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i nvention 0 a process for producing internediates § WOX 10

al kyl subs?§*§%§%7gzetldlnones Hydr oxy- al kyl substituted azgf*syﬁgﬁé%
exanple, 1- (4-fluorophenyl)-3 (R)- [3

(S) - hydroxy-3-(4-fluorophenyl)propyl)]-4 (S)-(4-hydroxyphenyl )-
2-azetidinone, are described in US Patent No. 5,767,115. These conpounds are
useful as hypochol esterolem c agents in the treatnent and prevention of

at heroschl erosis. 15 Processes for preparlng the correspondi ng azetidi none

wi thout the 3- _ '_‘OI ﬁ@*EH‘ﬂﬂEEIR’F@ 827 and

US Patent No. 5% 3

1-(4-fl uor ophenyl) 3( R) [3(S) hydr OWOWIFQGUNDS

fl uorophenyl ) - propyl )]-4(S)-(4-hydroxyphenyT)-2-azetidi none are disclosed in
US Patent No. 5,631, 365, US Patent No. 5,739,321 and US Patent No. 6,207, 822
131 (the 20 '822 patent). As per the procedure described in the 822 patent,
t he i ntermedi ate conpound gfgcﬁ@é%mp,gﬁs”_pé%gg@dmth a suitable

hydr oxy- protecting group, s ' oup such as that
derived fromchlorotrinethylsiiane (TMSCI) or t- butyldinmethyl-silyl chI ori de

(TBDMBCI) . Thi ghyd invkafied rélaedusla procks fcﬁl%roﬂﬁ@mgaﬁtémfé@héteg%ﬁhjrd#bx
ether silylating agent such as bistrinethyl'silyl acetam de (BSA). A cycl | zi ng

agent 10s uc Blkyk sabstitatesr arstidinones! -Hydioyy-aliiyksubsgiitutad, azatidimongs jorexamplem!-
fluoride féf‘hhorophenyl) -3(R)-[3(S)-hydroxy-3-{4-fluorophenyl)propy!)]-4{S)-(4-hydroxyphenyl)-
2-azetidinone, are described in US Patent No. 5,767,115, These compounds are

useful as hypocholesterolemic agents in the treatment and prevention of
atheroschlerosis.

15 Processes for preparing the corresponding azetidinone without the 3-hydroxy
substituent are claimed in US Patent No. 5,728,827 and US Patent No. 5,561,227.
Other processes for preparing 1-(4-fiuorophenyl)-3(R)-[3(S)-hydroxy-3-(4-
fluorophenyl)-propyi)]-4(S)-(4-hydroxyphenyl)-2-azetidinone are disclosed in US
Patent No. 5,631,365, US Patent No. 5,739,321 and US Patent No. 6,207,822 B1 {the

20 ‘822 patent).

As per the procedure described in the ‘822 patent, the intermediate compound
of Formula |, is protected with a suitable hydroxy-protecting group, such as a silyl
protecting group such as that derived from chlorotrimethylsilane (TMSC!) or t-
butyldimethyl-silyl chloride (TBDMSCI). This silylated product is further reacted with a

25  silyl-enol ether silylating agent such as bistrimethylsilyl acetamide (BSA). A cyclizing
agent such as a quaternary alkyl-, aryl-alkyl or arylalkyl-alkylammonium fluoride salt is
then added to cause an intra-molecular cyclization of the previously silylated
compound of Formula I. Finally, the protecting groups are removed from the cyclizied
compound using conventional methods, such as treatment with a dilute acid, in order

30  to form the hypocholesterolemic azetidinone having the Formula

OH - OH
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. theh added to cause an intra-nol ecul ar cyclization of the previ Oui?’S
silylated conpound of Fornmula I. Finally, the protecting groups e F%zrqgg’/ed
fromthe c Wi conmpound using conventional methods, suc tah@ad;ment
with a dil f}féé"g’?;? 74 in order 30 to formthe hypochol est erol elkn\g?%gzét@ﬁi}i none
havi ng the Fornula OH 27 SEP 2005 WD 02/ 079171 PCT/ US02/ 09123 2 SUMVARY OF
THE I NVENTION Thi s invention provides arginproved, sinple, high yielding
process for preparing an internedi ate conmpound useful in the production of

azetidinones. The 5 internedg i AR ¢ HPS rdpefeReianN a |2 OHd Formula | is
prepared by a process which c%nwb@eﬁe—%—m—xrng?—corrpound of Formula II
0 Fornula Il i mHieinanienh@rovidesiah insropeessintpte, Highyielding, procesd f@r nat i vel y
in tetrahydrofuran in the 15 absence of an acid, to forma mxture; b

