01 Decenber 2005 PROCESS FOR PREPARI NG CH RAL DI OL SULFONES AND DI HYDROXY
ACI D HMG CoA REDUCTASE | NHI Bl TORS This application clains priority from
U.S. Provisional Application 60/296,403 filed June 6, 2001 which is

i ncorporated herein by reference. Field of the Invention The present

I nvention relates to a novel process for the preparation of chiral diol
sul fones which are key internediates in the synthesis of dihydroxy acid
HVG CoA reductase inhibitors and | actones thereof, an@%@e@e'ﬂpébgé%for
prepari ng HMG CoA reductase inhibitors enploying such I nt er medi at es.

Summary of the | nventigpeEhe roresgibak NG A Dbl Skt b8 synthesi s

of a chiral sulfone referably
via triflate and sul f i BEHYDROEY KDy HE) CoRi REPPUSTASEGINRIBITORS | ng a

di hydroxy acid HMG CoA reductase inhibitor or lactone thereof. In one
aspect of the process f . the j.nvention, u efination
reaction is enpl oyed erelg'P]t]hc o) ¢hi %1 Isﬂ‘l%l #kger@?e | a?%a I s reacted
with a car boxyPed il @P@rlﬁﬁﬂ:h@ndég{’?%@ 49HnEiied e?q%t%llsat@ O%hi ch may
be isolated in o yvielihanhpkkeaahepdihtyy Pdterénied, may be converted to
the final HMG CoA reductase inhibitor. Description of the Invention In

accordance with the present invention, aprocess
Field of the Invention

The present invention relates to a novel process
for the preparation of chiral dicl sulfones which are key
intermediates in the synthesis of dihydroxy acid HMG CoA
reductase inhibitors and lactones thereof, and to a
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. In
one aspect of the process of the invention, a Julia-
Kocienski oclefination reaction is employed wherein the
chiral sulfone intermediate is reacted with a
carboxylaldehyde to form the desired trans intermediate
which may be isclated in high vield 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.



I's provided for preparing chiral sulfones, which are internediates for use
I n preparing dihydroxy acid (or |actone thereof) HMG CoA reductase

i nhibitors which are useful as anti-chol esterol agents as descri bed

herei nafter. 01 Decenber 2005 The process of the invention includes the
steps of formng a novel chiral sulfone 1 having the structure < 1 o,s R3
OR,, 5 wherein Rais alkyl, cycloalkyl, arylalkyl, aryl or

car bonyl benzyl oxy (CbZ); R3 is NN Raa or CF3; where %4d8@%§“p§r%9@@l,
aryl, arylalkyl or cycloalkyl, R5 is H alkyl, aryl, arylalkyl, CF3, halo
or N2 Xa is 0 or Sy 1£8atindog SgkuihomOf oS IoNRS: Ynd MRS Ugture 2

15 o' -0 0 RzaO ]
forming a novel chiral sulfone 1 having the structure
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5 wherein Ry, is alkyl, cycloalkyl, arylalkyl, aryl or
carbonylbenzyloxy {(CbZ);

N R a
R, is N\’\/ﬁ‘ | @_ , ©:>— or CFa;
N—-—N\ N
R4a
where
10 Rgs is alkyl, arvl, arvlalkyl or cycloalkyl,

Rs is H, alkyl, arvl, arylalkyl, CF;, halc or NO;
and

X* is 0 or S;
by treating a solution of sulfonate of the structure 2

15
2 6><o o
“2a°\)\/'\)'|\0313
where Ry, is S0;CFi, SO0,CH3, or SOi(CeHs)-p~CHs, with a thiol
of the structure 3
3  RsSH
20

to provide novel chiral sulfide 4

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

chiral sulfone i.



ORla where Rya is SO2CF3, S02CH3, or S02(C6H5)-P-CH3, with a thiol of the
structure 3 3 R3SH 20 to provide novel chiral sulfide 44 000 R3S"
ORIl a 25 and oxidizing chiral sulfide 4 with hydrogen peroxide or other
oxidant in the presence of an appropriate catalyst, such as ammoni um
hept anol ybdate, to provide the novel chiral sulfone 1. 01 Decenber 2005 A
preferred enbodi nent of the process of the invention for_preparin
preferred chiral sulfone internediate [a 0 00 0 Iy AP %P%m@ﬂBZ&Wére | a
N NXiais NNNor where Rda is aryl aIkyI yl al kyl or cycloalkyl
(where Rd4a is pref er AbPyepRERSE )erbedinen Eﬂe DIPFPSSaPY| BRRyI

invention for preparing praferred chiral sulfone

intermediate 1la
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¥, is N—N or s !

where Rgy is aryl, alkyl, arylalkyl or cycloalkyl (where
R4a is preferably phenvl), and Y is alkyl, aryl, arylalkyl

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

>

o 0 O

pro/v

2a

15 with a tetrazole-thicl or benzothiazole-thiel of the

structure 3a or 3b

Fll:;a

N_ _SH Q
N )-sH
H—N s !
sa 3b '

20 such as l-phenyl-l1H-tetrazole-5-thicl, to provide the

novel chiral sulfide 4a



10 or CbZ, includes the steps of treating a solution of triflate 2a 0" _0O
O TfO0O z z kOY 2a 15 with a tetrazole-thiol or benzothiazole-thiol of the
structure 3a or 3b R4a N NN SH NN 3a S 3b 20 such as

1- phenyl -1 H-tetrazol e-5-thiol, to provide the novel chiral sulfide 4a 01
Decenber 2005 and oxidi zing chiral sulfide 4a with hydrogen peroxide or

ot her oxidant in the presence of an appropriate catalyst, 5 such as

anmoni um hept anol ybdate, to provide 'the novel chiral OduPeesBben20GHe

triflate 2a nmay be prepared by treating chiral alcohol 2b O 'O 0Ol
HO-~"0 Y Kaneka al cohol 2b 10 (where Y is preferably al kyl, and nost

preferably t- butyl) §y<

xi./s\/!\v/!\/ﬂ\dy

1a

and oxidizing chiral sulfide 4a with hydrogen peroxide or
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
0>< o 0
HO\/k/'\)LO’ v
Kaneka alcohol
2b
10 (where Y is preferably alkyl, and most preferably t-
butyl)

with triflic anhydride (trifluocromethanesulfonic
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 2¢
20
2c R2a~O-Rza -
In addition, in accordance with the present
invention, a process is provided for preparing trans
25 olefin 6



with triflic anhydride (trifluoronethanesul fonic anhydride) and an organic
base, preferably triethylam ne or diisopropylethylamne, in an organic

sol vent such as 15 dichloronethane at | ow tenperature (for exanple, from
about -45 to about 0C) to afford novel triflate 2a. Oher sulfonate
starting materials 2 may be prepared starting with Kaneka al cohol 2b and
reacting sane with an appropriate anhydride 2c 20 2c Reag O R2a |

addition, in accordance with the present invention, aoﬂﬁaﬁ%@'ﬁ'gﬁgg%@%vi ded
for preparing trans 25 olefin 6 Ro_ 6 0" o _c02Y - 4 01 Decenber 2005 5
where Rio is a ¥REDphobiE arneHFoRiohiss paghost CanT rRETED L rayfBiaser

i nhi bi tor and meygudtiseeXamild tobeahd) méh) ForOefdhple, be




- O HOn .00 (e) 01 Decenber 2005 (9) (h) 5 where x is CH2, 0, S or NR7,
preferably CH2; 10 R1 and R2 are the sane or different and are

i ndependently sel ected from al kyl, aryl al kyl, cycl oal kyl, al kenyl,
cycl oal kenyl, aryl, heteroaryl or cycloheteroalkyl (Rl is preferably

p- F-phenyl and R2 is preferably alkyl, nost preferably isopropyl); 15 R4
is H halogen, CF3, hydroxy, alkyl, alkoxy, alkanoyl an ngo, aroyl am no, or
cyano (R4 is preferably H; R7 is H alkyl, aryl, a|kgﬁ3§?9ﬂaPéy§56£r

al koxycarbonyl. - 6 01 Decenber 2005 The trans-olefin 6 is prepared via a
Jul i a- Koci enski ol efination, which i@clud~s the steps of reacting

al dehyde 7 O 7 RRaCH 5 wth chiral éulfo-ﬂ 1l in the presence of LiHVDS or
NaHVDS ﬂii]

5
{y
where X is CH;, O, S or NR;, preferably CHp;

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

15 R4 is H, halogen, CF;, hydroxy, alkyl, alkoxy,

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



or other base at a |low tenperature (for exanple, within the range from
about -78 to about -30C) to provide trans olefin 6. 10 The trans-olefin 6
may be used to forma dihydroxy acid (or |actamthereof) HMG CoA reductase
inhibitor by subjecting trans-olefin 6 to acidic conditions to renove the
acetonide and formdiol 8 RRo 15 8 The diol 8 may be treated with a base
such as an al kali netal hydroxide (for exanple, NaOH) to formthe
corresponding alkali netal salt 9 C]—I / 02 al kali ne@dl De‘F&’BbQ'Oz@f’C]-I n
~CQZy OH OH COxH Rto 10 25 Th a% doubl e b‘g_)i éln *? 10 may be
hydr ogenat ed (H2/ Pd/ CJ2% o~ ‘glee %ms&tsupﬁfagarﬁ kKVi? Al o4 oH Rio
/ COpH Kocienski olefination, which includes the steps of
reacting aldehyde 7
1l
7 H"J_CH

5
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 Col reductase inhibitor by
subjecting trans-olefin 6 to acidic conditions to remove
the acetonide and form diol 8

oH OH
Ry N cOo,Y

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
e €O, alkaii 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
/\\\/'\/Y\/con
Ryg -
10 .

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

OH. OH -
Ay COH
.1-1- —
— 7 -




11 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 - 7 01 Decenber 2005 The | actone 13
may be prepared 13 by treating the trans-olefin 6 under acid conditions
(for 5 exanple TFA, HCl) to effect conversion to |actone 13. The saturated
derivative of |actone 13 nay be obtained by catalytic (Pd/C, Pt/C
Pd(OH) 2) hydrogenation of 13 to 14 " Rn" v OH 14 10 Lactones 13 and 14
may be converted to the corresponding diols by saponif0ddeeesmeer 280%r 14
wi th aqueous base to formthe salt 9 or 12 OH CH CQzal kali nmetal Rm 12

15 It will be apprecFacedachanet hd pervdes pdpatwd i nventi on may be enpl oyed
to prepare pravastatin, .atorvastatin, cerivastatin, fluvastatin,
rosuvastatin, nisvastatin (pitavastatin), sinvastatin, |ovastatin and

ot her di hydroxy acid or |actone HVMG CoA regl tase

R X "o
13
by treating the trans-olefin 6 under acid conditions (for
5 example TFA, HCl) to effect conversion to lactone 13.
The saturated derivative of lactone 13 may be obtained by
catalytic (P4/C, Pt/C, PA{OH},;) hydrogenation of 13 to 14

0

/\/?5
Ry oM

o
14
10 Lactones 13 and 14 may be converted to the
corresponding diols by saponification of 13 or 14 with
agueous base to form the salt 9 or 12

OH OH
CO,alkali metal
Ryg
12
15 Tt will be appreciated that the process of the

invention may be emploved 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
Ryg OCH,
7a
25 with Red-Al or other reducing agent such as lithium
aluminum hydride or Dibal, followed by oxidation with



20 inhibitors. The al dehyde 7 starting material is obtained by reducing
the corresponding ester 7a Rip -OCH3 7a 25 with Red-Al or other reducing
agent such as |ithium al um num hydride or Dibal, followed by oxidation with
- 8 01 Decenber 2005 2,2,6,6-tetramet hyl -1 -piperidinyloxy (TEMPO al ong
with Na hypochlorite to give aldehyde 7. In addition, in accordance wth
the present invention, a preferred process is provided for preparin 5
the preferred trans-olefin 6a 10 Ra 6a via a Julia- KocioérQWerBP%'sz\@gi on
whi ch includes the step of reacting pyridine carboxyl al deh){Lde 7Tb.RA wth
chiral suifone 42 i% Gtﬁtb"%éﬁé’é“éfpﬁm%\flo%km ) GtREF BASR at a

| ow t enper at ur evy floptdrplies tw Hhira dhéeliadger from about -78 to about
-30C) to 15 provide t l.efin ) - in 6 e used to
form a di hydroxy aci.fcit??%%&]tggtndngﬁt g?gg{iéﬂgﬁ@@ j%%&&%%%eeﬁl nhi bi tor 8a
by subj ecting t¥EFRALGE| @ BarefsTastldPEOeDRIi 1T APHigled &vpv@TEREBTARSt oni de
and formdi ¢l 8&he@referred trans-olefin 6a

COY
X

/
R 6a
via a Julia-Kocienski olefination which includes the step

of reacting pyridine carboxylaldehyde 7b
10

with chiral sulfone la in the presencé 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-clefin 6a.

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

20

X
Vs
Ry 8a
and treating dicl 8a with a base such as an alkali metal
hydroxide {such as NaOH) to form alkali metal salt %a



Ri OH OH C02Y R4 Ba and treating diol 8a with a base such as an al kal

nmetal hydroxide (such as NaOH) to formalkali netal salt 9a - 9 01
Decenber 2005 RI OH OH 9a The free acid is forned by treating al kali netal
salt 9a with an acid such as HCl1 to give acid 10a OH OH CO2H F, 10a 5 R R4
Free acid 10a may be treated with arginine to form the arginine salt 9b
COON COZH HpN ~), ~ NY NH2 NH 10 The trans olefin 6a may_be converted to
its corresponding |actone by treating Ga with aci d su@d Recemper 2003y
The pyridi ne carboxyl al dehyde 7b is obtained by reduction of the
correspondi ng ester 12a 15 OCH3 ' OH H

CO, alkali metal

The free acid is formed by treating alkali metal

salt 9a with an acid such as HCl1 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 HCL.
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-1-piperidinyloxy (TEMPO) along with
20 NaOCl to give pyridine carboxylaldehyde 7b. -

- 10 -



Ra with Red-Al or other reducing agent such as lithium alum num hydride or
Di bal foll owed by oxidation with 2,2,6,6-tetranethyl-I|-piperidinyl oxy
(TEMPO) along with 20 NaOd to give pyridine carboxyl al dehyde 7b. - 10 01
Decenber 2005 In addition, in accordance with the present invention, the
followi ng internedi ates prepared by the process of the invention are novel
conpounds: 5 1. 10 0"0 0 x, OR7a where X1 is CF3SQ20-, CH3SQ20- or

p- CH3- (C6H5) S020-; or R3S- or R3S02 where R3 is R3 isODecemberal0y Rria =
al kyl, arylalkyl, aryl or_cycloalkyl), R(RS5 = H, alkyl, arylalkyl, aryl,
hal o or NO2), (Xa = OMBr2&jitifn.crl RCZRIIRESS] g’labk#? RYRF T Kyl

aryl al kyl , arylimrerGhin,l lthe following intermediates prepared by the

process of the invention are novel compounds:

>

C 0 0
xi\/v\/v\)Lcm1a
where X; is CF380;0-, CH3;S0:0” or p-CHi- (CgHs)S0:0-; or
R3S—- or R3S50;-

where Rs; is

10
,N\
Rs is NN I\?_ (R4, = alkyl, arylalkyl, aryl or cycloalkyl),
“Raa
RS\Q_ (Rs = H, alkyl, arylatkyl, aryl, halo or NO5),
X ‘
— (@ =0orS), or CF,
N
and Riz is alkyl, cycloalkyl, arylalkyl, arvl or CbZ.
IT.
0><0
CO,Y
15 Ryo4
where = represents a single bond or a double bond,
Y is alkyl, aryl, arylalkyl or CbZ, and Ry, is
(@ (b} :
O
O —
¥ F ’
20

- 11 =



15 0- -O/COpV Al100 where represents a single bond or a double bond, Yis
al kyl, aryl, arylalkyl or CbZ, and Ricais (a)0 (b) HO - 0 20 01 Decenber
2005 5 (d) (9) (e) 0 "OO X7a~O-Y 10 where Xla is 15 Rya 1l cr l4a NO il
NS NNNO TO 20 wherein R4a is aryl, alkyl, arylalkyl, or cycloal kyl; and

01 December?p@?

() F

IIT.

10  where

20 wherein Ry, is aryl, alkyl, arvlalkyl, or cycloalkyl; and
Y is alkyl, aryl, arvlalkyl or Cbz.

- 12 -



Y is alkyl, aryl, arylalkyl or CbzZ. - 12 01 Decenber 2005 Iv. O if RO
-CH 5 Detail ed Description of the Invention The terns pharmaceutically
acceptable "salt" and "salts" refer to basic salts formed with inorganic
and organic bases. Such salts include ammoniumsalts; alkali nmetal salts,
such as lithium sodium and potassiumsalts 10 (which are preferred);
al kaline earth netal salts, such as calciumand nagnesium salts; salts
with organic bases, such as amine like salts (e.g., diddyeeesmher2pRhe
salt, benzathine, N nethyl-Dglucam ne, and hydrabam ne salts); and salts
with amno acids |ike arginine, lysine and the 15 like; and zwitterions,
the so-called "tynner salts". Nontoxic, pharmaceutically acceptable salts
are preferred, although other salts are also useful, e.g., in isolating
or purifying the product. The term phar rrnf:oedég cally acceptable "salt" and
20 "salts" also includes acid addition salts. These are forned, for
exanple, with strong inorganic acids, such as mneral acids, for exanple
sul furic acisd, phosphori @etdid edDexdiigidbal b€ anedIsuvedtisn HC1 or HBr,
with strong organic ' g[ % oxyl+4.5 agjds 25 of
1 to 4 carbon atons v(%l?écﬁéjéag';rﬁjlé3 %r?%%lgls%ief%#% l%? QLKQ&@%@ et Al
“salts” refer to basic salts formed with inorganic and

organic bases. 5Such salts include ammonium salts; alkali
metal salts, such as lithium, sodium and potagsium salts

10 {(which ares 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 salte 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
isclating or purifying the product.

The term pharmaceutically acceptable “salt” and

20  “galtg” also includes acid addition salts. These are
formed, for example, with strong inorganic acids, such as
mineral acids, for example suifuric acid, phosphoric acid
or a hydrohalic acid such as HCl or HBr, with strong
organic carboxvlic 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, glycelic,
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 (C1l-C4) alkyl or arylsulfonic acids which

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

acid.

