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PROCESS F PARATI ON OF CHI RAL | NTERVE UL
£OR THE SMIEEE ANTI FUNGEILér @R@g

5 BACKGROUND OF THE | NVENTI ON The present invention
conprises a process for preparing chiral internediates useful in
the preparation of tri-substituted tetrahydrofuran triazole or

i m dazol e anti fungal s. 10 PCT International Publication
No. WD 89/04829, U.S. Patent No. 5,039,676, and PCT Internationa
Publ i cati on No. WO 93/ 09114 di scl ose substituted tetrahydrofuran
azol e and i m dazol e conpounds having utility as antifungal agents.
A nunber of processes for the synthe5|s of these conpounds are
known. 15 = : P} ;

PCT/ US92/ 08981 N AT: 3 B PSS
tri-substituted tetrahydrofuran , NG A LG NS osyl ate
i ntermedi ate of the formula

Lerr] 5, BACKEROUNDXOP PHEN IRVENPION O or one X is F and the
other is . 2 nternational Application No.

PCT/ US94/ 04355 descr] rpcess fornPrepar|n9 chi r.al
i nternnedi ates of the fornul af(ﬁprese t invention comprises a process for preparing
H chiral intermediates uselffdlrinjthe preparation of tri-substituted
tetrahydrofuran triazole or imidazole antifungals. |
10 PCT International Publication No. WO 89/04829, U.S.

Patent No. 5,039,676, and PCT International Publication No. WO
93/09114 disclose substituted tetrahydrofuran azole and imidazole
compounds having utility as antifungal agents. A number of processes
for the synthesis of these compounds are known.

15 PCT International Application No. PCT/US92/08981
discloses a process for the synthesis of tri-substituted tetrahydrofuran

azole antifungals via a tosylate intermediate of the formula
= OTs

wherein X is bothF or both Cl or one X is F and the other is Cl.
20 PCT International Application No. PCT/US94/04355
describes a process for preparing chiral intermediates of the formula (I)




WD 96/ 01823

PCT/ US95/ 07} 6%6/01823 22
wherein: a ﬁg CHor N Xerr] and X err] are independently FPE?%EP?WEHﬂ E

S [err] wherein Rlerr] is (Jerr]-Cerr] alkyl, aryl, substituted
aryl or -CF[err] Conpounds of the fornmula (1) are useful as

I nternmedi ates in the preparation of tetrahydrofuran azole or

i m dazol e antifungal agents. 5 SUMVARY OF THE | NVENTI ON

The present invention provides a process for pgeparing - chira
conmpounds of the fornmula (I11)

[err] 10 wherein Xferr] and X[err] are independently F or O,

and Y is d, Br or F&?ﬁ‘* ais CHhor NPX"%‘?EPX@Eré fHaeperaBhtly FOrEE 'aR8 E is

conpr ises r eact i ng
[err] ©wh '?\ Wfﬁ}" §Rds QmGa Rlievlcanyls sybstituted and es -Cha: h
acetone in the presgompounds it theffoufuvmnat(fyI arel uséflirds mtéfmédubtés)ﬁemese' ect ed

fromCl[err], Br[e e orm a
conpound of f or gu aﬁ‘lﬁf’% athn of ietra?\ drofuran azole orm&g@m n?%ga(j 0%t s
I[err]. A Lpvention al so prOV|des a process
for prepar' oiaivie . s*mula (11) conprising the steps:
20 ' (a) u5|ng a nonaqueous base to deprotonate a chira

The present invention provides a. process for preparing

chiral compounds of the formula (II)

10 (1)
wherein X1 and X2 are mdependently For CI and YisCl, Brorl. The
process of the present invention comprises reacting a triol of the formula

x! _—~OH
Ny

wherein X1 and X2 are as defined above, with acetone in the presence
15 of a catalyst, then with a halogen selected from Cla, Brs or I, or with
NBS or NIS, to form a compound of formuia (II).
- Preferably the catalyst is I>. _
The present invention also provides a process for
preparing a compound of the formula (IT) comprising the steps:
20 (a) using a nonaqueous base to deprotonate a chiral
compound of the formula



conpound of the formula WO 96/ 01823

PCT/ US95/ O %{d 96101823 : PCTIUS95/07873
J.err] wher ei n: Ris [err] alkyl; one of
Rlerr] or Rerr] is Hand the other is -C(CHerr] or -CCl[err], or

Rlerr] and Rlerr] are both CJerr]-Cerr] alkyl, or Rerr] and R err]

together with the carbon to 5 which they are attached conprise a

6- menber ed car bocyclic ring, then treating with a conpound of the
formula wherein X err] and X et3] are as defined above and L
Is a |leaving group, to . forma chiral conmpound of the fornmula

[err]

- ROLC >
COR : /Nlo
e o

H OH 53
wherein: Ris C1-Cg alkyl; -
one of R' or R2 is H and the other is -C(CH3)3 or -CCls, or
Rt and R2 are both C4-Cg alkyl, or R1 and R2 together with the carbon to
5 which they are attached comprise a 6-membered carbocyclic ring,
then treating with a compound of the formula

x1

or

X2
wherein X' and X2 are as defined above and L is a leaving group, to
form a chiral compound of the formula -

10 or
respectlvely. wherein X1 X2, R, R! and R2 are as defined above;
(b)  reducing the product of step (a) with a hydride
reducmg agent to form a chiral triol of the formula’
X! _-OH

)

&

15 wherein X! and X2 are as defined above; and



respectively, wherein Xerr], Xerr], R Rerr] and R err] are as defined

above; WO 96/01823 (b). reducing the product of st h a
“hydride reduci ng agent to forma chiral triol of tﬁEﬂP dﬁﬁb
[err] 15 wherein X[err] and X err] are as defined above; and

96/ 01823 PCT/U895/07873
-4- ' (c) reacting the triol of step (b) with acetone
. in the presence of a catalyst, then with a hal ogen sel ected from
Cl[err], Br[err] or IJerr], or with-4NBS or NIS, to forma chiral
‘conmpound of forrmula (I1). The present invention
further provides a process for 5 converting a conpound of the formula

(11) to a conpound of the (c) re@cting.tha 1#io) of step (b) with acetone in thd err]

wherein: ais CH or F o n

S | I[Serr] ﬁ%%ﬁ ﬁfﬂF%I@f@‘V?‘Eﬂkﬁgﬁgiﬁtfﬁhkgﬁyvibkhﬁgg%v

aryl or -CF[err], orwithoN S.itadJorme ehirglcompound of formula (IT) (d)

t t d of f I I

treating a goggoggr of ﬁﬁrglme(%akgmqtng pitlord tithdr provides a pPodadt 1bf | 320! ©
converting a compound of ¢ eformula (H to acompound of the

formula (I)

‘\\\‘\\

OE

\ -8
\
| N ®
wherein: a is CH or N; X1 and X2 are independently F or Cl; and E is
-SO2R5, wherein R is C1-Cg alkyl, aryl substituted aryl or -CF3,
10 . comprising the steps:

(d) treating a compound of formula (II) with an alkali
metal triazole or imidazole to form a chiral compound of the formula

wherein a, X! and X2 are as defined above;
15 (e) hydrolyzing the product of step(d) with an aqueous
acid to form a diol intermediate of the formula



"[err] wherein a, Xerr] and X[ err] are as defined above;

15 (e) hydrolyzing the product of step(d) w th an agueous
zacid to for(r)T?mlaPo i ntermedi ate of the formula WO 96/ S/07873

PCT/ US95/ 07873 ' HO

OH [err]

foll owed by oxidatively cleaving the diol using [err] Nal(err] or
Pb(QAc)[err] to form an al dehyde of the formula

[err] -5-

) o

followed by oxidatively cleaving the diol using HsIOg, NalO4 or
Pb(OAc)4 to form an aldehyde of the formula

5 wherein a, X1 and X2 are as defined above;
(d  reducing the aldehyde of step (e) with a hydnde
reduclng agent to form an alcohol of the formula -

wherein a, X1 and X2 are as defined above; and
10 (g) treating the aloohol of step (f) with a compound of
the formula E-X, wherein X is Cl or Br, and E is as defined above to form
a compound of formula (I).
4n an alternative-embodiment, the present invention
provides a process for preparing a compound of the formula (III)



5 wherein a, Xerr] and X err] are as defined above;

(f) reduciyad al dehyde of step (e) wth a hydride | ng
agent to fornfgﬂﬂglcohol of the fornul a Pcnuégﬁ%“ﬂ
[err] wherein a, Xerr] and X err] are as defined above;
and 10 (g) treating the alcohol of step (f) with a
conpound of the formula E-X, wherein Xis O or Br, and Eis as
defi ned above, to form ' a conpound of forrmula (1). '

In an alternative-enbodi nent, the present inagntion provi des a
process for preparing a conpound of the formula (I111) WO 96/ 01823
PCT/ US95/ 07873 -6- [err]

Xt

(I1I)
Compounds. of the formula (ITI) are enantiomers of compounds of the
formula (II). In this embodiment the process of the present invention
comprises the steps:

5 (ai) using a nonaqueous base to deprotonate a chiral

compound of the formula _
0

COzR o
Rozc/Y g2

| H OH R!
wherein: R is C1-Cg alkyl; - |
one of R1 or R2 is H and the other is -C(CHa)s or -CCls, or
10 R and R2 are both C4-Cg alkyl, or R1 and R2 together with the carbon to
which they are attached comprise a 6-membered carbocyclic ring,
then treating with a compound of the formula
. xl

I
\

g

wherein X1 and X2 are as_ defined above and L is a leaving group, to
15 form a chiral compound of the formula



thnpounds of the fornmula (111) are enantioners of conmpounds of the
formul a (#wQ9erd1g23t hi s enbodi ment the process of the presentpdriy®8iiss

10

15

WA co.R
H

or

respectively, wherein X1, X2, R, R1 and R2 are as defined above; and
(bi) reducing the product of step (ai) with a reducing

agent to form a chiral triol of the formuia

X! OH

wherein X1 and X2 are as defined above; and

(ci) reacting the triol of step (bi) with acetone in the
presence of a catalyst, then with a halogen selected from Clp, Brz or I,
or with NBS or NIS, to form a chiral compound of formula (III).

