10

15

20

25

30

35

PROCESS FOR MAKI | NG LACTAM TACHYKI NI N RECEPTOR
ANTAGONI STS BACKGROUND OF THE | NVENTI ON Huran
woeasokiozd n- 1 (hNK-1) is a G protein-coupl ed PET/ER1007/017406
which is concentrated in the central nervous system
and gastrointestinal tissue. See Nicoll, R A ;
Schenker, C; Leeman, S. E. Annu. Rev. Neurosci. 1980,
3, 227. The neuropeptide substance P (SP) is the
preferred ligand for the hNK-1 receptor, and engages
in the noderation of many biol ogi cal processes. See

PROCERS FORMAKIING YHEPAM ?A@IYWRE@EPI@R Aﬁ?&éoﬁ@rs
149. (b) Takeuchi, Y.; Shands, E. B.; Beusen, D.

D.; Marshall, G R J. Med. Chem 1998, 41, 3609 and
BACK@R@IBHD@?THEeIN\fENTKDN Control of the interaction

bet weeprSRnaR '}éﬂmﬂﬁn]i gl.?}ﬁ(k? ?s?a ﬁ;%hieﬁft: 1bd'r tc@ﬁtor which is

treanret of diverse vcal dirsorders )
concentrpted, uy §°F MRS éY%‘erWé% saftrotestinah tistie g Sp¢ DIl R- A-;
Schenkerx Cethyeemianf $.a8mvatmr. RelooMedroskiSE289e 3, 20W Tiad meur@eptid@jubstance P

(SP) 1%?5%@&4&&-!( gax%g 'th\]e I’E’JI&'AI re&?ﬂf&?ﬁﬁ«@:h%%@ é‘?t?lgmo%%rat%in of many
biologisaj progbes. 515 (2 Guardag VpsatiS: P- Newroshem. I (99de18, 149. (b)
Takeuclnig ¥i;8hapls Brirc ButBaaen, rmse.aminsuan GdBn 1. ¥Mgd pOleanmt 19598441, 3609

and re el Ef‘(@d NGl ESRERALS Qgﬁéggmnﬁ%%%% @Pgn%][ﬂgﬁ Ehas been

erapeutic gent S. See
1mpthed iny tfﬁane_enty diygrsg qraqysof rBedlga dgogierpgtcg.mmg important clinical

areas ficH 28 d&R6ssibn, adtiety, ifflmrhatokebovir] diseaddyafid pain. Mée (a) Quatara, L.;
Magg1@kgz\ieuh€e&1$esw9bs?_%§ (bc)\‘\]llupqﬁ%ﬁd‘lwll\ll J q(ra&er lq]gnTrends

Pharmpg); 3¢ia P9 R0, $857 Ane reSAbpwherev@lrym%qqgmqeegam(aesutlcal research to
identifiylgdogent dnd selectiiel HNIS-1 Bceptor; ankdpoaistsSas pdtential tHeeapeltic kgents. See (a)

owent‘?%' g[:\{vardwb[ fr; Nﬁéﬂotﬁﬁq Wlﬁlg’[nsB%r 7 G PQ%H\F{% By ﬁ% B, 2001. (b)

Finke, 5 Maskioss. iYL Mgl dk C-VNis, 5. G- WaldwellnC. Gi; Chen, P.; Dirette, P. L.

Hale, R/anf)ﬁ,,EV\K,opkhrIgmv@f?ude P(B’F@lhtﬂk\)ﬁbﬁ,WD 974671, 13901 (c) Hale, J.
Jcatl o . rec t

3 M 0k R, T ABR SRRl STREE e i, .

G, K% b{bomeswr JTrﬁlsrrwwsg sofsosoNpduinkasteesall i Ruawak N.M.J;

Williaéls] &0 R&Ry¢RofB WG asdrgfeaves RKI MacThtirs IB/RISME. Chem. 1998, 41, 4607.

This application is directed to a process of making certain lactam hNK-1 receptor
antagonists. This class of compounds as well an alternative process for making this class of
compounds are disclosed in W02006/002117, published on January 5, 2006 and US 2005-
0282886, published December 22, 2005. The present invention is directed to a convergent,
stereocontrolled asymmetric synthesis of lactam hNK-1 receptor antagonists.

SUMMARY OF THE INVENTION

The present invention is directed to a process for preparing certain a, a
disubstituted y-lactam derivatives that are useful as neurokinin-1 (NK-1) receptor antagonists,
and inhibitors of tachykinin and in particular substance P. The compounds are useful in the
treatment of certain disorders, including emesis, urinary incontinence, depression, and anxiety.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a characteristic X-ray diffraction pattern of the crystalline anhydrous
Form I of the benzensulfonate salt of the compound of Formula Ia.



conpounds are disclosed in W2006/ 0021 17, published

on January 5, 2006 and US 2005- 0282886, published
whewsobwey 22, 2005. The present invention is dPCEUSEA7/017406

to a convergent, stereocontrolled asynmetric synthesis

of lactam hNK-1 receptor antagoni sts. SUMVARY CF THE

| NVENTI ON The present invention is directed to a

process for preparing certain a, a disubstituted

g-lactam derivatives that are useful as neurokinin- 1

(NK-1) receptor antagonists, and inhibitors of

t achykgpg ﬁ%dtybi%al%SC'cﬁl’Ueaéf the/ E’n%r’séﬂﬁ)% aﬂhy&'ﬂaﬁs Form I of the

c%gpounds afﬁ@useful i, N éhe]hr atnent_of certain
benzengulfgpate salt of the compeynd aEEP@UIRf3-har v i ncont i nence,

depression, and anxi ety. BRI EF DESCRI PTI ON OF THE
DETAREWDESCRIETION OF PHEIRVERBONT I ¢ X-ray diffraction

patterp of the crystalline anhydrous Form ] of, the ..
benzen Eh?%%fa?% ‘é‘%ﬁ"%‘l‘m{ HEoEPASE APT ?ﬂfs?:%é makigg lactam tachykinin

receptomantigenis?s oSFamtwpl cal DSC curve of the crystalline
anhydrous Form | of the benzensul fonate salt of the
conmpound of Formula la. DETAILED B&SCRI PTI ON OF THE
I NVENTI ON I n one aspect the invention enconpasses a
process of making | actam t achykjtin recept or
antagoni sts of Formula | | & phar maceutically
acceptable salt thereof, vHen€i MrR2 is selected from
the group consisting ofaH& ~hpdrogen, and (2) G- 6
alkyl; Ris selected fr t hey group consisting of: (1)
phenyl,, unsubstituted 8% _oggaguted with one or nore

NH,

I
or a pharmaceutically acceptable salt thereof, wherein:

R2 is selected from the group consisting of:

¢)) hydrogen, and
(2) Ci-ealkyl;
R is selected from the group consisting of:
@)) phenyl, unsubstituted or substituted with one or more
of R11,R12 and R13;
2 C1-8 alkyl, unsubstituted or substituted with one or more of the substituents
selected from:
(a) hydroxy,
(b) oxo,
(©) C1-6 alkoxy,
(d) phenyl-C1.3 alkoxy,

(6)  phenyl,
® -CN,
(g)  halo,

(h)  -NRIRI10, wherein R9 and R10 are independently selected from:
H hydrogen, . . :
(2> Ci-ealkyl,
3) hydroxy-C1-¢ alkyl, and
(4)  phenyl,
.2-
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of R, R2 and R 3; (2) Cl1-8 al kyl, unsubstituted or
substituted with one or nore of the substituents

waedsorwd from (a) hydroxy, (b) oxo, (C) Cl-6Pel/k82097/017406

(d) phenyl -G -3 al koxy, (e) phenyl, (f) -CN, (g) halo,
(h) -NROR10 wherein R and R are independently sel ected
from (1) hydrogen, (2) C-6 alkyl, (3) hydroxy-C -6
al kyl, and (4) phenyl, (i) -NROCORL 0, wherein R 9 and
R 0 are as defined above, G -NROCO2R 1, wherein RO
and RIO are as defined above, (k) -CONRORL 0, wherein

RO and O'ﬁﬁggﬁﬁ@e%%ﬁﬁb%{&{b e adcOR9, Wherein

ove wher ei n R9 is

RO is s def
as defined Qﬁtgﬁf‘éia bove,
6)) -NRICO2R 10, wherein R9 and R10 are as

defined above,
&) -CONR9R10, wherein R9 and R10 are as
defined above,

() -COR?Y, wherein R9 is as defined above, and
(m) -CO2R9, wherein R9 is as defined above;

3) Co6 alkeny], unsubstituted or substituted with one or
more of the substituent(s) selected from:
(a) hydroxy,
(b)  oxo,
©) C1-6 alkoxy,
(d) phenyl-C1.-3 alkoxy,
(e)  phenyl,
H  -CN,
()  halo,
(h) -CONRIR!O wherein R9 and R10 are as
defined above,

6) -COR9 wherein R9 is as defined above,
G) -CO2RY, wherein R9 is as defined above;

@) heterocycle, wherein the heterocycle is selected from
the group consisting of:
(A)  benzimidazolyl,
(B) benzofuranyl,
© benzothiophenyl,
(D) benzoxazolyl,
(E) furanyl,

F imidazolyl,
(G) indolyl,

(H) isooxazolyl,
D isothiazolyl,
)} oxadiazolyl,
(K) oxazolyl,
(L)  pyrazinyl,
(M)  pyrazolyl,
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(3) C2-6 al kenyl, unsubstituted or substituted with
one or nore of the substituent(s) selected from (a)

whg@soxy?9 (b) oxo, (C) Cl-6 al koxy, (d) phenyl PCi/uS2007/017406

al koxy, (e) phenyl, (f) -CN, (g) halo, (h) -CONROR10
wherein RO and RO are as defined above, (i) -COR9
wherein RO is as defined above, ) -CO2R9, wherein RO
is as defined above; (4) heterocycle, wherein the
heterocycle is selected fromthe group consisting of:
(A) benzimdazolyl, (B) benzofuranyl, (O

benzotgq)ophs?l;(% (D) benzoxazolyl, (E) furanyl, (F)

i m daz | ndoI yl,

( ) pyrrolyl

(Q  quinolyl,
(R) tetrazolyl,

) thiadiazolyl,

(T)  thiazolyl,

(U)  thienyl,

(V) triazolyl,

(W) azetidinyl,

X) 1,4-dioxanyl,

(Y) hexahydroazepinyl,

V4] piperazinyl,

(AA) piperidinyl,

(AB) pyrrolidinyl,

(AC) tetrahydrofuranyl, and

(AD) tetrahydrothienyl,

and wherein the heterocycle is unsubstituted or

substituted with one or more substituent(s) selected from:
) C1-6 alkyl, unsubstituted or substituted

with halo, -CF3, -OCH3, or phenyl,

(ii) C1-6 alkoxy,
@iii)  oxo,
(iv)  hydroxy,

) thioxo,
(vi)  -SR9, wherein R is as defined above,
(vii) halo,

(viil) cyano,

(ix)  phenyl],

x) trifluoromethyl,

(xi) -(CH2)m-NRIR10, whereinm is 0, 1 or
2, and R9 and R10 are as defined above,

(xii) -NR9CORI0, wherein R9 and R10 are
as defined above,

(xiii) -CONROR10, wherein R? and R10 are
as defined above,

(xiv) -CO2R9, wherein R9 is as defined

~ above, and



(H) isooxazolyl, (I) isothiazolyl, (J) oxadiazolyl,
(K) oxazolyl, (L) pyrazinyl, (M pyrazolyl, (N

w@oos@ylo29 (O pyrimdyl, (P) pyrrolyl, (Q quiPol/yb2007/017406
(R tetrazolyl, (S) thiadiazolyl, (T) thiazolyl, (U
thienyl, (V) triazolyl, (W azetidinyl, (X
1, 4-di oxanyl, (Y) hexahydroazepinyl, (Z) piperazinyl,
(AA) piperidinyl, (AB) pyrrolidinyl, (AC
tetrahydrofuranyl, and (AD) tetrahydrothienyl,

(xv) -(CH2)m-OR9, wherein m and R9 are as

defined above;
R1 is selected from the group consisting of:

)

R5

= /\I,

_.R7
SN

RB

z

)] -C1-8 alkyl, wherein alkyl is unsubstituted or
substituted with one or more of the substituents
selected from:

(@)  hydroxy,

(b) 0Xo0,

()  Ci-6alkoxy,

(d) phenyl-C1-3 alkoxy,

(©)  phenyl,

® -CN,

(2) halo,

(h)  -NRI9R10, wherein R9 and R10 are as defined
above,

6)) -NRPCOR10, wherein R9 and R10 are as
defined above,

6)) -NR9CO2R 10, wherein R9 and R10 are as
defined above, '

(k) -CONROIRI!O, wherein R9 and R10 are as
defined above,

()] -CORY, wherein R9 is as defined above, and

(m) -CO2RY, wherein RY is as defined above;

3) -C2-6 alkenyl, wherein alkenyl is unsubstituted
or substituted with one or more of the substituent(s)
selected from:
(a) hydroxy,
(b) 0oxo,
(©) C1-6 alkoxy,
() phenyl-C1.3 alkoxy,
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and wherein the heterocycle is unsubstituted or
substituted with one or nore substituent(s) selected

wo e@si02(029 Ci -6 al kyl, unsubstituted or substipar/@s2007/017406

with halo, -CF3, -OCH3, or phenyl, (ii) G -6 al koxy,
(iii) oxo, (iv) hydroxy, (v) thioxo, (vi) -SR9 wherein
RO is as defined above, (vii) halo, (viii) cyano, (iXx)
phenyl, (x) trifluoromethyl, (xi) -(CH2)m NRORI O
wherein mis 0, 1 or 2, and RO and R O are as defi ned
above, (xii) -NROCORL O wherein R9 and R O are as

def i negyaboygenyxiii) - CONRORLO wherein R9 and R 0
are asgéefi Célgl above, (xiv) -CORR9, wherein R9 is as
def i ned/above,> and(xv) -(CH2) m OR* >wherein m and RO
are as(g)efi hekh, above,;

(h) -CONRIR10 wherein R? and R10 are as
defined above,

@) -COR? wherein R9 is as defined above,
G) -CO2R9, wherein R9 is as defined above;

(4  -(CO)-phenyl, wherein the phenyl is unsubstituted
or substituted with one or more of R6, R7 and R8;

R6, R7 and R8 are independently selected from the group consisting of:

e hydrogen;
) C1-6 alkyl, unsubstituted or substituted with one or
more of the substituents selected from:
(a) hydroxy,
(b) oXo,
(©) C1-6 alkoxy,
(d) phenyl-C1-3 alkoxy,

(e) phenyl,

® -CN,

(g)  halo,

(h)  -NRIRI10, wherein R9 and R10 are as defined
above,

@) -NRICORI10, wherein R9 and R10 are as
defined above,

G) -NR9CO2R 10, wherein R9 and R10 are as
defined above,

(k) -CONRIRI10, wherein R9 and R10 are as
defined above,

m -CORY, wherein R9 is as defined above, and
(m) -CO2R9, wherein R9 is as defined above;

3) C2.6 alkenyl, unsubstituted or substituted with one or
more of the substituent(s) selected from:
(a) hydroxy,
(b) 0Xo0,
(c) C1-6 alkoxy,
(d) phenyl-C1.3 alkoxy,
(e)  phenyl,
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R is selected fromthe group consisting of: (1) (2)
-C-J i alkyl, wherein alkyl is unsubstituted or

wae stz ed with one or nore of the substituePt®US2007/017406

selected from (a) hydroxy, (b) oxo, (C Cil-6 al koxy,
(d) phenyl -G -3 al koxy, (e) phenyl, (f) -CN, (g) halo,
(h) -NROR10, wherein RO and R O are as defined above,
(i) -NROCORL1O, wherein R9 and R O are as defined
above, 0) -NROCO2R 10 , wherein R9 and RI O are as

defi ned above, (k) -CONROR10, wherein RO and RI O are
as def{fed apgve, 0) -COR9, wherein R9 is as defined
above, (g%nd glg?o -CO2R9, wherein R9 is as defined above;

(h)  -CONRIR!0 wherein R9 and R10 are as
defined above,
6)) -COR? wherein R9 is as defined above,
(G)  -CO2RSY, wherein R is as defined above;
4  C2-6alkynyl;
6)) phenyl, unsubstituted or substituted with one or more
of the substituent(s) selected from:
(a) hydroxy, :
(b)  Ci-6 alkoxy,
() Cir-ealkyl,
()] C2.5 alkenyl,

(¢)  halo,
® -CN,
(g) -NO2,
(h) -CF3,

) -(CH2)m-NR9R 10, wherein m, R9 and R10
are as defined above,

®» -NROCOR10, wherein R9 and R10 are as
defined above,

() -NRICO2R 10, wherein R9 and R10 are as
defined above,

() -CONRIR10, wherein R? and R10 are as
defined above,

(m) -CO2NRIRIO, wherein R9 and R10 are as
defined above,

(n) -CORY, wherein R9 is as defined above;
(0)  -CO2R9Y, wherein R9 is as defined above;

(6) halo,
(7) CN,
&  CF3,
(9  -NO2,

(10)  -SR14, wherein R14 is hydrogen or C1-5alkyl,

(11) -SOR14, wherein R14 is as defined above,
(12) -SO2R!4, wherein R14 is as defined above,

(13) NR9ICORI!0, wherein R9 and R10 are as defined above,
(14) CONROCORI10, wherein R and R10 are as defined above,

-7-



(3) -C2-6 al kenyl, wherein al kenyl is unsubstituted or
substituted with one or nore of the substituent(s)
waedsorwd from (a) hydroxy, (b) oxo, (c) Cl-6Pel/k82097/017406

(d) phenyl-C 1-3 al koxy, (e) phenyl, CO -CN, (g) halo,

(h) -CONROR10 wherein RO and R O are as defined above,

(i) -COR9 wherein RO is as defined above, G -CO2R 9,
wherein RO is as defined above; (4) -(CO -phenyl,

wherein the phenyl is unsubstituted or substituted

with one or nore of R6, R7 and Rb; R6, R7 and R are

'(833% lk’fy‘”égtﬁ‘éfi?g"%?‘k"’]aw R
S8 1 NRCEP AR G hein RO 8¢ Redefined apPyent s
s@h7pct kgdrbxgm (a) hydroxy, (b) oxo, (c) C _6 al koxy,
(18) Cj-ealkoxy,
5 (19) CORY, wherein R9 is as defined above,
(20) CO2R9, wherein R9 is as defined above,
(21)  2-pyndyl,
(22)  3-pyridyl,
(23)  4-pyridyl,
10 (24)  5-tetrazolyl,
(25) 2-oxazolyl, and
(26) 2-thiazolyl;
R11 R12 and R13 are independently selected from the definitions of R6, R7 and R8; and
Z is selected from:
15 ¢)) hydrogen,
) C1-6 alkyl, and
3) hydroxyl;

comprising reacting a compound of Formula A

20

wherein R14 is selected from R6, with a reducing agent under acidic conditions to yield a
compound of Formula B



(d) phenyl-d -3 al koxy, (e) phenyl, (f) -CN, (g) halo,
(h) -NROR 10 wherein RO and R10 are as defined above,
W@ 200sANRICOR10, wherein RO and R O are as def i merius2007/017406
above, G -NROCO2R 10 wherein RO and Rl 0 are as
defi ned above, (k) -CONRORL O wherein RO and Rl O are
as defined above, (1) -COR9, wherein RO is as defined
above, and (nm) -CO2R9, wherein RO is as defined above;
(3) C2-6 al kenyl, unsubstituted or substituted with
one or nore of the substituent(s) selected from (a)
hydr oxy, (b) oxo, (c) G _6 al koxy R(1d) phenyl -C ]-3
al koxy, (e) phenyl, CO -CN h‘ﬁPo,

and reacting a compound of Formula B with a strong acid to yield a compound of Formula I, and
5  optionally subsequently forming a pharmaceutically acceptable salt of the compound of Formula
I by reacting the compound of Formula I with the corresponding acid of the salt to form the
pharmaceutically acceptable salt of the compound of Formula I.
The invention also encompasses the process described above further comprising
making the compound of Formula A by reacting a compound of Formula C
10

_wOR!

R
e)
NR2
7]/0\. 14
& R
C

with an acid to make a compound of Formula A.
The invention also encompasses the process described above further comprising
15  making the compound of Formula C by reacting a compound of Formula D



(h) -CONROR10 wherein RO and R O are as defined above,
(i) -COR9 wherein RO is as defined above, O -CO 2 R9,
wobk@sem2dR9 i s as defined above; (4) C2-6 al kypgtl/US108)/017406
phenyl, unsubstituted or substituted with one or nore
of the substituent(s) selected from (a) hydroxy, (b)
G -6 alkoxy, (© G- alkyl, (d) C -S al kenyl, (e)
halo, (f ) -CN, (g) -N& , (h) -CF3 , (i) -(CH2 )m
-NRORI O wherein m R9 and R O are as defined above, QG
- NROCOR10, wherein RO and R O are as defined above,
(k) -NR9CO 2 R10, wherein R®. RI O are as defi ned

above, (1) -CONRI9RILO, ff?él n and RIO are as
R

R2
(0] 3 O
N
O\/ O’R14
%1
D

wherein X1 is C1-galkyl or phenyl, with ammonia or a salt thereof to yield a compound of

Formula C.  The invention also encompasses the process described above further comprising
5  making the compound of Formula D by reacting a compound of Formula E

\\O\
R

R

0
-<\)\”"

10
wherein Y is a halogen, with a compound of Formula F

R2
OYN\ O—R
N
OV g

g O
X1

-10-



defi ned above, (n) -CO 2NRO9R10 5 wherein RO and R O

are as defined above, (n) -COR9, wherein RO is as
waledosoemabove; (o) -CO 2 R9, wherein R9 is aspdeisnedo17406

above; (6) halo, (7) -CN, (8) -CF3, (9) -N&2 , (10)

-SRI 4, wherein R4 is hydrogen or G _5al kyl, (H)

-SOR. 14, wherein R4 is as defined above, (12) -SOR

4, wherein R4 is as defined above, (13) NROCORLO,

wherein RO and R O are as defined above, (14)

CONROCOR10, wherein RO and RI O are as defined above, (

and a rheta] MRRERLE omﬁra%mNEﬁlgjaQ)r %IﬂNéy Rplﬂﬁ:;ﬁewh@g%x ?’h l\ég.,l Na, K or Mg,

and ea%gzl/ 2 13Wemaﬂ%;\{iect?c£§ym§ f‘ 'ggﬁkk'b){‘? a %gtg;?mgamc solvent to yield
a compi@df ForfulasD. as defi ned above, (20) CO2R9, wherein R9

I( 33? S 4’?&; il gg Y8 endoft ]gassze's Y& f)r%%LSS $ébed 2BV A¥ther comprising
5  making the compound of Formula E by reacting the compound of Formula G

10  with a halogenating agent to yield a compound of Formula E.
The invention also encompasses the process described above further comprising

making the compound of Formula G by reacting the compound of Formula H

o-R'

CH;

H

1S with R-M2, wherein M2 is a metal, in the presence of a first transition metal catalyst and a Lewis

acid, to yield a compound of Formula G.
The invention also encompasses the process described above further comprising

making the compound of Formula H by reacting a compound of Formula J

-11 -



(24) 5-tetrazolyl, (25) 2-oxazolyl, and (26)
2-thiazolyl; R 1, R2 and R 3 are independently
wgaedsor®wadd from the definitions of R, R7 and ReCT/ERmOZ017406

is selected from (1) hydrogen, (2) Cl-6 al kyl, and
(3) hydroxyl; conprising reacting a conpound of
Formula A wherein Ris selected fromR6, wth a
reduci ng agent under acidic conditions to yield a
conmpound of Formnmula BB and reacting a conpound of
Formula B wwth a strong acid to yield a conpound of
Formula I, and optionally subsequently formng a
pharmaceutically acceptable saJ§1of t he conpound of
Formula | by reacting the cofjound of Fornmula | with
the correspondi ng acid of e salt to formthe
phar maceutical | y accept abl alt of the conmpound of
Forrmula |I. The invention 6 enconpasses the process
descri bed above further cowp§ i ng maki ng the conmpound
of Forrmula A by reacting a c ﬁgound of Formula C wth
an acid to make a conpound of Formula A. The invention
al so enconpasses the process descri bed above further
conpri sing maki ng the conmpound of Formula C by
reacting a conpound of Formula DD wherein Xl is

with CEI3I634 keyrl-batyl RRREHY bthe M TBEV P GieRI DéormpsididioftHiemaniHt o
yield conpound of Formula C. The invention als

enconpab By entien plse epcamppssesithe, pepostssirectibsdiabaye Rurther comprising
5  making dpednspaugd of Formula J by reacting a compound of Formula K

O

K

wherein X2 is selected from R, with R1-OH in the presence of a second transition metal catalyst
10 ° catalyst, a ligand and a zinc additive to yield a compound of Formula J.
The invention also encompasses the process described above further comprising
making the compound of Formula K by enzymatically reducing the compound of Formula L

o)

CN

15 L

and subsequently reacting the product with X2-COCI to yield a compound of Formula K.
The invention also encompasses the process described above further comprising
making the compound of Formula L by reacting a compound of Formula M

S12-
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maki ng the conpound of Fornula D by reacting a
conpound of Fornmula E E wherein Y is a halogen, wth a

wae oo of Fornmul a Fand a netal am de of Forpal/as2007/017406

MLN(R15)2 or MN(Si (R 5)3)2, wherein Mis Li, Na, K
or My, and each Rl 5 is independently selected from

C -4alkyl, in a first aprotic organic solvent to yield
a conmpound of Forrmula D. The invention also
enconpasses the process described above further

conpri sing maki ng the conmpound of Formula E by
reacting the conpound of Fornmula G with a hal ogenati ng
agent to yield a conpound of Fornmula E. The invention
al so enconpasses the process dgscri bed above further
conpri sing maki ng the conmpound/ of Fornula G by
reacting the conpound of Foa HHwth R M,
wherein M2 is a nmetal, in the ffresence of a first
transition netal catalyst and a Lewis acid, to yield a
conmpound of Formula G The invention al so enconpasses
the process described above fyyrther conprising nmaking
t he conpound of Fornula H by reacting a conpound of

‘ Formul a JR1L wit |J in./er/-but met hyl et her
with a bYprBilip a%?‘lélfﬂﬁ%“%%%ﬁ@’bw‘?&ﬁ%!‘%‘"ﬂ B 4hin (b Rrsen of  bufer
to yield lagorgpocodpéiBeasulale process described above further
CoNpr i §H8 thvdRttbASlsh Qﬁc&@@%ﬂﬂe &Iocgg d8dLifbel dB¥ve wherein Y is T and

wherein c is

reactin npound
furthel GG e riekiprne grmppoyad ofkormula byreacting @ cgmpgund of Formula N

second transition netal catalyst catalyst, a |ligand
and a zinc additive to yield a conmpound of Formula J

The invention al so enconpaifegﬂﬁhgaprocess descri bed

above further conprising

N

with M3-1, wherein M3 is Li, Na or K, to yield a compound of Formula E.

The invention also encompasses the process described above further comprising
making the compound of Formula N by reacting a compound of Formula O

\\O\ R1

\ "R
(0 aN
OCH,

o

with CICH2CO2H, CICH2], or CICH2Br and a metal amide of Formula M4N(R16)2 or
M4N(Si(R16)3)2, wherein M4 is Li, Na, K, or Mg, and each R16 is independently selected from
C1-4alkyl in a second aprotic organic solvent at a temperature range of about -20 °C to about

40 °C to yield a compound of Formula N.
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maki ng the conpound of Fornula K by enzymatically
reduci ng the conpound of Fornula L and subsequently

wo e@stergd t he product with X2-COCL to yield a ponpsuado17406
of Formula K. The invention al so enconpasses the
process descri bed above further conprising nmaking the
conpound of Formula L by reacting a conpound of
Formula MM w th a brom nating agent followed by-
reaction with a cyanating agent in the presence of a
buffer to yield a conpound of Fornmula L. The invention

al S? e‘i"g@ (RRABES alsh EnRITRSS tﬁf proctResahuianbe ﬁﬁ'ﬂﬁr domprising
. 1S an r c rising nmakin n
makings . ¢TEP gt OO ) O TEB B BETOPUpLPEEPEE R v ¢
MB-1, wherein Mis Li, Na or K to yield a conmpound of
Formula E. The invention al so enconpasses the process

descri bed above further co;nrlsi Jymeking the conpound
of Formula N by reacting of Formula OO
with Cl CH2CO2H, CI CH2I, or S rBr and a netal am de
of Formula M'N(R QZOrMMSRQ 6)3)2, wherein M4
is Li, Na, K or M, ama~*a§p RI6 is independently
sel ected from Gi- 4al kyl in Hecond aprotic organic
solvent at a tenperature range of about -20 0OCto
about 40 0OC to yield a conpound of Fornmula N. The
i nvention al so enconpasses tHe process described above
further conprising making the conmpound of Formula O by
or a tricthgtdming salt dengaduwith aimdétbylathgadenOd yieldaa ¢amsiunglcfFonaula O.

salt t ITﬁE ﬁRfenthﬁ Elgo @n Té?égétth@ o@gs%rHeFEr?oeYl' #b¥e further comprising

_conpoun ornu I nve t|on al so enconpasses
making e fﬂ%@ Qi FoErBdibuEe R #HFPRBPURA I EuR Qnraki ng
t he compound of Fornula P by re%ftlng a conpound of
Formula Q wn

OCH3

Q

with R-M5, wherein M5 is M2 is a metal, in the presence of a first transition metal catalyst and a
Lewis acid, and optionally followed by triethylamide to form the salt, to yield the compound of
Formula P or the triethylamine salt thereof.

