WO 02/ 098854 PCT/ US02/ 17269 PROCESS FOR PREPARI NG CHI RAL DI OL SULFONES AND
Dl HYDROXY ACI D HMG CoA REDUCTASE | NHI BI TORS This application clains
priority WwooomodssS4 Provisional Application 60/296, 403 fi lrd/gsnarsy 2001
which is incorporated herein by reference. F| el d of the Inventl on The
present inventionZX RERAG NS AL R0 t¥Sn of chiral
di ol sul fones whi chpagepkeyy aater Hﬁdl @bBSREDUC'ﬂIRSEy[I[NHEEB[ES‘OHB di hydr oxy
acid HVG CoA reductase inhibitors and Tactones thereof, and to a process
for preparing HVG CoA reductase inhibitors enploying such inter nedi at es.
Summary of the | nvéhisoapFhécptesentlanmenprdorisydifremt 8dSto the synthesis
of a chiral r Kk | £o referably
via triflat e%é%%slﬁ?ﬂfll de %t%ﬁleé a?eﬁ%%j M%n%gf%ge%uﬁl% grt;%g??ng a

di hydroxy a@idchHVG Gorcoeeictaee heiebi tlor oefeBe®®ne thereof. In one
aspect of the process of the invention, a Julia- Kocienski olefination
reaction is enployed wherein the _ chi raI sul fone jnternediate is reacted
with a carboxyl al dehyde to f nternedi ate which may
be isolated in highhyi pkdsand Qﬁ{réﬁahoputélateﬁndo\l\hi abveaypbeceenverted to
the final HNMG CoA reductase nhi pti [ the. lovention In
hccor dance wTh Che B ERaRtE I enti el psehose Prefee otftieh Thr BR%pari ng
chiral sul f ohesermdd tht as e1n|m@r$wdtla¢@38f@f @lsleycﬁnowe@altﬁn@d@imﬁroxy

acid (or laclane 1her 6of Iy, 3 Lot g eOUCL A3&s | DRLPLL BT SaMhl €8 &re

process for preparing HMG CoA reductase inhibitors

employing such intermediates.

Summary of the Invention

The present invention is directed to the synthesis
of a chiral sulfone intermediate (prepared from Kaneka
alcohol preferably via triflate and sulfide
intermediates) which is used in preparing a dihydroxy
acid HMG CoA reductase inhibitor or lactone thereof. 1In
one aspect of the process of the invention, a Julia-
Kocienski olefination reaction is employed wherein the
chiral sulfone intermediate is reacted with a
carboxylaldehyde to form the desired trans intermediate
which may be isolated in high yield and optical purity
and which may be converted to the final HMG CoA reductase

inhibitor.

Description of the Invention

In accordance with the present invention, a process
is provided for preparing chiral sulfones, which are
intermediates for use in preparing dihydroxy acid (or
lactone thereof) HMG CoA reductase inhibitors which are
useful as anti-cholesterol agents as described

hereinafter.



useful as anti-chol esterol agents as described hereinafter. WO 02/ 098854
PCT/ US02/ 17269 The process of the invention includes the steps of formng
a novel chio@logsshfone 1 having the structure o\\S o 0 o FOTRBODR7269 5

wherein Ria is alkyl, cycloal kyl, ary|alkyl, aryl or_ carbonyl benzyl oxy
(Cbz); N R5 Xa or PIegess ¢f NFIRE NURASRE R r 813 0UERR FReaPkGPS afyl |

aryl al kyl orfoaygireplkHaovdd disitdl addMonarylhawind atty| st&kScuhal o or NO2
and Xa is 0 or S; by treating a solution of sulfonate of the structure 2
152000 R0 OR, where Rea is SQ2CF3,, SO2CH3, or SO2 (C6H5) -p-CH3,
with a thiol of the structure 3 3 R3SH \Zdto provi de novel chiral sulfide
440>-00Rys CRia 1 0y 9 9

. SS AN
Ry~ ORy,
5 wherein Ris is alkyl, cycloalkyl, arylalkyl, aryl or
carbonylbenzyloxy (Cbz);

N R a
e AN 5 r— X
H N
e N O U e
\R4a

where
10 R4z is alkyl, aryl, aryvlalkyl or cycloalkyl,
Rs is H, alkyl, arvl, arylalkyl, CF;, halo or NO;
and
X* is O or S;

by treating a solution of sulfonate of the structure 2

15
2 O><O ‘ (0]
R2ao\/v\/v\/U\QR1a
where Rz, 1s S0,CF3, SO02CHz, or S02(CeHs)-p~CHz, with a thiol
of the structure 3
3  RsSH
20

to provide novel chiral sulfide 4

>

o O O

s X X N
Ry ORy,

3

I

25 and oxidizing chiral sulfide 4 with hydrogen peroxide or
other oxidant in the presence of an appropriate catalyst,
such as ammonium heptamolybdate, to provide the novel

chiral sulfone 1.



25 and oxidizing chiral sulfide 4 with hydrogen peroxide or other oxidant
in the presence of an appropriate catalyst, such as ammoni um
hept anmol ybuai2a9ssse provi de the novel chiral sulfone 1. 2 POMUD2/1088854
PCT/ US02/ 17269 A preferred enbodi nent of the process of the invention for
preparing preferred RREFaFred PBREIINARES ﬁédFB?ePFSCSSEOOé EFia 0 5 1a
where Rd4a Cinoéreticn ofomher&pd¥ing SpeeFérrad kyhiral ykal Ryheor cycl oal kyl
(where Rda is refe(i bgé/oﬂlenyl), and Y is alkyl, aryl, arylalkyl 10 or
Chz, |ncludejsn i) treating a solution of triflate 2a O-O 0O TfO
RY 2a 15 with a tetrazole t hi ol or benzothi azole-thiol of the structure
3aor 3bRda N \ N, / clr\>SH N-S %3b

o 00 O

il
S\W 2
X11a/[c') 0

5 la

where

N N
7 A\
-
XY, is N—-N or s ’

where Ruy is aryl, alkyl, arylalkyl or cycloalkyl (where
R4z is preferably phenyl), and Y is alkyl, aryl, arylalkyl

10 or Cbz, includes the steps of treating a solution of
triflate 2a

>

O 0 O

o A XY
2a

15 with a tetrazole-thiol or benzothiazole-thiol of the
structure 3a or 3b

l?zsa N
N SH
. A\
N ©: -SH
N—N S ’
3a 3b

20 such as l-phenyl-1H-tetrazole-5-thiol, to provide the

novel chiral sulfide 4a



20 such as 1-phenyl-1Htetrazole-5-thiol, to provide the novel chiral
sulfide 4a 3 WD 02/098854 PCT/US02/ 17269 ~o00 X1 S OY 1is and oxidizing
chiral suio @egsaswi t h hydrogen peroxi de or ot her oxi dantpdmusobe73ep esence
of an appropriate catalyst, 5 such as anmmoni um hept anol ybdate, to provide
t he novel chiral sulfone la. The triflate 2a may be prepared by treating
chiral alcohol 2b O-O O HO OY Kaneka.alcohol 2b 10 (where Y is
preferably al kyl, and nost preferably t- oyl )owth triflic anhydride
(trifluoromethanesul fonic anhydride) amd afy organyc base,. preferably
triethylam ne or diisopropylethxlgf he, or@jani ¢ sol vent such as 15
di chl oronet hane at | ow tenperature (for exanple, from about -45 to about
0C) to afford novel triflate 2a. Qher sulfonate starting materials 2 may
be prepared starting with Kaneka al cohol 2b and reacting sane with an
appropri at e Aphydlridle, A, 2% 26 Raa (0 %8 10 #Ad) b a0 ddh A56RLARRC o
the present 1nvention, a process I's provirded for preparing trans

other oxidant in the presence of an appropriate catalyst,

5 such as ammonium heptamolybdate, to provide the novel
chiral sulfone la.

The triflate 2a may be prepared by treating chiral

alcohol 2b
O>< 0O O
Kaneka alcohol
2b
10 (wheré Y is preferably alkyl, and most preferably t-
butyl)

with triflic anhydride (trifluoromethanesulfonic
anhydride) and an organic base, preferably triethylamine
or diisopropylethylamine, in an organic solvent such as
15 dichloromethane at low temperature (for example, from
about -45 to about 0°C) to afford novel triflate 2a.
Other sulfonate starting materials 2 may be
prepared starting with Kaneka alcohol 2b and reacting
same with an appropriate anhydride 2c
20
2c R22-0-Rza -«
In addition, in accordance with the present
invention, a process is provided for preparing trans
25 olefin 6



25 olefin 6 OO R o\ CO2Y 6 4 WD 02/098854 PCT/US02/17269 where Rio is
a hydrophobi ¢ anchor or residue of an HMG CoA reductase inhibitor and nmay,
for exanmpiw@ oesgs® ,,.0 ONHN OF F (C | NNN 0=S Opershri17ds H3CL0

(e) NF 5 WD 02/098854 PCT/US02/17269 F (f) N14 5 RL X |
where Rig is a hydrophobic anchor or residue of an HMG CoA

reductase inhibitor and may, for example, be

5
(b)
Q“H /N
O —
F
F
(c)
N| X
s
O=g—
F
(d)
HsCO™ Y, X
o
N
10
N



NR2 R4 where Xis CH2, 0, Sor NR7, preferably CH2; 10 R1 and R2 are the
sane or different and are independently selected fromal kyl, arylal kyl,
cycl oal kyWwo o2abkssnyl , cycl oal kenyl, aryl, heteroaryl or oglgdeteseal kyl
(RL is preferably p-F-phenyl and R2 is preferably alkyl, nost preferably
isopropyl); 15 R4 is H, hal ogen, Cﬁ§, hydr oxy, al kyl, al koxy,

al kanoyl am no, aroylam no, or cyano (R4 irs_preferably H; R7 is H, alkyl,
aryl, al kanoyl, aroyl, or al koxycarbon; 6 WO 02/098854 PCT/ US02/ 17269
The trans-olefin 6 is prepared via a Julw& Koci enski ol efination, which
includes the steps of reacting aldehyde!l/ Q@ n 7 RIO -CH 5 with chiral
sulfone 1 in the presence of Li HVDS HYDS or other base at a | ow
tenperature (for exanple, within the rangafromabout -78 to about -30C)
to provide trans olefin 6. 10 The trans- N/n 6 may be used to forma

di hydroxy acid (or |actamthereof) HMG CoA reductase inhibitor by
subjecting trans-olefin 6 to acidic conditions to renove the acetonide and

formdiol 8 OH OH R o\ COzY 0
(@)

O

k73 "II

44, ,l/,

(h) 0

5 o
(i)
where X is CH;, O, S or NRy7, preferably CHs;

10 R; and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheteroalkyl (R: is preferably p-F-phenyl and R; is
preferably alkyl, most preferably isopropyl);

15 Ry is H, halogen, CFs3;, hydroxy, alkyl, alkoxy,

alkanoylamino, aroylamino, or cyano (Rs; is preferably H);
R; i1s H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl.



15 8 The diol 8 may be treated with a base such as an al kali netal
hydr oxi de (for exanple, NaOH) to formthe corresponding alkali netal salt

9 OH OH RWo @dsgah kali netal 0 20 9 The salt 9 nay be ccpmgamgog,dﬁgo t he
free acid 10 by treating 9 with an acid such as TFA, HO, to give acid 10
OH OH Rio\ C02H 1Bhe2brFhe-alkényl 6ddebbecbanddi ﬁlécﬁdJ!l!@lﬁHy be

hydrogenat etk ddH4 A C) o1 O0r DL OVI G e st iral efedl kyd seghd 48 OH GH Rio
- 7 WD 02/098854 PCI/US02/17269 The [actone 13 may be prepared 0

0 R] or, "roferrt e 13RS the trans-ol efin 6 under acid conditions (for
5 exanple TFA, HC1) to effect convefsion to |actone 13. The saturated
derivative of |lactone 137may be Bht&Hned by catalytic (Pd/C, Pt/C,

Pd( CH) 2) 5hydrogenati on of 13 to 14 O

with chiral sulfone 1 in the presence of LiHMDS or NaHMDS
or other base at a low temperature (for example, within
the range from about -78 to about -30°C) to provide trans
olefin 6.

10 The trans-olefin 6 may be used to form a dihydroxy
acid (or lactam thereof) HMG CoA reductase inhibitor by
subjecting trans-olefin 6 to acidic conditions to remove

the acetonide and form diol 8

OH OH
R1 OMCOZY
15 8

The diol 8 may be treated with a base such as an
alkali metal hydroxide (for example, NaOH) to form the

corresponding alkali metal salt 9

OH OH

N CO, alkali metal

20 9 :
The salt 9 may be converted to the free acid 10 by
treating 9 with an acid such as TFA, HCl, to give acid 10

OH OH
10 .

25 The alkenyl double bond in acid 10 may be
hydrogenated (H,/P4d/C) to provide the saturated alkyl
acid 11

OH OH
CO5H
Rig z
11



O RIO ///0OH 14 10 Lactones 13 and 14 nmay be converted to the
correspondi ng diols by saponification of 13 or 14 with aqueous base to
formthe ea@d2y@ses 12 OH OH R10 CO2al kali netal 12 15 |t p@dtddisobgr269
appreci ated that the process of the invention nay be enployed to prepare
pravastatin, ,atofyastacienect?inagthbeipreprugdstatin, rosuvastatin,
ni svastatin (pitavastatin), sinvastatin, |lovastatin and other dihydroxy
acid or |actone HMG CoA reductase 20 inhibptors. The al dehyde 7 starting
material is obtained by reducing the corrlesponding ester 7a 0 R10 OCH3 7a
25 with Red-Al or other reducing agent sgchiljas lithium alum num hydride or
Di bal , followed by oxidation with g 28854 PCT/ US02/ 17269
2,2,6,6-tetramet hyl -| -pi peridinyloxy (TEMPO along with Na hypochlorite to
gi ve al dehyde 7. In addition, in accordancBBwith the present invention, a
preferred Prasess.d s f Wiged- L HIEPAT inded NG PE SLGEELL; SEENEEGL oF T 0

5 example TFA, HCl) to effect conversion to lactone 13.

The saturated derivative of lactone 13 may be obtained by
catalytic (Pd/C, Pt/C, PA(OH),) hydrogenation of 13 to 14

0

/\/(l)é
Ry "ioH

14

10 Lactones 13 and 14 may be converted to the
corresponding diols by saponification of 13 or 14 with

aqueous base to form the salt 9 or 12

OH OH
COaalkali metal
Rig
12
15 It will be appreciated that the process of the

invention may be employed to prepare pravastatin,
.atorvastatin, cerivastatin, fluvastatin, rosuvastatin,
nisvastatin (pitavastatin), simvastatin, lovastatin and
other dihydroxy acid or lactone HMG CoA reductase

20 inhibitors.
| The aldehyde 7 starting material is obtained by

reducing the corresponding ester 7a

0
Rig~ ~OCHg
Ia

25 with Red-Al or other reducing agent such as lithium

aluminum hydride or Dibal, followed by oxidation with



X NR2 (trans) 4 6a 4 via a Julia-Kocienski ol efination which includes the
step of reacting pyridine carboxylaldehyde 7b 10 RL O XH NR2 4 7b 4
wi th chirg@lo ®@ubégane la in the presence of Li HVDS or NaHVp@1owsooiifmey base
at a low tenperature (for exanple, wthin the range from about -78 to

about -30C) 2@ .55 privkireattais-loiRdfday IGHNYRREH r R} lefakPreh Wi be used

to forma diyydr@eenasidd do l@actong ddgfrof). HMG CoA reduct ase i nhi bitor
8a by subjecting trans-plefin 6a to acidic C‘on&;(tions to renove the

acet oni de and for i ¥FIBEIPD N ACERF GRED I LK NRPTIASEA 4 and
treating di dnw@nosdh a hase stiedd as-cesd kiad iprmtiaded hiskr odateafisuch as

NaOH) to.f ortrﬂealp%faelferqfeetdaltrsaarls:t_o ad \g 02/ 098854 PCT/ US02/ 17269

via a Julia-Kocienski olefination which includes the step
of reacting pyridine carboxylaldehyde 7b
10

with chiral sulfone la in the presence of LiHMDS or
NaHMDS or other base at a low temperature (for example,
within the range from about -78 to about -30°C) to

15 provide trans-olefin 6a.

The trans-olefin 6a may be used to form a dihydroxy
acid (or lactone thereof) HMG CoA reductase inhibitor 8a
by subjecting trans-olefin 6a to acidic conditions to
remove the acetonide and form diol 8a

20

and treating diol 8a with a base such as an alkali metal
hydroxide (such as NaOH) to form alkali metal salt 9a



Rl OH OH C02 alkali netal X NR2 4 9a 4 The free acid is formed by
treating alkali nmetal salt 9a wth an acid such as HC1 to give acid 10a Rl
OH OH CO2Woo%/dkg82 5 R4 1 Ca Free acid 10a nay be treat edpontdnzatghni ne to
form the arginine salt 9bp COOH R1 OH OH L~ HNH CO2HH2N -- u 2 X NH N
R2 9o R a 10 The trans olefin nverted to its corresponding

| actone by treating 6a wth /ach Ceplkgimetal The pyri di ne car boxyl

al dehyde 7b is obtained by Xredlict|on of the corresponding ester 12a 15 R1
0 :

The free acid is formed by treating alkali metal

salt 9a with an acid such as HCl to give acid 10a

R OH OH

Free acid 10a may be treated with arginine to form

the arginine salt 9b

COOH
N_ _NH,

10 The trans olefin 6a may be converted to its
corresponding lactone by treating 6a with acid such as
TFA or HCI.
The pyridine carboxyl aldehyde 7b is obtained by
reduction of the corresponding ester 12a
15

with Red-Al or other reducing agent such as lithium

aluminum hydride or Dibal followed by oxidation with

2,2,6,6-tetramethyl-l-piperidinyloxy (TEMPO) along with
20 NaOCl to give pyridine carboxylaldehyde 7b.

- 10 -



XOCH3 NR2 12a R4 with Red-Al or other reducing agent such as |ithium
al um num hydride or Dibal followed by oxidation with

2,2,6, 6-tatg@mesday!l - | - pi peridinyloxy (TEMPO along with 2pd¥aieh/1t@egi ve
pyri di ne carboxyl al dehyde 7b. 10 WD 02/098854 PCT/ US02/ 17269 1In
addition, in accor Ellan@édwl:%ﬁnt hénpreserfanfeent tbn thehBreERRBW ng

i nter nedi at esnReepased Metf@ll&ﬁﬂwsfn@érﬁﬁléﬂé@%t@ﬁa@é@ BeVehe
conmpounds: 51. 00O R, were X1 is CfS (%—438020 or p-CH3-
(06HB) S020PrfiesRIE GWW@% nQve OC%P‘P%H (Rda = al kyl ,
aryl al kyl , aryI or cycI oal kyl), N-NNRda C/ > (R5 = H, alkyl, arylalkyl,
aryl, halko or ~--- (Xa=O or S), orCF3 C N and Rla is al kyl ,

cycl oal kyl , aryI al ﬁyl a’ryl or ChZ. I\I>Z ox/ O
o0 o

X AN
OR,,

where X; is CF3S0,0-, CH3S0,0° or p-CHsz- (CgHs)S0,0-; or
R38- or R3S80;-

where Rj is

10
IN\
Rs is NN N7 (R4q = alkyl, arylalkyl, aryl or cycloalkyl),
\R4a
Rs@. (Rs = H, alkyl, arylalkyl, aryl, halo or NO,),
Xa
©i/>— (X2 =0 or S), or CF;
N
and Rip is alkyl, cycloalkyl, arvlalkyl, aryl or CbZ.
IT.
O><O
/\/v\/v\/co2Y
15 R10a
where N represents a single bond or a double bond,
Y is alkyl, aryl, arylalkyl or CbZ, and Rigs is
(@) \/:\(0 (b) .
HO O @'NH N
O —
III,,, , F
20

- 11 -



15 R10a C02Y where represents a single bond or a double bond, Y is alkyl,
,,ONH OF 20 - 11

aryl,

WO 02/ 098@R&r2ReddswS02/ 17269 F (C) F
ocx N 5 111,

N~ OF F(f) 100 ""0

aryl al kyl

or

ITIT.

10

15

20

where

wherein Ry, is arvl,

Y is alkyl,

ChZ, and Rloa is

is

aryl,

alkyl,
arvlalkyl or Cbz.

(a) (b) HO~/ N

(e)
a \GsY 10 where XI$ is Rda

(d) / NNI

000 Xi

(h)

TyO

arylalkyl,

- 12 -

\ N/ @746\ 0=S-

or cycloalkyl; and



NNYS 11/ I \ SNNS Rda NNN-S- O N--50- 1" or 15- o0 So NNTfO
20 wherein Rd4a is aryl, alkyl, arylalkyl, or cycloalkyl; and Y is alkyl,
aryl, aryha doyosgzy CbZ. 12 WO 02/ 098854 PCT/ US02/ 17269 Ipé1/ds0241269 R10- CH
5 Detail ed Description of the Invention The terns pharmaceutically
acceptable "salt" and "salts" refer to basic salts forned with inorganic

and organicripases. Such salts include ammonium salts; alkali netal salts,
such as lithium sodium and potassium sal bs 10 (which are préeferred);
al kaline earth netal salts, such as I C|'(':|,4|m and magnesium salts; salts

with organic bases, such as amne |iké%salts (e.g., dicycl ohexyl am ne
salt, benzathine, Nnethyl-D-glucam ne, and hydrabam ne salts); and salts

with amgo acids |ike ool pipg, pLysins.pad bhecAs khbencapd zwitterions,

the so-called "inne ptable salts
are preferred, aIT]h%uWI@%h@]ﬁa%w@u’é%@ahlfzoa%éﬁwbl@ gsaan and

“salts” refer to basic salts formed with inorganic and
organic bases. Such salts include ammonium salts; alkali
metal salts, such as lithium, sodium and potassium salts

10 (which are preferred); alkaline earth metal salts, such
as calcium and magnesium salts; salts with organic bases,
such as amine like salts (e.g., dic&clohexylamine salt,
benzathine, N-methyl-D-glucamine, and hydrabamine salts);
and salts with amino acids like arginine, lysine and the

15 1like; and zwitterions, the so-called “inner salts”.
Nontoxic, pharmaceutically acceptable salts are
preferred, although other salts are also useful, e.g., in
isolating or purifying the product.

