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SYNTHETIC PROCESSES FOR THE PREPARATION OF
AMINOCYCLOHEXYL ETHER COMPOUNDS

Field of invention

The present invention is generally directed toward a method for the
stereoselective preparation of aminocyclohexyl ether compounds such as trans-
(1R 2R)-aminocyclohexyl ether compounds and/or trans-(1S,2S)-aminocyclohexyl
ether compounds as well as various intermediates, substrates and sterecisomers
involved. In addition, the present invention is directed toward a method for the
stereoselective preparation of aminocyciohexyl ether compounds such as ¢is-(1R,25)-
aminocyclohexyl ether compounds and/or cis-(15,2R)-aminocyclohexyi ether
compounds The compounds prepared by methods of the present invention are useful
for treating medical conditions or disorders, including for example, cardiac arrhythmia,

such as atrial arrhythmia and ventricular arrhythmia.

Backaground of the Invention

Arrhythmia is a variation from the normal rhythm of the heart beat and generally
represents the end product of abnormal ion-channel structure, number or function.
Both atrial arrhythmias and ventricular arrhythmias are known. The major cause of
fatalities resulting from cardiac arrhythmias is the subtype of ventricuiar arrhythmias
known as ventricular fibrillation (VF). Conservative estimates indicate that, in the U.S.
alone, each year over one million Americans will have a new or recurrent coronary
attack (defined as myocardial infarction or fatal coronary heart disease). About
650,000 of these individuals wili be first heart attacks and 450,000 of these will be
recurrent attacks. About one-third of the people experiencing these attacks will die as
a result. At least 250,000 individuais a year die of coronary heart disease within 1 hour
of the onset of symptoms and before they reach adequate medical aid. These are
sudden deaths caused by cardiac arrest, usually resulting from ventricular fibrillation.

Atrial fibrillation (AF) is the most common arrhythmia seen in clinical practice
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and is a cause of morbidity in many individuals (Pritchett E.L.. N. Engl. J. Med.
327(14):1031 Oct. 1, 1892, discussion 1031-2: Kannel and Wolf, Am. Heart J.
123(1):264-7 Jan. 1992). Hts prevaience is likely to increase as the population ages
and it is estimated that 3-5% of patients over the age of 60 years have AF (Kannal
W.B., Abbot R.D., Savage D.D., McNamara P.M., N. Engl. J. Med. 3068(17):1018-22,
1982; Wolf P.A,, Abbot R.D., Kannel W.B. Stroke. 22(8):983-8, 1991). While AF is
rarely fatal, it can impair cardiac function and is a major cause of stroke (Hinton R.C.,
Kistler J.P., Fallon J.7., Friedlich A.L., Fisher C.M., American Journal of Cardiology
40(4):500-13, 1977; Wolf P.A., Abbot R.D., Kannal W.B., Archives of Internal Medicine
147(9):1561-4, 1987; Wolf P.A., Abbot R.D., Kannel W.BE. Stroke. 22(8):983-8, 1991,
Cabin H.S., Ciubb K.S., Hall C., Perimutier R.A., Feinstein A.R., Amesrican Journal of
Cardiology 65(16):1112-8, 1990).

PCT Published Patent Applications WO 89/50225 and WO 2004/099137 and
U.8. Patent No. 7,057,053 disclose aminocyclohexyiether compounds as besing usefu)
in the treatment of arrhythmias. Some of the compounds disclosed therein have bean
found to be particularly effective in the treatment and/or prevention of AF, However,
the synthstic methods dascribed in these patent applications and patent and elsewhere
were non-sterecselective and led to mixture of sterecisomers. As active
pharmaceutical compounds, it is ofien desirable that drug molecules are in
stereoisomerically substantially pure form. It may not be feasible or cost effective if the
correct stereoisomer has to be isclated from a mixture of sterecisomers after a mulé-
step synthesis. Therefore, there remains a nead in the art to develop method for the
preparation of s‘(ereo'fsdmericaiiy substantially pure trans-aminocyclohexyl ether

cormpounds.

Summary of the Invention

The present invention is directed to stereossiective syntheses of certain

aminocyclohexy! ether compounds and novel intermediates prepared therein. The

~present invention is also directed to specific aminocyclohexylether compounds.

Accordingly, in one aspect, this invention is directed to a method of making

compounds of formula (I):



C )
N

OH

or a pharmacsutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, sterecisomer, metabolite or prodrug thereof, as a single
sterepisomer or as a mixiure thersof; '

5  wherein:

R® R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
friftuoromethyl, -CHF;, -S0O:N(Rg)Rg, -OCFz, Co-Cralkanaoyioxy, Cs-Cealky!,
C-Cealkoxy, C,-Cyparalkoxy, C~Cralkoxycarbonyl, Cq-Csthioalkyi, aryl or

10 -N(Re)R7 {preferably R®, R* and R® are independently hydrogen, hydroxy or
C4-Cealkoxy: with the proviso that R®, R" and R°® cannot all be hydrogen at the
same time}; and

R® R R® and R® are each independently selected from hydrogen, acety!,
methanesulfonyl or C-Cealkyl,

15 which method comprises:

a) reacting a compound of formula (4):

OH

|
e
22 OR

t4)

wherein each R is O or H, where at least one R* in the compound of farmuta

b4

{4)is O, and R is H, C;-Csacyl or an oxygen-protecting group, with @ compound
20 of formula (5}:

R4
Q%
S
\/‘\ﬂﬁ:}%Rs
R3
{5)

whersin R®, R* and R® are as defined above and Q is a leaving group, to form a

il

compound of formula (8):
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wherein each R% is O or H, where at least one R®is O, Ris H, C,-Csacyi or an
oxygen-protecting group and R®, R* and R® are as defined above, under
suiiable conditions such that upon reaction of the compound of formula (4) with
the compound of formula (5), the trans relative configuration of the hydroxy!
group on the carbon at the 1-position of the compound of formula (4) is retained
in the carbon at the 1-position of the compound of formuia (6};
b) reducing the compound of formula (6) undsr suftable conditions to form a
compound of formula ().
This method can further comprise a deprotection step prior to the reaction of a
compound of formula (4) with a compound of formula (5), wherein the deprotection

step comprises treating 2 compound of formula (3):

+ OR?

oV
2 OR

wherein each R* is O or H, where at least one R* is O, R" is an oxygen-protecting
group (preferably an optionally substiiuted benzyl group) and R is H, C;-Csacy! or an
oxygen-protecting group (preferably C.-Csacylh), to suitable deprotecting conditions to
form a compound of formula (4) as set forth above.

This method can further comprise a cyclization step to form a compound of
formuia {3}, wherein the cyclization step comprises reacting a compound of formula (7)
or a compound of formuia (8) or a mixture of a compound of formuia (7) and a

compound of formula (8%
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‘iOR

[::f O OR

WN)LV/ierH

73
‘J.N/LWOH

OR R2#
wherein each R’ is independently an oxygen-protecting group (preferably an optionally
substituted benzy! group), each R¥is O or Hy, and R is H, Co~Csacyl or an oxygen-
protecting group (preferably Co-Csacyl), under suitable conditions to form a compound
of formuia {3) as set forth above.

This method can further comprise a condensation step to form a compound of
formula {7) or a compound of formula (8) or a mixture of a compound of formula (7)

and a compound of formula (8), wherein the condensation step comprises reacting a

oM
“NH,
(1)
where R' is an oxygen-protecting group (preferably an optionalily substituted benzyl

compound of formula (1):

group), with 2 compound of formula (2a):

RZe
R2a {23)

wherain each R% is O or H, where at least one R® in the compound of formula (2a) is
O, Ris H, C,-Csacyl or an oxygen-protecting group {preferably C,-Csacyl), under
suitable conditions to form the compound of formuia (7) or the compound of formula (8}
or the mixture of a compound of formula (7) and a compound of formula (8) as set forth
above.

In another aspect, this invention is directed to a method of making compounds

of formula (1):



R4
O N
g \/\]I:;_RS (I)
OH

or a pharmaceutically acceptable salt, ester, amide, complex, chelate, ciathrate,
solvate, polymorph, sterecisomer, metabolile or prodrug thereof; as a single
stereocisomar or as a mixture thereof,

5  wherein:

R® R* and R are independently bromine, chioring, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nifro, cyano, sulfamyl,
triflucromethyl, -CHF;, -S0O,N(RgIRe, -OCFs, Co-Cralkanoyioxy, C.-Cealkyl,
C-Cealkoxy, Cr-Cizaralkoxy, Co-Cralkoxycarbanyl, C4-Cethioalkyl, aryl or

10 -N(Rs)R; (preferabiy R®, R* and R® are independently hydrogen, hydroxy or
C,-Cealkoxy: with the proviso that R?, R? and R® cannot all be hydrogen at the
same time); and

R® R7, R, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C-Cealkyl;

15  which method comprises the following:

a) reacting a compound of formuia (1a);

1 _OH

‘N,
(1a)

with a compound of formuia (2a):

22
?" Newor
R2a {23) |
20 under suitable condensation conditions to form a product;

b) reacting the product of a) with a compound of formula (5):



R4
Q 5 /
S

] —_ R5

3/\/
(5}

R

wherein Q is a leaving group and R®, R* and R® are as defined above, under
suitabie ether coupling conditions to form & product:
c) reaciing the product of b) under suitabie cyclization conditions to form a
5 compound of formula (8):

wherein each R* is O or H, where at lsast one R? is O, R is H, C»Csacyi or an
oxygen-protecting group {preferably C,-Csacyl) and R®, R* and R® are as
defined above; and
10 d) reducing the compound of formula (8) under suitable conditions to form a
compound of formula (1), as set forth above.
The product of step a) above can comprise a compound of formula (9), a
compound of formula (10} or a mixture of a compound of formula (9) and a compound

of formula (10}

1 OH
$43
',,N)J\/%I,OH
H

R2a (9)
(o]
1+ OH
Y o
\/“‘N)S/YOH (10}

45 H or gee
where each R*®is O or H, and R is H, C»-Csacyl or an oxygen-protecting group
{preferably Co-Csacyl).

The product of step b) above can comprise a compound of formula {(11), a
compound of formuta (12) or a mixture of a compound of formula (11) and a compound

20 of formula {12):



RB R3

K@RE \_j:\’f)Rﬁ
hd >
1.4 R? 14 PR
T8 T 8
‘(NMOH "N/LY\\/OH

H R2a H OR }:\;Ba
(1) (12)
where each R®is O or H,, R is H, C»Csacyl oran oxygen-protecting group (preferably
C,-Csacyl) and R®, R* and R® are as defined above.

in another aspect, this invention is directed to a method of making compounds

R4
o \
AN
Cf \/\[\}Rs 0

OH
or a pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,

5 offormula (I):

solvate, polymorph, sterecisomer, metabolite or prodrug thereof, as a single
sterecisomer or as a mixture thersof;
10 wherein:

R®, R* and R® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
triflucromethyl, -CHF», -SON(R3)Rs, -OCF, Co-Cralkanoyioxy, C,-Csalkyl,
Cy-Cealkoxy, Cr-Cqqaratkoxy, Cz-Cralkoxycarbonyl, Cs-Csthioalky!, aryl or

15 -N(Re)R; (preferably R®, R* and R® are independently hydrogen, hydroxy or
C1-Ceatkoxy; with the proviso that R®, R* and R® cannot all be hydrogen at the
same {ime); and

R®, R’ R® and R® are each independently selected from hydrogen, acetyl,
methanesulfonyi or C.-Cealky!;

20 which method comprises:

a) reacting a compound of formula (17):
Sags
“NH, ST

3
(17)

wherein R®, R* and R® are as defined above, with a compound of formula (2a2):
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? OR

O (2a2)
wherein R is H, C»-Cyacyl or an oxygen-protecting group (preferably C,~Csacyl),

under suitable condensation conditions to form a compound of formula (6b):;

wherein R is H, C,-Csacy! or an oxygen-protecting group (preferably an
optionally substituted benzyi group) and R®, R* and R® are as defined above:
and
b} reducing the compound of formula (6b) under suftable conditions to form a
compound of formuia (1), as set forth above.
This method can further comprise a nucieophilic displacement siep to form the
compound of formula (17), wherein the nucleophilic displacement step comprises

treating a compound of formula {18):

4

Saas"
| L ps
OR' //

R® {16)

wherein -OR' is an activated leaving group (preferably optionally substituted
alkysulfonate or optionally substituted arylsulfonate) and R®, R* and R® are as defined
above, with an azide under suitable nucleophitic displacement and subsequent
reduction conditions to form a compound of formuia {17) as set forth above.

This method con further comprise a preparation step to form the compound of

formula (186), wherein the preparation step comprises reacting a compound of formuia

(15):
4
Sl
‘;/_L.,‘R5
o A7
RS

15)

)
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wherein R°, R* and R® are as described above, with an activating agent (preferably an
optionally substituted alkylsulfonyl halide or an optionally substituted arylsulfony!
halide) under suitable conditions to form the compound of formula (18) as set forth
above.

This method can further comprise an asymmetric reduction step to form a
compound (15}, whersin the asymmetric reduction siep comprises treating a

- compound of formula (14):

4
O A
\/\H/\j__Rb-
o 7
R3 .
{(14)

wherein R®, R* and R® are as defined above, under asymmetric
reduction/hydrogenation conditions to form the compound of formula (15) as set forth
above,

This method can further comprise an stherification step to form a compound of
formula (14), wherein the etherification step comprises treating a compound of formuia

(13:
L
l“o

{13)
with a compound of formuia (5b):
4
HO i %f*’ 5
(5b) P
RS

wherein R®, R* and R® are as defined above, under suitable conditions to form the
compound of formula (14), as set forth above.

in ancther aspect, this invention is directed to a method of making compounds
of formula (11}

RB
1
ek
& VI
OH
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or a pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, stereoisomer, metabolite or prodrug thereof; as a single
stereoisomer or as a mixture thereof;

whersin:

5 R® R*and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyt,
trifluoromethyl, ~-CHF;, ~SON(Rg)Rg, -OCFa, Co-Cralkanoyloxy, C,-Csalky!,
Ci-Cealkoxy, Cr-Cyzaralkoxy, C,-Cratkoxycarbonyl, C,-Cgthicalky!, aryt or
-N{Re)R7 (preferably R, R* and R® are independently hydrogen, hydroxy or

10 C+-Csalkoxy; with the proviso that R®, R* and R® cannot ali be hydrogen at the
same thme); and
R® R’ R and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C4-Csalkyl;
which method comprises:

15 &) reacting a compound of formula (20):

, JOH

2 OR

(20)

wharein each R?® is O or H, where at least one R* in the compound of formula
(20) is O, and R is H, C;-Csacy! or an oxygen-protecting group (preferably
C,-Csacyl}, with a compound of formuia (5):

4
Q‘MA

(2
RB
20 G

wherein R®, R* and R® are as dsfined above and Q is a leaving group, to form a

RS

compound of formula (21}



10

15

20

25

12

wherein each R* is O or H, where at least one R* is O, R is H, Cs-Cgacyl or an
oxygen-protecting group and R®, R* and R°® are as defined above. under
suitable conditions such that upon reaction of the compound of formula (20)
with the compound of formuia (5}, the trans relative configuration of the
hydroxyl group on the carbon at the 1-position of the compound of formula (20)
is retained in the carbon at the 1-position of the compound of formula (21);
b) reducing the compound of formula (21) under sujtabie conditions to form s
compound of formula (il).
This method can further comprise a deprotection step prior to the reaction of a
compound of formula (20) with a compound of formula {(5), wherein the deprotection
step comprises treating a compound of formula (19);

OR!

1
T g
g
s OR

(19)

wherein each R* is O or H, where at least one R*is O, R' is an oxygen-protecting
group (preferably an optionally substituted benzyl group) and R is H, Co-Csacyl or an
oxygen-protecting group (preferably G.-Csacyl), to suitable deprotecting conditions to
form a compound of formuia (20) as set forth above. |

This method can further comprise a cyclization step to form a compound of
formula (19), wherein the cyclization step comprises reacting a compound of formula
{(23) or a compound of formula (24} or 2 mixture of a compound of formula (23) and a
compound of formuia (24);

10R1
(\( 0 OR
3 Lo (29)
1 OR!
LK
OH
ﬁ)w (24)
OR Ree

wherein each R’ is independently an oxygen-protecting group {preferably an optionally
substituted benzyl group), each R®is O or Hs, and R is H, C2-Csacyi or an oxygen-

protecting group (preferably Co-Csacyl), under suitabls conditions fo form a compound
of formula (19) as set forth above.
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This method can further comprise a condensation step to form a compound of

formula (23) or a compound of formula (24) or a mixture of a compound of formula (23)

and a compound of formula (24), wherein the condensation step comprises reacting a

od
NH.

{18)

compound of formula (18},

where R' is an oxygen-protecting group (preferably an optionally substituted benzyl

group), with a compound of formula (2a):

REa
boa
RZa { 2a)

wherein each R® is O or H; where at least one R*is O, Ris H, C,-Csacyl or an
oxygen-protecting group (preferably Cx-Csacyl), under suitabie conditions to form the
compound of formuia (23) or the compound of formula (24} or the mixture of a
compound of formula (23) and a compound of formula (24) as set forth above.

In another aspect, this invention is directed to a method of making compounds

of formula (I1):

R3
i R
N 2 sl
gy

OH

or a pharmaceutically acceptable salt, ester, amide, complex, chelate, ciathrate,
solvate, polymorph, sterecisomer, metabolite or prodrug thereof, as a single
stereoisomer or as a mixture thereof,

wherein:

R® R*and R® are independently bromins, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyi, methanesulfonamido, nitro, cyano, sulfamyl,
triffuoromethyl, -CHF;, -SO:N{Rg}Rs, -OCF, Cx-Cralkanoyloxy, C.-Cealky!,
C+Cealkoxy, C-Cyaralkoxy, Co-Cralkoxycarbonyl, C-Csthioalkyl, aryl or
-N(Rs)R; (preferabiy R, R* and R® are independantly hydrogen, hydroxy or
C.-Cealkoxy: with the proviso that R, R* and R® cannot all be hydrogen at the

same time); and
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R®, R’, R, and R® ars each indepandently selected from hydrogen, acatyl,

methanesulfonyl or Ci-Cealkyl:

which method comprises the following:

a)

5
b)

10
)

15
d)

20

reacting a compound of formula (22);

dC)H

NH,
(22}
with a compound of formula (2a):
RZa
O
$on
RZ& (23}

under suitable condensation conditions to form a product;
reacting the product of a) with a compound of formula (5):

R‘;
Q 2 /
{ "l"R5
A
RS
5

wherein Q Is a jeaving group and R®, R* and R® are as defined above, under
suitable ether coupling conditions to form a product;
reacting the product of b} under suitable cyclization conditions to form a

compound of formula (21):

R28
wherein each R®is O or H,, Ris H, C»-Csacyl or an oxygen-orotecting group
{preferably C,-Gsacyland R®, R* and R°® are as defined above; and
reducing the compound of formula {21) under suitable cenditions to form a
compound of fermula {li), as set forth abova.

The product of step a) above can comprise a compound of formula (25), a

compound of formula {(28) or a mixture of a compound of formula {25) and a compound
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of formula (26):

1 OH
@ c  OR
OH
N
H pea  (25)

1 OH
0
|
H GR RZE]
where gach R* is O or H, and R is H, C~Csacyl or an oxygen-proteciing group.
The product of step b) above can comprise a compound of formula (27), a

5 compound of formula (28) or a mixture of a compound of formuia (27) and a compound

of formuia (28):

R® R3

LR RS

; N N {)

T4 R e R4

Lo L8

OH ' OH

R OR R#

{27) (28)

where each R* is O or H,, R is H, C,-Csacyl or an oxygen-protecting group and R°, R
and R are as defined above.

