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Description

Field of the Invention

[0001] This application pertains to intermediates useful in the preparation of 8-[{1-(3,5-Bis-(trifluoromethyl)phe-
nyl)-ethoxy}-methyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one compounds and the intermediate compounds prepared
thereby.

Background of the Invention

[0002] 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.

[0003] The preparation of diazaspirodecan-2-ones for example, 8-[{1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-me-
thyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one, for  example, (58,88)-8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phe-
nyl)-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.

CF3

CF3

Formula |

[0004] 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 have been described, for example, those described in Wu et al, Tetrahedron 56, 3043-3051 (2000); Rombouts
et al, Tetrahedron Letters 42, 7397-7399 (2001); and Rogiers et al, Tetrahedron 57, 8971-8981 (2001) and in published
International Application No. WO05/100358.

[0005] A process for preparing the compound of Formula | is also disclosed in U.S. Application No. 2008/003640, filed
March 20, 2008 (the *640 application). "NK-1" receptor antagonists have been shown to be useful therapeutic agents,
for example, in the treatment of pain, inflammation, migraine, emesis (vomiting), and nociception. Among many com-
pounds disclosed in the above-mentioned 320 patent are several novel diazaspirodecan-2-ones, including the compound
of Formula |, which are useful in the treatment of nausea and emesis associated with any source of emesis, for example,
emesis associated with recovery from anesthesia or chemotherapy treatments (Chemotherapy-induced nausea and
emesis, herein, CINE).

[0006] The synthesis method for preparing the compound of Formula | described in the ’320 patent generally follows
Scheme Ain 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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Scheme A

F3

HN" COH

Commercial
materid

CF3
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—
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j HProEtN, CH,Cl
2 1N aq. LiOH CFs (23 201 CFs
3. tBoc0 2.LiBHa
) Q
Swem BocHN H F3 (EtO),PCHCO,CH, F3
—————
2 CozN~Z o NaH, THF
! CF3 CF3
F
1.Pa-C/H2 / s Fs
26
2. TFA, CHCh 2, O + o)
(Ve oA
3.K2C03, MeOH CFs CFs
Formuk | i
(Sisomen) R-isomer

[0007] The process for the preparation of the compound of Formula | described in the 320 patent is carried out in 18
individual steps from commercially available starting materials, and in many steps of the process described in the ’320
patent, intermediate compounds must be isolated or isolated and purified before use in a subsequent step, often utilizing
column chromatography for that purpose. In general, the synthetic scheme described in the 320 patent consumes a
larger than desirable percentage of starting and intermediate compounds in the production of unwanted isomers.
[0008] The process for the preparation of the compound of Formula | described in the ’640 application generally follows
Scheme B:
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Scheme B
F3 O=N F3
ParC, Hz
1. N025F4IDME CbzN HCl(aq)IMeOH HN -~
/o c‘:3 "/O CF3
2. LiBH, / THF
CO,R!
CFs
F3
CF3
AlLO3, Hexanes cFs  R®SOsH
———e
R'-Acrylate . a-sulfonate (S-isomer)- precipitate
a(S-isomer) +
* b-sulfonate
b- (R-isomer, not shown) (R-isomer substantially remains in solution)
Fs
Zn/ HOAC 7 o
a-Sulfonate — " CF3

Formula )

[0009] 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.
[0010] Accordingly, whatis needed is a more convergent and efficient process which has improved diastereoselectivity.

Summary of the Invention

[0011] What is needed are intermediates useful in a synthetic scheme for the preparation of 8-[{1-(3,5-Bis-(trifluor-
omethyl)phenyl)-ethoxy}-methyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one compounds which has a reduced number
of steps, increases diastereoselectivity, and provides a reaction scheme affording practical scale up to a batch size
suitable for commercial scale preparation.

[0012] These and other objectives are advantageously provided by the present invention, which in one aspect, as
illustrated in Scheme |, discloses a process of making (5S,8S)-8-[{1-(R)-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-me-
thyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one hydrochloride monohydrate, the compound of Formula VIl.
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SCHEME |
F3C FaC
CF3 CF;
H K\\/O ; salt2 o\ sans
J\/NX Ph - mph (c.1) M-OH
© NH > 0 NH
H (a) acid/cyclize H i Viib
(b) Salt
Via .
Formation
F3C F3C
CFs CF3
O *HCIFHO
\/O > ;*X\/ 2
m (c.2) reduce A
o N NH Ph (c.3) salt formation O N NH Ph
H H
VI
Vilb
FsC
CF3
o) R

: /
Vi d. Recrystallizat MS>\
. Recrystallizaton o H NH Ph *HC|*H20 la

wherein the process comprises:

a) providing the salt compound of Formula Vla, [5(R)-[[[1 (S)-[[1 (R)-[3,5-bis(trifluoromethyl)-phenyl]ethoxy]-methyl]-
1-phenyl-2-propenyllamino]methyl]-5-ethenyl-2-pyrrolidinone] [Salt 2], wherein "Salt 2" represents at least one pro-
ton bonded to a base functional group in the compound of Formula Vla, for example, a nitrogen electron pair, thus
forming an ammonium cation, and associated therewith a coordinated anion moiety, for example, the conjugate
base of an acid, and cyclizing the diene-amine salt compound of Formula Vla using a ring closing metathesis catalyst;
b) converting the cyclized productfrom Step (a) to a salt to obtain the compound of Formula VIl [(6R,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" rep-
resents at least one proton bonded to a base functional group in the compound of Formula VIl and associated
therewith a coordinated anion moiety;

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

d) optionally recrystallizing the HCI salt of Formula VIl thereby obtaining the compound of Formula la.

[0013] 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.

[0014] In some embodiments, 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. In
some embodiments of Scheme | using added acid in Step (a), it is preferred to use an acid having a pKa which is about
equal to or less than that of the diene compound of Formula VI being cyclized in the reaction, for example, an acid having
a pKa equal to or less than 6.5. In some embodiments of Scheme | employing added acid in Step (a), it is preferred for
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the acid to be: (i) a mineral acid, for example, HCI, HBr, or sulfuric acid; (ii) a mono- or di-organic acid, for example,
acetic, proponoic, maleic, fumaric, trifluoroacetic, or tartatic acids; or (iii) a sulfonic acid, for example, an alkylsulfonic
acid or substituted alkylsulfonic acid, for example, methanesulfonic acid, 4-methylbenzenesulfonic acid monohydrate,
or trifluoromethanesulfonic acid, or an aromatic arylsulfonic acid, for example p-toluenesulfonic acid or a substituted
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.

[0015] 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
" /°Y©L x X X
N CF. *
H 3 75 ©
Me 50-75°C CFs
® Sait2
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);

Lis P(R2a)3, wherein R22 is selected independently and is phenyl, aryl, alkoxylphenyl or alkyl;

M is a metal which is ruthenium, palladium, or iridium;

X is halogen;

R is H, aryl, or heteroaryl; and

HX is an acidic species, preferably where "X" is: halogen, for example, chloride, bromide, or iodide; sulfate; sulfite; or a
sulfonate moiety, for example, mesylate, trifluoromethylsulfonate, or an aryl sulfonate, for example tosylate, the process
comprising:

(i) contacting a secondary amine salt of Formula VI with an acid of the Formula HX;

(i) adding a ring closing metathesis catalyst to the mixture from step (i), preferably in an amount which is sub-
stoichiometric with respect to the amount of the compound of Formula VI used; and

(iii) heating the mixture to cyclize the compound of Formula VI.

[0016] 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:

N - \ Ar/Nj/N “Ar
Ar” T “Ar 1 x\M R
X< 1 x\lf 1 X7

M=R M=cR
X/| 3 X/l 3 R1/O
2 R R
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),
"L1"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
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example (Cy3P), or, as indicated, L2 is optionally bonded to the R3 substituent of the carbene lligand, and when optionally
bonded to the carbene ligand via R3, illustrated by the semicircular dotted line between L2 and R3, L2 forms a bidentate
ligand, and L2 is a chelating moiety, for example, an oxygen, phosphorous, or nitrogen moiety, for example, the oxygen
moiety in the alkoxybenzylidene bidentate ligand shown in the catalyst of Formula XXd, for example, an isoproxy-
benzylidene ligand, R is independently selected from aryl, heteroaryl, alkyl, or hydrogen, R3 is an alkyl heteroaryl or
aryl, for example, a phenyl moiety, or when R3 is not bonded to L2, R3 may be hydrogen, and (X) is a conjugate base
of a strong acid, preferably X is a sulfonate moiety, for example, tosylate, or halogen moiety, for example, chloride.
[0017] It will be appreciated that in reaction Scheme | shown above, although the compound of Formula la is the
(S,S,R) enantiomer, the process of the invention can be employed using starting materials of the appropriate sterecisomer
configuration to prepare all of the isomers of the compound of Formula |, i.e.,

F5C,
é\ >— CF;
0
N
o) H NH “Ph Ib N NH “Ph Ilc
FsC,
;‘NO "",
" N
o H NH “Ph N NH Ph le

hul

LC FiC

j} far
NH "’Ph If 0 ’

“—NH Ph [s]
F‘b

In some embodiments of the invention it is preferred to provide the compound of Formula Vla used in Scheme | by the

45

50

55

process of Scheme laa
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SCHEME laa

FiC E.C
| CFs 3
S0 L2
N ' .
(0] H2N “Ph
H H z v ‘\ l \/0 — Via
\ \ 1. Reduction
o o H =N Ph 2. Salt Formation
v

wherein the process comprises:

a) providing the pyrazolo-5-one of Formula I,

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-((Z)-{[(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 salt compound of Formula VI, [5(R)-[[[1(S)-[[1(R)-[3,5-bis(trifluorome-
thyl)-phenyllethoxy]-methyl]-1-phenyl-2-propenylJamino]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 pair in a nitrogen atom in the compound, and associated therewith a coordinated anion moiety.