The invention also encompasses the process described above wherein the

compound of Formula Q is made by reacting a compound of Formula R

O

oA

x3

OCH,
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Qwth RMwherein Mb is M is a netal, in the

presence of a first transition netal catalyst and a
wahewsm2med d, and optionally followed by triet hptBIBZIE7/017406

to formthe salt, to yield the conpound of Fornmula P

or the triethylam ne salt thereof. The invention al so

enconpasses the process descri bed above wherein the

compound of Forrmula Qis nade by reacting a conmpound

of Formula R Rwherein X3 is selected fromR wth

RI-OH in the presence of a second transition netal

whereﬁ%kﬁisys%gfc ? 11’:_3119 % Qwﬁ%gl %ﬁ lu{]ﬁlegﬁi%')e}l&é/ 81‘1‘ 3 &cXﬁc? {rgns"i;tlon metal catalyst

SO enconp

a hganfiwe grarcaddivivestonield @ capppund of Fomnula €hpri si ng makl ng
t he coTheinvenidn ﬂ@d Bhtdotnpasses tl@eﬂﬁb()ﬁ&iisldéﬁﬂribk&d laBENACfuliher comprising
makm% lE}le co %H? %f 9{) % X anay]ice ed g%n tt%é/u cogx%gc?l}nldn& Formula S
Fornula R The |nvent|on al so enconpasses the process
descri bed above further conprising maki ng the conpound
of Formula S by reacting a jgonpound of Forrmula T with

an oxi di zing agent to yiel& a conpound of Formula S.
The invention al so enco aaa%-s the processes descri bed
above wherein R is The I

Yention al so enconpasses the
processes described above

erein RisThe invention
al so enconpasses the proc

¢seP%fdscri bed above wherein
R2 is methyl. The invention al so enconpasses the
process descri bed above wherein the conmpound of
Formula | is represented by Fornmula la la. The
i nvention al so enconpasses tHhe process descri bed above
wherein the_ conmpound of Forjula la is

and submpﬁxgb/qupq:tg}g tp9 p@ﬂ?@éb‘f"ﬂb @nég@ to yield a compound of Formula R.

The invention also encompasses the process described above further comprising
making the compound of Formula S by reacting a compound of Formula T

OCH,

T

with an oxidizing agent to yield a compound of Formula S.

The invention also encompasses the processes described above wherein R1 is

CH,

CF3

F3C

The invention also encompasses the processes described above wherein R is
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The invention al so enconpasses the process descri bed
above wherein the pharnaceutically acceptable salt is

wo b@sloenzenesul fonate salt and the correspondi Pgr/astod7/017406
of the salt is benzenesulfonic acid. The invention
al so enconpasses the benzenesul fonate salt of the
conpound of Formula la:la. The invention also
enconpasses the anhydrous crystalline formof this
benzenesul fonate salt designated Form | and exhi biting
characteristic diffracti on peaks corresponding to

g=sypaci ngs of about 2 1.2, 9.1, and 8.5 angstrons.
¢

g+gus Form | is further characterized by the
acings of 13.5, 10.9 and 5.5 angstrons. Anhydrous
Form 1l is even further characterized by the dspacings
of 4.5, 4.3, and 4.2 angstrons. The term "first
apr ot i dheinpention alsp gaenmpasses the prosasseadesstibed abaygnvherein R2 is
methygOl vent” nean for exanple THF S5MIBE, di nethoxyet hane
DIVF, c.and .di oaxne. The term "hal ogenating agent".
means {BF "RRRHGH B0 Gheomnses he pracess HhGCsey AbovY ppgiein the
compaundrefiFormonlantds adpresgntgd pytFormpla Basecond transition
nmetal catalyst" nean for exanple [CODRh(OH)]2 or CuX
or Cl1X2 wherein Xis Br, C or | or a palladium
catal yst such as Pd(QAc)2- @ikhg term"ligand" neans for
exanpl e a phosphine |igan, buch as 1, 3-
bi s(di phenyl phosphi no) proggney The term "zi nc
addi tive" neans for exanp ZZnt»Ihe term
"enzymatically reduci exanpl e reduci ng
wi t h al cohol dehydrogenase (ADHORE), NADH, gl ucose and
gl ucose dehydrogenase ( 3)"

Ia.

The invention also encompasses the process described above wherein the
compound of Formula Ia is a pharmaceutically acceptable salt.

The invention also encompasses the process described above wherein the
pharmaceutically acceptable salt is the benzenesulfonate salt and the corresponding acid of the
salt 1s benzenesulfonic acid.

The invention also encompasses the benzenesulfonate salt of the compound of
Formula Ia:
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The term "brom nati ng agent” nmeans for exanple Br2 in
the presence of catalytic HBr. The term "cyanati ng
wageaniioreans for exanple NaCN and KCN. The t eP@T/US2007/017406
"buffer" means for exanple acetic acid and NH4Cl. The
term "net hyl ati ng agent” neans for exanple, Ml and
M6CO3, wherein Mis Li, Na, K Ca, or, Cs in polar
sol vent such as DWF, DMAc, DMSO, acetone at 0-60 OC or
MeOH in the presence of acid catal yst such as H2SO4,
TsOH, MsOH, or PIlSCBH at anbient tenperature to
refl ux. The term "reducing aggpt nmeans for exanple
(G _4alkyl)3SiH The term"|Lew s acid" nmeans for
exanple TMSC . The term "geEtal " neans for exanpl e
(OH) 2, BF3, MyBr and Li. onpounds of Formula |
have asymetric cent gt g-a ntion includes
all of the optical i soners and i xtures thereof. In
addi ti on conmpounds with c or€ar bon doubl e bonds may
occur in Z- and Efornms w Il isomeric fornms of the
conmpounds bei ng i ncl udeg, &_present i nvention.
When any vari abl e (e. gi R6, R7, R8, R9,
RO RI 1 R2 R3 than one tine
in any variable or in efinition on

every ot her occurrence. &g used herein, the term

"al kyl" includes those a yI groups of a designated
nunber of carbon atons of either a straight, branched,
or cyclic configuration._Exanples of "al kyl" include

met hyl , ethyl, propyl, iS¥propyl, butyl, iso- sec- and

tert- butyl pentyl hexyl he tyI 3- ethylbuty

cycl opBpjAventige hlsp angampasses| thp ewv@rousc:ymtdhec( farm of this
benzeﬁggﬁif@mmau nor bornyl, and the like. "Al koxy

©s3ents | k r dlcated nunber  of
demgn(a:x{;er%bon gt o %tlt Aéq] }%: lflcpns?'c diffaci S peaks correspondmg to d-spacings of

about 21.2, 9.1, and 8.5 angstroms. Anhydrous Form I is further characterized by the d-spacings
of 13.5, 10.9 and 5.5 angstroms. Anhydrous Form I is even further characterized by the d-
spacings of 4.5, 4.3, and 4.2 angstroms.

The term “first aprotic organic solvent” and “second aprotic organic solvent”
mean for example THF, MTBE, dimethoxyethane, DMF, DMAc and dioaxne.

The term ‘“‘halogenating agent” means for examples Br2, 12 and ICI.

The terms “first transition metal catalyst” and “second transition metal catalyst”
mean for example [CODRh(OH)]2 or CuX or CuX?2 wherein X is Br, Cl or I or a palladium
catalyst such as Pd(OAc)2.

The term “ligand” means for example a phosphine ligan, such as 1,3-
bis(diphenylphosphino)propane.

The term “zinc additive” means for example Et2Zn.

The term “‘enzymatically reducing” means for example reducing with alcohol
dehydrogenase (ADH RE), NADH, glucose and glucose dehydrogenase (GDH 103).

The term “brominating agent™ means for example Br2 in the presence of catalytic
HBr.

The term “‘cyanating agent”” means for example NaCN and KCN.
The term “buffer” means for example acetic acid and NH4Cl.

The term “methylating agent” means for example, Mel and M6CO3, wherein M6

is Li, Na, K, Ca, or, Cs in polar solvent such as DMF, DMAc, DMSO, acetone at 0~60 °C or
MeOH in the presence of acid catalyst such as H2SO4, TsOH, MsOH, or PhSO3H at ambient

temperature to reflux.
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t hrough an oxygen bridge, such as nethoxy, ethoxy,
propoxy, butoxy and pentoxy. "Alkenyl" is intended to

WO p@Boe®2hydr ocar bon chai ns of a specified nunber/usio07/017406
carbon atons of either a straight- or branched-
configuration and at |east one unsaturation, which may
occur at any point along the chain, such as ethenyl,
propenyl, butenyl, pentenyl, dinethylpentyl, and the
i ke, and includes E and Z forns, where applicable.
"Hal ogen" or "hal o", as used herein, neans fluoro,

chl or OThO teAD rédiid LLRnt hEarks §o exaMpi¢ (C DRSENY!
or naphthg efthe; unsﬂbshtutedxorIM Fﬁﬁﬁ?gg Wi th

one H#%%ﬁ%%BsFWW@%@T§X§EP@é$€§C3ron1the gr oup
conS| sTheterof “ninethl3 ma@ns ﬂoradxhxplple @H)24BF3| M@Bj and\O2,,

CI 4 p.er?f FX&IH%O?’FO%QJ% er%ﬁzuorocyc REFS@d thig jgvention includes

all Oftb%PP'é“iaéllS%nG}F andl’ﬁ’équ@ﬁﬁhef t eroaryl " maans an
unsubstnd ddditesh cdm;sblmdbsﬁthtdéﬂﬁﬂx &&b@h Solinsé bér&ﬂs@ﬂa)f 63¢@r in Z- and E-

h
forms Wlthgﬂlﬁe(?%g;gtg E s of glpg QI( g%f)uf%tdg nc%u&e%ng tflehgreg?nt mveggion
O, N an¥hsngany variable{igs alkyk apdi RS ,déﬁt&s £\ e&%@nﬁé}dﬂ? R13, etc.)

occursiebre Gh&flofd @rﬂh‘irh EnyIVAHHBICEH A IFotME I0fts déBhitio™bh each ocurrence is
ndepeila ST il o Sl B s e 0 N CERS

) an FHEEY°BEND8 group. As will be )
under sf48 Gaedalyerﬁlnotsl@ tene |'alley]” ineludes those alkyl groups of a designated

numbep b amsﬁ dioneadt aithef £ Sipdighy, Brahidhdds ot BEdIEBnfiPhthatidn CERShples of
" Jimt qht aci suc

atkyl', i pinglud ude ¢ methyl e Bmpg[] 1sopr?ngil,&%l lelso dfeﬁﬁ Sggﬁzgt léutyl pentyl, hexyl,
hept)’lhg}éﬂwlh“@fh @t@lommlmytclqhuevlmycmemyl,wychhaxylmmptyl norbornyl,
and thé@fikél SAIkBxSrepPdsants an ARyEoRp loffm&ﬁ&@nuﬁﬂértdf%hﬁ)on atoms attached
througﬁngp ﬁggget elibrf(ggfai;lécth dﬁt“&‘f"ﬁ‘t%’??geEmof‘gfﬂPBmty’ butoxy and pentoxy. "Alkenyl" is
intended tpyidelode émy’lcsnbbn chaineof psproified nusatier of kFarben atedns of either a
straigh®{ &afr&‘&ledséd'ﬂﬂgﬁfdt%n aR0 AF RGIHel undhthidatidn C@Hicﬁ Bh& occur at any point

jons_ | clu ut limted.t
son (3EHEE ol sPinal PlosRlsh, Ao P Sttt aner ik, and
includesoirpod Adformo$, Wﬂf@e ppdiceble. i"Hakogen'ber "dako"ussedsel herein, meeans fluoro,
chloroPb@¥R dridaBd&nd

The term "aryl" means phenyl or naphthyl either unsubstituted or substituted with
one, two or three substituents selected from the group consisting of halo, C1-4-alkyl, C1-4-

alkoxy, NO2, CF3, C]-4-alkylthio, OH, -N(R6)32, -CO2R6, C].4-perfluoroalkyl, C3-¢6-
perfluorocycloalkyl, and tetrazol-5-yl.

The term "heteroaryl” means an unsubstituted, monosubstituted or disubstituted
five or six membered aromatic heterocycle comprising from 1 to 3 heteroatoms selected from the
group consisting of O, N and S and wherein the substituents are members selected from the
group consisting of -OH, -SH, -C1-4-alkyl, -C]-4-alkoxy, -CF3, halo, -NO>, -CO2R9. -
N(RO9R10) and a fused benzo group.

As will be understood by those skilled in the art, pharmaceutically acceptable salts
include, but are not limited to salts with inorganic acids such as hydrochloride, sulfate,
phosphate, diphosphate, hydrobromide, and nitrate or salts with an organic acid such as malate,
maleate, fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p-
toluenesulfonate, 2-hydroxyethylsulfonate, pz'imoate, salicylate and stearate. Similarly,
pharmaceutically acceptable cations include, but are not limited to sodium, potassium, calcium,
aluminum, lithium and ammonium.
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treatment of a wide variety of clinical conditions

whi ch are characterized by the presence of an excess
w@boosaztegki nin, in particular substance P, actP@i/U§2007/017406

Thus, for exanple, an excess of tachykinin, and in

particul ar substance P, activity is inplicated in a

variety of disorders of the central nervous system

Such di sorders include nood di sorders, such as

depression or nore particularly depressive disorders,

for exanple, single episodic or recurrent major

depr esmé ,eorﬂbga{cﬁ At theAPreschY fivantibE adi Fll§ fhe pPévention and
ar. di saraer.s,.

bi for e | e,..bipolar | disorder
treatmgp P ARG PRSP LS A BeaPEBFEr heagsence of an
excesscifganhykingy, is petticalar pabtancd iPs ectilaty. iitius, for ewarhpleLidn excess of
tachyk@ydf! ﬁmghﬂ kﬂaﬁicu@eﬂ@ﬁ@sﬁﬁﬁggﬂ aWi\tiFPHtimBliéétng ¥ PLaR@P bEdisorders of the
ISRAE EMET ST NI F o iy
particladypdetressivstdiggderd] o exmnple] singla @pisgdio@s redurnnmhjor depressive

. r i i - -
seossat bttt rohaEbuscer vl ity e, byt

disordFgpd e |othyie ; anpiety isoRgATS Such At DR Hiepfdep Magh or without
agoraphiobiay aigiraphabiwithaidtflstoryvwe pdhatisterder, spteificsplarbids, for example,

- . r -3 a .
sl AR gl PRIBHR o SRR SIE, B Mo

. C . i
includipg postHKp R Etest et And aite Firsss diseriprcaeasnPRlissrtenxiery
disordetshsshizoplrenid arel ahemmyclodieghistedat) foe extirsple dehizopBteniform disorders,

schizo ecﬁ‘lv%hﬁédi‘&éfsfde%s?&ﬁ? ﬁisoﬁﬁﬁ., Igfﬁe % RodPdisSi ,ntl'Lagercﬂ;sychotic

disord ABAPFUBONF GiSOEler it GeRstone or PRCHALiSHSeIorBi dementia, and
amnesti_c andrameﬁamgtﬁmwsf muﬁb@gmati\kdlﬂikdrdgtspsﬂch asliAdgtadmer's disease, senile
demen%'ac&'rﬁ rﬁifa%? e lz@éﬁﬂérzsf %ﬁ}v&&héﬁhe e?ﬁ%@,sﬁld erq:iéﬁnetnﬁas, for
nuItlﬁfe aeti ol ogi es; PatrKinson' s di sease and other ]
example,dug 1, JiY dissate. heabiraipa.diaslgpersy sdisersk, Huntington’s disease, Pick’s
diseaserelhiectafdldtifakabl diseskeprordunetotmultipler aabkgidspPak kg bpis@lisease and other

cxve AL Ep A3 ARG LR Ll s, o
example, peprodspticdndyrgd parkipzopisn. Jieytaiensicanalignant syndrome, neuroleptic-
inducedeicute! dyplonts, nowolpdclindiubed acly akathif, aeddlbptic-induced tardive
dyskingFlg gﬁ%&egﬁéappg-:iﬁcﬁgfz? g)rgngty{]aiel Fﬁé’ré)ﬁg%*ig%t%%ﬁ%%ﬁaw& §Jr§£r%ta§iging .from the
use of g}ﬂghglt, Wh@ng%amg@%@mzlikq@bwbﬁ%@e, cannabis, cocaine,
hallucit@bésl ithaladundRiefosol propelldnts, nicotine, opioids, phenylglycidine derivatives,
sedatives, hypnotics, and anxiolytics, which substance-related disorders include dependence and
abuse, intoxication, withdrawal, intoxication delerium, withdrawal delerium, persisting dementia,
psychotic disorders, mood disorders, anxiety disorders, sexual dysfunction and sleep disorders;
epilepsy; Down's syndrome; demyelinating diseases such as MS and ALS and other
neuropathological disorders such as peripheral neuropathy, for example diabetic and
chemotherapy-induced neuropathy, and postherpetic neuralgia, trigeminal neuralgia, segmental
or intercostal neuralgia and other neuralgias; and cerebral vascular disorders due to acute or
chronic cerebrovascular damage such as cerebral infarction, subarachnoid haemorrhage or
cerebral oedema.

Tachykinin, and in particular substance P, activity is also involved in nociception
and pain. The compounds of the present invention will therefore be of use in the prevention or
treatment of diseases and conditions in which pain predominates, including soft tissue and
peripheral damage, such as acute trauma, osteoarthritis, rheumatoid arthritis, musculo-skeletal
pain, particularly after trauma, spinal pain, myofascial pain syndromes, headache, episiotomy
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hal | uci nogens, inhalants and aerosol propellants,

ni coti ne, opioids, phenylglycidine derivatives,
wa@edan2wes, hypnotics, and anxi ol ytics, which PCT/US2007/017406

subst ance-rel ated di sorders include dependence and

abuse, intoxication, wthdrawal, intoxication

delerium w thdrawal delerium persisting denenti a,

psychotic disorders, nood di sorders, anxiety

di sorders, sexual dysfunction and sl eep disorders;

epi |l epsy; Down's syndrone; denyelinating di seases such

pain, afid bM%saHgs \ﬁ&@rﬂ Bl si LHS%% Al ghisele QUEBLiR, orofacial pain,
A O

labour pein; phiyi asodiated) emhn&k'vermmlrrab’gdmlagbe g.mhrﬁsqialIMSs001ated with peripheral
nerve di%3 fsofi{r%kalﬁﬁé;?érgé @n@g el 5.51{1 bl h&'m avidl gns amputatlon

cere vasc ISOTd e_to acute or TO I C

periphera} pejreRathies, tier daylprges. ahprcah facial papy &Ff"PﬁP%FrQ?ﬂa@ﬁ and
arachneididy; patinassctiftae Mithr dasgjforas, sfehabfeled @6 @€ 8ancer pain; central nervous

system a;?a?ﬁ]yslﬁb g{‘e g'?lqe it(p Jféﬁﬁlté fcﬂnaﬂraﬁ d&éﬁl%%%g lo@%ac% I&’%‘s sc,slatlca

i n noci ceptlon and pain. Yhe compo
anlcymé‘lngtsﬁ@n‘bfl’é@egﬂ“tiﬁ\ﬂei?ﬂ%nw Il therefore be of use in

the prEachykindm a4 ik pmit:ﬂnntsubsiaxﬂia Peasagorists nagalkiol beddTuse in the

treatmérﬂ QW%S% 815@55%9 %S;t[gﬁ]tlﬁ? %&?élg&d %E{ e:gce§serSc@srLgcretlon such

ama e
as chragie QbURICHYS ﬂrya.‘/% %mthsmhapvmwe, cheopie hranskisisegystic fibrosis and

asthma) adlalt rg3pirhiogyidiatress sghdreme| adibnchgspash; dlamatory diseases such as
mﬂamméggrg%‘a@l d@@z{sg Es%ﬁggxg 'm(mf]? ao@?e%gﬁhngﬁ 'rﬁéu?r%ea taﬂhﬁ’ns pruritis and

urns VI'SCEer a
sunburg; aliqrgiep sich ase%‘r‘ée'ﬁa?’ﬂd Y}HF’é‘Fa'éXP&FSCE}&PH“Y filfpf@i%%hés poison ivy;
ophthabilizdisdagéLsuchlad oohjnadttivias, Verr@y b6 andtigii€; ahd B like; bphthalmic
condltl‘%}sg QQogliategly\ﬁﬂﬁ Eg“ é&‘l)?é’}au%pgxclhaatg g)%hi%?atﬂre vﬂﬁécretmogathy, cutaneous

rve an I oot
dlseaS%ss%lsb P& cerfactidermatitis, ptopicadermatitis lml@?é’rad @mcbothﬁmczematond dermatitis.

Tachylﬁlﬁﬁﬂ'ﬁh@ in pativélacsibsapeeP | mﬂé&ntﬁiﬁﬁlﬁy also We®fWUSe in the treatment of
neoplag% S J%Elugm’)g brcra%% A a2 neBleiﬁaH bﬁast%xgg%/ st hqllF%eé L c(::momas such as

oureu rcal™>fsel
SHm“‘&NdUHSa@Hﬁbldltls pai n aSSOC|ated with carC|nona

of t en TIkineEl and iR pakie e sutittinde PC &iit %&hstﬁ‘ ﬁ{ayQﬂ)s% be of use in the
treatmg%t otf%astpomgsmraﬁl &,EQ%S%P gers m&%d%no in I na }ﬂ%g Flgsgfc#és anci diseases of the

GI tracs gegiuas gqstrgls g@gpdu@dmag@gqrsmsmc carcmomas gastric lymphomas, disorders

associated with the neuronal control of viscera, ulcerative colitis, Crohn's disease, irritable bowel

syndrome and emesis, including acute, delayed or anticipatory emesis such as emesis induced by
chemotherapy, radiation, toxins, viral or bacterial infections, pregnancy, vestibular disorders, for
example, motion sickness, vertigo, dizziness and Meniere’s disease, surgery, migraine, variations
in intercranial pressure, gastro-oesophageal reflux disease, acid indigestion, over indulgence in
food or drink, acid stomach, waterbrash or regurgitation, heartburn, for example, episodic,
nocturnal or meal-induced heartburn, and dyspepsia.

Tachykinin, and in particular substance P, antagonists may also be of use in the
treatment of a variety of other conditions including stress related somatic disorders; reflex
sympathetic dystrophy such as shoulder/hand syndrome; adverse immunological reactions such
as rejection of transplanted tissues and disorders related to immune enhancement or suppressmn
such as systemic lupus erythematosus; plasma extravasation resulting from cytokine
chemotherapy, disorders of bladder function such as cystitis, bladder detrusor hyper-reflexia,
frequent urination and urinary incontinence, including the prevention or treatment of overactive
bladder with symptoms of urge urinary incontinence, urgency, and frequency; fibrosing and
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Tachykinin, and in particular substance P, antagonists

may al so be of use in the treatnent of respiratory
walk@msaswsy particul arly those associ ated w th BPRT/ESH07/017406

mucus secretion, such as chronic obstructive airways

di sease, bronchopneunonia, chronic bronchitis, cystic

fibrosis and asthma, adult respiratory distress

syndrone, and bronchospasm inflammatory di seases such

as inflammatory bowel disease, psoriasis, fibrositis,

osteoarthritis, rheumatoid arthritis, pnritis and

collag&rHiBesBs suhla8 s8leRefHE BndSosHfophilR: ﬁ&qomw \didofders of blood flow
‘ﬁ%gﬁ?lﬂa}tl“v” di sorders such, as paqi son |

cause ton g AserpaSF S SasSt Yi an et R esculeqgiche, migraine and
Reynaudisflisease] and pain onnocicdptiohiakteibutapletth air p$socimtatdvith emg of the foregoing

condit®%8 %P@&ﬁﬁr e An6RlskioR ot |phfxﬁh%'g9£n§ ULk &inp ounds of the present
Eﬂ eraglve V|ﬁ@eoret|no Cutanﬁgi di seas
inventippe 850 Bhilie 1o MeriFaieter asoBpIiaha 20yS condidons, in
particulartin ¢laer fregtmanidofadongrinatpestraperativel painahd post-operative nausea and
Vomltlrgrgchyklmn and in particular substance P antagonists

y also be of use_in the treatnent of p
~ inclu dfh@cweegids b tsupresenh EUFB@%@‘FPGB!‘"&&'B jsehil the prevention
or treain@itlof emlebis ciackudingnaates delayasorsamticipatey Emksingsuchag einesis induced
by che%@l@f%ﬁ?n %%iéato d td)ﬁnsp %Féghﬁx%tya UestibREl a&%ﬁie?s n%“&:g Qﬁygéltys migraine,

t
and va@xg ?I}so\pﬁ{ltggqr?.rﬁ%]'upsrgél)'e & (gézfcaxg\ggen?hemug@s of the present invention are
of use opfibraalliyeih combiliation tisothercantiemeds agernd fdrhie (evertigt of acute and

delayed lﬁﬁ@se@%ng obditid SssodaRh A6 gha W ursbd o Ho(ae te or highly
% ?t% ‘ﬁo nmas, 1 SO I’pggg 131

carcinomas, gastric ){ ers _assocl at
emetoggnit,canser ShemashrapPY srflnding brebydase sisalatinl Mesierrasially, the
compouals 6f the pe¥sehtninsertioneas ef userihithatéamba el ensasivdindteedayd

antine(gﬂgs%cs(c%tio[l%ig(ygg&s afilufin qg!)%yrggtu?t{]y ﬁgg%lﬁlcgﬁéeg Xemotherapy, and

1S 1IN
emesis igdpeed; yrpthergliagacalegical 28enth ot exaTaic, THEGHT. ogamples of such
chemoﬂiee@mﬁeygemsﬁichhhlaﬂtyldhfg@fgéﬁfsﬁforEﬁmpmaanyknelﬁﬁm 6&dmpounds, alkyl

sulpho%la&ég Q&? Sthey (%rl\#)&ﬂfdsv vitH érpfﬁﬁilaﬁlg ac!\{ﬁ)w ol aSQ‘ m%}o%&%%gs cisplatin and

, nt er crani
dacarbazlég,saam@let@}awers@ faexapnleg &dic acid, |pu;anre| PERy#midinganfagonists; mitotic

inhibitorg rcg%&tungm, vmge fal uﬁmai &mvaﬂvé%£6pmld%xm%&ﬂotOX1c
t erpr.as r

antlblo%cs nﬁfmlcu exanaPles o n% lemothicra }geuthac:rgg? 5 are O&rscr?bed for mstance by D. J.
Stewaﬁ@a Bsgamnd éfmn@gpggggnaResearch and Chmcal Advances, Eds. J. Kucharczyk et
al, CRC Press Inc., Boca Raton, Florida, USA (1991) pages 177-203, especially page 188.
Commonly used chemotherapeutic agents include cisplatin, dacarbazine (DTIC), dactinomycin,
mechlorethamine, streptozocin, cyclophosphamide, carmustine (BCNU), lomustine (CCNU),
doxorubicin (adriamycin), daunorubicin, procarbazine, mitomycin, cytarabine, etoposide,
methotrexate, 5-fluorouracil, vinblastine, vincristine, bleomycin and chlorambucil [R. J. Gralla et
al in Cancer Treatment Reports (1984) 68(1), 163-172]. A further aspect of the present invention
comprises the use of a compound of the present invention for achieving a chronobiologic

(circadian rhythm phase-shifting) effect and alleviating circadian rhythm disorders in a mammal.

Scheme la. Retrosynthetic Analysis
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may al so be of use in the treatnent of a variety of
wa@edvsn2wendi tions including stress rel ated sonAtT/TS2007/017406

di sorders; reflex synpathetic dystrophy such as

shoul der/ hand syndrone; adverse i munol ogi ca

reactions such as rejection of transplanted tissues

and di sorders related to i nmune enhancenent or

suppressi on such as system c | upus erythemat osus;

pl asma extravasation resulting from cytoki ne

chenother apy, disorderggof bl adder fu i on such as

cystitéE% bl adder detrég%r hyper-reflgﬁ%a, fr equent TFa

urin n and uri nar onti nence, udi ng t he
MY, & n _or t e} overngs,i va bladder wMey,
t ons 6?3urge urli nary iffsont i nefce, urﬁgncy, an CF3

Sy
f fPquency; fibresis® andcol | agen &Pseases such
5, ardl_dosi nophi Li,c Kasdi ol j asis;, d

y Sva=odi Yat n"d—:v-%sost i §a

Hass \.._vasethar aglache, Mg

HN” and Réyndud' gudijsease; ahd 2ain or nociféption
X Qssoci at ed witﬂaany of the [L CF
NH00i ng EBRTN i n of 3

s, espegjal ly 4 he transm ss

pain in mgraing. Jhe conpou t he esOht
i fvention are Al so*df val ejg t@i e tre nt ef pe,
conbi nati on of the abovec%gndﬁrfons, inyfparticular fin CF3

the treatnment of conbi ned p8&tPnperatN@ p&n and OH 7a

post - operati ve nausea and vomting. The conpounds of

the present invention are Particulaply useful in the )

pr eventheptrestural eomplexity of 1 eprddibs divided inde Ayeedigtiect synthetic
challel(g@sﬁyﬁﬂe Sferiddlly @a'n@aié;ed ¥thefWhich, cofitafitddter8sBhe sty ¥l Wo@flsecondary

. chennt har radi ati . toxin regnanc

stereog i UEABRE Yo, B0 203 BB ERHDTRRY bore, apg ) the
pyrroligifang ringreontaning twe stergoreiic geretsesy pre ofrwhichveassl tertianhamine
(ScherG®Tgy Llﬂﬁid&fto hﬂkﬁﬁ%{tﬁ& teqetedcﬁ;é&?rs&'y?g i Rnfdlte té&eat ary amine, we devised a

ORtion n_conbi gat.ion, W other antieneti ents, ..
stratesS ) e 1 st AR 33 wBiGp oy ek g B ifiiisklesfigl Altation of
oxazoldinpne Iaywithdodakgtang 4a (Theimestietfectiveometbpd 40 cordinl shesrebative
stereodHRAREAS 6f ﬁﬁﬁ _c?ﬂggérﬁfarﬁrﬂ%ﬁ'@iﬁm Woﬁﬂr&teiia Qmmfeh&il | n%B%dﬁd conjugate

... incl udi -dose _ci.spl atin especially,..the

additet i A ArHEm Gl Tir s PnaliiBe BinoE sp Yoo wPE B feofierhtien fithe ketone o
the thermedynaspicalbf-favared; diasterderper] Wy envisioned that the best way to address both
secondary stereogenic centers in allylic ether Sa would be via convergent, stereospecific coupling

of allylic alcohol 6a and alcohol 7a, each in enantiomerically pure form.

