~ SPECI FI CATI ON  Process for producing
oxycar bonyl - substituted pi perazine derivative
Technical Field to which the Invention Pertains The
present invention relates to a process for producing
an oxycarbonyl - substituted piperazine derivative by
oxycarbonyl ating a piperazine derivative. Background
Art Various nethods agpgkReweaagoneactions for
oxycar bonyl ating am no groups. 2@ a reaction nethod
for it, in which a piperazine derivative represented
- by general formula (1) is oxycarbonylated to produce
ProcggsoxyEarborroducing i t weataquitpervdzisubsdditintald vepiperazine
derireQr.esented by general fornmula (2) HH RA NR R4 NR
RS'R®S (1) RBINIR2 ( 2 ) H 6-ox O (where Rl, R2, R3
and R4 denote, respectively independently, i) a
hydrogen atom ii) an alkyl group with 1 to 4 carbon
Téchalieal, Fliklli taNwBhkaX¥ne’ QHReWtiBnlphet4:£8" bon atons,
iv) a halogen group, v) a carboxyl group, vi) a
~ cafbenpyésembuimvenrt Adn )remaﬂ&saltbth&lrf&%wEozgg@éﬂucing an
with 1 to 4 carbon atoms in its al kyl group; X denotes
oxycpyrbogylssrpetitytgditinpnasine dezivahive i oxyeprhonylating

.al |, _group._ W.th 2 to 4 carbon atons, iii) an
a Pl?FE%%% egﬁgﬁgvﬁfﬁﬁez to 4 carbon atons, iv) an

aral kyl group not substituted in the aromatic ring, or
. Substituted by an alkyl group with 1 to 4 carbon atons
BackgrobpdaArtl al koxy group with 1 to 4 carbon atons or
by a hal ogen group, or v) an aryl group not
subFieus dig thrdshars bravwhcas irrpciororsulfeti byyedrbonylating

amino groups. As a reaction method for it, in which a piperazine
derivative represénted by general formula (1) is oxycarbonylated
to produce an oxycarbonyl-substituted piperazine derivative

represented by general formula (2)
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(where R', R®*, R® and R* denote, respectively independently, i) a
hydrogen atom, ii) an alkyl group with 1 fo 4 carbon atoms ,‘ iii)
an alkoxy group with 1 to 4 carbon atoms, iv) a halogen group, v)
a Carbole group, vi) a carbamoyl group, or vii) an N-alkyvlcarbamoyl
group with 1 to 4 carbon atoms in its alkyl group: X denotes i)
an alkyl group with 1 to 4 carbon atoms, ii) an alkenyl group with
2 to 4 carbon atoms, 1ii) an alkynyl group with 2 to 4 carbon atoms,
iv) an aralkyl group not substituted in the aromatic ring, or

substituted by an alkyl group with 1 to 4 carbon atoms or by an -



by an al kyl group with 1 to 4 carbon atons or by an
al koxy group with 1 to 4 carbon atons or a hal ogen
group; excluding the case where all of R', R2, R3
and R4 denote a hydrogen atom respectively), the
so-cal |l ed Schotten-Baumann's nethod for performng a
: reaction in a mxed solvent of an organic
alkoxgl yedlpWatieh Wnder 4asaeblal hB6msCORIbYI 8NhaSogen group, or
enpl oyed. Detailed reaction conditions for the nethod
V) ampgydesoaitbedt ismbEtRritottedt iv &hE oupsatic Oiggnicr substituted
: Synthesis,” Third Edition (John Wley & Sons Inc.,
by apggdkyl,orgur)whiply 1 1894 GyRan Ateren OFobYeBRkplkoXy group

B T N
wher%Kéﬂﬂk&f R3] 'Iﬁi, ROk RP-detibee HOy %’tdnprégﬁectively) ,

ormer, benzy chl orocarbonate I's used for perform ng

the benrzilbad SNyl BaOmann/-P eithod p8) pérfoirdidid/B reaction
. carbonate_aqueous solution. Furthernore, in the
in a3l piked, sabvent exhern mrganie aaipleat -mad eaniundergapuptkaline

condgh S5 Pk AaeB0 PG EaL 500 abelidbS LRt o motnoa
are HEEB?EBE&V%%?“ P'%de%'}ti(‘feabkgu % ! nic%r IESHI\EIh%lSQ.SV,\BSThiI‘d
. as low as % reover, theré is a repor hat "a

Editaeact i @roHr winagbegzylgpicar beay) at ,ovog9f, a i amdae} ana
by benzyl chl orocarbonate was perfornmed in
{Yukidregaket-Fakdendinee Tebsikdt 4 a6 ssol ~Hemno( t Hd Iaedntroduction

content of the solvent = about 50 wt9% while the pH of.
- to Experipept ofl¥r SR (Remistrys 4t o WEheyif Regicdlons [111)
- : ver ,, Al SO .1L.Nn .S, case, ;E
. (K%Qé}%ﬂuge ZHs’) %tg E?/}ﬁ\gnédiza "ne?#heeé%él'@r%' \?\Lglstﬂg?ﬁ owq'-afsbenzyl

chlofb¥ardetiaitle | Ss I gRBEL &bt hﬁéri@ﬁnﬂﬁ%' dedogh bReeavbbiylation
the increase of carbon atonms. On the other hand,

(Z-pReftecdrion )Exaimp| e al0 6dIERO0La3D8aasA wasqueaus | edolution.
out using 0.25 nolar tine, based on the anount of .

Furthermop@ piBethe i 1Rt teH . ARy pXBeEHNOR bAbt IR L dift amino

grougff:sh Igélx ga?ﬁ g sctll io fss.l : I;‘lalrtaet lvjvre(le:‘eOfZ —b%%%e%itfefdi %%litngt 9.3 eq: of
4-Cl. The reaction solvent was a mixed solvent of methanol/water
= 17/83 (ratio by weight). The yield 'was as low as 64%.
Moreover, there 1is a ©report  that a reaction for:
monobenzyloxyg-:arbonylation of a didmine by benzyl chloroca;:bonate
was performed in water-ethanol-dimethoxyethane solvent (the water
content of the solvent = about 50 wt%) while the pH of the system
was adjusted in 3.5 to 4.5 {Synthesis, 1032 (1984)}. However, also
in this case, when the diamine was ethylenediamine, the yield was
as low as 71%, and it is reported that the yield declined with the
increase of carbon atoms.
- On the other hand, Reference Example 10 of JP20081-328938A was

carried out using 0.25 molar time, based on the amount of

Z-methylpiperazine, of Z-Cl in dichloromethane solvent. at a very



general equipnment. In this case, for inhibiting the
side reaction by Z-d, 2-nethyl pi perazine nore
substrative than Z-d was used in a |large anmount for
carrying out at a very |low tenperature. The vyield
based on the anount of Z-C was 85% while the yield
based on the anmount of the substrate was 21% In the
low C@%ﬁge"%e{ AN CXREAS| &%fﬂ@ﬁi{att% 'd&ﬁeﬂfé ofdAlddally in
' acti1've substance i s used, hod of 1 or nore in
genelrfad sghapmeati o i thulstaad e/%ﬂr.nhib1£c.ngoﬁl€€ alildg reaction
di sadvant ageous. Furthernore, in (J. Chem
by ZPéllki 2 -Tediylpiperazinel ggge pubs éyrtawoﬁhaeséea arag used

- Z-protection, _benzoylation, tert buto nyl_at

in 3 ?Jgr%%o?:mo‘ﬂ"r‘blfé’& Panfyibacout Al SEpE G (R ey The

ylell\ct Tesuly Mnaeyk aﬁ{nhhﬂf geryvaliyes dud %hﬁ.clee 'tthe 'tyield based
necessary to synthesi'ze an oxycar bonyl ati'ng agen

on OSPARSEAY, oft t&ﬁe"%h'b%d:r%&%”@ﬁa&ezﬁﬁl d 110 Bi%e case where an
industrially efficient. So, in the case where a

expamiisie snlhdtirmats fekar iame apdrioadtlivy @chlsierrmsttgnpeaéﬁ used,
by a generally publicly known nethod, of 1

a methpd dofi fury fr\ﬁa:epﬁdsetlgeys*ﬁ@ﬁrtﬁ%twe% ghbghgate/z-Cl is

car ony i Sy stltuted i p zi.ne Vesi Se .

ecm}od%/% TSRRY n%%g/eoq eﬁ@ 15)1?Jend1sij a#‘]e?%ypr oduct 2%

perkih ‘f’ghﬁg th figt-;fge( iy\@s) R tdc@ﬂ%&l%hor@s?éciﬂﬁly %-protection,
pi perazi ne provided as the raw nateri are

bensaidtion cdelry - bujtoayban}abngﬂ.atlmeni(SBcp:r-qmmmu:imne) etc. are
than the intended oxycarbonyl-substituted piperazine,
perfRFnehUisiag RN enesEl -Nracelankhinfidpiyaligsrebyr since it

10 TS SRS Marhamyarriag, 1o sgperatels.
the r}hg‘@b&i eégnnoﬂ— hSe Ogéf&t +9fbd hil?dtké‘li’ﬁﬂil&ﬂ & BF id).l.ent .
provi de a process for producing an
-OXysa@) Banyhesohsé i whi osl a)wpe:eaz-soeuﬁé.el papexzazane aierlvatlve
hi gh yield by oxycarbonyl ating a perazi ne
is oedevatd vaeapits HDsar desfernsdidy nD’égﬁLéhYTH@OI‘W\/ ditthed of a

1l ohg | SRR by BEF S ne adnea TSR] 0ot tme
‘ oxy8§¥8%999¥hﬁgfﬂgu§ed piperazine derivative is as low as less |
than 50%. It was found that the byproduct in which both the two
nitrogen atoms of the .piperazine provided as the raw material are
substituted by oxycarbonyl groups is produced more than the intended
oxycarbonyl-substituted piperazine deri\fative. Therefore, it is
demanded to create a simple method for producing an
‘oxycarbonyl-substituted piperazine derivative at a high y:i.eld..
The object of this invention is to provide a prbcess for producing
an oxycarbonyl-substituted piperazine derivative at a high yie}d

by oxycarbonylating a piperazine derivative.

Disclosure of the Invention

The inventors studied intensively on the process for



pi perazine derivative, and conpleted the present
invention. That is, in a first aspect there is
provi ded a process for producing an
oxycar bonyl - substituted piperazine derivative, in
whi ch a pi perazine derivative represented by genera
formula (1) is oxycarbonylated with a reagent
“represented by -general formula (3)or general fornula
(4) to produce an oxycarbonyl -substituted piperazine
derivative represented by general fornula (2) RA N Rt
- proBdcibl ¥iRox yE8HoV -Ribstifgted3Biberalink H2ri (a)ve Hy@rx @arbéhylathgQ
11 13 " Y-U UA (3) XGu-u-e-uX (4 ) (where R, R, R3
pipgisginRAlcEabice and epletesl tha RresenbiByEMiRt |y, i) a
hyd rbon
 at on BT Uk chbe P Bk MRy ol 62 O,
oxycabboayhaib@g&mecgﬁlpﬂazlné(dde«mtve,an|v9hldna pipkalzing rdenpatizviet h
lto car bon at ons, an al ken r Wit h to
rep&ﬂ&?lﬁsﬁ% by ghgal Orm)ﬂaéh) 1a|0%m‘r’0 ﬂ%ﬁ%wmﬂ@ﬁe e{“ofeafe&f’aw%w
|
ek Ty ()80 aBlePh Sl PR RIS OB Bt
p1ptratzme4ienaatbmrep;temm6dﬁy ponemnh faikdx(2)group with 1 to 4
carbon atoms or by a hal ogen group, or v) an aryl
group not substituted in the aromatic ring, or

substituted by an alkyl group with 1 to 4 carbon atons
or by an al koxy group with 1H-to 4 carbon atons or by

Bl group; excl udifg 1se where all of R,
R3] and R4 denote a hzgzbg n atomrespectively; Y

ﬁ;ji gfal oggn group), Birar 4 zedo)in that an

orgami c solvent with a wat er feoixt ent of 15 wt % or

less is used. 4 In a second gpect, there is provided

a process for producing a highly pure

oxycar bonyl - substituted piperazine derivative,

characterized in that the.oxyearbonyl- substituted

. pi gera2|ne derivative obtg Q i.n claim1l,is refined

by 14) a stépiéf mashﬁthuéﬁhguﬁn organ|é4%blvent of

10 % or less in the mutual solubility with water at

20C in yater sqlvent of pH 3 or less, and/or (2) a N
(Ware R RaR and & algnote, respectively mdependently, 1) a hydrogen atom, ii)

an alkyl group with 1 to 4 carbon atoms, 1ii) an alkoxy group with 1 to 4 carbon
atoms, iv) a halogen group; X denotes i) an alkyl group with 1 to 4 catbon atoms, ii)
an alkeny! group with 2 to 4 carbon atoms, 1ii) an alkyny! group with 2 to 4 carbon
atoms, iv) an aralkyl group not substituted in the aromatic ring, or substituted by an
alkyl group with 1 to 4 carbon atoms-or by an alkoxy group with 1 to 4 carbon atoms

- or by a halogen group, or v) an aryl group not substituted in the aromatic ting, or

| substituted By an alkyl group with 1 to 4 'carblon atoms or by an alkoxy group with 1
to 4 carbon atoms or by a halogen group; excluding the case where all of R R* R?

- and R denote a hydrogen atom respectively; Y denotes halogen group), characterized

in that an organic solvent with a water content of 15 wt% or less is used.



In a third aspect there is provided a highly pure
oxycar bonyl -substituted piperazine derivative
conposition, characterized in that the total of the
contents of the inpurities represented by the
foll ow ng general fornulae (5) to (8): Oc-OX R4 NRt
ry YR-NRi al 2 (5) (6) R6-OXR3 NRZOX X R4\

d 2?1( ?%k & Cse%g E)ae% qé%ré %? %rgg%le%&%?ﬁeg for ?ﬁ)du g %rhg%ﬁ{} pure

'_oxgtaﬂ‘m)nyhsilbstlarte:hbipyfazgne@hpvm\teh c}iarﬁcmerfhed art Bxaﬂt}mto&mrbonyl-
n, al koxy, group wt 4 carb
'Suﬂm%t@@ RIRGFAG S, deﬂvﬁé‘ﬁd%bé@n?cg haigy kwe @?B ep Of 0 4
wa%ﬁfn? %H%taﬂqﬁ%adlé %OIVéﬁ] ol & G orgEs@li‘lH’tH@' | hiudl s‘b%bﬁﬁ? ifn
_ atoms, ili kynyl group with to 4 carb
wadraR°C w) water suledik pF pﬁlﬁomﬁemhn(ﬂm’qgj a ﬂutlﬂﬂtldnmtcﬂh e
_' . aronmatic: ring, ﬁ substltgted hy an alk qrou
C 1t dna TR pROEh s Boviied arighlk ause et éow tH spt%tsd 4
- PERERRABHATRe coffodtlort B dhdir 3k el Ble SUPR ik LhiEns Ot the
mmutlhes]repmse‘htmhb)bﬂm falﬂmg@andzmi farmallak Xyt GBloup with 1
. to "4 carbon atons; excluding the case where all of
R, R2, R® and R4 denote a hydrogen atom
respectlvekyx contained in a. conposi tion contalnlng

© . the oxica omyl - substituted pipgrazine derivative

repr esent ed by genei%l f or mn* R'4a R4 N-R to|
E3~c- (8 .
' c,;—ox N n?
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(where R', R%, R? and R* denote, respectively independently, i) a hyd.ro.gen atom, 11)
an alkyl group with 1 to 4 carbon atoms, iii) an alkoxy group with 1 to 4 carbon

~ atoms, iv) a halogen group; X denotes i) an alkyl group with 1 to 4 carbon atoms, i1)
an alkenyl gfbup with 2 to 4 carbon atoms, iii) an alkynyl group with 2 to 4 carbon
atoms, iv) an aralkyl group not substituted in the aromatic ring, or substituted by an
alkyl group with 1 to 4 carbon atoms or by an alkoxy group with 1 to 4 carbon atoms,
or v) an .aryl group not substituted in the aromatic ring, or substituted by an alkyl
group with 1 to 4 carbon atoms or by an alkoxy group with 1 to 4 carbon atoms;
excluding the case where all of R!, R%, R? and R* denote a hydrogen atom
fespectively) contained in a composition containing the oxycarbonyl-substituted

piperazine derivative represented by general formula (2):

4a



11 .0 (where R, R2, R3 and R4 denote, respectively
i ndependently, i) a hydrogen atom ii) an alkyl group

with 1 to 4 carbon atons, iii) an al koxy group with 1
to 4 carbon atons, iv) a hal ogen group; X denotes i)
an al kyl group with 1 to 4 carbon atons, ii) an
al kenyl group with 2 to 4 carbon atons, iii) an

al kynyl" group with 2 to 4 carbon atons, iv) an

aral kyl group not substituted in the aromatic ring, or
substituted by an alkyl group with 1 to 4 carbon
atons or by an al koxy group with 1 to 4 carbon atons,
or v) an aryl group not substituted in the aromatic
ring, or substituted by an alkyl group with 1 to 4
carbon atons or by anHaI koxy group with 1 to 4 carbon
atonms; excludingathe,casqqwhere all of R, R2, R3 and
R4 denote a hydrog respectively), I s 2 liquid
~chromat.ography areai{% or}j | ess based on the total of
the content  of argényl - substituted piperazine
derivative represente pbhthe gene@gl) formula (2) and
~the contents of the ingu Xies. The

oxycar bonyl - substit ut e@ pi perazi ne derivative

di scl osed herein can also be a racem c nodification
~4b or optically active substance. The Best Mddes for
' Carrying Qut the Invention A particular nethod of this
- LAt i N LW b Jufk : i neEazy -
b B S BE Tahrk 58y ina g RE AP ozen atom. )
an alkkebgronp whthd torverttdanortors, 1R)-d-Hkox ¥ GBuplwiRhy( 1o 4 ¢drbon

*atof S kAot oupy X oo oGRS Y I | fhrban )

an Wik brdu Witk 8hD2Ra®bR Fomd, kil)an Myl KXY vAICHR NedBord
to carbon atons, 1v) a hal ogen group, v) a carboxyl

- atogsoiyp an wiajkyh goawbmtrewistitptedin, the arowiatiy riag, or substituted by an

: .-alk% grloﬁﬁ{ lvv(%t%rlbt%rﬂagalrbon atoms or by an alkoxy group with 1 to 4 carbon atoms,

| _:or v) an aryl group not substituted in the aromatic ring, or substituted by an atkyl
group with 1 to 4 carbon atoms or by an alkoxy group with 1 to 4 carbon atoms;
excluding the case where all of R', R% R? and R® denote a hydrogen atom

- respectively), I s 2 liquid chromatography area % or less based on the total of the
content of the oxycarbonyl-substituted piperazine derivative represented by the
general formula (2) and the contents of the impurities.
The oxycarbonyl-substituted piperazine dé_rivative disclosed herein can also be a

racemic modification

4b



group with 1 to 4 carbon atons in its al kyl group;
excluding the case where all of RlL, R2, R3 and R4
denote a hydrogen atom respectively) is a piperazine
derivative substituted by one to four substituent
groups. Exanples of it include 2-nethyl pi perazine,

2- et hyl pi perazine, 2, 3-dinethyl pi perazine,

P 2-1,SOpropoxypi per azi ne,
or %p{@é%&?% %&‘e{‘gut%“%ﬁ%‘é‘f%m ne, 2-chl oropi perazi ne,

2- br onopi per azi ne, 2, 6-di chl oropi perazi ne,
2-nethy|-3-ch|oropiperazine, 2- pi per adi necar boxyl i c
- The aBéslt M@det hfdr Larpelng i (et at e Xy ven e,
2 tert-butyl -3-pi perazi necarboxylic acid,
pﬁtg@d%i:zzrq@@m mdddieof this reaction will be exemplified.

i perazj necar boxam de,
é}e{v P&QF@'PE&PBO Fative represented by general formula (1)

and%%‘%hﬂg(yf@l%eﬂv@&%i%&ar boxani de,

utyl carboxam de, 'etc. Preferred are
2- et hyl pi perazi ne, 2-ethyl pi perazi ne and
2, 3- Q|nethylp|pera2|ne More preferred is
& Pi perazi ne. Any of themcan also be a racenic
no |f| atlon 5 or optically active substance.
& ige pi perazine derivative can be in a
TreeHstate o? an also forma salt. Exanples of it
include tartaric acids such as p-, .
p ditoluoyltartaric acid (PTTA) salt, o-,
o' -ditoluoyltartaric acid (OITA) salt,
.(Whﬁiﬂ'fbéhlzoﬁlzt aRl amidc Récdeln()BBTAj:eSﬁébtlwﬂy :pndependently, i) a
dlanlsoyltartarlc acid (DATA) salt, benzoic acids
hYd’E‘b% F-Wen A Jo agciad A tgroglpswlahniltF@bén@@rboacﬁ‘doms. iii)

A T T
a cagbbikyii grasp dvegld %aﬂﬂ)'ah'b'y‘i ‘glf Skt A gnﬁlﬁ' oéfﬁgibgrbamoyl

acid salts of phenol, nltrop resorcino
groumivedtivl], tet d. cambioal almhusd&nsalttsSaswn §Boup9PEREluding the
tetrachl ori de: sal t, per .tetrabrom de salt and
- casgoprret rakhl 6fi R fsaR? & c andpr Bt edendtes a baﬂdrcn@fen atom
I.ts. derivatives, an

t d d
resfiifidf s %%qga%ayzapeogmgmva@mﬁetww By s do four
subSNo e of rddﬁsbserﬂ eddﬂ/eesc‘ ot { meth%%glﬁeraz1ne

oxycar bonyl titut plpera2|ne erlva ive

2- e%f;};lﬂnmram&m | Dy8 | B EEeIH € Pih e NerRé thokfPhiferazine,
2~ :Lsopropoxyplperazz.ne 2-methoxy-~5~n-butoxypiperazine,

2-chloropiperazine, 2-bromopiperazine, 2,6 ~dichloropiperazine,

2-methyl-3-chloropiperaz iﬁe . 2-piperadinecarboxylic acid,
2-ethyl-3-piperazinecarboxylic acid,
2-tert -butYlf 3-piperazinecarboxylic . ‘ acid,
2-piperasz inecarboxamide . 2-ethyl-3-piperazinecarboxamide,
2-tert-butylcarboxamide, 3-methoxy-2-tert- butylcarboxamide,
2- h-butylcarboxamide . etc. Preferred are 2-methylpiperazine,

2-ethylpiperazine and 2,3-dimethylpiperazine. More preferred is

2-methylpiperazine. Any of them can also be a racemic modification



RA NRR RZINR2Z-Ox (2) rr O (were R, R2, R3 and
R4 denote, respectively independently, i) a hydrogen
atom ii) an alkyl group with 1 to 4 carbon atonmns,
iii) an al koxy group with 1 to 4 carbon atons, iv) a
hal ogen group, v) a carboxyl group, vi) a carbanoyl

r vii) an N al kyl carbanoyl group with 1 to 4
or ‘gjélrcg%h Cg"Bﬁ’éb%WcF‘t s al kyl group; X denotes i) an
al kiphrti@FAUR metlzhpelfailﬁ’e BerSatiDO BarPl OBy frdd s)tat@ or @Awaom a
group with 2 to 4 carbon atons, 1iii) an al kynyl group

saltnitbianplesof 4 inendoturtationsids buch aap-.gr alitejuoyfatap avot (PTTA)

s G B Gttt T b R PRI S o

p-, Bl- Kﬁﬁx‘éoﬁf@ﬂéﬁc Wciklf(DlAT/Q) ShItC B0 RIS hivzéichsldagr s, s-
group v) an aryl group not substituted in the

: dmﬁmbﬁmm%amd pigt altsirl,émb@gmrlpdrp@rboxrﬂxﬁ agtd saltcpiinggelagi salts Buch
o as p]hekgl s %&98}%11%&%‘5%1(10 ﬁul B enlaasragtgfxr}l trid 4% ?"(P Sél.lt\é\na}léj Hﬁos%ﬁonc
P, €xXCc

acilbds@f @héndbfmi?éphe'ﬂﬁl r&%rcalﬁlﬂ (E&*ﬁecﬂﬁh eicg iﬁetlily}ﬁlld@ eNtsaticinas
respectlvely and ‘it s preferred that X denotes a

coppey tretr pelgrdegeBusPrper tseapmidesadiand cehalhisicalorids splfre.
: 'Preie_ red i 1S QEACE HQH (%d R4 E&Y)} & 1%%&%56‘\%3 and more preferred isa

oxycar bony pi perazi ne,
saltbfeptipdliv actie¢ tmaylc acildmn;llapy péitadérivatives.

© 1- et hox carbon t hyl pi per azi ne,
1- t §PY %&P&X% iﬁy Stljutﬁgpmf,‘faﬁ}nﬁé],egﬁthvg obtained in this

: 1nvént{0%r15 r%% SBX04E BLRARYLT ﬁmﬂﬁfgr{% pi per azi ne,

1-tert-but oxycar bonyl - t hyl pi per azi ne,
1 t ert wbut oxycar bonyl - 2- met hoxy- 3- net hyl pi per azi ne,

*nyupxygarbonylprperazrne
1 VI -nethylplpera2|ne
W) thylplpera2|ne
IyI Xy rbonyl lPer azi ne,
g

0

(where R', R%, R? and R? denote, respectively independently, i) a hydrogen atom, i)
an alkyl group with 1 to 4 carbon atoms, iii) an alkoxy group with 1 to 4 carbon
atoms, iv) a halogen group, v) a carboxyl group, vi) a carbamoyl group, or vii} an N-
alkylcarbamoyl group with 1 to 4 carbon atoms in its alkyl group; X denotes i) an
alkyl group with 1 to 4 carbon atoms, ii) an alkenyl group with 2 to 4 carbon atoms,
. ili) an alkynyl group with 2 to 4 carbon atoms, 1v) an aralkyl group not substituted in

the aromatlc rmg, or .



| -al Iyl oxycar bonyl - 2- net hyl pi per azi ne,

1-al |l yl oxycar bonyl - 3- net hyl pi per azi ne,

i - met hyl propi nyl oxycar bonyl - 2- et hyl pi per azi ne,
1- benzyl oxycar bonyl - 2- pi per azi ne,

1- benzyl oxycar bonyl - 3- et hyl pi per azi ne,

1- benzyl oxycar bonyl - 2, 3- di et hyl net hyl pi per azi ne,

Bs LAY @ aarbom%- ; -éii'grﬁ&- i i
Sul? benzyl o%ar bony 1{]?’:%-gr%at oxylgwpglrgg%,&%boé atoms_ or by an
allkety-gmddy lybienyl nes hy | Jamtyesiaraxsnd -o& M3t hy IRIIRRFZ idi®up, or
V) I 3ryleghg np ety swes hi/t ) bag dar e pirogamd shyl g peraaitet i tuted
,__1-phenoxycar bgnyl - 2- met hyl pi per azi ne,
- byl‘@’bl?e]ﬁﬁay@a‘%d%ﬂl- L dettRyApFpEPaRi dkoms or by an alkoxy group
: henoxy Yy 3-et hyl pi per.azine, 7 .
e ol Bl e (4 T e S WP s pEC LYl dag the case
' whEBFRAUNEE RCAR? D&ISYRG HEShZEEd ! | i
(1), and can be either racem ca?mmgla?pggtﬁl %%gﬁlggﬁectlvelw'
an@pii ckd |predétmesd sthrst ahaEmotAss thecgeagady Usptbdpror benzyl
oxycarponyl ati on, those described in ("Protective
TR psEXATRL§E iR cdifen ssimetipsyanitfiny or2 (Gt Myimerazine ,
ons | ng. 999 .. 531) can be used. Particularly
1"ﬁ%ﬁ%ﬁ??ﬁﬂﬁ#ﬁﬁyéié%%%ﬁﬁ%ﬁ&%ﬁ ¥t ed by general
2-d& ﬁ—rﬁé’ﬂh&i&fﬂ% %g%g 4): 000 Y-c-Ox (3
). x%j-:uc- O c- X 1{4 (vﬁ{elréel ezgior%eé's i) an al kyl group
1 - e hdxylcdrbodnehs Daie ey, pdtgzird), al kenyl group with 2
to 4 carbon atons, ii1i) an alkynyl group wth 2 to 4
1-kerhdwasmarbeny b @ethylpipengrinet ., substituted in
the aromatic rin of suhstituted by an al kyl group
-weth uﬁ?ﬁzpa?gﬁé&ﬁf%ﬁqﬁ£§¥ﬁp%RF¥ﬂF %oxy group with 1

1-t Q- - A DL AL Plz,béf—dﬁnéﬁh[ﬂ%ﬁrbé% e0OF V-) an
aryl group not substituted 1n e aromati C
1-tert-butoxycarbonyl-2-methoxy-3-methylpiperazine,
1-vinyloxycarbonylpiperazine, l-vinyl—2wmethylpiperazine,
l1-vinyl-3-methylpiperazine, l-allyloxycarbonylpiperazine,
1~allyloxycarbonyl~2-methylpiperazine,
l-aliyloxycarbonyl-3-methylpiperazine,
1-methylpropinyloxycarbonyl—2—methylpiperazine,
i—benzyloxycarbon?l—z—piperazine,
l—bénzyloxycarbonyl-B—methylpiperazine,
-14benzyloxycarbonyl-2,3~diméthylmethylpiperazine,
1~benzyloxycarbonyl~3,5—dimethylpiperazine,
l~benzyloxycarbonYl-3—methoxypiperazine,
1-(p—methylphenylméthyl)oxycarbOnyl—z—methylpiperazine,
1—(p—methylphenylmethyl)oxycarbonyl-Bémethylpiperazine,
l—phenoxycarbonyl-2—methylpiperazine,
1-phenoxycarbonyl-2-methylpiperazine,

1-phenoxycarbonyl-3-methylpiperazine,



ring, or substituted by an alkyl group with 1 to 4
carbon atons or by an al koxy group with 1 to 4 carbon
atons or by a hal ogen group) can be preferably used,
and include chl orocarbonate esters typified by nethyl
chl orocar bonate, ethyl chlorocarbonate, vinyl

chl orocar bonate, allyl chlorocarbonate, heqy ‘
1- Ph@HPBYGE’éPBBHér% 5- QBRSO Y LRI BPERAIPONAGEC- These compounds

Iorocarbon t et d di carbonate
can ggte?é SG¢ %eg Bt Ay edR ﬁ%ﬁﬁﬁé%? 613 I be edither
racefﬁh@afngﬁﬂﬁﬁ.@atﬂbné%f Qﬂ{i’éagj.%aége?@%( ¥ %I c?r}gao S o

di phenoxy di carbonate and enzyl o

Pr 2§ erlieedreapen tClid @l Foar bRPeheneayeasibypitha@ B¥scribed in
benzyl chl orocarbonate and ethyl chl orocarbonate, and
" Preteﬂéwe&nqupsjmﬂmaimsy@mw;s e rnBdbtiar (John Wiley

ed is_usual to 1.2 noles, preferably 0.95 to
& 50115 %vev‘-"ﬂﬁ eg[ pPéf‘lér%aﬂ Pepusgdy g 1? refslqiﬂae%%sgeaedrﬁvmg
o stHepks SBLe e dd 5P BREEAZ) PRI B hOYAAS fmure

(4):reagent is nore likely to be bound to the two
nitrogen atons of the piperazine derivative, and on
t he other hand, in the case of less than 1 nole, the
ﬁ?pera2|ne derlvatlve isQlikely to remain as an
Yﬁ&hﬁ&bct(%ﬁ)raM/nat&BerQ“CTﬁérefoﬁe) it is preferred
to change the anobunt used in response to each
pur pose. The conditions for adding the reagent are not

(whe®8PgCa8hbYes! L MALh1NyL IRPRIAi1F APWoSE éggtho&éﬁs, ii)

performed in a tenperature range from-25to
an apkehplaptyupwithh ahge f4r e@arbb® atemdQCiidnr en alkynyl group
preferably from-5 to 30C. The addition tine period
Withcantget sdiihsatedtoms, ebpbnae aralkel (anaym 206 éuaﬁaltgted in

the A8bnSTRECEEnG! pe' SbShi tuEER, B cncatkyl; Sinud w82 o 4
carb?g\?\gégﬁg tgﬁr’tg?earﬁgl gkoul n§91tﬂb% ed My %tx%ron atﬁms or by
, gani ¢ solvent Yo Or nore

a haInbderlgreoipybot i)y aiddy Wgi-etipat o £ @Gbis: ipidkar :[1@ @&he aromatic
ring, or substituted by an alkyl group with 1 to 4 carbon atoms
or by an alkoxy grou;ﬁ with 1 to 4 carbon atoms or by a halogen group)
can be preferably used, and include chlorocarboﬁate esters typified
by methyl chlorocarbonate, ethyl chlorocarbonate, vinyl
chlorocarbonate, allyl chlorocarbonate, p'henyl chlorocarbonate,
benzyl chlorocarbonate, p-bromobenzyl chlorocarbonate, etc., and
dicarbonate esters such as dimethyl dicarbonate, ‘diethyl
dicarbonate, di-tert-butyl dicarbonate (DiBoc}, diphenozy
- dicarbonate and dibenzyloxy dicarbonate. Preferred are
chlorocarbonate esters typified by benzyl chiorocarbonate and ethyl
chlorocarbonate, and di-tert-butyl dicarboﬁate (DiBoc).

