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TITLE OF INVENTION

METHOD FOR PRODUCING PROLINE COMPOUND

TECHNICAL FIELD

The present invention relates to a method for producing

a proline compound and the like.

BACKGROUND ART

A proline compound represented by formula (1)

N R' (1)

H
wherein R' represents an optionally substituted aliphatic
hydrocarbon group or a hydrogen atom,
or a salt thereof is useful as an intermediate for the production
of a medicinal or agrochemical agent or the like. For example,
methods for producing a hydrochloride salt of a proline compound

represented by formula (la)

0 AR

are reported in US2005/0059648, US2009/0240063,



The present invention relates to a nethod for producing a proline conpound
and the |ike. BACKGROUND ART A proline conpound represented by formula (1)
?FISIORL (1) wherein Rl represents an optionally substituted aliphatic

hydr ocar bon group or a hydrogen atom or a salt thereof is useful as an
internedi ate for the production of a nedicinal or agrochem cal agent or the
| i ke. For exanple, methods for producing a hydrochloride salt of a proline

COMPOUNGILER] 6761 6616 Yol  BUb16)BY6 5 HA {iflod dddddiAdd 11111

US2005/0059648, US2009/0240063 and US2010/0145069 is a method
for producing a proline compound from a succinic anhydride
derivative, but has problems that there are a large number of
steps, and the yield is not always sufficient. In addition,
the method described in U82610/0063300 is a method for producing
a hydrochloride salt of a proline compound from a pyrrolidine
derivative, using an enzyme such as oxidase.

The present iﬁvention.provides a method for producing a

proline compound represented by formula (1) or a salt thereof

in a high yield.

SUMMARY OF THE INVENTION
According to the present invention, a proline compound

represented by formula (1) (proline compound (1)),

wherein R' represents an optionally substituted aliphatic
hydrocarbon group or a hydrogen atom,
or a salt thereof is produced by the following steps A to D:
[Step A]

a step of reacting a pyrrolidinone compound represented

by formula (2) (pyrrolidinone compound (2)),



are reported in US2005/ 0059648, US2009/ 0240063, US2010/0145069 and
US2010/ 0063300. The net hod descri bed in US2005/ 0059648, US2009/ 0240063 and
US2010/ 0145069 is a nethod for producing a proline conpound froma succinic
anhydri de derivative, but has problens that there are a | arge nunber of
steps, and the yield is not always sufficient. In addition, the method
descri bed in US2010/ 0063300 is a nethod for producing a hydrochl oride salt
of a proN pe conpound froma pyrrolidine derivative, using an enzyme such
as oxi dasgy . The present invention provides a nethod for producing a
proline ¢onmpound rgﬁresented by formula (1) or a salt thereof in a high
yi el d. SUNWARY OF E 1 NVENTI ON According to the present invention,
a proline|%onpound represented by formula (1) (proline conpound (1)),

R

wherein R’ represents a group represented by C(RY),Ar, Ar is
an optionally substituted pheﬁyl group or an optionally
substitutednaphthylgroup,andtwolf”'sareeachindependently
a hydrogen atom, an optionally substituted alkyl group or an
optionally substituted phenyl group,
with a reducing agent represented by formula (3) (reducing agent
(3)),

(M**) .. H,_.,Al~ (OR?®) _
wherein R’ represents an optionally substituted alkyl group,
M®" represents a metal ion, s represents a valence of the metal
ion, and m represents 1, 2 or 3,
in the presence of a base to obtain a pyrrolidinol compound
represented by the following formula (4) (pyrrolidinol compound
(4)) or a salt thereof;
[Step B]
a step of reacting the pyrrolidinol compound represented by

formula (4),

4
N~ TOH
R?

wherein R® represents the same meaning as described above,

or the salt thereof with a cyanating agent to obtain a



wherein R represents an optionally substituted aliphatic hydrocarbon group
or a hydrogen atom or a salt thereof is produced by the follow ng steps A
to Do [Step A] a step of reacting a pyrrolidi none conpound
represented by fornmula (2) (pyrrolidinone conmpound (2)), (2) R2 wherein
R2 represents a group represented by C(R1)2Ar, Ar is an optionally
substituted phenyl group or an optionally substituted naphthyl group, and
tw R 's are each.independently a hydrogen.ato ptional_ |y substituted
al Kyl gro(APoRY RO bhRT B TP AR FPHEBATBRGRM CBR AU U ATE &OFBUAGI ng
agent rePres?nted by formula (3) (reducing agent

5) (cyanopyrrolidine cOmpound (5)) Or a salt thereof;

[Step C]
a step of hydrolyzing or alcoholyzing the cyanopyrrolidine

compound represented by formula (5),

wherein R? represents the same meaning as described above,
or the salt thereof to obtain a protected proline compound
represented by the following formula (6) (protected proline
compound (6)) or a salt thereof; and

[Step DIl :

a step of substituting R® in the protected proline compound

represented by formula (6),

wherein R* and R? each represent the same meanings as described
above,

or the salt thereof by a hydrogen atom.

MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the present invention will be described in

more detail.



(3)) , (Ms+) 1/. H4 "Al - (ON , wherein R3 represents an optionally
substituted al kyl group, Ms+represents a netal ion, s represents a val ence
of the nmetal ion, and mrepresents 1, 2 or 3, in the presence of a base to
obtain a pyrrolidinol conpound represented by the followi ng fornula (4)
(pyrrolidinol conpound (4)) or a salt thereof; [Step B] a step of reacting
the pyrrolidinol conpound represented by fornula (4), OH (4) 6-N R2

The "aliphatic hydrocarbon group" in R' is usually an
aliphatic hydrocarbon group having 1 to 10 carbon atoms, and
examples thereof include alkyl groups having 1 to 10 carbon
atoms, alkenyl groups having 2 to 10 carbon atoms and alkynyl
groups having 2 to 10 carbon atoms, cycloalkyl groups having
4 to 10 carbon atoms, and preferably a methyl group and an ethyl
group.

Here, the alkyl group having 1 to 10 carbon atoms includes
straight-chain or brénched alkyl groups having 1 to 10 carbon
atoms such as a methyl group, an ethyl group, a propyl group,
an isopropyl group, a butyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a hexyl group, a heptyl group,
an octyl group, a nonyl group and a decyl group, and preferably
a methyl group and an ethyl group.

The alkenyl group having 2 to 10 carbon atoms includes
straight-chain or branched alkenyl groups having 2 to 10 carbon
atoms such as a vinyl group, an allyl group, a butenyl group,
a pentenyl group, a hexenyl group, a heptenyl group, an octenyl
group, a nonenyl group and a decenyl group, and preférably an
allyl group and a 2-butenyl group.

The alkynyl group having 2 to 10 carbon atoms includes
straight-chain or branched alkynyl groups having 2 to 10 carbon
atoms such as an ethynyl group, a propargyl group, a butynyl
group, a pentynyl group, a hexynyl group, a heptynyl group, an

octynyl group, a nonyl group and a decynyl group, and preferably



wherein R2 represents the sane neani ng as descri bed above, or the salt
thereof with a cyanating agent to obtain a cyanopyrrolidine conpound
represented by the following formula (5) (cyanopyrrolidine conpound (5)) or
a salt thereof; [Step C] a step of hydrolyzing or al coholyzing the
cyanopyrrolidi ne conpound represented by formula (5), (5) |, wherein R2
represents the sane neani ng as descri bed above, or the salt thereof to
obtain a protected. proline cg ound represented by the following formula

n

(6) (prot RTEPHFH | FECWNPBANd €6PYTGRY L S5PYPt hereof: and [Step D :

The cycloalkyl group having 4 to 10 carbon atoms includes
a cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, a cyclononyl group,
a cyclodecyl group, and the like.

The aliphatic hydrocarbon group represented by R! may have
one or more substituents, and examples of the substituent
include a hydroxyl group, a halogen atom (fluorine atom,
chlorine atom, bromine atom, iodine atom), a nitro group, an
alkoxy group and a cycloalkoxy group.

Examples of the alkoxy group include straight-chain or
branched alkoxy groups having 1 to 4 carbon atoms such as a

- methoxy group, an ethoxy group, a propoxy group, an isopropoxy
group and a butoxy group.

Examples of the cycloalkoxy group include straight-chain
or branched cycloalkoxy groups having 4 to 10 carbon atoms such
as a cyclobutyloxy group, a cyclopentyloxy group, a
cyclohexyloxy group, a cycloheptyloxy group, a cyclooctyloxy
group, a cyclononyloxy group and a cyclodecyloxy group.

R? is a group represented by C(R*),Ar, and this C (carbon
atom) binds to a nitrogen atom of a pyrrolidinone ring.

Examples of the substituent of the optionally substituted
phenyl group represented by Ar include alkyl groups having 1
to 10 carbon atoms, a hydroxy group, a halogen atom (f£luorine

atom, chlorine atom, bromine atom, iodine atom), a nitro group,



a step of substituting R2 in the protected proline conmpound represented by
formula (6), wherein RL and R2 each represent the sane neani ngs as
descri bed above, or the salt thereof by a hydrogen atom MODE FOR CARRYI NG
OUT THE | NVENTI ON Hereinafter, the present invention will be
described in nore detail. The "al i phatic hydrocarbon group"” in RI-
I's usually an aliphatic hydrocarbon group having 1 to 10 carbon atons, and

exanpl es 3} reof include alkyl .grqups having.1 to 10 arb n_at al kenyl
oroups. RIS oo 2IOWE BRACRI RGTYTS dr SHps” KAty 28510 car bon
at ons, C'Ofgﬁél arou s havin 4 to 10 carbon _at ons, _and Breferably a
met hyl ¢7oup Y ap*t et ylagFXEg koxy grpdpe, atﬁQeBV&yHrS Bup®having 1 to
10 carbon atons includes stra%ght chain or branched al kyl groups haV|ng 1
to 10 carbbRoRPeR¥! TEPHRSN ARERYYPHEOYE, JHAUBEhy | HEfFouEXERYSH AL gr oup,
an isopropyl group, a butyl group, a sec-butyl group, a tert-butyl group, a
pentyl gEba@lkyhexghrdiaiiing & teplytagbenRtans aceyihgypaug, aathe®@ group
and a decyl group, and preferably a nethyl group and an ethyl group.

described above, and examples of the halogen-substituted alkyl

group are those in which one or more hydrogen atoms of the alkyl

group are substituted by a halogen atom or atoms. Examples of

the alkoxy group are the same as those of the alkoxy group having

1l to 4 carbon atoms described above, and examples of the

cycloalkoxy group are the same as those of the cycloalkoxy group

having 4 to 10 carbon atoms described above. In addition, the

alkoxyphenyl group is a phenyl group having one or more alkoxy

group having 1 to 4 carbon atoms as described above, and examples

include a methoxyphenyl group, a dimethoxyphenyl group and an

ethoxyphenyl group. The preferred optionally substituted

phenyl group is a phenyl group, an alkoxyphenyl group and a

methylphenyl group.

Examples of the substituent of the optionally substituted
naphthyl group represented by Ar are the same as the examples
of the substituent of the optionally'substitutedgphenyl group.
Two R*°'s each independently represent a hydrogen atom,
an optionally substituted alkyl group (for example, an
optionally substituted alkyl group having 1 to 6 carbon atoms),

or an optionally substituted phenyl group, and preferably a

hydrogen atom, an alkyl group having 1 to 6 carbon atoms or a



The al kenyl group having 2 to 10 carbon atons includes straight-chain or
branched al kenyl groups having 2 to 10 carbon atons such as a vinyl group,
an allyl group, a butenyl group, a pentenyl group, a hexenyl group, a

hept enyl group, an octenyl group, a nonenyl group and a decenyl group, and
preferably an allyl group and a 2-butenyl group. The al kynyl group
having 2 to 10 carbon atons includes straight-chain or branched al kynyl
groups i 2 0 on Q such an_et hynyl group, pr opar gyl

gr oup, 23%%$€%y?£§Péup%ﬁ%pﬁéﬁ%§% %ﬁdﬁ%?é%Fh%§y% +¥%?%Ep}8atﬁ%ptynyl

group, an_octyn group. .a nonyl. group and a decynyl _group, .and preferably
a propar g@?l%%{%%%ya% gtlze%t‘ﬁ’ n?/lr]%éfocﬁlbc?up et erﬁehgffaogﬁﬁlkﬁlrog‘i’oup
having 4 to %0 car bon at s i ncl udes a cxclobutyl groug, a cycl opentyl
group, a*cy? 8ﬁ%§y?tBWo&g,u8r&9ﬁlGHEBtyF gPoupe” ateel BECM}RegREER, a

cycl ononyl _group, a cycl odecyl group, and the like. The aliphatic
hydr ocar{)%ﬂlﬁ? O%FP‘?)e'pIaeE-éHF@cEWuIPQB-aWWWegéﬁBPo?n% eysdpatikopent s, and
exanpl es of the substituent include a hydroxyl group, a hal ogen atom

(f1 uori n@TaEBm 28 htlet | RNt L eiavelaomE ithd sabstdiuerd: @it tdegr oup,
an al koxy_group and a cycl oal koxy group. Exanpl es of the al koxy

gr oup in%lhﬂbag%ﬁahﬁﬁ?oéﬁébﬁnogr%mnntﬁﬁﬁeaﬁkbﬁ@ oy Rips Baviedgitibo,4 car bon
atons such as a methoxy group, an ethoxy group, a propoxy group, an

i sopropos¥yampbep ahdthebstbsyiguenp. in the opExanplédy efibshetoyeboal koxy
group include straight-chain or branched cycl oal koxy groups having 4 to 10
car bon aplemysughoas ancyeflebthyl| sayegasupheasapetbdpaahyl ofytpeoup, a

cycl ohexyl oxy group, a cycl oheptyl oxy group, a cycl ooctyl oxy group, a

cycl ononypokynagt bupsabsdt Atayed ogeeyy dDXyrgtpupepresentedRByl 8ra group
represented by C (R1)2Ar, and this C (carbon atonm) binds to a nitrogen atom
of a pyrrolidimonrthd RAY.in the grolyargbessaitddesulgtituensrof? the
optionally substituted phenyl group represented by Ar include al kyl groups
havi ng laéocdDosarhepval ogha & gl dravi, 2 hal AgenyAtem ({1 uorine
atom chlorine atom brom ne atom "iodine aton) , a nitTto group,

methoxybenzyl group and an a-phenetyl group, and particularly
preferably a benzyl group.

According to the production method of the present
invention, by undergoing four steps including steps A to D, the
proline compound represented by the formula (1) or the salt
thereof can be produced in an excellent yield. Hereinafter,

the four steps will be described in detail.

[Step Al

. 2 . '
wherein R® represents the same meaning as described above.

Step A is a step of reacting a pyrrolidinone compound (2)

8



a hal ogen-substituted al kyl group having 1 to 10 carbon atons, an al koxy
group, a cycl oal koxy group, a phenyl group, a nitrophenyl group and

al koxyphenyl groups. Here, exanples of the al kyl group having 1 to 10
carbon atons are the sane as those described above, and exanples of the
hal ogen-substituted al kyl group are those in which one or nore hydrogen
atons of the al kyl group are substituted by a hal ogen atom or atons.
Exanpl es_of. t he roun are the sane as _those qof t.he.al kox r.oup
havi ng 1" %hi98§%%§%ﬁ¥ %ﬁ%a es@ﬁiﬁ%ﬂpggbygf n8Y&x8 lpé§q&fcfﬁg%8%gloalkoxy
group ar he_sanme_as those of the cycl oal koxy group having 4 to 10 carbon
at ons degéiiBﬁdaaﬁ%sg.t?ﬁrﬁﬁgrtion, t he al koxyphenyl group is a phenyl
group havi ng one or_ nore_al kox roup having 1 to carbon atons as

descri bad abovEXaBEByamrEs NeERUdCon. HEPRBRGPRERyPYgHoudn Fhe

di met hoxyphenyl group and an et hoxyphenyl group._  The preferred optionally
subst i t ufeduphREAIG0lR) iLSed pREAYE S§EBUD 10t Wk 8RviseRf ayAdkglind a
met hyl phenyl _group.. . Exanpl es of the substituent of the optionally
substit uv%éahaﬂmtrmur@r Geptivapr petasedupy pd gihe tlikedapndaan tins ekanpl es
of the substituent of the optionally substituted phenyl group. Two
R10' s e%dahalha@p%m@htqutaﬁpmﬁﬁrmswrhym@g@'mw &nd ahepptikenal bpd
substituted al kyl group (for exanple, an optionally substituted al kyl group
havi ng Ipreférahipomaltwdss)lithguman oopt sodahinyienbeid tortted sghenyilongr oup,
and preferably a hydrogen atom an alkyl group having 1 to 6 carbon atons
or a pheEn@ddirtdgm, ¢kamplesarptbs ait idmalslibstibstientitied 4 Heybgtroapal | y
substituted al kyl group include a hydroxyl group, a hal ogen atom (fluorine
atom chtepraseatembprROMme i eaducddgnegahon)’) ari the gamdas &heal koxy
group and a cycl oal koxy group, as the same as the exanples of the

substi t uenémples her ahiepbpt i 6n8Y U 0SS DON\GE QU R IKEAr EB0LERaBYnRY. tbn

addi tion, exanples of the substituent in the optionally substituted phenyl
group i nch ude-ddieasanB 25 akBersulst 14 uert 2 o{ phhei ety et d dbsbsbiuput ed
phenyl group represented by Ar. Ar and R in the group repreésented

by C(R1O}&ptrc8EnFRgane fescribed above, and R2 is preferably a benzyl
group, a nethoxybenzyl group and an a-phenetyl group, and particularly

preferably a befzylyOrothai none C?@gseﬁéimg>F9a§h§epé999§gggg§g§&§§d of the

present invention,” by undergolng r steps including step: : t he
D e PN REREETETL s LOLU B Rt el el oo be
describegykgogféfﬁéﬁe[égﬁgbf\d (2) can be prepared by N-protecting a
lactam compound obtained by the method described in
US2009/118519, according to an ordinary method. Alternatively,
it can also be prepared according to step E described below.
In addition, the pyrrolidinone compound (2) has an asymmetric
carbon, and can be present as an optically active substance or
a racemic form based on the asymmetric carbon. When the
optically active pyrrolidinone compound (2) is used, the
optical purity is maintained throughout the steps A to D.