The term pharmaceutically acceptable “salt” and

20 “salts” also includes acid addition salts. These are
formed, for example, with strong inorganic acids, such as
mineral acids, for example sulfuric acid, phosphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organic carboxylic acids, such as alkanecarboxylic acids

25 of 1 to 4 carbon atoms which are unsubstituted or
substituted, for example, by halogen, for example, acetic
acid, such as saturated or unsaturated dicarboxylic
acids, for example oxalic, malonic, succinic, maleic,
fumaric, phthalic or terephthalic acid, such as

30 hydroxycarboxylic acids, for example ascorbic, glycolic,
lactic, malic, tartaric or citric acid, such as amino
acids, (for example aspartic or glutamic acid or lysine
or arginine), or benzoic acid, or with organic sulfonic
acids, such as (Cl-C4) alkyl or arylsulfonic acids which

35 are unsubstituted or substituted, for example by halogen,
for example methanesulfonic acid or p-toluenesulfonic

acid.



isolating or purifying the product. The term pharmaceutically acceptable
"salt" and 20 "salts" also includes acid addition salts. These are

formed, faio@oesghe, wWith strong inorganic acids, such as pagfwbabeaci ds,
for exanple sul furic acid, phosphoric acid or a hydrohalic acid such as
HO or HBr, with st PBh§Ssopghsiryicar bodjrtegei dhe &eam ddomekanecar boxyl i c

aci ds 25 of all }P) 4, Cariagpy at HAss mc%ér&m@éthéy&% flonsUpstituted,

for exanpl e, by hal ogen,” for exanp|e,_ acetic acid, such as saturat eg or
unsat ur at ed RE'carBo @i e GHRUP f 5 kIQRm| 2o Uk oF F a1 9RF oAle, PERRENR
mal ei c, fureddin AIARddbRs | e&@p&ﬁﬁ@im@ actdl, 28 uchriasns)

hydroxyc r box ds, for e ascorbic ac mal i c,
tartari cgor c'%%‘{!r‘?%a%dl “uch %%% I&%?%spr%‘%%?g%;%nﬂ}é égpartl c or
glutam c acmth:dwoﬂsy,surre thox m:gna{il nzei)alrmr derizoas metllylprethyh, organic

sul fonic yl n ich 35 are
unsubsti t ut ?cfd%py subst ut&I f or i( t % .gvy %)é]glﬁt§l #Qﬁ&%@
met hanesul f sy laci b drexprk ollﬂ@l@slul f@mcdug@;]@{ylpquyl V\(JDQ’QYDG8854

PCT/ US02/ 17269, Al esse ol feIvese, 1 Ndhoafed, adber | ehmdie &werd@&geﬂf "al kyl "
or "al k" as errpl oyed herein al one or, as, part of anot herﬁ]gr ou}g% gekudes

both st i8i gHtP @A BrAHT PR EMeE e obsrbons, LReRtaF ni €ar bons,
5 preferabl yad vl G casbansgromse pietedahdyl 1td 04 SSuBatbansnts nstibk

sobutyl, pes e e RS Bepior s, B SR B oeryt
2, 2, 4-t ri netaihyoexpentadyl namylodecyrry Lihmecy)  ododeryy), arylalkyl,
arylalkyloxy, alkenyl, cycloalkyl, cycloalkylalkyl,

15 cycloalkylalkyloxy, amino, hydroxy, hydroxyalkyl, acyl,
cycloheteroalkyl, heteroaryl, heterocaryloxy,
hetercarylalkyl, heteroarylalkoxy, aryloxyalkyl,
alkylthio, arylalkylthio, aryloxyaryl, alkylamido,
alkanoylamino, arylcarbonylamino, nitro, cyano, thiol, ‘

20 haloalkyl, trihaloalkyl and/or alkylthio.

Unlesgs otherwise indicated, the term "cycloalkyl™
as employed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1
or 2 double bonds) cyclic hydrocarbon groups containing 1

25 to 3 rings, including monocyclic alkyl, bicyclic alkyl
(or bicycloalkyl) and tricyclic alkyl, containing a total
of 3 to 20 carbons forming the ring, preferably 3 to 10
carbons, forming the ring and which may be fused to 1 or
2 aromatic rings as described for aryl, which includes

30 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl and cyclododecyl,
cyclohexenyl,

S N e

- 14 -



10 the various branched chain isoners thereof, and the like as well as
such groups including 1 to 4 substituents such as halo, for exanple F, Br,

G or | owddhessalikyl, al koxy, aryl, aryloxy, aryl(aryl) aictoisseib2eo
aryl al kyl, arylal kyloxy, alkenyl, cycloalkyl, cycloalkylalkyl, 15

cycl oal kyl al kyftexy, amRe, hydr oxXys_hydroxyal kyl , acyl, cycl oheteroal kyl,
het er oaryl , erfoar )
aryl oxyal kyl kyl t

yl al kyl , heteroaryl al koxy,
hi o, aryl oxyaryl, al kyl am do,

al kanoyl am no,>ar yl car bonyl am no,>nitvo,. cyano, thiol, 20 hal oal kyl,

tri hal oal kyl and/or al kylthio. Unless otherw se indicated, the term

"cycl oal kyl "3na%, epl e dyhared M), one %t?@n&ﬂ Slpahothesq o PUR 1

i ncl udes saturated or partially unsaturated (containing 1 or 2 double

bonds) cycl it HydrEsiboirnfrpupscle omt dial egerd, Lkl 3 2HReXY. i ncl uding
monocycl isc alerlo bl Gyl ¢ abkibey (oL bl cveloal kybognd i Ticyclic alkyl,

containing atotal” of carbons formng the ring, preferably 3 to 10
car bons, fordikglamiedq.i riglkarbwaeinemyore, fagel, tarvlerrbongltapiedc rings
as descri be , ' ' 99? o ro but yl

Y I 7 l 7 y ’
cycl opentyl %%tg%ﬁ%%%&&l I W&c{)% éo\%e%t y ,@yc‘%{rgiorg?yl%%%: c&o{%ggyl anJEIO
cycl ododecylgyarpycl@hiexerand/dd a Wy D2 09 885d/ PCTHIBS0E 17269 any of which
groups may he.-.o hgng! st ed with 1 to 4 substituents such as
hal ogen, alkyk? al Kox %gééﬁgd%%égﬁ'aryl, aryl oxy, arylal kyl, cycl oal kyl,
al kyl anil@o, al kanoylrasi hermoxoycaopll keayyl c asbemplayiedo herfesne edany | _
cych ohet er oablods 0% s A ol H frer §YAN ey 11 01 nfRALELALKY! thi 0
containing 3 to 12 carbonsg, preferably 5 to 10 carbons

and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclopentenyl, cyclohexenyl, cycloheptenyl,

15 cyclooctenyl, cyclohexadienyl, and cycloheptadienyl,
which may be optionally substituted as defined for
cycloalkyl.

The term "alkanoyl" as used herein alone or as
part of another group refers to alkyl linked to a

20 carbonyl dJgroup.

Unless otherwise indicated, the term "lower
alkenyl" or "alkenyl" as used herein by itself or as part
of another group refers to straight or brénched chain
radicals of 2 to 20 carbons, preferably 2 to 12 carbons,

25 and more preferably 1 to 8 carbons in the normal chain,
which include one to six double bonds in the normal
chain, such as vinyl, 2-propenyl, 3-butenyl, 2-butenyl,
4d-pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2-heptenyl,
3-heptenyl, 4-heptenyl, 3-octenyl, 3-nonenyl, 4—deceny1,‘

30 3-undecenyl, 4-dodecenyl, 4,8,l2-tetradecatrienyl, and
the like, and which may be optionally substituted with 1
to 4 substituents, namely, halogen, haloalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
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substituents for alkyl. 10 The term "cycl oal kenyl" as enpl oyed herein al one
or as part of another group refers to cyclic hydrocarbons containing 3 to
12 carbonwo qroegssseably 5 to 10 carbons and 1 or 2 doubl e roamd®2/1B6enpl ary
cycl oal kenyl groups include cgclopentenyl cyclohexenyl cycl ohept enyl, 15

cycl ooct eny| 3R JREERIFEnyRS e e?P2LkNhi ch may be
optional |y simsiddwitehas, d@ikﬁf&nic% %%M%I&}ﬁ?ﬂ@r% {@abkanoyl " as

used herein alone or as part of another group refers to al kyl linked to a

20 carbonyl @f@iup. Whleks atkelWise smdl vataey vhetheradkybwer al kenyl " or
“al kenyl " as;ysad heseih by itselfo0Li.as part of another group refers to

straight or branched chain radicals of 2 to 20 carbons, preferably 2 to 12
car bons, 525 and nmor&kssd v ywise oo s e thermotewexhai n,  whi ch

i ncl ud q

2ot openyl . SBR eyl 2 BUET . o et dooy o5 By e SLER 8 48 e

3- hexenyl , zbﬁ]@ptqéﬂy&r g3 le pt efwt s mor@ipltfemyht @rdmt@mylhedsshmrmnyl

4-d I 4- dod t th
i decenyl, S0 andecen & dodeeaml, 4R AZboty ateea ) smlponnd (e
nanmel y, hal cgeh, mchm qalfeh@éralalj(yz to ad kapahorad kiemythe abdaymeyl | claaish ,

aryl al k cycl gal 0 8854 PCT/ USOZ/ 17269 . am no dr oxy,
heteroa)r/lgl)l Vg(%/c%ohe Celr%%? kyrrle Jr%n%/ ani Ho, e?kycf ZP Cham' sullf

aryl car bonylasarﬁmomrrtyb 3-elyanny hi Dihutahkyl t pramtdyxwl army~of the al kyl

SUbStltuent%xiﬁ%ﬁ§&, Iﬁ%xynyl 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl,3-undecynyl,
4-dodecynyl and the like, and which may be optionally

15 substituted with 1 to 4 substituents, namely, halogen,
haloalkyl, alkyl, alkoxy, alkenyl, alkynyl, arvl,
arvlalkyl, cycloalkyl, amino, heterocaryl,
cycloheteroalkyl, hydroxy, alkanoylamino, alkylamido,
aryvlcarbonylamino, nitro, cyvano, thiol, and/or alkylthio,

20 and/or any of the alkyl substituents set out herein.

The terms "arylalkenyl" and "arylalkynyl" as used
alone or as part of another group refer to alkenyl and
alkynyl groups as described above having an aryl
substituent.

25 Where alkyl groups as defined above have single
bonds for attachment to other groups at two different
carbon atoms, they are termed "alkylene" groups and may
optionally be substituted with 1 or 2 substituents as

" defined above for "alkyl", such as, for example, alkyl,

30 halo, hydroxy, alkoxy and/or cycloalkyl.

Where alkenyl groups as defined above and alkynyl
groups as defined above, respectively, have single bonds
for attachment at two different carbon atoms, they are
termed "alkenylene groups" and "alkynylene groups",

35 respectively, and may optionally be substituted with 1 or
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5 Unl ess otherwise indicated, the term"lower alkynyl" or "al kynyl" as
used herein by itself or as part of another group refers to straight or
branched gigaizmesgsadi cal s of 2 to 20 carbons, preferably 2 g@q/dsd26a6bons
and nore preferably 2 to 8 carbons in the normal chain, 10 which include
one triple Bomibatithemor me dhEimed saledve fmr 2 pklopyny! a3 but ynyl ,

2- butynyl " 4"521 vl , 3- pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl,

3- heptynyl, -heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl, 3-undecynyl,

4- dodecynyl and thdle Keermanthadnadn regr bealpt'| Gralused Sheubbn ialerel with 1
to 4 substit : Pa(;’ﬂatl , I v Al 0% nyl ,

al kynyl , ar yﬁlk,ergszifpy a ky%l,artt}%}?%h@?@a%&négé h%c?eér%%?ryﬁj}é(’ Hroﬂlj@,

cycl ohet ér odlkydxirdw.dragd), i@l kancys amhb,al Wy amiddy clarosiossr bonyl ami no,
nitro, cyano, thiol, and/or al kylthio, 20 and/or any of the al kyl

subst i t uent & <TG Hrems @reé%%r?‘#er ns "arylal kenyl" and "aryl al kynyl " as

used alone or as rt .of another. aroup refer to alkenyl and . al kynyl
groups as descri be eoo%%aﬂ%ga]a%%ﬁ yI= L5 lfé]ﬁ?‘:lﬁ./l Zt%enW]]erJeo T kyl
groups as defuatec =abendl ytay eostiams sum bundsi florurat drat hedbios L 11oe oddmetrh gr oups
at two diff : , ned & yl y oups may
optionally gr({aeeés% s%tqﬁ%%ﬁwo%% Hié%?élszﬁislﬁbésrﬁt uen(%f;drg's g%g‘??%iedg%b%%ggfor
"al kyl " 10sucndslymimwkanpl e, al kyl, 30 hal o, hydroxy, al koxy and/ or

cycl oal kyl. Where ajfemnd &f@m@éﬁﬁiwﬁb% anshral kyhyl » g oups as

Ger ned above, ISSREGLLYSLY. pave o ngl ¢ bande, Tor allschnent 2l Lie

"al kynyl ene tgy aupsdcy 36l o espe dbi aned Vi ¢ adebnmyi ©pdtonss | yodea sulisd i 6 ut ed

with 1 or to 10 carbons in the ring portion (such as phenyl or

15 naphthyl including l-naphthyl and 2-naphthyl) and may
“optionally include one to three additional rings fused to
a carbocyclic ring or a heterocyclic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheterocalkyl rings for

example

e et JeC IRy
0o <G . OO
SENRIC OGP e <)

and may be optionally substituted through available

20

carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, halocalkyl, alkyl, halocalkyl, alkoxy,

25 halophenyl, benzoyloxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluocromethoxy, alkynyl, cycloalkyl-
alkyl, cycloheterocalkyl, cycloheteroalkylalkyl, aryl,
hetercaryl, arylalkyl, aryloxy, aryvloxyalkyl, arylalkoxy,

- 17 -



- 16 WO 02/098854 PCT/US02/ 17269 2'substituents as defined above for

"al kenyl " and "al kynyl". The term "hal ogen" or "hal 0" as used herein al one
or as parwoof/oasssther group refers to chlorine, brom ne, PeTiseseniwe, and
iodine as well as CF3, with chlorine or fluorine being preferred. The term
"metal ion" aEarlémsq.o a0 miteliet aay Laskienl ash%%?%yjp%%]é%@fhm or

l'i t hi um and k@ﬂé&'ddl@l&ﬁéiékoa[@}la' H&@r&é@l&&r ragRess) andc£@) Ci um as
well as zinc 10 and alumn m % | ess otherwi.se indicated,.the term"aryl"

as enpl oyed & i A RSve TTGE SO T GHoupPT FBHC to nonocycl i c
and bicycl i drariamsdd gj::@LEpSsujﬁtt:amnm 6(whicH Oacardbingl | nalkensyhg
portion £such._as en 0 ht hyl_.i-ncl udi n n n pht hyl)
and may gopt|(¥al Ih x%:‘%:I ufdejl%)neq%qq Hi e A %Pdnﬁfl%h% 1%91%&2 ]{‘leé gnztﬁg
car bocyclic &afngllcirlcalswe,t grloioylel |étiky1ri1jnl(csmftmabtlamyl hei@@ﬂw@asﬂdyhllo,

heteroaryl ﬂlqque_g pala{q}qi Sts i, & 1 O== 03- 1~01000 O
<D0, [/ O\ lrl%l}: * @ ooptsl} onal l'y osubs ut ed through aval I abl e

car bon at onsawltq@rioorzfl ora@@%@w%@wﬁh f%ﬁ%awa@
hal oal kyl , &l1kdxy bt Ky)]  amkaibonyl, alkylcarbonyloxy,

10 arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
aryvlsulfinyl, arylsulfinylalkyl, arylsulfonylamino or
arylsulfonaminocarbonyl and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower

15 alkoxy", m"alkoxy", "aryloxy" or "aralkoxy" as employed
herein alone or as part of another group includes any of
the above alkyl, aralkyl or aryl groups linked to an
oxygen atom.

Unless otherwise indicated, the term "substituted

20 amino" as employed herein alone or as part of another
group refers to amino substituted with one or two
substituents, which may be the same or different, such as
alkyl, arvl, arylalkyl, heterocaryl, hetercaryvlalkyl,
cycloheterocalkyl, cyclohetercalkylalkyl, cycloalkyl,

25 cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thicalkyl. These substituents may be further substituted
with a carboxylic acid and/or any of the substituents for
alkyl as set out above. In addition, the amino
substituents may be taken together with the nitrogen atom

30 to which they are attached to form l-pyrrolidinyl, 1i-
piperidinyl, l-azepinyl, 4-morpholinyl, 4-
thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl, 4-
arylalkyl-l-piperazinyl, 4-diarylalkyl-l-piperazinyl, 1-
pyrrolidinyl, l-piperidinyl, or l-azepinyl, optionally

35 substituted with alkyl, alkoxy, alkylthio, halo,
trifluoromethyl or hydroxy.
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25 hal ophenyl, benzoyl oxy, hal oal koxy, al kenyl, trifluoronethyl,
trifluoronethoxy, alkynyl, cycloal kyl- al kyl, cycl oheteroal kyl,

cycl ohet evepdokogssali kyl , aryl, heteroaryl, arylal kyl, aryl egrueybexyal kyl ,
aryl al koxy, - 17 WD 02/098854 PCT/US02/17269 arylthio, arylazo,
het eroaryl al kyl , hélerasg Widikeongde irbteatosty| e creyan yllowrit er oar yl oxy,

hydr oxy, ni ta{qugltqyi%m, ﬁ@f&hf&"bsniéfﬁ%ﬁ“ No- Wher el 1,1 hg; am o

i ncludes 1 or substituents (which are al kanoyl ,” 5 aryl or any of
the ot her argRlHifsbUIRIECTHRMIUHRPY MY RATrHelf MierRy IXMRI , al kyl t hi o,

aryl thio, heterieared tdnp, of afyd tdnead kylky ) koxyaeyl téi aaral kytsgsdonyl ,
aryl car bgnyl . %@2' am noc onyl, aryl am nocarbonyl, al koxycarbonyl,

am nocar Bonyi1™ 8% i ¢ f BEHyTExEEF aryl car bonyl oxy, al kyl car bonyl ami no,
aryl car bonyl am no, UrdradssudfhawtisariddGiddiany) attkey |t emn yl sawd:onyl am no or
aryl sul f onam I Jan N of t, I Ssubsiituents set out
herei n. Unl ergsls oa%ng(r}\{/]ﬁys’e i%-{l %%Ot’he%%ﬁé%#%%\e’r C% al koxy", "al koxy",
"aryl oxy" or"ararlakdaxdemizso bt oyl oved digr @l el ore oSt pag tpaft ambt her

group incl udgs, % Grodd& AOYEe R d¥ o AT &Y b&He 3&1&&3{_@ osps 14 hked to an

oxygen atom Unl ess otherw se jndicated, the term"substituted 20 am no"
as enpl ofed areri@ioal GO WS aslped ot bt HER ISyt refers to anino

3_u]?fstitut ed with onmlﬁ(ssfthml tdd L!L&ﬂiltiisa}wl%{dt}[@w&i&nt‘hr@cﬁla'”&a@lr kvl
| erent, suc as . r ., al al Ky et er oar et er oar al Kyl ,
Cyel ohet e odtiihovag Hetan b A g ket G o Y RS AT al kot
hal oal kyl , RafrioedlHaeteiral kofetkylo ain organic radical linked to a

(0]
carbonyl ( % ) group; examples of acyl groups include
15 any of the R! groups attached to a carbonyl, such as
alkanoyl, alkenoyl, aroyl, aralkanoyl, heterocaroyl,
cycloalkanoyl, cycloheteroalkanoyl and the like.
Unless otherwise indicated, the term
“cycloheteroalkyl” as used herein alone or as part of
20 another group refers to a 5-, 6- or 7-membered saturated
or partially unsaturated ring which includes 1 to 2
" hetero atoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a heteroatom, where
possible, optionally wvia the linker (CH;). {(where r is 1,
25 2 or 3), such as
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t hi oal kyl . These substituents may be further substituted wth a carboxylic
acid and/or any of the substituents for alkyl as set out above. In

addi ti on, wige/0eg8sp0 substituents may be taken together w tpgri@2atidsh 0gen
atom 30 to which they are attached to form 1-pyrrolidinyl, 1- piperidinyl,
1-azepinyl, 4-norpholin N\4‘- thia Q hol |nyl/yp| per}ynyl

4- al kyl - | - pi per azi nyl , al ky, eras

4-di aryl al kyl -1 - pi per aa| \ idinyl | 1-pli peridinyl, or 1-azepinyl,
optionally 35 substitute th aIk | koxy, yl thi al o,

trifluor omet | h r OXY.rm VIO 02/ 098854 PCT/ A 17269 Unl ess

ot herw se |n % h'LLq?]e terhrﬁ ar AT %ﬁ%uﬁ% hro",* ]Ilglsc% hi o arylthl o" or
"aral kyl t hi @Ukm:ltemntg/eswcti'erﬂ raldhdne lmlas q)avtarcsi/cancnmerofgrqﬁup

i ncl udes anyof 1 @ fdnt AR KY dau@rh@fé/m 91 o4PSa i 14 &Fedaﬁf a
sulfur atom Unles ot erw se in cate the term "Il ower Kyl 'am no’

"al kyl anPno'of %I%Wetﬁﬁoall‘éﬂll@lw #FAhadre asuseml oy e here| n al one or
as part of SRAtNEKkEr oupP-~inclias vy 0fot F@@l&%@c@&é@akﬁarﬁﬁn r 10

aryl al kyl groups |l i nked to ni trogen atom UnI SS otherwise in a,ted t he
term"aryl" as r@féﬁs WIRF i 3G p t_fea‘%{‘ho\tﬁlilf'ﬁe TRV,

defi ned her e usreei disrdin &n‘LcﬂIegam g gxalof iarkethd® @rofp @ 9fams bonyl C
group; exanmpl e |- gr n f th ttached to
a car bonyl erJsuc ijasabCly ar%ge ) aqc(eﬁ‘goqatlaro J?/ngoa"?ﬁa %noy‘?f&%eoﬁseﬁoagoyl

cycl oal llanoySI Oo1T e [Tshet ey @Hm@lc}ar&'ﬁ trtné:l’rQQ@I oxygen or

sulfur,and such rings fused to an aryl, cycloalkyl,

heterocaryl or cycloheteroalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N-
oxides. The heterocaryl group may optionally include 1 to

15 4 substituents such as any of the substituents set out
above for alkyl. Examples of heteroaryl groups include
the following:

(e (O (-

PEIGRVIGLASXOE;
N ”/ “xee)

N—N

BRSNS

25 and the like.




