*159159* SPECIFICATIFN b*GD?O?Z; Pros:ifn;or

' e
Ger' vati ve Techni cal Field to which {he Fven H||{||||||||\|||||||||||||||||||!|||
Pertains The present invention relates t S, 50150
for producing an ox%gﬁ;ngngsugsL:Luted plpera2|ne
Ger vt e "Backy ovemaarr cuageows e hovs-are AURIIIIEY
as reactions for oxycarbonylating am no groups
reaction nethod for it, in which a piperazine *G00002*

derivative represented b eneral_formula
Proceéiyca?ﬁﬁnyl%ﬁéﬁP I pr SRIE r&ﬁ“@?yé@Wﬁ&ﬁiP&§GbstP#B?EGZlne
derva%Q%EaZ'ne derivative represented by general fornula

H(l) R% N R c-Ox 0 (2) (where R, R, R3 and

R4 denote, respectively independently, |) a hydrogen

atom ii) an alkyl group with 1 to 4 carbon atons,
Techniich} Fénlélkgxyhgcbuphaﬁthv&ntmod Parbabnatons, iv) a

hal ogen group, v) a carboxyl group, vi) a carbanoyl
fla‘a?p ent ijnvention EplaseBakiny® Preass diorhprogycing an

R e T T AT

a pipéfadPn¥ 8B8rivative.

Background Art

Various methods are known as reactions for oxycarbonylating
amino groups. As a reaction method for it, in which a piperazine
derivative represented by general formula (1) is oxycarbonylated
to produce an oxycarbonyl-substituted piperazine derivative

represented by general formula (2)

R : R'
n’IsIRZ (1) I I

C OX

(where R', R?, R’ and R* denote, respectively independently, i) a
hydrogen atom, ii) 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, 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



2 to 4 carbon atons, iii) an alkynyl group with 2 to 4
carbon atons, iv) an aral kyl group not substituted in
the aromatic ring, or substituted by an al kyl group
with 1 to 4 carbon atons or by an 1 al koxy group with
1 to 4 carbon atons or by a hal ogen group, or v) an
aryl group not substituted in the aromatic ring, or

alkoxyukgiouputadn by tanaklrbodr a¥Bmy b byt 9 fhatdgBANgroup, or
atons or by an al koxy group wth 1 to 4 carbon afons

V) an gryad drduyeot gruighi texcditin dret AcommatEc riher, eomkhibstituted
Rl, R2, R3 and R4 denote a hydrogen atom

by an adk¥d: prenrp)withnb £Q-4 43 PSS RIBRY@ANadkoxy group

. oq f rformng._a_reaction in_a mXxe | ve

with gfttgnqorcggﬁgg 86 %’ng-rv\gt E‘Piﬁﬁa& gﬁﬁugl’kﬁf‘f’ggagng the case

whereCalHids @M, 118 eRDLAYER* deolAle S%}Ff&%ét?%t%ﬂpgé%ggﬁively) ,
for the nethod are described in ("Protective oups

the soncél yediScHyttdibBaumantlid the thdidt F6P dehdvrmileEY Beaction
Sons Inc., 1999), p. 531) and

in a pigeikeghrenyiadkan wrdpalikispleendi-wedemoupder an alkaline

=l ng roductio to Experinments of Organic Chenmistry 4
°°“di]-tg§9rﬁ%8'e‘¥> o¥edet IHET14q FoactiRRGAARIGqne for the metnod
Py y L | ia
sre adfiblued i) prEecRiOPLEoubl LMY sthtkhs, + mura
Editibanzy|jenncariorgyt at k0N sopé Proiect i ondobm, a $Qdi WH1}  and
car bonat e aqueous solution. Furthernore, in the
{Yukikggakn-Jikken-eqpBebilkhidat GosarpHennphe [ Afi - Iytoodsction

in Kk in A sulfate were Z-protected using 1.3 eq.
to Experinerys of, OreaRle; GREBIFEER: 1 \aSTRthetdd BapgEaonsr (I11)

- ;L wa 17/ 8 rat i.ght). .The vield S
(Kadz?;{'rg\%géé '6%%0 M;{e’ogésf tﬁt'we]f %Xﬁa\ﬁ%&%r'e%%r%l? f%trf“gr_'m@enzyl
chlorb€aebbRAtéOlis MNWWERSY! HeiSRng aﬁéﬁ%‘yﬂéxﬁc&l‘%@lﬁfation
by benzyl chl orocarbonate was performed in
(Z-proteetien handn- di aret soxdjistrthaneasbbnate (lamesatser solution.
content of the_solvent = about 50 wt% while the pH of

Furthefoxg s tdmthfad 2ddpst éal Ih eXEPRiFental syampdsi.sthe amino
group%‘pj’.sl%. ]H'x?%%éi Wvﬁgﬁaté‘ﬁgre't%éﬁ€+€?3@§&u Jarggnl {o\t/]\fa%q' of

i am ne wa e?hylen I am ne, rerd-was _
Z-Cl. 761%6 R citlionSsbePEhtBFad hatmibhA ¥oekhdnteski MethiMdl/ water
t he

= 17/83 (ratio by weight). The yield was as low as 64%.

Moreover, there is a &report that a reaction for
monobenzyloxycarbonylation of a diamine by benzyl chlorocarbonate
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 JP2001-328938A was
carried out using 0.25 molar time, based on the amount of

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



I ncrease of carbon atons. On the other hand, Reference
Exanpl e 10 of JP2001- 328938A was carried out using
0.25 nol ar tine, based on the anmount of
2- et hyl pi perazine, of Z-Cd in dichloronmethane sol vent
at a very 2 low tenperature of -78C difficult to
achieve industrially in general equipnment. In this
low €éfferdOlird NBEDI-tighg Hﬁﬁfibqgtr%%nééﬂ}e¢y %?&Lstriall in
2- net hyl pi perazi ne nore substrative than Z- was use
genenal gqhapgensinpuln thds caseyifigr duhibdti tangetlye |sdle reaction
temperature. The vyield based on the amount of Z-C
bY Z-fds @sometiilpd Perazing Mmopgss sybsynathueatbant Zoflt was used
: r 21% _In.the case where expensi ve
in a SRS A EoE drElibdro S S A EeEyolon BT ardes . he
yi1eld® bEBEA0BnOthd AholiRE Cof Nz 1AE WY A5y AWK 1Y the yield based
substrate/Z-C is econom cally di sadvant ageous:
on tHairammrmiref the{3dubEheateSeas, 21Rer kith WhNScade wWP9dSe an
(1998)), acylation, especially Z-protection,
expengdygoFubsitsater dikebanoepPticpdAyl actve( Bubstance is used,

rofectipon etc. are,  perfqrned using an _
2 metial &1 {6, Fafe) Fhe il mdan Gt & newbstrate/z-Cl is
r [ an [ at,i n gent
cconsBBERIAY KAIIGRELS o) FHGAEHIN L 57 Blem. .
Perkinmmibsis | al,| yors fiicioanty., Sey1a0idhe «bpeR1W1AKCZ Aprotection,
wat er - sol ubl e pi perazine derivative is nmade to react
benzogyajiganeien Ppuisiveaspdawhat inst hBdcopratection), etc. are

| i qui d- d. two- t the yield of th
Perf°6'££\g§£‘ﬂ%%%%q%%Uﬁwﬁgg?ﬁgagﬁsﬁa LRE WFIVaEi TR, Muitagince it
; | 50%, | . duct
o nekﬁ%\/\hé]i?%h@%zstyﬁit eltszcévvo annitotx o%gﬁ?ggp garrsttggft" %Hgnpygégaggtely’

the mpthedazanfop! b8i §8ddasot P 1AM EBELA1 By Fficient.
substituted by oxycarbonyl groups is produced nore

tHhan irhdhentandecdhenx ya adienyisodubdei pipedapiper@erneative
rivative. Therefore, it is denmanded to create a

is magfermF% reasdd t?%réprmﬁgl%npgbliClY_ knqwn method of a
iut QEREPANS1 SR o BYBRLRZI 1SR VBT 2 Br  ene

“yreld. obj ect !
oxycapbonyUesabPt DEEESA f PIpPFEEE Nderivative 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 derivative. Therefore, it is
demanded to create a simple method for producing an
oxycarbonyl-substituted piperazine derivative at a high yield.
The object of this invention is to provide a process for producing
an oxycarbonyl-substituted piperazine derivative at a high yield

by oxycarbonylating a piperazine derivative.

Disclosure of the Invention

The inventors studied intensively on the process for



an oxycar bonyl - substituted pi perazine derivative at a
hi gh yield by oxycarbonyl ating a piperazine
derivative. Disclosure of the Invention The inventors
studied intensively on the process for 3 produci ng an
oxycar bonyl -substituted piperazine derivative by
oxycar bonyl ati ng a pi perazine derivative, and
produiiy eqedokbeaPbeaglt subB¥eBhteA. plipRirdzine Nidrivative by
invention is a process for producing an
oxycarborarliedriylg- s phperantnd durierazives aied icoapileted the present
which a piperazine derivative represented by genera
inverntdom a (1) is oxycar bonyl ated to produce an
rbonyl substltuted pi perazine derivative ,
ég’?gse]rﬁ edtBYS g RGNt IOB nif 23 BTQCSS  ForwREAyging an
R de ect I ependent
O It Chtam B aa i ky I o R Tfo iten a
piperaarihen @éoiativé ) repiteskehty Pugenwerall férMutarqan is
atons, iv) a halogen group, v) a carboxyl group, Vi)
OXYGaéb@aNBéﬁﬁﬂltgrmﬁqﬂuQﬁ arn DﬁY@nrNOaVRyBuhsbaMbed pipepazine

to 4 carbgn atons in_its alk roup; X denotes
deri"a)ti"&nrSPE?FeBF‘ngbW gRNeTaY Hormph n<gioms ii) an
al kenyl group with 2 to 4 carbon atons, |||) an

al kynyl group with 2 th4 carbon atons, iv) an

rfar ajkylr'gr oup not sumnaimxed in the aromatic ring, or
jﬁ?stltuted by an gtkylngratp with | to 4 carbon atons
R

ae  alkpyy grd:E;mnth 1 to 4¢gyrbon atoms or by
a hgl ogen group, aryl group not substituted
in the aromatic rihg, fbstitut ed by an al kyl
group with I to 4 carbon atons or by an al koxy group
with 1 to 4 carbon atons or by a hal ogen group;

(wherexrt Udi*ngr? e caedenBere @bbpeét&elﬁ ?.ndeﬁ(el?rdéﬁﬂlﬁ 4) a
denote a hydrogen atomrespectively),  characterized
hydrOQﬁntha@manlxﬂgﬁnuaikyﬂ\gauupMMMthalmmben canbent abbms, 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, 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 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 R', R?>, R® and R* denote a hydrogen atom respectively),
characterized in that an organic solvent with a water content of

15 wt% or less is used. The oxycarbonyl-substituted piperazine

derivative in this invention can also be a racemic modification



15 wt % or less is used. The oxycarbonyl - substituted
pi perazine derivative in this invention can also be a
racem c nodification 4 or optically active substance.
The Best Modes for Carrying Qut the Invention A
particul ar nmethod of this reaction wll be
exenplified. The piperazine derivative represented by
or o F f a used in this invention (1)
F?ﬁﬁ%%gbﬁf?&%g% S%ﬁéﬁgﬁ% ‘denot e, respectively
i ndependently, i) a hydrogen atom ii) an al kyl group
wWth 1 to 4 carbon atons, iii) an alkoxy group with 1
The BegtiMedesofioat 6a5ryiny Quitaltbgednyevtiponv) a car boxyl
grou i ).a carbamyl group, or vii) an o
aPE§F¥ﬁ%$3ﬁD?Fthg$oﬂﬁ RP%g TeagtioRa¥hdh Beopsemplified.
[ d 4 : ' e ere all.of Rl
g e A e 1 al ) Mo pifes 40 WEkBabtri digpie (1)
and u8efi pAr 8B Beifdeeh¥abhve substituted by one to four
substituent groups. Exanples of it include
2- et hyl pi perazi ne, 2-ethyl pi perazine,
42, 3t di net hyl pi perazine, 2-nethoxypi perazine,
A opoxypi per azi ne,
2t mef{ hoxy- 5- n- but oxypi per azi ne, 2-chl oropi perazi ne,
RIZ-INO ip%rﬁgine, 2, 6-di chl or opi per azi ne,
' 2-mbthyl-3-& | or opi perazi ne, 2-piperadi necarboxylic
acid, 2-ethyl-3-piperazi necarboxylic acid,
2-tert-butyl - 3- pi perazi necar boxylic acid,
2- pj per,azi pecar bgxami de, _
(Wherﬁ-gt'h)ﬂ «3RpignG & i AengtpoxifbRectively independently, i) a
hydroée_zng%%%lggf%{f:ahb%n%ﬁdegﬁqﬂg glr:}.itaxel to 4 carbon atoms, iii)
an alko € r e r
e eo 4 ST o oo 2 §patogen group, v)
a carbdxyldgneibhy i) pe cazibamo ylYog Lo £ v £4) lah N-alkylcarbamoyl
2- et hyl pi perazine. Any of them can also be a racemc
group b i k419 dn cerbonoptionsl ip atsi adkylbgranpe. excluding the

case where all of R!, R?, R? and R! denote a hydrogen atom
respectively) is a piperazine derivative substituted by one to four
substituent groups. Examples of it include 2-methylpiperazine,
2-ethylpiperazine, 2,3-dimethylpiperazine, 2-methoxypiperazine,
2-isopropoxypiperazine, 2-methoxy-5-n-butoxypiperazine,

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

2-methyl-3-chloropiperazine, 2-piperadinecarboxylic acid,
2-ethyl-3-piperazinecarboxylic acid,
2-tert-butyl-3-piperazinecarboxylic acid,
2-piperazinecarboxamide, 2—efhyl—3-piperazinecarboxamide,
2-tert-butylcarboxamide, 3-methoxy-2-tert-butylcarboxamide,
2-n-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



Furt hernore, the piperazine derivative can be in a

free state or can also forma salt. Exanples of it

include tartaric acids such as p-,

p'-ditoluoyltartaric acid (PTTA) salt, o-,

o' -ditoluoyltartaric acid (OTTA) salt,

di benzoyltartaric acid (DBTA) salt, and p-,

or opticdilay aeyliver sabistadeked (DATA) salt, benzoic acids

such as benzoic acid salt, 3,5-dinitrobenzoic acid

saurthﬁumo:mes e pdpediacanboiertiatacvel caal be im aefmde state
salts such as _phenol salts, hydrochloric acid,

or cay l?illser#%r’sa §adkrt sEXEilWEWFc okl ingide Eﬁﬁtﬁﬁéﬁz s such

d t h h l,
as é{ecﬁg+ §e¥E°fu§%?g?rﬂ %g gggfg sugﬁhggncopp%?lt °o-.
o -diﬁ:aﬂ.ﬁa‘}ﬁlltﬁf:’tgﬁlcsﬂéld CoePeL ) t %tarl%brocf@.lfj%xl 5 a irtaric acid

cobalt trichloride salt, etc. Preferr
(DBTAY) sgdtldr.i andg-d, pneldaayliebylltardarwzﬁcmwmamdsarmir,ebenzoic
preferred is a salt of optical active tartaric acid
aCidSaﬁ‘éIChaafﬁ/b@F‘Zloti§ aeiidvaalves3 . Nodinitreobenzoic acid salt and

L IS R S ——

henol 04t & R)a ? Rl ?? ot
P enor eSpeCt | \(}é%f")lcé]lﬁ)eopel:]%%nﬁ'ldy S'tl-l ur% %en g{?w i|,t|r ¢ acid

saltsandpkyspRooUp adidisadlte of FRENEN, alidFopHdndl, P8sorcinol,
al koxy group with 1 to 4 carbon atonms, iv) a hal ogen
catecg%upetv) metaibbajidgr saptsviych carc«aprpgr bebuachboride

| bo
salt. odndY fe it dS Ry AEhbPas 5 1oRAoRkRpl ogi bupete.
Prefedtid st s“ét]?tar&:o"{: c lal dagnﬁl gybfgig.ﬁp%@%%@itfvas,

to 4 carbon atons, 111) an al kyny up w

and mass prefeireed isi &)salt @Ifabtit’icglwrhdwivé sttarilcedci A and
the aromatic ring, or 6 substituted by an al kyl group

any ofyiits 1denivathyeen atons or by an al koxy group mﬁth 1

é? 4 carbon atons_or hal ogen group, or v)
bﬁp H§VC§EP§PW9U§QGStﬁtﬁﬁédarBﬁﬁ?FéZFPﬂg d%ﬁlvatlve

obtair%’tgﬁié{ %#ﬁ%ﬁlg?ggl@ggggké lr Oe%?)roeu@er\l’%et&] %{ tg%nAér% r]k?ormula (2):

o
C OX

I ][ (2)

(where R', R?, R® and R* denote, respectively independently, i) a
hydrogen atom, ii) 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, iii) an alkynyl group with 2 to 4 carbon atoms,

iv) an aralkyl group not substituted in the aromatic ring, or



with 1 to 4 carbon atons or by a hal ogen group;
excluding the case where all of Rl, R2 , R3 and R4
denote a hydrogen atomrespectively), and it is
preferred that X denotes a tert-butyl group or benzyl
group. Exanpl es incl ude
1- met hoxycar bonyl - 2- net hyl pi per azi ne,
subs tli-tneteldo HyC anb @l kly13 gielupy kaithenazond, carbon atoms or by an
2-et hyl -1 - met hoxycar bonyl pi per azi ne,
alkoxy. grieypy waithodyto2 4nmeamplopi péoasi ne, by a halogen group, or
- - | - 2- met hyl pi perazi ne,
v) an 355 E9EGHR BRY GRS hEn FAGR HORaTIAELRG , o substituted

i - y. oyl - 2, 3; di.net hyl pi perazi ne
oy s oL BURTRIESEETT s g MR i omns
with 1-t0 nylaxyear ResMs b PHVE AS1logen group; excluding the case
1-vinyl - 2- et hyl pi per aZi ne,
wherelaVl mfl R3; rRét,hgt pindeR4demdte a hydrogen atom respectively),

.1-al I yl oxycar bonyl pi per azi ne,
and lf-aﬁ|9r6£955¢aoﬁ§pr2 ndenptpEpar ferhebutyl group or benzyl

1-ald. yl carponyl = 3- et h i perazi ne . .
groupy LA Bead . TE bRt oS PRaFAoREH srue Fhelpiverazine,
1-methoR9BE¥bENYEaEDRBYhy ZpRhREAZTHEE.

1-benzyl oxycar bonyl - 3- net hyl pi per azi ne, .
2-ethylbermygtbaygaabboyligigedageh8y| net hyl pi per azi ne,

1- benzyl oxycar bonyl - 3, 5- di et hyl pi per azi ne,
1‘ethﬂxb@ﬂ§§P6¥ c&r@@thlsinerhéiypiperazine, _ _
1-er - fREBRYDULRDSPY | FELOV) PXYSELOONL; 27 et ! pi perazine

1—ter1’1=l§19t8§§géffﬂ5'§§‘%la ﬁ@gﬂ}%@%@% . %@?‘% -ZiB;] ft hyl pi per azi ne

1- phenoxycar _
1-tert-phemoxyasbdoyy! 2 23 @iy tpy DelgétaLine
1- phenoxycar bonyl - 3- net hyl pi perazi ne, 7
1-tery-pipeownsgEP @Ryl 2 Methioxet hyhet el piperazme, These

conpounds _can. be synthesized from general formula
1-vin R o b Sr S T oo ol MY ] cmobRY piperazine,
1-vinPPld SRy Sl p&fas1ibst ances. l-allyloxycarbonylpiperazine,

l-allyloxycarbonyl-2-methylpiperazine,

l-allyloxycarbonyl-3-methylpiperazine,
1-methylpropinyloxycarbonyl-2-methylpiperazine,
l-benzyloxycarbonyl-2-piperazine,
l1-benzyloxycarbonyl-3-methylpiperazine,
l-benzyloxycarbonyl-2,3-dimethylmethylpiperazine,
l1-benzyloxycarbonyl-3,5-dimethylpiperazine,
1-benzyloxycarbonyl-3-methoxypiperazine,
1-(p—methylphenylmethyl)oxycarbonyl—z-methylpiperazine,
1-(p-methylphenylmethyl)oxycarbonyl-3-methylpiperazine,
l-phenoxycarbonyl-2-methylpiperazine,
l1-phenoxycarbonyl-2-methylpiperazine,

l1-phenoxycarbonyl-3-methylpiperazine,



As the reagent used for oxycarbonyl ation, those
described in ("Protective Goups in Organic
Synt hesis" Third Edition (John Wley & Sons Inc. |,
1999), p. 531) can be used. Particularly those having
a structure represented by general fornula (3) or
general formula (4): 000 211 1t I I Y-GCox (3
1-pheXOx@crBooyl (2heFdiXetihpbp eperazanedl k¥t . grmgsaM ¢dmpounds
to 4 carbon atons, ii) an alkenyl group with 2 to 4
can beysyathgsdged ifirom sengnalnylomdep (it A teant be either
garbon.ato iv) an aralk group not substituted in
racemfﬁemgaéﬁﬁfggiPPﬁg?ro?p£h5§¥#¥u?%HEB? SWPSFR3FeHr oup
Wit Rl FRafentidOR £2408% Qér ¥ngﬂa@i58¥yth%rs%“8 Whkinda in
to 4 carbon atons or by 1 ha ogen group, or y.? an
{ "Progeytige @1oupd if Wisdnild SPntResDe” AR E€itidNYJoBh Wiley
substituted by an al kyl group with 1 to 4 carbon atons
& Sonpdnigy ,ah929 ko, §Bddpcan ble dsed. 4 Raartbiorulardiys thosbyhawing

hal ogen grou can be preferably used, and include
a StrURr G CARRHANS S0 PT SoROBRE| REMBLA dlngF Gensral formula
(4): chl orocarbonate, ethyl chlorocarbonate, vinyl
" chlorocarbonate, allyl chlorocarbonate, phenyl
chl orocar bonate, benzyl chl orocarbonate,
- br omobenzyl chl orogar bonate, etc. , and dicarbonate

Y-gber s (Piph as di retbyb-diorr borag g, di et hyl
di carbonate, di-tert-butyl dicarbonate (D Boc),
di phenoxy di carbonate and di benzyl oxy di carbonat e.

ref d ar.e chlqrocarbonate.esters typif ied b .
(Wherge)ﬁz(%[{o& Sorlce?caarnoc?géﬁy FHEVE P’WI%lSl gh?&%c%?%?fbtae%/o%'d ii)
1Kdnyer YWitH 22RonabarbBhBatsms Thei £i0a s Gyl
an e adned gliré&f};suaﬁly 0. 9to 11: 2 nol gg p%e eraballyy(# g%roup
with 2 dol4 ¢anbbesatoms e v efer araykyl g8otp Aot Cuwet £Suted in
based on the 8 anmpunt of the piperazine derivative
the ampmatifedring « R retb sl Erted by |an thdtlagrafp witd d to 4

: . |
carbor(l) ratrtr)on{s(:“’o:t:t p)% ralelagflgtt)xilrsggc%;? vlvil.tl%e 1y ttoo4bgarbon atoms or by

a halogen group, 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 or by a halogen group)
can be preferably used, and include chlorocarbonate esters typified
by methyl chlorocarbonate, ethyl chlorocarbonate, vinyl
chlorocarbonate, allyl chlorocarbonate, phenyl chlorocarbonate,
benzyl chlorocarbonate, p-bromobenzyl chlorocarbonate, etc., and
dicarbonate esters such as dimethyl dicarbonate, diethyl
dicarbonate, di-tert-butyl dicarbonate (DiBoc), diphenoxy
dicarbonate and dibenzyloxy dicarbonate. Preferred are
chlorocarbonate esters typified by benzyl chlorocarbonate and ethyl
chlorocarbonate, and di-tert-butyl dicarbonate (DiBoc).

