARARABRE UARAIEY
NaHCC3 scdoutaictmg thenreaotigraminduteayidt amaguediesnsdlutiont cmiitamhb avgdliging25 g,
263 | d,st df filtrat th Lc .
Faver  valeRdantowbRI Hectediietorbrodtict) s meteshete catst by Sy Spible i
After filthé agiiddus thst, aRd tlisie physisdirbepardled BorEMe drdaric k)er Uihg tide

filtrates were collected and concentrated in vacuumto I%I ve t he cr ude
product dmmissibility 9f the two [ayers) fes gxample, Sy seaarabian or dacaripianyrisne

g‘;XtSQSt ?Fl?nHé’MIJIS t%]@iht eanHr?ﬁl@Brg%Hfd dr @Ebﬁé‘ IaééF' (d}@ﬁhﬁ s'?callg%g éc{ f{

dd), 5. 56he tgqctien migunerby mnan@r) 5.02 (1H, d), 4. 91 (2H, dd), 4. 33
(1H, qg), 3.65 (1H, broad), 3.48 (1H, broad),

Fdr carrying out the metathesis reduction reaction described in Scheme 4,
above, suitable reducing reagents include: (i) one or more inorganic salt compounds,
which are Na,S,0s, NazS03, NaS03H, NaOC(O)H, or NaH:POQj; (i} a phosphorous
acid, for example, H3PQOg; (iii) one or more metal hydride compounds, for example,
sodium hydride, sodium borohydride, or lithium aluminum hydride; (iv) hydrogen in the
presence of a reduction catalyst, for example, palladium on carbon; (v} an organic
reducing reagent, for example, ascorbic and oxalic acids; {vi) hydrogen peroxide; or
(vii) one or more metals capable of carrying out a reduction reaction, for example,
copper, zinc, iron or magnesium.

In some embodiments it is preferred to include in the reaction an inorganic salt
compound which can function in the reaction as a phase transfer catalyst (PTC), for
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1.26 (3H, d). Step 3: To the solution of the product of step 2 in
tol uene (300 nmL), was added trinethylsilyl iodide (21 nL, 152.4 nmol)

slow y. Thgoreauhiisng reaction mxture was stirred for gius2000056020
2010/ 028232PCT/ |1 TS2009/ 056020 The reacti on was then quenched with

MeOH (12.4 nlL, 305 mmol ) and washed sequentially with 15%

(200 nl) fexampied ayateatany amewniym srkHorexampls ( FBG(CHziéd&r’bamh@fff’%%F
containin d a

carried { TSty B Hofe, (e, (X5 BRUANCTEE0N Salfele (065 or
4: To the mtnateammmdféh@mdu@rs bavesioelpd$Umfl8!ftﬂ|w@ﬁéln@bl§"%830n%ﬁ@@m't

acid (18 155 b

m ;<t u§ e wa eg???tllp o%bgdcair?# g"ﬁ%éla\%ﬁ%g&é% e ]Pvg-sg%eatﬂlroﬁsﬂéo h(e)rr? a\%}as
t hﬁn { eduqs?qodém r?tllﬂm e fﬁg(cjﬁ? ﬁéqull‘rﬁdra t\ea:rplemturb Gl"talbloha#ﬁ)‘iﬁhto mtbcemi:

n- hept ane was added to the re t

o R, - or y\PEROMPE 4 Biesancs Hka BICuR B S3AcioB Lan sinoaRty Hafiee 1o e

n- hept ane (80fcdrd cc\’iﬁﬁle@lﬂ@%atﬁfoﬁ'ﬁt asﬁérf éulﬂngte%ﬂératbi‘éefcﬁcé)(emp;l@?re?jucmg to

filtered ang washed wth toluene (400 niL), hept.ane (200 nL
wat er (2502 pefiod Fhaboyd 6 roiantes aEeaghoR POMINgR easiae impierapartisiiar

ve, JeC BRI B o RS T VR Lo T e S TR Ot e O
15%, I.Hiao gs%zH) 7.45 (t47ll(—l)d 7.41 (t, 2H), 7.37 (d, 2H), 6.16
L0 T 10y - Adserdiblly iRsome abddients iy g bactPpbiofcts gt eneme 4

0167.5, 14®.remol8 thd metdhedis cadfsOusdBfbringdlssube inlthe.synthess, i js preferred
128.5, 128.3, 126.9, 126. 4, 20, 24. 4, 122.3

121. ,
76.6, 71. gt &ppIgY, oa waldriyeaRIa SoNeAb COmANN thesfpapfin midurs toliehs,

H}é?l izgh':ﬁihﬁéroﬁhéﬁé FhRfobeHAnd Aeirenb Orishe($0 dichittetharansd e 2 HC

dichloroethane or mixtures of two or more thereof. In some embodiments utilizing the
reaction process of Scheme 4 to remove the metathesis catalyst used for ring-closure
in the synthesis, it is preferred to carry out the reduction reaction at a temperature of
from about 20 °C to about 100 °C. In some embodiments utilizing the reaction
process of Scheme 4 to remove the metathesis catalyst used for ring-closure in the
synthesis, it is preferred to run the reaction for a period of from about 0.1 hour to
about 24 hours. Generally, when this method is employed to remove the metathesis
catalyst, the reaction is continued until all of the metathesis catalyst has been
reduced. At the end of the reduction reaction the reduced metal, typically in the form
of an ML, complex, is either soluble, and so in the course of the reaction is extracted
into the aqueous solution comprising the reducing reagent, or is insoluble in either the
organic or aqueous layers, and therefore precipitates from the organic and aqueous
mixture.

[n some embodiments utilizing the reaction process of Scheme 4 to remove the

metathesis catalyst used for ring-closure in the synthesis, where “M” of the metathesis
catalyst, for example, the metathesis catalyst of Formula XXa, is ruthenium, it is
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Vb CF3
R1S)-1- ({(1R)- 143, 5-Bi sftrifl uoronet hyftphenyliethoxy}methyl)-1-pheny

| prop- 2- I ) hydr ochl ori de nonohydrate. WO -
20107 028235 Y380/ 056020 To the sol uiion of the cr dFA/USRLgus20

Step 3 from Exanple 1 (free base) in toluene was added conc. HCO (13
nL, 156 rpreferred (3%ehibloyelEasS.0s MESBOSéd Pd bA Gaftdh iA the piclEnabiiRIréden

the resulting m xture was reduced to 200 nL at 40 C under vacuum

di sti | | atasdhe spRucingieaganlein cems embodimenigilizingdhe seasdign prgqess of
cooling t g K ' :
slurry wass?hgﬁer?gg at %Itﬁ%%t%?%éﬂ%%@g&moﬁ%d : g;\rﬁﬁ‘lﬁ%ﬁp?\%& t or
an addi t ivhese “l8” bf theleetpthegisccatalyst, forlexampte, theasietathedis hatalystef orsula

i e 5o C5 (et £k biofited Bt BlsotePTic8 ek fidh 2blelfndte
deconposigréfersbhyg in Procebsddrh¢@RC M, of4h€ nidtiatheSi catalyss is RkHeniumSit i&. 4

&Q s P(?%'Ze"gﬂg" eés%ﬂ?%ﬁﬁ%)sé@*gﬂégﬁ;(&’[(le-'li)(CHfﬁs)%N(thsoﬁ%’as?’thé S

phase transfer catalyst.

It will be appreciated that the novel method presented above for separating a
metathesis catalyst from the reaction mixture at the end of the reaction can be used to
cleanly remove a metal metathesis catalyst from other reactions employing such
catalysts so long as the reduction product containing the metal is either insoiuble in
the mixed-phase reaction product obtained after reduction or is soluble in the aqueous
phase of the mixed-phase reaction product.

There follows examples illustrating the processes of the invention. Unless
otherwise specified, all reagents are articles of commerce, laboratory grade, and
used as received.

Example

1
Fs
NHZ ey O
COH pf CFy

Va
Preparation of [(18)-1-({(1R)-1-[3,5-Bis(trifluoromethyl)phenyliethoxy}methyl)-1-
phenylprop-2-enylJamine, monomaleate
Step 1:
To a solution of the compound of Formula XI (prepared as described in WO
2003/054840) (100.0 g, 154.9 mmol) in NMP (200 mL) at RT were sequentially
added KHCO3 (4.6 g, 45.9 mmol) and water (3 mL, 166.7 mmol). The resulting
mixture was stirred vigorously for 16 h at 20 °C. The temperature was then raised to
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Preparation of (3R
6S)-3-tert-Butyl di hydro- 1H pyrrol o[ 1, 2-c][ 1, 31loxazol e-1, 5(6H) - di one,

0 A0 /\HghVoMrbded (a): To a 250 nL three neck flask auiaa®@ssdhks h
an agitator, thernoneter, Dean Stark, reflux condenser, and a

nitrogen inlet, were added L- pyroglutamc acid (20.0 g, 154.8 mmol),

tol uene GBHOOHAd tridirehénbranss Shveslor dnawemzlh giftaethe(reQction was cooled back
trimet hyl acet al dehyde (40.0 g, 464.4 mol), and CH3SO3H (1.5 g, _15.

mm:c I) Trh@RrTeaBBmjnofrwateuwes\ndge%eﬁteewsvwngépltmna{asm@as@d TBRIE
Vo o Do dp ¥3ob b, T8 colfbined SGARKATeAE Wl Sacehtidhy Rabfiod yith &' iRon

and di st igk hgoh NAHSO, eAl TYTRCcOHinfwatst (2/0H lmmlpfa §zﬂurﬁted a§\PlaHCO;
2010/ 028232PCT/ US2009/ 056020 The m xture, was %{qro 20 C ove t(ﬁi%‘;]

and n- hesoluien( anmhbriing. TheOraanie (RYE) was drgd (ﬁ‘ﬁ 8% apd cppeen
cool ed t g, vécuﬁ]n?vme drulle ?a.g.pgg§a 8 ESrmhna X Was Efé]ﬁe& khtblyh Wheridut er ed
and washed w hept ane

and water (60 nl), dried under vacuum
at 50 C tsdaga‘wm‘nailtmﬁhe(rwﬁﬂcajlpnm% yield) as an off white crystalline

To0 % EBHNMR RSO TRrg00 M) 53933 8o Fo, 8 56 W ROBEHE 73R! >

1H) 2.29 Aifn, 10H9.15.09(dd)dH), 4.7 \Ed CTH)C 4103t (Ed1HR3.80L @I BNCB34 dhH)
(mz): 19%-() 7 I-(?nouﬁl(-jisa 197(227 )I\/Et hgﬁd(b)) To( a 220 rrL@t_'hree negdlt
fl ask eqtﬁfﬂped with an agitator, thernoneter, reflux condenser, and a
nitrogen inlet, was added L- pyrogl utam c aci d (200 g, 1.6 rml), NIVP
(400 m), tri rret hyl acet al dehyde (500 nL, 397g, 4.6 nol), and CH3SO3H
(30 nlL 44t6p&; 0.46 nol). The reaction m xture was heated to 82.5 C

(€110 0% i B PREC IR0 P iy bl p e
addi ti ongfaMMBS(13%ia t6lu§ﬁk 30659, 217 rechdl)cs| Wy Gt 18:1C IAfterashutnyinethe
T e g ot e D il e iia s SbelBad . e "' ©
Loo.50 4 B s i s ot St At
solid. 100 °C, the reaction was quenched with 6% AcOH water solution (400 mL) and
washed with a saturated aqueous NaHCOj; solution. The organic layer was then
treated with MgCl; (25 g, 263 mmol) and stirred for 3 h at RT. After filtration, the
organic layer was treated with silica gel (100 @) and stirred for 30 min. After filtration,
the solid was washed with toluene (2 x 100 mL). The filtrates were collected and
concentrated in vacuum to give the crude product of Formula XIlt in toluene, which
was carried through the next step without further purification. H NMR (CDCI3, 400
MHz) 6 7.59, (1H, s), 7.38 (2H, s), 7.10 — 7.22 (10H, m), 6.15 - 6.22 (1H, dd), 5.50
(1H, s), 5.17 (1H, d), 5.02 (1H, d), 4.91 (2H, dd), 4.33 (1H, q), 3.65 (1H, broad), 3.48
(1H, broad),
1.26 (3H, d).

Step 3:
To the solution of the product of step 2 in toluene (300 mL), was added trimethylsilyl

iodide (21 mL, 152.4 mmol) slowly. The resulting reaction mixture was stirred for 3 h.
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Method (c): O N COON ((Me)331)2NH O >T4H /acid cat. 0 N COOSi Mea
XI'V Si Mes

WO 2010/028232 PCTAIS2009/056020

The reaction was then quenched with MeOH (12.4 mL, 305 mmol} and washed
sequentially with 15% agq. NaHSO; (200 mL) followed by saturated aq. NaHCO; (200
mL). The organic layer containing the crude product of the free base of Formula X!
was carried through to the next stage without further purification.