- 13 -



substituted, for exanple, by hal ogen, for exanple, acetic acid, such as
saturated or unsaturated dicarboxylic acids, for exanple oxalic, malonic,
succinic, maleic, fumaric, phthalic or terephthalic acid, such as 30
hydr oxycar boxyl i c acids, for exanple ascorbic, glycolic, lactic, malic,
tartaric or citric acid, such as amno acids, (for exanple aspartic or
glutam c acid or lysine or arginine), or ben20|c acid, or with organic
sulfonic acids, such as (O-C4) alkyl or arylsulfoni c %ddPeceraheci%s are

unsubstituted or substituted, for exanple by hal ogen, for exanple
met hanesul fonic acid dhﬂpﬁ$obmanewﬁbbomhdicatéd théSteﬁﬂ Ek@e@ber 2005

Unl ess othermﬁggkkmdlcagfgylxhgrteg « |l gwer 13l llggd her k%' Qq orakbk" as

"
enpl oyed herein al one or part o anot her up 1 ncl udes ot 1t stralght

and branched EﬁEFn°ﬁyﬁ?%%%?%d%%ouﬁxﬁﬂ%%qﬁQﬁ;bPWQ)%ﬂ?aééﬁﬁoﬁ§d-Qfﬁpépéﬁably
1 to 10 car bonshatmreyfireferisdty, lcdwcdliniaay Bonrs 2on dadidomer,mal chain, such

thyl, eth | t t | t
ﬁZX;/TF Ysohexy?ggeﬁg %\BPQ{ %égpign%?%}kf%lgéjm ﬁdre gpt'%f%rabliroqutt% B penty
2,2, 4- trlnethyPaEEﬁP§} 1ROFR { Cynuﬂug@e@ﬁthng es&EYari ous

branched chai nprapmerswﬂef@gil aﬂﬂq}ile d—ll:liftylas 1\ésQJb|ut§§ S ek tgroups

including 1 to bstltuent u S F, d or or
CF3, al kyl, PE}%Z;, T f %?5 Y@ y‘? (ar‘%ﬁ eo%ﬂy g‘&?’% 5’F$P'rall’kyl
arylalkyloxy, atReﬁytrlm@@hx%ﬁmgntylamnqnﬁﬂqﬂdﬂdmﬂr undecyl dodecyl,

10 the various branched chain isomers thereof, and the like
as well as such groups including 1 to 4 substituents such
as halo, for example F, Br, Cl or I or CF3, alkyl,
alkoxy, aryl, aryioxy, aryl(aryl) or diarvl, arvlalkyl,
arylalkyloxy, alkenyl, cycloalkyl, cyclealkylalkyl,

15 c¢ycloalkylalkyloxy, amino, hydroxy, hydroxyalkyl, acyl,
cycloheterocalkyl, hetercaryl, hetercarvloxy,
hetercarylalkyl, hetercarvlalkoxy, aryloxyalkyl,
alkylthio, arylalkylthio, aryloxyaryl, alkylamido,
alkanoylamino, arylcarbonylamino, nitre, cyano, thiol, .

20 Thalocalkyl, trihaloalkyl and/or alkylthio.

- Unless ptherwise 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 bicyclealkyl) 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,

A3 R oo

- 14 -~



15 cycl oal kyl al kyl oxy, am no, hydroxy, hydroxyal kyl, acyl,

cycl ohet eroal kyl , heteroaryl, heteroaryloxy, heteroarylalkyl,

het er oaryl al koxy, aryl oxyal kyl, alkylthio, arylalkylthio, aryloxyaryl,

al kyl.am do, al kanoyl am no, aryl carbonylam no, nitro, cyano, thiol, 20
hal oal kyl , trihal oal kyl and/or al kylthio. Unless otherw se indicated, the
term"cycloal kyl" as enployed herein alone or as part gf_anot

i ncl udes saturated or partially unsaturated (containin&ﬁIDeQﬁ”'eﬁ%@@?
bonds) cyclic hydrocarbon groups containing 1 25 to 3 rings, including
nmonocyclic al ky ) blcycloalkyl) and tricyclic alkyl,
containing a to
carbons, form ng - ly be fused to 1 or 2 aromatic ri ngs
as described for aryls, which includes 30 cycl opropyl, cyclobutyl,

cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, cyclodecyl and

cycl ododecyl, @y¢lohekemil groubs mey becenbéenDDE sulystgftudtsidcwigholps may
be optlonally subst i S uc | ogen, .al kyl,
al koxy, 5 hydroﬁ%,4 é&ﬁé%iéﬂ %%fy?uggy# EQ?&&&H E?éblal%i) yl ami do,

al kanoyl am o, h&@roﬁﬁnﬂarvdryﬁéaﬂ§6ﬁylaﬁviélkyﬁet%kaﬂ%AkyioycIoheteroalkyI
am no, alkylan1£§k¥Iadﬂdb diﬁ@%%yl%ﬂhﬂb aBQéoraé%fywéﬁyﬂké¥B$ 3ﬁaﬁﬂﬁ00f the

substituents for kyl. 10 The term?" C{C oal as “enpl oye herein al one
hetercaryl, cycloheteroalkyl, amlno, alkylamino, nitro,

cyano, thicl and/or alkylthio and/or any of the
substituents for alkyl.

10 The term “cycloalkenvl” as employed herein alone
oxr as part of another group refers to cyclic hydrocarbons
containing 3 to 12 carbons, preferably 5 to 10 carbons
and 1 or 2 double bonds. Exemplary cycloalkenyl groups
include cyclopentenyl, cyclohexenyl, cycloheptenyl,

153 cyeclooctenyl, 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 group.

Unless otherwise indicated, the term "lower
alkenyl® or "alkenyl" as used herein by itself or as part
of another group refers to straight ox 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 gix double bonds in the normal
chain, such as vinyl, 2-propenyl, 3-butenyl, Z2-butenyl,
4-pentenyl, 3-pentenyvl, 2-hexenyl, 3-hexenyl, 2-heptenyl,
3-heptenvyl, 4-heptenyl, 3-octenyl, 3-nonenvl, 4~decenyl,'

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, halecalkyl, alkyl,
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,

- 15 -



or as part of another group refers to cyclic hydrocarbons containing 3 to
12 carbons, preferably 5 to 10 carbons and 1 or 2 doubl e bonds. Exenplary
cycl oal kenyl groups include cycl opentenyl, cyclohexenyl, cycloheptenyl, 15

cycl ooctenyl, cycl ohexadi enyl, and cycl ohept adi enyl, which nay be
optionally substituted as defined for cycloalkyl. The term "al kanoyl" as
used herein alone or as part of another group refers to alkyl linked to a

20 carbonyl group. Unless otherwi se indicated, the ter®!"PeGRIAbERZQQGy| " or
"al kenyl " as used herein by itself or as part of another group refers to
strai ght or bramémped bdiraxyrabietarsanyl 2 ¢y Rihegatveddkylpreferably 2 to 12

carbons, 25 an%lﬂ%h@yﬁ%ﬁﬁﬁ%a %¥k§1&£ ocqg#ggggfq$ a&gﬁg&lngggbn whi ch

i ncl ude one to six dou s in t e nor suchas viny
2-propenyl, 3- Suﬁéﬁylthzoﬁut@h&ylthﬂop@miényhﬂneiﬁéﬁb@nyﬂkyz hexenyl

3- hexenyl, 2- h%gbg@ykuengshgggegﬁk nédsdgptenyl, 3-octenyl, 3-nonenyl,
4-decenyl, 30 3-undecen 4- dodecenyl, 4,8, 12- tetradecatrlenyl and the

li ke, and whi ch may aniﬁéﬁoﬁEPP?W%%%s¥ﬁQ%ﬂ4§?QM {tie) term A1eWBSti t uent s,

narmely, hal ogeaikbﬁ&mal Kyl ragldtli- &4 kosen rldeaRy by akkun¥l orab¥l part
aryl al kyl , cycl alké - 15 01 Decenber 2005 am no, hydroxy, heteroaryl,
cycl ohet er oal k§ Fkﬁﬁo?F%WPnBEf%FithﬁQﬁ?liﬁﬂw%%Fﬁéﬁypgéthélnn|tro

cyano, thiol, gkkytibiooand/ o6 20yc@fnddie rdeHerably 2 to 12 carbons
and more preferably 2 to 8 carbons in the normal chain,

10 which include one triple bond in the normal chain, such:
as Z-propynyl, 32-butynyl, 2;butynyl,‘4-pentynyl, 3-
pentynyl, 2Z-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynvl, 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, aryl,
arylalkyl, cycloalkyl, amino, heteroarvyl,
cyclcheteroalkyl, hydroxy, alkanoylamine, alkylamido,
arylcarbonylamino, nitro, c¢yano, thiol, and/or alkylthio,

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

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

25 Where alkyl groups as defined akove 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 hale, hydroxy, aikoxy and/or cycloalkyl.

Where alkenyl groups as defined above and alkynyl
groups as defined above, respéctively, 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

- 16 -



substituents set out herein. 5 Unless otherwi se indicated, the term"| ower
al kynyl " or "alkynyl" as used herein by itself or as part of another group
refers to straight or branched chain radicals of 2 to 20 carbons,
preferably 2 to 12 carbons and nore preferably 2 to 8 carbons in the
normal chain, 10 which include one triple bond in the normal chain, such.
as 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3- pent qgl, 2- hex q¥l,

3- hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octy |,e§ﬁmaﬁy%§¢,
4-decynyl, 3-undecynyl, 4-dodecynyl and the |ike, and which may be
optional ly 15 substhstlteiemig msl qed inesulsbeiveuéor s, ahggretl, @l ogen,

hal oal kyl , alkyhalﬁﬁﬁgﬁyd al kenyl, al kynyl, aryl, arylalkyl, cycloalkyl,
am no, heteroaryl, "~ cycl oheteroal kyl, hydroxy, _al kanoyl am_no, al kyl am do,
aryl car bonyl ani no, ni tTRf o PatRiesn” Qﬁdféﬁl%rk%$t¢ﬁ%ﬁ @ﬁ?%%ﬁdPéPnény of

the al kyl subst bt ugfntsaseto Oundieree @Ioﬁberbﬁéﬁ!ﬁ E@-rdﬂlﬂbﬂ(ﬂ{é’f,l 'bxc'a)?n.tinleIé |
"aryl al kynyl.' as.used alonge ,or_.as part anot her grqup.refer to al keny
and’ al kyno1S or BHIEE S aSH | 120 Bre Mrddi AG GRS argh e ABUGEGEnET 25

Were al kyl grogpsoesndlaidingf palkaweave single bonds for attachment to

ot her groups at two different carbon atons, they are terned "al kyl ene"
groups and nay opti onatiey teensthethbiuted "Wrefieds oOto Za Stdlst intatet 4 oas

defined above fgg ﬁaér{yéi&dj\kﬁ&‘,cébo%l%fsfiﬁ%n %%SaﬁTPLﬂr‘imﬁ"dQcﬁ ’alééqbi@aae' %ar?{%droxy’
al koxy and/ or cycToa kyl. eré al kenyl groups as_ defi ned above and al kynyl
metal ions such as magnesium and calcium, as well as zinc
160 and zluminum.
Unless otherwise indicated, the term "aryl" as
employed herein alone or as part of another group refers
to monocyclic and bicyclic aromatic groups .containing 6
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 cyclohetercalkyl rings for
example

Y N K OGO

sc=ccIls e PR e
scsecloo o)

and may be optionally substituted throggh avallable

20

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

25 Thalophenyl, benzoyloxy, haloalkoxy, alkenyl,
trifluoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-
alkyl, cycloheteroalkyl, cyclocheteroalkylalkyl, aryl,
hetercaryl, arvlalkyl, aryloxy, aryvloxyalkyl, arylalkoxy,

- 17 -




groups as defined above, respectively, have single bonds for attachnent at
two different carbon atons, they are terned "al kenyl ene groups” and

"al kynyl ene groups", 35 respectively, and may optionally be substituted
with 1 or - 16 01 Decenber 2005 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 part of another group refers to chlorine, bromn 5 fl bBSﬁ and
iodine as well as CF3, with chlorine or fluorine beingijEF%m €t e
"metal ion" refers to alkali netal ions such as sodium potassium or

l'i thi um and aIkaylﬁbiearahylamnzﬂhéunnpanyﬂahkylnagﬁgsrgﬂrahdlhemmlun] as

vell as zinc 40.gdaph oLt e3nihentise,| ndbaabed, hherderm ‘aryl:

as enployed heréin alone or as part of ano ers to nmonocyclic

and bicyclic a?%ﬁﬁ?rca@+%ﬂpss¥kﬁﬁ%ﬁqﬁ%ﬂ;9?1HPOWT§r€éPb5%§ PRiEfe ring
portion (such aﬁcmheeyllomrlﬁ sadphtinderitc | (uditely dreaphkiyl ahuaﬂme@hthyl)

and may  oR31 onalyol nelydse ang, LAY 66,ad ki a0akar hade; blise il dne

carbocyclic ring or erocyc icring (Such as_ary

heteroaryl or €§&ivheterdhl Ksiriedngshak 1@%aﬁﬁ&étQGOOQhEXEBO%ﬁﬂY%%@Obe
optionally subaicym&g@almpugﬂwal@atmo, alkylcarbonyl,

arylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonyloxy,

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

Unless otherwise indicated, the term "lower

15 alkoxy", "alkoxy", "arvloxy" or "aralkoxy" as employed
herein alone or as part of another greoup includes any of
the above alkyl, aralkyl or aryl groups linked to an
oxXygen atom.

Unless otherwise indicated, the term "substituted

20 amino" as emploved 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, aryl, arylalkyl, hetercaryl, hetercarylalkyl,
cyvclohetercalkyl, cycloheterocalkylalkyl, cycloalkyl,

25 coycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thiocalkyl. These substituents may be further substituted
with a carkoxylic 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, 1-
piperidinyl, l-azepinyl, 4-morpholinyl, 4-
thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl, 4-
arvlalkyl-1l-piperazinyl, 4-diarvlalkyl-l-piperazinyl, 1-
pyrrolidinyl, l-piperidinyl, or l-azepinyl, opticnally

35 substituted with alkyl, alkoxy, alkylthio, halo,
trifluoromethyl or hydroxy.

- 18 -
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carbon atons with 1, 2, or 3 groups selected from hydrogen, halo,
hal oal kyl , al kyl, hal oal kyl, al koxy, 25 hal ophenyl, benzoyl oxy, hal oal koxy,

al kenyl, trifluoronethyl, trifluoronethoxy, alkynyl, cycloal kyl- alkyl,
cycl ohet eroal kyl, cycl ohet eroal kyl al kyl , aryl, heteroaryl, arylalkyl,
aryl oxy, aryl oxyal kyl, arylal koxy, - 17 01 Decenber 2005 arylthio,

aryl azo, heteroaryl al kyl, heteroaryl al kenyl, heteroaryl heteroar

I
het er oaryl oxy, hydroxy, nitro, cyano, am no, subst i t ut®uPgre eﬁﬁgpéin t he

amino includes 1 or 2 substituents (which are alkyl, alkanoyl, 5 aryl or
any of the other aryl eﬁ@ﬁﬁ%oﬁﬁélFﬁt?ﬂe E%%f??ﬁ?ighégﬁr t hi ol ,
al kyl t hi o, aryl &¢bkwl thsd'er callgtltthiio”, dmykibhhbal kgt , " @t &Dxykirtyla hias,

al kyl carbonyl, - atylead bonyd . ahiodagnacaphonyle 2hylRal npcarbonyl
al koxycar bonyl , . am nocar bonyl alkylcarbgigkgxy, arylcarbonyIOﬁé,Sk
u yl,

10
al kyl car bonyl aniROIURS | 4B Kin Abeiakeve | frAYEYL 0% 30k 9
aryl sul f onyl;:am nbnlesd @ yd sl fferarteacar bonyl and/ or any of the al kyl

substituents set out el I th | L ndi.cat t m "l ower 15
al koxy", ™"al koxy", "ary'%%é%'%ﬁieﬁgﬁggkggéﬁ%ége%hp*%ié%gmﬁérgvﬁﬁglone or as
part of anot her2yeotanine| udes kydprdno "t héaxpdeBiae kyl 9T aral kyl or aryl

groups |inked tos8§1aMyQed /*0Es Uibesycat Herwincaldth Cat etk ddie to@r m
"substituted 20 amino’ as enplayed herel nealgne 0L, @S, Par, A Angiher
10 arvlalkyl groups linked to a nitrogen atom.
Unless otherwisge indicated, the term "acyl™" éé
emploved herein by itself or part of another group, as
defined herein, refers to an organic radical linked to a

carbonyl ( g ) group; examples of acyl groups include
15 any of the R! groups attached to a carbonyl, such as
alkanoyl, alkenoyl, aroyl, aralkanovl, heteroarovyl,
cycloalkanoyl, cyclohetercalkanoyl and the like.
Unless otherwise indicated, the term
"cycloheteroalkyl” ag 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 via the linker (CHp). (where r is 1,
2% 2 or 3}, such as

N



group refers to am no substituted with one or two substituents, which may
be the sanme or different, such as alkyl, aryl, arylalkyl, heteroaryl,

het er oaryl al kyl, cycl oheteroal kyl, cycl oheteroal kyl al kyl, cycl oal kyl, 25
cycl oal kyl al kyl , hal oal kyl, hydroxyal kyl, al koxyal kyl or thioal kyl. These
substituents may be further substituted wth a carboxylic acid and/or any
of the substituents for alkyl as set out above. In ad%Hnb aﬁﬁ%
substituents may be taken together with the nitrogen atdniPeagm gr h they
are attached to form 1-pyrrolidinyl, 1- piperidinyl, 1-azepinyl,

4- nor phol i nyl, 4- thianor anyI 1- D era2|nyl /M-alkyl plpera2|nyl 4-

aryl al kyl - 1- pi per azi nyl, di a¢yl al per32|n rolidinyl,
1-pi peridinyl, or 1-azepi yI ptlo IIy 5 substifjute al kyl , alkoxy,
al kylthio, halo, trifluor hyl T OXYy. 01 enber 2005 Unl ess

ot herui se | ndi gahetne! Doyl ef mid aulye gy, 1abkubbhi ot daryl thi o” or

"aral kyl thi o" as ng her el n al.one or "as part of _anot her - %roug
i ncl udes any of“PREL B%BESaFQSW a%u%ﬂ”@ﬁ &l&ryPXgr 8BFSCT52PY nREd®t 0 a
sul fur atom Unhesslkyhesubse: tuditoated, ohhﬁhh&éﬁh?lomaradahkyban1mmy

