Process and Intermediates for the Synthesis of
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This application discloses a novel process for the preparation of 8-[{1-(3,5-

Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyi-1,7-diaza-spiro[4. 5]decan-
2-one compounds, which have utility, for example, as NK-1 receptor antagonist
compounds, and intermediates useful in the synthesis thereof.

Background of the Invention

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

The preparation of diazaspirodecan-g-ones for example, 8-[{1-(3,5-Bis-
(triﬂuoromethyl)phenyl)—ethoxy}-methyl]-B—pht_anyl-1 ,7-diaza-spiro[4.5]decan-2-
one, for example, (5S,8S)-8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-
methyl]-8-phenyl-1,7—diazaspiro[4.5]decan—2-6ne (the compound of Formula 1)
has been described in U.S. Patent No. 7,049,320 (the "320 patent), issued May
23, 20086, the disclosure of which is incorporated herein in its entirety by
reference.



Formula | The compounds described in the '320 patent are classified as tachykinin compounds,
and are antagonists of neuropeptide neurokinin-1 receptors (herein, "NK-1" receptor antagonists).
Other NKi 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, Tetrahedros) 57, 8971-8981 (2001) and in published international
appllcatlon no. W005/100358, each of\hich are incorporated herein in their entirety by reference.
"NK-1" receptor antagonlsts have bee shown to be useful therapeutlc agents for example, in the

associated with chemotherapy treatme
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Invention i ianoRbI Nk EHEARIAThYY IRDBS)T008595eaeh bR QIcH ARMAdSIJbatigParation of
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affording practlcal sc?o batc #%ab{ ;or comn‘glerual ?cale reparation.
re amp e, In 'frea pain, inflammation, migraine, emesis

duced nausea and emesis, CINE).
d,described in the '320 patent generally

(vomiting), and nociception. Among many compounds 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 chemotherapy treatments {(Chemotherapy-induced nausea and
emesis, CINE).

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

Scheme |



These and other objectives are advantageously provided by the present invention, which in one aspect
Is a process of making
8-[{1-(3,5-Bis(trifluoromethyl)phenyl)-ethoxyymethyl]-8-phenyl-1,7-diaza-spiro[4.5]decan-2-one
compounds of Formula I in accordance with Scheme Il. Scheme Il 27b-sulfonate 27h- (R-isomer, not
shown)(R-isomer substantially remains in solution) the process comprisi (a) reacting the
protected enamine of Formula Ill with a nitrating nt to fdgim the correspﬁ" proigcted
nitro-enamine a&d subseque duting the p Je t%@pteaed.plpendl e of Fgrmula 1V; (b)
deprotecting t-hémeBtect'e_g pipesidfhe of Formul fro step “a@" by reactin N it cgen in the
un@ of Formula V; (c) al tlng the compound of

presence of dium catalysﬁljﬁ' form the co
Formula V by reacting it with a Michael acceptor under Michael addition conditions with an acrylate to
form the compounds of Formulae 27a and 27h;
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Formula |
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3 : 2 mtio of S-isomer 1o R-isomer

(somers separated on CHIRALCEL OD
HPLC cohumn weing 5:65 IPAaxane)

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 (see the ‘320 patent at col. 43, line 55 to col. 45, line 20; col. 75,
line 55 to col. 80, line 21; col. 90 lines 35 to 63; and col. 98, line 1 to col. 99, line
24). 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 this purpose. in generai, 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.



(d) selectively precipitating a sulfonate salt of the free base compound of Formula 27a formed in
alkylating Step "c" by reacting the reaction mixture from Step "c", containing the compound of Formula
27a, with a sulfonic acid of the formula R5-S03H to form the precipitate of Formula 27asulfonate; (e)
reducing and cyclizing the compound of Formula 27a-sulfonate to form the lactam of Formula I; and (0O
optionally, precipitating a hydro of the compound of Formula | by reading the
free-base compound of Formulerrret RS and SNy OF e MVeANOn vention is the provision of
a process for synthdaiviey bithrcfareguing) ovivst (¥ reededad, 4yttt scramuifangheducing and
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in the presendiazd-sipirafdeiddecarnoneduncipoends, whibir hlaly shedocedmumibérrafrsteps27a is
dissolved in ' ] 10N js intr ed.r i lacgtic acid
suspension. mﬁgggﬁgr%ﬁ%ﬁ%ﬁ%ﬁi‘ ﬁ%@@%@% ?ﬁﬁaﬂé&%@e%%ﬁ\g% |t§)‘tr‘!1ecs provided
by the zinc nfigsiredslerasiseneniand nvides aireeston schemenafiogiogptaciicalatalegupup and
then form thedagiemchysidSGRARIZRY EbiRlfercirdcald st argHon of the ester group, thereby

cyclizing the compound of Formula 27a and forming the lactam of Formula 1. Another aspect of the
present invention is the provision of compound of Formula 27a from the compound of Formula V using

a Michael aﬁldition remeﬁeramMnﬂrwm?b@gbwé@@@ﬁwpmwd@mwwi@hﬁﬁed on the
amount of the compound of Formula V emnployed. In some embodi ts it ig preferred to select a
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dimethylamide, (R)-benzyl-oxazolidinonamide, (S)-benzyl-oxazolidinonamide, isobornyl, cis-pinan-2-yl,
isopinocampheyl, adamantylmethyl, 2-adamanty§qkeasi@fpantyl, and (-)-8-phenylmenthyl, more
preferably R1 is selected from methyl, (-)-8-phenylmenthyl, isobornyl, 1-adamantanyl, 2-adamantanyl,
adamantane methanyl, and (+)-isopinocamphenyl, more preferably R1 is selected from methyl and
isobomyl. In some embodéments it is preferraeito carry.gut the MichaePgddition ugjng basic alumina,
more preferably aasic mina1 vg/ci}thF I?DrMoEckm mpctivigevel - fh.som¢ 8mbogiments it is preferred
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the process comprising:



In some embodiments, in Step "d", precipitation step, it is preferred to employ a sulfonic acid of the
formula R5-S03H or oxalic acid, for example, methylsulfonic acid, to precipitate the sulfonate salt of
the compound of Formulae 27a-sulfonate. In some embodiments it is preferred to select R5 from,
methyl, alkyl, benzyl, and p-tolyl,more preferably R5 is methyl. Other aspects and advantages of
the invention will become apparent from following Detailed Deseriptjon. Detailed Descrjption of the
nventon TG R LR R SR8 B R MG BT Te
specification, includéhthedirbsporgimgopestatted nitgahamiithahdis obsagueniin keshucieg the

otherwise at the poi ir.us inaftar: X tyl); t-Bu (tertiary butyl); Et (ethyl);
Ac (acetyl); t-Boc or&%@g{e &%&E@;%g#%%rﬁ%?%@%ﬁ%ﬂ%mhmide); THE (tetrahydrofuran);
DIPEA (diisoprofi)cieprateckngnenerotested pipeiiginergf sitnemyR 1V fiom stemp@daire, generally 25
C); TEA (trifluoroacelig 4ig)it [ith HYGHOYEATHIRL preseRcSBf 4 pHitaailin AN SIER% taless

otherwise indicated, are uriderstoodto have the folﬁawmg meanings: The term "substituted” means
that one or more hy8RFRPEhahEIBY A ¥ed atom or group of atoms in a structure is replaced with a

selection from theyrsliastrg tRBRAMPAEURE BIFdRA S VbR Iedaipgiswithaallenaesy under the
existing circumstances is not exceeded, a %&ﬁ; the substitution_results in a st bIE corgfound.
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to survive isolation, to a useful degree, of. purity from g reacti sture ign_jnto an
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humans and other rhaaalia™ anBRtBining M LomAIRAS: RIS YA QGRAIBFGHR Which may

be linear straight or branched and comggsm about 1 to about 10 carbon atoms in the chain.
B

Branched means tha€igref $rerferanda Grinfamadbe peecipitate offpgnula 27a-

sulfonate;

A

(e) reducing and cyclizing the compound of Formula 27a-sulfonate to form the
lactam of Formula |; and

() optionally, precipitating a hydrochloride salt form of the compound of
Formula | by reacting the free-base compound of Formula | with HCL.

One aspect of the present invention is the provision of a process for
synthesizing the lactam compound of Formuta |, the process comprising reducing
and cyclizing the compound of the Formula 27a-sulfonate in a one-pot reaction.
In some embodiments, it is preferred to carry out the reaction by treating the
compound of Formula 27a-sulfonate with acetic acid in the presence of zinc
metal. In some embodiments, preferably the compound of Formula 27a is
dissclved in concentrated acetic acid and the solution is introduced into a zinc
powder/acetic acid suspension. Without wanting to be bound by theory, it is
believed that the reaction conditions provided by the zinc metal/acetic acid
reaction environment first reduce the nitro group to an amino-group and then form
the lactam by acid-catalyzed displacement of the acyl portion of the ester group,



propyl, are attached to a linear alkyl chain. Non-limiting examples of suitable alkyl groups include
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl and npentyl. "Alkenyl" means an aliphatic
hydrocarbon group containing at least one carbon-carbon double bond and which may be straight or
branched and comprising about 2 to about 10 carbon atoms in the chain. Branched means that one or

more lower alkyl groups such as methyl, ethyl or_propyl, are attached to a Jinear alkenyl chain.
Non-limiting SREFRII SXHEING e SAEIRAEIS AL PIEH SRR BYHBRING BGleRyP
3-methylbut-Femuugae n-pentenyl. "Alkylene" means a difunctional group obtained by removal of
an additional hydrogen atom from an alkyl group, as "alkyl" is defined above. Non-limiting examples of
alkylene include methylene (i.e., -CH2-), ethylene (i.e., -CH2- CH2-) and branched chains, for
example, -CH(CH3)Awdther aspedt of ¢he presend mueotiooris thelprovisiodtiof clionpuysgssém
comprising a 4 . Jyef The aryl
group can be%l%?)qﬁ}zé)l @i%ﬁ?hu%%vw% %r&?’h%%ﬂﬁ%gws)ﬁggﬁ\ %ﬁ%ﬁ%%r%éﬁ\%?&grén%gfge the

same or diffeiéeidingdatieast akaw00te @f thaisampaund ekiemnias2Zaikaseden hieups include
phenyl and napttive of th&¥SHRBEIHBE RoTAUIR V AimBledNaRXomh & by alinsNg fistem

comprising about 3 to about 10 carbon atoms, preferably about 3 to about 6 carbon atoms.
Non-limiting d¥&fepied i salegt iR hasitalming taeaticritbe Michas! Reditiog.c khagme yclopentyl,
cycllqht_eX>éL cxéirhmﬁwl |' bﬁ@i&h@ﬂ?’e%&mmmw | ﬁg&ﬂ%}@%@wﬁ &:éiﬁl HptbIdPeUL are
not limited to 1- decalin, norbornyl and cognitors, adamanty cognitors. "Halo! means a
nalogen sele Bt TR SERIAHANIES PR SRR 2! he SRTRRUTE P FEmU A aay: os
defined above having at least one hydrogen atom on the alkyl moiety replaced by an amino functional
(i.e., -NH2) group. Alkylamino means an amino functwnal group having one or both hydrogens
replaced by an alkyl functional group, as "alkyl".is defined above. With reference to the number of

moieties (e.g., substituents, groups or rings) in a mpoBHd,FlRﬂBBJsacﬁﬁé'rwise defined, the phrases
"one or more" and "at least one" mean that there can be as many moieties as chemically permitted,

cKiled i the HSTE, (A IO FEPLEDEE D SHFIC A RV RB 1 G PR Srop to e
structure in thphpaoyitigrmodthdoretiygn 2rédiynethyrmiro yethiylr ¢Lofmenditile (B renffodsible isomers,
€.g., containi W&kﬂﬂﬂi@'(ﬁﬁ%—@ﬂ%liﬁmﬁ?ﬁm&? ’(S)-benzyl—'oxazolidinonamide, _

isobornyl, cis-pinan-2-yl, isopinocampheyl, adamantylmethyl, 2-adamantyl, 1-

adamantyl, and (-)-8-phenylmenthyl, more preferably R is selected from methyl,

(-)-8-phenyimenthyl, isobornyl, 1-adamantanyi, 2-adamantanyl, adamantane

methanyl, and (+)-isopinocamphenyl, more preferably R' is selected from methyl

and isobornyl. In some embodiments it is preferred to carry out the Michael

addition using basic alumina, more preferably a basic alumina with Brockman

activity level iV. In some embodiments it is preferred to carry out the Michael

addition using an R'-acrylate Michael acceptor wherein “R"" is selected from

methyl- and -isobornyl, more preferably R' is methyl.

In some embodiments, in Step “d”, precipitation step, it is preferred to
employ a sulfonic acid of the formula R*-SO3H or oxalic acid, for example,
methylsulfonic acid, to precipitate the sulfonate salt of the compound of Formutae



A wavy line which terminates a bond indicates that the portion of the structure depicted is attached to a
larger structure at the indicated bond, for example, -N\ implies that the nitrogen of the substituted
piperidyl group depicted is bonded to an undepicted structure on which it is a substituent. Lines drawn
into ring systems, for example the substituted aryl group: , indicates that a substituent (R1) may
replace a hy%r of the ri arbons cher ise d&% dro om. Thus, as
illustrated, R 23 2088 E‘t%%? Sﬁgﬁi egﬁgrﬁgt‘zpr 8fjoén ded to a
methy| substistient beniytrandghtolyighdne pltdiemblgd'\'éngl rgmhphs bonded As weII known in the
art, a bond drawn fr&'{ﬁa partlc%lar ag)%q gan{%f me&& e gﬁlwtﬁq) E[g;'ﬁe g!% eirgjo%f the bond

indicates a methyl group ' 5ot roug atom, OnIeSs Stated of rW|se or example:
However, sofiedtwing |Betwled@epm‘wherem, the CH3 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 mterchaneably for convenience without intending to alter the meaning
conventionally understood for eititéeiadgdiide sptign of thednxentigR|ated" or "in isolated form" for

a compound refers ﬂfém%m};éaqaltﬁ@w@a’%mnmﬁﬁwmﬁ&fraw process. The

term "purified” or "in purlfled form" for a cQ Found refers to the physical state of said compound after

being obtaindBrRYARMh thFiSRESHIFRYOB: iNGIyste thedolawing krevatians: AP the skilled
artisan, in su{ﬁeieméhmtsgtmh&@@d@tﬁ&d@h@%&tamw%ambﬂmémﬁ&mWfltmd herein or

well known tq the, skill en an b ryl, ter I R2 curs more

than one tim m%‘ @bigr% or| V;/(Por?r% )i)u@'g Eﬁf&ﬂyﬁl éfc m%ﬁ%e IS mt%e?%fndent of its

definition at étfbu;tmearbommeﬁmAF (dimethylformamide); THF (tetrahydrofuran), DIPEA
(diisopropylethylamine); MTBE (methyltertiarybutyl ether); RT (room temperature,
generally 25 °C); TFA (trifluoroacetic acid); TEA (triethyl amine).

