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“ GAMVA- LACTONE BASED ENANTI OSELECTI VE SYNTHESI S OF AZETI DI NONES
BACKGROUND OF THE I NVENTION 15 Thi s invention provides an

i mpr oved process for producing azetidinones useful a

hypochol est eW&tBi#p¥6agent s, as di sclosed in co- omeiaé“c%?\ga‘isng PCT
Publ i cati on WD 95/ 08532, which is equival ent to U S. Serial No.

P8/ 617,751, filed March 18, 1996, the disclosure of whi ch i s hereby

i ncorporated by reference. Mdre particularly, this 20 invention provides
‘the steps of producing an azetidi none represented by the formula I.
SUMMVARY OF THE | NVENTI ON This invention provides a process for

produci-ng a conpound of

5
10 , | ASED
ENANTIOSE TIVE NTHES! ETIDINON
BACKGROUND OF THE INVENTION :
15 This invention provides an improved process for producing

azetidinones useful as hypocholesterolemic agents, as disclosed in co-
owned, copending PCT Publication WO 95/08532, which is equivalent
to U.S. Serial No. 08/617,751, filed March 18, 1996, the disclosure of
which is hereby incorporated by reference. More particularly, this

20 invention provides the steps of producing an azetidinone represented
by the formula I.

INVENT
This invention provides a process for producing a compound of
25 the formula:

wherein: .
R1, Rz and R3 are independently selected from the group consisting of:
(@) H;

30 (b) halo;
() -ORs, wherein: Rg is selected from the group consisting of H, C+
to Cg alkyl, aryl, aralkyl, heteroaryl, Ca to Cg alkynyl, C3 to C7 cycloalkyl,



25 the formula: [err] wher ei n: Rlerr], Rerr] and R err]

are independently selected fromthe group consisting of: (a) H 30
(b) hal o; (c) -ORerr], wherein: Rerr] is selected fromthe group
consisting of H (err] to (JJerr] alkyl, aryl, aral k‘yl het er oaryl ,
Clerr] to CMerwksaebkynyl, Clerr] to Clerr] cycloal kyl %7/ 45406
PCT/ US97/ 09666 -2- derr]

to CJerr] cycloal kenyl and -C(ORerr]; Rerr] is selected fromthe group
consisting of CJerr] to CJerr] alkyl, aryl and -ORerr]; and R7 is Cl1 to C6
al kyl or aryl; and (d) -dOBlerr], wherein: Rerr] Is

sel ected fromthe group consisting of CJerr] 5 to (Jerr] alkyl, aryl,
het eroaryl, aral kyl, cycloalkyl, -ORlerr] and -N(R[err]; Rerr] is

sel ect ed fromtf&wewy@eaﬁeﬁﬂuaa-gto sernl;;stﬁlé&ftéarrbnaihb rogpd aryl; and

ISR o ooy onebehd ST b el Onf R R a3 0,

process is usef a8yl @nthreparing 1- (4 fluoro- 1 0
phenyl ) - 3(R) - [3((8) hy@(oms.?vvr(dieml wze&hmﬁ&f&srﬁﬁué brd&{p%on@énng of Cy

fl uor ophenyl

oaot PneoY! b 2 BISE ik BRE heteroa, aralkyl, cYeISSL! DRo bt N{H: g o KOTPT ! 96

selected from the group consisting of C¢ to Cg alkyl and aryl; and each
R10 is independently selected from the group consisting of H, C4 1o Cg
alkyl and aryl.
In particular, this process is useful for preparing 1-(4-fluoro-
10  phenyl)-3(R)-[3(S)-hydroxy-3-(4-fluorophenyl)propyl}-4(S)-(4-
fluorophenyl)-2-azetidinone.
In general, this process comprises reaction of a y-lactone and an
imine to form a B-lactam, followed by a chiral reduction. In particular,
~ this invention is directed to a process for preparing a compound of
15 tormula |

wherein R4, Rz and Rj are as defined above, comprising
(a) reacting lactone of formula Il

& .

HO
20 with an imine of formula (Il
/ )
H \"T"' Rs

U T

in the presence of a base, and optionally in the presence of a
cyclization promoter, to obtain a chiral diol of formula IV



lsmne to forma B-lactam followed by a chiral reduction. In particular,
this invention is directed to a process for preparing a conpound of 1 5

fornmula | [err] wherein R err], Rerr] and Rerr] are as
defined aboveyw ARk S NY ' (a) reacting lactone of formula Il
20 '_ wth an 1tmne of formula |11 [err] PCT/USEI9E6 _
presence of a base, and optionally in the presence of a

cyclization pronoter, to obtain a chiral diol of formula IV WO

97/ 45406 PCT/ US97/ 09666

-3- -3-

(b}  oxidizing the chiral diol of formufa IV to the corresponding
aldehyde of formula V

5 ()  condensing the aldehyde of formula V with an enolether of
the formula E
OSi(CHjg)3
cad
Ra—'\ |

followed by dehydration to obtain a compound of formula VI

R3 —|—-\
2
0 - = Vi;
] (d}  hydrogenating a compound of formula Vi to form a

compound of formula VI

Vil
(e)  conducting a chiral catalytic reduction of the compound of
formula Vil to obtain a compound of formula I



[err] (b) oxidizing the chiral diol of formula IV to the

‘correspondi ng al dehyde of fornmula V 5 (c)
condensi ng the al dehyde of fornula V with an enol et her of t he
formula E foll owed by dehydration to obtalnac und of
formul a VI WO9745404 ( (d) hydr ogenating a conpound© g@mﬂ aVl to
forma conpound of fornula VII
[~err] (e) ~conducting a chiral catalytic reduction of the
conpound. of formula VII to obtain a conpound of fornmula I;

4-

{f optionaily, when any of Ri, Rz or R3 is a benzyloxy or
. alkoxy group, converting said benzyloxy or alkoxy group to a
hydroxy group to obtain a compound of formuia 1.
Also claimed are the following processes for preparing
5 intermediates:

The process of reacting a lactone of formula | with an imine of
formula 1l in the presence of a base and optionally in the presence of a
cyclization promoter to obtain a chiral diol of formula V.

The process of oxidizing a chiral diol of formula IV to obtain an

10 aldehyde of formula V.

The process of condensing an aldehyde of formula V with an
enolether of formula E, followed by dehydration to obtain a compound of
formuia VL.

The process of hydrogenating a compound of formula Vi to obtain

15 aketone of formula Vil '

The process of hydrogentating a compound of formula VI*
OBn

0 D Rz
v Z/ 7 /

to obtain a compound of formula X
G’ "

20 The process of chirally reducing the keto group in the compound

of formula VI" to obtain a compound of formula Xi
OBn

%

OH

Z.
Ra

o)
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- 4- (f) optionally, when any of Rlerr], Rerr] or Rerr] is a
benzyl oxy or al koxy group, converting said benzyl oxy or al koxy
group to a hydr oxy group to obtain a conpound thL D e
Al so cl ai medW&%/M48488 ol | owi ng processes for preparing 5 “Interned ates:-
The process of reacting a |lactone of fornmula Il with an im ne of
formula I'll in the presence of a base and optionally in the presence of a
cyclization pronmoter to obtain a chiral diol of formula IV. The
process of oxidizing a chiral diol of formula IV to obtain an 10 al dehyde
of fornula V. The process of condensi ng an al dehyde of fornmula V
with an enol ether of formula E, foll owed by dehydration to obtain a
conpound of formula VI. The process of hydrogenating a
conpound of forrmula VI, to pbtain 15 .a ketqgne of, formula, Vll.

The process of hydrogﬁ?%?%fﬂe%a% dUW&mﬁa'a?%mPE"%S?va"d Merr] to
obtain a compound of formula X
Ler] DETAILED DESCRIPTION

As used herein the term "lower alkyl” means straight or branched
5 alkyl chains of 1 to 6 carbon atoms. Alternatively, the number ot carbon
atoms may be specified. Thus, "C4 to Cg alky!" means straight or
branched alkyl chains of 1 to 6 carbon atoms. "Lower alkoxy" refers to
alkoxy groups having 1 to 6 carbon atoms. Alternatively, the number of
carbon atoms may be specified. Thus, "Cq to Cg alkoxy” means straight

10 or branched alkoxy chains of 1 to 6 carbon atoms.

"Alkenyl” means straight or branched carbon chains having one
or more double bonds in the chain, conjugated or unconjugated, and
alkadieny! refers to chains having two double bonds in the chain.
Alternatively, the number of carbon atoms may be specified. Thus, "C4

15 to Cs alkeny!" means straight or branched alkenyl chains of 1 to 6
carbon atoms. “"Alkynyl" means straight or branched carbon chains
having one or more triple bonds in the chain. Alternatively, the number
of carbon atoms may be specified. Thus, "C to Cg alkynyl" means
straight or branched alkyny! chains of 1 to 6 carbon atoms.

20 Where an alkyl, alkenyl or alkynyl chain joins two other variables
and is therefore bivalent, the terms alkylene, alkenylene and alkynyiene
are used.

"Aryl" (including substituted aryl) means a carbocyclic group
containing from 6 to 15 carbon atoms and having at least one aromatic

25 ring (e.g. aryl is a phenyl ring), with all available substitutable carbon
atoms of the carbocyclic group being intended as possible points of
attachment, said carbocyclic group being optionally substituted by 1 to 3
substituents selected from the group consisting of halo, alkyl, hydroxy,
phenoxy, CFga, amino, alkylamino, dialkylamino and -NOa2.

30 "Aralkyl" means an alkyl group as defined above, in which an aryl
group as defined above is substituted for one of the alkyl H atoms, e.g.,
benzyl, 4-nitro-benzyl' 4-methoxy benzyl and 4-chlorobenzyl.

"Acid" means an organic acid such as p-toluene sulfonic acid,
trifluoroacetic acid or trifluoromethane sulfonic acid. Alternatively “acid”



20 The process of chirally reducing the keto group in the conpound

of fornmula VI" to obtain a conpound of formula Xl [err] WO
97/ 45406 PCT/ US97/ 09666
- 5- Al'so clainmed are the internediates of fornulas |V and

\/ I WOPANEP DESCRI PTION . As used her eiB&TUFEQ9846m " | ower
al kyl " means strai ght or branched 5 alkyl chains of 1 to 6 carbon atons.
Al ternatively, the nunber of carbon atons may be specified. Thus,
"Clerr] to (Jerr] alkyl” neans straight or branched al kyl chains of 1
to 6 carbon atons. "Lower al koxy" refers to al koxy groups having 1 to
6 carbon atons. Alternatively, the nunber of carbon atons nmay be

specified. Thus, "Clerr] to err] al koxy8* means strai ght

means an inorganic acid such as sulfuric acid, hydrochloric acid or
phasphonic acid.

"Hydrogenation catalyst” means a transition metal or its salt such
as Pd/C, Pt/C, Raney nickel, Rh/C, Ru/C, PdO, PtO or (PPh3)sRhCI.

5 "Cycloalkenyl" mean a cycloalkane of 4 to 10 carbon atoms with
one or more double bonds in the ring.

"Bn" means benzyl. "BnO" means benzyloxy.

"Cycloalkyl” means a saturated carbon ring of 3 to 6 carbon
atoms, while "cycloalkylene" refers to a corresponding bivalent ring,

10 wherein the points ot attachment to other groups include all positional
isomers. Alternatively, the number of carbon atoms may be specified.
Thus, "C3 to Cg cycloalky!” means a saturated carbon ring of 310 6
carbon atoms.

"Halogeno" or "hal" or "halogen" refers to fluorine, chlorine,

15 bromine or iodine radicals.

“Heteroaryl® means a 5- or 6-membered aromatic ring comprising
1 or 2 hetero atoms selected from the groups consisting of nitrogen and
oxygen, for example pyridyl, pyrimidyl, imidazoly!, pyrrolyl, furanyl and
oxazolyl. All positional isomers for a given heteroaryl group as defined

20 herein are contemplated, for example 2-pyridy!, 3-pyridy! and 4-pyridyl.
Heteroaryl also means benzofused heteroaryl radicals formed by the
bonding of a benzene radical to adjacent carbon atoms on a heteroaryl
ring as defined above; examples are indolyl, quinoly!, quinazolinyl,
quinoxalinyl, indazolyl, benzoxazolyl, benzothienyl and benzoturanyl.

25 "Ph" means phenyl.

"Suitable inert organic solvent" means any organic solvent or
combination of solvents that is unreactive in the reaction being
conducted and is a solvent for the reactants. Such solvents used in the
various reactions of this invention are identified in the discussion of

30 reaction schemes and in the examples. Typical suitable solvents are
halogenated compounds such as chloroform or dichloromsthane;
heterocyclic compounds such as tetrahydrofuran (THF); 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU), dimethylformamide
(DMF); dimethylsulfoxide (DMSO), lower alkanols (C4-Cg branched or



P

10 or branched al koxy chains of 1 to 6 carbon atons.

