WD 2004/ 089894 PCT/ | B2004/ 001120 -1 PROCESS FOR PREPARI NG
5- (4- FLUOROPHENYL) - 1- [ 2- (( 2R, 4R) - 4- HYDROXY- 6- OXO- TETRAHYDRO- PYRAN- 2- YL)
ETHYL] - 2-1S OPROPYL- 4- PHENYL- | H- PYRROLE- 3- CARBOXYLI C ACI D PHENYLAM DE Thi s

applicati Joenefits of U S. Provisional Applica

60/ 462, 61 @?’zﬁb‘ﬁdsgﬁon April 14, 2003. FIELD OF THE INVENEFF%%#%‘FE%d for
prepari ng 5-(4-fluorophenyl)- 1 [ 2- ((2R, 4R) - 4- hydr oxy- 6-
oxo-tetrahydro-pyran-2-yl)-ethyl]-2-isopropyl -4-phenyl -1 H pyrrol e- 3-car boxyl
ic 10 acid phenylam de, a key internmgdiate in the synt hesis of atorvastatin
calcium is described.. BACKGROUND OF THE | NVENTI ON
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(Lipitor(r)), 4&POENYBI1FOPYRROLE-8IGARBOXYIAMSACID PHENYLAMIDE

[R(R*, R*)]-2-(4-fluorophenyl)- (3, S-di hydroxy-5-(1-

met hyl et hyl ) - 3- phenyl - 4- [ (phenyl am no) car bonyl ] - 1H pyrrol e-| - hept anoi ¢ aci d
calciumsalt (2:1) trihydrate. Atorvastatin calciuminhibits 3-hydroxy-3 20

met hyl gl ut aryl - copgeZpieathn’ aacbaneits MECRrovige AppadatamdNg hus is useful

asahpoll i dem ¢ and/or hypochol esterolenmc agent. F F 4--NOf \ S\

/1 15|| 1462@3lrﬁled©n/A1ml11@[m N M N M oMe oM 2 Atorvastatin
Cal ci um WO 2004/ 089894 PCT/ | B2004/ 001120 -2 A nunber of patents have issued
di scl osi ng approaches to the preparation

FIELD OF THE INVENTION
A method for preparing 5-(4-fluorophenyl)-1-[2-((2R,4R)-4-hydroxy-6-
oxo-tetrahydro-pyran-2-yl)-ethyl]-2-isopropyl-4-phenyl-1 H-pyrrole-3-carboxylic
10 acid phenylamide, a key intermediate in the synthesis of atorvastatin calcium, is

described.

BACKGROUND OF THE INVENTION
5-(4-Fluorophenyl)-1-[2-((2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyran-
15 2—yl)-ethyl]—z—isopropyl—4—pheny]-IH -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)-p,3-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-
20 methylglutaryl-coenzyme A reductase (HMG-CoA reductase) and thus is useful

as a hypolipidemic and/or hypocholesterolemic agent.
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of atorvastatin calcium as well as various anal ogues, via internedi ates
such as conpound (1). These patents include: United States Patent Nos.

4. 681, 89 95. 5,003, 080: 5, 097, 045: 5,103, 024

5 149 83$N0§§¥§é§?§1 5 5. 216, 174: 5, 245 047: 5, 248, 793Pég&§@36§§gm

5 397 792. 5 342 952. 5 208, 627: 5 446, 054: 5 470,081 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; 6,476,235, United States Application Ser. No. 60/401,707 (filed

August 6, 2002). Existi ng a proaches to the preparati on of ke% i nternedi ate
(1) presented Apusbpecfaatsnisdine gued disflosnmpnreacheyie thyprepaation elied on the

f t d
b 51 il . 0 e O A 1

et hyl ester), orane reducti on.

Schene 1 swmpmndela ﬁhesalphtanmanalum &fnpred Scdtesdtasalt Doedt,681,898;t ed St at es
Pat ent No.

2 05 ohi r 8T eh SABaAELet GO Brilia2ac ot e SukiBrones. g,ﬁ;é‘@tﬂidpi o aive
o ' DI DERRTIS ol syl sskpiessElatal My esPect o
1 FF 7 0584603415,400,981 38%590; SNENEIMES, OMEAERYES,998,633;Ind / N OH H - H N
Ve N Me %,%51%/5,9%5%; 6,1F21,461; 5,273,995; 6,476,235; United States Application
Ser. No. 60/401,707 (filed August 6, 2002).
Existing approaches to the preparation of key intermediate (I) presented
10 some shortcomings. For example, one approach relied on the use of a costly
chiral raw material ({(R)-4-cyano-3-hydroxy-butyric acid ethyl ester), and a low
temperature diastereoselective borane reduction.
Scheme 1 summarizes an alternative approach disclosed in United States
Patent No. 6,476,235, Hydrogenation of B,6 diketoester 2 in the presence of a
15 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.



O N v, OR6 R= benzyl, aAy]l H~I R=H~/NM OM As a prelimnary
matter, asymmetric hydrogenati ons of ketones as 5 described above for the
transf or to 3 are known. However, the conple of the reaction
i ncr easerswf)n tf]gssggse of 1,3,5-tricarbonyl systens suchpcggalzﬁo‘mgh@ Ohoor

yi el ds and poor stereosel ectivities often result. In fact, investigations
by Saburi (Tetrahedron, 1997, 1993; 49) and Carpentier (Eur. J. Og. Chem
1999; 3421) have independently denpnsgrated |ow to noderate 10 di astereo-
and/or enantio-selectivities for di ketoester asymetric hydrogenations.
Furthernore, the fact that the proBehemesl disclosed in the literature require
hi gh pressure hydrogenati on and extended reactign tines nakes the
procedures general i npractical and not anenablle to | arge-scale

manuf act uri ng proc s where safety, efficienf and COSt are critical
consi derations et erriphgpagai n to Schene Z nuNygey odddi tional
transformatio @ necedsa 0 reset th ej,oche stry of the G3

center in diol ] W@Fhrmdi a &€ stepd i nclude: (a)
i ntranol ecul ar I 2atjon of 3 to WD 2004/0 PCT/ | B2004/ 001120 -4
provi de | act 4,08 " i mination of wa framd attone 4 using acid to
provide a,3 aturatea | actone 5; (c) f al selextive Mchael addition of
all'yl or benzyl alcohol tp a, (3 unsaturated |actorfe 5 to provide saturated
| act one 6; and renoval he aljyl or benzyl
hydr ogenol ysis to prow d€ _key 5 internediate . a repult, a need
remains for an_appr@a ' iate (1) that is
efficient, inexpensiwe; ISP 4 tions, and
occurs in good yield a’nd H gh Ievel s of diaste 5 ivity. 10 SUMWARY OF
THE | NVENTI ON These.g ‘ [ [ [

is directed

6 R'=benzyl, allyl
| R=H

As a preliminary matter, asymmetric hydrogenations of ketones as
5 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
10 diastereo- and/or enantio-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.
15 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



to a process for the preparation of a conpound of forrmula (I) FO / I ON
"OH H ONMe OMe I 15 conprising: (a) contacting in a solvent optionally

in the pr a Lewis acid a conpound of formula th wherein M
is S 013'%?3%‘?%%(04)2 CuLi, MyBr, ZnBr, InBr, SnR3 s{ﬁ@zl%%"ﬁ“ﬂ?é 120
(d-Co)alkyl, to give a compound of forrrula (III) FF OOH N v _H I/
NvvH-H NMNM Ok OE 2011 IIl W 2004/089894 PCT/| B2004/ 001120
-5 (b) conversion of the conpound of fornula (I11) to an acryloyl - ester
of formula (I1V) in the presence of base using R~ X 0, wherein Xis d, Br,
I, or R m@)\@ifahcmﬁb ﬂs(b}lﬁllmm&hﬁﬁ)aﬁw&w froar laptoand lusing mcidto piovide y| oyl

activated o? EJgsratur ed Ya%lto%e 5; H: ) Etcml selective Michael addition of allyl or benzyl
alcohol to ¢} unsaturated lactone 5 to provide saturated lactone 6; and removal
of the allyl or benzyl moiety in lactone 6 via hydrogenolysis to provide key
5 intermediate (I).
As aresult, 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 , Wherein M is

SiCls, SiMes, B(OH);, Culi, MgBr, ZnBr, InBr, SnR3 wherein R3
is (Cy-Ce)alkyl, to give a compound of formula (I1I):

20



V1 VO SOH/ N vwvl ~| N~v\ H- H- ONM NM Ow Ow |1l IV (c)
contacting in a solvent the-acryloyl ester (IV) with a catalyst to afford

5,6 dihy (ﬁgs--oneV;FF\Ol\O/hCR/O - H- CN M M
OM O I\/Ed@%ozwl 9\%/ (d) converting the conpound of for Rﬁ%&bﬁ%’ﬂ‘{lbma
conmpound of forrmula (VI) via facial selective 1,4 addition of allyl or

benzyl al cohol; WD 2004/089894 PCT/|1B2004/001120 -6 FF \ 00 v v """OR
/| 4H H-NM M NM [/ 0V OE Vs

(b)  conversion of the compound of formula (IT) to an acryloyl
" ester of formula (IV) in the presence of base using
R .,_/\Ir X
O |, wherein X is Cl, Br, I, or
R..z O
O | and R is H, (C;-Ce)alkyl, or phenyl, or an

5 acryloyl activated ester equivalent;

(c)  contacting in a solvent the acryloyl ester (IV) with a
catalyst to afford 5,6 dihydro pyran-2-one V;

10

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

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



R = benzyl, ally) and (e) renoval of the allyl or benzyl noiety in the
conpound of forrrul a (VI) via hydrogenolysis to give a corrpound of formul a
. F O VIiuwRBaomstiebzy! » ally) ?HNOR ~I R=HN M 5 What is al so

di scl osed i s g process for the preparation of a corrpounacafmz“f"ﬂpm?"a (1) FO
ci~N"OH N' H M °~ OM 10 | conprising: (a) contacting in a sol vent
optionally in the presence of a Lewis acid a conmpound of formula (I1) with
~M wherein Mis SiCl3, WO 2004/08989¢. PCT/ | B2004/ 001120 -7 Si Me3, B(OH) 2,
CuLi, MyBr, ZnBr, InBr, SnR3 wherein R3 is (C- C6)alkyl, to give a conpound
of formula (M1): FIF 4H O OH F

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

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
> 3
L )
ZF ,
N ‘OH
H e
N Me
vt
10 I
comprising:

