DESCRI PTI ON PROCESS FOR PREPARI NG DI BENZOTHI AZEPI NE

COMPOUNDS [Field of the Invention] [0001] The present
wonvennese is directed, in part, to nethods of PCT/JP2007/053700

preparing a dlbenzothlazeplne derivative. In

particular, the invention relates to nethods for

preparing a di benzo thiazepi ne derivative which can be

used as an internedi atDESCRARMNGN f or preparing 11- [4-

(2- (2-hydroxyethoxy)ethyl] -1-

pi per adi nyl - di benzot hi azepi ne and its derivatives,

Whisstpdmsk M Hri:he: Ald asthnie, G Bz LN SYOMROTNDS

pharmaceutical. [Background of the Invention] [0002]
EP 0282236 - Al reports that a di benzothi azepi ne deri

. Y Qcessed to give 11- [4- (2-
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the lh%ﬂxféﬁﬂﬁgm rrd]laﬁme tovmethdds of or prsgEt g e ¢dvoied

of the enz hlaz e deri.,vative £p t
thigzeniie ¢ ag'glh FEBRER or‘?d{é é}[ %%ﬂﬁéﬂ&e
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knowh bENZsY hd ot e dad maatame:,pmmics shénseacent igal.
reacted with 2-chl oroet hoxyet hanol under basic
conditions to give the desired 11- [4- (2-

[ Baé]ggfytﬁ{@)ﬁlftmyfnvent ion]

[0002] EP 0282236-Al reports that a dibenzothiazepine deri-
vative can be processed to give 11-[4-(2-(2-hydroxyethoxy)-
ethyl-1l-piperadinyldibenzothiazepine derivative, which is of
value as, for example, an antipsychotic pharmaceutical. In
more detail, dibenzo-[b,f][1,4]thiazepin—1l—one,'which is a
representative compound of the dibenﬁothiazepine derivatives
reported therein, is reacted with phosphorus oxychloride to
yield a 11—chlorq—dibenzothiazepine derivative. To the 11l-
chloro-dibenzothiazepine derivative is added piperazine to
yield a ll-piperazinyl-dibenzothiazepine derivative, which is
subsequently reacted with 2-chloroethoxyethanol under basic
conditions to give the desired 11-[4-(2-(2-hydroxyethoxy)-
ethyl]-1l-piperadinyldibenzothiazepin.

[0003] EP 0282236-Al1 further reports that the dibenzo-
[b,£f1[1,4]thiazepin-11-one is prepared from phenyl 2-



et hyl ]-1-piperadi nyl di benzot hi azepin . [0003] EP
0282236- Al further reports that the di benzo- [b,f
WO[Rbe74p2iseazepin-11-one is prepared from phenyPC2JP2007/053700
. (phenyl t hi o) phenyl carbanate or its anal ogous conpound
by cyclization in the presence of pol yphosphoric acid.
[0004] Helv. Chim Acta., 1959, 42, 1263 reports that
(pheﬁydthﬁﬁ;phéhﬁzearbamde5|watnte aaalbgopsepampdubﬁ by

eating a nethyl thiosalicylate (i
CYClzzﬁ§PB§eﬁBtEﬁenPFﬁﬁeBSﬁz8%y98gypg§%bé§rl%e 3 presence
of sodiumto give a 2- nitro-2"

- car boxy- di phenyl sul fi de deri vati
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iIs finally heated to give a di henzot hi

me thyd [HpAOEPS1CYBO8S) AEFGVaRITS. WBte 8 TRICISPSTRA SiTo-

benzcfROGESi B2t va dhP@RALOHAZMRINS Fedddin o ANV @ 2-
prepared by heating a thiosalicylic acid e

nitrger'veerbexyindiphesyd-swiliidee seeey ad:ér"levaf"’?"t}ghi A5 e
redu@e%s %@ﬁﬁg()fa ﬁ%ﬁb%&%ﬁ{@ﬂ U AR CARP e 1id @A J&ulrhﬁ- 20 -

esulting conpound successively with an al kali
carb@@dyutdrlmeawdsaﬂfa@led dendyaiiven trighyd sy fz‘LfmJtJrYo heated

to gér. Ao %%h%la%?{ﬁla%élpfﬂn%e BrpAtige, reducing the
ari vative errols sulfate in an aqueous amoni a
solutlon to give a 2 - amno-2

derjorp | i

0005 1 V&7 ahdiadl iditht he

: és%%gfngxggp|vatlve Llﬁy% reduced pressure. [0006] WO
dlbeemommapap@r dertitvat ivedidsen s mreRgnetk iedeating a
thiosalicylic acid ester derivative and 2-iodo- nitrobenzene

derivative in the presence of sodium methylate and copper,
treating the resulting compound successively with an alkaline
solution and an acidic solution to give a 2-nitro-2'-carboxy-
diphenylsulfide derivative, reducing the derivative by
ferrous sulfate in an aqueous ammonia solution to give a 2-
amino-2'-carboxy-diphenylsulfide derivative, and heating the

resulting derivative under reduced pressure.

[0006] WO 92/19607 reports that a dibenzothiazepine deri-
vative can be prepared by the steps of reacting 2-amino-
thiophenol with 2-fluorobenzonitrile to give 2-(2-amino-
phenylthio)benzonitrile, hydrolyzing the resultant compound
to give 2-(2-carboxyphenylthio)aniline, and finally cyclizing

the aniline derivative.



vative can be prepared by the steps of reacting
2-am not hi ophenol with 2-fluorobenzonitrile to give
wa20@Aamsnophenyl t hi o) benzonitrile, hydrol yzi RgTAIP®07/053700

resul tant conpound to give 2 - (2-carboxyphen g Ithio)

aniline, and finally cyclizing the aniline

derivative.[0007] As descri bed above, various ,
[OOOQUOQQSEQSGEQbeﬂrED&angv&rdbhen@mbbbasepiﬁ@r preparing a

derivatives are known. However, the kﬁ@wmﬁ¥009§%§%nown
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prockisgkd, hhvahvherkekaldilsadvemtibg@duso Feiattures, sith afs a low
starting conmpounds which are not easil a%gé a@

yieldndhdEhe SAPPPERIET S FSAdtion fandi tiggss Use of Ftarting

compduAYY Rl 2geate hRAl WS 187 @vialldbild )y and/atorcirplicated
the 1 ndustrial preparation of the desired

postditzentaenitaz Ihiefe ddSafiani@aqutod e TR FE AR TR LY
unfad0r2¥9Y Q47 12 AL RIS AP PrleHrRRAGH ioH tife desired

i benzot hi azepi ne derivatives . [Summary of the
dibenppditiagep iD@0 GEriMad i3feesent i nvention provi des
net hods of preparing di benzot hi azepi ne conmpounds in
good yield w thout conplicated post treatnent,
[ 00 0B Tp By i) 166Ny andaiW 6D 44T 128 AL hsassedant

preriPt AR AT A s oY e
steps thereof, are useful in, for exanple, the
SR 90 ShPRLBRE e s 20 Ton examle
[0000 ] &hd Mreneatt i Qoteaition afrovides methods of preparing
dibenzothiazepine compounds in good yield without complicated
post treatment, employing easily available materials such as,
for example, a nitrobenzene compound and thiosalicylic acid
compound. Each of the compounds and methods, and steps
thereof, are useful in, for example, the preparation of
pharmaceuticals such as, for example, quetiapine. The present
invention also provides, inter alia, improved isolation of
the nitro acid compound as well as improved quality of the

isolated lactam compound.

[0010] The invention resides, in part, in a method of

preparing a dibenzothiazepine compound of Formula I:



the nitro acid conpound as well as inproved quality of
the isolated | actam conpound. [0010] The invention
woesi7dess2i n part, in a method of preparing a PCT/JP2007/053700
di benzot hi azepi ne" conpound of Formula I :CD in which
each of Rl, R2, R3, R4, R5, R6, R7, and R8, indepen
dently, represents a hydrogen atom an al kyl group, an .
al koxy group , an al kyl carbonyl group , an aryl group
, an aryl oxy grougy or an aryl carbonyl group, each
group being optionlally gubstj&uted, which conprises a
step of subjrectingla 2.4 - 2' - mar boxy- di phenyl sul f
: ni ch each of Rl, R2,
Q Same as def i ned
1 _reaction in the
0011] The 2-am no-2
la V can be prepared
anlno 2' -
car boxy- dlphenylsulf i de nay be suitably prepared by
t he bel ow descri bed ne ﬁod [0012] The invention
further resides, in part, in a nmethod of preparing a
2-am no- 2 '-carboxy-diphenylsulf i de compound of the
above-nentioned Formula V , which conprises a step of ,
in WBHICIRER oF WY, r @2, 2rR? - G, barky dRpherly| amldf R®deindepen-

conpound of Formula |V:
dentl;?)represents a hydrogen atom, an alkyl group, an alkoxy

group, an alkylcarbonyl group, an aryl group, an aryloxy
group, or an arylcarbonyl group, each group being optionally
substituted,

which comprises a step of subjecting a 2-amino-2'-

carboxy-diphenylsulfide compound of Formula V:

NH, CO,H
R! s , R
R2 Rigs R’
R R®
V)

in which each of RY, R?, R®, R%, R°, R®, R’ and R® is the same
as defined above,
to dehydration-condensation reaction in the presence of an

acidic catalyst.



in which each of Rl, R2, R3, R4, R5, R6, R7 and R8 is
the sane as defined above, in an aliphatic ester of an
wabpphatise al cohol having 1 to 6 carbon atons 2Q@JR2007/053700
al i phatic carboxylic acid having 1 to 6 carbon atons .
[0013] The 2-nitro-2' -carboxy-diphenylsulf ide
conpound of Formula IV can be prepared by a known
[o01n8t rad. zHamner—z't-h:arboxynkiupheaylsulfide of Formula V

- car boxy-di_p u SUI bl a1
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prepar | n -ni tro- - car boxy- di phenyl sul f ide
belo&’ﬁﬁﬁ&ﬁ’ﬁ& h:?ﬂgve nmenti oned Fornula |V, which

conprises a step of reacting a nitrobenzene com pound

of Formula Il: in which each of Rl, R2, R3, and R4 is
[ 0012He Thené nyenddon EaTihere TesSdes a iR 4 &y i aci d
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3 the sane as defined above™, in m xt ure of

compamunal iofh dihiec adlovshaienanngg FOthU@-acé/P bon at oms and

c(‘)’Vttrrly‘";ioungdl'(gﬂ“g)}m'yé nur%E cl)agjcfor ng to taﬂei)l nvenc?JlZg'rz{eolqsls,ﬂﬁJ Y
diphdoylstrlftice wor@ehank of Fagmula IV: -

NO 2 COQH
R! s R®
R2 R4R5 R’
R3 RG
av)

in which each of RY, R?, R®, R*, R%, R, R’ and R® is the same
as defined above,
in an aliphatic ester of an aliphatic alcohol having 1 to 6

carbon atoms and an aliphatic carboxylic acid having 1 to 6

carbon atoms.

10013] The 2-nitro-2'-carboxy-diphenylsulfide compound of
Formula IV can be prepared by a known method. However, the 2-
nitro-2'-carboxy-diphenylsulfide compound is suitably

prepared by the below-described method.

