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CATALYTI & ENANTI OSELECTI VE SYNTHESI S OF A SPI RO- FUSED AZETI DI NONE_F| EI.D
OF THE TNVENTT ON 5 This invention relates to a novel process for the
preparation of asymmetric spiro-fused azetidi nones having val uabl e

phar macol og™NOR62F8Fperti es. BACKGROUND OF THE | NVENTI ON 1(QPCT/US96/02436
Asymretric spiro-fused azetidi nones are useful pharmaceutical conpounds.
For exanple, PCT publication WD 94/17038, published August 4, 1994,
describes and clains asymetric spiro-fused azetidi nones having

hypochol esterol em ¢ properties. Thus, any efficient process for producing

t hese conpounds in high yield would be a wel cone contribution to the art.
15. This invention provides such a contribution. SUVWARY OF THE | NVENTI ON
This invention provides a catalytic enantiosel ective al dol synthesis of
spiro-fused azeti di nones. 20 Thus, this invention provides a process
for producing a conpound of the fornula [err] wherein: R[err] R[err] and

Rlerr] are indepChfaA SELECTE ES
96/ 27587 WPCT/ U896/ 02436
EIELD OF THE INVENTION
5 This invention relates to a novel process for the preparation of
asymmetric spiro-fused azetidinones having valuable pharmacological

properties.

BACKGROUND OF THE INVENTION |

10 Asymmetric spiro-fused azetidinones are useful pharmaceutical
compounds. For example, PCT publication WO 94/17038, published August 4,
1894, describes and claims asymmetric spiro-fused azetidinones having
hypocholesterolemic properties. Thus, any efficient process for producing
these compounds in high yield would be a welcome contribution to the art.

15 This invention provides such a contribution.

SUMMARY OF THE INVENTION
This invention provides a catalytic enantioselective aldol synthesis oi
spiro-fused azetidinones.

20 Thus, this invention provides a process for producing a compound of the
formula:

wherein:
R1, R2 and R3 are independently selected from:
25 @ H;
(b) halo;



-2 - (E) -OR[err] wherein Rerr] is selected from H Cerr] to (Jerr]
al kyl, aryl, aralkyl, alkaryl, heteroaryl, Cerr] to (JQerr] alkenyl, (err]
to CJerr] alkynyl, Cerr] to (Jerr] cycloalkyl, Cerr] to (Jerr]

cycl oal kenylw r -C(ORerr] (wherein Rlerr] is selected fromClerr] to
Clerr] alkyl¥ ;. or -OR[err] wherein Rerr] is (err] tBCEP | kyl or
aryl); and 5 (d) -C(ORerr] wherein Rerr] is selected from{err]

to CJerr] alkyl, aryl, heteroaryl, aral kyl, cycloal kyl, -ORerr] (wherein
Rlerr] is selected fromCerr] to (Jerr] aTKyT or aryl), and
-N(Rerr])[err] (wherel ach Rerr] is independently selected fromH,
Clerr] to Jerr] af®yl- d”ﬁ?'?!")a R[%quteti&'og\erb&éa%aﬂmlmmheralm 10
sai d process aikapyl] satemarflals teCglalkemyl, 02 to Cglalkyripf CHI00R cyclealkyleas toa
conpound of T @ TBleRanleRbt br ()R8 Bt B8 d SeBBEHAE, To Tl ki 4 or

reagent to proa ey Y8 TS
Rlerr] is a Cf@ ]wftqseic[ 'ﬁ]CsaBkaaalbvlamwihn@ err] |s a CJerr] to derr]
al kyl group; (b) rew)ct-mo)n&wheresmnﬁa@éaectadarmcx.abmralkyl.tdrmm ] of

F la 3.0 fo 20
wheroi n R or e, Sdiyl SEE hrdif o) %ﬁ%@o rﬁ%;s@t'g%r%qnge;gg o
and t hen reactapﬁgNﬂrﬁ% )Zé‘éﬂ'ﬂfﬂrh Blﬂj'&t’"‘?ﬁm danthe pelected:iram,

renove the -Sialdgl andlhfiprr] protecting group, thereby formng a corrpound of

the formil a: R* is selected from H-and -OH;
10 said process comprising:
(a) reacting, in a suitable organic solvent, a compound of formula:

~7 OR'!
o
/ o

(Hzm.,\/° (2.0)

with an enolization base and a silylation reagent to produce a compound of the
formula:
OSI(R1%)3

8]
/

(Hzc>n\/° (3.0)

wherein n is 1 or 2, R11 is a C1 to C4 alkyl group, and R12is a C1 to C4 alky! .
group;
(b) reacting, in a suitable organic solvent, the compound of Formula

3.0 with a chiral catalyst and a compound of the formula:
0

15

= H

~Z (4.0
20 (4.0)

wherein R2 is as defined above, with the proviso that R?2 is not OH, and then
reacting the resulting product with a deprotecting reagent to remove the
-Si(R12)3 protecting group, thereby forming a compound of the formula:
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[err] (or“an enantioneric mxture of 5.0 or_5.1); said chiral

cat al yst

being a cyclic condensation product of borane and a conmpound of the

formul a: [erré 5 wherein R13 is selected fromaryl and fused

Rlerr] repre¥

a and
Y58 anino acid bound to the sulfur of For RGFYS ’B%G‘hﬁhrough

the nitrogen of the amno acid' s -C(H)(NH2) COOH group; (c) reacting a

conmpound of Forrmula 5.0 or 5.1 (or an enantigneric m xture of

5.0 and 5.1),

in a suitable organic solvent, with a corrpdu'ﬁd'of the 10 fornula: [err]
wherein R err] is as defined above, with the proviso that Rerr] is not OH,

with a Lewis acid and with a str

f or mul a:

reacting a conpound of Formha

acid, to produce a co
',gmxture of 8.0 and|8. LK)
r 1 (or enantioh&i

[err] 15 (or an enanfio

thereof), in a suitable sol th eaggpt that c

96f 27587 HO (5a°)r CT/ 6/ 02436(513_{ group
into a | eaving group, fhase, and with sfer

catal yst, to produce orrpound of ‘the fornula: O eac ing a

conpound of For mul hady, 0,0in a sQitable sol ver]_t' /WI tth a o

(or an enantiomeric mixture of 5.0 or 5.1); said chiral catalyst being a cyclic
condensation product of borane and a compound of the formula:
R14
I
SO, (6.0)
I
5 wherein R13 is selected from aryl and fused aryl, and R14 represents an amino
acid bound to the sulfur of Formula 6.0 through the nitrogen of the amino acid’s
-C(H)(NH2)COOH group;
(c) reacting a compound of Formula 5.0 or 5.1 {or an enantiomeric

mixture of 5.0 and 5.1), in a suitable organic solvent, with a compound of the
10 formula:
NH3z

»—L 7 ao
N

wherein R1 is as defined above, with the proviso that R? is not OH, with a Lewis
acid and with a strong acid, to produce a compound of the formula:

Z _L_RZ
HO, I
or
H
H
a
. o 0 N
(8.0) /‘ (8.1) /‘
R1 Hl

15 (or an enantiomeric mixture of 8.0 and 8.1);
(d) reacting a compound of Formula 8.0 or 8.1 {or enantiomeric
mixtures thereof)}, in a suitable solvent, with a reagent that converts an -OH



5 conmpbund of the fornula: [err] wherein R3 is as defined above, with the
proviso that R3 is not OH to produce a conmpound of the fornula: [err] 10
wherein Rlerr] is OH with the proviso that Rerr], Rerr] and Rerr] are
not -OH (f). when Rerr], Rerr], and/or Rerr] (i.e., when one or nore of
Rlerr], ReM9%2I%d Rierr]) in Fornula 1.0 i,n (e) above i sPCHEH.NM6
wherein R err] is an arylnethyl or allyl group, optionally hydrogenating
said conmpound of Formula 1.0 in a suitable al kanol solvent with a

hydr ogenati on catal yst and a suitable Lewis?aci d, ther eby 15 converting
said -ORlerr] to -OH, and ég when Ii]errll is -OH,. o tionallgypconverti ng
sai d - OH R[ er9'PURMQ@ leavn R VAth & 8leng Base.ouitha PhasEiRASIeR 1. 0
(wher ei n R eredtalyst, tcCphoduce la computind of theoformutas a dehydr at ed conpound of
Formula 1.2: [err] WO 96/ 27587 Z :
PCTEUS96/ 02436 and t hen hydr | nglit he ¢ o] af Formula 1.2 in a
Cerr] to (Jerr] al kanol sol vent ' a hy ation catal yst to produce
a conmpound of Formula 1.0 wherein —+6 H.~ This invention al so provides
a process for producing a conpound of the fogo) a: [err] wherein Rerr],
Rlerr], Rerr] and Rerr] are as ' abgye, and wth the proviso that
at least one of Rerr], Rerr] err] is OH said process conprising:;
hydr ogenati ng a conpound of Forfula 1.0 in a suitabl e;al kanol sol vent,

wherein at |east Op§ @bacting a compound of Formula 9.0, in a suitable solvent, with a
5 compound of the formula:

MgBr
7
RS- (10.0)
.

wherein R3 is as defined above, with the proviso that R3 is not OH, to produce a
compound of the formuia:

10  wherein R4 is OH; with the proviso that R, R2 and R3 are not -OH;
() when R?Y, R2, and/or R3 (i.e., when one or more of R, R2, and R3) in
Formula 1.0 in (e) above is -ORS, wherein RS is an aryimethyl or allyl group,
optionally hydrogenating said compound of Formula 1.0 in a suitable alkanol
solvent with a hydrogenation catalyst and a suitable Lewis acid, thereby
15 converting said -ORS to -OH; and
(g) when R4 is -OH, optionally converting said -OH R4 substituent to H
by heating a compound of Formula 1.0 (wherein R4 is -OH) with an acid to
produce a dehydrated compound of Formula 1.2:

7 z
RR—- | -—HR'
N N
—N

L ] _k (1.2)
\



10 ;Rlerr], Rerr] and Rlerr] is -ORerr], respectively, said Rerr]
substituent being an aral kyl protecting group, with a hydrogenpation
‘catalyst and a suitable Lewis acid (such as, for exanple, MyXerr],
TiX[err], or Zg{)é{’err], wherein X is G or Br, with ZnX2 bej erred and
ZnBr 2 bei Wd’% preferred), thereby converting said - -OH Step
(g), described above, can then be carried out to convert an R err] -OH 15
group to an R4 H This invention further ovi des a process for producing a
conpound of the fornula: [err] wherein R['gr"], Rlerr], Rerr] and Rerr]
are as define boye.. and with the provi t ha .20 | t _one of Rlerr],
Rl err] and rtﬁf"}{'gd@qeﬂﬂ ) °|<§>5'§%"8H@§3:P"?‘Hf5 fédﬁﬁn‘?hg’ gﬂﬁaf',oPR[ err]
and R3 i s haolvent using s hydregensdiop catdlys) to pragiucg aneampapng @&qmﬂajwf

Formul a 1. 0 WKerginSa¥ sl € al kanol solvent, wherein at |east one of Rerr],
Rlerr] and R errk.,is. - err sai.d RS substituent being an argl kyl
protecting group],Th\'/a WH%%%BWﬁqso%pWﬁ@tpr RE09 éméaéﬁ% aci d
(such asp fdermmdanpl e, MyX[err], Ti X err], or zZnX[err], 25 wherein Xis d
or Br, with ZnX[err] being preferred ZnBr 2 W\g nost WO 96/ 27587
PCT/ US96/ 02436 -6 - preferred), gah ! I‘g -OR[err] to -CH
Step (g), described above, can then t 4o convert an Rlerr] -OH

group to an Rlerr] H In additi | so provides a process
for producing a conpound 'gj t 0 (1_0)a

wherein R1, R2, R3 and R4 are as defined above, and with the proviso that at
least one of R, R2 and R3 is OH, said process comprising: hydrogenating a
compound of Formula 1.0 in a suitable alkanol solvent, wherein at least one of
10 R1, R2and R3is -ORS, respectively, said RS substituent being an aralky!
protecting group, with a hydrogenation catalyst and a suitable Lewis acid (such
as, for example, MgXa, TiX4, or ZnX2, wherein X is Cl or Br, with ZnX2 being
preferred and ZnBrz being most preferred), thereby converting said -ORS to
-OH. Step (g), described above, can then be carried out to convert an R4 -OH
15 groupto an R4 H.
This invention further provides a process for producing a compound of

the formula:
Rz__/ | 7 Do
\ .
& N
RS ' (1.0)
N [o]
Ré

wherein R1, R2, R3 and R* are as defined above, and with the proviso that at
20 least one of R!, R2 and R3 is OH and at least one of the remaining R1, R2 and

R3 is halo, said process comprising: hydrogenating a compound of Formula 1.0

in a suitable alkanol solvent, wherein at least one of R1, R2 and R3 is -ORS,

said RS substituent being an aralky! protecting group, with a hydrogenation

catalyst and a suitable Lewis acid (such as, for exampie, MgXz, TiXg, or ZnXz,
25 wherein X is Cl or Br, with ZnX> being preferred and ZnBrz being most



(or ah enantioneric mxture of 5.0 and 5.1) wherein n and R2 are as defi ned
above, with the proviso that R2 is not OH by reacting, in a suitable
organi ¢ solvent, the conpound of Fornula 3.0 with a chiral catalyst and a
conpound of the formula: [err] 10 wherein R err] is defined above, with the
provi so that ¥O%%%5#bt OH, and then reacting the resulting RCEV§R2R6th a
deprotecting reagent to renove the -Si(R[err])[err] protecting group; said
chiral catalyst being a cyclic condensation product of borane and a
compound of "the fornmula: [err] 15 wherein RF&T] is selected fromaryl and
fused aryl, and R err] represents an am no acid bound to the sul fur of
Fornmul a 6.0 t hprefemed)hthereby carmerting sdid -QRP to-QHi Step {g) dbgdxibed abpby&00H

group. 20 DET, ; dn%@ ing ternms, as
used herein, hfal'}\é/tﬁll:3 e éfﬁ'l g?#ﬁg%gﬁ?ﬁga un ﬂ%ﬁ@.%’%&wﬁt herw se: al kyl
- represents strai gtfta%giet Megtiqn.alsg Provides,a PIoRess 40k RIPAYCIRG @m one t o
twenty carbon eompoungottherfatmylaa | ower al kyl group that contains 25 from
one to six carbon atons; WO 9 /587

PCT/ US96/ 02436 -7- al karyl - re v/ese L§ean aryl group, as

which an al kyl group, as defdne \Qb_e, i's substitutedi@or
H at ons - %

e’ri_r_l_c_iﬂbel ow, in
e bf "t he aryl

(5.1)

- /
O
(H20)n (HC
5 \/ \/
(or an enantiomeric mixture of 5.0 and 5.1) wherein n and R? are as defined

above, with the proviso that R2 is not OH, by reacting, in a suitable organic

solvent, the compound of Formula 3.0 with a chiral catalyst and a compound of
the formula:
0

Y H

/o 2 (4.0)

wherein R2 is defined above, with the proviso that R2 is not OH, and then
reacting the resulting product with a deprotecting reagent to remove the
-Si(R12)3 protecting group; said chiral catalyst being a cyclic condensation
product of borane and a compound of the formula:

R“

s:o,_ (6.0)

15 R™

wherein R13 js selected from aryl and fused aryl, and R4 represents an amino
acid bound to the sulfur of Formula 6.0 through the nitrogen of the amino acid's
-C{H)(NH2)COOH group.

20 DETAILED DESCRIPTION OF THE INVENTION
The following terms, as used herein, have the following meanings,
untess indicated otherwise:
alkyl - represents straight and branched carbon chains and contains
from one to twenty carbon atoms, preferably a lower alkyl group that contains
25 from one 1o six carbon atoms;



al kenyl - represents straight or branched carbon chains having at |east one
carbon to carbon doubl e bond and preferably having from2 to 6 carbon 5
atonms; alkynyl - represents straight or branched carbon chains having at

| east one carbon to carbon triple bond and preferably having from2 to 6
carbon at on®VOM2AI®Zy| - represents an al kyl group, as defi SHBHE i 1y
which an aryl 10 group as defined belowis substituted for one of the

al kyl H atoms, e.g., benzyl, 4-nitrobenzyl, 4 met hoxybenzyl , and

4-chl orobenzyl ; aryl (incl ud| ng substi tut ed ar‘yl) - represents a
carbocyclic group containing from6 to 15 carbon atons and having at |east
one aromatic ring @ikag!-rapiasents ap prydataup: asgefined balow. in which amalky!

substi t ut abl e grou@s dufingd abbve, e siibstit@ad tovaord ofthgaey i @lonkg i nt ended as

Cubst i tut od (. q., aepd-Seitbseriéftait BObhchéa SR chBln3henly &f)aase’
al koxy, phenow‘e agrbon fg.earbon spuplpahmd@ncmram?blarhawg fﬂ?m m%ﬁﬁ °"
cycl oal kyl 8- rmesents a saturated carbocyclic ring having from3 to 8 20

5 carbon at o and Y TFES apredeifd ?%@h%fabf%ﬁ%ﬁ%#%% 5@% b
-C(O) - repr es@fecarbrN i garben triple bpng apg preferably haveg frepy 2 to 6aaHAkent s one
or nore aryl rdtoms; as defi ned above, fused together, e.g., a radl cal of

faPn el e (o by S leg o i o et BEhAR vl BhSEadP U o
or 9- phend@t hrgfeyp aﬁ&’PE"QQ]B‘P'BﬂéﬁFUbStl*'étsﬂé%"e‘Pﬂ%Othe alky Hratamg. ?9 Jenzyl,
heteroaryl - rfpitrobentys, 4-ywdthexydenzylsahdd-ctorabehsdst one (i.e., one or
aryl (including substituted aryl) — represents a carbocyclic group
containing from 6 to 15 carbon atoms and having at least one aromatic ring
{e.g., aryl is a phenyl ring), with all available substitutable carbon atoms of the
15 carbocyclic group being intended as possible points of attachment, said
carbocyclic group being optionally substituted (e.g., 1 to 3) with one or more of
halo, alkyl, hydroxy, alkoxy, phenoxy, CF3, amino, alkylamino, dialkylamino, or
-NO2;
' cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
20 carbon atoms;
cycloalkenyl — represents a carbocyclic ring having from 3 to 8 carbon
atoms and at least one carbon to carbon double bond in the ring;
-C(O)- represents the structure
O
I
-C~- .

