PROCESS FOR PREPARI NG | NTERVEDI ATES FOR THE ' FoeAdEmsS OF

ANT] FUNGAL AGENTS BACKGROUND OF THE | NVENTION 5 The
. ,present i nvention conprises a process for preparing chiral

i nternmedi ates useful in the preparation of tri-substituted

tetrahydrofuran triazole or imdazole antifungals. W PO

Publ i cati on No. WD 89/04829 and USR 5,039,676 10 disclose () cis and ()

trans antifungal conpounds of the formula [err]

wherein: ais Nor CH X=F or Od; Z=loweralkyl, ((err]-Cerr]) alkanoyl

or phenyl substituted by 2-Ioweral kyl -3-0x0-1, 2,4-triazol-4-yl, e.g.,

()-cis and -

()-trans-1-[4-[]1 pf Fl 3 |

yI)rrethyI]tetrahydro4f & 1 RRAME (Gl

met hyl et hyl ) pi per azi ne. n adadi tIon, nt er nat i onal

Application No, PCT/ US92/ 08981 rel ates to antifungal conpounds of the

fornul a BACKGROUND OF THE INVENTION 20 wherein: Xis both F

or both O ®r one Xis F and the other is d; and Y is a group of the

formil a The present invention comprises a process for preparing

chiral intermediates useful in the preparation of tri-substituted
tetrahydrofuran triazole or imidazole antifungals.
WIPO Publication No. WO 89/04829 and USP 5,039,676
10 disclose (1) cis and (t) trans antifungal compounds of the formula

D. 7\
CH-O N N—2Z
X \_/

®;

X CHy— N~ 8 \>

wherein: a is N or CH; X=F or Cl; Z=loweralkyl, {C2-Cg) alkanoyl or
phenyl substituted by 2-Ioweralky|-3-oxo-1,2,4»t}iazol-4-yl. e.g., (¥)-cis
and (t)-trans-1-[4-[[2-(2,4-difluorophenyl)-2-[(1H-1,2,4-triazol-1-
15 yl)methylltetrahydro-4-furanylijmethoxylphenyl}-4-(1-
methylethyl)piperazine.
_ In addition, PCT International Apphcatlon No.
PCT/US92/08981 refates to antifungal compounds of the formula

20 wherein: Xisboth For both C! or one X is F and the other is Cl; andY is
a group of the formula




-2+ [err] 5 wherein:
Rerr]=(Cerr]- C[err])alkyl (dJerr]-derr])al kenyl,

_#(derr]-derr])al kynyl, (C[err]- C err])cycloal kyl, or
CHerr]Rerr]; Rerr] = (Cerr]-Cerr]) perhaloalkyl, CJerr]Rerr],
*CH(Rerr])CHerr]ORlerr] or CHerr]N(Rerr])[err]; Rerr] = lower alkyl or
H Rerr] = Rerr] or (CHerr])[err]ORlerr]; Rerr] = 1ower
alkyl; Z=Hor (Cerr]-Cerr]) alkanoyt2- and the 1 0 carbons with

the asterisk (*) have the R or S absolute configuration; or a
pharmaceutically acceptable salt thereof.

PCT/ US92/ 08981 further discloses processes for tge synt hesi s
of tri-substituted tetrahydrofuran azole antifun§als via a
tosylate intermediate of the fornyla N— R
[err] CeHg— Nher ei —¢ geftined pbove.
\ / =N

N\ KA __<_
CeHy—N N—CH(CHs)y CeHa—N
\__/ :

CeHy— N/Nﬁ -CgHsy— N 8 CgHy—N S/O
\=N / Y,

’ , or

5 wherein:
= {C1-C1o)alkyl, (C2.C1o)alkenyl, (C2-C1g)atkynyl, (Cs-
Cg)cycloalkyl, or CH2R2; R2=(C1-Cg) perhaloalkyl, CO2R?,
*CH(OR4)CH20OR% or CHaN(RS),; R3 = fower alkyl or H; R4=R3 or
(CH2)20R3; RS = lower alkyl; Z=H or (C1-Cs) alkanoyl; and the
10 carbons with the asterisk (*) have the R or S absolute configuration; or a

pharmaceutically acceptable salt thereof.

PCT/US92/08981 further discloses processes for the
synthesis of tri-substituted tetrahydrofuran azole antifungals via a
tosylate intermediate of the formula

15
wherein X is as defined above.

_ The prior art process for preparing the tosylate
intermediate is inefficient and requires a costly chiral epoxidation to



Thesprior art process for preparing the tosyl ate I ntermedi ate
Is inefficient and requires a costly chiral epoxidation to

‘i ntroduce the proper stereochemstry in the nolecule. It was therefore
desirable to develop a chiral synthesis of this key internediate which

does not suffer the shortcom ngs of the prior art process 5 SUMVARY OF

THE | NVENTI ON The present invention conprises a process
for preparing conmpounds of the formiBa (1) :
[err] 10 wherein: ais CHor N, Xerr] and X err] are independently
For d; and Eis -SOerr]Rerr], wherein Rerr] is (Jerr]-Cerr]

?I ;<yl : alryl ,  Sinpduceting pii*di;yd?]r sl,xereo%bmf ; istry in fhe rmz;tlmtmlI | é.sthgad ﬁﬁelréfd?g; L
a) cyclizin Chi.r cpoho e formu rrl]. . . erein
Stbre] and X cppyrae T deyeiaira sPlabainth8S Gt ke biflarisieartich ng
group sel ect eddées not Sisfferrthp-shiostcoinifigs of the prioradry gragessan- 2-yl or
-C(ORerr], wherein Rlerr] is (err]-Cerr] alkyl, aryl or

-(CHerr]) rrM@M 2, 3 or 4, by treating with a
hal ogen and a ' i de of the formula (111)

[err]

The present invention comprises a process for preparing
compounds of the formula (I)

@

10  wherein: a is CH or N; X1 and X2 are independently F or Cl; and E is
-SO2RS, wherein RS is C1-Cg alkyl, aryl, substituted aryt or -CFg;
comprising the steps: :

(a) cyclizing a chiral alcohot of the formula (II)
X! H &Q

\
R

X

OH ' an
15 wherein X1 and X2 are as defined above, and R is a hydroxy protecting
group selected from -CHz-CgHs, tetrahydropyran-2-yl or -C(O)R1, |
wherein R1 is C1-Cg alkyl, aryl or -(CH2),CO2H whereinnis 1, 2, 3 or 4,
by treating with a halogen and a base to form a chiral halide of the
formula (I1I)

20 (I1D)



20 » -4- wher ei n

X[err], Xerr] and R are as defined above, and Xerr] is d, Br or |I; and
‘(b) treating the halide of forrmula (I1l) of step (a) with an al kal i
metal triazole or imdazole to forma chiral conpound of the formul a

(11r1), wherein Xerr] is imdazolyl or triazolyl; renmoving the 5
protecting group Rto forman al cohol of the formula (I1I'l), wherein Xerr]

S triazolyl or imdazolyl, and R i-4-H, and treati ng the al cohol with
a conpound of the formula E-X, wherein Xis C or Br, and Eis as
defi ned above, to formthe conpound of fornula

(bi) renovi nwhereinpfhd@ant R avecasp dafined above, and D@es)&il Boori;andul a (111)
of Step (a) to forman %th?lleath%g Hﬁlﬁe‘éff?nnhfaeﬁflﬂrlﬂﬁftéﬁ (a) WIthaEH cohol

with an alkali netal triazole or npound
of the fornul alkglimetal jgracle gr ipidazple to farmaa shiral sempeuadAfithe | and

Ris H and tf&mulaglnrenﬁér@ﬂhxﬁ iR AT nBdonT; fefifoving Mg & B X

. wherein X

efine oV he conpound 15
of formul alg (1 protectmg group 'Rfto forfl aﬂrﬁLC%OgQEHI (fa‘?fwﬁ@ Kﬁb Mharei X2 dspr i ses
a process, triazodd ordmidxb W and F5isAH; ahdt@ating the alédlidIMittya] , and the

el et PSJ?”E?&@%WM e Mtﬁ%fa‘c HerBin X3 81 Py Bp A R4S e
[err] 20 aboveyict formrthefdompound affoumulao{l)zoni | d acyl ati ng agent in the
?lr le:)ence of an enzyie 8moving ﬁiecﬁr'd'tfénd%y&{d?fb\’R?%rﬁrthé’Bah&é’oflor mul a
10 formula (III) of Step (a) to form an alcohol, wherein R is H; treating the
alcohol with an alkali metal triazole or imidzole to form a chiral
compound of the formula (III), wherein X3 is triazolyl or imidazolyl, and
R is H; and treating the alcohol with a compound of the formula E-X,
wherein X is Cl or Br, and E is as detined above, to form the compound
15  of formula (I).
The present invention further comprises a process,
designated Process A, wherein R is -C(O)R1, and the starting compound
of formula (II) of Step (a) is prepared by selectively esterifying a
prochiral diol of the formuta (IV) '
X! OH

x2

20 OH av)
with an effective amount of a mild acylating agent in the presence of an
enzyme to form a chiral hydroxy ester of the formula (Ila)

- (Ila)
wherein X1, X2 are as defmed above and R1 is C1-Cg alkyl, ary! or
" 25 <(CH2),COoH whereinnis 1, 2, 3 or 4.
_ Alternatively, the selective esterification of the prochiral
diol of formula (I'V) is achieved via a process comprising the steps:



wherein X err], Xerr] are as defined above and Rerr] is Cerr]-Cerr]
al kyl, aryl or 25 -(CHerr])[err]CdJerr]H wherein nis 1, 2, 3 or 4.

Alternatively, the selective esterification of the prochiral di ol of
formula (1V) is achieved via a process conprising the steps:
(i) esterifying the prochiral diol of formula (IV) wth an amount of

an acyl ating agent effective to forma digester of formula (V) [err]
wherein X err], Xerr] and R err] are as™efi ned above; and 5

(i1i) stereoselectively hydrolyzing the diester of formula (V) of step
(i) in the presence of an enzyne to forma chiral hydroxy ester of the
fornula (11a) iy esterifying the proctiiral diol of formgladl'¥) Witbrar ,
Xerr] and R ki :

nvent i on al s oy TS R aCPLlRGaGREUscls to fom & diester SHTGRATERN. A
wherein the prochiral diol of formula (1V) _i® Frepared via a process
conprising the steps: (A1) on;E[fing an allylic al cohol of

the formula (V) ,
wherein Xferr] and X err] are as dgfine
formul a

o [err] 15
e, to a conpound of the

o R!
\Ir
2 0

wherein X1, X2 and R? are as defined above; and
5 (i) stereoselectively hydrolyzing the diester of formula
(V) of step (i) in the presence of an enzyme to form a chiral hydroxy
ester of the formula (Ila) '
x! H

V)

0
; > /'
e

OH (I1a)
wherein X1, X2 and R are as defined above.

10 The present invention also further comprises a process
according to Process A wherein the prochiral diol of formula (IV) is
prepared via a process comprising the steps:

(A1) converting an allylic alcohol of the formula (VI)

.",//

X

x1
oOH
x V)
15  wherein X1 and X2 are as defined above, to a compound of the formula
(VII)
x1
L‘

x (VII)



(VId) [err] wherein X err] and X[err] are as defined

above and L[err] is a | eaving group sel ected from hal ogeno,
-0SOerr]Crerr] and -Osderr]R err], wherein Rerr] is as defi ned
above; (A2) reacting the conmpound of formula (VII) of
Step (Al) 5 wth an amount of an alkali netal salt of the anion derived
froma di(Cerr]-Cerr] alkyl)mal onate effective to forma diester of
the formula (VII1I) -6- [err] wher ei n

X[err] and X err] are as defined above, and R err] is (Jerr]-Cferr] alkyl;
(A3) treating the diester of formula (VIIl1) of Step (A2) 10 w th an anount
of a hydride ndreim¥!anehX? afé astdafinedcabavreranti . lsaleavmggmb di ol of
forrmla(l\/) n & , si gnat ed
Process’ B, thselected from hao eﬁ&éné)g%@%ﬁ?s??dq%r or@géspse"f ‘%ggpari ng
chiral corrpouﬂﬁfﬂed abQMe forrrul a (1), wherein Ris -CHerr]-Cerr]Herr],
for use in preparing-15 (A29Mage %ebaﬁaﬁdarn%ﬂohhma 1P 'of Shég I(Afrgo

SePY 5 withiapamountatian alkal meiar salnsbt Og&en.éﬁwegﬂm%gnd o s a

chiral auxil ardi(C1-Ce @kyiinalonatd effecthrptofotmb dibstef of the formula (VIII?
CerrJ]Herr]CHerr]-OCHerr]L, erein L i @ a leaving group selected

fromd, Br and I, in the preseheof Ti d [ and atertiary am ne
base, in amounts effectlve to fogm a ghiralf conpound of the formul a
(X) COR?

¥ (VIII)

wherein X1 and X2 are as defined above, and R2 is C¢-Cg alkyl;
(A3) treating the diester of formula (VIII) of Step (A2)
10 with an amount of a hydride reducing agent effective to form the
prochiral diol of formula (IV). :

In an alternative embodiment, des:gnated Process B, the
present invention comprises a process for preparing chiral compounds
of formula (H), wherein R is -CH2-CgHs, for use in preparing

15 compounds of the formula (I), comprising the steps:
(B1) reacting a compound of the formula (IX)
X‘l
a

o
x @)
wherein X1 and X2 are as defined above and Q* is a chiral auxilary
group, with a compound of the formula CgHsCH2-O-CHal., wherein L is
20 aleaving group selected from Cl, Br and |, in the presence of TiCl4 and
a tertiary amine base, in amounts effective to form a chiral compound of
the formula (X) | -



-7- [err] : wherein Xerr],

X[err] and Q@ are as defined above; and (B2) treating the
‘product of forrmula (X) of Step (B1l) with an amount of LiAlH err]
effective to forma chiral conpound of the fornmula 5 (1), wherein Ris
-CHerr](err]Herr]. The present invention further

conpri ses a process according to Process B wherein the starting
conmpound of forrmula (IX) [err] “Tts prepared by a process
conprising the steps: 10 . (B3) heating an allylic al cohol of
the formula (V) [err] wher ein

Xerr] and X/ err] are as defined above, wHiCgHA effective anmpunt of an
orthoester of the fornula CHerr]C(OR[erry)[err], wherein Rlerr] is

Cerr]- C[err] al kyl, and a : |gount of Rlerr]Cqerr]H wherein
Rlerr] is as defi ned above, foll of by ggeat ment wi th an anount of a
hydr oxi de base effective to formAn aci# of ghe formula (XI) [err]

X x)

wherein X1, X2 and Q* are as defined above; and ,

(B2) treating the product of formula {X) of Step (B1) with
an amount of LiAlH,4 effective to form a chiral compound of the formula

5  (II), wherein R is -CH2CgHs. '

The present invention further comprises a process

according to Process B wherein the starting compound of formula (IX)
X1
Q*

o)
X L ®
is prepared by a process comprising the steps:
10 (B3) heating an allylic alcohol of the formula (VI)
X1
OH

X (VD)
wherein X1 and X2 are as defined above, with an effective amount of an
orthoester of the formula CH3C(OR2)3 , wherein R2 is C1-Cg alkyl, and a
catalytic amount of R2CO2H, wherein R? is as defined above, followed
15 by treatment with an amount of a hydroxide base effective to form an
acid of the formula (XI)
. v

CO.H

X (X1)



-8-+ wherein X err] and X err] are as defined above; and

(B4) treating the acid of fornula (XI) of step (B3) with an effective
‘anount of an activating agent, then with an al kali nmetal salt of t he
formula Merr] -Q, wherein Merr] is an alkali netal cation and -Q is the
5 anion derived froma conpound of the fornmula HQ*, wherein Q is as

defi ned above, to forma conpound of the fpormula (IX).

Alternatively, the acid (XI) of step (B3) s prepared by reacting
1-(X[err])-3-(Xerr])-benzene, wherein X err] and X[err] are as defined

b , With ini, h ' | n.the. f Lew idto f 10
Keto aci d of i HBergf Kl AHADE Aré Be d¥nBURAET i P oreawitn O O
CH err]P(C err] H err])[ e{(B#) Bireatinngshe@cidob lermuda{X1} of stepniB3) with ha aci d

X)) f [ Pt I fd
embodi ment - de SRRl of an pctivaling agent, Ref WA AR I Rickat oot |
process for prisatormyla diipddnaherein Mdtis @ncalkah metal catiomapdsdy is the chi r al
hal i de of fgor myhRn(ddrivedPfrof &RohfPound of the Rkl RA'S wherbh @*§paked by a

process conprisipg e st I ng a conpound of"

eps Cl) . t t
the fornmula (IStn aH@F?n@’d‘b’m a CQBTR%‘,“dvﬁ’fttHeéfgf'BL{q marmunt s of
S-trioxane, Tid[err] anqlerhgtivdlyrtheabid ¢XZPof Step(B3) i§ praparedity al

¥
conpound of the faqrnu I err . erel,y X err]l . Xerr] and Q
are as defined"” W;J(-?Xﬁ))-%-(&%-[benzlane, WP&S’“&W@% 38rd%‘ﬁ'ﬁkfof t he
formula (XI1) abo®eewith succihitianbydridecint fhegpreisehcefdieriewis acidiotfermfa a
hal ogen anlcb a Qéﬁ)ea&ia Jf?ﬁénf&%ulg chiral halide of the fornmula ¢XII1)

X! o)
CO.H
X2

which is treated with CHa*P{CgHs)3*Br and a nonaqueous base to form
the acid (XI) for use in step (B4).
In a second alternative embodiment, designated Process
15 C, the present invention comprises a process for preparing compounds
of the formula (I) wherein the chiral halide of formula (IIl) of Step (a),
wherein R is H, is prepared by a process comprising the steps:
(C1) treating a compound of the formula (IX), as defined
above, with effective amounts of S-trioxane, TiCls and a tertiary amine
20 base to form a chiral compound of the formula (XII)

. (XN
wherein X1, X2 and Q" are as defined above;
(C2) cyclizing a compound of the formuta (XII) of Step
(C1) by treating with effective amounts of a halogen and a base to form
25 a chiral halide of the formula (XIII)



[err] wherein Xerr] is A, Br or |, and Xerr], Xerr] and Q are

as defined above; (C3) treating the chiral halide of formula
(XI11) of Step (C3) with an anount of a hydride reduci ng agent
effective to forma 5 chiral halide of the formula (111), wherein Ris H
The process of the present invention can also be used to prepare
conpounds of the fornmula (XIV) [err] " wherein a, Xerr], Xerr]
and E are as defined above, i.e., enantf®mers of 10 - conpounds of t he
formula (1), by utilizing a chiral auxilary of the opposite
configuration, or by the choice of an enzyme which sel ectively pr oduces
the R-enantionmer of a conpound of the fornuba (Il1), e.g. a conpound of
the formula (XV) [err] 15 mhergfn [err], X[err] and R are as

defi ned above.

(XII)
wherein X3 is Cl, Br or |, and X1, X2 and Q" are as defined above;
(C3) treating the chiral halide of formula {(XIII) of Step
(C3) with an amount of a hydride reducing agent effective to form a
5 chiral halide of the formula (III), wherein R is H.
The process of the present invention can also be used to
prepare compounds of the formula (XIV)

(X1V)
wherein a, X1, X2 and E are as defined above, i.e,, enantiomers of
10 compounds of the formula (I}, by utilizing a chiral auxilary of the
opposite configuration, or by the choice of an enzyme which selectively
. produces the R-enantiomer of a compound of the formula {II), e.g. a
compound of the formula (XV) )

XV)

15 wherein X1, X2 and R are as defined above.