[0014] The invention further resides, in part, in a



(D [Description of Enbodinents] [0016] In the fornul as
of the conpounds involved in the nethods descri bed
waeow@imz3san "al kyl group” means a strai ght chaPaT@P2007/053700

branched chain al kyl group of 1 to 10 carbon atons. or
1 to 8 carbon atonms, or 1 to 6 carbon atons, or 1 to 5
carbon atons having no substituent, or a straight

me thelda ot @ﬁ:ebrfaﬂellggd -@hmb'm-al'kyiaxgxmpihfph:béwdsiﬁmaﬂeb' on
atons, _or t carbqn at e car bon atons

compougd pf; fhe &ﬁ“ﬁ?&ﬁfﬂéﬁﬁﬁ%%ﬁ%%? g&@ or nore
SyBScht kohipsisesn e poiofaldec tgmngues ninodamzene com-
are not limted to, nethyl, ethyl, propyl, butyl,

pounge @y FOTRRA Tlentyl, octyl, nonyl, and decyl, and
including all isomers of each of the foregoing, and
al | subgroups thereof i tabl e al kyl groups are
nmet hyl , ethyl butyl, pentyl, hexyl, heptyl,
and octyl. Also d : et hyl , ethyl, propyl,
butyl, and pentyl. [ The substituent of the
above-nenti oned strai ain or branched chain al kyl
group conprising oneg pre_sub stituents can be
attached to any p3Siti oy of tiR al kyl noiety. Exanples
of the substituents incliude, but are not limted to,:
strai ght chain or branchk&d chai n al koxy groups
conprising 1 to 10 carbaB atons such as net hoxy,
et hoxy, propoxy, butoxy, “pentyl oxy, hexyl oxy,
hept yl oxy, octyl oxy, nonyl oxy, and decyl oxy, and

in vgl{]j?éhUdeiancqq aclg Igls,o@r,sRQ,f aeria&hR'*Ofis the same as defined

above,

with a thiosalicylic acid compound of Formula III:

CO,H
HS R®
R R’

RG

(D

in which each of R®, R®, R’ and R® is the same as defined

above,

in a mixture of an aliphatic alcohol having 1 to 6 carbon

atoms and water.



the foregoing, and all subgroups thereof;

al kyl car bonyl groups conprising 2 to 6 carbon atons
wana7gomsai n a strai ght chain or branched chai rRCaR3007/053700

group conprising 1 to 5 carbon atons , such as acetyl

, propionyl , butanoyl , and pentanoyl, and including

all isoners of each of the forego ing, and al

[001551Uk&@fe0mhbﬁeb$0bre@|mﬁgigt:altﬁhm?dotgn@mm mmmapéds of
rise one or substi t.uents.
Formaiay oSO Cor b A B co G ehpme

1l:

herein, " phenyl car bonyl group” nmeans a
phenylcarbonyl group conprising no substituent or
phenyl car bonylwogr oup conpri sjog one or nore

substituents .| As used Rerei a . phenyl group" neans
phenyl gro.o QP |S|ng st'l t uentstepr1 phenyl group
conprising o nore sub | uent s—Fhe—=tbsti t uent
for the phenyl gdrhgnyl phenyl group can be

phenyl , p%enylcarbonyl or one of the above-nentioned
al kyl , alkoxynaand aIkyIcarb@nyI groups. [0019] As
used herein an "al koxy grou@d neans an al koxy group
conprising 1 to iy car bonggf ons and containing a
strai ght chain oF branchen chai n al kyl noiety which’
conpri ses mQ aqd conpri sesl 50 10 carbon
atons, or an @ dving 1 te—io—earbon atons
and containing a_straight_ghain or br&WChEY chain
al kyl noi etss i $es dhe or nore substituents
and conprises 1ilto 10 carkon atons. Exanples of an
"al koxy group"” |nclud@ but are not limted
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[Description of Embodiments]
[0016] In the formulas of the compounds involved in the

methods described herein, an "alkyl group” means a straight

chain or branched chain alkyl group of 1 to 10 carbon atoms,



to, the above-nentioned al kyl groups, an al kyl carbonyl
group conprising 2 to 6 carbon atoms, a phenyl carbonyl
wgrowpodsech can conprise one or nore substitueargrandos3700
a phenyl which can conprise one or nore substituents.
[0020] An "al kyl carbonyl group” means an al kyl carbonyl
group conprising 2 to 11 carbon atoms and containing a
or 1 %brél@ﬁkb©habmoﬁb bpanched ©haiarbaink pitomsi,eOF Whﬂ@h%

onpri ses nqQ substituent and O 1
caxbop; GpemeoRodH T BY1 SHPEAMLdtous Lo 2 ey O
brancﬁ@rdb%a@.tnor@.]@'ld gEoipaiod Mg ta Stor a:légrmonclaathmsor or 1 to 8

branched chai n al kyl mpiety which co
carbomp & 0fifos 1 JertOs 6afG R AT 1 Yo f}% car bon é)tq%%toms

comprPATR] &hdlort M) lS)ﬂbsFEE.‘c.Qi;eJrﬁl’;?.-*, OfEx=ad s o @ikl groups
P groﬁy i ncl ude, but are not ﬁ@dthos

includeso e PR, FOTEEEINT O a 0w f MBS Sy
butylgr%‘htgﬁngrﬂe%iﬁg RRpAST idaest, Q{orﬁﬁl ,araydd gleozyil, and

one or nore substituents. EX "
P AN A e B Bt Y SR

@ﬂg hoy 20, Suhs 155

Subg]% ag%ﬁlé group?uajieﬁgheenyl amrzly]%aphtﬁirlé ﬂ?;ta%TtYl

prop}@rnﬁltxsl prmrytyl BXal ks fbﬁrp%%st?%e?ﬁ%i’ﬁf #11%0 "aryl
m

R o L e

escrl groups . [0022] An
aryloxy group” neans an aryl oxy group conprising an

[001g] g%ém LeLY £ONDLL SLPO e SHOSLLALRPLoREG AR AAYGREYchain
or branched chain alkyl group comprising one or more sub-
stituents can be attached to any position of the alkyl
moiety. Examples of the substituents include, but are not
limited to, straight chain or branched chain alkoxy groups
comprising 1 to 10 carbon atoms such as methoxy, ethoxy,
propoxy, butoxy, pentyloxy, hexyloxy, heptyloxy,'octyloxy,
nonyloxy, and decyloxy, and including all isomers of each of
the foregoing, and all subgroups thereof; alkylcarbonyl
groups comprising 2 to 6 carbon atoms and contain a straight
chain or branched chain alkyl group comprising 1 to 5

carbon atoms, such as acetyl, propionyl, butanoyl, and
pentanoyl, and including all isomers of each of the forego-
ing, and all subgroups thereof; phenylcarbonyl groups which
may comprise one or more substituents: and phenyl which may

comprise one or more substituents.

[0018] As used herein, a "phenylcarbonyl group" means a

phenylcarbonyl group comprising no substituent or phenyl-



conprising an aryl noiety conprising one or nore
substi tuents. Exanples of aryl groups of an "aryl oxy
wgnrowrp02isa cl ude, but are not limted to, SubsPCTURIWNH053700
descrlbed above for the al kyl group. [0023] An
“aryl carbonyl group” means an aryl carbonyl group
conprising an aryl noiety conprising no substituent, .
carbo@xﬁrlargrﬁlﬁiﬂ caspaiysings eme comudrs ket Hyen b e°f~°’y used

r|S|n ne or _nore subs Nt S
herel@ro@ps 4R JE5ay P erng’%'p @(%ﬁut are

substri%ériﬁndﬁcbﬁéhylt I"gﬁ:diﬁ&idrﬁpmrﬁmgjm i doe dnatey UL -

tuenésgs 'I%L,ek%él!‘r@ %%{ d?ZOFJ eac{g%'% %P&@énﬁﬁi

phenyP2 TSN &sh bd)Vshicrgean, qimnymaﬂwlgrmmn@mﬁlmy
group, an al kyl carbaon rou
aboveamanhAdORPG BTG Fh- ]éPﬁg éhnéﬁkgi%ﬁ% so SU|?abIe

are a hydrogen atom an al kyl group, an al koxy group

and an al kyl carbonyl group .[0025] The hal ogen ato
[001§prAsx wéedchenéin | |aw aln BEOXY u@??‘}i@ ‘Bﬁ%?l%% a O’%

om ne. ogdi n On S |
srouf b Bee 854 L odbith L0, cobsoning «
stra:[.g(;lWGc]:heEan honfbrmcm@p@h@int abkybt RedeFHr Vit eBarPRgTises

benzot hia ound
no sulShETERE ehacCaRPEEsEs o oo acarhoh dtbhs| Tor an
alkokﬁogféubnhthng|1stosl@pc@rboheaﬁ@mﬁoénﬁoPOBFébﬁFPﬂg

strahgﬁrgé %gégégl ZERLNEA CONROHNISKk9h hBEekPVRRLEANCoRprises
one or more substituents and comprises 1 to 10 carbon atoms.
Examples of an "alkoxy group"” include, but are not limited
to, the above-mentioned alkyl groups, an alkylcarbonyl group
comprising 2 to 6 carbon atoms, a phenylcarbonyl group which
can comprise one or more substituents and a phenyl which can

comprise one oOr more substituents.

[0020] An "alkylcarbonyl group" means an alkylcarbonyl group
comprising 2 to 11 carbon atoms and containing a straight
chain or branched chain alkyl moiety which comprises no
substituent and comprises 1 to 10 carbon atoms, or an alkyl-
carbonyl group comprising 2 to 11 carbon atoms and containing
a straight chain or branched chain alkyl moiety which
comprises one or more substituents and comprises 1 to 10
carbon atoms. Examples of the alkyl moieties of "alkyl-
carbonyl group" include, but are not limited to, those

described above.



conpound of Fornmula Il and a thio salicylic acid
conpound of Formula Il are reacted in a solvent, in
woheopozsence of a base, to prepare a 2-nitro-BCT/JP2007/053700

' - car boxy-di phenyl sul fi de com pound of Formula IV.

[ 0028] Exanpl es of the nitrobenzene conpounds of

Formula Il enployed in the first step include, but are
[0021N0tAn i"dryad drmup aidanrsomint regtyeln 28D comprising no
subst%._qb%)d:nronoirgr: (r?ggenz egré)%}‘p];: J (?q'gig r&ﬁ%r@r more substi-

oxyni t robenzene,
tuentd DN FedTed h 0%aary 1 g‘nﬁamsz“ernmqlude but are not
2-fluro-5-nmethoxynitro -

l:|_m:|_1:2eq dfo- 5;1}@}35]0,( Qt}%zben& r1’1“3‘l:horyl and any subset

therébf*"éﬁitébﬂ@t§W6ﬁp§fé&&”phﬁnyl and naphthyl. A suitable

brono- 5- et hyl ni trobepze 2:f L uor o "
ot DRI b RARIRLES. 0 e et A FF (PEpEhS crgey? sroup”

nltrobenzene
1ncl&ﬁ%hlﬂﬁ@ Sre PReAYL i fober@ enehose described above for
2- br ono- 5- phenyl ni t robenzene, 2-fl uoro-5-

e pHeNYy | FFe¥BBenzene, 2-i odo-5~phenyl nitrobenzene,
2-chl oro-5- acetyl nitrobenzene,
2- br ono- 5-acetyl ni trobenzene, 2-fl uoro-5-
[0022CeAy| hatybbEpzgneup” aneians| afoe5Y4eEY group comprising

an aﬁy%trObe Zeggﬁggisﬁﬂéuﬁﬁbgﬁﬂg itheneobr §H|h§§l6x§rgroup

nes exanpl e,
compﬂlcbhgranlarybempeEEYaqqurbﬁéﬁﬁnPPPoB€n§@ﬁ§ S|pPsEi-

bl e nzengn[ © bes"0fin-
tuen?ﬁe ﬁ?@ggﬁﬁcy ﬁ%oéﬁdgno Q%%Poﬁ?aﬁﬁ B"Oln
cludenpbayedrennbhe1ﬁmn$edstep pnbstidsuenls éﬁécﬁéped above

0 thlosallcyllc aci d, 5-nmethoxy-
for Fh?ogggyé BFOUR¢i d, 5-methyl thiosalicylic acid,

5- phenyl-thlosallcyllc acid, and 5-acetyl
[ooziahhgsagkg Uéiﬂ?ﬂf% g%%u%nym%%b%r%%Pa&@'céybonyl group
comprising an aryl moiety comprising no substituent, or an
arylcarbonyl group comprising an aryl moiety comprising one
or more substituents. Examples of ar?l)groups of an
"arylcarbonyl group" include, but are not limited to, the

substituents described above for the alkyl group.

[0024] The groups of R' through R® may be the same or dif-
ferent from each other, and each can be a hydrogen atom, an
alkyl group, an alkoxy dgroup, an alkylcarbonyl group, an aryl
group, an aryloxy group, or an arylcarbonyl group. Also
suitable are a hydrogen atom, an alkyl group, an alkoxy

group, and an alkylcarbonyl group.