Unl ess otherw se indicated, the term "cycl oheteroal kyl" as used herein
al one or as part of 20 another group refers to a 5-, 6- or 7-nenbered

sat ur at edwgadyeogysii al | y unsaturated ring which includes 1 g@/@sozieiser o
atons such as nitrogen, oxygen and/or sulfur, [|inked through a carbon atom

or a heteroatom wigre tm@s‘ldﬂ@,okmﬁém@lkwlalllwl'heaépitrtrk@ql Her@dm (where r

is 1, 25 2 a1 3) c?ﬁ!-’% tl}lll J_L NrSsUo19 WO 02/098854
PCT/ US02/ 17269 eS"/O O anlef he I% g %?/enaggou%s ?ray include 1 to 4

subst i t uent CEUIT ez EIAUY ] HETBIDDES a@%ﬁwe% @Ye ofinkeR Hpkgpoh a
substit uent < seforowir Mestedrbaddn addid | @H,)anyHaief. t he cycl ohet er oal kyl

rings can be fused to a cl.oa r etero het ey oal kyl
ring. gl ess ot herWise e?]ﬂ‘}d/ teedyoat@%]é?ﬁ" h%‘feﬂ%%tr?ﬂf@a%%f%ﬁ%ﬁq%r ein
al one or as gpariseat mmimrammpoﬂ‘ dersart of dnotheb- gmmﬂaer@ﬂem omatic

ring which i cIu es, 10 3. or 4 £r 04 at,ons  SLIC | L rogen xygen
or sul fur, aipnd sﬂ%ﬁ‘n eroarg]f uSed™® ¢ ané]ary ed ab?%%l 1’ll & h Y0 ry 8
cycl ohet er o %3 ¢ rf@e‘{%r@to%é?ﬁcﬁ i 6Feny! Chaidol i )kylfﬁi’tﬁ iafc| udes

possi bl e N- oxides, . Jhe hejergatyli8pup may optionally include 1 to 15 4
substituents such as any of the substituents set out
10 The term "polyvhaloalkyl" as used herein refers to

an "alkyl" group as defined above which includes from 2
to 9, preferably from 2 to 5, halo substituents, such as
F or Cl, preferably F, such as CF3CHy, CF3 or CF3CFyCH;.
The term "polyhaloalkoxy" as used herein refers to
15 an m"alkoxy" or "alkyloxy" group as defined above which
includes from 2 to 9, preferably from 2 to 5, halo
substituents, such as F or Cl, preferably F, such as
CF3CH20, CF30 or CF3CF3CH,0.
All sterecisomers of the compounds prepared herein
20 are contemplated, either in admixture or in pure or
substantially pure form. The compounds can have
asymmetric centers at any of the carbon atoms including
any one or the R substituents. Consequently, compounds
of formula I can exist in enantiomeric or diastereomeric
25 forms or in mixtures thereof. The processes for
pPreparation can utilize racemates, enantiomers or
diastereomers as starting materials. When diastereomeric
'or enantiomeric products are prepared, they can be
separated by conventional methods for example,
30 chromatographic or fractional crystallization.

The term "prodrug esters" as employed herein
includes esters and carbonates formed by reacting one or
more hydroxyls of compounds of formula I with alkyl,
alkoxy, or aryl substituted acylating agents employing

35 ©procedures known to those skilled in the art to generate
acetates, pivalates, methylcarbonates, benzoates and the

' like. In addition, prodrug esters which are known in the
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above for al kyl. Exanples of heteroaryl groups include the followng: O
Coll- O20S N\Joc11,-"r, H" KN" N" -, -, %r- 1 N-NN-NN-NN
N=N /) wdo2oosksy , )\ s//N/ N 25 and the like. 20 WORIA G849

PCT/ US02/ 17269 The term "cycl ohet eroal kyl al kyl" as used herein al one or as
part of anotdwl @Joupir]@dwlsict ond yehotshereal kyidgeeupss asudefdmed above
Iinked t hr 0‘!1]9{& orbé}gg r%ﬂg P kEH2)r chain. 5 The term

"het eroaryl a ' or " teroary al keny as used herein alone or as part
of another group réP@®Plap of Hat@ dFgAres cuptass der¢Hede above | i nked
through a C atomor heteroatomto a -(CH2)r- chain, al kyI ene or

al kenyl ene a&:d@zfcnped abog,colé, Fhe ter g cg@lc\%\sft]aﬂ gal kyI as used herein
refers to an "alkyl" group asc,ﬁefl hed above &h i hcl udes from2 to 9,
preferably from2 to 5, halo zﬁ_yzﬁtltuents such as F or O, preferably F,
such as CF3CH2, 6:F3 or CF3CF2 2The term "pol yhal oal koxy" as used herein
refers tg le, ;aa lsad koxy" or "al kyl oxy" group as defined above which

i ncl udes > rom?2 to 8, preferably from2 to 5, halo
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substituents, such as F or O, preferably F, such as CF3CH20 CF30 or
CF3CF2CH20O. Al l stereoi soners of the conpounds prepared herein 20 are
cont enpl atverh/@sdsiper in adm xture or in pure or substant ipgdtiysoputgef or m
The conpounds can have asymetric centers at any of the carbon atons
including any one @heheRmgubss | eliemmStalConsequdnd yos tanpoumdsudef
formula | can exist in efantionerige or diasiereoneric®5 fornms or in

m xtures thereof. The r esses f pr epaglat i on can ,ly{l lize racenuates,
enantionmers or dia rs as (st tlng rraerlalsg_\éﬁn dlastereorrerlc
or enantioneric pro e'kﬁ prep , th an de__ rat§fl
conventional nethods for ekanple, 30l"chromat adr aphfc or $act i onal

crystallization. The term' ggodrug esters" as enpl oyed hesetn includes
esters and carbonates fo(r)mé reacting one or (sfmye hydroxyls of

compounds of formula I , pal koxy, o ar t4 tuted acyl ating

agents enpl oyi ng 35 prgece nown to thos (l)(l ifhthe art to
generate acetates, pivalates, nethyl car borat es>” nzoat es and the a
like. In addition, prodrug esters which are knovvn inthe - 21 WO

021 095854 POl R02L NP0, L [ O SAEPOIILE S04 BISSPhor us el est s
esters incl m@flacﬁwm'zeh , aCHBEHERCH b - WC@@R a@rph@:y]l) ; OR¢ CH3) 2
H is H, alkyl, halogen or alkoxy, R® i1s alkyl, aryl,
arylalkyl or alkoxyl, and nq is 0, 1 or 2.
Where the final compounds are in acid form they
10 may form a pharmaceutically acceptable salt such as
alkali metal salts such as lithium, sodium or potassium,
alkaline earth metal salts such as calcium or magnesium
as well as zinc or aluminum and other cations such as
ammonium, choline, diethanolamine, lysine (D or L),
15 ethylenediamine, t-butylamine, t-octylamine, tris-
(hydroxymethyl)aminomethane (TRIS), N-methyl glucosamine
(NMG), triethanolamine and dehydroabietylamine.
The term “residue of an HMG CoA reductase
inhibitor” as emloyed herein refers to the portion of the
20 HMG CoA reductase inhibitor or hydrophobic anchor
attached to the dihydroxy acid moiety or the lactone
moiety.
As set forth in the following Schemes, the process
of the invention for the preparation of chiral diol
25 sulfones and dihydroxy acid HMG CoA reductase inhibitors

involves the following chemical reactions.
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5 C2H50COCH2 22 WD 02/098854 PCT/ US02/17269 O her exanpl es of suitable
prodrug esters include 000 Oo00000CH S dC2Ra (R)n (Rdn Al
R O/ Re Wdodosgsswherein Ra can be H, al kyl (such as net hyctogsobatédyl ),
aryl al kyl (such as benzyl) or aryl (such as phenyl); Rd is H, alkyl,

hal ogen or al koxy, Re is al kyl, Sghemeaty! al kyl or al koxyl, and n1 is 0, 1
or 2. Were the Fizal conpounds are in acid formthey 10 may form a

pharmaceuti cal | y, epg abl e salt such as o oaI io netal salts such as

l'ithium som@Wss%urrﬁza-osﬁzkal nemalﬁ salts such as cal cium
or magnesi um &s Wl T a® Zi nenhydride g, B er 'tatimss guch as

anmoni um chol imeléaadbret hanol am ne, lysine (Dor L), 15 ethyl epedi am ne,

t - butyl am ne, t - ot yl amine, tris- (hydroxynmefhyl)an nomet hane (TR S),

N-net hyl gl ucosam ne (NM5, triethanolam ne and dehydroabi etyl am ne. The
term"residue of an CoA reductase inhibitor" as emoyed herein refers
to the portion|of th 0 HMG CoA re luctase i nhi_bi t%w(ior 0hydrophobi ¢ anchor
attached to the di Wi(& iety—er—ﬁ»he Ia8tvgie\|/!nn3if[€t . As set forth
in the foll owi ngs'Sehenes, >t he” Pracess of thehai/ﬁ Nt o 0 e preparation
of chiral diol 4 © .

(a) Reduction Julia-Kocienski
(o] Red-Al Olefination

9 1

—_— —_

Ftw/u\ocn3 (b) Oxidation Ry O/U\ H —_—
Tempo

7a z

>< Acetonide

0” o Removal OH OH

_—_>
W/ coY Acid /\AA/ COY

R1g

(trans)

(]

8

Saponification OH OH HO OH
Base CO,Na AL COH
————» Ry :

1©

Hydrogenation HO OH
(Ho/Pd/C)

0 WOH
Acid /\p 14
X
Rig

Saponification Acid

|

iy
=Y
ko
—
o
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25 sul fones and di hydroxy acid HMG CoA reductase inhibitors
foll owi ng chem cal reactions.

O~-0 O ~O Wo @ksssiio Ranhydride O 2c {RRaO O Ri a R3SH 3 Kagk@gseah¢shol

2 000 xidation 0 O OO0 133- SORia/ SR31A LO 41

i nvol ves the

23 WD 02/098854 PCT/ US02/ 17269 Schene 1

2b 2
(a) Reduction

Jul i a- Koci enski

p Red-Al 0 Aefination

Rio \H Tenpo 7a 7 Acetonide
(trans) 6 Saponification OH

o
A/ CO-alkyi
o
_ 6
R1o

Ho
catalyst

b

OH OH

CO-alkyl

acid

R1o

CO.H

SEmEIA,

\\\OH

H,
catalyst

N\OH

ageuous base
ey ]

\L\Lginine

OH OH

Ry

IxI 10 R o OCH3 (b) Oxidation
AH OH Rio 002Y Acid Riol Q02Y

se Acid \ CO2Na T Ri o- / CO2H

Ha
catalyst

ﬁH

NH,

HO ;
Co,Y

Rig

COOH
L
CO,H eH,N

2T

18

The above methodology can be used to prepare HMG

CoA reductase inhibitors including, but not limited to,

pravastatin,

(pitavastatin),

lovastatin,

rosuvastatin

simvastatin, nisvastatin

(Astra Zeneca), fluvastatin,

cerivastatin and atorvastatin.

10

- 25 -



> R10 10 9 Hydrogenation HO CH 10 (H2/Pd/C) -~ CO2H R10 11 O OH Acid O
14 6 Ria Saponification Acid 14 - 9 10 24 WD 02/098854 PCT/ US02/ 17269
Scheme 1 Wod/oesds®2-al kyl ,\\OH HO O 0 CO2Y1 6 14 OH R1GE/udsiQ79830 H2
1H2 H2 catal yst catalyst catalyst ~O CQ2-alkyl 0 .\\OHO 0 O CO2Y1 acid
ageuous base OH Rio 12 R10 13 Rlo 11 OH OH C0O2H Rlo

Scheme 1 depicts a method for preparing novel
chiral sulfone diol 1 and the HMG CoA reductase inhibitor
of formula 8 using the Julia-Kocienski olefination

5 reaction employing carboxylaldehyde 7 and chiral sulfone
l, in a molar ratio within the range from about 0.5:1 to
about 2:1, preferably from about 0.8:1 to about 1.5:1.
The desired trans intermediate 6 is isolated in high
vield and optical purity which is converted to the final

10 product of the invention. As will be seen, the chiral
sulfone 1, a key intermediate in the Julia-Kocienski
step, is prepared in three steps starting from the
commercially available Kaneka alcohol (2b) via diol 2 and
sulfide intermediate 4.

15 Referring to Scheme 1, treatment of commercially
available chiral alcohol 2b with anhydride 2c (employing
a molar ratio of 2b:2c within the range from about 0.5:1
to about 2:1, preferably from about 0.7:1 to about
1.5:1), and base such as diisopropylethylamine (DIPEA),

20 triethylamine or lutidine, in dichloromethane at low
temperature (for example -45 to -15°C) affords 2. Other
pyridine or amine bases may be employed. Compound 2
(without being isolated) is carried onto the next step
without further purification. A methylene chloride (or

25 other appropriate solvent) solution of 2 is treated with
thiol 3 (in a molar ratio of 2:3 within the range from
about 0.5:1 to about 2:1 preferably from about 0.8:1 to
about 1.5:1) to provide the chiral sulfide 4 which is
oxidized with hydrogen peroxide in the presence of

30 catalytic ammonium heptamolybdate tetrahydrate (or other
metal catalyst such as known vanadium complex catalysts)
to give crystalline sulfone 1. Other oxidant, such as m- ,
chloro-perbenzoic acid (mCPBA) or Oxone® (potassium
peroxymonosulfate) may be emploved.

35 Addition of base such as LiHMDS or NaHMDS to a
mixture of sulfone 1 and carboxylaldehyde 7 (in a molar

ratio of base:l within the range from about 0.5:1 to

- 26 -



Arginine 10 COOH OH OH LI NNH CO2H H2N ~Y 2 R10 NH 18 5 The above
nmet hodol ogy can be used to prepare HMG CoA reductase inhibitors including,

but not |Wwg ¢2mdsds®, pravastatin, |ovastatin, sinvastatin,pdi/gsoagt@bi n
(pitavastatin), rosuvastatin (Astra Zeneca), fluvastatin, cerivastatin and

atorvast at i rabolﬁ: -2 25, Q@Mm&%cﬁﬂdbﬁm/m@ﬁg t Sciterret 11 depl ctdn a
nmet hod for Qmpoé’e%spé:f%&%l syljé) dlﬁ ij ta%SHI\{Cj gS)DA reduct ase
I ng t [

inhibitor o ornu as8u e Julla oci enski "ol efination reaction

enpl oyi ng carishiyl & dehyieleoly dFrplediieete ket oiety1, in a nolar ratio within

the range from abopite 03 54dn{Qe @b9§toBtéln@aeégrébhfyétgﬂlﬂﬁéuéoﬁlé 1to
about 1.5:1. The desired trans, internediate ?fi‘Fl sol ate | n hi gﬂ% yield

and optical Tt (GRS VH P TURAS 12t %0 dhe FRIEICHEPDr
i nvention. AsiitM IHedbenlseemn tiihen Céﬂlirﬁinulﬁtﬂjcmﬂ‘tﬂié ol Kiyal ntﬂﬁ'ﬂhﬁiﬁ@cﬁe in

he Jul K . 1.S f h
commer of a |y eV iR s BPERRol 2 (0 U1 e B S sultide

i nt er redi at @iferiisliReflerxyngnd FudiEeheydves reebcﬂeime of tonmegltinield.

avai | abl'e chig, nﬁJo@rJ&%%f gélré!}%éﬁe@@}yda{ S 264 POV Scdml Al ratio of

2b:2c within e range out O
10 from 6 Wlthout isolating any intermediates. Removal of

acetonide under acidic condition (TFA, HCl) (employing a
molar ratio of acid:6 within the range from about 0.5:1
to about 2:1, preferably from about 0.8:1 to about 1.5:1)
provides diol 8 which upon further treatment with sodium
15 hydroxide or other alkali metal hydroxide gives the
corresponding salt of the acid 9 of the invention.
Subsequent treatment of 9 with acid (employing a molar
ratio of acid:9 within the range from about 0.5 to about
2:1, preferably from about 0.8:1 to about 1.5:1) forms
20 acid 10. Addition of arginine (molar ratio arginine:10
from about 0.5:1 to about 2:1, preferably from about
0.8:1 to about 1.5:1) produces crystalline arginine 18
(Scheme 1A).
Treatment of 6 under acidic conditions (e.g. TFA,
25 HC1l) (employing a molar ratio of acid:6 within the range
from about 0.5:1 to about 2:1, preferably from about
0.8:1 to about 1.5:1) effects the conversion of 6 to
lactone 14. Saponification of 14 to give 9 can be
effected by treatment of 14 with aqueous base (Y'OH where
30 Y is alkali metal or alkaline earth metal) (molar ratio
of base:14 within the range from about 0.5:1 to about
2:1, preferably from about 0.8:1 to about 1.5:1) which
can be subsequently acidified to give acid 10.
Additionally, 14 can be treated with an alcohol of the
35 type Y'OH (molar ratio of alcohol:14 from about 0.5:1 to
about 2:1, preferably from about 0.8:1 to about 1.5:1)
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to about 2:1, preferably fromabout 0.7:1 to about 1.5:1), and base such
as diisopropylethylamne (D PEA), 20 triethylamne or lutidine, in

di chl or ongig@nessaly | ow tenperature (for exanple -45 to - Hg@Quabfioeis 2.

O her pyridine or am ne bases nmay be enpl oyed. Conpound 2 (w thout being
i sol at ed) i sucday ke ionteondiet e &1 efprmi thowofresherduwy i $$ttats on. A
met hyl ene chj oride (or 25 other appropriate solvent) solution of 2 is
treated with thiol 3 (in a nolar ratio of 2:3 within the range from_ about
0.5:1 to about 2: 1A%r%¢@@abmyR$%m%o%@h@mss 11t andabbut thessafuratpovi de
the chiral sulfid 4 whi ¢ oXi e th h o] er |de in the
presence of vazﬁ RS 12 %@é@ %eda%//grtg‘rc'r Q%ﬂfgéa e 36t ot her
met al cafal yditesivchd dsy krdveil wainadi Ravicormpt A%, cad edysh s hydrogginat ion
crystalline I fpne 1. s h h per benzoic acid
(mCPBA) or Sécjmeo%) %‘(plgaggl‘u?he% gagfr%%a/érr;hnﬁo ?ératl§ Alpyﬂbe enpl oyed. 35
Addi tion of tssrediicreks. Litvmwrd NaHVBE tlee aconvette@ of éﬁ.ll'\fme 1 and
car boxyl al dehyde f-dd H}n&lmrﬂi 13 atd o Of,Dasesde Witdifndhe, range from about
0.5:1 to - 26 WD 02/098854 PCT/TUS02/ 17269 about 2:1, preferably from
about 0.8:1 to about 1.5:1) in THE at |ow tenperature (-78 to -300)
provides trans olefin'6 in high diastereoselectivity. The al dehyde 7 is
obtained as a crystalline solid 5 fromthe correspondi ng ester 7a.
Reduction of ester 7a wth Red-Al, lithium alum num hydride or Dibal,

foll owed by oxidation with TEMPO (2, 2,6, 6-tetranethyl -1 piperidinyl oxy)
and NaOCl gives aldehyde 7 in high yield. Conpound 8 is prepared in a one
pot procedure starting
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10 from6 wthout isolating any internedi ates. Renoval of acetonide under
acidic condition (TFA, HCl) (enploying a nolar ratio of acid:6 within the
range frowoahawsss®. 5: 1 to about 2:1, preferably from abouicTOu®247369 about
1.5:1) provides diol 8 which upon further treatnment with sodium 15
hydroxi de or other alkali netal Scheme:2gi ves the corresponding salt of
the acid 9 of the~ pvention. Subsequent tr rrent of 9 with acid

(empl oyi ng a nol ag~>~pat po of acid:9 within ange fromabout 0.5 to
about 2:1, psefetab )(abmiﬂib 0. 81,0 5% f §rms_20 acid 10.
Addi ti on of arginine rmloar r afMhyride ginin rom ut, Nef“ ghout
2:1, preferably "favemwca'h?but 0.8°1 to about 1.3_5. 1) producé yﬁtacﬁ

argi nine 18 (Schen'e 1A). Treatnment of 6 under acidic co (e.qg. TFA
25 HCl) (enploying a nolar ratio of acid:6 within the range from about
0.5:1 to abogt 2:1, preferably frgmabout 0.8:1 to akout 1.5:1) effects the
conversion of 6zfo Ia&fme d4. S poni fication ofy 14 gi(ye 9 can be

effected by treat n@Wﬂ( q&éﬂﬂﬁ,basei‘("vngw%)g i s alkali
nmetal or alk IiN'néifearth metal P (noj ar ratio Nﬁf*\(lga e:¥4 witlei n>t he range
from about 0-5: %Yo abauat 2:1, preferably frgaNaboutta0.8:1 to about 1.5:1)
whi ch can be subsequently acidified to give acid 10. Additionally, 14 can
be treated with an al cohol of the 35 type YIOH (nolar ratio of alcohol: 14
fromabout 0.5:1 to about 2:1, preferably fromabout 0.8:1 to about 1.5:1)
- 27 WD 02/098854 PCT/ US02/ 1 d2fiGionunder basic conglifidRss © formthe
correspondi ng esters S Red-Al Olefination

la

(b) Oxidation —_—
Tempo
Acetonide
Removal Ry OH OH

Acid

6a — 14a
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As seen in Reaction Schenmes 1 and 1A, the saturated derivatives of
conpound 10 (where is CH2-CH2) are 5 obtained by catalytic (Pd/C, Pt/C,

Pd( OH) 2) wydseogesxati on of 10, 6, 14 or 8 to afford 11, 1B¢T/ASeRr2dl,
respectively. Conpound 12 may be converted to 13 via acid treatnment and 13
to 11 via base tré&atnment@ -§28 WD 02/ 098854 PCT/ US02/ 17269 Scheme 2 0~0 O

>/10 0 HO tri ¥Rride L TFO ~ / SH Kaneka al cohol 2a N\~ ||
3a (or R3SH3 R4aOOOQ(Id%tI0nR4aOOOONS N~ M\ IN4a O
N1l ON ° aN (é‘; Radaicti on JO &'K8ci enski R1 0 Red-Al RL O
A efination OCH3 (b) "Oxi dat i on H Tenrpo X NRR\ NR2 7b 7a R4 R4
\ X/ Acetonidg, R1 0" _O Renoval R1 OH OH (C0213u Acid C02'Bu X | ~ X

H NH

2
e
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N R2 (trans) NR2 6a 8a R4 R Saponification Base RL OH OH R1 OH OH

CO2Na Acid C02H X I X1 i NR2Z NR2 9a 10a R4 Acid 6a 14a 29 WO
02/ 098854y &eF/0dd8%)2/ 17269 R, OH OH ~' LN R2 10a Argi ni ne pcrius2n7key COOH
RO OHOHL NHNHy CO2H H2N'"', 2 X NH N R2 18a Rg 30 WO 02/098854

PCT/ US02/ 17269 Scheme 2A O C02-al kK @chenhte 2A

CO-alkyl

H,
catalyst

Scheme 2 depicts a preferred method for preparing
chiral sulfone intermediate la and the HMG CoA reductase
5 inhibitor of formula 10a, ester thereof 8a and salts
thereof 9a, using the Julia-Kocienski olefination
reaction employing carboxylaldehyde 7a and chiral sulfone
la. The desired trans intermediate 6a is isolated in
high yield and optical purity which is converted to the
10 final product of the invention. As will be seen, the
chiral sulfone la, a key intermediate in the Julia-

Kocienski step, is prepared in three steps starting from
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O0 A2 OHRINRR R R R RLN6a N1l1l4a 8a x XX R4 RARA H H H
catal yst catalyst catalyst if CO02-alkyl 0O \\OCHHO O 0 CO2YY OH Rl R2
acid Ry Reom/04854 N I N ageuous base 12a x X 13a x l1lla RCBUS®U746%4 Schene

2 depicts a preferred nmethod for _preparing. chiral sulfone internediate |a
and the HVGLESACPEHGECASL L5 AVRHiILEIIGr Ko sar mHicoda 2estidr tHdrledte 8a and

salts theregh 9ad 4¥silFg ddha nHédm-dieaicenaski ol efination reaction enpl oying
car boxyl al dehyde 7a and .chiral ﬁul f one a. The dﬁ/{s]ci?%ed trans, i nf ernedi at e

6a is isolated i n *HIYH I ad DBt i val TPt TS HCTEGerted to the
10 final predadflabflet hdimadertlicomolASbmwilcbe rsefdn,c tdrthydride

5 (employing a molar ratio of anhydride:2b within the range
from about 0.5:1 to about 2:1, preferably from about
0.8:1 to about 1.5:1) and triethylamine, DIPEA or
lutidene, in dichloromethane at low temperature (for
example -45 to 0°C) affords triflate 2a. Other pyridine

10 or amine bases may be employed. Triflate 2a (without
being isolated) is carried onto the next step without
further purification. A methylene chloride (or other
appropriate solvent) solution of triflate 2a is treated
with tetrazole-5-thiol 3a (or benzothiazole-thiol 3b or

15 other R3SH3) (employing a molar ratio of 2a:3a (or other
thiol) within the range from about 0.5:1 to about 2:1,
preferably from about 0.8:1 to about 1.5:1) to provide
the chiral sulfide 4a (or the corresponding benzothiazole
or Rs sulfide) which is oxidized with hydrogen peroxide

20 in the presence of catalytic ammonium heptamolybdate
tetrahydrate (or other metal catalyst such as vanadium
complexes) to give crystalline sulfone la. Other
oxidant, such as m-chloro-perbenzoic acid (mCPBA) or
Oxone® may be employed.