.conprises the steps: 5 (ai) using a nonaqueous base to
deprotonate a chiral conpound of the formula [err] -
- wherei n: Ris Cerr]-Clerr] alkyl; one of R err] or
Rlerr] is Hand the other is -C(CH err])[err] or -CC[err], or 10
Rlerr] and Rlerr] are both CJerr]-Cerr] alkyl, or Rerr] and R err]
together with the carbon to which th@&y are attached conprise a
6- menber ed carbocyclic ring, then treating wth a conmpound of the
formul a [err] _ . wherein
X[err] and X err] are as defined above and L is a | eaving groupgat o 15
forma chiral conpound of the fornula WO 96/ 01823 4. T
PCT/ US95/ 07873 Ria: [grr]
o
X! ~ o

In this embodiment, the present invention further comprises

a process for converting a compound of the formula (III) to an
enantiomer of a compound of formula (I), i.e., a compound of the
formula (IV)

L.

wherein: a is CH or N; X1 and X2 are independently F or Cl; and E is
-SO2R8, wherein R8 is C1-Cg alkyl, aryl, substituted aryl or -CF3,
comprising the steps:

av)



respectively, wherein Xerr], Xerr], R Rerr] and R err] are as defined
above; angvo.96/01823 (bi) reducing the productpedd s§5ﬁf§7§ai)

wi th a reducing agent to forma chiral triol of the P%rnu a -

5 wherein X err] and X err] are as defined above; and

(ci) reacting the triol of step (bi) with acetone in the presence
‘of a catalyst, then with a hal ogen selected fromCl[err], Br[err] or

I[err], or with NBS or NIS, to forma chiral conpound of formula
(renr). 10 In this enbodi ’8at, the present invention
further conprises ' a process for converting a conpound of the
formula (111) to an enanti oner of a conpound of formula (1), i.e.,

a conpound of the {dly "utreafihy)a compound of formula (IIIf with an alkali -
[err] N X a are

15 erein: a i.s CH or Lr nd X[ err
i ndependently F omeém"%qel_gri |g1|3azole & formsacg'l"ﬁ% R?@PPP,L‘SMéPeifWIer r] is
Cerr]-Cerr] alkyl, aryl, substituted aryl or -CF conpri si ng
the steps: WO 96/ 01323 3><
PCT/ US95/ 07873 Q o

H
%
3

N/a
)

wherein a, X! and X2 are as defined above;

5 (el)  hydrolyzing the product of step(di) with an aqueous
acid to form a diol intermediate of the formula
- HO OH

(’5

| ey

followed by oxidatively cleaving the di_o_l using HsIOg, NalO4 or
Pb(OAc)4 to form an aldehyde of the formula

«‘\7
| =y
wherein a, X1 and X2 are as defined above;

(fi) - reducing the aldehyde of step (ei) with a hydride
reducing agent to form an alcohol of the formula

10

iw



. 8- (di) treating a conpound of formul a s:ég”l) W th

an al kal  WO9601823 . o) triazole or imidazole to forma BRTUPSTERhound
..of the formula [err]

wherein a, X err] and X[ err] are as defined above; 5 (ei)
hydrol yzi ng the product of step(di) wth an agueous acid to form
a diol internediate of the formula

HO  OH | -9- [err]

foll omwed by oxidatively cleaving the diol using Herr]l1(Qerr], NalO4 or
Pb(QAc)[err] to form an al dehyde of the formula 0 :
wherein a, Xlerr] and X err] are as defined above;

(fi) reducing the al dehyde of step (el))(1 W th d‘%hy(gﬂzgﬁ

W

@ N
)
wherein a, X! and X2 are as defined above; and
(gi) treating the alcohol of step (fi) with a compound of
the formula E-X, wherein X is Cl or Br, and E is as d_eﬁried above, to form
5 a compound of formula (IV).
DETAILED DESCRIPTION
As used herein, the term:
10 *alkyl* means a straight or branched alkyl chains of 1to 6
~ carbon atoms;
*aryl" means a Cg-C10 carbocyclic aromatic group, such as
phenyl or naphthyl; and "substituted aryl* means an aryl group having 1
to 3 substituents selected from halogeno, C1-Cg alkyl, NO2 or CF3;
15 “*halogeno” means Cl, Bror I; |
*leaving group® means a substituent which is readily
displaced by a nucleophile, such as Cl, Br, I or -OSO2RS, wherein RS is
01-06 alkyl, aryl, substituted aryl or -CF3; '
*hydride reducmg agent" means L|A|H4, NaBH4, L|BH4,
20 NaBH3CN, or a combination of NaBH4 and LiCl;
"catalyst® means a reagent capable of catalyzing the
reaction of acetone with the chiral triols of steps (b) and (bi) to form a
cyclic ketal group, and is preferably iodine;
*acid catalyst* means a Lewis acid, such as BFz*OEty, or
25 protic acid, such as p-TSA or HZSO4; capable of catalyzing the reaction
between a-ketonre or aldehyde and malic acid to form compound of the
general formula |



reduci ng agent to forman al cohol of the fornula WO 96/ 01823

PCT/ US95/ (V@ 9§01823 PCT/US95/07873

[err] wherein a, Xerr] and X err] are as defined above;
and (gi) treating the alcohol of step (fi) with a
conmpound of the formula E-X, wherein Xis C or Br, and Eis as
defi ned above, to form 5 a conpound of fornula (IV).

DETAI LED DESCRI PTI ON As used herein, the term

10 "al kyl" means a straight or=W-anched al kyl chains of 1 to 6
carbon atons; "aryl" means a Cerr]-(err]
carbocyclic aromatic group, such as phenyl or naphthyl; and
"substituted aryl" neans an aryl group having 10 to 3 substituents

err] or CFerr]; 15
"l eavi ng group" neans
by a nucl eophile, such

Cerr]-Cerr]

sel ected from hal ogeno, C[err]-Cerr] alkyl,
"hal ogeno neans C, Br or I;

a substituent which is readily HOC" i
as G, Br, | or -Oserr]Rerr], wherein Rl

al kyl, aryl, substituted aryl or -CF3; R2 "hydri de
reduci ng agent” nmeans LiAlHerr], NaBHerr], Li BYerr], 20 NaBH3CN, or
a conbi nati on of Naadgs b%d nd J_| c,; "catal yst"
nmeans a reagent céﬁ e g'f‘ym ng the

*aqueous acid" means an aqueous solution of an acid,
suchas HC, =~ : - |
5 - "alkali metal triazole or imidazole® means an alkali metal
salt of the anion derived from triazole or imidazole, respectively, e.g.,
sodium triazole, potassium triazole, lithium tnazole sodium imidazole,
potassium imidazole or lithium imidazole;

"base” means a basic compound capable of deprotonatlng

10  a carboxylic acid and catalyzmg an esterification reaction, inciuding
moderate bases, hydroxide bases, tertiary amine bases, BusNOH and
BugNF.

"moderate base® means Na2COs, Li2CO3 or K2COs;

*hydroxide base means an alkall metal hydroxide, such as

15 NaOH, KOH LiOH; |

“tertiary amine base" means bases such as pyridine,
DMAP, EtsN and Hiinigs base;

“nonaqueous base" 'm'e'ans a non-nuble'ophlllc reagent
capable of generating a carbamon, such as LIN[SI(CHa)a]2,

20 NaN[Si(CHg)alz, KN[SI(CH3)3]2 , KN[CH(CH3)2]2, NaN[CH(CHg)2]2 or

' LIN[CH(CH3)2]2; and
“organic water musclble solvent" means an organic solvent
-whlch is soluble in water, and which is suitable for use with hydride
reducing agents, such solvents mcludmg THF or C1-Cg alkanols, such

25 asMeOH, EtOH and iPrOH.

As used herein the followmg reagents and solvents are
identified by the abbreviations indicated: methanol (MeOH)
tetrahydrofuran (THF); diethyl ether (Et20); t-butyl methyl ether (TBME);
lithium di-isopropylamide (LDA); triethylamine (EtaN); di-

30 isopropylethylamine (Hinigs base); ethyl acetate (EtOAc); ethanol



-

rFeaction of acetone with the chiral triols of steps (b) and (bi) to forma
cyclic kegahoggigs. and is preferably iodine; PCT/US95/07873 | aci d
catalyst"” nmeans a Lewis acid, such as BF[err].CEt[err], or 25 protic
acid, such as p-TSA or Herr]SJerr], capable of catalyzing the reaction
bet ween a ketone or al dehyde and malic acid to form conmpound of the

general fornula WO 96/ 01823

PCT/ US95/ 07873 -10-

[err] as descri bed herein; -11- "aqgueous
aci d' nmeans an aqueous solution of an acid, such as HC ; 5
"al kali netal triazole or imdazole" neans an al kali netal sal t

of di[ he ?ni on fjeri ‘(E{OFI);QN,N{diMWma:mTﬂ_d@M[Ré; Iﬁbﬂmhbﬁmb&hy_ldi_sﬂaﬁdel
sodi um triazol e, 1Mt L . .e azol e,
potassiumim dazomws$>j't Mﬁﬁ*@gyﬁééym&% (bm’ p’taﬂghggh“aﬂ base"
means a basi c comghlonideciasybichlasidedenTeCn seethgnesulfany! chiarideningsylc aci d
‘and catal yzing an hpiee &t GIREYS PAGEBRESIoNiC SEROPPSA): tetraputylBRiFGAUM
e T 5 (ot bl e GnosS e b Gl
Ha[aﬁ; r Lﬁqafark ; } i Oﬂéﬁﬁhamﬂ%ﬂ’i‘?ﬁ” MSOTT); (R)-(+)-a-me.thoxy-a-'(ﬂni§|dogo(-i gtle base"
“"tertiary am ne b&%‘“y%@%ﬁ@s&%ﬁ‘ﬁgz@)ﬂvﬂ.ﬁqga%d Jéggacaa%”,,
Et[err] N and Huni Bb{@Ae)s); N-bromosuccinimide (NBS); ‘MriodasueoinimidesNiSjans a
non- nucl eophi l i ¢ reagent e presBAPAVeRtioh cBRIHHsRk ' Brotess toPPtdparing

as LiN[Si(CH err])[err]][err], )
10 ~ ‘compound of the formula (II) and for converting the compound of

formula (II) into a compound of the formula (I), as shown in Reaction

Scheme 1.
15 Step (a)
- CO2R 1) honaqueous
L ¢ base
H OH -
2) X
V) )
" (VD)
or
. : RZ
| 1) nonaqueous Rim. 7
@ base 7*0
2
H
O-a:LRZ
R1




20 NaN[Si (CH err])[err], KNNSi(CH err])[err], KNNCH CH err])[err],

NaN[ CH( CHvorospig2er r] or LiN[CH(CH[ err])[err]; YT Veamp—
"organic water mscible solvent” nmeans an organi c sol vent which is
soluble in water, and which is suitable for use with hydride

reduci ng agents, such solvents including THF or (Jerr]-Cerr] al kanols,

such 25 as MeOH, EtOH and i Pr OH. As used herein

the followi ng reagents and sol vents are identified by the
~abbreviations indicated: nethanol (MeOH); -12- tetrahydrofuran (THF);

diethyl ether (Et[err]O; t-butyl nethyl ether (TBME); l'ithium

di -i sopropylanm de (LDA); triethylamne (Et[err]N); di- 30

i sopropyl et hyl aniStep({Byini gs base); ethyl acetate (EtQAc); ethanol WO

96/ 01823 o dri _ 1 PCi_I’/ U895/<9;|873

-11- ( Et OfVII) NN- di L or mam de (DIyF) ; ma""

hexanet hyl di si | azi de _ ( ) ;- 4-di metb Rdi DIVAP)

p-tol uenesul f onyl or X OH

met hanesul fonyl chlorjde (nesyl

p-tol uenesul fonic ac 'p-TSA); tetrabutyhgs 5 hydr OXI de

(Bu[err] NOH); tetrabutyl ammoni um fl uoride (Bu[err]NF)
trimethylsilyltriflate (TMSOTf);, (R -(+)-[err]- mathoxm”] (trifluoro-
met hyl ) phenyl acetyl chloride ((R)-MIPACI); |ead tetraacetate
(Pb(QAc)[err]); Istepqepsucci nim de (NBS); N-iodosuccinimde (NS).