10 In another aspect, this invention is directed to a method of making compounds

of formula ()

RS
1.0 A
SRR,
N AT
R4
vOH

or a pharmacsutiically acceptabie salt, ester, amide, complex, chelaie, clathrate,

solvate, polymorph, stereoisomer, metabolite or prodrug thereof, as a single
15 sterecisomer or as a mixiure thereof;

wherein;

R®, R* and R® are independently bromine, chlorine, fiuorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanssuifonamido, nitre, cyano, sulfamyl,
trifiuoromethyt, -CHF,, -S0:N(Re}Rg, -OCF5, Co-Cralkanovioxy, Ci-Cealkyl,

20 Cq-Cealkoxy, Cy-Cyzaratkoxy, C,-Cralkoxycarbonyi, C4-Cethioalkyl, aryl or
-N{RIR; (preferably R® R*and R® are independently hydrogen, hydroxy or
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C+-Cealkoxy; with the proviso that R*, R* and R® cannot all be hydrogen at the
same {ime); and

R®, R, R® and R® are each independently selected from hydrogen, acatyl,
methanesulfonyl or C;-Cgalkyl;

which method cbmprfses:

aj reacting a compound of formuia (33):

R4
O $%4
' jW.RE
CE“)@
R (33

wherein R®, R* and R® are as defined above, with a compound of formula (2a2):

O

0" NeoR

s
O {2a2)
wherein R is M, C-Csacyl or an oxygen-protecting group {preferably C,-Csacyl),
under suitable condensation conditions to form a compound of formula (21b):

R?:

(21b)

wherein R is M, C»-Ceacyl or an oxygen-protecting group (preferably Co-Csacyl)
and R®, R* and R® are as defined above; and
b} reducing the compound of formula (6b) under suitable conditions o form a
compound of formula (I}, as set forth above.
This method can comprise a nucleophilic displacement step to form the
compound of formula (33), wherein the nucleophilic displacement step comprises

treating a compound of formula (32):

4
o o
; /j_RS
“or
8 {32)

wherein -OR' is an activated leaving group (preferably an optionally substituted
alkysulfonate or an optionally substituted arylsulfonate) and R®, R* and R°® are as



10

15

20

17

defined above, with an azide under suitable nucleophilic displacement and subsequent
reduction conditions to form a compound of formula (33) as set forth above.

This method can further comprise reacting a compound of formula (31):

4
G \A/R
[ V//jﬂwR5
‘OH R3/ (

31)

wherein R®, R* and R® are as described above, with an activating agent {preferably an
optionally substituted alkyisulfonyl halide or an optionally substituted aryisulfonyl
halide} under suitable conditions to form the compound of formula (32) as set forih
above.

This method can further comprise a reduction step to form a compound (31),

wherein the reduction step comprises freating a compound of formuia (14):

nO \/:’R4

(L (3=
o
Ru
(14)

wherein R®, R* and R® are as defined above, under suitable conditions to form the
compound of formula (31) as set forth above.

This method can further comprise an etherification step to form a compound of

formuta (14), wherein the etherification step comprises treating a compound of formula

(13):
X,

(13}
with a compound of formula (5b):

R4

HO\/Wi/% RS

(5b) P
=X

wherein R®, R* and R® are as defined above, under suitable conditions to form the
compound of formuia (14), as set forth above.

All of the above methods can further comprise the formation of an acid addition
salt of a compound of formula (1) or a compound of formula (H).

tn another aspect, this invention is directed to infermediates and compounds



10

15

20

25

18

prepared by the methods disciosed herein.
In another aspect, this invention is directed to compounds of formula (n.

Detailed Description of the Invention

As noted above, the present invention is directed to methods of
stereoselectively making compounds of formuia (1) and formuia (11}, as set forth above
in the Summary of the invention.

An understanding of the present invention may be aided by reference to the
foliowing definitions and explanation of conventions used hersin:

The compounds of formuia (1) have an sther oxygen atom at position 1 of 2
cyclohexane ring, and an amine nitrogen atom at position 2 of the cyclohexane ring,
with other positions numbered in corresponding order as shown below in Structure {A):

The bonds from the cyclohexane ring to the 1-oxygen and 2-nitrogen atoms in
the above formula are disposead in the #ans relationship. Therefore, the
stereochemisiry of the amine and ether substituents of the cyciohexane ring is
(R.R)-trans or (8,8)-trans for the trans-sterecisomers of the compounds of formula (1},

Following the standard chemical literature description practice and as used in
this specification, a solid full bond, as illustrated above in Structure (A) and a dashed
full bond, as illustrated above in Structure (A}, means that the substituents, in this case
the amine and ether substituents, are in a trans-configuration with respect to the plane
of the cyclohexane ring.

Following the standard chemical literature description practice and as used in
this specification, a full wedge bond, as illusirated below in Structurs (Aa), means that
the substituent bonded to the cyclohexane ring by this bond, in this case the ether
substituent, is above the cyciohexane ring plane as illustrated on the pageina two~
dimensional representation, and a dashed wedge bond, as illfustrated balow in
Structure {Aaj, means that the substituent bonded to the cyciohexane ring by this
bond, in this case the amine substituent, is below the cyclohexane ring plane as shown
on the page in a two dimensicnal represeniation;
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6
5 /\1/0;5{

2 {(Aa)
4 U, "\]}i

3

S

The compounds of formula (1} have an ether oxygen atom at position 1 of a
Cyclohexane ring, and an amine nitrogen atom at position 2 of the cyclohexane ring,
with other positions numbered in corresponding order as shown bslow in Structure {B):

B ' o
5 i
2 ;!S
4 Nj%"
3 !

5 e

{B)

The bonds from the cyciohexane ring to the 1-oxygen and 2-nitrogen atoms in
the above formula are disposed in the cis relationship. Therefore, the stereochemistry
of the amine and ethar substituents of the cyclohexane ring is (R,S)-cis or (S,R)-~cis for
the cis-sterecisomers of the compounds of formula (.

10 Following the standard chemical literature description practice and as usad in
this specification, two solid full bonds, as illustrated above in Structure (B) means that
the substituents, in this case the amine and ether substituents, are in a ois-
configuration with respect to the plane of the cyclohexane ring.

Following the standard chemicali literature description practice and as used in

15 this specification, a full wedge bond, as illustrated below in Structure (Ba), means that
the substituent bonded to the cyciohexans ring by this bond, in this case the ether and
the amine substituent, is above the cyclohexane ring plane as llustrated on the page in
a two dimensional representation, and a dashed wedge bond, as ifllustrated below in
Structure (Bb), means that the substituent bonded to the cyclohexane ring by this

20 bond, in this case the ether and the amine substituent, is below the cyciohexane ring
plane as shown on the page in a fwo dimensional representation;

6 y B8
5 O\rsg ~ 5 :"N\O S
2 ', (Ba) 2 @)
4 \N/ 2, 4 "’lg;’\j/—t’

5 e 5

Following the standard chemical literature description practice and as used in

25 this specification, a wavy bond, as illustrated below in the compound of formula (2a2),
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indicates that the substituent, in this case the -OR substituent, is either below the plane

of the cyclohexane ring or above the plane of the cyclohexane ring:

O

OR (2a2)
G

in the formulae depicted herein, a bond to a substituent and/or a bond that links
a molecular fragment to the remainder of a compound may be shown as intersacting
one or more bonds in a ring struciure. This indicates that the bond may be attached to
any one of the atoms that constitutes the ring siructure, so long as a hydrogen atom
could otherwise be present at that atom. Where no particular substituent(s) is
identified for a particular position in a structure, then hydrogen(s) is present at that

posifion. For example, compounds of formuia (I} contain the group (C):

where the group (C) is intended fo encompass groups wherein any ring atom that
could otherwise be subsiituted with hydrogen, may instead be substituted with either
R®, R* or R® with the proviso that each of R®, R? and R® appears once and only once
on the ring. Ring atoms that are not substituted with any of R®, R* or R® are substituted -
with hydrogen.

The compounds of the present invention contain at least two asymmetric
carbon atoms and thus exist as enantiomers and diasierenisomers. For the present
invantion, the words diastereomer and diasterecisomer and related terms are
equivalent and interchangeable. Unless otherwise indicated, the present invention
inciudes all enantiomeric and diastereoisomeric forms of the aminocyclohexyi ether
compounds of formuta (1) and compounds of formula (I}). Pure sterecisomers,
mixtures of enantiomers and/or diastereoisomers, and mixtures of different compounds
of the invention are inciudad within the present invention. Thus, compounds of formula
(h and compounds of formuia (1) may occur as racemates, racemic or
diasteraoisomeric mixtures and as individual diasterescisomers, or enantiomers, uniess
a specific stereoisomer enantiomer or diasterecisomer is identified, with all isomeric

forms being included in the present invention. For the present invention, a racemate,
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diastereocisomeric or racemic mixiure does not imply a 50:50 mixture of sterecisomers
only. Other enantiomerically or diastereomerically enriched mixtures of varying ratios
of sterecisomers are also contemplated. Unless otherwise noted, the phrase
“stereoisomerically substantialfy pure” generally refers to those asymmetric carbon
atoms that are described or #lustrated in the structural formulae for that compound.

The definition of sterscisomeric purity (or optical purity or chiral purity) and
related terminology and their methods of determination (e.g., Onptical rotation, circular
dichroism efc.) are well known in the art (see e.g., E.L. Elie!l and S.H. Wilen, in
Stereochemistry of Organic Compounds: John Wiley & Sons: New York, 1894: and
references cited therain). The phrase "stereoisomerically substantially pure” generally
refers to the enrichment of one of the stereoisomers (e.g., enanfiomers or
diastereoisomers) over the other sterecisotmers in a sample, leading to chiral
enrichment and increase in optical rotation activity of the sample. Enantiomer is one of
a pair of molecular species that are mirror images of each other and not
superimposable. They are "mirror-image” siereoisomers. Diastereoisomers generally
refer to sterecisomers not related as mitror-images. Enanticmeric excess {ee) and
diastereoisomeric excess (de) are terms generally used to refer the sterecisomeric
purity (or optical purity or chiral purity) of a sample of the compound of interest. Their
definition and methods of determination are well known in the art and can be found
e.g., in EL. Eliel and S.H. Wilen, in Stereochemistry of Organic Compounds; dohn
Wiley & Sans: New York, 1994; and references cited therein. "Stersoselactively
making” refers to preparing the compound having enantiomeric excess (&) or
diasterecisomeric excess (de).

For the present invention, enantiomeric excess (ee) or diastereoisomeric
excess (de) in the range of about 50% to about 100% is contemplated. A preferred
range of enantiomeric excess (ee) or diasteresisomeric excess (de) is about 60% to
about 100%. Another preferred range of enantiomeric excess {ee) or
diasterecisomeric excess (de) is about 70% to about 100%. A more preferred range of
enantiomeric excess (ee) or diasterecisomeric excess (de} is about 80% to about
100%. Ancther more preferred range of enantiomeric excess (ee) or diastereoisomeric
excess (de) is about 85% to about 100%. An even more preferred range of
enantiomeric excess (ee) or diastereoisomeric excess (de) is about 80% to about
100%. Anocther even more preferred range of enantiomeric excess (ee) or
diasterecisomeric excess (de) is about 95% to about 100%. 1t is understood that the
phrase "about 50% to about 100%" includes but is not limited to all the possible



10

16

20

25

22

percentage numbers and fractions of a number from 50% to 100%. Simiarly, the
phrase "about 0% to about 100%" includes but is not imited to all the possible
perceniage numbers and fractions of a number from 80% to 100%; the phrase “about
70% to about 100%" includes but is not limited to all the possibie percentage numbers
and fractions of a number from 70% to 100%; the phrase "about 80% to about 100%”
includes but is not limited to all the possible percentage numbers and fractions of a
number from 80% to 100%; the phrass "about 85% to about 100%" includes all but is
not limited to the possible percantage numbers and fractions of a number from 85% to
100%, the phrase "about 0% to about 100%" inciudes but is not fimited to all the
possibie percentage numbers and fracifons of a number from 80% to 100%: the phrase
"about 85% to about 100%" includes all but is not imited to the pessible percentage
numbers and fraciions of a number from 95% to 100%.

As an exampie, and in no way limiting the generality of the above, a compound

designated with the following formula:’

8 R4
5 1 O\/\\/\/\\]
2 ﬁ —R5
4 N 2 3/ =
3 - R
5 OH

includes at ieast three chiral centers (the cyclohexyl carbon bondad to the oxygen at
the 1 position, the cyclohexyl carbon bonded fo the nitrogen at the 2 position, and the
pyrrolidinyi carbon bonded fo the oxygen at the 3’ position) and therefore has at least
four separaie trans stereoisomers, which are (1 R,2R})-2-[(3R)-Hydroxypyrrolidinyi]-1-
(R, R*- and R*-substituted phenethoxy)cyciohexane; (1R,2R})-2-[(35)-
Hydroxypyrrolidinyl}-1-(R’-, R*- and R%subslituted phensthoxy)cyclohexans; (1S,28)-
2-[(3R)-Hydroxypyrrolidinyi-1-(R*-, R* and R®-substituted phensthoxy)cyclohexane:;
and (18,28)-2-{(3S)-Hydroxypyrrofidinyll-1-( R®-, R*- and R%substitutec
phenethoxy)cyclohexane; and, uniess the context make plain otherwise as used in this

specification, a compound having the formula
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5 o Ri‘

5 AN

SNRb

4 ity 2! /\/
3 N\\ R3

5 OH

&
means a composition that includes a component that is either one of the possible pure
enantiomeric or diastereisomeric forms of the indicaied compound or is a mixture of
any two or more of the pure enantiomeric or diastereisomeric forms, where the mixture
can include any number of the enantiomeric or diastereisomeric forms in any ratio.

As an example, and in no way limiting the generality of the above, unless the
coniext make plain otherwise as used in this specification, a compound designated
with the compound name of (1R.2R)/(18,28)-2-[(3R)-hydroxypyrrolidinyti-1-(3,4-
dimethoxyphenethoxy)cyciohexane means a composition that includes a component
that is either one or both of the two pure diastereomeric forms of the indicated
compound (i.e., (1R, 2R}-2-{{3R)-hydroxypyrralidinyi]-1-(3,4-
dimethoxyphanethoxy)cyclohexane or (18,28}-2-[{3R)-hydroxypyrrolidinyl}-1-(3,4-
dimethoxyphenethoxy)cyclohexane) or is a mixture of the two pure diastereomeric
forms, where the mixiure can inciude any relaiive amount of the two diastereomers,

The phrase "independently at each occurrence” is intended to mean (i) when
any variable occurs more than one time in a compound of the invention, the definition
of that variable at each occurrence is independent of its definition at every other
occurrence; and (i} the identity of any one of two different variables (e.q., R® within the
set R®, R? and R) is selected without regard the identity of the cther member of the
set. HMowever, combinations of substituents and/or variables are permissible only if
such combinations result in compounds that do not violate the standard rules of
chemical valency.

Certain chemical groups named harein are preceded by the shorthand notation
"Cy-Cy" where x and y indicate the lower and upper, respectively, number of carbon
atoms to be found in the indicated chemical group. For example: C.-Cealkyl describes
an alkyl group, as defined beiow, having a total of 1 1o 8 carbon atoms, and Co-
Cqoaralkyl describes an aralkyl group, as defined below, having a total of 7 to 12
carbon atoms. Occasionally, certain chemical groups named herein are preceded by
the shorthand notation "C." where z indicates the total number of carbons io be found

in the indicated chemicai group. The tofal number of carbons in the shorthand notation
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does not include carbons that may exist in substituenis of the group described.

in accordance with the present invention and as used herein, the following
terms are defined to have following meanings, unless expilicitly stated otherwise:

*Acid addition salis" generally refar to bttt are not limited to these salts which
retain the biological effectiveness and properties of the free bases and which are not
biclogically or otherwise undesirable, formed with inorganic acids such as but not
limited to hydrochloric acid, hydrebromic acid, sulfuric acid, nitric acid, phosphoric acid
and the like, or acceptable Lewis acids, or organic acids such as but not fimited fo
acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic
acid, succinic acid, fumaric acid, tartaric acid, ciiric acid, benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenessulfonic acid,
salicylic acid and the like, and inciude but not limited to those described in for example:
"Handbook of Pharmaceutical Salts, Properties, Selection, and Use”, P. Heinrich Stahl
and Camille G. Wermuth (Eds.), Published by VHCA (Switzerland) and Wiley-

VCH (FRG}, 2002

"Acyl" refers to branched or unbranched hydrocarbon fragments terminated by
a carbonyl -(C=0)- group containing the specified number of carbon atoms. Examples
include acetyl (Ac) ICH;C(=0}-, a C.acyl} and propionyt [CH;CH.C(=0)-, a Cacyl].

"Alkanoyloxy" refers to an ester substituent wherein the non-carbonyi oxygen is
the point of attachment to the moleculs. Exampies inciude propanoylioxy
[{CHaCHLC{=0)-0-, a Csalkanoyloxy] and ethanoyioxy [CH:C(=0)-0-, a
Coalkanoyloxy].

"Aralkancyloxy” refers to an ester substituent wherein the non-carbonyl oxygen
is the point of attachment fo the molecule and the ester substituent also comprises an
alkylene group wherein one of the points of attachment is to an aryl group. An
exampie of an aralkanoyloxy group is CsHsCH.C{=0)-0-, a Cearalkanoyloxy group.

"Alkoxy" refers to an oxygen (O)-atom substituied by an alky! group, for
example, alkoxy can include but is not limited to methoxy, which may also be denoted
as -OCHs, -OMe or a Cialkoxy.

"Alkoxyalky!” refers io an alkylene group substituted with an alkoxy group. For
exampie, 2-methoxyethyl [CH;OCH;CHx-], 1-methoxyethy! [CH;CH(OCHa)-] and
ethoxymethyl (CH;CH,OCH,-] are all Caalkoxyatky! groups.

"Aralkoxy" refers to an oxygen (O)-atom substituted by an aralkyl group. An
example of an aralkoxy group is CsHsCHeO- | a Craralkoxy group.

"Alkoxycarbony!" refers to an ester substituent wherein the carbony! carbon is
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the point of attachment to the molecule. Exampiles include ethoxycarbonyi
JCHsCH,OC(=0)-, a Csalkoxycarbonyl] and methoxycarbonyl [CH,OC(=0}-, a
Coatkoxycarbonyl}.

"Aralkoxycarbonyl” refers to an ester substituent wherein the carbonyi carbon is
the point of attachment to the molecule and the ester substituent aiso comprises an
alkylene group wherein one of the points of attachment is to an aryi group. An
axample of an aralkoxycarbonyl group is CeHsCH,O-C(=0)-, a Cgaralkoxycarbonyi
group.

"Alkyl" refers to a branched or unbranched hydrocarbon fragment containing
the specified number of carbon atoms and having ohe point of attachment. Examples
include n-propyi (a Caalky!), iso-propyl (also a Caalkyl), and &butyl (a Caalkyl). Methyl is
represented by the symbol Me or CH,

"Alkyiene" refers to a divalent radical which is a branched or unbranched
hydrocarbon fragment containing the specified number of carbon atoms, and having
two points of attachment. An example is propylene |-CH;CH,CH.-, a Caalkylens].

"Alkylcarboxy” refers to a branched or unbranched hydrocarbon fragment
terminated by a carboxyiic acid group {-COOH]. Examples include carboxymethy!
[MOOC-CH;-, a Cealkylcarboxy] and carboxyethyt [HOOC-CH,CH;-, a Cialkyicarboxy].

"Aryl" refars to aromatic groups which have at ieast one ring having 2
conjugated pi electron system and includes carbocyciic aryl, heterocyclic aryl (also
known as heteroary) groups) and biaryl groups, all of which may be optionally
substituted. Carbocyclic aryl groups are generaily preferred in the compounds of the
present invention, where phenyi and naphthyl groups are preferred carbocyclic aryl
groups.

"Aralky!" refers to an alkylene group wherein one of the points of attachment is
to an ary! group. An example of an aralkyl group is the benzyl group (Bn) [CsHsCHo-, a
Craralky! groupl.

"Alkylsulfonyl" refers fo a radicat of the formula -S(O),R, where R, is an alkyl
group as defined herein. The alkyisuifonyl group may be optionally substituted by halo
or optionally substituted ary! groups, or by other suifable substituents known to one
skilie in the art. '

"Arylsulfonyl" refers to a radical of the formula -8(0),R, where Ry is an
optionally substituted aryl group as defined herein. Aryisulfonate groups inciude, but
are not limited o, benzenesulfonate groups, mono- or poly-substituted

benzenesulfonate groups, & mono- of poly-halobenzenesulfonate groups, 2-
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bromobenzenesulfonate group, 2,6-dichlorcbenzenesulionate group,
pentafiuorobenzenesulfonate group, and a 2.6-dimethylbenzenesulfonate group. The
arylsutfonyl group may be optionally substituted by haio or alkyl, or other suitable
substiiuents known to one skilied in the art.