25 Addition of base such as LiHMDS or NaHMDS to a
mixture of sulfone la and carboxylaldehyde 7a (employing
a molar ratio of 7a:la within the range from about 0.5:1
to about 2:1, preferably from about 0.8:1 to about 1.5:1)
in THF at low temperature (-78 to -40°C) provides trans

30 olefin 6a in high diastereoselectivity (>99%).

The aldehyde 7a is obtained as a crystalline solid
form the corresponding ester 7b. Reduction of ester 7b
with Red-2Al, lithium aluminum hydride oxr Dibal followed
by oxidation with TEMPO (2,2,6,6-tetramethyl-1-

35 piperidinyloxy) and NaOCl gives aldehyde 7a in high
yield. Compound 8a is prepared in a one pot procedure

starting from 6a without isolating any intermediates.
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chiral sulfone l1la, a key internediate in the Julia- Kocienski step, is
prepared in three steps starting from31 WO 02/098854 PCT/ US02/ 17269 the
comer ci avby2/e08834 abl e Kaneka al cohol 2b via triflate 2arandseu7éode
internediate 4a. Referring tq Schene 2, treatnent_of cog&grm al I]é/l

nol ar

avai | abl e cREFRVad| OdhCSIE it Wder i3 ighiy ik B enp i il &
rati o of anhy@d@l@%&l@; W bl hegiangs daiomeabauit tHib: thé Q:a&tymtfﬁ’olﬂ-

preferablyf m, aho 8: but nd triet DI PEA or

| uti dene, i hl%olrfl’orjre(%l? r‘?‘é) éJtQC az @rﬁ?%?%atﬁajéf (# areg 1ﬂbl e 245 %% 00
affords tri fab@m 2ab5:Qt he(lenwfqydmge al@cdweam res1diases eta'tyybacmnﬁm.ed
Triflateg2a, i 1des £P W t hout
further purl %‘8@;:{8%?1 G %ﬁe@%& I%gjngcte?%) Pﬁi(f%aﬂl{)frae[g)t %ﬂl&, proprl at-e— sol vent)
sol ution of whdichy szp@nzéu@herreé;twtmrtm vtidthy apastiens - mXJs%ﬁ (oF

benzot hi azolyg i %ll]élllohe&lmﬂi@'r&%) ﬂ@é@)h% %ﬁé@&{af@l%m 2a: 3a
(or other th| ol) within the range fromagbout .5:1 to about_ 2:

preferably f€@m hodtren agifl ¢ dhoutSubPapaienty tﬁ%ﬁﬁ”&?éﬂt tHe ﬁfnl"}“at‘rhsul fide
4a (or the eeridespend ra@llaerlw hi az@liecir 533 a&fa&iﬂﬁﬁé i adid sL@xi di zed

ith h th f t al
oSO IS0 RIS eSS o SOV SR M
conpl exes) o lgi we(fre)tﬁhdlyl ifeons wWidcorie 4.8 : lcxttcerabmxu darf ¢ l)subzmids or
m chl of o- PELREREQIC AU (ITERER) a1 ORI TR 118 G 25 Addi tion

of base such as LiH mxt ure sul fone Ta and
car boxyl al deémyeéatd inemsireiinige éaﬁiﬂ d8a-atio of 7a:1a within the range

fromabout 0.5:1 greatment of 6a under acidic conditions (e.g. TFA,
15 HCl) effects the conversion of 6a to lactone l1l4a
(employing a molar ratio of acid:6a within the range from
about 0.5:1 to about 2:1, preferably from about 0.8:1 to
about 1.5:1). Saponification of l4a to 9a (where Y' is
alkali metal, or alkaline earth metal) can be effected by
20 treatment of l14a with agqueous base (molar ratio of
base:14a from about 0.5:1 to about 2:1, preferably from
about 0.8:1 to about 1.5:1) which can be subsequently
acidified to give 10a. Additionally, l4a can be treated
with an alcohol of the type Y'OH (molar ratio of
25 alcohol:l4a from about 0.5:1 to about 2:1, preferably
from about 0.8:1 to about 1.5:1) under basic conditions
to form the corresponding esters of 8a.
As seen in Reaction Schemes 2 and 2A, the saturated

derivatives of compound 10a (where > is CH,-CH,) are
30 obtained by catalytic (Pd/C, Pt/C, Pd(OH),) hydrogenation
of 10a, 6a, l4a or 8a to afford l1lla, 13a, 1l3a or 1lla,
respectively. Compound 1l2a may be converted to 13a via
acid treatment and 13a to lla via base treatment.
Compounds containing dihydroxy acid HMG-CoA binding
35 domain side chains may be prepared in homochiral form,

which is preferred, or may be prepared as racemic
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to about 2:1, preferably fromabout 0.8:1 to about 1.5:1) in THE at | ow
tenperature (-78 to -40C) provides trans 30 olefin 6a in high
di astereovebmassMi ty (>99% . The al dehyde 7a is obtai ned peT/@serwysdoal | i ne

solid formthe correspondi r% ester 7b. Reduction of ester 7b_ w th Red-Al,
li t hi um al uFRFAARFr 38 orP T b &1 A1a0 e ShyP X R HERE Wi 1P
(2, 2,6, 6-tetchamstd)ylsA iFonperi di nyl oxy) and NaOCl gives al dehyde 7a in

hi gh vyield. Conpaund i repared in a one po rocedur e ting from
6a wit hout isol at ?ﬂbe aﬁ%ﬁ’%%%%%‘?@%ﬂfgg‘éta%O%D%@%:é%ﬁ B 02/ 17269
Renoval of &oétomedmiaieder iadiidhic-ccnditemard FerdiGh Jard empdiyl ngna nol ar
rati o of zaci.d: AV T anae fi1.0 . 0.5 L
preferably (fijltzg_quﬁ%aVl\"oltjdtz_J %}%ﬂ%%o :lb(%t%tégfnggg J(%n%?%@%ﬁgﬂgog%_%ren such as
et hyl acet atteio5 vioseprdssyl ia colginnsgr t%mljimﬂ‘m WBeedvaseaides diol 8a

whi ch upon fyrther ddieat ety ddr 80diumdwdroxd de-oF; vodherial kal i netal
hydr oxi de gives the correspondi ng salt 9a) of _the acid 10a. Subsequent

treat nent offOFARHEAT I iAF H 1R RERRS A ZR)Q(B{SQ adi FHEFRDF2 i nine to acid 10a
10 (nol ar r afiicevefs @itgimidiel e friom about 0.5:1 to about 2:1, preferably
fro_m abZHt 0.8:1tp allé)oulr%l 1.5; :L% ](vaict)h or ., wlghout gzeegirng wﬁg final
argini nd’sal t) pr QUUCEEMRFGRE R T+ nE RGP hFh@" sATY 18aPTF8hEent of 6a
under aci di @ommradjnﬁ@lsat( elepstlfohe db tHE )M f@eA sredecttaswer sion of 6a to
cotone LA ARELN D0 AALaL Spdaal sl Se ) eyt ot 1 o
Saponi fi cat Veiistlelox & owertivhe By phagrmag el icarbtpmP ey il ®al ¢ earth
metal) can br &fdfestiedddY employing conventional solid or liquid
15 wvehicles of diluents and pharmaceutical additives of a
type appropriate to the mode of desired administration.
The compounds can be administered by an oral route, for
example, in the form of tablets, capsules, granules or
powders, or they can be administered by a parenteral
20 route in the form of injectable preparations. Such
dosage forms contain from 0.1 to 1500 mg of active
compound per dosage, for use in the treatment. The dose
to be administered depends on the unitary dose, the
symptoms, and the age and the body weight of the patient.
25 The HMG CoA reductase inhibitor compounds can be
administered in a similar manner as known compounds
suggested for use in inhibiting cholesterol biosynthesis,
such as pravastatin, lovastatin, simvastatin, wvisastatin,
atorvastatin, cerivastatin, fluvastatin, itavastatin, and
30 the like, in mammalian species such as humans, dogs, cats
and the like. Thus, the compounds may be administered in
an amount from about 0.1 to 500 mg in a single dose or in
the form of individual doses from 1 to 4 times per day,
preferably 0.2 to 100 mg daily or in sustained release
35 form.
The HMG CoA reductase inhibitors prepared herein

may be employed in combination with all therapeutic
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20 treatnent of 14a with aqueous base (nolar ratio of base:14a from about
0.5:1 to about 2:1, preferably from about 0.8:1 to about 1.5:1) which can

be subsequeibhigssaci dified to give 10a. Additionally, ldapcpmusieriboeat ed
with an al cohol of the type Y3OH (nolar ratjio of 25 al cohol:14a from about

0.5:1 to abd@erts) Wherdt ersh s eyl mmlssmbigiat ion ¢vigo iMA &4 ) under

basi ¢ condi tde@Rstad@® flmglt&l@rrespondl ng esters of 8a. As seen in
Reacti on Schenes 2_and 2 t he_sat ur derivatiyes of conpound 10a

(where is is CH 2-THYS: a¥aene pTarH d e CRPEPYYRCS (PHPRRLBE/ BT Bl OH) 2)
hydr ogenat i ey @fe 13ed Ga dohibiotatficort aviadH ok lda, mdSa, hyidal 051 ddmi c

respectl el Q n 12a rﬁgx he convert.ed to 13a LK:! aC| d treat ment and
l3a to 1 a éga r%eoliﬁtre ec%ln%ua Iltcso’nt ali nflnbgl Ellﬁlecfl ox’y Aci d HVG- CoA

bi ndi ng 35 ldmial mosild@t@hm e aTEyS ,b@rm‘/e:par@de ior horoe o rledr forpes  whi ch
is preferregys qmdmy, eagé 31%1
PCT/ US02/ 17269 m xt ures (3 na%l%ﬁ%resg%ved t'o obtain

the 3S, 5R iP8¢rieCPerHEY3 ar%ﬁﬂikﬁ(y-@qﬂé%&ﬁ%ﬁr*@ﬂﬁwﬁyla%&ﬁy@l%%% CoA)

reduct ase l %@g&lég&f’cicﬁf epat ek hefe 'hr?.fle-_A!LSﬁféJ_Lméﬂq’s addhi Dl tadhg -
chol est | nthesis and/or in Wer.i n trll%e cer| des, in a manner

simlar SERASHT JAS St AN C%s| daRARE Tt i n,
cerivast at i rt,herra@wzstoatag’edt%t wéh iZenecey 25 inid tamsd ai:traﬂ,ly in

pi tavastati g %neatﬂ{ée dolggi t]fg &ng nmace! d—’lucaue coorrg)fsol%é L, nBay,.be prepared

contalnlng at one ase nhi ot compounds in
associ at i on b tlﬁljﬁqﬂmmaceutl cal

The hypolipidemic agent or lipid-lowering agent or

15 other lipid agent or lipid modulating agent which may be
optionally employed in combination with the compounds of
formula I of the invention may include 1,2,3 or more MTP
inhibitors, HMG CoA reductase inhibitors, squalene
synthetase inhibitors, fibric acid derivatives, ACAT

20 inhibitors, lipoxygenase inhibitors, cholesterol
absorption inhibitors, ileal Na'/bile acid cotransporter
inhibitors, upregulators of LDL receptor activity,
cholesteryl ester transfer protein inhibitors, bile acid
sequestrants, and/or nicotinic acid and derivatives

25 thereof

In carrying out methods for treating

hypercholesterolemia, hyperlipidemia,
hyperlipoproteinemia, hypertriglyceridemia, or
atherosclerosis, and related diseases, or Alzheimer’s

30 disease or osteoporosis, a pharmaceutical composition
will be employed containing the compounds prepared
herein, with or without other cholesterol lowering
agents, osteoporosis agents, Alzheimer’s agents,
antidiabetic agent(s) and/or antihyperlipidemic agent(s)

35 and/or other type therapeutic agents in association with
a pharmaceutical vehicle or diluent. The pharmaceutical

composition can be formulated employing conventional
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vehicle or diluent. The pharnmaceutical conposition can be formulated
enpl oyi ng conventional solid or liquid 15 vehicles of diluents and

phar maceuwyd onbosaghdi ti ves of a type appropriate to the nogerekogeséor ed
adm ni stration. The conpounds can be adm ni stered by an oral route, for

exanpl e, insPRéds ermldruddoMehs clegpor 64 1ugndifulads! sharimaResrtsicadr t hey
can be adm pistiereesby faapakprt ekl o2dikew ed rhedd Mofaddijreset abl e
preparations.. Such dosage for contain from,0.1 to 1500 of active

conpound pePBdBAGET 3P s EUCR Pife PUPERBREMTE CRte Y FEE SRS admi ni st er ed
depends on therteirbar pxddgd enithe dydeirenandanthd Nekage aiek t he body wei ght
of the pati entgaglhe M3 .Con reductase inhibiton comounds can be
admi ni stered IR a Stmar Jrafner as Known cofpounds “suggested for use in
i nhi biting éhellesiisgohupbosyntitedieys, soos astpr.avasteat ioral evadteat i n,
simvastatingoy saskbie. 12tV a8Lal ik ceenioast aidburlddivaslatd n
itavastatin, an O"the i ke, 1n mammlian saggles.sqc as humans, dogs,
cats ,and SHETILRE. OThREWALHE : c O &S Cdly Hise a8AMINGiSHS&ed Ih @ an anount
Lr om a]?out %a%eh%es’?_g@; g ulcl %nSIt'B:@' %o?ﬁﬁ%ﬁridg%zcttamﬂlé;) rr@p%{;:a!dlldjﬂlsl dual
oses mlto 4 times_per day, _prefera : o] g daily or in
sustain @ r8Fe§§§y3§aPOPﬁlaﬁﬁﬁ%ﬁﬁéeéﬁﬂ‘F@&&é@éﬁ@% hi%¥i "ot s prepared herein
may be enpl ayedsidersaibipaatiher .W iypdlcalt kerldpe Wareul a3 onAwi2/1098854
PCT/ US02/ 17 e whi are.useful in i_hation w H
reduct ase i%&%ﬁ?ﬁ%rgg%¥hﬁgﬁﬁﬁhgfé %%éf%g F’%ﬁgpggﬁﬁgﬁﬁﬁgk%ggﬁgggggﬁérein
may be usedfpmmgdabilnat Thue w@Woske dve eduddse iy ol fsivgénivc between 0.5

and 1,000 mg per day, which can be administered in a
15 single dose or in the form ofAindividual doses from 1-4
times per day.

A typical injectable preparation is produced by
aseptically placing 250 mg of compounds of structure I
into a wvial, aseptically freeze-drying and sealing. For

20 use, the contents of the vial are mixed with 2 mL of
physiological saline, to produce an injectable
preparation.

The following abbreviations are employed in the
Examples and elsewhere herein:

25
Ph
Bn = benzyl

1

phenyl

i-Bu = iso-butyl

Me = methyl
30 Et ethyl

TMS = trimethylsilyl

FMOC = fluorenylmethoxycarbonyl

Boc = tert-butoxycarbonyl

Cbz = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
35 DIPEA = diisopropyl ethylamine

PTSH = N-phenylthiotetrazole

PPh; = triphenylphosphine
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5 agents or |ipid-lowering agents, or lipid agents, or lipid nodul ating
agents, and/or one or nore other types of therapeutic agents including

anti di abeyho2e@efit s, anti-obesity agents, antihypertensi peragenize

pl atel et aggregation inhibitors, anti-Al zheiner's agents, anti 10

ost eopor osi genfisthydaosichieddmen&oaiidecenent  therapeutic agents, which
may be adni nipabered c@hallibohl arkdd® isaMe desaae e in a separate oral
dosage formor by i.nj cﬁjon. The hypol.i pi dem ¢ agent or |ipid-Iowering
agent or 1@E3Phérdﬁﬁ§$§'a&ém@%&aqhﬁ§X}aﬁﬁﬂulating agent which may be
optional | y smployedacoHCenbickatiicomadid h t he conpounds of fornmula I of the
inventiqg ”%%AiQC|%§ 1,203Co%i%0rei P inhibitors, HMG CoA reductase

i nhi bitors, squélgne %Vﬁfhgtgée i ATditors, fibric acid derivatives, ACAT
20 i nhi bi t oE$,NHi postygehméamingi bi tors, chol esterol absorption inbhibitors,
il eal Na+/ bj acid n r:af, i nhibitors, upregulators of LDL

recept or acpkgit ?pgﬁgkggtgggé%ggﬁgf transfer protein inhibitors, bile acid
sequest r ant §X088d/ ormaneperaltfatpdcangoyedi VRPLAES 1P PREPEYMON® —car ryi ng
out net hodscf,9kattkgati ng hyperchol esterol em a, hyperlipidem a,
hyperliﬂgproteinenta, h perhéj foeridenia, or atherosclerosis, and
rel at ed'¥i sBa8¥&t v &l 80 di sease or osteoporosis, a

phar maceut i eal/ccenpadilbiddnm Wil kca®oempl oyed cont ai ni ng t he conpounds
prepared herein, with.or wthout other cholesterol |owering agents,
osteoporosigtgéeﬁté@égf%ﬁgiﬁ%%ag agents, antidiabetic agent(s) and/or

anti hyper| i pEder tragéhy(lenid®s and/ or ot her type therapeutic agents in

associ ati ongWabh- 3_ethyl-3/- (dimethylamino)propyl-carbodiimide

15 hydrochloride (or 1-[(3-(dimethyl)amino)propyl])-3-
ethylcarbodiimide hydrochloride)
HOBT or HOBT.H;0 = l-hydroxybenzotriazole hydrate
HOAT = l-hydroxy-7-azabenzotriazole
PyBOP reagent = benzotriazol-l-yloxy-tripyrrolidino

20 phosphonium hexafluorophosphate
DIRAL = diisobutylaluminum hydride
LDA = lithium diisopropylamide
DMPU = 1,3~dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone

AcCN = acetonitrile

25 LiHMDS = lithium bis(trimethylsilyl)amide
NaHMDS = sodium bis(trimethylsilyl)amide
Red-2AL = sodium bis(2-methoxyethoxy)aluminum hydride

mCPBA = m-chloro-perbenzoic acid
min = minute(s)
30 h or hr = hour(s)

L = liter
mL = milliliter
MWL = microliter

g = gram(s)
35 mg = milligram(s)
mol = moles

mmol = millimole(s)
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a pharmaceutical vehicle or diluent. The pharnmaceutical conposition can be
formul at ed enpl oyi ng conventional - 35 WD 02/098854 PCT/US02/17269 solid
or |iquidvyehiskes or diluents and pharmaceutical additi pesushyaadype
appropriate to the node of desired admnistration, such as

phar maceut | 889 y fdddpeablidalantiers, excipients, binders and the like.

The 5 conpownds r¢ar heAdMdMdL84-d 0 mamual i an species including humans,
monkeys, dogs, etc. by an oral route, for exanple, in the formof tablets,
capsul es, b%é’tifs,or P%Lﬂaé‘s S&t“diﬂ/{iféfs, or they can be adninistered by a
parenteral moute iamdderis orm of injectable preparations, 10 or they can be
adm ni stered,. intranasally or in __transdernmal patches. Typical solid

f or mul at?ongﬂ’vc\ln Il %%&gntlé—’%gfnerf rct%ﬁogbaotucfg]ffql%o about 500 ng of a compound of
formula |. TR&Cdesdifody redifiamnars=grleferiablghihmtaweesgrdply and 1, 000 ng per
day, which _agm_nj | 1 gl ]_q%?% i rm of

i ndi vi dual %gzg%ef rgﬁg}%{ ?&{%éhp% 1csilaqyﬂ.ﬂ% C’?}/pl ca ébltxfﬁ%@%ggaégpr eparation
i s produced SPFCta®Bstt¥al |y pl aci ng 250 ng of conpounds of structure |
into a vial ysasePMaed I9pdd eezprdl W ahhseal i ng. For 20 use, the
content? of the vial are mxed with 2 nlL of physiological saline, to
producel@n MHFect AHiCd S35 SRS 6h TSHHEFHIS owi ng abbr evi ati ons ar e

enpl oyed i nmiphe nmetanplepandt el sewhere herein: 25 Ph = phenyl Bn = benzyl

Bp = boiling point

The following Examples represent preferred
15 embodiments of the invention. Unless otherwise

indicated, all temperatures are in degrees Centigrade.