[0018] Insome embodimentsofthe presentinvention itis preferred to provide the pyrazolo-5-one compound of Formula
lll in Step (a) of Scheme 1aa by treating the compound of Formula Il, (3R)-(1,1-dimethylethyl)-7aR-ethenyltetrahydro-
1(R/S)-hydroxy-3H,5H-pyrrolo[1,2-cloxazol-5-one, with an appropriate base, for example, triethylamine. In some em-
bodiments of the present invention it is preferred to provide the free-base compound of Formula IV in Step (b) of Scheme
1aaby treating the corresponding salt compound of Formula IVa with a water soluble base, for example, sodium hydroxide,

FsC
CF,
0
HpN e " 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 HI.

[0019] In some embodiments, in Step 2, preferably, the ring-closing metathesis catalyst is a ring-closing metathesis
catalyst of Formula XX, described in Scheme 4 (below).

[0020] 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
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of Structure X for use in preparing the compound of Formula |V as shown in Scheme I, steps 2-1 and 2-2.

NHCbz

: _I/OH
Wc Step 2-1 Cbz é

Xl

Step 2-5

Xl

wherein the process comprises:

Step 2-1:

cyclyzing the 2-phenylglycine derivative shown with PhCH(OCH3), to obtain the oxazolidinone of Formula IX, wherein

Cbz is a carboxybenzyl- amine protecting group;
Step 2-2:

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

lactone of Formula X;
Step 2-3:

Scheme 2
F3
O _o
F3c©/lo B o O o,
CF3 Me
Step 2-2
X
CFs

CFs o
z,
Os..0H NH.pn
N~ o —~ H ])‘\/o
Step 2-3 Cbz o CF3;  Step 2-4 7 CFs
Me 0 Me
xi

Step 2-6

X

A

H,N Ph

v

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

Step 2-4:

opening the ring of the lactol of Formula Xl to obtain the aldehyde of Formula XII;

Step 2-5:

Converting the aldehyde of Formula XIlI to the alkenyl amine of Formula Xlil; and

Step 2-6:

deprotecting the alkenyl amine of formula XIll and converting the corresponding free base thus obtained to the salt

of Formula IV.

[0021] In some embodiments of the invention it is preferred to prepare the intermediate of Formula Il in accordance

with the process illustrated in Scheme 3.

10
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Scheme 3

IXMN

COOH  step 3-1

0
I
mo
7\ \\/O Step 3-2 07\&1‘\;0

XIvV XV

@]
O
T

O>\\~‘Y © Step 3-3 07\\\‘\; © Steps4 H

H

XV XVI Il
wherein the process comprises:

Step 3-1:

treating pyroglutamic acid with trimethylacetaldehyde and methanesulfionic acid to obtain (3R,6S)-3-tert-butyldihy-
dro-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-
c]oxazole-7a-carbaldehyde of Formula XV;

Step 3-3:

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

Step 3-4:

reducing the dione of Formula XVI to obtain the (3R)-1,1-dimethyl-7a(R)-ethenyl-tetrahydro -1(R/S)-hydroxy-
3H,5H=pyrrolo[1,2-cloxazol-5-one of Formula II.

[0022] The presentinvention relates to the following novel intermediates used or prepared in the processesrepresented
in Schemes 1-3:

MOH H CF3
N ~° o

OW\\EO O);h HZNL*\p/h g\

IVa
I y or a salt thereof N Ph
Vv
FsC F3C
CF3 CF;
o)
0" N *NHPh and o N NH Ph
or a salt thereof or a salt thereof

11
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[0023] 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
NmN +X
- ~ /N N\ /N /N or
Ar T Ar MLy +| Ar \(2 Ar or Ar \(2 “ar
X. Ry Reducing agent R —\ R
X’M=<3 Solvent waterr ~N N<
12 R . AN A
oS Heat
-- SO
XXa'
wherein

the dotted lines represent optional bonds;

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

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

L2 is a phosphine ligand, for example, P(R)3, where "R" is phenyl aryl, or alkyl, for example, (Cy)3P, or optionally, L2 is
bonded to the carbene substituentvia R3, indicated by the semicircular dotted line between L2 and R3, forming a bidentate
ligand, wherein L2 is a chelating moiety, for example, an oxygen, phosphorous, or nitrogen moiety, for example, the
oxygen moiety in the isoproxy-benzylidene bidentate ligand shown in the catalyst of Formula XXd (herein),

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

R2is H, OH, or =0;

R3 is an aryl, alkyl or phenyl moiety,or H if L2 is not bonded to R3, 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 (Na,SO3), sodium bisulfite (NaSO4H), hypophosphorous acid (phosphinic
acid, H3PO,), sodium formate (NaOCHO) or phosphorous acid sodium salt (NaH,PO3), or mixtures of two or more,
in the presence of a solution comprising a water-immiscible organic solvent and at least one N-heterocyclic carbine
metal complex of Formula [XX], [XXa], [XXb] or [XXd]; and

(i) separating the metal complex of Formula ML, from the organic layer after heating Step (i) by: (a) filtration where
the metal complex is insoluble; or (b) where the metal complex is soluble, uptake of the metal complex into the
aqueous layer and separating the organic and aqueous layers.

[0024] In some embodiments it is preferred to carry out the process 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 [(Ra3)4N]+X'
, wherein Ra3 is alkyl, for example, n-butyl-, and X is a halide, sulfonate, or nitrate.

[0025] Insomeembodimentsitis preferred to employ as the reducing reagent: (i) one or more inorganic salt compounds,
for example, Nay;S,05, Nay,SO,, 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) 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.

[0026] Other aspects and advantages of the invention will become apparent from following Detailed Description.
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Detailed Description of the Invention

[0027] 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(trifluor-
omethyl)phenyllethoxy]lmethyl]-1-phenyl-2-propenyl]lamino]methyl]-5-ethenyl-2-pyrrolidinone. Compared to previous
procedures, the process disclosed by the present invention for preparing the compound of Formula | is convergent and
shorter, provides for improved enantiomeric and diastereomeric selectivity, provides the compound in higher yield, and
is easier and more cost-effective to use.

[0028] Terms used in the general schemes herein, in the examples, and throughout the specification, include the
following abbreviations, together with their meaning, unless defined otherwise at the point of their use hereinafter: Me
(methyl); Bu (butyl); t-Bu (tertiary butyl); Cbz- (Carboxybenzyl); Et (ethyl); Ac (acetyl); t-Boc or t-BOC (¢-butoxycarbonyl);
DMF (dimethylformamide); THF (tetrahydrofuran); DIPEA (diisopropylethylamine); RT (room temperature, generally 25
°C); TFA (trifluoroacetic acid); TEA (triethyl amine); NMP (1-methyl-2-pyrrolidinone); MTBE or TBME (tert-butyl methyl
ether); Me (methyl); Mes, when used as a structural substituent (mesityl, which is 2,4,6-trimethylphenyl-moiety); Ph
(phenyl); NaHMDS (sodium hexamethyldisilizane); DMI (1,3-dimethyl -2- imidazolidinone); AcOH (acetic acid);

LHMDS (lithium bis(trimethylsilyl)amide);

[0029] TMSCI (chlorotrimethylsilane or trimethylsilyl chloride); TFAA (trifluoroacetic anhydride); and IPA (isopropanol).
[0030] 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.

[0031] A wavy line \QANYV 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,

OH
N
H
means containing either, or both of
OH WOH
and/or
N
H N

[0032] As well known in the art, a bond drawn from a particular atom wherein no moiety is depicted at the terminal
end of the bond indicates a methyl group bound through that bond to the atom, unless stated otherwise. For example:

CHs
e @N&
represents
o p 2, ol
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However, sometimes in the examples herein, the CH; moiety is explicitly included in a structure. As used herein, the
use of either convention for depicting methyl groups 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.

[0033] 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.

[0034] Inthereaction schemesdepicting the presentinventions, 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.

[0035] Typical parameters for the process described in Scheme 1 are discussed below.

