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application clains the benefit of priority of U S Seria er 9 758
filed August Field of the Invention The present inv elates
to a pr ocess\z&frmﬁgg‘j[synt hesis of a tricyclic ketone of For nE{JJ[a{llg'ﬁ/’r""Mer ein
X is halogen: -0 Fornmula Il The conpound of fornmula IIl is an internedi ate
useful in the production of antihistan nés and ot her conpounds. Background
of the Invention Several nethods are known in the art for synthesizing
tricyclic ketones. For exanple, a conpound of Fornula VI, O Fornmula VI
(8-Chloro-5, 6-dihydro-11H benzo[5, 6] cycl ohepta[ 1, 2-b]pyrid-11-one) is

descri bed in APSOCESSOF SYNTHESIS OFATRICY CLICKEFONE dNTERMEDIATE
synthesis of the antihistam nes |oratadine and desl oratadi ne. 21 FEBRUARY
2006 9% 0113/1116281 PCT//9121' 2642' 2 U.S. 4,731,447 describes the
synthesis of the conpound of Fornmula VI in three steps from

N-tert-butyl -3-nethyl -picolinam de. The first step involves the al kyl ati on of
the amde with 3 chl orobenzyl chI oride to forma tert-butyl am de, which on
hydr ol ysi g S & adems forns 3-[2-(3- chlorophenethyl ) ]

pi col inic acid Th@ﬁbblﬁﬁthbﬁ'&lalms the beneﬁt of priority of U.S. Serial Number 60/313,758
filed August 21, 2001.

Field of the Invention
The present invention relates to a process for the synthesis of a tricyclic ketone
of Formula lll, wherein X is halogen:
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Formula ill

The compound of formula lil is an intermediate useful in the production of
antihistamines and other compounds.

Backaground of the Invention

Several methods are known in the art for synthesizing tricyclic ketones. For
example, a compound of Formula VI,
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Formuia Vi

(8-Chloro-5, 6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyrid-11-one) is described in
U.S. Patent No. 6,271,378 as an intermediate used in the synthesis of the
antihistamines loratadine and desloratadine.



to the ketone is effected under Friedel-Crafts condition ' e. d.
anhydrous HCI wth oxalyl chloride and al um num chl ori dgl fﬁh&%ﬁ%m
tetrachl oroet hane as the solvent. An alternative process to synthesize a
conpound of M WM& is disclosed in PCT Publication W961BCANSITHRS

I nvol ves the conversion of the tert-butyl amde to a nitrile using POCI3 in
toluene. The nitrile can be cyclized to am imne, which on hydrolysis gives
the desired conmpound. U. S. Serial No. 09/442,6512 discloses a three-step
process for the synthesis of a conpound of Fornmula VI in which

3-methyl picolinic acid or 2-brono-3- nethylpyridine is converted to an
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Fﬁt one of For nnhfealte\ofhal\tu@' mcésmlﬁ byhi}htﬁsizd%@rﬁp@an@@*F!oirmulaaﬂ/ﬁisdﬁsdl?s?éd res or
eir cor ndi ng _a alts, S process i v, ati.

5 et byt pr ol HpIcef yEiSe3 TR e TPRhiaves ik fiaremn B Bried bl drife ae
(LDA) onl g .nitriewesieg PQQI; sn taluere giThesnitrite oap betoy clizep to o nmine which ohe

3- et hyl phgléal]oilﬁiiscgi%é fhé”‘ae&%& Cgﬁ_'p%%%apver al kylation in the first

U.S. Serial No. 09/442,512 discloses a three-step process for the synthesis of
a compound of Formula V! in which 3-methylpicolinic acid or 2-bromo-3-
methylpyridine is converted to an anilide. The anilide is alkylated with 3-chlorobenzy!
chloride to give an anilide, which can be converted to a tricyclic ketone using a
dehydrating agent, e.g., PCls, and a Lewis acid, e.g., AlCl3, via an intermediate
imine. A tricyclic ketone of Formula VI is formed from the hydrolysis of this imine.

U.S. Serial No. 09/836,605 discloses the following process to prepare a tricyclic
ketone of Formula VI, wherein M is a metal, R' is, but not limited to a group such as
alkyl, aryi or cycloalkyl, L is a leaving group and R is H or chloride:
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step. The cyclization gives about a 65%yield of the tricyclic ketone of
Formula VI. J. Epsztajn et al., Synthetic Communi cati ons2PFEBRUARY- 20067
(1992) describe the preparations of dianions of 2-nethyl- and

4- et hyl ni cotWRil/OHeBds using LDA alone. In view of the inportrTasiobes2”

anti hi stam nes such as | oratadi ne and desloratadi ne, new novel nethods of
maki ng internediates for the synthesis ofgsaid antihistamnes are always of
interest. Summary of the Invention In an enbodi ment, the present application
teaches a novel, sinple process of mnmaking a conpound of Formula Ill. The
conpound of Forrmula IIl is prepared froma conpound of Fornmula I: OH
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step. The cyclization gives about a 65% yield of t e trucychc ketone of Formula VI.

J. Epsztajn et al., Synthetic Communications 22(9) 1239-1247 (1992) describe
the preparations of dianions of 2-methyl- and 4-methylnicotinic acids using LDA alone.

In view of the importance of antihistamines such as loratadine and
desloratadine, new novel methods of making intermediates for the synthesis of said
antihistamines are always of interest.