20
Example 1
25
ﬁ O><O (o)
N ﬁ o)< (1a, Scheme 2)
N, Il o
N
\N’N
A. Preparation of Triflate
30
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i-Bu = iso-butyl M = nethyl 30 Et ethyl TM5S = trinethylsilyl FMOC =
fl uorenyl net hoxycarbonyl Boc = tert-butoxycarbonyl Cbz = carbobenzyl oxy or

car bobenzaxyoxapsdaenzyl oxycar bonyl 35 DI PEA = dii sopropyl miindoanariee PTSH =
N- phenyl t hi otetrazole PPh3 = triphenyl phosphine - 36 WD 02/ 098854
PCT/ US02/ 17269 NMEr=2nBbRymkofpReki WesNchrirdedTBAReEat alegpedpykdnmoni um

perrut henat esc AP &) di et hyl gazodi carhexyl at ge HPCRE éﬁ%&rdawtmg acid 5
TFA = tri fI uoroacet%c acid t 2NH = di et hy[ am ne NW = N-net h%g? nmor phol i ne

Oxone(r) = ombpetat Fot EORBHTGLAERY PORAERI (i pBrBXynBho® LSNP LY e7ndl0
n- BuLi = n- Myléﬂtmumocl%dlc Ifmaﬂ]lzadla:mmm bon 1Ptfi2, = pl2d i num oxi de

TEA = tr| et h neaSI)EDAg —d3 let h 31 h% égro L-gjz_ar bggl i mde
15 hydrochl or| (% (E% (% Fre hyyf %ogj‘% E I& i mde
hydrochl ori dlee)mzbmt@rc_e HOBT-H20te 12BRa@ir oed;ﬂaemni r |’.Iétze)lnsearryldir<a1e HOAT =
1- hydroxy-7- OJvéé aé@ifr?ngE’ r?@g?rfor ~30 min and checked for

benzotri azol -1-y oxy tripyrrolidi no
disappearance of Kaneka alcohol by TLC.

10 B. Preparation of Sulfide

>< )< 4a, Sch 2
\M/U\ ( 3 )
\1/ a, ocheme

15 A slurry of l-phenyl-1H-tetrazole-5-thiol (7.19 g,
40.34 mmol) in methylene chloride (50 mL) was added to
the Part A triflate solution. After the reaction was
complete, water (100 mL) was added and the mixture was
stirred for ~5 min. The phases were separated and the

20 agqueous phase was discarded. The rich organic phase was
washed with water (100 mL) for ~5 min and phases
separated. The rich organic phase wasgs washed with
saturated NaHCO3; (100 mL) for ~15 min and phases
separated. The rich organic phase was concentrated to

25 ~50 mL. The solution was taken to the next step for

further transformation.

C. Preparation of Sulfone (la, Scheme 2)

s

N, |
\N/N

O....

30




20 phosphoni um hexaf | uor ophosphate DI BAL = diisobutyl al um num hydride LDA
= lithiumdiisopropylam de DVWPU =

1, 3-di rT'et\mbz/6934545 6-tetrahydro-2(1H)-pyri m di none AcCN pcagsirnésril e 25
LiHVDS = lithiumbis(trinet hyI silyl)am de NaHVDS = sodi um

bi s(trimethyl silylRin deReehAlwas sediedn i stize o ethbiddal uni num

hydri de WCBBﬁutlEEhC*IE%ErPt@l%r Rz %tﬁz@ d miH soﬁ.‘d’d&t&{ %)as ?LQJJ!LéH Y
hour(s) L = it L mlliliter = nmicrolite m's) r)’r_g

mlligran(sfP- 5n6+ -TPrDFE§ ﬁﬁearrednﬁpﬂpﬁﬁpé( ef Suéfldm éz/s@és@s&n ©
PCT/ US02/ 172§8,) Medo e4n bl i Qﬁh&bﬁ@hﬁnheramthyEd&Q@mtbQﬁ‘B@fy@Ixﬁlt%) sat or

sat'd = ated 'a = a TLC = thin | ayer chromatography HPLC =
hi gh per orxé tgg Firq §| &4 Hﬁ@ﬁa QMHQO(W&%% Pﬁ&%ﬁ%néga% qui d
chr omat ogr apﬁxﬂ/e@ﬁs‘l&opsﬁe;@t [ITe iy «MS atinVhst isped rd mashepect ronetry 10
NVR = nucl e [lagnet,¢ 8SANCe 1M on T 9 R9cPOLALL warmed to

ambient temperature. The conversion of sulfide to

sulfone was monitored by HPLC ~24 h. After completion of
10 the reaction, methylene chloride was distilled out. The
pot temperature was maintained at not more than 25°C.
The crystal slurry was reconstituted to a volume of ~230
mL with IPA and the resulting slurry was stirred for at
least 1 h at 20-22°C. The solid was collected by wvacuum
15 filtration, the cake washed with IPA/water (4:1, 25 mL)
followed by drying under wvacuum at 40°C to constant
welght affording 12.8 g (74%) of the title sulfone as a

white crystalline solid.
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Bp = boiling point The follow ng Exanples represent preferred 15

enbodi nents of the invention. Unless otherwise indicated, all tenperatures

are in degpegeesggnti grade. 20 Exanple 1 25 O OY-10 O N-pt/usez/Sedene 2)

O NI I 1O ~N A Preparation of Triflate 30 O~Oo0 TfO &< - 38 WO

02/ 098854 PCT/ US02/ 17269 To a 250 nmL flask was charged Kaneka al cohol (2b,

Schene 6) (10.0 g, 38.41 mmol ), net hy,kﬁﬁ@lé:hﬁorlde (100 n), and

di i sopropyl et hyl am ne 14.8 84, -30C. Triflic

anhydride (7.11 7 S ngd iR j Mteto

mai ntai n the terrperature at -35 to -25C -15 min. The reaction mxture

was stirred at -30C for -30 mn and checked for disappearance of Kaneka

al cohol by TLC. 10 B. Preparation of Sulde g O-O O NYS &k (4a, Schene 2)
(o}

M~ " NN

10

To a mixture of 4~fluoro-benzaldehyde (935.8 g,
7.54 moles) and methyl isobutyryl acetate (1087 g, 7.54
moles) was added piperidine (64.2 g, 0.75 mol), followed
by acetic acid (22.6 g, 0.38 mol). The mixture was
15 Theated to 80 to 85° C for about 2 hours. 16 Liters (4 x
41) of toluene was added and mixed with the reaction
mixture. The toluene was removed using a rotavapor (50-
65° C/20-90 torr), leaving a vellow oil. The yellow oil
was dissolved in 5L MTBE and washed with:
20 -1 x 3L HC1 (0.5N)
1 x 3L NaHCO, (saturated soln.)
1 x 3L, DI water
The MTBE was evaporated off. Thereafter, 1.5L of
MTBE was added and the mixture evaporated to remove water
25 to afford about 1780 g (yield 88%) of title compound as a
vellow oil.
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15 A slurry of 1-phenyl-IHtetrazole-5-thiol (7.19 g, 40.34 nmol) in

net hyl ene chloride (50 M.) was added to the Part A triflate solution.
After thevpesedskan was conplete, water (100 nL) was addedpen@siedp xt ure
was stirred for -5 mn. The phases were separated and the 20 aqueous phase
was di scarded. The rich organic phase was washed with water (100 niL) for
--5 mn and phasespy_separated. The rich organi c phase was washed with
saturated NaHCO3 (100 mL) for -15 m n amd phases separated. The rich
organi ¢ phase was concentrated to 25 -50 The solution was taken to the
next step for further transformation. Preparation of Sulfone (Ia,
Schene 2) N~ SJ O- NI 0 30 -N - 02/ 098854 PCT/ US02/ 17269 | PA
(150 m.) was added to the Part B oi%2GHen from t he above step. The
solution was cooled to 0-5C To ¢ gd s i i de,

solution of (NH4) (anmoni um hept aro date {etrahydrate) 5 (4.75 g, 3.84
mml) in 30% H2G2 (hydrogen peroxide) was added dropw se during -15 mn,
mai ntai ni ng the tenperature of -5C, then warned to

anbi ent fenperature. The conversion of sulfide to sulfone was nonitored by

HPLC -24 h. After aenpl.ets enefinddd the s eratdon,1 o g enemddy ar,i de was
distilled out pot te ratur was intai ned _at. not m)reth 25C.
The crystal Ioﬁlre;%l \%Pgmr S at’ed %% "ﬁ/gl UWE‘SOP'%-df’%Oa i {fh PA and
t he resul ti sglsitioty ofad Sidrrceditfcatorat (1177 g, 7.35 moles, 1.05

eq). The reaction temperature was maintained below -50°C

10 during the addition. The reaction was then stirred at -
between -72 to -65°C for 1 hour and a solution of
compound A (1751.5g, 7.0 moles, in 6 L THF) was slowly
added to the reaction while keeping the temperature below
-50°C. After the addition was complete, the reaction was

15 stirred for 2-3 hours between -72 to -65°C. The reaction
was quenched with HOAc (1.4L) between -72 to -50°C. The
mixture was allowed to reach RT and saturated ammonium
chloride solution (NH,Cl,15L) was added plus 7L DI-water,
and the mixture agitated for 5-10 min. The agueous layer

20 was extracted with 1 x 8L MTBE. The combined organic
layers were washed with water (2 x 9L) and brine (1 x
9L), then dried. The solvent was removed to afford crude
compound B (3.08 kg). The crude compound B was used
directly in the next step.

25

To a solution of the crude compound B (3078 g) in
30 agueous HOAc (16L) was added ammonium acetate (1446 g),
followed by cupric acetate monochydrate (1859 g). The

- 42 -



|l east 1 h at 20-22C. The solid was collected by vacuum 15 filtration, the
cake washed with | PA/water (4:1, 25 nL) followed by drying under vacuum at

40C to canehmndsssswei ght affording 12.8 g (749 of the titpersubione® as a
white crystalline solid. - 40 WD 02/098854 PCT/US02/17269 Exanple 2
Prepar at i onre‘iacﬁ;ibindiv\naze: Mecféhm&i Qo%ﬂ:)me(e%ch@ﬁetb) 1Q49C £okr N251A. 0 0 ocH3

~ F 10 To @ mix tur% ate E! ;gorﬁ/ %%Q/Z%fd d%(,)(e%%gcs%a S54 nol es) and

met hyl |sobutyryl plperldlne (64.2
g075mmwmmmwﬁwmmmmm@gm@@Mn%mmeﬂwwmmems

15 heat od {9180 b8 Giher 19h0Unek NaWSy116 iii§ys dihas) 4L) of tol uene

was addeg and m xed th the reaction., m Xture. he tol uene vvas r enoved
usi ng a Totavapor (@G r@@"éjtzl@%@ot]ﬁ’rtrl)on |W€§VIfﬁd'l_§R?g B9E aThe yel | ow
oil was di ssalivedpad Fl17MEBteaidavdshed i th:s20 w k i, 3letdEe1()0.6) 1 x 3L

NaHOC3 (Sat%%?t%%képk%éheal#&éﬂ-f@L‘Mﬁﬁﬁﬂ The organic phase was
washed with:
- 2 xXx 9 L DI-water, pH of combined wash=4.2
10 - 2 x 3 L NaHCO,, pH of the combined wash=6.4
- 1 x 9L DI-water, pH=6.0.
The solvent was evaporated to produce a black oil
(2883 g). 2.5 L of methanol was added and the mixture
agitated for approximately 2-3 h. The product was
15 filtered and washed with 2 L of cold methanol (-10 to
0°C). The product was dried at 40-50°C/~20" of Hg to
produce an off-white solid, 793 g, HPLC AP=97.8.
Yield=27%

20 D.

To a 500 mL round bottom flask equipped with a
magnetic stirrer and a nitrogen inlet was charged
25

(50.0g, 128.4 mmol)
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The MIBE was evaporated off. Thereafter, 1.5L of MIBE was added and the
m xture evaporated to renove water 25 to afford about 1780 g (yield 88%

of titlewoopogesk as a yellowoil. - 41 WD 02/098854 PCGR¢HEE 1769 B. F
\ 5 To 7.35 L NaHWVDS(7.35 noles, 1.05 eq) under N2 (cool ed down between
-72 to -65C)anv§a$oadlﬁbe1@ d ITHEmIH .L) Theokitkitonr eofwals emizosadb artortd (2BPT7 g,

7.35 ol es, 108 sehoaIe eaqti 0 Lenperatne Was JItialned: helpw -50C

10 during the a The i O was then Sstirfré etween -72 to
-65C for 1 ﬁ@drAéndnatgdnJ@meorﬁaf 8 génpd¥iRd AMAR] ve ardedheings thie 6 L

THF) was sl Q\A,Jaﬁtl%dﬁﬁlﬁt%ﬂeh%arse%“e%ﬂt%@ Wi lgpokeaping EBﬁnloE_L%'EBeéét ure bel ow
-50C. éer the addition was conplete, the reaction was stirred for 2-3

hours bel we8RtEFPING EYCHPH e r SR F6RCHARS FUsHAE WA K38 (FL 4L)
bet ween -72-boce 58&d Eﬂi@ncﬂéat byepwagllabl Q’tt\/eﬁint:@ eeagh (BTsand s@¢ upal ed

anmoni um CQ E %ﬁ sol on (I;IVI-lﬁL:CI 15L) dc'ie%l% us rtsaglo-mater and
the mxture ég ad a‘§f0 . SPRETANS STt ed wi t h
| x 8L MIBEph#ke malsbldnecd:amd@@m cThlea‘peir o fnehe sasteediavdtessatwers (2 x 9L)
oot 53gstEly L4 bt TesSaL aR ep MU I aliar s e
st ep. 20 c (6P mL) was added and the pH adjustment continued to 7-
8. The phases were separated. The agueous phase was
extracted with additional ethyl acetate (2 x 500 mL).
The combined rich ethyl acetate solution was washed with
water (3 x 250 mL) and concentrated under reduced
15 pressure to ~465 mL. This solution was carried through to
the next oxidation step.
The rich ethyl acetate solution was charged from
above into a three neck 1-L flask equipped with
mechanical stirring, temperature controller, and addition
20 funnel and cooled to 0-5°C. To the slurry, potassium
bromide (1.53 g, 12.8 mmol) and TEMPO (2,2,6,6-
tetramethyl-1l-piperidinyloxy) (0.20 g, 1.28 mmol) were
added. The pH of NaOCl (sodium hypochlorite) solution
(212.1 mL) was adjusted to ~9.1 with saturated NaHCO; and
25 added to the slurry at a rate such that the temperature
remained at 0-5°C. Stirring was continued at 0-5°C until
the reaction was complete as determined by HPLC. The
phases were separated and the agueous phase was extracted
with EtOAc (2 x 200 mL). The combined rich organic phase
30 was washed with a 1:1 solution of sat. ag. NayS$S;03 (sodium
thiosulfate) (75 mL) and water (75 mL) followed by wash
of the rich organic phase with 1N NaOH (250 mL). The
rich organic phase was washed with water (250 mL) and
concentrated to ~100 mL under reduced pressure.
35 Isopropanol (IPA) (400 mL) was added and the resulting
mixture was heated to reflux (80-85°C). The solution was
distilled to a volume of ~250 mL. Water (50 mL) was
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F COtN To a solution of the crude conpound B (3078 g) in 30 aqueous HOAc
(16L) was added ammoni um acetate (1446 g), followed by cupric acetate
nonohydr at@ of/dR88% g). The - 42 WD 02/098854 PCT/ US02/ 172p8t/ukeacbéon was
refluxed between 120 to 124C for 12-15 hours. Approximtely 90% of the
acetic aci dadded eva@patat edyveffalt lprodueesa grieeredslatr rQ-9Te Slour y was
then m xed w 4 t hyl -t h ul,t i.ng lution
was fil tere\g{I tEIEre(%lug 1%%((:1&{{?% ?601 i %Eﬁ Pl t)gelrnag ,ea%% l th %ﬁ
funnel ) andslugycatks \lvﬁhiedit\MZtOhZ c WBEatTH@a@Itgénihcbﬁtf@g@ was washed

W th: 2 X 9c51@|ec\ﬁ@ %’ ’t}@_is%fll%oﬁf% rf%@ﬂ%%h% %n 10 Bucznri‘e§ fuNediCO3, pH of

t he conbi ned wash= wat er he sol vent was

evapor at2d FB%F@H@C@’% Mlegdie ol thy Zeds g()opci §P6/Wﬁtﬁ§t H4rd) wesXadded
and the m xbQr &L)a@hﬁakﬂdefdortcﬁ&prc@ﬂé’ﬁ%lrﬁi Ywedrghth.unkder praelugd avas 15

filtered an she anol 0C). The R oduct was
dried at 4051§w%t‘20‘31 %4#0 géﬂef&% Fl%hfa‘ggeg‘é’ﬁled%?@% whitgp

AP=97. 8. Ycehrdt&l%:ﬂé BolEd0 H ~\ N To a 500 nL round bottomflask

equi pped with a magnetic stirrer and a nitrogen inlet was charged

10 : Example 3

Preparation of Olefin (6a)

An N, purged 250 mL 3-neck rb flask was charged

15 with Example 2 pyridine derivative (18) (5.0 g, 13.9
mmol), Example 1 sulfone (16) (6.92 g, 15.3 mmol) and THF
(75 mL). The stirred solution was cooled to -74 to -78°C

Slowly a 1M solution of LiHMDS (lithium

bis(trimethylsilyl)amide) (15.3 mL, 15.3 mmol) in THF was

20 charged at a rate such that the temperature remained
between -70 and -78°C. After addition of the base was
complete, the reaction mixture was warmed to ~-45°C over
~15 minutes. The stirred reaction was gquenched at -70°C
by slow addition of sat. ag. NHsCl (7.5 mL) solution and

25 water (38 mL). The dry ice bath was removed from the
reaction mixture and the solution was warmed to 20-25°C.
Ethyl acetate (50 mL) was added, the mixture agitated,
and layers separated. The organic layer was washed with
saturated sodium bicarbonate solution (2 x 38 mL)

30 followed by brine (25 mL) and concentrated to a volume of
50 mL. Acetonitrile (50 mL) was added and the solution
was concentrated to a volume of 50 mL. This step was

repeated. Water (~5-6 mL) was slowly added to the hot
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25 F OOCCHE 7b \ N (50.0g, 128.4 mml) 43 WD 02/098854 PCT/ US02/ 17269

and toluene (170 nL). The m xture was stirred at 20-25C wuntil a clear

sol uti on wapoxapssained. A solution of 65% Red-Al in tol uenget(dshH2B873gh, 192.6
mmol ) was added and the reaction mxture was heated to 80C until conplete
as 5 det er mgwed thiyorHPLED - TR )r esdtiilorclr xtlured wasiooofass terche®0C and

quenched by pour (I 5 208 re
separ at ed aﬁgugﬂgﬂ%%e%&ﬁﬁ%fdgﬁédhé %s%%ﬁagd%$%%a?égﬁgquéeﬁﬁﬁgégﬁﬁéeaqueous
phase was adjdistlesh f$bowko ¢®034e<g oveh $ORENAOHOErAYViEBesREETIVI( 500 nl)

was added anghd e i, @di st BNt £ £084 | NUgllet Rad-w8shdhewphAsgsswer e
separated. The aqueous phase was,_ extracted w th additi gnal gggﬁ%éacetate

(2 x 500 nL)Nixthee cohtieRErR ehl Bt rd atetafe dBFutFoRIWAS Wit h
water (3 X 2b05 rd-) (angl) concemé rat ete ubdiebotiRdugeda lphptesauyetaDlid65 nl.
This solution was, carried through to the next oxidation step. The rich
ethyl acet at®soi1#ton was charged from above into a three neck 1-L flask
equi pped with nmechanical stirring, tenperature controller, and addition 20
funnel and cooled to 0-5C. To the sl otbassium bromde (1.53 g, 12.8
mmol ) and TEMPO (2, 2, 6, 6- tetranethyg&%égﬁge&idinyloxy) (0.20 g, 1.28 mmol)
wer e 10 Preparation of the final compound as arginine salt (18a)

COOH
« _N_ _NHy

To a 3.0-liter round bottom flask equipped with a
15 mechanical stirrer, a thermometer, and a septa was
charged Example 3 trans olefin (92.0 g, 157 mmol) and THF
(600 mL) at ambient temperature. With stirring, to the
resulting clear sight yellow solution was added 6N HC1
(ag. 74.6 mL, 447 mmol) at ambient temperature to form
20

CO,'Bu

The reaction mixture was stirred for 5.0-6.0 h followed
by addition of 2 N NaOH (ag. 389 mL, 777 mmol) to form a
light yellow suspension. Agitation was maintained at

25 ambient until reaction (saponification of (20)) was

judged complete by an in-process HPLC assay. THF was
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added. The PH of NaOCl (sodi um hypochlorite) solution (212.1 nL) was
adjusted to -9.1 with saturated NaHCO3 and 25 added to the slurry at a rate
such t hatwo ggodsesper ature remai ned at 0-5C. Stirring waspecpiukigesh at 0-5C
until the reaction was conplete as determ ned by HPLC. The phases were
separ at ed aed'apbeaaetﬂe@ns ap rate rwa e vexioratioad a twmadouEt @@é’c(z ¥h200 nlL). The

nmbi ned t f
CNSZSIZrC]g (gi)%l u%rg |osr§'h et%e;auﬁgasv%sﬁegev\%af@r%(# Lil‘J(ﬂI Qvaoc rzy vvasﬂ
of the richaodgwaisc epliasetwict Witk MIGH ((26¢bwl) t- 'thié:ylr |edﬂilem ga(rﬁ3c9 phase
was washed wirth water A(f%%% g/i%pa%@mgo%%w@aeqa% 109,41y il reduced

pressure, 35 | sopr opanal was added rd the resulting
M xt ure Was LA¥EEe§ORGaLBAngx (80-85C). The solution was distilled to a
vol ume of -250 nL. Water (50 nlL) wgs - 44 WD 02/098854 PCT/ US02/ 17269

added and the crystal slurry was red at 70-80C for 1 h then allowed to

cool to 20-25C over at least 1 h. ¢ slurry was held at 20-25C for at

| east 1 h before collecting the sol#d by fdl.ﬂtbﬁtl on on a Buchner funnel. 5
The cake was washed with cold OC) PA/ wa 4. (\1 50 nL) and dried
t'a or & 315 (90% of title
jd. 10 Exanple 3 Preparation of Aefin

to a constant weight under vg
al dehyde as a white «crystal
(6a) F OO CO2'Bu N

was transferred to a 5.0-liter round bottom flask
equipped with a mechanical stirrer, a thermometer, and a
septa. While temperature was controlled at <29°C, 1 N HC1
10 (ag) was added to the above agqueous layer until the
pH=6.94. Subsequently, 330 mL of ethyl acetate was added
to the aqueous layer followed by charging more 1 N HC1
(ag) until pH=2.82. After separating and saving the
ethyl acetate layer, the aqueous layer was extracted with
15 ethyl acetate (330 mLi x 3). The combined ethyl acetate

layers containing the acid

were washed with 50% brine (265 mL), brine (427 mL),

20 separated and mixed with a suspension of L-arginine (27.4
g, 157 mmol) in ethanol (276 mL) and water (138 mL). The
mixture was evaporated to dryness under reduced pressure
at ca 45-50°C. To the resulting white solid were added
ethyl acetate (450 mL), ethanol (316 mL), and water (145