Alcohol 7a is a common structural motif that exists in several hNK-1 antagonists,
see (a) Owen, S. N.; Seward, E. M.; Swain, C. J.; Williams, B. J. U.S. Patent 6,458,830 B1,
2001. (b) Finke, P. E. MacCoss, M.; Meurer, L. C.; Mills, S. G.; Caldwell, C. G.; Chen, P.;
Durette, P. L.; Hale, J.; Holson, E.; Kopka, I.; Robichaud, A. PCT Int. Appl. WO 9714671, 1997.
(c) Hale, J. J.; Mills, S. G.; MacCoss, M.; Finke, P. E.; Cascieri, M. A.; Sadowski, S.; Ber, E.;
Chicchi, G. G.; Kurtz, M.; Metzger, J.; Elermann, G.; Tsou, N. N.; Tattersall D.; Rupniak, N. M.
J.; Williams, A. R.; Rycroft, W.; Hargreaves, R.; MacIntyre, D. E. J. Med. Chem. 1998, 41,
4607, and is readily available via asymmetric reduction of the corresponding aryl methyl ketone.
See Hansen, K. B.; Chilenski, J. R.; Desmond, R.; Devine, P. N.; Grabowski, E. J. J.; Heid, R.;

Kubryk, M.; Mathrem D. J.; Varsolona, R. Tetrahedron: Asymmetry 2003, 14, 3581.

In contrast, the enantioselective synthesis of allylic alcohol 6a has not been
reported. Application of existing methodologies to the asymmetric reduction of 3- .
cyanocyclopentenone (8a) afforded 6a in variable yields and moderate enantioselectivities. See
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anti neopl astic (cytotoxic) agents, including those
routinely used in cancer chenotherapy, and enesis

wo pa@soz®d2Hy ot her pharnacol ogi cal agents, for PXEDPL087/017406
roli pram Exanples of such chenotherapeutic agents
i nclude al kyl ati ng agents, for exanple, ethyleneimne
conpounds, al kyl sul phonates and ot her conpounds with
an al kylating action such as nitrosoureas, cisplatin
and dacar bazi ne;. anti netabolites, for exanple, folic
acid, purine or pyrimdine antagonists mtotic

(@ OHé(ﬁHia,th tmﬁzmﬁle eg@ﬁ@éteﬂ \phaﬁla'rah@a tar)t(}ftuata, K. Katayama, E.;

eri ves odop (0]
SNEEE R I R e
Guzman&ateg, Ar,M@sﬁoth Sel, J.fAm. Ch&naSmE 1997, 109, 11769S(@Want, J.; Buchwald,
S. L.; FMadeeses. §6d 1999] f21n964(Re@1 %}oﬁﬁsﬁaéchaﬁﬁéhﬁdrﬁt @2l Acc. Chem.

Res. T8 54" (Guitagd %%A"fft s o KatoBs A Grabam, R. . Te,

D.J. Sas@adua ID.ylepabedrds 8 984,03 ly (D mouhamsuzekammmgew Chem. Int.
emSQ 25] c§4l"7d @\l%cﬁxﬁh Wl wa.§I a6 %F&@&érﬁ for tlgzlag)mmetnc biocatalytic

act ore m ne, streptozocin
feductt%r "gspﬂme %af#fg Pw@n%aeehwlfospo%uwsael =diqgphedron:
Asymphenp,2002¢i 3, 5(78d(b)amcdmi1,)M ; (Boungoir B Iacazxoch;cm:iﬂﬁaane«Iaffen M.
Tetra]féhto?n”ﬁ@(bﬁﬁﬁyif'ﬁ ek quc@a{sg ﬁ’i@?dr? @vasg&re td?scovc:red that alcohol

f1 orour ncristine,

dehydzgegnase fFgm Rbgdpgocpps erythropglis, (ABHLRES ety pegned cnone 8a to (S)-
allylichledbhéain Kghyidld (§329Bahd &8¢lont edfiBiok2¢tiviy G 90Vdext) (Scheme 2a).
aspect of the present invention conprises the use of a
npound of the present |nvent|on for achieving a

Sc"e”%?‘b%ﬂfh&F‘éé’ifé"]kyé‘Frﬁflé"dl n rhyt hm phase-shifting)

effect and alleviating C|rcad|a rhyt hm di sorderdein a

mamal . Schene |a. Retrosynt het c AnalyslsThe H

Os_tru_ctgral coPHexity of 1 c wi ded i IQCFs
[:éfhstlnct,sy Aetic_chal ] en 1 e steri ly
congest ed etﬂ!b whi ch cont%ﬁi}d stereochentgizb at

bot h secondary\ stereogenic t&rmni, 2) the t CF;

8a CN ans- 1, 2, $3t€ENsubst i t ut e82dSMI opent ane cH® CNind 3)

aConleéantsm(? Rb'}?'kﬁoﬁei M'Iﬂ#diggthé‘ééé' 19%15 yﬁ-gé ts%%’ggﬁj $-NapCO,H, 2-
NapCOgy, DIIPﬁAer[B‘éM & Haldr 84%. Nag=3Dape BN 81 & T 1, ltdﬁ@AC)z, dppp,
83%. renote tertiary am ne, we deV|sed a strategy to

glr gg?g?&é%}ééﬁcgﬂ% Igségg? % feparcd d m pqlca ety grs%ught a method to
couple these partners without eplmcnzatlon at etther center. The documented stereospecificity of
transformations which proceed via n*-allylmetal intermediates made the Pd-catalyzed allylic
etherification an attractive choice; however, alcohol 7a was an unlikely candidate to participate
in this coupling due to its steric congestion and poor nucleophilicity. See Kim, H.; Lee. C. Org.
Lett. 2002, 4369 and references cited therein. We were pleased to find that, under optimized
conditions, a stochiometric ratio of allylic naphthoate ester 9a and alcohol 6a were coupled using
Pd(OAc); and dppp in the presence of 0.5 equivalents of Et;Zn to afford allylic ether 10a in 83%
assay yield and complete retention of configuration at both stereogenic centers.

Although attempts to accomplish a cuprate conjugate addition on the nitrile were
unsuccessful, we were able to demonstrate a ligandless Rh-catalyzed conjugate addition (3 mol%
[CODRhK(OH).], EtOH, reflux) using 5.0 equivalents of arylboronic acid or 1.5 equivalents aryl
trifluoroborate (K salt). See (a) Batey, R. A.; Thadani, A. N.; Smil, D. V. Org. Letters 1999,
1683. (b) Sakai, M.; Hayashi, H.; Miyaura, N. Organometallics 1997, 16, 4229. Both procedures
afforded 11a in 93% assay yield and high diastereoselectivity (>99:1 B-center, 90:10 a-center)
after isomerization of the ketone to the thermodynamically-favored diasterecomer
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oxazol i dinone 3a with i odoketone 4a. The nost

effective nethod to control the relative
wat@seowkem stry of the cycl opentane core in 4BCTOS10d7/017406

be via substrate-controlled conjugate addition of an

aryl -metal species on allylic ether 5a, followed by

i sonerization of the ketone to the

t her nodynami cal | y-favored di astereoner. W envi si oned

that the best way to address both secondary

stereogenic centers in allylic ether 5a would be via

(NaOI\%Q/W(&ﬁJQal Eh %ﬁfrﬂ%Q’%Q@&ihlfy' onb Gy ﬂoqge Rxfeﬂ%? }(é(tt)hg vi%ltfé% Lnt with

I N enanti oneric ure
MeLi ig M3RE;, deliveringd 2aindB assay eld @ehsrpe Ba)- t hat exists in
sever ahltbi4titeiprhethphietdise 13ewag rehdiBproduted frbm nitrile 10a (MeLi,

oS el g AT o ol B 20
5 excellgpt yl%('ﬂ-Se/P and e@epn«mq |d$aste5eo ectiyigy A% ) B-center;98:2 B-center) after
isomeriaion oPthe Ki6red toehe Merthodyrdalieallydp refdri@ﬂiﬁﬁ%ter&;meﬂ@@de/MeOH)

Selectlllylgllocﬁxq% o%hoqlﬁh \ﬁth f&T %OH@Q@CM%& t‘!’)(':s_lz J!E n;l‘ 8@,‘% 1é£1cé\aed yield. An

X-ray gygtgi @:chturmof 4a vegﬁ%hgth,tﬁe glatwgeqnd aEsolutgmhg@pﬁtry qgthe four
stereogenic dentdrZ assbinbldth#o@gh thid prodeker mann, G ; Tsou, N. N.;

Tattersall D.; Rupniak, NN M J.; VWIIianB, A R

Rycroft, W; Hargreaves, R ; Mclntyre, D. E. J. Med.
SchemertarSyntheds ofitransg gams-1.2rkicyclonentane k9redvai | abl e vi a

asymmetric reduction of the 3r espondi ng aryl nethyl

ket one. See Hansen, K B.; iJenski, J. R ; Desnond,

R ; Devine, P. N ; G abows J. J.; Heid, R

Kubryk, M Mathrem DMe3, a, R bTetrahedron:
Asyrfmetry 2003, 14, 3581.1 In conttdst  the CF,
enarjt i osel ective syn ~-9@§ of allylic alcoh 6a hds
not |been reported. ~*® cation of existing

Hodol ogi es to thezgasyw [ [
cyanocycl opent enonNQS
S CARypder ate en r‘i‘t|selé’ct|V|t|es. |

Koi zum, M ; Doucet, H.; Pha ; Kozawa,
K. Katang% E. Yokozama T. Yy
R J en1 Soc. 1998, é_Q§E:3'
B. J.; GUZnan Cﬁgazer .
CMm |Chem Soc. 1997; 119, 69. (c) Yun, J.; 42a
1 ' Soc. 1999, 12ér 5640.

10

10aBuchwal d, S. L.; A
(d) |[Browmng H C; An P. V. Agee em

CF;

a Conditions: (a) 4-FPhBF;K, [CODRh(OH)],, EtOH, 90 °C, 93%. (b) MeLi, MTBE, 0 °C,
90%. (c) NaOMe, MeOH, RT, 98%. (d) MeLi, MTBE, 0 °C, 90%. (e) 4-FPhMgBr, Cul,
15 TMSCI, THF, -40 °C, 96%. (f) ICl, MeOH, 20 °C, 90%.
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Res. 1992, 25, 16-24. (e) Mdland, M M Tranontano,
A.; Kazbubski, A ; Gaham R S.; Tsai, D. J . S.;
w@aodion02dD. Tetrahedron 1984, 40, 1371. (f) NOROT/US20R7/017406

Suzuki, M Angew. Chem Int. Ed. Engl. 1984, 23, 847.

Al t hough there was no precedent for the asymetric,

bi ocatal ytic reduction of enones simlar to 8a, see

(a) Fonteneau, L.; Rosa, S.; Buisson, D. Tetrahedron:
Asymmetry, 2002, 13, 579. (b) Attolini, M; Bouguir,

F.; lacazio, G; Peiffer, G; Mffei, M Tetrahedron,
2001, 57, 537, a ketoreductase |ibrary was screened.

Ve di d that . al cohol dehyd f .

Rhodoc SULLA CEPSTRTAN! Ranp ABIoRS PRERCapamerips indgkeigne (6 sips,
58% yeldnwedacused 08) atteatiby londhedoshpimd of a stergpicoytrallad method to
introddc®3PB pRPSBXGR i)t ABRRIROh TSk ELJlididné a3V RRketone 4a afforded 2

. h 2 Sch J2a. t f__Allvyl Et h ]

in an QY FARET: L4 upd PABHTIRE mhadiy Nes (KA b s amatins; Winstock, L.

Tetrahgdfon B3L/A984,)252 438 (oXS4unfigalhlpyCBOH. ; Oh&fidk, EOMKRrady, S.; Armstrong,

1L, J. SRy RBAYTeNaRZRoNEPry. 2005, 56,2403, Fhe DES Tﬁﬁ(&r?@)/ﬁyield with >99:1
|

LAY L5108, and eqpwalents of LHMDS

. d , ..83% al coh 7a prepar
diastergsiefdctivity yas pocomplsBEd St ¢ RRNIKIERE o1 ot
in tolupee/DIMRP atdavh emipeegtiuee IGleavage of thie oxitdiatinarenwizth amfdv@ium hydroxide

pocl f el Ty 10f 4t h £ ' LG

cl$SETESE S APRERELY iy PO AR,
methapgsufigeig agibin SRR TERIIES PF SEENAET b G by JA7e vield, prior to the
silane ciocten bévaws/direct addnotiod frdm Wate Ibngenntatdsel gquivalehtadvater which
GO E bt S By N b iy caons 1
and 18 becaise ciher Sotesb GrastasomeaRelLy Byt Aesgs 159 Pkt igs Gpverted to the
same 3AE mvigtuee pf Bk dnder acidic cdriditionsu dder acyfitiiniuaeDB is thermodynamically

LGRS, " ; ie bt i .
more SUCR 11 1482 L TS 046 B SISO 8 psfopippty ot
through d@@ag pstoxdrd Mpips=rellenh diels asenldO grxpreokdiastersprsrss fogether with
a little@hfctunof droepifieoonl tha dyyglopentahdieing Lal 1. n"CRSGAose ke dye fepebction of 16

was ac@gﬁjx HQ{HB' Wit P@iﬁdﬁﬂ{.ogaﬂ{l]idgtgrif \lv%%lﬁgl%\%] 1‘9§5‘%3j\ad as a
stereogeni c centers. t hough attenpts {0 ac onplTsh a
benzenespifonate-conj ugat e addition on the nitrile were

Scheme 4a. Endgame Chemistrya
CF, CFa CF,

Me., Me., .
'(©\CF3 ,/Qc& Me "//©\CF3
O

NHCbz 14a,b

CF,
Me.. CFs
\“O
d
HN F
(*Me 453
Y NHCbz
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unsuccessful, we were able to denonstrate a |igandl ess

Rh- cat al yzed conjugate addition (3 nol % [ CODRh(CH) ],
waEe@Blo210ed | ux) using 5.0 equival ents of aryl boPONUS2007/017406

acid or 1.5 equivalents aryl trifluoroborate (K salt).

See (a) Batey, R A ; Thadani, A. N.; Sml, D. V. Og.

Letters 1999, 1683. (b) Sakai, M ; Hayashi, H ;

M yaura, N. Organonetal lics 1997, 16, 4229. Both

procedures afforded 1l1la in 93% assay yield and high

diastereoselectivity (>99:1 b-center, 90:10 a-center)

aCm?c{]{.&Ks ﬁg VERL 'tcﬁ?e&f/D K9 6389 (JoR. @%Ia\%ﬂmg ,0, 87%. (c)

avor ed di ast er'eone
MesoqﬂeEﬁQ/%‘fﬁ“e@ mfé’é eiH- Frethy Mal %Scﬂ’:t(ﬁbHW tRISO:H,
[PAc/IPiAGhdptame] 88%t(2wtepk). MeLi in MIBE, delivering 12a in 90%

assay yj @Angld{si%%hg TEnvidde te %1?&@91%1: Yeel r}éﬂ?r(%% :%é% gg\le%b%d for the

13a was rea Nrtri

produc
synthegipgfthe patent N I%s! Feeapay, an@soetﬁ by (Mikisterapeacenters were crafted with
outstasdiflg Eelaﬁn@[fy inaYotalHf Dhaesk @84 yeldgthniidRe pfocessGLds 1884 to produce 7

kg of 15(/ T&g%{&ﬁéa@onao?%de%gﬁgéeg e%rifg? 3 "%oseﬁl S{Ct lbstrat controlerd conjugate

additiqrHa ayeliosmbstrates puchiasdiOamag rlémheagw;ﬂrﬁra@pbw@a t the stereocontrolled
syntheslis 3F hRdhBOfREti et £ )REFdntandedsect i ve i odination of 13a
%%9

with I du odoketon

sol at £he uotoss SRR bR AR ditfic R pdagenpf systems as was
found tﬁehawbé@la%mnhcetr@ ?saxgmp&l@eé L) ﬂeﬁb@bleg thatdoldaw.stry of

the four stereogenic centers assenbled through this

thesis of trans, trans-1,2,3

Schemg £ G i) i M 0T oo (a) 4- FPhBF3K,

[C(DRh(()—DJZ, EtOH, 90 0C, 93% (b) MeLi, MIBE, 0 OC,

90% (cCRMaOWwe, MeOH, RT, 98% (d) MeLi, MIBE, 0 0OC,

90% (el 4-FPhMyBr, Cul, TMSA cAHF, -40 0C, 96% (f)

1d, 20 0C, 90% Wth a cdnvergent and highly

Mgl,, rocess to assenbl e Goket one (6 steps, 58%

yi elfd), we fdwused our let.en Qn the devel opnent of

a gOereocontrol | ed nethod ’l’o [

1984.

ck, L. .
, 2q<ar ad

3b

In devising a practical synthesis of 2b, two distinct synthetic challenges must be
addressed: 1) the sterically congested ether, which contains stereochemistry at both secondary
stereogenic termini and 2) the trans, trans-1 ,2,3-trisubstituted cyclopentane core. We envisioned
that the trans, trans-configuration in 2b, could be effectively assembled via substrate-controlled
conjugate addition of an aryl-metal species on allylic ether 4b, followed by equilibration of the
ester to the thermodynamically preferred diastereomer (Scheme 2). The most attractive and
convergent method for the construction of 4b, would be via stereospecific coupling of allylic
alcohol 5b with alcohol 6b, each in enantiomerically pure form. The retrosynthesis described
above dissects the target structure into three components of similar size and complexity, which
we envisioned to be applicable not only to 2b but also to a range of structural analogs.

Scheme 2. Alternative Retrosynthesis of 2b.
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11, J . D.; Mller R A Tetrahedron Lett. 2005, 46,
4403. The best result of 90%vyield with >99: 1
wale@sernedsel ectivity was acconplished with 2.BCT/US2007/017406
equi valents of 3 and 2.5 equivalents of LHVDS in
t ol uene/ DMPU at | ow tenperature. C eavage of the
oxazol i di none wi t h amoni um hydr oxi de cl eanly
del i vered di astereomer nmixture of am nals 14a,b which
was dehydrated with nethanesul fonic acid to a
di astereo-m xture of enam des 15a,b (-3:1) in 94%
yield, prior to the silane reduction because diregfk,
reductiongfrom14 to 16 genera3ﬁ§ 1 equival ent of
wat er whi Eh° di sturbs Et3SiH redfction. Enanides
] ni um catj ons
reoneri calty

18, bec< el ther isol ated
i ‘ 15b, wasMea e t he san§”§:1
aci di ¢ condi I Ons. An (R) -6b

hrough 18 and af f or g1 i n
90: 10 m xture of diaste ner s,

g amount of an epiner on/the
cyahopentane rlng via 174bChenvsel ecti ve Mpyot ecSbon

f 16 | i shed Candi dat
bt ar rSIFObAT GE0T famigon Struchyal et bR Hree Rt drug
candidates, seBBY Nelson, BdoReser, dnB:; SmaijrovichVDAL; Payaglnky Ot B.; Matty, L.;

Huffmar 304 ; M@M&QJ Fﬂoﬂﬁg?z% 0(191) M BfdRfdmara, J. M.; Ho, G.-

13 EmERORE . Jor B et AR SPsibe. 4 s Frabowsi, E.

J. J.; Rerder.dhdl; lfS)t@ﬂll IachihwpgédYI ShiBgshop, BeCethlgeChcmt %002 6743, and
was regﬁg hepired e%?ﬁﬁ%tﬁ@ Fedhb@or?‘&(f‘ﬁlg %@ﬁ@s;ﬁﬁdﬁlﬁ%ﬁ%&ﬁﬂ ketone See

nt oni C

Hanser k2 FEAERRE) R Tkt B i, BN RGOMKIGEL bl iHeid. R
KubrykfM1; Mathep O.( Y8eiolone] Ri) TeteaheddioheApyrometss 2043, 35£8éd Im Oontrast the
enantlcpsre%@ficcesﬁldf&lé)éf ally hzlaﬁzoﬁﬂ@li &ﬁfﬁt%mﬁ!ﬂ dnArdz@had ¥Gten reported. The

heri f calion % subsir at e- gntroll ed
most d&’&ﬂﬁ 19 %‘8 would be via asymn%etnc reduction ot 3-carboxymethylcyclopentenone
(7b). See a) Catmo A. J.; Forslund, R. E.; Doyle, M. P. J. Am. Chem. Soc. 2004, 13622-13623.
b) Yu, J-Q.; Corey, E. J. J. Am. Chem. Soc. 2003, 3232-3233. However, application of existing
methodologies to the asymmetric reduction of 7b delivered allylic alcohol 6b in moderate yields

and mediocre enantioselectivities (Table 1). See a) Ohkuma, T.; Koizumi, M.; Doucet, H.;
Pham, T.; Kozawa, M.; Murata, K.; Katayama, E.; Yokozawa, T.; Ikariya, T.; Noyori, R. J. Am.
Chem. Soc. 1998, 120, 13529. b) Corey, E. J.; Guzman-Perez, A.; Lazerwith, S. E. J. Am. Chem.
Soc. 1997, 119, 11769. c) Yun, J.; Buchwald, S. L.; J. Am. Chem. Soc. 1999, 121, 5640. d)
Brown, H. C.; Ramachandran, P. V. Acc. Chem. Res. 1992, 25, 16-24. €) Midland, M. M_;
Tramontano, A.; Kazbubski, A.; Graham, R. S_; Tsai, D. J. S.; Cardin, D. Tetrahedron 1984, 40,
1371. f) Noyori, R.; Suzuki, M. Angew. Chem. Int. Ed. Engl. 1984, 23, 847.

In order to determine the viability of a biocatalytic reduction of 7b, see a)
Fonteneau, L.; Rosa, S.; Buisson, D. Tetrahedron: Asymmetry, 2002, 13, 579. b) Attolini, M.;
Bouguir, F.; Iacazio, G.; Peiffer, G.; Maffei, M. Tetrahedron, 2001, 57, 537, a ketoreductase
library screen was performed. We were pleased to find that the alcohol dehydrogenase from
Rhodococcus erythropolis (ADH RE) efficiently reduced 7b to Sb in good yield (83%) and
excellent enantioselectivity (>99% ee) for the desired (S)-enantiomer (Table 1, entry 4). As
testament to the robustness of this proéess, 3-cyanocyclopentenone (8b), which exhibited

-27 -



addition in cyclic substrates such as 10a and 13a has

general application to the stereocontrolled synthesis
w@bookiogioky f unctional i zed cycl opent anoi ds. ThePCT/US2007/017406

nmet hodol ogy descri bed above was applied to a variety

of systens as was found to have broad application as

exenplified by the tables that follow Schene 1

Oiginal Retrosynthesis of 1. In devising a practica

synthesis of 2b, two distinct synthetic challenges

nmust be addressed: 1) the sterically congested ether,

extreny¥ly ﬁ@orﬁﬁ%ﬁh?ﬁceﬁh QIE@RGJ?:@{QI)SLEB )ératﬁ%fgﬁgid??éegﬁgm alas reduced to allylic
er,m ni -
alcohoibg 13?‘?3?1 fl“flteﬁfe&?ngwr%‘ﬁﬁaf%t'é Yeore. W envi si oned

that the trans, trans-configuration in 2b, could be
Tableqf f@matsltd/maﬁmw%\ttéauwsﬁbf%e control | ed

conpugat e addiiti on of an aryl tal species on allylic
ethfr 4b, fol f%; qui | i br&%lon of the ester to

t er nodyn WY preferredndi ast ereonmer (Schene
2) e nost attractive and c gent nethod for the
constxuction of 4b, would be st ereospecific

coupl i RY¥®f allylic al cohol 5b wilgwal cohol 6b, each
in enantionerically pure form The retrosynthesis

descri bed above dissects the tar eﬁ truct re into
E"t%r@”&)rrponents Gonditions i ze72Kifld orrpl ?Pty, whi ch

1 SIA  E l  ©
nﬁﬁﬁ‘é‘?ructur{ﬁ%?\%%s?% t#esent |3ﬁ) several
dr“&ﬁ%«iﬁd' dat%@ﬁsﬁﬁaﬁ&fﬁﬁ BB o aﬁ*dﬁ B Ry L]
E'ﬁ?&%b R NEGHGDH 930 ) 2 ’rsiﬁ E?
M oREng: 2 "AD“TREE%“DE% s, Kod!
scms 251&2 -G%W@WHW@ %ghop, Bod g

and was feadily prepared™Via
7asy tric regysiyiRp pngpequres)@gndl ng %Q/ met hyl
ket§g§ ~See Hansen, K. I enski, DesnDnd
J- J., Het u

eRUCL - (S5

With optically pure allylic alcohol Sb in hand, we sought a method to couple 5b to
alcohol 6b without scrambling of either stereogenic center. The documented stereospecificity of
reactions which proceed via n3-allyl metal intermediates made the Pd-catalyzed allylic
etherification an attractive choice. See a) Shu, C.; Hartwig, J. F. Angew. Chem. Int. Ed. 2004,
4794. b) Kim, H.; Lee. C. Org. Lett. 2002, 4369. b) Evans, P. A.; Leahy, D. K. J. Am. Chem.
Soc. 2002, 7882. However, alcohol 6b was an unlikely candidate to participate in this coupling
due to its steric congestion and poor nucleophilicity. To our surprise, the zinc alkoxide of 6b
readily coupled to allylic acetate 10b under the standard conditions that have been reported for
the Pd-catalyzed etherification, delivering allylic ether 4 in 50% yield as a single diastereomer.
When 10b, of different levels of enantiomeric excess, was subjected to the etherification with
opiically pure 6b, the respective amount of the ether diastereomer 4ab was observed, indicating a
high degree of stereospecificity (Table 2).

Table 2. Pd-Catalyzed Etherification of 9.
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Kubryk, M; Mthre, D.; Varsolona, R Tetrahedron:
Asymretry 2003, 3581 . In contrast, the

wer@as2wsel ective synthesis of allylic al cohol PGbustd7/017406
structural anal ogs has not been reported. The nost
direct route to 5b would be via asymetric reduction
of 3-carboxynet hyl cycl opentenone (7b). See a) Cati no,
A J.; Forslund, R E.; Doyle, M P. J. Am Chem Soc.
2004, 13622-13623. b) Yu, J-Q; Corey, E J. J. Am
Chem Soc. 2003, 3232-3233. However, application of
exi sting methoggl ogies to the asymretric reduction of
7b qg vered alff yl'ic al cohol 6b in noderate yields and
medi S8

d s Sliect iRs
Chkumma, 0| zum, M
OAg; Mirats . At ayans, 4'
UL Noyorl R J . Am Che :
Cor ey, §F3 Quzman- Pere; A ; S
Am Chqg@ Z§°§% RAA %%9 1769 Yun, CBuch ,
I 1999, 121, 5640 d) Br own

CCEPM P. V. Ace. Ché&f:Mes. 1992, 25 COMe
3 \ M : Tranongbno, A.; Kazbubslab

A Graham 5.; Tsai, D. J. S.; Cardin, D.

Tet rahedr on 1984Buk0, 1371. f) Noyori, R :; Suzuki, M

Angew. Chem |nt Ed Engl 1984, 23, 847. In order to

get snedqoble Vi adj hskdy 9feld A0 al ytic ggdugyion of
N - L AN i AL e i B SV

Tetrahedron: Asymmetry, 262, 13, 579. b) Ag:sbdini,

M; Bowguir, F.; lacazio,gf; Peiffer, G ; 8yai2ei, M

Tetrahe88on, 2001, 57, 5359 a ketoreduct as@9I5:@.5ary

screen was performed. W were pleased to find that the

al cohol dehydrogenase from Rhodococcus erythropolis

(ADH RE) efficiently reduced 7b to 5b in good yield

(83%) dhedmoderid yinkd istlnethesadation iwadstthe (es0l of em pxtignely reactive
allyhcteg‘l%r QRTER ﬁﬁ’defr@mled},%&tnbgﬁﬁfm ﬁﬂ_@é?ltﬁ‘e feactidt Edhdflons R ttenuation of the

t he r@ tnes oces

reactivy Sy e ey BNl R o 8t 1 2 AppTeh <y eci o it e efangoste or
naphthoets; whinhfiorprevesghe meﬂChef FartocE% yiekd dNbphthedte nllylic ester (11b) was a

crystallmiEi E&ﬂf‘ RAH WA ch¥&R fBPﬁh‘ﬁl@fidé\QlcﬁJnlléﬂt' A nSxtHIRle s%éehi‘ﬂ of ligands

revealeén&ﬁbgll el gﬁzléendlgpg-g%ljég ?&@ab@;g%ﬁg%lféﬂ‘pﬁgve in tl?xe ?’d-catalyzed

etherification, equivalent results could be obtained with 1,3-diphenylphosphinopropane (dppp),

which was considerably less expensive and more readily available. As a further improvement,
the amount of alcohol 6b could be reduced to 1.0 equivalent with no effect on the assay yield of
product. Under optimized conditions, allylic ether 4b was prepared in 80% yield and >99:1
diastereomeric ratio (Scheme 3).