"Al kenyl " nmeans strai ght or branched carbon chains having one or nore
doubl e bonds in the chain, conjugated or unconjugated, and al kadi enyl
refers to chains having two double bonds in the chain ﬁ;yﬂgaﬁtlvely,
t he nunber oWwoarse6 at ons nmay be specified. Thus, "(err] 15 to (err]

al kenyl " neans straight or branched al kenyl chains of 1 to 6 car bon
atons. "Al kynyl" means straight or branched carbon chains havi ng one
or nore triple bonds in the chain. Aternatively, the number of
carbon atons may be specified. Thus, "Cerr}7to Clerr] al kynyl" means

strai ght or branched al kynyl chains of 1 to 6 carbon atons. 20 Wer e
an al kyl, al kenyl or al kynyl chain joins two other vari abl es and is

t her ef ore bi val ent straight chainsliano)s)auch asl methaneh acalonitilelandcarhecyclic are
used. ardihilics $udhcad/tblughesubst i t ut ed aryl) neans a carbocyclic

group cont ai ni ng fr.om 5 carbon  at vin | e one
aromatic 25 ring (e.g. la? P%CEJJ(‘E& a?'gﬁa‘f aﬁn ﬁé\*ﬁ?raéé ﬁ!ﬁ ?b'
substitutable carbon In onaaepMMetmeca&smjwymwmtlgn@ompneemgeachoenﬁed as
possi bl e poi ntsgof g -Iactarﬁhhé“ahriﬁme toSfohf acﬂél.‘i’é‘mcfdllﬁwﬂﬂ ?l% &Hifang

optionally substltut d.b i tuent,s se ec ed fromthe group
consi sting of halof 'ﬁ'f"ﬁ?% 3%964"6%9 Reactlon%ﬂg%g( , am no,

al kyl am no, di al ky|Besction SefiemedR. " Ar al kyI rreans an al kyl group
as defined above, in which an aryl

substituted for one of e al kyl Hat o®,
4-nitro-benzyl' 4-nmetho benzyl an

means an organic aci d §uch as_p-10l uené ul f onic.acig,

trlfluoroacetlc acid rifluoromneth ul fqpi c acid. natively
"aci d" Vo 977%5406 8 «?/r/?%" ° C/k‘ﬂz
PCT/ US97/ 09666 ) = v —

"Aci d"

This process, designated Method A, for producing compounds of
OH

Rj -r\ "r"' ﬁn‘
10 formula I, wherein the moieties & and have
trans relative stereochemistry, comprises the following steps:
{a) reacling lactone of formula Il with an imine of formula lll in
the presence of a strong base and optionally in the presence of a
cyclization promoter, to obtain a chiral diol of formula IV,



- 6- means an inorganic acid such as sulfuric acid, hydrochloric acid
“or phosphoni ¢ aci d. "Hydrogenation catal yst" neans a
transition nmetal or its salt such as Pd/C PVC, Raney ni ckel , Rh/C,
Ru/C, PdO, PtO or (PPh[err]RhC. 5 "Cycl oal kenyl " nean a

cycl oal kanwoo7484060 10 carbon atons with one or nor FAEBE4onds .i n
the ring. "Bn" neans benzyl. "BnO' neans benzyl oxy.

“Cycl oal kyl" nmeans a saturated carbon ring of 3 to 6 carbon at ons,
whil e "cycl oal kyl ene” refers to a corresponding bivalent ring, 10 wherein
the points of attachment to other groups igiclude all positional

1sonmers. Alternatively, the nunber of carbon atons may be specified.

Thus, "Cerr] to (Jerr] cycloal kyl" means a saturated carbon ring of 3 to 6

ﬁ’” g?nngt O(r:rf”.-or_ . (b) oxld&uﬁ@ﬁ@resgmngfbﬁral @bl ohalrrﬁglanv tbehérs to -
uor i i ne,

"Heteroaryl neans a @'WBER%W@H@%E@W@ W%W?&'tﬁga" 1 or 2
hetero atoms sel ect ecP¥dizngragentsuipas Nalds ot HelPedf nitrogen and :
oxygen, for exarrpl e Py dxdondeuéinqrmb/hwehyaéiaﬂfélrmbsa VP ¥WithCary brolbtherdy! and

oxazol yl . p05|t| Bglfo@ﬁgg( or a given heteroaryl group as defined 20
herein are c nt enpl at anple 2- pyrld?é(% 3-pyridyl and 4-pyridyl.

Het eroaryl al so neans benzof used het eroaryl Plalss forned by the

bondi ng of a benzene radical to adj ace‘,pt_@(é& atons on a heteroaryl

ring as defined above; exanples are indo qui nol yI, qui nazol | nyI

gui noxal i nyl . i ndazol liowé By Wehydlalibn, 26 Bxainble sl cAfdly

"Ph" neans phenyl t organi ¢ sol ver¥u' rreans any

: n
organi ¢ sol vent or to °bt%'8r?o‘i9{‘éf?9‘{ﬂ’i’ %\q '93[\1 s that is unreactive in the
reaction being o nduhydmpenation of a couipound of dermuia Vil mithtaant s. Such

solvents usqg in the py drogerlé%h%?alﬁﬁaéaehi)Q&Wéﬁhbb&gbﬂ‘éﬁﬁ%? bﬁfbdiﬁﬁ or
identified in the discussion of hS)hﬁﬁgt I on .SC

Typi cal suitable sol Qagf} and ( e @?Hﬁﬁ%@ﬂg egexanp es.

chl orof orm or di chl orformuha\ﬂé het er ocycl i ¢ conpounds such as
t et rahydrofuran ( THF) EWid X khiral satal tic reduction of the compound of

?Dﬁ/F;S 6d|t rer;[si ﬁwgﬂ?f (2)§<| é% %&tglqr%%P THE rﬁﬁ g“g@?&%ﬂé}%& 8T;l?':l;mched or

15 complex, and a chiral catalyst such as . CHs |
PRI
ot % 3
™o
HN‘B HN§B’
\
CHy or CHa to obtain a compound of formuia ;

® optionally, when any of Ry, Rz or Rz is a benzyloxy or
alkoxy group, converting said benzyloxy or alkoxy group to a
hydroxy group, for example conducting a debenzylation reaction

20 - with a hydrogenating agent such as Pd/C/NH3aHCO2H or
converting an alkoxy group to a hydroxy group by treatment with
a Lewis acid to obtain a compound of formula I.

Method A is described in more detail is as follows. in step (a) of
25 Reaction Scheme A, the lactone Il is treated in a strong base such as
lithium diisopropylamide (LDA) with an imine of formula Bl under a dry
atmosphere at a temperature in the range of about -15° to about -35°C
- in a syiiable inent organic solvent, e.g., DMPU, to produce a 8-lactam of
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" straight chain al kanol s) such as nethanol, acetonitrile and carbocyclic

aromati cs such as tol uene. "Lewi s acid" neans an acid such as
BF[err]etherate, TiC[err] or Aill[err]. I n pPPudsRG&s. the
process of tWP874%¥enti on conprises reaction of 5 a [err]-lactam and
an imne to forma [err]-lactam followed by a chiral reduction
according to Reaction Schenme A just bel ow. Reaction Schene A

[err]

10

15

20

25

30

35

-9-

formula IV. The reaction can be quenched by an acid such as acetic
acid, and a trans B-lactam of formula IV can be recovered by extraction
followed by crystallization. Because trans B-lactam cyclizes faster than
cis B-lactam, formation of a trans isomer is favored. This cyclization can
be greatly accelerated by addition of additives such as LIC) or LiBr (in a
solvent such as DMF) resulting in further selectivity of trans -factam
formation. A crystalfization step at this stage further improves the ratio of
trans to cis B-lactam t0 95:5. In this reaction, use of a weaker
coordination metal favors the formation of a trans 8-lactam of formula IV,
Thus, in this reaction, the use of sodium lithium hexamethyldisilyl amide
(LIHMDA) as a base favors the formation of a trans B-lactam of formula
IV as opposed to the cis isomer, and is preferred as opposed to
Et2Zn/LDA or LiN(Pr-i)o. Also in this reaction, a lower temperature
favors the formation of a trans 8-lactam of formula IV, as opposed to the
cis isomer; and thus -35°C, is preferred over -25°C or -15°C.

In step (b), a B-lactam of formula 1V is oxidized by treatment with
an oxidizing agent such as NalO4 in a mixture of solvents such as THF
and water at a temperature between about 10°C and 25°C, with about
10°C to about 15°C being prefeired. The ratio of the oxidizing agent,
NalOyg, to diol is as follows: if the diol is present at 1.0 equivalent, then
the NalOy4 is present at 1.0-2.0 equivalents, with 1.5 equivalent being
preferred. The organic solvent for the reaction is a polar aprotic solvent
such as acetronitrile or THF. The reaction is quenched by adding the
reaction mixture to ice water. The resulting aldehyde of formula V is
extracted and concentrated for use in the next step of the process.

In step (c), an aldehyde of formula V is reacted with the enolether
of the formula E in an aprotic anhydrous organic solvent such as toluene
in the presence of a Lewis acid such as BFasetherate at a temperature in
the range of about -78°C to about -20°C, with about -40°C to about
-20°C being preferred. The resulting aldo! reaction can be quenched,
for example with a mixture of NaH_COa, t-BuOMe and hydrogen
peroxide. In this reaction, the ratio of the 8-lactam and the enolether can
be as follows: if the B-lactam is present at 1.0 equivalent, then the
enolether can be present at 0.9 to 1.2 equivalent with 1.0 equivalent
being most preferred. The ratio of the 8-lactam and BFs+etherate can be



This process, designated Method A, for producing conpounds of 10

formula I, wherein the noieties [err] and J[err] have

trans relative stereochem stry, conprises the foll ow ng steps:

(a) reacting lactone of fornula Il with an imne of formula Ill in

t he presencwodMastost r ong base and optionally in the preseRESUSHQ666
cyclization pronoter, to obtain a chiral diol of formula IV, WO

97/ 45406 PCT/ US97/ 09666

- 8- (b) oxidizing the resulting chiral diol of fornmula IV to
t he correspondi ng al dehyde 4of fornula V, for exanmple with an
oxi di zi ng agent such as Nal(err] or Herr]lerr] (c)

condensi ng the al dehyde of formula V with an enol et her of 5 t he
formula E - . : ; ]

fol | owed by defiy éﬁ""?".isbr'f, th oBr Iag;(aarln ol %reggxlvtda tc’é?g 'gtzvglgngfé[rt]@é ration,

to obtain a coﬁ%@ rgte ¢4} g, present at 1.0 to 1.5 equivalept, Wit 1R &y drati on of a
conpound of f oequivaiem beingipreferretid hydr ogenati on catal yst agent such-

asr Eygr ;)ge][l ?\r/ner Pathé re solution containing alB¥(pRdEE R YkiraERal&id 1) -G on
carbon to 50 cc‘filnccecr)lrt’?%?e%~| or?ha dehydration step which involves treatment with
molecular sieves and an organic acid such as p-toluene sulfonic acid
monchydrate. If the aldol product is present at 1.0 equivalent, then the
p-toluene sulfonic acid monohydrate can be present at 0.4 to 0.8
equivalent, with 0.5 to 0.6 equivalent being preferred. The solvents
10  which may be employed in this reaction include toluene, t-butyl methyl
ether (t-BuOMe), or benzene. The molecular sieves which are used in
this reaction are 3A or 4A and are present in the reaction at 100% to
200% weight/weight as compared to the aldol compound. The reaction
temperature is about 35°C to about 100°C, with the range of about 45°C
15 to about 60°C being preferred. The resulting compound of formula Vi is
filtered and concentrated for use in the next step of this process. It will
be appreciated that a compound of formula Vi is formed with cis and
trans stereochemistry. That is,

> R
o) 4 __/‘ 0
V. 4, > Z
Rs—— ] <A 1% and R;——
(Z N >
o) 7 \/Rz )
- VI cis — V! trans =

20 . cis and trans about the azetidinone ring as shown by the arrows in these
diagrams. Obtaining the compound with the trans stereochemistry is
necessary in order to get the desired final products of the invention.

In step (d), the compound of formula VI is hydrogenated by
treatment with a hydrogenating agent such as {PhaP)sRhCl/H2 under a

25 hydrogen atmosphere in an organic solvent such as a mixture of ethyl
acetate (EtOAc) and CH30H; CHzClp; toluene; or benzene. The ratio
ot hydrogenating agent to the compound of formula Vit is as follows: if
the compound of formula V1 is present at 1 mol %, then the
hydrogenating agent is present at 0.1 to 10 mol %, with 0.3 mol % being

30 preferred. The hydrogen atmosphers is present at 5 to 100 psi, with 40



formula VII; (e) ~conducting a chiral catalytic reduction of

't he conpound of formula VI with a borane, such as

BH err](CH err])[err]S or borane- THF [err] 15 conpl ex, and a
chiral catalyst such as [err] ] to
obtain a conp¥RAUE formul a | ; (f) optional P&mﬁygﬁ&gny of
Rlerr], Rerr] or Rerr] is a benzyl oxy or al koxy group,
eonverting said benzyl oxy or al koxy group to a hydr oxy group,
for exanple conducting a debenzyl ation reaction 20 with a

hydr ogenati ng agent such as Pd/C/ NH err] HGJ-err] H or
converting an al koxy group to a hydroxy group by treatnent with
a Lewis acid to obtain a conpound of formula 1. Met hod Ais
descri bed i n nor g¢o®® gsilbeing prefdmed oM rehotior ispul r i to 3@bBoursRwith ttidon
Schenme A, the la IS i AR
lithiumdii sopro&?ﬁ%“%ﬁ@%‘ﬁﬁi dém@fﬁ%@g%ri)%?&nﬁ?a I Itrlaﬁ%?] 2? a dry
at nosphere at a t'@fytipgcgmpouRd of, ”r“HE’g\é & usgsdnithe peXk eRyout - 35[err] C
in a suitable inert orlgpstep(e)otheecompoand of fdpivitld Vi ds ehirallyceduscddeby | - | act am
of WOL97/ ; ani :
T/ USO7/ 0966 reacfidh in an anhydrous organic solvent such as CHzClz, THF or

toluene, in the presence of a borane, such as BH3a*{CH3)2S or borane-

THF complex, and a chiral reduction catalyst such as

at a temperature in the range of about -30° to about 0°C, with a range of

10 about -20° to about -10°C being preferred. The reaction is run for about
1 to about 20 hours, with a range of about 3 to about 10 hours being
preferred. The ratio of the compound of formula VII to the chiral
reduction catalyst is as follows: if the compound of formula Vi is present
at 1.0 equivalent, then the catalyst is present in a range of about

15 5 mol % to 100 mol %, with 5 mo! % to 10 mol % being preferred. If the
compound of formula Vil is present at 1.0 equivalent, then the borane
(e.g., BH3*Me2S) is present at 0.7 to 1.0 equivalent, with 0.7 t0 0.8
equivalent being most preferred. Concentration, extraction, and

" crystallization leads to the reduced compound of formula I.