conbi ni ng RréRannganirtesnegdiatd canpaund usefdkinithe redyetianeef azefiﬁirm&%ﬁ%ex) a

conpound sel ected . fromthe aro of mpounds represented by Formula Il1, or
(B) a° co%@mﬁgkﬂ*@-%f;ﬂ‘ﬁ‘lpz?”m,&% rgié@géow WO 02/ 079174
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Formula |

is prepared by a process which comprises:
10

a) mixing a compound of Formula [l
O O

A
1w

Formula I

in tetrahydrofuran in the presence of an acid, or alternatively in tetrahydrofuran in the
15 absence of an acid, to form a mixture;

b) combining the mixture of step a) with a catalyst selected from either (A) a

compound selected from the group of compounds represented by Formula 1ll, or (B) a

compound of Formula IV,



.11 Ph Ph Formula Il Ruilll( Ph H Formula IV OH PCT/ US02/ 09123 V\/n%rein R1
of Formula Ill is a (Cl-C6)al kyl and wherein R and S indicate 57 SEP 2005
stereochem t the chiral carbons; c) reducing the keto nt to the
p-fl uor ophei’ {2}’;79{7 a borane-tetrahydrofuran conplex; and ngﬂﬁt@ﬁﬁhl ng the
reaction with MeOH 10 DETAI LED DESCRI PTION I n one enbodi ment, there is
‘described herein a process for preparing a 15 conpound of Forrml al OH
Formula | 2 7 SEP 2005 WD 02/079174 PCT/ US02/ 0123 4 which conprises the

steps (a)-(d) shown above. R
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Formula [V
wherein R’ of Formula lil is a (C4-Ce)alkyl and wherein R and S indicate
5  stereochemistry at the chiral carbons;
c) reducing the ketone adjacent to the p-fluoropheny! with a borane- tetrahydrofuran
complex;
and
d) quenching the reaction with MeOH.
10

DETAILED DESCRIPTION

In one embodiment, there is described herein a process for preparing a
15 compound of Formula |

OH
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Formula 1



In a preferred enbodi nent, the process conprises: a) mxing a conpg]l&g ﬁ@
Formula Il in tetrahydrofuran in the presence of an acid to form E Pe;

5 b) conbi %&gda e mixture of step a) with a catalyst sel ectgd,f ,@gm},gther
y Fo

(A a conpound selected fromthe group of conpounds represented rmul a
11, or (B) a conpound of Forrmula IV Ph 10 H Formula Il RtlIt( Ph OH
Forrrula IV wherein R1L of Formula IIl is4 (Cl-C6)alkyl and wherein R and S

i ndi cate wiiet eonipaeestthie/smpstdme}(d shalneobens; 15 c) reducing the ketone
adj acent to the p-fluorophenyl with a borane- tetrahydrofuran conplex; and

d) quenching t e aRE&ERT eWW'W@dﬂthQ@f@&?@pﬁorﬁHW 'stated ot herwi se, the
foll f
These def A t1 GnerE0E PG RRrk RIS f AlecRh iR, cisa Gldy o

conbi nat i ef favink B raikaee; ternms. Hence the defini t i on of aI kyI applies to
"alkyl" as well as to the "al kyl" portions of "al kox kyl am no" etc. 27
SEP 2005 ) 02/cortgning themiyioe/wstes a) with a catalyst se ected from either (A) a

compound selected from the group of compounds represented by Formula i, or (B) a

compound of Formula IV
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Formula IV

wherein R' of Formula Ill is a (C4-Ce)alkyl and wherein R and § indicate
stereochemistry at the chiral carbons;

15 ©) reducing the ketone adjacent to the p-fluorophenyl with a borane-
tetrahydrofuran complex;
and
d) quenching the reaction with MeOH.

20 Except where stated otherwise, the following definitions apply throughout the
present specification and claims. These definitions apply regardiess of whether a
term is used by itseif or in combination with other terms. Hence the definition of “alkyl”
applies to “alkyl” as well as to the “alkyl” portions of “alkoxy”, “alkylamino” etc.