The *present invention further conprises a process for converting
conpounds of the fornmula (XV) to conpounds of the fornula (1) by
protection of the free hydroxy group using a suitabl e protecting group
Rlerr], and selective hydrolysis of the -OR group to forma conpound 5 of
the formula (XVI) [err] wherein X err] and X err] are as defined
above and R err] is a hydroxy protecting group. Preferably Rerr] is
-CH err]derr]Herr], tetrahydropyran-2=%- or -C(OR[err], wherein.
Rlerr] is as defined above, provided that R[err] Rerr], in which case 1 0
conpounds of formula (XVlI) are conpounds of the formula (I1).

In an alternative enbodThempresentdnyertionturtiterccomprisaseaprocess fonventi on

further conprisfiske | %3 ' a
conmpound of f;% f(gl?nn%Fg, ?I ; "&ﬁ?}fgﬁq%?‘?’ﬁ%‘ﬂém r aftd%{?tﬁﬁgug?s op{w@;@gﬂ?-a) ,
being a conp v prataetion ohihe free hydroxe Beeup tising a sutpbledprotecting  and
Rlerr] is C egioupdRerdid sblsitive hydivhpsisbethdYOR dropas Jome @%Edrﬁ?@ﬁn& he

st eps: .&B}) esterifying a chiral al cohol of the formula
(1) § of the formula (X [err] wher ei n
Xerr] and X err] are as defined abgVe, and &+ -CHerr]-(err]Herr], by
treating with an effective anount Af an ac Fatidq¥agent to forma chiral 20
conmpound of the formul a (;((ZIX)

[err]

OH (XVI)

wherein X! and X2 are as defined above and R2 is a hydroxy protecting
group. Preferably Ra is -CH2CgHs, tetrahydropyran-2-yl or -C(O)R1,
wherein R1 is as defined above, provided that R # Ra, in which case

10 compounds of formula (XVI) are compounds of the formula (II).

In an alternative embodiment, the process of the present
invention further comprises a process designated Process D for
preparing a compound of the formula (I) -wher'ein the chiral halide of
Step (a), being a compound of the formula {III) wherein R is -C(O)R1,

15 and R1is C1-Cs alkyl, is prepared by a process comprising the steps:

(D1) esterifying a chiral alcohol of the formula (II)

x! H Q

R
R

OH (II)
wherein X1 and X2 are as defined above, and R is -CH2-CgHs, by

treating with an effective amount of an acylating agent to form a chiral
20 compound of the formula (XIX)

(XIX)



wherein X err], Xerr] are as defined above, Ris -CHerr]Cerr]Herr], and

Rlerr] is (err]-(err] al kyl ; and (D2) cyclizing
the chiral product of formula (XIX) of Step (D1) by treating with a
hal ogen to forma chiral halide of formula (I11)

[err] 5 wherein X err], Xerr] are as defined above, Ris

C(O)R[err] Rlerr] is (err]-(err] alkyi and Xerr] is d, Br or
The present invent bn also further conprises chiral

corrpounds of the formula (XVI ) or (XVIII)
err and err]_are
|[ nde]pendent |y Wher e'@lwli&lr &t as gafinedaboye, Rjis "C"f(b " ?Qgcﬂ{f![s GIJCS

i m dazolyl; B aikytegrhts -C(O) Q* or -CH[err]CR' wherein R' 15 represents a

hydr oxy protecting group ect err

-C(ORerr], wherein R er@? % f}’%f@(%']mg fr%ﬁ["g(arm)@rqf]ﬂﬁé’rr] or
aryl; and Q (D1) byewaeagrw:ﬂw a hdiogen taéoem arqhu@d halide of ¢ormuda f(In chi ral
oxazol i di nones of the formul a H 5 [err]

-12-

5 X2 (III)
wherein X1, X2 are as defined above, R is -C(O)R1, R1 is C1-Cs alkyl,
and X3is Cl, Brorl.
' The present invention also further comprises chiral
compounds of the formuIaH(XVII) or (XVIII)

10
(XVII) (XVIII}

wherein: : - :

X1 and X2 are independently F or Ci; A represents Ci, Br, |,
triazolyl or imidazolyl; B represents -C(O)Q" or -CH2OR®*; wherein R

15  represents a hydroxy protecting group selected from -CHxCgHs, or
-C(O)R1, wherein R1 is C1-Cg alkyl, -CH2CgHs or aryl; and Q°
represents a chiral auxilary group selected from chiral oxazolidinones of
the formula



whersein R err] is isopropyl or benzyl, and chiral sultanms of the fornula .

[err] useful as internedi ates for preparing antifungal agents.

The process of the present invention is chemically efficient 5 and
produces chiral conpounds of the forrmula | in high optical purity.
Therefore, the instantly claimed process does not suffer the

shortcom ngs of the prior art process. The process of the
present invention can also be used to “12prepare conmpounds of the formla
| inracemc formby utilizing the 10 achiral diol IVin place of a chiral
compound of the formula Il for the cyclization of Step (a) formng a

racem ¢ i odi dewiferéior RBlisisiopropyier diemzi, and chiral lsultamedm‘pthetfennulan i's
necessary in Step (b) where an iodide dlI1, serein Ris H, is used.
15 DETAI'LED DESCRI PTI ON ocess of the present

The

I nvention utilizes a chiral auI ary group ‘c alternatively an
enzyne, to stereoselectively prodyeg chi dgpounds from achiral
starting materials. The ergochg 0 S % i oans represented by
[err] and [err] bonds de;;‘{e DO absol ut gf SWN5 Nsh;m stry and, where
nore than one chiral center is0, presegft , 8q stgreochem stry. The
optical purity of conpounds is enerally iven in terns of the

enantioneric exsell asdntermegiatesdor preparmg aalifupgst agedtssoner . 25

In the process of the pr eﬁ@brdc@é@'@iﬂtl@é‘ ré%’éﬁﬁn@erﬁhirf i%'chemlcallﬁéfﬂciérﬁry is
used to for a 5| e enan

enant i omer PQH&?\@ H9re?mppypq§ cﬂiﬁe gﬂ%gliaterem high dgﬁﬁﬁt PUr of the

chiral auxi I | ar‘ryxeeafpk@,ytbd inStantty etdmedvmecesadoe_s notsoffgnthd s used to
Prgpare @ o ShofapRiALol CARMRRRRE oLl 10 L s control led by
sel ecti on of The process of the present invention can also be usedto -
prepare compounds of the formula I in racemic form by utilizing the
10 achiral diol IV in place of a chiral compound of the formula II for the
cyclization of Step (a) forming a racemic iodide of formula III wherein R
is H. No deprotection is necessary in Step (b) where an iodide III,
wherein R is H, is used.

15 DETAILED DESCRIPTION

The process of the present invention utilizes a chiral
auxilary group, or aiternatively an enzyme, to stereoselectively produce
chiral compounds from achiral starting materials. The stereochemical

20 designations represented by —=m and »«um bonds denote both
absolute stereochemistry and, where more than one chiral center is
present, relative steréochemistry. The optical purity of compounds is
generally given in terms of the enantiomeric excess (e.e.) of the
indicated stereoisomer.

25 In the process of the present invention, where a chiral.
auxillary is used to form a single enantiomer of a compound, the
opposite enantiomer can be prepared by utilizing the opposite
enantiomer of the chiral auxillary employed. Similarly, where an
enzyme is used to prepare a chiral compound from a prochiral starting



t he *proper enzyne. As used herein the term"al kyl"
means a straight or branched al kyl chains of 1 to 6 carbon atons; 5
“aryl" means a CJerr]-Clerr] carbocyclic aromatic group, such as

phenyl or naphthyl; and "substituted aryl" nmeans an aryl group having 1

to 3 substituents selected from hal ogeno, Clerr]-(err] alkyl, NJerr] or

CFlerr]; "hydr oxi de base" neans Li OH, KOH, NaCH,
Ca(OH)[err]; "base" “hans pyridine, NH err] CH,
Na[err]CJerr], Klerr]CJerr], 10 NaHCJ err] or KHCJ err];
"nonagueous base" neans a- ngn-nucl eophilic reagent capabl e of

generating a BBHRL §ie spaeific enanlismer @btpised]is conkrplied byselection of
K{V[S't(m[err]lﬂé?gfddéllr%rfﬂyn@g LI N[CH(CH[ﬁrr])[elr)r]][e;g]; ol kel
ertiary am ne base ans err] N or Hupigs, base; . al kal i
net al tr?/azol e or ini d% yse %@B’?ﬁéﬂ'ﬂbﬁ%"%ﬁev‘aansaﬁfa'sm?f of the anion
der i vefl fromt bramd;aalkyl c‘chaimilb_bhetp 6 ewpeatatomisy, €.9., Isodi um
triazole, gotassiumtri | MA T | 0 ole
pot assi uméf)rri dazol e or %&I’\f@ﬁ\ah%gdgﬁ'g@ %BBSV(:H% go%tfc”&r%ﬁé, sHchiAsqe
r ﬁd:JCi ng agenpPhenylaorsnaphthyl and]"subistitfest aqy,l“"meam{sarrz'}'r,yl goOUpP\DBHAGN
al ogen" mea : ' .
or o R 3'SulitfentsoRicted fipm helobbno, OFICHHERDI NTABPCF5:. e o

chloro, bromo or 1o0do group; an l :
i odi de ani on or subst i t'uB¥fdroxide base® means LiOH, Ko*br%@h'agﬂ{@'ﬂgient " means

a reagent capable of 25 *pgesNabhhs pyfidird), NHIFOH! 'Naaclmégmzms’preferabl y
PBrerr]; "activating agent " neans a reagent capabl e of

converting”a NchoéﬁrM?g% acid into a reactive derivative, such as an
aci d hal i de, " anhy dnoniaqueows basefdmeangd nda:nypledphiliblgagerdgent s such
oxal yldi 11 a GpREDIg S Gerteratil ¥ bétbanfih, 1EH &8 NENISROBefila s o sai
'(':on})][ io?li lngt ?nwgsgﬁﬁ@%a@m LIN[CH{GHa)ela:, Na or K, a“n(? an ani ?)2; o
g?lcj)up [ %t‘to a gul ?onyl gr.?ﬁ%é@fé@ﬁ%?%qﬁg%%s Iéﬂé‘lﬁﬂéﬁ?&%, X wher ei n
Rlerr] isterr]-err] akrijimetg} {riazale g imidgzate” noang an_akalbmetal
preferably a 8alt of degeniorsgsivesirbasiriazeld or inddassleRapocaviipréde,
Ay sarum Kiarple, pYSRURLEANE WETR B S RN
- 0sq err] R er pptassitm dinidaade rgr litisium imida@plesr] - err] al kyl, aryl,
substituted aryl or -CFbgiddde reducing agent® means LiAlHg, NaBHj, LiBHg,
20 NaBH3zCN;
*halogen” means Clp, Bra or I; *halogeno” means a
chloro, bromo or iodo group; and “halide® means a chloride, bromide or
iodide anion or substituent; '
*brominating agent* means a reagent capable of
25 converting an alcohol to a bromide, preferably PBrs;
“activating agent" means a reagent capable of converting a
carboxylic acid into a reactive derivative, such as an acid halide,
anhydride or a mixed anhydride, preferably reagents such as SOCly,
oxalyl chloride, carbonylditriazole or oxalylditriazole;
30 *alkali metal salt" means a salt comprising a cation derived
from Li, Na or K, and an anion;
*sulfonylating agent” means a reagent capable of
converting an -OH group into a sulfonyl group of the formula -OSO2RS,
_ wherein RE is C1-Cg alkyl, aryl, substituted aryl or -CF3, preferably a
35 reagent such as tosyl chloride or mesyl! chloride



"Lewi s acid" neans a reagent capable of catalyzing a 5 Friedel-Crafts
acyl ation reaction, including reagents such as AlC [err], BF[err],

SnCl[err], Bd[err] or ZnCJ[err]; "acyl ati ng agent™
means a reagent of the fornula Rlerr]-C(O-2Z, wherein Rerr] is
Cerr]-Cerr] alkyl, and Z is a suitable |eaving group, such t hat
said acylating agent is capable of reacting with the hydroxy 10 group of
an al cohol to forman ester; preferred dde acyl ati ng agents sel ect ed
fromacid chlorides, acid anhydr| des or m xed anhydrides, and nost
preferably a reagent such as butyrlc anhydri de, acetyl chlorlde or

aceti c anhydri de; *leaving group® meansi a gubsijtuent M@\Idgmleamfpans a
reagent that t e > san acyl
group to a su%§?kl5§8 Hy’h ﬁﬁceﬁgﬂﬁér@t}di‘ﬁas‘%xgr E';boruej{g@%’éhovrvgagen |ncI ude:

succi ni ¢ _anhyerCaealkyl, aryl, §%‘P?éﬂ§tﬁ§’fafﬂh9ff@5$ml a Rerr]-c(O- CR[err]
wherein Rlerr] is triflyqastdeid” mehas'a r@geh'tbapable oﬁé:hﬁl

acetat e, Bi nyTeRRZIaNS oMo Rarioh, bTudiod ThaoRyt e st é%& 220

acetate, i somn@w BClgtortZnClpy i f | uoroet hyl acetate, trifluoroethyl

tz)u';%[ ﬁ;?but yr at et r:NT ![ EOI o&ﬁ%g é&&ﬁ“bﬁﬁs agé?ﬁ@tré%égségéh ed; and acetic

anhydri de. -C(O)-Z wherein R? isiGeCgealkylpand Zeisi a sulteblprleawing graupnt i on
are selected lyzing a
symetri cal pr g (t: ﬁla'rda %Mﬁq a?@ﬂf"@' %ﬁbl@ o Ii’v ﬁ{geﬁtgl\‘ﬁé ?“P{B YW Y °

elyc
esterifidfi (ﬂf°§P ¢f an alcohokia %ﬂ@‘é&lstqfrg PF’&F’ %%&CY%IWQWﬁ a single

chiral hydroxselestedrfrom acid ch!orfd@sma@td anhvdridds 6r nfiRgdy emhyligdesisehd N the
process of the

process of { e Bl S25E .y gkl Bt B S B Bl B 201
preferred enzzycetic anleydide;por ci ne pancreati c |lipase, Amano CE (Hum cl oa
ol hel ?S%? ocatal ysts po.Mild acyitinD e, d reddiilahgER g 0L Vst s M
Li pozyne 16M 26m josmitisan enzyme( tgatﬂaneter antaoyl gseyp (o\la\m@,stratel%) Mbst
Prlgf erred ar %Wa%dr xy\? a}J) u W@WH ??‘h gnde’l I di none
of the - festers gf the formula R1 (Oas 6h3 w¥\ere n[%# pq trlffuoroethy 81-
alky!l or C2-Cg alkenyl, and preferably the ester is vinyl butyrate, vinyl
acetate, vinyl benzoate, isopropenyl acetate, methyl acetate, ethyl
20 acetate, isopropyl! acetate, trifluoroethyl acetate, trifluoroethy! butyrate,
trifluoroethyl isobutyrate or trifluoroethyl 2-methylbutyrate, with vinyl
acetate being most preferred; and acetic anhydride. .
Enzymes for use in the present invention are selected from
enzymes capable of stereoselectively hydrolyzing a symmetrical
‘25  prochiral diester, or alternatively catalyzing the esterification of a
symmetrical prochiral diol, such that a single chiral hydroxy ester is
formed in high e.e. Enzymes for use in the process of the present
invention include the commercially available enzyme preparations
identified in Table 1 of Example 4 below. The preferred enzymes are
30 porcine pancreatic lipase, Amano CE (Humicloa lanugiosa), Amano AY-
30, Biocatalysts H. lanugiosa, Biocatalysts M. meihei, Biocatalysts Ps.
fluorescens, Meito MY, Meito PL, Novo Lipozyme 1M-20, Novo SP435
(Candida antartica) (Novozyme 435). Most preferred are Amano CE
and Novo SP435 (Novozyme 435).



wherein R5 is isopropyl or benzyl, as disclosed by Evans et al. inJ. 5
Aner. Chem Soc., 103, 2127-2129 (1981) and Tetrahedron, 44, 5525-

5540 (1988); or a chiral sultamof the formula [err] as discl osed
by Oppol zer et al, J. Arer. Chem Soc., 112, 2767-2772 (1990). 10

As used herein the follow ng reagents and solvents are I dentified by

t he abbreviations indicated: nethanol (MOH); t et rahydr of uran (THF);
diethyl ether (Et[err]O; lithiumdi-i soﬂﬁopyl am de (LDA);

triethylam ne (Et3N); di-isopropylethylam ne (Hunigs base); ethyl
acetate (EtOAc); ethanol_(EtOH); N, N-di rrethylforrram de (DMF); N, N - 15
di et hyl propyl eneur ea ( OVFesphiral mmbmy@ hisro pbiraldoxezofigimang:of the

p-t ol uenesul fq? {a hl oride (tosyl chloride or TsCI ) nethanesul f onyl
chloride (nesy cﬁ oride or I\/BOR} -tol uenesu Onl'_ﬁ acid (p-TSA)

S

The foll ow ng abbreviations are to identi tituent groups in
the structural fornulae: tetrahyd ran 2 yI 7&\ (THP); p- 20
(Ac)

t ol uenesul fonyl radical (Ts);Q and/acet i cal The
present invention conprises %—ﬁPNCESS or p |ng conpound of the
formula | as shown in Reactidn Sc
Reaction Schenme 1 Step (a) [er

o - or O

wherein RS is isopropy! or benzyl, as disclosed by Evans et al, in J.
5 Amet. Chem. Soc., 103, 2127-2129 (1981) and Tetrahedron, 44, 5525-

2 Sy

5540 (1988); or a chiral sultam of the formula

e D

as disclosed by Oppolzer et al, J_AmeLQ_rm_S_o_g_ _1_12, 2767-2772
(1990).
10 As used herein the following reagents and solvents are

identified by the abbreviations indicated: methanol (MeOH),
tetrahydrofuran (THF); diethyl ether (Et20); lithium di-isopropylamide
(LDA); triethylamine (EtaN); di-isopropylethylamine (Hinigs base); ethyl
acetate (EtOACc); ethanol (EtOH); N,N-dimethylformamide (DMF); N,N*-
15 dimethylpropyleneurea (DMPU); 4-dimethylaminopyridine (DMAPY);
p-toluenesulfonyl chloride (tosyl chloride or TsCl); methanesulfonyl
chioride (mesyl! chloride or MsCl); p-toluenesulfonic acid {p-TSA)
The following abbreviations are used to identify substituent
groups in the structural formulae: tetrahydropyran-2-yl radical (THP); p-
20 toluenesulfonyl radical {Ts); and acety! radical (Ac).
The present invention comprises a process for preparing a
compound of the formula I as shown in Reaction Scheme 1.