20 For compounds of formula | wherein any one of Ry, Rz or R3 is
benzyloxy or alkoxy, said compounds can be converted to other
compounds of formula | wherein R4, R2 or R3 is hydroxy by methods well
known in the art. This is important in the preferred process desctibed
below, wherein the desired compound of formula | has a hydroxy group

25 at Ry, but wherein the hydroxy group must be protected during the
process, preferably by a benzyl group. The protected compound of
formula ! is debenzylated by treatment with a hydrogenating agent such
as Pd/C/HCO2NH4 under a hydrogen atmosphere: the concentration of
Pd/C is 5% to 20% w/w, with 10-15% w/w being preferred. The ratio of

30 compound of formula | to Pd/C used is 1.0 equi\)alent of compound of
formula | to 2.0 to 5.0 equivalents of Pd/C, with 3.0 to 4.0 equivalent of
Pd/C being preferred. Alternatively, hydrogen gas is used in the ranges



formula I'V. The reaction can be quenched by an acid such as acetic

acid, and a trans [err]-lactamof formula |V can be recovered by extraction
foll owed by crystallization. Because trans [err]-lactamcyclizes faster

t han cis [err]-lactam formation of a trans isomer is favored.
Thi s cycl i zavo sms5emn 5 be greatly accel erated by addPETB97/89666
additives such as LICI or LiBr (in a sol vent such as DWF)
resulting in further selectivity of trans [err]-lactam formati on.
A crystallization step at this stage further inproves the ratio of

trans to cis [err]-lactamto 95:5. In thil?_reaction, use of a weaker
coordination netal favors the formation of a trans [err]-lactamof formula
| V. 1 0 Thus, inthis reaction, the use of sodiumlithium

hexanet hyl di si | ydm & p]poynd per square-ifdiPR) 166 p8 WiBiv 20 t840'psI béiRgf or mation
of atrans [err]-]|act of for ‘P PV 0 eggt tge cis
i somer, and[i s Plg'@dra;%'ea?'ﬁ é’&ﬁc’? gan be employe%%tﬁ@%,sfagﬁ f’%ﬂeor |
Li N(Pr-i)[ err] .reattian includei CHgO#; ethano! and dpeopanehpAlkaxyigwoups canbe  favors -

15° o1 1 sqmoroNeHbdlS nibidy drdiety Well RN ethids Tor apBIbY 0 1 e
-15[err]C. treattent Wih a E? ‘sa"lﬂs’ '(%gsep%{& ripi?t'? apv QﬂJgFBP] Ata v s
oxi di zed by tr eraaotive subistituent at any of RerRzxod [d3, such asdwydroxywsiamigo,Nal O err ]
in a mxture of ; r nper at ur e
bet ween about 1% er?@tégﬁqu @?rﬁ@'&p{%“’a'%?m d&ﬁﬁ@ that{;%) ?rb?] C to about
15{err] C bei ng xjpe«F a%@safﬁ%@for%ﬁ' G GEPUR Fn B emoYeraltefhe desired

Nal Jerr], to diarhpoundasf foohulaiss obfaitdd: diol is present at 1.0 equivalent,
t hen 10 . the Nd fbid'dbdve, WhER fBhs Bliadtall i8-18mélin'sté (H)StheM th 1.5

equi val ent bein . preferred., The organi c.solveni. for t reaction
is a polar apro‘?‘?"ﬁes?Bf’g@ﬁtc'gpmd%c[ Is alsq, frmed. j@‘@t‘f’%ﬂf@ﬁ'&% seﬂz(ét The
reaction is quethihetdgepf thedpregessia an amount of S%astcompanedtathe tiansi ce wat er .
The resulting ah@audervd cisProdbal nvay fow bePurgesiit Bicéstafizgtisroncent r at ed

for use in the next ste f 'the praqcess. . . . I tep (c), an
al dehyde of formul a 'vqgfe?%'é%‘? 85&%3\’?9@!?@%'8?’%‘?% an imine Ofr}haof t he

formul a E i¥® anfoamul® i ¢ anhydrous organi c sol vent such as tol uene

in the presence of a Lewis acid such as BF[erglettherate at a tenperature in
the range of about -78[err]C to about -2Q[er wi th about -40[err]Cto
about 30 -20[err] C being preferred. Mg resul ting al dol reaction can
be quenched, for exanple witfh g m xturﬁl.of NaHCJ err], t-BuOwe and
hydr ogen peroxi de. In thgo tion, t é ratio of the [err]-lactam

and the enol et h&ru Aand an e{‘ﬁ!?ﬁ'pﬁ?gﬁh frhQisg i f the [err]-lactamis

present at 1.0 équivalen SI(CH nol et her can be present at
0.9 to 1.2 equivalent with 1.0 equival en 335 bei ng nost preferred. The
ratio of the [err]-lactam and BF|err, rate can be
F =
is used. Consequently the compound of formula VI which results has
20 the structural formula VI

0OBn

e
v E
This resulting compound of formula VI' is hydrogenated as

described above, the resulting in a compound of formula VIF



-10- as follows: if the [err]-lactamis present at 1.0 equival ents,

“then BF[err]etherate can be present at 1.0 to 1.5 equivalent, with 1.0
to 1.2 equi val ent bei ng preferred. The resulting solution
contai ning aldol product is extracted and 5 concentrated
dehydr ati on ¥a:” ch involves treatnment with nol ecular sreves and- an
organi c acid such as p-toluene sulfonic acid nonohydrate. |f the al dol
product is present at 1.0 equivalent, then the p-tol uene sul fonic acid
nonohydrate can be present at 0.4 to 0.8 equivalent, with 0.5 to 0.6
equi val ent being preferred. The solvents_4f which may be enployed in this
‘reaction include toluene, t-butyl nethyl ether (t-BuOwe), or benzene.
The nol ecul ar sieves which are used in this reaction are 3A or 4A and
are present in the reaction at 100%to ZOOW’Eﬁight/meight as conpared

ure is about 35[err]Cto
15 to about 60[err]C
la VI is filtered and
process. It wll be

to the al dol conpound. The reaction tenp
about 100[err]C, with the range of abeut 45]
bei ng preferred. The resulting conpQuid ¢f fo
concentrated for use in the next |

appreci ated that a conpound of f@rRe ormed with cis and trans
stereochem stry. That is, [err] 20 cis M trans about the
azetidinone ring as shown by the arrom§win t hese di agranms. bt ai ni ng
the conpound with the trans stereochemstry is F . necessary in order to

get the desired finalThercohwsdundadf foimeula MIE R ¢iirally reduced as described
above, in the presence of a chiral reduction catalyst to obtain the
reduced compound of formula I' '

OBn
OH
S
5 | d F :
The compound of formula I' is debenzylated by treatment with a

hydrogenating agent such as Pd/C/HCO2NHg4 under a hydrogen

atmosphere to obtain a compound of formula I
OH -

10 Alternatively, a compound of formula V1"
OBn

N i
4 S N n
v ' G/ 2
may undergo a double hydrogenation step by reaction under hydrogen

in the presence of a hydrogenation catalyst such as paltadium on
carbon to obtain a compound of formula X

Rz ==



¥

In step (d), the conpound of formula VI is hydrogenated by t r eat ment
‘with a hydrogenating agent such as (Ph[err]P)[err]RhCI/Herr] under a 25
hydr ogen atnosphere in an organi c solvent such as a m xture of ethyl
acetate (EtOQAc) and CH err]OH, CHerr]Cl[err]; toluene; or benzene, The

ratio WQ97/43¢0% ogenat i ng agent to the corrpound of f or PRATUSKUMIEEE o

follows: if t he conpound of fornmula VI is present at 1 nmol % then
t-he hydr ogenati ng agent is present at 0.1 to 10 nol % with 0.3 mol %
being 30 preferred. The hydrogen atnosphere is present at 5 to 100 psi,
with 40 WD 97/ 45406 -14-

PCT/ US97/ 09666 -11- to 60

psi being preferred. The reaction is run for 10 to 30 hours, with 14
to 16 hours being preferred. After extraction d concentration, the

resul ting conmpound of formula VIl1 is used i e next step. In
step (e), the conmpound of fornula VI¥{ is ch 1y reduced by 5 reaction
i n an anhydrous organi c sol vent ‘ ]JCi[err], THF or

toluene, in the presence of a % NS BH[err](CH[err])[err]S or
bor ane- THF conpl ex, and a chi raI o duZ}-E%rna gatal yst such as [err]

at a tenperature in the range of abc)Ut - 30[ to about O[err]C wth a

[200E: on s TR St laber o 358 et AR TO PR T BBV f about

3 to about 10 tesiucedieiobigin the connemdn@bompwnda@ﬁformﬂlatlﬁe conpound of

formula VII to the chiral reduction catabyst is as follows: if the
conpound of fornula VII is present gy
O ‘e,
Rs—
3 P N
e © 0 R
5 In particular, a compound of formula VI' undergoes double

hydrogenation as described to obtain a compound of formula X'

OH
N
F RS
X F.
Alternatively, in a process of the invention, a chiral reduction of
the keto group in a compound of formula VI" may be conducted to

10 obtain a compound of formula XI
OBn
OH
TV 23
£

R3—
N

5 O G’ Rz
The double bond and the BnO group of this compound of formuia Xi
may then be hydrogenated to obtain the compound' of formula I".
In particular, the compound of formula VI can be chirally reduced
15  to the compound of formuia XI'



.at 1.0 equivalent, then the catalyst is present in a range of about 1 5 5
nml %to 100 nmol % with 5 nol %to 10 nol % being preferred. If the

conmpound of forrrul a VII is present at 1.0 equivalent, then the borane

(e.qg., BHerr err Is present at 07t010eqU|vaIent W t h 7to
0.8 equ@ ’éﬁ?‘! bei ng nost preferred. Concentration, e PEFESYR (“gff" and
crystallization | eads to the reduced conpound of fornmula I. 20 For

conmpounds of formula | wherein any one of R err], Rerr] or Rerr] is
benzyl oxy or al koxy, said conpounds can be converted to ot her
conmpounds of formula | wherein Rerr], R[qgg] or Rlerr] is hydroxy by

met hods wel | known in the art. This iS inportant in the preferred

process descri bed bel ow, wherein the desired conpound of fornula I

has a hydroxy group 25 at R err], but wherein t@g hydroxy group nust be

protected during the process, preferably Bn benzyl group. The

prot ect ed conpound of formul a Heben ted by treatnent with a
"~ hydrogenati ng agent such as P [err] under a hydrogen

at nosphere: the concentration of E Pd/ C 5%to 20% ww, with 10-15%
w w being preferred. The ratio of "30 conp formula | to Pd/C used is
1.0 equival ent of corrpound of forxrula I t 0 to 5.0 equival ents of
Pd/C, with 3.0 to 4.0 equival ent of Pd/ C bei ng'preferred.
Al'ternatively, hywhishaanghenibe hysieganatadie obtaigdbe compound ahfarmuia Koe

PCT/ US97/ 09666 In another process of the invention, a compound]a?f-formula vi"from5

psi (pound per sag 5 %l 61obrb ) o Rololt et 1%, ASBho BEERA ()

preferred. The so )
reaction incl ®tle BHf P@Iﬂ%’t’ﬁ@n‘@lmﬁﬂ'ﬂ the ﬁP@BQH@‘FO NVWHW grBups can be
converted to hydrpamcqtao,@eompow of fonnua Viesanosks reduceddyangl methpddo

treatnent with a bﬁf%?a?:ﬁhfboum%??ormﬂlé i..ed in the art wll recognize that a
The starting material of formula Il is known, and may be prepared
from s-malic acid of the formula

OH
HsCO
OCHg3

10 0 .
by reduction with BHzMeg2+S followed by treatment with 5% NaBH4 to

obtain a compound of the formula

I
HO
OCHs

followed by cyclization of this compound with CF3CO2H to obtain the
15 vlactone of formula Il.

Alternatively, the y-lactone of tormula Il may be obtained from
glucose as described in U.S. Patent 5,292,939, Hollingsworth, which is
hereby incorporated by reference.

An imine of formula lII' may be prepared by reacting 4-benzyloxy-

20 benzaldehyde with 4-fluoroaniline in a polar organic solvent such as
isopropanol at about room temperature. Other imines of the formula Ili
may be prepared in a similar manner, by reacting the appropriate
benzaldehyde derivatives and the appropriate aniline derivatives in
isopropanol at room temperature for 2 to 3 hours and filtering the

25 reaction mixture to give the product as a solid. '

An enolether of the formula E' may be prepared by reacting
4-fluoro-acetophenone (which is a known compound or may be



rFeactive substituent at any of Rerr], Rerr] or Rerr], such as hydroxy or

am no, can be protected with a suitable protecting group during the
cl ai med process and said protecting group can be renoved after the
desired conpound of forrmula | is obtained. 1 0 As not ed above,
when trans [W¥PPTH4MBctamis forned in step (a), the COPCERISINIGé6G] Ci S
product is also forned. The cis product is present at this stage of
the process in an anmount of 5% as conpared to the trans product. The
cis product nay now be purged out by crystallization. In a

preferred enbodi nent of the invention, a&sl m ne of the 15 formul a

is used and an enol ether of the fornmul a

[err]

is used. Consequently

t he conpound of fornula VI which results has 20 the structural fornula
repared by know
pre known methods) in a sol?]tloc? of Ilthlupeéﬁécfé)]ropylamidgelg cribed

VII.

