SYNTHETI C PROCESSES FOR THE PREPARATI ON OF AM NOCYCLOHEXYL ETHER COVPOUNDS
Cross-Reference to Related Applications This application clains the benefit
under 35 U. S.C. 119(e) of U S. Provisional 5 Patent-Apph+cati-on-No.

60/ 748, 248 fil ed Decenber 7, 2005 and U. S. ProviS| Appl i cation
No. 60/690,989 filed June 15 2005. These provisio wﬁﬁ@ﬂ@@wu ons are
incorporated herein by reference in theit entireties | nvention
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for treating medlcal conditions or disorders, including for example, cardlac arrhythmia,

such as atrial arrhythmia and ventricular arrhythmia.

Backaground of the Invention

20 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 ventricular arrhythmias
known as ventricular fibrillation (VF). Conservative estimates indicate that, in the U.S.

25 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 will 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. Atleast 250,000 individuals a year die of coronary heart disease within 1 hour

30 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 ciinical practice
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2 and is a cause of norbidity in many individuals (Pritchett E. L., N
Engl. J. Med. 327(14):1031 Cct. 1, 1992, discussion 1031-2; Kannel and
Wl f, Am Heart J. 123(1):264-7 Jan. 1992). Its prevalence is likely to
tncrease as the population ages and it is estimated that 3-5% of patients
over the age of 60 years have AF (Kannel 5 WB., Abbot R D., Savage D.D.,
McNamara P.M, N Engl. J. Med. 306(17): :4018- 22 1982; Wl f P.A , Abbot

R D., Kannel WB. Stroke. 22(8):983-8, 1991). Wile AF is rarely fatal, it
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were non-stereoselective and led to mixture of stereoisomers. As active
pharmaceutical compounds, it is often desirable that drug molecules are in
20  stereoisomerically substantially pure form. It may not be feasible or cost effective if the
correct sterecisomer has to be isolated from a mixture of stereoisomers after a multi-
step synthesis. Therefore, there remains a need in the art to develop method for the

preparation of stereoisomerically substantially pure trans-aminocyclohexyi ether
compounds.

25  Summary of the Invention

The present invention is directed to stereoselective syntheses of certain
aminocyclohexyl 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

30  compounds of formula (1):



RA O 00"*""NR5 (I) R3 OHor a pharmaceutically acceptable salt, ester,
am de, conpl ex, chelate, clathrate, solvate, polynorph, stereoisoner,
nmet abolite or prodrug thereof; as a single stereoisoner or as a mxture
thereof; 5 wherein: R3, R4 and R5 are independently brom ne, chlorine,
fluorine, carboxy, hydrogen, hydroxy, :ydroxynethyl, met hanesul f onam do,
nitro, cyano, suffanyl, trifluoronethyl® -CHF2, -SO2N(RB)Rg, - OCF3,
C2- Cral kanoyl oxy, Cl- CSaIkyI Cl- CSaIkoxy, Cr- C12aralkoxy,
C2- Cral koxycar bonyl, C1- C6thioa|ky|, aryl or 10 -N(R6)R7 (preferably R3, R4
and R5 are |ndependently hydrogen hydRoxy or Cl-Csal koxy; with the
3 he drogen at the sane tine); and

sesect@d from hydrogen, acetyl,

@t hod conprises: a) reacting a

nethanesulfonyl or Cl-Csal
conpound of forrmula (4): 1 OH : IV RRa OR (4) wherein each R2a
is O or H2 where at | east one n*pe conpound of formula (4) is 0, and

RS e e sl B0 LRfIE HBex bl fBAPREUNT 20 Of
solvate, polymorph, sterecisomer, metabolite or prodrug thereof; as a single
stereoisomer or as a mixture thereof; '

5  wherein:

R® R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF,, -SO,N(Rg)Rg, -OCF3, C»-Cralkanoyloxy, C4-Cealkyl,
C4-Cgalkoxy, C,-Cqsaralkoxy, C,-Cralkoxycarbonyl, C4-Cethioalkyl, aryl or

10 -N(Rg)R; (preferably 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® R’, R%, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C-Cealkyl;

15  which method comprises:

a) reacting a compound of formula (4):

1 ,OH

oW
2 OR

@
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

20 of formula (5):

(5)
wherein R®, R* and R® are as defined above and Q is a leaving group, to form a

compound of formuia (6):



wherein R3, R4 and R5 are as defined above and Qis a |leaving group, to
forma conmpound of fornmula (6): 4 R3 10 /7-R4 ~~R2a ~R5 ~~ FOR R2a (6)
wherein each R21 is 0 or H2 where at |east one RRZ1 is 0O, Ris H C2-Chacyl
or an oxygen-protecting group and R3, R4 and R5 are as defined above,
under suitable conditions such that upon reaction of the conpound of
formula (4) with 5 the conpound of formfl a (5), the trans relative
configuration of the hydroxyl group on the carbon at the 1l-position of the
conpound of formula (4) is retained in the carbon at the 1-position of the
conmpound of forrmula (6); b) reduci ng/%/gonpound of forrmula (6) under

sui table conditions to forma conp unﬂl\g)]_ﬁttorrml a (l). 10 This nethod can
further conprise a deprotectio %) RN to the reaction of a conpound

of formula (4) with a conpound f.or IaRs(S), wherein the deprotection
step conprises treating a conpound ®f la (3): 1 OR R2a Ra OR (3)
wherein each R2Za is 0 or H2 where east one RRa is O, Rl is an

oxygen-protecting 15 group (preferabl y(ﬁén optionally substituted benzyl
group) and R 1 gpdlein@cfpaoilo o) %ergéty@%@onwﬁsb Rl B €118 gcgp&faw ably

C2- Csacyl ), to 'sul e depro |ng condi ti1ons forma ound
formula (4) asosgen-poitedtinglgmame. anttiR’ SR endry cpre & definedipbpva oRPRT se a

cyclization stgmabe doRkiibR SRARE DForPeactioprdtedcdmbound\BiEb@iula (4 dith
cyclization step conprises reacti ng a co ound of formula (7 20 or a
®

conpoubd of f ofhasoEppER)d efffornyia (& dhetrens rg EBWU'EHE‘B‘P“ ¢fdheiNdEOYY) and a
conpound of f opBupdn & carbon &¥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 (6) under suitable conditions to form a
compound of formula (I).
10 This method can further comprise a deprotection step prior to the reaction of a
compound of formula (4) with a compound of formuia (5), wherein the deprotection

step comprises treating a compound of formula (3):

wherein each R* is O or H, where at least one R* is O, R’ is an oxygen-protecting
15  group (preferably an optionally substituted benzyl group) and R is H, C,-Csacyl or an
oxygen-protecting group (preferably C,-Csacyl), 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
formula (3), wherein the cyclization step comprises reacting a compound of formula (7)
20  or a compound of formula (8) or a mixture of a compound of formula (7) and a

compound of formula (8):



O OR NH HR2a (7) 1 OR 0O NOH (8 HORRa wherein each R is

i ndependently an oxygen-protecting group (preferably an optionally
substituted benzyl group), each R2za is 0 or H2, and Ris H, C2-C5acyl or an
oxygen- protecting group (preferably C2-Coacyl), under suitable conditions
to forma conmpound 5 of fornula (3) as set forth above. This nmethod can
further conprise a condensation step toforma conpound of formula (7) or
a conmpound of formula (8) or a mxture of a conmpound of forrmula (7) and a
conpound of formula (8), wherein the condensation step conprises reacting a

compound of formula (1): ~ OR_uN 10 (1) where R is an
oxygen-protecting group (preflerdbly a l:eopti onal |y substituted benzyl
group), with a conpound of foralila Qkba 0 OR R2a (2a) wherein each

Rea is 0 or H2 where at |east onelR2a inhtheﬁgonpound of fornmula (2a) is

15 0, Ris H C2-Coacyl or an oxygﬁn-protecting group (preferably

C2- C5acyl), under suitable cond@ ons to formthe conmpound of fornula (7)
or the conmpound of formula ( or {t he m(ﬁ_} ure of a conpound of formula (7)
and a conpound of fornula (8) e abpve. I n another aspect, this
invention is directed to a nethodHofonaang conpounds 20 of formula (l1): 6

R4 O wherein each R' is independently an oxygen-protecting group (preferably an optionally
substituted benzyl group), each R?is O or H,, and R is H, C,-Csacyl or an oxygen-
protecting group (preferably C,-Csacyl), under suitable conditions to form a compound

5 of formula (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 ¥8)

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

S
“NH,
10 (1)
where R' is an oxygen-protecting group (preferably an optionally substituted benzyl

compound of formula (1):

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

RZa
7 ror
R2a (2a)
wherein each RZ is O or H, where at least one R*® in the compound of formula (2a) is
15 0O, Ris H, C,-Csacyl or an oxygen-protecting group (preferably C,-Csacyl), under
suitable 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.
In another aspect, this invention is directed to a method of making compounds
20  of formula (l):



--R5 (I) R3 ~~OH or a pharmaceutically acceptable salt, ester, am de,
conpl ex, chelate, clathrate, solvate, polynorph, stereoisoner, netabolite
or prodrug thereof; as a single stereoisoner or as a mxture thereof; 5
wherein: R3, R4 and R5 are independently brom ne, chlorine, fluorine,
car boxy, hydrogen, hydroxy, hydroxynetgyl, met hanesul f onam do, nitro,
cyano, sulfanyl, trifluoronethyl, -CHFZ, -SO2N(R5)R9, -OCF3,
C2- Cral kanoyl oxy, Ci1-C6al kyl, Ci1-C6al koxy, C7-Cl2aral koxy,
C2- Cral koxycar bonyl , Cl-Cethioal kyl, aryl or 10 -N(R6)R7 (preferably R3, R4
and R5 are independently hydrog%?, hydR xy or Cl-C6al koxy; with the

b |

proviso that R3, R4 and RcaNn drogen at the sane tine); and
R6, R7, R8, and R9 are ea( dependeng!y %ect®d from hydrogen, acetyl,
met hanesul f onyl or C1- Céal kyt? ™ ich{ thod conprises the follow ng: a)

reacting a conpound of formula (/1 a - R oH N2 (1a) wth a conmpound of
formula (2a): RRa O OR R2a (2a 200ihder suitable condensation

gggiohingng?g &Oa];rﬁé@éﬁ%@?%g&;ecpha le %%lh%@t%?ta'nﬁ& EbRpiRk, QHlbete, Qlfath?s)té,Wi th a
solvate, polymorph, stereoisomer, metabolite or prodrug thereof; as a single
stereoisomer or as a mixture thereof;

5 wherein:

R® R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
triflucromethyl, -CHF,, ~-SO,N(Rg)Rs, -OCF3, C.-Cralkanoyloxy, C4-Cgalkyl,
C,-Cealkoxy, C,-Caralkoxy, Co-Cralkoxycarbonyl, C-Cethioalkyl, aryl or

10 -N(Re)R; (preferably 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® R’, R®, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C4-Cealkyl,

15  which method comprises the following:
a) reacting a compound of formula (1a):
1 _OH
CC'NHQ

(1a)

with a compound of formula (2a):

RZa (23) ’

20 under suitable condensation conditions to form a product;

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



R3 (5) wherein Qis a leaving group and R3, R4 and R5 are as defi ned
above, under suitable ether coupling conditions to forma product; c)
reacting the product of b) under suitable cyclization conditions to forma
5 conpound of fornmula (6): R3 11 \' " 1 0RR4 NOR(6) Ra wherein. each
R21 is O or H2 where at least one R0 is O, Ris H, C2-Csacyl or an
oxygen-protecting group (preferably Cz-éSacyI) and R3, R4 and R5 are as
defi ned above; and 10 d) reducing the conpound of formula (6) under
suitable conditions to forma conpound of ,formula (I), as set forth above.
The product of step a) above cag conprise™a conpound of formula (9), a
conpound of fornmula (10) or a m xture oﬁéﬁ onpound of fornmula (9) and a
conmpound of formula (10): 1 OH O OR \;ZH‘ a (9 o 1 OHO NORRM™
(10) 15 H a where each R21 is 0 or and Ris H C2-C5acyl or an
oxygen-protecting group (preferably C2-C$@cyl). The product of step b)

above can conPihsRinfQ FLIRANAG gRiup AR B¢ LIRS arf as defined above, under

suitable ether coupling conditions to form a product:;

c) reacting the product of b) under suitable cyclization conditions to form a

5 compound of formula (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 (preferably C,-Csacyl) and R®, R* and R°® are as
defined above; and
10 d) reducing the compound of formula (6) 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):

SN
WM

15 H OrR Re
where each R* is O or H, and R is H, C,-Csacyl or an oxygen-protecting group

(10)

(preferably C,-Csacyl).
The product of step b) above can comprise a compound of formula (11), a
compound of formula (12) or a mixture of a compound of formula (11) and a compound
20  of formula (12):



compound of formula (12) or a m xture of a conpound of fornmula (11) and a
compound 20 of formula (12): 8 RBR3| --~R5/fjamR5 1 OR4 1 ORA4
OOROCNOMHOCK"OH HRea Ha (11) (12) where each Reais 0 or H2, Ris
H, C2-Cbacyl or an oxygen-protecting group (preferably C2-Cbacyl) and R3,
R4 and R5 are as defined above. In another aspect, this invention is

directed to a nethod of making corrpounds8 5 of formula (I): R4 COR5 (1)
N R3 D11 01-1 or a pharmaceutically acceptable salt, ester, anide,

conpl ex, chelate, clathrate, sol yat e, pol ynorph, st er eoi soner, netabolite
or prodrug thereof, as a singl Lereoi soner or m xture thereof; 10
wherein: R3, R4 and R5 are Qi)\ dently brom Rorine, fluorine,

carboxy, hydrogen, hydroxy, hydfe&ynmethyl, ;met hakesgl f onami do, nitro,
cyano, sulfanyl, triffu reet , - CHF2, Itl( R5) R9 - OCF3,

C2- C7al kanoyl oxy, C, - Ve 0862l kox Cﬁ HkoXy,

C2- C7al koxycar bonyl , C1- CsHhi oal g,gl aryl or @b )JR7 (preferably R3, R4
and R5 are independently hyd{aﬁ hydroxy or C 9 al koxy; with the

provi so that R3, R4 and R5 carnot "all be hydrogb@ at the sane tine); and

R6, R7, RGyhesiebdRRZAISO aaap R .ewlen@cgﬁm byar&lya6h sﬂ)té&.ﬁd@ﬁaw [RSRFbnAcet vl
et hanesulé cH)gcyl) andcl‘? g@ tﬂg’ are as dwprllecdhabove yg conpr

In another aspect, this invention is directed to a method of making compounds
5 of formula (l):

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

10  wherein:

R® R? and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF,, -SO,N(Rg)Rs, -OCFs, C.-Cralkanoyloxy, C;-Cgalkyl,
C4-Cealkoxy, C;-Cqraralkoxy, C,-Cralkoxycarbonyl, C+-Csthioalkyl, aryl or

15 -N(Re)R; (preferably 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®, R’, R?, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C4-Cgalkyl;

20 which method comprises:

a) reacting a compound of formula (17):

C NH;

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

(17)



a) reacting a conpound of formula (17): R4 R5 NHZ R3 // (17) wherein R3,
R4 and R5 are as defined above, with a conpound of formula (2a2): 9 OfOR
O (2a2) wherein Ris H C2-C5acyl or an oxygen-protecting group (preferably
C2- C5acyl ), under suitabl e condensation conditions to forma conpound of
formula (6b): R3 1) R4 OO~J RS N 0 (6b) 5 wherein Ris H C2-Cosacyl
or an oxygen-protecting group (preferabl’y an optionally substituted benzyl
group) and R3, R4 and R5 are as defined above; and b) reducing the
conmpound of formula (6b) under suitable conditions to forma conpound of
formula (1), as set forth above. 10 TIi s nethod can further conprise a

nucl eophil i c displacenent step to f&r &¢ conpound of fornmula (17),
wherei n the nucl eophilic displace step conprises treating a conpound
of formula (16): R4 ORR5 R3 (16) whé28 n -OR is an activated | eavi ng

group (prefer alwhgarem‘pR ns}ﬂam}%a&yllmbhbbdygﬁd &e&ln@)g%dpf (9Fé$ér8bl9tzz.@gédygnal ly
substi t ut ed ar)d are as defi ned bove, with an

azi de under sui Pg 53?%3 f%’gﬁﬂﬁt'% Cancgtfﬂ"éé‘éggﬂta c&ﬁlﬂ’og%gfefa'iﬁ@ﬁﬂ Gb)

~r :;E R—m

o (6b)

5 wherein R is H, C»-Csacyl or an oxygen-protecting group (preferably an
optionally substituted benzyl group) and R®, R* and R® are as defined above:
and

b) reducing the compound of formula (6b) under suitable conditions to form a
compound of formula (I), as set forth above.
10 This method can further comprise a nucleophilic displacement step to form the

compound of formula (17), wherein the nucleophilic displacement step comprises
treating a compound of formula (16):

Sauas*
OR’
3 (16)

wherein -OR'is an activated leaving group (preferably optionally substituted
15 alkysuifonate or optionally substituted arylsulfonate) 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.

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

formuia (16), wherein the preparation step comprises reacting a compound 6f formula

20 (15):
Sugs
R

(15)



reduction conditions to forma conmpound of formula (17) as set forth above.
This nethod con further conprise a preparation step to formthe conpound of
formula (16), wherein the preparation step conprises reacting a conpound of
formula 20 (15): R4 R5 OH R3 (15) 10 wherein R3, R4 and R5 are as
descri bed above, with an activating agent (preferably an optionally
substituted al kyl sul fonyl halide or an 6Btionally substituted aryl sul fonyl
hal i de) under suitable conditions to formthe conpound of fornula (16) as

set forth 3 i h urther, conprise an asypmetric

reducti on st%g%(? d F?oé}anRz al?%%srr%%ﬁﬁ%gd(gl%v?’ WHeF L9 vetivg a&%?/@ﬂ%ﬁ’?tﬂy fRduct i on
step conprarierally substitutey alkylsdfomd baliteslr ahoptierially §ubs)ituted dRidulforyl-- j 5 O R3
R (14) -ehn - ef i bave, u r a tric 10
Feduct | onf Ty oo Rne hdfen2iioRd st cisHhE SRt o S & (15) as
set fortha8¥ve. This nethod can further conprise an etherification step
to forg a conpaurthméhod E4H fiHhe coffhise IS5 ARk idd§ Alina step
conprises treating a ?:orrpound gf lJn?)o'i?r’erml ?ﬁ 133?%1%88&“16@ Széféggﬂ%/r\nht a conpound
of formul &%’@B)‘M 2), Vqt]gevrs@)a asymmgiric reduction step comprises treating a

- compound of formula (14):

0 s
I lRS
@O //
R3
(14)
wherein R®, R* and R® are as defined above, under asymmetric
10 reduction/hydrogenation conditions to form the compound of formula (15) as set forth
above.

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

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

(13):
L

15 (13)
with a compound of formuia (5b):

HO ‘ %‘R" 5
(5b) <2
R3
wherein R®, R* and R® are as defined above, under suitable conditions to form the
compound of formula (14), as set forth above.

20 In another aspect, this invention is directed to a method of making compounds
of formula (1});

R3
1.0 y
chas
& SR
OH



R3 wherein R3, R4 and R5 are as defined above, under suitable conditions
to formthe conpound of formula (14), as set forth above. 20 In another
aspect, this invention is directed to a nmethod of maki ng conpounds of
formula (I1): R3 OR5 ~DIOH 11 or a pharmaceutically acceptable salt,
ester, am de, conplex, chelate, clathraﬁg sol vat e, pol ynor ph,
stere0|soner nmetabolite or prodrug thereof; as a single stereoisoner or
as a nlxture t hereof; wherein: 5 R3, R4 and R5 are i ndependent |y brom ne,

chlorine, Oﬁ%ﬁ;{[‘{]é‘ %Utl&m QQ&%tabty&to&q ammdé&%ﬂex QMQE@XM&H%W'

met hanes ' ¢yano, amyl ., trifluoronethyl, -CHF2i
- SO2N( R8) R9, -<DBET®, pmnmm snenegypmly me@a_bo@@aqr mdrug therech s R siogle

C7- Cl2ar al kOxysterg&séa?@fldfgéséqﬁmwgpeoﬁl Cot hi oal kyl, aryl or -N(R6)R7
(preferably R3 4" and R5 are | ndependently hydrogen hydr oxy or 10

C1- Coal kowhereigi t h t he proviso that R3, R4 and R5 cannot all be hydrogen at

the samegt 'Rm’ahd Raaﬂz lﬁ@apeﬁaenﬂ%rorﬁﬁél dRQ)naé Hluened) catmdmamieg‘éri y sel ected
from hydrogen acety nmet hanes ‘IVRP Cl--C6al k sulg?py&z met hod
a

conpri ses: 'é)’f’rqxédyfjf%émﬁthé‘b "?'B'PFM“E;O 6'§/Q' 2a' OR R
(20) wherei n e@.mlibrmahyls-d}lﬁa,r SIGZN(/REWQG -QEF4 EalralkareyiR@a Cidstlke, conmpound of
formul a (20)

N o
-N(Ro)R; (preferably R®, R* and R® are independently hydrogen, hydroxy or
10 C,-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, acetyl,
méthanesulfonyl or Cy-Csalkyl;
which method comprises:
15 a) reacting a compound of formula (20):

OH

1
Lr
N .
J§"OR

RZa (20) |

wherein each R?® is O or H, where at least one R?% in the compound of formula
(20) is O, and R is H, C.-Csacyl or an oxygen-protecting group (preferably

C,-Csacyl), with a compound of formula (5):

R4
Q A
\j
\/\e’l/(\\/ R5
R

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

compound of formula (21):

3
/w
2a \/

;;OR

(21)



QI /1 RS 3 R 20 (5) wherein R3, R4 and R5 are as defined above and Qis
a leaving group, to forma conpound of formula (21): R3 R4 10i R2l ~ RS
6- OR R2a (21) 12 wherein each R2a is 0 or H2 where at |east one Rka is O,
Ris H C2-Csacyl or an oxygen-protecting group and R3, R4 and RS are as
defined above, under suitable conditions such that upon reaction of the
conpound of fornmula (20) wth the conpb%nd of fornmula (5), the trans
relative configuration of the 5 hydroxyl group on the carbon at the

1-position of p : r i s.xetained in the carbon at
thg 1- posi t i on%’ﬁ%&%ﬁgﬁéﬂﬁ @%w%orr@rﬁ%fe%)s OZT)SR f?)&r'gﬁg'&iqﬁ'&s?%%%?rpound of
fornula (21) updegensniptestisigorewralidtRoRé and amwdefinmmve,dlr{mbrf ormul a 'E: l)a]
This method ca ; ' : e rLpr to e reacti

of & 10 compouatptis AR Ri il aTk AR ThERHS BB )" Wher ci n
t he depr ot ect i S 183 enrayRf of 19E8UIR (Batherftpna reldtive canfiuadtion of sl & (19) : R2a

C.~N OB 2a O?hyﬁi’o@l%}oup%&ﬁ@bﬂb@ﬁﬁhhgalpdsﬁoﬁoﬂh%:%mmﬁ]ﬁeof ?otrmhﬁf(?lé) one R2a

oSt fut e BoUAGRRLR e Ll iy oerouao omuls (5
b) reducing the compound of formula (21) under suitable conditions to form a
compound of formula (1I).
This method can further comprise a deprotection step prior to the reaction of a
10 compound of formula (20) with a compound of formula (5), wherein the deprotection
étep comprises treating a compound of formula (19):

1 OR’
L
g
RZa 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, C,-Csacyl or an
15 oxygen-protecting group (preferably C,-Csacyl), to suitable deprotecting conditions to
form a compound of formula (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 a mixture of a compound of formula (23) and a
20  compound of formuia (24):

1OR1
S48,
OH
NN
H R2a (23)
1 OR!
(L8
OH
ﬁ)w (24)
OR R22

wherein each R is independently an oxygen-protecting group (preferably an optionally
substituted benzyl group), each R*® is O or H,, and R is H, C>-Csacyl or an oxygen-

protecting group (preferably C,-Csacyl), under suitable conditions to form a compound
25  of formula (19) as set forth above.



15 oxygen-protecting group (preferably C2-C5acyl), to suitable deprotecting
conditions to forma conpound of fornmula (20) as set forth above. This

met hod can further conprise a cyclization step to forma conpound of
formula (19), wherein the cyclization step conprises reacting a conpound of
formula (23) or a conpound of fornmula (24) or a m xture of a conpound of
fornula (23) and a 20 conpound of formiBa (24): 71/ OR 0 OROH N H R2a
(23) 1 OR CI NOH (24) H OR R2a wherein each R is independently an
oxygen-protecting group ( ref erably an o ubstit ut ed bgnzyl
group), each PRYismather ggn PEheréﬁB‘p gacy e@ﬁa@ﬂ%mg ML CYRRRIEA O or ot ect i ng
group ( prigflia 3éorf2c&85§tﬁwibffobrﬂder(zzgwrbaﬂukterecmfmchomponsd bidofudan{2d) conpound

25 of fornmula (1 s_set f h abav T r conprise
a condensaéldi%?P”bqoé‘B PU°F6‘+'%&;’ Uﬁl? oq‘nd?%s%@rl‘ %ggﬁpﬁ%@é‘gé{c&éﬁgund of
formul a (cMpoand af Bimdia(18).0f a corrpound of fornula (23) and a conpound of
formula (24), wherein the condensation step conprises reacting a conpound
of formula (18): ~oR NH2 5 (1 S) -wheré Rl is an oxygen-protecting group
(preferably an optionally substi tubenzyl group), with a conpound of
formula (2a): R2a OR Rea (2a) whereinNdach Rea is 0 or H2 where at | east
~one RRa is 0, Ris H C2-Chacyl or 1]82 oxygen- protecting group
(preférably C2-C5acyl), under sui tablé onditions to formthe

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

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

R2a
RZa (23)

wherein each R%? is O or H, where at least one R%is O, Ris H, C;-Csacyl or an
10  oxygen-protecting group (preferably C,-Csacyl), under suitable conditions to form the
compound of formula (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 (11):
3
Sagil
& SV
OH

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

15

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

20 R?® R*and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF 3, -SO2N(Rg)Rs, -OCF3, C,-Cralkanoyloxy, C4-Cgalkyl,
C4-Cgalkoxy, C;-Cqzaralkoxy, Co-Cralkoxycarbonyl, C.-Cgthioalkyl, aryl or
-N(Re)R; (preferably R®, R* and R® are independently hydrogen, hydroxy or

25 C;-Cealkoxy; with the proviso that R3 R* and R® cannot all be hydrogen at the

same time); and



conmpound of formula (23) or the conpound of formula (24) or the m xture of
a conpound of fornula (23) and a conpound of formula (24) as set forth
above. In another aspect, this invention is directed to a nethod of making
conpounds of formula (I1): R ORS N4 (Il) !~ R 15 ~""CHor a
pharmaceutically acceptable salt, ester, am de, conplex, chelate,
clathrate, solvate, polynorph, st ere0| é‘bmer net abol ite or prodrug
thereof; as a single stereoisomner as a mxture t hereof ; wherein: 20
R3, R4 an eRB7 agse, Ior| quorlne car boxy,
hydr ogen, E;R/d?{)xaddrwbe%fgggaprr'é{i%pﬁ%&ﬁmgﬁ?gﬁ%gﬁr% 95, a8t 0, cyano,

sul famyl, tri fieltaneswionylor C+CeRiRY; - SO2N( R6) R9i - OCF3, C2- C7al kanoyl oxy,
C1- Coal kylwmcrﬁ%e@@@k&%yses% | koxy, C2-Cr7al koxycar bonyl,

C1- C6t hi oal kyI aryl N( ‘preferably R3, R4 and R5 are

i ndepender®| y HW'B@éﬁomﬁW@rmU'az@Zbl C6al koxy; with the proviso that
R3, R4 and R5 cannot all be hydrogen at the sane tine); and 14 R6, R7,

R8, and RO are each independently ked from hydrogen, acetyl,

met hanesul fonyl or G -C6al kyl; whi met hod conprises the follow ng: a)
reacting a conpound of fornula (22):"a®:NH2 5 (22) with a conpound of
formulg (2a): RRa O OR (22)

with a compound of formula (2a):

2
R (2a)
under suitable condensation conditions to form a product:;

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

R4
Q L
, _l_R5
P
RB

wherein Q is a leaving group and R?, R* and R® are as defined above, under
suitable ether coupling conditions to form a product:

10

c) reacting the product of b) under suitable cyclization conditions to form a
compound of formula (21):

15 RZa

wherein each R* is O or H,, Ris H, C»-Csacyl or an oxygen-protecting group
(preferably C,-Csacyhand R?, R* and R°® are as defined above: and
d) reducing the compound of formula (21) under suitable conditions to form a
' compound of formuia (Il}, as set forth above.
20 The product of step a) above can comprise a compound of formula (25), a
compound of formula (26) or a mixture of a compound of formula (25) and a compound



R2a (2a) wunder suitable condensation conditions to forma product;
reacting the product of a) with a conpound of formula (5): R4 RS
($) wherein Qis a leaving group and R3, R4 and R5 are as defined above,
sui tabl e ether coupling conditions to forma product; c) reacting
the product of b) under suitable cycllzatlon conditions to forma
of formula (21): R35 04 RRa 4 R RI NCR(21) 15 RRa wherein
is 0 or H2, Ris H, C2-C5acyl or an oxygen-protecting group (preferably
C2- Csacyl) 4 and R5 are as defined above; and d) reducing t
A LR ! "

under

b)
10 R3

conpound
each R2a

he

conpound (21) under suitable conditions to forma conpound of
formula (11), as set forth above 0O The product of step a) above can
conprise a conpound of fornmul % o @rconpound of fornula (26) or a
m xture of a compound of for ndog conpound 15 of formula (26): 1
OHc 0O OROH HR2a (25) 1 OHC I gza (29 '

| 1 OH

98
H OR R23

where each R? is O or H'2 and R is H, C,-Csacyl or an oxygen-protecting 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 formula (27) and a compound
of formula (28):

R3 R3

—° —~T
14 TR e S Re
[:]: O OR [:]: 0
I I
(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 (ll):
R3
(i(o\/\l/t/\“ R
o)
OH

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

solvate, polymorph, stereocisomer, metabolite or prodrug thereof, as a single
15 stereoisomer or as a mixture thereof;

wherein:

R® R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF,, -SO,N(R3)Rs, -OCF3, C,-Cralkanoyloxy, C4-Csalkyl,

20 Cs-Cealkoxy, C;-Coaralkoxy, C,-Cralkoxycarbonyl, C4-Cethioalkyl, aryl or
-N(Re)R; (preferably R®, R* and R® are independently hydrogen, hydroxy or



N OH (26) HOR R2a where each RRa is 0 or H2 and Ris H, C2-CSacyl or an
oxygen-protecting group. The product of step b) above can conprise a
conmpound of forrmula (27), a 5 conpound of fornula (28) or a mi xture of a
conpound of fornula (27) and a conmpound of formula (28): RBR3 RER5 1O
RA1ORICOORO NOHNOH HRaHORRaA (27) (28) where each RR1 is O
or H2, Ris H C2-CSacyl or an oxygen-p?%tecting group and R3, R4 and RS
are as defined above. 10 In another aspect, this invention is directed to a

met hod of maki Rg._ £ formul hl): o83 OR5 R ~NR4 (11) OH or a
phar naceut i cal %%gcegf g@'ﬁgle Nl tg}asjtt%r& 3%‘9 ﬁe?a”EBHﬁHW&I‘,Vdaqeva{fé?

clathrate, solsamedimepdngdnor ph, stereoi soner, nmetabolite or prodrug

thereof, 3% g7 HenglRLpe ShETREY ] e thereof;, wherein: R3,
R4 and R5 are'’i n'dependeﬁt l'y nﬁ%ﬁﬂﬁ%{tly%ﬁ‘%ﬁiﬁrgﬁ? 'ﬁduw Fp'na§F¥ygar boxy, hydrogen,
hydr oxy, hydr oXyatenepyifondr Kanfedllylf onani do, nitro, cyano, sul famyl,

triflug ongidhmethofEbrdpriseSO2N( R8) Rg, - OCF3, C2- Cral kanoyl oxy, Cl1-C6al kyl,
20 C1- C6al koxy, Cr7-Cl2aral koxy, C2-Cral koxycarbonyl, C1-C6thioal kyl, aryl
or -N(R)R7 (prEHiEg ai5PpPeund qRieraig (B3): ar e i ndependent |y hydrogen, hydr oxy
or 16 Cl-Csal koxy; with the proviso that R3, R4 and R5 cannot all be

hydr ogen at the C[O \/R4
l lR5

(33)

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

0O

? OR

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

RS
[ pe
O N
(LR
%OR
o]
(21b)

wherein R is H, C>-Csacyl or an oxygen-protecting group (preferably C,-Csacyl)
and R®, R* and R® are as defined above; and

15  b) reducing the compound of formula (6b) under suitable conditions to form a
compound of formula (ll), 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 R
’ | /LRS
‘oR |7
20 . R (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



sane tinme); and R6, R7, R8, and R9 are each independently selected from
hydr ogen, acetyl, nethanesul fonyl or Cl-C6al kyl; 5 which nethod conpri ses:
a). reacting a conmpound of formula (33): cx?R5 NH2 3 R (33) wherein RS,
R4 and R5 are as defined above, with a conpound of fornula (2a2): O SVOR
O (2a2) 10 wherein Ris H, C2-C5acyl or _an oxygen-protecting group
(preferably C2-C5acyl), under suitabl eltondensation conditions to form a
conmpound of forrmula (21 b): R3 RcCo O\R5 N OR (21 b) wherein Ris H,

C2- Chacyl - tecti f.erably C2-Chacyl d R3, R4
. Coa | S R o T Y R et SRR R,
]S6b) hungerecmuii_drﬁ:tdnditi?ﬂiférimmsommuhdDfﬁoanulaf(ﬁﬂ)(ae_rsd’g fofth jébwleul a (I !{) y as tset
orth above. S od cap ¢ . i ment step to
formthe corrpglh'ﬁd"n%tfoc’fcgpﬁ’ﬂfp?r ?%ﬁsg\%ﬁ%rt@y% c?ﬁgglﬁrtdc efgrﬁ'lpa\ (?'g)e':di spl acePrent
step conprises treating a conpound of forgula (32): cx:c 20 R3 (32)

wherein -OR is an activated | referably an optionally

(
substituted al kysul fonate or ption ny“'gubsti tuted aryl sul fonate) and
R3, R4 and R5 are as 17 defined atidVegs'with an azide under suitable
nucl eophi | i ¢ di spl acenent and subsequent ©Veduction conditions to forma

Corrpougd Q\;heFeQﬁ ﬁu,llf a('\g:%%\i a?esassc?ésc;itggdtdﬁ)o@%tﬂ'an activating agent (preferably an
optionally substituted alkyisulfonyl halide or an optionally substituted arylsulfony!
halide) under suitable conditions to form the compound of formula (32) as set forth
above.

