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Background of the Invention

Identification of any publication, patent, or patent application in this section or
any section of this application is not an admission that such publication is prior art to
the present invention.

The preparation of diazaspirodecan-2-ones for example, 8-[{1-(3,5-Bis-

(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyl-1,7-diaza-spirof4.5]decan-2-one, for
example, (5S,8S)-8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-
phenyl-1,7-diazaspiro[4.5]decan-2-one (the compound of Formula |) has been
described in U.S. Patent No. 7,049,320 (the 320 patent), issued May 23, 2006, the

disclosure of which is incorporated herein in its entirety by reference.
0,

CF3

CF3

Formula |

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



"NK-1" receptor antagonists). O her NKL1 receptor antagonists and their

synt hesi shave been descri bed, for exanple, those described i nW et al,

Tet r ahedrwo 28681/028343- 3051 (2000); Ronmbouts et al, Tetralretuspo0ResdRes 42.
7397-7399 (2001); and Rogiers et al, Tetrahedron 57. 8971-8981 (2001) and

i n published International Application No. WO05/1 00358, each of which is
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which are useful in the treatment of nausea and emesis associated W|th any source

of emesis, for example, emesis associated with recovery from anesthesia or
chemotherapy treatments (Chemotherapy-induced nausea and emesis, herein,
CINE).

The synthesis method for preparing the compound of Formula | described in
the '320 patent generally follows Scheme A in the provision of 8-[{1-(3,5-Bis-
(trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one

compounds.
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'320 patent is carried out in 18 individual steps fromcomercially
avail able starting materials, and in many steps of the process described in
t he ' 320 weatenw02s8i3nt er nedi at e conpounds nust be i sol at eg¢Coruse@oloatoed and
purified before use in a subsequent step, often utilizing colum
chronatography for that purpose. In general, the synthetic schene descri bed
in the '320 patent consunes aql arger than desid¢abl e percentage of starting
and i nternedi ate coqpounds I nwt.Pe progucti on ofy.Unwantced i soners. The
process for tde pLefaLaL+on of (®Whe c ound of Yy nulayl described in the

' 640 application géﬁ@#ﬁlly f ol TNgne° o B SChgwe ¢ul fonate b-
(R-isonmer, not shown3 M?°|’-'Q-i SO substant lally @ ai Ns in solution)
a- Sul fonate The process descri bed SReochene B conﬁf?§ es about half the
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efficient &iocess has i mgrove di ast er eosel ecti vi Summary of t he
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steps, | dftérnemﬁﬁmgcw@mr@wémh&fgrapw for thapirpoye. dms?ené@acthe epnthefiee
affording practical sca 3p to a batch size suitable for conmmercial scale
pr epar at§chgme described in the 20 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

1.NOBF{/DME  GhzN-,
e 5

2. LiBH, / THF

AlO3, Hexanes
—_—
R'-Acrylate . a-suffonate (S-isomer)- precipitate
a(S-isomer) +
* b-sulfonate
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 advantageously provi ded by the present

i nvention, which in one aspect, as illustrated in Schene |, is a process of
maki ng WO 2010/028232 PCT/US2009/056020
(5S,89)-8-[{1-(R) - (3 5 Bi s-(trifluoronethyl)phenyl)-ethoxy}-nethyl]-8-pheny
| -1 ,7-diazas |ro an- 2- hydr ochl ori de non rate, the c ound
of Formula VI 'g C‘T"“(‘t\ff Pﬁﬁﬁ%‘sa %"39{8 Gonyeraent éaﬁ#g%%%tzﬁfa 8 ing
the salthg® imﬁméd%ﬁa&@fé&b%c‘t{v.@. [5(R) - [[[1(8) [[1(R-[3,5- ,

bi s(trifluoromnethyl)-phenyl]ethoxy]-nethyl]-1-phenyl-2-propenyl]am no] net hy
| 1- 5-ethenyl-2- pyrrolldinone] [Salt 2], wherein "Salt 2" represents at

| east one proton bonded to a base functional group in the conpound of
Formula Via, for exanple, a nitrogen electron pair, thus form ng an
amoni um cation, and associated therewith a coordi nated ani on noiety, for
exanpl e, the conjugate base of an acid, and cyclizing the diene-am ne salt
conpound of Fornula Via using a ring closing netathesis catal yst; b)
converting the cyclized product fromStep (a) to a salt to obtain the
conmpound of Forrmula VI

[ (5R, 8S)-8-[1-(R)-(3,5-bis-trifluoronethyl -phenyl)-ethoxynet hyl ] -

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 the
conpound of Forrmula VIl and associ ated therewith a coordi nated ani on

noi ety; c) treating fromthe salt conmpound of Fornula VII provided in Step
(b) with a




hydr oxi de base of Fornmula M OH, for exanple, wherein "M is a alkaline
nmetal or alkali earth netal, to provide the correspondi ng freebase conpound
of For nulwo\hiom2s23educi ng t he freebase conpound of For mriCa/vgkoo/ossedo
treating the reduction product with HCl to obtain the 1,7-di azaspiro[4.5]

dec- 2- one hydrochl ori de hydr aE e of For Eﬂ' a VIll, and d) optionally
recrystallizing the HCl salt v by obtai ning the conpound

of Formula la. In some enbodi nents of Scheme I, it is preferred to carry
out the reduction in Step "c" on the salt conmpound of Fornula VI w thout
| i berating thé&/hiat scheeded isransyritketid schame forrthe prepanatjon loé 8:[§H(3;8Bisal t

Peduct i oHaSaREtyEReoY s b eoniE theria. 1 thcaripirolt EifEcam ZpRer or abl y
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of added aci d to decrease the | oading (anount of catal ét present) of the
ri ng- cl opioviglese eaaeion schame! affardiaginragticsl sealediretasabatthmize suitableiorene |

usi ng adde St is preferred to use an acid having a pKa
whi ch isggﬁgﬁf&'gh lepgeopa(rg?%rgs than that of the diene conmpound of Fornmula
VI being cyclized in the reaction, for exanple, an acid having a pKa equal
to or less than 6.5. In sone e,nbodi ments of Schene | i ng added acid
in Step (a), Ihesesang ptherobjeatives afe agdvanrfageously p(tpwd%dngvﬁ areS@@td for
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met hyl benzenesul foni ¢ aci d nonohydrate, or trifluoromethanesul fonic acid,

or an aromatic arylsulfonic acid, for exanple p-toluenesulfonic acid or a
substi t utwo 2arod28232f oni ¢ acid. I n sone enbodi nents uti | PETAS2@9/0800e€SS aci d
in Step 2, the acid is preferably an arylsulfonic acid, nore preferably
p-tol ysul fonic acid. In some enbodi nents enpl oyi ng excess acid in Step 2,

it is prieieindfetRioseRs ¢PBPHES®Y in an anobunt of from about 0.1 to about 2.0

i val ent | tre oyl resent in the
Fanct s on nik e guinine el Ut ot ofNEMIA IBRAISLIIFIEEL, |0 corry
out the cycl ibistrifuoromethyil)ephenyl]Sthaxyl-ajethwyl]-1 fphepyb2 esepenyllastinajnezthylf
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for exanpl e, pase of an acid, and cyclizing the diene-amine salt compound of Formula Vla
using a ring closing metathesis catalyst;

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

¢) 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 Vllb, 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 VIil; and

d) optionally recrystallizing the HCI salt of Formula VIl 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.



chloride, bromde, or iodide; sulfate; sulfite; or a sulfonate noiety, for
exanpl e, nesylate, trifluoronethylsulfonate, or an aryl sulfonate, for
exanpl e tweynawmes23khe process conprising: (i) contacting@Ca/Gse@ons@ry am ne
salt of Formula VI with an acid of the Formula HX; (ii) adding a ring

cl osing netat hesi s catalyst to the m xture fromste |).,. preferably in an
armount DA SmEaTEe B At SRS Cuang IACHes At I S1epe) B RIE e e

conpoundyphciiHakHPa YKauwkieh istBHoli édual he8F 128 thAs tHEPHf the diehebmhpdihd he
compound of FornmulTa VI. In sone enbodi nents of Scheme la, the ring-closing

met at hes¢fFarmuk Y beingeeydired iretheggectiom fosexarople; anlacidbavog aba equalhe

or of or abRtieo? Wt € B aprie SypBlists o zEnae el Eeadse A B sl - 3

orbital @)seis srefertetl W e adiditodes (i aafinerilacid, ffor exarape! BICI HBR&sH um
pal  adiumor iridium or a group 6 transition netal, for exanple,
nol ybdengHifuricracid; (jisa marioyeh dizefganic asidbat exagie, agetis, piaponale; maleic,

Pi - back ' PEERY - La, athe i ' h 0 the
Corpoun IS RTRRTCA o (G Br (0 s DAEAEIE (PO L AAIE.

exanpl e, sulfopioasitiorsubsiitatel alkgisukarionicit, féye&mplel metisarigstifonicertid, l42 i s
optionally bonded to the R3 substjtuent of the carbene ||igand, and when

opt i onal Methyhenzenesulfonic asidyearonydsalr of trifluetomethanasulferid agid. wkan
semcir Cé'r'oﬁﬁéiﬁénrggukbﬁ‘iﬁ A, W6FExanmp R PtdRiendstitbRicBeid oP a4k uted | 9and. and

L2 is a chela
arylsulfonic acid. In some embodiments utilizing an excess acid in Step 2, the acid is

preferably an arylsulfonic acid, more preferably p-tolysulfonic acid. In some
embodiments employing excess acid in Step 2, it is preferred 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—N, _N-Ar
HN™ = . . X\Rllu__"\R XX
N *
H CFs 50-75 °C
Me
® Salt 2
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, phenyl or mesityl (2,4,6-trimethylphenyl);

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



noi ety, for exanple, an oxygen, phosphorous, or nitrogen noiety, for
exanpl e, the oxygen noiety in the al koxybenzylidene bidentate |igand shown
in the caweal2gsro2ef32zFor mul a XXd, for exanple, an isoproxpchanszglios@ne
ligand, Rl is independently selected fromaryl, heteroaryl, alkyl, or
hydrogen, R3 is an alkyl heteroaryl or aryl, for exanple, a phenyl noi ety,
or when R3 i Mima nietabtiwtiichds rathermimvepallediumy.cordgdibm;and (X) is a conjugate
base of a strpn Cld preferably X is a sulfonate noiety, for exanple,
tosyl ate, or q58 |ety, for exanple, chloride. It will be appreciated

that in I‘eaCtRfy‘lHSQ ra?Hetéflagm ampve, al though the conpound of Formula la

iIs the (S SR enant i omer, the process of the invention can be enployed
using starti nﬁa@@ap@n%snﬁm%epraﬁ@mwwm@ ):'st i é§|0§@ﬁef°r(%ﬁmRﬁlr ation to
prepare g| S f sone
enbodi rre%tlésno%f iﬂ?udeh@e oér)1 slutfgf'e %gre erre g%;%%d?%'& Qﬁeexgo gund of

For mul a ﬁs{egjlaleemﬂunrcﬁnb&iytsullfohate‘, loe apravglesidfonbteSddveasample tosyEtel- | aa Base
wherein the process conprises: a) providing the pyrazol o-5-one of Formula
I11; b) B?M?Qﬁﬁ?g’qnll@"q"ﬂgaebase conpound of Fornula 1V,

[(19)-1- ({(1 ~ Ichnbactig™ Seddiddpy BRFiG'sAk BYPBUPUBIIWM BRU drthe ||

- phenyl prop- -enyI am ne reac It wt e conpou
provided in Step (FormutaiXel d t he di ene |mne of FormJIa Vv,

[ ((5R)-5-((2), {[(1S 1% 1 R)- 1&%5is &h{’

bt hoxy] et hy 1 1 ARAIR i Fosine WRBeRiaSHabRE o PE Ui E RO BlShcin. 2- one)

1 preferably in an amount which is sub—st0|ch|ometr|c with respect to the
amount of the compound of Formula VI 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 Formulae
XXa, XXb, or XXd:

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 6 transition metal, for example, molybdenum), “L"" is a
sigma-bonded carbon ligand with substantial Pi-backbonding capability, for example,
the imidazole ligand shown in the compounds of Formulae XXa and XXd, and L2 is a
monodentate ligand, for example, a phosphine ligand, for example (CysP), or, as
indicated, L? 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 Fornula V prepared in Step (b) to
obtain the correspondi ng di ene-am ne conpound, converting it to the
correspor‘l\dbnglmszszconpound of Fornmula VI, PCT/US2009/056020
[S(RH[1(S)-[[1(R-[3,5-bis(trifluoronethyl)-
phenyl ] et hoxy] - met hyl ] phenyl - 2- propenyl ] am no] net hyl ] - 5- et henyl - 2-
pyrrol i d%ﬁé]nqmeﬂ]l} %ILF] fomas 8 mdemta;ﬁm;‘;\ndtdzu%aszheaﬁt@gpr ot on
bonded t [ c

rﬂﬁg?ﬁ? % Ite Qﬂ%xxgér(?%ds%hbnﬁjs okt n%oF‘r%oun ng

exanpl e, pal rl en atomin e Cco

associ atgggehaneioty in the aiky: béﬁtﬁdeﬂélmenfateeﬁgandlshm thé‘lmhlyardfs of the
pr esent |nvent|on it is pre erred to grOV|de the pyrazol o-5-one conpound of

For nul a frermyla XXd, for exaraplesan isppraxubenzylideneiligand iR isopgererdestlyror mul a
I 1 3R j
o SR TR S G S U i o g

exanpl e, example hg phehylenoiety, orvhemBd it metrbonded tohé, B ewpnbe hyldmg'enpandt is
preferreg.to prowd h

f b f F |V St b f
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a wat er é@nﬁ'&beto% fafe, Jr%alé‘?@{%'o%ty%%%ﬁﬂn brdicpidride. H2N Ph saiti Formul a

| Va whereln represen s at |east one proton bonded to a base
functi onal group, for exanple, the am ne substituent, in the conpound of
Formul a |1 Va apd. ciated therewi th a r di nat ni.on _no ui tabl e
2cl s for ' pr dbuifE 3PP Isiet MaHrbros e T FRONEF e hian B,
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i norganic acids, for exar;r_P HBr, and )
be employed using starting matenals of the appropnate stereoisomer configuration to
prepare all of the isomers of the compound of Formula l, i.e.,
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In sonme enbodi ments of the present invention, in Step 2, preferably, the
ringclosing netathesis catalyst is a ring-closing netathesis catal yst of

For mul a XXO 2desesisked in Schene 4 (below). I n sone enbo@CrArst@I®Foothe
present invention it is preferred to prepare the internediate of Formula IV
using the process illustrated in Schene 2, steps 2-3 and beyond. In sone
enbodi nents it is preferred to provide the internediate of Structure X for

5% and o- 5 SR GBS P indTRLBMiGh & 1o BRrERE L bR Fiedrhpodd P
cycl yzi g Fohtukx: YiaeussdinySdheene &by e pm&eb@ﬂnsmetﬂe BACH( OCH3) 2 to obtain

t he oxazolidinone of Formula 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]- e§lm Eqﬁgmsthyl ether to obtain the
| actone of Forrmula X; Step 2-3: reducing the |lactone of Fornmula X to the

| actol of Formula Xl; Step 2-4:opening the ring of the lactol of Formula Xl
to obtain the '8|.| dehyde of Forrmula XIl; Step 2-5

OH

o Moo
A
I

I P CFs FG
~ O
[ )/\/NW } (P , ot

0 HaN “Ph
\ \ 1. Reduction
o 0 H =N Ph 2. Salt Formation

wherein the process comprises:

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

b) providing the freebase compound of Formula IV, [(1S)-1-({(1R)-1-[3,5-
bis(trifluoromethyl)phenyllethoxy}methyl)- 1-phenylprop-2-enyl)amine, and reacting
it with the compound of Formula Il provided in Step (a) to yield the diene-imine of
Formula V, [((5R)-5-((2)-{[(1S)-1-({(1R)-1-[3,5bis(trifluoromethyl)-phenyl]-
ethoxy}methyl)-1-phenylprop-2-en-1yllimino}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)-
phenyllethoxy}-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 Formula Vi, for example, the electron

10



Converting the al dehyde of Fornmula XlI to the al kenyl am ne of Fornul a
Xill; and Step 2-6: deprotecting the al kenyl amne of forrmula Xl Il and
converti nyotzhw/wsaseespondi ng free base thus obtai ned toPCmass@bdns@Ro For nul a
V. In sonme enbodi nents of the process of the invention it is preferred to

prepare the intermediate of Fornula Il in accordance with the process

i || ust rat emalrm apitgenatorciRdhe compaund, pnd @ssocigted therewittna cogrdinates) v x v
XV XVl 8'1 Fg, process conprises: Step 3-1: treating pyroglutamc acid
W th trlrre hyl'acetdl dehyde and net hanesul fionic acid to obtain

(3R, 6S)-3-tert-butyldihydro-1 Hpyrrolo[1l ,2-c][1 ,3]oxazole-1 5(6H) di one

oL o snéwﬁo%ﬁ%éaéwﬁaﬁ aien P st i b BB 3 2

Bk e e e L et b s
compound of Formula Il, (3R)-(1, 1-d|methylethyl) 7aR-ethenyltetrahydro-1(R/S)-
hydroxy-3H,5H-pyrrolo[1,2-c]oxazol-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 Formula IV in Step (b) of Scheme 1aa by treating the
corresponding salt compound of Formula IVa with a water soluble base, for example,
sodium hydroxide,

FsC

CF,
0

HN"ph " Salt Formula IVa

wherein Salt 1 represents at least one proton bonded to a base functional group, for
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 IVa are, for example: organic acids, for example, maleic acid,

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

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 Il steps 2-1
and 2-2.

11



c][1 ,3]oxazole-1 ,5-dione of Formula XVI; and Step 3-4: reducing the dione
of Fornmula XVI to obtain the (3R)-1 , 1-dinethyl-7a(R)-ethenyltetrahydro
-1(R/'S) - hworomyo281425H=pyrrol o[ 1 , 2-c] oxazol - 5-one of FoPEUtS2000/05680@t her
aspect of the present invention relates to the foll ow ng novel

i nternedi ates used or prepared in thesgrocesses represented in Schenes 1-3:
or a salt thereof Scheme 4 illustratesS@he/nem cal process for renoving

net at hesi s catalyst fromthe ct| on mxture after_ring closure is
conplete. In s% enbodi nment s‘\(he pr esent i nve nit i

enpl oy the che process ilTus

Step 2 sho@ﬁﬁc eme—4—to-renpval/of the mital assoc

net at hesi s st &fBrdyed i % hﬁycl i fﬂ@’?Bn r eacbi onl,’

Scheme 4 illustrates renoval of a at hesics, cat al yst
preferably the conplex of Fornula XXa' isggnoN heteroc c carbine netal
conplex, but it will be appreciated that the process can ke enployed to
chem cally renove any netal netathesis catalyst fromthe reaction m xture.
Schene 4wherein the dotted |lines represent optional bonds; Ar is phenyl,

2,4,6-trinmethyl phepyl, or 2,6-dinethyl phenyl; Mis preferably a transition
metal with a forn@g;iadation staie providing 8 "d" orbitalkFel ectrons (a

group 8 transitio b &Qr nmpl e, rutheni lﬁ’PF\NH\‘Ph
X N~ o ——— H ])‘\/0
Step 2-3 Cbz - CF3  Step2-4 b CFs3

Me 0] Me
Xil
Xi
FsC
CFs CF3
Cbz,
NH ph
> 0
Xil 0 CF | WV + sait1
Step 2-5 | 3 Step2-6 N
Me HoN Ph
Xl v

wherein the process comprises:

Step 2-1:

cyclyzing the 2-phenylglycine derivative shown with PhCH(OCHj3), 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 24:

12



pal | adium or indiun) or a group 6 transition netal, for exanple,

nol ybedi num L2 is a phosphine ligand, for exanple, P(Rh , where "R' is
phenyl arwb,2omvo2sd3kyl , for exanple, (Cy)3P, or optional lPgT/us2omssdended t o
t he carbene substituent via R3, indicated by the semicircular dotted line
between L2 and R3, formng a bhidentate |igand, wherein L2 is a chelating
moi et y, OPERINGARFINg ofthe BAGrelat, Fqsms%m%eeta"bwerﬁ'debwom@wa Xl

exanpl eg %ﬁ _@xygen noi ety in the isoproxy-benzylidene bidentate |igand
shown in € catalyst of Formula XXd (herein), Rl is independently selected
from ar ﬁqnvei‘tiqg theaald élyytteoofcforniRia Xdl tblthaalkenyl amineRdf Fermnaula Xl andhl kyl or
phenyl gi or Hif L2 is not bonded to R3, and (X) is a conjugate base
of a st aQnd for exanple, a halogen, a sulfate, sulfite or sulfonate
ani on, el i&éeémv%thé%méﬁyl%nﬁHéfo@m@mandfdahvsef h cofte¥ n%@ﬁ(ﬁnerfre%

hal ogen lety I's chloride or brom de he pr ess conpri sing i
heat i ng baseithusipbtaiiedito thesadtof Fosimwla Bh of a reduci ng reagent, preferabl y
a reduci ng reagent which is sodium netabisulfite (Na2S206) , sodiumsulfite
(Na2S®3) , sodiumbisulfite (NaSGH), hypophosphorous acid (phosphinic

acid, H3PQ2) |n saAfé etibbainieEts of tiCbidoks® bPiHeSIEntBIFit ap Risned tipepale

(NaHZPCB , or mxtures of two or nore, in the presence of a solution
conpr i sithg iIntepediats ofiff ymula 8 ip raggmd@nce with the process illustrated in Scheme 3.
Scheme 3

i

—rr——
0" N COOH  step 341 (o) YO Step 3-2 o 0
H W \‘\‘
A H 7\\‘;
Xiv XV

? u l

J N J X Lo~
N N o/ N

. “\©
© 7\\go Step 3-3 © 7\\\; O step34 7\ \;

XV XVi ]

wherein the process comprises:

Step 3-1:

treating pyroglutamic acid with trimethylacetaldehyde and methanesulfionic acid to
obtain (3R,6S)-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 methyi

formate to obtain the pyrrolo[1,2-c]loxazole-7a-carbaldehyde of Formula XV;

13



solvent and at | east one N heterocyclic carbine netal conplex of Formula

[ XX], [XXa]1l [ XXb] or [XXd]; and (ii) separating the netal conplex of
Formul a Nu@ 2hroeesi3ke organi c | ayer after heating Step (IPCTHS2000856020
filtration where the netal conplex is insoluble; or (b) where the netal
conpl ex is sol uble, uptake of the metal conplex into the aqueous |ayer and
separ at |Sﬁ§°t3l"f% organi ¢ and aqueous | ayers. In sone enbodinents it is
preferr 7 r X< R t a phase
transf e?ﬁg%@-&ﬁ?élﬁ?e?fﬂal&é@d@ﬁ?ﬁ&@ﬁ er na?{}s g%m‘r%lﬂyl-&] g%eﬁﬁ%(?[ gixarrpl e, a
quat er nai[{, Yoxazole+h Sdioneadf FommuleoXMijland ( Ra3) 4N] +X , wherein Ra3 is al kyl,
for exa Ie _‘{1 butyl-, and X is a halide, sulfonate, or nitrate. In sone
enbodi is preferred to enploy as the reducing reagent: (i) one or

nor e '”%&i’éih@t@ﬁ'bné%f%&'ﬁ@?a XVPio GPﬂQH‘Pih‘é (3 151-@ﬁneﬂ+%2$% -StheNAH2 PCB;
(i1) a phosphorous acid, for exanple, |g one or nore netal

hydr i detefmhm‘lnnd%(,RIS&)hYémﬁﬂ'é.5H§@Nﬂ9h[h?cﬂ=]0m20| ne of bomawadt.i de, or
l'ithium alum num hydride; (iv) a reduction carried out with hydrogen and a
catal yst, for exanple, palladiumon carbon; (v) an organic reducing
reagent, for AhoiieN fspeas PR presast invention R4S 1o (he follbwitigogsvel per oxi de; or
(vii) one or nore netal reduci ng reagents, for exanple, copper, zinc, iron
or nagnéddemediptes ysed %reprgpar%tinathecprt%&seﬁlrmp@ssem Schesnes 13t r at ed
with the matatUE5| s catalyst of Formula XXa, the process will yield simlar

results and nt ages | f sted in thEBGresence of any net affesis catal yst.

