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BACKGROUND OF THE INVENTION
The present invention relates to optically active intermediates, processes for
preparing the optically active intermediates, and prdcesses employing the optically
active intermediates for preparing optically active substituted oximes, hydrazones
and olefins useful as antagonists of tachykinin receptors, in particular as
antagonists of the neuropeptides neurokinin-1 receptor (NK) and/or neurokinin-2
receptor (NK2) and/or neurokinin-3 receptor (NK3).

Neurokinin receptors are found in the nervous system and the circulatory
system and peripheral tissues of mammals, and therefore are involved in a variety
of biological processes. Neurokinin receptor antagonists are consequently
expected to be useful in the treatment or prevention of various mammalian disease
states, for example asthma, cough, bronchospasm, inflammatory diseases such as
arthritis, central nervous system conditions such as migraine and epilepsy,
nociception, and various gastrointestinal disorders such as Crohn's disease.

In particular, NK] receptors have been reported to be involved in
microvascular leakage and mucus secretion, and NK2 receptors have been

~ associated with smooth muscle contraction, making NK1 and NK2 receptor

antagonists especially useful in the treatment and prevention of asthma. These
NK and NK2 receptor antagonists are also useful in the treatment of
cough,bronchospasm, inflammatory diseases such as arthritis, central nervous
system conditions such as migraine and epilepsy, nociception, and various
gastrointestinal disorders such as Crohn’s disease.
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Substituted oximes, hydrazones and olefins which may be made from the
intermediates and processes of the present invention include the oximes,
hydrazones and olefins described in International Application No. PCT/US
96/05659, filed on May 1, 1996, the contents of which are fully incorporated

5  herein by reference. It is believed that these compounds exhibit greater activity as
neurokinin antagonists when they are in the form of their R-enantiomers. Thus, it
is desirable to have intermediates and processes that can be used to make such R-
enantiomers. The present invention satisfies this objective.

10

SUMMARY OF THE INVENTION
_ - The intermediates of the present invention comprise a compound having the
_ _ (1.0)
15 wherein B' is -CH,0H or -CH,0R" , and R" is an alcohol protecting group;

. ais1,2,0r3;

Ts-OHor M O,
Q is R®-phenyl, R3-naphthyl or R* -heteroaryl;

R® represents 1-3 substituents independently selected from the gronp
20 consisting of H, halogeno, -ORS, -OC(O)R6, -OC(O)N(RS)R7), -NROH(RT),

C1-6 alkyl, -CF3, -C2F5, -CORS, -CO2RS, -CONRO)(R7), -S(0)eR 13, -CN,

-OCF3, -NR6CO2R16, -NR6COR7, -NRSCONRS)(R7), R15-phenyl,
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R15-benzyl, NO3, -N(RE)S(0)2R13 or -S(O)2N(RE)R?); or adjacent RS
substituents can form an -O-CH2-O- group;

R6, R7, R8, and R13 are independently selected from the group consisting
of H, Cj-¢ alkyl, C2-C¢ hydroxyalky), C1-Cg alkoxy-C1-Cg alkyl, R15-phenyl,
and R15-benzyl; or RS and R7, together with the nitrogen to which they are
attached, form a ring of 5 to 6 members, wherein 0, 1 or 2 ring members are
selected from the group consisting of -O-, -S- and -N(R19)-;

- R13is 1 to 3 substituents independently selected from the group consisting
of H, C1-Cs alkyl, C1-Cg alkoxy, C1-Cg alkylthio, halogeno, -CF3, -C2Fs,

-COR!0, -CO2R19, -C(O)N(R10)3, -S(0)eR 102, -CN, -NR10)COR!10,
NR10)CONR10); and -NO3;
R16 s C1.6 alkyl, R15-phenyl or R13-benzy;

R10 and R102 are independently selected from the group consisting of H

and Cj.¢ alkyl;

R19 is H, C}-Cg alkyl, -C(O)NR10), -CO2R10,
~CRB)RI)-CO2R10 or (CRE)RM))u-CONR10)2;

R9 is selected from the group consisting of RS and -ORS;

eis0,1 or 2, provided that when e is 1 or 2, R13 and R102 are not H; -

f is an integer from 1 to 6; and

u is an integer from 0 to 6;°

said intermediate baving an enantiomeric excess of the R enantiomer over the
corresponding S enantiomer of greater than 85%.

The intermediates of the present invention also comprise a compound
having the formula
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wherein ais 1,2,0r3; -
Q s as defined above;

R*and R°® are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more '
substituents selected from alkyl, cycloalkyl, aryl, or -OH; or R* and R® together
with the C-N-C chain to which they are bound, form a 5-7 membered ring;

R®and R are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; and

D is a directing group capable of directing lithiation alpha to a niirogen atom
of a nitrogen compound having D as a substituent bound to the nitrogen atom when
said nitrogen compound is reacted with s-butyl lithium, said nitrogen compound
having the formula

pe
R~ /
\-/c— N—0D

H H—C|>—- R®

ad

T @
wherein R?, R®, R, and R® are as defined above;
said intermediate having an enantiomeric excess of of the R enantiomer over the
corresponding S enantiomer of greater than 85%. '

The present invention further provides a process for making an optically
active R-enantiomer intermediate having the formula:
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wherein B is -CH=CH, , -CH,0H , or -CH,OR", and R" is an alcohol
protecting group; -
- a is as defined above;
5 ~ Qis R®-phenyl, R*-naphthyl or R® -heteroaryl;

- R% R®, and R’ are as defined above;
R, R°, R%and R® are as defined above; and
D is a directing group capable of directing lithiation alpha to a nitrogen atom
of a nitrogen compound having D as a substituent bound to the nitrogen atom when

10  said nitrogen compound is reacted with s-butyl lithium, said nitrogen compound
having the formula

R?

RP /
\-IC——N—-—D

H H=-C~—R¢
Rd
wherein R®, R®, R, and R? are as defined above;

said process comprising reacting a compound having the formula

RB

) d
15 R

wherein R?, R®, R®, and R are as defined aboire, with a compound having the
formula
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wherein B, a, and Q are as defined above, and R® and R' are independently selected
from the group consisting of alkyl, alkoxy, cycloalkyl and ary} groups, said
groups being optionally substituted with one or more substituents selected from -

5 alkyl, alkoxy, cycloalkyl, aryl, NH,, or -OH, or R® and R together with the
nitrogen atom to which they are bound, form a 5-7 membered ring.

The present invention further provides a process for making a compound
having the formula: » :

@

" H

wherein for the formulas above,
B is -CH=CH, , -CH,0H , or -CH,OR" , and R" is an alcohol protecting
group;
15 A is =N-OR1: =N-N(R2)(R3), =CR11)(R12) or =NR25;
' ais1,2,0r3; ' o
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T is H, R4-aryl, R4-heterocycloalkyl, R4-heteroaryl, phthalimidy],
Ré4-cycloalkyl or R10-bridged cycloalkyl;
Q is R*-phenyl, R*-naphthyl, or R’ -heteroaryl;

Rl is H, C1-6 alkyl, (CREOYR))n-G, -G2,

“CRORT)p-MA(CRIJRI4)y(CRERN-G,

-C(ONRS)-(CRI3)R14)n-(CRE)R)u-G or
«(CRSR))p-M-R*-heteroaryl);
R2 and R3 are independently selected from the group consisting of H,

C1-6 alkyl, -CN, {CROYRT)n-G, G2, -C(OHCRENRN)n-G and -S(O)eR13;

or R2 and R3, together with the nitrogen to which they are attached, form a ring of
5 to 6 members, wherein 0, 1 or 2 ring members are selected from the group

consisting of -O-, -S- and -NR19)-;

R4 and RS are independently 1-3 substituents independently selected from
the group consisting of H, halogeno, -ORS, -OC(O)RS, -OC(O)NROIRT),

NRS)RT), Cj-6 alkyl, -CF3, -C2F5, -CORS, -CO2RS, -CONRO)R),

-S(0)eR13, -CN, -OCF3, -NRSCO2R 16, -NRSCOR7, -NR8CON(RO)(R7),

‘R15-phenyl, R15-benzyl, NO2, -N(R6)S(0)2R13 or -S(0)2NRORT); or
. adjacent R4 substituents or adjacent RS substituents can form a -0-CH2-O- group;

ahd R4 can also be R15-heteroary1_;
RS, R7, R8, R62, R72, R8a, R13 and R14 are independently selected from
the group consisting of H, C1-¢ alkyl, C2-Cg hydroxyalkyl, C1-Cé alkoxy-C1-Cé

alkyl, R15-phenyl, and R15-benzyl; or R6 and R7, together with the nitrogen to
which they are attached, form a ring of 5 to 6 members, wherein 0, 1 or 2 ring

_members are selected from the group consisting of -O-, -S- and -N(R19)-;
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R9 and R92 are independently selected from the group consisting of R6 and
-ORS;

R10 and R10a are independently selected from the group consisting of H
and C1-6 alkyl; :

R11 and R12 are independently selected from the group consisting of H,
C1-Cé alkyl, -CO2RS, -ORS, -C(O)N(RS)R?), C1-Cs hydroxyalky],

(CH2)r-OC(O)RS, -(CH2)r-OC(O)CH=CH, -(CH2)r-O(CH2)s-COZRS,
~(CH2)rO~(CH2)s-C(O)NRS)(R7) and (CH-NRS)YR?);

R15is 1 to 3 substituents independently selected from the group consisting
of H, C1-Cg alkyl, C1-Cg alkoxy, C1-C alkylthio, halogeno, -CF3, -C2Fs,

-COR10, -COzR10, -C(O)NR10);, -5(0)eR 103, -CN, -NRIO)CORIO,
NRI%)CONR10)) and -NO; |
" R16 i5 C1¢ alky}, R15-phenyl or R15-benzyl:;
R19 is H, C1-Cg alkyl, -C(ONR10)2, COZR1,
CRERNf-CO2RI0 or (CRER)u-CONR 10)2;
f,n,p,rand s are independénﬂy 1-6;
Lis 0.6 L |
G is selected from the group consisting of H, R4-aryl, Ré4-hetero-
cycloalkyl, R4-heteroaryl, R4-cycloalkyl, -ORS, -N(R6)(R7), -CORS: -CO2RS,

