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WODRMRMBEIL- OXO- TETRAHYDRO PYRAN- 2- YL)

WD 2004/ 089894 PCT/ | B2004/ 001120 -1 PROCESS FOR
PREPARI NG 5- (4- FLUOROPHENYL) - 1- [ 2- (( 2R, 4R) - 4-

ETHYL] - 2- | SOPROPYL- 4- PHENYL- | H PYRRCLE- 3- CARBOXYLI C
AClI D PHENYLAM DE Thi s appIiCation clainms benefits of
U.S. Provisional Applicati oq 5 60/462,613, filed
on April 14, 2003. FIELD OF THE | NVENTI ON A met hod f or
pr CBYS FOR PREPARING 5- 24 FLUOROPHENYL) 1-[2-((2R 4R)-4-
5- (4-ftluorophenyl)-1-[2-((2R, 4R) - 4- hydr oxy- 6-

FROPR O ahy X 0- Py FRAHX YR QO-REYRAN-2 Zh)éﬁﬂiﬁka—I&OBR@IWL

e ARG RE TR Far o B S B GR RN aud B,

is described. BACKGROUND OF THE | NVENTI ON
5- (4- Fl uor ophenyl )-1-[2- ((2R, 4R) - 4- hydroxy 6- oxo-tetra

Yyt R aBicaPaf sib Bty gitiins PRVERRpeL fBIDR NED,
koD BRgli fat®oh Aptihe4,3%08 hesi s of atorvastatin cal ci um

(Lipitor(r)), known also by the chenical nane
[R-(R*, R*)]-2-(4-fluorophenyl)- (3, S-di hydroxy-5-(1-

met hyl et hyl ) - 3- phepyt +4-~ car bonyl ] - 1H pyr
gb ”Dﬂaﬁﬁ@ﬁ§@¥v§¥? :1) trihydrate.

-
;_ N

rol e-1-heptanoic

At or v asinathbl fedrépasdin ISN@ALMidrs dpr{’enwm pxo(zls 4R§l4 -hydroxy-6-
nmet hylagll utaryl - coenzgrre A reduct ase
osetiRitaRy dp-pamen-2Hlset xllﬁslémopylélsp@nm&beHYﬁOéreﬁnCérboxyllc

?%@ﬁ%ﬂ%hg i(@}éﬁl?errﬁkz&\l%’&:‘ior Vasg&t}}egls o&{oréast%ﬁ%&lcf&rﬂ id

2064ib6@9894 PCT/ 1 B2004/ 001120 -2 A nunber of patents
have i ssued di scl osi ng approaches to the preparation
of atorvastatin calcium as well as various anal ogues,

via intermed agagTEERBIAD OF THE INVENTION
5-(4-Fluorophenyl)-1-[2-((2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyran-
2—yl)—ethyl]—2-isopropy1-4—pheny'l—1H -pyrrole-3-carboxylic acid phenylamide (I)
is a key intermediate in the synthesis of atorvastatin calcium (Lipitor®), known
also by the chemical name [R-(R*,R*)}-2-(4-fluorophenyl)-f,8-dihydroxy-5-(1-
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid
calcium salt (2:1) trihydrate. Atorvastatin calcium inhibits 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMG-CoA reductase) and thus is useful

as a hypolipidemic and/or hypocholesterolemic agent.
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Atorvastatin Calcium
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compound (I). These patents include: United States
Patent Nos. 4,681,893; 5,273,995; 5,003, 080;

wWG209/88B4b; 5, 103, 024; 5,124, 482; 5, 149, 837; 5SpdBBE28&1001120

5 5,216, 174; 5,245,047, 5,248, 793; 5, 280, 126;
5,397,792; 5,342,952; 5,298,627, 5,446, 054;
5,470,981; 5,489,690; 5,489 691; 5,510, 488; 5,998, 633;
and 6,087,511; 5,969, 156; 6, 121, 461; 5, 273, 995;

6, 476 2dRber\dFiphRats add E&eﬁﬂﬁidl@ﬁﬁg‘ éiiéb)r(oa%ﬁésf tohs preparation
60/ 401, 707 (filed August 6, 2002) I sting approaches

of etorfastatin epleiuan.ias wedlfas W@yomaﬂr@h@mﬁ, atasinterpedipies sipbend

B RAP R PdsE QLA L LRNANTS] 5, PG RO LB 0! 1 e

FAR)9%:; smmgs@, m%rmvsys hos wpics, e wzgstmp 8@31@155 23Ind
a | ow H?er ature di astereosel ect

SBIct 6@ Bt herd 7B pralil 265,33 B?Qt éﬁ‘fat%@es APhPdach

{ ]t 5. ‘
5%435%53,2%%; pg%pggfi@%gg 3143216852% giru Q@Efa@g?%@ence of
6087148 1¢8)968)156; 4, hHMﬁlmSQﬂB,@Dy;Sﬁ 4’16)282? U&Eﬂed iScates Application
cond tions %orocee ded to %I ve diol 3 in lowyields and

]N%)ﬁ@ 4707 ffiled eue < 2R84k vi ty with respect to the
PCT/ @%ﬁ%@gwfgﬁs to §fedr 3%10\1% 3@9415@1%%%%@ (I) presented

shinfedhbrt¢ontinpk. SEddkdx atbiple, bhe apphbavl relied duthe @vof@viostly 3
c'lzlir'a:d ra\1N4r%1at|e\:lri3_g(ﬁ)—éll\!cyal_r|10_-3—E'ydroxyll\!bll\l/t%lrilcNaciA{i e% eg'ter , ancf: a l(gw
temperature diastereoselective borane reduction.

Scheme 1 summarizes an alternative approach disclosed in United States
Patent No. 6,476,235. Hydrogenation of B,0 diketoester 2 in the presence of a
chiral ruthenium catalyst under acidic conditions proceeded to give diol 3 in low
yields and 1:1 syn:anti diastereoselectivity with respect to the C-3 and C-5 chiral

centers.
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/' 1 ONOR | R=H®6 R = benzyl, allyl HNM c¢ Ow
As a prelimnary matter, asymretric hydrogenati ons of

of 2 to 3 are known. However, the conplexity of the
reaction increases in the case of 1,3,5-tricarbonyl
systens such as 2, and poor yields and poor

stereosel ectivities often fesult. In fact,

i nvestigations by Saburigéhkgid phedron, 1997, 1993; 49)
and Carpentier (Eur. J. Og. Chem 1999 3421) have

i ndependent’ly denonstrated | ow to noderfate 10

di ast eregrgnd/ or enantio-selectivitieg or

di ket gestlerJasymet ri ¢ hydr ogenat i onst urt her nore,

at t_ﬁe ﬁrogesses di scd in th§H OlsH O“
. ki H pressur exhy 3] 4 en, oH

% pieact i cal and not apegable poMearge-scal e
ct Mieng ,pProcesses Where‘etf“"eef;l ci ency, and
cos are criti cal: considerations.” 15 Refetring again
to Schenme 1, a pynber of additional , [
are necessary resetOthe st ereochem g of ¥he C 3
center in gh | ; ‘

3 to WD 20044 .: D4 PCT/ | §Z‘OO4/ 001129 provi de

| act one 4, | Mjonation of water Neg gt one 4
usi ng acto @pevide ¢ , (3 unsat@te hact one 5; (c)
facial seléctive Mthael addition allyl aor benzyl
al cohol to a, 13 unsaturated |actone 5 to provide
saturated | actone 6, and renoval of the allyl or
benzyl noiety in s one g via hydrogenolysis to
provi de key 5 int di ate¢ (1). As a. result, a need
remai ns for pp oﬂj@t he preparation of key

i ntermedi at e ERgE ™ fb@i egﬁr;aﬁ Resbparisive,
proceeds in a um of  transf k F6Hs, and occurs

in good vyie \ hi ghel evel s of diaster eosel ectivity.
10 SUMVARY THI? MENVENTI ON

As a preliminary matter, asymmetric hydrogenations of ketones as
described above for the transformation of 2 to 3 are known. However, the
complexity of the reaction increases in the case of 1,3,5-tricarbonyl systems such
as 2, and poor yields and poor stereoselectivities often result. In fact,
investigations by Saburi (Tetrahedron, 1997, 1993; 49) and Carpentier (Eur. J.
Org. Chem. 1999; 3421) have independently demonstrated low to moderate
diastereo- and/or enantjo-selectivities for diketoester asymmetric hydrogenations.
Furthermore, the fact that the processes disclosed in the literature require high
pressure hydrogenation and extended reaction times makes the procedures
generally impractical and not amenable to large-scale manufacturing processes
where safety, efficiency, and cost are critical considerations.

Referring again to Scheme 1, a number of additional transformations are
necessary to reset the stereochemistry of the C-3 center in diol 3 to provide key

intermediate (I). These steps include: (a) intramolecular cyclization of 3 to

5 descri bed above for the transf orPCEIB2004/001120



These and ot her needs are nmet by the present invention
which is directed to a process for the preparation of
wa2@enpsand of fornmula (1) F / | O X--N O "' PCHIB284/001120
NM OM I 15 conprising: (a) contacting in a B
solvent optionally in the presence of a Lewws acid a
M conpound of fornula (II) wth wherein Mis Sid 3,
Si Me3, B(OH)2, CuLi, MyBr,4ZnBr, InBr, SnR3 wherein R3

pioVide iR (@AI@%{@{ aﬁﬁ@ﬁf@gﬁ%&h&i ulif Bl bidlde
ol Unsathirate 1B 130O8{ 08FBA4! RETLiV BROSEDATIA of Hly{ by benzyl
conversion of the conpound of formula (lI11) to_an

alacho} to wB unsasated lagfong 5rtmmqyu@q sgjurpigd ﬂ%@%rﬁeﬁ% é@m@’ral
er. e
gﬁa allyl; Qg bgpzy(l Hlom%g)l% a[gy ne Cb%%rﬁﬁnoll%sw o r]?rg%ﬁé lé%( | oyI
5 iR&hieMated). est er equi val ent
As a result, a need remains for an approach to the preparation of key

intermediate (I) that is efficient, inexpensive, proceeds in a minimum of

transformations, and occurs in good yield and high levels of diastereoselectivity.

10 SUMMARY OF THE INVENTION
These and other needs are met by the present invention which is directed

to a process for the preparation of a compound of formula (I)

15 comprising:

(a) contacting in a solvent optionally in the presence of a Lewis acid a

/\/M
compound of formula (IT) with /

SiCls, SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr, SnR3 wherein R;

, wherein M is

is (C;-Ce)alkyl, to give a compound of formula (III):

20



FF I'\1T A\ O OHHN\HN NMNM OM OMIII
IV (c) contacting in a solvent the acryl oyl ester
w@ body/ostsph a catal yst to afford 5,6 di hydro pyr@niB2eon®1120
V; FF OO ORO\ -\ N NHH Nt M N M 10
Ovwe IV Ow V (d) converting the compound of fornula
(V) to a conpound. of forrruéa (VI') via faci al
selective 1,4 addition of "allyl or benzyl al cohol; WD

ﬁl 0%4@%2’9 S&ﬁ&v%&%ﬁﬁﬁﬁf forfa fID) €8 43 ac,@yl@yf - €
~ ester of formula (IV) in the presence of base using
R.~ X
H/\([)r , wherein X is Cl, Br, I, or

R.~ 0

O |, and R is H, (C;-Cg)alkyl, or phenyl, or an
5 acryloyl activated ester equivalent;

F F

DI DI .
Z N/\/l\/\ iN/\/l\/\

H
N Me Me
@ O M€ O mée
\Y

(c) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;

D . DR
iN/\/?\/\R imﬁ
@ Me @ OMeVMe

(d) converting the compound of formula (V) to a compound of formula

(V1) via facial selective 1,4 addition of allyl or benzyl alcohol;



V VI R = benzyl, allyl and (e) renoval of the allyl

or benzyl noiety in the conpound of formula (VI) via
whganogmsnol ysis to give a compound of formul a PCT/EB2004/001120

i /I OVI R =benzyl, allyl ~N'OR H~I R=H _ N

M OMe 5\ Wuat is also disclosed is a process for

the preparation of a conpound of fornmula (1) F \ O

i /' 1 ON,OH H_NM O 10 I conprising: (a)

R'= benzyl, allyl

and
(e) removal of the allyl or benzyl moiety in the compound of formula

(VI) via hydrogenolysis to give a compound of formula I.