"Cycloalky!" refers to a ring, which may be saturated or unsaturated and
monocyclic, bicyclic, or tricyclic formed entirely from carbon atoms. An example of a
cycloalkyl group is the cyciopentenyl group (CsH7-), which is a five carbon (Cs)
unsaturated cycloalky] group.

“"Carbocyclic” refers fo a ring which may be either an ary! ring or a cycloalkyl
ring, both as defined above.

"Carbocyclic aryl" refers to aromatic groups wherein the atoms which form the
aromatic ring are carbon atoms. Carbocycic aryl groups inciude monocyciic
carbocyclic aryl groups such as pheny!, and bicyclic carbocyclic aryl groups such as
naphthyl, all of which may be optionally substituted.

"Halide" or "halo" refers to -Cl, ~Br, -F or |,

"Heteroatom"” refers to a non-carbon atom, where boron, nitrogen, oxygen,
sulfur and phosphorus are preferred heteroatoms, with nitrogen, oxygen and sulfur
being particularly preferred heteroatoms in the compounds of the present invention.

"Heteroary!" refers to aryl groups having from 1 to © carbon atoms and the
remainder of the atoms are heteroatoms, and includes those heterocyclic systems
described in "Handbook of Chemistry and Physics,” 49th edition, 1968, R.C. Weast,
editor; The Chemical Rubber Co., Cleveland, OH. See particularly Section C, Rules
for Naming Organic Compounds, B. Fundamental Heterocyclic Systems. Suitable
heteroaryls include but not fimited to furany!, thienyl, pyridyl, pyrrolyi, pyrimidyl,
pyrazinyl, imidazolyl, and the like. ]

"Hydroxyalky!” refers to a branched or unbranched nydrocarbon fragment
bearing a hydroxy {-OH) group. Exampies include hydroxymethyi (-CH,OH, a
Cshydroxyalkyl) and 1-hydroxyethyl (-CHOHCH,, a Czhydroxyalkyl),

"Thioalkyl" refers to a sulfur atom substituted by an alkyl group, for example
thiomethyl (CH;S-, a Cithicalkyl). '

"Modulating” in connection with the activity of an jon channel means that the
activity of the ion channel may be either increased or decreased in response to
administration of a compound or composition or method of the present invention.
Thus, the ion channel may be activated, so as to transport more ions, or may be
biocked, so that fewer or no ions are transporied by the channel.
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"Pharmaceutically acceptabie carriers” for therapeutic use are wall known in the
pharmaceutical art, and are described, for example, in Remingtons Pharmaceutical

Sciences, Mack Publishing Co. (A.R. Gennaro adit, 1985). For example, sterile saline
and phospha‘te—ﬁuﬁered saline at physiological pH may be used. Preservatives,
stabilizers, dyes and even flavoring agents may be provided in the pharmaceutical
composition. For example, sodium benzoate, sorbic acid and esters of
p-hydroxybenzoic acid may be added as preservatives. /d. at 1449, In addition,
antioxidants and suspending agents may be used. i

"Pharmaceutically acceptable salt” refers to salts of the compounds of the
present inveniion derived from the combination of such compounds and 5
pharmaceutically acceptable organic or inorganic acid {acid addition salis) or a
pharmaceutically acceptabie organic or inorganic base (base addition salts} which
retain the biological effectivensss and properties of the compounds of the present
invention and which are not biologically or otherwise undesirable. Examples of
pharmaceutically accaptable salt include but not limited to those described in for
example: "Handbook of Pharmacettical Salts, Properties, Selection, and Use", P,
Heinrich Stahl and Camille G. Wermuth (Eds.), Published by VHCA (Switzerland) and
Wiley-VCH (FRG), 2002. The compounds of the present invention may be used in
either the free base or salf forms, with both forms being considered as being within the
scope of the present invention.

The "therapeuticaily effective amount” of a compound of the present invention
will depend on the route of administration, the type of warm-blooded animal being
treated, and the physical characteristics of the specific warm-biooded animal undar
consideration. These factors and their relationship to determining this amount are well
known to skilled practitioners in the medical arts. This amount and the method of
administration can be tailored to achieve optimai efficacy but will depend on such
factors as weight, diet, concurrent medication and other factors which those skilled in
the medical arts will recognize.

Compositions described herein as "containing a compound of the present
invention" encompass compositions that may contain more than one compound of the
prasent inveniion formula.

"Clathrates” as used herein refers to substances which fix gases, liguids or
compounds as inclusion complexes so that the complex may be handled in solid form
and the inciuded constituent (or "guest" molecule) subsequently releases by the action
of a solvent or by meiting. Clathrates used in the instant invention may be prepared
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from cyclodextrins. Cyclodextrins are widely known as having the ability to form
clathrates with a variety of molecules. See, for example, Inclusion Compounds, edited
by J.L. Atwood, J.E.D. Davies, and D.D. MacNicol, London, Orlando, Academic Press,
1984; Goldberg, 1., "The Significance of Molecular Type, Shape and Complementarity
in Clathrate Inclusion”, Topics in Current Chemistry (1888), Vol. 148, pp. 2-44; Weber,
E. ef al., "Functional Group Assistad Clathraie Formation - Scissor-Like and Roof-
Shaped Host Molecules”, Topics in Current Chemistry (1988}, Vol. 149, po. 45-135;
and MacNicol, D.D, et al., "Clathrates and Molecular Inclusion Phenomena", Chemical
Socisty Reviews (1978), Vol. 7, No. 1, pp. 65-87. Conversion into cyciodextrin
clathrates is known to increase the stability and solubiiity of certain compounds,
thereby facilitating their use as pharmaceutical agents. See, for example, Saenger,
W., "Cyclodextrin Inclusion Compounds in Research and industry”, Angew. Chem. Int.
£d. Engl. (1980}, Vol 19, pp. 344-362: U.S. Patent No. 4,886,788 (Schering AG); U.S.
Patent No. 6,355,627 (Takasago); U.S. Patent No. 6,288,119 (Ono Pharmaceuticais):
U.8. Patent No. 8,110,989 (Ono Pharmaceuticals): U.8. Patent No. 6,235,780 (Ono
Pharmaceuticals); U.S. Patent No. 6,262,203 (Ono Pharmaceuticals); U.S, Patent No.
6,225,347 (Ono Pharmacsuticals); and U.S. Patent No. 4,935,446 (Ono
Pharmaceuticals).

"Cyclodextrin” refers to cyclic oligosaccharides consisting of at least six
glucopyrancese units which are joined together by a(t-4) linkages. The oligosaccharide
ring forms a torus with the primary hydroxyi groups of the glucose residues lying on the
narrow end of the torus. The secondary glucopyranocse hydroxyl groups are jocated on
the wider end. Cyclodexirins have been shown to form inciusion complexes with
hydrophobic molecules in aqueous solutions by binding the molecules into their
cavities. The formation of such complexes protects the "guest" molecule from loss of
evaporation, from attack by oxygen, visibie and ultraviolst light and from intra- and
intermolecular reactions. Such complexes also serve io "fix" a volatile material untit
the complex enceuniers a warm moist snvironment, at which point the complex will
dissotve and dissociate into the guest molecule and the cyclodextrin. For purposes of
this inveniton, the six-giucose unit containing cyclodextrin is specified as a-
cyclodexirin, while the cyclodextrins with seven and eight glucose residuss are
designated as B-cyclodextrin and y-cyclodexirin, respectively. The most common
afternative to the cyclodextrin nomenclature is the naming of these compounds as
cycloamyloses,

The synthetic methods/procedures described herein, especially when taken
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with the general knowledge in the art, provide sufficient guidance to perform the
synthesis, isolation, and purification of the compounds of the prasent inveniion.

Compounds of the lnvéntion

The compounds of foermula (I} and (11, as set forth above in the Summary of the
tnvention and prepared by the methods disciosed herein, are useful in treating
arrhythmias, particularty atrial fibrillation, as disclosed in detail in U.S. Patent No.
7,067,053 and PCT Published Patent Applications 99/50225 and 2004/099137.

Accordingly, in one embodiment of the invention, the compound of formula {1}
prepared by the methods disclosed herein is a compound of the foliowing formuia (la):

’/YO\/\@OCHS

1

o ""’N—«\ = ocH,
b""JJpOH (ia)'

or & pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, metaboiite or prodrug thereof, as a single stersoisomer or as a
mixiure thereof.

This compound is a compound of formula (I} wherein the hydroxy substituent
on the pyrrolidinyl ring is in the 3-position, at least one of R®, R* and R’ is hydrogen
and one of the remaining R®, R* and R® is methoxy in 3-position of the pheny ring to
which they are attached and the remaining R®, R* and R is methoxy in the 4-position
of the pheny! ring to which they are attached, and is named herein as
(3R)-1-1(1 R,2R)-2—{2-(3,4—dimethoxypheny!}ethoxy}cyciohexy%}—.’ﬁ—pyrmlidinci.

In another embodiment of the invention, the compound of formula (1) prepared
by the methods disclosed herein is a compound selected from the group consisting of
the following:

Structure Chemical name

) OCH;,
U VU (BRI-I(1R,2R)-2-12(3 4-dimethoxy-
gy OCH; phenyliethoxylcyclohexyl]-3-pyrrolidinol

Q (Compound of formuia (la))
"“OH
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Struciure Chemical name
e OCH;
Q \/U (BR)-1-{(18,28)-2-[2-(3,4-dimethoxy-
OCH phenylethoxyleyclohexyl]-3-pyrrolidinol
E {Compound of formula {Ib))
"’OH

Q/ \/\QOCHB‘
OCH,

(38)-1-I(1R,2R}-2-[2-(3,4-dimethoxy-
phenyljethoxylcyciohexyl}-3-pyrrolidino
(Compound of formula (ic))

O:‘O\/\G:OCH?)
QCH,

(389)-1-1(18,2 §)-2-[2-(3,4-dimethoxy-
phenyhethoxyjcyclohexyll-3-pyrrolidinal
{(Compound of formuia (Id))

Cr \/UOCHB

(3R}-1-[{1R,2R)-2-[2~(4-hydroxy-3-methoxy-
phenyhethoxylcyciohexyl}-3-pyrrolidinol
(Compound of formula (le))

””OH
U \/\EI {(3R)-1-[(1R,2R)-2-|2~(3-hydroxy-4-methoxy-
WN OCH pheanyi)ethoxylcyclohexyi]-3-pyrrofidinol
8 {Compound of formula (i)
"’OH

O/ \/\OiOCHZCHS

"’O H

(3AR)-1-[{(1R,2R}-2-{2-(4-ethoxy-3-mathoxy-
phenyliethoxy]cyclohexyl}-3-pyrrolidinol
{Compound of formuta (Ig))

Q/ \/UOCH29H3
OCHx

"'O H

(3RF1-[(1R,2R)-2-[2-{3-ethoxy-4-methoxy-
phenylethoxyleyclohexyl}-3-pyrrolidinol
{Compound of formutia (Ih))

or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,

solvates, polymorphs, metabolites or prodrugs thereof, as a single sterecisomer or

mixiures thereof.

in another embediment of the invention, the compound of formula (1) prepared
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by the methods disclosed herein is selected from the group consisting of the foliowing:

(3R-1-{(1 F?,ER)-Z-[Z—(S,4—dimethoxy-phenyl)ethoxy}cyciohaxyl]-s-pyrroiidin ol
monohydrochioride;

{(3R)-1-[(1 S,28)»2~{2~(3,4—dime’thoxy—pheny§)ethoxy}cyciohexyi}3-pyrrolidinol
monohydrochioride:

(38)-1-[(1 R,ZR}-Z—[2~{3,4—dimethoxy—phenyl)e‘choxy}cyciohe'xy]}~3-pyrroiidinol
monohydrochioride:

{3S)-1-{(1 S,28)-242-(3,4—dimethoxy»phenyi)ethoxy]cyclohexyi}~3-pyrroiidmo[
mononydrochloride; ‘

(3R)-1-f(1 R,2R)-2~{2~(4—hydr_oxy-3~methoxyphenyi)ethoxy]cyciohexyl]~
3-pyrroiidinot monohydrochoride;

{3R-1-{(1 R,2R)-2~[2—(3~hydroxy-4-methoxyphenyl)ethoxy}cyciohexyi]—

- 3-pyrrofidinol monchydrochoride;

(3R)-1-[(1 R,2R)-2—{2~(4-ethoxy—S-methoxypheny!)ethoxy}cyckohexyi}-
3-pyrrolidinol manohydrochoride; and

{3R)—1~{(1R,ER)-Z-[Z—(S—ethoxy~4-methcxypheny£)ethoxy}cyclohexyt}—
3-pyrrolidinol monochydrochoride.

Of the above embodiments, a preferred embodiment is BR-1-[(1R,2R)-2-[2-
(3,4-dimethoxy-phenyl)ethoxylcyclohexyl]-3-pyrrolidinol monochydrochloride, j.e., the
compound of the following formuia:

O/ \/\C(OCHS
%N OCH3
"’OH

in another embodiment of the invention, a compound of formula (1) prepared by
the methods disclosed herein is a compound of the following formula (Ha):

O \\\O RN OCHg
” OCH;,
'”OH
or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,

solvates, polymorphs, metabolites or prodrugs thereof, as a singie sterecisomer or a

mixture thereof,
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This compound is a compound of formula () wherein the hydroxy substituent
on the pyrrolidiny! ring is in the 3-position, at least one of R®, R* and R® is hydrogen
and one of the remaining R®, R* and R® is methoxy in 3-position of the phenyl ring to
which they are attached and the remaining R*, R* and R% is methoxy in the 4-position

5 of the phenyi ring to which they are attached, and is narmed herein as
(3R)-1-[(1 8,2r’?}~2—[2—(3,4—dimethoxyphenyf)ethoxy}cycfohexy!}~3—pyrmiidino!.

in another embodiment of the invention, the compound of formula (11) prepared
by the methods disclosed herein is a compound seiected from the group consisting of
the following:

| |

Struciure 1 Chemigal name

0 e ~OCHs 1
(3R)-1-[(1S,2R)-2-[2-(3 4-dimethoxy-
"”N OCH; phenyl)ethoxylcyclohexyl]-3-pyrrolidinol

{Compound of formula ({ia))
"”OH

OCH;3
CE \/U (3R)»-1-{(1R,28)-2-[2-(3,4-dimethoxy-
OCHj4 phenyl)ethoxylcyclohexyl]-3-pyrrolidinol

(Compound of formula (lib))
""OH

OCH;,
C: \/U (8E3-1-{{1R,28)-2-{2-(3 4-dimathoxy-
phenyhethoxyjcyclohexyij-3-pyrrolidinol

{Compound of formula (lic)}

\‘\\OW\’/OCH:}
K/\ (38)-1-[(18,2R)-2-[2-(3, 4-dimethoxy-
”/’N OCH phenyhethoxylcyciohexyl}-3-pyrrolidinol
3 (Compound of formula (lid))

‘; CH

10
or pharmacedtically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, peiymorphs, metabolites or prodrugs therecf, as g single stereoisomer or
mixtures thereof.
In ancther embodiment of the invention, the compound of formuia (1) prepared
15 by the methods disclosed herein is selected from the group consisting of the following:
(BR)}-1-{{18,2R)-2-[2-(3,4-dimathoxy-phenyljethoxy] jcyclohexyll-3-pyrrolidinol
monohydrochioride;
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(BR}-1-[(1 R.28)-2-2-(3,4-dimethoxy-phenyl)ethoxyleyclohexyl]-3-pyrrolidinol
monohydrochiorids;

{35)-1-[(1 R.285)-2-2-(3,4~-dimethoxy-phenyl)ethoxy]cyciohexyl}-3-pyrrolidino
monchydrochloride: and

(383-1-[(18,2R)-2-{2-(3,4-dimethoxy-phenyheth oxyloyclohexyll-3-pyrrolidinol
monochydrochioride.

The present invention also provides protonated versions of alf of the
compounds described in this specification that may be prepared by the method of the
present invention. That is, for each compound described in this specification, the
invention also includes the quaternary protonated amine form of the compound that
may be prepared by the method of the present invention. These quaternary
proionated amine form of the compounds may be present in the solid phase, for
example in crystalline or amorphous form, and may be present in solution. These
quaternary protonated amine form of the compounds may be associated with
pharmaceutically acceptable anionic counter ions, including but not iimited o those
described in for example: *HMandbook of Pharmaseutical Salts, Properties, Salection,
and Use”, P. Heinrich Staht and Camille G. Wermuth (Eds.), Published by VHCA
{Switzerland) and Wilesy-VCH (FRG), 2002.

in anather embodiment of the invention, compounds of formula (1) are
prepared by methods similar to those described herein for the compounds of formula
(1} using the appropriate chiral starting materials.

This invention also provides novel intermediates prepared by the methods
disciosed herein. The intermediates prepared by the methods disclosed herein for the
preparation of compounds of formula {}) are selected from the group consisting of the

following:
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28
R (3) R 4 ) (6)
OH
O o OR 0’ @ o OR
: OH
: N
OR Rza H%ﬁ
(?) {8) (%)
R3 3
/_C)RS SRS
A~ L I
| U O’
OR REa Rza OR R2a
{10} (i) (12)
/\ro R4
vﬂ R
Sup st (:1 S L
0 R OH K/\o;'/\(/;’ ’
RS
{14) {16)
/\(D /\/\/R4
and TN s
J\/"«N ; l\// R™ 5
ATl

or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metaboliites or prodrugs thereof, as a single sterecisomer or a
mixture thereof;

wherein:
each R®, R and R® are independently bromine, chlorine, fluarine, carboxy, hydrogen,

hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyane, sulfamy!,
trifltuoromethy!, -CHF,, -SO2N(Rg)Rg, ~OCF,, Cx-Cralkanoyloxy, Cs-Csatkyl,
C:-Cealkoxy, C;-Cyearalkoxy, Cz-Cralkoxycarbonyl, C,-Cgthioalkyl, aryl or
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N{RIR7 or

each R’, R* and R ars independently hydrogen, hydroxy or C,-Cqalkoxy: with the
proviso that R®°, R* and R® cannot all be hydrogen at the same time;

each R®, R", R®, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C+-Cealkyl;

each R® is O or H, where at least one R® in sach compound is O

each R is independently a H, C,-Cacyl or an oxygen-protecting group,

each R is an optionally substituted alkylsuifonyl or an optionally substituted aryisulfonyl
group; and

each R'is an oxygen-protecting group.
The intermediaies prepared by the methods disciosed herein for the

preparation of compounds of formula (i) are selected from the group consisting of the

following:
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2
(19} (20) R=2 21
OR? OR? OH
0O OR O OR
@N )WOH ' &/LN OH . C{N OH
H F‘Etza ’ H or R2a H éza
{23) {24) {25)
g R
R AR
/“@ ‘ \
OH o R4
S o+ CL8 Lo+ CL8
N)W ’ N)WOH
H OR R2a H OR RZa
(26) (27) (28)

_3-
O’O R O/OR' / R ; and Q \/\g’\/ =4 :

(32) (33)
or pharmaceutically acceptable saits, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof, as a single sterecisomer or a
mixture thereof;

5  wherain;
each R’, R* and R’ are independently bromine, chiorine, fluorine, carboxy, hydrogen,

hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF», ~-802N(Rg)Rg, -OCF;, Co-Cralkanayloxy, Ci-Caalkyl,
C;-Csalkoxy, Cy-Croaralkoxy, Co-Cralkoxycarbony!, C+-Csthioalkyl, aryi or
10 -N{Rg)R7; or
each R®, R* and R® ars independently hydrogen, hydroxy or C,-Caalkoxy: with the
proviso that R%, R* and R® cannot all be hydrogen at the same time:
each R® R, R®, and R® are each independently selected from hydrogen, acetyl



10

15

20

25

30

37

methanesulfonyl or C,-Cealky!;

each R* is O or H, where at least one R* in each compound is O

each R is independently a H, C,-Cgacy! or an oxygen-protecting group;

each R is an optionally substituted alkyisulfonyl or an optionally substituted aryisutfonyl
group; and

each R’ is an oxygen-protecting group.

