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WO 20071097976PCT/ U S2007/003961 5 PROCESS FOR PREPARING

- INTERMEDIATES. TO.5-HT4 RECERPTOR AGONIST COMPOUNDS 10 .. _

15BACKGROUND OF THE INVENTION Field of the Invention The
%%vz%(r}lt jon, |s directed to 8-azabicyclo[3.2.1]octyl intermediates useful for
& preparation of compounds that have demonstrated a&tRAFHL BT 4
receptor agonists. The invention is also directed to processes for the
preparation of such useful 20 intermediates. State of the Art
Substantial research effort has been devoted in recent years to the
identification of compounds that exhibit agonist activity at 5-HT4
receptors. Such compounds are expected to be useful as therapeutic
agents for the treatment of disorders of reduced 25 motility of the
gastrointestinal tract Commonly-assigned US 2005/0197335 and US
2005/0228014, for example, disclose novel
indazole-carboxamide-8- azablcyclo[3 2.1]octane and
Sinol 8%&%@%&5‘@9@- ARG DI P EOFIRES SO MRRYNo R
respec vely, as ece tora onlsts Efficient processes for the
preparation of compotfd&y ﬁ%m%blcycloso [3.2.1Joctane
group would be advantageous for providing new gastrointestinal motility
agents. SUMMARY OF THE INVENTION In a first aspect, there is
provided a compound of formula (I): (Tb) wherein:

BACKGROUND OF THE INVENTION
Field of the Invention '
: The invention is directed to 8-azabicyclo[3.2.1]octyl intermediates useful for the
preparation of compounds that have demonstrated activity as 5-HT, receptor agonists.
The invention is also directed to processes for the preparation of such useful

intermediates.

State of the Art

Substantial research effort has been devoted in recent years to the identification of
compounds that exhibit agonist activity at 5-H T4 receptors. Such compounds are
expected to be useful as therapeutic agents for the treatment of disorders of reduced
motility of the gastrointestinal tract. Commonly-assigned US 2005/0197335 and
1S 2005/0228014, for example, disclose novel indazole-carboxamide-8-azabicyclo-
[3.2.1]octane and quinclinone-carboxamide-8-avabicyclo{3.2.1]Joctane compounds,
vespectively, as 5-HT, receptor agonists.

Efficient processes for the preparation of compounds including the 8-azabicyclo-

[3.2.1]octane group would be advantageous for providing new gastrointestinal motility



R1 is selected from hydrogen, -OH, and -OP1, wherein Pl is a
hydroxy-protecting group; A is selected from -0C(0)-, -S(0)2-, and a
covalent bond; W is selected from -N(R3)C§O§R,I, -N(R5)S(0)2R6, and a
moiety of formula%gmﬁ@y(gw& @8ted from NC(0)R4,

NS(0)2R6 SARpNH1BRINRR: RS BhR ARG R, arerjndependently

C1,3alicyl; P2 is an amino-protecting group; and nis 0 Or 1; or a salt
thereof In a second aspect, herg\.\i%rg@de process for preparing a
compound of formula alt tperedf:/ 1b) wherein RI, A, W, and n
are defined as abov#, the fr cessﬁ1g comprising: (a)hydrolyzing
2,5-dimethoxy-letrahydrofuran in an aqueous acidic medium; and
(h)reacting the product of step (a)%?th a compound of formula (H):
WhersoNA"--W Ri
I
R’ is selected from hydrogen, ~OH, and —OPIS wherein P is a hydroxy-protecting
gmup;
A is selected from ~OC(O)-, -S(O)y-, and a covalent bond;
W is selected from ~-N(RHC(OIR?, -N(RHS(O)HRE, and 2 moiety of formula (a):

—N  z
N/

@)
wherein Z is selected from NC(OIRY, NS(O),R®, S(O),, NEL and NP?;
R*, RY, R® and RS are independently C; . alkyl:
P’ is an amino-proteciing group; and
nisCorl;

or a salt thereof.

In a second aspect, there is provided a process for preparing a compound of formula (Ib) or a salt thereof:

n
R‘T
o%/
{Ib)
wherein R', A, W, and n are defined as above, the processing comprising:
{(a) hydrolyzing 2.5-dimethoxytetrahydrofuran in an agueous acidic medium:
and
(b) reacting the product of step (a) with a compound of formula (II):
n
R
(1)

and 3-oxopentanedioic acid in the presence of a buffering agent in a reaction mixture:

El

to provide a compound of formula (Ib) or 2 salt thereof.



(IT) and 3-oxopentanedioic acid in the presence of a buffering agent in a
reaction mixture; to provide a compound of formula (Ib) or a salt thereof
In dithitbirasppet, theeesisrpraididegracerote sefar i eRaFNELACOMPAMNA O] or 4 salt thereof:
formula (la) or a salt thereof: nvv R1 NH2 (la) wherein R', A, W, and n are
defined as above, the processing comprisi \"(a)reﬁcting a compound of
ivalents @f ammonium formate in
atalysﬁ;1 or (3)reacting a compound of
formula (Ib) with a protectedigamine of formula NHP2Q, wherein Q is
hydrogen or P2 and P2 is an amino-protecting group, in the presence of a
reducing agent, followed by removingithe protecting group or groups; to
provideiacompound affermuiad(iakesa saltiherasf, comM‘?ng.f esent
disclosure provides compounds containing the 8-azabicyclo-[3.2.1
J-oftane Jr3Gp Wit B usefol interrediates for the preparation of
5-HT4 receptor agonists and processes for the preparation of such useful
inteimediates. Accordingly, the disqlgxsurehthvide compound of formula
(1): (1) wherein. it AT

O

(Ib).

with at least 15 equivalents of armmoniium formate in the presence of a transition metal
catalyst; or

() reacting a compound of fornmula (Tb) with a protected amine of formula
NHP?Q, wherein Q is hydrogen or P and PYis an amino-protecting group, in the presence
of a reducing agent, followed by removing the protecting ETOUp Or groups;

to provide a compound of formuls {la) or a salt thereof.

The present disclosure provides compounds containing the 8-azabicyclo-[3.2.1}-

octane group which are useful intermediates for the preparation of 53-HT, receptor
agonists and processes for the preparation of such useful intermediates.

Accordingly, the disclosure provides a compound of formuia (1):

wherein:

1.
R’ 1s selected from hydrogen, ~OH and ~OP', wherein Plisa hydroxy-protecting
group ;
2 .
R* is =0 or -NR*R", wherein R* and R? are independently hydrogen or P?, wherein
P? is an amino-protecting group;
A is selected from —~OC(0)-, ~5(0)z-, and a covalent bond;
W is selected from ~NR)COIR?, -NERHS(O)R®, and a moiety of formula (a):

—N Z
p—

()
wherein Z is selected from NC(OR?, NS(O)%RS, S(0)2, NH, and NP

2a



Rl is selected from hydrogen, -OH and -OP’, wherein P1 is a
hydroxy-protecting group ; R2is =0 or -NRiRb, wherein Ra and Rb are
independently hydrogen or P2, Wherein P2 is an amino-protecting group;
.00 é} cogalent bond; W is selected
from N 2§§’ E%) %ﬁ%? ?g’ﬁ d amoiety of foula (a): /\-NZ/
@ %hérdin z is selected from NC(O)R4 NS(0)2R6, S(0)2, NH, and NP2;
R3; Mltlt%ﬁ;:c&nd R6 are independently C1_3 alkyl; and nisOor 1; ora

S lﬁt‘ (%!PW fu&wogigg\&di%%ﬁqmpound of formula (la):

orasatthereof and processes for the preparation thereof. In

addltlon the disclosure provides- Aund,/of formula (Ib): WO
2007/097976PCT/U 961 &b) or a salt thereof, and processes for

the preparation thereofNHZ

(la}

or & salt thereof, and processes for the preparation thereof.