"al kyl am nosg, "@r¥£8nE£81ohé% ro ﬁ§fﬂ£& mno" %SfﬁgFEO¥8d hereln al one or

as part of andt her g es "any of the a ove or 10
aryl al kyl group¥ciea 1toa§Yh4thQﬁﬁﬁ?%ﬁM%n0r CYCthEteroalkyl rlng

Unlegg otherwise indicated, the term "heterocaryl™

as used herein alone or as part of another group refers
to a 5- or 6- membered aromatic ring which includes 1, 2,
10 3 or 4 hetero atoms such as nitrogen, oxygen or
sulfur, and such rings fused to an arvl, cvclealkyl,
hetercaryl or cyclohetercalkyl ring (e.dq.
benzothiophenyl, indolyl), and includes possible N-
oxides. The hetercaryl 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:

O O G

oGS O - OG
e S 4 4 3
L O @:Wfﬂ”‘/ﬁﬁﬁ,

N

20

-

SEANINSNRY

25 and the like.
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Unl ess otherwi se indicated, the term"acyl" as enployed herein by itself
or part of another group, as defined herein, refers to an organic radi cal
linked to a / Q carbonyl ( C) group; exanples of acyl groups include 15
any of the Rl groups attached to a carbonyl, such as al kanoyl, al kenoyl,
aroyl, aral kanoyl, heteroaroyl, cycloalkanoyl cycioheteroalkanoyl and the
like. Unless otherwi se indicated, the term cycloheteroalkyl as 8

herein alone or as part of 20 another group refers to dEDecgmbgr 2005
7-menbered saturated or partially unsaturated ring which includes 1 to 2

hetero atoms such as rffhe dgem @WV@@heéﬁapélkxhﬁthl" 75 rHaRE ESIgh a
carbon atom or @l&@é%@%@rﬁaﬂ@%rfeanl&@ﬁ&hrbbgouﬁp{:éﬂ@ﬁb|t!oVI a the linker

CH2), (wh 3 0 5 d
Ehe ?Ikg $Lg ;5%9%9 7o Oéiﬁﬁ} 9%? eaf ?8%%he u%b%v?ugg?s sﬁﬁjﬁ%r an

hal 0, oxo and/ of ®FY oI dretarivatarkfe dubStHetuehaiset out herein.
addition, any 5 of theﬂ?éfﬁdémet-@;re%k_»wkynam 1<-:aarbehé@§ﬁshﬁﬂaa_keny1"

cycloalkyl aryl, heteroar r. cycl ohet eroa Unl ess ot herw se
i ndi cated, the ?%r%ﬁai VALORES OFs & ﬁ@?%l%ka?%ﬂgh%ﬁ P Part® é%r'another

group refers to a heteroaryl group as defined above linked through a C
atom or heterocatom to a - (CHz).- chain, alkylene or
alkenylene as defined above.

10 The term "polyhaloalkyl" as used herein refers to
an "alkyl" group as defined above which includes from 2
to 9, preferably from 2 to 5, halc substituents, such as
F or Cl, preferably F, such as CF3CHz;, CF3 or CF3CFzCH;.

The term "polyhaloalkoxy" as used herein refers to

15 an "alkoxy" or "alkyvloxy" 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 CF3CFCHZ0.

2l)l 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 formg or in mixtures thereof. The processes for
preparation 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 oxr
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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to a 5- or 6- nmenbered aromatic ring which includes 1, 2, 10 3 or 4 hetero
atons such as nitrogen, oxygen or sulfur, and such rings fused to an aryl,
cycl oal kyl, heteroaryl or cycloheteroal kyl ring (e.g. benzothiophenyl,

i ndolyl), and includes possible N oxides. The heteroaryl group may
optionally include 1 to 15 4 substituents such as any of the substituents
set out above for alkyl. Exanples of heteroaryl groups include the
following: Lot, o~ Ow20/ N, rd =N/I N' N / NN P@hpﬂCN“@§r3995the
like. - 20 01 Decenber 2005 The term "cycl ohet eroal kyl al kyl " as used
herein al one srtafoparariéxyhit erd glnsrhegfer adig esyelrshetiehoabkyl

groups as deflﬁgqh§povgtﬁypke5gﬁ Inggazth433§ﬁgn or heteroatomto a (CH2)r

chain. 5 The term heéeroqﬁg such pro terggggfglgggxude

t—C H,CO,CH,—

CH,CO,CH,~ . CH3c°2?Hz_"
™
(CH,),

5 CpH0C0CH,—
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as used herein alone or as part of another group refers to a heteroaryl
group as defined above |linked through a C atomor heteroatomto a -(CH2)r-
chai n, al kylene or al kenylene as defined above. 10 The term

"pol yhal oal kyl " as used herein refers to an "alkyl" group as defined above
which includes from2 to 9, preferably from2 to 5, halo substituents,
such as F or O, preferably F, such as CF3CH2, CF3 or CF3CF2CH2. The term
"pol yhal oal koxy" as used herein refers to 15 an "al koX3tDggembery¢P8Ry"
group as defined above which includes-from2 to 9, preferably from2 to 5,
hal o substituents, sutH<es xR les, ofr ePetably rrodiih safersF3emdefdecrao
or CF3CF2CH20. Al stereoisfners of t©he conpdqunds prepajjed herein 20 are
contenpl ated, either in_adg ure oL/N.n pure substamtjally pure form
The conpounds can have fetric tenfers & Any of t carbon atons
including any one or tHh ubstitue . Cons ent Laf, nds of
formula | can exist in enantioneric or” diaster€oneric 25 forqg or in

m xtures thereof. The processeghfor preparation CH, i®?¢ r acemat es,
enantioners or diastereonegs aggLakling materpal’s di ast ereoneric
or enantioneric products gﬁL, rflepa edCrthgy cagﬂpe separ &f ed by
conventional nethods for Fexarfpl e# 30 chr onmat o&ft aper fractional
crystallization. The term "prodrug esters” as enpl oyed herein includes
esters and carbonates forned by reacting one or nore hydroxyls of
conpounds of3 f orlpefein R tanabkyH, alkyl (such as methyl or t-butyl),

aryvlalkyl (such as benzyl) or aryl (such as phenyl}; R4

is H, alkyl, halogen or alkoxy, R® is alkyl, arvl,
arylalkyl or alkoxyl, and nj is 0, 1 or 2.
Where the final compounds are in acld form they

10 may form a pharmaceutically acceptable zalt 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), triethanoclamine and dehydroabietylamine.

The term "residue of an HMG CoZ reductase
inhibitor” as emloved herein refers to the portion of the

20 HMG Coa reductase inhibitor or hydrophcbhic 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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al koxy,
to those skilled in the art to generate

or aryl
nmet hyl car bonat es, benzoates and the
whi ch are known in the -
phosphorus acid esters such as
CH3C02CI Hz2-

wherein Ra can be H, alkyl

(such Scheima for t-butyl),

acet at es,
li ke.

pi val at es,
In addition, prodrug esters

21 01 Decenber 2005 art for carboxylic and
met hyl ,
Exanpl es of such prodrug esters |nclude CH3CC2 -
CH (CH3) 2 t-C4AHOCO2CH2 ,
exanpl es of suitable prodrug esters include

et hyl, benzyl and the i ke.

, 0 11 C2H50cocH2
or 01 DecenbdH QQQ%“"Qeﬁgp%
90000 ~Ral RO, 5
aryl al kyl (such

benzyl) or aryl (s as phenyl); Rd is H alkyl, halogen or alkoxy, Re
al kyl, "aryl, aryl abky, op al koxyl, and nl ig>Q, 1,or 2. Wiere the final
conpounds are iyg_adi d¥fo n1hpeyu0-
(o) LR
anhydnde 2¢ [F2a o a RSH 3
Kanekg alcohol 2 -
o><0 54 Oxidation o o><o O
s I M m | — L X X M
Ry~ (o) 1
Ryl 0
4 1
(a} Reduction Julia-Koclenski
0 Red-Al o Olefination
Lo wromamm A :
Rig” “OCHg (b} Oxidation Ryg H — -
Tempo
7a z
) >< Acetonide
o~ o Removal OH OH
Rig Rqg
trans
(trans) 8
§
Saponification OH OH Acid HO OH
Base Ry CO,Na e Ryq o COzH
10
8
Hydrogenation HO OH
{HotPd/C
10 2/Pd/C) Rug COzH
1
fo) \\\OH
Acid o 14
g — e

Sapaonification

[U~]
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10 may form a pharmaceutically acceptable salt such as alkali netal salts
such as lithium sodiumor potassium alkaline earth nmetal salts such as
cal cium or magnesium as well as zinc or alum num and other cations such as
ammoni um chol i ne, diethanolamne, lysine (D or L), 15 ethyl enedi am ne,
t-butylamne, t-octylamne, tris- (hydroxynethyl)am nomethane (TRIS),

N-nmet hyl glucosam ne (NM3, triethanol am ne and dehydroabi etyl am ne. The
term"resi due of an HVG CoA reductase inhibitor" as e@ldyecembee?@0? ef ers
to the portion of the 20 HMS CoA reductase inhibitor or hydrophobic anchor
attached to the di hydroxy acid noiety or the |actone noiety. As set forth
in the foll ow ng Schenes, the procSesheme FleAl nvention for the preparation
of chiral diol 25 sulfones and di hydr oxy acid HVMG CoA reductase inhibitors
i nvol ves the foll ow ng chem cal reactions. 01 Decenber 2005 Schene 1 o' -0

0 HO-O R1 Kanek(a}i/ 2b Rea- @ R2a c(éH O 0 11 anhydride 2c zaoO Ria J
R3SH3 2 O Y-0 COzalkyl

Hy H, Ha
catalyst catalyst catalyst
OH '
CO-al o
qg-alkyl HO
=" TcoLY!
acld aqeuous base 5!-1
Bio 49
OH OH

/\AA/ CO2H

Rig
10 \A:ginine

: COOH
OH OH L B
e CO,H *H,N Y 2
Ria NH
: 18
5 The above methodology can be used to prepare HMG

CodA reductase inhibitors including, but not limited to,
pravastatin, lovastatin, simvastatin, nisvastatin
{pitavastatin), rosuvastatin (Astra Zeneca), fluvastatin,

cerivastatin and atorvastatin.
10
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Ra'S~-~~ORa 4 Ro OCH3 (b) Oxidation R10 flIIH Tenpo (a) Reduction O
Red-Al 7a O O Oxidation O 7 Julia-Kocienski Oefination 1 Acetonide
Renoval OH OH ~002Y Acid ' C02Y RO Rio (trans) 6 Saponification OH OH
Base - R10 9 10 Hydrogenation (H2/Pd/C) Acid

01 December 2005

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
1, 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
yield 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, 1s prepared in three steps starting from the
commercially available Kaneka alcohol (2b) wvia 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:2¢ 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 Jow
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) scolution 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 employed.

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 -



HO OH R10---~C02H 11 6 CO2Na Acid Saponification 14 9 Acid Oo" 'OI1IO
R3/S~/ O 14 10 HO OH R o 14~1~C02H 10 01 Decenber 2005 Scheme 1 A 0O
krC02-alkyl Ro 6 O -j CO02-alkyl Rio Rio 12
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about 2:1, preferably from about 0.8:1 to about 1.5:1) in
THF at low temperature (-78 to -30°C) provides trans
olefin 6 in high diastereoselectivity.

The aldehyde 7 is obtained as a crystalline solid
from the corresponding ester 7a. Reduction of ester 7a
with Red-2Al, lithium aluminum hydride or Pbibal, followed
by oxidation with TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy) and NaOCl gives aldehyde 7 in high yield.
Compound 8 is prepared in a one pot procedure starting
from 6 without isclating any intermediates. Removal of
acetonide under acidic condition (TFA, HCl) (emploving 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
hydroxide or other alkali metal hydroxide gives the
corresponding salt of the acid 9 of the invention.
Subseguent 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
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 1Aa).

Treatment of & under acidic conditicns (e.g. 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) effects the conversion of § to
lactone 14. Saponification of 14 to give 2 can be
effected by treatment of 14 with agqueous base (Y'OH where
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, preferablf from about 0.8:1 to about 1.5:1} which
can be subseguently acidified teo give acid 10.
Additionally, 14 can be treated with an alcohol of the
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}



acid ~OHOOH """ \/ \/ \iCO2H 10 Rlo COOH OH OH 1 _ N NH "-~~CO2H. FI 2N/ \ /\
2 R70 NH 18 5 The above net hodol ogy can be used to prepare HVMG CoA
reductase inhibitors including, but not limted to, pravastatin,

| ovastatin, simvastatin, nisvastatin (pitavastatin), rosuvastatin (Astra
Zeneca), fluvastatin, cerivastatin and atorvastatin. 10 - 25 01 Decenber
2005 Schene 1 depicts a nethod for preparing novel chiral sulfone diol 1
and the HVG CoA reductase inhibitor of formula 8 usi n@htipeceroben@ri enski
ol efination 5 reaction enpl oyi ng carboxyl al dehyde 7 and chiral sulfone 1,
in a nolar ratvadert beaitheondhgeods o dwout theb chbrirespabdihg?edters
preferably frog about 0.8:1 to about 1.5:1. The desired trans internediate
6 is isolated in high yield and optical purity which is converted to _the
final 10 product of f¥feSERPehBi Bﬂ@c%"’wwh%%éerﬁnq A& chiheaFatygpfede 1,

a key inter mad'd%ﬁ:?vhgl{rgg gf"écﬁﬁﬁ%qgc?ﬁ(i(where '/ is CH,-CH,) are
5 obtained by catalytic (P4/C, Pt/C, PA(CH),) hydrogenation
of 18, &, 14 or 8 to afford 11, 13, 13 or 11,
respectively. Compound 12 may be converted to 13 wvia

acid treatment and 13 to 1l via base treatment.
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step, is prepared in three steps starting fromthe comrercially avail able
Kaneka al cohol (2b) via diol 2 and sulfide internediate 4. 15 Referring to
Schenme 1, treatnment of comrercially available chiral alcohol 2b with
anhydride 2c (enploying a nolar ratio of 2b:2c within the range from about
0.5:1 to about 2:1, preferably fromabout 0.7:1 to about 1.5:1), and base
such as dii sopropyl et hyl am ne (DI PEA), 20 triethylamne or |utidine

di chl oromet hane at low tenperature (for exanple -45 t&1-0 mber 29QR 2

O her pyridine or am ne bases nmay be enployed. Conpound 2 (w thout being
isolated) is carried onto the next Mmethout further purification. A

nmet hyl ene chl ori de ( 25 ot her appropriate sqlyvent) solution of 2 is
treated with thlom ar ratio of 2 jthg n_the range from about
0.5:1 to about 2wa rdﬂggr@ ut &@M/lhbbrﬁT Be1) to provide
the chiral sulfide 4 E\éh lSh i's th hydrogef per oy q{éln(othseu_;
presence of 30 cat Al ha ¢ ammoni um hept am)l ybdage tetrahydrat’ts,eN (Br ot her
netal catal yst such as known vanadi um conpl ex catal ysts) te-grve
crystalline sulfone 1. O her oxidant, such as m chl oro-perbenzoic acid
(nmCPBA) or Oxong (pot asm@@ per oxynonosul fate) may be oned 35 Addition
of base such as|Li %Sm%% oxiaichUr € @f ful PONE 1 %n

car boxyl al dehyde 7N i p of bAase: | umﬁhlj\tjﬁ/«ﬂa&gﬁ f r om about

0.5:1 to - 26 01%gekenber,, 2005

(a) Reduction Julia-Kocienski
Red-Al Olefination
— la
OCHg (b) Oxidation —_—
Tempo

Acetonide
]
Remova

Acid

Base

Acid
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about 2:1, preferably fromabout 0.8:1 to about 1.5:1) in THE at | ow
tenperature (-78 to -30C) provides trans olefin 6 in high

di astereosel ectivity. The al dehyde 7 is obtained as a crystalline solid 5
fromthe correspondi ng ester 7a. Reduction of ester 7a wth Red-Al,

l'i thi um al um num hydride or Dibal, followed by oxidation with TEMPO
(2,2,6,6-tetranet hyl -1 piperidinyloxy) and NaOCl gives gl dehyde 7_in_ high
yield. Conpound 8 is prepared in a one pot procedure §ﬁd§?@%§b§bz¢$%n16

wi t hout isolating any intermnmedi ates. Renoval of acetonide under acidic
condition (TFA, HCl) f(enpl &¥i a nolar ratio of acid:6 within the range
fromabout 0.5: A5 #ferably fromabout 0.8:1 to about 1.5:1)
provi des di ol 8%whikh_upon further treafment with sodi um 15 hydroxi de or

ot her al kal i aly hy'dr 6%i dascegi ves th 8orresponding salt of the acid 9 of
the invention. \ sequent treatnent of with acid (enploying a nolar
ratio of acid:9ewithin the range fromabout 0.5 to about 2:1, preferably
fromabout 0.8:1 to about 1.5:1) fornms 20 acid 10. Addition of arginine
(molar ratio arginine:l0 fromabout 0.5:1 to about 2.}, preferably from
about 0.8:1 to about 1.5:1) prod I 1'ine %EQLE%Q?§18N“(SCheHE 1A) .
Treatnent of 6 under acidic ¢ 3 > FeH 5 HC Hénﬁloying a
nol ar ratio of acid:6 withinXthellrahge from about 0.5:1 to Mbout 2:1,
preferably fromabout 0.8:1 utfz1. 5: 1)1sef fect s the conversion of 6 to
| act one 14. Saponification o to give 9 can be :

=
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effected by treatnent of 14 with aqueous base (Y OH where 30 Y' is alkali
nmetal or alkaline earth netal) (nolar ratio of base:14 wthin the range
fromabout 0.5:1 to about 2:1, preferably fromabout 0.8:1 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 Y OH (nolar ratio of alcohol: 14
fromabout 0.5:1 to about 2:1, preferably fromabout 0.8:1 to about 1.5:1)
- 27 01 Decenber 2005 under basic conditions to form OAdeeambendift ng
esters 8. As seen in Reaction Schemes 1 and 1A, the saturated derivatives
of compound 10 (where '~ is CH -C -1, SehemebPAned by catal ytic (Pd/C,
Pt/C, Pd(OH),) hydrogenation of 10, 6, 14 or 8 to afford 11, 13, 13 or 11,
respectively. Conpound 12 nmay be converted to 13 via acid treatnent and 13
to 11 via base treat . Q1 Decenber, 2005 Kgneka al cohol  2b Schene 2
trifiic O anhydrideRoe]0, SQzalyyl \ W HO

8]

H
Rz
6a 14a
x{

"--..\ R4

Ry R4
H, H, : Hy

catalyst catalyst catalyst

acid

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 vield 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

- 31_



NN4a 0 0 O Rbe z \x/ SH vvv' 'O \ NI (or RBSHa Oxidation 2a .N, N 3a
Rgl S O-< NNN lom NO la Julia-Kocienski Oefination la 0 R4 CQ21Bu R4
CO2t Bu CO2H Acid 6a 14a 01 Decenber 2005 CO2H Argi ni ne 01 Decenber 2005

Schene 2A C02al kyl acid

01 December 2005

the commercially available Kaneka alcohol 2b wvia triflate
2a and sulfide intermediate 4a.