Methods of the Invention

The compounds of formula (1) and formula (1) contain ether and amino
functional groups disposed in a 1,2 arrangement on a cyciohexane ring. Accordingly,
the ether and amino functional groups are disposed in either a trans relationship
relative 10 one ancther or a cfs relationship relative to one another and the plane of the
oyclohexane ring as shown on the page in a two dimensional representation.

The present invention provides synthetic methodoiogy for the preparation of
compounds of formula (1) and compounds of formula (11} as described herein. .

The compounds of formuta (1) and formula (1) may be prepared from
aminoalcohols and alcohols by following the general methods described below. Some
general synthetic procasses for aminocyciohexyl ethers have bean described in WO
99/50225 and references cited therein, Other processes that may be used for
preparing compounds of formula (I) and formula (1) are described in PCT Published
Patent Application WO 2004/089137, PCT Published Patent Application WO
2005/016242, and U.S. Patent No. 7,057,053 and other referencas disciosed therein.

Mathods for resolution of diastereomisomeric mixiures or racemi'c mixtures of
the compounds of formula (1) and formuta (1) or intermediates prepared harein are well
krown in the art (e.g., E.L. Eiiel and 8.H. Wilen, in Stereochemistry of Organic
Compounds; John Wiley & Sons: New York, 1994: Chapter 7, and references citad
therein). Suitable processes such as crystaliization (e.g. preferential crystallization,
preferential crystallization in the presence of additives), asymmetric transformation of
racemates, chemical separation {e.g. formation and separation of diasiereomers such
as diastereomeric salt mixiures or the use of other resolving agents; separation via
complexes and inclusion compounds), kinetic resolution (e.g. with titanium tartrate
catalyst), enzymatic resolution (e.g., lipase mediated) and chromatographic
separation (e.g., HPLC with chirai stationary phase and/or with simulated moving bed
technology, or supercritical fluid chromatography and related techniques) are some of

the examples that may be appilied (see e.g., T.J. Ward, Analytical Chemistry, 2002,
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2863-2872).

The present invention also encompasses the preparation of pharmaceutically
acceptable salts, esters, amides, complexes, chelates, clathrates, solvaies, crystalline
or amorphous forms, metabolites, metabolic precursors or prodrugs of the compounds
of the present invention. Pharmaceutically acceptable esters and amides can be
prepared by reacting, respectively, a hydroxy or amino functional group with a
pharmaceutically acceptable organic acid, such as identified above. A prodrug is a
drug which has been chemically modified and may be biologically inactive at its site of
action, but which is degraded or modified by one or more enzymatic or other in vivo
processes to the parent bioactive form. Generally, a prodrug has a differant
pharmacokinetic profile than the parent drug such that, for exampie, it is more easily
absorbed across the mucesai epithelium, it has better salt formation or solubility and/or
it has better systemic stability (e.g., an increased plasma half-life),

Those skilled in the art recognize that chemical modifications of a parent drug
to yieid a prodrug include: (1) terminai ester or amide derivatives, which are
susceptible to being cleaved by esterases or lipases; (2) terminal peptides, which may
be recognized by specific or nonspecific proteases; or (3) a derivative that causes the
prodrug to accumulate at a site of action through membrane selection, and
combinations of the above technigues. Conventional procedures for the selection and
preparation of prodrug derivatives are described in H. Bundgaard, Design of
Prodrugs, (1985). Those skilled in the art are well-versed in the preparation of prodrugs
and are well-aware of its meaning.

The present invention also encompasses the pharmaceutically acceptable
complexes, chelates, metabolites, or metabolic precursors of the compounds of the
present invention. Information about the meaning these terms and references to their
preparation can be obtained by searching various databases, for example Chemical
Abstracts and the U.5. Food and Drug Administration (FDA} website. Documents such
as the followings are available from the FDA: Guidance for industry, *In Vivo Drug
Metabolism/Drug Interaction Studies - Study Design, Data Analysis, and
Recommendations for Dosing and Labeling”, U.S. Department of Health and Human
Services, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), Cenier for Biologics Evaluation and Research (CBER), November
1898. Guidance for Industry, “in Vivo Drug Metabolism/Drug Interaction Studies in the
DRUG DEVELOPMENT PROCESS: STUDIES IN VITRO”, U.S. Department of Health
and Human Services, Food and Drug Administration, Center for Drug Evaluation and
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Research (CDER), Center for Biologics Evaiuation and Research {CBER), April 1997.

The synthatic procedures described herein, especially when faken with the
general knowledge in the art, provide sufficient guidance to those of ordinary skill in the
art to perform the synthesis, isolation, and purification of the compounds of the present
mvention. Further, it is contemplated that the individual features of these embodiments
and exampies may be combined with the features of one or more other embodimentis
or examples.

It will also be appreciated by those skilied in the art that in the orocesses
described balow the functional groups of intermediate compounds may need to be
protected by suitable protecting groups. Such functional groups inciude hydroxy,
amino, mercapto and carboxyiic acid. Suitable protecting groups for hydroxy include
trialkytsiiyl or diarylalkylsilyl (for example, -butyldimethylsilyt, t-butyldiphenyisilyl or
trimethyisilyl}, tetrahydropyranyl, benzyl, and the kke. Suitable protecting groups for
amino, amidino and guanidino include #-butoxycarbonyl, benzyloxycarbonyl, and the
like. Suitable protecting groups for mercapto inciude -C(O)-R" (where R" is atkyl, ary
or arylalkyl), p-methoxybenzyl, trityl and the like, Suitable protecting groups for
carboxyiic acid include alky!, aryl or arylalkyl esters.

Protecting groups may be added or removed in accordance with standard
techniques, which are known to one of ordinary skill in the art and as described herein.

The use of protecting groups is described in detail in Green, T.W. and P.G.M.
Wuts, Protective Groups in Organic Synthesis (1899), 3rd Ed., Wiley.

Any or all of the compounds set forth in any of the Reaction Schemes herain
may be converted to a pharmaceutically acceptabie salt by reaction with an inorganic
or organic acid under appropriate conditions known to one skilled in the art,

In addition, any or all of the compounds set forth in the Reaction Schemes
herein may be subjected to standard deprotection conditions in order to arrive at the
desired functional group.

In addition, at any point in any of the Reaction Schemes disclosed herein, the
starting material, an intermediate or a product so formed may be subjected {o a
resolution process whereby individual enantiomers or diastereomers are separated into
starting materials, intermediates or products that are in stereoisomerically substantially
pure form, These individual enantiomers, diastereomers or mixtures thereof, can then
be used in the method disclesed in any of the Reaction Schemes hersin to prepare
sterecisomerically substantially pure forms of the compounds of formula (I}, or mixtures

thareof. Methods for resolution of racemates or other sierscisomeric mixtures are well
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known in the art (e.g., E.L. Eilel and S.H. Wilen, in Stereochemisiry of Organic
Compounds; John Wiley & Sons: New York, 1894; Chapter 7, and refersnces cited
therein). Suitable pracesses may include but are not fimited to separation of
stereoisomers by crystallization (e.g. preferential crystallization, preferential
crysiallization in the presence of additives}, asymmetric transformation of racemates or
diastereomeric mixtures, chemical separation (e.g. formation and separation of
diastereomers such as diastereomeric salt mixtures or the use of other resolving
agents; separation via complexes and inclusion compounds), kinetic resoiution (e.g.
with titanium tartrate catalyst), enzymatic resolution (e.g., lipase mediated, carbonyi
reductase mediated) and chromatographic separation (e.g., HPLC with chiral
stationary phase and/or with simuiated moving bed technology, or supercritical fluid
chromatography -and related techniques) (see e.g., T.J. Ward, Analytical Chemistry,
2002, 2863-2872).

In the following Reaction Schemes and Preparations, the following common
abbraviations and acronyms are used:

EtO (diethyl ether)

MTBE (methy! tert-butyl ether)

TMSOTT (trimethyisily! triflate)

TMS-Cl {trimethylsilyl chioride)

p-TSA (para-tolueneasulfonic acid).

The following Reaction Schemss provide a de novo synthesis of the pyrrolidinol
ring in the compounds of formula (1) while retaining the frans relative configuration in
the starting materiais.

One general method of stereoselectively preparing the compounds of
formuia (1) is illustrated bejow in Reaction Scheme 1A wherein R’ Is an oxygen-
protecting group, preferably optionally substituted benzyl: R? is selected 1o form a
compound of formuia (3) upon treatment with the compound of formuia (1), followed by
cyclization, and is selected, but is not iimited to, the following radicals wherein the ww
line in the foliowing represents the » bond between R* and the OR group in

compounds of formula (2):

where each R® is O or H (provided that at feast one R®is O in 2ach structure), and



41

each Y is halo; Ris H, C,-Csacyl or an oxygen-protecting group; R® R* and R® are as
defined above in the Summary of the invention for compounds of formula (1; and Q

represents a good leaving group:

REACTION SCHEME 1A

1
] 1. RZ~OR (2) 1 OR
Yy OR - ()
", .. Tiy 3)
NH 2. cyclizing agent N {
(1)
" l
3 Q “/R !
< R o
Y e N “)
‘ R® N
i}i OR RzaJ\/%OR
RZa (6)
'!
RS

in general, the compounds of formuta (I} are prepared in Reacticn Scheme 1A

by first treating a compound of formula (1) with a compound of formula (2) in an aprotic
solvent, such as toluene, dichioromethane, or ethyl acetate, followed by the freatment
with an cyclizing agent, such as a C,-Csacyl halide or Co-Csacyl anhydride, at

10 temperatures of between about 0°C fo refiux temperature, preferably at reflux
temperature, to form a compound of formula (3). Alternatively, a compound of formula
(1) is first freated with a compound of formuia (2) in an aprotic solvent to vield a
corresponding intermediate, which is then treated with a cyclizing agent to form
compounds of formula (3). Compounds of formula (3) are then subjected to standard

15 deprotection conditions known to ona skilled in the art, such as hydrogenation in the

presence of a catalyst under appropriate conditions, to form the compound of formula
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(4). The compound of formutla (4) is then treated with a compound of formula (5) under
conditions such that the stereochemical spatial arrangement of the hydroxyl group of
compound of formuia (4) is retained in the resulting compound of formula {6). Such
conditions include, but are not limited to, the prasence of a Lewis or Brensiad acid, (for
example, HBF,ELO, BF:.ELO, TMSOTS, ZnCl,, TMS-CI, CF3SOsH, MCI, CH.SOH,
H80y, p-TSA, camphorsuifonic acid, CF.S0:Ag), preferably a catalytic amount of the
Lewis or Brensted acid, in an aprotic solvent. The compound of formula (5) may be
optionally protected prior to the treatment with compound of formula {4). The
compound of formula (8} so formed is then subjected to standard reducing conditions
known to one skilled in the art to arrive at the compound of formula .

Alternatively, another general method of sterecssiectively preparing the
compounds of formuia (1) is illusirated below in Reaction Scheme 1B wherein Q, R,
R*™ R% R® R'and R® are as defined above in Reaction Scheme 1A:

REACTION SCHEME 1B

1 OH 1.0 3
S SN
"NH; 1. R?*~OR (2) §§MOR

(1a) 4
2.Q \/5
e |
R>  (5)
3. cyclizing agent J
1 R3
O S
Sage
WN\\\ )\Rﬁ
OH

{I)
in general, the compounds of formula (1) are prepared in Reaction Scheme 1B
by first treating a compound of formuta (1a) with a compound of fermula {Z)yin an
aprotic solvent, such as toluene, dichloromethane, or ethyl acstate, followed by the
treatment of the resutting product with a compound of formuta (5) under conditions
such that upon reaction with the compound of formula {5) the stereochemical spatial

arrangement of the hydroxyl group at the 1-position of the compound cf formuia (1a}) is
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retained in the resulting product. Such conditions include, but are not limited to, the
presence of a Lewis or Bronsted acid, (for exampie, HBF..Et;0, BF;.Ef,0, TMSOTY,
ZnCly, TMS-CI, CF,S0O5H, HCI, CHsSO5H, H.80,, P-TSA, camphorsuifonic acid,
CF3303Ag), preferably a catalytic amount of the Lewis or Bronsted acid, in an aprotic
solvent. The resulting product is then treated with a cyclizing agent, such as a C,-C;
acyl! chloride or acetic anhydride, at temperatures of batwean about 0°C to reflux
temperature, preferably at reflux temperature, to form a compound of formula (8). The
compound of formula (8) so formed is then subjected to standard reducing conditions
known to one skilled in the art to arrive at the compound of formuia (I},

The oxygen-protecting groups for R" and R can be any oxygen-protacting groug

for aicohols as set forth in T.W. Green and P.G.M. Wts, Profective Groups in Organic

Synthesis, Wiley-interscience, New York, NY (1988)("Green") for the protection of
aicohols. Preferably the oxygen-protecting group for R' is an optionally substituted
benzyl group, wherein the optional substituents on the benzyl group are as set forth in
Green. Preferred oxygen-protecting groups for R are Co-Csacyl groups. The
campound of formula (1) wherein R' is benzyl can be obtained from BASF
(Switzerland) (see, PCT Published Patent Application WO 96/23894). Compounds of
formuta (1} can alsc be obtained from ASDI {601 Interchange Blvd. Newark, DE
19711, USA) and ABCR GmbH & Co. KG (Im Schiehert 10, 76187 Karlsruhe,
Germany) or can be prepared according to methods known to one skilled in the art.
Compounds of formula (5) can be prepared by methods known to one skilled in
the art or by methods disclosed herein. The "Q" in the compounds of formula (5)
represents a good leaving group which results in the formation of a compound of
formula (6) such that the trans reiative configuration or spatial arrangement of the
hydroxyl group on the carbon at the 1-position in the compound of formuia (4) or the
compound of formula (1a) is retained in that of the compound of formuia (6), resulting
in the retention of the trans relative configuration or spatial arrangement of the amine
and ether substituents on the cyclohaxyl ring in the compounds of formula (I).
Haloacelimidate (e.g. 2,2,2-trifluoroacsetimidaiz or 2,2,2~trichioroacetimidate) is a
preferred example of a compound of formula (8) containing a suitable Q group for the
purposes of this invention. For some compounds of the formula (4} in Reaction
Scheme 1A and/or the intermediates formed in Reaction Schems 1B, it may be
necessary fo introduce appropriate protecting groups to the compounds of formula (5)
prior to the etherification step with the compound of formula (5) being performed.

Suitable protecting groups and the corresponding deprotection conditions are sst forth
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in, for example, T.W. Green and P.G.M. Wuts, Profective Groups in Organic Synthesis,
Wiley-Interscience, New York, NY (1999) and references cited therein.

Other examples of suitable Q groups for the compounds of formula (5) are
provided below in Table A. (For a review of the application of various examples of Q in
the formation of an ether compound with an alcohol see, for example, Toshima K. and
Tatsuta K. Chem. Rev. 1993, 93, 1503, Tsuda T., Nakamura S. and Hashimoto S.
Tetrahedron Lett. 2003, 44, 68453, Martichonok V. and Whitesides G. M. J. Org. Chem.,
1986, 67, 1702 and references cited therein.). As noted below in Table A, in addition
to haloacetimidate {e.g. trihaloacetimidate such as 2,2, 2-trifluorcacstimidate or 2,2,2-
trichloroacetimidate) and other imidate esters (e.g. pentafluorobenzimidats), other
examples of suitable Q groups for the compounds of formuta (5), include, but are not
limited to, O-carbonates and S-carbonates, including imidazole carbonates and
imidazolethiocarbonates. Phosphaie examples of a Q group include a diphenyi
phesphate, a diphenylphosphineimidate, a phosphoroamidate and a C-sulfony! group.

. Table A: Examples of Q

Hsc/s O\ &/ﬁ
T Y
\j“j/ >~ T

N S
\ﬂ/ h Q\O\Z/O\
I
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Table A: Examples of Q@
CH3 H3C
HaC \ O HEC/F]
\N”’”ﬁ !
HaC ©
s 0 R o
\\S/ ~. N
i’ |
. . Rl Ru
IS
Ha N/ O/ N/ O/
| | i
i ‘ BFy BFy
0 SN
“FzB \\8/0\
ho.___‘_-*- /
| i

Compounds of formula (2) are chosen to vield compounds of formuta {3}in
Reaction Scheme 1A and compounds of formula (8) in Reaction Scheme 1B above.
Exampiles of compounds of formula (2) inciude, but are not limited to, the foliowing

compotnds:
RZa
o Rz o
0  and Jk)\(v
RZa R Y 2
(2a) @by R

wherein R is an oxygen-protecting group; each R*® is O or H,, where at least one R
group in each structure is O, and Y is halo. Compounds of formula (2a) can be
prepared, for example, from malic acid and C,-Csacy! chioride according to the
procedures described in Henrot, S, et al., Synthetic Communications 1886, 16(2), 183-
180, or can be prepared according fo methods known to one skilled in the art.
Compounds of formula (2b) are commercially available or can be prepared according
to methods known to one skilled in the art. Additional protection and deprotaction
steps, depending on the blocking groups, may be necessary o arrive at the desired

product,
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Several of the steps disclosed in the above Reaction Scheme 1A or Reaction
Scheme 1B may be combined without isolation of the product so formed or removal of
the soivent. Specific examples of such "one-pot” synthesis are disclosed herein.

The advantages of the above Reaction Scheme 1A and Reaction Scheme 1B
over published processes for preparing compounds of formula {I} are as follows:

1. Each reaction step can be easily monitored by HPLC.

2. The overall vield of compound of formula (1) is greater than the overall
yield of compound of formula (1) in the published processes for compounds of formula
0.

3. Only a catalytic amount of acid is needed for the etherification step
instead of a supra-stoichiometric amount (=1 eq) , although a stoichiometric or
suprastoichiometric amount of acid can be used.

4. Several steps can be combined in one reaction vessel which would
reduce processing time and production plant usage.

5. The process is an efficient enantioselective process in that no undesired
isomers are generated, thereby avoiding costly resolution steps, or the ioss of costly
material in the form of undesired isomers.

A more specific method of sierecselectively preparing the compounds of
formuia (1) as set forth above in Reaction Scheme 1A is illustrated below in Reaction
Scheme 1A1 for the preparation of compounds of formula (1) whersin R is Co-Csacyl:
sach R* is O or H, where at least one R? in each structure is O; R®, R* and R® are as
defined above in the Summary of the Invention for compounds of formula (1); AcCl
represents C,-Csacyi chioride; R’ represents an oxygen-protecting group, preferably
optionally substituted benzyl, and Q represents a leaving group:
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REACTION SCHEME 1A1
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RZa RZa
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(4) {3)

R4
i 1 Q BN
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RS
| {5)
RS :
“/\ﬁ 3
1 I '_R4 1 O R
O 3 . ST
< p2a Reduction , [ 1 _ge
=% o S —— . k/) R
Rza) OH
(6) (0

In general, the amine of formula (1) is first condensed with a compound of

formula (2a) in a suitable solvent (such as toluene, dichloromethans, or ethyl acetate)

5  togive compound of formula (7) or formula (8). When the N-acylation of compound of
formuia (1} was shown to be complete by HPLC, the solvent was removed under
vacuum. The mixture of the compounds of formula (7)/(8) was refluxed in an Co-Ciacyl
halide, preferably acetyi chloride, to effect cyclization to give succinimide of formula (3)
according to the procedures smiliar to these described in Navior, A. ef al., 4-

10 [(Alkylamino)methyllfurc][3,2-cjpyridines: A New Seriss of Salective k-Receptor

Agonists, J. Med. Chem.{1894), 37, 2138-2144. Addition of an C,-Csacyl halide,
preferably acetyl chloride, to the mixture of the compounds of formuta (7)48) without
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first removing the solvent was shown to also be useful for cyclization.