In addition, the disclosure provides a compound of formula (Ib):

2b
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5DETAILED DESCRIP tioN OF THE INVENTION The following
_..Substituents and.values are intended to provide representative examples
of various aspects of this invention. These representative values are
intended to further define such aspects and are not intended to exclude
eI VRIUES or limit the scope of the invention. 10Ma sp&cific HEpEEr o
the invention, 124 is selected from hydrogen, -OH, and -op, wherein Pt is
a hydroxy-protecting group. In other specific aspects. R1 is hydrogen; or
Rl is -OH or -OP". In a specific aspect of the invention, 1(2 is =0 or
-NRale, wherein le and le are independ%ntly hydrogen or an
amino-protecting group P2. 15In,aWsmfic aspect, R2 is =0. In
another specific aspﬁ%ll » n yet other specific aspects, R2

is -NI-He wherein le ts’benzyl} or R2 is -Nab wherein le and le are both
benzyl. In a specific aspect, A is selected from -00(0)-, -S(0)2-, and
a covalent bond. 20hi another s Zific aspect, A is a covalent bond. In

or 2 Alspeeifit, aspeotewkisisalentegfroivr-N28)C(0)R4, -N(R5)S(0)2R6, and
a moiety of formula (a): /\ -N Z \I. (a) 25In another specific aspect, W is

N2 IO 1 NEEISZRE MR o HGrend RO e

n'yet ano specific aspect, W is
NERBIGIOYRE oF MRS SOy 2RB R FET (UL R Y K8 TR T KFe
exardPREHvaWNG: 200409TOFOREIME 2004083964 tative Intacfurthetespetific
ﬁmh%sg%%te Wols 2 moiety of Sarmina:@) WRRERIRAiS-selactiee: iam hNGQ)R4,
|\fo 32R6, 8(8)2, NH, and NP2, wherein R4 and R6 are independently

of the invention.

In a specific aspect of the invention, R! is selected from hydrogen, —OH, and -OP',
wherein P! is a hydroxy-protecting group.

In other spectfic aspects, R'is hydrogen; or R' is ~OF or g8

In a specific aspect of the invention, R2 is =0 or -NR*R®, wherein R® and R” are
independently hydrogen or an amino-protecting group P2

In another specific aspect, R? is =0.

In another specific aspect, R? is ~NHz.

In yet other specific aspects, R? is —~NHR® wherein R” is benzyl; or R’ is ~NR*R"
wherein R® and R® are both benzyl.

In a specific aspect, A is selected from —OC(O)-, -5(0)z-, and a covalent bond.

In another specific aspect, A is a covalent bond.

Tn a specific aspect, W is selected from ~NR)HC(O)R?, -N(R*)S(O);R", and a

moiety of formula (a):

(a)
In another specific aspect, W is —N(RB)C(O)R4 or -NRH)S(0).R®, wherein R3, RY,
R®, and R® are independently Ci.aalkyl.
In yet another specific aspect, W is -NR*)C(OIR® or -N(R")S(O)R®, wherein R,
R* R’ and R® are methyl.
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In yet another aspect, W is a moiety of formula (a) wherein Z is selected

-from 5.NC(Q)R4, NS(0)2R6, and S(0)2, wherein R4 and R6 are methyl_.In._ .

further aspects, W is a moiety of formula (a), wherein Z is NH or NP2 ; or
Z is H. In a specific aspect, n is 0. In another specific aspect, nis 1. 10In
BRE"GEPECTof the invention, nis 0 and R1 is hydrogen. IR-AAGHET4E5éct
of the invention. nis 1 and R' is -OH or -OP'. Definitions When
describing the compounds and methods of the invention, the following 15
terms have the following meanings, unless otherwise indicated. The term
"alkyl" means a monovalept satura ed€1 droca ?P i y be
or DRG0 BBl TR S BT Py 2ol lomrce
from (REIT hEErh AR AR retettiygratFeih ars Hp rotecifRy gt “&ap
C,;a84itable for preventing undesired reactions at an amino nitrogen,

Rapresenialve.aming poUaSHALER HAURS) DGR Hul dre.aaimited to
forrp , acyl groups, for example alkangyl gro%j, such as acetyl;
NC(@RoMyeL? Sl whewaSerdus%yearbony! (Boc); _
aryimetheasarsonyisgroupsy stéasibeh2ytessiodr byl (BB} &hd s
- 9-fluorenyltnethoxycarbonyl (Fmoc), arylmethyl groups, such as benzyl
“(Bn), trit%%gr), diphenylmethyl, and 1,1-di- (4'-methoxyphenyl)methyt; silyl
grotpPEHR SRS Isilyl (T1\4S) and tert-butyl- 25 climethylsilyl
(118BMBY; and fhediiket. Thelterm "hydroxy-protecting group” means a
profestinggroupsiitabledar prevemtiRgisngesiged reactions at a hydroxy

arqup. Representalive flin ProteGling siouns dnclyde, but are not

limited 10, a T’groups, such as methyl, ethyl, and tert-butyl; acyl groups,
for example alkanoyl groups, such as acetyl; arylrnethyl groups, such as

pefidg@idenzyl (Bn),p-methoxybenzyl (PMF3), 9-fluorenylmethyl (Fm), and

diphenylmethyl, (henzbydinds RBM ) sihtig saupsisdahcas iimetiwisyy|
term(sT h'\élvse)ﬂ?engﬁgﬁ{r?éj %é%%g&%%@!%‘ B3k angd;the fike.

The term “alkyl” means a monovalent saturated hydrocarbon group which may be
linear or branched, for example, methyl, ethyl, n-propyl {(r-P1), and isopropy! (i-Pr).

The term “amino-protecting group” means a protecting group suitable for
preventing undesired reactions at an amino nitrogen. Representative amino-protecting
groups include, but are nof limited o, formyl; acyl groups, for example alkanoyl groups,
such as acetyl; alkoxycarbonyl groups, such as tert-butoxycarbonyl (Boe); arylmethoxy-
carbonyl groups, such as benzyloxycarbonyl (Cobz) and 9-fluorenylmethoxycarbonyl
{Fmoc); arylmethy! groups, such as benzyl (Bn), trityl (TT), diphenylmethyl, and 1,1-di-
(¢’ -methoxyphenyl)methyl; silyl groups, such as trimethylsilyl (TMS) and rerz-butyl-
dimethylsilyl (TBDMS); and the like.

The term “hydroxy-protecting group” means a protecting group suitable for
preventing undesired reactions at a hydroxy group. Representative hydroxy-protecting
groups include, but are not fimited to, alkyl groups, such as methyl, ethyl, and tert-butyl;
acyl groups, for example alkanoyl groups, such as acetyl; arylmethyl groups, such as
benzyl (Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and diphenyhnethyl
{benzhydryl, DPM); silyl groups, such as trimethylsilyl (TMS) and rers-butyldimethylsilyl
{TBS); and the like.



WO 2007/097976PCT/US2007/003961 The use of protecting groups
for.a particular functional group,.as well.as suitable conditions.for
protection and deprotection, are well known in the art. For example,
Jumerous rotecting groups, and their introduction and removal, are
dediBEd i 7. W. Greene and G M Wuts, Protecting GFSUPSIH B5g4Hic
Synthesis, Third Edition, Wiley, 5 New York, 1999, and references cited
therein. The chemical naming conventions used herein are illustrated for
the compound of Example 1: N\ /\ 0 H2N which is designated 1-
(44241R,3R,5S)-3-amino-8-azabijcyclo 1logt-8- 10 .
yfrfgﬁk‘ﬁf’p?% PSS et asn%%aept%{?r‘%gq%ﬁghé%égﬁiﬁe%%a IyﬁyaciillaaglséuﬁﬁigNom
condiBoftarer(Mpier ATEPRTAERCSy SIS, 'amBH? Bradikidit™ G&MHSny). The
numefRSigRationy 5.3k, aR) tescribesitheneldtiveonbrtativeeobébionts
GrearfSRACRIGE W 198 DIGHEIE, D08 SYSIRT b PROR NN issmkiaasively

enoted as |
5 New YAl 980 Ao AT AT A& o[3.2. Llocts-ypethylipiperazin-|
-yi}sthanoie! wibofthenzortipourds i thealavErisir i orRTeF R asset
Exm—&lﬁgRb are in the endo configuration. Synthetic Procedures In one
method of synthesis, a tropanamine pfformyla (la) NAW NH2 20(la) is
prepared by reductive aminagty/of tro ne of foliiiula (Ib): (1b) where
the variables R, A, V\{iﬁrﬁ@ﬁare as defined above.