[0036] With reference to Scheme |, above, in some embodiments step 1 is typical carried out in accordance with the
following reaction scheme:

FsC FsC,
CF; CF3
[ ? COH  NaOH |9
| —_— J
\ toluene o
Va — -
iv FaC,
CF
\ ELN, 3
©  on EtOH, \ Il o
water mo | g\ ¢
0 N s 5 o
Step 1a N foluene/EtOH, A
ﬁ‘ \(H O H H Step 1b o7 N \=N Ph
H
i
I L v ,
(o) / Fs3
IN\&?H(OAck: HNI““ 11 eq TsoH_Hzo HNnu =
" wiwene /° 2-PrOH/H,0 N ', A CFs
Step 1c Step 1¢ Me | 1on
L H20

[0037] In some embodiments, it is preferred to provide the compound of Formula Il by carrying out Step 1 a, 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.

[0038] 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 Formula IVa with a water soluble base, for example,
NaOH dissolved in a low polarity solvent, for example, toluene or a non-polar solvent, for example, xylenes, or mixtures
of the two.

[0039] In some embodiments, in Step 1c¢, it is preferred to reduce the product of Step 1 b is with a source of hydride,
for example, metal hydride reducing reagents, for example, sodium borohydride, sodium cyanoborohydride, or sodium
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triacetoxyborohydride, in the presence of an acid, for example, acetic acid, trifluoroacetic acid, phosphoric acid, meth-
anesulfonic acid or trifluoromethanesulfonic acid and mixtures thereof to obtain the free base of Formula VI. In some
embodiments it is preferred to carry out the reaction in toluene, acetonitrile, 1,2-dichloroethane, tetrahydrofuran, ethyl
acetate, isopropyl acetate, or mixtures of two or more thereof. In some embodiments it is preferred to carry out the
reaction at a temperature of from about 0 °C to about 80 °C, preferably from about 10 °C to about 60 °C, more preferably
from about 15 °C to about 25 °C. In some embodiments it is preferred to carry out the reaction for a period of from about
2 hours to about 10 hours. After obtaining a free base of Formula VI, it is converted (step 1¢’) to a salt compound of
Formula Vla by treatment with an acid reagent, for example, p-toluene sulfonic acid, methanesulfonic acid, trifluorometh-
anesulfonic 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.

[0040] 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.

[0041] Thering closing metathesis catalysts are preferably those containing a metal with a carbene ligand, for example,
the catalyst of Formula XX:

N \ Ar/NTN A
Ar” “Ar 1 X< 1
lf “M—<R
x~ M= x~M= R1/O
2 R3 2 R
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;
(X) is a conjugate base of a strong acid, preferably X is: a sulfonate moiety, for example, tosylate; or halogen moiety,
for example, chloride; (L") is a sigma-bonded carbon ligand with substantial Pi-backbonding capability, for example, as
shown in the catalyst of Formula XXa, an imidazolidine ligand

™\

Ar/N: :N\Ar

(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 (Cy;P), or, as indicated, L2 is optionally bonded to R3 illustrated by the semicircular dotted line
between L2 and R3, when L2 is bonded to the carbene moiety via R3, it forms a bidentate ligand, and L2 is a chelating
moiety, for example, an oxygen, phosphorous, or nitrogen moiety, for example, the oxygen moiety in the isoproxy-
benzylidene bidentate ligand shown in the catalyst of Formula XXd, R is independently selected from aryl, alkyl, or
hydrogen, and R3 is an alkyl or phenyl moiety, or when R3 is not bonded to L2, R3 may be hydrogen.

[0042] 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 published international application publication no.
W)2004/035596, available from Boehringer-Ingelheim. In some embodiments of the present invention it is preferred to
use a catalyst having: (i) a chelating isoproxybenzylidene ligand; and (ii) a bismestiylene-substituted N-heterocyclic
carbene ligand, for example, the Hoveyda-Grubbs’ Second Generation Catalyst..

[0043] In some embodiments it is preferred to employ a catalyst of the formula:
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N. N
Cl\T
M—
JRe
EJ/P\O
[0044] In some embodiments it is preferred to employ a catalyst of the formula:

Mes/NTN\Mes
Cl

o=
o)
\‘/ R4

where R4 is "H-", a nitro moiety (-NO,), or a sulfonamide moiety (-SO,N(R5),, wherein R% is an alkyl moiety of 10 carbon
atoms or less).

[0045] 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 of Formula V initially present in the reaction mixture. As
mentioned above, the addition of acid to the reaction mixture in Step 2, for example, 4-methylbenzenesulfonic acid
monohydrate or toluenesulfonic acid, can reduce the reaction mixture catalyst loading required to achieve complete, or
nearly complete, conversion of the substrate under given reaction conditions. Table |, below, illustrates the results
obtained by adding various amounts of p-toluenesulfonic acid to the reaction mixture and observing the amount of
substrate conversion as a function of catalyst loading with and without added acid. In some embodiments where acid
is added to reduce catalyst loading it is preferred to add acid in an amount of from about 0.01 equivalents (eq.) to about
2 equivalents (eq.) relative to the amount of substrate initially present in the reaction mixture, more preferably, acid is
added in an amount of from about 0.1 eq. to about 1.8 eq., and more preferably acid is added in an amount of from
about 0.2 eq. to about 1.5 eq. relative to the amount of substrate initially present in the reaction mixture.

[0046] 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%) | Additional TsOH Added (mol%) | Reaction Conversion (% of VII/VI)
5 0 85-90
55-7 0 90 - 100
>7 0 100
1 20 57
5 20 100
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(continued)

Catalyst Loading (mol%) | Additional TsOH Added (mol%) | Reaction Conversion (% of VII/VI)

3 60 100
5 60 100
5 100 100

2 100 93 - 100
1 100 88

15 150 98 - 100
1 150 98

0.5 150 76
1 200 44

[0047] Withreferenceto Tablel, cyclization reactionsin accordance with Step 2of Scheme | (above) were run employing
from O to about 2 mole equivalents (eq.) of added acid relative to the amount of substrate to be cyclized. These data
show that adding acid to the reaction mixture in Step 2 can reduce by a factor of more than 4.5 the catalyst loading
required in the reaction mixture to achieve a high percentage conversion of the substrate. Accordingly, where loadings
of 7 mol.% or more were needed to achieve nearly 100% substrate conversion without added acid, conversions ap-
proaching 100% of substrate could be achieved using a catalyst loading of 1.0 mol.% in conjunction with 150 mol.%
additional acid in the reaction mixture.

[0048] In some embodiments itis 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.

[0049] In some embodiments, at the end of the cyclization reaction it is preferred to remove the metal from the catalyst
using the process described in Scheme 4, i.e., the product of the ring-closing procedure is treated with an aqueous
solution of a reducing reagent and the resultant metal species is extracted into the aqueous layer. Suitable reducing
reagents include, but are not limited to, inorganic reagents, for example, sodium bisulfite, sodium metabisulfite, sodium
thiosulfite, sodium formate, sodium borohydride and its derivatives.

[0050] In some embodiments employing the process of Scheme 4 to remove metal from the metathesis catalyst, it is
preferred to employ also in the reaction mixture a phase transfer catalyst (PTC) in an amount of from about 0.05 mol%
of PTC relative to the amount of reducing reagent employed to about 200 mol% of PTC relative to the amount of reducing
reagent employed, preferably PTC is employed in an amount which is from about 0.1 mol% to about 100 mol% relative
to the amount of reducing reagent employed. Suitable phase transfer catalysts for use in the process include, but are
not limited to, quaternary ammonium salts of the Formula (R*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 outin 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.

[0051] 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, H3POy, or H,SOy; (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 example,
methanesulfonic acid, trifluoromethanesulfonic acid, benzenesulfonic acid, p-Toluenesulfonic acid, or p-nitrobenzenesul-
fonic acid. In some embodiments it is preferred to prepare the HCI salt of the compound of Formula VI.

[0052] With reference to Scheme |, in Step 3, the salt of Formula VII is converted to the free base form. In some
embodiments it is preferred to accomplish the conversion by treating the compound of Formula VIl with a base, for
example, NaOH, KOH, NaOR (where "R" is an alkyl group containing from about 1 to about 12 carbon atoms). In some
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embodiments the conversion of the compound of Formula VIl in Step 3 is carried out in a reaction solvent comprising a
low polarity organic solvent, for example, toluene, Xylene, ethers (for example, diethyl ether and methyl t-butyl ether),
to obtain the free base of VI, and subsequently reduce the free base to the compound of Formula VIl 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 isremoved
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 VIII (Scheme 1) is obtained as the hydrochloride hydrate.

[0053] The inventor’s have surprisingly found that alternatively, with reference to Scheme [, above, the tetrahydropy-
ridine salt 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 VIl yields the hydrochloride
hydrate compound of Formula VIl directly without having to generate the intermediate free-base form of the tetrahydro-
pyridine, the compound of Formula Vllb. In some embodiments employing direct reduction of the tetrahydropyridine salt
compound of Formula VII, preferably after the reduction reaction is complete, the catalyst employed in the reduction is
removed from the reaction mixture by mechanical means, for example, by filtration, and the resultant amine salt is
recovered from the filtrate.