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

10  wherein the reduction step comprises treating a compound of formula (14).

R4
o 0%
Sapst
o) Vs
RB
(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

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

(13):
L

(13)

with a compound of formula (5b):

HO oK
(5;\@ R
R3
20 wherein R®, R? and R® are as defined above, under suitable conditions to form the
Compound of formula (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 () or a compound of formula (Il).

in another aspect, this invention is directed to intermediates and compounds



This method can further conprise reacting a conpound of formula (31): R4
Ol / RS OH 3 (31) 5 wherein R3, R4 and RS are as described above, with an
activating agent (preferably an optionally substituted al kyl sul fonyl
halide or an optionally substituted arylsulfonyl halide) under suitable
conditions to formthe conpound of fornmula (32) as set forth above. This
met hod can further conprise a reductionl8tep to forma conmpound (31), 10
Wherein the reduction step conprises trea’ai ][lg adcogpound OL forrm![ Zbl(é4): C
wherein R3, R4 and R5 are as defined above, under sui _

Sgnd?tiE)ﬁgngBarngmr}\eH@eth%%ﬂﬂ?éd@Preﬂbrrrul a (31) as set forth above. This

method can f ur tihenothengspesethi InRIini6s iscebien tSédfbouAad &rfaﬂr'ﬁ‘nac@fmound of 15 4
formula (14), wherein the etherification step conprises treating a conpoun

g%ﬁ% I 1§ !vvith a conmpound of forrmula (5b): R4 HO/ Rs
?be; o;/rrul 2De esel tlog ?he Vean Rs gPe as defined above, underbsui ta/lg\:?a
ditions to f of fornul 14), et forth above. All
g?nt he above neﬁ@é%é1§°e{)r¥8'ﬁﬁggh%rgnt€évr?ﬁﬁ?%'3 d?rﬁé‘e? gr'ﬂ%ﬁ?%nc’fof an acid addition
salt ofd a toeperledively Malingngbmpoundsef feamulerid @nd tbrmfilaf(y azisa fdrin dbové N anot her
aspect, t hihdhd SMBRbIYAA tHeSinglintigst €d to internedi ates and conpounds 18

An understanding of the present invention may be aided by reference to the
following definitions and explanation of conventions used herein:
The compounds of formula (1) have an ether oxygen atom at position 1 of a
10 cyclohekane 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):

6
5 1 O\ \
1T W
4 3 ’l/,,w/llL‘)1

The bonds from the cyclohexane ring to the 1-oxygen and 2-nitrogen atoms in

the above formula are disposed in the trans relationship. Therefore, the
15 stereochemistry of the amine and ether substituents of the cyclohexane ring is
(R,R)-trans or (S,S)-trans for the trans-sterecisomers of the compounds of formula (I).

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

20  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 illustrated below in Structure (Aa), means that
the substituent bonded to the cyclohexane ring by this bond, in this case the ether

25 substituent, is above the cyclohexane ring plane as illustrated on the page ina two
dimensional representation, and a dashed wedge bond, as illiustrated below in
Structure (Aa), means that the substituent bonded to the cyclohexane ring by this
bond, in this case the amine substituent, is below the cyclohexane ring plane as shown
on the page in a two dimensional representation:



prepared by the nethods disclosed herein. In another aspect, this invention
is directed to conpounds of fornula (I). Detailed Description of the

I nvention As noted above, the present invention is directed to nethods of 5
‘st ereosel ecti vely maki ng conpounds of forrmula (I) and formula (l11), as set
forth above in the Sunmary of the Invention. An understanding of the
present invention may be aided by referdfce to the follow ng definitions
and expl anation of conventions used herein: The conpounds of formula (1)
have an et her oxygen atom at posi %i on 1 of a 10 cycl ohexane ring, and an
am ne nitrogen atomat positi on of1_ihe cycl ohexane ring, wth other
positions nunbered in correspon order as shown below in Structure (A):
s .5[: zs" (A N s The bonq_}jnt e cﬁf@)ohexane ring to the 1-oxygen
and 2-nitrogen atons in the above f & a are disposed in the trans

rel ationship. Therefore, the 15 sferedehenistry of the amine and et her
substituents ofTh%Qemc¥clq%h§ianel rh)(r}ga IS R R -trans or (S,S)-trans for the
trans- st er eoi sonera BPURGRS" M (MEvERrhenexgen atom aieasitionilrag at he

st andar d civdnhexahe fing, emnatanragnickesitrogdi atom @b%ﬁérﬁ@oﬁﬂé’c;ﬁ:‘ﬁah@%ﬁ% Ar{g this

speci fi Cat\liliﬁ)!r}:'th% ggll&% dubllerd ‘RO(I; @S illustrated above In Structure (A) and
a dashed full bond, R uHelEt'F SPEESPRRERE order af shwn ipeloy imStrusasm Bt hat  t he
substituents, in this case 20 the am ne and ether substituents, are in a
trans-configuration with respecy to_the plane of the cycl ohexane ring.

Fol |l owi ng the standard chem cal atdit e d(g?cri ption practice and as used
in this specification, a full medgeldbo as’illustrated below in
Structure (Aa), neans that the supstifuent bonded to the cycl ohexane ring

by thi$ bond, ~in this case the ether substituent, is above the
cycl ohexane ri Mye pbrdieiras thel dybivhé:ahe ding b &@Q;cﬁ?ﬁ@n by ik ﬂ@e ALEast onal
Ustrated palowTth

representatign nd dashed wedge bond, as i
Struct ur eq’%%%","eﬁ%fﬁ‘r‘f% FRAISPPTRY 8 (Ss's telRtionship n Bkatefors, thestargadhetmistane ri ng
by this Iwbii,aniine st stheesdsiithenta ol the chibiExhhd!BRY is (h,%)-%'o%é,hgﬁis%(rc' ohexane
ring pl an?h@&sé@?%om%ps gﬂﬁe grggodngs %f rIo\x!\rﬁulgl(lﬁ?nSI onal “represehtation; 19
10 Following the standard chemical literature description practice and as used 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 ¢is-
configuration with respect to the plane of the cyclohexane ring.
Following the standard chemical 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 cyclohexane ring by this bond, in this case the ether and
the amine substituent, is above the cyclohexane ring plane as illustrated on the page in
a two dimensional representation, and a dashed wedge bond, as ililustrated 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 cyclohexane ring

plane as shown on the page in a two dimensional representation:
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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),



6 50 42, 1IN (Aa) 0, 3 The conpounds of formula (l11) have an ether
oxygen atom at position 1 of a cyclohexane ring, and an am ne nitrogen
atom at position 2 of the cycl ohexane ring, wth other positions nunbered
in correspondi ng order as shown below in Structure (B): 6 5~ O~s Ss'
(B) 2 A 4N 5 3 The bonds fromthe cygbohexane ring to the 1-oxygen and
2-nitrogen atons in the above fornula e disposed in the cis

rel ati onship. Therefore, the stereochem stry of the am ne and et her

substituents of , t cycl.ohexane.ring,i Ll M. - Cl t he

ci s-ster e't?fj%tﬁ%fh?p@‘fg %‘ﬁgg%e@ﬁﬁ%ﬁﬁsd%asgft@bcé%@aﬁl%ﬁt) 8 efégrl'—éc%)qmmg rﬁ)gjaq‘ltfe he
standard efheatyidhekarteairgtarmboviethe pigoeichthemyelohéxane dngl as used in this
specification, two solid full bonds, as illustrated above in Structure (B)
means that the substituents, in thPs case the am ne and et her
substituents, are in a cis configugation with respect to the plane of the
cycl ohexane ring. Follow ng the&ta da?ﬂ_.{c hcal literature description
practice and as used in 15 thi i"cation, a full wedge bond, as
illustrated below in Structur , means that the substituent bonded to
the cycl ohexane ring by this bond, in this case the ether and the am ne
substituent, i thdisrmulandepigier eesiaReandigya srisiientand/qraondihdd s t he page
in a gwo g | bOsha @ithoand Al 8E sHeWas Ineishcti

i11ius ratﬁh&%@féﬁrﬁ?ﬁaeﬁt@ﬂﬁt@ﬁ%gﬁ%gﬁfﬁ _neans thgt t he substi tuegf bonded to
the cycl oleas aneole hegdein a FRgsstetusg nbiis indicales hat RePanA v eAttaghRf Phe ani ne
subst it uenhy ohSoftRt BbnisRat@BRtBieX MRGINGIsROctuR| kNG as ahguwpgematolre page in a

two di nensional representation; 6 . . ,
could otherwige be present at 'Rw’at atom. Where no particular substituent(s) is

identified for a particular position in a structure, then hydrogen(s) is present at that

10  position. For example, compounds of formula (I) contain the group (C):
R3
NN
[/\£R5 (©)
[

where the group (C) is intended to encompass groups wherein any ring atom that
could otherwise be substituted 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
15  onthe 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 diastereoisomers. For the present
invention, the words diastereomer and diastereoisomer and related terms are

20 equivalent and interchangeable. Unless otherwise indicated, the present invention
includes all enantiomeric and diasterecisomeric forms of the aminocyclohexy! ether
compounds of formula (1) and compounds of formula (ll). Pure stereoisomers,
mixtures of enantiomers and/or diastereoisomers, and mixtures of different compounds
of the invention are included within the present invention. Thus, compounds of formula

25 (1) and compounds of formula (Il) may occur as racemates, racemic or
diastereoisomeric mixtures and as individual diastereoisomers, or enantiomers, unless
a specific stereoisomer enantiomer or diastereoisomer is identified, with all isomeric

forms being included in the present invention. For the present invention, a racemate,



5 ~0ss: 56255 (Ba) 2Ss (Bb) N- A 3 3 Followi ng the standard
chemcal literature description practice and as used in 25 this

speci fication, a wavy bond, as illustrated below in the conpound of fornula
(2a2), 20 indicates that the substituent, in this case the -OR
substituent, is either below the plane _of the cycl ohexane ring or above
the plane of the cycl ohexane ring: O c; (2a2) O lIn the formlae

“depi cted herein, a bond to a substituent and/or a bond that links 5 a

nmol ecul ar Jlasffl t he remai nder, of a,  conpound may be shown as
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conpounds Slérebdft%rr[m@'&ﬁlﬂirgarfbled%b&l’hd@%hﬁmle?k écﬁ@sﬁe\k%rﬁﬁwghﬁe or gg;g?n

t,.as_en and. di ast ereol soner s
?;Sgﬁtﬂﬁgg r&%ﬁe%cex' %g thgreiot aﬂ@o‘??é?seaﬁtare@fsawﬁ?%%|S§'Eﬁmt'35)hﬂlffi'éﬂ%@@ﬂyt ernms are
20 equi valreﬁets taritk émmicemeitan geabi the stordordme (2e) Wragtidmsls oat ed, the present

I ast erepi soneric forrrs of the
i nventi on gcﬁ'ﬁergl Ave?fl:'\g Eher e?eo(l;so?nners % a sample, leading to chiral
am nocycl o

ennchment 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

15 superimposable. They are "mirror-image" stereoisomers. Diastereocisomers generally
refer to stereoisomers not related as mirror-images. Enantiomeric excess (ee) and
diastereoisomeric excess (de) are terms generally used to refer the stereocisomeric
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

20 e.g.,in E.L Eliel and S.H. Wilen, in Stereochemistry of Organic Compounds: John
Wiley & Sons: New York, 1994: and references cited therein. "Stereoselectively
making” refers to preparing the compound having enantiomeric excess (ee) or
diastereoisomeric excess (de).

For the present invention, enantiomeric excess (ee) or diastereoisomeric

25  excess (de) in the range of about 50% to about 100% is contemplated. A preferred
range of enantiomeric excess (ee) or diastereoisomeric excess (de) is about 60% to
about 100%. Another preferred range of enantiomeric excess (ee) or
diastereoisomeric excess (de) is about 70% to about 100%. A more preferred range of
enantiomeric excess (ee) or diastereoisomeric excess (de) is about 80% to about

30 100%. Another more preferred range of enantiomeric excess (ee) or diastereoisomeric
excess (de) is about 85% to about 100%. An even more preferréd range of
enantiomeric excess (ee) or diastereoisomeric excess (de) is about 90% to about
100%. Another even more preferred range of enantiomeric excess (ee) or
diastereoisomeric excess (de) is about 95% to about 100%. It is understood that the

35 phr.ase "about 50% to about 100%" includes but is not limited to all the possible



conmpounds of formula (I) and conpounds of fornmula (I1). Pure stereoisoners,
m xtures of enantionmers and/or diastereoi soners, and m xtures of different
conpounds of the invention are included within the present invention.
“Thus, conpounds of forrmula 25 (1) and conpounds of forrmula (Il) may occur
as racemates, racem c or diastereoisoneric mxtures and as individual
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super i npodWBPE"S aﬁﬁér?c %O?ﬁint“l”%fa[€%aga/° t%ﬁ@?"éoi soners. Diastereoi soners
generally refés ah@xsmaleeaimgmmgrv&ymﬁﬁtingeihéig@fiiaréiﬁy oithe @lﬁc(vg,f?&ﬁﬁpound
Enant i onerj.¢. ' an i aSf er eoi someri c excess e) are terns
general ly d&%‘%@%%\%"?heﬁhgs&{%é"%ftogp@%’i soneric purity (or optical purity or
chiral purity) of a sanple of the conpound,of interest. Their definition
and net hods of determnation ar% el | in the art and can be found 20
e.g., in E.L. Eliel and S.H MW & edghem stry of Organic
Compounds; John Wley & Song ; 9945-Rhd references cited
therein. "Stereosel ectively 4 I igy—t2ef er% preparing the conpound
havi ng enanti oneri c excess (ee) on@ast%reoi soneric excess (de). For the
present invention, enantioneric ekcess {me) or diastereoisonmeric 25 excess
(de) iy the range of about 50%to about 100%is contenplated. A preferred

includes at least three chiral centers (the cyclohexyl carbon bonded to the oxygen at
the 1 position, the cyclohexyl carbon bonded to the nitrogen at the 2 position, and the
pyrrolidinyl carbon bonded to the oxygen at the 3' position) and therefore has at least
four separate trans stereoisomers, which are (1 R,2R)-2-[(3R)-Hydroxypyrrolidinyl}-1-
20  (R%, R*and R®substituted phenethoxy)cyclohexane; (1R,2R)-2-[(3S)-
Hydroxypyrrolidinyl]-1-(R%-, R*- and R°-substituted phenethoxy)cyclohexane; (1S,28)-
2-[(3R)-Hydroxypyrrolidinyl}-1-(R*-, R*- and RS-substituted phenethoxy)cyclohexane;
and (18,28)-2-{(3S)-Hydroxypyrrolidinyl]-1-( R®-, R*- and R°-substituted
phenethoxy)cyclohexane; and, unless the context make plain otherwise as used in this

25  specification, a compound having the formula



range of enantioneric excess (ee) or diastereoisoneric excess (de) is about
60% to about 100% Another preferred range of enantioneric excess (ee) or
di astereoi soneric excess (de) is about 70%to about 100% A nore preferred
Tange of enantioneric excess (ee) or diastereoisoneric excess (de) is
about 80% to about 30 100% Another nore preferred range of enantioneric
excess (ee) or diastereoisomeric exces23(de) is about 85%to about 100%
An even nore preferred range of enantioneric excess (ee) or

di astereoi soneric excess (de) is about 90%to about 100% Another even
nore preferred range of enant| (BITEI’I £ exceBS (ee) or diastereoisoneric
excess (de) is about 95%to H50% ’\understood that the 35 phrase
"about 50% to about 100% i ng § but is|not-lgmited to all the possible
22 percentage nunbers and f4 af a Awﬁéer from50%to 100%
Simlarly, the phrase "about &0% DLR3 100% i ncludes but is not
limted to all the possible perc:‘e nbers and fractions of a nunber
from60%to 100% the phrase "about, 70%to about 100% includes but is not
limted to all the possible percentage nunbers 5 and fractions of a nunber
from 70% tresang@rompeeitighingkiacludgsa congrnepidhaitiv eithel ou@ef the pessikRUBUt i s not
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b f % Wit h
nurter 1t R B A TR A AN R 108,
formul a:' @mBdhoxyphenstiRExy)gcighexghe meRWEnBOmbOSIi'CrMh@tdmum alcopwoenetir ee chir al
centerg (thg |§éﬁﬂe‘?@ﬁ3§§J ta;ﬁ%ﬁﬂﬁtW&ﬂggla%féréJﬁ?erﬁWﬂ%rbff?hte indilfled POSi tion, the

cycl ohexyl "car e nitrogen at position, and the
compound (i.e., (1R,2R}-2-[(3R)- hydroxypyrrohdmyl] 1-(3,4-

dimethoxyphenethoxy)cyclohexane or (1S,2S)-2-[(3R)-hydroxypyrrolidinyl}-1-(3,4-

dimethoxyphenethoxy)cyclohexane) or is a mixture of the two pure diastereomeric
forms, where the mixture can include any relative amount of the two diastereomers.

15 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.g., R® within the
set R%, R and R%) is selected without regard the identity of the other member of the

20 set. However, 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 herein are preceded by the shorthand notation
"Cx-Cy" where x and y indicate the lower and upper, respectively, number of carbon

25  atoms to be found in the indicated chemical group. For example; C;-Cgalkyl describes
an alkyl group, as defined below, having a total of 1 to 8 carbon atoms, and G-
.Coaralkyl 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 to be found

30 in the indicated chemical group. The total number of carbons in the shorthand notation



pyrrolidinyl carbon bonded to the oxygen at the 3' position) and
therefore. has at | east four separate trans stereoi soners, which are

(1R, 2R)-2-[ (3R) - Hydroxypyrrolidinyl]-1- 20 (R3-, R4- and R5-substituted
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15  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) [CH5C(=0)-, a C,acyl] and propionyl [CH;CH,C(=0)-, a Csacyl].

"Alkanoyloxy" refers to an ester substituent wherein the non-carbonyl oxygen is

20 the point of attachment to the molecule. Examples include propanoyloxy
[(CHsCH,C(=0)-O-, a Csalkanoyloxy] and ethanoyloxy [CH,C(=0)-O-, a
C.alkanoyloxyl.

"Aralkanoyloxy" refers to an ester substituent wherein the non-carbonyl oxygen
is the point of attachment to the molecule and the ester substituent also comprises an

25 alkylene group wherein one of the points of attachment is to an aryl group. An
example of an aralkanoyloxy group is CeHsCH,C(=0)-O-, a Cgaralkanoyloxy group.

"Alkoxy" refers to an oxygen (O)-atom substituted by an alkyl group, for
example, alkoxy can include but is not fimited to methoxy, which may also be denoted
as -OCHs, -OMe or a C;alkoxy.

30 "Alkoxyalkyl” refers to an alkylene group substituted with an alkoxy group. For
example, 2-methoxyethyl [CH;OCH;CHz-], 1-methoxyethy! [CH;CH(OCHz)-] and
ethoxymethy! (CH;CH,OCH_-] are all Csalkoxyalky! groups.

"Aralkoxy" refers to an oxygen (O)-atom substituted by an aralkyl group. An
example of an aralkoxy group is CsHsCH2O- , a Craralkoxy group. '

35 "Alkoxycarbonyl" refers to an ester substituent wherein the carbonyl carbon is



of that variable at each occurrence is independent of its definition at
every other occurrence; and (ii) the identity of any one of two different
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propi oni ¢ aci d"Ang,heﬁéordf@rswa dwa@w nawcm \mctrds atxaiched acirbrarhédi ¢ aci d,
mal oni ¢ 10 aci d, succinic aci C ,aci targ)arl aC|d a%trlc aC|d

benzoi ¢ aE'V‘HC’C‘i‘fP%é?ﬂ”&e"éﬁ?'&}a'”'”ﬁé'ﬁ?i%‘ﬁcg'eggwa STRLER 883 oA LA
et hanesul henpsiniaof dtacpnfeﬁi venesimdloisipcopyend [-Ckb@ka}la:CadwEndnd the Ii ke,

d | ude but, i i ~+  "Handbook
of Phar mceut | AT Feite 0 b INRbIAE d Mot R MaBem, , ICOL
and Canil hernﬁhatawbyrmtdtbQﬂdsaquﬁ graup| [HOSH. @(aMH@A"(CSWetCEEQOKWB‘Y‘and Wley 15
VCH (FRG) 200201 Af&'aukyscgtb%rx 4 arm@] [HOOBMH R D e Bk glesaypoN

fragnents term hat ed group containing the specified
number of car b('jhryhtfeéfﬁiﬁ %o Mﬁélpggouwm@!qbd@vgé@?%t OPRERG PRMPRE =0) -, a Clacyl ]

and prgpi RNghteBdiblon Q) stemdarid3mdidtlel carbocyclic aryl, heterocyclic aryl (also
known as heteroaryl groups) and biaryl groups, all of which may be optionally

substituted. Carbocyclic aryl groups are generally preferred in the compounds of the

present invention, where phenyl and naphthyl groups are preferred carbocyclic aryl
groups.

25 "Aralky" refers to an alkylene group wherein one of the points of attachment is
to an aryl group. An example of an aralkyl group is the benzyl group (Bn) [CsH:CH:-, a
Craralkyl group]. '

"Alkylsulfonyl"'refers to a radical of the formula -S(O),R, where R, is an alkyl
group as defined herein. The alkylsulfonyl group may be optionally substituted by halo

30 or optionally substituted aryl groups, or by other suitable substituents known to one
skille in the art.

"Arylsulfony!" refers to a radical of the formula -S(O),R, where Ry is an
optionally substituted aryl group as defined herein. Aryisulfonate groups include, but
are not limited to, benzenesulfonate groups, mono- or poly-substituted

35  benzenesulfonate groups, a mono- or poly-halobenzenesulfonate groups, 2-



"Al kanoyl oxy" refers to an ester substituent wherein the non-carbonyl
oxygen is 20 the point of attachnment to the nol ecul e. Exanples include
propanoyl oxy [(CH3CHZC(=0) -0, a C3al kanoyl oxy] and et hanoyl oxy

1CH3C(=0) -0-, a Cral kanoyl oxy]. "Aral kanoyl oxy" refers to an ester
substituent wherein the non-carbonyl ég is the point of attachnment to
the nolecule and the ester substituent so conprises an 25 al kyl ene group
wherein one of the points of attachnent |s to an aryl group. An exanpl e of
an aral kanoyl oxy rou is CBH5CH2C( =0 - 0-, a C8aral kanoyl oxy group.

" Al koxy" rbé‘%'@?%enF esH ‘%D@}E'g%’ﬁuf( @)&QFUﬁﬁO@EB@“PF‘ﬂI{O@@eW@n al kyl group, for

exanpl e, aiehtaworeaéhzeﬂséuudmt@gﬁoup%ﬁacgzBldmétﬁylbé&eﬁ@éuh&%%\f gellp Cingrey al so
be denot ed Al koxyal kyl *“refers to an

al kyl ene 93‘36 ogﬁl%%pt’ﬁ?%ﬁe Wt'f’ﬂa'gr?“g?tﬂ‘(’}% by naiger alkyly or aifargpitable
2- et hoxyesubgtitue{rﬁlamﬁzadae }skllleﬁ-mﬂtemrxyet hyl [ CH3CH(OCH3)-] and

th th | || | "Aral k f
Co o’ Beygon ( CYYERE deiscy Pt By ey Besaieyey Posoisied 8ithpl & of an
ar al koxy dnengpydlis, t(BBlaEtCIGQGqullcéprmédreat:dewgorwgcmbpn adms.' Ahle@myplarobenyl "

f t I 1S 25 the point

of ot t achidap AR BrouBHE e BB PR B C I NP RA RESRRRR ) i

[ CH3CH20 C(1sspturated qygigrlkpharewn: bonyI ] and met hoxycar bonyI [ CH30C(=O) -, a
C2al koxycar bOHYtJirboéyché\rr@\*el‘é)RS Cfﬁwg e may 6& Sftifer bR a?hrﬁé r?J%y%H?%g' tuent

wherein the carbonyl carbon is poi nt of att nol ecul e
and tH& esrtnérb‘gﬁl%??fﬂ'lférﬂbméﬁ so.conprises an al kyl ene group wherein one of

the points of acmabymmaryl"sefb@ t8 Broifiafic gesLEivhefiin tHR MY Whil foff the

ar al koxycar bont}/ %r ou C(=b) -, a C6aral koxycarbonyl ~ group.
"Alkyl " r AUPRIGHR f’%gﬁrﬁeﬁéﬁnﬁ w&ﬁEﬁéﬂ OFRHS RSB GIPPPEY¥ElfreNnt  cont ai ni ng
10 the spemitfdcedic murbeupe sudtaasiienal aritboieydic BaBoEygliaR gPdlipslsudd agt t achnent .
Exanpl es Ha hyldgif §}%[)%g¥ égo&%%' lg,y L@%Wf'%g propyl (also a C3al kyl), and

t - butyl by the synbol I\/b or CHS.
"Al kyl1éne" r ef éHehctebo haloxmdfmttoﬂd-Ban onHi ch is a branched or unbranched

hydr ocarbon fra i h e i nber 0of carbon atons, and
having 15 two g%?%aé&@p% getrgtqor%notn %réoil ﬁb& ‘%g‘fe |§°n "o &S F 'CH2CH2CH2- ,

a C3al kyl eshlgﬂlr and phosphorus are preferred heteroatoms WIth mtrogen oxygen and sulfur
being particularly preferred heteroatoms in the compounds of the present invention.

"Heteroaryl" refers to aryl groups having from 1 to 9 carbon atoms and the

20 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 limited to furanyl, thienyl, pyridyl, pyrrolyt, pyrimidy!,

25 pyrazinyl, imidazolyl, and the like. )

"Hydroxyalky!" refers to a branched or unbranched hydrocarbon fragment
bearing a hydroxy (-OH) group. Examples include hydroxymethyl (-CH,OH, a
Cihydroxyalkyl) and 1-hydroxyethyl (-CHOHCHj, a Cshydroxyalkyl).

"Thioalkyl" refers to a sulfur atom substituted by an alkyl group, for example

30  thiomethyl (CH3S-, a Cythioalky!). '

"Modulating” in connection with the activity of an ion channel means that the
activity of the ion channel may be either increased or decreased in response to
administration of a compound or composition ar method of the present invention.
Thus, the ion channel may be activated, so as to transport more ions, or may be

35  blocked, so that fewer or no ions are transporied by the channel.



"Al kyl carboxy” refers to a branched or unbranched hydrocarbon fragnent
termnated by a carboxylic acid group [-COOH . Exanpl es include

car boxynet hyl  [HOOC- CH2-, a C2al kyl carboxy] and car boxyet hyl _

1 HOOC- CH2CH2-, a C3al kyl carboxy] . "Aryl" refers to aromatic groups which
have at |east one ring having a 20 conj ugat ed pi electron system and

i ncl udes carbocyclic aryl, heterocyclic?aryl (al so known as heteroaryl
‘groups) and biaryl groups, all of which nay be optionally substituted.

I ral l rred in the conpounds of the
present i nvent | QI AHAREA RarRHmERTISn o flerebtipksedre weh bnenn Bdhe
car bo](c:yflhmhamgcleutlcgrmupmd a%dér?ém@:kgoko ﬁrﬁﬁl.e,::lﬁ Heg;@a_ou il W@%ﬁgéﬂugf Wgﬁr ein
o al kyl gt etk PRhIRARHEE I s peiord Bufskbn ok Biarle 40 *PoLp)

"Al kyl sul fabldyvhbwé!fa@r@ffewdazahrmmcpaysmibglb;id@!-fmaymé BsedSFRstiativiier e Ra | sI Fm
al kyl SQr%%lléérsd eb%ﬁge{?&{f?&v rlrzgn%%ln@ ljﬁg)bﬁ%wog?é%mQE Rﬂp@%ﬁ@e optional |y

substituted by h y su br by"other
sui tabl e %W@P?'?%rﬁ% SRR SP@'UGH@HZ@%tﬁJ $ogbi¢ acid had asters ofAryl sul f onyl

refers to pahydasi/barzoRfackifay e 48dked as %EéQERBE?véQh% ft%}hd Sn@faiu@pt | onal | y o
substituted c?)%%’l group as defined herein. onate groups include, but

are not | idHXeRNisANdRURRRAIIG AopRlS MaY er‘éﬁ?ﬁs m)no- or poly-substituted 35
benzenesul fOﬂat'%ﬂﬂhﬁt@ﬁical@ aﬂwiﬁhblé)éal@@éfb!rshékélg%?mﬂonﬂg@éf?hégr oups, 2 26

| f te group,
pent af PuorheeL AR LT PEhEH Eogrs pomiatkn o SeotrmHY R RneaUl f onat e
2Ryl Th@hambs"‘”aﬂwbp@”e“’"’ga."'?u"é??’é@fﬁ%m‘*“ et a e Y he art s
agz: Iork;PI BMCF ﬁﬁ{;’aﬁf écgptagig%% Whi CH TS %%asfa(g?ﬁeaﬁdgﬁ'owa't?ﬁ%tcﬂrat ed and
monocycl i detalﬁlltb%/blpioglcalcﬂﬁec’trvengasland pfaprentiss of titel doeipxbuiﬁdmw@g&m; at om;W.h AR y
exanpl e Ofm\@ntl&';y&'ldWl&WAre B6NHHo dél?:all%%? ﬁ%ﬁlr 9@&%6@9%]&%)8%& §0 ) ~

a five car on (C5) unsaturate Kl c" refers to a
ring WRi ci® HWCB@‘C@I'X #eertabie galyinc ﬁﬁgumotéimﬁgd:hdhcbslewescdt@dnnfmg both as

defined afé&é(rﬂple %ﬁ@%‘}(@f Pﬁarﬁ{a)ééutlcénleéﬁtrsspltopgﬁég@EécﬁorgégaBl%engr ein tlhe
atoms whi g—r aroﬂgt'%“ LR (Eds ), Published by VHCA (8 é)olcyg a1
groups in Nagalil ermuth (Eds.), Published by (Switzerland) an

Wlley-VCH (FRG) 2002. The compounds of the present invention may be used in
either the free base or salt forms, with both forms being considered as being within the
20  scope of the present invention. .

The "therapeutically 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-blooded animal under
consideration. These factors and their relationship to determining this amount are well

25  known to skilled practitioners in the medical arts. This amount and the method of
administration can be tailored to achieve optimal 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

30 invention" encompass compositions that may contain more than one compound of the
present invention formula.