0 K\,
7\ Y o N n HN>ph U lg\ o
IVa s
i L or a salt thereof —N Ph

FC, FsC
CFs CF3
|| o 0
X o
0" N MnuPh o, and OIEXNH Ph
or a salt thereof 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 process can be employed to chemically remove any metal
metathesis catalyst from the reaction mixture.

Scheme 4
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O her aspects and advantages of the invention will becone apparent from
follow ng Detailed Description. Detail ed Description of the Invention
Earlier pwoceswes23kor the preparation of the conpound ofCFarSemsdo2é ncl ude
preparation of the piperidinyl noiety, followed by reactions to add the
spiro pyrrolidinyl ring, while the presently clainmed process cyclizes a

3, 5-

bi sCrifl uoreset hyQphenyl Jet hoxyJnet hyf | -i -[p#\enyl A- propqﬂy\l | am noﬂ met hyl | -
d- et henyl - 2NpYNOi i di none. Oorrparlﬁﬂﬁt o| prayi oNs proceduyesn+Xhe priesent

i nvent i orf\f orQ(prébari ng the conmpotind of AFor il &l °f s Afonvier gent and
shorter, prryideR,f oredutipg @gertl enanti opreri cRand di/as\t ere®ieric sellectivity,
provi des t %o ound fornigmer yield, | and is eagyernand nore
cost-effectivé td use. V;["e'rrrs used in the gener & sq]ﬁenfhfs herein, iln the
exanpl es, and*thr oughou *&the speci ficakLi on, included;he follow ng]

abbr evi at i onsXXa'oget her with their meaning, unless defined otherw se at the
poi nt 0(«@%?&“ use hereinafter: Me (nmethyl); Bu (butyl); t-Bu (tertiary
butyl); z-" '(Car boxybenzyl); Et (ethyl); Ac (acetyl); t-Boc or t- BOC

(f - but oxycar lissngbited s (epreséntydptionabports);,; THF (tetrahydrofuran); DI PEA
(dii sopropyl et hyl am ne% oom t enper at ure,N(‘;}glneral ly 25 0C); TFA

. RI. ¢
(Er1 71 tor ouc & PRORYl 246K yIBhepHT Sh Erfbsiriadpheny!
1- et hyl - 2- ol : : i ]
(retryl ) et fretsteBgFirandiy idtal Wi oo p LA B pRMIRRG B E, |
2,4, 6-trimethyl pbrital electreny Ja gRsug( f trangitipn mMiafiel/BSr €xardplem ruthenium,

h thyl disili ., DM, (1 ,3-d th -2-..imd i di : AcOH
o eyt | BRRim Qi) A SrowBIa, yAasiion Meta gt oampie, "

molybedinum;

L2 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 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 (herein),

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

R?is H, OH, or =0;

R3 is an aryl, alkyl or phenyl moiety,or H if L? 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:

(i) heating a mixture of an aqueous solution of a reducing reagent,
preferably a reducing reagent which is sodium metabisulfite (Na;S;05),
sodium sulfite (Na2SO3), sodium bisulfite (NaSO3H), hypophosphorous
acid (phosphinic acid, H;PO,), sodium formate (NaOCHO) or
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TMSCI (chlorotrimethylsilane or trinmethylsilyl chloride); TFAA
(trifluoroacetic anhydride); and |IPA (isopropanol). As used herein, the

f ol | owi ngwODen1m282321 ess ot herw se i ndi cated, are under stoodst@9lossseo t he

fol | ow ng neani ngs: A kyl nmeans a straight or branched chain aliphatic

hydr ocar bon having 1 to 6 carbon atons. Hal ogen nmeans a hal ogen noiety, for
exanpl e, fluoro, spherousrasié sediumysalt (Nat; gﬂpﬁé%"tt‘%ﬁﬁwp adrareydt | an

agent whi ch facily héz:tr?%:e ce ] 61u6n BohBASIENP WAL S SEibIBigaen P oduct

from one phase to ano aseinare
appearing on a stsaluﬁnlraadaatdeasj|omerﬁg-rmtérony:¢hocnmblngrmetal tomplex aft ructure in

the position of bon a mxture of, or either of, the
possi bl e i sorrersaF q %{@#%ﬂggm ~ stereocheni st ry. For
exanpl e, cont@j ni ng 'réﬁ’ﬂ?j the%ef#l’bbrrfbiex“éf PlﬁJrﬂulﬂf'NM_"ﬁ”'frdrH tﬁé‘%rg”érﬁttz Ihag'epond

drawn froma particul ar "atom wherein no noiety is depicted at term nal
end of the bond mfthrdma&egétap(nhpy @ diltrationuwbiererthe igetat cemplexrisl to t he

atom unl ess stat.ed ,of herw For,, exa . _repr.ese t|nes
1 The exanpl os. HEFQRRE DAL Ring FGPHBLEamplefis 5 bk, Hpifkeor the Thetal
structure. As Us%brﬁﬁléﬁllrﬁto thé%qUé@quayérbhérseﬁﬁfﬁtﬁl@tthérbrééﬁlc%B'é&fdeﬁgs

nmet hyl groups is meant to be equivalent and the conventions are used herein

i nt er changeabl y flayersonveni ence without intending to alter the neaning

conventi onal |y WNJERH ARt &' FrifTredB' Gy SuthE pFddkss of Scheme 4 in

the presence of a phase transfer catalyst, for example a quaternary ammonium salt,
for example, a quaternary ammonium salt of the Formula [(R®®)sN]"X", wherein R® is
alkyl, for example, n-butyl-, and X is a halide, sulfonate, or nitrate.

In some embodiments it is preferred to employ as the reducing reagent: (i) one
or more inorganic salt compounds, for example, Na;S;0s, Na;SOs, or NaH,POj3; (ii) a
phosphorous acid, for example, HzPO,; (iii) one or more metal hydride compounds,
for example, sodium hydride, sodium borohydride, or lithium aluminum hydride; (iv) a
reduction carried out with hydrogen and a 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 metal reducing reagents, for example, copper, zinc, iron
or magnesium. It will be appreciated that while Scheme 4 is illustrated with the
metathesis catalyst of Formula XXa, the process will yield similar results and
advantages if used in the presence of any metathesis catalyst.

Other aspects and advantages of the invention will become apparent from
following Detailed Description.

Detailed Description of the invention
Earlier processes 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)phenyllethoxy]methyl]-1-phenyl-2-propenyllamino]methyl]-5-
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The term"isolated" or "in isolated fornf for a conpound refers to the
physical state of said conpound after being isolated froma process. The
term " purwDizedo2s232"in purified form' for a compound refPerast@onb@2physi cal
state of said conpound after belng obtained froma purification process or
processes described herein or well known to the skilled artisan,

suf fici emenpfh?ww ofigingRe ¢ (:AmMRared;to PEFIOYS, PERCeAYIRS) the, RI§seNt mvef‘@ﬁlafh fﬁrq ues
descr i bﬁﬂeﬁpﬁ? h§ithe 8b |uhd 9 B muR [i8%ohlk doe‘ﬁ@ aﬁﬂ%‘hﬁﬁ@r LFrBwHQ@chreaCt lon

schenes ing t present I nventions, “brackets around a structure
i ndi cat enproaed tehanttmnpnuland|chasteteam&xsseiectiwtypprovid&sdhercqnmmmdeld at that
next step. Also, various

t , f bl di tl .t h
zt 282 i H%ﬁéy'& %nglr'gre@étel{]%g ’Elerlg?g‘?%%%&!&n B%%l fy separation or

purificati onTarRE aded ﬂﬁtﬁeﬂgeﬁe'“‘rﬁi s?éﬁemeé h@reﬂesn Hféjei@érﬁﬁ!é%t and Btbugheme
skilled in the art wl recognl ze that well|l known procedures are used.

Typi cal the-speeifications locludﬁéhp olloyyng @bbfﬁ\ﬂlmsh trgetherwith theirmepsings sed

Cypi oa UpieRs FBETBAR e Aottt R st RefRtnety MELRERD: R 1 7

some en‘gaﬂylyrﬁm@(terttaryauﬁ/l)ewzt(a@artb@pr@nz Eﬁw(etwmumbewl) FBobm-111 by

carrying out Step wherein the conpoun of Fornula Il is converted to

the co - wtomm%yu IDMBy(dW%HWFFEmaW?h THip detrahygrofrankpPEEA I over
o b BardIeHAATAG, T (BSF B eRERE ool Sl AR TER GRIMBERRE
wat er, foid); emmlnethyhahune)r NMIEQmmhethyhzrtpyrrellduhane))g/ITBEmrél‘tBME (tert-0 about
6 car bOBut"ﬁ mmil%yl ether) eﬁ% r{ﬁ\le?hyel\) nso lwher;ueashedﬂ' as a structural substituent (mesityl,
which is 2,4,6-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 trimethylsilyl chloride); TFAA (trifluoroacetic
anhydride); and IPA (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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| sopropanol, butanol or m xtures thereof, at a tenperature of from about
Q0C to about 80 0C, preferably fromabout 10 OC to about 60 OC, nore

pr ef er ablwofzomm2sisout 20 OC to about 30 0C, and for a peciras2@b/oféoem about
3 hours to about 10 hours. In Step 1b, the conpound of Formula I1I, for
exanple, as the mxture fromStep l1la, is added to a %?.LU“O” of the free

base of F | #OHV and heated to react the two rNoOhe mixture
is heated to feflux and water generated in the reag¢tjigp|is renoved via
azeotropilc distillation to drive the reactionX\Jn_gonme enbodi nents, the

freebase oiN"Fornula |V is prepared frog&g al t CN Forrmul aN"Va by treating
the salt ofFormul 83N GRUAINNGRINGT. QOPIBIA base, for exafbl e, NaOH

di ssol ved in s Jvewg&hﬁrm the SR ¥ BBhd dr4Wn 4 'tr%ertic.tﬁlﬂéﬂﬁt'laﬁ @hefeifl @™ PO ar

solvent, for exanp xyl enes, or mxtures o wo. | n sonme enbodi ments,
i n St ep maietyi is depigied hbthectérminal end ©f thenbond intlicatesfa rBethyl geoLipsbaundh a
source hydr.i d f xanpl e tal Jhydride.redyci ng reagents, for

exanpl e%@S’éHJh?ﬁ%‘?ﬁ&d&P@g,BmsHﬂ%ﬁsé?gﬁc%la‘?%%rFare?’g?fpp odi um

triacet oxyborohydride, infthe presence of an acid, fdHgexanple, acetic
acid, trifluoroacetic rJ, phosphoric acid, netha ul fonic acid or
trifluoronethane oINC gcid and m xtures th ofgytojobtain the free base
of Formula VI. | n\ sgme di merl@pfedeintd s pr ef rred\l carry out the

reaction in tor'ulgne, acetonitrile, 1,2- di gﬁé roet haneCHget r ahydr of ur an,
ethyl acetate, iSopropyl acetate, or mxtureg of two or nore thereof. In

o7, Rk, Sgheylea 2 EEsled B YD SES Bl R 1
0C, nor e gtrgdtareabAy ubed ierdinUthe Uselst dithep bohvertfondfor depictingenethyiagtoopsit s it
'S is meant to be equivalent and the conventions are used herein interchangeably for
convenience without intending to alter the meaning conventionally understood for
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 skilled 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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preferred to carry out the reaction for a period of fromabout 2 hours to
about 10 hours. After obtaining a free base of Formula VI, it is converted
(step 1c'woto1o28m2t conpound of Fornula Via by treat neRCTRiSRépIass0aci d
reagent, for exanple, p-toluene sulfonic acid, nethanesul fonic acid,
trifluoronmethanesul fonic acid, trifluoroacetic acid, HCl, HBr, or sulfuric
acid. In sone enbodinents it is preferred to carry out the conversion to a
salt conmpound of Formula Via in a water-m scible solvent, for exanple,

al kyl al cohol having fromabout 1 to about 6 carbon atoms for exanpl e,

met hanol , et han&i%_propanol, isoproparfek, or butanol and its isoners, or a
m xture of two or thereof and theter I solate the salt product I n
Step 2, the salt ound of Formula Vi3 “nverted to a free base, which
S then cyclt |t BoM rlmHCIoa | ge{at hesi s catal yst, and the resultant
product is c \/erteg agai NglRe a t «and i sol ated. The ring closing

net at hesi s ngdt'g yst Scadie preferam Eose containing a netal with a carbene
ligand, for exanghe, the catal yst of orjmul a XX: XXa XXb XXd where the netal
(M is preferably a transition netal with a fornal oxidati&& state
providing 8 "d" orbital electrons (a group 8 transition net ff% xanpl e,
rut henium yall adleqmo I ri {aurr) or a grjoup 6 transition met

exarrpl eWn@ﬂ* i s\ co j ugat e jpase of a str etp d, preferably X
i s: r
exarrple %Pﬁ?l deStep 13 d”g}?g RREEE

Jnodety, fpr
th subst anti al
Pi - backbondi Hg capability, for exanple, as shown 9 nche cat al yst of | Formul a

XXa, an imdazolidine I|gand (wherein Ar is an -~ v

o] / CF3
NaBH(OAC)s -l 10, TSOHH0 H
CF,  2-PrOH/H;0 CF,

toluene
Step 1¢'
Me o TsOH
* H,0

Step 1¢

In some embodiments, it is preferred to provide the compound of Formula Ill by
carrying out Step 1a, wherein the compound of Formula Il is converted to the
compound of Formula Il by treatment with a base, for example, a lower alkyl amine,
for example, a tertiary amine, for example, triethylamine, diisopropylethylamine, or
tributylamine, in a solvent that is miscible with water, for example, a lower alcohol
(that is, having from about 1 to about 6 carbon atoms), for example ethanol, methanol,
isopropanol, butanol or mixtures thereof, 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 20 °C
to about 30 °C, and for a period of from about 3 hours to about 10 hours.

In Step 1b, the compound of Formula lll, for example, as the mixture from Step
1a, is added to a solution of the free base of Formula IV and heated to react the two.
After addition the mixture is heated to reflux and water generated in the reaction is
removed via azeotropic distillation to drive the reaction. In some embodiments, the
freebase of Formula IV is prepared from a salt of Formula IVa by treating the salt of
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aryl noiety, for exanple benzyl, phenyl or nesityl (2,4,6-trinmethyl phenyl)
noi ety), L2 is a phosphine |igand, for exanple (Cy3P), or, as indicated, L2

i s optiomsiDl2g10beszsed to R3, illustrated by the sem circeCarusdawios®20 i ne
between L2 and R3, when L2 is bonded to the carbene noiety via R3, it forns
a bidentate ligand, and L2 is a chelating noiety, for exanple, an oxygen,

phosphoFermulaiVanvith egeaterseluble bass, fenexamele, Na@tbdisgelveddn etlowipelarty

.,S(I;lr?)s(- I.d Is ! te i raryl knt tlrgen,f’n ! sxﬁ
OB O Yo RBE X S50, SRIGALEr BB N bR i of i

al kyl obf fHeetwd. noi ety, or when R3 is not bonded to L2, R3 may be hydrogen.
Suitable ring-closing netathesis catal ysts are commercially avail able, for

exanple: (i) the catal ysts described as "G ubbs' First generation catal yst"

in US Pat ent , [SIYA ' ' ation
catal ysts" i r'ﬁ%ﬁ%‘lgl %ﬁé%&é%ﬁ%pgﬁi%g?oﬁ%%?&@&9%%?%?%8@7% %54
and t he 1bds alithsd soureefihydridesfot examnpty nietabbydride reslucmgdeadgentsdfaéener at i on

catal ysts" in published PCT. | ication No. PCT/US01/24955, both avail able
from I\/ateé?mP,le’(ﬁqdjurﬂll\’é’ﬁ“"yd&'ﬁégE%'P”U%%%'}qbﬂé%mdﬁ'dﬁuBf SQHA i nt er nat i onal

appl i cat ' ' i | nnan Phar ma;
and (i i Hé%t%dsr&y&rgﬁ’/gﬂ h&ﬁ???@%’fﬁ?ﬁé%ﬁ gﬁ\ga@%’%\%{t?ﬁﬁ appl i cation
publ i catiifuoroacetit)&idplagpbodc agidhimatharesuifomicBaeid or tifluorometidneispifonia sone

oo Ml ol oty B8Rl BHEAR RS b e A Sy, o o vt
bi smest igrhisstimentasit it prefstrdd fréfhPscheGesetiditinttolueti@Ndcefofitriexa/ml e, the
Hoveyda- GrubbslSecond Ceneration Catalyst.. In some enbodinments it is
pr ef er r gichierogthansy tetrahwdsofiugan, ethyl iasetate nigppropyl 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, methanesulfonic acid, trifluoromethanesulfonic acid, trifluoroacetic 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 resultant 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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In sonme enbodinments it is preferred to enploy a catalyst of the formula:
where R4 is "H", anitro noiety (-NOQ2), or a sulfonam de noiety

(- SO2N( Roye2omessn RS is an al kyl noiety of 10 car bonPararsgo00/0540es) .
Wth reference to Schenme 1, Step 2 , in sone enbodinents it is preferred to
use a reaction mxture |oading of the ring-closing netathesis catalyst
(catalyst loading) in an anmount of from about 100 fol %t o about 0.1 nol %
nore preferably ffhe catalyst is used in an anmoung ¥ fqm,m about 20 nmol % to
0.1 nol % an Npgef erably about 10 mol % to abgqut| 0.5 1rml% relative to
t he amount o :afcorrpoundof Forrruga ‘rV initially pra Rin the reaction

L
m xture. As ne jmpggdl’above, t he addij-ier'of acid tql)t eaction m xture
in Step 2, forxeignm‘ae, 4- et hyl b&n gnzl:gsul fonic RICi d ydrate or
tol uenesul fonic acid; can reduce the weaction mxture caval yst |oading
requi red to achi eve” conplete, or nearly conplete, conversion of the

substrate under gKXen reaction condiXXbns. Table | ,XXdlow, illustrates the
resul ts qbt ained di ng various ampunts of p-toluenesulfanic acid to the
Feact | oIS thh Mtk BTFTRPY At metel Wibs ol ceetPe Sl as o
functio r&fidmtsa‘*d’%rbigél?égéd;g)éig d(fafbrauﬁ g%éﬂ!ﬂﬁﬁn et dfor exdmple! rafidhium

enbodi nent s ere acl to reduce catalyst loading it 1s preferred
to add pailadium aniridiamoner @ grdupobrtrabsition netal, dguexarhplet malyhgdenuny (Xbisia 2

equi val ent s q relative to.the nt, .of suhstrate initiall resent in
The. r oaconefR sees B Sirbho st dreBrgb acRue RGNS D o tnAmBear 1+ om
about 0.tds4te; bPhQIBPéh Moityt for exdathlEDERoRdE (B A8 oV sighiathdridedCéitlon N an
amount of from abouf 0.2 eq. to about 1.5 eq. relative to the anmount of
subst r afigand withegubgtantiat Pirbackbanding eapabilty, ferexample, as shown in the

Ar—N_N

~Ar
catalyst of Formula XXa, an imidazolidine ligand r\Iv (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 L2 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 R® 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 (iii) Grela’s catalyst described in
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Wt hout 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

cat al yst woadiogs2sl | be achi eved by adding to the reacPCosSadogsso20 an aci d
possessing a pKa 6.5, which is the calculated pKa of internediate IV.