.5 "Akyl" represents a straight or branched saturated hydrocarbon chain
havi ng the desi gnated nunber of carbon atons. Were the nunber szanEt?O]ﬂUS

atons is nqt jfied, 1 to 6 carbons are intended. 5 The L d.ln,skep a)
I's sel ect e%?r‘%ﬁﬁﬁh‘g group consisting of BF3.CEt2, BCO 3, p- 'a(glll/ﬁse(lﬁfenzzdl fonic

acid, trifluoroacetic acid, methanesulfonic acid and canphorsul fonic acid.
If the catalyst of Formula IV is enployesl, it nust be used in the presence of

a 10 trial kyl ‘agoat@présaitszadtaight o braRthsd shakrated hydrosaeidieehsrbediment
of the present invention, the ratiro of the acid to the conpound of Fornula

Il is in dheslesignated numiver of cerkomaioms.- ¥heradhe nynabesrefiafben ateMmads 8ok, of
2-3% 15 In aﬁOtdhﬁrHﬁmog’i nent of tge present invention, the ratio of the
cat al yst tHEHED (} otihd °0F qurJ%.eIP eg1 of step b) is in a nole percent of
0.1-10% preferably 1-5% nore preferably in a nole %of 2-3% 20 In further

enbodi nents of the present invention, the tenperature of the reduction step
c) is generall yTheaoddn stdp apidsélsceddrafiehelgroump eoneisting b BandOESS BClamr-e

preferably petween 00 and 30C and typically between 23 and 28C. | n anot her
P rbod! mon OB PR AR ORIt BB INFBe s Thic b and Bl Qe A g
conpound ofykormula | OH Fornula | 27 SEP 2005 WO 62/079174 PCT/ US02/ 09123 6

if the catalyst of Formula IV is employed, it must be used in the presence of a
10 trialky! borate, preferably a trimethyl borate. ‘

In another embodiment of the present invention, the ratio of the acid to the
compound of Formula Il is in a mole % of 1-10%, preferably 1-5%, more preferably in
a mole % of 2-3%.

15
In another embodiment of the present invention, the ratio of the catalyst to the
compound of Formula Il of step b) is in a mole percent of 0.1-10%, preferably 1-5%,
more preferably in a mole % of 2-3%.
20 In further embodiments of the present invention, the temperature of the

reduction step c) is generally between -15 and 65°C, preferably between -10 and
55°C, more preferably between 0° and 30°C and typically between 23° and 28°C.

In another embodiment of the invention, there is described a process for

25 preparing a compound of Formula |
OH
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S

F O\\\‘

Formula |



.whi ch process has no acid in step (a). The process, thus, corrprisre;zz %

di ssol ving a conpound of Formula Il in tetrahydrofuran to forma it 205 5
b) conbi nin ure of step a) with a catal yst sel ected er (A)
a conpound geé@?”%)jfromthe group of conpounds represented bJCrT%om!r"(rzarﬂ%p

or (B) a conpound of Fornmula IV Ph Formula 111 10, H Forrrula IV OH whereln
Rl of Formula Ill is a (Cl-C6)al kyl and wherein R and S indicate

stereochem stry at the chiral carbons; 15 c) reducing the ketone adjacent to
the p-fluorophenyl with a borane- tetrahydrofuran conplex; and d) quenching

t he reacti ofnich proces®HasINo acigriefsten ). eﬁm@amﬁms 81us, lsemariseshat e process
(with no acid in step (a)) 20 described inmedi ately above, the tenperature
of the reduction step c) is between 23 and 28C. In another enbodi ment of the
al ternate By ocesgitssoWindlatdndsdithd Bf Fbﬁﬁuraan )n tel@fi/airbfsan FIRATAS hixtrBOVE,

the ratio of the catal'yst to the conpound of Formila Il WD (12/ 079174 2 7 SEP
2005 PGT/ Ush2/ Ogmmlrﬂng(bme stigfure of step a) witho cateyst selettad frompeiditer @lay 1- 5%

more pref eE%R-!p%unB selené%egfrom {he group of compounds represented by Formula i, or (B) a
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|
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wherein R' of Formula 11! is a (C1-Cs)alkyl and wherein R and S indicate
stereochemistry at the chiral carbons;

15 ©) reducing the ketone adjacent to the p-fluorophenyl with a borane-
tetrahydrofuran complex; and
d) quenching the reaction with MeOH.

In a preferred embodiment of the alternate process (with no acid in step (a))
20  described immediately above, the temperature of the reduction step c) is between 23
and 28°C.

In another embodiment of the altemate process (with no acid in step (a))
described immediately above, the ratio of the catalyst to the compound of Formula 1l



. 2-3% OH Formula Il 5 Fornula | The present invention discloses a novel chenpo

sel ective and stereo selective reduction of the ketone adjacent t70 Fhﬁ]

p-fl uorophenyl using a BH3-THF conplex. In a previous process/pc]rge ) 95'.8.
Pat ent No. ‘%‘,5/%‘77,9872‘2 131 (the ' 822 patent), the 10 discl osuf& 180 eh is