Step (b) . [err] Step (bl) [err]

JIn Reaction Schene 1, Step (a), the conpound Il is reacted with a

hal ogen, such as Cl[err], Br[err] or I[err], preferably Br[err] or I[err],
in the presence of a base, such as pryidine or NaHCJ err], in a

sui tabl e solvent, 1 5 such as CH[err]CN THF, EtQAc or CHerr]C[err], at
-20[err] to 30[err]C, preferably Q#t O[err] to 25[err]C, to formthe
halide Ill, wherein X err] is C, Br or In Step (b) the
halide Il is: -17-

(1) heated with an al kali netal gri gzolﬁlor im’ dazole (M represents
an al kal i #%éé uch as Na-tri +tazole, in a sui tabl e
sol vent, suc , in the presence of DMPU, at 70[err] to

100[err]C pr ef erably about 80[99&]{: for 10 to 24 h, preferably about 15
h; and 5 (2) epyotec?ed by: (1)
Wnere Ris -C(ORerr], treat™g with a base, H
KlerrJCO err], Na[err]Cderr 8" sol vgnt, such
as MeOH/ water, at Oferr } Q S[err]C, or
(i) where Ris tetrah ALOP -ZQH, atlngvvl h 100 HA
preferably a soultio Cl (aqueous), 2T : TO35[err] C
pref erably about 25[ ¢ fornl to 6 h, prefe

F pIon erably

&'

* X
5 Step (b)
a
MN” 5
\—y
2 .
—_— } deprotection
3) EX
Step (b1)
1) deprotection H & CE
a §F
2 MNT §
11X —N I
3) EX
10

in Reaction Scheme 1, Step (a}, the compound Il is
reacted with a halogen, such as Clz, Brz or iz, preferably Brz or I, in the
presence of a base, such as pryidine or NaHCOg, in a suitable solvent,
15 such as CHaCN, THF, EtOAc or CH2Cly, at -20° to 30°C, preferably
about 0° to 25°C, to form the halide III, wherein X3 is Cl, Bror I.
Iin Step (b} the halide Il is:



(iit) where Ris -CHerr](err]Herr], hydrogenating under Herr]

at nosphere in a suitable solvent, such as EtOH, in the presence

‘of a suitable catalyst, such as Pd on carbon, preferably 10% Pd 15

on carbon, and an acid, preferably HCO ; to forman al cohol wherein R
s H and. (3) treated with a conpound of the formula
E- X, wherein X is a halide, preferg?ly chloride, and E is as defined
above, preferably -Sqerr]Cerr]Hefr]CH err] or '
-Sgerr]err]Herr]d, in the presence of a base, 20 such as pyridine, to
forma conpound of the fQrmula 1. , . . In the alfernative
Step (bl), the halide | 1();'s. Reated with an alkali metal triazole aem&aée{eemby;

(i) where R i sepresenty enrdikali medal),such &b Na-triemole or Na-imidazole, imgef er abl y

Nty vt e SBbBY S0/TFRE S s OVES W Wi bresBre SHPPRLE 1 0°88" 5 217 o7

or 100°C, preferably about 80TCifosri 1 24 Iy, preferably @bpuhi5h;and
treating wgth APkl y a solution of 10% HC
(aqueous)\,/\sat 15[ err] to(2%5[ Ie_% rg?écﬁé&b%b 1 é),r_ef‘%{tabl y about 25[err]C,
for 1 to 6 h, preferably about)whgre Bis -C(O)R?, treating with a base, (iii)

where R is -CH err]gietérablfl KeCD3, Na3OW$ 6ANH¥DH#es stitablkl soltent, such
at nosphere in a sui} apl etya&l@vtent &ggcrbéﬁma CtH | né&)he gisggé.e
of a suitable catald3Me g6 34°3R pretefably QHF§ D% peOr
on carbon, and an acid, prefe(idwherel® is tetrahydropyran-2-gk treating with
procedur eq4di scl ose | e+ DCia‘tda. ' ( t4 | fko
Organi c .S§/ t hesi s, d'ﬁ% e'%ﬁérrégiygigo%ﬁﬁent S Lﬁﬁf(ﬁ%@o@gﬁ{ﬁl fei?québ C. &
Sons (1978); preferably abouti25°Co for hito 81 ureferabbyr about3 hsoH, and
(2) the alcohol is heated w I e Wy dazol e
(Mrepresents an al kal i t,alfyid,B ‘g{}%ﬁi lzjt{?%Na-t i a%%liwgbﬁ%@hg undel; mHEdazoI e,
in a suitable sol veRimo e i aryitable, selyent, sueh AsEHPHpIRYe preseace7of er r]
t1 g ﬁOO[ e(r]I r]C, pref eopdisyitablewsats éﬁlsubﬁ?,asfled_oh%arboﬁ,ﬂfpl‘efetfmi eog@Pfﬂ abO:Jt
; and. t conpound of the formula
E- X, 15\/\/nerei n %ic?ﬂ?iomaﬁchg, aﬁ%ﬁ@%&&%&ﬂ?@n de, and E is as defined
above, plocfoemaan glcobo) whetaln dt i Hf and] CH[ err] or
. -SOerr]err]Herr]d, 4 th ) Ay pyridine, to
forma conmpound of the f gér.)rm'l geﬁfe%eﬁﬂﬁ%%mﬁoaﬁ&%’ftﬁ@fqrﬁﬂﬁ%gghbodi ment of
Process At hewpeeaiaat is ahalideopreferably chloride; andipis as slefingd @boye, wher ei n
the chiral conpeiedbl -S0LTAHRCHT or -S02CeH4C, in the presence of a base,
20 such as pyridine, to form a compound of the formula L
In the-alternative Step (b1), the halide Il is:
(1) deprotected by:
(i) where R is -C{O)R1, treating with a base,
preferably KoCOj3, NagCO3 or NH40H, in a suitable solvent, such
25 as MeOH/water, at 0° to 25°C, preferably aboqt 0° to 5°C; or
(i) where R is tetrahydropyran-2-yl, treating with
HCI, preferably a solution of 10% HCI (aqueous}, at 15° to 35°C,
preferably about 25°C, for 1 to 6 h, preferably about 3 h; or
(i) where R is -CH2CgHs; hydrogenating under Hz
30 atmosphere in a suitable solvent, such as EtOH, in the presence
of a suitable catalyst, such as Pd on carbon, preferebly 10% Pd
on carbon, and an acid, preferably HCl, accarding to the
procedure disclosed by Freifelder, in-"Catalytic Hydrogenation in
Organic Synthesis, Procedures and Comments”, p. 120, J. Wiley
35 & Sons (1978);



is & chiral hydroxy ester of the forrmula (Ila), i.e., a conpound of the
formula (Il) wherein Ris -C(ORerr] and Rlerr] is as defined above. The
15 chiral hydroxy ester of formula (1l1a) is prepared froma prochiral diol
of the fornmula (IV) by using an enzyme to selectively esterify the
prochiral diol (1V), thus formng the chiral conpound of formula
(lI'ra). The sel ective esterification is acconplished according to the
process shown in Reaction Schene A-180 .

Reacti on Schene A [err] 25

In Reaction Schenme A, the prochiral diol IVis treated with amld
acyl ati ng agentto forrefaey albblyolawherireR isfH;tdred fornul a Rlerr]-C(O -ORerr],

Serriocrer] alky or @0 & %Vﬁﬂf JFEaldq e SR BB Klazole o oy
acetate, in thdmidazoie M reprasents an alkali metal), such as Na-triazole or Na-

-19- P h
0 e eg%ﬁw@%bwm G SR A <
25[ err] G, f #rAG°He 100° Qeréﬁb‘%?QPBkWe%t 19f10t + RyeiRIRRly about

By utilizi ng ot{Bh; Ahdpase enzymes, such as Amano CE, in 5 the process of
Reaction Schene A, the R antl he formul a

0
XV, as defined above, %%gpé@hacompoun@oﬁﬁe fom:mlé% 'ral hydroxy
ester lla is alwieneird Xwelwhaﬂmep‘refbrb&ly chloridé)eargl Ede as ddfinBdariove) Schene

AA.- 10 preferably -SO»CeH4CHSHH L 88,ESASEE ihthe presence of a base,
10  such as pyridine, to form a compound of the formula L.
In the embodiment of Process A, the present invention
further comprises a process wherein the chiral compound of formula (II)
is a chiral hydroxy ester of the formula (ITa); i.e., a compound of the
formula (II) wherein R is -C(O)R1 and R1 is as defined above. The
15  chiral hydroxy ester of formula (IIa) is'prepared from a prochiral diol of
the formula (IV) by using an enzyme to selectively esterify the prochiral
diol (IV), thus forming the chiral compound of formula (Ifa). The
selective esterification is accomplished accordmg to the process shown
in Reaction Scheme A.

20
Beaction Scheme A
OH : .
. ) - 0\"/ R
mild Ha$
Xt acylating q o
agent
OH ————>
enzyme OH
2 ila
X2
v
25

In Reaction Scheme A, the prochiral diol IV is treated with
a mild acylating agent, preferably an ester of the formula R1-C(0)-OR3,
wherein R1 is as defined above and R3 is trifiuoroethyl, C-Cg alkyl or
C2-Ce alkenyl, most preferably vinyi acetate, in the presence of an



Step (a) [err] Step (b)

I'n Reaction Schene AA, Step (a), the prochiral diol IVis -treated with
‘an acyl ating agent, preferably an acid halide, acid 20 anhydride or m xed
anhydride, nost preferably butyric anhydride, acetyl chl ori de or
acetic anhydride, in a suitable solvent, such as THF, at O[err]C to

40[err] C, preferably about 25[err]C, to_formthe diester V.
- 20- In Step (b), tHd9%i ester Vis treated with an
enzyne, preferably a |ipase, nost preferably Amano CE, in a suitable

sol vent, such as THF/ yat er, at rr]. to 35[err]C preferably about
25[err] C, to §HYMe.HBOSt Pm\?@ﬁﬁvaﬁ%miﬁ% o‘ﬁ%ﬁré%@e?u‘ﬁal%i‘? slﬂg;enﬁ such as The
\%‘ese_nt. i Evertblueﬂn_ef@rrCH_gCMWite%%, pr@fegﬁﬂy ﬁxbout 25 i fbﬂ'nttgepr O_CESZ A
lerein the p S. br y the process described in
Reaction Sch ec#ﬁr%malrow Sdtel ¥f i RN 2.
By utilizing other lipase enzymes, such as Amano CE, in
5 the process of Reaction Scheme A, the R-enantiomer, i.e., a compound
of the formula XV, as defined above, can be prepared.

The chiral hydroxy ester 1la is alternatively prepared by
the process of Reaction Scheme AA.

10 Reaction Scheme AA
Step (a)
1 . o
X acylating xt
agent ;
OH —_— OT R
R N ©
Iv v
Step (b)
1
___/OT R
enzymatic
v hydrolysis OH |
Ila

15 X2

. In Reaction Scheme AA, Step (a}, the prochiral diol IV is '
treated with an acylating agent, preferably an acid halide, acid
20 anhydride or mixed anhydride, most preferably butyric anhydride, acetyl
chloride or acetic anhydride, in a suitable solvent, such as THF, at 0°C
to 40°C, preferably about 25°C, to form the diester V.-



Reac¢ti on Schenme AAA 10 Step (A1) [err]

Step (A2) [err] 15 Step (A3)

w~CH [err] 20 I n Reaction
SchemaAAA Step (Al), the allylic al cohol VI is treated with a -
brom nating agent, preferably PBr[err], in a suitable sol vent, such as

CH[err]CI[err] at -10[err] to 35C, preferably at O[err] to 25C for 30

to 90 mn, preferably about £}, to forman allylic brom de,
i.e., a corrpound of formula VII, wherein L[err] is Br.
Alternatively, in Step (Al), the allylic alcohol VI is treated with a
sul fonyl ati ng agent suclp @m@éythecwesterdéls)trea@d)msthancﬂnzarme.a 5

such Zéy-oi["ei‘?j N *"“‘Ea@é 'ﬁbg%aeéﬁer }Amand oF *”htﬁﬁ‘a%‘é%fr M to
formthe uch as F/water at 156° to 35°C, preferably about %5°C, fo for the
chiral hydroxy ester Ila.
5 The present invention further comprises a process
according to Process A wherein the prochiral diol IV is prepared by the
process described in Reaction Scheme AAA.

Reaction Scheme AAA

10 Step (A1)
x1
xi
brominating Lt
OoH agent or
'
suifonylating x2
x2 agent VIi
Vi
Step (A2)
RZ
M <°°2 X COLR?
CO.R?
VII - CO.R?
X - VIII

15

Step (A3)

OH
X'
hydride reducing
agent
VIII ——
OH
3 Iv

20 " In Reaction Scheme AAA, Step (A1), the allylic alcohol VI

is treated with a brominating agent, preferably PBrg, in a suitable
solvent, such as CHzClp, at -10° to 35°C, preferably at 0° to 25°C, for 30



.sulfonyl ated product, i.e., a conpound of the formula VII| wherein L[err] is

-OSOerr]Rerr] and Rerr] is as defined above. In Step
"(A2), the conpound of formula VIl is treated with 10 an alkali netal salt
of the anion derived fromdi((err]-Cerr] alkyl)nal onate, preferably
NaCH(CO err]Clerr]H err])[err], in a suitable solvent, such as THF, at

15[ err] to 35[err]C, preferably abput 25[err]C, for 1 to 3 h,
preferably about 1.5 h, to formthe diester VIII.

In Step (A3), the diester VIIlI is treated with a hydride 15 reducing

20Ent, B! e R by ey B Bt S o8 850, T,
preferably abeempound of fommulacVilowharbim bt txBrral diol 1V.
f‘lnt teLgafolr \égla%cienofSt EPCI( Aﬁlél;\neg s{};i'jlt'rgg{tgé éﬁ(f’bgﬂ?%‘@ﬂgﬁi‘%@"g‘;ﬁs tra?atﬁsl\lag}_lg’r r
to 35[err] C, Witkeesufanylating agentosueh asmmesylichioride er tosy! chloside;s abl y about
L2 1, 5, ey cobn s et AL, n s sutal sl 11 1
a process mé‘é‘??'ha? Qcﬁ?-r al 'le)grs%@gﬁg' Bfefg@ﬁ’irllBgto 25°C, 1o foym; the, chirrPaI
- benzyl ether gilfddydatédrpmdact( i.eh)a compound dftﬁggﬁgﬂ?!ﬁg\tfﬁlgrﬁhgfei?}?gugrga (1)
\(Nlhlelro)el instIr Zp’@@gw]%%h%%%gg@ﬁgﬁo%t rRgact i onyScherre B.
Reacti on Schene B in Step (A%, the cempoungefriprmula YU is treated with
i gf;] 10 an alkalithetal€38)of the anion derived from di(C-Cg alkyl)malonate,
preferably NaCH(CO2CoHs)o, in a suitable solvent, such as THF, at 15°
to 35°C, preferably about 25°C, for 1 to 3 h, preferably about 1.5 h, to
form the diester VIII.
in Step (A3), the diester VIII is treated with a hydride
15 reducing agent, preferably LiAlH4, in a suitable solvent, such as THF or
Et20, at 0° to 35°C, preferably about 25°C, for 1 to 4 h, preferably about
-2 h, to form the prochiral diol IV.
Alternatively in Step (A3), the diester VIII is treated with
NaBHy, in the presence of LiC}, in a suitable solvent, such as EtOH, at
20 0°to 35°C, preferably 0° to 25°C, for 1 to 4 h, preferably about 11/5'h, to
form the prochiral diol V. _
In the alternative embodiment of Process B, the present
invention comprises a process wherein the chiral compound of formula
(II) is a chiral benzyl ether of the formula (IIb}, i.e., a compound of the
25 formula (II) wherein R is -CH2CgHg. The chiral benzyl ether of formula
(IIb) is p'repared by the process shown in Reaction Scheme B.

Reaction Scheme B
Step (B1)
CHaCgHs
x1 l
o)
. x! N
a TiCl H
————-

0  CeHsCHAOCH,L

30 X X X



5 7 In Reaction Schene B, Step (Bl), a conpound of the
formula I X is treated with TiC[err] and a conpound of the fornula
Clerr]H err]CH err]OCH err]L, wherein L is a |leaving group, preferably a

halide, in the presence of a tertiary am ne base, such as Et'3N, at -10
to 10[err] C, preferably about O[err]C, to forma chiral conpound of
the formula X 10 In Step (B2%), the chiral conpound of fornula
Xis treated with LiAlH err] in a suitable solvent, such as THF or
Et[err]O at 0 to 35 err]C, preferably about 25[err]C, to formthe

- chiral benzyl et heétépl (32) The present invention further

conpri ses a process according to Process B wherein the conpound of the
formula I X is 15 prepared by the process descri bed)@%%isi on Schene BB.

Reacti on Schene BB LiAlg ep (B3) Ha 5

[err] : -23-

Step (B4) X Ferr] xt 11b In
Reaction Schene BB, Step (B3), the allylic jpl cohpl VI lis treated with

hydr oxi de+ base, preferably KOH or In a suitable solvent, such
as MeOH, * preferably MeOH wat er; sZ€rr] to 35[err]C, preferably
about 25[err]C, to form

CHerr]Cc(OdJerr]Herr])[err] and a catal ypiragapetst OH propionic acid at
90[err] to 130[err]C, preferably about 1]C, then treated with a

5 In Reaction Scheme B, Step (B1), a compound of the
formula IX is treated with TiCls and a compound of the formula
CeHsCH20OCHSL, wherein L is a leaving group, preferably a halide, in
the presence of a tertiary amine base, such as EtaN, at -10° to 10°C,
preferably-about 0°C, to form a chiral compound of the formula X.

10 In Step (B2), the chiral compound of formula X is treated
with LiAlH4 in a suitable solvent, such as THF or Et20, at 0° to 35°C,
preferably about 25°C, to form the chiral benzyl! ether IIb.

The present invention further comprises a process
according to Process B wherein the compound of the formula IX is

15 prepared by the process described in Reaction Scheme BB.

Reaction Scheme BB
Step (B3)

) 1) CH3C(OCzHg)s
X C,HsCO-H X!
OH A
—— COgH
2) hydroxide
X2 base .o
VI X1



10 *the acid Xl. In Step (B4), the acid XI is treated
with an activating agent, preferably SOCl [err] or oxalyl chloride, at
15[err] to 35[err]C, preferably about 25[err]C, to forma reactive
derivative,
treated with an alkali netal salt of the fornula 15 Merr] -@,
preferably the Li[err] salt, wherein -Q' .34 preferably an anion
derived froma chiral oxazolidinone of the fornula

20 at -70 to 25[err]C, preferably -70 to O[err]C, to form

[err]

t he conpound of forsgé (B4

such as an acid chloride. The reactive derivative is

In the second

al ternative enbodi nent of Lrocess C, the , Present invention conpr

a process wherein the chiral halide of
of the fornmula (111a)

wherein R is H The al cohol of l;@.-l (III

al cohol

process shown in Reactlon S

- 24-
5

Step (C2) [err] X

10

15

20

25

ormufja (I1l) is a chiral
the formula (11
%{ibythe

OStep (Cl)

1)fécn?aup%a conpo n of | 25

2) tiReget | on _ScK

in Reacticn Scheme BB, Step (B3), the aliylic alcohol VI is
treated with CH3C(OC2Hs)3 and a catalytic amount of propionic acid at
90° to 130°C, preferably about 120°C, then treated with a hydroxide
base, preferably KOH cr NaOH, in a suitable solvent, such as MeOH,
preferably MeOH/wate:, at 15° to 35°C, preferably about 25°C, to form
the acid XI. .

In Step (B4), the acid X1 is treated with an activating agent,
preferably SOClo or oxalyl chioride, at 15° to 35°C, preferably about
25°C, to form a reactive derivative, such as an acid chloride. The
reactive derivative is treated with an alkali metal salt of the formula’

M+ -Q*, preferably the Lit+ salt, wherein -Q* is preferably an anion
derived from a chiral oxazolidinonhe of the formuila

RS H

5
Ral's
O or O .
at -70° to 25°C, preferably -70° to 0°C, to form the compound of formula
IX. _
In the second alternative embodiment of Process C, the

present invention comprises a process wherein the chiral halide of
formula (III) is a chiral alcohol of the formula (IIla), i.e., a compound of

‘the formula (I1I) wherein R is H The alcohol of formula (IlIa} is
prepared by the process shown in Reaction Scheme C.

| ses

1)

[err]



Step (C3) - [err] I n Reaction

Schene C, Step (Cl), the conpound of the formula I X is converted to the
chiral compound of the forrmula XIl via t he general procedure described
by- Evans et al, J. Amer. Chem Soc., 15 112, 8215-8216 (1990).
In Step (C2), the chiral conpound of fornmula XIl is treated with a
hal ogen, preferably Br[err] or I[err], and a base, preferably pyridine, in
a sui tabl e solvent, such as CH err] €M- THF, EtQAc or CHerr]CdJ[err], at
-20[err]Cto 30[err]C, preferably about O[err]Cto 25[err]C, for 10 to
20 h, preferably about 20 20 h, to formthe chiral halide XIll, wherein
X[err] is Br or |. Beaction Scheme C - 25-
In Step (C3), the SwpdClhalide XIIl is treated with a hydri de
reduci ng agent sucixtas LiBH err], in a suitable sol vent gch .as THF
-78[err]C and
t ‘&H)_rm,the
process
IX X X11
5 Step (C2)
HO.
X! halogen
wH o base
—_—
. O
X XII : X2

hydride
reducing
agent

XTI fila

10

In Reaction Scheme C, Step (C1), the compound of the
formula IX is converted to the chiral compound of the formula XII via
the general procedure described by Evans et al, J. Amer. Chem. Soc.,

186 112, 8215-8216 (1990).