"Clathrates” as used herein refers to substances which fix gases, liquids or
compounds as inclusion complexes so that the complex may be handled in solid form
and the included constituent (or "guest" molecule) subsequently releases by the action

35  of asolvent or by melting. Clathrates used in the instant invention may be prepared



carbocyclic aryl groups such as phenyl, and bicyclic carbocyclic aryl
groups such as naphthyl, all of which may be optionally substituted. 15
"Halide" or "halo" refers to -C, -Br, -For -I. "Heteroaton refers to a
‘non- carbon atom where boron, nitrogen, oxygen, sulfur and phosphorus are
preferred heteroatons, w th nitrogen, oxggen and sul fur being particularly
preferred heteroatons in the conpounds the present invention.
"Heteroaryl" refers to aryl groups having from1l to 9 carbon atons and the

20 i t het | udes_th het |
aysteme | qoBlishiift PiBoA i VR e FR dR ey g h edi 1 on,
1968, R C.clafratss,withexivariety:of mCmeerrsee,!forFmaab@re Criusionl Gotedcangs, eGéd See
particul an)y, LS%%do‘anJg B'él/%? and% N@H&r\fﬂ go%“.{n N dgongg “dsmﬁ%rﬁfunda”e“t al

Het erocycl ¢ Per oar i ne $%d to
furanyl, t198& ldbqrgul JW Slqwfroameycpf Mqi@quiam’rdm Shape ppd &pimpigmentanitydazol yl |

and the | 'lﬂf@lathrﬁﬁéqﬁcﬁl)&)ﬁﬂ" kﬂbblczs/ e%tbﬂeﬁis@g‘f%?ggoﬁnéﬁ{ﬁeﬂmﬁhﬁ%bgydr ocar bon

f ragnent ear | nr_g dr ox - hydr oxyrrret hyl
(-CH2OH, & ebahy d#ftskwl ﬁsﬂuy Agpigted q?e} g%x@@mqwn(smm ang Roof-

C2hydr oxy a@Hspéq Hostml&@iegyVopt’f:@frﬂfﬁrrehpcﬁe Cl_éerQBQ)t Q8. %H@Z{p Iﬂ?—tl?éj by an

al kyl grou o[. e I 3Q, t.hi ome k

" Modul at i r"f'ntf,)))‘ki @%Nggﬁﬁﬁt ?8’ &Aath{a‘?ﬂéngﬁﬁple\@/w?vnap&% Ph%’ﬂprﬁ rﬁ’lenﬁfi%ns t hat
the acti \SdciphoRetidnes (i1 918) charmelo. may. 688 Cbmrerénmrn&ﬁé,%deitnﬁecLegseg ' R
response t | stration of ou conposi ti'on or method of the
pregeﬁ§ i n\?aérh B, 'Sq‘“m?‘ﬂ LINCERes § hSﬁ?ag’H&n‘H@I soﬁrﬁwybcg CEERIN FaMRELNdSo as to
transport th@ﬂfley fagititgtinadheinese dsepr@Bmadeotdat dgerso SémtforfeambleQSaé]@er ons are
{ransport o8, R ddie il ARRebn cBmnouRah RRCEIL S8l [ 4P SPRR! Busarpl ers” for

t her apeuti ¢’ use ar maceu
descri bed,Ed EroleiiRP| ¥ol. 19nPP2e3ﬁ4n'12ﬁ20H§ Plamntr&ce‘%&ﬁ;‘é% (SSbermgoDe(s uack

Publ i Shi neditht Nofls Bos GenTakaael Uss, PR NFF@%?SQWn% Prtfbd gl | N and

phosphate buffered saline at si ol ogi ca use vatives, 5
st abi ['Pzer$S: Bgted Nonf 16,869 @'&/%rarrﬁgcea@@aﬁ)s @Vatﬁ@t Ne o823 TR0 (Pnbhe

phar maceutprahacetfiRy. bi l%‘tent"_rw 6@6@@91% @Dn@ﬁﬁé#’&b&ﬁi&é@?ﬁﬁs BREfiNG, aci d and
esters of d% h%g BXXE anOI C Aacj anaé dded as preservatives. |d. at
1449. 1n SRAXTHAON F@ﬁ‘?‘ﬁ'&ﬁ'ﬁ% Y-S s”ffé\ﬁHPrfb %%é‘?ﬁ ©neay be used. |d.
" Phar maceRhacasddeptiantss.ept abl e salt” refers to salts of the conpounds of the
"Cyclodextrin" refers to cyclic oligosaccharides consisting of at least six
20  glucopyranose units which are joined together by a(1-4) linkages. The oligosaccharide
- ring forms a torus with the primary hydroxyl groups of the glucose residues lying on the
narrow end of the torus. The secondary glucopyranose hydroxyl groups are located on
the wider end. Cyclodextrins have been shown to form inciusion complexes with
hydrophobic molecules in aqueous solutions by binding the molecules into their
25  cavities. The formation of such complexes protects the "guest” molecule from loss of
evaporation, from attack by oxygen, visible and ultraviolet light and from intra- and
intermolecular reactions. Such complexes also serve to "fix" a volatile material until
the complex encounters a warm moist environment, at which point the complex will
dissolve and dissociate into the guest molecule and the cyclodextrin. For purposes of
30 this inveniton, the six-glucose unit containing cyclodextrin is specified as a-
cyclodextrin, while the cyclodexirins with seven and eight giucose residues are
designated as B-cyclodexirin and y-cyclodextrin, respectively. The most common
alternative to the cyclodextrin nomenclature is the naming of these compounds as
cycloamyloses.

35 The synthetic methods/procedures described herein, especially when taken



10 present invention derived fromthe conbination of such conpounds and a
pharmaceutical |y acceptable organic or inorganic acid (acid addition salts)
or a pharnmaceutically acceptable organic or inorganic base (base addition
'salts) which retain the biological effectiveness and properties of the
conpounds of the present invention and_which are not biologically or

ot herwi se undesirable. Exanples of 15 pﬂ%rnaceutlcally acceptabl e salt

i nclude but not limted to those described in for exanple "Handbook of

Phar maceut,. I Properties. Sele Use" . Heinrich Stahl
and Canil | wltﬁg‘ %&aﬁ# POWIESE i theF?ermVH%c?“&-&?ere(”@Wq PRy and

W | ey- VCHSYRPES)s, ispiation, afideudticaiounitbe ofmphundp obthemresenvavdntion nay be used
in either the free base or salt fornms, with both forns being considered as

bei ng wi t ighdollfds @‘Qhéﬁm@epﬁioﬂf the present invention. The "therapeutically
ef fective amount™ of conpound of the present invention wll depend on

the route of a‘iﬁbﬂbrﬁ dSLinb@flf rrhil® (1§ ¥REI9Tas R 15HR 8
treateg b har ¢ (; ls(t?)cass of thea g\%gglt I C vvarﬁr%tf)r}%oded

hysi cal a
ani mal "re" ?{Eﬁ ghalpd B¥1 he ﬂé‘%%lsfdé%{%ﬁ% e, PrRaiSEL} lteelingns hi pto
det er mi m Iaghythmsamtmar@ramamrlna@&] ko aeBlosed iR el ROURY pShiy@ners in the

nmedi cal art i mnistration can be tail ored
to achi eve %thg?a iﬁll ié{%@r&ﬂf atwt P'&éﬁ%ﬁ&%’%zgéead 20044998137.as wei ght ,
di et, concurr eAtcordidglyahiooe emhatimthtef tHesinvemtion whé 66midiag of Bkhlih@gl in  the

di cal
Comound- Biohe o BEBRIRE Sl RIPRILD 1 oL DB OB Folr@um e rmy

contain nore than one conpound gf the presegk,, i nvention formul a.
"Clathrates"” as used herei efers7to ance% whi ch fix gases, |iquids
or conpounds as inclusio Ipl exes s t the conplex nmay be handled in
solid form and the includes cizi:§tuen orotgyest” nol ecul e) subsequently

rel eases by the action 35 of a solvyent or by nelting. Cathrates used in
the ingtant invention may be pr ‘B8 from cg&l odextrins. Cycl odextrins
are widely known as having the ability to form athrates with a variety
of nol eculP&8 phg@?ce‘f“&a"b%ﬁﬁ?@e spl, esiesi nidosapeledehelatal ictaidateby J. L.

At wood, J sBivile, ;Ehym@rr;h raatdbditdd fleof, llRRAGHIe S5 mc Press,
1984; Gol db)gltiJ "The Si gni frldﬁﬁgge ofeol\/b | ecul aeF Tyegggmgr??%dagn

Conpl enment & '%}h%r P Clathrate Inclusion”, Topics in Current Chem stry
(1988), Vol. 178is cpmpodndiida cddbeund ofE)erIa (@Iwherelﬁu@q{yu@a@gu[g,%ﬁt Assi st ed

A athrgte oﬁ%é@r}oﬁmnyl n§8 SR Ye :eros ftion, gt Ieas? 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
of the pheny! ring to which they are attached, and is named herein as
(BR)-1-[(1 R,2R)—2—[2-(3,4—dimethoxyphenyl)ethoxy]cyclohexyl]-S-pyrrolidinol.

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

Structure Chemical name

o OCH,
O/ \/\@ (3R)-1-[(1R,2R)-2-[2~(3,4-dimethoxy-
'NO “OCH; phenyl)ethoxy]cyclohexyl] 3-pyrrolidinol

(Compound of formula (Ia))




Shaped Host Mbl ecul es”, Topics in Current Chem stry (1988), Vol. 149, pp.
45-135; and MacNicol, D.D. et aL, "C athrates and Ml ecul ar I ncl usion
Phenonmena", Chemical Society Reviews (1978), Vol. 7, No. 1, pp. 65-87.
‘Conversion into cyclodextrin 10 clathrates is known to increase the
stability and solubility of certain con‘gﬁunds, thereby facilitating their
use as pharnmaceutical agents. See, for anpl e, Saenger, W, "Cyclodextrin

I ncl usi on Compounds in Research and Industry Angew. Chem Int. Ed. Engl.
(1980), Vol 19 pp—344-362-U-S. 4856788 - U. S.

Dat aon
ﬁﬁﬁﬁﬁﬁ luLCIIL =, T OO0 \o\.,lltllllg I-\ y
Pat ent Np. 6, 355, T kasago) U. S. Patent g, metd (Ono
Phar maceutical s); 6%‘5"%" Pat ent No. 6,110, 969N92 6?° %ﬁar maceutical s)} U S
Pat ent . No—6.23%, 780 (Og_ Padmageuticals), U S. Patent No 6, 262, 293 (Ono
Phar nacelt i ‘;b g7 S Patefit. NO

. 6 22 47 cal s) and

U S. Pat an. 4,935, 4 Ono Pha ?‘% g)f Y m;l ers to
cyclic oligosactirari des nSiCHzNg of 8 ) : %ygﬁ")}?anose inits
whi ch are joined together by a(1-4) Ii nkag 53 aride ring

forms a torus witrthenpri mary hydroxyl groups of the qI ucose residues
|l yi ng on[the_nagorow-end Qf tdeH4i drus. The secondary gl ucopyranose hydr oxyl

groups are ted on V\,i der end. Q(g\dagfggkﬁhp %ﬁd;%@%x hown 1o form

i ncl usi on .exes w tha hydr ophobi c pons by

bi ndi ng the dthes | nto t KGhs 25 caV| g ia Q of such
conpl exeg pr ot e@%‘guest" nollecul e fromﬁn SS 00? evapor at| on, from
attack by oxygen e and ultriaviolet light and fromintra- Jg,nd__

i nt er nol ecu k@ac @ ®Cldonpl exes al so serve to "fix" a volatijle

mat eri al |u t he co encount ers 6(33;;11%31213;2 [BBA-HRRxy, at which
poi nt the X Wi II ég@ and digreagieticylcidichekfip3-gyesidingdl ecul e and
$

t he cycl qdex rinN pur pose B0 this I@@empblriof fdriiasidyy gl ucose |unit
cont ai ning cycl |n is specifipd as a- cyclodextrin, while the

cycl odextirins wit seven and—eFi ght-glueose—+esidues—are—destgrated—gs
P- cycl odext ¢ R_ait chodex?tn, respectively. The nbst comon
alternatilve ri n nopren¢3RkU(&R28)-2i2(4iawdroxy-3ofhethhs e
conpounds, a el oany| 0ses g The synpiieayhathowichadskpi-deedeidew! desdri bed
herein, gspecial}y When taken 29 yith the GFonpoahd dfiowiudd®) i n the art,

provi de suffi CI e t u,l,&_alnce to per1 ormthe synthesis, isolation, and
puri fi catji-en—of Ld.c \,uupuuuuaOHl tihe—present—Tnivention. — Conmpounds of| t he

| nvention :
(3R)-1-[(1R,2R)-2-{2~(3-hydroxy-4-methoxy-
KN OCHs phenyl)ethoxylcyclohexyl}-3-pyrrolidinol

(Compound of formula (If))

"OH

O OCH3
AN
/\‘/ \/\Ci (3R)-1-[(1R,2R)-2-[2-(4-ethoxy-3-metnoxy-
‘\/ “'N 7 OCH,CH3 phenyl)ethoxylcyclohexyl}-3-pyrrolidinol

(Compound of formula (1g))

“OH

OCH,CHg
\/\Oi (3R)-1-[(1R,2R)-2-[2-(3-ethoxy-4-methoxy-
“ny OCH phenyl)ethoxy]cyclohexyl]-3-pyrrolidinol

(Compound of formula (Ih))

"’OH

or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof, as a single stereoisomer or
mixtures thereof.

5 In another embodiment of the invention, the compound of formula () prepared



The conpounds of forrmula (1) and (11), as set forth above in the Summary of
the 5 Invention and prepared by the nmethods disclosed herein, are useful
intreating arrhythmas, particularly atrial fibrillation, as disclosed in
detail in U S Patent No. 7,057,053 and PCT Published Patent Applications
99/ 50225 and 2004/099137. Accordingly, in one enbodi nent of the invention,
the conmpound of formula (1) prepared b91the net hods di scl osed herein is a
conmpound of the following formula (la): OCH3 "N OCH3 10 OH (la), or a
pharmaceutical |y acceptable salt, ester, am de, conplex, chelate,

cl at hr at efby%éeorlnétéi‘f’gs; 3‘8‘8? HS‘FE?[‘P 'sr?ﬁleﬁtﬁglfri%thﬁEr%Pﬁﬂggﬂ'“SWéF@cf?'PWé@: a single
st er eoi somer Of3RYSI-H1R ARKLAA-63,4-bietetiaiky-phbmsethorntvfeiyd]-Rpirigasnd of
formul a (IFS% V\/[]‘e eihr|1 tdh_e hydr oxy substituent 15 on the pyrrolidinyl ring is
in the 3- POEPHYBRMY®) east one of R3, R4 and R5 is hydrogen and one of
the remai ni ng K3R)-RA1528)-RR-(3-dimicttoxy-phenyBetposiidyclonexil-3-peropdiesy! ring to
whi ch %he%ﬂoﬁy?h&g& d and the remaining R3, R4 and R5 is nethoxy in the
4-position 0 e phehyl ring to which they are attached, and is naned
herei n as (3R) {3S)}U1R.2R)-2-[2-(3,4-dimethoxy-phenyl)ethoxylcyclohexyl]-3-pyrrolidino)

R 2R)-2-[ gﬁc(r;ghgdrgj:m@r;dlgoxyphenyl ) et hoxy] cycl ohexyl ]-3-pyrrolidinol. 20 In
anot her enbodi nent of the invention, the conmpound of fornula (1) prepared
by the methods (%ﬁ;)sH(b%%@)'%é?r@i4nd'P‘@“‘@XY,'QHWDg‘goﬁéqyé@h@wllﬁmoﬁﬁl@olgr oup
consi st i ngngHonydrb&nidrilel oW ng: Structure Chemical nane O OCH3 (3R)-1-[(1

RN L T e
(3R) - 1- [ ( B-syrdfdin@nhchobydréctatiget hoxy- N OCH
phenyl) et hoxy] ?yﬁ)l-‘P—R?&S,)élRl-ﬁiﬁ-&”d%x‘y%—ggéhoxysphgrgﬁ)gﬁw%gﬁgyc?gheiﬁ]r-rml a (b))
- 3-pyrrolidinol monohydrochoride;
(BR)-1-{(1R,2R)-2-[2-(4-ethoxy-3-methoxyphenyl)ethoxy]cyclohexyl}-
15 3-pyrrolidinol monohydrochoride; and
(3R)-1-[(1R,2R)-2-[2-(3-ethoxy-4-methoxyphenyl)ethoxy]cyciohexyl]-
3-pyrrolidinol monohydrochoride.
Of the above embodiments, a preferred embodiment is (3R)-1-[(1R,2R)-2-[2-
(3,4-dimethoxy-phenyl)ethoxy]cyclohexyl]-3-pyrrolidinol monohydrochioride, i.e., the
20  compound of the following formula:

o OCH,
i N OCH,
(;:} ,,,,, HCI

In another embodiment of the invention, a compound of formula (I) prepared by
the methods disclosed herein is a compound of the following formula (l1a):

O _“\\\\O\/\C[O CH 3
b OCH;
“OH

25  or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof, as a single sterecisomer or a
mixture thereof.



OQCCH3 (39)-1-[(1 R 2R -2-[2-(3, 4-di net hoxy- N OCH
phenyl ) et hoxy] cycl ohexyl]-3-pyrrolidinol ~ s (Conpound of formula (lc)) OH
,,,.-0 OCH3 (3S5)-1-[(1 S, 2S)-2-[2-(3,4-di nethoxy- N OCH
‘phenyl ) et hoxy] cycl ohexyl ]-3-pyrrolidinol 3 (Conpound of forrmula (1d)) OH
OCH3 (3R -1-[(1 R 2R)-2-[2-(4-hydroxy-3-nethoxy- OH
phenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidi noP2 (Conpound of formula (le)) O OH
(3R -1-[ (1 R 2R)-2-[2-( 3- hydr oxy- 4- rrethoxy N OCH
phenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidinol 3 (Conpound of fornula (1f)) OCH3
(3R -1 -[ (1R 2Ryssompeyneizp rBRpUDd As famia ("bwwﬂn@e hydroxy substituent
phenyl ) et b@me];swmlmhwwé is i tHey3- paitiofl] &tadast nedof SO RP MRS @ hydregdp! 2 (19))

' OH OCHZCER OCH

phenyl ) et ﬁoxyTe %}f t%%Lé")&'f Tg ? Séra%ﬁe?f 'ﬁ%ﬁngg% ?’dﬂ?ﬂ@ﬂﬁéthﬁf’h?ry}mﬂ ' (1h)) or

phar maceuwhchlithey we etqhat bed #elremainagtR B? amﬂe%etmm 8% asoskibel at es,
clathrat eénhe%%ér@,ﬁ%m vH-ﬁJ:ﬁ'ﬁQ)? %ttﬁgf?etoa?% thaw QH‘S rodrugs thereof, as a

singl e stereo ereo 127 embodi ment of t he
i nvent i on{3R)Hel(tDABLRHI(3ot-difretheyrheqyl)etinrxgjeacielaex3l]-3-gdyyroltdingl. met hods :

di scl osed her ejfarothe? BMBE&IRENT &f 8B ihlihtigh AHE cGRPSUNAOF REmAL (fy Q)?er}(apécj owi ng:
by the methods disclosed herein is a compound selected from the group consisting of

the following:

Structure Chemical name

~O OCH;4
O \/\@ (3R)-1-[(1S,2R)-2-[2-(3,4-dimethoxy-
OCHg phenyl)ethoxylcyclohexyl]-3-pyrrolidinol

(Compound of formula (lla))

....

OCHg,
O: V\©i (BR)-1-[(1R,28)-2-[2-(3,4-dimethoxy-
OCHs phenyl)ethoxy]cyclohexyl}-3-pyrrolidinol

(Compound of formula (Iib))

"’OH

OCH;,
O: \/\C[ (38)-1-[(1 R,28)-2-[2-(3,4-dimethoxy-
OCH, phenyhethoxylcyclohexyl}-3-pyrrolidinol

(Compound of formula (lic))

OCH3
O \/\©: (35)-1-[(1S,2R)-2-[2-(3,4-dimethoxy-
N\ OCHs phenyl)ethoxy]cyclohexyl}-3-pyrrolidinol

(Compound of formuta (lid))

OH

10
or pharmacedutically acceptable salts, esters, amides, compiexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof, as a single stereoisomer or
mixtures thereof.
In another embodiment of the invention, the compound of formula (1) prepared
15 by the methods disclosed herein is selected from the group consisting of the following:
(3R)-1-{(1S,2R)-2-[2-(3,4-dimethoxy-phenyl)ethoxy]cyclohexyl]-3-pyrrolidinol
monohydrochloride;



3R -1-[(1

(R, 2??) - 2[ E 2- (3, 4-di met hoxy- phenyl ) et hoxy] cycl ohexyl ] - 3- pyrrolidi nol
nonohydrochioride; (3R)-1-[(1
'S, 25) - 2-[ 2- (3, 4- di met hoxy- phenyl ) et hoxy] cycl ohexyl | - 3-pyrrolidinol 5
nmonohydrochl oride; (3S)-1-[(1
R 2R)-2-[2-(3, 4-di net hoxy- phenyl ) et hoxy?%ycl ohexyl ] -3-pyrrolidinol
nonohydr ochi ori de; (38) 1-[(1 S,

r2r§?’l Oﬁy([jrz O((Zﬁl gr (;ch-el-[ﬂg-%< 58)931&”(%'42&;1@81)6%-(: gr!yggt%éxyj]éy::%;\g%q]rﬁlJrr%lncﬂr?c!l

(3R) - 1- [ ( tienBR)drébhlafidé:4- hydr oxy- 3- met hoxyphenyl ) et hoxy] cycl ohexyl | -

3- l'i di nol i.de;. R) - 1- -

R DR 2 2- (3 FGN A reBH A ehy Bty epaereRy - oBRd of i di nol
nonohydr ociaehytieoch{cBR;-ahd] (1

R 2R)-2g-[2-(4- §%SBQ§K1§7@%—@%ﬁﬁ@ﬁ@%h*ﬁﬁ&%ﬂtﬁX)%}]&&%é&y]] 3- pyrrol?’dlr?c}{ rrolidinol

nonohydr ochor i |
R, 2R) - 2- [ 2nqnghysirontioyide- met hoxyphenyl ) et hoxy] cycl ohexyl ] - 3-pyrroli di nol

hydr och v odi nent is
?gg;’ { E ?(]3- Rorz'R;i}ﬁez _p?s?ﬁt AN SBAM ST BlcRated vBIhE of SForeil

(3, 4-di neFH’BR‘}PrHﬁéﬁ%r pad indhly pegeicatienippl may py prepriedibdine methotiptthechi or i de,

i.e., th t Cl OH In
i.e e predentGAVERAGH) ATk is! ﬂ?eé&idoﬂ\ﬁogg%gégﬁ%@mt sbe rrufahoq I'{é’ orepar ed by

t of t
? Rce)t 23@ hggfg’g&%‘sﬁr‘]ﬁ%g@#ﬁeﬂé‘% a‘y‘% “Ia%{)%feﬂi%a@metfw 9fdne féﬁmmmﬂ thﬂﬁrul a (1la):
OCH3 OCHC&way'b’éh]:epaléH-byQtﬁe Arfetipaot FFRORESHNE ﬁqlvébt»oﬂc Qﬂ%e’ﬂéﬂa@erﬁ&bt s, esters,

d exs h cl at hr at es sol v nor phs met abol ites
gT prezdr ug’% eerOZ% ' E%r gﬁecﬁf“é’og? B RopEse r’” eSﬁs' ’%/fl?rs% her eof . 32

Thi s conpeyandpie in taysiaimmramomhdue form, and inky beipexsentrin sbigtidhy dihesy substi t uent

%g L th{;ér ﬁQtlefngWBtoFlétgg ahhe! e Qfethg'ctBR%Jn'dg I?nay%e alsg&%tec? Wit of R3, R4 and

pharmaceutlcally acceptable anionic counter ions, including 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.

In another embodiment of the invention, compounds of formula (1) are

20  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
disclosed herein. The intermediates prepared by the methods disclosed herein for the

preparation of compounds of formula (I) are selected from the group consisting of the
25  following:



and one of the remaining R3, R4 and R5 is nmethoxy in 3-position of the
phenyl ring to which they are attached and the remaining R3, R4 and R5 is
met hoxy in the 4-position 5 of the phenyl ring to which they are attached,
‘and is naned herein as (3R -1-[(1

S, 2R) - 2-[ 2- (3, 4- di net hoxyphenyl ) et hoxy] CXC| ohexyl ]-3-pyrrolidinol. In

.anot her enbodi nent of the invention, corrpound of fornmula (11) prepared
by the nethods disclosed hereinis a corrpound sel ected fromthe group
consisting of the follow ng: Structure Chem cal nane OCH3 (3R)-1-[(1 S

2R) - 2-[ 2- (3, 4-di net hoxy- "N OCH3 phenyl ) et hoxy ycI exyI ]-3-pyrrolidinol
( Compound of fornga(lla)) "" Oy O OCH3 (3R)- 1- Nl
R, 2S)-2-[2-( t hoxy- @}‘5 henyl) kee ohexyl] 3-pyrrolidinol

( Compound of Ra (11 b)) I‘) [R1 R
2S5)-2-[2-(3, 4- d| hoxy N JNp en I)et hoxyf@@hexyl] 3-pyrrolidinol
(Compound of fr@ f{IIc)) € o 3S) 1- [ 2R) 2-[2-(3, 4-di met hoxy-

N - OCHS phenyl )et@bxy] cycl ohexyl ](4)3 pyrr ol | di nol ® (Conpound of fornul a
(lid)) ¢ OH 10 or pharmaceutically acceptable salts, esters, am des,
conpl exes, chelates, clathrates, solvates, poI ynor phs met abol ites or

pr odr ugs th%e:oﬁl? as a singl e@bl soner m Xty es thereof. in another
enbodi nent tthe 4 n@&nt i on, l@ cofpound of fo | YORr epar ed
" MOH . e ﬁ/\m/ @ M
N , N
H R2a H OR RZa
7 (8)

H Or R H R22 H Or R
(10) (11) (12)
\/ R*
S OO O
; SRS
orR ¥
RS
(14) (15) (16)
\/
Newgs
NH,
(17_)

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

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

5  wherein:
each R?, R* and R°® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxyméthyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF;, -SO,N(Rg)Rg, ~OCF;, C,-Cralkanoyloxy, Cs-Cgalkyl,
C1-Cealkoxy, C;-Cyqaralkoxy, C-Cralkoxycarbonyl, C4-Cethioalkyl, aryl or



15 by the nmet hods disclosed herein is selected fromthe group consisting of
the following: (3R-1-[(1

S, 2R) - 2-[ 2- (3, 4- di net hoxy- phenyl ) et hoxy] cycl ohexyl ] - 3-pyrrol i di nol
‘monohydrochioride; 33 (3R -1-[(1

R, 2S) - 2-[ 2- (3, 4-di net hoxy- phenyl ) et hoxngycI ohexyl ] - 3- pyrrolidi nol
_nonohydrochl oride; (3S5)-1-[(1

R, 2S) - 2-[ 2- (3, 4- di net hoxy- phenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidinol

monohydr ochl or_wgé)Raraf 5
(3S9)-1-[ (1S, 2R ~2%[2-( 3, 4- di net hoxy- phenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidino
| monohyerabdtil Bf artbR’ arhéndepesdemtly hydregen, bydraxysw GirQualkdas with titeonat ed

versi ons of al 3 i i [.S jfication that may
be prepared 3%/66? ﬁ%"f#@fﬁéﬁggﬁ gﬁg&n%?%'g%%wc&e@n% mgnsaﬁ%ﬁgifé’i s, for each
conpound eREEdT I Be®'i andiRi afe gpeitinfiprandently, sefaetediom hydsegsnoaceitlso i ncl udes

the quat er nar ympihahsudéffordl-0gufypr m of the conpound that may be prepared
by the net hod t present invéntion. These quaternary protonated am ne

of the o :
form of teRENFBSSRAGK: WagFe Bblepsianedt™ inpacheomBrynd ipPase, for exanple in
crystall i eghae isampaISMy E@{,][oz-casaek%l BB &@geﬁ.@&%&d ing Broag! ution. Theze )
quat er nar rot onat e 1N rm t he compounpds, ma e associ at wth 15
phar naceu%/aic@"ﬁ f%/a'h??g'gB%gﬁFgStﬁﬁF%ﬁ@&lswg)ﬁ'wtoénﬁio E@,aHY ﬁ%tls fei??garﬁiﬂﬁ"i’ﬂﬁt linited
to those descgrobgdndn for exanple: "Handbook of Pharmaceutical Salts,
Propesdie l.ect i ) " P. Heinrich Stahl and Camlle G Wrnuth
(Eds.ﬁ P%%‘i*‘lﬁgHggF’B%ﬁBi&g‘?&%{%“eDr| and) and W1 ey-VCH (FRG, 2002. In
anot her enbodi hennteghedidies preperedi yrthe oethede digslosdd Hepeimidrahg 1 1) are 20
prepared Qv BBLENPSS oS oBLAR of § i L0, f . ounds of
formul a ?lf _usn?ﬁr)lg t0 é’ approopé}rg]%gﬁgﬂ%%%&rdsetg g&ﬁkﬁé%h&p é;;alh%{%tts?@ O(jfﬁ—lms)
i nvent i onfo4P¥BIpr ovi des novel internedi ates prepared by the methods
di scl osed herein. The internedi ates prepared by the nethods di scl osed

herein for the preparation of conpounds of forrmula (I) are selected from
the group consisting of the 25 following: 34 R3 ORL OH4 (~7"0O Il /I~ R



V''" Ra R2a R2za\\ R ~N6- OR 2a0R 2a~/ ORR (3) R(4) R2a (6) ORL OR1

OH OORCOORO,NOHNO™H . NH HR za Ha Ha (7)) ($) ORR (9 RR3
R3 RB1\;R6 OHR4 |l ~\) 4pOR NOMHCOORMHOK((oH N-~I~, HOR
‘RRa H RRa H OR R2a (10) (11) (12) ORA /R4 R4 C:~OR5S R R R 3 CCH

) R3 (14) (15) R3 CG-OR (16 p R4 and $::~ R5 NH2 3 R (17) or
_pharmaceutical ly acceptable salts, estef%, am des, conplexes, chelates,
clathrates, solvates, polynorphs, nmetabolites or prodrugs thereof, as a
single stereoisomer or a mxture thereof; 5 wherein, each R3, R4 and RS

are independently brom ne, chlorine, fluorine, carl 8§<y, hydr ogen,
OR! OH o p

a

e OGr . Oy

N , N"Nwor
Ao or ]

2.
(19) (20) R (21)
.
OR' OR! : OH
LI Lo, LR o CL2E
NWOH ; NJ\{\”/OH ; N)WOH
H 2a H. OR R2e H R2a
(23) (24) (25)
R3 ) RS
—E —~F
OH o 7R \ <R4
LS OGS SVRRGE:
N OH N OH N OH
H OR Rza H R2a H OR RZa
(26) (27) (28)

R4
O ¢ R4
il o
O:O;/\[/C/_Rﬁ‘ U oR R® : and i\/: [ l_Rs
R3 NH, /2

(31) (32) = (33)

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

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

mixture thereof;

5  wherein:

each R’, R* and R°® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF 3, -SO2N(Rg)Rs, -OCF;, C,-Cralkanoyloxy, Cs-Csalkyl,
C4-Cealkoxy, C7-Cyparalkoxy, C,-Cralkoxycarbonyl, C,-Cethioalkyl, aryi or

10 -N(R¢)R7; or

each 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;

each R®, R’, R®, and R® are each independently selected from hydrogen, acetyl,



hydr oxy, hydroxynethyl, nethanesul fonam do, nitro, cyano, sulfanyl,
trifluoromethyl, -CHF2, -SG2N(RB)R6, -OCF3, C2-Cral kanoyloxy, Cl-Cb6alkyl,
Cl- C6al koxy, C7-Cl2aral koxy, C2-Cr7al koxycarbonyl, C1-C6thioal kyl, aryl or
‘35 -N(R6)R7; or each R3, R4 and R5 are independently hydrogen, hydroxy or
C, - Coal koxy; with the proviso that R3, R4 and R5 cannot all be hydrogen at
the sane time; each R6, R7, RB, and R9 #f e each I ndependently selected from
hydr ogen, acetyl, 5 net hanesulfonyl 08 C - gGaI kyl ; ] %a_ch Reg S g 0{| H2 y
where at | east e Re c npound i s eac I s independently a H,
C2- Csacyl or ’Hgtﬁﬁ'ye&é'ﬁm}ﬁ%r ﬁaﬁ%' group; each Ris an optionally

subst i t ut exth®kislG ot prlydereat Ieas;t oopﬂzaonzelabiycﬁumtndﬁmed aryl sul fonyl group;

d 10 i nt ermedi at es prepared by
?Ee net ﬁg&d&h§ ?é’?doggﬁg%m? n F?S@LJ’ g mte n%$r°8%rrpounds of formula
(11) are eashdtisan ¢ntlgmlwr$ebsjmae:pallsm&fpayl|ongn obtldnhhy substitliiediangsulfdgyi~ R3O
~ OR§ OH - R4@gplg% R2a R N N CC &OR 2a% OR 28 OR R (19) R (20) R2a

(21) CRlCR' (~COOROHNOHOH H"2a H2a N"2a (23) R(24) R
R (25) R garhiy is pggoxygenmtectmg 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 cyclohexane ring. Accordingly,

10 the ether and amino functional groups are disposed in either a trans relationship
relative to one another or a cis relationship relative to one another and the plane of the
cyclohexane ring as shown on the page in a two dimensional representation.

The present invention provides synthetic methodology for the preparation of
compounds of formula (1) and compounds of formula (il) as described herein. .

15 The compounds of formula (1) and formula (I1) may be prepared from
aminoalcohols and alcohols by following the general methods described below. Some
general synthetic processes for aminocyclohexyl ethers have been described in WO
99/50225 and references cited therein. Other processes that may be used for
preparing compounds of formula (I) and formula (ll) are described in PCT Published

20  Patent Application WO 2004/099137, PCT Published Patent Application WO
2005/016242, and U.S. Patent No. 7,057,053 and other references disclosed therein.