. The present invention conprises a process for preparing a 0 onpound
of the formula (11) and for converting the conpound of mJIa ‘
(I'l) into a conpound of the fornula (1), as shown in Reaction g
Schenme 1. 1) acetone, catdfjfatcti on Schene j ' y Step
(a) (VIII) -y AW
: 2) halogen
| (I)
5 »® Y
~ Step (d)
(IT)
10 Step (0)
1) aqueous acid
x) —>
2) HslOg

X2




[err] WO 96/ 01823 |
PCT/ US95/ OWeVds/01823 -12- [err] St epcrivsesiorsrs WO

96/ 01823
-13- [err]

10

15

20

PCT/ US95/ 07873

«13-
Step (f)
_ hydride
reducing
agent
{XI) .
Step (g) |
no
: AN OFE
E-X
(x1) - RGN

.

in Step (a) of Reaction Scheme 1, a diester of L-malic acid
(V) wherein R is C4-Cg alkyl, or a L-malic acid derivative of the formula
(XIX) wherein R, R and R2 are as defined above, is deprotonated by
treating with a nonagqueous base, such as LiHMDS, in a suitable
solvent, such as THF, at -100° to 0°C, preferably at -80°C to -20°C, and

the resulting anion reacted with a compound of the formula (VI),

wherein X1, X2 and L are as defined above, at -100° to 0°C, preferably
at -80°C to -10°C, then quenched with KHoPO4 (aqueous) and extracted
with an organic solvent, such as EtOAg, to give the product (VII) or

__ (XX), respectively.

In Step (b), compound (VII) or (XX) is treated with a
hydride reducing agent,.such as LiBH4 or a mixture of NaBH4 and LiCl,
in a suitable solvent, such as an organic water miscible solvent,
preferably THF, MeOH, EtOH or iPrOH, and optionally in the presence of
water, at -30° to 50°C, preferably at -10° to 30°C, and most preferably at
0° to 25°C, to give the triol product (VIIT). When using a more reactive



5 In Step (a) of Reaction Schene 1, a diester of
L-mal i c ®096/01823 (V) wherein RIs (err]-(err] al kyi)cr,ﬁsgsﬂnmn’aJIC
acid derivative of the formula 10 (XIX) wherein R Rlerr] and Rlerr]
are as defined above, is deprotonated by treating with a

nonaqueous base,

such as LiHVDS, in a suitable sol vent, such as

THF, at -100[err] to O[err]C, preferably at -80[err]Cto -20[err]C, and
the resulting anion reacted with a conpound of the fornula (VI),

wherein X e
preferably

rr],

X[err] and L are as definedl4bove, at -100[err] to OC,~

15 at -80[err]Cto -10[err]C, then quenched wth KH2PO4

(aqueous) and extracted with an or&inr c-solvent, such as EtOAc,

to give the prodiwydrideregueing agent, such gaxkjAl
drid
CO”B‘PM drdu¥/ dandiﬁor‘ﬁﬁ%arﬂ gréﬁrﬁ’@%ﬁeﬂ &I;Ellg g'rl-!F rE (52 ?/CIr i de

In Step (b),
reduci ng ag

ent,

ethecraaction ys carried out under

suc as LI
20 in a suitable sol vent, %ﬁﬁp 49 mm%ﬁ%?mr@dﬁﬂ @@Bﬁ\%}ﬁa
preferably THF, ke stEs@ill as a cataytic antoumitof 3t 0° tbrﬁﬂdﬂ};-‘ forablg @t 40°

water, at -
nost prefer

3
ab

;o ol hiceprplafati & abof 25°C; FhilroB8o e B oduct

(VIT1). Wen usr trgatechwith a balogemepreferahlplaearmlamoderate base, such as

E%ﬁ IU§25ﬁ ggﬁg?ngNa COs, or altematively wi or NIS, at -50° t9 25°C C%rre;elrg

under 9‘1735175;0&3 Q@I ﬂW’b Rye ﬁh Wg%rm'ﬂuﬁpf/élﬂzsagsh v@éerrmd or

Et 2t0- . a moderate base, $tictSas K003, ddlﬁeitraabd (with éﬁ dréaﬁré E.*»@l\ié]i'lt with
acet one an err
Oferr] to SOf%r r ]SE',Ch BP&‘%@S'&P alg‘?@PS}smg 0?%"% %8] r r] C and nost

preferably at about 25[err rcStapéd), @compaund of tarmula (1) is treated witk @ined

[err] or al terna F@l‘ﬁﬁé@'%ﬁdﬁib}"ﬂﬁa&o‘é ?%%?‘f‘*? ejéFF“' ?%n% !f'erabl y

about -30[err] t mﬂi?bﬁl?@edtfm Ld, Na o & andaﬂ%asrdefm@abav QABAFI0 wat er

wi th a hal ogen,

and

15

20

25

30

35

150°C, preferably at 80°-120°C, and most preferably at 100°-110°C, in a
suitable solvent, such as DMSO or DMF, to give the product (IX).

" In Step (e), a compound (IX) is hydrolyzed by treating with
an aqueous acid, such as aqueous HCI, and a suitable solvent, such as
THF at 0° to 50°C, preferably at 20° to 30°C, then treated with HsIOg,
NalO4 or Pb{OAc)4, at 0° to 50°C, preferably at 20° to 30°C, then
quenched with a mixture of NapS203, water and a moderate base, such
as K2COg, and extracted with an organic solvent, such as EtOAc, to give
the aldehyde (XI).

In Step (f), the aldehyde (XI) is treated with a hydride
reducing agent, such as NaBHg, in a suitable solvent, such as an
organic water miscible solvent, preferably THF, MeOH EtOH or iPrOH,
preferably MeOH or iPrOH, at -30° to 50°C, preferably at -10° to 30°C,
and most preferably at 0° to 25°C, to 'giv_e an alcohol of the formula
(XII). When using a more reactive hydride reducing agent, such as
LiAlH4, the reaction is carried out under arihydrous conditions in an
organic solvent such as THF or Et,0. -

_ In Step (g), the aicohol (XI) i is treated wrth a compound of
the formula E-X, wherein X is Cl or Br, preferably Cl, and E is as defined
above, preferably -S02CsH4CH3 or -802CeH4Cl, in the presence of a

base and a suitable solvent to form a compound of the formula (I).

Where the base is a hydroxide base, such as NaOH, the solvent is

"



‘a noderate base, such as [err], and extracted with an organi c sol vent,

10 suchwarodm1€¥x to gi ve a conpound of the fornmula (I1). PCT/US9S/07873

..In Step (d), a conpound of formula (Il) is treated with an _ al kal i
metal triazole or imdazole of formula (X), wherein Mis an al kali

metal selected fromLi, Na or K and a is as defined above, at 50[err] to

150[err]C, preferably at 80[err]-120[err]C, and nost preferably at

100[err]-110[err]C, in a -~ 15 suitable solvent, :such as DMSO or DMF, to
gi ve the product (I1X). -15- In Step (e), a conpound (IX)
-1s hydrolyzed by treating with an aqueous acid, such as aqueous
HCl, and a suitable solvent, such as THF at Of[err] to S0[err]C,

preferably at 20peefetably THF,and whetehtive basexiscitesiany anine| base, such as
Nal O err] or Phb( %ﬁé{s‘g 'Eﬂe saﬁ,eﬁi %.r;?r]eférﬁ ﬁp?ﬁ%d preferably at 20[err] to

30[err]C, then err wat er .and a

nmoder at e base, such In an:aiteraative embe HQ?'Pta pphInYentioRani ¢
|SO| \étent (fS;JCh ﬁs Er?ﬂaestap mcees for prepanngtdreenhﬂﬁdsmdﬁof ¥lgompound (I0),

n Ste e a cin
agent . such Bbfmout ot 1he JOBRNBL: ahfl 197 &nEiting compoynd ' "
wat er miscible st uaranammfewroﬂdoynmtlmd M*,G—U &compoundrofdhe formula (IV),
preferably MeOH 14 é,&,ﬁﬁn ﬁ%a 8thém %50[ err]C, preferably at -10 to

nos

30[err]C, re eraly at 0 to 25[err]C, to give an

al cohol of the formula , (XI'l'). When using a nore reactive hydrlde
reduci ng agent, such as Li WMeactl on is carried out
under anhydr{gs ithfyons in an organi ¢ sol vent such as THF or
Et[err] QO i @‘P@ﬁ(&i) In Step (g), the al &phol (XI'l') is treated
wi th a conpound of the formula E-X, whereintX isjld or Br,
preferably d, and E is as defined gbly [err] or
[err], in the presence of a ent to forma

conpound of the f CO2R

such as NaCH, the sd vent, I*&
PCT/ US95/ 07873

preferably THF, and vvh.ere the base i
pyridine, the solvent i€XBleferabl
alternative enbodi ment the present

X2

15 Step (bi)

hydride
XIV) reducing

or

(xXxm)




conprises a process for preparing an enantiomer of a conmpound (I1),

e.g. a conpgaibagds the fornmula (111), and for converting CoORReHRGs/bishs)

. to an enantionmer of compound (I), e.g. a compound of the formula (1V),

as shown in Reaction Schene 2. Reacti on
Schene 2 10 Step (ai) [err] WO 96/ 01823 .
- PCT/ US95/ 07873 -16- [err] - WD 96/ 01623
PCT/ US95/ 07873 -17-
[err] - . -16-
Step (ci)

1) acetone, catalyst

XV) - > X
2) halogen
b o
Step (di)
,a
M-N\_§ ®
=N _.
(III) > X!
) o
5
.Step (ei)
CHO
1
1) aqueous acid X _
XvI > (XVI)
‘ 2) HsIOg a :
* ),
\——'N
10 Step (fi)
o H
hydride " % #CH20H
reducing-
' ent : -
XV ag - . (XVIII)
X2

p('a
L)

5



5 In Step (ai) of Reaction Schene 2, a diester of Dmalic

aci d woosltgzs! ) wherein Ris Clerr]-Clerr] alkyl, or apPrambdgrgarci d
derivative of the formula XXI) wherein R Rerr] and R err] are as
defined above, is converted to the product (XIV) or (XX1),
respectively, via essentially the sane procedure as described for
Step (a) of Reaction Schene 1. - 10 Steps (bi) through (gi)
are carried out via essentially the same procedures as descri bed
for Steps (b) through (g) of Reaction =17- Schene 1 to give conpounds
of fornmulae (I1l) and (1V). Conpounds of the fornmula
(V) and (XIlIl) are known and ‘can be prepared via esterification of
L- or D-malic aci dStepefgiectively, 15 wusing standard met hods.