The amount of it added is usually 0.9 to 1.2 moies, preferably

0.95 to 1.1 moles, more preferably 0.98 to 1.05 moles based on the



Furthernore, considering the reaction yield, it is
preferred that the water content of the organic
solvent is lower, and at a water content of 15 wt % or
less, a virtually satisfactory result can be
obtained. For this reason, it is necessary that the
wat er content of the organic solvent is 15 wt % or
i ! 0
amo®2Sor | fnd A pALES n L ﬁ%&% tli%éagg{r:?)arﬁ_%{&e %g e/(%lﬁ%p aterial.

arises a propiem since r

In ekycanbenyk pi Relazbpemder,vaheVeededit'8d M¥e likely to be
oxycar bonyl ati ng the pi perazi ne derivative is
boupdnhe ket \twd pidredenMaanmsi b, thdepipd L4z ORI tRMI Wftive, and

%tge organi c solvent used for the reaction can be
on Gehdg Ankbre Fase s lessetheoni enele nether piperazine

e;-.cqontent used in this inventi on does not nean
derlﬁgtf?%t I'EeLso :"or‘ﬁrl);lr tHe hET31?hEfodehedEPICHI R oF 38 Material .

Thet8€0PE JaH Cis DrROFMEUa Pt rr&;ggﬂg LT € 4
~ water form nsg%)a tm-phas@lscyst gdﬁe: a{r'go@etgélfséet%?&ﬁl response
to éacm phepesgani ¢ sol vent. For exanple, in a
wat er -t ol uene system water-|-butanol systemor the
| i KEhe ygerditions efpEt addpngattdley renddmt | aner nbayespecially
A I-ke the organic solvent can exist in the upper ]
11‘“’?%‘%, ke R loas ropwise yadditien his Remforme@ in a
£ Seln the resp i ve_upper  and_| ower '
o era® Tl et UEAUET IS FonBtPiaeally theh gange from -10
" to 40001 b ré hridiR XA ESomS 0k VEN 3 ean b f.r .
the foll ow ng cal c?lnat iogln f or mul a:é ('S\l;‘%zér&con cggttlg%nberlOG
‘can preadiypiked increspense th00he faMperatune eitid 0§ ndthespecially
er x Weight of the upper |ayer + Water

lj‘m#g%f'crank{% PVea Lo USHPdrlyx ARsmyk o7 thdowmer
oo PRI cBiehie VBRSI b LAl K ggaunie ox
insclusitolin %a¢Bras HEREVERO! an &SP e do é’l’i’@'l?f 1 wes or more
I sopropanol, 1-butanol, 2-butanol, isobutanol,
in theenttard sAreEliiano vt wHeHerdenedec ofd e fe fdicheq.
Furthermore, considering the reaction yield, it is preferred -
that the water content of the organic solveﬁt is lower, and at .a
water content of 15 wt% or less, a virtually satisfactory result
can be obtained. For this reason, it is necessary that the water
-content of_the organic solvent is 15 wt% or less. If the water
content is more than 15 wt%, there arises a problem, since the
reaction yield_ of the oxycarbonyl piperazine derivative obtained
by oxycarbonylating the piperazine derivative is remarkably
lowered. |
Meanwhile, the water 'content of thé organic solvent used for
the reaction can be obtained uéing a Karl Fischer water confent
meter. |

The water content used in this invention does not mean the

rate of only the water homogeneously dissolved in the organic



as diethyl ether, diisopropyl ether, di-n-propyl

ether, 1, 4-dioxane, 1, 3-dioxane and

net hyl -tert-butyl ether, ketones such as acetone,

met hyl ethyl ketone, nethyl isobutyl ketone,

2- pent anone and 3-pentanone, aromatic hydrocarbons

such as benzene, toluene, ethyl benzene, p-xylene,
5°1VﬁP>Fyl‘é‘h‘é m@ﬁé}spﬂk‘?lr@r@ ofntheMajieat Eermhydratapbphese system

ane, isohexane, cyclohexane and

due H4C S, 12 ntan% E@
oct ar?é) é‘f’@r 58“‘ S THHIE SRIVERE netiomexample, in a
wate&tﬁﬁﬁﬁhne AY gﬂanﬁéFef§¥PB noIsY%tg ?gg%?ea%hke water

2- but anol , t ano

can esmper&éﬁuﬁatéaﬁd ﬁthﬁé51§#éf fﬁy&&*ﬂﬂﬁ&e t8kh8fganic solvent
di i sopropyl ether, di-n-propyl ether, 1,4-dioxane,

can ¢xBstliioxihe lmmbmmalyyelr t enti- doudlyla etaberls Mrcluded. 1In this
preferred are alcohols such as nethanol, ethano
casey. PReJHHAT GoBSENSFahBl the resperiolve Ninaramod, lower layers

d
B 1 M
solvehRangh ,belcﬁflEﬁiHQEd ff@lﬂrﬁ@?ﬁtlh o%n.kﬁ Qikulatgghaggj:mula

and 10 isobutanol. Any one o ese vents can

(Watesedonbenpl aff aih@rogagmﬁ.c R 1VRIS) Gsalloal &0(h&té§eéoﬁ§ent of
a m xed solvent. Furthernore, a solvent containing

the Ypper lawemz Wehohbuhddies upplent Loyeor+ dﬂam:eai sonftent of the
the state of

h
1°Weﬁeﬁ%‘@2’%g‘o iy B the ik dpgerdd (WeeDEnBh e MPpRE layer

+ WeQGHRNLE BRELVESGeHS éf not especially Ilimted, and
is used to ensure t zhe concentration of the

pi rampiee oertnat bi*gah&fzo%%l&@@ﬂtn&ddl@ldeeaé]ﬂghdﬁs such as
from5 to 20 w% Meanwhile, usually in

methé%?éaﬁﬁéﬁ?ﬂ&hlbnprapbagﬂa Tonpoeprhek, lobudanadder-botanol,

soonf gL PP b S i B BT s e
oo SATONLE 03 oSS IS 118y AMELE - asonane,
1,3-ayskenewian n‘khﬁyﬁl—ﬁéﬂzbﬁh‘%ﬂeétﬁéi', M€t Snes such as acetone,

-methyl ethyl keton.e, methyl iéobﬁtyl ketone, 2-pentanone and
- 3-pentanone, aromatic hydrocarbons such as benzene, toluene,

ethylbenzene, p-xylene, m-xylene and p—iylene, and aliphatic
hj(drocarbons such as pentane, n-hexane, isohexane, cyclohexane and
octane. Preferred are alcohols such as methanol, ethanol,
" l-propanol, isopropanol,. l-butanol, 2-butanol, isobutanol,
l-pentanol, 2-pentabol and isopentanol, and ethers such as diethyl_
ether, diisopropyl ether, di-n-propyl ether, 1,4-dioxane,
1,3-dioxane and met'hyl—tert.—.butyl ether. More preferred are
alcohols such as methanol, ethanol, 1l-propanol, isopropanol,
l1-butanol, 2—bufano‘l, isobutanol, 1l-pentanol, 2-pentanol and
isopentanol. Further more preferred are é.llcohols such as methanol,

ethanol, I1-propanol, isopropanol, 1-butanol, 2-butanol and

10



oxycar bonyl ated. The ni trogen-contai ni ng conpound nade
to coexist is not especially |limted. Exanples

i nclude pyridine, a-picoline, (3-picoline,

y-pi coline, 2-ethylpyridine, 3-ethylpyridine,

4- et hyl pyri di ne, 2-n-propyl pyridine,

3-n- propylpyridine 4-n- propylpyrldlne

. rop yr|d| 2- ridi

ot OO LR Z PRIV RI UG, e o it organtc

solv%‘d@é‘@ﬂ(ﬁméb'ﬂé ﬁ%m%&%'ﬂﬁbﬁi’é%b%ﬁ; 3- I‘f'l]ll cH‘g' QCsolvent
4- br onopyri di ne, i odopyr1 di ne or pyrl

cont3iadeigy watrdidi oen Bepywr I%ﬂﬂﬁ‘@fé&i@”é@l@@iﬁ’m HEt I&)Ah also be
3- pyridi necarboxyl ate, 3-pyridinecarboxylic acid

sepaa?mt@g 1n29’é?%l‘ﬁ0pﬁ¢‘iﬁ‘ffer Fhe tsteper pli achopygenéeus solution

% pyrazol e, isoxazole, isothiazole, indazole,
is pﬂ% &5}899 oxazol e, thiazole benzi ni dazol e,
quipggl k.S [ |ne ri.m.di ne,
oy TS| Banle S Sl SFEVSGe R¥RbNam e smpecially

11m1Qe3U1Qﬂﬁﬁpbéhabéﬂﬁixﬁnéhéﬁﬁe %h§t|Q&k9'88ncentratlon of the
trimethylamne, etc. 11 Preferred are aromatic

pipemiaziogederdnadiiven pefomeo wddiinganthef wedwgint pref@rfoned to 20
are aromati c nitrogen-containing conpounds with a pKa
of 7 or less. Especially preferred are pyridi ne and
tive The Ka val
e8RSl Sk Re bR tasiBhy popasic compouna 1s
of tehaeanko ploaPieiH g i dEbéHESHJ B4 BRoGNECRAY bé%ﬂ(
: Book Conpany, 1973!ia%d Het er o- ﬁanlﬁgg gé?%u no E fpduet.
Also(:ndl:htmstl.nwentfldrkat etrioe yadd ot {anpegindspacedadsipdund is an
Scientific, 1988) show 5.23 for pyridine, 6.62 for
effegtigeRsaRyri et i5.72 basic civmpomd cdimbe mads forcoexist
razol 10. 7 for tri l am ne and 7.76 for .
R S PREC no‘fja?ﬁlnes ¥ g‘g’%‘?}% aPifeHfgine derivative is
oxycakgbﬁgggtggntalnlng conpound is preferred in this
invention Is that it has a capability of activating
The nitrogen- containing compound made to coexlst is not

wt3.,

especially limited. Examples ihclude pvridine, «a-picoline,
‘B-picoline, yY-picoline, 2-ethylpyridine, 3—ethylpyridine,
4-ethylpyridine, 2-n-propylpyridine, 3—n—propylpyridine,
4-n-propylpyridine, 2-isopropylpyridine, 2-phenylpyridine,
2-vinylpyridine, 3-aminopyridine, 2-hydroxypyridine,
- 2~-methoxypyridine, © 2~-chloropyrodine, 3—fludropyridine,
4-bromopyridine, ' 3-iodopyridine, 2-formylpyridine,
3-acetylpyridine, Z2-pyridinecarboxylic aéid, methyl
—34pyridinecarboxylate, 3-pyridinecarboxylic acid amide,

2-cyanopyridine, 3-hitrbpyridine,' pyrrole, indole, pyrazole,
isoxazole, isothiazole, indazole, imidazole, oxazole, thiaiole,
benzimidazole,.quinoline, isoquinoline, pyridazine, pyrimidine,
pyrazine, quinoxaline, carbazole, a—aminonaphthaléne,

B~aminonaphthalene, aniline, 2,6-lutidine, trimethylamine, etc.

11



RN

an oxycarbonyl ating agent to a nmediumextent. That is,
since an aromatic nitrogen-containing conpound is
weaker in basicity than an aliphatic
ni trogen-contai ni ng conpound typified by
trimethylam ne, it does not activate the
car bonyl ati ng_agent excessively. So, it can be
Pre%%ﬂ? 4 RZE arera 1?%?#%%@0@@%@9@@@& handgurther

t en.atons _of. the perazine, derivative
prefdfi il L0 AN Re At fo BT a iind Fangbundy with o pra
of CONBRUNLe &N beE deih91 NPl
derivative sol ut ?gn I]ci ?o?e ad%? ngﬁ?%e%gﬁcgﬁggﬁ%ﬁgt |and its
dermgetivesr it can also be mixed with the
oxycar bonyl ati ng agent for addition to the piperazine
der'ﬂhﬁatl?lﬁﬁa ‘S@l@w onf Fheeamddmo gesedonftaindeme c@mpounds are

compound from0.1 to 1. 5 nolar tines,
Sh°‘?5‘? z’Fngbl yﬂﬁn‘éb?%k PfBCWaFtFY mEsLevifgytdh BAdt&pRHIMEGROW-HILL

f
A TN
of Hdtdrhﬁ:y@ﬂ.ﬁ)ﬁ ebApeanak) th@om&a GRS 12N 1883) show 5.23

carried out in quite the same way as in an ordinar

* for pgrhdine exce fohe -opthatiypyrainet,to My Ebe i)aﬁilcbrob%(rodlne .

conpound coexi st. Meanwhi |l e, the piperazine derivative

© 2.5 5 0% dRVERZPHR- r akl - frat EPFal tidmethylamine and 7.76 for

trl%%ba?l%atl on descri bed above can be either a
“Facem ¢ WodiTication or an optically active substance,

anarRl &Rk ool Nam Ri-of4ESd ﬁ’i’tﬁ?gel?f cdREL PHEn Q;Z}{l}ﬂ()ﬁlnd is

can be used. Above all, an opticalTy active pi p

prefiriedinwhiss thubntibori xRaphie, has adcdpan B ©F b§|a<_ﬁf1vat1ng

a drug can be produced froma piperazine derivative
an %Wrg&wdsﬂ‘hl%@ﬁ% it symeddym; edteateni Ehat is, since an

dj figat thod such ptj cal
ot A SoR i TRy COPBRIR 18 VERKCRr FACYATSHEY than

‘an t hey Ypeess fc}(ltlpéc\ﬁaéﬁ‘cé':d(}?t exaﬂ‘%fl Caéc%r?(qcﬂﬁ{ ve typified by

p1 péerazi ne derivati Irs

- trineelianipieperor i deedlaidty aldtssrad the oxycarbonylatlng agent

excessively. So, it can be said that a side reaction to
oxycarbonylate both the two n_:i.tfogen atoms of fhe piperazine
fierivative simultaneously is hard to occur.

Usually the basic compound can be made to coexist in the -
piperazine derivative solution before adding the 'okycarbonylating

agent, or it can also be mixed with the oxycarbonylating agent for

- addition to the piperazine derivafive .solution.

The amount used of a general basic compound is from 0.1 to

1.5 molar times, preferably 0.3 to 1.3 molar times, more preferably

0.5 to 1.2 molar times based on the amount of the piperazine

derivative. The oxycarbonylation reaction in the coexistence of
the basic compound can be carried out in quite the same way as in

an ordinary method, except the operation of letting the basic

12



an optically active acid conpound (hereinafter called
an. optical resolving agent) are nade to form

di astereoner salts. Then, while the salt
concentrations, crystallization solvent and
crystallization tenperature are adjusted, the
solubility difference between the diastereoner salts

compRmddsefsf or separation into R-isoner and
S-isoner. The diastereoner salts obtained like this

caMdemwiniive, tee | plPefhgihy AHEFEVREPINCHSoWM 88338s the raw
optical purity of 99%e or nore by repeating

mat%zl?lﬁfg 969 fidnwxyThebobiydandon dsabteibad fisodeciPeRE@ither
n.acid or alkali to recover the intended

ar a&ﬁf“nlgzﬂ‘?‘}l tERTECR OBt ieddi Ast dvesubsdomse . and either

nmet hod, a net hod

|
of éﬁgﬁihﬁﬁllng 1gg I@%%ﬁaa zﬂ%ﬁéﬂ@éﬁﬂ ﬁFﬁbFﬁ?Pﬁ@dmll
be myeaiephitli egh oﬁ%lcﬁﬁﬁ.&cﬂti@é?llﬂér%'} et &8?1\5"5’1': {¥ useful,

optically active tartaric acid

for ressuipdiag agentraw ndtemiallhet 4 SAr L&E{HJ'H@J pHIRNeE from a
of ()-2-nmethyl pi perazine and optically active tartaric

Pipefazfing derjygdive preiied ais @atiendidedly synthesioel racenic
h | pi perazi ne artaric acid salt as two '

'“°dlzaf §t e%/erg' p‘i'* Sig @ m %—ﬁ}?‘i FeEh e eRidealp aapeody tiesi.r
SOkl el n@%ing @x@nﬁiifi& %ﬁ% b%élgé £ for ch'n?l C%é)fbess for

13 resolution i'n this met

Produkdan) Jan Aptsicalllayr 4eivedsipefd O raéillw%' v&nown
exanpl es can be enunerated. For exanple, JP1-149775A
de?@F’§§§m@1ﬁerﬁ§rﬁin§t net hocense uigetazik®e @elrdvative and

r rably 2 nolar tines, based on the amount
an opieTRa1 IR Sei%a égitgz?wapoa?dow%m@fm.cweued an. optical
resdiditdf hgedt)dars ll'r[EIéﬂ: J‘%pa%qiese Pat ent lgggégﬁtﬁp while

describeés a netho

the t hesaalrmuntcoﬁceﬂrati@wy' IOI e&&@%hﬁlhzﬁftl@ﬂ“ cabh¥ent  and
active tartaric acid is used In a diluted condition-

CrYséfaléltZ@ltP@Ias tmpﬁmt@reby weghtadr_fuﬁml i ethe solubility
qieela % g | pi perazi ne. Furthernore, publicly
+ I?E&ﬂ‘?e ) ‘%’xee d13%FREA NG SALESRAMbe WS st Bor sepafration

intoCRLEE6hERIARRTE cﬂArXer The diastereomer salts obtained like
this can be converted into highiy pure products with an optical
purity of 99%ee or more by repeating crystallization. The obtained
salts can be decomposed using an acid or alkali to récovef the
intended optically active substance from the diastereomer salts.

Furthermore, as a particular method, a method of producing
optically active 2-methylpiperazine will be exemplified. An
Voptical resolution method using optically active tartaric acid as
an optical resolving agent is known. That is, equimolar amounts
of (x)-2-methylpiperazine and optically active tartaric acid are
made to reach with each other, to produce 2-methylpiperazine
monotartaric acid salt as tWQ diastereomer salts, émd the difference

between their solubilities in a mixes solvent is used for optical

13



active 2-nethyl pi perazi ne nonotartaric acid salt as a

slightly soluble salt by filtration and then

collecting the other optically active

2-met hyl pi perazine ditartaric acid salt as a slightly

soluble salt fromthe remaining nother |iquor

QéfZOOl 131157A) and a report concerning a nethod of
resoditiog dp Fhdst Retpefeddzi Medan@hean . opBi cab4y. ativge) .

di b h h h I f
obt et A8 FREhedt | aRoug Al Gty pramp o can be

enufreFRitd DI PESAZ leianRS th@f%gﬁ\ﬂ,x ﬁ%&gﬁb@&b?' Performing

acid, wherein an opti cal I ve aci
me thoekiistingnl t te H@ﬁ@ﬂb@ﬂtim&be%reféf’gﬁﬂﬁ BadadD) tihBE, based
optically inactive acid in the latter is partlcularly

on gehor geouotacid $uph2ascthglpipacading, aoli neytdalcadid active
judgi ng fromthe exanpl es,

o uch as hydrochl ori c aci d,

' tar%ﬁﬁth 8cdte ?rYQG%W?%ﬁB Q¢Eﬁ%ﬁﬁﬁnﬁaQW“1ﬁQ3ﬂééal@ﬁﬁgrlbes a
nt be ,decr sed n _these t hods,

met?%?é erehB?P arlﬁ'gi tlQGESed% gsfoPﬂ1oBb?ca?T9unt of

_(+)aQLm\éQh§'1E§F>Q¥EEh.H@_r, agf %m@% tag:rt Qrea‘E e $AL acid 1o useda

-)-2-net pi per azi ne, plpera2|ne
in @ahlbidied)bbadmediohr@fnst be B0 iaghthy :saaﬂ:u:bbg waldht OF supplied
the other hand, in the case where L-tartaric acid is
watgxdd +)si2rrmpahuf9cplpe;:azlnet hyFwipreomere, pubdicly known are a

resh SRS Y S, P o 8818 et tsconsy

| .actﬁe‘%O'Z\led%Q:h%g_%ﬁtpthalﬁhet m&%t@%ﬁ’ [4d Vsealttaré@récsllghtly

acid, a method of using a reso ng agent such as

solubé,epaalt dyacidtdativatané then cepoetednlanadeser optically
Pat ent 2823679). ‘As anot her nethod, a method of using
activen;3-eigrospinatas inmt disagharic| wsilsh sohboasd a slightly

d.
S°1‘1§H§esa1§%ro°ﬁgt?sp5 16318@33%@%@053%&%%20%-.%157A) ana
a rgpgﬁz tBQ : zﬁzeci Qﬁnemcgd APy 8‘:t§7g§ C%t [%g plpelf:azlne and

to produce pI péerazi ne erl
an opytedbbyHalivendibasic acid react with each other in a solvent

for obtaining a salt of the optical resolution product of
2-methylpiperazine and the optically active dibasic acid, wherein
an optically inactive acid is made to coexist in the reaction system
- (JP2002-80459A). The optically inactive acid in the latter is
‘particular{l.y an organic acid such as acetic acid or a mineral acid
such as hydrochloric acid, judging from the examples, and the use
of it allows the amount of the resolving agent used to be decreased.

In these methods, in the case wl_zere D—tartaric acid is used
to fo.fm optically active 2-methylpiperazine monotartaric acid salt,
(-) —-2—me_thylpiperazine, i.e., (S)-2-methylpiperazine c¢an be
obtained from the slightly soluble salt. -On'the other hand, in the
case where L-tartaric acid is used, similarly

(+)-2-methylpiperazine, i.e., {R)-2-methylpiperazine can be

14



The piperazine derivative used in this invention can

be used in any of various forns such as liquid or

solid, and especially in the latter, any of various

forms ranging fromnmass to pellets can be used. Even

in the case where any of racem c piperazine _
obtdfiey@t i ve is made into an optically active substanc

by an optical resolution nethod, a piperazine

der puath¥emWi-Eh eld her erty . of Jiquid or solid

can be. usg%gﬁuﬁiegmﬁéﬁ?c&e% i pEFdA ngt gAticalilye active

resedvibg agent iother tR&n Y& 1y Aot fri% 58!
£ with- an optical resolllvipf}dgl aéé{elr% Hfg%‘?{eﬁ%&t%?lc "_mlé’ amethod
O BRyBEr BoFSF ol vomg ragen t csuchsafrar F!I—'a%@larftgé()hEiagdeJ];ivative

. n optically active carboxylic acid or any o

18 ‘?ﬁg“gOédieﬁfg é’PB@QSSSrg%Fﬁ%tZiBé&&?;B )3ct gan@:ﬁhm me%dph method
£ @8 [ r tive can be used. Exanples include

° opty?gaﬁ’ |°_f/hs‘“fa‘ji‘c k’ég‘sPX‘Pﬁgﬁ Egéa #S e Hngd-usipar campound {Chenm. -

Letacidsos Dibvesyaris epdrtednd optically active .
tartaric acid derivatives such as

0, 0As dilepcribbedy bbbvear hariowdCivhports i i
actQ{rO' . di - 010l voyl - tart i c acipd, exists for optically
079 ¢ dreneireraziner iandcanmly of the methods can be used to

-z p-anisoyl-L-tartaric acid,
pro%,n%g_giﬁ? Sp:ﬁg%na% I}%_‘%%F{.‘é@":évea@ﬁgg for oxycarbonylation.

