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A HYDRI DE REDUCTI ON PROCESS FOR PREPARI NG QUI NOLONE
| NTERVEDI ATES FI ELD OF THE | NVENTI ON The present

WO pwentise rel ates to preparation of certain gRCTT200/051057

internedi ates, nore particularly, to a direct hydride
process for making acyclic diol internmedi ates from

cyclic internedi ates. BACKGROUND OF THE | NVENTI ON

Synt hesi s of various qui nol one conmpounds have been
reported in the literature, e.g., U S. Patent No.

6,329, 391; U. S. Patent No. 6, 803,469; B. Ledoussal et

al., "Non 6-Fluoro Substituted Quinol one

A THRICIER ERUS TIGHN PROUERS FRIPRICEA RING/QUINOLORE IPIBRMEDIATES
Vol . 35, p. 198-200 (1992); V. Cecchetti et al.

" Studi es on 6- Am noqui nol i nes: Synthesis and

Anti bacterial Evaluation of 6-

Ami no- 8- net hyl qui nol &§Hdd> OFJTHRUNVENHEN | vol . 39, pp.
436- 4‘?&[5 Igsje%?iﬁ)/éntiy re%gs_ctg gfeghral%n (ﬁlcertairli ﬂhﬁgﬂe intermediates, more
6- Des %oro-S-netﬁquU|n nes as New Lea Cbnpounés
pamicWlprly, @ tiegct bydriGh prooesh érapaking adyclivd] inGhyendiated/ypm cyclic
.39 4952- 4957 (1996)). The qui nol one conpounds
1]%tg’lgfe@%se-s?-[3-am’no-5-mathy|-piperidinyl]-l-cyclopropyl
-1, 4- di hydro- 8- net hoxy- 4- oxo- 3- qui nol i necar boxyl i c

acid, and (3S, 5R%-7- 3-an1no-5-neth%I§i eridinyl]-
I-cyclopropy!-l,4-6pﬁ%ﬁqgﬁ@pﬁ§iy%§y§ ElyX J%-quinolinec
ar boxyiliheGis@¢ v &AL Guitlbiofd @afRurdd hhiftevebh RpoftatigMe NGature, e.g., U.S.

6,329,391, which is herein incorporated by reference .
Pagn( N 63D 3P BtW:S. Ragneder0.83éP eB i Iedauspd etlali. nNethe Fhworo Substituted

o PDAUES IS N005, s SRS DR, g v

(erdseindt al.,Sewdtes om6+Aghiad@sndlinesa Jyntheessdointivederiall Evaluation of 6-

Aot BB oGP AbE BT AT on TRohs @y e e,

"Phenticy@nhiderR-mheh Al @solbees RE BRI e AQC 8mpdtindOInQ N Ribacterial

i nternmedi ate having the fornul a:
Chemotherapy", J. Med. Chem., Vol. 39, pp. 4952-4957 (1996)).

The quinolone compounds (3S,55)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid, and (35S, SR)-7-[3-amino-5-methyl-
piperidinyl]- 1-cyclopropyl-1,4-dihydro-8-methoxy-4-oxo0-3-quinolinecarboxylic acid are
disclosed in the U.S. Patent No. 6,329,391, which is herein incorporated by reference in its
entirety. However, there is a need in the art for improved methods for preparing these and like

antimicrobial compounds.

SUMMARY OF THE INVENTION
The present invention relates to a process of hydride reduction to prepare intermediates
useful in antibacterial quinolone synthesis.
In one embodiment, the invention relates to preparing a quinolone intermediate having

the formula:

Formula (I);
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Formula (I);wherein, nis 1 or 2; Xis selected from
the group consisting of G-Calkyl, C-Co aryl or
wa@bkdoghasys , and C3-C6 cycl oal kyl; and Z is sel PCT/EgR007/051057

fromthe group consisting of CO2X and COX, wherein X

is as defined above; said process conprising the step

of reacting the conpound of Formula (I1): Formula (11)
wherein Y is selected fromthe group consisting OG-
alkyl, C-GCo aryl or alkylaryl, and C3- C cycloal kyl;
and X, Z, and n are as defined for Formula (1); in an
adm xture of G -C 4 alkanol/ C2-C ether in a ratio

whéfei), n@f 1 5 RX i@ bQeted B thetopoupRoktistidQ080,-CakikAboyC | aryl or
-200C t o about 100C, and about 2 to about 4

akylarheand (s-Cos7cl el Bob svsreRdifenen the grqup geagisyge of CO-X and COX,
vﬁgﬂﬁqugmqéﬁﬁygggg; 5 to about 3.0 equivalents of a

calciumsalt at out 5C to about 15C. In another
safpodesepmpiding the stapofreadatiog dreichmdoyndet EgmulaXIhs Ci - C 4
al kyl . I'n anot her enbodi nent of the above-descri bed
process, X is nmethyl. In another enbodi nent of the
above- descri bed processXX{n5_ tedt-buty\. In another
embodi nent of the above- déscii4e&d process, Z is
terf-butoxycarbonyl. InO Nher giybodi ment of the
above- descri bed process, th@ calciumsalt is cal cium
chloride. In another enbodlnent of Q ve-descri bed
process, the conmpound of Formula (I(§$’ §58,4S)-
whefeln Y is @eaed frpmahdyiowp d}nﬂlemﬂ‘gycbf-(ﬁ-(b)aﬁeyl Cs-Cio aryl or alkylaryl, and Cs-

rroli edi car boxyl.i c, ac th
SRR iy S P oy K G BE LB B Gl ol € g amwanov
GARAUNG Ohtid@rvvl &ofilabduti180/0 to about 20/80, at about
5284R)-I- |, I - di met hyl et hyl ) - 4- met hyl - 5- oxo- ¥
(1°8i o alefve KB o % abeutclp @bt hetyilcnse dlumrboaﬁld mer ollowed by

aﬁm&g{a n tfloj{_[o aggft% ﬁqglvgﬁi?tg f ? ganﬁ)ﬂ’l%gl? é?‘[séboétlgeC to about 15°C.
(1 S BSino(hdr diytebdodank of thé ytebvexiysrabhyiro@sayst 1|§1§/3|14(b lalkyl )-ca
ok ek e S5 ol L BRC 0 e e
compaidinef enfaikn@of the abo¥e-described process, X is reri-butyl.
In another embodiment of the above-described process, Z is fert-butoxycarbonyl.
In another embodiment of the above-described process, the calcium salt is calcium
chloride.
In another embodiment of the above-described process, the compound of Formula (II) is
(25,4S)-1-(1,1-dimethylethyl)-4-methyl-5-oxo0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.
In another embodiment of the above-described process, the compound of Formula (II) is
(25,4R)-1-(1,1-dimethylethyl)-4-methyl-5-ox0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.
In another embodiment of the above-described process, the compound of Formula (I) is

(18,35)-(4-Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid tert-butyl ester:

1}IHB oc
HO\)\/\/OH

In another embodiment of the above-described process, the compound of Formula (I) is
(1S,3R)-(4-Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid fert-butyl ester:

NHBoc
HO\/\/\/OH
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(1S, 3R) - (4- Hydr oxyl - | - hydr oxynet hyl - 3- net hyl - butyl ) -ca
rbam c acid tert-buty\ ester: = NHBocln another

weredodiesent of the above-descri bed process, theCHIBeaOIS1057

solvent is ethanol. In another enbodi ment of the
above-descri bed process, the ether solvent is nethyl
tertbutyl ether. In another enbodi nent of the
above-descri bed process, the solvent ratio (v/v) of
et hanol : nmethyl tert-bxxty\ ether is 33:67. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Bhe protecting groups
used for nitrogen include, but are not limted to,

acyl ngmethpSerstdin@s ofdle a&SEMbscriphigitydeas BleYilkan@Rblvent is ethanol.
formyl; carbamate groups such a terf-butoxycarbonyl or
ter?ﬁﬁﬁp 6w$$0fmﬁ@Mﬁ?@?@@b@h@0§$%aﬁ§ﬂwbwﬂVﬁ»wnwﬂwlw”
bg@[@ﬂ&yl group include, but are not limted to, G-C

al’kyl groups such as nethyl, ethyl, n-propyl,

i sophoqmpiher amlebdimdngy phthe alawsﬂdesgrimmzroc@sﬂ; theaslvphigaiid (v/v) of

apht h ups such as benzyl,
glgqeﬁ%bﬂk?%MFﬂe#ﬁe congound of the general formul a

(1) may be produced by subjectlng a compound of the

gener al fornula % %j % é reduction reaction.
Formula (1); DA Fcy, FdoHpoindds BN

For mph@grofebdngas &qfs bubed forilr eill iRudd; bukatehobBhR&E 8 dacgllrg(?&lps such
the grou conS|st| o a - Ikyi C-C10 aryl
ag Bmylebzi yﬁenym@rylcgn oy f@mamare, rgup ucbey teréfoe@xmadmrlr@é tert-
g@g&gaggﬂ isting of CO2X and COX, wherein X is as

| above; and Y is selected fromthe group

consilsg¢ ﬂ)mgctﬁfg@'ret(ﬁs cﬁora]hdqakboxil gr@ipo)nancjﬁl batrarcar ok yhlaecyto C1-Cy4 alkyl
and C - yl one e the co
S PP SEEYY Bl bk ROt A GO s ﬁ@c?mhenyl
n&pHIBL 1= Ylohpsatib@BefizydGisheh@itthput yI  ester:
anot her enbodi nent, the conmpound of Formula (I )

( | S, ng coer@op%ﬁd&tg,genpqﬂ,@p@*@ ﬁ%pﬁy pe produced by subjectlng a compound of

l_%ﬁér@ﬁ’ﬂ)rngﬂﬁ Mb)to Qﬁﬁfi’ﬁ@"r&iu@tﬁinqea{cﬁ!gﬁ. butyl ester: =
NHBoc

X HN-Z

HOMOH

n
Formula (I);

Formula (IT)

For the compounds of Formulae (I) and (II), nis 1 or 2; X is selected from the group
consisting of C;-Cy alkyl, Cs-Cyg aryl or alkylaryl, and C3-Cg cycloalkyl; Z is selected from the
group consisting of CO,X and COX, wherein X is as defined above; and Y is selected from the
group consisting of C;-Cy4 alkyl, C¢-Cip aryl or alkylaryl, and Cs-Cg cycloalkyl.