Compounds of the formula (XIX) and (XXI) can be prgpared fromlL-

or D-malic acid, respectively, using standard nethodg.
exanmple, by reacting L- or D-malic acid with a conpdund of
formul a 20 wher X Rlerr] and R e are _pBs dafined above,
in the presence of an g é? —catal vsty suc?:

[err], in a suitable oIvnﬁ such C
tol uene, to forma conpound of the formul a 2 Q57018
PCT/ US95/ 07873

o“\

5 In Step (ai) of Reaction Scheme 2, a diester of D-malic acid
(XIII) wherein R is C1-Cg alkyl, or a D-malic acid derivative of the
formula (XXI) wherein R, R and R2 are as defined above, is converted
to the product (XIV) or (XXII), respectively, via essentially the same
procedure as described for Step (a) of Reaction Scheme 1.

10 Steps (bi) through (gi) are carried out via essentially the
same procedures as described for Steps (b) through (g) of Reaction
Scheme 1 to give compounds of formulae (IIT) and (IV).

_ - Compounds of the formula (V) and (XIII) are known and
can be prepared via esterification of L- or D-malic acid, respectively,

15 using standard methods.

Compounds of the formula (XIX) and (XXI) can be
prepared from L- or D-malic acid, respectively, using standard methods.
For example, by reacting L- or D-malic acid with a compound of the

formula
: o

RT/“\ R2

wherein R and R2 are as 'de'fined above, in the pfeéence of an acid
catalyst, such as BF3*OEtz, p-TSA, or H2804, in a suitable solvent, such
as CH2Clz, pentane, THF or toluene, to form a compound of the formula

20



respectively. The conpound (XXII1) or (XXIV) is then esterified using

st andar d wobbo®as such as treating with di azonethane in a 0845/07873

sol vent, such as Et20 or THF, or treating with a conpound of the formula
5 RL, wherein Rand L are as defined above, in the presence of a base to
formthe desired conpound (XIX) or (XXl), respectively.

Compounds of the fornmula (XIX) or (XXI) can al so be ‘prepared froma
conmpound of the formula (V) or (XlI1), respectively, by treating
(V) or (XI1l1) with a conpound of the fornmukt8- [err] 10 wher ei n
Rlerr] and R err] are as defined above, in the presence of an acid

catal yst, such as [err], p-TSA, or [err], in a suitable solvent, such

as [err], pentane, THF or toluene. ©Q Congpounds of ‘the

formula (XIX) or (XX), wherein one of 15 Rerr] or Rrr] is Hand the

other is -C(CH err])[err], ca pr epar ed b&/ reacting L- or
D-malic acid, respectivel‘;”,oz% Mer r]0and HO, [egh] foDl owed by
treatment with (CHerr])[err] he presence ofH '6 TMSOTf in a

suitabl e solvent, such as [err], at SRAr] to 10[err]C &™¥R2

preferably at -25 to O[err]C. 20 R Conpoundg! of the fornul a
(Vl) and (X) are known and can be rgadil pared via established
met hods. . The fol |l QW g Qre ions. and exanpl es are
illustrative of respectively,cThe 69@99"88\,&43@1 r@'p@‘fhﬁéhﬁnﬁle"ﬂed&smg VO
96/ 01823 standard methods, such as treating with diazGRBthERS D48 éther

- 19- solvent, such as Et20 or THF',D gFfréaRﬁ‘rE With'a [:grrn%und of the formula

5 R-L, wherein R and L are as defined above, in the presence of a base to
form the desired compound (XIX) or (XXI), respectively.
~ Compounds of the formula (XIX) or (XXI) can also be
prepared from a compound of the formula (V) or (XIII), respectively, by

treating (V) or (XIII) with a compound of the formula
_ o

R' )L Rz
wherein R1 and R2 are as defined above, in the presence of an acid
catalyst, such as BF3*OEtp, p-TSA, or H2S0O,, in a suitable solvent, such
as CH2Cla, pentane, THF or toluene. A

Compounds of the formula (XIX) or (XXI), wherein one of

15 R1orR2is H and the other is -C(CHg)s, can also be prepared by
'r'eacting L- or D-malic acid, respectively, with [(CH3)3SiloNH and
(CH3)3SiCl, followed by treatment with (CHQ);;CCHO in the presence of
TMSOTT in a suitable solvent, such as CH2Cl», at -40° to 10°C,
preferably at -25° to 0°C.

20 Compounds of the formula (VI) and (X) are known and
can be readily prepared via established methods.

10

~ The following preparations and examples are illustrative of
the process of the present invention.
25



"Combi ne 6, mmol) of (-)-L-malic acid and 100 nL of Ve OH, .
t hen add W“s?g’“g"%o mol ) of p-TSOH. Heat the mixture at r @CE{PRISOI8IY ¢ of
..12 h., then cool to roomtenperature and concentrate in vacuo to a
residue. Dissolve the residue in 30 nL of [err] and wash with 30 niL

of saturated NaHCO3 (aqueous). Extract the aqueous layer wth [err]

(3 X'10 nL), comnbine the organic. phases and dry over anhydrous

MySO err]. Concentrate in vacuo to give 6. 3599 (78% vyield) of the product

10 P-1A. Mon z163. 2( M+l). Usi ng essentially the sane
procedure conpounds P-1 B and P-1C were prepared by substituting
EtOH or iPrOH, respectively, for O

[err] of conpound P-1B, (e.g.

conpound P-1D) 20 was al so(sbr ed from (R) (+)-L-malic@®cid via
essentially the sane Hozc/\j{b ur e rréHaozc/\(cozc”s
| y — Le 3
H OH H OH

P-1A

Combine 6.7 g (50 mmol) of (-)-L-malic acid and 100 mL of

MeOH, then add 0.95 g (50 mmol) of p-TSOH. Heat the mixture at refiux
5 for 12 h., then cool to room temperature and concentrate in vacuoto a
residue. Dissolve the residue in 30 mL of CH2Cl2 and wash with 30 mL
of saturated NaHCO3 (aqueous). Extract the aqueous layer with CH2Cla
(3 X 10 mL), combine the organic phases and dry over anhydrous _
MgSO4. Concentrate in vacuo to give 6.35 g (78% yield) of the product
10 P-1A. MS m/z 163.2 (M+1).

Using essentially the same procedure compounds P-1B

and P-1C were prepared by substituting EtOH, or iPrOH, respectively, for

MeOH:
© COC2Hs ® COzCH(CHs),
e K g
H OH H OH
P1B | P-1C
15 MSm/2z191.25 (M+1) MS m/z 219.25 (M+1)
[a]p =-12.2°

(c = 1.0, MeOH)

The (R)-isomer of compound P-1B, (e.g. compound P-1D)
20 was also prepared from (R)-(+)-L-malic acid via essentially the same

procedure: _
® COC2Hs
CoH50:C . MS m/z 191.25 (M+1)

%
”

H OH 27
[a]D = +12-0°

P-iD (c = 1.0, MeOH)



WD 96/ 01823 ' PCT/ US95/ 07873

-20- [ er rwvo96/01823 The Enantioneric puri qrpound
P- 1B was 5 determned by treating a solution of 57 ny ?’gh?!ﬁ?mm; of
conmpound P-1Bin 0.5 nL of [err] with 0.3 nL of -pyridine and 101 ny
(0.4 mol) of (R -MPACI at O[err]-10[err]C. Stir the mxture for 1
h. at room tenperature, then add 0.5 nL of 5% HCl (aqueous).
Extract the aqueous phase with [err], conbine the organic phases
and dry over MgSO4. 10 Concentrate in va20e to give 180 ng of the
product. Analyze the product by [err]H NMR (CDCl[err], 300 MHz) to
. determine the ratio of di astereoners: 98% (S), (R) -isonmer (conpound
P-2A) at 3.62 ppm (doublet, J =1.16 Hz) and 2% (R), (R)-i somner
(compound P-2B) 3.54 ppm (doublm@mm).
(R) [err] WO 96/ 01823 . . ©
PCT/ US95/ 07873
) COC2Hs
COC2Hs CHs0C 3
czHSO'L’c ———— 'HQ [o) o
H OH ~\CeHs
P-1B P2A cF, OCHs
R

The Enantiomeric purity of compound P-1B was
5 determined by treating a solution of 57 mg (0.3 mmol) of compound
P-1B in 0.5 mL of CH2Cl2 with 0.3 mL of pyridine and 101 mg (0.4 mmol)
of (R)-MTPACI at 0°-10°C. Stir the mixture for 1 h. at room temperature,
then add 0.5 mL of 5% HCI (aqueous). Extract the aq.uéous phase with
CH2Cl2, combine the organic phases and dry over MgSOs4.

