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(S§7) Abstract

This invention relates to the preparation of racemic and enantiomeric 1-(pyﬁdy1)-2-cyclolmxy1eﬂ1ylamme and, in particular, the sep-
aration of (+)-(S)- or (-)-(R)-l-(z-pyndyl)-z-cyclohexyleﬂ:ylmne from a racemic mixture of - l-(R,S)-(Z-pyndy!)-z-cyclohexylethylamme
According to this invention, the separation of a racemic mixture of 1-(pyndyl)-2-cyclohexyled1ylamme is carried out using 3-bromocamphor-
8-sulfonic acid (BCSA). This invention also relates to a process for preparing a racemic mixture of 1-(pyridyl)-2-cyclohexylethylamine and
free BCSA from readily available starting materials.




cycl ohexyl ethylam ne is carried out using 3-bronocanphor-8-sulfonic acid
(BCSA). This invention also relates to a process for preparing a racemnc

Mxture—of—1- ( 2- py H-ay—2-eycl ohexyethytrean-re—and free BCSA fromreadily
avai l abl e starting materi al s. BACKGROUND OF THE | NVENTI ON

1- (2-pyridyl)-2-cycl ohexyl et hyl am nes constitute a class of J

conpounds. ﬂ%?’@%éﬁble, 14(2-pyridyl)-2-cyclohexylethylaninékﬁgﬁgb@gé%ia
intermediate in the preparation of |eukotriene biosynthesis inhibitors,
such as those described in US patent 5,296,486, issued March 22, 1994 to
E.S. Lazer et al.(the disclosure of which is encorporated herein by
reference in its entirety). One preparation schene of racemc
1-(2-pyridyl)-2-cycl ohexyl ethylam nes is described in P. L. Pickard and T.
L. Tol bert, Journal of Organic Chemistry, 93, p.4886 (1961). This schene

I ncludes a Grignard reaction using 2-cyanopyridine and an organonetallic
reagent, such as cycl ohexyl net hyl nagnesi um brom de to

PROCESSES FOR PREPARING RACEMIC AND
ENANTIOMERIC 1-(PYRIDYIL)-2-CYCLOHEXYLETHYLAMINE

s TECHNICAL FIELD OF THE INVENTION

This invention relates to processes for the preparation of
racemic and enantiomeric 1-(pyridyl)-2-cyclohexylethylamine and,
in particular, the separation of (+)-(S)- or (-)-(R)-1-(2-pyridy1)-2-

10 cyclohexylethylamine from a racemic mixture of 1-(R,S)-(2-pyridy})-
2-cyclohexylethylamine. According to this invention, the separation
of a racemic mixture of 1-(pyridyl)-2-cyclohexylethylamine is
carried out using 3-bromocamphor-8-sulfonic acid (BCSA). This
invention also relates to a process for preparing a racemic mixture

15  of 1-(pyridyl)-2-cyclohexylethylamine and free BCSA from readily
available starting materials.

BACKGROUND OF THE INVENTION
20
1-(pyridyD)-2-cyclohexylethylamines constitute a class of
important compounds. For example, 1-(2-pyridyl)-2-
cyclohexylethylamine is a crucial intermediate in the preparation of
leukotriene biosynthesis inhibitors, such as those described in US
25 Patent 5,296,486, issued March 22, 1994 to E.S. Lazer et al. (the
disclosure of which is encorporated herien by reference in its
entirety).

One preparation scheme of racemic 1-(pyridyl)-2-
30 cyclohexylethylamines is described in P. L. Pickard and T L.
Tolbert, Journal of Organic Chemistry, 93, p. 4886 (1961). This
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forma ketimne internediate which is, in turn, reduced in situ. In another
preparation schene, Y. Wang et al. describe a process for preparing

substituted-2- pyridyl nethyl am nes_by condensing 2-(ani nonet hyH-py+ieine
wi th benzal dehyde, followed by alkylation with an alkyl halide in the
presence of tetrabutyl anmoni um brom de (Synthetic

Commruni cat i OWO968¥72) , pp. 265-269 (1992)). One ressol ution RETHSS0p206
described in US Patent 5,296,486, and also in Organic Preparation and
Procedures International 24, p. 87 (1992), in which the separation of
racem c 1-(2- pyridyl)-2-cyclohexylethylamne is acconplished via a

di astereoneric am de. However, this separation procedure is cunbersone,

requiring multi geRepledneRidlied @ Grignard reaction using 2-cyanopyridine and an
organometallic reagent, such as cyclohexylmethylmagnesium
bromide to form a ketimine intermediate which is, in turn, reduced
in situ. In another preparation scheme, Y. Wang et al. describe a
5 process for preparing substituted-2-pyridyl methyl amines by
condensing 2-(aminomethyDpyridine with benzaldehyde, followed
by alkylation with an alkyl halide in the presence of
tetrabutylammonium bromide (Synthetic Communications, 22(2),
pp- 265-269 (1992)). One ressolution method is described in US
10 Patent 5,296,486, and also in Organic Preparation and Procedures
International 24, p. 87 (1992), in which the separation of racemic 1-
(pyridyl)-2-cyclohexylethylamine is accomplished via a
diastereomeric amide. However, this separation procedure is
cumbersome, requiring mulitiple processing steps and
15 chromatographic separation, and is prohibitively expensive for use
in large scale production.

Although each of the above-noted processes produce or can be

modified to produce racemic mixtures of pyridyl

20 cyclohexylethylamine, these methods suffer from a variety of
disadvantages (including difficult reaction conditions, expensive
and dangerous reagents, low yields and long reaction times). In
addition, there were no efficient methods to recover a single desired
isomer from those racemic mixtures. Accordingly, a need exists for

25 an efficient and economical process for producing racemic mixtures
of racemic 1-(pyridyl)-2-cyclohexylethylamine and for resolving such
mixtures.

30 BRIEF DESCRIPTION OF THE INVENTION

This invention overcomes the above mentioned problems by
providing a process for producing racemic mixtures of 1-(pyridyl)-2-
cyclohexylethylamine comprising the steps of:

[
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steps and chromat ographi ¢ separation, and is prohibitively expensive for
use in |large scal e production. Al t hough each of the above-noted
processes produce ar_can be nodifi edto—preduse—racerm ¢ M Xt uFes—ef—pyrt dyl
cycl ohexyl et hyl am ne, these nethods suffer froma variety of disadvantages
(including difficult reaction conditions, expensive and dang,%r 0 JWEM S,
| ow yi el ds WQIS¥BHF reaction tines). In addition, there weré&m I'ci ent
nmet hods to recover a single desired isomer fromthose racem ¢ m xtures.
Accordingly, a need exists for an efficient and econom cal process for
produci ng racem c m xtures of racem c 1-(2-pyridyl)-2-cycl ohexyl et hyl am ne
and for resolving such m xtures. BRI EF DESCRI PTI ON OF THE | NVENTI ON

This invention over cayeondbasiaga 2-(pyridylangty)antihe mitlhgn midehylieray a
process for pr Oﬂ&%p Qﬂ @g&ﬁ;qemmaﬁé oPketimide;

1-(2-pyridyl)-2-cyclg ylatmg ﬁlrg a?lceing?ne or ketagn;ng%xiﬁ gps of:
cyclohexylmethyl halide in the presence of a base and a phase
5 transfer catalyst; and '
(c) hydrolyzing the alkylated aldimine or ketimide to

produce racemic 1-(2-pyridyl)-2-cyclohexylethylamine.

U

This invention also providés a process for producing (+)-S or
10  (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine comprising the steps of:
(a) admixing 1-(S,R)-(2-pyridy])-2-cyclohexylethylamine with
(+)- or (-)-3-bromocamphor-8-sulfonic acid to produce a crystalline
addition product; and
(b) admixing a solution of an alkali metal hydroxide or
15 ammonium hydroxide with the crystalline addition product to
produce (+)-S or (-)-R-1-(2-pyridyD)-2-cyclohexylethylamine.

In another embodiment, this invention provides a process for
producing a (+)- or (-)-3-bromocamphor-8-sulfonic acid comprising
20  the steps of:
(a) reacting racemic bromocamphor sulfonic acid ammonium
salt with a calcium hydroxide solution to form a hemi calcium salt;
(b) treating the hemi calcium salt with sulfuric acid to
produce insoluble calcium sulfate;
25 (¢) removing the insoluble calcium sulfate; and
(c) recovering (+) or (-)-3-bromocamphor-8-sulfonic acid.

In yet a further embodiment, this invention provides a
process for producing a leukotriene biosynthesis inhibitor,
30 comprising the steps of
(a) reacting (+)-S or (-)-R-1-(2-pyridyl)-2- _
cyclohexylethylamine with a 2-halo-benzoxazole, 2-halo-
oxazolopyridine, 2-halo-benzothiazole, or 2-halo-thiazolopyridine of
formula I:

-
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(a) condensing a 2-(pyridylnethyl)amne with an al dehyde or ketone to

produce an al di m ne or ketim ne; (b) = alkylating the al dem ne or
ketimine.with a cyclohexylnethyl halide in the—presence of a base—and—a-
phase transfer catal yst; and (c) hydrol yzi ng the al kyl at ed

al dimne or ketimne to produce racemc

1- (2- pyri dyl YOR68§8ohexyl et hyl ami ne. Thi's inventi o CH{USSM2RYi des

a process for producing (+)-S or (-)-R1-(2-
pyridyl)-2-cycl ohexyl et hyl am ne conprising the steps of:

Y\ N
R N Hal
£
R

(1)

wherein:
5 ' XisOorS;

YisCor N;
ZisCorN;
with the proviso that Y and Z are not both N;
R, and R, are each, independently, hydrogen; C,-

10 C; alkyl; halo; CF,; nitrile; C,-C, alkoxy;
R, is cyclohexyl;
R,is a 2-, 3- or 4-pyridyl group;
R; and R; are each, independently, hydrogen or
methyl; and

15 n is an integer 0, 1 or 2

to produce a compound of formula II:

E Nl R,
R:. \>-—N/
z/j: X R,
R,
R(
l(cu,)n
(11) R
20
wherein:

XisOorS;

YisCor N;

ZisCorN;
25 with the proviso that Y and Z are not both N;
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(a) adm xing 1-(S, R -(2-pyridyl)-2-cyclohexylethylamne with (+)-
(-)-3-bronocanphor-8-sulfonic acid to produce a crystalline addltlon
pr-eduet—and b)——eadmXxi ng a -setut+enr—of—a—base with the erystal-i-ne
addi ti on product to produce (+)|S ﬁrl I th

R-1-(2-pyrid 2- cycl ohexyl et hyl am ne. n ano
gh?s invéntP%ﬁ’%%%bpdes a process for producing a (+)- or smﬁﬂ
(-)-3-bronmocanphor - 8-sul fonic acid conprising the steps of: (a)
reacting (+)- or (-)-3-bronocanphor-8-sulfonic acid anmmoniumsalt with a
cal ci um hydroxi de solution to forma hem calciumsalt; (b)
treating the hem calciumsalt with sulfuric acid to produce insol uble

cal cium sul f ate; (c) r dyanidns), aiaeeauhsmdelplende:aily,ihyﬂregéﬂ-e@le; and

(d) recovering (+) or (-)-3-ly oy, o In yet
a further enbodinent, this i nvg{él o%éﬁmcl))\?l r’odes":ﬁ?&gxy’par%ddum ng a
| eukot ri ene bi osynt hesis inhi bift&a$ Ji ng st eps of (a)

reacting (+)-S or (-)-R 1-(2-pyridyl)-2-cyclohexylethylamne with
5
DETAILED DESCRIPTION OF THE INVENTION

According to the processes of this invention, enantiomerically

pure or enriched 1-(pyridyl)-2-cyclohexylethylamine is produced

10 from racemic 1-(pyridyl)-2-cyclohexylethylamine. The racemic 1-
(pyridyD)-2-cyclohexylethylamine may be advantageously produced
from commercially available 2-(aminomethyl) pyridines.
Alternatively, the 2-(aminomethyl) pyridines may be prepared from
commercially available starting materials using known techniques.

15

According to one embodiment of this invention, 2-

(aminomethyl) pyridine is condensed with an aldehyde or ketone to
produce a Schiff base. The condensation may be carried out in the
presence of a solvent (such as methylene chloride or toluene) or

20  without solvents to form an aldimine or ketimide (the Schiff base).
Although it is possible to use any aldehyde or ketone that may be
used to prepare Schiff bases, aromatic aldehydes are preferred in
this process. Preferred aromatic aldehydes include benzaldehyde,
salicylaldehyde, 3,5-dichlorosalicylaldehyde, p-nitrobenzaldehyde

25 and 2-pyridine carboxaldehyde. Preferred ketones are aromatic
ketones such as benzophenone, benzophenones substituted with
branched or unbranched Cq - Cg (but preferably, Cj - Cy) alkyl
groups or halogens, and acetophenone. Reaction conditions for the
condensation are those commonly used in the formation of Schiff

30 bases and are well known to those of ordinary skill in the art.

The Schiff base is then deprotonated with a base such as
potassium t-butoxide (preferably at room temperature) and
alkylated using a cyclohexylmethyl halide, such as

\ﬂ
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a 2-hal o- benzoxazol e, 2-hal 0-oxazol opyri di ne, 2-hal o-benzot hi azol e, or

Yis Cor

2-hal o- thiazolopyridine of fornmula I: [err]
wherein: ¥—s—6-0or S; S —
N; Zis Cor N with the
proviso that Y and Z are not both N, R[el;él]mm&err]

are each,

i MMOBEMIEHht |y, hydrogen; C[err]-Cerr] alkyl;

CF[err] nitrile; CJerr]-Cferr] al koxy; and Hal

or |.

cyclohexylmethyl bromide, or cyclohexylmethyl methane sulfonate
(which is easily prepared by reacting cyclohexyl methanol with
methane sulfonyl chloride in the presence of triethylamine (J. Org.
Chem., 35, p. 3195 (1970)). Using non-phase transfer catalysis

5 conditions, the alkylation should be carried out in the presence of a
base, such as potassium t-butoxide, in an aprotic solvent, such as
toluene or tetrahydrofuran.