-CONR)(RY), -S(O)eR13: .NR6c02R16, -NRSCOR7, -NR8CON(RS)R),
-NRS)S(O)2R13, -S(ONRSRT), -OC(0)RS, -OC(O)NROR),
-C(=NORS)N(RO)R7), -C(=NRZ5)NRS)(R7), -N(RE)C(=NRZSNRS)R7),

-CN, -C(O)N(RS)OR7, and -C(O)NR®)-(R4-heteroaryl), provided that when n is
1 and u is 0, or when R? is -ORS, G is not -OH or -NR6)R7);
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M is selected from the group consisting of a double bond, -O-, -N (R5)-,
-C(0)-, -CRENORT)-, -CRENROEHRT))-, -C(=NORSNR7)-,
CN(RB)(R7))=NO-, -C(=NR25)N(R6)-, -C(O)NR?)-, -NRS)C(O)-,

-C(=S)N(RS)-, -NRO)C(=S}- and -N(RS)C(O)N(R7)-, provided that when n is 1,
5 Gisnot OH or -NH(RS); and when p is 2-6, M can also be

NRS)CE=NR2ZSNRT)- or -OC(OINRS)-;

G2 is R4-aryl, R4-heterocycloalkyl, R4-heteroaryl, R4-cycloalkyl, -CORS,
-CO2R16, -3(0)2NR6)R7) or -CONRS)RT);

eis 0, 1 or 2, provided that when e is 1 or 2, R13 and R102 are not H;

10 R25 is H, C1-Cg alkyl, -CN, R15-phenyl or R15-benzyl;

Zis

R28 H‘)g R28 n23
/‘e( *ff><n’ “7‘
YA
N_® -, R¥=N N_- or morphplinyl;

' g and j are independently 0-3; | _
h and kare mdependently 1-4 provided the sum of h and g is 1-7;
15 Jis two hydrogen atoms, =0, =8, =NR? or =N0R1;
L and L are independently selected from the group consisting of H,
C1-Cg alkyl, C1-Cg alkenyl, -CH-cycloalkyl, R15-benzyl, R15-heteroaryl,
~C(O)R, ~(CH2)m-ORS, -(CH2)m NRO)(R7), -(CH2)ry-C(0)-ORS and

-(CH)m-C(ONRSRT);
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~m is 0 to 4, provided that when j is 0, m is 1-4;

R26 and R27 are independently selected from the group consisting of H,
C1-Cé.alkyl, R%-aryl and R4-heteroaryl; or R26 is H, C1-Cé alkyL,
R#-aryl or R4-heteroaryl, and R27 is -C(O)RS, -C(O)-NRORT),
5 -C(O)RA-ary), —c<oxR4-het=roaryl> -SO2RB or -SO2-(R%-aryl);

R?8 s H, -CRORINEG, '(C(RG)(R7_))WGZ or -NO;

tand vare0, 1,2 or 3, provided that when j is 0, tis 1,2 or 3;

R29isH, c}cs alkyl, -C(R10)28(0)eR6, R4-phenyl or R4-heteroaryl;
 R0is H, C1-Cg alkyl, R-cycloalkyl, (CRI0p)w-(R*-phenyl),

10 -(CRO)u-R4heteroaryl), <C(O)RS, -C(O)ORS, -CONRERT),

R1° V R‘° V
—(C);;-C-N(Rs)(R") or -(C)w'C N’ﬁ%
R"’ n‘° .

wis 0, 1.' 2,0r 3;
Vis =0, =S or =NRS;
qis 0-4; _

15 R*and R° are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; or R* and R° together
with the C-N-C chain to which they are bound, form a 5-7 membered ring;

' Rand R* are the same, and are H, or are selected from alkyl, cycloalkyl
20  and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH;

said procéss comprising:
| . (a) reacting compound IT with NHRR' or a salt of NHRR! to form
25 compoundIII:
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(m)
wherein B, a, and Q are as defined above, and R® and Rf are independently selected
from the group consisting of alkyl, alkoxy, cycloalkyl and aryl groups, said
groups being optionally substituted with one or more substituents selected from
alkyl, alkoxy, cycloalkyl, aryl, NH,, or -OH, or R® and R" together with the
nitrogen atom to which they are bound, form a 5-7 membered ring;

(b) reacting compound III with
Ha
Rb\/C/——Iil-——D
Y H—c—Re
)
to form compound IV:

wherein R*, R®, R°, R%, B, a, and Q are as defined above, and D is a directing
group capable of directing lithiation alpha to a nitrogen atom of a nitrogen
compound having D as a substituent bound to the nitrogen atom when said
nitrogen compound is reacted with s-butyl lithium, said nitrogen compound having
the formula
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H—C—R°®

- wherein R%, R®, R®, and R* ate as defined above; and carrying out the following

steps in any sequence:

' () (i) reacting compound IV, or the compound obtained from carrying
out step (d) and/or step (e), with a compound having the formula H,N-OR!, a salt
of H,N-OR', H,N-N(R?)(R?) or H,NR?, wherein R, R?, R, and R® are as
defined above, to convert the carbonyl group that is bound to the carbon atom
having the R* and R® substituents

NOR! NR2RS rﬁnﬁ

]
-C=- -C~ or -C-
to ’ ' sor

(ii) converting the carbonyl group that is bound to the carbon atom
NOR!

having the R* and R® substituentsto “C~ , wherein R'is C1-6 alkyl,
(CRORNn-G, -G2, (CREORT)p-M-CRIINR4)n-(CRE)Ry-G,
-C(OINRS)(CRI3)R14)n-(CRE)R))y-G or
-(C(R5)(R7))p-M-(R4-heteroaryi), by reacting compound IV, or the compound
obtained from carrying out step (d) and/or step (¢), with NH,OH to convert the

- carbonyl group that is bound to the carbon atom having the R* and R® substituents

20

to “C~ , deprotonating the compound obtained after reaction with NH,OH, and
reacting the deprotonated compound with R'X, R'C(O)Cl, or R'N=C=0, wherein
R'is as defined above, and X is halogeno; or

(iii) reacting compound IV, or the compound obtained from
carrying out step (d) and/or step (e), with a phosphorus ylide having R" and R"
substituents or a phosphonate carbanion having R and R* substituents to convert
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the carbony group that is bound to the carbon atom having the R® and R®

R
C
I
substituents o~ C_, wherein R" and R" are as defined above;
(d) converting the B substituent of compound IV, or of the compound
obtained from carrying out step (c) and/or step (e), to Z by
| (i) if B is -CH,OR?®, deprotecting the alcohol protecting group,
followed by oxidation to convert B to H-C(O)-;
(ii) if B is -CH,OH or -CH=CH, , oxidizing to convert B to
H-C(0)-;
(iii) reacting the compound formed in (i) or (ii) with a compound
having the formula Z-H, wherein Z is as defined above, to convert the H-C(O)-
group formed in (i) or (ii) to Z-CH,- ; and
(e) reacting compound IV, or the compound obtained from camrying out

* step (c) and/or step (d) with an organosily} halide in the presence of a phenol, and

subsequently reacting the compound resulting from the reaction with the
organosilyl halide with either X'-C(0O)-T in the presence of a base, wherein X' is
halogeno, or with HO(O)C-T, to effect replacement of the D substituent with
-C(O)-T, wherein T is as defined above.

For the intermediates and processes described above, Q is preferably
R*-phenyl, R*-naphthyl or R*-heteroaryl; an especially preferred definition for Q is
R3-phenyl. R’ is preferably two halogeno substituents.

T is preferably preferably R4-aryl, R4-heteroaryl, R4-cycloalkyl or
R10-bridged cycloalkyl, with R4-aryl, especially R4-phenyl, being more
preferred. R# is preferably two substituents selected from C1-Cg alkyl, halogeno,
-CF3 and C1-Cé alkoxy. Preferred definitions for T when T is R4-heteroaryl
include R4-quinolinyl and oxadiazolyl.

A is preferably =N-OR! or =N-N(R2)(R3). More preferred are
compounds wherein A is sN-OR1. Rl is preferably H, alkyl, -(CH2)y-G,

-(CH2)p-M-(CH)-G or -CONRHRT), iv’herein M is -O- or -C(O)N(R9)- and
G is -CO2RS, -ORS, -C(O)NR6)(RY), -C(=NORBNRS)(RT),
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_C(O)NRO)R%-heteroaryl) or R4-heteroaryl. R2 and R3 are independently
preferably H, C1-Cé alkyl, (CRO)(R7))n-G or G2.

- Preferred definitions of Z are

A et e A
e/ N R ANg
L W" _,-.,_zo><%N;__ and R®=N_ "N

5  with the following gr'oups being more prefe;i:ed:

CsC- 6@ \_/"'C- K/N_Q._
aves \,C L" -
B = uC

R*, R%, R®, and R? are preferably selected from H, or lower alkyl, more
preferably, methyl. R®, R%, R, and R? are most preferably H.
10 As indicated above, D is a directing group capable of directing lithiation
alpha to a nitrogen atom of a compound having the formula shown for compound
(2.1). Such directing groups are well known to those skilled in the art of organic
J synthesis. Typical suitable directing groups include, but are not limited to

-C(O)R*, -C(O)NRMHR?),

I
| -P—NR*R®
L - DRE ,

15 -C(O)}-OR*,-CH=NRA -N=O,-C(=S)R*,and NPA'R"  wherein RA, R®,
RP, and RE are independently selected from the group consisting of alkyl, aryl, and
cycloalkyl, said groups being optionally substituted by one or more alkyl, aryl, or
cycloalkyl groups. An especially preferred directing group is tert-butoxycarbonyl.
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R* and Rf are preferably lower alkyl or lower alkoxy, more preferably,
methyl and methoxy, or R® and R! together are preferably pyrrolidyl. Especially
preferred are processes in which one of R® and R' is methoxy, and the other is
methyl.