25 fused aryl — represents one or more aryl rings, as defined above, fused
together, e.g., a radical of naphthalene (such as 1- or 2-naphthyl), or a radical
of anthracene (such as 1-, 2-, or 9-anthryl), or a radical of phenanthrene (such
as 1-, 2-, 3-, 4- or 9-phenanthryl);

halo (halogen) - represents Cl, F, Brand I;

30 heteroaryl — represents cyclic groups having at least one (i.e., one or
more) heteroatoms, selected from O, S and N, interrupting a carbocyclic ring
structure and having a sufficient number of delocalized pi electrons to provide
aromatic character, with the aromatic heterocyclic groups preferably containing
from 2 to 14 carbon atoms, e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyli,

35 2-, 4- or 5-thiazolyl, 2-, 4- or 5-imidazolyl, 2-, 4- or 5-pyrimidiny!, 2-pyrazinyl,
3- or 4-pyridazinyl, 3-, 5- or 6-[1,2,4-triazinyl], 3- or 5-{1,2.4-thiadiazolyl], 2-, 3-,




mor e) ‘het ersoatons, selected fromO, S and N, interrupting a carbocyclic
ring structure and having a sufficient nunber of delocalized pi electrons
to provide aromatic character, with the aromatic heterocyclic gr oups
preferably containing from2 to 14 carbon atons, e.g., 2- or. 4-pyridyl,
2- or 3-furO¥BI8Y "3 tnj enyl, 35 2-, 4- or 5- th| azol yl, chmszsmgpp
5-imdazolyl, 2-, 4- or 5-pyrimdinyl, 2-pyrazinyl, 3- or 4-pyridazinyl,
3-, 5- or 6-[1,2,4-triazinyl], 3- or 5- [1, 284 thladlazolyl] 2-, 3-, WO
96/ 27587 PCT/ US96/ 02436 - 8- 4-,

5- - 7-b f d

5- pyrazglryl gn%) é” nyée%?é‘fﬂm}r 2'&'0 %I‘gng ?é‘&d"r@tgrﬁapg/g'pa%ygrare
pyridyl, 2- oP-3-fonsyoxazolyl, te.hPeafgired heteranrylgroaps atecpyriayl @- or 3:futyh@si y| :
and substit ut 8dhiehyl, 2-, 44 t&tg_maﬁ& z;yhd°| {bgrid t ut ed phenyl, or

substituted 5 het t

respectively, V\herg‘f?&g‘ﬁgd Epﬁ'rﬁf‘i’éi‘ %‘Eﬁ?@ ;ﬁ?ﬁ?@%ﬁ’ﬁgﬁﬂ@apgaﬁgﬁtéafegy t he
sane or di 5t eheteroanbs entand benzyhphesytionhetoraasylctaspeactivelwhedein,one of ky!
Qg\rnbgg ; [ 8?5 1 nidte @r@tﬁéﬁ’@ﬁﬁ éﬁs a&aaie@mtsluglthé @ani M«e@avsmuwen;s gaﬁ gog
atons, al kenyl| ?%ﬂq‘ goﬁbaﬁ@rgﬁy%@g?bgﬁn%?@hW%El&%ﬂ%ﬁ'bé@%v| ng
from3 to 6 caalogsnamn'osalkamha(ﬂg frefret tg 6 carhoncatoms, tréluo:ometbyl gyand
Rlerr] is alk cnbalk MMEvirgPHo r%éfb'ﬁc&r%h%rﬁ&oélﬁén IGGHavirRPPorn@tod the

processesof t vent| kes Iac enpe L Wthin a
sui tabl e ?@ aé ?‘&né@yn ’§Vu'|‘ e%%u# %qut'gn‘g ?'ﬁrg re (or

t enper at ur e réwgerpm pig Oal Db&@ndlﬂ? is @iyl having fropy bta-€ cadonatams).r easonabl e
rate without the fgagRréafionlof e BIOLESSEs/ST tAGIWENtio tdkes mtsunamé

i hout e AgBEER iy 6 iR DR rad R P P,
a temperature (or temperature range) that allows the reaction to proceed at a
156 reasonable rate without the formation of an excessive amount of by-products
and without the production of an excessive amount of degradation products.

A suitable solvent is a solvent in which the reactants are suitably soluble
in or in which the reactants are in sufficient contact with each other, to allow the
reaction to proceed at a reasonable rate. The solvents used herein are used in

20 amounts suitable to provide a reaction medium which allows the reaction to
proceed at a reasonable rate.

Those reactions which are not disclosed as being carried out under an
inert atmosphere (e.g., nitrogen), can, if desired, be carried out under an inert
atmosphere. Those skilled in the art will appreciate that it is desirable to carry

25 out a reaction under an inert atmosphere when reagents are used which are
known to be unstable when exposed to air (e.g., (CHz3)3Al and the Grignard
reagent).

Preferably, the compounds produced by the processes of this invention
contain the R?, R2, and R3 substituents in the para position of their respective

30 phenyl rings. Thus, this invention preferably provides a process for producing
a compound of the formula:



in of in which the reactants are in sufficient contact with each other, to
allow the reaction to proceed at a _reasonable rate. The_solvents used
herein are used in 20 anounts suitable to provide a reaction medi um which
allows the reaction to proceed at a reasonable rate. Those reactions which
are not di scV8S¥¥S8%s being carried out under an inert atnofCHESHRES,
nitrogen), can, if desired, be carried out under an inert atnosphere. Those
skilled in the art wll appreciate that it ig desirable to carry 25 out a
reaction under an inert atnosphere when redg€nts are used which are known
to be unstabl e when exposed to air (e.g., (CHerr])[err]Al and the Gignard
reagent). Preferably, the conpound®?2prodyced by th pr ®@esses of this

i nvention contain the Rerr], Rerr], Ituents in the para
position of their respective 30 phen his invention
preferably provides a procesgs for Rwnd of the fornula:

WO 96/ 27587 PCT/ US96/ 02436 - 9-
[err] To produce the conpounds p I thé1b}ocesses of the

i nvention, conmpounds of the forn® aPe used instead of
conmpounds of Formulas 4.0, 7.0 and 10. 0 respectively. In so doing,

I nt ermedi at e conpounds of formul as: [éir] (or an enantioneric m xture of

B2 S e SRR S shockSBREF b’

invention, compounds of the formulas:

NH. MgBr

O Qe Qe

S5 are used instead of compounds of Formulas 4.0, 7.0 and 10.0, respectively. In
so0 doing, intermediate compounds of formulas:

or H (5.3)

(Hac)n\/°

(or an enantiomeric mixture of 5.2 and 5.3) are produced instead of Formulas
5.0 or 5.1, respectively. Preferably, nis 1; therefore, intermediate compounds
of formulas:

H//, HQ}
(5.4) HY] (5.5)
R‘H R"

(oran enantiomeric mixture of 5.4 and 5.5) are preferably produced.
Intermediate compounds of the formulas:



10 d&f fornulas: [err] (or an enantioneric mxture of 5.4 and 5.5) are

preferably produced. Internedi ate conpounds of the fornul as: WO 96/ 27587
PCT/ US96/ 02436 -10 - [err] (or an enantioneric mixture of 8.2 and 8.3) are
produced instead of Formulas 8.0 and 8.1, respectively. Als i nt madl ate
conpounds JYO PAS& 5, | a: [err] 5 are produced I nst ead of EUP

Those skilled in the art wll appreciate that when nis 1, the |nterrredi ate
[err] is produced fromstarting reactant L]reqtr] 10 Preferably, for

t he conpounds of Fornulas 1.0 and 1.1, RFe™T is, as stated above, in the

para position of the phenyl ring, and is selected fromH halo, and
-ORlerr] wherein Rierr] is sglectg@d fromH Cferr] to rr]R%al kyl and

aral kyl . Most preferably, & is H d, F or -CR[e erein Rlerr] is
Cerr] to (Jerr] al kyl g, nmo ef erably, H ad, R err]; still nore
preferably, Hor F; and%s pre preferably, F. 1%, Preferably, for
t he conpounds of Forrmb 5 1.0 and 1.1, R’["err] I S, H ed above, in the
para position of the 7 and is selec and
-OR[err] wherein Zpe
aral kyl . Most plETerably, gr
Cferr] to (Jerr] al kglayor aral kY

(i.e., -CCHerr]Cerr] H[err]l) 4- chl orobenzyl oxy, 4-ni trobenz | ox
(or an enantiomeric mixture of 8.2 and 8.3) are produced instead of Formulas

8.0 and 8.1, respectively. Also, intermediate compounds of the formula:

SV

O/

5 are produced instead of Formuia 9.0.

Those skilled in the art will appreciate that when n is 1, the intermediate
OSI(R'3),

R"
L0 (3.1)
is produced from starting reactant

7Y

° (1)

10 Preferably, for the compounds of Formulas 1.0 and 1.1, R1 is, as stated
above, in the para position of the pheny! ring, and is selected from H, halo, and
-ORS wherein RS is selected from H, C4 to Cg alkyl and aralkyl. Most
preferably, R1is H, Ci, F or -ORS wherein R5 is C1 to Cg alkyl; more preferably.
H, Cl, F and -OCHg; still more preferably, H or F; and even more preferably, F.

15 Preferably, for the compounds of Formulas 1.0 and 1.1, R2 is, as stated
above, in the para position of the phenyl ring, and is selected from H, halo, and
-ORS5 wherein RS is selected from H, C4 to Cg alkyl or aralkyl. Most preferably,
R2is H, -OH or -OR5 wherein RS is C1 to Cg alkyl or aralkyl; more preferably,
H, -OH, benzyloxy (i.e., -OCH2CgHs), 4-chiorobenzyloxy, 4-nitrobenzyloxy,
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4- met hoxybenzyl oxy or -OCH err]; still nore preferably, -OH or -QCH3; and
everm more prereranly, -OH Preferably, for the conpounds of Formulas 1.0
and 1.1, Rerr] is, as stated above, in the para position of the henyl
ring, and weo9erisstted fromH, halo, and 5 -OR[err] wher QCTUWPE

selected fromH {err] to (Jerr] alkyl and aral kyl. Mbst preferably

Rlerr] is H d, For -ORlerr] wherein Rerr] is (Jerr] to (Jerr] alkyl;
more preferably, H O, F or -OCHerr]; ant! still nore preferably, C.
Preferably, Rerr] is -O—l Exanpl es of conpounds produced I-i/ t he processes
of this i nveﬂtmdhoiybhnzybkmde-ogﬁar Jstill morepederably370H or -OCH3; and even

PCT/ US96/ 024 pefarabiidi-bHonal conpounds that can be produced by the
process of t v n re disclosed I t

publ i shed August ﬁ %ﬁ@éﬁ' ﬁ€ 8?@89'62%%'1%"@%5%83?8%{6#%\%€% ere| n by
ref erence t habeve) in Thaaparaapqsnwg oféb@phemyl ﬂFGrmﬂ i sglqpted:tmmé Ardd by
met hods wg qs,gfgg kylaindl atalkgl. tmdgtogenatlon of a

Al o ni ;?ve e”%b? SRS ﬁﬁﬁa&nq RS '%93%99%\?@? IR ot

16.0). Oxi daH,@i, Bbr mng: andstm)more preferably, C
Preferably, R4 is -OH.
Examples of compounds produced by the processes of this invention
10 include:

HO : JF CH30. :
cl N ci
O (11.0) ‘ (12.0)
[~ o [~/ o

OH . OCH

15 OH
OH HO. OCH3

° O (102) (1 03)
/7



wi th bleach yields the ketone ester (17.0). The protection of the ketone
group is achieved with ethylene glycol (when nis 1 in Fornula 2.0) or
propyl ene 10 glycol (when nis 2 in Fornula 2.0) in the presence of an
acid catalyst (e.g., 4-CHerr](err]Herr]SqJerr]H or HCl). The reaction
sequence can MO%RpBEsented as: [err] OR' Step 1 represents PENWBM6, t h
Herr]/5%Rh on alumna; Step 2 represents reaction with acetic acid and

bl each (e.g., aqueous sodium potassiumor 15 cal cium hypochlorite, or

sodi um hypobronmite, but especially aqueous sof? um hypochl ori te) and Step 3
represents reaction wth ethylene glycol (or propylene glycol) wth

4- t ol uenesul f oniAgditional campounds:thal eanohe) pradiced bydhe peacess g this inyention

Er ef elr abIZy,1 n i ard distlosed it PO suldicationr WO 04/17988) p@hshb@ﬂu@u@t@?ﬁﬂ?ﬂtmf
ormul a S is ethyl so
that a 20 corrpgtf%?#gfaj?f Mn@f’ég '% Q?E?@W%}gﬂgg @{&%tl Pon st e%a) a
conpound of Fornul a 2he stasting: muia 9. car be piedurasHy methes

nitrogen, w §h &Rownin thadrt.0Fobassmpleficatalytic Ny Gﬁatﬂﬁt of EHEILCS alkpy oduce

of C8”‘i"t’?dp?LdE?'E}W'%S’@%?%Z?i{s%“ﬁ‘ﬁ%ﬁ*%ﬁ p PRYmcR dhfes'nRdchio Bl °
methyl so that &kydrbbydraxysyclobexancate (Formulad6:0)sOxidation of Formula 16.0
PCT/ US96/ 02436 with- bléétﬂf yiekds thé ketone bstdr(#70).e The pratettiondiahe kemneGroup
solvents incl udgs Bifie @ with bttlyiéHe’ §ificol (when n is 1 in Formula 2.0) or propylene
10 glycol (when nis 2 in Formula 2.0) in the presence of an acid catalyst (e.g.,
4-CH3CgH4SO02H or HCI). The reaction sequence can be represented as:

COzR™ CO,RY CO.RY!
OR“
L 2, _3_ /0—5 "o
(15.0) {(16.0) {(17.0) (HC)y (2.0)
OH OH o

Step 1 represents reaction with Hao/5% Rh on alumina; Step 2 represents
reaction with acetic acld and bleach (e.g., agueous sodium, potassium or

15 calcium hypochlorite, or sodium hypobromite, but especially aqueous sodium
hypochlorite); and Step 3 represents reaction with ethylene glycol {or
propylene glycol) with 4-toluenesulfonic acid in a suitable organic solvent such
as toluene. Preferably, nis 1 (i.e., ethylene glycol is used) so that a compound
of Formula 2.1 is produced. Most preferably, nis 1 and R11 is ethyl so that a

20 compound of formula:
OCoHS
o~

o]
k/° 2.2)
is obtained.

In reaction Step (a}, a compound of Formula 2.0 is reacted, under an
inert atmosphere such as nitrogen, with an enolization base and a silylation
25 reagent to produce a compound of Formula 3.0. Preferably, as stated above,
nis 1 so a Formula of 3.1 is produced. Most preferably, nis 1, R11 is ethyl, and
R12 is methyl so that a compound of formula: '



to: hexane, THF (tetrahydrofuran), pentane, toluene and m xtures thereof.
When m xtures of solvents are used, THF is nixed with pentane or hexane_ or
5~toluene 1s mxed wth pentane or hexane. The ratio of solvents, (THF or
t ol uene): (pentane or hexane) is about 1:0.4 to about. 1:0.9, wth about
1:0.6 to @828 9 being preferred, and about 1:0.8 bePGEUSMNB: of or r ed.
Preferably, a m xture of THF and hexane is used as the solvent. The
reaction is conducted at a tenperature of about -78 to about O[err]C with
about -50 to about -10[err]C being 10 p'ré'?é'rred, and about -30 to about
-15[err] C being nost preferred. The enolization base in Step (a) is used in
an anount of about 1.0 to about 1.5 equi val A8iGHa)i t h about 1.0 to about
1.4 equivalents being preferred, and ab .1 to about 1.3 equivalents

bei ng nost preferred. Exanpl es of | e &@Hszati on bases include but
are not limted to: LiN(Rerr] r], Kbt-Cerr]Herr], 15 NaHerr],
sec-butyl lithium t-butyl lit& up® gggﬂlithi um bi s(trinmethylsilyl)am de
(i.e., ((CHerr])[err]Si)[err]NLY). R15 is independently selected from
Cerr] to disbblaimdds YExamplds of slittid bygamicsolibras ifclude ButGiremo} lifnited] .

o Kot P R AR SR s RO )
The si | yl at i\When siguras ofsoiveats arg)used, THEJs mixeghwithpaptangfor wxane.0ro to 20
abO]cht 2. g eqoiuvent t8 nxedWitipevitatié o hexdr. dMwitatid.of selyentsa (FHE or bei n?ed
2t by s anbibonta drheBdie s BEBLLTSE) 808 1159 W RBGPL 66" o0
(R err]) [ er r3oquil £-9 peingreferreds and §bau‘d3913rl?e'%/§)"GséPﬁferé?‘iner?@my (e.g.,
met hy ] Iet hya mixtute SRTHF hnd dbgard Bruskedias t-ﬁf soRent. oThe reaktierd is_redsidjameﬂ[z gr r Lut
o) iy o e 2 il PR SO0 108l
(t - er ri0H ePreferrad-ped abpuisi3g;to abqyt -15°C being miost preferred.
CH er r] C(=NSi ( CH®e éndiieatidn Bﬁe]giﬁlmep (¢:)) itbe:sail in Bn eimeounb by about 1.0 to
(Lot L) Lordln s by, Wi Sbapt o piabeul Porsautytie o defdned oo (2
mxture i s o@Rd apewd.l FRjGPm'!}gc% Bﬁ\"f’ﬁlgf){se&%“ﬂ most 9592?"(% xamales & st ep
(a). 30 suitable énalizafién basestinplada bub arernotrimitedX00 LIN{R15)2,1 KO -G4Hg, i s
react ed,4iNdRLH, sec-buty! lithium, t-buty! lithium, and lithium bis{trimethylsilyl)amide (i.e.,
((CH3)3Si)2NLi). Each R15 is independently selected from C1 to Cg alkyl, and
preterably each R15 is 2-CaHy7. Preferably, the enolization base is selected
from LiIN(2-CaH7)2 and KO-t-C4Hg, with LiN{2-C3H7)2 being most preferred.
The silylation reagent in Step (a) is used in an amount of about 1.0 to
20 about 2.0 equivalents, with about 1.2 to about 1.8 equivalents being prefeired,
and about 1.4 to about 1.6 equivalents being most preferred. Suitable
silylation reagents are represented by the formula (R12)3SiR16 wherein R12 is
a Cq to C4 alkyl group (e.g., methyl, ethyl or t-butyl), and R16is CI, Br, or L.
Preferably, R12 is methyl and R16 is Cl. Examples of silylation reagents inciude
25 but are not limited to: ({CH3)aSiCl, (C2Hs)3SiCl, (t-C4Hg)(CH3)28iCl, and
CH3C(=NSi(CH3)3)OSi(CHg)a. Preferably, (CH3)3SiC! is used.
Preferably, the reaction product from Step (a) is isolated before
proceeding to Step (b). For example, the reaction mixture is distilled under
vacuum to yield the reaction product of Step (a).
30 in Step (b) a compound of Formula 3.0 (or 3.1 or 3.2) is reacted, under
an inert atmosphere such as nitrogen, with a compound of Formula 4.0 (or 4.1)
in the presence of a chiral catalyst to produce the intermediates:




an imert atnosphere such as nitrogen, with a conpound of Formula 4.0 (or
4.1) in the presence of a chiral catalyst to produce the internedi ates:
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[err] (or an_enantioneric m xture of 5.0A and 5.1A). Wen the referred
substituents WOy internediates of the fornmulas: [err]? é)’ g&f‘
enantioneric mxture of 5.4A and 5.5A) are obtained. Further reaction with
a deprotecting reagent renoves the silyl progcti ng group
(-Si(Rerr])[err]) to produce a conpound of” Fornula 5.0, 5.1, 5.2, 5.3,
5.4, or 5.5 (or the enantioneric mxture of 5.0 and 5.1, 5.2 and 5.3, or
5.4 and 5.5). Suitable organic sgiknts for the reaction in (b)

i ncl ude but are not 10 Ilimted praiei onitrile, nitronetanet_g2
acetonitrile, benzonitrile, 'rl;t sepzene and CH errﬁ%’:{sé%r e erably,
propionitrile, nitronet j ace onitrile igpg used, an

propionitrile is used. E‘ﬂ‘g’%t%

conmpound of Formula 4.0 gilepr ot ection of pr oduct
in Step (b) is conducf®o at atg erature of abo O to aklout -30[err]C

15 wth about -80|1t§ about -50[@rr] C being p rregl, and Qbout -78 to
about -65[err]C beﬁ

(Br@(erred In St ep \Z nd of Formul a
4.0 is used in an anoun about 0.8 to about 1.2 qU|va nts wi t h about
0.9 t0| ab;)utbl éramuhimtmr&: MBS &fﬁﬁhﬁcéﬁjﬁn%ﬁﬁ&@lﬁe ;Sl'teﬂalriiééit§t.lt£8ﬁtueiht50|5
equi val ents bei ; e chiral catalyst is a cyclic
condensati on pr%gﬁ'g?a 'B@rﬁégﬁﬁeesn?“ﬁg%@uaﬁj a conpound of Fornul a |61 0. The

cyclic condensation product us apRbe

st preferably
la 3.0 with a

(R'%)5SiQ,
or | ¢

Lo (548) Lo 558

5 (or an enantiomeric mixture of 5.4A and 5.5A) are obtained. Further reaction
with a deprotecting reagent removes the silyl protecting group (-Si(R12)3) to
produce a compound of Formula 5.0, 5.1, 5.2, 5.3, 5.4, or 5.5 (or the -
enantiomeric mixture of 5.0 and 5.1, 5.2 and 5.3, or 5.4 and 5.5).