As used herein, the following terms, unless otherwise indicated, are

understood to have the following meanings:

The term “substituted” means that one or more hydrogens on the
designated atom or group of atoms in a structure is replaced with a selection
from the indicated group, provided that the designated atom’s normal valency
under the existing circumstances is not exceeded, and that the substitution
results in a stable compound. Combinations of substituents and/or variables are
indicated when such combinations result in stable compounds. By “stable
compound” or “stable structure” is meant a compound that is sufficiently robust to
survive isolation to a useful degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

"Patient” includes both humans and animals.

“Mammal” means humans and other mammalian animals.

"Alkyl" means an aliphatic hydrocarbon group which may be linear straight
or branched and comprising about 1 to about 10 carbon atoms in the chain.
Branched means that one or more lower alkyl groups such as methyl, ethyl or



As mentioned above, a process for preparing the compound of Formula from the compound of
Formula llla via intermediate compound of Formula Il is described in the '320 patent.

Preparation of the compound of Formula llla from commercially available (S)-a-phenylglycine is
described by M.J. O'Donnel; Z. Fang; X. Ma; and J.C. Huffman in "NEW METHODOLOGY FOR THE

SYNTHESIS OF a, aDIALKYLAMINO ACIDS USING T 'SELE-REGENERATLION.OF
STEREOCEW‘S%WE#EM%?IHW@&- RML’E;%I\EE‘“!’I%%%‘EQ@&? \HARIE 997, pp 617
to 630, (see (aigdgpthrmhgtechethy athylvhiphapyh isopoopid.orhbutyh, bhutfeare-in its entirety.
In the proceiﬁ?dnq (:ribed in the '320 patent for the preparation of the compound of Formula I, the

)
compound o ormula 11l is converted to the compound of Formula lllb (in two steps by oxidation of a
corresponding alcotidlkemyihagians an @liphaticihydriecarbor groupsontadriagatgeashensompound of

Formula 20 SEGHEHSHAGTER R Hnd Sl BN Iy R LPaHGAY SBrIRFRTSRgTatn of the

compound of Formula | from the compound of Formula’lll in 13 thdividual process steps. Formula lllb

The inventor SPRARSISNSHABMEI foLaoidal -easeansiamsdn the shrin Brenehed prgans Asathown in
Scheme II, belqu/of RIBrE RWEIHIRYISFOiFOSTERAY A0SR SIMePHLeRE MEACHEE tBracess of

the present invention eliminates at least half of the number of steps ?(mr?l? ed in previous preparation
processes. linear alkenyl chain. Non-limiting examples of suitable atkeny! éroups include

ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl and n-pentenyl.

“Alkylene™ means a difunctional group obtained by removal of an
additional hydrogen atom from an alkyl group, as “alkyl” is defined above. Non-
limiting examples of alkylene include methylene (i.e., -CHz-), ethylene (i.e., -CH.-
CHz-) and branched chains, for example, -CH(CH,3)-CH;-.

"Aryl" means an aromatic monocyclic or multicyclic ring system comprising
about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms.
The aryl group can be optionally substituted with one or more "ring system
substituents" which may be the same or different, and are as defined herein.
Non-limiting examples of suitable aryl groups include phenyl and naphthyl.

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 3 to about 6
carbon atoms. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-
limiting examples of multicyciic cycloalkyls inciude, but are not limited to 1-
decalin, norbornyt and cognitors, adamantyl and cognitors.

"Halo" means a halogen selected from fluoro, chloro, bromo, or iodo
groups.

“‘Aminoalkyl” means an alkyl as defined above having at least one
hydrogen atom on the alkyl moiety replaced by an amino functional (i.e., -NH,)
group. Alkylamino means an amino functional group having one or both
hydrogens replaced by an alkyl functional group, as “alky!” is defined above.



Moreover, as will be described below, various of the steps of the present invention process provide
improved yield of intermediate compounds for an overall increase in the amount of the compound of
Formula | provided from a given amount of the compound of Formula Il initially employed in the
process. As shown in Scheme I, the compound of Formula Il utilizes benzyl carbamate as a

Clematively be e OB ASREFEGH e URTHTIREC S MRS (Soer VEHROR: SBHER €M Step .-
Nitration Il Srings)-iAlkdatipouriy, amlelsrathe ftisedefineth thé ptrageEn“one or more” and
“at least one” mean that there can be as many moieties as chemically permitted,
and the determination of the maximum number of such moieties is well within the
knowledge of those skilled in the art.

A wavy line TR 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 OH AOH
@) (J=CJ
5 means containing either, or both of u ﬁ

A wavy line which terminates a bond indicates that the portion of the structure
depicted is attached to a larger structure at the indicated bond, for example,

/L R14
g-N\_}
implies that the nitrogen of the substituted piperidyl group depicted is bonded to
an undepicted structure on which it is a substituent.
Lines drawn into ring systems, for example the substituted aryl group:

™

P
Is & o . .

, indicates that a substituent (R") may replace a
hydrogen atom of any of the ring carbons otherwise bonded to a hydrogen atom.
Thus, as illustrated, R' can be bonded to any of carbon atoms 2, 4, 5, or 6, but
not 3, which is bonded to a methyl substituent, or 1, through which the
substituted aryl group is bonded.

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:



27a-sultonateFormula | Optionally, after Step "d", the compound of Formula | can be precipitated from
the reaction mixture as a salt by treatment of the reaction mixture workup with an acid. Accordingly, in
some embodiments it is preferred to react the free-base compound of Formula | present in the reaction
workup with an acid, for example, FICI, to precipitate a salt form of the compound of Formula L for

example, a hydrochloride salt form. Next, each step of the process of Sehgme [l will be described in

greater detail. Nitration Step ep "a" of the process of the present jjivention, provision of the
nitro-substituted intermeggte gomppund of Formula IV from thecorfésponding enamine compound of
, Wherein-#e substrate is first nitrated
. Sc

Formula Ill, can be carrigd put i ordanepregersisheme H
heme ¥'%2NCP, I. NO28F4 / DME

and then the double‘t&gpd of the six-membered ring is reduge

However, sometimes in the examples herein, the CH3; 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 aiter the meaning
conventionally understood for either depiction thereby. .

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

When any variable (e.g., aryl, heterocycle, R?, etc.) occurs more than one
time in any constituent or in a formula, its definition on each occurrence is
independent of its definition at every other occurrence.

As mentioned above, a process for preparing the compound of Formula |
from the compound of Formula llla via intermediate compound of Formuia lll is
described in the '320 patent.

Ph

0
PRCH,~—O Nt
{R)
o~ 0

°
NI
A

P
Formula lla Formula It
Preparation of the compound of Formula llla from commercially available
{S)-a-phenylglycine is described by M.J. O’'Donnel; Z. Fang; X. Ma; and J.C.
Huffman in “NEW METHODOLOGY FOR THE SYNTHESIS OF «,a-
DIALKYLAMINO ACIDS USING THE ‘SELF-REGENERATION OF

10



CF, 2. Li8H4 / THF Iv ill In general, nitration is carried out in a non-protic, low polarity solvent, for
example THF and DME using a nitrating reagent, for example nitronium tetrafluoroborate
(nitronium-TFB), optionally in the presence of potassium phosphate tribasic. In some embodiments it is
preferred to run the reaction without K3PO4 in the reaction mixture and thereby minimize impurities
which may otherwise be formed when K3POA4is present in the reaction mixture. In some embodiments

it is preferred$d ERRPGREMNER PR PR B ATl TEBHENMEGY WiNR nitlsiRiecYHeshas
acceptable se/dpHiy SUF RS PF HoeY N RUY gl & T A BLILAIBY S HBRMHE-WhikH HF solvent is

described in published international application nd. W005/100358 (the ‘358 publication), albeit not in
the course of RGRTRBEBGHheEELhYFSleteBeE HiteentV&be the '358 publication, page 66, step "a" of
preparative Examplgnihel prociad BUSHFBiQIviStHCIRO RARshi RIEIND pregiaraien b iiseentirety. Once
the nitrated intermediate com ouni h&;)been pre ‘ired it m@%/wbl@used as prepared in the reaction
workup direcfTP: ‘dﬁ%ﬂ&@ﬂ!ﬁ : ﬁ'ﬂﬂ}%w? ol dietm & FERE: ®OE prior to using in
subsequent steppound foflkomnglaitibii(n tie st &g exidationdfsateeatedpatidindatbidoireducing
agent, for example ‘Iei%ri barohydrid d.sqdium borohydride, to reduce the protected mine
double bond '(')-r\‘i] ORI 'rét{fggd i%renr1 2 Paj‘ 0 'ysleﬁde{hgo&‘)’r%po rllrc'i% gefre u%ﬁeﬁ ﬁnogn nqgnedriorrﬁdiments
using DME aF omaiglal2éhs owimichSbberoenpabaveof Aorordinglyidheti328ch atenpdeiesribgso strip off the
reaction solv istillag Le\f| ' a&&m’ | This
provides the E’%ﬁ?&%ﬁ@&%ﬁ’i{f 2 o) v%tfr\lff %ﬁgﬁé%%?r‘r%ing out% %@%ﬁ%ﬁ@eﬁew
hydride withd0giMduaiddasess gteP$e nitrated intermediate. In some embodiments, it is preferred to
carry out the reduction using lithium orohydride in JHE. Although it is preferred to use the
above-described method for the preparation of the gompound of Formula IV, it will be appreciated that
other means may be selected to prgpare\the com@ound of Formula IV for use in the process of
Scheme Il and be within the scope®off G presentqve ian. Step b - Deprotection

Formula {llb

The inventors have surprisingly found that the compound of Formuta | can
be prepared, as shown in Scheme I, below, from the compound of Formula Hl in
4 process steps. Accordingly, the process of the present invention eliminates at
least half of the number of steps employed in previous preparation processes.
Moreover, as will be described below, various of the steps of the present invention
process provide improved yield of intermediate compounds for an overalt increase
in the amount of the compound of Formula | provided from a given amount of the
compound of Formula [ll initially employed in the process. As shown in Scheme
i1, the compound of Formula HI utilizes benzyl carbamate as a protecting group for
the enamine nitrogen. [t will be appreciated that other protecting groups may
alternatively be employed and still be within the scope of the present invention.

1



Step "b" of the present invention process, deprotection of the piperidine nitrogen in the compound of
Formula IV to yield the compound of Formula V, can be carried out using metal-catalyzed
hydrogenation or by treating the intermediate of Formula IV under acid conditions. Examples of
suitable acid deprotection conditions include, but are not limited to tritluoroacetic acid (TFA) and a
mixture of HBr/acetic acid. It will be appreciated that other deprotection schemes may also be
employed, for example, iodotrimethylsilane (TMS§FE’!)?€B9 Bnd deprotection using thiols. The inventors
have surprisiggpfaungiiagibyynen TMS-iodide is employed, the byproduct benzyliodide can be
efficiently trapped with triphenylphoshine to syppress benzylamine formggon with g:]e piperidine
nitrogen of the deprotected produc some fﬁbodiments it is preferre use hydrogen and a

hydrogenation catalyst, for exampéey-a/palla metal'c®igfly8¥Eto me . the otection reaction
in Step "b", more preferably the ¢ ste ployeaF Is Pd sssppearted on on Hiack. i#'some
embodiments it is preferred to carh9ut deprotection in an alcohol solv for gxkample, methanol. In
some embodiments, it is preferred to wank up the previous reduction step by adding methanol and

distilling off tf}ﬁéﬁicgoﬁ %C%Ic\)/tgg{igﬂtil suitably concentrated, and using the crude concentrated

methanol sol bsequent deprotection reaction. Step c - Alkvlation 27a27b
After the deprotection step "b", the Piperidindg’of Formula V is cStlnled to 2 acrylate under
base-catalyzed Michael addition J igns soméErthodjmefits 'tgrred to carry out the
Michael addition in a solvent sele from n-héfar® @PBE, cyelpeXEny, teluene, methanol,
dimethyl formamide (DMF), and TRF. In ggme embodiments it referred for the solvent to be
n-hexane. In some embodiments, the reaction mixture from the deprtection step "b" is worked up by
successive a8tipons Alkylhtasre, followed by azeotropic distillation, and then successive additions of
n-hexane, followed by distillation maintaining the still pot between 30 C and 60 C until distillation
ceases, thus, the residual mixture will have the lowest possible volume at this still temperature. In
some embodimentsdt{s preferggd to employ the resulting cgne ftrate directly in the Michael addition

step which follows, Sgep,"c". In some gmbedhments it is pekferred ®f-select a Michael acceptor from
compounds having they Ffonﬂg%%;%a:—e- fresog He? o © 27 euttonsn
v

s CF,

27a-suifonate

Step d — Lactam Formation

CF, CF,

ZniHOAG e
rr———r— Y 4
CF, cF,

27a-sulfonate Formuta|

Optionally, after Step “d”, the compound of Formula | can be precipitated from the
reaction mixture as a salt by treatment of the reaction mixture workup with an
acid. Accordingly, in some embodiments it is preferred to react the free-base
compound of Formula | present in the reaction workup with an acid, for example,
HCI, to precipitate a salt form of the compound of Formula |, for example, a