As indicated above, R? is an alcohol protecting group. Suitable alcohol
protecting groups are well known to those skilled in the art of organic synthesis.
Typical suitable alcohol protecting groups include, but are not limited to silyl,
alkyl, cycloalkyl, aryl, alkoxyalkyl, heterocycloalkyl, and heteroalkyl, optionally
substituted with one or more a]kyi, cycloalkyl, aryl, alkoxyalkyl, heterocycloalkyl,
and heteroalkyl groups. Especially preferred alcohol protecting groups include
silyl, benzyl, tetrahydropyranyl, and alkoxymethyl.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “alkyl” means straight or branched alkyl chains
having 1-20 carbon atoms, more preferably 1-10 carbon atoms, most preferably,
1-6 carbon atoms. “Lower alkyl” refers to alkyl chains of 1-6 catbon atoms and,
similarly, lower alkoxy refers to alkoxy chains of 1-6 carbon atoms.

“Cycloalkyl” means cyclic alky] groups having 3 to 6 carbon atoms.
“Bridged cycloalky]” refers to C7-Cyo saturated rings comprised of a cycloalkyl
ring or a fused bicycloalkyl ring and an alkylene chain joined at each end to non-
adjacent carbon atoms of the ring or rings. Examples of such bridged bicycloalkyl
rings are adamantyl, myrtanyl, noradamantyl, norbornyl, bicyclo{2.2.1]heptyl,
6,6-dimethylbicyclo[3.1.1]heptyl, bicyclo[3.2.1Joctyl, and bicyclo[2.2.2]octyl.

“Aryl” means phenyl, naphthyl, indeny], tetrahydronaphthyl, indanyl,
anthracenyl or fluorenyl. ' _

“Halogeno” refers to fluoro, chloro, bromo or iodo atoms.

“Heterocycloalkyl” refers to 4- to 6-membered saturated rings comprising 1

_to 3 heteroatoms independently selected from the group consisting of -O-, -S- and

-N(R!9)-, with the remaining ring membets being carbon. Examples of
heterocycloalkyl rings are tetrahydrofuranyl, pyrrolidinyl, piperidinyl,

morpholinyl, thiomorpholiny] and piperazinyl. R4-heterocycloalkyl refers to such
groups wherein substitutable ring carbon atoms have an R4 substituent.
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“Heteroaryl” refers to 5- to 10-membered single or benzofused aromatic
rings comprising 1 to 4 heteroatoms independently selected from the group

‘consisting of -O-, -S- and -N=, provided that the rings do not include adjacent

oxygen and/or sulfur atoms. Examples of single-ring heteroaryl groups are
pyridyl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl,
tetrazolyl, thiazolyl, thiadiazolyl, pyrazinyl, pyrimidinyl, pyridazinyl and triazolyl.
Examples of benzofused heteroaryl groups are indolyl, quinolinyl, thianaphthenyl
and benzofurazanyl. N-oxides of nitrogen-containing heteroaryl groups are also
included. All positional isomers are contemplated, e.g., 1-pyridyl, 2-pyridyl,
3-pyridyl and 4-pyridyl. R4-heteroary1 refers to such groups wherein substitutable
ring carbon atoms have an R4 substituent. '

“Silyl” means an organosilyl group.

“Where R2 and R3 or RS and R7 substituents on a nitrogen atom form a ring
and additional heteroatoms are present, the rings do not include adjacent oxygen
and/or sulfur atoms or three adjacent hetero-atoms. Typical rings so formed are
morpholinyl, piperazinyl and piperidinyl.

In the structures in the definition of Z, the substituents L and L1 may be
present on any substitutable carbon atom, including in the second structure the
carbon to which the -N(R26)(R?") group is attached.

In the above definitions, wherein variables R6, R7, R8, R?, R10, R13, R4,
R15, R30 and R31, for example, are said to be independently selected from a group
of substituents, we mean that RS, R7, RS, R9, R10, R13, R14, R15, R30 and R31

. are independently selected, but also that where an RS, R7, RS, RY, RIO, RI3, R4,

R15, R30 or R31 variable occurs more than once ina molecule, those occurrences
are independently selected (e.g., if B is =NRS- wherein RS is hydrogen, X can be
-N(R6)- wherein RS is ethyl). Similarly, R4 and RS can be independently selected
from a group of substituents, and where more than one R* and R are present, the
substitutents are independently selected; those skilled in the art will recognize that
the size and nature of the substituent(s) will affect the number of substituents
which can be present.
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The term “enantiomeric excess” (“e.e.”) is used herein to describe a
condition in which the amount of the R-enantiomer exceeds the amount of the
corresponding S-enantiomer. Depending on the substituents selected, the
intermediates of our invention, or the products obtained therefrom, may have more
than one chiral center. However, as used herein, references to the R-enantiomer or
an e.e. of the R-enantiomer refer to the chiral center at the carbon atom to which
substituent Q in the formulas above is bound. When expressed as a percentage,
the e.e. represents the percentage obtained by subtracting the amount of the S-
enantiomer from the R-enantiomer, and dividing by the sum of the amount of R-
enantiomer and S-enantiomer : _

e.e. % = 100 x (R-enantiomer — S-enantiomer)/ (R-enantiomer + S-enantiomer).

_References to “enantiomeric ratio™ are intended to mean the ratio of R-enantiomer

to the corresponding S-enantiomer. The intermediates of the present invention
have an e.e. of at least 85 %, preferably at least 95 %, more preferably, at least 98
%. - |

Certain substituents, solvents and reagents are referred to herein by the
following abbreviations: methyl (Me); ethyl (Et); Ac (acetyl); Bn (benzyl); Bu
(butyl); t-Bu (tert-butyl) phenyl (Ph); tert-butoxycarbonyl (Boc); tetrahydrofuran
(THEF); ethanol (EtOH); methanol (MeOH); t-butyldimethylsilyl (TBS); acetic acid
(HOALC); ethyl acetate (EtOAc); N,N-dimethylformamide (DMF); trifluoroacetic
acid (TFA); 1-hydroxybenzotriazole (HOBT); diethyl ether (Et,0); 1-(3-
dimethylaminopropyl)-3-ethyl carbodiimide (DEC); dicyclohexylcarbodiimide
(DCC); lithium hexamethyldisilylamide (LIHMDS); t-butyl methyl ether (TBME);
carbonyl di-imidazole (Im,CO); tetramethylenediamine (TMEDA); 2,2,6,6
tetramethy}-1-piperidinoxyl (TEMPO); and trimethyl silyl chloride (TMSCI).

The intermediates comprising a compound having the formula

. 0

(1.0)
as defined above, can be prepared as shown in the following reaction scheme:
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Step A:
o : | Q
) . ' OH
QHLOH l _ . Bl a
BY(CH,),Br Q
1 - - - 2

In step A, the carboxylic acid compound 1, wherein Q' is as defined above,
is alkylated by conventional means, e.g.; by treating with a suitably strong base
(e.g., lithium hexamethyldisilylamide (LiHMDS)) to form an enolate, and reacting
the enolate with an alkylating agent, e.g., BYCH,),Br, wherein B' and a are as

. defined above, in a suitable organic solvent, e.g., tetrahydrofuran (THF), at a

temperature of from -78 to +50°C, preferably, about -15° C, to form compound 2.

StepB:

g AN o /@\Kk
. - N
o . o] ! a CH
S : . B a HsC 8

e
. R®R) HsC %Ha 3

In step B, compound 2 is reacted with a halogenating agent, e.g., COCL,

_ in the presence of a base, e.g., Me,NEt, to convert compound 2 into an acid

halide, preferably an acid chloride, which is subsequently reacted with (R)-
pantolactone to form compound 3 in a diastereomeric excess of the RR-
diastereomer over the SR-diastereomer of greater than 85 %, and usually at least
98 %. The formation of the acid halide is carried out in a suitable solvent, e.g.,
toluene, at a temperature of -78° to +25°C, preferably -15° to 0°C. The reaction of
the acid halide with the (R)-pantolactone is carried out in a suitable organic solvent,
e.g., toluene, at a temperature of -78° to 0°C, preferably -78° to -50°C.

Compound 3 may be recovered from the reaction mixture by conventional means,
e.g., by adding water, separating the organic layer, washing it with a solution of
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NaHCO,, drying over MgSO,, removing the solvent, and purifying the residue by
column chromatography.

When B is -CH,OH, a suitable alcohol protecting group may be used, i.e.,
B' in the reaction scheme above is -CH,ORF, and the protecting group may be
subsequently removed by conventional means to convert the -CH,OR” group to
-CH,OH.

When T is -OH, compound 3 can be hydrolyzed, e.g., by adding water to
a solution of compound 3 in a suitable organic solvent, e.g., THF, followed by the
addition of H,0, and K,CO; to form the desired compound. The desired
compound may be recovered from the reaction mixture by adding a solution of
Na,SO,in H,0, extracting the aqueous layer with t-butyl methyl ether (TBME),

- washing the organic layer with 20 % H,PO, followed byH,0, and drying over

MgSO,. To increase the enantiomeric excess of the product obtained after
compound 3 is hydrolyzed, the product can be dissolved in a mixture of TBME
and THF (4 parts TBME, 1 part THF), followed by the addition of t-BulNH,,
which can then be heated, cooled and filtered to give the ammonium salt. This
procedure can be repeated several times until a sufficiently high enantiomeric ratio
is obtained. The ammonium salt can then be added to a solution of TBME and
50% aqueous H,PO,, after which the organic layer can be separated, washed with
brine, and dried over MgSO, to give the pure carboxylic acid compound (1.0),
wherein T is -OH, with an e.c. of the R-enantiomer over the S-enantiomer of at
least 98%. '

Intermediates comprising compounds having the formula

(102)

wherein Qanda are as defined above, can be'prepaxcd as shown in the following
reaction scheme:
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StepC
pivaloyl chloride/Et;N ‘J\ N
Q ~ 4R-benzyl-2-oxazolidinone/BuLi @
1A L E 2A

In step C, the carboxylic acid compound 1A, wherein Q s as defined
above, is treated with plvaloyl chlonde in the presence of tnethylamme in a suitable
organic solvent (e.g., THF) at a temperature of from -78° to +20°C, preferably
20°to-5°Ctoyield a m:xed anhydnde which is subsequently reacted with (4R)-
benzyl-2-oxazohd1none m the presence of n-BuL1 at a temperature of from -78° to
+20°C, preferably -78° to 0°C, to produce the acyl-oxazolidinone compound 2A.

