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TI TLE OF THE | NVENTI ON A PROCESS FOR THE PREPARATI ON
OF 2, 2- DI SUBSTI TUTED PYRROLES BACKGROUND OF THE
WO DMENTIYEN This invention relates to the PCT/US2005/013630
stereosel ective preparation of 2,2-disubstituted-4-
carb' onatepyrrol es useful as internediates in the
syntheses of inhibitors of mtotic kinesins useful in
the treatnment of cellular proliferative diseases, for
exanpl e_cancer. Anmong the therapeutic agents used to
TITLE OF BEAREFION e t he taxanes and vinca al kal oi ds.
A PROCBYSPER TAHIPREFCRA BIONeOP L IDIBTB SPMTUMED PYRROLES, whi ch
are present in a variety of cellular structures.
M crotubul es are the primary structural elenment of the
BACKGROUNTDCOEmHﬁdNE'ENTﬂIeNm totic spindle is responsible
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Taxane§ 8id \Hﬁ(ﬁralléto‘idéQEtLHn%crotdbﬁieb' G Hih o predesit faQlvariety of cellular structures.

ace] lul ar transpo rve process ecau
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adm ni strati on of these agents coul d be reduce

do not spegifically saagt mytotie snipdles: they Paye side sHrpRtsthatliniibeir psefilnpsty
of ¢ aHﬁ@fov&h&tﬁﬁ&%dp@&ﬁ@it%ﬂa@enksdﬁ@d !oftfeﬁﬁdah&lﬂ isf considerable interest
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inhibit@$ SEHRIBthAR thebd Pedpk Qe Q mifolE kitbdilakLatB RN aBrets for new anti-cancer

agents.

Mitotic kinesins are enzymes essential for assembly and function of the mitotic spindle,
but are not generally part of other microtubule structures, such as in nerve processes. Mitotic kinesins
play essential roles during all phases of mitosis. These enzymes are "molecular motors" that transform
energy released by hydrolysis of ATP into mechanical force which drives the directional movement of
cellular cargoes along microtubules. The catalytic domain sufficient for this task is a compact structure
of approximately 340 amino acids. During mitosis, kinesins organize microtubules into the bipolar
structure that is the mitotic spindle. Kinesins mediate movement of chromosomes along spindle
microtubules, as well as structural changes in the mitotic spindle associated with specific phases of
mitosis. Experimental perturbation of mitotic kinesin function causes malformation or dysfunction of the
mitotic spindle, frequently resulting in cell cycle arrest and cell death.

Among the mitotic kinesins which have been identified is KSP. KSP belongs to an
evolutionarily conserved kinesin subfamily of plus end-directed microtubule motors that assemble into

bipolar homotetramers consisting of antiparallel homodimers. During mitosis KSP associates with
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but are not generally part of other mcrotubule
structures, such as in nerve processes. Mtotic

wh 2008402936 pl ay essential roles during all phaseeT/v82005/013630
mtosis. These enzymes are "nol ecul ar notors" that
transform energy rel eased by hydrolysis of ATP into
mechani cal force which drives the directional novenent
of cellular cargoes along mcrotubul es. The catal ytic

domain sufficient for this task is a conpact structure
microtuboles affte witotedpaidie- Miromjgation gﬁqngbom@\ﬂu,eﬁgj #HaingLIKeP into human cells

prevents léélﬂcﬁg k} le ééf)'é:%ﬁ@ﬁ &ﬁu{? oAt eg‘iwh@h& th 'i’&)n@;bdl’ﬁ'sﬁhdles and causing
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carbona{éﬁﬁ(;}—rch(#% reMifARhiFR chHMrkEﬁlrtﬁlgaﬁHtérﬁw @ul:lﬁbyrfﬂlas et uskiul &S
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illustratéd bysthoBdridulatled di hydr opyrrol es have recently been
descri bed as being inhibitors of KSP (PCT Publ. WO
03/ 105855, DeceRdenC24, 2003). Mtotic kinesins are
attractive targets f ©Ope dIS%Sé ﬁ¥ and devel opnent
of novel mtotic chegfoth eurree™ In Iight of the
di scovery that certain 2/2- ugﬁg%Z
r KSP, it is

-di hydropyrrol es are pote
an object of the present nA o provide high

yi el di ng stereosel ective

iﬁvent
I

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 Thermal Analysis of (3R.45)-3-Fluoro-N.,1-dimethylpiperidin-
4-amine dihydrochloride (3-5) Form 1 The weight loss curve is shown as a solid line. The

dashed line shows the mass spectrum analysis of the volatile produced by the weight loss.

FIGURE 2 X-ray Powder Diffraction Pattern of (3R.4.5)-3-Fluoro-N.1-
dimethylpiperidin-4-amine dihydrochloride (3-5) Form 1
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synt heses of internedi ate conpounds in the synthesis
of such di hydropyrrol e conpounds. SUMVARY OF THE

WO DMENTIOBN The present invention relates to theRCT/US2005/013630

st ereosel ective preparation of 2,2~disubstituted-4-
carbonatepyrroles fromreadily avail able chiral
starting materials. Such pyrroles are useful as
internediates in the preparation of
2,2,4-trisubstituted 2,5-di hydropyrroles, that are
inhibitors of mtotic kinesins and are useful for

DETAn,g:ﬁaeﬁééafeiglsn SN BEFPReENEBORL | ve di seases, for treating

associ ated with KSP ki nesin acti

tyi &% and.. of a
for i Fheifbsstrappegt ofmstaat aetion isgigctad o REpocss fof Wg PEPHARTY

Compou&fofq:ﬁ emdisvention may be illustrated by the Fornula |

BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1 Ther nal
Anal ysi s of G]?];{t@z\@ Fl uoro- N, I - di net hyl pi peri di n-
4- am ne di hydrochlory (3 5) Form 1 The weight |oss
curve i s shown as a g nQ\CCTfl%Z dashed |ine shows
the mass spectrum aQaI ys's af"t havol atj | e produced by
the wei ght |oss. Fl GURE 2 hffraction
Pattern of (3i?,4S)-3-Fruoro-N, et hyl pi peri di n-
4-ami ne di hydrochl oride (345) Form 1DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The first aspect of
instant invention is directied to a process for the
preparation of a conmpound of Formula I : or a salt
ther?of wherein: ais 0Oor 1; bis O0Oor 1; ms o, 1,

ora saltélixer
wherein:

ais Oorl;
bis Oorl;
mis 0,1,0r2;
nis 1or2;
ris Oorl;

s is Oorl;

R1 and R2 are independently selected from: (C1-Cg)alkyl, aryl, heterocyclyl and (C3-Ce)cycloalkyl,

optionally substituted with one, two or three substituents selected from R%4;

R3 is selected from:

1) hydrogen;
2) (C=0)20bC1-C10 alkyl,

3) (C=0)aOparyl,

4) CO2H,
5) halo,
6) CN,

7 OH,

8) OpC1-Cg perfluoroalkyl,
9) 0,(C=0)pNR3RO,
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nislor 2, risOor 1l sisO0Oor 1, R and R2 are
i ndependently selected from (G -C6)alkyl, aryl,

whedsnadyel yl and (C3- C6)cycl oal kyl , opti onal | BCT/US2005/013630

substituted with one, two or three substituents
selected fromR4; R3 is selected from 1) hydrogen; 2)
(C=0) aC -C o alkyl, 3) (COaCb aryl, 4) CO2H, 5)
hal o, 6) CN, 7) OH, 8) (bC -C6 perfluoroal kyl, 10)
S(OmRa 12) -OPQ(OH) 2; said alkyl and aryl,

tlcg*(@l)lglyasubstltuted with one, two or three

%tj éb celected fromR4; R4 is selected from D
% ( g@d‘lﬁ‘) alkyl, 2) O (Gi-C3)perfluoroalkyl,

oxggP(ékag—| 5) hal o,

said alkyl and aryl, optionally substituted with one, two or three substituents selected from R4;

R4 is selected from:

D (C=0);05(C1-C10)alkyl,
2) Or(C1-C3)perfluoroalkyl,

3) 0X0,
4) OH,
5) halo,
6) CN,

7 (C2-C1p)alkenyl,

8) (C2-Cipalkynyl,

9) (C=0);05(C3-Cg)cycloalkyl,

10) (C=0):04(Cp-Cg)alkylene-aryl,

11) (C=0),05(Cp-Cg)alkylene-heterocyclyl,
12) (C=0)r0S(C0~C6)a1kylene-N(Rb)2,

13) C(O)R3,
14) (Co-Cg)alkylene-CO2R?
15) C(OH,

16) (Co-Ce)alkylene-CO2H, and
17)  (C=O)NRDb)y,

18)  S(O)mR2,

19)  S(O)N(Rb)2; and

20) —OPO(OH),;

said alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylene and heterocyclyl is optionally substituted with up
30  to three substituents selected from RP, OH, (C1-Cg)alkoxy, halogen, CO2H, CN, 0O(C=0)C1-Cg alkyl,

oxo, NO and N(Rb)p;

RS and RO are independently selected from:
1) H,
35 2) (C=0)0pC1-C10 alkyl,
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6) CN, 7) (C2-C o)al kenyl, 8) (C2-d q)al kynyl, 9)
(C=OrGCs(C3-C6)cycl oal kyl, 10) (C=0)
w0 as@wne) al kyl ene-aryl, H) (C=0) PCT/US2005/013630
r Gs( Co- C6) al kyl ene-heterocyclyl, 12) (C=0)
r Os( Co- C6) al kyl ene-N(Rb) 2, 13) C(ORa , 14)
(Co- C6) al kyl ene-C02R a , 15) C(OH, 16)
( Co- C6) al kyl ene- COZH and 17) (CCOrN(Rb)2 , 18)
SSO) 1n Ra, 20) O—? 2; said al kyl, alkenyl,
aPkynyc= 0&9@‘%58 RXHloalké( .yl , al kyl ene and heterocyclyl
i4§ opticenybpatylsubstituted with up to three

bstl sele ed fromRb, OH (G -C6)al koxy,
Ioge(?;ug%[()%ﬁ C—O)C| C6 alkyl, R5 and R6 are

|®depempl€mhlyylsel ected from 1) H, 2) (GO G -G O
a; kyl , (C=0 bC3-C8 cycloal kyl, 4) (C=0 Qoaryl, 5)
O) eterocyclyl, 6) C -G o alkyl,
C2-C10 alkenyl,

9) C2-C10 alkynyl,
10) heterocyclyl,
11) C3-Cg cycloalkyl,
12) SO2Ra, and
13)  (C=O)NRby,
said alkyl, cycloalkyl, aryl, heterocylyl, alkenyl, and alkynyl is optionally substituted with one, two or

three substituents selected from R4, or

R5 and RO can be taken together with the nitrogen to which they are attached to form a monocyclic or
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen,
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle

optionally substituted with one, two or three substituents selected from R4;

R4 is independently selected from: (C1-Cg)alkyl, (C3-Cg)cycloalkyl, aryl, or heterocyclyl, optionally

substituted with one, two or three substituents selected from R4:

Rb is independently selected from: H, (C1-Cg)alkyl, aryl, heterocyclyl, (C3-Cg)cycloalkyl, (C=0)OC1-
Cg alkyl, (C=0)C1-Cg alkyl, (C=0)aryl, (C=O)heterocyclyl, (C=<O)NReRe ’or S(0)7R2, optionally

substituted with one, two or three substituents selected from R4;

which comprises the step of reacting a compound of the formula II:




7) aryl, 8) C2-Cl0 al kenyl, 9) C2 -G O al kynyl, 10)
heterocyclyl, 11) C3-C8 cycloal kyl, 12) Sg 2Ra , and
wa 300529 NRb 2 said al kyl, cycloal kyl, aryl, PCT/US2005/013630
heterocyl yl, al kenyl, and al kynyl is optionally
substituted wth one, two or three substituents
selected fromR4, or R and R6 can be taken together
with the nitrogen to which they are attached to forma
nonocyclic or bicyclic heterocycle with 3-7 nenbers in
each ring and optionally containing, in addition to
with a halbgenaiing agganin areguesustsolyeadidi groduvalthdesmpaat ofitormula I.
selected fromN, O and S, said nonocyclic or bicyclic
het erocycl e optionally substituted with one, two or
t hr edn s bebpdient of the peasesscoffthoinsfat inRenticn, R1 and R are
independénfigepleneteRthy C&lsgatyed from (G -C6)al kyl,
(C3-C6)cycl oal kyl, aryl, or heterocyclyl, optionally
substituted with one, two or three substituents
i' el edi @ﬁbtﬁﬁﬁn;ﬁt?%im&h ldf ﬁlﬁi ;{1}6&@@ Bﬂlﬁx’éltihétarﬁ A RGHESE KIrQAR2 are
. , - a ar eterocycl yl,
mdePend?‘&ggéﬁt%%%‘dﬁ%W ,anff“&)fb) OG- Calkyl, (CZOC 1-C5
al kyl, (COaryl, (C=O heterocyclyl, (CONReRe O
S(O . [ i 0 ! :
Chr e 2y pEBOKnRAPY e pHES: rthEHraiide RS biBnPhvention. e
aqueous solyenigs efectst] fromp en dastpniiriletratrs pmisturst a tetrehydonfured/sratiet migitdrk and a

isopropylacdiRbQURPalitie. BOERLhdr BmBOHiASMEAY SqRBk\eB R Entti CarPlc AT S e/ water
the conpound of formula I. In an e OJIHEHt o? t he

mixture. hrocess of the instant invention, R and R are 5
i ndependently selected from (C -C6)al kyl. In another

Zggo%anlg?%lbgéin{egg ofthé %%%gssocff tltlep first stptec ngf the' 1\’1%&1%% i%gént%n, the
halogenating agent is iodine (I2).

In the second aspect of the process of the instant invention, the process for
preparing the compound of the formula I, or a salt thereof, described above further comprises the
steps of
a) reacting the compound of the formula III:

(R%)n

J\H/:\COZH

R'O

i
with a benzaldehyde source, in the presence of an acid to produce the compound of the formula
IV:
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i ndependently selected from nethyl and ethyl. .0 In
an enbodi nent of the process of the first aspect of

w0 b@siieep@nt i nventi on, the aqueous sol vent i SPEEUSIIN#E 3630
from an acetonitrile/water mxture, a
tetrahydrofuran/water m xture and a isopropyl
acetate/water m xture. In a further enbodi nent, the
aqueous solvent is an acetonitrile/water mxture. 5 1In
an enbodi ment of the process of the first aspect of
the ins{@#, i nvention, the hal ogenating agent is

i odj 12). In the second aspect of the process of
th /i sfyant invention, the process for preparing the
oco of the formula I, or a salt thereof,
/ﬂgescfibed above further conprises the 0 steps of a)
R'O t{ing the conpound of the formula Ill: Il with a
banza yde source, in the presence of an acid to

ce the conmpound of the forrmula ,5 IV:1V and b)
Phtonverting the compound of the formula IV to the
corfound of formula Il; wherein R 3 is as described

and b) cgg\ge\e/rg{xg Jg% %%%é)%ﬁgﬁ) dF A2 rnffla TR @fe%%ﬁﬁ%uﬁ’(i of foemsRapNd

Instant 1 nvention, the“acid is sel ected
from phenyl sulfonic acid, In an enbodi nent of the

wherein P8 YeridecAgbsRecond aspect of the instant invention,
t he benzal dehyde source is benzal dehyde di net hyl

acetal. In an enbodi nent of the process of the second
aspecin &f ethb&limest fnhe provess toff dr, setdrel aspestef gieanstert inyeation, the

acid is S&%@g‘ﬁ%gﬁ@f&ﬁ?‘ﬁggngag@ a lVto the compound of fornmula

In an embodiment of the process of the second aspect of the instant invention, the

benzaldehyde source is benzaldehyde dimethyl acetal.

In an embodiment 6f the process of the second aspect of the instant invention, the
conversion of the compound of the formula IV to the compound of formula I comprises the step
of adding a base to a solution of a mixture of the compound of the formula IV and an allylating
agent. In another embodiment the allylating agent is allyl bromide. In another embodiment the

base in this step is sodium bis(trimethylsilyl)amide

In a third aspect of the instant invention, the process described above for
preparing the compound of the formula L, or a salt thereof, further comprises the steps of

a) reacting the compound of the formula III:
(R%)n
| Va
X
RI0” N “>CO,H
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of adding a base to a solution of a m xture of the
conpound of the fornmula IV and an allylating agent. In
wap@sher9enbodi ment the allylating agent is alPgI/US2005/013630

brom de. In another enbodi ment the base in this step
is sodiumbis(trimethylsilyl)amde In a third aspect
of the instant invention, the process described above
for preparing the conmpound of the formula I, or a salt
thereof, further conprises the steps of a) reactin?

with a behaldehyosoutee in thi @rdsencredfan BEidtb tphoduch Srezcamnsipd ef the formula

Iv: source, in the presence of an acid to produce the

) compound of the forrmula IV: IV b) crystallizing the

conmpound of forrmula IV froma crystallization solvent;
and c) ¢BAyerting the conpound of the fornula IV to

t he voound of formula Il; wherein R 3 is as
desg ¢gd above. In an enbodi nent of the third aspect
o@f the=process of the invention, the benzal dehyde

/ﬂ;our§e i s benzal dehyde di methyl acetal. In an
R'O iment of the third aspect of the process of the
i nven , the crystallization solvent is selected
t ol uene, a toluene/ hexanes m xture, a
Pholuene/heptane m xture and a tol uene/ octane m xture.
In ¥ further enbodi ment of the third aspect of the

ocess of the inventin, r ) dezat | ent
v oo DS e Sl T B R A b Rme et
instant invention is directed to the preparation of a

c) conv\%\]gigg gﬁgo&?%o&la%f bR f3HhALa YV 19kheAconidunl b€ fifiula IY,

I's as described above, which conprises the
steps of: a) converting the conpound of the fornula I
whereifR3 §€sCdds@stdapeve, to the conpound of the

Tn an embodiment of the third aspect of the process of the invention, the
benzaldehyde source is benzaldehyde dimethyl acetal.

In an embodiment of the third aspect of the process of the invention, the
crystallization solvent is selected from toluene, a toluene/hexanes mixture, a toluene/heptane
mixture and a toluene/octane mixture. In a further embodiment of the third aspect of the process

of the inventin, the crystallization solvent is a toluene/hexanes mixture.