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

M .
compound of formula (IT) with A" wherein M is SiCls,



HHM NM/ OM O MII VIIL (b) conversion of the conpound of formula

(VIl1) with 5 concom tant stereochem cal inversion of the honoallylic
al cohol Cﬁﬁtzﬁ&lﬂs%@n acryloyl ester of formula (1V) via t sunobu reaction

in the presence 0

acrylic acid or an R ~/~ SOH acryl i ECLBR 4 H¥gue o |

wherein Ris H (d- C6)al kyl, or phenyl, in the presence of base; F F |
I\ 0/ OHO " R I H-H NM1OMM 0O0OMOWNVI IV (c
contacting in a solvent the acryl oyl gster (1V) with a catalyst to afford

5,6 di hydro pyran-2-one V;

00 / R/ OH HNMNM OM 0 M/

_ FF O N Ve
V WD 2004/ 089894 PCTPWipB@Bh1 Cobi, MgBr, ZnBr, nBr, SnR3 wherein R; is (Ci-

10

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

(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 dcid analogue V\([)( , wherein R is H, (C;-
Ce)alkyl, or phenyl, in the presence of base;
F F

QL QL
o - /\)\/\
H = H _
N Me N Me
o b ot
VIl ]

(c) contacting in a solvent the acryloyl ester (IV) with a
catalyst to afford 5,6 dihydro pyran-2-one V;

F 0 )
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-8 (d) converting the conpound of forrmula (V) to a conmpound of formula
via facial selective 1,4 addition of allyl or benzyl alcohol; F F

/

O H_NHNM\ MOMOM/ VVI R=benzyl, allyl 5 and (e)

\

(V1)
/ Ol

renoval oq‘votztj@,@bggyl or benzyl noiety in the corrpound 0 VI) VI a
hydr ogenol ysis to give a conpound of forrmula I. FCWJ‘{@O

benzyl, allyl H~ R=HOCNM OM 10 Wat |sfurther dlsclosedlsa

process for the preparation of a compound of fornula (1) FO /
11'""OH HNMe 0 M | -8-

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

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

R'= benzyl, ally!

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

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

VI R'=benzyl, allyl

I R=H
10 ‘What is further disclosed is a process for the preparation of a compound of
formula (T)
F
(J ¥
O L
%
N ‘OH
H e
N Me
o b
I

comprising:

O N



conprising: WD 2004/ 089894 PCT/1B2004/001120 -9 (a) contacting in a solvent
optionally in the presence of a Lewis acid a conpound of formula (Il) with

St =M %@W%W“S SiC13, SiMe3, B(OH)2, CuLi, MyBr, f%ig{wplnsr SnR3

wherein C6)al kyl, to give a conmpound of formd 1/1)(51_120,; Ff~a
/1 OH I Nv ' H/ NH- H NM NM Ow/ OB 511 VIII (b) isolating
the desired enationmer (Il1l1) fromthe enantioneric mxture; F [/ | OH ~/
Nvv H_NM OM/ IIl 10 (c) -8onversion of the conpound of fornula

(') to an acryloyl _ester of formula (IV) in the presence of base using
R -1~ X R -1~ @0 CpErBE ysqlger@opugra,ﬁlyw} therpresence,picp rewis geida

(A -C6)al kyl, or phenyl, or an acryloyl activgted ester equivalent; WO
2004/ 089894 PCT/ | B2gwapagod opfprmula (1) with P , wherein M is SiCls,

SiMes, B(OH),, Culi, MgBr, ZnBr, InBr, SnR; wherein Rj is (C;-

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

5
(b} " isolatin g the desired enatiomer (1) from the enantiomeric
mixture;
: HI
10 (c) conversion of the compound of formula (II) to an acryloyl

ester of formula (IV) in the presence of base using
R,ﬂ/\rrx R ~__0

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

equivalent;



-10FF Vf O/ /1T HXK”*"R HH N NM~ MOM/ OM/ Il IV
(d) contacting in a solvent the acryloyl ester (1V) with a catalyst to
afford 5,6 di hydro pyran-2-one V; FF \ OO ~ //~ ORI ~/ O NNf H5O0
Me 1V O MYO20M/0898%e) converting the conmpound of fornul actM20bHod1monpound
of formula (VI) via facial selective 1,4 addition of allyl or benzyl
alcohol; FF OO /1 Ol / I p 4N OR HHM OM / O M V VI CN

_10_
E
[y
OMH
& N/\/ﬂ\/\
x — W\
N

(d)  contacting in a solvent the acryloyl ester (IV) with a
catalyst to afford 5,6 dihydro pyran-2-one V;

5
(e) converting the compound of formula (V) to a compound of formula
(V1) via facial selective 1,4 addition of allyl or benzyl alcohol;
F F
OIS OIS
N N “OR'
H — ] H —_—
N Me N Me
@ O mé @ O me
v Vi
R'= benzyl, allyl
and
10 ) removal of the allyl or benzyl moiety in the compound of formula

(V) via hydrogenolysis to give a comnpound of formula I



R = benzyi,

ally) and 10 (f) renoval of the ally] or benzyi noiety in the

corrpound of formula (VI) via hydrogenolysis to give a conpound of forrrul a

. WD 20 CT/1B2004/ 001120 -11- F U O benzyl, OR VI

—H N OWO%%@%%?P\ Me O M What is al so provi ded is a ﬁ%@&‘g‘“’%’r" the
preparation of a conmpound of formula Il F [/ | ~/ NNvv H(\ M O

Me 5 111 conprising: (a) contacting a conpound of formula (11) with an
al I enyl boronic ester to give a conpoynd of formula (XI): FF I \ / 1 O

~OH~~ W "Hv v

VI R'=benzyl, allyl
I R=H

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

formula IIT
5
11}
comprising:
(a) contacting a compound of formula (IT) 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 IIT



HNM MOM/ OM 1011 XI and (b) hydrogenation of the conpound of
formula (XI) to provi de a conpound of fornmula 1111 V\D 2004/ 089894

PCT/ | B200g,, -12- F/ ~pOHI H N~~~ |11 Oove Xl What
is al so prg\%d g I’s a process for the preparation of a 8%’6@%"%‘20 for mul a
VI FOH 4HN M Ow 5 VII conprising: (a) contacting contacting (11)
with an al |l enyl boronic ester to give a 10 conpound of formula (XII): FF /

| O -12-
F

»

OH
O .
N

Me
o P
X

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

formula VI
F
07 s
= -
N/\/\/\
H —
N Me
b
5
VI
comprising:
(a) contacting contacting (II) with an allenylboronic ester to give a
10 compound of formula (XI):

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



/"1 OH HHH- \N Ow M NOw M Il XIl and (b) hydrogenation of the

conpound of fornmula (XIl) to provide the conpound of forrmula (VII) WO

2004/0898@625@"{85%004/001120 -13- F/ i OHH2 N- VI EBN Me Ove X
a

What is SO provided is a process for the preparation BFT 7(98‘?‘??96Wd of
formula VIII F SOH H~-NMe OM 5 VIII conprising: (a) contacting a

conpound of fornmula (11) with allenylboronic acid or 10 an all enyl boronic
ester to give a conpound of formula (¥11):

F
OH
- T \ H2
NW\ .

H . Vil

N Me
(3 b

Xl

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 (XTI):

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



FF / I axOaOH / NvH ~vv H- HNM~ M Ow OB X Il and (b)
hydr ogenati on of the conpound of fornmula (XIIl) to provide VII WO

2004/ 089 004/ 001120 -14- F OH 4H H2 Viii XI1l Wiat is
al so provi gezﬁ@({gb@%corrpound of fornula Ill. FOH NH W&IT/&Z%@W"S 1]
What is also provided is a compound of formula VIII. F OH IH

-14-

VIi

10
What is also provided is a compound of formula VIL



HN

NM OM VII Wat
[ rovided is a
| BePhERuBiGthted

~NM ~~~OM VIII 10 What is also provided is a corrpound of formula
VIil. WO 2004/ 089894 PCT/ | B2004/ 001120 -15- FI OH H
is al so %VQP %9% a conmpound of forrmula I X. 5 \Wat
conmpound o orrruaIV F 0O~R / O I N v v\
O v-'"R N N Me
-15-
F
B
- -
N/M
H e
N Me
b
.VH
What is also provided is a compound of formula IX.
5
What is also provided is a compound of formula IV,
F :
D 3
O)J\/H"R
& N/\M
H —
N Me
b
v
F.'
D
H —_—
N Me
b
10 7

What is also provided is a compound of formula X.



/[ OM e

10 I X What

Is al so provided is a conpound of fornmula X WO
2004/ 089894 PCT/ 1 B2004/ 001120

al so provy
5 What

-16- F/ O -

-'R H NM OM X Wat is
WoeRodssoguscOmpound of formula Xi. F/

| CH ~ M ~ O M X
is al'so provided i s a conpound of fornula X 1. EEH¢E$Wf@91
CNM OM X 10 Wat

10

Ry N H-
Is al so provided is a conpound of formula X H
-16-
F
(3
O O)J\/L"‘R
/- =
N TN
H —
N Me
b
X

What is also provided is a compound of formula XTI



WO 2004/ 089894 PCT/ | B2004/ 001120 -17- F4 1 OHi N H OM ~H M Xl As
di scl osed herein, we surprisingly and unexpectedly found that 5,6 dihydro
pyran-2-one (V) can be obtained conveniently fromacryloyl ester (I1V) 5 via
a mld angoshbdbeat one-step ring-closing netathesis rF@?&ﬁiﬁﬂu& 12tﬂhe
presence of a honbgeneous catal yst. The reaction proceeds i n good yields at
tenperatures bel ow approxi mtely 60 C and at nospheric pressure. The

i nvention process is thus safer and nore efficient in large scale than
earlier approaches, because it avoi-d%-the need for specialized

hi gh- pressure equi pnent. In additionF a mnimum 10 nunber of transformations
are necessary to incorporate the C 3;hydroxy group, and the overall nunber
of steps needed to convert the conpotpd of forrmula (11) to Kkey internediate
(1) is mnimzed. Mreover, the i ny i on process avoids the use of a
costly, chiral raw material (£R)y-4-
ester), and a |low tenperatu ' ergggglgg;%¥e borane reduction, as was
necessary in 15 earlier approaches{tdNthe préparati on of key internediate
(1). DETAILED DESCRI PTI ON OF THE ANYENTI ON Definitions (d -C6)al kyl neans
bot h straight and branched grqups Wef erence to an 20 individual

radi cal such as "propyl" eesOOMby the straight chain radical, a
branched chain i soner such ‘as "isoprogm?" bei ng specifically referred to.
Thus, (g -0C6)al kyl can be nmethyl, ethyl, propyl, isopropyl, butyl,

| so-butyl, sec-butyl, pentyl, 3-pentyl, or hexyl. The term "approxi mate" as

used herein in Ase&igcrlgs%a e}‘ecl)n,z%we lfl%;lar%sglyg’lygg glllf;[xlpgo?tédly found that 5,6

dihydro pyran-2-one (V) can be obtained conveniently from acryloyl ester (TV)

5 via a mild and efficient one-step ring-closing metathesis reaction in the presence
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

10 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 (TI) 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

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

DETAILED DESCRIPTION OF THE INVENTION
Definitions
(C1-Ce)alkyl means both straight and branched groups; but reference to an
20 individual radical such as “propyl” embraces only the straight chain radical, a
branched chain isomer such as "isopropyl"” being specifically referred to. Thus,
(C1-Co)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,
25 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.