In one embodiment, the compound of Formula (I) is (1S,3S)-(4-Hydroxyl-1-

hydroxymethyl-3-methyl-butyl)-carbamic acid ters-butyl ester:
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I n one enbodi ment, the conmpound of Fornmula (II) is
(2S,4S)-1-(1,1-dimethylethyl)-4-
WOreaosos36 oxo- | , 2- pyrrol i di nedi car boxyl i ¢ aci dPQF/mE06NI51057
ester: 0O N COOWe Boc In another enbodi nent, the
compound of Forrmula (I1) is
(2S,4R) -1 - (1,1 -di methyl ethyl) -
4- et hyl - 5- oxo-1, 2- pyrrolidi nedi car boxylic
acid-2-nethyl ester: 0 N COOve Boc The sol vents which
may be used in this reaction are an al kanol,
preferably a G to C al kanol, or and adm xture of an

al kanol and an ether, prefergbllyHRo€C2 to C et her
Preferred al kanol s inclH@QJJaL/éLQOHDt limted to:,

met hanol , et hanol, propanol, isopropanol, and butanol.
Preferred ethers i nclude but are not limted to:
gFL2¥% d}/néen?tt@eecironé)f) I%E gf’Foet BX ﬁ@g Efr()agl Hydroxyl-1-

hﬂ&bﬁﬁﬂﬂ@p%hnﬁhﬁ&hg@&ﬂﬂmﬂh@%ﬁﬁﬁnkﬁh&S@msolVentS may be

used in adm xture at varylng_raﬂgﬁ I n one
enbodi nent, the ratio obthe a %g[re of

al kanol : ether i s fronra about 20: 80

(v/iv 0 [

(8! o Ry 08, PR TR 1P 07 R SR Phip T -+
nfegad-Sioan- 1 Spywodidinadibobadylidadide;mdéthyleantbi nati on with a
calciumsalt suitable to participate in the reduction,
preferably via interactieEZﬁth t he reduci ng agent. A
factor to consider in d he suitability of

the calciumsalt is its soINblp ©Unsui tabl e cal ci um
salts are those which are tgéclnsoluble in the

- caopr PO it BB ot PSES - Qg

4lihéth 1800001 26 Gl dibi¥d Ribek j1d @ ciarrdme@l Icdsern bromi de. I'n
one enbodi ment, the calciymsalt that may be used is

calcrunrchlorlde Cbnpoundelrayzolvents and about 2 to
4 equi val ents of sodlun18 ride may be
Boc

The solvents which may be used in this reaction are an alkanol, preferably a C; to Cy4
alkanol, or and admixture of an alkanol and an ether, preferably a C, to Cg ether. Preferred
alkanols include but are not limited to:, methanol, ethanol, propanol, isopropanol, and butanol.
Preferred ethers include but are not limited to: methyl zerf-butyl ether (MTBE), ethylene glycol
dimethyl ether, diethyl ether, tetrahydrofuran, diisopropyl ether, and dioxane. These solvents
may be used in admixture at varying ratios.

In one embodiment, the ratio of the admixture of alkanol:ether is from about 100:0 to
about 20:80 (v/v).

In one embodiment the ratio of alkanol:ether is 33:67 (v/v).

A reducing agent that may be used for the reaction is sodium borohydride, in
combination with a calcium salt suitable to participate in the reduction, preferably via interaction
with the reducing agent. A factor to consider in determining the suitability of the calcium salt is
its solubility. Unsuitable calcium salts are those which are too insoluble in the reaction solvent
to effectively participate in the reduction. Suitable calcium salts include, but are not limited to,
calcium chloride and calcium bromide.

In one embodiment, the calcium salt that may be used is calcium chloride.
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m xed at about -200C to about 100C, foll owed by
addition of about 1.5 to about 3.0 equivalents of a

weadociimsssal t at about 5C to about 15C. \Wher e PEBIB2007/051057

m xing step is conducted at tenperatures bel ow those
descri bed, a phenonenon may be observed where the
reaction "sleeps", resulting in the build up a
reagents, such that when the reaction is sufficiently
war med, an undesirabl e degree of exotherm c (which may
even be characterized as "violsent") reaction may
occur. This may pose significant risks for safety in

| ar geompalng IBsIWEnaG bkl bdGs 2 Wadiqi aleadk 61 $oMusidbdrobdEild May be
t he descri bed tenperature range is believed to hel

ngidesk 4t gpouf K" @%bfm@éfr e, foHopre i agditign of #heuy bkt abew., 3p 0 equivalents
0¥\h garlglut Iga tatd 0151% éttoe ouf' h&@n%t e %tuu}l er{gelrs a(t)ﬁ’lcfucted at

% lglhose escr e reSU | ng C 8
t@lxﬂazkablhrbs bedve thogs des@m‘emaﬂﬁqehm&mbﬁ ahl e f)lﬁl;f—:rved where the reactlon

har maceut i cal art| cularly with re
gﬁeﬂsséﬁ’fé}tﬁné e F?Qe/j I#’h@a%eééic el Hha Wnﬁg‘y@é‘ﬁ‘r‘)ﬂl&f eniﬂﬁ warmed,
2R RAMLiradRe dMerdeQf @}Qﬁle’ﬁhcqt’vhﬁﬁ 2@§'en%rch_ﬁ&ﬁ&eﬂe§% afiolent”) reaction
reactant. The conpletion of the reaction nmay be .
NPy U &IS bRy Ipsvrent e mitiskuikes salety ¢ lattereple panulpasyring. Adding

cgi(;iﬁltl{]sgg Ivét?lbnf th!?h‘egcrﬂ;léld(t?ém@e%ulje %ngmé\%§ 1o llr:e)f@g@lltrgl &16: exothermic
pE@ESHE the feBetam Nohebe the tlimihg qm':ypis comtiuagd ht-bmpyrathepalapy those

dg%ﬁﬁ&ghg%géﬁ%g&gﬁ%@ %1&}? e@&ﬁnt 1Afe %E% éﬁsﬁ%ﬁ%ﬁgﬁf@fm p%annaceutlcal
u€é$§uf~§t§)pa(rt57ul\dﬂ§/h\yﬂh'r aﬁﬁtbllﬂinfénapyﬂlt)/ carbami c acid
tert butyl ester (8): (29)-1-

Di hBt KyTtenmay e Sarﬁ%‘“l‘t 1‘2“}9&7‘? ]r(b‘lnhﬂ‘i’ HEURE &F 108¥6pt peg one gram of
r@ag{agt 2-nmethyl ester, (2). A 50-L reactor is charged
wi th conmpound (1) (5 50 Kg, 42.60 nol), nethanol (27
L) aibbe cogllegntopthe@eactidOnayTie penytoragiydinp e teChioques ]incr{gding, but
AR %%%VHI)Lé S d lfcijRVI a addition funnel over a period
o? B mn, w'th ernal cooling to maintain
tenperature at < 30. The resulting solution is stirred

Eg#@\%?’f SC for 1.0 hour, after which the nethanol is
PLE8Y of f under reduced pressure. The resulting
HxBinfi 10iSynthSsiAAe9S, QPR [B-Mhihb-58h Ay 1-paeatialg-1(c3ciprépya- 1L4-dihydro-

to renove residual nethanol. The
8-methoxy-4-0x0-3-quinolinecarboxylic acid and malate salt thereof.

A. Synthesis of (3S,55)-(5-Methyl-piperidin-3-yl)-carbamic acid fert-butyl ester (8):
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residue is dissolved in ethyl acetate (27.4 L),
charged into a 50 L reactor, and neutralized by the

wa@oa7iiiesse of triethylamne (3.6 Kg) from an adedT/iBm07/051057

funnel over 30 m nutes. The tenperature of the
neutralization is maintai ned bel ow 300C via externa
cooling. The resulting suspension of triethylam ne
hydrochl oride is renoved by filtration, and the
clarified nother |iquor solution is charged to a 50 L
reactor, along with DVAP (0.53 Kg). D -ferf-butyl

di carbonate (8.43 Kg) is added via hot water heated
addi tion funnel, over a period of 30 min with eX¥Vernal

coaling to P@b&t tenperature at about 20-3008. The
ac |on|41433ﬁjhékg r hour (deNgdet(©emi ned/ by TLC

andy y§PS"  h@oasogeai ¢ pha'\équ c& el tcaane

HO (2 x 7.5 MepN saturaté@°sod|un1b|camLonate:§oB®t|

( £x 7.5 L), and dried aer magnesium sul fate. The

mxture is filtered through a nutsche filter and, ethyl

ved under reduced\pressure to ylel%a]62

crystallhpe sffurry that is tritur d with MBE (10;

L)o@ ﬁr d _t"8%%f 36k 822Rt er A AY@AMR) _as _a white

SO . 52, 4%on/Anal . Calcébofor C H HesgNGh::

C, 54.83; H 7 04; N, WBZ6. Found? C, 54.5;H, 6.96; N,

| +) Expected for CH H 1 8NGCb, [M+H]

244 11 5. Found 244.1174; 1H NWR (CDC 3, 500

MHz) : dE8H52:4 8dY J = 3.1, 9.5 Hz, IH) 3.7 (s, 3H),

2.58-2|50ikonc | H), 2.41 (ddd, IH, = 17.6, 9.5, 3.7),

2.30-2t23 (m | H - 1. 93(mé\}§g 1.40 (s, 9H);

13C NMVR (CDCl 3, 125)J70 fWHz) 6k, 9iq ~NHBoc

83 5,] 5878° 52531127 m —Mp—?e—zée»g\?(j

t"‘?&/JE)/\rONi 1- DPMBthhy | et hyl)) - 4t EtOH, A N~ 8

[(d|neshylan1no)nethylene] 5hoxo- 1, 2-

pyrrolidi nedi carboxylic acid-2-nethyl ester (3). A

50-L reactor is charged wth internediate (2) (7.25

(1@ 1- (2181 Elmfﬁﬂh}aleth)m\/Eo(;@la;lpyﬁghdlnan&rlﬁfxmﬂ@ﬁo&ck nﬁet}ﬁea@an@) A 50-L

it s i Gomedang 10 4330 5534@ et rrigna AT pAnd cooled to 10-

181 9res1 floddee 16, eARE I Diedusy. BRI rvﬁdadmﬁoﬁ'ﬁﬁl@el olB€a period of 65

reaction is cooled t6 OC+ 5C over one hour during
nyihi veih dxitareal aoqdme@v lpiammletemmrﬁ@re arRe0f Kheuesulting shiwtion wtstirred at