HoN
which is designated 1- {4-[2-((1R,3R,58)-3-amino-8-azabicyclo{3.2.1Joct-8-

10 ylethyl]piperazin-1-yi}ethanone using the commercialiy-available AutoNom scfiwase
(MDL Information Systems, Gmbl, Franidfurt, Germany). The designation (15,3R,5R)
describes the relative orientation of the bonds associated with the bicyclic ring system.
The compound is alternatively denoted as 1-{4-[2-(3 -endo-amino-§-azabicyclo[3.2. 1 Joct-
8-yDethyllpiperazin-1-yl}ethanone. All of the compounds of the invention in which R is

15 —NR"RP are in the endo configuration.

Synthetic Procedures

I one method of synthesis, a tropanamine of formula (la)

1
N/\H’A\A/W
H—%{ R’
NH,

20 : (Ia)

is prepared by reductive amination of a tropanone of formula (iby:

R‘i
O

{(Io)
where the variables R', A, W, and » are as defined above.
25 Typically compound (Ib) is reacted with a large excess, between about 15 and

gbout 25 equivalents, of ammonium formate in an inert diluent, such as methanol or

5
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25Typically compound (Ib) is reacted with a large excess, between about
-..15.and about 25 equivalents,.of ammonium fommte.in.an inert diluent,
such as methanol or WO 2007/097976PCPUS2007/003961 ethanol. A
small amount of water , about 0_1 to about 0.2 volume equivalents with
YEPBEEPE Thethanol or ethanol, is typically included in tH& FeTaRGEHE
The reaction, which is conducted in the presence of a transition metal
catalyst, typically palladium or palladium hydroxide on carbon, provides
intermediate (la) in the endo configuration with 5 high stereospecificity.

g A Sa Yo et sealiluiason ahine,padict ) i

e reaction is typically conducted ata
respegbinprthiort Beteeh aboirio BRSBTS A80UL T f5°aE%ht 72
whic QU @uAtLthe seastienis substantialiyicemblelerplhd prothdttoan be

paliad] maf ed by. conven 9@%‘&@%%@&@9%% &Q&L@E@H@%ﬁom with

ropa amine fm can be prepared from tropanoneﬂ&b?1 ordln fé
W ent

bigh {FESRSS BrifteSSNIRTENREH P SCHERE A SRARE ré) 0 rep?
is grelydltBgebaan: anthospotectingrirdipcPRint BA et o teierp o s @ PIEEss of
abcut%@%m%&ttfgp@@%&mlbsﬂ %%BQPVQQQ@Q N |§Btb%¥éfﬁ:@&1@bﬂiﬂ 1 and

about 1.5 equivalents of a grotected ag% on?/en§ tmc he presence of

subs‘RNSIABS 1 AHTEBSUET B Edtive a reducing agent and about

proce@iBegquivalents of acetic aC|d to provide the protected tropanamine (Ic).
Thﬁt@f@@@éi?&@fy@h@xﬁ% mpevaniageanslyeelectedoas (feneyboting o

diphenylmeth { Use pga;grggeg amines (1) 20 include benzylarnine,
Ehetw ber ﬁ%ﬁﬁ%gugnd (Kfmhenylmethylamlne Dichlommethane is typically

used as the inert diluent for this reaction. Alternative diluents include
ethers such as dimethoxyctbduame Fhe reaction is typically conducted at a
temperature between about 10 and about 30C for abqut 12 to about 72

ourgwMWeactlon is substantially t ical reducing
%ﬁts imclude sodlunﬁ’;’trwft:etoxyboroh;mm%;e sBdium borohydride, and
¢ sodium cyanoborohyd |?;Ie. WO 200ﬁ0g7976PCT/U52007/003961 in
a seapid step, the protected tropanamine (Ic) |§Id)ep‘rb{gcted by
conventional procedures. For example, when P2 is benzyl or
diphenylmethyl, the protecting group(s) can be remov Nedction

using, for example, hydrogen or ammonium formaté dnd grof}p VIII
metal catalyst, such as palladium on carbon, to provide ‘comp@ind (la).

where Q represent hydrogen or an amino-protecting group P

According to the process of Scheme A, tropanone (Ib) is first contacted with
between about 1 and about 1.5 equivalents of a protected amine NHPQ (1) in the
presence of between about 1 and about 1.5 equivalents of a reducing agent and about .5
equivalents of acetic acid to provide the protected tropanamine (Ic). The protecting group
P? is advantageously selected as benzyl or diphenylmethyl. Useful protected amines (&)
include benzylamine, dibenzylamine, and diphenylmethylamine. Dichloromethane is
typically used as the inert diluent for this reaction. Alternative diluents inchude ethers
such as dimethoxyethane. The reaction is typically conducted at a temperature between
about 10 and about 30 °C for about 12 to about 72 hours or until the reaction is
substantially complete. Typical reducing agents include sodium triacetoxyborohydride,

sodium borohydride, and sodium cyanoborohydride.

6
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5 Th_e tropanone intermediate (Ib) is advantageously prepared from
readily ,avallgble._ starting materials according to the process.of Scheme B. .
where the bicyclic ring formation and amine coupling are accomplished in

the same reaction step. Scheme B H2NrY"ThEsw-- Rl  NMA-LA--W
WG E007/097976 PCT/US2007/003961

Tn a second step, the protecied tropanamine (Ic) is deprotected by conventional
procedures. For example, when ¥* is benzyl or diphenyimethyl, the protecting group(s)
can be removed by reduction using, for example, fiydrogen or ammomium formate and a
group VIO metal catalyst, such as patladium on carbon, to provide compound (Ia).

The tropanone intermediate (Ib) is advantageously prepared from readily available
starting materials according fo the process of Scheme B where the bicyclic ring formation

and amine coupling are accomplished in the same reaction step.

Scheme B

n

HZN/\c(")\A/W .
R
0O 0 [ = _r° } an //%\(M’\r‘* W
AT (3) o
@) o o o ()
HOwOH
4)

As shown in Scheme B, 2,5-dimethoxytetrahydrofuran (2), which has been
hydrolyzed to succinaldehyde (3) in an agueous acidic environment is contacted with
between about 1 and about 1.5 equivalents of the amine (II) and a slght excess, for
example, about 1.1 equivalents of 3-oxopentanedioic acid {4}, cormmmonly
1,3-acetonedicarboxylic acid. The reaction is conducted in the presence of an excess, for
example between about 3 and about 6 equivalents, of a buffering agent such as sodium
acetate or sodiumn hydrogen phosphate, to maintain the pH of the reaction mixiure
hetween about 4 and about 6. The reaction mixture is typically heated to between about
40 and about 50 °C for about I to about 4 hours or until the reaction is substantially
complete. The product (Tb} is extracted by conventional procedures.