Summary of the Invention

In an embodiment, the present application teaches a novel, simple process of
making a compound of Formula lll. The compound of Formula lll is prepared from a
compound of Formula !

| N CH,
= O
N
OH
Formula |
The process of making a compound of Formula Il wherein X is halogen,
v \ X
=N
O
Formula lli

and pharmaceutically acceptable salts thereof, comprises:

a) alkylating a compound of Formuia I:

l X CH,
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N
OH

Formula |



C  Fornmula Ila Formula Ilb and c¢) cyclizing the conpou r ol b into
the conpound of Fornula Ill: X 0 Formula I'll Fornula |ﬁ8‘ﬁﬁ@E@ﬁ§§€§Q§ and c)
bei ng done in one pot. The tricyclic ketone of Forrmula Il prepared by the

pr esent procé%@"ﬁ@“&"useful internmedi ate, especially for the PEJHINR267 of
anti hi stam nes. For exanple, U S. Patent No. 6,271,378 describes the
synthesis of the antihistam ne of Fornulas4Vvil: 21 FEBRUARY 2006 WO 03/1116281
PCT/ 802i 261' _7 5 C O Forrmula Il Forrmula VIl wherein RL is substituted or
unsubstituted al kyl, alkenyl, aryl, aralkyl, cycloal kyl or cycl oal kyl al kyl .
The i nventwithea geapesndtaf fommelat YreX, M’Iﬁ)'elYntﬁt ast amtailyll graup, angsX ésew bakdgen, in
advant age%heﬁPé‘se‘ﬁ'cé'd’f’ %‘#{thi&\ﬁ?%ﬁu&@ dsé}?Qé&ﬁ e tihde %o sﬁﬁﬁéh g o) H&dr@ﬁhi@ﬁd@r

ani | i de essent 1 al ectln factivating groups In
aIkyIatloﬁoaﬂxﬁﬁéfﬁéKWﬁbUhHaof Fornula I thus Ieadlng to a direct alkylatlon
of the conpound of Formula 1. Fu a L& is isolated as the

t he workup of the al kylation rea&ti g TG gf pre-formed hydrochl ori de,
as well as the enploynment of a cat%ﬂl'ytlc quantity of
H o
Cl-
Formula lia

b) converting the acid hydrochloride of Formula lia into the intermediate (an acyl
chloride hydrochioride) of Formula llb:

B o
= OH
ll\! + N{F Cl
|
H 0 H O
Cl - Ci -
Formula lla - Formula I!b

and

¢) cyclizing the compound of Formuila lib into the compound of Formuia lll:

B ”
7 X
v — (m’
| O ) \N
Ci ©
- Formula 1l
B Formula flb

the steps b) and c) being done in one pot.

The tricyclic ketone of Formula ill prepared by the present process is a useful
intermediate, especially for the synthesis of antihistamines. For example, U.S. Patent
No. 6,271,378 describes the synthesis of the antihistamine of Formula VII:



Vilsneier's reagent, significantly inproves the conversion of Ila to Ilb.
Al'so the use of high purity acid hydrochloride of For mAIFEBRUARY 20& t he

i sol ation of the ketone of Fornmula Ill through a sinple pH adjustnment, thus
el iminating tth@*#BE&B¥ or a | ess efficient and environnental | fCTA$823@Vor abl e
crystallization froman organic solvent or mxture of solvents. The nore
concentrated vol unmes of solvents used incgeases the efficiency of the
present process while at the sane tine reducing the volunes of the waste
streans in conparison to previously used nethods. 21 FEBRUARY 2006 WD
113101628 1 PCT/ USO2; 2642- 6 Description of the Invention In one enbodi nent,
the present invention discloses a novel, easy-to-use process for preparing

t he conpound of Fornula Il1l1. The inventive process is schematically
described in Schenme I: Step 1, CH3 OH Fornula | Step 2 Forrmula Ila Formula
IVO Formula Ill Schene | Fornmula Ila Formula Ilb The noiety Xis a

hal ogen, preferably chlorine. In Step 1 of the clained process, the conpound
of formula | is alkylated with an

v \ Cl
7 \ X =N ‘
_____.»
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Formula I} R \O,KO
Formula VIi

wherein R’ is substituted or unsubstituted alkyl, alkenyl, aryl, aralkyl, cycloalkyl or
cycloalkylalkyl.

The inventive process to make the compound of Formula Il has several
advantages. The claimed invention dispenses with the N-tert-butyl amide or anilide
groups that act essentially as protecting/activating groups in the alkylation of the
compound of Formula |, thus leading to a direct alkylation of the compound of Formula
I. Further, Formula lla is isolated as the hydrochloride directly by addition of an
excess of hydrochloric acid during the workup of the alkylation reaction. The use of
pre-formed hydrochloride, as well as the employment of a catalytic quantity of
Vilsmeier's reagent, significantly improves the conversion of lla to llb. Also the use of
high purity acid hydrochloride of Formula lla, permits the isolation of the ketone of
Formula Il through a simple pH adjustment, thus eliminating the need for a less
efficient and environmentally less favorable crystallization from an organic solvent or
mixture of solvents. The more concentrated volumes of solvents used increases the
efficiency of the present process while at the same time reducing the volumes of the
waste streams in comparison to previously used methods.