Methods for resolution of diastereomisomeric mixtures or racemi'c mixtures of
the compounds of formula (I) and formula (1l) or intermediates prepared herein are well
known in the art (e.g., E.L. Eliel and S.H. Wilen, in Stereochemistry of Organic

25  Compounds; John Wiley & Sons: New York, 1994; Chapter 7, and references cited
therein). Suitable processes such as crystallization (e.g. preferential crystallization,
preferential crystaliization in the presence of additives), asymmetric transformation of
racemates, chemical separation (e.g. formation and separation of diastereomers such
as diastereomeric salt mixtures or the use of other resolving agents; separation via

30  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 chiral stationary phase and/or with simulated moving bed
technology, or supercritical fluid chromatography and related techniques) are some of

the examples that may be applied (see e.g., T.J. Ward, Analytical Chemistry, 2002,



OHR4 a 000 OROR NJ~OHaNOHc OH H2a H"2a HORR R OR R2a (26)
(27) (28) RA 0O aOlll "~~~OjTRS ~\ L R5; and RR5 OH R3 OR R3 ~~NH2 3
(31) (32) R (33) or pharmaceutically acceptable salts, esters, anmides,
‘conpl exes, chelates, clathrates, solvates, polynorphs, netabolites or
prodrugs thereof, as a single stereoisonmer or a mxture thereof; 5 _
wherein: each R3, R4 and R5 are independ&ntly bronine, chlorine, fluorine,
'carboxy, hydrogen hydr oxy, hydroxymet hyl, nethanesul fonam do, nitro,
cyano, trifluoronethyl, -CHF2, -SO2N(R8)R9, - COCF3,

& Cral ka %ﬁ?’%& Cl- CBal kyl, Cl-CBal koxy, C7-Cl2aral koxy,

C2- C7al koxycar'ﬂmpfbserﬁlikwéiﬁitohlml dmbmpagsyeb thypré@araﬂ(nl%ﬁbﬁgrma@éut%gﬂ:}h R3, R4

d RS ent Cl- C6al k
oot 20" i BRI BRSSP Py e e SIS cach
R6, R7, R8,ansgrpghdR® farms getHholitasl epetattdin pracussereatpectrfigsoshtieyebnagends acet yl

37, TS Mgy O Rl SRR AR BB BRI o2t | eact Ore
oxygen- pr peparef iy repcop respactivel, aihgdrary upamloqaidcyomu@su;n with ed al kyl sul f onyl

or an opt b%h&éﬁtl@&@%&:@ﬂ&ﬁgo@’aﬁic%‘d#df QJBﬁIas léergiflé)&@o @&%R o7 I's an
oxygen-protecting group ds t he nventlon s of fornula
(1) and f@FPﬁﬂ\{héthﬂaF)be% ﬁ*ﬁed‘i"ﬁa'\éltwﬂeérﬁﬂ‘damﬁyrhﬁ blologlca"y lnactlve Rits site of

action, but which is degraded or modified by one or more enzymatic or other in vivo
10 processes to the parent bioactive form. Generally, a prodrug has a different
pharmacokinetic profile than the parent drug such that, for example, it is more easily
absorbed across the mucosal epithelium, it has better sait formation or solubility and/or
it has better systemic stability (e.g., an increased plasma half-life).
Those skilled in the art recognizé that chemical modifications of a parent drug
15 toyield a prodrug include: (1) terminal 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 techniques. Conventional procedures for the selection and
20  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 metab‘olic precursors of the compounds of the
25 presentinvention. 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.S. Food and Drug Administration (FDA) website. Documents such
as the followings are available from the FDA: Guidance for industry, “In Vivo Drug
Metaboiism/Drug Interaction Studies - Study Design, Data Analysis, and
30  Recommendations for Dosing and Labeling”, U.S. Department of Health and Human
Services, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), Center for Biologics Evaluation and Research (CBER), November
1999. Guidance for Industry, “In Vivo Drug Metabolism/Drug Interaction Studies in the
DRUG DEVELOPMENT PROCESS: STUDIES IN VITRO”, U.S. Department of Health

35  and Human Services, Food and Drug Administration, Center for Drug Evaluation and



functional groups disposed in a 1,2 arrangenent on a cycl ohexane ring.
Accordingly, 10 the ether and am no functional groups are disposed in
either a trans relationship relative to one another or a cis relationship
relative to one another and the plane of the cyclohexane ring as shown on
the page in a two dinensional representation. The present invention
provides synthetic nethodol ogy for the 5?eparation of conpounds of fornula
(1) and conpounds of formula (11) as described herein. 15 The conpounds of
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Any or ali of the compounds set forth in any of the Reaction Schemes herein
may be converted to a pharmaceutically acceptable salt by reaction with an inorganic
or organic acid under appropriate conditions known to one skilled in the art.

25 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 to a

30  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 disclosed in any of the Reaction Schemes herein to prepare
stereoisomerically substantially pure forms of the compounds of formula (i), or mixtures

35 thereof. Methods for resolution of racemates or other sterecisomeric mixtures are well



pharmaceutically acceptabl e organic acid, such as identified above. A
prodrug is a drug which has been chemcally nodified and nay be
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skill in the pe following Reaction Schemes provide a de novo synthesis of the pyrrolidinol
ring in the compounds of formula (1) while retaining the trans relative configuration in
the starting materials.

One general method of stereoselectively preparing the compounds of

25  formula (1) is illustrated below in Reaction Scheme 1A wherein R' is an oxygen-
protecting group, preferably optionally substituted benzyl; R? is selected to form a
compound of formuia (3) upon treatment with the compound of formula (1), followed by
cyclization, and is selected, but is not limited to, the following radicais wherein the wa
line in the following represents the «w bond between R? and the OR group in

30  compounds of formula (2):

where each R® is O or H, (provided that at least one R* is O in each structure), and



art to performthe synthesis, isolation, and purification of the conpounds
of the present 5 invention. Further, it is contenplated that the individual
features of these enbodiments and exanpl es may be conbined with the
features of one or nore other enbodinents or exanples. It will also be
appreci ated by those skilled in the art that in the processes described
bel ow the functional groups of i nt er neditht e conpounds. nay need to be 10
protected by suitable protecting groups Such functi onal groups i ncl ude

hydr oxy, LAY t r box aci.d.. Suitable gtin groups
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am no, anﬁg%ﬁggﬁaaggﬁgﬁgﬂm%ggg%clude t - but oxycar bonyl, benzyl oxycar bonyl,
and the 15 like. Suitable protgeitnenseURmef@ nercapto include -C(O-R
(where R' is alkyl, aryl or arylalkyl), p-nethoxybenzyl, trityl and the

| i ke. Suitable protecting groups for carboxylic acid include alkyl, aryl
or arylal kyl esters &ﬁrotectﬂngW©ﬂnuu§)nay be adde®Rdr rempved in
accordance with ﬁ) t echniques, which arﬁomzto one of ordinary
skill in the ar ’_Es descpi Q@glzh@vﬁeﬂt 20 ‘N of p(3)tecting groups

is described in det alF in Geen and P.G M ORProtective G oups
in Organic Synthd$fis (1999), 3rd Ed., Wl ey. Anﬁ or all of the conpounds
set forth in any of the Reaction Schenes herein y be converted to a

pharmaceutical |y acceptable salt by reaction with an inorganic or organic
acid under appropriate conditions known to one skillled in the art. 25 In
addition, any or all of the conpoynds set Rorth in jthe Reaction Schemes
herein may be subjected to Rﬁandar depr t1 tion con |t|ons in order to
arrive at the desire naI grou (A add Hat any point in any
of the Reaction S he DB _1 sed herBi n, (®he ~ in meat |aI an
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stereoi sonerically &ibst ant® al | y pure form These individual enantiomers,
di astereonmers or m xtures thereof, can then be used in the nethod

di scl osed in any of theé Reaction Scherres herein to prepare
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in general, the compounds of formula (1) are prepared in Reaction Scheme 1A
by first treating a compound of formula (1) with a compound of formula (2) in an aprotic
solvent, such as toluene, dichloromethane, or ethyl acetate, followed by the treatment
with an cyclizing agent, such as a C»-Csacyl halide or C,-Csacyl anhydride, at

10 temperatures of between about 0°C to reflux temperature, preferably at reflux

temperature, to form a compound of formula (3). Alternatively, a compound of formula
(1) is first treated with a compound of formula (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 {o standard
15 deprotection conditions known to one skilled in the art, such as hydrogenation in the

presence of a catalyst under appropriate conditions, to form the compound of formula



known in the art (e.g., E.L. Eliel and SSH Wlen, in Stereochem stry of
Organic  Conmpounds; John Wley & Sons: New York, 1994; Chapter 7, and
references cited therein). Suitable processes may include but are not
‘limted to separation of stereoisonmers by crystallization (e.qg.
preferential crystallization, preferential 5 crystallization in the
presence of additives), asymetric tran4?ormation of racemates or
di astereoneric m xtures, chem cal separation (e.g. formati on and separation
of diastereqners s as diastereoneric salt m xtures or the use of other
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in general, the compounds of formula (l) are prepared in Reaction Scheme 1B
by first treating a compound of formula (1a) with a compound of formula (2) in an
aprotic solvent, such as toluene, dichloromethane, or ethyl acetate, followed by the
treatment of the resulting product with a compound of formula (5) under conditions
20  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 of formula (1a) is



v yY R2a where each R21 is O or H2 (provided that at |least one RRza is O

I n each structure), and 41 each Y is halo; Ris H C2-C5acyl or an
oxygen-protecting group; R3, R4 and R5 are as

-of the Invention for conpounds of for rrula (I); and Q represents a
| eavi ng group: REACTION SCHEME 1A 1. R2 OR (2) ORL OR1L RRa C~NH2 2.

cyclizing agent N (3) (1) RRa OR R4

4~311 RQ\/1Rs OH% i~ -

'"R2a 2a R5 C-NNOR 2a~~/ OR(4) R Ra (6) 1 OR3 7'-R4 NFR5
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acyl chloride or acetic anhydride, at temperatures of between about 0°C to reflux
temperature, preferably at reflux temperature, to form a compound of formula (6). 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 (1).

The oxygen-protecting groups for R' and R can be any oxygen-protecting group
for alcohols as set forth in T.W. Green and P.G.M. Wuts, Protective Groups in Organic

- Synthesis, Wiley-interscience, New York, NY (1999)("Green") for the protection of

alcohols. 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 C,-Csacyl groups. The
compound of formula (1) wherein R is benzyl can be obtained from BASE
(Switzerland) (see, PCT Published Patent Application WO 96/23894). Compounds of
formula (1) can also be obtained from ASDI (601 Interchange Blvd. Newark, DE
19711, USA) and ABCR GmbH & Co. KG (Im Schiehert 10, 76187 Karisruhe,
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
formuia (6) such that the trans relative configuration or spatial arrangement of the
hydroxyl group on the carbon at the 1-position in the compound of formula (4) or the
compound of formula (1a) is retained in that of the compound of formula (6), resulting
in the retention of the trans relative configuration or spatial arrangement of the amine
and ether substituents on the cyclohexyl ring in the compounds of formula ().
Haloacetimidate (e.g. 2,2,2-trifluoroacetimidate or 2,2 2-trichioroacetimidate) is a
preferred example of a compound of formula (5) 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 Scheme 1B, it may be
necessary to 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 set forth

defi ned above in the Summary

good

J R3 (5)
OH5 (1)
acet at e,
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(1) is first treated with a conpound of fornmula (2) in an aprotic sol vent
to yield a corresponding internediate, which is then treated with a
cyclizing agent to form conpounds of formula (3). Conpounds of fornula (3)
‘are then subjected to standard 15 deprotection conditions known to one
skilled in the art, such as hydrogenatiﬁg in the presence of a catalyst
.under appropriate condltlons to formt conpound of fornmula 42 (4). The
conpound of forrmula (4) is then treated with a conpound of forrmula (5)

under copd ta@ 1 h arr angens nt of the
ydr oxyl ok ERERPIS, AT, ek dra, S 00 AlSkeERle ERADL B ORRAEREFPESR: ¢ ng
conpound Wfiley ¢fﬁ¢'@ﬂc@6 ewSiedh NYc(dﬁQﬁ)tandmstIancdemted theméinare not limted to,

th AEt 20,
LIS B S5 ente, Sy Lot SRapi et ChAbng RO ST 0,

canphor suPYREE belewdn Tairs Aodrena reypwob thetarplication phvaius examplastof 6t int he
Lewi s ®r Erecmiaﬁdn atarfethbncofibodid Alth &n arabw& ke, er@(aﬁ]%p%e?ﬂn&k érgi mul a (5)

may be tional t ect ri e treatment W th conpoun
fornul a ( gtsutg &E%n%Sﬁnﬁng&% 68%[%”‘{367 §6qu’?}f'?r§da”%”@%’i’éﬁ°t§@bj ect ed to
st andar d Tehhedrog Lettn2003, an$5458, Marasonbo Voaied Bhitddid ¢. 1. Uhérg'slrdhehp arrive

at the co ter ativel not ener nmet hod of
st er eosel ec % vglﬁiop%ragég%fe%f}é%%cned% 5} ’gi BtFMPSlr% get(l?% 'f‘sadg'lt'P strat ed
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3_ CyC| i z PYRRigRepitsuitaltte Raoreups/fgr the corrgounds of-foFnula (5), include, but are not
limited to, O-carbonates and S-carbonates, inciuding imidazole carbonates and

iImidazolethiocarbonates. Phosphate examples of a Q group include a diphenyl
phosphate, a diphenylphosphineimidate, a phosphoroamidate and a O-sulfonyl group.
Table A: Examples of Q
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15 (1) In general, the conpounds of formula (1) are prepared in Reaction
Schene 1 B by first treating a conpound of forrmula (1 a) with a conpound
of formula (2) in an aprotic solvent, such as toluene, dichloronethane, or
"ethyl acetate, followed by the treatnment of the resulting product with a
conmpound of forrmula (5) under condition%SZO such that upon reaction with
_the conpound of forrmula (5) the stereochiem cal spatial arrangenent of the
hydr oxyl group at the 1-position of the conpound of fornula (1 a) is 43
retai ned i nftheresuttmgprodurt S AgiA-ons—+nRetude—butyare not
limted to, | the presence of gg %&fﬁggﬁﬁﬁ%ﬁﬁs ed acid, (for exanple,

HBF4. Et 20, BF3. Et 20, TMSOTf CHs znCl 2, TMS-O, CF H, HC, CH3S(3H, H2SM,
p- TSA, carrp"lorsulfoﬂﬁs‘é\aqj,éj CF3SCBAQ) | preferabl }Q:it;al ytic|anount of
the Lewis of Bron d acig, ig an aprotjc 5 sg“ygnm. The> esul tiing product
is then treated wit® cycl#zing_agent, | such a% a C5 acyl chloride or
acetic anhydride, at tsrrp/e] atures of between about sOC to refl ux
t enperature 'preferabl/y atl!reflux tenperature, to forma conpound of
formula (6)| The cm@pounéjof formula (B) so fornmed is then subjected to
standard regucing c tio known to pne skilRed Tpothe art to arrive at
t he conmpound of fornmulagf ).\J:Q The oxygen-prot ectyng greups fon R and R
can be any ¢oxygen-protecting group for LaI cohol s set forth in T.W G een
and P.G M Wits, Protgctive Goups in Oganic Synthesis, WIey-

ntersci encel New York, NY (1999)("(}een*) for & pregection of | al cohol s.
Pref erably the oxygen-profectiaag group for RL Ts-@n optionalrty 3ubstituted
benzyl group, wherein pt i onal substituent he benzyl gﬂoup are as
set forth in 15 Geen. erred oxygeniprotecying groups for Rlare

C2- C5acyl groups. The sggpouqo-of formila (1) Ny RT is benzyl can be
obt ai ned from BASF ~ (Swi tjzerl and) (see, | PCT Publ ilshed Pat ent Appl i cation WD
96/ 23894) . Conpounds of eprnula (1) -cap al so be gptained from ASDl (601

I nterchange|Blvd. Newarki DE 19711, USA) and ABCR &pH-& Co. KG (I m

Schl ehert 10, 76187 A& S{UbEN 20 Germany) or can r epared agcording to,
met hods known to one skillgd in the art] Conpounds of fornula (5) can be
prepared by nmethods known go one skilled in the art or by nmethqgds

di scl osed herein.—The “"Q in the conpounds of foenula (5) represents a
good | eaving group which results in the formati on of a conmpound of fornula
(6) such that Cb®péuref forhalbi(ders andded s Abid@BmPburkRa fahmuRlBgRgenent  of

the 25 hydroxyl ou n the carbon.at th -position in the conpound of
formul a %/ ?acg%n[% emg 12 and compounds of %rmula%)lm Pieact;[on Scheme 1B abover.rp

Examples of compounds of formula (2) include, but are not limited to, the following

5 compounds:

RZa
R22 o’R
O
o and JWY
RZE R Y 23
(2a) (2b) 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,-Csacyl éhloride according to the

10 procedures described in Henrot, S. et al., Synthetic Communications 1986, 16(2), 183-
190, or can be prepared according to 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 deprotection
steps, depending on the blocking groups, may be necessary to arrive at the desired

15  product.



conpound of forrmula (1 a) is retained in that of the conmpound of formula
(6), resulting in the retention of the trans relative configuration or
spatial arrangenment of the am ne and ether substituents on the cycl ohexyl
ring in the conpounds of fornmula (1). Hal oacetim date (e.g.
2,2,2-trifluoroacetinmdate or 2,2, 2-trighloroacetimdate) is a 30 preferred
exanpl e of a conpound of fornula (5) containing a suitable Q group for the
pur poses of this invention. For some conmpounds of the formula (4) in

Reaction Schewevdré AR Bépd discidsali ¢ R ShaiER4 R BENd e PEFREQRoChEMe 1 B,
it may be s(9;3'ece$‘§{'jr% to mtrodu&le appr opr | ate protecting groups to the

conpounds 5118 hegpmbiineg withgut isplatianpl therpreguc shfosme ovetevalve conpound
of for mul ahd &iveae mcme ekamnpreg of Sieh Shd ghrt @nﬂfe@ﬁs%% uleao&roqié@n and the
correspondi ng q.gga? ti on. £0 rr;’g’l ti ns a@% set for in, for exanple,
T.W Geen and YA aRae S B'Eﬁ%e%a@? Eﬁﬁ?t@”Q‘FH?rﬁ%éBs
W | ey- Bnt evscpublished phNeesésrfbs, prwar(n@&e&)aoarmi df&frmuer(geseesfo@?m; herein. O her
exanpl es of sui,tabl s.for the c ounds, of mula (5) are

1. g &r%igt%o tep can bg \ﬁag{(fy”@m{] @/plah_(jé .

provi ded belowin Ta ation of various
exanpl es of Q n 5Th¢1@V9|f@imﬂti|06¢prm0uaﬂ oéfohreula ¢ip ismveatdr thad theamerali cohol see,

for _examplyid diahipBlindor raifhia"afif HehuisHeaTR ce@@e‘é%rlcg;%?pﬁﬁé”%gﬁ%ﬁ;s!Jda T,

Nakamur a and Hashi not o etr ron Lett rti chonok
V. and Wibesides G M J. Og. Chem, 1996, 61, 1702 and references cited

thereip.). As not edOh@'MtélﬁlcTMLﬁt eﬁ‘,aclcns adehdaitOMthe E@Iehﬁ’éaﬂ@r‘?@éb m date (e g.
tri hal oaceti m date such a_' i fluoroacetim date or

tri chl or o&eE§IIA" dLRP-S) ’?JPWQF aP"HP'Héf’?ee@staétF‘%ugd‘ea ‘@}O'Ch'Ome’mb or
pent af | uorsap@swichioth@triz)amainhefr acicesanel @edof suitable Q groups for the

conpounds of f rrrul inclu re not Jimted to, O carbonates
amrjrp S- car bonat g‘s %ée&}sﬁ SlW%’SmeE'“S e dER&iog ygssel which would

i m dazol etrhdtwe@rdwaamgemne Phopplattenpikatpsage. of a Q group include a di phenyl
broch i § PP RS B iR L R S AR
jsomers are generated thereby avoiding costly resolution steps, or the loss of costly

material in the form of undesired isomers.

A more specific method of stereoselectively preparing the compounds of

formula (1) as set forth above in Reaction Scheme 1A is illustrated below in Reaction
20 Scheme 1A1 for the preparation of compounds of formula (I) wherein R is C,-Csacyl;

each 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,-Csacyl chloride; R’ represents an oxygen-protecting group, preferably

optionally substituted benzyl, and Q represents a leaving group:



SOl 11 0 CH3 H3CG--NH3C H3C NPh 45 Table A Exanples of Q CH3 H3C
H3C 0 O ORO S|
Compounds of fornula (2) are

i n Reaction Schenme 1A and
Exanpl es of

the followwing 5

3C H\ \
\N H3C |

H3C ° O H3C-IlI \NfP S [/ 11
Oi O BF3 BF3 F3B\ S R\\

-chosen to yield conpounds of forrmula (3)
i n Reaction Sc
but are not

conpounds of formula (6)
.conmpounds of fornmula (2) include,
conpounds: RRa O RRa OR O and Y 2a

nme 1 B above.
limted to,
Rza R

REACTION SCHEME 1A1

R2a 4 OR‘l
O OR
2
' OR! R= (2a) H gea (1)
[ ] OR’
NH, ! RO
1) )k{\H,OH
ﬁ (8)
OR RZ
AcCl
Reflux
1
C(OH PUIC, Hy (j/OR
RZa —-— RZE
o2 4OR 2 OR
(4) (3)
4
cat. Lewis acid QVT*/\‘R
.
R
R3
(5)
R3
4
10 , }J—R4 o \/Ra
O’ R23 \R5 Reduction U [ Ore
”'T§«OR & /\R5
OH

R* (g 0

In general, the amine of formula (1) is first condensed with a compound of
formula (2a) in a suitable solvent (such as toluene, dichloromethane, or ethy! acetate)
5>  to give compound of formula (7) or formuia (8). When the N-acylation of compound of
formula (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 C,-Csacyl
halide, preferably acetyl chloride, to effect cyclization to give succinimide of formula (3)
according to the procedures smiliar to those described in Naylor, A. et al., 4-
10 [(Alkylamino)methyllfuro[3,2-c]pyridines: A New Series of Selective k-Receptor
Agonists, J. Med. Chem.(1894), 37, 2138-2144. Addition of an C,-Csacyl halide,

preferably acetyl chioride, to the mixiure of the compounds of formula (7)/(8) without



(2a) (2b) R2a wherein R is an oxygen-protecting group; each R2a is 0 or H2,
where at | east one R28 group in each structure is O, and Y is halo.
Compounds of fornula (2a) can be prepared, for exanple, fromnmalic acid
-and C2- Coacyl chloride according to the 10 procedures described in Henrot,
S. eta!., Synthetic Conmunications 1986, _16(2), 183- 190, or can be
_prepared -accordi ng to net hods known to 6§le skilled in the art. Conpounds
of forrmula (2b) are commercially available or can be prepared according to
met hods k rotection and

depr ot ect :ﬂ%\rf\%r&&mg%eée\’égnﬁgs E%\M a%robqe 'é%ml ¥°r8¥°§ﬁeﬁ n. may be necessary to
arrive at the ﬂﬁgﬂth@c&nlcs'abmf@dms acelﬂ cheider @mpoiind hfefonsﬁ&m(i&)dﬁasme(msed in the
above Reagljy 9&em )%FOQfe(E??réé &%lt%ﬁnp% B, r{@%/%tggle ya gt hout

i sol ation of t he P uct o) or renoval erﬁtt Suc'gpem fic
exanpl es SHUGcREBAY. piby!eceiaie Radli-§ 7K H*rz)s%laﬂ‘@@t iemperature ‘heemayeant ages

of theSab%@oﬁgé\@bﬂo&'ﬁl@ﬁh@UEtolg‘?v@é%d%ﬁébfféﬂn§§hﬂ“ﬁtﬁlenﬁ:afuénPiver publ i shed

processes for prepari %s( f formula (I) "are as ows: 1. Each

reaction SPEBO¥MPIRIMY W%Pféeffswwp@unﬂercat?é'hé\k@wvgflacldy. el d of

conpound ebnditneub.a., HEF, eme@teg@bﬁdthbbaﬁeéﬁbwiay@ﬁnab-letheb'bﬁbmﬂﬁ fé&OWDOU”d of
formJIa(IF} rocess mula (1). 10 3.

Only a cat eﬂay¥ |Sgp%ersng)'ﬁ%fed8?'°£m 8°T%°W§§5£3%F%?gf‘ﬁ§‘ Eé?“ﬁt@{"lef‘? n step
i nst ead ofagentsfopexensytie ifartbxempley boraraerrNaBﬂ-l4lﬂ_erstd, KBH] RBawgltes, e.g.,

S ApOTRfiaRby LAY RO L) (AR ke b AT § can e ised. 4

Sever a ste ned Th oner reduce
processi n@wﬁqﬁf—‘ds%m@ PorNaviectA. @h abFiteatabgselgprovitsd the chmpoydod ésrmuiss(han

ef 11 i ent gn3Rkiase! QGﬁée&@erﬁEr@Stﬁx%ﬁt d1ftnd Bt dlfadlaﬁf&ﬁﬁufs Awith ARITEES 21 ©

generated, thereby avoiding costly reso |on ste S of costly
mat eri al |°Hl°f'%'"fcf\;?*m‘ sweuwafb@was@nﬂrs@ih@@etam Qmﬁé\esfp@mmloodmlhdd of

st er eosel egd donioun@oe@ARIIAE).t he conpounds of fornula (I) as set forth
above iLn Reaction Scheme 1A is illustrated below in Reaction 20 Schene 1Al
for tA8 prepar AFBAIGY. HERFRSHIbeGPoYRARGtIN BEyerommar ba PRfrmed2- Coacy ! :

each Rea Imsth&tholétanhmémtaﬁnédmtanﬁfw\Aﬂﬁautlr&n@\ﬁ#l?f SveHCH.HI Ritheut 0; R3, R4

g?d f oanﬁlr ;éo?%t qulaa'arg]g)dto?gr(r)nvtﬁe 'cgméct]u%d%lij %IHLPQ (8) w‘ncﬁ cér? %%R%le%réa{e%rasconpou nds
set forth above to form the compound of formula (I). An example of this alternative
preparation of a compoundof formula (1) is described in more detail below in the
20  Preparations.
A more specific method of stereoselectively preparing the compounds of
formula () as set forth above in Reaction Scheme 1A is illustrated below in Reaction
Scheme 1A2 for the preparation of the compound of formula (ia), which is a compound
of formula (1), where R’ represents an oxygen-protecting group, preferably optionalily

25  substituted benzyl, and Ac represents acety!:



represents C2-C5acyl chloride; Rl represents an oxygen-protecting group,
preferably optionally substituted benzyl, and Q represents a | eaving
group: 47 REACTION SCHEME 1A1 " RRa OR1 ~~ 0RO OOR1 ReRa HOH OR1
“(2a) Ra (7) NH1 OR 20 (1) (::~"NIly~OH (8 HORRaAcC Reflux
OHRa 1!1/~ 1 Pd/C H OR R R2as'~lgp? Ra |l ~ OR (4) (3) R4 cat.
Lewis acid QR3 (5) R31 A T~ '-)-Ra R3 R R 5 Reduction R C-N a FOR
R5 Rka OH (6) (1) In general, the amne of formula (1) is first condensed
wi th a conpound of fornula ( sol vent (such as tol uene,

di chl or onet hane, or ethyl ace%%%cye»gSéHEm\?ﬂe%conpound of formula (7) or
formula (8). When the N-acyl ation of corrpound of formula (1) was shown to
be conplete by HPLC, the sol ventO was renpy under vacuum The i xture of
t he conpounds of formula (7)/ was rq@f@ KDAan CZ Coacyl

o
“NH, - CH,Cl, OR1
1 [j )W (8a)

(2a1) i (Ta)

OAc O
AcCl
Reflux
1
C(OH Pd/C, Hp G/OR
@)
"IN MeOH
o "1OAc " IOAC
{4a) (3a)
ClC.__O
cat. HBF,.Et,0, toluene 3 bl \/\©:OCH3
- N OCHj
' (5a)

,/\©iOCH3
1
1 0] OCH
O’o o} OCHz  Reduction O/ \/\©: :
.,35.”0,% b OCH;
"'OH :

o (6a) (la)
The specific experimental conditions and parameters for the above Reaction
5  Scheme 1A2 are described in more detail below in the Preparations. It is also
understood, in light of this disclosure, that the following compounds of formula (Ib),
formula (Ic), formula (id), formula (ie), formula (If), formula (Ig) and formula (lh), and
their pharmaceutically acceptable salts, can be prepared in a similar manner as
described above and below in the Preparations for compounds of fofmula (la) and its
10 pharmaceutically acceptable salt by utilizing the appropriate starting materials and
reagents:



hal i de, preferably acetyl chloride, to effect cyclization to give
succinimde of fornula (3) according to the procedures smliar to those
described in Naylor, A et al., 4 10

‘[ CAl kyl ami no) met hyl ] furo[ 3, 2-c] pyridines: A New Series of Selective

K- Receptor Agonists, J. Med. Chem (1994), 37, 2138-2144. Addition of an
.C2-C5acyl halide, preferably acetyl chloride, to the mxture of the
conmpounds of formula (7)/(8) without 48 first renmoving the solvent was
shown to al so be useful for CyC|I%§tI0n AfQﬁﬁ t he renoval of excess acetyl

chl oride, conpound of fornula o sub?ected to standard

hydr ogenol ysi s condition (Pd/ -1 N akgH l,e solvent, such as toluene,
met hanol , ethyl ‘acetate, Ra-N -H2, /C-H2) Panbi ent tenperature to
remove 5 the oxygen-protecting gr “®\| give Com&ound of forrmula (4).

Et herification of conmpound of formula (4) wth corpound of formnula (5)
under catalytic Lewis acid conditions (e. g HBF4 et herate) gave the

correspondi ng i m do-et her of f a (b6) @@ |y, successive reduction of
compound of fornula (6) with |ta-Ie mUC|ng agent, for exanple, for
exanpl e, borane, NaBH4/Lew s ’-% AL. (see, e.g., 10 Alimardanov

et al., Og. Proc. Res. & Dev. (2 04 8 834- 8%7) or lithium alum num
hydri de (see, e.g., Naylor, A et “Qft ed aboveg), provided the conpound
of formula (1) as a free base. Subsequent treatment of the conpound of
formula (1) with hydrogen chloride in diethyl ether and trituration in

ethyl acetate gave the hydroc it ofoCHhe conpound of fornula (1).
15 Alternatively, the steps i e abov eaction Schene may be perfornmed
w t hout isolation of the inter S a‘i/cvcmgthout renoval of sol vent

(i.e., without solvent exchange) tolformthe conmpound of formula (6),
whi ch Tan then be treated as set fortBHabove to(fibr mthe conpound of
formula (1). An exanple of this alternative preparation of a conpoundof
formula (1) is described in nDre det ai | elom1|n the 20 Preparations. A

nore specific nethod of ster (X &td ng the compounds of
formula (1) as set forth abo e i Reactl
pr"

.chene 1A is illustrated bel ow
in Reaction Schenme 1A2 for t Kepar at | obHt he conpound of formula

(la), which is a conpound of fordg/g (I'), where R represents an
oxygen-protecting group, preferabl opﬁﬁonally 25(ilsjybst i tut ed benzyl, and
Ac represents acetyl: 49 REACTI ON SCHEME 1A2

O/,,, \/\@OCH3
”’OH (),
OCH,CH,
"OH (Ig),
Cr \/\OiOCHch;;
OCH,
"’OH (ih).