I ncorporated herein by reference thereto, there is disclosed a reduction of
sai d ketone using BH3 Me2S (BMS) conpl ey as a reduci ng agent. However, use
of said B : e yLr c a8 t nfOf
VS it h Do L Ao e ! B L o s
rai sed by2d3%.of the BMS conpl ex. 15 However, sinple replacenment of BH3 Me2S
with BH3-THF in the reduction generated a substantial anount of
over-reduction of the am de bond, conpared to the reductjon of the ketone
adj acent to the p-fluororophenyl, thus resulting in poor Ctel ect i vi ty. Thus,
initial experiment® with BH3- THROvyi el ded a desirable % off desired920 ©
enanti omer (SS $i red/ enantioner (SR), howe the sollution yield
was not opt =t du€ to-T henpr @uction of the ab y “redic

by- product f} t he am de. AW ants foun int esent pr ocess_\\t/hat
rever si ng g-he~&ddi ti on egUEYEE surprisi ng% overcawe the poor N
chenosel ectivity in the tion. The production of the over ced

by- product fromthe am dg significantly reduced 25 while at_tp€e sane tine
resulting in high diasteroSelectivity in the product. The new process calls
for adding BH3-THF to the solution of Fornula Il and

(R) -tetrahydro- 1- neth§mmadl di phenyl - 1H, 3H pyrrol of 1, 2- Epralad, 2]

oxazabwor ol i di ne

The present invention discloses a novel chemo selective and stereo selective
reduction of the ketone adjacent to the p-fluorophenyi using a BH3-THF complex. Ina
previous process patent, U.S. Patent No. 6,207,822 B1 {the ‘822 patent), the

10 disclosure of which is incorporated herein by reference thereto, there is disclosed a
reduction of said ketone using BH; Me;S (BMS) complex as a reducing agent.
However, use of said BMS complex may lead to environmental concerns. The
replacement of BMS with borane tetrahydrofuran complex eliminates the
environmental issues raised by use of the BMS complex.

15

However, simple replacement of BHz Me2S with BH3-THF in the reduction
generated a substantial amount of over-reduction of the amide bond, compared to the
reduction of the ketone adjacent to the p-fluororophenyl, thus resulting in poor
selectivity. Thus, initial experiments with BHs-THF yielded a desirable % of desired

20 enantiomer {SS) to the undesired enantiomer (SR), however, the solution yield was
not optimized due to the production of the above-noted over-reduced by-product from
the amide. Applicants found, in the present process, that reversing the addition
sequence surprisingly overcame the poor chemoselectivity in the reduction. The
production of the over-reduced by-product from the amide was significantly reduced

25 while at the same time resulting in high diasteroselectivity in the product.

The new process calls for adding BH3-THF to the solution of Formuia Il and
(R)-tetrahydro-1-methyl-3,3-diphenyi-1H,3H-pyrrolo[1,2-c] [1,3,2] oxazaborolidine
(abbreviated as (R)-MeCBS) catalyst in THF (from Sigma-Aldrich, St. Louis, Missouri).



R

(abbreviated as (R)-MCBS) catalyst in THF (from Sigma-Aldrich, St. Louis,
Mssouri). WO 02/079174 2 7 SEP 2005 PCT/li $S02! 09123 8 Sever al qx;pg%

yi el ded regy re the over-reduced by-product was m ni l((j 1 % wi th
di a stereg‘ﬂhﬁ@%ﬂty of 97:3. In fact, the nolar equival gg(tzre; “"3?’9‘

BH3- THF was kept to -0.6 eq, while % nol ar yi el ds were generally over 97%
Simlar results could be obtained with & "in-situ" prepared catal yst using

the s C0W@%I@xp@ﬂﬁéﬂt@gle\/dé@ré@mﬁ&nb{ér@t@ﬂeldi\ﬁ%!r)reaﬂde@ byfroRvtPeest e. (See

reference: M Masui, hioiri, nlett, 1997, 273). The foll ow ng exanples
used to pmpaneedh@da’mpmmaefermeieﬁanw dﬂgmét lafact, theemotarsmivalane@d)on,
al t hough s | es, shoul ot b str limtin t e 10 pe of
the i nvenPS‘]g}HfﬁﬁFp FRKEREO 3%@ Ir":r'd °aﬁ‘i‘9r ‘%35 MYE PYE" 5?% scope
of the in c} pr oduct

sol uti onsgﬁ?ﬁléﬁ%s\fﬁyﬁlcg\%ﬁnggﬁﬁ es \Mal @ﬁs@;r# ﬁré Cétla r?p?ghs'n th? Formula 1)
can be dlcoeqjdqndusfe?bramladl‘¢l(R|—d1|piaeb§zlpmemﬂ) mabtrafaetm'tt&natet o(Sekeeference: M.
hydr oxy- al kyl substituted t i di pones, in the alternative, the conpounds
of For mul M3sWah. %B'Otrhﬁ)('ﬂﬂtr gd/ 02735 |soI ated usi ng met hods known and

recogni zed by one of ordinary skill in the art. Exanples Abbreviations which
are used in the description of the schenes, preparations 20 and the exanples

are: (R)-MeCBS Fhefellowiig ekmdpbs]usmi foyprepabe dﬁ&)beﬂmpbuhtﬂ d Fagrulal dustrate]

