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PCTIUS99/26009 '" 166166* ENANT10SELECT1VE ALKYLATION OF TR1CYCLIC
COMPOUNDS BACKGROUND OF THE INVENTION 10 This invention provides a process
for preparing intermediates useful in the preparation of tricyclic
compounds known as inhibitors of farnesyl protein transferase. In
particular, the compounds prepared by the process of this invention are
useful as chiral intermediates in the preparation of chiral compounds that
are FPT inhibitors 15 such as those disclosed in PCT Publication No.
W097/23478, published July 3, 1997. Over the last few decades a number of
enantioselective carbon-carbon bond forming reactions have been developed
that fall into two distinct groups - those that involve alkylations of a
covalently bonded chiral precursor and those that use a non covalently
bonded chiral auxiliary. Examples of the former include Evan's 20
oxazolidinone system, Meyer's oxazoline system and Enders' RAMP/SAMP
systems. (See Evans, D. A., et al., Encyclopedia of Reagents for Organic
Synthesis; Wiley: Chichester, 1995, Vol. 1, p. 345; Gant, T. G.; Meyers,
A.I. Tetrahedron 1994, 50, 2297; and Enders, D. et al, Liebigs Ann. l995,
1127.) Examples of the latter, include alkylations of stabilized anions of
ketones, imines, amino acid derived Schiff bases, 25 N-alkyl carbamates and
O-alkyl carbamates that are stabilized using non-covalently bonded chiral
alkaloid bases or chiral lithium bases. (See, e.g., Hughes, D. L., et al,
J. Org. Chem. 1987, 52, 4745.; Sato, D. et al, Tetrahedron 1997, 53, 7l91;
Koga, K. Pure ~ Appl. Chem. 1994, b6, 1487; Tomioka, K. et al, Chem. Pharm.
Bull. 1989, 37, 1120; O'Donnell, M. J., et al, Tetrahedron 1994, 50, 4507;
Weisenburger, G. A. et 30 al, J. Am. Chem. Soc. 1996, 118, 12218;
Gallagher, D. J. et al, J. Am. Chem. Soc. 1996, l 18, 11391; and Hoppe, D.
et al, Pure & Appl. Chem. 1996, 68, 613.) These reactions are similar in
that the anion that is generated and alkylated has an adjacent
carbonyl-type stabilizing group such as a ketone, imine or hydrazone. There
have been few examples of a non-carbonyl type group stabilized anion.
Gawley reported 35 that an a-aminoorganolithium anion generated from a
chiral stannane precursor is configurationally stable, and although
alkylation with primary alkyl halides affords products with excellent
enantioselectivity in certain cases, the fact that the chiral i~w~rn~o~
WO 00/31064 1 1 FEB 2003 2 PCT/US99126009 5 stannane precursor must be
resolved detracts from this procedure. (See Gawley, R. E., et al, J. Org.
Chern. Z 985, 60, 57G3.) Noyori et al. reported that silylation and
carboxylation of the anion of the ethyl benzene/(-)-sparteine complex
proceeds in Q30% enantiomeric excess (e.e.) with low yields and significant
amounts of reaction on the aromatic nucleus was also observed. (See Nozaki,
H.; Aratani, T.; Toraya, T.; 10 Noyori, R. Tetrahedron 1971, 27, 905.)
White et al. reported that methylation of a 2methylpyridine/(-)-sparteine
complex proceeds in 20% e.e. and 64% yield. (See Papasergio, R. L; Skelton,
B. W.; Twiss, P.; White, A. H.; Raston, C. L. J. Chem. Soc. Dalton Trans.
1990, 1161.) Hoppe et al. reported that acylation of an indenine system
(allylic anion) proceeded in >95% ee with 52-79% yields. (See Hoppe, I. et
al, 15 Angew. Chem. Int. Ed. Er:gl. l995, 34, 2158.) We have now discovered
a process for the enantioselective alkylation of
nonketone/amidc/carbamate/imine benzyl type methylene compounds utilizing a
chiral amino alcohol as a chiral ligand that results in high e.e. and high
yield of intermediates useful for preparing the chiral FPT inhibitors
discussed above. 20 



SUMMARY OF THE INVENTION This invention provides a process for preparing a
compound of the formula: v2 X3 ~4 (I) R 25 wherein X', X2, X3, X', and XS
are independently selected from the group consisting of H, halo, alkyl,
alkoxy, aryl, and aryloxy, and R is a protecting group, said process
comprising: treating a compound having the formula    1 1 FEB 2003 WO
00/31064 3 PCT/US99/26009 X2 X 1 \ ~ ~ X3 ~ X4 X5 (II) S l0 wherein X', XZ,
X', X, and XS are as defined above, with the following, in any sequence:
(a) a non-nucleophilic strong base; (b) a chiral amino alcohol; and (c) a
compound having the formula L NJ wherein L is a leaving group and R is as
defined above. Also claimed herein is a process for preparing a compound
having the formula v2 X3 ~4 (I) I 15 wherein X', X?, X3, X, and XS are
independently selected from the group consisting of H, halo, alkyl, alkoxy,
aryl, and aryloxy, and R is a protecting group, said process comprising:
(a) reacting a compound having the formula 20    1 1 F E B 2003 WO 00/31064
PCT/US99/26009 Xz X~ ~ ~ ~ X3 ~ X4 



XS (II) 5 wherein X', Xz, X', X4, and XS are as defined above, with a
non-nucleophilic strong base in the presence of a chiral amino alcohol to
form a complex; and (b) reacting the complex formed in step (a) with a
compound having the 10 formula `"J d c~~ wherein L is a leaving group and R
is as defined above. DETAILED DESCRIPTION 15 As used herein, the term
"alkyl" means straight or branched hydrocarbon chain groups having 1 to 6
carbon atoms. "Halo" means fluorine, chlorine, bromine or iodine radicals.
"Alkoxy" refers to groups having the forniula -OR, wherein R is alkyl. 20
"Aryl" refers to a carbocyclic group having at least one aromatic ring.
"Aryloxy" refers to a group having the formula -OR, wherein R is aryl.
"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 25 e.e. % = 100 x (R-enantiomer -
S-enantiomer)/ (R-enantiomer + S-enantiomer). The following abbreviations
are used herein: "Boc" refers to tert-butoxy carbonyl; "LDA" refers to
lithium diisopropylamide; "THF" refers to tetrahydrofuran; and "Ph" refers
to a phenyl group.   1 1 FFB 2003 WO 00/31064 5 PCT/US99/26009 5 The
compounds prepared by the process disclosed above are useful as
intermediates for preparing chiral compounds that are FPT inhibitors, such
as those disclosed in PCT Publication No. W097/23478, published July 3,
1997. Such compounds may be prepared by deprotecting the compound of
formula (I), i.e., removing the R group by treatment with acid (e.g.,
HMSO,) to form the free amine, or 10 optionally reacting the free amine
with a suitable acid (e.g., N-acetyl-Lphenylalanine) to form a stable salt,
and acylating the free base or the salt with the desired acyl group to form
the desired FPT inhibitor. The compounds prepared by the process of the
present invention are particularly useful for preparing the following
compound: NH2 1S Preferably, X', X'-, X', Xa, and XS are selected from H or
halo. More preferably, X' and X4 are H, and X', X' and XS are halo. Halo is
most preferably Cl or Br. Most preferably, X' is Br, Xz is H, X' is Cl, X4
is H, and XS is Br. Non-limiting examples of leaving groups, L, include
sulfonates (e.g., 20 