IS
Wfi
Z N “OR VI R' = benzyl, allyl

—_ 1 R=H

5
What is also disclosed is a process for the preparation of a compound of
formula (I)
F
DI
¢ Q
/ ‘v,
N ‘OH
H —
N Me
o b
10 I
comprising:

(a) contacting in a solvent optionally in the presence of a Lewis acid a

M
compound of formula (II) with Z " wherein M is SiCls,
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Si M3, B(OH)2, CuLi, MBr, ZnBr, InBr, SnR3 wherein R3
is (A- CB)alkyl, to give a conpound of fornmula (VII):

WO-2004/0898941 \ i o / | fO~/ I OHHv \HH\ PEI/H2004/4d1120

M HM 0 M O M VII Il (b) conversion of the
conmpound of formula (VII) with 5 concom tant
stereochem cal inversion of_the honoallylic al cohol
center to an acryl oyl ester’of formula (1V) via

M t sunobu t eMYBR SERGE SERYWhéreRCR fis
an ROH acg;lgﬁc}gg)gpérg%% ogue 0 , \%\r/l%ierrel nyR i s ,ﬁ(gc-
C6) al kyl , @«)albmletwgwe pgompeurpt fSemda ¢ lbase; F F | \
I\O/O—|F/ORNHH N Me NM OM OMI10

VIt A\ /[ 1V (c) contacting in a solvent the acryl oyl
ester (1V) h a catalyst to afford 5,6 hydro
pyran- 2- o FF Ol i O |

\ Me \ -
o was
1l Vil
(b) conversion of the compound of formula (VII) with
concomitant stereochemical inversion of the homoallylic
alcohol center to an acryloyl ester of formula (IV) via
Mitsunobu reaction in the presence of acrylic acid or an
R. =~ OH
acrylic acid analogue O , whereinRis H, (Cy-

Ce)alkyl, or phenyl, in the presence of base;

&
-

Me Me
(& om (G o
Vi ]

(c) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;




HM NM NOM OMIVV W 2004/089894
PCT/ 1 B2004/ 001120 -8 (d) converting the conpound of

wo coom8®mI{\V) to a conpound of formula (VI) vieCTE2064001120
selective 1,4 addition of allyl or benzyl alcohol; F F
Ol / I ON/ N,,ORR, HH NM _NMOMOMR-=
benzyl, allyl 5 and (e) repoval of the allyl or
benzyl noiety in the conpoittid of formula (VI) via

hydr nol I f&éé@ih Und Jf formu®
(B Vi e RPN R

~~ Ol\/b 10 (Viavia facidl seleeteve It sddiveedl allyl ar bengybalgoliody
the preparation of a compound of formulagl) F

R'= benzyl, allyl

5 and
(e) removal of the allyl or benzyl moiety in the compound of formula

(VD) via hydrogenolysis to give a compound of formula L

V1 R'=benzyl, allyl
I R=H

10 What is further disclosed is a process for the preparation of a compound of
formula (I)
F
3
SO NS
=
N ‘OH
H —
N Me
S b
I

comprising:



\0 i/ 1 O N'OH H _ NM OM | conprising: W

2004/ 089894 PCT/ 1 B2004/ 001120 -9 (a) contacting in a
waodowesasIppti onal Iy in the presence of a Lew SPEDIBROG/001120

conmpound of forrmula (I1) with ~iM wherein Mis SiCl13,

Si M3, B(OH)2, CuLi, MBr, ZnBr, InBr, SnR3 wherein R3

is (A- CB)alkyl, to give conpound of formula

(M11)y: FF [/ 1 JO/ 1 ‘aNHs / NH- H_ NMN

Me (5 Me cantetiv id aVolvent éptlonkBPlinatht Peestive oledisasacid a
enationmer (I1l) fromthe enantioneric mxture; F a

M
OH /7 N HorNoi of formula () with 7 >, wherein M is SiCls,
SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr, SnR3 wherein Rj is (Cs-

Ce)alkyl, to give a compound of formula (VIIL):

5
(b) . isolating the desired enatiomer (III) from the enantiomeric
mixture;
o b
H
10 (c) conversion of the compound of formula (III) to an acryloyl

ester of formula (IV) in the presence of base using
RM/\H/X Rk/\n/o

O |, wherein X is Cl, Br, I, or O ,andR
is H, (C;-Cg)alkyl, or phenyl, or an acryloyl activated ester

equivalent;



OM O 1IIlIl 10 (c) conversion of the conpound of

formula (I1l1) to an acryloyl ester of formula (IV) in
wo bw4psmssence of base using RX RO 0 , wherei nPOI/iB06/001120

Br, I, or 0O, and R is H, (Cl-C6)al kyl, or phenyl, or

an acryl oyl activated ester equivalent; W

2004/ 089894 PCT/ |1 B2004/ 001120 -10 FF O~/ | OH/ ~

\' N\\/ Od NH NNI\/E_‘N%‘OI\/E O M Il \ IV (d)-
contacting in a solvent the acryloyl ester (IVF with a
catalyst fo afford 5,6 di hydro pyran-2-one V; F /1

g " X M/~/\ NH- H- _ NM _ N M b 0 M9
5\ (e) converting the conpound it a (V&M
t yound offormula (V) via fact /ctive .

(d) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;

F F
DS [
AL 5T AL )
H — H _—
N Me N Me
G b o
v \'

5
(e) converting the compound of formula (V) to a compound of formula
(VI) via facial selective 1,4 addition of allyl or benzyl alcohol;
F F
8 D 3
g N@ — O Né
> Z
N N ‘OR’
H = , H e
N Me N Me
& b b
\ Vi
R'= benzyl, allyl
and
10 ® removal of the allyl or benzyl moiety in the compound of formula

(VI) via hydrogenolysis to give a compound of formula I.



\o\VO /1 O1I _/ 1 O/ N/ N"OR H- H NMN
M O MOMVVI R=benzyl, allyl and 10 (f)
wo 20m0sds9pf the allyl or benzyl noiety in the POREB6MMD01120
of formula (WVI) via hydrogenolysis to give a conmpound
of formula I. WO 2004/089894 PCT/|1B2004/001120 -11- F
O i/ 1 OVl R=benzyl, allyl NOR H~I R=H _ N
Me O M What is al so provi‘&éd is a process for the
prepa ion of apconpound of formula IIl F / | OH ~
N H
VI R'=henzyl, allyl
I R=H
What is also provided is a process for the preparation of a compound of
formula ITT

5
1|
comprising:
(a) contacting a compound of formula (II) with an allenylboronic ester
to give a compound of formula (XI):
10

(b) hydrogenation of the compound of formula (XI) to provide

a compound of formula II1



5/ I'll conprising: (a) contacting a conmpound of

formula (I1) with an allenylboronic ester to give a
w@oooposas of fornula (XI): FF / | O OH N vAPCHIB2064/001120

NM _ M OM OM 10 XI and (b) hydrogenation of

the conpound of fornmula (XI) to provide a conpound of

formula 11l WD 2004/ 089894 PCT/ | B2004/ 001120 -12- F i
] OHN-\ .~ 111 _ NM Ofe X Wat is also
provided is a progcess for the preparation of a
conpound of forpuyla MII F a OHO  ~~N H- _ N
Me O Me

N/\/PK/\ Ho

What is also provided is a process for the preparation of a compound of

formula VII
F
SBo.
= N/M
H —
N Me
o b
5
viI
comprising:

(a) contacting contacting (II) with an allenylboronic ester to give a

10 compound of formula (XII):

and

(b) hydrogenation of the compound of formula (XII) to provide
the compound of formula (VII)



5\ / VIl conprising: (a) contacting contacting (I1)
with an allenyl boronic ester to give a 10 conpound of
wo ooroadmI{ XI1): FF OH NHH N M NM 0 MPOI/NM2004d01120
and (b) hydrogenation of the conpound of formula (X1)

to provide the conmpound of fornmula (VII) WO

2004/ 089894 PCT/1B2004/ 001120 -13- F/ OH | H2 VI

H_ NM (r)M Xl Wat is also provided is a

process for the pregaration of a conpound of fornula
Vill F /I OH

Vil

What is also provided is a process for the preparation of a compound of

formula VIII
5
comprising:
(a) contacting a compound of formula (II) with allenylboronic acid or
10 an allenylboronic ester to give a compound of formula (XTII):

(b) hydrogenation of the compound of formula (XIII) to
provide VII
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H _NMe OM 5 VIII conprising: (a) contacting a
conpound of formula (11) with allenyl boronic acid or

waooansmb4 enyl boronic ester to give a conpoundP@f/IB2004/001120

formula (XI11): FF OOH / I ~ JNJLH _ Me Me OMe OMe

\' ~II''\ ~XIl and (b) hydrogenation of the conpound
of formula (XIIl) to provile Vi1 WO 2004/ 089894
PCT/ 1 B2004/ 001120 -14- F77" OH~1 ~ N\ H2 VIl H _
NM 0 M XIIl Wat is also provided is a conpound
of formula Ill. Ea&a [/ 1 OH N

OH

s H2

N7 Vil

‘What is also provided is a compound of formula VIL



w/Rdok/og9k4 What

H NM O M 5111 Wat is also provided is a
conpound of formula VIII. F/ I OH _ Ni M 0 M

is also provided is a conmpound PET/IB2004/001120
formula VII. WO 2004/ 089894 PCT/|B2004/001120 -15- F
T OH H_NM OM VI What is also provided is a
conpound of formula I X 5 at is also provided is a

conmpound of forrmula IV. FIookv - R ~1 N HNM O
Me |V

What is also provided is a compound of formula IX.

What is also provided is a compound of formula IV.

What is also provided is a compound of formula X.
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FO O~ R H_ M OM 101X Wat is also provided
is a conpound of forrmula X. WD 2004/089894

weFanAL8R004/ 001120 -16- F/ O ~ R | N H _PI/N2004D01120
Me x Wat. is also provided is a conpound of fornula
Xi. F i/ 1 OH/ NH- _NM OMX 5 Wat is
al so provided is a corrpoun%of formula XIl. F i

What is also provided is a compound of formula XTIL
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/"1 OH NH _ NM OM X1l 10 Wat is also
provided is a conpound of forrmula Xi1I1. WO 2004/ 089894

wWEDANSBRA04/ 001120 -17- F 1 OH H _ H M O MCMIB2004/001120

As discl osed herein, we surprisingly and unexpectedly
found that 5,6 dihydro pyran-2-one (V) can be
obt ai ned conveniently fromacryl oyl ester (IV) 5 via a
mld and efficient one-steHWTing-cIosing met at hesi s
reaction in the presence pf a honbgeneous catal yst.
The reaction proceeds in gpood yields at tenperatures
bel ow approxi mately 60 Q y at nospheric pressure. The
i nvention process i us_safer and nore efficient in
| arge scal e than ed appr oacfres, because it

avoi ds the need fo ecFal, i L ressure

equi prent. I n additigp, 1 ni mum 10 nunber of
transformations are ne< to incorporate the C3
Zralf number of steps needed

hydr oxy group, gy
to convert the c formula (11) to Kkey
internediate (1) n|n1zéwl Moreover, the invention

process avoi ds the use of a costly, chiral raw
material ((R)-4-cyano-3-hydroxy-butyric acid ethyl
est erps,discididd Bete@ywieastipglsaigly &cﬂlﬁ@b&ftﬁﬂ& édnﬁﬁitthafte‘iﬁ
bor ane reduction, as was necessary In 15 earl

diproprae-ans (Vheampepbipied sonvspicRey fiom %qrmlé)éri et GY) .
vobd Al ERa RRERGER BL S T g il NYEDTHN reddfibh B fhePiSence

of a homogeneous catalyst. The reaction proceeds in good yields at temperatures
below approximately 60 °C and atmospheric pressure. The invention process is
thus safer and more efficient in large scale than earlier approaches, because it
avoids the need for specialized high-pressure equipment. In addition, a minimum
number of transformations are necessary to incorporate the C-3 hydroxy group,
and the overall number of steps needed to convert the compound of formula (1) to
key intermediate (I) is minimized. Moreover, the invention process avoids the use
of a costly, chiral raw material ((R)-4-cyano-3-hydroxy-butyric acid ethyl ester),
and a low temperature diastereoselective borane reduction, as was necessary in

earlier approaches to the preparation of key intermediate (I).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

(C;1-Ce)alkyl means both straight and branched groups; but reference to an
individual radical such as “propyl” embraces only the straight chain radical, a
branched chain isomer such as "isopropyl"” being specifically referred to. Thus,
(C1-Cg)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl,
pentyl, 3-pentyl, or hexyl.