A fourth aspect of the instant invention is directed to the preparation of a
compound of the formula V, or a salt thereof:

wherein R3 is as described above,
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formula VI: M b) reacting the conpound of the fornula
VI with a carbon nonoxi de diradical source to produce
wo b@saaypound of the fornmula VII: VII and c) rBPEruUs1wgs5/013630
t he compound of the forrmula VII with an oxidizing
agent to product the conpound of the formula V. In an
enbodi nent of the process of the fourth aspect of the
i nstant invention, the conversion of the conmpound of
the formula I to the conpound of the formula VI is
acconplished by treating the conmpound of the forrmula I
. L.t 1 ' agent. In a further enbodinent, the
which C\%ﬁﬁgﬁn@gg{é&?ﬂi s selected fromLiBHj., LIAIHJ.,
LiH O -Bu)3, Red-Al(r) and the like. In another
a) esRRetiNEMRE cotpPSurdstuld MmN hs dssciBs Mové o thdcadpound of the
enbodi ment of "the process of the fourth aspect of the
formulg ¥kt ant i nvention, the carbon nonoxide diradical
source is |j'-carbonyl diimdazole.ln an enbodi nent of
HO thgprocess of the fourth aspect of the instant
Fpvgntion, the oxidizing agent is sodium hypochlorite
' catal ytic amount of
y ni unperrut henate. Particul ar conmpounds
I0of the igistant invention are: ethyl
H 25, 4/ 7} - 5- oxo- 2, 4- di phenyl - |, 3- oxazol i di ne- 3- car boxyl
ate; ethyl (25,4
¥) - 4-al |l yl - 5-oxo- 2, 4-di phenyl -1, 3-oxazol i dne- 3- car boxy
| at e;
(7aS) - 6- hydr oxy- 7a- phenyl tetrahydro-1 H pyrrol o[ | . 2-c] |
b) re®}ing theolongoyn@of the formula VI with a carbon monoxide diradical source to
produc@ﬁ%(c%ﬁ?oﬁﬁ@b%@@&ﬂnﬂimm o-1Hpyrrolo[l,2-c][I, 3] oxazol
e-3, 6(5H)-di one. The conpounds of the present
i nvention n@y have asymmetric centers, chiral axes,
and (BM)anes (as described in: E.L. Eliel and
n, Stereochem stry of Carbon Conpounds, John

O
Vil
and
c) reacting the compound of the formula VII with an oxidizing agent to product the

compound of the formula V.

In an embodiment of the process of the fourth aspect of the instant invention, the
conversion of the compound of the formula I to the compound of the formula VI is accomplished by

treating the compound of the formula I with a reducing agent. In a further embodiment, the reducing
agent is selected from LiBH4, LiAlHY4, LiH(Ot-Bu)3, Red-Al® and the like. In another embodiment,

the reducing agent is Red-Al®.

In an embodiment of the process of the fourth aspect of the instant invention, the

carbon monoxide diradical source is 1,1’-carbonyldiimidazole.

-9-
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Wley & Sons, New York, 1994, pages 1119-1190), and
occur as racenmates, racemc mxtures, and as

w0 pasao9e@l di astereoners, with all possibl e | BOBESR05/013630
and m xtures thereof, including optical isoners, al
such stereoisoners being included in the present
invention. In addition, the conpounds disclosed herein
may exi st as tautoners and both tautonmeric forns are
i ntended to be enconpassed by the scope of the
i nvention, even though only one tautoneric structure

I's deg &f &ﬂbodﬂh@ﬁt FMe ﬂﬁﬁéﬁ@fﬁle(i%uﬂh afffbct GFAEUHX At Invention, the

.) occurs nore an one tine in any constituen

oxidizing aganhistspGamEHPasBleRte gty Gaabheis a%”@“li‘tl‘?@ %@H@@Mgﬂaﬁlo%%?wthmm
ot her occurrence. Al so, conblnatlons of substituents
and vari.abl es are pe ssi bl.e onl i f such
conbi ﬁé‘le‘%}?FscoF‘@%‘{ﬂd? ﬁrtﬁl e WSAR IBVeRiehBtinds. Li nes drawn

into the ring systenms from substituents represent that

the cated bond may be attached to any of the
sub able ring atons. |If the ring systemis
rol yexetic, it is intended that the bond be attached

to any of the suitable carbon atons on the proxi ma

EtO” rj only. It is understood that substituents and
sybst ion patterns on the conpounds of the instant
' tion can be selected by one of ordinary skill in

the art to provide conpounds that are chem cally
stabl e and that can be readily synthesized by
techni ques known in the art, as well as those nethods
cthyl (288 @k) § BJ&J *24*?1?141191\(541 1B amdiRadilytaikabl e starting
terials. a substituent is itself substituted with

e than one group, it is understood that these

I?ipl . oups nmay be on the sane carbon or on
ol ir bons, so long as a stable structure
/lgfsalt-. phrase "optionally substituted with one

t he=pOrase "optionally substituted with at | east
gubstituent” and in such cases the preferred
enbodi mrent will have fromzero to three substituents.
As used herein, "alkyl" is intended to include both
branched and strai ght-chain saturated aliphatic
ethyl (2@)1@‘{) AGR1BUX 0B QMPRn I3 - B;%zblﬁtﬁn&ﬁ@ﬁbéﬂyﬁ@e nunmber of
on ‘atoms. For exanple, G-Co, as in "G-Co
s defined to include groups having 1, 2, 3, 4,
9 or 10 carbons in a linear or

(7aS)-6-hydroxy-7a-phenyltetrahydro-1H-pyrrolo[1,2-c][1,3]Joxazol-3-one; and

o,

"//
%O
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branched arrangenent. For exanple, "G -d O al kyl"
specifically includes methyl, ethyl, n-propyl,

WO poosyiovs - butyl , -butyl, /-butyl, pentyl, hexpeT/US2005/013630
heptyl, octyl, nonyl, decyl, and so on. The term
"cycl oal kyl "™ means a nonocyclic saturated aliphatic
hydr ocar bon group having the specified nunber of
carbon atons. For exanple, "cycloal kyl" includes
cycl opropyl, methyl-cycl opropyl,

2, 2-di et hyl cycl obutyl, 2-ethyl-cycl opentyl,
(7aS)-7ag3heﬂ1yktiBydyd>-,1Hapydolsb1,Zacﬂ[1,$]nxaan1eér,ﬂ§ﬁd)'-¢iem of the

i nvention the term "cycloal kyl" includes the groups

descri bed i medi ately above and further includes

monocVld Gosnpawts ofitha peesend mverﬁew ingay (R AS BB Cejiiet shiral axes, and

chiral plgr%'é (a@&@&ﬂb&i in: E Y,C]b,l‘i@‘ Lulﬂ@ Wffleﬁi %ftér%%ﬂu’@tr} & Garbon Compounds, John
enbodi ment i ncl udes cycl net h CloﬁﬂQB&

Wiley &290;_15 a{%}’qﬂﬂ l9g§,,d1aget§dt1¥? éfn% Wcu&p(:tp%ajéﬁ%/,jpce ¢ mixtures, and as

mdmdusbtﬁa{smks,, wal el pébeibleﬁmnhe;rs Ayl Ghigdares eteydof, dmdudéng aptical iremers, all

such steﬁgv?rﬁas kxﬂég g‘]ﬁlélg(?d?e glg ﬁesa%pé ver? G ag a? odﬁtllél a%:,rg%%&lh&lmsclosed herein

may exi® uataplogmers'aal kyth ¢mesmerin forod ex mte@e@ 1Q be- q@epr@p4ssed i dherspepe of the
. C6 aral kyl" and
anCIltIOLI 8?91%%%%&%%? é r{le!fi% sﬁmﬁlﬂ'g ?ssdeplglca y

C6" refers to the
al kyl Whspemoyarigle ﬁa@ RﬁnRit%}sa% ) BRERES SR tha%gll?rtfnafe‘ntaﬂﬁéconstlwent

its deﬁnﬁiéﬂ%ﬁ %acﬁfoc@&r{%ﬂ& ik Ehdﬁﬁkﬂdéﬁ il evaiyditrebeufaicy! Ap;e,r dolrihatiéns of
he erI nts

st AL AT B B T TR R G IE S ppsnde: Lines
drawn @b GRGing sy Behefeont ubstitadntsarapreseygbar the indigeed Botidlomryypé attached to any of

the subsglg\giage a{llr{g;altoergsg 9B nsge ?ys{em is ﬁ@g&lygh Iltqgl e?lﬁedqh@ﬁlle lﬁﬂ&i be attached to

ove. T R6 nu on atons IS
any of tispeizatle exbontatenst aarthe praxikehgg ontye f er s to a non-aromatic

hydr ogag Q&H%%s&%ﬂ @ Lubsl?tﬁé'r@é BB kubsBfuBBE PARR on @Béfdoinﬁounds of the

cont ai ni n rom2 O carbon atons and ﬂ
instant mmnbemcm&e@@p%mym @f erdggnckilpp greartdy PSPV%ﬁ éOIBB‘?“B%t gtgre
chemicA1§sRBR af@tHal &nlke %idﬂﬁsyﬁih@éi@ﬂtby t@ﬁﬁiqﬁﬂ@ khowi Mithe art, as well as those

method%qeggogti} rer%%vll,] gr%% %%lﬁ?( glﬁl?}ﬁg Il%lﬁ%g & 12 2 Slgl? Kltueﬁatl is itself substituted
with moi@hiC ade ghdupl, Nas dnﬂamoad that tBese aniiple grbapysnay Ak ke rdy:l same carbon or on

dlffereng%z}rﬁ 3 I n C l ug & S A %ﬁlé{:{turﬁ plsope rﬂlle %\E&ts %Pﬁf(&n'ahf Substituted w1th one or

By te cyc exenyl . branched
more substitaepis!” isleoufxblpet takm tebe edyivalghicte ﬁyq phgqsg ‘Cm)tl ly substituted with at least one

substituent” and in such cases the preferred embodiment will have from zero to three substituents.

As used herein, "alkyl" is intended to include both branched and straight-chain saturated
aliphatic hydrocarbon groups having the specified number of carbon atoms. For example, C1-C10, as in

“C1-C10 alkyl” is defined to include groups having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbons in a linear or
branched arrangement. For example, “C1-C10 alkyl” specifically includes methyl, ethyl, n-propyl, i-
propyl, n-butyl, +-butyl, i-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, and so on. The term
“cycloalkyl” means a monocyclic saturated aliphatic hydrocarbon group having the specified number of
carbon atoms. For example, “cycloalkyl” includes cyclopropyl, methyl-cyclopropyl, 2,2-dimethyl-
cyclobutyl, 2-ethyl-cyclopentyl, cyclohexyl, and so on. In an embodiment of the invention the term
“cycloalkyl” includes the groups described immediately above and further includes monocyclic
unsaturated aliphatic hydrocarbon groups. For example, “cycloalkyl” as defined in this embodiment
includes cyclopropyl, methyl-cyclopropyl, 2,2-dimethyl-cyclobutyl, 2-ethyl-cyclopentyl, cyclohexyl,
cyclopentenyl, cyclobutenyl and so on.
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contai n doubl e bonds and may be substituted if a
substituted al kenyl group is indicated. The term
WO a00ksmebé refers to a hydrocarbon radi cal streeTOE2005/013630

branched or cyclic, containing from2 to 10 carbon

atons and at | east one carbon to carbon triple bond.

Up to three carboncarbon triple bonds maybe present.

Thus, "C2-C6 al kynyl" means an al kynyl radi cal having

fron12 to 6 carbon atons. Al kynyl groups include

et hy e terprofiyleyd”, mdaus y mydrocatdoprdiraijdabgroymdvingthe wecifipf number
of carbor; J{&nsstﬁo%&m bigshe ﬂlcﬁfdeé‘-mhz ccmctho&hdaﬁe Kiee

S u bs t\%f“ﬂ’t l{asgéj linftheap}g%gg E$ ' ﬂ@ kgl:” qk; 9¢1 1 g§ g%roaraﬂwp‘%he term “C1-Cg”

refers to 'tﬂé%l&%&gon dftneCRbit@iand Haks ‘h@tﬂiéﬁﬁlbe ﬂiéliiﬁinbéruﬁ atofs e byl and
N fvvlth a range of carbons that includes zero,
ewmmqgg@wogg theppietis) al kyl ene-aryl . If aryl is taken to be

|O h e NylAlkdxh¥ Spabedoksithibncyalindraion-agdlia dikydrewpydf indieatddfnugber of
carbon ag)an ('mac%i{gt élg@ hrh(&ygetgi@c@er yI Myc'fﬁ} %%ﬁ%ﬂégsgﬁe a&thitions of

I's inten 0 mean any
alkylancSct}ak»hldiylmbumycl ic or bicyclic carbon ring of up to 7

g: gma ngn of +a?l§bn BR8] bﬂémﬁ%d |t1§‘e5l§1tm ‘Q‘Il&nf'lf’ Réferk %0 a non-aromatic

es of such aryl cl ude
hydocapemgicl. s ne oS £y choBHMEIS S 1 TR S end ot eas one
carbon t@ba‘%&rﬁbhble b@ncp Ie&ErabRhecdib ta EatborsddilB]b ibbutkis fpreissnt, and up to four
NON-aro LS AP Q0B1e bHRE e b@%&s@}{t OfR\si €0y-tf alkéhyl” means an alkenyl
Iﬂ?%‘c‘fé?‘%’f’% 64°Th I's

at attach Via the aromatic ring.
radical bhfi@g frémm tb 6 cabomatyins. A&em ecupreindind, etheapl propemyh batenyl, 2-

methylblétg%y? and (ﬁchéﬁ V%S{ll The Et{a@%h? )B?Ancﬁ:edrdr Pfﬁ:ﬁl@fploﬂ;ﬁgré Eagch fl;%(&:@g%mhp may
contain duphledionds aﬁld ony be S@szﬂtuﬁé @f@rsgbs‘[h@.ﬁgd ag,]gnéloqr@@ 1p ;Ig]‘ﬁatteﬂ e

9 r ° u pTﬁ ﬁﬁﬁ Szhlb’?@l”%fel@ to Nnf6kaDon AT @AIH, bgmetedr cyclic,

hin the scop this definition inc

contamlng)from 219 1 Qeprpay: atca)ésrqnglah&(;flst owﬁngg & Wbon éli‘lﬂﬁ B?Iflﬁt [ﬁ) t6 three carbon-
carbon t?plle MORda Intag b presant.Bme)l “E-Cai atigoy k) meansen 2Bypylagdi havmg from2to 6
N
straight, Ibiizdﬁheyll or cj&;hk: paitioy of thp yitkiyahd ziomy Inay pentain iripjg bonds and may be substituted
ﬁ@ei?#W¢?%ﬁ%f¥5P% tetrahydrqu|noI|ne As wth

eterocycle bel ow, "hetero 5
al so UmehemistintricesosubaéhentemisRe defiese with %Wé%e\fgtcgfxl?ans that includes
zero, sua{ @rmom@an@g@e 260Nifatydistakened r ghany}) this definaeesouh gckde phenyl

itself asiyyil aar@&ar&g&%ﬁt%ﬁ@ﬁhc@c&gﬁﬂﬂ Qndas%%none ring is

under QR4 Hehtad, a1 acinreaddd tb snewr a&nytstableamqmneotcilg or hignglipparbon ring

V] a . . . .. .
of up to 7 atoms in each ring, wherein at least one ring 1s aromatic. Examples of such aryl elements

if a sub

- 7, N

include phenyl, naphthyl, tetrahydronaphthyl, indanyl and biphenyl. In cases where the aryl substituent
is bicyclic and one ring is non-aromatic, it is understood that attachment is via the aromatic ring.

The term heteroaryl, as used herein, represents a stable monocyclic or bicyclic ring of up
to 7 atoms in each ring, wherein at least one ring is aromatic and contains from 1 to 4 heteroatoms
selected from the group consisting of O, N and S. Heteroaryl groups within the scope of this definition
include but are not limited to: acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl, oxazolyl,
isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetrahydroquinoline. As with

the definition of heterocycle below, “heteroaryl” is also understood to include the N-oxide derivative of
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t he heteroatom containing ring, respectively. The term
“heterocycle" or "heterocyclyl" as used herein is
WO posnege t o mean a 5- to 10- nenbered ar omat i BCDIS2005/013630
ngnar omati ¢ heterocycle containing froml to 4
het eroat ons selected fromthe group consisting of O N
and S, and includes bicyclic groups. "Heterocyclyl"
therefore includes the above nmentioned heteroaryls, as
wel | as di hydro and tetrathydro anal ogs thereof.
any nitroge-tdnefinisxiangpbey. &f castrerteroiby bétgrodry] smgsrtiyler@t is [Bigpycligraad one ring is
non—arorgaqlc oF Hﬂtzﬁl%qﬂ thgtg}cﬂﬁm{.soilt S oo%%@ch&ﬂﬂéﬁﬁ@ Vidlthe aromatic ring or via

uran enzof urazanyl, benzopyrazolyl,
thehﬂab@mm@ﬂﬂm&mémy&fﬁme%w@Whlophenyl benzoxazol yl ,

car bazgl pim "HeRfR lt‘:"rl‘)f|‘‘het@rb@_;f&li_,:ll’r zﬁ:)ﬁlsed Ifehtﬁlﬁi@ylhtended to mean a 5- to 10-
i m dazol yl, indg i ndol

SREL L NI T D TH———
group cdn&@tiﬂy (ﬂlUDN}élnd S| dxachaley bicydlia [gi‘tiubpyﬁ—lewrwyd:lyl” therefore mcludes the

above ms%g){lg%?er&ﬁ}; gf'si ?YIZ‘”'H laél Clilh\_é(fl)'%( %ﬁf t'raﬁﬁ dre Eiﬁﬁ%g ﬂllefeBF urther examples of

az I ny
“heterocpyiyl’ diapude, ol arg not lplsdtqdd@ﬂle rﬁgllowngg/ bmylrrmdq@ylw{ h?rwfuranyl

benzofuf%z{ &g%&l&r &Qogl?%Qﬁﬂoﬂ)é%a;lgﬂgeﬂr%g%hi@phengp b&ﬁ&@lzbl@h{ karbazolyl, carbolinyl,

cinnolinyle furapty: @{p}ép@bd‘ upc}%lpylny]ﬂoly @dplazigyl qndazp]é(% F%’P@}ZSWHWmddyl

isoquindi{l! 1?61%1@5(@}1)&lsoxaidl'j'laia9h&byndiﬁyl Qﬂydlazotyﬂ ioazly| oxazoline, isoxazoline,
azetl din

oxetanylppﬁél?g,zny}:ﬂﬂnyllByrﬁ@}ﬁtﬁyﬁléiiimy&ﬁypg P r1§1% 63{ d%zmyl pyridyl, pyrimidyl,
pyrrolylpq/tﬁﬁa@blﬁlﬂl E]yllnolyl;rqmpbv&lmylyﬂetrahyhxopymn)phgﬂra,hm@rlothwpyranyl

tetrahydaql%oéaxpg P%&]ia%alglaégll%:ldpygayﬁyt a8 Qﬁﬁﬁ%ﬁ& flﬂhlenyl triazolyl, azetidinyl,

&nzo enzoxazo
1 4-d10}«dnﬁyk®vﬁdfydmaminyl mphlyl@pblb ppp@fglzwl yTidigi2Haperh @V‘ﬁ elisin, morpholinyl,

th1omorgﬁcﬂ1¥1glr %ﬁl&hﬁﬂhzolﬁ' &Hﬂﬁ@deﬁﬂfftﬂh@l @, ] obenzoth10pheny1

dlhydrobﬁnﬁ%pé%yag%ggf;}any%@lhwg% 9 0%)(1312 ﬁwérom olyly Q%O&%{sggxlaz&iyl’
d1hydroﬁbﬂﬁié%l?lpM[Hyﬂ?o@kdd}hlzolyﬂ dihy&b@;myélyp iyl dropyrazinyl, dihydropyrazolyl,
ainyerogyptihGHPa Ry g St PET o hdropezcl).
dihydrothiddyadoI9L, ﬂlhydrodh;alzely]ddlhydmmamglt |dd1yd1y>tr1azolyl d1hydroazet1d1ny1

methylepec{ é%en&r ﬁgﬁ%ﬁﬁyrlﬁ/ k?te&r‘ﬁ'ig)ﬁg& 3RY N-ox@2d thereof. Attachment of

reof . Attachnent of
a heteroaydhdtsebsumyn;tlcym oqr;ub\ge P EUBPR AteR AT Y é E}?teKPPtﬁma carbon at om

or Vi &gty %&?&9&1& isReRE®d ﬁ@xlnﬁraz@tﬁﬁ&xé Cljéﬁﬁinﬁiak(ﬂyl 2-diazapinone,
sel ected from 2 -azeplnone benzi

imidazch PN, A e IOng. PRSI P Py oy
pyrrohdn%@%al]b F@idirfcbﬁé, 2-pyERiSdeBLbyrolbiinend, dyiholingl, perabydrefuty],
tetrahycP Xlsoqu nolinyl, and thienyl.