Suitable organic solvents for the reaction in Step (b) include but are not

10 limited to: propionitrile, nitromethane, acetonitrile, benzonitrile, nitrobenzene
and CHoCls. Preferably, propionitrile, nitromethane or acetonitrile is used, and
most preferably propionitrile is used. The reaction of a compound of Formula
3.0 with a compound of Formuia 4.0 followed by deprotection of the resulting
product in Step (b) is conducted at a temperature of about -80 to about -30°C

15  with about -80 to about -50°C being preferred, and about -78 to about -65°C
being most preferred.

In Step (b), a compound of Formula 4.0 is used in an amount of about
0.8 to about 1.2 equivalents, with about 0.9 to about 1.1 equivalents being
preferred, and about 1.0 to about 1.05 equivalents being most preferred.

20 The chiral catalyst is a cyclic condensation product formed from borane
and a compound of Formula 6.0. The cyclic condensation product used can be
an individual enantiomer or the mixture of enantiomers formed when the
borane reagent is reacted with the compound of Formula 6.0 to produce the
cyclic condensation product. The cyclic condensation product can be formed



an individual enantioner or the m xture of enantioners forned when the
borane reagent_is reacted with the conpound of Fornmula 6.0 to produce t he
cyclic condensation product. The cyclic condensation product can be formed
WO 96/ 27587 PCT/ US96/ 02436 -15 -

before addi tV8A%¥8®% he reaction mixture or can be formed i RCHUSBHMA he
reaction mxture. Preferably, the cyclic condensation product is fornmed in

situ. The cyclic condensation product is forpged by m xing (reacting) a
borane reagent (e.g., BHerr]. THF, BH[err]‘.(f:H[e_rr])[err]S or Blerr]Herr])
wi th a conpound,of Fornula 6.0. Wen 5 the cyclic condensation product is

formed in sit Pefraaddtieonlo the raction mixtyresorcanbe farmed:ia sityin thedreaction
m xture and t hninturélePtaiemblyné&t_}I?Qﬁnc gg}?i‘imt:zgﬁn bmdlgt?i_srfﬁﬁﬂétéo fsitt. Ihe €.
Preferably, Bidygld dontidhsMonbiotlét ig éd b ﬁﬁgg a{:ﬁhdfae rgl‘u‘qa k&éq?na
h e nmount
of  about 0. & (&S THF pBhigr|CHislas P Botie) it & SPPRUEAIE! Bornuta 6 0When. 1
equi val ent § anbe oyclic mgemﬁbaérﬁuﬁ?@fguheﬂ-i@sm thé etin %\‘Eﬂl] S%F‘b%fgghﬁgi%ﬁpl os
Preferably, Rlég&&ed%sm %&é#ﬂb"n. i ahd RS Edraflo Is.aqted 16 th
I ncl ud [ t :-nlropenyl.,,SGa-_ltI
phenyl and 2. TERAIORJTIXtU Freforably, EHaTHF fr Stier(eHaes Isiodsib Brts-aF, .
an [ err] -ani nbeing mostypreferred. Fhe bbranh??{eélt mwﬁdlm%:;méwu%?%awe
sul fur thr Ougf&bbbﬁ.bf&:"u}v s réfefallly Sbout 0 1 alBuff Gquivalis t
' he “or gani c rgﬁn"f 5t he
ey o S s £ o S
al kyl group which Pefetablyz R134s asubstituted pherlyl groupwsta maghtgl groupier
al kyl'thio, di IEamiplsdf B8 iflud8'but are not limited to: 4-nitrophenyl, 2,4,6-trimethy}-
phenyl and 2-naphthyl.
R4 represents a radical of an amino acid (i.e., an a-amino carboxylic
15  acid) wherein the radical is bound to the sulfur through the a-amino group of
the amino acid, i.e., R14 represents

I
y/
o H

e “H

wherein R17 represents the organic group forming the remaining portion of the
amino acid; R'7 may for example be a lower alkyl group which can be

20 substituted with a lower alkoxy, lower alkylthio, diloweralkylamino, or
diloweralkylaminocarbony! group, an aryl group, a heteroaryl group, or an
aralkyl group; or an aryl, heteroaryl or aralkyl group that can be substituted
with one to three groups selected from halogen, lower alkyl, lower alkoxy, -CF3,
-NOg, and diloweralkylamino. The N-hydrogen atom of the amino acid is

25 essential since it is displaced by a boron atom in the cyclic condensation
product. Moreover, the amino acids usable in the processes of this invention
do not include those containing a second carboxylic group or a second basic
group (e.g., amino), or an active hydrogen atom (as in —OH, ~SH, ~CONHg, or
-CONH-) in R17. Thus, amino acids that are excluded include glycine (which

30 is not optically active), and acidic amino acids and basic amino acids such as

aspartic acid, glutamic acid, histidine, arginine, and lysine, and also proline,
serine, threonine, cysteine, tyrosine, asparagine and glutamine. Thus R17 may
for example be methyl, 2-propyl, 2-butyl, t-butyl (or 2-methyl-2-propyl), phenyl,
benzyl, indolyl-3-methyl, and 2-methylthioethyl. Suitable amino acids include

35  but are not limited to: valine, 3,3-dimethyl-2-amino-butanoic acid, tryptophan,



di | ower al kyl am nocar bonyl group, an aryl group, a heteroaryl group, or an
aral kyl group; or an aryl, heteroaryl or aralkyl group_that can be
substituted with one to three groups sel ected from hal ogen, |ower alkyl,
| ower al kox -CF[err], -NO2, and dil oweral kyl am no. The N-h en at om of
the anino aVP&6RMBD5 " essential since it is displaced by d’cﬁé’ﬁ omin
the cyclic condensation product. Mreover, the amno acids usable in the
processes of this invention do not i ncl ude those contai ning a second
carboxylic group or a second basic group '(' g , amno), or an active
hydr ogen at om ( or - Thus,
am no aci ds tmﬁ"}‘!ﬂ’@'@éf‘gﬁ@“wﬁ@% 4’%’?9@ Q’m%‘g@@maﬁ?ﬁéﬁ@hl cally
active), and pisenyiglycime ootwnﬂhamtscuéwsl(d' herlndule-hitragenstomn cﬂarwmphahl C
acid, glutamg ¢ st:c'Hn%hgﬁ 'té‘ﬁou:ﬂ%'i‘bé&nd%d %Ebg?n trﬁ{ﬂafa%béﬁ zﬂ{c@L

nd Ys RL7

rsrg;/l P gr EQ;ﬁph:@ roge mls nojﬂﬁf\:ﬁéq‘\guegj\tgd@afg% with the formation of t?\e cyclic

g met Ey: ? prur]ndle)lsaWIEplsdducbwnmuoranmﬂol yl -3-met hyl, and .
met t hi oet I ted to:
val i ney 3, 3-di rr)ét hyi - g-.ggnbﬁo- arﬁdgq?éh@g ?gﬁgﬁgﬁ%gﬁ‘t”@ %9@'8#5‘3‘]5

PCT/ US96/ 02436 - 16- phenyl gl yci ne and phenyl af ani ne. Prefefably, valine
(especially D valt pienyl
i ndol e-ni trogen ato;gr rypt oph T o as a second
basic group in thi§ react®dn, i ts @kdroged® at oMpHs ngyN®icti Yerenough to
interfere with the goggrmation of gdye cyclic lcondensatlonl roduct with

borane.) Exanpl es df cb?ﬁs@hnds o| F()‘rﬁﬁ,u)a 6. Osqarwmld)a but i 2(m@t)linited
to: [err] 10 :

HN OH HN OH | OH
S0, SO, $0z (21,0
HaC CHs H3C CH3 Q
(20.0) (20.1) Q
CHj CHa
1 o 1 ] ]
;I\_< .
Nl Q
H N N ‘ H ,;‘\‘ OH

Oz (21.1) " s
Q @22.0)
NO2
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[err] Preferably, 18.0, 19.0, 20.0, 21.0 or_22.0 is used. Y,
18.0717s used. The conpounds of Formula 6.0 can be obtained in high yield

and high purity by reacting at a suitable tenperature, in i | e

sol vent, th¥°£¥ﬁ7ﬁ¥75 acid with Rerr]SOerr]d with a ml’g'@g%‘é‘. he
reaction mxture is then acidified with an acid such as aqueous HO ,
Herr]Sqerr], acetic acid or Herr]PJerr],. with aqueous HCl being
preferred. After acidification, the corrpoUrfc?Uf Formula 6.0 can be filtered

and recovered, or the conmpound of Forrmula 6.0 can be extracted into a
sui tabl e et her sghyent such as t-but et hyl et her or _engthyl ether. The
i,

10 conpound of i's then |p ned by conce on of the ether
sol utions, cryst¥y ralleon (by Oech wel LOknown i 8, ar t )Oand
filtration. The réaCtign p d of Formul a @-8<4s conducted
at: a tenperature of ROUHN"=20 tOHabout MNATerr] QH with abodN™-10 O about
30[err] C being preféfl red,éqnd about 5 toéabout 25[err] C beé nost
preferred. Suitable bases(1% fPr2 daadpl e, (CHer ??[(
(derr]Herr])[err] N and Q
Sui tabl e sol vents i ncl ufi or exanpl e ] O
CHerr]CNH err] O and akgtghe/ Herr] O ’ g preferred.
The ratio of organic solv¥nt (e.g., CHeYr]CN or THF) to wfter is about
1:1.5 to about 1:3.5, witfpgbout 1:2.0 tHﬂbout 1: 3. Q bei ngupreferred, and
about 1:2.5 being nost 20 preferred. In the r eact B pr oduci ng conpound
6.0, about 0. PréferablyodB8.0].19.0;Q0i0y 21 Odr22)0 iswseth Mostpreferably d,8.Oist usedbout

g- 95 1 IO ﬁ{ooug 'lhl ?ﬁé’tbifﬁlkaspﬁc'ri% 9@"6%@4 8i°édrfBe oBRihatPRHign yidid Sndthght 1. 05
quivatents %brit% brgr(DrSéact?ngeatea s&itaible temperature, in a suitable solvent, the amino
5 acid with R13802ClI with a mild base. The reaction mixture is then acidified
with an acid such as aqueous HCI, HaSQOy4, acstic acid or H3PO4, with aqueous
HCI being preferred. After acidification, the compound of Formula 6.0 can be
fitered and recovered, or the compound of Formula 6.0 can be extracted into a
suitable ether solvent such as t-butyl methyl ether or diethyl ether. The
10 compound of Formula 6.0 is then obtained by concentration of the ether
solutions, crystallization (by techniques well known in the art) and filtration.

The reaction producing the compound of Formula 6.0 is conducted at a
temperature of about -20 to about 40°C, with about -10 to about 30°C being
preferred, and about 5 to about 25°C being most preferred. Suitable bases

15 include, for example, (CH3)3N, (C2Hs)3N and NaHCOg3, with {C2Hs)3N being
preferred. Suitable solvents include, for example, mixtures of THF/H20,
CH3CN/H20 and acetone/H20, with THF/H20 being preferred. The ratio of
organic solvent (e.g., CH3CN or THF) to water is about 1:1.5 to about 1:3.5,
with about 1:2.0 to about 1:3.0 being preferred, and about 1:2.5 being most

20 preferred.

In the reaction producing compound 6.0, about 0.9 to about 1.2
equivalents of amino acid is used, with about 0.95 to about 1.1 equivalents
being preferred, and about 1.0 to about 1.05 equivalents being most preferred.
The reactant R13S02Cl is used in amounts of about 0.9 to about 1.2

25 equivalents, with about 0.95 to about 1.1 equivalents being preferred, and
about 1.0 to about 1.05 equivalents being most preferred.

The compound of Formula 6.0, to form the cyclic condensation product
with the borane reagent, is used in an amount of about 0.8 to about 1.1




The reactant Rerr]SOerr]d is used in anounts of about 0.9 to about 1.2
25 equivalents, with about 0.95 to_about 1.1 equival ents being preferred,
and about 1.0 to about 1.05 equivalents being nost preferred. The conpound
of Formula 6.0, to formthe cyclic condensation product with the borane
reagent, | YUK an anount of about 0.8 to about 1.1 FPCHPFUEI9esg7
PCT/ US96/ 02436 -18 - equivalents, preferably about 0.9 to about 1.05

equi val ents, and nost preferably about 0.9 éo about 0.95 equivalents. The
cyclic condensation product is forned betWir t he nitrogen of the am no
group and the -OH of the, carboxylic groug of orrr,uI@ 6.0 thus 5 producing
a five- menbe@Syvalans, Araierabh-ahoy 6.9 10,0 We”eg@ﬂp'é’a DI AREAPOR N product s
used as chir preferdbly about 0.9 ¢t abeut 4.85 ehuivalen!s. 96/ 27587

PCT/ US96/ 02436 - - I Wigi}ﬁ,g j ' , th
protected interne Igtcgklgd'édndéﬁs%ocﬁﬂ’éfiq&ig-é%_ e kh?)ﬁbg.ﬁ@gf%%efoducgd.
Bef ore depr of35¥P0 SFPus: and the; -QH phibg; caroxyji Q"qg‘lpa‘b'tﬁ%ﬁ‘“'ﬂ &0UPES i s quenched
wi th an a§uepreduding alfiverhembered ring:

H17 H (o] R‘I? o O
N oi (23.0) mi oE (23.1)
02?, \a/ 02?/ N~
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Examples of the cyclic condensation products used as chiral catalysts
include:
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solution (preferably a saturated solution). Quenching the reaction m xture
converts the chiral catalyst (cyclic condensation product) to the sodium
salft—of—&a conpound of Fornmula 6.0, 1.e., [err] 10 The aqueous | ayer
containing the sodiumsalt is separated fromthe organic_| taining a
conpound OYOPRA7887l a 5.0 or 5.1. Acidification of the aqugﬁ'ﬁg’f‘ﬁé@? with

aci d produces the conpound of 6.0, or extraction with an ether (e.g.,
(derr]Herr])[err]O (CHerr])[err]O or preferably

(t-CJerr]Herr])QCH err])) produces the 8 ~conpound of 6.0, i.e., a
conpound of the formula: WO 96/ 27587

PCT/ US96/ 02436 -20,- [err] Afge the protecting
silyl group, -$S( '
deprotected) by the
tetrabutyl anmoni ung¥l uoN

Preferably, tetrabttyg ni um fH ' qkwﬁz& xme g reagent
is mxed with a e8tabl e organi ¢ solgygnt Hefore additi 00,80 ghe reaction
m xture. Suitable g ni c solvents indlude, for exanple, [HF, toluene or
met hyl ene chl ori d# P sed. The deprot NONn reaction is
conducted at a te about 30[err] h about 10 10
to about 25[err]C # 20 to abou r,k C bei ng
nost preferred. T ebr ot ect i ng reaggnt PzI;H;&used in an a ur‘?ﬁ(ﬂ about 0.5

to about 1.0 .equi v\ ts, with about NG to about 0.9 equNQal ents being
preferred, and about 0.7 td about 0.8 equival €nts bei ng nost preferred.

ferably, THF J

NG NG~
Ozé ﬁ and Ozsla E
© (43.0) © (43.1)

CHa CHg

After the aldol condensation:is complete, the protected intermediate -

5 5.0Aor5.1A (e.g., 5.4A or 5.5A) is produced. Before deprotection of the
intermediate, the reaction mixture is quenched with an aqueous NaHCO3
solution (preferably a saturated solution). Quenching the reaction mixture
converts the chiral catalyst (cyclic condensation product) to the sodium salt of a
compound of Formula 6.0, i.e.,

RY? Hl :O RY? H' :0
l?e ONa O N ONa
ozsl’ “H Ozs|’ “H
Rri?  (29.0) pis  (29.1)

10
The aqueous layer containing the sodium salt is separated from the organic
layer containing a compound of Formula 5.0 or 5.1. Acidification of the
aqueous layer with acid produces the compound of 6.0, or extraction with an
sther {e.g., (C2H5)20, (CH3)20 or preferably {t-C4Hg)O(CH3)) produces the

15 compound of 6.0, i.e., a compound of the formula: '



Preferably, the reaction product of Step (b) is isolated before proceedi ng
15 to Step (c). For exanple, the reaction product of Step (b) can be
crystallized out of solution using a suitable organic solvent such as
toluene or ethyl acetate. Suitable organic solvents for Ste EE‘ %@pnclude
for exanpl e, WR¥AI®Ine chl ori de, hexane, tol uene and mi xtur

Preferably, nethylene chloride 20 is used. The reaction in Step (c) is
conducted at a tenperature of about 20 to ab%ut 100[err]C, with about 40 to
about 80[err]C being preferred, and about 50 @5 about 60[ err] C bei ng nost
preferred. The conpound of Forrmula 7.0 (or 7.1) is used in an anount of

about 25 1.5 to about 60e l engs, with ab {0 t@ about 5.0

equi val ents being preferred, nﬁa.b{ut 3.0to a u equi val ents bei ng
nost preferred. Exanples of Lewss atids uemble in ep c) include but are
not limted to: (CI-I[err])[erra]sAP',, (GftrriHerr]) e ACHNd Aferr]A, with
(CH err])[err] Al being pref ed.HThe Lewi s aci %s dsed in an anobunt of
about 1.0 to about 6.0 equi vahe!ht €30.0) t h about 2. 13t &3®d) about 5.0
equi val ents being preferred, and about 3.0 to about 4.0 eqU|vaIents bei ng
nmost preferred. \Aiep gcovery7of the catalyst, the protecting silyl group, -S(R1 ?)s, is