This resulting c

above,

oun

the res u?ﬂo WQP’HG 58%&%“0?”5 BF ?rM'HPQ‘TaFWG in the range of about

5

10

15

20

25

-30°C to about -35°C, with quenching by addition of Me3SICl,
concentration and distillation to obtain the enolether product. Other
enolethers of formuia E may be prepared in a similar manner.

~ The following examples illustrate the process of this invention:

Example 1
1 LDA/DMPU/DMF

% NCsH4F-p \—‘!,'.

— N

OBn

‘0 pP-BnOCgHy

3 crystalline solid F

To a 5-liter 3 neck flask equipped with a mechanical stirrer,
thermometer and addition funnel were added 500 mL of THF, 400 mL of
DMPU and 120 mL (0.92 mol) of diisopropylamine. To the cooled
mixture at -40 to -45°C was added dropwise 368 mL (0.92 mol) of 2.5 M
n-Buli hexane solution. After 20 minutes, 47 g (0.46 mo!) of lactone 3
diluted in 250 mL of THF was introduced and the reaction was agitated
at -40 to -45°C for 2 hr. While agitating, 100 g (0.328 mol) of imine was
dissolved in 1 liter of DMF and then was added dropwise through the
addition funnel into the reaction mixture at -40 to -45°C (30 min.). The
reaction was maintained at -25 to -30°C for 14 to 18 hrs and warmed to
-13 10 -17°C for another 4 hrs as followed by HPLC. 14 g of LiCl was
dissolved in 400 mL DMF in a 500 mL flask and added into the reaction
mixture. After another 2 hrs at -15°C, 200 mL of HOAc was added to
quench the reaction.

The reaction mixture was poured slowly into a 10-liter extractor
containing 2 liters of 3 N HCI, 1 liter ice and 2.5 liters of EtOAc. The
mixture was stirred for 15 min. and separated into layers. The équeous
layer was extracted with 1.0 liter and then with 0.5 liter of EtOAc. The
combined organic layers were washed with 4 X 2 liter brine,
concentrated, and 250 mL toluene was added to crystallize the trans



WO 97/ 45406 _ PCT/ US97/ 09666

- 13- [err] The conmpound of formula VII' is chirally
reduced as descri bed above, in the presence of a chiral reduction
catal yst to obtain the reduced conpound of forrmula I’ - 89,&%&]
The conpoundw@i97#8A0eul a |' i s debenzyl ated by treatnment w H Y
hydr ogenati ng agent such as Pd/ G HCO err] NH err] under a hydrogen
at nosphere to obtain a conpound of formula I" [err]

-17-

jactam 4. The solid was filtered and dried at 50°C to give 85.5 g (64%
yield) lactam 4. Mp: 119-120°C. 1H NMR (CDCl3) 7.38 (m, 5H), 7.22
(m, 4H), 6.80 (m, 4H), 5.04 (d, J=2.0, 1H), 5.02 (s, 2H), 4.21 (m, 1H}, 3.70
(m, 1H), 3.6 (m,1H), 3.52 (d, J=5.0, 1H), 3.15 (dd, J=5.2, 2.0Hz), 2.85 (1,

5 J=5.3, 1H). 13C NMR (CDClj3) 165.5, 160.7, 159.0, 157.5, 136.7, 133.6,
133.5, 129.3, 128.7, 128.2, 127.6, 127.4, 118.8, 118.6, 116.0, 115.5,
70.1, 69.5, 62.9, 56.8. HRMS: 408.1619 (MH+); Calc'd: 408.1611.
[a] 222???-69.78 (c=0.121, THF). Anal.Calc'd for Co4H23FNO4: C,
70.75; H, 5.44; N, 3.44. Found: C, 70.57; H, 5.56; N, 3.41.

10

0oBn

To a 2 liter 3-neck flask equipped with a mechanical stirrer,

thermometer and addition funnel were added sequentially 100 g (0.246

15 mmol) of lactam 4 and 800 mL of CH3CN. The mixture was cooled to
10°C with an ice bath. 63 g (0.295 mmol) of NalO4 was dissolved in 800
mL of water in a 1 liter flask and transfered into the addition funnel. The
NalQ4 solution was added into the reaction mixture at such a rate to
maintain the temperature below 20°C (20 min.). After addition, the

20 reaction was warmed to room temperature (r.t.) and stirred for 1 to 2 hrs
as followed by NMR. The reaction was quenched into a 6 liter extractor
containing 1.5 liters of ice-brine and 1.5 liters of toluene. The layers
were stirred, separated and the aqueous layer was extracted with 500
mL of toluene. The combined organic layer was washed with 2 X 500

25 ml brine and concentrated to about 500 mL for the next reaction. MS:
376( MH+), 265, 239. TH NMR (CDClg) 9.82 (d, J=1.3Hz, 1H), 7.31 (m,
5H), 7.17 (m, 4H), 6.88 (m, 4H), 5.32 (d, J=2.4HZ, 1H), 4.98 (s, 2H), 4.15
(dd, J=2.4, 1.3Hz, 1H).



.10 Al ternatively, a conpound of fornmula VI"
[err] may undergo a doubl e hydrogenati on step by reacti on under
hydr ogen in the presence of a hydrogenation catal yst such as pall adi um

on carbon to obtain a conpound of fornula X WO 97/ 45406
PCT/ US97/ 09%® 87/45406 - 14- FEVP$07109666 The

carbonyl adjacent to the R err]-substituted phenyl group is then chirally
reduced to obtain the correspondi ng conpound of formula I™'

-18-

Example 3

n OSK{CHa)a

o]:] : OBn
H A, E IBF3-Et,0 S
N 2. PTSA/Sieves N
O ———F fo)
5 6A

F F
5 To a 1 liter 3-neck flask equipped with a mechanical stirrer,

thermometer and addition funnel were added at r.t. a solution of 100 g
(0.267mmol} of aldehyde 5 (from Example 2) in 500 mL of toluene and
32 mL (0.267 mmol) of BFzeetherate. The mixture was cooled to -30°C
with a dry-ice bath, To the cooled mixture was added 56 g (0.267 mmol)

10  of enolether dropwise. The aldol reaction is completed in § min. To
another 5 liter extractor were added 1 liter of saturated NaHCOa
solution, 2 liters of t-BuOMe, and 150 mL of hydrogen peroxide {30%).
This quench solution was then cooied to 0°C with an ice bath. The aldol -
mixture was added dropwise into the quench solution at 0°C. The

15 quenched mixture was allowed to warm to 15 to 20°C and the layers
were separated. The aqueous layer was extracted with 1 liter toluene.
The combined organic layer was washed with 2 X 500 mL and
concentrated to about 1 liter for dehydration.

To the 1 liter toluene solution of aldol product obtained above

20 were added 200 g of molecular sieves and 25 g (0.133 mmol) of p-
toluenesulfonic acid monohydrate. This mixture was heated to 40 to
50°C and monitored by NMR (2 to 4 hrs.). The reaction was cooled to
0°C and filtered through a pad of MgSO4 and then 100 g silica gel. The
filtrate was concentrated for the next step. Alternatively, the

25 concentrated solution was added to 400 mL of heptane to precipitate the
double bond product (99 g, 7.5% overall yields). MS: 496 (MH+), 358,
305, 238. TH NMR 8.01 (dd, J=8.5, 5.5Hz, 1H), 7.40 (m, 7H), 7.30 (m,
6H), 7.18 (m, 2H), 7.22 (d, J=8.6, 1H), 6.98 (t, J=8.5Hz, 1H), 5.08 (s, 2H)},
4.88 (d, J=2.4, 1H), 4.00 {m, 1H).



[err] 5 In particular, a conpound of formula VI' undergoes doubl e
hydr ogenati on as described to obtain a conpound of fornula X

[err] Alternatively, in a process of the invention, a chiral
reducti on of the keto group in a conpound of formula VI
conduct ed t o™P™M86ai n a compound of formula XI  [err] pcTiiSbr doubl e
bond and the BnO group of this conmpound of fornula Xl may then be
-hydr ogenated to obtain the conmpound of fornmula I"". In particular,
t he conpound of fornula VI' can be chirally reduced 15 to the conpound of
formula X' WO 97/ 45406 -19-
"PCT/ US97/ 09666 _ -15-
Example 4
OH
4]
Pd/CH, .
neat———
N
F o
. O
F
5 To a 1 liter Parr pressure bottie were added 0.8 g of Palladium on

carbon (10%), 1.6 g (19.0 mmol) of NaHCO3, 16 g (32.3 mmol) of
compound 6A in 80 mL of EtOAc and 80 mL of CH3OH. The bottle was
shaken under 30 psi of hydrogen pressure for 2 to 3 hrs as followed by
TLC and HPLC. The reaction mixture was filtered through a pad of
10 celite and washed with 200 mL toluene. The filtrate was washed in a 1
fliter extractor with 200 mL brine and 2 mL of 3 N HCI. After separation of
the layers, the organic layer was washed with 2 X 200 mL brine.
Concentration gave 11.8 g (90% yield) of compound 8.
(The reaction also could be carried out as follows: A mixture of 1
15 g of compound 6A in 10 mL of EtOAc, 1 mL of water, and 0.5 (W/w)% of
Pd/C (wet) was shaken under 25 psi of H for ca. 4 hrs. The mixture was
filtered through cslite and washed with toluene. Concentration gave
compound 8.
MS: 408 (MH+), 297. TH NMR (CDClg) 7.95 (dd, J=8.6, 5.5Hz,
20 2H), 7.13-7.22 (m, 4H), 7.09 (t, J=8.6, 2H), 6.91 (t, J=8.6, 2H), 6.80 (d,
J=8.6Hz, 2H), 4.65 (d, J=2.1, 1H), 3.26 (m, 1H), 2.33 (s, 1H), 2.25 (m,
1H). 13C (CDCla) 197.7, 167.7, 164.5, 160.7, 157.5, 156.3, 133.8,
133.0, 130.9, 130.7, 129.2, 127.5, 118.6, 118.5, 116.2, 116.1, 116.0,
115.8, 115.7, 61.3, 59.7, 35.6, 23.3. Anal. Calc'd. for Co4H19NF203¢1/2
25 H20:C,69.75;H, 4.47; N, 2.95; F, 9.11. Found: C, 69.23; H, 4.80; N,
3.36; F, 9.13.



[err] whi ch can then be hydrogenated to obtain the conpound of formula
" I n anot her process of the invention, a conmpound of fornula VI"
may be converted by the Noyori reduction, i.e. using the catalyst (R - 5

Ru( Bl NAP)CI‘L’err].NEt[err] to obtain the compound of formula I"'. In
particul ar , W8%&Mpound of fornula VI' can be reduced by t RCEUSEVIGE to
obtain a conpound of forrmula I". The starting material of formula
I'l is known, and nay be prepared froms-malic acid of the fornula

[err] by reduction with BH err]Me[err]S foll owed by treatnent with 5%
NaBH4 to obtain a conmpound of the fgymula [err] fol |l oned by
cyclization of this conpound with CF[err|CJerr]H to obtain the 15
[err]-lactone of fornmula II. Al ternatively, the [err]-lactone of
formula Il may be obtained from gl ucose as described in U S. Patent

5,292,939, Hollingsworth, which is her eby incorporated by reference.
An imne of formula I'll' may be repmgreacti ng 4-benzyl oxy- 20

benzal dehyde with 4-fluoroanilige™in a polar organic solvent su@H as

| sopropanol at about roomte
may be prepared in a m | ar ymAner, R __,\é@cting t he Qppr op
benzal dehyde deri ' & t he app | Bt e ani | e Agri=\a
i sopropanol at enperAtNre for 2 1083 hours filtgrhng the 25

reaction mxturé to give@he uct Bag.hxﬁol i . 0" Ap—qnol et her of
the formula E may be grepare reactrmg > 4-fl ugj o- -@ enone
(which is a known conpound or maAy be F

The chiral catalyst was made following the standard procedure:
5 trimethylboroxine (28 mg, 0.22 mmol) was added into a solution of
diphenylprolinol (75 mg, 0.3 mmol) in toluene (5ml) and the resultant
solution was heated until refluxing. Toluene was distilled and another
5 mi of toluene was added and distilled out. The residue was used
directly in the following reaction.