[1,3,2] oxazaborolidine THE = tetrahydrofuran 25 HPLC = Hi g%h Per f or nanc

Li qui d chitsrRresfind frention, although suchexamples should not be construed as limiting the

10 scope of the invention. Alternative reagents and analogous processes within the

scope of the invention will be apparent to those skilied in the art. The product
solutions of the following examples (which contain the compound of Formula 1) can be
directly used as such in subsequent process steps to make hydroxy-alkyl substituted
azetidinones, or in the alternative, the compounds of Formula | can be crystallized or

15 isolated using methods known and recognized by one of ordinary skill in the art.

Examgleé

Abbreviations which are used in the description of the schemes, preparations
20 and the examples are:

(R)-MeCBS = (R)-tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyrrolo[1,2-¢c] [1,3,2]
oxazaborolidine
THF = tetrahydrofuran
25 HPLC = High Performance Liquid Chromatography
MeOH = methanol
Atm = atmospheres
mL. = milliliters
g = grams
30 PTSA = p-toluene sulfonic acid
CSA = (1S)~+)-10-camphorsulfonic acid
TFA = trifluoroacetic acid
de = difference between SS% and SR%



MeCH = nmet hanol Atm = atnospheres nL = nmilliliters g = grans 30 PTSA =

p-tol uene sulfonic acid CSA = (1S)-(+)-10-canphorsulfonic acid TF3\7-SEP2005
trifluoroa id de di fference between SS% and SR% 2

02/ 079174 gél"%gg]%fwl% Exanple 1 (Acid absent in step(a))zg)]sE %Q)q(*sO) g of
t he conpound of Fornula Il was charged into a 1000 nL three necked round
bottom fl ask equi pped with a thernonete®, N2 inlet and addition funnel. 500
. s THE peanpiandadid abskraselskn(bhe 50 g of the conpound Fornmula 11 at about
20 to 25T "The batch was concentrated at 1 atmto a batch vol une of about

150 nmL. The tenperature was adjusted to about 20 to 25C. 4.2 nlL of |ab
pr e- f or neBiftyRpOMgCEthe carmostd ofiFerotule hewés chafger inies tﬂm@édhremnackﬁﬁ of 1

M | ke oG aRRT fask-aauipes yithis tetimpiete, & il neladftio bR, spg m
bet wegn aE?‘TP#i 23 cﬁBF{i@@EJ d}?@lv@%ﬁﬁ V@éf th%adB?h\Ag&Jﬁ g% f 2t BBBLE 96° e
0 9

progress reacti on ter t action conplete, 20 nL of

MeOH was b Wr@ftwtghdvamcdmmmtr@lr@d aemmhabwbaﬁu(aluDMmé&ﬁabmumnBérmlto Topeench
the reaction. The batch was concentrated under vacuumto afford a batch

vol ume of t%{BEGltatll@ONﬁt agijusied enplput 20°opsi 6w 48anL xédabroreformed ReERnd a

201 tat od PO e ke s ehhrBhendo mERLNChoEe THF coligX i "o

THF solution (from Aldrich Chemical Company, Milwaukee, Wisconsin) was slowly

10 charged over 1.5 hrs at temperature between about 23° and 28°C. The batch was
sampled for HPLC to monitor the progress of the reaction. After the reaction was
judged complete, 20 mL of MeOH was slowly charged to keep the temperature below
25°C in order to quench the reaction. The batch was concentrated under vacuum to
afford a batch volume of about 100 mL at a temperature below 40°C. 250 mL of

15  toluene and a solution of 5 mL sulfuric acid in 100 mL water was charged. The,
mixture was agitated for about 10 min. and the batch was aliowed to seitle. The
bottom acid layer was split off. 100 mL of water was charged to wash the batch twice.
The batch was concentrated under vacuum at below 50°C to afford a volume of about

100 mL. Results varied, but in general, yields of ~89% and 95% de were obtained.
20

Example 2 (Acid (pTSA) present in step (a))

Fifty (50) kg of the compound of Formuia Il and 0.8 kg of p-toluene sulfonic

acid (PTSA) was charged into a 300 gallon glass lined reactor equipped with a

25 thermocouple, N: inlet and feed tank. 267 kg of dry THF was charged to dissolve the
50 kg of the compound Formuia II and the p-toluene sulfonic acid at about 20 to 25°C.
The batch was concentrated at 1 atm to a batch volume of about 185 liters. The
temperature was adjusted to about 20 to 25°C. 200 liters of THF was charged to the
batch. The batch was concentrated at 1 atm to a batch volume of about 185 liters.