291G £ 3 ko AP o el SE S BB TR gy e

rds@RiRE thick BIPWageolbpeaCRAh cthyd Gedife G VEBS Lmoefém r@di@uaf Bkthanol. The
as a white crysta ?Ilne solid (6.93 77.9% . Ana

resilueér digplved inipiploce €749, dparged injo %Léo L rgacigr, 3gd ngmgliged by the
aﬁﬁltléﬁofﬂtnethgflarﬁmé %3.6 Ng) Bofi8n IRG fubRh Bkler% %ﬁﬁt&d THe rtemperature of

the neutralization is maintained below 30°C via external cooling. The resulting suspension of

triethylamine hydrochloride is removed by filtration, and the clarified mother liquor solution is
charged to a 50 L reactor, along with DMAP (0.53 Kg). Di-tert-butyl dicarbonate (8.43 Kg) is
added via hot water heated addition funnel, over a period of 30 min with external cooling to
maintain temperature at about 20-30°C. The reaction is complete after 1 hour as determined by
TLC analysis. The organic phase is washed with ice cold 1N HC1 (2 x 7.5 1), saturated sodium
bicarbonate solution (1 x 7.5 L), and dried over magnesium sulfate. The mixture is filtered
through a nutsche filter and ethyl acetate is removed under reduced pressure to yield a crystalline
slurry that is triturated with MTBE (10.0 L) and filtered to afford intermediate (2) as a white
solid (5.45 Kg, 52.4%). Anal. Calcd for C1;H;7NOs: C, 54.3; H, 7.04; N, 5.76. Found: C, 54.5;
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30

G 4H22N20B, [ M+H] 299. 1607. Found 299.1613; 1H NWVR
(CDO3, 499.8 Mz) d = 7.11 (s, I|H), 4.54 (dd, IH =

waeod1@d3e), 3.74 (s, 3H), 3.28-3.19 (m I|H), BCDB267/051057

6H), 2.97-2.85 (mIH), 1.48 (s, 9H); 13C NWR (CDO 3,

125.7 MHz) d = 172.6, 169.5, 150.5, 146.5, 90.8, 82.2,
56.0, 52.3, 42.0, 28.1, 26.3. M 127.9C.

(2S,4S)-1-(1,1-D methyl et hyl)-4-met hyl -5-o0xo0-1, 2-pyrro

I i di nedi carboxylic acid-2-nmethyl ester (4). A

10-gal l on Pfaudler reactor is7nerted with nitrogen

and charged with ESCAT 142 5% pal | adi um powder on

IE 81980R, {80 YorMes (E91HF& pleat®f CY;INOs| mﬁnmdilagf Fodd 244.1174;
(1.89 Kg, 6.33 nol) and i sopropanol ﬁ % The

SIMRi(GRCH XAUMHZ): &4 (/e Lo Hz.ad HaB2 P&, IHY @38 getd (m, 1H),

t r h i.s13
e R
(OBAL:pf25CwINIHE) & 07353, 17K@)14D1, $8. 5168 SchEs, f3ill1t 21.9,120.5 evipy&2°C.
catal yst. The nother |iquor is evaporated under
reduced pressure to give a thick oil that crystallizes
<w4®t1and1 DéndRy1ahf104- cﬂ(dﬁn&ﬂylﬁ%n%et%ﬁ&e@s B%0-8293: 7

di astereoneric mXxture anmpl e product m xture is
pmqalldlmeéwa@yxyﬂrc@plér?amﬁbmzl seLBG)t 6 Sth/@aqmléﬁhaégedfvmh intermediate (2)

PPNV P0s CaFka, B SRR RAGE? et Sl me

sQIEDbHy afixqneicing dedi@r o @S‘ZHH- QNCRr af 1%5|t|}hréé5&uﬂs?> 4Be pﬁ@td:ﬁkdof the
258.1321; 1H NMR é 49 VHz ) = 4. 44
regictyon i gnonigeyed by HERC Th%ree?ﬂom COO!LedS@O Fi'sifQQ‘(?f qqq)hour durmg which

byt B0 oy R AR o

natécHe, filParfdl, th@pro8yct Abedin aMacdlith Gfen for at least 30 hours at 30° C + 5°C to give
4- Hydr.oxyl - | - hydr oxynet h 3-net hyl -but yl)

RG] B e B S Rdse, Tho o Rpaly i g} ChsR:05: €

56 haﬁgﬁﬂh W, bolzoi mlﬁﬁﬂie% atre AH N( 3.4021i01s (E4r YEfﬂaEt)ad for
absol ute ethanol (8. 22 Kg), and MIBE (14.81 Kg).

G g1V M-8 1201180 B dfoamPA9d 61 &5d H BMRICDCI5 @9%33 (Mlézjcﬁ Umll (s,

B 8 /S s TR 1 3 A s o BBk 2 oggas

(ch, 1915; 1.48 NG 13@muat(cgt13efm§nws@@rmﬁzc§ 16@561606(21146'@190 8, 82.2,
reaction nmxture is warmed to 100C + 5C and cal ci um

5601 oF-3.d8-Od2thidbat My 2%65CKg, ) is added portion w se

at a slowrate over an hour so as to maintain a
reaction tenperature of 100C + 5C. The reaction is
(%8,‘!13)%19@ I-Dimainyiethyd)-20@My+- 55R0-dvepyrohidinbdicurb@xytic acid-2-methyl ester

%g &tﬁ—%aﬂlop %Efaugﬂ:r faegcgtort 1|s Pnrf]:%!:d w12h Ql%%éesn a%td cgagge% JithsgsCArP ?42 5%
palladium powder on carbon (50% wet, 0.58 Kg wet wt.), intermediate (3) (1.89 Kg, 6.33 mol)
and isopropanol (22.4 Kg). The reaction mixture is agitated under a 45-psi hydrogen atmosphere
at 45°C for 18 hrs. The reaction mixture is then cooled to room temperature and filtered though
a bed of Celite (0.51 Kg) in a nutsche filter to remove catalyst. The mother liquor is evaporated
under reduced pressure to give a thick oil that crystallizes on standing to afford 4 (1.69 Kg,
100%) as a 93:7 diastereomeric mixture. A sample of product mixture is purified by preparative
HPLC to give material for analytical data. Anal. Calcd for C1,H19NOs: C, 56.0; H, 7.44; N,
5.44. Found C, 55.8; H, 7.31; N, 5.44; MS (ESI") Expected for C1,H;9NOs, [M+H] 258.1342.
Found 258.1321; "H NMR (CDCls, 499.8 MHz) & = 4.44 (m, 1H), 3.72 (s, 3H), 2.60-2.48 (m,
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cooled to -5C + 5C, ice-cold 2N HCO (26.9 Kg) is added
at a rate to nmaintain a reaction tenperature of 00C +
WGM7/1A38¢ at i on i s stopped to all ow phases to BEpE2a07051057
The | ower aqueous phase (pH = 1) is renoved. The
reactor is charged wth aqueous saturated sodi um
bi carbonate (15.6 Kg) over five mnutes. Agitation is
stopped to all ow phases to separate. The | ower aqueous
phase (pH = 8) is renoved. The reactor is charged with
magnesi um sul fate (2.5 Kg) ang agitated for at | east
10 mnutes. The mxture is filtered though a nutsche
2fi) 1 5804 1 nﬁ@ﬁ@eﬂ{)um@(d ge@tgq@mm E5S NIMR g@@ﬁﬁqsd MHz) &
i nt ermedi ate (5) (1. 66% . Anal. Cal cd CnH
2IIROAL720,, 15556331, 5@4@42,5 &I75629CB)27 Bolfrid Mp 836°0; H,
9.68; N, 5.96; HRVMS (ESI+) Expected for CnH 24N,
[ MPkH] 234.1705. Found 234.1703; 1H NMR (CDC 3, 500

(1\8—[13) (d H—'ydﬁ)x§141 hyﬂroxyn&ﬂﬂll Bﬁnetﬁyﬂibuwcarbﬂmﬁﬂac(d tert-"éu@l &ter (5). A 50-
’ hg@@ﬁl w1t§ uggrmgdl&@ (4)( %OQllﬁg 1}\1@) al%solzlg e(tlaaaol (8 22 Kg), and
l\zﬁ?ll’%l@ 8&538 % ilﬁ%l_ebl\é’hﬁma&@%ﬁieoélg@ 5)’ 09(63]4_25 Efz a’né Isﬁc{u'ﬁ'ﬁ borohydride
(NBCKIEHHCH)N 1) 8. ati@ed id dmal: pdifiofs, soAs o higingainl fehction temperature at 0°C +
ORI i e Pl SRR 20 S
SWM chl@riéezldiﬁﬂﬁjge (2765]13 ,§1s alifed 0r§01f"wi'§g at al w rate over an hour
NHCHCHHCH) . 0.80 (d, = 6.6 2. 3H OH3) © 13C NVR
s¢ @DCInRintdil 5. rdachibiziemgerd®ée &, 1047 + §;C.50hBreadbidon s, allowe®d o warm to
55 Fio gwg'pﬁfg ) 8'641 %lfgf&d g%:aé 'adcivp on%%Dll%urs at 20°C + 5°C. The reaction is
cgolre@{o 5@-‘- 9, Q&r &M ﬁ@l s QSKQSEIE Q@fég sl RNy hﬁﬁk’aln a f@&tﬁ)n

yl pentyl ester . 50 L reactor is charged
tsapertiro of OC + Sﬁ(é rA@dttlaIt B s(cbped(tb alloxKgbaseSrtolsanmt@ pl;lie lower aqueous

cet e l - Pr OA 1 fol | awe
P SAr ) BB TR APy A e Bt b i Eie] i igbonae
(ﬂ-ﬁ@Kgﬁ@eﬂfi% fnfnu@k h%%@dﬂoﬁ@s ol to(ailo& piges tosepdst@dThe lower

whil e maintaining the set tenperature. The reactor is
afipephRiese @bl =d) it npoel +saeacky ivrberahweh prghpjum sulfate (2.5 Kg)

afid) ‘lﬂé?tra{eq %r(alyﬁa%t)lo grﬁmﬁesK@he 'nﬁxtﬁfé:qg fliedQa &1B§%hrae1ﬁﬁstch@ﬁlter and

solut1 on I'e mai ntaining the set tenperature
cple@oield@ndqrse@tsadrm@dur& or afford eperinedints (A d.80Kigi 469 )e dinabCaled for