25 or anount, neans the value specified in relation to the quality,
condition, or anpunt is nearly exact, or nearly or nore or |less as
specifie 089894 PCT/1B2004/ 001120 -18 If ranges defined by two
endpoi nt Swg%o%&%&lﬁded for a particular value disclosefCREBENHOUIZ ating,
for instance, to reaction tenperature, tinme, concentration, or
stoichionetry), that range is intended to cover the endpoints and all real
val ues, both fractions and i ntegers bgtween the endpoints. 5 Invention
Process As a prelimnary matter, the conpounds prepared by the invention
process di scl ogé@’%éﬂﬁ;‘%‘/ﬂ?d@%‘ﬂmp@n@ agh prowided éofi A particidatvaiue and may exi st

i and be yaodeoerds ALALEH HPRRALLERl Ik G LN BoaRdl ragem ¢ forms. Thus, it

is to be understoo he processes 0 present i’nvention can give

ri se to anyoricamedtion, @stagtibmatry)y thad raagt isigieh@éd®,.covér the ¥hdpodss aher eof , as
described herein. It is to _be further understood the products of the

i nventi on pH sabkaussaboth &ractiensanddnisgers hetaigew the eadppintsoneri c, or

di astsereor’rﬂ‘;egﬁgﬂw&essor m xtures thereof. Purification and
characteri zation procedures for such products are known to those of ordinary

skill in the apsapeslininayideer) e coppalnds prphe byekdihiventish pracesyel | as
chiral 15 chromatographi ¢ separation procedures as well as other nethods.
The i nvent Fisploprddieesin may day e ereonippgichirplcengrmndimatesis isapdbeused Al t hough

it depicts i : I i i qs, th nce of
reactions %Q@Ia%ggégﬁ?\éaggﬁé%@d%g%nég?%%i @J'esdﬁgés{"ﬁ%e“d’é‘aﬁi‘}%.ﬁgﬂﬁ by use of
chiral vetisodeeds ohtheresatidinhéraion@an glve\ss t@iyd@cemic driopacdly. dependi ng on
the reaction 20 type) to provide both chiral and non-chiral products. WO
2004008989 actpvefpmisy gpwixiures thereaf;jay deserihed horeing It isgpbe futhery ' H N Me Step a-1

understood the products of the invention process can be isolated as racemic,
enantiomeric, or diastereomeric forms, or mixtures thereof. Purification and
characterization procedures for such products are known to those of ordinary skill
in the art, and include recrystallization techniques, as well as chiral

15 chromatographic separation procedures as well as other methods.

The invention process disclosed herein is summarized in Scheme 2.

Although it depicts the synthesis of the desired chiral series, the sequence of
reactions disclosed in Scheme 2 can be modified as needed (i.e., by use of chiral
versus nop-chjral auxiliaries, Lewis acids, or ligands, depending on the reaction

20 type) to provide both chiral and non-chiral products.



Stepa HOM / Il FFOHd HStep a-2 4HgN M M e Ov Ow 111 \ / X
SteprFO Stepc 0O 4H HNM M OMIVOMYV FO Stepd/ p VI R=
benzyl , 4/dsogoy N OR Stepe H_p ~I RH COIVETF t|on process
comences vmt%/s??sesm (a)or step (a-1)/(a-2). In step 5 g')r @P*%léﬁol on of

al dehyde (I1) provides honpallylic alcohol M In step (a-1)/(a WO

2004/ 089894 PCT/ |1 B2004/ 001120 -20
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Scheme 2

Step a-1
Stepa

O 0
Stepd o)
= ’ , VIR'= benzyl aliyl
N “OR' Stepe I

I A=

The invention process commences with step (a)or step (a-1)/(a-2). In step
5 (a), allylation of aldehyde (If) provides homoallylic alcohol III. In step (a-1)/(a-



2), addition of an allenyl boronic ester to al dehyde (11) provides
honmopr opargylic al cohol Xl . Hydrogenation of honopropargylic al cohol (XI)

in step (@Dzzbwtﬁg@}(i des homoal lylic alcohol 11l1. In st egﬁ;@mgﬁ?hﬁﬂ%grféy'

group in compoun [11) is allowed to react with 5 acr

provi de acryloyl ester IV. In step (c), aring-closing netathesis reaction
provi des key internediate V. In step (d), the C3 hydroxyl group, protected
as the correspondi ng benzyl or allyliggether, is appended stereoselectively
to the compound V. Renoval of the protecti nge%r oup and hydrogenol ysis

provi des ccihpsisitépn of angliemdbargpic gater @ aldefhiydn dD pipwidevhamoprapaseyione 2 i s
d i bed i il | o ' In st
of “the t nvelptBERL PSR Aaion bEndHEur Bl ARE NS AP 15) ' 15° 1P ng”

1M  wher ei prdfidss onkdaBlyliSalbbiol IB( OH) 2, Culi, MyBr, ZnBr, InBr, SnR3 wherein

R3 is (C-Co6)al kyl,to provide honoal | ylic alcohol 111. Methods for

perforning the a[PISSﬁ’leibﬁgw hydrogyl s1opn i compound| (IDidp allpivarhie ragce wikhdel y
ilable t j 1 [ [ I . f

& grior d r AR Bhopld' AR WP Sitenl (el Buthe ol 00T Peagent

equi val ent , metathbsiafeaetioraproyidegkdydnteanbdihte 20 Gty (@),((BICIB RRiratyly ]
di hydr oxyborane), an aléﬁlnfgl boronic_ester,_ al 1%(I_ cuprate, allyl tin (such as
al 1yl tri- rStBR-prefeciedhanias congsponding eyl eralivhic sthen s sppepdadchl or osi | ane or

allyl trie { | yad} { A preparing and
usi ng thesr?éé}gésglgegﬁ?@(gor@[a\%e%bginr?oﬁhk?@ogﬁgﬁs |Rrpg§ﬁ%%3 gégﬁ%ased on reports
in the chedijdesgdenblybie paivides coldpoyndidl e al so commercially available. 25 A
Lewis acid optionally nay be used to nediate asymmetric, i nduction and/or

medi 88e the al | yIgsyshehespaupnss dispipsed iSchemedis desesibedin gredten detathown i n

organi c sy . “ﬁ%gﬁ Lsashi Yamanoto, Lewis acids in Organic Synthesis
(2002) . Inngﬁoﬁo?lghlr et{!tlaﬁjgodi ment of the invention process, a non-chiral

Lews acid may be used to catalyze the allylation process, as depicted in
Schene 3, té’ 30 provide honoallylic alcohol (VIIl) .as a racemic mxture. In
this seri es,tePr%) desired enantionmer (l111) can be isolated using procedures

avai | abl e to t hepsiig 56k NORIMMHIEY FETGLERRAY AAHARs alytation

15 using i M, wherein M is SiCl;, SiMes, B(OH),, CuLi, MgBr, ZnBr, InBr,
SnR3 wherein Rj is (Ci-Cg)alkyl,to provide homeoallylic alcohol III. 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

20 borane (such as allyl dihydroxyborane), an allylboronic ester, allyl cuprate, allyl
tin (such as allyl tri-n-butylstannane), allyl silane (such as allyl trichlorosilane or
allyl trierﬁthylsilane), 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.

25 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

30 provide homoallylic alcohol (VIII) as a racemic mixture. In this series, the

desired enantiomer (Y1) can be isolated using procedures available to the skilled



-21 artisan, for instance, by chromatographic separation using a chiral
stationary phase or resolution of the racemc formby established

recrystal echniques. Scheme 3 FF O/ I HH NM ONM OM O
Me F fofw(h%bi@%ﬁﬁ vvi H(\ M Ow 511 In anofREBXMBUHent of
step (a) of Schene 2, a chiral Lewis acid can be wused to control the
enantioselectivity, as well as to nediate the process. In one enbodinent of
the invention process a Lewis acid g@nerat ed in situ, derived from 10 boron
tribrom de and %,apl 2-di am no-1, 2-di phenyl et hane b| s- toluenesul fonam de,
was enpl oyEésap OE)H@ 6 by chromalpemmplic sepaation usiigasthinet statfnmaryiphsise ed S | somer

Gepi ot od i ERERE of hePeot il SERTHY et IRRFRER G5t BRutiflest bo' oyt hosi s

by choosing an 15 appropriate chiral Lewis acid. In this reaction variant,
conmpound (VIIl) is readily converted to the preferred enantioner (111) under
conditions available to the skilleghemedsan. For instance, M tsunobu-type
reaction of (VIIl) in the presence of triphenyl phogphine, tributyl
phosphi ne or the like] diethylazodi carboxylate or ap equival ent reagent
such as di-i spopropyfl axodi carboxylate or 20 1,1' (3 | car bonyl ) di pi peri di ne,
and a carboxylic acikd_siuch as benzoi c, fornic, or

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

10 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

15 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

20 1,1’ (azodicarbonyl)dipiperidine, and a carboxylic acid such as benzoic, formic, or



WO 2004/ 089894 PCT/ |1 B2004/ 001120 22 acetic acid, will provide ester Illa.
Ester Illa readily may be converted to homoallylic alcohol (IM under
reducti on ysis conditions available to the skilled artisa