Vari ous t%ﬁé?ﬁ of acid are believed to he useful for reducing the required
cat al ystu chigterpatienal applieatinh Ruhlicatian 5r- ¥Y)20R4/039896 avallablesiromdxanpl e,
but not | hori c
i d. o deinGerrietidyh, Thish eRofime s R B e inyerbr 1 préjeRel;

ex arrpl e to aseta catalystihavingf (i)uocloeiating sopw@bemzylitiamlgdndn and &id)i a,

trifluoronet hanesul fonjc i benzenesul fonj.c aci tol u fo
el d " p PR RS N Mt aCI R agRr e i9and, doeisanBe e IPYORRE aci d.
or heter bB%écﬁ:nﬂ’GBﬁ@?a@ioﬁ%ﬂalX@f.. m xtures thereof. Table | : Conversion

vs. Catalyst Loading vs. TsCOH Ch rgethh reference to Table I, cyclization
reactions in accordance with Step 2 of Schene | (above) were run enpl oyi ng

fromO to about 2 nol alents ed ive to the

arount. of oo %?Pateeemﬁﬁﬂ%sv} 175 bEptb it Simaley BirslVat A EIMEIAC: d to ¢ he

reaction mxture in Step 2 can reduce by a factor of nore than 4.5 the

catalyst loading required in the reaction m xture to achieve a high

per cent age conversion of the substrate. Accordingly, where |oadings of 7

nol . % or nore were needed to achigve n |y 100% substrate conversion

wi t hout added acid, conversions proﬁmf substrate coul d be

achi eved using a catal yst Ioadi 1. n conjunction with 150

nol . % addi tional acid in the-Teaet\ah xtur I n sone enbodinents it is

preferred to carry out the ri ng-clo on of Step 2 in an anhydrous,
on

degassed (for exanple, using N2) react|

CWY)

In some embodiments it is preferred to employ a catalyst of the formula:

Mes/NTN\Mes
Cl~.

<

where R* is “H-*, a nitro moiety (-NO5), or a sulfonamide moiety (-SO.N(R®),, wherein
RS 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% to 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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conprising a non-coordi nati ng nmedium polarity solvent, for exanple,

tol uene, trifluorotol uene, chlorobenzene, benzene, xylene(s), chloroform

di chl or orwORlRare2832 di chl or oet hane. I n general, the rea®Cirars2608/06@e6i ed out
at atnospheric pressure or a pressure slightly el evated above atnospheric
pressure. In sone enbodinents it is preferred to carry out the ring-closing
net at he §f EormadiaV initidly presedt inithg reationanixtyret Asmgniignedaboy@ithd i s t he

sane as - Si ¥ t : A elp" ﬁ$g'ﬁﬂﬁi g the catal yst
sol uti or’?dgﬁ'&'j‘mdfé&f‘fetr° @eﬂégﬁéﬁ?g&g%ﬂt ée%&%u es iFe mai nt ai ni ng the
t enper amethylbentdrsesuifonic avid motiohydrate tonitsluenésutfopicacid ecararagiucefthé r om

about 20 0C to about 100 OC, preferably from about 30 OC to 90 OC and nore
pref er aﬁ?%tpndﬁi%&ﬁatﬁﬁsﬁ@,a?'Bgdﬁﬁﬁ'fecéé’ achieye complelanoriealiycomplete.he end

of the GYAlARRN ﬂﬂhé%%kir% &ﬁdérﬁéﬁf?e%‘cgsﬂ cbAdHBABY Fablefl BBIoW, éliJs‘Pr'ﬁ‘tc%é"e
catal yst "using the process described in Schene 4, |.e.,_;he.pro uct of the
ring-cl dise resyits mbtained bysaddirgavarnibus amountsafipetoliseresiulfonisracid taatheeduci ng
ayer. egncton Bt and b eatiing od S ot SubSiatGonyatsT s AdyneiEn of

ayer. , _ to,
| nor ganicatd@ideadifig with! arfRk@tRb & aded a6l P1rs SbinelémbSdifients WhkAbhel!ié 1 t e,
sodium thiosul fite, sodiumfornate, sodi um borohydride and its derivatives.
| n sone addieddo neduce eatplyst/loadinghitispprefersed tor adst aciddn antamewntoafdraneabbut r om

t he met si.s. catal ysty. it | refenred to.eml.oy.al,so in the r tion
it ur e 00 b RAGERNS (L) to ahaif 2 EARRE, (1 TERNEH 16 i amBuhl S AR BIGS
nol % of itidlly greabhtip the rédetion miiired mdre Préfiersbly cage i added py#tlaindunbept
200 nmol % of PTC rel ative to the anbunt of reduclng reagent enpl oyed,

pr ef er affiof pihout @ 1@ te pbaut h8a0. aandimore 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,
trifluoroacetic acid, methanesulfonic 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

Catalyst Loading (mol%) Addltn:&arln':;i/?)l-l Added Reafg/:))gf(iglrx%rs lon
5 0 85-90
55-7 0 90 - 100
>7 0 100
1 20 57
5 20 100
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which is fromabout 0.1 nol%to about 100 nol % relative to the anount of
reduci ng reagent enpl oyed. Suitable phase transfer catalysts for use in the
process iwolotha28i3at are not |imted to, quaternary anmpararse@alos@2of t he
Formul a (R*4N+X") wherein "R*" is an al kyl group, as defined herein, and

"X' is an anionpreferably "X s ( Br 1 — F or N . invent ors
have sur pr isinaghy fhund—that—when +!$,9 pr-o€eesS—+S—ear+i 0ot in th
o +§n| a nhaca tr ancf I$D oat Al valt t+hn DT lQnrmfr\ t

pr esence O X TJUT C T O Pll(m_\r T aAToT oAU QAT y Ty LA LI\ " CT TIT U9 L |

1 a r nnn:b:l’ t o ool At o~ j:QO arthar o | Ao —% r\1mr\u+ e o
reducti on te—prece tO—CoRpreti+o6h %.0 e+t 1et —OWWweH pgl_l”ﬁ attdfe;—ror
exanpl e, as 7 - .thii’iaﬁ}qgltwpi’lud u‘ﬁngg:, for—exanple, in
| ess than —hotr; % depernding upon e tenperature TggrIE, , both
t he reacti pn—period—and-—thereactioygdenperature canm Deggeduced over that
required t gachirevgga conptete redugsg o 11 the absencesgl a ptrase transfer
catal yst. [T SOME gOOUTTENS T TSygg ©f €rTed t 0 CONver gy the cyciized

product fromwhich the catal ysSt has been renoved (0 a salt by treat nent of
the reaction m xture containing the cyclized product with a reagent
conprising: (i) a mneral acid, for exanple, HCl, HBr, H, H3POX, or H2SO ;

(i1) an organjc acid or s i tuted organic.acid, for exanple. Meic Acid,
Furr fo. Ac d Witsrtaience 45: oot |y ERsalio JBeEidhs Bacrordance Vit SIRR 8% ¢ ac! d
or subsig ' ' i I '

aci d tr e GHoLE e P Rlremblei AR Tt BRbRar I hilvaients (090 ot  oni c
aci d, oadged@cibraiativectothé amaeund of substnatedabeceystizedehhese datasshovethatred to
prepare the HC

Sehome. PAdTE i e Gracios ripe HLFIRR 2 canrendoabh adre@s cfERLHH 48 pase

form | thé eamiytieding rdduired ih he Fedtiohatixtuteds GRRRVehighgeFseagei on
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 loading of 1.0

mol.% in conjunction with 150 mol.% additional acid in the reaction rixture.

In some embodiments it is preferred to carry out the ring-closing reaction of
Step 2 in an anhydrous, degassed (for example, using N) reaction medium
comprising a non-coordinating medium 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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by treating the conpound of Fornula VII with a base, for exanple, NaOH,

KOH, NaOR (where "R' is an alkyl group containing fromabout 1 to about 12
car bon atwoepilo/d2se3gone enbodi ments the conversion of theCtarspaascoos
Formula VI1 in Step 3 is carried out in a reaction solvent conprising a | ow
polarity organic solvent, for exanple, .toluene, Xylene, ethers_ (fo

exanpl e, die %ﬁpnﬁt%PO@H@%tﬂﬁheﬁnﬁlﬁwe gy E?}',Xtr%a Wal{ﬁﬁrﬁ@("ﬁé@ base
of VII, Wiy e ¢ GeddiBefGHBRNBP, ife0r ! 2
VI by 'ﬁ@§¥%gﬁgﬁf§'ﬁ,}é’¥‘5§@§§f§?ﬁ‘éﬁby t r?gtaérésnt V\% t'ﬁeﬂydr ogen 1 n It‘:%em

pr esenc praduct ofithe ongchdsingproeedLesis, tréaded withnan aqueald salution oha ceduning

| at i num on_car bo al | adi u xi de, rutheniu of, WIKinsgn's catalyst, or
i xt ur edeagRita the (Bt minfa R hass o oxtRcte b e edesEdRye S, 5
in a | oved@ting réagers Gtilide, Hot ¥RMhot IMite IR r?anfccﬂed EftsOfor ¥xhfipfe, OF in a
pol ar organi c solvent, for exanple alcohols (CL to Cl12 |linear or branched

al kyl ), sedius hisulfite sodiummetabisulfite asedivmthipsuliite tsagiwn feinate; fedivaY . | n
sone e i ts, e he. hydr ogenati on reduction is conplete, the

cat al yﬂ%g%lgfdgﬁqaq%{ﬁ%{lgévaiwpg. removed fromthe reaction m xture, for
exanple, by filtration, and the product conmpound in the reaction mxture is

then treated with an acid to nake the correspondi ré%psalt, for exanmple, in
enbodi nent s Wh&PEe erabpdiments emniping the pragess of Scheme 44t9 reppoyesmetalt ep,

h ' ' ' . . id
e, COTMRYRCoEAELS oAk, ATEBRIErL 14 RREARET Oy LOPBY SRR )
r ef er engphase tamsterecatalysta(Pd\0), in tahearhetimtedfyfrom @apouti0 108 mal% of PiTRoretativef

PO 2 e S o b Sk et 6 bt 06 i BPBFE AL TS s
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*4N*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 to 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, H3POy4, or H2SQy; (ii) 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 examiple, methanesulfonic acid,
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Formula VIl is a hydrochloride salt, reduction of the salt conpound of
Formula VIl yields the hydrochl oride hydrate conpound of Formula VIII

di rect |y wot2housizavi ng to generate the internedi ate freeThss@ofnssone of the
tetrahydropyridine, the conpound of Formula VIIb. In sone enbodi nents

enpl oying direct reductioon of the tetrahydropyridine salt co und of

For mui at'%luorgmeifar@éugfowfsta@!d,mézgw naﬁmaffleaetTiOBfﬁnessUEBWﬁ@g})i,ortpne

catal ys ng@l bk re ' | PIENSS i | giggure by
mechani rge'at rré‘g%@,gs*@rnﬁégégprbﬁg,%gy ?'JinP?gat [ o%,q{ %P%hgarté?ﬂﬁée{%? ham nle salt
i s recowsaltedtiie compbend of Foahela VHor carryi ng out the reduction of a salt
conpound of Fornmula VII directly without first providing the free-base form
of the tetrahydropyridine, the inventors have surprisingly found that the

reaction is Ryg fr8RINted8'SdnetheHiin Sle3 SHeVEIK of HYrRfula I i§ cbndertdiMo

polarity organic solvent, for exanple, toluene or xylene or a mxture
t her eof the freg baspdomn. dn gameccrebodiments itds prefemed &0 act@oplishsthecranvetsion

from abqut, 1.carpon atomt,0 out , 12 . capbon ato, or _a, muxtur.e two or
o ¢ By st BRe Bofiahtcor kRt Ui 8 Bage R Rambie NACE KD T
carbon DR (Whefe TR™E Wnealkyl gﬂ@@p ebniniifg friopd apbut Rislabou)12\64r8bn or

m xtures of any two or nore thereof. Suitable methods for_reducing the

sal t - f orators). t inesanee embpdiogyisi the wenversipuatthescameounst efdsgronda il in
Pyr ogerstPh Suh Saptek itTn 4Rk oot SonBASRE By do ity Blbnisoh¥sb dat i on
cat al ystexaniplé,udRienepXylenangthers [fol eratnple, diethylrdiher, amdiretilyl tbuty ietiser),
pl ati num on carbon, .ruthepnjumand WI Kkinson's catalyst or m xtures of two
or nor e 1@ pbtaip the free base of VIl, and subsequently reduce the free base to the
compound of Formula VIII by hydrogenation, for example by treatment with hydrogen
in the presence of a hydrogenation 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 alkyl), or ethers, or in water, or a
mixtures of two 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 VIl is a hydrochloride salt, reduction of the salt compound of Formula VII
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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In sonme enbodi ments, followng Step 3 of Scheme I, it is preferred to carry
out Step 4, recrystallizing the product of Step 3 from an al cohol /wat er

sol ut i on,woherogag23pr ovi di ng a desirabl e crystalline formcofustéve/os@epound of
Forrmul a la. Suitable al cohol solvents useful in carrying out Step 4

i nclude, but are not limted to, alcohols having fromabout 1 to about 12
carbon &ogmyla ¥Hiba Insemerambedinignts empleying Héﬁéfdﬁdum@’bpﬁ@ﬁl vely to

renySt?étk @%&é@@m.ﬁé@alﬂ? PUlfla 8F FERAIM g Brk é-‘f%@h?ﬁ@dl%%n' n

t ol uene ensi on ext aque'du en treated with
HCl to peactiopiis &bmpteteptkwmhtalysi:empwyedl in the rerhmtnon rnenbrabmecbfromwtheorre
enbodlnents of the present invention

are t he
| nt or e dFARONGN IR mer wg?lrrae?n% fot gxarmble, by fliatioroani Aharseient. |«
sonme en%gqhggg}t% F‘éHb'w@Véc?ﬂ ciitPRess of Scheme 2 to provide the conpound
mu V

of For I's preferred to use the conditions and paraneters
illustrated below in Scheme 2ab in carrying out Scheme 2. SCHEME 2ab | X

Step 2-2 XIll_IVa In t cess. of Sch 2ab, St

descri bed i nh&a %We‘?@ﬁﬁ ‘T“f&f'@n§f mmunc?oﬁpgr@léla \%Ifﬂ'éeéfho pat ent)
the Exaipihgat fmbmng%é ﬁeé‘bas‘é%ﬁﬁl&!‘iﬁe ﬂetFéh E'hrfé?'ﬂﬁ’é’ﬂiveﬁforts have

tri phenyl phosphi ne oxi de resulting fromcarryi gout ste shown in

Schene zanorissngiwundoté@t the ieagtien &5 preferably carried eaihina §pf\)lsntawhmp$4 @ea i on
No. EP -4 of
schere. 208 Paty o sSUREE kel eheelo Rl hPp ifiule Mkept Wt
exanpl e pokdyforg@nie’solvent, for example, alcohols comprising from about 1 carbon atom to

about 12 carbon atoms or a mixture of two or more thereof; (iii) organic ethers

comprising from about 2 to about 12 carbon atoms or a mixture of two or more

thereof; and (iv) water, or mixtures of any two or more thereof.

Suitable methods for reducing the salt-form of the tetrahydropyridine
compound to the corresponding cyclohexylamine include treatment of the compound
of Formula VII with hydrogen in the presence of a hydrogenation catalyst Suitable
hydrogenation catalysts include, for example, palladium on carbon, palladium oxide,
platinum on carbon, .ruthenium and Wilkinson's catalyst or mixtures of two or more

thereof.

In some embodiments, following Step 3 of Scheme |, it is preferred to carry out
Step 4, recrystallizing the product of Step 3 from an alcohol/water solution, thereby
providing a desirable crystalline form of the compound of Formula la. Suitable alcohol
solvents useful in carrying out Step 4 include, but are not limited to, alcohols having
from about 1 to about 12 carbon atoms, or a mixture of two or more thereof.
Alternatively to recrystallization, the compound of Formula VIl can be suspended in
toluene, the suspension extracted with agueous NaOH, and then treated with HCI to

precipitate compound of Formula la.
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m xture of acetonitrile and water, or a m xture of acetone and water. In
sone enbodinents it is preferred to stir the reaction m xture while

mai nt ai niwQE 20tvg28Bacti on m xture at a tenp of from abourCoBBWOs@ROUt 60
OC, preferably fromabout 5 0C to about 50 OClnore preferably from 15 0Cto
about 25 0C, and after a period of agitation, heat the reaction m xture up
to a tenper af§maenjonassabqvesin sprpgenodjments ef ieqregentinyentiongbisat ure of

l ess th : t 4t 55 0C,
Fol T owcBrgaagse Prepe 4P e hedElerty romilia W BRI ENRE prdckes AR, 221 1
about 2$cAénea\dIresdme @nsisbdiiments@mpltyirgethecpratessof Seltéme 2 toi provide thet h an
organi c solvent, for exangple, nethyl t-butyl ether (MIBE), ethyl acetate,

i sopr op§PMReEnd ©of Foimuladye it 'RPF@‘RHGGFOA’SRI"‘EA/‘F gPrdifpns @nd RArameters her eof .
Wth fu @pp s> carried out by adding the
pr oduct ﬁl%;?ﬁé%eé@%@ﬁ%ﬁ?c&%ﬁ?%o R&B@E@%ﬁ?@e‘?g Br, or I) and sodium
or lithium hexanethyldisilizane or |ithiumdiisopropylamde, sodium or

pot assi um al koxi de in an organic sol é@%%a%anpl e, toluene, THF, MIBE at
a tenperature range from-20 to 60 O€ ly from5 to 40 0C, nore
preferably from 10 to 25 OC. reaction mxture Ls warned to room

t enperat ure a&gl 11 piRehoMele 0I8d totraHMps fro 30 to 40 0C
from-20 to_3 S%MSmopceferab y HFOmM—o—toe- 209 &
I%io he product

dilute acm dWed i tN/sodi utn bi car bonat ensg
is treate t hoMgCl 2°5nd stirkr,"\{'l’ez ‘ 0 at uee, enjtreat &b with
I

r
silica gel. Filtration of solid gthe npound of muMa XIII. In step
2-6, the crude product Forrmula Xl is treffsed with TM
Ix Step 22 X

F
1. LIAIH CF,3 3
2. EtOA:: o KHCQ4/ Cbz,
3. HOAc/Water OH NMP/H,0 " \"g'l\pi

o)
0 CF
Cb: '/ F. 8
Step 2-3 Z CFs  step24 o Me
Me
XH
X1
FsC
1. CH3PPh,Br/ CF3 1. Me3Sil/PhMe CF3
NaHMDS/oluene  Cbz, 2. Silica gel
2. MgCla NH ph 3. Maleic acid | p OH
Xl Step 2-5 -0 CF; ' ) OH
I IVa

In the process of Scheme 2ab, Steps 2-1 to 2-3 are described in the above-
mentioned U.S. Patent No. 7,049,320 (the ‘320 patent) the Examples, columns 43 to
44, compounds 1 to 3, and removal of the triphenylphosphine 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.

28



(i odotrinethylsilane) and quenched with an al cohol having fromabout 1 to
about 12 carbon atons, thereby providing (wth reference to Schene |, step
1b) the fweeotvame23of Formula 1V. As illustrated in StepP2TAISo60996¢00Te 2ab,
the free base of Formula IV provided is treated with an acid, for exanple,

mal ei ¢ acid, hydrochloric acid, and hydrobrom c acid, to formthe
cor r espondi ni §@INe embediments 9'%‘[“‘5‘?@5‘3‘&& ganry oyt gtep 2‘ﬁeﬁ’fe‘-l‘!ﬁhe[5‘i‘%3?ﬁllﬁtj‘9t he

Co”espawsggfd?%x‘aﬁ% e SRHET, agogf.n'é%n&rﬂ foV' aﬂé{a#esmp dinpnts, it

is preferred to cyr alllzet e salt "t hereby prow rom tol uene and an
anti somisture of acetoritiiipland watesnar,a tixtuenef acetone and water. pinssdrde a

tall f t h As ti d d t f
the. pr cSBIARGBIR I 5rProeTTed 1 F 4% BepqiBn 3P BBAF Shikdm AR B G  Eagion *
For mul aphiktups b0 téhp d?'f%?%éoui b e ttb abedt 60 §C E%féra%ly frémsSauBut HMEpdh ment s
enpl oyi ng the process of Schene 3 to provid e conmpound of Forrmula II, it

i s pref abputi5@ 3Cumwre peefetakdy froamts aﬁdo [@bpuh35 éesand |attgt apesigdmtl ow i n

o Schenpiatigh. Hest i beibn BERRE B to 3 Emfinrdtle of lesg Yol bbSlit 0 Cop' 571

using Obﬁef@falﬂﬁt@é%mﬁéﬁdl@@of |8gs tHin AU TOMC, A6 Sresfetablyi of fribihabout
di ethyl ene glycol dinethyl ether, trimethylacetal dehyde and a st rom? aci d,
Wne

for exadpl’€ tecabaut&SUIG, cfﬂ'iQ‘,N%d:bH coglingsthereaction mixtues)tqambient fempe
trimet hy) BpehdLH5HY S °@'dnd eXirated tAS athbib Y temperature reaction mixture with

an organic solvent, for example, methyl t-butyl ether (MTBE), ethyl acetate, isopropyl
acetate, toluene, Xylene or a mixture of two or more thereof.