Examples of the pyrrolidinone compound (2) include

compounds represented by the following formulae (2-1) to (2-28)



Il IR (2)R2(4) wherein R2 represents the sanme neani ng as descri bed above.
Step Ais a step of reacting a pyrrolidinone conpound (2) wth a reducing
agent (3) to produce a pyrrolidinol conpound (4) or a salt thereof.
Exanpl es of the netal ion represented by Ms+ in the reducing agent (3) used
in the step Ainclude an ion of an alkali nmetal (lithium sodium

potassium and the Iike) and an ion of alkaline earth metal (nagnesi um

cal cium_and t.he I and pr.eferabl Lude lithiumion, sodiumion and
pot assi umc?oorPtJI (?toln eiﬁ’ ﬁl qﬂ;% R SESEFF?SF&&Q | kyl
group represent b inth u0|n agent are the sane a t he
exanpl egg%f cflﬂ‘éu T i B?nRg]t Y t%S[Lrte aﬁekyllng&g’& 3959926‘3163?(6“‘? ©€ar bon
atons as described in the aliphatic hydrocarbon group represented by RI1.

The pyr rof i dish e XOMFBRRPY SORATHE dsiSBPWE &ifdreed "Mednmrategsmerci al | y
avai l abl e conpound For exanple, the pyrrolidinone conpound (2) can be
preparedaUVe@P o€t ng a | act am conpound obt ai ned by the nethod described
i n US2009/ 118519, according to an ordinary method. AIternatlver, it can
al so be prepaned accordlgg to step descri bed In aiwltlon t he

pyrrolidinon mpound has an tric ¢a and gan, be present as
an optically e sub or a 1 \ Agsymetric

carbon. When e optlcaII actlve pyf roli di
opti cal -- } =' -d th out t
of the p dlnon. -ound ( ncl ude

fol |l ow ng ornulae (2- 1) to (2-

used, the
Exanpl es
.ented by the

A zi
oo el Lo

Z Zi& 5, B
s e o liod

Br
2-1D (2-12) (2-13) (2-14) (2-15)

(2-16) (2-17) - (2-18) (2-19)

i0



and optically active substances of the conpounds represented by fornul ae
(2-1) to (2-28). Here, in the specific exanples of the pyrrolidinone
conmpound (2) shown here, "Me" refers to a nmethyl group. Anong

t he pyrrolidinone conpounds (2) represented by fornulae (2-1) to (2-28),

t he pyrrolidinone conpounds (2) each represented by fornmula (2-1), formula
(2-2), formula (2-21), forrmula (2-22) and formula (2-23) are preferable,
and the pyrrolidinone compound (2) represented by fornmula (2-1) is further
nore preferable. The reducing agent (3) used in the step Ais
preferably a redugi agent represented by a formul 1181-) Ixs H4_", A |
- [0 (C H2)fIO0IR4]/\m wherein R4 represemrfs an al kyl oup or a cycl oal kyl
group, and n, Ms+—3 and m each repres t he sane i ngs as descri bed
above, and nore fRrably it is sodiymbis (2-nethoxyethoxy) al um num
hydri de. Wign t@e pyrrolidi none ound (2) iIng reuced using a
reduci ng agent_such_as _diisobutyl al um nym hydride, the reduction does not
stop at the § i conpound -~ and an over-reduced
formis nuch
is used,Oxy

p However, t he reduci ng agent (3)
- pr : Aon@w%f(wrn §” decr eased.

(2-21) OMe (2-22)

P
=

(2-23) OMe (2-24) (2-25)

it ™ s

oo Y

(2-27 (2-28)

Among the pyrrolidinone compounds (2) represented by
formulae (2-1) to (2-28), thejpyrrolidinone compounds (2) each
represented by formula (2-1), formula (2-2), formula (2-21),
formula (2-22) and formula (2-23) are preferable, and the
pyrrolidinone compound (2) represented by formula (2-1) is

further more preferable.

11



1 R R2(2)R2(4) (Over-reduced forn) wherein R2 represents the sane neani ng
as descri bed above. Speci fic exanples of the al kyl group and

cycl oal kyl group represented by R4 are the sane as the al kyl groups having
1 to 10 carbon atons and cycl oal kyl groups having 4 to 10 carbon atons
descri bed above regarding the aliphatic hydrocarbon group represented by
R . The anpbunt of the reducing agent (3) used is, in the case

The feducing agent (3) used in the step A is preferably

a reducing agent represented by a formula,

(M%) , . H, A1~ [0 (CH,) ,OR*] .
wherein R* represents an alkyl group or a cycloalkyl group, and
n, M*, s and m each represent the same meanings as described
above,
and more preferably it is sodium bis (2-methoxyethoxy)aluminum
hydride.

When the pyrrolidinone compound (2) is reduced using a
reducing agent such as diisobutylaluminum hydride, the
reduction does not stop at the stage of the pyrrolidinol
compound (4), and an over-reduced form is much obtained as a
by-product. However, when the reducing agent (3) is used,

by-production of the over-reduced form is decreased.

R? éz R?
(Over-reduced form)

wherein R’ represents the same meaning as described above.

Specific examples of the alkyl group and cycloalkyl group
represented by R* are the same as the alkyl groups having 1 to
10 carbon atoms and cycloalkyl groups having 4 to 10 carbon atoms
described above regarding the aliphatic hydrocarbon group
represented by R'.

The amount of the reducing agent (3) used is, in the case

12



of the reducing agent (3) having one hydride in a nolecule [the reducing
agent (3) , wherein mis 3] , for exanple, 0.8 to 10 nol, preferably 1 to 6
nol, nore preferably 1.1 to 4 nol and further nore preferably 1.2 to 3 nol,
based on 1 nol of the pyrrolidinone conpound (2) . In the case of the
reduci ng agent (3) having two hydrides in a nolecule [the reducing agent
(3) , wherein mis 2] , the anmount of the reducing agent (3) used is, for
exanpl e, t

. I f I . . L, . f I .
- alnddq%‘irt?lﬁefe e SR %i%‘?“?% otff)es%xéi%a%é"éar %ﬁe%%%%aﬁ‘fﬂ%ﬁe‘r’ o
d Furth Fatatry 076 | rithe
Pl e, hy I d REBTHo| touBEHE Fodudd ngt TharErEsr - CaAGRnd Mors 1]

t he amount of the reducing_agent (3) used is, for example, 0,27 to 3.3 nol,
pr ef er aBELIEERP kb L2t A MOtor BOpRR G LT3R BY 37 1t 5°1¢ FNoPREnE ¥ tPeher nore
preferably 0.4 to 1 nol, based on 1 nol _of the pyrrolidinone conpound (2)
Here, itMQ%e BreéetpbeYilo 88 AMedsePFtd SipbfedsthFsyPYyFbaliteiBrnef t he
over-reduced form Exanpl es of the base used in the step A include
an al kylcomreund|(Roxi den (P gaseuat tidra redueingeadsnlli (hh BaNERPYdEWC sodi um
met hoxi de, |ithium ethoxide, lithiumnethoxide, and the |like) , an al kaline
eart h métedr ddoxinde (redlesiudm ndthisoxedacimggagsngm(adet hokedeinandishe |ike)
, an al kali metal hydroxide (lithium hydroxide, sodi um hydroxide, potassium
hydr oxi dd,, &t aheuhtkel theamesluclngnegeatt h3 heisgd hyedr drirdexdcplei um

hydr oxi de, magnesi um hydroxi de, and the like) , an alkali netal carbonate

( I'ithi umcadenate, spdfarabaybonst e;o otsaswilymmoaebpraterabig 0he | i ke)
an al kaline earth nmetal carbonate (cal cium carbonate, nagnesium carbonat e,
and the ddé keholanddapuaghee hevéeNgré FOrQ61 W0y & d nagemoat, ObEsed AVi ng one
or nore oxygen atons [N, Nl -di net hyl et hyl enedi am ne,

N, N, N, N',ob 1 pentrare tiph-datdiHanetdonpuies  (2)s( 21di epkhyhaai seethyl ) et her,
bi s(2- met hoxyet hyl )am ne, 1-(2-di net hyl am noet hyl) - 4- net hyl pi perazi ne,

bi s(2- morphol i npeldwid etdherlav Phgf enabd Ynjdelade AR &l kylearial I@Ilisox' de

and an am ne having two or nore hitrogen atons, and further preferably

i ncl ude lpé’é‘ﬂ"j?ﬁ?%?tt 199t el 3 S0P UM CtoxhiSun e otk URTELAGX g and

N, N -dinet nedi am ne . e anount of t ase used Is,

Co 05 et ol oFedle. BoF B Do 2y b R o R e ey 128 ep
! ude 50 AT ERar eyt sar Bn ekoree hebelne BacteRentiiafenn”

ahi o1 obHEEHE SR Er] cf bty 88, HRFSEnE™ BT EhalBoBRAT eutAYAPBEar bon
(di chl or onet hane,  di chl or oet hane, chloroform and. the like), an ether

(t et r ahy<PBRMRG, (B ox e e ditfetfo ety e et énd3iS dAT di net hyl
ether, methyl tert-butyl ether, diethyl ether, and the |like) and a m xture
t her eof . SYPPERRF 11D RY PEIRYFFE 2eBURE ofe PVer chRdrcedefABRol , et hanol ,
2-propanol, and the like) can be added to the aliphatic hydrocarbon,
aromati ¢ hydr demmresaed the Pare waddirbéheapbor. A Fetleldednsalfeht s

i nclude an aliphatic hydrocarbon and an ether, and nore preferably include
t ol uene, mefi@l llkoridg yedtasabanytert hentoxbde ahyddohur ahhoyidgane and

di met hoxyet hane. \Wen ether, particularly, a highly coordinating sol vent
such as sodethee thawiidg t Wbtbhiuncrhaxidgen latbonsm nstiheriddet mdyeher at i on
of the over-reduced formis suppressed. The anount of the solvent used is,
for exanpllee) 1 4 &lkd ik asaoth, mptel exabbdyide 5 (tallduhohdthoriide, and
nore preferably 2 to 10-fold anpbunt, based on the wei ght of the

pyrrol i dhi@nes Commtb{ide, and the like), an alkali metal hydroxide

(lithium hydroxide, sodium hydroxide, potassium hydroxide, and
the 1ike), an alkaline earth metal hydroxide (calcium hydroxide,

magnesium hydroxide, and the like), an alkali metal carbonate
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The reaction tenperature is, for exanple, -80 to 60C, preferably -40C to
40C, nore preferably -30C to 30C, and further nore preferably -20C to 20C
When the reaction tenperature is |ower, by-production of the over-reduced
formis suppressed. The reaction tinme can be appropriately sel ected by
confirmng the progress of reaction and the anount of by-product, and is,
for exanple, 30 mnutes to 40 hours, and preferably 1 hour to 10 hours.
5%% of .the reaction,of the st erreg t hat

After the c t A 1t r ef

the r eact SN BRakEa: A TETE KELB A P RE = B GAPR. e 28tlb] ect ed
to a subsequent  ste as.it is, but the reaction mxture can al sp be

Subj ect eTd THepocts ALERIA STht R B A e PR BS P O CORBORRAS( 4)

For exanple, the reacgtion m xture and, ter are mxed to hydrolyze the
reduci n %ﬁ%u%ﬁrkq%s?#th%e]pﬁ?m%t e @5 2RIFPHE I OFFRNYE 881 vent
separabl e fromwater, whereby an inorganic conponent in which the reducing
agent i SUPRRIrS} YERELR A PES dPSt R HLRBAORD PHeMakEeB¥EIFRYRFOMENd t he
pyrrolidinol conpound (4 ) can_be distributed to the organic |ayer. Wen

t he i nor Bar c- Eorpomekethigloredipnirged, the inorgani c conponent may be
removed by filtration operation. The water to be mxed with the
react i orN ¥ Lre" Y- PrNpame PRy ldeethylengbsiemdgaeous sol ution, or an

aci di ¢ aqueous solution. Preferably, an aqueous sol ution containing an

i nor ganilkeideded{mashyl amleoeshygb) ethen) kiskh2asebhozmy&bhyl henahehydr oxi de
(sodi um hydr oxi de, potassi um hydroxide, or the like) , an alkali netal

car bonat - (3odinet vyl doiradet hpb)! assnewhelip bpaateiner the |ike) , an al kal
nmet al bi carbonat e (sodi um hydrogen carbonate, potassium hydrogen carbonat e,
or the |bke)2 smarpledkbhoaehenyétheyd) oxtrdeefanypeshabudydanxatryical ci um
hydroxi de, or the like) or an al kaline earth metal carbonate (rmagnesium
car bonatige t £Bla0ikieRiCRS BOGALR, arind BEviiNgeLwbSodS®ske nitrogen Ardfdi tion,
when the reaction mxture is mxed with water or a basic agueous sol ution,

it may bend lfh&"&ﬁé_r@i‘@f’eiﬁéﬁt‘{@r&h%'d_%tﬁcﬂgaégﬁﬁﬁ\-te@@-’ﬁﬂt%ﬁci@e theaghsl ating
agent include sodiumgluconate, sodiumtartrate, potassiumsodiumtartrate,

et hyl enegdy gy Ned etdRAGRE inf‘et@ﬁix‘;lde%ﬁ&hﬁﬂﬁ“Q&Ehg%%?sﬂ#r%%ﬁ%g&ﬁm%' d, and

nitrilotriacetic acid. The chelating agent prefer es sodi um

gl uconat g, ERANAL O RS fﬂéééeeqﬁ@édci%,?%érg%?%\ﬁ%‘ieby orﬁo&;eg Wot Poguch a

chel ating agent. nples o _ e usin ~the aci (c_ _
and phosororrEasy F 4 1Y WA el R o Rt By 5 Rt acia
and Chelgling oo dpeds! prach B EH ALY L LSd, The amount used can
of "t he T educi HPSERE rhy b CRRE S (P GLrar B T ror BN B Component may

be renoved by filtration ogeration. , , ,
Examples of the solvent include an aliphatic hydrocarbon

(hexane, heptane, and the like), an aromatic hydrocarbon
(benzene, toluene, xylene, ethylbenzene, chlorobenzene,
dichlorobenzene, and the like), a halogenated hydrocarbon
(dichloromethane, dichloroethane, chloroform, and the like),
an ether (tetrahydrofuran, dioxane, dimethoxyethane,
diethylene glycol dimethyl ether, methyl tert-butyl ether,
diethyl ether, and the 1like) and a mixture thereof. Inaddition,

a small amount of an alcohol (methanol, ethanol, 2-propanol,

14



Exanpl es of the organic sol vent separable fromwater described above

i nclude an ali phatic hydrocarbon (hexane, heptane, cycl ohexane, and the

i ke) , an aromatic hydrocarbon (toluene, xylene, nonochl orobenzene,

di chl orobenzene, and the like) , an ether (nethyl tert-butyl ether and the

i ke) , a hal ogenated hydrocarbon (dichl oronethane, dichl oroethane,

chl orobutane, and the like) , a ketone (nethyl isobutyl ketone and the

| i ke) and an ester_ (ethyl acetate, butyl acetate, and the |ike)

The or gaffe FE?eFIBSQaFﬁdeSyaééﬁgr5P|éﬁen§915§aﬁaﬂtﬁyﬁnﬂﬂan99ﬁed to
washing with water, washing with a basic aqueous sol ution, or washing with

an aci di %ra‘ﬁﬁ’ééﬁsh%‘%lf QERBRON |anchddiet Loke Apsappbeprakave i ndmgderresal t my

be dissolved in water to be used for washing with water. Washing with

wat er, washvaptaiineldmana ldgihedus Bytlubrenbonasid ay ewihisr  aand aicdiec

aqueous solution or the like may be repeatedly carried out. The

or gani ¢ pagéergbhyaimehgde he lotstra ,nddepiuyienieds bptot ahmoetit, I 4t hes,

subj ected to condensation, distillation, recrystallization, colum

chr onat oge aphpyduoitfireat i dhoganthanti Bemevhekeby hthe .pywhehi dtnret, conpound

(4) can also be isolated and purified. In the recrystallization, an

i nor gani paatcidulaehyasahyilshhe ncadtdihaei ndyss Dgen: btk des phesphari c

acid, sulfuric acid, nitric acid or boric acid, or an organic acid such as

acetic akadingitwd orafbde OKAIdIC adCd,, HIB'[MI?S #hkogbfeft don of the
t ol uenesul fonic acid or trifluoronethane sulfonic acid is used, wher eby t he

pyrrol i dbiel - eesnedatdrd) i § ahpphe@ e . C0@h€Q§ﬁﬂuﬁ§o§@iﬁ§éQl@QHtbb%@ sal t.
Exanpl es of the pyrrolidinol conpound (4) include conpounds represented by

he foll f th
the fol | owi nghof ekaWpbae  (#b 5bof&ﬂa2a§a uI?'agt'4 ;%faeﬁhfdyesfﬁ%ga%% 0 e

conpounds represented by forml ae” (4- dition salts
thereof. amouké; 280§ 4ihd (pl}:e%‘%)rably 2 to 10-fold amount, based on the

weight of the pyrrolidinone compound (2).

The reaction temperature is, for example, -80 to 60°C,
preferably -40°C to 40°C, more preferably -30°C to 30°C, and
further more preferably -20°C to 20°C. When the reaction
temperature is lower, by-production of the over-reduced form
is suppressed. The reaction time canbe appropriately selected
by confirming the progress of reaction and the amount of
by-product, and is, for example, 30 minutes to 40 hours, and
preferably 1 hour to 10 hours.

After the completion of the reaction of the step A, it
is preferred that the reaction mixture containing the
pyrrolidinol compound (4) be subjected to a subsequent step B
as it is, but the reaction mixture can also be subjected to a
post-treatment to isolate the pyrrolidinol compound (4). For

example, the reaction mixture and water are mixed to hydrolyze
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[Step Bl NHNN R2 (4)R2 (5) wherein R2 represents the sanme neani ng as
descri bed above. Step Bis a step of reacting the pyrrolidino
conpound (4) obtained in the step A or the salt thereof with a cyanating
agent. A cyanopyrrolidine conmpound (5) or a salt thereof is produced by
carrying out the step B. In the case where the reaction m xture
obtained in the step Ais subjected to the step Bas it is, while the
reaction_jm xture obtained in the step Ais mxed with the cyanating agent,
it may bERFUFERETING AT 1 1 t%ﬁ,né%?%ﬁﬁ%YKNS%ﬂ?QQQﬁﬂuﬁY ARL1SY, 2Bn aci d
or an al cohol ,can be each m xed_and used, and further can be mxed with
the abover9RELiri BRUVEREl SEPATRRYENFraMdvased: wWherebyTRE WAPEF2RSCbe ni xed
with the reaction mxture nay be neutral water, a basic aqueous sol ution,
or an ac¢gmgogaggog§ g@ig@igge reducing agent is hydrolyzed can be

distributed to the aqueous layer, and the pyrrolidinol compound
(4) canbe distributed to the organic layer. When the inorganic
component is precipitated, the inorganic component may be
removed by filtration operation.