In Step (C2), the chiral compound of formula X1I is treated
with a halogen, preferably Brz or Iz, and a base, preferably pyridine, in a
suitable solvent, such as CH3CN, THF, EtOAc or CHoClo, at -20°C to
30°C, preferably about 0°C to 25°C, for 10 to 20 h, preferably about 20

20  h, to form the chiral halide XIII, wherein X3 is Bror I.



forrmula I, wherein the chiral halide of formula (111) is a conpound of

the formula (I11lb), i.e., the a conmpound of the formula (I1l) wherein Ris
10 -C(ORerr], wherein Rerr] is (Jerr]-Cerr] alkyl, aryl or
-(CHerr])[err]Cferr]OH wherein nis 1, 2, 3 or 4. The halide of
formula (111b) is prepared by the process shown I n Reaction Schene D.
Reacti on Schenme D 15 Step (D1) [err]

Step (D2) [ e25} 20 I n
Reaction Schene D, Step (Dl1), the chiral al cohol of formula I,
wherein Ris -CHerr](err]Herr], i.e., a chiral alcohol of the fornula

1o, Is treated with an Rosiohl () RftCBhiralNaioRr RPITs Heated withl 1 | de or
- 26- acetic anhydrjde, 'ih the presence, of a_base, .such as pyridine,
to forma  hydfdededusing agant fuch garliPH4xine siitebl spivewts pyich Rerr] . R
and Rlerr] areTHB d#ﬁt'g(@,edg -100° t8i30rE, preferabI%starting at-78%Cafep (D2), the
ester of the fornul a

oo T o e, L e boa s YEETG e Bidhaoly bR Yo BHE G el ° )
5 hydride Illa.
In the third alternative embodiment of Process D, the

present invention comprises a process for preparing a compound of the
formula I, wherein the chiral halide of formula (III) is a compound of
the formula (IIlb), i.e., the a compound of the formula (IIT) wherein R is

10 -C(O)R?, wherein Rt is C1-Cg alkyl, aryl or {CH2)nC20H whereinn is 1,
2, 3 or 4. The halide of formula (IIIb) is prepared by the process shown
in Reaction Scheme D.

15

Step (D2)

halogen

X

20

In Reaction Scheme D, Step (D1}, the chiral alcohol of
formula II, wherein R is -CH2CgHs, i.e., a chiral alcohol of the formula
IIb, is treated with an acylating agent, preferably acetyl chloride or



such as CHerr]CN, THF, EtQAc or CHerr]C[err], at -20 to 30[err]C,

preferably about O[err] to 25[err]C, to formthe halide Il1lb, wherein
Xerr] is d, Br or |, and Xerr], Xerr] and R err] are as defined
above. ' Compounds of the formula Xl can al so be prepared
froma 10 conpound of the fornula VII by reacting with the dianion derived
from acetic acid as shown bel ow. DA [err]

Diesters of the formula V can al so be prepared froma conmpound of the

formula X by esterification with an alcohol of the 15 formula Rerr]OH

wh | t
eoter xx 15 daseReanIyEHagom Y gi%*i%”%‘ pha E&“?ﬁ%‘ ?ﬁ@"ﬂ“"e' it fng “ani on
react ed .wi t h hirahpsienof the tatmuia) avirrein XLX%OR and R1 arevasededined. i s a
hal i de | eavi nggep, as defined above. [err]

-27-

Starting conpounds of tH8 $6PHD2) the %Méﬁsﬁ&wieaim is treatedwithanet hods.
5 5 haTdsgeri BUchag Gl Brp o &, ippaferably Bror ] insa suitasié salvent he

process of ‘thig WAL AN THE, EtOAc or CHaCla, at -20° to 30°C, praferanhy 0"
about 0° to 25°C, to form the halide IIIb, wherein X3 is Cl, Br or I, and
X1, X2 and R1 are as defined above.
Compounds of the formula XI can also be prepared from a
10 compound of the formula VII by reacting with the dianion derived from
acetic acid as shown below.

x! /ﬁ\ x!
/dk/ L! CHz o U“\/\
- > CO.H
X2 N
VII ' XI

Diesters of the formula V can also be prepared from a
compound of the formula XI by estetification with an alcohol of the
15 formula R20H, wherein R2 is as defined above, using known methods.
The resulting ester XX is deprotonated by treating with base and the
resulting anion reacted with a compound of the formula R2OC(O)-L,
wherein L is a halide leaving group, as defined-above. |

1 x!
X R2OH
coH —> COR
Ny ,
X
X1 XX




[err] 10 > Dissolve (4S)-(-)-4-isopropyl -2-oxazolidinone

(400 ng, 3.1 mol) in 4 nL of THF and cool to -78[err]C. Add 2 nmL (3.2
mol ) of a 1.6 Msolution of n-butyllithiumin hexane and stir the

m xture for 10 mn at -78[err]Cto give a solution of the title
oxazol i di none salt. 15 PREPARATION 2 [err]

- 28- Step (a): err_} Conbi ne
the allylic al cohol (6.25 g, 31.53 mol27{-triethyl ort hoacet at e

(20.46 g, 126.12 mol) and 5 drops of propionic acid, and 5 heat the

m xture at 120[err]C, collecting 4 nL of EtOH by distillation.

Continue heating, distilling off the excegss triethyl orthoacetate (14 rrL)
to . give a residue. Combine the resijlue with KOH (3.5 g, 63%%7170

nL of MeCH affl 4 ng of water, and r_gvernifght (@18 § r oom
t enper at ur e. 'xture W|th water S was

CHerr]CJerr], éazehzaquee-u-s—k-aye O 3Dy aedigag 0.1 M
HC . Extract h 3 portlons of Eb@lse, c {he Et OAc extTacts,

dry over Na[err p and concentrate,tc 6.75 g of the aci d
product. M H) + Step (b): .xa

[err] XX v

Starting compounds of the formula VI can be prepared via
known methods.
5 The following preparations and examples illustrate the
process of this invention:

~ PREPARATION 1

x .,

10 :
Dissolve {48)-(-)-4-isopropyl-2-oxazolidinone (400 mg,
3.1 mmol) in 4 mL of THF and coolto -78°C. Add 2 mL (3.2 mmol) of a
1.6 M solution of n-butyllithium in hexane and stir the mixture for 10 min
.5 at -78°C to give a solution of the title oxazolidinone salt.

PREPARATION 2

5 |
F . YO
N.

H

ne



15 ° Combi ne the acid product of Step (a) (0.5 g, 2.36

nmol ), KOH (0.13 g, 2.36 nmol) and 5 nL of EtOH and stir for 2 h at
room tenmperature. Evaporate the solvent to a residue, dissolve the
residue in 20 toluene and evaporate to dryness. Add 5 nL of anhydrous
Et[err]OQ cool to O[err]C and add 3 nL of oxalyl chloride and 4 drops
of DMF. Stir the m xture at O[err]C for 2 h, then filter and
concentrate the filtrate in vacuo to a -28- :

- 29- residue. Add CHerr]C[err], then co-evaporate the CH2ClI 2 and
any residual oxalyl chloride to give the acid chloride.

Di ssol ve the &tepl(@hl oride (2.36 mml) in 4 m. of THF and add the

resulting solution teg the -78[err of o%ézollrlnone salt 5 from
Preparation 1. Stir tlhe mturefo pve thig solvent in
t e

vacuo to give are . JERonmat ogr a eS| 4 1 , Y%
NYe 0.326 g 25 hg e CqEESFi : Apaﬁh
EPARATI Ol 3

20% Et CAc/ hexane)
BHssol vebase all @Tc »Zohol (5.37 g, 31.58

(MtH)[err]. 10
_ F
mrol ) in 50 ﬁ_‘c{qég]e%[e Hryllc a?coho??é 2% §1e§5|n't\r'ngﬂ, fQ'rsetPLajtlon to 0

[err]
to 5[err]C. Add PBr[err
orthoacetate (20.46 g, 126.12 mmol) and 5 drops of propionic acid, and

5 heat the mixture at 120°C, collecting 4 mL of EtOH by distillation.

Continue heating, distilling off the excess triethyl orthoacetate (14 mL) to
give a residue. Combine the residue with KOH (3.5 g, 63 mmol), 16 mL
of MeOH and 4 mL of water, and stir overnight (@ 18 h) at room
temperature. Dilute the mixture with water and wash with cold CH2Clo,

10 then acidity the aqueous layer to pH = 3 by adding 0.1 M HCI. Extract
with 3 portions of EtOAc, combine the EtOAc extracts, dry over NasSO4
and concentrate to give 6.75 g of the acid product. MS =213 (M+H)*+

Step (b):

COH
1) KOH
2) {COCh),

15

Combine the acid product of Step (a) (0.5 g, 2.36 mmol),
KOH (0.13 g, 2.36 mmol) and 5 mL of EtOH, and stir for 2 h at room
temperature. Evaporate the solvent to a residue, dissolve the residue in
20 toluene and evaporate to dryness. Add § mL of anhydrous Et20, cool to
0°C and add 3 mL of oxalyl chloride and 4 drops of DMF. Stir the
mixture at 0°C for 2 h, then filter and concentrate the filtrate in vacuo to a



15 ‘mL, 10.53 mmol), warmto roomtenperature and stir for 1 h, while
monitoring the reaction by TLC (silica gel, 25% Et OAc/ hexane). Add 50

nL of ice water, stir for 5 nin, separate the layers, and dry the organic
| ayer over MgS( err]. Concentrate in vacuo to give 6.45 g of the brom de
product. M5 = 233 M+ 20 PREPARATION 4 [err]
CH 25 Step (a): [err]

- 30- Di ssol ve the al I-#Brc al cohol (8.51 g, 50 mml) in
200 nL of CHerr]C[err], add Et[err]N (8.36 nL, 60 nmmol) and 100 ny
of DVAP, then cool the mxture to O[err] to 5C. Add tosyl chloride
(10.49 g, 55 residue. tAdth CHClopntren st-ewbpotate theGeBheared ang rediddall nL of

MeCH, stir for %r@hibndel:’to &ﬂg twgs&la\nch[%ég) nL of water, then 100 us of

brine. Dry the or rr], then concentrate in vacuo
to give 13.1 g of the Dnssekygyhat@lq)cbm@e (2¢3& mmol) in 4 mL of THF and

'ngb?:]re] gl[ o H/ddoeﬂ”f’elotngaég.lﬂfﬂ dolution to {i¥d %@%oiutﬁﬁ:f oxazolxdfn%h?]

O[err] to g[ er F‘]’g%‘?ﬁ%@t Ogﬂgg‘%ﬂ'ﬂ’gulﬁ%ﬂﬁz‘ﬂoﬁ) f@(m)g\f%ihe(ﬁplvent in
?l) :pf; ts; o(r;]z gtrlfhabltb lhsamesidUee ahrdmatﬁgtr&mmﬁwgtquéggu@@ ge, mso@ﬂ?et Pﬁr
e e, SR R0 AG: r%)["é %5%& 9881%@5%190%%4"5“#5@5 10 min,

separate the I{Madld. and wash the organic layer with 50 nL of brine. Dry
over MgSO err], then concentrate in vacuo to give 3.2 g of the di-ester
product. #8= 313 M PREPARATION 3

fogiamtog

Dlssolve the allylic alcohol (5.37 g, 31.58 mmol) in 50 mL
of CH2Cl> and cool the resulting solution to 0° to §°C. Add PBrs (1.0
16 mL, 10.53 mmol), warm to room temperature and stir for 1 h, while
monitoring the reaction by TLC (silica gel, 25% EtOAc/hexane). Add 50
mL of ice water, stir for 5 min, separate the layers, and dry the organic
layer over MgSO4. Concentrate in vacuo to give 6.45 g of the bromide
product. MS =233 M+

cooI to

20
PREPARATION 4
~OH
F
OH
F
25 Step (a):
f tosyl chloride F
EtgN
—_—
OH ' OTs



20 ° Fol | owi ng substantially the same procedure, the allylic
brom de of Preparation 3 is converted to the sane di-ester product.

Step (c): [err] 25 Conmbi ne the di-ester of
Step (b) (1.68 g, 5.38 mml), and 15 nmL of THF and cool the m xture to
O0to 5[err]C. Add 7.0 nL (6.99 mmol) of a 1.0 Msolution of LiAlH err]
in THF dropw se over 5 mn, then stir the m xture at room tenperature
for 2 h. Cool the mxture to O[err] to 5B6tr]C, add 0.3 nmL of water
dropwi se, then add 0.3 nL of 15% NaOH, foll owed by an

additional 0.9 nL of water, and stir at roomtenperature for 1 h.
Filter, concentrate the Diskbivettheallylicaloohbb(8as1 g isOummal} 200 enlt be

i d [ f
| vaouo to g2t add ErgN(BIde fiLL BD i o0 hS ﬁ!%%‘*kﬁﬁﬁ”t e
PREPARATI ON 5 the mixture to 0° to 6°C. Add tosyl chioride (10.49 g,[&& mmol), then

Conbi h d',,g%,}‘g f ' , : 21.7

nrol I) ,neL}[ Cle(2|. g?lo@@ﬁé‘?ﬁé%ﬁ)tetghgpﬁ%g.%agﬁ 'IE’? gw%gﬁ' %gr{d}gtbgn%t’err] to
5[err]C, tHen autWRemMity 1G0 il gbwgtersthen 1R ML of hdne-s Psvithe arganie he

m xture to I 0QaydreoRA S 0q m&ﬂdemm%%buowéivm.'ﬂb 6f thixe CH and
100 nmL of water

sirer&ﬁTn t ngentrate in vacuo to a
resi due. Partﬁ?ﬁjﬁ{ecﬂ@dﬁ@gi =5§Rﬁ%ﬂ"@8’éﬁm of EtQAc and 100 nlL of 15
wat er, wash tt@ or,ES‘:.nic | ayer with 100 nL of brine, dry over MgSqerr],

and concentr at cuo to give 4.94 g of the diol product. :

NaCH(COC2Hs). -F CO,C2Hs
> CO,CoHs
OTs
10 F F

Combine diethyl malonate (1.85 g, 11.6 mmol) and 25 mL
of THF, cool to 0° to 5°c, then add 0.339 g (8.48 mmol) of 60% NaH (oil
dispersion) and stir the mixture at room temperature for 30 min. Add the
tosylate of Step (a) (2.50 g, 7.71 mmol) and stir at room temperature for

15 80 min. Add 250 mL of EtoO and 100 mL of water, stir for 10 min,
separate the layers and wash the organic layer with 50 mL of brine. Dry
over MgSOy, then concentrate in vacuo to give 3.2 g of the di-ester
product. MS =313 M+

20 Following substantially the same précedure, the allylic
bromide of Preparation 3 is converted to the same di-ester product.
OH
F CO.CoHs LiAIH, F
CO.CaHg
OH
F F
25 Combine the di-ester of Step (b} (1.68'g, 5.38 mmol), and -

15 mL of THF and cool the mixture to 0° to 5°C. Add 7.0 mL (6.99 mmol)
of a 1.0 M solution of LiAlH4 in THF dropwise over 5 min, then stir the
mixture at room temperature for 2 h. Cool the mixture to 0° to 5°C, add
0.3 mL of water dropwise, then add 0.3 mL of 15% NaOH, foliowed by



PREPARATION 6 [err] 20 The acid of Preparation 2,

Step (a) is reacted according to t he general procedure taught by Evans
‘et al, Tetrahedron, 44, 5525- 5540 (1988) and Gage et al, Org. Syn.,
68, 83-90 (1989) to give the chiral oxazolidinone product, [err] = -
44.4 (c = 1.67, CHC [err]). M5 = 371 25 (MtH)+

- 32- PREPARATI ON 7

[err] Conbi ne 8.5 -gt1ef the diol (IV) of Preparation 4
or 5and 50 5 nL THF, add 14 nL of butyric anhydride (1.15 equiv.), 15 nL
Et[err] N, and 0.22 g of DMAP, and stir the m xture at 20[err] to

23[ e(rj r]Cf orE ta?ﬁad:ditional 0.8t efitwates and stircaioodbm Rnigesrative fodi $sol vet L he |
residue in r queq (I, en dry
over MySq er r']q}.e&cﬁ%g%?‘r’%‘teethyrfmat%%t}’f%&l@%gaE S\}Q&%@Lﬁl{%% E%%!’B? oduct in
near quanti t d0i50emyiefl@HaCk and dry over MgSO4. UEongeatratei i wadupdoi glee and
bstanti al | SEHRB ti | owi d I b
substanti a y1'g§% tltle??lﬁg%uﬁl%%dh&&’{m* ow ng conpound can al so be

pr epar ed 5n ne guan yie err]

PREPARATION 5

LiBH,, OH
F CO,C2Hs (NaBH, + F
LiCl)
CO,CoHg

OH
F F

Combine the diester product of Preparation 3, Step (b)

10 (6.77 g, 21.7 mmot), LiCl (2.76 g, 65.1 mmol) and 100 mL of EtOH, cool
to 0° to 5°C, then add NaBH4 (2.46 g, 65.1 mmol), then slowly warm the
mixture to room temperature and stir overnight. Add 100 mL of MeOH
and 100 mL of water, stir for 90 min, then concentrate in vacuoto a
residue. Partition the residue between 500 mL of EtOAc and 100 mL of

15  water, wash the organic layer with 100 mL of brine, dry over MgSOy,
and concentrate in vacuo to give 4.94 g of the diol product.

PREPABATION 6

20

The acid of Preparation 2, Step (a) is reacted according to
the general procedure taught by Evans et al, Tetrahedron, 44, 5525-
5540 (1988) and Gage et al, Org. Syn., 68, 83-90 (1989) to give the
chiral oxazolidinone product, [a)p = - 44.4° {c = 1.67, CHCI3). MS = 371

25 (M+H)*



15 - PREPARATI ON 8 [err] 20 Step (a):

Conmbi ne 8.5 g of succinic anhydride and 30 g of 1, 3- di f1 uor obenzene,
‘add 29.2 g of AIC[err] (anhydrous) and stir while heating at reflux
for 1 h. Cool to roomtenperature and stir for 2 h, then add 25 mL of

water. Extract with EtOAc, dry the extract over MgS err] and
concentrate in vacuo to a residue. Crystallize the residue fromEtOH or
a m xture of CH[err]CI[err] and hexane, 3% give 16.6 g of the keto acid

product . Step (b): Combi ne 876 ngy of
CHerr].P(CJerr]Herr])[err].Br and.5 nL of THF, 5 then add 2.6 nL of 1 M
NaN[ Si (CH err])[err]][err] in TH- BREPARATION Yo0om - temperature for 30
mn. Cool the mxture to -78[err]C and slowy add (dropwi se) a
solution of 250 ng of the product of Step (Dot of THF. Stir the
m xture for 12-18 h, then add arF aquegpus s@lution of citric acid while

cooling to O[err]C. Extract wth EtOAg, the extract over 10
P)edhe resi due by

Na[err] SO err], and concentr at 2 &Q ' .
chr omat ogr aphy (silica gel, 5 CH[err]CI[err]) to give 142 ng of the

title conpound, (for use in Pepar ations 2 and 6).
EXAMPLE 1 15 : [err]

Combine 8.5 g of the diol (IV) of Preparation 4 or 5 and 50
5 mL THF, add 14 mL of butyric anhydride (1.15 equiv.}, 15 mL EtgN,. and
0.22 g of DMAP, and stir the mixture at 20° to 23°C for 16 h.
Concentrate in vacuo to a residue, dissolve the residue in EtOAc, wash
with saturated aqueous Na2COg, then dry over MgSO4. Concentrate in
vacuo to give the dibutyrate product in near quantitative yield.