12



Formula 28a; wherein "RI" is selected from alkyl, cycloalky! (including multicyclicalkyls), and aryl,
more preferably R1" is selected from methyl, t-butyl, phenyl, 2-methoxyethyl, 2-(dimethylamino)ethyl,
(L)-menthyl, (D)-Menthyl, Dimethylamide, (R)-Benzyl-oxazolidinonamide,
(S)-benzyl-oxazolidinonamide, isobomyl, cispinan-2-yl, isopinocampheyl, adamantylmethyl,
2-adamantyl, 1-adamantyl, and (-)-8-phenylmenthyl, more preferably R is selected from methyl,
(-)-8-pheny InRephieH Frﬁ‘F,fP%aHﬁﬁaﬁ?EQSg%ﬁﬁféﬁ&HW,%&ﬁrﬁﬁﬁfd?ﬁ!‘?ﬁélh‘ﬂﬂﬁ?and
(+)-isopinocqgggbﬁubdnﬁ@r@mrﬁ{MRl Is methyl. In some embodiments it is preferred to carry
out the Michael addition reaction in the presence of a base. In some embodiments the base is selected
from: an organic base, for example, a homogeneous base, for example triethylamine, and a
heterogeneoMjtikstienf8tegxample, basic polymer resin having amine functionality, for example
Amberlyst A-210 fregp Rehyn apd Haas; and.g,heterogeneous,.inorganic base for example an
aluminum oxide (nﬁ?& & BAs c%,pa{%gﬁl %YﬁB%&’é PE&?XI?{B!&“A?’JME%‘% (_!1 &sium oxide. In
some embodsukstituteid ipteforestiale eorplyund adiE criouim iV frotil the eereisrendinglichael addition
reaction, mo | ' j ' Y (] vailable
%e?BFﬁfﬁéa&%é’&% %P?&%@fﬁﬁ%&%%%ﬁé&%ﬂ‘ﬂﬁb%ﬁéé JJ[g‘x AL

as an article of commerce, more prefer asic aluminum oxi aving a Brockman activity of IV
having a 5 whao wheein the\sabkateatislirst nifated anddharothecdonble brath ebtheisiseful for
catalyzing thg,Mi fiQrréageian, for example, magnesium oxide (MgO) and aluminum oxide
(alumina). It will be appreciated that the Michael addition reaction can result in two different isomers
being produced, shown in the reaction Scheme ¥cheme lia. compounds of Structures 27a (S-isomer,
desired isomer) and 27b (R-isoréfer, an undesired isomer)®Althoughdhe ratio of the isomers produced
in the Michael additjol) reactiorrCan be varigdbypgitering tife feactigfpolvent, the steric demand of the
Michael acceptor, ana gt 1 ,COHdi%ieﬂs;—the-'rﬁvecﬁﬁ 3 prisingly found that the choice
of base can greatly flgence the ratio of 3-F4Mir to R-i§opner produced in the addition reaction. The
inventors have surprisingly found that magnesium oxide base préYjuces proportionately more of the
R-isomer than the desired"S-isomer. Additionally, the inventors have surprisingly found that the use of
basic aluminitgeasrakaitiatiorisceaisiestidtidn sencticpralitenivaplpriv sobeemtoforgfxamplesired
S-isomer ovefi iR THNRE by ePHffatilG RASUALSIORLSHER HGY (R 1€ ARk SFRiB0aR Bockman

activity level IV basic alumina as the base in the Michael reaction produces substantially more of the
S-isomer thAMEQaBiED FBY «2eirpRiN B2 RErsans® pbrstarsiviy RivaRbag &ibaeistlR process
can producesgbir@ EHibdeiRtbIs\it 8 Pretiared 80 $OMEd pdAdRen Witk RyPaO- it (75% S-isomer)
even when it is lé{Sed in.r actiogagﬁr%%ggg‘%a stericala/ undem%n ing Michael acc%!‘ot r, for example,
methyl acrylé?(? oMYA MRS BIRY" s W VRRREKEE ol action,
when run witkliEnigRess presem jgniseireactipreinfule de Sioack smnbexdiamehénipisying a sterically
demanding Mj e ides- t . iSing A diments from
cbout 849 e EBch ooy O AL R I BV R B TR A B SR < comer.
Suitable sterfitippitemERBihgsaceaptatiesgnilubiilg, Hliteationmt the ewopausdehfzammygla iornyl
structure and,spRRARGKIBHRONEYING AR IBRBAND (RIuABEE i pBiRFimERlaRAGPUItable sterically

demanding Michael acceptors include, but are not limited to, with reference to the structure of
Compound ARPi&8HEB) e WMRAQWHRE Bharestpuglisalionk albat aaldmtheraursg&fisoboryl,
?i)S-EI;Oinﬁn-2Iﬁyﬁh&?@%@ﬂ@@ﬁbm@ﬁ%m@th%ﬂ@?ﬂfﬁﬂi@wﬁaﬁﬁdem ?ltep f
-)-8-phenylmenthyl substitue respectively. ,..ln same embodiments, t ximize the amount o
desirable "S-@oﬂ?éﬁeﬁ%ﬁ%«gﬁamﬁﬁl&i%%ﬁ%ﬁ%ﬁ%%%iﬁé%@?f%%@@ W?Rgxane for the
reaction SOIMEreamiMmmWi%@aM)Meg Etenh&ﬂiatacﬁhﬂipdnmi hasibélea base catalyst,
and use isolguvlach ' a5 BMiSRaSLSRIPIREA el PRAMYR directly in

subsequent steps, or optionally, isolated from the reaction workup prior to using in

subsequent steps.
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The inventive Michael addition reaction can be carried out using the compound of Formula IV (the
protected precursor to the compound of Formula V, see for example, deprotection Step B, above) to
provide an acylated product which, upon deprotection of that product in accordance with deprotection
Step "b", yields the compounds of Formula 27a and Formula 27b. Accordingly, the compound of
Formula | can be produced by reversing the order of deprotection step,b and Il;)/lation step c.
However, the invenfoPdaying Qiffat Sifrated.comenunsis ﬁﬁ%‘?glmﬁtﬂ% BREP " the protected

Cortypolund OfrEaﬂmubadyeﬁeltb-@ﬁgﬁiﬁmﬁmwwmyﬂméw&alblaﬂﬂmﬁdmﬁound of Formula
27b relative to the amount of desjred S-isomer compou, f Formula,27a formed in the inyentive
Michael addiﬁﬁ%@%ﬁrﬁﬁ%%ﬁﬁ&%ﬂgl %@%5&@?&&%@%&%‘5’(@%[ eﬁé&%&!ﬁﬁr carrying
out the inventhe ddrmpaahddfiffamaiad\hdrcsompelerdimddimentiaulitddpiicascthe acipenhin).
Accordingly, to, maximi ired.S-i C f 7a provided by
the inventive\ﬁ’ﬁ:%‘nﬁ‘z;i&13 a%%fﬁﬁ%ﬁlﬁ}?#f E&%%éjrﬁ Eigpﬁr%?%?;ﬁsrré{?%?ﬁ%ggﬁtﬁﬁ gg%npou nd of
Formula IV firsagies soiventdyi distillatinrrand ueplace it with Bdrpriaiitoheasndngtiowt $bep rather than
carry out the aliy@iHig FhiSpviBRe4Rd RitFRENHeNhBDRERY 3ISEIVER Rtk RProvide the

compound of Formula 27a. In some_embodiments, the product of the Michael addition is

preferably isGafaAngGLthasdystion ‘Mﬁbﬁéf‘ﬁﬁiﬁé‘dﬁﬂ%’fé%ﬂbﬁ peedite {8altedhe solids and

concentratingfipatsalifiereuiate/ i semé erapiRipneRes R tsefieirr 36 iditp sapfirntrated solution
is then reacted ire_ctg with 3 ulforki,c a(ijldé)téhe f(é[ﬁj#la R5-503H or oxalic acid, where R5 is selected
from methyl, o l‘l’&'ﬂq @WE} 8[5%,? 'B S/E e ester compound of Formula 27a as a

crystalline precipitaikithsuiginitis pedferdredtmuseihe-abliosalessHbedanethedCftibthehere R5 is a

methyl group Is ' Ritated) -1 will ' ther salts,
including othgg%%éﬁg (gasa%%, %ﬁ;ﬁt@ﬁﬁﬁpﬁ?gﬁg l@v!’%o'ﬁ%&p&rﬁ%@%%%%ﬁ?‘i@o@? % the invention.
Although sormeeansmaybeseigsiethtodrepase ther ¢compowdbtbismmuile INFeruse dnigheners of
Formula 27ade/bssulifpraifdniBqIRiRg BRANRRINASSYSHE of il prarmverifoRrovides a solid
comprising substantially the compound of Formula 27a-sulfonate. In some embodiments precipitation
using Scheme C-lIb provides a precipitated material containing more than about 96% the compound of
Formula 27 astéf batDdpigtavtibwith less than 4% of the undesirable compound of Formula
27b-sulfonate (unwanted R-isomer) precigjitated. chheme C-Jib Cr, gya-sulfonate (Substantial
Product (R) ’ i

PdiC, H2

e ———————
CFs  HCI(ag) / MeOH CF,

Step “b" of the present invention process, deprotection of the piperidine
nitrogen in the compound of Formuia IV to yield the compound of Formula V, can
be carried out using metal-catalyzed hydrogenation or by treating the intermediate
of Formula IV under acid conditions. Examples of suitable acid deprotection
conditions include, but are not limited to trifluoroacetic acid (TFA) and a mixture of
HBr/acetic acid. It will be appreciated that other deprotection schemes may also
be employed, for example, iodotrimethylsilane (TMS-iodide) and deprotection
using thiols. The inventors have surprisingly found that when TMS-iodide is
employed, the byproduct benzyliodide can be efficiently trapped with
triphenylphoshine to suppress benzylamine formation with the piperidine nitrogen
of the deprotected product. In some embodiments it is preferred to use hydrogen
and a hydrogenation catalyst, for example, a paliadium metal catalyst, to mediate
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[ MeSO0,1 H2N 27b-sulfonate (Minor Product) With reference to Scheme C-11b, in some
embodiments it is preferred to precipitate the methane sulfonate salt of the free-base compound as a
crystalline material from the reaction mixture prepared above by treating the reaction mixture in a
suitable solvent (for example, MTBE, or a mixed solvent, for example, toluene and isopropanol) with
an excess of methanesulfonic acid, and crystallizing the resulting methansulfonate salt from the

mixture, eithdh® depiagtisedangliamni e bormespERiataioing calalyshemrlexed ivfithents it is
preferred to ayQidHURCHAMLAIBRACHRRNE M EHE BB AMERR AN RIErRRRTi R sdfrjheuroduct which

could lead to the formation of unwanted impurities. The precipitate igg)referably isolated by vacuum

filtration for LCBRFPIRELONELAN @I A RIYERh 05 SXATPIRr Mehanoko i RARG P PAIMENSn ation of
th?flactam olfiﬂf%ermacfja_rréwﬁ w_@mmpmwpd@icﬁwwdaoﬁgamrwl Qalfdaey X riﬁdtauhbvgrﬁ?ting th?
sulfonate salt formed i ation. step ''c" (containi stantially pnly the compqund of Formula
27a—sutfonatgﬁf’mq%8%3\%Fgaﬁ%?ﬁsgﬂvaég&qig(ﬁWOWHﬁ%fﬁdo@B%\/Hﬁ'ggﬁﬁﬁa% ﬁs,
contemporansnceniratedumethranyctohtion idifectly indhecsabsefBenidip totédiiun rewatitng to be
bound by theory, it is believed that the reaction conditions provided by employing zinc metal and acetic
acid results in reduction of the nitro-group of the compound of Formula 27a-sulfonate to the
correspondingteme = Alytatiomansiently) with formation of the lactam of Formula | by intermolecular
acylation (using the ester group present) of thesRgwidogg amine, thereby cyclizing the substituents
to form the lactam of Formula I. In some embodiments jf is preferred to carry out the lactam forming

step "d" by reacting the compound of Formula 27a—sulfd@gtg"vvith zinc metal Wy the presence of acetic
acid. In some emboelinents it ig. ’preferrgjﬁt,g diss@,u,g sulfopate saltotlp_m—Step c,g in concentrated

acetic acid and comhiftg that sélution wighnarguspen of zi 3 -powder j@psoncenftated acetic acid to
jon. After Tormetioroof gompou LOf ?FI, optionally, the
is ektracted fror'thevi@ectiGmmixthire into tolu andlthe toluene solution is

carry out the lactam
ic gcid to precipitate the hy [ mpound of Formula I. In

compound of Form
treated with hydroch chloride salt of th

some embodiments it is preferred to recrystallize the hgelsochloride salt thuanbrecipitated from mixed
o per RIS coprd SRR Ihlihd SRRV W
acrylate under base-catalyzed Michae! addition conditions. In some embodiments
it is preferred to carry out the Michael addition in a solvent selected from
n-hexane, MTBE, cyclohexane, toluene, methanol, dimethyl formamide (DMF),
and THF. In some embodiments it is preferred for the solvent to be n-hexane. In
some embodiments, the reaction mixture from the deprotection step “b” is worked
up by successive additions of toluene, followed by azeotropic distillation, and then
successive additions of n-hexane, followed by distillation maintaining the still pot
between 30 °C and 60 °C until distillation ceases, thus, the residual mixture will
have the lowest possible volume at this still temperature. In some embodiments it
is preferred to employ the resuiting concentrate directly in the Michael addition
step which follows, Step “c”.
In some embodiments it is preferred to select a Michael acceptor from

compounds having the structure of Formula 28a:
0

§/”\oa- Formula 28a;
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Formula lal When reactor conditions favor slow reduction of the nitro group, for example, when low
intensity agitation is used in the reactor, the intermediate formed during reduction of the nitro group
has sufficient lifespan to participate in the ring closing reaction in accordance with Scheme llla.
Scheme llla Formula It! Accordingly, the formation of the compound of Formula lal is increased when
closing proceeds faster than reduction during the nitro-reduction/lactam formation Step d of the

process.  WReTRiReiRordsnaelestad fomy ryeloaiien dinpdvdieg, mdticysticalmo@B8rmula lal
can be convesigrl mdie refeiaBiyo KTe igosaraued RorOmBIN! LBMSHRsMEYN I2kRletRakiydrogenation

catalyst to redyce the compound, in accordance with Scheme lllb shown below. Scheme Il -
Accordingly, ﬁ;hﬁ'\ g?@'ﬁ%ﬁwlf?B?’ﬂ?é%BM‘pGJHB?ﬂttﬁ%r{B%hﬂmg‘%RﬂBﬁgﬁhﬂw%roduct can be
converted to (R}-Bempouwxdgilidinondmide q8)cheeiys dyatetidinagdneids Tyabardydf diermula lal using

hydrogen and.Ran ickel as a hydrogenation catalys n such a reagction is desjred, preferably
the reaction i 'ggpﬁe?qbﬁ?%'gmﬁgﬁﬁ@é? W%%W}Ea amanty?,af:-acpaman?y', ando
(-)-8-phenyimenthyl, more preferably R is selected from methyl,
(-)-8-phenyimenthyl, isobornyl, 1-adamantanyl, 2-adamantanyl, adamantane

methanyl, and (+)-isopinocampheyl, more preferably R' is methyl.