The water to be mixed with the reaction mixture may be
neutral water, a basic aqueous solution, or an acidic aqueous
solution. Preferably, an agqueous solution containing an
inorganic base (basic agqueous solution) such as an alkali metal
hydroxide (sodium hydroxide, potassium hydroxide, or the like),
an alkali metal carbonate (sodium carbonate, potassium
carbonate, or the like), an alkali metal bicarbonate (sodium
hydfogencarbonate,potassiumhydrogencarbonate,orthelike),
an alkaline earth hydroxide (magnesium hydroxide, calcium
hydroxide, or the like) or an alkaline earth metal carbonate
(magnesium carbonate, calcium carbonate, or the like) is used.

In addition, when the reaction mixture is mixed with water
or a basic aqueous solution, it may be further mixed with a
chelating agent. Examples of the chelating agent include
sodium gluconate, sodium tartrate, potassium sodium tartrate,
ethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid, andnitrilotriacetic acid.

The chelating agent preferably includes sodium gluconate.
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As the basic aqueous solution, for exanple, an aqueous sol ution containing
an i norgani c base such as an al kali netal hydroxide (sodi um hydroxide,

pot assi um hydroxi de, or the like) , an alkali metal carbonate (sodium
carbonat e, potassium carbonate, or the like) , an alkali metal bicarbonate
(sodi um hydrogen carbonate, potassi um hydrogen carbonate, or the like) , an
al kaline earth netal hydroxi de (nmagnesi um hydroxi de, cal ci um hydroxi de, or
the Iike) or an.alka%kne.earth netgl Carbonaée gnagnesiunxcarbonate,
cal ci um CERHOAATRT of TtHESTFKef2 R sPhstgProved byygdxipgeWiERdSRRgfeous
solution_js used, exanples of the acid include an inorganic acid

(hydr ochfB3F1252F I¥RHr obroni ¢ acid, sul furic acid, phosphoric acid, and
the like) and an orPanic acid (acetic acid, citric acid, p-toluenesulfonic
acid, and the FrEyIes sl pherafadl yheRcrsRIhfReoRRLSEFcageraugnd acetic

aci d. _Exanpl es of the al cohol for mxing include nmethanol, ethanol
1- pr opan¥Plupiond@sdigie hydsagansihlard d& - hedhpgendbrowighaneil fuand
preferably include nethanol. The amount of each of the water

al cohol ,2a&d crRGdPlPePeThg agedt used is not particularly limted.
Exanpl es of the cyanating agent include a netal cyanide (alkali netal

cyani des such Eze sodiumh of aancle cdntheotassi ubespanaded aldkahienatdéagt h net al
cyani des such as cal ci um cyani de and magnesi um cyani de, and the |ike) and
hydr ogeragsmani used aiel rprte frerathl gu lianclw del nsictidim aaniateuandupetasgahum

cyani de. These cyanating agents may be used in the state of a solution

di ssol veloe iam wateemtorregruiateghricr sdlseentringhehamust-gahithgusy¥anatieng agent
used includes 0.8 to 30 nol, preferably 1 to 5 nol, and nore preferably 1.2

to 3 nolgehasete®Bylhy@toDfsibet FrORIdUainpaBEAL , r bRy bRbLEkNO!
conpound (4) in the
required for hydrolysis of the reducing agent may be used and
the generated inorganic component may be removed by filtration
operation.

Examples of the organic solvent separable from water
described above include an aliphatic hydrocarbon (hexane,
heptane, cyclohexane, and the like), an aromatic hydrocarbon
(toluene, xylene, monochlorobenzene, dichlorobenzene, and the
like), an ether (methyl tert-butyl ether and the like), a
halogenated hydrocarbon (dichloromethane, dichloroethane,
chlorobutane, and the like), a ketone (methyl isobutyl ketone
and the like) and an ester (ethyl acetate, butyl acetate, and
the like).

The organic layer obtained by separation may be further
subjected to washing with water, washing with a basic aqueéus

solution, or washing with an acidic aqueous solution. In

addition, an appropriate inorganic salt may be dissolved in
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reaction m xture obtained in the step A. The anobunt of the pyrrolidinol
conpound (4) in the reaction m xture obtained in the step A can be

determ ned by an appropriate anal ysis neans to set the anount of the
cyanating agent used. It is also preferred to add an aci d. Exanples
of the acid to be added include an inorganic acid (hydrochloric acid,

hydr obrom ¢ acid, sulfuric acid, phosphoric acid, and the |like) and an
organi c id ( ti i cijtric_acid. ., p-toluenesulf.onic.acid_,and the
like) , ‘Ea?%‘?%rii?’ye %ﬁ%%uggrahgﬁ%a i W5 CGhy ﬁ”?narséllﬁ’rgef”éw%i‘bwtfaﬁcl ude
acetic acid.. The unt _of. the acid used is 0.01 tp 30 mgl, preferably 0.1
o 10" mof e SR e o brdishRgugohs, 8550ren. hatetleg Wiy prbpciAas

t heoretical amount_of the pyrrolidinol conpound (4) . . The sol vent
used in T?H@%?%psﬁg%ﬁhoﬁeogsEﬁea%lk? 13y BRJTERE2LROUNt CBEEdSFnCtke step A
is also preferably used, The reaction tenperature is, for exanple, -80C to
100C, pref er abt§ EIREID RIET SARLRIENT &her @bt ined: BYSEolTRdnedact i on
time can be appropriately selected by confirmng the progress of reaction
and t he GPPREENGT (bY- pFoBukicchad t9, copdergaipbr, dbdshihlessone 40 hours,
and preferably 1 hour to 20 hours. After the conpletion of the

react i ont®FTY e byt £aF i @nnofobomp stnPrabogiaphy rmhfdratian sgethe a
reaction m xture containing a cyanopyrrolidine conmpound (5) is obtained.
Thi s r eakikonviexebyet bapyreoddbjieciletomooenddgt) -¢caral serite deodadiedg to an
ordi nary met hod. For exanpl e, as necessary, water, or water and an
or gani ¢ znd penti fiedar abheHa parvpsealal eaaddead, arantdorbanticxd dir® siugh
separ at ed, whereby an excess cyanating agent can be distributed to the
aqueous asyeydréogemddhlonide | hieydyagepybrohi denepnosprundc(5rigan be
distributed to the organic | ayer. Furthernore, when the pH during

post - t r e@h TR 1 ¢ Sacd KAldNerid hes Ly aatddig agenta, theanedwghndcagent, and

t he i norgani c conmponents formed by hydrol ysis thereof can " be efficiently
di stributeeh e hbetagueous, laveric abddl toks1 10U R ehethgfetlatonatt er

m xing the reaction m xture and water during the post-treatnent, the

m xture he;ade aldelditts dyi @Al g A R3S 1LRGIGIEhe @u@%%h“ica%?rgus
solution be used as water to be mxed with the reaction m xture. e range

0 L1 0 S Il e R AR T P, 1

to 14, and pre era 8S of the base

;figlznégﬁgéggﬁﬁtég Hegé.&ngégggigg %€g£ganic base, for exanple, an

ox1 de such as sodi um roxi de and potassi um hydroxi de, an
al kali et al [ te such as sodi carbonate an t assi car bonat e,
and an al kal i C%eat%%Eeblgc%gb%n%t%ygﬂ%#{%ﬁnggd?%rﬂ?ﬂ%&og‘g% %:Ié?g‘g]ﬂ%te and
potassiun1q¥dro en carbonat%; ' ,
compounds represented by the following formulae (4-1) to (4-28),

optically active substances of the compounds represented by

formulae (4-1) to (4-28), and acid addition salts thereof.
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Exanpl es of the organic sol vent separable fromwater described above

i nclude an ali phatic hydrocarbon (hexane, heptane, cycl ohexane, and the

| i ke), an aromatic hydrocarbon (toluene, xylene, nonochl orobenzene,

di chl orobenzene, and the like), an ether (methyl tert-butyl ether and the
i ke), a hal ogenat ed hydrocarbon (dichl oronethane, dichl oroethane,

-chl orobutane, and the like), a ketone (nethyl isobutyl ketone and the |ike)
and an ester hyl ac e, buty et at e, d the likel The
obt ai ned orgafakc | ayer be further subje d to washixg with water,
washi ng wi th{a Yasi ¢ aquepus solutidn or an/ agi di c aqugous sol ution, or the
like. In addi i o®H an appr épti at e Nhorgani ¢ wal©H may bendi ol ved i n wat er

to be used~f{of washing wiih water,’Washi pg W th wate washing with a basic
aqueous s ion or @ acidic eous s( ion or t i ke may be
repeat edl y~Carri ed out. £ post -t re@t ment may € carried out using

sodi um hypoctd-brite or (&drogen pé&rdxi de t o (4érconpose (48 cyanati ng agent.

The organic | ayer containing the obtained cyanopyrrolidine conpound (5) is
al so subjected to condeng@tion, distip{lation,xrecrystalXization, columm
chr omat ogr aphy\purificatiop or the IfKe, whe y the ¢ opyrrolidine

Jated a H fisg~bn the stallization

kogen chloride, hydrogen bjom de, phosphoric
' d bori q 2 d, o ganic acid such as
hanesul.fenie acid,

cyanopyrrol i gilge conpoungl7{5) can 4.gp be CTedbpected a§4@@)a0id addi tion

salt. Exanpl es of the cyanopyrrolidine conpound ('5) include
conpounds re sented by e foll owng fornmubaé (5-1) (5-28) , optically
active subst es of thefepnpound epr esent by foriégfe (5-1) to (5-28)
and aci d addwt.i BHsaIts $@f. .. when ticallyactive (1R 55)

i somer i ed axfhe pyrytolidinon céﬁbound 2) Rn th p?@sent steps A and
B, an op ] i , 25, f somer t ai S the

cyanopyr re e~¢0 (5) the a hand, n an optically active

(15,5R) isomgr ti s used asPthe pyrrolidfnone compound (™¥2in the present
steps A and B, an optically actFfVe (15, 2R 5R) isoner is obtained as the
cyanopyrrol i@dildg conpoudd2f5) . @FHE) st eredi-Boneri sm.4sl5l so nmai ntained in
the following steps C and D. A conpound derived fromthe optically active
(1R, 2S,5S) isoner of the cyanopyrrolidine conpound (5) herein referred,
specifically,. the conmpound_represented by the following formula (Ib), is a
particul arly ugeful conpound as an internepjate conmpound<of a nedicinal or

agrochem cal nt .
N H N~ OH N OH | N H
ON’ _ O5N NO»
NO, NO,
4-16) @-17) 4-18) (4-19)

OMe
(4-20) (4-21) OMe (4-22)
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wherein R represents the sanme neani ng as descri bed above. [ Step C]

MeO MeQ OMe

wherein R? represents the same meaning as described above.

Step B is a step of reacting the pyrrolidinol compound
(4) obtained in the step A or the salt thereof with a cyanating
agent. A cyanopyrrolidine compound (5) or a salt thereof is
produced by carrying out the step B.

In the case where the reaction mixture obtained in the
step A is subjected to the step B as it is, while the reaction
mixture obtained in the step A is mixed with the cyanating agent,
it may be further mixed with water, an acid or an alcohol. Water,

an acid or an alcohol can be each mixed and used, and further
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can be mixed with the above-described chelating agent and used.

The water to be mixed with the reaction mixture may be
neutral water, a basic aqueous solution, or an acidic aqueous
solution.

As the basic agueocus solution, for example, an aqueous
solution containing an inorganic base such as an alkali metal
hydroxide(sodhxnhydroxide,potassiumhydroxide,orthelike),
an alkali metal carbonate (sodium carbonate, potassium
carbonate, or the like), an alkali metal bicarbonate (sodium
hydrogen carbonate, potassium hydrogen carbonate, or the l1ike),
analkalineearthn@talhydroxide(magnesiuﬁhydroxide,calcium_
hydroxide, br the like) or an alkaline earth metal carbonate
(magnesium carbonate, calcium carbonate, or the like) is used.

When the acidic aqueous solution is used, examples of the
acid include an inorganic acid (hydrochloric acid, hydrobromic
acid, sulfuric acid, phosphoric acid, and the like) and an
organic acid (acetic acid, citricacid, p-toluenesulfonic acid,
and the like), and preferably include hydrochloric acid and
acetic acid.

Examples of the alcohol for mixing include methanol,
ethanol, 1l-propanocl, 2-propanol, l-butanocl and
2-methyl-2-propanol, and preferably include methanol.

The amount of each of the water, alcohol, acid and
chelating agent used is not particularly limited.

Examples of the cyanating agent include a metal cyanide
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1 R (5 R 0 (6)

(alkali metal cyanides such as sodium cyanide and potassium
cyanide, alkaline earth metal cyanides such as calcium cyanide
and magnesium cyanide, and the like) and hydrogen cyanide, and
preferably include sodium cyanide and potassium cyanide.
These cyanating agents may be used in the state of a solution
dissolved in water or an ofganic solvent. The amount of the
cyanating agent used includes 0.8 to 30 mol, preferably 1 to
5 mol, and more preferably 1.2 to 3 mol, based on 1 mol of the
theoretical amount of the pyrrolidinol compound (4) in the
reaction mixture obtained in the step A. The amount of the
pyrrolidinol compound (4) in the reaction mixture obtained in
the step A can be determined by an appropriate analysis means
to set the amount of the cyanating agent used.

It is also preferred to add an acid. Examples of the acid
to be added include an inorganic acid (hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, and the like)
and an organic acid (acetic acid, citric acid,
p—toluenesulfohic acid, and the like), preferably include an
organic acid, and more preferably include acetic acid. The
amount of the acid used is 0.01 to 30 mol, preferably 0.1 to
10 mol, and more preferably 0.2 to 5 mol, based on 1 mol of the
theoretical amount of the pyrrolidinol compound (4).

The solvent used in the step A can be used as it is, and
the amount used in the step A is also preferably used.

The reaction temperature is, for example, -80°C to 100°C,
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wherein R1 and R2 represent the same neani ngs as descri bed above.

Step Cis a step of hydrol yzing or al coholyzing the cyanopyrrolidine
conpound (5) obtained in the step B or the salt thereof. A protected
proline conmpound (6) or a salt thereof is produced by carrying out the step
C. For the hydrolysis or alcoholysis in the step C, a conpound represented
by a formula, R- 0O Hwherein Rl represents the sane neani ng as descri bed

above, is used. o Tge ed amount of the conpound. represented by
For ml a TR RLY (G0 Sxhipt 0. 1 0l P e 6 20BaToR G To15 of 1 he
cyanopyrrol i di ne conpound §5 ._The. u r limt %#lreof i.s_not ljmted, and
Che. CONPETRE 15th SAeh CHE S AR Y 4 HELh ST ST FenEonFERaogd Rhount of
t he conpound re resented,bﬁ fo | a R1- OH ig}grefergbly 1.5 to 5? nol based
on 1 nolPTHITRS QFanbp§F 6P A RO APGIRE £5)PY -Product rignd dget +8h of the
cyanopyrrolidine conpound (5) with the conpound represented by fornula
R3- - OH i9KaMRLet 6P OImiteo e fdnpIodr oaPfifeBT6GETRR1¥hé PPEZehPe2Bf an
aci d. Exanpl es of the acid thereof include hydrogen chlori de,
hydr ogem®#%%i de, sulfuric acid, acetic acid, nethanesul fonic acid and
tol uenesul fonic acid, and preferably include hydrogen chloride. The anount
of the acid udfites theoeompiapien ah theouatcsbontnk thigeprvnedadineion in
the reaction mxture is 1 to 60% by wei ght, and preferably an anount so
that theowoendr ) onitin the ceawatong nhgent e & sr@dct boB5%E biyunei ght .
During the reaction, the acid may be appropriately added to naintain the
concent ratntomimesg ra bgdnapygreolidine compound (5) is obtained. This
reaction mixture can be subjected to a post-treatment according
to an ordinary method.

For example, as necessary, water, or water and an organic
solvent separable from water are added, and the mixture is
separated, whereby an excess cyanating agent can be distributed
to the aqueous layer. In addition, the cyanopyrrolidine
compound (5) can be distributed to the organic layer.