0, Cheflipipet-akip¥ a0k L.c,ackd, o .
0, 0'-di benzo;I -D-tar {Lg%%gbgc?%e%ﬁd’ this invention can be used

in @y ofliveimis opris teéRrAS 1868 SPtdgald Y Aciive

in lic acid such as L-nalic acig&%r Drracf% '15aq’léicied?peclally
‘ t(rj%t i]@éqqef.aéﬂifvéfnﬁﬁd‘ébm fortssmahgang EramdRlds @fighilets
can %e dsd@ndelic acid .optically active aspartic acid ‘
~ such aés@L- aspar 112 thei gase m%@waﬁmc ofcimhcenpid qalderazine
deriatiiMee aghaddd Grad GndGidyal] 4es Such as i

- N-benzoyl -L-aspartic a é,cﬂ&ﬁ&r@lﬁ%mﬁbaca@’optlcal
resalytiol werttsid § enigensPand | Ge AL} AN 4 i

¢ p-tol uenesul fonyl -D-aspartic acid, et Y5 ey property
o H%‘}l%p_tJFcaquy@c@webeant@J | CragtRlermdee [ NehE piperazine
derid@ipival | vesIgl and _especially preferred are optically

“act1ve PaPE i YUtiE anfreesstates ioraihvestabecof a salt with

tical | i ric aci.d can be any of
an oPRllced IesAGWiNG WYL 145,264 % oxycarbon%rlation réaction.
AS an optical resolving agent, an optic'ally active carboxylic |

acid or any of its derivatives or an'optically active amino acid
or any of its derivative can be used. Examples include‘ optically
active tartaric acid such as L-tartaric acid or D-tartaric acid
-and optically active tartaric acid derivatives such as
0,0'—di—p—toluoyl—L-—tartari_c acid, 0,0'-di-o-toluoyl-L-tartaric
: rz‘icid, 0.,0"~dibenzoyl-L-tartaric acid
10,0"-di-p-anisoyl-L-tartaric acid, 0,0’-di-p-toluoyl-D-tartaric
acid, 0,0"-di-o-toluoyl-D-tartaric acid,

0.0" -dibenzoyl-D-tartaric acid and 0,0'~di-p-anisoyl-D-tartaric

acid, optically active malic acid such as L-malic acid or D-malic

15



various products ranging fromnatural products to

synthetic products, and can also be either Dtartaric

acid or L-tartaric acid. The amount of the optically

active resolving agent used here is decided in '

reference to the nole bal ance between an acid and a

.base. Since the piperazine derivative used in this
acifinyeRti6cAllE agtivachandebiseacia swehcasRwhandelhe acid or

icall ti . lving., adgent is a dibasic acid,
L-n@REe R At OB icBItrear v e ATRAE tesaFif fichgerk- aspartic

. L ‘ o]y o.mlar_tinmes . . .
ecstSalnl SEBHELL KL 0Lk ] I abb Bl s terivatives
suchr efsenabenddym0-ashd St de 2apRhar NHBDNALDPRANS acid,

anmount of the piperazine derivative. In the production

N-potoinenpsultidnyl ectaspaptper azi ne derivasige, if the and
met hod of |etting an optically inactive acid is nade
N-prholpeRestlforREtTPhRePant IP206280459%ci s us@defelreed are

oo BIRAL gl 1" SR ER | orSte Lo g SR NS0 e
. ' ‘ | bed .
copBELLE} Sy TR RECOELONL0 b e LI RS LR 11

derieayiveyantBgeodst ycal 59 aBtYveWLakt60SE. 2034 RRn be any of
optically inactive acid, a |l ower carboxylic acid or

Varhpner Arogdicd scanangingedrom | veknredr lpwoductsaicikd synthetic
lic acidwth 1 to 4 carbon atons, and

b
profieii 0Tt REChS e Enan - o BT bh RS 1P LafaT tas1c acid.

butiyid GrReing- d id+48, preterred. Furthernore
‘ the m neral %C!q-g{ c%ﬁﬁgtgqhdy}% ggﬁﬁg?i%esa%lv&n%ag@&ti gsed here
is deciijedyili asDEteneei tho tHY AO1OWbLI AL bé&tWeen an acid and
Hydrochloric acid and sulfuric acid are preferred.
a bapfe affdnAe Hhe mHideopdion derivadtivecuaed dinuted s Snvention is
om 0.1 to 2.0 nolar tines, preferably from :

a d’l#‘%la‘#o‘y P%%F&r“?? nedse Whpke Jher epiblplivonsblvetresolvin
age%'lé %S\S%ki?\%g%&g%&%ﬁeghg%n{olh%tagg q:rflte 85tié£‘f1§’ ia% rl%%—zl Pgsolving :
agent used is usually from 0.1 to 1.5 molar times, pre,_ferably from
0.2 to 1.3 molar times, and more preferably from 0.3 to 1.2 molar
times based on the amount of the piperazine derivative.

In the production_ of an OPticaily active piperazine
derivative, if the method of letting an optically inactive acid
is made to coexist, described in JP2002-80459A, is used, the amounrt
of theroptically active resolving agent used can be decreased. VIf
it is in this range, the amount of waste generated according to
.the method described in any of puﬁlicly known documents can be
decreased very advantageously also in view of cost.

As the optically inactive acid, a lower caquxylic acid or
mineral acid can be used.

-A' lower carboxylic acid means a carboxylic acid with 1 to 4

carbon atoms, and examples include acetic acid, propionic acid and
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Any of various solvents can be used for optical

resolution, but a.water-containing solvent is

preferred. It is preferred that the water content of

the solvent is 50 wt% or nore. More preferred is 80

w%or nore, and it is especially preferred that the
b %;)I_vent g(,:onsists of water only. As the conponent

UiHHer achdn watetic mactilde: s Waledle Gy ai t,,..any.
ac'o@{) various organic sol vents can be uggg.gh%%héfganﬁhce fineral

ol AYSIRRIOr ivpeeiidn shd furticalaci@, UBilicb¥romic acid
hydﬁoti%%e{_ﬁ%zoc;is referred. In the case where the ’
IUAT s SoTGH 1955 | SYINRaRINT i sacid f and astbfeni®racid are

prefFartrggare formed by heat dissolution for optical
resolution, the system may becone heterogeneous, and

t heTbptamain ki the B8htiBg1 i & r salts . obtained
| b% crystallization rrgy becoir’re%azcgqu%\?fl 38 Ysually from
0-1i ke 2oPganilerstlivest prtlepaBuyusi-ofobuli kity of .3 W% 4 mes

ude al cohols such as nethanol, et ano?', g

r.nore incl
‘“°r%%¥%%%ﬁ%{;{c~¥i SR dbehdio, 1-9-batanotim@. bdss@nel taBdamount
of

thel 98480 such as nethyl -t-butyl ether,
tgt?ahyd%?u?%gggﬁalx‘?ﬂf-di oxane, ketones such as

~ aceAmyerf vagliis gbh t nd. net hyl i sobutyl _
. tket gge, etc. Pr esferrggngrgeggﬁne ‘T’]:ﬂﬁo‘?é, hfy&rhﬁﬁsF-,caX resolution,
ut A yespancongadnisapsopeant i Apteeahetil | ¥ ; red L
the kS Bt hanol . In_general as thg Sol sgﬁtd syg1t:é'%8|;:§%?]§red that
JEHFabPBtERtsef ddie salygatens etsuthnor tiate .t MEoFatl M forred

i & e ilities.of the two diastereoner salts ,
8 fo?”tﬁgd"??{é‘l"r? héMh&Hni € §iRrG181 ke Rrsfarned shat7thadolvent

‘condiet ORI GAtdreSRlY Nda 2981 ones 3 qr. nore. For ] 7
. exanple, if the plylper%% ne (fg:)?nfpvoé’(‘?r{/te qtdes. fBpRyYater in the

- Watey oA reimn s dherapt | FegahVb - 1.S .

us C{%gti cal Ig active tart grhiq,lcoaci d, tﬁgnegﬁgh%g?%ﬁr?@ts can be
®dat AP- HESRRAG SR et oF] ¥arits oSYRbEEBiE dhelfu €4 'dHAhbility

Witl{ 3{%}3362(1% BQJ% 82 g%? 1:Ed)<ge)spczr:el=,fb ggrgg l owin ngge cis\é\a:ﬂel:arzo r1]:theen tmutual
solubility is 3 wt% or less, if diastereomer salts are formed by
heat dissolution for optical resolution, “the system may become
heterogeneous, and the optical purity of the diastereomer salts
obtained by crystallization may become very low. Examples of the
organic solvent with a mutual solubility of 3 wt$% or more include
alco@ols such as rnethano'l, ethanol, 1l-propanol, iéopropanol,
1—but_anol, 2-butanol and isobutanol, ethers such as methyl-t-butyl
- ether, t'etrahydrofuran and 1,4-dioxane, ketones such as acetone,
methyl ethyl ketone and methyl isobutyl ketone, etc. Preferred are
methanol, ethanol, 1—pi‘opanol and isopropanol, and especially
preferred is methanol. |

In general as the solvent system, it is desirable to select
a system ensuring that the ratio of the solubilities of the two

di '
astereomer salts formed from the racemic piperazine derivative
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Solubility (S-Dsalt) 0.51 0.81 1.9 5.0 Solubility
(R-Dsalt) 1.7 4.1 26.4 63.6 Solubility ratio (g/g)
3.3 5.1 13.9 12.7 The value of a solubility in the
100 g of the

tabl e expresses the anount dissol
sol vent (g/ 100 g solvent)

e NG
-2 pigt hé’i&hgpfé a

salt means a sa

ved per

perazi

s agbfi and,

and the solubility ratio
D salt)/Solubility
§gﬁn§aPP°ﬁE§ﬁs3a°§aW9r%f

(%0 R Baid

(S-D

ne d%dls

(S)

9 methyl -

pipBriaainar iadaid Jyefer %sdﬁﬁ%@éﬁ@ﬁ@a@ﬁtl&i@f active

sol vent system of 3 or

nmore in the

solubility rati o,

taritagic jagitthe theluetlof fGolaingtyabér Rnéthaedl Jmixed solvent

ESqublllty of SSDsalt) and of 5
sySs

wt % or nore, and a further
content is 80 wt% or nore.

- pabadvant ageous that the sol vent
2

That i

0 wt % or

s, it is

nore in

in a systemin which
pethylpiperazine is optically resaolved using

cagnPentefenrre efprepEpmpdenansr desnrihed bebow.
nore preferred water

WateptcoakbﬁtaQWm%e tartanic a@ d i nlgp conkt ai nggwat €r, 1p0

: constdert+ng—the—difference—betwaent he-sol ubilities
SolypifAdyt WS- Bakspd tpr oduced ionSihe syslsmn In thegcasg 5.0

g lmg ée an _opticalt 5 actiTye piperazine—dertvattve—s
olppdddt¥d (ByPafadldi cal fesotulion methdd, the2@nbunt 63.6

: gl.yen sed greatl epenas on the

SOleEﬁEE%Vl fes o#gyﬁ di aster 185sdits| i mt3nd 12.7
The%%'&f@@glughfi%q}hethé I%%bq.%oéﬁg% @%ség]%hgo%nyo £ dlssolved

used and a particular optical TUtTon Het

perouam:g dEdHekowentr@f ArENgeséDvént Py HnIMKE @%mﬁﬂgty ratio
racem ¢ 2-nethyl pi perazi ne and water sol vent.

-exPE@EﬁPﬁySOﬂﬁbléﬁﬁﬁn(RoD shdtldbelubblityt (8skdsadtd. 3
to 10.0 tines by weight, preferably 0.4 to 8 tines by
wei ght, nore preferably 0.5, to 4..0 tinmes by wei ght
base onpiecamount ofd acame 2 VRRERY e oL

th
t he amobunt of the’ solvent used is too |a
(5)- 2‘ methylpiperazine and D-tartaric acid, and the R-D salt means

of

a salt of (R)-2-methylpiperazine and D-tartaric acid. Preferred

is a water-methanol mixed solvent system of 3 or more in the

_solubility ratio, i.e., in the value of (Solubility of R-D

salt)/ ('Solubility of S~-D salt) and of 50 wt% or more in water content.
A more preferred water content is 60 wt% or more, and a further

more preferred water content is 80 wt?% or more. That is, it is

advantageous that the solvent in a syétem in which

-2-methylpiperazine is optically resolved using optically active
tart.aric acid mainly contains water, cdnsidering the difference
- between the solubilities of the two salts produced in the system.

In the case where an optically active piperazine derivative
is produced by an optical resolution method, the amount of the

solvent used greatly depends on the solubilities of the diastereomer
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the salt concentration declines, and al so the anounts
~of the acquired diastereoner salts decline to | owner
productivity. On the other hand, if it is too snmall,
the decline of stirring operation efficiency and the
degradation of quality such as optical purity occur.
pecially in a range fromO0.5 to 4.0 tinmes by weight,
Salt%%egna%ﬁnfoc}f’ef‘ﬁeuﬁ@@ycI ed sol vent can be ninim zed,
andph Beek the ti f recovery. or waste water
can be ?e%%égﬁé vaé?\?%gg?ﬁlﬁhe iSPhviedl ybed and a particular
optindstrebalizabhofe tASaf Qhot BE .SUPPL Vi met hod, the
‘rﬁacem c 2 -nethyl Si pera§59n§$505559§a$g§0%&?vEefel"ence to a
SYS FeB stari i igen b fansk die 2 - el ifleYnq M neral
. acid can be supplied sinmul taneousll)?ggrggggﬁ %-éd YahGii YL vent.
seqlg%‘f*ﬁllrJaY | ytha ehioting bapsiee ofatidBo1TEAENEESR S ot Reto 10,0
' 2. met h}él pi %erazi ne and the optically active '

timigf%ogﬁru\’/ijn%:égé’ﬁf 8‘5? |1Feo d‘g $odh VémebmﬁMMilﬁﬁke preferably
0.5 befor ghgnd, n 0 m xing, or either one
onl'y can be Sssg vg”(flls%?tt hg’¥§8|ﬂvéﬁ’c , thei mgpdwit oméd racemic
2 -meph kel phé10dz L e ITE 708N @ QYRREAD in view of '
operation efficiency can be eﬁ%#%fe%lW%%B@@p,l% kego large,
the  8ahEr someenitsatdonespeci tdy, hhal badoeidfer; 819;? a%e n
achﬁifr vqar i.ou% net hods can be enpl oyed. In generaaIfl, Ee e
! ea"flaggjéaé;r&&“ﬁg T%ih’b?rthqj;dexd $oi120vm:1tf ﬁi}l@ﬂuﬁﬂ:@.mifi:g'. On the
thdOn . 4FOE . ex e, racem_c 2-methyl pi perazi ne
O nd the lop#c%?@ooa&"] o &06 dPRgingerk ey operation
‘effidiissiwemd rhe Waheh ecki vely.separately, bein _ ,
oo u& ol | é)vved by mi xi ng, gﬁggggetg%c&g%‘?(ﬁéy 1@1%}%\3 é’%d-"é%%l; purity
ei ngSPeriloley by deanigegrupmt 0. 504 @ 80 wse.: .
amouh® ra%Em c 2-net hyl pi per azi ne can bg gi g%rg%e iWiht. the
ey 5T OFFoRBUTBRENGRA! b gnts ot { Quf) Gnctibos at
th §
e a_queoﬁg so+guY?a%¥1 °?m"1a’a§&& MEt&Ei gardie e dudeed adivantthigeous1
in voedeof HUEURTHRAS.athQy  acem ¢ 2-met hyl pi.perazi ne,
optically active resolVving agent, acetic acid and

weberfaathel sopp bed g xethdiel e doned,b ating up .
opt1:9770 to 80C. In this case, 204 REG Y erazine,
ptically active resolving agent and lower carboxylic acid or

mineral acid can be supplied simultaneously or can be supplied
sequentially with the lapse of time. Furthermore, the racemic

2-methylpiperazine and the optically active resolving agent can
~be dissolved in the solvent beforehand, being followed by mixiné,
or either one only can _be dissolved in the solvent, being followed
by addition. A method advantageous in view of operation efficiency

can be remployed. Moreover, the temperature is not especially

- "limited either, and any of various methods can be employed. 1In

general, the heating and aging temperature is in a range from 40

o]
to 100°C. For example, the racemic 2-methylpiperazine and the

optically active resolving agent . can be dissolved into water

respectively separately, being followed by mixing, and acetic acid
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the state of the reaction systemvaries dependi ng on
the anmobunt of the solvent used, and either a slurry
or a. honobgeneous solution can be. fornmed. A
honmogeneous. solution is preferred. In the case of a
honbgeneous solution, it is cooled, and seed crystals
are added, being followed by sufficient aging and

can fgradded c belinggto Thewe d & yPRE AL Uh§ UpSt et dldarch r Afiterwise,
to 30C preferably from5 to 25C. In the case of a
the gagenic 2-medhydpdpexpzing Raatbe dlissedveshintef watier, being
rature, .and tq age at the tenperature for
fOﬁa?e‘gr%ffblyc ERFLPENE t9er Poto @eﬁer@ﬁ)f%w@rg:lﬁzoagzopticauy
tHedresollkeh | ! i : i
ac S0 o ANt a%{é‘ﬁgﬁs Qoilt%tl&?%,'nﬁ i\éét]f?)%cgigtcl:a\l/rébe added

optically active 2- pl per azi ne/ optica

in thisl wriengentFuiahleralird,nech@s rdesmibberl Abave b fperazine,
recrystallized, optically active 2-nethyl pi perazine

optigakly attgivepasdving iagendf, a@@td%eacad andewadsrbean also
Qbt ai ned, Furthernore, considering the recycling.

be mixed,; Peing;follovad byr heatingaiun fe %Q)Ibmﬂﬂéslc usdoh this case,

R R N —

In this case,

of ther soeoyakedssde dfi eAndredUsi -y &2k R%éégﬂégugrgolqtion

. quick operation very significantly as an 1ndustrra
can heofesmediheAdiomogereres salutsiaf ian pepifetdledaCt IMCthe case
i'perazine derivative and an optical resodlving agent
- of ahgpogeneaugisphubighatld 16/codieds dnd serd crystals are added,

bed B PO T B e ERE o dPrpbhant o B EifE, FRe1R.  mhe
tempdid titd Y& géﬁekal%fff&ﬁf %ea{tgf $ gggf{arablxeilfrglgﬁ to 25°C.

oxycar bonyl at i on. e precipita rastereo

In thencase odparaledry  dam fibeneck esdey @oREatadd d Bolhent reflux
. nother liquor by filtration operation. In general as
temperadiiisy ARG (toc dder Rty thRetepperatiye aforva sufficient time

el PSS A0 G, R B B o 12
hour@N al kal i ne aqueous sol ution

If the optically active 2—met'hylpipera21ﬁe/ optiéally active
resolving agent salt obtained as described above is recrystallized,
optically active 2—methpriperazine with a high optical purity of
- 99.0%ee or more can be obtained. Furthermore, considexing the
récycl,ing operation, it is preferred that the sclvents used for
“twice optical resolution are identical in compositioh. In this
case, the adjustment of solvent composition for recycled use is
not required to allow simple and quick operatibn very significantly
as an industrial process.

The diastereomer salts of an optical active piperazine
derivative and an optical resolving agent can be used in a state
of salts for the oxycarbonylation reaction, but the salts can also

be decomposed to use the opticaily active pi—pe.razine derivative
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using an organic solvent is publicly known. Concretely

reported are a nethod of adding a very excessive

anmount of a highly concentrated sodi um hydr oxi de

aqueous solution to the diastereoner salt for

extraction using an organic solvent such as diethyl
in & %er or benzene (Journal of American Chem cal

SoditEfy Stgte Fog thesorycarbedydatabhod of adding an

EXCRR{S] aount f..a highly concentrated sodi um

hydr oxi%‘ge aq%le%ab e‘s&ll?ﬁt@%e’c%etrhéalﬁi%ﬁm beevaparsted from the
diab®erednsingadl 3@ R 0.he separated, :

col l ecting the ani nglel gﬁé&?l?g:r é‘r’f’ﬂ\‘}f’ﬁg%?hgl%ﬁfféltlon operation.

In coenerraledaisn 4 hee tWBNEFbRY e HSidiGnd Ok, eXaNml e :
~_,.sodi um hydroxi de, repeating t he (%%éléat fl’%ﬁ ogf}r%:dldally active
nItFPEERrPPAgai Tangdanpdonanaton itk eiaabe dithr 2639 isolated

as ég?%fq% The bases used in these publicly known
Fift-tlred B Ehod|9&prtrachintyi oxi albisa bimd afiete@ 88 ution
i A% dE QX assium h oxide, and after salt
umd%conp%ﬁ??ﬁgg,Bgi‘\ﬂgfltr%opégﬁéc%ﬁi KROWB. recovered by
nmealen@fe €1 ¥ Hdde e st Lon. Especially in the
ne*tﬁgfﬂﬂ of relr:ove%i ng opt ie§§1 %é@fgé?ﬁ% adding'a Yery excessive
amoyn ¥l bigbigzeoncénomnthe $b@sieheATR: 15 ' ;
to tigcally active 2-nethyl pi perazine and{lg%t |-gglfgf)§/ls solution .
T iVE RN #8ld; fobt siredctiynansenyi 88l organic solvent

sucth €59 Hi i thod using optically active tartaric
sHe ac?’g, &%%%?neﬁ§§st Cfe PETFSHG a{s’éq;maﬂy drfHdmeriaran Chemical
Socenes shl 245 ¢d g5gnH € in.JP3-279375A and . '
. Jggagese Pat gnt ?%8&25%%&%{ @85#‘5%‘%@855%}18@? §XG¢&§1ve amount
of a biehdy Cedcénteabylpspeiadimeiddne lowd 859 kB o -
ai t he crnzest allization step to tt[iﬁ%a sal te (%lglté%r?p&ogs%toggﬁlon to the
lasheqpquens mplt Fiprheawsiag ian JBROO2- 89$5H, t3. bddBarated
collteic{ﬁ%g Rased .21 the anount of the diastereoner o
salt, “of soﬁ"ﬁrﬂ%%ﬁc‘fde‘“}r’ﬁow themwatdn contained in the
- amindeQRRRAS idiQly, § j,stildation under reduced pressure
s performelg{bt oq%%t %’%ﬁ%‘%gﬁ,{&lﬁlﬂ S}YM% mreating the
operadtiain , yared diigt i 116 S at 3 itign_st t.0 the
1 o hhngRe Al of i o4 2699,

distillation step is 71.0% and !
(187%)di-g TBe abaamedusednd.n9@%e sehupilgled v kddif techniques are
aJ.kali metal hydroxides such as sodium hydroxide and potassium
-hydndoxide, and after salt decomposition, a water soluble amine is

recovered by means bf- extraction or distillation.
Especially in the méthod of recovering optically active
' 2-methylpiperazine from the diastereomer salt of optically active
‘2-methylpiperazine and optically active tarfaric acid, obtained
by an optical resolution method using optically active tartaric
acid, sodium hydroxide and pdtassium hydroxide are generally used.
For example, in JP3-279375A and Japanese .Patent 3032547,
spdium‘ hydroxide is used to recover (+)-2-methylpiperazine (the
total yield in the crystallization step to the salt decomposition

step is 57%). Furthermore, in JP2002-80459, 2.6 molar times, based
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salt deconposition step is 78.8% Still furthernore,
JP2001- 131157A reports cases of using potassium
hydroxi de for salt deconposition, and the anount of
it used was in a wide range from 0.89 to 14.4 nol ar
ti mes based on the amount of the diastereoner salt.
The yields in the salt deconposition step were from71
on the amgupnt\pf dbeediasterdenartdmilt f of seOMRMYTMHide is used

foro% %@3& actlve ami ne fromthe di astereoner salt.
7 ‘? YT IRR 4 @nd ydﬂa%’ﬁ%ataw nendew weduced pressure

[ ‘
e R B e RO 7€ heRdiad sbiragher nilp Wekrlazdold in

 the isalith@ecBmpBEREEoR s B Al R d?Q'tEE.{LQF ﬁx‘?gkf,r i.gggg 40%. and

to 50 wt % of water and an al ka

if ttsealthtstuglltdtadrr gl edid A& h@@l‘@mdd']ﬁ?:oabéob@}% |€M8f ield in the
(Japanese Patent 3312459). In the exanpl es of %

saltyar dgEompegitikPRy drshede s adtRdB% 0 t heSsalll offurthermore,

ctive, 2-nethyl erazi ne and
- ae2qfi %ﬁ%ﬁ%ﬁﬁtsw%‘%@%ﬂﬁo egaagdp@izaww@ydgmmﬁf for salt
. dec&nﬂ'tyéji%? e 3?3 untI of it used vag in a Wide range from

p-t ol uenesulfon eny ani ne
0.8%dlovant. caplarnichigied BLYAl ocWRLRE, ahOtint 65 tg{é "Wiabreomer
optically active nitrogen-contai ning conpoun a
salth gAheeydedAy inatke ofadf%lecompositicnastepiwére from 71 to
Japanese Patent 3312454 reports a nethod of - bringing

75% an inorganic alkali into eontact with the crystals of
they f _an.ppt ctive am ne and opticall
act |0\%®t‘;aerrf ari ? tﬂgcﬂln%éhnxaﬁoﬁl toRBYCEHRAL IR %%‘FP]EIY Active

amindd finolh ehenal £§t&osomst It I LFRURT LRI 6;51? gally active
optically active tartaric acid as an inorgani A\

amine;ppd ap ehbiexhhplaetiofe idahirbarailhed ac&.ﬁeoﬁadalbti)éally active
142 t.i cal I%? 22 active di am nocycl ohexane and optically .
su é’ﬁ%@‘f ta‘Fﬁ‘%W%c%ﬂ at ethogd topfpepforming gonitaet in the

tlcaII actlve tartaric
presla aﬁq L9 %[Q) gﬁ ining 6 to 50 wt% of water_

aCI )

and hnphﬁ.lkﬁdlqt et 'i‘l?{dr%&q_ t'ehrﬁf‘llls)’o.laacé In% rt agl d

i's deconposed in an al cg%p 1n§3€ﬁ% Bee divire from
the alcohol layer (Japanese Patent 3312459). 1In the examples of
the patent, sodiumhydroxide is added to the salt of optically active

2-methylpiperazine and N-benzenesulfonyl-L-aspartic acid‘ or to the

salt of 3-hydroxypyridine and p-toluenesulfonyl-L-phenylalanine

in an alcohol solvent containing 7 wt% of water, for recovering
an optically active'nitrogen—containing compound at a high recovery
rate of 97% or more.

In addition, Japanese Patent 3312454 reports a method of
bringing an inorganic alkali into contact with the crystals of the
salt of an optically active arhine and optically active tartaric
acid in an alcohol solution with 5 to 40 . wt% of water coexisting,
and recovering the optically active tartaric acid as an inorganic

alkali salt." In the examples of this method, the salt of optically
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solvent with a water content 4 to 14 wt % usi ng sodi um
hydr oxi de or potassi um hydroxi de, and an optically
active nitrogen-containing conpound is recovered at a
hi gh recovery rate of 98% or nore. As described above,
the nmethod of using an alkali nmetal hydroxide
t_}épi fied by sodi um hydroxi de or potassium hydroxide
actiyp digminQudiahssaneprndndptibsdventtive aeaveniitgaand, the
pticall) tive, .piperazine derivative by a nethod _
Salguéjﬁ ‘%tyegaa]rﬁgctai%ﬁ%@aﬁ'@é ddaminepropaneaaiér b hgcadly active
tart8eiabavea MRt LRae tent . Furthernore, ip the case .
where the di ast:gge%arr@? ng]élo 'tc#: ¥ 86%'?3& fi/plé%’i‘Y%%thYlamme
andpbpetaallle detivat tuerandcopldiealily @Gl SRLRrd.e
acid i s deconposed using an allkalli ne earn%bﬁsr?edtaa r?s%rft?lcoml
solypnppvithl & ywalogr veopt et a2i e Uerwvatiyengafodfun hydroxide
It_){oﬁzcovered according to a principle different from
OT DOEAE SAdb o deheand o t balidy agtivea katdgeret @ntaining
I ' an al kaline earth netal salt of
°°“‘%§4€‘f‘%a%$ FPeetroB B R e Terave o A6 AEITAY gr more.
anths | §e PELOHAU t ZHEE as That _j in_the.case
: where an al kaline” e%rrt n %?&a r_gda t SU%JE%_%, aflh_ggkail metal
hydopxidel typidieidy By ps Pl am | 106k i ¥ ldrY potBX5ShE h{?dfggide for
mot her |iquor, and.the optically active tartaric acid .
salt degomposition and subseauegdiy tanober segambpdiasally active
: Lt this_ nmethod is used, the extraction
pipeldEhil BoriiatTed AU A Sthnd SUGh pRcPREFACtSon Can be carried
out st 1B MEEPR rd - f 100% can ,be achi eved.
The sol urgglll ities \éa?f et g‘f%‘%ﬁ‘?%‘fegsa%lenn%t er are shown
bel|Rur thegmoresi et tBEC_cﬂb@Uﬂﬁer@hﬁhé%ﬂ@é{éiﬂé&ﬁ?ﬁf alt of an
alkaline earth netal tartrates obtained when a ali ne .
OPLICAI nECALVRY b tRéXiezine e desmidrdioives akhddeoptpesLiyometive
tar ]ie.cl. 2210/,Wi t magnesi umtartrate (2%?_, 0.029% wi t h
s dfidas GofResEss @sing pivsadikal ite gartdmmetal salt,

an bpililcahe 2§1Qi dﬁ% %9 W th bariymtartrate éZlC
. showi ng( al O?Qt e ('za]'?aeﬂlsrll‘? gh F"Ir}}v?gﬁlﬁﬁl eCa8y) b r‘gc°vered
according to a principle different from that working in the method

of using an alkali metal salt. That is, amn alkaline earth metal
salt of optically active tartaric acid is low in Solubility énd
is precipitated as crystals. That is, in the case where an alkaline
earth metal salt is used, the dptically active piperazine derivative
exists in the mother liqilOr, and the optically active tartaric acid
as an optical resolving agent can be separated as crystals., If this
method is used, the extraction method is not necessary, and
furthermore in principle, a recovery rate of 100% can be achiéved.

The solubilities of metal tartrates in water are shown below
as a scientific ground.