10 Concentrate in vacuo to give 180 rn' of the product. Analyze the
product by 1H NMR (CDCls, 300 MHz) to determine the ratio of
diastereomers: 98% (S),(R)-isomer (compound P-2A) at 3.62 ppm
(doublet, J = 1.16 Hz) and 2% (R),(R)-isomer {compound P-2B) 3.54
ppm, (doublet, J = 1.10 Hz). |

®
COCoHg

.\\\\csl-%.

ol Y OCHs
15 A

P-2B



-21- [err] Conmbi ne 36.1 g (0.19

mol e) of wovsmeued P-1B and 95 nlL of THF under nltg,@gmgggﬁwphere
.Stir the mxture at -78[err]C and slowy add (dropw se) 380 nL
.(0.38 nole) of a 1.0 Msolution of UHMDS in - THF. Stir at -78[err]C
for 30 mn., gradually warmto -20[err]C, then cool to 10 -78[err]C.
Slowy add (dropwi se) a solution of 26.6 g (95 mml) of 2-(2',3"- : _

di fl uor ophenyl)-3-i odo-1-propene in 95 nL of THF. Stir at -78[err]C for 30
mn., then at -20[err] C overnight. Warmto -@flerr] C, then quench with 100 niL

of 5% [err] (aqueous) and extract with 200 nL of EtOAc. Extract

t he aqueous phase with EtOQAc 3 X 100 nL, conbine the organic
extracts 15 and wash successivel y \EXAMPYEC! (aqueous) and 100 ni of
bri ne, then dry over MySO4. Concerngrate in vacuo to give 37.6 g of
a residue. Conbi ne the resi dys h SHeL $8H20H M soi ution of

(nBu)[err]NF in THF and
room tenperature. Concentrate
chromat ograph (silica gel, 20% acet or exane) to give 27.63 g
(85%vyield) of the product 1(a). [err] +18€ 2 err] (c = 1.0,
MeOH). High Resolution MS: M 343.1349, theorgjiaogl 343. 1357.
a) §
(

e and stir for 30 mn. at
oty a residue and

1 HNWR (CDCl[err], 300 MHz) shows product 1 s a mxture of 93% of
the 2S,3S-isoner 1 (a)(i) and 7% 2S, 3R-i soner i)

Step (a)
HO,,,".(S) COzEL
S)_co,Et
Et0.C X

§
H OH CO.Et

1(a)

Combine 36.1 g (0.19 mole) of compound P-1B and 95 mL
- of THF under nitrogen atmosphere. Stir the mixture at -78°C and slowly
add (dropwise) 380 mL (0.38 mole) of a 1.0 M solution of LIHMDS in
THF. Stir at -78°C for 30 min., gradually warm to -20°C, then cool to
10 -78°C. Slowly add (dropwise) a solution of 26.6 g (95 mmol) of 2-(2',3"-
difluorophenyl)-3-iodo-1-propene in 95 mL of THF. Stir at -78°C for 30
min., then at -20°C ovemight. Warm to 0°C, then quench with 100 mL of
5% KHaPO4 (aqueous) and extract with 200 mL of EtOAc. Extract the
aqueous phase with EtOAc 3 X 100 mL, combine the organic extracts
15 and wash successively with 5% HCI (aqueous) and 100 mL of brine,
‘then dry over MgS0O4. Concentrate in vacuo to give 37.6 g of a residue.
Combine the residue with 5 mL of a 1 M solution of {(nBu)4NF in THF and
10 mL of hexane, and stir for 30 min. at room temperature. Concentrate
in vacuo to a residue and chromatograph (silica gel, 20% acetone in
20 hexane) to give 27.63 g (85% yield) of the product 1(a). Mzz[»).s = +18.2°
(c = 1.0, MeOH). High Resolution MS: M+ 343.1349, theoretical
343.1357.
1H NMR (CDCl3, 300 MHz) shows product 1(a) is a mixture of 93% of
the 28,3S-isomer 1(a)(i) and 7% 2S,3R-isomer 1(a)(ii):



WD 96/ 01823 PCT/ US95/ 07873

;)fZZNaBH[errf }8{% (19.2 nmol) ° of LicCl gﬁgbilgeng' Zi’#’“&’%ﬁg

Stir the m xture at O[err]Cand add a solution of 2.75 g (8.0 mmul)
of the product 1 (a) fromStep (a) in 2 nL of ' THF. Stir the m xture
at roomtenperature for 24 h., then add 4 nL of 1 N NaOH (aqueous)
and stir for 16 h. Add 2 N HCl (aqueous) to acidify 10 the mxture to
pH = 3-4, then extract with EtOAc (5 X 5 nlL)}22LConbi ne the organic
extracts, wash with saturated [err] (aqueous) and dry over MySO4.

Concentrate in vacuo to give 1.60 g (77% yield) of the product.

=4.1 = 1.0, Me . M5 iz, 2%8. 1 H
E(e]ri)z:]l[err],(goo MHz) sh(c)]v_\l)/spprod éof a )mxturq_- of[gz%’&.@[y%%'the

_ZS,SS-isorrer 1(b) (i) and 6po 2S, BR-i sqmer 1(b)(ii):

(S)" CO.Et W(R)~ CO,Et
1(a)(i) . 1(a)(ii)
. (S

. HOy,, (S COzE

—.-—D
CO.Et

1(a)  F

5 Combine 0.73 g (19.2 mmol) of NaBH4, 0.80 g (19.2 mmol)

of LiCl and 16 mL of 1:1 THF/water. Stir the mixture at 0°C and add a
solution of 2.75 g (8.0 mmol) of the product 1(a) from Step (a) in 2 mL of
THF. Stir the mixture at room temperature for 24 h., then add 4 mL of 1
N NaOH (aqueous) and stir for 16 h. Add 2 N HCI (aqueous) to acidify

- 10 the mixture to pH = 3-4, then extract with EtOAc (5 X 5 mL). Combine the
organic extracts, wash with saturated K2CO3 (aqueous) and dry over
MgSO04. Concentrate in vacuo to give 1.60 g (77% yield) of the product.
[a]p = -4.1° (c = 1.0, MeOH). MS m/z 259.2 (M+1).

TH NMR (CDCl3, 300 MHz) shows product 1(b) is a mixture of 94% of
15 the 25,3S-isomer 1(b)(i) and 6% 2S,3R-isomer 1(b)(ii):

Ho%(S) CH.OH . -- | HO,,,,..(S[)CHZOH
(S)"CHOH R CH,OH

1(b)(i) 1(b)(ii)



Cerr] WO 96/ 01823

PCT/ US95/ 0 W§r25/01823 - 23- PCT/US9SN07873 [ err |
{b), 18 nL of acetone, stir at roomtenperature and add 0.69 g (0.27 5
mol ) of I[err]. Stir at roomtenperature for 4 h., then cool to -25 to
-30[err]C and add 3.82 g (36 mml) of Na2CO33 (anhydrous). Slowy
add (in eight portions) 5.67 g (22.5 mmol) of I[err] and stir at
-25[err]C for 24 h. Slowy warmto Oh%r]c stir for 30 min., then
add 18 nL of a 20% sol ution of [err]” saturated [err] (aqueous)
Extract wwth EtOAc (5 X 10 10 mL), conbine the extracts and was with a
20% sol uti on of [eErI i N saturated [err] (aqueous). Dry over MySO4
and concentrate in to give a 100%vyield of the product 1(c),
whi ch can be used directly in Step (d). Analysis by 1H NWR
the product 1 (c) is 97% pure and SZ
HOp, (S), CH,OH

F

a_\ - e)

1(b)

Combine 2.31 g (9.0 mmol) of compound 1(b) from Step

(b), 18 mL of acetone, stir at room temperature and add 0.69 g (0.27

-5 mmol) of Io. Stir at room temperature for 4 h., then cool to -25° to -30°C
and add 3.82 g (36 mmol) of NazCOg (anhydrous). Slowly add (in eight
portions) 5.67 g (22.5 mmol) of I2 and stir at -25°C for 24 h. Slowly
warm to 0°C, stir for 30 min., then add 18 mL of a 20% solution of
Na2S203 in saturated K2CO3 (aqueous). Extract with EtOAc (5 X 10

10 mL), combine the extracts and was with a 20% solution of NaxS203 in
saturated K2CO3 (aqueous). Dry over MgSO4 and concentrate in vacuo
to give a 100% yield of the product 1(c), which can be used directly in
Step (d). Analysis by TH NMR shows the product 1(c) is 97% pure and
is a 91:9 mixture of compo'unds 1(c)(i) and 1(c)(ii):

% O
100 1c)(i

I

15 .

The product 1(c) is purified by chromatography (silica gel,
82:10:7:1 CH2Cla/hexane/MeOH/NH4OH) to give 3.17 g (84% yield) of
compound 1(c)(i). MS m/z 425.0 (M+1).



Is a 91: 9 m xture of conpounds 1(c)(i) and 1 (b)(-ii): [err] 15
The produsiogsois2s i s purified by chromatography (silica gelpcrmsesnrsts
82:10:7:1 CHerr]dJ[err]/hexane/ MO/ NH err]COH) to give 3.17 g (84%yield)

of compound 1(c)(i). Ms mz 425.0 (M+l). WO 96/ 01823

PCT/ US95/ 07873 - 24- [err]

Conmbine 2.54 g (6.0 mml) of the product 1 (c) of Step (c), 6 mL of
DMSO and 1.64 g (18 nmmol) of sodium 11, 3,4-triazole. Stir the 5 mxture

at 100[err]-105[err]C for 24 h., then cool ®4-roomtenperature. Partition
between 24 nL of water and 6 nL of EtOAc. Extract the aqueous |ayer

Step (d).

"h

/Il

O

O’@”H ‘Q@

) LY o

l N

Combine 2.54 g (6.0 mmol) of the product 1(c) of Step (c),
6 mL of DMSO and 1.64 g (18 mmol) of sodium 1,3,4-triazole. Stir the
5 mixture at 100°-105°C for 24 h., then cool to room temperature. Partition
between 24 mL of water and 6 mL of EtOAc. Extract the aqueous layer
with EtOAc (5 X 3 mL), combine the organic phases, wash with brine
and dry over MgSQO4. Concentrate in vacuo to a residue and purify by
chromatography (silica gel, 82:10:7:1 CH2Cla/hexane/MeOH/NH40H) to
10 give 1.56 g (69% yield) of the product 1(d). MS m/z 366.4 (M+1). The
product 1(d) is a 90:10 mixture of the compounds 1(d)(i) and 1(d)(ii):

llln

F

s
N

(o)
N—
N) 1(d)(|). . g ) 1(d)(ii)

N



'wWith EtOAc (5 X 3 mL), combine the organic phases, wash with brine

and dry oW %Mi%@ﬁl Concentrate in vacuo to a residue and m

. chromat ograp lica gel, 82:10:7:1 CH[err]CI[err]/hexane err]C]—I)
to 10 give 1.56 g (69%yield) of the product 1(d). M5 miz 366.4 (Mtl).
The product 1(d) is a 90:10 m xture of the conpounds 1 (d)(i) and 1
(d)(ii): [err] WO 96/ 01823

PCT/ US95/ 07873 , - 25- [err]
Conmbine 0.78 g (2.13 mmol ) of the product 1{o®- from Step (d), 2.1

mL of THF and 2.1 nL of 1 N HCl (aqueous), and stir at room
tenperature for 3 h. Add 0.73 g (3.2 mmol) of [err] and stir for 24 h.
. Add 8 nL of a ZOW%&;M of [err] in saturated [err] (aqueous),

then dilute with of water., Extr ct ith EtOAc (5 X 10 nl), combi ne
the extracts and wash with a 20% sol 0N 4n of [err] in saturated
[err] (aqueous). Dry over MySH4, th Rpentrate in vacuo to a 10

[err] to give 0.49 g (799
(Mt1l). The product ¢

residue. Purify the residue bié chronﬁtog aphy (si Ilca gelr, 5% MeOH i n
[ d f m& 5 m'%