The term “approximate” as used herein in reference to a quality, condition,
or amount, means the value specified in relation to the quality, condition, or

amount is nearly exact, or nearly or more or less as specified.
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(A -C6)al kyl nmeans both strai ght and branched groups;
but reference to an 20 individual radical such as

WO poafgds894 enbr aces only the strai ght chai n r adPCHIB20&4/001120

branched chain i sonmer such as "isopropyl™ being
specifically referred to. Thus, (d-C6)alkyl can be
nmet hyl , ethyl, propyl, iso %opyl, butyl, iso-butyl,
sec-butyl, pentyl, 3-pentyP, or hexyl. The term

" appIPxin PR ®1find8 by $H8 eN@IRME ateprbAHET RF @PattRubir value
quality, condition, 25 or anount, nmeans the val ue
Bpboed herdin (kelati ga fordnstanset logeaplighitepperayitd fivieon, or

Spgeterel o SRl Ao el il 65 fsBfe SERSRSana
ABea8sn@e onettadibnk Wad GRERS Mitsedl e padpdinted for a

particul ar value disclosed herein (relating, for
InyenticBrocess reaction tenperature, tine,

concept Wol ichi i s

it o Pl g BRE LB prchiiel py 8GRy didion process
ded1bkefl haetn @ag havetbrierdragee shibdtcamters ant enandpxim sl béused
I nvention Process As a prelimnary matter, th

arRIEEh BORicRIba RS CHPd IR (RERE; Thspit iscielos understord
€ bR 0B 12 YR RintiBRES CAL AL 1R cniB o opReally-
extst 1n an e use or isofated in optically active
anidle faae Noranfxourastheidofisis dedcribsd herelme It isrolbe furthed t hat

Tk I R

%ﬁaﬁfiﬁtﬁ@ﬁc, P elsRfconeic 468, bPREkthRE Blefeof! Putificdtdnkad
urther "understood the products of the invention

ghaomeszagempioecduses fat sxthagodustsant knowrtpstheseorferdiaaryskill
di astereqneric forns,. or. m xtures thereof ...

’IBJF}? f‘ﬁ? iy u%cwgﬁgpgg?ﬁef@gg?eg hésp %lig%sdc el for such
BBRHGRpRicRepaaith hocédiRGasAfelDisditimyetiiddsl | i n the

art, and include recrystallization techniques, as_well
as chTheinvent®nanpessadisglosgshieseis épaymparized jp SERINS s as

| _as. ot her .nme i L.scl @sed
A b Sl YIRS of LR e ARSI Rl 2P
taBtic MRS ESindSchche Xesibeatodifitd &l neséed @s., by lage of chiral
sequence of reactions disclos heme 2 can b

d ipn Sc e,
neransoac-hirg] glipsies (J.evgs acig, Oailém&sa epding op dhestaction

Ns Ghi i h i oo Lew ids, or |igands,
Q@%%%gﬁﬁgh%ﬁ&éﬁéh@ég@?an ?%Fgéggﬁéto provi de both
chiral and non-chiral products. WO 2004/ 089894
PCT/ 1 B2004/ 001120
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-19 Schere 2 FI1 \ i /1 O NH H N M Step a-1
StepaOM ~Il FF NNI /| OH/ OHStep a-2 1 HN
wORdd4089890 H M2 O Me OVe 111 \ XI Step b 1pEr/B28)4D01120

O / Stepc 4dHH M _ NMe O M2 O Me

-19-
Scheme 2

Step a-1
Stepa

O i
= » VI R' = benzyl, allyl
N ‘OR' Stepe l v, &y

I R=H

The invention process commences with step (a)or step (a-1)/(a-2). In step

(a), allylation of aldehyde (II) provides homoallylic alcohol III. In step (a-1)/(a-
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IVV F\ 0 Stepd/ Ol / N BOOR Stepe ~V1I R =
benzyl, allyl | RRHH- _ N M 0 M The invention

wpe@emssIcomences With step (a)or step (a-1)/¥@ErB2004/001120

step 5 (a), allylation of aldehyde (I1) provides
honmoal I ylic alcohol Il1l. In step (a-1)/(a WO

2004/ 089894 PCT/ |1 B2004/ 0011%0 -20 2), addition of an
al |l enyl boronic ester to ald Qlyde (I'l) provides

E? TRAHBR JF Y lcﬂ'léhyllﬁ)lr&ﬁ@ Qs_l,te%b aldM fioan 'iﬁé\h@éb 1¥moprop argyhc

onopropar gylic al cohol (XI') in step (a-2) provides
hiooball X1y | Hydragenetiol of hamoprepasgwis al¢ghol R ihstep Gxy)

rou co is allowed to react with 5
&Vﬁeé}lfm}?ﬁﬁ@ %%OW%L%WW de acryloyl ester IV. In
step € tep @)l 1h8UyBloR§l fidup MESGRIfRGH SN aasldvadnl react deh
key |nterrrg)c?| at ey V. nggt%p ((g)lhﬁlt he C 3 hydroxyl

gcchyl clgip@d@tﬁ ravide agmloyt eytex p(;ﬁéFeng(Cb enpgreleing

Bt b IR e e L AR ARk
yslipd grit@kedSisshpeatspartinobmayinet alllyhd ehEhes @pﬂhd{m}t i c

sequence disclosed in Schene 2 is described in ter
geeresiselectively 1odhe eppRRUnAg sBemPEH T therplopiine grﬁulg ?@S

ess, the al dehyde (I1)
(h?éro:ﬁé%&elgﬁ HE)‘(/?@% }‘«%ﬂp f@qu& ng M wherein Mis Sid 3,
Si Me3 ThB(sg}dhauc @qhénce MipBloseZimE8cheine Bris desSniRad mfgczeelrﬂetail

R3is ﬁCl C6) al kyl ,to provide honoal lylic al cohol I11.
e thedgloy e se lé%nlsorm ng the allylation of al dehydes
are wel | knovvn and are widely available to the
skilled artisan and typically rely on the use of a
Gtegegr d reagent (e.g., allyl nmagnesium bronide) or a

g : SP glgte%e(%go%ndtle m%grllt}/o%l per(r)lct:ess e f!l]de?ﬁc’yd% rallﬁaunc}{argozels gﬁylatlon

using 2 M , wherein M is SiCls, SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr,
SnR3 wherein Rj is (C1-Cg)alkyl,to provide homoallylic alcohol HI. Methods for
performing the allylation of aldehydes are well known and are widely available to
the skilled artisan and typically rely on the use of a Grignard reagent (e.g., allyl
magnesium bromide) or a Grignard reagent equivalent, such as an allyl zinc, allyl
borane (such as allyl dihydroxyborane), an allylboronic ester, allyl cuprate, allyl
tin (such as allyl tri-n-butylstannane), allyl silane (such as ally] trichlorosilane or
allyl tﬁeﬁlthylsilane), or allyl indium reagent. Methods for preparing and using
these reagents are well known to the skilled artisan based on reports in the
chemical literature. Many are also commercially available.

A Lewis acid optionally may be used to mediate asymmetric induction
and/or mediate the allylation reaction. The use of Lewis acids is well known in
organic synthesis. See Hisashi Yamamoto, Lewis acids in Organic Synthesis
(2002). In a non-chiral embodiment of the invention process, a non-chiral Lewis
acid may be used to catalyze the allylation process, as depicted in Scheme 3, to
provide homoallylic alcohol (VII) as a racemic mixture. In this series, the

desired enantiomer (III) can be isolated using procedures available to the skilled
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allyl trichlorosilane or allyl trienthylsilane), or
allyl indiumreagent. Methods for preparing and using
these reagents are well known to the skilled artisan
based on reports in the chelrical literature. Many are

aBb R0 £69 &r}:a ?ﬁl %Hroﬁl\é?dglrﬁ}ﬁﬁ@seg%ﬁti&l LW 8 cRfhldtationary phase

optronally e used to nmediate asyhmmetric induction

omestlotiomeitthe reehtiefomin byl atablishadgactystelizatitnetechyaquss.

Lewis acids is well known in organic synthesis. See
H sashi Yamanoto, Lewis acids in Organic Synthesis
(2002). In a non-chiral gabgdizment of the invention
process, a non-chiral Lewis acid my be used to

racem c re. Inthis series, the
i I'l) §an be isolated uygi
o the gkilled WO 2004/ 8¢

phase salt i on of the racepic/fofm by—Me

e i sBaderecrystallization tqu@srvle Scheme 3 F
F Il jOOH N "/~H/ NH - _NI\/EI\Imgé OM O
M\ ~II MIIl F---g" /1 OH _ NM OM Il In
anot her enbodi nent of{ step (a) of Schene 2, a chiral
Lewi s acid can be @-» to control the

enant.iosel ectiyity, well as to nediate the process.
In one OH

X

In another embodiment of step (a) of Scheme 2, a chiral Lewis acid can be
used to control the enantioselectivity, as well as to mediate the process. In one
embodiment of the invention process, a Lewis acid generated in situ, derived from
boron tribromide and (S,S)-1,2-diamino-1,2-diphenylethane bis-
toluenesulfonamide, was employed to provide a 94.4% enantiomeric excess of the
desired S isomer as shown in Scheme 2.

In yet another embodiment of step (a) of Scheme 2, as depicted in Scheme
4, the opposite enantiomer (VII) also can be synthesized by choosing an
appropriate chiral Lewis acid. In this reaction variant, compound (VII) is readily
converted to the preferred enantiomer (IIT) under conditions available to the
skilled artisan. For instance, Mitsunobu-type reaction of (VII) in the presence of
triphenyl phosphine, tributyl phosphine or the like, diethylazodicarboxylate or an
equivalent reagent such as di-ispopropylazodicarboxylate or

1,1’(azodicarbonyl)dipiperidine, and a carboxylic acid such as benzoic, formic, or
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generated in situ, derived from 10 boron tribrom de

w@ea40®8%) - 1, 2- di am no- 1, 2- di phenyl et hane bi s-PCT/IB2004/001120

t ol uenesul fonani de, was enpl oyed to provide a 94.4%
enantioneric excess of the desired S isomer as shown
in Schene 2. In yet anot her enbodi nent of step (a) of

Scherre 2, as depicted in Seheme 4, the opposite
1ant. r
SISy DD,

hotasdliane alcﬁmmﬁlu)nd)cﬁﬁ/fdd)lctlﬁ gréadidlysis conlitgrnsestailable teghe
preferred enantio (1 under caonditi on avai | ag%é

skilied; asans klferRagvalye S herslic i Ropseacs A EBAERSP
t f
th% g\g@ gg]hel%fa én\/kt ntlg r#??gﬁ% RSBOAR1RLes(ck I (Im BeBNd pot.
diethylazodlcarboxylate or an eqU|vaIent reagent such
as di -i spopropyl azodi carbpx te or 20
1,1' (azodi car bonyl ) di pi P Sﬁﬁﬁ? e, and a carboxylic acid
such as genzoic, formc, or WO 2004/ 089894
PCT/I82004/001120 _22 acetic aci will provide ester

. Il1la readily may be lerted to
al cohol (111) upde sefict i gy or
bl ysj s conglitions avai l e tg the sklkLeg
& ﬁkt@géatLMeLyr~acr ; 'M/Eaﬁ\béﬂu§ed—33*—

gvi di Menoallyllc es b Mene pot. 5
enO MeF F / CH HH@I\/EQ\I _Owe Ove 11\
A F1.0 / I Hydrol ys

oA,

O
DEAD, PhgP O = NM Hydrolysis or

—_—— - H

N R Reduction

RCO,H Me R Me 1. MsCl or TsCl
= W&, Amine Base
<:§ o me H, A= 5 aco-
IX Ph, or 3. Hydrolysis or [H]
CH=CH,, (Il1)

An alternative approach to the conversion of compound (VII) to compound
(1) is also depicted in Scheme 4 and requires conversion of the alcohol moiety in
compound (VII) to a leaving group such as a mesylate or tosylate, for instance, by
mesylation or tosylation or the like, followed by nucelophilic displacement with
an appropriate oxygen nucleophile such as acetate to provide the ester. Reduction
or hydrolysis of the ester provides compound IIIl. Methods are readily available to
the skilled artisan for performing this sequence of transformations.