With further reference to Scheme 2ab, Step 2-5 is carried out by adding the
product of Step 2-4 to a mixture of PhsPCH3X (X = Cl. Br, or I) and sodium or lithium
hexamethyldisilizane or lithium diisopropylamide, sodium or potassium alkoxide in an
organic solvent for example, toluene, THF, MTBE at a temperature range from -20 to
60 °C, preferably from 5 to 40 °C, more preferably from 10 to 25 °C. The reaction
mixture is warmed to room temperature and stirred, then cooled to range from -30 to
40 °C, preferably from -20 to 30 °C, more preferably from -10 to 20 °C, and quenched
with dilute acetic acid and washed with sodium bicarbonate solution. The product is
treated with MgCl, and stirred at room temperature, then treated with silica gel.
Filtration of solid gives the compound of Formula XIil.

In step 2-6, the crude product Formula Xlll is treated with TMSI
(iodotrimethylsilane) and quenched with an alcohol having from about 1 to about 12
carbon atoms, thereby providing (with reference to Scheme |, step 1b) the free base
of Formula IV. As illustrated in Step 2-6 of scheme 2ab, the free base of Formula IV
provided is treated with an acid, for example, maleic acid, hydrochloric acid, and
hydrobromic 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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exanpl e, nmethanesulfonic acid; or c) refluxing pyroglutamc acid with
hexamet hyl disilizane, then reacting the product with trinethyl acetal dehyde
and net hawe=oiomsise aci d; ord) heating pyroglutam c aci #Can$2amiosdoy| am ne
with chlorotrinmethylsilane, and then reacting the product with

trimet hyl acet al dehyde and a strong acid, for exanple, nethanesulfonic acid;
or e) agmbegiments; ids peefedred ttaﬁwga"ilzﬁethe@aét therahyrRroydegyfrasg teluane andci d,

{1 om abBEr o bty oL pRaek, Hebane, R d bt il JoUridgs Ao FNRETOMAT

(a), thefthengwitind of Formula XIV is prepared by refluxing pyroglutamc acid
I n diethylene glycol dinethyl ether solvent, in the presence of

trimethyl acet al dehyde and a strong acid. In sone enbodinments it is
preferred fompgt A | ¢h EOmeSerhbé -Mgafs | Sre@ehtGnve@itsiaipRy | ¢ aci d,
sul furic add, Sn’ﬂfgﬂtzé\esu %’?aci %,eetrdlx?' uororre?ﬁa’%'gsul g\r’n c acid,
benzenepmfeoeddo peephre fhe intemnediate offf armada dl usingthe prolcess dlustrateidani ¢ aci d.

I n sone _enbodi ts of t hod refl uxi Wi th | utamg c acid i

car 1 od SUBTIE S Hespine stfeettenE el PhspsL¥t ihemer i dRute e ene,
cycl ohexgppouhtifof FofmaildM Xt i¥' refdimdd'® We tHY Goridifirddnd paranfdtersxi ng _
tenperature enploying a Dean 'St ark water-renoval apparatus on the refl uxing
appar at iltistrated below in &ohemm3ak i eanying out Sehemendd (b), a mixture of
pyroglutam c acid with trimethyl acetal dehyde and a strong acid, w thout the

di et hyl ene gl ycol dinethyl ether solvent used in nmethod (a) is heated in an
apparatus permtting, water renoval , SCHEME3a e, a Dean Stark waterrenoval

LIHMDSHCOMe/
P H CuCl or ZnCly/ ﬁ
7 ‘H /‘:HO -70% mo
o ” COOH  step 31 o) l\i\ro Step 3-2 o N\(O
7\ H 7\ H
Xiv XV
CH3PPh3BI‘/

NaHMDS ' ”

(12.6% in PhMe)/ | S oH
MgCl, N LIAIH(OBu-t)s/
THF/- 20 °C N

Step 3-3 \(o ° “\/O
ep 3- Step 34 \
s A

o N
A

Xvi i

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
c) refluxing pyroglutamic acid with hexamethy! disilizane, then reacting the
product with trimethylacetaldehyde and methanesulfonic acid; or
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apparatus. In nethod (b), as in nethod (a), in sone enbodinents it is
preferred to select as a strong acid trifluoroacetic acid, phosphoric acid,
sul furi c woi2dio/are3panesul foni ¢ acid, trifl uoronet hanesulPConisecotaoseh2o
benzenesul fonic acid, ptoluenesulfonic acid or p- nitrobenzenesulfonic aci d.

In some enbodi nents the m xture is heated to reflux, typically from about
100 0C t o hbbeatingpyreglutamic acidans tripthylanaine wih 6'&'PF‘31"E!19§|%){|$'|3@G and thr ough

(e 13D, Al GG B Bha o FATPAG % 0 2 |

bench-scal e equi I cal acconpli
met hod (c), pxammle;trﬂe’ﬂwanewlfbmdcﬁﬁuarret hyI disilizane in a solvent which

Is preferahly uene Qr th rolidinone (NWP) are
heated to ?eﬁﬂawgftaﬁuqoaegﬁ%anw& %MPF%M@W ISR 12 hours.

Tri met hyl aceg teihRIcAi AL RARchcid Bhd RARRIfIng tid idniérAGeitidm aci
phosphoric ac ﬁhg@'?y%?url C )gim%',q met h a esctﬁ ?onl C g‘(ﬁ‘ ng b

trifl uor omet hboets0 PGo abaut 100 B@thtkmjlebohormlmrUpletBtol uenesul fonic acid
or p-nitrobenzenesul fonic acid are added to the product, and the resultant
m xture is heated to 90 OC for a period of fromabout 4 hours to about 12

hours. I'n meyhabihsd (a)cmé)é&th@m BVFéhﬁ@lBQ(IVSs%‘i’éW‘eHbe&eﬂh%ihﬁre of

pyroglutanmic acid and triethylamne in toluene while keepin
t enper apyraglutatmic agd l@dldhmlenaeglquhdlmethvmtéer solveat, @utheopneéen@& ofintil the

silylati t i nd is
added t §TReliRTRaEGH addR ERdedi: 1t FoTB bR SR RISl g R e
and tr egtreflg\Wcidito se trLBYOetit Acit: phdephdt acidt émﬂmoaa‘mal méthanesananie .
trlfluoroacetlc acid, phosphoric aci d, sulfuric acid, methanesul fonic acid,
acid, trifluoromethanesuifonic acid, benzenesulfonic acid, p-toluenesulfonic acid or p-
nitrobenzenesulfonic acid. In some embodiments of method (a) refluxing with
pyroglutamic acid is carried out in the presence of a co-solvent, for example, toluene,
Xylene, cyclohexane, THF, or a mixture of two or more thereof, at refluxing
temperature employing a Dean Stark water-removal apparatus on the refluxing

apparatus until the reaction is complete.

In method (b), a mixture of pyroglutamic acid with trimethylacetaldehyde and a
strong acid, without the diethylene glycol dimethyl ether solvent used in method (a) is
heated in an apparatus permitting, water removal, for example, a Dean Stark water-
removal apparatus. In method (b), as in method (a), in some embodiments it is
preferred to select as a strong acid trifluoroacetic acid, phosphoric acid, sulfuric acid,
methanesulfonic acid, trifluoromethanesulfonic acid, benzenesulfonic acid, p-
toluenesulfonic acid or p-nitrobenzenesulfonic acid. In some embodiments the
mixture is heated to reflux, typically from about 100 °C to about 120 °C, while water is
azeotropically distilled off through the trap, and reflux is continued until water removal
is complete. On a bench-scale equipment this is typically accomplished in about 14.5

hours.
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trifluoronmethanesul fonic acid, benzenesul fonic acid, p-toluenesulfonic acid
or pnitrobenzenesul fonic acid, maintaining the tenperature of the reaction
m xt ure iwoaotoanzpseat ure range of from about 50 0C to alpoutus2®@9/086620

preferably from about 60 OC to about 90 OC, nore preferably, from about 70

OC to about 85 OC until the reaction |s conpl et e, pically a period of
from about 1 method () RsBAIUtamIcAsid and hexametind %ﬁ/ zang ipiagQlyentyyhich

pyrogl u ac € ed and
7T F P uo Rt AEh Mgk BichinBC Eh R Hime Py TolRhAGRAMIER ol ppaRRTb T
acid i sreﬂtixefot aqbehodmf fmngaboat ébodrs tbcabom»tai%cmrst ﬂ"nfriehlwlaeetatdehydel d;

m ner al aﬁ QSPP , éﬁwlc Cld ¢%§f”lc ' sulfgnic acid,
for exafipfé@ tm%ﬂ P?S:ﬁm OrpacetQ A BEGIaP |Sl',' fufic gei
benzeneﬁwtﬁ%wﬁﬁy&@ thf?uéi%ﬂ%‘lHérf\é&UH%nﬁ%&d PerreneblmbiReagiaesul f oni c

acid. In some enbodinents It Is preferred to carry out the reaction in an
or gani cpdolueeasulfdric acidzomnp-sitrobenzengsulionis- acid laye agded ¢ theoprodutct; andne
enbodi ngnts it is preferred t in the reactio
Cenper alh Bsyltantrofitds s heste e R, lh bood 87 Bodied Hodisith aaut 12
tenperapggm.i s mai ntained at fromabout 80 OC to about 95 0C. Ingeneral the
reaction mxture is maintained in the desired tenperature range until the
reaction is conplete typically about 5 to about 10 hours. In Step 3-2, the

conmpound of I r.abl

13 i met hyt EEALE, DBl hliing  abBd o a Ry Brogu B g ¥
f or mat eand teéthylaniine irtctuersndhlle keepingtthe rt@hberaiudeewcbran T, drier thenane! e,
CuCl or ZnCl 2, Wien a Lewis acid is_ enployed, églcally the Lewis acid is

added i MXHERIS heated to) rqulxmmhels'bﬂﬁtlwsm t the tespliant timethdsilyl-
conmpoung Gt Q" dB FoulldYis HGAeANE & sdIPertOfBt example, N-methyl-2-pyrrolidone, or

acetonitrile and treated with trimethylacetaldehyde and a strong acid, for example,
trifluoroacetic acid, phosphoric acid, sulfuric acid, methanesulfonic acid,
trifluoromethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid or p-
nitrobenzenesulfonic acid, maintaining the temperature of the reaction mixture in a
temperature range of from about 50 °C to about 100 °C, preferably from about 60 °C
to about 90 °C, more preferably, from about 70 °C to about 85 °C until the reaction is
complete, typically a period of from about 18 hours to about 24 hours.

In method (e), a mixture of pyroglutamic acid, trimethylacetaldehyde, and a
strong acid is prepared and trifluoroacetic anhydride is added to it. In some
embodiments the strong acid is selected from: organic acid, for example,
trifluoroacetic acid; mineral acid, for example, phosphoric acid or sulfuric acid; sulfonic
acid, for example, methanesulfonic acid, trifluoromethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid or p-nitrobenzenesulfonic acid. In some
embodiments it is preferred to carry out the reaction in an organic solvent, for
example, toluene or N-methyl-pyrrolidone. In some embodiments it is preferred to
maintain the reaction mixture at a temperature of from about 70 °C to about 95 °C,

more preferably the temperature is maintained at from about 80 °C to about 95 °C. In
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enbodi ments a Lewis acid is enployed in this step to increase yield and
sinplify workup of the reaction m xture. Follow ng the addition of the
constit uenmD2010t&23reacti on m xture is cooled to a tenperararseomfnsfoeom about
[-100] OC to about [-55] OC, then, maintaining the tenperature of the
reaction mxture, to the reaction mxture is added |ithium

bi s(tri genesal the sgaction mixture igvnajntaiped dinghe dosited temperatuse fignas Lalidhe

(T™MSCI) f.ter It ' lon mxture is warned to a
t enper aﬁﬁ%@%@f's%méﬁb bﬁaﬁgg%gfiﬁ%épg?{rﬁgﬁ&g% and conbined with an
al i quot of alreStep 3—2€:ltﬁéic@hﬁauﬁd of FerhdiasXiMisinsired With: (i awolvamit which is
internmediate is treated with trifluoroacetic acid to obtain the pyrrolo[l

, 2- c] oxRraferabhy 1 SAipatayra taidazolidingrs (OM) ortatrahydrofiran, (ijmethyl fameatgy de

oL oL} L Bl s UKD 16161 frcR i
treati ngewis wd lts ewmiplhoyleid; t;qjmlhly:tlaém.erahmacndns ladtleden (al-rmlulntteof:up:to alﬁbutgﬂ | )
codi um 6 [AtHSLe S FRAI E»Eih%c%rh%'ep'gén?@o ki SpploveRatn $BAS vene.

THF, org 1m§ﬁtsaa E@WE%%? R’ﬁ‘/éﬁ if rtﬁ’i?‘sg(gﬂbt increzide tha‘?ldaé? Riplifyl +601  0C,

preferab y from about o about nor e preferabl y ‘from
about | m)}'kmmof theapadtion rrtbﬁprec Foltowing e additioh @f time gonstiduénts piherrehetibrby

addi ng Na and a C he duc i it I, nd t he
VoG 2t PREHES SRt A dSipRe el e ot 1 BFfceta SbQB R Etiom ¢ he
reacti OﬁxéTh?éWﬁ?tHé’térﬁééréﬁlréQﬁthJ H:fadﬁbﬁfﬂh'i‘kiuré eterthBirédctich rTnB@urreQ§%U@8
m xture is cr lized fromtol uene and heptane to give the conpound of

For rrul alitigm hlﬁtr@eﬁbyl&ﬂmamw@ ¢ 8B ) dolawetd byehlorotiimetbylgilans(WM3Cin an
et her S%ﬁ\é? thltlon is complete, the reaction mixture is warmed to a temperature of from
about 0 °C to about [+10] °C and combined with an aliquot of a citric acid or acetic
acid solution. The resultant intermediate is treated with trifluoroacetic acid to obtain
the pyrrolo[1,2-cloxazole-7a-carbaldehyde of Formula XV.

In Step 3-3, the carbaldehyde of Formula XV is converted to the 7a-vinyl-
dihydro-pyrrolo[1,2-c][1,3]oxazole-1,5-dione of Formula XVI by a Wittig reaction, for
example by treating it with methyltriphenylphosphonium halide (Halide = CI. B, or |)
and sodium or lithium hexamethyldisilizane or lithium diisopropylamide, sodium or
potassium alkoxide in an organic solvent, preferably toluene, THF, or MTBE, at a
temperature 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 MgCl,-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

33



which is preferably tetrahydrofuran or MIBE, or in a |low polarity organic
sol vent, forexanple, toluene. The reaction mxture is maintained at a

t enper at uwe 20fo/283n about [-40] OC to about 0 OC, pref erablus2@mw/056020
tenperature of from about [-30] OC to about [- 5] 0C, nore preferably at a
tenperature of fromabout [-25] OC to about -15L?0C and then the reaction
mi xt ur e eXampiey Jeeng; tlihe| rP?ﬁ‘i‘QﬂﬂTt"F‘P(q isgnanigined akatempriatkieef fromiabioyk,

al um nuy e‘ﬂ(f?a n

t enper a urB d‘?ggrsg?@re%h? ':31 nde?%mﬁ%%ﬂﬂbo%ﬁ%é?%ﬂi%ao%bﬁsg { [ +10]
0C over 5@1 @;emowl préfefabiyraba tevaperatireusf ficin labout[-25] “btouabdié [HG)rE, and

T b Al Ui B ST
prefer al%h)fni‘ﬁhhyh i, %rr‘tithﬁ!]ﬁﬁ Bﬁéobﬁ}gyﬁhﬁhﬂmuﬁﬁ h{/ &R SRy lth@fé?ﬁﬁérﬁturéf?éi then

cont act ed consecutlve wth an acid, pre erably glacial acetic
acid or ralsed rtmertemeratureaoi f@lomaahmt HetD %Chtqabqub[tﬂebon) meealpfealpd of from

decahyd co of For i nternedi ate
g:orrpoun %@hg‘é’s ) ag%“rﬁg%%s 3 Pr{?rlﬁesd: tnlttlge f)‘?‘ ePRd to

i sol atecg ténthé/nﬂ’i?e Riddiieh iscomprAéE thalrbactiditmudireds iudhahes witheireof

or as a hydrochloride salt, including hydrates thereof. In sone enbodi nents

t he corr@@mﬁ!@ sgivepb which i mef%rﬁalmthylea@t@teemﬂaﬂ|ag¢etai©4 o isap@Pyh
hydr ochl bl
the hyarap e, ielodhedelB cOeARRRRRN Al of Bhiad retelROG GBI °7 ¥

t he conacetic agidodr tBﬂ@@roaceﬂ'c acideard thert ae anq@@tmlumlswﬂaread@ahhydra‘ieh@ne 4
above, can be enployed tg renove nmetal fromthe reaction mxture of a ring
cl osing %'ﬁﬁ'ﬂ\%%@l’%a@ﬁ?gﬁrmﬂh Bbwing the netal to be recycled and
provi di ng the product internedi ate conmpound substantially free of
contam nation from

For the intermediate compounds claimed per se, i.e.

H FaC,

L FsC,
m OH ” CFs CF
5 N‘\Yo M W 3
A H o N H HeN"ph H k L
v SO
i n or a salt thereof OJ\/{\]}\’:N Ph
v
FiC FsC
CFs CFs
I o 0

o) ﬁ NH Ph and o H NH Ph

VI o a salt thereof VIl or a salt thereof
In some embodiments it is preferred to isolate compound IV as either a maleate salt,
including hydrates thereof, or as a hydrochloride salt, including hydrates thereof. In
some embodiments the compounds of Formulae VI and VII are preferably isolated as
a hydrochloride salt or a 4-methyl-benzenesulfonic acid salt, more preferably the

hydrate of a 4-methyl-benzenesulfonic acid salt.
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the netathesis catalyst. Wth reference to Schene 4, illustrated above
herein, the inventors have surprisingly found that the netathesis catalyst
can be rewovew/®283m t he reaction m xture when the ring- eCoAiSegone@et i on i s
conplete by treating the reaction m xture containing the netathesis
catalyst with a reducing reagent that reacts with the netathesis catal yst.
The process &sJoentrned ab®sh @btheicensiysion of Stepid of fgheme tdhealpjetessn t he

2 S 5B B e i
reagent mixueé ef a ringittosing nedtathesiy eadtion GllloWiey thrd mieksl 10 bedetydlgd ants

either soluble in the aqueous |ayer, and thus 1Is Fhw%gi cally separated from
t he or gRfevdingfbe prrdudl intaenediateseorppeund sybstaptialtyffee gf eprtaminationdsem| e,

by sepayal h%?atﬂ%s%%%%\%@tt.ion’ or is insoluble in either the organic or
a u

aqueous layer, an physically separated fromthe reaction m xture by
filtration. For carrying out the netathesis reduction reaction described in

Schene 4, above, suitable ducing,.reagents include: (i) one oy nore
i nor gani c saﬁ’f’&[ﬁfﬁfﬁﬂ?&s‘? Wﬁ? @U%&S@&Wﬁi‘m; th(qa'g_&m#,of ] OH or
NaH Pm?g&ér&)ngﬂy RAARPIRGE fl‘i@m@i‘dtﬁesi]{s %tag%sg@&h%e né¥ed fréin)th@8a&ion™or e

metal h e conpounds, for exanple, I um hydri de, sodi um borohydri de,
or | it himixtusé whiemuthe ting-¢ldsing reagtionyisroompieierby treating:thereaction mixtatrict i on

catal yst, for. e I al I adium on carhon: (v) an.organic reducing
¢ eagent copinag 1A etatBR Aol it 23eAiChg rito S PR E R TR MR o ce: or
(vii) ongetathe®W CataREal Thé pRodtse difscfiBéd H BBhémbe LcormpHSéd RIYuchRLtheon, for
exanpl e, . o

catalyst in the reaction mixture which comprises a water-immiscible solvent by

contacting the reaction mixture with an aqueous solution containing a reducing

reagent, wherein, the reduction product of the metathesis catalyst is either soluble in

the aqueous layer, and thus is physically separated from the organic layer using the

immiscibility of the two layers, for example, by separation or decantation, or is

insoluble in either the organic or aqueous layer, and thus physically separated from

the reaction mixture by filtration.