30  The temperature was adjusted to about 20 to 25°C. 3.4 kg of pre-formed (R }-MeCBS
catalyst in toluene (3 mole %) was charged. 70.3 kg 1M of borane THF complex in
THF solution was slowly charged over 1.5 hours at a temperature range between
about 23 and 28°C. The batch was sampled for HPLC to monitor the progress of the

reaction. After the reaction was judged complete, using the same subsequent



bottomacid |l ayer was split off. 100 nL of water was charged to wash the
batch twice. The batch was concentrated under vacuum at bel ow 50(21 gug]/p

a vol une okoa@ﬁz 100 mL. Results varied, but in general, i’it 0f,.399% and
95% de wer &d. 20 Exanmple 2 (Acid (pTSA) present in Fb é 31 filfty
(50) kg of the corrpound of Formula Il and 0.8 kg of p-tol uene sulfonl c acid
(PTSA) was charged into a 300 gallon gli@ss |ined reactor equipped wwth a 25
thernvcoup@r'o%edméé éé‘H%&cﬁ’tEtSH frergamaik (287 Lkegn@fngir;\mhw@owa/a%haﬁged to

di ssol ve the kg o he conpound Formufa Il and the p-toluene sulfonic
acid at awnenﬂeti@o qzslae batre eteat but Meappropdata raiiosdf aeagentsifor thiseksampte),

I f., ab 185 I Th dj u 20 25C
200 11 t erbegPrpeiiLe! ERRed tes PRETHAILAN SPRIPGaYEN RS aohcAreraPalrs
atmto a@ F&&T-"Q’?‘%@cﬁluﬁ&ﬁ’?kl&%ﬂbﬂ‘/@éﬁd déoofTQf%‘?/@wagrcﬁt@m@dws adj ust ed to
about 20 to 25C kg of pre-forned (R)-MeCBS catalyst in toluene (3 nole

% was char ged. 70 3 kg 1 M of borane THE conplex in THE solution was slowy

char ged oger ,-. ure range between about 23 and 28C. The
2 HARR ppriFEr the progress of the reaction. After

the reaction was Judged corrpl ete, u5| ng the sane subsequent WO (12/ 079174 27

SEP 2005 PCT/ USC2/)09123 10 procedure as described in Exanple 1 (i.e.

quenchi ng wi t hFifteen, (16 kg uithe compotndtdf drorofula hewasitbargest iotq alalx galton

was. obt o pigss Thed fedvier egdiopeaivits BaTaGEoUR e et TERIAT ko1 Shitedy of,

sol utjpon yhet HF%aslgﬁs/Fg"éH%Qﬁséglveqf’ne‘s‘f/s W8 5fRE RoRfPbund Formula Il at about 20 to
25°C. The batch was concentrated at 1 atm to a batch volume of about 55 liters. The
temperature was adjusted to about 20 to 25°C. 1.5 kg of preformed (R)-MeCBS
catalyst in toluene (3 mole %) was charged. 18.55 kg of 1M borane THF complex in

THF solution was charged over 1.5 hours at a temperature range between about 23
15 and 28°C. The batch was sampled for HPLC to monitor the progress of the reaction.
After the reaction was judged complete, using the same subsequent procedure as
described in Example 1 (i.e. quenching with MeOH, vacuum concentration of the
batch, etc., but in appropriate ratios of reagents for this example), the compound of
Formula t was obtained in a yield of 100% with'a de of 95.4%.
20
Example 4 Acid (CSA) present in step (a))

Thirty (30) g of the compound of Formula I and 0.386 g (2 mole %) of (1S)-(+)-10-
camphorsulfonic acid (CSA) was charged in a 500 mL 3 necked round bottom flask
25 equipped with a thermometer, N; inlet and addition funnel. 111 mL of dry THF was
charged to dissolve the 30 g of the compound Formula Ii, and the (1S)-(+)-10-
camphorsulfonic acid at about 20 to 25°C. 2.2 mL of pre formed (R }-MCBS catalyst
in toluene (3 mole %) was charged. 39.9 mL of 1M borane THF complex in THF
solution was slowly charged over 1.5 hours at a temperature range between about 23
30 and 28°C. The batch was sampled for HPLC to monitor the progress of the reaction.
After the reaction was judged complete, using the same subsequent procedure as
described in Example 1 (i.e. quenching with MeOH, vacuum concentration of the
batch, etc., but in appropriate ratios of reagents for this example), the compound of