Compounds of formula (Ib) in which W is a moiety of formula ()

N
e Z
A4

(a}
wherein Z is NC{O)R® or NS(O),R® can alternatively be prepared from compounds of
formula (0b) in which W is a moiety of formula {a) wherein Z is NI, i.e. compounds
wherein W is piperazinyl, by reactions with conventional reagents under standard

7



(3) (2)00 0(1b) HOOH (4) 10 As shown in Scheme B,

e 2,B-dimethoxytetrahydrofuran (2), which has been hydrolyzed to.......... ...

succinaldehyde (3) in an aqueous acidic environment is contacted with
“pgtz\évg%eeg (9517b60ut 1 and about 13 equivalents of the amine (lI) and a slight
ExCELs o’ example, about 1.1 equivalents of 3-oxopentar B A%H 4),
commonly 15 1,3-acetonedicarboxylic acid. The reaction is conducted in
the presence of an excess, for example between about 3 and about 6
equivalents, of a buffering agent such as sodium acetate or sodium
.h.ydro%en hosphate, to maintain.the pH: o [eactionmixtyre hgtween
concifigatt ' "é%é’%fﬁgu‘f’%f [%ésrea Iéqr%{] Fixture is typically heated to hetween
reageabba 0 it abarSe Cerabott s Aot 2 HBEE BY Uit FHNE e dEtion is
ve ussHRStRRAY 20ngotnpleteokhis glodust (ispisrextrdetdobyle v entibitl
w i BT EE a) whercin 2 is NC(OIRA of NS(O)ZRE can alternatvely bp.
-N’ ( n alternative
AP EOO AT OS (U Y Y S O o S
fromfarmutaifaywihbleitRiis Niteiies bypiootives lorereit thess PipkraimiA, by
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ort. FEARLORE M LONYEDHQNAL FERGERISMNEEISIANEARE Focedures for
preparing a compound of formula (I} or intermediates thereto are described in the
examples below.

Accordingly, in a method aspect, the invention provides a process for preparing a -
compound of formula (Ia) or a salt thereof, the process comprising:

{a) reacting a compound of formula (1b) with at least 15 equivalents of
ammoninom formate in the presence of a transition metal catalyst; or

{b} reacting a compound of formula (1b) with a protected amine of formmia
NHP?Q in the presence of a reducing agent, followed by removing the protecting group or
groups; '

to provide a compound of formuia (fa) or a salt thereof.

In a second method aspect, the invention provides a process for preparing a
compound of formula (Ib) or a salt thereof, the process comprising:

(a) hydrolyzing 2,5-dimethoxytetrahydrofuran in an agueous acidic mediwn; and

(b) reacting the product of step (a) with a compound of formula (i) and
3-oxopentanedioic acid in the presence of a buffering agent;

to provide a compound of formula (Ib) or a salt thereof.

The compounds of the invention are useful intermediates for the preparation of
5-HTs receptor agonists. For example, compounds of formula (Ia) can be reacted with
1-isopropyl-1H-indazole-3-carboxylic acid io provide indazole-carboxamide 5-HTy
receptor agonist compounds, for example the compounds described in US 2005/0197335,
US 2006/0183901 or intermediates thereto. )

Compounds which are 5-HT, receptor agonists are expected to be useful for
treating medical conditions mediated by 5-HT. receptors or associated with 5-HT,
receptor activity, i.e. medical conditions which are ameliorated by treatment with a 5-HT4
receptor agonist. Such medical conditions include, but are not limited to, irritable bowel

syndrome {IBS), chronic constipation, functional dyspepsia, delayed gastric emptlying,
8
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WO 2007/097976PCI/US2007/003961 conditions. For example, when Z is

- NC(Q)CH3;-acetic-anhydride-may-be used as the reagent for the acylating.

reaction. When Z is NS(0)2CH3, methanesulfonyl chloride may be used to

Jprepare a7%ompound of formula (Ib) from a compound of formula (Ib) in
WHich W/ 1€ piperazinyl 5The amines of formula Wi are P L8R Cially
available or can be prepared from commonly available starting materials
by procedures known to those skilled in the art. Further details regarding
specific reaction conditions and other procedures for preparing a

compoun formula inter ' t ibed in the
gamé"i%"nga %asfjﬁ%ﬂ%ﬁv&féﬁccﬁﬁ%}g’ F%ﬁ%ﬁ%ﬁ%ﬁ‘%&%&aﬁ %?eﬁ%r?\?gn ign
gwwqmmdé%sﬁﬁg%é@%ﬁﬁ%%ﬁi/ SUEBIBGURL B Yh TR ErAY & it
ransitheseafitie, progssscompprsingiat somés) Hoactirgter campbderrdroifdamula
may (A0 ALIEASE 15 cquivalsnis A ABRon MR Mmals.inhe presence of a

" transition metal catalyst; or (g‘zpreactl afcon%xp?gpgu Jng%gnula

disordyss R4 PR GRSARAT Shﬁlﬂﬂggs in‘the presence of a
funcif@ducing agent, followed by removing the protecting group or groups; to

Previde;g.eorenotuachof fosnilatladel @ salilersafiiy of dea second

method aspect, the jnvention proyi a process ING.A0f the
gam%%}tﬁ%l&%@%ft%ﬁ%ﬁ%% e BX acfc ?Osbﬁ{? PR &%Ezﬁi{g BRFRG &of th

)%r a'salt thereof, the process comprising; 20(a)

G irdvy dro iR rodBCeir e e HAY R b IRV TRER At oS AT THEBium:
disor@8 includRbreastingiberprodutt-afistep)anith cocsirgoundedbignmila
irritabld GG PRGPRNRAIDIE ACKL I NG BRescEaRlA-blaHng.Ag Rk O
provide a’compound of formula (Ib) or a salt thereof. The compounds of
dyspgR¥4nvention are useful intermediates for the preparation of 25 6-HT4
receptor agonists. For example, compounds of formula (la) can be reacted

with 1-isopropyl-1H-indazofez3%arhexylic acid to provide
indazole-carboxamide 5-HT4 receptor agoni ! sufor expmple
thé“%%?ﬁ%%%“ﬁ’ééf”ﬁ‘gﬂs%‘r‘fﬁé‘ |B%§I§§’[69§7§%’7‘£%%%9€§’ %%%/518’3901 or
not tiribe rPRstietd SHONBRY, S HMISOE RS ATARS BYErFATe ARBIOY 44U are
defirRARREIh 1008HSRHEA0Y accepted meanings.

Reagents and solvents were purchased from commercial suppliers (Aldrich, Fluka,
Sigma, etc.), and used without firther purification. Reactions were run under nitrogen
atmosphere, unless noted otherwise. Progress of reaction mixtures was monitored by thin
layer chromatography (TLC), analytical high performance liquid chromatography {(anal.
HPLC), liquid chromatography mass spectroscopy (LCMS), and gas liquid
chromatography (GC), the details of which are given below and separately in specific
examples of reactions. Reaction mixtures were worked up as described specifically in
each reaction; commonly they were purified by extraction and other purification methods
such as temperature-, and solvent-dependent crystallization, and precipitation. -
Characterization of reaction products was routinely carried out by mass and "H-NMR
spectrometry. For NMR measurement, samples were dissolved in deuterated solvent
(D:0, CDCls, or DMSO-dq), and 'H-NMR spectra were acquired with a Varian Gemini

2000 instrument (300 Mz} under standard observation conditions,
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with-5-1-IT4 receptor activity, i.e. medical.conditions.which are.

ameliorated by treatment with a 5-HT4 receptor agonist. Such medical
conditions include, but are not limited to, irritable bowel syndrome (IBS),
VR8I &l stipation, functional dyspepsia, delayed gastHd @HtyHe s
WO 2007/097976'KIM S2007/00396 | gastroesophageal reflux disease
(GERD), gastroparesis, diabetic and idiopathic gastropathy,
post-operative dens, intestinal pseudo-obstruction, and drug-induced
delayed tirnsit..aq(?_jgga, it has been suggested that some 5-HT4

Simpoumds may be used in the treatment of central

néhvdasayrtenddisardire i RITCIGhRiTES Gradbdre Benabioral ©
me/mliSOREEIS: DOk disardeds;sanidisatdeissafoedittvot-of autonomic function.
In particular, such compounds arg epecisd iincipase, metliyofie
g%‘f@nﬂgﬂinal ((31)21%511(;?@,991thus gﬁz g(%ec ed to be useful for treating
diserdess withenGhiract caused byoreauced motility in mammals, including
humans. These GI motility 10 disorders include, by way of illustration,
chronic constipation, constipation-predominant irritable bowel syndrome
(C-IBS), diabetic and idi(@)athic#astro are;is, and fglr]c?tégt@ia! géispepsia.