Scheme 3. Pd-Catalyzed Etherification.

/[2 FsC Me
" nNapcoci O™ “Nap | o
NapCO,H N 6b, 1.0 equiv 5
DIPEA, DMAP ‘ Et%Zn, Pd(OAc), FiC
co,me 80% Co,Me 0% dppp, THF
80% COzMe
5b 11b 4b .

-29 -



10

Entry EWG Conditions % Yield %ee 1 CO2Me (7b) Ru-cat.

NEt 3/ HCO 2Ha 90 (5b) 75 2 CO2Me (R)-OAB/BH 3-DM5 75 30
w2080 M2ADH RE, NADH, FDH 83 >99 4 CN (8b) RuUuPCHUS2007/017406

NEt 3/ HCO 2H 30 (9b) 57 5 CN ADH RE NADH, FDH 92 >99 6

SO2Ph ADH RE, NADH, FDH XX >99 7 NO2 ADH RE, NADH, FDH

XX XX a) Ru cat. = [p-cynmeneRuC*k. (S1S)-TsDPEN. Wth

optically pure allylic alcohol 5b in hand, we sought a

method to couple 5b to al cohol 6b w thout scranbling

of either stereogenic center. The docunented

ster eOSH@Gdrfdn@éds)chélob&ﬂfdriMBd%ﬂaIﬁe@ ﬁﬁéihéﬁﬁ’catlon were tolerant

ofa va!l]ﬂ%r)at}fl a\féol}%ﬁst ?l‘?dl g raqlegérgg ot matda?l 1c e des v% ag%gl%g retention of

Ion _an rac OICG
stereocgqgnst(y at thﬁfqaq\ﬁugg centerf Tallg éé.wln @ﬁ@npplmg; of ghylic gggmllb with both

enantidm&d of BDcoKbmb |dnly A fRdest. dlﬁ'EanceLlﬁtréact@ﬁQ 3vas ¥B&vedd however in the

case o3RS ercallhehc§BINA aftondls o el o50% 200%er pairing was
observps e the EoNR NG Sy My W schmLAlcatat vt he xpected

allylic ‘émtﬁlgﬂflzdiﬂoﬂﬁﬂﬁ riﬁtﬁs' eqmBirédcibh )bvasT&eﬁH’f oﬁélfrﬂ{dtﬁ 8f electron
ZI NC_a

ea o all
withary e i D e fos PR el t e st Sl gty esters
lacking ar plectepowithdravang greapRd thead-positienl wetehioa¢thvieda theoallylic etherification.
deliveri ng aIIyIic ether 4 in 50%vyield as a single

ter di fferent |evels of
Tablegnzjrs‘ilt‘fa ﬂées\?{}gcgg \%g&éubj ected to the
etherifi cat| on with optically pure 6b, the respective
anount of the ether diastereoner 4ab was observed,
i ndicating a high degree of stereospecificity (Table
2).

“r
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Tabl e 2. Pd-Catal yzed Etherification of 9.%ee 10b %

Assay yield 4b+4ab 4b:4ab 0 50 50:50 75 50 87:12 >99
w®008021029 0. 5 The noderate yield in the etheriPCT/EE2007017406

was the result of an extrenely reactive allylic ester,

whi ch underwent deconposition under the reaction

conditions. Attenuation of the reactivity was achieved

t hrough the choice of a poorer |eaving group, such as

benzoat e or naphthoate, which inproved the yield of 4b

to 73% yield. Naphthoate allylic ester (lib) was a

crystalline solid, @nd was chosen for further

devel opnent. An exf/flensi ve screeni ng of |igands

reveal ed that al®ho Qo t he Buchwal d bi aryl OR

di phosphi nes e effective i RoHhe Pd-catal yzed

etherificatio qui valent results coyl d be

with 1,3-diph phosphiggzhpgqg¢%ﬂ@pggé, wh

consi derably le pensi ve a re readily

avai l able. As a further inprovenment, the amountEWES

al cohol 6b cou9B be reduced to 1.0 equival endbwi th no

effect _on the assay vield of product. Under optim zed

condi ti ons [ her 4b S pre j %y

and 001 ETLY o EYRSTCL (2, FE° B PER el (I e

Pd- Cat al yzed Et herification. The conditions devel oped

for the Pd-cat | i erifcatio re.

tol erant of \%@M?Ho#g)al z’gﬁgbs pr ovi d?ﬁ\ggg%dn/er se
array of allylic ethers wt lete retentjon of

st ereochem s%(ry a (ﬂﬁger eac?ﬁﬁ'&@ent er (ngl 8535)% I n

t he coupl i ng_ of lyLic. est lib with both )

enanti oners of al%lc'ﬂt%?béb, Z%hﬁba nodest &PfPE8hke in
reactivity was observed: however in the case of nore
sterical |y ehcunberGl G1SSRHDS)-mepthelr - 38t(ER8) and
"m smat ched” pairigg was observed. Additionally, the
coupling of allylicChsf(ER2SWpRi-raenthadl alf6drd9s1)
provi ded the expected allylic ethers in high

enant i oneri c6rati oSCNThe r eddexOi was t ol %8 (38%ek)a
vari ety of electron

7 CN 2-BrPhCH,0OH  85% (97%ee)
8 CN 3-(NO,)PhCH,OH  85% (98% ee)
9 CN  CF3CH,OH 74% (99% ee)
10 CN PhOH 75 (>99%ee)
11 CN (:[;\}OH 67% (94% ee)
12 C(O)Me (13b) (R)-6b 55 (99:1)

The highly convergent and efficient preparation of allylic ether 4b provided a
means to access cyclopentane 2b via diastereoselective conjugate addition of an aryl-metal
species. Attempts to accomplish the conjugate addition via Grignard or cuprate methodology led
to varying amounts of the desired conjugate addition product along with significant quantities of
the 1,2-addition product. Recent advances in enantioselective Rh-catalyzed conjugate additions
of aryl boronic acid derivatives led us to attempt this methodology on our substrate. See
Hayashi, T.; Yamasaki, K. Chem Rev. 2003, 2829 and references cited therein. Typically, the
problem associated with the enantioselective variant is the high rate of reaction for the

“ligandless” background reaction. As a result, we subjected substrate 4b to standard conditions
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wi t hdrawi ng groups including esters, nitriles, and

even ketones; however cyclic allylic esters |acking an
web@sieom W t hdrawi ng group at the 3-position MeET/@S2007/017406

inactive in the allylic etherif cation. Table 3.

Pd-catal yzed etherification of 10b. Entry EW5G R % Assay

yield (%r) 1 CO2Me (Hb) (R)-6b 78 (>99:1) 2 CO2Me

(S)-6b 65 (>99:1) 3 CN (12b) (R)-6b 80 (>99:1) 4 CN |

S, 2F?,5S -menthol 38 (>99:1) 5 CN f1R2S, 5f ?J- ment hol

75 (>99:1) 6 CN c-HexOH 76 (98%e) 7 CN 2-Br PhCH 2CH

(5 equBOS6rbRic UeRl) ggn@%fbd) , diRaRIF Ve OOtE@ibs%n&N:)f lil\%and. We
were p?%%_%(q{%s;ég/o 8%%??%8)? %e} Eg%%&g)gﬁi%geg/%ﬁ%ﬁ%(gsgt with complete
stereogntrioti Arsigmfieqnd reduction of thglampuntofethh &protiic prid epelddeachieved by
emploglg)%!?ﬁe s mﬂa@@t‘s?%@b?a&;sﬁ R8It 5Pe %()a lﬁate'y,gs.:; gg%}ﬁ,lt&.qtﬂt; \g%m, D. V.
o 8 By b A b oy Bhseson L
1997, 4303, athicheghisetbbulyyl .3 eqhivalenta o achgevarmomplete gbnvdrsion. We also
discovBRA thALuERBI WEShe e 2lehi LR rRHREYS HioRhADHatr bl the solvent medium,
provioR et b e Ut PR AU Raact conditins 15
was olgaingdi a3 oyikld b 019S:Somixaurel of lepinaers efterciqubiliteratiaratol the s
thermddyamfcall ﬁ%ﬁﬁ@isom}.STHEtrﬁqgﬁé QY r&Hdi19 llllg Ht8hL&d 2b and
Yanmasa .. 2Q0 29 an

solatefgp ShCTERY 4706 ol REPERHtpjlt i Seodpiscpibpf Bfyundesired epimer
(Schemmsd4pci ated with the enanti osel ective variant is the
hi gh rate of reaction for the

Scheme 4. Synthesis of 2b via Rh-Catalyzed Conjugate Addition.

FaC Me
FaC - Me KF3B F
1) °
NaHCO3, EtOH 3
I:% FaC O—QF
FiC _

II,o

2) NaOMe, MeOH

o o CO,R
1) NaOHQR Me, 15b
2) HCI R=H,2b
95%

Having demonstrated an efficient process for the production of 2b, we sought to
determine the range and scope of the method. A variety of electron-rich and electron-poor aryl
boronic acids were suitable nucleophiles in the diastereoselective Rh-catalyzed conjugate
addition, providing high yields and complete diastereoselectivity in each case (Table 4). The
methodology was tolerant of moderately hindered aryl boronic acids; however, 2,6-disubstituted
aryl boronic acids provided low yields of the conjugate addition product. Heterocyclic boronic
acids and vinyl boronic acids were completely ineffective in the Rh-catalyzed process, affording
<5% of the desired conjugate addition products in every case. This methodology was also
effective for a,B-unsaturated ketones and nitriles, which delivered the respective products in
excellent yield and diastereoselectivity. All substrates (ester, nitrile, and ketone) gave high
epimeric ratios after thermodynamic equilibration (95:5, 92:8, and 98:2 respectively).

Table 4. Diastereoselective conjugate additions.
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"ligandl ess" background reaction. As a result, we

subj ected substrate 4b to standard conditions(5 equiv
wheoosow2aci d, 3 nol % [ CODRh(OH)] 2, di oxane/ waP@T/PSton7/017406

the absence of |igand. W were pleased to observe 89%

assay yield of the desired conjugate addition product

wWith conplete stereocontrol. A significant reduction

in the amount of the boronic acid could be achieved by

enpl oying the aryltrifluoroborate potassiumsalt, see

a) Batey, R ; Thanadi, AL N; Sml, D. V. Og. Lett.

1999, H83. Db) parses, S.; Ceneg,cJ. P.;yBrayer, J.

L.; Denou P. Tetrahedron Let 7, 4393, which
required 195 equi VaF¥hts to o vePconpl et e
conver si pig | so ainameneoed t hat! et @QIR was an
excel | ent®al t ative to di oxane/ water <84 the sol vent

medi um provi di Bgcf ast er conversion, bettws yield, and
cl eaner reastions—Under—opi+mi-zed—condi-tions, 15b was
obt ai ned | ' r95:; | % yigje sn) i mers
after equili byati&smbo steprsibhAgr Nnodgoaesrcal |y preferred
isomer. This mxture was readily hydrolyzed to acid 2b
and i sol at ed é\ns t%%”€r4r%%%W‘8H¥ne )s?gfg?s n excel | ent
yield with godd regMeti &nBOMH)t he uRBIESEr ed epi nmer
(Schene 4). Sghengfe &n,;,@&%zs of g2f3a¥j @ Rh-Catal yzed
Conj ugate Addition. 95% Havi ng denpnstrated an
efficient protesscYp ?‘Hép’ﬁf%‘gucti SReBM 2b, we sought
to determ ne ¢he caymge anehspgope ofes(she) net hod. A
variety of electrop;rich el ect Lpp,ROOr aryl
bor oni ¢ aci dsgvver e&%ui t?iB'I%’%ghKucl eogﬁﬁf'?eg in the
di ast er eosel ekt i VEOMNs- cafriefaed cofP(#§8k e additi on,
provi di ng high yigbpe anebneaiypl et e s2(gs8:2)
di ast er eosel efpt i Vi t%‘gi n each case QJfLQEe 4). The
met hodol ogy was tOP¥EahEPYeB sber ately “hi ndered aryl
boroni c aci ds*' houewer, nMeLécui subs®pt9@8ed aryl boronic
aci ds provi deg | upyi€l diteof the ceypsippt e addition
product. Heterocyclic iLc Calci ds and vi nyl boronic
aci ds were conpletely | nﬁect ive in the Rh-catal yzed
rocess, affowrdi ngowke% 8f _Xhegesired conjugate
gddi tion product rqtgi ’zﬁe\/prg r‘-ilggl Thf @:%TJI’IOI%DI ogy was

Althm@hstﬂe Rh-catalyzed conjugaie addition methodology was effective for a,B-unsaturated
ketone xx, Cu-catalyzed conjugate addition of 4-fluorophenyl magnesium bromide, using
trimethylsilyl chloride as an enolate trap, see Varchi, G.; Ricci, A.; Cahiez, G.; Knochel, P.
Tetrahedron, 2000, 2727, was more practical providing xx in 94% yield as a 98:2 mixture of
epimers after equilibration of the ketone to the thermodynamically favored isomer. The Cu-
catalyzed conjugate addition was demonstrated for addition of aryl, vinyl, heteroaromatic, and
alkyl metal species, which were unachievable via the Rh-catalyzed conjugate addition
methodology.

In conclusion we have reported a method to seamlessly construct highly
functionalized cyclopentanoid structures in outstanding selectivity in very few steps. The
convergent nature of this approach make it a valuable tool for rapidly assembling structural
complexity, and the modular nature of the route allows for the efficient production of structural
analogs. The examples described herein are indicative of the diverse array of complex
intermediates can be accessed using this chemistry.

We next attempted diastereoselective alkylation of chiral oxazolidinone 3a with
halomethylketonie derived from the cyclopentane acid 2b.
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effective for a, b-unsaturated ketones and nitril es,
whi ch delivered the respective products in excell ent
wQk@Bd2med di ast ereosel ectivity. Al substrat eBC(/€51087/017406
nitrile, and ketone) gave high epineric ratios after
t hernodynam ¢ equilibration (95:5, 92:8, and 98:2
respectively). Table 4. D astereosel ective conjugate
additions.Entry EWG Ar % vyield (dr) 1 CO2Me 4- FPhB( OH)
2 89 (95:5) 2 CO2Me 4- MeOPhB(OH) 2 78 (95:5) 3 CO2Me
PhB(OH) 2 99 (95:5) 4 CO2Me 4-CNPhB(OH) 2 84 (94:6) 5
CO2Me 2- MePhB(OH) 2 85 (96:4) 6 CO2Me 4-FPhBF 3K 93 cr,
(9%®) 7 CN 4-FPhBF 3K 85 (92:8) 8 C(O Me 4-FPhBF 3K
90 [98:2) 9 C(O Me 4-FPhLi/ 92 (98 2) 10 C(O Me
PMBr/ Cul 96 (98:2) 1 ) Me MeLi /Qul/P85 (92* CF,
A QY S UCul 84 (94: ough, t -catal ywed
gyonjugA?E addi ti on met hogol ogy a%s 2??e611ve f \
v X, Cu-catal yz&d Bonj uga

a, b-unsat urat ed ket ong
i on -of—4=ftuoro ragnesi-um-bromde;  Hdsing F
H t Ayl silyl chl oriHI¢

gnol ate trap, se@ 3

o”“oWarchi, G; Ricci, A9 Gahiez, G; Rnochel, Rebz—y “F°
Tekeghedron, 2000, 2727,X wasXnbfe practical provigiing
xx in 94%vyield as a 98:2 i ¥t%®€ of epiners af Per
éuilibrati@q of the ketore to thg thernodynan cal | ycr,

favored isgrer. The Cucatal yzedlconj ugate addition S

denonst r at for addition qf aigm vi nyl ,

het er oat'ghatT ceFand e CFa e CF,
.‘O -~ 0 .‘O

14a,b 16 1

Chloromethylketone 4¢ was prepared from acid intermediate 2b via 2 steps: i)
methyl esterification of 2b which was comprised by treatment of 2b with methyl iodide and an
alkali metal carbonate such as Li, Na, K, Ca, or Cs in a polar solvent such as DMF, DMAc,
DMSO, or acetone at a temperature range of about 0 °C to about 60 °C. Treatment of 2b with
MeOH in the presence of acid catalyst such as sulfuric acid, TsOH, MsOH, or benzenesulfonic

acid at a temperature range of about 50 °C to reflux may also employ the methylation, ii)
chloromethylation of methyl ester 2¢ which was comprised by treatment of 2¢ with CICH2CO2H

and a metal amide of Formula MAN(R16)2 or M4N(Si(R16)3)2, wherein M4 is Li, Na, K, or Mg
(Mg is divalent, need to be changed), and each R16 was independently selected from C]-galkyl

in an aprotic organic solvent, for example THF at a temperature range of about -20 °C to about
40 °C. CICH2I or CICH2Br may also employ this reaction.

Compound 4a was prepared by treatment with an alkali metal or ammonium
iodide such as Lil, Nal, KI, R4NI, wherein R is selected from H or C,4alkyl, in a polar organic
solvent such as DMF, DMAc, DMSO, or acetone at a temperature range of about 0 °C to about
60 °C. Anhydrous conditions gave a better yield.
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al kyl nmetal species, which were unachievable via the
Rh- cat al yzed conj ugate addition nethodol ogy. In
waeoeosloemeon we have reported a nethod to seanl BEBIUS2007/017406
construct highly functionalized cycl opentanoid
structures in outstanding selectivity in very few
steps. The convergent nature of this approach make it
a valuable tool for rapidly assenbling structura
conpl exity, and the nodul ar nature of the route allows
for the efficient production of structural anal ogs.
Ther,exanpl es descri bedcherein are indicatigg of the CF3

dixerse array of conp i nternedi ates ca e accessed
", this chem stery, next attenpted, o,
[diast@€r eosel ective gl kyl at't d#Cafohi ral [oxazofidi none ! CFs
©3a with Ralgast hyHeet one der Mt romtifie cycl opegf ane —~
= 2b—€hi-ororet ne 4g;wgg:?r r om—acte-
H] | medi 3fe2b ¥ 2 ps: 1) et hyl] estefiéi EALTO H F
"ot 2b which was ConP¥§ sed by treatnefRt bf 2b with ©
m&ERY|l 1 odi de and an al kali net al carboflate such as
B, Na, K, Ca, or Cs Pn a polar solvent sach as DV, 4a

DMAc, DVBO, or acetone at a tenperature range of about
0 0C tg.about 6 C., Tr.eat ment 2b. wi.th Me i.n the )
or osend b8 Bfotss or e kel [ ERHEEDhe Fa STtk Porticd dpnbbliehEne of this
inventinOH heqprogrsa ompristd panasteglyichirak cagbencegmesr vy additioqrpfenolate of 3a to
5  a-haldketonl ?yhp&& tﬂ&gcgrmiﬁclﬁi‘sldmn {iﬁéélliatlétﬁl ﬁmaief Qf tpﬁhﬁula MN(R)22 or MN(SiR;),,
iQn, i chlo at i est.er .
where NGO R ok k) afddah NPl @bl o180y rafRe raisf with or
withoutrag aprotict prlarselveat of arrinepdiiivirsngires BMPUDMINTISYIRD A5 in an
organit 3dKent'diRh @k folléhel ¢ THF af¥etentperftire¥indd\dr dbdutli7é@e@tabout -40 °C.
Thec@eﬁd to gﬁfcha g%% §nd eachog vagf“ﬂdqgenﬁgptl¥ ion temperature
TEPERIILO PSR RAYRY PO T dhTOURPREF 2o ¥ P Ah{ T L SrRnp emp
10  gave beger ¥igldnpl e THF at a tenperature range of about -20 OC
t 0 aboyhe #&idifal exdeSd hotit €130tk Bie JHRMticH SFRaSHRQAYgdrié Solvent such

reactio nmpound A4a was .pr red. by. 1reat nent
as ol ek 3Ple (B RRHGrec i SRS Podtosisovih aGopk FOR fpllowed by
- aqueoky NaRg(}p treameant eha Rnipsratalegangedoffabont $°G 1to @bout 40K, |
in a polar organic

CFa
CF,
CF3
o LHMDS 1) LIOH Jo)
CFs \HL DMPU toluene-H,0 3
(0] + O
: N—{  THF,-78°C 2) NaHSO4
OO—F Cbz Ph toluene-H,0 . H F
/ o7
P ; (o)
Of\ 3a CbZ\?Y
15
Ammonolysis of the alkylated oxazolidinone 2a with an aqueous or organic NH;
in an organic solvent such as THF, DME, methanol, ethanol or isopropanol at a temperature
range of about 0 °C to about 60 °C directly gave a diastereomer mixture of aminals 14a,b.
20
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sol vent such as DWMF, DMAc, DMSO or acetone at a
tenperature range of about 0 OC to about 60 OC
wa\nvgadeoes conditi ons gave a better yield. The peDUSRS7/017406
for the key internediate 2a synthesis forned
enbodi nent of this invention. The process conprised a
gquarterly chiral carbon center by addition of enol ate
of 3a to a-hal oketone 4, under the conditions of an
al kali nmetal ami de of Fornmula MN(R)2 or MN(Si Rs) ,
wherein Mwas Li, Na, or K, and each R was
i ndegendently selected from G -4al kyl with or w thout
an afrotic polar solvent or am ng.additive such as

DM or TMEDA in an organig %ol vent such as
ol téhgeor THF at a tenperat, u@nge of about -78 0C

To about -40 OC. The conbi nat tr,l ess pol ar sol vent
Om apr ot i2s% pbjaar sol ve | ower reaction
&t U resi dual excess
“Sanmount of 3a in tEe sol ut atin an organic
CbzN yent such as tol uene vva bI e to be renoved by
| ective hydrolysis with @qbeerzs Li OH fol | owed by
Ph a ueous NaHSC>3 treat ment at enperature range of

out 0 OC to about 40 OC. LH | ) Li OH DMPU
toI uene- H20 THF. -78 C 2) NaHSO3 t ol uene- H2O Ammono

lysis H_ﬁ/dfolsts»l groliy i £4]b e z6diicdl ROPiIRIES BY trbatAient w1th a silane of
Fomu%_#esogi/g%re g‘lﬁ’]%ﬁ sewg:?ﬁﬁlafg%'fl Q%grr gga;l)lg (B’Z‘glr%?e Slt'etsg’nl'(l:% o3 acid such as
mﬂuot@nggq m@n’@ethmﬁgglf@ﬂc atidutrifnogaboranesharate 5or thelike in organic solvent
such af hé&6dilrile d8NRn& a@bﬁ’@&cﬁﬂ aaiFBhetiadd, Wt ﬂatﬂfetlgdﬂte Ny r§:at at a temperature
R s re 0
som ok B o R, A R Sl PG bl B s howrs.
It was \Kmyxdstbatetbtseeldlfqtlomplﬁmﬂedfpdwﬂltmhmnemermetegmeélntmbﬁaeb Svhiph was

conveA&d frbinfidé(lf sﬂ&siﬁ&na%tﬂ,anmem%esayh{mmrsac@ﬁt feid, methanesulfonic
or obo g te, or the

scid, i oS80 S RFe, 5 IR S, Pl Syt Suls e A B, toluene, iy
acetatq) jatetivasidy amteqmqhamn or odtdethane, aamealeat a tegipegature from about -40 °C to

about 66PRE Tolind 16 was produced from both 14a,b and 15a,b under the same conditions
and obtained concomitant with its diastereoer 16a. Better yield and diastereoselectivity were
obtained by the reduction from enamine 15a,b in acetonitrile at lower temperature.
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from about -40 OC to about 60 OC, until the reaction
was conplete, usually about 2 to 24 hours. It was
wo cam@2tokat this reducti on proceeded through ePemiURE07/017406
i nternedi ate 15a, b, which was converted from 14a, b by
treatment with an acid such as trifluoroacetic acid,
nmet hanesul fonic acid, trifluoroborane etherate, or the
- like in organic solvent such as acetonitrile, toluene,
ethyl acetate, acetic acid, nitromethane, or
nitroethane, or neat, at a tenperature from about -40
@€, to about 60 OC. Conpound 16 was proghkjced fronwa@th
da, b and 15a, b under the sane conditisns and ob ned
@ comtant with its diastereoer 1fa, tter Y and
olagﬁereoselect|V|ty wer e obt ai ned he®fe edu

' @ﬁglyzed hydr ogenation in an alcohn
aspet hanol, ethanol, or the Ilike, %r

by a0|m

ol vol ysi s with a hyd@@gen hal i de such,as HO, FE&

| or an equival ent h as conbinatiof of a netal or
n amoni um hal i dg i acid trifluornoacetic acid,

t hanesul foni ¢ ac}d,
uch as acetonitrj
enfisPat P fr omlap

deprotection of Cby

orthe like in o ganic sol vent

ol uene, wssoacetijc acid at a

OC to &b¥dt 60 OC. If this
group was o out under acidic
condition, 1 coul ~‘§ obt ai neﬁﬁ 6&95% a,b or 15a,b in
a one-pot manner. Be ay& hal i de, which was a side
product of deprote@hm&mmof Cbz group, was easily
renmoved fromthe reggdd on m xture by -back-extraction
with heptane. Free base of 1 was difficult to be
extracted fromthe aqueous |ayer to organic |ayer
becausEhobenzybxgcqgrbhomad(6bz) groyrs oL k6 was oleavddyto givarl ked noble

tra.nsn§>‘ﬂ| IH&QF s%{h %h?%%@?%é?éﬁ Q@E%cgag&aﬁf)ﬁ &Fhd Xl%ohohc solvent
such ag ang’l ggtlmggl Bm,q %fl@doblgly %g%tsaﬁo?)g Bﬁ Mﬁ)gen 9a11 e such as HCl,
HBr, opéHoeae sqhiveleat fichak tombonatibPAf & Biktal loe ph anen@ovlimdralide and an acid
triﬂuoﬁ)\ééétwcici[ I?ﬁetpﬁﬂ:g@lﬁﬁﬁé' Léig,n@tttﬁe ﬁﬁé tn &%ﬁk‘@@lvent such as acetonitrile,

toluene, or acetic acid at a temperature from about 0 °C to about 60 °C. If this deprotection of

Cbz group was carried out under acidic condition, 1 could be obtained from 14a,b or 15a,b in a
one-pot manner. Benzyl halide, which was a side product of deprotection of Cbz group, was
easily removed from the reaction mixture by back-extraction with heptane. Free base of 1 was
difficult to be extracted from the aqueous layer to organic layer because of its amphipathic
physical property. A mixed solvent of --BuOH and MTBE was found to be effective to extract
the free base from the aqueous layer. Crude free base was purified by crystallization as a
benzenesulfonate salt from IPA-IPAc-heptane solvent system. The benzenesulfonate sait has two
crystal forms Form I or II. Form I would be more thermodynamically stable than Form 1. The
benzenesulfonate salt can be recrystallized from acetonitrile and alcohol such as methanol,
ethanol, or isopropanol, if necessary.
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crystal fornms Forml or Il. Formll would be nore
t hernmodynam cally stable than Form 1. The
wheonzezwsul f onate salt can be recrystallized fPOMIS2007/017406
acetonitrile and al cohol such as nethanol, ethanol, or
I sopropanol, if necessary.1l benzenesul fonate salt A
hi ghly convergent, efficient, and conpletely
di astereo- and enanti osel ective synthesis of the
cycl opentane core of the |actam hNK-1 receptor
ant agoni st (1) has been identified. The genera
met hgelol ogy descri bedherein ¥gs plied to the
syn sis of both thejacid i rmedi ate (2) and the
.9 one internediate (3) i chfhave both been
defronstffated to deliver 1 ifn godd*yiel d and acceptable
rity. 10 Early developpent work for making 1 had
i Ci 9 sis of 2, primarily
ec Fit wees. &dse only i reth af e3THRI" AR been
sficcessful | ynganverte Mo /1. W su¢cesshakly devel oped
¢ nkikk.pretdaodol ogy to rapi é Rpoducel2 in a highly
1egpver gent, di astereoand epgnti oset ect jve manner
(Schene 1). The highlights of the syntlie'sis are a
highly enantiosel ective enzymatic red i on of
3- car boxynet hyl cycl opent enone (5),” t eemospecif ¢
1) bacRSlra6iad vth Wep@sd et herification, and a & astereosel ective
2) NaORIeHe® il yzed conj ugat e additi on. 1. Synthesis
3) -BugfiMTBE Aftadtien gh t he syrfoliesi S was an|.H enent over
the existing nmekhcdchaupodtce 2N the route suffered
fromdifficulties in preparing 540m"scedse,and costly
Rh-cat al yzed conj ugate addition neiﬁdﬁology.
| mprovenents in the endganme cHahzenesplfongiestihst r at ed
that 2 could be converted to 1 in 7 steps (Schene 2).