10



Suitabl e are thiosalicylic acid and
5-met hoxyt hi osalicylic acid. Also suitable is
wohbwsatiseyl i ¢ acid. [0030] The nitrobenzene ceaparvd’/053700

of Forrmula Il is generally enployed in an anount of
0.7 to 10 nol., or 1.0 to 5 nol., per one nol. of the
thiosalicylic acid of Forrmula I11. In sone

[oozsian’ggl@l lﬁi%gfo‘gﬁlnl Atdmo for3X off Forimule LR xamprbel fluqrine,
et Sl S LRGN TS | S d e e

IS gene y perforned in a
chloﬂ%leve%tnd bRl ar aTEp spedidlile |isTickitomine on t he

solvents, so long as the solvents do not participate
in the reaction. Exanples of the solvents include, but

[002 %ALQI df ek tdps Vot ettie amﬂﬁ)dscﬁaaermlsemmgisthe
iR
di met hyl for mam de, N, N-di t Hm%am

dlben¢¢ﬁh1%ﬂqﬁ#ﬂ%ﬂqqmﬁﬂp%éﬁi?ﬁ?&ﬁ UaPdF i topertion 18
descAl b Hd G Al LONOE Si s L&ﬁ@r@Sdélﬁ:t’tanm et hanol ,
n- propanol , 1sopropanol, n-butanol, and 1-pentanol;

ket ones such as acetone, nethyl ethyl ket one and

t obuty. n 91'1 Uebragrapatonyt the
ooz f Y oS oPEHT SEEENGE Bhd e ol EO e e
dlbeﬁﬁﬁiﬁﬁﬁfﬂplmm1dempauddalo@hbheclﬁvébh69§ fppitrobenzene

ab are r
comp?pné %ef?ﬁ%%¥1 Eglggﬁo% Lﬁg@é%fi%ﬁ?%égﬁggégggﬂg?gﬁg)of
Formal4d maxeareTheautaﬂuna ausoab99teoﬁ§rt@ésPFﬁéePﬁﬁePf a

basey o8 R6OFaT SoSst PADLY o) 1T 6OLPI0 PP E T ot o
pountihgforsemula rie Iatter In the mixture, the | ower

al i phatic
[0028] Examples of the nitrobenzene compounds of Formula II
employed in the firét step include, but are not limited to,
2-chloronitrobenzene, 2-bromonitrobenzene, 2-fluoronitro-
benzene, 2-iodonitrobenzene, 2-chloro-5-methoxynitrobenzene,
2-bromo-5-methoxynitrobenzene, 2-fluoro-5-methoxynitro-
benzene, 2-iodo-5-methoxynitrobenzene, 2-chloro-5-methyl-
nitrobenzene, 2—bromo—5—methylnitrobenzene, 2-fluoro-5-
methylnitrobenzene, 2-iodo-5-methylnitrobenzene, 2-chloro-5-
phenylnitrobenzene, 2-bromo-5-phenylnitrobenzene, 2-fluoro-5-
phenylnitrobenzene, 2-iodo-5-phenylnitrobenzene, 2-chloro-5-
acetylnitrobenzene, 2-bromo-5-acetylnitrobenzene, 2-fluoro-5-
acetylnitrobenzene, and 2-iodo-5-acetylnitrobenzene, or any
subgroup thereof. Suitable are 2-halonitrobenzenes such as,
for example, 2-chloronitrobenzene and 2-bromonitrobenzene.

Also suitable is 2-chloronitrobenzene.
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al cohol al so suitable is isopropyl alcohol. [0032] In
sone enbodi nents, the nitrobenzene conpound of Fornul a
WwoOR¢o7sI02352as 2- chl oroni t robenzene, and the PCT/JP2007/053700
thiosalicylic acid conpound of Fornula Ill, such as
thiosalicylic acid, are charged to a reactor at
20-25C, followed by isopropanol and water. The reactor.
[0029010@.&%&@1% olke thiet rmhmrie:ydmm(amd aformrungds 9 and

rorm LR 5 A Ty 90 o
1imitsR] Nt *drﬁotéaelﬂdylsﬂc Hem cmmm{macbsmlmmhc acid,
manner that a weight ratio _of th ig
5-me W IGIHIASI 1Ae] Pl RS SR DY T iy 2
5- acét;%h?hcrﬁ%saal\%yeﬂc | SO0 Ot e Qibgdug tserent he
to 0.31, 0.12 to_ 0,27 16 { i&
Su1tq‘-l®IB46}r€I'rTé“-1rQﬁ?e]tJr(Eifﬂ-%ﬁ afkd 18945 &%??%Y%ener%}y% c

acldp%i&%r@ﬂb idbid e dreseossr oéypidaseid Exanpl es of the
S ases include, but are not limted to,

potaSS|un1cargonate sodi um carbonate, |ithium
nat e odi t hyv€r oxi
[0039?f£#%ﬁﬂ+ﬁﬁﬁ %Q%g éﬁé&gﬁ%ngﬁe 5&%?% Ygrﬂgngénerally

emplﬁy@%rﬁmpaﬁf&mammt AESO. %uthbOemale:p@¥a%spuﬁP 5 mol.
per gﬁ‘%a@g Lﬁ% 13?' U%Egggfgégf%csggiﬁ Ey%%hﬂﬁ III. In

Ium I’ret | at e, or
comeSUREE@URADET €DF0 Thelbage b5 ehetoally2enpFojed £A 1-32

an_anount . cor r espondi ng 1to 10 noles, or 1.5t
eq zﬁﬁpégroﬁ+t§9%e?6gﬁe lﬁDPégd or 2.1 to 2.27 noles pgr5

[0031] The above-mentioned first step is generally performed
in a solvent. There are no specific limitations on the
solvents, so long aé the solvents do not participate in the
reaction. Examples of the solvents include, but are not
limited to, water; amide solvents such as N,N—dimethyl—
formamide, N,N-dimethylacetamide, N—ﬁethylpyrrolidone and
dimethylimidazolidone; aliphatic alcohols such as methanol,
ethanol, n-propanol, isoprdpanol, n-butanol, and l-pentanol;
ketones such as acetone, methyl ethyl ketone and methyl
isobutyl ketone; nitriles such as acetonitrile and benzo-
nitrile; or any combination thereof. Suitable are water,
amides and aliphatic alcohols. More suitable are mixtures of
lower aliphatic alcohols (i.e., aliphatic alcohols having 1
to 6 carbon atoms) and water. The mixture suitably comprises
the lower aliphatic alcohol and water in a volume ratio of

10/1 to 1/10 (also suitably 5/1 to 1/10) in terms of the
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one nole of the total anmounts of the starting
conpounds. [0035] The reaction of the first step is
wgeneriatisy perforned at a tenperature of not hegnaP2007/053700
than the boiling tenperatureof the solvent enployed
such as at a tenperature of 0 to 1500C, or 20 to ’
100C, or 70 to 84C, or 79 to 84C. The reactlon period
formé&:f tdaHd neftteep gheatiey mispands, dihe Heweacnlahatic

enperature, bhut the reactlo nerally conplete
alCOIWJt RTINS anI en 2 the reaction

m xture is heated to reflux (about 84C3 and is held at

this tenperature for 6 hours. [0036] In the re
[0032f Yhesdme symbndsignenskyi tt%smfé)‘? e a?‘?‘l‘.%m?ti‘il oF

Fo:t:mtitjﬁétJl Cfi',gnti@ct,lbec[ tf%i&?o&f@fo@@t@z&@e adghed . tix atpies of

I'ves 1 nclude, but are not limted to
salwplmsam |ttt coR, RoTRREE RHE B HE 281 RalogpbioyLic

addltlve n
cosa il o 1y PLOYEEr Ty e 00men, o 0.0005 b 05
prop@noD ad watdr, lThglreapgproﬁ@nh@;glgg fhe nitrobe Zene

compgﬂg gngggﬁ nPqu d hgoEﬂybéaiicyiggszklah@ompoend of

ure o tro~2

FormhlaatbbxgdmphenyheutéddwltbnpﬁgﬁdeﬁﬂmFbﬁnuP&thgen
obtained in the first step of the invention depends on
the chem cal structure of the nitrobenzene conpound of

[OOBEET@HEasblvéﬁtV\EM the @farkhe so:egnbaal bet empfloyedofint such

iosalicylic acid conpo of For II I .
manngf Zhaft eoW219h§aFBS%§?dP%h$H§| gBPPRrat the, HifRgTiortic
acid BghYHet BHE ameufe! olfi Fhkeedolleent- msubh-as-a wa-
ter/isopropyl alcohol mix) is in the range of 0.08 to 0.31,

0.12 to 0.27, or 0.16 to 0.23.

[0034] The reaction of the first step is generally performed
in the presence of a base. Examples of the suitable bases
include, but are not limited to, potassium carbonate, sodium
carbonate, lithium carbonate, sodium hydroxide, potassium
hydroxide, lithium hydroxide, and sodium methylate, or any
subgroup thereof. Also suitable are potassium carbonate,
sodium carbonate, sodium hydroxide, potassium hydroxide, and
sodium methylate, or any subgroup thereof. The base is gener-
ally employed in an amount corresponding to 1 to 10 moles, or
1.5 to 5 moles, or 2.0 to 2.3 moles, or 2.1 to 2.27 moles per

one mole of the total amounts of the starting compounds.

[0035] The reaction of the first step is generally performed

at a temperature of not higher than the boiling temperature
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car boxydi phenyl sulf ide , 2-nitro-4-nmethoxy-2

- car boxydi phenyl sul fide, 2-nitro-4-nethyl-
woO-=20@Erozesydi phenyl sul f ide, 2-nitro- 4-phenyl - BCT/JP2007/053700

- car boxydi phenyl sul f ide, 2-nitro-4-acetyl-2"'-

car boxydi phenyl sulf ide , and 2-nitro-2" -carboxy-4

- met hoxydi phenyl sul f ide , or any subgroup thereof.

of thd Zébzmﬁtakén@laﬂ&a& ruclo-a &t cartRnenhEry ek 9 e
ntro

o bo | £

150 C [9@3@? ?ﬁeléon?tr%r ¥M-cargoxydnﬂﬁenylsul (?ﬁeTHéka

reacﬁk;iéﬂp%lﬂlcﬂi dd:Ethm.é a‘:‘:llnigsmrm e@lremtlmedépeﬂyis seeptilean

recovere a comhi.nation

R A

WJ.th:Ealf: Oﬁd@?%@rsf( Supxhh SSmel @ﬂmbdnﬁémm othad:deaq:bmmfma:qture is
| o nake the reactd tur d

heat¢d | £9 aFeHH1BT (PRI & C& @hd ?&fg'r a|4 Fr@ﬁgsr cRRengrure

for @bﬁ@ﬁgsa crude product, or a conblnatlon of addition

wat er and an extracting sol vent (organic solvent)
to the reaction m xture and addition of an acid to

[003€thntPﬁeaggﬁgyfoﬁhgfetﬁé fﬁfsfeéﬁébonaahltﬂﬁésaﬁbﬂlC

e crude product can be recovered
accepbaathygt heeorgantioBophar pbaRi SheuRBER P@BUESdadded

essure,. Th ne e d b
mxamBhEooECtne a: fEEBLIEHCLUAT BuECUEL BOE Benddealco,

potafsuminemopmdef apd, Nj N- demesf,bxi;tmlnypwﬂ%ﬁeorThe additive
can ég %pgglééégklgn amgSnQr%%e§SOB@5 RBI bf 5CAbLON (RN bE

ending on each conpound to be purified.
additheedmbd efiphdyedbenrebe kpuposidd .r o fcP§1 & Ourdj @mol..

per g%gdmoggosghghécng Ldpez A% Hompdth® o®" Formula II.