2 4«&@&:@

ets ; Tnerazip .
5?%%%%{%%%2@;@@@@’5% fic EXAmMpIes are offered to illustrate

are not to be construed jn any way.as I'@i ir&gﬁ} scope
of SHECRRERTIN RS BisiA atidr s Sty AR AU B IoW RAVE Hisirgénaralty
tetratfjaeEpiad(1eaniigS. 78 mRpagerits Gadkoheritsaverdtpgrrtiasetr rbam
was SQOmereialsppkers.faldrichn Fluka, Sigma, etc.), and used without
further purification, Reacti ere rup.under nitrogen ¢ ere,
it e b R L
solutiprrpfapdivahroriradhiaphy deeivaliayme A9 Bédinance liquid
CondehfQmatgaraphyricnal (RG], hauididbdemalograpiy iaisespectroscopy
el 809 92 UG ChmAloaaRly (GO B Aplallsalmbiciare
given below and separately in specific examples of reactions, Eé:e lElon
(607 et BranAitel B9 S sRILEAR EPeFaEIR AR O S Kok reaction;
aqueb@yRaTenlydheyyeseapdrifiedeyae xtrrdtdrwan dvethkbeyyu fificatiend #ethods
resuitHy r}e@l?x?@?%%@%ﬁ? :[stiﬁ;@&j ta%%h@;@ﬁ@*@pﬁ ndedl @@;ﬁﬁl M@I'@Hfb&il’@oxidf: ;
precipitation, Characterization of reactign, products. was routi carrie
evol PP AT R B0 g oy T esRb ot
mixtgarhpted wekédigsolved in deuterated solvent (1)20, CDC13, or
DMEO66)ahds Lok MRspenira wese-acesitadimihrax\arisrvermini 30
2000 jnstrument (300 MI-17) under standar eryal itignsy, 4O
T S L USI0E DD Ot LAl e B
Sodium chloride (600 g) was added and the mixture was stirred to complete dissolution.

The product was extracted with dichloromethane (DCM) (1 x 2600 mL, 2 x 1500 mL).

The combined organic phases were dried, filtered and the solution concentrated to 2500
mL.

The concentrated solution was cooled to 15°C and acetic anhydride (500 mL}) was
added slowly, keeping the temperature below 25°C. The solution was stirred for 30 min
and water (1500 ml.) was added at 15°C. The mixture was stirred for 10 min, then
acidified to pH 1 using M hydrochloric acid.

The DCM and aqueous phases were separated. Gas chromatography analysis

revealed that there was no remaining product in the DCM phase. The aqueous phase was

10
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Crude compounds were dissolved in 50% MeCN/F120 (with 0.1% TFA) at

. 0.5-1.0 mg/mL concentration,.and analyzed using the following conditions: .~

Column:Zorbax Bonus-RP (5.0 p_rn of particle size, 4.6 x 150 rum 5Flow
rate:2 0 mL/min Detector wavelength: 214, 254, and 280 urn.
EHNAEIS Synthesis of PCT/US2007/003961

(1R,5S)-8-[2-(4-acetylpiperazin-1-yDethyll-S10azabicyclo13.2.1loctan-3-0
ne Concentrated hydrochloric acid (50 mL) was added to a solution of
2,5-dimethoxy tetrahydrofuran (490.2 mL, 338 mol) in Water (1200 mL).
The resulting yellow solution was stirred at about 70- 72 ox%% gf)
basefipd 2 AFhIAJBtERA) BIREPAZITE AEAER FhETHLS RIS ToT 5, eqw w%slg ded to
in wager] Bhealhonbh Soching Gectae{l22BBgydizdowed in tht@r‘{@mmﬁ L) at
eméé&w t@%@g@t@ﬂt@%@%ﬁt&w&g@&ﬁ%ﬁmwﬁ@ ske?gza lgegjpmg
e internal temperature below r coolin
com&?‘:“ﬁ%{&ﬁ‘@?ﬂgﬁ‘ér&‘g R (BY7.8% %ffi@ffl‘n%g Watéca‘ eetlmz)at%lﬁijﬁ%ﬁelsoIutlon
mcotemnau}résa@atﬁ%mww@&m@%ﬁm yeélbW Bt prebared
MHZFRONE WA addeg gl@sw%w abeut, f)mnsamdnbe zmzmﬂ%egow
mixture w. ir a r SE%)Z ]| ide
4H), 281 tto 1ov\(/§éém T%?é} mﬁ%}%ﬁﬁgg éct?rrg at 4]8%? %p%ot@ggh and the color

59.10Bthes 6 a8HoPPrBd it kuihét &ACHHbiM 27- 2%k ixture was cooled to
about 15C. Aqueous sodium hydroxide (50%, -470 nft.,) was added in

p t|on epin per é)ﬁgoygf)z_,a ¢} WCH eaches. 25
% gﬁ}lj @ %g S{;lyggéé (: d and th§e rﬁﬁ%re Wasmﬁﬁged 'gl
@&% Clasaution,he produst s ediasiediilh dichlaramethane

e combine organlcp ases were
(31 Qm@dl Hllfé?@dpéﬁt?‘tﬁéaééﬁﬁﬁé‘??‘é Rt PR RGNS 8RR Eentrated
alcolgluboRWpE casleetptEGanthasstitanydided30ebny 6YWasB0 added
1 s.m%vt\ftxteﬁscﬁpmgrﬁmﬁmg 1Y QEH&W@5§15€Q%;§,@'MH&&W&SM}H@&f0r

min and water (1500 mL) was added at he mixture vvda%lstlrred
£ Al

add%?"i‘@}?‘rﬂ‘ﬁerthg é‘@l&‘i’ﬁ%ﬂgto F UG M VG SEhIONE ac

aaalmmuwmusdphasemwé@@c&até’é@dn@a%ﬁ%fﬁ%ﬁﬁaﬁwegﬁélysus
aboie8IRA thﬁk&%@:%@g@zema/ tgte,gwoﬂidfdGG iothis RCMcphiasee "wflaeg

ue paewaW YW1 ZSO T v mz to
ﬁ“"‘pau T]% Eg trlgte?ﬁlo:n |o%v?/|v§e addii tlgon ot?aqgegggg?t%gge@gﬁﬁ%& ﬁ%‘dm)%&

on S Es iy aBbPBEEhi: ke Brag Had et Aar taRTsEiatrs Bt
vackbGorThenpsqduetwasresdraciadivattnDG i (8 18508bedl-§; and the
azab?%rc%‘{tfg ﬁ&%'%-&ﬁ@%%su AGRIRWRL. e %mpl{"@éiigéjﬂ?ﬂalﬁﬁ@red

through celite, and dlstllle to produc the EYJﬁz qmpou >
“"“%%%?F(‘@S‘Grﬁﬂ 62574 Bl ‘3&8‘ dma ogﬁ ﬁ% E&% F I§C13
{d, 23007M¥Hz) Bph3 365, @HZH)WB(%%; 284 Y3188 &326y, SR A7 U,
(m, 351} 5% 28RO 2 (50, (m, 251), 2.07 (s, 35D, 1.97 (4, 2H).

A stirred solution of (1R,55)-8-[2-(4-acetylpiperazin-1-yDethyl]-8-azabicyclo-
[3.2.1]-octan-3-one 1,5-paphthalene-disulfonic salt (51.6 g) in water (500 mL}, cooled o
5°C, was basified to pH 14 using aqueous sodium hydroxide (50%), keeping the
temperature below 15°C. DCM (300 mL) was added and the emulsion formed was
filtered through celite. The layers were separated and the aqueous layer was washed with
DCM (3 x 100 mL). The combined organic phases were dried for 24 h to produce
{IR,SS)—&[2-(4—accty}piperazin-1wyi)emyi}ug—azabicyclo{i’:.2.l]octa'nuS—one (23.3 g, 93%
yield based on the salt).
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4H), 2.10 (m, 31-1), 1.61(m, 211); 13C NAAR (CDCI3, 75M1-1z) 8 ppm:

209.81,.168.90,.59.10, 57.83, 53.83, 5122, 48.01, 47.40, 46,19,41.30, . ... ...