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

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




bound to the two nitrogen atons of the piperazine
derivative, and on the other hand, in the case of
|l ess than 1 nole, the piperazine derivative is likely
to remain as an unreactive raw material. Therefore,
it is preferred to change the anobunt used in response
to each purpose. The conditions for adding the reagent
amount ®ntheeppperaziye demivadve proended asdtipwaematerial.
addition is perforned in a tenperature range from-25
In the @RS qf & oS yon ﬁ‘odfer'aﬁ@@ frieg@ento ist alozrecllknséye to be

f b f T ddi ti on, t| eri o
bouncpaﬁo gégala?%srl qr?%el} gstﬁ’gngf e‘f‘ ?%lllf ﬁ’d:]ﬂ’? and
on theObtBEPESARd] Yin thil E&de $PWRES thah 1%&&8 alihpy g&pmzme

to 12 hours. The organic solvent used f he re

derivetivee 0! Lik€19r toi reakibl as rhﬂ/\/aiﬁ?feaé’@i/\@é/ efawafaterial.
organic solvent of 1 wt% or nore in the nutua

Theref{g%, Hitt ysworafenred te QoMhgs freefamouwd used in response
rthernmore, considering the reaction yield, it is
to eqglh PULPOFe t hat the water content of the organlc

S%\ée%n'dﬁ.tli% 'fozin d’?# A efeef £ netire b% esg)/cécially

| ess, a V|rtua y satl ory res

limited.ai ngeh. Genetlls r@osstisd t a'd%:.‘%&%ﬁssﬂé Y¥Mof$1§i in a

water content of the organic solvent is 1 % or
tempelreduirel fahhe fwdrer-25aot €01C,| praweeabheniiSa Wdhhgd Feom -10
arises a problem since the reaction yield of the
to 40&ymay¢f9rablﬁzfm dér £oatQ°¢e obhala@dltiban time period

razine derivative,
can bg?réé%fab:ayléﬁje% %% ﬁ)J%Q:% %«Fr%pe{?‘{:euﬂ%ta&d %%ﬁ]toé:n?SB?CLallY
1imitlelde omw&;,sowem wsesh 1 rerdoher reactd b ean, be
obtai ned using a Karl Fischer water content neter.
Tﬁhevvat@ant@m@ruenjsweim folni she nvesant tt ioon @deas baokol@bBle or

he rate of only the water honogeneously dissolved in
ms“f‘i?é%?@a"t‘ﬁ%e@ séo\W@Fﬁer'bGP pegaRie o kegnt ¢t lhwtdaesrmore

in thgo{nﬁkuglasgmbgmi‘g X15:lt1ewater at 20°C is preferred.

Furthermore, 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 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 the organic solvent used for
the reaction can be obtained using a Karl Fischer water content
meter.

The water content used in this invention does not mean the

rate of only the water homogeneously dissolved in the organic



due to separation fromthe organic solvent. For
exanple, in a water-toluene system water-|-butano
systemor the like, water can exist separately in the
| oner | ayer while the organic solvent can exist in
the upper layer, and such a case is included. In this
case, the water contents in the respective upper and

solvditeput atinys thaNrde brdiyd duald f[‘@ﬂiﬂéﬁggg%rl%htag% system

wat er content of the organic solvent c
due toalsmpeatesd oo dmdnhetHedl dydnig: cod Trdipt | OTFdOrd%dmple, in a
(Water content of the organic solvent) = 100 x (Water
watersdelagneoSYStR® . uppEeTH Aybutanydi ghistem ohethepkike, water
r + Water_ content of the |ower |ayer x Wight of

|

can exfst) BWFTFERLF )1y tpfel gHeT obaveme Widet theyerganric solvent
| gh | . les of th i

can o¥frfam ThscioRe? ety Bl afel F RRerin o G| 1o ents

case,1tRé GREY ,cont@R@PANOthe rd¥iddOlve ifi@RAa 10wer 1ayers
i sobut anol, 1-pentanol, 2-pentanol an |sopentanoF,
can betinsliyisiveilyamedseragl aidahe datsppiopyénetdfethe organic
n- propyl _ether, 1, 4-di oxane, 1, 3-di oxane and

di -
solvept: ¢ah Rescplpudpted: Heem tha §eddowiae galgudathen formula:
h et ane,_ net hyl. i sqhuty eto
(wateg?%gﬁ%%ﬁ%ﬁ%égﬁg§c§¥§%hc5ﬁ§% anﬁoﬁahpg ﬁygﬁéEﬁFbﬁﬂgtent of
the uppéh 1Ry ICRZRELghE WG upshbyiéféfewad;w%g@%nt of the
m xyl ene and p-Xxyl ene, and aliphatic hydrocarbons
lowersiayems Wehghinef thacdmrne; lagyebheyiWeighycdphewaippardlayer
octane. Preferred are al cohols such as nethanol,
+ Weighhpf| the 119@pakayer) sopr opanol, 1-butanol ,

- but |, Lspobut [, . 1- t ., 2- t abol and
ST od R 8051 RTINS L sucn o

methaflbl S Q¥hARW1 €1 DEfopghol: A o S llbﬁiﬁ‘glﬁfanfdb
1, 3-di oxane andﬁne%hy?-fefﬁﬁ%tgy et her. re’ utanol,
isobupamé ks reepantanal carpen il atmdreidail taShandthers such
1-propanol, isopropanol, 1-butanol, 2-butanol,
as dieithyd athesn . dilﬁww ,et@.ep"@ Miarutprzepyl etbprntlanbidioxane,
rther re preferred are.al cohols such as net hanol,
13- o g B T B EE VL BT keAnasopuch. satagsfone.
methyBNdtRQ1 ketone, methyl isobutyl ketone, 2-pentanone and
3-pentanone, aromatic hydrocarbons such as benzene, toluene,
ethylbenzene, p-xylene, m-xylene and p-xylene, and aliphatic
hydrocarbons such as pentane, n-hexane, isohexane, cyclohexane and
octane. Preferred are alcohols such as methanol, ethanol,
l-propanol, isopropanol, 1l-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 methyl-tert-butyl ether. More preferred are
alcohols such as methanol, ethanol, l-propanol, isopropanol,
l-butanol, 2-butanol, isobutanol, 1l-pentanol, 2-pentanol and

isopentanol. Further more preferred are alcohols such as methanol,

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

10



i sobutanol. Any one of these solvents can be used, or

plural organic solvents can also be used as a m xed

solvent. Furthernore, a solvent containing water can

be a honobgeneous solution or can also be separated in

phase. However, the state of a honbgeneous sol ution

is preferred. The anpbunt of the organic sol vent used
isobutan¥ll. e3R9Wr b¥ tHddd £6ve sl ch B adelO C?I.nﬁﬂﬁfa% I?ﬁlganic

the concentration of the piperazine derivative before
solvegddi ogn blsoreagert dsahrioradsd bv@lt . WFar teamwid ea solvent

usual ly i n oxycarbonylation, a basic conmpound is of
contaiddng deak 9 ofaR aPeuri AeMegenserisorslucian ppodaeedaiso be

r,od . Also in this inyentiop, the addition of .
separh B AR BERS S S PCBERTE TEAMIORARARGES £ Lution
is pried@irgeeQmpound can be made to coexist in the reaction

system when the pi perazine derivative is
oThearhooylitatofd. thEheorydi g efo 1 €dt afeAJi§O0RBRURBGpecially
_made to coexist is not especially limted. Exanples
limitiedg| and pisi used, t® perereethaP- fpheol¢oresentyrttinn nef the
2- et hyl pyridine, 3-ethylpyridine 4- et hyl pyri di ne,
piper@g&p&rQB%PB§FFHan9f§;§_epgaygpyhpdpﬁégent is from 5 to 20
wtg. 4-n-propyl pyridine, 2-isopropylpyridine, o
2-phenyl pyridine, 2-vinylpyridine, 3-am nopyridine,
2MBHAWRXYRY MushARLy idr BRYBAXYBYEI1AEABn, a basic compound is
2-chl oropyrodi ne, 3-fluoropyridine, 4-bronopyridine,
oftennddnfbforicaptaring bydyooylodinecidprodiugedasi albgproduct .
Al é-p %hdinecarboxylic aci d, nethyl . .
80 -np§ 16 AOVEPEdAR attdie Additiamafrakgsie gempound is an
' = Cy yri di -nitr ridine,. pyrrole, .
effec?%}:’lgﬁg?a%@'r a?&%g:, &Si’sgi%az%r%,cqm%og%%dgf Spel?gi‘?laocgez g:loe,coexmt
in thal degatLiop Xl em t MaaP! @he DPAPLFI35Q €derivative is
qui nol i ne, isoquinoline, pyridazine, pyrimdine,

oxycapbeonylatedqui noxal i ne, carbazol e, a-am nonapht hal ene,

P- am nonapht hal ene, aniline, 2,6-1utidine,
tT?%BPH§F8ﬁFﬁéF°§F€?nin9 compound made to coexist is not

especially limited. Examples include pyridine, oa-picoline,
B-picoline, y-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-fluoropyridine,
4-bromopyridine, ' 3-iodopyridine, 2-formylpyridine,
3-acetylpyridine, 2-pyridinecarboxylic acid, methyl
3-pyridinecarboxylate, 3-pyridinecarboxylic acid amide,

2-cyanopyridine, 3-nitropyridine, pyrrole, indole, pyrazole,
isoxazole, isothiazole, indazole, imidazole, oxazole, thiazole,
benzimidazole, quinoline, isoquinoline, pyridazine, pyrimidine,
pyrazine, quinoxaline, carbazole, o-aminonaphthalene,

f-aminonaphthalene, aniline, 2,6-lutidine, trimethylamine, etc.
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11 Preferred are aromatic nitrogen-containing

conpounds, and further preferred are aromatic

ni trogen-contai ni ng conpounds with a pKa of 7 or

| ess. Especially preferred are pyridine and its

derivatives. The pKa val ues of sone

ni trogen-contai ni ng conpounds are shown bel ow.
Prefeldzedbank axfon@iein atityogkheventhindnyi OomhdbcmOVAdd Further

: Book Conpany, 1973) and Het er o- kan Kagobut su-no Kagaku

Prefe(-”Eeéhéﬁﬁsﬁryma@ﬂcmuérogyol-ponmm@ugdspmpﬁuddssmth a pKa

Scientific, 1988) shaow 5.23 for pyridine, 6.62 for
of 7, et H6RFpyri fisRecipAY ¢ QFeﬁeEFTFQr opFe o Weldine 5 apgt its
derivR¥igeggl e, 10.7 f or trimethylamne and 7.76 for

tri et hanol am ne. The reason why an aromatic

NThé OPRA- &@ANLRISNIdF] m%‘ﬁrééen-pé&{&iiﬁﬁ\% NebibSunds are

invention is that it has a capability of activating
shownmlmwcammoloa»ﬂq of) Chgerits tiny ,aE hedenth ®diaifon MEGROW-HILL

ce an_ _aromatic nitrogen-containing conmpound is

Book qﬁgmy i h9Ph3diand Jetara-kan kagqinisu-no Kagaku (= Chemistry

ot AT A R hIPL L 8 B 1500 s 5.2
for pyPIARED 08V RELRYD AREH o xR e ¥-. 79% 01 §-& foﬁgﬂqrodine

said that a side reaction to oxycarbonylate
2.5 foo npyrageieat on®.of tHeer pitneineAimd andierd Vadnde 7.76 for
simul taneously is hard to occur. Usually the basic
triethapebaninean be made to coexist in the ~piperazine
rivative sqglution_before ad |&EFthe oXx carbonglatlng

agenteton A A PEEMBE LY REGTRPER - FHBt ining Compound is
prefeﬁ‘é’& 3hbayd _a..h'vgﬁtﬁgﬁrht.%fl:ﬂfat ﬂ_dﬂég'ao@a%?biff g %%i\?gting

derivative solution e anmount used
an oxyzeriwomylwolmg agerdt A G heldduml ext@@ltar ThHA€Sis, since an
preferably 0. 3 to 1. 3 nolar tinmes, nore preferably
ar°ma¥FQ5Q#iﬁpg?ﬂnﬂqntQinﬁﬁgkﬂﬂﬂﬂ?Qﬂﬁ-ﬂﬁewanBQthofbah901ty than

o0 PASAELIS SLE Yo TR TR A" LERHSD 1y
trimeﬁﬁyiéﬁihé¥nlfrhégﬁtﬁbfrEEEEVEEQWQhél ﬁ§barbonylating agent
excessively. So, 1t can be said that a side reaction to
oxycarbonylate both the two nitrogen atoms of the piperazine
derivative simultaneously is hard to occur.

Usually the basic compound can be made to coexist in the
piperazine derivative solution before adding the oxycarbonylating
agent, or it can also be mixed with the oxycarbonylating agent for
addition to the piperazine derivative 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 oxycérbonylation 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 ordinary nethod, except the operation of letting
the basic 12 conpound coexist. Meanwhile, the .
pi perazi ne derivative provided as the raw materi al
used for oxycarbonyl ation descri bed above can be
either a racemc nodification or an optically active
substance, and either of them produced by any of

compouad coexiwstthods can be used. Above all, an optically
active piperazine derivative useful, for exanple, as
aMeanwhaderi dheofpipetazd neadeys vatddiec eprdvioied as the raw

derivative provjded as a chem cal

oo T T S AT s
G &5 j . ' I es t .
@ acS OB LRHLL U oTPECLOL PR SERLLILES i s

of thanmt pyedncpar 8y BAyderi vakivs mEEn8¥3"BhA, bat ufkast, a
racem c pi perazine derivative and an optically active

aBbove @ipound ¢pieted hkf bertivel pEpenaz bpé idealivative useful,
resol ving agent) are made to formdi astereoner salts.
for expmRplenhffed rAW Waterishceht radrvascanrhet produaedofirom a

crystal l.i.zation tenper re are adjusted, .
piperSRLE Heihs £I0 REBVARAA'AS R SRIREAIEY SuRiftdtdl Shemsc
modif$8ht$oRaNuBenYSEImbPhodCRAERT A Nopt PERL Rfé?QEEE 131Ed

S-isoner. The diastereoner salts obtalined Itke this

CEire bito Cowing exkempld fieghltheppira neripdectia Whéhpabcess for

optical purity of 99%e or nore by repeating
Pr°du€$?%t%Pl?ES%P%%lYTﬁthB?aPhE@ra%hP@sdeﬁhv@le©conposed

' id qr ;alkali to recqver . the intended .

oﬁ%ﬁ%’ﬁh aéé‘t ia&e fgﬁﬁg:t’aﬁ‘cgaf’%'ﬂnct R&PETagiBredpEtvative and
an op&ftd iy RIELNRS G c%ﬁlp%ufﬁﬁrt(h‘é%ka@haﬁ%%@-.ogalfeae&qo tical

of producing optically active 2-nethylpi perazine w
resolvingeagait ff aee. mdde tePFoehl dI£SOéHEoRer RA{IMGd USHhBE, while

optically active tartaric acid as an optical
the [gadtvi ngongentragipnswn. Tawstiadligqtiionl ar solowertts and

cryee Sy 56T "URRGRELEECIE ot oPLASELLL e L LALE,
differsntd BEtRERAMA B®astereomer salts can be used for separation
into R-isomer and S-isomer. The diastereomer salts obtained like
this can be converted into highly 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 recover 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
optical 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 two diastereomer salts, and the difference

between their solubilities in a mixes solvent is used for optical
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nonotartaric acid salt as two di astereoner salts, and

the difference between their solubilities in a m xes

solvent is used for optical 13 resolution in this

met hod {J. Med. Chem, 33, 1645, (1990)}. As simlar

nmet hods, various publicly known exanpl es can be

enuner at ed. For exanple, JP1-149775A describes a
resopetion nimgthiwtiichasi (1. Mdd. Ichew) ar33,i msx5, (1990)}.

preferably 2 nolar tines, based on the anount of

OAD simidAa medhgdisne vasioygt pehligluckhown examplkés can be
enumacid. Fur%hernore, apaneie Pat ent 3032547 describes a

TSl | n A FEPRAR ar VP Ae49 7638 A5t TiRe sand ueTdorming

thdd iRt AYER! P& dgd L€+ 4 ptica tiv taric
e aci dler;“;t usclgg Pi@nﬁ%\ie{c}'{eltﬁ%ﬁcg’%&?te%éﬁigfhéﬁ?iog’?l a[t'{sest’hé)ased
on that ighdihtebght 9t 2sHBRhY8Riperazine, of optica.}ly active
wat er/ () - 2- met hyl pi perazine. Furthernore, publicly
tartagigwacide aFurtpermorencéapangse Batentn B0 Prodessrdbes a
(%gllectiéﬁiéﬂni cally active 2-nethyl piperazine
methqd gty (HHA ad o MEar qdimes . glased semyblthesapmogpt of
oSl tratian and .then collecti the .ot her opticall ,
(2) -2 e P R P8 oo el [y bty B acld, 1o usea
in a @lighd YonItiincofd tof {0 Reel L4RL S r
l'i quor (JP2001-133157Af and a Feport g@ﬂgg?%ﬁﬁdﬂ%supplied
watenyHtheq -ale thetlbiipe rakzifrenet Myt Pheemeze Nep @i c &P known are a
Igptically active dibasic acid react with each other in
repory SARRSHNING 2 ofRRtHAMRNS BEPEESF eRecoplpehiing optically

. Jespl yt. I . of - et hyl pi per azi ne d_t he .
aCtl‘;c()ap?lo g%qh&rl J@tp%%%di%easwognoatc?%jya%%raeﬁ”n %1‘?1]?1 p?f cal Fyightly
solublRAshil ¥ oy &iid th e 1R il 1l i ' i

system .%JPZ&&?—%%%SS%)&. Thecgétlieggllpé Fﬁggﬁﬁ ggité{cally

activien 2tmethylpipesazies t dtuhathyien avighnigleciad saicBlaghtly
acetic acid or a mneral acid such as hydrochloric

solubdej galt framh§heresmainlng mothes 1aauor Ha/RAXO1-df31i157A) and
ows the anount of the resolvin aggpt used to be

|
a rep%}é%rc&&c&fan F%%@%Wo&%?t?ﬂgt el T ér@t\m@;g..perazine and
an opBréAL I RrdG 13 Hibasieesbid ‘}e_fagtn%fgﬂ'sé:a@ﬁﬂ YtASE ¥€ s?solvent

- met hyl pi perazi ne nonotartaric aci
for ¢blaPaimghyd pspatazone, tie eoptiShi2- FesdVhPider pHoMict of
2—meti:1§arrllp?.gerazine 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
particularly 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 where D-tartaric acid is used

to formoptically active 2-methylpiperazine monotartaric acid salt,

(-)-2-methylpiperazine, i.e., (S)-2-methylpiperazine can 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
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obtained fromthe slightly soluble salt. On the other

hand, in the case where L-tartaric acid is used,

simlarly (+)-2-nethylpiperazine, i.e.,

(R) - 2- et hyl pi perazi ne can be 14 obt ai ned. _

Furthernore, as a method of using an optically active

resol vi ng agent other than optically active tartaric
obtatmmwed, a nethod of using a resolving agent such as an

L-aspartic acid derivative 1is reported (Japanese

patuthergwarzo) as A9 anethed wodt hesiing met hopticdllsi agtive

chiral phogsphoate that is an inclusion conpound

resofsip8epl et Thip iy gat &Y REp v eokar ber Ko agh fbcaimethod

_ 4 RERSTESRr R e sen
of u B e aei g, ABShLDSSE A8 it e st bsEenpeive

is reportpaoEaridi PAPEHAZ IS FBS) VahkVEn SR h8%hod, a method
oxycar bonyl ati on. The pi perazine derivative used in

of usingsaj gvbnal @hasphdateushat is anyimnd 1usllor0 ddmpduiiE {Chem. -
such as liquid or solid, and especially in the
Lett ..ol (1988)3f LPakieBQEtEGrns ranging from mass to

I b sed. Even in the case ere any of .
nge%te%cﬁﬁ%%rda%bn%ge'dGYrqI(fa%%er?%O%%ee%%s a of optically

activeDl-idlthy19ebbyaz3HBS 4HACARY GF QN indthod 2 beClsed to

nmet hod, a piperazine derivative wth either property
produgfe [thguipdperazdhnieddeatvheivesadedFiibEhekieatbohPation.

pi perazine derivative can be used in a free state or

i Ang RirgEaning deglivatilve ugadoin ithdls irnvenviony cayeie used
. or_.t oxycarbonyl ation reacti on. As an optical )

H an&e§g|9§ﬁé°é§eﬁPFm nsgﬁgi8§li§q365i9§ g3t bdxypnd esepgially
r fd I Seast [ Lye N
e e 2 L b T F bl et
can biencisede OBvenaliny thacidase twiidr ianPCofl SadmBS ?iperazine

L-tartaric acid or D-tartaric acid, and optically
derivativeel g madgrirta@ndonticedly et isiec fubstance by an optical

reso1ftfongefhod) 8, piverar ar; fefhkntive with oither property

of 1iqud'qa BPeBERYE - lbah? W i15e8C! drurthermore, the piperazine
derivative can be used in a free state or in a state of a salt with
an optical resolving agent for the oxycarbonylation reaction.
As an optical resolving agent, an optically 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-tartaric acid, 0,0'-di-o-toluoyl-L-tartaric
acid, 0,0’ -dibenzoyl-L-tartaric acid,
0,0'-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
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O 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' -di benzoyl -D-tartaric acid and
0,0 -di-p-anisoyl-D-tartaric acid, optically active
malic acid such as L-nmalic acid or D-malic 15 acid,

acid ppopiciatd Yl yactdbisreraedrid 10 aadd & Wit a sRRMmER—d 19 AGdid or
or L-mandelic acid, optically active aspartic acid

L- ma%%#mlfé@CEdascmeF%llsa@thle @sn@pmcuacmal: suchops ilcaldpartic
active as artIC£€CId derivatives such

acid RE cagﬁ t i9P G, YI\F%Eh‘Z%ﬂsl’Bréslﬁa?‘E%‘é degiiyatives
such Q tlﬂlblé%'}% OQ¥P b_ti%paiéid: agl geggg%l -Rraspartic acid,

N-p- toluene ony aspartic aci rreé

N-p- wmexmﬁulcmidyn—aptds\par&awoxyl ic acidsaan@ their and
derivatives, and especially preferred are optically

N-p- tﬂﬁd&nﬁﬁu%ﬂﬂﬂﬂhrDa@S@aaﬂdiitsacﬂ@rivatbves. TPeeferred are
caII active tartaric acid can be any of various

opti %ﬁﬁm?g e gPREPPEEMLFataf s prRdudtheity dopivietives, and

a I be i.t her .D-tartaric.acid.qr .
csopo i NE Yo AN P Ul 8 08 U RSB B ana 16
derivalS¥es. ngTﬁQe%th%%ﬁlge%%tiﬁé(¥3Efg¥ldrhéfﬁeégﬂcﬁetgny of
t he nol e bal ance between an acid and base. Since
variduse prpéuats neasheriingat fyemusectural hpsmmuest i) synthetic

diacidic base, in the case where the optically active
producisy| Ind ganafgle?ﬂ besebthppRs rcera@rac a¢id grdemtantarie acid.