25 mbL) followed by heating the white suspension to 50°C.
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An N2 purged 250 nL 3-neck rb flask was charged 15 with Exanple 2 pyridine
derivative (18) (5.0 g, 13.9 mol), Exanple 1 sulfone (16) (6.92 g, 15.3
nmol ) andvObiEZogsss nl). The stirred solution was cool ed t oPeTASOW172608C .
Slowly a 1M solution of LiHVDS (lithium bls(trlrrethy |IyI)amde éﬁl

nL, 15.3 mBPPIPRITRE -Ma®l20icHarged V& 299 % ?§U6Hﬁ% éﬁ%%k ure

r ermai ned batweerc; 7Qu3@equéﬁﬁlyﬁivgo AJdbEi efhofl hbetaa&ewaSad@@@plete

the reaction mxture ---4 .over_. -15 mnte The stirred
reaction was %Eﬁch@& C{aain W%@f 79 g sz%ql N (7.5 n)
sol uti on andh25whater s@%@eMsﬁonThzasdwum@d)am 5408€ lfermxleﬂ br emdt e
reactiong m x E% ang thessql ut glasJE Otno 2Q; 293G, o Ehydl, acetate (50
m.) was adde e mxtureal ayer's sep arated. e organic

| ayer was W&@E}éd Wiesh wasiedr aitlé@ 343 lmiq mfc@r b@ﬁ@t@%(ﬂﬁjtﬁt&ﬁq 203088 m.) 30

fol I owed by 'n@tb%5(QE)nﬁHdaﬁgn?@@tQ@tﬁﬂ tgna yakuaeiel im0vAkuo
Acetonitrile 25 t he, sol utlon was_concentratedto a

vol une of 58tnf0- ﬂ#g §P§p2€va]§ r'g]B%aFéHleV\EFéfqut sbEaifPings & ow y added
to the hot wh4be WO10% QR8854PCH. lQSO@/ 17268 e1sp! uts .ome ( 60raGG=+0B jid the

cl oud point wa E:d V\% thlns rryvvas held for 30 mn at high
terrpera%re(CaﬁdgsL %égg co]01je’d several hours with stirring. The
product was filtered, cake was washed vvlth a 5:1 5 mxture of acetonitrile
and water, a%gqu}gl thcgbaffsarﬂM? %C-g (ﬁé@ qof, ttbe_tltd §£0 undY
white cryst i ne material. I§re aratlon of "the finha
as arg| ni ne §.§|,tJEISQ) Hz, J'—6 l HZ, 1H dt J=7.3 Hz, J’'=1
Hz, 1H), 7.27 (d, J=7.2 Hz, 1H), 7.22 (dd, J=15.4 Hz,
15 J’=7.0Hz, 2H), 7.20 (d, J=7.0 Hz, 2H), 6.45 (d, J=16.5
Hz, 1H), 5.43 (dd, J=16.5 Hz, J'=6.5 Hz, 1H), 4.24 (g,
J=6.5 Hz, 1H), 3.79 (m, 1H), 3.55-3.50 (m, 2H), 3.23 (m,
2H), 2.62 (t, J=7.2 Hz, 2H), 2.31-2.21 (m, 2H), 2.16 (t,
J=6.8 Hz, 2H), 2.05 (m, 2H), 1.87 (g, J=7.0 Hz, 2H), 1.74
20 (m, 2H), 1.57 (m, 1H), 1.34 (4, J=6.8 Hz, 6H), 1.31 (m,
1H) .

conpound

2c NMR (CDsOD): & 180.1, 174.7, 164.5, 163.1, 162.5,
158.7, 157.8, 149.1, 141.9, 141.0, 140.8, 136.4, 132.6,

25 132.3, 131.6, 130.5, 130.1, 129.7,129.2, 127.6, 126.6,
116.3, 116.0, 71.5, 68.0, 55.6, 45.0, 41.9,34.2, 33.1,
32.2, 29.6, 27.7, 25.8, 22.5.

MS: calc’d for CigHueFNsOg (M' + H) 490 and 175, found
30 490 and 175.

IR (KBr): 3341, 3200, 3070, 2960, 2934, 2860, 1670,
1629, 1602, 1580, 1509, 1465, 1450, 1397, 1357, 1221,
842, 766, 740 cm™

35
Anal. Calc’d for CseHyeFNsOg: C, 65.14, H, 6.98, N, 10.55.
Found C, 65.15, H, 6.97, N, 10.53.
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F OHOHL~-COON* "N NH CO2H H2N' v v Y 2 NH AN' To a 3.0-liter round
bottom fl ask equi pped with a 15 nmechanical stirrer, a thernoneter, and a

sept a waswEhapgged Exanple 3 trans olefin (92.0 g, 157 mudreed ke (600
m.) at anbient tenperature. Wth stirring, to the resulting clear sight

yel | ow sol ution wes addeeien Hdle faylowang procassy mAGLfigRtamBrent
t enperat ure 0 *.Bu agtio Extupe stirred
or 5. 0-6. 0 TEF o TEa By B (1 5hCof 25 K RGBT A 359 L e079 inl ) to

forma |ight yellow suspension. Agitation was maintai ned at 25 anbi ent

until reaction (saponjfigation of (20)) was judged conplete by an
i n-process ﬁ@%ﬁa ificgiph das . 46 WD 02/ 098854 PCT/ US02/ 17269

evaporated on a roharyeevepooat of) abrableEiAS€o dhe. owhitersBuheykedsi due
was diluted with_ 1000 nmL of water and was extracted wth BE, ( et hyl
t-butyl et hefJuREIPtierngd 2l lagf eruseparatih phBSMIBEIFayePtiERE aqueous
5 layer contaiwh&mbm&FbH H8NSepta. Charge 400 mL of THF

(tetrahydrofuran) into the above flask. Agitate to
provide a clear slightly vellow solution within 5-min.

10 Charge ca. 6 N HCl agueous solution (85.40 mL, 3.0
equiv.). Maintain agitation at ambient temperature until
reaction is judged complete by an in-process HPLC assay.
The reaction is complete when the area % (AP) of olefin
is < 1.00. Typical laboratory scale reaction times are

15 1-3 hours. Charge ca. 2 N NaOH (427.0 mL, 5.0 equiv.)
agueous solution to the above reaction mixture while
maintaining the batch temperature < 28 °C during
addition. Maintain agitation at ambient temperature until
reaction (saponification of the tert-butyl ester) is

20 judged complete by an in-process HPLC assay. The reaction
is complete when AP intermediate A is < 0.5 in a HPLC
assay. Typical laboratory scale reaction times are 5-20
h. Transfer the white slurry to a separatory funnel.
Charge 1550 mL of water to the'separatory funnel. Charge

25 500 mL MTBE (methyl t-butyl ether), shake the separatory
funnel, and remove the MTBE upper layer. Phase separation
took about 10 - 30 min to complete. Transfer the rich
agqueous phase to a round-bottomed flask equipped with a
mechanical stirrer and a pH meter. Charge ca. 1 N HC1

30 agqueous solution to the above agueous layer until to pH =
5.6-7.6. Charge EtOAc (600 mL) to the agqueous mixture.
Charge ca. 1 N HCl aqueous solution to the above mixture
until about pH = 2.2-3.2. Transfer the above acidic
mixture to a separatory funnel, separate and retain the

35 EtOAc upper phase. The residual agueous layer was

- 49 -



N was transferred to a 5.0-liter round bottomflask equipped wth a
mechani cal stirrer, a thernoneter, and a septa. Wile tenperature was
control | edbad988e, 1 N HC1L 10 (ag) was added to the above@aueouse ayer
until the pH=6.94. Subsequently, 330 nL of ethyl acetate was added to the
aqueous | ayefXtertoaRdvbyh chaPFng2hBr BLIXN2 HC1Sepagptadt i PngHERSG2. After

separ at i ng savi {“hﬁase&&%lﬂéétﬂéﬂ E‘ Er Et}?oﬁguﬁ%ﬁ ERYRE Was

extracted with 15 ethyl acetate (330 niL e conbi ned ethyl acetate
| ayers conta@h&&g tW@SbctheFCmeEPEdKEEDAAMlmEEe washedawi BR%50% brine (265

m), brine ( F@lv-% }290 Eﬁri@ﬁ?g?g% g!a%ﬁ i%t E‘naﬁggBeQﬁ'oB Biczk| argi ni ne

(27.4 g, 15 ano ter xture
was evapér at sepdoade yness naﬂalnreuacEdoaceSSQréayar c&8i45e50€heTo t he

resul ting ol.id were added. ethyl _aceta 45 . t hanol (316
1y and var b3S o BalEES AOHFS Ry inBERh ARt eke dn  PLokaBoans on 1o 50C
- 47 VI)02/B®6ﬁﬁdrPEHﬁhE@Zé@aiﬁﬁedAwmthea B6l¥%erlipapewat pdlwas atlded to

di I | I t 56C b ly.1720 t
o Vo SRt Bt SRR B b e B bbb paC BB
suspen5|on vetse stéigiet af HRCsfoollitdoh ahdbalel asbienbnfan .13 h. After

filtrati the crystalline solid shed w h 143 xture of
£t e (200 St Sy T RnC 0eS  B8hE) “anabuagtart éa tpniy Ao

11ter jacketed glass reactor equipped with a mechanical

agitator, a thermal couple, and two Teflon® stoppers.
Charge 357.3 ml of EtOH to the above 4-liter reactor
containing L-Arginine. Charge 160.5 ml of water to the
15 above 4-liter reactor containing L-Arginine suspension.
Heat the mixture to 50 - 55 °C to dissolve L-Arginine,
hold the L-Arginine solution at 55-60 °C for 5 min.
Charge the EtOAc solution labeled as solution A from
earlier step to the reactor containing L-Arg solution at
20 55 °C. Charge 450 mL of EtOAc to the above mixture. Heat
the above solution to about 50-55 °C. Maintain agitation
at about 50 °C for 1.5-2.5 h. Cool the crystallization
slurry to the ambient temperature in 4-5 h. After the
heating is removed, the slurry should be agitated for
25 additional 5.5-72 h. The solid was collected by
filtration through a Buchner funnel equipped with a
filter paper under reduced pressure. The crystals were ’
washed with ca. 200 mL of a mixture of EtOAc (200 mL),
EtOH (12 mL), and Hy0 (6 mL). The white solid was dried
30 in a vacuum oven at about < 50 °C (oven set point) until
the LOD < 0.5 % wt., this process typically takes 24-72 h
to complete. The white solid weighed 102.10 (g) and was

stored in an amber glass bottle in a drying cabinet.
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at 40-50C for 24 h. The title product obtained as a white solid wei ghed

78.9 (g). Yield, 75.7% [a]25D=+23.0 10 (c 0.31, CH3CN H20, 1:1, v/v) . 1H
NVR ( CD3GAR) 02/bwsgs474 (dd, J=2.5 Hz, J'=1.0 Hz, 1H), 7.41 pdiwsemin Hz,
J'=6.1 Hz, 1H), 7.37 (dt, J=7.3 Hz, J'=1.4 Hz, 1H), 7.27 (d, J=7.2 Hz,
1H), 7.22 (dd, J=15.4 Hz, 15 J'=7.0Hz, 2H), 7.20 (d, J=7.0 Hz, 2H), 6.4
(d, J 16 5 d, J=16.5 Hz, J'=6.5 Hz, 1H), 4.24 (q, J=6.
Hz. ]i)gg"(esslﬂfi%&agﬁ’? 3.50 (m 2H), 3.23 (m 2H), 2.62 (t, J=7.2
2H) , 2 31 2.21 (Bha2de, 22..06 ( ,ofJ:aaeS?:Llﬂz tozla) 1. 2)~05t(em 32-|1=i)qcklac}37 (q,

J=7.0 Hz, 1.57 (m d..J 1.31
O bbbt b fﬁ%“a capipERa it Fgshinapa) Bt

157.8, 199. & thétmBmeleL., Oanﬁ4@se§>ta1361hé,rgb3206mlx 25 8% AntiBtie: 130 5,
130.1 129.7.129.2. 127.6. .126.6. 116.3.. 116.0. 71.5. 68.Q, 6, 45.0,
41.9, 34,2, 38°Ye %éﬁ?%- g@.lé,a%t? P3ovgde 5 Slegk aug él&gﬂ%i YC36HA6FN506
(M- + H) 49¢eandwléslofedndold® 490 wantit? 5 miR .( KBarge334l, 6320043013070,
2960, 2934, 2860, 1670, 1629 1602, 1580, 1509, 1465 1450 1397, 1357,

1221 842, 39B6°US4§OdMELON3E 1hnH Mgy Pe0 @MY -C36MAGENSES C  65. 14, H,

6. 98, N, 10a§5tatE@Hn@tCam@iel1@ thnerAturd uh@1§3r€ac‘t&onv@s()2_'/1%&§§4
PCT/ US02/ 17269 In addition, the foll ow ng process nodifications were

enpl oyel t 0CPREREEE Phe 2 ARPIOE S SESAHELG Fe=salt Chamidseeids Modi Aali i on A

(85.4 mL,, 5.0 equiv.) agqueous solution to the above

5

5
Hz,

reaction mixture while maintaining the batch temperature
< 28 °C during addition. Maintain agitation at ambient
temperature until reaction (saponification of the tert-

15 Dbutyl ester) 1is judged complete by an in-process HPLC
assay. Transfer the light yvellow-colored emulsion to a
separatory funnel. Charge 307.5 mL of water to the
separatory funnel. Charge 50 mL MTBE, shake the
separatory funnel, and remove the MTBE upper layer.

20 Transfer the rich agueous phase to a round-bottomed flask
equipped with a mechanical stirrer and a pH meter. Charge
ca. 1 N HC1l aqueous solution to the above agqueous layer
until to pH = 5.6-7.6. Charge EtOAc (120 mL) to the
agqueous mixture. Charge ca. 1 N HCl aqueous solution to

25 the above mixture until about pH = 2.5-3.5. Transfer the
above acidic mixture to a separatory funnel, separate and
retain the EtOAc upper phase. The residual agueous layer
was extracted with EBtOAc (50 ml), separated, and the
EtOAc layer was combined with the previous rich EtOAc

30 phase. Wash the combined EtOAc layer with ca. 25%
(wt./wt.) sodium chloride solution in water (400 mLx2),
separate, and retain the EtOAc top layer. Dilute the
above EtOAc solution to 400 mL with EtOAc and obtain the
welght of this solution. Solution labeled as A.

35
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5 Charge 100.00 (g) of olefin to a 1.0-liter 3-necked round-bottonmed fl ask
equi pped with a nechanical stirrer, a thernoneter, and septa. Charge 400
mL of THEV()t)gt)gsgiaydrofuran) into the above fl ask. Agitat eptpusiovédde a
clear slightly yellow solution within 5-min. 10 Charge ca. 6 N HO aqueous
sol ution (85.40 ﬁhargeole@erg\i-n)lnqvm%ﬁé ¥ -adi -0t iashtiat- Jarfs entltleinrsr at ur e

nt | neackbandpoludged: samlete oA AR eoeRt L At ea Tl

reaction is conplete area of ole I's < Typi cal
| abor at ory ec&hermadccioow ls, megidare hER tiag hewmtd.e Crargevaier Zoa\th\laa—l

(427.0 m_, equi ou tion £

while main %.;QF]II %g gﬁku%%t c% tz:rlr%gj tuS(r%)e 0 %%8%% ?Q(rb:fﬁgg q:g{d% ﬁ%odr?é( | nt ain
agi tatioh aleaﬂetm erb.cttenp erattaie imgt iLl-AncEadticon qkmmla‘z cat imon of t he
tert-butyl er) Q j d ed £C Iete by.an in-pracess HPLC assay. The
reaction i% t(%orrpl e:%mhen % [ ngier ditate R § LY £ e EFTL nlar}s/esay.
Typi cal | abeuapenyls@al Begadheomitditmes are 55)— 2—0 55h CCTransfiesofle White

slurry to a arator ar.ge 1550 t ratory
f unnel . 5‘% §00%ﬁ1§%1\/r%§ @Tgt} ltnem]c‘t% \r%% Eg&aézo E’thgpgar atory
f unnel , andm&armweahMeMTIﬁEeupw ﬂ%mmssblﬁﬂﬁw’mtﬂwm fteoic@bout 10 -
30 mn conpl et.e., Transfer the ri ue hase t.0 a round-bottonmed
PP ok el SRTReh B g 20k lE, e B R R i R O

HC1 30 aqueahibléﬁltuﬂ:leﬁ@eﬁ:%tﬁﬁ% abee ageeodsulayely Witddx tgb]phtmn %H-7.6.
Charge Et OAC (603 hi aqueous m xture, Charge ca 1 N HCl aqueous
sol uti on t 0”Phe> bo@e g 2hnthe ESF}H?rEFIurleQngeZ °Fr afsfef -t he above

acidic ni xeﬁé@g&.os@e&@p%&ﬁz@tmfllimelf,m&ap@roa@@m ret aine thiee b &t OAc
upper phasethlhgmgﬁikd%%l1%9%%9u%fl% %rfg%ut olefin. Maintain
15 agitation at about 50 - 55 °C for 1.0 h. Charge slowly a
mixture of EtOAc (100 mL) and EtOH (50 mL) over 2 h to
the suspension. Upon completion of charging the
EtOAc/EtOH mixture, agitate the resulting slurry for 1.0
h. Cool the batch to the ambient temperature in 2.0 - 6.0
20 h. Agitate the resulting white slurry at the ambient
temperature for 1.0 - 18.0 h. The solid was collected by
filtration through a Buchner funnel equipped with a
filter paper under reduced pressure. The crystals were
washed with ca. 60 mL of a mixture of EtOAc (200 mL),
25 BEEtOH (12 mL), and H;O (3 mL). The crystals were washed
with ca. 60 mL of a mixture of EtCAc (100 mL), EtOH (100
mL) . The white solid was dried in a vacuum oven at about
< 50 °C (oven set point) until the LOD < 0.5 % wt., this
process typically takes 24-72 h to complete. The white
30 solid weighed 21.0 (g) and was stored in an amber glass

bottle in a drying cabinet.
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- 49 WD 02/098854 PCT/US02/ 17269 extracted with EtOAc (250 nL x 2),
separated, and the EtQAc |ayer was conbined with the previous rich EtQOAc

phase. Vagd ot/gssyonbi ned Et OAc | ayer with ca. 35% (W ./ wWpe/usedioém
chloride solution in water (400 niLx2), 5 separate, and retain the Et QAc top
| ayer. Filter the EtQAc solution containing internmediate 3 through a

Buchner fungel i with a filter paper. Dilute the above Et OAc
sol ution toilﬁ(.)(ffgﬁqﬁ(@?ﬁ%t{%'gt OAc and obtain the weight of this solution

(I abel ed sol uti oBuApentD oeerige (13- Ar,gicnilize nfri2A.)50.19,9 GODRQUIV.) to a 4-
liter jacketed glass reactor equi pped with a I itator,, a

t her mal couﬂ)Fé’ngﬁénP\;oo ef 1N %epng}eﬁﬁélrrsef @:&33% 3(8%1 U EtoH to the
above 4-3it efubi€agt et reeantiaianiing d -AegististenGlar gaadithte Mndf water to
the 15 above 4-liter reactor contai.ni an L- Ar%i ni.ne suyspensi on. Heat the

m xture to 3§iPt340C FeSSHE ATGHES fE PRI N RS Hi%e sol uti on

at 55-60 C f8hibol Bhe &AL dnheyFHPAC SOR4tiisen drabel @thass otaitidn- A from
earlier step to the reactor containing L-Arg solution at 20 55 C. Charge
450 mL of EBOAGSt iCtwecnbbhe werttien Heatudphd abowdeisl-ut Add 28 about

50-55 C. Maj.nt.al gistati o at_.abaqut. 50 for.1 b5- . . t he
crystalliza Fg?ll rE;T?urégr gltLt'o%t e alqn%iqerﬁn Oe%}:l)leer zftbl]?rvge S’?\asrﬂg%&,&ﬁrgr t he
heati ngl@ s mémbueed, whhié eskmarimytasimduod the agittcdt edenforrdSiaalddtiveeral 5. 5- 72

h. The solid was collected bé filtration throughoa Buchner funnel equipped
with a filfer4paper ufiaeés FBEuBBHCHr 85sBPeUtTAR crySPal$ Bere®ohathed with

ca. iﬁ?t g‘-sgléitghv\%étigrsf‘ce'gf afet QRC Q. B del 4 o (ANt QA& M) -

the mixture. Adjust pH of the batch to 3.0-3.5 with 3N
HCl (~ 3.5 mL). Separate the top organic 1ayer; Wash the

15 aqueous layer with MTBE (2x10 mL). Wash the combined
organic layer with 50% brine (20 mL) followed by brine
(20 mL). Polish filter the rich MTBE solution. Swap the
solvent in the rich MTBE into IPA. Adjust the volume of
the rich IPA solution to 85-mL (solution A).

20 Separately dissolve 0.845 g of L-Arginine in 5.6 mL
of water at 55°C. Add 35 mL the rich IPA solution A to

the L-Arginine solution at 55°C. Add 100 mg of seed
crystals and then start adding the remaining rich IPA
solution A dropwise over a period of 3-5 h. Cool the

25 slurry to 50° over 10 min. Hold the slurry at 50°C for 2

hour and cool to 20°C over 6 hours. Hold the batch at 20°C
overnight. Filter the slurry and wash the wet cake with 8
mL of IPA. Dry the wet cake in a vacuum oven at 50°C
overnight. 3.06 g of white powder was obtained in 88.2 %

30 wvyield.