[0037] The chemical structure of the 2-nitro-2'-carboxy-
diphenylsulfide compound of Formula IV obtained in the first
step of the invention depends on the chemical structure of
the nitrobenzene compound of Formula II as well as on the
chemical structure of the thiosalicylic acid compound of
Formula III. Examples of 2-nitro-2'-carboxydiphenylsulfide
derivatives include, but are not limited to, 2-nitro-2'-
carboxydiphenylsulfide, 2-nitro-4-methoxy-2'-carboxydiphenyl-
sulfide, 2-nitro—4—methyl—2'—carboxydiphenylsulfide, 2-nitro-
4—phenyl—2'—carboxydiphenylsulfide, 2-nitro-4-acetyl-2'-
carboxydiphenylsulfide, and 2-nitro-2'-carboxy-4'-methoxy-
diphenylsulfide, or any subgroup thereof. Also suitable are
2-nitro-2'-carboxydiphenylsulfide and 2-nitro-2'-carboxy-4"'-

methoxydiphenylsulfide.
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any subgroup thereof . [0039] In the second step of

the process of the invention, the 2-nitro- 2
woO-2e@Erozesydi phenyl sul f ide conmpound of For mul aPCYJPB07/053700

reduced to give a 2-am no-2' -carboxydi phenyl sulf ide

compound of Formula V . [0040] The reduction procedure

perfornmed in the second step is not |[imted, and known.

[oo3dQVQQﬁﬁg%ﬂ§%§ﬁ§ {;ﬂhﬂﬁﬁﬁkﬁfﬂpﬁﬂﬁleuﬂfiﬂﬁCnﬂmﬂﬂﬂnd of
uita rocedures include
Foumine Wb od (i v (o Yerts TR el Y =
combi; il B A ) cortién BSOSyt indrephetedines eamdfa ezon-

re erred to as "Reaction B") d a et ho o
ventimnadhdiePrpt Ry BRAFAUTG s %%’T%&ﬁﬁ ‘C‘?{g‘?“e‘ir‘%
addlt:]'egcr?rc;fdaﬁ 0, @64 "1'?@5}1%]{@“@1& ré&bt:ﬁ&ucﬁli}@ﬂum oa:eﬂdlie and

rogen gas is %;d as supga source py p

flltﬁakmﬂmomfﬁ¢heF@#@9¢Pﬂ ‘e d \BEFD ibhﬁﬂ]P?&ﬁ%ﬁ E%k§$ ain
a créﬁ%ké@%ﬁ?@%oygg & Ncbhiei ARt DS b8 @@dﬂﬂﬂ@ﬂtoﬁfwétértand an

nterns of nickel), or 0to
extradieingosolventt hergamie rgodveny) bBSZyH’P% h’éﬁ?‘FEﬁ?F ‘i‘"a%%ure

and a8@¥998 Sk gﬁrﬁgié falmgﬁénPhésaQﬁegﬁgeﬁhaﬁéckf|ﬁhe

oyabl e reaction include, but _are not
reactimtmuxtur.elacs@w Ni Ofherwisg - ahlet faRdeoRTAPHPHgORP Pe

reco%%fe%begt?§3 eghgagr §n§ESQo§VEh€y§QrtIBﬁ yhakd is

uenced t he deve | opi ng nmet hod of
reduBadeprasskek. ThusheObhgénGﬂ gspAg PReIRSHePeRi EReFaD PO

employego n thg nggtkggp'STﬂ@”SEﬁhEypE%EEQEWEinBe further

purified, if necessary, by column or recrystallization. The
process for purification can be selected depending on each
compound to be purified. The acid employed can be hydrochlo-
ric acid, sulfuric acid, phosphoric acid, or acetic acid, or

any subgroup thereof.

[0039] In the second step of the proéess of the invention,
the 2-nitro-2'-carboxydiphenylsulfide compound of Formula IV
is reduced to give a 2—amiﬂo—2'-carboxydiphenylsulfide

compound of Formula V.

[0040] The reduction procedure performed in the second step
is not limited, and known procedures for reducing the nitro
group can be employed. Suitable procedures include, for
example, the Raney-nickel method (hereinafter, referred to as
"Reaction A"), the ferrous salt method (hereinafter, referred
to as "Reaction B") and a method employing palladium, plati-

num or its compounds (hereinafter, referred to as "Reaction
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the presence of hydrogen gas under pressure.

Accordingly, the reaction is generally perforned in an
waubwab2sse . The hydrogen gas pressure can be B6THPD7/053700

as possible. Generally, the hydrogen gas pressure is

in the range of 5 to 100 barg. The reaction may be

perfornmed under atnospheric pressure. In this case,

c"). &Ber(a ACiHi iphdeRidired ayidrioyenheast riesnantp loywrdo gen
0042] There are no specific limtations on the
supplyoEm%an§ @fp AP ISR -Reaction A, so long as the

sol vents do not participate in the reacti on. Exanpl es
of the solvents in clude, but are not limted to,
Reactzdlonpiat iRanewoHske s Methed net hanol , et hanol

[oo41{"]h %%mkesf%aqpq{@en&ﬂ%jéd)tﬂrﬁm{e i oD | dtreamof

ent 1s so selectéed that the volune of

amoutt 12,0 -ar SR o pHeN IR 0 LTI or> Fbr il 4
wt.%,I Y awuld, filqn&ng? 3 hd 29k - oY - &ﬂoiﬁi:@pl@er\/ﬁisim?flde

one vol une of the solvent (volune of 2- f
compoumrdmmmmymumxaml% RRPSY - %fékels empfoyable

vqu ol t
o AR S0 8l B fRact g, sy
alloyfaddetisot veontaidheg réacrndie s @Eﬂ%%%%??dc%?Plgﬂ %ﬁ?o

emplqséea@t It,@hr@er}? o(ée 91,50 éfegpﬁgQ.nffﬁegéeaob§=5QQ@ devée

eIOends on erature and
loplﬁb“ﬁéﬁﬁﬁﬂgﬁf B&Besuneckéhe I@atheoﬁaﬁg a5uusiyg the

ranofSRERGHE HeHod. pfokGaoc 14I0Hd) bk enRacpt eomdetson
the presence of hydrogen gas under pressure. Accordingly, the
reaction is generally performed in an autoclave. The hydrogen
gas pressure can be as high as possible. Generally, the
hydrogen gas pressufe is in the range of 5 to 100 barg. The
reaction may be performed under atmospheric pressure. In this
case, the reaction is carried out in the stream of hydrogen

gas.

[0042] There are no specific limitations on the solvents
employed in Reaction A, so long as the solvents do not
participate in the reaction. Examples of the solvents in-
clude, but are not limited to, aliphatic alcohols such as
methanol, ethanol, n-propanol, isopropanol and n-butanol. The
volume of the solvent is so selected that the volume of 2-
nitro-2'-carboxy-diphenylsulfide compound of Formula IV would
be 0.05 to 0.6 volume, or 0.1 to 0.6 volume per one volume of
the solvent (volume of 2-nitro-2"'-carboxydiphenylsulfide

compound of the formula/volume of solvent).
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i de compound of Formula V produced in the reduc tion

can be recovered by a conventional comnbination of a
waoasitiegpspr ocedur e and a separating procedur e, PEUOR08%053700

a conmbination of filtration of the reaction m xture

and con centration of the filtrate under reduced

pressure. The product obtained above per se can be

enpl oyed in the next step. If desired, the product can

be purified by colum chronat ography or
[0043 edtepsttEian AntGah. PRI | UH % Br P HRAE RN e

e LRI T s b soiriqrit el
carried raus atla stemppribre 9h 1hete e%%? (]on %ra%ugcé’ (16"& C.
The xéa%r]afec{?c%lelﬂ%e(gg &Qﬁ)eﬁ(ﬁ r QS 1sd!| Eé&ﬁﬁeﬂ@ﬂuféwmmydrogen

ts can be e in the form
gas pyelssiee orTlaehyeadtibon Sif tw@nﬁy e@%ﬂ%‘&% %F%‘E e&;
h hydrates ferrous salt anhydrides, ferrous salt 4
THydrates, and ferrous salt n hydrates . The salt can
be enployed in a volune of 0.1 to 30 (in terns of iron

[0042{8g}E y%?ﬁﬁ@ﬁ§?sglfglﬁ%m% e%%Lﬁu 8 %VERF8§4ght&8rgoxY—

dlphéﬁfigﬁﬁgﬁﬁemabﬁb?aﬁd a?UEonmuhanUnpaodgcggnenath? reduc-
e as a So t R
oo oo 22 VB O B Ppaots, s o

agueous
washﬂﬂavﬁtacéaﬁﬁenhﬁdcangephratnng p2bcedu2® ,wsu¥h, as a

conbeaAEaPRi A BARSLg9sotatiBe 8PEs NP a S oes oS
cent®StiBs 6@nteat £afi taakeNntades seblicedepressure. The
product obtained above per se can be employed in the next
step. If desired, the product can be purified by column
chromatography or recrystallization. The purification proce-

dure can be selected depending on the product to be purified.

Reaction B: Ferrous Salt Method

[0045] Examples of ferrouslsalts employable in the reaction
include, but are not limited to, ferrous sulfate and ferrous
chloride. These salts can be employed in the form of hydrate
or anhydride. Suitable are ferrous sulfate 7 hydrates,
ferrous salt anhydrides, ferrous salt 4 hydrates, and ferrous
salt n hydrates. The salt can be employed in a volume of 0.1
to 30 (in terms of iron atom), or 0.5 to 10, per one volume

of the 2-nitro-2'-carboxydiphenylsulfide of Formula IV.

[0046] Mixture of water and aqueous ammonia is generally

employed as a solvent for Reaction B. Aqueous ammonia can be
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Wat er can'be so enpl oyed that the vol une of

2-nitro-2'- carboxydi phenyl sulf ide derivative of
weéanmub2stV woul d be 0.01 to 0.4 equival ent pePCOAR2007/053700

vol une of water (volume of 2-nitro- 2

' -car boxy-di phenyl sulf ide derivative/vol une of
wat er), or O 02 to 0.2 equivalent (the sane as above).
prepa-gé% L) J_Qigmrﬁ:drﬂ:meebt@h%'mﬂ lramarie @Emmesia

of 2- nltro 2' -carb ph |
concepdrptdon it ¢ %9 &ﬁ“o n? o?lﬁéc IC?%%[ qﬁOA 5&'( dretou d
concegf:ﬁrﬁa;t?.g?{“or @v‘%{tbéinﬁzdkﬂiam‘ﬁir@ aanmotia das|care gf also
-carbo sulf ide de iV
emplayedmfshilend "‘IEUCM% gBaérgti‘l Pihe ca?réll!(le]ry oé/u%@e
Watezr_ar SRR %&feﬁnﬂlbiéatﬂwbonﬂe Rep M toHF 2 4 st 501 3/'ent

e reaction is | )
carbay ErReRTIGDIE Lt Ae Y3 Son et By LAY oFOBE e 601
to 098 p&p&’ﬁ;ﬂéﬁ@%éﬁ% afét@ne ThE waaa@f i oo LsmelseBl Z-ynltro-

ete wthin h . [004
z--caanxxndaph¢nyxﬁqéﬁ;%éS@eri%%ﬁ{%& %fgﬂgﬁafgﬁ$?er e "ox
0.02 CRPRW cgﬁ &‘H:a Vo' 95H& €8s | Ab&he) L etihie vomneamf

bé” recov a conventlonal conbi nati on, o 9
ammommakusmp@ﬂ@@@@@r%Oahﬁab Eapar2t Ry %fo%eBﬁFEO ) e

oxydlgﬁgg%féulffﬁer&éfib?@l@éX%GﬁfdlEef0|b@Bedo and agui-
ro chloric acid, sulfuric acid,
valenhosuho®telatodOaﬁdequevaéeaErdyeFSOEGdga Ipge; gf ammonia

(voripe' B8 1 £rmibERCRY - BpbROALbRCRYLONI ERBeSELELTaS! de-
tive/volume of ammonia).

[0047] Reaction B can be carried out at a temperature up to
the boiling point of the solvent. The reaction is generally
carried out at a temperature of 20 to 100°C, or 40 to 90°C.
The reaction period depends on the temperature. The reaction

is usually complete within 2 hours.