mesylate, tosylate, closylate (para-chloro tosylate), and brosylate
(para-bromo tosylate)), phosphates (e.g., alkyl phosphates, such as diethyl
phosphate), benzoates, and halo. Preferably, the leaving group, L, is a
sulfonate, more preferably, mesylate or tosylate. The protecting group may
be any group suitable for protecting the nitrogen 25 atom of the piperidine
ring. Non-limiting examples of protecting groups include sulfonates, and
acyl groups, e.g., tert-butoxycarbonyl (BOC), NBoc -C-CH2 -C-O-CH2CH3
-C-O-CH2    1 1 F F B 2003 5 10 WO 00/31064 CH3 CHa -C-N HsC CHs -CH / O
-CH 6 O -C -C PCT/US99126009 -CH2 O I I -C-CH3 O O ~ N- IC-O-CH2CH3
-C-C(CHs)s -C-CH2 , O _ N-C-O-CH2 ~ ~ -O.-CH -C-CH2 2 O p N-I~ O N-CH ~ I
II -C-CH2 ~ -C-CH2 N-CH -C-CH2 / i N C -C-CH2 / O O O N-CH II N-C-CH3 O
-C-CH2 ~ -C-CH2 , and 



O N-C-C(CH3)s -C-CHz    1 1 FEQ 2003 5 WO 00/3l064 Preferably, the
protecting group is an acyl group, more preferably, tert butoxycarbonyl or
PCT/US99/26009 Examples of suitable non-nucleophilic strong bases include,
but are not 10 limited to, lithium diisopropylamide (LDA), lithium
2,2,6,6-tetramethylpiperidine, 1lithium 4-methylpiperazide, 1,4-dilithium
piperazide, lithium bis(trimcthylsilyl) amide, sodium
bis(trimethylsilyl)amide, potassium bis(trimethylsilyl)amide, isopropyl
magnesium chloride, phenyl magnesium chloride, lithium diethylamide, and
potassium tert-butoxide. Preferably, the non-nucleophilic strong base is
LDA. Non-limiting examples of chiral amino alcohols include quinine and
quinine 15 20 R2 (IV) derivatives, 1,2- and 1,3-aminoalcohol derivatives,
and quinoline alcohol derivatives. Preferably, the chiral amino alcohol is
a compound p ' NBoc II -C-C H2 (i) having the formula R wherein the dotted
line represents an optional second bond and wherein R' is selected from
alkoxy, aryloxy, or NR"RB, wherein R" and R$ are selected from alkyl or
aryl, R~ being optionally substituted by one or more alkoxy groups, or
wherein RZ is a phenyl group optionally substituted by 1 to 5 substituents
(ii) having the formula OH H I N \ ( CH3 25 independently selected from the
group consisting of alkyl and alkoxy.    1 1 F E D 2003 s 



5 The chiral amino alcohol of formula (III), above, is quinine, or a
quinine derivative. Non-limiting examples of chiral amino alcohols of
formula (III) include Quinine Hydroquinine (-)-Cinchonidine and Preferably,
R' in formula (III) is alkoxy. The chiral amino alcohol of formula 10 (III)
is most preferably selected from quinine, hydroquinine, ' and Quinine is
especially preferred.            1 1 FED 2003 WO 00/31064 9 PCT/US99/26009
5 The chiral amino alcohol of formula (IV) is a derivative of norephedrine.
Preferably, RZ is phenyl substituted with 1-3 alkoxy substituents.
Preferably, the alkoxy substituents are methoxy or ethoxy, with methoxy
being particularly preferred. Non-limiting examples of chiral amino
alcohols of formula (IV) include: OCH OCH3 OCH3 OCH3 H3C0 OH i ~ OH N ` / N
\ OCH3 \ CH3 ~ \ CHg OCH3 OH N / OCH3 and \ CH3 10 The chiral amino alcohol
of formula (IV) is most preferably It is believed that the process claimed
herein proceeds according to the following mechanism: The base accepts a
proton from the tricyclic compound of 15 formula (II), forming an anion:   



1 1 FEB 2003 WO 00/31064 10 PCT/US99/26009 X' X1 \ ~ X3 Xa Xs The tricyclic
anion subsequently forms a complex with the chiral amino alcohol and the
base. The tricyclic anion of the complex reacts with the piperidine
compound of formula (V), displacing the leaving group L, thereby forming
the desired compound 10 of formula (I}. The process of our invention is
preferably earned out in an organic solvent. Suitable organic solvents,
include, but are not limited to non-protic organic solvents, e.g., toluene,
benzene, cyclohexane, tetrahydrofuran, anisole, chlorobenzene, and mixtures
thereof. Toluene is a particularly preferred solvent. 15 The process is
preferably carried out at a temperature range of from -20 C to +60 C, more
preferably, at a temperature range of from -10 C to +40 C, most preferably,
at a temperature range of from 0 C to +25 C. The amount of non-nucleophilic
strong base used preferably ranges from 3.0 to 5.0 equivalents, more
preferably 3.0 to 4.0 equivalents, most preferably 3.0 to 3.6 20
equivalents. The amount of the chiral amino alcohol used preferably ranges
from 1.0 to 2.0 equivalents, more preferably 1.0 to 1.5 equivalents, most
preferably 1.0 to 1.3 equivalents. The amount of the piperidine compound of
formula (V) used preferably ranges 25 from 1.0 to 2.0 equivalents, more
preferably 1.0 to 1.5 equivalents, most preferably 1.0 to 1.3 equivalents.
As noted above, the tricyclic starting compound may be treated with the non
nucleophilic strong base, the chiral amino alcohol, or the piperidine
compound of formula (V) in any order, including mixtures of these reagents.
30 The process of our invention is preferably carried out such that at
least one of the treatments with the non-nucleophilic strong base, the
chiral amino alcohol, or the piperidine compound of formula (V) occurs in
the presence of water or a C, - C3 alcohol (e.g., methanol), most
preferably, water. The amount of water or C, - C3  