An exam,nat.i on_of thi S.i oved ro reveal ed as_.a .
bet t er ALURHY 59%&%%{1?%’@%{ T Cormolblee fIRETRT And plifyRseective
synthegis op theayslopsriane aore ot ahe lagtane hNEqlreggitor entagenist(l) hagkeen
5 identif?ed.scﬂlﬁ?n&-al A6 Riky [HRSIGRRE hbfediMvds APRiedQS BKeAdynthesis of both the

acid in}%&%ﬁl & (y%ng %yeeiloggkee orgqulte%gdig%%ﬁ%vsﬂigh szavezbovt\ﬁgeen demonstrated to

deliver 1 in good yield and acceptable purity.

CFs

FaC

Early development work for making 1 had focused on an efficient synthesis of 2,
primarily because it was the only intermediate that had been successfully converted to 1. We

successfully developed new methodology to rapidly produce 2 in a highly convergent, diastereo-
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accommodat e the changes in substrate necessary to
produce 3 (Schene 3). By directly targeting 3, the

wor@sakiozpr ocess was i nproved by providi ng an PCT/US2007/017406

accessi ble method to produce | arge quantities of the
starting material, transform ng the Rh-catal yzed
conjugate addition to a Cunedi ated conjugate addition,
and elimnating several steps the process. The

optim zed synthesis of 1 was reduced to 10 steps from
t he cyanoketone starting material (4 steps fromthe

and enh A RkANE oSOV rm@nghrg%@a%emﬁes@&etmgmy
enantigesive ST SRR Rbd e el 67

Pd-catdlyzehe¢theryfaeatioht drekd dinstateoseleasive RN-patalyzéescayegate &iditidh.

éale is descri

SRemons ()

6 2-Nap 78 A rudi nentary solvent screen did not reveal

Schemanysyntewief2 better than THF (Table 3), jhich was used

i n 8RR Kacdgi nal o et heyy EhiymadcirddctiePndi tiQhs. It is still

pod¥iobRecat hat herADHRE/NATHDHI g3%t hels -ty'gne sol vent's
(or peselbly tiary ngsadee naskeh i Vels)y Caub@ AHapniiyile
Cogve |rrp;bggverrent Colré S P EACDMAREEN | NVAS] at ed yet.

4 Table 3. Pd-catal yzed *E¥hes #¢% &2t i on7 oI2 Scr
PhiMe 54An extensive screening of |igandsj( W
reveal ed that the dicycl ohexyl phosphi no arl

t he Buchwal d bi aryl phosphi ne |igands perfo

! ( Fils «Pd(OAC),
better than the corresponding di-tert-buf y’r

O5p MOoBLO-Trp

,a stereospec1ﬁc

ver si ons. Thi s indicated that relativel
phos plra neree preferre e Pd catg yze%(’ﬁs"'@%%%de
et heri fi 'og In gen‘éra’F Me
bi aryl phg3phige ands mrroofvﬂ(deﬂi a s h| gher
yield ah8 a @s@réacﬁ ORaHdesual | Vil
icozR Dioxane/H,0O
R = Me (10) 2) NaOMe, MeOH COzMe
g :g)HC'hH 2 93% assay g

95%

Although the synthesis was an improvement over the existing method to produce

2, the route suffered from difficulties in preparing S on scale and costly Rh-catalyzed conjugate

addition methodology. Improvements in the endgame chemistry, demonstrated that 2 could be

converted to 1 in 7 steps (Scheme 2). An examination of this improved route revealed 3 as a

better synthetic target for a convergent synthesis to 1, because several steps were required to

convert 2 to 3.
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0C) than chel ati ng di phosphi ne such as dppp
(typically, 2-24 h at rt). Neverthel ess, the dppp

wo pganeiokad t he advant age of | ower cost and bebPeCEUS2007/017406
avai l ability. Regarding the chel ating di phosphine
| i gands, dppp was nore effective than either dppe or
dppb. Decreasing the catalyst |oading to 2% Pd and 3%
l'igand (using the Buchwal d bi aryl phosphi ne |i gand)
resulted in a slightly slower etherification of the
p-ni trobenzoate ester although the assay yield was

Scheméi2! tiHipkdvid BREGWREGRSM § 96% conv, 70%vyield after 7 h at
0 OCE) Tabl e 4. Pd-cat al ed Ether|f|cat|on

FaC nd/ Substrate SeF “Nap Ugagfcofi2P P"f Assay
eld: R CoMeli*$dns: {1/, 20 h rtMgQ(Mm)rt ® rt, 20

h Q Qe 4 h il nyer §kon Q.

Fa€ of@l‘@%t #% 9 A'S 9@3@/_\5 L5806 >0 WF

Assa'zhﬁ(i el d: 30% 68% 38% 62Me65% 73% 5% As a fdrdher
i mprbvenent, it was found®that the amount of''benzyl
al cohol 8 could be reduced to 1.2 equiv in the ggse of

t he napht hoate substrate (R=2-Nap) w thout Acetone
igntficantly affecting the assay yield of 9. THe
cefy nati on of €de i
. gdt he best

hoate ester anddppp [Negand
hon in terms of ov el d
@and costzgéfﬁw;\enc, Whosquor g%n M’F
\ de elopm gt fe r tien c n
| so ’i’lé?’y i nvestigat ed. Ae:}i(l dlffer(e?g (78%
Lvs~75% assay yield) yg servea"zﬁe‘tﬂ\%en t he ?/I and
). 3BM reactions in THE_(Mdefined ¥ePe as nols Of ester
o Nsubstrate vs. nL of “FheYsol vent, i®#8%uding the heptane
ssol vent supplied by theSEt Zn sol ution). However, the
sonewhat nore productivé 0.8Mreaction was pl agued by
formation of a thick oil that was difficult to stir.
As a CORPE&EraSnetRodYbgy developed for the synthesis of 2 was modified to

accommodate the changes in substrate necessary to produce 3 (Scheme 3). By directly targeting

HN

5 3, the overall process was improved by providing an accessible method to produce large
quantities of the starting material, transforming the Rh-catalyzed conjugate addition to a Cu-
mediated conjugate addition, and eliminating several steps the process. The optimized synthesis
of 1 was reduced to 10 steps from the cyanoketone starting material (4 steps from the
iodoketone). The discovery and demonstration of this methodology to both 2 and 3 on 30 g scale

10 is described below.

Scheme 3. Synthesis of 3

O 1) Brz, 20 mol% HBr [o) FaC

o)
1) Enzymatic reduction O‘(
Pyr., 90% ADH-RE/NADH/FDH 7 “Nap Me
2) NaCN, AcOH 2) NapCOC!, NapCO,H Q OH

MeOH, 80% CN DIPEA, DMAP FoC 8
14 16 . 18 ¢N
80% isol., 99% ee 5% Pd(OAc);, 7.5% dppp
Nap = 2-naphthy! Et,Zn, THF
81% assay, >98% de
F3C Me

1) 4-F—PhMgBr F1C. Me Fgc Me
o Cul, TMSC} .
N O  2eq Meli, MTBE (o)
FiC O—O‘F 2) NaOMe N T R
4 MeOH F3C % 95% assay FaC
20 Me

/=R 95% assay
(o}

R = CHj (21)
ICI, MeOH (
R = CHbl, (3), 90% isolated

S 19 CN
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concentration was chosen for the finalized procedure.
Havi ng identified naphthoate ester 7 as the idea
wammsieme for the etherification, a process WaST/US2007/017406
devel oped for its formation. It should be noted that
the acylation of allylic alcohol 6 was a sensitive
reaction, and treatnent w th naphthoyl chloride
afforded | ow assay yields of the desired allylic
ester. In contrast, in situ formation of naphthoic
anhydride (fromacid chloride and acid) followed by
treatnment with the al cohol provided allylic ester 7 in
good assay yield (91@@ I solation by crystallization

TablePr BYL t%%g%%& Eﬂ?g t%’dt fgtg&llcggs/f’ekmp A 3 g front run

eri I'on Wwas carried out using

1.2 eq of al coﬁ S, ¥ Pd and 4% dppp |igand.
Al tgough a 78% §sspy-&ield and 75% imeol ated yield (95%
LCA, 98% assay)whAs ot ai nedc_the tJeaction was
r& atR vely sl figi #htramd t ook 2 t8 >99%

leti on.. fd and nd were used
f the 20 g" P% @} The beéac n on the 20 g
scalo®,@xhi b|¥e¢‘@ d'ﬁctl on perigod ebtmough no

si gni fi cant exot hermvvas observed when the reaction
start ed to—accelerate—ALlylic ether 9 was isol ated
after a Demgo KBRB tréstawnld (to remove Pd), sol vent
switched tg Me and crystallijzed fgom MJOH wat er .
Al t hough a sone fat | owel” isol 4t gd as observed
on 20 g scal e dwsd 0 i nc¥eased e or | osses
(6%, a si gnlflcantly gL pure pro
conpared t3 the g front run. In t R&¥2end,] 20 g of 9
was i sol ated bgnomstal | Tzation 1N @gahdoo yi el d and
>98% puri tg (Schenme 4). $Schene 4.

Acyl ati on/ Pd- et hB%ificati'on OH NapCOCl, NapCO2H DI PEA,
DVAP 77% yigel d, >R800 ee 78

A rudimentary solvent screen did not reveal any solvents better than THF (Table
3), which was used in the original etherification conditions. It is still possible that other
coordinating ether-type solvents (or possibly tertiary amine additives) could provide an
improvement. This has not been investigated yet.

Table 3. Pd-catalyzed Etherification Solvent Screen
F1C,
Me

X Q :

OH FiC
0" eNOPh kil B 15eq ? \Q/'\Q
q 5% Pd(OAC),. 7.5% Ligand Q

CoMe 0.75 ?H it‘zgrlc 1::’/:‘L-Trp CF3 o COMe
Solvent Assay yield
t-AmOH 23 Me
DMAc S
THE 73 PCy,
CH,Cl, 55 Ligand
PhMe 54
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CO2Me >98% wt %Di ast er eosel ective conjugate addition:
In order to conplete the synthesis of the cycl opentane
wa@e008/02@29i ast er eosel ective conj ugat e addi ti onP@EES2007/017406

requi red. W envisioned that that bul ky ether

substituent would effectively control the facial

selectivity of the incom ng nucl eophile, affording the

desired trans configuration in the conjugate addition

product. Isonerization of the ester under

t her nodynam ¢ conditions should strongly favor the

trans configuration, affording trans, trans- 1,2,3

trisubstituted c clo I el

i not xR sSEnSle fEemBe Af BRmaraTae ) FeRied Wi log o
dicyclahesylphosphinp wiwtsr%ftthe Buclowild bualykphvﬂﬂlmteelimciis performeid far better
than thé cofrleéiﬁ)'h RigediMbrt gﬁ)@ﬁ}ﬁ{sghlﬁs a/gx%ﬂ;nst %ﬁi"ﬁd&ﬁ&ﬁt’tﬁﬁtﬁlan&ely unhindered

terature. surve S or | ONS . rev
PhoSP{iGSSHETE BESTEREd Hethp S50 ST oo | PPt (e Backvald
biarylph@€p6aigatds phevideta slglhtlgdmghﬁg atedd auttla el reactidoGasually, 2 h at 0
°cy thalnrmesﬁn W cblIGe SSUN HQRHE @Rk, omms‘ta?rmcmléga e dppp

fiuorophenyl nma am br de i res
ligand fip Qaf adaﬁa*a%@%@yvea B a1 frst?eé@yaﬁ ot %@’dl helating
diphosphine ligenids; dppp Was miene ¢ffiertiva nznyesther dppea dpgbt mrdahneg the catalyst

1oadm§9ﬁi%9f}§ &@M'lfg‘aﬂ&] gr&ﬁ g&%amrﬁﬁ §pﬁxﬂé higald) resulted ina
addi n to affo car
shghﬂwo“ﬁm AN pATRbeReRs et ééﬁ%@%‘ﬂe d was virtually
unchangedc(%%&nhv,t’m% yirldaftedCh atoh°@).t h addi ti ves, sol vents,
or tenperature were unsuccessful. In fact, even if the

Table 4 SRd ¢ dtAlyeeBEhepiREdtioh LRAnWB Ll AR Sthekar char ge of Grignard
reagent, an equi nolfa ratio of 10 and 27 were
obser ved. al terna 6 Gignard ggnjugate

addi tion was the Rh- al yeed Gghj ugasle addition wth
aryl bor8n| B aci ds.F:9visstseof t he Ii*/g\t%re reports in
this ar NVOl Ve, FGackS 8% Fand Chi and to afford
asynmet r | ndUCtoI7§)R;azih {ole.-T60N] ugaﬂ”e i ti on

pr oduct . O%%’ of t heTiseYesassoci at ed we t 78 v el opi ng

ion.is the

facility with which the "l|igghdl ess" Rh-catal yzed

conj ug_ate addi tion was a nmphghed pect ed t hat
R=2-Nap igand: thp/\/\ PPh,

PCy2 PCy,

Assay Viela rox

OMe Me Me l
Pcy, PCy2 PtBu,
PPhy Ph,P O O O

R = p-NO,Ph Ligand: [

Conditions: ,20h ,20h ,20h nt,20 h t.2h 0°C,4h ®,20 h
Conversion
of Allyl Ester: 99% 99% 97% >99% >99% 99% 47%
Assay Yield: 30% 68% 38% 64% 65% 73% 5%

As a further improvement, it was found that the amount of benzyl alcohol 8 could
be reduced to 1.2 equiv in the case of the naphthoate substrate (R=2-Nap) without significantly
affecting the assay yield of 9. The combination of the naphthoate ester and dppp ligand provided
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di astereosel ective, Rh-catal yzed conjugate addition
shoul d be readily acconplished in the absence of

wo 2@asnelio2d ndeed, when 9 was subjected to 4-fl upeDphmayb17406
boronic acid in the presence O [ CODRh(OH)J under
standard conditions, the desired conjugate addition
product (10) was obtained in good selectivity (>99:1).
It should be noted that the assay yield of conjugate
addition step was strongly influenced by the anmount of
boronic acid charged to the reaction (Table 5). Wen

the betattibn 3n Gkt \of 00eraN M Gn@Ebs-cRS erkyaitPWas ts¥n St Hfurther

develodandy yi el d was observed. In contrast, when 5
8qU| val ents of boronic acid was charged, 89% assay

yi el d She et of theyeaetine conaentrition wasalsotirieflyimyestigated. A small

differe@eg ﬁszfa ga 175?«4' a%s_Ba)‘ ﬁél?b ?Iag bgséreapm&&eérhﬁhk 0.8M and 0.3M reactions in THF
odebor i-0n 0 e_horoni cidgis a etitive

M e NG RE R g of P et e AT o B v B he heptEe soivent
suppliedibly thedit2Zmsalyti®or dlivwevacithe samewhapimyre pi@iuttive O 8dyeagtion was
plagueli-b? foRRation ct%/thitk6illthat WA dBiculPid stif % %%-a%o(n%}ofh@e, 65

]tga/o 5.0 (030 ‘i(ﬁ:) gﬁf/ocf@/ At(ieg)pt% to enploy the aryl zinc
concentauon yyas;chosenfopfhe al‘lzﬁ BYEYHFugat e addition were

uns uc cHeginglidentiéigdinaghthoatamsipr ¥ apthei idéad substaterfonitheétherification, a
proces§ Q@J‘s?@%l?ﬁémféghs @tfr;ig.%olnt I sHe AN BeAtdted ﬁl‘dpﬁ]te'fa'i: ti88 of ABylic alcohol 6

ar rifluorobaorate salt. was quite sugce , )
was a e reachiR NTEm G YL UUPOSBPHOE SLaT{edigwissay yields of the
desired eldivlivegiter o Il conteguiiv sie firmatipt bf naphtlys s anhydakle from acid chloride
and ac¥d) §bMowdd By fr,@ﬁﬁ%%’%@/litﬁ@ﬁe 51%&?% pﬁ'&iéﬁ’ﬁlﬁ%@%ﬁy 94n good assay yield

per faormgnce in.. ver sus t. ohser v
1RSI ystallg P pONied Jip TR B E R LepRi el d

usi ng Anl g fronbrumcfor thel etindrificafion reactory Whé caried ontitsng 1.2 eq of
alcoho? 8! 3%(Fefland34% Upph Bpamy, Xikbshh 178 8Sdy RN andt HS% isolated yield (95%
LCAP:j #g’ tagsra%) {;rvea.rs Io taEnaetdl, t?lecggac%ignt\ngas ]fglgtil/l\ﬁ)sl sﬂggﬁzﬂalng goeork 5 (ri]gyr; to >99%
completion. Therefore, 4% Pd and 6% ligand were used for the 20 g demonstration.

The reaction on the 20 g scale exhibited a 1 h induction period although no
significant exotherm was observed when the reaction started to accelerate. Allylic ether 9 was
isolated after a Darco KB-B treatment (to remove Pd), solvent switched to MeOH, and
crystallized from MeOH-water. Although a somewhat lower isolated yield was observed on 20 g
scale due to increased mother liquor losses (6%), a significantly more pure product was obtained
compared to the 3 g front run. In the end, 20 g of 9 was isolated by crystallization in a 71% yield
and >98% purity (Scheme 4).

Scheme 4. Acylation/Pd-etherification

F3C
o Me F,C Me

O Napcocl, Napco,H P’I(Nap : OH o
Q DIPEA, DMAP Q FiC 8, 1.2 equiv :

) F3C
77% yield, 99% ee Et,Zn, 4% Pd(OAc), °
CO.Me COxMe g% dppp, 10% L-Trp COzMe
6 7 THF, 0°C to rt s
78% assay yield
71% isolated yield
98% LCAP
>98% wt%
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observed in the Gignard conjugate addition (85:15 vs
55:45), presumably due to partial isonerization under

wo b@soemed i on conditions. Wien the m xture of ROI/ERIINT/017406
10a were subjected to isonerization conditions (NaOwe,
MeOH, 50 0C) the ratio reached equilibriumat 95:5
(Schenme 5). Further heating, or nore base did not
alter the ratio. The process previously devel oped
required 10 to conplete the synthesis of 1; however 10
was converted to 2 in order to denonstrate the

Dlastef-e%éélb&wééo\{xjﬁaté&ﬂxﬁo‘if?' ation of a solid, and to verify
he structure and irrpurlty profile by conparison to an

aut henti c sanpl e. 5. hesi s Rj 2 After
F3C_ | SOmeMezat | qg Kp(?g pul d bt
@ pot t o ‘aci neutr a,

hydr o yzed in the
Qe correspomo d coul S
Sol a il I-@)Ti at eg, dhe

gd as t )
F3Q3.ddl w /i someriz&aHGOpr ocess V\%ts detr 4 o'Fl 20
g, ant{was hydr dDipxadelHp@ he sane pot t% F{ord 2.

19. 7, gCw,Me NI ahdsHas the NE. 3 heri s0l vate, an

the purity of 'thgopmaferial was §iNGdR Qﬁﬁ«—t%t

obt ai ned by the previousS nethod)Hif. 2 1.3 area%
epi mer derived from10a). |In sungsyy,

Zyrmt iC
Fout o EERE RIS SGF SRR G I EPeBIAE GRE- £ giastppesclective

S conjugamdghtam{;wgs reghiredh e Wacdnyisiorniedrthatcghattbaillgy ethér substituent would
effecn%’l?tct}ﬁ&bﬁthb %&mgeleu]ﬁwﬂ&ﬂ the %&Eﬂlﬁg naae&b}ﬁiaeamﬂdm L desired trans

B e L R ——
conditfong showd sf.rgngly If:evom Itk w3nstdensigaratianchffdrdingdsing, trams-1,2,3 trisubstituted
cyclopéhﬁhé 20 up%bﬁqsleaa dim&\éa@c@weeraahbnyl el d ( 35% Vs

10 Ot cai THROBIPELTPEARAAEY B BREFRIEReIoH el the sddjtion of 4
fluorophenybGeign{i@ regpenptol the subtiratrot A diteratuas furvyt ¢f ssmifaginatsi@mations
reveal&d f.nrix_&ﬁ'ésﬁ&g affOid8{d Rbderate to low yields (20-60%) of the desired conjugate
addition product. Indeed, when the conjugate addition was performed on 9 with 4-
fluorophenylmagnesium bromide in the presence of Cul and TMSCI, approximately 45% of the

15 10 was observed (eq. 7). Further analysis revealed that the conjugate addition product had
undergone further 1,2-addition with Grignard to afford diaryl carbinol 27, which was obtained in
40% yield. Attempts to circumvent this overreaction with additives, solvents, or temperature
were unsuccessful. In fact, even if the reaction was performed with an undercharge of Grignard
reagent, an equimolar ratio of 10 and 27 were observed.

20
F3C. Me F3C Me

o 4-FPhMgBr, THF
N Cul (cat.), TMSCI
FoC l:% _ Fal Q—-@—

CO,Me COoMe

I'O

1

9 58:42
10+10a, 45%

An alternative to Grignard conjugate addition was the Rh-catalyzed conjugate
addition with aryl boronic acids. Most of the literature reports in this area involve the use of a
25  chiral ligand to afford asymmetric induction in the conjugate addition product. One of the issues
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tenperature probe was added acetic anhydride (615 g,

570 m., 6.02 nol). Chromumtrioxide (214 g, 2.14 nol)
wormsagdedl i n portions while maintaini ng constBT/US2007/017406

stirring and to control the exotherm The resulting

bl ood red solution was stirred to dissolve the

chromumtrioxide until the tenperature had cooled to

20 0OC. A5 L three-neck flask was fitted with an

addi tion funnel, overhead stirring mechanism nitrogen

inlet and internal tenperature probe and charged with

associdted ml dnb-vell) Ping'th A on gtrﬁq}r?]}la?ntrbtfgtlh% réac@anl the fl—aﬁty with which the
“ligandii i Hiaaet Sl o AR TR A N1 OSH efp
diastergpsgicative, Rlo-catalyzed gonjugate pildition ehould iba reddily agedrhplished in the
absendemﬁfgaﬁdl IfReRs rvﬂ{elﬁrﬁwgﬁﬁd@&'?ed]& tﬁﬂgor%ﬂh%l bERﬁuc ac1d in the presence

I’ow,sal uti,on ter
of [cqrahichpdnifer PR snaiies dht e reneag g opeodict (10) was
obtaineg imkgabdigelectivity>¥qL)al It shosild beindtad tiat shedassayt yield of conjugate addition

step wLaé Srdridly Hﬂﬁeﬁ& € amduAFof BbroilE atidRMbAle@iy ﬂ’reﬁé&glon (Table 5).

was, tr ctly the. s
When?ﬁLv EéFﬂ“WH’é @‘E\H‘é%‘ag chiseesh Qg3 %‘%&sw yeslﬁé?%%ewed In
contrasty vhem S £qlivhleatsarf beirdrtic acid ovasrchered s89% mssay yirdd bidéesined product

e =Y r
was og—sgieveﬁ O%ﬁé \955 éévu‘ mf n‘{\@gﬂx\,\ég&%)egi %ﬂopts Fm%()%gﬁlatl()ﬁ Q)@the boronic

acid lsrae%qmeélawm é§a°é'\98| ution. Additional NaHCCH3 (830 g,
10 nol) was added in portions while maintaining 500

TablerpRRiicatalyzed Gonjugate addition ni xt ure. The resul ting
cdark grggn suspensi on wasgg | ut ed peth 1 L H2O and

erthroughaBLfrﬁ upnél containing a 1
d @ sol karph@en), he bl($0| ut| on was

ra d wthc (21)(23x1 L))y and =
hﬂgan@dneﬁW F30the §

resul timg sol ution vva§ concent r at ed

a pale gf@&Me oil. Distillation tfirdd@Mea 30 cm Vi greux

column foll owed by recrystalliza 9{,‘1(; ;%m MIBE: hexane
(1:10, 55 nL total) provided 38. as a white

cr yécgu?vl clsrgrgc 8('1 ! dAgésa?(%Qeld }Oe%ay ! Sssay 9

1.5 (25°C) 32% 61%
1.5'.; (90 °C) 55% 37%
3.0 (80 °C) 76% 13%
5.0 (90 °C) 89% 2%

Attempts to employ the arylzinc reagent in the Rh-catalyzed conjugate addition were
unsuccessful, leading to many impurities and minimal desired product (<10%). In contrast,
substituting the aryltrifluoroborate salt was quite successful, allowing the charge of the
fluoroborate salt to be reduced to 1.5 equivalents with no loss in assay yield. The reaction was
found to have improved performance in EtOH versus that observed in dioxane/H,0O, where 10
was obtained in 93% assay yield using only 1.5 equivalents of the arylfluoroborate salt (eq. 8).
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For mat e dehydr ogenaseProcedure: To potassi um di basic
buffer (100 MM pH 7.0, 2 L), sodiumformate (120 g)
war@so2wed i nan de adeni ne di nucl eoti de (NAD, 8PQr/as)o07/017406

was added whi ch reduced the buffer pHto 6.7. The

enzynmes were added to the buffer: al cohol

dehydrogenase RE (5 g, 185 KU) fornate dehydrogenase

(20 g, 94 KU). Substrate 5 (10 g, 0.071 nol) was added

directly as a powder and the tenperature controlled at

25 0Cwith the pH controlled at 6.5 using 2N sul phuric
FaC__aci d,MeReacti on was agé&aC{ or 24Meours t hen extracted

Cuumt Eghc£%%§%€éhge€\é§ ractions) followed by

|eId of 6 was 83%w th
FCZ% d A
e | ng 135}6)Hd§@‘xbal ance wa det A

dual g@pone. The
ned to be enone
| oss €ogme i nstability in aquouso,Metep 3 - Acyl ation
of Allylic Al cohol: Procedur®; A suspension of
2-Rapht hoi ¢ acid (24.6 g, iéaisfﬁrtﬂ %aand 2- napht hoyl
chloride (27.2 g, 143 mmIQ;’ AiYEX or onet hane (200
nm.) was cooled to an internal terrperature of +5 0C in
an ic eIrbaEEtmgIB' thgiasticoaieriyIrade 614 &)910‘ﬂ-wa§5milldh m@lan) than that

observ‘é@?n ﬂl%d(ixqgﬁg}h \s\ﬁrg tclgclhﬁl {'] 28§ lﬂ? vg EB %ég d)rest Fyr @uegtr qqartxa]

ermsu
150“13%10%1@!‘18%@9 rggetipn aomcbt;ml% eVber themixturetad rlﬂtaati HO0a were subjected to
isometiBtionalohilitiofs QNAONe, MeOH, ﬁ)d’lo;tth@fatﬁ)cremed eqdmlehum at 95 S (Scheme

5). F%@PHQHn% &%&%doasé‘hlﬁ ridt §B@reth§ lraH Tlre erogess gfeVémtsl eve]oped

requirgd H&@agpmn!etz thwmtheﬁggrﬁole BpWEYRT l@msaw gonveredjto 2/ n ozder to
demoﬂmde th® febOibdityi io¥ jhel iBolaiéhb0d SITRE, Bad & (&rily ko stibura df@ tnpurity
[Vsa m I d exot herm was observed, the

PTOﬁl n%%?%#‘ure reac‘ﬁth%n%rmm fh at 23 OC. The reaction

xture was stirred at roomtenperature for 2.5 h.
SChE'Vﬁlse?V'(‘tﬂ?sfi?f%vas added and the reaction nixture was
stirred for 2.5 h at roomtenperature. HPLC

F3C. Me
F3C Me y KF3B F 3

;
(0]
D/(.Q [codRh(OH)]; D/(

FaC Q NaHCO; FsC Q"@‘F
9

—

Dioxane/H,0 EozR
COz2Me 2) NaOMe, MeOH R = Me, 10
93% assay B ﬁg;oH ( '
D Nt R = H-1/2 NEt5, 2

90% -

After isomerization, ester 10 could be hydrolyzed in the same pot to acid 2. After neutralization
with aqueous HCI, the corresponding acid could be extracted, and isolated as the NEt;
hemisolvate. The conjugate addition/isomerization process was demonstrated on 20 g, and was
hydrolyzed in the same pot to afford 2. 19.7 g of 2 was isolated as the NEt; hemisolvate, and the
purity of the material was similar to that obtained by the previous method, 98.2 LCAP (1.3 area%
epimer derived from 10a).