In an alternate (and preferred) embodiment of this invention,
10 a phase transfer catalyst is employed in the alkylation reaction, i.e.
a quaternary ammonium compound, such as tetrabutyl ammonium
bromide, chloride or iodide. Preferably, the reaction mixture also
contains a base, such as an alkali metal hydroxide (sodium
hydroxide or potassium hydroxide being preferred). The reaction
15 mixture may also contain solvents and other conventional
alkylation reagents known to those of ordinary skill in the art.
Phase transfer catalysis advantageously avoids the use of highly
flammable solvents needed for Grignard reactions. In addition, the
reaction conditions are scaleable and require no special equiptment
20 for large-scale use in a production plant.

Follwoing alkylation, the alkylated Schiff base is then
hydrolyzed in situ (e.g., with an acid such as hydrochloric acid) to
produce a racemic mixture of a 1-(R,S)-(2-pyridyl)-2-

25  cyclohexylethylamine. Hydrolysis conditions are well known by
those of ordinary skill in the art.

According to this invention, the separation of enantiomers
from a racemic mixture of 1-(pyridyl)-2-cyclohexylethylamine is
30 accomplished using 3-bromocamphor-8-sulfonic acid (BCSA) as the
resolving agent. It was discovered that BSCA is the only agent
capable of satisfactorily resolving racemic 1-(pyridyD-2-cyclohexyl
ethylamine. Various commercial methods exist for preparing (+)- or
(-)-3-bromacamphor-8-sulfonic acid from the ammonium or calcium

\
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-4- to produce a conpound of fornula I1: [err]

wher ei n:
Z+s—Ccor—N

Xis Oor S Yis Cor N

WO 96/33173 PCT/US96/03296

10

15

20

25

30

salt. This invention provides an improved process for producing
(#)- or (-)-3-bromocamphor-8-sulfonic acid which is less expensive
and less time consuming than the conventional processes. This
process comprises the steps of :

(a) reacting racemic bromocamphor sulfonic acid ammonium

. or calcium salt with a calcium hydroxide solution to form a hemi

calcium salt;

(b) treating the hemi calcium salt with sulfuric acid to
produce insoluble calcium sulfate;

(c) removing the insoluble calcium sulfate; and

(c) recovering (+) or (-)-3-bromocamphor-8-sulfonic acid.

Free BCSA is conventionally prepared by treatment of the
commercially available ammonium salt with an ion exchange resin.
Using the process of this invention, the need for an expensive ion
exchange resin is avoided. According to this process, treatment of
the BCSA ammonium or calcium salt (preferably, the ammonium
salt) with about a ¥ equivalent of Ca(OH) gives a hemi calcium
BCSA salt. Treatment of an aqueous solution of BCSA calcium salt
with about a ¥ equivalent of sulfuric acid results in the formation
of insoluble CaSO4, which may be readily filtered off. The filtrate
containing free BCSA may be advantageously used without further
purification.

The resolution process according to this invention is carried
out by adding free BCSA (preferably produced by the above
described process) to a solution of the racemic mixture of 1-(R,S)-(2-
pyridyl)-2-cyclohexylethylamine (preferably, in ethyl acetate) and
producing an enantiomerically enriched crystalline addition
product. To obtain optical purity, the 2-
pyridylcyclohexylalkylamine (R or S)-BCSA salt is crystallized from
an organic solvent such as isopropanol. Depending on the reaction
conditions, the salt of one enantiomer is cystallized while the other
salt remains in solution. For example, under standard

This Sheet Has Been Replaced -7 -
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with the proviso that Y and Z are not both N; Rlerr] and
Rl err] are each, independently, hydrogen; Cerr]-Cferr] alkyl;

hal o; . CE[err]; nitrile—g-e+r}- ( er+—al koxy; —_— —Rferr] is
CR35/CI ogei%l ] ; Rlerr] is a 2-, 3- or 4-pyridyl group;

5 an are eac I ndependent |y, hydrogen or nethyl; and 06/0329

nis 1. DETWPOEBMPESCRI PTI ON OF THE | NVENTI ON Accormlg T he

processes of this invention, enantionerically pure or enriched
1-(2-pyridyl)-2-cycl ohexyl ethyl am ne is produced fromracemc 1-(2-
pyridyl)-2-cycl ohexyl et hyl am ne. The racemc 1-(2-pyridyl)-2-

cycl ohexyl et hyl ami ne may be advantageously produced from commercially
avai | abl e 2- (anicrpseallivdtiorpyorditions, méstt afrthatS isomer of Ae(27pyridylh8net hyl )

pyridines Y be RlERRs o LAHEWIRITIA Ay uR'0) IR sl o o s

usi ng known t ectf¥
isomer remains in solution.

5 To produce, for example, crystals of the 1-(5)-(2-pyridyl)
cyclohexylalkylamine, the (+)-BCSA salts are treated with a base
such as ammonium hydroxide to recover the desired 1-(S)-(2-
pyridyl)-2-cyclohexylalkylamine (and recover the resolution agent
(BCSA-ammonium salt)) in high yields. By way of example, ammonium
10 hydroxide may be added to an aqueous solution or suspension of the
(+)BCSA salt. The insoluble free 1-(S)-(2-pyridyl)-2-
cyclohexylalkylamine may then be extracted using a solvent such as
methylene chloride or ethyl acetate. The BCSA ammonium salt
remaining in the agqueous phase is recovered after concentration.
15
Advantageously, further amounts of the desired optical
isomer can be obtained by treatment of the solution containing the
R-isomer by refluxing with a catalytic amount of an aldehyde such
as salicylaldehyde followed by crystallization. In this way the
20 undesired isomer is re-racemized, forming additional amounts of
the desired isomer. This sequence may be repeated with any
recovered amounts of undesired , thereby producing greater
amounts of the desired isomer. This so-called "crystallization-
induced asymmetric transformation” will be familiar to those
25 gkilled in the art and is described in general by P. Reider et al. in

Journal of Organic Chemistry 52, p. 956, (1987).

Importantly, the above-detailed resolution produces a single

isomer of 1-(pyridyl)-2-cyclohexylethylamine, without needing to

30 protect the terminal amine group. Protection of the amine group
‘requires extra process steps, requires the use of expensive and /or
hazardous materials, and produces a product that requires further
purification (typically, chromatography). The process of the present
invention avoids these disadvantages and as a result, is highly

\
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According to one enbodi ment of this invention, 2-(am nonethyl) pyridine is
condensed with an al dehyde or ketone to produce a Schiff base. The
CeRrdensatien may be--eartt+ed—ott i n ttepresenceof—a—sol vent (Such as
nmet hyl ene

- 5 - chI gﬁﬁﬂi tol uene) or without solvents to form an pgipflisods38960"
keti m ne (the f base). Although it is possible to use any al dehyde or
ket one that may be used to prepare Schiff bases, aromatic al dehydes are
preferred in this process. Preferred aromatic al dehydes include

benzal dehyde, salicylaldehyde, 3, 5- dichlorosalicyal dehyde,

p-ni trobenzal dehyde and 2-pyridi ne carboal dehyde.
suitable for large scale production of enantiomerically enriched or

enantiomerically pure 1-(pyridyl)-2-cyclohexyl ethylamine.

It should be noted that, although the various embodiments of

5 this invention have been demonstrated with racemic mixtures,
these reactions function equally well using mixtures with enhanced
content of one or the other enantiomer. For example, essentially
pure enantiomers (95%+, preferably 97%+ and more preferably
99%+) of (S)-amine may be isolated equally well from mixtures

10 containing a ratio of (S)-amine to (R)-amine of 50:50 as from

mixtures having ratios of 75:25 or 25:75. Preferably, the desired
isomer is purified from a racemic mixture (50:50) or from a mixture
enriched in the desired enantiomer.

15 The resolution process of the present invention can be
advantageously employed in the production of various substituted
2-benzoxazoles, 2-benzothiazoles, 2-oxazolopyridines and 2-
thiazolopyridines which have the ability to inhibit leukotriene
biosynthesis. Methods and processes for producing such compounds

20 are referred to in U.S. Patent 5,296,486 (which in its entirety is
incorporated herein by reference). In particular, compounds having
leukotriene biosynthesis inhibitory properties may be produced by :

(a) reacting the (+)-S or (-)-R-1-(2-pyridyl)-2-
cyclohexylethylamine with a 2-halo-benzoxazole, 2-halo-

25 oxazolopyridine, 2-halo-benzothiazole, or 2-halo-thiazolopyridine of
formula I:

-
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Preferred ketones are aromati c ketones such as benzophenone, benzophenones
substituted with branched or unbranched Cerr]-Cerr] (but preferably,

Clerr]-Cerr]) al kyl—greups—er -trat-ogens, and acetophenone. ReactTon
conditions for the condensation are those commonly used in the formation of

Schi ff base I£ wel | known to those of ordinary skill i r§56R5:
The Schi ff h@g&f@*hen deprotonated with a base such as potgts'gl um dos
t-butoxi de (preferably at roomtenperature) and al kyl ated using a

cycl ohexyl net hyl halide, such as cycl ohexyl net hyl brom de, or

cycl ohexyl met hyl net hane sul fonate (which is easily prepared by reacting
cycl ohexyl nethanol w th nethane sulfonyl chloride in the presence of
triethylamne (J. Org. Chem, 35, p. 3195 (1970)). Using non- phase
transfer catalysis conditions, the al kylation should be carried out in the
presence of a base, such as potassiumt-butoxide, in an aprotic solvent,
such as toluene or tetrahydrofuran. X In an alternate (and
preferred) enbodi ment of this invent| hase transfer catalyst is

enpl oyed in the al kyl ation reacti &; e. a%ér nary anmmoni um conpound,

such as tetrabutyl anmoni um brom den’ Q orixlie or i odide.

(1)
5 wherein:
XisOorS;
YisCorN;
Zis Cor N;
with the proviso that Y and Z are not both N;
10 R, and R, are each, independently, hydrogen; C,-
C; alkyl; halo; CF;; nitrile; C,-C,4 alkoxy;
R,is cyclohexyl;
R,is a 2-, 3- or 4-pyridyl group;
R; and R; are each, independently, hydrogen or
15 methyl; and
nis aninteger 0, 1or 2
to produce a compound of formula II:

Y N
X >(R
2 ]
R,

R,
e, ‘
. R3
20 {(11)
wherein:
XisOorS;
YisCorN;
25 Zis Cor N;
- lo -
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Preferably, the reaction m xture also contains a base,

such as an al kal i

nmet al hydr oxi de (sodi um hydr oxi de or potassi um hydroxi de being preferred).

The—react+on m xturemay atso contalrm solvents and ot her conventi onal

al kyl ati on reagents known to those of ordinary skill

in the art. Phase

transfer Ca%ﬁsﬁ sadvant ageously avoids the use of highly fpersehs2es
e

sol vents ne Gignard reactions. In addition,

t he reaction

conditions are scal eabl e and require no special equipnment for |arge-scale
use in a production plant. Fol | ow ng al kyl ati on, the
al kyl ated Schiff base is then hydrolyzed in situ (e. g, Wth an acid such as

hydrochloric acid) to produce a_racem c m xture of

a
with the proviso that Y and Z are not both N;
R, and R, are each, independently, hydrogen; C,-
C, alkyl; halo; CF,; nitrile; C,-C; alkoxy; and

Halis Cl, Br, or L

The coupling reaction should be carried out in an inert
solvent, such as methylene chloride, toluene, acetonitrile,
diisopropyl ether or DMSO, and preferably, in the presence of a
basic catalyst, such as triethylamine or an alkali metal hydroxide

10 (eg. NaOH or KOH). The optimum choice of both solvent and
catalyst will depend upon the nature of the reactants, as a person of

ordinary skill in the art will readily appreciate.

Preferred compounds according to formula II are those

15 wherein the R, substitutent is in the 5-position and is an C,-C, alkyl
group or halogen, R, is 2-pyridyl, the R; and R, substitutents are
each hydrogen and n is 1. Other preferred compounds of formula II
include those wherein X is O and Z is C and/or wherein R, and R,
are each, independently, hydrogen or C, -C¢ alkyl (and more

20 preferably, wherein R, is hydrogen and R, is 5-methyl).
Accordingly, methods for producing these compounds are preferred.

The following examples are illustrative of the present

invention.

25 These examples , however, are not to be construed as limiting the
scope of the present invention, which scope is defined in the claims
which follow. It will also be appreciated that the typical reaction
conditions described in this application (including the Examples)
may be readily modified to suit particular individualized

30 requirements. Such modifications can be made without diverting
from the teachings and spirit of this invention. Accordingly, such

invention.

_—
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(R S)-(2-pyridyl)-2-cycl ohexyl ethyl am ne. Hydrolysis conditions are well
known by those of ordinary skill in the art. According to this

i nventi-on,—t he separat+enr—ef—enant i-erers froma—tacenc—m xture of —

1- (2-pyridyl)-2-cycl ohexyl ethyl am ne is acconplished using 3-

br onocanphor - 8-sul fonic acid (BCSA) as the resol ving agent

‘di scovered tWHBREN i s the only agent capabl e of satlsfactor¢$@¥§agggfving
racem c 1-(2- pyridyl)-2-cycl ohexyl ethylam ne. Various conmercial nethods
exist for preparing (+)- or (-)-3-bronocanphor-8-sulfonic acid fromthe
anmoni um or calciumsalt. This invention provides an inproved process for
producing (+)- or (-)-3- brompcanphor-8-sulfonic acid which is |ess
expensive and less tine consun1ng thEﬂQﬂﬂBL&bbventlonal processes. This
process conprises tpg SLeg acemic 1-(Aidy])-DEak

(-)-3-bronocanphor -8~ a cal crum hydroxi de
solution to forma heni calciums Gpgnarélfwactlgy) treating the hem

calciumsalt with sulfuric acid to produce insol uble cal cium sulfate;

(c)  removing the iaaal el ihdithikhiraoen Mg (55.8 molelof ' eCOVEring
(+) or (-)-3-bronocairphor
magnesium in 6L of t-butylmethyl ether (MTBE) and 4 g (0.016
moles) of iodine, a solution of 10 kg (55.9 moles) cyclohexylmethyl
bromide in 22L (MTBE) was added slowly. After approximately
10% to 25% of the solution was added, heating was discontinued
10 and the remainder of the solution was added at a rate to maintain

refluxing temperature. After the addition, the reaction was
refluxed for an additional 24 hrs, then cooled to 0° to 5°C and 3.903
kg (37.1 moles) of 2-cyanopyridine in 22L MTBE was added at 0° -
10°C. After the addition, the greenish thick suspension was stirred

15 without cooling for 18 - 24 hrs. The Grignard reaction mixture was
transferred with stirring to 40L of methanol at 10° to 15°C. To the
clear solution was added 1.4 kg (36.8 moles) of sodium borohydride.
The mixture was stirred at room temperature 18 hrs., then
quenched by the addition of 16L of water and 36L of 4N

20 hydrochloric acid. The organic solvents were removed under
vacuum and the remaining aqueous solution was washed twice with
6 L of methylene chloride. The aqueous phase was basified with 15
L of ammonium hydroxide solution and extracted three times with
10 L of methylene chloride. The methylene chloride was dried over

25 6.5 kg of sodium sulfate and concentrated to yield 5.645 kg (75%) of
1-(R,S)-(2-pyridyl)-2-cyclohexylethylamine.