As appreciated by those of skill in the art, “halo” or “halogen” as used herein is intended
to include chloro, fluoro, bromo and iodo.

The alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl substituents
may be substituted or unsubstituted, unless specifically defined otherwise. For example, a (C1-Cg)alkyl
may be substituted with one, two or three substituents selected from OH, oxo, halogen, alkoxy,
dialkylamino, or heterocyclyl, such as morpholinyl, piperidinyl, and so on. In this case, if one

substituent is oxo and the other is OH, the following are included in the definition:
-C=0)CHpCH(OH)CH3, -(C=0)OH, -CH2(OH)CH2CH(O), and so on.
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pyrrolidinyl, 2-piperidinone, 2-pyrimdinone,
2-pyrol lidinone, quinolinyl, tetrahydrofuryl,
W0 edosaeds oi soqui nol i nyl, and thienyl. As apprBPCl/asmds/013630
by those of skill in the art, "halo" or "hal ogen" as
used herein is intended to include chloro, fluoro,
brono and iodo. The al kyl, al kenyl, al kynyl,
cycl oal kyl, aryl, heteroaryl and heterocyclyl
substltuents may be substituted or unsubstituted,
u nl essh epeoiifiitmads, RS def Rhard defied swibghat thegcambeipksndogether with the

n1trogen Lt b-sh%% é%‘%( atﬂa?/ dl?cf ??%drlﬁggﬁﬁg 8%’(‘%5}]3}%91&]%&0 n))M% Wifh -7 6RBibers in

each ringjapd yHlonsHyrrontaiinghistaddigen ol the nitregeahongr it %ﬁ%wpﬂyﬁéroatoms
selectedpfhﬂﬁN' Biahy b, saRdiefRyQ8 ogtioﬁaﬁﬂuﬁstﬁtﬁ@@mﬂh bneQf?@nore substituents selected

4SU bstituent | s oxo. and

he ot her f ol | ow
from R FRxapipiep plcfBeingteropsles Hat sty of fomé@fogﬂ@épkw ippted ¥ the
following( keeEIn@lth mirdhiz{ fHd)h@tleEaGﬁ(l@s,opﬁ(ﬂﬁllﬁ Eubstituied wiibloh@bnmore (and in an

d h that th
ersbodiggh SR ey 15 Jah P yinge fReeriry tHBden 1o wnich they are

attached to-forma cyclic pr-bicycl i c Fﬂt_er ocycl e
16\] F}S;}? rs%_uN[ eacP@rlé and NRL gngldy N
§ Ncont dinnony/toceth roge e ov t;DN SO2
O an

Q
et eroatons sel ecte rom N, S, sai

émmt. onal

het er ocycl e opti onaI |y substituted WI th one or m)re

aybﬁtltue sel ect on1R4 FF

et %%¥& es tha or meq” nc ar

i ovmn W é
heterocycl e |s optl onal |y sub ed vvlth one or nor e
(and in an enbodi ment, one, two or three) s \tuents

choesen fro 4: In an odine d@ |S§§ehe from
z__u Co %L In g %gh\ gnb [ In
joeli S te C al kylX a
fu er enbodlnent |s methyl. In an enbodi nent, R

is selected from H, halogen an -8 al kyl .

Agueous sol vent s-rs I\4 t he ssyof the first
aspect of the i|on nclgirdw bu

In an embodiment, R1 is selected from C1-Cg alkyl. In a further embodiment, R1 is

ethyl.
In an embodiment, R2 is selected from C1-Cg alkyl. In a further embodiment, R2 is

methyl.
In an embodiment, R3 is selected from H, -OH, halogen and C1-Cg alkyl.
Aqueous solvents useful in the process of the first aspect of the invention include, but

are not limited to: an acetonitrile/water mixture, a tetrahydrofuran/water mixture and a isopropyl

acetate/water mixture.
Halogenating agents useful in the process of the first aspect of the invention include, but
are not limited to, iodine (I2), bromine (Br2), dibromodimethylhydantoin, N-bromosuccinamide, N-

iodosuccinamide, iodine monochloride and the like.

Acids useful in the process of the second and third aspects of the invention may
be illustrated as HL, wherein L- is selected from the group consisting of:

(1)  halide,
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are not limted to: an acetonitrile/water m xture, a

tetrahydrof uran/water m xture and a i sopropyl
wae@satm®dsat er m xture. Hal ogenating agents usPETIUS2005/013630

the process of the first aspect of the invention

include, but are not limted to, iodine (12), brom ne

(Br2), dibronodi net hyl hydant oi n, N-bronosucci nam de,

Ni odosucci nam de, iodine nmonochloride and the |ike.

Aci ds useful in the process of the second and third

aspec(® of cydmdd,nvention may be illustrated as HL,

V\,here L- seI ected fromthe group consisting of

(1) haI &ﬁl)" iéanl de, (3) BF4 , (4) (C6F5)4B-, (5)
%her MBS P, As, or Sh, (6) A4 - , (7)

benzo(f;)l azolimg-, wheeih M(i8P, Asaondb, SO 3 , wherein the
aryl (?s) ODtCléBnal |y substituted with one or nore
subst "Puent€8ach” of which is i ndependent |y hal o,

O a ©7)al k)bbnz@ﬁaz@lylamnhal oal kyl, (9) G C6 al kyl-S03
Wher( ky\!vhé i QH Pl%l oﬁélﬁfsstllb&tﬁhf‘eg Wit $heQﬁQnore
or (§
oacet at e _an

0
anot her errb'd%ﬂlﬁf@ﬁts f‘@Fh Pfﬂéf ﬁhéﬁ:’@@@@ﬂe@tWehaé% gllgﬂﬁ(yl or C1-C10
third aspegt @thelnventlon L, of the acid HL, is

select f [
d r an;@ a]i<y9§8 grrcl,lsnl t : Iaﬁgll %fopglkgﬁw sql%sﬁtuted with one or

chl or |
more halogens, and

(10) trihaloacetate anion.

In another embodiment of the process of the second and third aspects of the
invention, L-, of the acid HL, is selected from the group consisting of fluoride, chloride, cyanide,
BF4-, (C6F5)4B-, PFg-, ClO4-, benzotriazolyl anion, OTf-, CF3CF2503-, CgF5503-, OTs~, and
CF3CO2-.

In still another embodiment of the process of the second and third aspects of the
invention, L-, of the acid HL, is a weakly nucleophilic or non-nucleophilic anion. Stated
alternatively, L- in this embodiment is a very weak base and when L is attached to carbon, L can

be readily displaced as L- by a variety of nucleophiles. In an aspect of this embodiment, L-, of
the acid HL, is selected from the group consisting of fluoride, chloride, BF4-, (CeF5)4B-, PF6,

AsFg-, SbFg-, Cl04-, benzotriazolyl anion, OTf-, CF3CF2803-, C6F5503-, OTs~, and
CF3CO2-.

Benzaldehyde sources useful in the process of the second and third aspects of the
invention include, but are not limited to benzaldehyde dimethyl acetal, benzaldehyde, diethoxy or
isopropoxybenzaldehyde, diacetoxybenzaldehyde, and the like.

Crystallization solvents useful in the third aspect of the process of the invention include,
but are not limited to, toluene, hexanes, heptane, octane, a toluene/hexanes mixture, a toluene/heptane
mixture, a toluene/octane mixture, benzene, methyl t-butylether, and the like. Itis understood that
additional mixtures or combinations of the listed solvents may also be useful for the described

crystallization.
Carbon monoxide diradical sources useful in the process of the fourth aspect of the

instant invention, include, but are not limited to: 1,1’-carbonyldiimidazole, phosgene, triphosgene
and the like.
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BF4 -, (C6F5)4 B-, PF6 , A O4 -, benzotriazolyl anion,

orf-, CF3CF2SO3-, C6F5SMB-, Ors-, and CF3C2 . In
wa@tiosiioapet her enbodi ment of the process of theCEHESINE013630

and third aspects of the invention, L-, of the acid

HL, is a weakly nucleophilic or non-nucleophilic

anion. Stated alternatively, L in this enbodinent is a

very weak base and when L is attached to carbon, L can

be readily displaced as Lr by a variety of

nucl eayplylaties agéms asefelspéwtprodess bi the eedoodianpast of the insgmt

inventlérr 1ncﬂ1%| dbuﬁck’rﬁ Inotshr%?edq(%'gggl cfhfoz}l%tag?fg%fﬁup akdOfle hﬁé 'ﬂhges‘%lfseful in the

processSH Fdw sec@ct}ﬁpect qﬁéhﬁzmﬁﬁan@zlwrmonalﬁplg# beypre notbwei@s ium

bls(tnmgﬁﬁgiﬁrg;nude%thel and CF3CO2- . Benzal dehyde sources
in the process, of the secgtrf]%dc third

of t hQX{l(ﬁ@l@gtaggﬁs psetvl jg dhe prgeess P fﬁpF%tuof%@g B&tait invention,
includeDBitz:2¢ A& hiaice dtomeitdox i/ IadfeﬁlaJ MCPBry, ahlbeinytieg redgattheugh as

| dehyd 3
A A T T e
hypochispeetd e likh)s opowe esdiumfbromise, metelrsalte (such es nefassiyn dichromate,
SOdlumaCquql Pl?ltdte {sfith ?9 laHzﬁ@ %odﬁ] HeR! AA8ne BRd)ane,

uene exane Ure enE/%e t ane t
[bls(acqomdlqgléﬁ@nmaﬂéctmw%@n apd HPEADMATES AgpamminIIm sals. ' Such

ox1d121¥1g Fgéfny &h:l)%rusefﬁ‘l@né Beinl dokr%)%ndtﬁ)? |vﬁthm£§{16%tﬁmfbatd1lﬁg which includes,
ure CO 1 0 t

but is 1@ ARR L0 ey 41 BB SUPTAP, HEe S b

tetrapr@;fyyeﬁxtmbﬂuuﬂ@bnrmhena@a (HRAP)youtbetiigke td¢hl ewdde aithemumoaxdde and the like.

When ?rﬁ(g){l(ilﬁ{ﬂgna%%ﬁ RaR% %‘ésatlgfl g&ttiﬁ/%tf a?é‘ bidd 1ﬂ%8ﬁ1|%§naﬁt)n He comb1nat10n

ron, In re not
itself if feferredtdeny oidiringagshe, Addivené auidizing peratEn éoraa@h@mvely listed

inR.C, Lﬁl%c dg%ﬂeﬂgzyés?gbfn% He8FHnakibnd 3¢ FRIRMEI 99D pa%e 1235-1249.

secon e 1 nSt ant i nventi on, |1 ncl.u
are n dnchn e e insignt igyqopn BedFsedrm o CPRPOBIY Wﬁ?ﬁé S%m’i’fses 18
describbd)8s Wk thBARS thetts LT THe térih tlae fRID E£&S totthe hifi@e S@GENAIS in non-salt

form. TI?I? ?ﬁecgltéags?qﬁ sglgsoéﬂrg 3{1[1? rl]rtlclddg\tlllecer]stcllltsoeI;](émplr}cedlfor the sp%tmﬁ% rcngl;]O(l)l}ldS described
herein, but also all the typical salts of those compounds. The free form of the specific salt compounds
described may be isolated using techniques known in the art. For example, the free form may be
regenerated by treating the salt with a suitable dilute aqueous base solution such as dilute aqueous
NaOH, potassium carbonate, ammonia and sodium bicarbonate. The free forms may differ from their
respective salt forms somewhat in certain physical properties, such as solubility in polar solvents.

The salts of the compounds prepared by the processes of the instant invention are those
of the compounds of this invention which contain a basic or acidic moiety. Generally, the salts of basic
compounds are prepared either by ion exchange chromatography or by reacting the free base with
stoichiometric amounts or with an excess of the desired salt-forming inorganic or organic acid in a
suitable solvent or various combinations of solvents. Similarly, the salts of acidic compounds are formed
by reactions with the appropriate inorganic or organic base.

Thus, salts of the basic compounds prepared by the processes of this invention include
the conventional non-toxic salts such as those derived from inorganic acids such as hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like, as well as salts prepared from organic

acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic,
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bis(trinmethylsilyl)am de, and the |ike. Oxidizing
agents useful in the process of the fourth aspect of
w0 b@siieep@nt i nvention, include, but are not |P@T/US05/013630
to: nitroxyl radicals, MCPBA, chlorinating reagents
(such as trichloroi socyanuric acid,
N- chl orosucci ni m de, chlorine, cal cium hypochlorite,
sodi um hypochl orite and the |ike), ozone, sodium

bromte, netal salts (such as potassiumdichronmate,
maleic, lydetixymmldicofenyteetc, ghrreis.dienapiq ealigrlivg aifanilic, Xsgioginpenzoic, fumaric,

toluenes i %ﬁﬂ@égﬁfﬁm ofhbhRe dlétﬁ‘t%)uc dxliS (RERIRX Hfivertatdie ﬁi&ﬂh@ like.

ectrooxi dati on and stoi chi ometri c oxoanmi ni um.sal t

Su ch Whep b |Cﬁ]§p(a]§é prepatgd By the prpsesgesAf gisprespnt nhventlon 18 ac1c'11c salt

refers toCsQI'EEtiirt‘é}ﬁ?édqm}faﬁnﬁgutuﬂ}dﬂfcé@ibléﬂﬁl&bﬁs baseyddtlading inorganic bases and
i ncl not

5  organic EE}S%S {iqnivi:f{efrm anrgaafcldaéﬁs dri\c}ﬂ?f: San Ammon éllmé gﬁk’:mm, copper,
ferric, fdrtbhf alﬂﬁmﬁ,yh@ﬂmnm mrmpgmqﬂahe mah@anOUPpEssiun sdvdyri.pinc and the like.
Partlcul p eqjer%d AAthe - a 1'nu 991186&1 Qﬁ{urh %t §1Jf&ﬁ anmﬁﬁnﬁsﬁlts Salts

BRI at

'Zi ng agent an oxi on ¢ yst are used
derived ﬁomtpharatac@ncalb' hecep@hhlomvicdlﬁn1th$“e‘?aﬁeslIBCIWC’@fSélFSrcgéPrltr’érYa%econdary

and tert1§1§ aiphed] s%lbé’tligut&gﬁllmles 1&Ciﬁ’d1ﬁg ﬁﬁﬁlﬂl b&hﬁg Qbs@ReRa hsinds, @yclic amines

mpr ehensively listed.in rehensi ve
10 and basig iQerAFRRangs ISFEY. Schaf P‘@H%nezh‘ﬁa‘@d?aﬁe@ﬁ %?g%ﬁ i pages
d1benzyika§ﬁnécﬁélﬁne |d[b€ﬂy%&|1ﬂﬂ{ Z—cllethh&minﬁahﬁm 2idvethyli@inoétharoh ethanolamine,

ethyleneéléanwéq &regiy l?ilgn‘g,t ?‘th e61 1ng’ X I}CQ eélrg,?ﬁlﬁc%?agrgﬁf il sﬁ_&? qe
hydrabatrideeissprbgyliniise, dljrsimemeibyigkngmnise |rnorphnimg,annerefzmenplpemlgle, polyamine
resins, p%@c%%gpﬁilﬁ&d h?éﬂr&ﬁﬁlg (Hletﬁﬂh%‘nn'e r}ﬁlngfﬁﬁafnr fe t ﬁﬁamme tromethamine and

red for t eci fi ¢ conpounds describ
15 thehkeherel n, but also all the typical salts of those

C 0 r‘r‘p 0 Wﬁ alsd BE ncﬁt&?@xaﬂ( 186 Barifouhd3&f ﬂi@gﬁds@ﬂt Gnvedidn are potentially internal
npounds descri be jsol a usi technl &8
salts of RGO TR GG Pt ysrﬂé?glék%m’ﬂ}“@ns 1 AR %8’1“%%% fiie compound,
such as 6@&6@8}'1 alotss] niay bk bsiakit @d tieelsmlohic\whdrbe mightihtrabd bllanced off

internal glseté]get eé)r}u%?%b?’g%reoézﬁlr na%ﬁ of Mgﬁm@g ba 1c| rﬁ'cg&ﬁ as(acl:’t%)s%squatemal'y