Aiter the removal of excess acety] chloride, compound of formula (3) was then
subjected to standard hydrogenoiysis condition (Pd/C- Ho-in a suitable solvent, such as
toluene, methanol, ethyl acetate, Ra-Ni-H,, PYC-H,) at ambient temperature to remove
the oxygeri-protecting group to give compound of formula (4). Etherification of
compound of formula (4) with compound of formula (5) under catalytic Lewis acid
conditions (e.g., HBF, etherate) gave the corresponding imido-ether of formuia (G).
Finally, successive reduction of compound of farmuia (8) with a suitable reducing
agent, for example, for exampie, borane, NaBH,/Lewis acid, KBH,, Red-Al (see, a.9.,
Alimardanov et al., Org. Proc. Res. & Dev. (2004}, 8, 834-837) or lithium afuminum
hydride (see, e.g., Naylor, A. ef al. cited above), provided the compound of formula (l)
as afree base. Subsequent treatment of the compound of formuia (1) with hydrogen
chioride in diethyl ether and trituration in ethyt acetate gave the hydrochloride salt of
the compound of formuia (1),

Alternatively, the steps in the above Reaction Scheme may be performed
without isolation of the intermediates and/or without removal of solvent {i.e., without
solvent exchange) to form the compound of formula (6), which can then be treated as
set forth above to form the compound of formula (). An exampie of this alternative
preparation of a compoundof formula (1) is described in more detail below in the
Preparations,

A more specific method of stereoselectively preparing the compounds of
formula (f) as set forth above in Reaction Scheme 1A is iliustrated below in Reaciion
Scheme 1A2 for the preparation of the compound of formuia (a}, which is a compound
of formula (1), where R represents an oxygen-protecting group, preferably optionally
substituted benzyt, and Ac represents acety!:
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REACTION SCHEME 1A2

0 4+ OR?
's] O OAc
“OAC . OH
o N i (7a)
| oR? (2a1) H I
O, 4 Cr
“NH, CH.Cla RS
) LA JH/\(OH
N ] (8a)

1 ,OH 1 ,OR!

m/ FdfC, Hs O/
! O O
o QAC o 0AC

(4a) {3a)

I ClkC._O H
cat. HBF . 54,0, toluene | Lo \/\@OC 3
NH = OCH;

«OCH;
O’O‘/CTCEOC% Reduction (j’o\/\@OCHS
(6a) on (ta)

O
The specific experimental conditions and parameters for the above Reaction
5  Bcheme 1A2 are described in more detail below in the Preparations. It is aiso
understood, in light of this disclosure, that the foliowing compounds of formuia {Ib),
formuta (ic), formula (Id), formula (le), formuia (If), formuia (ig) and formuia (th), and
their pharmaceutically acceptabie saits, can be prepared in a similar manner as
described above and below in the Preparations for compounds of fofmula (ia) and its
10 pharmaceutically acceptable salt by utilizing the appropriate starting materials and

reagents:



Q o
“ ocH,

‘”OH (!b)'
N “SOCH,

{le),

dﬁ.ﬂ\OV\@OC H3
|
(L U,

5 ' OH (id),
Oj \/\@OC Ha
JJ,:OH (]@) i
WO\A@[OH
\/W%NO L QCH3
..a;-H)OH (Iﬂl
10

SRA U
Q OCHgCHg
O

O, \/\GOCHEC{-%
OCH;

h‘roH ([h)‘

(ig),
and

A more specific method of stereoselectively preparing the compounds of
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formuia (I} as set forth above in Reaction Scheme 1B is iliustrated below in Reaction
Scheme 1B1 for the preparation of compounds of formuia (I) where R is an oxygen
protecting group; Ac is Co-Csacy!: each R* is O or H, where at jeast one B® in each
structure is O; R®, R* and R® are as defined above in the Summary of the Invention and

Q represants a leaving group:

REACTION SCHEME 181

RB
%
1 0H , m ;«——m
O/ RZa \ 5
"NH, m2a R
) N OR (8)
{1a)
1. bvoﬂ R2a ;
p2a (2a) l
R4 ' R?
Q N 1.0 X
4 A
2. | RS , | J—R
A N 2
HCl OH 0
and cat. Lewis acid
3. AcCl, reflux

The starting material, frans-aminocyclohexanol (compound of formula (1a)),
can be prepared from a mixture of cis- and trans-steraoisomers by standard resolution
technigues or by methods known to one skilled in the art. in general, the method
disciosed in Reaction Scheme 1B1 is a "one-pot” process of acylation, acetimidate
sther coupliing, and cyclization, i e., the process does not require the isolation of
intermediates from the reaction mixture and/or the removal of solvents, to give
compound of formuta {8), which is then subjected to standard reducing conditions to
form the compound of formuia (1). More specifically, the acyiation was accomplished
using 1.05 equivalents of the compound of formuia (2a) at ambient temperature in 2
suitable solvent such as toluene, dichloromethane, or ethyl acetate. The addition of
compound of formula (5), preferably trichiorcacetimidate, and then a catalytic amount

of a Lewis acid, preferably tetrafiuoroboric acid etherate, visided a mixture of
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components in which the desired material could be identified by HPLC. The raaction
mixture was then treated with an C,-Cgacyl halide, preferably acstyl chioride, and
refiuxed for 1 hour to give the imido ether of formula (8), which was isolated from the
reaction mixture by standard isoiation fechniques, such as flash column
chromatography. Subseguent reduction of the compound of formuia (8) and treatment
under standard acid addition salt formation, such as treatment with hydrogen chloride
in disthyi ether and trituration in ethy! acetate, gave the salt, preferably the
hydrochloride salt, of the compound of formula (1.

Alternatively, Reaction Scheme 1B may be performed as shown below in
Reaction Scheme 1B2 where R is C,-Csacyl; each R® is O or Hy where at least one
R® in each structure is O; R®, R* and R® are as defined above in the Summary of the

tnvention and Q represents a leaving group:
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REACTION SCHEME 182
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Brisfly, the acylation of the starting material (1a) was accomplished by
condensing the compound with the anhydride of formuia (2a) under suitabis
condensation conditions, such as ambient temperature in dichloromethane, to give a
mixture of the compounds of formula (€) and formula (10). The mixture of these
compounds was then treated with a compound of formuia (5), followed by the addition

of a catalytic amount of a Lewis acid, preferably tetrafluoroboric acid etherate, under
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suitable conditions to yield a mixture of compounds of formula (11) and formula (12).
The mixture of these compounds was then treated under suitabls cyclization
condifions, such as treatment with a cyciizing agent, such as acetyl chioride, and
refiuxed for 1 hour to give the compound of formuia (6), which was isolated from the
reaction mixture by standard isolation techniques, such as flash column
chromatography. Subseguent treatment of the compound of formula {8} under
standard reducing conditions provided the compound of formula (), which was then
treated under standard acid addition salt formation conditions, such as treatment with
hydrogen chloride in diethyl ether and trituration in ethyl acetats, to give the salt,
preferably the hydrochioride salt, of the compound of formula (.

Compounds of formula (I) can also be stereoselectively prepared by another
method of the invention as shown below in Reaction Scheme 1C where R is Co-Csacyl,
RﬁsanommnNWSMEWMEdakﬂaﬁmwﬂwanoﬁbnﬁWsﬂmmmedawmwhnw
group, X is a halide, R®, R* and R® are as defined above in the Summary of the

invention:
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REACTION SCHEME 1C
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The starting material, 2-chlorocyclohexanone (13), is commerciatly available,
for example, from Aldrich Chemical Co.
5 In general, 2-chlorocyclohexanone {13) was readily transformed into the
corresponding keto-sther of formuia (14) by reaction with the sodium alkoxide ion of
3 4-dimethoxyphenethyl alcohol of formula (5b) under suitable conditions. Asymmetric
reduction using the process disclosed in U.S. Patent No. 6,617,475 or the chiral
ruthenium catalyst under Noyorf's reaction conditions {ses, e.g., Ohkmura, T. ef al., /.
10 Org. Chem. (1998), Vol. 61, pp. 4872) gave compound of formula (15). Compound of
formula (15) was then converted info the compound {18) under suitable conditions
such that -OR’ becomes an activated ieaving group, such as the freatment of the
compound of formula (15) with & compound of the formula RX, where R' is an
oplionally substituted alkyisulfonyl or an optionally substituted arylsulfonyl group and X
15 s 2 halide, under basic conditions. The leaving group (-O-R') in compound of formula
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(16) may be, but is not limited to, an optionally substituted alkanesulfonate such as a
trifivoromethanesulfonate group (CF;50;-) or a mesylate group (MsO-), an optionally
substituted arylsulfonate such as a benzenesulfonate group {(PhSC;-), a mono- or poly-
substituted benzenesulfonate group, a mono- ar poly-halobenzenesulionate group, a
2-bromobenzenesuifonate group, a 2,6-dichiorobenzenesulfonate group, a
pentafluorobenzenesuifonate group, a 2,6-dimathylbenzenesulfonate grotp, a fosylaie
group (TsO-) or a nosyiate (NsO-}, or other equivalent good leaving groups., The
hydroxy group in the compound of formuta (15) may also be converiad into other
suitable leaving groups according to procedures well known in the art. The ieaving
group may be any suitable leaving group on reaction with a nucleophilic reactant with
inversion of stereochemical configuration known in the art, including but not imited to
compounds disciosed in M.B. Smith and J. March in “March's Advanced Organic
Chemistry”, Fifth edition, Chapter 10, John Wiley & Sons, Inc., New York, NY, (2007},
Treatment of the compound of formula (16) under nucleophilic displacement (SN2)
conditions using sodium azide, followed by hydrogenation in the presence of a
paliadium catalyst provided the compound of formula (17). The compound of formuia
{(17) was then condensed with substituted malic anhydride of formula (2a2} in
dichloromethane to give the compound of formuia (6b), which was then subjected to
standard reducing conditions described herein to provide the compound of formula (h,
which is then treated under standard acid addition salt formation conditions, such as
treatment with hydrogen chioride in disthyl ether and frituration in ethy) acetate, to give
the salt, preferably the hydrochloride salt, of the compound of formula (1.

The following Reaction Schemes provide a de novo synthesis of the pyrrolidinol
ring in the compounds of formula (1) while retaining the cis relative configuration in the
starting matenials,

in general, compounds of formula (1) as set forth above in the Summary of the
invention can be prepared in a similar manner as described abovs in Reaction Scheme

1A and Reaction Scheme 1B using the following starting material, respactively:

OR? OH
SHEIO
NH; NHz
The same reagenis and conditions that were employed to make the compounds of
formuia (1) in the foregoing Reaction Schemes may be usad to make the compounds of

formuta (if) from the above starting materials. For example, compounds of formula (11}

may be prepared as set forih in the following Reaction Scheme 2A wherein the
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cyclizing agent, the compounds of formula (2), and R, R', R?, R* R® R* R®and Q are
defined as in Reaction Schame 1A above:

REACTION SCHEME 2A

1
. 1. RZ~0OR (2) 1 OR
o - e
NH 2. cyclizing agent N (19)
23’[ OR
(18) R
RS |
@] % ¥
RB [ /W RS
I %‘j . 3/\,;) 1 OH
=R R 5 28
CCO L (5) Q( R (20)
N OR R2 OR
R%® (21)
|
|
4 O? 3
sage
N\\ R
OH
(1)
5 In general, compounds of formuia {i1) can be prepared as set forth above in

Reaction Scheme 2A in a similar manner as the preparation of compounds of formula
(1) as set forth abov in Reaction Scheme 1A.
Alternatively, anaother general method of stereoselectively preparing the
compounds of formula (1) is illusirated below in Reaction Scheme 2B whersin Q, R,
10 R?% R*® R’ R*and R® are as defined above in Reaction Scheme 24
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REACTION SCHEME 2B
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oW Soly
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(22) R4 R22 (21)
2. Q\/\(‘QA
— b
L R
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| 10 RS
SOaE"
N“‘—' ’\/) 5
| R

{1

in general, compounds of formula () can be prepared by Reaction Scheme 2B
above in a similar manner as the preparation of compounds of formula (1) in Reaction
Scheme 1B above.

in both Reaction Scheme 2A and Reaction Schame 2B, the "Q" in the
compounds of formuia (5) represents a good ieaving group which resuiis in the
formation of a compound of formula (21) such that the cis relative configuration or
spatial arrangement of the hydroxy! group on the carbon at the 1-position in the
compound of formula (20) or the compound of formufa (22) is retained in that of the
compound of formuia (21), resuifting in the retention of the cis relative configuration or
spatial arrangement of the amine and ether substituents on the cyclohexyl ring in the
compounds of formula (1.

A more specific method of stereoselectively preparing the compounds of
formula (11} as set forth in Reaction Schemea 2A above is illustratad below in Reaction
Scheme 2A1 wherein R, R®, R®, R* R®, AcCl, R, and Q are as defined above for

Reaction Scheme 1A1:
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REACTION SCHEME 2A1
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in general, compounds of formuta (I!) are prepared by the mathod disclosed

above in Reaction Scheme 2A1 in the same manner as the compounds of formula ()
5  are prepared in Reaction Schame 1A1.

Alternatively, the steps in the above Reaction Schame may be performad
without isolation of the intermediates and/or without removai of the solvent (i e., without
solvent exchange) to form the compound of formula (21), which can then be treated as
set forth above o form the compound of formuia (il}).

10 A more specific method of stereoselectively preparing the compounds of
formula (M) as set forth above in Reaction Scheme 2A s illustrated below in Reaction

Scheme 2A2 for the preparation of the compound of formuta (lla), which is a
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compound of formula (i), where R' represents an oxygen-protecting group, preferably

optionally substituted benzyl, and Ac represents acetyl:

REACTION SCHEME 2A2

0 1 OR!
0 OAc
o (2a1) H J (23a)

1.0R’
Q o
“'NH, CH,Cly [:jﬂﬁjRo
18 3 H
(18a) ﬁ/ﬂ\T/A\ﬁ/o (242)

CAc O
| AcCl
. Refiux
¥
1
[:ijpéjH Pd/C, Hy 1.:OR
o ot s
" H .
o “QAC o ‘DAC
(20a) (19a)
CizC. 0O OCH
cat. HBF,.Et,0, toluene = J\Q 3
NH OCHa
{5a)

OCH3

F
1 1.0 OCH

O"‘O 0 OCH; Reduction Q \/\@ :
‘ 7
2{f§”cmc ftl OCH;
“'OH

© (21a) (lia)

In general, the compound of formula (l{a) can be prepared in Reaction Scheme
2A2 above in a similar manner as the compounds of formula (1) are prepared in
Reaction Scheme 1A2 above. It is understood that, in fight of this disclosure, the
following compounds of formula (lIb), formula (lic) and formula (lid) can be prepared in

a similar manner as described above by utilizing the appropriate starting materials and

reagents:
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OCHj
O’; O
””OH (Iib),
l @ S ~OCHs
(IN | ZNocH,
Q\OH (iic), and

O \\\\O\/\@OCHB
UWN

5 OH {lid).
A muore specific method of stereoselectively preparing the compounds of
formuta (i) as set forth above in Reaction Schame 2B is illustrated below in Reaction
Scheme 2B for the preparation of compounds of formula (I where R, Ac, R®®, R®, R",

R® and Q are defined as above in Reaction Scheme 1B1:

10 REACTION SCHEME 2B
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3. AcCH, reflux
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in general, compounds of formula (i}) can be prepared by the method shown
above in Reaction Schame 2B1 in a simitar manner as the preparation of compounds
of formula (1) set forth above in Reaction Scheme 1B1.

Alternatively, Reaction Scheme 2B may be carried out as shown below in
Reaction Scheme 2B2 where R, R™ R®, R* R® and Q are defined as above in
Reaction Scheme 182:

REACTION SCHEME 2B2
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H /"“j‘
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In general, compounds of formula (11} can be prepared as set forth above in
Reaction Scheme 2B2 in a similar manner as the preparation of compounds of formuia
(1) set forth above in Reaction Scheme 1B2.
Compounds of formula (It} can also be stereoselectively prepared by another
5 method of the invention as shown below in Reaction Scheme 2C where R is C-Csacyi,
R'’is an optionally substituted alkyisulfonyt or an optionally substituted aryisuifonyl
group, R®, R* and R® are as defined above in the Summary of the Invention:

REACTION S8CHEME 2C

4
HO s
7
By LR

/
.Ci . 8
X (I ”? SRS iﬁs
O NaOBU NaBH,
(13) {14) (31}
RCI | EN, CH,Cl
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% \/j.,,in o 3
| © O '\/)5 Reduction Y W\/
: R K/K K)\
)R N
OH
{21b) ()
10 In general, compounds of formuia (11} can be prepared by the method disclosed

abave for Reaction Scheme 2C in a manner similar to that described above for the
preparation of compounds of formula (I} as set forth in Reaction Scheme 1C except
that, instead of an asymmetric reduction step followed by hvdrogenation to produce the

corresponding intermediate of formula (15) in Reaction Scheme 1C, the compound of
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formula (14) in Reaction Scheme 2C above may be treated under standard reduction
conditions, such as treatment with a reducing agent, preferably NaBH,, to produce
compound of formula (31), which is then converted into the activated compound of
formula (32). Compound of formula (32) is then treated in a similar manner as the
compound of formula (16) in Reaction Scheme 1C to produce the compound of
formuda (i}).

The following preparations are offered by way of illustration and not by way of
limitation. Unless otherwise specified, starting materials and reagents may be
obtained from well-known commercial supply houses, e.g., Sigma-Aldrich Fine
Chemicals (St. Louis, Missouri), and are of standard grade and purity; or may be
obtained by procedures described in the art or adapted therefrom, where suitable
procedures may be identified through the Chemical Abstracts and Indices therefor, as
developed and published by the American Chemical Society (Washington, DC).