A more specific method of stereoselectively preparing the compounds of

10

and



07"1'ORL OOQAC ., ,OAc OH1 O(2al) H(7a) 1 OR 0 or 'NH CHC2 1

OR C-,N~~-OHOH (8a) OAc 0 Ac Reflux OHPd/C H OR U" :~~ OMOO
"OAc '"OAc O (4a) (3a) cat. HBF4.Et20, toluene C13C Y 0 OCH3 NH aOCH3
"(ba) OCH3 1 O1 0 OCH3 O OCH3 Reduction OCH3 .,,0QAc ~),OH O (6a) (la)

The specific experinental conditions angl1 parameters for the above Reaction
5 Schene 1A2 are described in nore deta bel ow in the Preparations. It is
al so understood, in light of this disclosure, that the foll ow ng conpounds

f f I L) f I I f I I . I I formula (1f),
o o Tl o e Br b e bl
sal ts, cdthbmegBdpartee piepamtisn ni damponadmefiforasila @lesiesre Bdas anbopgenand bel ow in

the Prep ' r 0 : f Ok I i 1Q.2phar maceutical |y
accept abﬁ’g&%gﬁg %B%uf\? | ZI ﬁ%g?'hgscgpl:gr E)%Hr) lgra{"é%?r%%q Ieﬁétsorpe?&ér a ars‘Héll and
r eagent s structure is G; R®, R* and R* are as defined above in the Summary of the Invention and

5 Qrepresents a leaving group:

REACTION SCHEME 1B1

- &
‘, Q R28 R5
e II'E&OR (6)

R22 (2a) l

1.0 R
Q N S
2. /j 5 ( /‘l_ 4
|/\/ R ,\/J R
R3 (5) & RS
OH )}

HCI

and cat. Lewis acid

3. AcCl, reflux

The starting material, trans-aminocyclohexanol (compound of formula (1a)),

10 can be prepared from a mixture of cis- and trans-stereoisomers by standard resolution
techniques or by methods known to one skilled in the art. In general, the method
disclosed in Reaction Scheme 1B1 is a "one-pot" process of acylation, acetimidate
ether coupling, 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

15 compound of formula (6), which is then subjected to standard reducing conditions to
form the compound of formula (1). More specifically, the acylation was accomplished
using 1.05 equivalents of the compound of formula (2a) at ambient temperature in a
suitable solvent such as toluene, dichloromethane, or ethyl acetate. The addition of
compound of formula (5), preferably trichloroacetimidate, and then a catalytic amount

20  of a Lewis acid, preferably tetrafluoroboric acid etherate, yielded a mixture of



50 czoZ: (Ib), OOCH3 (N~OH OCH3 (ic), OOCH3 a NOCH3 5 v _OH (Id),
cZITxx:HV ,,, ,0H(le), OH4 OCB ""oH (If), 10 O OCH3 O'NOCH2CH3
).,,OH and O OCH2CH3 OCH3 v """OH (lh). A nore specific method of
"stereosel ectively preparing the conpounds of 51 fornula (I) as set forth
above in Reaction Schenme 1 Bis iIIustrgi ed below in Reaction Scheme 1 Bl
_for the preparation of conmpounds of forfula (1) where Ris an oxygen
protecting group; Ac is C2-C5acyl; each R21 is 0O or H2 where at |east one
Rea in eaomposemtsatwiiieh ihs dasirdddnatBial 2odld/Be identificshyiebi methakawn n t he

SumTarY . HhREwhOHER AR TR an'D DGR HERE brRreatiy Aik] Tnidfid ing A CT! N
refluxed for 1 hour to give the imido ether of formula (6), which was isolated from the
reaction mixture by standard isolation techniques, such as flash column
S chromatography. Subsequent reduction of the compound of formula (6) and treatment
under standard acid addition salt formation, such as treatment with hydrogen chioride
in diethyl ether and trituration in ethyl acetate, gave the salt, preferably the

hydrochloride salt, of the compound of formuia (J).
‘Alternatively, Reaction Scheme 1B may be performed as shown below in
10 Reaction Scheme 1B2 where R is C,-Csacyl; each 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 and Q represents a leaving group:



R3 1 OHOR4 Ra 5 0117NI-2 RRza R OR (6) (l1la) 1 OORR2a 2a (2a) R4 R3
2. RS1I0Ra RBNR5 (5 HAO .OH (1) and cat. Lewis acid 3. ACCT, reflux
The starting material, trans-am nocycl ohexanol (conpound of fornula (1 a)),
10 can be prepared froma m xture of. cis- and trans-stereoi somers by
standard resolution techniques or by nmethods known to one skilled in the
art. In general, the nmethod disclosed i Reaction Scheme 1131 is a
"one-pot" process of acylation, acetimdate ether coupling, and
cyclization, i.e., the procerEAORONOEHERERUE>E the isol ation of

intermedi ates fromthe reaction m xture and/or the renoval of solvents, to
gi ve 15 conpound of fornula (6), which is then subjected to standard

reducing conditions to formt conp :?Oflf formula (1). Mre

specifically, the acylation ®Wa he' % - 1.05 equival ents of the
conpound of formula (2a) ake |ent t sui tabl e sol vent such
as tol uene, dichl et hane, acetthte. Ree a(‘ﬂzll tion of conpound of

formula (5), pre ably LLL_ChLO_I’_Qa_C_etImdate, and then a catalytic anmount
20 of a Lewi s acid; “nH.ef erably tetraf cS)rlc acid etherate, yielded a
e

m xture of 52 compepent s in which the ed 'fzrlal could be identified
by HPLC. The reactio m xture was th a e C2- Coacyl hali de,

preferably acetyl chloride, and refl uxed oPR1RHour to give the imdo
ether of formula (6), which was isolatedsfromthe reaction m xture by
standard i sol ati on techni ques, s k] ash{col um

R HBF,Et,0
5y R

Reduction

Sags)

OH
Briefly, the acylation of the starting material (1a) was accomplished by

0

condensing the compound with the anhydride of formula (2a) under suitable

5  condensation conditions, such as ambient temperature in dichloromethane, to give a
mixture of the compounds of formuia (9) and formula (10). The -mixture of these
compounds was then treated with a compound of formuta (5), followed by the addition

of a catalytic amount of a Lewis acid, preferably tetrafluoroboric acid etherate, under



5 chromat ography. Subsequent reduction of the conpound of formula (6) and
treatment under standard acid addition salt formation, such as treatnent
wi th hydrogen chloride in diethyl ether and trituration in ethyl acetate,
"gave the salt, preferably the hydrochloride salt, of the conpound of
formula (1). Alternatively, Reaction Scpeme 1 B may be performed as shown
.below in 10 Reaction Schene 1 B2 where Is C2-Coacyl; each Rea is 0 or H2
where at |east one Rea in each structure is 0; R3, R4 and RS are as
defi ned atittableicandifnns Suweidraymisture dieompourdst of dormated1Q arﬂpom@n(cw),a(l e;;lw nng
. J H R2a
(o) het 1R 2 B RPN =S P e iRt Siealos \erac 2
(9) NH iﬂb—l_,Nl-%LZ O (Ta) N'C T (10] 0 OR” gﬁcy PP'R5 HBFAEL 20 (5)
R4 R3 R3 CqrgitiRgs, suchagifeatient with@ cyRigina@aentosueh #acehyl dforidaand 11) (12) R3
1 O RS Refuxddor 1 hour to give the compound of formuta (6), which was isolated from the
5  reaction mixture by standard isolation techniques, such as flash column '
chromatography. Subsequent treatment of the compound of formula (6) under
standard reducing conditions provided the compound of formula (1), which was then
treated under standard acid addition salt formation conditions, such as treatment with
hydrogen chioride in diethyl ether and trituration in ethyl acetate, to give the salt,
10 preferably the hydrochloride salt, of the compound of formula (1).
Compounds of formuila (1) can also be stereoselectively prepared by another
method of the invention as shown below in Reaction Scheme 1C where R is C.-Csacyl,
R'is an optionaily substituted alkyisulfonyl or an optionally substituted arylsulfony!
group, X is a halide, R®, R* and R® are as defined above in the Summary of the

15  Invention;



NOR (6) R2a Reduction _ R3 1 NRa (I} ~-"OHBriefly, the acylation of
the starting material (la) was acconplished by condensing the conpound

wi th the anhydride of forrmula (2a) under suitable 5 condensation

-condi tions, such as anbient tenperature in dichloronethane, to give a

m xture of the conmpounds of fornula (9)5§nd formula (10). The m xture of
.these conpounds was then treated with a conpound of formula (5), foll owed
by the addition of a catalytic anount of a Lewis acid, preferably

tetrafl uoroboric acid etherat BEAGHGN SSHEMEIC abl e conditions to yield a
m xture of conpounds of formula (11) and fornula (12). The m xture of
these conpounds was then treated under suitable cyclization conditions,

such as treat NP a cyclizing agent,.such as acetyl chloride, and

refluxed for 1 {seur ¢ ve the conpound of formula (6), which was isol ated
fromthe 5 reactl omSm xture gy stangard isol ation techni ques, _such as flash
col um Atreat ment of the ‘a’wo.': formula (6)

under st d redu0| n it %roNgyﬁﬁgmgﬁe conpound \f;fRfrmJI a (1),
whi ch was {hen "F@Qi’ed inde? skandar d Reuetioaddi tion $Al tgsf or mati on

condi tions{"™®kuch as treat méM? with hydryspsenatien ori de in i diflyl ether and
trituration in ethyl acetate, to give the salt, 10 ppef @tm BHLEE
hydrochl ori de salt, of the compound of formula (1). Conpounds 67 formul a

(1) can also be stereoselectively prepared by another thod of the
i nvention as shown bel ow i n React i ?n Schenme 1C where Ris C2- CSacyI R is
an optionally substitu ‘jb Rt onyh) sean, a@omropt i onagld . /S$I t ut ed
aryl sul fonyl group, |s a haltj SR3 R4 and—R5 larg as d f)—F@d above in
the Sunmary of the 15 ITiveNt Qg( 55 REASH O SCHENE O RA‘F HO/(16)
(17)
v R
OR |
(2a2) I
2. AcCl l

'/\C.__.R4
C( Reduction O/ \/ W R
bﬂOR
Io \/\"”0 H
(6b) )

The starting material, 2-chlorocyclohexanone (13), is commercially available,
for example, from Aldrich Chemical Co.

5 In general, 2-chlorocyciohexanone (13) was readily transforrhed into the
corresponding keto-ether of formula (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 Noyori's reaction conditions (see, e.g., Ohkmura, T. et al., J.

10 Org. Chem. (1998), Vol. 61, pp. 4872) gave compound of formula (15). Compound of
formula (15) was then converted into the compound (16) under suitable conditions
such that -OR’ becomes an activated leaving group, such as the treatment of the
compound of formula (15) with a compound of the formula R'X, where R' is an
optionally substituted alkylsulfonyl or an optionally substituted aryisulfonyl group and X

15 is a halide, under basic conditions. The leaving group (=O-R") in compound of formula



(5p)~Rs 4 G 3 ROOR4 CCOt RS AsYmetric/ Rs (13) NaOBu (14) R3
Hydrogenation OH R3 (15) R X Et3N, CH2CI2 O-R 1) NaN3, DWVF ~~OR NH % Rs
2) Pd/C, H2 OR - Rs R3 (17) R3 (16) OO OR O (2a2) 2. AcC f R3 0-R4 3
"OR) \Js Reduction OR4 ORIVY ERs "\ (1) O (6b) ,OH The starting
materi al, 2-chl orocycl ohexanone (13) | g comercially available, for
exanple, fromAldrich Chem cal . 51n 6eneral , 2-chl orocycl ohexanone (13)
was readily transformed into the correspondi ng keto-ether of formula (14)
by reacti(dﬁ) may be,tHueissotlinitedad, lkeavdptienalig subdtituted dikshesafdmayguarasbhyl al cohol

f f e mretric. .reducti on using the
gr occe);gu dtﬂf 5%%1%%9&'{1@%%(3 %18 R hch:oﬁér é %S)ﬁ% QB?UPt(Méoc)h?’? %‘?t'on?'&t heni um
cat al yst swhgitpteN@pdsuifonate eeatdsanbaraentsuifomse foep (PEQy-), aﬂahmurrenolyfl' et al.

JC.O m%gunor YeupSiGEd terBiulioRe ordib; a Rino4 & oly-SaNiSens GRG0l 5! @ (15).

2-bromobenzenesulfonate group, a 2,6-dichlorobenzenesulfonate group, a
pentafluorobenzenesulfonate group, a 2,6-dimethylbenzenesulfonate group, a tosylate
group (TsO-) or a nosylate (NsO-), or other equivalent good leaving groups. The
hydroxy group in the compound of formula (15) may also be converted into other
suitable leaving groups according to procedures well known in the art. The leaving

10 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 limited to
compounds disclosed in M.B. Smith and J. March in “March’'s Advanced Organic
Chemistry”, Fifth edition, Chapter 10, John Wiley & Sons, inc., New York, NY. (2001).
Treatment of the compound of formula (16) under nucleophilic displacement (SN2)

15 conditions using sodium azide, followed by hydrogenation in the presence of a
palladium catalyst provided the compound of formula (17). The compound of formula
(17) was then condensed with substituted malic anhydride of formula (2a2) in
dichloromethane to give the compound of formula (6b), which was then subjected to
standard reducing conditions described herein to provide the compound of formula (1),

20  which is then treated under standard acid addition salt formation conditions, such as
treatment with hydrogen chioride in diethyl ether and trituration in ethyl acetate, to give
the salt, preferably the hydrochloride salt, of the compound of formula ().

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

25  starting materials.

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 above in Reaction Scheme

1A -and Reaction Scheme 1B using the following starting material, respectively:
OR' OH

O (X
NH, NH;

30  The same reagents and conditions that were employed to make the compounds of

formula (1) in the foregoing Reaction Schemes may be used to make the compounds of
formula (ll) from the above starting materials. For example, compounds of formula (11)
may be prepared as set forth in the following Reaction Scheme 2A wherein the



formula (15) was then converted into the conpound (16) under suitable
conditions such that -OR becones an activated | eaving group, such as the
treatment of the conpound of forrmula (15) with a conpound of the formula
"RX, where R is an optionally substituted aikyl sul fonyl or an optionally
substituted aryl sul fonyl group and X 15 +’s a halide, under basic
.conditions. The leaving group (-OR) i conpound of forrmula 56 (16) may
be, but is not limted to, an optionally substituted al kanesul fonate such
as a tridytlisbwevett theewaipbomist & fomuilep(2f, GRE BOR! )R?*pR2aR &S W oaing @areup (MO ),
an optionglel vy asSthR%taEﬁ&ﬁt&ii\eﬁ\reyf sg%oﬁlig_nate such as a benzenesul fonate group
or poly /}I u

(PhSGB-), a nono- - Ssubs ‘ed benzenesul fonate group, a nono- or
pol y- hal obenzenesul f onat e gr ogpacficN gcpégl%enzenesul fonate group, a

2, 6-di chl orobenzenesul fonate group, a pentafluorobenzenesul fonate group, a
2, 6-di met hyl benzenesul fonate group, a tosylate group (TsO) or a nosylate
(NsO), or other ﬁgﬂi val ent1. g®3e¢:dRed®) ng groupss ORE hydroxy group in the
conmpound of fo@ (15) nay_al_sa_be_aan.\tert(fd Znt oret her suitable |eaving
groups accor di ,QHfr ocedus esyMeiny dgBAWN i n The(tbeavi ng 10 group
may be any suitabl e feaving group onreaction W omcl eophilic reactant
with inversion{i® stereochenical configurati oR“known in the art, including
but not limted to conpounds disclosed in MB. Spith and J. March in
"March's Advanced Organic Chem stry", Fifth editijon, Chapter 10, John
Wley & Sons, Inc., New York, NY. (2001). Treatngnt of the conmpound of
formul a (16) under nucl eophilic djsplacertnt (SN2) 15 conditi ons using

sodi um azi de, followed by hydrogendtign~i nsthe presence of a palladium
catal yst provided th und of for (17) ._TIhe’Conpound of fornul a
(17) was then condepsed!wirR*substi tRt ed(5ml i cydrR%@e of formula (2a2)
in dichl ororret Zbi\ﬁg t he conpound of form ,ﬁ6b), &R ch was t hen
subj ected to standay ggyci ng conditions descrj Rin to provide the
conmpound of formul a’ , 20 which is then treated under standard acid
addition salt forn®tion c@Mitions, such as treatnent with hydrogen
chloride in diethyl ether and trituration in ethyl acetate, to give the
salt, preferably the hydrochloride salt, of the conpound of fornula (1)
The foll owi ng Reacti opn Schenmes provide a de novo synthesis of the
pyrrolidinol ring in'the conpounds of fornmula (I1) while retaining the cis

relative configuratiign in \}*?8 25 starting materials. In general, conpounds
of formula (11) t f dr t'h _ghove in the Summary of the Invention can be
A e man
R
OH

prepared in a si £as descri bed above in Reaction Schene

(i
5 in general, compounds of formula (1l) 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, another general method of stereoselectively preparing the
compounds of formula (11) is illustrated below in Reaction Scheme 2B wherein Q, R,
10 R% R®, R% R'and R® are as defined above in Reaction Scheme 2A:



| A and Reaction Schenme 1B using the following starting material,
respectively: ORS OH and NH2 NH2 30 The sane reagents and conditions that
were enpl oyed to nake the conpounds of formula (1) in the foregoing ,
"Reaction Schenes may be used to nmake the conpounds of formula (I1) from

t he above starting materials. For exarrp#e, conpounds of formula (11) may
.be prepared as set forth in the foll owihg Reaction Schene 2A wherein the 57
cyclizing agent, the conpounds of forrmula (2), and R, Rl, R2, R2a, R3, R4,
R5 and Q are defined as in FARBACTION SCREME ZBA above: REACTI ON SCHEME 2A /i
ORL 1. ROR (2) C~. ORL CT - 2a NH2 2. cyclizing agent (19) R2a OR (18)
RA& R3/1 RS /~4 OCOHO-RR3 ( ~) RRa REN C-NRa (20) ~OR ~~-OR R2a
Ra (21) 1 ORI RA C-NR5 OH (Il) 5 In general, unds of formula
(I'l') can be prepared as set forth above in Reactiion |Sc1£pqte 2Ain a simlar

manner as the pﬁﬁtion of conpounds of for@ﬁo R2a \R5
. -

Ho 1. R?>~OR (2) OR
(22) RA RZ (21)
2. Q 4,
\/\(\_L—.R5 l
#F
R® ~ (5) l
3. cyclizing agent
: =3

|
O N
SaAs::
.
. TR
OH

(m

in general, compounds of formula (1) can be prepared by Reaction Scheme 2B

above in a similar manner as the preparation of compounds of formula (l) in Reaction
5  Scheme 1B above.

In both Reaction Scheme 2A and Reaction Scheme 2B, the "Q" in the
compounds of formula (5) represents a good leaving group which results in the
formation of a compound of formula (21) such that the cis relative configuration or
spatial arrangement of the hydroxyl group on the carbon at the 1-position in the

10  compound of formula (20) or the compound of formula (22) is retained in that of the
compound of formula (21), resul"ting in the retention of the c¢is relative configuration or
spatial arrangement of the amine and ether substituents on the cyclohexyl ring in the
compounds of formula ().

A more specific method of stereoselectively preparing the compounds of

15  formula (ll) as set forth in Reaction Scheme 2A above is illustrated below in Reaction
Scheme 2A1 wherein R, R, R?, R*, R5, AcCl, R, and Q are as defined above for
Reaction Scheme 1A1:



(1) as set forth abov in Reaction Schene 1A Alternatively, another general
nmet hod of stereosel ectively preparing the conpounds of formula (11) is
illustrated below in Reaction Schene 2B wherein Q R, 10 R2, R2a, R3, R4
and R5 are as defined above in Reaction Scheme 2A: 58 REACTI ON SCHEMVE 2B
R3 / R4 C - 10HO R2a \J5 R NH2 1. OR (2) 6-OR (22) R4 Ra (21) 2.
QVI-'" 5 R R3 (5 3. cyclizing agent*10 RB R4 R5 v "OH (Il) in
general , compounds of fornula (11) can be prepared by Reaction Schene 2B
above in a simlar manner as REACTIORECHEMBRAAf conpounds of formula (1) in
Reaction 5 Schene 1 B above. In both Reaction Schene 2A and Reaction
Schene 2B, the "Q' in the «co Epnds of f Rqrula (5) represents a good

| eavi ng group which results |n t he %n of a compound of formula (21)
such that the cis relative c atl on jor |aI arrangerrent of the
hydr oxyl group on the car bgma he 1- SINI 51,')0 conmpound of

formula (20) or eamrrpound of 28 mul a (2'?) |s R@tal ed in that of the
conmpound of for (21),__r_e_qu_I_L_ng__|n the retrention of the cis relative
configuration or i al arrangenent PR -. am ne and et her substituents
on the cycl ohexyl (48’)‘9 in the corrpouof for mul 2 (rry.

(24)

H OR R2

AcCl
Reflux

OR!

Pd/C, H, 1
R2a _-—_— RZa
N N
"2 on o

(20) (19)

R4
cat. Lewis acid Q\/\“A/\I
1 5
/\/ R
R3

(5)

&
%, s
1 (\(—R 1.0 ~
E:EO R23 \is Reduction CE \ /j R4
X
o O F
OH

RE  (an) o

In general, compounds of formula (Il) are prepared by the method disclosed

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

Alternatively, the steps in the above Reaction Scheme may be performed
without isolation of the intermediates and/or without removal of the solvent (i.e., without
solvent exchange) to form the compound of formula (21), which can then be treated as
set forth above to form the compound of formula ().

10 A more specific method of stereoselectively preparing the compounds of
formula (11) as set forth above in Reaction Scheme 2A is illustrated below in Reaction

Scheme 2A2 for the preparation of the compound of formula (lla), which is a



A nore specific method of stereoselectively preparing the conmpounds of 15
formula (I1) as set forth in Reaction Schene 2A above is illustrated bel ow
in Reaction Schene 2A1 wherein R, R2a, R3, R4, R5, AcCl, R, and Q are as
~defined above for Reaction Schenme 1Al: 59 REACTION SCHEME 2A1 R2a ORL O
ORR Ra~ (2a OR1) HR2a (23) Oor N2 1 OORS O (18) NOH (24) HOR
Ra AcCl Reflux OHPd/C H2 ORRa CRa 2al ~-ORI| 2a~-OR R (20) R
(19) cat. Lewis acid QRa / ) R R3 (5 R30 R4 10 R Rza R5 Reduction a
J-T- R4 coﬂap&?ﬁd\bﬂﬁwﬁme(lli ipre(RT febtesehts apexggentprotectinyagiodts padfferbbiymul a (1 1)

2;&%;;;%??@? S?E” %ﬁ‘%ﬂ noqch E?ﬁ}dﬁ_?faﬁ‘g%\é%y'izn Reaction Schene 2Al1 in the

REACTION SCHEME 2A2

0 | 4 PR’
o 0O OAc
OAC N/U\)\H/OH
1t or! o (2a1) H S (23a)
EI or
NH, CH,Cl [::ijRO
18 OH
OAc O
AcCl
Reflux
1
1 JOH PUIC, Hy ::ffOR
8] e — 0O
“1QOAC “OAC
O O
CisC._ 0O
cat. HBF,.Et,O, toluene M \/\©:OCH3
| NH OCHj
(5a)

OCHs
o(\@ OCHs
(I O OCH3 _Reduction O: V\CE
Eﬁ WOAG OCH;

> (21a) (Ha)

5 In general, the compound of formula (lla) 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. |t is understood that, in light 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

10  reagents:



5 are prepared in Reaction Scheme W Alternatively, the steps in the above
Reaction Schenme may be perfornmed w thout isolation of the internedi ates
and/ or wi thout renoval of the solvent (i.e., without solvent exchange) to
*formthe conmpound of formula (21), which can then be treated as set forth
above to formthe conmpound of formula (}LJ). 10 A nore specific nmethod of
.Stereosel ectively preparing the conpoun of formula (11) as set forth
above in Reaction Scheme 2A is illustrated below in Reaction Schene 2A2
for the preparation of the cogpoymd ¢ maH,l @), which is a 60
conpound of forrmula (I1), w S an oxygen-protecting group,
preferably optionally sub d Ac represents acetyl:
REACTI ON SCHEME 2A2 0 OR >0 Od OG0 ' O (2al) HO (23a) or
NH2 CH2CI2 ORS O (18) kyyOH H (24a)} OAc 0 AcC  Reflux OH Pd/C, H2 OR

O MOHO C~N""OAc 'CAc 0 (20a @Ba) Cl 3Cy0(il),OCH3 cat. HBF4. Et 20,

t ol uene NH OCH3
0 OCH3
O:N\/\Qiocm
Q\OH (iic), and
e OCH;
ON OCH;
Q\OH (I1d).

5
A more specific method of stereoselectively preparing the compounds of
formula (1) as set forth above in Reaction Scheme 2B is illustrated below in Reaction
Scheme 2B1 for the preparation of compounds of formula (II) where R, Ac, R% R® R*,
R® and Q are defined as above in Reaction Scheme 1B1:
10 REACTION SCHEME 2B1
R3
I /lR4
1 _OH 1.0 X
Cx Se
NH, R2 N“NwOR  (21)
(22) 1. /CJJ OR R28
RZa (23) l
4 R3
Q \/R ! OMA
9 \/\f‘\l RS (I | /}—R"'
Ra/\/ N\\ ’\RS
5) . .HCMOH )]

and cat. Lewis Acid

3. AcCl, reflux



(5a) OCH3 0 OOCCH3 C O OCH3 Reduction N -QAcC-N OCH3 0 v ''OH (21a)
(I'ta) 5 In general, the conmpound of fornula (Ila) can be prepared in
Reaction Schene 2A2 above in a simlar manner as the conmpounds of fornula
(1) are prepared in Reaction Scheme 1A2 above. It is understood that, in
light of this disclosure, the follow ng, conpounds of formula (lib),
formula (Ilc) and fornmula (lid) can be g?epared in a simlar manner as
descri bed above by utilizing the appropriate starti ng materials and 10

r eagent s: 61 Qﬁ-@eneﬁdﬂ"coﬁﬁdands @fbrfduiab()l) cAd KEHR %ﬁ cg'l‘mo(.n{n' c), and
0,0 é OCJ—&% % (E'[Eh% Ahgore eC|f|c met h
ster eosel & ?‘{%,'Qﬁfag §49 (fheﬂ'& dn 85t mn?ffasfttﬁ Rigparation 9f campewndsf or t h

above in Iaéfm'nuleml)Setﬁammaﬁ?d?relusRebdtMﬁSrcﬁérﬁél19‘13' ow in Reaction Schene 2Bl

for the pr epar g nRoU where R, Ac, Rea, R3, R4,
R5 and Q are de#lé o{?g% e'ﬁ%&é %’#%‘E?&'é?&?”iaBFhOV‘fObWCTI ON SCHEME
2B1 R35 1 Reagtipn qmgqe\ZBZ where R, R*, R®, R*, R® and Q are defined as above in

Reaction Scheme 1B2:

REACTION SCHEME 2B2
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Rea R5 NH2 R2a NOR (21)

5 R3(~) HO "I 1"

OH R (11)

and cat.

(22) 1 FOR RRa R2a (2a) R4 R3 2. QI
Lewis Acid 3. Acd,

.~1 RS 4 C~N
reflux 62 1In

general ,
-above in Reaction Schenme 2B1 in a simlar
conpounds
Alternatively, Reaction Schene 2B may h&3

conmpounds of formula (11) can be prepared by the nethod shown
manner as the preparation of
of formula (1) set forth above in Reaction Schene 1 Bl.

carried out as shown below in

5

Reaction Schenme 2B2 where R, Rea, R3, R4, R5 and Q are defined as above in

Reactlon Scheng gddetd; c

OH R26
R5 HBF4

10

amf %BQ be
a"‘ 5 ~NH 2 QR3 11
OQ ¢ ipa snrplqui %1!12&' a p)'eparatlon of compounds of formula
(1) set forth above in Reaction Scheme 1B2.

Compounds of formuta (ll) can also be stereoselectively prepared by another

method of the invention as shown below in Reaction Scheme 2C where R is C,-Csacyl,

R'is an optionally substituted alkylsulfonyi or an optionally substituted arylsulfonyl

group, R® R* and R® are as defined above in the Summary of the Invention:

REACTION SCHEME 2C

R4
HO o4
]
(5m >R
cl R4
\/ O S
o e L 0 SN
O NaoBu NaBH, “OH 3//
(13) (14) (31)
R'CI | EtsN, CH,Cl,
\ / 1) NaN3, DMF \/
CE _LRS O 7
NH2 2) Pd/C, Hs ‘OR!
(33) 3 (32)
1' 7
Q OR
O (2a2)
2. AcCl
/J__R4 R3
CI \/ Reduction /\r k,) R4
X
N OR ‘\ RS
)} Lo
o m
(21b) )

In general, compounds of formula (I1) can be prepared by the method disclosed
above 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 hydrogenation to produce the

corresponding intermediate of formula (15) in Reaction Scheme 1C, the compound of

arje@ﬂs sgﬁ“oﬁh aﬁcgg AR 0O OROH 1
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Or

_.Conmpounds of fornmula (I1) can also be s

Ra OORO~pNOH J'" OH Nn HR2ZaHORR (27) (28) { 31
RS RRaa ~~J~R 'i FOR (21) RRa Reduction OR35 C ~~R~I"CH
\Ra (Il) 63 In general, conpounds of fornula (I1) can be prepared as set
“forth above in Reaction Schene 2B2 in a simlar nmanner as the preparation
of conmpounds of fornmula (1) set forth ?gove I n Reaction Schene 1B2.

reosel ectively prepared by anot her

5 nmet hod of the invention as shown bel ow in Reaction Scheme 2C where Ris

C2- C5acy! formita (149 nameéuﬂbm Qﬂl@én'1é/2§ B8 .tnup Séitréétga’ bﬁ&&r%&%
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%rdqu pptional ly
R4 and R5 are as ned above in the

0 Reon\adtird of forrfiliia W),%lcrﬁ@twverted 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
formula (Il).

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-benzyloxycyclohexyl)succinamic acid (8a)

To a stirred solution of (1R,2R)-2-benzyloxycyclohexylamine (1) (BASF, WO
96/23894, CAS Registry No. 216394-06-8, 0.80 g, 3.90 mmol) in anhydrous
dichloromethane (10 mL) was added 2R-acetyl malic anhydride (2a1) (781 mg, 4.94
mmol) in small portions. The reaction was left to stir at ambient temperature under
inert atmosphere until 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, CDCl3) & 1.12-1.41 (m, 4H), 1.58-1.61 (m, 1H), 1.73-1.76 (m
1H), 2.02 (s, 3H, CHs), 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, J
=7.6 Hz), 7.21-7.34 (m, 5H); **C-NMR (100 MHz, CDCl,) § 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.



(13) (14) RBR3 (31) RC Et3N, CH2CI2 R 1) NaN3, DM 0 R R (:~R5 NH22)
Pd/C, Hz OR R3 (33) R3 (32) O1. O jOR 0 (2a2) 2. AcC RB ~RM R3 0O
Reduction 41 RS R C~-NOR. R5 0 "~""OH (21 b) (Il) 10 In general,
-conpounds of formula (11) can be prepared by the nethod di scl osed above
for Reaction Schene 2C in a manner simlar to that described above for the
_preparati-on of conpounds of formula (I)6501s set forth in Reaction Schene 1 C
except that, instead of an asymetric reduction step foll owed by
hydr ogenation to pr oduce t he CﬁREpﬁQﬁfﬂb@g i nter madi ate of fornmula (15) in
Reacti on Schene nmpound of 64 formula (14) in Reaction Schene 2C
above may bé?»'%)ﬂe&%%al?}:%@snzvéqu@éﬂhax  det-Aiooreidnt b Acetats (34 as
treatment with a reducing ag(ent referably NaBH4, to produce conpound of
formula (31), AhPESRPASSIEREN-@BHRzarY '%CY‘%'R"SXY‘}%’CQH%’P\?@PM@%%dﬂrﬁe of
fornul a (932)35 rﬁiﬂﬁmﬁ)usﬂdlsﬁrflvéddﬁ Akt d\[bﬁ&ie (15 mh)enmerreamedt Hofogesdusl | ar manner
as th ound L Schene |1 C to produce the
conpo nd % ﬁ’rrg? H’?ﬂ{ﬁ ?‘ﬁt% @FP&%T@ V"HW egcl%tp%sp\g?r{%rpgwﬁge%qrpeb\chgyr@d by way of
i |1 ust r atandnherguient résiduaaiss dfrthel tidd @wdedRigh Ua&mto@\r@e(em) $ﬁ(1ﬁml fied, |
I bt conmer ci a
:LSH Iyngoéljgée %&IB)Zycsclo d { #ggﬁln%%ogwaqyg% 3- Oi ac‘?a1 a?egsas raso gn clveygr pale r)}lemw !
syrup; MS (ES+) 346 1 [M+HT", 363.2 [M+H,07", 368.1 [M+NaJ*; '"H-NMR (400 MHz,
CDCl3) 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-
10 2.45(m, 1H), 2.88-2.96 (m, 1H), 3.95-4.07 (m, 1H), 4.23-4.27 (m, 1H), 4.57-4.61 (m
1H), 5.05 (br s, 1H), 7.18-7.20 (m, 2H), 7.23-7.31 (m, 3H); *C-NMR (100 MHz, CDCl)
8 20.58, 23.90, 24.89, 27.87, 31.32, 35.39, 56.12, 66.78, 70.54, 75.64, 127.50,

128.27, 128.99, 138.83, 169.71, 173.33, 173.49.

15 PREPARATION 3
' (3R)-1~({(1R,2R)-2-hydroxycyclohex-1-y!)-2,5-dioxopyrrolidin-3-yl acetate (4a)

To a solution of acetic acid (1R,2R)-benzyloxycyciohexyl-2,5-dioxo-pyrrolidin-3-

(R)-y! 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

20  ambient temperature under H; (charged balloon). After 4 hours, the reaction mixture
was filtered through a pad of Celite. The filtrate was concentrated in vacuo to give
acetic acid 1R,2R-hydroxycyclohexyl-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+Nal"; "H-NMR (400 MHz, CDCl3) § 1.11-1.34 (m, 3H), 1.64-1.75 (m, 3H), 2.02-

25 2.09(m, 2H), 2.12 (s, 3H', CHa), 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, J=4.16 Hz, J=10.6 Hz, J = 12.8
Hz), 4.16 (ddd, J=4.4 Hz, J=10.4 Hz, J= 14.8 Hz), 5.34 (dd, 1H, J=88 Hz, J= 4.8
Hz); *C-NMR (100 MHz, CDCl3) 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.