EXAMPLE 2

30 Preparation of Racemic 1-(pyridvD-2-cyclohexylethylamine
(Aldehyde Condensation Reaction with Phase Transfer Catalysis)

Under a nitrogen atmosphere, 1.365 kg (12.86 moles) of
benzaldehyde was added with stirring apd cooling to 1.39 kg (12.86

This Sheet Has Been Replaced - 12 -
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Free BCSA is conventionally prepared by treatment of the commercially
avai |l abl e ammonium salt with an ion exchange resin. Using the process of

t hs—nRventi+on,

t he—eed—for—an expemnsive Ton exchange resin i S avoi ded.

According to th| s process, treatnent of the BCSA anmoni um or cal cium salt
(preferabl y,wéggaq%,mm umsalt) with about a equival ent of geyinsdodbs26¢

gives a hem

m BCSA salt. Treatnent of an aqueous sol ution of BCSA

calciumsalt with about a equivalent of sulfuric acid results in the
formati on of insoluble CaSO err], which may be readily filtered off. The
filtrate containing free BCSA may be advantageously used w thout further

purification.

10

15

20

25

30

moles) of 2-(aminomethyl) pyridine maintaining the temperature
<50°C. After stirring for 2 - 4 hours, the mixture was diluted with
13 L of t-butylmethyl ether (MTBE). To the clear solution was
added 1.05 kg (27.72 moles) sodium hydroxide (flakes) and 2.375kg
(6.43 moles) of tetrabutylammonium iodide. The suspension was
stirred for 2 hrs., then 2.8kg (12.86 moles) of cyclohexylmethyl
bromide was added. The reaction mixture was refluxed for 36-48
hrs. After cooling the mixture, it was diluted with 3 L of water
followed by 12 L of 3N hydrochloric acid and stirred for 2-6 hours.
The organic phase was separated and discarded. The aqueous
phase was washed four times with 3 L of methylene chloride, then
basified with 2.5 L of 0.5N ammonium hydroxide solution. The
racemic amine was extracted three times from the aqueous phase
with 4 L of methylene chloride. The extracts were dried over
sodium sulfate and concentrated to dryness. The oily product was
stirred with 2 L of hexane, filtered and concentrated to yield 1.14 kg
(43.5%) of 1-(R,S)-(2-pyridyl)-2-cyclohexylethylamine.

EXAMPLE 3
Preparation of Racemic 1- idyl}-2-cvclohe thylamine
(Aldehyde Condensation Reaction without Phase Transfer Catalysis)

To 465 g (4.3 moles) of 2-(aminomethyl) pyridine was added with
stirring 456 g (4.3 moles) of benzaldehyde. The temperature was
increased to 70° - 80°C. The mixture was diluted with 2 L, of MTBE
and the water was removed by stirring the solution with 200 g of
sodium sulfate overnight. The mixture was filtered and washed
with 2 L of MTBE. To remove the remaining water, 100 g of
molecular sieves were added. To the mixture was added 483 g (4.3
moles) potassium t-butoxide in portions followed by 842 g (4.38
moles) of cyclohexylmethyl methanesulfonate. After 10 - 20 hours,
the mixture was hydrolyzed by the addition of 5 L water containing
720 mL of hydrochloric acid. The organic phase was separated and

I ———

T T
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The resol ution process according to this invention is carried out by adding
free BCSA (preferably produced by the above descri bed process) to a

sol ut i or—ef¥—t he raceme—txture of
1- élR S)d(2 pyridyl)-2-cycl ohexyl ethyl am ne (preferably, in ethyl acetate)
and pro u0| ntionerically enriched crystalline additi bE6Y6d - ToO
obtain optic P%S'H?ﬁ? the 2-pyridyl cycl ohexyl al kyl am ne (R gre‘}'siﬁg BCSA
salt is crystallized from an organi ¢ sol vent such as isopropanol. Depending
on the reaction conditions, the salt of one enantiomer is crystallized
while the other salt remains in solution. For exanple, under standard
crystallization conditions, nost of the S isonmer of

1- (2- pyri dyl) - 2-diyeirdedx Thetdyeaus phase weisawhslrabwith 0.56. ()ﬂ-memneal t,

while the Riso for
exanple, cryst a@ﬁoﬁ&{&h?%asﬁi? %g?l(?glmf én(iu}“cl%-{c)*1 % eterﬁ ne, the
(+)-BCSA salts &re duetoas xiracte Wi haRstspleHThE therito de or
ammgl Iu;n hydr OXIadﬂnieo Tb@amnebd'aspiaaﬁe@&iy]va(cﬁ)m(dzstﬂlatmn at 88°C and
pyridy 2- c | eth bution agent (BCSA-
anmoni um sal Qrﬁxl?/? #%V&wg%fﬁﬁ %rﬁ&ﬁg’mm um hydr oxi de may
be added to an a:crq ylemneor suspension of the (+)BCSA salt. The

i nsoluble free 1-(S)- (2 pyridyl)-2-cycl ohexyl et hyl ami ne may then be
extracted using a

EXAMPLE 4
10 Pre i R ic 1- idy])-2-cyclohexylethylamine
(Ketone Condensation Reaction with Phase Transfer Catalysis)

To a mixture of 21.6 g (0.2 mole) of 2-(aminomethyl) pyridine

and 36.4 g (0.2 mole) benzophenone in 100 ml toluene was added

15 5.68 g (0.02 mole) of titanium (IV) isopropoxide and then it was
heated to reflux using a water separator (Dean Stark distilling
receiver) for 2 - 4 hours. After the theoretical amount of water was
separated, the mixture was cooled and 16 g (0.4 mole) of sodium
hydroxide followed by 36.2 g (0.1 mole) of tetrabutylammonium

20 iodide and 35.4g (0.2 mole) cyclohexylmethyl bromide was added.
The mixture was heated to reflux for 12 - 18 hours. Then the
mixture was poured with stirring into 300 ml of water containing
100 ml of concentrated hydrochloric acid. The mixture was stirred
at 30° - 50°C for one to two hours, cooled and the organic phase

25 separated and discarded. The aqueous phase was basified by the
addition of 200 ml of ammonium hydroxide. The product was
extracted with 100 ml of hexane three times, dried over anhydrous
magnesium sulfate, filtered and concentrated to yield 37 g (90%) of
1-(R,S)-(2-pyridyD)-2-cyclohexylethylamine.

//.
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sol vent such as nethyl ene chloride or ethyl acetate. The BCSA amoni um salt
remai ning in the agueous phase is recovered after concentration.

Advant ageously, further amounts of the desired optical isomer can be
obt ai ned by treatnment of the solution containing the Risomer by refluxing
with a catawgsessmsount of an al dehyde such as salicyl al dehytrisséhszved by
crystallization. In this way the undesired isonmer is re-racem zed, formng
addi ti onal anounts of the desired isonmer. This sequence nay be repeated
with any recovered amounts of undesired, thereby producing greater amounts
of the desired isomer. This so- called "crystallization-induced asymetric

transformation” will be famliar to those skilled in the art and is
described in general by P. Reider et al. in Journal of Oganic Chem stry

52, p. 956, (1987). EXAMPLE 5
: Preparation of Racemic 1-(pyridyl)-2-cyclohexvlethylamine

(Aldehyde Condensation Reaction with Phase Transfer Catalysis)

A mixture of 2.16 g of 2-picolylamine (20 mmoles) and 2.12 g
of benzaldehyde (20 mmoles) was stirred for 5 - 20 hours. The
reaction mixture was diluted with 20 ml of toluene with stirring,
then 1.12 g (20 mmoles) of potassium hydroxide added followed by

10  the addition of 3.7 g of tetrabutylammonium iodide (10 mmoles)
and 3.55 g of cyclohexylmethyl bromide (20 mmoles). The mixture
was refluxed for 6 - 24 hours, then cooled and stirred with 10 ml of
a 2N HCl for 2-6 hours. The organic phase was discarded, the
aqueous acidic phase was washed with methylene chloride. The

15 aqueous phase was basified with ammonium hydroxide and the
racemic amine extracted with methylene chloride to yield 45% -
55% racemic 1-(2-pyridyD)-2-cyclohexylethylamine as a light yellow
oil.

20
EXAMPLE 6
Resolution of 1-(2-pyridvl)-2-cyclohexvlethylamine (+)-BCSA salt

To a solution of 1.176 kg (5.756 mole) of 1-(S,R)-(2-pyridyl)-2-

25 cyclohexylethylamine and 6 L of ethyl acetate was added a
suspension of 5.762 mole (+)-BCSA with stirring. The mixture was
stirred overnight, filtered and washed with 1 L of ethyl acetate and
washed twice with 0.5 L of ethyl acetate. The white crystals (1.22
kg) were dissolved in 12 L of 2-propanol at 75°C and cooled to

30 ambient temperature overnight. The clear supernatant was
decanted off and the remaining crystals dissolved in 8 L of hot 2-
propanol. The sclution was filtered hot and allowed to cool to
ambient temperature overnight. The crystals were filtered and
washed with 1.5 L of 2-propanol and dried under vacuum to yield

I ———
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| nportantly, the above-detailed resolution produces a single isomer of
2-cycl ohexyl et hyl am ne, w thout needing to protect the

t er mi nat—ani ne group—Protectrion of TThe anm né group requires extra process
steps, required the use of expensive and/or hazardous materials, and

that requires further purification (typi eerhsesos296

1-(2- pyridyl)-

produces a
chr omat ogr aS{é/)

e process of the present invention avoids these

di sadvant ages and as a result, is highly suitable for |arge scale
producti on of enantionerically enriched or enantionerically pure 1-(2-
pyridyl)-2-cycl ohexyl et hyl am ne. . It should be noted that,

t he various enbodi nents of this_invention }%és been dennnstrated\m

racem ¢ i xt ur e%26 g sehite eryistallive pypduetdFH

enhanced content of one or the other enantionmer. For

10

15

20

25

30

The original 2-propanol filtrate (12 L) was concentrated to 6
L, the resulting suspension was heated to 80°C and the clear

solution was allowed to cool overnight to ambient temperature. The

crystals were filtered and combined with the above 9.5 L of 2-
propanol filtrate and washings and dissolved at 80°C. The clear
solution was allowed to cool overnight to ambient temperature. The
crystals were collected and dried under vacuum to give 294 g (91%
pure by HPLC). The crystals were dissolved in 3 L of hot 2-
propanol, allowed to ambient temperature, filtered and washed
with 0.5 L 2-propanol to give 246 g (HPLC: 99.3% pure) of white
crystals.

EXAMPLE 7

cove, f (+)-S-1-(2-pyri -2- he

from ine (+)-BCSA salt

The combined crystals of (+)-BCSA salt [726g (HPLC: 99%
pure) plus 246g (HPLC: 99.3% pure)] were suspended in 5 L of
water. To this suspension was added 0.5 L of ammonium hydroxide
and the alkaline mixture was stirred for 2 hours. The (+)-S-1-(2-
pyridyl)-2-cyclohexylethyl amine was extracted with 4 L methylene
chloride and then extracted four times with 1 L of methylene
chloride. The methylene chloride phase was dried over magnesium

sulfate (anhydrous) and concentrated to dryness to give 403 g of (+)-

S-1-(2-pyridyl)-2-cyclohexylethylamine (34.2% recovery based on
racemic amine).
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exanpl e, essentially pure enantionmers (95% +, preferably 97% + and nore
preferably 99%) of (S)-anmine may be isolated equally well from m xtures
containing a ratio of (S)-amne to (R -amne of 50:50 as from m xtures
having rati os of 75:25 or 25:75. Preferably, the desired isonmer is purified

froma race%ﬁbgbgre (50:50) or froma m xture enriched |nPE.§1 %used
enanti oner. The resol ution process of the present |nven§|on can be

advant ageously enpl oyed in the production of various substituted

2- benzoxazol es, 2- benzot hi azol es, 2-oxazol opyri di nes and

2-t hi azol opyri di nes which have the ability to inihibit |eukotriene
bi osynthesis. Methods and processes for producing such conpounds are
preferred to in U S Patent 5,296,486 (which inits entirety is

i ncorporated herein by reference). | ng b gé? conmpounds havi ng

| eukot ri ene bi osynthesis |nh|b|tory s nay be produced by:
(a) reacting the (3%€ceveIv g 2 1¢(2 St : : piYop am newith a

2- hal o- benzoxazol e, 2-hal o- oxazol om%ﬁéjmgcgz\wp benzot hi azol e, or
2-hal o- thi a750I opyridine of fornula err|
The original ethyl acetate filtrate and all 2-propanol mother
liguors from the resolution of Example 6 were combined and
concentrated to an oil. The oily residue was stirred with 14 L of
water and 500 ml of amonium hydroxide. The enriched (-)-R-1-(2-
10 pyridyl)-2-cyclohexylethylamine mixture was extracted four times
with 1 L of methylene chloride. The methylene chloride extracts
were dried over anhydrous magnesium sulfate and concentrated to
dryness to give 864 g of (not completely dry) mostly (R)-(-)-amine
(HPLC Ratio S/R = 25:75). If desired, the recovered (-)-R isomer can

15 be racemized and used to produce additional amounts of (+)-(S)-
isomer (as shown in Example 9).