0 ct reSOIV| ent used.i s _usual
ot Bodn €2 XRel SRRy AT a FaSP 1B Agent udell here
is dé@@d%ﬁ Hh”%%fe%@ﬁchE% Eh@fﬁbiglﬁaﬁﬁﬁgbobétkgeﬁ 2n"3% ana
ti mes based on the anmount of the piperazine _
a baseer iShatdes&hel pipérapind et iomntfvamsed igathys agivertion is
pi perazine derivative, if the nethod of letting an

a diagpfliedpagei Hdt tthee casedwhese nthie apt iasddlivs ctdaec resedving

02-.80459A, d t .
cgond { MEAUG-E0400. 53 4550k LIS ATBUR collo i ve resotving

agentﬂﬁﬁ%é@%ﬁ%@y&?&g‘gggﬁréP%gﬂii .59 far P Yo f¥frably £rom
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 optically active piperazine
derivative, if the method of letting an optically inactive acid
is made to coexist, described in JP2002-80459A, is used, the amount
of the optically active resolving agent used can be decreased. If
it is in this range, the amount of waste generated according to
the method described in any of publicly known documents can be
decreased very advantageously also in view of cost.

As the optically inactive acid, a lower carboxylic 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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t he nmet hod described in any of publicly known

docunents can be decreased very advantageously al so

in view of cost. As the optically inactive acid, a

| ower carboxylic acid or mneral acid can be used. A

| ower carboxylic acid nmeans a carboxylic acid with 1

to 4 carbon atons, and exanples include acetic acid,
bUtYl'ﬂ-ICoﬁiléﬁr C Pateitdlcangl@&&mfea:m .d. FAréhermacked tlse mineral

ef d urthernore, the mneral acid can be
acid R 3 F’éfﬂr H&PHlCSGF’FLGr'l §u&€u§1°hy"§|lébr8mdé'°§é’|°dllc acid,

Q) a r,ochl ori cid.and ulfu
hydrolaléiﬁ&%a%g;i%ﬁre erre%&d#gé%alr?g&rﬁ aocflc?h% PGP EEIFYC acid are
prefelri@glive acid used is usually from 0.1 to 2.0 nol ar
times, preferably from0.3 to 1.5 nolar tines, nore
pThé@lmmiryt 6f dheDopbitally ihatfe b8 WinsEdsQisUdELY from
nmount of the piperazine derivative. Any of various
0.1 thIZVan“Qléﬁnt5@e§seErPf9Fabﬂ)V| Expmr 8s8| tPi dnd mplaratimes,

nore {PAFE6E0 M B0 b3aRECEShE Dhabd e pposor of

the p &@gglﬂgrgerggaglpéeferred |s 80 wt-Wor nore, and
IT is especially preferred that the solvent consists

oAnyeadrvayilons Aslveateospaneatusddaor bativalieresBlution,
the water-containing solvent, any of various organic
but a y@lmémc@nc,t@nnb@g agéuennntsmgmfecrm wvelit 1d pFefleriedr that

n]fl sQlubility wth "water at 200C is
the wab'feelf é’ro I'ﬁ ttﬁ'léa SR4¥eRtet 8 Th¥ttuptdroreo| Mene pyeferred

is 80 %ﬁ@t %i:%oi‘?ssdnd fidij@ste ?ggﬁ 22}{)1!‘% gfxeet% YPIRA t?‘%msolvent

heat di ssolution for opt I on he sys
consisty dEceter beller.0JREEENS  carson&iet QPEHEA It HaH lwta)te(if in the
the di astereomer salts obtained by crystallization
water rﬂ?nb@émg\&‘?lﬂébmw anf esndfoushergandansolyehtentan be
ual qub| ity of 3 ww% or nore include

used. a|%bﬂaﬂ§n foto L ebtHadof t* @hERse, 1n theopaiypl solubility
with'%?ﬁg#gggﬂgh as ngg%g Ol éf EtaQ%E %g%éfﬁﬁggé”¥he mutual
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 dlastereomer salts
obtained by crystallization may become very low. Examples of the
organic solvent with a mutual solubility of 3 wt% or more include
alcohols such as methanol, ethanol, 1l-propanol, iéopropanol,
l-butanol, 2-butanol and isobutanol, ethers such as methyl-t-butyl
ether, tetrahydrofuran and 1,4-dioxane, ketones such as acetone,
methyl ethyl ketone and methyl isobutyl ketone, etc. Preferred are
methanol, ethanol, 1l-propanol 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

diastereomer salts formed from the racemic piperazine derivative
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et her, tetrahydrofuran and 1, 4-di oxane, ketones such
as acetone, nethyl ethyl ketone and nethyl isobutyl
ketone, etc. Pref erred are nmethanol, ethanol,
1-propanol and isopropanol, and especially preferred
Is methanol. In general as the solvent system it is
desirable to select a systemensuring that the ratio
and ﬁﬂetQRikﬂﬂhﬂﬂQSQﬁwimgohgﬁm¢ becomgisast ereowee .sal t s

%rned fro the racem c erazi ne derivative 17 and

t

8rop‘t°”i‘%'BP ¢ esdffvi e a nazddesdsrivakibve. 2-methyl
piper¥AM Gnd feld o AELET) Ca&f@ﬂ, Shdsy) 2 ZOggahxily active

pl perazine an reso eht
tarta@fid Galild, agidiVethd ¥ SRLORiRG] ﬁatéPﬁﬁeEﬁ'&nf)P' h@%ag sglvent
wat er - net hanol m xed sol vent systens can be referre
systeimsr canainel eefasrddscfoltedxhmbie, aabldestribedr beasdiwent
(wt %9 506080100 Sol ubility (S-D salt)0.510.811.95.0
Solubility (RDsalt)l.74.126.463.6 Solubility ratio
Tabl (q/g)S 35.113.912. 7 The value of a solubility in the
ab-€ dble expresses the ampunt dissolved per 100 g of the

sol vent and th ol upi i rafio
Watel\zghyfgi‘ﬁig@@ﬁm% Lty ‘R-?') S0al ) Solthi Lity (220 ohi1)100
Solublimffgbl(s b, skhe)S-D sal t omsans |a sglgy of 1.9 5.0
S—2rnethy-ptperaztng—and-b-tartaric—ackd,—and the
SOlUleDtyaKR -fesndt)a salf ofl1(R) -73-nedhyl pi peragive andé3.6
rtaric acid—Prefgrred—isjawater-rnethanot—mi-xed
S°1Ub§6F$¥nFa§9§téHYSﬁ 3 of note3in |the5-dol upil13ydratiol2.?

mhe g o5 U FLEE St SO R ey e bty atesonvea
per 10’@?5%1; Q‘ri"r%: gaigﬁné (Qﬁlﬁﬁé?ﬁ%%gt %\’?e erftg%ts%g_tuﬂlslﬁc% ratio
expressesefdlubiBiitwt YRop sale)/3batbisityt (6SD salt).

advant ageous that the solvent in a systemin which

In Table 1, the S-D salt means a salt of
(S)-2-methylpiperazine and D-tartaric acid, and the R-D salt means
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., 1in 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 system in which
2-methylpiperazine is optically resolved using optically active
tartaric acid mainly contains water, considering 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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2-met hyl pi perazine is optically resol ved using
optically active tartaric acid mainly contains water,
considering the difference between the solubilities
of the two salts produced in the system In the case
where an optically active piperazine derivative 1is
produced by an optical resolution nethod, the anount
saltspfint ffhe sollvent used.greatly depends on the
sghubllltles of the dlastereoner 18 salts in the
S

FEREOLCedt R HAPRRY 0T (e SRhantolsese asg) @eﬁf—‘rtlcuml‘
optic ieﬁle%‘ig%% F‘r I‘nle%ﬂoar rgphleg% 1588°£e1' Q" gg%g?%{ ng to a

escri ow i1 n rererence sys

systeffcéBELt tngd oFEt HYLRL P Qr—%t'i‘ﬁrli‘ﬁ%e%tz%hesé’ﬁd Yter solvent.
Usual Iy, the amount of the water solvent used is 0.3

tbsualmy t the saironntebghthe pvaelfear abllyet4utedsis iowEs ty 10.0
, nnre preferably 0.5 to 4.0 tinmes by wei ght
timesa)és@ala ¢ REeFARANLYOP - 4 é@&ntémeﬁ bievRIhE parere nceferably

| h
0.5 ASAlagl” 10 SO 1Sy S g el
2- metﬁ?ﬂﬂhb@ﬁaghﬁét erfP'EﬁE athdrst Q?Cﬂﬂé‘g?Ethe"l\.ﬂed is tcﬁ large,

productivity. On the other hand IS too sma

the safld deehderetrdtsdn raboyinge! abindn aXfd | chenayoamdst NéE the
radation of quality such as optical purity occur.
aCQUlEégé%i%ﬁt%Fﬁqm%F sadge deohime 3o doyed pradhsctbividey ghtOn the

cenoc g B T, LI, YT S S, AT o e
efflcféﬂcyeaﬁ&dwgqi@&/ﬁg or LthSEh)ﬁua!lth SWcARf thoHtl?ﬁl purity

i ndustrialization. € supplfyrng ne

occur [ a@ypeciaImt Ayl pi ﬂﬁﬁ@éiﬂl&;m 0qQst t6ad | ¢ tAlds/ By weight, the
resol ving agent and | ower carboxylic acid or minera
amoun{ cof tthe prcyainsd ised veintulcaandeusipnindizedn bvdstpel Leds at

the L e e e e sty
in vAGE0E AR BOETLL Ba B U0l ved 11 The solvent

XH ¥Fogafhd suppisanesletRolihersd rdethi cOLimet i Pl h PY€Fazine,
optically 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 mixing,
or either one only can _be dissolved in the solvent, being followed
by addition. A method advantageous in view of operation efficiency
can be employed. 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
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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by addition. A nmethod advantageous in view of
operation efficiency can be enployed. Mreover, the
tenperature is not especially limted either, and any
of various nmethods can be enployed. In general, the
heating and aging tenperature is in a range from 40
to 100C. For exanple, the racem c 2-nethyl pi perazi ne
can barkdidd®E, bephy T UNbwRd by hdASHY 1P AIEo §8YC PE otherwise,
di ssolved into water respectively separately, being
the ragpmdged-methy kphperantnecwsn beadidsedvednimeo addsst;, being
being followed by heating up to 70 to 800C. O herw se,
followgd gxé&ﬁ%lfzg ME K91 1A o 891 Ge a@dnsphseaaent VERD ppdically
veat j I i ng t0.70 to. 800C,
actl andgés%%‘ggfaggr?te 3 %ﬁy\%p .?)céé’%%?%gc?'?‘@é‘ c?‘é:sl, 1977 _cgé‘e‘?ﬁ’ added
in tR¥eowdesQl UlI@PtREEMGEE! | &nRCI Fh&diide 2afdefly1pi peltaS ine,
order. Furthernore, the racem c 2-nethyl pi perazing,
opticgpiliycakltivecreselvingl agegt agecetiacatid ani draietr can also
wat er can also be m xed, being followed by heating up
be mixedydeinpiotlovadihy hegddang upheo Joate 8X°Ct.heln this case,

i ' di h t th
the SEBRE R R T ReP TR VRS HonATBge heo e SRount

of théWdliveétt uedd,benlod{Erer A BINRIGNSLUS h%mogén%dss solution

preferred. In the case of a honbgeneous sol ution,

can bésfeuuedd, Aahomogedeouygskalataba fddetefelddy In the case
foll owed by sufficient aging and further cooling. The

of a hopagepaeus &dlatdaner bt iy ¢pohed. rodA3DBW cpyetelsne added,

f 51 50C. n the case of a slurr it is_.
beingnéfg)g] S re& tz%yhggf%g.glgngolmg r%‘f‘gl %%r)ép@Fpé%%thﬁrég,' The
rat tor ffi.cient ti °
tempe2dfutd P0G eondlly PEBRSLY 3010 el it raly §eo 25,
In thd casel of @ $2urlrgyr st i< nebesspkiyctd lheadCtbVi€ solvent reflux

2- et hyl pi perazi ne/ optically active resolving agent _
temPe%%’Ftlr%bt%ﬁlge%o BRI e rthse degporatiwer foryet abffiedent time

pticall ctipve 2-nethyl piperazine with a high
pertodf STy b¥on 008, b oRofbre paREBEAbLY aFReH, 1 to 12
hours Furthernore, considering the recycling operation, it

Is preferred that the solvents used for

If the optically active 2-methylpiperazine/optically active
resolving agent salt obtained as described above is recrystallized,
optically active 2-methylpiperazine with a high optical purity of
99.0%ee or more can be obtained. Furthermore, considering the
recycling operation, it is preferred that the solvents used for
twice optical resolution are identical in composition. In this
case, the adjustment of solvent composition for recycled use is
not required to allow simple and quick operation 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 optically active piperazine derivative
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twice optical resolution are identical in conposition.
In this case, the adjustnent of solvent conposition
for recycled use is not required to allow sinple and
qui ck operation very significantly as an industria
process. The diastereonmer salts of an optical active
pi perazine derivative and an optical resol ving agent
in a dared&tated fiotk ahel dwgcadbosdillatibar, the
oxycar bonyl ati on reaction, but the salts can also be
d@gém@ﬁpibat@@ dilees tosteicomid yadttdare bpi pepazahed from the
.__.derivative 20.in a free state for the ) )
diastgreomerofiat ion thenmofhes Jienesq by fiderasien eperation.
ara e | ast.ereo salt,. in e
T o Ay iy FRE T et AR AL ohe} Dl @AY agotive

trati on operati | N5 g€

nitrogefttbadaiaingeeempbuid £h6mOPld PldtALINE salt isolated
ni t rogen-contai ni ng conpound from the di astereoner

as cryatals sa@ metHodasf exyshaltdngaimanhatkeliss d@mdusoiution
an al kal i ne aqueous solution using an organic solvent
using; @npQpPRRL¢ RASWANtCAscPEbAiglyelpewad are a nethod of
add] ery excessive anount of _a hjghly .
CehORe Pt B BN TR 1475 Srachaq a6 it gre sxepgsive
di gstLmal &8hteh@ba®¥ll 8641 &R MiRd k1 3%y
amounsolvent %gﬁ%% as gietﬁyl et her o#ﬂgtnzé%EE%?%Urnglsggution
to théndiasterébmer cedlt Somt editraidtiotDUsih@dh) orgafdcasolvent
met hod of addi ng an excessive amobunt of a highly
such agnddethyle@tdhed n Hrnastelel Ieiuemks bl Améphcan €hemical
i asj.er t. for causi an_am ne |ayer to be
sociefytHITT F80°CrAY L Pg"s e ol Alipdh &Y ssiany ivipeamount
r i [ j ' f or. .
o & e s audn PPERoRIdL diidblis Banrion to the
diastandodést shllitnEorCasath oy Janr aalinel 1698l Hd Ybe Sdeparated,
2639, (1976)). The bases used in these publicly known
colleetingi Hhesamipe haxeri nemavingdtbeiwvetesucotnbtaisedi im the
dr oxi de, and Potassiun1 hydroxi de, and after salt

h ,
amine ({8¥EHFLREN A WBFRPPSot uBPELWHi hedrexidecovepeatiyg the
operaﬂf@ﬂ?dﬁhéﬁ%fffiiﬁ&{%%ﬂydfédbgﬁfgglofChemistry,54,2639,

(1976)}. The bases used in these publicly known techniques are
alkali metal hydroxides such as sodium hydroxide and potassium
hydroxide, and after salt decomposition, a water soluble amine is
recovered by means of extraction or distillation.

Especially in the method of recovering optically active
- 2-methylpiperazine from the diastereomer salt of optically active
2-methylpiperazine and optically active tartaric acid, obtained
by an optical resolution method using optically active tartaric
acid, sodium hydroxide and.potassiunlhydroxide are generally used.

For example, in JP3-279375A and Japanese Patent 3032547,
sodium 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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Especially in the nmethod of recovering optically
active 2-nethyl piperazine fromthe diastereoner salt
of optically active 2-nethylpiperazine and optically
active tartaric acid, obtained by an optical
resol ution nethod using optically active tartaric
aci d, sodi um hydroxi de and pot assi um hydr oxi de are
on th@@lﬂfbﬁﬂ]l‘d y£uges dibet eebamhkesal f, HBs8d93M Uy @ Gkide is used
Japanese Patent 3032547, sodium hydroxide 1s used to
for saégodepomppSZtmanhyhpdpdiatmméatlha uhdéal rgiaktddi pressure
, the crystallization step to the salt deconposition
is Pe"s‘?%’ﬁ“'?‘i S’7%Pta¥%r tﬁ?eﬁnﬁl%%%?lﬁ%@%%@hezt@t%m@ld in

che 41 b A b AL 263 D8 LB ST 00, e
if th&egLEPPEidt fon ﬁ@lcﬁ"ﬁ 'Aé rﬂéH] ééﬁ%%r obgduend PESEE“%S the

is perf ormed to obtain - - et hyl pi'perazin
salt t clemlompodidtiion téeepal tlSdeC'Dml tionsstian tof&Pehermore,
distillation step is 71.0% and if the distillation
JP200}+ EPH1P2A eparid cospe @DUsingepgtassium hydroxkde for salt
decg 03|t| Still furthernore,

decomyedbbiol sy ,g{;/ﬁ,re:p iotoadett EofselivRF Jok As¥ildm range from
0.89 tYHLX o1l t%ﬁ’dets %%%(arrggs thQmBQ'@g {:P ligoél ?g?reomer
it used was ina w erange rom

salt.tiThes yi9ed an the a&R¢ntBeebmpbeidiofit St REreSALbm 71 to
The yields in the salt deconposition step were from71
75%. to 75% Moreover, as the method for recovering an

o HBEpBRbER O8RSk R atly ot
' ' ' aI I
omtne S AHLYaR6h UFEALRRALL B BRlch BB SEL Y pgeave

amine iaghd B@ opte68NLY &bt Be ALHUWyISA ﬁb'l@nof' %‘_&@i@éﬂﬂyﬁactlve
to 50 wt % of water and an al kali netal r oxi de and
sulfonig|acitg khewhr de arimetlodnof tberﬁbrmimg ay¢act in the

(Japanese Pat ent. 3312459). In the exanples of the

presengs & ﬂ%ﬁ%&%&@én CoRfFIRING thdsAQ Wt of water
and arf Fg]])%!llaénpar 1 \fﬁrgm r t oI 4 pfsoah.za{trk%garl:%eNP eeneZ eann(leisryé ffrom

the alcohol layer (Japanese Patent 3312459). In the examples of
the patent, sodium hydroxide 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 amine 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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salt of 3-hydroxypyridine and

p-t ol uenesul f onyl - L- phenyl al anine in an

al cohol -sol vent containing 7 wt% of water, for

recovering an optically active nitrogen- containing

compound at a high recovery rate of 97%or nore. In

addi tion, Japanese Patent 3312454 reports a nethod of
activier dngimigoapciohegant Card bptiidallly eenieet tadtiridecid, the

crystals of the salt of an optically active am ne and
salt gft ppalrglivtackivert & idiammaepiopane acblopt isallly agtive
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cal jal At les of . this nethod., the_sa
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solvedR! kwadhl ¥ aateyecbakbat! 4 86l 4 (R8¢ usdhh 9ba?@hl HPhk¥xide
active 1, 2-di am nopropane and optically active

or potagsiam bydcozljide; andeasaptichlagtacaive/nderbyen-containing
1- phenyl et hyl am_ne and.ogtically active tartaric acid
compopgdydsokBEO¥ATRA af al BdHB| recovesHt ratehod G8kepr more.

cpntent. 4.t0.14 wt % usi.ng sodi um hydr oxi de or .
p%gaggfﬁﬁ%hﬁgra%Q¥§' Jﬂﬁgdﬂe ?$L8¥IVS o ¢ alkali metal
| « .
R A R A e G R S e T
salt detdmpbsiftisi agdasuladdqlén e} decoledtiag &e optiiddiad K¥tive
sodi um hydr oxi de or potassi um hydroxide for salt
pipergaipapliasivaii v By suBeddednsigh rasc exsrangian o beathyried
active p'ge azing deriva{lve by a nmet hod such as
out a%%??é%??oh c AR HRPRYF FeRt1oRed 2R b RFng to the
aR@VEr SRS +oned, pc%ﬁe@aseF Ay %@epﬁhgt'é?goﬁlg§es\aw. '8¢ an
the diastereonmer salt of an opticalTy active _
opticalper aminergleptipairarenandd@pivaeivy afid Veptiadhhakl Cactive
acid is deconposed using an al kaline earth netal salt,
tartagic opeid al $ ydegompesed pes bng nen delkabine ceguth beetal salt,

] d di to a principle different from
an oRtGally | AREITR  RORERRIRS ACTLYAG% Qpal Percrapovered

sccordBhd o iobrlie s AL CLh PRAE voPtlh T tpy mecnoo
of usfAig an alkali metal salt. That is, an alkaline earth metal
salt of optically active tartaric acid is low in solubility and
is precipitated as crystals. That is, in the case where an alkaline
earth metal salt is used, the optically active piperazine derivative
exists in the mother liquor, 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 achieved.