10
Using acetic anhydride and substantially the same
procedure the following compound can also be prepared in near
quantitative yield:
OC(O)CH3
F
OC(O)CHs Preparation 7A
15
PREPARATION 8
F
COH

20 Step (ak

Combine 8.5 g of succinic anhydride and 30 g of 1,3-
difluorobenzene, add 29.2 g of AlClz (anhydrous) and stir while heating
at reflux for 1 h. Cool to room temperature and stir for 2 h, then add 25
mL of water. Extract with EtOAc, dry the extract over MgSO4 and



Step (a): [err] 20 Combi ne the product of
Preparation 2 (2.8 g, 8.66 mmol) and 12 nL of CHerr]d[err] and cool
the m xture to O[err]C, stir the mxture, and add 9.1 nL (9.1 mol ) of
a 1.0 Msolution of TidJ[err] dropwise. Stir for 5

- 34- mn nore. then add Et3N (1.27 nL, 9.1 mmol) dropw se and stir
for 1 h at O[err]C. Slowy add benzyl chloronethyl ether (3.15 g, 18.2
mol ) and stir the m'xture at O[errd4: for 3 h. Quench with 15 nL of
saturated NH err] d, extract vvith CHerr]CJ[err], dry the extract over
Na[err]SJerr], then concentrate in vacuo to a residue. Purify the

resi due by CO#;HH%&FH@Q‘H%%@E@& @3 gu a%ystamw{he f&%ﬁ@éﬁ( BRYANGH O

give 3.21 g o
[err] - a mlxture of CH2Clp and hexane, to give 16.6 g of the keto acid product.

Step (b):
Combine 876 mg of CHz*P(CgHs)3*Br and 5 mL of THF,

5 then add 2.6 mL of 1 M NaN[Si(CHgz)3]s in THF and stir at room
temperature for 30 min. Cool the mixture to -78°C and slowly add
(dropwise) a solution of 250 mg of the product of Step (a) in 5 mL of
THF. Stir the mixture for 12-18 h, then add an aqueous solution of citric
acid while cooling to 0°C. Extract with EtOAc, dry the extract over

10  NapSO0y4, and concentrate to a residue. Purify the residue by
chromatography (silica gel, 5% MeOH/CHCl5) to give 142 mg of the
titte compound, (for use in Preparations 2 and 6).

XAMPLE 1
15
Step (a):
F S/\.Z
N
TWH
o) /\
Q)l: .F CeHsCHzO\ OYO
EtgN s N\Z
CeHsCH,OCH,CI TWH
20

Combine the product of Preparation 2 (2.8 g, 8.66 mmol)
and 12 mL of CH2Clz and cool the mixture to 0°C, stir the mixture, and
add 9.1 mL (9.1 mmol) of a 1.0 M solution of TiCl4 dropwise. Stir for 5



10 ° Reduce the product of Step (a) by treating with

Li AlH err] according to the procedure described by Evans et al., J.
Aner. Chem Soc., 104, 1737-1739 (1982) to give the S-isoner of the
chiral product, [err] =-28.4 (c =1.18, CHO[err]). M = 341 (MtNa)+
15 EXAMPLE 2

[err] - 35- Step (a):
[err] Conbi ne-34re di ol product of Preparation 4
or 5 (0 60 Q) and 12 nL of EtQOAc, add 1.8 g of porcine pancreas |ipase

(EC3.1.1.3), 5 de-gas-the mixture, and stir at roomtenperature for 48 h
under ni trogemin more. thercadd Iﬁahh(xmrmL, Balsmmadlp deapwide amdt stir E0i0AG, att hen

L b, SR IO AR 16 A Gl
Et QAc/ hexane) theymixtiiee at @ for3h @@%G‘hwi - 1i5te0f sptunated MiaGll  product ,
[err] = + 6. 2ekiract witd GHIIS! 867 thk) extrdet ovBr RagSb Missr ben(?é}%’été iR0% S s

det db H chiral shrft
?E) : cLermge vaXuJJ fo 21] res LBurri@ the residue by column chromatggraphy (silica
gel, 10% EtOAc/hexane) to give 3.21 g of the product. MS = 444 (M+H)+

Step (b):
_ CsHsCHzo\ o

F A3 Y
E CeHsCH,Q
| l \
H LtA!H

\\\*

£
E
10
Reduce the product of Step (a) by treating with LiAlH4
according to the procedure described by Evans et al., J, Amer, Chem.
Soc., 104, 1737-1739 (1982) to give the S-isomer of the chiral product,
[oJo = -28.4° {¢c = 1.18, CHCIl3). MS = 341 (M+Na)*
15
EXAMPLE 2
OTs
H 0
F
S
s\\‘\.. - 0
e N- N
&3



15 ° Combi ne the product of Step (a) (0.1 g, 0.37 mmol) and 3
m of CHerr]CN add pyridine (45 [err]L, 0.56 mmol) and 12 (0.188 g, 0.74
mol ) and stir the mxture at O[err] to 5[err] for 6 h. Add 50 ngVEt[err]O

and 25 nL of water, then add a saturated sol ution of
Na[err]S[err]derr] (dropw se) until the m xXture is colorless. Stir
for 10 mn, separate the layers, dry th rganic 20 |ayer over Na2SO4,
then concentrate in vacuo to a residue. PlUrify by chr omat ogr aphy
(silica gel, 10% 50% Et OAc/ hexane) to give 0.132 ng of the chiral

i odi de. The pgpduct, is a 90:10 m xture of cis and trans I somers by
[err]H NVR Step fa): - 36- “Step
(c): . OHerr] oc(Oyompi ne the
i odi de product of Step (b) (Of 387 g, 0.908 mmol) ang 9 nL of MeOH, add

water until the m xture becones slightly 5 cloudy, th‘r@,_ add Klerr]CO-err]
(0.148 g, 1.07 mml) and st#T ™Ne mxture at O[ers] Q S[err]Cfor 1
h. Add CHerr]CJ[err]} wash w

Concentrate in vacugAQ aAgsi dopi then purify thg due bgHpreparative
X0 o .
&

TLC (silica gel, 5¢ JAc/ h
al cohol product (9@ di s/trans ratio). 10
[err]

Combine the diol product of Preparation 4 or 5 (0.60 g)
and 12 mL of EtOAc, add 1.8 g of porcine pancreas lipase (EC3.1.1.3),
5 de-gas the mixture, and stir at room temperature tor 48 h under nitrogen.
- Filter the mixture, wash the solids with EtOAc, then concentrate the
combined filtrate and washings in vacuo to a residue. Purify the residue
by chromatography (silica gel, 10% to 20% EtOAc/hexane) to give 0.628
g of the R-isomer of the chiral product, [oJp =+ 6.2° (¢ = 1.11, CHClg).
10 MS =271 M+. 20% to 30% e.e. as determined by TH NMR using a chiral ¢

shift reagent.
Step (b):
OC{O)CHs
F H g OC(O)CH;
. et e
OH
15 Combine the product of Step {(a) (0.1 g, 0.37 mmol) and 3

mL of CH3CN, add pyridine (45 pui, 0.56 mmol) and Iz (0.188 g, 0.74
mmol) and stir the mixture at 0° to 5° for 6 h. Add 50 mL EtoO and 25 mL
of water, then add a saturated solution of NaaS203 (dropwise) until the
mixture is colorless. Stir for 10 min, separate the layers, dry the organic

20 layer over NapsSOy4, then concentrate in vacuo to a residue. Purify by
chromatography (silica gel, 10%-50% EtOAc/hexane) to give 0.132 mg
of the chiral iodide. The product is a 90:10 mixture of cis and trans
isomers by TH NMR.



Treat the chiral al cohol product of Step (c¢) with sodium triazole
according to the procedure of Exanple 3, Step (b) to give the 15 chiral

triazol e product. Step (e): [err]

- 37- Treat the al cohol product of Step (d) with tosyl
chl oride and pyridine as described in Exanple 6, Step (d) (second
paragraph) to formthe S-cis isoner of the title conpound, [err] = +
9.5[err] (c = 1.1, CHCl [err]), in 253-e.e. 5 VWere the
chiral iodide of Exanple 2A is used in Step (c) and carried through
Steps (d) and (e), title conpound of high optical purity is formed,
[err] = + 37.0é§ﬂlﬂﬂlc = 1.19, CHO[err]).

EXAMPLE 2A 10 [err] Step (a):

. OC(O)CH
[err] (C)CHs
H”I, H,’ll
/© § /© g

Combine the iodide product of Step (b) (0.387 g, 0.908
. mmol) and 9 mL of MeOH, add water until the mixture becomes slightly
5 cloudy, then add KoCOg (0.148 g, 1.07 mmol} and stir the mixture at 0°
to 5°C for 1 h. Add CH2Clp, wash with water, then dry over NaSOy4.
Concentrate in vacuo to a residue then purify the residue by preparative
TLC (silica gel, 50% EtOAc/heaxane) to give 0.348 g of the chirall
alcohol product (90:10 cis/trans ratio). '

. OH
H “,
F
——
\\“.. 0 \\\‘
|

Treat the chiral alcohol product of Step (c) with sodium
triazole according to the procedure of Example 3, Step (b) to give the
15 chiral triazole product.

10

OH OTs



Conbi ne the chiral product of Exanple 1 and acetic 15 anhydride in

according to the procedure of Exanpl e 2, 7St(—:»p (b) to formthe

i odi de product. 5 EXAMPLE 3

[err]

Step (a): [err]

Di ssol ve. the product of

CH err]CN, cool the sol'{quagﬁp? l‘iﬂ"&?]@‘ﬂ{?‘ﬂﬁ??@i&%’&hgaﬁ%@‘?rp%aag 11.0

mol ) and pyrpyfidire @s.describedin Example.6, Step (dhésecond paragraphittore at 0

o 5, C for © Rmthes-adleamHbRIRANPEEHPbIEHFLE Slse(@aupaus) and

Et[err]O and"s

he m xture s col ract 'with

Et[err] O waskHOe), 8xP%ce-8it h 0.01 N HO, then with saturated
NaHCO errk, and dry ovewnérbehé bhirhFiotlide of Example 2A is used in Step (c)

and carried through Steps (d) and (e), title compound of high optical
purity is formed, [a]p = + 37.0° {c = 1.1, CHCI3).
EXAMPLE 2A

10
OAc

'-{Il"

\\\" Q

!

acetic anhydride CeHsCHo0
pyridine

Combine the chiral product of Example 1 and acetic

16 anhydride in CHoCly, add pyridine and stir at room temperature to form

the chiral acetylated product.

OAc

CHerr]CdJ[err], add pyridine and stir at roomtenperature to form t he

chiral acetyl ated product. Step (b):

[err] - 38-

Treat the acylated product of Step (a) with 12 (a base is not used)
chiral



Concentrate in vacuo to a residue and purify the residue by col um
chromat ography (silica gel, 0%to 5% Et OAc/ hexane) to give 2.3 g of the
cyclized iodide, [err] =+ 3.7[err] (c = 1. 17, CHCJ[err]). M5 = 444
(MtH)[err] 20 .

Step (b): [err] Di ssol ve the

| odi de product of Step (a) (1.18 g, 4.01 mol) in 8 nL of DVF, then
add sodiumtriazole (0.73 g, 8.02 nmol )'3<§r‘id 5 5 drops of DWU and heat
the m xture at 100[err]C for 30 h. Concentrate In vacuo to a residue,

then partition the residue with 100 nL water §nd éL(;O nL Et CAc. Extract
the aqueous |ayer with Efeghdne gswigterbprasiichphatar (a) with jofphaseisnalry over

Na2SO4. — ConcendedtacoPding &6 thé précadisé f Exahtple 2, St neifeghare the
i ) BoEt QAc/ hexangbto 10§Fb]g(:1!f9ve thqu?ci S

residue (siliga gel . .20%to 30

triazol e proa‘?fyfa,q iodigR PRAURL t he R-trans isomer, i.e.,

[err] R-cis triazole, J. rr] = 42.1[err] (c = 1.17,
CI—'ICI[err])‘-.’. M5 = 386 ( M+H) + R-t Mzole, 0.24 g, [err] =+
10.6[err] (c = 1.12, CHOJerr]). M5 =386 15 (MH)[err]

S oTs

10
~ Dissolve the product of Example 1 (1.7 g, 5.34 mmol) in 12
mL of CHaCN, cool the solution to 0° to 5°C and add Iz (2.8 g, 11.0
mmol) and pyridine (1.0 mL, 12.4 mmol). Stir the resuiting mixture at 0°
to 5,C for 6 h, then add saturated NaxS2>03 (aqueous) and EtoO and stir
15 until the mixture is colorless. Extract with Et20, wash the extract with
0.01 N HCI, then with saturated NaHCOg, and dry over NasSO4.
Concentrate in vacuo to a residue and purify the residue by column
chromatography (silica gel, 0% to 5% EtOAc/hexane) to give 2.3 g of the
cyclized iodide, [o]p = + 3.7° (¢ = 1.17, CHCla). MS = 444 (M+H)+
20 '



-40- ° Step (c): [err]

Conbi ne the R-cis triazole product of Step (b) (0.83 g, 2.16 nmol ) ,
0.22 g of 10% Pd on carbon, 20 nL of EtOH and 1.2 nL of IN 5 Hd, and
agitate the m xture under 60 p.s.i. of hydrogen for 3 h. Filter,
concentrate the filtrate to a residue, dissolve the residue in EtOAc and
wash wi th aqueous NaHCO3. Dry the Et OAc solution over Na[err]SJOerr],
concentrate in vacuo to give the R-cis al-88hol product.

Treat the alcohol with tosyl chloride and pyridine as 10 described in

Exanple 6, Step (d) (2nd paragraph) to give the Rcis I somer of the
title conpoundStepgb)i= 101[err]-102[err]C, [err] =43.9[err] (c = 1.16,

CHCl [err]). EXAI\/Pég.,séHz

[err] =~ . 15 CsHsGHzOE Screeni ng of enzymes fof e acetylation
of the diol (IV) fromPregaration 4 or 5 is carried out Hsing a nunber
of commercially avai | abl e?enzyrresmi R-tRe foll ovg_ ng gemexal procedure.

Combi ne 0.050-0.1¢ g ofedigl (IV) anfl 1.® ml of toluepe oy CH err] CN,
containing 2- 20 ' of viny tate. 140 0.30 g of
the comrerci al > o

~N N N\>
Dissolve the iodide product of Step (a) (1.18 g, 4.01 mmol)
in 8 mL of DMF, then add sodium triazole (0.73 g, 8.02 mmol) and 5
5 drops of DMPU and heat the mixture at 100°C for 30 h. Concentrate /In
vacuo to a residue, then partition the residue with 100 mL water and 100
mL EtOAc. Extract the aqueous layer with EtOAc, combine the organic
layers and dry over NasSQO4. Concentrate in vacuo to a residue and

| chromatograph the residue (silica gel, 20% to 30% EtOAc/hexane) to
10  give the R-cis triazole product, along with the R-trans isomer, i.e.,

\

_—OCH,CgHs

my

R-cis triazole, 1.0 g, [a]p = - 42.1° (¢ = 1.17, CHClg). MS = 386 (M+H)+
R-trans triazole, 0.24 g, [o]p = + 10.6° (¢ = 1.12, CHCI3). MS =386
15 (M+H)*



enzyme preparation and stir the mixture at 20 to 23[err]C. Anal yze the
teaction mxture by chiral HPLC to determ ne: the anounts of renaining

-41- diol (IV), hydroxy acetate (lla), and diacetate (of forrmula V
wherein R2 is CHerr]); and the absolute configuration and e.e. of
chiral hydroxy acetate (lla). The results are summarized in Table 1
below. 5 TABLE 1 Source & # Ti me
Product’” conposition (% * % Enzyrre’40° ngs (hr.)

ee |V Ila \% Amano Acyl ase
53.8 22 41.12 55.76 3.12 R 29 Amano AK 45. 2

3.75 0.29 Stemic): 6.66 R 79 Amano AP- 12 47. 6 22 83. 48
15.96 @ 0.56 R 55 Amano AYO@izceHs 50. 3 3.75 0.18 58. 02

41. 80 R 94 Amano CE 3.75 0.36 92. 02 @2 R 93
Amano CE 50.0 1.66 - -" 100 - R 97 AFano CES

46. 7 3.75 5.07 1.12 R 71 Amano 0. 8 22

91. 96 7.51 Amano FAP- 15 53 92.12
7.29 0.58 R G T2 - 46. 98 10. 92
R 66 Amano GC-4 69. 41 29. 85 S 4 S 7 Amano
56.5 94 84.85 15\ - R 42 i Amano

MAP- 10 48. 1 29. 04 9.55 1. 4 -

55.6 22  94.30 5. 20 0.50 R 44  Afano P ?63 1

85. 09 14. 06 0. 85 R 7 ')&mano PS— 30 51 5

92. 02 7.70 R 77

1.41 R 44 Anano Omtage(!he Rzelsaﬂaweﬁwudz@ Sziep (b) (QJBQE, 2R16'1

Peptidase A  mMl)®.22 g of 10%13(7011 cafbén, 23) :&2 of Et(ﬁ@aﬁé 1.2mPeffN R 34
f{npggfg%'lafﬁe HCA‘ ang’ agitate the mlxture und%r %o p.s. | of hydrogen f%r 3h. P—'rlter R 59.
concentrate the filtrate to a residue, dissolve the residue in EtOAc and
wash with aqueous NaHCOg3. Dry the EtOAc solution over NasSOy,
concentrate in vacuo to give the R-cis alcohol product.
Treat the alcohol with tosyl chloride and pyridine as
10 described in Examplé 6, Step (d) (2nd paragraph) to give the R-cis
isomer of the title compound, m.p. = 101°-102°C, [a]p = -43.9° (¢ = 1.16,
CHCl3).

EXAMPLE 4

| =/00(0)cua

S

or

156
' Screening of enzymes for the acetylation of the diol (IV)

from Preparation 4 or 5 is carried out using a number of commercially
available enzymes via the following general procedure. Combine
0.050-0.10 g of diol (IV) and 1.0 ml of toluene or CH3CN, containing 2-

20 10 equivalents of vinyl acetate, Add 0.001 to 0.30 g of the commercial
enzyme preparation and stir the mixture at 20° to 23°C. Analyze the
reaction mixture by chiral HPLC to determine: the amounts of remaining



Li pase-80 Amano 16. 1 28.5 36.07 63. 69 0.23 R 63

Li poprotein  Lipase-200S Amano 77.3 28.5 78.67 19.52
.81 S 22 Newl ase A Amano 91.3 28.5 89.92 10. 02
0.05 R 51 Protease 2A °~ Amano 105.1 28.5 68.16 31.00
0.84 S 4 Prot ease B Amano 92.3 28.5 12.59 85. 26
2.15 R 59 Protease M Bi ocat al ystg4. 66.7 1.33 - 34. 85
65. 15 R 45 Al cal | i enes sp. -42-
Bi ocat al yst 76. 2 42.25 83.81 15.79 0. 40 R 51 Asp. niger
Bi ocat al yst 7 44 : .
cyl i ndracea g\o&la\?)al'vgfo xylag’é)‘té? élgﬁﬁ‘dz%‘%g%ﬁfm forl%.\gtﬁ?lwhgraﬁ ng 22 R
45 Chr.. vi scissGhiaRianghthe gbsolute condiguration and®.e. of chiral hydesxyr 5 1. 25
R 97 H. | anugherate Bay.2 i : 88. 59 6. 38
R62 M | avaﬁl cus glgsc;'atrglbﬁtkuus are ggﬁnanfie;d ﬁﬁTabl? Pelow. 73. 98 26. 02
87 M neighei Biocatal yst 63.5 - 58.51 41. 49 R
51 P. cyc?opi um Bi ocat al yst 65. J&LEIJ'SS - 100 -
R 99 Ps.fl| ueggseens Breecatagys 4 _
17.70 R 69 ( : 15. 03
0.02 R 66 Eh yj aponi cus ) v lla v ee
Amano Acylase 53.8 22 41.12 55.76 3.12 |R]29
Amano AK 45.2 3.75] 0.29 93.04 666 {R}{79
Amano AP-12 47.6 22 83.48 - 15.96 056 |R|55
Amano AY-30 50.3 3.75f 0.18 58.02 4180 |Rig4
Amano CE 47.7 3.75f 0.36 82.02 762 |R}93
Amano GE 50.0 1.66] - 100 - R|97
Amano CES 46.7 3.75] 5.07 83.81 112 |R}71
AmanoD - 50.8 22 91.96 7.51 053 [R|37
Amano FAP-15 636 | 22 92.12 7.29 058 |R|30
Amano G 77.4 22 210 86.98 1092 | R}66
Amano GC-4 47.3 22 69.41 29.85 0.74 |[S|7
Amano 56.5 94 8485 | 15.15 - R}42
| Liipase A-10 —
Amano MAP-10 48,1 | 22 49.04 49.55 141 [R|69
Amano N "65.6 | 22 . | 94.30 5.20 0.50 |R |44
Amano PGE 63.1 22 85.09 14.06 085 |R|7
Amano PS-30 51.5 3.75] 0.28 92.02 770 |R}77
Amano R 43.9 22 68.66 28.92 141 R {44
Amano 89.0 28.5 | 70.29 29.5 021 |R|71
 Peptidase A
Amano 91.7 28.5 3.82 80.95 16,24 [R}34
Aminoacylase _
Amano 20.7 ] 285 8.93 90.31 0.76 |R|59.
Lipoprotein .
Lipase-80 '
Amano 16.1 28.5 | 36.07 63.69 023 jR}63
Lipoprotein
 Lipase-2008
Amano 77.3 28.5 | 78.67 19.62 1.81 Staz2
Newlase A
Amano 91.3 28.5 | 89.92 10.02 0.056 |R|51
Protease 2A
Amano 105.1 28.5 | 68.16 31.00 084 |S |4
Protease B
Amano 92.3 28.5 | 12,59 85.26 215 |R |59
Protease M
Biocatalyst 66.7 1.33 - 384.85 65.15 {R(45
| Alcaligenes sp.