aryl al kyl halide to formthe conpound of Formula Ila. Pt ?ﬁ;‘?’gﬂéﬁg (?d()kyl

halide is a conpound of X-Y where X is a hal ogen and Y

Preferred arylal kyl halide is a conpound of Fornula IV Fornul a V 21 .
FEBRUARY 200%(0\/\@"@‘82?_016281 PCT/ CS02/ 261" The conpound of For rrﬂ‘FE(lF""’ 427
preferably alkylated in the presence of a lithiumam de, preferably lithium
di i sopropylam de (LDA) or lithiumdial kyl &t ed am de and an additional base
of formula MQ-Bu, where Mis sodiumor potassium A preferred nmole ratio
of the corBescntion offiednvention | DA to MQt-Bu is 1 : 2 : 1. The conpound of
formula | can also be m xed wth a solvent, lithiumam de base and the base

of formula M G B erRﬁ@cﬁ|ﬁiérﬂdth%0;br‘é§éﬁtsln@ér@tle‘Els@fosTers'@hb\)/élaéhéyeto -Jée m xture
of Step 1 is ac dified, Wl% %&Tr‘e emc‘gbg%@ hﬁﬁ) BéOdUCt of . Step 1 is
ei t her .scnra@% QE PrgRaring tbe BoY P fzﬁml'ﬁ)”’b inygNHvE Pragessis ¢ he

hydr ochl orgcdgmabém(&@gdnue@ ihlSghemependi ng on the quantity of hydrochloric
acid used in the acidification. Additionally, during Step 1, the reaction

m xture can besteguenched with water or, preferabl y, an aqueou sodi um or

pot assi um carbonate ., sol ution. Typical I y, Sterp 2L el process
occurs at a teEnperdiure range of from about [to 10C. The conpound
of Fornul a | gan be isolated by suspending d_cé g of Fornmula Il in
water to forn sixt@re, acidifying said suspgnded corrpound with 37% HC ,
heating said I xture to about 70C, cooPTng saild mixture to between about OC
and about 5C, filt®ing sai & Ir e Rd dryigg.said mxture at about 60C to
about 70C to yield said conpo Fof'mula Ila. Using the nethod outlined
in Step 1, a %Jﬁ‘l f 80- 90% f'&Q e internmed gbamuflr{8- chl orophenet hyl)

pi col i nic aci rochl oride (For rrule Ila) is obtained, while contam nates
such as the dial kyI ated acid pHeeay (Formula Ilc) are mnimzed to |evels

<0. 5% Step 2 _ _
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Formula Il
Scheme |

The moiety X is a halogen, preferably chlorine.

In Step 1 of the claimed process, the compound of formula | is alkylated with an
arylalkyt halide to form the compound of Formula lla. Preferred arylalkyl halide is a
compound of X-Y where X is a halogen and Y is arylalkyl. Preferred arylalkyl halide is

a compound of Formula IV
X\©/\
X

Formula IV



21 FEBRUARY 2006 WO 03/4)16281 PCT/ Us02/ 2642 7 8 In St egFZ of the c|ained
process, the conmpound of Fornula Ila is converted |nto ! EB,BWGO%
Formula Il b, preferably in the presence of Vilsneier's reagent

(chl or onet hyl\éﬂeﬁi’mlhyl ammoni um chl ori de). The conpound of F&CHISE2/RHBT I s

then cyclized into the conpound of Formula Il1. The conversion of the
conpound of Fornmula Ila to the conpound gf Fornmula |ib and subsequently to
t he conpound of Forrmula Il takes place in the sane pot. The process of Step

2 preferably takes place in the presence of a solvent, preferabl
di chi or omeTlhanempdlad dIRcemtula bisgdrgferablyl alkylatked ldltheualﬂq?»efrmermfrﬁ itbjump astideabl y
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compound of_ Fornula ITI 1S extracted as a hydrochloride salt
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11, The faghdiaeMtOaBL. FRreférredsifehts! drermader M&ﬁ’btﬁb@hﬁﬁ@l Taadnisctmeceﬁrm@p nd of
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entire ondrgmacidghotrnola lIwhile | evels of the contaminate, the 1

O-chl oroi somer of Fornula Ilia Fornula Ilia are less than 0.5% Except where
stated otherw se, the follow ng defi n|t|ons apply {hroughout the present
specification and clai ns. These . S Tegardl ess of whether a
termis used by itself or in comfi her terns. Hence the
definition of "al kyl™ applies t O as to the "al kyl"™ portions
of "al koxy", "al kyl am no" etc. As used bove, and throughout the
specification, the following terms, un®ss otherw se indicated, shall be
understood to have the foll ow ng nearp:id”,rgma 1Al kyl " means an aliphatic

hydr ocar bon group, which may be straight or

or as the hydrochloride salt (Formula lla), depending on the quantity of hydrochloric
acid used in the acidification. Additionally, during Step 1, the reaction mixture can be
quenched with water or, preferably, an aqueous sodium or potassium carbonate
solution. Typically, Step 1 of the claimed process occurs at a temperature range of
from about to -40°C about 30°C. The compound of Formula lla can be isolated by
suspending said compound of Formula Il in water to form a mixture, acidifying said
suspended compound with 37% HCI, heating said mixture to about 70°C, cooling said
mixture to between about 0°C and about 5°C, filtering said mixture and drying said '
mixture at about 60°C to about 70°C to yield said compound of Formula lia. Using the
method outlined in Step 1, a yield of 80-90% for the intermediate, 3-(3-
chlorophenethyl) picolinic acid hydrochloride (Formula Ha) is obtained, while
contaminates such as the dialkylated acid product (Formula lic)