[0054] For carrying out the reduction of a salt compound of Formula VII directly without first providing the free-base
form of the tetrahydropyridine, the inventors have surprisingly found that the reaction is preferably carried out in a solvent
which is: (i) a low polarity organic solvent, for example, toluene or xylene or a mixture thereof; (ii) a polar organic 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.

[0055] Suitable methods for reducing the salt-form of the tetrahydropyridine compound to the corresponding cyclohex-
ylamine include treatment of the compound of Formula VIl 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.

[0056] Insome embodiments, following Step 3 of Scheme |, itis 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
Vlll can be suspended in toluene, the suspension extracted with aqgueous NaOH, and then treated with HCI to precipitate
compound of Formula la.

[0057] As mentioned above, in some embodiments of the present invention it is preferred to prepare the intermediate
of Formula IV using the process illustrated in Scheme 2. In some embodiments employing the process of Scheme 2 to
provide the compound of Formula IV, it is preferred to use the conditions and parameters illustrated below in Scheme
2ab in carrying out Scheme 2.
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SCHEME 2ab
" oM 2- BF3"HOAC \/\40 _— O _o
/N : 2 N—/ O
o Step 2-1 Cbz z FaC ~ Cbz e CF;
@ 1 j O  Br
Me
CFs3
IX Step 2-2 X
F
1. Li CF. 3
yins o LT e en,
3. HOAc/Water OH NMP/H,0 1Ph
N~ o H\[R\/O F
cvz | CF, CFs
Step 2-3 Me Step 24 o Me
Xl
X
FC
1. CH3PPh,Br/ CF3 1. Me3Sil/PhMe CF3
NaHMDS/oluene  Cbz, 2. Silica gel
2. MgCly NH ph 3. Maleic acid | p OH
X Step 25 ()\/O CF3 ! OH
X IVa

[0058] Inthe process of Scheme 2ab, Steps 2-1to 2-3 are described in the above-mentioned U.S. PatentNo. 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.

[0059] In some embodiments it is preferred to carry out Step 2-4 of Scheme 2ab using a base, for example, KHCO4
or NaHCOg in a solvent, for example, NMP water, a mixture of acetonitrile and water, or a mixture of acetone and water.
In some embodiments it is preferred to stir the reaction mixture while maintaining the reaction mixture at a temp of from
about 0 °C to about 60 °C, preferably from about 5 °C to about 50 °C, more preferably from 15 °C to about 25 °C, and
after a period of agitation, heat the reaction mixture up to a temperature of less than about 90 °C, preferably to a
temperature of less than about 70 °C, more preferably, of from about 45 °C to about 55 °C, followed by cooling the
reaction mixture to ambient temperature (typically about 25 °C) and extracted the ambient 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.

[0060] 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 =ClI. 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 XIII.

[0061] 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
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acid is used, thereby providing the corresponding maleate salt compound of Formula IVa. In some embodiments, it is
preferred to cyrstallize the salt thereby provided from toluene and an anti solvent, for example, hexane, heptane or
octane, to provide a crystalline form of the salt.

[0062] As mentioned above, in some embodiments of the present invention it is preferred to prepare the intermediate
of Formula Il using the process illustrated in Scheme 3. In some embodiments employing the process of Scheme 3 to
provide the compound of Formula ll, it is preferred to use the conditions and parameters illustrated below in Scheme
3ab in carrying out Scheme 3.

SCHEME 3ab
LIHMDSHCOMe/
P H CuClor ZnCly/ f
VAT &, LN o
07 N COOH ~step 3- o Mo Step 3-2 G N\\/o
H 7\ H
Xiv XV
CHsPPhyBI/
NaHMDS I
(12.6% in PhMe)/ | OB M oH
MgCl, = u-t)s
OW THF-20C g N\/o
Step 3-3 \(O Step 34
W H
A H A
XVI "

[0063] 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 hexamethyl disilizane, then reacting the product with trimethylacetaldehyde and
methanesulfonic acid; or

d) heating pyroglutamic acid and triethylamine with chlorotrimethylsilane, and then reacting the product with trimeth-
ylacetaldehyde and a strong acid, for example, methanesulfonic acid; or

e) adding trifluoroacetic anhydride to a mixture of pyroglutamic acid, trimethylacetaldehyde and a strong acid and
maintaining the temperature from about 50 °C to about 100 °C until the reaction is complete.

[0064] In method (a), the compound of Formula XIV is prepared by refluxing pyroglutamic acid in diethylene glycol
dimethyl ether solvent, in the presence of trimethylacetaldehyde and a strong acid. In some embodiments it is preferred
for the strong acid to be trifluoroacetic acid, phosphoric acid, sulfuric acid, methanesulfonic acid, trifluoromethanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid or p-nitrobenzenesulfonic acid. In some embodiments of method (a)
refluxing with pyroglutamic acid is carried outin 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.

[0065] Inmethod (b), amixture 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
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14.5 hours.

[0066] In method (c), pyroglutamic acid and hexamethyl disilizane in a solvent which is preferably dioxane, diglyme,
toluene or N-methylpyrolidinone (NMP) are heated to reflux for a period of from about 6 hours to about 12 hours.
Trimethylacetaldehyde and a strong acid, for example, trifluoroacetic acid, phosphoric acid, sulfuricacid, methanesulfonic
acid, trifluoromethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid or p-nitrobenzenesulfonic acid are add-
ed to the product, and the resultant mixture is heated to 90 °C for a period of from about 4 hours to about 12 hours.
[0067] In method (d), chlorotrimethylsilane is added to a mixture of pyroglutamic acid and triethylamine in toluene
while keeping the temperature under 30 °C, and then the mixture is heated to reflux until the silylation is completed. The
resultant trimethylsilyl-protected compound is added to a solvent, for 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-nitrobenzenesul-
fonic 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.

[0068] In method (e), a mixture of pyroglutamic acid, trimethylacetaldehyde, and a strong acid is prepared and trif-
luoroacetic 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 general the reaction mixture
is maintained in the desired temperature range until the reaction is complete, typically about 5 to about 10 hours.
[0069] In Step 3-2, the compound of Formula XIV is mixed with: (i) a solvent which is preferably 1,3-dimethyl-2-
imidazolidinone (DMI) or tetrahydrofuran, (ii) methyl formate or ethyl formate; and (iii) optionally a Lewis acid, for example,
CuClor ZnCl,. When a Lewis acid is employed, typically the Lewis acid is added in amounts of up to about 1 eq. relative
to the amount of the compound of Formula XIV employed. In some embodiments a Lewis acid is employed in this step
to increase yield and simplify workup of the reaction mixture. Following the addition of the constituents, the reaction
mixture is cooled to a temperature of from about [-100] °C to about [-55] °C, then, maintaining the temperature of the
reaction mixture, to the reaction mixture is added lithium bis(trimethylsilyl)amide (LiIHMDS) followed by chlorotrimethyl-
silane (TMSCI). After addition 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.

[0070] 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
= Cl. 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.

[0071] In Step 3-4, the compound of Formula XVI is dissolved in an ether solvent which is preferably tetrahydrofuran
or MTBE, or in a low polarity organic solvent, for example, toluene. The reaction mixture is maintained at a temperature
of from about [-40] °C to about 0 °C, preferably at a temperature of from about [-30] °C to about [-5] °C, more preferably
at a temperature of from about [-25] °C to about [-15] °C, and then the reaction mixture is treated with lithium tri(t-
butoxy)aluminum hydride, lithium aluminum hydride, or Lithium diisobutylaluminium hydride and the temperature is
raised to a temperature of from about [-10 °C to about [+10] °C over a period of from between about 10 hours to about
16 hours and maintained until the reaction is complete. When the reaction is completed, the reaction mixture is quenched
with an acetate solvent, which is preferably ethyl acetate, methyl acetate, or isopropyl acetate, and then contacted
consecutively with aliquots of an acid, preferably glacial acetic acid or trifluoroacetic acid, and then an aliquot sodium
sulfate decahydrate to obtain the compound of Formula Il.

[0072] For the intermediate compounds claimed per se, i.e.
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[0073] Insomeembodiments itis 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 VIl 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.

[0074] As mentioned above, at the conclusion of Step 2 of Scheme 1, the process illustrated in Scheme 4, above, can
be employed to remove metal from the reaction mixture of a ring closing metathesis reaction, allowing the metal to be
recycled and providing the product intermediate compound substantially free of contamination from the metathesis
catalyst.

[0075] With reference to Scheme 4, illustrated above herein, the inventors have surprisingly found that the metathesis
catalyst can be removed from the reaction mixture when the ring-closing reaction is complete by treating the reaction
mixture containing the metathesis catalyst with a reducing reagent that reacts with the metathesis catalyst. The process
described in Scheme 4 comprises reducing the 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.