1 1 F E B 2003 WO 00I31064 11 PCT/US99126009 S alcohol used preferably
ranges from 0.1 to 3.0 equivalents, more preferably 0.8 to 1.2 equivalents,
most preferably 0.9 to 1.1 equivalents. The water or C, - C3 alcohol may be
added to the tricyclic starting compound prior to, or simultaneously with,
the addition of the base, the chiral amino alcohol, or the piperidine
compound, or it may be added after any or a11 of these compounds are
brought into contact with the 10 tricyclic starting compound. In a
particularly preferred embodiment: (a) 1.2 to 1.4 eq. of the
non-nucleophilic strong base, preferably about 1.3 eq., are added to a
solution containing: (i) the compound of formula (II), 15 (ii) 1.1 to 1.3
eq. of the compound of formula (V), preferably about 1.2 eq., and (iii) 1.2
to 1.4 eq. of the chiral amino alcohol, preferably about 1.3 eq., while
maintaining the temperature at 10 C to 30 C, preferably 15 C to 25 C; (b)
the mixture from step (a) is cooled to 0 C to 10 C, preferably 0 C 20 to 5
C, and 0.8 to 1.2 eq. of water, preferably about 1.0 eq. are added; (c) an
additional 0.9 to 1.1 eq. of the non-nucleophilic strong base, preferably
about 1.0 eq. are added to the mixture from step (b) while maintaining the
temperature at 0 C to 10 C, preferably 0 C to 8C; and (d) the temperature
of the mixture from step (c) is raised to 14 C to 25 18 C, and an
additional 1.1 to 1.3 eq. of the non-nucleophilic strong base, preferably
about 1.2 eq. are added while maintaining the temperature at 14 C to 18 C.
The process of our invention is economical, because the chiral arnina
alcohol can be recovered and recycled for further use. For example, after
the reaction is judged to be complete by HPLC, the reaction mixture can be
quenched by adding 30 water, and stirred at a temperature of 0 C to SC to
precipitate the chiral amino alcohol, which can be recovered by filtration.
The tricyclic starting compound of our process may be prepared by reducing
a corresponding tricyclic ketone as depicted below: x~ x. x~ xz 1. N Xa N
xa 0 Xs Xs   1 1 FEB 2003 WO 00I31064 12 PCT/US99/26009 5 The reduction of
the tricyclic ketone may be carried out by methods well known in the art.
Preferably, the reduction is carried out by treating the tricyclic ketone
with Zn and 2 equivalents of trifluoroacetic acid in a 2:1 mixture of
tetrahydrofuran / acetic , anhydride. The tricyclic ketone may be prepared
according to methods known in the 10 art, e.g., the methods described in
PCT Publication Nos. W097/23478, published July 3, 1997, W096/31478,
published October 10, 1996, W096/30363, published October 3, 1996, and
W095/10516, published April 20, 1995. Alternatively, the tricyclic ketone
may be prepared according to the following scheme:   1 1 F F B 2003 X2 x N
O 1 H3C-N xs 5_ Grignard reagent r 5 



10 WO 00I31064 13 x'` ^ CH3 NHZ YII.N I~ / I Br + palladium catalyst 1
strong base CO xZ x' ~ ~ ~ x' 1 N )~ x, O xs x , CH3 N~O NH 2 ~I
PCT/US99126009 Xz 3 ~~X strong base ~~ 3 \ Xa 1 X5 U=arorCl 7(2 x 1 7C) N /
X'~ HN I Xs 4 CH 31 As shown in the scheme above, the pyridine compound 1
is reacted with aniline in the presence of a palladium catalyst, e.g.,
Pd(OAc)~ or PdClz, carbon monoxide, a base, e.g.,
1,8-diazabicyclo-[5.4.0]undec-7-ene (" DBU" ) or diisopropylethylamine, and
an ether selected from ethylene glycol dimethyl ether, 2-methoxyethyl
ether, and triethylene glycol dimethyl ether, to form amide compound 2. The
reaction to form amide compound 2_ is preferably carried out at a
temperature of about 45 C to 90C, and a pressure of about 40 to 100 psi, in
a suitable solvent, e.g., toluene or chlorobenzene. Amide compound 2 is
reacted with an iodo-substituted compound 3   1 1 FEB 2003 WO 00/31064 14
PCT/US99/26009 in the presence of a strong base, e.g., lithium
diisopropylamide, in a suitable solvent, e.g., THF, to form compound 4.
Compound 4 is reacted with CH3I and a base, e.g., NaH to form methylated
compound 5_. Compound 5 is cyclized to form the desired ketone by reaction
with a Grignard reagent, e.g., 2-methoxyphenylmagnesium bromide. I O
Alternatively, the tricyclic ketone may be prepared according to the
following scheme:   1 1 FEB 2003 WO 00/31064 is X , CH3 X2 X3 U / `N O + ~
I X4 _6 NH X5 U=Br orCl 



strong base r X2 X ~ ~ X3 1~ N~O Xa H N Xs 7 PZOs / CF3 SO3 H or PCIS/
AIC13 or r POCIj / ZnCl2 5 10 X2 X~ 1 ~ ~ X~ N Xa N Xs 8 hydrolysis X2 X~ `
~ ~ X3 N X, O Xs PCT/US99/26009 As shown in the scheme above, amide
compound 2 is reacted with compound 6 in the presence of a strong base,
e.g., lithium diisopropylamide, in a suitable solvent, e.g., THF to form
compound 7. Compound 7 is cyclized by treating it with a dehydrating agent
and a super acid, c.g., P=Os/CF3S03H or a dehydrating agent and a Lewis
acid ,   1 1 FEB 2D03 WO 00/31064 16 PCT/US99/26009 5 e.g., PC15/A1C1, or
POCI3/ZnCI:, and hydrolyzing the reaction product 8 to form the desired
tricyclic ketone. The norephedrine derivatives used in our process may be
prepared by a one pot, two step process according to the following scheme:
OH NHZ ~) Y CH3 + r OH N \ CH3 H c Rd Ra Rb, R~, Rd, and R` H, alkyl or
alkoxy Refluxing EtOH c R EtOH NaBH4 r reduced temperature 



Ra OH Rb H \ N ~H a ~ Rc 3 R Rd 10 As shown in the scheme above, (1R,
2S)-(-)- norephedrine is reacted with an optionally substituted
benzaldehyde by refluxing in ethanol, and reducing the product of that
reaction with sodium borohydride at ambient temperature to produce the
desired norephedrine derivative compound.     1 1 F E B 2003 WO 00/310b4 17
PCT/US99/26009 5 The quinine derivatives used in our process are either
commercially available, or may be made from quinine or hydroquinine using
methods known to those skilled in the art. (See, e.g., H. King, J. Chem.
Soc. 1946, 523-524; and A. Renfrew, et al, J. An:. Chem. Soc. 1943, 65,
2309-2310.) The following examples illustrate the foregoing invention,
although such 10 examples should not be construed as limiting the scope of
the invention. Alternative reagents and analagous processes within the
scope of the invention will be apparent to those skilled in the art.
PREPARATIVE EXAMPLE A 15 One-pot, two step preparation of the
Trimethoxvbenz 1-Norephedrine Liaand H OCH~ NHi ~ \ Y CHI ~ OCH~ OCH~
Refluxmg HtOH H OCH~ \ CHI OCH~ OCH3 EtOH NaBH4 reduced temperature H OCHs
H \ I Y, ~o~H, ocH, ( 1 R,2S) - (-) - Norephedrine ( 100 g) and
3,4,5-Trimethoxybenzaldehyde ( 143 20 g) are dissolved in ethanol ( 1 L)
and brought to a gentle reflux for 4 to 5 hours (average time required for
completion). The reaction mixture is then cooled down in an ice-water bath,
and sodium borohydride (37 g) is added portionwise. Reduction   ~ 1 FE8
2003 