The solubilities of alkaline earth metal tartrates obtained
when alkaline earth metal hydroxides are used for salt decomposition

are 1.22% with magnesium tartrate {26°C), 0.029% with calcium

23



On the other hand, the solubilities of alkali netal
tartrates obtained when al kali netal hydroxides are
used for salt deconposition are 30% w th sodi um
tartrate (24C) and 40% with potassiumtartrate
(15.6C), showing they are soluble salts. Therefore,
since the alkali netal tartrate generated when an

tagkkate esad) hydnes de tis stti%‘i'xtii%mditéé‘ﬂ:%’;%% i(?ﬁ"é‘@i €ind 0.028%

it is virtually inpossible to separate from
wispthiagdlumtactiate PP pz shewingra Vabf thenafe $Ai\@H 1y soluble
Sai Qtai ning 50 wt% or nore of water. On the other hand,
it7Can be seen that in the case where the alkaline

eart ' f. this inventiaqn is used, the
Sep_a%{{:‘!% tgﬁ&#lﬁ%h}aﬁ A ?isé%ﬁi}lé'gﬁe\?eoﬁi% Metal tartrates
obBgih¥at | ¥BehS £ASYLL A%n@l@éfr'tgfﬁé‘;?gdé WOED tHE.q for salt

di astereoner salt of an optic I ve pi perazine
dedempusi tien aste OPOE CRlkY GG HHHFES fla_cgl Snd 40% with
deconposed, an alkali nmetal salt and an al kal i ne eart4h
Pohasailumsbarteaie bEl L) ,Behopliesy aheyharkos@uble salts.
sodi um e _.and potassi um hydroxi de. On

i ncl hyd id
It Eg %i?‘%e‘? cf‘r“aei’fd,s‘li{ﬁg? B %@%@?@?ﬂ-h‘@ﬁﬁf#%lgengrated when an
A e e e TTA—

t he nmet hod "'of using an alrmeé

impaolyaii bgeass. sdperat Lalerdm eghbh JRtiMa15 Hﬁggeri Siperazine
~__not especially limted, and it can be typi ?I ed by
denivative Hara tsaistesit yariodiniony Hmivider nwoitd AL Svater.

etc. npl i ncl ude hydroxi des such as magnesi um
hydrO&E')%gl& °§§F£ ittty driosiade Pesteomtthak Hpdtbe gasandhere the

' roxd | gri.des such as nesi um o
al]?%l[i(#&img e ,Q%glarﬁ%#%fn‘sgﬁ'lqo% R H?FS%IW%JB%GQPM ation
£rdmarthen oit Dd ey ORiIgs: iy A% S 4Ye bfbﬁr@ :
- calcium bron de, strontium brom de and bari um br om de,

sul s dgscuibedabongnesiemthel d st e it Bast d86Q, optically
" sirontjum 24 sulfate and barjum sulfate, and ‘

BCTRFDINR TP Shth deriymdras wnd ctdisiedtly, asdiicieikartaric acid
is (M Sea SO C el %riats%l%n%n%arainurenllkaline earth metal
salt can be used. Examples of the former include sodium hydroxide
and potassium hydroxide. |

On the other hand, in the case where the optical resolving
agent is optically active tartaric 'acid; the method of using an
alkaline earth metal is more advantageous.

The alkaline earth metal salt used is not especially limited,
and it can be typified by alkalir_le earth metal hydroxides, halidés .
sulfates, etc. Examples include hydroxides such as magnesium
hydroxide, calcium hydroxide_; strontium hydroxide and barium
- hydroxide, chlorides such as mégnesium chloride, calcium chloride,
strontium chloride and barium chloride, bromides such as magnesium
bromide, calcium bromide, strontium bromide and barium bromide,

- sulfates such as magnesium sulfate, calcium sulfate, strontium
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carbonate. Preferred are hydroxides, chlorides and
sul fates. Especially preferred are hydroxi des and
sul fates, and further preferred are hydroxides.
Especially preferred is cal cium hydroxide. The form
of cal cium hydroxide is not especially limted, and

- be wdery or granular, or can also be a slurry of
Su%ﬁ%ﬁﬁ,aggtP?rTH@ FdFateof ané galchbnategarddtHe4 @l magnesium

ed.is fromQ. tg 3.0 nolar tines, preferably
el RIS SHESS oPAtsy. SREON R prebenably drdnbarium
: ' f th
carbdhate . Proldirdd BRDIRAl G dle pount of the

optically active tartaric-aci

Espgsdiaiios abefeafrea Qpd | Behibkyx2aksV ek pﬁ{ﬁzﬂﬁ% 13d further

derivative and optically active tartaric aci
- Prefeggagherehdipdkekidmes ear t Bspetsh 159 tpderadddas S calcium

.espegially limted. It can be added to the
hydz%%é‘elgﬁs s'gﬁ“ﬁtgi%“ﬁ‘ oFf aHeiumhydsoxade dat hotldspeattd e, 1imited,
andPLAR! BEI Lvati and optically active tartaric :
acid, orIlj 5t“ﬁ‘§ejeefs%|°?t 8%%&?&8&4 O Fin 2159 i sdariryeof water,
etcderivative and optically active tartaric acid can al so
be added into a water slurry of cal ci um hydroxi de.

FurTh@rm‘B}t ifetBe ad KealNte eairtth MRiah st ﬂéec?q.%egrom 0.5
o gsgalli in arange fromO to 90C, and in view of . )
perBPr8h EiPeEr eRE§fanabinf 6rym 0t8i sodesorabler tOmes, and
morad rékePERY ro tenmperature. In the case Where
thg plperaz¥n€§%%r?v tf@e i3 B3lap| Blres hased, ontths amount
Of tiRuablty a339Ndelvd L RAEAIL S JeRaMDOs tion in a
sol vent containing 50 wt % or n%bé?%%%ﬁgg%f£}*h@ed%%ﬁﬁﬂposed'
Of 3t opftd caddlyventiusepliperdzife IbitivRS LY 2R g£i 1ly active
tar referably 1 to 7 times by weight, nore preféra ?y b
PrE°1#6tS- by wei ght based on the amount of the salt
of QB_'C | tive nitrogen-containing conpound
and bt g I%l)l}%‘c?ﬁ?eafléﬂ%ﬁ‘? ceafetly matialk s@ldndsnadded is not
espédiba BDY GRti ted® | $+1OH, HIB % gRAceaLration of [the h
ol kol he oated: =Pt cdh be ébdeéiko %8e aqueous solution of the
salt of an optically active piperazine derivative and optically
active tartaric acid, or the salt of an opticélly active pipei‘ézine
derivative and optically active tartaric acid can also be added
Cinto a water slurry of calcium hydroxide. Furthermore, the
alkaline earth metal salt is added usuwally in a raﬁge £rom O-to
90°C, and in view of operation efficiency and safety, it is desirable
to add at near the room temperature. |
In the case where the piperazine derivative is soluble in
water, it is usually essential to petform salt decomposition in
a solvent containing 50 wt% or more of water. The amount of the
solvent used is 1 to 10 times by weight, preferably 1 to 7 times
by weight, more preferably 2 to 5 times by weight based on the amount

of the salt of an optically active nitrogen-containing compound

an.gi optically actlive tartaric acid. If the amount of the solvent
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of optically active tartaric acid generated by salt
deconposition in the slurry is so high as to result
in insufficient stirring, hence insufficient salt
deconposition dangerously. Furthernore, if the anount
of the solvent is too | arge, an econom c di sadvant age

. arises in view of the production efficiency since the

is Eeppinabl. difvumonsfentimtsiain off tae apkatahbye&Eth W@tal salt

fkg%fereéine derivative and optically active tartaric
Ot WP ST IS far AT Rt hgennmiaded byt heltatrromposition

. i i deriyvati s, sljghtly soluble
in PREELEPEYPLECEETM G 55 LET RAR b et e Hhsnant i rring.
henei:é bet b el des@ldaide ﬁ%ﬂ%‘o@i%@.oﬁaﬁaggeféIl?f? 23 eb*rjus’z_ltrfl%rmore ,

an organi c solvent into the organic solven

if theanpbestods tthe solgant CisebyelirydClahl8c8hORRE Fisadvantage
. hydrocarbons such as benzene, toluene, o-xylene,
arl_?@&y%@néf,leﬁ- 2§ &he, paoidyididene ed fioiemoyp\ditees ene supplied

‘ i sopropy) benzene and mesytilene, aliphatic )
- amoyy, r%%aﬁ%%n%aﬁgeﬁga%nrﬁ% Gy ehHs@Riperaenaferivative
and N6 & A0k s e cohol s such as :
R A R e o e R T S A
2- pantheadthek paRlANG] tABGdKORBRLENGe pigEESQE SWdtivative
as diethyl ether, di-n-propyl ether, diTs propyP _

is glhghtlynsciybleedn brter ot tive apditalighwdnaier giperazine

and ketaones such as nethyl ethyl ketone, 2-pentanone,
der%‘f?)‘é’n‘f%nﬁﬁée%%éﬂhﬂajits gBaPRPOSKkELORecams bs crxteab ek using

an o%ﬁﬂ&g Eoi‘—y@ﬁ{? cﬁ{%ogﬁeaonzd aarlj%-? ggl;'l.wsrfaﬂgnlp% n S'az i%%gqen'pliefs ef the

extracti on opera Ion 1I's repe

orgaitic Veblvent eCA¥Bae at-8madile bﬁyﬁEBéQEﬁgnsT@ﬁc?xalés benzene,
deconposition is usually perforimed 1n a range from

tolugpaut roomxydeper,at ur m-kgléfeC, prefeybdhy, i N aHAAGRNzene,
froqhgo to 100C, and nore preferably in a range from
D-PIPY-PaRRe | f kIRPTeRRanAae iand omdswiildme saldliphatic

nra SRR 400 TR RELIMLLLC RSB BRI | npgctane.
n-ndifarld 08hd hQad¢aleyr $1ddhdiRe JUdP 4§ hoR9%Gnoine 23—%'uttanol
~ deconposition 26 S ’
isobutanol, l-pentanol, 2-pentanol, 3-pentanol and isopentanol,'
ethers such as diethyl ether, di-n-propyl ether, diisopropyl ether,
methyl—tert-bqtyl ether and tetrahydrofuran, and ketones such as
methyl ethyl ketone, 2-pentanone, 3-pentanone and methyl isobutﬁrl
ketone. Preferred are aromatic hydrocarbons and alcohols. In this
case, 1f extraction operation is repeated, the piperazine
derivative recovery rate can be enhanced. |

The salt decomposition is usually performed in a range from
about room temperature te 100°C, preferably in a range from 30 to
100°C, and more preferably in a range from 50 to 100°C. If the
temperature is too low, the salt decomposition may be insufficient
dangerously. Usually the time period needed for salt decomposition

is from 1l to 24 hours. If the time is longer, the salt decomposition
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yield is higher but |ess advantageous in view of
productivity. Usually it is desirable to performin a
range from1l to 12 hours. Meanwhile, the oxycarbonyl

pi perazi ne derivative produced by oxycarbonyl ation
contains the inpurities represented by genera
ifﬁﬁmaa(&to(Sy 0 GCXX RA~-NVR~-4 H1 RN{(

VAol gylaney 'Ra® (s xadvant MfBos Oxn(Plew B (Bloallctivity.

U [ f the oxycarbonyl -substituted. piperaziné
sufldsPil 1 ﬁ%ﬁ}l’ﬁﬁb & tRmeTfarmsinae raggedirom 1 to 12 hours.

chr peBLRHLE3RNY: %._1n rity as the case may be,

due to the iEr']gtrrgésg) Qg\é af:hg ng'ﬁp%’ré‘ﬂ?‘i’emﬁéﬁrifa{itwg ranciuced by
OoXyghobbaoly Latfiohs eoned 1B er; rmulae (5) to (8).

The pi per azi ne deri&étigggré%#%%g'ﬁgﬁ b gF%EGQEﬁérBY general
forpylagl 45050 i(8)the inpurity generated by a side

reaction in which both the two nitrogen atons are
oxycar lgpnyl at ed. The pi perazi ne derivatives

represgn by the general fornmula (6) and the general
fohnul {), are the inpuri&ies estimated to have
been™pr ed through degtar hoxygtati on of oxycarbonyl
substi( t uknt_ groups. Furtherfior¥, the al coho

re’ﬁresé‘nteﬁf by, the generadAorsul,a (8) is estinmated
to be ghQXinquﬁt proddaed By Hydrol§gdng the

oxycar onyl ating ~agent. Thaf is, the oxycar bonyl
-substituted piperazine derivative represented by the
general formula (2) obtained by oxycarbonylating 27

R.__N__R

LT

R N R?
G~OX

8 .

(7) . XOH (s)

Thg purity ~of the oxyCarbonyl&substituted_ piperazine-
derivative may be as very low as 90 liquid chromatography area %
j._n purity as the case may be, due to the ingress of the piperazine
derivatives and alcohol represented by general formulae (5) to (8).
The piperazine derivative répresented by the general formula {5)
. is the impurity generated by a side reaction in which both the two
nitrogen atoms are oxXycarbonylated. The piperazine derivatives
Tepresented by the general formula (6) and the general formula (7)),
are the impurities estimated to have been produced through
_decarboxylation of oxycarbc)nyl substituent groups. Furthermoﬁ:e,
the alcohol represented by the general formula (8) is estimated
to be 1.:he impurity prpduced by hydrolyzing the OXycarbonylating
agent. That is, the oxycarbonyl-substituted piperazine derivatiﬁe '

Trepresented by the general formula (2) obtained by dxycarbonylating
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t he pi perazine substitution product represented by the

general formula (1) according to a general nethod

contains the inpurities represented by the genera

formulae (5) to (8). So, only a | ow pure

oxycar bonyl - substituted pi perazine derivative with a

purity of 90 Iliquid chromatography area % or |ess can
théepdpeabnede Habevetnttibs YPHAURAI represented by tkbe general

oxycar bonyl - substi tuted pi perazi ne erivative can be
foppalay( Ebmaaonddnanto a genhryl pushod contains the impurities

ubstituted piperazine derivative by

__.oxycarbonyl -
reNFERRER DY PUF danaFat SRTRAR L8) By (8).  So. bnly a Low pure
{ zaty i.ng and/ or istillation, In the ‘
oxfEUEbaUL LB EPLLIBSS Al AR INmsiR e Bk & putity of 50
Li@hpar REORa oG Y V8rbd §ObEd1oLL 62 BE S6{ANEdy DY
ordinary crystalllzation. Furtﬁernnre, In € case
wherlowdnee 0y the bobyla i ngidh Sty ¢t o 0 iR Piperazine
.. in an acid like a tert-butoxycarbonyl group, refining
delivati¥eal FRRat.PEn ienSEkY r abbevethed heintber ahakdghly pure
' sg.where the oxycarbonyl - substituted .
°X%‘|9%{é‘§]§‘% LESuRTTUbTTee B TR ordaTH Vid veas bYwhepRlying a
£0i XY CEHONY § t uept is.stable in_ an
, Tecid 1i ke ‘g‘@be#]yzﬁyl ox%/é(l:ar nyﬁg£g$g%|%j,'l%%igel?%1 | VFHylng and/or
distashlangisiep can be used for refining. At first a
particul ar nethod for the washing step will be
deschkli bébe AR®y wherkouthé molntiatines repyessdegd byubstituted
it£§ %gnergl forEuIae; (5) to (8) produced in the ‘
PIESARHELT PR ERbpVet &S ziHe c@erbgarefdned by ordinary
SPLEBEM farmyla (5) and the _al cohol
' cry: epresentggmj% ?ﬂ@%‘%@%e f gLrn ﬁ:hg %g));éa%eﬁ%ulﬁ%loxycarmnyl
suleinpowknels grang is flm@:fta@:l%a_ﬁlhcarﬁQb![ﬁrlii}&esaul?@ldt—f@.{?ox carbonyl
. washing, they can be relatively. easily renoved r&%
IrQie. FRfdadbanyy csvisdailtliitzed: ipinpks alkisiaabder.i vehidtee other hand,
. gﬁgresented by.the general formula (2). Concretely, an
10 5RPFase whata the eREcarkerynsubstitebed pdpesiagiing demivative

is q_)ﬁ}{;ﬁﬁf& Yy Ii'n %ﬂQSE'aE gt %ﬂeglep %flgzé)}rg}?cggt%r\{? ! é/ I(J?bstituent group

is stable in an acid like a benzyloxycarbonyl. group, the following

washing step can be used for refining.

At first a particular ‘method for the washing step will be
described. |

Among the four impurities represented by the general formulae
(5) to (8) produced in the synthesizing step, the piperazine
derivative represented by the general formula (5) and the alcohol
'represented by the general‘ formula {(8) are heutral. compounds, and.
if an organic solvent is used for washing, they cdn'be relatively
easily removed from the oxycarbonyl-substituted piperazine
derivative represented by the general formula {(2).

Co‘ncretely, an acid is added to the reaction solution

containing the oxycarbonyl-substituted piperazine derivative
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28 represented by the general formula (2), to nmake an
acid agqueous solution, for converting the
oxycar bonyl -substituted piperazine derivative into an
acid salt. In this nmethod, if an organic solvent is

. added and stirring is perforned, then the

re hgdrochlorlde is distributed into the water |ayer,

M¢d by itheudenieasn] rrRETREENTE] byt eneral_.
oqu{i'E%l a %g) and the general fornu(lezg ‘(8 nlt%g){%bém acld aqueous
ext ract &85 FOBVERE 1ggg dliec oslozambionlyay-@ubbek thieBBV Bk perazine
derf iR viNE, @gﬁt' on_sol.ution containing the
oxycar bonyl© “SubStf Sitdd  pRpdrie mathdd: inmbhvegdli® solvent
is reidedd &t PFELPAILAHI; LD i d_agueous sol ution is not
_especially limted %Ldt %s‘??%&rg‘%%s Fhedt Hde divdmetnpmide is
disgrabpgkdacidtoi nthet hgagypt hgta'h,%rr eaction sol ution, L
repggg%s&ég%ﬂ&g’t he oxycarbonyl - “stbsti t Gt 8aP¥peFisi ntpurities
_ t&er gevpred Pyrihes ahal tior (42
o {,Qreglt_)i_g(i:ﬂiag_ the solution. As the M nergldgﬂé%ac},_)f%%?‘ﬂa (8)
exanpl e, -hydrbRhPoFhe aepande salvemtciagesl £80 Bémoval £rom
the prfRy@lly o .and the addjtion is made with the pH
‘ of the react?%ﬂtlggl (TTBHEREI atthe pxyeasbonyl iqbeH tuted

pipéxaimgeiediieat pxycar bonyl - substituted piperazine
derivative represented by the general formula (2) is

| es9 imedihod & dompraparicid G tac KP4 i ngl.y,. and
espaidiyy iidi'%t ributed into the orga%ipca{ﬁo} \%tsoqldﬁ']ioﬁ’g 1s not
washing, "Pabsn P he impdey dsya matthddoo e d 18y a mineral acid
intdur tdhgy nors?ngﬂ%q:icconcentrat_i on of the oxycarbonyl -
substituted piperazi nd HfFTARR | vesqlnttilon acicbraguedns  the
rom5.to 40 wt %

- oxyasuiheiniyan sub stSHH ey | f
preferably in a ranggp{%}%%q?% FSréﬁa‘v};}% TpEesented by the

geneEF@f§P§@P}aiﬁ?a.rﬁngeobtaﬂhiﬁgtthSSofﬁgﬁoHTmiégwgyg%ineral
a1 OIS LSE LT (e tesh 1 STep 15 ot Sobecral 1Y
| i i 1C acid can be
pref@%%ig'eﬁéer@, Lag the addition is made with the pH of the réaction
solution kept at 3 or less. If the pH is large, the
-oxycarbonyl—substituted.piperazine derivative represented by the
general formula (2) is less likely to form an acid salt
_correspondingly, and so it is distributed into the organic solvent
during washing, causing the reécovery rate to decline.

Furthermore, the concentration of the
onycarbonyl~substituted_piperazine derivative in the acid aqueous
solution is usually in.a range from 5 to 40 wt%, preferably in a
range from 10 to 30 wt3d, more preferably in a range from 15 to 25
wts. |

The organic solvent used in the washing step is not especially
;imited if it is industrially available, butlconsidering the
_;ecoveryrateof1ﬂuaoxycarbonyl—substitutedpiperazinederivative

a . .
t the time of extraction, an organic solvent of 10% or less in
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recovery rate of the oxycarbonyl- substituted

pi perazine derivative at the tinme of extraction, an

organi c solvent of 10%or less in 29 the nutual

solubility with water at 20C is preferably used.

Exanpl es i nclude aromati c hydrocarbons such as

tol uene, benzene, o0-xylene, mxylene, p xyl ene and
thet hyikhanz eraunali I c ug 2- but

i sobut anol , 1- pe%t@;go?l%% Eigﬁ%gng?p pen?aﬁ’(ﬁ faeralbly used.
Exauhkseriglclats eysingttehca hyld roefai®ion sSeGBhass dt@llﬁé’ﬂe benzene,

er, eth propyl ether, ethyl isopropyl ether,
- %J; éO'p ’g‘HFé}e b sehie IW mwthmlbmrzen@rtamumls such as

1-BEtdyd; et her d 1 rah ofuran, ketones such as
3- pendt anong b?%r % Ofet onk: P?nﬁéﬂ%one Z-pentanol,

3 -pedgaione; agly PLARO aronat |
P;Eydrocar bglns agnr(ljgg %12 P§Cl gg(m)re pF gg-‘ﬁeguglheas diethyl

etheomethylhydspgRicions:, eERREci 8bpyoRPleaiisd i§opropyl ether,
t ol uene. The anpunt of the reaction solvent ‘used

1Sqtr+tha@ﬁthgl sither i sentuabtyl fredinyQ. étli@r aadtmmatﬁwrofuran
keé’éﬁ{% ﬁrefgrably‘:ltoStlmes by wei ght, nore
SFEterds Regtanppe hienkr gty bhaeddydnke henanslritexanone,
i | ut Furthernore, in, the
3- *%i%%?‘%d? ARUERRORY bR re b T anait Mgisiqparbons

andsablcoholBe T amnbesy!prepbstiduted PLP e
derivative into the water | ayer de?% n‘l:les&gga"{J hydrocarbons.

Espeqirddy grefierrededst italwalevent used in the reaction
ste% if the reaction solvent is distilled away
bef P&h%‘ﬁ&%‘y‘ et cHhefassdrian gelyendonsent int the washing step

: U e+ or azeotro the recovery rate
- l_s cgﬁggél& enﬁgncedq'%Fli ‘-iiﬁe' ered ey Lnko s times

by weaght pioi@ yE8F erﬁblﬁ“ 15§8| 3’ %‘1m'e§ tgg tteﬁaggg onhghe amount

organi ¢ solvent, the acid aqueous
of @@%@wﬂaﬁadea’usasmmwml on tenperature of 50 to
100% under a reduced pressure of 4 to 100 kPa, for
di st PFi Pﬁﬁmﬁﬁﬁy iphehe canre shexns tbet dightdibution rate of the

q was hi solvent is added. The
1nt BRI Y bt e el Gy SR TYORRL oA B ot Biperazine -

der&@@tlve 1nto the water layer declines due to the ingress of the
reaction solvent used in the reaction step, if the reaction solvént
- is distilled away beforehand by such an operation as concentration
under reduced bressure or azeotropy, the recovery raté .céh be
gnhanced. For example, in the case where the reaction solvent is
dissolved in both water and the organic solvent, the acid agueous
solution is concentrated at a concentfétion temperature of 50 to
100°C under a reduced pressure of 4 to 100 kPa for distilling away
the reaction solvent, and subsequently the washing solvent is added.
‘I'he washlng step is performed usually in a range from 0 to 80 c,
preferably from 10 to 60°C, and more preferably from 20 to 40°C.
After the acid salt is washed using an organic solveﬁt, a

usually used base such as sodium hydroxide or potassium hydroxide
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preferably from10 to 60C, and nore preferably from 20

to 40C. After the acid salt is washed using an organic

solvent, a wusually used base such as sodi um hydroxi de

or potassium hydroxide 30 is used in the obtained

wat er |ayer, for making the system al kal i ne
., Internally, and the oxycarbonyl -substituted ,
1s ot the ekiained waterslayeracted making e @@aBinCalkaline
. . 1t is preferred that the organic solvent
mtﬁ‘g ééiﬂgr S hshpBYorEheny h-pras kituted Jdinehidzing derivative
is BktPa¥BLE udEnd05, | der | the recovery rate of '

t he oxycalrlborﬁél - s%g@%il'?%tseo Fhkr aiitnéSdBFﬁﬁﬁFFvé ghat the

orgahtctsobvent dd AdicdN.s E5RMPLCPed NG, t he. or gani o
sol vents enunerated for thenpv\gs ‘T’%%Cls’fg%‘ebg'ﬁs}%%_ $ofubility

withr ef@terd @ e 20°0n8t b6nbyYELLAGDONSe AULoRSRECEALLY of the
- Ere&err d is toluene. I'n the extraction step,” as
YPRLePR el substibrEadi @inanazingi Gepiivayiveoditumhe time of

-t f Lde ium.sul.fate can also be added to salt
o o%{;@%@ %’%%‘9 STy -G PGt be sedvieats enumerated for

the Geidhiald ¥eepl W ropbhansl overy rate. The '
fol | owi ng concr et el y ggs‘%%%ég %‘%‘é‘ aa’foﬁqiﬂqaﬁyi;ﬁ(’g%ﬁ?ns' and
especiaklyreceteededi 161 ol beh®, renove the inmpurities .

represented by the general formula (6) and (7) in the
wastl nfhet extragtian tsiegpf omm acqhisadd s hhkenbR@anic salt:

rhonyl = . substituted piperazine derivative
EYpLEedd tge%djo'_ﬂ}“t%éi%’é%%? P FERHNm §2)fake care alkial be added
Lo e 08 e R B R B Ch e o

pI perazi ne derivatives represen

enhdrgrimg atl{ed)revséte gereral fornula (7) can be renoved
- by distillation. That is, the piperazine derivative

r egies &ERldOWing mngmtslat deorantiie sy Mhe a1 N9 QWL idH step.
7 a lw hoiling conponent, and the piperazine ,
derivative qxgltﬂ%é‘;%’ﬂ egﬁlﬂiﬁt‘?\’e“gerf@ alremsrval aier) Anmgairities
v il Ui TR E i L 458 TR fing stes,
sincmepthﬁ?nﬁﬁﬁnbYabh@. salts like the oxycarbonyl-substituted
'.piperazine derivative represented by the genéral formula (2) in
the agid aqueous solution in the washing step. |
Therefore,'the biperazine derivatives represented by the
general formula (6) and the general formula (7) can be removed by
distillation. That is., the piperazine derivative represented by
the general formula (6) can be cut as a low-boiling component, and
the piperazine derivative represented by rhe-general formula (7)
can be cut as a high—boiling coﬁponent. Furthermore, in the
distillation step, the piperazine derivative‘represented by the
_ general'formula_(S) and the alcohol represented by the general
- formula (8) respectively remaining in the washing step without b'eing '
removed can also be removed as a high-boiling component and a

low-boiling component respectively.
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general formula (5) and the al cohol represented by the
general formula (8) respectively remaining in the
washi ng step wi'thout being renoved can al so be
renoved as a hi gh-boiling conmponent, and a

| ow boi | i ng conponent respectively. 31 The follow ng
describes the thermal stability of the

oxyTiae byl kawiysd | debedipeRer 8BbNerKleFhyY Rl iM&bility of the
represented by the general formula (2). The invenfors
oxyppEkPREL ysubst itnbed anib ewed e didihierd hisrdralepresented by the

stafilit of the oxycarbonyl -substituted piperazine
gengEaf5erelar £l esented by the general formula (2) ,

an found that the comound is partial
Eherie fludditine it e e v U Ry Gord vERe: thacthermal
taBXY £y DeRy I vl &&ngﬁﬁ,d_ SQ%% add on; owing. t o svati
® aheat.ﬁﬁlt was cgﬁﬁ¥rne tﬂét the's eﬁﬁ#ié@ﬁgﬁé%#éf derivative
represpotad b thecgéhyraBifaehad Py )t hend (8 44B: 2akdund that

the heating time period. The following is a concrete
the o%@&??‘ﬂ"ﬂohs ugaplally thermally decomposed. That is, it was

) - 13- ' i | e.
£ound MLV Y B on I grobay Cpsas Gecarboryiation owing to
d-b Ao 18 - yl i azine with a purity
héa of gfg’.zgsgl i qwlg cﬁr%ﬁ% o%lrgaépﬁgﬁllpﬁjeéy%% eSP‘“B&BBdt’ﬁ greatly .
affetted oy 280G edpOfatere 2008 £RE ﬂgahﬂﬂ?stilﬁgebériod.
liquid chromat ography purity declined 0 99.0 liquid
chrimat ogfebhgwir@ea %s 95.6 | i gohdrebeomadegeapbyion  using
1 bareq]e%and 59. 7 quﬁid chronat ogr aphy area % :
- PERANER¥Y GO S rRe Ry Lk era%i Be cAf ot SYAERHS -

purg¢y of .
1- benzy! - 4o Benzy 8%y €& bony T8 et hyhirer azi FEF example,

 1-b&WZy B6RPEATBENY D~ 3 LIRSt EPTROYEE & £RE CSENMET DY bRy of 99.3

general formula (7) rose to 0.2 [Ii1quid chronatography

liquiéaifortaRography alsdrAWag aphywakedosaata 80 120°c, 160°C
| i qui d chromat ography area %respectively.
or 2% ChEpHvke hoprsn theirohbpuind okasms tiagwaph psrdhg déclined

to %Sﬁ?% n]iaJ{(@{glrdaLl %ﬁ;::“org}aeééﬁ%é% rh%¥eVéa%‘9§5§ 6I 5.9.&{19.51 chromatography
area % and 59.7 liquid chromatography area % respectively, and that
the liquid - chromatography pufity of
' 1-benzyl-4-benzyloxycarbonyl-2-methylpiperazine corresponding to
the corﬁpound represented by the general formula (7) rose to 0.2 _
liguid chromatography area %, 3.2 liguid chromatogrdphy area % and
30.7 liquid chromatography area % regpectively.