StepD
NaHMDS$/ allyl halide or4-halo- 1- butene
" or 5-halo-1-pentene
2A

In step D, compound 2A is deprotonated with a strong base, preferably
sodium bis(trimethylsilyl)amide (NaHMDS) in a suitable organic solvent (e.g., -
THF) at a temperature of from -78° to 0°C, preferably, -78° to -50°C, and then
alkylated with an allyl halide (. 8 allyl iodide), a 4-halo-1-butene (e.g., 4-bromo-

1-butene), or a S-ha]o-l-pentene (g S-bromo-l-pentene) at a temperature of
from -78° to +20°C, preferably -78° to -60°C to produce compound 3A.
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Step E
\—E\i J\] LiOOH/THF/H,0 WOH
a -
B}_./ ; Q
Q
3A 4A

In step E, the oxazolidinone, 3A, is hydrolyzed with lithium hydrogen
5 peroxide to produce the carboxylic acid, 4A . The hydrolysis is preferably carried
out by forming a solution of the oxazolidinone compound 3A in a mixture of
THF/H,0, and adding hydrogen peroxide and lithium hydroxide monohydrate
thereto at a temperature of from -20° to +20°C, preferably from -5° to 0°C.
Compound (1.0) wherein T' is -OH or Compound (1.0 a) can be used to
10  prepare compounds having the formula:

as shown in the following reaction scheme, wherein Z, a, Q, A, R? R® R, R* and
T are as defined above, and B represents -CH=CH,, -CH,0H, or -CH,OR", and
RP' is an alcohol protecting group:

15 . :

Step 1:
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Y

o)
o Re
BNOH | . ha\{lk"'< f
- e - - NHR°Rf . Q R

4 ' ' : 5
In step 1, the carboxylic acid compound 4 (representing compound (1.0)
wherein T' is -OH or compound (1.0 a)) is converted to compound 5 using
standard methods, e.g., by reacting it with a compound having the formula
NI-IR’Rf optionally in the form of a salt, in the presence of a coupling agent, e.g.,
carbonyl di-imidazole (Im,CO), DCC, or DEC in a suitable organic solvent, e.g.,
CH,Cl, at a temperature of from 0°C to 50°C. '

Step2:

(o] ) Rc
e . '
~\ . /c H
B” Y /a N ' > ' Ru
Q ? RY. /Ra . ® : & \
" NCe—=N=—D H R
ol - Q
H—?—R"
5 . R 6

In step 2, compound 5 is reacted with the lithium compound shown above,
wherein D, R?, R®, R®, and R? are as defined above, to form compound 6. This

" reaction is carried out in a sunitable organic solvent, e.g., THF or t-butylmethyl

ether (TBME), at a temperature of from -78" to -20°C, preferably -78° to -50°C.
The reaction may be quenched, if necessary, by transfering into a solution of acetic
acid in an organic solvent. Compound 6 may be recovered by conventional
means, €.g., by washing with water, an aqueous NaHCO, solution, drying over
MgSO,, and removing the solvents by column chromatography. The lithium
compound may be prepared by conventional means, ¢.g., by reacting s-Bu-Li with
the amide N(D)(CHR*R®*)(CHR‘R?) in an organic solvent, e.g., TBME, at a
temperature of from -78° to -20°C, preferably -78° to -50°C, and preferably in the
presence of a tertiary amine, e.g., tetramethylenediamine (TMEDA) to accelerate
lithiation. The lithium compound prepared in this fashion generally does not need
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to be recovered from the reaction medium, i.e., compound 5 may be a&ded directly
to the reaction medium of the resulting lithium compound.

Step 3:
v e
o CH
C
R2 N /lc Ra \ s H
B a \ R =]
¢e’ D e ———————— B a \
H R® ~§i b D
. Q H R
Q
6 7

In step 3, compound 6 is converted to compound 7, wherein A is as
defined above, by one of the following procedures. When A is =N-OR!,
=N-N(R3(R?), or =NR?, compound 6 is converted to compound 7 by reacting
compound 6 with a compound selected from H,N-OR', H,N-N(R*(R®) or
H,NR?, or a salt thereof, ¢.g., the HCI salt, in a suitable organic solvent, e.g.,
pyridine, CH,OH, or CH,CH,0H, at a temperature of 0° to 100°C, preferably 50°
to 70°C. Alternatively, compound 7, wherein A is =NOR' and R! is not H can be
prepared by first forming a compound wherein A is =NOH according to the
procedure described above, deprotonating with a suitable base, e.g., NaH or
Cs,CO,, and subsequently treating with an electrophile having the R! substituent,
e.g., an alkyl halide (R'-halogen), an acid chloride (R'C(O)CY), or an isoéyanate
(R'-N=C=0). When A is =CR"R", compound 6 is converted to compound 7 by
treating compound 6 with a phosphorus ylide having substituents R and R,
e.g., Ph,P=CHR"R", or a phosphonate carbanion having R"' and R
substituents, e.g., (Et0),P(O)C™HR"R" in a suitable organic solvent, e.g., THF
or ether, preferably ether, at a temperature of from -15° to 65° C. - The phosphorus
ylides may be prepared by deprotenation of phosphonium salts, e.g.,
phosphonium halides with a strong base. Similarly, the phosphonate carbanions
may be generated by treating phosphonate esters with a strong base. .
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o A
N R
z 2 W \
HQ'° Rt D
Q
7 8

- Instep 4, compound 7 is oxidized to convert the B substituent to H-C(0)-,
and reacted with a compound having the formula Z-H, wherein Z is as defined
S above. The reactlon with Z-H may be carried out with compound 7 in the form of
a free base or as its acid salt, e.g., HCI or ma]eate, preferably with a hydride
source such as NaBH3CN or sodmm macetoxyborohydnde in a suitable organic
solvent, preferably THF, opnonally thh 3A s1eves to obuun compound 8. Any

suitable temperature can be used with preferable temperatures between 0°C and

- 10 25°C. When B is -CH,OH, the oxidation may be carried out with any suitable
oxidizing agent (e.g., sodx_um hypochlorite in the presence of TEMPO, pyridinium
chlorochromate, chromium trioxide-pyridine, pyridinium dichromate, oxalyl
chloride-dimethylsulfoxide, acetic anhydnde-dmlethylsulfomde or penodmane,
most preferably, sodium hypochlorite in the presence of TEMPO) i in an inert

15 | solvent, e.g., chlorinated: hydrocarbons (e.g. CH2Clp, 1 2-d1chloroethane, or
CHCl3). Any suitable temperature can be used with preferable temperatures

between -78°C and 25°C. When B is -CH,OR?, the alcohol protecting group, R?,
may be removed, i.e., compound 7 may be deprotected, prior to the oxidation by
conventional means. When R is a silyl protecting group, removal of the

20  protecting group is preferably carried out with a fluoride source such as HF in
CH3CN or tetrabutyl-ammonium fluoride in an inert solvent such as an ether. This
step can also be carried out with acid (e.g. HOAc, CF3CO2H, p-toluene sulfonic
acid, H»SO4, or HCI) and water in an inert solvent such as an ether ,orina
chlorinated hydrocarbon (e.g. CH2Cly, 1,2-dichloroethane, or CHCl3). Any

25  suitable temperature can be used, preferably temperatures between 0°C and 80°C.
When B is -CH=CH,, the oxidative cleavage of the double bond may be carried
out with any suitable oxidizing agent, e.g., permaganate ion in solution with
periodate ion, OsO, or RuO, in combination with NalIO,, Cr(VI) oxidizing
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reagents, or ozone. Preferably, ozone is used for the oxidative cleavage. The
ozonolysis may be carried out in an organic solvent, preferably EtOAc, or ethanol

at any suitable temperature, preferably -78 to 0°C.

Hc . .
H A
é" ﬁ
—_— Nememe G

8 o

In step 5, compound 8 is converted to compound (I) by reacting it with an
organosilyl halide (e.g., trimethyl silyl chloride (TMSCI)) in the presence of a
phenol to displace the D substituent, and subsequently reacting the product
obtained from the reaction with the organosilyl halide with a carboxylic acid having
the formula HO(O)C-T, wherein T is as defined above. The acylation is preferably
carried out with the carboxylic acid in the presence of a dehydrating agent, e.g.,
DEC in the presence of HOBT, at temperatures of from 0° to 50°C, preferably 0°
to 25°C. The reaction with the organosilyl halide may be carried out in any
suitable organic solvent, e.g., methylene chloride, at temperatures of from 0° to
50°C, preferably 0° to 25°C. Alternatively, the acylation of the product obtained
from the reaction with the organosilyl halide may be achieved by reacting it with an
acid halide having the formala X*-C(0)-T, where X' is halogeno and T is as
defined above, in the presence of a base, preferably a tertiary alkyl amine, at
temperatures from -50° to.425°C. - ' '

Steps 3, 4, and 5 may be carried out in any sequence. For example,
compound 6 from step 2 may be subjected to step 5 first, and the resulting product
subjected to step 4, followed by step 3. Preferably, steps 3, 4, and 5 are carried
out in the sequence shown above.

- Reactive groups not involved in the above processes can be protected
during the reactions with conventional protecting groups which can be removed by
standard procedures after the reaction. The following Table 1 shows some typical
protecting groups:
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Table 1
Group tobe  Group to be Protected and
Protected Protecting Group "
~COOH =COOalkyl, =COObenzyl, -COOphenyl
>  NCOalkyl, SNCObenzyl, ~NCOpheny,
/NH / 'y / LI o ’
\ N\
’NCHgocHZCsti(CHs)s /NC(O)OG(CHs)s,
/N-benZy_l. /NSi(CHs)s, /Ns|-c(c|.|)3
(o] : - CHs
=NH2 - l '
o CHs
—~OH | —OCHs3, =OCH,OCH3,~OSI(CHg)a, ~0Si-C(CH)g

or =OCHgphenyl _

The following examples are intended to illustrate the the invention, but
5  should not be construed to limit the scope of the disclosure.