In summary, the enzymatic reduction/Pd-etherification/Rh-conjugate addition
route was demonstrated as an efficient process for the rapid access of the acid intermediate 2.
This synthesis is significantly shorter than the original synthesis of this fragment (5 steps vs. >12
steps), avoids the capricious etherification methodology required for the old synthesis, and

- affords 2 in similar purity and improved overall yield (35% vs <25%).
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analysis at this point indicated conplete hydrolysis
of the excess napht hoi ¢ anhydri de. The reaction
worzoosoe®22aas conbi ned with MIBE (500 nlL) and weshes2007/017406
with saturated ag NaHCCb (2c 500 ni), water (500 niL),
IMag HO (500 mL) and finally water (4x500 nL). The
dark brown, cloudy organic phase was filtered through
a short pad of Solka Floe to provide 91% assay yield
inthe filtrate. The solution was concentrated to 200
m_. vol une, heptane (200 nL) was added, and the m xture
Experifigsntd] iPréaaekstPaeongh - 10 g of silica gel eluting with
100 nmL of heptane- MIBE 2:1. The filtrate was
concentrated to 200 niL vol une and seeded. Anot her 50
Step 1m Onidation oEGarbaxgmethylsyeldpenterd 0C, and t he renai ni ng
suspension was stirred while allowed to cool toroom
tenperature over 2 h. After 15 h at rt, the suspension
wasr@iHaAer ed d the filter cake was washed wth 50 niL
of heptane ( her liquor |osses: 4% to give 23.2 ¢
CoMsf 7 as a finecaete powder in 77% yield and 99% LCAP.
4 Step 4 - Pd- Cit al yzed Etherification Reaction:
Procedwrgjcedure: A 250 mlL round bottom fl ask was charged

Wi t Ef _8'|1“|6 %d%o&eg,(o 90) 3 L'iahd bdttem Rk With £vaghkaicafir bahd internal
CKT | ed W

b h.nitrogen, . 75 addgd . ~,and. . .
rempedfE iitorphaldta o R id s By R BARRA o1 wioxice
(214 gp14 mahwes added; in postiangvehileggaipiaining comgiant stigréngandda control the
exotheffil ClhheréiiMih©Bloba réd sBlaesRves &ireddneldiRsbivekhe Bromitkd trioxide until
the ten(%o%tl%lpegha%ago%le 3 JoPEPVE g Laﬁlge t-1|:1]eeckr a3 Ivxtfals e%l ea{]an ddition funnel,
SeIL.II_OH Wwas stirre at_room.errpera ure Orv.yl.1 . 2\ .

overhegd stirrgngemscimnism, mitnerenijolet end Mty tomperehue geabevand igharged with 4
(100 g( 2?!10 LY |0'7§5 8ol TPt B Efm?%c )Iﬁl_e (oRidiziAB soﬁﬁex} ogmlomi%m tiioxide and

. o -DI S | en 0 1 RO [ . . .
scetic ek gcdeed | U Min R AT S8 aE o sy R el mieure,
maintaigingthe Mkrendl|tempematuse befveer dendd 44C. Fheknitille gelgw solution became

dark aﬁéxltth@%@ﬁ,fe@@om&@dik&\a&eiaE@ed?ath- The al koxi de
sol ut i

S T A A T A R —
vesselsimeon g, labordtarive Each batch was treated exactly the same way, as follows: The dark,
homogeneous solution was poured carefully into a 4 L beaker with an overhead stirring
mechanism. The reaction flask was rinsed with 250 mL CH,Cl,. 500 mL H,0 was added
followed by 10 g NaHCOs which resulted in gas evolution. Additional NaHCO; (830 g, 10 mol)
was added in portions while maintaining 500 rpm stir rate in the viscous mixture. The resulting
dark green suspension was diluted with 1 L H,O and filtered through a 3 L fritted funnel
containing a 1 cm pad of solka floc. The biphasic solution was extracted with CH,Cl, (3x1 L)
and the combined organics dried using MgSO, then filtered and the resulting solution was
concentrated in vacuo to afford a pale green oil. Distillation through a 30 cm Vigreux column
followed by recrystallization from MTBE:hexane (1:10, 55 mL total) provided 384 gof5asa
white crystalline solid (35%).

Step 2 — Enzymatic Reduction:

O Alcohol dehydrogenase OH
(ADH RE) H 83% isolated yield
' > 99% ee
COMe NADH  NAD CO,Me
5 CO, = \ J Formate

Formate dehydrogenase
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resul ting green-brown suspension was stirred at room
tenperature for 16 h. HPLC analysis at this point
wo pasozatoedl conpl et e conversi on of the napht hoaPer/@s1087/017406

The [ight brown suspension was cooled in an ice bath

and conbined with IMag HO (100 nL) and MIBE (100

m.), which resulted in an exothermto 15 0C. The

suspension was stirred at 5 0C for 15 mn and then

filtered through Sol ka Floe eluting with MIBE (200

m.). The light yellow filtrate was washed wi th water
Procedu3&200 mn), SWbaq NaHCO3 (2*300 niL), and water (2x200

m) . LC anal ys { eve 8%

Thay TPocRRandiBest it ORANCPREES Dy by idadnate (120 g) and
nicotireaitidel ad&)ﬁmMnmlgmdecﬂ‘b’nﬁs& graan)dvishesldsd wmtsnedmcadahe buffer pH to
6.7. ThE 'eﬁiﬁﬁesa\bex’é %E t%"[H@B@ff&F SchHSl cféh'?dro"g@@d%efﬂﬂ ‘(? efRs KU), formate

t hrou 0 a e was
dehydiogeipsh (206 Sk b SobEe PaTd & 46 P awas\ﬂdda&\d}rsqﬂylazc? powder and
the temperatviéet @mtioBedra 254 wantidbel pHidoatreliediat @5 usiag 22eadptdiric acid.

Reactlaﬂ Qvag qg&i qu Qﬁlho\ﬁ?st thén (E)thac@é& wgﬂ%ﬂ@g g&ﬁ‘atg g QWuﬁ% &Yr%{:txons) followed

e slurry was stirre room tenperature
by vacfuw %’i’?&eftt??élﬁnf HVFa“eveeldﬂfé Yes830iE: wtiless fromp sxypction and < 3%
residugienenelr Thelreuteising 1 3L4mass kalgice wadeleRdmined tofbe @nome [6396rom
mstabi¥ It 2Rd,98% LCAP. Step 5 - Rh-catal yzed Conj ugate
diti drol ysis/ Acid Isolation: Procedure: To a
250 m., 3 necked round bottom fl ask equi pped with
Step 3ragogatien of Allylér Aldoher:nocoupl e, and nitrogen inlet was
added 9 (19.0 g, 0.0497 nol), NaHCO 3 (1.94 g, 0.023
nol ), fluoroborate salt (16.1 g, 0.Q@g3P nol), and
[O(D@% GHJ 2 (646 ng, 0.0015 nol) fThe flask wasQ
and purged with nitrogen fo@hour Eth
0 nL) which hag begg dsgajed witttni trogen for hiap

hour was @hdiEged {0 ;D% actijon vessefO2¥nt ai t he
sol i d(go&\ﬁi a cannul @Nagtn Na#pdact i oAt ur e
e 0 90 OC. The reaction"was cappisbhe by HPL&O,Me
ysis within 3 hours. The m xt uri&%wagatedol ed td 50
0C, and charged with 11nli of 25 wt% NaOve in MeOH The
m xture was aged at 50 OC for 4 hours which showed a

Procedlirest er eomer rati o of 95:5 upon

A suspension of 2-naphthoic acid (24.6 g, 143 mmol) and 2-naphthoyl chloride
(27.2 g, 143 mmol) in dichloromethane (200 mL) was cooled to an internal temperature of +5 °C
in an ice bath. Diisopropylethylamine (89 mL, 511 mmol) was added while maintaining the
internal temperature below 24 °C. When the exotherm subsided, the ice bath was replaced with a
room temperature water bath. Initially, a brown, clear solution formed, which gradually turned
into a fine slurry, which was stirred at room temperature for 30 min. A solution of 6 (14.4 g
assay, 102 mmol, >99% ee) and DMAP (1.25 g, 10.2 mmol, 0.10 equiv) in dichloromethane (50
mL) was added in one portion. A very mild exotherm was observed, the temperature reached
maximum at 23 °C. The reaction mixture was stirred at room temperature for 2.5 h. Water (10
mL) was added and the reaction mixture was stirred for 2.5 h at room temperature. HPLC
analysis at this point indicated complete hydrolysis of the excess naphthoic anhydride. The
reaction mixture was combined with MTBE (500 mL) and washed with saturated aq NaHCO3;
(2%500 mL), water (500 mL), 1M aq HCI (500 mL) and finally water (4x500 mL). The dark
brown, cloudy organic phase was filtered through a short pad of Solka Floc to provide 91% assay
yield in the filtrate. The solution was concentrated to 200 mL volume, heptane (200 mL) was
added, and the mixture was filtered through ~10 g of silica gel eluting with 100 mL of heptane-
MTBE 2:1. The filtrate was concentrated to 200 mL volume and seeded. Another 50 mL of

solvent was removed at 40 °C, and the remaining suspension was stirred while allowed to cool to
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conplete equilibration. The m xture was cooled to 40
0C, charged with 3N KCH (40 nL), and aged at 40 C for
wda 20vsinioeh showed conpl ete hydrol ysis by HPLC BOBUSENF017406

The m xture was cooled to roomtenperature, diluted

with 270 nL water and 270 nlL heptane. The hept ane

| ayer was renoved, and the aqueous |ayer was m xed

with 300 nmL heptane, and neutralized with 50 nL of
concentrated HCO . The |layers were separated and the

hept ane | ayer was washed twice with water (200 ni).

room téﬁﬁ)@h‘atﬁf: dve£2 e iR e SIOdt H, R sushendRsh Wik flltére@bind the filter cake was

sl S50 FUEo RT3 R 0Es 5 e e

powdes gt 7 Yearieleand MOPEEAP t h MIBE (15 nL), warnmed to 45
0C, and NEt3 (3.0 nL, 0.0215 nol) was added. After the

Step 4708 Kliae0 RATR-HER REPOUY cool e 1o room

tenperature over 2 hours. The batch was aged for 1

hour, d5%ayed the supernatant (10.8 ng/nL), and
j((j)l tered a, % nt sk asg % unnel . The resul ting
rystal | iy was ig h 50
0 I
£ héypane: MIBE, zaé‘ﬁ'ﬁrdl ng sof 2 (% ,so,itég'e
not her 95 ¢.C7- Anal ysi 2895 LEAR |e
i sol atgplzg, %Qd a puri of 98.0 ww9Epe @86 2 LCAP,
co&ﬂ@ I vvas the digsjey eomer derived from
e benzylig di “ast er eomer was al so
esent 8r'tea% Step 6 - Methyl

Proceduse:er | f | catl on/ chl oromet hyl ati on/i odi nati on: h

ProcedWurzso ANEtrBMhd botelingl ﬂaﬁl@&a@cﬁ'ﬂfgecﬁ@'ﬁh '81"(9!3)3 g"@@ 3@?15’1%11 1.2 equiv),

| on. of . K2CO3
evacuyiGi a3 VBT i THE (7B 4o s bsrésyisine solution was
cooled3@ amiipe bathdo rXEu rleOM/aE;z@t mrheetiinat(4$ pdnrt empel) avasradded, which
resultdd@b azhbderdt@ e‘kBﬁeﬁﬁ@&U ed. Thé%%lﬁlg’ﬁtﬁv@ggﬁgom%d(tﬂ@&guhmg clear
lut tO% bri ne ; ?1%6 gﬁb (800 m). The organic
solu “Tna‘%}'%srs theed at goorp emperatite fRdHed wi t h 0.5N phosphat e
buf f er A(8paratd 300HLG08)d bottbni GaskowanehargaDwith J7.(27heg, 75.3 mmol),
Pd(OAH)Qmﬁ‘mé,ay@f nﬁﬂrﬁf'@ mol%), 1,3-bis(diphenylphosphino)propane (1.86 g, 4.51
mmol, 6 mol%), and L-tryptophan (1.54 g, 7.54 mmol, 10 mol%). The flask was then evacuated,
backfilled with nitrogen, and cooled in an ice bath. The alkoxide solution from the first flask

was transferred via cannula into the second flask. The cooling bath was removed, and the
resulting green-brown suspension was stirred at room temperature for 16 h. HPLC analysis at
this point indicated complete conversion of the naphthoate ester. The light brown suspension
was cooled in an ice bath and combined with 1M aq HCI1 (100 mL) and MTBE (100 mL), which
resulted in an exotherm to 15 °C. The suspension was stirred at 5 °C for 15 min and then filtered
through Solka Floc eluting with MTBE (200 mL). The light yellow filtrate was washed with
water (3%x200 mL), 5% aq NaHCO; (2x300 mL), and water (2x200 mL). HPLC analysis of the
organic phase revealed 78% assay yield of the product. Darco KB-B (15 g) was added to the
organic phase, and the suspension was stirred at room temperature for 3 h, then filtered through
Solka Floc. The nearly colorless filtrate was solvent switched to MeOH with the final volume of
120 mL. Water (5 mL) was added, the solution was seeded, and additional water (70 mL) was
added dropwise over 15 min. The slurry was stirred at room temperature for 1 h and then
filtered. The resulting white crystals were dried under vacuum to provide 20.4 g of 9 in 71%
yield and 98% LCAP. |
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m ) was azeotropically dried wth MIBE at 40 OC and
then solvent was switched to THF at 40 OC. This crude
WQ@eo08021Dk- sol ution (480 m, 136 g assay, 283 PODIUS2007/017406
92.5% KF <400 ppm) was used for the next step w thout
further purification. To a solution of 1.9 M n- BuMyC
in THF (6 eq., 1700 mmol, 895 nlL) was added
di i sopropylam ne (6.6 eq., 1870 mmol, 262 nL) at 25-30
OC and the resulting slurry was stirred for 2 h at
20-25 0C. A m xture of 2c ( 136 g, 238 mml) and
Step 5CIRRIcaRBREN Confugdte(addRibn/HPGRGRTEA cid 3dlatigy i n THF
(678 nL) was dropwi se added to the slurry over 1 h
bel ow 15 0C. The reaction m xture was stirred for 16 h
at 20-25 0C and then transferred to a mxture of 6 N
F,c. HO 14l (_1)15,:3@ mof G709 F and MIBE (1360 ml)
30 m'n bel ow-45C. The (or ganiNg | ayer was separ at ed

\ad ashed widodRA(CGHY,phosphaFe buf f er~L800 m, pH 6. 8)
I:3cu_nt the pi a ggaa‘qveoy&d ay —8 and then
W t 3% bri nGoxaad. @y 9ani ¢ | ayer: was dazeotropically

dr i eceiveh I, nhLé,ZH KF of the soFfe® on <500 ppm and
t heng adj ust eqyof Sss% tal vojyNgsy O REMO 1. Assay yield
of 4c by HPLC was

5 19 o 88. 7,9 sol ution

of 4c (125 g, 251 mol )g i(n3) NEBE (fﬂg' ﬁiﬁ%’g

sol vent-swi t ched to acetone®®hd the total vol ume was
Procedwi¢:usted to 1120 nlL. To the solution was added Nal

oot L &250THD, 3-nccked Phuld Bittbnd ARG Ed Wil Inalféts sirer,
therm{ighBlec i AFORED iR aRey Lo 8% o8 el MG e, 0.023
mol), flasrotieratpmialic(16.ddr 6-080 moly,rdd COTIRNEH)IHEA46 orgs H10A15ahol). The flask
was sedfed(zhd DubEkd With WRfdREn Erli2Rod¥l ER:El01 &1 50 ADPWhiIRR had been degassed

T AT i
the redctipn makivonwas Heated toc?) 3.t Theweastionuwas tornpletef byt IPECeanalysis within 3
hours. PERENEx tRfSWascoofdd t%fso@fq)( lang chéggmhqlltrﬁi 295 3% % RhOBNE in MeOH.
The m%{ S;\g{tﬁsa}gga %gﬁ@ °8%ﬁr§? m)i A?s v%ggggé)ﬁel :eaI cﬂ‘)as'terg)r%gr ratio of 95:5 upon
complete equilibration. The mixture was cooled to 40 °C, charged with 3N KOH (40 mL), and
aged at 40 C for 1 h which showed complete hydrolysis by HPLC analysis. The mixture was

cooled to room temperature, diluted with 270 mL water and 270 mL heptane. The heptane layer

was removed, and the aqueous layer was mixed with 300 mL heptane, and neutralized with 50
mL of concentrated HCI. The layers were separated and the heptane layer was washed twice
with water (200 mL). Assay of the heptane solution showed 18.4 g of 10 (83%). The heptane
solution was azeotroped to a Kf <500, then concentrated to a volume of 150 mL. The solution
was diluted with MTBE (15 mL), warmed to 45 °C, and NEt;3 (3.0 mL, 0.0215 mol) was added.
After the batch was aged for 15 min, the mixture was seeded (10 mg) and the batch was slowly
cooled to room temperature over 2 hours. The batch was aged for 1 hour, assayed the
supernatant (10.8 mg/mL), and filtered over a sintered glass funnel. The resulting crystalline
solid was washed with 50 mL of 10:1 heptane:MTBE, affording 19.4 g of 2 (76%). Loss to

‘mother liquors = 1.95 g (7.6%). Analysis of the isolated solid showed a purity of 98.0 wt%, 98.2

LCAP, the largest impurity was the diastereomer derived from 10a (1.3 area%). The benzylic
diastereomer was also present at 0.3 area%.

Step 6 — Methyl esterification/chloromethylation/iodination:
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To a mxture of DMWPU (15.0 nL) and DM (15.0 nL) in
toluene (100 nL) was added 1.0 M LHMDS in hexane (40.8
workgos4o1089 ol , 2.4 eq.) at 20-25 0C. The resuPCT/Ng2007/017406
m xture was stirred for over 5 mn, then cool ed bel ow
-75 0C. A solution of oxazolidinone 3a (13.2 g, 42.5
mol, 2.5 eq.) in toluene (100 nL) was slowy added to
the solution below -70 OC over 1 h and the resulting
solution was stirred for 30 mn below -70 0OC. Then a
solution of 4a (10.0 g, 17.0 nmol) in toluene (50.0
nm.) was slowy added to the above sol uti om-Boegamw -(HFQ.NH
OC over 1 h. After stirred for 30 nin bel oW%¥%0 0d%¢ed n2n
the reaction m xture was guenched by 10% aqueous
cjtyic acid g (100 nL) ang then rmed.to anfji ent
ic |

HOCteppéa ure. Thel | anopc WS Sepiar at ed, | wWasReg eq

" wikh 1046 Nakdeo {) |and t tr Wi t-h—FN -
agd=('100° ni owea. pawol | 5. 9 f =48R ‘dt awbpentc 250C.16h

w2teat eipef&ture. After thg,aqyeous | ayerfs®as separat ed,

t he organic | ayer was washed with I N NaHSO 3 |(100 ni, 89%

10 mol, 5.9 eq.) and 10% brine 250.0 nL). The

product 2a was obtained as a tol uene solution (9.44 g,

72% 254 nlL) and used for the next reaction w thout

farther purifi catilon. St ep 8-Enam ne formation: 2a

14a,. 5 bProcedure: Tol uene solution of 2a (2.02 gA,

2.92 )\was sollvent-switched to THF (ca. 23.0 Ao~

at” 4p7QC @ g |t r eat &8 (Wsah 25 c9gafigieous N 0.6 o

eq, & 04 m=~'54. 0 |mol Logho ATH Glhork ARDEEAL UTe fO7] 24 >

h. Tolthé*teaction m xture were added 5% brine (0. lr,d

m.) and AcCEt (10.{1 nL) The organic |ayer ygs F

lsepar 8t ed and washed with 10 % aqueous NaHSC3 (14. 1

nm. 2), 10 % aqueous K2HPO4 (10.1 nL), and 20% bri ne

(10.1 nmL). Am nal 14a,b was obtained as an AcCEt

solution (1.23 g, 1.80 nmmol, 70.8 % 31.8 nL). The
ProcedgOEt solution of 14a,b (4.04 g, KF 4.6 % was

azeotropically dried with AcOEt and concentrated to

20. 2 riYlethyFiodpled38@2 mi, 413 m@mol)Twanadded @pia(sos@nsigh of K2CO3 (63.5 g,
460 m&BY) YASb (160g, 98.6 W%, 306 mmol) in DMF (480 mL) at 23 °C over 30 min. The
mixture was stirred at room temperature for 20h. To the reaction mixture were added MTBE
(1280 mL), 10% brine (800 ml), and H>O (800 ml). The organic layer was separated and washed
with 0.5N phosphate buffer (800 ml, pH 6.8) and 10% brine (800 ml). The organic layer (1240
ml) was azeotropically dried with MTBE at 40 °C and then solvent was switched to THF at
40 °C. This crude 2¢ in THF solution (480 ml, 136 g assay, 283 mmol, 92.5%, KF <400 ppm)
was used for the next step without further purification.

To a solution of 1.9 M n-BuMgCl in THF (6 eq., 1700 mmol, 895 mL) was added
diisopropylamine (6.6 eq., 1870 mmol, 262 mL) at 25~30 °C and the resulting slurry was stirred
for 2 h at 20~25 °C. A mixture of 2¢ (136 g, 238 mmol) and chloroacetic acid (3 eq., 850 mmol,
80.3 g) in THF (678 mL) was dropwise added to the slurry over 1 h below 15 °C. The reaction
mixture was stirred for 16 h at 2025 °C and then transferred to a mixture of 6 N HCl aq. (15 eq,
4.25 mol, 709 mL) and MTBE (1360 mL) over 30 min below 15°C. The organic layer was

separated and washed with 0.5N phosphate buffer (800 ml, pH 6.8) until the pH of the aqueous
layer was >6.0 and then with 23% brine. The organic layer was azeotropically dried with MTBE
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added to the m xture at 0~5 0OC and the reaction
m xture was stirred for 1 h at 0~5 0C. Water (20.2 nlL)
wormsagdedl to the reaction m xture and the or geei/vts2007/017406
| ayer was separated, washed with 10% aqueous K2HPO4
(20.2 nL) at 0-10 0C, with 20 % aqueous Nad (20.2 nli)
at 15-25 0Cin turns, and treated with active charcoal
(Shirasagi P: 312 ng and Darco KB-B: 312 ng) at 24-27
OC for 30 min. The mxture was filtered and ri nsed
with AcCEt (12.1 nlL). The filtrate and washi ng were
until KGOGHhE eéiuaaﬁl <sod> }lsgﬂta]a%érpmastwﬂ@%&l\bolun@ng 1440 mL Assay yield
concent r at ed .9 nL. Enamne 15a,b in CH CN wa
°f4°byHﬂ%Lﬁé’tPSd§5eg@|5kW@1 88-7%Yi oi somers (3.19 g, 1oo %
I somer & oo (%Qt%ﬁS %%ﬁgm%oF IE'M%EE( m}rﬂ‘ﬁ%vas solvesxt-sv\ntched to

reducti on/ deprotecti o/ crysta I|zat|on) (3.5

acetonphgbeie total voluaep) watadi Gted o hi2@hmLy o the m@nomw adrteﬂ Nal (56.5¢,

e

stirredifor 16 R at ambight teinp@ragere) Thereaction seisbiry vlay dengrbask adsled to a

suspen%%fggfl Qeréfl %I'yf %@49 ﬁr\%}ggm{)\%ﬁw %o%ﬁ gaxrug reactxon vessule

was rimsed twitheacstome (1l 25 rxﬂ):i Afier 21h hgmip, thEcﬁys@aﬂls ofidd %reomlbbted eby filtration

0

ot BT VP 8B St B A s AL 90 b et
crystaw(mwg,@wam%apm%ym&-w OC, stirred overnight at

the sane tenperature, and then cooled to O OC. To the

reaction m xture were successively added water (30.8
Step 7M. Dxapslidiséne/@upliag:coal (Shirasagi P, 1.23 g). The

resulting mxture was stirred for 1 h then filtered,

and rinsed wwth CH3CNVH 2q =I/1 (18.5 nL). The

filtrate and washi ngs were conbi ned andrpashed

O
CF3
/N O ,”'.
Cbz CF
} 3a \,51 (2.5 eq) o ’
CF, ' =
5 LHMDS (2.4eq) :
\ DMPU (3 vol.) H E
toluene, =78 °C, 30min
H SR
F g o)
(o) o HN
| 72% }/ o
Ph
4a 23
Procedure:

To a mixture of DMPU (15.0 mL) and DMI (15.0. mL) in toluene (100 mL) was
added 1.0 M LHMDS in hexane (40.8 mL, 40.8 mmol, 2.4 eq.) at 20~25 °C. The resulting
mixture was stirred for over 5 min, then cooled below —75 °C. A solution of oxazolidinone 3a
(13.2 g, 42.5 mmol, 2.5 eq.) in toluene (100 mL) was slowly added to the solution below —70 °C
over 1 h and the resulting solution was stirred for 30 min below —70 °C. Then a solution of 4a
(10.0 g, 17.0 mmol) in toluene (50.0 mL) was slowly added to the above solution below —70 °C
over 1 h. After stirred for 30 min below —70 °C, the reaction mixture was quenched by 10%
aqueous citric acid q (100 mL) and then warmed to ambient temperature. The organic layer was
separated, washed with 10% NaHCOj; aq (50 mL) and then treated with 1N LiOH aq. (100 mL,
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with heptane (61.5 nL x 3). The aqueous sol ution was

adjusted to pH 3-4 with 5N NaOH aq (17 nL) bel ow 20
w@ahoshIBeY f - BuOH=2/1 (30.8 nlL) was added to theCT/US2007/017406

reaction mxture and the resulting m xture was

basified with 5N NaCH aq (19.5 nlL) below 20 0C to

pH=9~10. After the organic |ayer was separated, the

aqueous | ayer was extracted with MIBE/ /-BuOH=2/1 (30.8

m.). The vessels were rinsed with MIBE/ f-BuOH=2/ |

(12.3 nL). The organic | ayers were conbi ned and washed

100 mfﬁid] hs. 933 Z‘f&"ﬁﬁ} & aptRER hethferbtubd. eAfté3Be 8qiidols %}Qr 3;%3 %parated, the

bri ne in turns. The oranic solutl

Orgamgc&Wémas mbi%wh A8y NpAS0p KH00-m4 H0Qmmol; 59 68064 10% brine (50.0
mL). 'ifﬁ& OGR4 was DbBaindd¥s SORRGE §blﬁﬂo¥"?§4i gl &@%eﬁsmﬂ) bi®used for the

| tered solid was washed wth m.)

nex“%a@ﬁﬂilM@@Oﬂifaﬂhmwﬁﬂé‘%oncentrat ed to 35 m. Corrpound

1 in IPAc was obtained as a brown solution (4.93 g,

100 %9 as a free base. A solution of 1 free base in
Step 8|-PEpaprifompaion: 5.0 nl, 1.1 1 g, 2.08 mmol, 1 eq.)

was diluted with IPAc (9.43 nL). To the sol ution was

dropw sely added PhA SO HH Oin IPA (1.5 M 1.38 i,

2.08%mmol, 1.0 eq.) over 2 h atS& 0OC . The resulting CFs
sl was stirred overni ght 0 OC and hept ane
} was added to the sl over 1 h. After .,
or 2 1 h at 40 0C, {he sl ffry was cool ed tof CFs

‘_nbi ent_term@raaw;ggoswel ) uct was Cmsbﬁ@‘téaﬂ by

tained as a colorless 4 d (1. 21 g, 99 Wt % 84n0%
Cbz:ﬁ'@fn |) as a benzemssul f opaye, salt. Experi mewtsal
EL cedures-Part 2: Step ®-Bmegbmati on of O NHCbz
prCycl opent enone: 85% i sol ated Procedure: A 3 L round
bottomfl ask with a magneti G stl r bar, nitrogen inlet,
ition runnel 15a,b
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and internal tenperature probe was charged with
2-cycl opentenone (100 g, 1225 mmol) in 1.25 L CH2C 2
wapasopwked to -20 0C. HBr (27.3 ni, 245 mmol ) P@EES2007/017406

added and the light yellow solution stirred for 5 mn.

The addition funnel was charged with bromne (61.9 ni,

1225 mmol ) and itwas added dropwi se over 1 h while

mai ntai ning the internal tenperature between -24 and

-20 OC. The brom ne was decolorized rapidly during the

addition. The yellow solution was stirred at -20 0C
Procedugd: 30 min until TLC indicated consunption of starting

enone. TEMEAidI@idn 62420218872, muﬁol\j\'%s 3898fk-switched to THF (ca.

dropwi se, maintaining he Tnterna erature bel ow

23.0 mL et 6°C opheodmpledtuitiagaltt hurous Néiss(a §tsdoh Ofiaml, 54.0 mmol) at

ambicimbERRE A TR 10 (o Sactoh i hRAS WP R BASLF 10 Ll anc

AcOE(l§dnint) phbs erganic 1awes wag sqpmteﬂ\nud@vmgd with 10) % aqueous NaHSO;

T D T T S

obtam(d—bs@rﬂAvﬁEt sbtvan(l .23\t Ic8@ohmal, RALBEZo,31t8 mIgn ul ti mat e

t The dark
Lol et TheBEOELHFibafbr iap $E0a keBEIEE s iest kRbtppically dried with
AcOEmtfelLdminngﬁtratéa'le 2DARGED ofnla%«b Ier%)/%ﬁ?hob’;dc lehdn:r MsQH (0.B1 eiIgh eq) was
or.t ad oe O altor a Co
added fh (0 BFiipRe & P T el retoB ARG Sl SEeS Broh 057 Water
(20.2 ng))vl‘NaiEdc&ﬂ ta thi dehetiohr i bdtadel and QheS@ﬂghlﬁiic (&%r 8ds ‘é&l%rat&f %washed with
| SOl at e anat.l elimn
10% a%%?&ﬁ%%b@@d %Piggéd e 9@40 adueg a?’?@ﬂﬁ&ﬂ lifa’r) at 15~25 °C
in mmé @Zmdﬁregtea&sl@yact&e%ﬁ&cm (ShaashgfP OB X B dild. DReSRB-BOBI2 mg) at
EstNE?Q]' 40&}1&/1&_23l at 15 QC ( due to endot herm c
24~27 3 Mign XQUER WaS BFﬁeé aRd OYseORI ASQEL {1 31 pL). The filtrate

and wdsB¥igGveré @ombthed An@88lveRt-swiltched 6 @HébN,TQﬁd E&E&ﬁfrﬁw k615.9 mL.
rose from15 0OC to 30 OC over 5 min, at which point

Enamipe, 452,b48 CHy& wavpligined 2aa mixeraaf egiisqmers (haf g; he0 %, isomers
ratio 7624§r nal tenperature

Step 9 — Endgame (silane reduction/deprotection/crystallization):

CF, CFs CFs

CFs c/Hl CFs
MsOH (8.7 eq)
Et,SiH (1.3 eq)

CHaCN,0°C,4 h
F

HBr (3.5 eq) PhSO3;H (1.0 eq)

40 °C, ovemight IPA, IPAc,
heptane,40°C  H"|,

HN

oz, i W -
o NHCbz 85% in 3 steps J NH, PhSO;
+
15a,b 16 . 1 benzenesulfonate salt
Procedure:

MsOH (5.85 mL, 80.3 mmol, 8.7 eq.) and Et;SiH (1.93 mL, 12.1 mmol, 1.3 eq.)
were successively added to a solution of enamine 15a,b in CH3CN (30 mL, 6.15 g, 9.25 mmol, 1
eq.) below 0 °C, , and then the resulting mixture was stirred for 4 h at -5~0 °C. After complete
consumption of 15a,b, 30% HBr in AcOH (3.20 mL, 16.1 mmol, 3.5 eq.) was dropwisely added
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dropped to 18 0C, the cooling bath was renoved.
Stirred at rt for 1.5 h (inconplete conversion by

wa k@02 addi tional 9.5 g of solid NaCN (0. 19BCTDE3007/017406
was then added, stirred at rt for 2 h (conplete
conversion by TLC). The brown reaction m xture was
transferred into a 3 L separatory funnel, decanting
from~5 g of solid NaCN, which had renai ned
undi ssol ved at the bottom of the flask. The sol ution
was conmbined with water ( 1 L) and extracted with

below GHECl Bhd mixthretwiORamhedto 384 9EY,; stithQ dVePtt PRt at AKSR¥ne temperature,
HPLC) in the three organic phases was, reﬁghﬁtlvel

and thérs%olﬂ%o QR Bo w reattionrixeHre tvere succeysivehpadted yaterd(30.8 mL) and
active %ﬁir%éalt(gﬁlrist&gf g, f—‘%i ERCThORsVRAg Qmﬁgfﬁ'e WA stifréPfor 8MNfkhen filtered, and

second anic phasées (total assay 80% were conbi ned,

rinsedfwith @H@@ IQ‘UHIII (138 smdek Thedytrate and|washings pEogcombined and washed

dy .
i A B AT LA IS 0] 7440 onort 1
mL) below 21)3?@( Mm\lﬁ/t@uoﬁva&! 1 63%8 mn)mddbdm ﬂ‘@ reavtiof@rixQure and the
0B B B 38 S MOYEE AR US E LE 1, v
organic ldyer yvam s¢mardted|b¢ aqueousilayer Rigextragted vdEth ME&E/t-BuOH=2/ 1(30.8
o> SO B SRA LR EL SN 3 5u ARy v e
combiaetiami washedam}dez HpH+=6.5 plimsphateelmﬂfdc(m RBlahl.) ﬂldg% Yetrine (30.8 mL)
. duced
in g R e PO R BV B TP R (PR e Rl Sipe
heterog(:nofﬁi’ Kb IP 4t suspeaside vad fitgedaad tHOB1téred sglid G/as Wd);hed with IPAc

react |

(123 @Eﬁ_pﬁ%{:wgmsg %@@&%t&%gon‘é%?@ate(? to &? 1 (lIompound I%tAc was

obtained as a brown solution (4.93 g, 100 %) as a free base.