Furthermore, when the pH during post-treatment is alkaline, the
cyanating agent, the reducing agent, and the inorganic
components formed by hydrolysis thereof can be efficiently
distributed to the aqueous layer, and it is thus preferred that,
after mixing the reaction mixture and water during the
post-treatment, the mixture be made alkaline by adding a base
thereto, or a basic aqueous solution be used as water to be mixed
with the reaction mixture. The range of the pH in the

post-treatment operation is, for example, the range of 8 to 14,

and preferably the range of 11 to 13.
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The reaction in the step Cis also preferably carried out in a solvent.
Exanpl es of the solvent include an aliphatic hydrocarbon (hexane, heptane,
and the like), an aromati c hydrocarbon (benzene, toluene, xylene,

et hyl benzene, chl orobenzene, dichl orobenzene, and the |ike), a hal ogenated
hydr ocar bon (di chl or omet hane, di chl oroet hane, chloroform and the |ike)
an et her (tetrahydrofuran, dioxane, dinethoxyethane, diethylene glycol
di met hyl ether_ _nmethyl tert-butyl ether, diethyl ether, and the.like), an
al cohol (net ha%?‘?pg%%é’r?glt?’%gﬁ%Sp%ﬁ% ,l%ShTGt RESK &P s £ BF LEEEhy |
acetate, propyl acetate, apd the like) and i, xture thereof. The anount of
the sol VERCTTGERIE BRSE  oxafpAmRI G0 2P0BLRBH ¢ Mictth (Y HesrEeBRS L 1 1 o
20-fol d anount, and nore preferably 1.5 to 10-fold anmount, based on the

vei ght o3 t$RATYRMHAEPOIGRiIFE RFFamign fydroxide, PRe aléaddi BREAL
tenperature is, for exanple, -80C to 100C, and preferably -40C to 65C. The
react i orcR¥penz e spehapp sestiivm epyborp e taal Botesat LmaPaAnatgr 8gfess of
reaction and the anount of by-product, and is, for exanple, 30 mnutes to
40 hour san ankapriefmetaldl pitakbonate g0chcs sodium hydHegepr oaebpadtprol i ne
conpound (6) can be collected by, as necessary, adding an organi c sol vent
separ abl and r pptaes eum t iydhegeracarbanat &t ur e obt ai ned by the reaction of
the cyanopyrrolidine conpound (5) with the conpound represented by formula
R3--0OH to di stExdmbled hef priod ect@anpe osdheesonpepadabbe £oohheabegani c

| ayer. Exanpl es of the organic solvent separable fromwater include
an al i pha¢ser hyeld oglasbonifdexdaean hepiphetieynlyabhexanbonantdekhael i ke) , an
aromati ¢ hydrocarbon (tol uene, xylene, nonochl orobenzene, dichl orobenzene,
and the hékedne, adyEldesxd e} d teeid -1ake)l, ehakoaad ithaylirkehrboa

hal ogenat ed hydr ocar bon (dichl oronet hane, dichl oroethane, chl orobutane, and
the |ike)tol8eke! oA B R¥hobbIBYbYEnkehanes pad bR6bbhkehe anthRnester
(ethyl acetate, butyl acetate, and the like) . The obt ai ned organic

layer may;pe) fushhernsHbiREL K1 t e RSBILEY1 Wet HePab AR tl’i@_SI‘_EELRQ?W th a basic
aqueous solution or an acidic aqueous solfution, or the like. |In addition,

an appr i i ! i Ln ed for
B e N e e 3 e
sol ution i dic S Lyti e 1l rep dLy
carried %ﬁiéggbggégé’fﬁgyggéh%?%eway%pkégﬁé%h&#%%ﬁ%4n§éggﬁgﬁﬁe§g%§8?ected
proline co und .(6), LS ;subjected to .condensat.ion, distillatiaon,
recryst aﬁmlqg%el glr%,keéof-’lﬁl r?nagh?%%‘rﬁfog?takﬁﬁg ap%erﬁ‘%t?%’aﬁ‘%ﬁ%o Fcte%f?tlei’ kgfld\/\her eby
the protecte .Froline conpound (6) can also be isolated and purified. In
the recrystatt §5tion, an inorganic acid such as hydrogen chlori de,
hydr ogen brom e,(ﬁposphoric acid, sulfuric acid, nitric acid or boric
acid, or an or'&’ﬁli LIS QRIPHS J0ST MY P EMEERETasiR] e6%&M ECaci d,
met hanesul foni ¢ acid, toluenesulfonic acid or trifluoromethane sulfonic
aci d i s YREHLIDGHE} EbyWatRE pritEeing Wil ith £3EdFh AMMEAS) Seantirsooke
collected as an acid addition salt.

an acidic agqueous solution, or the like. In addition, an

appropriate inorganic salt may be dissolved in water to be used
for washing with water. Washing with water, washing with a
basic aqueous solution or an acidic agqueous solution or the like
may be repeatedly carried out.

A post-treatment may be carried out using sodium
hypochlorite or hydrogen peroxide to decompose the cyanating

agent.
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The step C can also be carried out through an im date conpound represented
by formula (7) (imdate conpound (7)), R(7) R2 NH wherein RL and R2 each
represent the same meani ngs as descri bed above, or a tautoner thereof.

That is, inthe step C, the imdate conmpound (7) is obtained fromthe
cyanopyrrolidi ne conpound (5), and the protected proline conpound (6) can
al so be produced fronlthe obt ai ned i m date conpound (7). An acid is
allowed to act,on t.he c» roline conpound there y obtaining, as the

i ni date compountt (CHIXAR a e O r?%p'flé ?}P‘éﬁllﬁ? formula (7a) (anide

conmpound }ga aggyrrc?flélsngcto?n%to%n ' L_‘E)h?_gec%lfso subjected to condensation,
distillation, recrystallization, column chromatography
purification or the like, whereby the cyanopyrrolidine compound
(5) canalsobe isolatedandpurified. Inthe recrystallization,
an inorganic acid such as hydrogen chloride, hydrogen bromide,
phosphoric acid, sulfuric acid, nitric acid or boric acid, or
an organic acid such as acetic acid, citric acid, oxalic acid,
methanesulfonic acid, toluenesulfonic acid or
trifluoromethane sulfonic acid is used, whereby the
cyanopyrrolidine compound (5) can also be collected as an acid
addition salt.

Examples of the cyanopyrrolidine compound (5) include
compounds represented by the following formulae (5-1) to (5-28),
optically active substances of the compounds represented by
formulae (5-1) to (5-28) and acid addition salts thereof. Here,
when an optically active (1R,5S) isomer is_used as the
pyrrolidinone compound (2) in the present steps A and B, an
optically active (1R, 2S,5S) isomer is obtained as the
cyanopyrrolidine compound (5). On the other hand, when an
optically active (1S,5R) isomer is used as the pyrrolidinone
compound (2) in the present steps A and B, an optically active
(1S,2R,5R) isomer is obtained as the cyanopyrrolidine compound
(5). The stereoisomerism is also maintained in the following

steps C and D. A compound derived from the optically active
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wherein R2 represents the sanme neani ng as descri bed above, or a salt

t hereof, and the obtained am de conpound (7a) is reacted with a conpound
represented by a formula, R1 - 0 Hwherein Rl represents the sane meani ng
as descri bed above, thereby producing a protected proline conpound (6) or a
salt thereof. Exanpl es of the acid include hydrogen chloride
(hydrogen chl oride gas, hydrochloric acid), hydrogen brom de (hydrogen

brom de )Y br om c_aci , Sulfuric aci.d, phosphoric acid, citric

aci d and ’e%?tgégijds,o%% O%r g%‘%r%??oﬁ)}ﬁﬁﬁgédwﬁr Od%ﬁﬁowﬁ o(rSSdié‘eﬁﬁénand
hydrochloric acid. Alsp,.an fcid chl oride and an al cohol. can be conbi ned
and used FHTTIRR atPRCiiically g thS| GSMBPURAeTSRFASERFEHI B¥ FREI ude acetyl
chl oride_and oxalyl chloride, and preferably include acetyl chloride.

The amoubR1bPWiRe ERFHHF &Rl diff 6 PR iR aLy rsefelafprecund 8s30 nol ,
and preferably 3 to 20 nol, based on 1 nol of the theoretical anount of the
cyanopr o}t détEsmsslimt g spmpound of arpedieidspilopr iggndsdestignlcagrat -
undergoeg the imdate compound (7) is also preferably carried out in a

sol vent. Rfanples of the solvent include an aliphatic hydrocarbon (hexane,

hept ane, the like), an aromatic hydrocarbon (benzene, toluene, xylene,
et hyl bengen chbrrobgngene, dichl orobenzene, and the like), a hal ogenated
hydr ocar bddi (dfchl or onet hane, di chl oroet hane, chloroform and the |ike),

an ether (Hetrhydrofuran, dioxane, dinethoxyethane, diethylene glycol

di ret hyl ether, nmethyl tert-butyl ether, diethyl ether, and the like) , an
al cohol WhetdbmoR® medgrament2-topams mentitdend idecriledd espere (et hyl
acetate, propyl acetate, and the like) , water, and a m xture thereof. The
anount of the solvent used s, for exapple, 1 to 100-fold anount,
preferably 1.IKto 20-fol angKnore prefgfably 1.5 tox10-fold
anount, base the wei opyr r ol if/di\ne conpoun 5)

(5-11) (5-12) (5-13) (5-14) (5-15)



The reaction tenperature is, for exanple, -30C to 50C, preferably -10Cto
30C, and nore preferably 0C to 30C The reaction tinme can be
appropriately selected by confirmng the progress of reaction and the
anount of by-product, and is, for exanple, 30 mnutes to 40 hours, and
preferably 1 hour to 10 hours. The protected proline conpound (6)
may be produced in the course of the reaction, but can be converted to the

am de conpourd £7a) by a priately s | ecting the tion tine.

After the conphetion of t reaction, obt ai ned r ction mxture may be

subjected to oost treatmept to |sola e the am de ound (7a) , and when
as a s the ob reacti ure may be

water i s not :
reacted with tlhe conpound'repre ted by formil a R3- CH her eby produci ng
t he prot prollﬁjlférgound 55? Whén the o ed reaction m xture may
be subje to a po eatnment, f -xanple gcessary, an organic
sol vent separabl e®MNomwater is mxed with thd reactNOn nmixture, and the

am de conpd@nd (7a) is distributed tHNOthe organic |ayer, whereby the am de
conpound (7@ 1&an be cOl-lécted. In adsligion, as peegssary, the nmixture
during post-tre nt is nmade al kal i ne, wherefQy t he am de conpound (7a) can
al so be efficien di stributed tohe organi ¢\l ayer. Exanpl es of

t he organi c sol vent separable fro n:ter i ncl an aliphatic hydrocarbon
(hexane, heptane,N' ghohexane, and i ke),~Ngm~gpomatic hydrocarbon

(tol uene, xylene nonochl or obenzene enzene, and the like), an

et her (et hy S a hal ogenat ed hydrocar bon

(di chl or onethhane, plor oet h chlorob and the like), a ketone
(met hyl Pshbutyl ketone S i b ester (ethyl acetate, butyl
acetate, and tHé-A0)ke). The:-amanl c OMey €5-2abt ai ned by separation may
be further subjected to washing th water, washi with a basic agqueous
solution or an acifc aqueous sol guion, or the Ii In addition, an

[ [ 1ANi ssolved in to be used for washi ng
w th water. Washi wat er, &g W th a basj<>agueous solution or an

aci di ¢ aqueous solﬂtlon ﬂ*%ﬁhe li ke may be repeateflly carried out.
The organic | cont ai obt ai ned am gonmpound (7a) is subjected

to condensat i dlstlllatlo crystalllzatP col umm chr omat ogr aphy
purificat M8®R or the | i ke, wher&by the amiMeCcompouPMe (7a) can al so be
i sol ated and 35 OMe(D74) (5-25)

Z& A, Z&
BoacWleos

(5-26) (5-27)
[Step CI]
@f

. 1 2 . .
wherein R and R® represent the same meanings as described above.
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purified. In the recrystallization, an inorganic acid such as hydrogen

chl ori de, hydrogen brom de, phosphoric acid, sulfuric acid, nitric acid or
boric acid, or an organic acid such as acetic acid, citric acid, oxalic
acid, nethanesul fonic acid, toluenesulfonic acid or trifluoronethane
sulfonic acid is used, whereby the am de conpound (7a) can al so be obtai ned
as an acid addition salt. Exanpl es of the am de conpound (7a)

i ncl ud d resented by the. follow ng formilae (7a-1) to (7a-28) ,
aci o add 11 on SR O ConBOTRALE | REUT SV O B YL TRE o170 SRS (7ac 1) 1o

- n ' I vV n t her eof.. K\ NcQNH2 N CONH,
(7a-28) c’:ygngpyg ]Ecl)flaéllLXe %%tmpo%nsdu?Ss)t %b%%sfmed :an the step B or t%e salt

thereof. A protected proline compound (6) or a salt thereof

is produced by carrying out the step C. For the hydrolysis or

alcoholysis in the step C, a compound represented by a formula,
R'—OH

wherein R' represents the same meaning as described above,

is used.

The used amount of the compound represented by formula
R'-OH is, for example, 1 mol or more based on 1 mol of the

- cyanopyrrolidine compound (5). The upper limit thereof is not
limited, and the compound can also be excessively used as a
solvent. The used amount of the compound represented by formula
R'-OH is preferably 1.5 to 50 mol based on 1 mol of the
cyanopyrrolidine compound (5).

The reaction of the cyanopyrrolidine compound (5) with
the compound represented by formula R'-OH in the step C is, for
example, carried out in the presence of an acid.

Examples of the acid thereof include hydrogen chloride,
hydrogen bromide, sulfuric acid, acetic acid, methanesulfonic
acid and toluenesulfonic acid, and preferably include hydrogen
chloride. The amount of the acidused is, for example, an amount
so that the concentration in the reaction mixture is 1 to 60%
by weight, and preferably an amount so that the concentration

in the reaction mixture is 20 to 55% by weight. During the
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MeO | MeO (7a-23) N CONK, Me01010Me (7a-26)  MeOOMe 7&24) ( 7a- 25)

reaction, the acid may be appropriately added to maintain the
concentration described above.

The reaction in the step C is also preferably carried out
in a solvent. Examples of the solvent include an aliphatic
hydrocarbon (hexane, heptane, and the like), an aromatic
hydrocarbon (benzene, toluene, xylene, ethylbenzene,
chlorobenzene, dichlorobenzene, and the like), a halogenated
hydrocarbon (dichloromethane, dichloroethane, chloroform, and
the like), an ether (tetrahydrofuran, dioxane, dimethoxyethane,
diethylene glycol dimethyl ether, methyl tert-butyl ether,
diethyl ether, and the like), an alcohol (methanol, ethanol,
2-propanol, and the like), an ester (ethyl acetate, propyl
acetate, and the like) and a mixture thereof. The amount of
the solvent used is, for example, 1 to 100-fold amount,
preferably 1.1 to 20-fold amount, and more preferably 1.5 to
10-fold amount, based on the weight of the cyanopyrrolidine
compound (5) .

The reaction temperature is, for example, -80°C to 100°C,

and preferably -40°C to 65°C. The reaction time can be

appropriately selected by confirming the progress.of reaction
and the amount of by-product, and is, for example, 30 minutes
to 40 hours, and preferably 1 hour to 20 hours.

The protected proline compound (6) can be collected by,
as necessary, adding an organic solvent separable from water

to the reaction mixture obtained by the reaction of the
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?2.CONHrsirON (7a-28) A protected proline conpound (6) or a salt
thereof is obtained by a reaction of the am de conpound (7a) wth the
conmpound represented by fornula R-CH in the presence of at |east one
selected fromthe group consisting of acids and acid chlorides.

The used anobunt of the conpound represented by fornula R3--CH is, for
exanple, 1 nol or nore based on 1 nol of the am de conpound (7a) . The
upper limt thereof.is not limte and .t he conpound. can al so b sed as a
abFvent SYARSTICEHS LAY COMREREC bih U ¢ Bpr ORI GE BB SERNE I OL | <
preferably 1 to 50 nol and nore preferablg 1 to 10 nol, based aon, 61 nol of
the anmi dTHPRDEACETEY d1stributeri AR PERteFteRP LR dS FOMBPETRY 4P bgen

chl oride, hydrogen brom de, sulfuric acid, phosphoric acid and

net hanestf ot CEIFRLC a}RY ¥ ef er abl y i ncl ude net hanesul foni ¢ aci d and

sul furic acid. The amount of the acid used is, for exanple, 1 to 20
mol and pref erBAnpBg i Che|ordrved mlvenp| separaiel et den coapeand (7a)
Exanpl es of the acid chloride include acetyl chloride, thionyl chloride,
sul f ur ylinhlwie de, abipsphoe hydrocerborn (lrexphes Heprtenepenyatbhexade, and

oxal yl chloride, and preferably include thionyl chloride.
and the like), an aromatic hydrocarbon (toluene, xylene,

monochlorobenzene, dichlorobenzene, and the like), an ether
(methyl tert-butyl ether and the like), a halogenated
hydrocarbon (dichloromethane, dichloroethane, chlorobutane,
and the like), a ketone (methyl isobutyl ketone and the like)
and an ester (ethyl acetate, butyl acetate, and the like).

The obtained organic layer may be further subjected to
washing with water, washing with a basic aqueous solution or
an acidic aqueous solution, or the like. 1In addition, an
appropriate inorganic salt may be dissolved in water to be used
for washing with water. Washing with water, washing with a
basic agueous solution or an acidic aqueous solution or the like
may be repeatedly carried out.

The organic layer containing the obtained protected
proline compound (6) is subjected to condensation, distillation,
recrystallization, column chromatography purification or the
like, whereby the protected proline compound (6) can also be
isolated and purified. 1In the recrystallization, an inorganic
acid such as hydrogen chloride, hydrogen bromide, phosphoric

acid, sulfuric acid, nitric acid or boric acid, or an organic
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The amount of the acid chloride used is 1 to 20 nol and preferably 1 to 3
nol, based on 1 nol of the am de conpound (7a) . The reaction tenperature
is, for exanple, 0C to 100C, preferably 40C to 80C, and nore preferably 60C
to 70C. The reaction tinme can be appropriately selected by confirm ng the
progress of reaction and the anmount of by-product, and is, for exanple, 30
m nutes to 40 hours, and preferably 1 hour to 20 hours. The
reaction mxture containing the protected proline conpound (6) obtained by
the reactfFif %?C?h%saﬂ?ﬂ%lgoﬂﬁbﬁndc%?E}CmPFﬁdth@xééﬁﬁoaﬁadvepresented by
formul a R1-OH may_be subjected to a post-treatnent. For exanple, as
necessarPetRANSFBAAPRISoRGERAt SepurEBFBLEPBAFWAEEE PE mixed with the
reaction m xture, and the protected proline conpound (6) is distributed to
t he or gakrtflugeenehhere ulimnir st a8 profi rheonpo i pepteatiebe
collected. In addition, as necessary, the m xture during post-treatnment is
made al ketrdhene wherehynd Hé ) prahezl ed i cbiliectedpaanh (8)idcaddaksonbe
efficiently distributed to the organic |ayer.
salt.
The step C can also be carried out through an imidate

compound represented by formula (7) (imidate compound (7)),

N R" (7)

R? NH
wherein R’ and R® each represent the same meanings as described
above,
or a tautomer thereof.

That is, in the step C, the imidate compound (7) is
obtained from the cyanopyrrolidine compound (5), and the
protected proline compound (6) can also be produced from the
obtained imidate compound (7).

An acid is allowed to act on the cyanoproline compound
(5), thereby obtaining, as the imidate compound (7), an amide
compound represented by formula (7a) (amide compound (7a)) that

is a tautomer thereof,

NH,
I (7a)
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Exanpl es of the organic solvent separable fromwater include an aliphatic
hydr ocar bon (hexane, heptane, cycl ohexane, and the like) , an aromatic

hydr ocar bon (tol uene, xylene, nonochl orobenzene, dichl orobenzene, and the
like) , an ether (nmethyl tert-butyl ether and the like) , a hal ogenated
hydr ocar bon (di chl oronet hane, dichl oroet hane, chl orobutane, and the |ike) ,
a ketone (nethyl isobutyl ketone and the |like) and an ester (ethyl acetate,
butyl acetate, d the like) . The .obt ai ned organi ¢ |.ayer may be
Purt her Gk B EORERARTRS it TlerEAMTH 5 M IR o0 Rreous
solution or an acidic aqueous_solution, or _the like. In addition, an

appr opr i & i Trokgadmereaf+ Y Bee PRsdiRed #RidAL ePTPEUBE (4R £8r washing
with water. Washing with water, washing with a basic aqueous sol ution or
an aci di 3R RD IS 9o Ut FORPRNE heePTReeRBS by rpbar®dl s carri ed out.