X

Formula llc
are minimized to levels <0.5%.



branched and conprising about 1 to about 20 carbon atons

Preferred al kyl groups contain about 1 to about 12 car b@rﬁ%ﬁ%‘?ﬁzp%
chain. More preferred alkyl groups contain about 1 to about 6 carbon atons
in the chain. WB'3M¢H8H means that one or nore |ower al kyl gr oRpEUSEEeHS

met hyl, ethyl or propyl, are attached to a |inear alkyl chain. "Lower alkyl".
means an al kyl group havi ng about 1 to ab&ut 6 21 FEBRUARY 2006 WO 03/016281
PCT/ US02/ 2642 9 carbon atons in the chain, which my be strai ght or
branched. The term "substituted al kyl"” means that the alky rou
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separated from the acid extract by adjusting the pH of the acid extract to >7. The vield

of Formula I}l in Step 2 is about 90% in the entire one-pot reaction, while levels of the
contaminate, the 10-chloroisomer of Formula lila
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N
0 x

Formula llia
are less than 0.5%.

Except where stated otherwise, the following definitions apply throughout the
present specification and claims. These definitions apply regardless of whether a
term is used by itseif or in combination with other terms. Hence the definition of “alkyl”
applies to “alkyl” as well as to the “alkyl” portions of “alkoxy”, “alkylamino” etc.

As used above, and throughout the specification, the following terms, unless
otherwise indicated, shail be understood to have the following meanings:

"Alkyl" means an aliphatic hydrocarbon group, which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain. Preferred
alkyl groups contain about 1 to about 12 carbon atoms in the chain. More preferred
alkyl groups contain about 1 to about 6 carbon atoms in the chain. Branched means
that one or more lower atkyl groups such as methyl, ethyt or propyl, are attached to a
linear alkyl chain. "Lower alkyl” means an alkyl group having about 1 to about 6



"Hal ogen" neans fluorine, chlorine, bromne, or iodine. fr s
fluorine, <chlorine or bromne, and nore preferred are ffhﬁﬁ#ﬁ‘gﬁg@ﬂ?ori ne.
"Arylal kyl " ma(&[ﬁ"a‘ré;s and al kyl as defined above wherein one or .

hydr ogen” at oms "on"YH&*8ryl is replaced by an alkyl group defi neﬁcybé\re-“

non- limting exanple of an arylal kyl is a conmpound of Fornula IV, wherein X
I's a hal ogen. Formul a IV Base nmeans corrpoﬁnds but are not limted to bases
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preferred r @aqafh.tlsomww edpatybanddrilityl ons for the various steps are
d bed det
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Step 1 of S@hﬁlrgaou;i cat be utisudstitutddk it 8tbstiurid S heCHNE AAtA G ofwibrall a | vvnth

I it gk SN i e
hydr ochl ori éenctiepgrong chsistingudf alkyl,caryl, Beterpbeg, arblkylidliabamsl, |laralkienyh, am des
) e SRR Dy, LGB by ARSI, BEF ari o™
aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl,
aralkoxycarbonyl, alkyisulfonyl, arylsulfonyl, heteroarylsulfonyl, atkyisulfinyl,
arylsuffinyl, heteroaryisulfinyi, alkyithio, arylthio, heteroarylthio, aralkyithio,
heteroaralkylthio, cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl. Non-limiting
examples of suitable ary! groups include phenyl and naphthyi.
"Hale™ means fluoro, chloro, bromo, or iodo groups. Preferred are fluoro, chloro
or bromo, and more preferred are fiuoro and chloro. '
“Halogen” means fluorine, chlorine, bromine, or iodine. Preferred are fluorine,
chlorine or bromine, and more preferred are fluorine and chlorine.
“Arylalkyl” means aryl and alkyl as defined above wherein one or more
hydrogen atoms on the aryl is replaced by an alkyl group defined above. A non-
limiting example of an arylalkyl is a compound of Formula IV, wherein X is a halogen.

X
\©/\X
Formula IV

"Base" means compounds but are not limited to bases such as NH40H,
KHCO3, K2C03, NaHCO3, Na2C03, NaOH, KOH or LiOH, or a base of formula M-
Ot-Bu, where M is a metal, preferably sodium or potassium.

"Acid" means a protic acid, such as H2S0O4 or CH3S03H, or a Lewis acid such
as AlCI3.

“Deprotecting” means removal of a group from another group by a suitable
reagent. '
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formati on of the key internediate, 3-(3- 1®hl or ophenet hyl)picolinic acid.

Addi tionally, an agueous quench can take place during Step 1 to prevent the
formation of the water-insoluble lithiumsalt of Fornula 11, which makes
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Formul a |
Examples of suitable additional bases include, but are not limited to bases such as

NH4OH, KHCO3, K2CO3, NaHCO3, NapC03, NaOH, KOH or LiOH, or a t-butoxide
of formula M-Ot-Bu, where M is a metai, preferably sodium or potassium. Using LDA
as a base, a direct alkylation of 3-methylpicolinic acid (Formula 1) with 3-chlorobenzyl
chloride (Formula V) results in the formation of the key intermediate, 3-(3-
chlorophenethyl)-piceolinic acid. Additionally, an aqueous quench can take place
during Step 1 to prevent the formation of the water-insoluble lithium salt of Formula i,
which makes processing difficult. Examples of the aqueous quench solution can
contain potassium carbonate or sodium carbonate. Use of the aqueous quench aiso
results in an 80% recovery of lithium as lithium carbonate.