Bi ocat al yst 135.2 42.25 88.95 11. 05 - R 36 Rh.

|l avani cus Bi ocat al yst 61.7 3.00 88.78 11. 22 - R 46
Rh. niveus EDC Protease 160 131.1 28.5 76.40 23. 40 0. 20 R 48
EDC Protease 180 159.3 28.5 90.40 9.53 0. 07 R 36 EDC
Pr ot ease 102. 3 28.5 62.99 35. 34 1.66 R 17 Bacterial EDC
Pr ot ease 146. 2 28.5 80.04 19. 69 0. 27 R 12 S761 Genencor
21.1 28.5 88.27 10. 93 0.8Q%2- S 27 Acyltransferase Cells
C. 0 1128 Genzyne ' 23.0 94 12. 10 65. 62 22.28 R5 C
cylindracea G st Brocades 225. 4 28.5 12.45 85.77 1.78 R
76 Pi ccant asm'a 90.28] 83161 | OU50® 84T R[51 1419
S 8 Calf |ippasp. biget Brocades 135.2 94 67.55 26. 59 5. 86
S 1 Kid |ippBiecdtalst Pept | (a6r.4 41%.38] 2228 o407 23.66 4BR [55 0. 60
S 25 Intersp| &mgaal 54 .4 1 45 27.3 65. 53 7.10 S 34
Prot ease BP1]BipeaidlysC i molhi 55.Befl BE@B; | €7 shex Bkt er | al 0221, YR | 485
15. 45 76. 49| Chr.viscosumg 1 5g broteake BP2 Iy ade C lngmhilizeld ¢/92
| nt er spex Fu 481.2 | 33183 -61.p6 9875 4]g71.25: BY otlease
FP1 G ade C 43 =S¢
667 94 X ) 64.3 | 42.25] 503 88.59 6.38 6
Blocatalyst 70.7 | 18 - 73.98 26.02 [R]|87
M. meihei
Biocatalyst 63.56 18 - 58.51 41.49 R {51
P. cyclopium
Biocatalyst 65.8 1.33] - 100 - R]as
Ps fluorescens
Biocatalyst 84.1 18 - 82.30 17.70 R]69
Rh. delemar
Biocatalyst 96.3 | 42.25] 84.95 15.03 002 |[R|66
{.Bh. japonicus
Biocatalyst 135.2 42.25] 88.95 11.05 - R |36
Rh. javanicus
Biocatalyst 61.7 3.00[ 88.78 11.22 - R |46
| Rh. niveus
EDC Protease 160 | 131.1 2851 76.40 | 23.40 0.20 1Rj48
EDC Protease 180 | 159.3 28.5 | 80.40 .L.sg 0.07 [R|36
EDC Protease 1023 | 285 | 62.99 35.34 166 |R[17
Bacterial -
gggrrotease 146.2 28.5 | 80.04 19.69 027 [R}12
Genencor 21.1 28.5 | 88.27 10.93 0.80 S |27
Acyfitransferase ;
Cells C.0. 1128
Genzyme 23.0 94 12.10 65.62 2228 JR|5
C. cylindracea )
Gist Brocades 2254 | 285 | 12.45 85.77 1.78 |R|76
Piccantase A .
Gist Brocades 96.3 94 58.68 | 37.12 419 |S |8
Calt lipase -
Gist Brocades 135.2 94 67.55 26.59 5.86 Sit
Kid lipase —
IBT Peptidase 45.0 22 94.97 4.43 0.60 ]S |25
Interspex Bacterial 2544 | 45 27.36 65.53 7.10 1S ]38
Protease BP1
Grade C
immobilized 6/92
Interspex Bacterial [271.4 | 45 15.45 76.49 8.06 [S|58
Protease BP2
Grade C
immobilized 6/92
Interspex Fungal 128.6 45 33.57 61.56 4.87 R|139
Protease FP1
Grade C 6/92




| SC*BP1 55.6 94 76. 83 22.96 0.21 R 5 1SO BP1 i mob

70.0 94 9.21 77.76 13. 03 R 45 | SC BP2 81.2 94
78. 16 21.63 0.20 R 5 I SC BP2 i nmob 63.5 94 46. 88 47. 41
571 S 50 I SC BP3 64. 3 45.75 76.79 23.94 0. 27 R 4
| SC BP4 76.2 94 96. 89 3.11 - S 34 | SC BPGL 65. 8
94 81. 62 18.18 °  0.20 R 8 ISC FP1 65.8 94 71. 40 28. 25
0.35 R 40 Meito WY 48. 3 3.75 Q4385 65. 27 34.58 R 95 Meito OF
47.1 3.75 3.00 86. 63 10.37 S 8 Meito PL 47.0 3.75 -
11.79 88. 21 R 55 Nagase 117.8 28.5 80.93 15. 69
3.37 R 24 2 A I - O e 0 2T Y
0.59 .2 3 zopub-S%5. —‘7%1——3—@@ g.21 % 3
18.47 R 95 | . 5 9.3 77.7 ~ 13.03 145 | _ _
Novo SP 523 {ISCHiE 24} 81.24 o84 | 7836 d1 21.63 5 g OROGT Rl Sovh sP
524 100 }I8Q BP2 immaoly 605743 84 54888 H 9148.400v0l SF5325]S |8®0
24 14. 21 |ISCBF3. 57 %3%0 457516 78K _|SP B384 1000.27 {RM4 - | 67. 39
27.10 . AS6BP4S 52. 5 Noi&2 P48 9B8ABal 3.0.11 - - S134 }100
- - Quest KIBCBBEIT X 8pb.65.8 |209% |/Bi/62 | 101698 Q284 R|B6 fuest
122.6  28. ' 1SBFPY/ 658 94 P .AK0 | 228280 PC0B8 (RpA0
95.0  28.5 I'Mdito##Y TP 483 | 3.75} 0D.15 | ! S AT
112. 1. 28. 5 A L4ff 3.7 29 P 4 ::ézal SF ! ific
Protein 175=de——-% —56- 7 333 s =aps } i—i-+-pase
Sei kagaki Lijge /1.t d 4%-’%5 26132 " ! lﬁ; Vi LzHpus
del emar Si gniNa4as5 1888, 8093, 158 12 3371@ Rsp24 gl 37
Aspergi | | us RebeaSe—Srome € 308 B0 957545t
2.24 S 19 AR -\ g‘%ﬁ' X N 22 W EX R 289 d R %0} 36
0.18 S 23 THRERaEY STTET wmwm FaSB s 40P[F |45
86. 60 12} X¥415 Rhizbbus? ? 'Hype XIJ1 Aspeygillus sajtoi

Novo IM20 61.7 3.00] - 81.53 18.47 |R|95

Novo SP 522 100 24 98 2 - - |-

Novo SP 523 100 24 62.93 30.91 598 |R|}|67.3

Novo §Pﬁ 524 100 24 8.49 33.73 532 [R|91.5

Novo SP 525 100 24 | 14.21 57.57 26.60 |S {26

Novo SP 526 100 24 67.39 27.10 252 1S|562.5

Novo SP435 84.1 3.000 - - 100 -1-

QuestKidPGEIX | 86.9 | 285 | 78.71 19.05 224 | 716

Quest 1226 | 28.5] 91.97 5.531 243 | 7123

Lamb PGE IX '

Quest 95.0 | 28.5| 77.22 18.94 384 [S]3

| Protease acid

Quest 1121 | 285 | 97.04 2.92 0.04 R[50

| Protease fungal | ___ _

Scientific Protein  |175.4 | 45 0.00 55.33 4467 |R|24

Labs PEC High : _

Lipase - _

Seikagaki Lipase 30.0 | 45 73.27 26.32 041 | ?]4

Rhizopus delemar

Sigma Acylase | 88.2 | 45 4.20 76.12 19.68 [R]832

Aspergillus

| melease —_

Sigma Acylase | 19.8 45 80.95 16.81 224 |S{19

Porcine Kidney '

Sigma Protease | 147.6 | 45 63.46 30.36 0.18 [S |28

Type IV

Streptomyces

caespitosus

Sigma Protease  [205.3 | 45 86.60 12.88 052 [?]e9

Type Xl

Aspergilius saitoi




-44-° Si gma Prot ease 23.1 45 85.72 12.11 2.16 S 33
Type XXV bacteri al Si gma Pr ot ease 50.9° 45 66. 97 25. 80
7.22 R 21 Type XXVI | (Nagar se) Si gnma Pr ot ease 238.9 45
86. 29 13.02 0.68 S 44 Type XXXI Bacillus licheniforms
Si gma PPL 102.5 5.50 - 93. 97 6.03 R 41 Si gma
Wheat germ 23 94 86. 31 13.51 0.18 R 5 Sol vay AFP 2000
116.5 45 9.08 83.74 7.18 &340 Sol vay PPL ~80.4 20
9. 69 90. 31 - R 29 Toyobo LPL 9.7 3.75 2.96
53. 66 43. 37 R 29 Toyobo NEP-160 51.8 94  68.96 30.71
0.33 S 41 ; e =) 4430 3936 46+ 60 ?
4 Achro o ™ N s O I SR BRSO B T 0
"43. 39 0{8igma se | BOXCPEES | 66.87 JOKR58(aSE B7.22 1 211'“7
0.00 - 64 Type Xxvii35. 28 | R 50 Pseudonpnas {ragi *
Denot es absol ' dtion &t thefchirallcenter infd(lla).
EXAMPLE 4A Sigma Protease 238.9 45 [ 86.R9 13.02 0.68 [ S 144

Type XXX Badillus

licheniformis

Sigma PPL 102.5 550 - 93.97 6.03 [R |41

Sigma Wheatgerm | 23 94 86.31 13.51 0.18 |R|5

Solvay AFP 2000 ]116.5 | 45 9.08 83.74 7.18 |R {40

Solvay PPL 804 ] 20 9.69 90.31 - R {29

Toyobo LPL 8.7 3.75] 2.96 53.66 4337 [R|[29

Toyobo NEP-160 | 51.8 | 94 68.96 30.71 0.33 [S |41

Wako 17.3 | 45 44,30 39.10 16.60 | ?7]4

Achromopeptidase ‘

TBL-1

WakoLipasePN " | 323 | 45 56.11 43.39 0.48 |RJ77

Phycomyces

nitens

Wako Lipase B 1.0 | 45 0.00 64.72 35.28 |R[50

Pseudomonas :

| fragi -

* Denotes absolute configuration at the chiral center in (Ifa).
5 Prepare a 0.2 M solution of the prochiral diol in toluene.

Add the diol solution to a mixture of vinyl acetate {5 equivalents) and

the commercially available enzyme Novo SP435 (Candida antarctica)

(Novozyme 435) and agitate the mixture at 20° to 23°C. Analyze the S

hydroxy ester product as described in Example 4. The results of several

10  such experiments, using the quantities of reagents indicated, are

presented in the following table.



5 ° Prepare a 0.2 Msolution of the prochiral diol in toluene.
Add the diol solution to a mxture of vinyl acetate (5 equivalents) and
the comercially avail able enzyme Novo SP435 (Candi da antarctica)
(Novozyne 435) and agitate the m xture at 20[err] to 23[err]C. Analyze the

S hydroxy ester product as described in Exanple 4. The results of
several 10 such experinents, using the quantities of reagents indicated,"
are presented in the follow ng fahys.

-45- . di ol | i pase tinme % nono e.e.

(mn) acetate 4.9 ¢ 0.54 g 85 87.2 90%

6.1 g 0.90 g,. 1 : 89 % 1144 g* 0.51 ¢
210 74. 6 diol e g % mpnp §  e.e. g 71.1

96 % ' [ solution in

mmt@ . 4 Mdiol
i qr seives to dry

90%Thé reaction is al so
ireggfe,O[ grr] to 35[err]C,
rlbed abqve to give the
T@ﬁp" pfoduct conposition

t ol uene
t he di ol
run in a varfi et g,
vi a subst antfi al_|
fol |l ow ng rdsulld <

(% % 107g g epzyngo 71.1 96 % e.e
# equiv ratio g/g* [Ehislréaction Was ruhlusing a 0.4 M diof solutfsr & toldene 10.0

4.0 0. 5.76 * BRisHactidN wd rurdlsing molecﬁldFseweslt@ dly the ﬂlcﬁ 0
2.41 80. 65 1&oRi2ne Sdlution. D oxane 10.0 1.01

74. 71 24. 26 93 CH err]CN 10 0 4 0 0 0 77. 06
22.94 83. 07 15. 74

94 Brol uene 10, e reaelign is also i in & yatigly of SEiSNs, ot % o3 03
Al cohol 5. Qempeenamre of 0°@o 3536, Ui subsiantidlly the Gaffle prédedure as

Preferably thed-RREH MbveTo dile 174 Mlicvig Felif@! ution of the

Solvent  vinyl diol/ Temp. product composition (%) %
acetate enzyme e.e

# _equiv_ratio g/g °C 1V ITa \4
iPr20 10.0 4.0 0. 5.76 83.85 10.39 91
THF 10.0 4.0 0 2.41 80.65 16.93 87
Dioxane 10.0 4.0 20-23 1.01 74.71 24.26 93
. CH3CN 10.0 4.0 0 0 77.06 22.94 98
Acetone 10.0 4.0 0 1.18 83.07 15.74 94
Toluene 10.0 4.0 0 0.86 89.21 9.93 83
s 4.0 0 3504 5756 7.40 91

Preferably the reaction is run using a 0.9 M solution of the
10  prochiral diol and 1.5 equivalents of vinyl acetate in CH3CN at 0° to 5°C.

EXAMPLE 4B

OH




10 prochiral diol and 1.5 equivalents of vinyl acetate in CH err]CN at

Q[err] to 5[err]C EXAVPLE 4B

[err] - 46-

The reaction was run using the comrercially avail able enzynme Amano CE
(Hum cl oa | anugi osa) according to the procedure of Exanple 4A to form
the R hydroxy ester. The results of several such experinents are
presented in the follow ng table. -4¢- di ol | i pase time % nono
e.e. (mn) acetate 0.05 ¢ 0. 05¢ 95

97 99% 5.3 ¢ 5.09¢ 97.3 96% 1.0 g
0.1 g** 930 92 8 97.6
9704 77 g Tt;e rea%ng”owas run g%r@ fhe ccgérq%r@ially avéiféble, , The

enzyme used i @QZME@eA%@r Feltlumigloa lasugiasal @ocetding to the procedurerafvi ous

run and re- Usﬂample 4A to form the R hydroxy ester. The resufd\fldavaral such
[err] I ol product of Preparation 4

0
or 5 (0.5 ﬁ fxi?gr'memsﬁ%”eme%ﬂﬂ@g‘ﬂwgﬁ?@[err] cool to O[err] to
S[err]C, tYen add Br[err] (0.112 ni 2.19 mpl) and pyridine (0.117

m., 2.19 nmol}) adélobtir ]fpag@xturﬁang Olesmhono | te.8lerf]C for 18 h..Add

25 mL of CH drr]C[err]f, wash sjucgessive w,ith 10 nL of 1 10% _
Na[ err] SO er rfe—=10_0d i%;@i‘_j@:ﬂéﬁﬁ% . _ hen dry over
MySO err]. Cdncends gt e |i 0.08¢uU0 t 0 g5 I es| duegand *hrggx%og aph the-

residue (silifca ggg 1C%EtOgC/ hexaégs) tp gby%o 59 geg} he brom de
. . . (]

109 0.1 g™ 930 92.8 91 %
5.0g 5.0g 170 97.6 97 %
779 1.0 g 170 91.3 95 %

** The enzyme used in these experiments was recovered from a
previous run and re-used.

EXAMPLE 5
F OH — OH

s
=
3
s
id

OH

10 : (racemic)

Combine the diol product of Preparation 4 or 5 (0.5 g, 2.19
mmol} and 10 mL of CH2Clp, cool to 0° to §°C, then add Brz {(0.112 mL,
2.19 mmol) and pyridine {0.117 mL, 2.19 mmol) and stir the mixture at 0°
to 5°C for 18 h. Add 25 mL of CH2Clp, wash successively with 10 mL of

16  10% NazSOg, 10 mL of 1N HCI, and 10 mL of NaHCOg, then dry over

MgSO4. Concentrate in vacuo to a residue and chromatograph the
residue (silica gel, 10% EtOAc/hexane) to give 0.59 g of the bromide
product. MS = 307 M+



product. M5 = 307 M+ ' -47-

JEXAMPLE 6 - Jerr] Step (a):

[err] 5 Corrbl ne the diol product of Preparation 4 or
5 (3.80 g, 16.6 mml ), 50 nL of CHerr]CN and 2.0 nL (25.0 mmol ) of
pyridi ne, cool - the mxture to O[err] to 5[err]C, then add 12 (8.45 g,
33.3 mmol ) and stir at O[err] to 5[err]C.for 1 h. Add 500 nL of
Et[err] O and 100 nL of 10%Na[err]8qerr]r, stir for 5 10 nin, then
separate the |layers. Wash the organic layer with 50 nL of 1 N HCO , 50

m. of 5% NaHCO err], and 50 nlL of brine, then dry ever MgSQerr].
Concentrate in vacuo to a residue an ’ tograph the residue

(silica gel, 10% Et OAc/ hexane) to glg@%ofo e racem c iodide
product. M5 = 354 M+. 1H NMR indicates the prgo‘ﬁct is a 84% 16% 15 m xture
of trans and cis isoners. Step (b): 3 [err]

Step (a):

OH 3

Combine the diol product of Preparation 4 or 5 (3.80 g, .
16.6 mmol), 50 mL of CH3aCN and 2.0 mL (25.0 mmol} of pyridine, cool
the mixture to 0° to 5°C, then add I (8.45 g, 33.3 mmol} and stir at 0° to
5°C for 1 h. Add 500 mL of Et2O and 100 mL of 10% Na2S0Oj, stir for 5
10 min, then separate the layers. Wash the organic layer with 50 mbL of 1N
HCI, 50 mL of 5% NaHCOg, and 50 mL of brine, then dry over MgSOa.
Concentrate in vacuo to a residue and chromatbgraph the residue
(silica gel, 10% EtOAc/hexane) to give 5.10 g of the racemic iodide
product. MS =354 M+. TH NMR indicates the product is a 84%/16%
15  mixture of trans and cis isomers.