Al ter natl‘\,/@lr%?,wgkg?dﬁl ic acid can be used as the acid conﬁGH@ﬁ%ﬂoﬂf"m%%e

M t sunobu reagent system to provide homoallylic ester (lI1l) in one pot. 5
Scheme 4 FF ~'1 /] Hl / N VHI NR H_HNMN OMOMI VII Il
F/~ O / | SOAR DEAD, Ph3P ? N' v \o4lydrolysis or I1l H R Reduction ON
RCO2H Me 1. MsClorTsCl R= Me, Amine Base O M H Q 2. AcOIX Ph, or 3.
Hydr ol ysi gcedic gcid} wiltpregige astet aAEsteﬂHbrmah]y\maﬁbqacmeﬁedm t he conversion of

conpound VII t.0 al so .de ed I n 4 and
requires él'lgcoaﬁcoglgf) ﬁﬁgugﬁ}ega% ?W) IEX}JI?]HSISE W"@\%ﬁﬁf t3%ea | eavi ng
group suc fskmad &tl@ﬁﬁ)&kﬂéﬁa@%ﬁ ca%ig)li@taem cfaﬁlbe hleéct z?srtﬁéamﬁ)éo gSﬁéﬁlt gkion or
tosylation or the |ike, by nucel ophilic displacement with

the Mitsunobu reagent system to provide homoallylic ester (III) in one pot.
5

Scheme 4

I[!O
I

N/\/LKH O & /\/\/\HR_______

/\/k/\ Hydrolysis or Il <

R R
RCO,H Me eduction 1. MsCl or TsCl
O Mme R=Me, Amine Base
H, A= 2. AcO-

IX Ph, or 3. Hydrolysis or [H]
CH=CH, (1)

DEAD, PhgP

An alternative approach to the conversion of compound (VII) to compound
10 (I} 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 HI. Methods are readily available to
15 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
20 Base when allyl trichlorosilane is used. See Denmark, et. al., J. Am. Chem. Soc.
2001, 123, 9488.



an appropriate oxygen nucl eophil e such as acetate to provide the ester.

Reduction or hydrolysis of the ester provides conpound M Methods are

readily a%ioam@?sho 15 the skilled artisan for perform nap;hi s sequence of
t

t ransf or mat1ons. is worth noting that a Lewis acid i SAB2WMUIAsar y
reaction conponent in sonme cases, as when allyl trichlorosilane is enpl oyed
In the presence of an am no al cohol or dianline. See Kinnaird, et. al., J.

Am Chem Soc. 2002, 124, 7920. It i,%_al so worth noting that the reaction
proceeds in the presence of a Lewis 20 Base when allyl trichlorosilane is
used. See Denmark, et. al., J. Am Chem Soc. 2001,123, 9488. WO

2004/ 089894 PCT{ |1 B2004/Q001120. -23 .1n _one enbodi nent of step (a) of the
i nventi on proceé"s‘?ne’teirfé’0 %?r%ﬂfﬁtﬁgiar)f?ﬂﬁfm‘m’émalwgﬂeéﬁ’iﬂlﬁ?t?lé%’é’megﬁ conponent s

i s typical byhaapyienédRb&ion compdneiy istphiea ifgfygle; 5 1.05-1.5
equi val ents of BIl?j(;wi s acid; andﬁrll. 05-5\1&.?]%1 ed’uﬁ?ﬁ%nt s of ally] Gignard
reagent or al | yl.O@giiyalenibfeddehydé;ent reagent. In another enbodi ment of the

i nvention proce the stochi ry. of .th allylation reaction is typically
apprgxi mat el y: i@sﬂ%"% ?Pé‘?gﬁ‘e‘%‘f‘ a%{fioeéﬁ/de; 1.05-1.3 equival ents of Lew s
acid; and 1.05- {08 199%turel&d St Ayl Brphhrad BReECh &iEHAnd Gignard
equi val ent reagent. dqun still angt helgxenbocﬁ@rrent Yg}? t esli %@gﬁlﬂ%ln process,

the stochi magent. of 15 the allylation reaction is typically approxi mately:

1.0 equival ent pof aldehyde;. 1.05:1.2 equivalents of Lewis acid; and 1.05-1.2
equi val ents of §1 WP“*&P%&H‘?}FEHF %fa‘é%m"% OILPIOGESS 3Pe éthlghl&lega&?\;%ﬁ ent reagent.
20 I'n one giagfkbRAdioAfis gﬁ&dlygﬁ@%%{%tﬁypcess, the concentration of the

al dehyde in dichloronmethane i3 y approximately 0.05 to .125 mM
10 1.0 equivalent of aldehyde;
1.05-1.3 equivalents of Lewis acid; and
1.05-1.3 equivalénts of allyl Grignard reagent or allyl Grignard equivalent
reagent. ' '
In still another embodiment of the invention process, the stochimetry of
15 the allylation reaction is typically approximately:
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.
20 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
25 . 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
30 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



I n anot her enbodi nent of the invention process, the concentration of the
al dehyde in dichloromethane is typically approximately 0.075 to .10 M In

still an ment of the invention process, the concentration of 25 ,
the al dehyge 0Pﬁ6%?)ghl oromet hane is typically approxi mat EFV/IB208H01L200 09 v

The tenperature of the allylation reaction typically is in the range of
approximately -78 C to approximately roomtenperature, or 25 C. The tine
required for the allylation reactionsgyypically is in the range of
approximately 12 to approximately 24 hours, or until the conventi onal

anal yt i calskilpd artésahchrjreadily adjhst sl fEhicorpakiPhd@ens mslnecsied ta bptimizhe reacti on has

achieved co Ieti%'n. | n ngyner%l . the tinme and tenperature paraneters of the
al |yl at i orf SRR oM TRV P24¥ewhat  dependi ng on reaction concentrati on

and stoi chi onetmy ty[iba pY§eed@Phi}BS Rt a B4l TRARO4 O Pnbifled inddusSki | I ed arti san

can readily adjust”the reaction pdraneters as needed to optimze reaction
yi el ds on @&,9)tin2-dipmine: 1 Zadiphenylethane thyspiobnegul fooauide ds disywileding a chiral

Lewi id ted i [t S, S) -1, 2-di I nq-.1,.2-di ph th
ot S e AETE AR LRl HardRhid i T o ARBISHALD oo
non- prot i Cin%ﬂu\bﬁ'ﬁnis‘cgkbsigiélgﬁ?,'f& dxafpld, dRhictbReth@the, Eﬁ'l%ﬁdf?l‘f?,“lt,l,‘i’n process

I ncl ude, for exanple, nl oronet hane, chloroform 1, trichl or oet hane,
1,1, 2 tri chicblooethuaed, ha drichhearotthame antiythe k.| Pypicillyhdichlorendtbareis s  used. The

m xture of the chrial auxiliary in solvent is then cooled to 0 C and BBr3
i s added &Sﬁavﬁg%“‘é’fm’& %Chgﬂ'?/ﬂ IR N $QVIRaF E‘Pﬁocg?fgtor%éii“?‘gn t eneper at ur e
10 at 0 CaBﬁﬂqs LGRY drd ¥l sd A B Esdfficisht tb uEfntdin e fég&?«fglrtégleﬁér £S and then

is allowe to warmto roomtenperature, 1s stirre an additional 40

m nages, axd 9 TheaBsulGyeixtie dd stiirddrat 02CUor 10 htmitésinduRer 18 allakeéd up in a
sol vent such as dichl oronet hane and concentrated in vacuo again to renove
excess bort@rvarpyopeepitereperaties, isstirgd foran addisionalj 40sminpteg, and igliheR| or onet hane

and the resul fi X1 | . t.hiss.cool ed reaction
m xture i séogla%idetg’geéﬁﬁgﬁ%&ﬁ' ufn}%trgﬁ?d&ﬁggagégﬁﬁlssngg ﬁdggmtsp}f il yl stannane, after
whi ch the dieklotdmelgangiand voiehisatediinRdud agaif thicaivive bRsgebaotr e and stirred
for approxinately 1 to approxi mtely 4 hours. i
tribromide. The residue is then dissolved in dichloromethane and the resulting
15 mixture is cooled to 0°C. To this cooled reaction mixture is added an allyl metal
reagent such as tributylstannane, after which the resulting mixture is warmed to
ambient temperature and stirred for approximately 1 to approximately 4 hours,
‘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

20 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
25 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
30 to the skilled artisan. See R. Haruta, M. Ishiguro, N. Ikeda, and H. Yamamoto. J.
Am. Chem. Soc. 1982, 104, 7667; N. Tkeda and H. Yamamoto. J. Am. Chem. Soc.



The m xture is cooled to -78 C and the al dehyde (11) dissolved in

di chl oronet hane is added dropwi se. The m xture is then stirred for an

addi ti onafy 2%94,%@8 40 24 hours. Conventional workup and Eurl fi catl on af f ords
t he deswe product. Step (a) Aternative: Steps (a-1) ﬁi'j’f

alternative to step(a) is depicted in step (a-1) and step (a- 2) and

i nvol ves the addition of an allenyl boronic ester to aldehyde (lI1) to provide
the 25 honopropargylic al cohol XI, fxll owed by hydrogenation. Step (a-1)
The reaction of allenyl boronic esters with aldehydes, and nore notably, the
use of -chi #86, 408.4831Ehd:Corey GIels, dnd RAinkess &l Aot Chean. Spot #2905, i s wel |
known 30 5){)2 ?gg skilled artisan. See R Haruta, M Ishiguro, N |keda, and
H. Yanmanot ‘Am Chem Soc. 1982, 104, 7667; N. |lkeda and H. Yamanoto. J.
Am Chem Soc. mm:%s&&&tﬁﬁ&rhéﬁ%@%eﬁ%@ w1ﬂ12a'§leﬁﬁ§§m§aﬁ8acﬁf33 E. J.
Corey, C M Yu, and D.-H Lee. J. Am Chem Soc. 112, 878. In a
non- chir al PI@DWP@:M desﬁﬂhﬁllﬁ%tﬂi@i’a aafl &b Rpgeangady. A %dﬂeﬁytti&ﬁém c acid,

prepar ed r ient. Soc. 1986,
" 308, v | g{%@@gi‘&fgse 8}?8Bfr°8s%yf‘wf8h%h>9ﬁa? Byica 5801 od i n Sohene ©.
Scheme 5 F B(OH)2 HI -~H/ | N“vv HcNM OM XIIl 10 In a
chiral context, depending on the chlral auxiliary enpl oyed, either
honopropargylic acid (X) or (X |)Sokgme&s prepared, , as shown in Schene 6.
For exanple, as described in R Haruta, M Ishiguro, N Ikeda, and H
Yamanot 0. J.