. Exanple 3 (Acid present in step (a)) Fifteen (15) kg of the conmpound of
Formula Il was charged into a 50 gallon glass |lined reactor equi AeSEPIIh a
t hernocouple, N2 inlet and feed tank. 150 liters of to dry THE was charged to
di ssol ve tW&"287%3% of the compound Formula Il at about 20 tBCﬂ2§é“”Tﬁb bat ch
was concentrated at | atmto a batch volunme of about 55 liters. The
tenperature was adjusted to about 20 t@425C. 1.5 kg of preformed (R)-MeCBS
catal yst : ; kg 0§49 HFe cOMpl ex
n TiE STian R Sl R S ARl in e e e e B o
about 23 dbreantstaiedC. The batch was sanpled for HPLC to nonitor the progress
of the reaction. After the reaction was judged conplete, using the sane
subsequent procedure as described in Exanple | (i.e. quenching with MeOH,
vacuun1cq$ P{aélon of the batch, etc., but in appropriate ratios of
reagents exanpl e), the conpound of Fornmula | was obtained in a

yi el ds of 100@6mnth a de of 95.4% 20 Exanple 4 Acid (CSA) present in step
(a)) Thirty (30) of the compound of Formula Il and 0.386 (2 nol e /q of (1
S)-(+)-10- can'ﬂﬁkﬁ‘@éhﬁfrﬁ%r@dd%ﬁstﬂ?f@%@)quén&%&ﬂ”{ﬂl@4| @ﬂépramdwese fepREYebund
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pre formed (R )-MCBS catalyst in toluene ( % "was charged. 39.9 nlL of

1 M bor anfé'VCFH@‘%&ﬁ)R&(rat'ﬁSﬂﬁEg%%T%ttpoﬁ ﬁ&sa@dw oyde Fenggetiosy=?1 10 5 9?0&?/@ at

fPLCTRo o £ o SR Err P EeA PR sy B BhoeVely w?ﬂe‘ 60l on wes. | udged
conpl ete, using the same subsequent procedure as described in Exanple |

(i.e. quenching with MeOH, vacuum concentration of the batch, etc., but in
appropriate ratios of reagents for this exanple), the conpound of
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varied, but in general, -99%yield and -94% de were obtai ned. ‘705 5
Usi ng the net hod l3[Iescri bed above in exanple 4, other acids vgge&r ted
for CSA TR Y8U3 of other acids included BF3. OEt2, Bd 3, uor oacetl c

acid (TFA) or nethansul fonic acid. Results vari ed, but in gener al, all
yielded results wth favorable SS: RS rat2os of -95-97%to -3-5% and a % de
range frogys 8kLjho -- 93.8% 10 In general, chemical yields close to 97% and
over were %t ained. WO 02/079174 12 W claim 1. A process for preparing a
conmpound of For mula | OH Fornula | 5is prepared by a process which

conpri ses; rR in% n]po und of For rrulg Q Fo mula Il 10 27 SEP2005
PCT/ US02/ 691 proc ssforp eparing a compoun ofFormula
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Formuia |
is prepared by a process which comprises:

a) mixing a compound of Formula |l
0O

i
N" %o

~

| o)

Formula 1l
10
in tetrahydrofuran in the presence of an acid, or alternatively in tetrahydrofuran in the
absence of an acid, to form a mixture;
b) combining the mixture of step a) with a catalyst selected from either (A) a
compound selected from the group of compounds represented by Formula Ill, or (B) a
15 compound of Formula IV,



- in tetrahydrofuran in the presence of an acid, or alternatively in
tetrahydrofuran in the absence of an acid, to forma m xture; b)'ztpcg@i'mﬁﬁng

the m xt ur‘?,gﬁ{z{ﬂ%ﬁp a) with a catalyst selected fromeit herpé.ﬁ%s'ﬁg'ﬁ%ﬁpound

selected f he group of conpounds represented by Formul a r(B) a 15
conpound of Forrmula IV, WD 021079174 Ph Ph Formula Ill H Forrmula IV OH 2 7
SEP 2005 PCT/ US02/ 09123 wherein RL of A& rmula Il is a (G -C6)al kyl and

wherein R and S indicate 5 stereocheni stry at Phhe chiral carbons; c)
reduci ng the ketone adjacent to thep~JgoropHenyl with a borane-
tetrahydrofu ran conplex; and d) {quenchi-nrgil pgaction with MeOH 10 2. The
process of claim1 wherein the aci\d in gtep Is BF3. OEt2, BClI 3, p-toluene
sul fonic acid, trifluoroacetic aci hanesyl f oni ¢ acid, or canphorsul fonic
acid. 3. The process of claim2 whereinhe€atalyst of Formula IV is

enpl oyed in the 15 presence of a trialkylBborate. 4. The process of claim3
wherein said trialkyl borate is a trinmethy] borate.