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
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IS precipitated as crystals. That is, in the case
where an alkaline earth nmetal salt is used, the
optically active piperazine derivative exists in the
not her |iquor, and the optically active tartaric acid
as an optical resolving agent can be separated as
crystals. If this nethod is used, the extraction

tartF@EH0o 5% )00 . 18¢CHIRNY st2BAL 1l tASLIRER (B5°C) apnd 0.028%
principle, a recovery rate of 100% can be achi eved.
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since the alkali netal tartrate generate \M’]gh an
impossikdle iot adeguttitaxi geoms tised optidiad i@l Vaet ive WatiQerazine

it is virtually inpossible to separate fromthe

deriv@dtiivienliny aa@olvent sondaindnad &0 withi we imore of wartter.

cant aj ni ng. 50 .wt % or, nore of water. On _.the other hand,

i ncg eb%%%%léﬂlﬁnﬁgat Jitnf’taﬂ_eb%a%ee‘?’?/\ﬁé‘_raé: flRethg| Ra$¢ (fthere the
alkal8@d Qaﬁﬁ%etﬁﬂ! Ea?% éf't%j.'sn¥ﬁ9£h9?ohsisuﬁggd g separation

separation romithe optically actrve prperazine
from dfe iRy eesiveApipRsaiined gakavativeen st Rasy.

di astereoner salt of an optically active piperazine

dasides¢xibethabopei sdldny thetdias tteqretomeircsatt @ f as optically

decqnposed, netal_ salt and an al kaline earth

act e Pz ine, A TH A4UE 2Pn BtESdLY, RE PP taric acia
is delBmpddRaSodhUahRYY50%481 salt and an alkaline 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 alkaline earth metal hydroxides, halides,
sulfates, etc. Examples include hydroxides such as magnesium
hydroxide, calcium hydroxide, strontium hydroxide and barium
hydroxide, chlorides such as magnesium 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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and potassi um hydroxide. On the other hand, in the
case where the optical resolving agent is optically
active tartaric acid, the method of using an al kaline
earth nmetal is nore advantageous. The al kaline earth
nmetal salt used is not especially limted, and it can
be typified by alkaline earth netal hydroxides,

sulfdied i dag, batihit Ss1fLtE, EnaMaahonatdades vl % dRfynesium
such as nagnesi um hydrOX|de cal ci um hydr oxi de,
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sul fate and barium sul fate, and caf bonates such as

hydromigieesi Five farmbotfiata) chah biydiosddeo@het SspO@GLaUR 1imited,
carbonate and barium carbonate. Preferred are

and cpngpbgxPAWEery B IR kaR. 9 taneslsobbpezislunry of water,
preferred are hydroxides and sul fates, and further

etc. preferred are hydroxi des. Especially preferred is

i . d
ﬁg!th@egl‘ggtéﬁg dcfi?)i:rh re}]af'l.ieEgilB P\gh ‘irgdtcdlu@ tﬂ:d Fh s from 0.5

to 3.9gr aollaar tlﬁfesqa@ralf%QaMYaf&low oY, tzoftoWQt @f mol%trc +ike%, and
anmount of the alkaline earth netal salt used is from
more prefergbdyo fromard -0 #os ! .pr mbdazbitimbsoba8ed ba 2h@ amount

ot enfdiadt T5uchlln CREFABLE G i Fodiord o ipconposen
of anaﬁﬁtféhi t&aff%eﬁgigekgzang §g£%v5919 d%foﬁggigﬂly active

an optically active piperazine deri va
tartaepli eelidy active tartaric acid. The tinme when the

al kaline earth nmetal salt is added is not espeC|aIIy

| Thet ime (wherarthee ad#tdddneoeanthagetalissabt uts @dd¥d is not

Jt,of an optically active piperazine derivative

espec&ﬂglgbf'm%ﬁqQ, It can be added to the aqueous solution of the
salt of an optically active piperazine derivative and optically
active tartaric acid, or the salt of an optically active piperazine
derivative and optically active tartaric acid can also be added
into a water slurry of calcium hydroxide. Furthermore, the
alkaline earth metal salt is added usually in a range from 0 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 perform 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

and optically active tartaric acid. If the amount of the solvent
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active tartaric acid, or the salt of an optically
active piperazine derivative and optically active
tartaric acid can also be added into a water slurry
of cal ci um hydroxi de. Furthernore, the alkaline earth
netal salt is added usually in a range fromO to 90C,
and in view of operation efficiency and safety, it is

is tatesmadlll,etheocandeAatraeadbnt b tHOMIPRIAtdH® :h Ifetdle salt
case where the piperazine derivative is soluble in

of opjdradly activesiantarie seid genevapedfby rmalt tlecomposition
dec osition i sol vent containing 50 wt % or nore
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ni trogen-contai ning conpound and optically active

arisesgriftarviewicifd. thé phedaobion effidikesoyvebhc@5the sapplied
smal I, the concentration of the al kaline earth netal .

amount,of ‘the sgiitcgf| anyeptisaddwt artdvacpdrgensiaeedepyvative

: l4 0 LLi i_n.the slurry.is so high as to

ana opdubel i EBIVE Plr a1y Bl g™ AREreasPASur 11 ci ont

sehttrieeeARPHdrn P N1 daperadslwherd bl %1;5%&7, idd dbR%vative
anount of the solvent is too |large, an econom c

is sldigedyardagelarisewaiteryi aneofodtiecgirindustt De piperazine
__efficiency since the supplied anmount of the salt of
derivatiygt 1RpFytadt Py esplhetasamposddriopatdape beagatacted using

i cal l.y active tartaric acid.s decreased. On the
an or gl BoroRE 1o sH SEURREE Saivery [a¥as: nemsanp S5 of the
organder isbalklehe ih%l%ld'egmf&fnaﬁz@&m&%fd&é%oq{si % as Benzene,
optically active piperazine erivative liberated by
toluenalt decexybsnd) on eexyiemxt act pdxy3end, an etH#Dbénzene,
solvent into the organic solvent |ayer. Exanples of

n-propyibepzgnni c $8PpEAPYLRENnEERe ar andt i Mesytibenebonsliphatic
as benﬁene, ene, o0-xylene, mxyl ene,

hvdrosSys tol R ) ) oot

v 059§ Pgﬁe’sug hj?lsbé‘nf’ ’anenl_rﬂ. ad’é?ﬁze‘?'l :ep ane, n-octane,
n-nonhR8PLARY INZERR anth 883yl | 608n Al PNAhitGano1 2-butanol,

hydr ocar bons such as n-pentane, n-hexane, n-heptane,

isobutancl angrpentanol, 2-pentanol, 3-pentanol and isopentanol,
ethers such as diethyl ether, di-n-propyl ether, diisopropyl ether,
methyl-tert-butyl ether and tetrahydrofuran, and ketones such as
methyl ethyl ketone, 2-pentanone, 3-pentanone and methyl isobutyl
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 to 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 1 to 24 hours. If the time is longer, the salt decomposition
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n- nonane and n-decane, al cohols such as 1-butanol,
2-butanol, isobutanol, 1-pentanol, 2-pentanol,
3-pentanol and isopentanol, ethers such as diethyl
et her, di-n-propyl ether, diisopropyl ether,

met hyl -tert-butyl ether and tetrahydrofuran, and
ket ones such as nethyl ethyl ketone, 2-pentanone,

yield-igemaymuie vyl 1@dyhaverbadedus Keh 0PeewPbel BroatcRiCity.
aromati ¢ hydrocarbons and al cohols. In this case, if

Usualdyt Aicisotesboabte oo ipenfepmatiada targei freomzl M 12 hours.
derivative recovery rate can be enhanced. The salt
d¥esRwBiLer dihe exysasbryyYpaimarazdnmdariya§avermraduced by

I t rature,to.100C, preferably in [ ange
oxyoaf B35t GAREaShY! EnelsaBRrr Ipg P orRb e aRobY! BaReral
formu2fet 953006 (ghf the tenmperature is too |low, the salt

deconposition may be insufficient dangerously.

Usually the tinme period needed for salt deconposition
is from1 to 24 hours. If the tine is longer, the salt
d?coﬁﬁﬁgqtion 26 yield is hjgher but |ess advantageous

R )i producti vit ps *Euq%ly it is desirable to
perforgnin a range from tfl} hours. Meanwhile, the
A%y Cq | pi perazine_getivatiyve produced by
oxycgrgnyl aficon cont af'ns fhe Wrpur(si)es represent ed
by general fornmulae (5) t& (8). H Ra--r x (5) h3' - 2
" NR? (6) CGox O (7} XOH (8) The purity of the

oxycar bonyl - substi tuted pi perazi ne

X
H‘INIR’
RZONTRE () XOH (8)

Q"OX

The purity of the oxycarbonyl-substituted piperazine
derivative may be as very low as 90 liquid chromatography area %
in purity as the case may be, due to the ingress of the piperazine
derivatives and al_cqhol 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 oxycarbonylated. The piperazine derivatives
represented by the general formula (6) and the general formula (7),
are the impurities estimated to have been produced through
decarboxylation of oxycarbonyl substituent groups. Furthermore,
the alcohol represented by the general formula (8) is estimated
to be the impurity produced by hydrolyzing the oxycarbonylating
agent. That is, the oxycarbonyl-substituted piperazine derivative

represented by the general formula (2) obtained by oxycarbonylating
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derivative may be as very low as 90 liquid
chromat ography area % in purity as the case may be,
due to the ingress of the piperazine derivatives and
al cohol represented by general fornulae (5) to (8).
The pi perazine derivative represented by the genera
formula (5) is the inpurity generated by a side
the pisatdaDind nsubd €htweidn t pLodi®t PeprogENtaHOBY *h@ general
oxycar bonyl ated. The pi perazi ne derivatives
formylgp(ddencedrding heo gegenairaflomgbhad(6)ntanting hchegampraalities
fornmula (7)., are the inpurities estimted to have
represeqt et Bt IeReEASE oD 62| B i(8n -of SBxykbanlew pure
j.t t.qr . Furt her nor . the alc I
oxyosHiSHy T AREL IR piHEHARIRE Feri s S oty of 90
11quildd i@ oia® ogFabhiy ¥ rida0 4 GRd 10% shdhobuz bRg aliiRa .
oxycar bonylating agent. That is, the
oHypwavbonyltheubstitdinedl pkpeapBongl detbyituM€ed piperazine

._represented by the general formula (2) obtained by
derivgfdver hoiaR atbeg 27SLAE piceaverited suo t Lai ohighly pure
uct represented by the general . forpula (1) )
oxyca by SR L Gh efer I PHERROAS cHESHTRE IR [ HpLARRlgdng
refinfifBr €geBbed +hpikhgaen abr&@%ﬁ%h@%a@ﬁb EO.QQLhi§§’ and/or
only a | Ow pure oxycafrbonyl-su stituted pi perazi rfie
distideéaittahi.ve with a purity of 90 |iquid chromatography
area % or |ess can be obtained. However, the obtained
okpcdhisonghseulydianait bepiqeraiziee odgcavhbnyd-cahsbétuted
sily converted into a

. hi ghl .
pipox§iihby gRRVELYSE 1 il LY PULC v npined oy ordinary
crystaRRi¥hR9oR . rﬁ&f@:}és%.ﬁeep £ryper{én%ghslévwﬁ%¥%t ahb 8%%15891)@1;1

washi ng and/ or ati‘on. e case where

substobtahbefrouyy arosyabBelhat 4k WicAd 1Pk 88+BCbutoxycarbonyl
derivative is solid, it can be refined by ordinary

groupe mefiigling hyienys tukiratiore isidesimakbse Wnetketdther hand,
in enq RYEURRIA en RSO L OHR 1 0 USSRl E L e acld L
to 10GHHELEL O NAD UL (LIBORLICR BB ot aoue
is stAild dat AM@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 neutral compounds, and
if an organic solvent is used for washing, they can be relatively
easlly removed from the oxycarbonyl-substituted piperazine
derivative represented by the general formula (2).

Concretely, an acid is added to the reaction solution

containing the oxycarbonyl-substituted piperazine derivative

28



is liquid or in the case where the oxycarbonyl

substituent group is stable in an acid like a

benzyl oxycar bonyl group, the following washing step

can be used for refining. At first a particular nethod

for the washing step will be described. Anpbng the

four inpurities represented by the general fornul ae
representied 0§ theodeaesaln rokauikntihgsi zbNpakkeRn BBQd agueous

pi perazine derivative represented by the general
solutfignmuif@r( SPnHﬂ@TttLhe &heobalycarbpngiesubdthyuthd piperazine

eneral fornula are neutral conpounds, and if an

deriv%;
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distrisptegenigdobythhe QS@@Eal 1hgemul acéa)slnggmﬁflgt ek?ﬂp?%gties

acid is added to the reaction solution ntal ni ng
representadboynthes gpakiraat forpupar @) aaddehe \WéneaPFormula (8)
represent ed b¥ the general fornula (2), to nmake an
to beaeﬁaréﬁﬁééuén 9okhei eRgande §ghvgnt|hgyehefor removal from
OXY S bon stitute ne derivative into an

tne SCALIP T EorRtIRn: Gotttn Ry T, geRrereenyLnpibptitutea

piperagsiﬁé aadightiybng is performed, then the
hydrochloride 1s distributed into the water | ayer,

CPius i mgthd® fopuprép&Bing cPRE€SLPi@dabyed e §61€EHIN is not
formula (5) and the general forrmula (8) to be
espe%iuﬁdﬂ@dﬁﬁﬁﬂ,obumesmghenlcs eohe/emd lofyadding a erdnexal acid

N ﬁw t he react£on sol ution containing the
into oxg &r

boRyRtReh ?ltuFEECtb?Berai?ﬁ%tﬁ%?lvaf?@%alﬁﬁ%g the
oxycaPBoRPH- %?9 F ?% QQH%QFAEEﬂ SRS oE%bE%@eg%eﬁQEX the

especi a simple 1S a mnet

general nesahubgi (dZ) J Neox tdr Stidietine RAGitioh .SOAt +RE mineral
contai ni ng the oxycarbonyl-substituted piperazine

acid, déprvaetxanmheepr@s@m@dl@ywhecigem atulfunid aac2§l, can be
As the mneral acid, for

Prefe gl iseth b R AL LPR 16 mads MthCChe Pl o Fhisereaction
solution kept at 3 or less. If the pH is large, the
oxycarbonyl-substituted piperazine derivative represented by the
general formula (2) is 1less likely to form an acid salt
correspondingly, and so it is distributed into the organic solvent
during washing, causing the recovery rate to decline.

Furthermore, the concentration of the
oxycarbonyl-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 wt%, more preferably in a range from 15 to 25
wtd.

The organic solvent used in the washing step is not especially
limited if it is industrially available, but considering the
recovery rate of the oxycarbonyl-substituted piperazine derivative

at the time of extraction, an organic solvent of 10% or less in
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preferably used, and the addition is nade with the pH
of the reaction 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 forman acid salt correspondingly, and
so it is distributed into the organic solvent during

the M@EHANTsoGaBINAGy! RE HIECONEEY LA 92({:@ A&l hPEferably used.
Furt hernmore, the concentration of e

Examnieﬁ:am@dnﬂb subwatict bidpbperhensesuael i asmttioladne t benzene,
acid aguequs solution is usually in a range from5 to
0- xylzﬂ?%t% xéﬁl@rn@r'awywl@n@ ggh g hvilbeneeney 23 aphwlsnsueh as
efier ab ang 15.to0 25 w % The organic
1- bUﬂgﬁ vént Eggg@aﬁo ﬁ%%%?ﬁ%n%%Ep i'5 Bt W Yeci alyrpentanol,
3-pentafidied 1fhddancy 'M%}Fé%l‘lé{x iI a@l:ﬁerpuéuch as diethyl

con3|der|ng the recovery rate o
ethemxgthybegndpyelubshieryt €thyl u@o@mdp@rldethéﬁt | MeoprdpyNether,

time of extraction, an organic solvent of 10% or |ess
1sobutylmethnel athaxl t@ﬂwuwl}/mwthﬁlwaﬂ@rr and 2e€rapydrofuran,

pref er.abl omati c

| ude
ketors A A RSO R EAR SR et chighey | iz 5gneng oxanone.

I
sohedHLCR BopEaRafod. SN e BEGIOLD Milkiicoons

and ZEEM6BNP! and3-MERé aflefrhaxanshk aﬁ%n%d)hﬁzaﬂgbarbons
et hers such as diethyl ether, ethyl propyl
Especdpf)y prefespet éBhéplueaepropyl ether, isobutyl

B S it e RN TP SL NG 20t washing step
is usﬁgﬁiy britorl oTE *E)S' 1J§eE t%( Q%)é%p%ne r §e9§égnof%oaﬁdtlmes

eptanone. Preferre are aro rocar

by weiditiohfbge pek didIL1 PNt & £0mes Q)yair@i@ﬁt ®based on the amount
hydrocarbons. Especially preferred is toluene. The
of thenpaghd afuedwsresatutdansol vent used in the mashlng
from0.3 to 10 tines by weig

E’?@fwéﬁﬁrﬁf? ltilcﬁl $he Fase whene tre, d!rﬁ;frreﬂmfém FoIte 9f the
:I.ntenIi@d3 ééi'?ssgftm%§h£hga %c%r}:t}oq%laqso%stltuted piperazine
derivative into the water layer declines due to the ingress of the
reaction solvent used in the reaction step, if the reaction solv.ent
is distilled away beforehand by such an operation as concentration
under reduced pressure or azeotropy, the recovery rate can be
enhanced. For example, in the case where the reaction solvent is
dissolved in both water and the organic solvent, the acid aqueous
solution is concentrated at a concentration 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.
The washing 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 solvent, a

usually used base such as sodium hydroxide or potassium hydroxide
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of the acid aqueous solution. Furthernore, in the case
where the distribution rate of the intended acid salt

of the oxycarbonyl -substituted piperazine derivative

into the water | ayer declines due to the ingress of

the reaction solvent used in the reaction step, if

the reaction solvent is distilled away beforehand by
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pressure or azeotropy, t recovery rate can-be
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to 60C, and nore preferably from20 to 40C. After the
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the WG SERPHYeE 0% de EXeiernedegremionabin hvdseoagbens, and
I gL fo% naking tge s¥sten1alkaline internally, and
espec%%é gx?fg %55??- Subgtttited pi perazi ne derivative 1is
exd r e j 0 i ¢ 550l . I SnPr
Chat Shbe S A Oh OO e R L e gl sare
typifikeé pytsafiael chldérife 9t Hoddter salfa0eCcak 0asE6ehe Nngdded
the recovery rate of the oxycarbonyl- substituted
to saly; gt dheexycarvanyve substisutedep eraginaderdvative, for
s include the organic solvents enunerated for

anage
enhanfl’zﬁ’ég B FCRYREY bERBPe. Preferred are aromatic
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the extraction step . as %adé%lp{dl,%gr{ﬁéj dfstl saeolt n step.

equire an 1 norganic
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be added to salt out the oxycarbonyl -substituted
repregepted bimshgegeneral formmla hhand (J)t be thecwaehgng step,
sincerzgﬂzy form acid salts like the oxycarbonyl-substituted
Plperazine derivative represented by the general formula (2) in
the acid aqueous solution in the washing step.

Therefore, the piperazine 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 the general formula (7)
can be cut as a hilgh-boiling component. Furthermore, in the
distillation step, the piperazine derivative represented by the
general formula (5) and the alcohol represented by the general
formula (8) respectively remaining in the washing step without being

removed can also be removed as a high-boiling component and a

low-boiling component respectively.
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The follow ng concretely describes the distillation
step. It is predicted difficult to renove the
inmpurities represented by the general fornula (6) and
(7) in the washing step, since they formacid salts
i ke the oxycarbonyl -substituted piperazine
derivative represented by the general fornmula (2) in
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Therefore, the piperazine derivatives represente
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or zoolcb%?ﬁﬂ%kyéﬁﬁbomlls-lﬂﬂm phpemaziogerapbyapurkbypdeclined

to 99.0 liquid chromatography area %, 95.6 liquid chromatography
area % and 59.7 liquid chromatography area % respectively, and that
the liquid chromatography purity of
l-benzyl-4-benzyloxycarbonyl-2-methylpiperazine corresponding to
the compound represented by the general formula (7) rose to 0.2
liquid chromatography area %, 3.2 liquid chromatography area % and
30.7 liquid chromatography area % respectively.

Furthermore, when the compound was allowed to stand at 160°C
for 1 hour, the purity was 98.8 liquid 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 formula (2) is more likely to be decomposed when

32



It was noticed that when, for exanple, _
1- benzyl oxycar bonyl - 3- net hyl pi perazine with a purity
of 99.3 [Iliquid chromatography area % was all owed to
stand at 120C, 160C or 200C for 12 hours, their
iquid chromat ography purity declined to 99.0 liquid
chromat ography area % 95.6 |iquid chromatography
the hemtdny temipéfatfute gis Higheenah@oienhyna Beating time period
] respectively, and that the |iquid chromatography
is lcmgqq.y of | - .
1. benzyl - 4-benzyl oxycar bonyl - 2- met hyl pi per azi ne .
COrfFé 8ﬁ&rngnt e ¢ ?ﬁﬁﬁﬁ%ﬁﬂ? Féﬁpes@ﬁgéﬂtb9ntmﬁﬁt ﬁf paid
e L, +f A S L gui hr onat.aqr ap .
to tid7BgeTa PG PbAe flohB sutR 7 Sremb O H L A G Bha 1t

is prdfigitedht®nBaLEYaBRY ahRA PO ESPELEi e Yperation with the
Furt hernore, when the conpound was allowed to stand at

maximpg0Cedficedlphesisure et @utiemperatu®@. 8sl iowias possible with
chromat ography area % and it can be seen that the
the heatingoine keptaphorbls GRIGTeAdaiddcantbe said paeerable
12 hours. That is, it can be said that the,
that Fhe SpRSH TrmBRTrebEhs o EPBACHFRendsEnasadtiiG: oy clover.

I e LERBEBEre @Y HaltCt HE PEEBsulr@ AW Pnd B sitS 178B%G oh! £€h Ywer,
to be deconposed when 32 the heating tenperature i's

partibibjbedyadd3vhen 1LBBohPati pgeferabperiod3 it hLoBges.
Therefore, in the distillation step, attention nust be
pal Fhe saseaheger i s bhl bahiin isreesietmed, aenpjer eguipment,

. n Loe nd, i is preferred _to carry.out the

einefd, bafR igﬁSBb@Fﬁfi SR i ERLBnEIRagt fnt8Hugen be used.
PIRSENE Ccdde b AR RAE %Ll'l%‘ﬂ\.‘,aitpﬁsg%ge%kﬁ thl€ the
heating time kept short. ncretely 1t can be Sard

supplpeéf anabhe of hitie tdey iR itNMIQY At/ &r0flekBeof the entire
distiller is 2400C or lower. It is preferred that the

capachi¥sefir theudisigl Hiex if9mshor teningwhhe hamumnaukﬁmhy More
1.33 to 30 Pa, preferably 1.33 to 133 Pa._In the

prefefis %é?g % LEBFl ROt & POF AR effrefbis 1/4 or less.

Using%&lprg?x{‘ti'dea, the heat history time of the distillation raw
material can be shortened to lower the thermal decomposition rate.

On the other hand, in the case of a thin film distiller, 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 distiller, the temperature of the heat source and the raw
material feed rate in response to the boiling point of the
oxycarbonyl-substituted piperazine derivative, for optimizing the
distillation conditions. Particularly in the case where a thin
film distiller with a heating surface area of 0.005 to 0.02 m? is
used, it is preferred that the internal pressure of the distiller

is from 1.33 to 133 Pa and that the raw material feed rate is from
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either a batch distiller or a thin filmdistiller can
be used. In the case of a batch distiller, it is
preferred that the supplied anount of the raw nmateri al
is 1/2 or less of the entire capacity of the
distiller for shortening the heating tine. Mre
preferred is 1/3 or less, and further nore preferred

2 to 39 lidens/hesMordPrieFeiued apei feam 1183 heat 3Bi BLOSYA from
time of the distillation raw nmaterial can be

5 tC’éHbrl%#ﬁﬁFAh} | ower the thermal deconposition rate. On
e other hand, in the case of a thin filmdistiller,

t TSRS HE PEI the i sl 6% Usiek Ependigbbthathignonif the
raw ﬂéﬁ%rﬁ%ﬁp%BQE% ifs thadﬁ)spec F!Cg%gfvgngnw%kgtfi#gg boiling

pressure, the size an Irons  of

point, |18 distpiéesrsed tHeclt PERAZLBG- bgfihﬁétbﬁﬁvﬂﬁﬁdatlk low
is preferred to adjust the internal pressure of the

temped:rasﬁuﬂel LfortdyaniEgpel80tr £ folr dderéesing dheCso Bént Rdntent
aw material feed rate in response to the boiling

to 2 aﬂa%t%f &Sfe befiareameshprmingy Prioduced istdddaition .

RIS ) T
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to 0. 02 M is use IS preferre
On a jaberabtbryressls e tife Gi€fdirehickl Betweéenfsoth thad3 dietillers
133 Pa and that the raw nmaterial feed rate is from 33
does Zlotto cal@qril%r@nﬁa%r@fprien e‘\ih%dcaa?e vhene1d3stidlag3on is
nd from I rrespective of the

perecifieh b o fhafordiad stafd antone (oL ibon inan £oim
distiQ.Q_@trahQ_Smaranag?Ma/%gf)uQ Soj!n Epsba | *ag.lstfﬂ.ate in

point, it Is preferr cut di I'i'ng “solvent

the lattarl hwlft efpa@iattineatfien @éaﬁnbgec?c.SQQCa heht history of
decreasing the solvent content to 2 w%or |ess

longepetdme - pe¥? orift dpeprcaggcef da sthin aftilon dilstiddeant IS\iace the

f the dist d,. the distillatjion_step can
conta %gr ftoli%}ﬁelds t}ﬂt %lhteuslge?)'f eFEFFéﬁ It‘i?‘hs'éeakteﬁ’i th "TIF‘{”FﬁeSt the

tempegh§EEE|SE tﬁg?ﬁgagaQBE?FgrXaﬁcﬂgeraﬁggddbgﬁﬁgggﬁew1th that

bet ween bo istillers
of a batch distiller, it can be said to be more suitable for

distillation of a thermally unstable compound with a high boiling
point. Therefore, it can be said that a thin film distiller is
suitable for the distillation of the oxycarbonyl-substituted
piperazine derivative in this invention. If the'distillation step
i1s performed, the impurities represented by the general formula
(5) and the general formula (8), which could not be removed in the
washing step, can be removed.