Farthermore, when the- compound was allowed to stand at 160°C
for 1 hour, the purity was 98.8 liguid chromatography area %, and
. it can be seen that the decomposition rate was small compared with
‘the case of 12 hours,. |

That is, it can be said that the
benzyloxycarbonyl—substituted piperazine .derivative represented

by the general ‘formu]_a (2)_ is more likely to be decomposed when
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it can be seen that the deconposition rate was smal:
conpared with the case of 12 hours. That is, it can
be said that the benzyl oxycarbonyl-substituted

pi perazi ne derivative represented by the genera
formula (2) is nore likely to be deconposed when 32

the heating tenperature is higher and when the heating
the heatjey bdmpésatepgdels ni in the distillatjon
. step, attention nust be plab?lgg? t%%erbﬁgﬂea’tq?ﬁﬁmg time period
1s et -ons such as tenperature and tine, and it is

prefI,rr %to carr out the distillation operation with
t he o réﬂu Prfsishirad Jain & tepnP&E BEHE CoR MW be paid

to &9 IO e heatln time kept short.
© Cor?c? Pltgo SgﬂdBElQHFdSBF f @9 abgmpendiaird knd itfe, and it

istp&l‘ﬁi&{;@_{é&et@fa d |IIer S 240C or lower. It is
preferred thatctﬁgyp?gltgsure dil’ﬁ TRt |epewatien with the -

maxigger redpaedi o sshye a3 erably 1.33 .
thel 0. 133 Pa. In the case V\hergméﬁ’g%t}g?gtg%%{?‘% as possible with
hepkeRBiHEd; Ineskebé syarprertoncitdey 1 8ah l dad blekeranie
thEl%rgthlnfllmdlstlller can be used. t he case
baPcAnBPLt Fﬁme@ratureSopr ther dedtimaérthﬁ 84oRt 164 1over.
anpiits rial is 1/2 or |ess of the
entire %%%%‘%@\yg ie BFg?FPIr@rd‘fI@rn%ﬂ@ﬁtehilnglohe.s lower,

parhkaulaglyi ne33Migels @5e rr
further nore preferred Fg 1?%3}?81;% th F@ %ﬁ%hP%n

i dek tbﬁ@mwhhretdnrgfcﬂmﬁn 1B it
eith eél an_be shortened to Iome?)thelltrdher é$q’he €quipment,
corrpo%‘f? oiFtibleryorhe Heterfibandstin tde Easpdfused.
a tiy Rrd | I gt L] raw material feed rate is
o di fferer‘T‘Jt "?e“%e?f ngS‘FC hglﬁéﬂrﬂzéﬁatruil‘é isfpréerhed that the
supfgliend Eoddurt.of HhQ' Rake DS th i ze and
h Ela%%fsﬁf‘m & s?i’?l RF L#%StPk the entire

capag;plg'gf gﬁc %eo giZBICt).\fza:lJre\ietﬂdﬁ:e@hoh:ﬁ:

ehin?lr gflgrﬁﬁgtigga@luu More

pr*«'aft 'éf %g{}r Sgrfgég L;atdogugggeg;t:td beefFavred
is 1/4 or less.
‘U51ng such an J.dea, the heat hlstory time of the distillation raw
material can be shortened to lower the thermal decomposition rate.
7 On the other hand, in the case of a thin film distiller,r the
raw material feed rate is different depending on the temperature
of the thin film portion, internal pressure, the size and
specifications‘of the thin film distiller and the piperazine
derivative used. It is preferred to adjust the internal pressure.
of the dlstlller the temperature -0f the heat source and the raw
materJ_al feed rate in response to the bo:.llng point of the
oxycarbonyl-substituted p:l.peraz:Lne.derlvative for optimizing the
“distillation conditions. Particularly in the case where a thin
~film distiller with a heatlng surface area of 0.005 to 0.02 m? is

used, it is preferred that the internal pressure of the distiller

- 1s from 1.33 to 133 Pa and that the raw material feed rate is from
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material feed rate in response to the boiling point of
the oxycarbonyl - substituted piperazine derivative,
for optimzing the distillation conditions.
Particularly in the case where a thin filmdistiller
with a heating surface area of 0.005 to 0.02 n2 is
used, it is preferred that the internal pressure of
2 tOwilsttess . lﬁof:éomeﬂerﬁé’dt&el?f%oﬁﬁlaﬁg thaisd '1)% and from
raw material feed rate is from 33 to 30 Iirters/h
5 ¥BréOpléterséd.are from1.33 to 133 Pa and from 5 to
20 ljters/h. Irrespective of the distiller used for
di stﬁ’?%?li’%%tlﬁ’? Qhéhe Qwsﬁaitérsramse@rﬁ@:r ddstifidatGon, if the

o) w t.h ,a I iLn [ it is
ol o orlat et o Sl fs% et witiog 1ow botling
poigfpenat yge rfe@(ar%éﬁ”ﬁl e’c1.1:'|:5cﬁ éassl w-bo g’or le:i.anI ns.q?lf,x%t at a low

sol vent content to wt % or e

teppedaturd| Fdd éﬂhinﬁﬂle | rg@eResd Yl%c%fea'islf"l?llgdﬂgé Qb lfi‘zrentt content

used, the distillation step can be per
toj 3 Wikferriess obggera pérfiofming dpsodhderdistdlBation.
Iab ator scal e difference between both the

o di ot} TR C‘a’o‘é‘%"ﬁo %Pééltll;llﬁﬁp‘é%?d bhe dhsthblabben step can
be Perfobhod; baL PP A8 pPEELOIIRTLS udl, o R e, aigritier.

scal e, I s consi der

on rmrlab@d\aam@ge@a&e | 8hé N SE£aSEhod e Wict ‘b'o%eth@ Jistillers
the latter half of distillation is subject to a

doqw shot ycbﬁarll.mngppearr,rebuSO,lm thicheapas avidred diéfillation is
e In1d stiller, since the contact tine with the. heat
P ’% Q%aﬁé%ﬁt% Bcsde. .t hE ig eppsidened blflath‘ethin £ilm
didesi SPYf sed conpared with that . of
“pat ch d| st ?? i J?ﬁ&n&%a D&%l ghﬂ,g HBre - sE*‘f’aﬂF%tlllate in

thé QIatfbﬁthéiﬂt¢;@r1dQ§ 211 her ol
with-a high boiling tb%lnt(ﬁ$ﬁg¥é%ﬂéié$#f%§a%p§ggg argetory of

_longrir timehi nShi.l AndiBei thee ofSs a THihabliens aistheler, since the
distillation of the oxycarbonyl-substituted
COMtREr atihe JErth ath¢e Nedtt veirem emphorbe | kephe shortest, the

tenﬁ;&e%%éeiéleﬂ% dtnbiislh% %e@éréqe%&; gqeq(,jﬂnltéeherelu gélé$§psared with that
~ of a batch distiller, it can be said to be more suit_able for
distillati_on of a thermally unstable compound with a high boiling
point. Therefore, it can be said that a thin film distillerr is
' suitable for the distillation of the oxycarbonyl-substituted
piperazine derivative in this invention. If the.distillation step |
is performed, the impurities represented by the general formula
(5) and the géneral formula (8) » which could not be removed in the
washing step, cah be removed.

Therefore, the distillation sfep exhibits a further higher
effect, if it is performéd in combination with the washing.step.

The following describes thé method for Iﬁeasuring the

impurities represented by the general formulae (5) to (8) contained

in the reaction solution containing the oxycarbonyl-substituted
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(5) and the general forrmula (8), which could not be
renmoved in the washing step, can be renoved.
Therefore, the distillation step exhibits a further
hi gher effect, if it is perfornmed in conmbination with
the washing step. The follow ng describes the nethod
. for neasuring the inpurities represented by the
PIDEERELRE feFhtinhéveSrepvesd)tedrivyitied ganerdle foeRQlao0N2) and

{ cont.ai nj ng. t he oxycarbonyl -substituted 34
the 3o Pt M Lavins Fopr Suar o Bynénatgdmaed on the 1iquia

 chrbRABYLRapRY 3REs bggggg;:%ﬁgFf or calculating the

impurity contents he liquid chronmatography
ar ePo P AERRIragRs thE oM BAsY bR i -
impurities containedc?n t he oxyca?g%ﬁgﬁiq%%b§§?§{§§$FZUJthe
oxypapeeayl neutistivatedepl paresine b dtire Gp¥edented by the
formula(2), liquid chromatography is used. The
genGhat yordwila €3) uriawid choenatesrapby dgrapdy. uSte dnalytical
LySi $: LS. ol um using an octadecy] - based
COl%gﬁ”pj%)?i ?%Jéﬁl‘gsc PR aet BFpdifor pARlysis 49 § aoamn using
an Ussstfadeapcaldfak C stropgs, 5 (am.,.4.6 nm.__ . .
x 150 mm ( Shi sei do) %"%%%@%& e Mhe T ol P&HGY material.
Parphetiar] grite shovsos Rag@ndigdions & 0 23N aL )z
1- benzyl ox carbpnyl-S-nethyFtiperé%i%gg Qbﬁékﬁggﬁres um, 4.6
me $HhbiQ 1y 6Shaseba inidodesitaklief ate (hereinafter
abhreviated as SDS) aqueous sol ution (pH 2.5,
phglg‘b%%?ui%‘%?cﬁ?%"c’e‘i LhY FRovE fheacoraiit tans forhoalyzing
1-bd¥ Ao b - 3 C it Lth the | apse of tine
is-%se for aﬁg ygﬁg. i%%%i€§?¥%%%%‘acetonitriIe ,
. corttentobd lehphanhiie 5piﬂﬂ5§od§udf%de@;ty13§ui@5§e Lﬂ@ﬂéinafter
the start of analysis to 15 mnutes |ater, and the
abbrgeigfind riae  2RB1 emqusoumensoher based(Bl a2 CHNSt@Mbsphoric

s e to 45 volt, taking 10 mnutes, being kept at
a1t

UMY nidlt ed | SFadient 4mefitad efonl acbanging the

Je1 9638 G dql asuring instrunent, and ]
e det g%q‘?hoﬁﬁ\%a\lléeég%g?%qls 216 “%?cli-ﬁr GoeeFS S That is,
the m&icﬁﬂﬂiﬁlé d/&_liﬂent in the mobile phase is kept at 31 vol%.

"from the start of-analysis to 15 minutes later, and the acetonitrile

content is then increased at a constant rate up to 45.vol%, taking
10 minutes, being kept at 45 vol% £rom 25 minutes later to 40 minutes

later. The detector used is a UV measuring instrument, and the

detection wavelength is 210 nm. The detection wavélength is very

impo:tant . and if the detection wavelength is changed, the analyzed

value may change. The reason is that the maximum wavelength of UV

‘absorption changes depending on the compound. In this system, it

is desirable that the wavelength is from 210 to 230 nm at which
the ratios of the absorption sensitivity of the compound represented
by the general formula (2) to the absorption sensitivities the
compounds represented by the general formulae (5) to (8) are from

0.6 to 1.5. Analysis is made at a column oven temperature of 40°C.
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inmportant, and if the detection wavel ength is changed,

the anal yzed value nay change. The reason is that the

maxi mum wavel engt h of UV absorpti on changes dependi ng

on the conmpound. In this system it is desirable that

the wavelength is from 210 to 230 nmat which the

rati os of the absorption sensitivity of the conpound

In r‘éb‘-? eSase ehepe tanalysiey ais fradeulmde? )th® ab6ve-mentioned

orp ion sensjtivities the conpounds represented by

eral TRMFLERRY5) tot® areretontions to timgs of
olumm _oven _tenp ture of 40C. |
1- U%B&ZIIY%L gagggggi gr Ié'ggn PETAZIRG e ﬂﬂaer the impurities

coraeyendenyi orgd taaal g&h@%hlco%%hhgﬁgpl &E?ar %Ee”;bg”

times of 1-benzyl oxycarbonyl - 3- net zine
1, 4Phesmwpmbpbeasylo&yneapﬂe&h@gphge&aglggneraI fornulae

(5) to (8),
1- bfn,gyg, §(@&FB§B§h@9r@zype2 met hyl pi per azi ne,
er azi ne,

| 4'*’%“63 E?&PS% EEPBX'gr Pnﬁé’ﬁzﬁrmzthﬁiﬁypgrﬁé%ae ne & benzyl
alcBfBd Yher&h80hahi Wi & 2%11 éﬂﬂﬂ%ﬁés %és %r lg}glglg ‘?Fv e’.ﬁ(& 0’ minutes

m nutes, 30.0 m nutes’ m not

andThe7 mahueescxfestﬂatfn%ﬁﬁ PaMEEPL PEES ofCaRe PE LM %chntages
obtain the inpurity contents. In this invention, F

canchat uged 60 chbainpthet impureépyesontedtsby t he general
for?“‘ﬁf (5% to (8% contained in the reaction solution
cont &g P ReR b9 artBengpatenbs o gh@énmq;@rtaiemgepresented
b i ned, in refer nce 1o the tota
v G BUBSEIS sihurdl PP} 30 0FL 5PatB1RER ) thR e aperey solution
contaimihg (ko d@d@bﬁﬁlms%@i@ eraSUhst h‘i#ﬁ%tlve can
. piperazine derivative represented by the genera
| be pbﬂiﬁ‘&h&d( 2p, refereniceorhd hthd ofdicyll Ngndl€ UbAt tRE impurities

ornula. {AL/ (AL + A2 + A3 + A4 + A5) x 100(%,
rePﬁﬁE?BFﬁdAl byao thgs, 9&41% Avmmedigect(Sdel ytalenb8h thed the

onBAERoASS HREOF: el By U ERE AR LB e vy e
| gen?ie:gye;!%ﬁlﬁie%a 19 ,25eR .RCELERAYE Y1 1lRA dRY i ation Formula
{A1/(Al + A2 + A3 + A4 + AS5) x 100(%) wherein Al, A2, A3, A4 and
AB respectively denote the area percentage of - fhe
'oxycarbonyl—substituted piperazine derivative represented by the
general formula (2), the area percentage of the impurity represented
by the general formula (5), the ai‘ea percentage of the impurity
represented by the general formula (6), the area percentege of the
impurity represented by the general formula (7) and the area
: percentage of the impurity represented by the general formula (8).
Similarly the contents of the respective 1mpur1t1es can be obtained.
For example, the total of the impurities'contained in the reaction
solution containing the oxycarbonyl-substituted priperazine
derivative represented by the general formula {2) can be obtained

from {A2/(Al + A2 + A3 + A4 + A5)} x 100(%).
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by the general fornula (5), the area percentage of the
inmpurity represented by the general fornmula (6), the
area percentage of the inpurity represented by the
general formula (7) and the area percentage of the
inpurity represented by the general fornula (8).
Simlarly the contents of the respective inpurities

CanAbeie(ﬁgxta.l’onddaboFer iexahplensd fReretalbipbriBene derivative
npurities contained in the reaction solution
1s cdﬁﬁ&%¥Q%§Yﬂﬁée€Xyc%9boﬁypdggﬁstﬁﬁute@xmmemhquylmsubstltuted

e .repr.esen eneral formula ( can
plpgﬂ&%ﬁ% cﬁg&.va?:r]mﬁ {%E by mashing @nﬂéy‘f dstillation
is ¥8B{0kseff1 AS descrlbed above in the case where a-

pi perazine derivative 1is oxycarbonylated to produce

an Ty earremborsubsiisddiattdd @&Pez:haeneeaéﬁ%yfve%@tamea

refining by washi ng and/ or disti tion is very
as Geéfzmbetthebgmcasb@nyion@@mu tustedfth 1pi FRIBZ¥MMple, as a raw
ative obtalned as descri bed above is a conmpound
matﬁ§é?¥|° fipedicimpfe, as a raw material of nedi ci nes.

hi b |
r o TR RGP 5T BRELE TP e D R Fow rhfleda i dperatarence to

reference to “examl es

| exahpBeebbut st ﬁ%'l%@ﬁnﬂler@@@@fl Pﬁﬂféﬁ?on)ﬂrﬁthg%df’lom_ng ,

briefly expressed as Z-protection,

benzgtoxpoavxymal dohyh at 5 Om:LﬂyB@@:-pQ{aQbéGt beNz-ghStection, and
analgtlcal condjtions for the Z-protection reaction
tertnpu BOLORHFRREL A BHOR 0% | BOC PT QL eIy pi per azine are

shayn, Anal s_of _Z-protection reaction
conposgﬂloﬁ%ﬁg c°§ﬁ¥§é8?ﬁ {%Fqﬁ”bZCBFBﬁﬁCtéQBCE?PﬁE%OD'and

Boc{PBotddP1 M ISE 4 &FPon So P - xﬂ’e@h 0, {18 a(lsg'ssl%v%))below
Mobi | e phase: 5nwlsod|un1dode su ate aqueous

1) Aoalysds Qﬁc@tﬁt@ﬂectm@&é’a&mﬂ%mﬁmmc aci d)

/ CH3CN = 69/31 (0-15 min), 55/45 (25-40 min)
Model: Shimadzu LC-10Vp

Column: Capcellpak C18, 120 angstroms, 5 pm, 4.6 mm x 250 mm
(Shiseido) 7
Mobilephase:5Im¢sodiumdodecylsulfateaqueoussolution(adjusted
to pH 2.5 using phosphoric acid)/CH;CN = 69/31 {0-15 min), 55/45
(25-40 min)

Flow rate: 1.0 ml/min

Temperature: 40°C

- Detector: UV (210 nm)

Retention times:

2.7 . benzyl alcohol {corresponding to general formula (8)}
21.1 .. 1-benzyloxycarbonyl-3-methylpiperazine

15.9 min .. toluene (washing solvent)

| 30.0 min .. 1-benzyl-4-benzyloxycarbonyl-2- methylplpera21ne

. 31.0 min .. l-benzyl-2- ~methylpiperazine

31.0 min .. 1,4-bis(benzyloxycarbonyl)-2-methylpiperazine
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Flowrate: 1.0 mMl/mn Tenperature: 40C Detector: W
(210 nm) Retention tines: 2.7 ... benzyl al cohol
(corresponding to general fornula (8)} 21.1 ...
1- benzyl oxycar bonyl - 3- et hyl pi perazine 15.9 mn ...
tol uene (washing solvent) 30.0 mn ...
1- benzyl - 4- benzyl oxycar bonyl - 2- net hyl pi perazine 31.0
m . 1-benzyl - 2- | perazi ne 31. [ A
1, E%?s(benzyl oxycar o('ﬁyyji - 2- et hyl pi pe%mfhhe 37 The
1-bepzglonycyibdilyDé3-methylpiperazine by the Z-protection
1- benzyl oxycar bonyl - 3- net hyl pi perazi ne by the
reagtpent ¥esi gtrlewatedbnfnes thecfaltbnvingnfoheula using the

. follow orqul a using the internal standard nethod.
intonfishiynard mlcha.

* A carb -3-neth Lperazine content |n
Reab LB A O T PR o R et P B Aoy Ep i Betazife content
in thdRbB¥kRohesaTh FON Ple @)antBty §kS; € i -
o Boc- prlgt ection rgg%rtl?)é(n con]g%%(igtl on tl\/%gg% %eé;ﬁluﬁ'épdlzpuerazme)
x 1@ 41B Col um: Neutrabond-1, 60 mx 0.25 m ID, 0.4 M
2) éGL Sci ence) Columm tenperature:. 70C (10 mn) -

35F HF 9 £ -Boyoerelection reagien oronpepitionr e
0G.Detection.t erature: 200C Detector: FID
Mod%g:r rc?%jrm%(g@:l (E%'-fﬁ?ecti on port pressure: 200 kg/cn?
Colafh ! tNéll.\%ﬁt?Tﬁecgél? gfé,/,ﬁn,g d%gé]emnfllﬂyv réa.tf:wrf'o(éﬂ /éTc]:inence)

Retention ti
Column temperature: 70°C (16 min) -~ (+10°C/min) - 270°C (10 min)

of

Injection temperature: 200°C
:Detection temperaturéb 200°C
Detector: FID |
Carrier gas: He
‘injection port pressure: 200 kg/cm?
Split flow rate: 8 ml/min
| Purge flow rate: 40 ml/min
Retention times: |
11.3lmin « 2-methylpiperazine
24.0 min .. 1-tert—butoxycarbonyl~3—methyipiperazine
24.1 min .. 1-tert-butoxycarbonyl~2—méthylpiperazine'
29.9 min .. 1,4-bis(tert~butoxycarbonyl)-2-methylpiperazine
I_The éonversion and selectivity - of
1—tert-butoxycarbonyl—3—methylpiperazine by the Boc-protection
- reaction were calculated from the following forﬁulae using the GC
area value of the peak attributable to 2-methylpiperazine and/or
2-methylpiperazine on the GC analysis chart.
Conversion = [_1 -~ {Area value of 2-methylpiperazine in the reaction

solution}/{Area value of 2-methylpiperazine in the reaction
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11.3 mn ... 2-methyl pi perazine 24.0 mn ...

1-tert-but oxycarbonyl - 3- net hyl pi perazine 24.1 mn ...

1-tert-butoxycarbonyl - 2- net hyl pi perazine 29.9 mn ...

1, 4-bi s(tert-but oxycarbonyl)-2-net hyl pi perazi ne The

conversion and selectivity of

1-tert-but oxycarbonyl - 3- net hyl pi perazi ne by the _
S0 BOCIQ Ot RE&EA Ofh] JeLSE L1 -QIp MET culated fromthe . ]

foll owi ng formul ae using I;qﬁéﬁl(%%lyacra Pl gethgdpiperazine

Aesik eatue buf ablteaﬁwbzlﬁmiyi@dﬁy(ﬁ@rlazz_%tg&tci/p35 erazine + Area

]éﬁ]rret hil pi ger azine on the GC analysis ch
VachPdr 4 Bnbis(Fert{ ubexyeahteonyl 22 Ame By DbDSSAZI 1R 1 1 x 100

(s he reaction solution)/(Area val ue of
- 2-nmethyl pi perazine in the reaction 38 solution + Area

Sewuei¢fy 1-tert-butoxycarbony] - 3- met hyl pi perazine +
Ar ea valyue of 1-tert-but oxycat%‘ﬁ?l - 2- met hy IV§ilpe€r azi ne of

- 1-terir-Gmtomgldia iyl - 3- i ' i i
1 by (L ar e bty ATt IPIPSEAES, perMi nihg 10Beaction
solpgpiogdl/démeri ty = (Area val ue of value N of
1-ehrh iRyt oxycar bon%l - 3- met hyl pi perazine in the

ertc P&ﬁxy§@|@ppgﬁr fmeéhydnliperakine + Area value of

e D R R b ebRpE shper abi ndcesnr ewatue  of

of

1,4valigetelt-b ol . _
L A Bis(tert bt oxy ooy bnaT S thYIRIPEFBEEAS) he¥) 190 (%)

100 trermbeenor e, t hthd eact i ool i@ 0f vield of
1—t1'fzeﬁt - but oxycar bogél - 3- met hyl pi per azi ne was ‘
ST tehrcirheEdCAFBARY L SirHe thydpisevazkn&ai das  calculated
from

| g 100(.9 2). Anal vsi f 2-met hyl pi '
(se38l SShALIMIOOUN 20 Anel e of 2 el BT per e

cont ent

| 2) mahfﬁl‘sl gH0pH *mg“pltl@jé]?ggemﬁénzedﬂ%yé%ﬁeg{ ntsglr ;a| st andar d

deconpositi on was d
, mtm_miild@lgasacmm-WtWMi(p@@aziﬂéeinaﬂ% Pﬁ&jtﬁg;: liquor

condjtions were as foll ows: :
obtained at the time of salt decomposition was determined by the
internal standard method using gas chromatography (GC). The
analytical conditions were asg follows: .
'Model: Shimadzu GC-14B
Column: Neutrabond-1, 0.25 mm ID x 60 m, 0.4 um (GL Science)
Column temperature: 70°C (10 min) — (+20°C/min) — 270°C (10 min)
Injection temperature: 230°C
Detectiqn temperature: 230°C
Detector: FID |
Carrier gas: He’
Injection port pressure: 200 kg/cm?
-Split flow rate: 8 ml/min
Purge flow rate: 40 ml/min

Retention times:

10.2 min .. 2-methylpiperazine
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Model : Shi madzu GC- 14B Col uim: Neutrabond-1, 0.25 mm
IDx 60 m 0.4 m(G Science) Colum tenperature: 70C
(10 min) --> (+20C/ mn) 270C (10 mn) -~ Injection
tenperature: 230C Detection tenperature: 230C
Detector: FID Carrier gas: He Injection port pressure:
200 kg/cn2  Split flowrate: 8 mi/mn Purge flow rate:

49 ni ]% LAy ..
: 172 nrg%réwl B?%eram ne% . n%gagdﬂalhr' i glyme (internal

3, SQp&ibmﬂ)pﬁrlﬁﬁtaﬁﬁdyéiﬁiéﬁ’Zuﬁé f?f?erazmne
2- et hyl pi perazi ne Mdel: Shinmadzu 10Vp Col umm:

Moiﬁbht%imam WLV, 6 nm x 150 nm (Kant o Kagaku)
Co#’bb' | e ase 0.03 v/ v% ammoni a aqueous sol ution

'?5653&1 RE- 18 Lf%ﬁ’ng‘l ot g X a‘efv‘@i)mﬁmtﬂ 6BiBH)

m m n_ Tenper at

Mot g fﬂsoew Ghyd fumihda, BEERGHE SpLusiphe(adiusted to pH
4. ﬁafwixegc&ééﬁﬁ@oa@imém@mutss%% r{f

1-benzyl oxycar bonyl - 3-net hyl pi perazine ‘is placed in a
Fl&0 mdte nebsurmiymid ask, and aceton_l trile is used for

dilution up to the mar ked | i ne. ‘Then, 0.3 m of the
Tewmtww@@ aced in a.5 mM sanple bottle, and 1.5

I uo Itartaric anhydride (D-PTAN)

Det o??ﬁ"f onLPY (ga bei ng followed by stirring and

PrSURSOGMENE of sample

A sample corresponding to about 0.1 g of

‘1—benzyloxycarbonyl—3-methylpiperazine is placed in a 50 ml

measuring flask, and acetonitrile is used for dilution up to the
marked line. Then, 0.3 ml of the solﬁt-ion was placed ina 5 ‘m'l sample
bottle,rand 1.5 ml of p,p'—ditoluoyltartaric‘anhydride (D-PTAN}
solution is added,_being followed by stirring and subsequent
standing in a 50°C warm bath for 1 hour. Subsequently 0.5 ml of
2% phosphoric acid water is added;'being followed 5y standing for
10 minutes. '

4. Optical : purity analysis of
l-benzyloxycarbonyl-3-methylpiperazine

Model: Shimadzu LC-~10Vp

Column: Mightysil RP-18 GP, 4.6 mm x 150 mm (Kanto Kagaku)

Mobile phase: 0. 03 v/vEg ammonla aqueous solution (adjusted to pH

4.7 using acetic acid)/CH;CN = 67/33 (v/v)
Flow rate: 1.0 ml/min |
Temperature: 40°C

Detector: UV (243 nm)

Pretreatment of sample

A sample corresponding to about 0.1 g of
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standing in a 50C warm bath for 1 hour. Subsequently
0.5 mM of 2% phosphoric acid water is added, being
foll owed by standing for 10 mnutes. 4. Optica
purity anal ysis of
1- benzyl oxycar bonyl - 3- et hyl pi perazi ne Model;
- Shi madzu LC-10Vp Col um: M ghtysil RP-18 GP, 4 6 mm x
1- -bdiy hoxy darbonKbgakng thivhpiperphase: i@ Ogiyé¥do ANOEl 850 ml
aqueous _solution (adjusted to pH 4.7 using acetic
mea@éw}gcﬂa@lu B I hgni)tAl gy isaugedl £0rndiihibion up to the

Te eratur 40C ector: nn _ Pretreatnent
marig ‘5@ ihs e3 E‘E‘;r?%éi,!?&qﬂ%'@t%%n dsoptaced 1@ af5 migample

e 0 meg zine is plac
b°t41@m@ﬂ%e£§%?‘.“% Bk R RSPLRR TS il 40, O -pram)
sol@ticd i 88 Wadda, t hBeJ.HQr |f@>(ilb'w%%l @egtlgr%n@ af tg{ﬂ)sequent

solution is placed ina5mnm sanpl'e bott }
stamdimd jm pa-T0COMae bathafios anhwdil. desublddh Mtl 0.5 ml of
-solution is added, being followed by stlrrlng andy
acddaiateg in 20F0E Reindfod lowedlbiostanding for

%ﬁ? ently 0.5 m of 2% phosphoric acid water is
10 %%ybeing foll owed by standing for 10 m nutes. The

Pr g th X R AN o IS D %nﬁaltﬂeb)ﬁgﬁﬁdﬂﬁarggﬁ{:@n({;]()c’n{)én{g of the

reacti on solution and the optica
reaqriosiucsohatdonaraldy zgtk byporans quﬂ:ﬂt@ukﬂf the product were
- chromat ography respectively under different
ana]a‘ﬁ?a@‘%/t Pramegdsdiafi ohtauidhehspmatabrpphit yespectively under
e ar a val ues of R-isoner peak and

aif azl“é:n atae d g}&{fg #h urit was
i SomerhE 1 tHe" JaEJe Were $h&oBtigal P Y
caléiﬂ@@éd \ﬁ%lﬂ‘lgpft%j %ﬁ%g vEPLEY b3 R Ol ot d L PLLRE r{é) LLOWRL - peak.