[0076] 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,05, Na,SO5, NaSO,;H, NaOC(O)H, or NaH,PO,;
(i) a phosphorous acid, for example, H5PO,; (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.
[0077] 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 example, a quaternary ammonium salt, for example
(CH3(CH,)3)4N*X-, wherein X is preferably a chloride, bromide, iodide, fluoride, bisulfate (HSO,), sulfate (SO,?2), or
nitrate anion. The inventors have found surprisingly that including a PTC can permit the reaction to be carried out at a
temperature of as low as about 20 °C, whereas, without a PTC the reaction required a temperature of about 40°C to
proceed. Moreover, the presence of a PTC in the reaction can significantly reduce the time required to complete the
reaction at a particular temperature, for example, reducing to a period of about 6 minutes a reaction requiring a reaction
time for a particular temperature of about 1 hour.

[0078] Accordingly, 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 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
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until all of the metathesis catalyst has been reduced. At the end of the reduction reaction the reduced metal, typically in
the form of an ML, complex, is either soluble, and so in the course of the reaction is extracted into the aqueous solution
comprising the reducing reagent, or is insoluble in either the organic or aqueous layers, and therefore precipitates from
the organic and aqueous mixture.

[0079] 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 preferred to employ Na,S,05, Na,SO4 or Pd on carbon in the presence of hydrogen as the reducing
reagent. 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 preferred to include also a PTC as described above, more preferably, in processes wherein "M" of the
metathesis catalyst is ruthenium, it is preferred to employ [(CH4(CH,)3),N*(HSO )] or [(CH5(CH,)3)4N*1(SO,2)] as the
phase transfer catalyst.

[0080] It will be appreciated that the novel method presented above for separating a metathesis catalyst from the
reaction mixture at the end of the reaction can be used to cleanly remove a metal metathesis catalyst from other reactions
employing such catalysts so long as the reduction product containing the metal is either insoluble in the mixed-phase
reaction product obtained after reduction or is soluble in the aqueous phase of the mixed-phase reaction product.
[0081] There follows examples illustrating the processes disclosed herein. Unless otherwise specified, all reagents
are articles of commerce, laboratory grade, and used as received.

COQH
N H2 Y, /O

Preparation of [(1S)-1-({(1R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy}methyl)-1-phenylprop-2-enyllamine, monoma-
leate

Example 1

[0082]

Step 1:

[0083] 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 KHCO4 (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 50 °C and the reaction
was stirred for another 2 h. After the reaction was cooled back to RT, 200 mL of water was added. The resulting solution
was extracted with TBME (2 x 200 mL). The combined organic layers were sequentially washed with a solution of 14%
NaHSO; and 7% AcOH in water (2 x 100 ml), a saturated aq. NaHCO3 solution, and brine. The organic layer was dried
(Nay,SQ,), filtered and concentrated in vacuum. The crude compound of Formula XIl was carried through to the next
stage without further purification.

TH NMR (DMSO-dg, 600 MHz) § 9.53 (s, 1 H), 8.36 (s, 1 H), 8.00 (s, 1 H), 7.89 (s, 1H), 7.34 (m, 10H), 5.09(dd, 2H),
4.72 (dd, 1H), 4.03 (d, 1H), 3.90 (d, 1H), 1.34 (d, 3H).

Step 2:

[0084] To aslurry of PhyPCH,Br (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 NaHCO3 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. TH NMR (CDCI3, 400 MHz) § 7.59, (1 H, s), 7.38 (2H, s), 7.10 - 7.22
(10H, m), 6.15-6.22 (1 H, dd), 5.50 (1 H, s), 5.17 (1 H, d), 5.02 (1 H, d), 4.91 (2H, dd), 4.33 (1 H, q), 3.65 (1 H, broad),
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3.48 (1 H, broad),
1.26 (3H, d).

Step 3:

[0085] 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. The reaction was then quenched with MeOH (12.4 mL, 305
mmol) and washed sequentially with 15% aq. NaHSO3; (200 mL) followed by saturated aq. NaHCO3 (200 mL). The
organic layer containing the crude product of the free base of Formula Xlll was carried through to the next stage without
further purification.

Step 4:

[0086] To the above crude product of step 3 in toluene was added maleic acid (18 g, 155 mmol) dissolved in MeOH
(50 mL). The resulting mixture was stirred for 1 h. The volume of the resulting solution was then reduced to 100 mL at
40 °C under vacuum distillation. At 40 °C, n-heptane (100 mL) was added to the resulting solution. Upon cooling to RT,
crystallization of the maleate salt occurred and additional n-heptane (500 mL) was added. After stirring 2 h, the solid
was filtered and washed with toluene (400 mL), n-heptane (200 mL) and water (250 mL). The wet cake was dried at 45
°C under vacuum for 12 h to give the compound of Formula IVa (61g; 77% yield from 619734-D). MP. 135°C - 140°C.
TH NMR (DMSO-dg, 600 MHz) § 8.87 (s, 2 H), 7.94 (s, 1 H), 7.90 (s, 2H), 7.45 (t, 1 H), 7.41 (t, 2H), 7.37 (d, 2H), 6.16
(dd, 1 H), 6.06 (s, 2H), 5.47 (d, 1 H), 5.36 (d, 1 H), 4.83 (q, 1 H), 3.97 (d, 1 H), 3.83 (d, 1 H), 1.43 (d, 3H). 13C NMR
(DMSO-dg, 500 MHZz) [0 167.5, 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 [C,oH,,FgNO*] calculated:
404.14436, found: 404.144586.

Example 2

[0087]

[(1S)-1-({(1R)-1-[3,5-Bis(trifluoromethyl)phenyllethoxy}methyl)-1-phenylprop-2-enyllamine, hydrochloride monohy-
drate.

[0088] To the solution of the crude product Step 3 from Example 1 (free base) in toluene was added conc. HCI (13
mL, 156 mmol, 37% in water). After stirring for 1 h, the volume of the resulting mixture was reduced to 200 mL at 40 °C
under vacuum distillation and then water (6.6 mL, 465 mmol) was added. After cooling to RT, n-heptane (700 mL) was
added slowly. The resulting slurry was stirred at RT for 6 h, then cooled to 0 °C, and stirred for an additional 6 h. The
product was filtered, washed with n-heptane (200 mL) and dried at RT under vacuum for 12 h to afford IVb as a white
solid (51.8 g; 73 % mol yield from XI). Mp. (with decomposition) 37 °C. TH NMR (CDCl3, 400 MHz) 6 9.4 (bs, 3h), 7.8-7.4
(m, 8H), 6.2 (dd, 1 H), 5.2 (m. 2h), 4.6 (q, 1 H), 4.1 (d, 1 h), 3.8 (s, 1 H), 1.5 (d, 3h).

Example 3

[0089]
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Step 1:

Preparation of (3R,6S)-3-tert-Butyldihydro-1H-pyrrolo[1,2-c][1,3]oxazole-1,5(6H)-dione,

[0090]
%
N
RN
7\ H XV
Method (a):

[0091] 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 CH;SO4H (1.5 g, 15.6 mmol). The reaction mixture was heated
to reflux at 102-120 °C (reflux) for 14.5 h or until reaction completion with water removal via a Dean-Stark apparatus.
The reaction mixture was cooled to 35 °C and distilled under vacuum to a final volume of 50 mL. The mixture was cooled
to 20 °C over 1 h, and n-heptane (140 mL) was added over 1 h. The reaction mixture was cooled to -5 °C over 1 h and
agitated for 1 h. The slurry was filtered and washed with heptane (60 mL) and water (60 mL), dried under vacuum at 50
°C to afford XIV (23.9 g, 79% yield) as an off-white crystalline solid. Mp (with decomposition) 116-168 °C, TH-NMR
(DMSO-dg) 6 5.32(s, 1H), 4.53 (t, J = 8.1 Hz, 1 H), 2.69 (m, 1 H), 2.43 (m, 1 H), 2.30 (m, 1 H), 2.29 (m, 1 H), 0.91 (s,
9H). LC/MS calculated for C4oH1gNO3 (M+H)* (m/z): 197.231; found: 197.227.

Method (b):

[0092] To a 250 mL three neck flask equipped 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
CH3SO3H (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 NaHCO;, (325 g, 3.9 mmol) in water
(2 L)at5 °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):

[0093]

0O

; H
((Me)3Si)NH .
lacid cat.
A A a ca x|v

0 N COOH 0" ‘N COOSiMe;
H SiMe;

[0094] 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(CH3)5 (890 mL, 4.26 mol). The
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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 distilled to a volume of 400 mL in vacuum. Then trimethylacetaldehyde (500 mL, 397 g, 4.6 mol),
and CH3SO3H (30 mL 44.5 g, 0.46 mol) were charged and the reaction mixture was heated to 90 °C for 4 h. The reaction
mixture was cooled to 35 °C, toluene (1200 mL) was added and the mixture was distilled under vacuum to a final volume
of 1000 mL. The flask was cooled to 20 °C and the mixture was transferred to a solution of NaHCO; (65 g) in water
(1250 L) at -5 °C over 1 h. The slurry was filtered and washed with ice-cold water (400 mL) and then ice-cold isopropyl
alcohol (100 mL). The wet cake was then dried under vacuum at 50 °C to afford the compound of Formula XIV (267 g,
68% yield) as an off-white crystalline solid.