20  nitrogerbataar bonate. The free forms may differ fromtheir

respeghl Y&lo%g all%fn%(llgﬁo O%Emfﬁe $Jﬁe§1§sr dn@ IERaBP¥S hfe@efined below:
properti es ch as so ity in polar solvents. The
salts of the conmpounds prepared by the processes of

cpr  the instant 1j1ngﬁmﬂymﬁnﬁaﬁoltehose
CSP HPLC Chiral stationary phase high performance liquid chromatography
DAST (diethylamino)sulfur trifluoride
DCE 1,2-dichloroethane

DCM \ Dichloromethane

DMF Dimethylformamide

DMSO Dimethyl sulfoxide

EtOAc Ethyl acetate

IPAC Isopropyl acetate

LAH Lithium aluminum hydride
LiHMDS Lithium hexamethyldisilazide
MsCl Methanesulfonylchloride
NaHMDS Sodium hexamethyldisilazide
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of the conmpounds of this invention which contain a
basic or acidic noiety. Generally, the salts of basic
w@oisomges are prepared either by ion exchangePCT/US2005/013630
chromat ography or by reacting the free base with
stoichionetric amounts or with an excess of the
desired salt-formng inorganic or organic acid in a
suitabl e sol vent or various combinations of solvents.
Simlarly, the salts of acidic conpounds are fornmed hy

NOE feactions mNﬁgﬁ&hﬁmﬁgggqgﬁk@te i norgani c or organic

base—Thusj—sal ts ol asi c conmpounds prepar ed by
PIC _the processE@E%ﬁmﬁﬁiqﬂﬂﬁant|nn i nclude the

TBSCI conventi onal, . ipR1diRXhfsidAkkisrigich as those derived

fromimorggni c acrds such as nydrochlioric,
TEA _hydr ohr oni Triethyl Pe e syl famic, phosphoric—nitrie

TFA and the |ik@mﬂ@§oﬁ£ﬁdmﬁﬁ salts prepared from organic

acids such{as acetic, propironic, succinic, glycolic,
THE stearic, | I@trahydrﬂfélganp, tartaric—citric—aseorbi

E—aSEoerBtH€;

TPAP Panoi ¢, mal pTegapiysilaxoniuveiperruheanty| acetic, gl utam c,

benzoi c, salicylic, sulfanilic, 2-acetoxy-benzoic,

fumaric, toluenesul fonic, nethanesul fonic, ethane _

di sul fTaapoceseaf this inventbminanbasmpleyief hsigmeabe stiownamthe following
schemes. _h atdﬁ{tl%g 10 (gtger{?ta%x%s% %@mgﬂ%s g%?%@ﬁd? 1%‘1 thd & Ig{ugacﬁ%ﬁﬁﬁphﬁed in
the expegiaients] ppeqdareedThfe diusirphaschsmetbales thgrefa@e @rs flavdu@ted by the chemical
reagentsllﬁﬂedto? B%Qn}k}ﬁﬁ?cﬁlak st dRGehp1&ed adH 1Eusﬁ§t$@§)u%§’eso S@Rtuent

al'ts derived frominorganic gP 1 E 8 d oft
numbengg Bﬁ{ft\‘?&’ﬁlm @Wmaqﬁoe& gtptcppgeﬁ.?an yocp%rg‘ate tp Hlsg 1r¥t ¢ f Slﬁrg and often,
for clarityl, b &hﬂ@suﬁiﬁ@l@ﬁﬁé $hdvn ﬁﬂib@&i’ﬁo&heﬁ@lrﬁpSundmkagﬂnolugLe substituents are

d the Tike. Particularl
atovedsPa 354 SRR Tt DBl cf L gnesi um

pot assi um and sodium salts. Salts derived from
pharmaceutical |y accept alj-grRfg@ni ¢ non-toxic bases
i nclude salts of primary, secondary and tertiary

am nes, substituted am nes including naturally

occur Belsr&ﬁo»%m%chém@ m«@ RES[1,20Hpl, 3]6xa§d511mSH)i4ﬂldnehaféhﬁedlate A9
i on exchange resin ai ne

r
may be gl HEMAGHBY PYIEDIAPRESD aF BRSSP Bt ngarbonate protection
of the aghir@} fﬂ)ldb\%ﬂ 15}1 re&ucdi/@é}iaﬁiaﬁmh wirk b bamaldehyde source, such as the acetal illustrated,

stereoseiicgyfﬁ‘s Pﬁ% n o)ﬁatéo {Xh’aetll\']ln nc%#y?ag%oﬁ grovatep%lte%ﬂgﬂétgm | )Ghich then

undergcgls sapomﬁmtrme to priogitle the veq- dhy@h@@@m@atq .@ép Ilgbg¢ram¢%ed cyclization
of A-5 i3 X@éo&?amﬁMef%eUﬁ& %Qﬁtmw RO bRGre tPIHR S, @Bk %101ety to provide

am ne resins, procalne puri ne

pyrrole PHe Rrdui Ve slcatash ef W KerhpTHE, BX0YR A8 CHGPaliAmAith a carbon monoride
diradicdl {dubk APYDEIEIsAGvn, bfEeE A2 ne and

Scheme B illustrates conversion of A-9 to a 2,2,4-trisubstituted dihydropyrrole B-2. The
dihydropyrrole may be utilized directly as illustrated in PCT Publication WO 03/105855 to provide

potent inhibitors of the mitotic kinesin KSP. Alternatively, B-2 may be treated with triphosgene to
provide the intermediate B-3, which can be reacted with a variety of suitably substituted amines, as

shown in Schemes C and D, to provide such mitotic kinesin inhibitors.
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the like. It will also be noted that the conpounds of
the present invention are potentially internal salts
W@Rr00BMN29P€@r i ons, since under physiol ogi cal conPCT/USIV85/613630
deprotonated acidic noiety in the conpound, such as a
car boxyl group, may be anionic, and this electronic
charge m ght then be bal anced off internally agai nst
the cationic charge of a protonated or al kyl ated basic
noi ety, such as a quaternary nitrogen atom The
fol | owi ng abbrevi ati ons,SCHIEEM the Schemes and
Exanpl es, are defined beIomrThe processes of this
I ngéntion nay be enpl oyed as Rérally shown in the

AL | owi ng g i n additipn/A othphC enisy, d
' pul ati ﬂng@(ﬂ are knownl i L_l_t_er‘iF(ai_ur_e_E_gA:
enpl i fiqyp n the experi ment pr oceﬂ.lgp,ephs‘@w

|IIustrat|5Ne sorenes bel o therefore are not limted
é{; chem cal reageptg Ne ©O, Ry any particular
HoN sufaf uent s enpl oyed for i H ustrafive pur poses.
Spbstituent nunbering as &I&ovvn in the schenmes does not
necessarpBy correl ate to 'that sed |n tﬁg cl ai ms and

of t ) or clarity, a single suBsgti i's shown

att che tan gpn’pound wher@ |t substituents
Q@re L@B def| n|t ons , MheMe
ereis nabove Eﬁ , cherre
R'O [I 2 er]'_hi 3] oxazol 3, 6( H) - gielde ||:m'=tce|r-|ned| ate
ned fromreggery-@vail abl e suitably
S) a- phenyl gl yCi nes rbonat e
Iar ot ect of the amine, foll owedpbgar educti ve

cyclization with a benzal dehyde source, such as the
tmat ed, stereosel ectivg f RYVi des t he
-3 Rngq‘@lyl@tlon pr 2s i nternedi ate

W) hen rndergo fj on to Ry de
] 4. disupsti tAited glyci nat e & Qg_é%ﬁﬁi'&ﬂaLed
R OcycHzat@@mRof N S acconpanpned @92&1expect ed

mgtration of t 8 carbonate toH he hydroxyl rEHEty to
Aspvi de pyrrol #£96. ReddBive cl eavage of the

carbonate group and cyclizagjon with a carbon

no>|§{i3de

-19 -



Schene B illustrates conversion of A-9 to a
2,2,4-trisubstituted di hydropyrrole B-2. The
waledogdopyrrol e may be utilized directly as il PCBUSEN#E3630
in PCT Publication WD 03/105855 to provide potent
inhibitors of the mtotic kinesin KSP. Alternatively,
B-2 may be treated with triphosgene to provide the
internedi ate B-3, which can be reacted with a variety
of suitably substituted am nes, as shown in Schemes C
and D, to provide such rSGHENIE Bki nesi n
i nhi bi tors. SCHEMEASCHEME B SCHEME CSCHEMED EXAMPLES
Exanpl es provided are intended to assist in a further
under st andi ng of the i -1tRon Particular materials
enpl oyed, speci es and ¢ tlons are intended to be

i YeR®f the |non and gat |initj
o.f eason ble! c : 1-1 Rﬁfw]%lt%g{

Io P e t
. IC A‘ o p i
£1-2) To ap& fari xt ur d_of ¥R)=(*)-2-p %ﬁ@ M
N, 4kg) in THF and 5N NaON'(10. 6L) was

chl o t):)rmateEbv ],Hn wtht nternal tenperature
[ , 0C. Upo onpl eti on of the
gﬁ for 15 mn at 0-10 OC
and assayed for conpletion. The~Teacti on was quenched
with 37%HO (until BA2H21, 2.3 L) W|tht i nt er nal
tenperature mai ntained <25 0C. Tol uen ) was added

ang=aft8r agitation/settling, the aq | ayer was
cu e organic layer was assayed fol 3
SolNy st o toluene. The slurryo as R
used di Bnext UH3ES
(21?)-] rcapbonyl ) am noj - (phenyl ) acet\c dej d: {B
154- 15 2~ JH NMR (CDCl 3, 400 MHz) indicat a —101B$
mixture & rérafdBS 8=12.12 (bs, 2H), 7.994d, J =
5.3_322, H), 7.45-7.32 (m Cl O B-3
SCHEME C
\
NHR"
F
1. TEA
N
ﬁm N “—OH
- Rm\N/L§O
2. HF-TEA, CH;CN
F C-1
Cl O B-3
)
Rlll
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10 H, 5.78 (d, J = 6.2 Hz, IH), 5.41 (d, J =7.1 Hz,
IH, 5.25 (d, J =5.7 Hz, IH, 4.12 (m 2H), 4.05

W@ 2003HH299d.. 24 (t, J = 6.9 Hz, 3H), 1.06 (t, J BCT/0S105/013630
3H); 13C NWR (CDO 3, 100 MHz): d=175.1, 173.6, 157.3,

155.8, 137.4, 136.1, 129.0, 128.7, 128.6, 128.2,
127.2, 127.1, 62.1, 61.5, 58.3, 57.7, 14.4, 14.1; M
mz 224 ([M+ H+, CHHI14NOX4, calc'd 224.09). Step 2:
et hyl

(2S, 4j ?) - 5- oxo- 2, 4- di ph&e¥EME B- oxazol i di ne- 3- car boxyl
ate (1-3) To an 85 0OC solution of 1-2 and PhSC3H

MM in toluene under reduced pres (350 torr),
sdded a sol ution of benzal dehyd

A wals-BPstilled off through t
pon conpl et iHWRAR" tBeN eact i on 1

A, (36L
unti | thDgeﬂBEBS. The organic sol ution wa ma§ﬁé3T%S
with 10% NaHSO 3 (7.5L), followed by pat' d4 NaHCO3
(9L solgggt was then sw tched to thluekk and
diluted to 7. /g total volune (vs. as ay yi el d)
wi th toluene upon conpletion. The slurry was heatengb
75 0C and aged until|l honobgeneous. Upon sl ow cooli ng,
1-3 crystallized. Wen the slurry reached 40 0C,
heptane (2.5 nL/g) was added. The slurry was cooled to
rt and filtered to collect the solid. The solid was
washed with 1:1 tol uene/fig (5 m./g) and dried to
a constant wei ght under a nirtrogen stream et hyl
(2S, 4i ?)-5-0x0- 2, 4-di phenyl -1, 3-oxazol i di ne- 3- car boxyl
ate: PRhyindek pl&@de@ Gre 1&1’6&1&8&1’% 53@%3,fu1ﬁ@9uﬁdé)stﬁ§1ﬁg 45thd inl¥@ntion.

Partlculz(grgg@rl(d]rﬁenglqyed Gpeg;f's pyd COjld]?.lOl‘yS ﬂgendeg::% be ﬁg,l T t(vnl)f t%le_I)rtventmn and
not limit§ 1% redkOfhbedpe theedad0. 2, 129.1, 129.0, 218.8, 126.7, -
90. 3, 61.9, 60.3, 13. 8; VB nfz 312 ([M+ H +,
C18H 8N4, calc'd 312.12). Step 3: ethyl (2
, 45) -4-al |l yl - 5- oxo- 2, 4- di phenyl -
, 3-oxazol i di ne- 3-car boxyl ate (1-4) To an -10 0C
solution of 1-3 and allyl-Br(1.67L) in THF (40L) was
added a 2M sol ution of sodium bis(trinethylsilyl)am de
in THF (7L) over 1 h, with the tenperature maintained
<5 0C. After 5 min, the reaction was assayed for
conpl etion. The reaction was quenched wth I N HC
(22.5L) and diluted with heptane (20L). The aqueous

| ayer was cut and the organic |ayer was washed with
sat ' d.
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brine (12L). The solvent was switched to MeOH and

wat er was renoved azeotropically until a E-F < 900ppm
woawsaetweved. The sol ution of 1-4 was used di PET/UB3005/013630

the next reaction, ethyl (2S,4S)-4-allyl-

0X0- 2, 4-di phenyl -1, 3-oxazol i di ne- 3-car boxyl ate: 1H NWR

(CDA 3, 400 Hz) 5=7.60-7.52 (m 2H), 7.39- 7.33 (m

8H), 6.55 (m IH, 5.84 (m IH, 5.38 (m 2H), 4.16

(m 2H), 3.72-3.12 (m 2H), 1.17 (t, J =7.0 Hz, 3H);

13C NWR (CDC 3, 100 Nl—lzﬁm. 5, 164.0, 137.5,

131.0, 130.5, 129.7, 128.3, 128.1, 127 4, 126. 2,

122, 05.89. 5, 2.2, 40.4, 14 +

H| H22NO4, Cl(é d 352.15). i P?hCQ-'l_’(%)I\%M

(2S (et hoxy pr bonyl )am nojp 2- pie nyI pe%mén@noat e

(1-5)=To an 2 utlon of -4 rnl\/b
addedh30% Na 36
tHhber &6GpH i nt a| ned <3 Apf-|ter C'%an 8l5h@Wbé &‘i’”’on
was agsayed for conpletion. The r\?\f\% i on was quenched
|nto % NaHSO3 (40L) and dil uted h EPAc (20L).

Theaqueous | ayer wascut and the organic | ayer was
washed with 10% KH2PO4 (112L). Th sol veyt was swi tched

to FRACN dpalhiBrect | t he t Lhy!
SQ N-z [?ﬁhgzyamuaﬁ@m mlg Z’U*p m{pzﬁtlﬁ%@@ y
(m 3 (BEF 1 H), 576566 5! 514

H)
(mpr?H) 04, 10- 4066 (m 2H), 3. 68T, c%H) 3.53 (bs.
_éO(dd J=13.7, 7.6 Hz, IH 1:27-1.15 (m
2 NVR (CDCl 3, 100 Miz): 8=172.6, 154.3, 139.8,

132. 3, 128.44 127.8, 125.9, 119.4, 65.0, 60.6, 53.1,
37.8, 14.4; \M5s mz 300 (%+ +, Ci5H 9NNaO4, calc'd
300. 12 .Figt 5: met hyl Ph

4-1(e ar bonyl ) oXgl - 2- pheényl -|D-p I|nate3(51-eQ)R%A|

aat@oc oI u @W CN ( Wefe2Maded wat er

(12L), fAl 1 owed by kg). After @ h, the reactTHF

was assayed for corrb'iz@tl on. The reaction was quenched

Wi th 136 Na2SC3 (35L), basified wilth 50w % NaOH

(4L) and extracted with I PAc (35L). The aqueous | ayer
cut and di scarded d the orgam c IayFy was

e d wr h 6N-Hp! :

di scar de The aq. | ayer

(35L) “wRé “Yod&@H and sl o

S ool ed _t_o___,lo C F?Ac
Nneuf/r alTPa® Wi th

| ON NaCH. The aqueous | ayer cut and di scar %dO. and
the solution of 1-6 was stob d net hyl 4-
17 1-8 O 19
Step 1: (2R)-[(ethoxycarbonyl)aminol(phenyDacetic acid (1-2)

To a 0 °C mixture of (R)-(-)-2-phenylglycine (1-1, 4kg) in THF and SN NaOH (10.6L)
was added ethyl chloroformate over 1 h with the internal temperature maintained below 10 °C. Upon
completion of the addition, the reaction was aged for 15 min at 0-10 °C and assayed for completion. The
reaction was quenched with 37% HCI (until pH = 1, 2.3 L) with the internal temperature maintained <25
°C. Toluene (20L) was added and after agitation/settling, the aqueous layer was cut. The organic layer
was assayed for yield and solvent switched to toluene. The slurry of 1-2 was used directly in the next
reaction. (2R)-[(ethoxycarbonyl)amino]-(phenyl)acetic acid: mp 154-156 °C; 'H NMR (CDCl;, 400
MHz) indicated a ~1.1:1 mixture of rotamers: §=12.12 (bs, 2H), 7.99 (d, J = 5.3 Hz, 1H), 7.45-7.32 (m,
10 H), 5.78 (d, J = 6.2 Hz, 1H), 5.41 (d, J=7.1 Hz, 1H), 525 (d, J = 5.7 Hz, 1H), 4.12 (m, 2H), 4.05 (m,
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[ (et hoxycar bonyl ) oxy] - 2- phenyl - D-prol i nate: 1H NWR
‘Véng%>3, 400 Fté i ndi cat ed ay2:1 gixture of
p@steveoners: d=7.55-7.47 (m 5H), 7.34-7.22p STBB/013630

5.18-5.11 (m 2H), 4.22-4.11 (m HZu—l), 3. 68 (s,,(cTt;snk]D,Iﬂbo
3.33-3.24 (m 4H), 3.10 (d, J = 14.1 Hz, 2H), 3.05 (b,
2H), 2.34 (dd J = 14.3, 5.5 Hz, IH), 2.22 (dd J -
14.3, 4.1 Hz, IH), 1.31-1.23 (m 6H); 13C NWR (CDd 3,
100 MHz): 5=175.2, 175.1, 154.7, 154.4, 142.0, 141.5,

21, 1.24128.-3.9 B2SBID), 1.00%, b~ 702, 3HD; T2NNIR (TRE]:710028H8); 5771%L, 173.6,

157.3, 15% 537 4113@1 1?%001285)21%{625589% ??A 17, |_1|I582 2 61%158‘33 543 2.4,14.1;