EXAMPLE 9

20 Recovery of (+)-(S)- and (-)-(R)-1-(2-pyridyD)-2-cyclohexylethylamine
from (+)-BCSA Salt and Racemization of Enriched (-)-(R)-

Enantiomeric Mixtures and Methodology to Produce Additional
Amounts of (+)-(S)-Isomer

25 The (+)-BCSA used in this example was prepared from
[(1R)-(endo,anti)]-(+)-3-bromocamphor-8-sulfonic acid ammonium
salt by treating an aqueous solution of the (+)-BCSA salt with
Dowex 50 x 4H" ion-exchange resin.

30 Using the procedure of Example 6, 3.389 mole of (+)-BCSA
- was added to a solution of 1.378 kg (6.745 mole) of racemic amine in
7 L of ethyl acetate. The resulting crystals of 1-(2-pyridyl)-2-
. cyclohexylethylamine-BCSA salt were collected and washed with

ethyl acetate to give 1.364 kg S-enriched S:R ratio = 78:22 (by
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wher ei n: Xis Oor S Yis C

or N Zis Cor N with the
provi so—that Y and~Zare nmot both N Rerr] and

Rlerr] are each, i ndependent |y, hydrogen; Clerr]-(err] alkyl;
hal o; CF[err nitrile; Clerr]-Cferr] al koxy; and PCT/US96/03296

I[—lal is a, BVO%MP3 o produce a conpound of formula I1:
err

HPLC). The ethyl acetate supernatant containing the R-
enantiomer as the major product, was heated and refluxed with 3.7
mole of HCI gas and 206 g of salicylaldehyde for 24 - 36 hours. The
mixture was cooled and stirred with 4 L of water and 0.3 L of
5 concentrated hydrochloric acid. The aqueous phase was separated,

washed with ethyl acetate, and basified with ammonium hydroxide.
The racemic amine was extracted with methylene chloride, dried
and concentrated. The oil product was dissolved in 2.5 L of ethyl
acetate and treated with 1.695 mole of (+) BCSA. The crystals were

10 collected and washed with ethyl acetate to give an additional 540 g
of S-enriched amine. Repeating the above sequence several times,
resulted in approximately 2.4 kg of S-enriched amine (75-85% S-
enantiomer).

15

EXAMPLE 10
Preparation of (+)-BCSA from (+)-BCSA-Ammonium Salt

A suspension of 311 g (0.95 mole) of [(1R)-(endo,anti)]-(+)-3-
20 bromocamphor-8-sulfonic acid ammonium salt (CAS [14575-84-9])
in 500 ml water was added to 74.09 g (0.475 mole) of calcium
hydroxide. The mixture was stirred at room temperature for 6 - 24
hours, then the solution was concentrated to a syrup. The resulting
neutral solution of (+)-BCSA calcium salt was diluted with 0.5 L of
25 water and treated with 46.6 g (0.475 mole) of sulfuric acid. The
calcium sulfate was filtered off and the clear filtrate concentrated to
a syrup and used without further purification in the above
resolution processes as the source of (+)-3-bromocamphor sulfonic
acid.
30
This same procedure is used to prepare [(1S)-(endo,anti)}-(-)-
3-bromocamphor-8-sulfonic acid (CAS [55870-50-3]) in the same
quantities.
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wher ei n Xis Oor S Yis Cor

N; Zis Cor N . with the
proviso that Y and Z are not both N; Rl erf] and

Rlerr] are each, independently, hydrogen; Cl-C6 al kyl;

96105996 S

hal o; CFl err | gnldkhilt €, Clerr]-Cerr] al koxy; _ CT/US

cycl ohexyl ; work}sfl% "R4 is a 2-, 3- or 4-pyri dyT group;
Rlerr] and Rlerr] are each, independently, hydrogen or nethyl; and
nis 1. The coupling reaction should be carried out in an inert

sol vent, such as nethyl ene chloride, toluene, acetonitrile, diisopropyl
ether or DMSO, and preferably, in the presence of a basic catal yst, such as

triethylam ne or an al kal i
EXAMPLE 11
N Fractional Crystallization of S-enriched Amine

5 The enriched S-amine of Example 9 (S-enantiomer = 75-85%,
R-enantiomer =25-15%) and 23 L of 2-propanol were heated to
reflux until a clear solution resulted. The solution was allowed to
cool to room temperature. The supernatant was drained and the
remaining crystals were recrystallized three times from 2-propanol

10 to give +99% S-amine.

EXAMPLE 12

Racemization of Enriched R- Amine and
15 ' COV dditional S-Amin

The filtrates from Example 11 containing <50% S-
enantiomer were racemized in ethyl acetate as the (+) BCSA-salt in
the presence of salicylaldehyde. After cooling, S-enriched amine

20 was collected by filtration. This crystallization-induced
asymmetric transformation is carried out in the presence of (+)
BCSA. The S-amine (+) BCSA-salt 1S removed from the system by
virtue of its insolubility driving equilibrium (see J. Jacques, A.
Collet, S. Wilen in Enantiomers, Racemates and Resolution; Wiley:

25 N Y 1981; pp 369-377). All >99% (+) BCSA S-amine salt fraction
obtained after racemization and additional crystallization in
isopropanol were combined and suspended in 10 L of water and
basified with 0.7 L of ammonium hydroxide to pH 9 - 10. The free
pure S-amine was extracted with methylene chloride, washed with

30  water, dried over sodium sulfate, filtered and concentrated to yield

- 697 g (45%) 1-(S)-(2-pyridyl)-2-cyclohexylethylamine. From the
aqueous phase, the (+) BCSA ammonium chloride salt is recovered
. by concentration, cooling, filtration and drying in 88% - 100% yield.
This Sheet Has Been Replaced - 19 -




metal hydroxide (eg. NaCOH or KOH). The optinum choi ce of both sol vent and

catalyst will depend upon the nature of the reactants, as a person of 3
ordinary SKill in the art WIT readiTy appreciafte. : _
Preferred conpounds according to fornmula Il are those wherein the R[err]

substi tut ent he 5-position and is an (Jerr]-Cerr] al
‘Véwa{/rldyl the R5 and R6 substitutents are %%‘L %rog

hal ogen,
and n is 1 Q her preferred conpounds of formula I1

i ncl ude those vvherel n X

is Oand Z is C and/or wherein

10

15

20

'EXAMPLE 13

Production of
2-Cyclohexyl-1-(2-pyridvDethviaminol-5- hylbenzoxazole

To a solution of 132.8 g (0.65 moles) 1-(+)-(S)-(2-pyridyl)-2-
cyclo-hexylethylamine in 550 mL methylene chloride was added 109-
g (0.65 moles) 2-chloro-5-methylbenzoxazole followed by 168 g (1.3
moles) diisopropylethylamine. The reaction mixture was heated to
reflux for 6 - 40 hours, cooled and concentrated under reduced
pressure. The mixture was dissolved in 2 L of ethanol. Addition of
2 - 3L of water gave crude [(2-cyclohexyl-1-(2-pyridyl)ethylamino]-5-
methylbenzoxazole. Recrystallization from ethanol/water gave 190
g (83%) as a hydrate; mp 80°-86°C.

While the present invention has been described with regard
to a preferred embodiment thereof, the description is for illustrative
purposes only and is not to be construed as limiting the scope of the
invention. Various modifications and changes may be made by
those skilled in the art without departing from the true spirit and
scope of the invention as defined by the appended claims.
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Rlerr] and Rl err] are each, independently, hydrogen or CJerr]-Clerr] alkyl
(and nore preferably, wherein Rlerr] is hydrogen and R?2 is 5-nethyl).
Accor di ng| y; met hods f or pr oduci ng these COI’TUOUI"IdS are pr eferred.

The fol |l ow ng exanpl es are illust rati ve of the present invention. These
exanpl es, howe are not to imtin themﬁg

pre;ne)nt i nv ¥‘§Hi 3\hi ch scopeﬂmmm, mmwﬂme cl ai ?ﬂs whi ch

will also be appreciated that the f p cdl rfeadtion conditions descrl bed in

this application (including the Exanples) nmay be readily nodified to suit
particul ar individualized requirenments. Such nodifications can be nade
w t hout diverting fromthe teachings and spirit of this invention.
Accordi ngly, sut¥habib édlatinéd &3s are expressly included within the scope of
this invention.
1. A process for producing 1-(S,R)-(2-pyridyl)-2-
cyclohexylethylamine comprising the steps of:
(a2) condensing a 2-(pyridylmethyl)amine with an aldehyde or
ketone to produce an aldimine or ketimide;
(b) alkylating the aldimine or ketimide with a
cyclohexylmethyl halide in the presence of a base and a phase
transfer catalyst; and
(¢) hydrolyzing the alkylated aldimine or ketimide to
produce racemic 1-(2-pyridyl)-2-cyclohexylethylamine.

2. A process for producing (+)-S or (-)-R-1-(2-pyridyl)-2-
cyclohexylethylamine comprising the steps of:

(a) admixing 1-(S,R)-(2-pyridyl)-2-cyclohexylethylamine with
(#)-or
(-)-3-bromocamphor-8-sulfonic acid to produce a crystalline addition
product; and

(b) admixing a solution of an alkali metal hydroxide or
ammonium hydroxide with the crystalline addition product to
produce (+)-S or (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine.

3. The process according to claim 2 in which the solution is an
ammonium hydroxide solution.

4. The process according to claim 2, wherein the 1-(S,R)-(2-
pyridyl)-2-cyclohexylethylamine is produced by reacting 2-
(aminomethyl)pyridine with an aromatic aldehyde or ketone,
followed by addition of a cyclohexylmethyl halide.

5. The process according to claim 4 in which the
cyclohexylmethyl halide is cyclohexylmethyl bromide.

6. The process according to claim 2, further comprising the

s
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EXAMPLE 1

(Grignard Reaction)
nol es) —of Tagnesi uniTn 6L of t-butyTmethyl

Preparation of Racem c 1-(pyridyl)-2-cycl ohexyl et hyl am ne

nol es) of iodine, a solution of 10 kg (55.9 noles) cycl ohexyl net hyl

in 22L (Mr
sol uti on wa

sol uti on was added at a rat

[ “m“‘\!:“ UXI ng tenperature. After the
addition, the reaction was ﬁﬂ!@ ditional 24 hrs, then cool ed

to O[err] to 5[err]C and 3.

To a refluxed stirred mxture of 1.34 kg (55.8
ether (MIBE) and 4 g (0.016

brom de

added sl thely 10%to 9
8‘)%6'3&7 heating"was di scontinued and the renai nﬁw

(:37*1 fol es) of 2-cyanopyridine in 22L

MIBE was added at O[err] - 10[err]C After the addition, the greenish thick

suspensi on was ssépgdied wi t hout cooling for 18 - 24 hrs.

reacti on m xture vva% )I_r ansferre éMuh essﬁ'e élllgl nt)r%eﬁgh%-pym{ﬁ)ngl at

10[err] to 15[err[]

-

This Shee

cyc ohexylethylamme to produce 1-(S,R)-(2-pyridy})-2-
cyclohexylethylamine;

(b) admixing the 1-(S,R)-(2-pyridyD)-2-cyclohexylethylamine
with (+)- or (-)-3-bromocamphor-8-sulfonic acid to produce a
crystalline addition product; and

() admixing a solution of an alkali metal hydroxide or
ammonium hydroxide with the crystalline addition product to
produce (+)-S or (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine.

7. The process according to any one of claims 1-6 in which (+)-S-1-
(2-pyridyl)-2-cyclohexylethylamine is produced.

8. The process according to claim 2, further comprising the steps of:

(a) reacting the (+)-S or (-)-R-1-(2-pyridyl)-2-
cyclohexylethylamine with a 2-halo-benzoxazole, 2-halo-
oxazolopyridine, 2-halo-benzothiazole, or 2-halo-thiazolopyridine of
formula I:

LAY
R; N
e L >
z
R,

(1)
wherein:
XisOorS;
YisCor N;
ZisCorN;
with the proviso that Y and Z are not both N;
R, and R, are each, independently, hydrogen; C,-
Cs alkyl; halo; CF;; nitrile; C,-C, alkoxy;
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cl ear solution was added 1.4 kg (36.8 noles) of sodium borohydride. The
mxture was stirred at roomtenperature 18 hrs.. then quenched by the
addi tion of 16L of water and 36L of 4N hydrochl oric acid. The organic

sol vents were renoved under vaeuunmrand The renaini ng aqueous sol ution was

washed tw c L of net hyI aqueous ph Mg osesi f i ed
wth 15 L oﬁwgﬂn%k"rbt;nlﬁﬁm hydr oxi d %‘Em‘m ﬁml“slmract ed thre?(fqi‘ mes with 10
L of nethylene chloride. The ne osi de was dried over 6.5 kg of
sodium sul fate and concentrated to yield 5.645 kg (75% of

1- (RS)- (2-pyridyl)-2-cycl ohexyl et hyl am ne.

EXAVPLE 2 Preparation of Racem c 1-(pyridyl)-2-cyclohexylethylam ne
(Al dehyde Condensation Reacti oRais cyclohexyd Transfer Catal ysis) Under

a nitrogen atnosphere, 1.365 kgﬁggﬁ@r@lﬁﬁh@l%%al dehyde was added
wWith stirring and cooling to 1. kng
and R are each independently, hydrogen or
methyl; and
n is an integer 0, 1 or 2
to produce a compound of formula II:

£

l(cz~1,),,
R

($3)) 3

wherein:
XisOorS;
YisCorN;
ZisCor N;
with the proviso that Y and Z are not both N;
R, and R, are each, independently, hydrogen; C;-
C¢ alkyl; halo; CF,; nitrile; C,-C, alkoxy; and
Halis Cl, Br, or 1.