Previously described processes to form tricyclic ketones, such as those of
Formula Ill, required the alkylation of N-t-butyl-3-methylpicolinamide, (see U.S. Patent
No. 4,731,447) or anilide with 3-chlorobenzy! chloride to give N-t-butyl-3-(3-
chlorophenethyl)-picolinamide or its anilide analogue (see U.S. Patent No. 6,271,378).
The tert-butyl amide is either hydrolyzed to the key intermediate using strongly acidic
conditions or converted to the nitrile using a dehydrating agent. N-t-butyl-3-
methylpicolinamide itself is prepared from 3-methylpicoline-N-oxide by a 2-step
synthesis. |n the case of the aniiide, a separate synthetic step is required for its
preparation from 3-methylpicolinic acid. The present invention dispenses with the N-
tert-butyl amide or anilide groups that act essentially as protecting/activating groups in
the lithiation/alkylation reaction. The present invention eliminates the need for the



converted to the internmedi ate conpound of Fornula Ilb, followed by rin
cl osure of the internedi ate conpound of Fornmula Ilb to f%rEﬁQREA&v)YTﬁ d of

Formula Il in one pot. In the present invention, considerable inprovenents
have been madeVP#34Ha@81 cyclizati on of the carboxylic acid hydr ®EATE e 2bf
Formula Ila. Specifically, Formula 1Ila is converted into the acyl chloride

hydrochl oride of Fornula I1b by treatnment "ith 2 nol e% of pre-forned
Vilsneier's reagent in a suitable solvent such as dichloronethane. This
procedure decreases the tinme of formation of the internediate acyl chloride
of -Formula IIb and inproves the color of the resulting conmpound of Fornula
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assuming quantitative conversion to the diethylamide. The intermediate acyl chioride
hydrochloride is then converted to the desired ketone (Formula i) by reaction with
aluminum chloride. The reaction proceeds to completion by stirring overnight at room
temperature. The ketone is isolated by quenching the reaction mixture onto
ice/aqueous sodium hydroxide foliowed by concentration of the organic layer. The
ketone is extracted as the hydrochloride satt into dilute agueous hydrochloric acid.
The acidic extract is treated with decolorizing charcoal, filtered and the ketone is
liberated in greater than 99% purity by a simple precipitation after adjustment of the
pHto >7. The aqueous waste stream, containing sodium aluminate, can be treated
efficiently by adjusting the pH to 7 by bubbling carbon dioxide through the solution
resulting in the precipitation of aluminum hydroxide in a readily filterabie form. The
isolated yield of >99% pure ketone (Formula 1)!) is about 90% from the hydrochloride
-of 3-(3-chlorophenethyl)-picolinic acid lla.

The tricyclic ketone of Formula 11t may be isolated by procedures well known to
those skilled in the art or preferably as described in the EXAMPLES section.

if desired, the compound of Formula 11l may be further converted to the desired
antihistamines by suitable procedures known to those skilled in the art.
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FEBRUARY 20atysis, elemental analysis and the like.

The following nonlimiting EXAMPLES are provided in order to further illustrate
the present invention. It will be apparent to those skilled in the art that many
madifications, variations and alterations to the present disclosure, both to materials,
methods and reaction conditions, may be practiced. All such modifications, varations
and alterations are intended to be within the spirit and scope of the present invention.

EXAMPLES

Certain substituents, solvents and reagents are referred to herzain by the
following abbreviations:

lithium diisopropylamide (LDA);
n-butyl lithium (n-BuLi);
dichloromethane (DCM);
dimethylformamide (DMF),
tetrahydrofuran (THF);

methyl (Me};

ethyl (Et);

butyl (Bu);

phenyl (Ph),

metal atom (M);

t-butoxide (Ot-Bu);



WO 03/4116281 PCT/US112,' 2642" 13 al um num chl oride (Al Cl13 and
triethylamne (NEt3). An exanple of the clained inventi feis) RUA)RYQOQIL is
described below in Schene 2, foll owed by the experinental details. Schenme 2
Step 1 YCH3 MO8 Dy Na 3 Ul | " nr KOsut K, GO, or Na, CBCTAPII2ER St ep
2C H O d 1) acococl 2) Vilsnmeier reagent 3) AICI3 4) NaOH O 2) d
3) HGIl OI1Cd N+ C | 13

aluminum chloride (AICI3);

and triethylamine (NEt3).

An example of the claimed invention where X is Cl, is described below in
Scheme 2, followed by the experimental details.