The organic |ayer containing the obtained protected proline conpound (6) is
subjected to cBhde@&tion, distillation, recrystallization, colum

chromat ography purification or the |like, whereby the protected proline
conmpoundwifee park alrspresdrss atted sart mecitied.ad madwr et yatatd i zat i on,
an inorganic acid such as hydrogen chloride, hydrogen brom de, phosphoric
aci d, suthemelyy goiatjuging i acttedred @ricd ians dompowend dejapircaasadtsuch as
aceti-c acid, citric acid, oxalic acid, nethanesul fonic acid,

t ol uenesthdwsv. acid or trifluoronmethane sulfonic acid is used, whereby the
protected proline conpound (6) can al so be collected as an acid addition
sal t. BN afih 1 e oif Nt Hat- kD Ao Uide (Y d€dde® e alirdidee dhbiragegact i on
of the cyanoproline conmpound (5) with the compound represented by fornula
R3- - OH id¢hidwei d¥ eaCenfrcrbrse.c akd d)he ngbtaieedpir-Bindate (spapeyad (7) is
m xed with acidic water, whereby a protected proline conpound (6) can be
prOdUCGQHImidegas?ﬁ?&%éﬁ%éﬂiéQ@i@??%dﬂfﬂﬂ@@a@ﬂdﬁﬂﬁﬂ%yﬂg¥fﬂa@igfox'de

(1'i thium hydroxide, sodi um hydroxide, potassium hydroxide, and the like) ,

an al kal r 'd"%ﬁ? QX C i I esl r oxi de,
and the %:ID%J;@ al(%n a alaﬁ%)é%@é:a%ggﬁ'b%hglt EQ%?I)Q? %%%dggf gg%%t ?}’H?B igﬂm :

car bo”até‘:ﬂ( td’esg%'é”éﬁ&r [N Loggl 1 ke séP‘lnanf‘Ja‘?{%Llieoqﬁ%g%ﬁ met al

carbonate (cal ciam carbonate, ‘'magneSrum carbonate, an The
amount of t ase used is. for exanple, 0.1_to 20 npl.and preferably 0.2
to 10 not, %EEéQPch%Pﬁ%ﬁ %ﬁm?h%e%f%%%b§??%lFafnéh%oﬁﬁbﬁhd (5) . The
anount of the ¢o und represente f or nmul -OH used.is, .for_exanple, 1
nol or nore bfg’%ag‘ppgheﬁoﬁotﬁl%ﬁcﬁﬁe&é%bgﬁrlflé:lqiu%en%c%‘t—)}(rgmr(]ﬁ% a’i*ﬁe upper
limt thereof_ i not,linitgg, an ound can al so be used as a

th
sol vent .% e & e ¢ RS RHD 5%%? SHELE BFeFBE nERiCPIdeoH used i s

preferably 2 to 50 nol based on 1 nol of the cyanoggrrolidine conpound (5).
The amount of the acid or acid chloride used is, for

example, 1 to 30 mol, and preferably 3 to 20 mol,.based on 1
mol of the theoretical amount of the cyanoproline compound (5).
The reaction in the step C that undergoes the imidate
compound (7) is also preferably carried out in a solvent.
Examples of the solvent include an aliphatic hydrocarbon
(hexane, heptane, and the like), an aromatic hydrocarbon
(benzene, toluene, xylene, ethylbenzene, chlorobenzene,
dichlorobenzene, and the like), a halogenated hydrocarbon

(dichloromethane, dichlorocethane, chlorqform, and the like),
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As al ready described, the reaction that undergoes the imdate conpound (7)
is also preferably carried out in a solvent. Exanples of the solvent

i ncl ude an aliphatic hydrocarbon (hexane, heptane, and the like), an
aromati ¢ hydrocarbon (benzene, toluene, xylene, ethylbenzene,
chl-orobenzene, dichl orobenzene, and the |like), a hal ogenated hydrocarbon
(di chl or onmet hane, dichl oroethane, chloroform and the |like), an ether
(tetrahydrofuran, dioxane, dinethoxyethane, diethylene glycol dinethyl

et her, n%?h?Fh?ErftﬁEF?FYQFﬁéPFaBPeéh?ﬁa§?he@}m§ﬁ oxpetPpRe)y, an al cohol
(et hanol , ethanol, 2-propanol, and the like), an ester (ethyl acetate,
propyl ateeBREleBadIivecli Rénehhnlachihrtur BethydebPrtThatadoashest the
solvent used is, for exanple, 1 to 100-fold anount, preferably 1.1 to
20-f ol d @hotiy]l erdervrandridieridiie) 1 .35 d crhdlol (thedimaametl, k&dedodn t he
wei ght of the cyanopyrrolidine conmpound (5) . The reaction

t enper at Areropand by ardnphe, 1i56LC, t an66E€Lepr dbehahl pce8B€et 0p3@Cyland nore
preferably -20C to 10C. The reaction tinme can be appropriately selected by
confirm agetheepragdeskheol ikeact wvateandahbeaammuntiref thgrpodéductheand i s,
for exanple, 30 mnutes to 40 hours, and preferably 1 hour to 20 hours.
Exanpl esanduhtiefi thdaicd veanpaswd iE7) £ ohekate 1eqnDeonmiso + Bpl & sevied by t he
following formulae (7-1) to (7-28) (imno nmethyl esters) , imno ethyl

esters, pAeDOrgHOPYl. eSEErS0- fHldAnEaN ORd M prafdr®IRuhyls est ers,
imno tert-butyl esters, imno isobutyl esters, imno vinyl "esters and

:\/21621?@&' 1y- 688 easotiRel eBhse@ndnophicakbl ¥ynachievensubstanposrbieneat. 10
compound (5) .

The reaction temperature is, for example, -30°C to 50°C,

preferably -10°C to 30°C, and more preferably 0°C to 30°C.

The reaction time can be appropriately selected by
confirming the progress of reaction and the amount of by-product,
and is, for example, 30 minutes to 40 hours, and preferably 1
hour to 10 hours.

The protected proline compound (6) may be produced in the
course of the reaction, but can be converted to the amide
compound (7a) by appropriately selecting the reaction time.

After the completion of the reaction, the obtained
reaction mixture may be subjected to a post-treatment to isolate
the amide compound (7a), and when water is not used as a solvent,
the obtained reaction mixture may be reacted with the compound
represented by formula R'-OH, thereby producing the protected
proline compound (6). When the obtained reaction mixture may

be subjected to a post-treatment, for example, as necessary,
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(7-26) The imdate conpound (7) is mxed with an acidic aqueous
solution to obtain a protected proline conpound (6) . The m xi ng of
the imdate conmpound (7) with the acidic aqueous solution nmay be carried
out, for exanple, by adding the acidic aqueous solution to the reaction

m xture containing the imdate conpound (7) , or adding the reaction

m xture containing the imdate conpound (7) to the acidic aqueous solution.
In addition, the. m Xxi i ed out m xing.the reactjon mxture
contalnlng‘?¥%9n%$d%?gg% %ﬁ%ﬁﬁﬁfaé; Yﬁmmg?é?F bﬁdghﬁﬁgnﬁlgﬁ L%%ldlc
aqueous solutjon to the obt d m xture. Exanpl of .the acidic
aqueous Eﬁﬁ%ﬁ%%ﬁlW%ﬁﬁﬁﬁ%'éﬁg% §6P6Fi59?p8Pnﬁn676éngg §&FH§19HEﬁg
hydrochl ori ¢ acid, hydrobrom c _acid, sulfuric acid or phosphorlc aC|d and
aqueous ITHS T OAGaR deFERSU R amdde FomReAdor 78t FRR BRi d.

The amount_of the acid used is, for exanple, 1 to 20 nol based on 1 nol of
the cyarfpy¥eeredi ndc ARASHIHETERS TRRESHANbr e Aot of U %ci d used
is the amount obtained by further adding 0.5 to 2 nol of the acid based on
1 nol ofPeste txsarmeHE rbs ithde abrpbineg, (Bhereby hehananhde ofompeundi d
required to neutralize a base used during the reaction to obtain the

i m dat e Compe@andal?p be efficientiy diisgatibutedpbarithg Proenig Xadewith t he
aci di c aqueous solution and then m xed with an organi c sol vent separable
fromwat er as Ereogshss \Qf artte tdieggonind esd bdempt adepreratohg ofmom (B3t &5
distributed to the organic |ayer, whereby the protected proline conpound
(6) can ieclhwdd eat®biphatic hydevasples: Ohekdre plrgqtiatiesotyebbhsrane abl e
fromwater include an aliphatic hydrocarbon (hexane, heptane, cycl ohexane,

and the drikejhe Bikéy onat i Lrdiyf D€ aiPp@Ro¢d BbORNELoXYEREE, xylene,
monochl or obenzene, dichl orobenzene, and the like) , an ether (nethyl

tert-butydnSthesrspenidiee | | kE3hiorobahoasaat 263 hyls owképn an ether

(di chl or onet hane, di chl or oet hane, chl or obut ane, and t he |ke) , a ketone

(met hyl @rzér)]é(}k‘%lﬂ t &L 0BG PNl dher | 4KE) £ 3001 8Re PST LML BLOY¥haBEgt at €, butyl

acet at e, he |ike)
hydrocarbon (dichloromethane, dichloroethane, chlorobutane,

and the like), a ketoﬁe (methyl isobutyl ketone and the like)
and an ester (ethyl acetate, butyl acetate, and the like).

The organic layer obtained by separation may be further
subjected to washing with water, washing with a basic aqueous
solution or an acidic aqueous solution, or the like. 1In
addition, an appropriate inorganic salt may be dissolved in
water to be used for washing with water. Washing with water,
washing with a basic aqueous solution or an acidic aqueous
solution or the like may be repeatedly carried out.

The organic layer containing the obtained amide compound
(7a) is subjected to condensation, distillation,
recrystallization, column chromatography purification or the

like, whereby the amide compound (7a) can also be isolated and
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The obtained organic |ayer may be further subjected to washing with water,
washing with a basic aqueous solution or an acidi c aqueous solution, or the
like. In addition, an appropriate inorganic salt may be dissolved in water
to be used for washing with water. Washing with water, washing with a basic
aqueous solution or an acidic agueous solution or the |ike my be
repeatedly carried out. The organic | ayer containing the obtained
protected praline compound (6) is_further subjected to condensation,
distillaPFgﬁ Fipder it &6 TREFBACAL L ARAL1ERr FRALOGEGSN CpRFLEI Tl 88 or the
i ke, mhereby the protected proline conpound (6) can also be isolated and
puri fi edtY#rOgRE Ghd@nistenl hydappen, bramidrr ghrcpherie ackh sulfydicgen
chloride, hydrogen brom de, phosphoric acid, sulfuric acid, nitric acid or
boric ac@@ldornletﬁl@r@@m @r&@m%achdaymeetqngaamdacmdtsrucm ashdetaxal i c
acid, nethanesul fonic acid, toluenesulfonic acid or trifluoronethane

sul f oni caadid t$tn$edaCﬁﬁerebgltheapidtemEEdapesu1ﬁ9n¢onpomdd (6) can al so
be collected as an acid addition salt. Exanpl es of the protected
prol i ne ctohpeunadul 6pniacaideor aidiingds omertesensetdfbyit beifdol 4 avkedg
formul ae (6-1) to (6-28) (nethyl esters) , ethyl esters, propyl esters,

i sopr opywhesebys;hdammyikiecestmpsuntietta)babyl absd ars obitaabeldyhsest aesd vi nyl
esters and allyl esters thereof, optically active substances thereof, and
aci d addhadaonisal sg1thereof.

Examples of the amide compound (7a) include compounds
represented by the following formulae (7a-1) to (7a-28), acid
addition salts of compounds the represented by the formulae

(7a-1) to (7a-28), and optically active substances thereof.

B O B B &

CONH, CONH, CONH, CONH, CONH,

& TN T T

(7a-1) (7a-2) (7a-3) (7Ta4) (7a-5)

(72-6) (7a-7) (7a-8) (7a-9) (7a-10)
T 5\CONH2 g\CONHz Z\g\CONH ACONHZ CONH,
O O Br Br @
Br
(7a-11) (7a-12) (72-13) (7a-14) (7a-15)
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[ Step D] wherein R3- and R2 represent the sane neani ngs as descri bed
above. Step Dis a step of substituting R2 in the protected proline
conpound (6) obtained in the step C or the salt thereof by a hydrogen atom
A proline conmpound (1) or a salt thereof is produced by carrying out the
step D To substitute R2 of the protected praline conpound (6) by a
hydr ogen atom an ordinary nethod to deprotect an N-protecting group such

as a benzyl group i s adopt ed.
2§ x

CONH2 CONH2 CONHo kN CONH,
Q) ® J@f
O,N NO,
NO-
T
(7a-16) (7a-17) (7a-18) (7a-19)

e
(72-20) (7a-21) OMe (7a-22)
<|\§\WNH2 ’\|\l|)\CONH2 :/LX\CONm
$ 0 J@\) |
MeO = MeQO CMe
(72-23) OMe (7a-24) (7a-25)

(7a-26) (7a-27) (74-28)

A protected proline compound (6) or a salt thereof is
obtained by a reaction of the amide compound (7a) with the
compound represented by formula R'-OH in the presence of at least
one selected from the group consisting of acids and acid

chlorides.
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Hereinafter, substitution of the group represented by R2 by a hydrogen atom
may be referred to as deprotect ion or deprotect ion reaction. Deprotection
can be carried out by reduction treatnent of the protected proline conpound
(6) (hydrogenol ysis by hydrogen/reduction catal yst, reduction treatnent by
a reduci ng agent such as sodiumnetal/liquid amoni a, reduction treatnent
by electrolytic reduction, or the like) , and can al so be perforned by
acid-treating the protected proline conpound (6) . For exanpl e, when
carryi ng out hyBfogefdl §8P4ent et daie merreunddnressntad My fermder an

at nosphere of hydrogen gas using palladium palladium carbon, platinum
Raney ni BkePH 615t heT| ekampse a Ir Badcet diprsaaisyst on Exawepl e @ie @md.dsol vent
when carryi ng out hydrogenol ysis include an aliphatic hydrocarbon (hexane,
hept ane, camgound {T&k) Thenuppendtinl thydeseatbbs nqthéhmehed, tahdidme,

xyl ene, ethyl benzene, chl orobenzene, dichl orobenzene, and the like) , a

hal ogenatedphyddocan Edrs o dechdé ed areebhaokyedt chlThoeskdnanoaht asHfcbrem and
the like) , an ether (tetrahydrofuran, dioxane, dinethoxyethane, diethylene
gl ycol doepbyhdetdpresamtdylbyt otmhlayR* -etthes, pxk Bédyh1etthes, s@andit he

| i ke) , an al cohol (nethanol, ethanol, 2-propanol, and the like) , an ester
(ethyl aantiamereppopyerabeyal ecoand midke, |hdk®dd o Mindl IcF aretgniideri |l e and
the like) , water, and a m xture thereof. The anmpunt of the solvent used
is, for esapplind 1789 .50-fold anount, preferably 1.5 to 20-fold anount,
and nore preferably 2 to 10-fold anount, based on the wei ght of the

protected prol EREmPLERWNENEGIcid include hPArb§aATIIOL L RIPEHRIM RN the
deprotection reaction is within the range of, usually -20C t6 100C, and

pref er abbyQACst0 5Q€ruFhe Leagti ﬁHoELa)HBr?E@”aQ?daBHEOF\EitEB?l@é a%{o%%ed by

confirmng the progress of reactton and the anount of by-product.