WO 00!3l064 18 PCT/US99/26009 S occurs overnight at room temperature. Once
reduction is complete, the excess sodium borohydride is destroyed by adding
water (25 mL). The organic solvent (ethanol) is then removed using a
rotavap, and the product is extracted with ethyl acetate. Ethyl acetate is
removed, using a rotovap, leaving behind trimethoxybenzyl-norephedrine as a
colorless oil. 10 Further purification is achieved by dissolving the
trimethoxybenzylnorephedrine oil in methanol (400 mL) and slowly adding
aqueous hydrobromic acid 48% w/w (73 mL). A white solid precipitates which
is filtered after 1 hour of stirring at room temperature. The ligand salt
is recrystallized in a mixture of methanol/diethyl 15 ether (12:1). The
recrystallized salt is then freebased, using diluted aqueous sodium
hydroxide, and extracted with toluene. The toluene is then removed with a
rotovap, leaving behind trimethoxybenzyl-norephedrine ( 188 g) as a
colorless oil. 'H NMR (CDCI,): 8 7.33-7.24 (m, 7H); 6.55 (s, 2H); 4.80 (d,
J--3.8 Hz, 1H); 3 .86-3 .82 (m, 9H); 3 .00 (dq, J-- 3 .8 and 6.5 Hz, 1 H);
1.39 (d, J-- 6.5 Hz, 1 H); 0.9 (d, 20 J-- 6.5 Hz, 3H) "C NMR (CDCI,):
154.3, 142.2, 138.2, 136.4, 129.1, 128.1, l27.1, 106.0, 74.4, 62.0, 59.1,
57.3, 52.7, 15.9. PREPARATIVE EXAMPLE B 25 Br CI Br ~ CI N ~ 1~ ' Br Br To
a mixture of the tricyclic ketone shown above (40 kg, 1 eq.), acetic
anhydride (72 L, 7.8 eq.) in THF (140 L) at -25 C was added zinc dust (22.4
kg, 3.5 30 eq.) and then dropwise trifluoroacetic acid (16.8 L, 2.2 eq.)
over a 2 hour period at -25 C to -20 C. The mixture was slowly raised to
room temperature over a period of 2 hours and kept at 18 C to 20 C over a
period of 20 hours. Supercel (4 kg) and toluene (400 L) were added and the
mixture was filtered. The extra zinc and inorganic residue were washed with
toluene (80 L). The filtrate and wash were   1 1 FEB 2003 WO 00l31064 19
PCTlUS99126009 5 combined, and washed with water (200 L), 10% NaOH ( 160 L
x 2) and water (200 L). After separating the organic layer from the aqueous
layer, the organic layer was concentrated to 120 L. 2-Butanol (320 L) was
added to the mixture, which was then concentrated to 120 L under vacuum.
Again, 160 L of 2-butanol was added and the mixture was heated to reflux
for 1 hour. The mixture was cooled down to 0 C to 5 10 C and stir ed for 4
hours. The solid was filtered and washed with 80 L of 2-butanol. The
crystalline product was dried under vacuum at 70 C. The yield was 32.6 kg
(82%). Mp.: 163-164 C. 'H NMR (CDCI,): 8.38 (d, J= 2.0 Hz, 1H), 7.46 (d, J=
2.0 Hz, 1 H), 7.44 (d, J = 2.0 Hz, 1 H), 7.14 (d, J = 2.0 Hz, 1 H), 4.54
(s, 2 H), 3.10 - 3.20 (m, 4H). "C NMR (CDC13): 154.1, 148.S, 143.9, 141.7,
137.2, 13S.8, 133.9, 131.6, 15 128.7, 125.5, 119.8, 41.7, 32.9, 32.8. If
necessary, the product can be further purified by recrystalIization from 7
volumes of 2-butanol and 1.5 volumes of toluene in 94% yield. EXAMPLE 1 20
Chiral alkvlation using a Norephedrine based li~and H3 O~=O HO N OCH3 I CH
er Cl + OCf-13 3 Br N > Boc LDA / toluene BoC 25 The
trimethoxybenzyl-norephedrine ligand from Preparative Example A (76.8 g),
the tricyclic methylene substrate from Preparative Example B (50 g) and
mesylated N-protected piperidine derivative (43.2 g) are dissolved in
toluene to a total volume of 1 L. The reaction mixture is then cooled down
between 0 and -5C and lithium diisopropyl amide mono (tetrahydrofuran)
solution ( 1.5 M in cyclohexane) 30 (" LDA" ) ( 155 mL) is added, followed
by the addition of water (2.1 mL). At this point, the temperature is
maintained between 0 and -5C and the remaining LDA 1.5 M (172 mL) is added
slowly over 4 to 5 hours. Once the reaction is completed, 1N    1 1 FEB
Z003 5 



10 15 WO 00/31064 20 PCTIUS99126009 hydrochloric acid ( 1.2 L) is added to
precipitate out the chiral inducing ligand which is recovered by filtration
and can be reused without any further purification. The aqueous layer is
then separated from the organic layer (toluene) which contains the
alkylated product (93-95% ee, > 95% solution yield). EXAMPLE 2 Using the
procedure of Example 1, and substituting lithium 2,2,6,6; tetramethyl
piperidide for LDA, obtain the alkylated product (81 % ee). EXAMPLE 3 CI N
B~ HO N OCH3 I ~CH~ OCH3 CH3 0=S=O I O N i Boc LDA / toluene Boc To a
cooled (0 to 5C) solution of the norephederine derivative shown above 20 25
(0.9 g) and the tricyclic compound (1.0 g) shown above dissolved in 40 mL
of degassed toluene was added dropwise LDA 1.5 M (3.8 mL). The mixture is
stirred at that temperature for 2 hours. A solution of the mesylated
N-protected piperidine derivative shown above (1 g in 10 mL in toluene) is
added to the reaction mixture. The reaction is allowed to return to ambient
temperature. Monitor the reaction by HPLC to determine completion to obtain
the alkylated product (57 % ee). EXAMPLE 4 Using the same procedure as
Example 3, obtain the alkylated product (48% ee) by substituting the
following norephederine derivative for the norephederine 30 derivative used
in Example 2:    1 1 FE6 2003 WO 00I31064 ~1 PCT/US99/26009 HO H N CH3'' ~i
5 EXAMPLE 5 Using the same procedure as Example 3, obtain the alkylated
product (62% ee) 10 by substituting 1,4- dilithium piperazide for LDA.  