MS m/z 24l & FBH L, FBINO St 824.09).
(5S) - 5- (hydroxynethyl) 5- phenylpyrrolldn}S ol (1-7) To
. 1

O;E&%%JHEQTHF

( 17. Qfﬂ-an @C@Mﬂﬁbﬂ 0131 —5 Biﬁi MO}H 642 7g5§) &Golu'Eh@ur[deaxeﬂmo@(h pressure

(350 tor), @#&%ﬂ‘ﬁ@é@u‘"@ﬂ prale f&% rg}r%;?}?yg @Fg{%rto Fhe (?Prﬁ,/%) over 1-2 h.
Toluene/(\/fb@ﬂwas&ﬁstﬂlﬁd Efftﬁﬂlreﬂghtthb deedte ofe)ctimn. Upemebmpigsign of the reactlon, the
solution gvg% roge%@cayt aﬁ! gl‘lurtne5 w@ﬁ ThE 53 o) tuﬁ{lll ﬁo%g%k]@so Uhe B@ﬁl@ S(Waﬁon was

washed kamamJOa@eﬂmfeb@\zeddayﬁtud NaH(En (%Sd\i\ﬁg Pél\é\%’f& gfase en Switched to

toluene 480 %ﬁt?tg i & A8 ﬂﬂ_. ’__gztgtat Wifime @ Qehy yléfd) Qith 26163 u@én confple@ds. The slurry

t ol uene an ne et h

was hatdlosBL Bt aged WEHLAPRERETY el ity Wien the sty
reached 9 ZC, %%m{e[ (MS‘!mEﬂg)*'WasGﬁ&ddl mumz azhccdd)IeﬂQ@rtihﬁC) filtGedto cpllect the

solid. Tée ogé Wﬁ?ﬁ? r )\%théal t@fl]l tgt%{l ré%@oaag?ng% {o aoéoﬁgtént gvefght under a

nitrogenG @& Ieb@ﬂ(ZSﬂRSﬁ@po-@ 4M1euddéﬁdoy@mhd(1@ M@gbolegteg mp01|97 -199 °C; 'H
NMR (@&5@(}_@ 3=7PRIA47%%, ‘i‘b}%e%g‘ﬂ% s 2408145 Qs 11D, 9106 (ch, 2H3.AMS (m, 21),

ol ution was

054 (. L P STV (O, QMBS SRS éﬂfri‘ctzé%a%%&i‘éﬁa% 619,

60.3, 13XMsagk 8fh WM hrBQelHANO) <Bu@d2abs.er addition of 6.
ofkig%% To the combi ned organic | ayer was added 150ng
of activated carbon (DarcoKB) and the nm xture aged

Step 3: OVer nk@hit (25, 2kes-gyl Samo Balsiflichyl e b okagblidineghcabqrattedi-4)

ES?T{ k ?;1;];21 Og) ? S()gmo? W@ﬁgw 6Wé%15 vfhé agdeag 2M solution
of sodivéh 1Bt trdneBiiylily])arbidy jn BEB (7L) dver Th3wih fhe ter@egfq.q}re nglr{gasne(id<5 °C. After
5 min, tlae Oreac%o% tgs %_igyegé%%gmglggon 71‘1’11- ?’ea@morﬁwz?s cﬁinch&i il IN#1C1L 822.5L) and
diluted wifldhepfang £20L). @h@aqqgous |lqy|7r wag cmtsan(idlaa organicgla!i_er w?s ya%?d with sat’d.
brine (IQL)‘.Ir H)he sQvEr wal switched to MeOH and water was removed azeotropically until a KF <
900ppm was achieved. The solution of 1-4 was used directly in the next reaction. ethyl (25,45)-4-allyl-5-
oxo—2,4-dipheny1-1,3—oxazolidine—3-carboxylate: '"H NMR (CDCls, 400 Hz) 6=7.60-7.52 (m, 2H), 7.39-
7.33 (m, 8H), 6.55 (m, 1H), 5.84 (m, 1H), 5.38 (m, 2H), 4.16 (m, 2H), 3.72-3.12 (m, 2H), 1.17 (¢, J=7.0
Hz, 3H); *C NMR (CDCls, 100 MHz): 8=172.5, 164.0, 137.5, 131.0, 130.5, 129.7, 128.3, 128.1, 127.4,
126.2, 122.0, 89.5, 62.0, 42.2, 40.4, 14.2; MS m/z 352 (M + HJ", C21H»NO,, calc’d 352.15).

Step 4: methyl (28)-2-[(ethoxycarbonyl)amino}-2-phenylpent-4-enoate (1-5)

To an 23 °C solution of 1-4 in MeOH (20L) was added 30% NaOMe in MeOH (535mL)
over 0.25 h, with the temperature maintained <30 °C. After 4 h, the reaction was assayed for completion.
The reaction was quenched into 5% NaHSOs (40L) and diluted with IPAc (20L). Theaqueous layer was
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7=13.6 Hz, 0.4H), 2.50 (dd, 7=13.7, 5.1 Hz, IH, 2.40
(brd, 7=13.7 Hz, IH), 2.25 (dd, 7=13.6, 6.8 Hz, 0.4H).
WEL@E/1899¢ 7aS) - 7a- phenyl di hvdro- | H pyrrol or 1, PETIUS2005/013630
\ 1. 31oxazol e- 3. 6(5Hvdi one (1-9 1-8 (crude, a portion
of above solution 1.40g assay, 6.38mvol) in n-BuQAc
was concentrated under reduced pressure and 14 nL of
MeCN was added to the crude crystals. The sol vent
ratio was n-BuOAc : MeCN =8 : 92 in GC. To this
cut and the brghiio ywawas acsied WihOR% KHEA (1219 Dharolventzvaysiyitehgd yo MeCN and

used dll'?él% l@x% g J@ﬁctlo gglgtﬁzig?b)ﬂ Eketﬁ%a@aor@@gm&opﬁdpﬁéﬂylﬂehme&&e 'H

NMR (Gl 400 Kb 5677 (EnEigh 7 RTd (or Sy 625 TRts ke arioTf0 (h 11D, 5.20-
5.14 (mﬂﬂaﬁt 10-Ab6 85, 2B0I.68 (11D, 3.8k, 181), IR{ddy .= W8P, 716 Hutlen 1.27-1.15

om0 BB b A AT, BB, s, 194, o

60.6, 5322520 43aMS ran dod((MeNa]T @ HsNEa0 coadod $e¢ht2)nas
switched to MIBE and the resulted precipitate was

filtered and washed Mﬁth NWBE Cbtalned ketone 1-9;
Step 3: 78% ( j dthe 2} Q

Of ChLSFB a&%‘@lu no&tlicfh}l% §sta%ﬁed1wate(12L) followed by L, (8ke).

uor ophenyl ) - 7a(i ?) - yl -5
After 6 y,rthebqe@;{tlpn ya@;istsqyegfqy)@a@glptu@l %]onpﬁasgu% ?)ct%g]? g(# &%03 (35L),
basifiedAvidi506A9R NHOR ()a,L%d Mttaated H6th IIRA@@SEHFI‘IﬂtaqueY)BQayﬁ va decind

discard dr o S(’)%?%}% I—iFYer WS eéqrag?m %‘é %&6?35%5{' "%hoel réafﬁcnla}ger pvas dis dlscarded The
aq. layet @a@dobl&Wﬁﬂ-lO 6CMBRAM(I50.) GBCrddrd] atmieasldwlyhleuteahtzcﬂ wnthZLerlON NaOH.

The aqueglfs %1}1'69 \pvasl <$1t éf{a%g gx?%%ﬁgl tﬁ tgﬁpﬁl 6Quas €Bfead Hch@l 4-

Ion o

[(ethoxwa;bhlebﬂ)pktﬂr%phenylfmmtfﬂl@atrm Do APAHakndipaed 52 hmigpre of
dlastere?;ﬁlgrsl @763@0'7943!' (meﬁ) @@Qb‘ NP ST SWBS. 1N EADYEN 42p4d. 11he, 4H), 3.68 (s,

RN B e R LR T R RO
=14.3, 32ty ated. 3M|‘h@|(m$6}|1pf3CWRQ®DCHpIOB(MHW Sel16i.1, N 7EL,Q88.7, 154.4,

an0, PSR 1ER DA ER 900 Pl SLE 01816 A0 88, g s 2. 20

51.8, 43 d2.98141, 16.0; Matrer 294TEMHHHE, CiBNOe cilg’ d204d- 1. 299 (30
mmol ) of Lid, 3.2g (30 mol) of

Step 6: (58)-5-(hydroxymethyl)-5-phenylpyrrolidin-3-ol (1-7)
To a solution of carbonate 1-6 (5.0g, 17.0mmol) in THF (50mL) was added Red-Al 3.5M

solution in toluene (17.0mL, 59.7mmol, 3.5moleq.) at -50°C. The reaction mixture was warmed up to 1t

and aged for 2h. The reaction was quenched by 2.0M Rochelle salt solution (45mL, ca. 1.5moleq to Red-
Al) at 0° and aged vigorously over 5h at rt. After the aqueous phase was separated, the mixed organic
solution was switched to n-BuOAc by azeotropic distillation under reduced pressure (ca. 20 torr, 60°C).
After 200mL of n-BuOAc was added, THF, toluene and methoxy ethanol were detected less than 0.1% in
GC and KF showed 0.11%. MS m/z 194 (M + H], C11H15NO2, calc’d 193.11).

Step 7: (7a8S)-6-hydroxy-7a-phenyltetrahydro-1H-pyrrolo[1.2-c][1.3loxazol-3-one (1-8)
To the n-BuOAc solution described in Step 6 was added CDI (3.46g, 21.3mmol,
1.25moleq.) portionwise and aging for 1h at rt. 30mL of 2N HCI solution was added to the reaction

mixture and aging for 1h. The aqueous phase was separated and extracted with 30mL of n-BuOAc after
addition of 6.0g of NaCl. To the combined organic layer was added 150mg of activated carbon (Darco
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Na2CO3, and 4.8g (30 mmol) of
2,5-di fl uorophenyl boronic acid. The solution is then
wale@agsmge with N2 for 1 mnute, followed by therCT/US2005/013630

addition of 630 ng (0.5 mmol) of

tetrakis(tri phenyl phosphi ne) palladium (0). The

reaction is heated at 9Q0C for 3h, cooled to room

tenperature, diluted with saturated NaHCO3, and

extracted twice with EtOAc. The conbi ned organijc )
KB) and ltizyreixgirazged weeshight. Whe earboni wias filigred dlfoeshey Paﬂlag%@(aﬂoc Data: "H-
NMR 4GRIEEHBEnH 8%, 47af‘£k (EK‘ Cﬁ%&%sctu e7=gPU, fiirgd.cav. i (hi, 0.8Hy &l 57-4.51 (m,

lH) 4. sgfdeé_nsgé Ic-)Ier R, SR lHr)] A5 @, 19T OYLd% Anlans (4, 5.8 T,

H), 332, [II-f-‘Z 4 aBuUtY) izb (H&tjhyi ¥ S3.9 yik] 108y} rewhyi=)3.4; 1 2HB-0HH), 2.63 (d,

)
J—lssrgzugaﬁ 3t -RE 8 e D i T T L B e g 6 8
0.4H). 10 nL of 3M NaCH is heated at 600C for 3h, then cool ed
to roomtenperature. The reaction m xture is conbi ned
wth a n1xture of EtOAc and brlne The | ayers are

Step 8: separ gag i S
The Cpgpér&f%da ﬁ’(grgm&bm%ﬁﬁo@[ QOM&E}GQ 331\4!1161@ 1ﬂM-B{iOAc was

brine, dried over Na2S nd_conce rat |d
concentrate@ﬁp@eé reglgeqdpresqyse aneh 1 rpﬁ, gkMeCN was a anrugf %ﬁlﬁ '?he solvent
ratio wadn-BROME2 MEON®R ) 9Dfn GAVi Tadm selusionl wis atided AdQH'(l bdroll, )19@inmol

oo Ao .y SRRSO RS S oo

3. Omoleq \)Vdfb@wa oher’@iarat rtd Xdaeto of ehlofinE8@oductoras éﬁ:mrla{']@&c ) afygier 30min,
the reactlor{ Iﬁux%r%%g? cHiu’?edQ)H{h' @ be Q)éog't hidGifle Q%leo& I’ﬂ)ﬁ%@’@ﬁa@ Qérpﬁﬁf&l The organic

exanes to provi ﬂér
phase whs washedBwitly bat. d¥aneOhagl 9@, hrgap] Elieyorgamc solvent Was SW1tched to MTBE and the

resulted}zn%iﬂé‘%e)waﬁﬁﬁt&veé artdl i dsHQY WRNITBE) -CbtdaMekone 1-9; 78% (1.08g, 4.97mmol,
ro-| yrrole | -ca ﬂponyl chloride 2-3 In a
994mﬁ¥@a§%“@y 86@@3 iof ALIGRRAIRLRUEY; 1 rer, t her nocoupl e,
and nltrogen/vacuun1|nlet was charged the S-TBS
pyrroline solid 2= (180 gns) and | PAC added (1.26L).
Stirring was continued until the solution becane
honogeneous, about 30 minutes. In a separate flask
equi pped with overhead stirrer, thernocouple, and
ni trogen/ vacuuminl et | PAC added (1.26L) and the
sol ution cooled to -50C. Triphosgene was added (67gmns)
and then lutidine (173 mM) slowy added. The sol ution
of the S-TBS pyrroline was then added to this solution
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slowy. The reaction was nonitored by HPLC and was

consi dered conpl ete when the conversion of the am ne
W oooshe29ps oduct is >99A% at 200 nm by HPLC. ThBCT/US2005/013630
reacti on was quenched by adding 1.8 L of 10w % aqg.
citric acid to the reaction mxture. The |ayers were
separated and the organic | ayer washed twice with
water (240 nlL). The organic |ayer was then
concentrated to 900 m (water content was 105 ng/nl)
and used directly in th&@HMERng reactions. HPLC
assay showed 99. 96% conversion to the carbanyl
chl ori de. SCHEME 3 Skep\1l: Benzyl

: Fcarboxyl ate (3-2*) To a

é?\’/'F 4 ONQOE FtOH

d t hen 6yB3CTEd BRoM

was heat ed at 80C
cooled to roomNt enperat ure, and then dunped

G} hexangs - a separ at O unnel . The m xture was

art|t| ori;ed &t ur at aqueous NaHCO 3, separat ed,
washe8 wi'th dri ed ower MgSO4 and concentr at ed
. n. The residue was dissolved in
500mL of CH3CN 'o #r2ated with 16.7g (47 nmol) of
Selectfluor. After 90 mn the reag
rated to about half thepo

N tered, entrated s
e resi A‘ﬁﬁ %ﬁgﬁgnmed onfo a\» ¢
3 ted with Et CAc/ hexanes t0 ovid as
43 Step 2: Benzyl N %)135§
S-fl uﬁ'ro’\ teCS;/r §m no”pi peri dme- | -car b@éy‘g\n@e (3 2a) To
28 sol Htion of 9.4g (37.5 nmml) of in
1, 2-di chl oroet hane was added 37.5 nlL (74.9 mml) of a
2M sol ution of met hyl amine in THF and 11.9 él
Step 1: nmol ) 6C8.NaitiwdpieBi- 73R rhenyt5, fardibygirg-gH-pypolo r?ecl[l 3]oxazol-3-one
react {op was quenched with saturat ed aqueous K2COB,

1S

Sﬁ;g ;%‘Iggggg)égmsgélhcg %:gfg)éf Sg %ﬁg Hﬂ rﬁlg 81’ ﬂﬁ]& gﬂ-\l}g‘%ﬁs added dropwise
12.2 mLE12. L &Gh&) Mﬁ M‘é@ﬁthfhd)f ‘NIaHMDH inMaYF. difteedintneior W;he solution is
stovely bt S SRR IHE B e Bl e PREREL UG, T v
solutionf 58 ommznﬂnan Gﬁmphwwrﬂvemubarpmmoa@n@ﬁ) 10 b o THF is
added. ‘?He coo[mg Bath was removed and the mixture was allowed to warm to room temperature and
stir overnight. The mixture is quenched with a saturated NH,Cl solution, extracted twice with EtOAc,
washed twice with brine, dried over Na,SO, and concentrated. The residue is dissolved in 75 mL of
DME and 18 mL of water. To this mixture is added 1.29g (30 mmol) of LiCl, 3.2g (30 mmol) of
Na,CO;, and 4.8g (30 mmol) of 2,5-difluorophenylboronic acid. The solution is then degassed with N,
for 1 minute, followed by the addition of 630 mg (0.5 mmol) of tetrakis(triphenylphosphine) palladium
(0). The reaction is heated at 90°C for 3h, cooled to room temperature, diluted with saturated NaHCOs,
and extracted twice with EtOAc. The combined organic layers are washed with brine, dried over Na,SOy,

concentrated, and the residue purified by silica gel chromatography with CH,Cly/hexanes to provide 2-1.