Method (d):

[0095]

0]

(CH3),SiCl/ / H

A Base A /acid cat.
0 °N” “COOH o0~ X~ “coosMe, Xiv

H v

[0096] 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 Et3N (113mL 0.81mol). (CH3)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 CH;SO3H (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 NaHCO; (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.

Method (e):

[0097]

o

; H
/acid cat./ TFAA
A -~ XIV

0” N COOH
H

[0098] To a 1 L three neck flask equipped with an agitator, thermometer, reflux condenser and a nitrogen inlet, was
charged L-pyroglutamic acid (20g, 0.16mol), trimethylacetaldehyde (50 mL, 0.39 mol), methane sulfonic acid (1.4 ml,
0.02 mol) toluene (140 mL) and N-methylpyrrolidone (20 mL). The mixture was heated to 90 °C and maintained at 90
°C whilst slowly adding trifluoroacetic anhydride (27 mL). The reaction was maintained at 90 °C for 8 hours, achieving
100% conversion of the acid.

Step 2:

[0099]
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i. LHMDS, CuCi
DMI, -60 °C, THF
N

ii. TMSCI 0 }\(
H

iii. TFA, H,0

X H OMe
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é<>
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[0100] To a2 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% agq. citric acid (700 mL) and 8% aq. citric acid
solution (600 mL). To a mixture of the organic layer and water (300 mL) at 5 °C, was charged trifluocroacetic acid (30
mL) over 10 min while maintaining a temperature between 5 and 15 °C. After completing the addition, the mixture was
warmed to 25 °C and agitated for 3.5 h. An aqueous solution of KHCO4 (200 mL, 20%) was charged over 30 min while
maintaining a temperature below 20 °C, followed by saturated NaCl solution (500 mL) and the layers were separated
and split. The aqueous layer was back extracted with EtOAc (250 mL). The EtOAc fraction was washed with saturated
NaCl solution (500 mL). Water (35 mL) was charged to the combined organic layers and the solution was concentrated
in vacuum to a final volume of 100 mL. MTBE (400 mL) was charged and the mixture was concentrated in vacuum to
a final volume of 100 mL. 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 CDCly): § 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). 13CNMR (400 MHz, CDCl3): O 192.0, 181.1, 169.7, 97.6, 73.4, 36.5, 31.7, 30.6, 24.6. ES-MS:
[M+H*] calcd for C;4H5NO,4: 226.10; found: 226.27.

Step 3:
[0101]
NaHMDS, “\l
XV PhsPCH;Br Y 0
10 °C, PhMe ’\ 0
H XV

[0102] To a 3-neck 1-L flask equipped with a thermometer and mechanical stirrer were charged PhyPCH3Br (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 were settled, split and the lower aqueous
layer was removed. The organic layer was then treated with MgCl, powder (70 g, 776 mmol) for 2 h at RT. The solids
were then filtered off and the solid MgCl,-triphenylphosphin oxide complex was washed with MTBE (100 mL). The
organic filtrates were combined, washed with ag. NaCl (100 mL, 10%) and concentrated to 100 mL in vacuum. To the
resulting slurry was charged heptane (400 mL) and the volume was reduced to 100 mL in vacuum. Additional heptane
(400 mL) was added and the volume was reduced to 250 mL in vacuum. A third portion of heptane (400 mL) was added;
the batch was then cooled to 0 °C over 2 h and stirred for another 2 h at this temperature. The solids were then removed
by filtration and washed with ice-cold N-heptane (200 mL). The wet cake was dried under vacuum at 30 °C for 18h to
produce 62 g of XVI (63% vyield) as an off-white solid. Mp 85 °C - 87 °C 'H-NMR (CDCl3) 6 5.98 (m, 1 H), 5.31 (m, 3H),
2.56 (m, 1 H), 2.17 (m, 3H), 0.81 (s, 9H). ES-MS: [M+H*] calcd for C4,HgNO4: 224.12; found: 224.38.
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Step 4:

[0103] 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(f-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 with an agitator, thermometer, and a nitrogen inlet was added water (300
mL). The mixture from flask (2) was cooled to 5 °C and then added to the water with high agitation over a 2 h period,
whereupon the product precipitated. The slurry was concentrated in vacuum to 450 mL and the solid was isolated via
filtration. The wet cake was dried at 50 °C for 12 h to afford 25.1 g of the compound of formula Il as a white/off white
solid in 83 % yield. Mp 88 °C. TH-NMR 500 MHz (DMSO-dg) 8 6.92 (d, J=3.9 Hz, 1 H), 6.03 (dd, J = 15.8, 11.1 Hz, 1 H),
5.36 (d, J=3.9 Hz, 1 H), 5.24 (d, J=17.6 Hz, 1H), 5.11 (d, J=11.1 Hz, 1H), 4.75 (s, 1H), 2.72 (ddd, J = 16.8, 10.2, 8.7 Hz,
1H), 2.28 (ddd, J=16.7, 10.5, 3.7 Hz, 1H), 2.45 (ddd, J = 12.8, 10.4, 8.9 Hz, 1H), 1.82 (ddd, J=12.9, 10.5, 3.7 Hz, 1 H),
0.85 (s, 9H). 13C-NMR (125 MHz DMSO-dg) § 180.7, 142.1, 113.3, 96.2, 93.9, 73.6, 34.5, 33.2, 26.8, 25.9 ppm. LC/MS
calculated mass for C,H5gNO4 [M+H]+ (m/z) 226.14377, found 226.14398.

Example 4

[0104]

H Nmu

¢ TsOH
* H,0 Via

5(R)-[[[I(S)-[[I{R)-[3,5-bis(trifluoromethyl)phenyl]lethoxy]methy]-I-phenyl-2-propenyl] amino] methyl]-5-ethenyl-2-pyrro-
lidinone 4-methylbenzenesulfonate hydrate

[0105]
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_ Fc _
CF.
AN EE?' 3
S on EtOH AN v |
water mo free base | ?
N —_— - S o
o X© toluene/EtOH, A A \
W 0 N ! —
:i 3 ﬁl H o7 N =N P
Il - v -
o / CF3 o / CF,
NaBH(OAc)s, HN N
AcOH = 1.1 eq. TSOH-H0O =
", O 14, 0
toluene H 4 CF3 2-PrOH/H0 H o CFs
Me Me ® TsOH
L H20
Vi Via

free base

a) To a mixture of 1 (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) intoluene (440 mL) was added at RT aq. NaOH (440 mL, 1 N). 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 aqueous solution (440 mL). The crude product IV freebase was used without further purification.
The crude solution of Il in EtOH was then added to the above solution of IV free base in toluene and the resulting
mixture was heated toreflux. Water was removed from reaction through azeotropicdistillation and more toluene/EtOH
(3/2 viv) 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 the organic layer was washed once with 5% NaHCO; aqueous
solution (440 mL) and twice with 10% NaCl aqueous solution (440 mL) to obtain a solution of VI. Solvent was
exchanged to isopropanol through vacuum distillation.

c¢) To the crude free base solution of VI in isopropanol (200 mL) was added at RT a solution of p-toluenesulfonic
acid (40.4 g, 0.212mol) in isopropanol (270 mL) followed by water (440 mL). The mixture was seeded with approx-
imately 0.5 g of crystalline Vla and agitated at RT for 1 h before addition of more water (880 mL). After agitation for
8 h at RT, the crystals were collected by filtration, washed with isopropanol/water, water and heptanes, and dried
to give Vla as a white crystalline powder (122 g, yield 88% based on V). Mp 80.2-93.4 °C. 'H NMR (CDCl,, 400
MHz) § 9.52 (bs, 1 H), 8.80 (bs, 1 H), 8.33 (s, 1 H), 7.74 (d, J= 8.1 Hz, 2H), 7.73 (s, 1 H), 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, J=17.5, 11.1 Hz, 1 H), 5.90 (dd, J = 17.2, 10.6 Hz,
1H),556(d,J=11.0Hz, 1H),5.34(d,J=17.1Hz, 1H),5.25(d, J=17.5Hz, 1 H),5.23 (d, J=10.6 Hz, 1 H), 4.79
(9, /=6.3Hz, 1H),435(,J=10.5Hz,1H),3.83(d, J=10.4 Hz, 1 H), 3.35-3.18 (m, 2H), 2.35 (s, 3H), 2.35 -
2.15(m, 3H), 2.00 - 1.91 (m, 1 H), 1.39 (d, J = 6.4 Hz, 3H).