10 To a 50 mL oven-dried flask with a magnetic stirrer were added
2.4 g (5.9 mmol} of compound 8, 10 mL CH2Clz, and 0.62 g (3.0 mmof)
of bistrimethylsilyl urea (BSU). Afier 0.5 hr, the reaction was filtered
directly into another 50 mL oven-dried flask comntaining 0.05 eq. of the
chiral catalyst at -20°C. To this was added 2.3 mL (4.7 mmol) of 2 N

15 BH3Me2S. The reaction was stirred at -15 to -20°C and monitored by
TLC and HPLC (3 10 5 hrs). 10 mL methanol/HCI was added, followed
by concentration. Water and t-BuOMe were added to the residue and it
was extracted with t-BuOMe (x2) to give a crude product solution.
Concentration of t-BuOMe lead to the recovery of >50% catalyst as the

20  HCIi sakt after filtration. Crystallization of crude product from
Isopropanol/H20 afforded 1.9 g.of compound 8A. H NMR(DMSO) 9.54
(s, 1H), 7.32 (dd, J=8.3, 5.7Hz, 2H), 7.21 (m, 4H), 7.35 (m, 4H), 6.77 (d.
J=8.8Hz, 2H), 5.3 (d, J=4.6Hz, 1H), 4.82 (d, J=2.1Hz, 1H), 4.50 (m, 1H),
3.10 (m, 1H), 1,70-1.9 (m, 4H). 13C NMR(DMSO) 167.4, 162.3, 159.9,

25 159.3, 157.5, 156.9, 142.3, 142.3, 134.1, 134.0, 128.0, 127.7, 127.6,
118.4, 118.3, 116.0, 115.8, 114.9, 114.7, 71.2, 59.7, 59.5, 36.5; 24.6.



WD 97/ 45406

" PCT/ US97/ 09666 - 16- pr epar ed
by known nethods) in a solution of lithiumdiisopropylanide in a pol ar
organi ¢ solvent such THF at a tenperature in the range of ap -
-30[err]C to WB8U4540635[ err]C, with quenching by addition of %E’Pg rof@CI
concentration and distillation to obtain the enol ether product. Oher 5
-enol ethers of formula E nay be prepared in a simlar nmanner.

The follow ng exanples illustrate the process of this invention: [err]
OBn 10 To a 5-liter 3 neck f%ﬁ_sk equi pped with a nechani cal
“stirrer, thernoneter and addition fu wer e added 500 nL of THF, 400

mL of DMPU and 120 nL (0.92 nol) of diisopropylam ne. To the cool ed
m xture at -40 to -45[err] C was added M@B% m. (0.92 nol) of 2.5 M
n- BuLi hexane solution. After 20 m& (0.46 nol) of lactone 3 1 5
diluted in 250 nL of THF was introffifed and the reaction was agi %ﬂed

at -40 to -45[err]C for 2 hr. agitating, 100 g (0.328 i m ne
was dissolved in 1§iter o amd t hen was add drop through

t he addi tion f pums 2 e reac(tPhaﬁ’hﬂhﬁ?lxtur ol 45 err] C (30
mn.). The rean was ntamé‘d""ﬁt“'?b’to[err] or 14 to 18
hrs and war ned tofF

F F
The crude compound 6A, generated from dehydration step from
80 mmol of aldo! condensation product, was dissolved in 120 mt of
5 CHa2Cla to which 2.2g (2.4 mmol) of the catalyst was added. The mixture
was subjected hydrogenation at 60 psi for 18 hr. Concentration of the
reaction gave a residue of the product, which was separated by column
with hexane and EtOAc (90:10) to give 27.5 g pure product, 71% from
aldol condensation product as starting material. 1H NMR (CDCl3) 7.98
10 (dd, J=8.5, 5.5Hz, 1H), 7.41 (m, 5H), 7.25 (m, 4H), 7.12 {t, J=8.5, 2H),
6.55 (m, 4H), 5.04 (s, 2H), 4.68 (d, J=2.1, 1H), 3.65 (m, 1H), 3.28 (m, 1H),
3.16 (m, 1H), 2.40 (m, 1H), 2.28 (m, 1H).

Example 7
O8n Ph o OBn

15 F F
To a 250 mL oven-dried flask with a magnetic stirrer were added

6.2 g (12.5 mmol) of compound 6B and 60 mL of CHzClz. To the
resulling solution at -20°C were added sequentially 0.1 equivalent of the
chiral catalyst and 6.3 mL (12.5 mmol) of 2.0-N BH3*(CH3)2S over 2 h.

20 The reaction was allowed to warm to 0°C, it was stirred at that
temperature for 1 h and quenched with CH3OH. The quenched solution
was concentrated and extracted with CHoClz. The organic layer was
concentrated and the residue was recrystallized from EtOAc and
hexanes to give 4.1 g (70%) of 8B. The e.e. was determined by HPLC '



20 -13 to 17[err]C for another 4 hrs as followed by HPLC. 14 g of LiCl was
di ssolved in 400 nL DMF in a 500 nL flask and added into the reaction
m xture. After another 2 hrs at -15[err]C, 200 nmL of HOAc was added to

qguench the reaction. The reaction m xture was poured slowy
into a 1 OWO9MSHsxtractor 25 containing 2 liters of 3 NGRYSI¢ter jce
and 2.5 liters of EtOQAc. The m xture was stirred for 15 mn. and
‘'separated into | ayers. The agueous | ayer was extracted with 1.0 liter
and then with 0.5 liter of EtOQAc. The conbi ned organic |ayers were
~washed with 4 X 2 liter brine, congentrated, and 250 nlL tol uene was
added to crystallize the trans "97/ 45406

PCT/ US97/ 09666 -17- llactam

et o o by: "Bl 892, JH SeloBRRna B Y5 S Pk i pso, 25 % -

gm704H), 6. 90 (m 6HY )98 (s, QH),(4170-4:60 (n, m%4ga(?ﬁglﬂﬁ§%@fg§nﬁ‘?tgm2 1H,
2. 0Hz), 2. b (%%%%?m( 'ﬂ\;jw 2% @d*'/??](cm [err]) 165.5, 160, 7, 159. 0,

157. 5, 136. 7, 133. 6, 133. 5, 129 3,128.7,128.2,127.6, 127.4, 118.8,
118.6. 116.9, 115. 5, 70.1, 69.5, %ﬂﬂlﬁz%é 8. HRVB: 408.1619 (NH+):
Cal cd: 408. 1611. [a] 277777-@8n78 (c=0.121, THF). Anal.CBHc' d for

Clerr]Herr]FNJerr]: Gy

5.56; N, 3.41. 10 L . |
F o Q F o Q
8B £ E
To a flask were added Pd-C (10%) (1g, 5% by w/w), ammonium
bicarbonate (11.4 g, 181 mmole), compound 8B (18.1 g, 36.3 mmole)
and CH3OH (250 mL) carefully at r.t. under No. HOAc was added to
10 adjuét the pH to 3-5 and the resultant mixture was heated at 45 to §5°C
until the reaction finished as determined by TLC (about 2-3hr). During
the reaction, the pH was controlled in the range of 3-5 by adding HOAc.
The reaction was filtered and the solvent evaporated. The residue was
dissoived in t-BuOMe and washed with water. After drying over NazSO4
15 and evaporating the solvent, the product was purified by recrystallization
in t-BuOMe/heptane and CHaOH/water to give 11.75 g (79%). 1H NMR
(DMSO0): 9.54 (s, 1H), 7.32 (dd, J=8.3, 5.7Hz, 2H), 7.21 (m, 4H), 7.35 (m,
4H), 6.77 (d, J=8.3Hz, 2H), 5.3 (d, J=4.6Hz, 1H), 4.82 (d, J=2.1Hz, 1H),
4.50 (m, 1H), 3.10 (m, 1H), 1,70-1.9 (m, 4H). 13C NMR (DMSO) 167.4,
20 162.3, 159.9, 159.3, 157.5, 156.9, 142.3, 142.3, 134.1, 134.0, 128.0,
127.7,127.6, 118.4, 118.3, 116.0, 115.8, 114.9, 114.7, 71.2, 59.7, 59.5,
36.5, 24.6.

75, H 5.44; N, 3.4# Fou C, 70.57;, H,

Example 9
OBn OH

Noyori catalyst
————————t—
N
F o F N



ferr] To a 2 liter 3-neck flask equi pped with a nmechanica
‘stirrer, thernoneter and addition funnel were added sequentially 100 g
(0.246 15 mol) of lactam 4 and 800 nL of CH err]CN. The m xture was
cooled to 10C with an ice bath. 63 g (0.295 mmwol) of Fg#ﬁ#g was
di ssol ved i nVEQ¥/45406 1y of water in a1 liter flask and t red into
the addition funnel. The Nal J err] solution was added into the
reaction mxture at such a rate to mai ntai n the tenperature bel ow
20[err]C (20 min.). After addition, the 20 reaction was warnmed to room
tenperature (r.t.) and stirred for 1 to 2das as followed by NVR The
Teaction was quenched into a 6 liter extractor containing 1.5 liters
of ice-brine and 1.5 liters of toluene. The | ayers were stirred,

separated and the aq‘szEyclodMénmﬁth%tmﬁﬂkﬂbd&et(hoﬁﬁﬁg, 0.38 mmbl) @indt ol uene.

concent rated ¢ o BGae BotiERusrsRindlid  indhnityl (BRuAPH (220 R, 21°, )
265, 239. [err]H f4Q mond) were placed dpa (flask ard cognected toSchipngh apparatus 5 |
7.17 (m 4H), 6. gfth(dRotifeéfiask abthe Sppokitd-ehtdZ ThbHntird aPBadatus whg . 4. 15
(A, 252 toses > evadidted, then fied %?@2’, 478186he (10 mL) and EtaN (g mL), after
deoxygenation several times, was charged into the lower flask, which
was then heated to 140-145°C for 4 h. After cooling to r.1., red solid
precipitated out of solution. The solid was filtered and washed with
degased toluene inside of the apparatus under N2. The entire
10 apparatus was evacuated and the solid was dried.
Compound 6A (50 mg, 0.1 mmol), the catalyst, [(R)-
Ru(BINAP)CI2]2.NEts, prepared above (<10 mg, <0.01 mmol) and
CH3OH (50 mL) with 1 drop of 2N HCI were charged in an autoclave
under Nz. The reaction was subjected to 850 psi Ha at 80°C for 48 h.
15 Major product (I") was found and matched in TLC and HPLC profile with
the product of Example 5.
- Example 10

0Bn o OBn
Ph
0 --\‘<o OH

N CH;y N
F o BHa*Me,S F (o) @
6A Xi

P F
To a mixture of 300 mg (0.61 mmol) of 6A and 0.1 equivalent of
20 the chiral catalyst in 5 mL of CHzClp at -15°C, 0.21 mL (0.4 mmol} of 2.0
N BH3+{CH3)2S was added dropwise over 5 min. The reaction was
allowed to warm to 0°C, it was stirred for 45 min. and quenched with
CH3zOH. Concentration, followed by chromatography gave compound
Xl. The e.e. was determined to be 76%. tH NMR (CDCl3): 8 7.55-6.82
25 (m, 18H), 5.95 (d, 1H), 5.15 (d, 1H), 4.98 (s, 2H), 4.65 (d, 1H),
3.65 {d, 1H).



. Exanpl e 3 [err] 5 To a 1 liter 3-neck flask equipped wth a

mechani cal stirrer, t hernoneter and addition funnel were added at r.t.
a solution of 100 g (0.267muol ) of al dehyde 5 (from Exanple 2) in 500
m. of toluene and 32 nmL (0.267 mvol ) of BF[err]etherate. The m xture

was cool edwop748@ferr] C with a dry-ice bath. To the REIHEUINEKt ure was

added 56—g—(0:267- mfmJ—}— 10 of enol ether dropwi se. The aldol reaction is

C another 5 liter ex+e bd 1 liter of
saturatiwm solution, 2 liters: ariq ﬂﬁ&ﬁ%aﬁﬁao nmL of

;hydroge Thi s quench sol ut i onRERIACERen cobled to
O[errJ]C with an ice bath The al dol -24-i xtUTE Was added dropwi se into
t he quench solution at O[err]C. The 15 quenched m xture was allowed to
warmto 15 to‘é [@a C and the layers wer e separated. The aqueous
| ayer was ext r'aet ith 1 liter toluene. The conbi ned organic | ayer
was washed with 2 X 500 nL and concentrated to about 1 liter for
dehydration. ¢ Ap rocesérfbr??@ddciﬁg&% HS%?tH“é)fddhb&n of al dol product
obt ai ned above 20 were added 200 g of sieves and 25 g (0.133
mmol ) of p- tol uenesul fonic achgd rmno 'e. This mixture was heated
to 40 to 50[err] C and nonitore b'N to 4 hrs.). The reaction was
cooled to O[err]C and f} I__._ r'd a pad of MgS™ and then 100 g
silica gel. The filtrate®*wWagdconce ted for the next step.
Alternatively, the 25 concentrafed soPutio added to 400 nL of heptane
to precipitate the doubl e bond producx_(29 g, l7.5% overal | vyields).
M5: 496 ( )“ﬁ%gi 305 238 [err]H 8 01 (dd, J=8.5, 5.5Hz, 1H),
7.40 (m 7 , 7.18 Sm 2H), 7.22 (d, J=8.6, 1H), 6.98
(t, J=8.5Hz, Rzamsﬂe@re mependenﬂvss&eq &O“Ufhg QIOUHCP{}SiSW'Q)@ (m 1 H.