27.80, 21.28. 10Example 2: Synthesis of
1-(4-[24(1R,3R,5.9-3-amino-8-azabicyclof3.2.1loct-
BAHEHYIdfoerazin-I-yliethanone PCTIUS2007/003961
(IR,55)-842-(4-Acetylpiperazin-1-y1)ethyl]-8-azabicyc1013.2.1]Joctan-3-on
e, (31.0 g, 0.111 mol), prepared as described in Example 1, was dissolved
in isopropyl alcohol (100 rnL) at room temperature The solution was

heated to about 60C and 15 1 5 en dIS tetrahydrate
dlé%ﬁigcﬁlﬁlg%ﬁ‘%ﬁ}mﬁﬁﬁ%ff( was ad %é%“egf IE%Qwrth

(58254 0iPER AKR reoipietion @Wh@@ébﬁﬁ@h‘%@iﬁ@%tetﬁﬁeﬁﬁﬂﬁloﬁ’f%eI
samﬁérg%eﬂ%g%%qx%ms@pzisapylgalsoh@t@(mm@vth&m&dme‘%amtagﬁ?h
about qr ole %\%Ir’a? t Ilil@ %Ii e
sddigR o e TS ere the re ultrljﬁﬂgp Eﬁ%ﬁ&%@%d with is 3
activaticbhoh(® K50 W@)aéﬁeriweﬁtezeﬁﬁrﬂqeﬁﬂwt&%beﬁﬁﬁm?ﬁ8 51?‘&%? Pwas
(150 %ﬂ tﬁart%terr@dmaxftasksaadaamebumdanﬂmghwa@mmw@n hotd gas

chmi%a?o ?s 8L2e@eéggi%l@g%@&g}sk%[%?mwi@om The reaction

af§ 2 ﬁoctan 3-one 1,5-naphthalene-dis L#A It a L D ge
i e ST S e o0l el g Al
700 PRI B4k (0l1v2h BB 0o(e, THelYesHIPE s gyl BB SeD ) Wzrﬂrrn 4H),
cohuBulS cAdidd 3 B2 (Ma 4cl01 3632 8B R BET A1 iR 5OYchoRilh), 2.27 (i,
hydﬁll)% % Ogﬁftl fopr ks QG %sodnﬁtyilg%t&%t %&%QFEQ(&M was

-ace Iplpera2| -ypethylj-8-azabicyclo

3.2.1]-oct
exm@naﬁtﬂ%t@%@ﬁ&%@éﬂﬁf@ﬁ)tﬁww ioglea%%tmg)c

The WaS-hasifigddn plttidhusiag atudoussadié Pwiclr bt (G090 leastirry
the LIS &I uapBeerurS\QEJQMH P vREME3Q9 éﬂk W%ﬁ?%@nd the emulsion

ormed was 30 filtered through celite, T ers the
cheomgngen Dy Y NS SHVBORTER 2ob (e e
1) Organis, phasesnessHyjeo for 23 (m 165 Gdtice, 3H), 1.41 (4, 2H), 1.40 {brs,

2H}%’§ %@%&t acgrylniperazingkypethylkB-zaisyeel3:24 bactang-ane

i8ld based on the salt). WO
46. 120@7?@9%’9%@&%7%2’@@%}063961

(1R,53)-842-(4-Acetylpiperazin4d-yl)ethyll-8-azabicyclOp 2 lloctan-3-one

(582,01, 012Q9 Biahnuas sissalyed i ,egianch {3a0mideat-raamicyclo-
ten@pgrﬁu&e; Focthigipobetiom-amemivmaormate (263.1 g, 4.17 mol, 20

equiy)suas C{Qe&é@t&%@%ﬁmtbﬁeagﬂmmmﬂnﬁaqhtmmasmd
water (8 mL). Palladl g\/ Q% %%glgra %&g&v&t&@ garbon,
0.0HgmeP V48 %tﬁ‘*&’éoﬁ%‘t%’e Mixtore. I?owe ddition of methanol (150
benplayaiTin AR IRA & WaS L) Preor%ﬁﬁro%%t (el gk 88619&% I
wertl Dl QRS- 0bFRBIQEEap By aalysisovealedrcomplete comiedsion.¢F the
o O&eto The eqﬁtlon L ixture Wq&élge;&qntr&gggg&elgg Ahg rgsiding cake

was Wasﬁea' methanol (about 700 mL) %rlgd“ e soIv(e(ptlrgmo.ve(;_il_l The

abo%éﬁ@e%%m%@%SmW%ﬁ' ISR WAS cobiad to

tm@eatafasd;uwsz:omtomawedamspwrwgsmgde@%ﬂsmrrwmﬁ@medrﬁﬁe
eSS Oﬂe(g@e&%wqr@@wmwmmm QRN RIOAUCENRRA under

extracted with DCM (400 mL hase t M
high 369 /T14° FHRCC5HS meé%g gnlc tﬁc%%ﬁ(g ere drlzor;,x f%%%%do\l% gi@rl?
(CubiglechigRvadapme H3provREs tﬁé Yitte2Bnigouhdt S &-<Eci8Ityht BRown
0P (430198, YospLiity by gasnl > shrermajogsantyIEi P NMRKQOIELS,75

300MHz) 8’ ppm: 3.61 (t, 211), 3.46 (t, 2H), 3.23 (t, 111), 3.18 (in, 211),

2.47 (m, 811), 2.14-1.93 (m, 611), 2.08 (s, 311), 1.41 (d, 211), 1.40 (bra,

2H); 13C NMR (CDC13, 75Minz) 8%pm: 168.79, 58.87, 57.36, 53.69,

53.35, 53.12, 49.41, 46.13, 42.65, 41.22, 38.47, 26.39, 21.22.
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20Example 3: Synthesis of
-1-{4-(2-01R,3R,5S)-3-benzylamino-8-az1blcyclO-
13.2.1)oet-8-yflethyllpiperazin-1-34}-ethanOne
(1R,5S)-842-(4-Acetylpiperazin-l-yDethyl]-8-azabicyclo[3.2.1]octan-3-one
9 B%G°0'084 mot) was dissolved in DCM (200 mL) at ro8ry¥etfipératate
To this solution benzylamine (4.49 g, 0.041 mol, 1.2 equiv) and acetic acid
(2.02g. 0.017 mol, 0.5 equiv) 25 were added, followed by the in situ
addition of sodium triacetoxy borohydride (14.42g. 0.068 mol, 2 equiv).
The mixture was stirred at room tem era h,.cool t10C
MHz)itwan e Bati Gt 51 %&r%?ﬁg?‘r)}& FoXioR (2%0{ 7 %a%é)a dg% gé)egeyprng
46.101he tempeatess helow 20C. The two phases were separated and the
organic phase was dried (Na2804) After removal of the solvent by

distillation, the crude prod der 3 fof48.h to
otk %q 4B, Sif?fj %“%95‘%{%3 (€DCI3,
300" m, 511)

i @
46, ),
3, H"(ﬁ%%ﬂ)’)@é’ﬁ@i‘fﬂﬁ“@? ((rn gﬁﬁf "%‘f gg%ﬁﬂ 91%%‘?‘(1
_yl}mmmaetwf@mmaﬁelewmiZ@ngio@%mﬂmue%brfbmge | MHz)
memgxﬁQ%O% 7 e A0:94,(3 28 4B, 1142 £:36,31540198w BB d S DDBI KRB EGhe

addﬁ%%r(?ﬁ:)}gg%a? %ﬁ?ﬁl?ﬂ Jégtai‘;rr]s"{ %wét%e% ?g%nglg%ﬁu%}bl@a:ctwated E%H] @lg é