For 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;0s5, Na,SO3;, NaSO3;H, NaOC(O)H, or NaH,POj3; (ii) a phosphorous
acid, for example, H3PO; (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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copper, zinc, iron or magnesium In sone enbodinents it is preferred to
i nclude in the reaction an inorganic salt conpound which can function in
t he reactwonros2s3phase transfer catal yst (PTC), forexarprasS2&9qns@er nary
ammoni um salt, for exanple (CH3(CH2)3)4N+X , wherein X is preferably a

chloride, bromde, iodide, fluoride, bisulfat Ifate (SQ4 2) ,
o 11 L1 2{BHRRP QRETAY ARDPS A Sat BT R BBl ek - PHEISRTS
PTC can %@r%ﬂ%*&%ﬁl@ﬁ@é,'ﬂ?&mﬁ&,@@di&éf do?ﬂe?Bls_uﬁEté‘(HS?@Pﬁg@gH{ - +Sofl OW as

about 20 reas, wWthout a PIC the reaction require erature of
about 4Q0Urate aniowedte imtentorscrgvetfhung sumisinglytha irchaing a RECreaameront can

i gni ficapt| d the .ti ired t lete th ' t
sarti cul dhereadiandd e comise it af A temBermitie dlk Beias, abeutEt C Aihdiead
m nutes ayitHfkE PTICtRE véddtion raquifred hitemperatard 8f afolRAPC el Ippbcdeydrper at ur e

of about 1 hour. Accordingly, in sonme enbodinents utili zi gg the reaction
process dVloeonerdha presaensef@ Phe indhefeaction cantsignicantlysedues the tigec| osur e

in the sy | Lt e : - ool SGi ent
corpr 1 si HUPE Fo.qbplele RIS HeUB o B ARG tefiostalto oy ERRAL e ud 1€
benzene, xpésodobaboutiEminutesatreaciion quitingh csaxtionainge for anpatticuad of two
or nore thereof. In_sone enbodinents utilizing the reaction process of
Scheme 4 tempesaiyiRof Aoytek BeWesi s catal yst used for ring-closure in the
synthesis.it is preferred to carry out the reduction reaction at a

tenperature of from about 20 OC to about 100 OC. In sone enbodi ments

utilizing the Acsordingly, ir sarae ndfoditieatseutilizing themeaetiarnprovessbh8sheme 4

catal yst tgsrg%ofvgrthtre in?egtéﬁ'lle%lssuéaefaliygt 15sheed for ring-closure in the synthesis, it is preferred
to employ, as a water-immiscible solvent comprising the reaction mixture toluene,
trifluorotoluene, chlorobenzene, benzene, xylene(s), dichloromethane, or
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 agueous layers, and therefore precipitates from the organic and aqueous
mixture.

In 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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synthesis, it is preferred to run the reaction for a period of from about
0.1 hour to about 24 hours. Generally, when this nethod is enployed to
renove thworeetoaBsgi s catal yst, the reaction i s continu@dTarsezén/oadoko of the
nmet at hesi s catal yst has been reduced. At the end of the reduction reaction
the reduced netal, typically in the formof an M.2 conplex, is either

sol ubl e prefetreddo |emnlhye N@@Szée Ngi2SQrweorr Reh onicarbons instherpiesente efthydregemqueous

or gant o 28 MRS e Ik RorhE ArpBRG e ilnd BRCle RGBS B < ana

agueous Svhemé £to réméwmeéﬁié@éthéaﬁtc&tal*sﬂu%drfm fiRg-closaed irnthesypeiRssis, Of
Schenme 4 to renove the netathesis catal yst used for ring-closure in the

synt hes NQ‘eT%M of the mgtathesis eatalysiefor example.the metgthesiseatalyst effzormula
h |
et at em%%ﬁlhnﬁ it i§ %rré?éh%d%"’i‘ncll'tuze GINE PiTE s Péﬁérg)@'degt%\feé H'ECLQ enpl oy

Na2S2 carbonin presence o en a
r educr nerefesasyntin processes whdreim ‘M’mfsthetrmétamesgs d:dtalystelsautrmmupnprt&s of

ynt hesiPESTRRRENE Smpiow ] G Rl 04 O Sl SR C NSt aipe”

met at he s}aRkieticapdlydior nul a XXa, is ruthenium it is preferred to
I ncl udei??go a Eﬁ% ¥Iescr| bed above, nore preferably, in processes

wherein "M of the rretathesrs catalyst is ruthenium it is preferred to

enpl oy [(CH3 Eﬂé ;2 as the phase
transfer cat gﬁ(}@tt)e eqérﬁpraﬁe%bag égg("éc%{%%’ﬁa’eﬁfﬁgﬁ&mr’e ﬂfﬁﬁf’&'%‘r@% nt ed
above f Gretagteai saéétaﬂ'sﬂfer mbhﬁﬁbﬁorpﬁﬁ)&bﬁését the @Rt STehé fa&étioRcdH Bé Uséd & t he
end of the reaction’'can be used

cleanly remove a metal metathesrs 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

COZH f
0
cogr e

Preparation of [(1S)-1-({(1 R)—1-[3,5-Bis(trif|uoromethyl)phenyl]e'thoxy}methyl)-1—
phenylprop-2-enyljamine, monomaleate

Step 1:

To a solution of the compound of Formula Xl (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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cleanly renove a netal netathesis catalyst from other reactions enploying
such catalysts so long as the reduction product containing the netal is
ei t her i nsol2otwesi3a t he m xed- phase reacti on product obtrairnsdoafos@ro
reduction or is soluble in the aqueous phase of the m xed-phase reaction
product. There follows exanples illustrating the processes of the

i nvent i 80.°Clhcthe reactionivas stiored for adother 2 hv.&iftgrthe reactioarwas tesled back

comerce, _|ab rator rade d as receiyved. Exa Ie 1I ration
o7 % RI” 80P trisp! wiiS asadted The sruBo S VSRS FRrASRIMIER FOME 1.

o R A LT

nol ) i of Nk, N3RS Osland? % RcORNiA vietar @k 180 ril) 24l datliritaaer). (N%Hn‘cos 45.9

mml) and water (3 ni, 166.7 mml). The resulting nxture was stirred

vi gor ousplutippr an bﬁnﬁtT'ZQ)OID@mql@é'ef wapainied iNa-R8s). fifered and sanearsmatet and
th | ed
pack. ¢ o TECUBE e bhid{eqrbodibor Eomuid HIEheE Eafrt HREKH BindHRaE ' ©

extract ethggwmhaiﬂl‘fﬁnhérpurmhoh ) The conbl ned or gam C Iayers wer e
sequentlall d wth a solution of 14% 7% AcOH_in water (2 Xx

éOQ 31 ), H é& @MS&jda@OOrMH@b@ 2.8Busi bhH), &l@@ (§r1|f’|)9 8 §0\és.oH)arid9 (sayer \(/jvasf
05 AP i S ASTEPIEAL B, O TEHE TR SRS

3H).

Step 2;
To a slurry of PhsPCH3Br (78.0 g, 217.0 mmol) in toluene (200 mL) was added

NaHMDS (13% in toluene, 306 g, 217 mmol) slowly at -15 °C. After slurrying the
resulting mixture for 1 h, the crude product from step 1 was added slowly. The
reaction was then warmed up to RT and stirred for an additional hour. After cooling
to 0 °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 g) 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 Xlll in toluene, which
was carried through the next step without further purification. '"H NMR (CDCI3, 400
MHz) 8 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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stage without further purification. 1H NVR (DVBO de, 600 MHz) d 9.53 (s, 1
H, 8.36 (s, 1H), 8.00 (s, 1H), 7.89 (s, 1H), 7.34 (m 10H), 5.09(dd, 2H)
4.72 (dd,woHpro02833 (d, 1H), 3.90 (d, 1H), 1.34 (d, 3H) PCBUSP002/056D00 a
slurry of Ph3PCH3Br (78.0 g, 217.0 mol) in toI uene (200 M ) was added
NaHVDS &S%m t ol uene, 306%—3 217 ol -15 0C. After slurrying
the resuiheiregciioncwas shemauanghed with Mefd (62 t395mﬁ1§'{)(§5\dﬂv%§i}¢dadded

sl ow r i onal
nour” appafeEA W $%5ad, deEte0 ?’%%%mﬁ&'md&!eda‘ﬁﬂ aflrafetiad, NayfO0RIPY0, o

sol uti omnl()4®'ﬂerdrganlartayemhtuinmgtthe erudet pmdUeﬁof&heémest—ﬁKBomu]laNmn The
organic | aye treated wt 63 mol ) and stirred for

3 h at WRAS %’f'ég t'?’PPQG& thanextiRiage ygtlﬂpetzfu%gf BHHfécth@at ed with silica gel
(100 g) and stirred for 30 min. After filtration, the solid was washed with
toluene (2 x 100 mM _). The filtrates were collected and concentrated in
vacuum tSiepgidve t he crude product of Forrmula XlIIl in toluene, which was

zsafkfs)fozw 5 el B P ok B iy HQNB4 202

1H dd) ,mﬁo?QilésjdﬂleoSl}\ MéOW(dO]fHH) L).dhe festiffin ]rhixttﬁ)e,wéb Stirrd2tdr 10l<ii)'|?hé1 33 (1H,
3. 65 H, broad broad), I. (3H1d). Step 3

volume of the resultlng solut|on 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% yield from
619734-D). MP. 135 °C — 140 °C. '"H NMR (DMSO-dg, 600 MHz) & 8.87 (s, 2 H), 7.94
(s, 1H), 7.90 (s, 2H), 7.45 (t, 1H), 7.41 (1, 2H), 7.37 (d, 2H), 6.16 (dd, 1H), 6.06 (s,
2H), 547 (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 [C2oH20FsNO"] calculated:
404.14436, found: 404.14456.

Example 2

[(1S)-1-({(1R)-1 -[3,5-Bis(triﬂuoromethyl)phenyl]ethoxy}methyl)-1 -phenylprop-2-
enyllamine, hydrochloride monohydrate.
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To the solution of the product of step 2 in toluene (300 m _), was added
trimethylsilyl iodide (21 m _, 152.4 mmol) slowy. The resulting reaction
m xture waio 20t0/288d for 3 h. The reaction was then guencirea/useao/obeaH (12. 4
m , 305 mmol ) and washed sequentlally with 15%aq. NaHSO3 (200 m _)

fol | owed by saturated ag. NaHCO3 (200 ml ). The organic | ayer containing.

t he crude the selutionaif the erudecproductSiep FomuFxample T (feee base)iiadoiuaneugh to

th t d
pr oduct WaP R onth My (R RS 1B ol 3ok  watlydPator fdd Ry gER et 1O°
di ssol vedlulnﬁbbb@ér(eéeltuﬁbmuxtuTéwsa%uh&e@m P0G ML 8t #@SCliridef Qdchdh 1 h. The
vol ume of the resulting solution was then reduced to 100 ml _ at 40 OC under

vacuum distiflatiomand theniwatey (66 mp, A6pminel) wesoadded Afies caalingita BTt Ae

bcour  copRae OB nERERE 3EA8 slhay b restirt i iis e af REFHTH o2
t he sol itkbresoléd kb er@l aﬂﬂ%t%@l*’f@ﬂaﬂaﬂhlﬂdhbusmﬁThéQﬁoﬂﬂJci)waé)ﬁlf@éH ane (200
_) and water (250 m ). The wet cake was dried at 45 OC under vacuum for

t o wgished wi &@eptanm(Z@O rAb) and dried/at Pé’lurgderwawyneioa 1Rrhote afigddy¥bp) .

IVP 135 C N 8,87 9 Sl
sl i AR P oty |

6 06 , Y/ g 3. 83

oo 1|(_|)51NI\§H)A§D?3I1 4daiM|-&§é w&gégn'}gogghé 2(&5}71H$£9 é(rth%hbﬁ

136. 4, 1a61H), 418(, 81h),1536 (5,111!)301 8(d,130. 0, 128. 5 128 3, 126.9, 126.6, 126.1

,1244 122.3, 121 .2, 120.1 , 117.9, 76.6, 7 1.8, 62.1 , 22.9. LC M

exact mass cal cul ated for [ C20H20F6NO+] cal cul at ed: 404. 14436, found:

404. 14456. Example 3
I
a_~OH
(o) N\(o
AH o
Step 1:
Preparation of (3R, 6S)-3-tert-Butyldihydro-1H-pyrrolo[1,2-c][1,3]oxazole-1,5(6H)-
dione,
o) N\ro
7\ H o Xiv
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 CH3sSO3H (1.5 g, 15.6 mmol). The
reaction mixture was heated to reflux at 102-120 °C (refiux) 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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| Vb
[(1S)-1-({(1R)-1-[3,5-Bis(trifluoronethyl)phenyl]ethoxy}nethyl)-1-phenyl pro
p- 2- enylwearbro2sisgdr ochl ori de nonohydrat e. To t he sol ut iPom/uskomiossoee ude
product Step 3 from Exanple 1 (free base) in toluene was added cone. HCl

(13 m, _156 mmol, 37%in vvategz:. After stirring for 1 h the volunme of the
resul ti mpemixtuie wasepoleditndQ "covend hang:n-heptrnedidembwas added over at i on

and the r . . 6 Sra ' nhept ane
(760" o)t HhelbElraBch st (SPwafBLled B2 58 er 1 ol AftBted g th "ne F0°PL
then cosluey was filtéled amddvashed with heptame @0dnL) andwale(60ThE), piriedwridenas
filtered, washed with n-hepfane (9200 93%) .and dried at. RT under vacuum for
12 h t oVasyusn @t Pp Cato affofdiXl¥ (3319 @ (A vigddhas an -wﬁneywesﬁaihnerwﬂj\dp Mp.

(with d [ i L&? ° NMR DEM Q%y e 3 7.8-7.4
(m 8H W@*‘B‘g?éfhbf’%' 6’%&%@%&2%,“@ E6a q,Sél %?&gﬂ%ﬁ?g&g’%ﬂ 1H),
1.5 (d, HXh)H),Exe91he 181)32.4B (m,1H)r 230 @, 1H), @f29 @ht 1H), 0.91 (s, 9H). LC/MS
6S)-3-tert- Bué%l di hydro-1 H-_géuol o)[ 1 . 2- 0113%&‘ , 3] oxazol e-1 , 5(6H)- dione,
Vet hod (alpulated for GigteNOs (Vel) HBYR): 19123 feunst d@7wd3h an agi t at or
t hernoneter, Dean Stark, reflux condenser, and a nitrogen inlet, were added
L-pyroglutamc acid (20.0 g, 154.8 mmol ), toluene (60 nlL), diethylene
gl ycol Metkebdhyth): et her (60 nL), trinethyl acetal dehyde (40.0 g, 464.4 mol),
H : 15. ). Th

and CH3 gga 2&& mﬁ_ ﬂfree %egk ngk )equippgd with an agitator, thermometer, reflux

condenser, and a nitrogen inlet, was added L-pyroglutamic acid (200 g, 1.6 mol),

NMP (400 mL), trimethylacetaldehyde (500 mL, 397 g, 4.6 mol), and CH3SO3zH (30

mL 44.5 g, 0.46 mol). The reaction mixture was heated to 82.5 °C (reflux) for 15 min

and TFAA (240 mL, 1.1 eq.) was added slowly over a period of 4.5 h. The

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 NaHCO3 (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):
O

; H
((Me)3Si);NH .
facid cat.
A A a ca XIV

O N COOH 0" N COOSiMes
H SiMeg

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)3SiNHSI(CHs); (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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reactio
until r

n mxture was heated to reflux at 102-120 OC (reflux) for 14.5
eaction conpletion with water renoval via a Dean-Stark apparatu

h or
S.

The reactwonromozsasze was cooled to 35 0C and distill ed poadars2e008020t 0 a

final v
[ 7- hept

ol ume of 50 nL.The m xture was cooled to 20 OC over 1 h, and
ane (140 m ) was added over 1 h. The reaction m xture was coaol

ed to

-5 0C odistilled to arvelurge oh#0@ mloin vaguunthEhes timethylasetaldehyded 580 mlwaded

| §¥oat CHSaH I, 0 B pjae, o) Fierk Bloa Al B ertio 1

with he
afford
deconpo

phikiuee wat HealtédtdgD *CHoNWR. (MABedction thiduRPwas cobled t6.353 ¢ t, J
2.43 (m 1H), 2.30 (

o) . LUloige e 0L} Wes; e Anshib iR e gigfiléa Ghderiecuu i finab 7
Met hod Qpiu'meT Bt @@@ﬂm d haa@waeg%ofémw%'waqﬂew.imr@wggqgar@féﬁed
neter, re | et, was adde

t her no

ux condenser, and a nitrogen Inlet,

= 8.1

(s,
. 227.

L- pyr Ogﬁma&ﬂtﬁimfd\ldlﬂolﬂ)sqs5 Q()jﬁ'\ water, (1266 L) %0@5 @ oyvet 1 thETﬂQ/SIHHFMSjehyde
. 397 4.6 nol),. and, CH3S 3 44 .5 ,..Q.46 nol). The
Hltaiod arft wisbed ithiieS Coldratergtby iy ) theb caso i soRIRBYHARN! 5 40

(500 m
reactio
m., 1.1
mai nt ai

o0 ?nL")’?‘Fhé‘W?e?@?ﬁé Wﬂsythegfﬁrri_eﬁ g@%ﬁ?gcﬁﬁm%‘aﬁgoﬁc t&HdrAREr at ure was

ed at '82.5 0C for an addition ask was cooled to

20

0C over conpoand af rermiula XHe (267sg 16800 yfield) as an off-whitg cofstalimeosslid. 325 g, 3.9

mol ) i
withic

Met hod

n water (2 L) at 5 OC over 1 h. The slurry was filtered and was

hed

ecold water (400 nmL). The wet cake was then dried under vacuum at 50
0C to afiethedXd)Y (244 g, 72%yield) as an off-white crystalline solid.
(c):

(o)
(CHa)5SiCl/ T W
Base Jacid cat.

XV

0~ "N "COOH 0~ "X~ “COOSMe,
H v

To a 1 L three neck flask equipped with an agitator, thermometer, reflux condenser
and a nitrogen inlet, was charged L-pyroglutamic acid (50g, 0.39mol), toluene
(450mL) and Et;N (113mL 0.81mol). (CHs)3SiCl (103mL, 0.81mol) was added while
keeping the temperature below 30 °C. The reaction mixture was heated to 110 °C
and agitated for a period of 3 h. The suspension was cooled to 5 °C and 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 CH3SOsH (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 NaHCO5 (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 isopropyl 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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O N COOH ON COOSi Me3 XIV H Si M3 To a 250 nL three neck flask equi pped
with an agitator, thernoneter, reflux condenser, and a nitrogen inlet, was
added L- pyoagioumsasec acid (250 g, 1.94 nol), toluene (1000/usiz)o/oaseco
(CH3)3SiNHSI (CH 3)3 (890 nL, 4.26 nol ) . The m xture was heated to refl ux
for 6 h, during which tinme the reflux tenperature slowy increased from 80
to 100 (Methofife)y 6 h, the mixture was distilled to a volume of 400 nL at 80
nm Hg and 50 OC. Additional toluene Q}OOO m.) was charged and the m xture
wasdi stilled to a volune of 400 jyjn vacuum Then tri met hyl acet al dehyde
(500 M _, 397 g, 4.6 nol), and SBH (30 M _ 44.5 g, 0.46 nol) were
charged and the reacytqn m xture was heated to 90 OC for 4 h. The reaction
m xture was cool ed 0C thﬂﬁEﬁiﬂQﬂﬁ!ﬂL;?vmas added and the mixture
was distilled unde® vNcu®R a final volume &t '1000 m _. The flask was
cooled to 20 OC and the mi xture was transferred to a solution of NaHCO 3
(65 g) iTe adilethree pegk flasis equipped withean agitatorHbeanomelerwesfiuxiqondeaserand

washed with (ce-cal. ] L.sapropyl al cohol
(o0 m gl iflek e chaitea TproBMiatiP B TE0G 8 FouBR0 Y o7 ord the
conpoundrigietiylicstaldehyde (5BmLY 0. 3BfioY) Alelhars salforit bcld(1t4mtr (.62 ahdl) ne
solid. Metho t hree neck flask equi pped wth an agitator,

d): T 1L
t her rmr’ré?'é'ﬁ,ner(é‘ﬂ"l)) mé-)gan%cmﬁa@thyhmmo&dm (2fyad); dihermixiie wambealgd to 90

o}y (AT elg 80 G AR Souh ST oo M g (2 BT e

bel ow 30THEQeattien masanaintained @t 06 *Gaer Beaiues! dahieving 8G0% conversion of the

acid.
Step 2:
i. LHMDS, CuCl Oy H
. DMI, -60 °C, THF ~°
Xiv H OMe . o N
ii. TMSCI \“}(0
ii. TFA, H0 ﬁ H XV

To a 2 L three neck flask equipped with an agitator, thermometer, reflux condenser,
and a nitrogen inlet were charged XIV (100 g, 0.5 mol), CuCl (10g), DMI (100 mL),
THF (1.2 L), and methyl formate (100 mL). After cooling to below [- 60] °C, LHMDS
(700 mL, 1.0 M in THF) was charged at a rate such that the temperature did not
exceed -60 °C. After addition of LHMDS, TMSCI was charged at a rate such that the
temperature did not exceed [-60] °C. The mixture was warmed to between 0 and 10
°C over 30 min and the batch was concentrated in vacuum to 250 mL and EtOAc
(300 mL) was added. To a mixture of citric acid (120 g), water (1 L), and EtOAc (1 L)
at 5 °C was then transferred the crude reaction mixture over 30 min while maintaining
a temperature between 0 and 15 °C. The flask containing the crude mixture was
then rinsed with EtOAc (200 mL). After agitating for 10 min, the layers were
separated and the organic layer was sequentially washed with 12.5% aq. citric acid
(800 mL), 10% aq. citric acid (700 mL) and 8% aq. citric acid solution (600 mL). To a
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and agitated for a period of 3 h. The suspension was cooled to 5 0C and
diluted with heptane (100 nlL). The triethylamoni um hydrochl oride salt was
renoved bwof2nioke2saszon and washed with a tol uene/ hept ane PE®IUSLI0005¢0200 L) .
The filtrate was concentrated to a final volume of 150 nmiL and NWP (50 ni),
trimethyl acet al dehyde (100 ni, 0.78 nol) and CHBSCBHAZ.S m., 0.04 nol) was
added. Thistureaf therargania layer and water (390troLBat HICT was zhargadhteifluetacetic t o 40

acet one 0GP BYsE 0 Ul B ERRP BrE iRl et s R Fon of
NaHCOB  (Arfer@ompletid tHe 4ddifionTithe atixRide Was warened &p2H SCand@gitatedferd .50 5 0C
and stirred for 1 h. The slurr Iltered and washed with ice-cold water

(50 ni) hanfin @aERouE sokiipa of @ﬁ'?foogmae%)@w ehargediavep B MIBWHIEs t hen
O o AP e P 2L ol Sar B o e
agi t at orand therlaysretwere sephrated apddsplit eThaagueous layeg evasi bdoktextraated with ged
YOS AT e B d PR bl W A S
N o0 PSR K R A AP gl 1 e
reacti Qmmsommmmkdvmumtd)ﬁtfmafvé]uhmmfleQamlhi EMTB_E, (30098lc)omaer si on of
E Egr ﬁg}&r@‘f’ééﬁ) g%«p 'y';\(ré) Eﬁ’ﬁﬁ@lﬁ’t@? ,rc%%cgﬁt?gteyiﬁ %ECE&H'tB%eﬁnQ?" vtorbrr?g of %(t) %Lqr ’

Additional MTBE (400 mL) was charged and the suspension was agitated for 2 h at

RT. The resulting slurry was filtered, rinsed with MTBE (200 mL) and XV was

obtained in 61% yield (70 g) after drying in vacuum at 45 °C for 12 h. MP 196 °C -

198 °C "H NMR (400 MHz in CDCl3): 8 9.7(s, 1 H), 5.5 (s, 1H), 2.7(m, 1H), 2.6(m,

1H), 2.4(m, 2H), 0.9(s, 9H). *CNMR (400 MHz, CDCl3): 1192.0, 181.1, 169.7, 97.6,

73.4, 36.5, 31.7, 30.6, 24.6. ES-MS: [M+H"] calcd for C11H1sNO4: 226.10; found:

226.27.