PREPARATION 1
2-(R)-Acetoxy-N-(2R-benzyloxycyclohexyl]succinamic acid (7a) or 3-(R)-acetoxy-N-
(2R-benzyloxycyclohexylhsuccinamic acid (8a)

To a stirred solution of (1R, 2R)-2-benzyloxycyclohexylamine (1) (BASF, WO
06/23894, CAS Registry No. 216394-06-8, 0.80 g, 3.90 mmol} in anhydrous
dichloromethane (10 mL) was added 2R- acetoxysuccinic anhydride (2a1) (/81 mg,
4.94 mmol) in small portions. The reaction was left to stir at ambient temperature
under inert atmosphere untii total consumption of the starting material was observed by
HPLC. When the reaction was deemed complete, the volatiles were removed under
vacuum to give (7a)/(8a) as a white solid (1.45 g, quantitative yield), MS (ES+) 364.2
[M+H]", 386.2 [M+Na]", 727.4 [2M+H]", 749.4 [2M+Na]"; MS (ES-) 362.1 [M], 725.3
[2M]; 'H-NMR (400 MHz, CDCly) 5 1.12-1.41 (m, 4H), 1.58-1.61 (m, 1H), 1.73-1.76 (m,
1H), 2.02 (s, 3H, CHy), 2.08-2.19 (m, 2H), 2.88 (d, 1H, J= 5.6 Hz), 3.19-3.28 (m, 1H),
3.72-3.81 (m, 1H), 4.37-4.41 (m, 1H), 4.58-4.63 (m, 1H), 5.34-5.38 (m, 1H), 6.29 (d,
1H, J = 7.6 Hz), 7.21-7.34 (m, 5H); *C-NMR (100 MHz, CDCl;) 5 20.72, 23.68, 23.93,
29.91, 30.68, 36.24, 52.99, 69.68, 69.82, 69.85, 78.84, 127.59, 127.63, 127.77,
127.80, 128.34, 128.39, 128.51, 138.42, 168.55, 169.60, 173.48.
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PREPARATION 2

(3R)-1-{{1R,2R)-2-benzyloxycyclohex-1-yl)-2, 5-dioxopyrrolidin-3-yl acetate (3a)

2R- or 3R-Acetoxy-N-(2R-benzyloxycyclohexyl)succinamic acid (7a)/(8a) (1.40
g, 3.85 mmol) was dissolved in acetyl chioride (15 mL). The resultant homogenous
solution was refluxed at 60°C for 45 minutes. Volatiles were removed under vacuum
and the resultant residue was further dried under high vacuum to give (3R)-1-{((1R,2R)-
2-benzyloxycyclohex-1-yl}-2,5-dioxopyrrolidin-3-yl acetate {3a) as a clear, pale yellow
syrup; MS (ES+) 346.1 [M+H]", 363.2 [M+H,O]", 368.1 [M+Na]"; "H-NMR (400 MHz,
CDCl5} 8 1.24-1.32 (m, 3H), 1.66-1.80 (m, 3H), 2.10 (s, 3H), 2.12-2.29 (m, 2H), 2.40-
2.45 (m, 1H), 2.88-2.96 (m, 1H), 3.95-4.07 (m, 2H), 4.23-4.27 (m, 1H), 4.57-4.61 (m,
1H), 5.05 (brs, 1H), 7.18-7.20 (m, 2H), 7.23-7.31 (m, 3H); *C-NMR (100 MHz, CDCl3)
5 20.58, 23.90, 24.89, 27.87, 31.32, 35.39, 66.12, 66.78, 70.54, 75.64, 127.50, 128.27,
128.99, 138.83, 169.71, 173.33, 173.49,

PREPARATION 3
(3R)}-1-{{1R,2R)-2-hydroxycyclohex-1-yl)-2 5-dioxopyrrolidin-3-yl acetate (4a)

To a solution of acetic acid {1R,2R)-benzyloxycyclohexyl-2,5-dioxo-pyrrolidin-3-
{R)-yl ester {3a (1.1 g, 3.18 mmol} in MeOH was added 10% Pd-C (110 mg), and the
reaction vessel was flushed twice with H,. The reaction mixture was agitated at
ambient temperature under H, (charged balloon). After 4 hours, the reaction mixture
was filttered through a pad of Celite. The filtrate was concentrated in vacuo to give
acetic acid 1R, 2R-hydroxycyciohexyl-2,5-dioxopyrrolidin-3-(R)-yl ester (4a) as a white
hygroscopic foam (0.82 g, 99% yield); MS (ES+) 256.1 [M+H]", 278.0 [M+Na]’, 533.1
[2M+Na]": "H-NMR (400 MHz, CDCI3) § 1.11-1.34 (m, 3H), 1.64-1.75 (m, 3H), 2.02-
2.09 (m, 2H), 2.12 (s, 3H, CH3), 2.22 (br s, 1H), 2.63 (dd, 1H, J=18.0 Hz, 4.8 Hz),
3.11 (dd, 1H, J = 8.8 Hz, J = 18 Hz), 3.82 (ddd, 1H, /=4.16 Hz, /= 10.6 Hz, J=12.8
Mz), 4.16 {(ddd, 1H, J=4.4 Hz, /=104 Hz, /= 14.8 Hz), 5.34 (dd, 1H, /=88 Hz, J =
4.8 Hz); *C-NMR (100 MMz, CDCly) 8 20.52, 24.16, 24.98, 27.77, 35.03, 35.40, 58.44,
67.43, 68.40, 170.11, 173.89, 174.08.

PREPARATION 4
3,4-(Dimethoxyphenethoxy)richloracetimidate (5a)

To a reaction flask was charged 3 4-dimethoxyphenethyt alcohol (50 mL), and
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the resuitant mixture was adjusted to 12 °C (9-15 °C). Solid potassium hydroxide (5.0
g, 1.62 equiv), and methyliributylammonium chioride (75 wi% solution in water; 0.4 g,
0.02 equiv) were charged to the reaction flask. Under maximum agitation,
trichloroacetonitrile (10.0 g, 1.26 equiv) was charged slowly to the reaction flask via an
addition funnel, while the pot temperature was maintained <15 °C. The reaction
mixture was agitated at 12°C (9-15 °C) for 1-4 hours. The reaction mixture was diluted
with methyl fert-buty! ether (MTBE) (20 mL), then cooled to 3°C {0-6°C). Next, the
MTBE layer was washed with water {3 x 20 mL) at 3°C {0-6°C). The MTBE soiution
was concenirated under reduced pressure to dryness at a maximum bath temperature
of 40°C, and ethano! (55 mL) was added to the remaining residue and the mixture was
agitated at 25 °C (22-28 °C) until a clear soluiion was achieved. The ethanolic solution
was cooled to 0°C (-3 to 3°C) to allow product crystallization. The slurry was diluted
with water (77 mL) and the mixture was agitated at 0°C (-3 to 3°C) for ~1 h. The slurry
was filtered and rinsed with cold (0-6°C) water (36 mL). The wet cake was dried under
vacuum at ambient temperature (15-25°C) until the moisture content {KF) was lower
than 0.05% to give 3,4-(dimethoxyphensthoxy)trichioracetimidaie (5a), as an off-white
crystaliine solid (90-95% yield}; *H-NMR (300 MHz, CDCl,) § 2.97 {t, 2H, J=T7 Hz,
CHz), 3.81 & 3.79(2 s, 6H, 2 x OCH,), 4.42 (1, 2H, J = 7 Hz, CH,0), 6.77-8.75 {m, 3H,
Ar}, 8.22 (brs, 1H, NH). '

PREPARATION 5
Acelic acid 1R,2R«(3,4—dimethoxyphenethoxy)cyclohexy£}—2,5-dicxo-pyrm{idin»SR~yl
ester (Ba)

A solution of acetic acid *ER,2R~hydroxycyciohexy1—2,S—dioxopyrroﬁdin—&(R‘)uyl
ester (4a) (0.75 g, 3.08 mmol) in toluene (8 mL.) was cooled to 0 °C. Tetrafiuoroboric
acid disthyl ether compiex (0.2 equiv, 87 ul.) was charged to the fiask and the mixture
was agitated at ambient temperature for ~30 min. A solution of 3,4-
(dimethoxyphenethoxy)irichloracetimidate (5a) (1.05 g, 1.05 equiv) in toluene (5 mL)
was addad via a syringe over 15-20 min. The reaction mixture was agitated at ambient
temperature until the reaction was complete. On completion, the reaction mixture was
cooled to ~10°C and the precipitated trichioroacetamide was filtered. The cake was
rinsed with cold toluene (10 mL), and the tolusne filtrate was washad successively with
water {15 mL) and brine (15 mL). The organic layer was dried (anhydrous MgSQ0.,),

filtered, and concentrated under reduced pressure to give a light brown syrup. The
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crude product was purified by flash column chromatography (silica gel; EiOAc:hexane,
1:4 v/v) to give acetic acid 1R,2R~(3 4-dimethoxyphenethoxy)cyclohexyl}-2,5-dioxo-
pyrrolidin-3R-yl ester (6a) as a thick colorless syrup (0.92 g, 75% yield); MS (ES+)
420.2 [M+H]", 437.2 [M+H,0]", 442.2 [M+Na]"; "H-NMR (400 MHz, CDCl3) 3 1.10-1.33
(m, 3H), 1.61-1.75 (m, 3H), 1.91-2.02 (m, 1H), 2.07 (s, 3H), 2.17-2.20 (m, 1H}, 2.34
(dd, 1H, J= 5.2 Hz, J = 18 Hz), 2.59-2.76 (m, 3H), 3.13 (ddd, 1H, /=56 Hz, /=88
Hz J=14.4 Hz), 3.77-3.93 (m, OH), 4.71 (br s, 1H), 6.46-6.67 (m, 2H), 6.77-6.79 {m,
1H); C-NMR (100 MHz, CDCl,) 8 20.35, 23.85, 24.87, 28.04, 30.88, 35.07, 35.84,
55.66, 55.70, 55.72, 66.72, 68.81, 75.02, 110.85, 111.99, 112.52, 132.21, 147.09,
148.29, 169.54, 173.16, 173.57.

PREPARATION 6
Preparation of Acetic acid 1R 2R-(3.4-dimethoxyphenethoxy)cyclohexyl}-2,5-dioxe-
pyrrolidin-3R-yl ester (6a) via One-pot Process (Acylation, Etherification, and
Cyclization)

To a cold (0 °C) solution of 1R,2R-aminocyclohexano! (1a) (1.00 g, 8.68 mmol)
in dichloromethane (17.4 mL.) under nitrogen was added 2R- acetoxysuccinic
anhydride (2a1) (1.44 g, 9.11 mmol). The reaction was aflowed to warm to ambient
temperature and stirred for 1.5 h. 3,4-(dimethoxyphenethoxyjtrichloracetimidate (ba)
(3.41 g, 10.4 mmol) was added in a single portion and the solution was subsequently
cooled to 0 °C. HBF, (359 uL, 54% in Et,0, 2.60 mmol) was added and the resuitant
mixture was stirred for 2.5 h. Acetyl chloride (15 mL) was added via syringe, and the
solution was raised to reflux for 1 h, and then allowed to cool to ambient temperature
prior to removal of solvent in vacuo. The residue was taken up in ethyl acetate (25 mL)
and water (25 mL), the organic layers were separated and the aqueous layer extracted
with ethyl acetate (2 x 25 mL). The combined organic layers were washed
successively with H,O (25 mL) and brine (25 mL), dried with MgSO, (anhydrous),
filtered, and the solvent was removed in vacuo. Flash column chromatography of the
residue on silica gel (35% EtOAc/hexanes) yielded acetic acid 1R,2R-(3,4-
dimethoxyphenethoxy)cyclohexyl}-2,5-dioxo-pyrrolidin-3R-yt ester (6a), as a viscous
yellow oil (680 mg, 19% vield); MS (ES+) 420.1 [M+H]", 437.1 [M+H,07", 442.0
[M+Na]".
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PREPARATION 7
Preparation of (3R)-1-[{1 R,2R)-2-[2-(3,4-dimethoxyphenyhethoxylcyciohaxyil-
3-pyrrolidinol (Compound of formula (la))

To a soiution of acetic acid 1R,2R-(3,4-dimethoxyphenethoxy)cyclohexyl-2,5-
dioxe-pyrrolidin-3R-yl ester (8a) (0.5 g, 1.19 mmol) in anhydrous THF (2 mL) was
added borane-THF complex solution (1M, 8.0 mLi) under N,. The reaction mixture was
stirred at ambient temperature for 18 hours. The reaction mixture was cooled to 0°C
and quenched slowly by addition of a solution of MeOH (5.0 mL) saturated with HC
gas and concentrated under vacuum io give a pale yellow syrup. Trituration of the
syrup in Et;O (10 mL) afforded the monohydrochloride salt of (3R)-1-[(1 R2R)-2-[2-
(3,4-dimethoxyphenyhethoxylcyciohexyl}-3-pyrrolidine! (1a) as an off-white solid (340
mg, 74% yield) with 798.5% HPLC purity; *H NMR (400 MHz, D50): & 7.05-7.02 {m, 2H),
6.94 (dd, 1H, J 2 Hz, 8 Hz), 4.43-4.38 (m, 1H}, 4.11-4.04 {m, 1H), 3.89 (s, 3H), 3.87
{s, 3H), 3.69 (overlapping dt, 1H, J6 Hz, @ Hz}, 3.50-3.40 (m, 1H), 3.31-3.01 (m, 5H),
2.87-2.79 (m, 2H), 2.37-2.30 (m, 1H), 2.10-1.70 {m, 5H), 1.45-1.12 (m, 4H).

fsomeric purity: 99.6% ee hydrochloride salt of (3R)-1-{(1R,2R)-2-[2-(3 4-
dimethoxyphenyletnioxy]cyclohexyl-3-pyrrolidino! (la) vs hydrochloride salt of
{3R}-1-[(15,25)-2-[2-3 4-dimethoxyphenyl)ethoxylcyclohexyl]-3-pyrralidinal (Ib)

isomeric purity 4.02% of the hydrochloride salt of (3S)-1-[{1R,2R}-2-{2-
(3,4-dimethoxyphenyl)ethoxyleyclohexyl}-3-pyrrolidino! (ic) observed.

PREPARATION 8

In & similar manner as set forth above in Preparation 1-Preparation 7, the
foflowing compounds of formuta (I} are prepared:

(SR)-1-[(1S,28)-2-]2~(3,4-dimethoxy-phenyhethoxy]cyclohexyll-3-pyrrolidino!,
{Compound of formuta (b)), "TH NMR (DO, 400 MHz) 6 7.08-7.01 (m , 2H), 6.94 (dd,
1H,J=8,J=2), 443 {ors, 1), 4.06 (overlapping dt, 1H, J= 9, J = B}, 3.87,3.86 (two
s, 2x 3H), 3.75-3.67 (m, 1H), 3.52-2.80 (m, 8H), 2.38-2.30 (m, 1H), 2.12-1.70 (m, 5H),
1.47-1.10 (m, 4H);

{(35}-1-[(1R,2R)-2-{2-(3,4-dimethoxy-phenyl)ethoxylcyciohexyl}-3-pyrroiidinol,
(Compound of formula (Ic)), '"H NMR (D,0, 400 MHz) & 5.88-6.82 (m, 2H), 6.78-8.73
{m, 1+, 4.28 (br s |, 1H), 3.21-2.83 (m, 1H), 3.71,3.69 {two s, 2 x 3H), 3.58-3.47 (m,
TH), 3.40-2.94 (m, 6H), 2.80-2.62 (m, 2H), 2.22-2.10 (m, 1H), 2.03-1.55 (m, 5H), 1.32-
0.95 (m, 4Hj); and
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(38)-1-(18,25}-2-[2-(3,4-dimethoxy-phenylisthoxyleyclohexyll-3-pyrrolidinot,
(Compound of formula (id)), "H NMR (D,0, 400 MHz) 5 7.06-7.01 (m, 2H), 6.95 (dd,
TH, J=8,J=2),4.40 (brs, 1H), 4.12-4.03 {m, 1H), 3.88,3.87 {iwo 5, 2 x 3H), 3.73-
3.66 (m, 1H), 3.50-2.80 (m, 8H}, 2.37-2.30 (m, 1H), 2.10-1.73 {m, 5H), 1.45-1.10 (m,
445

PREPARATION 8
(1R.2R)-1-{2-[2-(4-Benzyioxy-3-methoxy-phenyl)-ethoxyl-cyclohexyl}-(3R)-2, 5-dioxo-
pyrrofidin-3-yl acetate

A, To a solution of (3R)-1-({(1R.2R)-2-hydroxylcyciohex-1-yl)-2 5-
dioxopyrrolidin-3-yl acetate (4a) (13.5 g, 53.1 mmol) in anhydrous toluene (80 mL) at 0
°C under a nitrogen atmosphere was added HBF,OEt, (3.40 g, 21.2 mmol, 2.80 mL).
The mixture was stirred for 15 minutes and a solution of 2-(4-benzyloxy-3-
methoxyphenylethyl-2,2, 2-trichioroacetimidate (23.5 g, 58.4 mmaol) in anhydrous
toluene (100 L) was added via an addition funnel over a peried of 30 minutes. The
solution was allowed to warm to ambient temperature and stirred for 3 hours., Water
{100 mL) was then added and stirred for 15 minuies. 10 % aqueous NaHCO; (10 mL)
was also added slowty and stirred until ne more bubbling was obsarved. The mixture
was then transferred to a separatory funne! and the layers were separated. The
organic phase was washed successively with 10 % agueous NaHCO; {3 x 150 mL)},
water (150 mL)}, and brine (100 mL). The organic phase was dried over Na,S0,,
fitered, and concentrated. The residue was dissolved in toluene (200 mL) and cooled
to -20°C for 18 h to precipitate the trichioroacetamide by-product. The mixture was
tittered and the filirate was concentraied.

B, The above procedure was repeated with (3R)-1-((1R,2R)-2-
hydroxyicyciohex-1-yl)-2,5-dioxopyrrolidin-3-yt acetate {30.5 ¢, 0.120 mol). The crude
product from the two reactions were combined and purified by column chromatography
(hexanes-EtOAg, 4:1, viv). The product from the chromatography was dissoived in
ioluense (200 mL}) and cooled to -20°C for 48 hours 1o precipitate out the remaining
trichioroacetamide by-product. The mixture was filiered and the filtirate was
concentrated fo afford {1R,2R)-1-{2-[2-(4-benzyloxy-3-
methoxyphenyljethoxylcyclohexy}-(3R)-2,5-dioxopyrrolidin-3-yi acetate (48.5 g, 58 %
combined yield) as a iight yellow oll; MS (ESI): 496.1 [M + HJ* 518.1 [M + NaJ".
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PREPARATION 10

(1R,2R)-1-{2-[2-(4-Benzyloxy-3-methoxyphenyhethoxylcyclohexyl}-(3R)-pyrrolidin-3-of
hydrochloride

To a solution of (1R,2R)-1-{2-[2-(4-benzyloxy-3-methoxyphenyl)ethoxy]-
cyclohexyl}-(3R)-2,5-dioxopyrrolidin-3-yl acetate (49.0 g, 100 mmol) in anhydrous THF
(100 mL) under nitrogen was added slowly BH: THF (1.0 M solution in THF, 400 mmol,
400 mL). The solution was heated to 80°C and stirred for 3 hours. The solution was
cooled to ambient temperature and methanol (100 mL) was added slowly until no more
bubbling was observed. The solution was concentrated and methanolic HCH (1.25 M
solution in CH.OH, 500 mL) was added. The solution was heated to 80°C and stirred
for 1 hour. The cooled solution was then concentrated to afford (1R,2R)-1-{2-[2-(4-
benzyloxy-3-methoxyphenylethoxy]cyclohexyl}-(3R)-pyrrolidin-3-ol hydrochloride (50.8
g, guantitative yield) as a yellow syrup. The crude product was used in the next step
without further purification; "H NMR (400 MHz, CDCl5) 8 11.45 (br, s, 1H), 7.50 - 7.10
{m, 5H), 6.90 — 6.60 (m, 3H), 4.22 (br, s, 1H), 4.00 — 3.85 (m, 5H), 3.75 - 3.55 (m, 2H),
3.35~2.50(m, 7H), 2,45 -2.20 (m, 2H), 2.08 (br, s, 1H), 1.80-1.50 (m, 3H), 1.35 -
1.05 (m, 6H): MS (ESI): 426.2 [M + HJ'

PREPARATION 11
(3R)-1-[{1R,2R)-2-[2-(4-Hydroxy-3-methoxyphenyl)ethoxy]cyclohexyi]-3-pyrrolidinol
(Compound of formula (le))

A solution of compound (1R, 2R)-1-{2-[2-(4-benzyloxy-3-
methoxyphenyl)ethoxylcyclohexyl}-(3R)-pyrrolidin-3-ol (50.3 g, 100 mmol) in methanol
(250 mL) was transferred to a Parr shaker bottle that has previously been charged with
Pd/C (10 % wt/wt, 4.0 g) as a slurry in water. The bottle was placed on a Parr
hydrogenator and evacuated. Hydrogen pressure (60 psi) was then applied and the
vessel was shaken for 1 hour. The mixture was filtered through a pad of Celite and the
filtrate was concentrated. The residue was dissoived in water (250 mL) and washed
successively with ethyl acetate (3 x 200 mL) and chloroform (10 x 150 mL}. The
aqueous solution was saturated with NaCl and washed with dichforomethane (4 x 200
mL). The combined organic extract was concentrated and § % aqueous NaHCOs; (200
mL) was added to the residue. The suspension was stirred for 30 minutes and then
extracted with ethyl acetate (8 x 250 mL). The combined organic extracts were dried
over anhydrous Na,SQ,, filtered, and concentrated to afford a yellowish powder. The

powder was then triturated with ethyl acetate (3 x 50 mL) and subjected to high
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vacuum (oil pump) to afford (3R)-1-{(1R,2R)-2-[2~(4-hydroxy-3-methoxy-
phenyliethoxylcyclohexyl}-3-pyrrofidinol (15.6 g, 43 % yield) as a white powdsr: "H
NMR (400 MHz, CDCls) 3 8.82 (d, 1H, /= 8.0), 6.75 {br s, 1H), 6.70 (d, 1H, J = 8.0),
4.30 - 4.20 (m, 1H), 3.87 (s, 3H), 3.78 - 3.70 (m, 1H), 3.56 (g, 1H), 3.33 {td, 1M, J=
7.8, J=23.6), 297 - 2.88 (m, 1H), 2.84 - 2.75 (m, 3H), 2.65 (dd, 1H, J = 10, J=5.2),
2.55-2.38 (m, 2H), 2.08 - 1.95 (m, 2H), 1.91 - 1.82 (m, 1H), 1.73 - 1.58 (m, 3H), 1.41 -
1.15 (m, 4H); C-NMR (100 MHz, CDCl:) 5 23.25, 23.68, 27.59, 29,21, 34.42, 36.70,
48.84, 56.06, 59.93, 63.68, 69.83, 71.29, 79.59, 111.98, 114.80, 121.685, 131.35,
144.23, 146.67; IR: 3436 (O-H stretch), 1591, 1515, 1272, 1088, 1030, 851 cm™; MS
(ESH 336.2 (M + 1",