Process Modification D
To a 250 mL flask equipped with a magnetic stirrer

was charged olefin (7 g, 11.95 mmoles), isopropyl alcohol
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30 in a vacuum oven at about < 50 C (oven set point) until the LOD < 0.5 %
Wwt., this process typically takes 24-72 h to conplete. The white solid

wei ghed 1G2 ¢bdoés) and was stored in an anber gl ass bott lgg1wsed/18eyi Ng
cabinet. - 50 WD 02/098854 PCT/US02/17269 Process Mdification B Charge

20.0 (g) of Glefm) tand @NOHq?lté@ BL net kel ax ogdd- béEt%ﬁe@mN@%k equi pped
with a nmechanical. stirrer

$r nonet er, . and se £o c8)0 of THE
into the ab efm%ikur%\g‘?’?%t%tﬁ)r% o%?dléo%f“cF%I&?e]éﬁ ug?l gﬁﬁg

yel I owcol Orn‘it%ﬁi%:k@cﬂoﬂow thé nabsdipPeatidcgeocaol 6£ M H ooRMBOUE &l Ut ON
(17.1 nm, 3.0 equiv. Mai nt ai n a%%tatlon at anbi ent terrperatugg 9ntll

reaction is jUdged 10 tohpFeer &§ N3QHr 6288 HPP ng48hySdcha ca. 2 N

NaOH (83. 4 filo18s 0 REYI ¥ade@UUE0YS: SObHEION £ the abgur, heaskioBom xture
whil e nmaintaining the batch tenperature < 28 C during addi tion. Maintain

agi tati on at4iebisent md:rerqmrai (bifecn mh;a |dirsau ¢ corer{sapohi the atstorr gind he
tert 15 buty]

ester) d | ete. by an in-p PLC assay.
Transfer thed5y @I% f‘a}ed 18150t B ‘é{a53888isao fOhfiel . " Charge
307.5 nL of ’N@ﬁ]@éri@uiQEanéte’phé@bl@radjlu@’ﬁédi.t@haﬁg@ beint WBEclshake t he
separatory funnel ermve t he BE upper | ayer. 20 ansfer e._ri
agueous phasé‘ S15} f@ Bt t okl ’%rja%kpggﬂﬁi ﬁgﬁﬁiﬁ?ﬁtﬁ ﬁeiﬁ’ﬁﬁn?éafadstl rrer
and a pHonetes . tlfélétﬁgﬁtuﬁél aﬂdl\tﬂrﬁilp@qy@@elﬁeaotutizoa tput betabexe3aqueous

| ayer unt|I to -7, Char e Et OAc (120 rrL to gueous
m Xt ure. ‘Eb uﬁllf’\gl-@i %ﬁﬁeou QoM HEFBhet B85t ﬁ@s%%% nFRt8re until

about pH = %efpérétoﬁyaﬂ@ﬁ@éltmd eROVEr G&h gk C1 a8t U8st BeBaseparabagy
funnel, separate and
washed with 17% brine (2 X 35 mL).
To a 500 mL 3-necked flask equipped with a
15 mechanical stirrer, temperature probe and septum was
charged isopropyl alcohol (158 mL), 1 mole% of seed
crystals and L-Arginine (1.98 g, 0.95 molar eg., 11.35
mmoles) of BMS 423526 and heated to 55-60°C. The ethyl

acetate solution was then added to the mixture over 6-7h
20 (using a syringe pump), heated for 2 h at 55-60°C, cooled
to room temperature and stirred for iZh. The solids were
filtered and washed with isopropyl alcohol (2 bed
volumes). The solids were dried under house vacuum at
40-45 °C and a flow of nitrogen for 24h. Yield: 6.73g
25  (89.3%)
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retain the Et OAc upper phase. The residual aqueous |ayer was extracted
with EtOAc (50 nlL), separated, and the Et QAc | ayer was conbined with the
previ ous woohodsk$Ac 30 phase. Wash the conbi ned Et OAc | aper/ugbyinega. 25%
(wt./wt.) sodiumchloride solution in water (400 nLx2), separate, and
retain the EtOQAc top layer. Dilute the above EtQAc solution to 400 nL with
Et CAc and obtain the weight of this solution. Solution |abeled as A 35 -
51 WD 02/098854 PCT/US02/ 17269 Charge L-Arginine (5.71 g, 0.96 equiv.) to
a 1-liter round-bottoned flask eqw pgmng\léhsa nmechani cal agitator, a
bat.h

thermal couple, and a hea th a circul ator.
Charge 50.0 ni o?—égééigé : ‘ é’ﬁ%—&é—

L- Argi ni fie. Charge 32.57 m of wat er to t he above 4 I|ter react or

contai ning L-Arginine suspension. Heat tfhe mixture to 50 - 55 Cto

di ssolve L- Arginine, hold the L-Argining solution at 55-60 C for 5 mn.
Transfer the hot L-Arginine solution to eactor 10 containing rich EtQOAc
solution-A fromearlier step at the anbjenat _tenperature. Heat the
resulting clear solution to 50 -55 C and ho d at the tenperature range for
20 mn. Charge seeds (crystalline 3 g
anmount of 1% wt. of the input ol efon. |nta|n 15 agitation at about 50 -
55 C for 1.0 h. Charge slowy a m
over 2 h to the suspension. Upon Ietion of charging the EtQOAc/EtCOH
m xture, agitate the resulting sl ut for 1.0 h. Cool the batch to the
anbi ent tenperature in 2.0 - 6.0 20 h. Agitate the resulting white slurry
at the anbi ent

The title aldehyde may be prepared emploving
10 procedures set out in Example 2 and in reaction Scheme 2.
An example of a typical preparation of the aldehyde
is set out below.
To a 500 mL round bottom flask equipped with a
magnetic stirrer and a nitrogen inlet was charged
15 compound (7b) (Scheme 2) '

(50 g, 128.4 mmol)

20 (prepared employing procedures similar to that described
in Example 2) and toluene (170 mL). The mixture is
stirred at 20-25°C until a clear solution is obtained. A
solution of 65% Red-Al in toluene (57.8 mL, 192.6 mmol)
is added and the reaction mixture is heated to 80°C until

25 complete as determined by HPLC. The reaction mixture is

cooled to ~20°C and quenched by pouring it into cold (0-
- 55 —



tenperature for 1.0 - 18.0 h. The solid was collected by filtration

t hrough a Buchner funnel equipped wwth a filter paper under reduced
pressurewgdbgosgiust al s were washed with ca. 60 nL of a npgimke/ BhesEt OAC
(200 nmL), 25 EtOH (12 nL), and H20 (3 nlL). The crystals were washed wth
ca. 60 nL ob°@) nE@sUHELOf4EEQAT) ( 108hakys ErEHsebBRatwrd) anthéhwhite solid
was dried i a Que ahqu (o i he LOD
£0. 5 vowe. SoRRLe IR bt a8 Pty "3k 3, 20 e s U
30 solid webiheg 25 @d0g)stadd fwas sOorted 41 mtémié}N 6\ [c28:28 tﬂi‘th&ﬂe in a

dryi ng cabi B%Tetate52<50\60n&%/ Q%B%%e%cynﬁs%el%ﬁﬁ%dﬁ{%@é& Mgl f 4:68d4 on- C

Suspend olefin (3 |sopropanol at room
tenperat%retOAad% N%p@@s@sn@re\? sqswéf@ﬁ L) Stheaaiedls Mrgshels

suspensi on. eA@kta@tt%dathaIalad@triotn&q re&ar@tl %éﬂaﬁ@r@z at =somingnt.

t enper at ur e, nitar t act by HPLC |se the te ure to -
30-35 C \AheP?hFhSO oo i ldhagrd M%ﬁteé
equi v.) intaatke gBowe 2&d@r mry) eaamtd (Zm)nl:@srmvettlﬁ’ée umhié:e mdutteai ni ng the bat ch

{erper atUr e betugen (35-42:Cog Dl Lhe ol al AL 40, G052, o COO

the batch Bnd stir at rt overnlg ar ge e Ti xture.
Adj ust PM othehaekit oxitdetdcd 3Bpwith 3N HC1L (- 3.5 nl). Separ ate the top

or gani c Iayer Vasihd he bp thcé@a/@é %i&M@E §2x30- gLy - réeh the
conbi ned %anl c.layer with 50% br| ne foll owed by brine (20 nL).

Pol i sh filt&8PoVKe 1ftéh avEBE ssomackort. Is\fo“é@%]ﬁeeqm%%twwhthe rich MIBE
into | PA. Agjdshntikelvetire iefy, tﬂasalgdxatdx% sl dtd e 0 H53 Mdadsoid i on

A - funnel and cooled to 0-5°C. To the slurry, potassium

15 bromide (1.53 g, 12.8 mmol) and TEMPO (2,2,6,6-
tetramethyl-1l-piperidinyloxy) (0.20 g, 1.28 mmol) are
added. The pH of NaOCl (sodium hypochlorite) solution
(212.1 mL) is adjusted to ~9.1 and added to the slurry at
a rate such that the temperature remained at 0-5°C.

20 Stirring is continued at 0-5°C until the reaction is
complete as determined by HPLC. The aqueous phase is
extracted with EtOAc (2 x 200 mL). The combined rich
organic phase is washed with a 1:1 solution of sat. ag.
NazS,03 (sodium thiosulfate) (75 mL) and water (75 mL)

25 followed by wash of the rich organic phase with 1N NaOH
(250 mL). The rich organic phase is washed with water
(250 mL) and concentrated to ~100 mL under reduced
pressure. Isopropanol (IPA) (400 mL) is added and the
resulting mixture is heated to reflux (80-85°C). The

30 solution is distilled to a volume of ~250 mL. Water (50
mL) is added and the crystal slurry is stirred at 70-80°C
for 1 h then allowed to cool to 20-25°C over at least 1
h. The slurry is held at 20-25°C for at least 1 h before
collecting the solid by filtration on a Buchner funnel.

35 The cake is washed with cold (0°C) IPA/water (4:1) (2 x
50 mL) and dried to a constant weight under wvacuum at
40°C to afford title aldehyde.
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20 Separately dissolve 0.845 g of L-Arginine in 5.6 nL of water at 55C
Add 35 nL the rich I PA solution Ato the L-Arginine solution at 55C. Add.
100 ng ofwe@egebsssy ystal s and then start addi ng the remai npogusIRII249PA
solution A dropwi se over a period of 3-5 h. Cool the 25 slurry to 50 over
10 mn. Hold the slurry at 50C for 2 hour and cool to 20C over 6 hours.
Hold the batch at 20C overnight. Filter the slurry and wash the wet cake
with 8 nL of IPA. Dry the wet cake in a vacuum oven at 50C overnight. 3.06
g of white powder was obtained in 88.2 % 30 yield. Process Mdification D
To a 250 nL flask equi pped with a nmegeahpTeséirrer was charged olefin (7
g, 11.95 mmol es), isopropyl _al cohol . - Q2/ 0%% 54 PCT/ US02/ 17269 (14
m) and BN HCL (6 niL, 3 nol &S .rf—"::: : S1tagy mxture was stirred
at roomtenperature (20-25C and pnitored for the di sappearance of olefin
(took about an hour). A solutio 2N NaOH (30 mL, 5 nolar eq., 59.75 5
nmol es) was added in one portion he fl , heated to 40C and nonitored
nd |actoge (0.5 to Ih). The m xture
was cool ed to room tenperature ang the pM adfusteslig,o -6-7 using I N HC
(about 10-12 nmL). At this po/nt ¥ hyl” acétate wds added 10 to the nixture
and the pH lowered to 3.5 (pN bet\veelh 3 - and 4) using IN HClL. The m xture
was transferred to a separa fUnnel” and the organic |ayer was separated
and washed with 17% bri ne 35 nL). To a 500 nmL 3-necked fl ask equi pped
with a 15 nmechanical stirrer, tenperature probe and septum was

The title compound is prepared employing procedures
10 set out in Example 3 and reaction Scheme 2 employing the
Example 5 aldehyde and the Example 1 sulfone.
An example of a typical preparation of the Example

6 compound is set out below.

A, N, purged 250 mL 3-neck rb flask is charged with
15 Example 5 pyridine derivative (18) (5 g,‘13.9_mmol),
Example 1 sulfone (16) (6.9 g, 15.3 mmol) and THF (75
mL). The stirred solution is cooled to -74 to -78°C
Slowly a 1M solution of LiHMDS (lithium
bis(trimethylsilyl)amide) (15.3 mL, 15.3 mmol) in THF is
20 charged at a rate such that the temperature remained
between -70 and -78°C. After addition of the base is
complete, the reaction mixture 1s warmed to ~-45°C over
~15 minutes. The stirred reaction is quenched at -70°C
by slow addition of sat. ag. NH,Cl (7.5 mL) solution and
25 water (38 mL). The dry ice bath is removed and the |,
solution is warmed to 20-25°C from the reaction mixture.
Ethyl acetate (50 mL) is added, the mixture agitated, and
layers separated. The organic layer is washed with
saturated sodium bicarbonate solution (2 x 38 mL)
30 followed by brine (25 mL) and concentrated to a volume of
50 mL. Acetonitrile (50 mL) is added and the solution is

concentrated to a volume of 50 mL. This step is
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charged isopropyl alcohol (158 nL), 1 nole% of seed crystals and
L-Arginine (1.98 g, 0.95 nolar eq., 11.35 mmoles) of BMsS 423526 and heated
to 55- 60Cwolimm9ssiyl acetate solution was then added to tHoa/wdoztitese over
6-7h 20 (using a syringe punp), heated for 2 h_at 55-60C cooled to room

t enper at ur e BFREEFT r ed"? BT 1Mo -THRLEoFF oSt qElE 2ffpdeFadtBRd Rshed with

i sopropyl al seheti &2 g@d ']Ztlvm)unfﬁﬁall e S@ifdvi@ %&ﬁix@tYdIs aﬁbmw@ﬁm hort?gg 35
vacuum at and a,flo nitrogen fo g :

54 WD 02/ 09’%%%45 F 515057 17 f%&a%@l%l% BF %i‘ﬁgt FSWPSFagVFu d?ﬂé Al dehyde
(7a) (Schenet2en éﬂéWlfmboahedtoVée aédehymehnaysb@lphepanedlagplowhag 10
pr ocedur es i a n,Le | C . 3 of a
typi cal %red% .#%% D?E¥% ggkélégsg ? ﬁEP % ﬁgﬁgéﬁgpbgund
botton1f|aska©@©®@®©ﬁlhﬁthn@ W@ﬁ@ﬁetﬁ@ds@riﬁértanafﬁoﬁﬁtFb@ehlthﬁet was
charged 15 qggaggﬂgi(7b) (Schenme 2) FO OOCH3 ~\ N (50 g, 128.4 mol)

20 (prepared enploying procedures simlar to that described in Exanple 2)
and toluene (170 nmL.). The mixture is

Example 7

10 Preparation of the final compound

Following the procedure of Example 4, the Example 6
15 compound is emploved to prepare the title compound in the

form of the sodium salt.
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stirred at 20-25C until a clear solution is obtained. A solution of 65%
Red-Al in toluene (57.8 nL, 192.6 mol) is added and the reaction m xture
i s heat edyd@2/863654unti| 25 conpl ete as determ ned by HPLC. pdheségasedd on

m xture is cooled to -20C and quenched by pouring it into cold (0- 55 WO
02/ 098854 PElaUSHZ/ €7269ed5CF :20% HC1 (495 nl). Phases are separated and
the spent toluene phase is discarded. The pH of the aqueous phase is
adjusted from<0 to 4-5 with ION NaCH Ethyl acetate (500 nL) is added and
the pH adj ust ment lcoht FAmRe B Baying the pRuYESUAPe separated. The agueous
phase is extracted with additional ethyl acetate (2 x 500 nL). The
conbi ned. ri ch ethy acetate solution is washed with water (3 x 250 niL) and
concent rat ed under‘®educed pressure to -465 nL. This solution is carried
through to 10 the next oxidation stepX The rich ethyl acetate solution is
charged from above into a three nec | -¢ fljask equi pped with mechani cal
stirring, temperature controller, X funnel and cooled to 0-5C
To the slurry, potassium 15 bronlde (1.53 g, 128 nmol ) and TEMPO (2, 2, 6, 6-
tetramet hyl - I - pi peridinyloxy) (0.20 g, 1.28 mmvl) are added. The pH of
NaOCl (sodi yaehgpochlorite) solution (212.1 nL) is adjusted to -9.1 and

added to the slurr t su t the t e r emai ned at 0-5C.
20 Stirring is co |ﬁﬁe§F§%) Cﬁﬂﬁ%?s“tﬁg Péggﬁigﬁhsgﬁ% orpl ete as
determ Hed by HPL6r~F@esaqueous phase is extracted with EtOAc (2 x 200

n). The conbined [ g? £ phase is washed with a 1:1 solution of sat.
ag. Na2S2a3 (sodlun1 ﬁl ate) (75 nm) and water (75 nl) ,

R3is \\ \
N——N\
Raa | (R4, is alkyl, arylalkyl, aryl or
cycloalkyl),
15
Rs —
\ /

(Rs is H, alkyl, arylalkyl, aryl, CFsz,
halo or NO3z),

Xa
(U
20 N (X, 18 O or S),

or CFi;

and Ri, 1s alkyl, cycloalkyl, arylalkyl, aryl or Cbz.
25

(B) A compound having the structure

>

0o 0

Y Y con
R1o

a
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25 foll owed by wash of the rich organic phase with IN NaOH (250 nL). The
rich organic phase is washed with water (250 nL) and concentrated to -100
nmL under wedyeRegss pressure. |sopropanol (1 PA) (400 nl) ispeaf@seh/gneh t he
resulting mxture is heated to ref lux (80-85C). The 30 solution is
distilled to a voligre of -250 nL. Water (50 nl) is added and the crystal
slurry is sthered at 7680@sdmirs & fsithidre ddrohedr to dwdble dROI25C over at
least 1 h. The slurry is held at 20-25C for at least 1 h before
collecting the solid by filtration on a Buchner funnel. 35 The cake is
washed with cold 0@s IRAWat aryl: Brylaikybem§bandrti ed to a constant
wei ght under vacugmaty 40C to afford title al dehyde. - 56 WD 02/098854
PCT/ US02/ 17269 Exafiple 6 5 Preparation of Oefin (19) F O-O C02tBu o
The title conmpound is prepared enploying procedures 10 set out in Exanple
3 and reaction Schene 2 enploying the Exanple 5 aldehyde and the Exanple 1
sul fone. An exanple of a typical preparationr of the Exanple 6 conpound is
set out below A, N2 purged 250 gL 3- ner}ask is charged with 15
Exanpl e 5 pyridine derivative (18) (5,9, 13.9/mvl), Exanple 1 sulfone

(16) (6.9 g, 15.3 nmol) and THE (75 eOstirred solution is cooled to
-74 to -78C Slowy a 1M solution of LI (lithium
(b)
QNH N
O —
F
10
F
' ©
NI AN
e
O:§——
O
F
(d)
H5CO | A
N/
N
15 F



bis(trinmethylsilyl)amde) (15.3 nmL, 15.3 mmol) in THE is 20 charged at a
rate such that the tenperature remained between -70 and -78C. After

addi ti on vod ob/bgsdyase is conplete, the reaction m xture ipcywagiRd2d0 --45C
over -15 mnutes. The stirred reaction is quenched at -70C by sl ow
addition of sat. ag. NH4C (7.5 nlL) solution and 25 water (38 nL). The dry
ice bath is renoved and the , solggion s warmed to 20-25C fromthe
reaction mxture. Ethyl acetate ( nmL)ds added, the m xture agitated,
and |ayers separated. The organic | ays washed with saturated sodi um
bi carbonate solution (2 x 38 nL) 30 folbgwed by brine (25 nL) and
concentrated to a volunme of 50 ni. gnitrile (50 nm.) is added and the
solution is concentrated to a vol uffe 50 mL. This step is - 57 WO

02/ 098854 PCT/ US02/ 17269 repeat ed. 4t 5-6 nmL) is slowy added to the
hot solution (60-70C) until the cloud point\})s reached. The thin slurry
is held for 30 mn at high tenperature and then slowy cool ed over several
hours with stirring. The 5 product is filtered, cake is washed with a 5:1
m xture of acetonitrile and water, and drNégd to afford the title

conpound. Exanple 7 10 Preparatioﬁ”of th I conpound F OH OH CQZNa O

i N Ko

1 Ill'

7} I’II

(h) = o

10 X1a MO/Y

where
. )
X,. 1s
Fl‘4a
N_ g~ N
e A\ -
N [:::T/ >—s
].5 N—N , ~—~s 5
R
I!l4a 9 N ﬁ
7/ S_ \ /
N @%ﬁ ; or
N—N O S o



Fol l owi ng the procedure of Exanple 4, the Exanple 6 15 conpound is

enpl oyed to prepare the title conpound in the formof the sodiumsalt.

58

WO 02/ 098R%yl2hedgsS02/ 17269 What is Cained is: |. A conmmaungksobavieng t he
5 (A 000 X1 ORla where X. is CF3S020-, CH3S020- or p-CH 3-
(C6H5) 5020-; 10 or R3-S or R3S02- where R3 is NNMNM Rda , (Rdais

al kyl, aryl%hﬁ%&ﬂl@@% 95)a9¥§|0§hk%ﬁ) a%§15§k¥l(Rér'§yﬁlo§hk¥h anyl al kyl,

structure

aryl, CF3,

structure
5

10

15

20

25

30

hal o

@@ifluoromethanesulfonyl.

(D)

o)
1l

R1 [\ CH

where Rip is the residue of an HMG CoA reductase inhibitor

or hydrophobic anchor.

2. The compound as defined in Claim 1 wherein

where Rig is Ripga OF

where

X 1is CH;, O, S or NRy;

Ri and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheterocalkyl;

Rys 1s H, halogen, CF;, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano; .

Ry 1s H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;

or, the compound as defined in Claim 1 having the

structure

SSu s

XL~ o

a
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COzY Rl1l0a - 59 WD 02/098854 PCT/US02/ 17269 where represents a single

bond or a double bond, Y is alkyl, aryl, arylalkyl or CbZ, and RlOa is 5

(a) HO (WodddoddssO F 10 F (C 1\ NNN OS0F (dedudideee)
15 60 WD 02/ 098854 PCT/US02/ 17269 F (f)

10

15

20

25

o} fﬂf
RPN N NP
or o .
N N
-
’ A\
o Q-
X, is NN o S ’
or

6>x<6 0]
ro X XM )%

3. A process for preparing a chiral sulfone as

defined in Claim 1 having the structure

| =2
s}
“\ //c>
?Q
(@]
e
n

wherein Ri, is alkyl, cycloalkyl, arylalkyl, aryl, or CbZ;

N R
v 5 r—— Xa
Ryis N @‘ @EW or OF;
N——N\ ’ \ / ? N

Raa
where
Ria is alkyl, aryl, arylalkyl, or cycloalkyl,
Rs 1s H, alkyl, aryl, arylalkyl, CF3;, halo or NO;
and

X, 1is O or S;

which comprises treating a solution of sulfonate 2
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N 000. 5 (h) ~O () 00 O 10 X9a DY where Xlais Rda NN NB 'S/ |
~>--5 15 NNIS Rda 1 ONnNnci,-r, or NNOSO TfO- - 61 WD 02/098854
PCT/ US02/ wrr@e@esssner ein Rda is aryl, alkyl, arylalkyl, or ryctssalikgb; and

Y is alkyl, aryl, arylalkyl or Cbz, and Tf is trifluoronethanesul fonyl. 5
(D 011 R10-CH where Rio is the residu@(of an HMG COA reduct ase

i nhi bitor 10 or hydrophobic &chor. o o0 O

R,,0
2a OR1a

where Roa is SOzCF3, S0,CH;3, or SO» (C6H5)—p-CH3, with a thiol
of the structure 3

5 3  RsSH

to provide chiral sulfide 4

4 (o) 0O 0
R3/SMOR13
10
and treating the chiral sulfide with an oxidizing agent
to provide the chiral sulfone, 1 where Rj3 is
N
N \7—— N
\ \
N——N\
].5 R4a or \S
4. A process for preparing a trans olefin as
defined in Claim 1 having the structure
o
/\MCOZY
20 R1g

where Y is alkyl, aryl arylalkyl oxr CbZ and Rjo is a
residue of an HMG CoA reductase inhibitor or hydrophobic
anchor.