After thscsispraq;cﬁg&ie%érag,ﬁﬁq&uéé d&%%%ﬁt%gl%gaéygm@é SLARGLIon

catal yst can be réenove tration. protectionreaction, the
reaction ggéture cont ai ning the obtained proline conpound (1) nay be
subjectea 0 a post-treatnent. For exanple, the proline conpound (1) can be

eacti on, a nbABeRIYTE i EreCRoRrNETE Sy dsts eBmBiFont hd o0 gani c
sol vent separabl e frfn1mater 5%Ed extracting the proline conpound (1) into
|I

the orgafi't Hayerrably 5 to I 2379 (He Lrghmfc bR 1amide soRCHR% f rom

wat er th?t {S used during separation include an aliphatic hydrocarbon
(hexane, E@Ltane, cycl ohexane, and the like) , an aromatic hydrocarbon
(toluene, xylene, npnochlorobenzene, dichlorobenzene, and the like) , an
ether (nethyl E&RTPhEsyPL il AHenide)incladepegendt et lpyddesar bon
(di chl oronet hane, dichloroethane, chlorobutane, and the like) , a ketone
(met hyl FB&8UYYI Chievhde arti iyl el caridican phssphoratshyir igbdoatide, but yl
acetate, and the like)
phosphorus pentachloride and oxalyl chloride, and preferably
include thionyl chloride.
The amount of the acid chloride used is 1 to 20 mol and
preferably 1 to 3 mol, based on 1 mol of the amide compound (7a) .
The reaction temperature is, for example, 0°C to 100°C,
preferably 40°C to 80°C, and more preferably 60°C to 70°C. The
reaction time can be appropriately selected by confirming the

progress of reaction and the amount of by-product, and is, for

example, 30 minutes to 40 hours, and preferably 1 hour to 20
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The organic | ayer obtained by separation nmay be further subjected to
washing with water, washing with a basic aqueous solution or an acidic
aqueous solution, or the like. In addition, an appropriate inorganic salt
may be dissolved in water to be used for washing with water. Washing with
wat er, washing with a basic aqueous solution or an acidi c aqueous sol ution
or the like may be repeatedly carried out. The organic | ayer
cont ai ning the obtained proline conpound (1) is subjected to condensati on,
di still aPPeRS-recrystallization, colum chronatography purification or the
| i ke, whereby the proline conmpound (1) can also be isolated and purified.
In the recrystEhei rea¢oon anixharganpetasningutheaprayarbogénpehlonede,

hydr ogen brom de, phosphoric acid, sulfuric acid, nitric acid or boric

aci d, orcamporgdniécd ebtdisedibyathacetdatiawi df Wia anddecieippoxad i(Faaci d,

met hanesul fonic acid, toluenesulfonic acid or trifluoronethane sulfonic
aci d i s wstd,thehepebpuhtiergpotsaet ednpofindm(i1ly Ka0Hhap e sabhketkad as an
acid addition salt. In addition, the reaction m xture obtained
after theodappotectreathentt i @brt Sexamele Wdd wdcassshpl POOdrS@hVEnt as
necessary, whereby the proline conpound (1) can al so be obtained as a
cryst al . sExaent esefradle feow wiatelrute makadnel garhe wea el Soe higsulgdr ogen
chl ori de gas, hydrogen brom de, phosphoric acid, hydrochloric acid,

sul furi cadgi €he NbidtEcBEd Gorath ROTd SRSl @Nd i) @GN SYER as
acetic acid, citric acid, oxalic acid, methanesulfonic acid,

t ol uenesyl-oni e ?&%@r,a%etﬂé-ﬂyl ta@ﬂzeog%eéegeaug;{—&mﬁe aldrtho @hekgnably
i ncl ude hydrogen chloride gas and hydrochl oric acid. Exanples of the poor

sol vent Lackyfige 8PeQ7 9oy G RAleH %ﬁdﬁe?c%s%% JRBRL G Yﬁfeoﬁ%%'%
t he

(hexane, heptane, cycl ohexane, and I’ ke), an aromati c hydrocarbon

t ol I - i | i :

Cther (tB7% hoacsFinan 1k B L pERFLC) HeRRar RS Koo B 2

1, 2-di : dthe. Lik h t d b .
(dich:g?%%@%%ﬁ%@?agi8%?5%5%$E§H%€%%%?%?g%ggg%%?%gﬁg¥¥%ggﬁﬁﬁggrgﬁ&lgn ester

(et hyl fcetate, ethyl acetate, butyl acetate, and the |ike). These organic
sol vent sy be one kind or a nmixture of two or nmore Kkinds. The
anount of the organLc solvent used is within the range of, for exanple, O
to 200-fol d, afPreferabl j9 ?1I3BLFofalVEREed BATERESWEF Ght WBESEhe
proline conpound (111 , The obtai ned proline conpound (1) may al so be
furt her blagfv%@lb? tRR2REf AV G R (BEKBLal 19D ION CYCLoheKRARp| es of
the proline compound (1) include, for _exanple, conpounds represented by the
f ol | owi N EoERBI A€KEL. 130t BT PR DY hﬁﬁ?P@éFbS’naéFgEEe@Gbsﬁcﬁ €8s, of the
conpounds represented by fornulae (1-1) to (1-10), and acid addition salts
t her eof .monochlorobgheepyr r @i ¢l avakbensapoundn@2rhasedken.t ke stbprA can
al so be produced by the followi ng step E

(methyl tert-butyl ether and the like), a halogenated

hydrocarbon (dichloromethane, dichloroethane, chlorobutane,
and the like), a ketone (methyl isobutyl ketone and the like)
and an ester (ethyl acetate, butyl acetate, and the like).
The obtained organic layer may be further subjected to
washing with water, washing with a basic agqueous solution or
an acidic aqueous solution, or the like. In addition, an
appropriate inorganic salt may be dissolved in water to be used

for washing with water. Washing with water, washing with a
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[Step EI wherein R2 represents the sane nmeani ng as descri bed above. Step E
is a step of reacting a conpound represented by formula (8) with a conpound
represented by formula (9), H2 N- R 2 wherein R2 represents the sane
meani ng as descri bed above. A pyrrolidinone conpound (2) is produced by
carrying out the step E. The | actone conpound (8) can be easily
prepared froma commercially avail abl e conpound. For exanple, the |actone
conmpound (8) can be prepared according to the nethod described in

US2010/ 18263 aquecus sqHuifhel Qrepn BCH AFBBAES GO AU AhPREROAPEEANd (9)
used is wthin the range of, for exanple, 0.8 to 10 nol, preferably 1 to 6
mol , noredyrkg erepgatadly teauraed awd- further nore preferably 1.7 to 3 nol,
based on 1 nol of the | actone conpound (8). The reaction of the

| act one conpoufite (@gamith ldeenntortzompounthe Pbizigadrprdtectedn t he
absence of a solvent, or in the presence of water or an organic sol vent.
Exanpl espdl ite compwent (6icisdauleieatddphatdanderdyadciantbodiéhéXaaeiohept ane,
cycl ohexane, and the |ike), an aromatic hydrocarbon (benzene, tol uene,

xyl ene, mddwyydtemnyeiveg t Ddh o radibunare g radiatidagyregdien pend £ iaad itdre olri kg, a

hal ogenat ed hydrocar bon (dichl oronet hane, dichl oroethane, chloroform

chl or obut fine, viiskrdihie ik @rotastwidigrdtield avbraind as,) dapxalep be

di mret hoxyet hane, diethylene glycol dinmethyl ether, methyl tert-butyl ether,

diethyl pibeicednehd perifked. am aheohodr{sBibanghtishhanolinotgrhepanol,
2- propanol, 1-butanol, 2-nethyl-2-propanol, and the like), and a nitrile

(acetoniddid esudd AR Widrdded Andtike | hkerogtherebaafet pabYpAbrABY be a
m xture of two or noré kinds, and may be a mxture with water. The sol vent

that can,bgs UsQth AUt {dhe JiRRCH @M abhE LAWOPE: COMpPURGt 68) o¥ghiiEhe am ne
conpound
acid such as acetic acid, citric acid, oxalic acid,
methanesulfonic acid, toluenesulfonic acid or
trifluoromethane sulfonic acid is used, whereby the protected
proline compound (6) can also be collected as an acid addition
salt.

Also, an imidate compound (7) can be obtained by a
reaction of the cyanoproline compound (5) with the compound
represented by formula R'-OH in the presence of a base, and the
obtained imidate compound (7) is mixed with acidic water,
whereby a protected proline compound (6) can be produced.

Examples of the base include an alkali metal hydroxide
(lithium hydroxide, sodium hydroxide, potassium hydroxide, and
the like), an alkaline earthmetal hydroxide (calcium hydroxide,
magnésium hydroxide, and the like), an alkali metal carbonate

(lithium carbonate, sodium carbonate, potassium carbonate, and

the like) and an alkaline earth metal carbonate (calcium

39



(9) has been described above, and anong them it is preferred that the
reaction of the |actone conpound (8) with the am ne conpound (9) be carried
out in a mxed solvent of water and an organi c sol vent. The anmount
of water used is within the range of, for exanple, 0.1 to 100-fold, and
preferably 0.2 to 30-fold, based on the weight of the |actone conpound (8)
. The anpbunt of the organic solvent used is within the range of,
for exanple, 0 to 100-fold, and _preferably 0.1 to 20-fold, based on the
vei ght dfaXRRP3 HRt FRERSTHITrdrPgpate, and thepkikehct (TH¢ 8ROURE Phct one
conpound (85 wi th the am ne conpound (9) may be carried out, for exanple,
in the prks vFedntaddiay eEagpilect @dl fhmlamol g aed exeibd Y( Aydr ogen
chl oride, hydrogen brom de, hydrofluoric acid, sulfuric acid, nitric acid,
phosphorte 18cind] , Bersed aai @, maho Lt ke |dyar)oryare bidkms coapicnd éFiri.c aci d,
acetic acid, citric acid, oxalic acid, nethanesul fonic acid,

t ol uenesul f oniThea@mburttr iofl gbeorenpanedsuépoasented dyy dfrurnttie IR'kOH , an
acidic ion-exchange resin, 7-A 203, N hydroxybenzotriazol e and

t et r abutydedmian ufobreanamele Prefres eor adotr¢ i besedr ent bl mehesfll £hai ¢ aci d
and y- Al 203. The reaction tenperature of the |actone conpound (8)
Wi t h t hecyamowy conpodine (Bmpcaind ¢F) exanipd eyppsirt hiimithehepage ief nd@0C t o
300C, preferably 100C to 200C, nore preferably 150C to 200C, and further
nore prefafiptdy, HOCdHe BRBouldechaast kenbefutde 406 @rRA veernounde(8) with
the am ne conpound (9) may be carried out in a pressurized condition. The
pressur- ekt sl Othe | FohbEuRd esSHFL &G QNG t EQPmSa WRIIi e range of,
for exanple, 0.1 MPa to MPa, and preferably 0.5 MPa to 2 Mra.

After the-coapliet Qﬁtﬁisbhﬁoieﬁééééﬂx9ﬁ.%hﬁ.b&ckﬁgechH8999goi§hiﬂbth the
am ne conpound ( , a reaction mxture containing the pyrrolidinone
conpoun i,S3 O i ned. The obtained reaction mxture is mxed with

wat er, :%éﬁ??%ﬁ?hg%ﬁhixed wi th an organic solvent separable fromwater as

nocessary, andsepaaldh albier sha 1 S11 bULL0Go AN WY <ached; At nepgonpound

(9) , an additive, onponent s ‘gener a conposi ng €se subst ances

col | oot s SHPRRRRE T Lyfda 38 PP P EaRTa Ay P e BB Fr ¢ her
R SRt e RSt e TR S T e RS e
with aci iéQgﬁg?Fhégtégg,légg EE Pfké??egﬁegi mgggéiggdggéérbon
(benzene, toluene, xylene, ethylbenzene, chlorobenzene,
dichlorobenzene, and the like), a halogenated hydrocarbon
(dichloromethane, dichloroethane, chloroform, and the like),
an ether (tetrahydrofuran, dioxane, dimethoxyethane,
diethylene glycol dimethyl ether, methyl tert-butyl ether,
diethyl ether, and the like), an alcohol (methanol, ethanol,
2-propanol, and the like), an ester (ethyl acetate, propyl
acetate, and the like) and a mixture thereof. The amount of
the solvent used is, for example, 1 to 100-fold amount,

preferably 1.1 to 20-fold amount, and more preferably 1.5 to

10-fold amount, based on the weight of the cyanopyrrolidine
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The organic |ayer containing the pyrrolidinone conmpound (2 ) may be used in
the next step as it is, or the pyrrolidinone conpound (2) is isolated by
distilling off the solvent or the |like, and the isolated pyrrolidinone
conpound (2) may be used in the next step. The pyrrolidi none conpound (2)
may be purified by a nmethod such as col um chromat ography purification or
recrystallization, and then used in the next step. EXAMPLES

Hereinafter, the present invention will be described in further detail with
ref er enceCFPOERANpPPes. Exanple 1 [Step Al : Synthesis of (1R 5S)

- 3-benzyl-6, 6-di net hyl-3- azabicyclo [3.1.0] hexan-2 -ol (Conpound A)

(1R, 5S) -3 - BEhegyteacttidh -tedimpeirayture 3s- afabi eyarhmld 3.-50OT hexeoow, 2- one
(64.6 g) (300 mmol ) ( Conpound E) , 6.70 g ( 59.7 nmol) of potassium

tert - butpxéfieranllyl20°g ©b 300t yensl were ghe®s-asid, therc ¢eol ettt 0 ThilC.
Thereto was added dropwi se 69.3 g of a toluene solution (70% weight
concent rag¢aonioR40imanign b apPiruprhkse(y- selboxyethipxon Ml miidy rnaydr i de
at -10C over 1 hour and 20 m nutes, and the m xture was stirred at the sane

t enper at prégtess oh ettt 30dMtRdtaocuThSf BachkeauBt Xt4he Mas radded
dropwi se to a m xed solution of 195 g of a 296 aqueous sodi um hydroxi de

sol uti oneaatp9ed 900ohisedtsNt gl A4S AHEs Atardd Gl r40 PiNHRS. cHhepeaf ter,
the m xture was allowed to stand still and séparated, "and the resulting

organi c {ayes was washed with 130 g of a 2 aqueous sodi um hydr oxi de
solution twice, with 66 g of a 296 aqueous sodi um hydroxi de sol uti on once,

and with 66 g pfsp96esabt %@ﬁ%daﬁb}?&o&ﬁ%&%ﬂéf@( A" 93 ¢, J2 ¥R WS od | €d

over 11 g of anhydrous nagnesium s concentrated under reduced
pressure L | Std f | vent . thereby . ohtai ni.ng 62.4 g of
white crl;ﬁé}tgg?%&%g%?a%}?i'ﬁ%é&%g%%%;eomﬁrﬁflae yﬁ7ellg & 9f37 %&3) Q)lmgPOCorrpound
A 1H 3).6: 7. 33-7.26(5H 4.18(1H,_ s .87(1H, d) .. 3.75(1H,
B .5 BT g erY el ehy Beset odraie ffopyl G, Shyne

0. 96(3H, issgpropyl esters, imino butyl esters, imino tert-butyl esters,

imino isobutyl esters, imino vinyl esters and imino allyl esters

thereof, and optically active substances thereof.

N.' Me %Me 5)\[rOMe a‘/@Me |
©) NH O)\NH d NH NH./©/ NH

(7-1) (7-2) (7-3) (74) (7-5)

ClI
(7-6) (7-7) (7-8) (7-9) (7-10)
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*) quantitatively analyzed using HPLC in the follow ng conditions. [HPLC

Condi ti ons] Col um: CAPCELLPAC C18 MAIIl, 4.6 nm4) x 100 nm 3 p.m
(manuf actured by Shiseido Co., Ltd. ) Flowrate: 1.35 mi/mn Detection
wavel engt h: UV 220 nm Mobi | e phase: Solution A (0.1% phosphoric

acid) /Solution B (acetonitrile) Gradient conditions: Tine(mn.) 0 45

Me

Br (:(‘
Br

(7-11) (7-12) (7-13) (7-14) (7-13).

(7-16) 7-17) (7-18) (7-19)
5\”/;[\49 @ﬂhﬂe
NH NH
OMe

(7-21) OMe (7-22)
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Solution A(9) 95 30 Solution B(96) 5 70 Colum tenperature:

[Step Al: Synthesis of Conpound A

N N\ N
ShoWmed " "
MeO” OMe

(7-26) (7-27) (7-28)

The imidate compound (7) is mixed with an acidic aqueous
solution to obtain a protected proline compound (6).

The mixing of the imidate compound (7) with the acidic
agueous solution may be carried out, for example, by adding the
acidic aqueous solution to the reaction mixture containing the
imidate compound Vﬂ; or adding the reaction mixture containing
the imidate compound (7) to the acidic aqueous solution. In
addition, the mixing may be carried out by mixing the reaction
mixture containing the imidate compound (7) with water, and
adding the acidic aqueous solution to the obtained mixture.

Examples of the acidic aqueous solution include agueous
solutions of inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid or phosphoric acid and aqueous
solutions of organic acids such as acetic acid or citric acid.

The amount of the acid used is, for example, 1 to 20 mol
based on 1 mol of the cyanopyrrolidine compound (5). The
preferred amount of the acid used is the amount obtained by

further adding 0.5 to 2 mol of the acid based on 1 mol of the
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Compound E (10.0 g) (46.4 mmol) , 0.50 g (9.25 mml) of sodi um et hoxi de
and 20 g of toluene were m xed and then cooled to 10C. Thereto was added
dropwi se 8.72 g of a toluene solution (70% wei ght concentration, 30.2 mmuol)
of sodium bis (2-nethoxyet hoxy) al um num hydride at 10C over 2 hours, and

the m xture was stirred at the sane tenperature for 3 hours.

Thi s reacti on

m xture liquid was anal yzed by HPLC. Here, HPLC conditions are the sane as
the HPLC conditions in Exanple 1. Conversion rate fromraw materials to
" product : CYBNEOY THAYEESNS F oA 5) teCop ameynh of breragiclyeaditredn) /

(Conpound A + Over-reduced form+ Raw materials) x 100

The i nversion

rate (%tesneatraliazedai hasheusadednuhngr thesveantbohetobErbhplinsthe
Ratio of Conpound Ato (1R, SS) -3 -benzyl-6,6 -dinethyl-3 - azabicyclo

[3.1.0] prekdmee (ovmpourduced.form : 100.0/0.0

The imidate compound (7) is mixed with the acidic aqueous

solution and then mixed with an organic solvent separable from
water as necessary, and the protected proline compound (6) is
distributed to the organic layer, whereby the protected proline
compound (6) can be collected.

Examples of the organic solvent separable from water
include an aliphatic hydrocarbon (hexane, heptane, cyclohexane,
and the like), an aromatic hydrocarbon (toluene, xylene,
monochlorobenzene, dichlorobenzene, and the like), an ether
(methyl tert-butyl ether and the like), a halogenated
hydrocarbon (dichloromethane, dichloroethane, chlorobutane,
and the like), a ketone (methyl isobutyl ketone and the like)
and an ester (ethyl acetate, butyl acetate, and the like).

The obtained organic layer may be further subjected to
washing with water, washing with a basic aqueous solution or
an acidic agqueous solution, or the like. In addition, an
appropriate inorganic salt may be dissolved in water to be used
for washing with water. Washing with water, washing with a
basic aqueous solution or an acidic aqueous solution or the like
may be repeatedly carried out.

The organic layer containing the obtained protected

proline compound (6) is further subjected to condensation,
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HPLC area percentage of Conpound A: 98.9% Exanple 3 [Step A] : Synthesis of
Conmpound A Compound E (1.00 g) (4.64 mmol) , 0.10 g (0.89 mmol) of
pot assiumtert-butoxide and 2.0 g of tetrahydrofuran were m xed and then
cooled to -10C. Thereto was added dropwi se 1.37 g of a toluene solution
(70% wei ght concentration, 4.74 mmol) of sodium bis (2-nethoxyethoxy)

al um num hydride at -10C over 20 m nutes, and the m xture was stirred at
the sane_tenperature for 25 hours. The reaction m xture |iquid was anal yzed
by gas chtdhatbdrapRy. TeEr¥ahdtt18AE1PBr GRAFYRI ShRRFRCagTRBIY ows.
Conversion rate fromraw materials to product: 98.3% Ratio of Conpound A to
over - r edei¢BHL } 6RE1LODOCY/ Bhe Bk ar e¥hpERPEENERGPEPLEBRPBURHCALING6. 6% [ GC

Condi tions] Columm :DB-1701, 0.25 mm(1) x 30 m 0.25 [im (J&W Sci enti fi c,
compound (6) can also be isolated and purified. In the

recrystallization, an inorganic acid such as hydrogen chloride,
hydrogen bromide, phosphoric acid, sulfuric acid, nitric acid
or boric acid, or an organic acid such as acetic acid, citric
acid, oxalic acid, methanesulfonic acid, toluenesulfonic acid
or trifluoromethane sulfonic acid is used, whereby the
protected proline compound (6) can also be collected as an acid
addition salt.