[0048] After Reaction B is complete, the 2-amino-2'-carboxy-
diphenylsulfide compound of Formula V produced in the reduc-
tion can be recovered by a conventional combination of a
washing procedure and a separating procedure. For example,
the reaction mixture is filtered, and an acid (e.g., hydro-
chloric acid, sulfuric acid, phosphoric acid and acetic acid)
is added to the filtrate, thereby placing its pH on the
acidic side. The obtained filtrate is concentrated under

reduced pressure to obtain a crude compound. The product
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reduced pressure to obtain a crude conpound. The

product obt ai ned above per se can be enployed in the
waeni7/1923p. | f desired, the product can be pur PETER200Y053700

col utm chromat ography or recrystallization. The

purification proce dure can be sel ected dependi ng on

the product to be purified. Reaction C: Method

obta:[ﬁrcf%%gydqriﬁa pald axb wamwrbel etpieyed cin i the creEso UPERD ) If

e reaction can e presence
desipgpdg Fat a"ﬂlc? (?urfgl%gdﬂ%gen Ifﬂgn I::)at al yst)
chromé&t ﬁ@@hf rxm tdergs tapl toasict i Mihefpywal fhda thep Peyoce-

pl atinum (Pt al | adi um conpoul
core R 3 SRR 5B i 48194 i csen
The redu0|n% cat al yst SU|tany is deposited on a
carrier such as carb C '
Reactien i1 AIeTRPE gl BErParpebipaTEn PPy ofitfipm, Yok REE
compgg PtéC and pl ati num oxide. Also SU|tabIe is

. [0050] The reduc
[004BélTbﬁlHﬁ@@?lﬁma??ﬂuﬁ?cgﬁgggr %élbésﬁh %gghgun?f a
reduegﬁﬁggggﬁg%gg fﬂ 8. Olhyarageﬂ@tgbh &htamybeDHSemécted

ati num net al or.
frompéhetEEOEBDGQFSbﬁt%Hé 2fnpﬁﬁaa§lumcZEBEXyggggﬁP L(#). a

pallgﬁEhMaEbMﬁoﬂﬁdFoﬁﬁﬁla Yathﬁuhhaoﬁgb&hﬂstorSadgpasmbeda—
a carrier, the catalyst can be deg93|te

tlonanUuﬁubgrOEPtéhQGeﬂélg ey AN CE-BENE SR §§||§8ﬁ%ﬁP&¥ is

depo%&?%hngg1%FaékileBeguh%?a%”@ﬁ&boﬁf(tbeo&abEEQMm lsfalfate.

is enpl d
Suithdlengre R&YEr B@d@en?ddparlgg shifate, % C%b%i%

Pd,Pt/C), and platinum oxide. Also suitable is Pd-Pt/C.

[0050] The reducing catalyst comprising palladium or platinum
can be employed in an amount corresponding to 0.01 to 30
weight % (in terms of palladium or platinum metal), or 0.05
to 10 weight %, per the amount of the 2-nitro-2'-carboxy-
disulfide derivative of Formula IV. If the catalyst is
deposited on a carrier, the catalyst can be deposited in an
amount of 1 to 16 weight % (in terms of palladium or platinum
metal), per the amount of the carrier. If Pd/C, Pt/C, or Pd-
Pt/C is employed, a dry catalyst having a water content of
not more than 5%, as well as a wet catalyst containing water
component in a greater amount can be employed. The wet
catalyst may contain 10 to 70 weight % (amount of water per

the total amount of the catalyst and carrier).
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not nore than 5% as well as a wet catal yst containing
wat er conponent in a greater anount can be enpl oyed.
woheower3seat al yst may contain 10 to 70 wei ght P€{arPmamn®s3700
of water per the total ampunt of the catalyst and
carrier) .[0051] When plati numoxide is enployed in
Reacti on C as the reducing catalyst , it can be
[oos:epdemefledplaimamxmrane ofsOeiploy8d ieiReactdonof astphe
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reacti on vessel. The hydrogen gas pressure can be as

hi gh as possible. Generally, the hydrogen ressure
[00523 Reachionafighs cgeneraligoPBargrapdsitoth bBF seppg of

hydr%ﬁgﬁtpgg Hﬁﬂepe pestaraedadedenahgRgphenkCrpaessoneis
S case, e reduction (or hydro enatlon% can be
generallyeueuﬁormﬁdth@ apr aufkesflaN@dPEge§Es TeRR §8Hevessel

The ﬁgggglgﬁnband5¥g599fg bﬁn‘QErQQUEEQh'aboﬁbeelbgesel up

agitation 1s started e hydrogen
Genepa&iyur&heshﬁﬂrngannGdSaPI§S§@F§ 1F0993FhRe§@Pﬁﬁn°é i%s to

100 general |y ¢ar %'? %“t T %e%@t\i%ﬁt mal}h%ep%&%o&ﬁled

Prc™ irmi fa s ont sol vent e | oyed, so | ong
undeaatmbephemenpseeteumt Bar tthdispaesei.n thige Tedaction (or

h dr an tl Fchhe %Ol%?QE d Pdde ﬂﬂ@3§%&%aﬁpbﬂ| idreffen
yarpg! gl SHat £8P such as nethanol, eth anohﬁ}I %
gas .NIpr Gpameolembodiments, hydrogen is introduced into the
vessel up to 5 barg and agitation is started and the hydrogen

pressure is maintained at 5 barg.

[0053] Reaction C is generally carried out in a solvent.
There are no specific limitations on the solvent employed, so
long as the solvents do not participate in the reaction.
Examples of the solvents include, but are not limited to,
aliphatic alcohols such as methanol, ethanol, n-propanol,
isopropanol and n-butanol, esters such as methyl acetate,
ethyl acetate, isopropyl acetate, and n-butyl acetate, and
amide solvents such as N,N-dimethylformamide, N,N-dimethyl-
acetamide, N-methylpyrrolidone and dimethylimidazolidone, or
any combination thereof, or any subgroup thereof. The esters
of an aliphatic alcohol having 1 to 6 carbon atoms and an
aliphatic carboxylic acid having 1 to 6 carbon atoms are
suitable, because the use of the ester solvent can redpce

production of by-products (i.e., impurities). The solvent can
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i sopropanol and n-butanol, esters such as nethyl
acetate, ethyl acetate, isopropyl acetate, and n-butyl
wacet7apzss2zand ani de sol vents such as PCT/JP2007/053700
N, N- di met hyl f or mami de, N, N-di net hyl acet am de,
N-net hyl pyrrolidone and di nethylim dazolidone , or any
conbi nation thereof, or any subgroup thereof. The
be em@Stdféd ofn ain adndqiat ief &t cohol0 heed gyt 1% t 0B TaFDOM

. .ataoms and an aliphatic.sarboxylj ) d_ Ll i
welghds o PRl o a‘—’f“é‘ﬁgﬁf %l &° bﬁé%:/llé%glég%% e use %?y%jﬁ%ﬁeﬁyl-
sulf €5 esSDiaete GGl Faricka produlh | somefetiyodinentcs s 2

o (i.e., inpurities). The solvent canbe enployed in an
suitghrintobrent (15 Rt FTe88%0r 5 to 50 meiéht %, per
the amount of the 2-nitro-2 '-carboxydi phenyl sul fide
derivative of Fornmula IV. In sone_enbodi ne

[00541i Redtbicnl Geht generallyscaraied pubsat %Eeg%ﬁ%ﬁa*&“re

of 1(%816%??86‘%} Yor£ A 14&f 19H°cat mhel SlRRAAbNN @e@fioll depends on
0 ., or 20 to 150C. The reaction period depends. on
the téactianttemperaperatand hndragarogen @EgsﬁFﬁgsuPBF

bu ener Yql t g 301ho
seacHAf I8, Lt 430021 HRR0SG bhaess oo Lineamaonce.
the sedcthbnt siiapenaionhis heapefatar 802hpnrd mpiptgined at

. _pressure.of h ogencf 5
thlsz-SﬂPﬁggzur?céggogngpﬁéﬁglEgg%gﬁgg[ggr?%g%ngnofor °
hoursornmul a V produced in Reaction C (hydrogenation) can

be recovered by a conventional conbination of a
washing pro cedure and a separating procedure, such as
[0058]CORRBI Pakin@Ac0Dh ' -carboxydiphenylsulfide derivative of

Formula V produced in Reaction C (hydrogenation) can be
recovered by a conventional combination of a washing pro-
cedure and a separafing procedure, such as a combination of
filtration of the reaction mixture and concentration of the
filtrate under reduced pressure. The product obtained above
per se can be employed in the next sfep. If desired, the
product can be purified by column chromatography or re-
crystallization. The purifying procedure can be selected
dependent on the product to be purified. In some embodiments,
at the end of the reaction, the reaction mixture is cooled to
20-25°C and filtered to remove the catalyst residue. The
ethyl acetate solution of amino acid is washed with water.
Material can be used directly in the next step without

further purification or isolation.

[0056] The chemical structure of the 2-amino-2'-carboxydi-

phenylsulfide compound of Formula V prepared in the second
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filtration of the reaction m xture and concentrati on
of the filtrate under reduced pressure. The product
wohb@iess2 above per se can be enployed in the REXtP2007/053700
step. If desired, the product can be purified by
col um chr omat ogr aphy or recrystallization. The
purifying procedure can be sel ected dependent on the
step R&%&Ht:t& hecdpy ifd atbpdriestimrenttuli chemiszalats tpucture

end of the reactlon reactio
of than 2GUEHAP 119 P S A et PHEE
emplo% e ih&csd adea S@ﬂ:éﬁ | 0 'lﬂ'fe %‘Iﬂ:dhﬂt:ﬁm dcmmpmmxhecﬁxam-
water. Material can be 1gH9 in ége ext
ples g%pz VAR 2 F PRI XA RR LS 30‘53 i %% BRI T€056]
FormuJEc'f5 Iﬁ&eStﬁﬁﬁt&f@ 6t thim P2t &di B9; 2-amimobXydi

yl'sulf ide conpound of Formula V d
carquxﬂnmnﬁnxﬂﬁm%@h@%;o%-%m%ﬁe 4§m%E%%ﬁ%2%epar Indlgﬁenyl‘

ugt h -
sulf{x %ﬁ%hgnﬁégﬁfi y) Eb@iﬁ%if@lﬁhenylsulflde 2-amino

ide of Fornmula IV g
4- ph&ﬁ&iS@bﬂ@@rb@ﬁﬁdth@h%l§?%f%¢%g £oAPHBNG n%ﬁ%ﬁ¥gf%s of
carb R&ayfsulf &QoxagﬂpﬂeaﬁiﬁHLﬁ'LQ&rB@ﬁPOmndﬁeﬁﬁoxydl—
ErdibEs Frat 638

I NC but are not linmted to ~a 8
phenzhsmydephenyawl subgeoup - EheHE0E- nétlh*é%?l? are"3-&mino-

- carb 4- T -
2 car%%g%8§églp EEMF§EP% Qgg £2§§%?§o? 4ﬂgﬁgﬁ§ methoxy
dlphenyhshmfydephenylsulf i de, 2-am no- 4-acetyl - 2 -

carboxydiphenylsulf ide , and 2-am no- 2 '-carboxy-4
" -nmet hoxydi phenyl sulf ide , or any subgroup thereof.
[005$qu Labtbeatbizdasitep- of' ther boxpatineny teel 2-PREEAE " -

carboxyghpﬁe lsui%qgéycémpoﬁﬁhhgfyngﬁﬁﬂﬁl%UEE condensed by
dehydration to prepare the dibenzothiazepine compound of

Formula I.