In some embodiments it is preferred to carry out the Michael addition
reaction in the presence of a base. In some embodiments the base is selected
from: an organic base, for example, a homegeneous base, for example
triethylamine, and a heterogeneous base, for example, basic polymer resin having
amine functionality, for example Amberlyst A-21® from Rohm and Haas; and a
heterogeneous, inorganic base, for example an aluminum oxide (neutral or basic),
a metal alkoxide (for example, Mg{OEt);, and magnesium oxide. In some
embodiments it is preferred to employ a basic aluminum oxide to catalyze the
Michael addition reaction, more preferably, basic aluminum oxide having a
Brockman activity of 1, Il, Ill, or IV, available as an articie of commerce, more
preferably a basic aluminum oxide having a Brockman activity of IV having a 5
wt.% to 10 wt.% water content. '

Several metal oxides have been found useful for catalyzing the Michael
addition reaction, for example, magnesium oxide (MgO) and aluminum oxide
(alumina). It will be appreciated that the Michael addition reaction can result in
two different isomers being produced, shown in the reaction Scheme C-lla as the
compounds of Structures 27a (S-isomer, desired isomer) and 27b (R-isomer, an
undesired isomer). Although the ratio of the isomers produced in the Michael
addition reaction can be varied by aitering the reaction solvent, the steric demand
of the Michael acceptor, and other reaction conditions, the inventors have
surprisingly found that the choice of base can greatly influence the ratio of S-
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EXAMPLES Unless otherwise specified, all reagents are articles of commerce, laboratory grade,
and used as received. The following solvents and reagents may be referred to by their abbreviations in
parenthesis: tertiary-butoxycarbonyl: t-BOC tetrahydrofuran: THF Dimethylforrnamide: DMF
methyl-tertiarybutyl ether: MTBE mole: mol. -~ Following are general and specific methods for the
preparation of compounds having formula 1, lll, 111b, IV, V, 27a and 27b described above. There

follows non-Iiﬁ%ﬁ’é%ﬁ@@%@[%ﬁf‘%@%l&@ﬁ?[ﬁ%@ﬁmbl}%m}fﬁﬂm&tﬁé‘ﬁe%nt invention.
Example 1: PsaRsisiglydotsinpat ithiihe Hamvukids batd pbtdddded ploportionately more of
bis(trifluorometh _henvllettlg.%év%n;eégvl '5"§5586%%Fe’?.65&‘31¢1'%’é‘ﬁa‘i'1ih tglré)PrY\Fiedr{ 0er-81|(‘2a I‘-’Ig-carboxvlate step
1 NO213F4 %‘M isomer sifed Y,

surprisingly found that the use of basic alumina as a base in the Michael addition

reaction selectively produces more of the desired S-isomer over the R-isomer.

Moreover, the inventors have surprisingly found that selecting Bockman activity

level IV basic alumina as the base in the Michael reaction produces substantially

more of the S-isomer than R-isomer, for exampie, using basic alumina of activity

level IV, the inventive process can produce a reaction product with a ratio of S-

isomer to R-isomer that exceeds 3.1 (75% S-isomer) even when it is used in

reactions employing a sterically undemanding Michael accepior, for example,

methyl acrylate.

Moreover, the inventors have found that the inventive Michael addition
reaction, when run with both a base providing maximum yield of the desired
isomer, and employing a sterically demanding Michael acceptor, provides a
reaction product comprising in some embodiments from about 84% to about 86%
of the S-isomer, and in some embodiments up to about 90% S-isomer. Suitable
sterically demanding Michael acceptors are, for example, compounds containing
a bornyl structure and compounds containing an adamantly structure. Additional
examples of suitable sterically demanding Michael acceptors include, but are not
limited to, with reference to the structure of Compound 28a (above), compounds
wherein the “R'" group is selected from:
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Compound Il Compound Illb Into a vessel equipped with a stirring apparatus was placed 1,2-
dimethoxyethane (DME, 200 liters) at 20 C to 25 C. Compound 11l (20.0 kg, 34.5 moles) was dissolved
in the DME. The solution was then cooled and maintained at a temperature of -50C to -55C. Nitronium
tetrafluoroborate (5.52 kg, 41.6 moles) was slowly added to the cold solution in aliquots sized to
maintain the batch temperature between -55C and48C. The reaction mixture was maintained at -50
to -55C until HPLC anaIyS|s of the reaction mlxgue%:ndicated that less tan # the amount of the
compound of Formula iti =g remained{in the reactlonpwlxtu e. At the end of the reaction,
sodium carbonate sol Kg Na2CQO3 gisholyed in 50 L w ?er) yas added while allowing the
temperature of the regag ixture to rise. f action mixture ‘mpe gtlre Was maintained at

between -20C and Q the addition gdium carbongte soluti@n. Adter approximately 50 L
of sodium carbonate solu on had been adé pH bPMe mixture wasceval ated using pH paper

and found to b 5.5. Solid s dium carb as added un ture of greater than
o 7.0 but nNIABAIR RORRIY, BRIkt 6P AP AU ST i o the
mixture was ﬁ}adnamuybdvadamﬂﬂﬁl anti(g-8Atemtraehthphs bbstibeents diespedtivedyvalue

between pH 7.0 and pH 10, it was warmed to ambient temperature (between 20C and 25C). After
warming, the reaction mixture was filtered and the filter cake washed with DME, which was combined

with the filtrate. mﬁomeaemm@lmﬁéent@mwp@%thwwmaem@lmo&ﬂmedm 80 mbar to
150 mban) toghigi|RashREsiien 4 SORMGH seBaHA R R HaR A disd IReRiAR g tRgveen S0C

and 50C. Two aliquots of MTBE (20 L each) were added to the concentrate in sequence After each

addition of M’ﬂﬁ@'&i&ﬁ@'ﬁﬁ%éﬂlﬁﬁeam@m%'%%éﬁh hayingRracimAnAstivity IgMEEM acuum

(from sufficiess wee Wadetedtslyse Hadinge R cbSRYIahRAtE b IMuaigiersibstorlthus Rifes
maintaining the filtrat XF at a temperature between 30C and 50C. After the second distillation, MTBE (60

L) was added® RP&TQ idue. The mixture was agitated, and permitted to settle, the layers of the
mixture were split. The organic layer was washed with water (3 aliquots of 20 L each) and

concentrated underqachum (80 R:q{atg aggb@%aﬁ%a&gh ﬁgﬁrﬁsﬁ;ﬂ%%? § \Mgm #yQile maintaining

the organic layer at a temperature etween to the oncentrate (20 L),

and distilled efrapaend 2 iz M thedmieciesarrestsaidadivcrmperpd &fifiervylmd while
maintaining t@@erwteféﬂp?et%%?éeﬁeﬁewsw 3BV totevinsarcasl ritsa Prebilistr was added

to the concentrate (60 L) and the water content was determined by Karl Fischer titratign to be less than

0.2 %. The sHtFn YREE dERfrtEFIRR Ol At RIQEKCLIP RSCAIRRE Wil dRRrRtesliRFAIS® oP Formula
llb was deteyieidedtie berﬂﬁ&(urﬂs&mBM@%&W@umwdﬁb&cﬁdﬁ@HZﬁé 24ff1R) 1-

F315-bis(tri- fluoro rgt?ftllayo)f %rrr?ﬁlaetp cXX} eeggxaucegli)y fe ehr%wgptrt\)g %gfe?' %fc é;*é’ro )%I ction
step b and alkylation step ¢. However, the inventors have surprisingly found that

when used in the alkylation Step “c”, the protected compound of Formula IV yields
a greater proportion of the undesirable R-isomer compound of Formula 27b
relative to the amount of desired S-isomer compound of Formula 27a formed in
the inventive Michael addition reaction under substantially the same reaction
conditions as were used for camying out the inventive Michael addition using the
compound of Formula V (deprotected compound). Accordingly, to maximize the
amount of the desired S-isomer compound of Formula 27a provided by the
inventive Michael addition in the alkylation step, it is preferred to deprotect the
compound of Formula IV first to form the compound of Formula V and then carry
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LIBH4 THF Compound lllb Compound IV To the reaction mixture comprising the Compound
[llb solution (152.34 kg, 53.3 kg active, 87.6 moles) produced in Example 1 was added tetrahydrofuran
(295 liters), and the mixture was cooled and maintained at a temperature between -22C to -18C. A
solution of lithium borohydride (7.92 kg, 10% in THF, 35.6 moles) was added to the mixture at a rate
permitting the mixture to be maintained at a temperature between -22C and -18C. The reaction was
maintained atuPhécaiit6tiontstelp tathanahascadicatddtibaiikyatieactiep vashzoonaaieudd the

completion offlpe rea ti% V\I{‘%%I’e 1r84 I(_:{ as gd 1?1 {E‘c} ar{)%ﬁ? tl}i}; mainaiﬂeﬁ gg%gemgfear re of the
reaction mixfure bolow 208N CEREER raé RO P R AL G e To e misture rti The pH of
the mixture was between pH 3.5 and pH 4.5. The mixture was concentrated at 30C to 50C under

vacuum (80 mbar tﬂ@%@%ﬁ-ﬁw&%giﬁ@?ﬁi :?R{Jﬂa%qlﬁﬁﬁ?ﬁ%mm?@%' rt-butyl ether

(86 L) was added to the concentrated reactiort mixture a stilled off at C under

sufficient vadsflatad assasalntinsimbinenpreduetity filteringtheisaetirr sniptie tUSMOVRTBE (302 L)
was added igiidaeHRNCSHEENRatiig tRbddiGHBATABERRSUGRD IRfsOHRSERBIJAPRINR, The layers

were split, and the organic layer was washed with 3 aliquots of water (42 L each aliguot). After

washing, thePSFifIARIYANE cRaseIrRisq saltion #ithen tereigdAirambUNith @5WHRRIGE9YPhbar) until
distillation cehaegriviathRASGL RO bwalicaiie Mhdhe RO icsslsated Tioameting, \wanhdatedito 30C to

50C under slight vacuum (80 mbar. 0 mbar) and 43 L of methanol was distilled,off. The solution
thus obtaine%?l\%yl%cftfg g‘b&}f EYMH? %aﬁ%ﬁnc(? %p(?&ﬂgiﬂf?r? %%#t\ygf?ﬁeac%%%ﬁﬂa of Formula
IV equal to sprasipijadat satforiate Swt afBormofi27 aculimate, cfeecBohsmel Sahibldwbeia Rie reaction.
is a methyl group, thus, the methylsulfonate salt is precipitated). It will be
appreciated that other salts, including other sulfonate salts, may be precipitated

without departing from the scope of the invention.

Although some amount of the unwanted “R” isomer is coprecipitated with
the desired isomers of Formula 27a (27b-sulfonate), the precipitation in
accordance with Scheme C-llb provides a solid comprising substantially the
compound of Formula 27a-sulfonate. In some embodiments precipitation using
Scheme C-IIb provides a precipitated material containing more than about 96%
the compound of Formula 27a-sulfonate (S-isomer) with less than 4% of the
undesirable compound of Formula 27b-sulfonate (unwanted R-isomer)

precipitated.
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Example 3: Preparation of Compound V: (2S)-241(1R)-1-13,5-
bis(trifluoromethvl)phenvflethoxvimethvl)-5-nitro-2- phenvipiperidine The solution containing the
compound of Formula IV prepared in the previous step (53.8 kg, 18.8 kg active, 30.7 moles of Formula
IV) was diluted with methanol (90 liters). Aqueous concentrated hydrochloric acid (5.1 liters) was
slowly added to the agitated solution while maintaining the mixture at a temperature of between 20C to
30C. Into a separate vessel containing palladiunSahehas@®dlkcatalyst (1.5 kg, 10% on charcoal, 54%
water) was slowly added Methanol (19 liters) while the mixture was slowly agitated to form a catalyst
suspension. While continuing to slowly agitate the suspension, the solution of compound IV was slowly

igorously while mainta nirlﬁ;éthe re@ciion mbgure at a temperafure of between

eactioff was comglete as ST
£0. and-the-fitter/cake waghe

was placetfunder vacupim ( (_)B aQ and concenjgated whilejmaintaining the

5
Cufgﬂ'l,d‘ﬁﬁfaﬁmc@easgg)Durin the gBncentrating
procedure, when the mixtyg,was concentratefl to about 20% of the inifial volunig, theé mixture was