Step 4:
To the above crude product of step 3 in toluene was added maleic acid (18 g, 155

mmof) dissolved in MeOH (50 mL). The resuliing mixture was stirred for 1 h. The
volume of the resulting solution was then reduced to 100 mL at 40 °C under vacuum
distillation. At 40 °C, n-heptane (100 mL) was added to the resulting solution. Upon
cooling to RT, crystallization of the maleate salt occurred and additional n-heptane
(500 mL) was added. After stirring 2 h, the solid was filtered and washed with toluene
(400 mL), n-heptane (200 mL) and water (250 mL). The wet cake was dried at 45 °C
under vacuum for 12 h to give the compound of Formula IVa (61g; 77% vyield from
619734-D). MP. 135 °C — 140 °C. 'H NMR (DMSO-ds, 600 MHz) 5 8.87 (s, 2 H), 7.94
(s, 1H), 7.90 (s, 2H), 7.45 (t, 1H), 7.41 (t, 2H), 7.37 (d, 2H), 6.16 (dd, 1H), 6.06 (s,
2H), 5.47 (d, 1H), 5.36 (d, 1H), 4.83 (q, 1H), 3.97 (d, 1H), 3.83 (d, 1H), 1.43 (d, 3H).
°C NMR (DMSO-ds, 500 MHz) (1167.5, 146.6, 137.4, 136.4, 136.0, 130.8, 130.5,
130.3, 130.0, 128.5, 128.3, 126.9, 126.6, 126.1, 124.4, 122.3, 121.2, 120.1, 117.9,
76.6, 71.8, 62.1, 22.9. LC-MS exact mass calculated for [CagH20FsNO*] calculated:
404.14436, found: 404.14456.

Example 2

HCl NHz;'/ /0\‘/@

[(18)-1-({(1R)-1 -[3,5-Bis(triﬂuoromethyl)phenyl]ethoxy}methyl)-1-phenylprop—2-
enyllamine, hydrochloride monohydrate.
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To a 250 nL three neck flask equi pped with an agitator, thernoneter,
refl ux condenser, and a nitrogen inlet, was added L-pyroglutamc acid

(250 g, 1. @62m}@323£ ol uene (1000 nL), and (CH3)3Si NHSi (ge#s3odoBsdaorl,
4.26 nmol ). The m xture was heated to reflux for 6 h, during which

time the reflux tenperature slowy increased from80 to 100 C. After
6 h, theToitké goritivasf thesdrudé prbdust Stepd from BXarsle 1r(freatbage) imtokignand

0G| ol oL SR G000 St et Kl e ient B H85, e
(500 i, vé@l?n%of the fediing mpiGre (AR LAICEB b 200 fhit. 8t 40, °Curkfer@klumer e

charged an e reactlon m xture was heated to 90 C for 4 h. The
react i on distilationeandathep wteri(6 & més 465 mroplwas a(dﬂzdoAmr)oqmélag éFdBIdnand

h f
The 11 asteRAIBZH0 B M pReCoWp thE Tefiho'iR) g SiiFa BLRTHON
slol ution mé;} bi&t%mdo Gﬁdg)d slﬂr%tﬁfo;e ;an(a_HZanhDG ht Tl?épfbdggbwa& fi Iﬁereilfh te
urry was filtered and washe ice- er n
" con Col 0 WasBpH U e RERBII200 56 ALY driat AdUntek B forcl? Y et o
under  vasklfite 301361 ® G PMmbl RS XINEL (8 BelamMdAQT C. '

68% vyi el as an o f- e cryst ine sol'1d. Method

( CH3) 3Si BIMRWCDCLs, Bﬁﬁéﬂb‘la)cﬁ 8.4c(hE, 3hY U.857.400, 8HM &2 (dd) 1i)CBH2Hm. 2h), 4.6
(g, 1H), 4.1 (d, 1h), 3.8 (s, 1H), 1.5 (d, 3h).

Example 3
l
ISost
N
o \~O
AN
Step 1:
Preparation of (3R, 6S)-3-tert-Butyldihydro-1H-pyrrolo]1,2-c][1,3]oxazole-1,5(6H)-
dione,
H
O N\\,o
A H XIvV
Method (a):

To a 250 mL three neck flask equipped with an agitator, thermometer, Dean Stark,
reflux condenser, and a nitrogen inlet, were added L-pyroglutamic acid (20.0 g, 154.8
mmol), toluene (60 mL), diethylene glycol dimethyl ether (60 mL},
trimethylacetaldehyde (40.0 g, 464.4 mmol), and CHzSO:H (1.5 g, 15.6 mmol). The
reaction mixture was heated to reflux at 102-120 °C (reflux) for 14.5 h or until
reaction completion with water removal via a Dean-Stark apparatus. The reaction
mixture was cooled to 35 °C and distilled under vacuum to a final volume of 50 mL.
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IV To a 1 L three neck flask equipped with an agitator, thernoneter,
refl ux condenser and a nitrogen inlet, was charged L-pyroglutamc

aci d (500, wo38Bdse tol uene (450m) and Et 3N (113nL 0. 34®bhdoos0s6020
(CH3)3sI Al (103ml, O0.81nmol) was added whil e keeping the tenperature
bel ow 30 C. The reaction m xture was heated to 110 C and agitated for
a peri od Tok Bixture Wae csuhdetnsziocm: m 1dQCdndd?-hept5néZ(1a4(ﬂmd) Wwat added bher

hept 0Q.n). The t th d d
by 1 1t r it JedRacBCRRRIR R PTGt Lro A FOIAR o200 Fog
The filt sRirg WESTilEREE ARE Walshéd Mhméptaw (60h 1Y BhdORatth orrﬂanmmeEﬂMﬂdéEO
mL), trimethylacetal dert% Fcb&100 ., 78 mol )’ and CH3S03

0. 04 nol yawagn &464C tg B (28 & K&% yielg)as %aﬁ-@d"tﬁ‘@n@@ﬂl@ﬁf mhdzhllph
th | t ho
hen Cook g b el SRR IR, RO ) b,
The SUSPena. on s a0l B Lo et OF U 2z, i A v
filter eg %ﬁH%’%@ﬁ’é&aﬁ?‘tﬁﬁ%ﬁé@‘%@ a’nﬁht‘@% %3509‘%{'% &#jgg?ren i ce-col d

i sopropyl al cohol (50 mL). The product was then dried under vacuum at
45 Cto afford XIV (48.3 g, 63% as an off-white crystalline solid.
Met hod (ME_@_@.).amd cat/ TFAA O N COONXIV To a 1 L three neck flask

equi pped | , : ;

i ogen T4 210 LAt icthc ek ROUBEEN Sl drfaqiétor” fRGABARIeERALS.

t ri met hylcandgrsiedendde nigd@endnletDwas added | -pyeo giatamie attdaoe gatBdngl),. 4

, 0.02 4 t hyl do e )

m ke ur e NP S B el BT Il sB¥ e BRfratd Cripy 186

addi ng t milf 441651 Qo mo[)aﬂhpdéadmn(rﬁ%tumwas'ﬁmtemz §rC\sslurpfont Bintied
f 9 f St 2:

20 C BRI T S s SR e period B 3. e P
temperature was maintained at 82.5 °C for an additional 4.5 h. The flask was cooled
to 20 °C over 1 h and the mixture was transfer to a slurry of NaHCO; (325 g, 3.9
mmol) in water (2 L) at 5 °C over 1 h. The slurry was filtered and washed with ice-
cold water (400 mL). The wet cake was then dried under vacuum at 50 °C to afford
XIV (244 g, 72% yield) as an off-white crystalline solid.

Method (c):

0

: H
((Me)3Si)NH .
facid cat.
A A @ cd XIV

0" N COOH o COOSiMe,
H SlMe3

To a 250 mL three neck flask equipped with an agitator, thermometer, reflux
condenser, and a nitrogen inlet, was added L-pyroglutamic acid (250 g, 1.94 mol),
toluene (1000 mL), and (CH3)sSiNHSI(CH3)s (890 mL, 4.26 mol ). The mixture was
heated to reflux for 6 h, during which time the reflux temperature slowly increased
from 80 to 100 °C. After 6 h, the mixture was distilled to a volume of 400 mL at 80
mm Hg and 50 °C. Additional toluene (1000 mL) was charged and the mixture was
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TMSCI TFA, 1-120 ''''*"" HXV To a 2 L three neck flask equi pped with
an agitator, thernoneter, reflux condenser, and a nitrogen inlet were

charged XlWo(3{dR26s20.5 mot), CuCl (10g), DM (100 ni),pchtris26abrasoky) ,
and nethyl formate (100 nL). After cooling to below[- 60] C, LHVDS

(700 nL, 1.0 Min TI-1F) was charged at a rate such that the
t enper at wigtilled ¢ aeblumeseAD0 BL ICvadiuner Thendirimethyladetaldkngie (FOSOIL, G

The. m xt & & REED R CHLB0SH 0 U B E 8 4fsRel Yrar Sha iRl the et
bat ch WasmikRke dakheatd torp0/ T fora 1. cﬂ%&@aaﬁorﬁmdm&te@m ¢GEY 135 WBys
added. To a m xture of citric amg](lzo ) \A@@k qﬁ and Et OAc (1
L) at 5 dokere {1200 mkhwas apdedand hemidueagdisdied vaSiim o an
whi | e maiyaf ahdbPPoed e MRk vdieiothRItoR e Tladd fhe ﬂﬂb@u@'vﬁé&ktrans)ferred

containing the crude mxture was then rinsed with Et0OAc

After agito atsahglohmf Nt GOn(65 gldn meajern (4 268 Lratdp4r avard! Bindhe BRIMyvimi

| ayer wa d |

10% o MBHRATEwE YT a4t ity and ther el isb it Feftono
m). To euour'mtgwmwtet tile wagthenadriedyedeanacwan at 5Q 3000 mffprdsthes C,
was charged trifl uaroacet] ' over i |.e .

mai nt ai n|Cr?@"%?“f‘@ngpﬁpﬁlﬁglﬁégﬁgngé%aﬁ%ah Rﬁf‘@?ﬂ} ﬁi}?@f‘?ﬁahqhe
addition, the mxture was warnmed to 25 C and agitated for 3.5 h. An
aqueous soI ution of KHCO3 (200 mL, 20% was charged over 30 min while
mai nt ai niMethed{@¥mper at ure bel ow 20 C, fol l owed by saturated NaCl
solution (500 nL) and the | ayers were separated @nd split. The

aqueous | ayer was back extracted with Et0Ac m.). The EtOAc
fraction was washed weth,s@t urated NaCl solutfonH500 nlL). Water (35

nm) was chaygead to t rease onbi ned organi c Iayer;gc,@gg;l the sol ution was
concentr GHEME) f —+60—— MTXIV (400 nl) was

charged and Ehe mxture was concewtrat ed |n vacuumto a final volune

of 100 nmL. Additional MIBE (400 was charged and the suspensi on
was agit at@a lilothree pegl flagk éqﬁ'ﬁ’qdézé‘m #n agtalpf, thermpmeter, I“?@‘P&? PF‘?%red

h MIB
\(ljmr;/l ng i %@%ﬂﬁ%gﬂm& Ms%ér@@b?\%@%%}n@%d’g ﬂ(azﬂfand") 400 M—Iz i n

oo 3): 4s0misand BN (133l @ 81, (GHaIGP! @0pmL2 owmolms agder while

2y 4, %, %epw the Wt%%% %ﬂﬁ%ﬁa&aﬁ Iiurd s healbto 110°€: ©

226.10; fandahitatbior @ peBiodmf 3: h. NEieDSpemicPEaS Booteddp SFMved diluted with
heptane (100 mL). The triethylammonium hydrochloride salt was removed by filtration
and washed with a toluene/heptane solution (200 mL). The filtrate was concentrated
to a final volume of 150 mL and NMP (50 mL), trimethylacetaldehyde (100 mL, 0.78
mol) and CH3;SOsH (2.5 mL, 0.04 mol} was added. The reaction mixture was heated
to 80 °C for 24 h then cooled to 40 °C. The reaction mixture was concentrated to
about 100 mL and diluted with acetone (100 mL). The reaction mixture was
transferred to a solution of NaHCOs (13 g) in water (250 mL) at 20 °C. The
suspension was cooled to 5 °C and stirred for 1 h. The slurry was filtered and washed
with ice-cold water (50 mL) and then ice-cold isopropy! alcohol {50 mL). The product
was then dried under vacuum at 45 °C to afford XIV (48.3 g, 63%) as an off-white
crystalline solid.
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XVl To a 3-neck 1-L flask equipped with a thernoneter and nechani cal
stirrer were charged Ph3PCH3Br (122.9g; 344.1 mmol) and tol uene (100
m). At 1 ion of NaHVDS in toluene (540 ni, 9 d
slowy tooﬁé)izﬁ%@?élﬁ% he tenperature at 10C. This sl urry%@@sg%?éog@gg
at 10C for 1 h and then added slowy to a slurry of XV (50 g, 222
nol ) in pehogne: (100 n) at 10 C, over a period of 2-4 h via
peristaltic punp. After stirring for an additional hour, the batch
was quenched into a solution of Cl X 10% aqueous), AcOH (38.5 niL,
666 mmol ), and tol uene (50 ni) ot%—lﬁg mn at 25 C. The resulting

m xture was stirred f 30 min and the layers were settled, split
and the | ower aqueous | ayer was r deifcat TFife grgani c | ayer was then
treated with My 2 Doer®P98 g, 776 mol) fo?i‘g h at RT. The solids

were then filtered off and the solid MyCl2-tri phenyl phosphin oxide
conpl ex wesa ddsihiee Deekflaskr@uipred with an agitater, fzatmemeter, reflixropdeaser
conbi ned, 1 0 [ 0 ated to 100
m. in vacadi\lg‘anénﬁgg%\wem?tggﬁﬁt@ﬁ %gqegillLu%r&b%t%rﬂﬁlagfd;@gﬁhggt% g{r?rfle) (400 i)
and t he \ininethylacetaldehdgued80 nd, DOEO miol)i mettemelsulfonigdicid {ndmlHER2 arod)