Example 5

[0106]
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CFs
HN")

CF3

* HC
Vila

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

[0107] A solution of 130.0 g (181.4 mmol) of Vla (VI p-toluenesulfonic acid (TsOH) monohydrate) and 51.7g (272.1
mmol) of toluenesulfonic acid in toluene (3.25 L) was distilled under reduced pressure (60 - 80 mm Hg) at 50 °C to a
final volume of 1.95 L. Upon completion of the distillation, the toluene solution containing Vla and toluenesulfonic acid
was evacuated to ~ 80 mm Hg and then purged with N, via a submersed needle. This sparging process was repeated
two times. In a second reactor, 1.14 g (1.8 mmol) of Hoveyda-Grubbs’ Second Generation Catalyst (HG-I1), having the
structure

Mes—N.— N—Mes
o
Clvﬁu —
0]
i-Pr/

was dissolved in anhydrous, degassed toluene (650 mL, prepared in a manner identical to the above toluene solution).
This catalyst solution was slowly charged to the first reactor over 30 min at between 60 to 80 °C. The reaction mixture
was stirred at the same temperature range for 4 h and the conversion is monitored by HPLC. Upon completion of 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 NaHCO; solution was added (650 mL). The biphasic
mixture was then stirred at 25 °C for 1 h, allowed to settle and the lower aqueous layers and interface were removed.
The organic phase was washed with 0.5 N aq. NaHCO4 (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 aq. HCI (14.4 mL). The toluene/H,O
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. TH NMR (400 MHz, CDCly)
8 10.58 (bs, 1 H), 10.21 (bs, 1 H), 8.25 (s, 1H), 7.70 (s, 1 H), 7.58 - 7.43 (m, 7H), 6.16 (d, J=11, 1 H), 6.05 (d, J = 11,
1H),4.65(q, J=6Hz,1H),423(d,J=94Hz 1H), 3.81(d, J=13.6 Hz, 1 H),3.73 (d, J=9.5 Hz, 1 H), 2.99 (app. t,
J=11Hz, 1H),2.48-2.40 (m, 2H), 2.06 - 1.94 (m, 2H), 1.43 (d, J = 6.4 Hz, 1H); 13C NMR (100.6 MHz, CDCl3) § 176.7,
145.8,135.1, 132.5, 132.4, 132.0, 130.0, 129.7, 127.5,127.0, 126.5, 124.8, 122.1, 122.0,122.0, 78.4,73.1, 63.5, 55.9,
50.0, 32.2, 29.6, 24.3 ppm. ES-MS: [M+H*] caled for CogHysFgN,O5: 499.18; found: 499.05.

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

[0108] Example 5 was repeated as described above until HPLC indicated complete conversion of the compound of
Formula Vla to the compound of Formula Vlla. Upon completion of the reaction, a 16% solution of aq. Na,S,05 (650
mL) was added to the reactor over 30 min along with 2.5 g of tetra-n-butyl-ammonium chloride. The mixture was stirred
for 0.7 hours maintaining the reaction mixture at a temperature between 60°C and 80 °C, after which the mixture was
cooled to 25 °C and an ag. 0.5 N NaHCOj solution was added (650 mL). The biphasic mixture was then stirred at 25
°C for 1 h, 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.
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EXAMPLE 6
[0109]
FaC,

CF3

IX ><‘/0
o) ” NH Ph

(6S, 8S)-8-[1-(R)-(3,5-Bis-trifluoromethyl-phenyl)-ethoxymethyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one hydrochlo-
ride hydrate

Vil

[0110] To a mixture of Vlla (100g, 0.187mol) in toluene (600 mL) was charged aqueous NaCOH (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-Aquaquard (50g) under
60 to 80 psi pressure for 4 to 8 h or until reaction completion. The reaction was filtered through a pad of celite. The celite
was washed with toluene (100 mL). The combined toluene solution was concentrated to 500 mL. A solution of aqueous
HCI (~ 35%, 20ml, ~1.3eq) was slowly added into the reaction solution and the mixture was slowly cooled down to 0 °C.
The product was collected by filtration and washed with a solution of toluene and MTBE (1:1). The wet cake was dried
at40to 45 °C to give 95 g of VIl (95% yield) as a white to off-white solid. Mp152-154 °C. TH NMR (400 MHz in DMSO-
dg): 6 10.62 (dd, J=10, 12Hz, , 1 H, N-H), 9.62 (d, J=12Hz, 1H, N-H), 7.92 (br, NH), 7.92 (s, 2H), 7.66 (s, 1H), 7.58 (d,
J =7.5Hz, 2H), 7.44 (m, 2H), 7.40 (m, 1H), 4.65 (q, J = 6.4Hz, 1H), 4.30 (d, J = 10Hz, 1H), 3.36 (d, J = 10Hz, 1H), 3.22
(d, J = 13Hz, 1H), 2.88 (dd, J = 13, 10 Hz, 1H), 2.49 (md, J = 14.5Hz, 1 H), 2.19 (md, J = 14.5Hz, 1 H), 2.15 (m, 1 H),
2.24 (m, 1 H), 1.88 (m, 1 H), 1.67 (m, 1 H), 1.41 (d, J = 6.4Hz, 3H), 1.79 (md, J = 13.5Hz, 1 H), 1.39 (md, J = 13.5Hz,
1 H); 13C NMR (100 MHz, DMSO): § 175.3, 146.6, 134.7, 130.1 (2) (2Jcr = 33Hz), 128.5 (2), 128.0, 126.4 (2), 126.3 (2)
(3Jcp = 2.6Hz), 120.9 (BJcp = 3.7Hz), 119.9(2) (JoF = 273Hz), 75.8, 73.2, 63.1, 55.6, 48.9, 31.2, 30.8, 28.8, 24.8, 23.1.

Example 7
[0111]
FaC CF,
-l‘\
S S - HCI
o u NH
. HyO

la

(56S, 8S)-8-(1-(R)-[3,5-Bis(trifluoromethyl)phenyl]lethoxy)methyl)-8-phenyl-1,7-diazaspiro[4.5]decan-2-one hydrochlo-
ride monohydrate

[0112]

Method 1: VIII (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 of the stock solution. The amount
of seed used can be varied between 0.0 and 2.0 g to effect changes in the particle size distribution (PSD) of the
product. The batch was further cooled to 0 °C at a rate of 0.5 °C/min, filtered under vacuum and washed with 40

31



10

15

20

25

30

35

40

45

50

55

EP 2 346 823 B1

mL of stock solution. Finally, the batch was dried under vacuum at a temperature of 40 °C for at least 18 h to give
18.7 g (91.2%) of la as white solid.

Method 2: Thirty grams of VIIl was suspended in 231-232 g of a 40:60 % by volume EtOH-water stock solution
(stock solution preparation: 400 mL EtOH (95% EtOH, 5% MeOH), 600 mL water,) and heated to reflux (78-79 °C)
until a clear solution was obtained. The mixture was then cooled slowly to a temperature between 67.5 and 68.5°C
and seeded with 1.5g of micronized la suspended in 30 mL of the stock solution. The amount of seed used can be
varied between 0.0 and 3.0 g to effect changes in the PSD of the product. The batch was further cooled to 0 °C at
arate 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: VIII (22.9 g) was dissolved at RT in EtOH (76 mL). The solution was then filtered and added over about
25 min to water (366.8 g). The resulting suspension was cooled to 0 °C to improve yield and agitated for 30 min.
The batch was then filtered under vacuum and washed with 70 mL of a 20:80 by volume EtOH:water solution. Finally,
the batch was dried under vacuum at a temperature of 40 °C for at least 18 h. Yield: 20.4 g (89.1%).

Method 5: VIII (16.4 g) was suspended at 25 °C in toluene (115 mL). 50 mL of a 1 N NaOH solution was added to
the suspension and the batch was agitated for 30-60 min. The batch was then allowed to split for about 30 min and
the aqueous bottom layer was removed. To the organic layer, 2.82 g of 37% HCl was added to form and precipitate
la, the monohydrate hydrochloride salt. The batch was stirred for 30 min and then filtered under vacuum and washed
with toluene (32 mL). Finally, the batch was dried under vacuum at a temperature of 40 °C for at least 18 h to afford
12.4 g (75.6%) of la.

[0113] Using similar procedures, isomers Ib to Ih were prepared. The physical data for the compounds is as follows:
Formula Ib (S,R,R):

[0114] Isolated as a pale brown oil after column chromatography. TH NMR (400 MHz in DMSO-dg): § 10.23 (dd, J=10,
12Hz, , 1 H, N-H), 9.68 (d, J=12Hz, 1H, N-H), 7.93 (s, 1 H), 7.75 (s, 2H), 7.61 (d, J = 7.5Hz, 2H), 7.42 (m, 2H), 7.35 (m,
1 H), 453 (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, 1 H), 2.46 (md, 2H), 2.15 (m, 1 H), 2.24 (m, 1 H), 1.81 (m, 1 H), 1.14 (d, J = 6.4Hz, 3H), 1.53 (md, J = 13.5Hz,
1 H), 1.62 (md, J = 13.5Hz, 1 H); 13C NMR (100 Mhz, DMSO): § 175.9, 147.1, 134.9, 130.4 (2) (2JCF = 33Hz), 130.0
(2), 128.5, 127.0 (2), 125.0 (2) (CJcp = 2.6Hz), 122.3 (3¢ = 3.7Hz), 121.3 (2) (Jor = 273Hz), 76.5, 73.7, 62.9, 56.0,
47.5,31.1,30.9, 29.4, 25.6, 22.8. MS. Calculated for CysH,5FgN,O5.HCIL.H,O, (M+H)* 500.47 (m/z): 500.19.