Referring to Scheme 2, treatment of commercially
available chiral alcohol 2b with triflic anhydride

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 methﬁlene 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 R: 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-21l, lithium aluminum hydride or Dibal followed
by oxidation with TEMPO (2,2,6,6-tetramethyl-1-

35 piperidinyloxy) and NaOCl gives aldehyde 7a in high

vield. Compound 8a is prepared in a one pot procedure

starting from 6a without isolating any intermediates.
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Scheme 2 depicts a preferred nethod for preparing chiral sulfone
internmediate |a and the HVMG CoA reductase 5 inhibitor of fornmula 10a, ester
thereof 8a and salts thereof 9a, using the Julia-Kocienski ol efination
reacti on enpl oyi ng carboxyl al dehyde 7a and chiral sulfone 1la. The desired
trans internmediate 6a is isolated in high yield and opti cal purity whi ch
Is converted to the 10 final product of the invention. As wll &&g t he
chiral sulfone la, a key internediate in the Julia- KoéméggQﬁn@@%% S

prepared in three stegs starting from- 31 01 Decenber 2005 the
comerci al |y avBFPa¥re Kamsetoaticdhomess #cddir Fragétion SRR sUI9de
i nt er nedi at e 4a(eﬂei@yimgﬂgatm:&h&rm:1& dfr eatide st ofi thommekei pdhge from

avai l abl e chira 0, Wit |f||c r
rati o of anhydri S‘ug 6'0% ﬁ 1;elnfri'{anzge Pr%%%%ggﬁﬁ g éﬁnp%gé(%g%u? 12 ¢
preferably fronfagettl- @ B 1(eenaﬂabfdmg B §°Jl)fe§ﬁdst1ﬁheﬁﬁy@§]m’heacﬂqj@& or

| uti dene, irs di s@b@f@ﬁgei hemesrad1 I@Ntte%rﬂa@@@truﬂfaréh@rpr@ﬁa@é eardb 40 00C)

affords trifl at r.i di ne am.n be enpl dgyed.
Triflate 2a (v TRORE T i G EnEa Py L Ba gt m PR EAR Ry i ¢ hout
further purificathen. alkadet ht}dtaie lmqilr@pqlde? garest hbe cappemmm@ire; s@iMent )
solution of trifba}e2ans 44t Qha W tshabts%tqb@zagl eréabfaéﬂk S8 dDwith

benzot hi azol e-t hip b or 15 othér R3 npl_o a nolar r |o of 2a: 3a
(or other thiof§* % tqﬁgtiégﬁb fﬁgﬁgéﬁgﬁtoé é PREbbutastg 102
10 {molar ratio of arginine:10a from about 0.5:1 to about :
2:1, preferably from about 0.8:1 to about 1.5:1) (with oxr
without seeding with final arginine salt) produces
crystalline arginine salt 18a.
Treatment of £a under acidic conditions (e.g. TFA,
15 HCl) effects the conversion of 6a to lactone 1l4a
(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 l4a with agueous base (molar ratio of
base:14a from about 0.5:1 to about 2:1, preferably from
about (¢.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:14a 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.
Ag seen in Reaction Schemes 2 and 2A, the saturated

-,

derivatives of compound 10a (whergﬁ*y/ is CH,-CH,) are
30 obtained by catalytic (Pd/C, Pt/C, P4(OH),) hydrogenation
of 10a, ﬁg} 14a or 8a to afford 1la, 13a, 1l3a or 1lia,
respectively. Compound 12z may be converted to 13a via
acid treatment and 13a to lla via base treatment.
Compounds containing dihydroxy acid HMG-CoZ binding
35 Adomain side chains may be prépaféd in homochiral form,

which is preferred, or may be prepared as racemic

- 33 -



preferably fromabout 0.8:1 to about 1.5:1) to provide the chiral sulfide
4a (or the correspondi ng benzothiazole or R3 sulfide) which is oxidized
wi th hydrogen peroxide 20 in the presence of catal ytic amoni um

hept anol ybdate tetrahydrate (or other metal catal yst such as vanadi um
conpl exes) to give crystalline sulfone l1a. Other oxidant, such as

m chl or o- perbenzoi ¢ acid (nCPBA) or Oxone(r) may be enpl oyed. 25 Addition
of base such as Li HVDS or NaHVDS to a mixture of sul fﬁ@?‘éﬁ@ﬁ@"zow

car boxyl al dehyde 7a (enploying a nolar ratio of 7a:la within the range
from about 0. 5:MEX{uresholAS*2: BR*r ehdr ably latem hboues @l 8ed tom cdbaim 1. 5: 1)

in THE at | ow teperat Wre i(sohfet 0 -40C) provides trans 30 olefin 6a in high
di astereosel ectivity The al dehyde _7a_is obtained as a crystalline

>999%)..
solid formthe corre %nﬁ%@ﬁ%‘ﬁ"ﬂ?yuﬁéd@&flﬂzéﬁy f CeePEY™ 92 (% Red- Al ,
l'i t hi um al um néindy dradie ters eDiilndli bl ablrewedeplyed xhelat ironawe tissERVPAnN
(2.2.6, 6 tebrameidiid; 35 HodesdiBy! B30k AR Ma0Ck g desial dglude ra i n
high vyield. Conmpound 8a is prepared In a one_pot procedure startrng from
6a without i solFiHYEH-IrelRed BEBEST. s3pilay e ARFEFESFIS Renoval  of
acet oni de underprasiadita tdendisim@asEREAn, HTdyas t £0Dh OYd i ad®tdm,r ati o of

acid:6a within Itotgqﬂ;sacg%qgf ;{?E‘zsrgb?%hega%ﬂm%?z ftboﬁu‘;:sjtatp.r eferably from

about 0.8:1 to about e I'ng a solvenht SUch as leI%'hyI acetate, 5
i sopropyl al cotﬁﬁitaéfrasttéttri&h?éﬁofrlgﬁaﬁ}ksr- ovi des diol 8a
© 10 A pharmaceutical compogition may be prepared
containing at least one of the HMG CoA reductase
inhibitor compounds in association with a pharmaceutical
vehicle or diluent. The pharmaceutical composition can
be formulated employing conventional solid or liguid
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 biocsynthesis,
such as pravastatin, lovastatin, simvastatin, visastatin,
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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whi ch upon further treatnment with sodi um hydroxi de or other alkali netal
hydr oxi de gi ves the corresponding salt (9a) of the acid 10a. Subsequent
treatment of 9a with acid forns acid 10a. Addition of arginine to acid 10a
10 (nolar ratio of arginine:l0a fromabout 0.5:1 to about 2:1, preferably
fromabout 0.8:1 to about 1.5:1) (with or wthout seeding with final

arginine salt) produces crystalline arginine salt 18a. Treat 6a
under acidic conditions (e.g. TFA, 15 HO) effects thd1 éﬁ%ﬁ P'E)%&Bﬁ 6a to

| act one 1l4a a _nol ar rat qf acid.6a wthin 1h e from
bbout 0. 5.1 t o ABBULE IhEe e S Ao tembinas LR 1L 6 HOAA 5. 1)
Saponi fication @Edmdaa$© :Bah(lwtmres Y is alkali netal, or alkaline earth
netal ) can be effectegnQy ZQhEEQa&é@ﬂed)f é@é&r@&uﬁﬁée%‘%{;ﬁ@é& koBL At

rati o of base: 14a from about 51 to about_.2: 1 referab from _ about
0.8:1 to about T2E:%§ %‘?‘Ehl%aﬁf’%%é’é’qﬂ’éﬁpl QnEaE?dﬁ“‘PF‘édhlt’%O]g‘rRﬂéi%&
Addi tional l y§ ldgenan de limai-cdbwaritly agecalkeohor dipideatympes.Y'@H (nol ar

ratio of 25 al cghglal a0 AUIGO.S’ Lk IDBHL B InoPk eletabl spdd om

about 0.8:1 to ut 1.5:1 under asic_conditirons C
correspondi ng eSfeFRemPaitingadf |lﬁc%§éﬁgoﬁn8éﬁéﬁ%§t20 ETE - t he

saturated deriyativesedite ooy Haitwhekeensivs &BnGR)pR130
obt ai ned by cat glﬁtég élpéjxé%ﬂft %f PQ(CH)C%)_AE gegﬁegaan%ents ]f% 6a, 1l4a
or 8a to afford 3 1 res I'Ve und may be
converted t¥ 1395WQP0%E$3@H¢%%1%M&D§M@I1 arm@nm nepiacemert t r eat nent . :
therapeutic agents, which may be administered crally in
the same dosage form, in a separate oral dosage form or
by injection.
The hypolipidemic agent or lipid-lowering agent or
15 other lipid agent or lipid modulating agent which may be
optionally employved in combination with the compounds of
formula I of the invention may include 1,2,3 or more MTP
inhibitors, HMG ColA reductase inhibitors, sgualene
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/cr nicotinic acid and derivatives
25 thereof
In carrying out methods for treating
hypercholegterclemia, hyperlipidemia,
hyperlipoproteinemia, hypertriglyceridemia, or
athercsclerosis, and related diseases, or Alzheimer’'s
30 disease or osteoporosis, a pharmaceutical composition
will be employved 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 assoclation with
a pharmaceutical vehicle or diluent. The pharmaceutical

composition can be formulated employing conventional
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Conmpounds cont ai ni ng di hydroxy acid HMG CoA binding 35 donain side chains
may be prepared in honochiral form which is preferred, or nay be prepared
as racemc - 33 01 Decenber 2005 mi xtures (3S*, 5R*) and nay | ater be
resolved to obtain the 3S, 5R isoner. The 3-hydroxy-3-nethyl-glutaryl
coenzynme A (HMG CoA) reductase inhibitors prepared herein are useful in 5
I nhi biting chol esterol biosynthesis and/or.in lowering triglycerides, in a
manner simlar to atorvastatin, pravastatin, sinvastatdinPec@ubetde0%,

cerivastatin, raqsuvstatin (Astra Zeneca ZD4522), fluvastatin, _

pi tavastatin amPlffeori KéIuig rebhel pacentdcenohpos Hhewmaepusd cgdepar ed
contai ning at leeastiore of theybdMGaGeoperited ase tidhiddd oF Gerpewads in
association wt ti vehi.cl e or dilduent. The pharnmaceuti cal
conposi tion can ggggr&gngﬁggédgg%r%l%@ei%%a%arﬁee‘%ﬁcoaﬁ;y SN & i quid 15
vehi cl es of di IFGEREETEndePFRAP haRESIt | Ridewmtliand ddheflike .t yFbeappropriate to
the node of 5desici@duadsi Baat bat Ad@finidher LPMRP WML LI St ered by

an oral route, ifn(():rludgxa le, in th@aef orm of tabl ets,b capsul es, %ranul es or
powders, or théy can Be SARFRTstBIEER £985F efttéralPY28% Gaed FR%FRe form
of injectable prspararpéns. iSuthe Tosage’ fabistcontaipsuflesn Beddse 1500 ngy

of active COMBEUALIBETodOgaRterd Olodlsdy P W eRhilRAbeeTlg fgsg 1o be

adm ni st ered degendg on.the unllarei1 dose, L.
parenteral route in e form of injectable preparations,

10 or they can be administered intranasally or in
transdermal patches. Typical solid formulations will
contain from about 0.1 to about 500 mg of a compound of
formula I. The dose for adults is preferably between 0.5
and 1,000 mg per day, which can be administered in a

15 =single dose or in the form of.individual 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 vial, 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

pPhenvl

1 benzvyl
i-Bu = iso-butyl
Me = methyl
30 Et ethyl
TMS = trimethylsilyl

FMOC = fluorenylmethoxycarbonyl

Bocg tert-butoxycarbonyl
Chz

35 DIPEA = diisopropyl ethylamine
PTSH = N-phenylthiotetrazole

PPh; = triphenylphosphine

carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
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synptons, and the age and the body weight of the patient. 25 The HMG CoA
reduct ase i nhibitor conpounds can be admnistered in a simlar manner as
known compounds suggested for use in inhibiting chol esterol biosynthesis,
such as pravastatin, |ovastatin, sinmvastatin, visastatin, atorvastatin,
cerivastatin, fluvastatin, itavastatin, and 30 the like, in mammalian
speci es such as humans, dogs, cats and the |ike. Thus, the conpounds nmay
be adninistered in an amount from about 0.1 to 500 ngdIhDacemnher 80@dse or
in the formof_individual doses from1l to 4 tinmes per day, preferably 0.2
to 100 ny dai | yN¥P TrrebRyWmsidPraeinease o3 deorm The HMG CoA reduct ase

i nhi bitors preparerd hetetrapry kenmpiihay eerrithenhtaati on with al

t her apeutic - 365A91=Eﬁgé%ﬁgﬁyégggé5%ﬁ33*§fQQECh are useful in combination
e se rnmbitors.

wth HVMG CoA reducta . us; "where desired, the conpounds
prepar ed her ei n"HOMayCHAGFRF iardditbiagad on with one or nore hypol i pi denic

5 agents or 3iprgal eweri fMAgHsiO0kJigpi d agents, or |ipid nodul ating
her. _types of therapeutic agents including

agents, and/or r_ nopre.o
anti di abetic aggﬁis,"'gﬁfﬁpgﬁggﬁPﬁ agents, antihypertensive agents,
pl atel et aggr e onNtmefityilt erogphadtineAl zhei ner' s agents, anti 10

OStGODOFOS!S_ag@ﬁéﬁégaﬂ%k%bp@@éﬂ@@étée@&ﬁﬁ@@@@t%p&iﬁﬁéﬁﬁ%ﬂﬂé&dﬁyﬁﬁﬁ%H whi ch
may be ad”‘n'StgﬂfgaQéﬁlly I'n the sanme dosage form I1n a separate oral

dosage form or
10 n-BulLi = n-butyllithium

Pd/C = palladium on carbon
Pt0; = platinum oxide
TEA = triethylamine
EDAC = 3-ethyl-3’'-{(dimethylamino)propvl-carbodiimide
15 hydrochloride (or 1-[(3-{(dimethyl)amino)propyl])-3-
ethylcarbodiimide hydrochloride)
HOBT or HOBT.H;0 = l-hydroxybenzotriazole hydrate
HOAT = 1-hydroxy-7-azabenzotriazole
PyBOP reagent = benzotriazol-l-yvloxy-tripyrrolidino
20 phosphonium hexafluorophosphate
DIBAL = diisocbutylaluminum hydride
IDA = lithium diisopropylamide.
DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
AcCN = acetonitrile
25 LiHMDS = lithium bis(trimethylsilyl)amide
NamMDS = sodium bis{trimethylsilyl)amide
Red~AL = sodium bis{2-methoxyethdxy)aluminum hydride
mCPBA = m-chloro-perbenzoic acid
min = minute(s)
30 h or hr = hour(s)
L = liter
mL = milliliter
ML = microliter
g = gram(s)
35 mg = milligram(s)
mol = moles
mmol = millimole(s)
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by injection. The hypolipidem c agent or |ipid-lowering agent or 15 other
| ipid agent or |ipid nodulating agent which may be optionally enployed in
conbination with the conpounds of formula I of the invention may include
1,2,3 or nore MIP inhibitors, HMG CoA reductase inhibitors, squal ene
synthetase inhibitors, fibric acid derivatives, ACAT 20 inhibitors,

| i poxygenase inhibitors, cholesterol absorption inhibitors, ileal Na'/bile
acid cotransporter inhibitors, upregulators of LDL re&dpPeceraber209s,

chol esteryl ester transfer protein inhibitors, bile acid ‘sequestrants,
and/ or ni coti nitead @idddederivedentes 25 thereof In carrying out nethods
for treating hmpenghel egRr @lteaathyperlipidem a, hyperlipoproteinem a,
Ei ypertriglyceridenia, g at heroscl erosis, and rel ated di seases, or

Al zhei ner's BOSﬁﬁséﬁéga%r bst E8pOF85FE, a pharmaceutical conposition will
be enpl oyed commtcai i rgiusivaisconpounds prepared herein, with or w thout

ot her chol est erglc |-0WefiinNg avaGeBLS omASHLEPRBAPSI S agents, Al zheiner's
agents, antidiabetic a%_n%gg) and/ or antihyperlipidem c agent(s) 35 and/or

other type therfgptufi &% fopmanegeilation AR ECHRRAceuti cal vehicl e

or diluent. Thae(hsr ratdoh paelrfoemaposi 1ignidachbend osgrdEiedneanpl oyi ng

conventi onal -é%%cgg%mg%9§nber 2005 solid or liquid vehicles or diluents
i cal

and pharmaceuti Ca
MS or Mass Spec = mass spectrometry

10 NMMR = nuclear magnetic resonance
mp = melting point

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

0><0 0
A T§ - o)< (1a, Scheme 2)

25

o

R o

N~

A. Preparation of Triflate
30
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additives of a type appropriate to the node of desired adm nistration,
such as pharmaceutically acceptable <carriers, excipients, binders and the
| i ke. The 5 conpounds can be adm nistered to mammal i an species including
humans, nonkeys, dogs, etc. by an oral route, for exanple, in the form of
tabl ets, capsul es, beads, granules or powders, or they can be adm nistered
by a parenteral route in the formof injectable preparatlons 10 _or _they
can be admnistered intranasally or in transdermal paﬁ%h@§ce¢@ﬁf399550I|d
formulations will contain fromabout 0.1 to about 500 ng of a conpound of
formula I|. The dose f8p adabpsmisfpref evasblghayaafe&aneks adnehal 008 ng per

day, which can benagai §jsteses &n 15 sdnmgl)e H@%ﬁ Q&né Nchher fay maafo

i ndi vi dual doses_from times y i.C njg gﬁ reparation
i s produced by mﬁgep??% é%&S?PEﬁﬁéﬁfﬁﬂﬁi Eéngoﬂ%d %f W%ﬁ;

into a vial, asepbiledl ty f3@Eze- dﬂyuﬁglandnbeéilﬁg (Farl 20.,ude, 25he
contents of 5hem%ﬁb%? RLE Maed Wi 2yl aPNYSERLOOESala S RE tHD

produce an injecta preparation. The follow ng abbreviations are
enpl oyed in theteﬁRgﬁﬁF'é%ea"ﬁ"d B3 ditherd® fRer sfn: 0% PRFRS FRERHIONBN = benzyl
| -Bu = iso-butyhixhMre weshytirred at -30°C for ~30 min and checked for

disappearance of Kaneka alcchol by TLC.