Combine 0.78 g (2.13 mmol) of the product 1(d) from Step
(d), 2.1 mL of THF and 2.1 mL of 1 N HCI (aqueous), and stir at room
5 temperature for 3 h. Add 0.73 g (3.2 mmol) of HsIOg and stir for 24 h.
Add 8 mL of a 20% solution of Na2S203 in saturated K2CO3 (aqueous),
then dilute with 4 mL of water. Extract with EtOAc (5 X 10 mL), combine
the extracts and wash with a 20% solution of Na2S203 in saturated
K2COg3 (aqueous). Dry over MgSOg4, then concentrate in vacuoto a
10 residue. Purify the residue by chromatography (silica gel, 5% MeOH in
CH2Cly) to give 0.49 g (79% yield) of the product 1(e). MS m/z 294.1
(M+1). The product 1(e) is a 90:10 mixture of the compounds 1(e)(i) and

1(e)(ii):
F Hy oCHO . F'y cHo
F 3
Uiz,
Fae o
Ne—n 10 N—N 1)

{0 | S

15



1 (e)(ii): [err] WD 96/ 01823

PCT/ US95/
Combi ne Qﬁé@ﬁm& 36 nmol) of the product 1 (e) from Ste "C”"s”""’%’g and
2.7 mL of MeOH, then cool to 10[err]C and add 0.052 g (1.36 nmol) 5 of

NaBH err]. Stir the mxture for 1 h., then add 1 nL of 1 N NaCOH
(aqueous) and stir for 15 min. Extract with EtOAc (5 X 2 nL), conbine
the extracts, wash with saturated [err] (aqueous) and dry over

[err] Concentrate in vacuo to give 0.40 g (.280% yi el d) of the product

1(f). MS nmz 2961(!\/&1) [err] = -48.8[err] (c = 0.85, CHCI[err]). [err]H
NVR 10 anal yS|s (CDCl[err], 300 WHz) shows that product 1(f) is 94% of
the R R- ﬁﬁﬁﬂﬁr 1(f(i) and 6% of the R S-isomer 1 (f)(ii):
N- N N- N F
F H CHo Hq §CH20H
F & F X
s $ o
' £ 0 : &
=\ —— \
e (Y | S )

N

Combine 0.40 g (1.36 mmol) of the product 1(e) from Step
(e) and 2.7 mL of MeOH, then cool to 10°C and add 0.052 g (1.36 mmol)
5 of NaBH4. Stir the mixture for 1 h., then add 1 mL of 1 N NaOH

(aqueous) and stir for 15 min. Extract with EtOAc (5 X 2 mL), combine
the extracts, wash with saturated K2CO3 (aqueous) and dry over
MgSO4.  Concentrate in vacuo to-give 0.40 g-(100% yield) of the product
1{f). MS m/z296.1 (M+1). [aﬁ,’ = -48.8° (c = 0.85, CHCl3). TH NMR

10 analysis (CDCls, 300 MHz) shows that product 1(f) is 94% of the R,R-
isomer 1(f(i) and 6% of the R,S-isomer 1(f)(ii):

F Hy #SH:OH

(R)

F

H

§CH20 H

F ®)

R4 o ©)
N—-l‘{ N—N '
1(f)() 106 [
LU I L
EXAMPLE 2
HO (R), CO,Et
®)_co,Et F
Fioa 2 ' COEt
H OH
2(a)

15
Following essentially the same procedure as described in.
‘Example 1, Step (a), and using 2.85 g (15 mole) of compound P-1D, and



“[err] 15 Fol | owi ng 'essentially the same

pr ocedur ewHs96/a823r | bed i n Exanple 1, Step (a), andpecrusygsiénsgd g (15
..nol e) of conpound P-1D, and WO 96/ 01823

PCT/ US95/ 07873 -27-

correspondi ng amounts of the ot her reagents, 1.93 g (75%yield) of the
product 2(a) was prepared. [err] = -14.54 (¢ = 1.0, MeOH). M5 (nMz) =
343.2 (M+1). 1H NWVR (CDCl[err], 300 MHz) shows that the product
2(a) is a mxture of . 5 94%of the 2R 3R3%somer 2(a)(i) and 6%

2R, 3S-isoner 2(a)(ii):
corresponding amounts of the other reagents, 1.93 g (75% vyield) of the
product 2(a) was preparad [a] p =-14.54° (¢ = 1.0, MeOH). MS (m/2) =
343.2 (M+1)

TH NMR (CDCl3, 300 MHz) shows that the product 2(a) is a mixture of
5 94% of the 2R, 3R-isomer 2(a)(i) and 6% 2R,3S-isomer 2(a)(ii):

(R, CO.Et - HOa, (R), COLEL
ﬁ/lk (R COLE (S)* COLE!
 2a)) 2(a)(ii
EXAMPLE 3
© | . H Oy, (6).CO,CH(CHy)2
CO2CH(CH3)2
(CH3)2CHOC S
H\ OH — CO,CH(CHas)2
P-1C F 3(a)

10
The product P-1C prepared according to Preparation 1 (65
mg, 0.3 mmol) is treated with 84 mg of 2-(2',3"-difluorophenyi)-3-iodo-1-
propene and 0.93 mmol of LIHMDS by essentially the same procedure
as described in Example 1, Step (a) to give 67 mg (60% yield) of the
15 product 3(a). MS m/z371.4 (M+1)

| (SLcH ou | | HQ  OH
"%, > CHz F oy %
o
CHLOH H
$o
1(6) \,

Combine 28 mg (0.1 mmol) of the product 1(b) from
20 Example 1, Step (b) and 0.2 mL of CH3CN, stir the mixture, then add 42



[efr] 10 ' The product P-1C prepared according to

Pr epar at i 0 WQ94/€i823 ng, 0.3 mol) is treated with 84 ”ﬂ:‘ﬂ{l ,
2-(2',3" -difluorophenyl)-3-iodo- 1- propene and 0.93 mmo sof {’?HNDS
by essentially the sanme procedure as described in Exanple 1, Step

(a) to give 67 ng (60%yield) of the 15 product 3(a). Ms mlz 371.4
(M+1). [err] -

4(c) Conmbine 28 ng (0.1 mmol) of the product 1(b) from
20 Exanple 1, Step (b) and 0.2 nL of CH[err]fZQ- stir the mxture, then add
42 WD 96/ 01823 _

- PCT/ US95/ 07873 , - 28-

ng (0.4 mmol) of NI@X034 meool) of NaxGCOs. uCoOltblemB(mmtOZ-QS?t@GEb@ddNGSm

(3 P, IOl ot 0 o R A il
saturated [err] and sgif for & em quengl with &Smkiof 20% Ozin 5
the combined ext r asatarateti!K 003 (ajudous)l EXtractWwRR EtOAc! (5 X 2 mL) and wash
5 the combined extracts with 20% NazS203 in saturated K2CO3
(aqueous). Dry the combined extracts over MgSO4 and concentrate in
vacuo to give 40 mg (96% yield) of the diol product 4(c). MS m/z 385.1
(M+1), 367.1 (M+1-H20), 349.1 (M+1 -2H20) (The product is an 85:15
mixture of cis to trans isomers by TH NMR.)
10

EXAMPLE 5
H o,,h'.(s) CH,OH
CH,OH —>

F 1(b) F

. Combine 0.102 g (0.4 mmol) of the product 1(b) from
15 Example 1, Step (b) and 0.5 mL of acetone. Cool the mixture at -30°to
-25°C, add 2.1 mg (0.008 mmol) of I, then stir at -25°C for 4 h. Add
NazS203 (about 0.05 g) stir for 30 min., then warm to room temperature
and filter through celite®. Concentrate the filtrate to give 78 mg of the
ketal product 5(i). MS m/z 385.1 (M+1). The product is a 87:13 mixture

20 of 5(i) and its regioisomer 5(ii) by TH NMR
_ OH




(aqueous). Dry the conbined extracts over MgSO4 and concentrate in
vacuo to JYQe682y (96% yiel d) of the diol product 4(c). NETNWSSB31
(Mr1l), 367.1 (Mrl-Herr]O, 349.1 (Mrl-2Herr]O. (The product is an 85:15

m xture of cis to trans isonmers by [err]H NVR) 10

EXAMPLE 5 [err] Conbi ne 0.102 g (0.4 nmol)
of the product 1(b) from 15 Exanple 1, Step (b) and 0.5 nL of acetone.
Cool the m xture at -30 to - -25[err]C._.add 2.1 ng (0.008 nmol) of
I[err], then stir at -25C for 4 h. Add '29'[err] (about 0.05 g) stir
for 30 mn., then warmto roomtenperature and filter through
celite[err]. Concentrate the filtrate to Sive 78 ng of the ket al
product 5(i). Ms mz 385.1 (Mtl). The pr 87: 13 m xture 20 of
5(i) and its regioisoner 5(ii) by [err]H NWR

[err] WO 96/ 01823 .

PCT/ US95/ 07873 >< - 20-

EXAMPLE 6 [err]

F
H §§CHO

N—N

L3

N

Combine 50 mg (0.13 mmol) of the product 1(d) from Step
5 (d), 0.4 mL of 1:1 MeOH/water and 45 mg (0.2 mmol) of HsIOg. Stir the
mixture at room temperature for 4 h., then quench with 2 mL of saturated
K2CO3 (aqueous). Extract with EtOAc (5 X 2 mL), combine the extracts
and wash with a 20 % solution of NasS203 in saturated KoCO3
(aqueous). Dry over MgSO, then concentrate in vacuo to give 33 mg
10 (82% yield) of the aldehyde product 1{e). MS m/z 294.3 (M+1).



Conmbi ne 50 nmg (0.13 mmol ) of the product 1(d) from Step 5 (d), 0.4 nL
of 1:1 Me@wdogigss and 45 ng (0.2 mmol ) of [err]. Stir the pcrusespfersture
at roomtenperature for 4 h., then quench with 2 nL of saturated

[err] (aqueous). Extract with EtQAc (5 X 2 nL), conbine the extracts

and wash with a 20 % solution of [err] in saturated [err]

- (aqueous). Dry over MySO then concentrate in vacuo to give 33 ng 10
(82% vyield) of the al dehyde product 1(e). MS mz 294.3 (M1). WO
96/ 01823 -30-PCT/ US95/ 07873
-30- [err] Conbi ne 0.182 g (0.61 mml) of
the product 1(f) of 5 Exanple 1, Step (f), and 0.6 nL of THF. Add 0.3

m. of 25% NaCH

Combine 0.182 g (0.61 mmol) of the product 1(f) of

5 Example 1, Step (f), and 0.6 mL of THF. Add 0.3 mL of 25% NaOH
(aqueous) and 0.174 g (0.92 mmol) of TsCl. Stir the resulting biphasic
mixture at room temperature for 4 h., then add 0.85 g of TsCl and stir for
18 h. Separate the layers and extract the aqueous layer with TBME (4 X
‘5 mL). Combine the organic layer and the extracts and wash with

10 saturated NaoCOgs (aqueous). Dry over MgSO4 and concentrate in

vacuo to a residue. Chromatograph the residue (silica gel, TBME) to
give 0.08 g (76% yield) of the tosylate product 7(g). MS m/z 450.0
(M+1).