Examples of the protected proline compound (6)'include
compounds represented by the following formulae (6-1) to (6-28)
(methyl esters), ethyl esters, propyl esters, isopropyl esters,
butyl esters, tert-butyl esters, isobutyl esters, vinyl esters
and allyl esters thereof, optically active substances thereof,

and acid addition salts thereof.




Inc.) Detection nethod: FID Flowrate: 1 m/mn (heliunm Colum
tenperature: Time(mm) 0 10 46 55 Tenperature(C) 100

O O OO Z&

N COsMe COoMe COsMe N COsMe _ COsMe
(6-6) (6-7) (6-8) (6 9) (6-10)
N CO_ZMe COoMe COzMe Z—g\ cosMe N COsMe
(6-11) (6-12) (6-13) (6-14) (6-15)
5\00 2M e 6(:0 2Me ACO 2 cO 2M e
OzN :
NO,
(6-16) ©-17) (6-18) (6 19)
5\:02%9 COzMe
OzNNoz OMe
(6-20) (6-21) OMe (6-22)



100 280 280 Injector tenperature: 150C Detector tenperature: 280C Exanpl e
4 [Step Al: Synthesis of Conpound A Compound E (1.00 g) (4.64 mml),
100 ng (0.89 nmol) of potassiumtert-butoxide and 2.0 g of nethyl

tert-butyl ether were m xed and then cooled to -10C. Thereto was added
dropwi se 1.09 g of a toluene solution (70% wei ght concentration, 3.77 muol)
of sodi um bi s(2- nmet hoxyet hoxy) al um num hydri de at -10C over 20 m nutes, and
the m xture was stirred at the sanme tenperature for 22 hours. This reaction

m xture sol ution al yzed by gas ghremat ography. GC-conditions for
anal ysis were the s as the GC condi f{ons in Exanple 3.
COzMe CO-Me N CO-Me

e

[Step D]

RZ O (6) H O (1)

wherein R' and R® represent the same meanings as described above.
Step D is a step of substituting R? in the protected
proline compound (6) obtained in the step C or the salt thereof
by a hydrogen atom. A proline compound (1) or a salt thereof
is produced by carrying out the step D.
To substitute R? of the protected proline compound (6)
by a hydrogen atom, an ordinary method to deprotect an

N-protecting group such as a benzyl group is adopted.
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Conversion rate fromraw materials to product: 99.2% Rati o of Conpound A to
over-reduced form 99.8/0.2 GC area percentage of Conpound A: 97. 7% Exanpl e
5 [Step Al: Synthesis of Conpound A Compound E (1.00 g) (4.64 mol),
0.10 g (0.89 nml) of potassiumtert-butoxide and 2. 0 g of tetrahydrofuran
were m xed and then cooled to -10C. Thereto was added dropwise 1.09 g of a
tol uene solution (70% wei ght concentration, 3.77 mmol) of sodi um

bi s(2- met hoxyet hoxy) al um num hydride at -10C over 20 minutes, and the

m xt ur e Begesprfiedn. s ubael SakEen éhfpérh@c GO F SPTREGFLSPhPY Redbdt Pon
m xture liquid was anal yzed by gas_chronmat ography. GC conditions for
anal ysi shy@regenateoanmpande ref aoredngias daProteExdmpl @ JePreieeitdiopn rat e
fromraw materials to Conpound A: 98. 7% Rati o of Conmpound A to over-reduced
form 99r&AotioC DerrPperaieimmagmofbaCorpouied Auld b is¢Brepigh: Synt hesi s
of Conpound A Conpound E (1.50 g) (6.97 mmol), 0.16 g (1.40 mmol) of
pot assi unréztmehttcdxtble paod egt@dgoindl ime campdualuftan (hedeogenedyand t hen
heated to 20C. Thereto was added dropwi se 1.64 g of a toluene solution (70%
wei ght cepclepdiragenyireubBianotitalysodi vedhcsianmerbaxyenhboky) al um num
hydride at 20C over 20 m nutes, and the m xture was stirred at the sane
t enper at be€ué Drig Zbgdratirssichl BeSso@fah ingdt a0 X 1@l dl isgfidicth 1\s8'S radakyee by gas
chromat ography. GC conditions for analysis were the same as the GC
condi ti Oﬂﬁeéﬂm@@f@ @l@ctrolytic reduction, or the like), and can also
be performed by acid-treating the protected proline compound
(6).
For example, when carrying out hydrogenolysis, it can be
carried out by stirring under an atmosphere of hydrogen gas
using palladium, palladium/carbon, platinum, Raney nickel or
the like as a reduction catalyst. Examples of the solvent when
carrying out hydrogenolysis include an aliphatic hydrocarbon
(hexane, heptane, and the like), an aromatic hydrocarbon
(benzene, toluene, xylene, ethylbenzene, chlorobenzene,
dichlorobenzene, and the like), a halogenated hydrocarbon
(dichloromethane, dichloroethane, chloroform, and the like),
an ether (tetrahydrofuran, dioxane, dimethoxyethane,
diethylene glycol dimethyl ether, methyl tert-butyl ether,
diethyl ether, and the like), an alcohol (methanol, ethanol,
2-propanol, and the like), an ester (ethyl acetate, propyl
acetate, and the like), a nitrile (acetonitrile and the like},

water, and a mixture thereocf. The amount of the solvent used

is, for example, 1 to 50-fold amount, preferably 1.5 to 20-fold
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Conversion rate fromraw materials to product: 98.1% Rati o of Conpound A to
over-reduced form 99.7/0.3 GC area percentage of Conpound A: 96. 1% Exanpl e
7 [Step Al: Synthesis of Conpound A Compound E (1.50 g) (6.97
mmol), 0.16 g (1.40 nmol) of potassiumtert-butoxide and 3.0 g of
tetrahydrofuran were m xed and then heated to 40C. Thereto was added
dropwi se 1.64 g of a toluene solution (70% wei ght concentration, 5.68 nmol)
of sodi um bi s(2- nmet hoxyet hoxy) al um num hydri de at 40C over 20 m nutes, and
the m xt@PeUiths 3%¢ MAUE quﬁ%g% % éﬁpiPa?QM Fpeunt, HeRged orhitder eacti on
m xture liquid was anal yzed by gas chronat ography. GC conditions for

anal ysi sWogett Ré shAePHStERECGCPERAANE 6RFPPHNEXdAPl-e 3. Conversion rate
fromraw materials to product: 98.2% Rati o of Conpound A to over-reduced
form 99.0/ 1. 0TIEE waagyt jyay tenpaye tufreConpdindeproB88c8lExamtei@n LSt ep Al :
Synt hesi s of Conpound A Compound E (1.50 g) (6.97 mol), 38 nmg (0.70
mol ) of wseHinnm hettegederands3a 01y aotcetbahyaiamf ehdnpner erabxedand t hen
cooled to -10C. Thereto was added dropwi se 1.64 g of a toluene solution

(70% wei gbt soomMCenteatreart i2n68 imM@Ichrobes @dipipriately selected by

bi s(2- met hoxyet hoxy) al um num hydride at -10C over 20 m nutes, and the

m xture wasfsikmingdtht phegsaepe beénperattbe had ZhehawbantThifs reaction

m xture liquid was anal yzed by HPLC . HPLC conditions for analysis were the
same as phepHBaGceonditions in Exanple 1.

After the deprotection reaction, an insoluble solid such
as reduction catalyst can be removed by filtration. After the
deprotection reaction, the reaction mixture containing the
obtained proline compound (1) may be subjected to a
post-treatment. For example, the proline compound (1) can be
collected by mixing the reaction mixture obtained after the
deprotection reaction, as necessary, water or a basic agueous
solution, and an organic solvent separable from water, and
extracting the proline compound (1) into the organic layer.

Examples of the organic solvent separable from water that
is used during separation include an aliphatic hydrocarbon
(hexane, heptane, cyclohexane, and the like), an aromatic
hydrocarbon (toluene, xylene, monochlorobenzene,
dichlorobenzene, and the like), an ether (methyl tert-butyl
ether and the 1like), a halogenated hydrocarbon (dichloromethane,
dichloroethane, chlorobutane, and the like), a ketone (methyl
isobutyl ketone and the like) and an ester (ethyl acetate, butyl

acetate, and the like).
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Conversion rate fromraw materials to product: 99.9% Rati o of Conpound A to
over-reduced form 97.8/2.2 HPLC area percentage of Conpound A 96. 7%
Example 9 [Step Al: Synthesis of Conpound A Compound E (1.50 g)
(6.97 mol ), 75 ng (1.39 mmol) of sodi um net hoxi de and 3.0 g of
tetrahydrofuran were m xed and then cooled to -10C. . Thereto was added
dropwi se 1.64 g of a toluene solution (70% wei ght concentration, 5.68 nmol)

of sodi um bi s(2- net hoxyet hoxy) al !ém num_hydri de at -10C ovgr %(3 r’r{qnut es, and
the mxture %tqrﬂaéﬁ-catl & Saheibe ARFF0r°0 TReuPe THFERPEacti on
m xture liquid was anal yzed by@g}as chromat ography. GC conditions for

anal ysi SSWeieCEeé Euf@sad noh¥16h vahart i $RIhind Beip % PES1€oATRESHSN rat e

fromraw materials to Conpound A: 98.4% Ratio of Conpound A to over-reduced
form 99SPLOLBOTRArIA FeFebht AGESORS CORPBLRENA: ©D2tRes Edafpl €110

addition, an appropriate inorganic salt may be dissolved in
water to be used for washing with water. Washing with water,
washing with a basic aqueous solution or an acidic agqueous

solution or the like may be repeatedly carried out.

The organic layer containing the obtaiﬁed proline
compound (1) is subjected to condensation, distillation,
recrystallization, column chromatography purification or the
like, whereby the proline compound (1) can.alscfbe isolated and
purified. 1In the recrystallization, an inorganic acid such as
hydrogen chloride, hydrogen bromide, phosphoric acid, sulfuric
acid, nitricacidor boric acid, or anorganic acid such as acetic
acid, citric acid, oxalic acid, methanesulfonic acid,
toluenesulfonic acid or trifluoromethane sulfonic acid is used,
whereby the proline compound (1) can also be collected as an
acid addition salt.

In addition, the reaction mixture obtained after the
deprotection reaction is mixed with an acid or poor solvent as
necessary, whereby the proline compound (1) can also be obtained
as a crystal. Examples of the acid include an inorganic acid
such.as hydrogen chloride gas, hydrogen bromide, phosphoric
acid, hydrochloric acid, sulfuric acid, nitric acid and boric

acid, and an organic acid such as acetic acid, citric acid,
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[Step A]l: Synthesis of Conpound A Conmpound E (1.50 g) (6.97 mmol ),

151 ng (2.79 mmol) of sodi um nethoxide and 3.0 g of tetrahydrofuran were

m xed and then cooled to -10C. Thereto was added dropwi se 1.64 g of a

t ol uene sol ution (70% wei ght concentration, 5.67 mol) of sodium

bi s(2- met hoxyet hoxy) al um num hydri de at -10C over 20 m nutes, and the

m xture was stirred at the sanme tenperature for 25 hours. This reaction

m xture |liquid was anaI%/zed by. HPLC CHA_C Ccéldltlo s_for anal%ms were the
hAPRSY

same as P 1PIEE1ToMf ekt AT P T 21O T Aw
materials to product: 100.0% Rati o of  Conpound A to over-reduced form
99. 7/ 0. FHALEHWME LA T AP BEC @ﬁ%urﬁﬁ‘i\ Pt eailanrelude [ Step Al
Synt hesi s of Conpound A Conpound E (1.50 16% (6.97 mmol), 95 ng (1.40
mol ) ofhwbdaasn whtlesxice Jasdasdthyderchbeo¥ &R \aitist ur FrapelesnPkedhand t hen
cooled to -10C._ Thereto was added dropwi se 1.64 g of a toluene solution
(70% weirfnr coicEnt driande a8 omgeni cofodygngnsuch as an aliphatic
bi s( 2- met hoxyet hoxy) al um num hydri de at -10C over 20 minutes, and the
m xt ur e harstdrbvasd @textdres s drep taerme catalchekame?’s ahdutbe Thke) ¢ eant i on
m xture liquid was anal yzed by HPLC HPLC conditions for analysis were the
sane as dimnaHPlcC Igainbhdadoen i tt&kaane ¢ dylene, monochlorobenzene,
dichlorobenzene, and the like), an ether (tetrahydrofuran,
methyl tert-butyl ether, 1,4-dioxane, 1,2-dimethoxyethane,
and the 1like), a halogenated hydrocarbon (dichloromethane,
dichloroethane, chlorobutane, and the like) and an ester
(methyl acetate, ethyl acetate, butyl acetate, and the like).
These organic solvents may be one kind or a mixture of two or
more kinds.
The amount of the organic solvent used is within the range
of, for example, 0 to 200-fold, and preferably 1 to 50-fold,
based on the weight of the proline compound (1).
The obtained proline compound (1) may also be further
purified by the method such as recrystallization.
Examples of the proline compound (1) include, for example,
compounds represented by the following formulae (1-1) to (1-10),

optically active substances of the compounds represented by

formulae (1-1) to (1-10), and acid addition salts thereof.
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Conversion rate fromraw materials to product: 99.8% Rati o of Conpound A to
over-reduced form 99.7/0.3 HPLC area percentage of Conpound A: 98. 1%
Exanple 12 [Step A]: Synthesis of Conpound A Compound E (0.43 g
(content of 99.3% 1.86 mmol)), 0.17 g (1.93 mmwol ) of

N, N - di net hyl et hyl enedi am ne and 3.7 g of tetrahydrofuran were m xed and
then cooled to -10C. Thereto was added dropw se 0.86 g of a tol uene
solution (70% wei ght concentration, 2.98 mml) of sodium bis (2

- met hoxyet hoxy)_-al um num i de at over 20 tes, and the m xture
was stirred at/xhe sane t erature f, 22 hours. fTRereafter, thereto was
added dr opw s¢ 59 g of /a t\ol uene sgl ution (70% /wehkght concentration,

2.04 mmol) of ) '
the m xture wag stilrred atythel same t eflature fory3 . This reaction
m xture |iquid was©anal yzed by gas chronafography. I-&BC ondi tions for

analysis were thé&-Bane as tHe2lC condit b i n Exanpl €-4) Conversion rate

-10C, and

fromraw nmateri to Conpou ©.95.3% Ratio npound A to
over-reduced for, 100/ 0 GC aysa percentage of . ound A: 95.396 Exanple
13 - _
N 07/ N N~ N j<
(1-5) (1-6) (1-7)
H o H o H o
(1-8) (1-9) (1-10)

The pyrrolidinone compound (2) used in the step A can also
be produced by the following step E.

[Step E]

(8)
wherein R® represents the same meaning as described above.
Step E is a step of reacting a compound represented by
formula (8) with a compound represented by formula (9),
H,N—R?
wherein R® represents the same meaning as described above. A

pyrrolidinone compound (2) is produced by carrying out the step

E.
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[Step A] : Synthesis of Conpound A Compound E (1.00 g) (4.64 mol)
, 0.40 g (2.32 mol) of NN N ,N' ,N' -pentanethyldiethylenetriam ne and
2.0 g of tetrahydrofuran were m xed and then cooled to -10C. Thereafter,
thereto was added dropwi se 2.19 g of a toluene solution (70% weight

concentrati on,

7.58 mmol ) of sodium bis (2-nmethoxyethoxy) al um num hydride

at -10C over 20 mnutes, and the m xture was stirred at the sane

tenperature for 25 hours. This reaction mxture |jiquid was anal yzed by gas
chr omat ogr aphy TRECLRERERE | SAEPPBRdandl v’ Rerse sy ShfPared Heamca -

conditions in

08. 396 RANMBrgfa

Exagl e 3. Conversion rate fromraw materials to product:
Wpauadlable eeEPoraduceBoF opRaMBLE 20tE daekoper cent age

of Conpound A: 78.3% Exanple 14 [Step Al: Synthesis of Conpound A
Conpoundcempeungd (§) (archenpotdared 43 apy Ly tenbhg mfthod described

1- (2-di net hyl am noet hyl ) - 4- et hyl pi perazine and 2.0 g of -tetrahydrofuran

were m xéd HAAOLAEM6866Bed to -10C. Thereto

In the step E, the amount of the amine compound (9) used
is within the range of, for example, 0.8 to 10 mol, preferably
1 to 6 mol, more preferably 1.1 to 4 mol and further more
preferably 1.7 to 3 mol, based on 1 mol of the lactone compound
(8).

The reaction of the lactone compound (8) with the amine
compound (9) is carried out in the absence of a solvent, or in
the presence of water or an organic solvent. Examples of the
solvent include an aliphatic hydrocarbon (hexane, heptane,
cyclohexane, and the like), an aromatic hydrocarbon (benzene,
toluene, xylene, ethylbenzene, chlorobenzene, dichlorobenzene,
and the like), a halogenated hydrocarbon (dichloromethane,
dichloroethane, chloroform, chlorobutane, and the like), an
ether (tetrahydrofuran, dioxane, dimethoxyethane, diethylene
glycol dimethyl ether, methyl tert-butyl ether, diethyl ether,
and the like), an alcohol (methanol, ethanol, 1l-propanol,
2-propanol, l-butanol, 2-methyl-2-propanol, and the like), and
a nitrile (acetonitrile, propionitrile, and the like). The
organic solvent may be a mixture of two or more kinds, and may
be a mixture with water. The solvent that can be used in the

reaction of the lactone compound (8) with the amine compound
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was added dropwi se 2.19 g of a toluene solution (70% wei ght concentration,
7.58 mmol) of sodiumbis (2 -nethoxyethoxy) alum num hydride at -10C over
20 mnutes, and the m xture was stirred at the sane tenperature for 25
hours. Thereafter, this reaction mxture liquid was anal yzed by gas

chr omat ogr aphy. GC conditions for analysis were the sanme as the GC
conditions in Exanple 3. Conversion rate fromraw materials to product:

98. 1% Ratl o of Conmpound A to over-reduced form 82/18 GC area percentage of
Corpound () W@S@%%%@lﬁ?q sbeyea] andyamaegi shem, ddnpgeupgeherred
Compound E (1.00 g) (4.64 mmol), 0.37 g (2.31 mmol ) of bis(2-

di et hy| BR®hoelRfyFeae hieon i the lpafonetqampaiired uréan Wwidie tinexetiiard t hen
cooled to -10C. Thereto was added dropwi se 2.19 g of a toluene solution
(70% wei ghmpeendeffr dtsi oprrieSBontoin aimisedi smlvent of water and an

bi s(2- met hoxyet hoxy) al um num hydri de at -10C over 20 m nutes, and after the
dr opwi seordanicospltvéetm xture was stirred at the sanme tenperature for 25
hours. This reaction mxture liquid was anal yzed by gas chromat ography. GC
condi ti ons f orThaadysist Wef ewhber sasedasst hetBOnCcendi thngs ba, Exappl e 3.