1 1 FEB 2003 S WO 00I31064 22 PCTIUS99/26009 EXAMPLE 6 Chiral alkylation
using quinine ~H3 O=S=0 Br ~ ~ \ Cl N Br N I BOC quinine Br ~ ' \ CI i N Br
N i BOC LDA, toluene HZS04 10 1S 20 N-acetyl-L-phenylalanine +J HZ '02C ~
N"CH3 ~O Mix the tricyclic compound (6.0 g) shown above and 4-mesyl-N-Boc
piperidine (S.0 g) in 1 S0 mL toluene, heat to 40 C for 30 minutes to
obtain a clear solution, and cool to ambient temperature. Add the solution
to a reaction flask containing solid quinine (6.0 g). Add 1.3 eq. of a
solution of lithium diisopropylamide mono(tetrahydrofuran) (1.5 M in
cyclohexane) (" LDA solution" ) slowly, while maintaining the temperature
below 10 C, until the mixture turns red. Add HZO (I.0 eq.), stir for 10
minutes, and cool the reaction mixture below S C. Slowly add 1.0 eq. of the
LDA solution, and warm the reaction mixture to 14C to 18 C to obtain a
clear solution. Add an additional 1.1 eq. of the LDA solution over a two
hour period. Warm the resulting mixture to ambient temperature and stir for
18 hours. Quench the reaction mixture with 90 mL of 10% HZSOa. Remove the
bottom aqueous solution. Add 24 mL of 20% H~S04 to the toluene solution
(organic top layer), heat to 8S C for 4 hours, and cool down to ambient
temperature. Add 1 S mL of    1 1 FEB Z003 S 10 WO 00I31064 23
PCTlUS99/26009 concentrated NH40H to the reaction mixture and remove the
bottom aqueous solution. Reduce the toluene solution (organic top layer) by
vacuum distillation to a volume of 48 mL. Add 120 mL ethanol, and reduce by
vacuum distillation down to a volume of 48 mL. Add a solution of 3.0 grams
N-acetyl-L-phenylalanine in 120 mL ethanol, and subject the mixture to
vacuum distillation to reduce the volume down to 48 mL. Stir at 70 C for 1
hour, and cool to ambient temperature. Filter and wash the solid with a 1:1
solution of ethyl alcohol and methyl-t-butyl ether. Dry in a vacuum oven at
a temperature of 55 C for 18 hours to give 8.75 grams of the desired salt
(80% molar yield, 96% purity, >98% e.e.). 'H NMR of salt (CDCI,): 8.45 (s,
1H), 7.58 (s, 1H), 7.52 (s, 1H), 7.20 (m, 6H), 15 6.33 (d, J--6Hz, IH),
4.96 (d, J--9Hz, IH), 4.52 (m, 1H), 3.55 (m, 1H), 3.12-3.24 (m, SH), 3.0
(m, IH), 2.84 (m, 1H), 2.58 (m, 2H), 2.34 (m, 1H), 2.00 (s, 3H), 1.82 (m, 



1H), 1.62 (m, 2H), 1.42 {m, 1H). 'H NMR of free base (CDCh): 8.45 (s, 1H),
7.52 (s, IH), 7.48 (s, 1H), 7.10 (s, 20 1 H), 4.88 (d, J--9 Hz, 1 H), 3.62
(m, 1 H), 3.25 (m, 1 H), 3.00 (m, 3H), 2.78 (m, 1 H), 2.48 (m, 2H), 2.25
(rn, 1 H), 1.50 (m, 3H), 1.26 (m, 2H). EXAMPLE 7 25 Step A Br ` ; ~ \ CI Br
\ ~ ~ \ CI N Y N Br > B 0 ~k HJ'02 ~ N CH3 NJ N O' O ~ i To a 500 ml round
bottom flask equipped with a stirring bar, charge 10.0 g of 30
(11R)-(8-chloro-3, 10-dibromo-6, 11-dihydro-SH-benzo [5,6] cyclohepta
[1,2-b] pyridin-11-yl)-1-piperidine (S)-N-acetyl-L-phenylalanate, add 100
mL of toluene, SO mL of 25% NaOH solution, and 100 mL of H20. Stir 30
minutes, add 1.0 g celite, stir for an additional 5 minutes, then filter.
Wash the celite pad with 10 mL toluene. Separate the organic and aqueous
layers and wash the organic layer with water (4 x 50   1 1 FEB 2003 WO
00/31064 24 PCT/US99/26009 5 mL followed by 1 x 150 mL). Add 40 mL DMF,
0.199 g 1-hydroxybenzotriazole (HOBT), 3.19 g
1-(3-dimethylaminopropyl)-3-ethylcarbodiimideHC 1 (EDCI HC 1 ) and 4.0 g of
1-N-tert-butoxycarbonylpiperidinyl-4-acetic acid and stir at room
temperature until the reaction is complete (as judged by HPLC monitoring of
the reaction). To the reaction mixture, add 50 mL of H,O and separate the
organic and 10 aqueous layers. Wash the organic layer with AcOH solution
(0.1 mL AcOH/20 mL HZO), 1 x 40 mL H20, NaOH solution (6.4 grams 24%
NaOH/36 mL H20), 3 x 40 mL HBO and then NaCI solution (3.9 grams/40 mL
H,O). Concentrate the organic layer to a volume of about 60 mL and
chromatograph the toluene solution using 22.5 grams Si02 (Davison Grade
62), eluting with 1:1 EtOAc/toluene and collecting in 50 mL 15 fractions.
Analyze each fraction by thin layer chromatography and combine a11
fractions containing the product. Concentrate the combined fractions to
about 50 mL, add 100 mL toluene and concentrate to about 100 mL. Add 3.5
grams alumina (basic, Activity I), stir for 30 minutes, filter and wash the
alumina cake with 10 mL toluene. Repeat alumina slurry until HPLC indicates
acceptable quality product. Concentrate 20 toluene layer to about 20 mL,
add 30 mL EtOAc, 60 mL heptane and allow to slowly cool to room
temperature. After the product has precipitated, cool to 0C for one hour,
collect the solid and wash with 30 mL 2:1 heptane/EtOAc. Dry the solid in a
vacuum oven overnight to yield 7.98 g of product. 'H NMR: (CDC13, S): 8.42
(s, 1 H), 7.53 (s, 1 H), 7.50 (s, 1 H), 7.10 - 7.20 (m, 25 6H), 6.36 (d,
1H, J--7 Hz), 4.94 (d, 1H, J--10 Hz), 4.48 (m, 1H), 3.S2 (m, 1H), 3.24 (m,
2H), 3.12 (m, 3H), 2.98 (m, 1 H), 2.82 (m, 1 H), 2.53 (m, 2H), 2.32 (m, 1
H), 1.98 (s, 3H), 1.78 (m, 1H), 1.56 (m, 1H), 1.40 (m, 1H).   1 1 F E Q
2003 WO 00/31064 5 Step B 25 PCT/US99/26009 hydrolyse urea NHZ To a 250 mL
round bottom flask equipped with a stirnng bar, charge 7.07 g of 