- formul a was "mad
In the case where S isomer was selectively produced, calculation

O

from the fdllowing formula was made.
Optical purity (%ee) = {(Area value of S—isomér peak ~ Area value
of R-isomer peak)/(Area value of S-isomer peak + Area value of
R-isomer peak)} x 100(%)

The water content of the organic solvent was measured.using
a Karl Fischer water content meter.

The foliowing exemplifieé the synthesis of
l-benzyloxy-3-methylpiperazine | , and
. 1-tert-butoxycarbonyl-3-methylpiperazine by the Z-protection

reaction and Boc-protection reaction of 2-methylpiperazine.

Example 1

7 Ina l00ml four—neck-flask, 5.004g .(= 0.0499 mole) of racemic
2—methy1piperazine was placed, and 44 g-of 1-butanol (water content
0.05 wt3) was added for dissolution. The solution was cooled to

0°C, and 8.47 g of benzyl chlorocarbonate (= 0.0489 mole, purity
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Optical purity (tee) = ((Area value of S-isomer peak -

Area value of R-isoner peak)/(Area value of S-isoner

peak + Area value of R-isoner peak)) x 100(% The

wat er content of the organic solvent was neasured

using a Karl Fischer water content neter. The

follow ng exenplifies the synthesis of
by HPlGede e oRinat hen AgiypeiadBnd Wik, 0.98 molar time) was added

1-tert-butoxycar bonyl - 3- net hyl pi perazi ne by the
dropwi®iBc Lbgulddmmpern dhe Bapgpriciaa? itond 1eacfhen . gftirring

- was fcr-a&n'gﬁt}ry%pl er%zb_ 05453%{:{% i)I}cB.{:rnsr.g@Q%OEme Jf:galilétlon solution

was pafRiRYhp dﬁﬁ]ﬁ?éd‘ ﬁn\ﬂ@fetmﬁﬁ%d BPERe4 P Ofnd1 BY¥haR8kd method
water content 0.05 wt% was added for dissolution.

( infémwen &bl attdmia s asm;sioeré o 280G muhik 4thg ekabensyl yield of
chl orocarbonate (= 0.0489 nole, purity 41 by HPLC
1- bwﬂwmzrww ‘;ﬂBﬁithEBPEPW%ll@% 98asDB3k 26| r{@)asmls on the
add [.igyid tenperature ran

amount g% 2 EW i. : : %S): 2 furth
b TRERRY P.lPPr—ﬁ'&l s c'SP?H%ﬁPCEﬁ}PThﬁOé §OBCRg, Further
stllgrmlé[ts 0 %J:ra HBﬁ éngi%ba' | yA:i ﬁlor sult,

sanpl e ernlne e |n erna ard

the(téﬁéﬁiﬁﬁ fiémwawﬁs Qﬁlﬁ@le). As a result, the
reaction yield of

1- benzyl oxycar bonyl - 3- net hyl pi perazi ne was 83. 9%
based on the anount of 2-nethyl pi perazine). The
RL2t%on sol ution was further stlrred at room

- tenperatune faLsl eE%HE:@gﬁ”%s a%a(l(yr dz"écfgraEEcesu' except

the reaction yrel r eaCLron mﬂ

| thaﬂefﬁ@réfﬁ’&uﬂ@ Sesséh et éﬂio@é&'ﬂ:@néte eXs&@twat Nehah§€d from
: amount of -benzyl chl orocarbonate used was changed from

8.43.913q %.@5992%5=g0( €5030683e ol eQ'T TmdAamdiaed ) nedk. aAsesult,
aresult, the reaction yield of '
the F%?eff?‘zl;ﬁrrbw&i%sﬁyﬂ BeRBYRAPKBrpEPanRY Ae3vasthyipipprazine was

: Ql.fg Sébegso haemali'nrgunq'f 0% gpim 3&1‘?{ ?.%J%%:Iagg)ne%f Gfter lapse of
2 hours at 0 to 5°C. Furthermore, the reaction solution was stirred
. at room temperature for further 12 hours and analyzed. As aresult,
the reactj.on yvield was 94.5%.
' From the obtained reaction solution, 1-butanol was distilled
away, and 30 g of water was added to the concentrate. The pH was
adjusted to 11.2 using 48% sodium hydroxide. To the solution, 40
g of toluene was added, and the lower layer was removed.
Subseqguently, the upper layer was concentrated under reduced
pressure to distill away toluene, for obtaining li .lgofa recoveréd
- solution. | _
The obtained recovered sclution was analyzed, and as a résult .
the intended 1—bun2yloxycarbonyl—3—methylpiperazine cccupied 87.2
area %, and as for impurities, benzyl alcohol occupied 0. 52 area %,

I

l-benzyl-4-benzyloxycarbonyl-2-methylpiperazine, 0.0l area %
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2 hours at 0 to 5C. Furthernore, the reaction solution
was stirred at roomtenperature for further 12 hours
and anal yzed. As a result, the reaction yield was
94.5% Fromthe obtained reaction solution, 1-butanol
was distilled away, and 30 g of water was added.to
the concentrate. The pH was adjusted to 11.2 using

1- -bergglsotinghhyidrioe ez ik, t he soOlLUoi on, 4@eag of £, and

tol uene was added, and the | ower Iayer was renoved.

1, 4@&%&:«@1&%&4 XﬂpﬁeTm?%PW%@@enﬂﬂaﬁe@r%o%eKSOlVEﬂt

I f
tOlJ 3l nl'ng%.séslbgg)e %glerregﬁfeef e\(/ﬁys et r‘?f T‘?f‘@uritles was 6

1:qu3ib1 HHRhd QS RIRA SQlditd on vas anal yzed, and as a
result, the inténded ‘

1- bunzyloxycarbonyl 3- et hyl pi perazi ne occupi ed 87. 2
area % and as for inpurities, benzyl al cohol occupied
Exm@]@ fhrea %

2; benZé car bonyl 2- met hy geram ne,
C A911Y9 %nf?% HF Pesetd ieﬁ‘e °8. EW%% ]% except

tha“gpglae (32)1?%‘%1 vent O ene Iécbgaa]{‘{gég!%em‘%;%réfé}faor ecn:%kﬁ%d from

8.47 ¢f ab 0b.inyu(dto eo59RMALe | iUId BHEPTREAGEIPNYARILFesult,
% Exanple 3 A reaction was perfornmed as descri bed for

e Eeafiionlyieldepf 1+tbenzyhexpoacinnyl- benzyylpiperazine was
chl %rocar bonat e used was changed from 8.47 to 10.1 ‘

93.85 (P3FeP597 hBFeamPuRY Af) Armethriyirggazinel after tnpse of

2 hc’.g[1 %Z%IES oxycagbonﬁflﬁrhﬁ? h‘W“b FErdLonauidt ToYR tgypperature

for Faashdrom %ﬁoﬁﬁﬁng“f@lﬂ&bm Rl BRAPFLDS) ald @ result, the
| apse of 2 hours at to 5C. Stirring was carried out

"reaca:timoametleimaeataﬁ.el%.f or further 12 hours, being.

foll owed by analysis. As a result, the react i on yi el d
was 95.1% Exanple 4 '

EXample 4

A 1-1liter four-neck flask with a thermometer, condenser and
stirrer was charged with iOO .2g(=1.00mole) of 2-methylpiperazine
provided as a racemic modification, %90.0 g (= 0.600 mole) of

D-tartaric acid, 170 g of water and 36.0 g (= 0.600 mole) of acetic

acid, being followed by heating up to 72°C and aging at the

temperature for 2 hours. The amount of the solvent based on the-
a_mount of racemic 2-methylpiperazine was 1.69 times by weight.
Then, cooling was carried out down to 15°C, taking 12 hours, and
precipitated crystals were collecte_d by filtration.

The obtained crystals were dried in vacuum, to obtain 114.0
g (= 0.456 mole) of a diastereomer salt. The optical purity of the
salt was 93.25%ee, and the S-isomer yvield in the obtained salt based
on the amount of the S-isomer in the 2-methylpiperazine supplied

as a racemic modification was 88.0%.
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A l-liter four-neck flask with a thernoneter,
condenser and stirrer was charged with 100.2 g (=
1.00 nol e) of 2-nethyl piperazine provided as a
racem ¢ nodification, 90.0 g (= 0.600 nol e) of
D-tartaric acid, 170 g of water and 36.0 g (= 0.600
-nole) of acetic acid, being followed by heating up to
72€hand AG0Ngmatf tdik whermeleddl @it8r190 JU¥ $atdl€ and 114.0
amount of the solvent based on the anmpunt of racemc
g oD thet pptsiinedadnks teds {8t i (s bynatdiyiptipertizden content
- cooling was carried but down to 15C, taking 12 hours,
= 44009 HeCrpragesd cFosEart dksrobtlier e Rehieved at 80 to
ofiLtration.. The obfained_¢crystals were_ dried in
B5Con bR L THITA 2149014002 Epuisetrol 8)C of talking 5 hours.
Pre(ﬁ_i t ' | r. . f . S | PR
SR Ty e LS SRR B il ort Ry Wea 1
vacwml,t thadbdctinoD00 hs oD WéaDE . t e Sop898BY putilthewas 99.5%¢e,
2- et hyl pi perazine supplied as a racem c nodification
and {he &3 igmmes3 yield in the obtained .salt based on the amount

The 500 flask was charged with 190 g of water,
of thAql§) G2 (RO It RS pECar i Y SPRPPAUFRYSTal was 9118,

(Sh-3 YERL PeLazZi. e t = 44 0 vwere added.

Per f egtﬂeﬁlbsﬁgilﬁt fl%ékv\gég%g h‘lﬁéw{"/% a%%“c?%et%c,c%%%ﬁﬁ er and
stirfreld owae byheegeldngwdenwn t8 1§C of akidiged, NUHS: 25.1 g of
Precipitated crystals were collected by filtration and
(85) -@rredhyd pipegianine D- bbrhani¢Gl: 5 gadt &= Sallbo ébe, optical

Qptical purity was 99 . 5%e, and the S-isoner yield
- purily pho2Beshia IesrAzsiecd 39 - BRECANBIRL7 - B13 tire 0- 100 mole)

) = 2= l.pi.pe Lhe.i-n fhe s | Led . gryst.al.s _was
of 9P PEreHETRREErORER bREeRdiRERT, T HGRLSRs neatea
+8 s@mN 4 . . r :
o CRBSE G iniiShalty SHEAES, NAS BB LML op zoon
tempeglatufe .0. THOnnotlee nopt-idiadlsolyed syloént was £iltered away to
2- et hyl pi perazine = 99.5%e) and 7.8 g (= 0.100 nole)
obtajn é@%ra‘gF SE o} EAWOF hy Fhex P@dbeg digueswag iz wnakyged, and

_ a's. %ﬁ::.heﬂﬁ.gfted iq:p %\T%St?gf(%lglb(i?%ha%nd9§5i r(_{; ed(=f 05.8998““810’16:) of

i g cool e

2-methylpiperazine existed in the mother liguor (Yield 91.8%).

Furthermore, from the result of HPLC analysis, the optical purity .
of  (S)-2-methylpiperazine was 99.5%ece.

Subéequently concentration was carried out down to a water
content of about 50 wt¥, and 1-butanol was added. Then, azeotropic
dehydration was carried out till the water content of the system
became less than 1 wt%, and distillation under reduced pressufe
was carried éut to isolate (S)-2-methylpiperazine.

The optically active (S)-2-methylpiperazine (optical purity
99. S%ee) obtained as descri_bed above was used to perform a‘ reaction

in quite the same way as the method of Example 1. Stirring was

carried out for 2 hours at 0 to 5°C, being followed by stirring at

room temperature for 12 hours. The reaction solution was analyzed,
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tenperature. Then, the non-dissolved sol vent was

filtered away to obtain the nother |iquor. The nother

| i quor was GC-anal yzed, and as a result, it was found

that 9.2 g (= 0.0918 nole) of 2-nethyl pi perazine

existed in the nother liquor (yield 91.8%.
: Furthernore, fromthe result of HPLC anal ysis, the
Elndopt| G puriety dfegEht 2- met pepi peracaceioms 99y5%aa. of
1- bSubsiguentlé concentration was carried out down to a

WAF T CXECRTRARY OF S aB8tPYEDIRpYRZARE YaEUB4n6I® idnsed on the

T dehydration mas carrjed out
amofif ik 2 TRERNyIEIRE AR b TIA D BReiBRL R SuBbha see.
shoﬂzlmg%xoaﬂécﬂiﬁy blfab Qﬂcﬂﬂdgﬁrﬁ.@ uced pressure was

carried out to isola nmet ylplpera2|ne The

optically active - (S)-2- met hyl pi perazi ne (opti cal
purltg 99. 5%e) obtai ned as descri bed above was used
EX&?B PePform a reaction |n qU|te the same way as the

od _of, .Exanple 1. rrin carried out for
F Rt OB, i f COHY SReIP IR FPRGUMAME o am except

tha{: efﬁ@r%i:'\'i@nf Qhad S £ ffﬁq o, «SQL H%z'%ca)gupgagP a mixed

anal yzed, 44 and as da resu Pedtt ion

soldeive eyl oxyehid B¥ 5.3 @EBEYWEtBEVé‘ﬂdI gy W3£84-BUtapol (water
(based on the anount of 2-nethyl piperaZine), and its

contgnt k. ﬁ)uwt%y \Na!EE’QQrS%ErrJ.ﬁQOthg 80 gtclfée Pfhours, the

gt i cal f é ¥ Ie 5 A reaction was carri ed out
TR P EMD b" dJfa d. ofSeft TesHatL -t KResbpgehion yield

butanoJ to
of 12%%\5%%?’ conS| st | Rrg o:}j "%%I% W854gb gf%f(based on the

amodn bW BND} mé vy BHip&BAL €RE ) 10. 6 mﬁ@@ After stirring at
0 to 5Cfor 2 hours, the reaction solution was
analyzed. As a result, the reaction yield of
c r-benaylox carbon | - 3- met hyl pi perazi ne was 82. 1%
OMRHR nEx#ePlenbunt of 2- met hy! pi per azi ne) .

Corﬂjéégh't\i%n%gg%a%rled out as described for Example 1, except
that the solvent was changed from 44 g of 1-butanol to a mixed solvent
coﬁsisting of 9 g of water and 35 g of l-butanol (water conteant
20.5 wtg). After stirring at 0 to 5°C for 2 hours, the reaction
solution was analyzed. As a resiilt, the reaction yield of
_1—benzyloxycarbonyl—maethylpiperazine was 59.6% (bésed on the

amount of 2-methylpiperazine).

Comparative Example 2

A reaction was carried out as described for Example 4, except
~ that the solvent was changed from 44 g of 1-butanol to amixed solvent
consisting of 18 g of wate: and 27 g of l-butanol (water content
40.0 wt%). After stirring at 0°C for 2 hours, the re'actibn solﬁtion
was analyzed. As a result, the reaction yield of

l1-benzyloxycarbonyl-3 -methylpiperazine was 51.6% ({based on the
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A reaction was carried out as described for Exanple 1,
except that the solvent was changed from 44 g of
1-butanol to a m xed solvent consisting of 9 g of

wat er and 35 g of 1-butanol (water content 20.5 wm%.
After stirring at 0 to 5C for 2 hours, the reaction
sol ution was analyzed. As a result, the reaction yield

amoght dfbenmptayypapbenykindymet hyl pi perazi ne was 59. 6%

(based on the anount of 2-nethyl pi perazine).
Conparative Exanple 2 A reaction was carried out as

described_for Exanple 4, except that the solvent was
Comparadyer F¥amBAeg3of 1-butanol to a mixed sol vent

consi_sting of.18 of , \A@t er. and_27 g_of _ 1-butanol
(m:a?ere%con Ch¥ as_Ang.”t")rW HOUt At asetihed AGTabxepterl oexcept
thaf@HSsoll PEnt SR LRENSO4 g&l‘rl(?%g?tiv@gf Y HEEL1 €5 a%nixed solvent

result, the reactionyi _ o
con&ibennyl ofyZar §orylwakd®tdnd PP 3% NEpRENDY §¥ater content
(based on the 45 anount of 2-nethyl pi perazine).
50 Wowpar dtfiteer Btanpliag3al 0¥adEcor WeGrs Artiede@idt idh solution
. _.described for Exanple 1, except . that the solvent was
Wasch 39%m 44 ¢ of é-b&%ﬂbftto dhe xedeaefient yield of

- h SL. _9. r_and 22 g _of 1-butangl _
Lok kBt BT RhpEPSai el iy TG0 (fhesea on the
amoliftr 6f bhRetRRLHipBArgREHENON was anal yzed. As a

result, the reaction yield of

1- benzyl oxycar bonyl - 3- et hyl pi perazi ne was 33. 6%

é%)ased on_t he _anmount of 2-nethyl pi perazine).
Comparphiuei FEaRARpre 4 A 200 nl four-neck flask with a

(= B FefeCRRARIC R o i pREEFE AR g o eunnes

-_was50-d?1d3:gfgd 1gbehangly \4as aﬁidquorO.f{éésohwlieqn' &8 "Yacemic
er

fol lowed by addition of 5071 g of water (wat
2-methydnipsfafined) .amilt [5OLMOIPUSESt LEPhDgRoDERZYY added for
chl or ocar bonat e '

- dissolution, being followed by addition of 50.1 g of water (water

- content 50.0 wt%). With vigorous stirring, benzyl chlorocarbonate

was added dropwise. In this case, 48 wt% sodium hydroxide aqueous
solution was added dro-pWise to keep the pH'valﬁe of the system at
10 to 11, and as required, the system was cooled with ice to keep
the internal temperature at 23 to 26°C (final water content 52.1
wt2}). 'After completion of dropwise addition, with vigorous:
stirring, aging was carried out for 2 hours. The reaction solution
was sampled and analyzed, an_d as a result, the reactJ"_.on yielé of

1-benzyloxycarbonyl-2-methylpiperazine was 40.1%. .

Comparative Example 5 '
A 200 ml four-neck flask with a pH meter and dropping funnel

was charged with 10.02 g (= 0.100 mole) of racemic

2-methylpiperazine, and 80.2 g of 1-butanol was added for
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was added dropwise. In this case, 48 wt % sodi um

hydr oxi de aqueous sol ution was added dropwi se to keep

the pH value of the systemat 10 to 11, and as

required, the systemwas cooled with ice to keep the

internal tenperature at 23 to 26C (final water content

- 52.1 wt%. After conpletion of dropw se addition,
dls\ﬁuotlﬁlf\h@or 8eingsfolIowed langiatti Maisors ke _o_edloytof Water (water

.S e ction solution was sanpled and
conla%%a vé{ﬁ%)a‘agl&hr BigPF Ouﬁ hatisntnd orbenizatld cbflorocarbonate
1 y Ip| ra2| ne was 40.1%
wascgﬁggréa{i?é%&%(a % "élﬁ E o‘('ﬂ: MmRALY Aydrgxigleg aqueous
solpHivet easanddada %MJ&W}engﬁscl{éhﬁpeed H\{m%tehf ]1;3-53 sy%tem at

(= 0.100 nole) of racemc %

7.5800 B (f ofant- betmewpli mad, atdedyhebm |qu
bei ng foll owed by addition of 20 1 ‘gé%?o\%g%gr%%EH &7¢ to keep

the jptemRabremprrafureiath 28 torasus fihal Mater BERERht 23 0 wtg).

afrt&RI o §ar%lnate s added dropmnse In this case, 48

Wt % S0 1ﬁ')l7drOEX| 2PN Fe0 RIALHIQR | ¥l Wasvigeedus stirring,

aglﬂgﬁf&/ﬂ 881t BoR fc;}.ez LYJ.GQ ue onf J%\ggcé ste %Ittt'a_ﬁgivg%gt gampled '

, and as required, € syste

_ andtbahﬂdgzeﬁhEIdﬂdﬂTﬁﬂ tENPepahyie aty23 t
water content 23.0 wt%. After corrplhézﬂtl()I;‘l““i?rs:(%I vﬁ”‘eld of

1- b%ﬂﬁ?%?ﬁﬁcaﬁPPhY¥réﬂmQUhysplperag;nea@aggsmassgarr|ed
out for 2 hours. The reaction solution was sanpl ed
and anal yzed, and as a result, the reaction yield of

ExaipP&ngy! oxycar bonyl - 2- met hyl pi perazi ne was 50. 4%
Exanple 6 A reaction was carried out as described for

Exapleactionxeedicarthala bae 59!
44 g. of 1-butanol to 44 g of ethanolwﬁ%hgggg%%%ﬂ?%%g? except

thatp the splyeninmasrclanged fgoat 410G 1 -DIRWGY, £ QQ g of ethanol
reaction solution was anal yzed. As a result, the

(Waﬁ%ﬁcqqlbtplgﬁé].dm @ft%) After stlrrlng at 0°C for 2 hours the
per azi ne_was 83. 4%

reaétf@ﬂ‘zé’éﬂﬁ’ﬁﬁ{ armur?talarf t&ﬁylappﬁgpégl,ng]?e reaction yield

based on t
_of 1- benzyloxycarbonyl 3-methylpiperazine was 83. 49' (based on the

amount of 2-methylpiperazine).

Comparative example 6

A reaction was carried out as described f—or'Example 6, exce'pt
that the solvent was changed from 44 g of ethanol to a m:l.xed solvent
cons:r_stlng of 22 g of water and 22 g of ethanol (water content 50.0
wtg}, As a result, " the reaction yielad of
1~benzyloxycarbonyl~3~methylpiperazine was 37.7% (based on the

amount of Z2-methylpiperazine).

- Example 7

A reaction was carried out as described for Example 1, except

that 12.5 g of (8)-2-methylpiperazine D-tartaric acid salt (5.0
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Conparative exanple 6 A reaction was carried out as
descri bed for Exanple 6, except that .the solvent was
changed from 44 g of ethanol to a m xed sol vent
consi sting of 22 g of water and 22 g of ethanol (water
content 50.0 wt%. As a result, the reaction yield of
1- benzyl oxycar bonyl - 3- net hyl pi perazi ne was 37. 7%

g = Q48 Belehas Anpebhybpipenazhye )i pes areatk)indeanpleE 5.0 g

(- 0 oA T D S R e 55 ea B b i oF benzy
chld}a Ith@o{ﬂa&ea‘as%asa L (:ﬁaggeg?fgo g 9%99?5&3'59 @cgg (= 0.0514

yl pl perazi ne) was u "nStedd” of

_molé)} 049[3&7@9%9) éﬁte?r fE&B-’éiBhQﬁf 8% 26} Zr"lggumggah?t I}Sg was carried

amount of benzy chl orocar bonat e use

out faon2B°@7E@rt 02 8h8lrg. (=28 Ohdesumt £)thdOMeuEtioal kAkid of
reaction at OC for 2 hours, aging was carried out at

1-bengyosy cprhaRils 3 -Me thylesimaranine resct8odyi €basefl on the

Y. arbanyl - 3-.met.hyl pi perazi ne was 85. 9%
, a‘“"“g‘b sggd ioﬁ“%/tﬁ]é’l 51%5& e net hyl pi per azi ne) .

Conparative Exanple 7 A reacti on was carried out as

described for Exanple 7, except that the solvent was
Conmpehatigiece fAxampd4 g of 1-butanol to 26 g of 1-butanol

and 18 g of water (water content 40.9 wt% . As a

r eduFeactiae wasgearshed el asf d¢speibed for Example 7, except

Y s OERIER ] e AR o o
1- bdﬁaﬂ&uhnﬁefg d baSkater qgﬁag:e(r cgn@ggg @I;}”t%f %%ngcrdasult '

2- et hyl pi perazi ne was placed

the 42atkiprofield- Sfitrwdn 1T @cypsltashiiyor ﬁ-lnﬁastcﬁ pDPerazine was
(water content 10.6 wt%). Furtherrmre 3.99 g (=

51.6% Ogewsatblan) e mmm@mmmmm@ l owned by
stirring and subsequent cooling down to 0OC, and 8. 67

- Example 8
In a 100 ml four-neck flask, 5.04 g (= 0.0503 mole) of racenmic

2-methylpiperazine was placed, and 5.37 g of water and 45.13 g of
1-butanol were added for dissolution (water‘ content 10.6 wt%) .

Furthermore, 3.99 g (= 0.0504 mole) of pyridine was added, being

followed by stirring and subsequent cooling down to 0°C, and 8.67

g of benzyl chlorocarbonate (= 0.0494 mole, purity by HPLC

determination analysis 97.1wt%, 0. 98 molax time) was added dropwise
with the liquid temperature kept in a range from 5 to 10°C. Then,

stirring was carried out at 0°C for 2 hours. The reaction solution
was analyzed, and as a resu‘lt, the reaction vyield of

l-benzyloxycarbonyl-3-methylpiperazine was 82.5%.

Example 9

In a 100 ml four-neck flask, 5.06 g (= 0.0505 mole) of racemic
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g of benzyl chlorocarbonate (= 0.0494 nole, purity by
HPLC determ nation analysis 97.1 wt% 0.98 nol ar
time) was added dropwise wth the l'iquid tenperature
kept. in a range fromb5 to 10C. Then, stirring was
carried out at OC for 2 hours. The reaction solution
the reaction yield of

e _v\/%g_lﬁ%a;1 zed and as a result,
e e W&PBOW& rpeteldi| razmsrmlomeg/v&ﬁf% ?\.{%anol (water

con@é@g{p four-neck flask, 5.06 ¢
0. 050 r?rt%l lé’; wa?%céglr‘i’% e Akradiytiioper aAfmerwesoling down
butanol (water content 0.05

t pP@cepb 0
° W% was a%dgd 09 s@%}%tl%ﬂg Nodér @é@ﬁ)ngfdémterb-butyl

dlc@@bol_latglwgs( ad&e@5ﬁgoﬂﬂh§e Q188 dgg aj(:jnr%%gﬁ) Eewc{:ﬁafwée kept

di-tert-butyl dicarbonate was a

in i Erige tfarmueSatar B5%EPt Thiel , ast 8PP,
tirring was carried out at % g:é]%lecgout at 5 to

. ‘552:,51 THEbr e ot s ety 20 g 3o,
the
7%ev\f1 ({;*g ﬁof %%Wr@rzme was 94.7%, while the

Sel&ctwit?tafoxy@@f@%m razine was 89.3%

(reaction yield 84. 6%%%%+€ip‘g Rt ingyas 89.3%
(reaetiordybeld o84 disrri bed for Exanple 9, except that

the anmount of di-tert-butyl dicarbonate used was

changed to 11.97 g (= 0.0548 nole, 1.10 nolar tines).
Exa,,%glé\ {gsult, the conversion of 2-nethyl piperazine was

00.0% and the selectivity of

1- rar teApdOnEna R s %% I |per zi ne was_81. 5%
é;éTeactl on vyield 8159 d“() % RECELb&S Aot Baample 9,
excendr thad t@mam:deafrdjb-egief@lb t.Jhat .
o 14511U 55 of 1 but anol and 4. 61 ﬁ%’t?%?n% EEPSE&WaS changed
m’e Q%1 moskee Us.eld |mﬂteﬁ:ad:1<ﬂ1‘e950 O@Sg aOfrequ_t the
convlez@it ? SSUH the conversion of
- et yI p| pe?‘g ¥ p\?:B?”Q&lB%W%ﬁoﬂQM%&elm ittid welectivity
of 1 tert- butoxycarbonyl 3~ methylplperazn.ne was 81.5% (reaction

yield 81.5%).

Example 11

An experiment was carried out as described for Exampie 9
except that 45.55 g of 1-butanol and 4.61 g of water (water content
9.2 wt¥) were used instead of 50.00 g of l—buta.no.l. As a result
the conversion of 2-methylpiperazine was 94 .3%, and the selectivity -

of 1-tert~ butoxycarbonyl 3~ methylplperaz:me was 85.8% (reaction

yield 80.9%).