Step 2: 2-({[tert-Butyl(dimethy!)silyl]oxy }methyl) -4-(2,5-difluorophenyl)-2-phenyl-2,5-dihydro-
1H-pyrrole (2-2)
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i somers of 3-2a as colorless oils. Data for the trans

i sonmer of 3-2a first to elute (confirnmed by NOE
wWar@bgeiosy : 1HNVR (600 MHz, CD2C2) d 7.4 - 7.BCT/I2005/013630

5H), 5.1 (m 2H), 4.4 - 4.1 (m 2H, 3.9 (m IH, 3.15

- 305 (m 2H, 275 (m IH, 2.4 (s, 3H), 2.0 (m

IH, 1.25 (m IH ppm Data for the Cisoner of 2-2a

second to elute (confirnmed by NCE anal yS|s) 1HNWVR

(600 Mz, CD2A2) d 7.4 - 7.2 (m 5SH),

4.9 - Aduspersionl dfjl, 75 (316 fumoD) 2H) in 14 nﬂ50f(H;ﬁ)H| ) i 10 g!L]pl?)B M NgOH is

iy bk h
heated aé C%%?”h &ex@cég‘@ I\/é!) Fgé) tgmgerﬁtﬁre ?Ah%reﬁlét%dgirr&lgﬂuzel I—l||b%cl’:m ne%%wt a
mixture Q”Gﬁt%@ @n m rde laygrp a@g@rat@} 815 agueogéw 1s extracte w1t tOAc. The

comblne(l Jtoantt Phashs &k WRkHed BMCOWME BlitkQaYdd) c(vBENiLBO) and coabenfatel toprovide a

wite s 951 B bl b LR S ol i PR 190811
mmol) of 8§s&1 Atthg re@ﬁnatnf fuepanyibmwhstirad dv@nlglzttg The Ba@iomindijutegfwith

rt- but I.C f LEri ot .
coc b UtV SRR s o
gel chroma@gllaphy \plltfaE@AnélExms edovidet22-bri ne, dried over MySO4,

filtered and concentrated by rotary evaporat| on. The

resi due was | oaded _onto S nd e
Step 3 1 h BB HE AR g U rllof St e g Bhétty 2 phenyi-

whi t eZSocﬂlh%roFi%@bﬂbﬂeqncaﬁlﬁoﬂvh ehleridnfiloners was carried

out ¢ oqgr. a Chir

50cm "rﬂ%ﬁﬁ &h‘ %rgﬁq%gglg hermocﬁue()ggﬁxéw%nﬁg%ﬁﬁﬁmlet was
chargedd]heﬁ'i -TRS apirelmk salid j@l&@@nﬂ amd I]Mq@la%qdé hROIIPISrTing ayay gonsinued until
the solu?or{ %e@%a%}lo% cténe%ﬂs b %téo Hﬁﬁ’x(@? Chiral pak AD(r) col um

rop ano xanes (with 0.1%
di et hy aseparale fl;*ﬁk qqumppci withoveshepd éﬂréed themocquplegnd nitrogen/vacuum

inlet IP@& H&deﬁ gl S413hi ARERbIu&\@Blel |IBPC. Ofrl @en@ as ddded=(63g9) and then

idineiSqm o BROIRF, 3P SCHIED © T TRA P Re s o4l Botuton
slowly. 388 ré&4ién whOnBEitoraBs. 8% 2andSiae ponbidefedrcbmBiateythen (i@ conversion of the

amine to éeaﬁ?fc’%’ﬁ} 1%?%?%1%&? r@h%ﬁlﬁ% . dij% I%CMM?? %%h&g% sec ogd1 B L of

10wt% &d. ditficagidoale fearien nnxtulbeIhedtye@fW@ paated apdide grgagc jaypn washed
twice wit R wate?mplni_g é é“rg&rﬁg a%}%@ﬁieﬁ B&ncBitfhted t6 b®HnY {whafer content was 105

pg/ml) and used directly in the coupling reactions. HPLC assay showed 99.96% conversion to the

carbamyl chloride.
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carbon. After stirring overnight, the reaction was
filtered through Celite, and concentrated by rotary
we@paoavé on. The resi due was di ssolved in 75 PCT/052005/013630
MeOH, 2mL of AcOH and 3.InL (38 mmol ) of 37% aqueous
formal dehyde were added, and the m xture was stirred
for Ih. At that tinme, 1.58g (25.1mol) of NaCNBH 3 in
10nL of MeCH was added and the reaction was aged for
2h nore before being dunped into saturated aqueous
NaHCC3. After extracti ngS@HEME3 x CH2C 2, the organic
phase was washed with water, dried over MySO4,
filtered, &hd concentrated by rotary evaporation to _Me
provide3 as a colorless oil. ta for 3 : HRVS (THY)
calc'd M or Cl2H23FN2QO2: 24% 18E7. Found: F
247.1810. Step 5t MBCLaSv3- FI Gor of N MeNHZ,

| - di met hyDpyperi diEA-BMMe (3.5) O}l i
C vvag baﬁb

3.y (12.2 jmoH—of—S—m 1Ol df

HO gas ot he. Seladtilwor, was rm e t ouch. I&
flask was then cap é-_a{pd stinQe (Do . The

vol S were renoved by rotayy evaporation, and t he
res was triturated w 20 and pl aced

N2 h| gh
m xed with 25 of 15%ag@#€ous HRE2CO8 and exy acteﬂZa
with 5 x OrrL 1CHCISZEtO—| The organi c was
concentr at taMe evaporation with very mld
heating, the r Si dUe was di ssolved in 200 ofQ cHA 3,

dried over Na2SO4, _~and,roncentrated to pr ){

s or i R (500 Mz chO3 /N%
1 %‘9@45 e ( gﬂt? E(ad@ns (s, 3H) 8
(@MCH) 2.3 (s, 3N, 2Pd/ &iQ 1.9 - mm

ZH) §Igm FRVE ( ES) aIc o+ HTor C7H 5FN2:

24 LIRGPLGound: 0T4F 0L 3R0CHSOHINECNBHSt ep 1: Be X

3-fl uoro- 4- oxopi peri di ne- reboxyl ate (3-2) A 224L 34
round bott oMy sk wi th mechani cal stirrer was chileged
with Cbz-Kk 3(2.5 kg, 10.7 nol), 5.0 L of

di met hyl ac P de—t'rlethylamne(s oL, 21.5 nol).
Trinmethylsilylchloride (2.0 L, 15.7 nol) was added.
The mxture Mﬁi to 60 0C and aged for 4 hours.
fflti ool i n o 10 0C, the m xture was quenched into

% 5% s umbbi carbonate and 10 L n-heptane
marnt ar g ngfﬁ‘eal nt er nal

2. K,COs, I}I 3-5
H 20 M e
Step 1: Benzyl 3-fluoro-4-oxopiperidine-1-carboxylate (3-2)

To a solution of 10.0g (43 mmol) of benzyl-4-oxo-1-piperidinecarboxylate in 25 roL of
DMEF was added 14.3 mL (103 mmol) of triethylamine and then 6.53 mL (52 mmol) of TMSCL. The
reaction was heated at 80°C overnight, cooled to room temperature, and then dumped into hexanes ina
separatory funnel. The mixture was partitioned with saturated aqueous NaHCO;, separated, washed with
brine, dried over MgSO, and concentrated by rotary evaporation. The residue was dissolved in 500mL of
CH,CN and treated with 16.7g (47 mumol) of Selectfluor. After 90 min the reaction was concentrated to
about half the original volume, partitioned between EtOAc and brine, separated, dried over MgSO,,
filtered, and concentrated by rotary evaporation. The residue was loaded onto a silica gel column and
eluted with EtOAc/hexanes to provide 3-2 as a colorless oil.
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tenperature at less than 20 0OC. The organic |ayer was

washed twice with 10 L of 2.5% sodi um bi carbonate. The
Wo pivaliompgani ¢ | ayer was dried over sodi um sul PEI/E$2005/013630

filtered, and concentrated under reduced pressure and

solvent switched to 10 L MeCN. A 50-L jacketed vessel

was charged with 7.5 L of MeCN and Sel ectfluor (4.1

kg, 11.5 nol). The slurry was cooled to 10 0C and

pot assi um carbonate (0.37 kg, 2.68 nol) added. The

silyl ether solution in MeCN was transferred in

Step 2: port| 05T Bh&k %&ﬂvl&'ﬂﬁm‘)ﬂeﬁﬁ @'1 - fIRABY3H at 10-15

nie frnal sl urrg%7 Z hours at. 10-15 OC
Th e r Eae soleipngh 8-4g Fﬁclﬁ@gl) pﬁ@:@ 1%115_LQ)Q3L pf b%fl}cglpfc&thane was added
37.5 mLQ@M ﬁﬁrﬁ)',l)rlﬂ a 3fsofifior o NnBY ARG OTHE a&C 1 1D ga56l2 3ndl) ﬁfNa(OAc)3BH

t hy
At sighaondin e rciPare St Vi AL S5 g 08 oA s oA
separate@ hin@ Etiedgueods PRtk exactedDE FHDAS UTHeabmbinadokgfiii¢ ¢xtraetd wefmeashed with

brine, drtﬁq@é/?ﬁ}{l%%% é gcp G gsgl‘cl):ngetn?rgtegﬁgr&ir# g%%grai%rg E{l{ég%sacﬁe %9 loaded onto
a silica gebtalemnt arslitedwithngl0: l%@H@b@t%dMOPWVﬂP@EmFPFlSF@dm”S

isomers éf ?_Eg%zc&\orless ofl1 Data for the trans 1somer of 3-2a, ﬁrst to elute (confirmed by NOE
yl am no”pi peri dne-1-carhb xyI at é[)w
analysish FOUMR (BONBenG-05)S 7-¢07-F (M SFyIoek Ghey: %Ml?a%@s (m, 1),
3.15-3. I@J‘?'1 &tﬁgitﬂréeﬁﬁd@n }1@1‘; Ay rof 210 a8, (FBPLYS (rﬁ!ﬁl[—]hysblﬁrmnefor pheMis isomer of
e RO R S B B S A 20 28 0.5
(m, 2H)T4h@ m7>(htﬂ’H3 4va 6m,ceD)] £t (o 18),30 akd (laCZﬂ)L %6 aoi B¢ 26 (% 3H) 1.8 (m,
)

triacetoxyborohydride (12.36 noles; 2.62 kg) was added
Step 3: ' n po@éhﬂ/'i‘{%R%@) hfﬂ@ﬁ%k)ﬁﬁ%@ﬁ)(&&h%dﬁﬂﬁ@% -Afgogifgidine-1-

eaction m xture was 0 OC until corrpletlon as
Judgemmééﬁml ye- S- Thb Feaet-on—rixture—nas
tr ansfr[e,rarsgﬁn&{ @M ewgl(m,@mmol)(w cis-362al ih mEr ink af CEyEls wed agided 12.1 mL

(86.5 mﬁagr;t gltnrygmr}]'ga% l 0%43 (Ig%llols)of 3' Zterg/letg uenggnf% 2 %:ft%f stmi%g for 1h,
the reactipn waA¥ ﬁa@tﬁudnecgbnt\mes CE{ZCIZ rhdH.P.0he drganid phasesgas wasked| vgghsbrgle dried
over M 1I§e(%8;1_n? cgn%ﬁlﬁ&ged le Slon] ‘ﬂlé &R bhb a silica gel

e Co eous | ayer was
column tandaﬂslfeé with EtQhehexpmps @0 Plﬁéld@ sAcPTBieCisr3-3 BV hifh sRljdir Rsplyson of the

enantiorh@rs Mak Bartied &ift cl(r&%atﬂgrﬁﬁh@all 8151?1 a ChiralpasAR® ded 5edigcdlingn with 20%

m xture extracted onc A
isopropanol in hexanes (with 0.1% diethy amlne 1 rr?L/glg kzlalytlcal HPLC analysis of the

eluent on a 4 x 250mm Chiralpak AD® column with 20% isopropanol in hexanes (with 0.1%

diethylamine) at 1 mL/min indicated that first eluting enantiomer (enantiomer of 3-3) has R;= 5.90 min
and the second enantiomer (3-3) has R, = 6.74 min. Data for 3-3: HRMS (ES) calc’d M + Na for
C1oH,,FiN,O4: 389.1847. Found: 389.1852.

Step 4: tert-Butyl [(3R.4S)-3-fluoro-1-methylpiperidin-4-yljmethylcarbamate (3-4)

To a solution of 4.6g (12.6 mmol) of the second eluting enantiomer 3-3 in 150 mL of
EtOH was added 29.7 mL (314 mmol) of 1,4-cyclohexadiene and a catalytic amount of 10% Pd on
carbon. After stirring overnight, the reaction was filtered through Celite, and concentrated by rotary
evaporation. The residue was dissolved in 75 mL of MeOH, 2mL of AcOH and 3.1mL (38 mmol) of
37% aqueous formaldehyde were added, and the mixture was stirred for 1h. At that time, 1.58g (25.1
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The organic |layer was dried with sodiumsulfate (3 kg)
and concentrated. The residue was dissolved in 8:2
W@ wb1vmdbg et hanohwat er (23 kg et hanol m xed wWe€TU$2085/013630
kg water), 85% phosphoric acid (9.83 nol, 952g, 667nlL)
was added to the solution and crystal seeds were
added. The m xture was stirred at roomtenperature
overnight. Crystalline solid precipitated and was
collected by filtration. The solid was washed with 8:
romol) ofENe{GNEIH} in WOk of Medemas eddddrnd teueactiov s azed for U mzrelbef&je being

dumped 1n90t saglratgc{] % ugo%s gH&%%H%g%\ggh 3@%}5@{'&@ B%aﬂﬂs ghase was

Fe and the m xture

washed witit wztteraﬂﬂledsubn Mg@@zs §lirod @nd qureeniyaigd b S é"%ﬁ%a“f"ém%"dde 3-4as

a colorle@YHL. MG fol £4T Hﬁpist{hsp&lc\f\@ﬁi SEE6eC, ML IN,0L TR 7aB §7. | Boand247.1810.
m xture 3-Za. After stlrrlng at roomterrperature

overnight, a crystalline solid precipitated and was
Sstep5: €Ol | egkag-B¥bid Nﬂ&lﬁm@ﬂvlpﬁhﬁilﬁmahﬂle[ﬁéduct was dried

In V

(35 uur&ﬁ?"gg@&gg gf&t Cgr ﬁ ; S%ﬁ? §?nwﬁgﬁﬁ% ed HCl gas until
the so1utroamap efatrdl e tonekr. e flasit wassh@l qanpeé agd) stg*reéi@rr‘ﬁlc lfél? V%é%les were
removed% z%o %S' evgpor 10)’1‘@4&1? 'i:heQ'F'gdu% v&Qi@ ttBralia mgO ida%ld&bd(ﬁﬂdéﬁhlgh vacuum

rre sol1.d was di I
to provi@mdvl@gzo]a}n s xppfgrsaé PP @1)@1 waith 2% ! S S ‘7:1\%91701\%&%%§&8g agtracted
with 5 x 506! 2Y eET1NR0EL b o%ﬁﬁl@ ﬁvaﬂbdﬂcﬁ@ratemb@ r@apy evaperdtiay gith very mild

i e g D A S P TMrto provi
3-5asa t:dn@rledg ¥il.Nhata @ 13t5: VEIIMR (308 Midz, 6TCls) Bi4eS (oatlBh Sviadm, 1H), 2.85 (m,

d nt t loask: GrM
110, 2585 B0 O B R O BTy a D e A oL APy FanS, ) caled
M+Hfm@lesﬁNIzddﬂéa%B&%mbdﬁ’féi@Oon Addi tional Boc20
solution (50 nL) was added. After the batch was aged

for additional 15 hours, it was concentrated under
vacuumto the m ni mum vﬂ%éﬁushed wth MeOH

(10L-15 L). The batch vvas diluted with nethanol to a
t ot al _wei h of ca. z 3553y i ndi cat ed ca.

Kk
Stepl: 1 9 ke O5F p?ﬁﬂi’ﬁ}ryigp perdime was

r eS ol werp-Ibyouath betromi gk av;nﬂumcchampa]r sim[eowasoqhaggd With Chgrketone 3-1 (2.5
kg, 10. 7&_1%1‘ S (g)ﬁla%;(fydo‘ Bﬁtﬁ@gc%ga%ij gg/ga 1%4 (@q}ﬂsﬁf ?T) fol). Thﬂleﬁlyﬁﬂylélﬁénde QOL,

15.7 mol) was added. The mixture heated to 6 °C and aged for 4 hours. After cooling to 10 °C, the

mixture was quenched into 10 L of 5% sodium bicarbonate and 10 L n-heptane maintaining the internal
temperature at less than 20 °C. The organic layer was washed twice with 10 L of 2.5% sodium
bicarbonate. The final organic layer was dried over sodium sulfate, filtered, and concentrated under
reduced pressure and solvent switched to 10 L. MeCN.

A 50-L jacketed vessel was charged with 7.5 L of MeCN and Selectfluor (4.1 kg, 11.5
mol). The slurry was cooled to 10 °C and potassium carbonate (0.37 kg, 2.68 mol) added. The silyl ether
solution in MeCN was transferred in portions maintaining the internal temperature at 10-15 °C. The final
slurry was aged for 2 bours at 10-15 °C. The reaction was quenched into a 100 L extractor containing
20L of 2 N hydrochloric acid and 30 L of ethyl acetate. The organic layer was washed with20 L of 2N
hydrochloric acid, 10 L of 20 wt% sodium chloride, dried over sodium sulfate, and filtered. The filtrate
was concentrated and flushed with dry EtOAc under reduced pressure to KF = 16000 ug/mL and then

solvent switch under reduced pressure to ~10L THF.
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anount of 54 g of racemate per injection was eluted

wi th nethanol. The | owest retention tine enanti oner
woe®saadbect ed giving 45 g (85%recovery) of tReT/US2005/013630

desired (3R 4S) enantiomer in 98 %ee. This

separation process was repeated and the desired

fractions fromdifferent injections were conbined and

concentrated. Step 4. fert-Butyl r(3

, 45) - 3-fl uor o- I-msthyl p| pel‘ldln 4- yllmsthyl carbamate

Step 2: (3 4)Befing 3¢f #{meth el : arbpx yiaie (F-2a)

S ep é{) %t i gﬁ({:}ld oﬁBm\ﬁﬁﬁ% %g? morgﬁat&l@ '@I(%Iﬁol)q@gs <§ss@véé—m3etfﬂh&&rofuran

(30L). M@W}annne ARl ¢t tetralpgrqfpran 6. Qg) qu]IV)S Qiéglg]tgég@éLg %rasnﬁﬁlgc? ar}él tﬁe mixture

stirred fé}‘l?sétn&iﬁ &t re&ﬁie%&tf I8 GhikkFd8has laacdécag @ﬁ@taﬁ&i acwe ac15 %OR'dﬁ&Ies 1.17L;

4h
56 S ot ot B 0S4 B DR S BB b

(12.36 mild 620 wak-added h fortibns adlihe mlimoman bHmétuees afiththe oragiagm mpixture was
aged at &rﬁgu%%%sw\éﬁgggdg\é\n#bh Sotte Qhi &5 M sodi um bi car bonat e.