I E PIP o) C T C q

Cﬁﬁ@%@ C‘[?Q% b 9aq§a‘{ o £ é1§ueogls§é P%gngfﬂgﬁg%gsl%"pecmd
feal Wi, 0, aReH] 84 .1 BB Hsuna @34 $m3at1H<NMRqe;DUI3 pRSI®IZ) 8= 6.34 (d, J
washed successively with cold 10% aqueous

%9 Henih AlDR@S1 (. /= 5.8, 5.3 Hz, 1H, NHCHCH,OH), 4.34 (. /= 5.3, 5.3 Hz, 1H,
CH3CHCH,0H), 3.46-3.45, (m, 1H, NHCH), 3.28 (dd, J = 10.6, 5.3 Hz, NHCHCHHOH), 3.21
(dd, J = 10.2, 5.8 Hz , 1H, CH;CHCHHOH), 3.16 (dd, J = 10.2, 6.2 Hz, 1H, NHCHCHHOH),
3.12 (dd, J = 10.6, 7.1 Hz , 1H, CH;CHCHHOH), 1.53-1.50 (m, 1H, CH;CHCHHOH), 1.35 (s,
9H, O(CHs);, 1.30 (ddd, J = 13.9, 10.2, 3.7 Hz, 1H, NHCHCHHCH), 1.14 (ddd, J = 13.6, 10.2,
3.4 Hz, 1TH, NHCHCHHCH), 0.80 (d, J = 6.6 Hz, 3H, CH3); “C NMR (CDCl3, 125.7 MHz) &

156.1,77.9, 50.8, 65.1, 67.6, 65.1, 35.6, 32.8, 29.0, 17.1. Mp 92.1°C.

(25,45)-Methanesulfonic acid 2-tert-butoxycarbonylamino-5-methanesulfonyloxy-4-methyl-
pentyl ester (6). A 50 L reactor is charged with a solution of intermediate (5) (5.1 Kg) in
isopropyl acetate (i-PrOAc) (11.8 Kg) followed by a rinse with an additional 7.9 Kg i-PrOAc.
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solution, cold aqueous HCO solution, cold saturated
aqueous bi carbonate solution, and finally saturated

waoueaus3bri ne solution. The organi ¢ phase is PBCT/@b007/051057

filtered, and concentrated in vacuo bel ow 55C + 5C

until a solid / liquid slurry containing internedi ate

(6) is obtained. The slurry is used crude in

subsequent reaction w thout further characterization.
(3S,5S)- (I -Benzyl -5-net hyl - pi peridin-3-yl)-carbanc

acid tert-butyl ester (7). A5 L reactor is charged

wth 9.1 Kg of neat benzylam ne. The reactor is

THaE @lagditn it CoddRIAE 1800 Qo(Sﬁidldﬁétﬁ)ﬂarﬁﬁle km/e)r(md{gaﬁsead(i&) while

(8.2 Kg) in 1, 2-di net hoxyet hane ( %

nieaing drespidenpeaaitsy ThhieRcsorinitben cap @thO ?e-’h% &raafl fieghanesulfonyl
cHlfon@(p%d) {% Kgﬁfé &de& QﬂHtl: ﬁ:ta&loﬂqglhhb@&hlg mﬁllﬂﬂaﬁnng the set temperature.

sol ution, he Yeaction Is stirred
The v@r:ta}n ihgirred ferrofewdwints @n@dlommredzbnpfbrenletmm bmHPtLCC)rd?LC The

HPLC.. The %ﬁ) on, .S G ambient te ure
reac on 18 |queinc e dition 0 a sa urate al ueous 1carbon e and the
are renove otary evapora I oNn

mmﬂmg mamiwfrgan’léhﬁasreeswahmw sl,&c@l;sllvuy aﬁlth\mldh 0%laqhedtg trﬁn‘thylamme
15% (v/ V) eth%ﬁcﬁ t at e/ hexanes_ sol uti on and treate

s%.}p(i)lb c%‘l aﬂ%p}l tﬁni@ldﬁa%atﬁc} Aqy S (13\1,&915 ogaﬁ g%&}}gon and finally

sﬁ@ia%ﬁ%q&%w@ﬁ&%ﬁh@n S[(hh Bﬁﬁ?ﬂi@ hfe i dridb aflicGedMintt ddh&nirSied in vacuo
obt ai ned upon sett| gotton1a ueous phase is

belewoved +arfdurthe Sﬁil%lll%u%ﬂ%ecqn@ns@ m@@n@fbate Ihés Appead. The slurry
1%&?%%& ANaseq #e%t 1%9& %&Bm Pf?he?@ﬂlaqacfté}?{zat?o%”b' nation

extracts 1rom ad |t|ona extractions he
i solated middl e phase is extracted twice again with

AU GRS R BB o P et P ER SRE "R S0 L ractoris

chirb @l Wigd 9.0 Kgauf n€at BA$RminkN €rhe eitioNis brAAkBan 5 §°(eaﬂdraa.~@mﬁon of
are transferred into a rotary evaporator and sol ve

e L AR S SRR 0§ by thdoefeezctor while

nRaihBE b @ipetRurt BEBORWE bid. e@eVidniE Q(ﬁl’itﬁﬁl%f &his solution, the reaction
preparat|ve chronatography to afford purified

iy yhred g’ Qee” € 7or sereerad hows pnd monitored for completlon by TLC or HPLC. The

ega%&%nsg)c?él?d [‘nl%}/en gntr%\tu Oar}]]c_l%ofé 1Pes ‘(‘1‘?14'/1 sglle ?eﬁ?bcveg by rotary

ressure vesse
egdparagen unvlet Racduia. ng Ee@f?ziutv\ﬁtd,llutsd) Wit 1palKgadti1aom @) edgbon

oSyhenebianid Boen ok et o ATl 30 N R

pb@ssilie BarbhiRfed8RitibR A Rgpnagastiare UNSRAindd dpoR &1ling TMEe bottom
reactor is purged with nitrogen and is then

AR SRIAP TS NRVER AYIND gl arhaasis saljasider Hac pRREE PTEgRiC PRase is
cglﬁfédqg@fﬁ? f&%oé’é&at%‘ \1’1@1 Ma&g ﬂbfﬂ' aﬁ&’iu@ni‘ thfaggﬁﬂ. The isolated

pressure O
middle phase is extracted twice again with 11.7 Kg portions of 15% (v/v) ethyl acetate/hexanes

solution, each time combining the extracts with original organic phase. The combined organic
extracts are transferred into a rotary evaporator and solvent is removed under vacuum until an
oily residue remains. The residue is then purified via large-scale preparative chromatography to

afford purified intermediate (7) as an oil.

(35,55)-(5-Methyl-piperidin-3-yl)-carbamic acid tert-butyl ester (8). A 40 L pressure vessel is
charged with 0.6 Kg 50% wet, solid palladium on carbon (E101, 10 wt. %) under flow of
nitrogen. A solution of 3.2 Kg intermediate (7) in 13.7 Kg of absolute ethanol is then charged to

the reactor under nitrogen. The reactor is purged with nitrogen and is then pressurized with
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45 psi. The reaction is nonitored by TLC or LC until
conplete. The reaction is cooled to anbi ent

w0 esoparL@Bar e, vented, and purged with nitrogenPCTiB2007/051057

reactor contents are filtered through a bed of Celite

and the solids are washed with 2.8 Kg of absol ute

ethanol. The filtrate is concentrated by rotary

evaporation under vacuumuntil a waxy solid is

obtained to afford internediate (8): TLC R/ (Silica

F254, 70:30 v/v ethyl acetateifexanes, KMhO4 stain) =

0.12; 1H NWR (300 MHz, CDA 3) d 5.31 (br s, IH,

h?dr%@en:’at 68 p(l MhelrEdctioRis Wen(tated U5 @ whide mhiﬂ)a,iniﬂg d Hydﬂwﬁ@n pressure of
uart, 7AB=12.0 Hz, Dv=50.2 Hz, 2H), 219(t, 7=10.7
31 Tlp.q) reacj;_logg r&oq;@reflrhy Tiﬁ) or I{C 151@11 Q(miplgte I]q)reacgomlg c?@ed to

a%'El)ent tlmgératq:lrel 56:1{(&1‘ arld r%eg v?i?h 1{1@0%1? "ﬁre@ea'ﬁ%r cg‘ﬂ_gn'ts aﬁ‘g’ﬁ:ltered through

ag)ed gf Cezge amd t@e?sollds 419 v@sheN@leESi K} oﬁdbgolglgli:@tl(am-ll—l)“he fzﬂzge is
{)nc&t}r_%ted bry rotS néygﬁ(?srﬂtborn &nger Va%lh (r)nxun_tl aw >6y Toh& 18 o%auéerd oto aﬁfcl)rd

imeahicd@te3I8 L ar IIIDRy(lSllma &g, o O(33D91)V etBﬁ a@ztﬁe he)danest KIMHE)] Qam$%0.12; 'H
overall from 13 rmedi a

W%Kﬂ@d\’lﬁ?’t@%h)s@ﬁ SE1h 6 A8kt Moo pA 6, 7kl SHkg ), 277
f
N N

spl-H)ol u@ esu), ﬂamlc:lse(m dH{, DXG (a, J_m Wk, 3H9) 13C‘NMR r(’eiaMHzD@DCh) 5
xture is sti at anbi ent erature for at |eas
1593 b se it 45 ﬁe%? halded t &9t2e SIS 813 2t (Mg Dt e LIVET)
wat er/ t ol uene azeotrope in a Dean Stark type trap
apparatus until the reaction is conplete as determ ned
By p ymrheSiseph dHGpsloprops3- En@ady methenyes 0x0- \n)H-diydeprquinoline-3-carboxylic
? E‘[_Sjetlon the reaction is cooled to anbient
érature and poured into an aqueous sol ution of
sodi urg bi caTTbAgnaw?m%g\ L). The organi toI uene phadeg
was o V\Mudnmsatcur °S0@hUMen Me
bi nat eo@ol ut (B2 Eduny, St T | dnvvatz@wwéqz X &, L),
and saturated aqueous bri % (6 L). The of’yanr't phase
was renoved and dried over MgSO, filtered, and
evapor at ed under reduced pressure to afford°/thaH<229q> .
intermediate (12) as an oil (1.3 Kg, 869 . Thel @t | ™=

- OEt

material ismsedow t hqut furti@@rop&rlflcagdon in '