20C and 25C until t
filtered through Dicali
the filtrate. The filtr

Z (4 as added to the
arbonate Sdfution (7.8 Kg
hen the desired
pH range had been achieved, the mixture wag| settled and split. The erganismhager was washed with a
sodium chloride solution (11.3 Kg sodium carbonate dissolved in 102 MiggnfeaeP and concentrated
under vacuum (80 mbar to 120 mbar) while maintaining it at a temperature of 30C to 60C until

distillation ceased. r;[he concengag as a%d g toluene (57&/) hich was distiged off azetropically at
30C 10 60C under MIRERIE I TG BB R RO STEednmen s PIRIRTSS &% azetropicaly
at 30C to 6(QEanipitatedbeumetianerssdhoatérsdid of thiciieadihae ttempoasthmata corstalling less than
0.2% water. t e ' f he hexane
aliquots Wasnéitg-g%thﬁgr@@ﬂ%i s'ttgl #?éfo(ﬁfﬂﬁr)? dﬂeeee\grc%l% r% l?ﬁéﬁﬁ‘g%%ﬁ%%ﬁ@{'&%f%%g ?oﬁ%@ééu ntil
distillation céfhacyitaliersalvent (i exemplas MIBEaetamMed solientoianexameigaleldgnenount of
the compouaﬁd)st@ M)%Wb??ék@é’% yralseRanessandhr ﬁ&@,%@%%ﬂﬁ?ﬁ%lﬁ& fieinitially used.
om

This solution was_used in the subsequent step. Example 4: Preparation of pounds 27a and 27b:
Methyl 3-f(3FaPEHRg Bethansylisnats saltfiem e mitenpither by cocling, seeding the
ethornmettniixBimaifior - pbaihilEien GhtRe\inrdpsapsécembodiments it is preferred to

avoid using an alcohol solvent to suppress ester exchange reactions in the
product which could lead to the formation of unwanted impurities. The precipitate
is preferably isolated by vacuum filtration for use in the subsequent lactam
formation step “d”.
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Compound VCompounds 27a an 27b Into a vessel was placed N-hexane (106 liters). With stirring,
135.8 Kg of basic aluminum oxide was added (Brockmann IV, water content 9-14%, Camag, used as
received) to form a suspension. The solution containing 29.2 kg (13.5 kg active, 28.4 moles) of the
compound of Formula V prepared in the previous step was added to the suspension while stirring was
contlnued and the mixture temerature was malntalned at a temperature betvveen 20C and 250 The

was added 14.74 kg (171.2 moles) metkey 2 tion mixture at a temperature
between 20C and 25C. The equipment wg ith adgltH% al Mtgkane arfffsthe mixture was
maintained at ambient temperatutesasit g, tomgbt s e@terﬁﬁ}ed by HPLC. At the
end of the reaction, the reaction mlxtursfilt red and the filter ¢ Wasjvashet with toluene. The
combined filtrate and wash were concen raj f% Qlylng a vacuu g.maintaining the temperature
of the filtrate between 30C and 60C until the 1& [trate Is concentrated to the smallest volume that permits

it to maintain a free fiomnagemafdbe lagtanT pk kemadlaifiomdhe-camnaaing pHrorowatamd to
contain an a@%ﬁé@ﬁ?d‘é?ﬂ&%ﬂf’ﬁﬂr&&ﬁ A8 3URGHHLLMIBHIBIETH MINtRIA Sfepl®ébased on

the amount of the compound of Formula V used initially. In determining yield it was found that the

product contdfRataiipg Aubsianialy opivthe compatidet Sematiasarsiiomatel With _diastereomer)
Eo the comdposmcbbfe%@gdgte?% éﬂedhta'e@ueﬂmeo)f angl mhﬁ:ygeu;pfm éﬁﬁlﬁﬂdn‘é@h@l stereolrge)r )
compound 27a),was 48% based on the amqunt om nlt used. (solution yields). The
solution was FRA PG S8 LR HE BUIE IR AT, e RERELF BRI b: Preparation
of sulfonate SAlihodiGeantiogrtddef fonma ey Iﬁadr?,ﬁb|€:béhé@®mtﬁa‘.¢m[m&iﬁﬁﬁmmap 5
CH,SOIH

provided by employing zinc metal and acetic acid results in reduction of the nitro-
group of the compound of Formula 27a-sulfonate to the corresponding amine
{however transiently) with formation of the lactam of Formula ] by intermolecular
acylation (using the ester group present) of the newly formed amine, thereby
cyclizing the substituents to form the lactam of Formula ). In some embodiments
it is preferred to carry out the lactam forming step “d” by reacting the compound of
Formula 27a-sulfonate with zinc metal in the presence of acetic acid. In some
embodiments it is preferred to dissolve the sulfonate salt from Step “c” in
concentrated acetic acid and combine that solution with a suspension of zinc
powdler in concentrated acetic acid to carry out the lactam-forming reaction.

After formation of the compound of Formuia |, optionally, the compound of
Formula | is extracted from the reaction mixture into toluene, and the toluene
solution is treated with hydrochloric acid to precipitate the hydrochloride salt of the
compound of Formula l. In some embodiments it is preferred to recrystaliize the
hydrochloride sait thus precipitated from mixed ethanolfisopropano! solvent.
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Compound 27b-sutfonate (less than 2%) To the solution containing compounds of the Formulae
27a and 27b free base prepared in Step 5 (containing 22.78 kg of both diastereomers, including 15.6
kg (27.7 moles) of the S-isomer) was added 62 liters of MTBE maintaining the temperature of the
mixture at 20C to 25C. The solution Was passed through a fine filter and the fitter was rinsed with
MTBE. The clear fil rate thus o ai nc ntrated ab u Oéx at 3 to 550 % r. slight
vacuum (500 mbar) nﬁ1e SoRee ?é V\il §ﬁ1pe (ehe an rec?(gI pera e o Pmixture was
adjusted to 2€ubstaptial. podibard ﬂuﬁfcnmaom(ﬂcﬂi jom%lad{)lmadded to the mixture over 20 to
30 minutes while maintaining the reaction mixture at a temperature between 20C and 25C. After acid
addition the reaction mixture was agitated for 15 to 20 minutes. An additional 2.1 Kg (0.79 eq) of
methanesuffonic acid wasoadded to the suspension while maintaining the temperature and agitation.
The reaction mixture was dgitated at 20C to 25C for an additional 50 to 60 minutes following addition
and then cooled to a te
minutes. At the end of thgia
with a 1:1 mixture of MTBE,
agitated for 50 to 60 minujgg.wirle mai ng the suspension temperature at a temperature between
20C and 25C. At the end of_thé atie ,Ctpse suspension was cooled and maintained at a
temperature between 0C Q »C and*agitated for an additional 50 to 60 minutes. The batch was
filtered and washed with 0C-t0 5C IVITBE. The wet cagnwa Tagintained at a temperature of between
30C and 40C and dried under vacuum (150 mbar to 200 mbar), and then for an additional 4 to 5 hours
at 45C to 50C under vacuum. The solids thus obtained were evaluated by HPLC and found to contain
an amount of the compound of Formula 27a-sulfonate (5-isomer) equivalent to a yield of 88% based
on the amoupy,of S- |so er |n|t| ent in the mixture. HPLC a sis indicated that the salt
precipitated ha fg}&ﬁ “h eéac eric rzﬁ ngléa’ se%\gt{gﬁ%cgro ﬁhsu Igna roHleo ﬁ?ﬁ'éfehantlomer
(27b-sulfonawhendmwiiatens tyeagﬂat!dmsabﬁﬂiwdh&a&agm dhedntermediatefopned dutingple 6:
Preparation QL 5QsuA4 f8RRAY Broup h48 ikt iBdpkin to participate in the rmg closing

13,5-BisitrifluoromethvliPhenyllethoxymethvl)-8-phenY1-1,7- diazaspirof4.51decan-2-one
hydrochlorldéqmj}uﬁﬂ@rd@ﬂ&s’&ih Scheme ha.

Scheme lHa

8) base
e CFs by zn sacoH CFy CFs
CHISTRH
Formula 274 Sultonsts L.

Formula {a1

Accordingly, the formation of the compound of Formula la1 is increased when
closing proceeds faster than reduction during the nitro-reduction/lactam formation
Step d of the process.

The inventors have surprisingly found that once formed, the Compound of
Formula la1 can be converted in good yields to the compound of Formula i using
Raney nickel as a hydrogenation catalyst to reduce the compound, in accordance

with Scheme lllb shown below.
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Compound 27a-sulfonate Example 6A - Preparation of the compound of Formula | from 27a-sulfonate
A suspension was made by adding zinc powder (12.2 Kg, 186.6 moles) to 42 liters of concentrated
acetic acid with vigorous stirring. In a separate vessel was placed 4.04 Kg of the starting material
prepared in Example 5, above, and 4.1 Kg of a compound 27a-sulfonate compound prepared in a
similar reaction which yielded a salt comprising 88.2% S-enantiomer and 7.8% R-enantiomer (total
8.14 kg of the sulfonate salts, about 95% S-enantiomer). The sulfonate salts were dissolved in 82 liters
of concentrated acetic acid heated to 45C to obt8thameliftion. When all of the solids had dissolved the
solution temperature was adjusted and maintained at a temperature between 20C and 30C. The
solution contaifiing$s¢ compound §f Formula 27a-sulfonate was added tg the stirring zinc suspension
while maintainingthe‘/mixtufe§at a temperatyre below 60s, After all of the Jplytion wag,added, the
reaction mixtu ratur¢ Wias ddjusted alid maintaikethat atMifibraturg of fromA5C to 60C until
the reaction was cory et®as detémined by HE H N mixture
was then coolgd and {ndintained atja temperatu

filtered through-Hyflo (4.12 kg) andlthe wet cake waswashed with toluene. The wash was combined
with the filtrate and the mixture was concentrated under vacuum (80 mbar to 120 mbar) by maintaining
the reaction mixture temperature between 30C and 60C until distillation ceased. To the concentrate
was added 41 L of {3REfINGHe ﬁﬁfhﬂ&%?@%?ﬁ’é‘ %I[ﬁ%ﬁmgﬁéo gﬂyyggf%lﬁ 0 aliquots of

2N hydrochlaésineit] thepiaai(éb din dedoomentod taths aotipo(diof Fuswil82 in gadd 8% solution)
and sodium chlogide solution (221, 10% solution)- The ed solution was filtered and, the filter rinsed
Wit toluene HER o edlhit e compSRi B o AR S TR S A s o the
compound ohiekeghata hydragenatjoheaatyst. aV¥hemsushareadtior isndestet prserabyncentrated
hydrochlorid%gc,igmﬂgwﬁgg%lt%gqm g@}gv&?gwu@%s@_rit (95:5 ethanol/ isopropanol)
maintaining the mixture at a temperature between 20C and 25C. The mixture was agitated at 20C to
25C for 25 to 35 minutes and then cooled to OC to 5C and agitated for 25 to 35 minutes. The mixture
was filtered gxdRmPBigcake washed with an aliquot of a 1:1 mixture of toluene/MTBE (10 L), followed
by a second aliquot of MTBE (10 L) maintained at 20C to 25C. The wet cake was dried at 40C to 45C
under vacuum. TheUmddobthianeiseospecifiedl| albe888nts ard hedicles eforpatat@miecompound 1(14.54

kg, 25.6 mol é} re al Lp?é i EW ' xtur % ing spirit (35
liters; 95:5 ef aﬁﬁg@’p%%'i%oﬁa er vél%?%n otoXir%gﬁégPWé)#t%gfé@ﬁ%%%c %ﬁ%e acid (0.3
liter, 37%), amay\batigiemedtad theirrabbrexsaticrftiniparenbesisuxing solution was cooled and
maintained at a temperature of between 74C to 77C, and filtered through a preheated pipe and in-line
filter. The apparatus was rinsed with a mixture of fine spirit (95:5 ethanol/isopropanol) and water with
endotoxin ¢ Ry Rukexyes = {Bfe and combined with the filtrate. The temperature of the
solution thustereitigabiupenaditied and maintained at a temperature between 72C and 74C and
Compound | eedtﬁ%stals weée_ag . The seeded solution was maintained at this temperature for 15
to 20 minuteS ANa tHen cooiad o mperature between OC and 5C at the rate of 0.5C per minute.
The seeded suithigrtecharybatyltier MI Binperature between 0C and 5C and agitated for 30 to 40
minutes. At t A %f,the time the resulting mixture was filtered and washed with a 40:60 mixture of
fine spirit (95:5 ethanol/isopropanol)/water with endotoxin control at OC to 5C. The wet cake was dried
under vacuum (150 mbar to 200 mbar) at 35C to 40C under vacuum. The yield of the compound of

Formula | was detepripgérgy 41€ heneraeafd’sgerind ABtHIRIS TP YhE Priparatiepnagr present in the

solids used initially. A second run was carri&? gut in accordance with the foregoing, however, at

the end of theABROERES Bavinehtermulih Midithe WaY i aftd A/ith dRRRIRI SRAYA carbonate
solution and Tinefehfitiowvy ashdmiiting e xigasiss hasteative etitiethresiint tniréHtienasay et

spontaneouz.%ﬁ}taggation. In tai subsequent run, when spontaneous crystallization did not occur, seed
crystals wer ' %8%35‘&%@%?51 {8Pmation. Once crystalline product had precipitated, the product
was filtered and the cake washed successively with aliquots of water, a 1:1 mixture (vol.) of
toluene:MTBE, and MTBE. The cake thus obtained was dried under vacuum at 40- 45C for
approximately 8 h. Example 6B - Reduction of the Compound of Formula lal
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Preparation of the compound of Formula | with co-production of a significant amount of the compound
of Formula lal was carried out using the procedure described in Example 6A but starting with 47 Kg of
the compound of Formula 27a-sulfonate and utilizing an industrial scale reactor. The product of the
reaction was found to contain 35 mole% of the compound of Formula | and 46 mole% of the

compoundo ormula At the nd ofte reactlont o 1 t ;ﬁ rxllgred through
f) el mwel 2RRLY; ST F Tas |th the f||trate

D )4
mixture at a temperature oé Iﬁ- altg ' l{g WhICh was capable of belng stlrred was
obtained. The residue wa d ethanol until distillation ceased then
diluted with an additional aliquot of ethyl alcohol. Into a separate reactor, with stirring, was charged
Raney Nickel (ca. 25 kg) and ethanol denatured with toluene. The reactor was stirred for 20 min and
the liquid decanted off. The Raney qugegwas re- ed with ethano %Zh
m0|sture content of th& .

resfiue was ackeptable fobﬂﬁm‘ng a hy
L ctor wa WHH

i
transferred to an autecia i gitatrerr aga ethanol slurry.