R1
Formula
h

R

--ull”” Ph
N
N OH
Formula IV

wherein R of Formula lll is a (C+-Csg)alkyl and wherein R and S indicate
5 stereochemistry at the chiral carbons;

c) reducing the ketone adjacent to the p-fluorophenyl with a borane-
tetrahydrofuran complex;
and
d) quenching the reaction with MeOH.

10
2. The process of claim 1 wherein the acid in step a) is BF3;#OEt,, BCl3, p-toluene

sulfonic acid, trifluoroacetic acid, methanesulfonic acid, or camphorsulfonic acid.

3. The process of claim 2 wherein the catalyst of Formula IV is employed in the
15 presence of a trialkyl borate.

4, The process of claim 3 wherein said trialkyl borate is a trimethyl borate.

5. The process of claim 2 wherein said acid is present in a 1-10 mole percent ratio
20  with respect to said compound of Formula Il.

6. The process of claim 2 wherein said acid is present in a 1-5 mole percent ratio
with respect to said compound of Formula Il.



5. The process of claim2 wherein said acid is present in a 1-10 nol e percent
ratio 20 with respect to said conpound of Fornula Il. 6. The prof@<EPQh(h

claim?2 YAy ibd acid is present in a 1-5 npl e percent ratd t,
79134 p p Qo2 b 5
respect \tAQ&?gilz@ conmpound of Forrmula Il. 2 7 SEP 2005 WO (12)%?91% :

PCT/ US02/ 09123 14 7. The process of claim2 wherein said acid is present in
a 2-3 nole percent ratio with respect % said conpound of Fornmula Il. 8. The
process of. cl alhe brodersedfc!aim @ wiadraliry shid scigiesmdent in a 3Indie petent ftio
percent ratio with respect to said _conpound of Formula Il. 9. The process of
claim 1 wWYBReespariite salt eppppund ohFosawa ln a 1-5 nole percent ratio with
respect to said conpound of Forrmula Il. 10 10. The process of claiml wherein
said catalyst is present in a 2-3 nole percent ratio with respect to said

conpound ®f FoThalproddss dficlaifine witeeds saidf catbiystislprelseneinna Ohe10enpler ature in
the reduction step c) is between -15 and 65C. 15 12. The process of claim1
wher ePn t PRICEBhfRtioavilih eespeathe spistermperndat Foemuia il pet ween - 10 and 55C. 13.
The process of claim 1l wherein the tenperature in the reduction step c) is
20 between 0 and 30C. 14. The process of claim| wherein the tenperature in

the reducdi on Sheprédedssof ElginearhardimBgid2ddtalygbislreséheintd dc® asolefpestantm 1,
wherein acid is present in step (a) 16. The process of claim1, wherein

acid is afsliowith fFespeshtq said compound of Formula lI.

10 10. The process of claim 1 wherein said catalyst is present in a 2-3 mole percent

ratio with respect to said compound of Formula Il.

11.  The process of claim 1 wherein the temperature in the reduction step c) is
between -15 and 65°C.

15 .
12.  The process of claim 1 wherein the temperature in the reduction step c) is
between -10 and 55°C.

13.  The process of claim 1 wherein the temperature in the reduction step c) is
20  between 0 and 30°C.

14.  The process of claim 1 wherein the temperature in the reduction step c) is
between 23 and 28°C.

25 15. The process of claim 1, wherein acid is present in step (a).
16.  The process of claim 1, wherein acid is absent in step (a).

17.  The process of claim 16 wherein the temperature in the reduction step c) is
30 between 23 and 28°C.

18.  The process of claim 16 wherein said catalyst is present in a 0.1-10 mole
percent ratio with respect to said compound of Formula Il.



. 17." The process of claim 16 wherein the tenperature in the reduction step c)
is 30 between 23 and 28C. 18. The process of claim 16 wherein sgdscaig yst

is present i -10 nole percent ratio with respect to id. ound of
For mul a ||.‘“€\66)‘Bg}7(]579174 2 7 SEP 2005 PCT/ US02/ 09123 15 13&%@9‘3}36}5ess of

claim 16 wherein said catalyst is present in a 1-5 nole percent ratio with
respect to said conpound of Fornula 11.120. The process of claim 16 wherein

sai d catahgst Thepresesy of tlain 263wvhdlet paitcERAlysbisiprebontinta) 1R 6188 betceriai d

conpound of Fornula 11. _
ratio with respect to said compound of Formula .

20. The process of claim 16 wherein said catalyst is present in a 2-3 mole percent

5 ratio with respect to said compound of Formula 1.