400 nL S a d val une S reduc 0 250 nl in _vac A
Ui v portbiane SHtmpt ane Nomsdhiifrlidnd, AAUAES . Hie foruf wadheder 150
cool ed t @Clarfd Puitaired aB90 °G WhilsEesloWyradainy thfltordabetds arhydfide (27 mL).
tenperature. The solids were then %ﬁg})\@/\@g by filtrationp and she

ey y TiltL wa
with ice-d® gasiobyasmaintamed atPo ° Uss RENIGHIRG 40 %cwaéﬁ*owa&aam
at 30C fqejdl8h to produce 629 of XVI (63%yield) as an off-white
solid. Mo 8 C-87 C1HNW (CDCI3) 8 5.98 (m 1H), 5.31 (m 3H),
2.56 (m 1H, 2.17 (m 3H), 0.81 (s, 9H. ES-Ms: [ML-H calcd for
C12H18NCI§te 34.12; found: 224.38. Step 4: To a 500 ni three-necked
flask (1) ipped with an agitator, thernoneter, and a nitrogen

inlet were added XVl (30.0 g, 13.%»{5&04 and THFoOZGP nl). After
L. f Cl

cooling mxture to -20 Cp lithi “but oxyyalim num hydride (1 M
THF; 162 nlL) was.,added oMer ZWaiW t enper at ur e
around -20 C. Tefiperat Ute OM8 thapsgai sed t 000 ger 12 N. The
reaction is quenched with the addition of Et O,&?L‘] 2.0 ) over 30
min, followed by agitation for 0" at 0 C, “ahd 't heftVsi ow addi ti on
of glacial AcOH (12.0 nL) over 30 min. To another 1-L three-necked
fl ask (2)Tees@ilpthezk neckflask eyippedovith amagitaios tlermoaratera refluxroogdenser,

ol aneapdd iiBabh e dydts GhafuROAVATRE Y, bE SolivCaeY o8] b of i
s | ovwhydt rmfstﬁ{z L chridaméthgtlontiale (00tati)n iA;]f@rcholirig)ﬂi betov emgPe, LHMDS
eca r S 1 e mal nt al ni the te erature at . e
e o o Bk A Bhin TP o Gl e Sueh it o Bipetot g fidioty
for 1 h aixcé8d B0 The Arpbaation of LHMIRY TMSCIRES chalgb8 't 4 rald QichRhat the
h THE (180 mL, 120 WL hen 120

cake was washed three times wth_ ] , , and the
m.), and temperaturerdid ast exacedd&idh| e dhamaixisim weawaimed to helwaanfrand 180

m. T o J i j i ,
[ her momet 6 ver 38 iy HE bafth dadSdhcetirafidin RaEGum ty 530 . 844 EROAL
m xt ur e f(BOONfL)axeds dtledwiie acuixture of oitric aCid(tRaG gl watetdd d),t and BOAwaf1dr)

i th high i1ati 2 i, od th d
br eci pi Rt aC Bt HbriHaisrnd eRFlde faclt MO ott0Bh RSl malntpining
sol i d wasa iehfcrbtatt étivelh!( ard 15PC. The fluek cemtsminpthedirigs! mptiureGvis f or
12_ h to afford %g.,l @fﬁ t he coppound of fornyla |1 as a white/off
whi te solthenrips Wﬂ"%‘t B(z%WEéﬂeIﬁQW%f%Wﬂq&m(ﬁbﬁé@ﬂ%)”%. 92 (d,
J=3.9 Hz, P . ; L AT B ;
1 5 paopqeta@ald ebrgariciajér dias debubolily ifhed yifit 11 o dqditic ?gg{
2. 72 (ddd80Q mb)18)% aqigitric agd 170@mL) Apd 82 ag qilbiadcidisoldion (600 ny.,). Joza
Hz, 1H), 2.45 (ddd, J = 12.8, 10.4, 8.9 Hz, 1H), 1.82 (ddd, J=12.9,
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TsOH 1120Vi a

5(R)1[1(S)-al (R 43, 5-bis(trifluoronethyl)phenyll|ethoxyl nethyl]-1-phen
yl -2- propgeyblo@gizno] nethyl]-5-ethenyl-2-pyrrolidi nongeT/us2000/056020

4- et hyl benzenesul f onate hydrate a) To a mxture of 11(49.6 g, 0.22

mol) in EtOH (50 n) and Et3N (50 nL) was added water (50 nmi) at RIT.
The r esulmixtuye of Manrgamdaweglalwmafceatsonﬁn[) atdi i@ rwas tharged triflRoaiacets0

mL dd h d ofL.
D)) To 8 G D) oY 10 Al whie TSRS R S alyie B 4 A fRoET
added at Afleradmpl&tidd thé4ddition, ﬂtﬁi)mlxﬁhe waeagdrnml 16128 10 endwagitated fatesl

at RT f 30 Th te d th
ayor wadh vl RaHEoVs SHRN B KHSLNAIO Ml 300K A5 SNEFRR PURF SUHT Wi,

crude prqgyataihiNg frt@?ﬁ%?ﬁub@ﬁewﬁ%"@ ?&]EWedflgf $diGratdt N §AGHAE00 mL)

The crude so ut| 'TT 1 n EtOH was t to the above
sol uti on arfd the léyere Were eeparatesl ansheplitnghe nque@@hverngaﬁbmk@érw with

ot i1 1 arebieaho alfk. The EOARTERYES Wb s 6R it ety Bl NECPE R0 0B08
; ﬁfﬁﬂgﬁ”sﬁf”%‘ﬁ“{a‘%ﬁ?@%‘fﬁ’ﬁ f??%ﬁ%“ﬂ%%“’gasmiﬁmS'FZ?"“¢°? "
t ol (wapcopgenyiateds Yacyumdg vojume,qf 100 @Lk‘g? 3
002?(323' )e fﬁmr{elrﬁlx@r@wasoc&?:eﬁﬁbfbdllﬂ vheIWS 1€ a FiRAPvallinhe @f 1EUmIIﬁe
reacti on mxture was a t at ed RT for about 6 h, and then a?ter

(440 nl) mn@]aj,msa mbhwaswaafg@gmd.thg SHERQNRIQN Was agitated fr Btat
RT for 1

was. washdaTon 18 "SR Suite ¥k fitefed; FREEA WAl MTIE (B0(P ity SAGNY Wl
with 10% oltained du6dYUsyisldI (G0 uga)aﬂgmdm;ngw) vacuwhehih °g fenlhi MR 196 ‘iﬂ-

To the or TG e ANEa0 M RIEBCR o F6 T 8 ¥ Bilnih 2t oY) 2

added at {f), 2. £al H)omggg QPl?t@ﬁOWRS(Hb(DMHz_C Cﬂmm (Emsz a8101, 3687007 6,
in isopro anol m_xtur e

was
et b ! Aest o, 0o E e WY ke o Gyl 23 ey iy e
for 1 h g9f addition of nore water (880 nL). After agitation for 8
h at RI, the crystals were collected by filtration, washed with
i sopropanol /water, water and heptanes, and dried to give Vla as a

white cry |4.i ne powder (122 g, yield 88% based on V). M 80.2-93.4
C. 1H Nwlkg-%ééa& 400 MHz) 5 9.52 (bs, 1H), 8.80 (bs 1H), 8.33 (s,

1H), 7.74 (d, = 8.1 Hz, 2H) 7. T3bpinslt) 7 55 |2H) 7.52 - 7.50
(m 2H), 7.37 - 7.29 (mxy3H), H2)622(dd J =
17.5, 11.1 Hz, 1H), 590(dd J Bhp@HgBr 106 N1 5.56 (d, J=

11.0 Hz, 1H), 5.34(d, J:171Hn°c;mﬂwe525 wg©17.5 H, 1H),
523(d J= 10.6 Hz, 4.79 (g, J= 6.3 Hz, H 4.3%(d, J = 10.5

2 s o Teachedd: Lf%asts@qupeé%a?’fh%%wémft%%cﬁ%gr@wi Sfiger g

Exanpl e Sch}§Esd PHYPEH,Br (122.9 g; 344.1 mmol) and toluene (100 mL). At 10 °C, a
solution of NaHMDS in toluene (540 mL, 13%) was added slowly to maintain the
temperature at 10 °C. This slurry was agitated at 10 °C for 1 h and then added slowly
to a slurry of XV (50 g, 222 mmol) in toluene (100 mL) at 10 °C, over a period of 2-4 h
via peristaltic pump. After stirring for an additional hour, the batch was quenched into
a solution of NaCl (10% aqueocus), AcOH (38.5 mL, 666 mmol), and toluene (50 mL)
over 30 min at 25 °C. The resulting mixture was stirred for 30 min and the layers
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CF3 M HC Vila (5R
8S)-8-0-(R)-(3,5-Bis-trifluoronethyl-phenyl)-ethoxynet hyl]-8-phenyl-1

, 7- di azaspiiolhfleiassiec- 9- en- 2-one, hydrochl ori de A sol Ydem6osnlsd%
g (181.4 nmol) 0? Via (VI p-toluenesul fonic acid (T50H) m)nozﬁfg(?ratoe

and 51.7g (272.1 mol ) of toluenesulfonic acid in toluene (3. 25 L)
was di st iWér%c.l:emaevs nt%mdqad |cﬁﬁ@‘=‘ai:1méau£ fHyer R@s fEmbgad. atheiﬁgﬁubqa@r was

final vol unme of rrgetlon of the distillation,
@

t ol uene stbﬁﬁlt’PBF?dé‘M'm MQHH'WW)#%{ 8. {6 qenRlstor 2dhalR bl he %\%{@5 were then

evacuat e
2010/ oz83*%%@9&?%%9%3“9‘%’%%@'3%'8"@?@'%&*’%’2%“%‘ ' !ﬁmm&T du rAplEx ")éguwaShe‘rj it s

was r epedMEBEL(1B0 mlyedhelatganie @E@fﬁﬁ wemmbqu mas@ed wth aCIcﬁl 00

Hoveyda- GLyb ﬂﬁ%‘ggﬂ?&m@@{o' H&}un( 4h@res@ﬁﬁgi§'lgrrg%0| uene

structure N was™ di so ve I N anhydr ous sse
(650 m, c:lra@gm:r keptane @0tembpand thentclurak was rEUEcabtm\/E)(ImLmenacuum

sol uti on) at al ol ution sl.qw har t .