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

The following describes the method for measuring the
impurities represented by the general formulae (5) to (8) contained

in the reaction solution containing the oxycarbonyl-substituted
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does not clearly appear, but in the case where _

distillation is perforned on an industrial scale, it

is considered that a thin film distiller is nore

advant ageous. In this case, the distillate in the

latter half of distillation is subject to a heat

history of longer tinme. So, in the case th25thln
iperfdd imdlideidivatiives reee elsld t e@OBY A8 het §8Bc A i 2) and
Bp source can be kept shortest, g te%perature %‘?’lit]fztt )
the mpthed Sour gelcamabengaumaexumpunpayemnmd:hst bated @n Bhe 1liquid

batch distiller, it can be said to be nore suitable
ChrOWQ£og§ﬂQ§YIqqﬁﬁ(ﬂ?qﬁeQ¥QQ%inalIy unstabl e conpound

Lin Therefore,.it can be said
¢ e hPRuRY e SapPRhEr ox SRelitufr it o Copéasnain tne
|- f y
ﬂw S D LY o o o
genem15fmi‘mtala @2 )st Bpquid cheohatsgtaphiei ¢ qpeai t Iﬂ@e analytical

epresented by the general fornula (5) and the
°°1u"@ei=@~1? Fiaud drehronayognaphn used Tomeaenalysienby adco uth@sing

d. Th f th
an  ERNOS DI BRsdED CHIRGANIAGE [ uASherS L?gﬁ&kelrgh  ematerial.
Infy 7t t t e mas in
Parti?@%%‘.ms RE{ LBRTEE ORGP fh . Y Ad i "% um, 4.6

mm x XBasmmi NGhiBeidepuiist Gesikapnesented by the general
fornmulae (5) to (8) contained in the reaction

s'Bh%utﬂOd#%rmtgapﬂrhgcmh@rbxy@@mbouw ceplditibnsetbi34nalyzing

t represented by the genera
l'benggiﬁ%?éggg? Ed théﬁﬁéPEBarPBFnéalculatlng t he

[ T 14 Sy ui t raph
RGN SOPREE UoPRS 000108 AU AT PRCRE e cor
abbreviptedt i 85 copERi NadubBub heso@iﬁliéﬁboﬁ‘%h' subst i %Hégghoric
pi perazi ne derivative represented by t genera
acid)f@¢ﬁﬁ¢alt2;lellquuﬂ chrguaﬂmgnaphyetbo@seﬁn:Thaanging the
tical .colum f or |iquid chromatography used f

°°'“P°%’r€:'a%%|‘iﬁs‘}% the lapgeuph Uﬂ%@s aﬁeecfpﬁratemﬁlmd That is,
art| c
the aSBEBRRELED SonPolPokh e IhEELEL nEB SIS Lol 1 vons

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$% from 25 minutes later to 40 minutes
later. The detector used is a UV measuring instrument, and the
detection wavelength is 210 nm. The detection wavelength is very
important, 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. 1In 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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mm x 150 nm ( Shi seido) is desirable. The follow ng
particularly shows the conditions for anal yzing
1- benzyl oxycar bonyl - 3- net hyl pi perazi ne. The nobile
phase is 5 nM sodi um dodecyl sulfate (hereinafter
abbrevi ated as SDS) aqueous solution (pH 2.5,
phosphoric acid)/acetonitrile, and a gradi ent nethod
r ngj4 t SkLi it S t] .
In el BIATIRESe MMAIIRCILY Mol (ihdl® 1AEBLBlethiRt1onea
analytdiiadnt i ncéN@itDbhse phastd s kepbtahtBdnVol %ot ey of
the start of analysis to 15 mnutes later, and the
1 -bengydosricarboaylednmethyilpipkeaziner eaged at theconsmpnrities
rate up to 45 vol % taking 10 m nutes, being kept at
correppopgiangs r & 25hgi ngeseTR tefOFGUAGGniﬁéﬂestolaﬂgﬂ i.e.,

ta-o R AR bR S8 )P Rerkv TETH A neThe dot oct i on

1-benv@ichengthyilpipei¥zin@portant, and if the detection
wavel ength i s changed, the analyzed value may change.

4-benZiydoxgaeavhonylthabenhglraxmathylpipkeagiheof WAWhd benzyl

absorption changes dependi ng on the conpound. In this
alcohglyexg 23t 1 minykes r 3.0 nhaetene Jdavontnytes S¢.ominutes

t0,230 nm at, whigch e ratios g he absorption
ana 2 L RehBr8R SRR R0 IRG TobIes et the Thyiamberoontages
can b8e08EA! tof B6EHLA (R) LfphPergPSBhPLLRR, Sensitivities
the conpounds represenPed by the general fornulae (5)
t bn (tB)isatevénvion .the tonflenbds ofnehy Sinhurd HiR#eréprésented

colum oven tenperature of 400C. 35 In the case where
by the;ganesal formpdde (hide (hbcapsadngdnin shedeamtdlon sedntion

conditjons, the ret

contaf 8Ly U R - a1 B el 22PRTasiae fgrivative can
be obittgﬁ?i(i%%lt &iﬁsge‘f@&%ﬁ%@% NGd &JH WA 2T e afmﬁé):ities
repreﬂeﬂtéﬂg(bflr b&zhenz:gle@@r)a-]z- Rl PgrsAZi "  (8) and the

1- benzyl - 3- net hyl pi per azi ne,
oxycayboryiky$ekgthtwbeg| pipereazine Aanirtatipiepeepriesended by the

generzﬁf %%@Jlaégggohﬁﬁg{. :S%gbx% tr?len uftoelsl'ow?J!.:ILigocgnlggtlg?:':Loglfgrmula
{Al1/(Al + A2 + A3 + A4 + A5) x 100(%), wherein Al, A2, A3, A4 and
A5 respectively denote the area percentage of the
oxycarbonyl-substituted piperazine derivative represented by the
general formula (2), the area percentage of the impurity represented
by the general formula (5), the area percentage of the impurity
represented by the general formula (6), the area percentage 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 impurities can be obtained.
For example, the total of the impurities contained in the reaction
solution containing the oxycarbonyl-substituted piperazine

derivative represented by the general formula (2) can be obtained

from {A2/(Al1 + A2 + A3 + A4 + A5)} x 100(%).
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and 2.7 mnutes respectively. The values of their area
percentages can be used to obtain the inpurity
contents. In this invention, the contents of the
inmpurities represented by the general fornulae (5) to
(8) contained in the reaction solution containing the
oxycar bonyl - substituted pi perazine derivative can be

ohkadéech-ited abRRR)Cen tthd BaskaiiEra i e Xz ik derivative
impurities represented by the general fornmula (5) to

is QEEC%thnYkatedycaobommodwmst|aute@xgwpem@nynesubstltuted
derivative represented by the general fornula (2),
piperazdne dephyahive o/ YrswFAGLRANE IaFRERiNgrand or AstdAlation

+ A4 + A5) x 100(%, wherein Al, A2, A3, Ad
1s VerXA%Sﬁgﬁrespectively denote the area percentage of the

OXME a6 RPONFpSHPSL LhbE €8t Rt &rﬁgﬂé#héﬁﬂé\ﬁgffvitlve obtained

represented by the general for the area

as deperdbedagdodfe tie 4 mMunipdynd epsesED] efor byxahplgengsah raw
formula (5), the area percentage of the inpurity

materdiad: pfcmedachpeshe general formula (6) , the area

PEhREr LAt Plon (5, deRRts vt bETRFAEE & et r%%?%%'ce to
exampi@BVQ§ﬁ93%dn9K]HﬂﬁjﬁﬁpﬁﬁékeEBQﬂyEﬁe&%%gansg Xligﬁing,

contents of the respective inpurities

benzyFokyesabphglathent o abrDéfiyeeipiubddd s Qoﬁkékﬁéﬂlbﬁ and
the reaction solution containing the
tert-buyenygarbpnylbtipnut 88 Brpepaeitaetidsri vative

RIS SAATIE T G
Boc- pﬁSE&Et?SH 998¥@10hn khs_ ﬁ? ﬁgé@?égrg hBeLAE! Bfown below.

derrvative TIs oxycarbony UCE an

1) Anaxysasbenyf- §ﬂbaébtmbﬁdreabﬂebﬁZbaﬁpSSitiahIVe the
refining by washing and/or distillation is very

MOdelusﬁhumatheL@xy@Hpbonyl substituted piperazine
deri vative obtained as described above is a conpound
Columpsefgpceldpaky £hf e, 12@ angaRTOMEt e5i dim.of 4 nedMB| Kes250 mm

(Shiseido)

Mobile phase: 5 mM sodium dodecyl sulfate aqueous solution (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-methylpiperazine

31.0 min .. 1-benzyl-2-methylpiperazine

31.0 min .. 1,4-bis(benzyloxycarbonyl)-2-methylpiperazine
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This invention is described belowin detail in
reference to exanples, but is not limted thereto or
thereby. In the follow ng, benzyloxycarbonylation is
briefly expressed as Z-protection, and
tert-butoxycarbonyl ati on, as Boc-protection. The

anal ytical conditions for the Z-protection reaction

antie Boc-protecti gpapeaphi on of 2-methyliphperazine are ¢
shown below. 1) Analysis of Z-protection reaction

1 -benzyipoyidardonyidal-meShyrpd pe ra@ih@Vp 69l untrie Capcphbpaktion
Cl18, 120 angstroms, S m 4.6 nmx 250 nm ( Shi sei do)
reactyen |waphgadécubapsfls daionm thelefpllowingt £amudaususing the
sol.ution (adjusted . to pH 2.5 using phosphoric acid)
i“terf‘élleéﬁ@déé'?ﬂz.i‘e%g-"% mn), 55/45 (25-40 nin) Flow
hatewidyQ o/ 140C £Qr 210
Reac Y gt (o R bt Eme A feradl e’ tBntent
in théamsaEspndong tionggnsupplieanahmeun8)df 22hethylpiperazine)
1- benzyl oxycar bonyl - 3- et hyl pi perazine 15.9 mn ..
X 100(&uene (washing solvent) 30.0 min ..
1-benzyl - 4- benzyl oxycar bonyl - 2- net hyl pi perazine 31.0
2) AnﬁilHS.Q.S. °f. BefzprosehtiApl pPAETaLPNECBROG AN, |
Model@,éh?hgaggnéﬁLgﬁﬁcarbonyl)-2-nethy|plpera2|ne 37 The
reaction yield o . . ]
Columh:PRBGYE CRongh- A FEHNYEPIRACTRZI S 4D)mt i
L e nar: fntnas ZoalhuirB ed fr bm (fL setence)
Columhoktkmpergthiverula’as{ ng mie) + n-erora/nEfrandarnd oret ped. min)
. Reaction yield = .
InjectiopeheppPexgtuEBONGPOE net hyl pi perazi ne content in
action solut%SS%é(Supplied anmount of

etecFp; RERBPRRFEEPhe

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:

11.3 min .. 2-methylpiperazine

24.0 min .. l1-tert-butoxycarbonyl-3-methylpiperazine

24.1 min .. l-tert-butoxycarbonyl-2-methylpiperazine

29.9 min .. 1,4-bis(tert-butoxycarbonyl)-2-methylpiperazine

The conversion and selectivity of
l-tert-butoxycarbonyl-3-methylpiperazine by the Boc-protection
reaction were calculated from the following formulae 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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x 100(% 2) Analysis of Boc-protection reaction
conposition Model: Shimdzu GC 14B Col umm:
Neutrabond-1, 60 mx 0.25 nmID, 0.4 m (G Science)

Col um tenperature: 70C (10 min) -(+10C mn) - 270C(10
mn) Injection tenperature: 200C Detection

t enperature: 200C Detector: FID Carrier gas: He

solutiyreet Apda RRITuePs £ IS Weitit -HUL de8/ b onSAl 1 3 - {d AW IRl fe raz ine
8 M/mn Purge flowrate: 40 m/mn et ention’tines:

+ Ared \BElie of .1-Xeamt-bdtuwxysreahiony 24 (hatihylpiperazine + Area
1-tert-but oxycarbonyl - 3- net hyl pi perazine 24.1 mn ...
value ofgfly 4bBi§k¥%5Pb€H ‘szcﬁébﬁwg'rSemazhﬁép,’gpegamrﬁe) }1 x 100
(%) 1, 4-bi s(tert-but oxycarbonyl)-2-net hyl pi perazi ne The

conversion and selectivity of

seleckitldy but oxycarhonyl - 3- et pyl.piperazi ne hy,{ of
Boc- protection reaction were calculated fromthe

1- terfto/Hutwixygdraonyl1as -ueithy 1ipipedaz idleca vahue ehet he reaction
peak attributable to 2-nethyl pi perazine and/ or
solutiorgi/Hynsiaper azi ne on the GC aneélgés chart. of

1o b RS S T KL IR e
1-ork TR ORRLAVINS WO TSR A0 30 UALEY, AR or
1, 4-b&l’sﬁ‘(a;e‘iﬂ:|—%Qlt@fxybfa&'@bhyhutzQX%Q&WWeI%'z'I?JemG' & A®0aine
IFﬁiggstégL;?bgtoxycbh@onyl-Zmnm¢md¢nperazimdﬁmd>< of
l-ter%qgu%%§ycarbonyl-3—methylpiperazine was calculated from
(Said conversion x Said selectivity)/100(%).
2) Analysis of 2-methylpiperazine content
The optically active 2-methylpiperazine in the mother liquor
obtained at the time of salt decomposition was determined by the
internal standard method using gas chromatography (GC). The
analytical conditions were as follows:
Model: Shimadzu GC-14B
Column: Neutrabond-1l, 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
Detection temperature: 230°C
Detector: FID
Carrier gas: He
Injection port pressure: 200 kg/cm2
Split flow rate: 8 ml/min
Purge flow rate: 40 ml/min
Retention times:

10.2 min .. 2-methylpiperazine
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Selectivity = (Area val ue of

1-tert-but oxycarbonyl - 3- net hyl pi perazine in the
reaction solution)/{Area val ue of
1-tert-butoxycarbonyl - 3- met hyl pi perazi ne + Area val ue
of 1-tert-butoxycarbonyl -2-net hyl pi perazine + Area
val ue of

17. 3 Infi bl Sk £yt CXMGARPRONY t i dBid)! Pi perazine)} x

100(% Furthernore, the reaction Yyield of
3. Oftieal -fuuticty cardigmils fTed-md th ey gz e Was

calculated from (Said conversion x Said . .
Mode | Shimaday /C-dMVWY . 2) Anal ysis of 2-nethy|p|pera2|ﬂe

content The optically active 2-nethyl pi perazine in the
Colung;i h&g%ﬁycﬁ}&r I%Jo ebaiéigrbe'd %at® i % iR gm {Kanto Kagaku)

Si i d I pe he jnterna anda

oo L A R e L a0 o o
4.7 WA tEHCE VI &Y HIENOWVS 65 MBgEk i madzu GC-

Col um: Neutrabond-1, 0.25 mm I D x 6?) m 0.4 m(G
Flow gitencd). 0 @dl/omim t enperature: 70C (10 min) -

(+20C/ min) -~ 270C (10 min) Injection tenperature:
Tempergturgst &9 Fon tenperature: 230C Detector: FID

A : I njection port pressure: 200 kg/cn?
Detecg% i't%&lg\?viﬁayg':) 8 Mm/mn Purge flowrate: 40 mM/mn

PO e harnl Sanfard] 5 ol o

péri t ysampdleysi scoftr@spehdihgi pertazi neabout 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 solution was placed in a 5 ml sample
bottle, and 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 by 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/v% ammonia aqueous solution (adjusted to pH
4.7 using acetic acid)/CHiCN = 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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Model : Shi madzu LC-10Vp Colum: M ghtysil RP-18 GP,
4.6 mm x 150 mm (Kant o Kagaku) Mbobile phase: 0.03

v/ v% anmoni a agqueous sol ution (adjusted to pH 4.7
using acetic acid)/CH3CN = 65/35 (v/v) Flowrate: 1.0
mM/mn Tenperature: 40C Detector: U (243 nm
Pretreatnment of sanple A sanple correspondi ng to about

1-ben@yl ok y¥Har NZY RGP pRHaz3net by ! Rinetazi 1§ | ?e 50 ml

placed in a 50 m nmeasuring flask, and acetonitri
measursngs &d afstr, dnduacefonptinléhes wPedkegbi igiqutiign uP t3 the

m of the solution was placed in a 5 mM sanple
markegoline, aFhen. §.#mbpLipthe seilugigoyis lemedcinmhfdnl dample

' ' . bei foll d by .
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3 . b f 0 [ Ci
soducifh, 4 2UageRO YN foded b’ S AEPARN! §yBSkthent

standlihgu&ﬁsa 40°EnfafR! P | £ aNa o S Qﬁbs%gefxtly 0.5 ml of

. 1-benzyl oxycar bonyl - 3- net hyl pi per azi ne el :

2% phesphadia aCidowgtedolismaddrighbgsng R UBvedP byt skanding for
150 mm (Kant o Kagaku) Mbbil e phase: 0.03 v/v% amoni a

10 mipytesus sol ution (adjusted to pH 4.7 using acetic

64U EBHRY <00 Vo] RS Sorh Rl BlbBapr, o the
reactbnSs&Mhf 1S 28Wd € thR' 'dpHRA NSt O RbeEt tRel Srduéf were

1- benzyl oxycar bonyl - 3- et hyl pi perazine 1s placed In a
analyg@dniby means of liquid chromatography respectively under
different analytical conditions. The optical purity was
calculated using the area values of R-isomer peak and S-isomer peak.
In the case where S-isomer was selectively produced, calculation
from the following formula was made.
Optical purity (%ee) = {(Area value of S-isomer 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 following exemplifies the synthesis of
l-benzyloxy-3-methylpiperazine and
l-tert-butoxycarbonyl-3-methylpiperazine by the Z-protection

reaction and Boc-protection reaction of 2-methylpiperazine.

Example 1

In a 100 ml four-neck flask, 5.00 g (= 0.0499 mole) of racemic
2-methylpiperazine was placed, and 44 g of 1-butanol (water content
0.05 wt?) 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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measuring flask, and acetonitrile is used for dilution
up to the marked line. Then, 0. 3 m of the solution
is placed in a 5 mM sanple bottle, and 1.5 nl of
p,p -ditoluoyltartaric anhydride (D-PTAN) solution is
added, being followed by stirring and subsequent
standing in a 700C warm bath for 1 hour. Subsequently

by HPOC AdterifinaA%diNanAngEis #€iglWates. 68 H@)q.%%dtllhg? Nehs added
foll owed by standing for 10 m nutes. The produc

dropwisetnt hivhideenpenabypeatiinje £06i@Nts 80€.t NPhen, stirring
reaction solution and the optical purity of the
was carpiadiowkrat Oawal §7ed ay 2nbanssoef and dilied reaction solution

o R AR PTG LS o 6y g ancarmeen
(inte‘iﬁh‘iué@&ﬁéa}."@ nzgmt.Q@Jh J eaA\éalaufésﬁgt R- tﬁ&'@aé{%& %%ld of

S-isoner peak. e case where i somer
1- bensguexycaebynpnedumedhymghpékahiﬁe w%@omjiy%fcﬂééyunsn the
formul a was nmade. Optical purity (%e) = ((Area val ue

amoungfofs 3 mmylp@a:@rawr@) valfhe redcRion mmlrumemk)v/a(sAfeather
R-i somer

-1 sone a val ue_of
stirrfd 4 y8om; %mﬁ@rﬁpaﬁ £ BAnE R aR1 3pRdYaegani s a result,
the r886YEBA YRSIACGANT8Y yalng a Karl Fischer water
content neter. e 'owi ng exenplifies the synthesis
of 1- benzyloxy-3-nethy|plpera2|ne and
1-tert-butoxycarbonyl - 3- met hyl pi perazi ne by the
Examp¥e pZot ecti on reaction and Boc- protection reaction of
2- et h Ip| er azi ne. nple 1 In a 100 M f our-neck
f‘}a}%‘%é nga@ Peréormﬁégam%ﬁcﬁb@%cf@ﬁ é‘-xample 1. except

that é’%ﬁéﬁhﬂ% IO§£ a’éélgg%gac\si\ling/g@gggrb%ggaé 4u e ‘g'%%l ﬁ]%?xaﬁed from

wat er cont ent f or

8.45 dh 3028 igon=850699! #1690 1 FF mauk &ihesd .Of ABCAZ¥bsult,
chl orocarbonate (= 0.0489 nole, purity 41 by HPLC
the rQﬁﬂtﬂQﬂ|mmﬂhﬁ10&nékpsnsy96x§catb©n9198 methylpipeyrawdne was

91.7% a(dt;je?sded on the amount of 2-methylpiperazine) after 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 a result,
the reaction yield was 94.5%.

From the obtained reaction solution, l-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 1lower layer was removed.
Subsequently, the upper layer was concentrated under reduced
pressure to distill away toluene, for obtaining 11.1 g of a recovered
solution.

The obtained recovered solution was analyzed, and as a result,
the intended 1-bunzyloxycarbonyl-3-methylpiperazine occupied 87.2
area %, and as for impurities, benzyl alcohol occupied 0.52 area %,

l-benzyl-4-benzyloxycarbonyl-2-methylpiperazine, 0.01 area %,
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dropwise in a liquid tenperature range fromO to 8C.
Then, stirring was carried out at 0 to 5C for 2
hours, and the reaction solution was partially
sanpl ed and determ ned by the internal standard nethod
(internal standard: anisole). As a result, the
reaction yield of ol 83 9,
1-benkyenzZyi |73 TEt hyl p azi ne . )
e Y et Fil by por axcney . Ther  =nd
1, 4 - dibeatzydoxyaarbiony 1was melthiylei pedtaizined al.9oorea 3 (solvent
tenperature for 12 hours and anal yzed. As a result,
toluepge defc@red yiilel dThese89ress thratptal2oh dAmpurishesawas 6
11iquilkEhdred as described for Exanple 1, except that the
AT SO B OFERPIY @RPAr dcar bonate used was changed from
8.45 g to 9.25 g (= 0.0533 nole, 1.07 nolar tines). As
aresult, the reaction yield of 1-ben
Exampayl gxycar bonyl - 3- net hyl pi perazi ne was 91. 7% (based on
t he amount of 2-nethyl pi perazine) after |apse of 2
hureagtion twas Qerformes asr desthibedafdr Exaple ilQnexcept
s stirred at roomtenperature for further 12 hours
that fhg aRarpreqt Renzyleshilprocprbopahet ngpdyvapdchasged from

8.47 aggég/%o F e(%'“%.%*%%"‘}i i geggi‘giz;)xﬁ‘ i(‘)’lé%jiﬁg%)aé;j %t t%gglasult,

stTl away, an

the réf€tLOACRISIAGE 1THAnR lw&%cai%bﬂ hed hethl1pierAgine was
48% sodi um hydr oxi de. ?g t he solu?ion, 40 irg%op
93.8%t bbased omsthedmburancft 2e-nediyrl pippeaziae )r afbeedlapse of
Subsequently, the upper layer was concentrated under
2 h°u¥%dﬂbght°p5é%suﬁéiﬁﬁi@BBWﬁBICQMH§GQUNUER¢,rbom temperature
[.Di 1.1 of a_recovered soluti.on. The
or el 13 hated  DAPND FRLIBHEHRY AMA508" oA agegut. the
reacti&fUyieldt ¥8si 9 epgled . . .
1- bunzyl oxycar bonyl - 3- et hyl pi per azi ne occupi ed 87.2
area % and as for inpurities, benzyl alcohol occupied

0.52 area %, _ _
Examp}e ygnzy| - 4- benzyl oxycar bonyl - 2- met hyl pi per azi ne, 0. 01

%gqf:/ftediz f%hkf*g?lé&c_ %lggfch%igl!l pa? rt %air%%hle(t):é:xl:q gggtaie(r){oser and
stirrer was charged with 100.2 g (= 1.00 mole) 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
amount 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 collected 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 yield in the obtained salt based
on the amount of the S-isomer in the 2-methylpiperazine supplied

as a racemic modification was 88.0%.