(a) H;

(b) halo;

(c) -ORs, wherein: Rs is selected from the group consisting of H, Cq
10 to Cg alkyl, aryl, aralkyl, heteroary!l, C2 to Cg alkynyl, C3 to Cy cycloalkyl,
C3 to C7 cycloalkenyl and -C(O)Re; Rs is selected from the group
consisting of C4 to Cg alkyl, aryl and -OR7; and Ry is Cq to Cgalkyl or
-aryl; and
(d) -C(O)Rg, wherein: Rg is selected from the group consisting of C4
15 to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyi, -ORg and -N(R1g)2; Rgis
selected from the group consisting of Cy to Cg alkyl and aryl; and each
R1o is independently selected from the group consisting of H, C1 to Cs

alkyl and aryl,
comprising
20 (a) reacting lactone of formula il
o]
]
HO
with an imine of formula Il
2
H N Rz

d.-:N
R{~ |
X | I

in the presence of a base and optionally in the presence of a
.25 cyclization promoter to obtain a chiral diol of formula IV

This Sheet Has Been Reﬂlaced_

ARG




WD 97/ 45406 PCT/ US97/ 09666

T -19- [err] 5 To a 1 liter Parr pressure bottle were
added 0.8 g of Pall adi um on carbon (10%, 1.6 g (19.0 mmol) of

NaHCO err], 16 g (32.3 mmol) of conmpound 6A in 80 nL of d 80
m. of C:I-l[err]“@?”“ﬂ?é bottl e was shaken under 30 psi off ‘E‘%?@ﬁ’éﬁ‘n
pressUTe‘ for—2-toe-3-hrs-as fol |l owed by TLC and HPLC. The reaction

hth 200 niL
ith 200 mL
, the organic
e 11.8 g (90%

‘m xtur red t-hrough a pad of 10 ce
t ol uen eﬂl‘“@ s washed in a 1 THIS SHEEX t HAS: BOEN

bri ne a After separ atlégl of REPLAGEDI ayer
‘layer was Washed wth2X200rrLbr|ne ' ' '

yi el d) of conpound 8. (The reaction also could be carried out
as follows: A mxture of 1 15 g of corrpoun Aﬂin 10 mL of EtOAc, 1 niL of
wat er, and 0.5 (w w) % of Pd/Cé S 4falken under 25 psi of H2 for
ca. 4 hrs. The m xture was filt gh celite and washed with
t ol uene. Concentration gave conpouft MS: 408 (M),
297. [err]H NWR (CDCl[err]) 7.95 (dd, J=8- 5. 5Hz,

0 //‘Rg

(b) oxidizing the chiral dio! of formula IV to the corresponding
aldehyde of formula V

A,
¢ TR
5 (c) condensing the aldehyde of formula V with an enolether of
the formula E
OSI{CHa)s
Ra‘—E }

4

followed by dehydration to obtain 2 compound of formula Vi

—/ vi;
10 (d) hydrogenating a compound of formula Vi to form a
compound of formula VI

Vil

(e} conducting a chiral catalytic reduction of the compound of
formula Y to obtain a compound of formula |;

This Sheet Has Been Repla

(R i




20 M. TS TN AN T80 IS M ?mgll“ ﬂﬂﬂlﬁﬂﬂﬂlﬂl Ilﬂdﬁﬁl

2.25 (m 1H). [err]C (CDCl[err]) 197.7, 167.7,164.5 16’0 , ¥57"5, s *
156. 3, 133. 8, 133.0, 130.9,130.7,129.2,127.5, 118.6, 118. 5, 116.2,116.1,
116. 0, wbhlg5/48406 115. 7, 61.3. 59.7, 35.6, 23.3. Anal. CRICETUSST199666 .
Cerr]Herr]NF[err]derr] 1/2 25 H[err]O C 69 75; H 4.47; N, 2.95; F,
9.1 1. Found: C, 69.23; H 4.80; N, 3.3 913 — WD 97/ 45406
PCT/ US97/ 09666 THIS SHEET "HASDBEEN

[err] The chiral catal yst was_ made fol RBMMADEDt he standard
procedure: 5 trinmethyl boroxine (28 ng,‘zﬁr. 2Z-mor T wasadded 1 nto a

sol ution of di phenyl prolinol (75 mg, 0.3 mmol) in toluene (5mM) and

t he resul tant 6)I utiop \% hﬁat ed uEbil ref Luxi ng. Tﬂl uene was ]
distilled and anoth optienally, wiey any, of, K1, B2 of figdsa PRRZVIPSNE 1 | ed out. The
residue was used  alkoxyrgreup.\conmenrting sais bendylaxyrasabtaxyrgroupto a To a 50
nL oven-dried flask nylfdxydroe iEbbtainsa comPbud® beformerA.

5 2 A process according to claim 1 for producing the compound of the

formula
OH

comprising
(a) reacting lactone of formula Il

&»,.

10 HO
with an imine of formula III'

@)‘ "

in the presence of a base and optionally in the presence of a
cycuzatlon promoter to obtain a chirai diol of formula V'

e e e e 08Bn
This Sheet Has Been Re HO OH
TR e
15 v,

(b) oxidizing the chiral diol of formula IV' to the corresponding
aldehyde of formula V'



2.4 g (5.9 mol) of conmpound 8, 10 nL CHerr]Cl[err], and 0.62 g (3.0 mmol)
of bistrinethylsilyl urea (BSU). After 0.5 hr. the reaction was filtered
directly into another 50 nL oven-dried flask containing 0.05 eq. of the
chiral catalyst at -20[err]C. To this was added 2.3 nmL (4.7 mml)‘ of 2 N1
5 BHerr]- MY@I¥4586 The reaction was stirred at -15 to _o0k€ tored
by TLC and HPLC (3 to 5 hrs). 10 niL net hanol /HCI was_add fol | owed
by concentration—Water—and t-BuOWe were adde(% |_§§t ETEFAY BEER id it
d o)

was extr (x2) to give a cru gL uti or
__Concent %mr w, !Wead to the recoyery pf >3( g(:ﬁ-y-s-%—ﬁs the 20
HCl salt *a er L . COrystallization of crude product from

| sopropanol /H err] O afforded 1.9 g .of conpound 8A 1H NVR(DMSO) 9.54

(s, 1 H, 7.32 (dd, J=8.3, 5.7Hz, 2H), 7.21 ( 7. 35 (m 4H), 6.77 (d,
J=8.3Hz, 2H), 5.3 (d, J=4.6Hz, 1 H), 4.82 2 1 Hz, 1 H, 4.50 (m 1
H) , 3.10 (m 1H), 1,70-1.9 (m 4Ky. | CNI\/R(DIVBO) 167. 4, 162.3,
159.9, 25 159.3, 157.5, 156.9, 142 jL 1492, 134. 1, 134.0, 128.0, 127.7,
127. 6, 118.4, 118.3, 116.0, 115H8 4.9, 114.7, 71.2, 59.7, 59.5,
36.5; 24.6. WD 97/ 45406 N
PCT/ US97/ 09666 0 -21 -
Exanpl e 6 k [err]

F .

(c) condensing the aldehyde of formutla V' with an enolether of
the formula E'

OSi(CHg3)3
F R
5 followed by dehydration to obtain a compound of formula V/I'
OBn

Sheet Has Been Replaced o
TN II| o
N
RS
vt F s

(8) hydrogenating a compound of formula VI’ to form a
compound of formula VHI'

OBn

T
i

F 3
10 (e) conducting a chiral catalytic reduction of the compound of

formula VII' and a chiral catalyst of the formula
Ph

Ph Fh
'.‘k H’I" n
Qe
N-g HN<g’
CH;y or CHj
to obtain a compound of formula I'



The crude conpound 6A, generated from dehydration step from 80 nmol of
al dol condensation product, was dissolved in 120 M of 5 CHerr]Cl[err]
to which 2.2g (2.4 nmmol) of the catal yst was added. The m xture was
subj ect ed hydrogenatlon at 60 psi for 18 hr. Concentration of the

reacti on gav¥O27#¥% due of the product, which was separat ed®HPSEUEEN

wi th hexane and Et OAc (90:10) to give 27.5 g p product, 71%from

al dol cond’ensat ion- prﬁduet as startl ng materi al Tl-ﬂjSarSHEBFHJMS BERClL[err])

7.98 1(1 7.41 (m 5H), [7.25 Repjpd 7.1p (t,
1=8.5; |} m 4H) '5.04 (s,_2H). H, 3.65
(m 1-H)-:,,' 3.16 (m 18", 2.40 (m 1H), 2.28 (m 1H).

[err] ' Toa250m_oven drledflask with a magnetic stirrer were
added 6.2 g (12.5 nmol) of conpound 6B and @, of CHerr]Cl[err]. To
t he resulting solution at -20[err]C were eof‘sequentlally 0.1

equi val ent of the chiral catalystognd 6. my (12.5 mol) of 2.0 N

BH err](CH err]S over 2 h. 20 The peadti ) g |l owed to warmto O[err]C,
it was stirred at that t emper eYorH h and quenched with
CH err] OH. The quenched sol utiong was @orbent rated and extracted with

CHerr]C[err]. The organic |ayer was congeNrated and the residue was
recrystallized fromEt OAc and hexe}nes to e 4.1 g (70% of 8B. The
e.e. was determined by HPLC WD '97/ 45406 F ; and

PCT/ US97/ 09666 ()  debenzylating the compound of formula I'.

3. A process for the preparation of a compound of the formula

5 —
wherein R4 and R2 are independently selected from the group
consisting of:

(@ H;
(b) halo; :
10 (¢}  -ORs, wherein: Rg is selected from the group consisting of

H, C1 to Ce alkyl, aryl, aralkyl, heteroaryl, Ca to Cg alkynyl, C3 to C7
cycloalkyl, C3 to C7 cycloalkenyl and -C(O)Rg; Rs is selected from the
group consisting of C1 to Cg alkyl, aryl and -OR7; and Ryis C1to Cg
alkyl or aryl; and

15 (d) -C(O)Rg, wherein: Rg is selected from the _:'g.mup consisting of C4
to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N(R10)2; Ro is
selected from the group consisting of C1 to Cg alk')_},.l:-and aryl; and each
R10 is independently selected from the group confé_isting ofH,Ci1t0Cs
alkyl and aryt; .

20 comprising reacting a lactone of the formula

& i



2, I ("o, S S e T S

(d, 1 H, 305297(m1 : 2.20-2.10 (m 1H), 195175(m4|—|) 5
Exampl e 8 #‘&4&] To a flask were added Pd C élooﬁ 3 5%
by ww, amon ¢ bi carbonate (11.4 g. 181 nmol e),

g, 36.3 mol e) and CH err]OH (250 nL) carefully at r t under N2. HOAC
was added to 10 adjust the pHto 3-5 and the resultant m xture was heated
at 45 to 55[err]C until the reaction fini ﬂeag 3feeHRs rBERNG by TLC
(about 2-3hr): During t he reaction, idge pH'Was wméﬁl ed ijn the range
of 3-5 by addi ng HOAc. The reaction was filtere x +Hre—sol vent
evapor at ed. The resi due was di ssolved in t-BuOVe and washed with

water. After drying over Na[err]STerr] 15 a
the product was purified by recrystalli zgtl o]
CHerr]Hwater to give 11.75 g (79% (DVMBO) : 9.54 (s, 1H),
7.32 (dd, J=8.3, 5.7Hz, 2H), 7.21 hm_@)},* 35 (m 4H), 6.77 (d,
J=8.3Hz, 2H), 5.3 (d, J46Hz 1 (d, J=2.1 Hz, 1 H), 4.50 (m
1H), 3.10 (m 1 (DVBO) 167.4, 20
162. 3, 159. 9, 15%9?5@@% 16165&6(:‘8]”&5%(’?;’%&&%@\/'? 1, 134.0, 128.0,
127.7,127.6, 118.4, 118.3,116.0,115.8,114.9, 114.7,71.2, 59.7,59.5,
36.5, 24. 6. 4, Aprocess of claim 3 for preparing a compound of the formula

OBn

oq evapor ating the sol vent,
-=Rp i n t-BuOWe/ hept ane and

HQ OH
-

2,

5 F
which comprises reacting a compound of the formula

&?
HO
with a compound of the formula

10
5
i i i
wherein Ry and Rz are independently selected from the group-
consisting of:
15 (&) H;

(b) halo;



err] VD 7/45406 Hllllllﬂﬂﬂlllﬂ HIII H llll

(Cycl ooct adi enyl ) rut heni um di chl oride (107 ng, 0.3

(R) -2, 2" - bi s)di phenyl phosphi no) -1, 1' - bi napht hyl (BI NAP) (250 ny, 0. 40
mol ) were WoSIME#6 n a fl ask and connected to Schl enck apF&TaISHHE666 it h
another flask at the opposite end. The entire apparatus was 5 evacuated,
then filled with NJerr]. Toluene (10 nlL) and Et[err]N (1 ni after

deoxygenation several tinmes, was charged i , Whi ch
was then heated to 140- 145[err]Cfor 49 torit., red solid
precipitated out of solution. The solld'thfiIt ed with

degased tol uene inside of t he appar atus undér N2. The entire 10 apparatus

ol ). the cat ZPd t@F 3P, Wdreily B asested fropy @?@ﬁé@ﬁ@?ﬁ?ﬁ % epared
above (<10 ng,H Y)' anvtl aralkyl, epwaryldbe (QBGsm_BYﬂW Qs te Gir op of 2N HA
;/vgr 258 ha; Iged i o?dhlléwt gtzﬁw cycloalkenyl@ind\NCtO)Rg; R’E% sélésted %nﬂ\ﬂ?oﬁ lrllgj Sﬁé ed
mat chedpl n TLC&éng‘JﬁEE % 8?9‘ igs#tqlﬂy? ar'y\ﬁq%{e CB;POG%@ Rgfs Eﬁ@gﬁ -
Exanpl e 105 alkytoraryl; and [err]
(d) -C(O)Rg, wherein: Rg is selected from the group consisting

of C1 to Cg alkyl, aryl, heteroaryt, aralkyl, cycloalkyl, -ORg and -N(R1¢)2;

Rg is selected from the group consisting of C4 to Cg alkyl and aryl; and

each Ry is independently selected from the group consisting of H, Cq to

10 Ce alkyl and aryt.

6. A compound according to claim 5 of the formula

OBn
HO OHR
\._I,’
N
D
F

15§ 7. A process for preparing a compound of the formula V

wherein R1 and Rz are independently selected from the group

consisting of:
(a H;
20 (b) halo;

(c) -ORs, wherein: Rs is selected from the group consisting of
H, C4 to Cg alkyl, aryl, aralkyl, heteroaryl, C2 to Cg alkynyt, C3 to C7
cycloalkyl, C3 to C7 cycloalkenyl and -C(O)Rg; Rs is selected from the

. This Sheet Has Been:Replaced
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To a m xture of 300 ng (0.61 mmol ) of 6A and 0.1 equival ent of 20 the
chiral catalyst in 5 nL of CHerr]Cl[err] at -15[err]C, 0.21 nL (0.4 mmol)
of 2.0 N BH err](CH err]S was added dropwi se over 5 min. The reaction
was allowed to warmto O[err]C, it was stirred for 45 mn. and
quenched withW°97'454‘@H[err]O-| Concentration, followed by chPCkEIFBIEHNy
gave compound ———X—TFhe e. e. vvas determ ned to be 75% [err]H NMR

(CDCI[e 6.82 25 (m 18H), 5.95 (d, 1H), 5.15 (d, 1H), 4.98
(s, I'MHM@U [l;lﬁfll 302,00 ot ) TS SHEET HAS BEEN
' REBIICED

: A process, fo C conppund of the
forrrula [err] 5 Wnerem R err err]lhia Ferr] bre
i ndependently selected fromthe group consi St ng of:
group conSistmg of C1 to Cg alkyl, aryl and -OR7; and Ry is Cy to Cg
alkyl or aryl; and
(d) ~C(O)_ﬁ3. wherein: Rg is selected from the group consisting of C4
to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N{R1g)2; Rgis
5 selected from the group consisting of Cy to Cg alkyl and aryl; and each
Ry is independently selected from the group consisting of H, Cq to Cg
alkyl and aryl;
comprising oxidizing a chiral diol of formula IV

— v
10 wherein R4 and R are as defined above.