Iayers re back extracted with 8
L of ThdIaactioll extummins trausferred slowdy intpyael08 Lygylindrifal egactor containing

hydroch%‘ﬁ% ci Oﬁ'lﬁﬁﬂ :%&ilaxf @be n?d“éi; iSHI@)f %Qter b @) fabdl t@h& (MBS0, 15 L). After

€ next step di rect
vigoroug mma)foslﬁzmme@ gl WPﬁTafyf@raP%I ot Iaptgrfrthes vigghed i water

(10L). T%E Gaé]hblﬁéa%aéo%s 2&Mds@ﬁnﬁafﬂdaia&u in@ thdextBaor. deltlm(hly@dmde 10 M in
ne

water (AT A e SNt ey S e diiRe GBRSRE AR 12

had aThebghniynkervesdfied whh sodivnesublatedh kgead pﬁ@pntga@ﬂdv'glpﬁ residue
was d1ss8¥\"§% ?r{?g F}vo? QREGI% witr {29 @% ?t'hglg)l ﬁx!ixe@ fmﬁb@fﬂatw '8'5% phosphonc

a cons di fferent
acid (9.8%wmeld913gt &@va Wasahddv\&@ thejepdidion agl CLYY%ffl seadp ¥t5 2 glegb (}F he mixture was

stirred & F]o%ﬁf te 9&%}8&'&&&&%@ Crfs88indlsolRf praGitaydd aﬁ@ |w@§ d:dlll@ct%ﬁy filtration. The
to the ethanol maintainin %ture
solid W%é?%md%th(?@ cihanql-ypisr ad glrigd Inyagumupve éﬁ ﬂve le'ﬁgg Wt i on
Was Strihé EQMd wae rsuslpbndea’hm&;tmamcﬂnd gblwaterr etixteohdibeimgture was heated
t0 70 Ryl St disdiedt £ 128 s%'tx%?@f‘sere%gf} 4 delb e St Yvas sceded
with therms isasraermmtgretaem AfE0stidg abrooiThiemperatrte oxpraight, %C@fstatlwe solid
precipit, id a8 e‘a% lt? fon. ’ﬁ%lsbl‘fjcfprgﬁﬁg\g}ast dtiefl iy %cﬁlllrh 'o%% to give white
? ?n ut i

& %ol e reacti'on was nonitored by
solid. and the slurry stl rred overnight. The solids vvere

Step 3: Benzyl (3R,4S)-4-[(tert—butoxycarbonyl)(methyl)amino] -3-fluoropiperidine-1-
carboxylate 3-3

In a 50 L extractor was charged 20 L water and 1.06 kg Na;COs, the mixture was stirred
until all solid was dissolved. TPAC (20 L) and CBZ amine phosphate (1.85 kg, 5.3 mol) were added.
The layers were cut after mixing. The aqueous layer was extracted with another 5L IPAC. The
combined organic layers were dried with sodium sulfate. After the drying agent was filtered off, the
batch was charged into a 72 L round bottom flask, and Boc,0O solution (1.0 M, 4.8 L) was added. HPL.C
assay after 45 min indicated 98% conversion. Additional Boc,O solution (50 mL) was added. After the
batch was aged for additional 15 hours, it was concentrated under vacuum to the minimum volume,
flushed with MeOH (10L-15 L). The batch was diluted with methanol to a total weight of ca. 143 kg .
HPLC assay indicated ca. 1.9 kg desired product.
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isolated by filtration and cake washed with 2L of 85 %

et hanol, 15%ethyl acetate. The filter cake was then
waleiosdoasneler vacuum with a stream of N2 over ni BEIT/USZ905/013630

yield 243g of the desired product 3-5 as a

di hydrochloride salt (Form1l). GC analysis indicated

the batch to be 99.3% ee. Thernmal Analysis TG M5 of

t he di am ne di hydrochl oride salt sanple of 3-5 (Form

1) produced the weight |oss curve shown in Figure 1

(sol i tihd fluvedpipetitioe WBS ttatlzed hydhaatostanbic serygatipn g920 micron

Chlralpa\ﬁlgkﬁJ gfla(!epé kit ﬁﬁlﬁ&ﬁ%satﬁl? 2@ s%‘fi@xllalr'}t %Iﬁﬁk &Jflumn (30 ID x 25 cm). An

one no wat er
amount Qﬂq’ig(g dracempte \p@‘ I@ﬁfthnd% ehugpd vy iﬁee ow§stfet%1%on-fxﬂ)§ enantiomer

was colledd&d FUABM ¢ (63 %jfe&ﬂlelg@ bt @6 tiestrBd @Rd&ﬂ)a:nhr&loﬁleﬂ“ # 98 % ee. This separation
|nﬁrmmms'mﬁ % a.Pteiffer aguadrupole

process Wﬁ%@l’%‘ﬁgla%%‘f" espe aﬁmpgl? 8mgif i t@g 1cr>]ns et combl nedﬁ%gb centrated.
The X-ray powder diffraction (cu K al pha radi ation) of

Step 4: :jrﬁygl a { fcal%agiate 3-4

di f f r &bd ¢cmnenpatpd equuth;)r(ém friop the @gpbsegaratméteg was shown to contain
4895 ¢ &"?ﬁlﬁgkﬁéﬁ%&dﬁﬁﬂg §.320d (thEM L oR RaGaNBRydei ($19%8 th V@bIO¥B0 mL, 5.3

pattern was acqulr
mol) was e e TRCVER prepUBHAIEF TGOS0 gy ?fr% 2 Qﬁ%@ﬁ?ﬁ%ﬁh‘m The
reactlongrﬁlﬂﬂlt?e \QééQ%lteﬁB 211 @igxovﬁthgbﬂalgﬁamli pb:rﬁtﬁmﬁdl bgseenlilb bEEDAC and 8 L of 0.5
heta va S an servea .r a,
M sodigp Sz | BpeEnp g vag s old BiR bt g S he
combindiBiqlects Tay@R We2 batk ektr@ctad@h 8 L of EtOAc. The combined organic layers were

dried over sodium sulfate and filtered. The filtrate was used in the next step directly.

Step 6: (3R.45)-3-Fluoro-N, 1-dimethylpiperidin-4-amine (3-5)

The ethyl acetate solution containing the Boc protected diamine 3-4 (327 g by HPLC
assay) was charged to a 12 L flask while concentrating at 28 °C. When the batch had a total volume of
1.5L., the batch was then solvent switched to ethanol by charging 8L of ethanol while distilling at a
constant volume.

To a different 12 L round bottom flask was added 1.5 L of ethanol (200 proof,
punctilious). 436 mL of acetyl chloride was then added to the ethanol maintaining the temperature below
35 °C with the aid of a water bath. The solution was stirred for 1h. The ethanol solution containing 302g
of the Boc protected diamine 2-4 was then slowly added to the ethanolic HCI (AcCl + EtOH) solution,
maintaining temp <30 °C. At the point where % of the addition was complete, solids began to crystallize
from the solution. The reaction was monitored by GC and the slurry stirred overnight. The solids were
isolated by filtration and cake washed with 2L of 85 % ethanol, 15% ethyl acetate. The filter cake was
then dried under vacuum with a stream of N, overnight to yield 243g of the desired product 3-5 as a
dihydrochloride salt (Form 1). GC analysis indicated the batch to be 99.3% ee.

Thermal Analysis

TG-MS of the diamine dihydrochloride salt sample of 3-5 (Form 1) produced the weight loss curve
shown in Figure 1 (solid line). The MS data indicate that the 7.5% weight loss is associated the

evolution of approximately one mole of water (dashed line). The theoretical weight loss for a

-32-



10

15

20

25

30

35

40

23.6 3.8 495 25.5 3.5 746 26.0 3.4 427 29.0 3.1 349
29.6 3.0 376 31.0 2.9 516 Approximately 200ng of 3 5
W@ Rdosoo9pé peri dine 2 HC salt) was added to a RCEHUSZNH013630
suspended in methanol (<500ni). The sanple was heated
to dissolution with a heat gun. After 2 hours large 3
di nensi onal crystals were noted. Crystals of 3-5
(fluoropiperidine 2 HO salt Form 2) were isolated by
renmoval of the remaining solvent. A single crystal of
monohy®ath i F.6%oThepingamiedi wed ® qatipct Sus date prhippstipents Gy RaQp attached
o ane@&f qru§&rﬁ,gd1§mﬁésﬁé§£19éer X Al3¥ iR 16 8BS vhORe@n a Bruker
system The crystal was colorless plate
with dinmensions of 0.24 mmx 0.22 mm x 0.14 mm The
XRPD unit cell was collected on 5 second scan rate and auto
i ndexi ng gave the cell setting to be nonoclinic. The
The X-r@ztﬁow@&ﬂmﬁram €Q [[Q/aﬂﬂlal rAdifithR) SAOEkinihe dibPddthlsyidecselt sample of 3-5

p_af ection
ainyarocglegi s, ESor oo e 0% mliF e S et B S e g T
characteﬁﬁtfcl.péhlttraed kewd-spgcihgrdissed delowtie thetTablede Hike patteyn whrasfuifed on a
... .above sc nge t
eios 351G R+ PO ot st amshen A 2
formula G H2i @ F N2 O Fornula wei ght 251.17
Key d-spanimgsr at ure 298(2) Kwavel ength 0.71073 A Crysta

Table 1syst em space group Mnoclinic, P2(l) Unit cel
2Theta values el abservedgelative ipgagitios A alpha = 90 deg.

2Theta d—spacmg Iobs-
10.9 8.2 307
12.4 7.2 305
16.0 5.5 936
18.9 4.7 325
21.9 4.0 1000
23.6 3.8 495
25.5 3.5 746
26.0 3.4 427
29.0 3.1 349
29.6 3.0 376
31.0 2.9 516

Approximately 200mg of 3-5 (fluoropiperidine 2 HCI salt) was added to a vial and
suspended in methanol (<500uL). The sample was heated to dissolution with a heat gun. After 2 hours
Jarge 3 dimensional crystals were noted. Crystals of 3-5 (fluoropiperidine 2 HCl salt Form 2) were
isolated by removal of the remaining solvent.

A single crystal of 3-5 (fluoropiperidine 2 HCI salt Form 2) was selected for single
crystal x-ray data collection on a Bruker Smart Apex system. The crystal was colorless plate with
dimensions of 0.24 mm x 0.22 mm x 0.14 mm. The unit cell was collected on 5 second scan rate and
auto indexing gave the cell setting to be monoclinic. The structure was solved in the monoclinic P 2,
space group after a quadrant data collection using 5 second scan rate. The 3-5 structure was determined

to be the structure having the absolute stereochmistry shown in above scheme.

Singel crystal X-ray diffraction data and structure refinement for 3-5 (Form 2).

Empirical formula CsH CpFN, O
Formula weight 251.17
Temperature 298(2) K

-33 -



b = 7.637(2) A beta = 105.295(5) deg. ¢ = 12.378(4) A
gamma = 90 deg. Vol une 664.3(4) A3 Z , Calcul ated
wa@lesitozp , 1.256 My/ m 3 Absorption coeffici eP€T/0S2085/013630

mi'l F(OOO) 268 CCrryyssttaall ssiizzee 0.24 x 0.22 X
0O .14 mm Theta range for data collection 1.71 to 26. 35
deg. Limting indices -9<=h<=9, -9<=k<=9, -15<=1<=15
Ref |l ections collected / unique 5309 / 2674 [R(int) =
0. 0227] Conpl eteness to theta = 26.35 99.7 %

WavdMagetr pti on cor@'éé¥3én None Refi nenent met hod

cwsfp%jgtﬁlg{?{épﬁ&g%%%aﬂmg%@s pof)F 2 Data / restraints /

gﬁ Goodness of-fit on F 2 1.055
Umtmlhcamequndl cesa f /28e@Yfraplph flee= 0.0383, wWR2 =

2b09|39 R i ndi ceg=(ai3h(29lAt a)etaF.é 105359;@4@, wR2 = 0.0959
sol ute structurﬁ ter O Og 9 Largest diff.
5 c "
peak and hole 0°3 ig?%%)gx F%55 3 SCHEME
Voluﬂ{e25) 4- (2, 5- @4 3d@ok’ophenyl ) - N-[ (3i ?, 4S) - 3-f | uoro | - me
er.i di n-4-yl] ydr oxynet hyI) N- et hyl -
z, Ciﬂﬂ.ﬁzﬁ% 85t é, 1_25}?}54'?

di hy&ro yrrole 1- car boxam de (4 1) In
Absaptidnaskifieigu ppedOWIMOver head stirrer, thernocouple,

F(Ooapd ni trogenhygcuum inl et was

10 Crystal size 0.24 x 0.22 x 0.14 mm
Theta range for data collection 1.71 to 26.35 deg.
Limiting indices -O<=h<=9, -9<=k<=9, -15<=I<=15
Reflections collected / unique 5309 / 2674 [R(int) = 0.0227]
Completeness to theta =26.35  99.7 %

15 Absorption correction None
Refinement method Full-matrix least-squares on P
Data / restraints / parameters 2674/ 1/ 135
Goodness-of-fit on F* 1.055
Final R indices [I>2sigma(I)] R1=0.0383, wR2 = 0.0939
20 R indices (all data) R1 = 0.0409, wR2 = 0.0959

Absolute structure parameter  0.02(6)
Largest diff. peak and hole ~ 0.310 and -0.135 e.A>

SCHEME 4

|
A o
o wF
" Yo 23 , -
THF

25 CHg
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charged the carbanyl chloride 2=1 in IPAC (0.9L). To
this solution was added 0.9L DWVF, 111 gns
wo bwwsnatp@nm ne 3 5 and 540 ml dii sopropyl et hyl Bari/ng2005/013630

The sol ution was warmed to 600C for 15 hrs and assayed

for conversion of carbanyl chloride to product. The

reaction is considered conplete when the conversion of

car barryl chloride to product is >98A% at 200 nm by

The reaction was cooled to 50C and 450 m 6NHC1
(28)-4- (\%ésDIQH%FéHhCDT]Pré’ Y40 3ot mgtatpingridint4- e 2i(hygdragy ethyl)-N-methyl-2-
phon- PESIIGQPI /2 ardi29 94 ai@0A 1N ,_about 2 hrs.

| sopr acetate SEJO %chhen 8wt %aq]geous, sodi um ]

b onr Hbh RSk PP e Gor S Peseute Gt RiseB omm nlet was
chargedvhé clibangy$ cldbdide\iedlint IPAGED.9L )X T olhis 26lGionMie aldader.ol. DMIEC111 gms
fuorod SEAEE B0 A0 By Rl Ep PRy ARt B Bl SO S5 & bdor™s e ana

assayed\fprt wnvﬂzsmmofembambcmve{@h équhga fhe reactiantis cmsidersd complete when the
conversfoRtE ERbaA1 8o B pkddtu@c §>§8'A% at%bl %@I}Iﬁgﬁj 4Bz reaction was cooled to

. transferred to another fla rougl
5°C ands0y 0OPif &vae addefls The Somﬂgle VVF“’f ﬁefi spiilgssilybasian watiemplate S199A% at
200 nmp abk PER. of I L was obtained and then the reacti on was

| t t Hept ane
(D) b B s B P it 3 BpoeotShod Smiarioglis g sded (2L to the
reactionsthiyturey whixh Wais hﬂ@W@ld:o watnmtodSSZiOFﬁI eThﬂZﬂagﬂrﬁWSrefsemfhﬁd aath the aqueous
layer exh?&%cp&%ﬁtﬁtjhgt%Aér ?Hé’l&)ﬁn {é@ﬁﬁ ?agfel% a&ergﬁg'shg\é t dee ngmL water. The

tane: 1sopr opy
washed Regapie §01utmewgsmon@nt4atwht9 5dl’£¢fé andaiviile at 3§ve@é<|?a treyfsfemied taopether flask

through@’l@frfﬁo@}lﬁopyféne? HRG! ®isillfdnalas t;{)tﬁfﬁ‘u&hﬁltﬁ‘ BQUIBmP bERAYAL defined and
sel écted for single crystal x-ray data callection

then theAct TR B AP o4 A O AP BB RSYPE OB e i e (lelgvas then slowly added
over 2 leol 'Klfelr&ﬁBarm eluyth eds fillervd drifo glsineRA ighRsfudhel Andthe BIVLtAIliRe frdduct was

I
vt s G50 o5 e o P v
dried witlpa wqehoftwn@nmveﬂi@t structure was solved in the

ortho A‘flffgﬂe%r}%taa\frﬁ th%%Bé\‘%ﬁ@]ﬁ%ﬁt%‘lpwgg §e%ct&l]1ﬂy ?iqg@@rystal X-ray

data co ction usin scan
data colleqtion;oper Bridrer,paart @tpéx Syssie by gek Wassolorless pelybetirom with

dimensida@ of(Oﬂa}fnﬁltJ{] 0.8 Wik (ﬁ?ﬁl Bf1 ﬂﬁidﬁﬂcéﬁﬂba@l‘]{é@t@d&gﬁ |36 sdcond scan
rate ancf‘ %ﬂo ?ﬁdsex}nsg gsavg \{We éeﬂ sgtu%g %o 8e ortﬁor om n%w he structure was solved in the
orthorhombic P 2 2; 2; space group after a quadrant data collection using 30 second scan rate.

The relative and absolute stereochemistry of 4-1 based on the X-ray structural determination for
compounds 4-1 and 3-5 is shown in the above scheme.
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1. A process for the preparation of a conpound of

Formula |I: or a salt thereof, wherein: ais Oor | ; b

WO 200800296 ms O, 1, or 2; nis | or 2; r is QECT/US2005013630

is Cr | ; R and R 2 are independently selected from
(G -Co6)al kyl, aryl, heterocyclyl and

(C3-C6) cycl oal kyl, optionally substituted with one,
two or three substituents selected fromR 4; Ris
selected from 13) hydrogen; 14) (C=0) a bGC -C o

WHAT B GyAIMEIB)S: (C=0) a Obaryl, 16) CO2H, 17) halo, 18) CN,

or a salt

19) OH, 20) O>C -C6 perfluoroal kyl, 22) S(O) 1n Ra, 24)
-OPQ(OH) 2; said alkyl and aryl, opti '
subst Lt ut eé ppaeks fenike Prepgsatinn HF%‘EP‘%‘E}ggf %’@H‘tls
selected fromR ;

R'0,C

LO.R?