43



1, 4- di benzyl oxycar bonyl - 2- net hyl pi perazine, 11.9 area
% (sol vent toluene, 1.9 area %9 . Therefore, the tota
of inmpurities was 6 |iquid chromatography area %
Exanple 3 A reaction was perfornmed as described for
Exanpl e 1, except that the anmpbunt of benzyl
chl or ocarbonat e used was changed from 8.47 g to 10.1
gTheth 590 %'ﬂfask wds Baagdd Weeh 198gdf fatkl, add914.0
reaction yie

g of Thigewbfladnedachysthls- feulyl gisperamertyddpspe?23dz8¥%¥n content
%based on the anount of 2-nethyl pi perazine) after

= 44.038devWere 2d4edr s Barfret &igsSutiamyasaachdeviesd aguBo to

for further 12 hours, being

BSOC'?bFIrlgg?e&IOg;ip t%‘?s“% ingr dewm tq ne5 G ed’cﬁkjd}ﬂ yPehgurs.
Preci?@%a%édl%tyaﬁff@l fefe cg)lél{leE%re.df N fgiega%!LgﬁkaWd. ?ﬁ‘led in

her nonet er condenser tirréer was charge

vacuuhQobtainllo0G Wkl 112 - MR Rider ﬁﬁtﬁley was 99.5%ee,
ovided as a racem c nodification, 90.0 g (= 0.600
and tgﬁlgrlspme£>wa¢ﬂarnu ahedob;a@ngdosammtbaseddoﬂ6tﬁegamount

of acetic  acid, being followed by

of thy <<ﬁ0> 600 it Pﬂm%%eg.wgtae Pl %Yﬁwes figs 91.1%.
OA?”ﬁé:’O n-lrfefdg:l?ne% £115 sAlet (Ra %@gm?@ﬁ%sesggggnser and

racem c y plpera2|ne was

stirreei ghds dJheFge@OGhitld VWS Garrdedyaterdowanlio 38C; ¢ of
taking 12 hours, and precipitated crystals were

(s)- 2cm¢tbﬂpﬂpbyamne Mattiagrt arflwe aclties aled (erg/sltm oler,eoptical

d in vacuum to obtain 114.0 g (= 0.456 nole) of
purity of e Uil LheRaz e Bt #3480 i 741 1 i Os49P mole)

h | RQUer_ . eg t he obt ai ne
of 95%19%6186‘ ei’{lﬁd]:toa}?:rlod}nt eorre d iskﬁﬁ ?Hr{:ﬁewasdheated
up to ZonES Bd-pi, p@:‘i&‘@ﬂ%x%&oﬁblreg hcﬁﬁ:? ) 1&%%§dletac#1lt8nroom
was 88.0% 43 Then, a 500 m f 'k was ¢
tempen@tjuge of Thesiner thannbrildll@so_‘gv@d siolwenltt wa 8 &6l Itfassddbway to
)h 2- et hyl pi perazi en cont ent

obtain the mot er liquor. The mother liquor was GC-analyzed, and
as a result, it was found that 9.2 g (= 0.0918 mole) of
2-methylpiperazine existed in the mother liquor (yield 91.8%).
Furthermore, from the result of HPLC analysis, the optical purity
of (S)-2-methylpiperazine was 99.5%ee.

Subsequently 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 pressure
was carried out to isolate (S)-2-methylpiperazine.

The optically active (S)-2-methylpiperazine (optical purity
99.5%ee) obtained as described 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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= 44.0 g) were added. Perfect dissolution was achieved

at 80 to 85C, being followed by cooling down to 15C,

taking 5 hours. Precipitated crystals were coll ected

by filtration and dried in vacuum to obtain 100.5 ¢

of a salt. Its optical purity was 99. 5%e, and the

S-isoner yield in the obtained salt based on the
and ano@gt ofazthe ¢8kudtnet hyl ghperazi j he su i gd

crystal s was 91.1%? X 200 n?hgour-ﬁg%stpfésk mﬁ?gé%& of
1-bern ko Eronydordarsty Il e rsdd inee rwawss £ hag geBavetihon the

75 of water, and 25.1 g of (S)-2-nethyl piperazine
amouryy. Pgﬂ Frethukrperazige) 0 andoifslaptioml parityuvas P Bi53ee,

- met hy] pi.perazine = 99.5%e), and 7.8 g (= 0.100 nol e)

Show%fg g% n@aloérl?rﬂ%)a“d%‘%re added. The slurry

was heated up to 70 to 80C, and stirred for 3 hours,

then being cooled to room tenperature. Then, the
Exampl@n-5di ssol ved solvent was filtered away to obtain the

not her |iquor. The nother Iiquor was GC-anal yzed, and

ad reactidon wast camsieduntt mlsadeScliped £dx BRAMpael B) except

o) 2- et hyl pi perazi ne exi sted in the nother |iquor _
that (t%eeﬁalyf%oﬁés FRRREEANEFRT $4 ofn 9 IRE ehittangl oL@ mixed

alysi : td cal ' of
S°lve?%)?§5ﬁéFﬁ§F§iggr%z?ﬁ%Qﬁéékéﬁ?%égg.4%&%§€Ed§ﬁﬁ%ﬁ“°l (water
tem@NAPNtE 3ftixgn rgi 0 C t
o aout 0 W ot g T BUEadl “as SddgnC TRE,Z ROLES. ene
reactdppospdpitiondeaydanalyredas Aura imbuditt, tihd ridae tisnekield
content of the system became less than 1 wt% and
of 1-BeRzY|PEYTRRP 13 rRathrlpppeEasive Wass 82aldi tbased on the

0 _i.sqgl at <-2-net hyl pi perazi ne. The optically
amoun%cgfvg'%g%pgik%9ﬁ§ﬁﬁﬁé85azine (optical purity
99. 5%e) obtai ned as descri bed above was used to
performa reaction in quite the sane way as the
Compamsthve Bkalmpdaple 1. Stirring was carried out for 2
hours at 0 to 5C, being followed by stirring at room
t R iRAE e vasrcanr g ot Ipdeseribedt fos Exampleds except

that tq{éaLXisgnt %%sa&jaggeg f’r%?nutlli g <t)P ‘i-li)% %tniog_ntg iaenllj(.jxé)c; solvent
consisting of 9 g of water and 35 g of l-butanol (water content
20.5 wt¥). After stirring at 0 to 5°C for 2 hours, the reaction
solution was analyzed. As a result, the reaction yield of
l1-benzyloxycarbonyl-3-methylpiperazine was 59.6% (based 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 a mixed solvent
consisting of 18 g of water and 27 g of l-butanol (water content
40.0 wt%). After stirring at 0°C for 2 hours, the reaction solution
was analyzed. As a result, the reaction yield of

l-benzyloxycarbonyl-3-methylpiperazine was 51.6% (based on the
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1- benzyl oxycar bonyl - 3- et hyl pi perazi ne was 84. 6%
(based on the anount of 2-nethyl piperazine), and its
optical purity was 99.5%e, showi ng no decline of
optical purity. Exanple 5 A reaction was carried out
as described for Exanple 1, except that the sol vent
was changed from44.7 g of 1-butanol to a m xed

amoun&ob‘feQLmQQH§Il?§_bggaQ§_né)3 of water and 40 g of
1- but anol content 10.6 % . After stirring at

0Oto 5Cfor 2 hours, the reaction solution was
anal yzed. As a result, the reaction yield of 1
Comparggayg| Bxgenisodyl - 3 -met hyl pi perazine was 82. 1%

I i T ENE L R

that t‘ifes%wéﬁt fls %‘I@g%& f]:‘omed(i:gpéﬁ 1t-l38’tahg tso Yn%@{ed"@élvent

changed from 44 1- but an 0 a mxe

consisohRygsef IR of &F gatfernairy 2ang 3% Q}Bﬁ_t&nbmt @RQter content
(water content 20.5 % . After stirring at 0 to 5C
50 wt§br 2ffteur stirhéngeactd’enfosol Howrs Waheapahyzedn #61a@tion

result, the reaction yield of
was AR%xycar BSny| 2 3- RS i peFﬁﬁl neEGR@tBm goyield of

i
. | pi )

1-ben fg&?a%)l v$e érrbrq?éje{%ygé}é%]é ?%%ev\g chﬁri%%d (bgsegs on the
amounﬂeﬁﬁrzhﬁatﬁﬂpfg@f@ﬁlé).except that the sol vent was

changed from 44 g of 1-butanol to a m xed sol vent

consisting of 18 g of water and 27 g of 1-butanol

wat content 40.0 wt-W . After stirring at 0OC for
Compa’%a'ﬁ’o EXIPRIe diction solution was anal yzed. As a

resul ot 1t | eI d .

f: %énzyllogoﬁéérrgony&q?y f"ﬁ‘;‘/:?‘p?p%fll TAteE GRY S1°BBdng funnel
was CRaggdaon Wig 45180t Pf 2=eihyloR PERGFENE) of racemic
Conparative Exanple 3 Areaction was carried out as
2-methiglqripdysak fros, Baadpl 5010 eycepf 1-butanol was added for
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 dropwise to keep the pH value 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
wtd). After completion of dropwise addition, with wvigorous:
stirring, aging was carried out for 2 hours. The reaction solution

was sampled and analyzed, and as a result, the reaction yield of

l-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 1l-butanol was added for
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that the solvent was changed from44 g of 1-butanol to
a m xed sol vent consisting of 22 g of water and 22 ¢
of 1-butanol (water content 50 wt% . After stirring
at 0C for 2 hours, the reaction solution was
anal yzed. As a result, the reaction yield of
1- benzyl oxycar bonyl - 3- net hyl pi perazi ne was 33. 6%
dissdlkiﬂfb‘ﬁﬂm,0!Eetilﬂgxféﬂélﬁédof)gzadﬁﬁydrp'o‘?.’e"zﬂz.'lnﬁ ﬁwat r (water
Conpar ati ve anple 4 A200 m four-neck f ?1
contepit 2ot 6rwanjl. dhdﬂplvﬂgoﬁ:ldm@ehtljt\@Sngh&ﬁé}&ﬂyw&ﬂo]x%&%&nate
(= 0.100 nole) of racemc 2-nethyl pi perazi ne, and
was adgded @repwlsﬁutmcﬂhhﬂasla@@ded&wt% m@m dtydm:;th Agiueous
f.ol | oned itiop of 50.1 of water
solutden was gggﬁgv\g BRPWFS ht‘?u]iﬁf‘r%l}%‘espﬁr YPﬁt}e ‘B%n'%f%“‘ SYStem at

7.5 tShéoﬁos?q-f Eafd@% daq:q'x%d g%‘ee}%é ] clorl)ltJH \sﬂ %%SECe to keep

Wt % S0 e aqueous” sol utTon was

the mt@m:scten@e&mﬂehst @3 valae (ehinhharsuet %@Sh%tentlﬂs t®wts).
11, and as required, the systemwas cooled with ice to

Afterkmmpltertetqmtce? rrhronvemmraddli’elcam 28itb 26Gotbusalstirring,
ter content 52.1 w%. After | etion of dropw se

agingaw fesniediqut 9?5&%‘&%1'5 st iTha F@ac gphgqf%alstmva%@ampled
ho The reactl on.sol ut.i on
and %%t?lﬁeld)z/ze cgn As resﬁlu[lt “t hLehfeeach?%%ti?'él dyiﬁfﬂd of
1- ben%yh%&?{ﬂa@bﬁﬁg}bth‘llet?ly‘f[%tl léE:B'z@%aZ:'aQe 58 ¢40. 1%
Conparati ve anple 5 four-neck flask with a
pH nmeter and droppi ng funnel was charged with 10.02 ¢

g 0.100 nole) of racem c 2-nethyl pi perazi ne, and
Exampdg 6§ g of 1-but anol was added for 46 dissol ution,

;
D810 JOUPURY e R0k 012000 20 4 £ ML L OEUET e
that tHY 9h26aHRGNA ehaiﬂgadaﬁmmqr&ew BHhutddhd ks &@geof 4%hanol

wt % sodi um hydr oxi de aqueous ~ sol uti on was ad
(watedropittentt 0. keapc g Ne Piftedl eeirihlgeasystEMmat 2 hoRrlsQ the

8.5, and as required, the systemwas cooled with ice
react@.gnk@@%utlon was analyzed. As a result, the reaction yield
of l-benzyloxycarbonyl-3-methylpiperazine was 83.4% (based on the

amount of 2-methylpiperazine).

Comparative example 6

A reaction was carried out as described for Example 6, except
that the solvent was changed from 44 g of ethanol to a mixed solvent
consisting of 22 g of water and 22 g of ethanol (water content 50.0
wtd). As a result, the reaction yield of
l-benzyloxycarbonyl-3-methylpiperazine was 37.7% (based on the

amount of 2-methylpiperazine).

Example 7
A reaction was carried out as described for Example 1, except

that 12.5 g of (S)-2-methylpiperazine D-tartaric acid salt (5.0
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the internal tenperature at 23 to 26 (final water
content 23.0 wt-% . After conpletion of dropw se
addition, with vigorous stirring, aging was carried
out for 2 hours. The reaction solution was sanpl ed
and anal yzed, and as a result, the reaction yield of
1- benzyl oxycar bonyl - 2- net hyl pi perazi ne was 50. 4%
g = oEna@plmoﬁeAageacme@ﬂ%mgﬁpéﬁaiiﬁé)owasa@séhﬁiﬁgiéﬁhfdy 5.0 g
Exanpl e 1, except that the solvent was changed from
(= 0. 4499 myflel)- bfit2amelt hiyd pddegazfi net) hamd It hatweh e amooumttesf benzyl
0.06 wt% . After stirring at OC for 2 hours, the
chlonoeanhond teougedoNafashandpdzE80m 8- 47 restR t8 . ¥he (= 0.0514
reagtion yiel of . o .
mole ), SERYSVEEy ArtisoryPaSt heR i BiHEPEA heukas agdngiyas carried
out a%af% Fbi Ny RORLD! ORSZE”‘iFe@(leH,peE@eZ'PS%cti n_yield of
nmpar ative exanple 6 Areaction wds carrie ot ad
1 - bentdgdosyiead bony 1E3amelthydpipetaptnet hals tdw. 0| yBAte@adn the
changed from 44 g of ethanol to a m xed sol vent
amoundo @ Zrmekhyflpipegagingdt.er and 22 g of ethanol (water
content 50.0 wt%. As a result, the reaction yield of
1- benzyl oxycar bonyl - 3- et hyl pi perazi ne was 37. 7%

C hased @ mount of 2-nethyl pi perazine). Exanple
ompa7 A reac?ﬁgﬁiﬁag carried out as described for Exanple

1A ®e&ePion Wast cdPrbed it 45)desdRibed FoREEREMPEe 7, except
D-tartaric acid salt (5.0 47 g = 0.0499 nol e as
that Zheptsipliveinte was edjanged ufieah i4bt@aef ol -Bubagol (£o026 g of

0499 nol.e). of 2-net hyl pi perazi ne) and that the anount
1-butghod 450 V8 Gl o b et sHarer CUUARE Ahehata 1, ok & Fpsult,
. =,0.0 | ver r, .
the 8t 101450 O3Mhy TS kar S el Blporgine ves
51.6%a{badBBE bar the hABLaL OE Q-hé%ﬁ?lpib@@a&@ﬁ@QLon yield

of 1-benzyl oxycar bonyl - 3- et hyl piI perazi ne was 85. 9%

(based on the anount of 2-nethyl piperazine).
Example 8

In a 100 ml four-neck flask, 5.04 g (= 0.0503 mole) of racemic
2-methylpiperazine was placed, and 5.37 g of water and 45.13 g of
l-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 molar 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 result, the reaction yield 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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Conparative Exanple 7 A reaction was carried out as
described f or Exanple 7, except that the solvent was
changed from 44 g of 1-butanol to 26 g of 1-butano
and 18 g of water (water content 40.9 wt% . As a
result, the reaction yield of 1 -ben zyloxycarbonyl -
3 - nethyl piperaz ine was 51.6% (based on the anount
- 5 iBkP Zi O,n
2o L B R Feds e R 9014, 967 1 Thutapgl (water
contedtnol DBl ptPerads neaaes PdacEsantt o drdleMabeliagddaown
45.13 g of 1-butanol were added for dissolution
to 0°Gmelt®er9lcantend.0606 mb¥e, 0 AN tdramwrtamed. 9F diftert-butyl
8.0594 nol e) _of péridine was added, _bein fol | oned by
dicarbppate,yagngddafsdg0BHL SeoBLthgthswhigaidotempayaguse kept

1 Syl R S S E 5,  0 TLeBALAL 2 o
10°C £birMBhoWRS . adﬂ?@rgﬁeﬂ%ﬁ%ol‘iﬂ&t&%ﬁ\?ﬁ% lr?h%liér%.erde,%% ALY Pesult,

kept in a range from5 to irring was
the converdiont of QCMdthyIpiperazinEe wasaciidQryssol whide the

mas_anau%zed, and as a result, the reaction yield of
selectipifynfokytarboRytosyRarhonplpdraothelnipeBazine was 89.3%

npl Ip,a OmM f our-neck flask, 5.06 g (= 0.

(reacgégg X%Fg? g?’?% ém c 48 2-net hyl pi perazi ne was

pl aced, and 50.00 g of 1-butanol (water content 0.05

w % was added for dissolution. After cooling down to
ExampD€, 100.91 g (= 0.0500 nole, 0.99 nolar tine) of

di-tert-butyl dicarbonate was added dropwi se with the

| AR eXPe R bR f@bried rout ramgdesenibhedt forsExample 9,

Then,. stirrin carried, out .5 to 10C for, 2
excepf 3 B Bhol Ea L2t prEr R tha degntpnate ungasGschangea
to 111684t (= §NEs5EaTKELE] On . 9h moMBEN¥LRLEST aZige
° 94.7/6(mhile t he sefect?vit§ o% 6By 945% "sult, the

conveiisientod-mettarlpipdral it Mdspilper. a%i,nanwash89s8¥ectivity
(reaction yield 84.6%.
of l-tert-butoxycarbonyl-3-methylpiperazine was 81.5% (reaction

yvield 81.5%).

Example 11

An experiment was carried out as described for Example 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 1-butanol. As a result,
the conversion of 2-methylpiperazine was 94.3%, and the selectivity
of l-tert-butoxycarbonyl-3-methylpiperazine 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 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,
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Exanpl e 10 An experinment was carried out as descri bed
for Exanple 9, except that the anount of )
di -tert-butyl dicarbonate used was changed to 11.97 g
(= 0.0548 nole, 1.10 nolar tinmes). As a result, the
conversi on of 2-nethyl pi perazine was 100. 0% and the
selectivity of . .
the c&n{réEEJ.BHth?(ZCﬁé@ﬁ?!éiﬁé?ﬁ&EMEQ«H&EQ fZEye a‘?ﬁftﬁé's%)’./fectivity
(reaction vyield 81.5% . Exanple 11 An experinent was
of 1-gati -duh torty cesr bl bak ol fixae A n®, waeXcanto g hateaction
45, 55 of 1-butanol and 4.61 g of water (water
vieldort-&#)- 9.2 wt% were used instead of 50.00 g of
1-butanol. As a result, the conversion of
2- et hyl pi perazine was 94.3% and the selectivity of

=Lart .- argonyl - 3- net hyl pi perazi ne was 85. 8%
Comp ratétgcy:el %:‘#a 3(}. é 80.9% . Conparative Exanple 8 An

eApeexpeRiment Ak icadraed antdascheledibla BsdMh@mdie 9,
except that 37.56 g of 1-butanol and 12.67 g of water

exceptubhat 2oMgtof 25batanYl ard & uSdgiafweadrofwsteDGontent

ogﬁi-but anol . As a result, 49 the conversion of

50.0 Yl wers Ynad insdenssof150 60) % 9f LnBubanedti As\a result,
by r Fite Ju | | e i e 70 900 .

the odsS EEL ML EPROYR 96 PRLINL DS £ R0 fectsviey

of 1-¢¥PerbiRbkyWAFbORAY1-8dmathyddipesazifedwher 4EXa%P (¢ ection
except that 25.00 g of 1-butanol and 25.00 g of water

yield( ®at. &% )content 50.0 wt% were used instead of 50.00 ¢

of 1-butanol. As a result, the conversion of
2- et hyl pi perazi ne was 81.2% and the selectivity of

compa 35k BLRERGHOIYL 3 e Y plperazi e s 41, B

A 200 ml four-neck flask with a pH meter and dropping funnel
was charged with 10.08 g (= 0.101 mole) of racemic
2-methylpiperazine, and 50.0 g of 1l-butanol was added for
dissolution, being followed by addition of 50.3 g of water (water
content 50.1 wt%). With vigorous stirring, benzyl chlorocarbonate
was added dropwise. In this case, 48 wt% sodium hydroxide aqueous
solution was added dropwise to keep the pH value 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 53.2
wt%). After completion of dropWise addition, with wvigorous
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

l-tert-butoxycarbonyl-3-methylpiperazine was 77.2% (reaction

yield 66.0%).