1 eq)
subsequent D@\&E&on stppg° Moa e e N
t
-—
d X Toluene, 1 h F X NMe, Toluene, A, 2 h E x 15ab
X=F OEt OMe OMe  y_F oft

OMe  X=F,OEt

Carried on as mixiure Carried on as mixture . ) )
Carried on as mixture in toluene

)\ (1.3 eq) \ Toluene, A, 1 h

o O o 0

| OEt  37%wt. HCl (ag) I OH
—_—

F N” 18 EtOH, A, 6 h F
OMSA OMSA
19 l

68% overall from 13

Intermediate (12): A reactor is charged with a solution of intermediate (11) (1.2 Kg, 7.7 mol, 1.0
eq) in anhydrous toluene (12 L) followed by ethylene glycol (1.8 L, 15.7 mol, 4.2 eq) and solid
p-toluenesulfonic acid (120 g, 10 wt. %). The reaction mixture is stirred at ambient temperature
for at least 30 minutes and then heated to reflux, collecting the water/toluene azeotrope in a

Dean Stark type trap apparatus until the reaction is complete as determined by TLC analysis
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Internmediate (13): A reactor is charged with a
solution of internediate (12) (1.2 Kg, 6.0 nol, 1.0

we)o7itmsanhydr ous tetrahydrofuran (12 L) and PCT/IB2007/051057

n-butyllithium(2.5Min hexanes, 2.6 L, 6.6 nol, 1.1

eq) is added at -400C, while maintaining this

tenperature throughout the addition. The reaction is

stirred for at |east one hour at -400C and

trinmethyl borate (0.9 L, 7.8 nol, 1.3 eq) is added to

the m xture while nmaintainingiihe tenperature at or

bel ow -400C. The reaction m xture is stirred for at

(I astoE A v/af UpdDQmpMifon| the aamlatiec@tdde u@bi@hn@dperature and

by TLC anal ysis (30% Et OAc/ Hexanes v/ v)r The reaction

PPEredEY QR PG Koo of sodpmdicmenae &1 |-k The prganigtolyeng ghase was

aﬁ&%@ a§d QUdnYd Wit QRuSRIRL R bRADLAODILMNALET), 'd?suﬁ&%&ier 2x61),
L) to the reaction and the mxture is allowed

aqth»a@khtyd wueonsthaing (i e ihe @rempeplzﬂs‘uwes mw@ agtlidried ongr MgSO4

f?t\g/rgeé{]anonvagorat 6}{1]1'51% recﬁllcgc? ressI Sét(gg uce m&glg%se S(% eas g]tl oil (1.3 Kg,

84%0.Qhe -ﬁ@.tdrhﬁls fusRIotithont ﬂilﬁsetrqbuﬁflmioﬁdf@dseauéht wattitmespof

water (6 L) and 30% hydrogen peroxide (0.7 L, 1.0 eq)

slowy at anbient tenperature with cooling provided to

1GeRtaRle e £xatbet thardddtyileaGiduen of Siedhidif@d2) or2 Rb, 6.0 mol, 1.0
| east an hour at anbient tenperature until conplete as

cgein aplidFreY bhTFIrauan 613 IEraode/tHesihiam (/5] in IPtencs, 2.6 L, 6.6 mol, 1.1
eg)e@%lde ¢ —%a@,l&hﬂehﬁ‘a ﬁﬁﬂlg qn{]tgmg Jgt’iu%?gﬁ)ﬂ%}oﬁz(% §§d1t10n The reaction

eroxi de is quenc Yo aqueous
isoigied fiorlai Bedt bind lpus al H@ﬂ(]cﬂnd(tﬁmtt)lylbéﬁhe (oD X1 EIBenqlsl 1 @ptisedided to

tl%leomlgg Sr%}rvgllléa 1615111% %Hﬁg\étg%g‘/g{p?%% e %for E%#Wg tlje rf:T 1%(1: %51>8ure is stirred

faﬂ'h@ lca@@aé h@ ai S0 ity €6plokiab déubyenikyIhly Al Y'sdnglykie (330% o n
conpl ete as determ ned by TLC or NMR anal ysi s,

Er“%éﬁ/ Hexangs Wy ithe reé?té)nd%)WPr&?EléHgbély QUL Rl 3Pl it 3&H is added
s%)gv ()/)g’.‘f[jpgﬁ GorhMER %&ﬁg(')r@tm%t& L3na&803 198 I Wa3@dd £ha (tﬂe rﬁlxﬁﬂe is

. Internediate (14): A reactor is charged w
allw@'tnﬁgqcbb/evapmg) arplgerg 3erpgrat@e Whete ptirring gveaghtaeganic solvent is

Ifr\éﬁldtlh% R:a% (@43&3 SHE{E%{}ﬁédﬁr F&% C%%&i\lgl) I%t 45Q§ E(g the Imactlon residue
1s1ad3@d &4¢)vofunlel ofvealet(yp L3 ahd 8D7pbydasgn lpnomle I(ﬁm at 20 ¢9. sﬁﬂvly at
u re i s heat

<Pepp oSt e B bproae] 360 red NP e 1 gt gimed or

1@st Meber Mamenhi¥mplithire daUl doghldibhsSdetdrniiBried VY YRC QLS gas
evol ution is observed. The reaction is then cooled to

Fepde/Braneimyel dbareactndniaiurus seplu R-Ufl-sofl Prases regnéte is quenched
vx(léﬁ tge ch)ditf%ln%@ 90%“a&&o?fp%’dms&ﬂg)sol(ﬂor;é L‘gfhe%gl?hre is tested to ensure

a negative peroxide result and the reaction is acidified by the addition of 6N HCI (aq) (1.2 L).
The reaction is stirred until the hydrolysis reaction is complete as determined by TLC or NMR
analysis. The resulting solids are collected by suction filtration to afford intermediate (13) as a

yellow solid (1.0 Kg, 79%).

Intermediate (14): A reactor is charged with intermediate (13) (0.53 Kg, 3.0 mol, 1.0 eq) and
dissolved in dry toluene (2.7 Kg, 3.1 L). To this solution is added dimethylsulfate (0.49 Kg, 3.9
mol, 1.30 eq) followed by solid potassium carbonate (0.58 Kg, 4.2 mol, 1.4 eq). The reaction
mixture is heated to reflux and held for at least 1 hour until complete as determined by HPLC.

During this time, vigorous gas evolution is observed. The reaction is then cooled to ambient
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eq). The aqueous phase is separated and the remaining

tol uene phase is extracted twce nore with distilled
wowrien183e 2 L) conbi ned with 30% NaOH (aq) (0.RGI/KgR007/051057

0.33 eq), renoving the agueous phase each tinme. The

organi ¢ upper phase is concentrated by distillation in

vacuo (< 100 nbar) at approxi mately 400C until a

concentrated toluene solution is achieved. The

resulting solution is cooled to ambient tenperature,

checked for quality and yieldipy HPLC, and carried

forward to the next step in the synthesis w thout

tdrbifekN@E aRUdildiddcaitd @Rillel RRRKE €3.2 CRdlond Wwilit3(®NaOH (aq) (0.13 Kg, 0.33

internedi ate (14) assuned, 0.56 .ng. I nt er nedi at e .

e Bhe gucous phasgdt wpapisd anrhihg Bdnajiibghioluege pgsqis extracyed twice more

ﬁﬁ@&ﬁ19@§a&9g%%o%%@ Mﬂl%h%%ﬂ[’ (Qqs] w.jl_@ I@Q 0(3(3 -eﬁﬁ ré’ﬁ%ving the

6.6 nmol, 2.20 eq) as a 60 wt. % dispersion in mneral

aguidous fwse dwicks timie XFheroegans: vpdeatiasels 8Bcdgrated b displlatioR imjvacuo (< 100

DSBS oAbl SRk R 1) b

sQlutlorDis @6Pled 10 ahbleneapémm, tivekdr forviuals aatl @fld 18/ IARIAE And carried

to the reaction ile maintaining a tenperature. of .
f@"(’YG?ﬂhtO HEAXED BT HPEH W“b@“gﬂé’éq“g%w éf?“?%ﬁlcﬁlfrﬁl%ld for
iﬁg{g{eﬁjagm.mﬁfsglﬁ{edp@gg)kgﬁ e addition, the reaction is

stirred for at least 30 mnutes or until conplete as

determ ned by HPLC anal ysis. Upon conpl etion, the

RS 5500 0, O A TREL R 1 g
s0diGm dgridei (086 Kgi 6.aniobr2. 20Faeaphases %atispeaidnomedndd oil. To this

BERE T O yRe  PHEL T R BHRR Gl LB pi i gepeaca

ootrasyer atho@p Arsoxitiombahyrrdddie uny (-1.0aqr@ne@ederfain€the previous step is
tol uene solution is achieved. The resulting sol ution

afdeddp Hcaerotien Wi BHEAREIISPRPAIREe At 40 Cat 5o Gaf Bralkifeg can be

oBgér\teh_%luﬂﬁg(&lissahgiﬁoﬁ.mﬁeP BoripiBk RS tish, MelrBRUEN fsWlikfieior at least 30
purification (theoretical yield for internedi ate

n{inges, dy)nakeommpiat:; asole®BniKed by HALE ermybisat/eor ageplditon, the mixture is

y/ : [ S,4C ' ' of .

AR ol ERphhr JohBGASR ON B A8 MRy ke 39 mal
1t3adqu @it afiranion.tThe ppisey aro aoveddap sepinitd dnd thedaetakuédss phsais

adde i met hyl f or mam de- di met hyl acetal ( 4 4.5
e 11 TR AR SO E PG 1 T LGT (b (AT AT b tposimatcly
408 b acenRFAUbRele SRR Likved e leQi@g PBRILA RGooled to

sol vent (methanol fromreaction) is o
ambient temperature and carried forward to the next step in the synthesis without further

purification (theoretical yield for intermediate (15a,b) assumed, 0.85 Kg).