It is worth noting that a Lewis acid is not a necessary reaction component
in some cases, as when allyl trichlorosilane is employed in the presence of an
amino alcohol or diamine. See Kinnaird, et. al., J. Am. Chem. Soc. 2002, 124,
7920. It is also worth noting that the reaction proceeds in the presence of a Lewis
Base when allyl trichlorosilane is used. See Denmark, et. al., J. Am. Chem. Soc.
2001, 123, 9488.
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DEAD, Ph3P NIIl H2 R= Me, R Reduction RCOH N M 1.
MsCl or TsCIl \ O M A- Amine Base ~ H 2. AcO | X Ph,

w@e003/084d9dr ol ysis or [H CH=CH2 (I11) An alt ePCEIB20€4/001120

approach to the conversion of conpound (VIl) to
compound 10 (I1l) is also depicted in Schene 4 and
requi res conversion of the alcohol noiety in conpound
(VIl) to a | eaving group sédeh as a nesyl ate or
tosylate, for instance, by nesylation or tosylation
or the Iike, followed by nucel ophilic displacenent

wi t h In afie appodipendfetagriapeitha irvlcatphpioeessuibl strgchiometry
acetate to provide the ester. Reduction hydrol ysi s

ob the allylation &rach PR GPYRIREHH Mappf%ﬁlﬂ%@g are

readiﬂ,(}’e(ﬁl\{@él&ﬁ%ﬁldk de> the skilled artisan for
performng this sequence of transformations. It is

wor t 1.0l Srguivhietisaf Lewisacakiaddi s not a necessary

react. onponent i al vl .

oAt 80 SUBRARN ol SR H AR SR 37t B vt

l%r;%'eﬂg al cohol or diamne. See Kinnaird, et. al., J.
Chem Soc. 2002, 124, 7920. It is also worth

not i g anbther erhleodimanttaf diee ipresivadsodess. theestprlinehz of 8 a

ewis 20 Base when,allyl .trjichlorosilane is used. See
%@f%@wacﬁ?msatvm@axap Xipgatel Qo0 2001, 123, 9488.
WO ZOpéé@ﬁQﬁ&ﬁo?@IE{ehﬁ%QOM 001120 -23 In one

enbodi ment of step (a) of the invention process, the
st oi chPdAstaqpivalsmts ofdexyis §4i¢tandn reacti on conponents

ar oy e oy ORI FOH mped o RO QRGO Rhpd equiyalnt

eafpt.1. 5 equivalents of allyl Giignard reagent or
alTyl Gignard equivalent rea In an

embodinrigiffangther FrEbedpERt Adhe Y egé@m’fﬁﬁé» tﬁ% gtgigl?i%fwf
fglfg Bfrlgl)%’fl?rlg%elg?ﬂilcﬁlt s it £RSpbRRithaelyy Pi cal Iy

1.0 equivalent of aldehyde;

1.05-1.2 equivalents of Lewis acid; and

1.05-1.2 equivalents of allyl Grignard reagent or allyl Grignard equivalent
reagent.

In one embodiment of the invention process, the concentration of the
aldehyde in dichloromethane is typically approximately 0.05 to .125 mM.

In another embodiment of the invention process, the concentration of the
aldehyde in dichloromethane is typically approximately 0.075 to .10 mM.

In still another embodment of the invention process, the concentration of
the aldehyde in dichloromethane is typically approximately 0.08 to 0.09 mM.

The temperature of the allylation reaction typically is in the range of
approximately —78 °C to approximately room temperature, or 25 °C.

The time required for the allylation reaction typically is in the range of
approximately 12 to approximately 24 hours, or until the conventional analytical
techniques such as TLC or HPLC indicate that the reaction has achieved
completion.

In general, the time and temperature parameters of the allylation reaction

will vary somewhat depending on reaction concentration and stoichiometry. The
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10 1.0 equival ent of al dehyde; 1.05-1.3 equivalents of
Lewi s acid; and 1.05-1.3 equivalents of allyl Gignard
wo e@gesusIor allyl Gignard equival ent reagent PCT/IB2004/001120
still another enbodi nent of the invention process, the

stochimetry of 15 the allylation reaction is
typically approximately: 1.0 equival ent of al dehyde;
1.05-1 2 equivalents of Le¥ts acid; and 1.05-1.2
[
SEPRA AT PPt FBORGH o GARRAL a0l Wl opimice
n&bﬁbﬂﬂMEﬁbnanupmgﬁesbamshe concentration of the

0. 054 b SypioH DieRP T SRR s L LE R e e PRSI T Y
($ §Y3 %@E&P{U P8¢ ?l@ﬁlﬁﬁ@gﬁqgﬁléﬁéshﬁanﬁﬁldé hedissal @aghyde

ONnEet h s typically approximately 0.075 to
po]hﬁanpldtm sslvehﬂ P&Jﬂwmhafpr@ntmﬂvmm useful imdeifstestam othe

process, the ntrati
ificopopisEERRIES Dreyreh #§horiRah i PR 64 Tl
tlri)clﬁgrogﬁ{lane They i&ﬂpﬁééiﬁdﬂe%nﬂfthé Ines. afypydadly] dl@hlbﬁﬁh@dtlh@lﬂ is
typically is in the range of approximately -78 Cto
ua@hr'the mixthet pf theahritlenpdiaay ur @]vest istberG:ookiskiot) Feand

reqU|red for the all Qn reaction t
i gl S o Rl 15 TR P e
8“ S ThQredd it i Iol mik e RAKRAGLE 6RélfofRYitaind tﬁ”@l is allowed
ni‘ques such as TLC or HPLC indicate that the
6 memlt@ fodnaengetiteedd stimedfirahiadditiohal 4§emientek, andhgthen

time and tenperature f th [ 1Lyl ati
B e
@%{;{@%@%@%ﬁi oY AdestRL R APES hdkin I RmKR 20244 BEBR94
I 4/ 001120 -24 skilled artisan can readi

teibifousitle.t ke residut ischempdiswietddn slichdorpwethene ansl Bproskiting

pas i e dip gy o TS CRPYebhr Brtied® Hifta PG st
I‘E%i%eiﬂ OL}cglsas b lgtaﬁiﬂzﬁﬁg' 4R %vh?chdthe P&ﬁﬁinﬁtﬂﬁﬂﬂe is warmed to

uenesulfonam de s dissolved in a 5 pol ar

abienpranperatmod amlrsltme@&mpprmmmpﬂebt 1 to approxémetelyikours.
in the first _step.o t@f . .
The mixture is cooled to-78 C and the aldehyde (II) dissolved in

dichloromethane is added dropwise. The mixture is then stirred for an additional

12 to 24 hours. Conventional workup and purification affords the desired product.

Step (a) Alternative: Steps (a-1)and (a-2)

An alternative to step(a) is depicted in step (a-1) and step (a-2) and
involves the addition of an allenylboronic ester to aldehyde (II) to provide the
homopropargylic alcohol XI, followed by hydrogenation.

Step (a-1)

The reaction of allenylboronic esters with aldehydes, and more notably,
the use of chiral allenylboronic esters in enantoselective synthesis, is well known
to the skilled artisan. See R. Haruta, M. Ishiguro, N. Ikeda, and H. Yamamoto. J.
Am. Chem. Soc. 1982, 104, 7667; N. Ikeda and H. Yamamoto. J. Am. Chem. Soc.
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i nvention process include, for exanple,
di chl oronet hane, chloroform 1,1,1 trichloroethane,

dichloromethane is used. The m xture of the chrial
auxiliary in solvent is then cooled to O C and BBr3
is added dropwi se at a rate _sufficient to nmaintain the
reacti on teneperature 10 at>0 C. The resulti ng m xture
' jar a dyt Hetn. Bbt.OVEERD,
lpg6ﬁad§m&%gEr%g%r%e%Mﬁ%aﬁ gafslf%lrér{égﬁ%r an
laddgT8.onal 40 nminutes, and is then concentrated in

vacuo. The resjdue is taken n

i chibeateAL Gt e Phbgen G2 g‘@&%ﬁﬁ Rt acid,
@gﬂﬁ’é’ as Q&?&edk?ﬁ[\pﬂcedﬁ Lh®EOWagRimolbler. 1881 Chen. iSec. t1|9861
|sso I'n di chl oronet hane and the resulting 15

108X tilt gws sise boneproparg@it: altohal K1Y, avdsipicied watahrwg S

m xture is added an allyl nmetal reagent such as
tributyl stannane, after which the resulting mxture is
warnmed to anbient tenpegaiagmiesand stirred for
approximately 1 to approxi mately 4 urs. The mxture
is cooled to -78 C and the al dehyde j(I11) dissolved in
di chl oronet hane i s added dropw se. -TRe m xture is then
stirred for ﬁn addi(ompal 20 12 t hour s.

Convent i onal “pereks and puri At |

desired prodbdct. Step (a)
and (a-2) An alternative to
step (a-1) and step (a-2) and

of an all enyl boronic ester tg/al dehygdeMd|l) to provide
. the 25 honopropargylic aI XP Md ol | owed by

hydr ogenation. Step (a-1) & react i ogpf
al | enyl boronic esters with aldehydes, and nore
not ably, the use of chiral aIIenbeoronic esters in

SR Bie g ot pinigp R gl S DS epifforel difkr,
ffilotop aTRETRS O or ASTT) GO p'ﬁqﬁred;t 98210300 STRS: 6 N

H. Yamanot o. . Chem Soc.
200dplessaBcriver in BQH@ma@M ﬂal@gumzﬁ Il!@é@ an@@é Yampmaqto. J.

‘f@@g% ﬁ% 13%68 12g‘iﬂ’nﬂ’?ynon gﬁ%dﬁ g cont ex Otﬂgg’%%?%mof
ghelabgge 0Bl 433, e didaldnastial dhiaboallenyldoiahic esprepacred fom
described in N lkeda and H Yamanot Q.

shenylugesc agidremg (-fialkyl {Astrate swich aﬁ‘éﬂﬁﬂ%éﬁgﬂpm?yp
%mycﬂ)pentxf, Id men?l?ylfjcﬁgﬂlc%cﬁﬁeéﬁ, oﬁctﬁ%dénethyl 3-pentyl tartrate,

will give rise to homopropargylic acid XI. The use of a (-)-dialkyl tartrate will
provide homopropargylic acid XII. Other variants of the approach are known to
the skilled artisan and include, for example, the procedure described in E. J.

Corey, C.-M. Yu, and D.-H. Lee. J. Am. Chem. Soc. 1990, 112, 878.

Typi cal | yPCT/IB2004/001120
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acid (XI) or (XIl) may be prepared, , as shown in
Schenme 6. For exanple, as described in R Haruta, M
I shiguro, N lkeda, and H Yamanoto. J. Am Chem
Soc. 1982, 104, 7667 or N-24-keda and H. Yamanoto. J.
Am Chem  Soc. 1986, 1%% 8% the addition of a
chiral allenyl boronic ester generated from 15

al I enyl boronic acid using (+)-dialR tartrate, such
as diethyl, di-isopropyl, dicyclopentyl, dinenthyl,
di cycl ododecyl , 0@(QH22 4- di met h pentyl tartrate,

will give Lg(honnpropa gyl i © The use of
@a Vi 8

a (-)-dlalky tartmate wll
acid XHl. er v ants of “khe™§
t he Skl||ed P and i ncl utle,

procedure descriked in E. o M. - M Yu, and
D.-H Lee. ROA&m Qhem Ymcll2, 878. WO
2004/ 089894 PGH BR2004/ 00 - 26 Sghene

HB(OH2 | H-~ HRa, Ra Pl ol g
R2C CH 0 Me Xil Rg=H, FTb—OH

In a typical procedure, allenylboronic acid can be combined with (+)-
diethyl tartrate in tetrahydrofuran as described in N. Ikeda and H. Yamamoto. J.
Am. Chem. Soc. 1986, 108. The tetrahydrofuran can be removed in vacuo, leaving
the allenylboronic ester, which can be used without further purification. Aldehyde
(ID) can be added to a solution of the allenylboronic ester in toluene or the like at
from approximately —80 to approximately —10 °C. Conventional work-up
(extraction into diethyl ether, drying over magnesium sulfate, and concentration in
vacuo) and purification (silica gel column chromatography) will give rise to
homopropargylic alcohol XI. The same procedure, except employing (-)-diethyl
tartrate, will give rise to homopropargylic alcohol XII.