r eact of ot FEpBig g fid e paded gpodie YalRLESs redichi o bd Pk
stirred aiachhﬁh AARRd b@ﬁmroimpmn@qage niLqrwa% At e tHe satEl9Wes tisd riPfodisd
noni t or ed %y HPLC. Upon conp i on of the reactlon a_16% sol uti on of

aq. Na2s20® (Gowera b am%“em@&u anethes2 h abibisdempesatursy Thesolideiwsts thead
at 60 to @f Qefi Mrﬁo AridSiasMaldC it Cﬁi f?%&lgtHe%té{i’?esT%% SdTEQu\%%&é‘“d

an aq. 0.5 Mt on was A hasic m xture
was t hen was dm@ﬂuaderzacm.lmmt 301FC far H&meduseﬁ?lgeofaﬂd (68% Yieldeas an

nasnad witbe SRS RBrEeeE | T SR EDo 0o 8 WPt 23 By S,p00

finally vt ey 213 (), 3H @BO(QEUH)CESWSE[MW]f:hlcﬂ‘féle@mHWhZ@ 1pad
of celite and to the filtrate was charged 12 N ag. HCl (14.4 niL). The

t ol uene/ @B“M%centrat ed to below 390 nL under vacuum (50 -60 mm
Hg) at a tenperature above 50 C. The resulting solution was cooled to
45 C and seeded vvith Vila in heptanes (65 nL). After 30 m n of
stlrrlngﬁﬁw , the reaction mixture was cooled from45 Cto 20 C

over 6 $%90Wﬁtﬁggﬁeﬁge&&ﬁ,}gk)mpg@&?g@%ﬂﬁ%p 59)? the (T)IJntg é,gﬁﬁvﬁ\ﬁ’ h

at 20 C ove e sO ecl red' an
hept anes riB@geminlet wEne added Xyk 30/2.g, 632 mﬂnd) afd THFf (800 #nll). Aftencoplifg i n

G oyt - 1B e it A b ety i Prdie' (M I dBR e Dds ¢
clzanNE/E ?%dgieﬂﬁﬂreﬁﬂdx Wwhild Tgeg%mm rtﬁ@ﬁéfﬁpierhﬁﬁe Brouidl 26 -°CMre aratdr%&va{%

7.70 (s, thep ral$eq§@ Q G oxer 14h. %lpg rea@tl% |5(@pen3:h(ed Mth tljm)addlgoggg ﬁpf-\g =

11,1H), 415 tl) over30omirZ foliblled 1 ghatioh fol 30 Rinfatt?sc, Hali-then slow
addition of glacial AcOH (12.0 mL) over 30 min. To another 1-L three-necked flask (2}
equipped with an agitator, thermometer, and a nitrogen inlet were added finely
ground sodium sulfate decahydrate (30 g, 93 mol) and THF (150 mL) at 0 °C. The
reaction mixture in ﬂask (1) was slowly transferred to flask (2) containing the sodium
sulfate decahydrate solution while maintaining the temperature at 0 °C. The
temperature of flask (2) was raised over a 1 h period and agitated for 1 h at 20 °C.
The contents of flask (2) were filtered, the wet cake was washed three times with
THF (180 mL, 120 mL, and then 120 mL), and the filtrates were combined and
concentrated in vacuum to 60 mL. To a 1000 mL three-necked flask (3) equipped
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3.81 (d, 1= 13.6 Hz, 1H), 3.73 (d, J = 9.5 Hz, 1H), 2.99 (app. t, J=
11 Hz, 1H), 2.48 - 2.40 (m 2H), 2.06 - 1.94 (m 2H), 1.43 (d, J =
6.4 Hz, 1Hyp 20%288R (100.6 MHz, CDCI3) 5 176.7, 145. &cTiBH00b/056020
132.5, 132.4, 132.0, 130.0, 129.7, 127.5, 127.0, 126.5, 124.8, 122.1,
122.0, 122.0, 78.4, 73.1, 63.5, 55.9, 50.0, 32.2, 29.6, 24,

ES-MS: [ Mvillt amlagiiatborthe@psiness pda nntrggewletfmmelddedg-safss(3m&|T@e5a

- Reduction,of Mt e

Excanpl o Sride A B b oBletie s % 08 i aftERpdhe Aafel it ioh
conpl Iet ev wen@vglna ofh pér&)dqwhpfmumbh naheﬁwduclarédpatat&d ﬂ'he shﬂrypafamd of
Formul a Wi on.co tlon t he |on a16°/so a
Na25205 (%199 teﬁd%va i (¢ 458 b s tbe ol s Sefa IL@THB i the et
g of tetrana-yul JfiePaTSI*e! PBral2! 0fd fford Piaet gbxtner&mmr@tofrfémm& Irasta 7
hours mai ntaining the reaction m xture at, erature between 60C

And' 80 C whitesoff white Shlid b Payiaite MaES XocHoNMA 566 MEAMMSR-Gny 8 GHZ (N

St rred s o8 PR M7 SRS bna b 4G BV ERRR AR RS
32 e e o e ey i st
?rS]e advankizagde 2AR @BQ ‘15'3/16(% 16(11@!93 Jéﬂ-fzﬁ%@%% ?‘?‘Eﬁﬁc‘. 8 ﬂ@gnéigj{'%n@ps

tal yst yi
T e B i b e

hen - et hox rreth Phenyl 1
, 7- di azasPs0. B.[MZSLd@c&r%ZZcﬁﬁeg%&;g &312503 B2, RBY epPmo QIMSQamuéatw
Vila (100 NaOH
(59 900 MesS A e n«Plty Wi 228, AL, gha 228 088 P L0 AT

Iayer was separated and washed with brine (10% 2x 500 nmiL). The

organic layer was then subjected to dr nation with Pd/C (10g, 10%
in carbon 50% wet) and Nuchar - 32PCT/ US2009/ 056020

Aquaquard (509) under 60 t% / pressurggfor 4 to 8 h or until
reacti on conpl etion. The reac was filtdred through a pad of

celite. The celite was Washetﬁ1 f t h 51 uen 00 nL). The conbi ned

t ol uene sol ution was concentr at eg—f4.- oFSOl ution of aqueous
HCl (- 35% 20ml, -1.3eq) was slbBply ad8led i nt©3% he reaction solution
and the m xture was slowy cool e ¥® 6 fsonThe product was

col | ect ed by f||trat| on and washe W th a 2oi0ti onviaf tol uene and

MIBE (1 é was _dried at 40 to 45 t ﬂ ﬁ 51 of VIII
(95% yi el Q?)alﬂl(ﬁ) Wk@%B'S&'ﬂU%m%hﬂlﬂhﬁayl athe ng phepy (400
MHz in _ ~ 2Hz,
b |, UBRAEHY f) RhFe oHEh 2 helhgh nklbBnindtfonld?
7.5Hz, 2H)1ydrate44 (m 2H) 7. 40 (m 1H), 4.65 (q, J = 6.4Hz, 1H), 4.30
(d, J = 10Hz, 1H), 3.36 (d, J = 10Hz, 1H), 3.22 (d, J = 13Hz, 1H),
2.88 (dd, J = 13, 10 Hz, 1H), 2.49 (md, J = 14.5Hz, 1H), 2.19 (nd, J
= 14.5Hz, 1H), 2.15 (m 1H), 2.24 (m 1H), 1.88 (m 1H), 1.67(m 1H),
1.41 (d, J = 6.4Hz, 3H), 1.79 (nmd, J = 13.5Hz, 1H), 1.39 (rmd, J =
13.5Hz, 1H); 13C NWR (100 MHz, DMVSO): 8 175.3, 146.6, 134.7, 130.1
(2) (2Jcr = 33Hz), 128.5 (2), 128.0, 126.4 (2), 126.3 (2) (3Jcp =
2.6Hz), 120.9 (3.1c6= 3.7Hz), 119.9(2) (JcF = 273Hz), 75.8, 73.2,
63.1, 55.6, 48.9, 31.2, 30.8, 28.8, 24.8, 23.1.

46



Example 7 F3c H20 la

(5S, E3S) - 8- (1 (R -[3,5-Bis(trifluoronethyl)phenyl]ethoxy)methyl)-8-ph
enyl -1, 7- k5:9[ 4. 5] cl ecan- 2-one hydrochl ori de mnRYEEadRs6020
Met hod 1: VI Il 20 g) was suspended in 155.0 g of an

Et OH- i sopr opanol -wat er- HCl stock solution (stock sol ution
preparation: 168.6 g absolute EtOH, 368.7g waterd, 11.6 g &fc

i sopropanol, 1.6 g of 37%HC) and heated to refilux (78-79 unt|I a
cl ear solutiqn wasepital ned. The,m xture was then cool ed sl

t enper at ur E efOM2 land C and opti%¥nally, seed Wi 0. 4g
ni croni zempene[ed ﬁ{ﬁ '3% q|d| h anou t

of seed us%\fan be var| Frerekitl 2. 09 t changes in
the partic $i ze distribution ( SD) of the pro fct# The batch was
further cooled to O Cat arate of 0.5 C/mn, fittered uder vacuim
and washed wth 40 nL of stock solution. Fi naIIy, the batch was dried

under vacuum at a te epature qf- 40C for at Iea ﬁg to givg,18.7 ¢
‘ as

(91. 2% ofnabiRoms, oI id. Method 2: Thirty f VI
suspended_AepH 231- 23 D % byt ew-3$QiiO Et O st d

sol ution (stiemk sol utlg eaticen:  480Hmto Et OH (93 Bt 0% OBCF,
MeOH), 600 nL water,) heated to reflux (78-79 O |IMca c+%§r
sol uti on was obt ai ned. m xture was then cool ed sl y t0 au,0
tenperature between 67.5 apd 68.5C and seeded with 1.5g @f m cronized
| a suspended in 30 nL offrehsest ock sol ution. The anmount of seed used
can be varied between 0.0 and 3.0 g to effect changes in the PSD of

t he product. The batch was further cooled to O Cat a rate of 0.5

C/ mi n and)dmw aduxtuieoofdl (49599 00.2%ane) infetOH (Rdouil} and FfNoiB8 mliewals addesd

vol ume EnGHELRELRE TSR B s BES Alehcl 28 e Pl

at a t enTRtOM (859 raf) waSalidsd ahd teasixtdd was comeentiated iR 8aduiB 1@ 180 mL.
(89.6-91.8% of la. Method 3: VIII (11.6 g) was dissolved at RT in
EtOH (47 nL). To the solution, water (186 nlL) was added over about 35

mn and th)ad£mman svadiod PGOSQQW}SFnQBIuWﬁé (490 RiLRwas&ddbd 4PRF-aglhe
resul ting suspensi on was_cooled to Cto inprove él eld and a tated

for 30 maOHH&4®mleANLathe feastion miuewasn agiated atifh fand0 min e wi t h
25 nl of dﬁ{}u%ﬁu@@a\y@'w\égls\é rafid P ahdRHePSr ﬁﬁfcqéileg(’i}varsﬁbé@{édyuwéehﬁ&!g?ﬁ%h

was drie cuuma a tenp eratueof or at |east

Yi el d: 9.NaG@ a(qB(eoe%soluNem KtD mL) Mihel crade peodyt INafeehiassobascusent wiltbut n
EtOH (76 "?gejer @c%t I ut| on was then filtered and added over about 25
mnto r (% The resulting suspension was cooled to 0 Cto
i nprove yield and agltated for 30 mn. The batch was then filtered

ool pacU AT eyoradesoiutien if fida BioPlwsh feadoat 1 Heboye AR Y o

of 40 C fpde Bdse iRStieAS ahd thé @sﬂltmé(}‘mﬁtuﬂe 28 h%-%ed to\E¥ux. Water was
2010/ 028232PCT1US2009/ 056020 Met hod 5: VI I | 4 g) was suspended at

25 C in tremevad from reagtion tfsgughazﬂot@qudlmatpaendﬁ'ﬂ@rﬁ toldsne/Bad (B2
h
the susp 'ﬂé}ew ls?Frr %Qy%%e@%h%%hr@n&rs] on’ Aﬁgﬁl%%c%ﬁ]coﬁgggpﬁg@n@H

was t hen al’l owe e aqueous
| ayer masuasmm@d tﬂrmtghesomeg&axmar@pevith t@lL@ﬁe@ndftheE%daGolum afdbiad

to form I egh Pl I t ohydrat e [ Th
pat ch wadoUee (ST el s Ry aRaeT RER HEEp N ARIASG K00 3 by o
washed widrd AcDHENS.5(AR, MRY mdﬁ m]ablhysne (2%0 :hay ahR\rr]mh@Irefa;tdog Rilgture was
‘(’?gug% azﬁg? ! ec{gﬂ)t R‘fa}or a%ouI 6 h and thoern veater rn&)swas tsl(z)wz!i:.( a red aLr%d #1eg
resulting mixture was agitated at RT for 1 h. The agueous layer was separated and
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Using simlar procedures, isoners Ib to |lh were prepared. The

physi cal data for the conmpounds is as follows: Formula Ib (S, R R):

| sol at ed agoxopAd2g23Br own oil after col unmm chr omat ogr aphscr/dskodososbd=o
(400 MHz in DVBSO-d6): 8 10.23 (dd, J=10, 12Hz" 1 H, NH), 9.68 (d,
J=12Hz, 1H, N-H), 7.93 (s, 1H), 7.75 (s, 2H), 7.61 (d, J = 7.5Hz,
2H), 7. 4Znemorgahit layér @as (washédipncd wilB 5% NaHCOsaqueous Bejytios. (840 (ml,) and