Comparative Example 8

An experiment was carried out as described for Example 9

- except that 37.56 g of l-butanol and 12.67 g of water (water cont.ent

g 25.2 wt3) were used instead of 50.00 g of 1-butanocl. As a result
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of 1-tert-butoxycarbonyl -3-nethyl pi perazi ne-was 85. 8%
(reaction vyield 80.9%. Conparative Exanple 8 An
experiment was carried out as described for Exanple 9,
except that 37.56 g of 1-butanol and 12.67 g of water
(water content 25.2 wt% were used instead of 50.00 g
: of 1-butanol. As a result, 49 the conversion of
the??@f@ﬁﬁ%%@f&nﬁﬂi@l@@@%wﬂa$m $&l, eand thisyse Déctivity
§r% g % car -3 nethylplpera2|ne was 70. 9%
Hto SF‘E U/@ mebhyhp lPevaz ixanpre 0 AM% (reaction
Ylegapgﬁlgg t mas carrled out as described for Exanple 9,
except that 25.00 g of 1-butanol and 25.00 g of water
(water content 50.0 % were used instead of 50.00 g
of 1-butanol. As a result,. the conversion of
CompanathyépEpanpient was 81.2% and the selectivity of
1-tent - but oxycar bonyl - 3- et hyl pi per azi ne was 41. 8%
(r RRtSRETINANY ¥aS gugrriphetatdy sldsamibed oA Rofnple 9,

exc%t t%harg 35 fd a V%%p@q?fg@nﬁ%grﬁgygggﬁf% pgaléggeclzontent'
50. @mﬁWe@epﬁﬁéé' ﬂﬁsté&& )59 .800% J Huhang s ddgdléesult |

for dissolution, being I"owed“ by~ ad

the comveireri ofat er-mdﬂﬂirn@itpe@zln‘éﬁv%s g\ bl Vérg@rtﬁ% selectivity

stirri ng benzyl chlorocarbonate was added dropw se.
of Irtentsbeteeycasbonys sPehemhhlplimetabe oeuentisa] . 8% (reaction
Ylef§|§§ g was added dropw se to keep the pH val ue of

e syst h1at 10 to 11, and as required, the system

was cooled with ice to keep the internal tenperature

at 23 to 26C (final water content 53.2 w%. After
Companpt £té Exarip e opg se addi tion, with vigorous .

stirring, aging was carried out for 2.5 hours. The

r edfe 209nm1 sopur t neckell sdnptiet angt amealetz add aﬁdppﬁng funnel

resHIt 't he conver si on ,
rged with 10.08 g (= -0.101 mole) of racemic

2¥methylpiperazine, and 50.0 g of l-butanoll was added for -
| dissolution, being followed by addition of 50.3 g of water (water
content 50.1wt%). With vigorous stirring, .benzyl chlorocarbonate
was added dropwise. In this case, 48 wt% sodium hydroxide aqueous
solution was added dropwise to keep the pPH value of the sysfem 'at,‘
10 to 11, and as required, the system was cooled with ice to keep
the internal temperature at 23 to 26°C (final water content 53.2
wt3). After comple_tion of dropwise addition, with vigorous
stirring, aging was carried out for 2.5 hours. The reaction
solution was sampled and analyzed, and as a result, the conversion
of 2-methylpiperazine was 85.5%, and ‘ the selectivity of
' 1-tert-butoxycarbonyl~3—methylpiperazine was  77.2% .(réaction

yield 66.0%).

. Comparative Example 11
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i i he selectivity
of 2-nethyl pi perazine was 85.5% and t :
of 1-ter¥- gut oxycar bonyl - 3- net hyl pi per azi ne was 77A2%
(reaction yield 66.0%. Conparative Exanple 11 50
200 M four-neck flask with a pH neter and dropping

ith 10.22 = 0.102 nol e) of
i kol Sl ang 5(30.5 g of 1-butanol

racg : ) r‘r‘etuhy! pi perazine, at oy
"eeH Gilngh, wheh reg pHolk bee chrly dade tibhgfunnel
has g%ﬁgdn%fdﬁn d cont e;ngt 25.4 w9 . WtE

f of er ter _ .
vasl g%?%ﬁ%g%ti F‘T\rlili%%g, %"e | 8hl droca® bbdat emoed added racemic

TGO SR SR A s Rl e picea cor
disgellugion,t beiﬁysf@m&fqecil goegt %g%ggcggﬁ”?ﬁ?TL j of water (water
coni)éﬁ%:gr%rgiq@%ggl Sgigbfm@dﬁdmhtﬂ@fﬁﬁgggé??gﬁ_ glsmlt?rlglocarbonate
was%%%e}% fc}ﬁeh{irs?qqggl’lgt %é?ﬁga&oggr;f%;oﬁjgm; ﬁngOQide aqueous
o gt S b o RagBobhe kvt of the systen at

: . s ¢
8 t@- Q S $Reb he_selectl\uhy_o c
T rort bt oy ot panars o He o Bl o SRR Wishlsge to xeep

the dndgamiadntepperatab 23anBl & iva1TR8 58 &t 2 t%).
) ol uti :dnoﬁ?giened b?giehe sane opelr ation as i1n .e%@rrgl‘%w
ALEER COMBLoPIoR, afcdThmIise @idh t1onut anch Wasiciy |dt80-ring,

i YAY; I;QQSF. ressure, being foll owed by
agt addiatlsi on o 1%§d§&§2f§£tér§ h@aﬁ%eqfra‘ém Idlff,ﬂ@ﬁ%_ on Stohleutr;iﬁn was
prilvestt ' @& anat was,, used_f or justing .
_samt 0 o?sd.ﬂd%gﬁ’,a@‘ Zzgg'of g{lg}/\ﬁge%e Wad®58dEd, EhRE steRvYeTRion of

2-mefhy lpiareantiout fwars 30 g, B4t €s. o 1Re upper I@é/féce/\ia‘;it of
hiiiory and the sane amount of tol uene was Y

noved, | .
1—tet§3%3ﬂ{fé!e i%ﬁqﬁrbnmﬂ —en amﬁrjigiipﬁrams mbsee;@.@@.auentlt?@,dfsﬁ (reaction
i [ out washing operation. Su ).
Ylelsq,igr |Eyu|m ydr oxi de aqueous.sol ution was used to keep the

pH of the

Example 12

The reaction solution obtained by thé same operation as in
Example 2 was concentrafed and 31 g of 1-butanol was distilled away
under reduced pPressure, being followed by addition of 30 g of water.
Subsequently 35% hjrdrochlorid acid water was used for adjusting
Athe pPH to 0.8, fThen, 22 g 6f toluene was added, and stirring was
carried out for 30 minutes. The upper layer was then removed, and
‘the same amount of toluene was added again. The same operation was
repeated for carrying out washing operation. Subsequently 48%
sodium hydroxide aqueous solution was uéed to keep the pH of the
reaction solution at 11.5. In this case, white turbidity occurred
due to liberated 1—benzﬁyloxycarbonyl~3~methylpiperazine. To the
white turbid solution, 40 g of toluene was added, and stirring was

carried out for 30 minutes. The lower layer was then Temoved, and
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reaction solution at 11.5. In this case, white
turbidity occurred due to |liberated
1- benzyl oxycar bonyl - 3- net hyl pi perazine. To the white
turbid solution, 40 g of toluene was added, and
stirring was carried out for 30 mnutes. The | ower
: th_Iaﬁer m&s t hen renoved, and 51 the upper |ayer was
- “PCCUHPER: AYEY ViASeroreRbEat ol cerder medBR:A pre&@Grienat 60 to

ot enpe re.. Then, toluene was distilled away to
70 %b{qgi %&Bﬁﬁri@lﬁe of 'I!hen, toluene was distille}c/i away to obtain
10.13bgnayl axyeak A3 l_Ri_ Lne. The.obt ai ned

g BaBY cgrﬁs&ﬁg}i R AL DR peF Az iRRe

compound was anal yzed. As”a resul

1- b€he ddajicadbonybo dn dwaRyAh DL ed] NQ 3¢ ¢e40Eed i i ntended
98.0_liquid chromatography area % The inpurities

1-bgRavdaxycagbpnyl-d-mehhyiptographyeasecoinfed@®aybs. 0 1iquid
chr%gghol g 04 liquid chromatography area % for
M3 ERITFPRYheAT§R 0xcar bBR| - TuprT Hd s pebamriade, 00400 liquid
g 0 aphy ea %for _ L
Chrliﬂ“ggggﬁlﬁgﬁrngﬁ]%l pgra i%fe a%%n‘?%l d8teehprdm f &-04 liquid
chrdmdtdgpaprnyl oxycar bonyl - 25884 hyl pi per azi ne%( 1.46 £
li quid chromatography area t for sol vent tol uene). or
1-bameybf érbenepkoxycanbonyli ppuethi epipesaRins, | i @UhY 1 iquid

ch ‘chromat ogr aphy area % Exanple 13 The reaction

Chranp P 9BAPREt A%%dd by fiofe Sahenspér athethynipiper&xaml and no
- det&cPBSn CeReeNt rat and .28 g of 1-butanol was distilled

e anay u% grr}lr'e%lﬁg)c?n ésogﬁgﬁrm%-%-&qmwrazme (1.46

1icnadkdl icﬂil@i&ndﬁotﬁ%ﬂlgoaréﬁtﬁ For §89g&gg fﬂl}éﬂ en:):-:-t ?/‘ongTh?ﬁngﬂe , the

hydrochl oric acid water was use | us

~totab @f 7imghentie? wasfo ! B UBDEUIASCRESIRSL 0 SASHIS) | dFfd D% .
. was carried out for 30 m nutes. The upper layer was
then renoved, and the sanme anount of toluene was

E'angéjfjee gain. The sane operation was repeated for
x arrs}%g out washi ng operation. Subsequently 48%

S OCHHENARHH PP & AIHGYS Lytian, was. used to keep the L

pH of the react iog"n sgllﬁutoi%gr?&tgte%l??8%11%3?%?307&% tion as in

Exanghi¢ @ vasiatidentoectdd aad g8y be il&%a?ﬁc%ﬁ was distilled away
o the .

. 1-benzyl oxycar bonyl - 3- net hyl pi per azi ne.
under reduced pressure, being followed by addition of 30 g of water.
Subsequently 35% hydrochloric acid water was used for adjusting
“the pH to 0.7. Then, 22 g of toluene was added, and stirring was
carried out for 30 minutes. The upper layer was then removed, and
the same amount of toluene was added again. The same operation was
repeated for carrying out washing operation. Subsequently 48%
sodium hydroxidé aqueous solution was used to keep the pH of the
| Treaction solution at 11.8. In- this case, white turbidity occurred
due to liberated 1—benzyloxycarbonyl—S—methylpiperazine. To the
white turbid solution, 40 g of toluene was added, and stirring was
carried out for 30 minutes. The lower layer was then removed, and

the upper layer was concentrated under reduced pressure at 60 to

70°C in temperature. Then, toluene was distilled away.
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white turbid solution, 40 g of toluene was added, and
stirring was carried out for 30 mnutes. The | ower
| ayer was then renoved, and the upper |ayer was
concentrated under reduced pressure at 60 to 70C in
tenperature. Then, toluene was distilled away. 52 Ten
-pobgt three two grans of the obtained
1- bETzy| oR9ERE bonfhreenet HMpi pegranae was pl aged | BREained
flask and distilled in vacuum Wen the
1-b O . . P
%@?%%%E&E’é%% %M%Y{E@@W Wg§ pilaced liata G ml heart
flask Ai€%i 4G feqperature was raised finally up to
170C.  The |nf%?ﬁ§flg$%§§ te Wﬁ%&e&hﬁrBﬁ%4baFB s@acied 145°C,

the aeioviad bedpetaluaeidh $P8re08 Uhd PRe RGeS0 131 .
to 140C. The obtai ned conpound’ was gﬁ%l%@%ﬂ"a@% was raised

fingkkyllup thd7aitendrte internal pressure ranged f 40 to 53
pa L.Renzyl oxycarbonyl - 3-met hyl pi perazi ne account ed Tor
a. §§d47the fipRperaryimesgthphyo uea p FhageaPEFo 193 to 140°C.

sh Fguid chromat ography area % for benzyl

al ciof%g?gt%fﬂéé‘h r‘i‘?%‘ Mon c"fﬁ%ﬁﬁggggﬁﬂhy B§ aFemyldr, the intended
1-belx A o et hyl pi perazipe, 0.04_ .

T T A T

chromajmendphz metewl ptper arhae aRgul9ridset eghd f i qui
h 1 A*_\-Pdi benzyl oxycar bonyl - 2- met hyl pi pérazi ne ‘??%rq{'OB liquid
chre SrePhyl uedeedi t Rer )Jfomhebehayad, tdlediaiial of. 18 liquid

hrod gL was 0.25 liquid chromatography area %
o Exanf);:geap%i' A 1-liter foufffigck flask with % - for

e R e R BRI Ty M easansa
. , el WADLrASME  (for
solv#%;tt goﬁégtrlg_bgﬁﬂeg%hfﬁvﬁ%g qﬁ; g&nngﬁéﬁiogagzngggpm:@;i&is was
0-253mnkaobnEoRBL DA ApHEr BEGIey oY) o o5, 8 raceme
was carried |
Example 14
' A l-liter four—neck_ flask with a thefmometer, condenser and
stirrer was charged with 100.2 g(=1.00 rﬁole} of é—methylpiper&zine
bProvided as a racemic modification, 90.0 g (= 0.600 mole) of
D-tartaric acid, 170 g of water and 48.0 g (= 0.800 mole) of acetic
acid, -and the temperature was raised up to 72°C, being followed by
gging at the temperature for 2 hours. The,am.ount of the solvent
based on the amount of 2-methylpiperazine provided as a racemic
modification was 1.70 timés by weight. Then, cobling ‘was carried
out down to 15‘fC, taking 12 hours, and Precipitated crystals were
collected by filtration. . |

The obtained crystals were dried in vacuum, to obtain 112.4

g (= 0.449 mole) of a diastereomer salt. The optical purity of the
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out down to 15C, taking 12 hours, and precipitated
crystals were <collected by filtration. The obtai ned
crystals were dried in vacuum to obtain 112.4 g (=
0.449 nole) of a diastereoner salt. The optical purity
“of the 53 salt was 94.4%e, and the yield of the
S-isoner in the obtained salt based on the anount of

salfiyag ?%o‘hte‘?% Ahhe Eeld 6 crhe | Sl sqmaR i Hedthe q,btained

sand SUE L G5, Voo, 25290 fl o i oracine
provhigd e &1k (2 LS 2oy | 9 pey azi e cont ent

= 43.7 g) were added. Perfect dissolution was achieved-

at Wi 0a BECnlafithsloalaisnchivged aritdhetlo 0w ogavdtd®, and 112.4
15C, taking 12 hours. Precipitated crystals were
g of othecektpbyed gryaakm Gerer { B2 mmethwlpipevasineeontent

= afot g oS eindt o Fga%e?c't"ﬁlﬁEgia%iyta%ﬁéagﬁaéﬁ?%g%dat 80 to

BSO(QBpH crygt w?lfs (:g)rr%@ge ﬁl %er% ng%w{%@cﬂ}g 12" hours.

Preéig&ﬁkamd fbﬁyéﬁkﬁlﬁ&?@ﬁ@rco:@l)é@@é@ Sy aflﬁltﬁét i€ aN@Sdried in
charged with 300 g of water, and 98.3 g of the

-Vaclpm\hmgbltylncﬂﬁal 9edf salsaldf. (szszepmtckzyl etz was 99.4%ee,

Otartarlc acid (pure S) met hyl pi per azi ne
ana e 5t Xhe S Dl%‘?f&e?m’g% t%t?‘b‘é’#"ﬁﬁf? i$31t ?ased on the

e SRR il e e

g0.%he flask. The slurry was stirred in a range from 80
to 82C for 3 hours, and cooled to room tenperature.
Thew, 1l-tliderfiodrssetkefilzaktwiidala itherthambaeat,efondenser and -

: filtered away, to obtain the nother |iquor. The nother
StlJF?%laa'raSm%%aw%ﬁ@t}lz%%O BAf water reBd|38 -3 g efdher :eafmlously

ovtb kool B P390 PRY S B LAY NG s i coume
- (8)9P- Mh v1FUbdRes {m %on%%n% L 85Ubtg Ofg HRII (808! Yot Sical purity
. t he opt|cal purity of
of 2-methylpiperazine = 99.4%ee} and 39.6 g (= 0.508 mole) of 95%
pure calcium hydroxide were added into the flask. "I'he slurry was
stirred in a range from 80 to 82°C for 3 hours, and cooled to room
temperature. Then, the non-dissolved salt (calcium tartarate) was
filtered away, to obtain the mother liguor.
7 The mother -l'iquor' was GC-analyzed, and asl a result, it was
found that 39.1 g (= 0.390 mole) of oi)tically active
2-methylpiperazine existed in the mother liguor (yield 99.8%).
Furthermore, as a result of HPLC analysis, the optical purity of
(S)-2~-methylpiperazine was 99.4%ee.

‘Then, concentration was carried oﬁt to a water content of

about 50 wt%, and l-butanol was added, and azeotropic dehydration

was carried out till the water content of the system became less

than 1 wt%.
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(S)-2-net hyl pi-perazi ne was 99. 4%e. Then,

concentration was carried out to a water content of

about 50 wt % and 1-butanol was added, and azeotropic

dehydration was carried out till the water content of

the system becane less than 1 wt% 54 In a 100 nl

--four-neck flask, 5.0 g of the obtained

(8)112 et R}?Dpirpbr dame-reck). FAa3knol 8, 00pf i @& PpHEl tdbtained
(s) S 2 f% aced and 44 g of 1-butanol was added
f R U’HP? 2 1npd = QoPhPP g MasoRbbtal MOWEY 890€%ee) was

riodl 2ot 5 3 SO RLEN fbontp Ao gE L
soluPién Wéo&i@&‘%ﬂn‘)tg% CTh%gd SUYs " Yy p’gﬁgfia” dof benzyl

out at OC for ours, and ofg

chleiretatbena beven suaddsd ﬁe@@@ﬂ@emi%@ﬁ? $he. 11 %@H@%ﬁ:‘a!éure kept
30 g of water was added, and 35% hydrochloric acid

in gerapgoatremed to 84.ust the pHto 1.0. Then, 22 g of
toI ene was added, and stirring was carried out for
THirt é'é:lr%ﬁ@ea’@énpﬁyrlﬁﬁeouﬁp@t 9°4y dorwadshpersyveand 30 g

- of aIJ dbﬁ@&né]’? My, FAOURS o ‘Eg.lﬁl.ggu € %%a n3ad e\?\éfﬁ%quged Thpressure

sanme operated was repeated to ¢

Subsppuatt DR. 30 Nerof 489 &0tk am’&’écPX'aCi?d W%ﬁ@éﬁdﬂ{b acid

was used to adjust the pH of the reaction ution
waten was pgedhte adiest tike mH tor bidit yrmcumm@ dgetdDuene was

'addeéj ﬁ\éﬁgﬂtéﬁéﬁﬁbﬁﬁ?l c%r%%;ﬂ‘bﬁ fOTadPreingbes he Swiseguently
the tﬂﬁ&fi 133%15] L OV (? 7:% erﬁ%sﬁ gagrgeu?;h%aq?%ve‘é?luene was

stlrrlng was carril e

addd@ymjaias hensseanysshkaedd ‘HLE réPR&k e d! g)ﬂe&a%é out washlng

concentrated under reduced pressure at
operatiisar at Thep .t dBienedbennhytihenide Sidqléeds &V\@Jlutﬂ'@@ was used
-toagjy_int t egt&o jrans of the obtainedl-ben _ :
HyPE sthe R g et Halwtieas tel 4de@.i nIn tifis case,
Whlﬁbgat Ee?%%c% and OCCStI I Ifd In hacuum V\hentlwe 0|Jl.iberated
A 1-benzyloxycarbonyl-3—methylpiperazine. To the white turbid
solutionr, 4_0 g of toluene was added, and stirring was carried out
for 30 minutes. The lower layer was then removed, and the upper
- layer was concentrated under reduced pressure at 60 to 70°C in
tempera_ture, toluene being then distilled away. |
| Ten ~ point three two grams of the
obtainedl-benzy_loxycarbonyl-—3-methylpiperazine was placed in a 10
ml heart flask and d:Lst:Llled in vacuum. When the 0il bath reached
145°C, the removal by distillation started, and the temperature was
raised flnally up to 170°C. The internal pressure ranged from 40
to 53 Pa, and the temperature at the column top ranged f£rom 131
to 140°C..
The obtained compound was analyzed. As aresult, the intended

1—benzyloxycarbohyl—3—methylpiperaz-ine accounted for 99.7 area %
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145C, the renoval by distillation started, and the
tenperature was raised finally up to 170C. The
i nternal pressure ranged from40 to 53 Pa, and the
tenperature at the colum top ranged from131 to
140C. The obtai ned conpound was anal yzed. As a result,

: the intended 1-benzyl oxycarbonyl -3-nethyl pi perazi ne

The JgpyriAtdest Ghoy®d i area 55 figre. bempyt i leshshpwedli2 for

0.03 grea % for benzyl alcohol, 0.12 for
1”bef?B’iﬁ?\759&?05’&82*9408%98&%5ﬁymeihﬁpﬁypﬁagénazi %e08 quEa ¢ for

1 -be&%?i - %.’-fn@fpg;bgﬁgi‘)élzia'emt hyLpyperazin € an %W ction for

ection

1, 4—&iﬁeﬂk?iﬁ&?hﬁ&%ﬁ&ﬁoQ¥lne%h¥§btﬂ¥la|959§h@2 i @Srt( fs?ig nt toluene

solvent toluene <either). Therefore; the tota
eithempuri t Teerediore, 23tivd Ytothlr téer MpRrithesopkasalo. 23 wtg.
urity was 99.4%e. Exanple 15 A 2-liter four-neck
Furt?‘?ﬁg‘Rrﬂ/i:t khe oR&iepdepurityondender 4&ré. stirrer was
charged with 200.4 g (= 2.00 noles) of racemc
2- et hyl pi perazi ne, 280.0 g of water and 96.0 g of
ExampBkhagol for perfect dissolution. Then, 300.4 g of 50
W% D-tartaric acid aqueous solution (150.2 g = 1.000

.NDA €2 -afi it Adwarirtedl Fdhskafi 8608 khdimdhib £ Adend@Rder and
the tenperature was further raised up to 72C, being -

stirrgr| o phazded: iwitiof 200042 g (= 22 01D nmbaek)ofof racemic

o $ﬁe5_i ¢_acid, and a%i ng at the tenperature for 2 hours.
“METHE-BEPGEARE LIRS EEP Pofl Oha¥atiaterPAePRalop of methanol for

perfgl'tS/d}L%s%lgta_tcjnq byrﬁ/&l,ghgao.tg?get?%)e/lsglrgvgt}r%zl?%{éa%ggric acid

sol vent based on the racemc

aguedub Foldtisn QY 508206t 1 THEH moQ@0bE Y- MaS: £ d heJa9Was added
down to 25C, taking 12 hours, and precipitated

at 48ryst48°C.wend dblel ¢empdrbyufel wast Fenthefheapbéa@imecko 72°C, |
bei Cr_%‘gjgfls were dried in vacuum to obtain 214.8%] _ )
eing HRlord P AAdiEigR: @F d3fer gaf T 2 Bemepesdart magtie acid

and Ldgeothl (BRIt ol itnbiEsl e HodHhuremppsition
was W8EeS/h&BABRONN=18E. §/PP!2 €Gatio by weight), and the amount
of the solvent based on the racemic 2-methylpiperazine was 2.63
times by weight. Then, cooling was carried out down to 25°C, taking
12 hours, and preqipitated crystals were collected by filtration.
The obtained crystals were dried in vacuum, to obtain 214.8 g (=
0.858 mole) of a diastereomer éalt . The optical purity of the salt
~was 93.9%ee, and the yield of the S—isome.r in the obtained salt
" based on the amount of the S-isomer iﬁ the supplied
{(x) —Z—metﬂylpiperazine was 83.2%.

Subsequently, a 1-liter £lask was charged with 380 g of water,
and- the obtained 214.8 g of ‘crystals {pure (S)-~2-methylpiperazine
content = 83.4 g} were added. Perfect dissolution was achieved at
80 to 85°C, and cooling was carried out down to 15°C, taking 12 hours.

Precipitated crystals were collected by filtration and dried in
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() - 2-net hyl pi perazi ne was 83.2% Subsequently, a
1-liter flask was charged with 380 g of water, and

t he obtained 214.8 g of crystals (pure

(S)-2-nethyl pi perazine content = 83.4 g) were added.
Perfect dissolution was achieved at 80 to 85C, and
cooling was carried out down to 15C, taking 12 hours.

VacPPé'ct‘imOthtaédl t3yst @ efvesaleol | pesesh A bhi‘ﬁ’éy%saﬁg 4%ee,
and ed_i,n, .56 vacuumto obtain 187.2 g of a salt.
5 |cgile&§r Py thesSodsames, ingpbet bbtpiekd ehlthbased on the

g |tsq;pr 4t ined salt based on the anount of
amers %CI pr}ge&%’iﬂﬁlep‘ﬁ P1Re siipplthed sunpliad gpgstals was
89. 89 8% A500n1 four-neck flask with a thernoneter,

condenser and stirrer was charged with 150 g of

wat Bry0@nul 18- rpdk £ 1Bk WATREYhRIRSIAT?e condenser and
D-tartaric acid salt (= 0.739 nole, optical puri ? of
SLISTREL WADi phardetde wigh 4190e)g okimi ratepef oaﬁdarldss 0 g of
3.nol e) of 95% pure cal ci um hydr oxi de

' 0.
‘S’méréesﬁaiamﬁaugmﬂ TiPTR- ireardd amlt 4 =70. 739 8@Ce, optical
apd sEigL th ooI ed to room
Shak e%per a% uﬁkﬁ%{%g%%%enﬁy," ﬁ‘}r‘e 4% §:6'|1\‘F&Sli b§§PFev\ﬁ§d 69.1
g (£i0t&eBdmanay, of09eht piiret B8 e
. Iiquor was GC- gnal yzeg gnd %gﬁgﬁr ég FSQ?_E? We 5% Sﬁﬁ
Slu?:ﬁfﬂtwm heatpd upd te8Gomebepotd, aptd %ftlﬂﬂi*e%ctf'o‘feS hours, then
" beify og_eggkgeram ne existed in the nother |iquor :
: Iﬁ’/ S %OOHFE??‘HQF%PEG asSebseguently. tHRLn-dissolved
18R ur| . of _(S)-2-nethyl pi perazi ne
sa was élgf9ﬁ4t/%elte@d %EH wist &P kéi %’ﬁol t8§Tadd@uer)-| The mother

ommnaiasihoessoncie. o 2% L UEL A B .
- 9 (DR 486 Imele) veff copThrA Bl abtive SYsd ey fﬁé@aéﬁ?@ existed
J.n%m]’cé)% Inalllter four-neck flask, 50.0 g of
| % yrg@rlglzﬁﬁe 8(3 .0. Eggthermprept asada result of
HpLP Hrld 2% 4768 optical purity of (§)-2- methylplperaz:i.ne was
99.4%ee,
Then, water was distilled away till about 50 wt% was reached,
belng followed by addition of 1- -butanol, and azeotropic dehydration
was carried out till the water content of the system became less
-than 1 wts.
In a 1-liter four—ne;ck flask, 50.0 g of the
(8}-2-methylpiperazine (= 0.499 mole., optical purlty 99.4%ee)
- obtained before was placed, and 440 g of l-butanol was added for
'dissolution. The solution was cooled down to 0°C, and 92.5 g (=
. 0.534' mole) of benzyl chlorocarbonate was added dropwise with the
liquid temperature kept in a range from 0 to 8°C.
' Then, stirring was carried out at 0°C for 2 hours, and 300
g of 1—butan'ol was distilled away under reduced pressure, being

followed by addition of 300 g of water. Subsequently 35%
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obt ai ned before was placed, and 440 g of 1-butanol was

added for dissolution. The solution was cool ed down

to OC, and 92.5 g 0.534 nole) of benzyl

chl orocar bonate was added dropwise with the 1liquid

tenperature kept in a range fromO to 8C. Then,

stirring was carried out at OC for 2 hours, and 300 g
hydrgehl.ogiicagetidnvgateirsvas| esedviey artlert riddupidto 1.0, and 220

essure, bei ol | owed _by_addi ti on of 300 of
g oD ESTFAE 1 Allind v bodhs EoTHoHPBAN Gl TISPuroRI2 minutes.
.U h 1.0 d 220 of
The (bl dtyed BsathehoraBbybh, sula B Fime et of totuene

was Ndid®sagaiiie URRSTsdmy eop¥Bati BRNwaEMUBEat8R9tbN arry out
sanme anmount of toluene was added again. The sane

washipar aeperaben r epSabsdguentayr Y8Rt so@dshi Agdroxide aqueous
operati on. Subsequent|ly 48% sodi um hydr oxi de aqueous

soluddion vaf ured Gocadivs hdjhespHidR the péachion saditéon to 12.1.

In this case, white turbidity

l,ution to 12.1.
In g:glc%” g(?S(er twalﬁtleoer dity occurred due to liberated

- 1-beh CRRAS /s, ' i.perazi ne., To. the white .
A S s s A B e Telashe” S vurbia
- soludfiionr,i Agovat of calubfd waytad@ed3Oafd Wi BSrin GdtMe carried
| ayer was then renoved, and the upper [|ayer was
out £efc¥hrinutgsundBre loggoelapeesmay ¢han Bndwed,0&ntinthe upper
tenperature. Subsequently toluene was distilled away
layegx, Sprcemgrated ndeR ohedueedt PreEsyhey ati @ po it0°C in
ans [ as .
temp%%?#%dxyggﬁjggﬁsﬁﬁggge? E’sPSPSer"’ 25 S ShAd 1p8y apgY, to obtain .
88. 5t lni off ial wondiesttddtey. (heating surface area 0.02 nz)
- using aliquid feed punp at 0.6 liter/h. The
t eFpe@hsvur efd¥et hepbdnti ngzerdi ungnass 1506% &tk a obtained
|l ow boi | i E’% c&monent was cut at a vacuum degree of

1~be§6§o!§ér’car "SHt i edhvd R neragdneguvasr &ed nfaga nthhe film
arouisi (BacTig bofhse! STBLY W b 5ol H it Foea pomp
ot o SLeLtEe Al nonts UOHAS-ISEL R KRB S APRLELASAL o'
and a low-boiling component was cut at a vacuum -degree of 360 Pa,
to obtain 82.8 g of a liquid remaining in the distiller.