30

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

To a reaction flask was charged 3,4-dimethoxyphenethyl alcohol (50 mL), and



10 Chemcals (St. Louis, Mssouri), 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

-Chem cal Abstracts and Indices therefor, as devel oped and published by the
Aneri can Chem cal Society (Washington, ) . 15 PREPARATI ON 1

.2-(R) - Acet oxy- N- (2R- benzyl oxycycl ohexyl Succi nam ¢ acid (7a) or

3-(R)-acet oxy-N- (2R-benzyl oxycycl ohexyl )succinamic acid (8a) To a stirred
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mat eri al YiEEOBERNHEE (100 QHTDI?@qu)e‘HaSt Fhargedslowip ip %@%@%kd@rﬁﬂ ete, the
vol at ig esadtRioR furReDWalk th@ciﬁf te FdﬁHEWa@ rﬁlélh‘tﬁln(aa &)xé éﬁafh@%aauowl te solid
(1.45 g, quantitative yiel 5\/@ + 364. H +, 386.2 [ MtNa] +,
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Vol at i | eswaghilieradeandvinged willke cold #26i0nwaterd 36 nd).r Esaivétarake was tidketeunsies f urt her
d . i c1-((lR 2R) -
2%2212#?5%%%%(@ %&%ti{%{gﬁ grﬁlgk%/§1|5((32;?3%2/P?tglgr?ed?’ﬂ'%f??onée@é%ﬁ)@’af%eras a cl ear,
paI e yel | ban 099 Yalp 9iveS.4-EBwethB4Bhdndtidudyl]tricghi BB&:tithidaid-tiaDas an DEQvhlte| M-Na] +;
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iy o 12 seid i 98 Ot fritzadine g pok Pt 0dy (R HR 1y 2 10 °
3. 95 4, 07C|(lm3§1 B3 7TAURZ3 U, 2XY QUis), #.43) (1. 28, S AHE CH.), 61748.75 fm08H,(br s, 1
H, 7. 18-/Zr),25921@5,2m,,,\”_7): 23-7.31 (m 3H); 13C-NWR (100 MHz, CDCI 3)

20
PREPARATION 5
Acetic acid 1R,2R-(3,4-dimethoxyphenethoxy)cyclohexyl}-2,5-dioxo-pyrrolidin-3R-y!
ester (6a)

A solution of acetic acid 1R,2R-hydroxycyclohexyl-2.5-dioxopyrrolidin-3-(R)-yl
25  ester (4a) (0.75 g, 3.08 mmol) in toluene (8 mL) was cooled to 0 °C. Tetrafluoroboric
acid diethyl ether complex (0.2 equiv, 87 uL) was charged to the flask and the mixture
was agitated at ambient temperature for ~30 min. A solution of 3,4-
(dimethoxyphenethoxy)trichloracetimidate (5a) (1.05 g, 1.05 equiv) in toluene (5 mL)
was added via a syringe over 15-20 min. The reaction mixture was agitated at ambient
30  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 toluene filtrate was washed successively with
water (15 mL) and brine (15 mL). The organic layer was dried (anhydrous MgSO,),
filtered, and concentrated under reduced pressure to give a light brown syrup. The



8 20.58, 23.90, 24.89, 27.87, 31.32, 35.39, 56.12, 66.78, 70.54, 75.64,
127.50, 128.27, 128.99, 138.83, 169.71, 173.33, 173.49. 15 PREPARATION 3
(3R -1-((1 R 2R)-2-hydroxycycl ohex-1-yl)-2, 5-di oxopyrrolidin-3-yl acetate
“(4a) To a solution of acetic acid

(1R, 2R) - benzyl oxycycl ohexyl - 2, 5- di oxo- pyrrol idin-3- (R-yl ester (3a (1.1
.0, 3.18 mol) in MeOH was added 10% Pd- &7 (110 ng), and the reaction vessel
was flushed twice with H2. The reaction m xture was agitated at 20 anbient

t enper at Wwrgddiprdaict Wds bGﬂﬁ%ﬂW(ﬂaQﬁbéIQﬁﬁkhroNatdﬁa;ﬂ\y lantage!; (EIGAERSEINEON M Xture
was fllteredghroug ’3 O% The filtrate was concentrated in
vacuo to bf,\\/é( toagg\ée[chh%gg 1R,2R-(3,4- dmethoxyphenethoxy)cyclohexyl}-2 5-dioxo-

1R, 2R- hy dsyeeslidiy-GlROnestet (63) & dlihickaieloriesd syaipB2ARrs%lyistd)t frs 43) as a white
038" 0 T R, Ao ke el i g W, RERLTS. B L Th
aH)J _:5 %(m?am, 081~ gms (RHH), 291-2.025m, 3H2 a7H3) 3H)22. Zzza?t(nﬁgH?:%zm(da 23 ggg 1
1H J = F?G}_"IZ—EZL}? é“ez) i;zégl%%%?&,g& 3|J|z")(d°8d4§*f6 [a&fizy k*ﬁﬂ i, (

10. 4 Hz, I144HE),B.Hz3.93 5n,3H)(4d7 (& sHIH) 6468.87 iz, 2H), 6724689 (iiz J1H); 13C NIVR

gszlaogoM_%fagﬁh'%@ '@8 %5%@%&%@%%&#@4 4§05380§5 0723464, 53824 6743,

3, 4- ( Di meSHhtX BoNENeR. iy op )8t r 7502, dria®st 1 M.eft 62653200, MTendesan, f| ask was

char 3 net hyl al cohol (50 nmL), and 66 the resultant
mxtgﬁg m}aésb%dﬁﬁésﬁée)éwggglz C (9-15 Q. Solid potassium hydroxide (5.0 g,

1.62 equiv), and nmethyltributylamoniumchloride (75 wt% solution in water;
0.4 g, 0.02 equiv) were chargegg Alﬂ@l’ bﬁaectl on flask. Under maxi nmum
agitation, _trichloroacetonitrile uiv) was charged slowy

to the realfFRARIONSERCRTCACEH R2Rd 'tdi”@?ih@’iyﬁ?@ethoa(ﬂp}’@heﬁd} -B&tdieXdnper at ur e

was mai nt ai negrrsiibin-SR-yilddeer (€ Gid ORe-pHi Prbedss mwﬁaueglétﬁérﬁféaﬁ’én & (9-15 Q)
for 1-4 hours. The reaction m xture was. di Iute with methyl tert-butyl

et her '3 MTBE) (20 m.), then cool ed 936?%?@0(‘)0 6C). Next, the MIBE |ayer was

e a5 o8 e S B S R et TES (L9 0 B0
t enper at uih&iid:ﬁbr@ﬁ_etﬂ@ﬂé (13Achmigtunasohitréddn was) addes ZRCHééanidlﬁctahﬁydnﬂgai ni ng
e T O LS TSR oo 6 lort it =
and stirred for 1. 5 h. 3,4-(dimethoxyphenethoxy)trichloracetimidate (5a) (3.41 g, 10.4
20  mmol) was added in a single portion and the solution was subsequently cooled to 0 °C.
HBF, (359 uL, 54% in Et,0O, 2.60 mmol) was added and the resultant mixture was
stirred for 2.5 h. Acetyl chioride (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
25  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,0 (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-
30  dimethoxyphenethoxy)cyclohexyl}-2,5-dioxo-pyrrolidin-3R-yl ester (6a), as a viscous
yellow oil (680 mg, 19% yield); MS (ES+) 420.1 [M+H]", 437.1 [M+H,OT", 442.0
[M+NaJ".



was cooled to OC (-3 to 3C) to allow product crystallization. The slurry
was diluted with water (77 nL) and the m xture was agitated at 0C (-3 to
3C) for -1 h. The slurry was filtered and rinsed with cold (0-6C) water
(36 nL). The wet cake was dried under 15 vacuum at anbi ent tenperature
(15-25C) until the noisture content (KE% was | ower than 0.05%to give
_3, 4- (di net hoxyphenet hoxy) trichl oraceti Yat e (5a), as an off-white
crystalline solid (90-95%yvyield); 'HNWR (300 MHz, CDCI3) 8 2.97 (t, 2H, J
=7 Hz, CH2), 3.81 & 3.79 (2 sprEHARATIONZH3), 4.42 (t, 2H, J = 7 Hz,

CH20), 6.77-8.75 (. 3 r),. 8.22 r.s,. 1 H NH). 20 PREPARATI ON 5
Acet |) c acid Srepara%cr)% of ('3#?)-1% )?2R§-2%2 3(5) dlme’thOxyphenyBi()athoxy]cyclohexyl]_

1R, 2R- (3, 4- di net hoxyphengpiiestiginelCompexnd dffarnfuidiigxo- pyrrol i di n- 3Ryl
ester (6a) A solution of acetic acid

lR 2R- hydr oxycT;ocd« sdiationlof Ecdlic dicidXIGTRR-(34- Huiaﬁa&ym@nemoxy)aﬁloasm}pz g4a) (0.75

b id
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(dimet hoé’t)ﬁ%ﬁ?a?%wb]@ﬁt%rhf)%{aﬁ@e }PHBnGHE] m %a@t‘io%sr(ﬂgg])r \@;s 9%1 Srtob-@> equiv) in

tol uene (5 syringe over e reaction

m xture wakd ggnehadsipvdy bhﬂ‘iﬁ't&ﬁ‘td azoluieefdiett (20 ok F?tulaff@ wisdd®l on was
conpl ete. Q‘ar@%ﬁb&&ﬂafé&un&éﬁta&@@ﬁid@%é"bé!&%lﬁ)vy\@ﬁuﬁ(}m&gﬂ&rpoﬁﬂeoc and the

pr eci |tated trichl oroacet am de was | tered cake was rinsed with

col d 191 udHer PEEGP, m'ér?gortdﬁgﬂ”tedT‘?IE’l'i‘éd’PF'T'?W%t%‘"\%@%dh@z@c%@ess| vely with
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ene X C (0] - |1 O - r I N-, - ester
(o), 5o’ als AER DB ERIT & I Lo, $38ttar AF). PES 8K 50, 5
[ MFH] 45 43B72.79\W28), 2,374430 @n,[1MENR]0-1.70 kinNBMR, § 4601. fHm, 48C1 3) 6 1.10- 1. 33
5 3 1.6 3 o 7-2.20
1H§ "y VA (dd, 'JSN%”&S"“&W ") gr?f;e"’%e hyge 'ﬁ@de@z‘“ 5(3%3%5‘&%)'3%252'2‘3 13 (ddfj,m
1H J-= Qlﬂ@tmpwnﬂ)%m]c&clo?mxylkfﬂ-pmrrdudmb(la)3/shvdrgcm@c(erﬁalt@m 4.71 (br s,
1 6.4 CDCl 3) 6
20Hé5 23@”@ 16@15(“@37) 22'%8 461%%9@'&98'(3@&“%’( mé'glc’g %d B%’e &'ﬂgéﬁ{% 55. 72)
66.72. 68.81, P8MELCPUiy 95, 490R% Ydhe Nyrpodhipride galt 2f1<38)ﬂrfz(16@R)-zzl%~ 29,
20  (3,4-dimethoxyphenyl)ethoxy]cyclohexyl]-3-pyrrolidinol (Ic) observed.

PREPARATION 8
In a similar manner as set forth above in Preparation 1-Preparation 7, the
following compounds of formula (1) are prepared:

25 (8R)-1-[(1S,2S)-2-[2-(3,4-dimethoxy-phenyl)ethoxy]cyciohexyl]-3-pyrrolidinol,
(Compound of formula (ib)), 'H NMR (D,0, 400 MHz) & 7.06-7.01 (m , 2H), 6.94 (dd,
1H, J=8, J=2),4.43 (br s, 1H), 4.06 (overlapping dt, 1H, J= 9, J = 6), 3.87,3.86 (two
8, 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);

30 (3S)-1-[(1R,2R)-2-[2-(3,4-dimethoxy-phenylethoxy]cyciohexyl]-3-pyrrolidinol,
(Compound of formula (lc)), '"H NMR (D,0, 400 MHz) & 6.88-6.82 (m, 2H), 68.78-6.73
(m, 1H), 4.29 (brs , 1H), 3.91-3.83 (m, 1H), 3.71,3.69 (two s, 2 x 3H), 3.58-3.47 (m,
1H), 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-
0.85 (m, 4H); and



10 169.54, 173.16, 173.57. PREPARATION 6 Preparation of Acetic acid

1R, 2R- ( 3, 4- di net hoxyphenet hoxy) cycl ohexyl } - 2, 5- di oxo- pyrrolidin-3R-yl
ester (6a) via One-pot Process (Acylation, Etherification, and 15
Cyclization) To a cold (0 C solution of 1R 2R-am nocycl ohexanol (1a)
(1.00 g, 8.68 mmol) in dichloronethane 517.4 mL) under nitrogen was added
.2R-acetylmalic anhydride (2al) (1.44 g 9.11 mmol ). The reaction was
allowed to wvarmto anbi ent tenperature and stirred for 1.5 h.

3, 4- (di met hoxy(ebpnmbgsyii[z.(achbmmy R AREMokRB)cidhdx Jg]-l&%rrro ‘?Pé‘ 20 nmol )

was added in a si ng UE) 3n and the solution 'was subsequently’ cooled to O
C. HBF4 (Ceswopnd ofdaropauian(il, 20 NMR GB0nre0d MHzRS 7Heftéa1 4nd2th6.954dal t ant

m xture was J$?‘|J-r 8da 4B Torg IH); 4. @gq)gl(mcm)o?lgé% éﬂ@”&{l_? y@_ﬁdggﬁed vi a

syringe, and the solution was raised to re en al | owed
to cool td5%MBi Bht 3 BEAFE(E: Yk 257 12610 (M 1H).chiRrAlT3om. So) {6nt.0dmyacuo. The
resi dee wag. taken up in ethyl acetate (25 nL) and 25 water (25 nmL), the
organic |l ayers were separated and the aqueous |ayer extracted with ethyl
acetate (2 x 25 nL). The conbi ned organic | ayers were washed successively
with H2O (25 nL) and brine (25 nPIR)E,PAMTe:dN\gith MgSO4 (anhydrous), filtered,

dth hy of th
resi due orl By SRR e i R e B st her e PR PR R 2R (3. 4
30 di met hoxyphenet hoxy) cycl ohepynrc}hdm ;Bbylcicetate pyrrol i din-3R-yl ester (6a),
as a viscous yellowoil (680 ng, 19%yield); M (ES+) 420.1 [M+H +, 437.1
[ MFH2ZQG +, 442.8 [ NieNegolutiop ®F (FFREFMFRNARICNhYdrPxyigyalohex- bl)-8/5-
(3R)-1- [(é&o%@rd%‘r{ g‘yl(a%ef]atéjh 1@@%’@? %nlﬁjrhé}?ﬁglil%ﬁg o%ﬂé{éol rhlé)tatO

3-pyrrolid nol (Conpound olution o Ic acid
1R, 2R- ( 3, ‘ZIH"%?WSW%@W@ISHBBWM@M FJORX, 63.46g. A 1ckmmply 2:98Inldi n- 3R- |

ester (6a’)’he£v91x§.:rélwa§-st3r%drmm9mlnﬂte%%hMQrSGMﬁoJEEZ (Rodiz)ioqfes added borane- THF
conpl ex solution (1 nde . The reaction xture was stirred

at anbi en"t“eih@?‘rltp@?@t')ﬁff@' ?3r2't1@")"?f8a¢9§'m'dPFﬁe (28 &% t58rmmpR inanbydtess cool ed to 0C

an?hq}_% :’leﬁﬁin§ l(mgd M)bvésftf[&déc% e %n%d.ﬁorﬁ@hﬁéuootar Hberarizé 511r@té%1—|)|'|h§at ur at ed
Wi s and concentra er. vacuum to gjve a el | ow syrup.
Triturati %cﬂ‘?tlﬁ’f‘ “faﬁ 'ﬁr"(f‘ﬁm%?l a@??ﬁ{t@'_’[‘@er L)reé‘f"ﬁdg rERddot 'éoulrﬁ)nWﬁ%r ochl ori de

salt of (@Bpni) Ma&R}eﬁl%)ddéd hi2d stirred for 15 minutes. 10 % aqueous NaHCO; (10 mL)

was also added slowly and stirred until no more bubbling was observed. The mixture

was then transferred to a separatory funnel and the layers were separated. The

20  organic phase was washed successively with 10 % aqueous NaHCO; (3 x 150 mL),
water (150 mL), and brine (100 mL). The organic phase was dried over Na,SO,,
filtered, and concentrated. The residue was dissolved in toluene (200 mL) and cooled
to -20°C for 18 h to precipitate the trichloroacetamide by-product. The mixture was
filtered and the filtrate was concentrated.

25 B. The above procedure was repeated with (3R)-1-((1R,2R)-2-
hydroxyicyclohex-1-yl)-2,5-dioxopyrrolidin-3-y| acetate (30.5 g, 0.120 mol). The crude
product from the two reactions were combined and purified by column chromatography
(hexanes-EtOAc, 4:1, v/v). The product from the chromatography was dissolved in
toluene (200 mL) and cooled to -20°C for 48 hours to precipitate out the remaining

30 trichloroacetamide by-product. The mixture was filtered and the filtrate was
concentrated to afford (1R,2R)-1-{2-[2-(4-benzyloxy-3-
methoxyphenyl)ethoxylcyclohexyl}-(3R)-2,5-dioxopyrrolidin-3-yl acetate (49.5 g, 58 %
combined yield) as a light yellow oil; MS (ESI): 496.1 [M + H]* 518.1 [M + NaJ".



(3, 4-di net hoxyphenyl ) et hoxy] cycl ohexyl ]-3-pyrrolidinol (la) as an off-white
solid (340 ng, 74%yield) with 79.5% HPLC purity; 1H NVR (400 MHz, D20): 6
7.05-7.02 (m 2H), 6.94 (dd, 1 H J 2 Hz, 8 Hz), 4.43-4.38 (m 1 H),
“4.11-4.04 (m 1 H, 3.89 (s, 3H), 3.87 (s, 3H), 3.69 (overlapping dt, 1 H,
J 6 H, 9 Hz), 3.50-3.40 (m 1 H), 3.31-3.01. (m 5H), 15 2.97-2.79 (m
2H), 2.37-2.30 (m 1 H, 2.10-1.70 (m 29y | 1.45-1.12 (m 4H). Isoneric
purity: 99.6% ee hydrochloride salt of (3R -1-[(1R 2R)-2-[2-(3, 4-

di met hoxyphenyl ) et hoxy] cycl ohexykEparRYc@hhdi nol (la) vs hydrochl oride
salt of

R
S, 2S) - 2- [&ﬂf?%%—L?—%ﬂﬁwﬁwﬁymﬁpmwx%m%bmqwﬂ}ﬂﬁ)mwplmlrn'éﬂol (1b)
| someric purlt_e/ 4. 02% of the hﬁjroc | oride salt of H%38 1-[ (1R, 2R)-2-[2 20
(3, 4- di met hoxylSHeRgfutianah 615 2RY tiokd¢henzdony-methowiphenyhethoxylobser ved.
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9, J = 6)bubBliRrwas Sfseftedp The solition v@d)conﬁerﬁﬁatéh 4nd rfethanblitiHC! 8. FOM2. 80 (m

8 2. 38- 2..12-1. 70

(SDS) 1- (X t'fﬁ)"(gh %]_'F%’Ozfmﬂl%ﬁqg?&(ﬂﬁeﬁ%t OQtWSWTt@?i‘T %ég])@d] '@e‘gyr rolidino
|, (Tonpouhdowt Thercouled s¢iLitidn) waslthiNbhoebRated HOdohHA R, )8 -{8§244-82 g m692I(—|)

6. 78 6. 7 3 3.71, t wo
S, X en&@b@g%g\%@x?%l%%xé%o@}fyﬂéh%wg’?)néy rél_é%n 3%%(91829 62 (m 2H),

2. 22 2. 10ql{amtlta!l_vﬂlel@a&)@y@llowy(lm Thelcrude, @educow@busehin thenextaateb 69
(
S,

39) - 1- [(Jvth tf fion: 'H NMIR (400 Mz, CDC
29) - -C3 urtgerpur l((:)a;(lofl heny (O ox?]%ycao%gxi‘/ﬁ 1H ol Pl%l

(Corrpoundna) H‘)(ﬁ%f@e@l )J‘}Ir22 S(M)04 006 3dHn). 561)13156-356@1(21!1! 2H)
6. 95 {4d, vy 0 1H,
oo ?’351873 3%\/\0'2 50](rrr 781) 237)15- 2h0 érﬁ é'lii’) (2368 Ebr 4‘Hi_% sk %g%gm 3?14)( 13)5 ) s 30
(m 1H), ! ﬁ@anW)BM(SrﬁESQI—ﬂZB ZLMSHi 10 (m 5 4H) . PREPARATI ON 9 (1

R 2R)-1-{2-[2-(4-Benzyl oxy- 3- met hoxy- phenyl ) - et hoxy] - cycl ohexyl }-(3R) -2, 5-d

i oxo- pyrrolidin-3-yl acetate 1 R oI ution of
(3R -1-((1R 2R) - 2- hydr oxyl cycl o%@épﬁ %11?0[; '
(3R)-1-[(1R.2R)-2-[2-(4-Hydroxy-3-methoxyphenyl)ethoxylcyclohexyl}-3-pyrrolidinol
20 (Compound of formula (le))

A solution of compound (1R,2R)-1-{2-[2-(4-benzyloxy-3-

methoxyphenyl)ethoxy]cyclohexyl}-(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

25  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 dissolved in water (250 mL) and washed
successively with ethyl acetate (3 x 200 mL) and chioroform (10 x 150 mL). The
agueous solution was saturated with NaCl and washed with dichloromethane (4 x 200

30 mL). The combined organic extract was concentrated and 5 % aqueous NaHCOj; (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



di oxopyrrolidin-3-yl acetate (4a) (13.5 g, 53.1 muol) in anhydrous tol uene
(80 nm.) at 0 C under a nitrogen atnosphere was added HBF4-CEt2 (3.40 g,
21.2 mol, 2.90 nL). The mxture was stirred for 15 m nutes and a sol ution
*of 2-(4-benzyl oxy-3 net hoxyphenyl)ethyl-2,2,2-trichloroacetimdate (23.5 g,
58.4 mmol ) in anhydrous 15 tol uene (100 PL) was added via an addition
.funnel over a period of 30 m nutes. The’! sol ution was all oned to warm to
anbi ent tenperature and stirred for 3 hours. Water (100 nL) was then added

and sti rr\@euérﬁqonlp%ma fBJéf%$d (31-19 1%%9@% Maw@%(y(slfqem& was al so added
slowy and stirred %M/ bserved.” The nj xture was

then t rarfg‘leé}"\reé"b"xt’]ﬁy%oh?éﬂh? BYF(B‘?'V"‘PUHQQ g, ﬁ’ﬁ@) espefhite pavdersébar at ed. The

20 orgamwahmmwa&:wva§)fmsz(&qHS§h\aej)ysm(mslw)"/cear@te@OﬂLSJNadﬁCB (3 x 150
m), water (150 hase was dried over

N2SOon 490 A284m. th o ROk BHD At 7O I oS SRR HLED Hed=i n t of uone
(200 mL) Bmed €06) b7 -89 (@) CH),ar.84.82.5 (M, M)ezsau(a@tm yraoty+elahoroacet am de

e, The atet BPBUBT oo Rhe 8 sbar i r 10 i D 3%3?*8&;?25& 0

hex- 1-yl1.42(6-4H)pROPYMR CloDdille, TDA),) 3OSt 2, 23. (58027559; 2901 1322042¢m06.y0, The crude

product f t a col um

Chr omat ogiBhy® CPrh B2 oB e 128, P 1T ree B Bhiel bF g

chr omat ogt4ditdy 146187, (ﬂRSS4B&/(€HH|stretchpl1E@he15020’(2731.‘)098nd)3ﬂ)0861edn’t ®AS 20C for 48
hour o] i eut the remaining 30 trichloroacetam de by-product.

The ?10§<tu gﬁ\%/asg%@ffe)red and the filtrate was concentrated to afford

(1R, 2R)-1-{2-[ 2- (4- benzyl oxy- 3-

met hoxyphenyl ) et hoxy) cycl ohexyl ﬂDREBB?{A;g@NqIQoxopyr rolidin-3-yl acetate
(49.5 g, 58 % conblned ‘1 ellowoil; M5 (ESI): 496.1 [M +
H + 518.1 [ N1& RB}H2 Wﬂnaﬁo_{)@picqul)ethoxy]cyclohexyl}-z5 -dioXo-

R 2R)-1-{2-[2-(4- Benzyl oxy- 3- ptdna iy hdeedtboxy] cycl ohexyl }- (3R) - pyrrolid
in-3-ol To a solution of (1

R 2R)15l-{ 2- [2 '(cﬂa biﬁllbli}(b%i)’soiztﬂiﬁtdﬂ@@mh@mQP?EW@M](ylcyclohex-1 -yI)-2,5-

cyclohexyl dIOX rroI|d|n 3- acetate 00 nol ) in
anhydrous léro%fy'rﬁ_‘:?t éro 91|5§r7d5'é‘ﬁx\9(h hé(ﬂ@é‘adé’h'GW”iﬁ%qu (1% (1.0 ™
sol uti on inn) WhiFadd@a@etmﬂwrpbormncnd@thyl%rsodnptekszms mﬁ@teedtatno 80C and

et hanol 2O HE e e 2L Sty 2B e BB RSB L SG- obser ved.
The sol utbmymﬁzxmmwphawebtw Btrivaloedacetiridate((24.8, M 6 HEAdIt.@ i n
CHBO_.‘ZO SOQquTQ in‘ﬁ?c%lo?o%ﬁjan H]EO %QB Wa Iag %d%§n Fl',l?l%&l ove;”[ 90 r%%gtegnclihSt irred
reaction mixture was stirred at 0°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 aqueous layer and subsequently washed with dilute NaHCO;
(5% wt solution, 2 x 100 mL), and water (5 x 100 mL). The organic layer was dried
25  (anhydrous MgSO0,), filtered, and concentrated under reduced pressure to ~100 mL
solution. The solution was cooled at -20°C for 24 hours and the precipitate
(trichloroacetamide) was removed by filtration. The filtrate was further concentrated 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 filtration, the filtrate was
30  concentrated in vacuo to give (1R, 2R)-1-{2-[2-(3-benzyloxy-4-methoxy-
phenyl)ethoxy]cyclohexyl}-2,5-dioxopyrrolidin-3-(R)-yl acetate as a pale yellow syrup
(25 g, 86% yield).



10 for 1 hour. The cool ed solution was then concentrated to afford

(1R 2R)-1-{2-[ 2- (4-

benzyl oxy- 3- met hoxyphenyl ) et hoxy] cycl ohexyl }-(3R)-pyrrolidin-3-ol (50.8 g,
-quantitative yield) as a yellow syrup. The crude product was used in the
next step wthout further purlflcatlon 1H NWVR (400 MHz, CDCI3) S 11.45
(br, s, 1 H, 7.50 - 7.10 (m 5H, 62660(m3|—|) 4.22 (br, s, 1 H,
4.00 - 3.85 (m 5H), 3.75 - 3.55 (m 2H), 15 3.35 - 2.50 (m 7H), 2.45 -
2.20 (m 2H), 2 08 (br s, 1 HpREPARATION 29 (M 3H) 1.35 - 1.05 (m 6H);
M5 (ESI): 426. g I_[%+ PREPARATI ON 11 (3R)-1-[

R 2R) - 2- [2(3’(?h11£69 N ~(%-€?'P?d!93lbﬁ—éﬂ?fh9>§'9h F&»péy]mxs]w%mﬁwwa@h di nol 20

o o i MR 2R a8 S By

met hoxyphﬁfeywl)eehdnq}cy@cr}e)dyl@h@@b)}opgﬁmrpy-émpjl bdetatfﬁ’(zmg ol 5?831@01) 00 mml ) in
th ed to ar ake ottle.t

g‘r9 ev?ousl ngﬁgbﬁg\r?g@dm&) T}E)EEEB,%F édfefl’)g%/aoﬁﬁ °H‘p{9’(§’f"u£\ @ﬁ&(&?fy in

wat er . ThelLb®s Moequmsigitsoaderat via Headditidh flaar a@eeraqieﬂbd am) raivaesat ed.

Yy r ogen PAFRRUI hidfrd b palfis b RER AR FHANATLE R HESRRL RS, ShaKeD o

1 hour. ure was rou filtrate
was concegnotegite d. Cﬁmequemfadelmaﬁbmctiﬁ@h\pémethmmb(t«% nﬂ_zmerfe)actmnd washed
successi v et at and or 10 x 150 ni).
The aque@!%urs o%gtc gr%c%%r\%tgg g 6?%4“%8‘)’(%% r%%ﬁ"b%& ﬁ

di chIwon@sﬁaﬁwaﬁadd\em@thaﬁbhn{l‘p sTlbtorcori2E i th me@amchQQxhk&cﬁ was . )
concentra ng{j tot e residue. The
suspensi o%&&l/azé?‘s )I Jir{gegayt%%% éés@%%(Q E{%n%@ Qf)rrgct e%l WF M et hyl

acet at e (®ixures@s gpgled fﬂﬂm@@ﬁﬁﬂmafyreg%tm Qoneentlraa&ﬂf l]?wdaglreeu@hd: ;Feissucwher "
anhydr ousiNAI@Ry-1fjl1R B e (3Rdn ﬁm?] iR to afford a yel |l owi sh powder.
The povvdgr was 2 e[(ln tér?:lg)t u[r egt eg % Fﬁgcet ate (3 x EgO nm.) and

subj ect edp*ﬂQﬂyhfp‘f@wmc'ob%l}@rﬁy(r@i'dln%ama)co Hessf Syeuri(35.0 g, 89 % yield). The

(3R) - 15 [ ( ddnpl&vad ubet &lfbtWWﬁf@&Yﬂﬁh@?Lﬁiﬂ&é{mn in the next s
phenyl ) et hoxy] cycl ohexyl ]-3-pyrrolidinol (15.6 g, 43 % yield) as a white

powder; 1H NWR (400 MHz, CDCI3) 56.82 (d, 1 H J =8.0), 6.75 (br s, 1
H, 6.70 (d, 1 H J = 8.0), 4. BREPARAIONAY 1 H), 387(s 3H), 3.78 -

> 59 (m 1@ BRI tiliodBelisNptaietonS ophSiyid- pvjrohn%ou) ¥ s

- 2.38 (m 2H), 2.09 - 1.95 ((@onPlelund df formuia @HB2 (m 1 H), 1.73 - 1.58 (m
3H), 1.41 - 1.15 (m 4H); 13C-NWR (100 MHz, CDClI3) 6 23.25, 23.68, 27 59,
29. 2120 34. 42, Becqpoung &3R41-[(H8.26%2-1568- b@zybayﬁgnetwwm 71.29, 79.59,

111. 98, 1&ﬂer@gethé%y@éhe%rﬁ%—ﬁyﬁ‘ondmol (35.0 g, 75.8 mmol) was added methanol (150
mL). This solution was transferred to a Parr bottle and Pd/C (10 % wi/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
25  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-
- phenyl)ethoxy]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
30 mL). The aqueous 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 MgSO,), filtered, and concentrated under reduced
pressure to give 3R)-1-[(1R,2R)-2-[2-(3-hydoxy-4-methoxy-
phenyl)ethoxy]cyclohexyl}-3-pyrrolidinol as a colorless syrup; *H NMR (400 MHz, D,0)



144.23, 146.67; IR 3436 (O-H stretch), 1591, 1515, 1272, 1098, 1030, 851
cm1l; MS 10 (ESI) 336.2 (M+ 1)+. PREPARATION 12 (1 R,
2R) - 1-{ 2-[ 2- ( 3- Benzyl oxy- 4- net hoxy- phenyl ) et hoxy] cycl ohexyl } - 2, 5- di oxo-
-pyrrolidin-3-(R)-yl acetate 15 To a chilled (0 C) solution of

(3R -1-((1R 2R) - 2- hydr oxyl cycl ohex- 1-yI % 2,5- dioxopyrrolidin-3-yl acetate
(15.0 g, 58.7 mmol) in anhydrous dichl of®nmethane (100 mnl) was added
tetrafl uoroboric acid diethyl ether conplex (3.2 nmL). The resultant

reaction ¢m a% Stk REed qat, 06 f or,,2 ' re. addi sol ution
of 2-(3- %’éﬁi&q@xﬁ%ﬁéxgt‘% rgh%‘)) ?égharé-gz(ﬁg,t'%?’t“?ﬁ: Pt P Puoce (24.8
g, 61.6 nhe5.2, N=1951).288% (puiBH),)3.67n IBEcim, SHurEettha 81 (M ODH)NR.Y7 vR.A04m, addi ti on
funnel ov it SqnTheq j i 24t Lt LOCuntil the
reaction ﬂ-li’sg'j@ﬁg]zggt(@bﬂ_l)l’ g?é Ssﬂ%ﬁgn)’g]hﬁl %ﬁsw%hl-@ “rR'easg?? nHrri xture was
quenched %Me[tcﬁ‘).vﬂég%rw(‘@y 981 10227e : MSyESIB3Baydt + Was separated fromthe
aqueows | ayer and subsequently washed with dilute NaHCO3 (5% wt sol ution,

2 x 100 nmL), and water (5 x 100 m_% The organic | ayer was dried 25
(anhydrous MySO4), filtered, andREBARARKAN{®d under reduced pressure to

-100 nL  sol utth@rsimiibhtasaéids @Rfon Sb6@oh $leiratiod @eparaiich 1wl and the

precipitate trichiorqacetamd S _renopve filtration he filtrate
was further” téﬁ@@‘?{? P t%ﬁs%%méecﬁ%?rﬁﬁ%mgénglsn E%I.OW icgmﬁf’ﬂy&c’l— was repeat ed
t hree ti nfesmulatl) weretpeeganédk of t he by- product (trichioroacetan de) was

Lol oL R B B A R T 1
phenyl ) et Broxyqlidipol, rasxydupd 2f erriilaxighyandol i di n-3- (R) -yl acetate as a pale
yel | ow syrup > R&?ﬁggy'_ ( 2. / Sh [ (1