Step (b}:




-48- Conbi ne the iodide product of Step (a) (5.00 g,

14.1 mol) and 50 nL of CHerr]dJ[err], add 3, 4-di hydro-2H pyran (1.93
m., 21.2 nmol) and 0.1 .g of p-TSA nonohydrate, then stir the mxture
at room tenmperature for 2 h. Add 100 nL of CHerr]Cd[err], wash with
50 nmL of 5% 5 Na[err]CJerr] and 50 nL of water, then dry over MgSO err].
Concentrate in vacuo to a residue and chromatograph (silica gel, 2.5%
Et OAc/ hexane) to give 5.61 g of the4é acem ¢ THP et her product. Ms 439
M+ Step (c): [err]

Conmbi ne the THP et her product of Step (b) (5.54 g, 12.6 mol ) and 60

f dd % sod d
o s 000 et AR gl Sy 10 RS o
Cool the ni xt and S50omLoef HeGxe add 3, 4-dikydroe?ityran (h%anuozm mmid)
b one. Extrach g S%,ao‘”ed ﬁ'?"r fenEHfitefle, i8NSt He Hpdtre 8RGO T 01 o
Et OAc | ayers arapenaygefer 2h. Agd0 mhiaf CHaClec Washvith g@énldgtﬁ% hen

chr omat ograthaaeoseandl 80 fﬁ’é'df Iv@a%egqhen En0ver M@maf eCénéénteatfint he

{fo]m ¢ triaz ?,",8,, to g resndue and cﬁromatograph (smca ggl &@% EtOAc/hexane)

to give 5.61 g of the racemic THP ether product. MS = 439 M+

10
Combine the THP ether product of Step (b) (5.54 g, 12.6

mmol) and 60 mL of DMF, add 90% sodium 1,2,4-triazole (2.30 g, 25.2
mmol) and 5 drops of DMPU, then heat the mixture at 90° to 100°C for
48 h. Cool the mixture to room temperature, concentrate in vacuoto a
15 residue, and partition the residue in 100 mL of water and 100 mL of
EtOAc. Extract the water layer with 100 mL of EtOAc, dry the combined
EtOAc layers over MgSOy4, concentrate in vacuoto a residue, then
chromatograph the residue (silica gel, EtOAc) to give 4.17 g of the

racemic triazole product. MS = 380 M+
20




- 49- ' Conmbi ne the triazole product of step (c) (4.10 g,
A12.2 nmml ) and 50 nmL of 10% HCl and stir at roomtenperature for 18 h.
Concentrate in vacuo to a residue, dissolve the residue in 150 niL

CH err]C[err] and 50 nL of water, then add 10% Na[err]CJ err] (dropw se)
to adjust 5 the aqueous layer to pH = 8. Separate the | ayers, wash the

organi c | ayer with 50 nL of brine, dry over MgSO err], then
concentrate in vacuo to give 3.02 gggf the al cohol.

Conmbi ne the al cohol and 30 niL of pyridine, cool the m xture to O to
5[err]C, and add tosyl chloride (2 13 g, 11.1 nmmol). Stir the 10 m xture
al Oferr] to S[err]C fogdfbe zva;erpqeae,etwwr( @105, 1820
Concentrate in v d\,é) fs ao ve resi ue In- 1

CH err]d [err]"‘m QH“-S@ B rsﬂrgbr%mé?mmﬁamtqrér&qx and 50 niL
of br i n€orickatratls in vaswo %@%smﬁéndi%@b)v@ttﬁelr@sm@uﬁ 150 AL s due and

Commouna NG kERE) mi"bFuter, theh Y 3ok bl (GropRisef 6 adiist” *°
p- chl or obezethes aljieoys layer to phie=8or Separate the layers) washithe orgiinke (d) and
Lhe otntor on el il Y mi Bt BAAE, @A 1G85, then coftieffai8 94 vABGY T 9, /S
20 give 3.02 g of the alcohol. EXAVPLE 7
[err] Combine the alcohol and 30 mL of pyridine?€ool the

mixture to 0° to 5°C, and add tosyl chloride (2.13 g, 11.1 mmol). Stir the

d 10  mixture at 0° to 5°C for 18 h, then at room temperature for 18 h.

Concentrate in vacuo to a residue, dissolve the residue in 100 mL of

CH2Cly, wash with 50 mL of water, 50 mL of 5% NaHCOg, and 50 mL of

brine, then dry over MgSO4. Concentrate in vacuo to a residue and

chromatograph (silica gel, EtOAc) to give 3.13 g of the racemic title

15 compound. MS =450 M+ |
Substituting p-chlorobenzenesulfonyl chioride for tosy!
chloride in Step (d} and following substantially the same procedure as
described above gives the p-chlorobenzenesuifonyl analog (6A).

—0S0;C5H,Cl
!|= \/\ | 6A
(e,
PN Ty
. T '(

20




Step (a): [err] . Essentially follow ng the
procedure described by Evans et 5 al, J. Arer. Chem Soc., 112, 8215-8216

(1990), conbine the oxazol i di none product of Preparation 6 (2.18 g,
5.88 mml) and 24 nL of CHerr]C[err] at O[err]C, add 6.5 nL of 1M
Tic[err] in CHerr]dJerr]. Stir for 5 mn, then add 1.12 nL of

Huni gs base and stir at O[err]C for 30 mn. Add a solution of
1,3,5-trioxane (0.67 g, 7.44 mmol) in 5_ of CH err]C[err], then add
another 10 6.5 nL of 1 MTid[err] in err]C[err] and stir at O[err] to

3[err]Cfor 2.5 h. Add 10 nL . of saturated NH err]d and stir for 5
mn, then sep " _he layers and extract the aqueous phase with 20 nL
CHerr]d [err)g—g%z‘ﬁjoi ne the organic phase and the extract, wash with

brine, dry ove-r NgSq err], concentrate i n vacuo rgsi due.
Chr omat ogr aph the resi du (&?hfl C ¥ 5%t 25%;%0%?@ to give
1.33 g of the chiral profuct, [er fo)

CHC [err]). Ms = 40 L) +

[err]

Combi ne the prodig ‘1 g, . 5 nnD of pyhki di ne

and 20 nL of CbH cool to9Q[err]C t adg”1. 78 g of IQerr]. “Stir
the m xture at roomtenperature for 20 h, then quench the reaction with
dilute aqueous Na[err]S[err](err]. Extract with Et[err]O (2 X 20 nL),

fgg}’hﬂg E hen ext r actssspntiafly YolRwing WSptsdddure GReApbd HyeEvanyaguo to a

hg al, J. Amer. Chem. Soc., 112, 8215-8216 {1990), combine the
oxazolidinone product of Preparation 6 (2.18 g, 5.88 mmol) and 24 mL
of CH2Cls at 0°C, add 6.5 mL of 1M TiCls in CHoClo. Stir for 5 min, then
add 1.12 mL of Hiinigs base and stir at 0°C for 30 min. Add a solution of
1,3,5-trioxane (0.67 g, 7.44 mmol) in 5 mL of CH2Clg, then add another

10 6.5 mL of 1 M TiCl4 in CH2Cl2 and stir at 0° to 3°C for2.5 h. Add 10 mL
of saturated NH4Cl and stir for 5 min, then separate the layers and
extract the aqueous phase with 20 mL CH2Clo. Combine the organic
phase and the extract, wash with brine, dry over MgSOy4, then
concentrate in vacuo to a residue. Chromatograph the residue (silica

15  gel, 15% to 25% EtOAc/hexane) to give 1.33 g of the chiral product,
[ojp =~ 62.9° {¢ = 1.7, CHCl3). MS =402 (M+H)*

Step (b):

20 Combine the product of Step (a) (1 g, 2.5 mmol), 0.45 mL
of pyridine and 20 mL of CH3CN, cool to 0°C, then add 1.78 g of I2. Stir
the mixture at room temperature for 20 h, then quench the reaction with
dilute aqueous NasS204. Extract with Et20 (2 X 20 mL), combine the
extracts and dry over MgSOy4. Concentrate in vacuo to a residue then



-51° chromat ograph (silica gel, 15%to 25% Et OAc/ hexane) to give
J1.18 g of the chiral iodide product (89.8%yield). M5 = 528 (M-H) +
Step (c): [err] Conbi ne the iodide product of Step
(b) (0.9 g, 1.71 mmuol) and 35 nL of THF and cool to -780C, then add
0.85 nL-of 2MLiBH err] in THF and stir the mxture for 1 h while
warmng to roomtenperature. Stir for 2 h at roomtenperature, then
cool to -10[err]C and quench by adding K. saturated aqueous NHerr]C .
Stir for 0.5 h, concentrate in vacuo to a resi due, partition the

resi due between CH[err]CI [err] and water, separate the | ayers and dry

the organic I %Fr l.iéz;é I due
-and chronato Eg@rrg ; dd 510/5?%%%0};?%‘? HB}/{&gﬂES 18d8€ of the
chiral .produ 8% yield).c MS #)528 ( +H"‘ [err]

Combi ne t he product of Step (c) (0 3 g, 0.85 mmol), sodiumtriazole
(0.86 g, 8.5mand 5 nmL of DMF and heat at 80[err]C 20 under nitrogen
for 24 h. Cool. the m xture, di uteovmth 50 mL of water and extract
with CHerr]dJerr] (2 X 40 n1_ ne the extracts, wash with brine,

dry over MgSO err], then c tr vacuo to a resi dua.

N
Son

l'q
7H

Combine the iodide product of Step (b) (0.9 g, 1.71 mmol)
and 35 mL of THF and cool to -78°C, then add 0.85 mL of 2M LiBH4 in
THF and stir the mixture for 1 h while warming to rcom temperature. Stir
for 2 h at room temperature, then cool to -10°C and quench by adding

10 saturated aqueous NH4Cl. Stir for 0.5 h, concentrate in vacuo to a

residue, partition the residue between CH2Clo and water, separate the
layers and dry the organic layer over MgSO4. Concentrate in vacuoto a
residue and chromatograph (silica gel, 15% to 30% EtOAc) to give 0.43

g of the chiral product. MS = 355 (M+H)*+
15 -

SSo0H

Combine the product of Step (c) (0.3 g, 0.85 mmol),
sodium triazole (0.86 g, 8.5 mmol) and 5 mL of DMF and heat at 80°C
20 under nitrogen for 24 h, Cool the mixture, dilute with 50 mL of water and
extract with CH2Cl2 (2 X 40 mL). Combine the extracts, wash with brine,
dry over MgSQy, then concentrate in vacuo to a residue.



-52-° Chr omat ogr aph the residue (silica gel, 50%to 75% Et CAc) to give

0.101 g of the title conpound. M5 = 296 (M+H) +

Unreacted starting material (0.138 g) was al so recover ed. 5

EXAMPLE 8 : [err] Prepare a
50 mM sol ution of KO in 20% THF/ wat er. Usi ng this solution, prepare 5
nm. of a 0.2 Msolution of the diacetate product of Preparation 7A
(The pH of the resulting solution is maijgained at 7.5 by 10 titration

wi th aqueous NaOH, as needed, throughout the course of the reaction.
Add 0.12 g of Amano CE and stir at roomtenperature for 18 h. Filter

the m xture, ' ' bri ne,
and dry over %%%Eﬁ?ii%{o@ggﬁﬁéﬁwﬁ( | %%%%[ﬁ?g?wgﬁ?a%@%)h?@f}e 0.101
product -in 98% & 8'% n 5y | PLC. 15

EXAMPLE 9 Unreacted starﬁﬂ? material (0.138 g) was also recoV¥regare a
solution of 7.0 g of the dibutyrate of Preparation 7 in 63 n. of a 50
nmM sol uti og of KClI in 20% THF/ wat er. M@_& of 20 Amano CE and stir the
m xture at 22[err]C, while rraintaki%éliy the pHat 7.5 by Sictéé%yon with
agueousNaOH using a pH stat, fg B Extract he m 3 K 3gi ve an
81.5%yield of the ip 99% e. e. T H eaction can
also be run in wate i N4 THE bOp)CHs su antiql | y e sore

Prepare a 50 mM solution of KC! in 20% THF/Awater. Using
this solution, prepare 5 mL of a 0.2 M solution of the diacetate product of
Preparation 7A. (The pH of the resulting solution is maintained at 7.5 by

10 ftitration with aqueous NaOH, as needed, throughout the course of the
reaction. Add 0.12 g of Amano CE and stir at room temperature for 18 h.
Filter the mixture, wash the filtrate with water, aqueous Na>COg, then
brine, and dry over MgS04. Concentrate in vacuo to give the chiral
product in 98% e.e., as determined by chiral HPLC.

15
EXAMPLE 9 |
c OC(0)C4Hs ook
OC(0)C4He 2" on
e ———

Prepare a solution of 7.0 g of the dibutyrate of Preparation
7 in 63 mL of a 50 mM solution of KCl in 20% THF/water. Add 5.0 g of
20 Amano CE and stir the mixture at 22°C, while maintaining the pH at 7.5
by titration with aqueousNaOH using a pH stat, for 6.5 h. Extract the
mixture to give an 81.5% yield of the S product in 99% e.e.
The reaction can also be run in water (excluding THF) by
substantially the same procedure as described above.



-53: W Caim 1. A process for preparing conpounds of
the fornula (1) H

[err] 5 wherein: ais CHor N, X[err] and X[err] are independently
For d; and Eis -SOerr]Rerr], wherein Rerr] is (Jerr]-Cerr]

al kyl, aryl, substituted aryl or -CF[err]; conprising the steps:

(a) cyclizing a chiral alcohol of the formula (I11) [err] - 10 wherein
X[err] and X/ err] are as defined above, -88d R is a hydroxy protecting
group selected from-CHerr]-Cerr]Herr], tetrahydropyran-2-yl or
-C(ORerr], wherein Rerr] is (Jerr]-Cerr] alkyl, aryl or

-(CH err])[ er \¥e@iaim] H wherein n is.1, 2, 3 or 4, by treating with a
hal ogen and a base to forma chiral halide of the formula (111)

[err] -~ wherein X err], Xerr] and R are as defined above, and
Xerr] is d, 1Br or |; dhgrocess for preparing compbbids of e formuldaé¢I)hal i de of
formula (I11) of step (a) with an - algkali nmetal triazole or imdazole
to forma chiral conpound of the fordul@~(LLl), wherein Xerr] is

i m dazolyl or triazolyl; removing \ OE

N M
5 wherein: a is CH or N; X1 and X2 are independently F or Cl; and E is
-SO2R8, wherein R is C1-Cg alkyl, aryl, substituted aryl or -CFg;
comprising the steps:
: (a) oyclizing a chiral alcohol of the formula (II)
X! H Q

N
SN
R

. OH (I

10  wherein X1 and X2 are as defined above, and R is a hydroxy protecting
group selected from -CHa-CgHs, tetrahydropyran-2-yl or -C(O)R1,
wherein R1 is C1-Cg alkyl, aryl or -(CHg)nCO2H whereinnis 1, 2, 3 or 4,
by treating with a halogen and a base to form a-chiral halide of the
formula '(III) '

15 (I11)
wherein X1, X2 and R are as defined above, and X3 is Cl, Br or |; and

(b} treating the halide of formula (III) of step (a) with an
alkali metal triazole or imidazole to form a chiral compound of the

formula (II1), wherein X3 is imidazoly! or triazolyl; removing the

T



-547 protecting group Rto forman al cohol of the formula (I11),

wherein Ris H, and treating the al cohol with a conmpound of the
formula E-X, wherein Xis O or Br, and E is as defined above, to
formthe conpound of formula (1); or 5 (bi)
renoving the protecting group R fromthe halide of formula (111) of
Step (a) to forman al cohol of the forrmula (111), wherein Ris H

treating the alcohol with an alkali netak,triazole or imdazole to

forma chiral conpound of the formula (II'l'), wherein X[ err] is triazolyl or
I mdazolyl, and Ris H and treating the alcohol with a conpound of the 10
formula E-X, wherein X is or Br, and, E.ig,as,defin abave, to formthe
conpound of fd %‘”QIQ’.OUP% to form an alcohot of the fﬂfﬁBﬂégﬁ eihgRtis claim 1
wherein-R i s -Hy&)dRireatihg thadicohol withhe compouhd ®f theforwmea &-X{ etk (11)

Che roP (R L X e €P8F BY, dha B Uil Bovel RS i Hebiflpdlit Bt 2 41 0 f

the fornmula (I wth
an effective dovouta @) er nild acylating agent in the presence of an

t t he chi ; : ' | :

[egﬂ/]rre ° grvr;wr 2i :‘:1 ﬁ(aa#brliygi\ "Zé?rfé gﬁ;eteé@d;g#@ﬁgﬁ fg%rgvttée hgggelg[ferr] i's
Jerr]-derr] famyla (hhyaf Yep (a) to farrranaleghql of thetomypHllnehereinn is 1,
o ety s Pueaing e dech e ahegmatfigsole brumoeee 1
- ) . I X X

i s prepared b3°5{“£r>°h*f$'r%aegu'&<§H{)W%fq{ay%ﬁ@t 8%%9.’9‘“ st ZO?Y‘ or Io(i )
esterifying tHmigazolyl| and RiisoH; ahd teatingahé lalgohal Witheaa compoundrofuhe of an
acyl ati ng189ebrfilifa%8iX, WohdrBid K18 o? 75858 £ d et Méve, to fomf e

compound of formula (I).

2. A process according to claim 1 wherein R is -C(O)R1, and
the starting compound of formula (II) of Step (a) is prepared by
15  selectively esterifying a prochiral diol of the formula (IV)
X! OH

x2

oA Iv)
with an effective amount of a mild acylating agent in the presence of an
enzyme to form the chiral hydroxy ester of formula (Ila)

Xt H Q.
F }_ R
X2 o
OH (Ia)

20 wherein X1 and X2 are as defined above, and R1 is C1-Cg alkyl, aryl or
«(CH2)nCO2H, whereinnis 1,2, 3or 4.

" 8. . A process according to claim 1 wherein R is -C(O)R1, and
the chiral hydroxy ester of formula () of Step (2} is prepared by a
25 process comprising the steps:
1) esterifying the prochiral diol of formula (IV) with an
amount of an acylating agent effective to form a diester of the formula
V)

R ) )



-552 Jerr] wherein X err], Xerr] and Rlerr] are as defined

above; and ' (ii) stereosel ectively hydrol yzing the diester of
formul a (V) of step (i) in the presence of an enzyne to forma chiral
hydroxy 5 ester of the fornula (Ila) [err] wherein Xerr], Xerr]
and Rlerr] are as defined above. 4. A process according to
claims 2 or 3 wherein the prochiral 10 diol of the formula (I1V) is prepared
via a process conprising the steps: -55- .(Al) converting an allylic
al cohol of the formula (VI) [err] wherein X err] and X err] are as
defi ned above, to a conpound of the formula (Vi) 15

(M1) :

V)
wherein X1, X2 and R1 are as defined above; and
(i)  stereoselectively hydrolyzing the diester of formula
(V) of step (i) in the presence of an enzyme to form a chiral hydroxy
5 ester of the formula (IIa)

e}
; R‘l
o
. (IIa)
wherein X1, X2 and R1 are as defined above.
4, A process according to claims 2 or 3 wherein the prochiral

10  diol of the formula (IV) is prepared via a process comprising the steps:
(A1) converting an allylic alcohol of the formula (VI)

x! |
OH
x (VD)
wherein X1 and X2 are as defined above, to a compound of the formula
(VII)
x1
L1
15 X (VD

A O




- 56+ wherein X err] and X err] are as defined above and L[err] is a
| eavi ng group sel ected from hal ogeno, -GSO err]CFerr] and

-8 err]Rerr], wherein Rerr] is as defi ned above;

(A2) reacting the product of Step (Al) with an amount of 5 an alkali
netal salt of the anion derived froma di ((Jerr]-Cferr] alkyl)nalonate
effective to forma diester of the formula (VIIl) [err] - wherein
X[err] and X[err] are as defined above, agg-Rlerr] is Clerr]-Clerr] alkyl;

(A3) treating t

anount of a hydride reduci ng agent effectlve to formthe

he diester of the fornmula (MIII) of Step 10 (A2) with an

prochiral

di ol of the for 1L A et kQ to claim
1 wherein the cvﬁi%r%llr{gﬁ caor?"ldo?(2 e as fE)nrez"r(rju v('% %‘8 Lf C‘%?“Z’Sg?ﬁ‘?’ &\%ﬁgr ein Ris
- CH err] - er r |3gleqteq frarg fmime&DéDFs an d pOSQR2R6, whereinsRids ake st eps:

(Bl) reacting Qjé}m&om f the formula (IX) [err] wherein X err]
and X err] are wth

a conpound of t

he 1 or ml Ador epelion Menjeduc Ststep IRT) wih ancarmeRint of

a | eaving gsourarsalkaﬂtmdtai samoﬂthe Bmo’nmeﬁved frofnhe di(oalse@@ﬂwfméﬁb@h{eer r]

and atert
conpound of

10

15

20

éf?e{%@%?ﬁﬂ#?@gﬁer AR Wi Gh (%‘ih‘)ve to forma chiral

CO.R?