\/ (Rs)n

thereof,

wherein:

ais
bis
m is
nis
Iis

sis

Oorl;
Oor1;
0,1,0r2;
lor2;
Oorl;
Oor1;

R! and R2 are independently selected from: (C1-Cg)alkyl, aryl, heterocyclyl and (C3-Ce)cycloalkyl,

optionally substituted with one, two or three substituents selected from R%4;

R3 is selected from:

13) hydrogen;
14) (C=0)30pC1-C10 alkyl,

15) (C=0)40paryl,

16) CO2H,
17) halo,
18) CN,
19) OH,

20) OpC1-Cg perfluoroalkyl,
21)  0,(C=0)pNRSRO,
22) S(O)mRa,
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Ris selected from D (COrGCs(C-GO0)alkyl, 2) O

(G -C3)perfluoroal kyl, 3) oxo, 4) OH 5) halo, 6) CN,
wQ 00602298 0) al kenyl , 8) (C2-Ci o)al kynyl, 9) (CQ/IEN05/013630

(C3-C6)cycl oal kyl, 10) (C=0) rGs (Co-Co6)al kyl ene-aryl,

H (C=0) rGs (Co-Co6)al kyl ene-heterocyclyl, 12) (C=0)

rGs(Co-C6 )al kyl ene-N(Rb)2, 13) C(ORa , 14)

(Co-C6) al kyl ene-Cg 2Ra , 15) C(OH, 16)

(Co-C6) al kyl ene-Cq 2H, and 18) S(O1 Ra, 20) -OPQ(CH)

2Pks?S@»gNR%R%aﬁdkenyli ?Ikynyl, cycl oal kyl, aryl,

al kyl ene _an eterocyclyl is optionally substituted

@f&h U%PQQH@Hree substituents gelectedyfronR , OH

(G - C6) al koxy, hal ogen, CO2H, CN, 0(C=O C -Cg alkyl, R

said alk}ﬁqu ;Rr?ll, %Ir)tleonia l}g selfggtﬂgtgél Mﬂ)( ot lv?oc(';rqﬂreg EfhHfituents selected from R4;

R4 is selected from:
D (C=0);05(C1-C10)alkyl,
2) O(C1-C3)perfluoroalkyl,

3) 0Xo0,
4) OH,
5 halo,
6) CN,

7 (Cp-Cq10)alkenyl,

8) (C2-C10)alkynyl,

9) (C=0);04(C3-Cg)cycloalkyl,

10) (C=0);04(Cp-Cg)alkylene-aryl,

11) (C=0);05(Co-Cg)alkylene-heterocyclyl,
12) (C=0);05(Co-Cg)alkylene-N(Rb)o,

13) C(O)R3,
14) (Co-Ce)alkylene-CO2R?
15) C(O)H,

16) (Co-Ceg)alkylene-CO2H, and
17)  (C=0)NRb)2,

18)  S(O)mRa,

19)  S(O)N(Rb)2; and

200 —OPO(OH);

said alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylene and heterocyclyl is optionally substituted with up
to three substituents selected from Rb, OH, (C1-Cg)alkoxy, halogen, CO2H, CN, O(C=0)C1-Cg alkyl,

ox0, NO7 and N(Rb)2;

RS and RO are independently selected from:
D H,
2) (C=0)0pC1-C10 alkyl,
3)  (C=0)OpC3-Cg cycloalkyl,
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DH 2) (CGGOGC -G O alkyl, 3) (C=0)0bC3-Cg
cycl oal kyl ,4) (OO Qpbaryl, 5) (C=0 Qoheterocyclyl, 6)
w@peoSitaeogs kyl , , 7) aryl, 8) C2-Cl0 al kenyl, 9pCTZRSI028013630

al kynyl, 10) heterocyclyl, 11) C3-C8 cycl oal kyl, 12)
Sq 2Ra , and 13) (C=O NRb2 , said al kyl, cycloal kyl,
aryl, heterocylyl, alkenyl, and al kynyl is optionally
substituted with one, two or three substituents
selected from R4, or R5 and R6 can be taken together
vt h t(ReOPa¥8gen to which they are attached to forma
MYNOCYEEDSOHeteBbcgMGl | ¢ heterocycle with 3-7 menbers in
%ﬁCh r'ng a%gloptionally containing, in addition to
tHe nitrofeHYone or two additional heteroatons

| ectgg, from N, O and S, said nonocyclic or bicyclic

E%terqg%gbfﬁg%%%onally substituted with one, two or

ree ts selected fromR4; Ra is
iNdeperaiem iynydl ected from (G -C6)al kyl

(&3- cl kyl, aryl, or heterocyclyl, optionally
éb stie%%%ﬁgg}th one, two or three substituents
s ect@HCB FERAYL R i s independently selected from H

(19)- C@Rayhnd aryl, heterocyclyl, (C3-C6)cycloalkyl,
(GO OG- balkyl, (GO G -Co alkyl, (COaryl,
| (‘giO) é@f@?ﬁgy?d yl, (CCONReRe O S(O Ra, optionally
said alkyl, cycloalkyl, aryl, heterocylyl, alkenyl, and alkynyl is optionally substituted with one, two or

three substituents selected from R4, or

RS and RO can be taken together with the nitrogen to which they are attached to form a monocyclic or
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen,
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle

optionally substituted with one, two or three substituents selected from R4:

R@ is independently selected from: (C1-Cg)alkyl, (C3-Ce)cycloalkyl, aryl, or heterocyclyl, optionally

substituted with one, two or three substituents selected from R4:

RD is independently selected from: H, (C1-Cg)alkyl, aryl, heterocyclyl, (C3-Cg)cycloalkyl, (C=0)OC1-
Cg alkyl, (C=0)C1-Cg alkyl, (C=0)aryl, (C=O)heterocyclyl, (C=O)NRER€ “or S(0)2R, optionally

substituted with one, two or three substituents selected from R7;

which comprises the step of reacting a compound of the formula II:
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substituted wth one, two or three substituents
sel ected fromR7; which conprises the step of reacting
wa2osmmend of the fornula I1:w th a hal ogenat PeyUsSZPes013630

i n an aqueous solvent to produce the conmpound of

formula |I. 2. The process according to Claim1 wherein

t he hal ogenating agent is iodine (12)- 3. The process

according to Caim1l1 wherein Rl is ethyl, R2 is methyl

and R3 is hydrogen. 4. The process according tqg _C aim
with a halpgsmating peent ngaraa%lémhﬁngvo Rrpdudesheepmapqungiat dprmula I

further conprises the steps of a) reacting the

conpound of__the formula.Di; wth_a benzal dehyde .. L

source; in ’Jflﬁ’eprﬁ‘feé%%%h‘b‘?f toaéﬂagﬁild’v ]?%elﬂr%b%]ﬂ?gégef“ﬁténg agent is jodine
(I2). compound of the formula IV: 1V and b) converting the

conpound of the fornula IV to the conpound of fornula

I1; wherein R3 is as described in daim1. 5. The

process accBredirogess accotdingroClaishdrehereiniRd ibethylaRdéhipgthyl and R3
ishydrégéﬁr.ce. i s benzal dehyde di nethyl acetal . 6. The process

atcording to Caim4, which further conprises the

additional step of crystallizing the conmpound of

formilga |V THOsrodess ﬁc)b%}dih% toz@lairan BepMPAtingd E@hpdudd of the
conyerting the co und of .the formula IV to the

fcmmﬁgﬂ%b@nfjb‘ﬂg?rmﬂﬂﬂe EePyOf The hrocess according to

a)  Geating4he odrepaind of tie foonvledBi on of the conpound of the
formula IV to the conmpound of forrmula Il conprises the

step o dding a base to a solution of a m xture of
the coymound of the fornmula IV and an allylating
8.

agetitys A process for preparing a conpound of the
fo lmJI V, or a salt thereof:
0 V

M

R'O M/\COQH

with a benzaldehyde source, in the presence of an acid to produce the compound of the formula
IV:

(R%)n

and b) converting the compound of the formula IV to the compound of formula IT;
wherein R3 is as described in Claim 1.

5. The process according to Claim 4, wherein the benzaldehyde source is
benzaldehyde dimethylacetal.
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whi ch conprises the steps of: a) converting the

conpound of the fornmula I, or a salt thereof, wherein:
w@2008/1@996 1 ;b is Cor I ; ms O, I , or 2; n iBCLUS2002013630
ris Gor | ; sis OGr | ; R and R2 are independently

selected from (G -C6)al kyl, aryl, heterocyclyl and

(C3-C6) cycl oal kyl, optionally substituted with one,

two or three substituents selected fromR4; R3 is

selected from 1) hydrogen; 2) (C=O ad -G 0 al kyl,

3) (GO a haryl, 4) C®RH, 5) halo, 6) CN, 7) OH, 8)

G - @ perfidiaoess kdtordid@lo Sahm, Raidd firthérQonlyRséBihe additional

step of%%gstallizing the compound of formula IV from a crystallization solvent prior to

converting the compound of the formula I'V to the compound of formula II.

7. The process according to Claim 4, wherein the conversion of the

compound of the formula IV to the compound of formula IT comprises the step of adding a base

to a solution of a mixture of the compound of the formula IV and an allylating agent.

8. A process for preparing a compound of the formula V, or a salt thereof:

which comprises the steps of:

a)

converting the compound of the formula I,

R'0,C

y° CO.R?

o)

or a salt thereof,

wherein:

ais

Oorl;
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bis
mis
nis
ris

s is

12) -OPQ(OH) 2; said al kyl and.aryl, optionally
substituted with one, two or three substituents

w@elsaomds from R4; R is selected from 1) (C=0pCT/US2005/013630

rGs(C-Co)alkyl, 2) O (G-C3) rerfluoroal kyl, 3)
oxo, 4) OH 5) halo, 6) CN, 7) (C2-C o)al kenyl, 8)
(C2-C o)al kynyl, 9) (C=OrG0s(C3-C6)cycl oal kyl, 10)
(C=0) rGCs(Co-Co)al kyl ene-axyl, 11) (C=0)

r Gs( Co- C6) al kyl ene- heterocyclyl, 12)

pe=D r Cs(C0-Co) al kyl ene-N(Rb)2 13) C(ORa , 14)
,Cﬂ'o@) al kyl ene-C02R a , 15) C(OH, 16)

Co- Co) al kyl ene-Cq 2H, and 17) (C=O N(Rb)2 , 18)
CHFln Ra, 19) S(O N(Rb)2 ; and 20) -OPQ(OH) 2;
Oorl;

Oorl;

R! and R2 are independently selected from: (C1-Ce)alkyl, aryl, heterocyclyl and (C3-Cg)cycloalkyl,

optionally substituted with one, two or three substituents selected from R4,

R3 is selected from:

i} hydrogen;
2) (C=0),0pC1-C10 alkyl,
3) (C=0)aO0paryl,

4) CO2H,
5 halo,
6) CN,

7 OH,

8) OpC1-Cg perfluoroalkyl,
9) 04(C=0),NRSR6,

10)  S(O)mRa,

11)  S(O)NRSRO, and

12)  -OPO(OH),;

said alkyl and aryl, optionally substituted with one, two or three substituents selected from R4;

R4 is selected from:

b (C=0)05(C1-C1alkyl,
2) Or(C1-C3)perfluoroalkyl,

3)‘ 0XO0,
4) OH,
5) halo,
6) CN,

7 (Cp-Cyip)alkenyl,
8) (C2-C10)alkynyl,
)] (C=0);04(C3-Cg)cycloalkyl,

-41 -



said al kyl, al kenyl, al kynyl, cycloal kyl, aryl,

al kyl ene and heterocyclyl is optionally substituted
WoOwRals/10299¢ o t hree substituents sel ected from RBCT/OBL005/013630

(G -Cg) al koxy, hal ogen, CO2H, CN, (C=0 Ci -C6 al kyl,

oxo, NO2 and N(Rb)2 ; R5 and R6 are independently

selected from DH 2) (CO G -G O al kyl, 3)

(C=0) bC3-Cg cycloal kyl, 4) (CCO b aryl, 5)

(C=0) bheterocyclyl, 6) CG-GCo alkyl, 7) aryl, , 8

-160) O dl0=efs (C(B%)mylel@-a@ylal kynyl 10) het er ocycl yl ,

1ph) )r@@oo?é)gl?étleﬁle]@eré% , and 13) (C=0 NRb2 ,

het erocyl yl, al kenyl,

sal d
é}d S(&i/)%@@lﬂ( WeeeNRP&ubst i tuted with one, two or
tlb, ee é@gﬁiltuents selected fromR4, or R5 and R6 can

By 2K CSABYETHD e T00en 0 wiieh They ar

ach nocycllc or bicyclic heterocycle
vmst)h FO)Renbers in each ring and optionally

tal(@rqrt%)#gpen%c&%%i Qg to the nitrogen, one or two

itio eroatorns selected fromN, Oand S, said
rﬂﬂhoc%&pdrw i cyclic heterocycle optionally
sllgf;stlg @)t),ﬁﬂavmth one, two or three substituents

Sle9) ect Se(dO)zN(Rggz; and

20) ~OPO(OH),;

said alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylene and heterocyclyl is optionally substituted with up
to three substituents selected from Rb, OH, (C1-Cg)alkoxy, halogen, CO2H, CN, O(C=0)C1-Cg alkyl,
oxo, NO2 and N(Rb)p;

RS and R6 are independently selected from:
1 H,
2) (C=0)0pC1-C10 alkyl,
3) (C=0)0pC3-Cg cycloalkyl,
4) (C=0)Oparyl,
5) (C=0)Opheterocyclyl,
6) C1-C10 alkyl,
7 aryl,
. 8) C2-C10 alkenyl,
9) Cp-C190 alkynyl,
10) heterocyclyl,
1D C3-Cg cycloalkyl,
12) SO2R2, and
13)  (C=O)NRDy,
said alkyl, cycloalkyl, aryl, heterocylyl, alkenyl, and alkynyl is optionally substituted with one, two or

three substituents selected from R4, or

RS and RO can be taken together with the nitrogen to which they are attached to form a monocyclic or

bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen,
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Ra is independently selected from (G -C6)alkyl,
(C3-C6) cycl oal kyl, aryl, or heterocyclyl, optionally
W@ aiwsi1029e6 ed with one, two or three substituenPGI/US2005/013630
selected fromR4; R is independently selected from H
(C -C6)al kyl, aryl, heterocyclyl, (C3-C6)cycloal kyl,
(CCOOCC - C6 alkyl, (COGC-Co alkyl, (COaryl,
(C=0O heterocyclyl, (CCONReRe Or S(0)2R a , optionally
substituted with one, two or three substituents
one or ts@l additienhl hetenvatBms selagtetl Hncln enhdl seifl manecykclie enhicyclig heterocycle
optlonaﬂg lﬁﬁﬁ[ed%tht € &0 Bﬂgié@%&tn&:ﬂ? le&Ee@“ﬂo% I¥4 with a
on monoxi d€ di radi cal source to produce the
conpound of the formula VII: VII and c) reacting the
R2 is indepepasntgl seléctddrfeoni: QCF@B&IRV]I I(Cg\ll]ﬁlrtydﬁalbydj aylzomtgteaggeiyl, bmionally
product the cq V. 9. The process

0
SUbS“t“é?,dc‘éSllﬂH?r}?gt“io&r rrgﬁ WF%“%H@P%‘F% r‘?‘l% ydrogen. 10. The

process according to C aim8 wherein carbon nonoxi de

Rb is 1&'&3%6%%1&@'%1@8&{ &I (tbtsfaﬂ{ypwlﬂie&é&gaﬁe@ﬁgéﬁloaﬂ}? (C=0)0Ct-

cess accord rern t

Co alkgBrDIG1-Co A t{ G bt (GO PecsRP Y CE QRS o1 S(GhalfR, oponally
substmlhgf_ &igt?ﬁ%?é“om&' HBREIRRLBENRAT fom R2; . A conpoun d which

(25, 4i ?)-5-0xo0- 2, 4-di phenyl -1, 3-oxazol i di ne- 3- car boxyl
tothe@t ouhd of tecforR@AN: Whi ch is: ethyl
, 4S) - 4- al | yl ~5- oxo- 2, 4-di phenyl -1, 3-oxazol i di ne-3-c
HO a;l_k@xyl ate. 14. A conpound which
7as) - 6- hydr oxy- 7a- phenyl t et xahydro-1 H pyrrol o[ |,
c 3 oxazol - 3-one. 15. A conpound which is:

- (R%),
H
\
b) reacting the compound of the formula VI with a carbon monoxide diradical source to

produce the compound of the formula VIIL:

c) reacting the compound of the formula VII with an oxidizing agent to product the
compound of the formula V.

9. The process according to Claim 8 wherein R3 is hydrogen.
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(7aS) - 7a- phenyl di hydro-|1 Hpyrrolo[l,2-c][], 3] oxazol e-3
, 6(5H) -di one. 16. A
W@ 3003,1d9%6 3-f | uor o- N, | - di et hyl pi peri di n- 4- ani PE€T/US2005/013630
di hydrochloride Form 1 characterized by an X-ray
powder diffraction pattern substantially simlar to
that set forth in Figure 2. 17. A
(3i?,4S)-3-fluoro-N, | -di net hyl pi peri di n-4-am ne
di hydrochloride Form 1 characterized by an X-ray (Cu K
al pha Hadi athegmcepsonenading iof Elniars vbereipsatben WIQW{d@cﬂimgical source

is 1,1’ GAoagldBidid&dzble. Peaks at about 10.9, 12.4, 16.0, 18.9,
21.9, 23.6, 25.4, 26.0, 29.0, 29.6 and 31.0 degrees

20. 18. A
(3R, 491 3- fTheqiered, decH il td Wihiph § @hérelin MhedoxadiziM@ agentis sodium

ihydrochl qride For characteri.zed by .the follow ng

hypoehg?nrt}%wlég%?%}é; % arl}?}lpta{/{]téﬁpf?pa}'i‘mﬂnlﬂmpfnﬁtgﬂ§ffar anet ers:
a =7.286(2) A b 7.637(2) A c = 12.378(4) A alpha =
90 degy, bet&c&mﬂo%ﬁd%ﬁj%@ deg and gamma = 90 deg.

O

O ~
Eto/u\ :

N
@Lo

ethyl (25,4R)-5-ox0-2,4-diphenyl-1,3-oxazolidine-3-carboxylate.

13. A compound which is:

ethyl (25,45)-4-allyl-5-0x0-2,4-diphenyl-1,3-0xazolidine-3-carboxylate.

14. A compound which is:
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A

(7aS)-6-hydroxy-7a-phenyltetrahydro-1H-pyrrolo[ 1,2-c][1,3]oxazol-3-one.

15. A compound which is:

5
N /
%O
0]
(7aS)-7a-phenyldihydro-1H-pyrrolo[1,2-c][1,3]oxazole-3,6(SH)-dione.

16. A (\3R,4S)—3-ﬂuor0—N,1—dimethylpiperidin-4—amine dihydrochloride Form 1

characterized by an X-ray powder diffraction pattern substantially similar to that set forth in Figure 2.

17. A (3R,4S)-3-fluoro-N,1-dimethylpiperidin-4-amine dihydrochloride Form 1
characterized by an X-ray (Cu K alpha radiation) powder diffraction pattern including characteristic
peaks at about 10.9, 12.4, 16.0, 18.9, 21.9, 23.6, 25.4, 26.0, 29.0, 29.6 and 31.0 degrees 26.

18. A (3R,45)-3-fluoro-N, 1-dimethylpiperidin-4-amine dihydrochloride Form 2

characterized by the following single crystal X-ray diffraction unit cell parameters: a = 7.286(2) A.b=
7.637(2) A, c = 12.378(4) A, alpha = 90 deg, beta = 105.295(5) deg and gamma = 90 deg.
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