(ad, 3" = oo Wi fih g e epfion (a0 fo ?ﬁa%q%é’o%goég?m%o :

1. 81 (m \Miﬁex&ah?éd to oprdpafibizthr@idh vatubmh distillation= 13. 5Hz, 1,62
= 13.5Hz, IH); 13C NVR (100 Mhz, DMVSO): 5 175.9, 147. 1 134. 9,

150 4 (2) (2JcF = 33Hz), 130. o (2), 128.5, 127.0 (2). 125.0(2) (3, ]cr
= 2. 6Hz) /.
- 6 ]’I?c;th% tfré%ézf: g5bg b§se,7 EBlhtlorigﬂVﬁn(;gaprﬁgﬁrﬁol 200 By ivga F\g{igg afY SR;T a
C261- 126F531Nm ﬁ@tﬂhﬁﬂes(lmga@dwaﬁ q & &1)2!11@1)@ |§@ropmqmz%p mt.) followed

(400" iz PRVBREBHELI7rGpYile Y iedon i {pullBuipaseyf DTS of ShbElRe,

2H) 7. 5 kanghd ézguaaxecvamT (at,1 1 befofe atMitiof df mo?e B8 H)L,). Afterladitation

10Hz * 55f°$g hog '%Eq"ﬁ 09’51%;9” ‘?LF")%'%C%%%V il atigh 5o %d %‘)" 'S%’?Egﬁ%gaté’
%"')13 g Hi&véﬁ)r _aﬁh%epibné@ éﬁﬂ dr@ to v@VId 8s aiurﬁteﬁ:rf’éthllmé wadér (4152(gmleld]
(2) (2, 1c88% t@geﬂpn W)szaBO 4 @8H4 M&@%Q'z)4001’£6|265(92§2 (b§Jé|=') .80
2. 6Hz 1 7 3

20050 , 168 9. B0 . o Fcﬁ? St o o1 A 2, T8 I 585 5‘“247 7250
500. 47 ( n({nz)2H)5@GS7}87 20dmydH). 7.46 (R J=18)0 HzSZJthtB&R @ik d= PLBI T wa. on

oy, 0] UTGRSBEUI R, 48 HeL SRR o Kl gy 571

69. 71 (dd‘lH)]%JZB(dlZ'HZ‘WEHi 1N')|'523$d92-(106Hzl‘B'N-)z4 7BHgq, W=H).3 H&, 3H),

(2t 48588 b S e, 12 0 i o do~ohielf gl

1H), 782@9 5_315(&\0#{521b0r139‘26n(ﬂ-l)3139%13b‘7:61fﬂ)z, 388 (m J = 13,
10 Hz, 2. 49 , J = 14.5Hz 2.19 (md, J = 14.5Hz, 1H),
225(m 3H) 190(m 2H) 187(rrd 1H), 1.72 (nmd, J = 13.5Hz, 1H),
1.28 (d, J = 6.5Hz, 3H); 13C NMR (1 e SDVBO-d6): 8 173.6, 147.0,
135. 4, 130.2 (2) (2,1cF = 33Hz), g_ngﬁ%gts 127.8 (2), 127.0,
128.3(2) (3,1cF = 2.6Hz), B9 122 3, 12¢F4, 119.6, 76.6, 73.3,
63.4, 52.9, 49.1, 31.5, 29. 2,348 . MS. Calculated for
C25H26F6N202. HCI . H20, ( M+H) B8 47 (mz):[50p.34 Fornula le (S,S,9)
X 'Cmglin di et hyl ether at
S ﬁ)hy. 1H NVR (400 MHz in
DVBO d6): 8 10.58 (dd, J=10, 12Hz H NH: H@ (d J=12Hz, 1H,
N-H), 857 (s, 1H), 8.11 (s. 1H), >89 (d, J = 12¥laz . 7. 61 (d,

iohg hz, ?ﬂﬁ 8SY-839-(R3, §-*E9is—trﬁlu@ﬁ>n§éthyl\]phen§|)4éfﬁoxy%hy|]43 PAchil1,7-draza-

splro[4 5] dec-9-en-2-one, hydrochloride

A solution of 130.0 g (181.4 mmol) of Via (VI p-toluenesulfonic acid (TsOH})
monohydrate) and 51.7g (272.1 mmol) of toluenesulfonic acid in toluene (3.25 L) was
distilled under reduced pressure (60 - 80 mm Hg) at 50 °C to a final volume of 1.95 L.
Upon completion of the distillation, the toluene solution containing Via and
toluenesulfonic acid was evacuated to ~ 80 mm Hg and then purged with N via a
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3.83 (d, J = 10Hz, 1H), 3.27 (d, J = 13Hz, 1H), 2.65 (dd, J = 13, 10
i 1) 2.35 (md. 2H). 2.29 (m 1M, 1.97 (m 1H), 1.32'(d, J =
c. 4Hz 3H) woboffabdd, J = 13.5Hz, OHz, 1H), 1.78 (md, Joey

13C ngjif’loé Viz, DVBO- d6): 8 175.7, 147.0, 134.9, T F%‘S"Z"
(2Jer = 33Hz), 130.0 (2), 128.5, 127.0 (2), 126.9(2) (3JCF = 2. 6Hz)

122.3 (3 ( 6 0,
47.8, 31%2‘%"%@9"7'#%%‘"3 '@%é’éé@’? Hbogseial fobeatdt fio thried In 43ebond
C25H26F6N2adokiad. 148 1. 8(rl'wr-1la|}) of foyeyda-Grubhs’ SeoondiGengration Catalyst (HG-II),
2010/ 028 BZEW%TtﬁlSJSﬁOg 056020 Formula If (S, R S): After purification
by colu isolated as an off-white HCl salt from

di et hyl ether. 1H NI\/R (400 Mz in DMBOTO6): 6 10.30 (dd, J=10, 12Hz"
1 H NH, 9.81 (d, J=12Hz, 1H, NMey=N §,bﬂ\ﬂe(sS 1H), 7.86 (s, 1H),
7.58 (m 4H), 7.46 (m 4H), 4.84 (q,cldl= 6.4Hz, 1H), 4.28 (d, J =

13Hz, 1H), 3.59 (s, 1H), 3.52 (d, J & 3% H, 3.36 (d, J = 10Hz,
1H), 3.01 (d, J = 13Hz, 1H), 2.72 (dd, 0 .10 Hz, 1H), 2.43 (nmd,
oH). 2.08 (m 2H), 1.57 (d, J = 6.4H 3H=A.85 (md. J = 13.5Hz,

1H), 1. 73ydddissclved ﬂqi’arﬁiylaroul:"me aia%@dWE’elﬁé(KBd\(ﬂE p R)a m8nﬂ€r5 7,

147.1, 134.6, 130.7 (2) $2JcF = 33Hz). 130.3 (2), 128.9, 128.4 (2),
126. 8 2)ldqrgg:gfto-thg Piyg tolyene g)ll(ltgqj'eFThls ga solygqn ya§§;mr(lyj g\:arged to

2154, ooyt o0 RS sefeh o0t 048y TR i wisied

For mul a |aj thers@nefempeiatre dange ton 4df andhitier @ﬂﬂ@fsnmlﬂmomltqred y &PLGh

di et hyl

Chr omat oGt sPhR Bt eSB! A 1B bl bt o Neefor Mo HmtiBes ugea
1 H, N(—jH)tg the fehctal,oveér3Q niin aTﬂi&stlhdeht 60 I@gg ¢s, forlml-lh , after#higls theinixture
7.63 4 =

6 a1 e i andigivad By Aengor folufon Wb asided fgsdlmL ey

J = 13Hz blﬁﬂ?ﬂsac I%;xflﬁ'e(»‘ﬁéja thénstlﬂrad alQS"‘Efo:lH) allawaﬂ té ﬁﬁttle%rﬂi th@lcﬂﬁer( m
1H, 1.94 ( ,183&%i H, 1.14 (d,_J = 3H), 2.44 (md, J
= 13.5Hz aqzlﬁpus @yera\m i qermeremeva@)Theeorﬁawaaha;awaf washedgyith 0.5
130. 2 (2)N L2J 5 74 3JcF
130.2 Hg ))N 65 Rﬁi?@ﬁ;’é)})gt@ﬁz@/ﬁ% Néél((z) l()}%r@ @étzlg)wat L)g?r}\%-g 70
62 9, 56.ayganig pbasewas fitg@dahrorgh s pabofrcelitpamd tovBe fl:teﬁtewaatmargedmz

C261- 126K, I

(RRYS): ”@‘% ?I_ﬁ tﬁ}q‘l)] 'ﬁ%&qua&i zod%? rypur aqtpag(%d Fbabé:l e?ﬁ?ﬁm‘ép Hg?r at

5 C for &abmuns(saf—teﬂ_r mpuHigj atatemperé;ure abovn 50 RCoT ompuitima\solitioNMViis

V21210, AR RS P el pedei il yiig i Reptiney Gormb), Aler soipin o shgngat
j 507( gH74J5 °§1‘|)the 7eaﬂlﬂ§1 Mixtakd w?g c88lell fﬂon‘l% *C40 99 Coove-(} 6. ﬁ'h@H%epidTDes
1H), 2. 87(1@80L) were CDQrgeﬁd-ortlze rem}lon ml&tyrq MUHzﬁ—lyverzﬁ nleeerssolﬂ-precmltm

1 ,
( m | 'i% Cmﬁﬁ%aw&asﬁ)ﬁ%@tﬁ?ﬂ@eﬁg@uwe wt Sk WEs drledatl?s T
2010/ 028feptthesssd(6/in86EROUMINED, oVeRlght to Bffordig Ry of NHa:(85% gigld) ps a
130.1 (2 E=26 12 =
37y BNSSpe il oloGhadft' 7 ailion S satoluc s o igodiBfipa’s
31.1, 30.#hd ftered tozracaverwﬁe RUadatts| MpetdOF-o1 9596 H26 MR CRI0HAHZHCDCL) §
(M) + 50086 6™ A, 10220163, 1H), 8.25 (s, 1H), 7.70 (s, 1H), 7.58 — 7.43 (m, 7H), 6.16
(d, J =11, 1H), 6.05 (d, J = 11, 1H), 4.65 (q, / = 6 Hz, 1H), 4.23 (d, J = 9.4 Hz, 1H),
3.81(d, J = 13.6 Hz, 1H), 3.73 (d, J = 9.5 Hz, 1H), 2.99 (app. t, J = 11 Hz, 1H), 2.48 —
2.40 (m, 2H), 2.06 — 1.94 (m, 2H), 1.43 (d, J = 6.4 Hz, 1H); °C NMR (100.6 MHz,
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The above description of the invention is intended to be illustrative
and not limting. Various changes or nodifications in the enbodi nents
descri bed jgnheioh4y occur to those skilled in the art.pcihesasmonbanges
can be made without departing fromthe scope or spirit of the
;:nvenltlon VWhat is clai rred is: 1. A process for nmaking a conpound of
or mul a I ' f

ri ng-cl ost hgg?ngt%f{fes ?g¥yg 25 9%%?%‘%%% yd'dlj]'n{%éﬁ Wﬁggﬁz@e@g?&a
added aci1R4.8htaehyt22ad, nnzagJ 78st, (?Gr‘r €350 1581 H G0, 3255 ﬁBrﬁ;&éo‘bmnoﬁs—

compound laf FDR ﬂlilcalcd for ststlpsml g\éIH);;found: 499.05.

Example 5a — Reduction of Metathesis Catalyst in the presence of a PTC

Example 5 was repeated as described above until HPLC indicated complete
conversion of the compound of Formula Vla to the compound of Formula Vila. Upon
completion of the reaction, a 16% solution of ag. Na2S,0s (650 ml.) was added to the
reactor over 30 min along with 2.5 g of tetra-n-butyl-ammonium chloride. The mixture
was stirred for 0.7 hours maintaining the reaction mixture at a temperature between
60°C and 80 °C, after which the mixture was cooled to 25 °C and anaq. 0.5 N
NaHCO; solution was added (650 mL). The biphasic mixiure was then stirred at 25
°C for 1h, allowed to seftle and the lower aqueous layers and interface were
removed, and the reaction mixture worked up as described in Example 5. The
results were the same, demonstrating the advantage provided by the use of a PTC in
reducing the metathesis catalyst via the process of Scheme 4 described herein
above.