50C until a mixture of 1 6 mole% of the compound of Formula | and 1.9 mole% of the compound of
Formula lal was observed iGameesadilbn mixture. The reaction mixtiempoungdithined was filtered and
the resulting filter cake rinsed with ethanol and combined with the filtrate. The filtrate was concentrated

under vacuum to a SR AVE$8¢|RAYIRPREIHIARIHISA RBPRIMEAB P1AsEAVhEn distillation ceased,
thdeerSIduE vmetdwlwbltwﬂheqmﬁmtlgoal m%wm@ﬂmwbﬁ(\ﬁuecﬁﬁbammqiﬁm I}SQ.HC| vgz_S_ |
added to the nol solution it tes angd the mixture was stirred for an additiona
15 minutes. ?éf@%ﬁﬂd’%% T’Fﬁ@élﬂ& 8\7? bﬁgeﬁ' Hﬂ'@’&&f&sﬁé ‘gﬁéc%% ively with
aliquots of Watamtalﬂnédrabalm“;féﬂ&lé tnﬂueﬁﬁ)é{htmd—WBE Nitronianttettafhker obas ateqs.52der
vacuum at 4 f ntent. The
hydrogenatl eac |c?r£ 2%@&%%@& (rﬁ]f %‘é%?c]ﬁ’c? H% 86%9# ?J @%E#ﬁ%%\r%? 8#Ig(grmula | based on
the amount aﬁeuﬁqmtlm bﬁ@bﬁﬂﬁtﬁ%ﬂﬁplb?@demaﬁ@ﬁ@ anqbfﬂﬁéERTalb reactian pyixarging Michael
Adition Recggiaaiasat 513 =06 T PR andifisd i et asiiyapagHon shown was

carried out by dissolving a weighed amount of the compound of Formula V_(reactions were run using
from about 20¢liFRied Wit leapthas %nﬂmae\ﬁr&ey@ﬁem&%semmélae@faﬁenemawwuy% the
solvent showgsstthsimaiies iethe rédistisalviigtureas stirred at a selected temperature while adding

approximately 56 e alent rockmann actiyity IV alumina obta ned f Camag
(residual water con&#‘? FRYP2 } ﬁﬁ Niia °&s88%lg%88t988?tﬁﬁ8ﬁ ﬁgrg%?é%onal stirring, 5
equivalents afisbo!ied in/ld iwditea)osas mmmeaﬂmu@thddempemmmmgtMEs maintained for

20 hours. At,tggc%q HL%&& cﬁggt 7a S ;ﬂ'&mgétrtg%?g%ﬁ 'Wféjnq dhtlgtpgécg the combined

amount of the compounds of Formulae rmulae 27a and

27b producebgiweRn 2o aniBie IdUEﬁﬁd@@d@tma@fﬁg%ﬁmlgaig%nfggﬁg}ﬁwmwM|chael
addition in therueaEPRskIPh AP BOAL BFsBIARHRABERARCSINARCHRY BEUPadaed(iihy Rying the "R”
group of the g? {h/gj t[%ixture was evaluated using pH paper and found to be pH 5.5. Solid

sodium carbonate was added until the mixture had a pH of greater than pH 7.0

but not exceeding pH 10. During the addition of sodium carbonate, the

temperature of the mixture was maintained between -20°C and 0°C. When the

the pH had been adjusted to a value between pH 7.0 and pH 10, it was warmed

to ambient temperature (between 20°C and 25°C). After warming, the reaction
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No. "R" group of R'-acrylate homer Ratio (S:R) - Base =Brockman Activity | Fts = H Isomer Ratio (S:R)
__Bale = MgO itl = Il Isomer Ratio (S:R) - Base r- Brockman Activity | te= Cbz Isomer Ratio (S:R)-

mixture was filtered and the filter cake washed with DME, which was combined
with the filtrate.

The filtrate was concentrated by distilling off the volatiles under vacuum 80
mbar to 150 mbar} to the lowest possible volume while maintaining the filtrate at
a temperature between 30°C and §0°C. Two aliquots of MTBE (20 L each) were
added to the concentrate in sequence. After each addition of MTBE to the
concentrate, the mixture was again concentrated by distilling under vacuum (from
sufficient vacuum to induce boiling up to 520 mbar) to the lowest possible volume
while maintaining the filtrate at a temperature between 30°C and 50°C. After the
second distillation, MTBE (60 L) was added to the residue. The mixture was
agitated, and permitted to settle, the layers of the mixture were split. The organic
layer was washed with water (3 aliquots of 20 L. each) and concentrated under
vacuum ( 80 mbar to 200 mbar), to the lowest possible volume while maintaining
the organic layer at a temperature between 30°C and 50°C., THF was added to
the concentrate (20 L), and distilled off under vacuum (80 mbarr to 150 mbar) to
achieve the lowest possible volume while maintaining the mixture at a
temperature between 30°C and 50°C. A second aliquot of THF was added to the
concentrate (60 L) and the water content was determined by Kar! Fischer titration
to be less than 0.2 %. The solution thus obtained was analyzed by HPLC, and
the yield of the compound of Formula lllb was determined to be 90%.

Example 2: Preparation of Compound {V: Benzyl (2S)-2-({{1R}-1-

{3.5-bis(tri-fluorec-methyl)-phenyllethoxyimethytl)-
5-nitro-2-phenylpiperidine-1-carboxylate

NO. NO
o A ¢ . o L GF
iy LiBH4 L
BrO™ "N THF BnO” "N_.
) e
L CF3 - CF3

Compound Hib Compound IV
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Base = MgO le = Cbz i Methyl 63 /37 20/ 80 2 H-8-Phenylmenthyl 78 /22 25 /75

To the reaction mixture comprising the Compound lllb solution (152.34 kg,
53.3 kg active, 87.6 moles) produced in Example 1 was added tetrahydrofuran
(295 titers), and the mixture was cooled and maintained at a temperature
between -22°C to -18°C. A solution of lithium borohydride (7.92 kg, 10% in THF,
35.6 moles) was added to the mixture at a rate permitting the mixture to be
maintained at a temperature between -22°C and -18°C. The reaction was
maintained at -22 to -18°C until HPLC analysis indicated that the reaction was
compiete. At the completion of the reaction water (104 L) was added at a rate
that maintained the temperature of the reaction mixture below 20°C.
Concentrated hydrochloric acid was added to the mixture until the pH of the
mixture was between pH 3.5 and pH 4.5. The mixture was concentrated at 30°C
to 50°C under vacuum (80 mbar to 120 mbar) until distillation of the solvent
ceased. Additional methyl tert-butyl ether (86 L) was added to the concentrated
reaction mixture and 43 L distilled off at 30°C to 50°C under sufficient vacuum to
maintain distillation, reducing the THF level to less than 10 vol.%. MTBE {302 L)
was added into the concentrate. The mixture was agitated, then left quiescent to
settle. The layers were split, and the organic layer was washed with 3 aliquots of
water (42 L each aliquot).

After washing, the organic layer was concentrated at 30°C to 55°C under
vacuum (80 mbar to 120 mbar) until distillation ceased. Methanol (130 L) was
added to the concentrate. The mixture was heated to 30°C to 5G°C under slight
vacuum {80 mbar to 120 mbar) and 43 L of methanol was distilled off. The
solution thus obtained was evaluated by HPLC and found to contain an amount
of the compound of Formula IV equal to a 72% yield based on the amount of the
compound of Formula Ill employed in the reaction.
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15/85 3 Phenyl 66 / 34 4 t-Butyl 69/3134/66 30/70

Example 3: Preparation of Compound V: (28)-2{{(1R)-1-|3,5-
bis(triluoromethyl)phenyllethoxy}methyl)-5-nitro-2-

phenylpiperidine

conc.HCI
BrO™ N YQ\ PAC, MeOH_ K)

Compound IV Compound V

The solution containing the compound of Formula IV prepared in the
previous step (53.8 kg, 18.8 kg active, 30.7 moles of Formula IV) was diiuted with
methanol (90 liters). Aqueous concentrated hydrochloric acid (5.1 liters) was
slowly added to the agitated solution while maintaining the mixture at a
temperature of between 20°C to 30°C. Into a separate vessel containing
paliadium on charcoal catalyst (1.5 kg, 10% on charcoal, 54% water) was slowly
added Methanol (19 liters) while the mixture was slowly agitated to form a
catalyst suspension. While continuing to slowly agitate the suspension, the
solution of compound 1V was slowly added to the suspension while maintaining
the mixture at a temperature of from 20°C to 25°C. After all of the solution of
compound {V had been added, the mixture was placed under 1-3 bar of
hydrogen pressure and agitated vigorously while maintaining the reaction mixture
at a temperature of between 20°C and 25°C until the reaction was compiete as
determined by HPLC. The reaction mixture was filtered through Dicalite® (0.5
kg) and the filter cake washed with methanol, which was combined with the
fitrate. The filtrate was placed under vacuum (500 mbar) and concentrated
while maintaining the temperature of the filtrate between 20°C and 30°C until
distillation ceased. During the concentrating procedure, when the mixture was
concentrated to about 20% of the initial volume, the mixture was analyzed by
HPLC.

After the mixture had been concentrated, toluene (113L) was added to the
concentrate. The pH of the residue was adjusted by addition of sodium
carbonate solution (7.8 Kg sodium carbonate dissolved in 79 L of water) to a
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25/ 75 5 Isobomyl 84 /16 23 /77 18/ 82 6 1-adamantanyl 69 / 31

value between pH 9 and pH 10. When the desired pH range had been achieved,
the mixture was settled and split. The organic layer was washed with a sodium
chloride solution (11.3 Kg sodium carbonate dissolved in 102 L of water) and
concentrated under vacuum (80 mbar to 120 mbar) while maintaining it at a
temperature of 30°C to 60°C until distillation ceased. To the concentrate was
added toluene (57 L) which was distilled off azetropically at 30 °C to 60°C under
vacuum. A second aliquot of toluene (57 L) was added and distilled off
azetropicaily at 30°C to 60°C under vacuum. Karl Fischer titration indicated that
the concentrate contained less than 0.2% water.

To the concentrate was added 2 aliquots of n-hexane (57 L each). Each
of the hexane aliquots was subsequently distilled off under vacuum maintaining
the mixture at 30°C to 60°C until distiliation ceased. The resulting solution was
evaluated by HPLC and found to contain an amount of the compound of Formula
V equal tc a 93% yield based on the amount of compound IV initially used. This

solution was used in the subsequent step.

Example 4: Preparation of Compounds 27a and 27b:
Methyl 3-[(3R/S,6S8)-6-({(1R)-1-[3.5-bis(trifluoromethyl)phenyi}

ethoxy}methyl)-3-nitro-6-phenylpiperidin-3-yllpropanoate

NOZ CFa COzME
basic Ab,O; 92N ¢Fs
BN, - 5 HN
s CF3 n-Hexane e CF
3
Compound V Compounds 27a an 27b

Into a vessel was placed N-hexane (106 liters). With stirring, 135.8 Kg of
basic aluminum oxide was added (Brockmann [V, water content 9-14%, Camag,
used as received) to form a suspension. The solution containing 29.2 kg (13.5
kg active, 28.4 moles) of the compound of Formula V prepared in the previous
step was added to the suspension while stirring was continued and the mixture
temperature was maintained at a temperature between 20°C and 25°C. The
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7 2-adamantanyl 85/ 15 8 adamantane methanyl 86 / 14

equipment was rinsed with additional hexane and agitation of the reaction
mixture was continued for 20 to 30 minutes after all of the solution had been
added to the suspension. into the reaction mixture was added 14.74 kg (171.2
moles) methyl acrylate maintaining the reaction mixture at a temperature
between 20°C and 25°C. The equipment was rinsed with additional n-hexane
and the mixture was maintained at ambient temperature until the reaction was
completed as determined by HPLC. At the end of the reaction, the reaction
mixture was filtered and the filter cake was washed with toluene. The combined
filtrate and wash were concentrated by applying a vacuum and maintaining the
temperature of the fiitrate between 30°C and 60°C until the filtrate is
concentrated to the smallest volume that permits it to maintain a free-flowing
characteristic. The concentrate was evaluated by HPLC and found to contain an
amount of the compounds of Formulae 27a and 27b equivalent to a yield of 71%
based on the amount of the compound of Formula V used initially. In
determining yield it was found that the product contained both diastereomers in a
2:1 ratio of the compound of Formula 27a (S-diastereomer) to the compound of
Formula 27b (R-diastereomer) and the yield of the desired S-diastereomer
(cbmpound 27a) was 48% based on the amount of compound V initially used.
(solution yields). The solution was used directly to prepare the methylsulfonate
sait in the next step.

Example 5: Preparation of sulfonate salts of Compounds of Formula 27a/ 27b

O.N CF
2 CF4 step 5 3
i CH,S0O,H o
* :/0 CF3 CF3
[CH3S04] ©
Compounds 27a and 27b Compound 27a-sulfonate (88%}
+

Compound 27b-sulfonate
{teas than 29%)

To the solution containing compounds of the Formulae 27a and 27b free
base prepared in Step 5 (containing 22.78 kg of both diastereomers, including
15.6 kg (27.7 moles) of the S-isomer) was added 62 liters of MTBE maintaining
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5 cis-Pinan-2-y1 66 / 34 10 (+)- Isopinocampheyl 73/ 27

the temperature of the mixture at 20°C to 25°C. The solution was passed
through a fine filter and the filter was rinsed with MTBE. The clear filtrate thus
obtained was concentrated fo about 3X at 30°C to 55°C under slight vacuum
(500 mbar). The concenirate was diluted with toluene and the temperature of the
mixture was adjusted to 20°C to 25°C. Methane suifonic acid (2.0 Kg, 0.75 eq)
was added to the mixture over 20 to 30 minutes while maintaining the reaction
mixture at a temperature between 20°C and 25°C. After acid addition the
reaction mixture was agitated for 15 to 20 minutes. An additional 2.1 Kg (0.79
eq) of methanesulfonic acid was added to the suspension while maintaining the
temperature and agitation. The reaction mixture was agitated at 20°C to 25°C for
an additional 50 to 60 minutes following addition and then cooled to a
temperature between 0°C and 5°C, then agitated for an additional 50 to 60
minutes. At the end of the agitation period the reaction mixture was filtered, the
wet cake was washed with a 1:1 mixture of MTBE/oiluene at 0°C to 5°C. The
filter cake (wet) was suspended in MTBE and agitated for 50 to 60 minutes while
maintaining the suspension temperature at a temperature between 20°C and
25°C. At the end of the agitation time, the suspension was cooled and
maintained at a temperature between 0°C'and 5°C and agitated for an additional
50 to 60 minutes.