PCT { Ug%/ ?2436 rembved i MhedAtePnetiateiRLeprbtdcted) by #d addifion bEa& deprotécting( C)
Gierr)Sd et ]e’H*%%fsgi&ﬂ%;%@%%m@hﬂ% B angf Bz J;ga err]H
i s used, wi Bh aamoninHtuorids. rreferablyptetrabutylammpniugy Byoride)is used. duct of
Step (c) is r e addp &ectmq fecieht Rthixe@ Witlea suitablé brariic séivestedifore ddditiomteer t s
a hydroxy grouRuLilomin' mizture 9 SUHBR ordarit 'sSSREntiARELEE Yor example, THF,
toluene or methylene chloride. Preferably, THF is used. The deprotection
reaction is conducted at a temperature of about 0 to about 30°C, with about 10
10 to about 25°C being preferred, and about 20 to about 25°C being most
preferred. The deprotecting reagent is used in an amount of about 0.5 to about
1.0 equivalents, with about 0.6 to about 0.9 equivalents being preferred, and
about 0.7 to about 0.8 equivalents being most preferred.
Preferably, the reaction product of Step (b} is isolated before proceeding
15 to Step (c). For example, the reaction product of Step (b) can be crystallized
out of solution using a suitable organic solvent such as toluene or ethyl
acetate.
Suitable organic solvents for Step (c¢) include, for example, methylene
chloride, hexane, toluene and mixtures thereof. Preferably, methylene chloride
20 is used.
The reaction in Step (c) is conducted at a temperature of about 20 to
about 100°C, with about 40 to about 80°C being preferred, and about 50 to
about 60°C being most preferred.
The compound of Formula 7.0 {or 7.1) is used in an amount of about
25 1.5 to about 6.0 equivalents, with about 2.0 to about 5.0 equivalents being
preferred, and about 3.0 to about 4.0 equivalents being most preferred.
Examples of Lewis acids usable in Step (c) include but are not limited to:
{CHaz)3Al, {C2H5)3A! and ClzAl, with {CH3)3Al being preferred. The Lewis acid
is used in an amount of about 1.0 to about 6.0 equivalents, with about 2.0 to
30 about 5.0 equivalents being preferred, and about 3.0 to about 4.0 equivalents
being most preferred.



a phase transfer reagent to produce the internediate conpound of Formula
9.0. The 'solvent used is a mxture of water with a solvent selected from

for—examnpte,—merhylene chioride, tdluene and t-butyl nmethyl ether. The
ratio of water to solvent is about 1:1 to about 1:8, with about 1:2 to
about 1:6 WOi%758D preferred, and about 1:3 to about 1:BSTHSEN4¥Host
preferred, and about 1:4 being even nore preferred. Preferably, nethylene
chloride m xed with used as the solvent. The reaction in Step (d) is
conducted at a tenperature of about O t o—aomt 60[err]C, with about 20 to
about 50[err] C being preferred, and about 30 to 15 about 40[err] C being
nost preferred. ER%@pples obstrongacida guitable foraisedn Siep (C)dnglyde.dRy group into
? !_eaV: ng %reﬂé’mblé. HOIPHESD,, D COsH ah@rClaySORH e Préfeeably tatiueobs HClagent s (a
riaryl- pho e
di et hyl azodi i@%b&o??ﬁ‘ébrabﬂéﬁg ngthﬁ@g%%#g‘orﬁt pleferred,

di et hyl azodi car bo dyl), thecprodutt-afStep (g)[ie reaated,)itca sujtgble solvent, with a

o uereE SBUOE O Con B eyl s SnEr )
2,4,6-trichl &%ﬁgmfeéﬁ?%%'ﬁ . 2’ ufgéﬁ{iﬁ@ %? Iabﬁﬁl‘%%’hgﬁ%r e used,
with (d err] BiGrTheopolventiusediscn mixiurg ofwater with asalvant selestedSEamdor « hat

iogvtertsba [néslﬁﬁ»mé Helhylend ERloAdé, RaIeNE antiabidtyl mathyGther. Theorativief of about
. O abou

0 25 okt ! P
bei ng prefer P'é&?”éﬁ&"’?ﬁﬁiﬁ"a&fsgt‘ 'ﬁom\%’f?g{ ?%?g’hﬁ@uav”{afégﬁ%‘éﬁg bﬂ:?oﬂﬁ valents
preferredd Sprefegedaansabaut(1id tevabout A :Sbeipg ragstipreferred, andabaitdihl e, NaOH,

NaOCH[ err], I¢gihg bGEnintare] pretertdd. CiPesfeldllip mbtiitehe\aklotidelmixed it r ] .
Preferably, NaCH, I\E%F&g tr], KOH, KOCH err], or KOt-Clerr]Herr] is used,
with NaOH beif¥ ;?Fé 4. 30 The base is used in an amount of about 10 to
about 50 equi val eithe reagtion inten (d)ds condustas attemparature pt abguioie

preferred, arboabOrC,With sboti 20tto JBoEUSICRbEING Prateirad, antbabgut@oaor ed. | n
Step (d) 452 %%%3?4&@93%5rm&sqtp%fgﬁ'tad.' s used in an anmount of about
Examples of the reagents that convert a hydroxy group into a leaving
group in Step (d) include, for example, the Mitsunobu reagents (a triaryl-
phosphine or a trialkylphosphine mixed with diethylazodi-carboxylate, such as
triphenylphosphine mixed.with diethytazodicarboxylate), {C2Hs50)2P(O)Cl,

20 2,4,6-trichlorobenzoy! chloride, 2,6-dichlorobenzoyl chioride, CH3SO2Cl and
4-toluenesulfonyl-chloride (TsCl). - Preferably, (C2Hs0)2P(O)Cl,
2,4,6-trichiorobenzoy! chioride, or 2,6-dichlorobenzoy! chloride are used, with
(C2H50)2P(O)CI being most preferred. The reagent that converts a hydroxy
group into a leaving group is used in an amount of about 1.0 to about 2.0

25 equivalents, with about 1.2 to about 1.8 equivalents being preferred, and about
1.3 to about 1.6 equivalents being most preferred.

Strong bases utilizable in Step (d) include, for example, NaOH,
NaOCH3, KOH, KOCHa, KO-t-C4Hg and NaO-t-C4Hg. Preferably, NaOH,
NaOCH3, KOH, KOCHgs, or KO-t-C4Hg is used, with NaOH being preferred.

30 The base is used in an amount of about 10 to about 50 equivalents, with about
20 to about 40 equivalents being preferred, and about 25 to about 30
equivalents being most preferred.

In Step (d), a phase transfer catalyst is used in an amount of about
0.01 to about 1.0 equivalents, with about 0.05 to about 0.6 equivalents being
35 preferred, and about 0.1 to about 0.3 equivalents being most preferred.
| Examples of usable phase transfer catalysts include but are not limited to:
CeHsCH2N{C2H5)3Cl, CeHsCHaN(C2Hs5)5Br, tetrabutyl-ammonium sulfate,




0.01sto about 1.0 equivalents, with about 0.05 to about 0.6 equivalents
being 35 preferred, and about 0.1 to about 0.3 equival ents being nost
preferred. Exanples of usable phase transfer catal ysts include but are not

limted to: gqe% err]CH err]N(Cerr]H err])[err]d,

Clerr]H err] (err]Herr])[err]Br, tetrabutyl-amonPCHIE§02436
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t et rabut yl ammoni um acet ate, tetrabutyl anmoni ég] chl oride, tetrabutyl anmoni um
i odi de, benzyl tributyl phosphorus chl oride, Té&frabutyl ammoni um hydr oxi de,

and tetraphenyl phosphorus iodide. Preferably

Clerr]Herr] m[tevaqwle[mqueaqe}qt{eetqtqamyéas@meppm cllerge.armoni um
EB' Or | flte)_ ?h t6iratuty o Ginl iaardbl\lbﬁtzyltrnbbfylﬁﬂo]sbhams]dﬁlonde
enz rie
tet ra)l;utyl arm)t/) ?{Wﬁfﬂ'ﬁ gb%’? %Rhgﬁﬁ@%%@eg 1% uéed W th
[ err] H err] CHRPlaraply Gskly%m(]?a*[ls)a tengyitriglhylammonium chierige),The
reacti on m %t urGgHyCHNICHE)3Brs(bgnzyiviettylammonium bramide), detrigbutpk| ut | on, and

t ted with
gl)fl[ ;?f] g:l [\clamrr] %ﬁpuenegafﬁémi%ﬁg gﬂse r @%r‘?ﬁﬁwﬂgﬁrﬁ%@? ate or
t ol uene being flﬂerléd-lseﬂn ingguestprefes

Concentration of thaherieasiicn mbdurerth Stehmynemubnblhmtb bmwalcbwlﬂm of

H {
(510 g ko A N B e s, .
conpound oft OForGide |29"Q1"3'?-@b(@2'1|ﬁ)£pa!mbte}|§ﬂ acetate or toluene beingspegierred. t he
i nternedi at e f rand éhgPadetatel bringmobEpreldridtl. SConcanation of theCorganic sw:eht Thi's

rekerone y AARAFLBIEVEE Y Pt g kit e
dropwi se) to tH&2Hs)athare ﬂ%@ﬁtcOHTPOPBF’rﬂJIFQWUa 8 Gepernallythe
addi ti on usual l'of Fromuhme 0ds obtaimgdcasérystatsit 10 to about 60 ml/m nut e
preferably 45 In Step (e), the intermediate from Step (d) is reacted with a compound of
- 10.0 or 10.1. This reaction is a diasteroselective reverse Grignard addition. In
this reaction the ketone intermediate (9.0 or 9.1) from Step (d) is added slowly
(e.g., dropwise) to the Grignard reagent of Formuia 10.0 or 10.1. The dropwise
addition usually is done at a rate of about 10 to about 60 mi/minute, preferably
20 about 20 to about 50 mI/minute and most preferably about 30 to about 40
m¥minute. The Grignard reagent (10.0 or 10.1) is used in an amount of about
1.0 to about 2.0 equivaients, with about 1.2 to about 1.8 equivalents being
preferred, and about 1.4 to about 1.6 equivalents being most preferred. The
product from Step (d) (3.0 or 9.1) is used in an amount of about 1.0 equivalent.
25 The reaction is conducted at a temperature of about 10 to about 80°C, with
about 20 to about 70°C being preferred, and about 40 to about 60°C being
most preferred.
The reaction mixture in Step (e) is quenched into ice-cold HCI solution
and extracted with a suitable organic solvent. Examples of suitable organic
30 solvents include, for example, ethyl acetate, toluene, and (C2Hs)20, with ethy!
acetate being most preferred. Concentration of the solvent yields the product
of Step (e), i.e., a compound of Formula 1.0 (or 1.1). If desired, for example if
Step (f) will not be carried out, the product of Step (e) can be isolated by
techniques well known in the art. For example, the product of Step (e) can be
35 isolated using silica gel column chromatography with a solvent to elute the
desired product.




20 sabout. 20 to about 50 ml/m nute and nost preferably about 30 to about 40
m/mnute. The Grignard reagent (10.0 or 10.1) is used in _an _amount of
about 1.0 to about 2.0 equivalents, with about 1.2 to about 1.8 equivalents
being preferred, and about 1.4 to about 1.6 equi val ent s bel ng nost
preferred. W?W?%duct fromStep (d) (9.0 or 9.1) is use®GIPSE024¥pount of
about 1.0 equivalent. 25 The reaction is conducted at a tenperature of
about 10 to about 80[err]C, with about 20 to about 70[err] C being
preferred, and about 40 to about 60[err]83§er‘ng most preferred. The
reaction mxture in Step I(QS i's quenched into ice-cold HO solution and
extracted with a BLiR%andR3inthd compoungstof Foxmuiasds0 and Jul prduecedingani ¢ 30

sol vent sH l ncs ) bRy netx@M| For dﬁelwnt@te ql.e.l &t lehst oty of Fl];igl;"f ggd R3to be
(it T C Ok echna iyl e pRE SRR B Bl BS bRl ne,
cohpound of FeactantsofiFonpdas 7.014.0 and/er-).0 isia pfolecteda@til group. i&‘..an ( f ) will
nolt | bE cag I i SRS group WRemIPAS ¢S a@E sm §% %lucprda? rffo?@h%ques
\IA§O| at QSW{]S: Ez?t‘gﬁ ?a‘gthdggg% ﬁf@%ﬁeﬁ FMS ﬁeipagéqrbma} ttg Pelute the
desired prodpeacess of $iopof) terseduce the correspo ing compound of Formula 1.0 or
Ecg/ USgG/1 Oi 434 wmthﬂm@h ~OH gfolp o’t‘@?bdﬂse '}h the ﬁrchQs apswatmdwnaﬁ oﬁer gy' as
I eas?non% BF ﬁaﬁsﬁh M"éﬁ)" %{qu ?ist%o'ﬂés ar@lﬁ'q?‘hfq Qrecll PHEJ pr oduct t he
cor r espohi ngemlegel}atIOR[thS] nod takeoplacg wheh the pegtectedthydroxysgroumiss of
For nul as 7r Osuts e&eraﬂdlfﬁﬂrobﬁnghdrﬁ ?hé%eoﬂﬁfddelﬁ thpdrtgﬁlﬂ%rrdcléie thetn © ounds of
corn 1B oeniudlutie b o p e i
accor di ng t oupsaturation will also be hydrogenated. hus. itis desurable to avoid havlng
one or more of the remaining R, R2 and R3 groups be an -ORS group wherein
15 RS is alkenyl, alkynyl or cycloalkenyl.
Suitable aralky! groups for RS in Step (f) include benzyl, 4-methoxy-
benzyl, 4-chlorobenzyl, and 4-nitrobenzyl, with benzy! being preferred.
In the process of Step (f), a compound of Formula 1.0 or 1.1, having one
or more of the protected hydroxy groups described above, is hydrogenated in a
- 20 suitable alkanol solvent using a suitable hydrogenation catalyst, hydrogen, and:
a suitable Lewis acid:to produce a compound of Formula 1.0 or 1.1 having one
or more corresponding hydroxy groups. The hydrogenation reaction is
generally conducted at room temperature (i.e., about 20 to about 25°C). The
compound of Formula 1.0 or 1.1 (having one or more protected hydroxy
25 groups) is used in an amount of about 1.0 equivalent. Suitable alkanol
solvents include the C1 to Cg alkanols, such as, for example, ethanol,
methanol, n-propanol, iso-propanol, and n-butanol. Preterably, ethanol is
used.
Suitable hydrogenation catalysts include, for example, Pd/C, P/C, Ni/C,
30 Raney Nicke! and PtO. Preferably, Pd/C, Pt/C or Ni/C is used, and most
preferably Pd/C is used. The catalyst is used in an amount of about 5 to about
40 w/w%, with about 10 to about 20 w/w% being preferred. Hydrogenation is
carried out at a pressure of about 5 to about 70 psi, with about 20 to about 60
psi being preferred, and about 40 to about 60 psi being most preferred.
35 In process Step (f), a Lewis acid is used. Without wishing to be bound
by theory, it is believed that the presence of the Lewis acid prevents the
dehalogenation of any of the remaining R1, R2 and R3 groups which are halo.




process of Step (f) to produce the correspondi ng conpound of Formula 1.0 or
1.1 with the desired -OH group or groups. In the process of Step (f), when
one or nore of the remaining Rlerr], Rerr] and R err] groups are halo
(e.g., d or F), 10 dehal ogenation does not take place when rotected
hydr oxy grou‘p’oimgﬁbj ected to hydrogenation. Those skillediS¥ s“gﬁ@% wil |
appreci ate that because there is hydrogenation in this step any

substituents containing unsaturation wl| 0 be hydrogenated. Thus, it is
desirable to avoid having one or nore of tn'eg 4 &nai ni ng Rlerr], R[err] and
Rlerr] groups be an -OR[err roup wherein 15 Rerr] is, al §e yl, nyl
or cycl oal kenyExa@IqsaofI&&llta laiLieyis g@d&ﬂp'lfdﬁrblﬂ[%!?r"f’t ]'W‘tﬁgb [‘R Mﬂg \é
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w W with abowomgpund oftfenmulaot.@f wos bei ng preferred. Hydrogenation is
carried out at a pressure of about 5 to t 70 fjmth about 20 to
about 60 psi being preferred, and gifewt—40 o aboyt 6q-pdk‘ bei ng nost
preferred. N N
—N

Ra—-'/ | __k (1.2)

N o

15 and preferably.a compound.of Formula 1.3:

QL

R® N

O 7 (1.3)

Suitable temperatures for the dehydration step are within the range of about
40 to about 100°C, with about 60 to about 90°C being preferred, and about
70 to about 90°C being most preferred. Examples of acids usable in the
20 dehydration step include, for example, sulfuric acid, HC, 4-toluenesulfonic acid
and trifluoroacetic acid.

The compound of Formula 1.2 or 1.3 is then hydrogenated at room
temperature (i.e., about 20 to about 25°C), in a suitable alkanol solvent with a
suitable hydrogenation catalyst to produce a compound of Formula 1.0 or 1.1,

25 respectively, wherein R4 is H. The alkanol solvent, hydrogenation catalyst,
amounts and pressure used are as described above for the hydrogenation in
Step (f).

The product of Step (f) can be isolated by techniques known in the art.

For example, the product of Step (f) can be crystallized from solution using an

H1



35 , I'n process Step (f), a Lewis acid is used. Wthout w shing to be
bound by theory it is believed that_the presence of the Lewis acid
prevents the dehal ogenation of any of the remaining Rlerr], Rerr] and

Rl err] groups which are hal o. WO 96/ 27587

PCT/ US96/ 02B9%T88T. Exanpl es of suitable Lewi s acids i ncl BFEUS02436e not
limted to ZnX[err], MgX[err] or Ti X err], wherein Xis C or Br.
Preferably, a Lewis acid of the fornula ZnX2 wherein X is C or Br,
preferably Br, is used. The Lewis acid is Ufd™ in an anount of about 0.2 to
about 1.0 eqw val ents, with about 0.4 to abgut O. equi val ents bei ng

preferred, andO'@BBIGiSOyent such,gs, for QXQ!“B'&UMYJRH%C‘H@F% afixturgof ethaned .
Ot her Lew s acamitheﬁarmhonaymﬂura/ef etbﬁfadetaw@hddﬁxéhé] ifetie Convidpsion of RF and

MnBr[err I n I I
proched] whereln rr Eﬁcﬁﬁa&mgwc@\here @er r"?t ﬁé‘% canybe
dehydr at ed usilggi& @ E%“QAH\GICWSWP’] ﬁePt@te&r(g))t df epnyersien tatheounds
of Fornul a8l. Ocodmmdmﬁémrrr B4 issHlis cahied, out,the fgreduct so @indacdn Isein be

converted to Hghpat gg&rﬁegqmgq%l&krf&r apiocé_'cp {g{&?l‘@l n Rerr] is -0OH)

with an acid to prqguc oun or muy 5 and preferably
a conmpound of Fornmu meawhepre’ep@t&)mabt totenaisey theat i on

step are wit hlcomwmndsrmeduﬂedahahe véafioupricess stbﬁﬁbarm} Geswd Ibeabout 60 to

about 90[err )

preferre([j ]ﬁr&gdﬁf@g?{ ifon ﬁkﬁﬂﬂ%&%ﬁé’%gﬁagﬁxg@ ﬁy 4‘%;5'%&%

for exanpl inct 88y Gxamp?? Jieparation cagh Q: lished by
precipitation, chromatography (e.g., column), phase separation (extraction) and
distillation. The desired product can then be dried and purified by
recrystallization.

15 The Example that follows is intended to exemplify the claimed invention,
and such example should not be construed as limiting the disclosure or the
claimed invention.