9. The process according to claim 8 wherein X is O and Z is C.

10. The process according to claim 8 wherein R, and R, are each,
independently, hydrogen or C, -C, alkyl.

11.  The process according to claim 8 wherein R, is hydrogen and
R, is 5-methyl.

12. A process for preparing a (+) or (-)-3-bromocamphor-8-sulfonic
acid comprising the steps of:
(a) reacting racemic bromocamphor sulfonic acid ammonium

-

Replaced - 23 -
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-12- noles) of 2-(am nonethyl) p

After stirring for 2 - 4 hours, t- e was diluted with 13 L of

t - but yl et hyl

the tenperature <50C.

et her TMIBE). To the s added 1.05 kg (27.72
nol es) sodi um hydr oxi de (flakes)a ﬂj @ i ‘ 'Ha | es) of

tetrabutyl ammoni um i odi de. The
2.3kg (12. 88

stwred for 2 derfuseshireed

: 4B of cyclohexylnethyl bron1de was added. The reaction
m xture was refluxed for 36-48 hrs. After cooling the mxture, it was

diluted with 3 L of water followed by 12 L of 3N hydrochloric acid and
stirred for 2-6 hours.

or calcium salt with a calcium hydroxide solution to form a hemi
calcium salt;

(b) treating the hemi calcium salt with sulfuric acid to
produce insoluble calcium sulfate;

(¢) removing the insoluble calcium sulfate; and

(¢) recovering (+) or (-)-3-bromocamphor-8-gulfonic acid.

13. The process according to claim 12, wherein the (+) or (-)-3-
bromocamphor-8-inorganic acid is (+) or (-)-3-bromocamphor-8-
sulfonic acid.

14. The process according to claim 13 wherein the inorganic salt
is an ammonium salt or a calcium salt, the hydroxide solution is a
calcium hydroxide solution.
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fc] /03527¢C
The organi ¢ phasgy and di scarded. The agueouS phase ) Jﬁﬂ
f our t%mes vmpth 3 %gﬁ‘eﬁﬁﬁ@?ggé chloride, then basified V\@m & 0\,\2 97
anmoni um hydr oxi de sol ution. The racem c am ne was extract ree timnes
fromthe aqueous phase with 4 L of nethylene chloride. The extracts were
dried over sodiumsulfate and concentrated to dryness. The oily product was
stirred with 2 L of hexane, filtered and concentrated to yield 1.14 kg
(43.5% of 1-(R S)-(2-pyridyl)-2-cyclohexyl ethyl am ne. _
EXAVPLE 3 Preparation of Racem c 1-(pyridyl)-2-cyclohexylethylanm ne
(Al dehyde Condensation Reaction w thout Phase Transfer Catalysis) To 465 g
(4.3 noles) of 2-(am nonethyl) pyridine was added with stirring 456 g (4.3
nol es) of benzal dehyde. The tenperature was increased to 70[err] -
80[err] C. The m xture PROCESSESHKORPREPARING RMIBEMAQANDe wat er was

removed by stir rENIANtmgMEm lgePYMDYL&QOCQC?;bH@ﬁWWﬁMN‘EV erni ght.
The m xture was tere wasne

TECHNICAL FIELD OF THE INVENTION

5 This invention relates to processes for the preparation of racemic and

enantiomeric 1-(pyridyl)-2-cyclohéxylethylamine and, in particular, the
separation of (+)-(8)- or (-)-(R)-1-(2-pyridyl)-2-cyclohexylethylamine from a
racemic mixture of 1-(R,S)-(2-pyndyl)-2-cyclohexylethylam1ne Accordmg to
this invention, the separation of a racemic mixture of 1-(pyridyl)-2-

10  cyclohexylethylamine is carried out using 3-bromocamphor-8-sulfonic acid
(BCSA). This invention also rel_afes to a process for preparing a racemic
mixture of 1-(pyridyl)-2-cyc16hexylethylamine and free BCSA from readily

available starting materials.

15
BACKGROUND OF THE INVENTION
1-(2-pyridyl)-2-cyclohexylethylamines constitute a class of important

compounds. For example, 1-(2-pyridyl)-2-cyclohexylethylamine is a crucial
% intermediate in the preparation of leukotriene biosynthesis inhibitors, such as
20 those described in US Patent 5,296,486, issued March 22, 1994 to E.S. Lazer

et al. (the disclosure of which is encorporated herein by reference in its

entirety).

One preparation scheme of racemic 1-(2-pyridyl)-2-
25  cyclohexylethylamines is described in P. L. Pickard and T. L. Tolbert, Journal
- of Organic Chemistry, 93, p. 4886 (1961). This

\
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- with- “2 . 1 of MIBE. To renove the remaini ng water, 100 g Omvu;&a'\)s/%)%w

~wer e added. Tubiaey Dacké: Wog9@s1-qdded 483 g (4.3 nol es) pot
i portions foll owed by 842 g (4.38 nDIes) of cyclohexylpe
net hanesul fonate. After 10 - 20 hours, the mxture was hydrol yzed by the
addition of 5 L water containing 720 n_ of hydrochloric acid. The organic

phase was separated and - 13-
di scarded. The aqueous phase was washed with 0.5 L of nethyl ene chloride

and basi fi ed sthdmeinbludeod Grighmrd reaotioy disingi XerandPfridine and an

organometallic reagent, such as cyclohexylmethylmagnesium bromide to form
a ketimine intermediate which is, in turn, reduced in situ. In another
preparation scheme, Y. Wang et al. describe a process for preparing

5 suﬁstitutedaZ-pyridyl methyl amines by condensing 2-(aminomethyl)pyridine
with benzaldehyde, followed by alkylation with an alky! halide in the presence
of tetrabutylammonium bromide (Synthetic Communications, 22(2), pp. 265-
269 (1992)). One ressolution method is described in US Patent 5,296,486, and
also in Organic Preparation and Procedures International 24, p. 87 (1992), in

N 10  which the separation of racemic 1-(2-pyridyl)-2-cyclohexylethylamine is

accomplished via a diastereomeric amide. However, this separation procedure

is cumbersome, requiring muitiple processing steps and chromatographic

separation, and is prohibitively expensive for use in large scale production.

15 | Although each of the above-noted processes produce or can be
- modified to produce racemic mixtures of pyridyl cyclohexylethylamine, these
methods suffer from a variety of disadvantages (including difficult reaction
conditions, expensive and dangerous reagents, low yields and long reaction
times). In addition, there were no efficient methods to recover a single desired
20  isomer from those racemic mixtures. Accordingly, a need exists for an
efficient and economical process for producing racemic mixtures of racemic 1-

(pyridyl)-2-cyclohexylethylamine and for resolving such mixtures. (

BRIEF DESCRIPTION OF THE INVENTION

25 | This invention overcomes the above mentioned problems by providing
a process for producing racemic mixtures of 1-(pyridyl)-2-
cyclohexylethylamine comprising the steps of:

This Sheet Has Been Replaced
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product was extracted with petroleumether to yield 452 g of crude®fitfe! -2
The am.ne was purified by vacuumdistillation at 88[err]C and 0.5 ToPesto
give 353 g (35% of 1-(RS)-(2-pyridyl)-2- cyclohexylethylam ne

EXAMPLE 4 Preparation of Racemic 1-(pyridyl)-2-cyclohexyl efEpl ADFNENT SHEFT

(Ket one Condensation Reaction with Phase -Iransfer Catal ysis) l Jo..a

m xture of 21.6 g (0.2 nole) of 2-(am nonmethyl) pyridine and [36; 4 g(,Q.Z,m
nol e) benzophenone in 100 m tol uene was added 5 68 g (0.02 n )"o*f 3
titanium (1V) e ) ! Preat-er-

separ at or (DeaP Nt er [‘Fre‘

t heoretical anount of vvat YRIBYLQ;@Q METMWE c ootet--ane—16—g

(0.4 nole) of sodium hydroxide followed by 36.9 g (0.1 nole) of
t et rabut yl ammoni um i odi de and 35.4g (0.2 nole) cycl ohexyl net hyl brom de was

added. The m XpraNieArNERISY S THE INNMENTIONZ - 18 hours. Then the

This invention relates to processes for the preparation of racemic and
enantiomeric 1-(2-pyridyl)-2-cyclohexylethylamine and, in particular, the
separation of (+)-(S)- or (-)-(R)-1-(2-pyridyl)-2-cyclohexylethylamine from a
racemic mixture of 1-(R,S)-(2-pyridyl)-cyclohexylethylamine. According to the
invention, the separation of a racemic mixture of 1-(2-pyridyl)-2-
cyclohexylethylamine is carried out using 3-bromocamphor-8-sulfonic acid
(BCSA). This invention also relates to a process for preparing a racemic mixture
of 1—(2-pyridyl)-2-cyclohexy1ethy1_amine and free BCSA from readily available
starting materials.

BACKGROUND OF THE INVENTION

1-(2-pyridyl)-2-cyclohexylethylamines constitute a class of important
compounds. For example, 1-(2-pyridyl)-2-cyclohexylethylamine is a crucial
intermediate in the preparation of leukotriene biosynthesis inhibitors, such as those
described in US patent 5,296,486, issued March 22, 1994 to E.S. Lazer et al.(the

disclosure of which is encorporated herein by reference in its entirety).

One preparation scheme of racemic 1-(2-pyridyl)-2-cyclohexylethylamines
is described in P. L. Pickard and T. L. Tolbert, Journal of Organic Chemistry, 93,
p-4886 (1961). This scheme includes a Grignard reaction using 2-cyanopyridine
and an organometallic reagent, such as cyclohexylmethylmagnesium bromide to
form a ketimine intermediate which is, in turn, reduced in situ. In another
preparation scheme, Y. Wang et al. describe a process for preparing substituted-2-
pyridyl methyl amines by condensing 2-(aminomethyl)pyridine with benzaldehyde,
followed by alkylation with an alkyl halide in the presence of tetrabutylammonium



mxture was poured with stirring into 300 m of water containgpp) &88:mbr @lirrt
concentrated hydrochloric acid. The mixture was stirred at 30[@tros o -
S50[err]C for one to two hours, cooled and the organic phase jseparated and.

di scarded. The aqueous phase was basified by the addition of| 200" M -of -i%
amoni um hydr oxi de. The product was extra2ted with 100 m off hexane.three_ . .}
times, dried over anhydrous magnesiumsulfate, filtered andconcentrated to
yield 37 g (9099 of 1-(RS)-(2-pyridyl)-2-cyclohexylethyl am meuwmmmm s e

- 14- bromide (Synthetic Communications, 22(2), pp. 265-269 (1992)). One ressolution
method is described in US Patent 5,296,486, and also in Organic Preparation and

IR0 g et b A g

Procedures International 24, p. 87 (1992), in which the separation of racemic 1-(2-
pyridyl)-2-cyclohexylethylamine is accoinplished via a diastereomeric amide.
However, this separation procedure is cuambersome, requiring multiple processing
steps and chromatographic separation, and is prohibitively expensive for use in

large scale production.

Although each of the above-noted processes produce or can be modified to
produce racemic mixtures of pyridyl cyclohexylethylamine, these methods suffer
from a variety of disadvantages (including difficult reaction conditions, expensive
and dangerous reagents, low yields and long reaction times). In addition, there
were not efficient methods to recover a single desired isomer from those racemic
mixtures. Accordingly, a need exists for an efficient and economical process for
producing racemic mixtures of racemic 1-(2-pyridyl)-2-cyclohexylethylamine and

for resolving such mixtures.
BRIEF DESCRIPTION OF THE INVENTION

This invention overcomes the above mentioned problems by providing a
process for producing racemic mixtures of 1-(2-pyridyl)-2-cyclohexylethylamine
comprising the steps of : -

(a) condensing a 2-(pyridylmethyl)amine with an aldehyde or ketone to
produce an aldimine or ketimine;

(b)  alkylating the aldemine or ketimine with a cyclohexylmethyl halide
in the presence of a base and a phase transfer catalyst; and

©) hydrolyzing the alkylated aldimine or ketimine to produce racemic
1-(2-pyridyl)-2-cyclohexylethylamine.

This invention also provides a process for producing (+)-S or (-)-R-1-(2-
pyridyl)-2-cyclohexylethylamine comprising the steps of :



EXAMPLE 5 Preparation of Racemc 1-(pridyl)-2-cylohexyl ptfiyami
(Al dehyde Condensati on Reaction with Phase Transfer Catalysi s)'fj‘jj‘_ﬁjﬂ_f‘m A
m xture of 2.16 g of 2-picolylamne (20 nmol es) and 2.12 g of benzal dehyde,

1
~ i
i
1

(20 nmml es) was stirred for 5 - 20 hours. The reaction m xtufe|wds®dii-uted! |
with 20 m of toluene with stirring, then 1.12 g (20 mol es) | of__pot.assium....}
hydr oxi de added foll owed by the addition of 3.7 g of tetrabutyl ammoni um

i odide (10 nmol es) and 3.55 g of cycl ohexyl net hyl brom de (20Q._nnples)..The..

m xture was refl gg)gd @i 148, 0oL syridyDeD cfadhexlcttiydarfiine Wittt (L & 10 n

of a 2N HC1 for hours. The organic phase was di scarded, the aqueous
aci di ¢ phasé)viabromoshmghou-8-Hulfaniegeid teprodues 3 exystaifing additioaptogicssandnas

basi fied with amgni uplydeoxl e REALNGL I66TE ARARCHIARS Fhatk "

met hyl ene chl ori

1- (2- pyri dykq produyé (hexod @}Ryi-@rbmdﬁpmyblbﬂ&ﬁywﬁﬁhmmwi I

In another embodiment, this invention provides a process for producing a
(+)- or (-)-3-bromocamphor-8-sulfonic acid comprising the steps of :

(a) reacting (+)- or (-)-3-bromocamphor-8-sulfonic acid ammonium salt
with a calcium hydroxide solution to form a hemi calcium salt;

(b) treating the hemi calcium salt with sulfuric acid to produce insoluble
calcium sulfate;

(©) removing the insoluble calcium sulfate; and

(d) recovering (-+) or (-)-3-bromocamphor-8-sulfonic acid.

In yet a further embodiment, this invention provides a process for
producing a leukotriene biosynthesis inhibitor, comprising steps of
(a) reacting (+)-S or (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine with

a 2-halo-benzoxazole, 2-halo-oxazolopyridine, 2-halo-benzothiazole, or 2-halo-
YN
R N Hal
z
R,

(1)

thiazolopyridine of formula I :

wherein :
XisOorsS;
YisCorN;
ZisCorN;
with the proviso that Y and Z are not both N;
R, and R, are each, independently, hydrogen; C,-C¢ alkyl;
halo; CF;; nitrile; C,-C, alkoxy; and
Hal is CI, Br, or L.