the product from step A, above. Add 35 mL ethyl alcohol 2B, and stir. Cool
the 10 solution in an ice bath for 10 minutes, then add 42 mL of a 3 N HCl
solution while maintaining the temperature below 25C. Stir the reaction at
room temperature until hydrolysis is complete (as judged by HPLC),
typically 6 hours or longer. (If necessary, place reaction in a water bath,
and stir at SOC for about 30 minutes to complete the hydrolysis.)
Concentrate in a rotavap to about 35 mL, add 17.5 mL 115
methyl-2-pyrrolidinone, then adjust to pH 9 by slowly adding 3 N NaOH over
a period of about 30 minutes, while avoiding solid formation by adjusting
the rate of addition of the 3N NaOH. Add 28.0 g of urea, place in an oil
bath heated to about 110C, stir at mild reflux overnight to form a solid.
Cool to about 50C, then adjust to pH 6 using 3 N HCI. Collect the solid
material, wash with 140 mL HBO, and dry in 20 a vacuum oven overnight to
yield 5.434 g of product. 'H NMR: (CDCI,, 8): 8.38 (d, 1H, J--8 Hz), 7.48
(m, 1H), 7.43 (s, 1H), 7.07 (m, 1 H), 4.82 (d, 1 H, J--10 Hz), 4.54 (m, 1
H), 4.00 (br s, 2H), 3.77 (m, 1 H), 3 .56 (m, 1H), 3.20 (m, 1H), 2.90 (m,
1H), 2.60 - 2.80 (m, 3H), 2.30 (m, 2H), 2.18 (m, 2H), 1.90 (m, 1H), 1.65
(m, 2H), 1.38 (s, 9H), 1.00 - 1.45 (m, 7H). 25      1 1 FED 2003 WO
00/310b4 5 Ste~C: B 26 PCT/US99/26009 Br `~ ~ \ CI N 0 Br O ~NH2 N N ~NH2
O' Crystalline To a 500 mL round bottom flask equipped with a stirring bar,
charge with 5.14 10 15 g of material from step B, above. Add 5 mL THF and
250 mL CH~CI,. Stir at room temperature for about 30 minutes to dissolve
all material to obtain a solution. Add 2.57 g of Si02, stir for 30 minutes,
and then filter through a pad of celite. Wash with 1 S mL of CHZCI~,
concentrate to about 50 mL, then add 100 mL THF and concentrate by
distillation to 50 mL. Add 100 mL ethyl acetate and concentrate to 50 mL to
form a white precipitate. Add 25 mL of ethyl acetate again, concentrate to
about 50 mL, then cool to about 35C. Filter, wash the solid with 15 mL cold
ethyl acetate, and dry in a vacuum oven overnight to obtain 4.1187 g of
product. 'H NMR: (CDC1" 8): 8.42 (s, 1H), 7.58 (d, 1H, J--8 Hz), 7.50 (s,
1H), 7.16 (s, 20 25 1 H), 4.92 (d, 1 H, J--9 Hz), 4.62 (br s, 3H), 3.92 (m,
3H), 3.62 (m, 1 H), 3.26 (m, 1 H), 3.00 (m, 1 H), 2.82 (m, 1 H), 2.40 (m,
2H), 2.22 (m, 2H), 2.04 (m, 1 H), 1.7 8 (m, 2H), 1.08 - 1.58 (m, 6H). Br 1
~ ~ \ CI i 



N Br EXAMPLE 8 hydroquinine 4-mesyl N-Boc piperidine LDA Br 1 - ' \ CI N Br
N 1 BOC Mix the tricyclic compound shown above (0.207 g), hydroquinine
(0.202 g) and 4-mesyl N-Boc-piperidine (0.204 g) in toluene (20 x), stir at
ambient temperature for 10 minutes, and cool to 0 C. Add 1 mL of lithium
diisopropyl amide mono    1 1 FEB 2003 WO 00I31064 2~ PCT/US99/26009 5
(tetrahydrofuran) solution (1.5 M in cyclohexane) ("LDA") slowly, while
maintaining the temperature below 10 C. Warm the resulting mixture to
ambient temperature and stir for 2 hours. HPLC analysis gives 91.5%
conversion and 68.S% ee. 10 EXAMPLE 9 Using the same procedure as Example
8, obtain the alkylated product (35% e.e.) substituting the following
quinoline alchohol derivative for the hydroquinine used in Example 8: 15 H
EXAMPLE 10 ~Hs O~~S=O quinine Br ` ~ \ CI N ~( Br N N O_ ` LDA, tolue 1.
HCI/EtOH 2.N-Boc-L-asparagine Br \ ~ ~ CI N NaOH Br -OZ~NHZ j[i Toluene N
+NHZ H NH O ~1^O 20 Mix the tricyclic compound (5.0 g) shown above and
4-mesyl-(1-[1,1dimethylethoxy)carbonyl]-4-piperidinylacetyl)piperidine (6.3
g) in 125 mL toluene or anisole, heat to 40 C for 30 minutes to obtain a
clear solution, and cool to ambient temperature. Add the solution to a
reaction flask containing solid quinine (6.3 g).      1 1 F E B 2003 