R 2R)-2-]2-( 3-(_%52}%40@- £ @%%ﬁ@?&g%&ﬁ%@@ﬁ%& E@%@S@%ﬁ‘ I3 pyrrolidinol
To a sol udPyreligino( (Ermpowyd af formylpli)B- Benzyl oxy- 4- met hoxy-

phenyl ) et hoxy] cycl ohexyl } - 2, 5-di oxopyrrolidin-3-(R) -yl acetate (42.0 g,
84.8 mml) in 5 anhydrous THE (300 ni)_at OC was added borane- THF conpl ex
soluti®n (1.0 M 297 nL, 3.5 nbREBABAVEMNEAES) under N2 via an addition

funnel over a3pphi[0& 2H)-260-(BldrdithethoxypR&rey/)e@a%yEyRbhEkt3pRrongifolneat ed to
reflux for 60 m:(lgru'éesﬁ Thfe r eagtcj (%Ergorm at(I” e as, &ool exg to 0 C and quenched
sl owly by additi'ofiPgf e FRABLIRL Y FH_UT. PAUNPUSOVERYEXCHASBLr e was
concentrat ed UR.der Troead&ﬁ'ﬁe% Blufizr & ((:T‘F\‘,t QR)[f-g&/z?lo&Pc%clg &yﬁa%qnet 8) H}g g,
0.609 mol) in toluene (1620 g) was added 2R-acetyl malic anhydride (2a1) (129 g,
20 0.816 mol, 1.34 equiv.) in small portions as a solid. The reaction mixture was stirred at
65 °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 acetyi chloride (107 g,
1.37 mol, 2.24 equiv.) was added. The mixture was heated to 60 °C giving a clear
solution and was stirred at the latter temperature for further 3 hours. The reaction
25  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 (acetyi chioride and toluene)
off to receive 1714 g of (3R)-1-((1R,2R)-2-benzylcyclohex-1-yl)-2,5-dioxopyrrolidin-3-yl
30 acetate (3a) in toluene.
B. To a solution of (3R)-1-((1R,2R)-2-benzyicyclohex-1-yl)-2,5-
dioxopyrrolidin-3-yt acetate (3a) in toluene (446 g, 0.151 mol) was added 10 % Pd/C
(6.3 g, 50 wit-% 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



10 residue was added nethanolic-HCl solution (-1.25 Min nethanol, 297 ni,
3.5 equivalents). The solution was then heated at 70-80 C for 2 hours. The
reaction’ mxture was cool ed to anbient tenperature and concentrated under
“reduced pressure to give (3R -1-[(1 R 2R)-2-[2-(3-benzyl oxy-4-met hoxy-
phenyi) et hoxy] cycl ohexyl ] -3-pyrrolidinol as a colorless syrup (35.0 g, 89 %
_yield). The 15 sanple was used directly 7$i t hout further purification in the
next step. PREPARATION 14 (3R)-1-[(1

R 2R)-2-[2; 6%9W&fﬁ9®h&w§refﬂ@ﬁ%gé§§%‘ﬁme)r‘é&&%Wa@%nﬂ&%&)ﬁb]Hﬁooyﬁhrem i di nol

( Conpound of formula (1f)) 20 To conpound 25‘
R 2R) - 2- [T22¢i9D HiRyuie V&@&;ﬂt&[%'{hﬁcﬁﬁﬂﬁle ‘ﬁﬁ%W?ﬁFr)e@th %9?@%@%@%91@%Naﬁyr rol i di nol
(35.0 g, coacshtrdd i vi&D ta@ﬂ,eck (m-tﬂ[@m@iR)(iﬁghroiVe}clohBW}“zz gol ution was

transferred to on activated carbon) was

added por?'?PERYW 6}@5" v Ilchtaheaq%ﬁ)[%ﬁ AMALE §9§@°§P‘ﬁﬁ%ﬁ5’l’\éﬁ6&9hrough the reaction

m Xt urse. Hydrdgen Hm&s&mﬁe&l (060) $18mtibnwa8 (Rhw1m)4mdmglcyctmemssel shaken
25 for 3

whi t f th
ctarti ng neteroRfoih TGl b (0% B B P Fec PR Oge & pad of
Cel i t e antdtrafluerdbiolit acit diettybetbem ddiet addituh the sgiutien was allowed to warm up
3R)-1- - : .
ph)enyl g (e'}( ﬁozéy cé@ %ﬂéﬁ%wgﬁ%ﬁﬁ ﬁbo?y;g-l% %oggtnchloralceturing%tg (‘Eéai)r( 84 mﬁ?e crude
product wadolueredEef glvay aded IW%fcﬂJléde Of-ld?lhosroITthlelrmtl(MB’Gxth)waand washed with
chl orqf or flo{vBd Yo i for3ehE-30 mTrh@ntﬁ‘g'léerQé'&loh@\)é udﬂ@ﬁ td &?ﬂ?n@ﬁ ?WCW th solid

NaCl (100 _g) and the solution was extracte hane (8 x 200
m). The EBRHNAELPYNGTFBHIRBIREITVasspoledde s1owsr anddhe eecipdrtRg dr ous MySO4)

fR . |2 tR )er gd[mam@koamsraﬂbwsmeruadwne ﬂ&d«émhws&he&w:s wﬁtee 5?* Y60 )Frérln[ <(:| 1 |

OX en CycCl onex rrol 1 dlnol as
a col or| 58 °HA" 3 ﬁ%&&@é'vgﬁlfz 3/5[%28%' ‘gg# Pé?elma Pé’ J’W”'gpmd%dO) 6.86 -
§133 (m &tionbf a?;R)-MmR@F()m 213 hdimeth& phevwdeihappeyedhdkyl}-2 5-dioxo-) ~;>72 J

2.70 (M ayrﬁ%lélnggggétatf ga) Tﬁl‘ft%hﬁsq_étn%éw¥?ddeci1ggt?lmnegwéceweﬁliq 591 10 (m
4H); | R sA@en(\@hith catiaies 2Ny % ASOE)- 1R 2REGEB(3,4022 cn; MS (ESI) 336.1 (M
+ 1)+ 5 R,

Prepar ati B pay ey oo 2 RS molin & L IIGLD, o
starting mat erPal s, Tathe ceeled &M%gobmtﬁﬂ@@ 10{(1R 2R)-2 [2-(3,4-

dimethoxyphenyl)ethoxy]cyclohexyl}-2,5-dioxo-pyrrolidin-3-yl acetate (6a) (29.9 % in
20  toluene) was slowly added a solution of borane-THF complex (1 M, 3.5 moi eq., 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 to 0 °C and slowly quenched by the addition of a
methanolic-HCI solution (~2.5 M in methanol, 373 g). The solution was then heated at
reflux for 2 hours (62-66 °C) and the hydrolysis of the borane complex was monitored
25 by HPLC. The reaction mixture was cooled to ambient temperature and concentrated
under reduced pressure to obtain (3R)-1-[(1R,2R)-2-[2-(3,4-
dimethoxyphenyl)ethoxylcyclohexyl}-3-pyrrolidinol (la) as a pale yellow syrup. The
crude product was dissolved in water (1192 g} and the organic layer was washed with
a mixture of methylene chioride / chlorobenzene (1:1; viv) 4 fimes. The aqueous layer
30  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 (anhydrous
MgS0,, 223 g, 8 h), filtered, and concentrated under reduced pressure to give
(3R)}-1-{(1R,2R)-2-[2-(3,4-dimethoxyphenyl)ethoxy]cyclohexyi]-3-pyrrolidinol (ia) as an
off-white syrup, which solidified to a white foam upon drying under vacuum. The

35 product was dissolved in isopropyl ailcohol (279 g) at reflux, and then a part was



formula (1) were prepared: 10
(3R -1-[ (1R 2R)-2-[ 2- (4- et hoxy- 3- met hoxy- phenyl ) et hoxy] cycl ohexyl ] -
3-pyrrolidinol, (Conpound of formula (1g)); and (3R)-1-[(1

"R 2R) - 2-[ 2- (3- et hoxy- 4- net hoxy- phenyl ) et hoxy] cycl ohexyl ] - 3-pyrrolidinol

(Compound of formula (l1h)). 15 PREPARAT&?\I 16 (3R)-1-[(1
.R 2R)-2-[2- (3, 4-di met hoxyphenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidinol
(Preparation of conpound of fornmula (la) w thout solvent exchange) A To a

stirred s@iimbd e éﬁh 4 dfRo rx?e@vezwb%glzbfbélﬂwlﬁﬂld?\h@&d@mtﬂﬁ 5,r(>fa dor( 0. 609

not) in toluene %%ﬁwasa ded 2R- acet mal i c an% g_ga) (129 q,
20 0. 816 WdeoPraPYsacedyin<P0)9)wasakdded, thegthe Bﬁgt'%sw%? allgwedito cprbtodesct i on
m Xt ure was4 sbinsiefbrata crfééiam?aeww@wmcﬁm& ﬁﬁérﬁb%ﬁdﬂleﬂ”&i urflef @dcudmbhgur s

stirring,_no startin terial e.reaction mxture
was cool ednPgMAgMBefa rgﬁ’ﬂﬁéb@t"ﬁ}e@@ﬁ?‘fﬂ &f@g‘xéﬁ %):?7{%%314 2.24 equiv.)
was ad:‘dedd|mE’mexyphehweehw@]isydﬂaaatxglqi&tpgrrﬁmrﬁl @ayving a clear solution and was
stirred-at the latter tenperature for further 3 hours. The reaction 25

m xture was cool ed to anbi ent terrperature. After allowing to stand at

anbi ent tenperature for 16 hours, th&*&xcess of acetyl chloride was
distilled off i I&o until the
boi | i ng poi ntwﬁkat@ﬁmggﬁotne%%régﬁﬂ%gn%-%beaﬁy méi%%gé&'tﬂgeom t e c’%@%@tl on

m xt ur e weatieylartsmbogdimentsthgreoh dhasy skited ip thejrrt wil kpprekiatertbat vadeds t o recei ve
1714 g of ad=Pkiod: c(réaﬂa&szR)oﬁ%c&%'ﬂ@@uﬁé‘&ut%h@&feie‘z%h& orladaitidh¥RYEattesdi n- 3-y!

30 acetate (3a) i n toluene, B. sol ution
(3R -1- ((IR Rgo"?st%ﬁ?( 'E'S‘Rﬂ‘%'m?}d“iepﬁ‘ftwgf%’ thﬁﬁB‘ﬂb”W’rﬁ%P? #fithe 3-yl acet ate
(3a) int Wlétﬂiﬁﬁ (4 Prtcpded tﬂ&éfof@lk)at %Sn\%ﬂﬁ@ﬂbé&f%ﬁ’g{/ fhe dcBpedofdng 50 WL -

water wet),. t.he reac el was, flushed with H2. The
reaction 'ﬂsd’?’ °'W§E°Véai“§ {{ﬁg'ﬂm tcai%s@m?d%r?tequs(%oaﬁg/rﬁs I8 525803biRPs and at
45 C undeonergkilleddn fe dofar) for 15.5 hours. The progess of the reaction was
nmonitored by HPLC. The reaction mxture was filtered, the filtrate was
washed with toluene and the filtrate was concentrated in vacuo to give
3-(R)-1-[ (1R 2R) - 2- hydr oxycycl ohexyl ] -2, 5- di oxopyrrolidin-3-yl acetate
(4a) as a white hygroscopic foam (46.0 g). 5 C. To a cooled (0 C solution
of 3-(R-1-[ (1R 2R)-2-hydroxycycl ohexyl]- 2,5-di oxopyrrolidin-3-yl acetate
(4a) (120.6 g) in 800 g toluene was added 12.5 g tetrafluoroboric acid
diethyl ether. After addition the solution was allowed to warm up



to 20 C Then 171 g of 3, 4-(di net hoxyphenethoxy)trichl oraceti m date (5a)
(0.54 nol) in toluene (600 g) was added over a period of 1 hour. The
reaction mxture was 10 allowed to stir for further 30 min until the
“reaction was judged to be conplete by HPLC. On conpletion, the reaction

m xture was cooled to -15 C and the preggpitated trichioroacetan de was
filtered. The filtrate was washed wth water (5 x 100 g). From the organic
| ayer a part of the solvent was distilled off to receive a dry organic

product solution of 3-(R)-1-{f 31,
R 2R)-2-[ 2- (3 4- di met hoxyphenyl étTrll%;(:y E:"{'/% cl)%exyl} 2, 5-di oxo 15

pyrrolidin- W acﬁtrﬁétﬁodgﬂ%m%mﬁ 5‘9"0'%?8”‘5 added 10 g toluene to
con %’ of _

receive 471.5 sol 1 on al ns
3-(R-1-{(1R 2R) 2-[2-(3, 4-

di met hoxyphenyl ) et hoxy] cycl ¢ hex A} - o pyrrol idin-3-yl acetate (6a)
(141 g). D. To the cool ed m -1-{(1 R 2R)-2-[2-(3, 4-
di met hoxyphenyl ) et hoxy] cyc gxyl}-2,5 YR pyr( olidin-3-yl acetate (6a)
(29.9 %in 20 toluene) was™sl oW soI ution of borane- THF conpl ex
(1 M 3.5 nmol eq., 1016 g) unde ver a period of 3.5 hours. The

reaction m xture was heated at re qu Por 1 h. The reaction m xture was
cool ed t @r@ phaanstesiicay ycc:q;pemd\mtt éxyext bmmddmmplexl chélata, clafatdtanol i c- HCl

solution (-2.5 n_net hano hen heated at
Fetlux for > el el eaRcereREo TR melRhRR PO PRZoh a7 ABompl ox was
noni t or ed 25 [sjeréthbcbriertn es meaigiureitherspikt ur e was cool ed to anbi ent
tenperatqgt%%;?d concentrated under reduced pressure to obtain (3R)-1-[(1
R 2R) - 2- [ 4- d| met hoxyphenyl ) et hoxy] cycl ohexyl ]-3-pyrrolidinol (la) as
a pale yeﬂial B\AﬁB@/Ruﬁfe IMrpendsniid Srommineg wbiorinesiugiies shapedy. vdregerer (1192 g) and

the organic Iq?efoxmadmm@dywrremanésmoxwde Rifro, By S@RfyE! or i de /

chl or obenzene times. The aqueous a er 30 was then saturated

with solid Nadifiyesoreetayl Szt RN ETsiei vm@z-@xq"fa@ev'ew i Claaliyl,

di chl or oret hartf:1 & Rik¥xyP 30- cg;aralmsj cothiksgcabaanics-d By, wet - dri ed
(anhydr ous 3%5 223 g, h), fil ter‘gtg(Sj and concgntrat egﬁ/Lnder reduced

pressure to gi R and

(3R - 1- [ (RRR2RY® anc[ R? 413, e@cdinmébérmeyimf‘@fledte)ce’trdﬂﬁhyc]reg@i abeayiyl ] - 3- pyrrolidi nol
(la) as an off |tgor§,urp cp solidified to a white foam upon drying

under vacuum %%5\6 o ?’ v&?s di ssol ved in isopropyl alcohol (279 g) at
refl ux, awigch hethOdealptlsewas 75 distilled off (184.5 g) to receive 170.5 ¢

product sgl uti QI 2hdodha bibsnSQlation (= 114 g) isopropyl acetate (250
g) was added, E%lr?gt he;]@c? UtIE)OI’l wask | lowed to cool to 5 C for 4 hours to

forma crystal I ine solid which was fidfgered and dried under vacuum at
anbi ent tenperature for 48 hours obtra,,_ln 6.5 g of (3R -1-[(1

R2R) 2-[2-(3,4 _ gw
OR
R?.a
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):

Q b
\/:LK\Z_RS
R
(5)

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

compound of formula (6):



5 di net hoxyphenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidinol (la). Wile the

i nvention has been described and illustrated with reference to certain
particul ar enbodi ments thereof, those skilled in the art will appreciate
“that various 10 adaptati os, changes, nodifications, substitutions,

del etions or additions of procedures and protocols may be made w t hout
_departing fromthe spirit and scope of fhe invention. It is intended,
therefore, that the invention be defined by the scope of the clains which
foll ow and that such clains be interpret as broadly as is reasonable to

one skilled in the art. 15 76 IMED I'S 1. A nethod of making a
conpound of forrmula (1): R4 ~ w{%wm ~OH or a pharmaceutically
acceptabl e salt, ester, anm de, eo’e’a elate, clathrate, solvate,

pol ynor ph, stereoi soner, net ab x?\lf wﬁ dr ug thereof; as a single
stereoi somer or as a mxture t here Brein: R3, R4 and R5 are

i ndependently brom ne, chlorine, 112Puor|(g) car boxy, hydrogen, hydroxy,
hydr oxynet hyl, nethanesul f onam do, nitro, cyano, sulfanyl,

trifluoromet hyjhereif ok R RQBI RSWhste at %Et?’one@a 97@ Fk%ﬂ-q’)dzgé%cyl Glafbal kyl,
Cl- C6al koxy, Cr7-Cl2ar aI kox%%p wc%aaélg ar bon ‘C1- C6t hi oal kyl , aryl or

-N(R6) R7; and CR¥genmpyote fineshaayeswidstt ed from
hydr ogen, ac etsyitable caidiiane sudH thatyipoo reaf&ﬂ:erCGﬂhkyd;mpMinﬂfdmmqu) Wigpr i ses:
a) reacting a the gg)n?puOI?Jgd %; fo];galgyé)?thg#ahs rega_éive ’coﬁlzg%ratljgln 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 (6) under suitable conditions to form a

compound of formuia (I).

2. The method of Claim 1 further comprising 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 a compound of formula (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, C»-Csacyl or an oxygen-protecting 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,-Csacyl.

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):



R2a OR (4) wherein each R28 is 0 or H2 where at | east one R2a in the
conpound of forrmula (4) is 0, and Ris H C2-Cbhacyl or an
oxygen-protecting group, with a conpound of formula (5): QRA 5 R3 ~ RR
*(5) wherein R3, R4 and R5 are as defined above and Qis a | eaving group,
to forma conpound of fornmula (6): 77 R3 1 O--Ra R2a R5 CrNR2a (s)
_wherein each R2Za is 0 or H2 where at | et one R28 is 0, Ris H C2-Csacyl
or an oxygen-protecting group and R3, R4 and R5 are as defined above,

under suitable conditions such that upon reaction of the conpound of
formula (4) with the conpouneN Bor la (5), the trans relative
configuration of the hydroxy rogp bHe carbon at the 1-position of the
conpound of ferrmula (4) is re Vnég\/?hr e rbon at the 1-position of the
conpound of formula (6); b) reduéfng th@acoégound of forrmula (6) under
suitable conditions to forma c&gpound of fornmula (1). 2. The net hod of
Caiml further conprising adeprogection step prior to the reaction of a
conmpound of forrmula (4) with compound gf, formula (5), wherein the
deprotection step conprises t eagfﬁg/aﬁﬁonpomnd of formula (3): 1 OR R2a
R2a OR (3) wherein each R21 is OORHR¥*\here at |east one RRais 0, Rl is

an oxygenyikah 85 RYs independently an oxygen-protecting group, each R% is O or H, and
R is H, C,-Csacy! or an oxygen-protecting group, under suitable conditions to form a

compound of formuia (3) as set forth above.

5. The method of Claim 4 wherein R' is an optionally substituted benzy!
group and R is C,-Csacyl.

6. The method of Claim 4 further comprising a condensation step to form a
compound of formula (7) or a compound of formula (B) or a mixture of a compound of
formula (7) and a compound of formula (8), wherein the condensation step comprises

oM
“NH,
(1)

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

reacting a compound of formula (1):

RZa
/

OR
RZa (2a)

o)

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 suitable 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 benzy!
group and R is C,-Csacyl.



group and Ris H, C2-C5acyl or an oxygen-protecting group, to suitable
deprotecting conditions to forma conpound of fornula (4) as set forth
above. 3. The nethod of Claim2 wherein RL is an optionally substituted

- benzyl group and Ris C2-Chacyl. 4. The nethod of Claim2 further
conprising a cyclization step to forma79 conpound of forrmula (3), wherein
.the cyclization step conprises reacting”a conpound of fornula (7) or a
conmpound of forrmula (8) or a m xture of a conmpound of formula (7) and a

conmpound of forgmul aTgﬁ}rﬁtﬂoi%Sofg%' ol Iang;‘—? HrRZAdk isiné tﬂggtolrrﬁ%tioa O (8)

HOR Rn 2a wherein eac I ndependen an oxygen- pr up, each
Rea is 0 A" agu adgitign sRt pidtheicorapounsint farmela (An oxygen- prot ecting group, under
suitable conditions to forma conpound of fornmula (3) as set forth above.
5. The nmethod of Caim4 wherein R is an optionally substituted benzyl
group and R is %2- cﬁa@meihosl.of?ﬂéomﬂfﬁaamﬂ%fvaermnm gempeundeb fpmiigi ng a

condensat i @i & t8RpduddiPiodla (1 WRRRURI RObnd R Bl iRudpéhddMiy Ay&egaund of
d a conmpound of

formula ( or a t yre of conpound of _formula (7) an

formul a (8)IrXKEF g}'ﬁsah{f?éy’d’ﬂwgﬂﬁggfg’ls%h%%e’pwc%‘ﬂp‘? icagriot ajl Bs bygragematc onpound
of fornul ah¢ gamefim@R ~ 'NH2 (1) where Rl is an oxygen-protecting group,
with a conpound of formula (2a)_: RRa O OR

10.  The method of Claim 9 wherein the compound of formula (1) is a

compound of formula (la): _
”zt:) OCHj
“"OH (la),

or a pharmaceutically acceptable salt, ester, amide, compiex, chelate, clathrate,
solvate, polymorph, metabolite or prodrug thereof.

11. The method of Claim 9 wherein the compound of formula (1) is selected
from the group consisting of:

|
ztl “ >OCH;

""" "OH (Ib),

oo

"N OCHs
l

N— “ OCH,
k/‘\OH

(lc),

(Id),



R2a (2a) wherein each R2a is 0 or H2 where at | east one R2a in the conpound
of formula (2a) is 0, Ris H C2-Cbhacyl or an oxygen-protecting group,
under suitable conditions to form the conpound of formula (7) or the
-compound of formula (8) or the m xture of a conpound of fornula (7) and a
conpound of forrmula (8) as set forth agg 7. The nethod of Claimé6
.Wherein R is an optionally substitute enzyl group and Ris C, -C5hacyl.
79 8. The nmethod of any one of Clains 1-7 further conprising the formation
of an acid addition salt of_thg coppound ofo&pwnula (1). 9. The nethod of

any one of Clains 1-8 wh i of formul a (1) is a conpound of
formula (1) where R3, R4 i ndently hydr ogen, hydroxy or

C, - Coal koxy; with the prov , 4 aodi R5 cannot all be hydrogen at
the sane tinme. 10. The nmet hod oOf aim9 wherein the conpound of formula
(1) is a compound of fornmula ( “uegh OCH3 OCH3jeyOH (@), or a

phar maceutically acceptable salt, ester, am de, corrpl ex, chel ate,
clathrate, solvate, poly h,oet.abol ixi e @H prodrug thereof. 11. The

met hod of Claim9 wherein compoun offor mul a (1) is selected fromthe
group consisting of: 0 OC

- OCH3 L j -, "OH (Ib), C~"NO OCH3 / ~
OCH3 v OH (lc), C~N-"~ |’N~®C|43\<%éﬁ@0f¢a4(|d),

~ay II’OH (lf)
OCH,CHs
"OH (I9),
O/ \/\C[OCHZCHs
” OCHga

"’OH (h);

and

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

_solvates, polymorphs, metabolites or prodrugs thereof.

12. A method of making a compound of formula (I):

OG- -

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

wherein:

R® R* and R°® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF2, -SO,N(Rs)Rs, -OCF3, C.-Cralkanoyloxy, C+-Cealkyl,



80 OCH3 [7N- OH O (le), OH N~ OCH3 OCH3 OCH2CH3 ""'SOH (9),

OCH2CH3 OCH3

v """OH (lh); or pharmaceutically acceptable salts,

and O
esters,

am des, conpl exes, chelates, clathrates, solvates, polynorphs, netabolites
or prodrugs thereof. 12. A nethod of making a conpound of formula (I

R5 (1) Rs

~01-1

): R4

or. a pharmaceuticallygpcceptable salt, ester, am de,

.conpl ex, chelate, clathrate, solvate, polynorph, stereoisoner, netabolite
or prodrug thereof; as-a single stereoisomer or as a mxture thereof;

wherein:  R3, BACRIKbXROCALRaralkdRP LS aIkbyHHEIN) NS.C AR, By of | UOT i Ne,
q&&wﬁfq¥%roxy, hydr oxynet hyl , met hanesul f onam do, nitro,
1‘ 6 'i

car boxy, hydro
cyano, suffany

uoromet hyl , -CHF2, -SO2N(R8)Rq, - OCF3,

C2- C7al kamdyr’0RY,, anf R°Geabdanl indspenddnlly €8lattkd#ym nGdrogdr, akcatlyk oXy,

C2- Cral koxycar
and RO are eac

1- C6t hi oal kyl , I -N. (R6) R7; d R6, R7,
ﬁ%ﬂﬁﬁgﬁgﬁaﬁﬁTp§egﬂﬁéctegr¥roﬁ:hydroéen? aceﬁgl,

which method comprises the following:

a)

reacting a compound of formula (1a):

oM
““NH,

_ (1a)
with a compound of formula (2a):
R2a
R )

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

R4
Q S
\/\(\i s
e
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 (6):

H

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

R8,



met hanesul fonyl or Cl-Ceal kyl ;" whi ch nethod conprises the follow ng: a)
reacting a conmpound of formula (la): OH NH2 (l1la) with a conpound of
formula (2a): RRa O/ OR R2a (Za) under suitable condensation conditions
-to forma product; b) reacting the product of a) with a conpound of
formula (5): R4 R5 R3 (5) wherein Qbi a leaving group and R3, R4 and RS
.are as defined above, under suitable ether coupling conditions to forma
product; c) reacting the product of b) under suitable cycl i zation
conditionsgyuto f I . R2a R4 ,,J~
OR (6) ~d) rg%@"% tﬁgﬁwgéﬁ”@a% 'ﬁgu“ﬁggmﬁéqlﬁe% to Fggft one R2a is
0, Ris H, C2 ceawphndef fermulapilly ge petderth alwveng gr oup and R3, R4 and R5 are
as defined above; and 82 d) reducing the conmpound of forrula (6) under

sui tabl e condi t430NS 1@ nie¥dd & Claim 12 wherein the product of a) comprises 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):

Cr 0 OR
't,N)l\/YOH
H rza (9
1OH or
I8
OH
ﬁ)YY (10)
OR R2

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 a mixture of a
compound of formula (11) and a compound of formula (12):

RS R3

==\ \ RS =\ RS
\ e (‘@@
ST ING« 3N
OH
OR RZa

(11) (12)
where each R® is O or Hy, R is H, C,-Csacyl or an oxygen-protecting group and R® R*
and R°® are as defined above.

18. The method of any one of Claims 12-14 further comprising the formation
of an acid addition salt of the compound of formula (1).

16. 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+-Cealkoxy; with the proviso that R®, R? and R® cannot all be
hydrogen at the same time.



conmpound of forrmula (1), as set forth above. 13. The nethod of Caim 12
wherein the product of a) conprises a conpound of fornula (9), a conpound
of formula (10) or a m xture of a conpound of forrmula (9) and a conpound
“of formula (10): 1 OHO01, OOR ' HRZ2a (9 10o0or O I OH(10) H OR R2a
where each R2a is 0 or H2 and Ris H, C2-Cbacyl or an oxygen-protecting
.group. 14. The nethod of Caim12 or cB3i m 13 wherein the product of b)
conprises a conpound of formula (11), a compound of forrmula (12) or a

m xture of a ¢ ound of formul.a and_a conpoynd. of formula (12): R3
R3 ~11 RS ~~ R@np ou'%ed‘?%é) g%ﬂ”&#%i’ﬁ'&gi‘ﬂe C?ﬂ“%’agﬁ%ﬂ"‘#&ﬁs's(ﬂll) (12)
wher e eachcdrmuhs offomnuleiBa):R i s H, C2-C5acyl or an oxygen-protecting group
and R3, R4 and R5 are as defined above. 15. The nethod of any one of
Clainms 12-14 further conprisi @he fqr prati o®PCHf an acid addition salt of.
t he conpound of formula (I :
wherein the conpound of f -2 (1) 1 ss@2anpound of formula (1) where RS,
R4 and R5 are independently hydrogen, hydro Rsr C, - Coal koxy; with the
proviso that R3, R4 and R5 canng§t ae hydrogen at the sane tine.

(1a),

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

L)
I[O
solvate, polymorph, metabolite or prodrug thereof.

18. The method of Claim 16 wherein the compound of formula (1) is
selected from the group consisting of:

NQ OCH;

""OH (Ib),

O,o OCH;
N OCHg

L on
O:\o OCH,
O,

o (1d),

H
O/O\/\C[OCHa
@ OH

"OH (le),

@ OCH;

"OH (I,

(lc),



83 17. The nethod of Caim 16 wherein the conpound of fornmula (1) is a
conpound of forrmula (la): OOCH3 OCH3 OH (la), or a pharmaceutically
acceptabl e salt, ester, am de, conplex, chelate, clathrate, solvate,

* pol ynor ph, netabolite or prodrug thereof. 18. The nethod of Caim 16
wherein the conpound of formula (1) is 8 el ected fromthe group consisting
.of: 0O CH3 OCH3 ,,,,OH (Ib), O OCH3 % _

OCH3 OCH3 v _OH (ld), OOCH3 OH v"'C]—I(Ie), OOHONOCH3 U """ OH

(1f), 84 OCH3 "N OCH2CH3 __~""a~p , _OCHjs
C OCH,CH
"'OH (19),
and
\/\C[OCH2CH3
C OCH;
"’OH (h);

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

solvates, polymorphs, metabolites or prodrugs thereof.

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

Cf _

OH

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

wherein:

R® R* and R® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, ~-CHF,, -SO,N(Rg)Rs, -OCF3, C,-Cratkanoyloxy, Cy-Cealkyl,
C,-Cealkoxy, C,-Cy,aralkoxy, Co-Cralkoxycarbonyl, Cs-Cgthiocalkyl, aryl or
-N(Rg)R7; and

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

which method comprises:

a) reacting a compound of formula (17):

N- OCH3 v _OH (Ic), aN 0



and CO OCH2CH3 N OCH3 """OH (1h); or pharmaceutically acceptable salts,

esters,

nmet abolites or prodrugs thereof.

met hanesul f onami do, nitro, cyang; ™ ¥
-S2N( RB) R9, -0OCF3, C2-Cral kanoy ¥\i
C7- Cl2ar al koxy, C2-Cral koxycar bonyl , "bleéGt hi oal kyl, aryl or -N(R6)R7;

am des, conpl exes, chelates, clathrates, solvates, polynorphs,
19. A nmethod of making a conpound of
“formula (1): R4 O /JI-RS (I) R3 OH or a pharnaceutically acceptable
salt, ester, am de, conplex, chelate, clathrate, solvate, polynorph
.Stereoisoner, netabolite or prodrug theP of, as a single stereoisoner
as a mxture thereof; wherein: R3, R4 and R5 are independently broni ne,
chl ori ne,

fluorine, carboxy, hydrogen, hdeE4oxy, hydr oxynet hyl ,
*kyl, Cl- Csal koxy,

%~ trifluoromethyl, -CHF2,
C1! gﬁnﬁ

or

and

R6, R7, R8, and R9 are each independent|y (Y&l ected from hydrogen, acetyl,
met hanesul f onyl i 5 L Gk ri . -0 &
Y| witdreifr R GRAINGES argh Gg'flﬁéﬁtaﬁﬁge %W? fy?ﬁ‘)ﬁunc%f f&ﬁ'ﬁ%{ﬁ%é.l and RS

conpound of formula (17): 85 O R4 R5

wher el

are as defined above, with a compound @f formula (2a2): O 50R

? OR

0 (2a2)
wherein R is H, C,-Csacyl or an oxygen-protecting group, under suitable
condensation conditions to form a compound of formula (6b):

3

R
(Y e
o) ?L¢¢ R

(TR %
TJ’}OR

0 (6b)

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

compound of formula (l), 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 treating a compound of formula (16):

0 K

Sepst
OR' //
R3 (16)

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 formula (16), wherein the preparation step comprises reacting a
compound of formula (15):



O (2a2) wherein Ris H, C2-Csacyl or an oxygen-protecting group, under
suitable condensation conditions to forma conpound of fornmula (6b): R3 O
Il I JRA ORS NORO/(6b) wherein Ris H C2-Cbhacyl or an
-oxygen-protecting group and R3, R4 and R5 are as defined above; and b)
reduci ng the conmpound of formula (6b) ugbder suitable conditions to forma
.conpound of formula (lI), as set forth above. 20. The nethod of Caim 19
further conprising a nucleophilic displacenment step to formthe conpound
of formula (17), wherein the nucl eoBhi | ic giespl acement step conprises
treating a conpound of fornula >Rl / R5 R3 (16) wherein -OR is
an activated | eaving group and 4 andAR% are as defined above, wth an
azi de under suitable nucleophilic drSplgac nt and subsequent reduction
conditions to forma conpound of fornula ?{5) as set forth above. 21. The

met hod of {habimRERA Mdtﬁ‘earre GOHRLdriBb Aoy PhEPEN AlihvBihgSidRRt dridef Qlitdbie!t NE

compound of fornula (16), wherein the preparation step conprises reacting a
conpound o‘f°”ﬂl§'Pﬁ%‘l°z§°r(“lt9?CO‘BBOUWQ@fIf{KmUH (ﬂzﬁ)?%%joﬂhmevem n R3, R4 and R5 are
as descri bed above, with an activating agent under suitable conditions to

formthe conpou d of_fornmul a forth above 22. The net hod of
G ai m 21 wherei4f t hd haé?qﬂmqfﬁ?]gfa éb?grﬂ’hqr?” Fhyatpaopy is an optionally

substituted alkylsulfonyl halide or an optionally substltuted arylsulfonyl halide.

23.  The method of Claim 21 further comprising an asymmetric reduction
step to form a compound (15), wherein the asymmetric reduction step comprises
treating a compound of formula (14):

R4
O %
QOV\CLW
(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.