20 WIYH AT (LR BRSSPI et FIiet @24 BRI AbaT B A e s Hcthiserazin-1
tempeyAlQtbanengi{vie: anafteendtevoigie)clitc aid MLRI(ERBR BSR3B0Y
msm?anﬁxl?ﬁé %gﬁ%ﬁ@ﬂgigeﬁgégt&({%mgﬂﬂ &%ﬁ%ﬁ@dﬁ&éﬁ to 14

anone, the product of Example 3 ogzjyvasc}gj@ggéved
with |?P‘Fﬁé?ﬁ%h’(§§€f‘ﬁﬂ_)’rkc%‘ﬂ‘8°é‘8@° CRN (f’g'ﬁ? equiv) was added
and feliwbdtivative adtid mtbnﬁbrparramnmeﬂwswemﬁ%%%%ﬁﬁaduum
Aﬂe%@;%m@tﬁgm%gznﬁe&%ak@x?a&wtﬁ@)ﬁm@rrdyﬁf@gmﬂat%wfmd
out using si sur atr p r 1Rkture
24 hv\tr‘%{:st‘lflﬁ;er%@3 roug e an Lé 0 vent(3 \g}v@s{%%ng\fgg b%/hdlstlllatlon The
the tidsiduwvad me@m@éwrﬁmérmeﬁwte?mfﬁ@m‘wgé ‘adjusted to 14

with 50% sadium hydroxide. The aqueous solution was saturated with

SO%'“”‘ CP'Q“QG %ﬁgsrshgfe e r@%ﬁég)aﬁt@@emwﬁl\rmmmw
phgﬁ! _cg\rﬁj fignipkameoval of the solvent by
dlstlll tlon ant further n L f0r.24 Dy the ditl8ne o
co%%?gwﬁ%gwaéj qu?alne a%%‘#] d%{rown g”ae%e%gg 9850/ bTR% 11-1 Nfl\/IR

Exapplh@ Witk bérﬂrﬁbﬁﬁ’éf?ﬁ%ﬁglﬂ“ﬁagfeﬁft ﬁé"%’&mﬁ F’e’bérf’gd in Example
2. Example 5: Synthesis of

1-( x{én[lge@*@é&lﬁ’s@%U{Z@hbid{{)ih@jﬁl@@}-ﬁﬁﬂ&%@%ﬁiﬁ@zﬁa&hﬁ-ylle
thy; m@g{@% leihangp@anentglowingiheaprecessrdestribed in
Exef@r% Ry BXGSRLISRIacinG PEnEyiaming @;c%g@ezo@i@i,sgwma 2

((1@&%%%6}%%?%%&2%{'% c]g(r:? Sjethy plspgr%%@ ~y1} -ethanone
Wlthl}g@’mﬂwag%s@‘ami@wm’wgﬁﬂééé3}83%&1‘?9}156 perazin-

oindilEtaneRs.(ia aseaonshalteraledasialed.  Following the process
described in Example 4, except replacing 1- (442-

(OR,3R,5S)-3-benzylamino-8-azabicyclo[3.2.1]oct-8-ypethyl]piperazin-l-y1
}-ethanone with

1-(4-(21(1R,3R,58)-A3-(bertzhydryI-amino)-8-aza-bicyc|o[3.2.1loct-8-ylieth
y1}- piperazin-l-yl)ethanone, the titte compound was obtained.
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WO 2007/097976PCT/US2007/003961 Example 7: Synthesis of

--(V-1(2R)-2-hydroxy-3-1(1R,5S)-3-0x0-8-azableyel013.2.1ioet-8-yl1propyll

-N-methylmethaneQul10namide Preparation of
N-methyl-N-VS)-2-oxilan-2-ylmethyllmethanesulfonamide 5A 12 L flask
W' eWarged with water (1 L) followed by the addition sd@iti&FH§erédde
(50 % in water, 146.81 g, 1.835 mol). The beaker containing sodium
hydroxide was washed with water (2 x 500 mL) and the washings were
added to the flask. The mixture was stirred at room temperature for 10 min
and cooled to -8 C. (N-methyl)- methanesulfonamide (200.2 g, 1.835 mol)
in water (500 mL) was added over 5 mm. The 10 mixture was stirred for 1
h akodnplendsp)sR-ahlaromethylbhiydne (38EIB GS3 BFmbipread-added.
The. miideiré-yWhs stirfef foe20 inetamsaifpiemigfomethane (2 L) was
@Qﬂ%m@tmmrmsﬁm@mreaﬁzw;t@ two layers

d {0 separate over 10.min and.sellectedxdie.puanis layer
fg@(\}vﬁga £)Bagk glthg 12'L f?ask and Ig‘V\ﬁlfcashed with 1 M phosphoric

hydf%ﬁ? (@@l’a’t’ﬁﬁwa&ﬁdlﬁﬁﬁé %83)5%@)‘%5%?&??%&0&%%%gwa5 removed by

nydréQlad yeyapokation: Feluche (MO0 te addadeontire ettrfeiproriliet:-

The }rﬂe&wfe&%s&@g{ lah:eyanoraian: Aflahthreeadditionabcycieselthy
oluene process, the title |nterr51ed|ate &ﬁ)ob{j\lned (@2&3b eg)s ]Qm_ The

memm%%ﬁgﬂdsﬁzdo 2 g, 1.835 mol) in water wak addel O

mixthte( 4R sBrarhinol 2 methifisrsbF ey hinarissaidiamidd =)

was M&ethxbl}inﬁﬁaezvmmwﬁmemyﬂmmhmeﬁuﬁmnamngmmm@in

and G ANE VADELREREY 513 ceqtias agdeddn s seluon
lterna |vefs, -methyl- g‘}ﬁz oxwan -2- ylmet lynethanesulfo ide is
sepaiigstivetP i tsfolarads, Toaipranti v h‘%ﬁ s ptd eigf I?quw

12 Laddediohaspiution ) Phesplitisracid (@$uxbilzod tiioo$tlomdn. of the
DicBASHAN NG LLOHNGLIS jSolate dvapsaxitagiad.cbhroprady clobaed to
previous ste is deprotected egldrogter;lat ion. thblhelL &%g in agc crpegtor}anol
the ‘iﬂ“fﬁ@rﬁijé% 8%?1*%?&’8{1&’% Pf% 17eqliiv) Using a ium’on carbon
the tcataiywoﬁdielﬁlemtwatwweﬁmwtb‘ﬁﬁﬁ%%%glhe title intermediate is

pooited and xiipsted. ¢ 2y 2 DifIReR, 350K f;azab C
5 VIREINE e ulfonamide Following the

prw@g}u@%f%@mma%ﬁm@erh@&@éﬁﬁw%{%@@% e
and B&@Wﬁﬂﬁeﬁﬁ. Examglev] iwildtied to the solution. (Alternatively, N-methyl-N-

R ! : ssylfgpamidsntng title
15 IEo‘gm%p’)"o‘bn dis c%%éﬁgé%%‘%&%x%ﬁog%%&%ﬁ%oomo 396 ef%?r%me

t@“S‘Wﬂﬁ Esislof equiv) is added fo the solution.) The mixture i1sTe
coniNIR 2IR) £ 2hRyelraioy- STRA R¢E6 p3s0x028:bambiayedtd: 2. 1loct-8-yllpropyl}-N-
methymeihangskkl Al emids wispnRlarpalive sgsi@lon with H, gas in

methanol in the presence of acetic acid (0.9-1.1 equiv) using a palladium on carbon

catalyst. After removal of the catalyst by filtration, the title intermediate is isolated and

extracted.