Step 3:

NaHMDS, \\.
XV PhsPCHaBr O&o

10 °C, PhMe ”\""\“O

H XV

To a 3-neck 1-L flask equipped with a thermometer and mechanical stirrer were
charged PhsPCH;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% aqueous), 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

44



and a nitrogen inlet were charged XIV (100 g, 0.5 nol), CuC (10g), DM
(100 m.), THF ( 1.2 L), and nethyl formate (100 nL). After cooling to bel ow
[- 60] OGyoLpiMAESE3Z00 ni, 1.0 Min THF) was charged at &CmAaiSeo©sd24 hat t he
tenperature did not exceed -60 0OC. After addition of LHVDS, TMSCl was
charged at a rate such that the tenperature did not exceed [-60] OC. The

m Xt ur e wate sedtled: ¢ptiand:theclowed aguaous layer wasrres®vedn The @rgaric layet wasas

trat ' 25 0 dded. . T | xt
CPnCEr BbE e YR PR tiOR T el B ot RETE L el e
transf erfiitefed 6% ahti4HE smeg'scqgltriﬁnetnyrmo@parn Sdecomipliid WwasWazhat withd a
tenperature between 0 _and 15 0C. The flask containing the crude m xture was

t hen ri MEBE1PA nel)osthe otgania filtrajers weresgprobinef gwashed withiaq. Natd (189 er s
[ : ' i4.h 12. 5% aqg.
e ST 88 OV SRS M ) 12 5% 3

sol ut i orchabgéd hptanéq400imdt)arel thie voheme vgasiedulcad ¢o 100ankir eacu ®®O i) at 5

0C, was charged trifluoroacetic acid (30 ) over 10 m n whil i Nt ai ni ng
a t enperidditienal heptane @08aL) was@ddedasnd tgéwﬁftm MRSt eeused ta 250 ml i

1 Xt t ' . ' f
ks ( 25out WG dbrion BEh 8RS JHO6L) WAk adad, the BicHAS Werr BOORUDT O ¢
bel ow 2Go@CE ovémvhdariystireed fontaadtien@ h abthis temp¢rabrenThe aolids ere theer s

t lit. , Th I b t d with EtOA
(250 L yomRHBOEDCHEaRL oY WFSRBS WILRerl NSt el MBCT PEHeSerBa (500
m) . Vatgss GAed Ghier@scuiiad 80 °Edof Heh 6 BRIJIRE 67 §¥PXVI L(@y%gﬁelﬂpgs ahe
sol ution was concentrated in vacuumto a final volune of 100 niL. MIBE (400
n) was affiwhijedolidhdMpiaS5 3G xt87r € WaNMBH(EHCIs)d 598 (mvHd)y B3t ona3H), 12256
volume ofy 518, 347 (m, 3H), 0.81 (s, 9H). ES-MS: [M+H"] calcd for C1zH1eNOs: 224.12;

found: 224.38.

Step 4:

To a 500 mL three-necked flask (1) equipped with an agitator, thermometer, and a
nitrogen inlet were added XVI (30.0 g, 132 mmol) and THF (300 mL). After cooling
mixture to -20 °C, lithium tri(t-butoxy)aluminum hydride (1 M THF; 162 mL) was
added over 2 h while maintaining the temperature around -20 °C. Temperature was
then raised to 0 °C over 12 h. The reaction is quenched with the addition of EtOAc
(12.0 mL) over 30 min, followed by agitation for 30 min at 0 °C, and 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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Addi ti onal MIBE (400 nL) was charged and the suspension was agitated for 2
h at RT. The resulting slurry was filtered, rinsed with MIBE (200 nlL) and
XV was obweaizoed281326 1% vyield (70 g) after drying in vaeaumsawIAdseodC f or 12
h. MP 196 0OC - 198 0C 1H NWMR (400 MHz in CDCI3) : d 9.7(s, 1 H, 55 (s,
1H), 2.7(m 1H), Lm 1H, 2.4(m 2H), 0.9(s, 9H). 13CNWR (400 Mz,

CDCl 3) :withign agltatpa;l ermomeiaypand agyitregen Mlet was agded water 390anLehe.

Esngf o THE A7 Bk FRorR rBl o Rt At ina P e €5 Ve YR o, "L

char ged dgiabiehidRer éQZRpéncd @Héfellpﬁﬁﬂhé pﬁcmhdt‘pketﬂpmtédfmh@blmry/\vas’LO 0C, a
solution of NaHMDS in toluene (540 was, added slowy to maintain

the tems@ngenirateghin vacyem tpiA50 @L@ﬂdyth@aﬁ@hagvase@el@t%d vigfiltsasian The Weland
then addegleSloviYed 9t 80 SCHeF Y2 W to@ffdré%sgg é*EBrhbpod toﬂ‘c#ﬁ'ﬂﬁa 0, L) at

10 0C, over a perio h™via peri st ter stirring for an

addi ti Omhltéﬁﬂwmtbm)hﬁah >ic] Weldumm%bﬂm{—NMwabLMHzr(DMS@laﬁ) 3 @1924(d,
aqueous) t ol ue over 30 mn at 25

oC e JrEEGa, B8 RBHE. ST B 118815 A Dab 30, 6, dra S 1y &r 2 o
s et Tz T Tl B LR TAE P RS ol 2 V. ST e AR g 2

sol i ds vizelHh2R8 (dddedsd6 df 106 3.7 He, 3b|b|2|45/tgdﬂi(2 J #1049 HE, MH)Xi de
conpl ex was washed with MI'BEAlOO m). The organic filtrates were combined,

washed wl-BR (ddd, &:9.(Hbd 3 Hz, ity 0&50(8@8% RErNME(125 Nbiz PMSOrdouum
To the rfé"d”{& msi%éygé"ésgﬁ@?%%? D8, 3¢'802876)pg L &/ 8l died®S

reduced I N vacu
mass for C12H2oNO3 [M+H]+ (m/z) 226.14377, found 226.14398.

Example 4
CF;

CF,

¢ TsOH
* HO Via

5(R)-[[[I(S)-[[I(R)-[3,5-bis(trifluoromethyl)phenyllethoxy]methyl]--phenyl-2-
propenyl] amino] methyl]-5-ethenyi-2-pyrrolidinone 4-methylbenzenesulfonate

hydrate
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Addi tional heptane (400 nL) was added and the vol une was reduced to 250 nL
I n vacuum A third portion of heptane (400 nlL) was added; the batch was

t hen coolw0 20w/@8BC over 2 h and stirred for another 2 RCAUSRINIBH56020
tenperature. The solids were then renoved by filtration and washed with

i ce-cold L/-heptane (200 nL). The wet cake was dried under vacuum
for 18h to produce 62 g of XVI (63%yield) as a
- 87 0OC 1HNWR (CDC13) d 5.98 (m 1H), 5.31 (m |3H), 2.56 ( H): :
3H), 0.81 (% 9H) ELES- MS: [Q\/IHH+] cal cd for CIL2HISNGB: 224. 12y=f ourd|

224.38. Ste 54'0HT(€§%§:'5 0 hr ep- neckgd'Vid.ask (|1) eqii pped<wi th an

agi t at org r\heom)rm{—eﬁ» irﬁ-}\?ﬁ -E - agted %{1 (30.0 g,| 132
mol ) and>IPF (300 i) | oAfier copl i BYHSF e t 1. t hi um

tri (f-butdxyfal uni num hydrigle (I M THF;, 162 nl) \Was Hadded over 2 h
mai nt ai ni ngut he tenperature around -20 OC. Tenperature wa¥ then raised to O
OC over 12 h. The reaction is quenched with the addition of EtOAc (12.0 nlL)
over 30 mn, foll owed agitatci:on for 30 min at 0 AC A and thegy sl ow
addi ti on nan@laci AR A (12.0]m) over 30 min. ??(gzgp«her 1- L[ €hr ee- necked
flask (2pcaqui ppe th @n agj or, tikermsmmmber, Ml aAfiitrg inlet were
added fi nebyengr ound sbdfun®sutta Fsdeca.lpmqng@e (30 g,N ¥ amege I HF (150
m.) at 0 OC. The reactiorn myggture 1'n flask (1) was sl hansferred to
flask (2) containing tkelsodium sul fate decahydrate s i on V\b%gé

mai ntai ning the tenperature at 0 OC. The tenperature of f]ask ( was
raised over a 1 h perioc;|.e.§¥l;ge agitated for 1 h at 20 0C

a) To a mixture of Il (49.6 g, 0.22 mol) in EtOH (50 mL) and Et;N (50 mL) was added
water (50 mL) at RT. The resulting mixture was agitated at 25 °C. After 4 h, more

EtOH (350 mL) was added and the mixture was concentrated in vacuum to 180 mL.

b) To a mixture of IVa (100 g, 0.193 mol) in toluene (440 mL) was added at RT agq.
NaOH (440 mL, 1N). The reaction mixture was agitated at RT for 30 min. The
aqueous layer was separated and the organic layer was washed twice with 10%
NaCl agueous solution (440 mL). The crude product IV freebase was used without
further purification.

The crude solution of Ill in EtOH was then added to the above solution of IV
free base in toluene and the resulting mixture was heated to reflux. Water was
removed from reaction through azeotropic distillation and more toluene/EtOH (3/2
v/v) were added if necessary based on conversion. After reaction completion, EtOH
was removed through solvent-exchange with toluene and the crude solution of V in
toluene (530 mL) was slowly added to a mixture of NaBH(OAc); (57.3 g, 0.27 mol)
and AcOH (15.5 mL, 0.27 mol) in toluene (270 mL) at RT. The reaction mixture was
agitated at RT for about 6 h, and then water (440 mL) was slowly added and the

resulting mixture was agitated at RT for 1 h. The aqueous layer was separated and
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The contents of flask (2) were filtered, the wet cake was washed three
times with THF (180 nL, 120 nL, and then 120 nl), and the filtrates were
conbi ned wodomansesatrated in vacuumto 60 nmL. To a 1000 peir/ushecedseecked
flask (3) equippedwith an agitator, thernoneter, and a nitrogen inlet was
added water (300 m _). The m xture fromflask (2) was cooled to 5 0C and
t hen addee orgartnh layenwas washedwrgie with 55 NalCRe aqueQushs@letion (140mé) angon

and | ne N WEI0% NBEEBawddR Solicy (AREmET R Bt S aaurn@ U Bhlyeaf °so"oc
for 12 hvésDe)&fH géd&é |§owo@éndl|tmdﬁgﬁ%wdm€ﬂlsﬂmm| all as a white/off
white soI|d|n8 %yield. M 88 0 1I—|—NI\/R500I\/Hz(DIVBOd 6) d692(d,

J=3.9 Hz, 6.03 (dd, J = 15.8, 11.1 Hz, 5.36 (d, J=3.9 Hz,

524, (g J'?é*%’ﬁfﬁg%fféz@“af%sj"'@ dypf 3] Sscbria ";3‘?8"@“65"%5 apdsd éTfZ 4( e
(ddd, 3 soloreat ADldendbullohi a0t 440 4 6D 248 rsdppatel @70 fllowet)

0.85 (s, 125 MHz DVBO- d6) 80.7, 142. 113, 3, 96.2, 93.9,
73. 6, 3zbv5wat@s (‘t40 ﬁR sffh@mngtumomasmeﬁsdaat %P%[Pétﬁ"?iﬁé/so 5&°fmﬂzﬁ

[ MEH] + f
SR 111V PaN YA AR B h AP Action of more water (880 L) After agitafion
-2- pr op‘en§ Ih] ataRT rtb]e onmtalgslv}'eré cmilbete;dl byfiltratiom| washedhwith |sopropanol/water
4- et hyl benzen onat e free hase Jo a
(15-6 5 WajshanaBepaTiesraesired e Y Ee A EavaRInG SwasiidZ davield (5o
m_) at 8§5/o bh8ed roﬂsw M;ﬂso rms !4r°@ VANRR (CHHEH, 400 RIHAG 940! B, #H)).8.80" €
EtOH (350 m was ad he m xture was concentrated I n vacuumto 180
m_. (bs, 1H), 8.33 (s, 1H) 774(d J=8.1Hz, 2H), 7.73 (s, 1H), 7.55 (s, 2H), 7.52 - 7.50

(m, 2H), 7.37 - 7.29 (m, 3H), 7.16 (d, J = 8.0 Hz, 2H), 6.22 (dd, /= 17.5, 11.1 Hz,

1H), 5.90 (dd, J = 17.2, 10.6 Hz, 1H), 5.56 (d, J = 11.0 Hz, 1H), 5.34 (d, J = 17.1 Hz,

1H), 5.25 (d, J=17.5 Hz, 1H), 5.23 (d, J = 10.6 Hz, 1H), 4.79 (q, J = 6.3 Hz, 1H),

4.35(d, J=10.5 Hz, 1H), 3.83 (d, J = 10.4 Hz, 1H), 3.35 - 3.18 (m, 2H), 2.35 (s, 3H),

2.35-2.15 (m, 3H), 2.00 - 1.91 (m, 1H), 1.39 (d, J = 6.4 Hz, 3H).

Example 5§

CF;

* HCI

Vila

(5R, 8S)-8-1-(R)-(3,5-Bis-trifluoromethyl-phenyl)-ethoxymethyl]-8-phenyl-1,7-diaza-
spiro[4.5] dec-9-en-2-one, hydrochloride

A solution of 130.0 g (181.4 mmol) of Vla (VI p-toluenesulfonic acid (TsOH)
monohydrate) and 51.7¢g (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 Vla and

toluenesulfonic acid was evacuated to ~ 80 mm Hg and then purged with N, via a
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b) To a mxture of IVa (100 g, 0.193 nol) in toluene (440 mM ) was added at
RT aq. NaOH (440 ml _, 1IN). The reaction m xture was agitated at RT for 30
m n. The wQueouesidayer was separated and the organi c | aper/usa@omssbed tw ce
with 10% NaCl aqueous solution (440 m ). The crude product |V freebase was
used without further purification. The crude solution of IIl in EtOH was

t hen ad%@drﬁe@sédlﬁee&l@whs@pamng prbcesé was eepaed two tinlese reaaedohdie
resulting m xture was heated to reflux. Water was_ renoved from r(%g‘hi on

t hr ough re2est.rlofs 8 (af%mql)apﬂ lHaveysta-Gaikbs slegend Asngratian Satalyst )added

I f nece 'q'l cAfeconversion. After reaction conpletion, EtOH was
remvedﬁ!%u@%ss‘% vent exchange with toluene and the crude solution of V

in toluene (530 mM ) was slowy added/td a m xture of NaBH(QAc)3 (57.3 g,
0.27 mol) and AcOH (15.5 m _, 0. 2MestNN¥71Mesol uene (270 ml ) at RT. The
reaction mxture was agitated at RT @lo about 6 h, and then water (440 nl )

was slowy added and the resulting el S agltated at RT for 1 h. The
aqueous | ayer was separated andthe orge yer was washed once with 5%
NaHCO 3 aqueous solution (440 m ) aﬁd tw wi th 10% NaCl aqueous sol ution

(440 M \Jad Gis8B8H b ?pmrgg.é,od%gyss&l 10§8h §550 MRS pRUSAIRAGHY anhéopr opanol

through vacuum di st To the cru ree base solution of W
i sopr opadmﬂtnc@ﬂtmthlei at)ovwetelmee@lldton)zﬂ his calalystsolutionpvas slowhye shargedito aC| d

(CRR NG NREINE R W R S o e
agi t at ecythe Emie%m?pelﬂatbeé ANy eF UtH and Bie BBMer¥idhas nichiered by HPAG er
agitation for 8 at RT, the crystals were collected by filtration, washed
withi sd{nqypmmp}’aﬂgn@f the reaction, a 16% solution of aq. Na;S,05 (650 mL) was added
to the reactor over 30 min and stirred at 60 to 80 °C for 3 h, after which the mixture
was cooled to 25 °C and an aq. 0.5 N NaHCOj; solution was added (650 mL). The
biphasic mixture was then stirred at 25 °C for 1h, allowed to settle and the lower
aqueous layers and interface were removed. The organic phase was washed with 0.5
N aq. NaHCO3 (1.3 L), then 10% aq. NaCl (1.3 L) and finally water (1.3 L). The
organic phase was filtered through a pad of celite and to the filtrate was charged 12
N ag. HCI (14.4 mL). The toluene/H,0O was concentrated to below 390 mL under
vacuum (50 — 60 mm Hg) at a temperature above 50 °C. The resulting solution was
cooled to 45 °C and seeded with Vlla in heptanes (65 mL). After 30 min of stirring at
45 °C, the reaction mixture was cooled from 45 °C to 20 °C over 6 h. Then heptanes
(1.82 L) were charged to the reaction mixture at 20 °C over 3 h. The solid precipitate
was filtered and washed with heptanes (520 mL). The wet cake was dried at 25 °C
for 4 h then 65 °C in a vacuum oven overnight to afford 83 g of Vlla (85% yield) as a
grayish-to of-white colored solid. In addition, the aqueous layers can be combined
and filtered to recover the Ru-salts. Mp 190 — 195 °C. "H NMR (400 MHz, CDCl5) &
10.58 (bs, 1H), 10.21 (bs, 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, J =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); '3*C NMR (100.6 MHz,
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wat er and heptanes, and dried to give Via as a white crystalline powder
(122 g , yield 88%based on V). M 80.2-93.4 0C. 1H NWR (CDCI 3, 400 MHz) d
9.52 (bs,woHpro/@88B0 (bs, 1H), 8.33 (s, 1H), 7.74 (d, J PCB/UB2042/05Rf), 7.73
(s 1H), 755(s, 2H), 7.52 - 7.50 (m 2H), 737-729(m 3H), 7.16 (d, J
80Hz 6.22 (dd, J = 17.5, 11.1 Hz, 5.90 (dd, J = 17.2, 10.6

5 T C@‘m"%%(f"ze?( o8 g 13k %3413’2"'994?0 0} fed Agrig g Azele, © 7
J = 10. 51248, 123.1, ®R06, (22.0,78.410341, 83,5, 599, 50.8532.2329.8, 243 o, ES- 35 (s,

Exarrpl eﬁs(gi ﬁgséa%&czsﬁzs(%omo 4%39“énfour|;g 49]9 8’? (d, J =6.4 Hz, 3H).