[0058] The reaction of the third step can be performed using
no solvent. However, the reaction can be carried out in a
hydrophobic organic solvent which doeé not participate in the
reaction. Examples of the organic solvents include, but are
not limited to, éromatic hydrocarbons such as toluene,
xylene, cumene, and benzene; halogenated aromatic hydrocar-
bons such as chlorobenzene, 1,2-dichlorobenzene, 1,3-dichlo-
robenzene, 1,4-dichlorobenzene, bromobenzene, 1,2-dibromo-
benzene, 1,3-dibromobenzene, and 1,4-dibromobenzene; cyclic
aliphatic hydrocarbons such as cyclohexane, cycloheptane, and
cyclooctane; and aliphatic esters such as ethyl acetate,
butyl acetate, methyl butyrate, ethyl butyrate, and butyl

butyrate; or other solvents such as ethanol, 1—pentanoi, oxr
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ide . [0057] In the third step of the invention, the

2-am no- 2' - carboxydi phenyl sul fide conmpound of
weanirub2ssy i s condensed by dehydration to prepaCeJriner/053700

di benzot hi azepi ne conpound of Formula | . [0058] The

reaction of the third step can be perfornmed using no

sol vent. However, the reaction can be carried out in a

meth;{m/nch[sﬁghﬂwn;@t@wg mﬁ(ﬁtnaem?mmmyhoﬁulpwwmi Hhere-
. reaction a t i
of. Suidialie it SrLoer. | rRy oS f AT ere-

dr ocar bons
benzeieh as tol uene, xylene, cunene, and benzene;

hal ogenat ed aromati ¢ hydrocar bons such as
chl orobenzene , 1 ,2-dichl orobenzene,

[005%] Srih£d! Dg Oﬁ’énégééific 41 thibthbiobeozehbe amount of the

ronobenzene, 1,2-dib b - di
solvem AL ayeRohBhEReeRBLT Ry SToR. PEREET e horacatpsagLe

thatSH%Q %@lggﬁtohgxgmgloggalgﬂe@ﬁaaﬂounandocgmbeoataaEio of
and aliphatic esters such as e{hyl acetate butyl .
the webylt camepnhyPEhliher Ar@miRPny| ‘%EF?P%? }PBﬁHY%éP}/ ide

comp?Hﬁ&r &iPQE ehheyosah¥enhsuscbrashet Banoknt (W/V %) of
-pentanol, ormethyl isobutylketone; or any .
not tesbi haahoR%er oxubgr B TRBEE BF.4SEPt§B%e dpg reaction

of t%%|g§?§? $¥bBNGanC ¥EERErraBe dut2ifli Ghbeaabshaskeappara-
0 here”is no specific linmtation on the amount _
tus 6brt performang espodyFeRirndeh¥drptignsi&pr H&f@b‘é‘%?gi prith

wenolfi e iz pRgRR @ o, FesemoRlods aonomengo-
rate' thar berygtiphempteyland gbe conversion ratio. There is no
specific limitation on the reaction temperature of the third
step. Suitable is a temperature of 100 to 200°C or 120-140°C.
In addition, the reaction of the third step can take place in
the presence of an acid catalyst such as, for example, para-
toluene sulphonic acid, benzene sulfonic acid, methane sul-
fonic acid, sulfuric acid, acetic acid, phosphoric acid,
hydrochloric acid, nitric acid, or formic acid. The use of an
acidic catalyst is effective to accelerate the reaction rate.
Other suitable cétalysts are para-toluene sulphonic acid,
benzene sulfurid acid, methane sulfonic acid, sulfuric acid,
and phosphoric acid. Generally, 0.01-20 mol% or 0.05-10 mol%
of the acidic catalyst (based on the amount of the amino
acid, i.e., 2-amino-2'-carboxydiphenylsulfide compound) is
employed. In some embodiments, the amino acid and 0.1-0.2
mol% para-toluene sulphonic acid in xylene are heated at

reflux for 10 hours with azeotropic removal of water.
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conmpound agai nst the vol une anount of the solvent (WV
%) of not less than 3% or in the range of 4 to 40%
woheo7riezsei on of the third step can be carri edPoutIPion7/653700
Dean- Stark appara tus for performing azeotropic
dehydration (for refluxing with renoval of water
produced in the reaction) so as to accele rate the
[ 0060 Patid QhdnfitenRnsttietwon el siton dihérzotinbazepineo

specific limtat n, th
compq 4 P EQFME R t}ab%t?%n%‘ft%n a@%%%fof%%%uagp%%%c
the HeniZdhll4kBictutd Gfldihe mammomae@a:obmsydmbewlr d
step_can take place in i ence, o
su1eids Retvarkre o Tortalanl e ERanser 85, Bb arbenzo-
thlafﬁﬁfhehﬁﬁ%ﬁﬂ@tﬁ@é&OGfCFGﬁmﬂlaﬁEthmﬂbué@l bohi arechdt
sul furic acid, acetic ac q% hosphorij c ggld
limitg@roehl &ibenzel; inLr‘?‘it %gﬁepg? H)rm ¢l getYE
dlbeﬂﬁg[ﬂfffplaélghﬁaﬁé ahysi-bseef §ephenpltdibenebébafd-
reaction rate her suitabl e cai
[1,4phhbazepientl sonphoRrReRPEY - LRSRAR gufx'ﬁ:? ? §£1.lazepm'
11- oHEth §£§U&59Hb£yaah9en§altsrf@[acu¢rtamdzpb¢spnmppne

nera - 20 | 9% .
Sultabldlcr@a@ab?gﬁoéba§éd[émqghé%gaﬁﬁﬂFn %th§LZ%$ﬁthe

meth8§ dlbﬁﬁzo[g fﬁkﬂolazthiﬁﬁéﬁﬁﬁyd&pbﬁayl3&|bnydeubgroup
npl oye In some enbodi ments, the am no
theraofd and 0.1-0.2 nol % para- tol uene sul phonic acid in

xyl ene are heated at reflux for 10 hours with
azeotropic renoval of water.[0060] The chem c
[oosaﬂrmneudebeﬁzpmalem@@n@@tﬁpmfespﬁeOéoﬁﬁaww&aoF BEFodiced

in theoghglﬁegteﬁ e B ds5t§P rdereRee OBy cooling the

reaction mixture to precipitate a crystalline product of the
dibenzothiazepine compound. The precipitated crystalline
product is then collected by filtration to give the dibenzo-
thiazepine compound of a high purity. If further 'purification
is required, recrystallization or column chromatography can
be utilized. Otherwise, the reaction mixture is made alkaline
by addition of an aqueous dlkaline solution and then the
agueous portion is removed, in advance of precipitating the
resultant product. The remaining organic portion is then
cooled to precipitate a crystalline product of the dibenzo-
thiazepine compound. The aqueous alkaline solution can be
produced by the use of sodium hydrogen carbonate, sodium
carbonate, potassium carbonate, sodium hydroxide, or pota-
ssium hydroxide, or any subgroup thereof. The alkaline com-
pound in the alkaline solution can be at a concentration of

0.5 to 30 weight %. There is no limitation on the amount of
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the chem cal structure of the 2-am no-2" -carboxy
di phenyl sul fide derivative of Formula IV. Exanples of
woherdossnzo t hi azepi ne derivatives of For mul aPCT/JP2007/053700
i nclude, but are not limted to, dibenzo[b,f
1[1,4]thiazepin-1I|-one, 8-nethyldibenzo [b ,f
101, 4]thiazepin- 11-one , 8-phenyl -dibenzo [b ,f ]-
the al]ﬁl%qéh]ix{emmwirbn Lbuneche Ginetlhimey -saliteinao ¢an Je used

1,4]thiazepin - 11- L - - di
in arf pmgunt mfgi)g:&%ntol L .%Sqe%}ﬂi iﬁnrgtt ,gfb)éé/saelcg;ognggcfrg? ]Ev?e{dht
part Hf iHhe- :ﬂhi:datigﬁﬂl nrbfl:ﬁwetrﬂir}fﬁ 2stamet oy di dicveawid; f ]

) - - -0
cntaddiion R rb oo ARy ester

heatﬂ{%dfj&fdt I idie-d it i sden ade Reseasi lopntetmeeramd by
cooling the reaction mxture to precipi

) ] tate a
coolet yise #3Changr égc e THE HiYERFAOHIR2 é%ilrFeerce&rpérlPr?d.
aibe SR EELPLAR B Ch S 2] HeRCo oW lwasnédenithl | ect ed
y fiTtration to give the di benzo thiazepine conpound
methamoh.mm@hdﬁmﬁdtyn YqcH@rther purification is required
recrystallization or colum chromatography can be ’
utilized. QGtherwi se, the reaction mxture is made
[0062] kehiBebDy emidbdiments afi thecbugealken aAves8pEFrdRed
beloand then the aqueous portion is renopved, in advance of
%re0|p|tat|ng the resultant product. The remainin
of §anhé ROttbBEniseneheampouhédofoFprmulpi Lat ésaa %alo-

nitroBEpaaRR. YR A8uEo00 aFRE L REDRRraPPodtcan Dgmont tro"
benzene.

2) The thiosalicylic acid compound of Formula IITI is
thiosalicylic acid ox 5-methoxythiosalicylic acid.

3) In the first step of the method of preparing dibenzo-
thiazepine compounds, a base such as potassium hydroxide 1is
used. '

4) The 2-nitro-2'-carboxydiphenylsulfide derivative of
Formula IV is 2—nitro—2'-carboxydiphenylsulfide or 2-nitro-
2' —carboxy-4'-methoxydiphenylsulfide.

5) In the reduction of the second step of the method of
preparing a dibenzothiazepine compound, Pd-Pt/C catalyst is
employed and ethyl acetate is employed as the solvent.

6) In the dehydration condensation step of the method of
preparing a dibenzothiazepine, para-toluene sulfonic acid, oxr

other such acids, are used.

[0063] A dibenzothiazepine compound represented by Formula I

and of value as an intermediate compound for preparing

25



produced by the use of sodium hydrogen carbonate,
sodi um carbonate, potassium carbonate, sodium
waypdraxneade, or pota ssium hydroxi de, or any subBgrTaR®07/053700
thereof. The al kaline com pound in the alkaline
solution can be at a concentration of 0.5 to 30 wei ght
% . There is no limtation on the anount ofthe
pharn?éé%glﬁlr&l%)'dﬂﬂ 30 ekaglwnqnaddmkemeamugh qrielkh with

used in an anount_of 0.05 .t
cas GrORIYRE BRORH A &ttt o e P peg derELer
(i.e., dibenzothiazepi ne conpound of Fornula I) I n

sone enbodi nents, after heating for ten hours at 14OOC
[0064] tire axdael thaintiémn sinventbor el $GLOERY HRFeir may P

moreleaé ]actf"r:i'%%f:?g K Lo dd ] tﬁi@rﬁiplggeaﬁé bﬁf@@i(ﬁéazﬁ@l@ﬁ It

ake is washed W th nmet hanol and drie
should bacumief9OsR] St abhesentoanpbet s2be FHE Hﬂ%ﬁﬁﬁﬁl"e

purpliSe U556y | Degl Del Qb 1 Jhecohiephedsane: sampongdens

_ s 9 enzene such
inveﬁiibhoimnamyommmmsne or 2-Dbrononitrobenzene. 2 ) The

thiosalicylic acid conpound of Fornula IIl is
thiosalicylic acid or 5-nmethoxy thiosalicylic acid. 3
[ExamplBsihe first step of the method of preparing dibenzo

t hi azepi ne conpounds a base such as potassium
[Exampdeoki §eri SteRed! 4 ) The 2-nitro- 2"p

ooss?%ﬂ%%gil@éﬂ%suhé goeodenbvabilye96f 9Edr aula2Fvhiloro-
nitrobenzené (221Car Xdlghegxhsulf 5@ %gr% ghﬁ%ﬁ to an
appropriate vessel, followed by IPA (50 ml) and water (10 ml)
at 20-25°C. The reactor was inerted (nitrogen), the suspen-
sion was heated to 30-35°C and a solution of KOH aq (30.9 g,
0.273 mol, 49.51% w/w) was added, followed by a water wash
(24.4 ml). The reaction mixture was heated to reflux and was
maintained at this temperature for 6 hours. On completion of
the reaction, the solution was coolealto 65°C and water (50
ml) was added. The solution was held at 65°C and c.HCl (20 g)
was added, leading to precipitation of crude Nitro Acid. The
suspension was re-heated to reflux and stirred at this tem-
perature for 1 hour. The solution was then cooled to 25-30°C.
After stirring for 30 min at 25-30°C, the suspension was
filtered and the cake was washed with water (2 x 40 ml) and
toluene (2 x 40 ml) and was left on the filter under vacuum
for 1 hour to give 2-(2-nitrophenylsulfuryl)benzoic acid
(31.1g at 100% w/w, 90%).