Step (a-2)

Hydrogenation of homopropargylic alcohol (XI) will provide homoallylic
alcohol III. Conditions for effecting the hydrogenation are well known to the
skilled artisan and may be carried out under heterogeneous conditions or
homogeneous conditions. The heterogeneous catalyst known as Lindlar’s
catalyst, which is a lead-modified palladium-CaCOj catalyst, is generally
employed for this transformation (See H. Lindlar and R. Dubuis. Org. Synth.
1973, V, 880).

Step (b)
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(+)or(-) \ XIRa=OH Rb=H XIl Ra= H Rb= CH In a
typi cal procedure, allenyl boronic acid can be conbi ned

described in N lkeda and H Yamanoto. J. Am Chen.
Soc. 1986, 108. The tetrahydrofuran can be renoved in
vacuo, leaving the allenylboronic ester, which can be
used without further purifi¥ation. Al dehyde (I11) can

be ag]%ggegtr(g} ﬁf t%? !irweing?n S{OCEJAehc?}h&ﬁ ik Qﬂzrorl{jf (fi]élgﬁ{cgﬁvér@d

tolu e e a rom approxi mat e
?pproxinately -10 C. Conventi on X-up 10
extraction into diethyl ether, dryting over nagnesiu
touhd anrEloybester dBcenen Taaqtion viifkh vacﬁg gawhefemrﬁig% @abﬂﬁﬂ
(shliga | colum chromat ography) will give rise to
ho ropargylic al cohol XI. The sane procedure, except
&Pl oyi g (anki-Flissihyd;-CH@akyll &t shenWl, bl ughnveadtichewittoan
honopropargylic al cohol Xil. 15 Step (a-2 .
Myvioplpstieted aster e%‘t‘?é@rtdﬁéhf‘gw#*‘@c%PEB%Si %%Y)loxhaﬁlwated

rovi de (N : kL. :
L SaORAGRTRE ab SRl BRSO RLERE RS Blcaty
skilled artisan and y be carried out under
het er ogeneous condfthon® or honpbgeneous conditi ons.
The het er ogeneous“€at dl yst known as Lindlar's 20
hintledeyt stojetylicthesi s a | @ad- oo fuieads papéraeliylmixcs@ogdride

st et erpgeglg o Fh AR Srirliile Thegegption o
Y RicBhol whih/ah ackd cif88de, adhRRidebdr MiRed ARRYBRBEOWell known in
PCT/ 1 B2004/ 001120 -27 In step (b) of the invention

freaeeSse, fhoersanls: TuazaDtesh distepificpijon: sMetiqde icagtionsgand

t he,. | Qy. L\ . i ; . i
R Plles L M B ERs gn HES e
RREEVHn anfihe BRRBuEE aCtietiylathink, difisoproptstyylaminea DBl at ed

ester equivalent, in the presence of base. "Acryl oyl
SRN \aattleaplikes inethe presspgs Qf A @l ytiGRment Sﬁiacr yl oyl ni xed

?&H}éﬂ{})laqﬁn%?ﬁ%ﬂ% (ﬁl\jIﬁ&P)? ’Fﬁeeth{n‘éf‘gﬂrﬁtioﬂvﬁrdé&ééﬁ smoothly
without protection of the amide nitrogen. Alternative procedures may also be
used, such as relying on the use of carbodiimide coupling reagents.

In one embodiment of th'e invention process, the stoichiometry of the
reaction components in the esterification reaction is typically approximately:

1.0 equivalent of homoallylic alcohol;

1.05-1.5 equivalents of acryolyl chloride;

1.05-1.5 equivalents of arrﬁne base; and

0.1 to 0.5 equivalent DMAP.

TIn another embodiment of the invention process, the stoichiometry of the
reaction is typically approximately:

1.0 equivalent of homoallylic alcohol;

1.1-1.4 equivalents of acryolyl chloride;

1.1-1.4 equivalents of amine base; and

0.15 to 0.4 equivalent DMAP.

In still another embodiment of the invention process, the stoichiometry of

the reaction is typically approximately:

tartrate in tetrahydrof ur aPCEEB2004/001120
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Me hindered moiety such as 0 . It also neans an
acryolyl m xed anydride generated froma

W@ hdoangsses mat e, or-from carbonyl di-im dazol e. PATEB2004/001120

reaction of an alcohol with an acid chloride,
anhydri de, or m xed anhydride is well known in the
art (See, for exanple, Junzo OQtera, Esterification:
Met hods, React | ons and 102%ppl i cations, W1 ey- VCH,

Wi nE?)ieg]ﬁwapegggf ase g ﬁl%oholthe reaction requires the

use am ne as friethyl am ne,
di -1 gagriopydqetdisitact aeyolpBthlowde; DBN, or the like, in
the presence of a catalytic angunt of 4-

g

(di mbtlRyA- ARTHAIER)S Pﬁi‘“ﬁ@ed@ﬁm The transformation
procgezdacj Eiohe DNfhpout protection of the am de

ni trogen. ernative procedures may al so be 15 used,
such Imeng @hlyidhgenrof theinysetiof procasbobié ccpﬁca@traimmp}futhﬁg

SERG P ARFHET Y BRS B DU Eapbhab L OFR RS

est efh b ﬂ(fr e?r{boﬁﬁﬁé}ft loPthel ifivdntidh GRddeYs, Woﬂ&éﬂ’(ﬁlh@h i the
.0 equival ent of honpallylic alcohol; 1.

-1.5
ae@ﬁnw asltﬁnimdldﬂomey}aﬂnylls tyiplcally @,gproxgmatqu @5).@ tg 0.045 mM.

eqU| and ..0. 1t
A e R S R L

tﬁmd b?xhﬂi@ﬂ?%%rﬁetﬁﬁnet i eypiéay Fﬁ&hmﬁtely)mm:ai 0.94 mM.

approXimately: 1.0 equival ent of honoal |l ylic aI cohol ;

25 1. mlexempgqtumﬂ tbm%te@ﬁcaés@ny@qcypn arwqﬁle/a%m th rangg of
lva ts of amne S 1 I
fREboRo Rt LAty of o SRRt

pr ocem tihdRqeiral fohitermhdtionaypichlbeisrie detrange ofs

typi cal I%, appr oxi mately: WO 2004/ (089894

APOIiB2EY4} ©EPRIYimatply 24 lipusty or YRR CofFveRtpRl ppglytical

5 o ey e st o
mlmne nt DM\/AP

In general, the time and temperature parameters of the reaction will vary
somewhat depending on reaction concentration and stoichiometry. The skilled
artisan can readily adjust the reaction parameters as needed to optimize reaction
yields on a run-by-run basis.

In a typical procedure, 5-(4-Fluoro-phenyl)-1-(3-hydroxy-hex-5-enyl)-2-
isopropyl-4-phenyl-1H-pyrrole-3-carboxylic acid phenylamide (III) is dissolved in
a polar non protic solvent such as dichloromethane. The reaction is cooled to -
5°C and an amine base such as triethylamine is added, along with a catalytic
amount of 4-(dimethyl amino)pyridine (DMAP). To this cooled reaction mixture
is slowly added acryloyl chloride dissolved in dichloromethane. Additional
triethylamine and/or DMAP may be added as needed to drive the reaction to
completion. The reaction mixture is quenched, worked up, and purified under

conventional conditions to provide IV.
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5 I n one enbodi nent of the invention process, the
concentration of the acrylate ester in

walc@hlbgnsedret hane i s typically approxi mately O0.BAT/IB2004/001120

0.05 mM I n another enbodi nent of the invention
process, the concentration of the acrylate ester in

di chl oronet hane is typi cal lQ/ approximately 0.015 to
0.045 "M In still anothet-enbodnent of the invention

Sg&qﬁfss, the concentration of 10 the al dehyde in
chl oronet hane is typically approximately 0.02 to
0. 04Imndwp (Ehef thenpendou pocoss, bdrglogbesteri (Y oatdergpes ring-

SRS TB LN e b3 R0 S SBOGRE AL
p&)%ﬁ@% Hﬁl?fﬁfo_yp}@gh—ﬁ;one e A hiBbdred iR GataBtstd€available

reaction typically is in the range of approximtely 4
fdrahaypyposd afepefoymg tugielosing metathésis tepeiionsifdnding

.analytical .15 techni ques. such as TLC .or, . HPLC. i ndi cate

ke chE iRy bR ARE B3 BieOlus D g yndeRe

rfEAGHA! 1V dien1bHiae ARG IbBITE Al bH) & fhepadFehcl @ abbenicbef
reaction wll vary sonewhat d%oendl ng on reaction

To@ErdeEnt(Gali BnaethB. Bt Grabbs.ofden Chemh 8oaidPLebl4, a6 344
an, r. ily adiust. t,he regcti

g gt host sBOEL T B Wk QOB HS TP Fhiy BRerbREC Bt

tﬂséi‘tzig; %ﬂﬂb&qt. }E.raaaie?m?g,,sé, Yt;etaahedron hLett., 51998, 5|4), 4213; Cossy,
- (4- Fl uor o- phen -1-(3- roxy- hex-5-en - 2- .

T Byl and BRSHL B e 200k B3 RO Frohilich, R.
hepyl ayi de (411) j. S disS0 N1 . .
BB bl r S RRRHEA 01y Rk Mo, Reski
FCaab@gNt and RaGadnddan, BV .nOrpdee.,200h %4916t hyl ani ne

Ry Mz e o Yoy rgine i Xog:, 4999 76,

7 @ﬁ%{e?ri: W XL &D8nalisonS WoVA Y TasgIRgr HLT 4. o0, BRO Be
g’ i §S0 ﬁ? I

ved 1'n dichlorofethane. Additiona )
Ghdsk} AydrariVarg, ah dleouhaivbi Lty 2000, 48 d%d 9aShashe de énd Bilcer,

drive the react}] 0 letion, T Ci.i
L I AR G VR
l%gg%egté.oéﬂbshc andid V\%%, VOTRIENCHAR: Lo, 2000\, 583; Ghosh,
1089894 PCT/ 1 B20047001120 -29- St %&é c) In_ste
ASndLiu Bg Ghave Goimmmnprl88Rsls 43 aGhgsho apielio} 1) an

NSRS Sy SRS TRAEE S, 5, MSSROSS, S
V., Yucel, A., Ramachandran, P. V., J. Org. Chem., 2001, 66,2512).