PREPARATION 12
{1R, 2R)-1 -{2-{2-(3-Benzyloxy-4-methoxy-phenyljethoxylcyciohexyl}-2,5-dioxo-
pyrrelidin-3-(R}-yl acetate

To a chilled (0 °C) solution of (3R)-1-({1 R.2R)-2-hydroxylcyclohex-1-y()-2,5-
dioxopyrrolidin-3-yl acetate (15.0 g, 58.7 mmol) in anhydrous dichtoromsthane (100
mlL) was added tetrafiuoroboric acid diethyt ether complex (3.2 mL). The resultant
reaction mixiure was stirred at 0°C for 20 minutes before adding a solution of 2-{3-
benzyloxy-4-methoxy-phenyl)-ethyl-2,2, 2-trichlorcacstimidate (24.8 g, 1.5 mmal, 1.05
equiv.} in dichloromethane (100 mL) via an addition funnel over 30 minuies. The
reaction mixture was stirred at 6°C until the reaction was judged complete by HPLC
analysis. The reaction mixture was quenched with water (250 mL). The organic layer
was separated from the agueous layer and subsequently washed with diiute NaHCO,
(5% wt solution, 2 x 100 mL), and water (5 x 100 mL). The organic layer was dried
(anhydrous MgS0,), filtered, and concentrated under reduced pressure to ~100 mb
soiution. The solution was cooled at -20°C for 24 hours and the precipitate
{trichleroacetamide) was removed by filtration. The filirate was further concenirated to
a volume of ~ 40 mL. This process was repeated three times until the bulk of the by-
product (trichloroacetamide) was removed. After the third filiration, the filirate was
concentrated in vacuo to give (1R, 2R)-1-{2-[2-(3-benzyloxy-4-methoxy-
phanyljsthoxyleyclohexyl}-2,5-dioxopyrrolidin-3~{R)-yt acetate as 2 pale yellow SYTUD
{25 g, 86% vyield},
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PREPARATION 13

(3R)-1-[(1R,2R)-2-{2-(3-benzyloxy-4-methoxyphenylhethoxyjcyclohexyl]-3-pyrrolidinol
hydrochloride

To a solution of (1R, 2R)-1-{2-[2-(3-Benzyloxy-4-methoxy-
phenyhethoxylcyclohexyl}-2,5-dioxopyrrolidin-3-(R)-yi acetate (42.0 g, 84.8 mmol} in
anhydrous THF (300 mL) at 0°C was added borane-THF complex solution (1.0 M, 297
mk., 3.5 mol equivalents) under N; via an addition funnel over a period of 80 minutes.
The reaction mixture was heated to reflux for 60 minutes. The reaction mixture was
cooled fo 0 °C and quenched slowly by addition of methanol {(~15 mL). The reaction
mixture was concentrated under reduced pressure to remove the THF and to the
residue was added methanolic-HC! solution {(~1.25 M in methanol, 297 mL, 3.5
equivalents). The solution was then heated at 70-80 °C for 2 hours. The reaction
mixture was cooled to ambient temperature and concentrated under reduced pressure
to give (3R)-1-{(1R,2R)-2-{2-(3-benzyloxy-4-methoxy-
phenylethoxylcyclohexyl]-3-pyrrolidinol hydrochloride as a colotless syrup (35.0 g, 89
% yield). The sample was used directly without further purification in the next step.

PREPARATION 14
(3R)-1-[(1R.2R)-2-[2-(3-Hydroxy-4-methoxy-phenyl)ethoxy]cyclohexyl]-3-pyrrolidinot
{Compound of formula (If))

To compound (3R}-1-[(1R,2R)-2-[2-(3-benzyloxy-4-methoxy-
phenyhethoxyleyclohexyl]-3-pyrrolidino! (35.0 g. 75.8 mmol) was added methanol (150
mL). This solution was transferred to a Parr bottle and Pd/C (10 % wt/wt on activated
carbon) was added portion-wise while maintaining a N; atmosphere through the
reaction mixture. Hydrogen pressure (60 psi) was then applied and the vessel shaken
for 3 hours, after which HPLC showed complete consumption of the starting material.
The reaction mixture was filtered through a pad of Celite and the filtrate was
concentrated to give 3R)-1-[(1R,2R)-2-[2-(3-hydroxy-4-methoxy-
phenyliethoxy]cyclohexyi]-3-pyrrolidinol as a colorless syrup. The crude product was
dissolved in 1 M aqueous HCI solution (450 mL) and washed with chloroform (8 x 250
mL). The agueous layer was then saturated with solid NaCl (100 g) and the solution
was extracted with dichloromethane (8 x 200 mL). The combined dichloromethane
extracts were dried (anhydrous MgSQ,), fittered, and concentrated under reduced
pressure to give 3R)-1-[(1R,2R)-2-[2-(3-hydoxy-4-methoxy-
phenylethoxy]cyclohexyl]-3-pyrrolidinol as a colorless syrup, 'H NMR (400 MHz, D,0)
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57.01(d, H, J=8.0),6.86-6.83 (m, 2H), 4.42 - 4.36 (m, 1H), 4.02 (overlapping dt, 1H,
J =52 J=10.1), 3.85 (s, 3H), 3.67 - 3.55 (m, 1H), 3.46 - 2.81 (m, 7TH), 2.77 - 2.70 (m,
1H), 2.34 - 2.27 (m, 1H), 2.11 - 1.74 (m, 5H), 1.41 - 1.10 (m, 4H); IR: 3438 (O-H
stretch), 1592, 1510, 1098, 1022 cm™; MS (ES!) 336.1 (M + 1)".

PREPARATION 15

In a similar manner as set forth above in Preparation 9-Preparation 14, but
using the appropriately substituted starting materials, the following compounds of
formula (1) were prepared;

(BR)-1-[(1R,2R)-2-[2-(4-ethoxy-3-methoxy-phenyljethoxylcyclohexyl}-
3-pyrrolidinol, {Compound of formula (1g)); and

(BR)-1-[(1R 2R)-2-[2-{3-ethoxy-4-methoxy-phenylethoxy]cyciohexyl]-
3-pyrrofidinol (Compound of formula (1h)).

PREPARATION 16
(3R)-1-[(1R,2R)-2-[2-(3,4-dimethoxyphenyl)ethoxy]cyclohexyl]l-3-pyrrolidinol
(Preparation of compound of formula {la) without solvent exchange)

A To a stirred solution of (1R, 2R)-2-benzyloxycyclohexylamine (1) (125 g,
0.609 mol) in toluene (1620 g) was added 2R- acetoxysuccinic anhydride (2a1) (129 g,
0.816 mol, 1.34 equiv.} in small portions as a solid. The reacticn mixture was stirred at
85 °C under inert atmosphere. After 4 hours stirring, no starting material was observed
by HPLC. The reaction mixture was cooled to 48-50 °C and acetyl chioride (107 g,
1.37 mol, 2.24 equiv.) was added. The mixture was heated to 60 °C giving a clear
solution and was stirred af the latter temperature for further 3 hours. The reaction
mixture was cooled to ambient temperature. After allowing to stand at ambient
temperature for 16 hours, the excess of acetyl chloride was distilled off at ambient
pressure. The distillation was stopped until the boiling point reached a temperature of
ca. 105 °C. From the reaction mixture was distilled 172 g (acety! chloride and toluene)
off to receive 1714 g of (3R)-1-({1R,2R)-2-benzyloxycyclohex-1-yl)-2 5-dioxopyrrolidin-
3-yl acetate (3a) in toluene.

B. To a solution of (3R)-1-({1R.2R)-2-benzyloxycyclohex-1-yl)-2,5-
dioxopyrrolidin-3-yl acetate (3a) in toluene (446 g, 0.151 mol) was added 10 % Pd/C
(6.3 g, 50 wt-% water wet), and the reaction vessel was flushed twice with H,. The
reaction mixture was agitated at 18 °C under H, (5 bar) for 8 hours and at 45 °C under
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H; (6 bar) for 15.5 hours. The progess of the reaction was monitored by HPLC. The
reaction mixture was filtered, the filirate was washed with toluene and the filirate was
concentrated in vacuo to give 3-(R)-1-[(1R,2R)-2-hydroxycyciohexyl]-2,5-
dioxopyrrolidin-3-yl acetate (4a) as a white hygroscopic foam (48.0 g).

C. To a cooled (0 °C) solution of 3-(R)-1-{(1 R,2R)-2-hydroxycyciohexyl]-
2.5-dioxopyrrolidin-3-yl acetate (4a) (120.8 g) in 800 g toluene was added 12.5 g
tetrafluoroboric acid diethyi ether. After addition the solution was allowed to warm up
to 20 °C. Then 171 g of 3,4-(dimethoxyphenethoxy)trichloracetimidate (5a) (0.54 mol
in toluene (600 gj was added over a period of 1 hour. The reaction mixture was
allowed to siir for further 30 min until the reaction was judged to be complete by HPLC.
On completion, the reaction mixture was cooled to -15 °C and the precipitated
trichloroacetamide was filtered. The filtrate was washed with water (5 x 100 ). From
the organic layer a part of the solvent was distilled off to receive a dry organic product
solution of 3-(R)-1-{(1 R,2R‘)~2~{2~(3,4—dimethoxyphenyf)ethoxyjcyciohexy[}-?,,S-dioxo—
pyrrolidin-3-yi acetate (6a). Tothe soiu{ion was added 10 g toluene to receive 471.5 g
solufion, which contains 29.9 % of 3-(R)}-1-{{1R,2R)-2-]2-(3 4-
dimethoxyphenyi)ethoxy}cyclohexy!}—Z‘5~dioxo—pyrrolidin-3-yi acetate (8a) (141 g).

D. To the cooled (0 °C) sotution of 3-(R)~1-{(1R.2R)-2-[2-(3,4~
dimethoxyphenyllethoxyleyciohexyl}-2,5-dioxo-pyrroiidin-3-yl acetate (Ba) (29.9 % in
toluene} was slowly added a solution of borane-THF complex (1M, 3.5 moleq, 1016
g) under N over a period of 3.5 hours, The reaction mixture was heated at reflux for 1
h. The reaction mixture was cooled 10 0 °C and slowly qﬁenched by the addition of a
methanolic-HC! solution (~2.5 M in methanoi, 373 g). The solution was then heatad at
refiux for 2 hours (62-68 °C) and the hydrolysis of the borane compiex was monitored
by HPLC. The reaction mixture was cooled to ambient temperature and concentrated
under reduced pressure to obtain (3R)-1-](1 R,2R)-2-[2~(3,4-
dimethoxyphenybethoxyjcyclohexyl}-3-pyrrolidingl (ia) as a pale vellow syrup. The
crude product was dissoived in water (1162 g) and the organic layer was washed with
a mixture of methyiene chioride / chlorobenzene (1:1: viv) 4 fimes. The aqueous layer
was then saturated with solid NaCl (316 g) and the solution was extracted with
dichloromethane (2 x 930 g). The combined organic layers were dried {annydrous
MgS0s, 223 g, 8 h), filtered, and concentrated under reduced pressure to give
(BR)-1-[(1 F;’,2F?)—2~{2~(3,4—dimethoxypheny!)ethoxy]cyciohexyl]-s-pyrroﬁdtno% {ta) as an
off-white syrup, which solidified to a white foam upon drying under vacuum. The
product was dissolved in isopropy! alcohol (279 g) at refiux, and then a part was
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distilled off (184.5 g) to receive 170.5 g product solution. To 2/3 of this solution (=114
g} isopropyt aceiate (250 g) was added, then the solution was allowad 1o cool o 5 °C
for 4 hours to form a crystalline solid which was filtered and dried under vacuum at
ambient temperature for 48 hours to obtain 8.5 ¢ of (3R)-1-[(1R,2R)-2-12-(3 4-
dimethoxyphenyliethoxy)cyclohexyl]-3-pyrrolidinol (la).

*® kR OK K

While the invention has been described and illustrated with referencs to cartain
particular embodiments thereof, those skilled in the art will appreciate that various
adaptaiios, changes, modifications, substitutions, deletions or additions of procedures
and protocols may be made without departing from the spirit and scope of the
invention. it is intended, therefore, that the invention be dafined by the scope of the
claims which follow and that such ciaims be intarpreted as broadly as is reasonable to
one skilled in the art.
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WHAT 18 CLAIMED I3

1. A method of making & compound of formula (1}:

R4
o \
T
. ‘%'NQ"L Rs/\//
OH

or a pharmaceutically acceptable salt thereof, as a single stereoisomer or as a mixture
thereof;

wherein;
R® R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,

hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyana, suifamyl,
trifluoromethyl, -CHF3, -SO2N(Rg)Rg, -OCFs, Cz-Cralkanoyloxy, C+-Cealkyl,
C.-Csaltkoxy, Cr-Cyaaralkoxy, Co-Cratkoxycarbonyl, C;-Cethioalkyl, aryt or
-N{Rs)R+; and

R® R’, R% and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C;-Csaiky!;

which method comprises:

a) reacting a cdmpound of formula (4);
1 ,OH
sily
“N
RZa OR

4)
wherein each R% is O or H, where at least one R* in the compound of formula

(4)is O, and R is H, C,-Csacyl or an oxygen-protecting group, with a compound

¥

of formula (5):

Rd
< %
\j
\/\SE\;/_“RS
R
{5}

wherein R®, R* and R® are as defined above and Q is a leaving group, to form a

3

compound of formula (6):
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R3
mﬁ/ﬂwRa

1 L
e
’i.f;jj>’

OR
25
R (6)

MCSLLP

wherein each R*® is O or H, where at least one R¥is O, R is H, C,-Csacyl or an

oxygen-protecting group and R?, R* and R® are as defined above, under

suitable conditions such that upon reaction of the compound of formula (4) with

the compound of formuia (8), the frans relative configuration of the hydroxyl

group on the carbon at the 1-position of the compound of formula (4) is retained

in the carbon at the 1-position of the compound of formula (6);
b} reducing the compound of formula (8) under suitable conditions fo form a

compound of formula (1}.

2. The method of Claim 1 further comprising a deprotection step prior fo

the reaction of & compound of formuta (4) with a compound of formuta (5), wherein the

deprotection step comprises treating a2 compound of formula (3):

1 LOR?

oW,
R OR

{3
wherein each R* is O or H. where at least one R* is O, R’ is an oxygen-protecting
group and R is H, Cx-Csacyl or an oxygen-proteciing group, to suitable deprotecting

conditions to form a compound of formula (4) as set forth above.

3. The method of Claim 2 wherein R is an optionally substituted benzyl

group and R is C,-Cgacyl.

4, The method of Claim 2 further comprising a cyclization step to form a

compound of formula (3}, wherein the cyclization step comprises reacting a compound

of formuta (7) or a compound of formula (8) or a mixture of a compound of formula (7)

and a compound of formula (8):
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OR?

|
O O OR
‘hNMOH
H

a7

1 OR'
IR
H
HJYYO ®)
OR R?
wherein each R’ is independently an oxygen-protecting group, each R* is O or Hs, and
R is H, Co-Csacyl or an oxygen-protecting group, under sutable conditions to form a

compound of formula (3) as sef forth above.

5. The method of Claim 4 wherein R'is an optionally substituted benzyi

group and R is Cx-Csacyl.

B. The method of Claim 4 fusther comprising a condensation step fo form a
compound of formula (7) or a compound of formuta (8) or a mixture of a compound of
forrmula (7) and a compound of formula (B), wherein the condensation step comprises

1 OR?
: “NH,
(1)
where R’ is an oxygen-protecting group, with a compound of formuia (2a):

reacting a compound of formiusla (1)

R2a

O N OR

R24 2a)
wherein each R* is O or H, where at least one R* in the compound of formula (2a) is
O, Ris H, C;-Csacyl or an oxygen-protecting group, under suitabie conditions to form
the compound of formula (7) or the compound of formula (8) or the mixture of a
compound of formula {7) and a compound of formula (8) as set forth above,

7. The method of Claim 6 wherein R' is an optionally substituted benzyl

group and R is C;-Cracyl.

MCSLLP



MCSLLP

79

8. The method of any one of Claims 1-7 further comprising the formation of

an acid addition salt of the compound of formula (1}.

g. The method of any one of Claims 1-8 wherein the compound of formula
{1) is a compound of formuta (1) where R®, R* and R® are independently hydrogen,
hydroxy or C.-Cealkoxy; with the proviso that R®, R* and R® cannot all be hydrogen at

the same time.

10. The method of Claim 8 wherein the compound of formula () is a

compound of formula (la):
. O}Q\/@OCH;;
N Z ocH,
Q”""’OH (ia),
or a pharmaceutically acceptable salt thereof.

11. The method of Claim 8 wherein the compound of formula (1) is selected

from the group consisting of:

b OCH;
"OH

Q,o OCH,
5)\ OCH;

OH (lc),

i
{7 oo
OH

(b},

(id),



80
O’ O
"”OH (Ie),
O:N\/\qOCHB
""OH (),
”'N OCH,CH;
”’OH (ig),

and

"OH (Ihy;

or pharmaceutically acceptable salts thereof,

12. A method of making a compound of formula (I}

or a pharmaceutically acceptable saft thereof, as a single sterecisomer or as a mixture

therect;

wherein:

R®, R* and R® are independently bromine, chlorine, fiuorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
triflucromethyt, -CHF,, -8O:N(Rg)Rs, -OCF,, C-Cralkanoyloxy, C.-Cealkyl,
C-Cealkoxy, C1-Cyaralkoxy, C.-Cralkoxycarbonyl, Ci-Cethioatkyl, aryl or

-N{Rg}R7; and

MCSLLP
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RE R’ R® and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C,-Csalkyl;
which method comprises the following:

a) reacting a compound of formuia {1a).

(j/OH
"'NH,
{1a)

L

with a compound of formula (2a}):

O
o

RQa (Za}

under suitable condensation conditions to form a product;
b) reacting the product of a) with a compound of formula (5):

R4
Q S
\/\f/,j_RS
A
R3
5

wherein Q is a leaving group and R®, R* and R® are as defined above, under
suitable ether coupling conditions to form a product;
c} reacting the product of b) under suitabie cyciization conditions to form a

compound of formuia (6}

wherein each R?® is O or H, where at least one R® is O, R is H, C;-Csacyl or an
oxygen-protecting group and R® R* and R® are as defined above; and
g} reducing the compound of formula (8) under suitabie conditions to form a

compound of formula (I}, as set forth above.

13. The method of Ciaim 12 wherein the product of a} comprises a

MCSLLP
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compound of formula (9}, a compound of formula (10} or a mixture of a compound of

formuia (8) and a compound of forrmula (10):

1 OH

Of O OCR
,.,NM(OH
H

L ©

1 OH o
ok
;,'N/U\{\H/OH {10}
H Or g2
where each R* is O or H; and R is H, C,-Csacyl or an oxygen-protecting group.

14.  The method of Claim 12 or Claim 13 wherein the product of b)
comprises a compound of formula (11}, a compound of formula {12) or 2 mixture of a

compound of formula (11} and a compound of formula (12}

RS RB

‘fz\ R5 = RS
it i
OoH

a OR R2a
(11 (12)

where each R* is O or H, R Is H, C,-Csacy! or an oxygen-protecting group and R®, R*

and R® are as defined above.

15. The method of any one of Claims 12-14 further comprising the formation

of an acid addition salt of the compound of formula (}).

18, The method of any one of Claims 12-15 wherein the compound of
formula (1) is a compound of formula (1) where R®, R* and R® are independently
hydrogen, hydroxy or C,-Csalkoxy; with the proviso that R®, R* and R®cannot all be

hydrogen at the same time.