¢. Svnthesis of N-§{(ZR)-2-hyydroxy-3-[{ 12.58)-3-0oxo-8-azabicyclo[3.2. 1 loct-8-v1]-
propyl} -N-methylmethanesuifonamide

Following the process described in Example 1, except replacing 1-(Z-aminoethyl)-
piperazine of Example 1 with N-{{R)-3-amino-2-methylpropyD)-N-methylmethane-

sutfonamide, the title compound is obtained.
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5 a. Preparation of
~N4(R)-3-amino-2-methylpropyll-N-methylmethanesulfonamide

N-methyl-N-[(S)-2-oxirari-2-ylmethylimethanesulfonamide is dissolved in
dimethylformamide and sodium azide (1 - 1.1 equiv) is added to the
YEBMEN T8e mixture is refluxed until completion of the RSACHGAC7T3es1
product is isolated by the addition of brine to the solution and extraction
with an ether solvent. 10The product of the previous step is deprotected
by hydrogenation with H2 gas in methanol in the presence of acetic acid
(0.9-1.1 equiv) using a palladium catalyst. After removal of the catalyst by
filtration, the title intermediate is isolated and extracted. b. Synthesis of N-
ogyﬂms(m ESHM%@%@M&MW@%@@& guyhpipyclo-
harrsyivetmRrefonamilfdiih gt AB PRoEEEs

degEffied in Example 1, except replacing 1-(2-aminoethyl)- piperazine of

sarioen § NMiCR)-3-amino-2-methvipropyl)-N- methyimethanesulfonamide

| N%Wz%ﬁ#ﬁl@fﬁﬁmwmma{mﬂﬁsuﬂfmmrepared
by the process of revio the}tltle £omBauUN dis:0btajned.
dime S pRmE e et

esen't fnvent h scribed with reference to the
mlxbape@tﬁﬁwg”dih@em@#@é%ﬁ“ﬂ@ﬁé‘ﬂfﬂ geariadretboaeiRthsE Skilled in
admtm@@%ﬁha&&aﬂ@uﬁmm%h@mad&mdsewalents may be

substituter c‘{vo §| ut deRacting, fQ A%;B&Hée@am&@g@%@g@a@fﬂpgw in

inventon. 1 tion, many modifications may be {P%I e toa%q aptg.
mﬁ%&ﬂ.@ﬂ*&?@ﬁiﬁﬁ&ﬁf?ﬁ%&&ﬁ%{ﬁ EotnpbSHBY B RRHEY Brocess: process step
remoRniSieps, doadlye %fd@y@eﬂv@esplmrawg@eﬁesoﬁ%%Péééﬁtfﬁﬁ?ﬁ'é’hﬂon All
such modifications are intended to be within the scope of the claims
ppended hereto, Additio l.pyblications,.oatents, And.pajgnt
. g:;:gf‘ Hﬁm%?ﬁa }ﬁé Sl ﬁ%ﬁsﬁ%gfﬁogate%lb‘% reEr%are%ce hz%n in M,

ough mdividually incorporated 1relfer}‘({acnc re qu /O979€;§.l )CT/
SMWII’AW LR IMETPeaied by i REematonal Buréau

pipeni ddod fy=20071 (40107-Z8D T relai? @a&n@rﬁ@ﬂ %mﬁ#ﬂh’@e@%ﬁﬁ S
sulfARGRAN g%&m&ﬁﬂﬁﬁm@g@i@m@ fik)tidlpmpuier einbRitsd.

selected from hydrogen, -OH, and -UP’, wherein PI is a hydroxy-protecting

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intended
to be within the scope of the claims appended hereto. Additionally, all publications,
patents, and patent documents cited hereinabove are incorporated by reference herein in

full, as though individually incorporated by reference.
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group; A is selected from -0C(0)-, -S(0)2-, and a covalent bond; W is

-..Selected from -N(R3)C(0)R4, -N(R5)S(0)2126, and a moiety of formula
(@): /\-NZ 10V (a) wherein Z is selected from NC(0)R4, NS(0)2R6,
S(0)2, NH, and N1'2; R3,124, R5, and R6 are independently Ci_3aLlcyl;

V28T 4R Hhino-protecting group; and 15nisOor 1; or a SATAHEEER39he
compound of Claim | wHeYENEED ehdfRIR hydrogen. 203.The
[receimpdumd Gi<CIntelrwhticriainBsiread Bhis 6QHhly 2087 e TaDERyNnd

IS8 FRUOAE AN b un RS Rl

| wherein W is a moiety of formula ( T f Claims
wherein Z is selected from NC(0)R4, NS(0)2R6, and S(0)2 and R4 and R6
are each methyl. 7. The compound of Claim 5 wherein Z is NH. 16
AMENDE Bofaptinl ofARTIGIE: 19) 8.The compound of Claim | wherein
Wis -N(R3)C(0)R4, or -N(R5)S(0)2R6.

W

N/\(H\A

{Ib}
wherein:
R! is selected from hydrogen, —~OH, and —OP', wherein P’ is a hydroxy-protecting
group;
A is selected from —OC(Q)-, -8(0),-, and a covalent bond;
W is selected from ~-NR)NC(OIR?, -NR*)S(O):R®, and a moiety of formula (a):

N Z
—

(2)
wherein Z is selected fiom NC(O)R”, NS(C),R, S(0),, NH, and NP%
R, R, RY, and R® are independently Cysalkyl;

¥

P? is an amino-protecting group; and
nisGorl;

or & salt thereof.

2 The compound of Claim 1 wherein # is 0 and R is hydrogen.

3. The compound of Claim 1 wherein n is 1 and R’ is -OH or —OP*.
4 The compomnd of Claim 1 whereitt A is a covalent bond.
5. The compound of Claimn 1 wherein W is a moiety of formula (a).
6, The compound of Claim 5 wherein Z is selected from NC(O)R?,

NS(O)RS, and $(O), and R* and R® are each methyl.

7. The compound of Claim 5 wherein Z is NH.

16
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A process for preparing a compound of formula (Ib) or a salt thereof: 5 RI
(Ib) wherein RI, A, W, and ti are defined as in Claim 1, the process
comprising: (a)hydrolyzing 2,5-dimethoxytetrahydroluran in an agqueous
acidic medium; and 10(b)reacting the product of step (a) with a compound
of formula (hHaN:Rdutl) sdldexopaaidnedicicagid inhxrpresence of
buffering agent in a reaction mixture; to provide a compound of formula
“]ﬁ& ﬁ(gg%t'thereof. 15 10. The process of Claim 9 wherein the

buffering agent maintains the pH of the reaction mixture between about 4

and about 6. 11. A process for preparing a compound of formula (la) or a _
salt tereof: RPPUINE iqqéaqeparmg a compound of formula (Ib) or a salt thereof:

n
AW

%\( R’
5 O

(Ib}
whereln R], A, W, and » are defined as in Claim 1, the process comprising:
(a} hydrolyzing 2,5-dimethoxytetrahvdrofuran in an agueous acidic medium;

and
10 (b)  reacting the product of step (a) with a compound of formula (II):
R’
an
and 3-oxopentanedioic acid in the presence of a butfering agent in a reaction mixture;

to provide a compound of formula (Ib} or a salt thereof.

15
10.  The process of Claim 9 wherein the butfering agent maintains the pH of
the reaction mixture between about 4 and about 6.
11. A process for preparing a compound of formula (Ia) or a salt thereof:
n
Hﬁ R
20 NH-
(Ia).
wherein R, A, W, and » are defined as in Claim 1, the process comprising:
(a) reacting a compound of formula (1b):
n
N/\/%\)\A W
R‘!
O
25 (Ib).



wherein RI, A, W, and n are defined as in Claim 1, the process

106

comprising: (a)reacting a compound of formula (Ib); NM)AW RI 25(1b).

WO 2007/097976PCT/US2007/003961 with at least 15 equivalents of
ammonium formate in the presence of a transition metal catalyst; or
W8)rHerAg% compound of formula (Ib) with a protected Bffilezof fentiala
N1TP2Q, wherein Q is hydrogen or P2 and P2 is an amino-protecting
group, in the presence 5 of a reducing agent, followed by removing the
protecting group or groups; to provide a compound of formula (la) or a salt
thereof. 12.The process of Claim 11 wherein the rocess cotrggrisg% step

with gelpatig P e St e Ea T eI T3 W h&rein e produtt of formula (la) has
catahyan @ndo to exo ratio of greater than 99:1.

(b} reacting a compound of formula (Ib) with a protecied amine of formula
NHP?Q, wherein Q is hydrogen or P? and P? is an amino-protecting group, in the presence
of a reducing agent, followed by removing the protecting group or groups;

to provide a compound of formula (Ia) or a salt thereof.
12, The process of Claim 11 wherein the process comprises step {a).

13. The process of Claim 12, wherein the product of formula (Ia) bas an enda
to exe ratio of greater than 99:1.
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