PCY3
CI////I' |

ci T:\ . A

Ph
PCY3

An alternative catalyst for use in the metathesis reaction of the invention

process is B.
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provide 5,6 di hydro pyran-2-one IV. A nunber of netal
catal ysts are available 5 for the purpose of

wW@erohosasng ring-cl osi ng netathesi s reacti ons, PCT/IB2004/001120

including, for instance, commercially avail able

bi s(tricycl ohexyl phosphi ne) benzylidene ruthenium
(I'V) dichloride A ("Grubbs' Catalyst) in the presence
or absence of Ti(OiPr)4 (8- C. Fu and R H G ubbs,
J. Am Chem Soc., 1992, 114, 5426; See also A K
Ghosh and H. Lei, J. hem , 2000, 65, 4779 and
references cited 10 G ubbs, R H and Chang,
S., Tetrahedron Lett) 1998 54, 4413; Cossy, J.,
Pradaux, F. and Bo ' ~NOg. Lett., 2001, 3,
2233; Held C. ,i-P I~ R anldr Met z, P., Ang. Chem
Int. Ed. Eng., 2001 40, 1058; Reddy M V.8 Reari ck,
J. P., Hoch, N and Rangchandrap, V., Og. Lett.,
2001, 3, 19; P. W RamacL:mandran M V Reddy, and H.
C. Brown, J.(Fs@dMe@O/neh Soc 1999, 76, 15 739;
G eer, P. B. and Donal d trahedron Lett.
2000, 41, 3801, Ghos A d Y. Tetrahedron
Lett., 2000, #BC)H8E9:. Ghosh, A ang Bilcer, G,

Tet r ahedr on Lett 2000, 41, 1003; Rarrachandran, P.
V., Reddy, M V., and Brovvn H C., Ghosh, A and

Wang, See, gt saﬁs@l«r @nRL,emrdzelzoos Bédan, 653., RGhisiak J., A

and Liu, C., Commun., 1999, 174
@iplase M, apd O’ Bﬁ&PUZM &hi+h Amp Chegn Sec- 1§90 %g %ﬁ
&ﬁgs?ﬂ?% o@%&% 19ga%t Vggi éi%gc]n \R@d@ Re'%‘an M B.

andr an, Chém’, 2001,
Bthon2B 1P K., DRGY3W. M./ 1. Am. Che@ Sec,l]l999, IPZ; SPISYfBaZamC

Fasiorm, dritoCiong: Nndark o - oot aa i el Soc 1991

2@% 894 PCT/ | B2004/ 001120 -30 i - Pr i - Pr Ph
0 zZmeca 1r,,,.. M1 ‘
An additional alternative reaction approach is to generate the catalyst in

situ, as provided in Morgan, J. P. and Grubbs, R. H., Org. Lett., 2000, 2, 3153;

Huang, J., Stevens, E. D., Nolan, S. P., Petersen, J. L., J. Am. Chem. Soc., 1999,
121, 2674; Furstner, A., Thiel, O., Ackerman, L., Schanz, H.-J. and Nolan, S. P. J.
Org. Chem., 2000, 65, 2204). Such catalysts include, for example,

N N N
Cly, ",
Mes/ Mes Mes/ \MeS ///I"Ru d
Cly, Cly, cl lcy
Ru—— Ru—— 3
a?” | ~Ph a?” | ~Ph O
PCya , PCys , OT or
the like.

In one embodiment of the invention process, the stoichiometry of the
reaction components is typically approximately:

1.0 equivalent of acrylate ester; and

0.025-0.075 equivalents of catalyst.

In another embodiment of the invention process, the stoichiometry of the

reaction is typically approximately:



10

15

20

25

Me (F3C)2MeCO Me See,e.g., Schrock, R R, Mirdzek,
J. S., Bazan, G C., Robbins, J., Di Mare, M, and

w@rRegsas94 M B., J. Am Chem Soc. 1990, 112, BS87BB2004/001120

Bazan, C., 5 Khosravi, E., Schrock R R, Feast, W
J., Gbson, V. C, ORegan, M B. Thomas J. K,
Davi s, W M, J. Am Chem Soc. 1990 112, 8378;
Bazan, C., Oskam J. H., ®ho, H N, Park, L. Y.,

Schrgggﬁlﬁlal t,OF# f g}éﬂd Soc. 1991, 11_3, 6899.

ona $7Ve’ Teact i on approach is to
gener(m49006eqmahlahty$)fcatmlystlo situ, as provided in
P an Q& ubbs
5150l bbb i o s i o

t @%e%&t‘?&ﬂs tyipwﬁﬂ_y apéroxﬁﬂhteﬁhem Soc., 1999, 121, 2674,

ur st ner, Acker man, L., Schanz, H.J.
and I\bﬂ)aqulvﬁent@fadnylat@s@er gikem , 2000, 65, 2204). Such

cat al i.nocl ude,. for MN N Mes Mes Ph N N
/N N(Zﬁ?‘fSS 0. ,095 eq%é&e%gf%?é@%ms RU O/ Yo O™ CYs
RU Rug\onCkmbbdiBienEbfihk ildRnfioP3eBCGHa cond@ntrhati®@f of thé

the i1 ke. In one enbodi nrent of the invention process,
achydatsteetnnm dehdorometifant fretypiceldy: @H’Rﬁﬁxmb Adatte -§28 mM.

typi cal | mately: 1.0

o2 b e aniRP BR S ITRh ke iy & Eithe SncPEtoRicf e
&Bﬁﬁ@%&teﬁfﬁlﬁ&hlﬁﬁﬂﬁeﬂ@fneﬁ%icﬁﬂﬁ BpproXinpitelg 098, to t HemM.
stoichionetry of the reaction is typically

appr ok stititaapijier podyaent 0Bthg duvention PB’EG“EM?"G(YPE%"@‘WUOH of
the acrylate ester in dichloromethane is typically approximately 0.09 to 0.10 mM.

The temperature of the metathesis reaction typically is in the range of
approximately 25 °C to approximately 50 °C.

The time required for the reaction typically is in the range of
approximately 4 to approximately 24 hours, or until the conventional analytical
techniques such as TLC or GC indicate that the reaction has achieved completion.

In general, the time and temperature parameters of the reaction will vary
somewhat depending on reaction concentration and stoichiometry. The skilled
artisan can readily adjust the reaction parameters as needed to optimize reaction
yields on a run-by-run basis.

In a typical procedure, (IV) is dissolved in dichloromethane. The mixture

is degassed under vacuum, then purged with nitrogen. The mixture is then

P Cy3
Cl ///"

cI RIL':\
warmed to reflux, Grubb’s catalyst A PCys i , (CAS #1246047-72-
3) in degassed dichloromethane is added. The mixture is allowed to stir at reflux
for approximately 12 to approximately 24 hours. Workup and purification under
conventional procedures provides V.
Benefits of the approach to (V) via this ring closing reaction, particularly

when a homogeneous catalyst is employed, include:
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W@ bRootlgospyavent i on process,

-31 1.0 equivalent of acrylate ester; and 0.04-0.06
equi val ents of catalyst. In still another enbodi nent

reaction is typically approximately: 5 1.0 equival ent
of acrylate ester; and 0.045-0.055 equival ents of
catalyst. In one errbodl ment of the invention process,
the concentration of the a@ﬂyl ate ester in

di chl or opet R I‘OXI

155 w0 I SRR P RE St Tapbay he

process, thggicnmeerr hadhban oﬂﬁoxhb@n@@usadawysm enceSdsiig | N
di chl or onet hane is typically approximately 0.08 to. 11
M In stl |ttt 1 @ﬁ%&ﬁ%ﬁm@ﬁllpﬁ% of HFeFrnisgmation;

process, t f
G chi or ofet fsiod & bt rieflonshHIE LAERHTH S BHRR shfbune
0.10 MM Tdfeolventefuatretueingfwiskemakizanbasicquitaaatd ol
typically is in the range of approxi mately 25 C to

appr oxi nat eqnylrs@m@t 1OPNG¢BS;t i me required for the
reaction_t L imately 4
to appr oXi Ia ez\%lht%ﬁ& ﬁjélutﬁggéagugﬂr%g??o%hgﬁ%%%@gé%nat%onal
anal yti cal atmegmianq pessiFtiahuaedidify te rekd tdkeaptaalizdat

t he reaction has achieved conpletion. In general, the
time and t pEPEEGRIOpGIARSERP appsratipand shenlifymewark-up
vary sonewhat.depe ng on reaction. concentration
and stoichionetry.’ The skilled 20 artisan can readily
adj ust the Agacirald feduatiaiBithe Suaberndasietietiostoptiesiatao
reaction yields on a run-by-run basis. In a typical
procedur e, I(li’]%thP§°’@P§‘§t§'|S\?f‘é€°ﬁe]ﬁCHYeéle oronet hane. The
m xture is degassed under vacuum then purged with
nitrogen. The m xture is then PCY3 d//',,.. | S
IStep) warned to reflux, Gubb's catal yst A PCY3 ,
(C‘AS# 246047-72- 25 3) in degassed dichl oy onet hane
added. Sl“ﬂh gcgrﬂf e EenionArocsikis SSf ¢4 1 Upitedeytates BF‘SW No.

ZiXyl szf@ﬁk%oﬁamg Qo WRBNOKG/HES, S8y akGwdPa ot TuMorX gposnd
puri fi I on under
Step (e)
Step (e) of the invention process is disclosed in United States Patent No.
6,476,235 (corresponding to USSN 10/015,558, allowed as of July 22, 2002)

provides 1, which is a convenient precursor to atorvastatin.

EXAMPLES
The following examples are intended to illustrate various embodiments of

the invention and are not intended to restrict the scope thereof.

t he stoichionmetry oPCT/1B2004/001120
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conventional procedures provides V. Benefits of the
approach to (V) via this ring closing reaction,

w@aooaogashar |y when a honpbgeneous catal yst i s BPOPIBRg@d01120

i ncl ude: WD 2004/ 089894 PCT/ | B2004/ 001120 -32 :
Smal | er quantities of catal yst are needed because of
typically the high turnover numbers of honmpgeneous
catal ysts, increasing effr%‘of‘en_cy and reducing the
overal | cost of the trapgh@pppiirn: 0 The ability to

i L
IP#BpaBoH OFf | R0U-FRANE-phef lt)-'lgg‘f’lle)!d}o% -@eﬁ;ﬁ?y])ﬂ?s%gtropyq-&
f I wast. nggenent.

SEE T SRR e
to run the r;actions at room tenperature anpd

at mospheric jpressure, thus reducing the negd to use
speci al i zeg™pressuri zed production-scal g—=

over@# redpctiongn the nunber of

_ Ny
need t conmpound stere _ /Q%(Eiggﬁ
(d) 15,Stép fld) of the inventien p N dirsclose
in Uniyed Stlates Patent No. 6,476, 235 5

t o ASBN 10/ 0X5M858, al | owed as of \ : ).
Ste) &SMsp (e) of the inventi rocesds i s
di osed in Qpited St at es Pat en ) 20 6,"1176, 235

(corresponding to USSN 10/015, 558, allowed as of July
22, 2002) provides 1, which is a convenient precursor

|t oraGHes Y PSSt 173 s GCmEtbol hERES GHSS3d. 4 he
et Sayacs sk LR SIS of MuTSRPE,
GH%lg pEheteswlting inixture was cooled to 0 °C and 2.0 mL (2.33 mmol, 1.1
eglillg’jbf i% %,r \9&7;1 Qc%qe%ld)rc;p]\?\_/igg -’lhﬁledrrégcxt%/o-nh\sgi(s-s%i}r%?l)glt ()) Z’é-fclnﬂsloopr OP
minutes and then allowed to warm to ambient temperature and stirred for an
additional 40 minutes. The reaction mixture was concentrated in vacuo and taken
up in 8 ml of CH,Cl, and concentrated in vacuo. Again, 20 ml of CH,Cl, was
added to the reaction mixture and the resulting solution was cooled to 0°C. To the
cooled reaction mixture was added 0.75 ml (2.31 mmol, 1.1 equiv) of allyl
tributylstannane, after which the mixture was warmed to ambient temperature and
stirred for two hours. The reaction was cooled to —78 °C and 0.96 g (2.1 mmol,
1.0 equiv) of aldehyde (II) dissolved in 2.5 ml of CH,Cl, was added dropwise.
After three hours and an additional 0.5 g of aldehyde dissolved in 2.5 ml of
CH;Cl, was added dropwise and stirred overnight. The reaction was quenched by
the addition of 10 ml of pH 6.2 phosphate buffer. The organic layer was washed
with 10 ml of saturated aqueous sodium chloride and was then condensed. The
resulting mixture was dissolved in 10 ml of CH,Cl; and diluted with 40 ml of
heptane. The chiral diamino auxiliary was recovered in 97% yield. The filtrate
was stirred with 20 ml of 33% aqueous KF to remove tin salts. The organic layer
was dried over MgSO, and condensed followed by dissolving in 50 ml of EtOAc
filtering and again condensing. This was repeated with an additional 12 ml of

EtOAc and finally condensing to give .98 g (95% yield) of an oil. LC-MS API-
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phenyl - | H pyrrol e- 3-car boxyl i c acid phenyl am de (111)
FF i OOH HH/ HH- HHM HM OM 0 M 5 I1I