WO 00/31064 28 PCT/US99/2b009 5 Add 1.5 eq of a solution of lithium
diisopropylamide mono(tctrahydrofuran) ( 1.5 M in cyclohexane) (" LDA
solution" ) slowly, while maintaining the temperature below 10 C, until the
mixture turns red. Add H,O ( 1.2 eq), stir for 10 minutes, and cool the
reaction mixture below 5 C. Slowly add 1.2 eq of the LDA solution and warm
the reaction mixture to 16 C to 20 C to obtain a clear solution. Add an
additional 1.3 eq 10 of the LDA solution over a five hour period. Stir the
resulting mixture at ambient temperature for 18 hours. Cool the reaction to
0 C and quench the reaction mixture with 20 mL water. Stir at 0 C for 4 h
and filter the quinine. Wash the organic phase with 1 N HCI. Separate the
organic phase and reduce the toluene solution (organic top layer) by vacuum
distillation to a volume of 45 mL, add 120 mL EtOH, and 15 reduce by vacuum
distillation down to a volume of 45 mL. Cool the solution in an ice bath
for 10 minutes, then add 53 mL of a 3 N HCl solution while maintaining the
temperature below 25 C. Stir the reaction at room temperature until
hydrolysis is complete (as judged by HPLC), typically 6 hours or longer.
(If necessary, place reaction in a water bath, and stir at 50C for about 30
minutes to complete the 20 hydrolysis.) Concentrate in a rotavap to about
40 mL, add l20 mL toluene and 3 N NaOH until the pH of the aqueous is 12.
Separate the toluene phase and reduce the toluene solution (organic top
layer) by vacuum distillation to a volume of 40 mL. Add 120 mL isopropanol,
and reduce by vacuum distillation down to a volume of 40 mL. Add a solution
of 3.6 grams N-a-(tert-butoxycarbonyl)-L-asparagine in 80 mL 25
isopropanol, and subject the mixture to vacuum distillation to reduce the
volume down to 40 mL. Add 80 mL isopropyl acetate and heat at reflux for 3
h. Cool and stir for 1 hour at ambient temperature. Filter and wash the
solid with 25 mL isopropyl acetate. Dry in a vacuum oven at a temperature
of 55 C for 18 hours to give the desired salt (98 % ee}. The solid salt is
suspended in 100 mL of toluene, 50 mL of 30 25 % NaOH solution, and 100 mL
of H20. Stir 30 minutes, separate the organic and aqueous layers and
extract the aqueous layer with toluene (2 x 10 mL). Extract the toluene
solution with 25 mL 3N HCl solution. The resulting aqueous solution may be
treated with NaOH, 1-methyl-2-pyrrolidinone, and urea according to the
procedure in Example 7 Step B to form the final compound formed in Example
7 Step B. If 35 desired, other salts may be formed by replacing
N-a-(tent-butoxycarbonyl)-L asparagine in the foregoing method with
Di-p-toluoyl-L-tartaric acid, N-(tert   1 1 FEB 2003 WO 00/3I064 29
PCT/US99/26009 Butoxycarbonyl)-L-proline,
(S)-(-)-2-Hydroxy-3,3-dimethylbutyric acid, or ( 1 R)-(+} Camphanic acid.
EXAMPLE 11 10 Br ~- \ CI Br \ ~ ~ \ CI N ' N ' Br Br -02 ~ N CH3 2 i The
following illustrates a batch preparation: To a reactor charge 33 kg of
quinine. In a separate reactor, charge 33 kg of the 15 20 25 30 tricyclic
compound shown above, 27.4 kg of 4-mesyl-N-Boc-piperidine, and 660 L
toluene, heat to a temperature between 30 to 35C while agitating until a11
solids are dissolved, and slowly cool the solution to a temperature between
20C to 25C. Add this solution to the first reactor containing the quinine
and start agitating the mixture. Charge 165 L of toluene to the reaction
mixture, and slowly charge 60.7 kg of lithium diisopropylamide
mono(tetrahydrofuran) (1.5 M in cyclohexane) to the reaction mixture, while
cooling the temperature to between 0C to 5C. Charge 15l8 mL water into the
reactor, while maintaining the temperature between 0C to 5C. While
agitating, slowly charge 45.9 kg lithium diisopropylamide
mono(tetrahydrofuran) (1.5 M in cyclohexane), while maintaining the batch
temperature between 0C to 8C. Slowly heat the batch to a temperature of 18
2C, and agitate for a period of about 30 minutes at this temperature. Over
a period of about 2 to 3 hours, charge 59.4 kg lithium diisopropylamide
mono(tetrahydrofuran) (1.5 M in cyclohcxane), while maintaining the batch
temperature between 14  2C. Agitate for about 12 hours at a temperature
between 14  2C until the reaction is finished (confirm by HPLC). Charge 198
L of water to the batch and stir at a temperature between 0C to 5C for
about 4 hours. Filter the batch and collect filtrate in a reactor. Wash the
filter cake (recovered quinine) with 66 L of toluene followed by 6G L of
water and combine the washings with filtrate in the reactor. Separate the
lower aqueous phase from the organic phase. Wash the organic phase with 132
L of 7.6% aqueous sulfuric acid and   1 1 FEB 2003 WO 00!3I064 3~
PCT/US99/26009 5 separate phases to remove the lower aqueous phase. Add l98
L of 15% aqueous 



sulfuric acid to the batch while maintaining the reactor temperature below
80C. Heat the batch and distill solvents from the solution until the batch
temperature reaches about 85C and stop distillation and stir the reaction
for about 4 hours at about 85C. After cooling the batch to about 25 C, add
83 L of 25% ammonium hydroxide 10 solution and agitate at a temperature
between 20C to 30C. Allow the batch to settle into layers and remove the
lower aqueous layer. Cool the batch to a temperature below 20C. Concentrate
the batch by vacuum distillation to a final volume of about 264 L. Cool the
batch to a temperature below 20C, charge 627 L of ethyl alcohol, and
concentrate the batch by vacuum distillation to a final volume of about 264
L, to 15 remove toluene by solvent exchange. Cool the batch to a
temperature between 20C to 25C. Add a solution of 19.8 kg
N-acetyl-L-phenylalanine in 495 L ethyl alcohol, heat the batch to a
temperature between SSC to 60C, while agitating for about 1 hour. Cool to a
temperature of between 20C to 25C. Subject the batch to vacuum distillation
to reduce it to a final volume of about 264 L. Cool the batch to a 20
temperature between 15C to 20 C, filter to recover the crystallized salt
and wash with 52 L of a 1:1 solution of ethyl alcohol and methyl t-butyl
ether. The washed crystals are dried for at least 16 hours at a temperature
between 50C to 60C to produce 48 kg (84.4 % molar yield) of product (101.4
% purity; 98.8 % ee). 25 While the present invention has been described in
conjunction with the specific embodiments set forth above, many
alternatives, modifications and variations thereof will be apparent to
those of ordinary skill in the art. All such alternatives, modifications
and variations are intended to fall within the spirit and scope of the 30
present invention.   WO 00I31064 5 We claim: 1 1 F E D 2003 31
PCT/US99/26009 1. A process for preparing a compound of the formula: ~,2 X
X3 ,4 (I) n R 10 wherein X', X`, X3, X~, and XS are independently selected
from the group consisting of H, halo, alkyl, alkoxy, aryl, and aryloxy, and
R is a protecting group, said process comprising: treating a compound
having the formula X2 X~ ~ ~ ~ X3 ~ X4 X5 (II) 15 wherein X', XZ, X3, X4,
and XS are as defined above, with the following, in any sequence: (a) a
non-nucleophilic strong base; (b) a chiral amino alcohol; and 20 (c) a
compound having the formula L NJ (~) wherein L is a leaving group and R is
as defined above.    1 1 F E D 2003 WO 00/31064 32 PCT/US99126009 