10 B. Preparation of Sulfide

X,
\)\/k/u\ M (an, scheme 2)

15 A slurry of l-phenyl-~1H-tetrazole-5-thiel {(7.19 g,
40.34 mmol) in methylene chloride (50 mi) 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 aqueocus phase was discarded. The rich organic phase was
washed with water (100 mlL) for ~5 min and phases
separated. The rich organic phase was washed with
saturated NaHCO; (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)

X

O
PSP 8%
NN i 8
30 NN
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30 Et ethyl TMS = trinethylsilyl FMOC = fluorenyl net hoxycarbonyl Boc =
tert-but oxycarbonyl Cbz = carbobenzyl oxy or carbobenzoxy or

benzyl oxycarbonyl 35 DI PEA = diisopropyl ethylam ne PTSH =

N- phenyl t hi otetrazole PPh3 = triphenyl phosphine - 36 01 Decenber 2005 NMO
= met hyl nor phol i ne N=oxi de TPAP = tetrapropyl ammoni um perrut henate DEAD =
di et hyl azodi carboxyl ate HOAc or AcOH = acetic acid 5 TFS

trifluoroacetic acid Et2NH = diethyl amine NVWM = N-net (R ﬁﬁ?rﬂhﬁf 205
Oxone(r) = nonopersul fate conpound (potassium peroxynono- sulfate) 10
n-BuLi = n-butyllithilfd RHFCnL)paldsadiddedonocahboRarPtB2sulpldei num oxi de

IEAh—dtrl ﬁlt hyl a%ralnﬁ:l%%@rmﬁg%ht)ﬁﬁo%e cdLge tWﬁ@%é@ﬁ&fﬁﬁ&%@g&aﬂd rﬁdge
ryarsenon ey G or ThERS BT B B et B e Bt S
1- hydr oxy- 7- az ae1)y o0 gvat.e (ammonlum heptamolybdate tetrahydrate)
5 (4.75 g, 3.84 mmol) in 30% H,0, (hydrogen peroxide) was
added dropwise during ~15 min, maintaining the
temperature of the solution at 0-5°C, then 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 dryving under vacuum at 40°C to constant
weight affording 12.8 g {74%) of the title sulfone as a
white crystalline solid.
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PyBOP reagent = benzotriazol-1-yloxy-tripyrrolidino 20 phosphonium

hexaf | uor ophosphat e DI BAL = dii sobutyl al um num hydride LDA = lithium
di i sopropyl am de DVMPU = 1, 3-di net hyl -3, 4, 5, 6-tetrahydro-2(1H)-pyrim di none
AcCN = acetonitrile 25 LiHVDS = [ithium bis(trimethylsilyl)am de NaHVDS =

sodi um bi s(trinmethyl silyl)am de Red-AL = sodi um

bi s(2- met hoxyet hoxy) al um num hydri de nmCPBA = m chl oro-perbenzoic acid mn
= mnute(s) 30 hor hr = hour(s) L =liter nL = m'IIi(;)‘i Pecemper 2005
mcroliter g =grams) 35 ng = mlligram(s) nol = noles Mol =
mllinole(s) - 37 01 Decenber 2005 nmeq = mlliequivalent RT, rt = room
tenperature sat or sat'd = saturated mehmpieaageous 5 TLC = thin |ayer

chr omat ogr aphy HPLC = ehi gh @egforﬁnggdlihguhgdgngr gat(,pgf aPQé’her‘ln‘eC/i\‘s = hi gh

performance liquid 55

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. Thereaftexr, 1.5L of
MTBE was added and the mixture evaporated to remove watexr
25 to affoxd about 1780 g (yield 88%) of title compound as a
vellow oil.
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spectronmetry MS or Mass Spec = mass spectronetry 10 NVR = nucl ear nagnetic

resonance np = nelting point Bp = boiling point The foll ow ng Exanpl es
represent preferred 15 enbodi ments of the invention. Unless otherw se

i ndi cated, all

tenperatures are in degrees Centigrade. 20 Exanple 1 25 0

1' 00- O NYS, Il)< (1la, Schene 2) 11 OO NN A Preparation of

Triflate 30 o-
chl oride (100

"0 0 1x' TfOY&0O' \ - 38 01 Decenber 2005 To a 250 nL fl ask
was charged Kaneka al cohol (2b, Scheme 6) (10.0 g, 38.%1Dggemper¢8Phy| ene

m.), and diisopropylethylamne (14.8 nL, 84.51 mml) and

cooled to -30C . Triflic anhydride (7.11 nlL, 42.25

10

15

20

25

30

B.

To 7.35 L NaHMDS(7.35 moles, 1.05 eqg) under N;
(cooled down between -72 to -65°C) was added a THF (6 L)
golution of l-benzosuborone (1177 g, 7.35 moles, 1.05
eqg). The reaction temperature was maintained below -50°C
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
stirred for 2-3 hours between -72 to -65°C. The reaction
was quenched with HOAc (1.4%5L) between -72 to -50°C. The
mixture was allowed to reach RT and saturated ammonium
chloride solution {NH:Cl,1l5L) was added plus 7L DI-water,
and the mixture agitated for 5-10 min. The agueocus layer
was extracted with 1 x 8L MTBE. The combined organic
layers were washed with water (2 x 3L} and brine (1 x
9L), then dried. The solvent was removed to afford crude
compounnd B (3.08 kg). The crude compound B was used

directly in the next step.

C.

To a solution of the crude compound B (3078 g) in
agueous HOAc (16L) was added ammonium acetate (1446 g),
followed by cupric acetate monchydrate (1859 g). The
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5 mvol) was added via a syringe at a rate to maintain the tenperature at
-35to -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 Sulfide (4a, Schene 2) 15 A slurry of 1-phenyl-lHtetrazol e-5-thiol
(7.19 g, 40.34 mmol) in nethylene chloride (50 nL) was added to the Part

Atriflate solution. After the reaction was conplete, e 0

added and the m xture was stirred for -5 min. The phas(bvfbﬁé %§ég1gb§t ed
and the 20 aqueous phase was di scarded. The rich organic phase was washed
with water (100rekytion wdsniafiludedizsaeersdpdr dced24Thetor ckR-okgani ¢
phase was vashedopth gabuselede NHGE, (00l dlic- 1581 fagnd phases

separated. The r| ganl o ase Was concentrated to -50 nL. The
sol ution was taR¥APPEAERE AbkttQt@PIHFe F FHaRY Stlﬂlgﬁéffor ARE ShutEy was
Preparati on of ShkhomexédawiSehese )BBO(methyll tHbuMylN etB8x)01 Decenber

2005 1PA (159 mb) was gfdefelond. F%gu@oéwaasd%lﬁekaw PA5LGM L he above
step. The solution was cool ed he stirred sol ution of sulflde,
a sol ution of celite pad (177g celite in a 77 W x H, funnel) and

the cake washed with 16L MTBE. The organic phase was
washed with:
- 2 X 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 8 L 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 apoproximately 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=57.8.
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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(NH ), MO O ; 4H, O (anmoni um hept anol ybdate tetrahydrate) 5 (4.75 g, 3.84
nmml ) in 30% HzO, (hydrogen peroxide) was added dropw se during -15 mn,
mai ntai ning the tenperature of the solution at 0-5C, then warnmed to

anbi ent tenperature. The conversion of sulfide to sulfone was nonitored by
HPLC -24 h. After conpletion of 10 the reaction, nethylene chloride was
distilled out. The pot tenperature was nalntalned at not _nore than 25C.
The crystal slurry was reconstituted to a vol ume of -238 Deeempen2P®n and
the resulting slurry was stirred for at least 1 h at 20-22C. The solid was
col l ected by vacdumeolBehizl {120io0) . t HEhe akisxtwashethanistt rred/ wat 2n-£3°d, 25

m) followed letqflyanelgage%?mey&mﬁs e dih NS b1 08 ANG akber di ng

12.8 g (749 of the_title sulfone as ystal l'ine so

Decenber 2005 Bgfnpleid BPépaRat (Bh HMIpy hisHh ﬁbnﬂFGéhy@@5G@@Fd(SEﬁeHEEZ) 5
A. 10 O 0 To areexttibe Bixdutéunse-henzal dehydec(988i8 gompYebd a®l es) and
met hyl 1 sobyty 1087.9, 5 l.es dded p| e (64.2
g, 0.75 nol P%ngﬁggg& & Qﬁ%?c é%?dﬁéégﬁi Q %%? Ee n1x?ure was
15 heated to 80208 gsn& mnc&mﬁubyzp@@w@g ;5 ILnt:erSOI-d kO 5°C) 20% HC1

(495 mL}. Phases were separated and the spent toluene
phase was discarded. The pH of the acueous phase was
adjusted from <0 to 4-5 with 10N NaOH. Ethyl acetate

10 {500 mL) was added and the pH adjustment continued to 7-
8. The phases were separated. The agqueous phase was
extracted with additional ethyl acetate (2 x 500 mL).
The combined rich ethyl acetate scolution 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-l-piperidinyvloxy) (0.20 g, 1.28 mmol) were
added. The pH of NaOCl (sodium hypochlorite} solution
(212.1 ml,}) was adjustgd to ~89.1 with saturated NaHCOs; 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 aqueous 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. Na»S;0:; {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 mbL)} 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 mlL) was
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4L) of toluene was added and m xed wth the reaction mxture. The tol uene
was renoved using a rotavapor (50- 65 C/20-90 torr), leaving a yellow oil.
The yellow oil was dissolved in 5L MIBE and washed with: 20 -1 x 3L HC
(OSN) 1 x 3L NaHCO3 (saturated soln.) 1 x 3L DI water 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 ¢ Id 8%@6‘5 title
conpound as a yellow oil. 01 Decenber 2005, B. 5 To 7 :
noles, 1.05 eq) under N2 (cool ed down between -72 to -650) was added a THE
(6 L) sol utionadfied- dedzosaborwaes]l Ellirry, wAs35tiolred, at. 05-8@%) foFfhe
reaction tenpergt yj,g,vas %@t@%r@&lbeeoowo-téggcl&ggam & qd@ft'%e The

reaction was then stlrre etween -72 our
solution of cofipBtRd ¥af 17sid RE 20-¢36I €8T #h BeastrHp)h \k?%fos"leovm y added
to the reacti oncebitetkegpithg stdsteLd apaidtiae ibal ow a- BQEhnAf t Bunridie.
addi ti on was: co e t r S t Is t yeen
s CORRL L fico [E: TAGILON, MAS 3 oS (%gﬁgfh%%e 9 helwe

-72 to -65C.7 The reaction ~was guenc ‘hed Wi t en - 2 to
-50C. The mi xt BP emhvhsand | @kl ter rfe fOmsRRNEnHed ghtr andar anme At chl ori de

sol ution (NHAClad&t )covas mddedinlsug (hod) - wat ef t1e adidHigidTiag W «hagit at ed
for 5-10 m n. The ag ueous Iae/le:Ld

ine s

10 - Esxxample 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 guenched at -70°C
by slow addition of sat. ag. NH,Cl (7.5 mL) solution and

25 water (38 mL). The dry ice bath was removed from the
reaction mixture and the sclution 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 % 38 wml)

30 followed by brine (25 mL) and concentrated to a volume of
50 mL. Acetonitrile (50 mi:) 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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20 was extracted with 1 x 8L MIBE. The conbined organic |ayers were washed
wth water (2 x 9L) and brine d x 9L), then dried. The sol vent was
renoved to afford crude conpound B (3.08 kg). The crude conpound B was
used directly in the next step. 25 C. To a solution of the crude conpound
B (3078 g) in 30 aqueous HOAc (I6L) was added ammoni um acetate (1446 Q),
foll owed by cupric acetate nonohydrate (1859 g). The - 42 01 Decenber 2005
reaction was refluxed between 120 to 124C for 12-15 h&IrReceppensdORut el y
90% of the acetic acid was evaporated off to produce a green slurry. The
slurry was thealatxed We0h70%) MMBE 1( neichyll ocdbpbyhtetrher Yea&hdhe
resulting solu n I 7 na?7"
x 8", Wx H, 'Eiﬁ%e %H&ﬁ% igﬁ‘%ajcg# V\nﬁfﬁﬁlﬁ ag:a%lé l%m g%‘éﬁfl&’ phase
was washed wufuﬁ@i bhg 9510®1¥mﬁ<?%1=ed PRy &5 Wﬂﬁ%&%%t@ s§hIringy 3 L
NaHCCO3, pH of #he pﬁahuaedwmsflf—:ﬁ:élred Xodkd vals Waiseied pj:ize& Q. 5The sol vent

was evapor ed 10 rodu e L ack I 88 t ghas
added and the WX u’r:% 0% a?a ey o(r)i apaﬁ-g ox1 frta el %;érh EdT% g?(@) %ct was 15
filtered and washed \&\Piﬁ) 20f e c@i*dlmqmnqﬂﬁoat@hl@@) cryg&apidafct was
dried at 40-5064t2Piz0f Hg to

Example 4

I 10 Preparation of the final compound as arginine salt (1lBa}

COOH ’
L N. _NH
COQH'HzNJ\/\/ 2

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 {22.0 g, 157 mmeol) and THF
{600 mL) at ambient temperature. With stirring, to the
resulting clear sight vellow solution was added &N HCI
{ag. 74.6 mL, 447 mmol) at ambient temperature to form

The reaction mixture was stirred for 5.0-6.0 h followed
by addition of 2 N NaCH {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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produce an off-white solid, 793 g, HPLC AP=97.8. Yield=27%20 D. To a 500
m. round bottom fl ask equi pped with a nagnetic stirrer and a nitrogen
inlet was charged 25 F Qbi (50.0g, 128.4 mmol) - 43 01 Decenber 2005 and
toluene (170 m.). The m xture was stirred at 20-25C until a clear solution
was obtained. A solution of 65% Red-Al in toluene (57.8 nmL, 192.6 mol)
was added and the reaction mxture was heated to 80C until conplete as 5
det ernmined by HPLC. The reaction mxture was cool ed to01-Becembar 0@hched
by pouring it into cold (0-5C 20% HC1 (495 nlL). Phases were separated and
the spent tol ueseapphasedwas alistmrdedvaboesapbirofitt Abouyudolds pRase was

adj usted from <Qpt pe4sBuid hd NNQHs BiRKLeACHE #h€1300 (BODb i )amas added
and the pH adj ustgent conti nued.to, 7- 8. Tge pga es were. se aréte ._ The
aqueous phase wWABY ¥RF r&EHERF WY WiddaMEEnameé Hil takRt et ee@f 500G i) .
The conbi ned rioh Bthyl asEtiant escgairettiioy whse WaBRetlaywt h thwaterudBisx 250

nm.) and concent g d uoder; .t ced 15 pressure to -465 niL. This sol ution
was carried thro%%ﬁ t e Jﬁge%:t oxi dation step. The rich ethyl acetate

solution was charged from

was transferred to a 5.0-liter round bottom flask
equipped with a mechanical stirrer, a thermometer, and a
septa. While temperature wasg controlled at <29°C, 1 N HC1
10 (aqg) was added to the above agueous layer until the
pH=6.94. Subseguently, 330 mL of ethvl acetate was added
to the agqueocus layver followed by charging more 1 N HC1l
{aq) until pH=2.82. After separating and saving the
ethyl acetate laver, the aqueous laver was extracted with
15 ethyl acetate (330 mL 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 miL), ethancl (316 mL), and water (145

25 mbL) followed by heating the white suspension to 50°C.
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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
slurry, potassium bromde (1.53 g, 12.8 mml) and TEMPO (2, 2, 6, 6-

tetramet hyl - 1- pi peri di nyl oxy) (0.20 g, 1.28 mml) were added. The pH of
NaOCl (sodium hypochlorite) solution (212.1 nL) was adjusted to -9.1 with
saturated NaHCO3 and 25 added to the slurry at a rate zﬁc thab ?(5
tenperature remained at 0-5C. Stirring was continued 4 BE 2Y05 ¢ he
reaction was conplete as determ ned by HPLC. The phases were separated and
the aqueous phdS¥LRET eftraffedt WFﬁrEW@ca‘@@e@ %Oﬂlrﬁ_ﬁ)‘ﬂ"ﬁw@]éor?@llﬁé?@ rich
organi ¢ phase 3 \E&ESCyasteseyhstc By thQﬁutdﬂ)rthfylsabetaqe Nagsaaae(asom um

oot shebe! 52 Bk RE SR I LEL UES e s RSET
with water (25688 yhdke S@éﬁ@@ﬁﬁﬂat@aSt%thn@iﬁﬁzdﬁH@rfpéd&cédhpaéésate 35
| sopropanol 5( | Ribieh0 rok) mlaﬁ adgdedeangdi i heat s ting cﬁpgﬁagrlqrg@as heat ed

to reflux (80-85 The sal |on S ed t0 a vol
Vot er (50 vy aRdia A% BASHEROR RS SRk o X AR e TP e
stirred at 70-83C.f &LOH (A2t hbh ahfiowsd (fo mdolanthbowae- @5C=dvén macheast 1

h. The slurry magohebecate20,25C fOﬁh@-ttlltq%srtﬁ)r%dﬂclgetagﬁslﬁghl gsting the
solid by flltra?] Qn on.a Buchner ,znnel cake was washed.w th cold

(0C) | PA/ wat er F) Sp2:9 vEpIhes Ao diFed tF-E TonRt-dift- \Méqghﬂrdgéep

vacuum at 10 (e 0. 31 CH3CN:H;0, 1:1, w/v).