Scheme 2
Step 1
o N Cl
"™ 1) NEty/ LDA/ Na | oH
| P o orKOBut, K,CO; or Na,CO3 N+
N > H o
3) HCl
Step 2
N _cl [ cl |
l O
: e — . —»
N/+ OH N _Ci F
. 1) CICOCOC! Pl
H O 2) Vilsmeier H O
Cl- reagent Cl -
3) AICI; L .
4) NaOH
g \ Cl
=N
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Synt hesi s of 3- (3-ch| or ophenet hyl )-picolinic acid hydro%l orl‘g%A(@Q%A HCL)

(Formula I1a) or KOBut, K2CG3 or Na2CO8 N + 1) NEt3/ LDA Na 0 OH 2) C
Fornul a | FoMﬂlf’-’é"lpV‘For mila Ila 3) HCl A mixture of THE ( 105’§Tﬂ15"§”‘a!ﬁa

di i sopropylamne (320 nmL, 2.29 nol ) was cooled to OC, and potassium
tert-butoxide ( 129g, 1. 095 nmol ; 95% pur&4) was added. The sol ution was
cooled to -50C and n-butyllithiumsolution (2.5Min hexane, 925 nlL, 2.312
nmol ) was added, keeping the tenperature bel ow -40C. The solution was then

stirred atexAfple1- §0RtHISIObf LR(3RI . c§ﬁhl¢téﬁ@ drochloride ( 3-

3- net hyl pi '9 ) and
triethyl ark H or A nol ) at -45to-350 Use of the triethyl ani ne
reduces the amount of THE needed to dissolve the conmpound of Forrmula |I. The

purple solution was stirred at -45 to - 35C, and 3-chl orobenzyl chloride of
Formula IV ( 176.3g, 1. 095 mol ) was added. The sUSpetSion wed to

warmto anbi ent gvlqu gg susp5| 0‘ WaCS)H H into a
sol ution of potagsiu car bo 34 N 2
P = QJ 8I9|q8 Cb N +

H O

OH 2) CI\'@/\CI Cl -
Formula ! Formula IV Formula fia

3) HCl

A mixture of THF ( 1050 mL ) and diisopropylamine (320 mL, 2.29 mol } was
cooled to 0°C, and potassium tert-butoxide ( 129g, 1.095 mol ; 95% pure ) was added.
The-solution was cooled to =50°C and n-butyllithium solution ( 2.5M in hexane, 925
mL, 2.312 mol ) was added, keeping the temperature below -40°C. The solution was
then stirred at —50° to —40°C prior to the addition of a solution of 3-methylpicolinic acid
of Formula | ( 150g, 1.095 mol ) in THF ( 300 mL ) and triethylamine ( 55.3g, 0.547
mol ) at -45° to =35°C. Use of the triethylamine reduces the amount of THF needed
to dissclve the compound of Formula I. The purple solution was stirred at —45° to ~
35°C, and 3-chlorobenzyl chioride of Formula IV ( 176.3g, 1.095 mol ) was added.
The suspension was allowed to warm to ambient temperature overnight. The
suspension was poured into a solution of potassium carbonate ( 150g, 1.09mol ) in
water ( 1150 mL ), washed with an additional 200 mL of water and stirred. The
suspension was fittered and the solid washed with 200 mL water. The bottom phase
containing the product as the potassium salt was separated and the organic phase
washed with 100 mL water. The aqueous solution was heated under vacuum to 60°C
to remove dissolved organic volatiles and cooled to 40°C. Concentrated hydrochloric
acid ( 585 mL of 37% ) was slowly added. The resulting suspension was cooled to 0°
to 10°C, filtered and washed with 10% aqueous HCI ( 200 mL ) to remove salts. The
suspension was washed with acetone and dried to give 286.5g { 88% ) of 3-(3-
chlorophenethyl)-picolinic acid hydrochloride 3-CPPA.HCI (Formula lla).
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8-chl oro-5, 6-di hydro- 11H Benzor 5, 61cycl oheptarl, 2- bl pyridi n-11-one.
(8-Chl oro- ESC- Ketone) (Formula I11) FI C Formula Ila 1) C COCOCI 2)
Vil snei er reagenthp Al Cl @.O" 0O Formula Il A/usypension of
3-CPPA. HClI (the cafrpouhd of  F a_lla) (,000g, JE Cl
di chl or onet hane wa ,\5/_,_ BHang210C with a pre- a.@ si on of
Vilsneier's reagenti (prpared by atidiGiGOB@CY! ck:Qri dg” (DN-—~7g , 0.084 nol)
to DMF ( 6.13g, 0.08% Ml ) in DC\2) Risfrieigr at 0-1 C).OThe suspensi on was
warmed to 20-30C angi - reagent Eormuta Iil
3) AICI5
Formula lla 4) NaOH

A suspension of 3-CPPA.HCI (the compound of Formula fla) ( 500g, 1.677 mol ) in
dichloromethane was treated at 0°-10°C with a pre-prepared suspension of Vilsmeier's
reagent (prepared by adding oxalyl chloride (10.7g , 0.084 mol) to DMF ( 6.13g, 0.084
mol ) in DCM ( 20 mL ) at 0°-10°C). The suspension was warmed to 20%-30°C and
oxalyl chloride ( 158mL, 1.81 mol ) was added with the temperature being maintained
in the 20°-30°C range. The yellow suspension was stirred at 20°-30°C and pumped
into a suspension of aluminum chloride ( 492g, 3.69 mo! ) in DCM ( 1.0 L ) at 20°%
30°C. Residual acid chloride was washed with 250mL DCM. The dark red solution
was stirred at 20°-30°C and quenched into a pre-cooled ( ~10°C ) solution of water
(300mL) and 10M NaOH ( 250 mL ), “eeping the temperature below 30°C. The
phases were separated and the water phase washed with DCM ( 250mL ). The
combined DCM solution was concentrated to about 175mL and extracted twice with
1M HCI (2.5L eachtime ). The combined aqueous solutions were heated to 60°C to
remove DCM. Charcoal ( 30g ) and celite ( 20g ) were added and the solution filtered,
and washed through with 500mL of 3% HCI. The filtrate was cooled to 30°C and
basified with 10M NaOH ( §60mL ). The product was filtered and washed with warm
water and dried'at 60-70°C in vacuo to afford 3869 ( 94% ) of 8-chloro-5,6-dihydro-
11H-Benzof5,6]cyciohepta[1,2-b]pyridin-11-one (Formula Iil). This material was 99%
pure by HPLC assay against a standard and contained <0.5% of 10-chloro-isomer
(Formula llla).
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2 X=Cl, Y=H (2-CCPAHCL) o) NaOH
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N Yy
O
6 X=CI, Y=H