EXAMPLE 1
20

All reactions described below were carried out under nitrogen.
Chromatography was carried out using 230-400 mesh silica gel. The TH NMR
spectra (300 or 400 MHz) were recorded in ppm and referred to (CHa)4Si
unless otherwise noted. All starting materials were purchased commercially

25 and used without further purification, except the 4-benzyloxybenzaldehyde
(Formula 37.0) which was recrystallized from toluene. The HPLC chiral assays
of the hydroxy ester of Formula 34.0, the B-lactam of Formula 39.0, and the
compound of Formula 11.0 were carried out on a Chiraicel ODH column
(0.46 cm ID x 25 cm) with a mobile phase of hexane:2-propanol (84:16) and a

30 flow rate of 1.0 mU/min. For chemical purities a reversed phase HPLC was
employed using pu-Bondapak Phenyl column (0.39 cm x 30 cm) and
H20:CH3CN (1:1) as a mobile phase. UV detectors at 225 nm were used for
both of the above HPLC.



and trifluoroacetic acid. The conpound of Fornula 1.2 or 1.3 is then
hydrogenated at roomtenperature (i.e., about 20 to about 25[err]C), in a
sui t abl e al kanol solvent wWith a suitable hydrogenation catalyst to produce
a conpound of Fornmula 1.0 or 1.1, 25 respectively, wherein R4 is H The

al kanol soMRM278y dr ogenat i on cat al yst, amounts and presBEFES¥Eare as
descri bed above for the hydrogenation in St ep (f). The product of Step (f)
can be isolated by techni ques known in the % For exanpl e, the product of
Step (f) can be crystallized from sol uti on“lsTng an WO 96/ 27587

PCT/ US96/ 02436 -25_- organi.c sol vent such as, for exanpl e, nethyl ene
chloride, a mxturﬁ!ebﬂ B AsNYQIRXYCYEIONRXANQCArROXIALe 1€ 0bf et hyl acetate
and hexane. |f the conver5|onf R4 from _OH to His to be made, the

product of Step (f) does ave to be isolated before pe(gé%m ng the
conversion step (Step (

Ep(sersmntothe erein Rerr]
is His carried out, t pduct so forned,can | SOT at Bd .as descri bed for
(8105t ep (f). ThoW® skilled on @& art will

the isolation of th h
F'ess stated ot herw se, the conpounds Froduced in the

appreci ate that,
various process st'@p% 1daRyraxiprassure battiepuerecasidest sequentiaiy 50g of gthwt t i on

21 xtures, i sof-Aydrdxytishzotite, B0e byt mettianol &nd 5'§ bt 5% Rh léPCMQO 3.NThee art.
chv ot o P oy e e et 4 sty
distillation indliated pppieta reastion Krboub 8 taabeut 16 brs)u Filtratian efthe
recrystal | i zajgagtion Mixture followdd By EsAcatatiohYave B0l ¢ vhthecompatndast t 0
exenpl i fy thepghdiifed o 48 MikiBRs of trans and cis-isomers with a ratio of 78:22 as
determined by GLC. The crude pale-yellow liquid was used directly in the
10 oxidation step (Step 2 below) without further purification. HRMS: 173.1178

(MH+); calculated: 173.1171; 'H NMR (CDCl) trans: 4.12 (q, J=7.2 Hz, 2H),

3.89 {m, 1H), 2.36 (m, 1H), 2.04-1.90 (m, 3H), 1.70-1.60 (m, §H), 1.24 (t, J=7.2

Hz, 3H). IR: 1730 cm-1,

Step 2: Ethyl 4-oxocyclohexanecarboxylate (33.0}

: 7 OC2Hs M OCaHs
o (32.0) — 0 (33.0)

To a 3-L 3-neck flask equipped with a mechanical stirrer, a thermometer,
and an addition funnel were added 50 g (292 mmol) of the compound of
Formula 32.0 from Step 1, 33 mL (584 mmol) of acetic acid and 145 mL of
commercial bleach {5.25% NaOCI). To the cooled reaction mixture, at 5°C,

20 was added dropwise 478 mL of more bleach. The reaction was allowed to
warm to room temperature for 1 hour and then was extracted with 3 x 400 mL
ethy! acetate. The combined extract was washed with water, dried over
MgSQ4, and concentrated to give 49 g of crude 33.0 as an oil which was used
without purification. The spectral data are identical to those of the literature

25 (see Sanchez, |. H.; Ortega, A.; Garcia, G.; Larraza, M. |.; Flores, H.;

J. Synthetic Comm. 1985, 15, 141).

Step 3. Cyclic-ketal ester (2.2)

OCoHg
&)

(33.0}) ’ k/ (2. 2)
To a 2-L one- neck flask was added 307.5 g (1.968 mole) of the
30 compound of Formula 33.0, 131.7 mL (2.362 mole) of ethylene glycol, and

15



and .such exanpl e should not be construed as limting the disclosure or the
clainmed invention. EXAMPLE 1 20 All reactions described_below were carried

- oat under nitrogen. Chromatography was carried out using 230-400 nesh
silica gel. The [err]H NVR spectra (300 or 400 MHz) were recorded in ppm
and ref er eQ9295§7CH err])[err]Si unl ess ot herwi se not ed. PAFUS0236; g
materials were purchased commercially 25 and used w thout further
purification, except the 4-benzyl oxybenzal dehyde (Fornula 37.0) which was
recrystallized fromtol uene. The HPLC chi@dl —assays of the hydroxy ester of
Formula 34.0, the [err]-lactam of Fornmula 39.0, and the conpound of Formula
11.0 were cad.74@(18.68 mmal) aid-toluenssultwic acid. With @ distillation head 25 cn) with a

mnn: e png eat?éechbama@r I?tlmezﬁagm}s Wgsvb@)wéiaﬁ azedfio n&lwnat:@n oivHerD
[ err]-Bondap %@ﬁb?ﬁé[ﬂw ;?5 thiq%‘ggﬁﬁagﬁh &ig‘ﬂlri@ (1:1)
as-a nobile m%nﬁlmm&abwtéﬁﬁtﬂ@ meaterial wasded aﬁé’ﬁt above
ECP:#/CUS%/ A reactlon was quenched portionwise into 450 mL ice-cold sg%uerat(eg2 0
[err] To a lﬁ%HE@?ﬁp ‘b‘f‘&%’lﬂ Eﬁ%ﬁf‘g}e&g?‘gﬂ&é‘g@q %@ﬁﬁgﬁ%ﬁﬁ%ﬂ% of - et hyl
4- hydr oxybencembised Bxtragh was washedwith briagddried)with Mp$ Wf[céﬂgf teferr] .
The 5 seal edTh@?éél&né’\ﬁésHﬁﬂéﬂ?dt M8 {b 128°CrEI8 mMIMg vomegt(advatof% psi
l,ilnlt It lr aE Ie:‘):]] Ogt':\lt%\\/HRguncfi bFRSrRLIS 8% Sifad: o518 4 283 (N caloieBP 245.1282" S) -

10 1H NMR (CDCla) 4.13 (q, J=7.0 Hz, 2H), 3.96 (s, 4H), 2.4-2.3 (m, 1H), 2.0-1.9

(m, 2H), 1.8-1.75 (m, 4H), 1.65-1.5 (m, 2H), 1.26 (t, J=7.0 Hz, 3H). IR: 1730

cm-1,
Step 4:
OSi(CHs)s
Moc% Moczm
crm—
2.2) ° @2
15 To a dry 1-L 3-neck flask equipped with a mechanical stirrer, an addition

funnel, and a thermometer was added 130 mL of THF and 23.3 mL (166 mmol)
of diisopropylamine. The mixture was cooled to -20°C and 104 mL (166 mmot)
of 1.6 M buty! lithium in hexane was added dropwise. After 30 minutes’
agitation at -20°C, a solution of 29.6 g (138 mmol) of the compound of Formula

20 2.2in 30 mL of THF was added dropwise and the resulting mixture was stirred
at -20°C for 1 hour. To the enolate formed, at -20°C, was added dropwise
26.3 mL (207 mmol) of (CHg)3SiCl (TMSCI). The mixture was stirred at -20°C
for 30 minutes and then allowed to warm to room temperature for 1 hour. -The
THF was distilled off and the residue was transferred into a smaller flask via a

25 Schienk air-free filter. High vacuum distillation at 87-82°C/0.3 mm Hg
produced 38.9 g (94%) of the compound of Formula 3.2. HRMS: 285.1522
(MH+); calculated: 285.1512. TH NMR (CDCl3) 3.89 (s, 4H), 3.71 (q, J=7.0 Hz,
2H),2.25-2.20 (m, 2H), 2.19-2.10 (m, 2H), 1.48-1 40 (m, 4H), 1.15 (t, J=7.0 Hz,
3H), 0.13 (s, 9H).



reaction mxture followed by concentration gave 50 g of the conmpound of
Fornmula 32.0 as a mxtur_e_gf_n_.trans and cis-isomers with_a ratio of 78:22 as
oxi dation ste Step 2 bel ow) w thout further purification._ HRVS: 173.1178
(Merr]); ™ &!‘}éd 173.1171; [err]H NNR(CDCI[err]) t r BGTUSIPN2E6
J=7.2 Hz, 2H), 3.89 (m 1H), 2.36 (m 1 , 2.04-1.90 (m 3H), 1.70-1.60
(m 5H), 1.24 (t, J=7.2 Hz,3H). IR 1730 anerr] Step 2: Ethyl

4- oxocycl ohexanecar boxyl ate (33.0) [err] 5~ a 3-L 3-neck flask equi pped
with a nechanical stirrer, a thernoneter, and an addition funnel were added
50 g (292 mmol) of StepScbivdroxyester (84001 a 32.0 from Step 1, 33 nL (584
nmol ) of acetic aC(Ai) NA@- n%ﬁtﬁdleﬁﬁsuﬁﬁﬂylﬁmaiheqhamh (5.25% NaOCl ). To the
cool ed reaction mxture, at 5[err]C, 20 was added d§opwi se 479 nL of nore
bl each. The reaction was allowed to warmto roomt erat ue for 1 hour and
then was extracted with X 400 nmL ethyl acetate. TheNgQ ned extract was
washed with water, dried QoY MySO4, and concentratg ¥to o 49 g of crude

33.0 as an oil which was jeQd Wi thqut purification. The sp ral data are
i dentical to those of t eratu e 25 (see Sanchez$0z2 . Ia y Otega, A
Garcia, G; Larraza, M | pres, : ' 01985, 15, 141) .
Step 3: Cyclic-ketal estg . 2) ‘_[ﬁ fl ask was added
307.5 g (1.968 nole) of 30 coﬁpo&%do) ‘ 131.7 nL (2.362

nol e) of ethylene glycol,

(35 )

To a 12-L 3-neck flask with a mechanical stirrer, an addition funnel, and
5 athermometer were added 400 g (3.414 mol) of D-valine (36.0}, 3 L of water,
380 mL of THF, and 1190 mL (8.572 mol) of triethylamine (TEA). To this
solution was added dropwise at 5-10°C a solution of 774 g (3.414 mol) of
2-naphthalenesulfonyl chioride (35.0) in 800 mL THF. The mixture was
allowed to warm to room temperature and stirred for 2 hours. Evaporation of
10 THF followed by quenching into 4 L of 3 N HCI precipitated crude product.
Crystallization of the crude product from t-butyl methyl ether gave 810 g (87%)
of 18.0. M.p.: 170-172°C (literature gives the m.p. as 170-172°C — see
Kiyooka, S.; Kaneko, Y.; Komura, M.; Matsuo, H.; Nakano, M.; J. Org. Chem.,
1991, 56, 2276.). The spectral data are identical to those of the literature.

15 (B) Hydroxy Ester (34.0) formation
OCH2CgHs
OSi{CHa)3
. OCg2Hsg
o 2 (34.0)
——
k/° (3.2) 0 OC2Hs

(P el
S:R =94.5:5.5
To a dry 50 mL 2-neck flask with a magnetic stirrer and thermometer
were added 1.23 g (4.0 mmol) of N-(2-naphthalenesulfonyl} D-valine (18.0)
and 5 mL of propionitrite (dried over 3 A molecular sieves). To the cooled
20 mixture at 5°C was added dropwise 4.0 mL (4.0 mmol) of 1.0 M BH3*THF to
produce in situ the chiral catalyst: '
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3.74 g (19 68 mml) of 4-toluenesulfonic acid. Wth a distillation head
attached, water produced was renpved via an azeotropical distillation. Wen
the distillation slowed down, 75 niL of toluene was charged and the
di still at Wh9#B7conti nued until about 4% starting nater PEIU§MO24361 ¢ a5
determned by GLC. 5 The cool ed reaction was quenched portionw se into 450
m. ice-cold saturated NaHCO err] solution and extracted with 3 x 300 nL of
et hyl acetate. The conbi ned extract was—witred with brine, dried with
MySO err], and concentrated. The residue was distilled at 115 to 125C/ 0.3
mmHg to give 319 g (81% of the conpound of Fornula 2.2. HRVS: 215.1283
(MH); cal cul ated: 215.1292. 10 r]H NNR (CDCl[err]) 4.13 (q, J=7.0 Hz,
2H), 3.96 (s, 4H), 2423(m1H) (m 2H), 1.9-1.75 (m 4H),
1.65-1.5 (m 2H), 1.26 (t, J= 7.0 HzS3H) d R 1730 cnferr]. Step 4:
Cyclic-ketal TMs-enol ether (3.2) [erlr} To a dry 1-L 3-neck flask
equi pped with a nechanical stirre %2%an Faddi tion funnel, and a ther nomet er
was added 130 mL of THF and 23.3 niL 6 nmmol ) of dii sopropyl am ne. The
m xture was cooled to -20[err] C angq r’(24(o%66 mol) of 1.6 M butyl
lithiumin hexane was added dropw s§ 0O mnutes' agitation at
-20[err]C, a solution of 29.6 g (13I) of the compound of Formnula 20
A\

QO

2.2 in 30 nL of THF was added drop nd the resulting m xture was

stirred at -20[err]C for 1 hour. q enol ate fornmed, at -20[err]C, was
added drop e 26.

207 CH err TI\/BCI The
m xture was |'?$"é!'df‘9&f“"&‘2r9[“@5rf‘€|?‘!)p %(9"&\ @4%5%&111%%@1? )aﬂ'fltﬁ%)ed to warmto
room ]E errpe(r]I dM8-enblosther iﬁonmﬂlla'ﬂm) WtFauld;d dropwise. e%fod_ié ;?ﬂlmgmgtwel dﬂ_e \r/]vas
Lr anst er r ed waalducddBbIyEb, bl 2fdur iRirg T_@Q’&ﬁ'ﬂ EoufioRsr blpter . H g
vacuum dj stl at1o err roduce : of the
cormpound®of { 124 GZ'ZYPN%)&?"ZE hyde 437. OCHZH RS
2CeHs

(37.0)

o

in 4 mL propionitrile. After stirring at -78°C for another hour, the reaction was
quenched into 50 mL of ice-cold saturated NaHCO3 and extracted with 3 x 50
mL of ethyl acetate. The combined extract was washed with NaHCO3 4 times
10 to remove any catalyst, dried over MgSQ4, and concentrated to a small volume.
The residue was redissolved in a small amount of THF (about 4 ml) and
0.7 equivalents of 1.0M (C4Hg)4NF in THF was added dropwise to remove the
trimethylsilyl (TMS) group. Concentration of the THF was followed by
quenching into brine. The product was extracted with toluene, washed with
15 brine, dried over MgS04, and concentrated to a small volume. Crystallization
gave 3.21g (75%) of the compound of Formula 34.0 with an 89% e.e.
(enantiomer excess). M.p: 83-85°C. HRMS: 449.1840 (MNat); calculated:
449.1942. TH NMR (CDCl3) 7.40-7.25 (m, 5H), 7.07 (d, J=8.7 Hz, 2H), 6.85
(d, J=8.7 Hz, 2H),4.99 (s, 2H), 4.56 {d, J=5.6 Hz, 1H), 4.15-4.0 (m, 2H), 3.85
20 (s, 4H), 2.80 (d, J=5.6 Hz, 1H), 2.3-2.2 (m, 1H), 2.0-1.9 (m, 1H), 1.7-1.4 (m, 6H),
1.14 ({t, J=7.1 Hz, 3H). IR: 1720 cm-1.



(MHerr]),; calculated: 285.1512. [err]H NWR (CDCl[err]) 3.89 (s, 4H, 3.71
(g, J=7.0 Hz, 2H),2.25-2.20 (m 2H), 2.19-2.10 (m 2H), 1.48-1.40 (m 4H),
1.15 (t, J=7.0 Hz, 3H), 0.13 (s, 9H). WD 96/ 27587

PCT/ US96/ 024, -28- Step 5: Hydroxy ester (34.0) (A

N- ( 2- napht haﬁgﬁ’g’gﬁﬁ onyl) D-valine (18.0) [err] To a 1 2- L PCHHS/02436, 5
with a nechanical stirrer, an addition funnel, and 5 a thernoneter were
added 400 g (3.414 nol) of D-valine (36.0), 3 L of water, 380 nL of THF,
and 1190 nL (8.572 nol) of triethylam ne (T§Q\)'.‘ To this solution was added

dropwi se at 5-10[ery]C.a solution of 774 g (3.414 nol) of
2- napht hal enesul fo P Eh . s34 800 nmL THF. The m xture was
al Fowed to warmto room t enpeggtyre esirred for 2 hea s, OEHabgMsati on o

10 THF foll owed by quenchi ng b 4 L of 3 N HCl prec
product. Crystallization "b’f : ude product fronﬂg
gave 910 g (87% of 18.0.4¢ 170-172[err] C (litebdt ure gives the mp. as
170-172[err] C - see Kiyd8 : -

Nakano, M; J. Oq. Ghel , 3 9J’ he

I dentical to thos¢ @ [ era?ﬁ.u;e. 15 B)~Hyd} oxy Ar (34.0) .
formation [err] R 094.5:595 To a dry 50 B 2-neck 10 ask i a magneti c
stirrer and ther nont er(34Me added 1.23 g (4.0 (880) of F

ver B e o R Y20 & etk fadk it rRdcharical stiter, & Badhlon funnel, °"' ¢
and a thermometer was added 41.3 mL (436 mmol) of 4-fluoro-aniline and 120
5 mL of CH2Cl2. To the mixture was added 218 mL {436 mmol) of 2.0 M

(CH3)aAl in hexane. After agitation at room temperature for 30 minutes, a
solution of 46.7 g (109 mmol) of hydroxy ester (34.0) in 110 mL of CH2Cl> was
added dropwise and the resulting mixture was heated at 50 to 55°C for 2 days.
The cooled reaction was quenched dropwise into a mixture of 700 mL of

10 3 N HCl and 400 mL of toluene and extracted with 2 x 400 mL of ethyl acetate.
The combined ethyl acetate extract was washed with 2 x 300 mL of 3 N HCI,
300 mL brine, and concentrated. The residue was redissolved in 250 mL of
THF and then hydrolyzed at room temperature for 3 days with the addition of
300 mL of 3 N HCI. After removal of the THF, the crude product was filtered

15  and slurried with saturated NaHCO3 to give 40.9 g (38.0) which was used for
the cyclization (Step 7 below) without purification. An analytical sample was
recrystallized from ethyl acetate/hexane. M.p: 173-175°C. HRMS: 448.1924
(MH*); calculated: 448.1920. TH NMR (CDCla) 8.88 (s, 1H), 7.48 {dd, J=8.9,
4.8 Hz, 2H), 7.40-7.30 (m, 5H), 7.13 (d, J=8.6 Hz, 2H), 7.04 (t, J=8.6 Hz, 2H),

20 6.87 (d, J=8.6 Hz, 2H), 5.00 {s, 2H), 4.56 (s, 1H), 3.16 (bs, 1H), 2.85-2.75
(m, 1H), 2.75-2.65 (m, 1H), 2.45-2.32 (m, 2H), 2.27 (dm, J=15.8 Hz, 1H),
2.15-2.05 (m, 1H), 1.93 {td, J=13.4, 5.3 Hz, 1H), 1.55 (td, J=13.4, 5.3 Hz, 1H).
IR: 1700, 1640 cm-1.