The batch was filtered and washed with 0°C to 5°C MTBE. The wet cake
was maintained at a temperature of between 30°C and 40°C and dried under
vacuum (150 mbar to 200 mbar), and then for an additional 4 to 5 hours at 45°C
to 50°C under vacuum. The solids thus obtained were evaluated by HPLC and
found to contain an amount of the compound of Formula 27a-sulfonate (S-
isomer) equivalent to a yield of 88% based on the amount of S-isomer initially
present in the mixture. HPLC analysis indicated aiso that the salt precipitated
had an isomeric ratio of 98% S-enatiocnmer (27a- sulfonate, desired):2% R-
enantiomer (27b-sulfonate, undesired). The solid thus obtained was used
directly in the next step.
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The reactions run for Table | were carried out using a weight of n-hexane 14 X the weight of the
acrylate employed in the reaction. Reactions were run at ambient temperature (about 20 C to 25 C).
The data shown in Table 1 indicates that, for some acrylate acceptors, the presence of a protecting
group on the piperidine nitrogen can reverse the selectivity of the Michael addition reaction for the
preferred |somer It mdrcates also that basrc alumlna IS the preferred base catal st f‘t‘)r romotrng

; g gﬂ pqn7er Table II -
ns 0. Solv nt somer Ratio

droc heignde monohy rate

CF;

CF,

©
CH3S0;

Compound 27a-sulfonate Formula | - HCI salt

Example 6A — Preparation of the compound of Formula | from 27a-sulfonate

A suspension was made by adding zinc bowder (12.2 Kg, 186.6 moles) {o
42 liters of concentrated acetic acid with vigorous stirring. In a separate vessel
was placed 4.04 Kg of the starting material prepared in Example 5, above, and
4.1 Kg of a compound 27a-suifonate compound prepared in a similar reaction
which yielded a salt comprising 88.2% S-enantiomer and 7.8% R-enantiomer
(total 8.14 kg of the sulfonate saits, about 95% S-enantiomer). The sulfonate
salts were dissolved in 82 liters of concentrated acetic acid heated to 45°C to
obtain a solution. When all of the solids had dissolved the solution temperature
was adjusted and maintained at a temperature between 20°C and 30°C. The
solution containing the compound of Formula 27a-sulfonate was added to the
stirring zinc suspension while maintaining the mixture at a temperature below
60°C. After all of the solution was added, the reaction mixture temperature was
adjusted and maintained at a temperature of from 55°C to 60°C until the reaction
was complete, as determined by HPLC, At the end of the reaction the reaction
mixture was then cooled and maintained at a temperature of from 20°C to 30°C.

The reaction mixture was filtered through Hyflo (4.12 kg) and the wet cake
was washed with toluene. The wash was combined with the filtrate and the
mixture was concentrated under vacuum (80 mbar to 120 mbar) by maintaining
the reaction mixture temperature between 30°C and 60°C until distillation
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2 Toluene 84:16 3 Methanol 48:52 4 Oimethylformamide 38:62 5 Tetrahydrofu ran 51:49

ceased. To the concentrate was added 41 L of toluene. The resuiting organic
solution was washed successively with aliquots of 2N hydrochloric acid solution
(45 L), sodium carbonate solution (2 aliquots of 82 L each, 8% solution) and
sodium chloride solution (221, 10% solution). The washed solution was filtered
and the filter rinsed with toluene which was combined with the filtrate. The fiitrate
was seeded with seed crystals of the compound of Formula | maintaining the
filtrate at a temperature between 20°C and 25°C. Concentrated hydrochloride
acid was slowly added to the filtrate followed by fine spirit (95:5 ethanol/
isopropancl) maintaining the mixture at a temperature between 20°C and 25°C.
The mixture was agitated at 20°C to 25°C for 25 to 35 minutes and then cooled
to 0°C to 5°C and agitated for 25 to 35 minutes. The mixture was filtered and the
wet cake washed with an aliquot of a 1:1 mixture of toluene/MTBE (10 L),
followed by a second aliquot of MTBE (10 L) maintained at 20°C to 25°C. The
wet cake was dried at 40°C to 45°C under vacuum. The yield of crude
Compound | was 88%.

The crude crystals of compound | (14.54 kg, 25.6 moles) were
recrystalized by dissolving the crude compound in a mixture of fine spirit (35
liters; 95:5 ethanolfisopropanol), water with endotoxin control (35 liters) and
hydrochloride acid (0.3 liter, 37%), and heating the solution to reflux with
agitation, The refluxing solution was cooled and maintained at a temperature of
between 74°C to 77°C, and filtered through a preheated pipe and in-line fiiter.
The apparatus was rinsed with a mixture of fine spirit (95:5 ethanol/isopropanol)
and water with endotoxin control maintained at 60°C to 70°C and combined with
the filtrate. The temperature of the solution thus provided was adjusted and
maintained at a temperature between 72°C and 74°C and Compound | seed
crystals were added. The seeded solution was maintained at this temperature for
15 to 20 minutes and then cooled to a temperature between 0°C and 5°C at the
rate of 0.56°C per minute. The seeded solution was maintained at a temperature
between 0°C and 5°C and agitated for 30 to 40 minutes. At the end of the time
the resulting mixture was filtered and washed with a 40:60 mixture of fine spirit
(95:5 ethanol/isopropanol)/water with endotoxin control at 0°C to 5°C. The wet
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The data in Table Il were generated using the above-described addition reaction employing Brockman
activity IV basic alumina and (-)-8-phenylmenthyl acrylate as the Michael acceptor with the
deprotected substrate compound of Formula V (thus "R2" = H). All runs were conducted at ambient
temperature (about 20 C to 25 C). These results indicate that non-polar solvents, for example

n-hexane, or loy polarity. ngn-protic solvent r eample ene, pro formatiqn of the desired
isomer. Tablﬁ%-"fﬁﬁﬁfﬁ%‘ﬂ?‘ﬁm’rﬁﬁﬁ%@#@gg@&r‘é@@lg&ﬁﬁ %tfn%-‘??e ef?e Is%r'rﬂ'é?ehun No. Base
Isomer Ratiov@E:igomeTHe-dekh af thi ecmapdunchiviFBrooianbwascdeterivifedi/ty BERIC At bEna
Brockman Ag2Dbased on the amount of the S-isomer present in the solids used initially.

A second run was carried out in accordance with the foregoing, however,
at the end of the reaction period the reaction mixture was extracted with aqueocus
sodium carbonate solution and the phases were spiit. The organic phase was
added to dilute HCI to provide spontaneous crystallization. In a subsequent run,
when spontaneous crystallization did not occur, seed crystals were charged to
seed crystal formation. Once crystalline product had precipitated, the product
was filtered and the cake washed successively with aliquots of water, a 1:1
mixture (vol.) of toluene:MTBE, and MTBE. The cake thus obtained was dried
under vacuum at 40°- 45°C for approximately 8 h.

Example 6B — Reduction of the Compound of Formula la1

Preparation of the compound of Formula I with co-production of a
significant amount of the compound of Formula la1 was carried out using the
procedure described in Example 8A but starting with 47 Kg of the compound of
Formula 27a-sulfonate and utilizing an industrial scale reactor. The product of
the reaction was found to contain 35 mole% of the compound of Formula | and
46 mole% of the compound of Formula la1. At the end of the reaction the
reaction mixture was was filtered through Hyflo (4.12 kg) and the wet cake was
washed with toluene. The wash was combined with the filtrate and the mixture
was concentrated under vacuum (80 mbar to 120 mbar) by maintaining the
reaction mixture at a temperature of less than about 60°C until a residue which
was capable of being stirred was obtained. The residue was azeotropicaily
distilled with denatured ethanol until distillation ceased then diluted with an
additional aliquot of ethyl alcohol. Into a separate reactor, with stirring, was
charged Raney Nickel {ca. 25 kg) and ethanol denatured with toluene. The
reactor was stirred for 20 min and the liquid decanted off. The Raney Nicke! was
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51:49 3 Basic Alumina Brockman Activity || 4 Basic Alumina Brockman Activity Ill 5 Basic Alumina
Brockman Activity 1V 70:30 These reactions were run using methyl acrylate as the Michael
acceptor, with a deprotected substrate (therefore "R*'= H) in n-hexane at 20C to 25C.

re-slurried with ethanol and the liquid decanted until the moisture content of the
residue was acceptable for running a hydrogenation reaction. When the
moisture content was acceptable, the reactor was charged with additional
ethanol and the catalyst was transferred to an autoclave with agitation as an
ethanol slurry. The product mixture prepared as described above was added to
the autoclave and the batch hydrogenated at 5 bar H pressure at ca. 50°C unti
a mixture of 81.5 mole% of the compound of Formula 1 and 1.9 mole% of the
compound of Formula la1 was observed in the reaction mixture. The reaction
mixture thus obtained was filtered and the resuiting filter cake rinsed with ethanol
and combined with the filtrate. The filtrate was concentrated under vacuum to a
stirrable residue, azeotropically distilled with ethanol, and when distiliation
ceased, the residue was diluted with an additional aliquot of ethanol. A dilute
solution of aqueous HC| was added to the ethanol solution with stirring over 20
minutes and the mixture was stirred for an additional 15 minutes. The resulting
reaction mixture was filtered, and the cake washed successively with aliquots of
water, a 1:1 mixture of MTBE:toluene, and MTBE. The washed cake was dried
under vacuum at 40° - 45°C for about 8 hours and sampled for residual solvent
and water content. The hydrogenation reaction over Raney nickel yielded about
60% of the compound of Formula | based on the amount of compound of
Formula V employed.

Example 7: Isomer Ratio Control by Varying Michael Addition Reaction
Conditions

CF,

Base
Solvent
. A0 CF,

R'-Acrytate

GF; CF,

CF,

v

R*=Chz, H 27a 27b

The Michae! addition reaction shown was carried out by dissolving a
weighed amount of the compound of Formula V (reactions were run using from
about 200 mg to about 10 g of Formula V, depending upon the acrylate
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The data in Table Ill indicates that the best selectivity for the desired S-isomer is observed utilizing
basic alumina having a Brockman activity level of IV. It was also found that conversion yields on
Brockman activity | material were very low, typically 37% conversion after reactions times comparable
to those yielding complete conversion with Brockman activity level IV alumina. The above
description of the invention is intended to be illustrative and not limiting. Various changes or

modification€Mriyed ipta hesolvest showRdrihetables belowhbbe sritignwas stirrediate

changes cangdogefaagial Waipuralepa Whildraaaine SEOTRXIRTRRIVISE Srivarenio ol Bloekinaimed is:
1.A process for makjng a lactam compaund of Formula | 0 HNOCF, CF, Formula | theP ocess
comprising r@SENHY @Hﬁ%ﬂb&%%;g?mﬁ Q[ Mg (residual water conten

wt.% to 12 wt.%, used as received). After 10 minutes of additional stirring, 5
equivalents of the R-acrylate indicated in the tables below was added and stirring
was maintained for 20 hours. At the end of the reaction time the reaction mixture
was analyzed by HPL.C for the combined amount of the compounds of Formuiae
27a and 27b and ratio of the compounds of Formulae 27a and 27b produced in

the reaction.

Table | — Effects of: (i) Varying oxide catalyst; (ii) Running Michael addition in the
presence or absence of a piperidine nitrogen protecting group; and (iii} Varying
the “R” group of the acrylate.

Neo. | “R” group of Isomer Ratio | Isomer Isomer Ratio Isomer Ratio
R'-acrylate gis::ll ;rockmau Ratio (S:R) - gsas?l _l;rockman (8:R)-
Activity 1 Base = MgO Activity I Base = MgO
R'=H R=H R'=Chz R’ = Cbz
1 Methyl 63/37 20/80
2 (-}-8-Phenylmenthyl | 78 /22 25175 15/85
3 Phenyl 66 /34
4 t-Butyt 69/31 34 /66 30/70 25/75
5 isobomyl 84116 2177 181 82
8 1-adamantanyl 69/31
7 2-adamantanyl 85/15
8 adamantane 86/ 14
methanyl
9 cis-Pinan-2-yl 66 /34
10 (+)- 73127
Isopinocampheyi

The reactions run for Table | were carried out using a weight of n-hexane
14 X the weight of the acrylate employed in the reaction. Reactions were run at
ambient temperature (about 20 °C to 25 °C). The data shown in Table 1 indicates
that, for some acrylate acceptors, the presence of a protecting group on the
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F, Formula 27a-sulfonate with zinc in the presence of acetic acid, thereby forming the lactam of
Formula I, wherein Rl is selected from linear, branched, or cyclic alkyl haying up to 6 carbon atoms,
phenyl, 2-methoxy-ethyl, 2- (dimethylamino)ethyl, (L)-menthyl, (D)-menthyl, dimethylamide,
(R)-benzyloxazolidinonamide, (S)-benzyl-oxazolidinonamide, isobornyl, cis-pinan2-yl,
isopinocampheyl, adamantylmethyl, 2-adamantyl, 1-adamantyl, and (-)-8-phenylmenthyl. 2. The
process of cIRRelidine rifragenceanRyessss thersrircivitywfitheMichasbadditopr eastinngfase
compound oftherpeiariéd Wonfet! MitIindfRatel) M8 A hRarHakicCaimmi i GheOpreitirédpdsarmula

28a, in the presence of a base upder Michael addition reaction conditions, wherein al is a linear,

branched, or E3tal¥SYIEGr RIAMPURBLSUTRARIH Al R, RISieRED ISRmsx ABthfhat selecting a
2-(dimethylarstarigatiy| démareditiyy| dEryldtentiod, RasipiamddmintaRenziem@mylissrpaeside,

(S)-benzyloxazolidinonamide, i t%?or l, cis-pinan-2-yl, isppinocampheyl, adamantylmethyl,
2-adamanty|,pf9a{ﬂg}ﬁ§u%ﬂ%ﬁ8% : %%Jﬂ%ﬁ%ﬁ%ﬁ%%ﬁ%’ PORRent of the product with methane
sulfonic acid.