'H NMR (CDsOD): § 7.74 (&d, J=2.5 Hz, J'=1.0 Hz, 1H), 7.41
(dt, J=7.0 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 (4, 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 (.,
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 (q, 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,

A iH).

¥c NMMR (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 CigHsgFNs0g (M' + H) 490 and 175, found
30 490 and 175. o

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 CigHysFNsOg: C, 65.14, H, 6.98, N, 10.55.
Found C, 65.15, H, 6£.97, N, 10.53,. -
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40C to afford 41.5 g (90% of title al dehyde as a white crystalline solid.
10 Exanple 3 Preparation of Aefin (6a) F An N2 purged 250 nm. 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 nmmol) and THE (75 nL). The
stirred solution was cooled to -74 to -78C . Slowy a 1M sol ution of
LiHVDS (lithium bis(trinethylsilyl)amde) (15.3 nm, 15.3 mmol) in THE was
20 charged at a rate such that the tenperature remai ne®! Beesmear 2695 and
-78C. After addition of the base was conplete, the reaction mxture was
warmed to ---45C ovefn ad&ifiomt ddhe Tl lawinge@nosgsei Badnhicgtemeded at

-70C by slow agdi-bi 8 Physdieo %%Mi.@ltl’fg ExafpleSel uthegiande28avat er (38
ro

m.). The dry ice bath was renoved mthe reaction mxture and the
solution was warnmed to 20-25C. Ethyl acetate (50 nlL) was added, the
m xture agitateg ioh a€parated. The-organic |ayer was washed with

raceQi}

saturat ed sodi um bi carbonate solution (2 x 38 nL) 30 followed by brine (25
mL) and concEntr at edChrarge VWAL ofg) 36 mlefigettonit Ai- Peliterndynagkeddded

and the sol uti oy, MaSHEONGRIN MALLd. 1A JHIANR t8f aSReRhanlBhs SEEPrdRS
repeated. Water (-5-6 nL) was slowy adéjed to the hot - 45 01 Decenber
2005 a thermometer, and septa. Charge 400 mL of THF

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

10 Charge ca. & 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 asgsay.
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.)
agqueous solution to the above reaction mixture while
maintaining the batch temperature < 28 °C during
addition. Maintain agitation at ambient temperature until
reaction (gaponification 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
aguecus vhase te a round-bottomed flask equipped Qith a
mechanical stirrer and a pH meter. Charge ca. 1 N HC1

30 aqueous solution to the above agueous layer until to pH =
5.6-7.6. Charge EtOac (600 mL) to the agueous mixture.
Charge ca. 1 N HCl agueocus 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 aqueous layer was
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solution (60-70C) until the cloud point was reached. The thin slurry was
held for 30 mn at high tenperature and then slowy cool ed over several
hours with stirring. The product was filtered, cake was washed with a 5:1
5 mxture of acetonitrile and water, and dried to afford 7.5 g (91% of
the title conpound as a white crystalline material-. Exanple 4 10
Preparation of the final conpound as arginine salt (18a To a 3 0-1]

round bottom fl ask equi pped with a 15 mechanical stir
and a septa was charged Exanple 3 trans olefin (92.0 g,

tenperature to form 207C02" Bu react] on ni Xt

rDeeemper

ter,

157 mmol ) and THE
(600 nL) at antﬁmaqt@r%MhUEGOAWt(aSQtern@, teenarmtados dnd fidpec| ear
Sl ght yel | ow S%ﬂgzxco@_a%i‘ %ggegﬁﬁylyg& wif?ﬂ t lf?:é%ou%@l@%‘)g)c %tc

re was stirre

anbi ent
5.0-6.0

h foll owed by raudie.i gasbf tQ—ENCmm(Equth aye7 34 thhotd). 36%f or m a light

yel | ow suspensi Qp. AG t)atslcg@u}p(aé rﬂgw&gl D
was

(saponi fication of (20))

corrp?ete y an 1 n-process HPL

2% AT &Y Ul hrgegction

"assay.

THE was - 48 @P@é’@éﬁbeﬁnéogstévapéhatﬁﬁom 2o ctawsr -eFagdeat heat about
45C. The whit gay§iayr rs)blh%%bﬂ“@oﬂ@élﬂihﬁt%éﬁéhﬂsg@ e 190 tgr

extracted with MIBE (nethyl _t-but

230 nL X 2).

After

t he MIBE |ayequq§Qe§q§gBB§1 equlpped w1t a filter paper. Dllute
above EtOAc solution to 2.0 liter with EtOAc and obtain

the weight of this solution (labeled solution A).
10 Charge L-Arginine (29.50 g, 0.99 equiv.) to a 4-

and was
Bar ating

liter 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-l1liter 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 soclution at 55-60 °C for 5 min.
Charge the EtQOAc 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 a@ditional 5.5-72 h. The so0lid 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 EtOaAc (200 mi),
EtOH (12 mb), and HxO (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

stored in an amber glass bottle in a drying cabinet.
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5 layer containing CO2Na was transferred to a 5.0-liter round bottom fl ask
equi pped with a nechanical stirrer, a thernoneter, and a septa. Wile
tenperature was controlled at <29C, 1 N HC1 10 (ag) was added to the above
aqueous |l ayer until the pH=6.94. Subsequently, 330 nL of ethyl acetate was
added to the aqueous |ayer followed by charging nore 1 N HC1 (aq) until
pH=2.82. After separating and saving the ethyl acetate I yer, th ueous
| ayer was extracted with 15 ethyl acetate (330 nL x 3)0 %mﬂﬁhﬁfﬁgﬁgethyl
acetate layers containing the acid CO2H were washed mnth 50% brine (265
m.), brine (427 nL), 20 separated and m xed with a suspension of L-arginine

(27.4 g, 157 npp&&sslmogitﬁ&gﬁ@‘m(zm m.) and water (138 nL). The mxture
was evaporated to dryness un reduced pressure at ca 45-50C. To the

resul ting white solichagde Hided gletdfylclgfdnate pabolnditeRtrikegB16 ),

and water (145 %éuﬂh)béeiéx@a@dﬂ%m%%ﬁu@@eah%m@ LemsusRersAPNst 0-R0C. - 47
01 Decenber 2005 Anot her 36. mL.. of water was added to_di sso| ve %_)I[ sol i ds

at 56C;, subs qu@nW?ﬂi‘Wﬁt?ﬂl FnbiIRRtaacbbargendd Bdel THD He

sol ution to inikbbalézeldde. aysiald ltz:amﬂldeTBecm@aieaﬁ@m@@r was
stirred at 50Cf05111 5 h and_at 5 anbhient for 13.h. After filtration

crystalline sofPUIREsCUERHRAY SAYH 1P WHEBGE 3 RiRt WrRetYe BT (l\ﬁé'{'?l

agueous solution (17.1 mL, 3.0 equiv.}. Maintain
agitation at ambient temperature until reaction ig judged
i0 complete by an in-process HPLC assay. Charge c¢a. 2 N NaOH
(85.4 mL, 5.0 equiv.) agqueous 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-
i5 butyl ester) is judged complete by an in-process HPLC
agssay. Transfer the light vellow-colored emulsion to a
separatory funnel. Charge 307.5 mL of water to the
separatory funnel. Charge 50 mbL, MTBE, shake the
separatory funnel, and remove the MTBE upper layer.

20 Transfer the rich agueous phase to a round-bottomed f£lask
equipped with a mechanical stirrer and a pH meter. Charge
ca. 1 N BCl agueoug solution tc the above agueous layer
until to pH = 5.6-7.6. Charge EtOac {120 mL) to the
aqueous mixture., Charge ca. 1 I HCl agueous 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 EtOAc (50 mL), separated, and the
EtO2Ac layver was combined with the previous rich EtOAc

30 phase. Wash the combined EtQAc layver with ca. 25%
(wt./wt.) sodium chloride solution in water (400 mimx2),
separate, and retain the EtOAc top layer. Dilute the
above EtOAc solution to 400 mi with EtOAc and obtain the
weight of this golutiorn., Seolution labeled as A.

35
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m), EtOH (12 nL) and H20 (6 nlL) and was dried in vacuo at 40-50C for 24
h. The title product obtained as a white solid weighed 78.9 (g). Yield,
75.7% [a] 25D=+23.0 10 (c 0.31, CH3CN. H2O 1:1, v/v). 1H NWR (CD30D): 8
7.74 (dd, J=2.5 Hz, J'=1.0 Hz, 1H), 7.41 (dt, J=7.0 Hz, J'—6 1 Hz, 1H),

7.37 (dt, J=7.3 Hz, J'=1.4 Hz, 1H), 7.27 (d, J= 7 2 He, 7.22 (dd,
J=15.4 Hz, 15 J'=7.OHz, 2H), 7.20 (d, J=7.0 Hz, 6.45 (d, =1

1H), 5.43(dd J=16.5 Hz, J'—65Hz 1H), 424(q, J= @150é&ém1?ﬁ690@579(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, JEEWeL- qug)lnlzleo55(r’h1 gH) 0- 268¢qveé|v ) vpoar& Lpppr
1.74 20 (m ZFDrodncﬁJDc(ﬂEonilé@ ,flJas%eQﬂ =8 @ik, a%ch&n@éain&%léé‘ﬁorl?’c
NVR (CD30D) : 5 180.1, 174.7, 164.5, 163.1, 162.5,_ 158.7, 157.8, 149.1

141.9, 141.0, 1840tlzemf§6 C@upllgz endbs pgatingimangle gy & waker (bath

129.7,129. 2, 124i#h al28./6ulaklth: 3 chbilee05070. ﬁl @6 ﬁt0§5t§ t#h8.- fbove 1-
27.7, 25.8, 22, "d_for_ C36HA6FN506

41.9,34.2, %3 %ﬁi 32. 2 29. 6,
(M + H) 49 k) ‘@@tml&ﬁd%%gl?ﬁn%xsﬁmr%%ﬁz 3508 3p70,
2960, 2934, 286&)3,té|3:67!ﬂ>, tlﬂeﬁ%ﬁhovbGQZ—,].lt@&Ore&.EBSr &6165&11113&5@ L1889y in 357,

1221, 842, 766, 740 cm 1. Anal . Calc'd FN5Q6: 14, H,
6.98, N, 10.55. 5“5 E- é% t%ﬁ MEHGPLEN| 016 %é %8: Sis1ok -

Arginine, hold the L-Arginine solutlon at 55-60 °C for &
min. Transfer the hot L-Arginine solution to a reactor

100 containing rich EtOAc solution-2A from earlier step at the
ambient temperature. Heat the resulting clear solution to
50 -55 °C and hold at the temperature range for 20 min.
Charge seeds (crystalline final compound} to the batch in
the amount of 1% wt. of the input 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
ELOAc/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.hThe solid was collected by
filtration through a Buchner funnel eguipped with a
filter paper under reduced pressure. The crystals were
washed with ca. 60 mL of a mixture of EtOAc (200 mL),

25 EtOH (12 mL), and H;0 (3 mL). The crystals were washed
with ca. 60 mL of a mixture of EtOAc (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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01 Decenber 2005 .In addition, the follow ng process nodifications were
enpl oyed to prepare the Exanple 4 L-arginine salt. Process Mdification A5
Charge 100.00 (g) of olefinto a 1.0-liter 3-necked round-bottoned flask
equi pped with a nmechanical stirrer, a thernoneter, and septa. Charge 400
mL. of THE (tetrahydrofuran) into the above flask. Agitate to provide a
clear slightly yellow solution within 5-mn. 10 Charge ca. 6 N HCl aqueous
solution (85.40 nL, 3.0 equiv.). Maintain agitation at0ldR8rempbet BPerat ure
until reaction is judged conplete by an in-process HPLC assay. The -
reaction is conplete when the area % (AP) of olefin is < 1.00. Typical

| aboratory scal g8 blitichlibe are 15 1-3 hours. Charge ca. 2 N NaCH
(427.0 nmL, 5.0 equiv: aqueous_solution to the above reaction mxture
while maintaining tRespereetefier@ @e 5<128mmoddr itng® ®HAPEi on. Maintain
agi tation at an‘@g@ﬁko%&@@frgé W ot dripera@a¢tl. ORaGS8PANktL cahi OMmEf 4 he

tert-butyl ester) 1Is

0 judged conplete by an in-process HPLC assay. The

reaction is5coﬁﬁPéYe)mﬁ%ﬁe¢$w%$ﬁé?ﬁ%ﬁﬁ%?bsﬂsp§n€1895 paikatpLEdassay.
Typi cal | aborat@aync&ah etheaEdd Olidd MEKtAe 2r28mblentr 88gherathies White
slurry to a separat8%¥ funnel . Charge 1550 nlL of maﬁer to the separatory

funnel . Charge %8%5

NERRTEER Y GGyl ReEREr FReshaRReF R e pe 4t or y

funnel, and rempyesthe: MIRE ypRehcha¥ehn Phasgasepassindte t 0gigpbaut 10 -
30 mn to conplete. Transfer the rich aqueous phase to a round-bottoned
flask equi pped ¥pPH §12.8 mL, 5 equiv.) into the above warm reaction

10

15

20

25

30

mixture while maintaining the batch temperature between
35-42 °C. Hold the batch at about 40 °C for 2 h. Cool the
batch and stir at rt overnight. Charge MTBE (30 mL) into
the mixture. Adjust pH of the batch to 3.0-3.5 with 3N
HCl (~ 3.5 mL). Separate the top organic layerl Wash the
aqueous laver 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 MIBE into IPA. Adjust the volume of
the rich IPA sclutien to 85-mL (solution A).

Separately dissolve 0.845 g of L-Arginine in 5.6 nL

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
slurry to 50° over 10 min. Hold the slurry at 50°C for 2
hour and cool to 20°C over & 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 cbtained in 88?2 %
yield.

Process Modification D
To a 250 mly flask equipped with a magnetic stirrer
was charged olefin (7 g, 11.95 mmoles), isopropyl alcohol
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mechani cal stirrer and a pH neter. Charge ca. 1 N HCl1 30 aqueous sol ution
to the above aqueous layer until to pH = 5.6-7.6. Charge EtOAc (600 nmL) to
t he agueous m xture. Charge ca. 1 N HCl aqueous solution to the above

m xture until about pH = 2.2-3.2. Transfer the above acidic mxture to a
separatory funnel, separate and retain the 35 Et OAc upper phase. The

resi dual aqueous Iayer was - 49 01 Decenber 2005 extracted with Et QAc (250
mL x 2), separated, and the EtOAc |layer was conbi ned WiBeeember 200Bus
rich Et OAc  phase. Wash the conbined Et QAc |layer with ca. 35% (w./w.)
sodi um chl ori del1somit)i emd ®Nw&CAr (6400, nExmylat e@pardt 45 ameplestai n the

Et CAc top |ayer,,. Fil.t er t he c.sqlution contalnl |nt

t hrough a BuchTrllleer ﬁ{nrlllerle g&&l E’pgg e8 at P PF ¢ BF™ 6f’;lrpa‘er fj({neazcgtgi: a%ove
Et OAc sol uti on stomiz.c@dd then \mhtethtsaApeaﬂaha@é)t@f noléihm V\(aicgﬂct abfoutthias

sol ution (labeled solu 39 Arginine { 0 uiv.)
toa4- liter jag]krét ed%g%%%'sﬁ):rlgac or ﬁ| %%egj:%\nrfﬂg a rrec an| CH %g)g?gator,
a thernmal céuplrrenolﬁﬁ?d was E@ﬂlean@n) oséoppetson Charlge 358K3 rﬁeadtfedEﬂ:@-l to

t he above 4-1it reator cont in ni ne. Char 0.5 mM of ter
LoCthe 1o anovdTic] FRer RrakEenrd i 1F ny SRR StspoRsoher 2Bdr the

m xture to 50 -labfroaet qodisssel m)L ArBE iRt ur&10hdk tdw ledArtgl Mo@ sol ution

at 55-60 C for .5 min. Char solut on. | a ed as s utlonAfrom
earlier step t & THETPEREE og'“goﬁgﬁ {S)A@d?_ YR Y s%‘l" ut on uging 1 1R Y

{about 10-12 mL). At this point ethyl acetate was added

10 to the mixture and the pH lowered to 3.5 (pH between 3
and 4) using 1N HCl. The mixture was transferred to a
separatory funnel and the organic layer was separated 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 mi:), 1 mole% of seed
crystals and L-Arginine (1.98 g, 0.95 molar eq., 11.35
mmoles) of BMS 423526 and heated to 55-66°C. The ethyl
acetate solution wag 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 i2h, 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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20 55 C. Charge 450 nL of EtOAc to the above m xture. 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 anbient tenperature in 4-5 h. After
the heating is renoved, the slurry should be agitated for 25 additional
5.5-72 h. The solid was collected by filtration through a Buchner f unnel
equi pped with a filter paper under reduced pressure. The_crys

washed with ca. 200 nL of a m xture of EtQAC (200 nL),OHéP@H%PE §§ and
H20 (6 nlL). The white solid was dried 30 in a vacuum oven at about < 50 C
(oven set point) until the LOD < 0.5 %w., this process typically takes
24-72 h to conplete. The white solid weighed 102.10 (g) and was stored in
an anber glass bottle in a drying cabinet. - 50 01 Decenber 2005 Process
Modi fication B Charge 20.0 (g) of ol efi Bxampbe 150-1iter 3-necked

round-bottonmed fl askpgayhPPetoiVdh B RGRRANKEALnlE! (B4 (§cﬁm&§q5nnneter
and sept a. C?arge 80“ﬁt“6T“THE17ﬂ7T17T_7ﬂRﬂR?TT1TTT“¢©%TET§“Tﬁ“ﬁTbv|de a
I

clear and slightly vyellowcol ored solutlonﬁmtrnn 5-min. Charge ca. 6 N
HC1 aqueous solution (17.1 nL, 3.0 equiv.).
tenperature until reaction is judged 10 cogft
assay. Charge ca. 2 N NaCH (85.4 nL, 5.0 ¢
above reaction mxture while maintaining t?
during addition. Maintain agitation at -an

Maintain agitation at anbient
te by an in-process HPLC

v.) aqueous solution to the
b@t ch tenperature < 28 C

The title aldehvde 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 met 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 teo 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, 122.6 mmol)
iz 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 guenched by pouring it into cold (0-

- 55 -



tenperature until reaction (saponification of the tert 15 butyl ester) is
judged conpl ete by an in-process HPLC assay. Transfer the |ight

yel | ow-col ored emul sion to a separatory funnel. Charge 307.5 nL of water
to the separatory funnel. Charge 50 nL MIBE, shake the separatory funnel,
and renove the MIBE upper layer. 20 Transfer the rich aqueous phase to a
round-bottonmed flask equipped with a nmechanical stirrer a&é
Charge ca. 1 N HCO aqueous solution to the above aquecQJs f»’ﬁ%@bera

pH = 5.6-7.6. Charge Et OAc (120 nL) to the aqueous m xture. Charge ca. 1 N
HO aqueous solaf)oB0R0HRS H{A85Sabbve nPhasee e idermbmitedlnd 2h- 3. 5

Tr an_sfer t he %&ﬁ: 3é‘clldiéhemﬁhta'é'é91t30d§s§§9§éétOrflv‘héuﬁt@eéf SRPH AR
retain the EtQA 5pep The resi dual é gueous was exﬁ_% ct ed
with Et OAc (50 “@&eaaﬁa’of“héo EP oAc |‘5Jy‘é‘? L At n&Fit h t he

previous rich Etdaf-’tcaﬂi) (;ﬂ%mL)V\ashaﬂﬁedcanﬂl tbd B G hsiysrn twi ddn thanueZb %
(W /wt.) sqdiym chlgri %es%g%]%'egnak%e&@bg’éaéégo x2) quéquaﬁr;;ﬂJa%e gid

retain the Et OAc top lqﬁé ove OAG S0l Ut on with
Et OAc and obt aiSFH¥HRE t okt Rdikienasd| athvh. 28Br#Es of? 1Al e d s A 35 -

51 01 Decenbemﬁ)%nﬁiaaraﬁ dichr githiyDeatbrdte gso Dudbore il WwasHea avitH i ter
o 0L L oo llaak @Ay Dl nth Bnd, SBRNANLERLAULIALO xoqdddier T

couple, and a neat ng ‘mant1 e o circu Char ge
50.0 ml of EtQﬂHﬁﬁﬁMﬁ@ééﬁbvé6§ mL ThlS solution is carried through to

10  the next oxidation step.