(7-chloro-ESC-ketone))

7 X=H, Y=ClI
(9-chloro-ESC-ketone)
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3-CCPA 10 12 "Dialkylated acid
O Ci
T
a) oxalyl

chloride Ci
(cat. Vilsmeier 7 \
reagent) -
b) AICI N
c) NaOH

5-(3-chlorobenzyl}-&-chloro-5,6-dihydro-

11H-benzo[5,6]-cyclohepta[1,2-bjpyridin-

11-one

13

In the alkylation step both 2-chioro and 4-chlorobenzyl chlorides have been

used as alkylating agents as has 2-chloro-3-chloromethylpyridine: the other reactant is
3-methylpicolinic acid (3-MPA) to give compounds 4 and 5 respectively. Compounds
4 and 5 respectively, were cyclized to the ketones 6 and 7 [7 and 9-chloro-5,6-
dihydro-11-H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ones ( 7 and 9-chloro-ESC-
ketones )].

3-(3-chlorophenethyl)picolinic acid (3-CPPA) itself also has been alkylated with
3-chlorobenzyl chloride under the same conditions previously outiined in the above
examples, to form compound 12, which was cyclized to form compound 13.

The products derived from 3-MPA and 2 and 4-chlorobenzy! chlorides were
cyclized to the respective ketones: [7 and 9-chloro-5,6-dihydro-11-H-
benzo[5,6]cycloheptal1,2-b]pyridin-11-ones ( 7 and 9-chloro-ESC-ketones )]. The
product derived from 3-CPPA was cyclized to 5-(3-chlorobenzy!)-8-chloro-5,6-dihydro-
11-H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-one under the conditions outlined in the
procedures above.
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9-chl oro- ESC- ketones )]. The proden \
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11- H benzo[ 5, 6] cycl ohept a[ 1, 2- b] pyri di n-?l- one under the conditions outlined
in the procedures above. Formula [H

and pharmaceutically acceptable salts thereof, comprises:

a) alkylating a compound of Formula |

6
N

OH
Formula |

with a compound of formula Y-X, where Y is arylalkyl group, and X is a halogen, in the
presence of a lithium amide and an additional base, to form an acid hydrochloride

compound of Formula lla:
(L
N/+ OH
[

H 0
Cl -
Formuia lia

b) converting the acid hydrochioride of Formula ila into an intermediate of Formuia iit

D S .
= OH i = Cl
N+ b
0] H O
Cl - Cl -
Formula lla - Formula llb

and



21 FEBRUARY 2006 %0 113/016281 PCT/1 S112r2642' 18 CLAIMS What is clained
Is: 1) A process of making a conpound of Fornmula | | | \y@qj@ﬁUN@E@d@gen, X
O Formula IlIl and pharnaceutically acceptable salts thereof, conprises: a)
al kyl ating a ¢gmpgung, of Formula I KCH3 OH Fornula | with a GeRRawnd,af
formula Y-X, where Y is arylalkyl group, and X is a halogen, in the presence
of a lithiumam de and an additional base, to forman acid hydrochl oride
conmpound of Forrmula Ila: Forrmula Ila b) co¥verti ng the acid hydrochl ori de of
Formula Ila into an internediate of Formula lit HO Cd Forrmula Ila Formula

b and 21 SESRWRY ROUB LK ol iAB A IACRET dorShddIPEForfuia Y 1 21 ng. the

conpound of to the conpou rmul a
[ '
Ve X
N/+ cl —_— .O
I o
H O N
Cl- Formula !l
Formuia llb
the steps b) and ¢) being done in one pot.
2. The process of claim 1 wherein the compound of formula Y-X is the arylalkyl
halide of Formula IV:
X
\©/\x
Formuia iV
wherein X is a hailogen.
3.. The process of claim 1 wherein said step b) takes place in the presence of
Vilsmeier's reagent.
4. The process of claim 1 wherein said lithium amide is a lithium dialkylated
amide.
5. The process of claim 4 wherein said lithium amide is lithium diisopropylamide.
6. The process of claim 1 wherein said step a) the compound of Formula |:
| N CHj;
= O
N
OH
Formula |

is mixed with a solvent, lithium amide and an additional base of formuia M-0t-Bu, )
where M is sodium or potassium. '