-(fi)-(3,5-Bis-trifluoronethyl -phenyl)-ethoxynet hy|]-8-phenyl -

, 7- dlazasplro[ 4.5] dec-9-en- 2 one, hydrochl oride A solutlon of 130.0 ¢
(181 4 bxampledia viRedugtion of Meatathesis| G atalyst incthe gresenge efimBil¢dr at e) and 5
1. 79 (272 1 nnDI) of toluenesulfonlc acid in tol uene (3.25 L) was distilled
under reduced pressure (60 - 80 mmHg) at 50 0OCto a final volunme of 1.95

L. Upon conpl gxarfpled wabeepésted!dsadésenbed fa@ot/@luuﬁnlapwl maicetedcafrhplem ng Via
and toluenesul fonic acid was evacuated to ~ and then purged with

N2 via aeAnYeEsiaeaf heeprapound of E@ramgar\éla;t@mgz@mmw epEatmedlat\ia.t Ures. 1 n
a second 8} ﬁﬁ of %eﬂééat%he - a 690t o F%YGNQ% 8%8?6 mlﬁ%dﬁggd@&‘?& fifel On

Cat al yst ruc ure was I'n-an degassed
t ol uene re@dtbrdver 3p meipaaieny imth& 5rgmf&etraal\ebmtybam1MmImme:rﬂdmdee The mixtare

sol ution Thi s  cat st sol ution S charged to the first reactor
over 50 Was Shires Sahis £ hopes MamainRg e acal Mgr e o BPRERUR batwegh

60°C and 80 °C, after which the mixture was cooled to 25 °C and an aq. 0.5 N
NaHCO; solution was added (650 mL). The biphasic mixture was then stirred at 25
°C for 1h, allowed to settle 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
FsC

CFj

OJ\/N>\‘ Ph
N NH Vill

(5S,8S5)-8-[1-(R)-(3,5-Bis-trifluoromethyl-phenyl)-ethoxymethyi}-8-phenyl-1,7-diaza-
spiro[4.5]decan-2-one hydrochloride hydrate

To a mixture of Vlla (100g, 0.187mol) in toluene (600 mL) was charged aqueous
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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at the same tenperature range for 4 h and the conversion is nonitored by
HPLC. Upon conpl etion of the reaction, a 16% sol ution of agq. Na2S2(6 (650
nm.) was awOediomsishe reactor over 30 min and stirred at P6EO/USR00805OD f or 3
h, after which the m xture was cooled to 25 0C and an aq. 0.5 N NaHCGO3
solution was added (650 nL). The bi phasic m xture was then stirred at 25 0C
for 1h, Aguaquer (5093 ender6 tel80psi pressuretpndoio hayaindl eagtiomcompiationwer e

d—.Th : i c.nh d .wit. N.ad. 1. t hen
00 ac Tk apaBhcit ag MARSF RIS Rafion Yefitt, o8 Sifkiyab3sRa iy tildng. ¢
filtereg@ddrygihe commbirntid Rldricesdlitbr wak tontehratetiao 889 mbhargssluich b ag.
HCl (14.4 nl). The toluene/H 20 was concentrated to bel ow 390 nL under

vacuum @aoeousblGhir 13§e.a20mal, rd es) aasrdowlyrddeshintthemeactien golutiag asg| ut i on

of st ing et ety SERE sl b LS Uk RERMEDRRS Plefel bviielon, oc”
8\c/:er 6 tagd?}ibﬁ#ﬁdapm?lag&utbnw_t?mtemrmml?la‘fa@a:}j)oThgeNetemkéims ﬁiiesd at40at 20
(520 0 496 thcave ks SLLBEAEYRIc)SS s ta off s ookt “%éz—a%ﬁieﬁgﬁs

' f< Yh! 5%y ' - Whi
coror ed SONOR (oD @lieo PAFSoR’ 5 10183 (68 110 1, R A BHBY P 16 %1 1 Ver e

to recoyen2Hae1RUNSH), 7592 i, N3{), 7.9298, 21), 7.66 \B/RHYTBME; J <PEH), 28H)10. 58
(bs, 1H), 10.21 (hs, 1H), 8.25 (s, lHG)l, 7.70 (s, 1H), 7.58 - 7.43 ((m 7H) ,
6.16 (d,7-44 m, 2H})7.4@ (5 1ty 4.6549,4 = Gréfiz, HHE#.3Q(d.¢f #A0HzIH).B3.38 (@) 5 =

Cap 1 = Ttz i 22 (b= 330, TH), 208 (adw2nbTg0 i (B 2p a8 5= 0
(d, J =18.5HiIzIH)1R)t9 (B NWRA(5I88),. TH)\VBZ 500 B), @.24 Gm7 1H), 4688 (m136),1,
132.5 136 G, 185 La118°% 26 432 dh), 370 Gna 7L 5.5A2°13), 1.39 (md, J =
13.5Hz, 1H); "*C NMR (100 MHz, DMSO): & 175.3, 146.6, 134.7, 130.1 (2) (3Jcr =
33Hz), 128.5 (2), 128.0, 126.4 (2), 126.3 (2) (Jcr = 2.6Hz), 120.9 (Jcr = 3.7Hz),
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
FaC

- HCI

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

Method 1: VIl (20 g) was suspended in 155.0 g of an EtOH-isopropanol-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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124.8, 122.1, 122.0, 122.0, 78.4, 73.1, 63.5, 55.9, 50.0, 32.2, 29.6, 24.3
ppm ESMS: [MtH+] cal cd for C25H25F6N2Q2: 499. 18; found: 499.05. Exanpl e ba
- Reduct iwo0 20fo/dek13at hesi s Catal yst in the presence of aPPT@TSEva0opdoe0 5 was

repeated as descri bed above until HPLC indicated conplete conversion of the

compound of Fornmula Via to the conpound of Fornula Vila. Upon conpletion of
t he reaof thenstogk selution! The emasmt afjseedasedsan bsvaried)baetweeadkand 2.9 Ee

The. m xioPResteheioRs P Rredt® e dRuRulcR, GO bR THb AR,

t enper atfuﬂreerlbbbm @ED@t arrdteBGf 06, °G!rﬁ1ﬁrerflltbfféd3bndéra/aﬁu&truaﬁd wasshedalitid to
25 0C and an ag. CO8 sol ution was added (650 ml ). The bi E)ha5| C

m xt ur e 484BL pﬁéwogtsqlutm ggnajy, @efhﬁtchwasaqr!mqfd’%t‘m %t aipmperaturgwer
aqueous gk %egﬁgﬁgfileég{ £8 P‘u‘%?nﬁ?}ﬁg 7@2@)\"?% o?f‘ga%toﬁ.{e%%[j' on m xture worked

up as descr he sanme, denonstrating the
advant age provi ded by the use of a PTC in reducing the netathesis catal yst

UL R T e BB 0 b
Lo o}y Rdcsqlds g Mol b do Kiom B rorel |2

(100g goed aqueous 9 300 m).
After adleGH)GPQ ll’mé wiater Qmed fheateidbtaniefiux ( H&-78r @’irunttll aa:jeaf snh.ﬁloslems ated and

washed Wb%alngé 'The &11)8 ?e Was ?hen cogled sPoewI)? rt(‘):]%r}emper fare y)\Bﬁveen 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: 9.7 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
fittered under vacuum and washed with 70 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: 20.4 g (89.1%).
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subj ected to hydrogenation with Pd/C (10g, 10%in carbon 50% wet) and
Nuchar Aquaquard (5Q0g) under 60 to 80 psi pressure for 4 to 8 h or until
reacti on wornploaszsa. The reaction was filtered through acpas2eb/osebéte. The
celite was washed with toluene (100 ml ). The conbi ned tol uene sol uti on was
concentrated to 500 m _. A solution of aqueous HCl (~ 35% 20m, ~ 1.3eq)
was slowy added into the reaction solution and the m xture was slowy

oon s Yol 5. Sl oS RS RHERarIRY 425 Ctbhe (ibuRbL SO ARHEMES (o
45 0C t lamN eoRftiod vads éﬂidéd (&@l%wéﬁsﬁléloﬂ%r@ theibatch waefd t‘ah;dﬁr 30L80.

Mp152- 154 0C. 1H NWVR ( ) : d 10. 62 %@ J=10, 12Hz1 , 1
H N-H) mip, ‘Ehe patchawr:mhpn allgwad 19 splif fayabout 30r{n1u1 and the aqueopis)bottpng (s

4 Jyey pasyemaligll To ffordarlf . 28 S el gapded formrang - 417

i ?8 (1 dgre%]pltatéita the rhhndh;bdr dro?wlggdssam ‘meatthl)7wés éiﬁre{d"rfhr 3ﬂ) m|n14 5Hz_
. 4ty 8Pf theniteiag unier vagUumARCwEshecs Y faluese 133 Sy Einally, the et R ( 100

176, o 198 RGNy tiiy dSueet g 7S e af’ﬁﬁ)%é o(2)

(JCF = Tr3B8%),0f18.8, 73.2, 63.1 , 55.6, 48.9, 3 1.2, 30.8, 28.8, 24.8, 23.1
. (5S,
85)-8-(1-(R-[3,5-Bis(trifluoronethyl)phenyl]ethoxy)nethyl)-8-phenyl-1J -
di azaspiysp sﬁ:]ﬁ?%%be%nﬁ@@ iSorERCIY t@ﬂh%r@%‘r@ﬁ%@dﬁt'ﬁ'\é\ﬁ ci(éié'aljdaté/\‘drlthé20 9)
was suspended in 155 of an Et OH i sopropanol - wat er stock sol ution
(stock sommuodspsepéolwsm 168.6 g absolute EtOH, 368.7g water, 11.6 g of
| soprop 6 37% HCl) and heated to reflux (78-79 00 unt|I a

| SOP OPABhvia i FRTR):

Isolated as a pale brown oil after column chromatography. 'H NMR (400 MHz in
DMSO-dg): 6 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): 5 175.9, 147.1, 134.9, 130.4 (2) (3Jcr = 33Hz), 130.0 (2),
128.5, 127.0 (2), 125.0 (2) (Jcr = 2.6Hz), 122.3 (Jcr = 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
CasH26FgN202.HCI.H20, (M+H)" 500.47 (m/z): 500.19.

Formula ¢ (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): 8 175.9, 147.9, 142.2, 130.6 (2) (*Jcr = 33Hz), 129.8

53



sol ution was obtained. The m xture was then cooled slowy to a tenperature
between 72 and 73 0OC and optionally, seeded with 0.4g of mcronized la
suspendedwOreo2sd3ef the stock solution. The anpbunt of ®esdSe@ods@an be
varied between 0.0 and 2.0 g to effect changes in the particle size

di stribution (PSD) of the product. The batch was further cooled to O OC at

a rate ), 62540‘1mrr5(2)f lmeeaﬁd(%umerz.smummmmshm.wmn 780, M6.4f stock
sol ution. Final l%B“ was dried u&nder vacrur&gtm%te er é_rre of 40
oC for &84 &<t h’33t% 41-0e218, 23§ (M3 Calgylatgd jof sNeOzbIGld120vet hod
2: Thir l 5 uspended in 231-232 g of a 40:60 % by vol une
Et C]—l-vvaglglrgl toc%g'fgo(fﬂlﬁ%)l opﬁ?]setsock sol ution preparation: 400 nL EtOH (95%

Et OH, 5% MeOH), 600 nL water,) and heated to reflux (78-79 0C) until a
clear sal uti ained. The mxture was then cooled slowy to a
terrpera?t? Mﬁ% 5 and 68.5C and seeded with 1.5g of mcronized |la
Suspend%lé@d%@t uﬂf.cétnfh w e&nlanﬁpémbmaﬂegrsbﬁya«wawnhrafonsmeldz dfsdyican be

vari ed between : to effect changeS in the of the product.
The bat ethenétmpitanet asanaxﬁb}vbﬂb solid l}ﬂ:NMRMOQtMJ-IDin DNB@‘d@ > &idd (dd,

3ﬁ§'e$ V0T | 6 W hEE B T80k, TR aEFE8 B Gt NiE 7R By o tfer e
I 1+WTI4 enge rHag 40
g(C): ?E)Irogs Ieaztéal/%j 'Hh-;jg Zc?iuge?gqr(g?%@nﬁwsg ; 1 g%tJof Iqa lld/qe-?hgd 3:

VI ( #310%(dg) 546Ha; tlslhlazé&l(da.tJ R1O0Hz, EH()]—B @2'.(dn=ﬂ_)= 13H>zt1ure 288um.ch= wat er

vas. i ot A AFDo8 A 18R Ml o e 7 B Gefoa28rd $0°T o "

i mprove 1y903trﬁ zuqyi 16&7 tmaequj or.73¢mdl D= THsHeat |l 128 (§hea & 5HE 318 Lﬂmer
vacuum and washed
NMR (100 Mhz DMSO de): & 173.6, 147.0, 135.4, 130.2 (2) (3Jcr = 33Hz), 129.0,
128.6, 127.8 (2), 127.0, 126.3 (2) (3Jcr = 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

C2sH26FsN202.HCILH,0, (M+H)" 500.47 (m/z): 500.34

Formula le (S,S,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): & 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 (q, J = 6.4Hz, 1H), 4.09 (d, J = 10Hz, 1H),
3.83 (d, d = 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); **C NMR (100 MHz, DMSO-ds): & 175.7,
147.0, 134.9, 130.4 (2) (*Jcr = 33Hz), 130.0 (2), 128.5, 127.0 (2), 126.9 (2) (CJcF =
2.6Hz), 122.3 (3Jcr = 3.7Hz2), 121.4 (2) (Jcr = 273Hz), 76.6, 73.7, 63.1, 56.0, 47.8,
31.6, 31.1, 29.2, 25.9, 22.9. MS. Calculated for C25H26FsN202.HCL.H,0O, (M+H)*
500.47 (m/z): 500.4
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25 nmL of a 20:80 by volunme Et OH water solution. Finally, the batch was
dried under vacuum at a tenperature of 40 OC for at least 18 h. Yield: 9.7
g (83. 6%wolbtomase3d: VIII (22.9 g) was dissolved at RT PPOTHS@GHMIOF@20m). The
solution was then filtered and added over about 25 mn to water (366.8 Q).
The resulting suspension was cooled to 0 OCto inprove yield and agitated
for 30 FormulaHé(B&KR,8) was then filtered under vacuum and washed with 70 nL

onder v ARRLAYGHEaFh ol omaRdtabRY. s Oiafd adap fwi HEL KGR B 2°
ﬁﬂ 8931 YdicvRy1 ased: 'HAMR (460 I@II—&)inV@MS@lﬂ%BQ‘?ﬁS@Kdo@@ﬁ@, HPHEO! HBENN-M) 1 15

). 50 M~ of a 1IN NaOH solution was added to the suspension and the
bat ch waBla@, tad2dzf tid, BeHBE8. M (s, TH)e7 186t (Sh1kAxs7.684m, 4H)olvd8 (Mo 4éP)l it for

bout 3 ' d.th t I h '

Tayer, 3-8l Y50t AH2B Ao oV IR B el Fa R M
nonohy dgasee(dyvd: 90REOTHYI8.60(d,-J ThgHat FIFI, 273 (84, J =ei, HOrHZ0 HYl R.48nd t hen
filtered under vacuum and washed with tol uene &,%(2j m_ﬁ Finally, the batch
was dri é8dudbibr2.08 gt 1.-87{dnderttze3ld), 1485 fodf ¢~ B3-SHaatk). 11874 (g,
fford 12. 75,69 f ' ) Oﬁ?i}l i I h
3/ergrpr Faﬁlégl-‘zTﬁEﬁ’pﬁ:;@lngz gg@iﬂﬁﬁfbﬁ#&i (r%?pn'rso ds’rf@'g’ﬁ#)‘gﬁrm%( rmul a
Ib (S R@)x: = t [ 3 eel=rs 12768 hy. 1H
VR (400 T 1 DMeD G, S TSI 1R0% (91 K 2oty 12 PR ss Ll
J=12Hz, 3Uthz)NIRY.3 (2) blor(27Mg), 78.2 535 6629)49.3, 463.8( 4115 32.6; 2618, 252 , 7. 42

(M 2H) 5375 Jns(Bhichidted for,sHIFeN20,.HCLH,0, (M+H)* 500.47 (m/z): 500.3

Formula lg (R,S,S)

Isolated as an off-white HCI salt triturated in diethyl ether at 5 °C for 12 hours after
purification by column chromatography. 'H NMR (400 MHz in DMSO-ds): & 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 (q, 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-dg): 5 175.8, 147.1, 134.9,
130.2 (2) (AJcr = 33Hz), 129.0 (2), 127.8, 127.0 (2), 125.0 (2) (CJcr = 2.6Hz), 122.3
(CJer = 3.7Hz2), 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. Calculated for CasHosFsN202.HCIL.H,0, (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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6.4Hz, 1H), 3.82 (d, J 10Hz, 1H)1 3.67 (d, J = 10Hz, 1H), 3.00 (d, J =

13Hz, 1H), 2.65 (dd, J 13, 10 Hz, 1H), 2.46 (nd, 2H), 2.15 (m 1H), 2.24
(m 1H), wo&aiofars23tH), 1.14 (d, J = 6.4Hz, 3H), 1.53 (nmBCTAS200085@Rz, 1H),
1.62 (nmd, J = 13.5Hz, 1H); 13C NWR (100 WMz, DMSO: d 175.9, 147.1 , 134.9,

130.4 (2) (2JCF = 33Hz 0 (2), 128.5  127.0 125. 0 3JCF =
2. 6Hz)(1)ﬂ(2 33(1@301304 zi)ﬁl-by =‘13:§Ji%);33@2|)(2bd'@35 ?é@%li?— 128. %&2)1 Ier,= 62. 9,

56.0, 4 3 0.9 2. f-or,

Ssroere B R i DT 312y (e 2, SO R T8 13120 56

| sol at ed 78 34n, F0.9,26.1 236 MS. fGalmldteeltfoyngl-ﬂﬂaEgNzaﬂ-HGNHzmgﬂ‘fNﬁ in

Dwrsoa% d795dJ12Hz 1H NH) 17.79 (d, J = 7.5 Hz 2H) 17.52 (
804 (myz): 1H), 7.32 (m 2H), 7.21 (m 1H), 4.55 (g, J

64Hz 1H), 328(d J=10H211H) 3.11(d, J = 10Hz, 1H)12.50 (d, J =

10 410 2708 pfbvedichiorb e fnadol o Jusfiue bpfh 210
DVBO) @ timitiHy. YVarldus &an‘g& ot madifictidrd) in (tBd embodidenis des'b?iﬁe&(l'\%)eln TRy 4,

127.5(2), 126.6 (2) f F= 2.6Hz), 125.0, 122.3, 121 .2 (2), 78,4, 76.4,
58. 4, 5pcaur todhgse skillad ipthegart., Fhese shapgeggan ésm@n%wéhow eparting from

C25H26F [55%1'?&} nd7 (mz): 500.18. Fornula Id (R RLR):
| sol at egg\@ggor puri f| c%?%’iv%@igcol um chromat ography, via trituration in

1: 2 diethyl ether/heptane as an off white solid. 1H NVR (400 MHz in
DVMBO-d6): d 9.71 (dd, J=10, 12Hz1 1 H, N-H), 8.92 (d, J=12Hz, 1H NH),
8.51 (br, NH), 7.99 (s, 1H), 7.88 (s, 2H), 7.66 (d, J = 7.5Hz, 2H), 7.52
(m 2H), 7.48 (m 1H), 4.61 (q, J = 6.4Hz, 1H),

rrdy
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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 (nd, J =

14. 5Hz, WP200/@283¢m 3H), 1.90 (m 2H), 1.87 (nd, 1H), PCTAR2¢0eM56030 =
13.5Hz, 1H), 1.28 (d, J = 6.5Hz 3H); 13C NWR (100 Mz, DMSO-d6): d 173.6,
147.0, 135.4, 130.2 (2) (2JCF = 33Hz), 129.0, 128.6, 127.8 (2), 127.0,
126. 3 (WhatJdaimedisHz), 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

C25H26F6N2C2- HCLH2O, (M+H) + 500.47 (m z): 500.34 Formula le (S S S

| sol ateq_ as A pgroBessMdr nfakilld as®inipduhd 6f Kothila MMlla:n di ethyl ether at 10 0C
for 3 hours after colum chromatograpge/ 1H NVR (400 WMHz in DMSO-d 6) : d
10.58 (dd, J=10, 12Hz, , 1 H NH J12Hz 1H N-H), 8.57 (s, 1H),
8.1 1 (s, 1H), 7.89(d, J 12Hz, 2H1 7. d =10 Hz 2H), 7.55 (m 3H),
4.66 (q, J =6.4Hz 1 1H) 4.09 (d, J =1 ﬁ-|7383(d J = 10Hz1 1H)1
3.27 (d, J = 13Hz, 1H)12.65 (dd, J = ¥ Hz 1H) 2.35 (nmd, 2H), 2.29 (m
1H 1.97 (m 1H), 132(d J F X 3M), 1.58 (dd, J = 13.5Hz, 9Hz, 1H),
1.78 (md, J = 13. 5Hz, % hPVBO-d6) @ d 175.7, 147.0,
134.9, 130.4 (2 (2JCF 33|92 (2), 1?28 Bormdla. VN 2) , 126.9 (2)
(3JCF = 2.6Hz), 122.3 (3JCF = 3.7Hz) 121 .4 (2) (JCF = 273Hz), 76.6, 73.7,
63.1 , 56.0, thﬁp'@ceaacempﬁmg 20.2, 25.9, 22.9. MB. Calculated for
C25H26F6N20O2 ormula If (S RLS): After
purificati on( %ﬁjﬁ%ﬁ%@é%ﬁ&gﬁ?g&%ﬁk{r@mg as an off-white HCl salt
fromdiethyl ether. 1H NVR (400 MHz i nFR:EMSO-d6) : d 10.30 (dd, J=10, 12Hz,
, 1 H NH),

CF;

%

o) ” NH Ph
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 Vlib,

F3

CF;

0
N Ph
o) N NH

Formula Viib;

(b) converting the compound of Formula Viib from step “a” to a salt compound
of Formula VI,
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9.81 (d, J=12Hz, 1HL N-H), 8.1 1 (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, wo=owgpss21H), 3.36 (d, J = 10Hz, 1H), 3.01 (dPpCI/Us203i6z602d H)
12.72 (dd, J = 13, 10 Hz, 1H), 2.43 (nmd, 2H), 2.08 (m 2H), 1.57 (d, J =
6.4Hz 1 3H), 1.85 (nd, J = 13.5Hz, 1H), 1.72 (md, J = 13.5Hz1 1H); 13C NMR
(100 Mz, DVMSO-d 6) : d 175F% 147.1 , 134.6, 130.7 (2) (2JcF = 33Hz) 1
130.3 (2), 128.9, 128.4 (2), 2) (3JCF = 2.6Hz), 122.3 (3JCF = 3.7Hz)
121.3 (2) (JCF = 273Hz) 1 76. 3C.,669 49.3, 43.8, 31.1, 3 1.6, 29.2.
25.2, 23.5. Ms. Cal cul ated C25 6N2C2- HCLH2O ( M+H) + 500. 47 (nl z):
500. 3 Formula Ig (R | sol ¢ed as an off-white HCl salt triturated in
di et hyl ether at %\‘ﬁ hours after purification by colum
chr omat ogr aphy. HO in DNSEH?Q'a 10. 00 (dd, J=10, 12Hz1 , 1
H NH), 9.64(d J= 12Hz 1H "N H), 2 , 7.78 (s, 2H), 7.63 (d, J
7.5Hz, 2H) 17.41 (m 2H) 17.37 (m 1H) 4.55 (g, J = 6.4Hz 1H), 3.82 (d, J
10Hz1 1H) 3.69 (d, J = 10Hz, 1H), 3.10 (d, J = 13Hz1 1H), 2.76 (dd, J =
13, 10 Hz1 1H), 2.20 (nd, 2H), 2.15 (m 1H) 1.94 (m 1H 1.83 (m 1H) 1.14

éld17é. 8, o ﬁméﬁﬁ" g’%'t(gq’fﬁﬂ? Bﬁﬁ‘ﬂék’épreggﬁﬁz%ﬁgﬁyﬁg(@&%e?\ﬁ%d 2

(2), 125.0 (2) HaséGanetichadbgroup ihahe Tohibbrind-ofFofhilla VIIZind Ssdot)atéd CF =
273Hz) 176.5, 7 47,5, 57 22.8, M.