10

EXAMPLE 1
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To a solution of LiHMDS (1.0 M in THF, 1.05 L, 1.05 mol) at -15°C, a
solution of 3,4-dichlorobenzoic acid 1, obtained from Lancaster Synthesis, Inc.
(104.5g, 0.51 mol) in 300 mlL. THF was added. The resulting solution was stirred
at 0°C for lhour. After re-cooling to -15°C, TBSOCH,CH,Br (146.3g, 0.61 mol)
was added. The solution was stirred at -15°C for 16 hours, then was poured into
1.2 L of H,0. After adding 200 mL of EtOH, the aqueous solution was extracted
with 800 mL of TBME. The aqueous layer was acidified to a pH=3-4 with
H,PO,, and then was extracted with TBME (1.5 L). The organic layer was dried
over MgSO,. Removal of solvent followed by crystallization from 500 mL of
heptane gave the pure product 2 (136.5g, 78% yield) as a white solid.

"H NMR (400 Mhz, CDCl,): 8 0.02 (s, 6H), 0.85 (s, 9H), 1.85 (m, 1H), 2.34

(m, 1H), 3.45 (m, 1H), 3.63 (m, 1H), 3.79 (m, 1H), 7.10 (m, 1H), 7.38 (m,
2H).

r=s °};
: 1 (COCl)z.MezN'Bt
A T 8 ﬂ}’

2

ratio=98:2
3

To a solution of acid 2 (81.5g, 0.22 mol) and Me,NEt (121.4 mL,

‘1.12mol) in 1.1 L of toluene at 0°C, (COCI), (21.5 mL, 0.247 mol) was added.

The mixture was stirred at 0°C for 1 hour, then was warmed to room temperature
and stirred for 3 hours. After re-cooling to -55°C, (R)-pantolactone (35g, 0.27
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mol) was added. The mixture was stirred at -55°C for 16 hours, and then was
diluted with 500 mL of H,O. The organic layer was separated, and was washed
with 500 mL of saturated NaHCQO, solution. After drying over MgSO,, the
solvent was removed and the residue was purified via column chromatography
(silica gel, 30% TBME/heptane) to give the product 3 (87.3g, 82% yield) as a
mixture of (RR) and (RS) diastercomers in a ratio of the RR-diastereomer to the
SR-diastereomer of 98:2.

'H NMR (400 Mhz, CDCL): & 0.05 (s, 6H), 0.85 (s, 9H), 1.08 (s, 3H), 1.19

(s, 3H), 1.98 (m, 1H), 2.30 (m, 1H), 3.48 (m, IH), 3.61 (m, 1H), 4.00 (m,
3H), 5.34 (s, 1H), 7.18 (m, 1H), 7.40 (m, 2H).

o ©

N o
TBS " TIBS ,
¥ K,CO3/H,0, H
. /B0
) 2. +-BuNH, |
¢l | cl
ratio=98:2 ratio=99:1

To a solution of ester 3 (218.0 g, 0.46 mol) in 2L of THF and 500 mL of
H,0 at -5°C was added H O, (30% 416g, 3.68 mol), followed by K,CO, (254 g,
1.84 mol). The resulting mixture was stirred at -5°C for 16 hours. Then a
solution of Na,SO, (500g) in 1L of H,O was added. The aqueous layer was
extracted with 2L of TBME. The organic layer was washed with 500 mL of 20%
H,PO, followed by 500 mL of H,0, and was dried over MgSO,. Removal of the
solvent gave the crude acid as a solid. Chiral HPLC indicated an enantiomeric ratio
of 88:12. '

The above crude solid was then dissolved in 2.5 L of TBME/THF (4:1 v/v)
at room temperature. t-BuNH, (36.7g, 0.5 mol) was then added. The mixture was
heated to reflux untill all the solid was dissolved. Then the solution was allowed to
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slowly cool to room temperature. The solid was filtered off to give the ammonium
salt as an enantiomeric ratio of 94.4:5.6. This crystallization was repeated four
times to give a salt which had an enantiomeric ratio of 99:1. The salt was then
added to a solution of TBME (1 L) and 50% aqueous H,PO, (500 mL). The
organic layer was separated, washed with brine, dried over MgSO,. Removal of
solvent gave the pure acid § as an enantiomeric ratio of 99:1.

o .
R
TBS H TBS R pMe
ImyCO; N\
T
‘MeNHOMe.HCl .
|
1
| cl cl
o 6

ratio=99:1
5

~ 'To a mixture of Im,CO (44.6g, 0.276 mol) in 100 mL of CH,Cl, at 0°C, a
solution of acid 5§ (100g, 0.276 mol) in 300 mL of CH,Cl, was added slowly.
The resulting solution was then stimed at 0°C for 1 hour. A mixture of
MeNHOMe*HCI (40 g, .41 mol) in 300 mL of CH,Cl, was added. The mixture
was stirred at 0°C for 16 hours, and 600 mL of 2N HCI was added followed by 2L
of heptane. The organic layer was separated, washed by 20% K,CO, aqueous
solution (500 mL), and was dried over MgSO,. Removal of the solvent then gave
the desired product 6 (110 g) as an oil, which was used without further
purification. The enantiomeric ratio was 99:1.

'H NMR (400 Mhz, CDCL,): & 0.02 (s, 6H), 0.90 (s, 9H), 1.85 (m, 1H), 2.25

(m, 1H), 3.15 (s, 3H), 3.44 (m, 1H), 3.53 (m, 1H), 3.55 (s, 3H), 4.27 (m, 1H),
7.15 (m, 1H), 7.40 (m, 2H).
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To a solution of N-Boc-dimethylamine (50g, 344 mmol) in 400 mL of
TBME, TMEDA (52 mL, 344 mmol) was added. The solution was cooled to
-78°C and s-BuLi (1.3M in cyclohexane, 298 mL, 387 mmol) was added. The
resulting mixture was stirred at -78°C for 1 hour. A solution of amide 6 (34.9 g,
86 mmol) in 100 mL of THF was added. After stirring at -78°C for 0.5 hours, the
reaction was quenched by transfering into a solution of HOAc (98 mL) in 100 mL.
of MeOH and 400 mL of THF at -78°C The organic solution was then washed
with H,0, aq. NaHCOs solunon, and was dried over MgSO,. Removal of
solvents followed by column chromatography (silica gel, 15% TBME/heptane)
gave the pure product 7 (40g, 95% yxeld) as a colorless oil, with an enantiomeric
ratio of 99:1.

'H NMR (400 Mhz, CDCL): & 0.07 (s, 6H), 0.85 (s, 9H), 1.24 (s, 9H), 1.81

(m, 1H), 2.20 (m, 1H), 2.79 (s, 3H), 3.31 (m, 1H), 3.54 (m, 1H), 3.83-4.19
(m, 3H), 7.00-7.43 (m, 3H).
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|
TBS R Nego
NH,OH.HCI

=~1.5:1

To a solution of ketone 7 (25.5g, 52 muol) in 150 mL of pyridine,

NH,OH+HCl (7g, 101.2 mmol) was added. The solution was heated to 50-55°C

for 7 hours. After cooling to room temperature, the reaction was diluted with 100
mL of TBME. The organic solution was washed with H,0, ag. NaHCO, solution,
and was dried over MgSO,. Removal of solvents followed by column
chromatography (silica gel, 15% EtOAc/heptane) gave 16.1g of Z-oxime 8 and
10.1 g of E-oxime 8 (100% combined yield) as a colorless oil, with an
enantiomeric ratio greater than 97:3.

Z-isomer: 'H NMR (400 Mhz, CDCL): & 0.01 (s, 6H), 0.89 (s, 9H), 1.45 (s,

9H), 1.78 (m, 1H), 2.18 (m, 1H), 2.56 (s, 3H), 3.29 (m, 1H), 3.55 (m, 1H),
3.77 (m, 1H), 3.96 (m, 1H), 4.27 (m, 1H), 7.06 (m, 1H), 7.35 (m, 2H), 8.34
(br, 1H). '

E-isomer: 'H NMR (400 Mhz, CDCL): & 0.00 (s, 6H), 0.84 (s, 9H), 1.40 (s,
9H), 2.08-2.35 (m, 2H), 2.56 (s; 3H), 3.55 (m, 2H), 3.78-4.15 (m, 2H), 4.58

- (m, 1H), 7.16 (m, 1H), 7.35 (m, 2H), 8.45 (br, 1H).

Oxime 8 is a useful intermediate that can be used to prepare optically active
compounds of formula (I) via the procedures set forth in steps 4 and 5, above.
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EXAMPLE 2

OOH | : j\
1.pivaloy! chloride/Et;N | }_/0
i 2. 4R-benzyl-2-oxazolidinone/Buli = B
_ Cl
Ct

To a solution of 3,4-dichloro-phenylacetic acid (34.4 g, 0.168 mol) in 300

Ci

- mL of THF under nitrogen, triethyl amine (27.3 mL, 0.196 mol) was added. The

mixture was then cooled to -20°C, pivaloyl chloride (21.6 mL, 0.175 mol) was
added. The mixture was stirred at -20°C for 1 hour and cooled to -78°C.

A solution of 4R-benzyl-2-oxazolidinone (25.0 g, 0.14 mol) in 200 mL
THF was cooled to -30°C. 56.4 mL (0.14 mol) of n-BuLi was added. The
mixture was stirred at -30°C for 20 min., then was cannulated into the above mixed
anhydride solution. The resulting mixture was stirred at -78°C for 30 min.,
warmed to 0°C, and was poured into 500 mL of TBME and 500 mL of H,0. The
organic layer was separated, washed with sat. NaHCO, (100 mL), and dried over
MgSO,. Removal of solvents followed by flash chromatography (silica gel, 30%
TBME/heptane) gave the desired compound (36g, 71% yield).