24.  The method of Claim 23 further comprising an etherification step to form

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

L

(13)

compound of formula (13):

with a compound of formula (5b):
HO iy
\/\(\LRs
(Bb) S
R3
wherein R®, R* and R® are as defined above, under suitable conditions to form the

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



substituted al kyl sul fonyl halide or an optionally substituted aryl sul fonyl
hal i de. 23. The nethod of Caim2l1 further conprising an asymetric
reduction step to forma conpound (15), wherein the asymetric reduction
"step conprises treating a conpound of formula (14): OR4 RS R3 (14)
wherein R3, R4 and R5 are as defined abgve, under asymetric

_.reduction/ hydrogenation conditions to f 7mthe conpound of formula (15) as
set forth above. 24. The nethod of C ai m 23 further conprising an

therificat la (14), wh th
Gtner f1 cati on 2t op ComarBerr 3 PR 104 Bilver comirbratiatoman ox.

(13)  wi t hofan@sidrsidition sélt bidhernbrapdunl )of fdruf@41). (5b) % R R3 wherein R3, R4
and R5 are as defined above, under suitable conditions to formthe
compound of formula (14), as set forth above. 87 25. The nmethod of any one
of O ains 19- 24% ur thermetearnfiasy age vhelafnuy 1825 ahereh thncanpalinadei ti on sal t
of the confpmmgll fsaf&h-pﬂéhﬁd 6fls t one of, Clains 19-25
wherein th@ 8un orn%rma %Jﬁ@erﬁacgon%]gﬁélc?@%d?@?%w&' (1) where RS,
R4 and R5 Pé°919 %@ﬁ@r%elmmg@he prgMiodkat RSt RGand@adakimstyall bei t h t he
provi so t hadrdgdn aRbheaamhemecannot all be hydrogen at the sane tine. 27.
The nethod of C aim 26 wherein the conpound of fornula (1) is a conpound
of formula (la): OCH3

27.  The method of Claim 26 wherein the compound of formula () is a
compound of formula (la):

,,,,,

IIOH ('a),

or a pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, metabolite or prodrug thereof.

28. The method of Claim 26 wherein the compound of formula (1) is
selected from the group consisting of:

Q \/\O:OCHa

”’OH (Ib),

@\ OCH;
OH

N OCHs
vOH

(Ic),

(Id),



OCH3 OH (la), or a pharmaceutically acceptable salt, ester, am de,
conpl ex, chelate, clathrate, solvate, polynorph, netabolite or prodrug
t hereof. 28. The nethod of C aim 26 wherein the conpound of fornula (1) is

-selected fromthe group consisting of: a o OCH3 I NOCH3 " Ib O OCH3
OCH3 CH (Ic), OOCH3 aN < ~ | OCHSO—l%éd) 88 OOCH3 OH D 11""CH (le),
_OOHOCH3 OH (If), OOCH3 OCH2CH3 (Il g and O OCH2CH3 N OCH3 -,,, OH

(I'h); or pharmaceutically acceptable salts, esters, am des, conplexes,
chel ates, clathrates, solvates,. polynorphs, Eﬁt abolites or prodrugs
t her eof . © OCH,

e, "I//

N OH
“"OH (Ie),
"’OH (1),
O/ \/\O:OCHS
OCH,CHs
"'OH (I9),
and
O/ \/\O:OCHzCHs
OCHs
II/OH (lh),

or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates
solvates, polymorphs, metabolites or prodrugs thereof.

29. A compound selected from the group consisting of the following:



29. A conpound selected fromthe group consisting of the followng: 89 R3
ORL OH[01/!') R4 2a RRa Ra RS INN~ OCN OR R2a/l ORR2Z OR 2~ (3) (4) R 2a
ORLCjORR OH O OROOOR OH,NY--r HOH H2a H2aH'"''" R a ORR Ra
(7)) (8 (99 RBRB 1 RR-~R OH141 J~) OHORM NOOHOORDO
NOH N~ HORRa HR'2a HORR2a (10),(11) (12) O R4 R4 R4 */~ RS\ R RS
.OH/ RBR3B R3 (14) (15) (16) O R4 and™™ NRS 2 R3 (17)

R3
P
OR! OH OK\E ;}R"’
H : Rza \
BZa RZa p R5 ]
N : "N ; "'f‘meR ’
RZaJ\/WOR RZaJ OR RZa)
(3) : 4 (6)
OR’ OR? OH
(:( O OR C{ 0 O/ O OR
OH . /U\/\(OH .
NN O N ; y A O
H R2 H Or Rea H R22
(7) . (8) 9
RS 3

(10) (11) (12)
4
O \/\R 0 ¢ O
CG - OO OO
R i I 1 5 | "1 5
/ 4 R y R
° & oH 77 orR
3
(14) (15) 1
0 i
and O V\fle :
"NHZ ~. »
3
(17)

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

solvate, polymorph, metabolite or prodrug thereof, as a single sterecisomer or a

mixture thereof;

wherein:

gach R®, Rand R’ is independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyanc, sulfamyl,
trifluoromethyl, -CHF», ~SO,N(Rg)Rs, ~OCF;, C,-C,alkanoyloxy, C,-Csalkyl,
C.-Cealkoxy, G;-Cyzaralkoxy, C,-Cralkoxycarbonyl, C4-Cethioalkyl, aryl or



or a pharmaceutically acceptable salt, ester, am de, conplex, chelate,
clathrate, solvate, polynorph, netabolite or prodrug thereof, as a single
stereoi somer or a mxture thereof; wherein: each R3, R4 and R5 is
“independently brom ne, chlorine, fluorine, carboxy, hydrogen, hydroxy,

hydr oxynet hyl , met hanesul f onam do, ni tC%F cyano, sul fanyl,

.trifluoronethyl, -CHF2, -SO2N(R8)R9i 3, C2-C, al kanoyl oxy, C1-C6al kyl .
Cl- Coal koxy, C7-Cl2aral koxy, C2-Cral koxycarbonyl, C1-Céthioal kyl, aryl or
90 -N(R6)R7; e,@@@) , R7, R8, and R9 are each independently selected from
hydr ogen, acety rret hanesulfonyl or C -C6al kyl; each Rea is 0 or H2 where
at |east &AEhRe& iR’ €neR’ etranshintependently seletiedirom hyddggendemit | y a H,

C2- Coacyl or amdhanesiion ,(yr@c@g]ﬂ,,group each Ris an optionally
substituted aI kyl sul fog%l or an opt| gnal I)(] substituted aryl sul fonyl group;

and each R2°QE a\?lod’)h‘/'b elﬁ?r?it‘%?éf?rr?gragr"b%ﬂf mpowngisdnmpound of C ai m 29

wher ei n treacicanmuacbn@éntfﬁmzaca(abyl ot&n@x géﬂtﬁ?sﬂé% Clgr%Gporrml a (l)t\r/]\hfae R3,
al koxy; wi e

R4 and R5 are_i.ndependent e r oxy

provi so t FAEN RS apge %Pﬁ?}/béﬁtﬁﬁ g‘éﬂs}"f%' Wﬁﬂ%@ﬁa'b{tsuw@t%chwlsultqrwb 32. A
conmpound sel ecyedpfareim t he group consisting of: (3R -1-[(1

R 2R)-2-[ h enyI ) et hoxy) cycl ohexyl ) - 3- pyrrol i di noi ;
and (3R)- {EQR ﬁ%%ygé}‘ ﬁie?@%%groxy 4- et hoxy-

phenyl ) et hoxy] cycl ohexyl ] -3-pyrrolidi n0| 33. A nethod of making a conpound
g;l I or g‘SJ![ Zr (1 ;Z]sqodeR%he %ﬁpcﬁ%d(oh ?alm 28 wh ggt {hgtcg%%%érﬁégc#guggbl %ﬂg?gﬁpt abl €
st er eoi sor?@WPO‘#f@tQiEfﬁmulae(')them BlRignt R eesindependantyihydlogen, $iyémepbsomer  or
as a m xt & .kReyeRfth the proviso that R®, R* and R® cannot all be hydrogen at the same

time.

32. A compound selected from the group consisting of:
(BR)-1-{( 1R,2R)-2—[2-(4—hydroxy-3-methoxy-phenyl)ethoxy]cyclohexyl]—3-pyfroIidinol;
and (3R)-1-[(1R,2R)-2-[2-(3-hydroxy-4-methoxy-
phenyl)ethoxylcyclohexyl]-3-pyrrolidinol

33. A method of making a compound of formuia (il):

,::1[0 /\ .

N ”\f@ n

Q"OH

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;

wherein:

R’, R* and R® are independently bromine, chlorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF», ~-SO;N(Rg)Rg, -OCF 5, C,-Cralkanoyloxy, C-Cealkyl,
C4-Cealkoxy, Cr-Cyoaralkoxy, Co-Cralkoxycarbonyl, C4-Cgthioalkyl, aryl or
-N(Rg)R7; and

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



wherein: R3, R4 and R5 are independently brom ne, chlorine, fluorine,
car boxy, hydrogen, hydroxy, hydroxynethyl, nethanesul fonam do, nitro,
cyano, sulfanyl, trifluoronmethyl, -CHF2, -SO2N(R8)R9, -COCF3,
* C2- C7al kanoyl oxy, C, -C6al kyl, Ci1-Cgal koxy, C7-Cl2ar al koxy,
C2- C7al koxycar bonyl, G -GCsthioal kyl, aryf or -N(R6)R7; and R6, R7, R8, and
.R9 are each independently selected from hydrogen, acetyl, nethanesulfonyl
or C -C6alkyl; 91 which nethod conprises: a) reacting a conpound of

formula ( . N R2a OR (20) wherein each RRa is O H2 wh
dcB \ S or ere
at | east ‘gﬁ')ghﬁfﬁ nt eéecsorrpound of formula (20) is 0, and Ris H,

C2- Csacyl apr areadhioggesenmogndeifpmepla2®ip, with a conpound of formula (5): Q
RA5 RR3 (5 wherein R3, R4 and R5_are as defined above and Qis a

| eaving group, to forma conpoundl O% or nul a (21): B R4 ~~—~( RB ~ R2~\
" FOR ~ R2a - R
g%
. OR
RE ey |

wherein each R* is O or H, where at least one R?% in the compound of formula
(20) is O, and R is H, C»-Csacyl or an oxygen-protecting group, with a
compound of formula (5):

R4
Q S
4
\/\aﬁ\)__ R5
R
(5)

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

compound of formula (21):

(21)

wherein each R% is O or H, where at least one R??is O, R is H, C,-Csacy! 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 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 formuia (21) under suitable conditions to form a
compound of formula (lI).

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

the deprotection step comprises treating a compound of formuia (19):



a (21) wherein each R21 is O or H2 where at |least one RRais 0, Ris H,

C2- Cbacyl or an oxygen-protecting group and R3, R4 and R5 are as defined
above, under suitable conditions such that upon reaction of the conpound
-of formula (20) wth the conpound of formula (5), the trans relative
configuration of the hydroxyl group(nbihe carbon at the 1l-position of the
.compound of formula (20) is retained in the carbon at the 1-position of

t he conpound of fornula (21); b) reducing the conpound of fornula (21)

under suitable conditions to forma, ermpound of formula (11). 34. The

met hod of Claim 33 further conpri a_deprotection step prior to the
reaction of a conpound of formnul 1th a conpound of formula (5),
wherein the deprotection step conprise éﬁeating a conpound of formula
(19): 92 1 OR R2a N R2a OR (19Rrz="wherein each R2a is 0 or H2 where at

| east one R2a is 0, R is an oxygen-prot@®ting group and Ris H C2-Cbhacyl
or an OXY@BBrei &dcRG™ i i |- . I ndi.tions to form
a conpound of for wﬁzqa'g?)Z%;%g@esréétgt I%%)'ért:oﬂggﬁo'\g/;b?%&%ﬁgﬁgﬁﬁﬁfnﬁ Claim 34
wher ei n R$MUB 28f Ropth Bargracy! aiansayeen-protastinggrboup, 4o suibebpRteding2- Coacy! .
36. The mesmmbnoto GHibBoRfodd SHiGmuLIRS bSiditrh 446l | Zation step to forma
conpound of fornula (19), wherein the cyclization step conprises reacting a
conmpound of forrmula (23) or a conpound of fornula (24) or a mixture of a

conpound  of f 8.nul Ehe(iB@hodokCiaine B4mALIRE Rfis bR bPRUNaIY Sbsituldd bendiOR  ~OH H
Rea (23) g%uggnd R is C,-Csacyl.

36. The method of Claim 34 further comprising 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 a mixture of a compound
of formula (23) and a compound of formula (24):

OR’

1
ey,

RZa

Se o

H  Or Rea
wherein each R’ is independently an oxygen-protecting group, each R*?is O or H,, and
R is H, C2-Csacyl or an oxygen-protecting group, under suitable conditions to form a
compound of formula (19) as set forth above.

(23)

(24)

37. The method of Claim 36 wherein R' is an optionally substituted benzyl
group and R is C,-Csacyl.

38. The method of Claim 36 further comprising 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 compound of formula (18):



aN 0 OH H (24) OR R2a wherein each Rl is independently an
oxygen-protecting group, each RRais 0 or H2, and R is H C2-Chacyl or an
oxygen-protecting group, under suitable conditions to forma conpound of
formula (19) as set forth above. 37. The nethod of Claim 36 wherein RL is
an optionally substituted benzyl group_and Ris C2-C5acyl. 38. The nethod

.of Claim36 further conprising a conden®t i on step to form a conpound of

formula (23) or a conpound of forrmula (24) or a mixture of a conpound of
formula (23) and a conpound of fornula (24), wherein the condensation step
conprises reacting a conpound of f MQR'(18): 93 ct OR NH2 (18) where
R 1s an oxygen-protecting group, a conpound of fornula (2a): RRa O
OR R2a (2a) wherein each R2a is 0 or HHawhere at |east one RRais 0, Ris
H, C2-Coacyl or an oxygen-protecting ggoup, under suitable conditions to
formthe cq\gpogn_d of formula (23) or_the conpound of forrmula (24) or the
m xt ure ofV"R'TRnSANREYISN-ABEAINIBreup3yVith g gompovrshefdermtlaoRar or mul a (24) as
set forth above. 39. The nethod of Claim 38 wherein RL is an optionally
substituted benzyl group and Ris C2-fbacyl. 40. The nethod of any one of

Clainms 33-39 further conprising the 30 r’rﬁhl on of an acid addition salt of
t he conmpound of forrmula (11). 41. 7 od of any one of Cains 33-40
wherein the conmpound of fornula (ﬁl) i 428 conpound of fornula (I11) where

R3, R4 and,{RRiRbseh gee n 22 f G, - Csal koxy;, with the
provi so that IIQB,ECRf!aﬁgg %gﬁ%ghérqrce)_tamé%t%%grk h%ﬁogéw'% Cf?ﬁ%/%raar?e time. 42.
The met ho®¥IENCRraiepHNg BroiRe HBAST stirbleenngiiarsitodprn terrgmaoynd) of fermala

(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,

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

40. The method of any one of Claims 33-39 further comprising the formation
of an acid addition salt of the compound of formula (l1).

41. The method of any one of Claims 33-40 wherein the compound of
formuta (Il) is a compound of formula (II) 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.

42. The method of Claim 41 wherein the compound of formula (1) is a

Z OCHs

N—

compound of formula (lia):

“OH
(lta)

or a pharmaceutically acceptabie salt, ester, amide, complex, chelate, clathrate,

solvate, polymorph, metabolite or prodrug thereof.

43.  The method of Claim 41 wherein the compound of formula (i) is



compound of formula (lla): OOCH3 OCH3 O0"'OH (Ila) or a pharmaceutically
acceptable salt, ester, am de, conplex, chelate, clathrate, solvate,

pol ynor ph, netabolite or prodrug thereof. 43. The nmethod of Caim41l
-wherein the conmpound of forrmula (I1) is 94 selected fromthe group
consisting of: OCH3 N OCH3 OH (lIlb), OOCCH3 NOCH3 OH (llc), and ..O
.OCH3 ~~O0 OCCH3 H (lid); or phar maceut%ally acceptabl e salts, esters,

am des, conpl exes, chelates, clathrates, solvates, polynorphs, netabolites

or prodru r.eof 4 A nmethod_of making a conpound of fornula (I11): RS3
O5 R (~g‘%ft0%%lf%% mggaifpocpn%{stmaﬂf'rmceut ically acceptable salt, ester,

am de, conpl ex, chelate, ciathtat al v3 paghy nor ph, stereoi soner,
net abolite or prodrug there S a sing 5t er eoi somer or as a m xture
t hereof; wherein: :

N OCH,

""OH (1tb),

NO\ OCH3
OH (llc), and

O"“\\\O\/\@OCH:S
b\ OCH,
OH . (Hid;

or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof.

44, A method of making a compound of formula (1)

1.0 R®
& ke W
OH

or a pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, stereoisomer, metabolite or prodrug thereof; as a singie
sterecisomer or as a mixture thereof;

wherein:

R® R*and R® are independently bromine, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF, -SO;N(Rg)Rg, -OCF,, Cz-Cralkanoyloxy, C4-Cgalkyl,
C4-Cealkoxy, C+-Cyoaralkoxy, C2-Cralkoxycarbonyl, C;-Csthioalkyl, aryl or
-N(Rs)R7; and

R® R’,R® and R® are each independently selected from hydrogen, acety),



R3, R4 and R5 are independently brom ne, chlorine, fluorine, carboxy,

hydr ogen, hydroxy, hydroxynethyl, nethanesul fonam do, nitro, cyano,

sul fanyl, trifluoromethyl, -CHF2, -SO2N(RB)R9i -OCF3, C2-Crai kanoyl oxy,

- C, -Co6al kyl, C, -C6al koxy, Cr7-Cl2aral koxy, C2-Crai koxycarbonyl,

C, - C6t hi oal kyl, aryl or -N(RB)R7; and g&g R7, RB, and RO are each
.independently selected from hydrogen, acetyl, 95 nethanesul fonyl or

Cl- C6al kyl ; which nethod conprises the follow ng: a) reacting a conmpound of
formula (22): ). MLED,. @ compound of formula (2a): R2za O OR
R2a (2a) un_der%gﬂ??éa!gﬁ%'{yg%n%e%\%gpﬁ’on conditions to forma product; b)
reacting tWeichmsihegtcogiriegs thg foowingonpound of fornmula (5): R4 QRS R3 (5)
wherein Q ks a j iR and R5 are as defined above, under
sui tabl e et)her 'Iggﬁtp irkﬁcéﬂ{(‘:pgn i?iqons ?{)ﬁﬁorm a product; c) reacting the
product of b) under suitable cycli zati108Hcondi tions to forma conpound of
formula (21): RB5 O R

NH,
(22}
with a compound of formuia (2a):
R2a
o)
o
2
R= (2a)

under suitable condensation conditions to form a product;

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

R4
Q\/\(\\/j
| __RS
A
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;

c) reacting the product of b) under suitable cyclization conditions to form a
compound of formula (21):

R2a
wherein each R** is O or H,, R is H, C»2-Csacyl 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 (I}, as set forth above.

45.  The method of Claim 44 wherein the product of a) comprises a

compound of formula (25), a compound of formula (26) or a mixture of a compound of



JR R4 FOR (21) R2a wherein each RRa is 0 or H2, Ris H, C2-Chacyl or an
oxygen-protecting group and R3, R4 and R5 are as defined above; and d)
reduci ng the conpound of formula (21) under suitable conditions to forma
conmpound of forrmula (I1), as set forth above. 45. The nethod of O aim44
wherein the product of a) conprises a npound of fornmula (25), a conpound
.of formula (26) or a mxture of a conpolnd of 96 fornula (25) and a
conmpound of forrmula (26): 1 OHO OR NOH HRea (25) 1 OHcx ONOH (26) H

R R2a M%{rﬁul??ﬁgalﬁggcbﬁpgu lofflgmaRd2R: i s H C2-Coacyl or an
1'Ng “gr oup.

oxygen- protec 6. The nethod of Claim44 or C aim45 wherein
the product of b) conprises a g@wound of formula (27), a conpound of
formula (28) or a m xture of cofpo of formula (27) and a compound of
formula (28): R3 R3 [|,RS I~\ N RH C-00 OR ~00 N)&YCH N OH H _ TRf
2a H OR .R2a (27) (28) where eachHR21 iga0 dF)H2, R is H, C2-Csacyl or an
oxygen-protecting group and R3, R4 and R5 are as defined above. 47. The
nmet hod of any one of C ains 44-: 4?’Hfourther conprising the formation

N @s)
H Or R2

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

48. The method of Claim 44 or Claim 45 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® R®
R R
\_ ¥ \
o K 0 R¢
SuSINee
N
N H

OR R%
(27) (28)
where each R is O orH,, R is H, Co-Csacyl or an oxygen-protecting group and R®, R

and R°® are as defined above.

47. The method of any one of Claims 44-46 further comprising the formation

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

48. The method of any one of Claims 44-47 wherein the compound of
formula () is a compound of formula (!f) 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.

49. The method of Claim 48 wherein the compound of formula (Il) is a

compound of formula (lla):



of an acid addition salt of the conpound of forrmula (I11). 48. The nethod of
any one of Cains 44-47 wherein the conpound of formula (Il) is a conmpound
of formula (I1) where R3, R4 and R5 are independently hydrogen, hydroxy or
Cl- Coai koxy; with the proviso that R3, R4 and R5 cannot all be hydrogen at
the sanme tinme. 49. The nethod of Claim g wherein the conpound of formnula
.(Il) is a conmpound of fornula (Ila): 9% O OCHczc: (I'ta) or a
pharmaceutically acceptable salt, ester, am de, conplex, chelate,

clathrate, solvate, polynorph, netabollte or prodrug thereof. 50. The

met hod of C aim 48 wherein th QGtnula (1'1) is selected from
the group consisting of: OCH3 é ), COCH3 N OCH3 OH (Ilc),
and ",10 OCH3 N OCH3 OH (lid); phar macedtd cal |y acceptable salts,

esters, am des, conpl exes, chel atesy "adrat hrates, sol vates, ponnDrphs
metabol ites or prodrugs thereof. 51. A neﬂ%%d of making a conmpound of

formula (11)

or‘a pha%sacemlcg{ly accepta@le s(alltlgster amoée complex, chelate, clathrate,

solvate, polymorph, metabolite or prodrug thereof.

50. The method of Claim 48 wherein the compound of formula (l1) is

selected from the group consisting of;
OCH4
"’OH (Hb),
@\ OCHa,
OH (fic), and
O‘,‘\\\\O\/\@OCH:«
M’b\ OCH5,

OH (Hd);
or pharmaceutically acceptable salts, esters, amides, complexes, chelates, clathrates,
solvates, polymorphs, metabolites or prodrugs thereof.

51. A method of making a compound of formula (11):

RS
10 0N
OH



or a pharmaceutically acceptable salt, ester, am de, conplex, chelate,
clathrate, solvate, polynorph, stereoisoner, netabolite or prodrug thereof,
as a single stereoisomer or as a mxture thereof; wherein: R3, R4 and R5
are independently brom ne, chlorine, fluorine, carboxy,.hydrogen, hydroxy,
hydr oxynmet hyl , met hanesul f onam do, nitrqQ, cyano, sulfanyl,

trifluoronethyl, -CHF2, -SO2N(Re)R9, - Cﬁk& C2- C7al kanoyl oxy, Cl-Csal kyl,
Cl- C6al koxy, C7-Cl2aral koxy, C2-Cr7al koxycarbonyl, Cl-C6thi oal kyl, aryl or

- N(R6) R7; : ~.and R9 are each.independently sel ected from
hydr ogen, g,r(}% %@Tagégfﬁgﬁggeﬁa}b&% ’8?ter€:fg&eaf3‘?€5?'?x’\ﬁh?'€%1 patrdel conpri ses:
a) reacting a c®Matsupdywprohostangbisonids metdbliteRs prddrlg théreBB ab 3Rngher ei n R3,

R4 and R5 are agedsitinsds | .conpound of fornula (2a2): O50R O
(2a2) wherein _R?s H, Cz-régg\é@fdu}(l)gr%grﬁ%xygen- protecting group, under

suitabl e Wo@Bhsation conditions to forma conpound of formula (21 b): R3
en- protecting

O R4 0 ROR® R GRd BF Gralindpehbishi§! | i c r, g, 0X
group and R3, R4 and Rg (free a'gbfjbe"ﬁ?ériZCHHSB%\%ré';gﬁ_@enggrB&Vr-§&dd8? t he conpound
of fornula (6b)VaRReYSIRXYMBY. methanesusasarigo itrancyano, sulfamyl,

trifluoromethyl, -CHF,, -SO:N(Rg)Rg, -OCF;, Cz-Cralkanoyloxy, C4-Csalkyl,
C4-Cealkoxy, Cr-Cyzaralkoxy, C.-Cralkoxycarbonyl, C4-Cethioalkyl, aryl or
-N(R¢)R7; and

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

which method comprises:

a) reacting a compound of formula (33):

O \/R4
\/\(\\//\I_Rs
NH,

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

O

? OR

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

RS

(21b)

wherein R is H, C~-Csacyl or an oxygen-protecting group and R®, R* and R® are
as defined above; and

b) reducing the compound of formula (6b) under suitable conditions to form a
compound of formuia (i), as set forth above.

52.  The method of Claim 51 further comprising a nucleophilic displacement



conmpound of forrmula (I1), as set forth above. 52. The nethod of C aim51
further conprising a nucleophilic displacenment 99 step to formthe
conmpound of forrmula (33), wherein the nucl eophilic displacenment step

- conprises treating a conmpound of forrmula (32): Ra O "OR R3 (32) wherein
-OR is an activated | eaving group and 55 R4 and R5 are as defined above,
with an azi de under suitable nucleophili"C displacenent and subsequent
reduction conditions to forma conpound of forrmula (33) as set forth

above. 53giep iEfofB tHtosbnoukd &f tBindda {335 WiiRkeif BiEHUCRbIIiciSiSdeATent {8 Step to
form the conpound of formula (32), wherein the preparation step conprises

reacting SOMRERPYEANIS camnonnd af fomyla(BRY R5 OH 3 (31) wherein R3, R4 and
R5 are as described above, with an activating agent under suitable
conditions to formthe conpou N} ,y% (32) as set forth above. 54. The
met hod of Cl aim53 wherein the ag¢tivatli ng-rigent is an optionally
substituted al kyl sul fonyl halité ®R an/optionally substituted aryl sul fonyl
hal i de. 55. The nethod of O aim53 furRher B8hprising a reduction step to

forma compound {31 rein the reducty St conpr.i.se reating a .
conpound ‘c')"gB 'i‘eg'r'rgrqu{ % Qn’(?ﬁ?ge@&awﬁﬂmuﬂ@gBb’%g’fnﬁﬁ)are 8‘?@% ah@fe' R4 and R5
are as dehithed azibevedersnitable sudiecpblie dispiacinérbasd subskouent téteictimonpound  of
formula. Eldhiods t&f%hp{agghﬁo@ﬁboe/ﬁomﬁ.@a @Pgn? R iMphpBle O @l m 55 further

conprising an etheri tron step to

53. The method of Claim 52 further comprising a preparation step to form
the compound of formula (32), wherein the preparation step comprises reacting a

compound of formula (31):

4
O \/R
| l_R5
o 7

R (31)

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

conditions to form the compound of formula (32) as set forth above.

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

55, The method of Claim 53 further comprising a reduction step to form a
compound (31), wherein the reduction step comprises treating a compound of formula
(14):

4
o) s
3
(14) R

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

56. The method of Claim 55 further comprising an etherification step to form

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



a conmpound of forrmula (14), wherein the etherification step conprises
treating a 100 conpound of formula (13): cx: (13) wth a conpound of
formula (5b): R&A HOa R (5b R3 wherein R3, R4 and R5 are as defined
*above, under suitable conditions to formthe conpound of fornula (14), as -
set forth above. 57. The nethod of any ﬁﬂ’e of Clainms 51-56 further
conprising the formation of an acid adtl'tion salt of the conmpound of
formula (11). 58. The nethod of any one of Clains 51-57 wherein the

conmpound OéodeE{nHWff%rnGJi&g 3'>]:s a conpound of forrmula (11) where R3, R4 and R5

are i ndependent hydr oge hydr oxy or Cl-C6al koxy; with the proviso that
R3, R4 and R5 cannot all be hydrogen at jthe same tine. 59. The nethod of
Cl ai m 58 wherein the conpound of for (II) is a conpound of formula
(la): o ocH3 OCH3 ~D,OCH (Ila) or rmaceutically acceptable salt,

ester, am de, conplex, chelate, clat hr te, solvate, polynorph, net abol ite

or prodrug thereof. 60. The nethod of "¢ ai m 58 wherein the conpound of

fornul a (1yith s compde@topfbritianst)he group consisting-of: 101 OCH3 <N~ OCH3
oH

mir X

4
HO | \/1R
(5b) S«F
R3

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

57.  The method of any one of Claims 51-56 further comprising the formation
of an acid addition salt of the compound of formula (J1).

58. The method of any one of Claims 51-57 wherein the compound of
formula (Il) is a compound of formuta (Il) where R®, R* and R® are independently
hydrogen, hydroxy or C4~Cgalkoxy; with the proviso that R®, R? and R® cannot all be
hydrogen at the same time.

59.  The method of Claim 58 wherein the compound of formula (I1) is a

compound of formula (la):
N OCH;

(lia)

¥

or a pharmaceutically acceptable salt, ester, amide, complex, chelate, clathrate,
solvate, polymorph, metabolite or prodrug thereof.

60. The method of Claim 58 wherein the compound of formula (1) is
selected from the group consisting of:



(I''b), OOCCH3 C~NOCH3 OH (llc), and O OCH3 N OCH3 ~OH (Ild); or
pharmaceutical ly acceptable salts, esters, am des, conpl exes, chel ates,
clathrates, solvates, polynorphs, netabolites or prodrugs thereof. 61. A
» conmpound sel ected fromthe group consisting of the following: 102 ~R3 C-~.
ORLOHO- Il /* R4 Ra RRa RR5 N N OR %aCR2a=~CRR(19) R (20) R2a (21)
+OR ORS OH O OR OO OR NOH NOH OH NIIQRZaHCRRZaHRZa(23) (24) (25)
R RBRB RS RSOHRa4 O~0 OR0O0O RNOHOH HK™ OHN H Ra H OR R2a

@ OCH,
“OH (Ilb),
o\/\©iocr|3
@\ OCH;
OH (llc), and
O"‘“\\O OCH3
@\ OCHs
OH (iid);

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

solvates, polymorphs, metabolites or prodrugs thereof.

B1. A compound selected from the group consisting of the following:



(26) (27) (28) R4 Oa ORa OR5 ORIRRS "OHR3 Y--' T and NI -1 H (31)
(32) R3 2 R3 (33) or a pharnmaceutically acceptable salt, ester, am de,
conpl ex, chelate, clathrate, solvate, polynorph, netabolite or prodrug
*thereof, as a single stereoisoner or a mxture thereof; wherein: each R28
is O or H2 where at |east one R2a in 63@2 compound is 0; each R3, R4 and R5
i s independently brom ne, chlorine, i ne, carboxy, hydrogen, hydroxy,
hydr oxynet hyl , net hanesul f onam do, nitro, cyano, sulfamnyl,

trifluoronethyl, -CHF2, -SO2N(R8)R9, -OCF3, C2-Cral lﬁ%noyl oxy, Cil-C6al kyl,

Cl- C6al koxy, Cr7-Cr2aral koxy, C2-Cral koxycarbon Co5t hi oal kyl, aryl or
-N(R6) R7; each R'R7, R8, and are each indepehde lenkty sel ect ed from
hydr ogen, ac t hanes nyI 9r Cl- IRz2~203  each R2' is 0 or H2

where at | ea in ea ound |s ch Ris independently a H,
C2- Csacyl or an;ég - pr ot ectwﬁgf p; each OBn optionally :
substituted alﬂfﬁ/ onyl or Rffi naI |y sti tl&ﬁd aryl sul fonyl group;

t
and each R is an o en-protecti né ogroup 62. The npound of Cl aim 61
wherein the conpound of formula (I1) is a conpound of forrmula (11) where
R3, R4 and R5 ar |ndependently h%dr ogen, hydroxy or C, -Csal koxy; with the

provi so thati‘x’/g( adkd R5 car@ §bl be hydrogffHéheORgame tinme.
; N)S/\H/OH ' )J\/KI/OH

H ! N !
OR R2a H R2a
(23) (24) (25)

R3 R3

=\ \ RS =\ RS
OH (_<\;-/</R4 /_<\:4<)
0 O OR
C(NMOH (:\r C[

H a
OR RZ OR RZa
(26) (27) (28)

\/ ¢ o . 4
O LRS Cr O:\CW ; and @N:\CLRS
(31) (32) * R (33)

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

solvate, polymorph, metabolite or prodrug theredf, as a single stereoisomer or a

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, chiorine, fluorine, carboxy, hydrogen,
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl,
trifluoromethyl, -CHF,, -SO,N(Rg)Rs, -OCF5, C2-Cralkanoyloxy, Cs-Cealkyl,
C4-Cealkoxy, C7-Cyoaralkoxy, C,-Cralkoxycarbonyl, C4-Cgthioalkyl, aryl or
-N(R¢)R7;

each R®, R’, R%, and R® are each independently selected from hydrogen, acetyl,
methanesulfonyl or C4-Cealkyl;
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each R® is O or H, where at least one R? in each compound is O;

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

each R is an optionally substituted alkylsulfonyl or an optionally substituted arylsulfonyl
group; and

eachR'is an oxygen-protecting group.

62. The compound of Claim 61 wherein the compound of formula (Il) is a
compound of formula (i) where 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. '