17. The method of Claim 16 wherein the compound of formula (1) is a

compound of formuia (la):

MOSLLP
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Of \/UOCHg
" OCH;

“OH (1a),

or a pharmaceutically acceptable sait thereof.

18. The method of Claim 18 wherein the compound of formula (1) is
selected from the group consisting of:

OCH;4

CL SN
"OH (ib),

OCH;

L “\CE
{Ic),

~ “\CE

(id).

”’N

'”’OH (le),
Oj \/\©:OCH3
”’OH (),

Cj \/\@OCHE,
”N OCH,CH,

rn‘OH (l'g),
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and
| b # SOCH,
OH (h);

or pharmaceutically acceptable salts thereof.

19. A method of making a compound of formula (1):

or &2 pharmaceutically acceptable sait thereof, as a singte sterecisomer or as a mixiure
thereof;

wherein:

R® R* and R® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesuifonamido, nitro, cyano, sulfamyl,
trifluoromethvt, -CHF,, -SON(R)Rs, -OCF;, C,-Cralkanoyloxy, C,-Csalkyl,
Ci-Cealkoxy, C7-Cyparalkoxy, Co-Cratkoxycarbonyl, C.-Cethioalkyl, aryi or
-N{R¢)R7; and

R®, R’, R®, and R® are each independentiy selected from hydrogen, acetyl,
methanesulfonyl or C,-Cgalkyl;

which method comprises:

a) reacting a compound of formuia {17);

0 SR
i
”NH2 3/./
*
wherein R®, R* and R® are as defined above, with a compound of formula (2a2):

]

OR
o {2a2)
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wherein R 8 H, C,-Csacyl or an oxygen-protecting group, under suitable
condensation conditions o form a compound of formula (8b):

© (8b)

wherein R is H, C,-Csacyl or an oxygen-protecting group and R*, R* and R are

as defined above; and
by reducing the compound of formula (8b) under suitable conditions to form a
compound of formula (1}, as set forth above.

20, The method of Claim 19 further comprising a nucleophilic displacement
step to form the compound of formula (17), wherein the nucleophilic displacement step

comprises ireating a compound of formula (16):

4
O\AC,%R
i RS
orR
R {18}
wherein -OR' is an activated leaving group and R®, R* and R® are as defined above,

with an azide under suitable nucleophilic displacement and subsequent reduction

conditions to form a compound of formula (17) as set forth above,

21. The method of Claim 20 further comprising a preparation step to form
the compound of formuia (16}, wherein the preparation step comprises reacting a

compound of formula {15);

4
0 Y
E LRS
LU
R® (15)

wherein R*, R* and R® are as described above, with an activating agent under suitable

conditions to form the compound of formula (16) as set forth above,

22, The methed of Claim 21 wherein the activating agent is an optionatly

MCSLLP
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substituted alkylsulfonyl halide or an optionally substituted arylsulfonyl haiide.

23. The method of Claim 21 further comprising an asymmeifric reduction
step to form a compound (15), wherein the asymmetric reduction step comprises

freating a compound of formula (14}

Rd
o £%4
i
(::I; \/A\E;;_Rs
0 RY
(14)
wherein R®, R* and R® are as defined above, under asymmetric

reduction/hydrogenation conditions to form the compound of formuta (13} as set forth

above.

24, The method of Claim 23 further comprising an etherification step to form
a compound of formula (14), wherein the etherification step comprises treating a

compound of formula (13):

(13}
with a compound of formula {5b):
2
RB

wherein R®, R* and R® are as defined above, under suitable conditions to form the

compound of formula (14}, as set forth above.

25, The method of any one of Claims 19-24 further comprising the formation

of an acid addition salt of the compound of formuta (}).

26.  The method of any one of Claims 18-25 wherein the compound of
formuia (1) is & compound of formula (1) where R*, R* and R* are independentiy
hydrogen, hydroxy or C,-Cealkoxy; with the proviso that R®, R* and R® cannot all be

hydrogen at the same time.
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27. The method of Claim 26 wherein the compound of formuia (1) is a

compound of formula (la):
O/ \/UOCH3
OCH,
”’OH (Ia),

or a pharmaceutically accepiable sait thereof,

28. The method of Claim 26 wherein the compound of formula (1) is

selected from the group consisting of:
Q O
OCH,
"OH (Iby,
N OCH3
{ic),

Q \/ﬁOCHa

(id),

O/ \AO:OC Hs
J.v,N

WOH (]e),

: : /’# \/\QOCHB

""OH (),
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O/O\/\@iOCHJS

;

b Z S OCH,CHs
“OH (g,

and

O/O\/\GOC[@C Ha
NQ " OCH,

..,m_,OH (lh);

or pharmaceutically acceptable salts thereof.

29. A compound selecied from the group consisting of the following:
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RS
7
OR’ OH 5 | R
C( R U R2a (\/ R \Rs
N : N ﬁﬂcg
, Ajwm 234§WOR
T e 7 @ R )
OR'! OR! OH
0 OR Q0 OR
O( N OH O/ N OH . Q‘NMOH
H R R or R H R2e
7) (8) @)
R3 3
=[5 == 5
( ! {/R J";/R
OH FR OO
Y o °0 or °5
. OH )\/KH,OH ' OH
N N N
& OR R2a H R2a H OR RZa
(10} {11} (12)
QO\/\(\\/{:‘24 O\/Y\'/R‘# o] /R4
| dps . C[ | s ‘i:[ i " s
; J RS L
o 7 oH orR ¥
R R R3
(14) (15) (16)

R4
ang UO\/\(VE_RS
“NH, Rs’/y”

(17

or a pharmaceutically acceptable salt thereof, as a single sterecisomer or a mixture

thereof;

wherein:

gach R®, R* and R® is independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesuifonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF,, -SO,N(Rg)Rs, -OCF;, C;-Coalkanoyloxy, Ci-Cealkyl,
C-Ceatkoxy, C+-Ciaralkoxy, C;-Cralkoxycarbonyl, Ci-Cethioalkyl, aryi or
-N{Rg)R7;
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each R®, R7, R®, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C,-Cealkyl;

each R* is O or H, where at least one R* in each compound is O;

each R is independently a H, C,-Csacy! or an oxygen-protecting group;

each R is an optionally substituted alkylsulfony! or an optionally substituted arylsulfonyl
group; and

each R' is an oxygen-protecting group.

30. The compound of Claim 28 wherein the compound of formula (1) is a
compound of formula (1) where R®, R* and R® are independently hydrogen, hydroxy or
C.-Csalkoxy; with the proviso that R®, R* and R® cannot ali be hydrogen at the same

time.

31. The foltowing compound:
(3R)-1-[{1R,2R)-2-[2-(3-hydroxy-4-methoxy-phenyliethoxylcyclohexyl]-3-pyrrolidingl.

32 A method of making a compound of formuia (1)
RE
1
CIO | \/3\‘.—::25
N S
O =
OH

or a pharmaceutically accepiable salt thereof, as a single stereoisomer or as a mixture
thereof;

wherein:

R®, R* and R® are independently bromine, chiorine, fiuorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamy!,
trifiuoromethyl, -CHF,, -SO:N(Rg)Rq, -OCF;, Co-Cralkanoyloxy, Cq-Csalkyl,
Ci-Cealkoxy, C-Ciaralkoxy, C,-Craikoxycarbonyl, C,-Cgihioalkyl, aryl or
-N(Rgs)R7; and

R® R’, R® and R are each independently selected from hydrogen, acety,
methanesuifony! or C4-Cealkyl;

which method comprises:

a) reacting a compound of formuta (20):
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4 OH
Cr
g
R
23
R (20)

wherein each R* is O or H; where at least one R* in the compound of formuta
(20} is O, and R is H, C,-Csacy! or an oxygen-protecting group, with a
compound of formuia {5}

R4
Q %
\i
\/\BE\?M 5
R
(5

wherein R®, R* and R® are as definaed above and Q is a leaving group, to form a

1

compound of formula (21):

RS
%

1 O \’
S
2
R® 29

wherein each R* is O or H, where at least one R® is O, Ris H, C,-Csacyi or an
oxygen-protecting group and R®, R* and R® are as defined above, under
suitable conditions such that upon reaction of the compound of formula (20)
with the compound of formula (5), the cis relative configuration of the hydroxyi
group on the carbon at the 1-position of the compound of formula (20) is
retained in the carbon at the 1-position of the compound of formula (21);

b} reducing the compound of formula (21) under suitable conditions to form a
compound of formula {10).

33.  The method of Claim 32 further comprising a deprotection step prior to
the reaction of a compound of formula (20) with a compound of formula (5), wherein

the deprotection step comprises treating a compound of formula (19);
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4 OR'
S
g
2s OR
(19}
wherein each R** is O or H; where at least one R* is O, R’ is an oxygen-protecting
group and R is H, C-Csacyl or an oxygen-protecting group, to suitable deprotecting

conditions to form a compound of formula (20) as set forth above.

34, The method of Claim 33 wherein R' is an optionally substituted benzyl

group and R is C,-Csacyl.

35. The method of Claim 33 further comprising a cyclization step to form a
compound of formula (19}, wherein the cyclization step comprises reacting a
compound of formuta (23) or a compound of formula (24) or a mixture of a compound

of formula (23) and a compound of formula (24):

| OR
C{ O OR
OH
NJJ\/%I,
H p2a (23
i OR?
L2
: OH
,?j)YY (24)
OR R%

wherein each R’ is independently an oxygen-protecting group, each R* is O or H,, and
Ris H, C-Csacyl or an oxygen-protecting group, under suitable conditions to form a
compound of formula {19} as set forth above.

38. The method of Claim 35 wherein R" is an optionally substituted benzyl
group and R is C,-Csacyl.

37. The method of Ciaim 35 further comprising a condensation step to form
a compound of formula (23) or a cbmpound of formula (24) or a mixture of a compound
of formula (23) and a compound of formula (24), wherein the condensation step
comprises reacting a compound of formula (18):

MCSLLP
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o6
NHa
(18}

where R' is an oxygen-protecting group, with a compound of formuia (2a):

RZa
R2a (23)

wherein each R* is O or H, where at least one R is O, R is H, C;-Csacyl or an
oxygen-protecting group, under suitable conditions to form the compound of formuls
(23) or the compound of formula {24) or the mixture of a compound of formula (23) and

a compound of formula (24) as set forth above,

38.  The method of Claim 37 wherein R" is an optionally substituted benzy]

group and R is C,-Caacyl.

38.  The method of any one of Claims 32-38 further comprising the formation

of an acid addition salt of the compound of formula ().

40.  The method of any one of Claims 32-38 wherein the compound of
formuta (1t} is a compound of formula (1) where R®, R* and R® are independently
nhydrogen, hydroxy or C-Csalkoxy; with the proviso that R?, R* and R® cannot all be
hydrogen at the same time.

41. The methed of Claim 40 wherein the compound of formula (I) is a

@ ZOCH,

'OH

compound of formula (lla):

(lia)

or a pharmaceutically acceptable salt thereof.

42, The method of Claim 40 wherein the compound of formula (I1) is

selected from the group consisting of:



MCSLLP

/\'/ O\AE\:IOCHB
]\/I\NQ OCH;
"OH (i),
O:o OCH;
OH {lic), and
O“‘\\\\D\/\QOCH 3
”NQ\ OCH;,
OH (lid);

or pharmaceutically acceptable salts thereof.

43. A method of making a compound of formula (i)

3
1.0 . /,R
s
SR,
N, “oa ()
OH
or a pharmaceutically acceptable salt thereof, as a single sterecisomer or as a mixture
thereof;
wherein:

R® R* and R® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitre, cyano, sulfamyl,
trifluoromethyl, -CHF 2, -80,N(Rg)Rs, -OCF3, Co-Cralkanoytoxy, Cy-Cealkyl,
C,-Cealkoxy, Cr-Cyqaralkoxy, C.-Cralkoxycarbonyl, C-Cethioalkyl, aryf or
-N{Rs)R7; and

R® R’. R® and R°® are each indepandently selected from hydrogen, acety!,
methanesulfonyl or C,-Cealkyl,;

which method comprises the following:

- a) reacting a compound of formula (22):
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05
o6
NH-
{22}

with a compound of formula (2a):

2
R (2a)

under suitable condensation condifions to form a product;
b) reacting the product of a) with a compound of formula {(5);

R4
Q 3
\Af\/j s
P
RS
(5)

wherein Q is a leaving group and R®, R* and R® are as defined above, under

suitable ether coupling conditions to form a product;
¢} reacting the product of b) under suitable cyclization conditions to form a

compound of formula (21):

wherein each R*®is O or Hz, R is H, C,-Csacy! or an oxygen-protecting group
and R® R* and R® are as defined above; and

d) reducing the compound of formula (21) under suitable conditions to form a
compound of formula (i1}, as set forth above.

44, The method of Claim 43 wherein the product of a) comprises a
compound of formula {25), a compound of formuia (26) or a mixture of a compound of

formula (25) and a compound of formula (26);
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1.0H
[::]: 0 OR
OH
N
Ho L. @9
1 OH
f 0]
| OR RZa

where each R*®is O or H, and R is H, C.-Csacyl or an oxygen-protecting group.

45,  The method of Claim 43 or Claim 44 wherein the product of b)
comprises a compound of formula (27), a compound of formula {(28) or a mixture of a

compound of formula (27) and a compound of formula {28)

R® R3
=\ RS SRS
% \
1 |/ R4 1 S \R4
SSRGS
N/k\,/iwrcna N/i\{/\ﬁ/OP
4 R22 H OR R
{27) {28)

where each R* is O or H;, R is H, C;-Csacyl or an oxygen-protecting group and R®, R*

and RS are as defined above.
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46.  The method of any one of Claims 43-45 further comprising the formation

of an acid addition salt of the compound of formula (11).

47.  The method of any one of Claims 4 3-46 whearein the compound of
formuta (11} is a compound of formuta (II) where R®, R* and R°® are independently
hydrogen, hydroxy or C.-Cealkoxy; with the proviso that R, R* and R® cannot ail be

hydrogen at the same time.

48, The method of Claim 47 wherein the compound of formuia (11} is a

compound of formula (ta):
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or a pharmaceutically acceptabie salt thersof.

43, The method of Claim 47 wherein the compound of formula (Il) is

selected from the group consisting of
O\/\(j\/OCHS
@ 7 > 0CH,
"OH (llb),

o) OCH;

Bt QCHS
\

OH (lc), and

MOVUOCHB
WNOh\ OCH3
OH {Iidy;

or pharmaceutically acceptable salts thereof,

50, A method of making a compound of formula (I}

R
1.0 S
Saas)
A )

N\\ &
TOH
or a pharmaceuticaliy acceptable salt thereof, as a single sterecisomer or as a mixture
thereof;
wherein:

R® R? and R® are independently bromine, chiorine, fluorine, carbaxy, hydrogen,
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hydroxy, hydraxymethy(, methanesulfonamido, nitro, cyano, suifamvi,
trifluoromaethyl, ~CHF,, -SO,N{Rg)Rg, -OCF3, Cs-Cralkanoyloxy, Cy-Cealkyt,
C+-Cgatkoxy, C-Cy.aralkoxy, Co-Cralkoxycarbonyl, C.-Cethioalkyl, aryl or
-N{Rg)R+; and

R®, R’ R®, and R® are each independently selected from hydrogen, acetyl,
methanesulfony! or C~-Cgalkyl;

which method comprises.

a) reacting a compound of formula {(33):
4
/\(O E \/\f]R .
‘ =R
UNHQ S
RS

(33}
wherein R, R" and R® are as defined above, with a compound of formula (2a2);

O

¢ 8]

Q (2a2)
wherein Ris H, C;-Csacyl or an axygen-protecting group, under suitable
condensation conditions to form a compound of formula (21b):

RB

P
| R4

0 \
(LR %
b@a
o

(21b)

wherein R is H, C;-Czacy! or an oxygen-protecting group and R RYand R® are
as defined above; and
b) reducing the compound of formula (6b) under suitatle conditions o form a

compeound of formula (1), as set forth above.

51. The method of Claim 50 further comprising a nucleophilic displacement
step to form the compound of formuia {33), wherein the nucleophilic displacement step
comprises freating a compound of formula {32}:

MOSLLP
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a9

4
Saget
SR
or 7
rR® (32}
wherein -OR' is an activated leaving group and R®, R* and R* are as defined above,

with an azide under suitabie nucleophiiic displacement and subsequent reduction

conditions to form a compound of formuta (33) as set forth above.

52 The method of Ciaim 51 further comprising a preparation step to form
the compound of formula (32}, wherein the preparation step comprises reacting a
compound of formula {31):
O \/;/RA’
O \/\(:%]WRS
OH S
ANET)
wherein R®, R’ and R® are as described above, with an activating agent under suitable
conditions 1o form the compound of formula (32) as set forth above.

53. The method of Claim 52 wherein the activating agent is an optionally
substituted alkylsulfonyl halide or an optionally substituted aryisulfonyl halide.

54. The method of Claim 52 further comprising a reduction step to form a
compound {31), wherein the reduction step comprises treating 2 compound of formuia
(14}

4
o m/R
G
0 3
R
{(14)

wherein R®, R* and R® are as defined above, under suitable conditions to form the
compound of formula (31) as set forth above.

55. The method of Claim 54 further comprising an etherification step to form
a compound of formuta (14), wherein the etherification step comprises treating a

compound af formula (13);
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100

Cr
C

{13)
with & compound of formula (5b):

R4

HO Y
{Bby} /J/’
RS
wherain y an are as getined above, unger sultable conaitions 1o orm ine
herein R°, R* and R® defined ab d itabi diti to f th

compound of formula {14), as set forth above.

58. The method of any one of Claims 50-55 further comprising the formation

of an acid addition salt of the compound of formula {I1).

57, The method of any one of Claims 50-56 wherein the compound of
formuia (If) is @ compound of formuia (1) where R®, R* and R® are independently
hydrogen, hydroxy or C-Ceatkoxy; with the proviso that R®, R* and R® cannot all be

hydrogen at the same time.

58. The method of Claim 57 wherein the compound of formula (1} is a

compound of formula (la):

or a pharmaceutically acceptabie salt thereof,

59. The method of Claim 57 wherein the compound of formula {1) is

selected from the group consisting of:
b OCH,

"OH (I1b),
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oo
& OCH;
OH (Ke), and
O‘“M\O \/\@OC Ha
@\ F OCH,
OH {(Iid);

or pharmaceutically acceptable salfs thereof.

60. A compound selected from the group consisting of the foliowing:
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3
s
OR! OH or\zlif/ R
s cO Meda)
OR 2 R
R T o) i @1
o . -
o OR Q C( o0 OR
. OH . !
. OH ﬁ& F NWOH
H ze OR R28 H R22
(23} (24) (25)
R? RS
N W
OH R Fge
LS OSSPERGE:
OH OH oM
N ; N N
H OR RZa H R2a H OR RZa
(26) (27) {28)

4

O \/R . O /R4
“OH “OR! //
R3 RB

{31) (32)
or a pharmaceutically acceptable sait thereof, as a single stereoisomer or a2 mixture
thereof,
wherein:

each R® is O or H, where at least one R? in each compound is O;

each R®, R* and R® is independently bromine, chloring, fluorine, carboxy, hydrogen,

hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano

trifluoromethyi, -CHF;, -SQN{Rg)Rg, -OCF;, Co-Cralkanoyioxy. C-Cealkyl,

, sulfamyl,

C.-Cealkoxy, C;-Cqzaralkoxy, C,-Cralkoxycarbonyl, C,-Cgthioalkyl, arvl or

-N{R¢)R7;

each R®, R, R®, and R® are each independently selected from hydrogen, acety!,

methanesulfony! or C+-Cealkyl;
each R* is O or H, where at ieas! one R* in each compound is O;
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each R is independently a H, C;-Ceacyl or an oxygen-protecting group;

gach R is an optionally substituted alkylsulfony! or an optionally substituted aryisulfonyi
group; and

each R' is an oxygen-protecting group.

81, The compound of Claim 80 wherein the compound of formula (i) is a
compound of formuia (I1) where R®, R* and R® are independently hydrogen, hydroxy or
C4-Csalkoxy; with the proviso that R®, R* and R® cannot all be hydrogen at the same

fime.