[Example 2 for Step-2]
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2 '-carboxy-4 '-nethoxydi phenyl sulf ide . 5) In the
reduction of the second step of the method of
wonrepao2asg a di benzot hi azepi ne conpound, Pd- Pt PCI/JP2007/053700
‘catalyst is enployed and ethyl acetate is enployed as
the solvent. 6 ) In the dehydration condensation step
of the nethod of preparing a di benzothi azepi ne,
[006 PN £:8) Uewea suld anig, arisl, maol pt $izs) suedh-Bic/ @scatakyst

used. [0063] A di benzot hi [ d
(8 g isgtordnRieT i o) A SSCERT | AOETRET: G 00 BbpolaEe
char%(ig% ths ePAr L DSPGF 1RES Ut £at Sr CaD be- 2B | yHystmere dvas

_ yield wth eas rocedur di to.

nc-oahebsc et oo vl B 5 bOBRT 1 EbEaEpab st puspen-

sion EMELBe! 86! S0R AT it BsPENIWIE wid Iimizotd yat 50°C
under st ood, exanpl es are provided, bel ow. _|t_ shoul bg

at 5 Upaeg spoedsthat Of Haseredahpfes 5rB°FBF'iF¥u§$?a?Pge° the

reac?%&gosﬁﬁe095¥séfdc@ﬁ€eﬁﬁg {;erbersopseaedras ktnyli aget-
e I'nvention in any manner. [EXAMPLES] [Exa IS 1 r
ate Spidptidn| 066BRimni Bahdi ¥gsi vaghedgwith, Y'[z‘é m?,l 96‘.“@5}9“
and 2 -shloronitrobenzene (24.6 g , 0.156 nol, 99.7%
were added to an appropriate vessel, followed by |IPA
[ExafipDenB) famdShapredl (10 m ) at 20-25 0C . The reactor-

1006 g T e BB R B 0 Ll o
2d3ed9 b1 ¥iw wEbyasagdtiote SOLLSHOD S 1Retle AnEeRTDLS 2.
and approx. 50% of the ethyl acetatevwas removed by distil-
lation. Xylene (320 ml) was added to the reactor and the
distillation was continued until a batch temperature of 125°C
was reached. The reaction was then heated for 10 hours with
azeotropic removal of water. The vessel contents were cooled
to 55°C and the resulting suspension was filtered. The cake
was washed with methanol (120 ml), isolated and dried in
vacuo to give 10,ll-dihydrodibenzo[b;f][1,4]thiazepin—ll-one

(28.4 g, 86%).

[0068] Various modifications of the invention, in addition to
those described herein, will be apparent to those skilled in
the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended
claims. Each reference (including, but not limited to,
journal articles, U.S. and non-U.S. patents, patent appli-
cation publications, international patent application pub-
lications, and the like) cited in the present application is

incorporated herein by reference in its entirety.
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(24.4 m). The reaction m xture was heated to refl ux
and was maintained at this tenperature for 6 hours. On
woaoplierisen of the reaction, the solution was eoourmot/as3700
65C and water (50 nml) was added. The solution was held
at 65C and c.HO (20 g ) was added, leading to
precipitation of crude Nitro Acid. The suspensi on was
re-heated to reflux andcgiiMsed at this tem perature
for 1 hour. The solution was then cooled to 25-300C .
After stirring for 30 mn at 25-30 0C, the suspension
was filtered and the cake was washed with water (2 x
40 m) and toluene (2 x 40 M) and was |left on the
fi liiethoddef prepamidigra ldtoemzothiggepine compound

2- h I f I 1. 1 100%
of Eﬁéwug%/éop eny sq% uryl) benzoic acid (3 g at 100%

[ Exanpl'e 2 for St 2 ]1[0066] Nitro Acid
(43.0 g, 145 iranpl Pd- Pt lC catal yst (8 g wet
0.076% wW w, cetat/e (400 M) were

charged to an approp s at 20-25C. Hydrogen

was i ntroduced arg. The
reacti on susgpe 50C and the

suspensi on was heaf ed at 500 _at./5 barg pressure of
hydrogen for 5 hougs . At thHe end of the reaction,

the vessel contents were fikdered.RThe ethyl acet ate
solution of Amno Acid s washed with water (120 ni).
[ Exanpl e 3 for Step- 3 [ 0067] Para-Tol uene sul phonic
acid (41 ng, 0.2175 mmol) was added to t he et hyl

acetate solution o talned in a I .
in which each of RQ P EX mp énd R®, indepen-

dently, represents a hydrogen atom, an alkyl group, an alkoxy
group, an alkylcarbonyl group, an aryl group, an aryloxy
group,.or an arylcarbonyl group, each group being optionally
substituted,

which comprises a step of subjecting a 2-amino-2"'-

carboxy-diphenylsulfide compound of Formula V:

NH, CO.H
R S R
7
Rg R4R5 R
R3 R®
\%;

in which each of R}, R?, R®}, R*, R°, R®, R’ and R® is the same

as defined above,
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and approx. 50% of the ethyl acetate was renoved by
distil lation. Xylene (320 m) was added to the
woearriozdsand the distillation was conti nued unPC/JR2007/053700
bat ch tenperature of 125C was reached. The reaction
was then heated for 10 hours with azeotropic renoval
of water. The vessel contents were cooled to 55C and
to ddHRITASISHdihdesgensem ramst fo1l tir ethe Thresekee ves an
washed wi th nmethanol (120 m), isolated and dried in
acidigGiFalyfhve 10, 11 -di hydrodi benzo[b, f
1[1,4]thiazepin-l11-one (28.4 g , 86% . [0068] Various
modi fi cations of the i nvention, in addjfjon to i .
2. dBwemeBbhaRiclaim |, DRSERh B 36 LHosertRiTEGs °
eERd sgrowh | @nsHEEIng of
least cﬁr? cﬂé%%é&g%%fa Eé(;al nt elﬂngtelg@t% f‘g‘ibl W t hi n t%
parasooheend sWkplappbadedié) dperzemaciitBrEiengetd. methane
|nclu g, te daicantigles, U S
SULLORHE 1 l{}sfg g%%sébﬂh e%?&g%%??ﬁ%atlon
publlcatlons |nternat|onal patent application pub

lications, t ited i h - .
3. a%%?l%%F?%ﬂ ? FE@% E V@ﬁ ere?%gbg ?%?@?g PR s
perfﬁﬁ%éﬁeﬁaﬁgkélﬂﬁelsteﬂ ﬁﬁtgdd?gﬂrpteparppgdatlon reaction:
i benzot hi_azepi ne conmpqund, 0 Qr
eachtep gﬁ rggucﬁg §4g ﬁ%trﬁﬁg ngk%ognggphgggmbﬁﬁflde
compgﬁﬂa|8f rephasanttg:a hydrogen atom an al kyl group, an

koxy
NO > COQH
R S R®
7
R2 Rigs R
R3 RG
av) ‘

in which each of R, R?, R®, R%, R®, R°, R’ and R® is the same
as defined above,

in an aliphatic éster of an aliphatic alcohol having 1 to 6
carbon atoms and an aliphatic carboxylic acid having 1 to 6
carbon atoms to obtain the 2-amino-2'-carboxy-diphenylsulfide

compound of Formula V.

4. The method of claim 3, wherein the aliphatic ester is at

least one ester selected from the group consisting of methyl
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group, an al kyl carbonyl group, an aryl group, an
aryl oxy group, or an aryl carbonyl group, each group
woebergozasei onal |y substituted, which conpri sesPargpPmp7/053700
of subjecting a 2-am no-2'- carboxy-di phenyl sulf ide
conmpound of Formula V : in which each of Rl, R2, R3,
R4, R5, R6, R7 and R8 is the sane as defined above.to .
acetad@é“y%r@fylora&&r%saié JBAC tdautdtre tael pr-ésence afe-
an ‘aci dirc catal yst. . The met hod of claim1l
tatewherein the acidic catalyst is at | east one conpound
sel ected fromthe group consisting of para- tol uene
sul phoni ¢ acid, benzene sul furic acid, nethane
5. SrHd athatiak csmmrzsc mmm@w&%&% 2EfR. 13
t hod of cla St EPebtbed
Perf%??‘ge d'b T \ng ﬁ%%%ﬁ%@%ﬁ%d%tl on
fromrﬁﬁgtgﬁKUpzbdﬁsﬁstﬁngedﬁcP@gCa Pt AEt rapd PA-Pt/C.

- car boxy- di phenyl sul f ide conmpound of Forrmula IV: in
whi ch each of Rl, R2, R3, R4, R5, R6, R7 and R8 is the
6. s?@@ AStsd | fedcRoMeEs , | Whéhedhi Phat felbswingobtep is
I phati c al cohol haV|ng 1 to 6 carbon atons and an
performehdeetorqr Bagyreaugénd fkSPAg 1 to 6 carbon atons

to opL '&tPéaétﬁﬂbna n2trobéhbexy- dompeuytisuEf Fodmula
conpouhd of Formula V. 4 . The nethod of claim 3,
II: wherein the aliphatic ester is at

NOso
R! X
R2 R*
R3
an

in which each of R}, R?, R®, and R' is the same as defined
above, '

with a thiosalicylic acid compound of Formula III:

CO,H
HS R8
RS R’
RG
(I

30



| east one ester selected fromthe group consisting of
nmet hyl acetate, ethyl acetate, isopropyl acetate and
wa2mrige3sace tate. 5 . The nethod of claim 3 , PGEPEOTI053700

the reducing step is performed in the presence of at
| east one catal yst selected fromthe group consisting
of Pd/C, Pt/C, and Pd-Pt/C. 6 . The nethod of claim3

in whiégbeé'a%'hn Ji &>t ORFOVRNGarsd & s Reefl saned alseidefd nielde
reduci ng step: a step of reacting a nitrobenzene

aboveyanpound of Formula I1: in whi ch each of Rl, R2, R3,
in a Q{}q{ﬁ%é %f{ hg, sanBias: defd eshab s ingV I he® 6 carbon
thrrosalicylic acid conpound of Formula Ill:in

i ch
atomeantl (fatRs; tR6 OFEHNJIIRE 3 T} P va PR T FrERP e bl e
a1 N 1. Xt ur ippatic al cohol having 1 to 6
Sulf]c%‘? b%oﬁ"ﬂz;%ﬁg{rf&sj cgfngsc\’/\]gﬁ%?ét 0 obtain the 2-nitro-2'

- car boxy- di phenyl sul fi de conpound of Fornula IV. 7 .
The net hod_of _claim®6

erein t ] c '
B
alipHdtict£1 déHOL i dnd ewasenfithe Yolume tatiteofalféi. tg 1/10

] The net hod of clain%G, Mheiﬁég the aliphatic al coho
in texms @ bR FAFBRGRoFO Bhe fet hod of claimé6

wherein the reaction step is perfornmed under reflux.

8. The method of claim 6, wherein the aliphatic alcohol is

isopropyl alcohol.

9. The method of claim 6, wherein the reaction step is

performed under reflux.

10. The method of claim 6, wherein the reaction is performed

in the presence of a base.