H, B(OH),
W H
1 =
10 In a chiral context, depending on the chiral auxiliary employed, either

homopropargylic acid (XT) or (XIT) may be prepared, , as shown in Scheme 6. For
example, as described in R. Haruta, M. Ishiguro, N. Ikeda, and H. Yamamoto. J.
Am. Chem. Soc. 1982, 104, 7667 or N. Tkeda and H. Yamamoto. J. Am. Chem.
Soc. 1986, 108, 483, the addition of a chiral allenylboronic ester generated from

15 allenylboronic acid using (+)-dialkyl tartrate, such as diethyl, di-isopropyl,
dicyclopentyl, dimenthyl, dicyclododecyl, or di-2,4-dimethyl-3-pentyl tartrate,
will give rise to homopropargylic acid XI. The use of a (-)-dialky] tartrate will
provide homopropargylic acid X1I. Other variants of the approach are known to
the skilled artisan and include, for example, the procedure described in E. I.

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



Ain. Chem Soc. 1982,104, 7667 or N. |lkeda and H Yamanoto. J. Am Chem
Soc. 1986, 108, 483, the addition of a chiral allenyl boronic ester generat ed
from1l5 a nic acid using (+)-dialkyl tartrate, such as diethyl,

di -i sopr o{gﬁw‘bﬁﬁégécl opentyl, dimenthyl, dicyclododecyl PCB’FBZGO‘”OO“Z“

di -2, 4-di met hyl -3-pentyl tartrate, wl I give rise to honopropargylic acid
Xl. The use of a (-)-dialkyl tartrate will provide honopropargylic acid M
Q her variants of the approach are kpgwn to the skilled artisan and

i nclude, for exanple, the procedure described in E. J. 20 Corey, C M VYu,
and D.-H Lee. J. Am Chem Soc. 19deme®, 878. WO 2004/ 089894

PCT/ | B2004/ 001120 -26 Schenme 6 F H,,,B(OH)2.1 i HH5 , Ra., pHa 1l RQ2C
OH\ N~H NM RXRCOHO0 M (+) or (-) XI Ra= OH, Rb=H X Re H Rb= OH
In a typical procedure, allenylboronic acidsT&n be conbined with (+) 5

diethyl tartrate in tﬁ;rahy (OHler an as des @ in N lkeda and H.

Yamanoto. J. Am Che 1986, 108 he etrwycﬁofuran can be renoved

in vacuo, |eaving nic M)%)Qan/% used wi t hout
to™a

further purificat%on. RE.deh (1) ca b adde | uti on of the
al I enyl boroni c ester in to uene or the I,'j ke fromapproximately -80 to
approximately -10 C naI vvo pWO (exdeaction into diethyl ether,

dryi ng over nagnesium siﬁ{ e, and entPade on in vacuo) and purification
(silica gel colum chro aphy) give rixpa 1@n, Fﬂ)gr,rppr opargylic

al cohol XI. The sane procedure, except enpl oyi QHRT ?—l hyI tartrate, wll
give rise to honopropargylic alcohol XIlI.

In a typical procedure, allenylboronic acid can be combined with (+)-

5 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
(TD) 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

10 (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.

15 Step (a-2)

Hydrogenation of homopropargylic alcohol (XI) will provide homoallylic
alcohol II. 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

20 catalyst, which is a lead-modified palladium-CaCO; catalyst, is generally
employed for this transformation (See H. Lindlar and R. Dubuis. Org. Synth.
1973, V, 880).

Step (b)



15 Step (a-2) Hydrogenation of honopropargylic alcohol (XI) will provide
honmoal | ylic alcohol Ill. Conditions for effecting the hydrogenation are
wel I kno t skilled artisan and may be carried o r

het er oge\rllﬁguzgmgdggsc?f‘tlons or honbgeneous conditions. Thgeﬁgﬁﬁ&‘gﬁ‘é}?@ous
catal yst known as Lindlar's 20 catalyst, which is a | ead-nodified

pal | adi um CaCO3 catal yst, is generally enployed for this transformation
(See H. Lindlar and R Dubuis. Og. Synth. 1973, V, 880). Step (b) WO
2004/ 089894 PCT/ 1 B2004/ 001120 -27 In step (b) of the invention process,
honoal | yl i ¢ al cbiasép () bf theiigvantion @rdacess, héixoaltydictahehab @) sydonestedr (V) upon
reaction with O , wherein Xis d, Br, IH qu(or 0, and Ris H,
(Cl-C6)al kyl, or phenyl, or upon reaction thy"an acryloyl activated ester

equi val ent tom@a&@ﬁa PEAAAT¢Pu nw1 ry' oyl achhuaied is &1, BRLeT

equi val ent” nean$ an acry ydr| de whérein is d stérically M
M O M hinB ety such as 0 . It al so neans an acryolyl m xed
anydride generat@éd fro r'%w? ﬁh&g{?r of ormate, or-from carbonyl_ di-imdazole. The
reaction off an aPcon®d Kig ~eoalkyle o Bhiendfle O MPATRGATHAE Wi ahi xed anhydri de
s well kn O« i fication:

Met hods, Rg%i@%o:yg%cgtv%dg&%o Eg |?I%§ |on eoi;%é[ & élam ?03) I n
geneal , t bgeregadklent’ memsianasryldyd xmnexhalmfydﬁde where X%esﬁﬁ@ﬂ\l as

triethylam ne, di-isopropyl ethMI am ne, DBU, or DBN, or the Iike in the

presence of a catalytic anpypt Bf 4- (di net hyl am no) pyri di ne (DVAP). The
transformati on proceeds snoORf Qui t hout protection of the am de nitrogen.

AL Lernat v, BESCSIES QoY o <0 e 17 aelnSURL 05, SLG, B0 e Ve O
generated from a chloroformate, or from carbonyl di-imidazole. The reaction of
an alcohol with an acid chloride, anhydride, or mixed anhydride is well known in
the art (See, for example, Junzo Otera, Esterification: Methods, Reactions, and

10 Applications,Wiley-VCH, Weinheim, 2003). In general, the reaction requires the
use of an amine base such as triethylamine, di-isopropylethylamine, DBU, or
DBN, or the like, in the presence of a catalytic amount of 4-
(dimethylamino)pyridine (DMAP). The transformation proceeds smoothly
without protection of the amide nitrogen. Alternative procedures may also be
15 - used, such as relying on the use of carbodiimide coupling reagents.
In one embodiment of the 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;
20 1.05-1.5 equivalents of anﬁne base; and
0.1 to 0.5 equivalent DMAP.
In another embodiment of the invention process, the stoichiometry of the
reaction is typically approximately:
1.0 equivalent of homoallylic alcohol;
25 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:



I n one enbodi nent of the invention process, the stoichionmetry of the
reaction conponents In the esterification reaction is typically
appr oxi maiv@y o4/0 equi val ent of honoal lylic al cohol; 1. eqU|vaIents
of acryolyl ch or e; 20 1.05-1.5 equival ents of an1neP5§§§”mQWH .1to
0.5 equi val ent DVAP. I n another enbodi nent of the invention process, the
stoichionetry of the reaction is'typically approximately: 1.0 equival ent of
honoal | yl'ic al cohol; 25 1.1-1.4 equiygal ents of acryolyl chloride; 1.1-1.4
equi val ents of am ne base; and 0.15 to 0.4 equivalent DVAP. In stil
anot her enmbodi nedequivalettef homeniylivralgnbotess, the stoichionmetry of the
reaction is typj ap t el 004/ 089894 PCT/ 1 B2004/001120 -28
var ent bt GORNRRE e araghbFords

1.0 equi val ent €15-1. 3 equi val ents of acryol yl

chloride; 1.15 is5 330guiviRh@Wfankhe B¥bmdbase; and 0.2 to 0.3 equival ent
DVAP. 5 In one enbodient of the invention process, the concentration of the

acryl ate ester Q.htald.3bi@vdemtDidd.i s typically approximtely 0.01 to 0.05
I n anot her,_enbodi I nyention ocess, . the c centration of
the Acr yI ate esPdpne FW%&WB?%%?W&H@O? BIOCEsS; ti‘SPP@ceBBBV(Hk‘P n‘g?el y 0.015 to
0. 045 I t he
acl‘ﬁa’t%tebﬂmL ind he&glﬁlggﬁgge;y ’@'Efcl afly rﬁﬂi‘@xﬁﬂlﬁﬁ@ 0270 BIOBGHRES

concentration of 10 ‘ oronet hane is typically
appr oxi mat el y OnGaother @nlnwmmu OF Itlee inemfememwaes dlte ¢dneentsatmniof iileat i on

reaction t icaII LS. eof roxlmatel ature, or
appr oxi mat e§s n ﬂlcglﬁi ?ﬂ:' Em’l%y Pmﬂ"@atf‘lp’r%o#sgtaiﬁ(pg r the

reaction typl cajnlskiliafiother dtOIRAIEE B n%Fb%fobeé&s%' bhe%oﬁ&n&a%%f mately 24
hours, or until the conventional analytical 15 techni ques such as TLC or

HPLEDi ndi cthe eldehyde it dishlozemethene i3 dypicallyi appeakimately 0.02 to 0.04 mM.,

The temperature of the esterification reaction typically is in the range of

approximately room temperature, or approximately -5 °C, to approximately 20 °C.

The time required for the reaction typically is in the range of

approximately 4 to approximately 24 hours, or until the conventional analytical
15 techniques such as TLC or HPLC 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

20 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

25 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.