15 EXAMPLE 8
cl




'(aqueous) and 0.174 g (0.92 mmol ) of TsCl. Stir the resulting bi pha5|c

m xture 5Qmi:f]errperature for 4-h., then add 0.85 g of |r for
..18 h. Separate the |ayers and extract the aqueous | ayer wt
5 nmL). Conbine the organic |ayer and the extracts and wash with 10

saturated [err] (aqueous). Dry over MgSO4 and concentrate in vacuo
to a residue. Chromatograph the residue (silica gel, TBME) to gi ve
0.08 g (76%vyield) of the tosylate product 7(g). MS mz 450.0

(M) . [err] WO 96/ 018231-

PCT/ US95/ 07873 - 31-

Conmbine 0.32 g (1.1 mmol) of the product 1(f) of Exanple 1, Step

(). . gzd 2. I2 m-f 02 [err] Q@bwﬁbsﬁa olﬂ?a o113 mmbl) opthdbrdduend( '}.Of Example 0. 33
9, (3,54 mrol ) of 1% S5l BRI 25RE MY, N 055 5023 i 6t EN anc
(aqueous) and st 33 gr(1.’541mnﬂrl) bf 4iohidrobenzénesulionyhchlotidelandastit theM [ err ]
LRho0S) e aon e sE o SambBlis o P AR S didORn S
5 (aqueous) and stlr for 1 h. Chillto 0° to °C and slowly add 4 M H2804
(aqueous) to bring the mixture to pH 6-8. Separate the layers and
extract the aqueous layer with CH2Cl (4 X 5 mL). Combine the organic
phases and wash with saturated Na2CO3 (aqueous). Dry over MgSO4
and concentrate in vacuo to a residue. Chromatograph the residue
10 (silica gel, EtOAC) to give 0.38 g (76% yield) of the product 8(g). MS m/z
470.0 (M+1).



phases and wash with saturated Na2CO3 (aqueous). Dry over MySO4

and concenygdsigld Vacto—te—a—resi-due—Chromat ograph the resj 0
(silica gel, EtQAc) to 76% yi el d) of the product g)ﬁmsl?/é
0.0 TheD) ! Vo 96? T . b

W daim A process for preparing chiral conpounds
of the fornula [err]

5 wherein X err] and X err] are independenti3dg-F or d, and Yis d, Br or
I, conprising reacting a triol of the fornula

[err] wherein X err] and X[err] are as defined above, with
acetone in the prepsCtaim: of a catalyst, then with a hal ogen
selected fromCl[err], Br[err] or I[err], or 10 N-bronosuccini m de or
N-i odosucci ni m de. 2. The process of claim1 wherein

X[err] and X[err] &re both FA pfocess for preparing chirabicompounds géthe forimuta r ] .

5 wherein X1 and X2 are independently For Cl,and Yis Cl, Bror1I, -
comprising reacting a triol of the formula
X! _~OH

wherein X1 and X2 are as defined above, with acetone in the presence
of a catalyst, then with a halogen selected from Cly, Bra or I, or
10 N-bromosuccinimide or N-iodosuccinimide.

2. ' The process of claim 1 wherein X1 and X2areboth F, Y is
I, and the halogen is I2.

15 3. The process of claim 2 wherein the catalyst is Io.
4, The process of claim 3 wherein the treatment with halogen
is carried out in the presence of a moderate base at a temperature of
-50° to 25°C.

20 ,
5. The process of claim 4 wherein the moderate base is

NasCO3 or K2CO3 and the temperature is -30° to 0°C.

6. A process for preparing chiral compounds of the formula



15 3. The process of claim2 wherein the catalyst is I[err].

4. woimsm ocess of claim3 wherein the treatnent wpdrbsisnoen

is carried out in the presence of a noderate base at a tenperature of

50 to 25[err] C 20 5. The process of claim4
wherei n the noderate base+s—— [err] or [err] and the tenperature
Is -30 to Of A process for preparing chiral
cormounss or "t v IR T > o222

PCT/ US95/ 07873 ! -33- -33-
[err] V\,hereln X[err] and X/ err] are independently F or O,
and Yis d, Br or I, conprising the steps:

(a) using a nonagueous base to deprotonate a chiral 5 conpound of
the formula . >érr]

go
H 2%

“\\\

wherein X1 and X2 are independently F or Cl, and Y is Cl, Br or I,
comprising the steps:
(@) using a nonaqueous base to deprotonate a chiral
5 compound of the formula

o)
RO,C r
COzR : /H}HLZO
Rozc/\*;< ' o 3 R2
1
H OH or R

wherein:  Ris C1-Cg alkyl;
one of R1 or R2 is H and the other is -C(CHg)3 or -CClg, or
R1 and R2 are both C1-Cg alkyl, or R1 and R2 together with the carbon to
10 which they are attached comprise a 6-membered carbocyclic ring,
' then treating with a compound of the formula
x1

g

wherein X! and X2 are as defined above and L is a leaving group, to
form a chiral compound of the formula



wher ei n: Ris C[err]-(‘.rprn alk\ : one of R[err]

Rierr] ol follsf{ ) 0° ii|heﬂm|aﬁ|||ﬁ@ﬁm a ‘k’§| L erovparm

together with .the carb ich they are attached conprise a

6- menber ed car bocyclic ring, then treating wth a conmpound of
the formul a _
[err] wherein Xerr] and X err] are as defined above and L is
a leaving group, to forma cmrf§4ponpound of the fornula
WD 96/ 01823 : - 34- [err]
respectively, wherein Xerr], Xerr], R Rerr] and Rlerr] are as defined
above; - (b) reducing the product of step (a) m@th a
hydri de reduci ng agent to forma chiral triol of the1foEnuIa
: 7~o
%
c o
CO.R
. or. x :
respectively, wherein X1, X2, R, R1 a_r_\d.__BZ are as defined above;
(b)  reducing the product of step (a) with a hydride q
reducing agent to form a chiral triol of the formula
xt - _-OH
OH
5 o
wherein X! and X2 are as defined above; and
(c) reacting the triol of step (b) with acetone in the
presence of a catalyst, then with a halogen selected from Clg, Brz or Iz,
or N-bromosuccinimide or N-iodosuccinimide. -
10

7. A process for preparing a compound of the formula

wherein: a is CH or N; X! and X2 are independently F or Cl; and E is
-SO2B8, wherein R® is C1-Ce alkyl, .aryl, substituted aryl or -CFs3,
15 comprising the steps: |
(a) using a nonaqueous base to deprotonate a chiral
compound of the formula



“wher ei n X err] and Xerr] are as dﬁ{w bove and (c)

reacti ng tipdeloag2el of ste e in the PCEAROSS? 2
.catalyst, then with a hal omCI[err] Br[err] or Iferr],

or N-bronosuccinimde or NI odosucm ni m de. 7. A process
for preparing a conmpound of the formula _[err] wherein: ais
CHor N X err] and X[err] are independently For d; and E is [err]
wherein Rerr] is (Jerr]-Cerr] alkyl, aryl, substituted aryl or -CFerr],
15 conprising the steps: -3ba) usi ng a nonaqueous base to
deprotonate a chiral - conmpound of the formula WO 96/ 01823

PCT/ US95/ 07873 -35- [err]

wherein: Ris (err]-Cerr] alkyl; - ope of R err] or

Rlerr] is Hand the other is -C(CH err] or -COJ[err], orjf
_ : RO,C" H\\‘. 0
. §:'LRZ

ROLC /}(COZR |

H OH - R
wherein: R is C1-Cg alkyl; | _
one of R! or R2 is H and the other is -C{CHg)s or -CCla, or
R? and R2 are both C4-Cg alkyl, or R and R2 together with the carbon to
5 which they are attached comprise a 6-membered carbocyclic ring,
then treating with a compound of the formula
_ X1

2
wherein X1 and X2 are as defined above and L is a leaving group, to
form a chiral compound of the formula

10 _ or
respectively, wherein X1, X2, R, R1 and R2 are as defined above;

(b) reducing the product of step (a) with a hydride
reducing agent to form a chiral triol of the formula

x! _-OH

15 wherein X! and X2 are as defined above;



Rlerr] and Rlerr] are both—€rerr}—Clerr}—alkyl, or Rerr] and R err]

o ermer AERHE G N mﬁjﬂ?é;{ o v th ' STOBCRRE {e

formul a [err] wherein X err]
- and X2 are as defined above and L |s a IeaV|ng group, to - forma

chiral conpound of the fornula 10 respectively, mhereln

Xerr], Xerr], R Rerr] and Rerr] are as defined above; .

(b) reducing the product of step (a) with a3gydride . reduci ng agent

to forma chiral triol of the formula [err] WO

96/ 01823 ' - 36- (c)

reacting the triol of step (d)) wddetin raqhemolléfstbp(b) with acewnesmhe of a

or N br ofosuGGl N ésea%n%?'qi%%@a@ IhéiT il melodEyy daledlopidm Gt B/ Iz
t et r ahydr of ur an oér Nebnomasuccinimide or N-aodosuccmumlde, to form a chiral
tetrahydrofuran of formula

5
wherein X' and X2 are as defined above and Y is Cl, Bror I;

(d) treating the tetrahydrofuran of step (c) with an alkali
metal triazole or imidazole to form a chiral triazole or imidazole
derivative of the formula |

10

wherein a, X! and X2 are as defined above;
(e) hydrolyzing the triazole or imidazole product of
step(d) with an aqueous acid to form a diol intermediate of the formula

L HO OH

Ho%
o“‘\‘




[err] wherein X[ emmﬁrms defined above and Y is O,
Br or |; WO9601823 (ﬂ"’m t et rahydr of ur apcRibsdRiossys( )
w.th an al kali met al "m Mzole to forma chiral

triazole or imdazole derfvdtiwe o e formul a [err] 10
wherein a, Xerr] and X[ err] are as defi ned above; (e)
hydrol yzing the triazole or imdazol e product of step(d) with an
aqueous acid to forma diol internmediate of the fornula

HO OH <37- [err] WD 96/ 01823

- 37- foll owed by oxidatively cleaving the diol using [err]

NalJ err] or Pb(QAc)[err] to forman al dehyde of the fornula

H : followed by oxidatively cleaving the diol using H5IOg, NalO4 or

Pb(OAc)4 to form an aldehyde of the formula

wherein a, X1 and X2 are as defined above; | |
5 () . reducing the aldehyde of step (e) with a hydride
reducing agent to form an alcohol of the formula

wherein a, X! and X2 are as defined above; and
(g) treating the alcohol of step (f) with a compound of
10 the formula E-X, wherein X is Cl or Br, and E is as defined above.