WO Rdo4/089894 ask was charged with 1.25 g (2.4 moPCT/IB2064/001120

equiv) of (S,S)-1,2- diamno-1, 2-di phenyl et hane
bi s-t ol uenesul fonam de, followed by 20 ml of CH2Cl2.
The resulting m xture was cooled to 0 C and 2.0 nL
(2.33 nmmol, 1.1 10 equiv) o¥4-BBr3 was added dropwi se.
t Far t f tes and
ESSeESRRIO RIS B0 10 B0 BE S ATAVEER A
omizatied M 696.3and Miidi 497¢hal 40 mi nutes. The reaction
m xture was concentrated in vacuo and taken up in 8
m of CH2CA 2 and concentrated in vacuo. Again, 20 m
of CH2C12 was added togkhggpepcti on mxture and t he

I the 15
?ggzgﬂtr%ggﬂ g@f ﬁ ﬁg@%«g@ 39§ § P IE%T A5 pyl-%:%engl-a-
equi v) b B ty # Eﬁl

m xture was warrred to anbl ent tenperature and stirred
for two hours. The reaction was cooled to -8 C and

0.96 g (2 pl, 1.0 equiv) of aldehyde
dISSO|Ve| 2.5 m of CH2CL2 was added d

orgaa 2T s @
a um chl ori de and was t anrSed. The

sdf t i ng mxgure was di ssol ved i R RZIZClZ and
diluted with 40 mMl of heptane. The chiral di'am no
auxi liary was recovered in 97%yield. The filtrate 25

|rr 3% aqueous KE to renpve tin
saI t s ﬁ‘gd‘%‘ﬁa%%‘?d%%(’gﬁe% (\%a‘?g“é??l leusO& Sxig Storgrihenyl)-
CEHems R hEbLaNED- ﬁMpﬁbﬁmbHéﬂWIW y'-‘ﬂ?olé"s Qlibdz ?%ﬁcnﬂ
filtering and agai n condensi ng was repeated wth
phenglagiidd GHaand PO ml OfﬁHz(E&CN’le mdtubn was taolebiod 8PS bid)0.33

mP(2gé Vi 9? 13) éqt%%) 3/11 tggrlarmne ando(u)48 é ?(_()!\2456'61\1?1{101, 0.2 equiv)
of 4-(dimethyl amino)pyridine were added. To the cooled reaction mixture was
slowly added 0.19 ml (2.38 mmol, 1.2 equiv) of acryloyl chloride dissolved in 10
ml of CHxClp. An additional 0.33 ml of triethylamine and 0.048 g of 4-(dimethyl
amino)pyridine was added to the reaction mixture, followed by 0.19 ml of
acryloyl chloride dissolved in 3 ml of CH,Cl,. The reaction was quenched with
20 ml of aqueous NaHCOs. The organic layer was washed with 20 ml of aqueous
NaHCOs3, followed by saturated aqueous NaCl, dried over MgSQO,, and
concentrated in vacuo to give 0.9 g (88% yield) (IV) as an orange solid.

HPLC Retention time 17.0 minutes wavelength at 254 nm.
Acetonitrile:water w/0.1% formic acid 60:40 (0 to 5 min) 100:0 (15 to 22 min)
60:40 (25 min), YMC ODS-AQ S5; 120 A; 4.6x250 mm:; flow rate at 1 ml/min

and column temperature at 30°C.

EXAMPLE 3
Preparation of 5-(4-Fluoro-phenyl)-2-isopropyl-1-[2-(6-0x0-3 ,0-dihydro-2H-
pyran-2-yl)-ethyl]-4-phenyl-1H-pyrrole-3-carboxylic acid phenylamide (V)
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WQ OB 0BIB4

WO 2004/ 089894 PCT/ 1 B2004/ 001120 -34 ES negative
ionization M 496.3 and M1 495.3; LC-MS API -ES

5 Preparation of Acrylic acid

1-{2-[2-(4-fl uoro-phenyl)-5-isopropyl -3-phenyl -

phenyl car banoyl - pyrrol - 1-y1] - et hyl } - but - 3-enyl ester
(WFFO \V/ ~1 (r)H~-B-_ NHM _ M 0 M0 M
IV 10 To a flask was added 0.98 g (1.98 mmol, 1

equi v) of 5F(4 Fl uor o- phenyl ) -

1- (3- hydroxy-hex-5-enyl)-2-isopropyl -4-phenyl -1 H pyrro
| e- 3-carbgxWj ¢ acigl phenylarnide (I11) &g, 10 m of

/ eactlg%%as cool ed to -5C an
.2 eqQui of triethylgmne ang 0. 04®&¢g
&ﬁéwg) of 4- (di gt |
Me wer e added—To the coof,ed rectlon
pas\15 sl ow y added 0.19 ml (g 38
. acyyMeyl chloride dissolxed iR 10) e of
. AhMgdditional 0.33 n of t hﬁé/iﬂ ne and
0. g of 4-{dinethyl am no)pyri~d¥ne was agded to

the reaction mxture, followed by 0.19 ml of acryl oyl
chlori de dissolved in 3 m of CH2Cl2. The reaction was

ayer et alnaddedbn Lo ¥HES 3 BB TR ol i Rt S mi
of OH,0ne drieymisaire hvak ddga@@ﬁd&ﬂiﬂ@glé\lﬁﬁe undéd eduomeoll dbcey
and concentrated in vacuo to give 0.9 g (88%yield

nitragenad'ha peastiom yes yerpefl to refe f@ﬁ?@%lﬁntmnﬁ@quaba ded

QR L AL 1 bty 3B AGRRORAY 1200081 95.3) i 5

il af)deg&s9e dHébl (2. rﬁmﬁeacﬁbﬁ“@%mm st11 A0reflyx 4016b9215:®1rs

flowrate at 1 m/
HHQI%@I'C B kpidensed and smuecteg to s1 ca ge flas chronnﬁ%%az}

eluting with 10% EtOAc/heptane with a gradient increased to 40%
EtOAc/heptane. After condensing suitable fraction 0.3 g of a white solid (72%
yield) was isolated.

HPLC Retention time 13.3 minutes wavelength at 254 nm.
Acetonitrile:water w/0.1% formic acid 60:40 (0 to 5 min) 100:0 (15 to 22 min)
60:40 (25 min), YMC ODS-AQ S5; 120 A; 4.6x250 mm; flow rate at 1 ml/min
and column temperature at 30°C

Chiral HPLC analysis hexane:isopropanol 90:10 Chirapak AD; 4.6x250
mm; flow rate at 1 ml/min and column temperature at 30°C.

(S) retention time 16.6 min

(R) retention time 19.1 min

Ratio of 97.22:2.78

94.4 % enantiomeric excess.

All patents, and patent documents are incorporated by reference herein, as
though individually incorporated by reference. The invention has been described

with reference to various specific and preferred embodiments and techniques.

ionization M 496.3 and M+l 497. 3. BEXAVRL2B042001120



Preparation of
5- (4- Fl uor o- phenyl ) - 2-i sopropyl -1 -[ 2- (6- oxo- 3, 6-di hydr
W@ 2@H089894 PCT/TB2004/001120

pyran- 2-yl)-ethyl]-4-phenyl -1 H pyrrol e-3-carboxylic
aci d phenyl am de (V) WD 2004/089894 PCT/1B2004/ 001120
-3 FFof / ~H- H- _NMHMm O0MOIMToa

fl ask was added 0.9 g (0.83¢mol, 1 equiv) of acrylate

ster [ o) 2. .Th

I1t sh?éld%‘e &ngrls{oogq‘% rl;ﬁaflgl Fgatlo étaﬂaﬁ’l \H?f?cgﬂg%aﬁ%ﬁge

Iﬁaﬂ@&mll@@erﬂ/&ﬁlﬂgaﬁﬂﬂlﬁﬁ theDs i dnd&cop’&bﬂtliﬁnwelam on m xture
was added 0.035 g (0.04 mmol, 0.05 equiv) of Gubb's
catal yst (CAS #1246047-72-3) in 5 m of degassed
solvent. The reaction was allowed to stir at reflux
for 19 hours. The m xture was condensed and subjected
to silica gel flash chromatography 10 eluting with 10%
Et OAc/ heptane with a gradient increased to 40%

Et OAc/ hept ane. After condensing suitable fraction 0.3
g of a white solid (72% vyield) was isolated. HPLC
Retention time 13.3 m nutes wavel ength at 254 nm
Acetonitrile:water w 0.1%formc acid 60:40 (0 to 5
mn) 100:0 (15 to 22 mn) 15 60:40 (25 mn), YMC

ODS- AQ S5; 120 A, 4.6x250 mm flowrate at 1 m/mn
and colum tenperature at 30C Chiral HPLC anal ysis
hexane: i sopropanol 90: 10 Chirapak AD;, 4.6x250 nmm
flowrate at 1 nil/mn and colum tenperature at 30C.
(S) retention tine 16.6 min 20 (R retention tine
19.1 mn Ratio of 97.22:2.78 94.4 % enantioneric
excess. Al patents, and patent docunents are

i ncorporated by reference herein, as 25 though

i ndividually incorporated by reference. The invention
has been described wth reference to various specific
and preferred enbodi nents and techni ques.



WO 2004/ 089894 PCT/ | B2004/ 001120 -36 However, it
shoul d be understood that nmany variations and
wOorR@itlswsadt | ons may be nmade whil e remai ni ng w PET/IB206w001120
spirit and scope of the invention. WO 2004/ 089894
PCT/ 1 B2004/ 001120 -37 CLAIMS 1. A process for
preparing a conpound of formula (1) FI1 O i / I O N
""OH H _NM OM 51 -ZTbnprising: (a) contacting
in a solvent optionally 'dLJI\]INf presence of a Lew s
acid a M conmpound of fo %II) with wherein Mis
SiC13, SiMe3, B(OH)2, CulLi, MyBr, ZnBr, InBr, SnR3
wherein R3 10 is (dC OG)aIk I to gi e( a corrpound of
flor mubeprpgess for prpaping ecpmpepndet orEpIR DL - 1N N N M
OMOM\N /Il \ ~111 F

comprising:

(a) contacting in a solvent optionally in the presence of a Lewis acid a

/\/M
compound of formula (II) with /

SiCls, SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr, SnR3 wherein R

, wherein M is

10 is (C1-Cg)alkyl, to give a compound of formula (III):

(b) conversion of the compound of formula (III) to an acryloyl

ester of formula (IV) in the presence of base using

RL\«/\”/X

15 O , wherein X is Cl, Br, I, or



10

(b) conversion of the conpound of formula (l111) to an
acryloyl ester of fornmula (IV) in the presence of

whawme/osspng X 15 0, wherein Xis C, Br,.|, PCT/IH2004/001120

2004/ 089894 PCT/1B2004/001120 -38- ROO0O, and Ris -
H, (Cl1-C6)al kyl, or phenyl, or an acryloyl activated
esterequwalent FF V1 0 / OHNHN HNMNM
Ove OMe ~ IIl IV 5 (c) céhtacting in a solvent the

acryl oyl ester V) withya catalyst to afford 5,6
di hydro pyr ; F V0O O/ 1 O/ 1/ NN
H- H_NM M OM IVV 10 (d) converting

the conmpound of formlfffa (V) to a conpound of fornula

(VI) via facial seletive,adRaddi ta,00)akylabt yl or

benzyl al cohol ;
phenyl or an acryloyl activated ester equivalent;

)v

(©) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;

g g
N
H H —
N Me N Me
o b o b
v \Y;
(d) converting the compound of formula (V) to a compound of formula

(VI) via facial selective 1,4 addition of allyl or benzyl alcohol;
F F

[y % [y 3
= F
g N g N ‘OR
N Me N Me
@ 5 @ 0 e
v , Vi

R'= benzyl, allyl



10

15

FF OI\O0 /1 O/ 1 ON/ N,"OR HH _NM _N
M OVe O V\ ~ VI R = benzyl, allyl WD 2004/ 089894

weFanALBR004/ 001120 -39- and (e) renoval of theCEHIB2§04/001120

or benzyl noiety in the conmpound of forrmula (VI) via
hydr ogenol ysis to give a conpound of formula l. FO O
VI R = benzyl, allyl HHORI R=HHM 0 M 5 2.
The process of step (a) of 8Paim 1, wherein is allyl
tri-n- gutylstannane, allyl trimethylsilane,

al |yl #Pfchl orosilane, allyl magnesium bromide, or

al 'yl @ nc r&nevdl etheQilyl 6Mgdnzyl MSRE inlthd &tﬁnﬁmﬁ@eﬂ@@mﬂa
an am no al cohol or diamne or a Lewis Base. 10 3.
The proces$VHFvizhpgrogenolyis i gyt sompeundey @@pularl t he
presence of a nonghiral or chiral Lew s acid,
optionally generated in situ from boron trlbron1de and
(S, 9)- 1,2-dianpkyg; 1,2-diphenylethane

bi s-t ol uenesul f . 4. The process of step (b)

of claim is an am ne base
e~ VI R'=benzyl, aliyl
OR I R=H

P a Ve

butylstannane, allyl trimethylsilane, allyltrichlorosilane, allyl magnesium bromide,

2. The process of step (a) of claim 1, wherein 1s allyl tri-n-
or allyl zinc bromide, optionally used in the presence of an amino alcohol or

diamine or a Lewis Base.