The rich ethyl acetate solution is charged from
above into a three neck 1-L flask equipped with
mechanical stirring, temperature controller, and addition
funnel and cooled to 0-5°C. To the slurry, potassium

15 Dbromide (1.53 g, 12.8 mmol) and TEMPO (2,2,6,6-
tetramethyl-l-piperidinyvloxy) (0.20 g, 1.28 mmol) are
added. The pH of NaOCl (sodium hypochlorite) solution
.(212.1 mL) is adjusted to ~2.1 and added to the slurry at
a rate such that the temperature remained at 0-5°C.-

20 sStirring is continued at 0-5°C until the reaction is
complete as determined by HPLC. The agueous phase is
extracted with EtCAc (2 x 200 mL). The combined rich
organic phase is washed with a 1:1 solution of sat. ag.
Na»S20; (sodium thiosulfate) (75 mL) and water (75 mL)

25 followed by wash of the rich organic phase with 1N NaCOH
{250 mL}. The rich organic phasze 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 (B80-85°C). The

30 solution ig 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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5 liter reactor containing L-Arginine. Charge 32.57 ml of water to the
above 4-liter reactor containing L-Arginine suspension. Heat the m xture
to 50 - 55 Cto dissolve L- Arginine, hold the L-Arginine solution at 55-60
Cfor 5 mn. Transfer the hot L-Arginine solution to a reactor 10
containing rich EtOAc solution-A fromearlier step at the anbient
tenperature. Heat the resulting clear solution to 50 -55 C and hold at the
tenperature range for 20 nin. Charge seeds (crystalli @ PpeRIMbenddRind) to
the batch in the ambunt of 1% w. of the input olefin. Maintain 15
agitation at about 50 - 55 Cfor 1.0 h. Charge slowwy a mxture of EtCQAc
(100 m.) and EtOH (50 nL) over 2 h to the suspension. Upon conpl etion of
charging the EtOAc/EtCOH mixture, agitate the resulting slurry for 1.0 h.
Cool the batch to the anbient tenperature in 2.0 - 6.0 20 h. Agitate the

resulting white slurry at the anbient %xammkeit@ire for 1.0 - 18.0 h. The
solid was coglected by filtratd.pt-Rrqughoz Bughngr (1gpnel equipped with a
filter paper under reduced preSsure. "gne crystals were washed with ca. 60

m. of a m xture of EtQAc (200 nL),
crystals were washed wth ca. 60
(100 nL). The white solid was dried
(oven set point) until the LOD < 0.5

24-72 h to conplete. The white 30 Sqli ,
an anber glass bottle in a dry®ng i ) Dece

25|EtOH (12 m), and H20 (3 nlL). The
a nix&;gs of EtCAc (100 nmL), EtOCH
0 oven at about < 50 C
process typically takes
>1.6%¢8Y and was stored in
nmber 2005

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 coocled to -74 to -78°C .
Slowly a 1M solution of LiBEMDS ({(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 is warmed to ~-45°C over
~15 minutes. The stirred reaction is gquenched 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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Process Modification-C Suspend olefin (3 g, 5.12 nmol) in 9 nL of

i sopropanol at roomtenperature. Add 6 N HCL (2.6 nL. 3 5 equiv.)

streamni se into the suspension. Agitate and rmaintain the reaction mxture
at anbi ent tenperature. Mnitor the reaction by HPLC. Raise the
tenperature to 30-35 C when the reaction is judged conplete. Add 2N NaCH
(12.8 nmL, 5 equiv.) into the above warmreaction 10 m&ube Wn'bl e

mai nt ai ni ng the batch tenperature between 35-42 C. Holdl ﬁ@e’FJ" eEROG? about
40 C for 2 h. Cool the batch and stir at rt overnight. Char MI'BE (30 m.)
into the nixture®eakdifust WolHest (thebbBEEhis 0sBoWlB, 653%4 K314 eH@Pt(

m). Separ ate tgaﬂdtq@mor(mnr?@%ﬁy&ﬁtlm thieukb RAHEOUS b:é&&hew.thTM BE
(2x10 m). t.he conbi ned Oﬁgaﬁi #@yer W t 5 %brl ne (t20 rr1_t_j}1 f ol | oned
by brine (20 Bin SAUREN £ RS | A SR h& % ol vent
in the rich MIBRemtdomwR& cAdiledt ovhe sevemel dﬁoumhemrukcrwlllmm ut™e to

85-nL (sol usi O%r@duc%o jgepanakeby, d!:éﬁ@' y& @a%@d %Péh le Ay.ai lﬂil&%ulr@ arb ni
of water at 55

Add SSrILtherlc IPAé utl tnt.b[eaﬁlht |ne
sol ution at 55@CARFITEE Lfy2Bf WakE™  c7Y ntbot ﬁg t he
remai ni ng rich do®foundl.uti on A dropw 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 nlL of |PA DEFaERLeWEt cake in a vacuum oven at
50C evernight. 3.06 g of widepzpewden wisthbt 8inell tomdBurdd %

Following the procedure of Example 4, the Example &
15 compound is employved to prepare the title compound in the

form of the sodium salt.
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30 yield. Process Mdification D To a 250 nL flask equi pped with a nagnetic
stirrer was charged olefin (7 g, 11.95 mmol es), isopropyl alcohol - 53 01
Decenber 2005 (14 nlL) and 6N HC1L (6 nmL, 3 nolar eq., 35.85 nmoles). The

m xture was stirred at roomtenperature (20-25C) and nonitored for the

di sappearance of olefin (took about an hour). A solution of 2N NaCH (30
m., 5 nolar eq., 59.75 5 mmol es) was added in one portion_ to the fl ask,
heated to 40C and nmonitored for the disappearance of tHeDesempenga05

| actone (0.5 to | h). The mixture was cooled to room tenperature and the pH
adj usted to -6-7hasi Ag FANeHEA Ysmbout 10-12 ml). At this point ethyl
acetate was added 10 to the m xture and the pH lowered to 3.5 (pH between 3
and 4) using iN HCL. The m xture transferred to . a reparatory funnel
and the organic IayerI\N}s Csoéﬂﬁé’%lfiggggﬁag ﬁ/{égh%‘gn\‘}\ftflhrﬁ7% brine (2 X 35 nlL).
To a 500 nL 3-necked flask equi pped with a 15 nechanical stirrer,
tenperature probe and aeptum was charged isopropyl alcohol (158 nl), 1

nol e% of seed <crystals and L-Arginine (1.98 g, 0.95 nolar eq., 11.35

mmol es) of BMS 423526 and heated to 55- ‘o The ethyl acetate solution was
then added to the nmixture over 6-7h g0 (usitg Ja syringe punp), heated for 2
h at 55-60C, cooled to roomtenperatufe and sti%red for 12h. The solids
were filtered and washed with isopropyl alcohol (2 bed

where
X, is CF,80,C-, CH,S0,0- or p-CH,-(CH,}S0,0-;
10 or R,-S-

or R,80,- where

N
~
. NN
Ra |s_ \\
N"'*N\
Raa , (Rys is alkyl, arylalkyl, aryl or
cycloalkyl),
15
Rs ,_—
\\
\ 7

(Rs is H, alkyl, arylalkyl, aryl, CFs,
halo or NO;),

Xa
-
20 B N (X. is 0 or 8},

or (CFs3;

) and Ri, is alkyl, cycloalkyl, arylalkyl, aryl or CbZ.
25

(B} A compound having the structure

>

0 0

XY coy

R10a
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vol unes). The solids were dried under house vacuumat 40-45 C and a fl ow
of nitrogen for 24h. Yield: 6.73g 25 (89.3% 01 Decenber 2005 Exanple 5
Preparati on of Pyridine Al dehyde (7a) (Schenme 2) 5 The title al dehyde may
be prepared enpl oying 10 procedures set out in Exanple 2 and in reaction
Schenme 2. An exanple of a typical preparation of the aldehyde is set out
below. To a 500-nL round bottom flask equi pped with a pagnetic stirrer and
a nitrogen inlet was charged 15 conpound (7b) (Scheme A1 Psgemberz802 my)
20 (prepared enploying procedures sinmlar to that described in Exanple 2)
and toluene (170 nlL) .~Jhe mxture is stirred at _20-25C until a c|ear

sol ution is obféiafsy. FEPreisentsf a65iaRea- RPRENCY o LIPS TG, 192. 6
nmol) is added and the reaction mixture is heated to 80C until 25 conplete
as determ ned by HPLC, .The lrkegcti onlrri xt %e i{s cooéﬁg to -20C and quenched
by pouring it into col ¢ GEVas ¥ pefEbarBh08 5072 2098HCL (495 nl).
Phases are separated Rgpdishe spent tol uene phase is discarded. The pH of _
t he aqueouss phase is adjusted from<0 to 4-5 with 10N NaOH Ethyl acetate
(500 nL) is added and the pH adjustnment continued

F
10
F
' {©)
NI =
\rl\' N/
O=5—

15




5 to 7-8. The phases are separated. The aqueous phase is extracted with
additional ethyl acetate (2 x 500 nL). The conbined rich ethyl acetate
solution is washed with water (3 x 250 nL) and concentrated under reduced
pressure to -465 nL. This solution is carried through to 10 the next

oxi dation step. The rich ethyl acetate solution is charged from above into
a three neck 1-L flask equi pped with nechanical stirripg, tenper e
controller, and addition funnel and cooled to 0-5C. Téﬁtﬁgc§%BPF?bHé

pot assium 15 brom de (1.53 g, 12.8 mmol) and TEMPO (2, 2, 6, 6-
tetramet hyl -I -pi peridinyloxy) (0.20 g, 1.28 mml) are added. The pH of
NaOCl (sodi um hypochlorite) sol ution ﬁ)(212F1 m.) is adjusted to -9.1 and
added to the slurry at a rate such that thegtenperature remained at 0-5C
20 Stirring is continued at 0-5C until the action is conplete as

determ ned by HPLC. The aqueous phase is tracted with EtOAc (2 x 200
m.). The conbined rich organic phase s cel Wwth a 1:1 solution of sat.
aq. Na2S23 (sodiumthiosulfate) (75 water (75 nmL) 25 followed by
wash of the rich organic phase with i N™N 1259 nL). The rich organic
phase is washed with water (250 nL) and conceﬁ'&ated to -100 nlL under
reduced pressure. Isopropanol (IPA) (400 nmL) is added and the resulting

m xture is heated to ref lux (80-85C). The 32 folution is distilled to a

vol une of -250 nL. Water (50 M) is(@Added crystal slurry is
stirred at 70-80C for 1 h then all owed to cool Lto 20-25C over at least 1

f‘u”’

O

)

4 "y

{C}

i0 Xia \)\/‘\)J\O/Y

where

X, is -

N N
N,/ @: y—s—
15 MN—N S )



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
(0C) IPA/water (4:1) (2 x 50 nm) and dried to a constant wei ght under
vacuum at 40C to afford title al dehyde. - 56 01 Decenber 2005 5 Exanple 6
Preparation of AOefin (19) F CO2% The title conpound is prepared
enpl oyi ng procedures 10 set out in Exanple 3 and reaction Schene é
enpl oyi ng the Exanple 5 al dehyde and the Exanple 1 sul3lRecemBeE8ip| e of
a typical preparation of the Exanple 6 conpound is set out below. AA N2
purged 250 nL 3-neck rb flask is charged with 15 Exanple 5 pyridine
de(rj i ¥a’|t£ [ \(/(735( 18a\z§1é5_?_%n B3, Q@"%h:ifll, Exarple drsudinpe, (CJ-IBLC)(CB_LC%%g%l];gla&Vc\Iﬂme )
an . stirred, sol ut S cO to - to - owy a
IV oty on of LEENBEETLT (FELE BEAP e ey e (185 . 153
mol ) in THE i sr2flepueygetharesulinnysuch that the tenperature renmmined
between -705 and -78C. After addition of the base is conplete, the reaction
m xture is warned to_---45C over -15 mnutes. The stirred reaction is
guenched at -70C b@% ow addition of sat. 8- NH4Cl -(7.5 nL) solution and
1l

R10"‘"‘CH

where Rig is the residue of an HMG CoA reductase inhibitor
10 or hydrophobic anchor.

2. The compound as defined in Claim 1 wherein

where Rig is Ripa OT

where
X is CHz;, O, § or NRy;
R; and R; are the same or different and are
20 independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, axryl, hetercarvl or
cycloheteroalkyl;
Ry is H, halocgen, CFi, hydroxy, alkyl, alkoxy,
alkanovlamino, aroylamino, or cyano; .
25 R7 is H, alkyl, aryvl, alkanoyl, aroyl, or
alkoxycarbonyl;
or, the compound as defined in Claim 1 having the

$>K<D 0
s I XM )<

) U o]

structure

30
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25 water (38 nL). The dry ice bath is renmoved and the solution is warned
to 20-25C fromthe reaction mxture. Ethyl acetate (50 nL) is added, the
m xture agitated, and |ayers separated. The organic |ayer is washed with
sat urat ed sodi um bi carbonate solution (2 x 38 nL) 30 followed by brine (25
m.) and concentrated to a volunme of 50 nlL. Acetonitrile (50 nL) is added
and the solution is concentrated to a volunme of 50 nL. This step_is - 57
01 Decenber 2005 repeated. Water (-5-6 nlL) is slowy aébk@epsmbﬁ@ﬂéﬁ
solution (60-70C) until the cloud point is reached. The thin slurry is
held for 30 mn at high tenperature and then %wiy cool ed over several
hours with stirring. The 5 product is filtegre c&ke s%zhed with a.5:1
m xture of acetonitrile and water, anqﬂdpis]d f title
conpound. Exanple 7 10 Prepgration of thé& o nal conpound CO2Na Fol | owi ng
the procedure of Exanple 4, the Exanple 6 15 conpound is enployed to
prepare the title conmpound in the faqormof the sodiumsalt. 01 Decenber
2005 What is Clainmed is: |. A conp having the structure 5 (A O '"OO0O

10 3. A process for preparing a chiral sulfone as

defined in Claim 1 having the structure

>

o OO 0 O

P/
O>SM
Ry OR;

[

15 wherein Rix is alkyl, cycloalkyl, arylalkyl, aryl, or CbZ;

where
R4z ig alkyl, aryl, arylalkyl, or cycleoalkyl,
20 Rs is H, alkyl, aryl, arylalkyl, CF;, halo or NO;
and

Xs 18 O or S;

which comprises treating a solution of sulfonate 2
25
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X1 oR a where X3 is CF3SC_C, CH3S020- or p-CH3- (C, H5) SO20C; 10 or R -S
or R3S03- where R3is /INNNR4a | (R41 is al kyl, arylalkyl, aryl or
cycloalkyl), 15 (R5 is H, alkyl, arylalkyl, aryl, CF3, halo or N02), 20 25
(Xais 0 or S, or CF3; and R a is alkyl, cycloal kyl, arylal kyl, aryl or
CbzZ. (B) A conpound having the structure CO2Y R Ca - 59 01 Decenber 2005
where \ represents a single bond or a double bond, Y is_ alkyl, aryl
aryl al kyl or Cbz, and i 01 becember%OOS
>

2 o0 O

o XX
2a OR4,

where Rj, i1s S0,CF3y, S0,CH;, or S0z {(CgHs) ——CHz, with a thiel
of the structure 3
5 3 Ri3SH

to provide chiral sulfide 4

>

QO 0 O

: A
na/s ORy,
10
and treating the chiral sulfide with an oxidizing agent
to provide the chiral sulfone, 1 where Ri; is
N
N \w’__ N
\ \
N—-N\
—
15 Raa or S
4. A process for preparing a trans olefin as
defined in Claim 1 having the structure
>
/\/k)\/cov
20 Ry 2

where Y is alkyl, aryl aryvialkyl or CbhZ and Ry is a
residue of an HMG CoA reductase inhibitor or hydrophobic

anchor.
25 which comprises reacting an aldehyde of the structure

1l
Ry;—CH
with a chiral sulfone of the structure
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R oais 5 10 15 (a) (b) (d) (e) wO HO-~ .p A N- 60 01 Decenber 2005 (Q)
5 10 15 where (O X . is o0o" O IJ OX9a ~/~\p~Y Tf0 - 61 01 Decenber

2005

01 December 2005

0O 0

-
R3 ORq,

cycloalkyl, arylalkyl, aryl or CbZ;

wherein Ry, is alkyl,

Ry is \\ Q" C[ />_ or CF,,

N—-N

where
Rz is 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 trang olefin.