T 2 e e i = % A it



EXAMPLE 6 Resolution of 1-(2-pyridyl)-2-cyclohexylethylamne (+)-BCSA sal
To a solution of 1.176 kg (5.756 nole) of 1-(S R)-(2- pyrldyIEM-‘_i;

cycl ohexyl ethylam ne and 6 L of ethyl acetate was added a su

efnight, _ . |
filtered and washed with 1 L of ethyl atet ate and washed twi e} wRth f‘D,--'-S*“il'_‘s?Ti {
of ethyl acetate. The white crystals (1.22 kg) were dissolved in_ 212 L.of.. ...l
2-propanol at 75[err]C and cool ed to anbient tenperature ovefnight. The
cl ear super n@peduckascodpoand ofl fahfulalict t he remai ning crystal g _dissolved i

5.752 nmole (+)-BCSA with stirring. The m xture was stirred o

-8 L of hot 2- propanol. The sol ution was filtered hot and allowed to cool

to anbi ent terrperature overni gh stals were filtered and washed
with 1.5 L of 2-propanol and® Fift de}‘vaﬁ(to yield

(CH,),
(11 ®
wherein :
XisOorsS;
YisCorN;
ZisCorN;

with the proviso that Y and Z are not both N;

R, and R, are each, independently, hydrogen; C,-C alkyl;
halo; CF;; nitrile; C,-C, alkoxy;

R, is cyclohexyl;

R, is a 2-, 3- or 4-pyridyl group;

Rs and R, are each, independently, hydrogen or methyl; and

nis 1.
DETAILED DESCRIPTION OF THE INVENTION

According to the processes of this invention, enantiomerically pure or
enriched 1-(2-pyridyl)-2-cyclohexylethylamine is produced from racemic 1-(2-
pyridyl)-2-cyclohexylethylamine. The racemic 1-(2-pyridyl)-2-
cy';:lo"hexylethylamine may be advantageously produced from commercially
available 2-(aminomethyl) pyridines. Alternatively, the 2-(aminomethyl) pyridines
may be prepared from commercially available starting materials using known

techniques.

According to one embodiment of this invention, 2-(aminomethyl) pyridine
is condensed with an aldehyde or ketone to produce a Schiff base. The

condensation may be carried out in the presence of a solvent (such as methylene



e

726 g of white crystalline product (HPLC. 99% pure). T eerlglnah’”5f
2-propanol filtrate (12 L) was concentrated to 6 L, the respl ting~ T
suspensi on was heated to 80[err]C and the clear solution wab &l howedrtd™™8 |
cool overnight to anbient tenperature. The crystals were flitﬁrgd and
conbined with the above 9.5 L of 2- propafol filtrate and mysand
di ssolved at 80[err]C. The clear solution was allowed to co¢l overnight to

(.w.m._q‘

anbi ent tenperature. The crystals were collected and dried umder—vacuumto

give 294 g (9%?4103%%&9 ks})wﬁmssmﬁ&%fmﬁf%fm&mﬁ@w hife gﬁh ge%lfmt 2-

propanol allo to a t tenperature and washed
- pr opanol t 0 bgse)e Rlcﬂﬁ)ugh(lt-ﬁl_passmﬁ 8 %sp uny aldehydehort ketaneythataingy be used to

prepare Schiff bases, aromatic aldehydes are preferred in this process. Preferred

aromatic aldehydes include benzaldehyde, salicylaldehyde, 3, 35-
dichlorosalicyaldehyde, p-nitrobenzaldehyde and 2-pyridine carboaldehyde.
Preferred ketones are aromatic ketones. such as benzophenone, benzophenones
substituted with branched or unbranched C,-C, (but preferably, C,-C,) alkyl groups
or halogens, and acetophenone. Reaction conditions for the condensation are those
commonly used in the formation of Schiff bases and are well known to those of

ordinary skill in the art.

The Schiff base is then deprotonated with a base such as potassium t-butoxide
(preferably at room temperature) and alkylated using a cyclohexylmethyl halide,
such as cyclohexylmethyl bromide, or cyclohexylmethyl methane sulfonate (which
is easily prepared by reacting cyclohexyl methanol with methane sulfonyl chloride
in the presence of triethylamine (J. Org. Chem., 35, p. 3195 (1970)). Using non-
phase transfer catalysis conditions, the alkylation should be carried out in the
presence of a base, such as potassium t-butoxide, in an aprotic solvent, such as

toluene or tetrahydrofuran.

In an alternate (and preferred) embodiment of this invention, a phase
transfer catalyst is employed in the alkylation reaction, i.e. a quaternary
ammonium compound, such as tetrabutyl ammonium bromide, chloride or iodide.
Preferably, the reaction mixture also contains a base, such as an alkali metal
hydroxide (sodium hydroxide or potassium hydroxide being preferred). The
reaction mixture may also contain solvents and other conventional alkylation
reagents known to those of ordinary skill in the art. Phase transfer catalysis
advantageously avoids the use of highly flammable solvents needed for Grignard
reactions. In addition, the reaction conditions are scaleable and require no special

equipment for large-scale use in a production plant.



EXAVPLE 7 Recovery of (+)-S-1-(2-tyridyl)-2-cyclohe

fromam ne (+)-BCSA salt The conbi ned crystals of (+)- S
[ 726g (HPLC. 99% pure) plus 246g (HPLC. 99. 3% pure)] were suspdtitded

of water. To this suspension was added 0.5 L of ammoni um hyd
al kaline mxture was stirred for 2 hours.-6The (+)-S-1-(2-
pyridyl)-2-cycl ohexyl ethyl am ne was extracted with 4 L neth

ey
i

ofi denand-the; |

| e"ﬁé‘“‘(fh | OT] .d.é-,.u-. aad.

and then extracted four tinmes with 1 L of nethylene chloride

The met hyl ene

chl ori de phase was Iﬁiflfo%%xgﬂa@aﬁggﬁg*@‘a?ﬁ ;S%ﬁigf bR MRy dr6iPed in situ

concentrated to dryness t

i - (2-pyridyl) «(@.g¢wdthodreacid suchydsdrydroehloBié. a2id) te prodacey a bacemic nrixtneecefin &-

am ne).

R,S)-(2-pyridyl)-2-cyclohexylethylamine. Hydrolysis conditions are well known

by those of ordinary skill in the art.

According to this invention, the separation of enantiomers from a racemic

mixture of 1-(2-pyridyl)-2-cyclohexylethylamine is accomplished using 3-

bromocamphor-8-sulfonic acid (BCSA) as the resolving agent. It was discovered

that BCSA is the only agent capable of satisfactorily resolving racemic 1-(2-

pyridyD)-2-cyclohexylethylamine. Various commercial methods exist

(+)- or (-)-3-bromocamphor-8-sulfonic acid from the ammonium or

for preparing
calcium salt.

This invention provides an improved process for producing (+)- or (-)-3-

bromocamphor-8-sulfonic acid which is less expensive and less time consuming

than the conventional processes. This process comprises the steps of :

(@ reacting (+)- or (-)-3-bromocamphor-8-sulfonic acid ammonium salt

with a calcium hydroxide solution to form a hemi calcium salt;

(b) treating the hemi calcium salt with sulfuric acid to produce insoluble

calcium sulfate;

(©) removing the insoluble calcium sulfate; and

@ recovering (+) or (-)-3-bromocamphor-8-sulfonic acid.

Free BCSA is conventionally prepared by treatment of the commercially

available ammonium salt with an ion exchange resin. Using the process of this

invention, the need for an expensive ion exchange resin is avoided.

According to

this process, treatment of the BCSA ammonium or calcium salt (preferably, the

ammonium salt) with about a 4 equivalent of Ca(OH), gives a hemi calcium

BCSA salt. Treatment of an aqueous solution of BCSA calcium salt with about

a !4 equivalent of sulfuric acid results in the formation of insoluble CaSO,, which
may be readily filtered off. The filtrate containing free BCSA may be

advantageously used without further purification.



- 16- EXAMPLE 8 Recovery
(-)-R1-(2-pyridvl)cycyl ohexyl et hyl am ne from

(+)-BCSA salt The original ethyl acetate filtrate and
not her liquors fromthe resolution of Exanple 6 were conbi ne
concentrated to an oil. The oily residue-Was stirred with 14
500m of ammoni um hydroxi de. The enriched (-)-R1-(2-.

N

pyridyl)-2-cycl ohexyl et hyl ami ne m xture was extracted four t

Loes. with 1L of

met hyl ene chl ori de.Ehe diBidly hiobéss Gbtdiing o 2Hik ifehfion is carried out by adding

free BCSA (preferably produced by the above described process) to

a solution of

the racemic mixture of 1-(R,S)-(2-pyridyl)-2-cyclohexylethylamine (preferably, in

ethyl acetate) and producing an enantiomerically enriched crystalline addition

product. To obtain optical purity, the 2-pyridylcyclohexylalkylamine (R or S)-

BCSA salt is crystallized from an organic solvent such as isopropanol. Depending

on the reaction conditions, the salt of one enantiomer is crystallized while the other

salt remains in solution. For example, under standard crystallization conditions,

most of the S isomer of 1-(2-pyridyl)-2-cyclohexylethylamine crystallizes as the

(+)-BCSA salt, while the R isomer remains in solution.

To produce, for example, crystals of the 1-(S)-(2-

pyridyl)cyclobexylethylamine, the (+)-BCSA salts are treated with a base such as

alkyl metal hydroxide or ammonium hydroxide to recover the desired 1-(S)-(2-

pyridyl)-2-cyclohexylethylamine (and recover the resolution agent (BCSA-

ammonium salt)) in high yields. By way of example, ammonium hydroxide may

be added to an aqueous solution or suspension of the (+)BCSA salt.

The insoluble

free 1-(S)-(2-pyridyl)-2-cyclohexylethylamine may then be extracted using a

solvent such as methylene chloride or ethyl acetate. The BCSA ammonium salt

remaining in the aqueous phase is recovered after concentration.

Advantageously, further amounts of the desired optical isomer can be

obtained by treatment of the solution containing the R-isomer by refluxing with a

catalytic amount of an aldehyde such as salicylaldehyde followed by crystallization.

In this way the undesired isomer is re-racemized, forming additional amounts of

the desired isomer. This sequence may be repeated with any recovered amounts

of undesired, thereby producing greater amounts of the desired isomer. This so-

called "crystallization-induced asymmetric transformation" will be familiar to those

skilled in the art and is described in general by P. Reider et al.
Organic Chemistry 52, p. 956, (1987).

in Journal of



were dried over anhydrous magnesi um sul fate and concentrated F“%;"‘” (e

give 864 g of (not conpletely dry) nostly (R -(-)-am ne (HPLQ

25:75). If desired, the recovered (-)-R isonmer can be racem zged
produce additional anmpbunts :of (+)-(S)- isonmer (as shown in Exjan

EXAMPLE 9 Recovery of (+)-(S)- and

|
(-)-(R) -1-(2-pridyl)-2-cycl ohexyl et hyl am ne from (+)-BC3A Salt and™=" l
H
{

Racem zation of Enriched (-)-(R)- Enanti e8eric M xtures and
to Produce Additi onal Amounts of (+)-(S)-I
The. (+)-BCSA used in this exanple was prepared from[ (1R

L..Met hodol ogy
soner

)-(endo, anti)]-(+)-3-Qpp ﬁx@%b&e%&iil@d‘tééol@ﬁbr@px@&ﬁﬂéﬁhkiﬂﬂéi’doinepﬁf i{zating

an aqueous sol ution of the -BCSA salt w th Dowex

i on- exchange r esipyridyl)-2-cyclobesyteshylaming, withens meeding Emmtethﬁter@n@sgmm e of

(+) - BCSA group. Protection of the amine group requires extra process steps,

required the

use of expensive and/or hazardous materials, and produces a product that requires

further purification (typically, chromatography). The process of the present

invention avoids these disadvantages and as a result, is highly suitable for large

scale production of enantiomerically enriched or enantiomerically pure 1-(2-

pyridyl)-2-cyclohexylethylaminé.

It should be noted that, although the various embodiments of this invention

have been demonstrated with racemic mixtures, these reactions function equally

well using mixtures with enhanced content of one or the other enantiomer. For

example, essentially pure enantiomers (95%+, preferably 97%+ and more

preferably 99% ) of (S)-amine may be isolated equally well from mixtures

containing a ratio of (S)-amine to (R)-amine of 50:50 as from mixtures having

ratios of 75:25 or 25:75. Preferably, the desired isomer is purified from a racemic

mixture (50:50) or from a mixture enriched in the desired enantiomer.

The resolution process of the present invention can be advantageously

employed in the production of various substituted 2-benzoxazoles, 2-

benzothiazoles, 2-oxazolopyridines and 2-thiazolopyridines which have the ability

t& iﬁhibit leukotriene biosynthesis. Methods and processes for producing such

compounds are preferred to in U.S. Patent 5,296,486 (which in its entirety is

mcorporated herein by reference). In particular, compounds having leukotriene

biosynthesis inhibitory properties may be produced by :

(a) reacting the (+)-S or (-)-R-(2-pyridyl)-2-cyclohexylethylaminewith

a 2-halo-benzoxazole, 2-halo-oxazolopyridine, 2-halo-benzothiazole, or 2-halo-

thiazolopyridine of formula I :

Y N
N
R; I \>—Ha1
2
&z X
R,

(1}



was added to a solution of 1.378 kg (6.745 nole) of. racem-— .a
ethyl acetate. The resulting crystals of 1-(2-pyridyl)-2-
cycl ohexyl et hyl am ne- BCSA salt were collected and washed with
to give 1.364 kg S-enriched S:Rratio = _78:22 (by

et hyl acetate supernatant containing th@-R- enantionmer as the
product, was heated and refluxed with 3.7 nole of HCO gas and

sal i cyl al dehyde for 24 - 36 hours. The m xture was cool ed and
4 L of water and 0.3 Lwhdrein :

XisOorS;

Y is Cor N;

Zis CorN; .
with the proviso that Y and Z are not b(;tix N;

e e T

H
npj or
2 6 g ~6f4 B LR A B ;
stirred with

S S e Sam s p e

R, and R, are each, independently, hydrogen; C,-C, alkyl;

halo; CF;; nitrile; C;-C,4 alkoxy; and
Hal is Cl, Br, or I

to produce a compound of formula II : Y N °
N 6
Rl—ﬁ I \> g
Z/ X >(R5
Rl

R,

.
(I1) R
wherein :
XisOorS;
Y is C or N;
ZisCorN;

with the proviso that Y and Z are not both N;

R, and R, are each, independently, hydrogen; C,-C, alkyl;

halo;CF;; nitrile, C,-C,4 alkoxy;
R, is cyclohexyl;
o : R, is a 2-, 3- or 4-pyridyl group;

R, and R, are each, independently, hydrogen or methyl; and

nis 1.