25 which comprises reacting an aldehyde of the structure

1l
R10“‘CH
with a chiral sulfone of the structure
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2. The conpound as defined in Claim1l wherein where R1I0 is Rl0a or RL x N
R2 15 R4 where X is CH2, 0, Sor NR7;, RL and R2 are the sane or different
and are 2(4gndegepdent |y selected from al kyl, aryl al kyl, owalwabiyles

al kenyl, cycl oal kenyl, aryl, heteroaryl or cycloheteroalkyl; R4 is H,

hal ogen, CF3, hydroxy, alkyl, al koxy, al kanoyl ani no, aroyl ami no, or cyano;
25 R7 is H, alkyl, aryl, alkanoyl O\mm koxycar bonyl ; or, the
conmpound as defined in Oaim1l hayt ggture GO O S Xlla 30 - 62
WO 02/ 098854 PCT/ US02/ 17269 -x/ 1 00 O Xlla s 0™ or O NN X1la is NN or
IDS 5 or

wherein Ri; is alkyl, cycloalkyl, aryvlalkyl, aryl or CbZzZ;

5
N R a
e \\l 5 r— X
R3 is N A —
\b]——-—N\ ’ \ / ’ N/ or CF3,
F{4a
where
Rsa 18 alkyl, aryl, arylalkyl, or cycloalkyl,
Rs is H, alkyl, aryl, arylalkyl, CF;, halo or NO;
10 and
X* is O or S; (
in the presence of a base at a reduced temperature to
form the trans olefin.
15
5. The process as defined in Claim 4 wherein Rig
is
(a) O
HO \\/tzf
(b)
<::>—NH Y N/
O —
20 F
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0, 0OTtOO 10 3. A process for preparing a chiral sulfone as defined in
Claiml having the structure 0" o0 0 OO0 R3 ORia 15 wherein R a is alkyl,
cycl oal kywo ozoassl kyl , aryl, or CbZ, Xa R3 IS NZN~ R5 QOpqi/uee2/1GE®;

N-NR4a where R4a is al kyl, aryl, arylalkyl, or cycloalkyl, 20 R5 is H,

al kyl, aryl, arylalkyl, CF3, halo or NO2 Fand Xa is 0 or S; which conpri ses
treating a solution of sulfonate 2c) 25 A

0O-4 OO0 R2a0 ORla where Rea is SQ2CF3,
a thiol of the structure 3 53 R3SH to
R3 s OR, 10 and treating the chiral sul

, or S02 (C6H5) -p-CH3, with
ovide chiral sulfide 4 4 O-0 0
\id wi th an oxidi zi ng agent

10
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to provide the chiral sulfone, 1 where RBis N NN 15 Rda or S 4. A
process for preparing a trans olefin as defined in Caim1l having the

struct ur ay@02/698854C02Y where Y is al kyl, aryl aryl al kyl opcthgoaideoR10 is a
resi due of an HMG CoA reductase inhibitor or hydrophobic anchor. 25 which

conprises reacting an al dehyde the séructure 0 n RLO-CH with a chiral
sul fone of the structure 64 02/ (pCT/ US02/ 17269 O\p RBS OO0 O
ORia wherein Rla is alkyl, cycloakyl, ) ylal kyl, aryl or CbhZ; N R5 Xa R3

is NNI1 | / N> or CF3, R4a where R4a¥$ alkyl, aryl, arylalkyl, or
CF3, halo or NO2 10 and Xa is

cycloalkyl, R5 is H, alkyl, aryl, arl
Oor S; in the presence of a base at

where
5 X is CHz, O, S or NRy;

R1 and R, are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheterocalkyl;

10 Ry is H, halogen, CFs;, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry 1s H, alkyl, aryl, alkanoyl, aroyl, or

alkoxycarbonyl;
15
6. The process as defined in Claim 5 where in the
trans olefin formed
R1o is
20
R4
A
o ¥ N
N 2
7\
R4
where
X is CHz,’



formthe trans olefin. 15 5. The process as defined in Claim4 wherein R o
is (a) HO (b) ONHN O 20 F - 65 W) 02/098854 PCT/US02/ 17269 F (C |
NNN i OxGofd8ss4d) 4N~ H3C(e) NF F (f) I '\ (g O NNeO/US@/172€6 WO

02/ 098854 PCT/ US02/ 17269
Y 1s alkyl;

R; 1s aryl;
R, is alkyl;
Ry is H.

7. The process as defined in Claim 6 where in the

trans olefin formed, R; is p-F-CgHs and Ry is i-CiHy.

10 8. A process for preparing a dihydroxy acid

ester, salt, or free acid of the structure

OH OH

e CO,Y
R1o

15 or the lactone thereof, wherein R, is the residue as an
HMG CoA reductase inhibitor or hydrophobic anchor, and Y
is alkyl, aryl, arylalkyl or CbZ,

which comprises providing a trans olefin of the structure

>

o 0

Ry ‘

20

I

as defined in Claim 1, and subjecting the trans olefin to
acidic conditions to remove the acetonide and form the
25 dihydroxy acid ester;
optionally treating the dihydroxy acid with a base
to form the corresponding salt;
optionally treating the dihydroxy acid salt with an
acid to form the free acid of the structure

30
OH OH

CO,H
Rio X
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0l.Oor RL X1, NR2 R4 where 5 Xis CH2, 0, Sor NR7; R and R2 are the
sane or different and are independently selected fromal kyl, arylal kyl,
cycl oal kyWwo o2ab¥sgnyl , cycl oal kenyl, aryl, heteroaryl or qgcql/mg/tlﬁzr@al kyl ;
10 R4 is H halogen, CF3, hydroxy, alkyl, alkoxy, alkanoylam no,

aroyl am no, or cyafe; R?hfespHOCaISI%yBS dﬁﬁnneél Ran@ﬁlalmaﬁoymer@ﬂn

al koxycar bonyherd5 6. The process as defined in Gaim5 where in the trans
olefin formed RIO is 20 Rl X NR2 R4 where Xis CH2; 67 WD 02/098854
PCT/ US02/ 17269 Y Rs &fkyl; Rl is aryl;

5
e
@%
F
. /jI y
N
O 11
10
N
|
F
15



R2 is alkyl; R4 is H 5 7. The process as defined in Claim6 where in the
trans olefin formed, RL is p-F-C6H5 and R2 is i-C3H7. 10 8. A process for
prepari ngwa @igosgdgoxy acid ester, salt, or free acid of tpig/gdopueicore OH
OH Rio\ C02Y 15 or the lactone thereof, wherein Riois the residue as an
HMG CoA reductase inhibitor or hydqﬁphobﬂ% anchor, and Y 1is alkyl, aryl,
aryl al kyl or CbZ, which conprises providing a trans olefin of the structure
20 OO C02Y R, 011 as defined in daim 1d subjecting the trans olefin to
acidic conditions to renpve the acetoni dg#and formthe 25 di hydroxy acid

ester; optionally treating the dihydr acid with a base to formthe
corresponding salt; optionally treat & di hydroxy acid salt with an
acid to formthe free acid of the stwuc e 30 OH OH C02H R o - 68 WO

\/\]40

1, O
5 [:E3:j:: or
Ry
Y \ N” Ro
I

(h)

10 where

X is CHy, O, S or NRy;

R; and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heteroaryl or

15 c¢ycloheterocalkyl;

Ry is H, halogen, CF3, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;
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where R10 i

s 5HO (b) aNMNF ENN i OS 11 10 OF (d) \ \ |

H3CON N (e) / NF 15 - 69 WO 02/098854 PCT/ US02/ 17269 F (f4N~ (g)
.----~0  (le)o2dodssd10 5 or PCT/US02/17269

10

15

20

25

10. The process as defined in Claim 9 where in

the dihydroxy acid ester formed

Rqp is

X is CHy;, R4 is H, R; is p—F—C5H5 and Ry is i—C3H7.

11. A process for preparing a saturated dihydroxy

acid of the structure

OH OH

CO-H or ester thereof
Rio or salt thereof

or lactone thereof

where R,, is the residue of an HMG CoA reductase inhibitor

or hydrophobic anchor,

(a) which comprises providing a trans olefin of the

structure

>

O 0

/\\/k/k/ CO,Y
R1o

where Y is alkyl, aryl, arylalkyl or CbZ, as
defined in Claim 1,
subjecting the trans olefin to hydrogenation to

form the saturated acetonide
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RL XIXONNR2 R4 10 where Xis CH2, 0, Sor NR7; Rl and R2 are the sane
or different and are independently selected from al kyl, arylal kyl,

cycl oal kyWwo o2ab¥sgnyl , cycl oal kenyl, aryl, heteroaryl or 1%cT/US02/17269
cycl oheteroal kyl; R4 is H, hal ogen, CF3, hydroxy, alkyl, alkoxy,

al kanoyl am no, aroylam no, or cyano; R7 is/H, alkyl, aryl, alkanoyl, aroyl,
or al koxycarbonyl; - 70 WD 02/098854 [09S02/ 17269 10. The process as
defined in Cdaim9 where in the dipngc&‘rztmr formed 5 R1I0O is RL x

IXNR2 R4 10 Xis CH2, R4 is HioRlL i's p-F-C6H5 and R2 is i-C3H7. 11. A

process for preparing a saturated di hydroxy acid of the structure OH OH

CO2H or ester therepf R o or salt _thereof 15 or Igctone t her eof
subjecting the acetonide to acidic conditions to form the

saturated lactone

5
0
0
7
Rqig ’/OH
and optionally treating the saturated lactone with
aqueous base to form the saturated dihydroxy acid ester
10 salt
OH OH
CO,Y

Ryo

or (b) which comprises

15 treating a dihydroxy acid ester of the structure

OH OH
Rm/\)\)\/\cozy

with base to form the corresponding acid salt, treating
20 the dihydroxy acid salt with acid to form the free acid

of the structure
OH OH

//“\§/!\/!\/Co2"I

R1o

and subjecting the free acid to hydrogenation to form the

25 corresponding saturated free acid of the structure

OH OH
CO.H
R0
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where R10 is the residue of an HMG CoA reductase inhibitor or hydrophobic
anchor, 20 (a) which conprises providing a trans olefin of the structure
<0 \ GRDY02/00893425 where Y is al kyl, aryl, arylal kyl or gdygysoasraecdefi ned
in Qaim1l, subjecting the trans olefin to hydrogenation to formthe

sat urat ed acet oni dé2- 7The\worozree88s4dpEinegoinl 7igdm Gi<@hegzyn Rio

subj ecting the acetonide to acidic conditions to formthe saturated

|l actone 5 0 0 Ro OH and optionally treating the saturated |lactone with
aqueous base to formthe saturat egﬁ)di hydraoxyiacjyl ester 10 salt OH OH CO2Y

Rio or (b) which conprises 15 tre in%a dirhydroxy acid ester of the
structure OH OH O X

(%

1y ,,,/

)
@NH /N
O —

N
:§——
O
F
(d)
HsCO | X
N/
10
N
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R10"- CO2Y wth base to formthe corresponding acid salt, treating 20 the
di hydroxy acid salt with acid to formthe free acid of the structure OH OH
Ri o ~C02Wwanzlowssdy ecting the free acid to hydrogenati on tectosmvtb@ 25
correspondi ng saturated free acid of the_structure OH OH CO2H Rio - 72 WO
02/ 098854 PCT/ US02/ 17269 12. The m oces§ as defined in Caim1ll wherein
RI0O is (a) HO NHN OF F (O \ N 0=SOF (d) \ \ H3CO

5 ey or

X isg CHy, 0O, S or NRy;

10 R; and R, are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheterocalkyl;

R4 is H, halogen, CFi, hydroxy, alkyl, alkoxy,

15 alkanoylamino, aroylamino, or cyano;

R; is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl.

- 74 -



N N 10 (e) NF 73 WD 02/098854 PCT/US02/ 17269 F (f4N-

/1", 1:&50or R XI NR2 R4 Xis CH2, 0, S or
sane or dwd ®@regdssand are
cycloal kyl, al kenyl, cycloal kenyl, aryl, heteroaryl or

R4 is H, hal ogen,

ar oyl ani no, %mﬁé{&@@ & mb§ hhsatkyl s
al koxycar bonyl .

(g9) .w0 (h)
NR7: 10 R1 and R2 are the

i ndependently sel ected from al ipdyusapatabkyl ,

cycloheteroalkyl

CB3, Rpar expceaskys, Oaifimed im 5 e ikaddymnedn the

tah¥kural kanoyl,
WO 02/ 098854 PCT/U802/17269 13. The process as

aroyl, or

defined in Cla|n112 mhereln t he conpound formed has the structure N /

(cerivastatin)

HO

(Rosuvastatin: ZD4522)

HO o
o OH oH

(fluvastatin)

10

F
)

Nisvastatin (NK-104

- 75 -
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HO OCH3 0 OH OH (cerivastatin) F 50 -s= NYHON OOHCH
(Rosuvastatin: zZD4522) F F HOOOH OH (fluvastatin) 10/ \ HO~~ 0 OF
Ni svast at wief ilgedd34) (pi tavastatin) - 75 WD 02/098854 PCT/pda®ddo/{269 HOBT
100 0 p (Sinvastatin) F. O HO HN

HO,

(Simvastatin)
= o)
T Y S HN@
O OH OH

5 (atorvastatin)

HO

4947

HO

O OH OH |
o oH

ninu

(Pravastatin)

HO,

(Lovastatin)

10
14. A process for preparing a chiral sulfone as

defined in Claim 1 of the structure

15
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O off OH5 (atorvastatin) HO O OH OH OH (Pravastatin) 'e\ HOL0 O O
(Lovastatin) 10 14. A process for preparing a chiral sulfone as defined
in Cai mW(pdz/(igkgﬁtructure 0000 Ra i [0l 15 - 76 WPOA<H8864

PCT/ US02/ 17269 where Y is alkyl, aryl, | al kyl or CbZ, which conprises
treating a twh¢reat®e bd ahevst r Y U eamal@l loons&bzs vihi fhacombelisef t he

structure R3Skhef¥a N cdfrvheLeoR3che MW Qfyscand Rda is phenyl, to form
the chiral sulfide
>

o o0 o

Tfo\}\/k)J\O/Y

5
with a thiol of the structure
R,SH
T4a
N _N
7 \>___.
N\\ _ I/\I — ,
10 where R, is N or and R,, is phenyl,
to form the chiral sulfide
6>x<; o)
s A I
Ry™ o
15 and treating the chiral sulfide with an oxidizing
agent to form the chiral sulfone.
15. A process for preparing a sulfone as defined
in Claim 1 of the structure
20 '

W I XL

&)
where X, is CF,S50,0-, CH,80,0- or p-CH,-CH,~S0,0-,

25 which comprises treating a chiral alcohol of the

(><0 (o]
no XY >

0

structure
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0~0 0 R3 SJ~\ JOY 15 and treating the chiral sulfide with an oxidi zing
agent to formthe chiral sulfone. 15. A process for preparing a sulfone as
defined wo @loaggzyl of the structure 20 jjj0i X1 where Xpdudeh3oerO ,
CH3S2O or p-CH 3-C6H5- SO20-, 25 which conprises treating a chiral al cohol
of the structure 00 O HO O~ - 77 WD 02/098854 PCT/ US02/ 17269 wth an
anhydri de ofy{he St rachyne: feasH FRa éMP@ééuf%zﬁéLé—Rth?wﬁéBE as Xi,

defined above) in the presence of an_organic bas@ to formthe stil fonate. 5
16. A processl? oFa eparkng dehings 3h08f)n ias theeMuREEIGe @RiFR 1 havi ng

the structur@rddni® base O2YfoR2 e d018beEEeX is CH2, 0, Sor NR7; Yis
al kyl , ar5yl, arylal kyl or CbZ;, RL and R2 are the sane or different and are

16. A process for preparing a trans olefin as

defined in Claim 1 having the structure

10
where
X is CHz, O, S or NRy;
Y is alkyl, aryl, arylalkyl or Cbz;
R; and R; are the same or different and are
15 independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heteroaryl or
cycloheteroalkyl;
Ry is H, halogen, CF;, hydroxy, alkyl, alkoxy,
' alkanoylamino, aroylamino, or cyano;
20 R; is H, alkyl, aryl, alkanoyl, aroyl, oxr
alkoxycarbonyl;

which comprises reacting a pyridine carboxylaldehyde of

the structure

25

with a chiral sulfone of the structure
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15 i ndependently selected fromal kyl, arylal kyl, cycloal kyl, al kenyl,
cycl oal kenyl, aryl, heteroaryl or cycloheteroal kyl; R4 is H, hal ogen,

CF3,

hydr oxy, vabkybessml koxy, al kanoyl am no, aroyl am no, or cyRQUUS@N7BP is H,
al kyl, aryl, al kanoyl, aroyl, or al koxycarbonyl; which conprises reacting

a pyridine carboxyl al dehyde of

the structure RLOH XNR2 25 R4 with a

chiral sulfone of the structure - 78 /098854 PCT/ US02/17269 0 -x/ 1

1S Xia l

0 where Rda | , N NN XLy TsgN Nyor S where Rd4a is aryl,

al kyl, aryl al kyl, or cycloal kyl, as éi;?glkgngUQggkain1l, in the presence
of a base to formthe trans olekhgql . prectexs for preparing a diol
ester conpound o

10

15

20

where

where Ry is aryl, alkyl, arylalkyl, or cycloalkyl, as

defined in Claim 1, in the presence of a base to form the

trans olefin.

17. A process for preparing a diol ester compound

of the structure

where

X is CH,, O, S or NRy;

Y is alkyl, aryl, arylalkyl or CbZz,

R; and R; are the same or different and are
independently selected from alkyl, arxrylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheteroalkyl;

Ry is H, halogen, CF;, hydroxy, alkyl, alkoxy,

alkanoylamino, aroylamino, or cyano;
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of the structure 10 R OHOH CQ2Y ONR2 R4 where Xis CH2, 0, S or NR7,
15 Y is alkyl, aryl, arylalkyl or CbhZ, Rz and R2 are the sane or different
and are wodzmsssient|y sel ect ed from al kyI aryl al kyl , cyeCDakéy17269

al kenyl, cycl oal kenyl,, ary h ter oaryl cycl ohet er oal kyl; 20 R4 is H,
hal ogen, CF3, hydrxyS &l k§?1 ky, I kGEy L 31 lamid¥®Yar &4 ani no, or cyano;
- 79 WO 025083854 aPGbnySQ2/ 17269 R7 is H, alkyl, aryl, alkanoyl, aroyl,
or al koxycarbonyl; which conprises treating a pyridine carboxylaldehyde of
5 the structure RLOH X NR2 R4 with a chiral sulfone of the structure
it 00 O 1whSch lcanmpirises treating a pyridine carboxylaldehyde of

5 the structure

” (o] (o] 0]
Y
0
where
R4a

/N N\
N\\ W — :
Xlla is N-—N or S ’

10
where Ry, is aryl, alkyl, arylalkyl, or cycloalkyl, as
defined in Claim 1, in the presence of a base to form a
trans olefin of the structure

15
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0O where RAa N NP 11 ~ xllais \NNNor \S 10 where R4a is aryl, alkyl,
aryl al kyl, or cycloalkyl, as defined in CCaim1l, in the presence of a base
to form awddaosssel efin of the structure 15 R1L OX C02Y X devudsz/1fdeh ans)
R4 - 80 WO 02/098854 PCT/US02/ 17269 and treating the trans olefin with an
acid to formthe diol of the structure RLOHOH CQRY x| NR2 5 R4 18. A

process for &E@p@féé]&ﬁ%dtﬂé(diﬁéﬂsaélgf% #hcheshekeid 88l korhavhag the

structure F CH OH
diol of the structure

18. A process for preparing a dihydroxy acid or an

ester, a salt, having the structure

10

where Y* is H, alkyl or an alkali metal, or the lactone
thereof

15 which comprises

providing a trans olefin of the structure

20
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k ON 10 where Y' is H alkyl or an alkali netal, or the lactone thereof
15 which conprises providing a trans olefin of the structure F 0"><0

CQ2al kyl wid @@ogeks WO 02/ 098854 PCT/ US02/ 17269 and tr eat ipig/idee1tdsans
olefin with an acid to forma dihydroxy acid ester of the structure F 0O CH
OH C2al kyl amMl gpreaintny yehe ceramy ehefertwithi #n acbdskot §°FBr i t he
correspondi ng; 1} YEEPXY- A1 Es B to ANELOPL EBRALL Yt reating the salt wth
acid to formthe corresponding free acid, and optionally treating the
trans olefin with an acid to 10 formthe corresponding | actone. 19. A
process for preparing a di hydroxy Facid L- ar gi nine salt having the
structure F OH OH L~COOH* "N NH (@02H HZN v v 2

optionally treating the ester with a base to form the
corresponding dihydroxy acid salt and optionally treating
the salt with acid to form the corresponding free acid,
and optionally treating the trans olefin with an acid to

10 form the corresponding lactone.

19. A process for preparing a dihydroxy acid L-

arginine salt having the structure

COOH

L N_ _NH,
COoH oHoN

15

which comprises

providing a trans olefin of the structure
20

- 82 —



NH AN 15 which conprises providing a trans olefin of the structure 20 82
WO 02/ 098854 PCT/ US02/ 17269 F 0'><0 CQRal kyl N and treating the trans
olefin w wo @mwsssud to forma dihydroxy acid ester of thecatvseetimee 5 F O
OH OH\ CQRalkyl Ntreating the ester with a base to formthe

correspondi ng dihydroxy acid saltF treating the salt with acid to form 10
the corresponding free acid, and tgeating the free acid wth L-arginine to
formthe correspondi ng L-argining t. 20. The process as defined in Caim
19 further 15 include the step @ eatirFl)bx(e free acid with L- arginine

and seeds of the final dihydroxy aid ka gin necozéaulq}l. - 83

and treating the trans olefin with an acid to form a

dihydroxy acid ester of the structure

treating the ester with a base to form the corresponding
dihydroxy acid salt, treating the salt with acid to form

10 the corresponding free acid, and treating the free acid
with L~arginine to form the corresponding L-arginine
salt.

20. The process asgs defined in Claim 19 further
15 include the step of treating the free acid with L-
arginine and seeds of the final dihydroxy acid L-arginine

salt.
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