3. The process of step (a) of claim 1 carried out in the presence of a nonchiral
or chiral Lewis acid, optionally generated in situ from boron tribromide and (S,S)-

1,2-diamino-1,2-diphenylethane bis-toluenesulfonamide.

4. The process of step (b) of claim 1 wherein the base is an amine base
selected from the group consisting of triethyl amine, N,N dimethyl amino
pyridine, DBU, and DBN optionally in the presence of a catalytic amount of

DMAP and the polar nonprotic solvent is dichloromethane.



sel ected fromthe group consisting of triethyl am ne,
N, N di net hyl am no pyridine, DBU, and DBN optionally

w0 poottlogospr esence of a catal ytic anmount of DVARCHIBR0041®1120

pol ar nonprotic solvent is dichloronethane. WO
2004/ 089894 PCT/|1B2004/001120 -40 5. The process of

step (c) of claim1, wherein the catalyst |s i-Pr
PCy3 NPh CI'//"". | Ru (F8E) 2MeCO 111r,, sl M
Me S/ . I\/Es Mes/ /
R e o R ENATT T et B R S P
Cl ~ 1U Ph PCy3 PCy3 or

benzyl i dene[ 1, 3-bi s( 2, 4,/f
di nyli dene] dichloro 5
(tricycl ohexyl phosphi ne
the preparation of a _eG
4+ OMe O M | "6 conpriking:

Yot hyl phenyl ) - 2-i m dazol i

um 6. A process for

PCys N B
Cli, | || I
“Au (F3C)oMeCOmy,,,,
CIe I - Ph XMO%Me
PCys . (FaC)2MeCO Me ,
R —_ [\
N N N N | MeS/N N\Mes Ph
Mes~” \Mes Mes— \Mes C'/”':..Ru i
Cl//,,,'.R Clrg,, S\ Lcys
a?” Iu_ “Ph 01/ l ~p O
PCys , PCyj; , , Of

benzylidenef[1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene] dichloro
(tricyclohexylphosphine)ruthenium.

6. A process for the preparation of a compound of formula (I)

comprising:

(a) contacting in a solvent optionally in the presence of a Lewis acid a

/\/M
/ , wherein M is

SiCls, SiMes, B(OH),, Culi, MgBr, ZnBr, InBr, SnR3; wherein R
is (C;-Cg)alkyl, to give a compound of formula (III):

compound of formula (IT) with



10

(a) contacting in a solvent optionally in the presence
of a Lewis acid a conpound of fornmula (Il) with ,

wob@resasM i s Si Cl3, Si Me3, B(OH)2, CuLi, MBeCT/H?B64/001120

InBr, SnR3 wherein R3 is (O-C6)alkyl, to give a
compound of formula (I11): WO 2004/ 089894

PCT/ 1 B2004/ 001120 -41 FF Me | O (r)H4H NHH- N
Me O Me OMe Il VIl (b) corfdersion of the conpound of
formula (VIIH with conconitant stereochergca

i nversion off the honoal lylic alcohol centjer to an

acryl oyl ¢ of formula (IV) via 5 M tguRpbu

react jon i e presence of acrylic acid an R/ OH
acr acid anal §ggue 0 , wherein R 7 OH

(G -'& : E|ny|, in the prig ase; EF
OH OR H4 RI1 N VI IV 1
(c) [ Min a solvent the acrypQ ester (1V)

Wi ySt to afford 5,6 d roRpy, anMe- one V;
F R I M O O e

1l Vi

(b) conversion of the compound of formula (VII) with
concomitant stereochemical inversion of the homoallylic
alcohol center to an acryloyl ester of formula (IV) via

Mitsunobu reaction in the presence of acrylic acid or an

R / OH

acrylic acid analogue 0 , wherein R

is H, (C4-Ce)alkyl, or phenyl, in the presence of base;

Me Me
@ O M O Mé
Vil IV

(c) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;



N NHHI NNM (r)M\ OM \ IV V W 2004/ 089894
PCT/ 1 B2004/ 001120 -42 (d) converting the conpound of

wo coom8®mI{\V) to a conpound of formula (VI) vieCTE2064001120
selective 1,4 addition of allyl or benzyl alcohol; F F
4H NOR H M NM OM 0O M V VI R = benzyl,
allyl 5 and (e) renoval of the allyl or benzyl noiety
in the conpound of formula-42Vl) via hydrogenolysis to

g Ie\rll gy l‘i‘df grpg#%gﬂ?%hggﬁﬁﬁhﬁﬁ@f:fgﬁn@a ﬁlk/go 4 & \@)ugg of forpula

A process f(WI) widéaciul eglastbiei 1Ighadifitién efaiiyd onbenal! fleshsll a

(h F e F
O ol
= N = v,
g _ ’ \N OR
N Me N Me
f b o
\Y A
R'= benzyl, allyl
5 and

(e)  removal of the allyl or benzyl moiety in the compound of formula

(VD) via hydrogenolysis to give a compound of formula I.

VI R'=benzyl, allyl
1 R=H

10 7. A process for the preparation of a compound of formula (I)

comprising:



I~o i 1 O N'OH H NM OM | conprising: W
2004/ 089894 PCT/ 1 B2004/ 001120 -43 (a) contacting in a
waodowesasIppti onal Iy in the presence of a Lew SPEDIBROG/001120

M conpound of formula (Il1) with wherein Mis SiCl3,
Si Me3, B(O1ll)2, CuLi, MBr, ZnBr, InBr, SnR3 wherein
R3 is (Cl-C6)al kyl, to give a conpound of fornula
(MI1): FF /1 OOH N HM3XNH- HNM ONM Ow.

V11D r o2l f iRttt f e EnE0 B 4 PRfgcias
Me |11 /\/M

compound of formula (II) with

, Wherein M is
SiCls, SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr, SnR3 wherein R
is (C1-Ce)alkyl, to give a compound of formula (VIII):

5
(b) isolating the desired enatiomer (VIII) from the enantiomeric
mixture;
F
o s
Z N/\/'\/\
H —_
N Me
f b
"
10 (c) conversion of the compound of formula (III) to an acryloyl

ester of formula (IV) in the presence of base using

R LL‘/\[]/X
0o , wherein X is Cl, Br, I, or

R / 0]

0 , and R is H, (C;-Ce)alkyl, or

phenyl, or an acryloyl activated ester equivalent;
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10 (c) conversion of the conpound of fornula (II11) to
an acryloyl ester of fornmula (IV) in the presence of
whawe/08sspg R X 0 , wherein Xis O, Br, |, orPCRIBE20@+/001120
and Ris H (Cl-C6)al kyl, or phenyl, or an acryl oyl
activated ester equival ent; W 2004/089894
PCT/ 1 B2004/ 001120 -44 FF N I \ 0O I / I / NcOH/ [
OR NH NM NM (r)M &4 111l / IV (d)
contacting in a solvent the acryloyl ester (IV)gwith a
catalyst tp afford 5,6 di hydro pyran-2-one V; HF [ |
4-- HHN M ON M OM 0O M 5 |
converti he conpound of fornula
(M)o I?,pa faci al sel ecti

al enWl F F \ OO

(d) contacting in a solvent the acryloyl ester (IV) with a

catalyst to afford 5,6 dihydro pyran-2-one V;

O o/ F o)
/‘N«/?i/\kjhﬂ_, «/C')jj

N Me N Me
f b (b
\Y) \Y;

(e) converting the compound of formula (V) to a compound of formula

(VI) via facial selective 1,4 addition of allyl or benzyl alcohol;

F F
[ 3 D 3
AL ) — AL 0
= =
N N ‘OR
H — H _—
N Me N Me
@ O Mé | @ O Mé
\ \
R'= benzyl, allyl

and
@ removal of the allyl or benzyl moiety in the compound of formula

(VI) via hydrogenolysis to give a compound of formulaI.



/| NNOR H- HNM _NM O0OMOMVVI R-=
benzyl, allyl 10 and (f) renoval of the allyl or
whewzpssopi ety in the conmpound of formula (VIPCWIBR004/001120

hydr ogenol ysis to give a conpound of fornula I. WO

2004/ 089894 PCT/1B2004/ 001120 -45- FO / ' ON

1,,,OR VI R = benzyl, allyl HI R=H _ NM 0 M

8. A process for the prepadati on of a conpound of
fornula Il F £1 OH NH NM 0 MIIl 5I1II
conprising: (a)]contacting a conpound of formula (I1)
with an al |l enyl bronic e()ster to give a conpound of

/\)é
y "I,ORl V1 R' = bei lzyl, a"yl

I R=H

comprising:
(a) contacting a compound of formula (I) with an allenylboronic ester

to give a compound of formula (XI):

10 and

(b)  hydrogenation of the compound of formula (XI) to provide
I



FF / OOH14- 1| NN HN~A\ H- H_N M NM 0
M O M XI 10 and (b) hydrogenation of the conpound

wW@RooRosasd a (XI) to provide Eli WO 2004/ 08989BCT/1B2004/001120

PCT/ 1 B2004/ 001120 -46- F/OHHg | \/~ 11l 4NHCN
Me (r)Me xi 9. A process for the preparation of a
conpound of formula VI FOH 4H M O Me 5 VI
conprising: (a) contacting4éentacting (Il1) with an
al | enyl boroni c ester to gi ve a compound of formula
(XI1): FF / 1 OOH NHN

9.
F
aL
H —
N Me
o
5 VII

comprising:
(a) contacting contacting (IT) with an allenylboronic ester to give a

compound of formula (XII):

10

(b) hydrogenation of the compound of formula (XII) to provide
viI



HH CNM CNM Ow OW 10 Il XII and (b)

hydr ogenation of the conmpound of formula (XIl) to
wW@e@vioshsos VI 1 WO 2004/ 089894 PCT/ | B2004/ 001120PCH1B20047001120

H / =\ VIl HNM OM XIl 10. A process for

t he preparation of a conmpound of formula VIII F OHH

M OM 5 VIII conprising: (a) contacting (I11)

with allenyl boronic acid ofd7an all enyl boronic ester to

give a conpoundgof formula (Xi11): FF /1 O/ I OH

NHHHNM ON M aOvr Ow

Vi

10. A process for the preparation of a compound of formula VIII

5
comprising:
(a) contacting (II) with allenylboronic acid or an allenylboronic ester
to give a compound of formula (XIII):
10

(b) hydrogenation of the compound of formula (XII) to provide
VI



10 11 XTIl

and (b) hydrogenation of the conmpound of
formula (XI1) to provide
weEFODALSR004/ 001120

VI WO 2004/ 089894
-48- FOH | NH2 VIl H EMBI04/001120
(r)yM XI 11. Compounds of the follow ng formnul as:
I\ H NM OM\ IIl, FO / OV R
ONOM IV, F

F
~1 N HM 5
-48-

Vil

11.

III,

v,

VIL,



1N/ 1 OH ~NH NM 0 M VII, W 2004/ 089894
PCT/ 1 B2004/ 001120 -49- F/ I OH 4 M H_ NO M

wWo/Rdou/089884 0 HI1- NM O M IXx, F O v "R 7RCDIB2004/001120
4 M OM F




'\ i / I OH~/ N H- _ NM OM X W

2004/ 089894 PCT/ 1 B2004/ 001120 -50- Fi /I OH N H
WO 2044089894 r) Me XII, F OH OGN Me O Me Xl II,PCTiB20&i/001120

Ris H (Cl-C6)al kyl, or phenyl. 5

wherein R is H, (C;-Cg)alkyl, or phenyl.