Intermediate (16a,b; 17a,b): A reactor is charged with a solution of intermediate (15a,b) (0.85
Kg, ~3.0 mol, ~1.0 eq) in toluene from the previous step. To the reactor is then added
dimethylformamide-dimethylacetal (0.54 Kg, 4.5 mol, 1.5 eq) and the resulting solution is
heated to reflux temperature (~95-105°C). The lower boiling solvent (methanol from reaction) is
allowed to distill off while the temperature is maintained at > 90°C. Heating is continued for at
least 1 hour or until complete as determined by HPLC analysis. Upon completion, the reaction
containing the mixture of intermediate (16a,b), is cooled to ambient temperature and toluene (1.8
Kg, 2.1 1) along with cyclopropylamine (0.21 Kg, 3.6 mol, 1.2 eq) are added to the reaction. The

reaction is stirred at ambient temperature for at least 30 minutes until complete as determined by
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allowed to distill off while the tenperature is
mai ntai ned at > 900C. Heating is continued for at

wo e@stii@®3hour or until conplete as detern ned PYT/HR2LE/051057
anal ysis. Upon conpletion, the reaction containing the
m xture of internediate (16a,b), is cooled to anbi ent
tenperature and toluene (1.8 Kg, 2.1 L) along with
cycl opropylam ne (0.21 Kg, 3.6 nmol, 1.2 eq) are added
to the reaction. The reaction is stirred at anbi ent
tenperature for at |east 30 miputes until conplete as
determ ned byHPLC. Upon conpl etion, the reaction is

HﬁLJGJU@dn wrﬁﬂletﬂo(ﬂ Bk reallRQYEIAUS] Sidh oWt 6 afle6us(sBH@id@id (2.9 Kg, 3.0
3 with agitation, and the phases are

n%qllelrp %ﬂ) N@%éaltftt@ns@ﬂa\heaﬂl@ses Treaherplioned opwepase | e agagyphase is
r@hslcli R AL g%'ahle pm@%secohéen&&e& G f%h&%d ?ﬂﬂgﬁfre (RIYEBE) ac

pressure nbar) at approxi mately
apiprexindatedst 4066 by fse HattoneWdies the desired noreptragivn csraclmsved the solution is

ocleci O a q)ienE pee ﬁgr%tuﬁé almt ]ilé t%lu%r?eos uctj on coﬁ%almntg rhe mIXtuI‘Gi %f intermediate

enpera ure a uene so I'on contai ning
(TMiaxt) iy crriedl forvael weteh rek estdplid ﬂlebs)/nthé‘sls()\aﬂtlfdueﬁlrtﬁﬂfpmﬁfléhtib@
ne st e n the nthesis w thout further
e DR T e (LD S T b RER o1 medl at o
(17a,b) assuned, -1.1 Kg). Internediate (18): A
reactor is charged with a solution of the m xture of

Imtﬁm@w@c{ﬂ&)t e {ewar ipyharged withegsolutign of e ixtate oh sgrawiate (17a.b)
GETRE UTEED o/ Ful O SHEREAEE ARG BHRING: § o)

ba;(tdnteu@srlﬁmttamrdu(&wﬁgl Flinob 1r0&fql) and themp@roatmlneated to reflux
-105-1 30

T &S 0T hisa ) et i G Bled F dglsmined oy rL.C

2607EN. Etrdt caipl@édintald@iiédal an®und bt 9fO-bis(trimethylsilyl)acetamide (0.18 Kg, 0.9
N, O bis(trj rreth%ey |yl )acetam de (0.18 Kg, 0.9 nol,
ngpl.g). ) 1 &ldei@dlr feprtiop & gbice F%Wl?tb)nagl’l‘i’ne‘i?’@lpleuon th reaction is

6ABPloHel0dNu0-ERAN oG AP R dnP R rerhMR d WBAS tddRBed press @Ok L@0thbar) at
bel ow 400C and organi ¢ solvent is renoved under

aprraxRlHEs du ﬂ@tltlaimmnmrymmat@p prroil.nidie e¢agtiaroig o died to

agllbigéiﬁ te}n (grat%% allllﬁiiﬁe T {a? sglli s% eeis$1§.'te£ f Hl%g(')n fT If'r ion and washed
CP en enpera B(Jre anclil he

vsptheh:sluﬂiedl arhtedtvssa‘ll (il ctsl. &, el i G ollatTd sty is ddéd oraftbrd ihteahdédie (18) as

LR R A RN ST

ré@Stiéh p.te solid (0.76 Kg, 82% . The nmaterial is used
W thout further purification in the next reaction
step. Internediate (19): A reactor is charged with

15&nlediatdth &F MRALALEs td:Bded (Ath /Bl Brtermdizie TR) 0.7d K8, ~2.5 mol, ~1.0

eq) at ambient temperature followed by ethanol (5.3 Kg, 6.8 1) and 32 wt. % aqueous
hydrochloric acid (1.1 Kg, 10 mol). The reaction mixture is brought to reflux temperature (76-
80°C) during which time the mixture first becomes homogeneous and later becomes
heterogeneous. The mixture is heated at reflux for at least 5 hours or until complete as
determined by TLC analysis (15% EtOAc/Hexanes v/v). Upon completion, the reaction is cooled
to 0°C £ 5°C and the precipitated solid is isolated by filtration and washed with distilled water
(1.7 Kg) followed by ethanol (1.7 Kg). The isolated solid is dried to afford intermediate (19) as a
white solid (0.65 Kg, ~95%). "H NMR (CDCls, 300 MHz) § (ppm): 14.58 (s, 1H), 8.9 (s, 1H),
8.25 (m, 1H), 7.35 (m, 1H), 4.35 (m, 1H), 4.08 (s, 3H), 1.3 (m, 2H), 1.1 (m, 2H). "FNMR
(CDC1; + CECl3, 292 MHz) & (ppm): -119. HPLC: 99.5% by area.
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eq) at anbient tenperature followed by ethanol (5.3
Kg, 6.8 L) and 32 wt. % aqueous hydrochloric acid (1.1

waK07AMse®l ). The reaction mxture i s brought POI/IER0OUNS1057

tenperature (76- 800C) during which tinme the m xture
first beconmes honogeneous and | ater becones
het erogeneous. The m xture is heated at reflux for at
| east 5 hours or until conplete as determ ned by TLC
anal ysis (15% Et OAc/ Hexanes v/v). Upon conpletion, the
reaction is cooled to 00C 5Cjand the precipitated
solid is isolated by filtration and washed wth
distilled water (1.7 Kg) followed by ethanol (1.7 Kg).
The isolated solid is dried to afford internediate .
(¢ Ponthgss of Rerenegstgigihelyte(@d 1goyclegrorylgsdhporo Srmafigye4opxy- B 4-dihydro-
Hy. 58 (s, IH), 8.9 (s, IH, 825 (m
qﬁf?lgm%é‘?larﬁioéyﬁpﬂ&d(zbi 35 (m IH). 4.08 (s, 34, 1.3 (m
2H) 1.1 (m 2H). 19F NMR (CDCl 3 + CFd 3, ZQZWACd
(ppm: -119. H CCHﬁgo'EV%*b%l Ot ea. C. Synthesis af o
borone ester chel &'"& df
| - Cycl opiapyt—=7—ftuoro-—8-nethoxy—4—oxo>t, 4- d oqui n

oline- 3-carboxylic aaido(20): ¢ . Tol uenk, N
tert-Butyl net hyl et o0 OC, filter Are ris
charged with boro (2. ﬁ“lf’(g6 29 nol) fol I gned by

dilution with gl aci avefacefg c acid (8.1 L, 142 Trol) and
acetic anhydride (16.2 L, 171 nol). The resulting

m xture i s heatedTdens. efHBuMmettfemnerr ature for at least 2
hours. The reacti enscgrteents are cool ed to 400C and
the solid 7- fluoroquinolone acid internediate (19)
(14.2 Kg, 5 1 nol) is added to the reaction m xture.

U P |
Aa{égcft&] i EY W?ith%?d rbxﬂﬁ:%&@ F% 99 fn% f(lﬂi%vstea 9[1@&(}111 dﬁg{ﬁgmal acetic

east hOUI‘S eactl on 0g re I S tore
abRIEL M&QNW) anfhagetid a)nhydr_elel(& Zzbol ] dn(ﬂb Th@p’ﬁldxngmtwhy is heated to
rf%glg(g m%eﬁaturg f?rea:? feﬁs(téﬁlgg%l tlie r?%%g]gﬁ% eél& h ee Eoe()?e%tto Q&C anla%he solid 7-
fluefolquiablbyd a0t iMyermedifie (19¢ UA. A Hg,i53 nadoieddde td the rdae@dthigture. The

m xture to bring about precipitation of the product.
ke g4} eated @ W@HX @W@B‘W r 9gerst Shepr- Readionipgparess is monitored

bR @A CId NMIR STHe SRk AREE cBMed ﬂolabﬁ@hhﬁfély die ahd M@heths L£ is added to
Solids are then washed with ferf-butyl nethyl ether 6

yreiphivo T e ngminar ool 60 BRCovarRTabuDB S| SUER i E)s added to
tl%eﬂrlgasc%})rg glc }tlrgﬁ(l) ?%%Bﬁ%r& ital 1(91{ fltﬂé }%()5'1?09 él%%im%tzpe)éf)glﬁ gooled to
20°C and the solid product 19 is isolated by flltratlon The isolated solids are then washed with
tert-butylmethyl ether (26 L) prior to drying in a vacuum oven at 40°C (50 torr). The product
yield obtained for intermediate (20) in this reaction is 86.4%. Raman (cm™): 3084.7, 3022.3,
2930.8, 1709.2, 1620.8, 1548.5, 1468.0, 1397.7, 1368.3, 1338.5, 1201.5, 955.3, 653.9, 580.7,
552.8, 384.0, 305.8. NMR (CDCl3, 300 MHz) 6 (ppm): 9.22 (s, 1H), 8.38-8.33 (m, 1H), 7.54 (t,
J=9.8 Hz, 1H), 4.38-4.35 (m, 1H), 4.13 (s, 3H), 2.04 (s, 6H), 1.42-1.38 (m, 2H), 1.34-1.29 (m,
2H). TLC (Whatman MKC18F Silica, 60A, 200 um), Mobile Phase: 1:1 (v/v) CH3CN : 0.5N
NaCl (aq), UV (254/366 nm) visualization; R=0.4-0.5.