30



conpletion. In general, the tinme and tenperature paraneters of the reaction
wll vary sonmewhat depending on reaction concentration and stoichionetry.
The skill n can readily adjust the reaction par arreters as needed to
opti ni zeﬁé%"ta{ogdr?gﬁm yields on a run-by-run basis. |n SVH2eUH0Hcedure,

5- (4- Fl uor o- phenyl ) - 1- ( 3- hydr oxy- hex- 5-enyl ) - 2-

i sopropyl - 4-phenyl -1 H pyrrol e-3-carboxylic acid phenylamde (Il1l) is
dissolved in a polar non protic solugnt such as dichloronethane. The
reaction is cooled to - 5C and an am ne base such as triethylam ne is added,
al ong wi tBtep (cht al ytic 25 anount of 4-(di net hyI anl i no) pyri dine (DMAP). To

this cool ed reac ture .is_slow | oyl chl oride dissolved in
di chl or onet han d Gpg%%lﬁé?venfl?‘?gﬁoﬁ%s %'/ﬁrﬁl@y%‘?&/tm FEMES e added as
needed t ocl@émg enekd1Resi:SA T 8seinbe o PRRhEEenSHus &Eﬁw‘h&@ﬁh& @a&al%eﬁbur eis
guenched, wor up, and purified under  conventional conditions to provide

TV. 30 \A@male/in@@l&mromn %29@W061m2@eroﬁgmta$wplyste)ara avageldp (c) of the

i nvention cess est er oes r|n .0Si metathesis in
{ he Spr ecelBRERoR S R bR p LRSS B S8 130 e 5. 6

di hydro piﬂsﬁaﬂc@n@ﬁ%eké(ally“aﬂﬂﬁﬁl@bls%cgiﬁbﬁéxyﬁﬂabé‘ﬂlﬂﬁé)%eﬁ%y%d@ﬂ@' lable 5 for the
pur pose of erform n ghlégtgc osi ng$ net at hési s reactions, including, for

i nst ance, ((I\é)l A &#Pmibbs’ {atalystyin thegsepensh of pbrienes ofbenzy| i dene

r ut heni b ence or absence
oS oY PN GRS A Y o PRERTSES O, 05
5426; SeeglBlAK. /Ghogh atdHsheiaNdorg. Chéh,, 2000 @59477@%%&?&@& cid, 4779 and

references cited 10 therein; G ubbs, R H. 'and S., Tetrahedron Lett.

1998, 54, thewis; Grobbs R. H. and Cheagi Susd eimahedind Lmui_wu 4,4313; Gogsy,Lett., 2001,
3001 40, 18 %rdda@&a"yan blyBbug. %, 0Bk Telf- 2601, 3 %ﬁ:%%?te ol & gndrEgg ’
Vo, Og. bfd Metz, 20Uhg. 8hert.Int. %d E'ng Rmmcm@rldﬂsameduy M. \quesbhckc'md H C
Brown, J. Indian. Chém Soc 999,
P., Hoch, N. and Ramachandran P.V., Org Letz., 2001, 3, 19; P. V.
Ramachandran, M. V., Reddy, and H. C. Brown, J. Indian. Chem. Soc., 1999, 76,
15 739; Greer, P. B. and Donaldson, W. A., Tetrahedron Lett., 2000, 41, 3801;
Ghosh, A. and Wang, Y. Tetrahedron Lett., 2000, 41, 2319; Ghosh, A. and Bilcer,
G., Tetrahedron Lett., 2000, 41, 1003; Ramachandran, P. V., Reddy, M. V., and
Brown, H.C., Ghosh, A. and Wang, Y. Tetrahedron Lett., 2000, 41, 583; Ghosh,
A., and Liun, C., Chem. Commun., 1999, 1743; Ghosh, A. K., Capiello, J., and
20 Shin, D. Ghosh, A. and Wang, Y. Tetrahedron Lett., 1998, 39, 4651; Reddy, M.
V., Yucel, A., Ramachandran, P. V., J. Org. Chem., 2001, 66, 2512 ).

PCy3
Cl//,’

cI» Hlu__\ : A

Ph
PCY3

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

25 process is B.



15 739; Geer, P. B. and Donal dson, W A., Tetrahedron Lett., 2000, 41,
3801; Ghosh, A and Wang, Y. Tetrahedron Lett., 2000, 41, 2319; Ghosh A
and Bil cewomgimsgg'ﬁtrahedron Lett., 2000, 41, 1003 Ramachandr an

Reddy, M 'V.> and 'Brown, H. C., Ghosh, A and VWang Y. ?EF@WQ‘UP‘HF@W&H
2000, 41, 583 Ghosh, A, and Li u, C, Chem Comun., 1999, 1743; Ghosh A
K., Capi eI lo, J., and 20 Shin, D. Ghosh, A. and Wang, Y. Tetrahedron Lett.,
1998, 39, 4651, Reddy, M V., Yucel, Ajg. Ramachandran, P. V., J. Og. Chem,
2001, 66, 2512 ). PCY3 O~ | u- A Ph PCy3 An alternative catalyst for
use in the netathesis reaction o invention 25 process is B. WO

2004/ 089894 PCT/ 1 B2004/ 001120 ¥ i-Pr 13 N Ph (F3C)2MeCO h,,,,, Il
of (F3C) 2MeCO~- Me See, e.g., $throck,} R R, Mirdzek, J. S., Bazan, G C.,
Robbins, J., D Mre, I\/l, and I M B., J. Am Chem Soc.

1990, 112, 3875; Bazan, . = ?chr ock R R, Feast, W J.,

G bson, V. C., ORegan I\)l B., . K, Davis, W M J. Am Chem
Soc., 1990, 112, 8378; Bazan, C. , Clskam J. H, Cho BH. N., Park, L. Y.,
Schrock, R R, J. Am Chem Soc.,N1991, pPhl3, 6899. An additional
alternative reactl on a%pb%&c‘?gol S t gener te the catalyst in 10 situ, as
provi ded i n Morgan, & Org. Lett., 2000, 2, 3153;
Huang, J., Stevens, E. D., Nolang S Meen, J. L., J. Am Chem Soc.,
&&an é21P 2\6}3.74, Fur st "EEJO)ZNﬁéCO hiel, 0., Agkerman, L., Schanz, H J. and

See,-e.g., Schrock, R. R., Murdzek, J. S., Bazan, G.C., Robbins, J.,

DiMare, M., and O’Regan, M. B., J. Am. Chem. Soc. 1990, 112, 3875; Bazan, C.,
5 Khosravi, E., Schrock R. R., Peast, W. J., Gibson, V. C., O’'Regan, M. B.,

Thomas, J. K., Davis, W. M., J. Am. Chem. Soc., 1990, 112, 8378; Bazan, C.,
Oskam, J. H., Cho, H. N., Park, L. Y., Schrock, R. R., J. Am. Chem. Soc., 1991,
113, 6899.

An additional alternative reaction approach is to generate the catalyst in

10 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,

/ \ f o \ Mes”” " N\Mes

N N N N
Cl
Mes" \Mes Mes””" \Mes %"R" i

Clyy,, Gl a”” |I=c,y
Ru=—— ‘Ru——- 3
a” | “~Ph a” | “Ph Q
PCys , PCys ,Or or
15 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.
20 In another embodiment of the invention process, the stoichiometry of the

reaction is typically approximately:



Org. Chem, 2000, 65, 2204). Such catalysts include, for exanple, NN N N
M-\Mes G/i,., M Ms Mes/ Mes Ph'au CASAdQIl,. POs Q C Ph C Ph
PCy3 PCy 15 the like. In one enbodi nent of the invention process,
t he stoi g‘ﬁ?oz@rf@{or%gsgéf the reaction conponents is typi caﬁm%@ﬂzﬂately:
1.0 equivalent of acrylate ester; and 0.025-0.075 equival ents of catalyst.
20 I n anot her enbodi nent of the invention process, the stoichionetry of the
reaction is typically approxi mately: 3\¥{0 2004/ 089894 PCT/ | B2004/ 001120 -31
1.0 equivalent of acrylate ester; and 0.04-0.06 equivalents of catalyst. In
still another eh®egurapnt cffcrytte estereand on process, the stoichionetry of the

reaction is tygigahly approximately: 5 1.0 equival ent of acrylate ester; and
0. 045-0. 055 eqm'@égbgﬁteggﬁf’ﬁggﬁlc?&?tl n one enbodi ment of the invention
process, the cORGENahatheOMBiditbf of A Mb&Hidn PedREs, ik WbieRibRERYBE hane is

typically approximately 0.05 to .125 nM | n another enbodi ment of the
i nvent i on the sacken istypicalbyrappraximatelyn of the 10 acrylate ester in

erbodnent of 1 k0 ERUERER oBRERE B Concentr ation of  the acryl ate ester
I n di chl or onet hae$s5-0955 ¥ 'jGﬁéﬁtyoﬂm%j mat el y O. 0_9 to 0.10 MM The
tenperature of the netathesis reaction typically is in the range of
In one embodiment of the invention process, the concentration of the
acrylate ester in dichloromethane is typically approximately 0.05 to .125 mM.
In another embodiment of the invention process, the concentration of the
10 acrylate ester in dichloromethane is typically approximately 0.08 to .11 mM.
In still another embodment of the invention process, the concentration of
the acrylate ester in dichloromethane is typically approximately 0.09 to 0.10 mM.
The temperature of the metathesis reaction typicaily is in the range of
approximately 25 °C to approximately 50 °C.
15 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
20 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
Ci/’l /1,

oI HIU‘——‘\
warmed to reflux, Grubb’s catalyst A PCys Ph, (CAS #1246047-72-
25 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:



approximately 25 C to approximately 50 T. 15 The time required for the
reaction typically is in the range of approximtely 4 to approxi mately 24

hour s, conventional analytical techniques @ﬁﬂ
i ndi cate ‘?ﬁ%‘h 0ﬁse@?eactl on has achi eved conpletion. In g ergﬁ‘ﬁm!#e tinme and

tenperature paranmeters of the reaction will vary sonewhat dependi ng on
reaction concentration and stoichionetry. The skilled 20 artisan can
readi |y adjust the reaction paranetergjas needed to optinize reaction
yields on a run-by-run basis. In a typical procedure, (IV) is dissolved in
di chl or omet hane. The Smallerqeantitiss o gaalystidrensbded beausenof typiesilyphe ged wi t h

i 1 iU Ph warnmed to refl ux,

G ubb s cat al yat A POTER UIpRRE RIS 0f homaensRu Al o G
di chl oronet hane i's adgagiend) &m&&aﬂ;mb%v@ﬂahew%fm sforaﬁfléff' ux for

approximately 12 to approxi'mately 24 hours. Wrkup and purification under
conventi onal procedurBs q.’m]ntyltdﬁmptodlﬁﬂmismlemﬂcubmnappimmlhnmnn(V) via this

ring ¢losing reaction, rticul ggl‘% when a honbgeneous catal yst is
enpl oyed, incl ude: fé@ N6 89 o Yassonanagemeprequissmentgalid o quantities

of catalyst are neede‘gwﬂgﬁﬁgﬁtglggméﬁg?l cally the high turnover nunbers of
honogeneous catal ysts, 1 ncreasing ficiency and reducing the overall cost

of the transformat korTheoabllig tabinl thé YeadcBonsli rgiind thigperioresmal € reactions in a
m nimal anount 5 of solvent, thus reducing waste nanagenent reqw rements
and envi ronnent al coﬂ@é’?ﬂ@mWTQHPWWU‘%SF[WGF%@W@M@@% at room

t enperature and at use
specialized pressuri %%%?%ﬁdﬁr{)??&o}r%gg%lkgﬁg%%@ga h@&é\nﬁlngsgnog¥$?yl ng wor k- up
10 procedures; and
e An overall reduction in the number of synthetic steps needed to

make the compound stereoselectively.