- B; . NeHMDS/llyliodide
ol -
Ccl




WO 99/21823 o ' PCT/US98/22248

10

15

20

-33-

To a solution of the starting oxazolidinone (36 g, 0.099 mol) in 100 mL
THEF at -78°C under nitrogen, 124 mL of NaHMDS as 1.0 M solution in THF
(0.124 mol) was added. After stirring at -78°C for 30 min., 30 mL of allyl iodide
(0.3 mol) was added. The resulting solution was stirred at ~78°C for 1 hour, then
was quenched by pouring into S00 mL of TBME and 500 mL of H,O. The
organic layer was separated, washed with sat. NaCl (100 mL), and dried over
MgSO,. Removal of solvents followed by flash chromatography (silica gel, 5%
TBME/heptane) gave the desired allyl oxazolidinone (24g, 60% yield) as an oil.

x | -
x COOH
LiOOH/THF/H,0
Cl - Cl
cl _

C
9

To a solution of the allyl oxazolidinone (18g, 44.6 mmol) in 600 mL of 4:1

viv THF/H,O at 0°C, 41 mL of 30% H,0, (356 mmol) was added, followed by

7.5 g of LiOH*H,0 (178 mmol). The resulting solution was stirred at 0°C for 30
min., then was quenched by adding 20g of sodium sulfite, and poured into 500
mL of EtOAc and 500 mL of H,O. The organic layer was separated, and dried over

- MgSO,. Removal of solvents gave the desired chiral acid 9 (9.8g, 90% yield).
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o0oH - . . "N N ,OMB
1. Im,CO |
2. MeNHOMe.HCl
~cl ' _ Cl
& >90% yield &
9 10

To a solution of acid 9 (10.9g, 44.5 mmol) in 200 mL of CH,CL, at 0°C,
Im,CO (8.7g, 53.5 mmol) was added. After stiming at 0°C for 1 hour,
MeNHOMesHCl (10.8 g, 111.5 mmol) was added. The mixture was stirred at
room temperature for 15 hours, and then was diluted with 100 mL of TBME. The
10  organic solution was washed with 50 mL of 2N HCJ, followed by 20% K,CO,

aqueous solution (50 mL), and was dried over MgSO,. Removal of the solvent
then gave the desired product 10 as an oil, with an enantiomeric ratio of 99:1,
" which was used without further purification. '

15 'H NMR (400 MHz, CDCL): & 2.49 (m, 1H), 2.75 (m, 1H), 3.17 (s, 3H), 3.55
(s, 3H), 4.05 (br, 1H), 5.03 (m, 2H), 5.65 (m, 1H), 7.12-7.48 (m, 3H).
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,OMe L'\_ Boc Xy
94% yxeld :

To a solution of N-Boc-dimethylamine (9.8g, 67.8 mmol) in 120 mL of
TBME, TMEDA (10 mL, 67.8 mmol) was added. The solution was cooled to -
78°C, s-BuLi (1.3M in cyclohexane, 62.5 mL, 81.3 mmol) was added. The
resulting mixture was stirred at -78°C for 1 hour. A solution of amide 10 (7.8 g,
27.1 mmol) in 32 mL of THF was added. After stirring at -78°C for 0.5 hours,
the reaction was quenched by transfering into a solution of HOAc (24 mL)in 7 mL
of MeOH and 200 ml. of THF at -78°C. The organic solution was then washed -
with H,0, ag. NaHCO, solution, and was dried over MgSO,. Removal of
solvents followed by column chromatography (silica gel, 30% TBME/heptane)
gave the pure product 11 (9.5g, 94% yield) as a colorless oil, with an
enantiomeric ratio of 99:1.

'H NMR (400 Mhz, CDCL): § 1.34 (s, 9H), 2.35 (m, 1H), 2.75 (m, 1H), 2.78

(s, 3H), 3.72 (m, 1H), 3.83-4.10 (m, 2H), 4.97 (m, 2H), 5.58 (m, 1H), 7.02-
7.41 (m, 3H).
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Me
| i
\ |
Negoe . S t!l‘
NH,OMe.HCl Boc
g
pyridine, 55°C
| © >98% yield 1
Cl al
1n 12

To a solution of ketone 11 (4.8g, 12.9 mmol) in 20 mL of pyridine,

5 NH,0OMe*HCI (2.5g, 29.7 mmol) was added. The solution was heated to 50-55°C

for 7 hours. After cooling to room temperature, the reaction was diluted with 100

.mL of TBME. The organic solution was washed with H,O aq. NaHCO, solution, -

and was dned over MgSO,. Removal of solvents followed by column

chromatography (silica gel, 10% TBME/heptane) gave 1.9 g of Z-oxime 12 and

10 3.2 g of E-oxime 12 (98% combined yield) as a colorless oil, with an enantiomeric
ratio of greater than 98:2. o : '

Z-isomer: "H NMR (400 Mhz, CDCL): & 1.48 (s, 9H), 2.35 (m, 1H), 2.50 (s,

3H), 2.70 (m, 1H), 3.49 (m, 1H), 3.83 (m, 1H), 3.94 (s, 3H), 4.25 (m, 1H),
15 4.97 (m, 2H), 5.68 (m, 1H), 7.08 (m, 1H), 7.31 (m, 2H).

E-isomer: 'H NMR (400 Mhz, CDCL): & 1.35 (s, SH), 2.35-2.67 (m, 5H),

3.69 (m, 1H), 3.85 (s, 3H), 4.15 (m, 1H), 442 (m, 1H), 5.05 (m, 2H), 5.68 (m,
1H), 7.11 (m, 1H), 7.33 (m, 2H).

Compound 12 is a useful intermediate that can be used to prepare optically
active compounds of formula (I) via the procedures set forth in steps 4 and 5,
above.
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EXAMPLE 3
0
. TBSO R b
co
Img P~
~ Pyrrolidine cl
13

To a mixture of Im,CO (9.6 g, 0.06 mol) in 100 mL of CH,Cl, at 0°C,
slowly add a solution of acid § (21.4 g, 0.059 mol), prepared as described in
Example 1 above, in 100 mL of CH,Cl,. Stir the resulting solution at 0°C for 1

10  hour. Add pyrrolidine (5.0 g, 0.071 mol). Stir the mixture at 0°C for 6 hours,
add 100 mL of 2N HCI, followed by 500 mL of heptane. Separate the organic
layer, wash it with 20% K,CO, agueous solution (100 mL), and dry over MgSO,.
Remove the solvent to give the amide 13 as an oil, which may be used without
further purification in the reaction below.

15
' R
e €
Ci
ci '
13

| 3
}:N_Boc TBS ~Boo
-
|
ci
| 7

20 To a solution of N-Boc-dimethylamine (3.9g, 26.7 mmol) in 50 mL of
TBME, add TMEDA (4 mL, 26.7 mmol). Cool the solution to -78°C, and add
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s-BuLi (1.3M in cyclohexane, 24.7 mL, 32.1 mmol). Stir the resulting mixture at
-78°C for 1 hour. Add a solution of amide 13 (4.6 g, 10.7 mmol) in 15 mL of
THF and stir at -78°C for 0.5 hours. Quench the reaction by transfering into a
solution of HOAc (15 mL) in 7 mL of MeOH and 20 mL of THF at -78°C. Wash
the organic solution with H,0, aq. NaHCO, solution, and dry over MgSO,.
Remove the solvents and subject to column chromatography (silica gel, 15%
TBME/heptane) to give product 7 as a colorless oil.

Compound 7 is a useful intermediate that can be used to prepare optically
active compounds of formula (I) via the procedures set forth in steps 3, 4 and 5,

- above.
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WE CLAIM: . L
1. A process for making an optically active R-enantiomer compound
having the formula:

wherein B is -CH=CH, , -CH,0OH , or -CH,0R", and R’ is an alcohol
protecting group;

aisl,2,or3; : _

Qs R®-phenyl, R*-naphthyl, or R® -heteroaryl;

R’ represents 1-3 substituents independently selected from the group
consisting of H, halogeno, -ORS, -OC(O)RS, -OC(OINRS)R7), -NRORT),

C1-6 alkyl, -CF3, -C2F5, -CORS, -CO2R6, -CONRS)(R7), -S(0)eR 13, -CN,
-OCF3, -NRSCO2R16, -NR6COR?, -NRSCONRO)(R7), R15-pheny],

R15-benzyl, NO2, -N(RS)S(0)2R13 or -S(O)2NR6E)R?); or adjacent RS
substituents can form an -O-CH2-O- group;

RS, R7, Rs, and R13 are independently selected from thc' group consisting
of H, C1-6 alkyl, C2-Cg hydroxyalkyl, C1-Cé alkoxy-C]-C6 alkyl, R15-phenyl,
and R15-benzyl; or RS and R7, together with the nitrogen to which they are
attached, form a ring of 5 to 6 members, wherein 0, 1 or 2 ring members are
selected from the group consisting of -O-, -S- and -N(R19)-;

R15 is 1 to 3 substituents independently selected from the group consisting
of H, C1-Cg alkyl, C1-Cg alkoxy, C1-Cg alkylthio, halogeno, -CF3, -C2Fs5,

-COR10, -cO2R 10, -C(O)N(R10);, -5(0)eR 102, -CN, -NR10)COR10,

S L M s ox

NRIOCON®R10)3 and -NO2;
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R16 js C1.6 alkyl, R15-phenyl or R13-benzyl;

R10 and R102 are independently selected from the group consisting of H
and Cj.¢ alkyl;

R19is H, C1-C alkyl, -C(OINR10)2, -CO2R10,
(CR3)R)-CO2R10 or (CRB)R)-C(O)NR10)2;

R is selected from the group consisting of R6 and -ORS;

eis 0, 1 or 2, provided that whene is 1 or 2, R13 and R102 are not H;

f is an integer from 1 to 6;

u is an integer from 0to 6;
R*and R° are the same, and are H or are selected from alkyl, cycloalkyl

~ and aryl groups, said groups bemg optxonally substituted with one or more

substituents selected from alkyl cycloalkyl aryl, or -OH; or R* and R® together

~with the C-N-C chain to which they are bound, form a 5-7 membered_ ring;

R°and R* are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; and

D is a directing group capable of directing lithiation alpha to a nitrogen atom
of a nitrogen compound having D as a substituent bound to the nitrogen atom when
said nitrogen compound is reacted with s-butyl lithium, said nitrogen compound
having the formula

Ha

o
W Lo MRR O RNV I
l *. C L M s x .
R
wherein R*, R®, R%, and R? are as defined above;
said process comprising reacting a compound having the formula
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R®
R, /
\/C-—-N-—-D
U j—C—rc
Rd

wherein R R, R®, and R? are as defined above, with a compound having the
formula

N RN R

wherein B, a, R%, R® and Q are as defined above, and R® and R’ are independently
selected from the group consisting of alkyl, alkoxy, cycloalkyl and aryl groups,
said groups being optionally substituted with one or more substituents selected
from alkyl, alkoxy, cycloalkyl, aryl, NH,, or -OH, or R® and Rf together with the
nitrogen atom to which they are bound, form a 5-7 membered ring.