D. Coupling of 1-Cyclopropyl-7-fluoro-8-methoxy-4-oxo-1,4-dihydro-quinoline-3-carboxylic
acid (20) to (35, 55)-(5-Methyl-piperidin-3-yl)-carbamic acid tert-butyl ester (8), and synthesis
of malate salt of (35,55)-7-[3-amino-5-methyl-piperidinyl]-1-cyclopropyl-1,4-dihydro-8-

methoxy-4-ox0-3-quinolinecarboxylic acid (25):
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2930.8, 1709.2, 1620.8, 1548.5, 1468.0, 1397.7,
1368. 3, 1338.5, 1201.5, 955.3, 653.9, 580.7, 552.8,

w@2007A108305. 8. NVR (CDC 3, 300 MHz) d (ppm: 9PCRIK2907/051057

IH, 8.38-8.33 (m IH, 7.54 (t, /=9.8 Hz, IH),
4.38-4.35 (m IH), 4.13 (s, 3H), 2.04 (s, 6H
1.42-1.38 (m 2H), 1.34-1.29 (m 2H). TLC (What man
MKC18F Silica, 6gA, 200 nm, Mbile Phase: 1:1 (v/v)
CH3CN : 0.5N Nad (aq), UV (254/366 nm visualization;
Rf =0. 4-0.5. D. Coupling of 15
| - Cycl opropyl - 7-f1 uor o- 8- net hoxy- 4- oxo- | , 4-di hydr o- qu
nol i nee3-ocardboxyljc agi d (%%) to (3S,

-yl -

5S) “Netotyhe pi peri di nF carbdmi c acid tgrj-patyl

est ), and synthesﬂ;?%f mal at e §gkt%bpi;[%fidgg“

(3S, 38\ 7- [ 3- am MO 57 MBLAY]: RERETT di nyI([ S -ICYE] opr opy|Mereesed
-1, 4-di hydr 0®8- net hoxy- 4- oxo- 3- qui|nol i ifécar Boxyl i c

acid (25): Not Isolated Acetonitrile Triéfhylamne 50" C

3d/ CHC 2 6 8 extract 12 h filter A react orsfgoHed/chll,
charged with solid internmediate (20) (4.4 Kg, Plyrgeess o

nmol ) fokl éwdd by dilution with a solption of § §
tu;»n,,ggth R ne” (TEA) o062 &, duycy, 4o 81h0l ng@d por'l o

sid M I Nt er nEdE.al 880 7{ Beeole, K0, | 9. 2
acethnitrrie £33.5 L, 15.7 1VKg) at foom enﬁ@éatur
The resulting mixture is warnmed to approxi®mately 500C
until reaction is judged conpl ete. Reaction progress
IS nomnktosed by HPLC or reverse phase TLC. Wen
conpl ete, the\redctrson is cooled to approxi mately 350C
and r " volunme is reduced to approximately half
by di<tiflation acetonitsibe under vacuum bet ween

0-400 torr. The reactor i B+ charged with 28.2 Kg
of 3. ORERECH (aq) gotuty d the tenperature is
rai sed to approxi mat 496L. "Distillation under

vacuumis continued between 1%#+hour% ar ountil no
further distillates are observed. Thelr&action is then
cooled to roomtenperature and the hydrol ysis reaction
is nonitored by HPLC or reverse

A reactor is charged with solid intermediate (20) (4.4 Kg, 10.9 mol) followed by dilution with a
solution of triethylamine (TEA) (2.1 L., 14.8 mol) and piperidine side chain intermediate (8) (2.1
Kg, 9.8 mol) in acetonitrile (33.5 L, 15.7 L/Kg) at room temperature. The resulting mixture is
warmed to approximately 50°C until reaction is judged complete. Reaction progress is
monitored by HPLC or reverse phase TLLC. When complete, the reaction is cooled to
approximately 35°C and reaction volume is reduced to approximately half by distillation of
acetonitrile under vacuum between 0-400 torr. The reactor is then charged with 28.2 Kg of 3.0N
NaOH (aq) solution and the temperature is raised to approximately 40°C. Distillation under
vacuum is continued between 1-4 hours or until no further distillates are observed. The reaction
is then cooled to room temperature and the hydrolysis reaction is monitored by HPLC or reverse
phase TLC. Upon completion, the reaction mixture is neutralized to a pH of between 6-8 by
adding ~4-5 Kg of glacial acetic acid. The reactor is then charged with 12.7 Kg (9.6 L) of
dichloromethane as an extraction solvent, the mixture is agitated, phases are allowed to separate,
and the organic dichloromethane phase is removed. The extraction process is repeated two
additional times using 12.7 Kg (9.6 L) of dichloromethane, collecting the lower, organic phase

each time. The aqueous phase is discarded and the organic extracts are combined in a single
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phase TLC. Upon conpletion, the reaction mxture is

neutralized to a pH of between 6-8 by adding -4-5 Kg
wotooghass@l acetic acid. The reactor is then char/gpd07/051057

with 12.7 Kg (9.6 L) of dichloronmethane as an

extraction solvent, the mxture is agitated, phases

are allowed to separate, and the organic

di chl oronet hane phase is renoved. The extraction

process is repeated two additional tines using 12.7 Kg

(9.6 L) of dichloronmethane, coél ecting the |ower,

organi ¢ phase each tinme. The aqueous phase is

ré€lic®E athd eghc @i Eonlidh@ B¢ ParkGo 80T A i r8lcBok O6TRINE deddledio
singl ereactor. The reactor contents are heated to 400C

agprEc IR s delt §r dispilasior. The reast scthien hasgst ik 2a ke §ON HCI (aq)
SQIH&OI{] ﬁlefter;:?%erg{n%gé :H L%Ee'd(w 3 B] anf a%‘?t&ﬁdﬂrls hlﬁw&eﬁ?& &t n:@thQ ‘ﬂours to
hd ? solutihon, the tenperature
pﬁ@na@p bet é@r«vt@ctl@s @aC@mnlto @gcmr akhieaerciien iamlcoitendd bpHPRE or reverse
PSR AT SRS A L B AR S5 e
Thb &ser, trganic\ihese 1§fmn>lved &nd sagisidat Theredcsr tB@mhhtgldJ etth 12.7 Kg (9.6
nd t he phases are allowed to separate. The | owe

@PS@H@@O&%@&%@ 450 LSRR S L Ly X yeyls agiled, Pléaéiist % aljawved to
s&ﬂ'ﬂ@d’t’e ah@dhe @%aﬁ\k tRhibéonte e ?ﬁas@ 1s|-r):m@‘l('eddTl§é|'Ur§aanr@&lﬁ@e§1 &re combined

as an extraction solvent, the mxture is agitated,

apthaisesdegdy Ehegpmapipiag aﬂwossemmﬁealﬁ dilutgdyyith 48 3 dreghisiilled water and the
Qe rﬁ&gﬁﬂ ﬁﬁﬁtaf @n%‘qéﬁﬂatioﬁﬁﬁdeﬁ’ LAMG 1 60 hEASL Pis

are Cco I ne an di scar e remal nt ng aqueous
ppiiarsed ncsremowteelduaMdtchloiﬁn@hdﬁg frdingthé¢ teh@mdnwittegrt eafitble teha@ion is then

BETRFITaET S " SbEh Gt P rIB6 0B RerS ol spiptyerine e

ténfpef LU0 Y Lthe BSib el ok @ﬁ‘TCQHQﬂEﬁdﬁaﬂ & cooleand $eC ned it ipfRipitated
The pH of the reaction is then adjusted to between
selids aBe aged, ﬁble%% #fipoug pror tR@O%‘Flg @%NXF%W O oSt alHre- -olfhie solids
am%lﬁe(kl%eﬁ'cp&l fi1R&inemm %Ja‘%eﬁ GiclvihR® Kgﬁ&hbrﬁrbf BRLEMW water. The

C. The reaction is cooled to 500C
sglrdé @rqﬂrteétf@dit baitildbous eihgedionend gen fog as @ddatnpnhbl;’rhours ina

b [

cgﬂve t1 dpgl oglrelg th§5 g]{he d?e%ﬂcé l?g%cffg% qltterr?u? tt%%igi? dsl'!axgm]ﬁll- &0 Kg
(TSWB)CA redctdn 1ﬁ:h2rg&g witb BI’ZI Km@hdﬁntein&thatel (23) andttersolidshage suspended in

e drie east 12 i suct.i .
SR R e b inf beon§ RS e | R SLGH Iy -maic acia
(@M emdahe BREare EMBacyd @l ek BCBinpM@drel (080 TNIRENRE mtee<452ﬁn) is added
inthis exanple is 3.2 Kg (79% . A reactor is charged

tenhe Feagtion yayl 3 epmpete selaticnas paicved oY 0.2Kg of paivated Flefgcoalrlé added.
T8 %&&%erﬁilxh@e %%as@ecﬂﬂrdﬁ%h g%%%lett) Q@ﬁgje c@a%ﬁ%ﬁlo\ﬁe&toled-[@ﬁ @eand held

reactor 1s then added 1 Kg of solid D, L-nmalic acid
for a period of at least 2 hours to allow crystallization to occur. The reaction mixture is further

cooled to 5°C and the suspended solids are isolated by suction filtration. The solids are then
washed with 6.6 KG of 95% ethanol and dried for at least 4 hours with suction under vacuum.
The solids are then further dried in a convection oven for at least 12 hours at 45°C to afford 3.1
Kg of intermediate (24) (70%). NMR (D,0, 300 MHz) & (ppm): 8.54 (s, 1H), 7.37 (d, J=9.0
Hz, 1H), 7.05 (d, J/=9.0 Hz, 1H), 4.23-4.18 (m, 1H), 4.10-3.89 (m, 1H), 3.66 (br s, 1H), 3.58 (s,
3H), 3.45 (d, J=9.0 Hz, 1H), 3.34 (d, /=9.3 Hz, 1H), 3.16 (d, /=12.9 Hz, 1H), 2.65 (dd, J=16.1,
4.1 Hz, 1H), 2.64-2.53 (m, 1H), 2.46 (dd, J=16.1, 8.0 Hz, 1H), 2.06 (br s, 1H), 1.87 (d, J=14.4
Hz, 1H), 1.58-1.45 (m, 1H), 1.15-0.95 (m, 2H), 0.91 (d, J=6.3 Hz, 3H), 0.85-0.78 (m, 2H). TLC
(Whatman MKC18F Silica, 60A, 200 um), Mobile Phase: 1:1 (v/v) CH3CN : 0.5N NaCl (aq),
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(24), and the m xture is heated to reflux tenperature
(~80C). Distilled water (-5.7 L) is added to the

WO e@cii@se until a conplete solution is achi evePlCHBROQ/E51057

Kg of activated charcoal is added. The reaction

m xture is passed through a filter to achieve
clarification, cooled to 450C and held for a period of
at least 2 hours to allow crystallization to occur.
The reaction m xture is further cooled to 50C and the
suspended solids are isolatedipy suction filtration.
The solids are then washed with 6.6 KG of 95% et hanol