X0 Formula I'll Fornmula Ilb the steps b) and c) being ' ARe: 2
The process of claim1 wherein the conpound of fornula gP |Eslﬁtj‘§§%aryl al kyl

halide of Formula IV: Fornula IV wherein X-is a halogen. 3. The process of
claim 1 wherWOP343281 step b) takes place in the presence of WT’E%?'«SI’S

reagent. 4. The process of claim1l wherein said lithiumamde is a lithium
di al kylated amide. 5. The process of clafin 4 wherein said lithiumanide is

l'i t hi um di7 soprHyy prIveds of @lairhhe wihefsif $5e OTmelkaalib bf Whe Eepobiall bf Fopmu | t he
conmpound of I:D(;%rruMa l - ~(%SH3 OH Formula | is mxed with a solvent, [ithium
ani de and QR4 M-OF8Y Bake2of! f or nul a MOQ-Bu, where Mis sodium or
potassium 21 FEBRUARY 2006 WD 03/016281 PCT/ US02/ 26427 20 7. The process of
claimé®6 rein.the nole rati.o of the conmpound of Fornula | LDA to

VO Bu T 2t e Broce o iRl wherk & Rive i e tilerane Ao THE

triethylam ne and THE 9. The process of claim@8 wherein said step c) takes

place i n the praseaegeal o it Y GRbreif Sald/4test) Wk de piab & LW bledeRBE g and

al um num ¢ : . ) ) ' _
solvent, oxalyl chioride, dimethylformamide and aluminum chloride.

10. The process of claim 9 wherein said solvent of step ¢) is dichloromethane.

11.  The process of ciaim 10 wherein the dimethyiformamide is 2 mole % with
respect to the compound of Formula ila.

12.  The process of claim 1 wherein said compound of Formula Ill is isolated from
said reaction mixture by quenching with ice and sodium hydroxide followed by
concentration of the organic layer.

13.  The process of claim 10 wherein said campound of Formula |l is extracted as a
hydrochloride salt with hydrochloric acid to form an acid extract containing said -
compound of Formula IIl.

14.  The process of claim 13 wherein said acid extract is filtered with charcoal and
said compound of Formula Il is separated from the acid extract by adjusting pH of the
acid extract to >7.

15. The process of claim 1, wherein X is chloro or bromo.

16.  The process of claim 1 wherein said alkyfation is carried out within a
temperature range of from about -40°C to about 30°C.

17. A process of making a compound of Formula VI:

a cl

N
O

Formula VI

and pharmaceutically acceptable salts tiiereof, comprises:



10. The process of claim9 wherein said solvent of step c) is
di chl oronet hane. 11. The process of claim 10 wherein thejdyERWEPLHFYM de is
2 mole %with respect to the conmpound of Forrmula Ila. 12. The process of
claim1 whergih,sal.sk;compound of Fornula Il is isolated fromp-$aicghsgaction
m xture by quenching with ice and sodi um hydroxi de foll owed by concenfration
of the organic layer. 13. The process of ﬂjai m 10 wherein said conpound of
Formula Il is extracted as a hydrochlorfde salt with hydrochloric acid to
forman acid extract containing said conpound of Forrmula II11. 14. The
process of Li I i jd extract is filtered with charcoal and
said conpo%f]hﬂ%'ﬁb?o?e‘n}ﬁ?gﬁwI&?gq?g%alf ated fromthe acid extract by adjusting
pH of the acid extract to >7. 15. The process of claiml1l, wherein Xis
chloro or brono. 16. The process of clai Hein said alkylation is
carried out within a tenperature range lof rom about -40C to about 30C. 17.
A process of making a conpound of Formnul : 00 Fornula VI and
phar maceutical |y acceptable salts ti Heredf, cBnprises: 21 FEBRUARY 2006 WO
03/016281 PCT/t S02' 2642- 21 a) m xing a conpqyryd of Formula t: CH3 O OH
Formula | wth a solvent conprising tri et'pa/l arin' ne, THE or a conbi nation
t hereof, |ithium am de rmula ]

with a solvent comprising triethylamine, THF or a combination thereof, lithium amide

and an additional base of formuia M-Ot-Bu, where M is sodium or potassium;

b) reacting the mixture of step a) with a compound of Formula IV:

X N X

|

Formula IV
where X is Cl; to form an acid hydrochioride compound of Formula lia:

=

AN X <l
N/+ OH N\ __~
i
H O
Cl-
Formula lia

¢) converting the acid hydrochloride of Formula lla into an intermediate of Formula Ilb
in the presence of Vilsmeier's reagent;

— .
i N Cl N Cl
= OH I | = Cl
[?] F N+
i
H @) H O
Cl - Cl-
L
Formula lla Formula ilb

and



and an addi ti o_nal base of fornul a MQ-Bu, where Mis iﬁrﬁﬁﬂﬂbﬂqﬁ%iﬁﬁum b)-

reacting the mxture of step a) with a conpound of For rmul a
IV where Xis Cl; to forman acid hydrochl oride conpound of Fornula Ila: C
Fornula |l a ¥P BT t i ng the acid hydrochloride of Fornula | PETURY 204
internediate of Forrmula fib in the presence of Vilsneier's reagent; Cd ,
Fornmula Ila Forrmula Il b and 21 FEBRUARY 2896 % O 113/1116281 PCT/ US02/ 26427

22 d) Cycdyéélﬁldd‘mecﬁm mﬁld@fFEﬂﬁmquDIIlhtdw@cdmgogmwadn@rb [fer mul a

L1 For- For mu Il bythe steps ¢) and d) being done in one pot.
. ‘ \
4 X
N \
| \N
© O
C - Formula IlI
Formula Ilb

the steps c) and d) being done in one pot.