2. The process of claim 1 wherein R’ represents 1-3 substituents selected
from H and halogeno.

3. The process of claim 1 wherein RF is selected from the group consisting

of silyl, alkyl, cycloalkyl, aryl, alkoxyalkyl, heterocycloalkyl, and heteroalkyl,
optionally substituted with one or more alkyl, cycloalkyl, aryl, alkoxyalkyl,
heterocycloalkyl, and heteroalkyl groups.

4. The process of claim 1, wherein D is -C(O)R", -C(O)-NR)(R®),
o)
] B
-P—NR*R

' ' ' DRE .
-C(0)-OR*, -CH=NR*, -N=0, -C=S)R*,or NR'R"  wherein R* R®, R?,

and RE are independently selected from the group consisting of alkyl, aryl, and
cycloalkyl, said groups being optionally substituted by one or more alkyl, aryl, or

. cycloalkyl groups.
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5. The process of claim 1, wherein R” is selected from silyl, benzyl,
tetrahydropyranyl, and alkoxymethyl and D is tert-butoxycarbonyl.

6. An intermediate useful for preparing optically active substituted oximes,
hydrazones and olefins having activity as neurokinin antagonists, said intermediate
5  comprising a compound having the formuia

Q!
wherein B' is -CH,OH or -CH,OR" , and R is an alcohol protecting group;
ais1,2,0r3;

U
T'is-OH or HiC' - "CHg PR

10 Q'is R® -phenyl, R*-naphthyl or R -heteroaryl;
R® represents 1-3 substituents indépendently’_ éelected from the group
consisting of H, halogeno, -ORS, -OC(O)RS, -OC(ONRS)YR), -NRE)RT),
| C1-6 alkyl, -CF3, -C2Fs, -CORS, -COzRG, -CON_(RG)(_R7), -S(0)eR13, -CN,
. -OCF3, -NR6CO2R16, -NRSCOR?, -NRBCONRS)(RT), R15-phenyl,

15 Rl5-benzyl, NO2, -NR)S(O)2R13 or -S(0)2NRERT); or adjacent RS
substituents can form an -O-CH2-O- group;

RS, R7,R8, and R13 are independently selected from the group consisting
of H, C1-6 alkyl, C2-C6 hydroxyalkyl, C1-C6 alkoxy-C1-Cg alkyl, R15-phenyl,
and R15-benzyl; or R6 and R7, together with the nitrogeﬁ to which they are

20  attached, form a ring of S to 6 members, wherein 0, 1 or 2 ring members are
selected from the group consisﬁng of -O-, -S- and -N(R19)-;
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R15 i5 1 to 3 substituents independently selected from the group consisting
of H, C1-Cg alkyl, C1-Cg alkoxy, C1-Cg alkylthio, halogeno, -CF3, -C2Fs5,

-COR19, -COzR19, -.C(O)N(R10)2, -5(0)eR 102, -CN, -NR10)COR!0,
NR10O)CON(R10); and -NO3;
R16 s Cj alkyl, R15-phenyl or R15-benzyl;

R10 and R10a are jndependently selected from the group consisting of H
and C1.6 alkyl;

R19 is H, C1-Cg alkyl, -C(O)N(R 102, -CO2R10,
«(CRERN-CO2R 10 or (CRE)RI))u-C(O)NR 10)2;
R is selected from the group consisting of RS and -ORS;
~ eis0,1 or2, provided that when e is 1 or 2, R13 and R102 are not H;
f is an integer from 1 to 6; and
u is an integer from 0 to 6;

said intermediate having an enantiomeric excess of the R enantiomer over the
corresponding S enantiomer of greater than 85%.

7. The intermediate of claim 6 wherein Q' is R’-phenyl and R®is 1-3
substituents selected from H and halogeno.-

8. The intermediate of claim 6 wherein R’ is selected from the group
consisting of silyl, alkyl, cycloalkyl, aryl, alkoxyalkyl, heterocycloalkyl, and
heteroalkyl, optionally substituted.with one or more alkyl, cycloalkyl, aryl,
alkoxyalkyl, heterocycloalkyl, and heteroalky] groups.

9. The intermediate of claim 6 wherein R” is selected from silyl, benzyl,
tetrahydropyranyl, and alkoxymethyl.

10. An intermediate useful for preparing optically active substituted
oximes, hydrazones and olefins having activity as neurokinin antagonists, said

intermediate comprising a compound having the formula .
LRI
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wherein ais 1,2, or 3;
Q'is R*-phenyl, R®-naphthyl or R® -heteroaryl;

R® represents 1-3 substituents independently selected from the group
5  consisting of H, halogeno, -ORS, -OC(O)RS, -OC(ONRS)RT), -NROR7),
C1-6 alkyl, -CF3, -C2Fs, -CORS, -CO2R6, -CONRO)(R7), -S(0)eR13, -CN,
-OCF3, -NR6CO2R16, -NR6COR?, -NRECONRS)(R7), R15-phenyl,

R15-benzyl, NO2, -N(R6)S(0)2R13 or -S(0)2NRO)RT); or adjacent RS
substituents can form an -O-CH2-0- group; -

10 RS, R7 R8, and R13 are mdependently selected from the group consisting
of H, C}-6 alkyl, C2-C hydroxyalkyl, C-Cé alkoxy-C1-Cé alkyl, R 5-pheny1,
and R15-benzyl; or R and R, together with the mtroget_l to which they are
- attached, form a ring of 5 to 6 members, wherein O, 1 or 2 ring members are
selected from the group consisting of -O-, -S- and -N(R19)-;
15 R15 is 1 to 3 substituents independently selected from the group consisting
. of H, C1-Cé alkyl, C1-Cé alkoxy, C1-Cg alkylthio, halogeno, ~CF3, -C2Fs5,

-COR10, -CO2R 19, -C(O)N(R 102, -S(0)eR 102, -CN, -N(RIO)CORN,

NORIOCONG By end oo TR OA R
R16 js C;.¢ alkyl, R15-phenyl or'Rls-benzyl; e LS
20 R10 and R108 are independently seiectéd from the group consisting of H
and C1.6 alkyl; |

R19 is H, C1-C¢ alkyl, -C(O)NR10)2, -CO2R10,
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«(CRORECO2R O or -(CRE)RI))y-C(O)NR 10y,

R is selected from the group consisting of R6 and -ORS;
eis 0, 1 or 2, provided that when ¢ is 1 or 2, R13 and R102 are not H;
f is an integer from 1 to 6; and

“uis an integer from O to 6;

R*and R° are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; or R* and R® together
with the C-N-C chain to which they are bound, form a 5-7 membered ring;

R"and R¢ are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; and

D is a directing group capable of directing lithiation alpha to a nitrogen atom
of a nitrogen compound having D as a substituent bound to the nitrogen atom when
said nitrogen compound is reacted with s-butyl lithium, said nitrogen compound
having the formula

Rﬂ
- Rb /
| \/C—N-—D
P

= |

wherein R*, R?, R®, and R? are as defined above;

said intermediate having an enantiomeric excess of of the R enantiomer over the

corresponding S enantiomer of greater than 85%.

11. The intermediate of claim 10, wherein Q' is R*-phenyl and R is 1-3
substituents selected from H and halogeno.

12. The intermediate of claim 10, wherein D is -C(O)RA,
-C(O)-NR*)R?), .
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]
| ~P—NRR®
DnE )
-C(0)-OR*, -CH=NRA, -N=0, -C(=S)R*, or NF'R"  yherein R, R?, R?,
and RE are independently selected from the group consisting of alkyl, aryl, and
cycloalkyl, said groups being optionally substituted by one or more alky}, aryl, or
cycloalkyl groups.
5 13. Theintermediate of claim 12, wherein D is tert-butoxycarbonyl.

14. A process for making a compound having the formula:

&
&

H
- 10. wherein for the formulas above,
B is -CH=CH, , -CH,OH or -CHpR’ and R” is an alcohol protecting
group;

A js =N-ORL: =N-NR®R3), =<CR1)R12) or =NR25;
ais1,2,0r3; o
15 TisH, R4-aryl R4-hcterocycloalkyl R4-heteroaryl, phthalimidyl,

Ré-cycloalkyl or R10.bridged cycloalkyl;

Qis ey, st s, | [ AR |II|

Rl is H, C1-6 alkyl, (CROR7))n-G, -G2,
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~CRORN)p-M-(CRIZHRI)n-(CRER-G,

conetreqiabcrt@meco ||
‘(C(R6)(R7))p'M-(R4-heteroary1); * C L M s

R2 and R3 are independently selected from the group consisting of H,

C1-6 alkyl, -CN, (CRE)RT))n-G, -G2, -C(O)(CRE)(R))n-G and -S(O)eR 13;

or R2 and R3, together with the nitrogen to which they are attached, form a ring of
5 to 6 members, wherein 0, 1 or 2 ring members are selected from the group

consisting of -O-, -S- and -N(R19)-;

R4 and R3 are independently 1-3 substituents independently selected from
the group consisting of H, halogeno, -ORS, -OC(O)RS, -OC(O)N(RS)(R7),
NROHR?), C1-6 alkyl, -CF3, -CaFs, -CORS, -CO2RS, -CONROR7),
-S(0)eR 13, -CN, -OCF3, -NRSCO2R16, -NR6COR7, -NRBCON(RO)R7),
R15_phenyl, R15-benzyl, NO2, -NR6)S(0)2R 13 or -S(O)2NR6)R7); or
adjacent R4 substituents or adjacent RS substituents can form a -O-CH2-O- group; -

. and R4 can also be R13-heteroaryl;