Step (d)
15 Step (d) of the invention process is disclosed in United States Patent No.
6,476,235 (conesponding to USSN 10/015,558, allowed as of July 22, 2002).

Step (e)
Step (e) of the invention process is disclosed in United States Patent No.
20 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

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



10 procedures; and An overall reduction in the nunber of synthetic steps
needed to make the conpound stereoselectively. Step (d) 15 Step (d) of the

invention process is disclosed in United States Patent 35
(corresp&fﬁ?%é{‘)’fggs"{JSSN 10/ 015, 558, allowed as of July 2&;0171%@)5@31@20& ep (e)
Step (e) of the invention process is disclosed in United States Patent No.
20 6,476,235 (corresponding to USSN 101015, 558, allowed as of July 22, 2002)
provides 1, which is a convenient pregursor to atorvastatin. EXAMPLES The
foll owi ng exanples are intended to illustrate various enbodi ments of 25 the
i nvention and are not intended t EXAMPLE t he scope thereof. WO 2004/ 089894
PCT/ 182004 /Ryeparation of 3-(@<EMere-phekylplaBdiydraxyphex-5-enyl)-2-isopropyl-4-

5- (4- FI uor o- pheny| phényt-dHpgrroleS-havhokyhastil-phenglapiiae AT -

phenyl - 1H- pyrrol e- 3-carboxylic acid phenylamde (I11l1) FF ~ ~IO OH | N v
'"HH- HHM ONM @M OM \ 511 Il Aflask was charged with 1.25 g
(2.4 mmol, 1.14 equiv){ of (S, S-1,2- diam no-1, 2-di phenyl et hane

bi s-t ol uenesul f onam foll owed by 20 m of The resulting m xture
was cooled to 0.C a O mL (2.33 mmol, 1.1 10 eqt of BBr3 was added

dropwi se. The feagti oph was irred at 0 Cfo m| nut es &thd t hen al | oned
to warmto anbkent N t glnand stirred feg a adoit i dha \40 m nut es.
The reaction m xyur S concentrated 1n v acuoHan en

A flask was charged with 1.25 g (2.4 mmol, 1.14 equiv) of (S,S)-1,2-
diamino-1,2-diphenylethane bis-toluenesulfonamide, followed by 20 ml of
CH,Cl;. The resulting mixture was cooled to 0 °C and 2.0 mL (2.33 mmol, 1.1
10 equiv) of BBr; was added dropwise. The reaction was stirred at 0 °C for 10
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
15 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 (IT) 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
20 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
25 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 m] of
EtOAc and finally condensing to give .98 g (95% yield) of an oil. LC-MS API-



up in 8 m of CH2Cl12 and concentrated in vacuo. Again, 20 ml of CH2Cl2 was
added to the reaction mxture and the resulting solution was cooled to 0OC
To the 15 cooled reaction m xture was added 0.75 m (2 equi v)

of allyl WAPHHN st annane, after which the mixture vvag%%@n@gog%wénbi ent
tenperature and stirred for two hours. The reaction was cooled to -78 C and
0.96 g (2.1 mol, 1.0 equiv) of aldehyde (1l1) dissolved in 2.5 mM of CH2Cl12
was added dropwi se. After three hoursg and an additional 0.5 g of al dehyde
dissolved in 2.5 m of 20 CH2Cl2 was added dropw se and stirred overni ght.
The react i Bhnegative inniration M $96.3 hnd Mad195.3n L&aI-MDARI-ESfpopitive. 2 phosphat e
buffer. The organi er hed with 10 mM of saturated aqueous sodi um
chl ori de éﬁﬂ’%ﬁ%“%@ﬁ@ﬂ&%@égﬁme resulting m xture was dissolved in 10
m of CH2CI2 and diluted with 40 nil of heptane. The chiral diam no
auxiliary was recovered in 97%yield. The filtrate 25 was stirred with 20 nl
of 33% aqueous KF to renove tin JRKABIFIIRE organic |ayer was dried over
MySO8 and Poepaeatiaxiof Attydicadidol {ZH 2 ébiluorigphenydpsopobpHiIPphenyllid-t eri ng and
agai n condensi ng. pHenytcavbambogleateict -vilidth@Ap-bad didrybester @&)mM of Et OAc and
finally condensing to give .98 g (95%yvyield) of an oil. LCMS APl WO

2004/ 089894 PCTI | B20G#1001120 -34 ES negative ionizgion M496.3 and M1
495.3; LC-Ms5 API-ES gdositive ionization M496.3 and M+l 497. 3. EXAl ~I PLE 2
5 Preparation of Adg yc acid

1-{2-[2-(4-fl uqro- ) - 5-i sopropyl - 3- phenyl - 4-
phenyl car ba pyrrpl - 1-yIGH et hyl } - but - 3- eny; 5 (1v) BF"OOHHH M N
\Me Ove OWe G :

10 To a flask was added 0.98 g (1.98 mmol, 1 equiv) of 5-(4—F1uoro—phenyl)—
1-(3-hydroxy-hex-5-enyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxylic acid
phenylamide (IIT) and 10 ml of CH;Cl,. The reaction was cooled to -5°C and 0.33
ml (2.38 mmol, 1.2 equiv) of triethylamine and 0.048 g ((0.396 mmol, 0.2 equiv)
of 4-(dimethyl amino)pyridine were added. To the cooled reaction mixture was

15 slowly added 0.19 ml (2.38 mmuol, 1.2 equiv) of acryloyl chloride dissolved in 10
ml of CHCl;. 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 m} of CH;Cl;. The reaction was quenched with
20 ml of aqueous NaHCOs. The organic layer was washed with 20 ml of aqueous

20 NaHCOs, followed by saturated aqueous NaCl, dried over MgSQy, 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

25 and column temperature at 30°C.

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



1- (3- hydr oxy- hex- 5-enyl ) - 2-i sopropyl - 4- phenyl -| H pyrrol e- 3-car boxylic acid
phenylam de (I11) and 10 mMl of CH2Cl12. The reaction was cooled to -5C and

0.33 m . l,, 1.2 equiv) of triethylam ne and O. 0.396 mol ,
0.2 equi v“’a zg%l%éi met hyl am no) pyri di ne were added. Tgéﬁgzoé‘g%’ll&? reactl on
m xture was 15 slowy added 0.19 ml (2.38 nmmol, 1.2 equiv) of acryl oyl
chloride dissolved in 10 m of CH2Cl2. An additional 0.33 m of
triethylam ne and 0.048 g of 4-(di rrerﬁggyl am no) pyri di ne was added to the
reaction mxture, followed by 0.19 acryloyl chloride dissolved in 3
m of CH2Cl2. The reaction was quenched with 20 m of aqueous NaHCO3. The
organi c | ayer was wastled with 20 ml of aqueous 20 NaHCO3, foll owed by
sat urat ed agueous dried over MgS™, and concentrated in vacuo to give
0.9 g (88%yield) s an prange solid. HPLC Re bion tone 17.0 m nutes
wavel engt h at 4 xcet onitvgA e: water w 0. 1% forwge’ acid 80:40 (0 to 5
1 1 n) 40 (25 mn), YM C.IO Sb; 0@ 4.6x250 mMm
unn_t enper.at & 3 E 3
Preparation of 5H(4- or o- phenyl ) - 2-i sopr opyl - |.| [ ' oxo 3, 6-di hydr o- 2H
pyran-2-yl)-ethyN eyl -1 H pyrrol e-3- car boxil henyl am de (V) WO
2004/ 089894 | BZ9 Q4 120 -35 F F \ | H™N Me NM OM O
M IV V To ask was added 0.9 g (0.8 1eq e\/) of acrylate ester in
45 m 5 of Cl2. TheMi xture was degasse singl e ¥ine under vacuum
foll owed by nitrogen. The reaction was warnmed to reflux. To the reaction
m xture was added 0.035 g (0.04.mmmol, 0.05 equiv) of Gubb's catal yst (CAS
#1246047- 72- 3) Toa Basknivas ﬁae@eg@@%ﬁ@l Viedfniv) D GcyBAE Edtéin Wegnlal | owed to

stir_at reflux for 19 hours.
of CH;Cl,. The mixture was degassed a single time under vacuum followed by

nitrogen. The reaction was warmed to reflux. To the reaction mixture was added
0.035 g (0.04 mmol, 0.05 equiv) of Grubb’s catalyst (CAS #1246047-72-3) in 5
ml of degassed solvent. The reaction was allowed to stir at reflux for 19 hours.
The mixture was condensed and subjected to silica gel flash chromatography
10 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)
15 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
20 (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
25 though individually incorporated by reference. The invention has been described

with reference to various specific and preferred embodiments and techniques.



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/ he . r condensing suitable fraction 0.3 i solid
(72% i Qf(g?&\?\g?slg‘gol ated. HPLC Retention time 13.3 m gﬁj&é@&%ﬁ@%gt h at
254 nm Acetonitrile:water w0.1%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 flow rate
at 1 mM/mn and colum tenperature _g¢ 30C Chiral HPLC anal ysis

hexane: i sopropanol 90: 10 Chirapak AD, 4.6x250 nm flowrate at 1 m/mn and
col umm t effpsvexen itsheld 30 GnddrSpod dtat mizinp maridtioas 46d Biodificati@ ri#) ba et ent i on
time 19.1 mn .Ratio.of 97.22:2.78.94.4 % enantioneric excess. Al patents,
and patenﬂnmmﬁgﬁ?@mﬁwg‘Y‘HEB%%F@WBWW@E@T%‘HX@ Brein, as 25 though

i ndividual ly incorporated by reference. The invention has been descri bed
with reference to various specific and preferred enbodi nents and techni ques.
WO 2004/ 089894 PCT/ |1 B2004/ 001120 -36 However, it should be understood that
many vari ations and nodifications may be nmade while remaining within the
spirit and scope of the invention. Application Nunber: PCT/1B2004/001120
-37- Docket Number. PC 20548A CLAIM5S 1. A process for preparing a conpound
of formula (1) FO / I OC/ N""OH H



NM OM ~ ..

| conprising: (a) contacting in a solvent optionally in
the presence of a chiral Lewis acid a / conpound of fornmula (Il) with v ,

wherein Mis Sid 3, SiMe3, B(OH)2, CuLi, MyBr, ZnBr, InBr, SnR3 wherein R3
is (d-C6)alkyl, to give a conpound of formula (I11): FF / 1O 4H N OH

T
~

of base using O Application Nunber:

20548A R 'O wherein Xis d, Br, I, or 0O, and Ris H, (d- C6)alkyl,
phenyl, or an acryloyl activated ester equivalent: FF O OHOR 4H 4H N
M M O CLAIMS
A process for preparing a compound of formula (1)
S

\-ho.'