A solution of 1 free base in IPAc (221 mg/mL, 5.0 mL, 1.11 g, 2.08 mmol, 1 eq.)
was diluted with IPAc (9.43 mL). To the solution was dropwisely added PhSO;H-H,O in IPA
(1.5 M, 1.38 mL, 2.08 mmol, 1.0 eq.) over 2 h at 40 °C. The resulting slurry was stirred
overnight at 40 °C and heptane (16.7 mL) was added to the slurry over 1 h. After stirred for 21 h
at 40 °C, the slurry was cooled to ambient temperature. The product was collected by filtration,
washed with [PAc/heptane=1/1 (8.3 mL x 2), and dried in vacuo at 40 °C overnight. Compound

1 was obtained as a colorless solid (1.21 g, 99 wt%, 84.6%, Form I) as a benzenesulfonate salt.

Experimental Procedures-Part 2:

Step 1 — Bromination of cyclopentenone:

(o] 0
pyridine
DCM 85% isolated
14 15
Procedure:

A 3 L round bottom flask with a magnetic stir bar, nitrogen inlet, addition funnel
and internal temperature probe was charged with 2-cyclopentenone (100 g, 1225 mmol) in 1.25 L
CH,Cl; and cooled to -20 °C. HBr (27.3 mL, 245 mmol) was addéd and the light yellow solution
stirred for 5 min. The addition funnel was charged with bromine (61.9 mL, 1225 mmol) and it
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agitation 400 rpm Substrate 16 (20 g, 0.19 nol) was
added directly, 10 g, to each reactor. The pH was
wa@oeousoploked at 6.5 using 2.5 M potassi um car boPer/@S2007/017406
Substrate 16 is known to be labile at pH > 8.0 so
contact with the base was mnim zed by above surface
addition and using a weak base (2.5 M potassi um
carbonate) instead of the usual 2 N NaOH Reaction was
aged for 20 hours at which point conversion reached
greater than 95% The conversion can be easily

was added idr§vaide byertinie whas enzﬁ@taﬁmﬁgmﬂeemehﬁl fepiperathrel Be@wgdn -24 and -20 °C.
The bt%)l%agg a£ crigcn}l(gnt%%dfr%%mat% Iri &% @8‘? gelij scl;lgtlo%rv atlrred at -20

°C forxﬁﬁsnmulméff L @d@p@dtcpoﬁanptm @frﬁb@ﬁng ehong} Imedm 148 i, 1837
mmolpw@ﬁwzred faespmde, xﬁ?ﬁa@smﬂ@ meaﬁteﬁa@l &éﬁﬁ&&uk%awh% °©! Won complete

acit i ey SR A St L | I StS)BPaTEe SYEBMFOPA § M NesS:0s
(1 L) andslilypsh i VB (%3 The mg.amorml@m ws washod ith § M HIAR x 1 L)

followed @,pe{g;;)mqﬁ YPHERRek BRaAltGfhabONas WASd dﬁﬁg @néj ih@ﬁ ﬂ%red The

remainir BERR GH2CEs 1 g&xe’ﬂ SR il o
of 8:1 wagmeached.sThe diagk sobtign nvasrstigred With 31% (6@ gD AREQ Ki3-Brovemight.

The DK‘R’@D maﬁ Qéfiodéd 1y Hi3R tihoudida SKGH) ad SN&b 1K ASPRE TR a colorless

solutlcm_ §orllﬁ{§ véar% gfgag n]i%%rmg) %r8v ld/'h romt\ﬁ%gc? %ﬁg’gpﬁme solid
(95. 83of~'t%), 8 isDlategbyielsy| et hyl anmine (76 nL, 436 mmol) was
added whil e maintaining the internal terrperature <5
The r uItln cl oudy, brown solution was warned to
Stepzrogm"lagﬂ’f@ﬁ and stirred for 30 min. (S)-1I '
- Cyano-| - cycl opentene- S-ol (17, 9.50 g, 87.1 mmol) and
O DVAP (1.Q4csy 8-71 nfol) were dissolved in
dh)chl or oprbpane (50 X This solution was added to
(3 n one portion and was stirred
for 3MeOHS-1bYn t eMPey at ur e goYisay (8. 50 i, 472
15 mol ) was added and16h&N eacwswiswagdstirred for 90
mn at roomtenperature. The reaction was diluted with
MIBE (400 nL) and washed with saturated NaHCO 3
Procedwe<400 ni). The organic |ayer was
To a solution of 15 (62.5 g assay; 0.388 mol) and AcOH (22 mL, 0.384 mol) in

MeOH (400 mL) at 15 °C (due to endothermic dissolution) was added solid NaCN (CAUTION:
highly toxic; 28.5 g, 0.582 mol, 1.5 equiv). The temperature rose from 15 °C to 30 °C over 5
min, at which point the flask was cooled in an ice-water bath. When the internal temperature

dropped to 18 °C, the cooling bath was removed. Stirred at rt for 1.5 h (incomplete conversion
by TLC). An additional 9.5 g of solid NaCN (0.194 mol) was then added, stirred at rt for2 h
(complete conversion by TLC).

The brown reaction mixture was transferred into a 3 L separatory funnel,
decanting from ~5 g of solid NaCN, which had remained undissolved at the bottom of the flask.
The solution was combined with water (1 L) and extracted with CH,Cl, (1 L + 400 mL + 400
mL). The product assay (HPLC) in the three organic phases was, respectively, 76%, 4%, and
0.6%. The product loss in the aq phase after the third extraction was 0.3%.

The first and second organic phases (total assay 80%) were combined, filtered
through a short plug of silica (~100g silica), and the filtrate was concentrated to 47.1 g weight
(66% wt% purity by HPLC). A 20.6 g aliquot of the dark brown oil was distilled at 1mm Hg and
60-70 °C to provide 12.7 g of 16 as a light yellow liquid (94 wt% purity, 66% yield based on the
aliquot).
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t hen washed with H20 (400 nL), IMHO (400 nL) and H20
(4x400 nlL). Total aqueous | osses were 1.5% The dark
woe@an2w29 ayer was stirred with DARCO KB- B (5. FCTUS1007/017406

3 h. The solution was filtered through a pad of Sol ka

FIl oe and concentrated in vacuo at 40 OC to afford a

pal e yell ow solid. The solid was dissolved in MIBE

(300 nL.) and solvent. switched in vacuo at 40 OC to

hept ane at constant volunme. The solid was filtered and
washed with heptane to provide 19.24 g of 18 as a pale

Step3¥®rlz?ﬂiaﬁ@|ﬂeﬁuét§&p O % 84% isolated yield). A3.4 %
| oss"was incurred in the nother liquor. Step

5- Pd- cat aI zed etherification: _ .84%assay. 77% i Sq
Ié'F@%P'g? f‘%ﬁ?e@l!ﬂe A 500 m_ neck round bottom
f1 ask

A a th shltrogenlnlet
adapt evacd and °'§1 %i t h ni trogen.
16 CNe fdoask s t heqy ®ar ef ul arged wi th al cohol 8
(31. O;g, éﬁo mrol , 170 equi v) m ni m zi ng exposure to
Gluconic ggdr - Ht¢lucggesept um and charged with THF (150
nﬁjucwad dioggeaseThe sol uti on was cooled in an ice
bath tEPHI®E. 1.0MEt Zn in hexane (63 nL, 63 mmvl)
was added, which resulted in a noderate exothermto 13
Procedgfé The soI ution was stirred |n the ice bath for 30

mn, and then n|tr|Ie 18 (31.6 g, 120 nmmol ), Pd(QAc)
Toap?tissggngh aelqﬁuffﬁxré(]) M, pi 7 lL) glucose (100 g),’and nicotinamide adenine

dinucldotide INe\[0li 4og)ewss ap!aect pfhhd‘lﬂ}:ﬂﬁcﬁqﬂahe baffer/dH @ 69. Ohersi@ymes were
added Zo't? 'EBHQ@ ald l%ﬁﬁ@%@&?%{(? §7 %l%)gjélugomw'd%genase 103 (1 g,

WwWer e a e as
67 KUj. aIWﬁgSOQaWe Ia51Q1f fiers Yssds Wethéﬂplosqaﬁ*eoa # tgmperapyre of 3§ £C and
agitatiof 400 ipne Bclsthaat 16 @85, vavmiel) vaddibkdirealt 1 0g, 16 eathifeactor. The

r
e
pH> st(éfﬁaﬁ;qfﬁ’l“iﬁ mathy (g basegwasminimized bove gurface addition and using a weak
base (2.5 M potassium carbonate) instead of the usual 2 N NaOH. Reaction was aged for 20

hours at which point conversion reached greater than 95%. The conversion can be easily
monitored by the base consumption to control the pH change from the formation of gluconic
acid. The formation of gluconic acid from the cofactor recycling was directly proportional to
amount of allylic alcohol product formed. Reaction was extracted by either ethyl acetate or
isopropy! alcohol (2 volume extractions) followed by vacuum concentration. Overall yield of 17
was 92% with 1% loss from extraction and < 2% residual enone. The 5% mass balance loss was
decomposition of 16 under the reaction conditions.

Step 4 — Acylation:
O
son L.
o Q
iPraNEt 17 CN
[ Nap)l\ J\ Nap] Q

COCiI
OO o
84% isolated

Procedure:

|llo

A 1L, 1 neck round bottom flask with a magnetic stir bar and nitrogen inlet was

charged with 2-naphthoic acid (20.98 g, 122 mmol) and 2-naphthoyl chloride (23.49 g, 122
-57-



10

15

20

25

30

cool ing was applied). HPLC analysis after additional 2

h indicated conpl ete conversion of 18.The thin
waapeneeon was transferred into a 1 L flask, eemusfsogo17406

of Sol ka Fl oe was added fol |l owed by MIBE (300 nlL)

whil e vigorously stirring. The suspension was stirred

for 30 mn, filtered through Sol ka Floe, the filtrate

was conbi ned with dichl oronet hane (200 niL), washed

with IMag HO (2x500 nmL), water (500 nL), 5% ag

Na2CO3 (3x500 nL), and water (2x500 nL). HPLC anal ysis

mmolpafndtdiaus{mzﬁxemn%ﬁm e\n\a IfRck RAeas1edio M RiténafterhBerature of 0 °C.

Disoregyiaaaemat oo fiks 43¢ pivel vt Spdsdy Bl PR BP e pidpa

tempetafure ¥617Ct i Thegesdtingicloudh tBowk solftior wag warmed t¢ yoom temperature and

stirred¥8} 37(5 hﬁfﬁ Sgsf)ti Lyl l@élos %&%ﬂﬁ Io@tﬁﬂ 9t5[1?tg”télr8r']/?ﬂniéuﬁdi) and D/MAP (1.07 g,
8.71 muSl s izintvectin djordormthanc Apo - P RURIGH Wi idg 70 ghe reaction
mixturefin ehé portiohlaad Va8 .stiBed forc3 hﬂ\htrhtyrh térepemuré. omn (850 mL, 472 mmol)
was addedGRE H{eereac-lifbnawg’s é?r‘i-{%lﬁqgr ¢ ndin 5 Bth RRIpeARUk! 33K reaction was diluted

with MERE R i e st AR g é@‘é‘iﬁ{fdo i Ly oreeps aver s

then waslsedowith dOt(600 n(, 11sdCh(400/mL) aml 850 A1400(mil).6Tdflal afqueous losses
were IES‘%O l%%rl{%rgax%c:iz%@r Ok ki MeS watt 48AR Cf ﬁﬁl-ﬁt(b' Qr%‘fgr 3f. The solution

41. 33 ssay 098 nol
was fira iyadha padiol Selk aagq%@mfle&mred lRéf@ﬁffh@t alford a pale
yellowt slide MiesoBd eofas dimsolvad ¢ MIEBE (3 (® 19C) dridsotvent 4witChed in vacuo at 40
°Cto ﬁé%%e QPE%HS%\? varidid B sohﬁ%&"ﬁl&pe dafth l‘]epl't]an%tto provide

ool e [ 9rg
19.24 gp?flfiaama@éteﬁlevvasefd( o0 mt/o §4 ézswei shldb e 3pbr4 fogthwas incurred
in the wiotledn ligesl ted in a tenperature |ncrease to -40 0C. A
solution of 10% H3PO4 (250 nL) was added, and the
sulting mxture was warned to roomtenperature and
Step 539%%*0#61(}'2%6%3%@?%@“ The biphasic nixture was added
into 200 nL MIBE and 200 nL 10% H3PO4. The organic
phase V@€ washed with 500 nL water, then with 500 ni
131 Na2CO en Mgt h @r, then with 250 nL
J@t er. @o. | c phas (i)ed over sodiumsulfate

=

FsC 8,10 equnv
- FaC 84% assay
77% isolated yield

Et,Zn, 5% Pd(OAC),
7.5% dppp, 10% L-Trp CN
18 THF,0°Ctort 19

O /Qllu
Zz

Procedure:

A 500 mL 3-neck round bottom flask equipped with a thermocouple and nitrogen
inlet adapter was evacuated and backfilled with nitrogen. The flask was then carefully charged
with alcohol 8 (31.0 g, 120 mmol, 1.0 equiv) minimizing exposure to air, sealed with a septum,
and charged with THF. (150 mL) via syringe. The solution was cooled in an ice bath to +5 °C.
1.0M Et,Zn in hexane (63 mL, 63 mmol) was added, which resulted in a moderate exotherm to
13 °C. The solution was stirred in the ice bath for 30 min, and then nitrile 18 (31.6 g, 120
mmol), Pd(OAc), (1.35 g, 6.01 mmol, 5 mol%), 1,3-bis(diphenylphosphino)propane (3.71 g,
9.00 mmol, 7.5 mol%), and L-tryptophan (2.45 g, 12.0 mmol, 10 mol%) were added to the
reaction mixture as solids, taking care to minimize the exposure to air. After 15 min, the ice bath
was removed and the reaction mixture was allowed to reach room temperature. After 1 h, a
mildly exothermic reaction started and the internal temperature reached 27 °C (no external
cooling was applied). HPLC analysis after additional 2 h indicated complete conversion of 18.
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and assayed to show 34.5 g of 20 (96% assay vyield,
87.9 LCAP, 10.6% benzyl al cohol 8 from

w@deostlmed fi cati on) . The sodi um car bonat e wasPCT/8S2007/017406
critical to the success of the subsequent conjugate
addition. In the absence of this wash, only ~20%
conversion was observed. It is unknown how nmany of the
wat er washes are necessary. Step 7-Conj ugate
Addi tion/lsonerization: Procedure: To a 3-necked, IL
round bottom flask equipped with a nitrogen inlet,

The thin SUsPBRRGHP Vs tral'i‘sﬂ'eli’@gilﬂﬁi a¢ ISﬂdts‘kr 8d Y815 o e Fidd wﬁﬁa&led followed

ed wth nit
o e Sl SHPoans ol PaRRY o g in, filtered
throughtf¥olis4 Hiloeytheditrato stas gombirgdodth dicklsiremethanof20§ milgh avaghed with 1M

achaemoan)h?agg(s@@ggap%mq&g@ 5 ULt <860 ).
ee n
HPLCHRaRis I e ofeRiit g i%%%@é“a&ﬁ%aa Sicja o5 55 Bh I (15 ) was

added TovBEl org@ic Phase, artl th uspehjionaes atitted) af obimowepetajura for 18 h, then

filtered %Hﬁgrps%lﬁé F?(Q:l gléﬁE xﬂeaﬂ coRridkilrate \Zaégccﬁﬁ@%te@tooﬁxgoll to provide

39.78 E9ithdight oA BB 20880 TR g atataghol 5 nd
0.7% etdhyl@tim30ng t hi s additi on. The reacti on was al | owed
to warmfrom-40 0OCto -20 OC over the course of 1
hovved 98. 4% conversi on by HPLC anal ysi s.
Step%]s([eﬂé'ygﬁo&ﬁ BREUCREn war med to 0 OC and aged for 1
hour, which showed conpl ete conversion. The m xture
F3C was nched with 1M HO (26& atM® 0C, which
din an exothermto 27 m xture was aged
ro@ tenpe'Y' l%d@ee'? or 1 hour ansqerred i nto MIBE

FC(50%), and—separatest he lafers. e organic | ayer

was hed vé3hadssy field (500 nl) an en water (500
) this point a solid precipitat out of
soMition. The mixture was filteRBdmeler®a bed of sol ka
floe (wetted with MIBE), and washed the bed with 250
Procech MIBE. The | ayers were separated and washed the
lfrféfanl c layer with 250 nL water. The organic |ayer was
dri ed deer3-necked, 1 L round bottom flask equipped with nitrogen inlet,

thermocouple, and magnetic stirrer was added MTBE (530 mL). The solution was cooled to 0
°C, and a solution of MeLi (1.6 M in Et;0, 123 mL, 0.196 mol) was added. A solution of 19
(41.33 g, 83 wt%, 34.3 g assay, 0.098 mol) in 160 mL MTBE was added via addition funnel,
keeping the temperature of the batch below 5 °C (tmax = 4 °C). Upon complete addition, the batch
was aged for 1 h at 0 °C, cooled to -70 °C, then charged with trifluoroacetic acid (24 mL, 0.32
mol) in one portion, which resulted in a temperature increase to -40 °C. A solution of 10%
H3PO4 (250 mL) was added, and the resulting mixture was warmed to room temperature and
aged for 30 minutes. The biphasic mixture was added into 200 mL MTBE and 200 mL 10%
H3PO4. The organic phase was washed with 500 mL water, then with 500 mL 1 M Na;COs, then
with 500 mL water, then with 250 mL water. The organic phase was dried over sodium sulfate
and assayed to show 34.5 g of 20 (96% assay yield, 87.9 LCAP, 10.6% benzyl alcohol 8 from
Pd-etherification).

The sodium carbonate wash is critical to the success of the subsequent conjugate addition. In the
absence of this wash, only ~20% conversion was observed. It is unknown how many of the

water washes are necessary.
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sodi um sul fate, concentrated to ~600 nlL, and assayed
to show 39.52 g assay of 2 1 (15:85 m xture of
wale@sernepners). The crude sol ution of the proRPOTUSIN7/017406

MIBE was concentrated to an oil and diluted with 400
nmL MeOH into a 3-necked, 1 L round bottom fl ask
equi pped with a nitrogen inlet, thernocouple, and
magnetic stirrer. The flask was subnerged in a 20 0C
wat er bath, and NaOwe (25 wt% in MeOH, 10 ni, O0.044
nol) was added to the reaction slowy, keeping the

Step 7L-e0BGugdtE ARIdRIPMorAeridtionM t er an age of only 1 hour,
the ratio of diastereoners had increased from 15:85 to
98: 2. The reactiop was copled to 0 0C dilut W th

2 L heptane, an

wencped with IMHD (500° T
%S| q_ﬁﬁ%gr'guwa owed to settle, and thgxgﬁ/l
{i c |ovMesl, TWaS separ ajed ( 0S SNaQMeAMprDEOUS) TW
T ¥RLslp> Shed R @@55%250%), F
concentrate togﬁiz%g/‘a
o

wi th sodi um subBat e

am oi | (47. 91 % of 21, 98% assa¥P1a 7QeS
L , 10.5 area% benzyl al cohol 8).Step 8-1odoketone
formati on: Procedure: To a 3-necked, 500 ni round

Procedwwe¢:t om f | ask equi pped with nitrogen inlet,
t her MogQYUR). Recka i IMRAAG bbiodtfdsk %&ui‘ﬁ?@d aatiethigoder ikt

e Sy 558 st GO

#

mo D %

(P46 a3 b el sy pured with
nitrogéyefion | hamd TIB: flaskiwes MHargedGMECTRIF (235 Sl)iandBhedlisry mois cooled to 0
°C. A:a@ﬁmag G?%Qﬁ&ﬁ;&%%ggﬂ g& e 4 %ﬁm ML, 5.? 86 il {VQ.?addaad a1 0 °C, keeping the
e B oo 28 A e 2y 2=l 20 °C, ang
TMSG (3126 meli, @2 Sasol) besradded fo}loMied Gyansllytiinsof 2ZDN@ 1 #i g t7Qrvet%, 32.7 g
assay, VOR9GHAN GYEAF (P86 nlYLED rﬁlg%sfﬂ-]at oed ﬁ%%kh%x?%?éio? :ﬁ%er reaction was

not allg ek OGRS iP T GLheEsct o, ek Aleysrigogvarm from 40
°C to -RAPACOVEr theenusse pél divar] which stwed08 . INeoavesion by HBIEC analysis. The
reactio asvﬁéxh ¥4 &0 V¢ bl antdefr rd %ggﬁ %%9@\&% &)ﬂ}ﬂ&e conversion. The
rnixmrse(i’galsuqrﬂerslglleda\}ri(teﬁ 1 ?Vrll(lj-l(?ls(%ﬁ/ I%L) ta? 0 §C,o xvvhich'resu?ted in an exotherm to 27 °C.
The mixture was aged at room temperature for 1 hour, transferred into MTBE (500 mL), and
separated the layers. The organic layer was washed with 1 M HCI (500 mL) and then water (500
mL). At this point a solid precipitated out of solution. The mixture was filtered over a bed of
solka floc (wetted with MTBE), and washed the bed with 250 mL MTBE. The layers were
separated and washed the organic layer with 250 mL water. The organic layer was dried over
sodium sulfate, concentrated to ~600 mL, and assayed to show 39.52 g assay of 21 (15:85
mixture of diastereomers).

The crude solution of the product in MTBE was concentrated to an oil and diluted
with 400 mL MeOH into a 3-necked, 1 L round bottom flask equipped with a nitrogen inlet,
thermocouple, and magnetic stirrer. The flask was submerged in a 20 °C water bath, and NaOMe
(25 Wt% in MeOH, 10 mL, 0.044 mol) was added to the reaction slowly, keeping the temperature
below 25 °C. After an age of only 1 hour, the ratio of diastereomers had increased from 15:85 to
98:2. The reaction was cooled to 0 °C, diluted with 600 mL heptane, and quenched with 1M HCI
(500 mL). The biphasic mixture was allowed to settle, and the organic layer was separated (2%
loss to aqueous). The organic layer was washed twice with water (250 mL), dried with sodium
sulfate, and concentrated to yield 21 as an o0il (47.9 g, 80.8 wt% of 21, 98% assay), 79.8 LCAP,
10.5 area% benzyl alcohol 8).
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of iodoketone 3 (87%yield). The organic sol ution was
concentrated to a solid, and diluted with nmethanol

W@ 1008/020»92 The vessel was seeded with 50 ng of PCT/US2007/017406
i odoket one, and water (37.5 nL) was added dropw se to
the reaction m xture over 2 hours. The m xture was
aged overni ght, assayed the supernatent (5.9 ng/nL),
filtered, and washed with 70 nL of 70:30 MeOH H 20 to
yield 22.4 g of 3 as a white solid (93 wt % i odoket one,
20. 8 assay, 83% 97.3 LCAP, 0.9% C -ketone, 1.4%

Step 8KabaR b f¥Bhdtionsal ts Various crystalline salts of the
conmpound of Formula lala were made and eval uat ed.
Physjqochem cal data for these salts are shown in the

Ql | pWi ng table. Hygrosco |c at >7I\§JRH dependi ng on
stlllzatlon copdi Q mgconversion after
AQC/ anbi ent’ g : , “@nd 8OOC 3 Both

Fa-p-l-d-l—y—fo—ipr
.pe C RY@rasay convegt s t
|solaxhe@ this formis |less stable T at
21<1 M The anhydrous form| crystabli cﬁorm of the
besylate salt is both physically and chem cally
stable, is nmore thernmodynam cally st*abl e than formll
Procedgrel has been consi stently nonhygroscopic. X-ray powder

di f fr a’?& b@grtler%t(g(? 'uS?g ;ﬂ[. ?oﬂdckdtﬂbnyﬁlgéi éq%;ﬁ:’%@ A ﬁ'h‘oé@n inlet,
thermdfQupierind magtetie ISP pal LA Gitie ¥ €4, 19.8 £ 2999,9.0429 mol) in
methand €230 yd ) aThisselutivmydrsaubmeged ih a0 Cheatoebathaand €3Kt.0 M in
CHLCIYEP] SRIEUAITY 188) G BAdeREAMAL YR mlfs ReELInEB drfoure below

o ffraction 0/ 60 consol’e
25 °C. - Dheypppetion W Slefm%%?‘drﬁét FROR} fperathicAt "YSH"%‘%‘%%%P ete
convera®ntwias absenved by HREC anayass Thdmixturcayasdienhclzed inenMTBE (250 mL)
and 1008 Na ZQ)JS% l\iailﬁj(ﬁ;{ @Sb% I&Jiel@"ﬂf‘y %Qqﬁlxﬁ% Wak ftkher¥Buted with 200

MWL e

&?Qestwi‘:'bf exhi %Jn‘gﬁg i:@re{sb The organic layer
was wakhpd twivgsvith water (300 mL), dned using sodium sulfate and assayed to show 22.0 g

of iodoketone 3 (87% yield). The organic solution was concentrated to a solid, and diluted with
methanol (170 mL). The vessel was seeded with 50 mg of iodoketone, and water (37.5 mL) was
added dropwise to the reaction mixture over 2 hours. The mixture was aged overnight, assayed
the supernatent (5.9 mg/mL), filtered, and washed with 70 mL of 70:30 MeOH:H;O to yield 22.4
g of 3 as a white solid (93 wt% iodoketone, 20.8 assay, 83%; 97.3 LCAP, 0.9% Cl-ketone, 1.4%

ketone isomer).