8. A process for preparing an enantiomer of a compound of
claim 6 comprising
(ai) using a nonaqueous base to deprotonate a chiral
15 compound of the formula

o
RO ¢ Yo
CO2R H 3
ROsC” gt A
H OH R! -

wherein: R is C1-Cg alkyl;



wherein a, Xerr] and
reduci ryotosse1s2s dehyde

form an al cohol of the

X

4

(g) treating the

al cohol of step (f) wth a conmpound of 10 the fornula E-X, wherein X is
C or Br, and E is as defined above. ' 8. A process for
prepari ng an enantioner of a conpound of claim®6 conprising

(ai) wusing a nonaqueous base to deproton@Be a chiral 15 conmpound of
the formul a - 38-

one of Rlerr] or Rlerr] is Hand the other. is -C(CH err])[err] or

-CCl[err], or

Rlane ¢f Rhor RZisiH anddhé ottierds eC(CHgJxom CClskod  or

. of Ahor R _
At ached compr i3 £, At C-LRRIGH PR bAd B2 together Wi g bRy

with a conpoundvijeh they are atiaghed comprise a 6-membered carbocyclic ring,
[err] 5 then treating/wittea koifigiund aeforhila are as defined above and L

x1

is a | eaving group,

5

to

then treating

x

wherein X! and X2 are as defined above and L is a leaving group, to ‘
form a chiral compound of the formula

respectively, wherein X1, X2, R, R1 and R2 are as defined above; and

10

(bi) sequentially treating the product of step (ai) as

described in steps (b) and (c) of claim 6 to give the enantiomer having
the formula :

<
Ho%

wherein X1, X2 and Y are as defined in claim 6.

15
9.

The process of claims 6 or 8 wherein: X1 and X2 are both

F; LisI R is methyl, ethyl or i-propyl; the nonaqueous base is

] ned above; 5 ()
ﬂﬂmwﬂimmﬂmﬁ hydri de PCEMSSSMgTRIENt tO
woogend] wherein a, Xerr] and -

X[ err] are as defined above; and .. .

V.



toma vl comouns o NI, ., o 1] an

-.Rlerr] are as defined above® and 10 (bi) sequentlally treating t

product of step (ai) as - “described in steps (b) and (c) of cIa|n16
to give the enantioner having the formula [err]

wherein X err], Xferr] and.Y are as defined in claim®. 15 9.
The process of clains 6 or 8 wherein: X err] and X err] are both

F;, Lis 1l; Ris nmethyl, ethyl or i-propyl; -88e nonaqueous base is

- 39- LINNSi (CH err])[err]][err]; the hydride reducing agent is
LiBH err] or a m xture of NaBH err] and LiCl; the catalyst in step
(c) is I[err]; ardN[Si(CH3)3}siethe hydride rdducing agent is LiBH4 or a mixture of

NaBH4 and LiCl; the catalyst in step (c) is I2; and the halogen is Ia.

10. A process for preparing an enantiomer of a compound of
5 claim 7 comprising: :
(ai) using a nonaqueous base to deprotonate a chiral

compound of the formula
(o)

Rozcsflko

COzR H™ =

¥

._0

:i. 'lln

RO.C R2

L)
%

H OH

wherein: R is C1-Cg alkyt;

10 ' one of R? or R2 is H and the other is -C(CH3)3 or -CCla, or
R1 and R2 are both C1-Cg alkyl, or R1 and R2 together with the carbon to
which they are attached comprise a 6-membered carbocyclic ring,
then treating with a compound of the formula

xl

or

g

15 wherein X1 and X2 are as defined above and L is a leaving group, to
form a chiral compound of the formula

Rz
Aat
o)
o
X! i~ (o]
\“""H CO,R

o
or
respectively, wherein X1, X2, R, R! and R2 are as defined above; and
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deprotonate a chiral formul a

[err] wher ei n: Ris C[err -Cerr] alkyl; 10 : one
of Rlerr] or Rlerr] is Hand the other is -C(CHerr])[err] or -CCl[err], or
Rlerr] and Rlerr] are both (err]-Cerr] alkyl, or Rerr] and R err]

10. A process for pre@arl n an enantioner of a conpound of 5 claim?7

together with the carbon to whi ch they are attached conprise a
6- menber ed carbocyclic ring, then treatiggg with a conpound of the

- formula [err] 15 wherein X err]
and X[err] are as defined above and L is a |eaving group, to forma

chiral conpound of the fOHTU'(b! sequentlallytreatm the productofst (ai) as

I[Q[ecr'-:;]r] are as defi ngﬂgciw}’ s! (b)m@i\/@)‘g@;)( (ﬁsgfd;'m E'to form ral" and

- PCT/ US95/ 07873 enantiomer of the formula -

H
%

5 wherein: a is CH or N; X1 and X2 are independently F or CI; and E is
-SO2R6, wherein RE is C1-Cg alkyl, aryl, substituted aryl or -CF3.

11. The process of claims 7 or 10 wherein: ais N; X1 and X2
areboth F; LisI; R is methyl, ethyl or i-propyl; in step (a) the

- 10 nonaqueous base is LiN[Si(CH3)s]2; in step (b) the hydride reducing
agent is LiBH4 or a mixture of NaBH4 and LiCl; n step (c) the catalyst is
I2, and the halogen is I2, and Y is I; in step (d) the alkali metal triazole
is sodium triazole; in step (e) the aqueous acid is aqueous HCI; in step
(f) the hydride reducing agent is NaBHy4; and in step (g) E is

15 CH3CgH4S02- or CICgH4SO2- and X is Cl.

12. The process of claim 11 wherein: step (a) is carried out in
tetrahydrofuran at a temperature of -100° to 0°C; step (b) is carried out
in an organic water miscible solvent in the presence of water; in step (c)

20 the treatment with halogen is carried out in the presence of a moderate
base at a temperature of -50° to 25°C; step (d) is carried out at 50° to
150°C in N,N-dimethylform_amide or dimethyisulfoxide; step (e) is
carried out in tetrahydrofuran at 0° to-5(_)_°C; step (f) is carried out in an
organic water miscible solvent at -30° to 50°C; and step (9) is carried

25 outin the presence of a base and a solvent selected tetrahydrofuran or
CH2Clao.

13. The process of claim 12 wherein: in step (b) the water
miscible solvent is tetrahydrofuran; in step (c) the moderate base is



40- ——aw—fbry—-seqﬁéﬁTTélly treating the product of
step (ai) asyo 9601823 desc mm!\gm f tﬁg)fog(rjrzjl a(e) iPecflrbl])s951lmd;73g)
err

.0f claim8 to form an
5 wherein: ais CHor are independently F or C; and

Eis - lerr] mhereln R err] |s C[err] Clerr] alkyl, aryl,
substituted aryl or -CF3. The process of clalns 7 or
10 wherein: ais N Xerr] and X[err] are both F;, Lis|; Ris
met hyl, ethyl or i-propyl; in step (a) the -410 nonaqueous base is

« LINfSi (CH err]; in step (b) the hydride reducing agent is

LiBH err] or a mxture of NaBH err] and LiCl; n step (c) the catalyst is
I[err], and the hal aggsCcOs; libstep (f) thedwater snisciblensaivent i§ &e@Hp andinl stepdghl

triazole odi u step (e) the aqueous acid is
aqueous HCl; in st ept%esbase QNrijﬁfe {DﬁNaghdrl de reducing agent is NaBHerr];
12.

and in step (g) Eis 15 J[err]- or [err]- and Xis d. -

The process of claim 11l wherein: step (a) is carried out in

tetrahydrofuran at a tenperature of -100[err] to O[err]C step (b) is
carried out in an organic water mscible solvent in the presence
of water; in step (c) 20 the treatment with halogen is carried out in
t he presence of a noderate base at a tenperature of -50[err] to
25[err]C, step (d) is carried out at 50[err] to 150[err]Cin

N, N- di met hyl f or mam de or di net hyl sul foxi de; step-(e) is carried
out in tetrahydrofuran at O[err] to 50{err]C, step (f) is carried out in an
organi c water mscible solvent at -30[err] to 50[err]C, and step (g) is

carried 25 out in the presence of a base and a solvent selected
t et rahydrof uran or [err]. 13. The process of

claim 12 wherein: in step (b) the water m sci ble solvent is
tetrahydrofuran; in step (c) the noderate base is :
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,=41- [err]; in stepff;jthe wat er m sci bl e sol
» . 8
%“in step (90 PCT t heWoRIDENTE ECIPAL PROPRRTY) ORGNHIZION
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification © : (11) International Publication Number: WO 96/01823 | /
5/06, Al
CO7D 405714, 405106, 407104 (43) International Publication Date: 25 January 1996 (25.01.96)
(21) International Application Number: PCT/US95/07873 (81) Designated States: AM, AU, BB, BG, BR, BY, CA, CN, CZ,
EE, FI, GE, HU, IS, IP, KG, KR, KZ, LK, LR, LT, LV,
(22) International Filing Date: 5 July 1995 (05.07.95) ¢ ‘MD, MG, MN, MX, NO, NZ, PL, RO, RU, SG, §I, SK, TJ,
TM, TT, UA, UZ, VN, European patent (AT, BE, CH, DE,

DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
(30) Priority Data: / patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,
08/272,411 / 8 July 1994 (08.07.94) us SN, TD, TG), ARIPO patent (KE, MW, SD, SZ, UG).

(71) Applicant: SCHERING CORPORATION [US/US]; 2000 Gal- | Published
loping Hill Road, Kenilworth, NJ 07033 (US). / With international search report.

(72) Inventors: LEONG, William; 705 Carleton Road, Westfield,
NJ 07090 (US). SMITH, Lyman, H.; 1857 Olive Street,
Piscataway, NJ 08854 (US).

(74) Agents: THOMPSON, Paul, A. et al.; Schering-Plough Corpo-
ration, Patent Dept. K-6-1 1990, 2000 Galloping Hill Road,
Kenilworth, NJ 07033-0530 (US).

(54) Title: PROCESS FOR THE PREPARATION OF CHIRAL INTERMEDIATES USEFUL FOR THE SYNTHESIS OF ANTIFUNGAL
AGENTS

a

e
(87) Abstract
Dcscribedisaprocessforpmpaﬁngchimlcompoundsoffoxmula@,whereinxlandxzareindependenﬂyl’mCl.aninsCI,

Br or I, comprising reacting a triol of formula (VIII), wherein X! and X2 are as defined above, with acetone in the presence of a catalyst,
then with a halogen selected from Cla, Br; or I, or N-bromosuccinimide or N-iodosuccinimi