15
The process as defined in Claim 4 wherein Ry

5.
is

(&)

HO

‘éo

\_7 F
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wherein R4a is aryl, alkyl, arylalkyl, or cycloalkyl; and Y is alkyl,
aryl, arylalkyl or CbZ, and Tf is trifluoronethanesulfonyl. 5 (D) 0O u
R10- CH where Rio is the residue of an HMG CoA reductase inhibitor 10 or
hydr ophobi ¢ anchor. 2. The conmpound as defined in Caim1l wherein where
R10 is Rloa or 15 where X is CH2, 0, S or NR7; Rl, and R2 are the sane or
different and are 20 |ndependently sel ected fron1a|ky| aryl al ky

cycloal kyl, al kenyl, cycloal kenyl, aryl, Reteroaryl or01 Bﬁ@@@ﬁ@f@ggélkyl

oxy, al kanoyl am no, aroyl am no,
aroyl, or al koxycarbonyl; or,
structure 0O- 0 0 Xila 30

R4 is H, halogen, CF3, hydr oxy, alkg) aIk
or cyano; 25 R7 is H alkyl, aryl, ﬁkanc

Y
O=$——
o)
F
@
HeC | X
N/
N
5 F

10
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- 62 01 Decenber 2005 or Xlia is 5or 11 0~0 0 X1 O 13 11 O' -0 O Tf0O O
10 3. A process for preparing a chiral sulfone as defined in daim1l
having the structure R3 OR,. 15 wherein Ria is alkyl, cycloal kyl,

arylal kyl, aryl, or CbZ, R3 is where or CF3; Rd4a is al kyl, aryl, arylalkyl,
or cycloalkyl, 20 R5 is H, alkyl, aryl, arylalkyl, CF3, halo or NCE and Xa
is 0 or S Wmch conprises treating a soI ution of sulfonate 2 25 - 01

Decenber 2005 2 5 0 -00 01 December 2005
(h)

i HO 1y, s, “\‘O

11t

0

or

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

R; and R; are the same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, arvl, heteroarvl or
cycloheterocalkyl;

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

Ry is H, alkyl, arvyl. alkanoyl, aroyl, or

alkoxycarbonyl;
15
6. The process as defined in Claim 5 where in the
trans olefin formed
Rio is
20
Ry
=
U/ |N/ .
2
7\
Ay
where
X is CHz;



R2aO OR, a where Rea is SQ2CF3, S02CH3, or S02(C6H5)-P CH3, with a thiol of
the structure 3 3 R3SH to provide chiral sulfide 4 4 10 15 O -O O R3 OR~a
and treating the chiral sulfide with an oxidizing agent to provide the
chiral sulfone, 1 where R3is NNN Rga or 4. A process for preparing a trans
olefin as defined in Caim1l having the structure O O 20 COZY Rs where Y
Is alkyl, aryl arylalkyl or CbhZ and R10 is a residue qgf an H
reduct ase inhibitor or hydrophobic anchor. 25 which cw?%ggﬁgg®$ng an
al dehyde of the structure O wu

Y is alkyl;

R; is aryvl;

Ry, is alkyl;

Ry is H.
5
7. The process as defined in Claim 6 where in the
trans olefin formed, R; is p-~F-CegHs and Ry is i-C3H7.
10 3. A process for preparing a dihydroxy acid

ester, salt, or free acid of the structure

OH OH

/\\M/COZY
Ryg

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

which comprises providing a trans olefin of the structure

><

o 0

/\\\/'\A/ CO.Y
Rig” '

20

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 struéture

30
OCH OH

CO.H
Bio AN 2
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Rio-CHwth a chiral sulfone of the structure - 64 01 Decenber 2005 ~SO
Ra ORla wherein Ria is alkyl, cycloal kyl, arylalkyl, aryl or CbZ, 5 where
10 and R3is ('-1 Rda is alkyl, aryl, arylalkyl, or cycloalkyl, Rs is H,

al kyl, aryl, arylalkyl, CF3, halo or NO2 Xa is 0 or S; in the presence of a
base at a reduced tenperature to formthe trans oI efin. 15 5 The process

as defined in daim4 wherein Rois (a) O HO.,~,,, 0169 S elr:2f)0566 01
Decenber 2005 9. The process as defined in Claim 8 whgr?eln

where

R,, is

F
(©)
N~
i
\fl‘J N/
0=§-—
O
F
{d)
HaC l =
-
N
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01 Decenber 2005 (h) w 0 HO, » "Oor where 5 Xis CH2, 0, Sor NR7;, Rl
and RZ are the sane or different and are independently selected from

al kyl, aryl al kyl, cycloal kyl, al kenyl, cycl oal kenyl, aryl, heteroaryl or
cycl oheteroal kyl; 10 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; 15 6. The process as defined in Caim5 where_in the
trans olefin formed Rio is 20 where X is gH2; - 67 0103Ressmberddddy is

alkyl; Rl is aryl; R2is alkyl; R is

HO ‘hy, \\0
5 n,,” or
Ry
=
o LY
N~ Rs
7\

10 where

X is CH;, 0, S or NRy;

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

15 cycloheterocalkyl;

Rq is H, halogen, CFi;, hydroxy, alkyl, alkoxy,
alkanoylamino, aroylamino, or cyano;

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



7. The process as defined in Claim6 where in the trans olefin forned, Rl
is p-F-CoH5 and R2 is i-C3H7. 10 8. A process for preparing a dihydroxy
acid ester, salt, or free acid of the structure Rio 15 or the | actone

t hereof, wherein R10 is the residue as an HMG CoA reductase inhibitor or
hydr ophobi ¢ anchor, and Y is alkyl, aryl, arylalkyl or CbZ, which
conprises providing a trans olefin of the structure 20 Q" 'O R 0 Y as
defined in aim1, and subjecting the trans olefin tooqeg?‘ﬁﬁ@)%ro% i ons
to renove the acetonide and formthe 25 di hydroxy acid ester; optionally
treating the dihydroxy acid with a base to formthe corresponding salt;
optionally treating the dihydroxy acid salt with an acid to formthe free

acid of the structure 30 R aneHohels QR adH A4 QK 11689 GneTheiprocess

fin in i m_8lwbDherein
as de ed Clt e d?.hydrgxfr ac:.goe58t5er formed

5

Ryg 18

{®

10 X is CHy, Ry is H, Ry is p-F-CgHs and R; is i-C3H~.

11. A process for preparing a saturated dihydroxy

acid of the structure
OH OH
COzH or estet thereof
Rio or salt thereof

15 or lactone thereof

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

or hydrophobic anchor,

20 (a) which comprises providing a trans olefin of the

structure
O><0
/\\*/'\/COZY
Ryp
25 where Y is alkyl, aryl, aryvlalkyl or CbZ, as

defined in Claim 1,
subjecting the krans olefin to hydrogenation to

form the saturated acetonide
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where Riois (a) How, .,,0 10 15 (b) (d) H3C (e) - 69 01 Decenber 2005 (9)
HO S 10 where X is CH2, 0, S or NR7; Ry and R2 are the sane or different

and are
al kenyl ,
hal ogen,
R7 is H,
Decenber

i ndependent|ly sel ected from al kyl, arylal kyl, cycl oal kyl,
cycl oal kenyl, aryl, heteroaryl or 15 cycloheteroal kyl; R4 is H,
CF3, hydroxy, al kyl, alkoxy, al kanoyl am no, aroylam no, or cyano;

al kyl', aryl, alkanoyl, aroyl, or —alkoxycarbonyls - 70 9=

2005 5
>

o O

A AN o

Ry

subjecting the acetonide to acidic cenditions to form the

saturated lactone

L/
Ryg /’OH

and optionally treating the saturated lactone with
agqueous base to form the saturated dihydroxy acid ester
10 salt

OH OH

COLY
Ryg

or (b) which comprises
15 treating a dihydroxy acid ester of the structure

OH OH
Rw/\ M/\CO?_)Y

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

Rm/\\\/'\/v\/cozﬂ

and subjecting the free acid to hydrogenation to form the

25 corresponding saturated free acid of the structure
OH OH

' " CO,H
LT
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10. The process as defined in Caim9 where in the di hydroxy acid ester
formed RIO is 10 Xis CH2, RAis H Rl is p-F-C6H5 and R2 is i-C3H,. 15 11.
A process for preparing a saturated di hydroxy acid of the structure OH CH
~C02H or ester thereof Rto or salt thereof or |actone thereof where RQis
t he residue of an HVMG CoA reductase inhibitor or hydrophobic anchor, 20
(a) which conprises providing a trans olefin of the structure O< ~C02Y
Rio 25 where Y is alkif, @iyl proddddldey/lacesnchZin as aEHnABRRTBEHER M 1,
subj ecting the jrans olefin to hydrogenation to formthe saturated

acetoni de - 71 D1 Decenber 2005 0' -0 COZY Rio subj ecting the acetonide
to acidic conditions to formthe \/\fo

(a)

5
F
{c)

[\i =

\l:l N/

O=§—
Q
F
)]

HsCO ] S
-

N

10 \(



saturated |lactone 5 and optionally treating the saturated |actone with
aqueous base to formthe saturated di hydroxy acid ester 10 salt OH OH CQ2Y
Rio or (b) which conmprises 15 treating a di hydroxy acid ester of the
structure OHOH " R o v _CO02Y with base to formthe correspondi ng acid
salt, treating 20 the dihydroxy acid salt with acid to formthe free acid
- of the structure OH OH Rio COZH and subjecting the free acid to
hydrogenation to formthe 25 correspondigg saturated ddeeamben?0@de
structure OH OH R 11 ~~C02H - 72 12() The|process as defined in
CaimO|IDwWwRP~re 2 2 05 5 10 is (a)

'ty ar,

(h)

X is CHz, O, 8 or NRy;

10 Ri1 and R; are fthe same or different and are
independently selected from alkyl, arylalkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, heterocaryl or
cycloheteroalkyl;

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

15 alkanoylamino, arcoylamino, or cyano;

Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl.
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(b) HOB/\..Q - 73 01 Decenber 2005 (g0 HOO) Xis CH2, 0, S or NR7; 10
Rl and R2 are the sane or different and are independently selected from
al kyl, aryl al kyl, cycloal kyl, al kenyl, cycl oal kenyl, aryl, heteroaryl or
cycl oheteroal kyl; R4 is H, hal ogen, CF3, hydroxy, alkyl, alkoxy, 15

al kanoyl am no, aroylam no, or cyano; R7 is H alkyl, aryl, alkanoyl, aroyl,

or al koxycarbonyl. - 74 13. The 01 Decenber 2005 plgfe S as de d in
Sl\a' m 12 wherein the jgonpeund £oLsed, hag dine aSEL US4, ?@?eTgm the | GWP

fluvastatin
( gmpound formed has the structure

HO

{cerivastatin)

10

Nisvastatin (NK-104) {pitavastatin)
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10 F N svastatin(NK-104) (pitavastatin) - 75 01 Decenber 2005
(Simvastatin) 5 (atorvastatin) H (Pravastatin) 10 (Lovastatin) 14. A
process for preparing a chiral sulfone as defined in daim1l of the
structure o O _ OO s 11 R3~l 15 - 76 01 Decenber 2005 where Y is al kyl,
aryl, arylal kyl or CbZ, which conprises treating a triflate of the
structure 0"0 0 TAOz z OY 5 wtha thiol of the structure R3SH

01 December 2005

oy YA OI‘““@

o OH OH
5 {atorvastatin)
1,,”’
H
O CH OH
ot oH
0" =
{Pravastatin)
%,
HQ,,
Q & Ia,&
— © 07
{Lovastatin}
10

14. 2 process for preparing a chiral sulfone as
defined in Claim 1 of the structure

15
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10 where R3 is or and Raa is phenyl, to formthe chiral sulfide 15 and

treating the chiral sulfide wwth an oxidizing agent to formthe chiral

sul fone. 15. A process for preparing a sulfone as defined in Claim1 of

the structure 20 0- "0 0O x' o where X is CF3SQ20-, CH3SOQ2O or

p-CH, - C, H5- SOz0-, 25 which conprises treating a chiral alcohol of the

structure 0" "0 0 HQJJIJOx - 77 01 Decenber 2005 with anh f the
sdbastbsr 2605 e

structure Rea-O R2a (where Rza is the same as X' defi

presence of an ani bas for the fo ate. 16. . A rocess.for
preparing a tran$ % %C kéfgf‘l ﬁ’é}ﬂ ]rJﬁY Favi g’& tﬁglg r YEERF S0
where X is CH2, Gre®iowg NRI,TlYlaseabﬁytl;le aztptuctamd al kyl or Cbz;

>

o o0 0

T‘OM/”\O/Y

5
with a thiol of the structure
R,SH
Flha
.FN N
o Q0
10 where R, is N or S and R, is phenyl,
to form the chiral sulfide
;><;) Q
S\**/u\ Y
Ry~ 0/ ,
15 and treating the chiral sulfide with an oxidizing
agent to form the chiral sulfone.
i5. A process for preparing a sulfone as defined
in Claim 1 of the structure
20 o

N\/i\/i\/ﬁ\><;

4
where X, is CF,80,0-, CH,S0,0- or p-CH,-CH,-S0,0-,

25 which comprises treating a chiral alcchol of the

structure




Ri and R2 are the sane or different and are 15 independently selected from

al kyl, arylal kyl, cycloal kyl, al kenyl, cycl oal kenyl, aryl, heteroaryl or

cycl oheteroal kyl; Rd is H, hal ogen, CF3, hydroxy, alkyl, alkoxy,

al kanoyl am no, aroylam no, or cyano; 20 R7 is H, alkyl, aryl, alkanoyl,

aroyl, or al koxycarbonyl; which conprises reacting a pyridine

car boxyl al dehyde of the structure H 25 with a chiral iﬁl onﬁmﬁf @&&a

structure - 78 01 Decenber 2005 11 oxo oy S i Xhla/ eemner a 7 N

Xllais NN or where Rd4a is aryl, alkyl, arylalkyl, or cycloalkyl, as 5

defined in aim1l, in the presence of a base to formthe trans olefin.
with an anhydride of the structure R, -0-R, (where R, is

the same as X,, defined above} in the presence of an

organic base to form the sulfonate.

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, arvialkyl, cyclealkyl,
alkenyl, cvycloalkenyl, aryl, heteroaryl or
cycloheteroalkyl; -
R; is H, halogen, CF;3, hydroxy, alkyl. alkoxy,
alkanoylamino, aroylamino, or cyano;
20 Ry is H, alkyl, aryl, alkanoyl, aroyl, or
alkoxycarbonyl;

which comprises reacting a pyridine carboxylaldehyde of
the structure

25

with a chiral sulfone of the structure
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17. A process for preparing a diol ester compound of the structure 10 CO2Y
where X is CH2, 0, S or NR7; 15Y is alkyl, aryl, arylalkyl or CbZ Rl and
R2 are the sane or different and are independently selected from al kyl,

aryl al kyl, al kenyl, cycloal kenyl, aryl, heteroaryl or cycloal kyl,
cycl oheteroal kyl ; 20R4 is H, hal ogen, CF3, hydroxy, alkyl, al koxy,
al kanoyl am no, aroylam no, or cyano; - 79 01 Decenber 2005 R7 is al kyl ,

H
aryl, alkanoyl, aroyl, or al koxycarbonyl; which conpr0dd3esgraber %%053
pyri di ne carboxyl al dehyde of 5 the structure Hwith a chiral sulfone of
the structure o TOx<TOO 5 /U Y X~la Il 0 where

l’ O 0 0
SM "Y
X113/H O
Q
where
Iy '
N T
N 0=
x4ha is  N— or s ’

where R4y is aryl, alkyl, arvlalkyl, or cycleoalkyl, as
5 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
10

where

X is CHz, O, S or NRy;

15 Y is alkyl, aryl, arylalkyl or CbZz,

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

7 cycloheteroalkyl;
20 Ry is H, halogen, CF;, hvdroxy, alkyl, alkoxy,
alkanoylamino, arcoylamino, or cyano;
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Rda N XIla is NN or 10 where Rya is aryl, alkyl, arylalkyl, or
cycloalkyl, as defined in Caiml, in the presence of a base to forma
trans olefin of the structure 15 - 80 01 Decenber 2005 and treating the
trans.olefin with an acid to formthe diol of the structure R OH OH X 5
C02Y 18. A process for preparing a dihydroxy acid or an ester, a salt,
havi ng the structure CO2Y' 10 where Y1 is H alkyl or an al kal'b rrgé&% or
far he

the lactone thereof 15 which conprises providing a tr&isDesm
structure CQRal kyl 20 - 81 01 Decenber 2005
Ry is H, alkyl, aryl, alkanoyl, aroyl, or

alkoxyvcarbonyl;

which comprises treating a pyridine carboxylaldehyde of

3 the structure

Rt o
== H
X l,H
N 2
7\
R4

with a chiral sulfone of the structure

[/ ol o
o)
o]
@]

where

10
where Ry, is arvl, alkyl, arvlalkyl, 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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and treating the trans olefin with an acid to forma dihydroxy acid ester
of the structure CQ2al kyl 5 optionally treating the ester with a base to
formthe corresponding dihydroxy acid salt and optionally treating the
salt wth acid to formthe corresponding free acid, and optionally
treating the trans olefin with an acid to 10 form the correspondi ng

| actone. 19. A process for preparing a dihydroxy acid L- arginine _salt
having the structure 15 which conprises providing a trdhsDgfembgréP0dne
structure 20 01 Decenber 2005 CQ2al kyl and treating the trans olefin with
an acid to forma dihydroxy acid ester of the structure 5 F CQal kyl
treating the estgid Widhtarkasdet rbasmibeicoriaspendag «di Bydnoxyeacid
salt, treating tgméfxgé eﬁ tgtacig to form 10 the corresponding free acid,
and treating the free acid “wthEE&rginine to formthe correspondi ng

L-arginine salt. 20. The process as defined in Caim19 further
R OH OH

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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15 include the step of treating the free acid with L arginine and seeds of
the final dihydroxy acid L-arginine salt.

01 December 2005

and treating the trans olefin with an acid to form a

dihydroxy acid ester of the structure

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

15

which comprises

providing a trans olefin of the structure
20



01 December 2005

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 acild
with L-arginine to form the corresponding L-arginine
salt.

20. The process as 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. L
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