Cal cul ated for ¢ %W@%%QQ%?WEUOWWPI%M %pﬁ?ﬂc{"ﬂﬂ% BO@BOW(?H] Rla 1h

(RRYS): Isol atl%?rrﬂﬁa‘lhﬁo%p?@” by trituration in di ethyl ether at 5 0C
for 3 hours after

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

FsC
CF;
«Salt 3
o NH Ph
N Formula VIIl; and

(d) optionally precipitating an HCI salt of the compound of Formula Villa to
obtain the salt compound of Formula VIII,

F3C,
CF;

R

N \\/o
JNssx

N

and optionally recrystallizing the precipitated salt form to obtain the

Formula VI,

compound of Formula la,
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purification by colum chromatography.” NVR (400 MHz in DMSO-d 6) : d 9.56
(dd, J=10, 12Hz, , 1 H NH), 9.42 (d, J=12Hz, 1H, NH), 7.97 (s, 1H), 7.97
(s, 1H Avb20(08R2dp 7.46 (d, J = 7.5Hz 2H) 17.41 (m 2HPCTUS3®(06G02dH) ,
4.60 (q, 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 (nd, 2H), 2.12
(m 1H 1.94 (m 1H) 1.72 (m 1H), 1.36 (d,Fs8 = 6.4Hz, 3H), 1.63 (md, J =
13.5Hz, 1H), 13C NWR (100 Whz, DVMSO-d6) : d 8,147.1 , 131.2, 130.4 (2)
(2JCF = 33Hz), 130.1 (2), 128.5, 126.7 (2), 9C2) (3JCF = 2.6Hz), 122.2
(3JCF = 3.7Hz), 121 .3 (2) (JCF = 273Hz), 9% 76.3, 73.7, 66.1 , 56.1 ,
47.6, 3 1. 1, 30.9, 26.1, 23.8. Ga\gcQA aleCl fOr C25H26F6N2CR- HCLH2O,
(MtH) + 500.47 (nfz): 500.3 The a \BE€2¢ri piHom,0f the invention is
intended to be illustrative and F?ot H i NE ﬁg Vari ous Chaﬁﬁﬁﬁ 91

nodi fications in the enbodi nents described herein may occ Y4 Rose
skilled in the art. These changes can be made vm'thout departi ng fromthe
scope or spirit of the inventionWat is claine ocess for naking
a conpodnd of NEPreeass qualmwh@r@ﬂ&t@eéa}:@rﬁﬁm%d ﬁgt m(tac; nsmncgc?fginwe sal t
conpoun r el 1 NY- cl osi ng

nmet at hegﬂllcgIe g?é@“£€oan®eé: ’?ﬂ%h?'Pgthﬁﬁ‘%%ﬁPgés@‘?\%%aﬁed aci d, thereby
formng the correspondl ng di azaspi rodecene-one conpound of Formula VI b,

F la_ VI
orm a3 bThe 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.

8. 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.

7. The process of claim 6 wherein said metathesis catalyst is:

(i) a catalyst of Formula XXa,

~.et Formula XXa,
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(b) converting the conmpound of Forrmula VIIb fromstep "a" to a salt
conpound of Fornmula VII,Forrmula VIl wherein "Salt 3" of the formula

repr esentwoanio/esst one proton bonded to a base functi omall/use@apséono t he
conpound of Forrmula VIl and associ ated therewith a coordi nated ani on

noi ety, and ’E')row ding the salt conpound of Formula VII to Step (c); (c)
reduci ng t h#¥ jound of Fornmula VIl fromstep (b) to obtain the conpound

of Formula VIII l,: : jonally precipitating an HCl salt
of the corrpoun&h%ldghgy#ﬁ?glréﬁ“ﬁgneo&%tag Irjlh&f}e salt conpound of Formul a
VI, Fornmula WAris phangl, Qmembtnylgmyysma $4dzmemy1p°r@n|yr ecipitated salt
formto obtain the conpou of For Formula la. 2. The,procgss of

clai m 1 wherei -"SWBgN ngf bPQd%Fq Re&SQﬂ]tCWFH'af H@ﬂﬁﬁ’é@@ﬂ?@@’%" kpapd Rwo
equi val ents of ad h
process of eit herﬁ.@?caﬁ‘gpat mg&lt §8$§1}] sthITJ'thﬁ@'nQ I%‘QHH X'?(E %@th}nd%g
before step (b), R%almdloaged;bymh@semmmutag op(uo)mabmmhdmttecgllmébet\muzon
m xture with an a ys, phase c S are reagent under
condi ti ons sui tabgﬁgﬁ) i1 %E% i?é &8%@% ‘é’ﬂ?@ﬁ'" %al'ﬁzla? PXY9&®par at i ng
t he reaction m'xt d
ur ng Reduei ng. S ggspgﬁcgeahé NSt AESGEH hoRits SatHASIWARD Ut Rt il 8LSsthQerTs:
R' is independently selected from aryl, alkyl, or hydrogen;
R® is an alkyl or aryl moiety, or, when R® is not bonded to L2, 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;

(i) a catalyst of Formula XX,

wherein,
the metal (M) is ruthenium, palladium, iridium, or molybedinum;
(L) is: (i) a phosphine ligand; or (ii) a chelating ligand;
X is the conjugate base of a strong acid; and
R' and R? are each independently H, phenyl, halogen or alkyl; or
(iii) a catalyst of Formula XXd,

Ar/N
N

R1
x”'\” —
Formula XXd,

the Dotted line represents an optional double bond;

N\Ar

wherein,

(M) is molybdenum, ruthenium, palladium or iridium;
R'is independently aryl, alkyl, or hydrogen;
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4. The process of claim 3 wherein the aqueous phase of said reducing step
part (i) further conprises a phase transfer catalyst. 5. The process of
claim4 whereiw28m2d phase transfer catal yst is a quat ePoams2@omesizem sal t .
6. The process of any of clains 1 to 5 wherein the ring-closing netathesis
catal yst conprises a group 8 transition netal or a group 6 transition netal
and a carbene |igAni arvarytbebpnagdeand of claim 6 wherein said metathesis

catalyst is: (i) t.al Formul a XXa, wherein: the dotted
| i nes represent o%t'?% ngg) Isu'%n%?éﬂbﬁ%&yl 2,4,6-trinethyl phenyl, or

2, 6-di net hyl phenyl ; L2, when not bonded to R3 (sem’ circular dotted Iine
betvveen L2 and R3 |nd| catl ng an gpti onal is a, phosphine Iigand, and
when bofdedl h& preress of clamchwbaraly, thﬁéngf@ﬁheﬁls gatalyst isthe SeaPABIOTdot t ed
l'ine betvve |lr3 ﬁnﬁxg.? L2 forms a bidentate ligand with R3 wherein L2 is
an oxygen, p?msp orous, or nitrogen noiety with or without additional
substituents; RL is i ndependent ly selected fromaryl, alkyl, or hydrogen;
R3 is an al kyI or aryl noiety, or, when R3 is not bonded to L2, R3 is an
al kyl moiety, an aryl noiety, Qi aNhydrogen atom (X) is a conjugate base
of a strong acid; and Mes” T “"Mes

Cl/?u_
7/o

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

Formula XXd1,

9. The process of claim 6 wherein, the metathesis catalyst is a catalyst of Formula
XXd2:

7/0 SO,NMe;,

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

Formula XXd2,

10. The process of claim 9 wherein, in the metathesis catalyst is the compound of
Formula XXd3:
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Mis ruthenium palladium or iridium (ii) a catalyst of Fornmula XX
wherein, the netal (M is ruthenium palladium iridium or nolybedi num
(L) is: (Wpalophesphi ne Iigand; or (ii) a chelating |igaaa/uSxm85dobe

conj ugate base of a strong acid; and RL and R2 are each independently H,
phenyl, hal ogen or alkyl; or (iii) a catalyst of Fornula XXd, Fornula XXd,
wherein, the Dotted |ine répresents an optional double bond; (M is

nol ybdenum rut heni um Mgéﬂr‘f wesor iridium RLl is independently aryl,

al kyl, or hydrogen; Ar is an aryl or benzyl; and X is a hal ogen or sulfonate
noi ety. 8. The process oF}ﬁz p-n 7 wherein, the netathesis catalyst is the
conpound of Formul a XXdIC'Fo'rmI a XXdl, wherein "Mes" is a

2,4,6-trinet hyl phenyl | eL P~ L he process of claim®6 wherein, the

met at hesi s catal yst is a/catal of-NBQr rrull__grmxafg%('xd:,‘

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

11. The process of claim 9 wherein, in the metathesis catalyst is the compound of
Formula XXd4:

NN
C|\I
u—_
c1~ T
0
e SO,NMe,

Formula XXd4.

12. The process of any of claims 2 to 11 wherein the reducing reagent used after
Step (a) is: (i) one or more of Na;S,0s, Na,SO3;, NaSO3;H, NaOC(O)H, or
NaH,POj3; (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, zinc, iron or magnesium

metal.

13. The process of claim 12 wherein the reducing reagent is sodium metabisulfite
(Naz2S,05), sodium sulfite (Na;SO3), sodium bisulfite (NaHSO3), sodium formate
(NaOC(O)H), hypophosphorous acid (phosphinic acid, H;PO,), or phosphorous
acid sodium salt (NaH,POs), or mixtures of two or more thereof.
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wherein "Mes" is a 2,4,6-trinethyl phenyl noiety. 10. The process of claim9
wherein, in the netathesis catalyst is the conpound of Fornmula XXd3: Formul a
XXd3, wheweini0/i¥ks2 is a 2,4, 6-trinethyl phenyl noiety. PCT/USh@9ps@eess of
claim9 wherein, in the netathesis catalyst is the conmpound of Formula
XXd4: Formul a XXd4. 12. The process of any of clains 2 to 11 wherein the
reduci nid.r eEhpeprocgse of any of clginap 4(ta)11i whergin aghasetransfer aatalystis2 o5,

Na2SC3, Na . AN Qe (b bL) one or
mor e of sodnahEd A Hehetasfibsik edick stenand sBRPBRATK RHT R batahisk s .
(iv) a redusdrivitia 68 (CHYCH)NIX hwhe@dim ¢hisa0d, Br et AHSO 4 erdediban on

catal yst; (v) ascorbic acid or oxalic acid; (vi) hydrogen peroxide; or
(vii) one dquilentsf (86Bper, zinc, iron or magnesi um netal . 13. The process
of claim 12 wherein the reducing reagent is sodium netabisulfite (Na2S20(p),
sodiumsulfite (Na2SG3) , sodiumbisulfite (NaHSO ) , sodiumformate

(NaCC( 015 Thenprozess of any ofi slaimi1dto( phwhpreinitive aompouh ROFprmularVidkosphor ous
acid sodiumsalt (NaH2PG3) ., or m xtures of two or nore thereof.14. The
process of RIRYid§dRyap §st'|8‘sirft‘%ﬁ|§'r ehemefiase transfer catalyst is
included in the netathesis reduction step and said phase transfer catal yst
has a Fornula of (CH3(CH2)3)4N+X , wherein "X " is CI, Br , F1 HSO4 , or

hal f an equival ent of (SO Scheme Aa
“ FC
J NP Pcﬁ‘
o
0 N H |+ k‘/
H N “pp
m v
FsC
Step1_ F.C
Coupling 3 CFs
o |
o]
W } Step 2 g\/
= SN —
\ ‘ o Ph
0~ "N =N Ph Reduction H NH
H v Vi

wherein the process comprises:

() providing the free base compound of Formula lll in a water miscible solvent
in the presence of a tertiary amine;

(i) 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 Formuila V;

(i)  reducing the diene-imine compound of Formula V prepared in Step (ii) to
obtain the corresponding diene-imine compound of Formula Vla,
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2) . 15. The process of any of claiml to 14 wherein the conmpound of

Formula M is provided by a process illustrated in Schenme Aa: Schene Aa
wherei n twe 2proeesg conprises: (i) providing the free base/usesmosddo of
Formula Il in a water mscible solvent in the presence of a tertiary

amne; O) mxing the solution fromstep (i) with the free-base conmpound of
Formula 1V and heating the mxture while a tropically distilling water
fromthe m xture, thereby producing the imn ound of Formula V,

reduci ng the di ene-i m ne conpound of Fornul a r Bared in Step (ii) to
obtain the correspondi ng di ene-i m ne go o] of Formula Via, Formula Vi a,

and converting it to the correspo;ﬁ%g\rl%\t cenmpound of Forrmula MV, Fornul a

VI, [5(R-[[[1(9-[[1
(R)-[3,5-bis(trifluoronethyl)-ph€nyl eThBXY] - met hyl ] 3 - v
phenyl - 2- propenyl ] am no] net hy| ] - 5- et henyl - 2-pyrrol i all:ngH'gT [Igal t 2],
wherein "Salt Andrepvestistothel corrdspondingrsiitccorhgedriiof Pormlasa, f uncti onal
group in the conmpound of Formula VI and associated therewith a coordi nated
anion noiety. 16. The process of any d#CGclaims 1 to 15 wherein the conpound
of Formula Il is provided by treating @ %gPound of Formula Il with a
base,

L\ | P\ salt2

INX‘&Ph
0" N MNH

[5(R)-[[[1(S)-[[1(R)-[3,5-bis(trifluoromethyl)-phenyllethoxy}-methyl]-1-
phenyl-2-propenyljJamino]methyl]-5-ethenyl-2-pyrrolidinone] [Salt 2],

Formula VI,

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.

16. The process of any of claims 1 to 15 wherein the compound of Formula lll is

provided by treating the compound of Formula Il with a base,

!

S OH
o N_o
Y

Formula Il.

17. The process of any of claims 1 to 16 wherein the compound of Formula IV is
provided by a process illustrated in Scheme 2,
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Formula 1l. 17. The process of any of clains 1 to 16 wherein the conpound
of Fornmula IV is provided by a process illustrated in Schene 2, Schene 2
X1l 1V tWe 2prooessg conprising: Step 2-1 : cyclyzing t heCZAshe@aps@yci ne
derivative shown with PhCH(OCH3)2 to obtain the oxazolidinone of Formula
| X, wherein Cbz is a carboxybenzyl- am ne protecting group; Step 2-2:
combi ni ng the conpound of Fornula | X Scheme 2

[ 3,5-bis(trifluoronethyl)phenyl]-ethoxybrononethyl ether to obtain the

| actone of Forrmula X; Step 2-3: reducing the lactone of Fornmula X to the

| actol of Fornmula Xl ; Step 2 opening the ring the lactol of Fornula
XI to obtain t@,qtbgl dehyde of mg a Xl|;Step 2 §vert| n§Ft he al dehyde

of Fornul a L ooi he al kenyl "amin Bf )
deprotecti t hel al kegyd1 am nQ;bgf‘ or nisC ke anq:bc v
correspondi g free base thus obt dto e salt of P

process of any of claims 1 to 16 rei n e conpound
tep 2-
X X
CFsy CFa
0 Cbz .
OH NH Ph
X N~ — = H 1)'\/o
Cbz O CF;  Step2-4 j CF;
Step 2-3
Me (0] Me
Xil
Xi
F3G
¢Fs CF3
NH ph | o
~© / « salt1
X step 25 f\/ CF3 sep26 g\
Me HoN Ph
Xin v

the process comprising:

Step 2-1:

cyclyzing the 2-phenylglycine derivative shown with PhCH(OCHs), 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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provi ded according to the process illustrated in Schenme 1l Scheme XV XV
XVI " the process conprising: Step 3-1 : treating pyroglutamc acid with
tri met hylwioevaludsdsgde and net hanesul fionic acid to obt aPQT/US2009/056020

(3R, 6S)-3-tert-butyldi hydro-1 Hpyrrolo[l ,2-c][1 ,3]oxazole-1 ,5(6H)-dione
of Formula XV, Step 3-2: reacting the pyrrolo[1

2-c][1, Stepx2dol e- 1, 5(6H) -di one of Forrmula XIV with nethyl formate to obtain

>3 ton %'P?%&gb%ns]aﬁcﬁe?wéﬁoo'ém@%&%’ihiﬁ? B 8180 PO S, and

7a- vi nykt mgdro pyrrolo[1 ,2- c][1 ,3]oxazol e-1,5-dione of Formula XVI;

and Step 4: reducing the d| one_of Forrrula XVI to obtain the (3R -1

, 1- di nedﬁmotecatms)thgta»@nw egne R farmula XY Z)d soaverling the sprpspansting free

2 c] 0X o Tye process of claim1l wherein, step
c" gégé (F@areegltgcedggltok 8;1';%)(3@0255 conprising: (i) converting the

corrpound of Forrml a VIl fromStep (b) to the corresponding free base of

Formula VI1b by treating it with a base; and

18. The process of any of claims 1 to 16 wherein the compound of Formula Il is
provided according to the process illustrated in Scheme llI

Scheme lll
0
%_/( "o ﬁ
AN 1 LY J N
L N
0" N COOH step 3-1 (o) \/o Step 3-2 o N o
Z! Y
XV XV
n U
N ., 0O ‘\/o
Step 3-3 o] O Step 34 "
A H
! A
XVI I

the process comprising:

Step 3-1:

treating pyroglutamic acid with trimethylacetaldehyde and methanesulfionic acid to
obtain (3R,6S)-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;

Step 3-3:
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(i1) reducing the freebase of Formula VIIb to obtain the conmpound of
Formula Villa, Formula Villa. 20. The process of claim1 wherein, Step "c"

i s carri esloaoto/dag23er eati ng the salt conmpound of For nul aPUriusdiovssdoky with a
reduci ng agent w thout providing a corresponding free-base internediate. 2

1. A conpound of the followi ng fornmulae:VlI or a salt thereof
converting the carbaldehyde of Formula XV to the 7a-vinyl-dihydro-pyrrolo[1,2-

c]i1,3]Joxazole-1,5-dione of Formula XVI; and
Step 34:

reducing the dione of Formula XVI 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 .

19. 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 Vlib by treating it with a base; and

(i) reducing the freebase of Formula VlIb to obtain the compound of Formula
Viila,
FsC

CF3

mxﬁ
0 ‘l:l| NH Ph

Formula Vilia.

20. The process of claim 1 wherein, Step “c” is carried out by treating the salt
compound of Formula VI directly with a reducing agent without providing a

corresponding free-base intermediate.

21. A compound of the following formulae:
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OH H

FC
CFs3

VI or a salt thereof

PCT/US2009/056020
F3C F3C
CF
: CF3
e
H:N “Ph U i /O
v A
or a salt thereof ﬁ =N Ph
v
FsC,
CFs3

and 0 H NH Ph

VIl or a salt thereof
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