20 mxture at 5[err]C was added dropwise 4.0 nL (4.0 nmol) of 1.0 M
BH['err] THF to produce in situ the chiral_catalyst: WO 96/ 27587 :
PCT/ US967 02436 -29- [err] The resulting mixture was cooled to -78[err]C,
and 3.15 g (11 nmol) of the TM5-enol ether (Formula 3.2) was added

dr opwi se. %88 csul ting ni xture was added dropw se, | nPHVIHPUNRsi ng a
syringe punp, a solution of 2.12 g 5 (10 nmol) 4-benzyl oxybenzal dehyde
(37.0) [err] in 4 nlL propionitrile. After stirring at -78[err]C for another
hour, the reaction was quenched into 50 370t i ce-col d saturated NaHCO3 and
extracted with 3 x 50 nL of ethyl acetate. The conbi ned extract was washed
w th NaHCJ err] éstbpnes}(d:anepq_a'm\(sggpy catalyst, dried over MgS(err],
and concentrated to a snal DEH,CEHE residue was redissolved in a smal |
afmount of THF (about 4 m)
(derr]Herr])[err] NFR N z
teimethylsilyl (TI\/B) Padh XCOncent r at | GeHabCORe

15 brine, dried oye DS ] and concentr at € ). . .
Crystallization g#ve 3t 21 (7 t he conpound o R . |
89% e.e. (enantPomer excees) AL 83-85[err]C. HRVS: $49. 1940 (MNa+);
cal cul ated: 449.194@88.0krr] H NVRTCEEl [err]) 7. NJ 7.07 (d,

(M¥5H) ,
J=8.7 Hz, 2H), 6.85 (d, J=8.7 Hz, 2H),4.99 (s, . 2 2 56 (3. 1=5.6 Hz, 1H),
4.15-4.0 (m 2H), 3.85 20 (s, 4H), 2.80 (d, 955.6 Hz, J(ap.,o)z 3-2.2 (m

(1::;{') . r2] 9' 1.9 (m 4éh2.t 3/hckxhaskwithd me%h&rﬂcéltst:rrér, anla&@tionqm'mell. Bna 4720

thermometer were added 39.3 g of the crude hydroxy amide {38.0), 1.0 liter of

5 CH2Ciz.and 4 g of CgHsCH2N(C2H5)3Cl. To the mixture was added slowly
through the addition funnel 232 g of 50% NaOH and 19 miL (132 mmol) of
(C2Hs0)2P(0)Cl in 20 minutes. The resuiting mixture was stirred at room
temperature for 2 hours, then quenched slowly into 2 L of ice-cold 3 N HCI with
agitation, and then extracted with 3 x 500 mL of ethyl acetate. The combined

10 extract was washed with brine, dried over MgSOyg4, and concentrated. Addition
of 200 mL of {C2Hs)20 to the residue precipitated 23.4 g (59% over two steps)
of the compound of Formula 39.0. The enantiomer excess was determined to
be 99.8%. M.p: 127-129°C. HRMS: 430.1818 (MH*); calcd: 430.1805.
1H NMR (CDClgz) 7.34-7.17 (m, 7H), 7.09 (d, J=8.6 Hz, 2H), 6.90-6.96 {m, 4H),

15  4.95 (s, 2H), 4.80 (s, 1H), 2.80-2.75 {m, 1H), 2.5-2.45 (m, 3H), 2.25-2.15 (m,
1H), 1.95-1.80 (m, 2H), 1.52-1.42 (m, 1H). IR: 1735, 1720 cm"1,
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Step 6: Hydroxy amde (38.0) [err] To a dry 2-L 3-neck flask with a

mechani cal stirrer, an addition funnel, and a thermoneter was added 41.3 nl
(436 nmmol) of 4- quoro aniline and 120 5 nlL of CH2ClI 2. To the m xture was
added 218 WOWRIB ' mmol) of 2.0 M (CH err])[err] Al in hexaPfe/UpP4P6
agitation at roomtenperature for 30 mnutes, a solution of 46.7 g (109
mol ) of hydroxy ester (34.0) in 110 nL of CHerr]C [err] was added

dropwi se and the resulting m xture was medfed at 50 to 55[err] C for 2 days.
The cool ed reacti on was quenched dropwi se into a mxture of 700 nL of 10 3
N HO and 400 m Swép 8o |HRIRExyRBchmI(AGHEd With 2 x 400 nL of ethyl acetate.
The conbi ned et hyl acet ate extract was washed with 2 x 300 nL of 3 N HCl,
300 nL brine, and concentrated. The resi due was redissolved in 250 ni of
THF and then hydrol yzed at roomge g A he addition of
300 mL of 3 N HCl. After renovalf of the THF ¢ Juct was filtered
15 and slurried with saturatedfNaHCO3 to gi'\y ) R8.2) which was used
for the cyclization (Step 7 bel qweaw t bout purifi §etNon. ~An anal yti cal
sanple was recrystallized from gt hyl Ile 173-175[err] C
HRVS: 448.1924 (MH err]); cal culjat ed: \; NVR (CDCl[err]) 8.88
(s, 1H), 7.48 (dd, J=8.9, 4.8 Hj, 2H) . .30 (m 5H), 7.13 (d, J=8.6
Hz, 2H), 7.04 (t, J=8.6 Hz, 2H),| 20 6.87 (gy J=8.6{#20)2H), 5.00 (s, 2H),
4.56 (s, 1H), 3.16 (bs, 1H), 2.45-2.75 (m 1H), 4&.75-2.65 (m lH),
2.45-2.32 (m 2H), 2.27 (dm J=1 S%I_J—g Hy, 2.15-2.05 (m 1.93 (td,

J=13.4, 5.3 Hz, 1%{)395. 55 (td, 1H) . /@Zﬁ 1640 cnferr].

HO. o

- d

To a dry 12-L 3-neck flask with a mechanical stirrer, an addition funnel,
and a thermometer was added 1750 mL of 1.0 M 4-CICgH4MgBr. The mixture
5 was heated to 48 to 52°C and a solution of 500 g (1.164 mol) of the compound
of Formuia 398.0 in 2 L toluene was added dropwise in 1 hour. The resulting
mixture was stirred for another 30 minutes at the same temperature, cooled to
room temperature, quenched slowly into 6 L ice-cold 3 N HCI, and extracted
with 3 x 3 L of ethy! acetate. The combined extract was washed with 2 x 3 L of
10 3 N HCI and brine, dried over MgSOg4, and concentrated to give 567 g of crude
product as a mixture of two diastereomers 40.0 and 40.1 (ratio 94:6 of _
compound (40.0) to compound {40.1)). The crude mixture was used directly in
hydrogenation Step 9 below. HRMS: 541.1820 (M+); calculated 541.1816.
1H NMR (CDCl3, major isomer only) 7.50-7.20 (m, 8H), 7.00 (d, J=8.6 Hz, 2H),
15 6.93 {t, J=8.6 Hz, 2H), 5.04 (s, 2H), 4.86 (s, 1H), 2.60-2.50 (m, 1H), 2.16
(td, J=13.8, 4.3 Hz, 1H), 2.05-1.90 (m, 3H}), 1.63 (dm, J=13.8 Hz, 1H), 1.32
(dm, J=14.3 Hz, 1H), 1.10 (td, J=13,8, 4.3 Hz, 1H). IR: 1730 cm™1.
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Step 7: Ketone [err]-Lactam (39.0) [err] To a 2-L 3-neck flask with a
mechant cal stl rrer, an addition funnel, and a thernonmeter were added 39.3 g
of the crude droxy amde (38.0), 1.0 liter of 5 CH[er‘JG(l;I err] _and 4 g
of d err] HVens errI]N(CJerrJHerr])[err]C. To the m xt dded
slowy through the addition funnel 232 g of 50% NaOH and 19 m (132 mmol)
of (CJerrJHerr]O[err]P(OC in 20 mnutes. The resulting m xture was
stirred at roomtenperature for 2 hours,” ffen guenched slowy into 2 L of
lce-cold 3 NHC wth altatlon and then extracted with 3 x 500 nL of

et hyl acetate. TREeR Snibivalrge 3 BSUCRIIANTIREBYHYW t h brine, dried over
MySO4, and concentrat ed. Addltlon of 200 a) R | ferr]Oto t he
residue precipitated 23.4 g (59% over two st
39.0. The enantionmer excess was determ ned t : s
HRVS: 430. 1818 ( MH#@Ar4 $#0.0calcdm48f. 1805. ~or e [err]) 7 34-7.17
(m 7H), 7.09 (d, Jesx@re)y 2H), 6. 90Y% O 9% 4. 80
(s, 1H, 2.80-2.75 (m 1H), 2.5.2. 45 - (r% 1 195180
(m 2H), 1.52-1.42 (m 1H. IR 1735, ‘ . O 96/ 27587
PCT/ US96/ 02436 -32- Step 8. Hydroxy [err]-I3g

To a 2-L Pyrex pressure bottie were charged 35 g of 10% Pd/C, 350 g
(about 645 mmol) of the crude mixture of 40.0 and 40.1, and 145 g (645 mmol)
5 of ZnBra. The bottle was sealed with a rubber septum, evacuated, and flashed
with nitrogen 3 times. To the sealed bottle was added through a cannuia 1100
mL of ethanol. The mixture was hydrogenated at 50 to 55 psi for 16 hours at
ambient temperature, filtered through a pad of Celite, and concentrated. The
palladium was covered with sand. The residue was redissolved in 1 L of ethyl
10 acetate, quenched slowly into 1 L of ice-cold saturated NaHCO3, and extracted
with 2 x 300 mL of ethyl acetate. The combined extract was washed with
saturated NH4Cl and brine, dried over MgSOg4, and concentrated. Addition of
1 L of CH2Cl> precipitated 178 g (63% over 2 steps) of the compound of
Formula 11.0. M.p: 235-236°C. Elemental analysis: C, 69.16; H, 5.42;
15 N, 3.19; Cl, 7.75; F, 4.30. Calcd for C26H23CIFNO3: C, 69.10; H, 5.13;
N, 3.10; Cl, 7.86; F, 4.21. [0]25 = +50.9 (8.33 mg/2 mL CH3OH). Chiral HPLC:
99.9% e.e. TH NMR (DMSO-dg) 9.57 (s, 1H), 7.40-7.15 (m, 10H), 6.80 (d, J=8.5
Hz, 2H), 5.14 (s, 1H), 5.04 (s, 1H), 2.30 (td, J=12.8, 3.5 Hz, 1H}, 2.05 {td, J=13.6
Hz, 3.5 Hz, 1H), 1.96 (id, J=13.6, 3.9 Hz, 1H), 1.87 (dm, J=13.6 Hz, 1H), 1.72
20 (dm, J=13.6 Hz, 1H), 1.48 (dm, J=13.6 Hz, 1H), 1.13 (dm, J=12.8 Hz, 1H), 0.84
(td, J=13.6, 3.5 Hz, 1H). 13C NMR (DMSO-dg, ppm) 170.6, 158.1 (d, J=240
Hz), 157.4, 149.4, 134.1 {d, J=2.3 Hz), 130.9, 130.0, 126.6, 125.4, 118.6
(d, J=8.0 Hz), 116.0 (d, J=23 Hz),115.6, 70.2, 64.9, 58.5, 34.8, 33.4, 27.5, 21.7.
IR: 1730 cm™1.
25
While the present invention has been described in conjunction with the
specific embodiments set forth above, many aiternatives, modifications and
variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications and variations are intended to fall within the spirit
30 and scope of the present invention.



oH -(40.0) To a dry 12-L 3-neck flask with a nechanical stirrer, an
addition funnel, and a thernoneter was added 1750 nL of 1.0 M 4-Cl C6H4MyBr .

The m xture 5 was heated to 48 to 52[err]C and a solution of 500 g (1.164
nol ) of the&gﬂoﬂ%ﬁg_ﬁnd of Fornmula 39.0 in 2 L toluene was added dro&vp\%se in 1
hour. The r "Mg mixture was stirred for another 30 mi nPEHUSSEN2436,c sane
tenperature, cooled to roomtenperature, quenched slowy into 6 L ice-cold
3 NHCl, and extracted with 3 x 3 L of ethy], acetate. The conbi ned extract
was washed with 2 x 3 L of 10 3 N HC and“SrTne, dried over MgpSq err], and
concentrat ed &g!ﬂllge 567 g of crude product as a mxture of two
di ast ereoner - nd 40.1 (ratio 94:6 of conpound (40.0) to conpound
(40.1)). The crude m xture was used directly in hydrogenation Step 9 bel ow.
HRVS: 541. 1820 ( WA prasgss iorpredudng a renpoupdof the fakmulacDC [err], maj or
i somer only) 7.50-7.20 (m- 8H), 7.00¢f2d, J=8.6 Hz, 2H), 15 6.93 (t, J=8.6
Hz, 2H), 5.04 (s, 2H), 4.86 (s, 1H), 1H), 2.16 (td, J=13.8,
4.3 Hz, 1 H), 2.05-1.90 (m 3H), 1.6 H—{) 1.32 (dm J=14.3
Hz, 1H), 1.10 (td, J=13,8, 4.3 Hz, 1 I WD 96/ 27587
PCT/ US96/ 02436 -33 - Step 9: HydrogenatYon ce Formula 11.0 [err] OH
To a 2-L Pyrex pressure bottle ry charged| 3§ g of1§i% Pd/ C, 350 g (about
645 mol ) of the crude m xturepo : r‘d’ 45 g (645 mmol) 5 of
ZnBr[err]. The bottle was seal e t ber $eptum evacuated, and
flashed with nitrogen 3 times. To theh,,seal ed bottle was added through a
cannul a 1100

wherein: '

5 R, R2 and R3 are independently selected from:
(@ H;
(b) halo;
(c) -ORS wherein RS is selected from: H, C1 to Cg alkyl, aryl, aralkyl,
alkaryl, heteroaryl, Cz2 to Cg alkenyl, C2 to Cs alkynyl, C3 to C7 cycioalkyl, Ca to
10 C7 cycloalkenyl, and -C(O)R® wherein RE is selected from C1 to Cg alkyl, aryl,
and -OR7 wherein R7 is C1 to Cg alkyl or aryl; and
(d) -C(O)R8 wherein R8 is selected from C1 to Cg alkyl, aryl, heteroaryl,
aralkyl, cycloalkyl, -OR9 (wherein R? is selected from Cq to Cg alkyl or aryl),
and -N(R19)2 (wherein each R10 is independently selected from H, C1 to Cg
15 alkyl and aryl);
R4 is selected from H and -OH;
said process comprising:
{(a) reacting, under an inert atmosphere, in a suitable organic solvent, a

compound of formula:
ORH
OM
/ o

(Hzc)n\/o (2.6)

20
with an enolization base and a silylation reagent to produce a compound of the
formula:
OSi(R'2)3
OR'"

(Hzc)n\/" (3.0)

* c L M H &



m. of ethanol. The m xture was hydrogenated at 50 to 55 psi for 16 hours at
anbi ent ‘tenperature, filtered through a pad of Celite, and ¢ d.
The palTadi um was covered with sand. The residue was redissolved in 1 L of
et hyl 10 acetate, quenched slowy into 1 L of ice-cold E@H%%%MHCO?,,
and extrac™PR®A 2 x 300 nL of ethyl acetate. The conbi t was
washed with saturated NHerr]d and brine, dried over MgS err], and
concentrated. Addition of 1 L of CHerr]C Jerr] precipitated 178 g (63%
over 2 steps) of the compound of Fornmul a~¥?. 0. M p: 235-236[err]C

El emental analysis: C 69.16; H 5.42; 15 N, 3. 13' a, 7.75, F, 4.30.

Cal cd for O wheneiq ais § or B\BY Lisrg C1 & Cagliybgraup, B14 Is a Q1 1@ Cucalkybigroupiss: F,
?._21]. | err ] ; +50(zz ¢SacHd m:@(rran iRt et re,thdgiitaUB-&'gaﬁ%éiﬂ@égtt.ej -
err rr . 40- 7. , J=8.
Hz, 2H), 5. 1@'};(5@.9 Qiﬁ","]‘ga‘.%ﬁ'ﬁt‘?, igw %.“éb’" %F'ga";s? 9‘1@*‘8’%’9@@@&% . 2.05
(td, J=13.6 1qzmuia.:5 Hz, 1 H, 1.96 (td, J=13.6, 3.9 Hz, 1H), 1.87 (dm
J=13.6 Hz, 1H), 1.72 20 (dm J=13.6 Hz, 1HQ 1.48 (dm J=13.6 Hz, 1H),
1.13 (dm J=12.8 Hz, 1H), 0.84 (td, J=1 3.6,}3.5 Hz, 1H). [err]C NWR
(DVMSO-d[err], ppm) 170.6, 158.1 (d, J= v, 157. 4, 149.4, 134.1 (d,
J=2.3 Hz), 130.9, 130.0, 126.6, 118.—4,—:-11 ('11 J=8.0 Hz), 116.0 (d, J=23
Hz),1 15.6, 70.2, 64.9, 58.5, 34.8, 33> A4%) 21.7. IR 1730 cnferr]. 25
Wi | e thespresent, i pvention has been described in conjunction with the
speci fi c enbWheraimRE is definest abpvepwith therproyisg that R3is net OH.and $eBat i ons and
variations t hecting tive rdsubingaroduct Witht D dégfroteting reagbntto yemdve thei n the art.