" H v AppliciorVismbds PCIORZD0OGNE 20 |

comprising:

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

/\/M
compound of formula (II) with / , wherein M is SiCl,, SiMe;,
B(OH);, CuLi, MgBr, ZnBr, InBr, SnR; wherein Ry is (C;-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 0 )

: ~/ 11137-(b) conversion of the conpound of
fornmul a (orkeyNomhsr BL20384 y| oyl ester of R1'~yX fornula (1V) in the presence
PCT/ 1 B2004/ 001120 -38- Docket Nunber:

or

PC



M OM Il IV (c) contacting in a solvent the acryloyl ester (I1V) with a
catalyst to afford 5,6 dihydro pyran-2-one V. FF O O4NJ NHHN M ? N
M Ove O IV V (d) converting the conpound of fornmula (V) to a conpound
of formula (VI) via facial selective 1,4 addition of allyl or benzyl

al cohol : AppiicdtiorBumber: PCTABIDO400NL" "OR O qig. HN M M OM O M/ VVI R=

benzyl , diofkgtNumbepPG28EA on Nunber. PCT/ |1 B2004/ 001120 -39- Docket Nunmber. PC
20548A and (e) renoval of the allyl or benzy) noiety in the conpound of

formula (VI) via bydrogenolysis to give a conpound of formulal: F OVl R =
benzyl, allyl H_NORI R=HNM OM
R / o
wherein X is Cl, Br, I, or o ,and Ris H, (C;-

Ce)alkyl, or phenyl, or an acryloyl activated ester equivalent:

DI O
/N/\/?\/\R

Neruper

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

5,6 dihydro pyran-2-one V:

F
i [ 3
O $ \fl’ﬁ
/\)\/\ =
N S ——— N
H —
N Me
ot
\")

v

(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
O g O
$ ﬂ ¢ ij
¥ Z
N N ‘OR"
H eSS H —
N Me N Me
@ 0 mé @ 0 me
v vi

R'= benzyl, allyl



2. The process of step (a) of claim1, wherein is ally] tri-n-

butyl stannane, allyl trimethylsilane, allyltrichlorosilane, allyl nmagnesium
brom de, or allyl zinc brom de, optionally used in the presence of an am no
al cohol or diamine or a Lewis Base. 3. The process of step (a) of claiml
carried Ohgplichtldn AiSerPERBERGON RS a Chirakglewi s acid, optionally generated in
si tu fronvderrambet: P¢ 5481 de and (S, S) - 1,%- di am no- 1, 2- di phenyl et hane

bi s-t ol uenesul fonanm de. 4. The process of step (b) of claiml| wherein the
base is an am ne base selected fromthe group consisting of triethyl am ne,
N, N di mret hyl am no pyridine, DBU, and DBN optionally in the presence of a
catal ytic armu&ﬁ of DMAP and the polar nonprotic solvent is dichloronethane.
PCY3 Cl lu-~ Ph 5. The process of step (c) of claiml, wherein the

catal yst i s PQ¥B Apphovdof te alylrdsdenzyP@oietyda GikdobpoatDof fotmulDieReia Nunber :
PC 20548A i -Pr i-Pr, N N. N Ph.Nee/ Mes 3C >CO'/11n, Il dg, Me Ru_
C'S Ph (F3C)2MeCO °é§%°lys‘s,t°|%‘3?“ﬁé’5m°ﬁ‘q\iﬁf@’lg“§?e ~ lutes ¢l Ph " d,i,,
Ru=\ Pcy3 CS 1 Ph/ F

VI R’ = benzyl, ally!
I R=H

M
2. The process of step (a) of claim 1, wherein / is allyl tri-n-

butylstannane, allyl trimethylsilane, allyltrichlorosilane, allyl magnesium bromide, 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 chiral Lewis acid,
optionally generated in situ from boron tribromide and (S,5)-1,2-diamino-1,2-diphenylethane

bis-toluenesulfonamide.

S 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.
PCya
CI//’I:
o et F\’Iu._——_x
Ph
5. The process of step (c) of claim 1, wherein the catalyst is PCys ,



pCY3 or benzylidene[1, 3-bis(2,4,6- trinmethylphenyl)-2-imdazolidinylidene]
dichloro (tricycl ohexyl phosphi ne)ruthenium 6. A process for preparing the
conmpound of forrmula IV, conprising converting a conpound of formula VIl via
di spl acenent reaction:. FF I \ 0 ~R OHI N N H- HM OM M/ VII O
Me CNe IV 7. Aprocess for preparing a conpound of formula Il conprising
(a) cont ?@‘E‘Fﬁ?ﬁ“ﬁ%ﬁ%ﬁ?@fwl@ptional | y¥Gn the presence of a nonchiral Lew s
acid a conpOumE O ™8t nula (11) with wherein Mis SiCl3, SiM3, B(OH)?2,
CuLi, MgBr, ZnBr, InBr, SnR3 wherein R3 is (C-C6)alkyl, to give a

Appl i cation Nunber: PCT/I1B2004/001120 -41 Docket Nunber: PC 20548A conpound
of formula VIII, followed by isolation of the conpound of formula 11l via
chr omat ogr aphi ¢ separ atj resolution. FF /1 0O/ I OH ~NH~HH N
M NM OM OMII

i-Pr i-Pr
B / \
N N
N Ph Mes/ \Mes
(F3C);MeCOI1yy,,. NU Clyy,
o “Rum——.

/ X Me o | Ph

(F3C)o,MeCO Me PCys

Mes/ \Mas ¢ #”'.'Ru
C'!/,,’ C|( l
“Ru==—-. PCya
a” | Ph O
PCys , , or benzylidene[1,3-bis(2,4,6-

trimethylphenyl)-2-imidazolidinylidene] dichloro (tricyclohexylphosphine)ruthenium.

6. A process for preparing the compound of formula TV, comprising converting a

compound of formula VII via displacement reaction:

H )= N_/=
G 0 Me o) Me
Vil v
7. A process for preparing a compound of formula III comprising

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

/\/M
= , wherein M is SiCl;, SiMe,

B(OH),, CuLi, MgBr, ZnBr, InBr, SnR3 wherein R; is (C,-Ce)alkyl, to give a

compound of formula (II) with



F /1 "OHN H e CNM OMIIl 8. A process for preparing a conpound
of formula Ill as recited in claiml, conprising: (a) contacting (11) with
an.al |l enyl boronic ester in the presence of a chiral auxiliary to give a
-compound of formula (XI): FF1~ OO " NvHy ' NHH NM NM OOW

OVe || lpplicatic@emiedhcTpismgiennat i on of _4jhe conpound of formula (XlI) to
provi de [Hogket Npybe RC2P998N Nunber. PCl /1 B2004/ 001 120 -42- Docket Nunber: PC
205648AF a / OHH2 -'" N~ 111 H NM OM

compound of formula VIII, followed by isolation of the compound of formula

I via chromatographic separation or resolution:

8. A process for preparing a compound of formula III as recited in claim 1, comprising:

~

(a) contacting (IT} with an allenylboronic ester in the presence of a chiral auxiliary

to give a compound of formula (XI):

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



Xl 9. A process for preparing the conpound of fornula VII as recited in
claim6, conprising: (a) contacting contacting (Il) with an allenyl boronic
est-er in the presence of a chiral auxiliary to give a conpound of formula
(Xi1): FF ONQH 4H OO4HHOM Me OMe Me Il XII ; and (b)

hy dr ogenatpplgsiofumben ECTaBROBMNE of formugmn (XI|I) to provide VII F .ve l \ OH
H2 VIl TiNoebe B 308841 |  10. A process for preparing a conpound of formula
VIIl as recited in claim?7, conprising: (a) contacting (I1) with

al I enyl boronic acid or an allenyl boronic ester to give a conpound of
formula (XI11): Application Nunber: PCr/1B2004/ OO 120 43_ Docket Nunber. PC
20548AFF /1 0O/ I OH i FH/ N vv H-H

9. A process for preparing the compound of formula VII as recited in claim 6,
comprising:
(a) contacting contacting (1) with an allénylboronic ester in the presence of a

chiral auxiliary to give a compound of formula (XII):

; and

=
NSNS " L w

H
N Me
o

Al

10. A process for preparing a compound of formula VIII as recited in claim 7,
comprising:
(a)  contacting (1) with allenylboronic acid or an allenylboronic ester to give a

compound of formula (XIII):



MM OMOM GNII Xul ; and (b) hydrogenation of the conmpound of
formula (XII1) to provide VIII FOHH2 NWVIII HNM C/ OM XII 11.
Compounds of the following formulae: F / I OHN H NM OMH F /I
‘SCHN H c¢,NMe M VIII Application Nunber: PCT/1B2004/00020- Docket

Number . Rfplicift iGher: PCT/IB2004/001120 43-
Docket Number; PC 20548A

O v,

(b)  hydrogenation of the compound of formula (XIII) to provide VIII

; and

11




F 1Y/ 1T OHH M 0OMGIVII F\ 0 '

OAv~'R NH- 0 M INNMIX
wherein Ris H (Cl-C6)al kyl, or phenyl; FO ~ 4CJH NM 0 M X
wherein Ris H (C-C6)alkyl, or phenyl; FO O0O' I R tC-HGNM OM

Application Number: PCT/1IB2004/001120 44
Docket Number: PC 20548A

v '
F
3
- )“\/w

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



1V, wherein Ris H (C 1 -C6)al kyl, or phenyl; Application Nunber.
PCT/ 1 B2004/ 001120 _45_ Docket Number. PC 20548A F / I OH N H GM ~ O

M./ Xt F / I OH H,~/NM ~OMXI ; and FOH HJ M OM XII
\ Application Number: PCT/IB2004/001120 -45-
Docket Number: PC 20548A

]