8. A compound of the formula

08n
This Sheet Has Been Re laced /uh,
IIIIIIIIIIIIIHIIIIfiII “
A
F

15 o, A process for preparing a compound of formula Vi

wherein R1, Rz and R3 are independently selected from the group
consisting of:
(a H;
20 - {b) halo;



(a) H (b) bhal o; (c) -ORerr], wherein: Rerr] is selected
fromthe group consisting of H Clerr] 10 to (Jerr] alkyl, aryl,

aral kyl, heteroaryl and CJerr]-Cerr] cycloal kyl ; and (d)
-C(ORerr], wherein: R8 is selected fromthe group consisting of 15
-OR[err] andwomg/i4esr]; Rlerr] is sel ected fromthe gromosExmeEsst i ng
of Jerr}-to Clerr] _alkyl _and aryl; and each Rl err] is independently
sel ected fromthe group conS|st|ng of H (err]lto Cerr] al kyl and
aryl ; l H r"ﬂ"'ﬂ”:"ﬂ"ﬂﬂ (a) reacting |qetOSHEDF HASrBEEN] 11 [err]
with an i 0 [err] | NpEMAcEn esence of a base
and optional Iy Fnthe presence of a 25 -32- ¢ ' ' r sel ected
fromthe group consisting of LiCl and LiBr to obtain a chiral

diol of formula IV (c) -ORs, wherein: Rs is selected from the group consisting of

H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl, C2 to Cg alkynyl, C3 to C7
cycloalkyl, C3 to C7 cycloalkeny! and -C(O)Rs; Rg is selected from the
group consisting of C1 to Cg alkyl, aryl and -OR7; and Ry is C1 to Cg
5 alkyl or aryl; and

~ (d) -C(O)Rg, wherein: Rg is selected from the group consisting of C4
to Ce alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N(R10)2; Rg is
selected from the group consisting of C4 to Cg alkyl and ary!; and each
R10 is independently selected from the group consisting of H, C1 to Cg

10 alkyl and aryl;

comprising condensing an aldehyde of formula V

wherein Ry and R are as defined above, with an enolether of the

formula E
OSi(CHa)a

/
Rs—=— |
15 X
wherein Rj is as defined above, followed by dehydration.

10. A compound of the formula

20 wherein R1, R2 and Rg3 are independently selected from the group
consisting of:

H;
(a) . This Sheet Has Been Repl

2 10T




t ﬁg-cog(ra(ra;]pondi ng al( 3Zahy3)éi g:‘ Zi‘ (r)]?rTLIh: \C/hi el d Ol m""H"m"ﬂ"lm, m

[err] 5 _ (c) condensing the al dehyde of formJIa V Wi h 9 %

conmpound of the fornmula E [err]

fol | oned by JPYYIM on to obtain a conpound of formula VI Pmmsst”é’?‘rﬁf

(d) hydrogenating a corrpound of formula VI to forma conpound of

formula VI THIS SHEET HAS BEEN
.33. REPLACED

10

{c) -ORs, wherein: Rs is selected from the group consisting of
H, Cy to Cg alkyl, aryl, aralkyl, heteroaryl, C2 to Cg atkynyl, C3 to C7
cycloalkyl, Ca to C7 cycloalkenyl and -C{O)Rg; Rs is selected from the
group consisting of C1 to Cg alkyl, aryl and -OR7; and R7is C1t0 Cg
5 alkyloraryl; and
(d) -C(O)Rg, wherein: Rg is selected from the group consisting
of G4 to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N(R10)2;
Rg is selected trom the group consisting of C4 to Cg alkyl and aryl; and
each Ryg is independently selected from the group consisting of H, C¢ 10
10 Cg alkyl and aryl.

11. A compound according to claim 10 of the formula
OB8n

15 12. A process for preparing a compound of the formula Vil

Vit
wherein R¢, B2 and R3 are independently selected from the group
consisting of:

(@ H;
20 (b) halo;
(¢) -ORs, wherein: Rs is selected from the group consisting of
H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl, C2 to Cs alkynyl, C3 to Cy
cycloalkyl, Cg to C7 cycioalkenyl and -C(O)Rg; Re is selected from the

This Sheet Has Been Re‘placed
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[err] (e) ~conducting a chiral catalytic reduction of the conpound

‘of formula VI wth a chiral catalyst to obtain a conpound of
formula |; - 26- () optionally, when any of Rlerr],
Rlerr] or Rerr] is a benzyloxy or al koxy group, converting said
benzyl oxy OWQWM group to a - hydroxy group to otﬁ%‘?‘?\g’y‘”@g‘mound
of formula I. A process according to claim1l for producing the
conpo m mm“ rrul a [err] conprising (a)
reacti ,m ﬂ#ﬂlllﬂ ”U' all [err] THIS SHEET HAS BEEN

. -34- REPLACED

group consisting of C4 to Cg alkyl, aryl and -OR7; and Ryis Cy 1o Cg

alkyl or aryl; and

(d) -C(O)Rg, wherein: Rg is selected from the group consisting of C4

to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N{Rjg)2; Rgis
5 selected from the group consisting of C4 to Cg alkyl and aryl; and each

R1p is independently selected from the group consisting of H, C4 to Cg

alkyl and aryl;

comprising hydrogenating a compound of formula Vi

10
13. A process for preparing a compound oi the formula X
I 2Rz
wherein Rz and R3 are mdependently selected from the group
consisting of:
15 (a) H:

(b) halo;
(¢) -ORs, wherein: Rs is selected from the group consisting of
H, C+ to Cg alkyl, aryl, aralky!, heteroaryl, C2 to Cg alkynyl, C3 to C7
cycloalkyl, C3 to C7 cycloalkenyl and -C{O)Rg; Rg is selected from the
20 group consisting of C1 to Cg alkyl, aryl and -OR7; and R7is C1 10 Cp
alkyl or aryl; and
(d) -C(O)Rs, wherein: Rg is selected from the group consisting of Cq
to Cg alkyl, aryl, heteroaryi, aralkyt, cycloalkyl, -ORg and -N(R1¢)2; Rgis
selected from the group consisting of C4 to Cg alkyl and aryl; and each
25 Ryp is independently selected from the group consisting of H, C1 to Cg
alkyl and aryl;

This Sheet Has Bee
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W|th la 111" [err]
"'WnereD “ﬂlﬂﬂﬂ “m In the preparation of a base and optionally
inth [ [

of a cyclization pronoter sel ect ed fromthe group
consisting of Li CI and Li Br to obtain a chiral | a
IV [err] WOs97/4s406 (b) oxidizing the chiral diol 'pér'"‘?%"’%gulv-

to the correspondi ng _ al dehyde of formula V
- 27- THIS SHEET HAS BEEN
35 REPLACED

comprising hydrogenating a compound of the formula V1"
OBn

14. A process for preparing a compound of the formula X!
OBn

OH
XN

- (o] R
s 2
5 X 2/ ./"

wherein Rz and R3 are independently selected from the group

consisting of:
(@ H;
(b) halo;
10 {c) -ORs, wherein: Rs is selected from the group consisting of

H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl, C2 to Cg alkynyl, Cg to C7
' cycloalkyl, Ca to C7 cycloalkenyl and -C(O)Rs; Rg is selected from the

group consisting of C+ to Cg alkyl, aryl and -OR7; and Ry is C1 to Cg
alkyl or aryl; and

15 (d) -C(O)Rs, wherein: Rg is selected from the group consisting of C4
to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyt, -ORg and -N(R10)2; Rgis
seiected from the group consisting of C4 to Cg alkyl and aryl; and each
R1o is independently selected from the group consisting of H, C1 1o Cg
alkyl and amyl;

20 comprising chirally reducing the compound of formula VI"
OBn

A N / 'l.
Ra—= P - This Sheet Has Been Reﬂ

w T HIIIIlI IIIIII Ill




. Qs 1-€C
[err] (c) condensi ng the al dehyde of formula V' with a conpound
of the formutaE ~lerr}v5 fol | owed by dehydration to obtain |£O2
conmpound err] (d) hydr ogenati ng a conpound
of forrrulm IM! 'ﬂﬂ Iﬂ! : conpound of formu a VREPLACEMENT SHEETS 1
»€) ' conducting a chiral gqjégﬁ oB cu:ltof e :
o paged ..... ;
corrpound of forrml a VIl' and a chi r?h cat f é,‘a i
: paged<94, to paged ..... :
[err] to obtain a conmpound of formu
g Drawmg(s) paged ... to paged T,
Abstract d .
We Claim: ! page to paged™....
DATE OF RECEIPT.. 39/Maq . ¢
1. A process for producing a compound of the formula

Pk
= {
5 wherein:
R1, R2 and Rj are independently selected from the group consisting of:
(8 H;
(b) halo;

(c) -ORs, wherein: Rs is selected from the group consisting of H, C4

10 to Cg alkyl, aryl, aralkyl, heteroaryl and C,-C, cycloalkyl;
and

(d) -C(O)Rg, wherein: Rg is selected from the group consisting of

15 -ORg and -N(R1g)2; Rgis -
selected from the group consisting of C1 to Cg alkyl and aryl; and each
R1o is independently selected from the group consisting of H, C1 to Cg

alkyl and aryl;
comprising
20 (a) reacting lactone of formula il
o)
. il
HO
with an imine of formula lli
Z
H \—.'"Hz

MR m

in the presence of a base and optionally in the presence of a
25 cyclization promoter Selected from the group
consisting of LiCl and LiBr to obta_ln a chiral

diol of formula v REPLACEMENT SHEET

30 NOV 1999 /
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- 28- . [err] (f) debenzyl ating the conpound of fornula

. 3. A process for the preparation of a conpound-ef-—the fornula
[err] wherein R err] and R err] are |ndependentl sel ected fromthe
group consi sting of: (a) H m m m” 10
(c) -ORerr], wherein: Rerr] is selected fromthe gro MM'I

H derr] to (Jerr] alkyl, aryl, aralkyl, heteroaryl, Cerr Hefr]*

al kynyl, Cerr] to (Jerr] cycloaradrl, Clerr] to (err] cycloal kenyl
and -C(ORerr]; Rerr] is selected fromthe group consi sting of

Cerr] to (err] alkyl, aryl and -ORlerr]; and R[err] Is Clerr] to (Jerr]
al kyl or aryl; and

== v;
(b)  oxidizing the chiral diol of formula IV to the corresponding
aldehyde of formula V

5 (c) condensing the aldehyde of formula V with & compound of
the formula E

OSI(CH3)3

followed by dehydration to obtain a compound of formula VI

0]
Rs——;—\
Z
—/ vi;
10 (d) hydrogenating a compound of formula Vi to form a

compound of formula VIl

Vil

(e) conductihg a chiral catalytic reduction of the compound of

formula¥ll wth a chiral catalyst to obtain a compound
of formula |:

REPLACEMENT SHegT
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15 (d) -C(ORerr], wherein: Rerr] is selected fromthe group consisting

of (Jerr] to (Jerr] alkyl, aryl, heteroaryl, aral kyl, cycloal kyl,
-ORferr] and -N(Rlerr]; Rerr] is sel ected fromthe group consisting
of CJerr] to CJerr] alkyl and aryl; and each Rlerr] is independently
sel ecte onsisting of H (err] to (err] al kyl and
aryl; ac‘“mﬂuﬂmllaﬂﬂﬁmactl ng a |l act QBg. of the formula with an
imne of the féarmilas * [err] wherein R err] and R err]
are as defined above. 4, A process of claim3 for preparing a

conpound of the fommil agshanally, when any of Rq, Rz or Ra is a benzyloxy or
alkoxy group, converting said benzyloxy or alkoxy group to a
hydroxy group to obtain a compound of formula .