Formula le (R,S,R):

[0115] Isolated as an off-white solid from diethyl ether. TH NMR (400 MHz in DMSO-dg): 6 7.95 (d, J=12Hz, 1 H, N-
H), 7.79 (d, d = 7.5 Hz, 2H), 7.52 (md, 2H), 7.43 (d, J = 7.5Hz, 1 H), 7.32 (m, 2H), 7.21 (m, 1 H), 4.55 (q, J = 6.4Hz, 1
H), 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); 13C NMR (100 Mhz, DMSO): § 175.9, 147.9,
142.2, 130.6 (2) (AJcp = 33Hz), 129.8 (2), 128.4, 127.5(2), 126.6 (2) (3Jcg = 2.6Hz), 125.0, 122.3, 121.2 (2), 78.4, 76.4,
58.4,57.4,50.4, 33.3, 29.8, 27.9, 23.6. MS. Calculated for Co5HogFgN2O2.HCI.H,O, (M+H)* 500.47 (m/z): 500.18.

Formula Id (R,R,R):

[0116] Isolated after purification by column chromatography, via trituration in 1:2 diethyl ether/heptane as an off white
solid. TH NMR (400 MHz in DMSO-dg): § 9.71 (dd, J=10, 12Hz, 1 H, N-H), 8.92 (d, J=12Hz, 1H, N-H), 8.51 (br, NH),
7.99 (s, 1H), 7.88 (s, 2H), 7.66 (d, J = 7.5Hz, 2H), 7.52 (m, 2H), 7.48 (m, 1 H), 461 (q, J = 6.4Hz, 1 H),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, 1 H), 2.49 (md, J = 14.5Hz, 1 H), 2.19
(md, J = 14.5Hz, 1 H), 2.25 (m, 3H), 1.90 (m, 2H), 1.87 (md, 1H), 1.72 (md, J = 13.5Hz, 1H), 1.28 (d, J = 6.5Hz, 3H);
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13C NMR (100 Mhz, DMSO-dg): § 173.6, 147.0, 135.4, 130.2 (2) (2Jr = 33Hz), 129.0, 128.6, 127.8 (2), 127.0, 126.3
(2) (3Jgp = 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
CosHaeF6N2O2. HCLH,O, (M+H)* 500.47 (m/z): 500.34

Formula le (S,S,S)

[0117] Isolated as a fine white HCI salt by triturating in diethyl ether at 10 °C for 3 hours after column chromatography.
TH 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, 1 H), 4.09 (d, J = 10Hz, 1 H), 3.83
(d, d =10Hz, 1 H), 3.27 (d, J = 13Hz, 1 H), 2.65 (dd, J = 13, 10 Hz, 1 H), 2.35 (md, 2H), 2.29 (m, 1 H), 1.97 (m, 1 H),
1.32 (d, J = 6.4Hz, 3H), 1.58 (dd, J = 13.5Hz, 9Hz, 1H), 1.78 (md, J = 13.5Hz, 1H); 13C NMR (100 MHz, DMSO-dg): §
175.7,147.0, 134.9, 130.4 (2) (g = 33Hz), 130.0 (2), 128.5, 127.0 (2), 126.9 (2) (3 = 2.6Hz), 122.3 (3Jgg = 3.7Hz),
1214 (2) (Jgp = 273Hz), 76.6, 73.7, 63.1, 56.0, 47.8, 31.6, 31.1, 29.2, 259, 22.9. MS. Calculated for
CosHogFgN20O2 . HCIL.HL,O, (M+H)* 500.47 (m/z): 500.4

Formula If (S,R,S):

[0118] After purification by column chromatography, isolated as an off-white HC| salt from diethyl ether. TH NMR (400
MHz in DMSO-dg): & 10.30 (dd, J=10, 12Hz, , 1 H, N-H), 9.81 (d, J=12Hz, 1H, N-H), 8.11 (s, 1H), 7.86 (s, 1H), 7.58 (m,
4H), 7.46 (m, 4H), 4.84 (q, J = 6.4Hz, 1H), 4.28 (d, J = 13Hz, 1H), 3.59 (s, 1H), 3.52 (d, J = 10Hz, 1 H), 3.36 (d, J =
10Hz, 1H), 3.01 (d, J = 13Hz, 1 H), 2.72 (dd, J = 13, 10 Hz, 1H), 2.43 (md, 2H), 2.08 (m, 2H), 1.57 (d, J = 6.4Hz, 3H),
1.85(md, J = 13.5Hz, 1 H), 1.72 (md, J = 13.5Hz, 1H); 13C NMR (100 Mhz, DMSO-dg): 8 175.7, 147.1, 134.6, 130.7 (2)
(2Jcp =33Hz), 130.3 (2), 128.9, 128.4 (2), 126.8 (2) (BJcp = 2.6H2), 122.3 (3Jcp = 3.7Hz), 121.3 (2) (Jo = 273Hz), 76.2,
73.7,66.9, 49.3,43.8, 31.1, 31.6, 29.2, 25.2, 23.5. MS. Calculated for Cy5HyFgN,O5. HCLH,O, (M+H)* 500.47 (m/z):
500.3

Formula lg (R,S,S)

[0119] 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-dg): § 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, = 7.5Hz, 2H), 7.41 (m, 2H), 7.37 (m, 1 H), 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, 1 H), 2.20 (md, 2H), 2.15 (m, 1 H), 1.94 (m,
1H),1.83 (m, 1H), 1.14 (d, J = 6.4Hz, 3H), 2.44 (md, J = 13.5Hz, 2H); 13C NMR (100 Mhz, DMSO-dg): § 175.8, 147.1,
134.9, 130.2 (2) (Ao = 33Hz), 129.0 (2), 127.8, 127.0 (2), 125.0 (2) (3Jcg = 2.6Hz), 122.3 (3o = 3.7Hz), 121.3 (2)
(Jop = 273Hz), 76 5, 73.7, 62.9, 56.0, 47.5, 31.1, 30.9, 29.4, 25.7, 22.8. MS. Calculated for CysHygFgN,0,.HCL.H,O,
(M+H)* 500.47 (m/z): 500.33

Formula Ih (R,R,S):

[0120] Isolated as the HCI salt by trituration in diethyl ether at 5 °C for 3 hours after purification by column chroma-
tography."™H NMR (400 MHz in DMSO-dg): § 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, d = 7.5Hz, 2H), 7.41 (m, 2H), 7.35 (m, 1H), 4.60 (q, J = 6.4Hz, 1H), 4.20 (d, J = 10Hz,
1H), 3.59 (s, d = 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), 13C NMR (100 Mhz, DMSO-dg): § 175.8, 147.1,
131.2, 130.4 (2) (Jcp = 33Hz), 130.1 (2), 128.5, 126.7 (2), 124.9 (2) CJcr = 2.6Hz), 122.2 3Jp = 3.7Hz), 121.3 (2)
(Jop =273Hz), 119.5,76.3, 73.7,66.1, 56.1, 47.6, 31.1, 30.9, 26.1, 23.8. MS. Calculated for CysHygFgN2O2.HCI.H,O,
(M+H)* 500.47 (m/z): 500.3

[0121] The above description of the invention is intended to be illustrative and not limiting. Various changes or mod-
ifications in the embodiments described herein may occur to those skilled in the art.

Claims

1. A compound of the following formulae:
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VI or a salt thereof
Patentanspriiche

1. Verbindung der folgenden Formeln:

07\\“\/0 SN T

FC
CFs3

FLr

W

NH Ph

EP 2 346 823 B1

FSC F3C

CFs
CF3
%
FN “Ph H | P
v ;
or a salt thereof 10) N Y~—N Ph
Vv
F3C
CF3
0]
and o) H NH Ph

VIl or a salt thereof

FsG FsC,
CFs CF3
L2
HoN"ph “ | P
v J
oderein Salzdavon ¢ u <=\ Ph
Vv
F1C,
CFs

O

X0,
und 0~ N “nNHPh _
H vi oder ein Salz davon.

vi oder ein Salz davon

Revendications

1. Composé des formules suivantes:
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I o
%OH N L ,op ) CFs

Ak N w N N A‘g\/"
it ou un sel de celuici g7 N \=N Ph
v
F FaC,
CF; CF3
o 0

N “NHPh ot 07N MNHPh

o v ou un sel de celui-ci .
VI ou un sel de celui-Ci
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