Comparative Example 11
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A 200 M four-neck flask with a pH nmeter and dropping
funnel was charged with 10.08 g (= 0.101 nole) of
racem c 2-nethyl pi perazine, and 50.0 g of 1-butano
was added for dissolution, being followed by addition
of 50.3 g of water (water content 50.1 wt.). Wth
vigorous stirring, benzyl chlorocarbonate was added

dROpWh SEL forﬁrt-l?l'e%kcﬁigsgggéf\%o/a %ﬁdfnléma? %éep ’ﬁi’é’lnﬂ funnel

agueous sol ution was a W se to

was Vvehaeged thatsystemzt 0 t@ 1lo.a08 amoienui red, theemic
systemwas cooled with ice to keep the internal
2 -me tharhpd gt nmn@t 28nfo 26 (fd nalf watbutapolerwass. a@ided for

Af% Ietlon of dropw se addition, w't
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contel?&u &n:%gr eaﬁﬁ.'tﬂrlriei Olhq}é %hﬂé@'inéz érg?yfn?nlorocarbonate

ana yze nd asar e conversli

was addBRtdW R PRE AZITREtWAS c@ésé%waW@%t&?df«ﬁh Q‘Fytdr‘ﬂﬁz)ﬁeogqueous
1-tert - but oxycar bonyl - 3- net hyl pi perazi ne was 77

solutfiomawasoaddgd ech:bpiﬁi:ﬁ)%to CGegpathel pB tabue| @f ]théS&y;%tem at
200 m four-neck flask with a pH neter and droppi ng
8 to Pypnetnd % HEBYiged withie sysiemgwas @oqbed iplid) isfe to keep

2-nmeth n d 8 of 1-
the 1 EEARE el thrB BF 2 kA %e, TPIRAT s i oBy S b i E®) -
AfterOlcompletdodl JRIE odWRIE aadPREEN! wher %g@roM\ét gt rring,
vigorous stirring, benzyl chlorocarbonate d
agingdwapwicaeriked bhits foase,. 54&ouirk. Soﬂhaﬁrbadtﬁmhdeolutlon was
ueous solution was added dropw se to keep the pH
_ samplg& uan@f wa-emadtd @st 029, Besyhl, astheqeonyersilea of

m was ,cooled with c o kee the interna
z'metﬁgzﬁgpﬁfﬁfénﬁt %%y 2% ?%n er Wnt efelogtdvity of
e a tign, t .
1-ter¥l BhtoxfChEbongTbschbeh x%f’a,géﬁéﬁ’-???eﬂéﬁt 7854’ treaction
yieldhesr9%)The reaction solutlon was sanpl ed and

anal yzed, and as a result, the conversion of
2- et hyl pi perazi ne was 89.6% and the selectivity of

Example 12

The reaction solution obtained by the same operation as in
Example 2 was concentrated and 31 g of 1-butanol was distilled away
under reduced pressure, being followed by addition of 30 g of water.
Subsequently 35% hydrochloric acid water was used for adjusting
the pH to 0.8. 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 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—ben2yloxycarbonyl-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 removed, and
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1-tert-butoxycarbonyl - 3- net hyl pi perazi ne was 73. 5%
(reaction vyield 65.9%. Exanple 12 The reaction

sol uti on obtained by the sanme operation as in Exanple
2 was concentrated and 31 g of 1-butanol was distilled
away under reduced pressure, being followed by
addition of 30 g of water. Subsequently 35%

the u?b@&oiﬁ!y@i:' @aé%é‘nc‘é‘@ﬁ@fa’é\@& ¥98&r f A g @l ¥ Yt d ¥ udd e tPldo to

Then, 22 g of toluene was added, and stirring

70°C i\ﬂStelﬁﬁéfaﬁﬁir@Ut Tn 3Q:dl]ld3ﬂ@$vas-rm.sltﬂﬂ§fed Avkly WaSobtain
t hen renoved, and the sane anpbunt of tol uene was

10.1334ded dgkenzylngysambosydrarmerhydpipespedned f or
[ Lout hi t b tly 48% .
P AR A PP RGOS SBREVFER: wde BE&P TS b Lakended
1-benP l%gcy'izla§bo Ct3I ﬁ@tﬁ?l%&b%@:a@t&nlal gcob t[aﬁlfozc@%e.’o liquid

te turb| y occur o lrbera

chromhtb@ﬂ'ébh?x)’&ﬁébon%’l 3-mkhyimpeei ezése.sniswdde o .\ t @ iquid
turbid solution, 40 g of toluene was added, and
Chromgttplgirlangywasﬁlreffarr%ed fmnt fben3Plm adiceholThe 0 caver liquid

| ayer was then renoved, and 51 the upper |ayer was
Chr°m€69§§ﬁPPXted under redu%%%apressure at 6¢to 70Cin for

1—benE%?Qﬁr-%%?}gIgSQFbBRHQng‘é@iyﬁbib Le9nd"Y § %0  1iquid

chromitBgRrayheXYad0y! ro¥r rr&tméhawebaae@ﬁylga?ee%aheedand no
conmpound was anal yzed. As a result, the Intended

detectibenfdroxy cherdidr z 3k oney datipopel a2+ metlagTplpdeaz floe (1.46
98.0 liquid chromatography area % The inpurities
1lqui§rﬁﬂeé%rﬂ®twqmmlaaeac rmﬁeglwgaﬁyt%w% f orThegiedigre, the

ohol 04 |j omat qgr rea W for
tota1 of o bnrgeada, s, O, aboingrea kR RYPEPERRRb Y Ez 8. 1o
liquid chronmatography area %f or
1- benzyl - 2- net hyl pi perazi ne and no detection for
Example41di benzyl oxycar bonyl - 2- et hyl pi perazi ne (1. 46
liquid chromat ography area % for sol vent toluene).
THee efepet iemesokwiign gtbtadngd tb.‘zb§hna§a@essp|errq@|19n as in

Exampferfrvrv%tsoggr?ggXt ‘Eedoél)nd 28 g of 1-butanol was distilled away
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
reaction solution at 11.8. In this case, white turbidity occurred
due to liberated l-benzyloxycarbonyl-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 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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Exanpl e 13 The reaction solution obtained by the sane
operation as in Exanple 2 was concentrated and 28 g
of 1-butanol was distilled away under reduced
pressure, being followed by addition of 30 g of water.
Subsequently 35% hydrochl oric acid water was used for
adjusting the pHto 0.7. Then, 22 g of toluene was

avdad, @odntir MBS tArTi gdafdl f iz 30 FRAUL €8btained
The upper |ayer was then renoved, and the sane anount
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repeated for carrying out washing operation.
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ask and di st I n vacuum

chromatbgbaphyr eaglead 1¥5Cfort hepergspyal abyoHost i | Ioa.tlaon liquid
started, and the tenperature was raised finally up to

chromayegraghy i nt er nal pressuga ranged from 40 to 53 Pa, for
the tenperature at_the colum top ranged from 131

1-ben%%f1ﬁo?,enﬁiﬁ 0’615%%%6%0%1)'5%1&%@59%@%w%d Rs04  liquid

h e d
chromb it dnnd N ST COVEOL (TRSPEThe? UPHIY RREBERT NG opnd no
detecPforl Ifioqui 4, 4CHi BBREGIORRCHraoAF1 %R - EEth{f[Pbeﬁ:bQine (for
showed 0.03 liquid chromatography area % benzyl
solvent cohblend eighdmui d Thelmedwaieogithghyotindao®s fwpurities was

1- benzyl 4-benz | oxycar bonyl - 2- met hyl pi perazi ne, 0.04
0.25 Hlauid %‘é‘?‘%%’ﬁyaﬁ?%a 3% for

1- benzyl - 2-nethy|pipera2|ne and no

Example 14

A l-liter four-neck flask with a thermometer, condenser and
stirrer was charged with 100.2 g (= 1.00 mole) of 2-methylpiperazine
provided 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
aging at the temperature for 2 hours. The amount of the solvent
based on the amount of 2-methylpiperazine provided as a racemic
modification was 1.70 timés by weight. Then, cooling was carried
out down to 15°C, 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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detection for
1, 4-di benzyl oxycar bonyl - 2- et hyl pi perazi ne (for
sol vent toluene either). Therefore, the total of
inmpurities was 0.25 liquid chromatography area %
Exanple 14 A 1-liter four-neck flask with a
t hernonet er, condenser and stirrer was charged with
salt wd8 3494@ee1 af@ ®RkeyieidZofmeh8yspigenazi I the obtained
provided as a racem c nodification, 90.0 g (= 0.600
salt lﬁmbed of thB dmotmt icf &biedS - 15Gmer 01fn whiee? -matihg8ppgrazine
&ﬁ . 800 nole) of acetic acid, and the tenperature
proviggd ﬁ§|§e6699m%6 WQQFfBQPﬁgoPOWPﬁméa B§- aging at the

EGBE 54500k BT 50 4105 PRGNS, 12

g of %ﬁéaﬁﬁghipeﬁogf§bﬁﬁibOﬁpﬁﬁé @Syozthgﬁﬁy@%iﬁ@kﬁﬂﬁne content

cooling was carried out down to 1 taking 12
= 43.hogh swepddaddedi pifeatifectc i sisallu tione wasl laehiievedy at 80 to
filtration. The obtained crystals were dried in
85°C, varediurmpolinginas reariied auy ﬁqwmm hS° G) thking 12 hours.
i ast er.eoner . The o he 53 sal
Precinégam%%xstaia #age, pebhesReaht Y aBhat 19" Apd aksea 1n
0 e u n
vacuu@ ngﬂﬁg?h plpe zgfﬁéga%gov? d8g§9%a?g§éﬁ§%§QﬂE§9§ dtee.
and tHBdifbgat bentnaSSSZsaﬂ(erTlnﬁntha bb0althefll sak twbased on the
charged with 190 g of water, and 112.4 g of the
amound:btoef neg)) ay@tmsslr{mzeaz(zsye 2ipethgl siypnldgdhecepptahs was
43.7 g} were added. Perfect dissolution was achieved
0. 5%at 80 to 85C, and cooling mas carried out down to

C][- J?%%P%O%—F}%%r flagke&i t ﬂ&ﬁ%@éxs Mo enser and

|on and In vacuumto obtain

stirrag wad) cHErQeaach B9 i t@éﬂ:eﬁ“ fanldy9 808 PIrf4deepreidusly
the yield of the S-isonmer in the obtained salt based

obtaiuedtdn@lt arfo 89 Gf—m(eShyLlpncptehyAIanpeaaduDretamtam:bc acid {pure

pplied crystals was 90.5% A 1-liter foqur-neck
(5)- 2rma§reywiaeaa%@ﬁrﬁﬂ¥ﬁeé+t Hndchsd - Sphmole, optical purity

of 2-methylpiperazine = 99.4%ee} and 39.6 g (= 0.508 mole) of 95%
pure calcium hydroxide were added into the flask. The 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 liquor.

The mother liquor was GC-analyzed, and as a result, it was
found that 39.1 g (= 0.390 mole) of optically active
2-methylpiperazine existed in the mother liquor (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 out 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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stirrer was charged wwth 300 g of water, and 98.3 g of

the previously obtained salt of

(S)-2-met hyl pi perazine and D-tartaric acid {pure

(S)-2-net hyl pi perazine content = 39.2 g= 0.391 nol e,

optical purity of 2-methylpiperazine = 99.4%e} and

39.6 g (= 0.508 nole) of 95% pure cal cium hydrOX|dde

e ad i o f .ﬁ\Tif%lurr S tigred i .

\gqslangedﬁbomﬂ‘éo tkgﬁlézéé?%r olﬁ'rs,5 ')afl)nd c0d ed'rt{eo rolgg%med
(S) - 2-aephwydipdperakiae, (£ e 0209-Hb 38 0lord all bubtdyddMsee) was

tartarate) was filtered away, to obtain the nother
placed,qand 4hegdnofhdrbutgnol was GEded feeddiasdlasien. The

result, it was_ found that 39.1 (= 0.390 nole) of
solutdon; vas cpoded Jewn LoBiGy ppAptr 22 idnb= dki0f3dmphed f benzyl
chlor’é?raaghihltg S g&h%'{iﬁhego%pv?l? Ce.aViEHrét{%e/ ng'i{ﬁe.d taesmpael[aletsulilxl‘é kept

anal ysI's, puri

in a 8hyd- FRbRYbPkBeRegi ne was 99. 4%e. Then,
concentration was carried out to a water content of

afhen, 56t it PAngrwas -damid owas azdded, £t ARAY,0Rind 30 g
deh)édrati on was_carried out till the water content of
of lrRutapedenWiscafiatddded havay wopden | reduged npressure.

heck flask, 5.0 of t bt ai ne
S“bse{*%f‘ﬁ?ﬁe? Rpr?%eV%EFﬁg‘”ﬁ 6&%2@9 ﬂBEegS%pPVEEPCBE;PFH acid
waterXad BRI WRS adhudeetne pM 4 1900 FnlHt aﬁ‘?l}g ‘Qﬁst@qg‘éﬂe was
for dissolution. The solution was coof ed down to ,
addedaran® A5 myifrg WaB534rmmed) owt tenad mightesqcashipssgently
was added dropwi se with the liquid tenperature kept
the uppey }avige Vasnremevedc andhthe sameramgumhsofatoleene was
for _2 hours of 1-butanol was

aadeadgafy, gg'h&ég‘a““&nag?r?égﬁg‘é%’g el toseREyuaRt| yashing
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water was used to adjust-the | _
to adjwdtuerte Wik ofadHedreastishissiwgiomstearr.ied aut thes case,
30 minutes. Subsequently the upper |ayer was renoved,
white gnd FWebLGhey anpeEcCerred| uendugas to the liberated

l-benzyloxycarbonyl-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 removed, and the upper
layer was concentrated under reduced pressure at 60 to 70°C in
temperature, toluene being then distilled away.

Ten point three two grams of the
obtainedl-benzyloxycarbonyl-3-methylpiperazine was placed in a 10
ml heart flask and distilled in vacuum. When the oil bath reached
145°C, the removal by distillation started, and the temperature was
raised finally up to 170°C. The internal pressure ranged from 40
to 53 Pa, and the temperature at the column top ranged from 131
to 140°C.

The obtained compound was analyzed. As aresult, the intended

l-benzyloxycarbonyl-3—methylpiperazine accounted for 99.7 area %.
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added again. The sane operated was repeated to carry
out washing operation. Then, 48% sodi um hydroxi de
aqueous solution was used to adjust the pH of the
reaction solution to 11.8. In this case, white
turbidity occurred due to the |iberated

1- benzyl oxycar bonyl - 3- net hyl pi perazi ne. To the mhite

The impuli%ieOldHowda AQW ffed A Uehe szﬁdgﬁcoﬁ@ﬁ .12 for
stirring was carried out for 30 mnutes. The omer
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ath reached 145C, the renova ation

Furthekmbted, thadopiechenparatiyir eawaso . aaesed finally up to
170C. The internal pressure ranged from40 to 53 Pa,

and the tenperature at the column top ranged from 131
to 140C . The obtai ned conmpound was anal yzed. As a
ExamplesdPt | the intended

per,

A EEE R BB g ke o
stirrBeni}ds abgabgkd Wikh f9060.4 g (= 2.00 moles) of racemic
1- benzyl - 4- benzyloxycarbonyl 2- nethylplpera2|ne 0. 08
2-methytpipefaring., baAdyD- - oft WgterpendzPhed agdofiomethanol for

detection for

Perfeit4d&FSQAE§F8%ycaFW@ﬁyIQQQEﬁr@IﬁfpépaﬂQ%aQT?ﬁrtaric acid
aqueoﬁgI Q{tlo% Kﬁgﬁ 2e| t\t'\]f/aoo eff"i)e’tgtrn: E.Ot% 1§L|was added

i"es hernDr

at 40 msiépcwa ﬁgt Yeeen ngéfg?ﬁfelv? éﬁuf&ﬁeﬁ{ LPHe K to 72°C,

er no conaenser stirrer "was
beingcﬂta]r]gncédlvlblyhaaﬂﬂ)tﬂog 12002 gof-e2). 00f mokegiaf acetic acid

2- et hyl g perazine, 280.0 g of water and 96.0 g of o
and agiith@tot Fo?em%ﬁ‘é‘é‘fe diodsél euen: flensodyeny gomposption

0,
was wé"i‘.e@}?ﬁéﬁqetu% C atﬁ.%/la.z (ratio 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 precipitated crystals were collected by filtration.
The obtained crystals were dried in vacuum, to obtain 214.8 g (=
0.858 mole) of a diastereomer salt. The optical purity of the salt
was 93.9%ee, and the yield 6f the S-isomer in the obtained salt
based on the amount of the S-isomer in the supplied
(+)-2-methylpiperazine was 83.2%.

Subsequently, a 1-liter flask 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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aqueous solution (150.2 g = 1.000 nole of D-tartaric
acid) was added at 40 to 45C, and the tenperature was
further raised up to 72C, being foll owed by addition
of 120.2 g (= 2.00 noles) of acetic acid and aging at
~the tenperature for 2 hours. The sol vent conposition
was water/nmethanol = 81.8/18.2 (ratio by weight), and

vacudm € odd®tiin 187 . bhe o304 it based P il b@&@.@ycwas 99, 4%ee,
2- nethylplpera2|ne was 2.63 tinmes by weight.

and teolyirgldvast ddver iSed smnterddn the 2HEainzid nagaltliaalmid on the
and precipitated crystals were collected by
amourny I?Eat(ﬁénz -meRRY4PLppPRAdiRey dnalthecserptied crystals was

gg gg/acuum to obtain 214.8 g (= 0.858 nole) of a
di astereoner salt. The optical purity of the salt was

9% g%emlaﬁgufhﬁeé‘kefﬁaﬁ W X 'ﬁ%ordeﬂ:élhe cg)g‘ntd@r&%% and

salt based on the anpbunt of the S-1soner
stirrsuppivasd clargedretwiiipi psoazyneo fawaidrl % and 185.0 g of
Subsequently, a 1-liter flask was charged with 380 g
(8) - 2omeidydipipeziag ingeD obant aetc @mdssglbf( Tﬂygﬁalml{epu optical
erazine content = wer e added

puri ePﬁeafmapéggngPBﬁzﬁﬁg ac%ﬁe@%ﬁpkuob?R?QQﬂE?%fi?ﬁuﬁnd 69.1
1

9 (= P hotR) o e it B Rar o et iy e

slurrd w84 h8aPEa V@S Ui i tQPlsdra, 1§x¥d231911°.ée cﬁg‘#t:gt f1;1|ecvt1.1§':s, then

optical purity was 99.4%e, and the yie
beingIogbeito noomd epipeaiatedtesal Subasguenhlyhetheanourtiiekolved

salt yabyti TReBbs BaY ot ricke 19 ok MIAHHGE (Hidiot Bhe mother
11quo\%gt£}gr§”&6f aﬁgggz E' r%ﬁﬁ ?/gs ngr ?Egl,p%é):gyé'zg?ﬁgund that 68.7

g (= D68kt il\b[l.é)a@fdoﬁﬂhbaﬁ.iyoazﬁgvgobemeeﬁﬁ(h.ﬁiberaﬁﬁ.htayeﬂflsted
2- met hyl pi perazi ne = 99. 4%e) obtai ned before and

in thg fotBe86Biquwor) (wieDFHI8 1B %¥) alFurkmehydrexi ds \aen:esult of
added. The slurry was heated up to 70 to 80C, and
HPLC applygdss ofhs HBE¥§?1tHEﬁltBePﬁg(§éopemethiBéﬁﬁraZlne was

99 4%ggnperature. Subsequently, the non-dissol ved

Then, water was distilled away till about 50 wt% was reached,
being followed by addition of 1-butanol, and azeotropic dehydration
was carried out till the water content of the system became less
than 1 wt%.

In a | l1-1liter four-neck flask, 50.0 g of the
(S)-2-methylpiperazine (= 0.499 mole, optical purity 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 l-butanol was distilled away under reduced pressure, being

followed by addition of 300 g of water. Subsequently 35%
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salt was filtered away, to obtain the nother |iquor.
The nother |iquor was GC-anal yzed, and as a result,
it was found that 68.7 g (= 0.686 nole) of optically
active 2-nethyl pi perazi ne existed in the nother
liquor (yield 92.8% . Furthernore, as a result of
HPLC anal ysis, the optical purity of

hydrochloZi6ehBY AP REEAZIAE Wiy t29 atifBgt Iﬂsn% H V@ qr 0V@%nd 220
distilled away till about 50 wt % was reac bei ng

g of faluavedadsyaddddlioaing flolldwadby eﬂﬂrﬂiﬂgtﬂ'cﬂpliﬂ) minutes.
dehydration was carried out till the water content of
The uPBérs%Y@ﬁ] Bee atien ccemoyedn andytfae |same amoungr of toluene

was a(d ur-neck fl aﬁ‘lﬁ&p%%g% of a{‘{]}e@b(sﬁég&%@%ﬂ %rgéjqu out

o S80S AT 5o

solutabd Wwis Dsed(fo ddfudd GheQH of Hied Alacthlonr s6BHDOFANID 12.1.
was added dropwise with the Iliquid tenperature kept
In thisa rafge fwbiite tdugtidihgn, oscirredg due chori dilberated
2_hours, ~and 300 of 1-butanol was

0C
1*‘*“8?’&?%’?@@8%} dnBethyinipegagie sureTObe‘fIH“g whditiepwbgrbid
dgi b f S
solut?Xg?oggﬁggnoP téig)ﬂﬁ(uaéMgﬁﬂéd %?%? gig Xghéé%g; carried

I C acCl er was used to aJUS

out fdr 80 L Eed. Thef 16Rbrang e gasdeesh regioRad, 0511'1@‘@1@ upper

by stirring for 30 m nutes. The upper |ayer was then
layerr easv edncantrafteds antleanmeduadd tmtewnere vas added 70°C in
ain. The sane operat| on was repeated to carry out
tempeﬁg

tWFeg opPsaqusnt iy pieliene | yaasdisbil led h?‘ﬂ?%xFﬂeObtam-

gueous was used to adjust the pH of the
88.5 § 8gtgo%°§8{ahl{:#§ﬁ fo 12.1. In this case, white

IR hE Y OGEIT I gibiGhe t Gddder @r@eths of the obtained
1- benzyl oxycar bonyl - 3- net hyl pi perazi ne. To the whit

1- benzmozbydarbonyxlf@ﬂnemﬁlglpéraminenevamsfaddem and:hln £ilm
ring water carried out for 30 m nutes. The |ower
disti%é%r(mt%mwreﬁﬁ%@r%a ORemybgiging a liquid feed pump

at 0.6 liter/h. The temperature of the heating medium was 150°C,

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 liquid remaining in the distiller was again fed to the
same thin film distiller at 0.6 liter/h using a liquid feed pump.
The temperature of the heating medium was 220°C, and product
distillétion was carriled 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
l-benzyloxycarbonyl-3-methylpiperazine accounted for 99.4 liquid
chromatography area %. The impurities showed 0.25 liquid
chromatography area % for benzyl alcohol, 0.03 liquid
chromatography area % for

l-benzyl-4-benzyloxycarbonyl-2-methylpiperazine, 0.02 liquid
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| ayer was concentrated under reduced pressure at 60 to
70C in tenperature. Subsequently tol uene was
distilled anay to obtain 88.5 g of a concentrate.

Ei ghty five point zero grans of the obtained

1- benzyoxycar bonyl - 3- net hyl pi perazine was fed to a
thin film distiller (heating surface area 0.02 nR)

chromifidigraphlyl 0at-8af @acdrerm -vain lﬁj-lnfeﬂi'l{iﬂlg)lyéﬁraz1ne and no
tenperature of the heating nmedi um was

detedtownboEbrngl conjrbmems y lavsy catbaiy b- ¥ageithy detppeama 0fne (and
360 Pa, to obtain 82.8 of aliquid remaining in the
0.08 jpgeq |%erf°#hesqercﬁﬂfd tekHPARAg | nThekefpxei | tBe vEetal of

impurfiiied 48 ol 30 L fau i dThrblalobiralnd' d1da #eT Bhcthmore., the

optiddle piealthngakE@igunpepas 220C, and product distillation
was carried out at 87 to 116 Pa in vacuum degree, to

obtain 76.1 g of a distillate. The obtained conpound
was anal yzed. As a result, the intended
Exampilehdigzy| oxycar bonyl - 3- net hyI pi perazi ne accounted for
9 u chr omat ogr.aphy area % urities
SRotel B85S EpRARACK R ABRE Byt Ry RPEHORSRGE -bafipFer and
MeYaly elqd nowat o Yogf0 _
conde%sggn%if %r%%ﬁ )‘/jl g“)%sga?%gnwbﬁ’%t iﬁe%r %grdaozgl nb gO( 20'600

mole)l iofuind tol teH QT O APdYd 24 £€eH0 &Ohomogeneous solution was
1- benzyl - 2- net hyl pi perazi ne and no detection for

formed, 42019 béraz 9F oy cavieomd s@lntl byl goperbrime 50awtt X @8cemic

% f or _sol yent tol uengSI Therefore, the total of
2-me tApI BLPPFBZ LR (BUT Q02 TG LRALRAPEFRF LRF AR SR b d- 00 mole)

and 3@¢/d N rr(rnr%, thbe mQPéL ?kagigégq%v@é%ﬁgwéf%e a&%%afm%? room

16 A ['iter four-nec er nomet er,

conpes L. MRS gt G8d, Hyied I B0y, ana
seed cuyk ted 1 ve & e e AG0615°CS, Obélngrfd/SHSowed by aging for 1 hour.

Then, cooling was carried out down to 15°C, taking 5 hours, being
followed by aging at the temperature for lthour. The obtained slurry
was separated into a solid and a liquid, to obtain 172.1 g of a
wet cake (pure 2-methylpiperazine content = 44.78 g = 0.447 mole)
(optical purity = 92.6%ee, S-isomer yield = 86.1% based on the amount
of supplied S-isomer).