5 2 A process according to claim 1 for producing the compound of the

formula .
OH

comprising
(a)  reacting lactone of formuia Il

: O
HO

10
with an imine of formula I’
F
@* ’
wherein Bn is benzyl,
in the preparation of a base and optionally in the presence
of a cyclization promoter selected from the group consisting of LiCl and LiBr
0Bn
to obtain a chiral diol of formula {V’
HO OH
\_!,l
N
o)
15 0
F v,

(b) oxidizing the chiral diol of formula IV’ to the corresponding

aldehyde of formula V' -
REPLACEMENT SHEET
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[err] * which conprises reacting a conpound of the foermula_ W th a

conpound of the fornula [err] 10 5. A conpound of the formura—
[err] wherein Rlerr] and Rerr] are independent”,ﬂ‘ﬂﬂ"ﬂ" t he
gr oup consi sting of: 15 (a) H; (b) ,ﬂ ,I ”"f
- 30- .
.27-
0OBn
0
HJI"

T,

() condensing the aldehyde of formula_ V' with a compound

of the formula E'
OSi(CHas)a

Sep

5 followed by dehydration to obtain a compound of formula VI'

OBn
O
d/"c
F 0

VI Fo-
(d) hydrogenating a compound of formula VI’ to form a
compound of formula VII'

OBn
0]
] ° NQ

10 (e) conducting a chiral catalytic reduction of the compound of

formula VII' and a chiral catalyst of the formula
Ph

Ph .
u\\Y Ph mf. s
Chp
Neg HN<p’
\ «
CHa or CHg
to obtain a compound of formula ('

e

AL
Rl—"i AGERA BT SHEE

--..-_3
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(c) -ORerr], wherein: Rerr] is selected fromthe group consisting of .
H Clerr] to CJerr] alkyl, aryl, aralkyl, heteroaryl and Clerr] to Clerr].
cycloal kyl; and 5 (d) -C(ORerr], wherein: Rerr] is selected
from the—grotup—€const s{—i -AG-

CR[err ; R[err] I's selected fromthe group consisting
of C[er lﬂﬁﬁuﬂﬁlml ‘and aryl; and _ each Rerr] is independently
sel ect € con5|st| ng of H, é[err] to 10 Cerr] alkyl and

aryl : Acorrpound according to claim5 of the formula [err]

15 7. A process for preparing a conpound of the formula V [err]

wherein R err] and Rlerr] are independently sele fromthe group

consi sting of: (a) H 20 hal o; (c)
-OR[err], wherein: Rerr] is selected tHomthe up consisting of H,
Cerr] to (Jerr] alkyl, aryl, aral t, yl and (derr] to (err]

cycl oal kyl ; and
. F o)

J F ; and
(f) debenzylating the compound of formula I'.

3. A process for the preparation of a compound of the formula

5
wherein R¢ and Rp are independently selected from the group
consisting of:
(@ H;
(b) halo;
10 (c) -ORs, wherein: Rs is selected from the group consisting of

H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl, C» to Cg alkynyl, C3 to C7
cycloalkyl, C3 to C7 cycloalkenyl and -C(O)Rs; Rg is selected from the
group consisting of C1 to Cg alkyl, aryl and -OR7; and Ryis C{to Cg
alkyl or aryl; and

i5 (d) -C(O)Rg, wherein: Rg is selected from the group consisting of C1
to Cg alkyl, aryl, heteroaryl, aralkyl, cycloalkyl, -ORg and -N{R1g)2; Rais
selected from the group consisting of C{ to Cg alkyl and aryl; and each
R1o is independently selected from the group consisting of H, C1 to Cg
alkyl and aryl;

20 comprising reacting a lactone of the formula

o)

HO .
with an imine of the formula ' REPLACEMENT SHEET

30 NOV 1999




-31- : (d) -C(ORerr], wherein: Rerr] is selected fromthe group

consi sting of -ORferr] and
-N(R[err]; Rlerr] is 5 selected fromthe group consisting of C[err] to
Clerr] alkyl and aryl; and each Rlerr] is independently sel ected from
the group consisting of H (err] to (Jerr] al kyl and aryl;

conprising oxidizing a chiral diol of fopgula IV uwm) Il _-ﬂﬂ: rein
Rlerr] and Rlerr] are as defined above. 28+ 8. A-Ul8 cm"}"w ” ornmul a
N *

[err]

H \_E" RZ

=N
~
Ry—=
1©).

wherein Ry and R2 are as defined above.

4, A process of claim 3 for preparing a compound of the formula

OBn
HO OH
\-—5,
N
e
5 F

which comprises reacting a compound of the formula

: O
HO

with a compound of the formula

F
W KV
o
BnO

i0 -
5. - A compound of the formula
wherein Ry and Ry are independently selected from the group-
consisting of:

15 (a) H;

(b) halo;

REPLACEMENT SHEET
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15 9.

* A process for preparing a conpound of fornula Vi [err]
V\/nerel n R[nrr]

Rlerr] and R[err] are i ndependently sel ected fromthe

gr oup

(b) bhal o;
_32_ ‘ I,"”"IH “ll‘fﬂlirr] where| n: Rlerr] is selected fromthe group
consi sting ] to err] alkyl, aryl, aralkyl, het eroaryl and
Cerr] to C[err] cycloal kyl ; and _3‘6_ (d) -C(ORerr], wherein:
Rlerr] is selected fromthe group consisting of o
-OR[err] and -N(Rerr]; R[err] S selected fromthe group consisting

aryl ;

10

15

20

@Mh @ﬂgi ﬁ
cyclo_alky{, and

heteroanyk apdfornula v Cato Cy

(d) -C(O)Rg, wherein: Rg is selected from the group consisting
of - -ORg and -N{R10)2;
Rg is selected from the group consisting of C1 to Cg alkyl and ary!; and
each Ry is independently selected from the group consisting of H, C1 to
Ces alkyl and aryl.

6. A compound according to claim 5 of the formula
OBn
HO OH
-
N
R
F
7. A process for preparing a compound of the formula V

wherein Ry and Ry are independently selected from the group
consisting of:

(@ H;

(b)  halo;

{c) -ORs, wherein: Rs is selected from the group consisting of
H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl and Cato Cy

cycloalkyl ; and

%o AuEMENT SHEET
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[err] . wherein R err] and R err] are as defined above, with a conpound

of the formula E [err] wherein R3 is as defined above,

foll owed by dehydrati on. 10. A conpound of the fornula

R3 20 wherein Rerr], Rerr] and R err] are independently sel ected

fromthe group consi sting of: (a) H (b)

hal o; (c) -ORerr], wherein: Rerr] is selected

fromthe group consisting of H dJ@&t] to Jerrj—atkyt—arybs———_.

aral kyl, heteroaryl and Cerr] to CJerr] cycl oallm"”mi"""i
A

(d) -C(O)Rg, wherein: Rg is selected from the group consisting of
-ORg and -N(R1g)2; Rgis
5 selected from the group consisting of C¢ to Cg alkyl and aryl; and each
Rqg is independently selected from the group consisting of H, C1 to Cg
alkyl and aryl;
comprising oxidizing a chiral diol of formula IV

= v
10 wherein Rt and Rp are as defined above.
8. A compound of the formula
) OBn
A —
N
T
F
15 9. A process for prepating a compound of formula Vi
0
Rg—'——; S
&

S - Vi
wherein Rq, R2 and R3 are independently selected from the group
consisting of:

(@ H;
20 (b) thalo;




(d) -C(ORerr], wherein: Rerr] is selected fromthe group consisting
-OR[ err] and - N(*R[*erf} — Rlerr] is selected fromthe group consisting

of C[err’ ~and aryl; and each R err] is independently
sel ected lmﬂ ﬁ"’ onsisting of H Cerr] to 10 Cerr] alkyl and

und according to claim10 of the formula

[err] A process for_%epari ng a conpound of the fornula
VI | vvhereln Rlerr], Rerr] d Rlerr] are independently
sel ected fromthe group consi sting of: (a) H, 20

) o 05y ) o OVt el i ORI

het eroaryl anH, O@[ter%aﬂqlcqmsaralkyl heterogiyl o2ndkyl ; and CgtoCy
cycloalkyl; apa

(d) -C(O)Rg, wherein: Rg is selected from the group consisting of
" -ORg and -N(R1g)2; Rgis
selected from the group consisting of C4 to Cg alkyl and aryl; and each
R1p is independently selected from the group consisting of H, Cy to Cg
10  alkyl and aryl;
comprising condensing an aldehyde of formula V

C3 V
wherein R{ and Rq are as defined above, with a compound of the
formula E
OSi(CHa)s
v
Rz— |
15 \5

wherein Rg is as defined above, followed by dehydration.

10. A compound of the formula

20 wherein Rq, Rz and R3 are independently selected from the group
consisting of:
(@) H;
(b) halo;

REPLACEMENT SHEET




(d) -CORerr], wherein: Rerr] is selebtedfromthe group consi sting of
-OR[err] and -N(R[err]; Rerr] is 5 selected fromthe group consisting
of (Jerr] to (Jerr] alkyl and aryl; and each REFr s

i ndependently selected fromthe group consisting of H, err
al kyl and aryl; conpri sing hydrogenating a conmmmmmmud,w
[err] 10 13. A process faqggpreparing‘a €onpo mOT g .
formula X : [err]

wherein R2 and R3 are independently selected fromthe group

consisting of:  15(c) -ORg)wherdin: Rsis selected from(thb grBabVonsisting of
(c¢) -XRerr], l_g/qér?(él)' %r?b‘lisgﬁ&l ?:ted fromthe grogup }8 gis'szgtggoof
H derr] to 'érY} Yin PO '&lﬂt,erq?&'lera(?gryl and 319

cycl oal kyl ; areycloalyl: ang (d) -C(ORerr], wherein: Rerr] is
selected fromthe group consisting of

-ORerr] an(stl -N(R[err]; Rerr] is

(d) -C(O)Rs, wherein: Rg is selected from the group consisting
-ORg and -N(R1o)2:
Ro is selected from the group consisting of C4 to Cg alkyl and ary!; and
each Ryo is independently selected from the group consisting of H, Cq to
10 Cg alkyl and aryl.

11. A compound according to claim 10 of the formula
‘ OoBn

15 12. A process for preparing a compound of the formula Vil

vil

wherein R4, R2 and Rz are independently selected from the group
consisting of:

(@ H;
20 (b) halo;
(c) -ORs, wherein: Rs is selected from the group consisting of

H, C1 to Cg alkyl, aryl, aralkyl, heteroaryl and Csto Cy
cycloalkyl ; and '

'ﬁEPLACEMENT SHEET

30 NOV 1999




selected fromthe group consisting of CJerr] to CJerr] alkyl and ary

each -

25

Rl err] is independently selected fromthe group consi st

H derr] to ([err] ' al kyl and aryl;

35

corrpo
R2 an

conpri si ng hydrogenating a conmpound of the formula V1"

wherei.n Bni's benzyl 10 14. A process for prepari

u mﬂ [err] } wherein Bn is benzyl;
cﬂ m "ﬂﬂ ntIy selectedfroﬁnhe group consi sting of:

10

15

20

25

(d) -C(O)Rg, wherein: Rg is selected from the group conSlstmg of
-ORg and -N{R1g)2; Rgis

selected from the group consisting of C1 to Cg alkyl and aryl; and each

R1¢ is independently selected from the group consisting of H, C{ to Ce¢

alkyl and aryl;

comprising hydrogenating a compound of formula Vi

13. A process for preparing a compound of the formula X

oi’rg

//R2

wherein Rz and R3 are mdependently selected from the group
consisting of:

(@ H;
. (b) halo;
“{c) -ORs, wherein: Rs is selected from the group consisting of
H, C1 to Cp alkyl, aryl, aralkyl, heteroaryl and : " CatoCy

cycloalkyl ; and

(d) -C(O)Rs, wherein: Rg is selected from the group consisting of
- -ORg and -N(R1g)2; Rois
selected from the group consisting of C1 to Cg alkyl and aryl; and each

R10 is independently selected from the group consisting of H, C1 to Cg
alkyl and aryl;
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(b) halo; 20 (c) -ORerr], wherein: Rerr] is selected fromthe
group consisting of H (err] to Cferr] alkyl,_aryl, aralkyl,

het eroaryl and C3 to C7 cycl oal kyl; and (d) -C(ORerr],
wherein: R8 is selected fromthe group consisting of umm ,L . nd
-N(Rerr] Rerr] is selected fromthe group consisting ua fm -lm'e'rr]

al kyl and aryl; and each Rerr] is 5ndependent‘| y *sef ect ed f sonrt he
group consisting of H (err] 25 to CJerr] alkyl and aryl;

conprising chirally reducing the conmpound of forrmula VI"
[err]

comprising hydrogenating a compound of the formula VI

OBn
5 Rs —@j\/ -
= N

0 - Rz
vI° Z’ 2

wherein Bn is benzyl.

10 14. A process for preparing a compound of the formula XI
OBn
OH
Ra °—L: 7
N

O z n: R
— 2
15 Xl /_.

wherein Bn is benzyl; and
R; and R; are independently selected from the group consisting of:

(@ H;
(b) halo; :
20 (c) -ORs, wherein: Rs is selected from the group consisting of H, C;

to Cealkyl, aryl, aralkyl, heteroaryl and C; to C; cycloalkyl; and
(d) -C(O)Rg, wherein: Ry is selected from the group consisting of —
OR;g and —N(Rqo)z Rs is selected from the group consisting of C4 to Cg alkyl and
aryl; and each Ry, is independently selected from the group consisting of H, C,
25 to C; alkyl and aryl;

comprising chirally reducing the compound of formula VI”
OBn