X (VIII)
wherein X1 and X2 are as defined above, and R2 is C1-Cg alkyl;
(A3) treating the diester of the formula (VIII) of Step
(A2) with an amount of a hydride reducing agent effective to form the
prochiral diol of the formula (IV).

5. A process according to claim 1 wherein the chiral alcohol
of formula (II) of Step (a), wherein R is -CH2-CgHs, is prepared by a
process comprising the steps:
(B1) reacting a compound of the formula (IX)
Xt
a*

, o]
% (X)
wherein X1 and X2 are as defined above and Q" is a chiral auxilary
group, with a compound of the formula CgHsCH2-O-CHalL,, wherein L is

-a leaving group selected from Cl, Br and |, in the presence of TiCl4 and

a tertiary amine base, in amounts effective to form a chiral compound of
the formula (X)

| Illlllll Il IIIII Il ll llll




-572 Jerr] wherein X err], Xerr] and Q@ are as defined above;

.and (B2) treating the product of formula (X) of Step (Bl)

Wi th an amount of LiAlH err] effective to forma chiral conmpound of the
formula 5 (1l1) wherein Ris -CHerr]([err]Herr]. 6. A process
according to claim1 wherein the chiral halide of formula (111) of Step
(a), wherein Ris H, is prepared by a process conprising the steps: 10
(Cl) treating a conpound of the formulagdX) [err] wherein X err]
and X[ err] are as defined above and Q is a chiral auxilary group,w th
effective anmounts of trioxane, TiC[err] and a tertiary am ne base to
forma chiral conmpound of the forrméﬁzi_!§ é@é\ [err] 15 wher ei n
Xerr], Xerr] and Q are as defi (C2) cyclizing a

conmpound of the forrmula (XlI1) of
anounts of. a hal ogen and a base
(XI11)

by treating with effective
chig=al halide of the fornul a

X)

wherein X1, X2 and Q* are as defined above; and
(B2) treating the product of formula (X) of Step (B1) with
an amount of LiAlH,4 effective to form a chiral compound of the formula
§ (II) wherein R is -CH2CgHs.

6. A process according to claim 1 wherein the chiral halide of
formula (IIT) of Step (a), wherein R is H, is prepared by a process
comprising the steps:
10 (C1) treating a compound of the form ula (IX)
x1
Q*

2 o

wherein X1 and X2 are as defined above and Q* is a chiral auxilary
group,with effective amounts of trioxane, TiCly and a tertiary amine base
to form a chiral compound of the formula (XII)
X H
“\\H _Q.

o
15 X2 (XII)

wherein X1, X2 and Q" are as defined above;

{C2) cyclizing a compound of the formula (XII) of Step
(C1) by treating with effective amounts of a halogen and a base to form
a chiral halide of the formula (XIII)

R, 0 ARV



-58-¢ [err] wherein Xerr] is

C, Br or I, and X[err], Xerr] and @ are as defined above;

{c3) treating the chiral halide of fornula (XII11) of Step (C3) with an
anount of a hydride reducing agent effective to forma 5 chiral halide of
the formula (111), wherein Ris H 7. A process according to
clains 5 or 6 wherein the starting conpound of the formula (I X) [err]
10 is prepared by a process conprising &#ﬁ st eps: (B3)
heating an allylic alcohol of the formula (V) [err] wher ei n

X[err] and X/ err] are as defined above, with effective anounts of an
orthoester of the formul a CH[err]C(CR[err])[Srr], wherein R err] is
Cerr]-Cerr] alkyl, and a 15 catal ytic anmpunt of R err]CJerr]H wherein
Rlerr] is as defined above, followed Hb reatment with an anount of a
hydr oxi de base effective to forman1 da¥ the formula (X)

X

X2 (XTII)
wherein X3 is Cl, Br or I, and X1, X2 and Q" are as defined above;
(C3) treating the chiral halide of formula (XIII) of Step
(C3) with an amount of a hydride reducing agent effective to form a
5 chiral halide of the formula (III), wherein R is H.

7. A process according to claims & or 6 wherein the starting
compound of the formula (IX)
xl
Ql
o
% (IX)

10 is prepared by a process comptrising the steps:
(B3) heating an allylic alcohol of the formula (VI)
x1
OH

X vD)
wherein X1 and X2 are as defined above, with effective amounts of an
orthoester of the formula CHzC(OR?)3, wherein R2'is C1-Cg alkyl, and a
16 catalytic amount of R2COoH, wherein R2 is as defined above, followed
by treatment with an amount of a hydroxide base effective to form an
acid of the formula (XI)

—_—

(T



[ert] wherein X err] and X err] are as defined above;
(B4) treating the acid of forrmula (X)) of step (B3) with an

and
effecti ve

famount of an activating agent, then with an alkali netal salt of 5 the
formula M+ -Q*, wherein Mt is an alkali nmetal cation and Q@ is the
ani on derived froma conpound of the fornmula HQ, wherein Q is as

defined above, to forma conpound of the formula (1X)

8.

A

process according to claim7 wherein thegacid (XI) of 10 step (B3) is
prepared by reacting 1-(Xerr])-3-(X err])-benzene, wherein Xerr] and
Xerr] are as defined above, with succinic anhydride in the presence of

a Lewis acid to forma keto acid of the formula [err]
the keto acid with CH err]* P(( er rj
base to-formthe acid (X).

wherein the chiral iodide of
is -C(ORerr], deMH]iso
process conprising the steps: 28
al cohol of the formula (I11) *%rr] X1
- 60-

wherein X1 and X2 are as defined above; and

and treating

Herjf])[err].Br and a nonageuous 15
A process according to claim1
of Step (a), wherein R
al kyl, is prepared by a
(D1) esterifying a chiral

(B4) treating the acid of formula (XI) of step (B3) with an
effective amount of an activating agent, then with an alkali metal salt of
5 the formula M* -Q*, wherein Mt is an alkali metal cation and -Q* is the
anion derived from a compound of the formula HQ™, wherein Q* is as
defined above, to form a compound of the formula (IX).

- 8. _A process according to claim 7 wherein the acid (XI) of
10 step (B3) is prepared by reacting 1-(X1)-3-(X2)-benzene, wherein X1
and X2 are as defined above, with succinic anhydride in the presence of
a Lewis acid to form a keto acid of the formula
X o

COH

»

and treating the keto acid with CHz*P(CeHs)3*Br and a nonageuous
15 base to form the acid (XI). :

S. A process according to claim 1 wherein the chiral iodide of

the formula (III) of Step (a), wherein R is -C(O)R1, and R is C1-Cs
alkyl, is prepared by a process comprising the steps:

20 (D1) esterifying a chiral alcohol of the formula (II)
: 1
X I;I% o\
- R
X2

| RER 1 A L



wherein X err] and X err] are as defined above, and Ris

-CH[err] Cerr]Herr], by treating with an effective anount of an
Qcyl ati ng agent_to forma chiral conpound of the formula (Xl X)

[err] 5 wherein Xerr], Xerr] are as defined above, Ris
-CHerr]Cerr]Herr], and R[err] Is CJerr]-(err] al kyl ; and

(D2) cyclizing the chiral product of fornmula (Xl X) of Step (D1) by
treating with a halogen to forma chiral.dglide of the fornula (rrry.
[err] 10 wherein X err], Xerr] are as defined above, Ris )
C(O)R[err] R[err] is CJerr]-Cerr] alkyl, and Xferr] is d, Br or I.

RF8RIn LRI U BORS Ut RIS Chp-Coflp) 1 5L #P

(a) t he haI ogen {1; | ne or err]; and
the cycli zati oﬂefrl%“&%thl aye ﬁ‘t’““l%amﬁ@nbﬁe%%ﬁ&ﬂ'a@jﬂgégﬁm {efarm a chirgbl ect ed

fromCH err] G\bomgbﬁﬁﬂwﬂﬁfgrﬁﬂ,[agxmg acetate and CHerr]C[err]; and

(b) in Step ( theélkali net al triazoleis sodi um
triazole, and the 20 triazole treatnment & Cxgied out in the presence of
DMPU and N, N di met hyl f or mami de atH,7 [err] to 100[err]C;, and

(2) the protecting group Ris rermved ftdq the triazole conpound by:

x!
"
o.
X | (XIX)
5 wherein X1, X2 are as defined above, R is s<CH2CgHs, and R1 is C1-Cg

alkyl; and

{D2) cyclizing the chiral product of formula (XIX) of Step
(D1) by treating with a halogen to form a chiral halide of the formula
(I11)

10 (I11)
wherein X1, X2 are as defined above, R is -C(O)R?, R1 is C1-Cs alkyl,
and X3is Cl, Brorl.
10. A process according to claim 1 wherein:

15 (a) in Step (a): the halogen is Brg or Ig; the base is pyridine or

NaHCOg; and the cyclization is carried out in the presence of a solvent
selected from CH3CN, tetrahydrofuran, ethyl acetate and CHzClp; and
{b) in Step (b): _
(1) the alkali metal triazole is sodium triazole, and the
20 triazole treatment is carried out in the presence of DMPU and N,N-

dimethyiformamide at 70° to 100°C; and

(2) ° the protecting group R is removed from the triazole
compound by:

‘R )



-61% (i) where Ris -C(ORerr], and R err]

|s Cerr]-Cerr] alkyl, aryl or -(CHerr])[err]CJerr]H wherein nis
%, 2, 3 or 4, treating with a base selected fromK[err]CJerr],

Na[ err]qurr] and NH err]OH, in the presence of met hanol and wat er
at O[err] to 25[err]C;, or 5 (ii) where Ris
tetrahydropyran-2-yl, treating with HCO and water at 15[err] to
35[err]C or 414i) where Ris

-CH err](err]Herr], hydrogenating in the presence of a Pd on carbon
catal yst, an acid, and ethanol; to formthe al cohol wherein Ris H

and Xferr] is triazolyl; or 1 | O?hep y
(1) the protecting roup g)rem\)’(/hecﬁéthl s 1Y abdRy'is C1-Ce alkyl, (i)

where Ris - C(@YRPEr 2aﬁ@zk[ wherein e[ﬁrz,]aqérir?amg(wuhabase aryl or
(C"i[e”])[e”%éi%@dﬂr Mazce nd N, OH, ith tHe SiakeAce Bt th a base
sel ected fromK|§ lm err] and NH err]OH, in the presence
of 15 nethano ter@[ rtP Sferr]C or .

(ii) wher&Ris tetrahydropyi(ign- 2wneretnwtemm¢¢yran-z-yn Wihting vt er  at
15[ err] to 35] where R is

1)
-CH err] C[err]aFg%SF ﬁéﬁ%%dgn&)aﬁcr Bt he presence of a Pd on carbon
catal yst, an acid, and ethanoKii) anai&ge R is -CH2CeHs, lipdrogenating irathe net al

triazole is SO§+%EEI&§£E ﬁg&&bﬂ_ecatalyst atnréé}? ,le(?tert'ﬁ@,{d]ent is carried

out in the presence of or mam'de at 7/0[err] to
-100[err]C to form the alggholgviagrele Rds dbapd t§rtélf3~ﬁ0[w,|°§ H and Xerr] is
triazolyl;1eand glnStep(bt) (3) the treatnent W|th E-X is carrled
out in the presence 2 A

process according to cl ag M%Péfﬁﬁcfa%swnﬁ'aé?mvreﬁ&y " agent is
sel ected fromvinyl acet ate §opr aylmrgIR & C@)R!, antiiBy isaCpCatatkyl, and

Canug osa) - i ok CHERGERH Whep 8T, %@@”ﬁg&ﬁwﬁ% é?%%”af'yif‘s M
mei hei , Bi ocat selpstad from K.'eﬁaaeﬁlaeﬁ‘@s apd iNH etheopresence ef, Novo
Li pozyne g 20 %m@g @atgcbsi@ Yptart I ca). 12. A

process according to claim ere| n: the acyl ating 35 agent is selected
frombutyric anhydride, acetidibanhy¥igrads s %@WOPW&”'ZW treating with

HCl and water at 15° to 35°C; or
_ (iiy where R is ~CH2CgHs, hydrogenatrng in the

presence of a Pd on carbon catalyst, an acid, and ethanol; and
20 (2) the alkali metal triazole is sodium triazole, and the

triazole treatment is carried out in the presence of DMPU and N,N-

dimethylformamide at 70° to 100°C;

| to form the alcohol wherein R is H and X3 is triazolyl; and
_ (3) the treatment with E-X is carried out in the presence

25 of pyridine, and X is Cl.

11. A process according to claim 2 wherein: the mild acylating
agent is selected from vinyl acetate, isopropenyl acetate, methyl acetate
and ethyl acetate; and the enzyme is selected from Amano CE

30 (Humicloa lanugiosa), Amano AY-30, Biocatalysts H. lanugiosa,
Biocatalysts M. meihei, Biocatalysts Ps. fluorescens, Meito MY, Meito
PL, Novo Lipozyme tM-20, and Novo SP435 (Candida antartica).

12. A process according to claim 3 wherein: the acylating
35 agent is selected from butyric anhydride, acetic anhydride or acety!

R




-6% chloride; and the enzyne is selected from Anmano CE (Hum cl oa
| dAnugi osa), Amano AY-30, Biocatal ysts H. |anugi osa, Biocatalysts M
*nmei hei, Biocatalysts Ps. fluorescens, Meito MY, Meito PL, Novo

Li pozynme | M 20, and Novo SP435 (Candida antartica). 5 13. A
process according to claim4 wherein: in Step (Al), the
converting is effected by treating with a brom nating agent or a

sul fonyl ati ng agent; in Step2¢A2), the alkali nmetal salt is a

sodium salt and the 10 di al kyl mal onate is diethyl mal onate; and
in Step (A3), the hydride reducing agent is LiAlHerr] or LiBHerr].
14

: - A gHIGGES; Sart- ey énAiné @s stlactBdbfromeAmianol OEHRIMICRE) . L is
Cl, the terti %_

' b Let hyl.ami ne, d.th hi r al j | [
15 an -oxazolé&&ﬁ%%ﬂgﬁm%ﬁgé‘ ;shL bioca’(al%t‘srﬁ la%rffg:osa? Bcfoéartglystasuﬁ. ary @ _' S
[err] meihei\Biocaialygt &t fluorescensrMpitd MY, Meito PL5 Novo A process
according to | N8ARELIAS N mdr oxi de base is KOH
or NaOH, and lﬁhaﬁslfrp‘e‘é lpgg?‘, éﬁ%é"dé’é’%eg?‘f’ ??agg;e#ag&m&ﬁi s oxalyl chloride or
soCl[err]® M+ is Li+, and -Q is

[err]d_ t 13. . Wg%ﬁh?x&éﬁi&&din’y)@r@g&ﬂ4W3§rle_j%:_16. f thA ]E)roceiss
(according to et n?n Stepe(Ang.nthe n'vsertﬁlg is eﬁectt% %f/?réatfngovxr}i?hg ¢ tormia

brominating agent or a suifonylating agent;
in Step (A2), the alkali metal salt is a sodium salt and the
10 dialkylmalonate is diethylmalonate; and .
in Step (A3}, the hydride reducing agent is LiAlH4 or LiBHa.

14, A process according to claim & wherein in Step (B1), L is
C|, the tertiary amine base is triethylamine, and the chiral auxilary Q" is
15 an oxazolidinone of the formula

Rg H
'S
o}
wherein RS is isopropyl.
15. A process according to claim 7 wherein: in Step (B3}, the

20 hydroxide base is KOH or NaOH; and in step (B4), the activating agent
is oxaly! chloride or SOCla, M* is Li*, and “Q" is

Ry H
F
| NYO
o}
wherein RS is isopropyl.
25 16. A process according to claim 6 wherein: Q" is an

oxazofidinone of the formula

B



-63% [err] ' wherein Rerr] is -CHerr](err]Herr]; in Step (C2)

tie halogen is Br[err] or I[err], and the base is pyridine; and in Step
#(C3) the hydride reducing agent is LiBHerr]. 5 17. . A process
according to claim9 wherein: in Step (D1), the acetylating agent is
acetic anhydride; and in Step (D2), the halogen is I [err]. ~18.

A chiral conpound of the formula (XVI1) or (XVIII)

[err] 10 (XVI11) -63-wherein: X[err] and X err] are
i ndependently F or O ; A represents d, Br, |, triazolyl or
I m dazol yl ' B represents -C(OQ or -CHerr]OR'; 15

R' represents a hydroxy protecting groa& s¢{ ected from

-CHerr](err]Herr], or —-C(ORerr], r in Rlerr] is C[err] derr]

al kyl, aryl or -(CH[err])[err]CQerr%H_ ereinnis 1, 2, 3 or 4; and
sefect

Q represents a chiral auxilary grou from [err] 20
wherein Rerr] is isopropyl or benzy

. 0
wherein RS is -CH2CgHs; in Step (C2) the halogen is Brs or o, and the
base is pyridine; and in Step (C3) the hydride reducing agent is LiBH4.

5 17. A process according to claim 9 wherein: in Step (D1), the
acetylating agent is acetic anhydride; and in Step (D2), the halogen is
In.
18. A chiral compound of the formula (XVII} or (XVIII)

H . H
x1
10 RS . X
(xXviy (XVIII)

wherein: X1 and X2 are independently F or C};
A represents Cl, Br, |, triazolyl or imidazolyl
B represents -C(0)Q" or -CH20R".
15 R" represents a hydroxy protecting group selected from
-CH2CgHs, or -C(O)R1, wherein R1 is C1-Cg alkyl, aryl or ({CH2)nCO2H
whereinnis 1, 2, 3 or 4; and

Q' represents a chiral auxilary group selected from
RS

D B R

20 wherein RS is isopropyl or benzyl.

N
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PROCESS FOR PREPARINGelﬂTERHEDIATES FOR THE
SYNTHESIS OF ANTIFUNGAL AGENTS

ABSTBACT

Disclosed is a process for preparing chiral compounds of
the formula (I)

{0

wherein: X1 and X2 are independently F or Cl; and E is -SOzR2, wherein
R2 is C1-Cg alkyl, -CgH4CHg or -CFg; its enantiomer and racemates
thereof, useful in the synthesis of tetrahydrofuran azole antifungals.

Novel compounds of the formula
: H

Xi x1

x2 A or X2

wherein: X1 and X2 are independently F or Cf; B represents -C(O)Q" or
-CH20R"; Q" represents a chiral auxillary group; R* represents a hydroxy
protecting group; and A represents Cl, Br, {, triazolyl or imidazolyl; are
also disclosed.