EXAMPLE 6
FaC

CFj

QINK: Ph
N Vil

(58, 85)-8-[1-(R)-(3,5-Bis-trifluoromethyi-phenyl)-ethoxymethyl]-8-phenyl-1,7-diaza-
spiro[4.5]decan-2-one hydrochioride hydrate

To a mixture of Vlla (100g, 0.187mol) in toluene (600 mL) was charged agueous
NaOH (5%, 300 mL). After agitating the mixture for 15 min, the organic layer was
separated and washed with brine (10%, 2x 500 mL). The organic layer was then
subjected to hydrogenation with Pd/C (10g, 10% in carbon 50% wet) and Nuchar-
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(b) converting the conpound of Formula VIlb from step "a" to a salt
conpound of Forrmula VI, Formula VI1 wherein "Salt 3" of the

formul a reﬁb%ﬁﬂb&sf‘t | east one proton bonded to a basepg%ﬁdgg%%

group in the conmpound of Formula VII and associated therew
coordi nated anion noiety, and providing the salt corrpound of Formul a

VI to Stepagtaid ((59@% OREBIE0NS MIPmmgmrafto B oriirtil )uédctubﬁ@mr@lewn
(b) to obtaln the foll ow n(% salt of the corrgound of Formula VI
a

For nul a \ihe reaghipn wagfilteygd tyirbgh o RadRficslitead he gelits was washied with tqheene

\C/? I”FO und 9o RFLh M Ecothbingd tGuaht 8bi0tid%as BbhesAraRa 0 mECTARIgtion of

aqueous HCI (~ 35%, 20ml, ~1.3eq) was slowly added into the reaction solution and
the mixture was slowly cooled down to 0 °C. The product was collected by filtration
and washed with a solution of toluene and MTBE (1:1). The wet cake was dried at 40
to 45 °C to give 95 g of VIII (95% yield) as a white to off-white solid. Mp152-154 °C.
'H NMR (400 MHz in DMSO-ds): 8 10.62 (dd, J=10, 12Hz, , 1 H, N-H), 9.62 (d,
J=12Hz, 1H, N-H), 7.92 (br, NH}, 7.92 (s, 2H), 7.66 (s, 1H), 7.58 (d, J = 7.5Hz, 2H),
7.44 (m, 2H), 7.40 (m, 1H), 4.65 (q, J = 6.4Hz, 1H), 4.30 (d, J = 10Hz, 1H), 3.36 (d, J
= 10Hz, 1H), 3.22 (d, J = 13Hz, 1H), 2.88 (dd, J = 13, 10 Hz, 1H), 249 (md, J =
14.5Hz, 1H), 2.19 (md, J = 14.5Hz, 1H), 2.15 (m, 1H), 2.24 (m, 1H), 1.88 (m, 1H),
1.67 (m, 1H), 1.41 (d, J = 6.4Hz, 3H), 1.79 (md, J = 13.5Hz, 1H), 1.39 (md, J =
13.5Hz, 1H); '*C NMR (100 MHz, DMSO): 5 175.3, 146.6, 134.7, 130.1 (2) (3Jcr =
33Hz), 128.5 (2), 128.0, 126.4 (2), 126.3 (2) (CJcr = 2.6Hz), 120.9 (CJcr = 3.7Hz2),
119.9(2) (Jor = 273Hz), 75.8, 73.2, 63.1, 55.6, 48.9, 31.2, 30.8, 28.8, 24.8, 23.1.

Example 7
FiC

CF;

» HCI

(5S,85)-8-(1-(R)-[3,5-Bis(trifluoromethyl)phenyl]ethoxy)methyl)-8-phenyl-1,7-
diazaspiro[4.5]decan-2-one hydrochloride monohydrate

Method 1: VIIt (20 g) was suspended in 155.0 g of an EtOH-isopropanoi-water-HCI
stock solution (stock solution preparation: 168.6 g absolute EtOH, 368.7g water, 11.6
g of isopropanol, 1.6 g of 37% HCI) and heated to reflux (78-79 °C) until a clear
solution was obtained. The mixture was then cooled slowly to a temperature between
72 and 73 °C and optionally, seeded with 0.4g of micronized la suspended in 20 ml
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Formula VI, and optionally recrystallizing the precipitated salt
formto obtain the conpound of Formula la, Formula |a. 2. The

process ofywgl.gigthssyherein Step (a) is carried out in tReE/WePRHBGHE Of
up to two equival ents of added 4-net hyl benzenesul fonic acid

nonohydrate. 3. The process of either of claims 1 or 2 further
conpri si g theadtbek ssititign. (Rhe amduiitedf seed stepcémpe varied babvaen 0a@pd 2.0 g

conprising: (i) .contacting the reactiaon m L.t h

compr i oi 18 CHeHAIRBARR T BESEISR e LOnder BRD) St e peauFt TRe A
sai d et g coofcdlt8IVT at & fate Of 0)5 *CIm, dlteRE dritier vaewir @hd Washed avith
fromthe aqueous phase and_any precipitate fornmed duri ng Reducin

Step (i) .40 mL ofpiecksplitien. Hipaly, hepafchmassried yndes ¥g ahRdapgpture
sai d redyGi,RY tadd t W«' ;4 ansfer

cat al yst %49 Cﬁhg&plrggécte‘lsésﬁ %)? bngé‘r&renf% 'erﬁ’g?’ﬁ&sgﬁ ﬁhgﬁggrg't ransfer
catalyst is a quaternary amoniumsalt. 6. The process of any of

c o L e Y Wl SRR BLSEB) B 28 g PP o

car bene |gtgp@ater stock solution (stock solution preparation: 400 ml. EtOH (95% EtOH, 5%
MeOH), 600 mL water,) and heated to reflux (78-79 °C) until a clear solution was
obtained. The mixture was then cooled slowly to a temperature between 67.5 and
68.5°C and seeded with 1.5g of micronized la suspended in 30 mL of the stock
solution. The amount of seed used can be varied between 0.0 and 3.0 g to effect
changes in the PSD of the product. The batch was further cooled to 0 °C at a rate of
0.5 °C/min and an additional 35g of water was added to improve yield. The batch was
filtered under vacuum and washed with 60 mL of a 35:65 by volume EtOH:water
solution. Finally, the batch was dried under vacuum at a temperature of 40 °C for at
least 18 h to produce 28.2-28.9 g (89.6-91.8%) of la.

Method 3: VIII (11.6 g) was dissolved at RT in EtOH (47 mL). To the solution, water
(186 ml) was added over about 35 min and the temperature of the suspension was
maintained at 25 °C. The resulting suspension was cooled to 0 °C to improve yield
and agitated for 30 min. The batch was then filtered under vacuum and washed with
25 mL of a 20:80 by volume EtOH:water solution. Finally, the batch was dried under
vacuum at a temperature of 40 °C for at least 18 h. Yield: 8.7 g (83.6%).

Method 4: Vil (22.9 g) was dissolved at RT in EtOH (76 mL). The solution was then
filtered and added over about 25 min to water (366.8 g). The resulting suspension
was cooled to 0 °C to improve yield and agitated for 30 min. The batch was then
filtered under vacuum and washed with 70 mL of a 20:80 by volume EtOH:water
solution. Finally, the batch was dried under vacuumn at a temperature of 40 °C for at
least 18 h. Yield: 20.4 g (89.1%).
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7. The process of claim6 wherein said netathesis catalyst s: (i) a
catalyst of Formula XXa, Fornula XXa, wherein: the dotted lines

represent @t sponds; Ar is phenyl, 2,4,6-trinet hy'ﬂqﬁ@ﬁb Q4020
2,6-di methylp %Fz L2, when not bonded to R3 (sem circular d09/0 0

I|ne between L2 and R3 indicating an optional bond), is a phosphine
| i gand, and when bonded to R3, as indicated by the sem' circul ar
optional bond dotted line between L2 and R3 a bi dent at e

i gand wiMethed 5,ndl £16:4 192 Was siispendrsks!, 2%%@69&9@8941 by miata 1IN
T o cut RSl AL el et ho bl s qsnfonido
moi ety, @in. Whehateb was thee ali@wqdztp spiit for abrgt 3@ min aad Itfye ammsy)otfam
aryl moi Gfé%.’r wis rgnmgﬁ.oﬂ?ﬁ'leat;raghc layer, 2.82 g of 37% HCIl was added to form and
precipitate la, the monohydrate hydrochloride salt. The batch was stirred for 30 min
and then filtered under vacuum and washed with toluene (32 mL). Finally, the batch
was dried unﬁer vacuum at a temperature of 40 °C for at least 18 h to afford 12.4 g

(75.6%) of la.

Using similar procedures, isomers Ib to |h were prepared. The physical data for the
compounds is as follows:

Formula Ib (S,R,R):

Isolated as a pale brown oil after column chromatography. 'H NMR (400 MHz in
DMSO-dg): 8 10.23 (dd, J=10, 12Hz, , 1 H, N-H), 9.68 (d, J=12Hz, 1H, N-H), 7.93 (s,
1H), 7.75 (s, 2H), 7.61 (d, J = 7.5Hz, 2H), 7.42 (m, 2H), 7.35 (m, 1H), 4.53(q, J=
6.4Hz, 1H), 3.82 (d, J = 10Hz, 1H), 3.67 (d, J = 10Hz, 1H), 3.00 (d, J = 13Hz, 1H),
2.65 (dd, J = 13, 10 Hz, 1H), 2.46 (md, 2H), 2.15 (m, 1H), 2.24 {m, 1H), 1.81 (m, 1H),
1.14 (d, J = 6.4Hz, 3H), 1.53 (md, J = 13.5Hz, 1H), 1.62 (md, J = 13.5Hz, 1H); '°C
NMR (100 Mhz, DMSO): § 175.9, 147.1, 134.9, 130.4 (2) (Jcr = 33Hz), 130.0 (2),
128.5, 127.0 (2), 125.0 (2) (Jor = 2.6H2), 122.3 (PJer = 3.7Hz), 121.3 (2) (Jer =
273Hz), 76.5, 73.7, 62.9, 56.0, 47.5, 31.1, 30.9, 29.4, 25.6, 22.8. MS. Calculated for
Ca2sH26FeN202.HCL.H,0, (M+H)™ 500.47 (m/z): 500.18.

Formula le (R,S,R):

Isolated as an off-white solid from diethyl ether. 'H NMR (400 MHz in DMSO-dg): &
7.95 (d, J=12Hz, 1H, N-H), 7.79 (d, J = 7.5 Hz, 2H), 7.52 (md, 2H), 7.43 (d, J =
7.5Hz, 1H), 7.32 (m, 2H), 7.21 (m, 1H), 4.55 (q, J = 6.4Hz, 1H), 3.28 (d, J = 10Hz,
1H), 3.11 (d, J = 10Hz, 1H), 2.50 (d, J = 13Hz, 1H), 2.40 (d, J = 13, 1H), 2.22 (md,
2H), 2.18 (m, 2H), 1.76 (m, 2H), 1.30 (d, J = 6.4Hz, 3H), 1.45 (md, J = 13.5Hz, 2H);
3C NMR (100 Mhz, DMSO): § 175.9, 147.9, 142.2, 130.6 (2) (3Jcr = 33Hz), 129.8
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(X) is a conjugate base of a strong acid; and Mis ruthenium
palladium or iridium (ii) a catalyst of Forrmula XX, XX  wherein,

the netal ywihodopzdons henium palladium iridium or nol ydederyieaeosdoro
is: (i) a phosphine ligand; or (ii) a chelating ligand; Xis the
conjugate base of a strong acid; and RL and R2 are each independently

H phenylz) hag agey 812)a /b (2 i w2 BRIz 125.0, 122.3, 121.2 (2), 78.4, 76.4,
58.4. 57.4, 50.4, 33.3, 20.8, 27.9, 23.6. MS. Calculated for CzsHasFsN2O2.HCI.H;0,
(M+H)* 500.47 (m/z): 500.18.