Salts

Various crystalline salts of the compound of Formula Ia

CF,
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of 21.

was f

2, 9.1,
urt her

and 8.5 angstrons. The anhydrous Form |
characterized by the d-spacings of 13.5,

wdaoeeos/oznd 5. 5 angstronms. The anhydrous Form | ReBEUSM6TI017406
further characterized by the d-spacings of 4.5, 4.3,
and 4.2 angstrons. DSC data were acquired at a heating

ni trogen atnosphere in a

cl osed pan using TA Instruments DSC 2910 or equi val ent

FIG 2 shows the differentia

calorinetry scan for the crystalline anhydrous Forml

rate

i nstr

Ia

of 10 C/ m n,

ument ati on.

of the besylate salt.

under

The crystalline anhydrous Form |

exhi bited an endothermdue to nelting with an onset

tenperature of 273.2 0C,

the peak tenperature is 274.4

were xgezand evaluatedt Rhysigoaticanicnt date ferthese)salts wresshoms igitiss futowing table.

|S: 1. A process of making a conpound of Fornula | or
Salta phaf Gactllinecal | Meltioge pHabtoeccmi#ity t rSexlidcﬂtatewh%mlirl State | Process
R2 is| sel ected fyamthe Q) con5|c %V' .
hydr ogSH™ and (ZP?Ci el e R s bl | Pysical, o | ability
gr oup consisting ofC) (1 phenyl uncuhdthUtedSmbﬂwf
sthsti-uted—wH-h-oRe—of ror-e—ot-R—! R2—ahd 5'9 2
L-tagaie g %VWF? unskf & i t u gagré’Fc%‘bst i NBed wi t hSBRlE or | NVA
nore pf the substituentp selected frijom (a) hydroxy,
n (e i al-kaxdy (dHD—phepH-Ci-23 al kioxy e
Suci)lg' H%y \ﬁemlh)/drate 187 "Not 7 © | Amide St’able\ ) N/A
Hygroscopic adduct
Besylate | Anhydrous 271 Slightly Stable Stable’ N/A
Form II Hygroscopic'
Besylate | Anhydrous | 273 Not Stable Stable’ N/A
Form I Hygroscopic

! Hygroscopic at >75%RH, depending on crystallization conditions
2No form conversion after 1 week at 40°C/ambient RH, 40°C/75% RH, and 80°C

3 Both forms convert rapidly to Type C hydrate in aqueous solution. Type C hydrate converts to

Form III when isolated; this form is less stable than Form II at <140°C

The anhydrous form I crystalline form of the besylate salt is both physically and

chemically stable, is more thermodynamically stable than form II and has been consistently non-

hygroscopic.

X-ray powder diffraction studies are widely used to characterize molecular

structures, crystallinity, and polymorphism. The X-ray powder diffraction pattern of the
crystalline anhydrous Form I of the besylate salt was generated on a Philips Analytical X’Pert
PRO X-ray Diffraction System with PW3040/60 console. A PW3373/00 ceramic Cu LEF X-ray

tube K-Alpha radiation was used as the source.

FIG. 1 shows the X-ray diffraction pattern for the crystalline anhydrous Form I of the besylate

salt. The anhydrous Form I exhibited characteristic diffraction peaks corresponding to d-

spacings of 21.2, 9.1, and 8.5 angstroms. The anhydrous Form I was further characterized by the

d-spacings of 13.5, 10.9 and 5.5 angstroms. The anhydrous Form I was even further

characterized by the d-spacings of 4.5, 4.3, and 4.2 angstroms.
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(f) -CN, (g) halo, (h) -NRORLO wherein RO and R O are

i ndependently selected from (1) hydrogen, (2) Cl-6
wa@bkdoglo210e8) hydroxy-C 1-6 al kyl, and (4) phenyPC1/U$2007/017406

- NROCOR10, wherein RO and R 0 are as defined above,

(j) -NROCO2R1 wherein RO and Rl 0 are as defined

above, (k) -CONROR1Os wherein RO and RI O are as

defi ned above, (1) -COR9, wherein R9 is as defined

above, and (nm) -CO2R9, wherein RO is as defined above;

(3) C2-6 al kenyl, unsubstituted or substituted with

DSC dta]ﬁhewefe a&aﬁ@e@& atﬁe'anﬁ pﬁ& br w%&ﬁ,}l Sffde? ﬁh%geﬁ %ﬁﬁbs:ﬂhé)e in a closed
pan us WST%? %éﬁﬁ 9 PfC)r eq&N en? f%fm(n ngoeny )

FIG. 2 shows the differential calorimetry scan for the crystalline anhydrous Form I of the besylate

salt. The crystalline anhydrous Form I exhibited an endotherm due to melting with an onset
temperature of 273.2 °C, the peak temperature is 274.4 °C and the enthalpy change is 61.3 J/g.
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(g) halo, (h) -CONRORLO wherein R9 and RI O are as
defi ned above, (i) -COR9 wherein RO is as defined
wab@sm2108) - CO2R9, wherein RO is as defined abperUS104)/017406

het erocycl e, wherein the heterocycle is selected from

t he group consisting of: (A) benzim dazolyl, (B)

benzofuranyl, (C benzothi ophenyl, (D) benzoxazolyl,

(E) furanyl, (F) imdazolyl, (G indolyl, (H

i sooxazolyl, (1) isothiazolyl, (J) oxadiazolyl, (K)

oxazolyl, (L) pyrazinyl, (M pyrazolyl,(N pypdyl, (O
WHAPYS CUANAED(S) pyrrolyl,

1. A process of making a compound of Formula I

or a pharmaceutically acceptable salt thereof, wherein:

R2 is selected from the group consisting of:

) hydrogen, and
(2) Ci-ealkyl;
R is selected from the group consisting of:
n phenyl, unsubstituted or substituted with one or more
of R11, R12 and R13;
2) C1-8 alkyl, unsubstituted or substituted with one or more of the substituents
selected from:
(a) hydroxy,
(b) 0Xxo,
(©) C1-6 alkoxy,
@) phenyl-C1.3 alkoxy,
- (e)  phenyl,
(H  CN,
(@ halo,
¢(h) -NROR10, wherein R9 and R10 are independently selected from:
¢)) hydrogen,
(2) Ci-6alkyl,
3) hydroxy-C]-6 alkyl, and

4 phenyl,
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(Q quinolyl, (R tetrazolyl, (S) thiadiazolyl, (T)
thiazolyl, (U thienyl, (V) triazolyl, (W azetidinyl,

weED0R/04t0d9 oxanyl , (Y) hexahydroazepinyl, (Z) PCT/US2007/017406

pi perazinyl, (AA) piperidinyl, (AB) pyrrolidinyl, (AC
tetrahydrofiiranyl, and (AD) tetrahydrothienyl, and
wherein the heterocycle is unsubstituted or
substituted with one or nore substituent(s) sel ected
from (i) Cl-6 al kyl, unsubstituted or substituted with
hal o, -CF3, -OCH3, or phenyl, (ii) G -6 alkoxy, (iii)

0x0, (¢y) NYGRIEHR 10YWhEPES and R10 are as
defined above,
G) -NRICO2R10, wherein R9 and R10 are as
defined above,
&) -CONRIRI10, wherein R9 and R10 are as
defined above,

) -CORY, wherein R9 is as defined above, and
(m) -CO2R9, wherein R9 is as defined above;

3 C2-6 alkenyl, unsubstituted or substituted with one or

more of the substituent(s) selected from:

(a) hydroxy,

(b) 0X0,

()  Ci1-6 alkoxy,

(d) phenyl-C1-3 alkoxy,

(e)  phenyl,

(H  CN,

(g)  halo,

(h)  -CONRIR!0 wherein R9 and R10 are as
defined above,

(i) -CORS9 wherein R9 is as defined above,
G -CO2R9, wherein R is as defined above;

“@ heterocycle, wherein the heterocycle is selected from
the group consisting of:
(A)  benzimidazolyl,
(B) benzofuranyl,
(C)  benzothiophenyl,
(D)  benzoxazolyl,
E) furanyl,

() imidazolyl,
(G) indolyl,

(H) isooxazolyl,
D isothiazolyl,
)] oxadiazolyl,
(K) oxazolyl,
(L)  pyrazinyl,
(M)  pyrazolyl,
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(vi) -SRI, wherein RO is as defined above, (vii) halo,
(viii) cyano, (ix) phenyl, (x) trifluoronethyl, (xi)

WO QOB WRNRORI 0 wherein mis 0, 1 or 2, and RBCENS20R7/017406

are as defined above, (xii) -NROCOR1 0 wherein R9 and
Rl 0 are as defined above, (xiii) -CONRORL O wherein
RO and RI 0 are as defined above, (xiv) -Cg 2R
>wherein RO is as defined above, and(xv) -(CH2)m OR9
wherein mand RO are as defined above; |ected fromthe
group consisting of: (1) (2) -d-J alkyl, wherein
al kyl {¢) unpyhali tuted or substituted with one or nore
of the ybstltue Ei selected from (a) hydroxy, (b)
0Xxo, €§
pyrrolyl

(Q) quinolyl,

(R) tetrazolyl,

(S) thiadiazolyl,

(m) thiazolyl,

(U) thienyl,

(V) tniazolyl,

(W)  azetidinyl,

(0,9) 1,4-dioxanyl,

(Y)  hexahydroazepinyl,

(V4) piperazinyl,

(AA) piperidinyl,

(AB) pyrrolidinyl,

(AC) tetrahydrofuranyl, and

(AD) tetrahydrothienyl,

and wherein the heterocycle is unsubstituted or

substituted with one or more substituent(s) selected from:
@) C1-6 alkyl, unsubstituted or substituted

with halo, -CF3, -OCH3, or phenyl,
(i1) C1-6 alkoxy,
(iii)  oxo,
(iv)  hydroxy,

) thioxo,
(vi)  -SR9, wherein R9 is as defined above,
(vii)  halo,

(viil) cyano,

(ix) phenyl,

x) trifluoromethyl,

(xi)  -(CH2)m-NR9R!0, wherein mis 0, 1 or
2, and R9 and R10 are as defined above,

(xii) -NRICORI10, wherein R9 and R10 are
as defined above,

(xiii) -CONRIRI10, wherein R9 and R10 are
as defined above,

(xiv) -CO2R9, wherein R9Y is as defined

above, and
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(d) phenyl -G -3 al koxy, (e) phenyl, (f) -CN, (g) halo,
(h) -NROR10, wherein RO and R O are as defined above,

WO 200sANRICORL0, wherein RO and R O are as def i PemiUS2007/017406
above, G -NROCO2R10 , wherein RO and RO are as
defi ned above, (k) -CONROR10, wherein RO and RI O are
as defined above, (1) -COR9, wherein RO is as defined
above, and (nm) -CO2R9, wherein RO is as defined above;
(3) -C2-6 al kenyl, wherein al kenyl is unsubstituted or
substituted mﬁth one or nore of the substituent(s)

sel ect ed fr ) 6 al koxy,
(d) phenyl - (iﬁ??d htél%ﬁ} ﬁp?'ﬁﬁ &ﬁ]as
deﬁne above
R1 is selected from the group consisting of:

n
RG
Z 7
LRGN \J
z

) -C1-8 alkyl, wherein alkyl is unsubstituted or
substituted with one or more of the substituents
selected from:

(@)  hydroxy,

(b) 0Xxo0,

(c) C1-6 alkoxy,

(@) phenyl-C1.-3 alkoxy,

()  phenyl,

H -CN,

() halo,

(h)  -NR9RI10, wherein R9 and R19 are as defined
above,

6] -NR9COR10, wherein R? and R10 are as
defined above,

G) -NRICO2R 10, wherein R9 and R10 are as
defined above,

(k) -CONRORIO, wherein R9 and R10 are as
defined above,

M -CORY, wherein R is as defined above, and
(m) -CO2R9, wherein R is as defined above;

3 -C2-6 alkenyl, wherein alkenyl is unsubstituted
or substituted with one or more of the substituent(s)
selected from:
(a) hydroxy,
(b) 0Xo0,
©) C1-6 alkoxy,
(d) phenyl-C1.-3 alkoxy,
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(g) halo, Ch) -CONRORLO wherein R9 and RI O are as
defi ned above, (i) -COR 9 wherein R 9 is as defined

wab@msm21083) - CO2RO wherein RO is as defined aboreT/u§zb)7/017406

-(CO) -phenyl, wherein the phenyl is unsubstituted or
substituted with one or nore of R6, R7 and R8; R6, R7
and R are independently selected fromthe group

consi sting of: (1) hydrogen; (2) Cl-6 alkyl,
unsubstituted or substituted with one or nore of the
substituents selected from (a) hydroxy, (b) oxo, (c)
G -6 atyoxyphéfl), phenyl -G -3 al koxy, (e) phenyl, (f)
-CN, ( hagN(h) -NRORL O wherein RO and R 0 are as
defi nett’ above,” (i) -NROCORL 0, wherein RO and R0 are
as def(gled hslove,

(h)  -CONRSIRI10 wherein R9 and R10 are as
defined above,

@) -COR9 wherein R9 is as defined above,
G -CO2R9, wherein R9 is as defined above;

@ -(CO)-phenyl, wherein the phenyl is unsubstituted
or substituted with one or more of R6, R7 and RS;

R6, R7 and R8 are independently selected from the group consisting of:

¢} hydrogen;
)] C1-6 alkyl, unsubstituted or substituted with one or
more of the substituents selected from:
(a) hydroxy,
(b) 0XO0,
(c)  Ci-6 alkoxy,
(d) phenyl-C1_3 alkoxy,

(e)  phenyl,

(f) -CN,

(g)  halo,

(h)  -NRIRI!0, wherein R9 and R10 are as defined
above,

(i) -NRICORI10, wherein R9 and R10 are as
defined above,

G)  -NRICO2R10, wherein R9 and R10 are as
defined above,

(k) -CONRSIRI1O0, wherein RY and R10 are as
defined above,

1)) -CORY, wherein R9 is as defined above, and
(m) -CO2R9, wherein R9 is as defined above;

3) C2-6 alkenyl, unsubstituted or substituted with one or
more of the substituent(s) selected from:
(a) hydroxy,
(b) 0Xo0,
(c) C1-6 alkoxy,
d phenyl-C1.3 alkoxy,
()  phenyl,
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G -NROCO2R1 0O, wherein RO and R 0 are as defined

above,

(k) -CONROR1 0 wherein RO and R 0 are as

waledosoed2above, (1) -COR9, wherein RI is as dePCTed2007/017406

above,

and (m -CO2R9, wherein RO is as defined above;

(3) C2-6 al kenyl, unsubstituted or substituted with

one or
hydr ox
al koxy
wher ei
wher ei
is as
unsubs
substi

C)
(%)

©)
7)
@)
©)
(10)
an
(12)
(13)
(14)

nore of the substituent(s) selected from (a)
y, (b) oxo, (c) Cl-6 al koxy, (d) phenyl-GCi -3

, (e) phenyl,CO -CN, (g) halo, (h) -CONRORLO

n RO and RO are as defined above, O -COR9
MR Lenas defined above, G -CO2R9, wherein R9

&5fin§%oabove; (4) C2-6 alkynyl; (5) phenyl,
t ut or substituted with one or no oftto;
thient (CPNRARIO: whereindRf arfdaRk 1 frgngrasxy ,
defined above,
(i) -COR9 wherein R9 is as defined above,
G) -CO2R9, wherein R is as defined above;
C2-6 alkynyl;
phenyl, unsubstituted or substituted with one or more
of the substituent(s) selected from:
(@  hydroxy,
(b) C1-6 alkoxy,
(©) Ci-6alkyl,
(@ C>.5 alkenyl,

(¢) halo,
® -CN,

(g) -NO2,
(h)  -CF3,

(i  -“(CH2)m-NROR10, wherein m, RY and R10
are as defined above,

@) -NRICOR10, wherein R9 and R10 are as
defined above,

(k) -NR9CO2R10, wherein R9 and R10 are as
defined above,

()] -CONR9R 19, wherein R9 and R10 are as
defined above,

(m) -CO2NR9RI10, wherein R9 and R10 are as
defined above,

(n) -CORSY, wherein R9 is as defined above;
(0) -CO2R9, wherein R9 is as defined above;

-CF3,

-NO2p,

-SR14, wherein R14 is hydrogen or C1-5alkyl,
-SOR 14, wherein R14 is as defined above,

. -SO2R 14, wherein R14 is as defined above,

NRICORI10, wherein R9 and R10 are as defined above,
CONROCOR10, wherein R9 and R10 are as defined above,
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(b) C1-6 al koxy, (C) G -6 alkyl, (d) C2-5 al kenyl, (e)
halo, OO -CN, (g) -N&2 , (h) -CF3 , (i)

WO @B IRNRORI O, wherein m RO and R O are as Bef/uamd7/017406
above, G -NRICOR10 wherein R9 and R O are as defined
above, (k) -NROCO2RI 0, wherein RO and RO are as
defi ned above, (1) -CONROR10, wherein R9 and RI O are
as defined above, (m -CO2NROR10, wherein RO and R O
are as defined above, (n) -COR9, wherein R9 is as
defi ned above; (O -CO2R9, wherein RO is as defined

a(ti@y e Nk@klb,alvﬁere(n@@ abd'R108}e ssdetined above,
(16) NRICO2RI10, wherein R9 and R10 are as defined above,
(i7) hydroxy, ' o ' )
(18) Ci-ealkoxy,
5 (19) CORY, wherein R9 is as defined above,
(20) CO2R9, wherein R9 is as defined above,
(21)  2-pyridyl,
(22)  3-pyridyl,
(23)  4-pyridyl,
10 (24) S-tetrazolyl,
(25) 2-oxazolyl, and
(26)  2-thiazolyl;
R11, R12 and R13 are independently selected from the definitions of R6, R7 and R8; and
Z is selected from:
15 ¢y hydrogen,
(2) C1-6 alkyl, and
3) hydroxyl;

comprising reacting a compound of Formula A

20

wherein R14 is selected from RO, with a reducing agent under acidic conditions to yield a
compound of Formula B
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(9) -NO2 (10) -SRI 4, wherein R4 is hydrogen or
G -5alkyl, ( 11) -SOR14, wherein R4 is as defined
wW@bws®210042) . -SO2R14 , wherein R4 is as defPeEusS2007/017406
above, ( 13 ) NROCOR10, wherein R9 and RI O are as
defi ned above, (14) CONROCOR10, wherein R9 and R O are
as defined above, (15 NR R O wherein RO and Rl 0 are
as defined above, ( 16) NROCO2R 1 , wherein R and Rl
are as defined above, (17) hydroxy, (18) G -6al koxy,
(19) COR9, wherein RO is as defined above, (20) CO2R9
, Wherein Ris as defined above, ) 2-pyridyl, (22)
3-pyridyl, (23) 4-pyridyl, ~5-t et r azol yl, (25)
2-oxazolyl, and (26) 2-thia l;: R 1, R-2 and R 3
are independently sel ect eli*ffom*Rhe definitions of RG,
R7 and R; and Z is selegted'Hom (1) hydrogen, (2)
C 6 alkyl, and (3) hydroxyl

and reacting a compound of Formula B with a strong acid to yield a compound of Formula I, and
optionally subsequently forming a pharmaceutically acceptable salt of the compound of Formula
I by reacting the compound of Formula I with the corresponding acid of the salt to form the
pharmaceutically acceptable salt of the compound of Formula L.

2. The process according to Claim 1, further comprising making the
compound of Formula A by reacting a compound of Formula C

wOR?

with an acid to make a compound of Formula A.

3. The process according to Claim 2, further comprising making the
compound of Formula C by reacting a compound of Formula D
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conprising reacting a conmpound of Formula A wherein R
4 is selected fromR6, with a reduci ng agent under
wa@coodiozioeondi tions to yield a conmpound of For neCBURENT017406
reacting a conpound of Fornmula B with a strong acid to
yield a conmpound of Formula I, and optionally
subsequently form ng a pharmaceutically acceptable
salt of the conpound of Fornmula | by reacting the
conmpound of Forrmula I with the correspondi ng acid of
the salt to formthe pharmaceutically acceptable salt
of the conpound of Fornula t)dg The process according
to daim1l, further conpri.sing making the conmpound of
Formul a A by reacting gi;gﬂgound of Formula C C with
an acid to make a conp R Formula A. 3. The
process according to aim 2, further conprising

maki ng t he conpound of la C by reacting a
conpound of Fornul a mhe % X] is Ci-6alkyl or
phenyl, wth anmoni a d? ereof to yield a

conpound of Formula C. 4} T ocess according to
Claim3, further conprlspngyﬁaklﬁg*i fe compound of
Fornmula D by reacting a congoeund of Fornula E E
wherein Y is a halogen, with a conpound of Formula F
Xl F and a nmetal am de of Forygula MLN(R15) 2 or
hﬁ 3)2 wherein M Li, Na, K or and
wheregXH 1 lsiall@/ Phﬁ?ﬁéhd’ﬂﬂt Wﬂ@aaémae%ltf%ﬁ?fcsowé Rypmpppnd of

FormwWa O.rst aprotic organic solvent to yield

4, The process according to Claim 3, further comprising making the
compound of Formula D by reacting a compound of Formula E

\\O\ |
R

o
o=

Y

R

1,

E

wherein Y is a halogen, with a compound of Formula F

VN« -~

F
and a metal amide of Formula MIN(R15)7 or MIN(Si(R15)3)2, wherein M1 is Li, Na, K or Mg,

and each R15 is independently selected from C]-4alkyl, in a first aprotic organic solvent to yield

a compound of Formula D.
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a conmpound of Formula D.5. The process according to

Caim4, further conprising nmaking the conpound of
wao-eomsbm2E by reacting the conpound of For nul aP@@/s1007/617406

hal ogenati ng agent to yield a conmpound of Formula E

6. The process according to Claimb5, further

conprising maki ng the conpound of Fornula G by

reacting the conmpound of Formula HH with R-M2 wherein

M is a nmetal, in the presence of a first transition

netal catalyst and a Lewis acid, to yield a conpound

of For gultfe Brockss 4deBrdth®fPCRIA4S AlrflleP BorhBri&hg hm&%mg )(/:ompound of

Il
further conprisin Ki th onmpound o? For mul a
Formulg. [ B TRactinecton SRmARsnst ofmMaC o RL 3 wi th GHBU i n
tert-butyl nethyl ether to yield a conpound of Fornul a
H. 8. The process according to Caim?7, further
conpri si ng maki ng the conpound Rf Formula J by
reacting a conpound of Fornula /K K wherein c is
selected fromR wth R-OH insthe presence of a :
second transition netal catatyst catalyst, a ligand
and a zinc additive to vyi eIound of Forrmula J .
9. The process according to ©aim8, further
conpri sing maki ng the conmpoung_of Formula K by
enzymatically reduci ng the @6%5' of Formula L L and
subsequently reacting the product with X2-COCl to

yi el d a conpound of Fornmnul a 10. A process according
3 to Caim9, further conprisi maki ng t he conpound

with a halogenating agent to yield a compound of Formula E.

6. The process according to Claim 5, further comprising making the
10 compound of Formula G by reacting the compound of Formula H

o-R’

CH
o 3

H

with R-M2, wherein M2 is a metal, in the presence of a first transition metal catalyst and a Lewis
15 acid, to yield a compound of Formula G.

7. The process according to Claim 6, further comprising making the
compound of Formula H by reacting a compound of Formula J
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of Formula L by reacting a conpound of Fornula MM w th
a brom nating agent followed by reaction with a

waeyasariory agent in the presence of a buffer tpCyUStd7/617406

conmpound of Forrmula L. 11. A process according to
Caim4, wherein Y is | and further conprising making
t he conpound of Fornmula E by reacting a conpound of
Formula N Nwith M3-1, wherein Mis Li, Na or K, to
yield a conmpound of Formula E. 12. A process according
to Caim1l, further conprising nmaking the conpound of
Formula N by reacting a conpound of Fornula O O OCH3 O
wth ClCH2CO2H, CICH2l, or C Br and a netal ani de
of Formula MAN(RL6)2 or M\N(S (R 6)3)2, wherein M is
Li, Na, K, or My, and eac 6 is independently

sel ected from G -4al kyl i econd aprotic organic
solvent at a tenperature rarge of about -20 0Cto
about 40 OC to yield a conpolpd of Fornmula N.13. The
process according to Caim12, further conprising
meki ng the conpound of Fornmula O by reacting a
compound of Forrmula P P or agriethylam ne salt

with CHYT 68 for( BhyInRuifP LR R14i88 A86Houk of FBfhu ggOTPOUNd

For mul a process according to aim 13
further conprising maki ng the conpound of Fornula P by

reactigg a qaspricask Rtofddigiel @lafeh @, further comprising making the

compound of Formula J by reacting a compound of Formula K

K

wherein X2 is selected from R, with R1-OH in the presence of a second transition metal catalyst
catalyst, a ligand and a zinc additive to yield a compound of Formula J.

9. The process according to Claim 8, further comprising making the

compound of Formula K by enzymatically reducing the compound of Formula L

O

CN

L

and subsequently reacting the product with X2-COCI to yield a compound of Formula K.

10. A process according to Claim 9, further comprising making the compound

of Formula L by reacting a compound of Formula M
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with R-Mb, wherein Mb is M is a netal, in the
presence of a first transition netal catalyst and a
whewsd2med d, and optionally followed by triethptBrEZI®7/017406

to formthe salt, to yield the conpound of Fornmula P

or the triethylamne salt thereof. 15. The process

according to Claim 14 wherein the conpound of Fornula

Qis nade by reacting a conmpound of Formula R R

wherein c is selected fromR wth R-OHin the

presence of a second transition netal catalyst, a

ligand and a zinc additive to ¢gield a conpound of

Forrmula Q 16. The process accghfding to Claim 15,

further conprising making tonpound of Formula R by

enzymatical ly reducing the ppound of Formula S S and

subsequently reacting the product with X*-COC to

yield a conmpound of Formula R 17. The process

according to Claim16, furth conpri sing maki ng the

compound of Formula S by reacting a conpound of

Formula T T with an oxidi zi ng.agent to yield
with aé’éﬂ'ﬁﬂ@ﬂfig geentdphigived by repgtionryith ﬁrcéfé%aé’é‘gé‘&%‘r‘a?'i‘@l”%eme of a buffer
to yiel@lamompbundh of Bonnitalls 19. The process according to

Caim1l wherein Ris20. The process according to aaim

1 wherein R2 is nethyl. 2 1. The process accordi to .

Claimlil Mer”’eP‘i‘?c?%%éc%ﬁﬁ’&}ﬁ@%‘fn foViaIeiR Y 15 kand further comprising
making aitgeanmsbunid df@onmua I dy kéactiz@ a céimpopmtidoEBamadadr di ng

to daim2 1 wherein the conmpound of Fornmula la is a

phar maceutically acceptable salt.

\\O

3 R
Oﬁ
Ci

N
with M3-1, wherein M3 is Li, Na or K, to yield a compound of Formula E.

12. A process according to Claim 11, further comprising making the
compound of Formula N by reacting a compound of Formula O

o=\
OCH,

\\O\ R1

R

Vi,

O

with CICH2CO2H, CICH?I, or CICH2Br and a metal amide of Formula M4N(R16)2 or
M4N(Si(R16)3)2, wherein M4 is Li, Na, K, or Mg, and each R16 is independently selected from
Ci-4alky! in a second aprotic organic solvent at a temperature range of about -20 °C to about

40 °C to yield a compound of Formula N.
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23. The process according to Claim22 wherein the

phar maceutically acceptable salt is the
wheonzezwsul f onate salt and the correspondi ng artTUS{007/017406

the salt is benzenesulfonic acid. 24. The

benzenesul fonate salt of a conpound of Fornula la:la.

25. An anhydrous crystalline formof the

benzenesul fonate salt of Caim24 designated Form I

and exhi biting characteristic diffraction peaks

corresponding to d-spacings of about 21.2, 9.1, and

8.5 angst r Offfe prfeessldtCordiip @/ Cldfin G L yfuttbt ¢dM8pristhgimaking the
dealggatggﬁF bnll of Claim25 fﬁﬁtheﬁ ﬁharacterlzed by
CoOmpauAR of 8y ﬁS y gfackiag g compognd phFermula o qt ¢ ors. 27,
The anhydrous crystalline form designated Form | of
Claim26 further characterized 2; t he d-spaci ngs of
1\ \R1

4.5, 4.3, and 4.2 angstrOZi:]:

O™\
OH

R

¢,

5 P
or a triethylamine salt thereof, with a methylating agent to yield a compound of Formula O.

14. A process according to Claim 13, further comprising making the
compound of Formula P by reacting a compound of Formula Q

.\\‘\O\R1

O

0 OCH,

Q

with R-M35, wherein M5 is M2 is a metal, in the presence of a first transition metal catalyst and a
Lewis acid, and optionally followed by triethylamide to form the salt, to yield the compound of
Formula P or the triethylamine salt thereof.
15 '
15. The process according to Claim 14 wherein the compound of Formula Q
is made by reacting a compound of Formula R

OCH;

20 R
wherein X3 is selected from R, with R1-OH in the presence of a second transition metal catalyst,
a ligand and a zinc additive to yield a compound of Formula Q.
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16. The process according to Claim 15, further comprising making the
compound of Formula R by enzymatically reducing the compound of Formula S

O

OCH,

S
and subsequently reacting the product with X3-COCI to yield a compound of Formula R.

17. The process according to Claim 16, further comprising making the
compound of Formula S by reacting a compound of Formula T

OCH3

T
with an oxidizing agent to yield a compound of Formula S.

18. The process according to Claim 1 wherein R1 is
% CHj
CF3
FiC
19. The process according to Claim 1 wherein R is

i~ )
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20.  The process according to Claim 1 wherein R2 is methyl.

21. The process according to Claim 1 wherein the compound of Formulal is a
compound of Formula Ia

CF,

Ia.
22. The process according to Claim 21 wherein the compound of Formula Ia is
10  apharmaceutically aéceptable salt.
23. The process according to Claim 22 wherein the pharmaceutically

acceptable salt is the benzenesulfonate salt and the corresponding acid of the salt is
benzenesulfonic acid.
15
24. The benzenesulfonate salt of a compound of Formula Ia:
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CF;

Ia.

25. An anhydrous crystalline form of the benzenesulfonate salt of Claim 24
5  designated Form I and exhibiting characteristic diffraction peaks corresponding to d-spacings of
about 21.2, 9.1, and 8.5 angstroms.

26. The anhydrous crystalline form designated Form I of Claim 25 further
characterized by the d-spacings of 13.5, 10.9 and 5.5 angstroms.
10
27. The anhydrous crystalline form designated Form I of Claim 26 further
characterized by the d-spacings of 4.5, 4.3, and 4.2 angstroms.
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