11. A method of preparing a 2-amino-2'-carboxy-diphenylsul-

fide compound of Formula V:

NH, CO.H

R2 R4R5 R7

V)
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10. The nmethod of claim6 , wherein the reaction is
perfornmed in the presence of a base. 11. A nethod of
wonrepAaon2asyg a 2-ani no-2 ' -carboxy-di phenyl sul fi #eT1/JP2007/053700
conmpound of Forrmula V :in which each of Rl, R2, RS,
R4, R5, R6, R7, and R8, indepen dently, represents a
hydr ogen atom an al kyl group, an al koxy grqup, an ﬂ
in witddy | sasb oy IR'gr @dp, Rg.n Rir,yR°gr Blip, R'an aady IR3xy igdenpn-

or an aryl carbonyl grou each grou i n i onal
dentypSEFRIRIRI E A W ‘%’6?%?1? B g?rép&é ire%a@%g & dficoxy
grouplgilnéu% {%ﬁyicﬁmﬁw o@:ﬁm@y@n diyle Fg’mrmundn OATFLO¥YI| a
: In ich e 0 : .
groupnPREAR ATFECHRATE %Eﬁ?ﬂedeg%%v%fo?ﬁmgﬁig?igﬁg%ggally

subs €t &te@® an aliphatic al cohol having 1 to 6 carbon
atons and an aliphatic carbox

) lic acid having 1.t -
celrbeln aewpEiseq ?F%pn%?hﬁﬁgﬂ?l%ga?ngia?kﬁﬁe%ei%a?ﬁgxy
i L Phat E$a8StEhpbsndt of eRsimaNe E8ter sel ected from
dlph?ﬁ% group consi%ting of nmethyl acetate, ethyl acetate,
i sopropyl acetate and n-butyl acetate. 13. The net hod
of claim1l, wheggin the reducicagistep is performed in

the presence of &t |east one catal yst selected from
the group RF

in which each of R*, R?, R®, R*, R®, R®, R’ and R’ is the same
as defined above,

in an aliphatic ester of an aliphatic alcohol having 1 to 6
carbon atoms and an aliphatic carboxylic acid having 1 to 6

carbon atoms.

12. The method of claim 11, wherein the aliphatic ester is
at least one ester selected from the group consisting of
methyl acetate, ethyl acetate, isopropyl acetate and n-butyl

acetate.
13. The method of claim 11, wherein the reducing step is

performed in the presence of at least one catalyst selected

from the group consisting of Pd/C, Pt/C, and Pd-Pt/C.
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conmpound of Formula IV: in which each of Rl, R2, R3,

R4, R5, R6, R7, and R8, indepen dently, represents a
waypdragzaszat om an al kyl group, an al koxy gr oupCTAP2007/053700

al kyl car bonyl group, an aryl group, an aryl oxy group,

or an aryl carbonyl group, each group being optionally

substituted, which conprises a step of reacting a

ni trobenzene com pound of Fornula Il: in mhlch each of

Rl, R2, R3, and R4 is the sane as defi ned
14. & mieitdhesl R@IH@%W%&T}S&HH’ dla %gﬁlhﬁde

compdﬁﬂ&W&H Formdie vt and R8 is the sane as def|ned above
a mxture of an aliphatic alcohol having 1 to 6
carbon atons and gsater. 15. Thesoyat hod of claim 14,
wherein the mixturé conprises the aliphatic al coho

and water in a vglunme ratio of 0/1 t@#l/10 in terns
of the forTme . met hod of claim
14, wherein t [ [ i|s isopropyl alcoho

17. The net [ ¢in the reaction
step is perforn nmet hod of
clai m 14, ®Bherein the r@&étlon orned in the
presence of a bas;. Re
R

av)

in which each of R*, R?, R®, R*, R®, R®, R’, and R®°, indepen-
dently, represents a hydrogen atom, an alkyl group, an alkoxy
group, an alkylcarbonyl group, an aryl group, an aryloxy
group, Or an arylcarbonyl group, each group being optionally
substituted,

which comprises a step of reacting a nitrobenzene com-

pound of Formula II:

NO»

Rt X
R2 R*
R3
an

in which each of RY, R?, R®, and R* is the same as defined

above,

with a thiosalicylic acid compound of Formula ITI:
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19. A nethod conprising: reacting a hal onitrobenzene

conpound with a thiosalicylic acid conpound in a
weabwran3sen t he presence of a base at about 84€Crfipr007/053700

about 6 hours to obtain a nitro acid conpound; reduci ng

the nitro acid conpound with a Pd-Pt/C catalyst in the

presence of ethyl acetate at about 502C at a pressure .

of about 4 to about 6 bqk%Hunder hydr ogen gas for

about 5 hours to obtainjn am no acid conpound; and

subj ecting the amino acild conpgynd to

10 hours with azeotrqgp pval of water to produce a
| act am conpound. 20 q EThQd_of claim19 wherein

t he hal oni trobenzBhe conpound fs 2-chl oroni trobenzene.
21. The nmethod of claim[l9 wherein the thiosalicylic
aci d conpound is thiosalk®% cylic acid. 22. The nethod of
claim19 wherein the acuﬁ: n the dehydration-
condensation reaction is para t ol uene sul phoni s
acid, sulfuric acid, acetic acid, phosphoric acid,

hi 6 7f 8 a
in wl'&%/cgﬁrlg,%ig Wﬂf ﬁglqi Ok g R afédthézgs rﬂ@%é’ﬁié’ﬂﬂiéﬁ

erei’n'thhe solvent is water and i sopr opanol .
abov@4. The nmethod of claim 19 wherein the base is

in aggig EEQ”B ygﬁoéiQShatic alcohol having 1 to 6 carbon

atoms and water.

15. The method of claim 14, wherein the mixture comprises
the aliphatic alcohol and water in a volume ratio of 10/1 to

1/10 in terms of the former to the latter.

16. The method of claim 14, wherein the aliphatic alcohol is
isopropyl alcohol.

17. The method of claim 14, wherein the reaction step is

performed under reflux.

18. The method of claim 14, wherein the reaction is pexr-

formed in the presence of a base.

19. A method comprising:
reacting a halonitrobenzene compound with a thiosali-
cylic acid compound in a solvent in the presence of a base at

about 849C for about 6 hours to obtain a nitro acid compound
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25. The nmethod of claim19 wherein the

hal oni t robenzene conpound and the thiosalicylic acid
woanpauradzare refl uxed at about 84WC for about P6T/JP2007/053700

hours. 26. The method of claim 19 wherein the nitro

aci d conpound formed by the reaction of the

hal oni t robenzene conpound and the thiosalicylic acid

Coepoditg $heeadaoeddiyl cooipongd widlp@ Pt/C

precipitating with acid. [
catalpgsdr dit "-f‘{’ret é’g:epsre&ciepi fgt%tnélw%%%% g{bdéli?lrgggg;giadt *
presstR@YMdcuthentird dbwutefd barg Wlen BADIRFASTHOT

met hod of claim 27 further canprisi ] h
aboutn% heURS ¢ sthdtitt 3 251% a5 Sy Ee’atrkl%% to
ragd(‘jdﬁ)éct%%g gﬂlﬁa rmftjgﬁﬂ agj‘icrlaajmpohﬁld/\hm elehydratiiano
compound is reduced with the Pd-Pt/ t
conagnen G M R SRS SRR (e S o T
at aB¥iEY eidb the slebiyer Bdoemcpsit edtsait o10 risawts onl tis

carried out at about 140 Q C . 31 A net
ansotprapie R HoR DR P RO LT o it § QPRER
reacting 2-chloronitrobenzene with thiosalicylic acid

in water and isopropanol in the presence of potassi
20. hythexethed abouiadnid fererdbut tlhe Haatent %*B‘?%?‘:?\g‘%n

comniztd 4 SRRER LT PR e benorc acr o i ha

21. The method of claim 19 wherein the thiosalicylic acid

compound is thiosalicylic acid.

22. The method of claim 19 wherein the acid in the
dehydration-condensation reaction is para-toluene sulphonic
acid, sulfuric acid, acetic acid, phosphoric acid,

hydrochloric acid, or formic acid.

23. The method of claim 19 wherein the solvent is water and

isopropanol.

24. The method of claim 19 wherein the base is potassium

hydroxide.
25. The method of claim 19 wherein the halonitrobenzene

compound and the thiosalicylic acid compound are refluxed at

about 842C for about 6 hours.
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Pd, Pt/C catalyst in the presence of ethyl acetate at
about 502C at a pressure of about 5 barg under
waoyadirages2zgas for about 5 hours to obtain 2 - PCT/JP2007/053700
(2-am nophenyl -sul fanyl) benzoic acid; andsubjecting
2- (2-am nophenyl -sulfan g | )benzoic acid to
dehydr ati on-condensati on reaction in the presence of
26. Pamal alettwel suff phicrine Hivhene iy | e THitzhAL1G MgaRpound

for abqut 10 hours wt '
formeg &Hlugglﬁd':eﬁc-tld?rhy# O@}%étﬁ%:{rﬁf#fﬁtf%é@é SbmpBied 4
the HHivsazenyEid-arkd SdmpdumdtimdretoyeepdrpPyigecgoling to

(2-nitrophenyl -sul fanyl)_benzoic acid conprisin
659C rang (R 12%‘#* 1% Y+ %e?ﬁ]éé]né with thiosalicyl ig aci d

in water and isopropanol in the presence of potassium

hydr oxi de at about 842C for about 6 hours to obtain_ 2-.
27. (ZheimeWpemf -clalnafy| VPR LT dP‘Fe%%PlE\aﬁ%’i‘%g"&lth
acia O 1Pd 8RAEL80a21 a( oRPbiRANESYhestbaany| FebRazoat agito
] tonprising: reducing 2 - (2 -nitrophenyl-sulfanyl)
84°Cbenzoic acid with a Pd,Pt/C catalyst in the presence
of ethyl acetate at about 502C at a pressure of about
5 barg under hydrogen gas for about 5 hours to btaig
28. 2-Tie anétivpfien§| ciaimaAyl FRERRer coaBPylssng Aofethdd he
nitr?fagigpgéhgguﬁg'tb|2g'EXQBgdbbﬁﬁ%ekbhéakﬁﬁg4ko-reflux.
hrazeprn-11-one conpri si ng:
29. The method of claim 19 wherein the nitro acid compound
is reduced with the P4d-Pt/C catalyst at a pressure of about 5

barg.

30. The method of.claim 19 wherein the dehydration-

condensation reaction is carried out at about l1409C.

31. A method of preparing a dibenzothiazepine compound
comprising:

reacting zfchloronitfobenzene with thiosalicylic acid
in water and isopropanol in the presence of potassium
hydroxide at about g40C for about 6 hours to obtain 2-(2-
nitrophenyl-sulfanyl)benzoic acid;

reducing 2-(2-nitrophenyl-sulfanyl)benzoic acid with a
Pd,Pt/C catalyst in the presence of ethyl acetate at about
502C at a pressure of about 5 barg under hydrogen gas for
about 5 hours to obtain 2—(2-aminophenyl-sulfanyl)benzoic

acid; and
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subj ecting 2- (2-am nophenyl -sulfanyl) benzoic acid
to dehydration- condensation reaction in the presence
woho@anzsel uene sul phonic acid in xyl ene at abear/Jez07/633700
for about 10 hours with azeotropic renoval of water to
gaoduce 10, 11- di hydrodi benzo [b ,f][1, 4] thi azepi n-
-one .

subjecting 2-(2-aminophenyl-sulfanyl)benzoic acid to
dehydration-condensation reaction in the presence of para-
toluene sulphonic acid in xylene at about 1409C for about 10
hours with azeotropic removal of water to produce 10,11-

dihydrodibenzoLb,f][1,4]thiazepin-11—one.

32. A méthod of preparing 2-(2-nitrophenyl-sulfanyl)benzoic
acid comprising:

reacting 2-chloronitrobenzene with thiosalicylic acid
in water and isopropanol in the presence of potassium
hydroxide at about 842C for about 6 hours to obtain 2-(2-

nitrophenyl—sulfanyl)benzoic acid.

33. A method of preparing 2-(2-aminophenyl-sulfanyl)benzoic
acid comprising:

reducing 2-(2-nitrophenyl-sulfanyl)benzoic acid with a
Pd,Pt/C catalyst in the presence of ethyl acetate at about
502C at a pressure of about 5 barg under hydrogen gas for
about 5 hours to obtain 2-(2-aminophenyl-sulfanyl)benzoic

acid.

34. A method of preparing 10,11-dihydrodibenzo[b,£]1[1,4]-
thiazepin-1ll-one comprising:
subjecting 2—(2—aminophenyl—sulfanyl)benzoic acid to
dehydration-condensation reaction in the presence of para-
toluene sulphonic acid in xylene at about 140eC for about 10
hours with azeotropic removal of water to produce 10,11-

dihydrodibenzo[b,£]1[1,4]thiazepin-1l-one.
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