Table II_- Effect of Solvent on Isomer Produced in the Michael Addition Step

Run No. | Solvent [somer Ratio Produced
{S-isomer; R-isomer)

1 n-Hexane 9

2 Toluene 84:16

3 Methano! 48:52

4 Dimethylformamide 38.62

§ Tetrahydrofuran 51:49

The data in Table || were generated using the above-described addition
reaction employing Brockman activity IV basic alumina and (-)-8-phenyimenthyl
acrylate as the Michae!l acceptor with the deprotected substrate compound of
Formula V (thus “R* = H). All runs were conducted at ambient temperature
(about 20 °C to 25 °C). These results indicate that non-polar solvents, for
exampie n-hexane, or low polarity non-protic solvents, for eample toluene,
promote formation of the desired isomer.

Table ITI — Influence of Alumina Activity Stage on Selection of Preferred Isomer

Run Base Isomer Ratio

No. (S-isomer: R-isomer
1 Neutral Alumina Brockman Activity | 63:.37

2 Basic Alumina Brockman Activity | 51:49

3 Basic Alumina Brockman Activity I

4 Basic Alumina Brockman Activity Il

5 Basic Alumina Brockman Activity IV 70:30

These reactions were run using methyl acrylate as the Michael acceptor,
with a deprotected substrate (therefore “R*"= H) in n-hexane at 20°C to 25°C.
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3. The process of claim 2 wherein R1 is selected from norbornyl and methyl. 4. The process of claim 2
wherein the base is a basic alumina. 5. The process of claim 3, wherein the base is basic alumina
having a Brockman activity of IV. the process comprising: (a) reacting the protected enamine of
Formula Ill, wherein R2 is an enamine protecting group removable by catalytic hydrogenation, F,

Formula Il with a nijrati to form the, caor, ndin t [tro-enamni fE la and
subseq uent%dﬂ%l{ﬁagﬁ?e%gggﬂc%f’gcg Srso ee e§ %%c%# w%lagéﬁ ﬁﬁtﬁ%lgﬂkla%v%ﬁé%ﬁ-ﬁf ﬁéﬂ%eﬁned
above: Formbgeived utilizing basic alumina having a Brockman activity level of IV. [t was
also found that conversion yields on Brockman activity | material were very low,
typically 37% conversion after reactions times comparable to those yielding

complete conversion with Brockman activity level IV alumina.

The above description of the invention is intended to be iflustrative and not
limiting. Various changes or modifications in the embodiments described herein
may occur to those skilled in the art. These changes can be made without
departing from the scope or spirit of the invention
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(b) deprotecting the protected piperidine of Formula IV from step "a" by reacting it with hydrogen in the
presence of a palladium catalyst to form the compound of Formula V, CF, Formula V; (c) alkylating
the compound of Formula V by reacting it under Michael addition conditions with an acrylate of the
formula 28a, Formula 28a, to form the compounds of Formulae 27a and 27b, (c) precipitating a
sulfonate salt of Formula 27a-sulfonate by reacting the compounds of Formula 27a and 27b formed in

Step "c" with a sulfonic acid of the formula R5-S03H,
What is claimed is:

1. A process for making a lactam compound of Formula |
CF,

CF,

Formula |
the process comprising reacting a compound of the Formula 27a-sulfonate

COR!
0N

CF,

[Mos0y | H b .
g CF,

Formula 27a-sulfonate

with zinc in the presence of acetic acid, thereby forming the lactam of
Formula {, wherein R' is selected from linear, branched, or cyclic alkyl
having up to 6 carbon atoms, phenyi, 2-methoxy-sthyi, 2-
{dimethylamino)ethyl, (L}-menthyl, (D)-menthyl, dimethylamide, (R)-benzyl-
oxazolidinonamide, (8)-benzyl-oxazolidinonamide, isobornyl, cis-pinan-
2-yl, isopinccampheyl, adamantylmethyl, 2-adamantyi, 1-adamantyl, and
(-)-8-phenylmenthyl.

2. The process of claim 1 wherein the compound of Formula 27a-sulfonate is
prepared by reacting the compound of Formula 28,

O

CF,

""’OYQCF:

with an R'-acrylate compound of Formula 28a,

Formula 28,
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CF, Formula 27a-sulfonate; (d) forming the lectern of Formula 1 by treating the compound of Formula
27a-sulfonate with acetic acid in the presence of zinc metal; and (e) optionally, precipitating an
hydrochloride salt form of the compound of Formula | by reacting the free-base compound of Formula
1 with HCI, wherein R5 is selected from benzyl, p-toluyl, and methyl and R1 is a linear, branched, or
cyclic alkyl having up to 6 carbon atoms, phenyl, 2-methoxyethyl, 2-(dimethylamino)ethyl, (L)-menthyl,
(D)-Menthyl, Dimethylamide, (R)-Benzyl-oxazoi'jdinonamide, (S)-benzyl-oxazolidinonamide, isobornyl,
cis-pinan-2-yl, isopinocampheyl, adamantylmethyl, 2-adamantyl, 1- adamantyl, and
(-)-8-phenylmenthyl. 7.The process of cl 5gin the cogRpIgMf Formula 27a-sulfonate is
prepared by: (a) reacting the compound of Formula 11113,

in the presence of a base under Michael addition reaction conditions,
wherein R is a linear, branched, or cyalic alkyl having up to 6 carbon
atoms, phenyl, 2-methoxy-ethyl, 2-(dimethylamino)ethyl, (L)-menthyl, (D)-
Menthyl, Dimethylamide, (R)-Benzyl-oxazolidinonamide, (S)-benzyl-
oxazolidinonamide, iscbornyl, cis-pinan-2-yl, isopinocampheyl,

adamantylmethyl, 2-adamantyl, 1-adamantyl, and (-)-8-phenyimenthy}
followed by treatment of the product with methane sutfonic acid.

3. The process of claim 2 wherein R' is selected from norbomyl and methyl.
4. The process of claim 2 wherein the base is a basic alumina.
5. The process of claim 3, wherein the base is basic alumina having a

Brockman activity of IV.

6. A process for making compounds of Formula |
CF,

CF,

Formula |
the process comprising:
(a) reacting the protected enamine of Formula I, wherein R? is an

enamine protecting group removable by catalytic hydrogenation,
CF,

CF,

Formuia il
with a nitrating agent to form the corresponding protected nitro-enamine
of Formula and subsequentiy reducing the product to a protected

piperidine of Formuia 1V, wherein R? is as defined above;
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CF, Formula 111B, with an R-acrylate compound of Formula 28a, 0 OR'Formula 28a, in the presence
of a base under Michael addition reaction conditions to form the compound of Formula 111Ba, CE,
Formula ll1Ba, wherein R1 is selected from linear, branched, or cyclic alkyl having up to 6 carbon
atoms, phenyl, 2-methoxy-ethyl, 2-(dimethylamino)ethyl, (L)- menthyl, (D)-Menthyl, Dimethylamide,
(R)-Benzyl-oxazolidinonamide, (S)- benzyl-oxazolidinonamide, isobornyl, cis-pinan-2-yl,
isopinocampheyl, adamantylmethyl, 2-adamantyl, 1-adamantyl, and (-)-8-phenylmenthyl; and

CFy

CF,

Formuia IV

(b) deprotecting the protected piperidine of Formula |V from step “"a” by
reacting it with hydrogen in the presence of a palladium catalyst to form
the compound of Formula V,

cF,

Formula V;

(c) alkylating the compound of Formula V by reacting it under Michael
addition conditions with an acrylate of the formula 28a,

0

%/U\ow Formuia 28a,

to form the compounds of Formulae 27a and 27b,

COR

CcF,

CF, CF,

Formula 27b;

Formula 27a
(c) precipitating a suifonate salt of Formula 27a-sulfonate by reacting the

compounds of Formula 27a and 27b formed in Step “c" with a sulfonic
acid of the formula R%-SOsH,
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b) deprotecting the compounds of Formula 111Ba by reaction with hydrogen in the presence of a
palladium catalyst to form the compounds of Formula 27a and 27b. 8. The process of claim 1
wherein ,R1 is selected from methyl and isobornyl. 9. The process of claim 8 wherein R1 methyl. 10.
The process of claim 1 wherein R1 is selected from methyl, (-)-8-phenylmenthyl, isobornyl,
1l-adamantanyl, 2-adamantanyl, adamantane methanyl, and (+)-isopinocamphenyl. 11. The process of
claim 6 wherein R1 is selected.from methylzcgﬁ)-S-phenylmenthyl, iIsobornyl, 1-adamantanyl,
2-adamantanyl, adamantane methanyl,g@nd (+)-isopinocamphenyl. 12. The process of Claim 6,
wherein R2 is Cbz. 13. The process of Claim 12, wherein R1 is methyl.

[RiSO; | Hne

e CF,

Formula 27a-sulfonate;

(d) forming the lactam of Formula | by treating the compound of Formula
27a-sulfonate with acetic acid in the presence of zinc metal; and

(e) optionally, precipitating an hydrochloride salt form of the compound of
Formula | by reacting the free-base compound of Formula | with HCI,

wherein R® is selected from benzyl, p-toluyl, and methyl and R'is alinear,
branched, or cyclic alkyl having up to 6 carbon atoms, phenyl, 2-methoxy-
ethyl, 2-(dimethylamino)ethyi, (L)-menthyl, (D}-Menthy!, Dimethylamide,
(R)-Benzyl-oxazolidinonamide, {S)-benzyl-oxazolidinonamide, isobornyl,
cis-pinan-2-yl, isopinocampheyl, adamantyimethyi, 2-adamantyl, 1-
adamantyl, and (-)}-8-phenylmenthyl.

7. The process of claim 1 wherein the compound of Formula 27a-suifonate is
prepared by:

(a) reacting the compound of Formula IiIB,

;N
* CF,

ChzN; <0
L \rQCFa

with an R-acrylate compound of Formula 28a,

Formuta liB,

Q

%)‘Lon- Formula 28a,

in the presence of a base under Michael addition reaction conditions fo
form the compound of Formula IlIBa,
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14. A composition comprising the mixture of the compounds of Formula | and Formula Lai. 15. The
composition of Claim 14 produced in accordance with the process of Claim 1. 16. A process for
preparing the compound of Formula | from the compound of Formula lal, Formula lal the process
comprising reducing the compound of Formula lal with hydrogen in the presence of Raney Nickel.

10.

11.

CFs

CF,

Formula IBa,

wherein R'is selected from linear, branched, or cyclic alkyl having up to 6
carbon atoms, phenyl, 2-methoxy-ethyl, 2-(dimethylamino}ethyl, (L)-
menthyl, (D)-Menthyl, Dimethylamide, (R)-Benzyl-oxazolidinonamide, (S)-
benzyl-oxazolidinonamide, isobornyl, cis-pinan-2-yl, isopinocampheyi,
adamantylmethyl, 2-adamantyl, 1-adamantyl, and (-)-8-phenylmenthyl; and

b) deprotecting the compounds of Formula llIBa by reaction with hydrogen
in the presence of a palladium catalyst to form the compounds of
Formula 27a and 27b.

CF,

CFy

Formula 27a Formula 27b
The process of claim 1 whereir; . R is selected from methyl and isobornyl.
The process of claim 8 wherein R methyl.

The process of claim 1 wherein R’ is selected from

methyl, (-)-8-phenylmenthyl, isobornyl, 1-adamantanyl, 2-adamantanyl,

adamantane methanyl, and (+)-isopinocamphenyl.

The process of claim 6 wherein R is selected-from
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17. A compound of the formula: 18. The process of Claim 3 wherein an excess of methanesulfonic
acid relative to the amount of the compound of Formula 27a and 27b is used and the sulfonate salt
provided thereby is crystallized from the reaction product. 19. The process of Claim 18 wherein the
base is a basic alumina. 20. The process of Claim 3 wherein the base is a basic alumina. 21. The
process of Claim 2, wherein the base is basic alumina having a Brockman activity of IV. 22. The
process of Claim 18 wherein the base is basic alumina hayving a Brockman a tivi;y of 1V.

methyl, ()-8-phenyimenthyl, isobornyl, 1-adamantanyl, 2-adamantanyl,

adamantarie methanyl, and (+)-isopinocamphenyl.
12.  The process of Claim 8, wherein R? is Cbz.
13.  The process of Claim 12, wherein R is methyl.

14, A composition comprising the mixture of the compounds of Formuia | and

Formula tat.

o}
0

A
HN CFy

HN

'-f,/O
CFs
Formula fa1 Formula

15.  The composition of Claim 14 produced in accordance with the process
of Claim 1.

16. A process for preparing the compound of Formula | from the compound of
Formula a1,

HN CFy

HN
"(,/o
CF,

Formuta a1

the process comprising reducing the compound of Formula la1 with
hydrogen in the presence of Raney Nickel.
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17.

18.

19.

20.

21,

22.

A compound of the formula:

ON cF, CF,
HN
""’c‘rg‘c& CF, CF,
; ’ s
COR
ON cF, :
(s) R)
[ MesO,] Hhe 4 o {mos0;] My

CF, CF,

:and

The process of Claim 3 wherein an excess of methanesulfonic acid
relative to the amount of the compound of Formula 27a and 27b is
used and the sulfonate salt provided thereby is crystaliized from the
reaction product.

The process of Claim 18 wherein the base is a basic alumina.

The process of Claim 3 wherein the base is a basic alumina.

The process of Claim 2, wherein the base is basic alumina having a
Brockman activity of IV.

The process of Claim 18 wherein the base is basic alumina having a
Brockman activity of V.
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