BN sdnRbe dmf Gkuadibatloaaster ¢: hasHis PhideH,0UGHH @D%tf&@lﬁ& acid/Acetonitrile
vacuum The solids are then further dried in

Ve Bl e forar asirk Araflisht cytionggdy 88 Ftlf Hfpraticacidqg @@%tfézO/fonmc acid,
Z%Mase IS ?8 4-61'@1 Pisd rﬁﬁl%lﬁ‘ﬁgﬂ ﬁ&rl{f})\l() 28‘&2393(5762)34? 5o h‘h//'?mﬁ B%,on min run

1m:€|) 292711rm@e(cez§:tor /M:(gletﬁl—&MAl S{j\l JPA2HB849, lBla(lf‘p,mp M))del G1311A S/N

U?Sg%?gzégﬁg U]_i)zn’garilg_}_%r M%deg% %glA, ﬁrzl\é b?%l%lﬁbde ao,c,sefg\')l?dg?’c}fim, SN
JPEDR7 2 9Hprdxdidhate Zet@biof dahe férd®rnlediafe 19}21,3.0 thin; approximate retention
t%@?fgéi%fe%ﬁﬁd(la{% (QIQI);DlZI &Zmlflgahp roilrpéte }el?qqflon Emg éoriﬁtgrrgn@éﬁ]tez(z ?)6 16.3 min;
B}L‘I'))xmﬂite]l@reﬁ)a&lﬁmﬁémor Adkmedlad® 1226 aig o mﬁl %Jﬂfgmmgtb&etentlon time for
78 (m 2H). TLC (What man MKC18F Sili ca
itermehigge, (2p B IndnPirgrpaimate rpepen,meiqz cpmpound 53) N?a@mn
( aq)
O iept & e Ak, th AL Ahuite oblkies MAUA BeTRAREns,and
pqumoos aci dxderguoa@l iodretmeli fiddi bynhemvord "8884"Haw ahfoantyiae not intended to
g ?ﬁﬂlﬁ %Qzl?s/form'c acid, Zorbax SB-C8 4.6nm x 150
ol i Lo No. 883975.906, 1.5 ni/nin rate, 20
M N Ekdept dstEherwiSZndied, tHE&trtﬁﬁéso'ﬁ” Mo ednd Ghd1/éan 'ShdNor more"
JP72003849, Quat Punp del GlSllA S/'N US72102299
Aut o §é1ﬁﬁlf%‘intsl\%tﬁ% m t@@f{t@%\ed ]%?SWM@@ ﬂ@i@‘@nu%ﬁ%@% é?;le"ant part,
iNBER ka3 Aty refdNmdE? %ﬁ@&%&&?ﬁ APBENIHBE Gof 6 HEBIds@kd as an
time for |ntermsd|ate(1) .0 mn; approxinmte
aflaiseinn thehit tsj paer fupwith msewr@dhgpr@QOyenum ®o Hergxtent that any
n%%%ng Xf’ m'ﬁ%on %% g [%118?12 trlllis vrx;rr?ttetnodrocu én? r(lmi"l?éés?&/rrlgla ({11? %eazléﬁg 0§ definition
oil‘chf:Zemn m a daqamem(mtmpﬁaweébg rdfermelthﬂmeirmﬂ[g cbrraibﬁmtrmdasatgeed to the
roximate retention time for conpound
tf‘((f%g’ Ihl%wgtt?ﬂ CP?CU‘E%@ #4%8t herwi se noted, all ampunts
i ncl uantiti ercenta Qrtion and
or op GRS EA o B ot Tr o et B e bisp e e
deRBBEH, 1t.wARCbeBAL ® (BE sKiftd inheao@ak VaRoustilhes ahMges and
Si gnlflcant digits. .
modifications may be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.



Except as otherw se noted, the articles "a", "an", and
"the" nmean "one or nore". Al docunents cited in the
wDedoai1hesas Descri ption of the Invention are, i nPCEIB0GMIS1057
part, incorporated herein by reference; the citation
of any document is not to be construed as an adm ssion
that it is prior art with respect to the present
invention. To the extent that any meani ng or
definition of a termin this witten docunent
conflicts wth any nmeaning origlefinition of the term
in a docunent incorporated by reference, the neaning
or definition assigned to thecienmasin this witten
docunent shall govern. Wile particul ar enbodi nents of
What ipFlegadtisi nventi on have been illustrated and
described, it would be obvious to those skilled in the
art that various other changes and nodifications nay
lbe mAduoagsst fhoprepatiop aqtinplyné mgamediate Spiing the fmmohukcope of
the invention. It is therefore intgnded to cover in
the appended clains all such ch éﬁs and nodi fications
that are within the scope of thrs invention. CLAI M5
Wiat is clained is: 1 Breparing a
qui nol one internedi ate havin he formula: X HN Z n
Formula (I); wherein: nis 1 or 2; Xis selected from
C-Calkyl, C-Co aryl or alkylaryl, and C3-C6
cycloalkyl; and Z is sel ecF@amYWm CO2X and COX,
wherein X is as defined above; said process conprising
the steps of: a) reacting the conpound of Fornul a
(11) wh&emmul a (11)

nis1or?2;

X is selected from C,-Cy4 alkyl, C¢-C;p aryl or alkylaryl, and Cs-Cg cycloalkyl; and
7. is selected from CO»>X and COX, wherein X is as defined above;

said process comprising the steps of:

a) reacting the compound of Formula (I):

Formula (IT)
wherein Y is selected from C;-Cy alkyl, Cs-C)9 aryl or alkylaryl, and Cs-
C¢ cycloalkyl; and X, and Z are as defined for Formula (I); with from 2 to
4 equivalents of sodium borohydride in an alkanol or an admixture of
alkanol/ ether in a v/v ratio of from 100/0 to 20/80, at -20°C to 10°C;
b) setting the temperature of the reaction mixture to a temperature in the
range from 5°C to 15°C; and

c) adding from 1.5 to 3.0 equivalents of a calcium salt.

2. A process according to claim 1, wherein the alkanol is a C; to C,4 alkanol, preferably
selected from methanol, ethanol, propanol, isopropanol, and butanol, more preferably

ethanol.



wherein Y is selected fromGC-C 4 alkyl, C-Co aryl

or al kylaryl, and C3- Ce cycloal kyl; and X, and Z are
w@goodaiisaed for Fornula (1); with from2 to 4 PCT/IB2007/051057

equi val ents of sodi um borohydride in an al kanol or an

adm xture of al kanol/ ether in a v/v ratio of from

100/0 to 20/80, at -200C to 100C, b) setting the

tenperature of the reaction mixture to a tenperature

in the range from5C to 15C, and c) adding from1l.5 to

3.0 equivalents of a calciumsalt. A process according

to claim1, wherein the alkanol is a G to C al kanol,

preferably sel ected from nethanol, ethanol, propanol,

i sopropanol, and butanol, nore preferably ethanol.3. A

3pr oc 8980k SFUAG (¢ By REFeEReelaid neeindhettheiies € to Gargher.

et hey . Enfh o :

et h R e e PRy R (N BEL Cal e ATuimerny! cther,

di metlieihly] ehdngetrabgilmfunyd, desopepy! diletrraaf dx afeumars, preferably methyl

di i sopropyl .ether, and di oxane, nore preferably nethyl

tert%ga?ﬁ%egFﬁer. 4. A process according to any

preceding claim wherein the solvent is an adm xture

of ethanol /nethyl tert-buty\ ether, preferably wherein

“the PAPGSAFFING IO LW RETEHING aih tHiTein By folysit §i\an afRigpure of

IS ab@itol/dethyl Rri-tD0PE@EE PR RABEOWRHAS teQattd @IVYoilethanol to methyl

wherein X isyQ -C i@alky . 6. A process aé?gyging to g

cl ai myBbutylstherisgboutilg. met hyl . 7. A process accordi ng

to any preceding claim wherein Z is

ferf-butoxycarbonyl. 8. A process according to any

Spr ec adirogsscicedriting whaaiei h wheres Xt GyyCs allyl. A process

according to any preceding claim wherein the cal cium

salt is chosen fromcal ciumchloride and cal ci um

6br omadRocely RE@UABkY 16! & iwhareGX yhélRyl. 10. A process

according to claim1, wherein the conpound of Fornula

(1) is (2S,4S)-1-(1, 1- di nethyl et hyl)-4-nethyl -5-oxo-

71, 2- Ryﬂr&%gsl a@bé}ﬁﬂg %{Q%&Eﬂiﬁg él&i'nfi' '\x%'efgﬁf:i]}élter?—ﬁﬁt%£ycarbonyl.

8. A process according to any preceding claim, wherein Y is methyl.

9. A process according to any preceding claim, wherein the calcium salt is chosen from

calcium chloride and calcium bromide, preferably calcium chloride.

10. A process according to claim 1, wherein the compound of Formula (II) is (25,45)-1-(1,1-

dimethylethyl)-4-methyl-5-oxo0-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.

11. A process according to claim 1, wherein the compound of Formula (IT) is (25,4R)-1-(1,1-

dimethylethyl)-4-methyl-5-oxo-1,2-pyrrolidinedicarboxylic acid-2-methyl ester.

12. A process according to claim 1, wherein the compound of Formula (I) is (15,3S)-(4-

Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid fert-butyl ester:

1}IHB oc
HO\)\/\/OH



11. A process according to claim1, wherein the

conpound of Formula (I11) is (2S,4R)-1-(1, 1-
walzovettimgBet hyl ) - 4- net hyl - 5- oxo- PCT/IB2007/051057

1, 2-pyrrolidinedi carboxylic acid-2-nmethyl ester. 12. A

process according to claim1l1, wherein the conpound of

Formula (1) is (1S, 3S)-(4-

Hydr oxyl - | - hydr oxynet hyl - 3- met hyl - butyl ) - carbanmi ¢ aci d

tert-butyl ester: IN HBoc OH13. A process according to

claim11, wherein the conpoundy@f Formula (1) is

(1S, 3R)-(4-

Hydr oxyl - | - hydr oxynet hyl - 3- met hyl - butyl ) - carbanmi ¢ aci d

tert-butyl ester: = HBoc HCk A OH .
13. A process according to claim 1, wherein the compound of Formula (I) is (15,3R)-(4-

Hydroxyl-1-hydroxymethyl-3-methyl-butyl)-carbamic acid fert-butyl ester:

ISHBOC
HO ~ OH