Formula Id (R,R,R):

Isolated after purification by column chromatography, via trituration in 1:2 diethyl
ether/heptane as an off white solid. "H NMR (400 MHz in DMSO-ds): § 9.71 (dd,
J=10, 12Hz, 1 H, N-H), 8.92 (d, J=12Hz, 1H, N-H), 8.51 (br, NH), 7.99 (s, 1H), 7.88
(s, 2H), 7.86 (d, J = 7.5Hz, 2H), 7.52 (m, 2H), 7.48 (m, 1H), 4.61 (g, J = 6.4Hz, 1H),
4.03 (d, J = 10Hz, 1H), 3.78 (d, J = 10Hz, 1H), 3.22 (d, J = 13Hz, 1H), 2.88 (m, J =
13, 10 Hz, 1H), 2.49 (md, J = 14.5Hz, 1H), 2.19 (md, J = 14.5Hz, 1H), 2.25 (m, 3H),
1.90 (m, 2H), 1.87 (md, 1H), 1.72 (md, J = 13.5Hz, 1H), 1.28 (d, J = 6.5Hz, 3H); 3c
NMR (100 Mhz, DMSO-de): 5 173.6, 147.0, 135.4, 130.2 (2) (3Jcr = 33Hz), 129.0,
128.6, 127.8 (2), 127.0, 126.3 (2) (*Jer = 2.6Hz), 120.9, 122.3, 121.4, 119.6, 76.6,
73.3,63.4, 52.9, 49.1, 31.5, 29.2, 24.9, 22.6. MS. Calculated for
CasHa2sFsN202.HCIL.H20, (M+H)* 500.47 (m/z): 500.34

Formuia le (S,5,S)

Isolated as a fine white HCI salt by triturating in diethyl ether at 10 °C for 3 hours after
column chromatography. *H NMR (400 MHz in DMSO-dg): 6 10.58 (dd, J=10, 12Hz, ,
1 H, N-H), 76 (d, J=12Hz, 1H, N-H), 8.57 (s, 1H), 8.11 (s, 1H), 7.89 (d, J = 12Hz, 2H),
7.61 (d, J=10 Hz, 2H), 7.55 (m, 3H), 4.66 (g, J = 6.4Hz, 1H), 4.09 (d, J = 10Hz, 1H),
3.83(d, J = 10Hz, 1H), 3.27 (d, J = 13Hz, 1H), 2.65 (dd, J = 13, 10 Hz, 1H), 2.35
(md, 2H), 2.29 (m, 1H), 1.97 (m, 1H), 1.32 (d, J = 6.4Hz, 3H), 1.58 (dd, J = 13.5Hz,
9Hz, 1H), 1.78 (md, J = 13.5Hz, 1H); 3C NMR (100 MHz, DMSO-dg): § 175.7,
147.0, 134.9, 130.4 (2) (*Jcr = 33Hz), 130.0 (2), 128.5, 127.0 (2), 126.9 (2) Cler =
2.6Hz), 122.3 (Jer = 3.7Hz), 121.4 (2) (Jor = 273Hz), 76.6, 73.7, 63.1, 56.0, 47.8,
31.6, 31.1, 29.2, 25.9, 22.9. MS. Calculated for CzsHsFsN202.HCLH,0, (M+H)*
500.47 (m/z). 500.4
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the Dotted line represents an optional double bond; (M is
nmol ybdenum ruthenium palladiumor iridium Rl is independently

aryl, al kWyo 28{o;89d5 0gen; Ar is an aryl or benzyl; and péfagholsddoa@en

or sulfonate noiety. 8. The process of claim7 wherein, the netathesis
catal yst is the conmpound of Formula XXdl: rTh MesAyN, Mes Cl-, | u-
Clt For nFopmeisdf (S,R®¥ ein "Mes" is a 2,4,6-trinethyl phenyl noiety.

After purification by column chromatography, isolated as an off-white HCI salt from
diethyl ether. 'H NMR (400 MHz in DMSO-de): 6 10.30 (dd, J=10, 12Hz, , 1 H, N-H),
9.81 (d, J=12Hz, 1H, N-H), 8.11 (s, 1H), 7.86 (s, 1H), 7.58 (m, 4H), 7.46 (m, 4H),
4.84 (q, J = 6.4Hz, 1H), 4.28 (d, J = 13Hz, 1H), 3.59 (s, 1H), 3.52 (d, J = 10Hz, 1H),
3.36 (d, J = 10Hz, 1H), 3.01 (d, J = 13Hz, 1H), 2.72 (dd, J = 13, 10 Hz, 1H), 2.43
(md, 2H), 2.08 (m, 2H), 1.57 (d, J = 6.4Hz, 3H), 1.85 (md, J = 13.5Hz, 1H), 1.72 (md,
J = 13.5Hz, 1H); 'C NMR (100 Mhz, DMSO-dg): 5 175.7, 147.1, 134.6, 130.7 (2)
(3Jcr = 33Hz), 130.3 (2), 128.9, 128.4 (2), 126.8 (2) (CJer = 2.6Hz2), 122.3 (CJer =
3.7Hz), 121.3 (2) (Jor = 273Hz), 76.2, 73.7, 66.9, 49.3, 43.8, 31.1, 31.6, 29.2, 25.2,
23.5. MS. Calculated for CasHsFgN202.HCLH,0, (M+H)* 500.47 (m/z): 500.3

Formula lg (R,S,5)

Isolated as an off-white HCI sait triturated in diethyl ether at 5 °C for 12 hours after
purification by column chromatography. 'H NMR (400 MHz in DMSO-dg): 5 10.00
(dd, J=10, 12Hz, , 1 H, N-H), 9.64 (d, J=12Hz, 1H, N-H), 7.94 (s, 1H), 7.78 (s, 2H),
7.63 (d, J=7.5Hz, 2H), 7.41 (m, 2H), 7.37 (m, 1H), 4.55 (g, J = 6.4Hz, 1H), 3.82(d, J
= 10Hz, 1H), 3.69 (d, J = 10Hz, 1H), 3.10 (d, J = 13Hz, 1H), 2.76 (dd, J = 13, 10 Hz,
1H), 2.20 (md, 2H), 2.15 (m, 1H), 1.94 (m, 1H), 1.83 (m, 1H), 1.14 (d, J = 6.4Hz, 3H),
2.44 (md, J = 13.5Hz, 2H); *C NMR (100 Mhz, DMSO-ds): 5 175.8, 147.1, 134.9,
130.2 (2) (Jer = 33Hz), 129.0 (2), 127.8, 127.0 (2), 125.0 (2) (Jer = 2.6H2), 122.3
CJcr = 3.7Hz), 121.3 (2) (Jor = 273Hz), 76.5, 73.7, 62.9, 56.0, 47.5, 31.1, 30.9, 29.4,
25.7, 22.8. MS. Calcuiated for CasHosFsN202.HCI.H20, (M+H)* 500.47 (m/z): 500.33
Formula th (R,R,S):

Isolated as the HCI salt by trituration in diethyl ether at 5 °C for 3 hours after
purification by column chromatography.'H NMR (400 MHz in DMSO-ds): & 9.56 (dd,
J=10, 12Hz, , 1 H, N-H), 9.42 (d, J=12Hz, 1H, N-H), 7.97 (s, 1H), 7.97 (s, 1H), 7.52
(s, 2H), 7.46 (d, J = 7.5Hz, 2H), 7.41 (m, 2H), 7.35 (m, 1H), 4.60 (g, J = 6.4Hz, 1H),
4.20 (d, J = 10Hz, 1H), 3.59 (s, J = 10Hz, 1H), 3.16 (d, J = 13Hz, 1H), 2.87 (dd, J =
13, 10 Hz, 1H), 2.19 (md, 2H), 2.12 (m, 1H), 1.94 (m, 1H), 1.72 (m, 1H), 1.36 (d, J =
6.4Hz, 3H), 1.63 (md, J = 13.5Hz, 1H), "*C NMR (100 Mhz, DMSO-d¢): 5 175.8,
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9. The process of claim®6 wherein, the netathesis catalyst is a
catal yst of Forrmula XXd2: Mes_ MyN.Mes CII ClI Ru- t SO2NMe2For mul a
XXd2, wheweimid¥es2 is a 2,4, 6-trinethyl phenyl noiety.pcfus200d@s6020
process of claim6 wherein, in the nmetathesis catalyst is the

conmpound of Formul a XXd3: whereln "Mes" is a 2,4,6-trimeth B gnyl
moi ety. 147.1,131.2, 130.4 (2) (*Jer = 33Hz), 130.1 (2), 128.5, 126.7 (2), 124.8 (2) Gl =

2.6Hz), 122.2 (CJer = 3.7H2), 121.3 (2) (Jor = 273Hz), 119.5, 76.3, 73.7, 66.1, 56.1,
47.6, 31.1, 30.9, 26.1, 23.8. MS. Calculated for CsHzsFN202.HCI.H,0, (M+H)*
500.47 (m/z): 500.3

The above description of the invention is intended to be illustrative and not
limiting. Various changes or modifications in the embodiments described herein may
occur to those skilled in the art. These changes can be made without departing from

the scope or spirit of the invention
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11. The process of any of clainms 2 to 10 wherein the reduci ng reagent
used after Step (a) is: (i) one or nore of Na2S205, Na2S03, NaSQO3H,
NaOC(0O)H, or NaH2P03; (ii) a phosphorous acid; (iii) one or nore of
sodi um hydri de, sodi um borohydride, or lithium alum num hydride; (iv)
a reduction carried out with hydrogen and a netal hydrogenation

cat al yst wiat)is alameedisc acid or oxalic acid; (vi) hydrogen peroxi de;
or (vii) one or nore of copper, zinc, iron or magnesi um netal .

12. The process of claim 11 wherein the reducing reagent is sodium

met abi sulyfitep (ﬁ}l@%@% d}ﬁ% sodium bisulfite
(NaHSOS)1 sodi um for ﬁégrga?ﬁgﬁéedﬁlﬁéddﬁypop ogoﬁor ous acid (phosphinic
acid, 113P02), or phosphorous acid sodf salt (NaH2P03), or m xtures
of two or nore thereof. 13. The process ag of clains 4 to 10
wherein a phase transfer catalyst is included in the netathesis
reduction step and said phase transfergcagal yst has a Formul a of
(CH3(CH2) 3) 4AN+r, wherein "Xl BY F, r HSO4, or half an

equi val ent of (SO4-2). 14. Tt\i{l?\é ?%b of claiml to 13
wherein the corrpound of For provi ded FormulapVbBkess

illustrated |H_|Sch ene Aa wherein the process conprises:
e process compnsmg

(a) cyclizing the salt compound of Formula Via:

FaC,
CF;
O N NH Ph
H Formula Via

in the presence of a ring-closing metathesis catalyst and optionally in the
presence of added acid, thereby forming the corresponding
diazaspirodecene-one compound of Formula Vb,

Fz

CF3

0
N Ph
0 i NH

Formula Vilb;

(b) converting the compound of Formula Viib from step “a” to a salt compound
of Formula VI,
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(i) providing the free base conpound of Forrmula Il in a water

m scible solvent in the presence of a tertiary amne; (ii) mxing the
solution fromstep (i) with the free-base conpound of Forrmula IV and
heating the m xture while azeotropically distilling water fromthe

m xture, thereby producing the imne conmpound of Forrmula V; (iii)
reduci ng the diene-imne confagund of Formula V prepared in Step (ii)
to obtain the correspondi ng digmg-imne conpound of Formula Vlia, CF3
\"" NH Ph Fornula Vla, and co tFﬁg it to the correspondi ng salt
conpound of Fornmula VI, F3 Fg | a Vt [5(R- [ [[1(S)-

[[1(R[3,5-bis(triflgousmetdyl - phéRyT | et hox A-net hyl] - 1- phenyl - 2-
pr openyl ] am no] net Bﬁﬁ%ﬂenyl- 2-pyrrolidinone] [Salt 2], wherein
east

"Salt 2" represents a S e proto 'g to a base functi onal
group in the conpound of For rru%a Vi angoz&gn G\fh

coordi nated ani on noi ety.

soclated therewith a

wherein “Salt 3" of the formula represents at least one proton bonded to a
base functional group in the compound of Formula Vil and associated
therewith a coordinated anion moiety, and providing the salt compound of
Formula VIl to Step (c);

(c) reducing the compound of Formula VII from step (b) to obtain the following salt of
the compound of Formula VIII, :

FC,
CF;
+Salt 3
A . e Sait
o) NH Ph
N Formula VIII; and

(d) optionally precipitating an HCI salt of the compound of Formula Vllla to
obtain the salt compound of Formula VIil,

FiC,
CF,
O R
MSX“/
07N Nk Ph *HCIFH0
Formula VIII,

and optionally recrystallizing the precipitated salt form to obtain the
compound of Formula la,
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15. The process of any of clains 1 to 14 wherein the conpound of
Formula Il is provided by treating the conpound of Fornula Il with a
base, OH Fornmula H 16. The process of any of clains 1 to 15
wherein the conmpound of Forrmula IV is provided by a process
illustrated in Schene 2, Schene 2

FsC
CFy
R
o™ NP * HC/H0
Formula la.
2. The process of ¢laim 1 wherein Step (a) is carried out in the presence of up to

two equivalents of added 4-methylbenzenesulfonic acid monohydrate.