AL such. al t stiale)y Bore R b thRpy 0KniKa's Qi RiRaRrnd Rirkifigd Lo Tl
/ ]

. 6

wi thin the spi e pre nvent1 on. 96/ 27587
PCT/ US96/ 02436

— 8
l R

H,
( (5.1)

OR“

0 o

(Hzc)n\/

10 or an enantiomeric mixture of 5.0 and 5.1; said chiral catalyst being a cyclic
condensation product of borane and a compound of the formula:
R‘M
.e}o2 (6.0)
R19
wherein R13 is selected from aryl and fused aryl, and R14 represents an amino
acid R17-CH(NH2)-COzH bound to the sulfur of Formula 6.0 through the
15 nitrogen atom;
wherein R17 is a lower alkyl group which can be substituted with a lower
alkoxy, lower alkylthio, diloweralkylamino, or diloweralkylaminocarbonyl group,
an aryl group, a heteroary! group, or an aralkyl group; or an aryl, heteroaryl or
aralkyl group that can be substituted with one to three groups selected from
20 halogen, lower alkyl, lower alkoxy, -CF3, -NO2, and diloweralkylamino;
(c) reacting a compound of Formula 5.0 or 5.1 or an enantiomeric
mixture of 5.0 or 5.1, in a suitable organic solvent, with a compound of the
formula:

* [ L ] $ *



-34 -7 CLAIAVE: 1. A process for producing a conpound of the formula: [err]
wherein: 5 Rlerr], Rerr] and Rerr] are_independently sel ected
from (a) H (b) halo; (c) -ORerr] wherein Rerr] is selected from H,
Cerr] to (Jerr] alkyl, aryl, aral kyl, alkaryl, heteroaryl, err] to
Cerr] al kerWyP96%¥8% r] to CJerr] alkynyl, Cerr] to C[err]PG%]F?ﬂ\]ZWI,
Cerr] to 10 derr] cycloalkenyl, and -C(ORerr] wherein Rerr] is
selected fromCerr] to (Jerr] alkyl, aryl, and -OR[err] wherein Rerr] is
Cerr] to derr] alkyl or aryl; and (d) -Ct8Rferr] wherein Rerr] is
selected from{err] to Clerr] alkyl, aryl, heteroaryl, aralkyl,

cycloal kyl, -OR[err] (wherein Rerr] is dNHzected fromCerr] to (Jerr]

al kyl or aryl), and -N(Rlerr])[err] (wherkein each Rerr] is independently

selected fromH derr] to (err] 15 and aryl): Rerr] is selected
fromH and -OH, said process conpriBlmg (4] @&cting, under an inert
at nosphere, in a suitable organic solve a conpound of fornmula: 20

[err] with an enolization base and a silylation reagent to produce a
conpound of t iwhereinR is:ag dafined above With thipgBBviso that R! is not OH, with a Lewis

PCT/ US96/ 02436cid and with a strong acid, to produce a compound of the formula:

or

(8.0) S

R? R!

5 oran enantiomeric mixture of 8.0 or 8.1;

{d) reacting a compound of Formula 8.0 or 8.1 or an enantiomeric
mixture of 8.0 and 8.1, in a suitable solvent, with a reagent that converts
hydroxy groups into leaving groups, with a strong base, and with a phase
transfer catalyst, to produce a compound of the formula:

o Z ) & D
N N
—N
L o
% o
10 o ;

{e) reacting a compound of Formula 9.0, in a suitable solvent, with a

compound of the formula:
MgBr

&
RR—e |l (10.0)
X

wherein R3 is as defined above, with the proviso that R3 is not OH, to produce a
15 compound of the formula:

* [ L M s *



-35: wherein nis 1 or 2, Rerr] is a err] to (Jerr] alkyl group, Rerr]
iIs a (Jerr] to Jerr] al kyl group; (b) reacting, under an_inert atnosphere,
‘inTa surtable organi c solvent, the conpound of Formula 3.0 with a chiral
catal yst and a conpound of the fornula: [err] wherein R err] is defined
above, wi WPRE8Proviso that Rerr] is not OH and then ?‘é‘é&%’f’m:"t he
resulting product with a deprotecting reagent to renove the
-Si(R[err])[err] protecting group, therehy form ng a conmpound of the
formula: [err] 10 or an enantioneric nmMXfure of 5.0 and 5.1; said chiral
catal yst being a cyclic condensation product of borane and a conpound of

the formula: [err] wherein Rlerr] | ect ed aryl and fused aryl, and
(NH Er r 1 err]H bound to the
_ t2m wherein Rerr] is a

Rl.err] represents an amno aci g2
Nl th~a | ower al koxy, |ower

sul fur of Fornula 6.0 through the

| ower al kyl group which can b
| kyl am giogjar bonyl group, an aryl
gr ; or an aryl, heteroaryl or

al-kyl t hi o, dil oweral kyl g n
group, a heteroaryl group,

aral kyl group that can be sub th oné to three groups sel ected
from 20 hal ogen, lower alkyl, |lowg§ al koxy, -CFerr], -NJerr], and

di | ower al kyl am no; (c) reacting a conpound of Formula 5 0 or 5.1 or an
enantioger}whﬂriemmisoﬂ; Sith the proviso that R1,5R2 and R8 ave geni@Hsol vent, with a
conmpound of the gor ‘n1 Q2 4 ‘ ‘e .OOR5

T US95/ 02436 O WA R1, R2YEhdI8f B3 iPFormula 1.0 in (e) above is -ORS,

wherein RS is an arylmethy! or allyl group, optionally hydrogenating said
5 compound of Formula 1.0 in an appropriate alkanol solvent with a
hydrogenation catalyst and a Lewis acid selected from MgXa, TiX4, and ZnXa,
wherein X is Cl or Br, theraby converting said -ORS to -OH; and
(@) when is R4 -OH, optionally converting said -OH R4 substituent to H
by heating a compound of Formula 1.0 (wherein R4 is -OH) with an acid to
10 produce a dehydrated compound of Formula 1.2:

L 1 [ 3w
N "

r

L {02
"N o}

and then hydrogenating the compound of Formula 1.2 in a C4 to Cg alkanol

solvent using a hydrogenation catalyst to produce a compound of Formula 1.0

wherein R4 is H.

15 2. The process of Claim 1 wherein R1, R2 and RS are independently
selected from H, halo and -ORS wherein R5 is selected trom H, C1 to Cg alkyl,
and aralkyl.

3.  The process of Claim 1 wherein R1 is selected from H, Cl, F and -ORS
wherein RS is C1 to Cg alkyl; R2 is selected from H, -OH and -OR5 wherein RS

20 is C1to Cg alkyl or aralkyl; and R3 is selected from H, Cl, F and -ORS wherein
RS is C1 to Cg atkyl.

4.  The process of Claim 1 wherein Rt is selected from H, Ci, F and -OCHg;
R2 is selected from H, -OH, benzyloxy, 4-chlorobenzyloxy, 4-nitrobenzyloxy,
4-methoxybenzyloxy and -OCHg; and R3 is selected from H, Cl, F and -OCHa.

R N S



-36 - [err] wherein Rlerr] is as defined above, with the proviso that
Rlerr] is not OH with a Lews acid and with a strong acid, to produce a
conpound of the fornula: [err] 5 or an enantioneric mixture of 8.0 or 8.1;
(d) reacting a conpound of Fornmula 8.0 or 8.1 or an enantlorrerl ture of
8.0 and 8.1, WP#6RIS8Y;i t abl e sol vent, with a reagent that corh g"‘%%roxy
groups into leaving groups, with a strong base, and with a phase transfer

catalyst, to produce a conpound of the for a:. [err] 10 (e) reacting a
conmpound of Fornula 9. 0 in a suitable solVEAtT with a conpound of the
formula: [err] wherein I s as defined above, with the proviso that R3 is

not OH, to prdduce @emeeﬁmlﬁ!a%ﬂ whesein & eRmpeund o fprrogias 7587

PCT/ US96/ 02436 -37 - [err] whereinpRerr] i . wid{h iRle proviso that
Rlerr], Rerr] and R err] are not -O , Rlerr], and/or
Rlerr] in Formula 1.0 in (e) above is _ elnR[err] s an
aryl methyl or allyl group, oggionally hyefoy ¥Said 5 conpound of

Formula 1.0 in an appropriate 3 Myl sol ven th ?aydrogenatlon cat al yst
and a Lewis acid selected from rr] \ nd* ZnX[ err]

R‘

is produced.

6. The process of Claim 1 wherein said enolization base is selected from:

5 KO--C4Hg, NaHg2, sec-butyl lithium, t-butyl lithium, lithium
bis(trimethylsilyl)amide, and LiN(R'5)2 wherein each R15 is independently a
C1 1o Cg alkyl; and said silylation reagent is a compound of the formula
(R12)3SiR16 wherein R12 is selected from methyl, ethyl and t-butyl, and R16 is
selected from ClI, Br, and 1.

10 7. The process of Claim 6 wherein said enolization base is LiN(2-C3H7)2
and said silylation reagent is {CHg)3SiCl.

8. The process of Claim 1 wherein said R13 is selected from 2-naphthyl,
4-nitrophenyl, 4-methylpheny! and 2,4,6-trimethylphenyl; and said R14is
selected from valine, tryptophan, phenylgiycine, phenylalanine and

15  3,3-dimethyl-2-amino-butanoic acid.

9. The process of Claim 8 wherein the chiral catalyst is selected from:

* [ L M § *



wherein Xis C or Br, thereby converting said -OR[err] to -OH and (g)
when is Rerr] -OH optionally converting said -OH R err] substituent to H
by heatrng a conmpound of Formula 1.0 (wherein Rerr] is -OH) with an acid
to 10 produce a dehydrated conpound of Fornmula 1.2: [err] and then

hydr ogenaWP#§2tBt conpound of Fornula 1.2 in a (Jerr] td 24 kanol

sol vent using a hydrogenation catalyst to produce a conpound of Fornula 1.0
wherein R4 is H 15 2. The process of Claim1l wherein Rerr], Rerr] and
Rlerr] are independently sel ected fromT3¥mal o and -OR[err] wherein Rlerr]
is selected fromH Cerr] to (Jerr] alkyl, and aral kyl. 3. The process
of Caiml wherein Rerr] is selected fromH, d, and -OR[err] wherein
Rlerr] is err] to (Jerf] alkyl, R[er_r_‘.%i%qec fromg, -OH and
-OR[err] wherein Rerr ig” Clerr] to e al kyl ralkyl; and R3 is
selected fromH d, F a err] whergn rr] Ng dergl to (err]
al-kyl . 4. The process']!)‘fx m 1 wher i r] i ?‘&:ted fromH d, F
and -OCH[err]; R2 is seb®cted from H o4f8H Henzyl 0@ - chl or obenzyl oxy,
4-ni trobenzyl oxy, 4-J41et hpxybenzyl and -O(Eﬁ' and JR3i s selected fromH,
Cd, F and -OCH er r'][}".c’m3 EF'E?S%% 3 :

PCT/ US96/ 02436 -38 - 5 he process S
formula: [err] is prod The pPrR]gce f Caj
enolization base is sele t@&'equom 5 O?ééﬁerr]
sec-butyl lithium t-but@Malithium [itHHsm

g\ compound of

Zrein said
, NaH err],

NG -0 N O N 8]
I g Sy
o5 R H ot R h 0% R
O(n 1)
Q ¢(23.0) i (28.1)
NO2 NO2
. Q4
N, 0 W, 0
0,8 E 0,8 B
© (43.0) @ (43.1)
5 CHg CHg

a mixture of 24.0 and 24.1, a mixture of 25.0 and 25.1, a mixture of 26.0 and
26.1, a mixture of 27.0 and 27.1, a mixture of 28.0 and 28.1 or a mixture of 43.0
and 43.1.

10. The process of Claim 9 wherein said chiral catalyst is selected from
10  24.0, 24.1 and mixtures thereof.

-
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bis(trinmethylsilyl)anmde, and LiN(Rlerr])[err] wherein each R15 is

i ndependently a (Jerr] to (Jerr] alkyl; and said silylation reagent is a
conpound of the fornmula (Rerr])[err]SiRerr] wherein Rerr] is selected
frommethyl, ethyl and t-butyl, and R16 is selected fromd, Br, and I. 10
7. The proW@S62T®7Cl ai m 6 wherein said enolization base  BCT/US96/02436
LiN(2-Cerr]H err])[err] and said silylation reagent is (CHerr])[err]Sid.
8. The process of Caiml1l wherein said Rerr] is selected from

2-napht hyl, 4-nitrophenyl, 4-methyl phenyl affl 2,4, 6-trinmethyl phenyl; and
said Rlerr] is selected fromvaline, tryptophan, phenylglycine, ..

phenyl al ani ne Hnd ThegracessefiGlaim ».wharais-seaid hewisAcid Lged tn Steprlghisyy ocess

82 ] g7gi8r7n 8 Whegehddied FONC{CHASAK {CHg)SA! drii CRIAGCand! shidmstronearid is selédtad

_ PCT/ US96/ 02436 [err]
5 a mxture off%.l'_plaﬁasgiaﬂd %F#Q?lﬁ’re of 25.0 and 25.1, a mxture of 26.0

and 26.1, a mxture of 27.0 and 27.1, a mxture o : 2

m xture of 43.12-an5h9:§?@¢9%9fw5ﬂdﬂ&'§i"(ﬁa? Sw{ﬂégw?%&ggﬂiigﬁilﬂ‘%ﬁgal

catal yst i g sedirsigeatid isaguddus HBI. 0, 24.1 and mi xtures thereof. WO

96/ 27587 , PCT/ US96/ 02436 -40 -
13. The process of Claim 1 wherein said reagent that converts a hydroxy

group into a leaving group is selected from (C2Hs0)2P(O)Cl, 2,4,6-trichloro-
benzoyl chloride, and 2 6-dichlorobenzoy! chioride; said base is selected from
NaOH, NaOCHg, KOH, KOCHa, and KO-t-C4Hg; and said phase transfer

10 catalyst is selected from CgH5CHaN(C2Hs)3Cl, CeHsCH2N(C2Hs)aBr,
tetrabutylammonium sulfate, tetrabutylammonium acetate, tetrabutylammonium
chloride, tetrabutylammonium iodide, benzyltributylphosphorus chloride,
tetrabutylammonium hydroxide, and tetraphenylphosphorus iodide.

14. The process of Claim 13 wherein said reagent that converts a hydroxy
15 group into a leaving group is (C2H50)2P(O)Cl; said base is NaOH; and said
phase transfer catalyst is CgHsCH2N(C2Hs)aCl.

15. The process of Claim 1 wherein one of R', R2 or R3 is a protected

hydroxy group and at least one of the remaining R1, R2 and R3 substituents is

halo, and Step (f) is carried out, and said hydrogenation catalyst is selected
20 from Pd/C, PUC, Ni/C and Raney Nickel.

16.  The process of Claim 15 wherein one of R1, R2 or R3 is selected from
benzyloxy, 4-methoxybenzyloxy, 4-chlorobenzyloxy and 4-nitrobenzyloxy; and
the remaining R?, R2 and R3 substituents are independently selected from CI, F
and H.

25 17. The process of Claim 16 wherein the Lewis acid in Step (f) is ZnBrz; the
alkanol solvent is ethanol; and one of R, R2 or R3 is benzyloxy.

18. The process of Claim 17 wherein R2 is benzyloxy; R3is Cl; Rlis HorF;
and R4 is -OH.

19. The process of Claim 1 wherein a compound of the formula:

U A0



11. The process of Caim1l1l wherein said Lewis Acid used in Step (c) is
selected from (CHerr])[err]A, (Cerr]Herr])[err]Al and Alerr]Al: and
saidstrong acid is selected from HCl, Herr]SOerr] and CFlerr]CJerr]H.
12. The process of Claim1ll wherein sald Lews Acid is ( L’@p err]Al;
and said 5 WP¢I8Y acid is aqueous HCl. 13. The process oP wher ei n
sai d reagent that converts a hydroxy group into a |leaving group is selected
from(Cerr]Herr]OJferr]P(OCI, 2,4,6-trichloro- benzoyl chloride, and
2, 6-di chl orobenzoyl chl ori de; sald base i~s45et ected from NaOH, NaOCH err],
KO-l, KOCH err], and KO-t-Cerr]Hg; and said phase transfer 10 catalyst is
selected fromJerr]Herr]CHerr]p¢Clerr]Herr])[err] @,
CerrJHerr]CHerr]N(C[err]H err])3B at 1 abut y##amyoni um sul f at e,
t et rabut yl ammoni um acetate, tetrabut i i de, tetrabutyl anmoni um
i odi de, benzyltributyl phosg,gor us chlo | ammoni um hydr oxi de,
and tetraphenyl phosphorus i 2 ess & Claim 13 wherein said
" abh ng group is
(derr]JHerr]Qlerr] P(QC; saRd Jrasg O—I and sai d phase transfer
catalyst is C[err]H[err]Cl—l[err]N(C[e r]H[err])[err]CI 15. The process of
Claim1l wherein one of Rerr], R[errB or Rlerr] is a protected hydroxy
group and at tﬁﬁﬁi‘l one of the remaining Rerr], Rerr] and R err]
substituents TS and S%ep (f) is carried out, and said hydrogenation
catalyst is sel eclpédhf@"dfﬁ arerggiectedbindepengently dri:raney Ni ckel . 16. The
process of Clalmlé)vxhereln one of Rerr], Rerr] or Rerr] is selected
from benzyl oxy, 4 ybenzyl oxy, 4-ch| orobenzyl oxy and 4-nitrobenzyl oxy;
and the remaini ng R[err and err] substituents are independently

selected fromd, (® a EPP'" 3 5 seletted fiogudt L1oie G alkyh aph ARKY; n ¢ he
Lew sf acid i rau&rylphéfe)-oaryl D@Elo [Gyalkenwrcezw®@.amyn¢lpcs;mcquclealkah%toand17
ohe o nR[Rf;; o Bior LB R s IO ER IR a1,
wh rem ¢ alkyl or aly
(d) -C(O)Ft8 wherem R8 is selected from Cq1 to Cg alkyl, aryl, heteroaryl,
aralkyl, cycloatkyl, -OR® (wherein R? is selected from C1 to Cg alkyl or aryl),
and -N(R10), (wherein each R10 is independently selected from H, C1 to Cg
alkyl and aryl);
R4 is selected from H and -OH;
15 is produced by:
(a) reacting, in a suitable organic soilvent, a compound of formula:
°R1 1

o)
/
(Hzc>,.\/° 2.0 ©

with an enolization base and a silylation reagent to produce a compound of the
formula:
03‘(312)3

on"
O

{ b
P (3.0)

wherein nis 1 or 2, R'1is a C1 to C4 alkyl group, R12 is a C1 to C4 alkyt group;
(b) reacting, in a suitable organic solvent, the compound of Formula
3.0 with a chiral catalyst and a compound of the formula:

20
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19. "The process of Caim1 wherein a conpound of the formula: WO

96/ 27587 _ _ _ PCT/ US96/ 02436 -41 -
[err] wherein: Rerr], Rerr] and R err] are selected i ndependently from
(a) H 5 b) halo; (c) -ORlerr] wherein Rerr] is selected from H,

Clerr] to &OMWRS8A| kyl, aryl, aralkyl, alkaryl, heteroaryFCTE896Pp6 { o
Cerr] alkenyl, C(err] to (Qerr] alkynyl, Cerr] to (Jerr] cycloal kyl,
Cerr] to (Jerr] cycloalkenyl, and -C(ORerr] wherein Rerr] is selected
fromCerr] to (Jerr] alkyl, aryl, and -U{?er'r] wherein R err] is (err] to
Cerr] alkyl or aryl; and 10 (d) -CCORerr] wherein Rerr] is
selected fromderr] to CJerr] al kyl, aryl, ¢theteroaryl, aralkyl,

cycloal kyl, -ORlerr] (wherein RO is selectedlfromCerr] to (Jerr] al kyl or
aryl), and -N(Rlerr])[err] (wherein egecNf{feryy is independently sel ected
fromH derr] to (Jerr] alkyl and ar Rlerr] is selected fromH and
-OH, 15 is produced by: (a) react g, N#F al@dtabl e organi c solvent, a
conpound of forrmula: [err] with an enolization base and a silylation
reagent to pwhereir R2 is defnadabovie, with theproviso: thetRe |s @it OMecard then is 1 or 2,

Rlerr] is a {dihd therdsufiingpradiict wih & deprocting reagert tétéhéve fe Cl er ]

| kyl :
al Kyl group; -Si{R12)3 protacting group thereby forming a compound of the formula:
R2 Rz
H, HO,
O (62) or H (5-3)
o OR! o OR™
/ ) o ©