The coupling reaction should be carried out in an inert solvent, such as

methylene chloride, toluene, acetonitrile, diisopropyl ether or DMSO, and

preferably, in the presence of a basic catalyst, such as triethylamine or

an alkali

metal hydroxide (eg. NaOH or KOH). The optimum choice of both solvent and

catalyst will depend upon the nature of the reactants, as a person of ordinary skill

in the art will readily appreciate.



concentrated hydrochloric acid. The aqueous phase was separ ated;"

with ethyl acetate, and basified with anmoni um hydr oxi de. The: sraceihci"‘amurre* H

was extracted with nethylene chloride, dried and concentrated. {"The oi"t

product was dissolved in 2.5 L of ethyl acetate and treated }hnl* G957 mise
of (+) BCSA. The crystals were coll ected-lhd washed with et hyli acet ate to

s e

give an additional 540 g of S-enriched am ne. Repeating the jab6Ve seguente

sever al , resulted in approximately 2.4 kg of S-enrichgd am ne (75-85%
S- enantioner). EXAMPLE 10 Preparati on of
(+)-BCSA from (+)-BCSA- Ammoni um Sal t A suspension of 311 g (0.95

mol e) of [ (1R) - ( endiretented)gonipopnds amoodingzmpfnnnula B uir¢ dhose wibérdinatheoRj um

of  cal ci um ny QRGN il e ZrEPEiOR B ARt Y LS ittty Bl it

24 hours,

t hepykiag, 98¢ RL bRDRYQFHsARBGRNrE *h@hyRogenSatiPis 17StHer ﬁf&féﬂr&ﬂ

compounds of formula II include those wherein X is O and Z is C and/or wherein
R, and R, are each, independently, hydrogen or C;-C, alkyl (and more preferably,
wherein R, is hydrogen and R, is 5-methyl). Accordingly, methods for producing

these compounds are preferred.

The following examples are illustrative of the present invention.
These examples, however, are not to be construed as limiting the scope of the
present invention, which scope is defined in the claims which follow. It will also
be appreciated that the typical reaction conditions described in this application
(including the Examples) may be readily modified to suit particular individualized
requirements. Such modifications can be made without diverting from the
teachings and spirit of this invention. Accordingly, such modifications are

expressly included within the scope of this invention.



neutral solution of (+) BCSA calciumsalt was diluted with Q.
and treated with 46.6 g (0.475 nole) of sulfuric acid. The ga
was filtered off and the clear filtrate concentrated to a syrdp an 1S
wi t hout further purification in the above resol uti on procesges} astthe :
source of (+)-3-bronocanphor sulfonic acid. Thi s sang angﬁdure LS.
used to prepare [(1S)-(endo,anti)]-(-)- §1?Lonncanphor-8-sulfon|c aci d (CAS
[ 55870-50-3]) in the sane quantities.

EXAMPLE 1
- Preparation of Racemic 1-(pyridyl)-2-cyclohexylethylamine
(Grignard Reaction)

To a refluxed stirred mixture of 1.34 kg (55.8 moles) of
magnesium in 6L of t-butylmethyl ether (MTBE) and 4 g (0.016
moles) of iodine, a solution of 10 kg (65.9 moles) cyclohexylmethyl
bromide in 22L (MTBE) was added slowly. After approximately
10% to 25% of the solution was added, heating was discontinued
and the remainder of the solution was added at a rate to maintain

. refluxing temperature.. After the addition, the reaction was
refluxed for an additional 24 hrs, then cooled to 0° to 5°C and 3.903
kg (87.1 moles) of 2-cyanopyridine in 22L MTBE was added at 0° -
10°C. After the addition, the greenish thick suspension was stirred
without cooling for 18 - 24 hrs. The Grignard reaction mixture was
transferred with stirring to 40L of methanol at 10° to 15°C. To the
clear solution was added 1.4 kg (36.8 moles) of sodium borohydride.
The mixture was stirred at room temperature 18 hrs., then
quenched by the addition of 16L of water and 36L of 4N
hydrochloric acid. The organic solvents were removed under
vacuum and the remaining aqueous solution was washed twice W1th
6 L of methylene chloride. The aqueous phase was basified with 15
L of ammonium hydroxide solution and extracted three times with
10 L of methylene chloride. The methylene chloride was dried over
6\5 kg of sodium sulfate and concentrated to yield 5.645 kg (75%) of
1- (R S)-(2-pyridyl)-2-cyclohexylethylamine.

54

"4
EXAMPLE 2

Preparation of Racemic 1-(pyridyl)-2-cyclohexylethylamine
(Aldehyde Condensation Reaction with Phase Transfer Catalysis)

Under a nitrogen atmosphere, 1.365 kg (12.86 moles) of
benzaldehyde was added with stirring and cooling to 1.39 kg (12.86



- 18- EXAMPLE 11 Fracti
Crystallization of S-enriched Am ne The enriched S- am nie of Exarrpﬂ €
9 (S-enantioner = 75-85% R-enantionmer =25-15% and 23 L of progafdl? Wege. i i
heated to reflux until a clear solution resulted. The soluti n;was allowed |
to cool to roomtenperature. The supernatant was drained and the renai ni-ng
crystals were recrystallized three times from 2-propanol to:igive. +99%
S- ami ne. EXAMRLE 12 . Racem zation
of Enriched R- Am ne and Recovery of Additional S-Am ne
s50%

The filtrates from llz'xssmglze(a%n]in%%gt%y ‘0 idine mamtalmng the temperature
<50°C. After stirring for 2 - 4 hours, the mixture was diluted with
13 L of t-butylmethyl ether (MTBE). To the clear solution was
added 1.05 kg (27.72 moles) sodium hydroxide (flakes) and 2.376kg
(6.43 moles) of tetrabutylammonium iodide. The suspension was
stirred for 2 hrs., then 2.8kg (12.86 moles) of cyclohexylmethyl
bromide was added. The reaction mixture was refluxed for 36-48
hrs. After cooling the mixture, it was diluted with 3 L of water
followed by 12 L of 3N hydrochloric acid and stirred for 2-6 hours.
The orgaxiic phase was separated and discarded. The aqueous
phase was washed four times with 3 L of methylene chloride, then
basified with 2.5 L of 0.5N ammonium hydroxide solution. The
racemic amine was extracted three times from the aqueous phase
with 4 L of methylene chloride. The extracts were dried over
sodium sulfate and concentrated to dryness. The oily product was
stirred with 2 L of hexane, filtered and concentrated to yield 1.14 kg
(43.5%) of 1-(R,S)-(2-pyridyl)-2-cyclohexylethylamine.

. #-am...-...._‘.wn-.-—-—_u..u——.u . >

EXAMPLE 3 S
Preparation of Racemic 1-(pyridyl)-2-cyclohexylethylamine

(Aldehyde Condensation Reaction without Phase Transfer Catalysis)

To 465 g (4.3 moles) of 2-(aminomethyl) pyridine was added with
stirring 456 g (4.3 moles) of benzaldehyde. The temperature was
.increased to 70° - 80°C. The mixture was diluted with 2 L of MTBE
and the water was removed by stirring the solution with 200 g of
sodium sulfate overnight. The mixture was filtered and washed
with 2 L of MTBE. To remove the remaining water, 100 g of
molecular sieves were added. To the mixture was added 483 g (4.3
moles) potassium t-butoxide in portions followed by 842 g (4.38
moles) of cyclohexylmethyl methanesulfonate. After 10 - 20 hours,
the mixture was hydrolyzed by the addition of 5§ L. water containing
720 mL of hydrochloric acid. The organic phase was separated and



enantiomer were racem zed in ethyl acetate as the (+) BCSA—saIt fivn'| the o
presence of salicyl al dehyde. After cooling, S-enriched am ne S coltected
by filtration. This crystallization-induced asymmetric transfoj nathoﬂ 4 S
carried out in the presence of (+) BCSA. The S-amine (+) BCSA-sa i M ;
renoved fromthe systemby virtue of its insolubility driving eunTFbTFUvamMJ
(see J. Jacques, A Collet, S. Wlen in Epgntioners, Racemateg and

Resolution; Wley: NY 1981 pp 369-377). Al >99% (+) BCSA S-am ne~satt -
fraction obtained after racem zation and additi onal crystalllzatlon in

0 7L b "amont uiroRess T URRE IR Bag drastl WHHS 51 B¢ ARGR W {1
extracted with n@hhﬂl@mendm%lﬁeﬂewﬂhgﬁbﬂ afiamhmgadiem hydioxidevdhesodi um

| fil
s ey
BCSA anmoni um chl e %‘Hb‘é"ﬁt nc'#(ﬁ
filtration and digys Mgk Bo 88%855.8Q86%) ¥Fd-(R,S)-(2-pyridyl)-2-

cyclohexylethylamine.

EXAMPLE 4

Preparation of Raceniic 1-(pyridyl)-2-cyclohexylethyvlamine
(Ketone Condensation Reaction with Phase Transfer Catalysis)

To a mixture of 21.6 g (0.2 mole) of 2-(aminomethyl) pyridine
and 36.4 g (0.2 mole) benzophenone in 100 ml toluene was added
5.68 g (0.02 mole) of titanium (IV) isopropoxide and then it was
heated to reflux using a water separator (Dean Stark distilling
receiver) for 2 - 4 hours. After the theoretical amount of water was
separated, the mixture was cooled and 16 g (0.4 mole) of sodium
hydroxide followed by 36.9 g (0.1 mole) of tetrabutylammonium
iodide and 35.4g (0.2 mole) cyclohexylmethyl bromide was added..
The mixture was heated to reflux for 12 - 18 hours. Then the
mixture was poured with stirring into 300 ml of water containing
100 ml of concentrated hydrochloric acid. The mixture was stirred
at 30° - 50°C for one to two hours, cooled and the organic phase
separated and discarded. The aqueous phase was basified by the

. add_i,tion of 200 ml of ammonium hydroxide. The product was
extracted with 100 ml of hexane three times, dried over anhydrous
ﬁ'naénesium sulfate, filtered and concentrated to yield 87 g (90%) of
1-(R,S)-(2-pyridyl)-2-cyclohexylethylamine.



-19- . EXAMPLE 13

Product i on of ) R
[{(2- Cycl ohenyl - 1- ( 2- pyrldyl)ethylan1no] 5-net hyl benzoxazol e ;;*'
solution of 132.8 g (0.65 noles) 1-(+)-(S)-(2-pyridyl)-2- 2 : -g
cycl o- hexyl ethyl amine in 550 nlL met hyl ene chloride was added; 1 ng-(@ 65 3
nol es) 2-chl oro-5-net hyl benzoxazol e fol | oddd by 168 g (1.3 | @s) * i
di i sopropyl et hyl am ne. The reaction m xture was heated to retl éx=for—5 =46

hours, cool ed and concentrated under reduced pressure. The xture was

To a' .

dissolved in 2 L of ethanol. Addition of 2 - 3L of water gavé—crude
[ (2-cycl ohexyl -1-(2-pyridyl)ethyl am no] -5- nethyl benzoxazol e.
Recrystal l'i zation from et hanol /water gYEAMPLE 5

Preparation of Racemic 1- idyD-2-cyclohexylethylamine
(Aldehyde Condensation Reaction with Phase Transfer Catalysis)

A mixture of 2.16 g of 2-picolylamine (20 mmoles) and 2.12 g
of benzaldehyde (20 mmoles) was stirred for § - 20 hours. The
reaction mixture was diluted with 20 ml of toluene with stirring,
then 1.12 g (20 mmoles) of potassium hydroxide added followed by
the addition of 8.7 g of tetrabutylammonium iodide (10 mmoles)
and 3.55 g of cyclohexylmethyl bromide (20 mmoles). The mixture
was refluxed for 6 - 24 hours, then cooled and stirred with 10 ml of
a 2N HCI for 2-6 hours. The organic phase was discarded, the
aqueous acidic phase was washed with methylene chloride. The
aqueous phase was basified with ammonium hydroxide and the
racemic amine extracted with methylene chloride to yield 45% -
55% racemic 1-(2-pyridyl)-2-cyclohexylethylamine as a light yellow
oil.

EXAMPLE 6
Resolution of 1-(2-pyridyl)-2-cyclohexvlethylamine (+)-BCSA salt

- To a solution of 1.176 kg (56.756 mole) of 1-(S,R)-(2-pyridyl)-2- -

cytlohexylethylamine and 6 L of ethyl acetate was added a

- suégension of 5.752 mole (+)-BCSA with stirring. The mixture was
stirred overnight, filtered and washed with 1 L of ethyl acetate and
wabhed twice with 0.5 L of ethyl acetate. The white crystals (1.22
kg) were dissolved in 12 L of 2-propanol at 75°C and cooled to
ambient temperature overnight. The clear supernatant was
decanted off and the remaining crystals dissolved in 8 L of hot 2-
propanol. The solution was filtered hot and allowed to cool to
ambient temperature overnight. The crystals were filtered and
washed with 1.5 L of 2-propanol and dried under vacuum to yield



s L S T g

g (83% as a hydrate; np 80[err]-86C. - “Wile the prese?ntf-*i NUBHT L EN 8
has been described with regard to a preferred enbodi nent t hel egfrtie -

description is for illustrative purposes only and is not to bel censtdiednms "

limting the scope of the invention. Various nodifications and|chandes ndy -
be made by those skilled in the art w thout departing from the*true-sprtit-—-
and scope of the invention as defined by the appended cl ai nsl.
CLAI MS: _ -15- !

726 g of white crystalline product (HPLC: 99% pure).