RS, R7, R8, R63, R73, R8a, R13 and R14 are independently selected from
the group consisting of H, C1-¢ alkyl, C2-Cg hydroxyalkyl, C1-Cg alkoxy-C1-Cg

alkyl, R15-phenyl, and R15-benzyl; or R6 and R7, together with the nitrogen to

which they are attached, form a ring of 5 to 6 members, wherein 0, 1 or 2 ring

members are selected from the group consisting of -O-, -S- and -N(R19)-;

R? and R92 are independently selected from the group consisting of RS and
-ORS; |

R10 and R10a are independently selected from the group consisting of H
and Cj.¢ alkyl; ' '

R11 and R12 are independently selected from the group consisting of H,
C1-Cs alkyl, -CO2R6, -ORS, -C(O)NRE)(R7), C1-Cg hydroxyalkyl,
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~(CH2)-OC(O)RS, -(CH2)--OC(O)CH=CH2, -(CH2)r-O(CH2)s-CO2RS,
~(CH2)-O-(CH2)s-C(O)NROS)(R7) and (CH2)r-NRORT);

R15 is 1 to 3 substituents independently selected from the group consisting
of H, C1-Cg alkyl, C1-Cs alkoxy, C1-Cg alkylthio, halogeno, -CF3, -C2F5,

-CORI10, -CO2R10, -C(ONR10)2, -S(0)eR 108, -CN, -NR10)CORIO,
-NRIOCONR10); and -NOz;
Rl6js cj.s alkyl, R15-phex_iy1 or R13-benzyl;
R19 is H, C1-Cé alkyl, -C(ON(R10)2, -CO2R10,

-<c<R8xR9»f~c02R1° or (CRORN)y-CONR10);

f,n,p,rand s are mdependently 1-6;.
"~ uis 0-6;

G is selected from the group consisting of H, R4-aryl, R4-hetero-
cycloalkyl, R4-heteroaryl, R4-cycloalkyl, -ORS, -N(R6)R7), -COR6: -CO2RS,
¥ |

-CONRT)(RD), -S(O)eR3: -NR6CO2R16, -NRECOR”. -NRSCONRO)R?),
“NRO)S(012R13, -S(OYNREYRT), -OC(O)RS, -OC(ONREYRT),
-C(=NORENRS)R?), -C-NR2ZSNROYR?), -NRE)C(=NR2ZSNROYRT),

-CN, -C(O)NRSOR?, and -C(O)N(R9)-(R4-heteroaryl), provided that whennis
1 and u is 0, or when R9 is -OR6 G is not -OH or -N(Rﬁ)(R7)

M is selected from the group consxstmg ofa double bond, -O-, -N(R6)-,
-C(O}-, -CRS)(ORT)-, -CR)NRS)R?))-, -C(=NORSNR)-,
CNRO)RT))=NO-, -C(=NRZ)NRS}-, -C(O)N(R?)-, -NR)C(0)-,

-C(=S)N(RY)-, -NRHC(=S)- and ;N(Rﬁ)C(O)N(R7)-, provided that when n is 1,
G is not OH or -NH(R9); and when p is 2-6, M can also be

NRSCENRZINRT)- or fOC(O’N‘RG"‘ Ll [0l i
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G2 is R4-aryl, R4-heterocycloalkyl, R4-heteroaryl, R4-cycloalkyl, -CORS,
-CO2R16, -S(0)2N(RO)R7) or -CONROR7);

e is 0, 1 or 2, provided that when e is 1 or 2, R13 and R102 are not H;

R25 s H, C1-Cg alkyl, -CN, R15-phenyl or R15-benzyl;

5 Zis

: ;K N@N- 'R3°—Nr_\N— or m§rpholinyl;
oA Bt

~gandjare indepeﬁdently 0-3; _
h and k are independently 1-4, provided the sum of h and g is 1-7;
J is two hydrogen atoms, =0, =S, =NR? or =NORI;
10 LandL1are indépendently seiected from the group consisting of H,
C1-Cé alkyl, C1-Cg alkenyl, -CHp-cycloalkyl, R13-benzyl, R15-heteroary],

-C(O)RS, (CH2)-ORS, -(CH2)-NRE)RT), (CH2)m-C(O)-OR6 and

. ) 6y®7): : e
(CH)m- CONROE™) - ““!“cl “le |||J| ||||s| I

m is 0 to 4, provided that when j is 0, m is 1-4
15 R26 and R27 are independently selected from the group consisting of H,
C1-Cé alkyl, R4-aryl and R4-heteroaryl; or R26 is H, C1-Cg alkyl,
R4-aryl or R4-heteroaryl, and R27 is -C(O)RY, -C(0)-NRO)R),
-C(O)(R4-aryl), -C(O)(R4-heteroaryl), -SO2R 13 or -802-(R4-aryD);

R28 is H, (CROR!9)-G, (CRORT))y-G2 or -NOy;
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tand v are 0, 1,2 or 3, provided that when jis 0, tis 1,2 or 3;
R29 is H, C]-Cé alkyl, -C(R10)2S(0)eR6, R4-phenyl or R4-heteroaryl;
" R30isH, C1-C alkyl, Ré-cycloalkyl, «C(R10))-R4-pheny]),

-(C(Rlo)z)w-(R4-heteroaryl), -C(O)RS, —C(0)0R5 -C(O)N(RG)(R’?),

H"O V R1° V
—(C)—C-N(RS)(FF) or -(C) -c-N’ﬁay ;
R10

wis0,1,2,0r3;

V is =0, =S or =NRS;

qis 0-4; -

R*and R° are the same, and are H, or are selected from alkyl, cycloalkyl
and aryl groups, said groups s being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, aryl, or -OH; or R* and R° together
with the C-N-C chain to which they are bound, form a 5-7 membered ring;

R*and RY are the same, and are H, or are selected from alkyl, cycloalkyl

and aryl groups, said groups being optionally substituted with one or more
substituents selected from alkyl, cycloalkyl, ary}, or -OH;

said process comprising:
(a) reacting compound II with NHR'R or a salt of NHR°R! to form

compound IH :

A RN A

(I

wherein B, a, and Q are as defin_ed.above, and R° and R? are independently selected
from the group consisting of alkyl, alkoxy, cycloalkyl and aryl groups, said
groups being optionally substituted with one or more substituents selected from
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alkyl, alkoxy, cycloalkyl, aryl,NH,, or -OH, or R® and Rf together with the
nitrogen atom to which they are bound, form a 5-7 membered ring;

(b) reacting compound III with
Ra
R /
\/c——rlq—o
L H—C—R®
|
_ Rd
to form compound IV:

wherein R%, R®, R®, R%, B, a, and Q are as defined above, and D is a directing
group capable of directing lithiation alpha to a nitrogen atom of a nitrogen
compound having D as a substituent bound to the nitrogen atom when said
nitrogen compound is reacted with s-butyl lithium, said nitrogen compound having

- the formula

Ra

R/ _
N —N— ,
W, AR O AN O
Heg—R e e L s
R4

wherein R%, R®, R®, and R® are as defined above; and carrying out the following
steps in any sequence:

(¢©) (i) reacting compound IV, or the compound obtained from carrying
out step (d) and/or step (e), with a compound selected from the group consisting of
H,N-OR!, H,N-N(R*(R?), H,NR?, or a salt thereof, wherein R', R R?, and
R are as defined above, to convert the carbonyl group that is bound to the carbon
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atom having the R* and R® substituents

i
-C~- - =C- or -C-
to ’ ;or

(i) converting the carbonyl group that is bound to the carbon atom
NOR!

| I
having the R* and R substituents to "C= | wherein R' is defined in the same
way as R with the exception that R' does not include H, by reacting compound
IV, or the compound obtained from carrying out step (d) and/or step (e), with
NH,O0H to convert the carbonyl group that is bound to the carbon atom having the

NOH
I

R* and R substituents to “C~ , deprotonating the compound obtained after
reaction with NH,OH, and reacting the deprotonated compound with R'X,
R'C(0)C], or R'N=C=0, wherein R' is as defined above, and X is halogeno; or
(m) reactmg compound IV, or the compound obtained from
carrymg out step (d) and/or step (¢), with a phosphorus ylide having R and R"
substituents or a phosphonate carbanion having R" and R" substituents to convert
the carbonyl group that is bound to the carbon atom having the R* and R®
R
I |
substitventsto  ~C_, wherein R'" and R are as defined above;
(d) converting the B substituent of compound' IV, or of the compound
obtained from carrying out step (c) and/or step (&), to Z by
(i) ifBis -CHQOR"‘ deprotecting the alcohol protecting group,
followed by ox1datlon to convert B to H-C(O)-;
i) if B is -CH,OH or -CH-CI-I2 oxldlzmg to convert B to
H-C(0)-;
(ii) reacting the compound formed in @) or (i) with a compound

' having the formula Z-H, wherem Z is as defined above, to convert the H-C(O)-

group formed in (i) or (ii) to Z-CH2 ;and
~ (e) reacting compound IV, or the compound obtained from carrying out
step (c) and/or step (d) with an organosilyl halide in the presence of a phenol, and

wort e e |INAIERNO
i . 1 * ¢ L M 8§
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subsequently reacting the compound resulting from the reaction with the
organosilyl halide with either
(i) X"-C(0)-T in the presence of a base, or
(ii HO(O)C-T
5 to effect replacement of the D substituent with -C(O)-T, wherein T is as defined
above, and X' is halogeno.
15. The process of claim 14, wherein T is R*-aryl and A is =N-OR'.
16. The process of claim 14, wherein Z is

10 17. The process of claim 14, wherein Q is R*-phenyl and R’ is 1-3
substituents selected from H and halogeno.

18. The process of claim 14, wherein D is -C(O)R", -C(O)-NRY(R®),

o)
I

-P—NRRP
| o.c
-C(0)-OR®, -CH=NR?, -N=0, -C(=S)R*, or NAR°  wherein RA, R, R,
and RE are independently selected from the group consisting of alkyl, aryl, and
15 . cycloalkyl, said groups being optionally substituted by one or more alkyl, aryl, or
cycloalkyl groups.
19. The process of claim 14, wherein Z is selected from the group
consisting of

RN W T