5 2. The process of claim l, wherein X' and Xa are H, and X', X' and XS are
halo; and wherein the chiral amino alcohol is a compound (i) having the
formula R 10 wherein the dotted line represents an optional second bond and
wherein R' is selected from alkoxy, aryloxy, or NR"RB, wherein R" and RB
are selected from alkyl or aryl, R` being optionally substituted by one or
more alkoxy groups, or (ii) having the formula R2 (IV) 15 wherein R' is a
phenyl group optionally substituted by 1 to 5 substituents independently
selected from the group consisting of alkyl and alkoxy. 3. The process of
claim 2, wherein X' is Br, X' is Cl, and XS is Br. 4. The process of claim
3, wherein at least one of the treatments with the non-nucleophilic strong
base, the chiral amino alcohol, or the compound of formula 20 (V) occurs in
the presence of water or a C, -C, alcohol. 5. The process of claim 4,
wherein at least one of the treatments with the non-nucleophilic strong
base, the chiral amino alcohol, or the compound of formula (V) occurs in
the presence of water, and the non-nucleophilic strong base is lithium
diisopropylamide. 25 6. The process of claim 5, wherein the chiral amino
alcohol is selected from the group consisting of quinine, hydroquinine, OH
I N 1 CH3    1 1 FEB Z003 WO 00I31064 33 and PCT/US99126009 CH3 H ~ , OCH3
i I ` OCH3. S w C Hs 7. The process of claim 6, wherein the chiral amino
alcohol is guinine. 8. The process of claim 7, wherein the leaving group,
L, is selected from the group consisting of sulfonates, phosphates,
benzoates, and halo. 9. The process of claim 8, wherein the leaving group
is mesylate or 10 tosylate. 10. The process of claim 9, wherein R is
selected from the group consisting of tent-butoxycarbonyl, NBoc -C-CH2
-C-O-CH2CH3 -C-O-CH2 \ > > CH3 O O _ _ CHs -C-N - ~C \ / -CHz \ HsC CHa _ O
-CH -C \ ~ -C-CH3 > > IS   



1 1 FED 2003 S WO 00I31064 34 PCT/US99I26009 O O 0 ~ N- IC-O-CH2CH3 -CH
-C-C(CH3)s -C-CH2 > > O _ N-IC-O-CH2 ~ / ~ N -C-CH2 -C-CH2 O _ N- IC \ / ~
N-CH2 -C-CH2 -C-CHz -O O -C-C N-C H2 O O I I N-C-CH3 ~ N-CH -C-CH2 -C-CH2 ,
and O N-C-C(CH3)s -C-CHz 10 11. The process of claim 10, wherein R is
tert-butoxycarbonyl NBoc or -C-CH2 12. The process of claim 6, wherein the
chiral amino alcohol is OCH~ OCH~ OH ~ I OCH~ CHI 13. The process of claim
12, wherein the leaving group, L, is selected from 15 the group consisting
of sulfonates, phosphates, benzoates, and halo.     1 1 F E ~3 2003 WO
00/3I064 35 PCT/US99/26009 5 14. The process of claim 13, wherein the
leaving group is mesylate or tosylate. 15. The process of claim 14, wherein
R is selected from the group consisting of tent-butoxycarbonyl, 



NBoc ~I II -C-CHZ -C-O-CH2CH3 -C-O-CH2 > > CH3 O O _ _ II cHs -C-N -C -CH2
10 HsC CH3 / _ O -CH -C ~ ~ -C-CH3 O O ~ ~ N- IC-O-CH2CH3 -CH -C-C(CH3)s
-C-CH2 > > O _ N C O CH2 ~ ~ -O-CH -C-CH2 2 O N- IC -O C-CH2 15 N-CH2 \
-C-CH2 I~ (, N-CH ~ N-C -C-CH2 ~ -C-CH2    1 1 F E g 2003 WO 00I31064 36
PCT/US99l26009 O O II N-C-CH3 ~ N-CH -C-CHZ ~ -C-CH2 , and O N-C-C(CH3}s
-C-CH2 5 16. The process of claim I5, wherein R is tert-butoxycarbonyl NBoc
or -C-CH2 17. A process for preparing a compound having the formula v2 X3
~4 (I) R 10 wherein X', X'-, X', X4, and XS are independently selected from
the group consisting of H, halo, alkyl, alkoxy, aryl, and aryloxy, and R is
a protecting group, said process comprising: (a) reacting a compound having
the formula x2 X ~ ~ ~ ~ X3 I ~ Xa XS 



(II) 15 wherein X', Xz, X', X4, and XS are as defined above, with a
non-nucleophilic strong base in the presence of a chiral amino alcohol to
form a complex;    1 ~ F ~ 8 zoo3 WO 00/31064 3 ~ PCT/US99/26009 5 (b)
reacting the complex formed in step (a) with a compound having the formula
L"J d m wherein L is a leaving group and R is as defined above. 18. The
process of claim 17, wherein said process is carried out in the 10 presence
of water, and wherein said chiral amino alcohol is selected from (i) a
compound having the formula R wherein the dotted line represents an
optional second bond and wherein R' is selected 15 from alkoxy, aryloxy, or
NR"RH, wherein R" and RB are selected from alkyl or aryl, R' being
optionally substituted by one or more alkoxy groups, or (ii) a compound
having the formula R2 (IV) OH H I N l \ CH3 wherein R' is a phenyl group
optionally substituted by 1 to 5 substituents 20 independently selected
from the group consisting of alkyl and alkoxy. 19. The process of claim 18,
wherein XZ and X4 are H, X' is Br, X3 is Cl, and XS is Br, the
non-nucleophilic strong base is lithium diisopropylamide, the    1 1 FB
2003 WO 00I31064 38 PCTNS99126009 5 leaving group, L, is mesylate, R is
tert-butoxycarbonyl, and the chiral amino alcohol OCH~ OCH~ OH i Y OCH3 ~a
is selected from quinine or 



20. The process of claim 18, wherein (a) 1.2 to 1.4 eq. of the
non-nucleophilic strong base are added to a solution containing: 10 (i) the
compound of formula (II), (ii) 1.1 to 1.3 eq. of the compound of formula
(V), and (iii) 1.2 to 1.4 eq. of the chiral amino alcohol, while
maintaining the temperature at 10 C to 30 C; (b) the mixture from step (a)
is cooled to 0 C to 10 C, and 0.8 to 1.2 15 eq. of water are added; (c) an
additional 0.9 to I .1 eq. of the non-nucleophilic strong base are added to
the mixture from step (b) while maintaining the temperature at 0 C to 10 C;
(d) the temperature of the mixture from step (c) is raised to 14 C to 20 18
C, and an additional 1.1 to 1.3 eq. of the non-nucleophilic strong base are
added while maintaining the temperature at 14 C to 18 C; and (e) the chiral
amino alcohol is recovered.
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