The original 2-propanol filtrate (12 L) was concentrated to 6
L, the resulting suspension was heated to 80°C and the tlear
solution was allowed to cool overnight to ambient temperature. The
crystals were filtered and combined with the above 9.5 L of 2-
propanol filtrate and washings and dissolved at 80°C. The clear
solution was allowed to cool overnight to ambient i:emperature. The
crystals were collected and dried under vacuum to give 294 g (91%
pure by HPLC). The crystals were dissolved in 3 L of hot 2-

- propanol, allowed to ambient temperature, filtered and washed

with 0.5 L 2-propanol to give 246 g (HPLC: 99.3% pure) of white
crystals.

EXAMPLE 7
Recovery of (+)-S-1-(2-pyridyD}-2-cyclohexvlethyl amine
from amine (+)-BCSA salt

The combined crystals of (+)-BCSA salt [726g (HPLC: 99% .
pure) plus 246g (HPLC: 99.3% pure)] were suspended in 5 L. of
water. To this suspension was added 0.5 L of ammonium hydroxide
and the alkaline mixture was stirred for 2 hours. The (+)-S-1-(2-
pyridyl)-2-cyclohexylethyl amine was extracted with 4 L methylene
chlotide and then extracted four times with 1 L of methylene
chlqr‘i_tiie. The methylene chloride phase was dried over magnesium
sulfate (anhydrous) and concentrated to dryness to give 403 g of (+)-
S-‘i-(ﬁ-pyridyl)-2-cyclohexy1ethylamine (84.2% recovery based on.. .
racemic amine).



1. A process for the preparation of (+)-S or (-)-R1- (2L rfg/lr'l'eléyl) :2-

cycl ohexyl et hyl am ne conprising the steps of: (a) X1 ng. .
(S, R-1-(2-pyridyl)-2-cycl ohexyl ethylamine with (+)- s e |
(-)-3-bronocanphor-8-sul fonic acid to produce a crystal l'ine i#ilon "7 R
product; and (b) adm xing a solution of a base with s L I
crystalline addition product to produce (+) S or

(-)-R-1-(2-pyridyl)-2-cycl ohexyl et hyl am md6- 2, A procesis.as..cl.aioed in
claiml further conprising the purification-of the crystalline addition
product by recrystallisation froman organic solvent. 3. A process as
claimed in claim2 wherein the organic solvent “is iso- propanol. 4, A

process as claimed in any one of clali nBEmPﬁEéurther conprising the

steps of:
Recovery of (-)-R-1-(2-pyridyl)cyclohexylethylamine from
amine (+)-BCSA salt )

-

The original ethyl acetate filtrate and all 2-propanol mother
liquors from the resolution of Example 6 were combined and
concentrated to an oil. The oily residue was stirred with 14 L of
water and 500ml of ammonium hydroxide. The enriched (-)-R-1-(2-.
pyridyl)-2-cyclohexylethylamine mixture was extracted four times
with 1 L of methylene chloride. The methylene chloride extracts
were dried over anhydrous magnesium sulfate and concentrated to
dryness to give 864 g of (not completely dry) mostly (R)-(-)-amine
(HPL.C Ratio S/R = 25:75). If desired, the recovered (-)-R isomer can
be racemized and used to produce additional amounts of (+)-(S)-
isomer (as shown in Example 9).

EXAMPLE 9
Recovery of (H)-(S)- and (-)-(R)-1-(2-pyridyD)-2-cyclohexylethylamine

from (+)-BCSA Salt and Racemization of Enriched (-)-(R)-
Enantiomeric Mixtures and Methodology to Produce Additional
Amounts of (+)-(S)-Isomer

H

The (+)-BCSA used in this example was prepared from

" [(1R)-(endo,anti)]-(+)-3-bromocamphor-8-sulfonic acid ammonium
,sal"t by treating an aqueous solution of the (+)-BCSA salt with
Dowex 50 x 4H* ion-exchange resin.

Using the procedure of Example 6, 3.389 mole of (+)-BCSA
was added to a solution of 1.378 kg (6.745 mole) of racemic amine in
7 L of ethyl acetate. The resulting crystals of 1-(2-pyridyl)-2-
cyclohexylethylamine-BCSA salt were collected and washed with
ethyl acetate to give 1.364 kg S-enriched S:R ratio = 78:22 (by



(a) racem zing an wundesired enantiomer of 1-(2-pyri dyI) e

cycl ohexyl et hyl am ne obtai ned fromthe process of claim1lto [broduce L
(S, R-1-(2- pyridyl)-2-cycl ohexyl et hyl am ne; (b) admi X|[ng the S
(S, R -1-(2-pyridyl)-2-cycl ohexyl ethylamine with (+)- or Wil
(-)-3-bronocanphor-8-sul fonic acid to produce a crystalline azldlh‘ L.an

SeyupRPT-EE S

product; and " (c) adm xing a solution of base with safd crystalline
addition to produce (#)-S--or (-)-R-1-(2-pVI+dyl)-2-cycl ohexylethylam.ne

5. A process as clained in any one of clains 1 to 4 wherein the base is .
an al kali netal hydroxi de or ammoni um hydrexi de. 6. A process as

claimed in any ordPgiC)c! ’Bheratﬂyltaheﬁatdm;%matm Sentediling the Re two (a)

steps is ethyl et Somer as the major product, was heated and refluxed with 3.7
mole of HCI gas and 206 g of salicylaldehyde for 24 - 36 hours. The
mixture was cooled and stirred with 4 L of water and 0.3 L of
concentrated hydrochloric acid. The aqueous phase was separated,
washed with ethyl acetate, and basified with ammonium hydroxide.
The racemic amine was extracted with methylene chloride, dried
and concentrated. The oil product was dissolved in 2.5 L of ethyl
acetate and treated with 1.695 mole of (+) BCSA. The crystals were
collected and washed with ethyl acetate to give an additional 540 g
of S-enriched amine. Repeating the above sequence several times,

" resulted in approximately 2.4 kg of S-enriched amine (75-85% S-

enantiomer).

EXAMPLE 10

Preparation of (+)-BCSA from (+)-BCSA-Ammonium Salt

A suspension of 311 g (0.95 mole) of [(1R)-(endo,anti)]-(+)-3-
bromocamphor-8-sulfonic acid ammonium salt (CAS [14575-84-9))
in 500 m] water was added to 74.09 g (0.475 mole) of calcium
hydroxide. The mixture was stirred at room temperature for 6 - 24
hours, then the solution was concentrated to a syrup. The resulting
né}xtral solution of (+)-BCSA calcium salt was diluted with 0.5 L of
water and treated with 46.6 g (0.475 mole) of sulfuric acid, The

“cdlcium sulfate was filtered off and the clear ﬁ.ltraté concentrated to
a sxrup' and used without further purification in the above
resolution processes as the source of (+)-3-bromocamphor sulfonic
acid.

This same procedure is used to prepare [(1S)-(endo,anti)]-(-)-
3-bromocamphor-8-sulfonic acid (CAS [55870-50-3]) in the same
quantities.



7. A process as clained in any one of clains 1 to 6 wherein the
(S,R -1-(2- pyridyl)-2-cyclohexylethylamne is prepared byr=a process
conprising the steps of: (a) condensing a 2-(pyri dﬁi:rr‘et [t -3
with an al dehyde-or ketone to produce an al di m ne or ket'i N
al kylating the aldimne or ketimne with a cycl ohexyl nethyl. a}~|"de“1“_n"t%fh:2,e.f;

presence of a base and/or a phase transfer catalyst; and | '.; (c) B
hydrol yzing the -al kyl ated al di m ne or ketiyg ne to produce irat:én’i (N
1- (2-pyridyl ) - 2-cycl ahexyl ethyl anine. 8. A process asiclaimed in claim!

7 wherein the al dehyde is an aromatic al dehyde.

EXAMPLE 11
Fractional Crystallization of S-enriched Amine

-

The enriched S-amine of Example 9 (S-enantiomer = 75-85%,
R-enantiomer =25-16%) and 23 L of 2-propanol were heated to
reflux until a clear solution resulted. The solution was allowed to
cool to room temperature. The supernatant was drained and the
remaining crystals were recrystallized three times from 2-propanol
to give +99% S-amine.

EXAMPLE 12
Racemization of Enriched R- Amine and

 Recovery of Additional S-Amine

The filtrates from Example 11 containing <50% S-
enantiomer were racemized in ethyl acetate as the (+) BCSA-salt in
the presence of salicylaldehyde. After cooling, S-enriched amine
was collected by filtration. This crystallization-induced
asymmetric transformation is carried out in the presence of (+)
BCSA. The S-amine (+) BCSA-salt 1S removed from the system by
virtue of its insolubility driving equilibrium (see J. Jacques, A.
Collet, S. Wilen in Enantiomers, Racemates and Resolution; Wiley:
N Y 1981; pp 369-377). All >99% (+) BCSA S-amine salt fraction

"obt\a',ined after racemization and additional crystallization in
i_§01')‘ropanol were combined and suspended in 10 L of water and
basified with 0.7 L of ammonium hydroxide to pH 9 - 10. The free
pure S-amine was extracted with methylene chloride, washed with
water, dried over sodium sulfate, filtered and concentrated to yield
697 g (45%) 1-(S)-(2-pyridyl)-2-cyclohexylethylamine. From the
aqueous phase, the (+) BCSA ammonium chloride salt is recovered
by concentrafion, cooling, filtration and drying in 88% - 100% yield.



9. A process as clained in claim7 or claim8 wherein the aTKyTatlngm S
agent is cycl ohexyl net hyl broni de. 10. A process as clalqed “Iwrany-.ohgr
of clains 7 to 9 wherein the base is potassiumt-butoxide wh n;no “phase--
transfer catalyst is used. 11. A process as claimed in agy [omerofrs ian
claims 7 to 9 wherein the phase transfer catalyst is a quate néry annDnlu-“
conpound. 12. A process as claimed in claim1l wherein the GUaternary-—
anmoni um conpound is tertabutyl ammonium chl oride, brom de of_iodide. 13.

A process as clainmed in claim1l or claim22 wherein the basémTE"Eﬁ“HTka#ww~ ~~~~~~~~ i
met al hydr oxi de.

EXAMPLE 13

Production of

[(2-Cyclohexyl-1-(2-pyridyDethylamino]-56-methylbenzoxazole

To a solution of 132.8 g (0.65 moles) 1-(+)-(S)-(2-pyxidyl)-2-
cyclo-hexylethylamine in 650 mL methylene chloride was added 109-
g (0.65 moles) 2-chloro-5-methylbenzoxazole followed by 168 g (1.3
moles) diisopropylethylamine. The reaction mixture was heated to
reflux for 5 - 40 hours, cooled and concentrated under reduced
pressure. The mixture was dissolved in 2 L of ethanol. Addition of

" 2 - 8L of water gave crude [(2-cyclohexyl-1-(2-pyridyl)ethylamino]-5-
methylbenzoxazole. Recrystallization from ethanol/water gave 190
g (83%) as a hydrate; mp 80°-86°C.

While the present invention has been described with regard
to a preferred embodiment thereof, the description is for illustrative
purposes only and is not to be construed as limiting the scope of the
invention. Various modifications and changes may be made by
those skilled in the art without departing from the true spirit and
scope of the invention as defined by the appended claims. '



14.

A process accordi
pyridyl)-2-cycl ohexyl et hyl am ium“\s pr oduced.

ne of clains 1 to 13 in which (+)-S1-(2
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1. A process for the preparation of (+)-S or (-)-R-1-(2-pyridyl)-2-
cyclohexylethylamine comprising the steps of :
(a) admixing (S,R)-1-(2-pyridyl)-2-cyclohexylethylamine with (+)- or
(-)-3-bromocamphor-8-sulfonic acid to produce a crystalline addition product; and
(b)  admixing a solution of a base with said crystalline addition product
to produce (+)-S or (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine.

2. A process as claimed in claim 1 further comprising the purification of the

crystalline addition product by recrystallisation from an organic solvent.

3. A process as claimed in claim 2 wherein the organic solvent is iso-

propanol.

4, A process as claimed in any one of claims 1 to 3, further comprising the
steps of :

(a) racemizing an undesired enantiomer of 1-(2-pyridyl)-2-
cyclohexylethylamine obtained from the process of claim 1 to produce (S,R)-1-(2-
pyridyl)-2-cyclohexylethylamine;

®) admixing the (S,R)-1-(2-pyridyl)-2-cyclohexylethylamine with (+)-
or (-)-3-bromocamphor-8-sulfonic acid to produce a crystalline addition product;
and

© admixing a solution of base with said crystalline addition to produce
(+)-S-"or (-)-R-1-(2-pyridyl)-2-cyclohexylethylamine.

5. A process as claimed in any one of claims 1 to 4 wherein the base is an

alkali metal hydroxide or ammonium hydroxide.

6. A process as claimed in any one of claims 1 to 5 wherein the solvent in the

two (a) steps is ethyl acetate.
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7. A process as claimed in any one of claims 1 to 6 wherein iﬁi’e"“(S",iRj:T-''(2"—'
pyridyl)-2-cyclohexylethylamine is prepared by a process comprising the steps of:

(@  condensing a 2-(pyridylmethyl)amine with an aldehyde or ketone to
produce an aldimine or ketimine;

(b) alkylating the aldimine or ketimine with a cyclohexylmethyl halide
in the presence of a base and/or a phase transfer catalyst; and

(¢)  hydrolyzing the alkylated aldimine or ketimine to produce racemic
1-(2-pyridyl)-2-cyclohexylethylamine.

8. - A process as claimed in claim 7 wherein the aldehyde is an aromatic
aldehyde.
9. A process as claimed in claim 7 or claim 8 wherein the alkylating agent is

cyclohexylmethyl bromide.

10. A process as claimed in any one of claims 7 to 9 wherein the base is

potassium t-butoxide when no phase transfer catalyst is used.

11. A process as claimed in any one of claims 7 to 9 wherein the phase transfer

catalyst is a quaternary ammonium compound.

12. A process as claimed in claim 11 wherein the quaternary ammonium

compound is tertabutyl ammonium chloride, bromide or iodide.

13. A process as claimed in claim 11 or claim 12 wherein the base is an alkali

metal hydroxide.

14. A process according to any one of claims 1 to 13 in which (+)-S-1-(2-
pyridyl)-2-cyclohexylethylamine is produced.
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