Then, a l-1liter four-neck flask with a thermometer, stirrer
and condenser was charged with 130.0.g of water, and 154.9 g of
the obtained cake (pure 2-methylpiperazine content = 40.30g =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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formed, 200.4 g of an aqueous solution containing 50
wt % of racem c 2-nethyl pi perazine (pure
2- met hyl pi perazine content = 1.00 nole) and 36.0 g (=
0. 600 nole) of acetic acid were added at room
tenperature. A honbgeneous sol ution was fornmed at 70
to 750C, and seed crystals were added at 6 50C, being
[ ~ L atlhe ' S
Copeiall R 9913068, BoakohBly e LSog LOPRBIAIT tho amoune

of sdppliméed-scagiryg at the tenperature f or lhour. The
obtained slurry was separated into a solid and a

| iTdeind, at b- bbtex rfonir-reak dflask wethcakehdmmoneeter, stirrer
2- et hyl pi perazine content = 44.78 g = 0.447 nol e)

and copgE; yasci eharaed ik 3 i% GfeafprEl dardgh00 10\g of the

Lhe t o Qf plied.S-isoner). Then,  a

oot e le AR el B, B SRTFGN e -TIFT13 - 0.500

mole)aNFag ORAGAE wmecfeeﬁlggﬁaﬁg&@ bAL 0205 0La"PTv0 298°C for
154.9 g of the obtained cake (pure

dissolwdtilopl, pape 3dzidi2eg (OntdAmMolel01 . 3hodlar OimdOP oMb ®)calcium

was added at roomtenperature. The tenperature was
hydroxdidesips gdded - 75Ag N8 56 ¢arried ovitiat 38, t@Bad € fed 3 hours,

tals we dded at. 700C,_ being fol]owed by agin
and ?%‘%/ﬁfﬁh%lﬂqftfog??ﬁﬁrﬁéw t o¥$8 OC:ct‘aﬂ'”PZ:iif?tjJ 5°‘Ebur E%an J%cover
- ' er atpyre f_ T 0 '
(5) 22%5??§§biggggggggéte |ﬁn{)é§2§g#§#€ﬁﬁ?{¥ﬁ?cﬁﬁﬁﬁgﬁ% in the

motheabflaignot0%a@ g30Bsag (et 0cake mpueg 2reeblehp RatazioBeos).

content = 36.40 = 0.363 nole) 59 (optical purity =
oBromoghe OQIiaé'aﬁ%rm‘ytléeﬁ LEwpr.39308 of vatehavasrddstilled

.. of _su ied S-isoner).. Then, -liter four-neck flask .
away'm??ﬁ ggbﬁéfﬁgﬁtﬁ%qﬁa%ﬁ%IWQﬁ'a 'céﬁﬁ%?ﬁigrQE%?ncEQFQeBelng
carri%tcn]tsgg 6 gf) WF?r ’Iﬁ%ﬂijspgagegD?.fantJ}fd §gg%%lvpaesgi\é\%g:alled
cake (pure t hyl pi perazi ne content = 01 g =

to re8dfn theehppes adged. ofhehtedpetaliheeVagtbaithedaiptidier.
70C for dissolution, and 34. 42 g (0.442 nole, 1.3

When ppher wakes) ednomut calri the hyldsddildemadbesdted. 2.1  wtg,

Aging was carried out at 78 to 82C for 3 hours, and .
conceg FﬁgiPPq‘m% Trred i heings feddoved byt ceelirgodewn 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 dropwise 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 yield 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 acid water was used to adjust the pH
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(S)-2-net hyl pi perazi ne. The 2-net hyl pi perazi ne cont ent
in the nother |iquor was 33.38 g (= 0.333 nole)
(recovery rate 98.0% . Fromthe obtained nother

l'iquor, 230 g of water was distilled away, and 340 ¢
of 1-butanol was added, concentration then being
carried out at 60 to 70C. In this case, Dean and Stark

to 1.%aS As?lﬁg?u@ cakgﬁéﬁg{)‘é?i 1{:{1‘.&3%50 Rﬁhult@éer aﬁﬁ Elll]g u&)rﬁeerntlayer

di st e intot en tHe wat ér c

was riefot/eda.di Bhe | $anie At onl widdore gt AN WoS ce, and
st opped, being followed by cooling dowmn to OC. The

48% spdigumhhydirgeidei rgqueonsesplotiohe wasl uisiedn tion adljest the pH

distiller was 32.38 &: 0. 323 nol %) %r ecovery rate =
of thgrrgartien spdutdrp itgn, 258, 7bedng-fgligyedppy adddtion of

| ITes f nzyvl chl arocarbonate s .added
140 g pt Rolddiiknd prEERAka ek YRRERTER O nRR LN davay was
then w@mtRR ! hthd EIRET @t YECwhRelNGal Siddd®! Bind EB118fea by
Then, the tenperature was rai sed to roomtenperature,
stirrthegng fEHe dwskibyageirngasothén hoemsved@ndamd N wppleirolayer
- under reduced pressure was carried out at 60 to 70C
was cqngenfizated updezesdussl greggure VB Ocbat’iC, @315 E® heing
=.0 le, reactign vield 90.5% . Three hundred and
then g?ﬁﬁ%gEﬁggﬁgagfaFoFu§n5¥ﬁa§ngd§83?'aﬁﬂ ORbALBNPT aPPol oFf 2
conceHf®g8kel €educed pressure was carried out at 60 to 70C,
for distilling anay 340 g. To the concentrate, 200 g
ofheabtained canserhd aad aibPhywet 0CAlsod iresagitqd #¥d ehtended
was used to adjust the pH 60 to 1. 2. Aging was
1-bengylexrggashonydr3snerhyilpitperaninehacepweted fagr 97w@sliquid
The sane operation was repeated further

d
°hr°‘“%§fn§’\é,gpﬁﬁd aneB, Jdodi unt My dridHHet oMYt Pord wadiquid

dj t heg pHe@f t cti Luti f e
Chromggsgfag{;?ng%ﬁ ov\zd g)‘/)gadcﬁ%l ioiﬁﬁof hg%gggé' "of O({]'oqéljenélquld
chromatdgsaphyi ng for 30 m rdgers. The | ower | ayer was then for

renmoved, and 100 g of water was added, being foll owed
1-bengyl-4tbenznyoxyaerbongl -2 ayethyipipaeazinesoved,. ®ind liquid
was concentrated under reduced

I
B I NG 1 I

detection for 1,4-dibenzyloxycarbonyl-2-methylpiperazine (2.44
liquid 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 equipment.
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then distilled away at 1.3 kPa and 800C, to obtain
67.60 g of a concentrate. The obtai ned conpound was
anal yzed. As a result, the intended
1- benzyl oxycar bonyl - 3- et hyl pi per azi ne accounted for
97.2 liquid chromatography area The inpurities showed
0.27 liquid chromatography area for benzyl al cohol,
0.02 liquid chromatograghxt@gea % for
1- benzyl - 4- benzyl oxycar bonyl - 2- et hyl pi perazi ne, 0.01
liquid chromatography area % for
1-benzyl - 2-net hyl pi perazi ne and no detection for

1.4 Prﬂcaﬁﬁeﬁﬁyl Bw%wmﬁn DXFIGERIPersatigiel {utety piperazine

B R A S .
formAly omatogy aphy. Jhélr ea 0/9: §ﬁgi§£eéppl ' Géb' I b oduce an

According to this i nven t|on n oxycar bonyl
oxycasrwimyn-mtmmeﬁazpmpeﬁlazmat | Her Loat Dee prx%ﬂi%rﬁ!ed by
a high yield by oxycarbonylating a piperazine
genergdy ifgamul@ dRder nmild conditions using sinple
equi pnent. 61 CLAIMS 1. A process for producing an
oxycar bonyl - substi tut ed plpera2|ne derivative, in
Wi ch a pi perazine d@ B’ represented by genera

a (1) is oxycarbopylqted to produce an
oxy ar bonyl - substltutﬁ gazi ne derivative
nted b}) general fiay cﬁf'a (2) (@) (where R, R2,
ve

RS and R4 denot e, respectd y independently, i) a
hydrogen atom ii) an aIkyI group with 1 to 4 carbon
atons, iii) an alkoxy group with 1 to 4 carbon atons,

(nnorb k2 51 SOSin S Rl £ AR P gl Bigyy. 1)
hydrogehhaton9 #1i§asRoan P Frovp wstil kKo o @é&ﬁbo}/l ARRlseS 1i1)
an alkgxy 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 carboﬁ 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, 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 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 R', R%*, R® and R* denote a hydrogen atom respectively),
characterized in that an organic solvent with a water content of
15 wt¥ or less is used.

2. A process for producing an oxycarbonyl-substituted piperazine

derivative, according to claim 1, wherein a reagent represented
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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 al kyl group with 1 to 4 carbon atons
or by an alkoxy group with 1 to 4 carbon atons or by

by geflela1088ImA1UR3)Obs YLnBadl ¥hoALRYP (AGT SUDSLi tuted

e aronati ng, Su ute by an al kyl
group with 1 to 4 carbon atons or by an al koxy group
OMAth 1 to 4 carbon at oi’s 00 by a hal ogen group;
*bamﬁludln gye case xohere-aloxof Ri, R2z,) R3 and R4
denote a hydrogen atomrespectively), characterized
in that an organic solvent with a water content of 15

(onerB 64588 LTF Sty ST ChelKOED R Bhoms. 11

an a1ﬁ8ﬁ91d§98u§0w££ﬁﬂinéb ML dh %t%ﬁégeﬁhl)eﬁheﬁﬁﬁg§%16%roup
by general formula (3) or general formula (4

with 21td/-4Cc@fblon3 akoie, Ci9) Giaalkyl (grwarpe n>étdenbtseatm)ted in
an al kyl group with 1 to 4 carbon atons, ii)
the aﬁPNéﬁ%P §i8dp RFtﬁuhstétﬂteérbﬁnaatéhﬁyllHF?URnWith 1l to 4

carbof &Yols GF Fif amelkeRyt BrarBavith [ sarhdl atops or by
a hal&_:[errc' Hgﬁhbt U&?Qr)b%( a:ﬂ:ﬁ ?ﬂ)ugr sWibtsttl.il:utt% 4in Ct@febggomatic
Roxy' g b

ons or Dby an‘a oupwth 1 to 4 carbon atons
ring, Obrbyubstheteganbgr anpalRylvyroéapawythglovp Aotarbon atoms
substituted in the aromatic ring, or substituted by
or by an alkexy gromp with 1 tood £arhosoatamsmr byra halegen group)
al koxy group with 1 to 4 carbon atonms or by a hal ogen
is usﬁ?oup) is used. 3. A process for producing an

A SGADIN IRy 88 BLPERIZLAS) dEELYALLNBY piperazine

derivgeines alacdsxrdidd tbzg\,ldmol % 2, twtidrditi thegkolp thie general
benzyl group. 4. A process for producing an
formudaya) bdepdtesbat tentebdupypeguouipeor benzyl group.

4. A process for producing an oxycarbonyl-substituted piperazine
derivative, according to claim 2, wherein the reagent represented
by the general formula (3) or the gerieral formula (4) is benzyl
chlorocarbonate or di-tert-butyl dicarbonate.

5. A process for producing an oxycarbonyl-substituted piperazine
derivative, according to claim 1, wherein the organic solvent is
an alcohol.

6. A process for producing an oxycarbonyl-substituted piperazine
derivative, according to claim 1, wherein the R' in the general
formula (1) and the general formula (2) denotes a methyl group,
and R®*, R® and R® denote a hydrogen atom respectively.

7. A process for producing an oxycarbonyl-substituted piperazine
derivative, according to claim 1, wherein the compounds represented

by the general formula (1) and the general formula (2) are optically
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derivative, according to claim2, wherein the reagent
represented by the general fornmula (3) or the genera
formula (4) is benzyl chlorocarbonate or
di-tert-butyl dicarbonate. 5. A process for producing
an oxycar bonyl -substituted pi perazine derivative,
according to claim1l, wherein the organic solvent is
activd alstmiced. A process for produci ng an
oxycar bonyl - substituted pi perazine derivative,
8. A prooedisnforoprbduning amerxycaitbmniRl-subdthictyenkrmilperazine
formula (1) and the general formula (2) denotes a _
deriyahiyn. ASeRrding ko, cheifnd RVRRFRLIR WhApJtdgePinerazine
cti A.pr Ss r producing
deri‘{)ai'::‘/lg'%r bo%)% ¥§ﬁ%§%ﬁflut celo(c:fpi Eé%azi%%ne]aae iv%&r\'}‘él,la (1) 1is

oxycaoiylldt®d 0 aChait FbdenWBBheLAnt A§ SQHIHQHEQScorP]pound is made
represented by the general fornila (1) and the

to capeariemtal fornmula (2) are optically 63 active
substances. 8. A process for producing an

9. A pxPeaFBofR9r-BIOGECINY can mixwaarhany l daristiiiuked piperazine
according to claiml], erei n when_t he pi perazi ne

derivahdves: i #8°PE FBgenggdW€§a¥Wnaq;engpﬁFeF r g (B¥aj of the

C I , L - [Mpl j C

B e ol oo ARl 90 o 38R

10. Appooltes$E an pesiaaingnih -asd it ol QURSE PR piperazine
derivative, according to claim38, wherein the pKa of

derivigidvenj acggrdingntaicdiaign & owherein dippodd riogeh-montaining
L ess. 10. A process fqor produci ng an o .

aromasIo: GOBBRIRS dfs PREIR D PerabiAd dlag: ApRivsive -

11. aggor chégsd agg]r9, ?41% c’lntﬁe nér{ r pggﬁfiggiilym n%ctive
aromatic conmpound i's pyfridiné a pyridrne

oxycait®bhyal-sudstitutBaPp 06668z {06 JUAGMAIRG 2AceBEEEaL ¥o claim
active oxycarbonyl-substituted piperazine derivative,

7, whegen dhegdiasteéneome? salitey efran hptdcadigracnkve pdlpesrazine

of .an optically active piperazine derivative and an
derivaEiveaphd 2B PhELFELIRy PRE LHGoRESOMNIRNEgeRy , Obtained by

optical resolution using the optically active resolving agent, or
the optically active piperazine derivative obtained by decomposing
the salts is used as the raw material.

12. A process for producing an optically active
oxycarbonyl-substituted piperazine derivative, according to claim
11, wherein a piperazine derivative obtained by optically resolving
a plperazine derivative provided as a racemic modification in the
presence of a lower carboxylic 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.

13. A process for producing an optically active
oxycarbonyl-substituted piperazine derivative, according to claim
11 or 12, wherein the optically active resolving agent is optically

active tartaric acid.
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optical resolution using the optically active _
resol ving agent, or the optically active piperazine
derivative obtained by deconposing the salts is used
as the raw material. 12. A process for producing an
optically active oxycarbonyl-substituted piperazine
derivative, according to cIain1b11, mherF:n a i
i per azi rivative o LD y optica re ving .
14. g gipeﬁggﬁﬁggderﬁ%g i v %?%%?g% as“8 ra88%985T1¥ active
oxycdEBbiiy Cauldt i fudtf piPe2asine Qbrfviryel, GURPMNSFto claim
acid or m neral aC|g using 0.5 to 4.0 tines by
12, wheirglin, tbesédwen tarbaxplit adid e piiperazi Aeid is at least
derivative, of a solvent, is used as the raw
one %?3@&"1%9 trom agepigcasids oprppdantf e, ddredhloric acid
j carbonyl -substituted pi perazi ne derivative,
and Sglccltgél\rig'icnggﬁvio&cl ai ?/n 11 or 12, wherein the optically
15. aciivepggsakyi ng gagent ﬁx%(ﬂfgirg&‘l | Yanact %@iggplag,ﬂ C active
aci d. 84 14. A process for producing an opti cal _
oxycamnbionyel - smystartuted pspeshiinbeadeiver B7d Nacesradaly ¥6 claim
according to claim 12, wherein the | ower carboxylic
12, whereisr theneolvenkiured far peasorming opticakdrdsalmtion is
acetic ni.c acid, hydrochloric acid and

wateré&F?Srpg%%%WEPg%%aﬁRlprocess for producing an .
16. O ' Cz%i:éfcégéi Vefggxyc ljz)cqiyéfngSUbséﬂt ut SSEE{:EE 3a(2| neactive

derivative, according to clarm” 12, wherern’ _
oxycasbbwgit- subed iftartepepipe b 2On8Mdidlatii®aD] HEEBRALRg to claim
wat er or a hydrous al cohol. 16. A process for .
11, whesginiwkenthpmatair godubilecdiasyenebway| salibstddtdiated by

o] i ng . derjvative, according to claim 11, wherein
opt By REFRL R S Eh o ESE Ty o b b oy e v

' ' ti_cal Ly active .pi perazine
ena ofEsbeThy! S8 EREOTL SR o3, B UEeP RN e an
alkalfire csmotiethe talsabtu9éa ah adssevéne ML NERIA 0l Wt B¥9more

in a solvent containing 50 wt % or nore
of water.
17. A process for producing an optically active
oxycarbonyl-substituted piperazine derivative, according to claim
16, wherein the salt of an alkaline earth metal is any one of
hydroxides, halides, sulfates and carbonates.
18. A process for producing an optically active
oxycarbonyl-substituted piperazine derivative, according to claim
17, wherein the hydroxide of an alkaline earth metal is any one
of magnesium hydroxide, calcium hydroxide, strontium hydroxide and
barium hydroxide.
19. A process for producing a highly pure oxycarbonyl-substituted
pPiperazine 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
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of water. 17. A process for producing an optically
active oxycarbonyl-substituted piperazine derivative,
according to claim 16, wherein the salt of an
al kaline earth nmetal is any one of hydroxides,
hal i des, sulfates and carbonates. 18. A process for
producing an optically active oxycarbonyl substi tuted
n \,
tn e R S oS REP LY PLY By RTS8 26 C R Whedf s8TRERE Tor pn
3 or dfesmgreesiAon hydr oxi de, cal ci um hydr OXI de st ront| um
hydroxi de and barium hydroxide. 19. A process for

(2) QNQﬂﬁR%%%?§¥Qﬂgﬁﬂqp pur e oxycarbonyl substi t ut ed
| perazin terized in that the

20. 20REREERR AT SRR BLPRLE Y &&YWW%%%““
pipef&ﬁ{ea!d@riqralt Eef 58?8’15_@%{/1\%]}2 Satﬁrpl f WL ?% ganic

an organi c SO ent o) ess 5

solveid W hiot wtel bh vaLeriat tﬁ@%tlﬁhﬂ\ﬁéﬁuﬁﬂlﬂﬂ?"twﬂfh R)ﬁter at
3 or less, and/or (2) a distillation step

20°C psoaasarbmatmcoﬂydrngaabbnghIy pure oxycar bonyl

bstituted piperazine derivative, according to
21. A gk fgPuﬁﬁeﬂ&ﬁ?QHQQHaﬂg§HP§t%&ﬂt@@nphﬁﬁrﬂ@hﬁﬁ%ﬂﬁrlvatlve

comszqs:‘iolnn tc@x%rh%gtlé iz %l l‘i?xl }N?}: g.wpgt thzeocc):gntents of

arorat1 c FOCArD

the mw@arcbaeyi:eﬁﬂegtaht:aaegyptlﬂ)@f@&iﬂ?w 6§ Ig6Hdr 8 formulae (5)
conposition, characterized in that the total of the

"to (8dontents of the Inpurities represented by the
follow ng general fornmulae (5) to (8): -# M XOH (8)

Cg

Rt _N_ R H
R4_ _N__R'
;I;I# (5) j:I: (6)
C-0X RN TR

& X

I

gof (7) XOH (8)

(where R', R?, R® and R* denote, respectively independently, i) a
hydrogen atom, ii) 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, iii) an alkynyl group with 2 to 4 carbon atoms,

iv) an aralkyl group not substituted in the aromatic ring, or
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I I 0 (where RL, R2, R 3 and R 4 denote,
respectively independently, i) a hydrogen atom 1ii)
an al kyl group with 1 to 4 carbon atons, iii) an

al koxy group with 1 to 4 carbon atonms, iv) a hal ogen
group, V) a carboxyl group, vi) a carbanoyl group, or
vii) an N-al kyl carbanoyl group with 1 to 4 carbon

subs tAltited by bh A1 Grewp witdeNoURs 4 karddrldtnsd/dUby an
with 1 to 4 carbon atons, ii) an al kenyl group with 2

alkoxtyo grcsar baithatontsy 4 i ¢carlaon abkymy| group want Arglt @rdbup not
carbon atons, iv) an aral kyl group not substituted in

subs tigatedo kit the quagatde s6nguba¥isuhsd hiteth byl ay|akeplgroup
ith 1 to 4 carbon atons or by.an al koxy oup with 1
with fokd & {SeRoR Ao 308y 3 SRy, SrpSRoefER L €8 4 carvon
atoms3URX1LULISG ‘the! Basa RHBELCALNEE R, Sﬂ*psgptéﬁ@dﬁib)ﬁ%te a
al kyl group with 1 to 4 carbon atons or by an al koxy
hydrogfenugtvint fedpd ot Hveky P@on taliored iaxa!eshpus itiorashtaining
where all of RlL, R2, R3 and R4 denote a hydrogen atom
the ogyeprbonydtgubsthtuteddripenazbnpoderivat tontcepriegented by
t he oxycarbanyl -substituted pi perazine derivative
general,fo (G§‘ general formula (2): (2) (where R1,
R2, R3 and R4 denote, respectively independently, i) a
4hy(ﬂlrog':%n atom ii) an alkyl group with 1 to 4 carbon
R -"iii) an alkoxy group with 1 to 4 carbon atons,
i V) hal ogen group, v) a carboxyl group, vi) a

Raca' a I grqég or vii) an N-al kyl carbanoyl group
W igrok to 4 C %on atons in its alkyl group; X denotes
i) gan alkyl 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

(wheral RF KYR? OROUSNAOR* Adhditd, Utrddpgd thiRR 187 QiRlependedd® 10! 1) a
substituted by an al kyl group with 1 to 4 carbon atons
hydrogenbgtam, alikoay allyb gwdip Wwiith 4 dar orwaatbons atomsy,) 1ii)
an all%gxgrgxl'og{) OvlJJ thn o1t to 4 carbon atoms, iv) a halogen group, V)
a carboxyl group, vl) 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, 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 respectively), is 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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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 R1L, R2, R3 and R4 denote a hydrogen atom
respectively), is 2 liquid chromat ography area % or

| ess based on the total of the content of the

22. ApﬁM%%ﬂQO%Mk%S6§§Ebk%b%§lpbﬁ%%%§%%%eﬁe?fﬁ@fdﬁine derivative
represented by the general fornula (2) and the
compogdrtient, sactot@eng Muueilhims21 fwhdkeih bivghlyyRpliihethe general
oxycar bonyl - substituted pi perazi ne derivative
formudgep63it ad, (B der dBlgdenotesi amethyhansiup epdr gvery R? to
R 4 in the egeral f ormul ae ézg,an (5) to (8) denotes a
SRRt fyR 8¥ ERIEMP e JeRReEEIVREY denot e a hydr ogen
23. a2hagnh B%%E'ngﬁarggnaé-ghggkitﬁi%g piperazine derivative
oxycCar bonyl -subStituted piperazine derivative
compo@&AnnoRi,t idutoriany dtagcliaiml a1 2dherbenexn dh | Bhéhgeneral
general fornulae (2) and (5) to (8) denotes any one
formudpea(2érandUtS)l tgr 68 p, depiees lany one afica HerA-butrylugroup,
34. A highly pure ox¥carbonyl-substituted pi per azi ne
phenyd. group; ¢84° PERE¥Li OL8HP -according to clai m 21,
rei pi.per.azi der.iyati e b
24. ABIGRLY pUEelbREEAELOGy1 BER R R BRER e ek dTatave
compokA tWohCh 488os@imgn & owikaw Ng1Rl WhéAehed ihe aBiperazine
asymmetric carbon atom 68
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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