3. The process of either of claims 1 or 2 further comprising, after step (a) and
before step (b), a reducing step comprising: (i) contacting the reaction mixture with an
aqueous phase comprising a reducing reagent under conditions suitable to reduce
said metathesis catalyst; and (ii) separating the reaction mixture from the aqueous
phase and any precipitate formed during Reducing Step (i).

4. The process of claim 3 wherein the aqueous phase of said reducing step part
(i) further comprises a phase transfer catalyst.

5. The process of claim 4 wherein said phase transfer catalyst is a quaternary

ammonium salt.
6. The process of any of claims 1 to 5 wherein the ring-closing metathesis catalyst

comprises a group 8 transition metal or a group 6 transition metal and a carbene
ligand.
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XI111V the process conprising: Step 2-1: cyclyzing the

2- phenyl gl yci ne derivative shown with PhCH(0C113)2 to obtain the
oxazol i di none of Fornula I X, wherein Cbz is a carboxybenzyl- am ne
protecting group; Step 2-2: conbining the conpound of Formula I X with
[ 3,5-bis(trifluoronethyl)phenyl]-ethoxybrononethyl ether to obtain
the lactone of Fornmula X; Step 2-3: reducing the |actone of Fornula X
to the lactol of Fornmula XI; Step 2-4: opening the ring of the |actol

of Formyla X to obtain thg, ﬁ%&@é@%@'aaﬂ{ 6 WREBMs&id Mebathesis catalyst is:

(i) acatalyst of Formula XXa,

e Formula XXa,
wherein:

the dotted lines represent optional bonds;

Ar is phenyl, 2.4,6-trimethylphenyl, or 2,6-dimethylphenyl;

L%, when not bonded to R? (semicircular dotted line between L* and R? indicating an
optional bond), is a phosphine ligand, and when bonded to R?, as indicated by the
semicircular optional bond dotted line between L? and R?, L* forms a bidentate
ligand with R wherein L? is an oxygen, phosphorous, or nitrogen moiety with or
without additional substituents;

R'is independently selected from aryl, alkyl, or hydrogen;

R?is an alkyl or aryl moiety, or, when R is not bonded to L, R* is an alkyl moiety, an
aryl moiety, or a hydrogen atom;

(X) is a conjugate base of a strong acid; and
M is ruthenium, palladium, or iridium;

(ii) acatalyst of Formula XX,

wherein,
the metal (M) is ruthenium, palladium, iridium, or molybdenum;
(L) is: (i) a phosphine ligand; or (if) a chelating ligand,;
X is the conjugate base of a strong acid; and
Rl and R2 are each independently H, phenyl, halogen or alkyl; or
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Step 2-5: Converting the al dehyde of Fornmula XlII to the al kenyl am ne
of Fornmula XlIl; and Step 2-6: deprotecting the al kenyl am ne of
formula XIIl and converting the corresponding free base thus obtained
to the salt of Forrmula IV. 17. The process of any of clains 1 to 15
wherein the conpound of Forrmula Il is provided according to the
process illustrated in Scheme |1l Scheme Il the process conprising:
Step 3-1: treating pyroglutanic acid with trinmethyl acet al dehyde and
met hanesul f {;0ni

(3R, 6S) - 3- 0P agad Sﬂ?‘?@ﬁ@ 1r/_§yrrol o[ 1, 2-c] [ 1, 3] oxazol e- 1, 5(6H) - di o
ne of Fornmula XV, Step 3-2: cting the

pyrrolo[1,2-c][1, 3]oxazole4ﬂ’% rdione of Formula XIV with nethyl
formate to obtain the pyrrol g1, 2- %onazole-7a-carbaldehyde of

For mul a XV; X M-—

g0
Formula XXd,
wherein,
the Dotted line represents an optional double bond,
(M) is molybdenum, ruthenium, palladium or iridium;
R'is independently aryl, alkyl, or hydrogen;
Ar is an aryl or benzyl; and

X is a halogen or suifonate moiety.

8. The process of claim 7 wherein, the metathesis catalyst is the compound of

Formula XXdI:

CI/RU.__.

7/

wherein “Mes” is a 2,4,6-trimethylphenyl moiety.

JEA
Mes’NTN ‘Mes
Cl~
0
Formula XXd1,

9. The process of claim 6 wherein, the metathesis catalyst is a catalyst of Formula
XXdz2:

AN NS

Mes T Mes
CI\R
CI/TU_

O

‘TT’/ SO,NMe;
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Step 3-3: converting the carbal dehyde of Forrmula XV to the

7a-vinyl -di hydro-pyrrol o[ 1, 2-c] [ 1, 31loxazol el, 5-di one of Formula XVI;
and Step 3-4: reducing the dione of Fornmula XVI to obtain the

(3R) -1, 1-di net hyl- 7a(R) - et henyl -t etrahydro -

1(R/'S) - hydr oxy-3H, 511=pyrrol o[ 1, 2-c] oxazol -5-one of Fornula I1I.

18. The process of claim1l wherein, step "c" is optionally replaced by
the process conprising: (i) converting the conpound of Fornula VII

from St ephebdd) «f10tNer GRIL ' base of Fornula VIIb by
treating 1t w tﬁs apﬁa’s’g;tﬁgﬁﬁ9@?%@9?{e){%§§i ng the freebase of Fornul a
VIIb to obtain the conpound of Formula Villa, CF3 Fornula Villa.

10. The process of claim 6 wherein, in the metathesis catalyst is the
compound of Formula XXd3: :

~N N

Mes T "Mes
Cl

CI/?U._

o)
7/ NOz  pormula XXd3,

wherein “Mes” is a 2,4,6-trimethylphenyl moiety.

11. The process of any of claims 2 to 10 wherein the reducing reagent used after Step
(a) is: (i) one or more of Na,S,0s, Na,S03;, NaSO;H, NaOC(O)H, or NaH,POs3; (ii) a
phosphorous acid; (iii) one or more of sodium hydride, sodium borohydride, or lithium
aluminum hydride; (iv) a reduction carried out with hydrogen and a metal hydrogenation
catalyst; (v) ascorbic acid or oxalic acid; (vi) hydrogen peroxide; or (vii) one or more of

copper, zing, iron or magnesium metal.
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19. The process of claim1l wherein, Step "c" is carried out by
treating the salt conpound of Forrmula VII directly wwth a reducing
agent without providing a corresponding free-base internediate. 20.A
conmpound of the follow ng fornul ae: VI or a salt thereofVIlI or a
salt thereof

12. ' The process of claim 11wherein the reducing reagent is sodium metabisulfite
(NasS;,05), sodium sulfite (Na>SO3), sodium bisulfite (NaHSO4), sodium formate
{NaOC(0O)H), hypophosphorous acid (phosphinic acid, H;PO»), or phosphorous acid

sodium salt (NaH,PO3), or mixtures of two or more thereof.

13. The process of any of claims 4 to 10 wherein a phase transfer catalyst is included
in the metathesis reduction step and said phase transfer catalyst has a Formula of

(CH3(CH,)3)sN"X", wherein “X™ is CI', Br', F,, I HSOy, or half an equivalent of (SO4'2).

14. _ The process of any of claim I to 13 wherein the compound of Formula VI is

provided by a process illustrated in Scheme Aa:

Scheme Aa
O
0] N H i
HzN Ph
m
FaC,
Step i
Coupling CFs
o | |
0
Smpa 4[ﬂXi_g<J
0 NH FPh
O Reductxon H
i v vi
wherein the process comprises:
(i) providing the free base compound of Formula III in a water miscible solvent in the

presence of a tertiary amine;

(ii) mixing the solution from step (i) with the free-base compound of Formula IV and
heating the mixture while azeotropically distilling water from the mixture, thereby
producing the imine compound of Formula V;

(iit)  reducing the diene-imine compound of Formula V prepared in Step (ii) to obtain the

corresponding diene-imine compound of Formula VIa,
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F4C,
CFs
| | o

0 NH Ph

b

and converting it to the corresponding salt compound of Formula VI,

Formula VIa,

F3

CF3

” | /0 » salt2

OJ:r}\_bH\ Ph
H Formula VI,

[S(R)-[I11(S)-[[1(R)-[3,5-bis(trifluoromethyl)-phenyl]ethoxy]-methyl]-1-phenyl-2-
propenyl]amino]methyl]-5-ethenyl-2-pyrrolidinone] [Salt 2], wherein “Salt 2”
represents at least one proton bonded to a base functional group in the compound of

Formula VI and associated therewith a coordinated anion moiety.

15. The process of any of claims 1 to 14 wherein the compound of Formula IIT is

pfovided by treating the compound of Formula IT with a base,

3 OH
o ™M _o
',

Formula II.

16. The process of any of claims | to15 wherein the compound of Formula IV is

provided by a process illustrated in Scheme 2,
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Scheme 2

WHCbz QY @,\(
oH__ fo _—
m Step 2-1 O/l oF,
Nl :

Step 2-2
IX X
CF5
Cbz.
NH ph
X —~ »,/O Hypr 0 CF
Step 2-3 Step 2-4 5 Mo 3
XN
CF4
Chz,
NH Ph
- . 0 —_— . salt1
XN sa
Sep25 || CFs  Step2-6
Me HN Ph
Xim v

the process comprising:

Step 2-1:

cyclyzing the 2-phenylglycine derivative shown with PACH(OCH3); to obtain the oxazolidinone
of Formula IX, wherein Cbz is a carboxybenzyl- amine protecting group;

Step 2-2:

combining the compound of Formula IX with [3,5-bis(trifluoromethyl)phenyl]-ethoxy-
bromomethyl ether to obtain the lactone of Formula X;

Step 2-3:

reducing the lactone of Formula X to the lactol of Formula XI;

Step 2-4:

opening the ring of the lactol of Formula XI to obtain the aldehyde of Formula XII;
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Step 2-5:

Converting the aldehyde of Formula XII to the alkenyl amine of Formula XIII; and

Step 2-6:

deprotecting the alkenyl amine of formula XIII and converting the corresponding free base thus

obtained to the salt of Formula IV,

17. The process of any of claims I to 15 wherein the compound of Formula IT is

provided according to the process illustrated in Scheme III

Scheme ITI

: ﬁ.?
O N‘ Step 3-2 N

O ﬁ COOH  Step 3-1

N -
Step 3-3 O 7\\“‘YHO Step 3-4 7\‘ H

XVI

the process comprising:

Step 3-1:

treating pyroglutamic acid with trimethylacetaldehyde and methanesulfionic acid to obtain
(3R,65)-3-tert-butyldihydro- 1H-pyrrolo[1,2-¢c][1,3]oxazole-1,5{(6H)-dione of Formula XIV;
Step 3-2:

reacting the pyrrolo[1,2-¢][1,3]oxazole-1,5(6H}-dione of Formula XIV with methyl formate to
obtain the pyrrolo[1,2-c]oxazole-7a-carbaldehyde of Formula XV;

Step 3-3:
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converting the carbaldehyde of Formula XV to the 7a-vinyl-dihydro-pyrrolo[1,2-c][1,3]oxazole-
1,5-dione of Formula XVI; and
Step 3-4:

reducing the dione of Formula X VI to obtain the (3R)-1,1-dimethyl-7a(R)-ethenyl-tetrahydro -

1(R/S)-hydroxy-3H,5H=pyrrolo[1,2-c]oxazol-5-one of Formula II.

18. The process of claim 1 wherein, step “c” is optionally replaced by the process
comprising:
(i) converting the compound of Formula VII from Step (b) to the corresponding free base

of Formula VIIb by treating it with a base; and

(ii) reducing the freebase of Formula VIIb to obtain the compound of Formula VIIIa,

FaC
CF;
N Ph
o NH Formula VIIla.
19, The process of claim | wherein, Step “c” is carried out by treating the salt

compound of Formula VII directly with a reducing agent without providing a

corresponding free-base intermediate.
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d ™\O
A% S

FaG
CFs

W

0 ﬁ NH Ph

VI or a saltthereof

. A compound of the following formulae:

Fa
CF,
0
| A

HaN""ph
v

or a salt thereof

and OIHXNH Ph
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