[
¢HLhn P (HeCo
< W
or an enantiomeric mixture of 5.2 and 5.3; said chiral catalyst being a cyclic
condensation product of borane and a compound of the formula:
R“
s:,Oz (6.0)
Rw
wherein R13 is selected from aryl and fused aryl, and R4 represents an amino
10  acid R17-CH(NH2)-CO2H bound to the sulfur of Formula 6.0 through the
nitrogen atom;
wherein R17 is a lower alkyl group which can be substituted with a lower
alkoxy, lower alkylthio, diloweralkylamino, or diloweralkylaminocarbonyl group,
an aryl group, a heteroaryl group, or an aralkyl group; or an aryl, heteroaryl or
16 aralkyl group that can be substituted with one to three groups selected from
halogen, lower alkyl, lower alkoxy, -CF3, -NO2, and diloweralkylamino;
{c) reacting a compound of Formuia 5.2 or 5.3 or an enantiomeric
mixture of 5.2 and 5.3, in a suitable organic solvent, with a compound of the

formula;
NH,

(7.1)

O OB 0 W



(b) reactiing, in a suitable organic solvent, the conpound of Fornula 3.0
with a chiral catal yst and a conpound of the fornula: WO 96/ 27587
PCT/US967 02436 -42- [err] wherein RZ is defined-above, with the proviso
that R2 is not OH, and then reacting the resulting product with a

depr ot ect WRP&#2338Jent to renove the -Si(Rlerr])[err] prot BERP$EOEBSUp
thereby form ng a conpound of the fornula: [err] 5 or an enantioneric

m xture of 5.2 and 5.3; said chiral catalyst being a cyclic condensation
product of borane and a conpound of the=®#8rmula: [err] wherein R13 is
selected fromaryl and fused aryl, and Rl14 represents an amno 10 acid

R er r] - CH( Nvhenein] R1 BGisdefjriddtabovd, with thecproviso thatd®? ismohiH; withoa Lawisugh t he
ni trogen atgy l‘(iﬁ%ﬁx'é‘sﬂ?éf?g éafiﬂ%'ﬁ?&ﬁfceaébdh pBGRYBf iBitein@an be substituted
with a | ower alkoxy, | ower hi o | 'ower al kyl am no, or,

di | owner al kyl am nocar bonyl _e R an aryl group,  a het
aral kyl group; or an aryl -ieroaryl or 15 aral kyl
substituted with one 't'@ &/ groups sel ected fH&@pn h
| ower al koxy, -CF[err Qerr], and ddgel ower al k (i (c) reacting a
conmpound of Fornul a™® re of 5 2 and 5. 3,

in a suitable org Mt LMt h a conpou (N [err]
o) o o
(8.2) (8.3) R!

or an enantiomeric mixture of 8.2 and 8.3;

5 (d) reacting a compound of Formula 8.2 or 8.3 or an enantiomeric
mixture of 8.2 and 8.3, in a suitable solvent, with a reagent that converts a
hydroxy group into a leaving group, with a strong base, and with a phase
transfer catalyst, to produce a.compound of the formula:

v

- —K 0.1)
o% o)

10 (e} reacting a compound of Formula 9.1, in a suitable solvent, with a
compound of the formula:

group, or an
p that can be
en, |ower alkyl,

MgBr
(10.1)

R3
wherein R3 is as defined above, with the proviso that R3 is not OH, to praduce a

compound of the formula:
R? : R

15 R | ,

| N A



20 * "WD-96/ 27587 PCT/ US96/ 02436
-43 - wherein Rerr] is as defined above, with the proviso that Rerr] is
not OH, with a Lewis acid and with a strong acid, to produce a conmpound of
the formula:_[err] or an enantioneric mxture of 8.2 and 8.3; 5 (d)
reacting a C W of Fornula 8.2 or 8.3 or an enantiomer PEVMPOU3E of 8.2
and 8.3, in a suitable solvent, with a reagent that converts a hydroxy
group into a leaving group, with a strong base, and with a phase transfer
catal yst, to produce a conpound of the forn®@ff& [err] 10 (e) reacting
a conpound of For nul 3 in a suitable solvent, with a conpound of the

formul a: [ err Whepgie & ﬁg'ﬁi‘lii with theprovige thatiR\, B2 and AP arleangdrOti so that R3 is
not OH, to produce{fp aehgnoRhR2)antior A Formula £1 10 (e) 2bove WOCHS, 27587
PCT/ US96/ 024 3@, iatéin Ry‘fgﬁneé@q_ﬂtﬁw& i1 GFdup"bptbrially h%l%\é'eﬁgtirgghgéidR[ errl,
Rlerr] and Rlerr] are not -OF "~ )
: compound of Formula 1.1 in a suitable alkano! solvent with a hydrogenation
5 catalyst and a Lewis acid selected from MgXga, TiX4, and ZnXz, wherein X is Cl
or Br, thereby converting said -OR5 to -OH; and _
(9) when R4 is -OH, optionally converting said -OH R4 substituent to H
by heating a compound of Formula 1.0 (wherein R4 is -OH) with an acid to

produce a dehydrated compound of Formula 1.3:

R2 R
e
| (1.3)
" . _ko

and then hydrogenating the compound of Formula 1.3 in a C1 to Cg alkano!

solvent using a hydrogenation catalyst to produce a compound of Formuia 1.0
wherein R4 is H.

20. The process of Claim 19 wherein R1 is selected from H, Cl, F and -ORS
15  wherein RS is C to Cg alkyl; R2 is selected from H, -OH and -ORS wherein RS
is Cq to Cg alkyl or aralkyl; R3 is selected from H, Cl, F and -OR5 wherein RS is
C1 to Cg alkyl; said enolization base is selected from: KO-t-C4Hg, NaHa,
sec-butyl lithium, t-buty! lithium, lithium bis(trimethylsilyl)-amide, and LiN(R15),
wherein each R15 is independently a C4 to Cg alkyl; said silylation reagent is a
20 compound of the formula (R12)3SiR1€ wherein R12 is selected from methyl,
ethyl and t-butyl, and R1€ is selected from ClI, Br, and I; said R13 is selected
from 2-naphthyl, 4-nitrophenyl and 2,4,6-trimethylphenyl; and said R14 is
selected from valine, tryptophan, phenylglycine, phenylalanine and
3,3-dimethyl-2-amino-butanoic acid; said Lewis acid used in Step (c) is
25 selected from (CHg)aAl, (C2Hs)3Al and ClzAl; said strong acid in Step (c) is
selected from HCI, HoSO4 and CF3CO2H; said reagent that converts a
hydroxy group into a leaving group in Step (d) is selected from
(C2H50)2P(0)Cl, 2,4,6-trichlorobenzoyl chioride, and 2,6-dichlorobenzoyl
chloride; said base in Step (d) is selected from NaOH, NaOCH3, KOH, KOCHg,
30 and KO-t-C4Hg: and said phase transfer catalyst in Step (d) is selected from
CeHsCH2N(C2Hs)3Cl, CgHsCHaN(C2Hs)3Br, tetrabutylammonium sulfate,
tetrabutylammonium acetate, tetrabutyl-ammonium chioride,

* ¢ L M S8 %




(f)e when Rlerr], Rerr], and/or Rerr] in Formula 1.1 in (e) above is
-ORlerr], wherein Rlerr] is an arylnethyl or_allyl group, optionally
hydrogenating sai d conpound of Formula 1.1 in a suitable al kanol sol vent
with a hydrogenation 5 catalyst and a Lewis acid selected from MX[err],
TiX[err], ¥O¥28 err], wherein Xis A or Br, thereby cBRVEISOMI®said
-OR[err] to -OH, and (g) when Rlerr] is -OH, optionally converting said -COH
Rlerr] substituent to H by heating a conpound of Formula 1.0 (wherein
Rlerr] is -OH with an acid to produce a‘@e‘ﬁydrated conpound of Formul a
1.3: 10 and then hydrogenating the conpound of Formula 1.3 in a (ferr] to
Jderr] al katetnabutylaramoniys jeglide. ipeazyitiibuiriipbaspharus whloridg, pr oduce a conpound

of Fornul a fetfdbutykiremonidhe hydrokide!Hand tetraphanylpitssphorusfiobiidel m 19 wher ein
Rlerr] is selected fromH, %1 , F and -OQ[perrYPELS wherein Rerr] is (Jerr]

3] S B Sy Sl AL, e,

t . Kyl | H, . d
I-SC)]?Q[C[e(ra; ]r] V\h%?‘g"g?r é?a F%ZP@gré[ﬁ ‘é ’ Eg@vﬁtfxyzgﬁg'f@g%%m&%?nm i zati onagase is
sel ect eds f r émitrab@nzylGky; r4-inefhmxybenzyioy and) -OCids; - R is/selectetifrom Hf ChR vy

cach e r] 28 DRI HR e ‘ﬁ"’ﬁﬁgf‘?ﬁ*ﬁ%?@ﬁéﬁ%@ﬁﬁ Rion

reagent is @@@QE 'rj?rﬁﬁ "@’Y@%ﬁy tig Brr])[err]SiR err] wherein

Rlerr] is selectgd fromnethyl] ethyl and t-hutyl, and Rerr] is selected
fromd, Br, l; sapd R i rom 2; napkﬁ%,_%&i t r ophenyl
and 2,4,6-trimeth nyl ; } err] is\selgted fr vayl ne,

ol ne and ¥ 3- dyret hyl €-a hgo- but anoi ¢

trypt bphan, ph_erl}! gl ycone, ph

aci d; said Lewssdatgd used i tep-{c) is 25';"5§Pe‘ct ed frpomg~
S &[ B B o
(CHerr])[err] ( err]H[erF Y[Brr]Al an®:8 [Brr]Al; @8 dHtrong acid in

Step (c) is se
reagent that cao
selected from (
and 2, 6-di chl or
NaCH, NaOCH[ err

(%.Wydr
Ot/ Herr] O

gbenxoyl chl or [ j! g sel ected from
H, KOCH[ e

10

l?l (o} N
Q ¢ (26.0) ¢(28.1)

NO2 NO,

R



30 and- KO-t-Cerr]Herr]; and said phase transfer catalyst in Step (d) is
selected fromClerr]Herr]CHerr]N(Cerr]Herr])[err]d, _
CerrJHerr]CHerr]N(Cerr]H err])[err]Br, tetrabutylammonium sulfate,
tetrabut yl anmoni um acetate, tetrabutyl-amoni um chl oride, WO 96/ 27587
PCT/ US96/ 022494887 { ot r abut yl armoni um i odi de, benzyl t ri buPGFUB®Aor us
chl ori de, tetrabutyl ammoni um hydroxi de, and tetraphenyl - phosphorus i odi de.
21. The process of Claim?20 wherein nis 1; Rerr] is selected fromH 4,
F and -OCH err]; Rerr] is selected from 48 6H, benzyl oxy,

4- chl orobenzyl oxy, 5 4-nitrobenzyl oxy, 4-nethoxybenzyloxy and -OCH err];
Rlerr] is selected fromH, d . said enolization base is
LiN(2-Clerr]Herr])[err]; sH ent Is (CHerr])[err]Sid;
said chiral catalyst is sele§NegArom,der {® 96/ 27587

PCT/ US96/ 02436 -46 - [err] a m xty i 24. 0™and , a mxture of 25.0
and 25.1, a mixture of 26.0 and &3\1,

of 28.0 and 28.1, and a m'xtureo f ﬁ
(CHerr])[err]Al; said strong acijd I's agueous 4
converts a hydroxy group into '
(JerrJHerr]Oferr]P(Od; salt
catalyst is

D m'xtureNf 200 and 27.1, a m xture
.0 and 48.'; Bsaid Lewis Acid is

7' 5 said reagent that

(43:1)q phase transfer

CHj CHj

a mixture of 24.0 and 24.1, a mixture of 25.0 and 25.1, a mixture of 26.0 and
26.1, a mixture of 27.0 and 27.1, a mixture of 28.0 and 28.1, and a mixture of
43.0 and 43.1; said Lewis Acid is (CH3)3Al; said strong acid is aqueous HC!;

5 said reagent that converts a hydroxy group into a leaving group is
(C2Hs50)2P(0)CI; said base is NaOH; and said phase transfer catalyst is
CeHsCH2N{C2H5)5Cl.

22. The process of Claim 21 wherein said chiral catalyst is a compound of
Formula 24.0, 24.1 or mixtures thereof.

10- 23. The process of Claim 21 wherein one of R, R2 and R3 is selected from
benzyloxy, 4-methoxybenzyloxy, 4-chlorobenzyloxy and 4-nitrobenzyloxy; and
at least one of the remaining R1, R2 and R3 substituents is Cl or F, and Step (f)

is carried out, and said hydrogenation catalyst is selected from Pd/C, Pt/C, Ni/C
and Raney Nickel.

15 24. The process of Claim 23 wherein said Lewis acid in Step (f) is ZnBrz;
the alkanol solvent is ethano!; and one of R1, R2 and R3 is benzyloxy.

25. The process of Claim 24 wherein R2 is benzyloxy; R3is Cl; Rlis HorF;
and R4 is -OH.

26.  The process of Claim 25 wherein said chiral catalyst is a compound of
20 Formula 24.0, 24.1 or mixtures thersof.

_—
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Clerr]HerrCHerr]N(C[err]Herr])[err]d. 22. The process of Caim21
wherein said chiral catalyst is a conpound of Forrmula 24.0, 24,1 or

m xt are€s thereof. 10 23. The process of Caim21 wherein one of Rerr],
Rlerr] and Rerr] is selected from benzyl oxy, 4-nmethoxybenzyl ox

4- chl or obeW® and 4-nitrobenzyl oxy; and at | east one P& mai ni ng
Rlerr], Rerr] and Rlerr] substituents is C or F, and Step (f) is carried
out, and said hydrogenation catalyst is selected fromPd/C, Pt/C, N/C and
Raney Nickel. 15 24. The process of Craffm=23 wherein said Lewis acid in
Step (f) is ZnBr[err]; the al kanol solvent is ethanol; and one of Rerr],
Rlerr] and rzyerr]&prgcessrfeyp@x!ycingacomanmfdbséormum aim?24 wherein R2 is
benzyl oxy; Rerr] is d; Rerr] is H F;, and is -OH 26. The process
of CGaim25 wherein said chiral ge is a fo @iof 20 For mul a
24.0, 24.1 or m xtures thereof. I 2758 A
PCT/ US96/ 02436 -47 - 27. A pr ' a conpound of the

: p
formula: [err] wherein R[R@rr|/ rr} andiferr] are as defined in
I"eastiwondlof

Claim 1, and wherein at , err] and Rerr] is OHin the
final product of forrmula 1.0; I d process conpri sing: :

hydr ogenati ng a conpound of Formul agd. 0, wherein at |east one of Rerr],
Rlerr] and Rlerr] corresponding to the -OH group in the final product is

-OR[err] whavhereinit'eR?) RéandrRbard as=deéfineddn Claimy1, apdowhegreimatdeastionabl e
al kanol sol w1, RRighH FB i8XOH ROBBInaPbrodastdf tsrmul g.o2 Lewi s acid selected
from MgXLerr], lI'i err% and Zn).('Le.r d wherein X 1S Cld O{FBJ“ It L?ed'eby
convertifg sai d SBERIPP4ss gompnsing: rogenating a compound of Formiula 1.0,

wherein at least one of R1, R2 and R3 corresponding to the -OH group in the

final product is -ORS wherein RS is an arylmethyl or allyl group, in a suitable

alkanol solvent, with a hydrogenation catalyst and a Lewis acid selected from

MgXz, TiX4, and ZnX2, wherein X is Cl or Br, thereby converting said -ORS5 to

10 -OH.

28. A process for producing a compound of the formula:

wherein R1, R2, R3 and R4 are as defined in Claim 1, and wherein at least one

of R1, R2 and R3 is OH in the final product of formula 1.0, and wherein at least
15 one of the remaining R, R2 and R3 is halo;

said process comprising: hydrogenating a compound of Formula 1.0,

wherein at least one of R1, R2 and R3 corresponding to the -OH group in the

final product is -ORS wherein RS is an arylmethyl or allyl group, in an a suitable

alkanol soivent, with a hydrogenation catalyst and a Lewis acid selected from
20 MgXa, TiXs, and ZnX2, wherein X is Cl or Br, thereby converting said -ORS to

-OH.

29. A process for producing a compound of the formuta:

* c L M s *



1 0-.-0H. 28. A process for producing a conmpound of the fornula: [err]
wherein R err], Rerr], Rerr] and Rerr] are as defined in Claiml, and
wherein at |least one of Rérr], Rerr] and Rlerr] is OHin the final
product of fornmula 1.0, and wherein at |least 15 one of the
Rlerr], RR®NQ3623¥3 R err] is halo; said process corrprisinﬁqr’l%natlng a
conpound of Fornula 1.0, wherein at |least one of Rerr], Rerr] and R err]
corresponding to the -OH group in the final_ product is -OR[err] wherein
Rlerr] is an arylmethyl or allyl group, 8 a suitabl e al kanol sol vent,

wi th a hydrogenation catalyst and a Lewis acid selected from 20 NgX[err]
TiX[err], and ZnX[err], wherei is 0 or Br, thereby cg ting said

-OR[err] to -CH 29. A proce s/f
WO 96/ 27587 H,
[err] (or an enantioneric tueok agd 5.1) V\/ne In n, L] and
Rlerr] is as defined in |m1 W qi 1he provi so t hHt R[err] |s ot OH by
reacting, in a suitabl lsvent, the co cr@ul a 3.0 [err]
as defined in Cai X Wi a ch| ral catal yst a conmpdund of the
formula: [err] with thg provi®o that Rlerr] om OH. afd then reacting
the resulting pr‘ t th a deprotecting r ('é' to 10 renove the
-Si(Rlerr])[err] protecting group;

(or an enantiomeric mixture of 5.0 and 5.1) wherein n, R2 and R11 is as defined
in Claim 1, with the proviso that R2 is not OH;
by reacting, in a suitable organic solvent, the compound of Formula 3.0

Si{R'%)q
OR”
o}
W (3.0)
2Vin R
5 V
as defined in Claim 1, with a chiral catalyst and a compound of the formula:
(o}
RZ—t- N
~ (4.0)

with the proviso that R2 is not OH;
and then reacting the resulting product with a deprotecting reagent to
10 remove the -Si(R12)3 protecting group; |
said chiral catalyst being a cyclic condensation product of borane and a
compound of the formula:
RM
s:c,2 (6.0)
R13
wherein R13 is selected from aryl and fused aryl, and R14 represents an amino
15 acid R17-CH(NHg2)-CO2H bound to the sulfur of Formula 6.0 through the
nitrogen atom,
wherein R17 is a lower alky! group which can be substituted with a lower
alkoxy, lower alkylithio, diloweralkylamino, or diloweralkylaminocarbonyl group,
an aryl group, a heteroaryl group, or an aralkyl group; or an aryl, heteroaryl or
20 aralky! group that can be substituted with one to three groups selected from
halogen, lower alkyl, lower alkoxy, -CF3, -NO2, and diloweralkylamino.

LT 0 O




sal d¢ chi raI catal yst being a W %’5 on product of borane and a
: t he f ornul a: [err] rein IS selected fromaryl and fused

represents an_am no 15 acid Rerr]- CH(NH[err]) er%15
RaNer

Ir al kyl amwﬁpwmﬂﬁmﬂﬁr bony!| ‘
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