The liguid remaining in the distiller was again fed to the
same thin film distiller at 0.6 liter/hk using a liquid feed ﬁump.
The temperature of the heating medium was 220°C, and product
distillation was carried out at 87 to 116_ Pa in vacuum degree, to
obtain 76.1 g of a distillate.

_ The obtained compound was analyzed. As aresult, the intended
1-benzyloxycarbonyl—3—methylpiperazineraccounted for 99.4 liquid
chromatography area %. ‘The impurities showed 0.25 liquid
c_:hromatography area % for Dbenzyl -alcohol, 0.03 liquid

chromatography area % for

l1-benzyl-4-benzyloxycarbonyl-2-methylpiperazine, 0.02 liquid
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distillation was carried out at 87 to 116 Pa in vacuum
degree, to obtain 76.1 g of. a distillate. The
obt ai ned conpound was anal yzed. As a result, the

i ntended 1-benzyl oxycar bonyl - 3- et hyl pi per azi ne
accounted for 99.4 liquid chromatography area % The
inmpurities showed 0.25 liquid chromatography area %

N chwb@@ﬁr@phymmm % 0E@B Ni-tieingy1ChT G a %
1- benzyl - 4- benzyl oxycar bonyl 2- net E’gﬁé’iggﬁgﬁﬁs and no

det&c&i.o o ]5'84"(517"1’ Wmm—%in(&thylpl erazine (and

ff'gelth)él erazi ne and no detection for

0.
O% 4- dl%enzy oxy A &NI -Bohueng) pi pPhenaforeandthd. Gbtal of
impateailehels ﬁohﬁeﬂf Hﬁggr}lgﬁgg%g %rqeﬁﬂ P_t h:r t@'gltl%he?more the

I mpurities was O |qw
optggalhpnmty, wabegooptbgal purity was 99. 4%e. Exanple
16 A 1-liter four-neck flask with a thernoneter,

stirrer and condenser was charged with 100.0 g of

gr.and 90.0 g (= 0.600 nole) of D-tartaric acid,
Exafﬂﬁ%g er a hormgeneous sol ution was - formed, 200.4 g

of am apugou ntai ning 50 wt % of racemc
2- nethylplpera2|ne %q%:éf mmW% Vi pf pEharmeme kot efticrer and
condeferrol le), of ac t|c aC|d

wer e added at room terrperatur

rﬁu?%mm%%ﬁ
—mef\ﬁigﬁ b ﬂ%‘éﬁba} & lpéa%"é’e‘l Fnie/:}-h @g@;&&égﬁﬁéﬁﬁ plsa mole)
i A A IR

r{%[s b 53 éﬁ?e(%to 75°C, and

ased on the anmpbunt of supplied I Somer

seetﬁcry§§?1$ FHerenadded|ds k5N | bed nidh£6 I0FREE Y S414S For 1 hour.
Then, cooling was carried out down to 15°C, taking 5 hours, being
followed by aglng at the temperature for lhour. The obtained slurry
- was separated into a solid and a liquid, to obtaln 172.1 g of a
wet cake (pure 2-methylpiperazine content = 44, 78 g =0.447 mole)
(optlcal purity = 92.6%ee, S-isomer yield = 86.1% based on the amount
-~ of supplied S-isomer).

Then, a 1-liter four-neck flask with a therxﬁometer, stirrer
and condenser was charged with 130.0 rg of water, and 154.9 g of
the obtalned cake (pure 2- -methylpiperazine content = 40. 30 g=0.402
mole) was added at room temperature The temperature was raised
up to 75 to 85°C for dissolution, and seed crystals were added at
70°C, being followed by aging for 1 hour, cooling down to 15 C taking
5 hours and aging at the temperature for 1 hour. The obtained slurry

was separated into a solid and a liquid, to obtain 107.0 g of a

- wet cake (pure 2- -methylpiperazine content = 36.40 g = 0.363 mole)
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and condenser was charged with 130.0 g of water, and

154.9 g of the obtained cake (pure 2-nethyl pi perazi ne

content = 40.30 g = 0.402 nole) was added at room

tenperature. The tenperature was raised up.to 75 to

85C for dissolution, and seed crystals were added at

70C, being followed by aging for 1 hour, cooling down
(OPi'tJd:aﬂsEl{fagY g2 9 55 ¥rrur §-dsomegi yhehd =tde. IebpSEaldN Ehe amount

- faor L .. The qbtained slurr was separated into a
of Ss%ﬁ%%ﬁ%‘é‘%"lﬁfﬁd, to obtain )1/07. 0g o1|‘o a wet cake
(p 2- h I [ ne content =.36.40 g = 0. 363 .

ol o s8  obt Tl E A g e thes kot stirrer
and $ond¥nbasedanchifg8dOMEL fho SHRRY hﬁqe?h' 38&'3{%% .0 g of the

Then, a 1-liter four-neck flask wth a er nomet er

obtajmed eet caks: CpudeRser thad pafainged ne Ebnd99: ¢ 94.01 g = 0.340
water, and 100.0 g of the obtained wet cake (pure

molel. gy pgdedr aziTie coamparatui4. Oﬂasgdfaﬂsééo up‘ﬂ%@) 70°C for
- ed; t rature was raised up to 70C for
aissifitddieland i 42505182 mpTe 3 smelan timeaplof 95% calciun
hvardo ' onscal £i droxi de.was added. Agjng was
Y o m%é)éo St%{aaéct)d78&gl’%w% f%?rglﬁgd).u}’ at gﬁdto Bg CYor 3 hours,

and sclaldid - gl G epeePAT 201 YRS AL | @41Uled O SBEOVEL recover
S) - 2-net hyl pi perazi ne. The 2-net hyl pi perazi ne content

(S)“igﬁmpﬁéiflﬁépﬁé‘lazlih%or Thes BByl {ipdradthané@tent in the
moth%&eiover% rate 38. 0% . From_the obtained nother
Fqadf %353 f - w4t 8r (faf -d5st motled (apepyeandraie §8.0%). .

Of pLoRUANOh 1435 AdflSE o FANSRNLT Abign then belng o .
carried out at 2'8 to #qlrirg‘%chlf'stzégs%,ol}[ﬁﬁ eﬁﬁ&_%@&ﬁl’éllled

awaywaandnstal est 1-buindD e ARRLT, | en¥rdti®n then being

distillate into the distiller. Wen the water content
carriipdttet dittd tbero°Necane tRik #6Se, DRRCAM ERLIrRvARSnstalled
to rs;cﬁgge bei ng fol | owed by cooling down to OC. - The

SLHLPhYPE PRPEZi haveBnPEnther ddssiddntei dntonthhedistiller.
whendl $hi! 1§ teﬁasrgg? 8 g (= 35323 ol e). (recovery rate = :

97.0% . #o Fhe QorTtT ot 5B JHatiliery hacame; g5l wts,
conc&ﬁ%ﬂ&tﬁ.bﬂeﬁés(’étoﬁﬁ%}i Sl LG RAALS Was, gdde °

dropwi se whil e the r%pw segoa gl'glé)q"erbagy cooling gown to 0°C.
The 2-methylpiperazine content of the solution in the distiller
was 32.38 g (= 0.323 mole) (recovery rate = 97.0%).

To the solution, 58.72 g (= 0.339 mole, 1.05 molar times) of .
benzyl chlorocarbonate was added dropwise while the drbpwise added
amount was adjusted to keep the temperature in the distiller at
-0 to 10°C. Then, the temperature was raised to room temperature,
being followed by aging for 2 hours, and concentration under reduced
pressure was carried out at 60 to 70°C for distilling away 180 g
(pure ZMP content = 68.50 g = 0.292 mole, reaction yvield 90.5%).

Three hundred and eighty grams of toluene was added, and
concentration under reduced pressure was carried out at 60 to 70°C,

for distilling away 340 g. To the concentrate, 200 g of water was

added, and 35% hydrochloric aclid water was used to adjust the pH
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anount was adjusted to keep the tenperature in the
distiller at 0 to 10C. Then, the tenperature was

rai sed to roomtenperature, being followed by aging
for 2 hours, and concentration under reduced pressure
was carried out at 60 to 70C for distilling away 180 g

g gpgrezégf content = 68.50 g = 0.292 nole, reaction
© yiérd ‘Y- ASTRREEL RGN e d h @ Oeghtyegr amsd dfhe upper layer

te wa nd __cancentration under reduced
MY éggggg'wzléﬁggsrea??eegjpéalﬁa%dto%@’atso rrpeated, fugitber) frage. and
483aweni 3h0ngdrdR:iiBeagaRsRA! & i 605,800 ¢ 04t
added, ang 35@§hyd?gchloricaggréggarg? &géﬁugédgﬁgUSt the pH
of &bpuseachéopHsobGtionltd. 1AQ0NUbWRRGCRLLLBHeAUbyl 8BdBPion of
m nutes, and the upper |ayer was renoved. The sane
140 g qhatirdwengsapd prbieing fice B0t nineteand THE%awedi layer was
ydroxi de aqueous sol ution was used to adjust the pH
. the%f gFﬁSVF‘gacgingﬁqLisf’cﬂ {Hi%h ¥ates yasp@ddgd.olheia fgllowed by
tidghs1 on 48y, g I d.stirring for._ 30
S nutes. Tr?ellq)%\%gr l?%?%?w#/\ggﬁl en Yot e%nd;ﬁ&elﬁgpﬁr layer
was QontRintirated aades rRidad HLrbsued %60%6 70901 ne being
| ower | ayer was then renpved, and the upper | ayer was
ther ohtehi I beddawayleat r eddiclebla parsssotc Att&bbaiil®G7.60 g of a
toluene being then distilled away at 1.3 kPa and 80C,

COnGFHREEn 67. 60 g of a concentrate. The obtai ned
CORRIAHL . a result, the intended _
O A b T SPBTRERLL | 8% A.EBRA B therintended
1- bz Pl datyfitH b o I QI B AP ékfae?afr% s pl'i%}ﬂ Le i qui
showed 0.27 liquid chromatography g}eal%o orE%§n§§r2 1iquid
chramatgiustaphy O2adeaguisd  clThemaimpuapiy e eahYwka@r 0.27 liquid

h 1- benzyl - 4- benzyl oxycar bonyl - 2- met hyl pi perazi ne, 0.01
ChTOMGRAN 2R onBEBAr aphy £9®a @ebeyl alcohol, 0.02 liquid

- - 2: et hyl pi perazine and no detection for
Chréhétgﬁ%%%§§loxycarbonyl-??ﬁﬂthylpiperazine%(2.44 for
1-benz90i -0t -HURARE ARN6RF18S ] v t 0l ueng) .

Therefore, the totalrg?'%mﬁﬁ#ﬂ¥§§§ é%?%ﬂ%ﬁfli g tiauid

chramaﬂmmmngnﬁphyear%a for 1-benzyl-2-methylpiperazine and no
detection for 1,4-dibenzyloxycarbonyl-2-methylpiperazine (2.44
iiguid chromatography area % for solvent toluene). Therefore, the

total of impurities was 0.31 liquid chromatography area %.

~Industrial Applicability

According to this invention, an oxycarbonyl-substituted
piperazine derivative can be produced at a high yield by
oxycarbonylating a piperazine derivative under mild conditions

using simple egqguipment.
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I ndustrial Applicability According to this invention,
an oxycarbonyl -substituted piperazine derivative can
be produced at a high yield by oxycarbonylating a

cPhpg¢ azi ne derivative under mld conditions using
sinpl e equi prent. 61 CLAIMS 1. A process for

1 g;?ldj\é} tr?%g@ﬁr%&%[@hﬁlydxg?%gﬁ% éﬁg‘étgﬁj sg{efaa\zggqe derivative, in
whishrgiperazite borigeine Fapreseaedbly @efddl fofme Y DRk BRYMHRS S hted
_ th a rea ent $ﬁ§esented by general fornula SS)or

ﬁépa‘ﬂenqcrg rESFIHe genstal fomude (Rar general formula (4) to produce an

T By g e e B AR SR LIS bY B8 G
FI' 83! \NH2 (1) 6-0 X (2) NO 00O $1 11t
"Y-CGOX (3) . XOi. -0- -OX (4.) (were R, R, R3.and R4

--denote, respectively i ndepenehent I Y i) a hydrogen

-aton1H||) an al kyl group® R'to 4 carbon atons,.
iR koxy group with 1jtof4 carbon atons, Lv) a
al gen group X denot espp yl group vvlth I"to 4
~Q$;§; ms, ii0)l)an aIkenyV up wWith(2Zo 4 carbon

atonsH iii) an al kynyl groupéyn 2 'to 4 carbon _
atons, iv) an aral kyl group t substituted in the
aronatic ring, or substituted by an alkyl group wth
| to 4 carbon atons or by an al koxy group with | to 4
carbon atoms or by a halogen group, or v) an aryl
group not substituted in the aromatic ring, or
subfstituted by an al kyl gréup th 1 to 4 carbon atomns
drfbyman al ko®y) group WKO-HCI0-3-€0X carbon @ggnms or by
a hal ogen group; excluding the case where all of R,
R2, R3 and R4 denote a hydrogen atomrespectively; Y
denotes halogen group), characterized in that an
al cohp fo 4 carbon atons and a water content
(vg]erel% \Bt p,g oqmc] R sdenpte, respectively independently, 1) a hydrogen atom, i1)

an alkyl group with 1 to 4 carbon atoms, iii) an alkoxy group with 1 to 4 carbon
atoms, iv) a halogen group; X denotes i) an alkyl group with 1 to 4 carbon atoms, 11}
an alkenyl group with 2 to 4 carbon atoms, iii) an alkynyl group with 2 to 4 carbon

~ atoms, iv) an aralkyl group not substituted in the aromatic ring, or substituted by an
alkyl group.with 1 to 4 carbon atoms or by an alkoxy group with 1 to 4 carbon atoms
or by a halogen group, or v) an aryl group not substituted in the aromatic ring, or

k substituted by an alkyl group with 1 to 4 carbon atoms or by an alkoxy group with 1

to 4 carbon atoms or by a halogen group; excluding the case where all of RY, R2 R

and R? depote a hydrogen atom respectlvely, Y denotes halogen group) characterlzed o

in that an alcohol w1th Ito4 carbon atoms and a water content of 15 wt% orless is

used.
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62 2. A process for producing an

oxycar bonyl - substituted pi perazi ne derivative,
according to claim1 , wherein the X in the genera
formula (2) denotes a tert-butyl group or benzyl
group. 3. A process for producing an
-oxycar bonyl --substitut ed pi perazi ne derivative,
according to claim1, wherein the reagent represented
by the general fornula (3) or the general formula (4)
I's benzyl chlorocarbonate or di-tert-butyl

di carbonate. 4. A process for producing an

oxycar bonyl - substi tut ed pi perazi ne derivative,
according to claim1, wherein the R in the genera
formula (1) and the general fornula (2) denotes a

nmet hyl group, and R2, R3 and R4 denote a hydrogen atom
respectively. 5. A process for producing an

oxycar bonyl - substituted pi perazine derivative,
according to claim1, wherein the conpounds

2repg§sente3h€¥ Ehe general formula (1) and the

gendr BIOCPSIRLATduon e apy exyspbprdisnistigtied niperazipe derivative,

acBerdfhg tAcRIRIESdhe ) ' :
oxycgrbonyl-§ubs%$%g?ggg%ﬁ% rg%?ﬁ%“ﬁ%ﬂ?%g?Fﬁgftm1bubdgHmP

m&@@@ﬂ@ﬂwg-to claim1, wherein when the piperazine
derivative represented by the general formula (1) is
oxycar bonyl ated, a nitrogen-contai ning aromatic

3.conpd pmdedssfom[adéuding arc@x arbbnyl-bubshitiIEDEiPES2ihO Berivative,
mgngdu i n .am‘gé%carﬁﬁngl-substltuted I perazi ne

SFPAP FAAED L SEEHTY G deaegnidPRirsantsd gneral Famyla(3 her the
gdnbRl RirfiGRGE) s GRALR tRNbABaBbRAR! §-1&LBRQYEatSnatd OF

| ess. 8. A process for producing an

oxycar bonyl -substituted pi perazi ne derivative,

according to claim7, wherein the nitrogen-containing

aromatic compound is pyridine or a pyridine
derivative. 9. A process for producing an optically

actiye_ox rbonyl.- substituted pjperazine derivative,
4accd¥8f°r?§§g&§r I&YP@W&J@ WQ?IEPW%SH ligitedpippraging dedvifive
acobrdafy 10Rlai al WierdRithyR" iPhOBERA 1Y ahd € gBRg rm

opt?%%lly active resolvi,ng gé@ﬁ?, 0 tgng%i%e optﬂca ula
(%) densrtsse Bethylsaro, endRo R iapd Rl fennte 2 bpdrogaaitam meppeginly,

or the optically active piperazine derivative

obt ai ned by deconposing the salts is used as the raw
Smat ek pedeessTor pradpringassxycabopyl adbtitited pipe@pint dadfivafive,

activ o§¥cqrb n IEEubstituted pi per azi ne
accordingto claim T, wherein the compounds represented by the general formula (1) and

the general formula (2) are optically active substances.
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derivative, according to claim9, wherein a piperazine
derivative obtained by optically resolving a

pi perazi ne derivative provided as a racem c

nodi fication in the presence of a |ower carboxylic
acid or mneral acid using 0.5 to 4.0 tinmes by weight,
-based on the anount of the piperazine derivative, of
a solvent, is used as the raw material. 11. A process
fordgroducing an optically active

60xy dapteeess|forsprbduding Aneek yparbemyad sibreitutetepibstating @erivative,

r dj. nQ- clai.m 9 or, 10, wherein the optically
oS30 P} ?v\"h‘a el&g@w thepibgpeine g?fr‘g?tlg%fepvée to 3t general
foanuld (1)GdodRarbbnlaRa ebsitrbSin-en@AMEL B nAfc @Rhp&GANliYmade to

active oxycarbonyl -substituted piperazine derivative,
CO5¥Ebr ding to claim 10, wherein the | ower carboxylic
acid or mneral acid is at |east one selected from

acetic acid, propionic acid, hydrochloric acid and
Tsul fAuptagesadrproducing an qryombarsylisobstipredipiperagnaderivative,

' ly- iye oxycarbonyl -substituted piperazine ,
a°g§‘?in@§{’ Fpé%? Céa et P?% g W‘i%??%@fﬂé%ﬁafméﬂ%%ﬂ%%d is
7oded. for performng optical resolution is water or a

hydrous al cohol. 14. A process for producing an
optically active oxycarbonyl -substituted piperazine
gder i A gdod foRSre MG Yh &:Qc&balyNsbsti |
materﬁsoluble diasﬁggégﬁgr s3??@““%@§%§h§8£ﬁ§ﬁ%%@ﬁ€%|
acprgBIg e FloHn 7 gvherein Gpmitogeh-porteininger@hgter@nipoend is pyridine or

i l.ve:and optically active tartaric acid are
a%@%@#ﬁ%@% Pﬂh salt of an alkaline earth nmetal is used

in a solvent containing 50 wt% or nore of water. 15.
A prpcess for oduci ng -an optically active

s ;
Yoxy A PESFFOSRIBdGRE Aneeptisnlbedchive Aeycathonykaibstitated piperazine
derieevedh | i ' | i
Aoy €A LU ORURL ok begael by gL e
PIRgRFiaG dFivative ewkdnapicaly actige refolpimgoess, dhoaingt pdopticaly

t i arbonyl - substi t ut ed pi.per.azi ne
regdg?t?{/ﬁalisﬁ% et%l %@gctgirlﬁ Igc%]tg)é%f‘%sogvll %/%ei ,or %ﬁ é’PET’@ytaﬁ%& piperazine
deniy eti Geabtienaif byadecainpsading e edfstibudd agthel rowdterisne of

magnesi um hydr oxi de, cal ci um hydroxi de, strontium
hydr oxi de and bari um hydroxide. 17. A process for

101 0dAl pFoREssFoF PralhIngPAH GHtRAKFALDO B?(ylchgﬂlgzlt-%ﬁ%gtﬁtﬁ%ﬁ giperazine

pi perazine derivative, chdracterize
degiviives arsaydingigdaimt Bt vlebrein p pirzrdzive ddavatiratdbegned by optically

aj Ln.clakm.d is refined by .(1 step.
S A S A0 Mt e o
lowlecanbixytt acid or mineral acid using 0.5 to 4.0 times by weight, based on the

amount of the piperazine derivative, of a solvent, is used as the raw material.

1. Aprocess for producing an optically active oxycarbonyl-substituted piperazine
derivative, according to claim 9 or 10, wherein the optically active resolving agent is

optically active tartaric acid.
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solubility with water at 20C in water solvent of pH 3

or less, and/or (2) a distillation step. 65 18. A

process for producing a highly pure _ _

oxycar bonyl - substituted piperazine derivative,

according to claim 17, wherein the organic solvent of
10 wt%or less in the mutual solubility with water at

20C A ' . QuUE e. .
Ry o P aRfve b gl EbYuRel Biperaine
degiB@pEs fcpiing toskamdet wherziadhe loweh aarbotydictacidak miferiiheid is at

) iti | t by t .
e P TR P B okl Bt st
H RBI'NR2 (5) R& NR Y (6) a Rg I—VWI:RZ C—ROX RSXR::,X

'~N ° ) OH (8 6- OX X ere , ,
13; ﬁd Agﬁmg‘éﬁ J‘E”éérg%lé’ékﬁe"é{quﬁéﬂw acfiye pwémylyﬁubmmtad piperazine
deRYSHRI&R RN o didith ) w@éﬁyihe%ﬁg@ 4@%& {}r gg r(grgg’né%ﬁgl’n

atoms, iii) an al koxy group wt _
resojytion is wateo gemhysirouslcokolenot es i) an al kyl group with

| to 4 carbon atons, ii) an al kenyl group wth 2 to 4

carbon atons, iii) an alkynyl group with 2 to 4 carbon

14t o process fanrpradhasliﬂgydé: op@bﬂl}mdcﬁgé oﬁjﬁbﬂﬂ:{o&}lllﬂuﬁﬁitﬁt@d f)ﬁ)tﬁlﬁlziile
tic rjng, or substitut y an a roup w

defigatye. ackplive ok Srvisyeinihsn Risapateeliblodisterionas saits

bR dABY dptieMEresoMition)frotlatbpticaly URreBerazine derivative and optically

active tartaric acid are decomposed, a salt of an alkaline earth metal is used in a solvent

containing 50 wt% or more of water.

15. Aprocess for producing an optically active oxycarbonyl-substituted piperazine
derivative, according to claim 13, wherein the salt of an alkaline earth metal is any one of

hydroxides, halides, sulfates and carbonates.

16, Aprocess for producing an optically active oxycarbonyl-substituted piperazine
derivative, according to claim 15, wherein the hydroxide of an alkaline earth metal is any

one of magnesium hydroxide, calcium hydroxide, strontium hydroxide and barium

hydroxide.

7. Aprocess for producing a highly pure oxycarbonyl-substituted piperazine
derivative, characterized in that the oxycarbonyl-substituted piperazine derivative
obtained in claim 1 is refined by

(1) a step of washing using an organic solvent of 10 wt% or less in the mutual
solubility with water at 20°C in water solvent of pH 3 or less, and/or

(2) a distillation step.
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substituted in the aromatic ring, or substituted by an

al kyl group with 1 to 4 carbon atons or by an al koxy

group with 1 to 4 carbon atons; excluding the case

where all of R, R2, R3 and R4 denote a hydrogen atom

- respectively) 66 contained in a conposition containing

- the oxycarbonyl - substituted piperazine derivative

F&pr & Brcey oy prgduringsd hIEbiyrpmlreao:(ﬁ)irbo%jd ~ststitdWR pipd¥adige
and R4

‘%‘eé“?%(té‘tét F“%é’f‘(‘@ﬁ’ Za“é‘nder%{%?ei}em e are g‘@éhofalpmfﬁﬁ P lgssdmthe

aittoyl sopyrbditp i eckr 4 00 fé%hta%}néﬁcqryﬁmcéﬂbb an al koxy

group with 1 to 4 carbon atonmns, hal'ogen group

X denotes i) an al kyl group mnth 1 to 4 carbon atons,

[ carbon ato i)
L hnyIH @MEBﬁwﬁ%ﬁygg%wm&‘eé5’&?&5%1%‘%%&*“@wma?ﬁltwn
@agqct@yﬂtzec%; mghgt thotpts ubie icorteid of fhteﬁlhgulﬂ[e@ és@ntEdl B¥iheOr
ut e group wi car bon
B&, ngo%en%rﬂl %ﬁr@ﬁgﬁ)‘i‘y@ﬁoup with 1 to 4 carbon atons,
or v) an aryl group not substituted in the aromatic
ring, or substituted by an al kyl group with 1 to 4
carbon atons, or by an al koxy group with 1 to 4 carbon
atons; exclu é t he case where all of R R2, R3 and
R4 denotq a ogen atom respectively), S 2 liquid
chr omat d§ rea %or |ess b@sed on the total of .
t he contentl of] the oxy grponyl - ed plpe i ne
derivat i % Nepﬂésente by t he gzagggt?fornula and
t he contentscebxthe impurities. R ® highly pure
oxycarhponyl - gubstituted pi perazine deri vative
conposi tion, according to claim19, wherein every R
in general fornmulae (2) and (5) to (8) denotes a

nmet hyl group Qnd every R2 to R4 denote a hydrogen atom
respectively.¥21. /A highly pure

oxycar bor U 't ut ed pi perazi ne derivative
conposition,; arcording to claim19, wherein X in the

gener al fB} N K?2) and éﬁl and (8) denotes any one
of atert- butmLogroup, ﬁ | group and b&8A2¥1 group{8)

0

(where R', R%, R® and R* denote, respectively independently, i) a hydrogen atom, ii) an
alkyl group with 1 to 4 carbon atoms, ii1) an alkoxy group with 1 to 4 carbon atoms, iv) a
halogen group; X denotes 1) an alkyl group with 1 to 4 carbon atoms, ii) an alkenyl group
with 2 to 4 carbon atoms, iii) an alkynyl group with 2 to 4 carbon atoms, 1v) an aralkyl
group not substituted in the aromatic ring, or substituted by an alky! group with 1 to 4
carbon atoms or by an alkoxy group with 1 to 4 carbon atoms, or v) an aryl group not
substituted in the aromatic ring, or substituted by an alkyl group with 1 to 4 carbon atoms
or by an alkoxy group with | to 4 carbon atoms; excluding the case where all of R', R?

R’ and R* denote a hydrogen atom respectively)
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22. A highly pure oxycarbonyl -substituted piperazine
derivative conposition, according to claim19,
wherei n the piperazine derivative represented by the
general formula (2) is an optically active substance
in which the carbon atom having R attached is an
-asymmetric carbon atom 68

- contained in a composition containing the oxycarbonyl-substituted piperazine derivative -
represented by general formula (2):

H .

R _N_R

R:g/\!:l R )
&-ox (2
0

(where R', R?, R® and R* denote, respectively independently, i) a hydrogen atom, ii) an
alkyl group with 1 to 4 carbon atoms, i1i) an alkoxy group with 1 to 4 carbon atoms ivia
halogen group ; X denotes i) an alkyl group with 1 to 4 carbon atoms, ii) an alkenyl
group with 2 to 4 carbon atoms, iii) an alkynyl group with 2 to 4 carbon atoms, 1v) an
aralkyl group not substituted in the aromatic ring, or substituted by an alkyl group with 1
to 4 carbon atoms or by an alkoxy group with 1 to 4 carbon atoms, or v) an aryl group not
substituted in the aromatic ring, or substituted by an alkyl group with 1 to 4 carbon atoms

or by an alkoxy group with 1 to 4 carbon atoms; excluding the case where all of R', R?,

R® and R* denote a hydrogen atom respectively), I s 2 liquid chromatography area % or

less based on the total of the content of the oxycarbonyl-substituted piperazine derivative

represented by the general formula (2) and the contents of the impurities.
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20.  Ahighly pure oxycarbonyl-substituted piperazine derivative composition,
according to claim 19, wherein every R' in general formulae (2) and (5) to (8) denotes a

methyl group and every R? to R* denote a hydrogen atom respectively.

21, Ahighly pure oxycarbonyl-substituted piperazine derivative composition,
according to claim 19, wherein X in the general formulae (2) and (5) and (8) denotes any

one of a tert-butyl group, phenyl group and benzyl group.

22. A highly pure oxycarbonyl-substituted piperazine derivative composition,
according to claim 19, wherein the piperazine derivative represented by the general

formula (2) is an optically active substance in which the carbon atom having R! attached

is an asymmetric carbon atom.
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