Conversion rate fromraw materials to product: 97.9%
example, 0.1 to 100-£fold, and preferably 0.2 to 30-fold, based
on the weight of the lactone compound (8).

The amount of the organic solvent used is within the range
of, for example, 0 to 100-fold, and preferably 0.1 to 20-fold,
based on the weight of the lactone compound (8).

The reaction of the lactone compound (8) with the amine
compound (9) may be carried out, for example, in the presence
of an additive selected from an inorganic acid (hydrogen
chloride, hydrogen bromide, hydrofluoric acid, sulfuric acid,
nitric acid, phosphoric acid, boric acid, and the like), an
organic acid (formic acid, acetic acid, citric acid, oxalic acid,
methanesulfonic acid, toluenesulfonic acid, trifluoromethane
sulfonic acid, and the like), an acidic ion-exchange resin,
y-Al;03, N-hydroxybenzotriazole and tetrabutylammonium bromide.
Preferred additives are toluenesulfonic acid and y-Al,0;.

The reaction temperature of the lactone compound (8) with
the amine compound (9) is, for example, within the range of 100°C
to 300°C, preferably 100°C to 200°C, more preferably 150°C to
200°C, and further more preferably 160°C to 180°C.

The reaction of the lactone compound (8) with the amine
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Rati o of Conpound A to over-reduced form 85/15 GC area percentage of
Compound A: 83. 2% Exanple 16 [Step A] : Synthesis of Conpound A

Compound E (1.00 g) (4.64 mmol) , 0.56 g (2.29 mml) of bis

(2-nmor phol i noethyl) ether and 2.0 g of tetrahydrofuran were m xed and then
cooled to -10C. Thereto was added dropwi se 2.19 g of a toluene solution
(70% wei ght concentration, 7.58 mml) of sodium bis (2-nethoxyethoxy)

al um num hydride at -10C over 20 mnutes, and the m xture was stirred at
the saneSPEAYERALF MRBPDEARELES OUFh R FREREFORIAFR A GIRR d was

anal yzed by gas chronat ography. GC conditions for_analysis were the sane as
the GC CRBY&FTVHRS LT BRPEelB thedmies St Hhzed e didharahs et tdrimtset o
product: 97.896 Ratio of Conpound A to over-reduced form 81/19 GC area

per cent ageRnN@¢ ConpornexAnpI¥Z, 19 EXRapte 5 MHaSt apdArefauapiedl-$ ¥PaConpound
A Compound E (1.00 g) (4.64 mmol) , 0.31 g (2.32 mml) of bis
(2-met hoxgeZ hyPa. am ne and 2.0 g of tetrahydrofuran were

After the completion of the reaction of the lactone
compound (8) with the amine compound (9), a reaction mixture
containing the pyrrolidinone compound (2) is obtained. The
obtained reaction mixture is mixed with water, then further
mixed with an organic solvent separable from water as necessary,
and separated, thereby distributing an unreacted amine compound
(9),anadditive,andcomponentsgeneratedlnrdecomposingthese
substances to the agueous layer, and thus the pyrrolidinone
compound (2) can be collected as the organic layer. The
obtained organic layer may be further subjected to washing with
water, washing with basic water or washing with acidic water,
and washing with water, washing with basic water, washing with
acidic water or the like may be repeatedly carried out.

The organic layer containing the pyrrolidinone compound
(2) may be used in the next step as it is, or the pyrrolidinone
compound (2) is isolated by distilling off the solvent or the
like, and the isolated pyrrolidinone compound (2) may'be-used
in the next step. The pyrrolidinone compound (2) may be
purified by a method such as column chromatography purification

or recrystallization, and then used in the next step.
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m xed and then cooled to -10C. Thereto was added dropwi se 2.19 g of a

tol uene solution (7096 wei ght concentration, 7.58 nmol) of sodium bis

"(2- met hoxyet hoxy) al um num hydride at -10C over 20 M nutes, and the m xture
was stirred at the same tenperature for 25 hours. This reaction m xture

i quid was anal yzed by gas chromatography. GC conditions for analysis were
the sane as the GC conditions in Exanple 3. Conversion rate fromraw
materials to product: 97.9% Rati o of Conpound A to over-reduced form 94/6
GC ar ea PER¥BREAge of Compound A: 89.0% Exanple 18 [Steps A+B] : Synthesis
of (1R, 2S5, 55 -3-benzyl-6, 6-dinethyl-3- azabicyclo [3.1.0] hexane - 2 -
carboni trile {€sapoaibeB) the presepinpsyedtECR2e10l e (BEB ihasl in, 1.00 ¢
(18.5 mmol ) of sodi um net hoxi de and 40.0 g of tetrahydrofuran were m xed
and thenfevbhed detaildCwiTherefermamsecatide8xdmppriese 21.46 g of a tol uene
solution (70% wei ght concentration, 74.3 mol) of sodium bis

(2- met hokyampd&y} al um num hydride at -10C over 2 hours, and the m xture
was stirred at the same tenperature for 21 hours. The reaction m xture was
added dr opoepeat o ayntkediki gai d1Rf s6)35-peh291ienpob)methyadizum gl uconat e,
5.46 g (111.4 mmol) of sodium cyani de and 40 g of water at 5C over 30

m nut es, atabibeeld [67190( Réx8nhrpob) @tomgeuihg a¢i d was added dropw se at
5C, and the m xture was stirred at the sane tenperature for 12 hours.

Thereafter, 10(grpfst obluesgzyaSe add@imbbRyet 9, 23881 ci/BeoMBXLULSHARS

stirred, then allowed to stand still, and separated. The resulting organic
layer was-yashed w4t &9 OdR-emel misARELE)r atd o) Pf(san AgHeqys sodi um

hydr oxi de solution four tinmes, and then further washed™with 42 g (4.8%

wei ght cgﬂcg%ga{@éim)teqft.mt%qa%%uanaoﬂbgﬁ%@ P61 d8nS Ok A LRl

distilling off the solvent fromthe resu ng organi c | ayer under reduced

or eSS ELEQIOLLAPDE (2 0,8 01 AR 190 SO LR Pl 2 L3P R AT

quantit aEbYSQ{e %%1%%@0@16978%iw%%.g'?xﬁ):Lgoingegltg%aftgloln?VgAﬂgm%%%“ é%%rc]) ium
bis(2-methoxyethoxy)aluminum hydride at -10°C over 1 hour and
20 minutes, and the mixture was stirred at the same temperature
for 2 hours and 20 minutes. The reaction mixture was added
dropwise to a mixed solution of 195 g of a 2% aqueous sodium
hydroxide solution and 9.8 g of sodium gluconate at 10°C over
20 minutes. Thereafter, the mixture was allowed to stand still
and separated, and the resulting organic layer was washed with
130 g of a 2% aqueous sodium hydroxide solution twice, with 66
g of a 2% agqueous sodium hydroxide solution once, and with 66
g of 5% saline once. The resulting organic layer was.dried over
11 g of anhydrous magnesium sulfate, and concentrated under
reduced pressure conditions to distill off the solvent, thereby
obtaining 62.4 g of white crystals containing 61.2 g (282 mmol:

yield of 93.9%)" of Compound A.
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1H NMR(CDC13) EO: 7.33-7.23(5H, n), 3.83-3.70(3H, n), 2.98(1H, d, J=1D Hz)
2.82(1H, dd, J=5 Hz , 10 Hz), 1.47(1H, d, J=8 Hz), 1.37(1H, dd, J=4Hz, 7

Hz), 1.29(3H, s), 0.99(3H, s) [HPLC Conditions] Col utm:  ZORBAX CN,
4.6 mr(1) x 250 nmm 5 }.tm (manufactured by Agilent Technol ogies, Inc.)
Flow rate: 1.00 m/mn Detection wavel ength: UV 220 nm Mobi | e phase:

Solution A (hexane)/ Solution B (tetrahydrofuran) G adient conditions:
_ Tine(ml%J—ﬁ%éiCDCl3)5: 7.33-7.26(5H, m), 4.18(1H, s), 3.87(1H, 4),
3.75(1H, 4), 3.iO(lH, dd), 2.62(1H, d), 1.35-1.28(2H, m),
1.08(3H, s), 0.96(3H, s)
*) quantitatively analyzed using HPLC in the following
conditions.
[HPLC Conditions]

Column: CAPCELLPAC C18 MGIII, 4.6 mm¢ x 100 mm, 3 um
(manufactured by Shiseido Co., Ltd.)

Flow rate: 1.35 ml/min

Detection wavelength: UV 220 nm

Mobile phase: Solution A (0.1% phosphoric acid) /Solution

B (acetonitrile)

Gradient conditions:

Time (min.) 0 45
Solution A (%) 95 30
Solution B (%) 5 70

Column temperature: 35°C
Example 2
[Step A]: Synthesis of Compound A

Compound E (10.0 g) (46.4 mmol), 0.50 g (9.25 mmol) of
sodium methoxide and 20 g of toluene were mixed and then cooled
to 10°C. Thereto was added dropwise 8.72 g of a toluene solution
(70% weight concentration, 30.2 mmol) of sodium
bis(2-methoxyethoxy)aluminum hydride at 10°C over 2 hours, and

the mixture was stirred at the same temperature for 3 hours.
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1 30 Solution A(-96) 95 95 1 75 Solution B(.% 5 5

This reaction mixture liquid was analyzed by HPLC. Here, HPLC
conditions are the same as the HPLC conditions in Example 1.
Conversion rate from raw materials to product: 99.8%
Conversion rate (%): (Compound A + Over-reduced
form) / (Compound A + Over-reduced form + Raw materials) x 100
The inversion rate (%) is calculated in the same manner
also in other Examples.
Ratio of Compound A to (1R, 5S)-3-benzyl-6,6-dimethyl-3-
azabicyclo[3.1.0]lhexane (over-reduced form): 100.0/0.0
HPLC area percentage of Compound A: 98.9%
Example 3
[Step A]: Synthesis of Compound A
Compound E (1.00 g) (4.64 mmol), 0.10 g (0.89 mmol) of
potassium tert-butoxide and 2.0 g of tetrahydrofuran were mixed
and then cooled to -10°C. Thereto was added dropwise 1.37 g
of a toluene solution (70% weight concentration, 4.74 mmol) of
sodium bis (2-methoxyethoxy)aluminum hydride at -10°C over 20
minutes, and the mixture was stirred at the same temperature
for 25 hours. The reaction mixture liquid was analyzed by gas
chromatography. GC conditions for analysis were as follows.
Conversion rate from raw materials to product: 98.3%
Ratio of Compound A to over-reduced form: 99.4/0.6
GC area percentage of Compound A: 96.6%

[GC Conditions]

Column :DB-1701, 0.25mm$ x 30 m, 0.25 um (J&W Scientific,
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125 Col um tenperature: 25C Exanple 19 [Steps A+B] : Synthesis of
Conmpound B Compound E (10.0 g) (46.45 mmol) , 0.50 g (9.29 mmol ) of
sodi um net hoxi de and 20 g of tetrahydrofuran were m xed and then cooled to
20C. Thereto was added dropwi se 10.73 g of a toluene solution (70% wei ght
concentration, 37.15 mmol) of sodium bis (2-nmethoxyethoxy) alum num hydride
at 20C over 2 hours, and the m xture was stirred at the sane tenperature
for 1 hour. At this point, the conversion rate and the ratio of Conpound A
to over-Fe@duted formwere calculated in the same HPLC conditions as in
Exanple 1. The reaction m xture was added dropwi se to a m xed |iquid of
1.52 g of sodiketgtutonanethod73FFPof sodi um cyani de and 20 g of water
while nmaintaining a tenperature of 4 to 7C, and the m xture was stirred at
the sanme tenpefFktwreater 15mhouwis. (Fetihte), 14.4 g (12% wei ght

- concentration) of aqueous sodi um hypochlorite was added dropw se at the
sanme tenper at Wweluandtédfpgratutel uene was added thereto. Thereafter, the

m xt ure was stirred—allowed to-stand still—and separated—Theyesulting
organi c | aye NevalHad  wi th 200 (100 wh? ght | con® ntrELLgﬁi'_gL an aqueous
sodi um chl orli TREREFAHFAN (K 1 he 9Ene enpgéfat ure #¥Ce,  and %%Ren furt her
washed with 20119%8{:&9@ ELobd- e A teEqdfistilling off the solvent fromthe
resul ti ng organi ayer under reduced pressure conditions, a solution
contai ni ng 10. ield of 97.6% o ound B was obtained. The yield
was determ ned&le%e{:%%rs %%P?ﬁ?‘%nd%?%@ng i n Exanpl e 18. Conver si on

rate .fro&éﬁﬁ\?gaaerials to product: 99.8, Ratio of Conpound A to
over - reduce orm 99.3/0.7 Exanple 20 [Steps A+B] : Synthesis of Conpound

B [Step Al : Synthesis of Compound A

Compound E (1.00 g) (4.64 mmol), 100 mg (0.89 mmol) of
potassium tert-butoxide and 2.0 g of methyl tert-butyl ether
were mixed and then cooled to -10°C. Thereto was added dropwise
1.09 g of a toluene solution (70% weight concentration, 3.77
mmol) of sodium bis (2-methoxyethoxy)aluminum hydride at -10°C
over 20 minutes, and the mixture was stirred at the same
temperature for 22 hours. This reaction mixture sclution was
analyzed by gas chromatography. GC conditions for analysis
were the same as the GC conditions in Example 3.

Conversion rate from raw materials to product: 99.2%

Ratio of Compound A to over-reduced form: 99.8/0.2

GC area percentage of Compound A: S$7.7%

Example 5
[Step A]: Synthesis of Compound A
‘Compound E (1.00 g) (4.64 mmol), 0.10 g (0.89 mmol) of

potassium tert-butoxide and 2.0 g of tetrahydrofuran were mixed
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Compound E (10.0 g) (46.45 mol) , 0.50 g (9.29 mol ) of sodi um net hoxi de
and 20 g of toluene were m xed and then cooled to 10C. Thereto was added
dropwi se 10.73 g of a toluene solution (7096 wei ght concentration, 37.15
mol ) of sodium bis (2-nmethoxyethoxy) al um num hydride at 10C over 2 hours,
and the m xture was stirred at the sane tenperature for 16 hours. At this
point, the conversion rate and the ratio of Conpound A to over-reduced form
were calculated in the same HPLC conditions as in Exanple 1. The reaction
m xture ¥89 bHdadcdeopdi te tBHOY ni Thgetguiwdsohdled? dgopivisedilu®oglbuconat e,
2.73 g of sodiumcyanide, 1.39 g of acetic acid and 20 g of water while

mai nt ai NPAR &alayeper godneion 47 Q% vedgldndonnentirrtara, was7 gtnimglad odt t he
same tenperature for 24 hours. Further, 14.4 g (1296 wei ght concentration)
of aqueossdsodi birs iy poethoxi ¢ ehvaryg) atldedndhoppdsedat at hel samvieamper at ur e,
and 10 g of toluene was added thereto. Thereafter, the mxture was. stirred,
al | oned nhonsteand shil the anikiseparved ekt ihed esultthenganegaenperayarewas
washed with 20 g (1096 wei ght concentration) of an aqueous sodi um chl oride
sol uti onfat 1heoware Thtdpeeatyienoneeruaadl { ¢niderasvaghed, yéd by2Qag of
water twice. After distilling off the solvent fromthe resulting organic

| ayer undertomedugedphyessat xoreitth drndSor arfQlvdil OGN tHdNigRhe a80 ¢
(yield of 94.3% of Conpound B was obtained. The yield was determned in

the sanechPL&ccendht t98fsi InEXRERbE18. Conversion rate fromraw
materials to product: 99.8% Rati o of Conpound A to over-reduced form

99. 2/ 0. 8 Exanptgnédrt BbEPSa A Blrom SHRt H§§E§igis@w&d A: 98.7%0onmpound
E (10.0 g) (46.45 mmol) , 0.50 g (9.29 mmol ) of sodi um net hoxi de and 20 g

of Lol uene Wer gai sede Andub sy 0801 60ok0; 10Ca, DA ehoytas saddgd, dr opui se

10. 73 g of a toluene solut % wel g concentration, mol ) of

sodiumbis (2 G&egggéyg%ﬁgé%gaﬁgé;J{e;r}ngag?n{%gﬁjidg:a%719g3 over 2 hours, and the

m xture was stirred at erature for hours. At this point, the
conver si rate;and_t rati o.of, Compound A to over-reduced formwere

cal cul at ggt?ﬁ ‘[Ehé g%{ﬁggﬁﬁlﬁ 85né?‘t“?§§§lga in Exanple 1. Thereafter, the
reaction m xture |iqui s added opw se to g mxed liquid of 1.52 g of
sodi um gl ucona{:cérpp‘ﬁaggd%m@]f‘g%cﬁe)un{jéfg%i“a‘é?l)& & g% i(gugrooﬁw’lal &&hol and
20 g of water while maintaining a tenperature of 5 tao 7C, and the m xture
was st i rPREPEFIFRE S Y HpAS RIS 10F ABtREHREYIFRIHRETY YR MK eact i on
m xture Iigui d was added dr og)wi se 14.4 g (12% wei ght concentration) of
aqueous 30di UrehIRASHDICO 80E - t Hdherahw waspaddedr@ropwisaas. §4rd kér added
10 g of toluene, and_then the m xture was stirred. Thereafter, 14.6 g (10%
wei ght c®nkehufBei 6A}ubionn (AQkevasIgbbdranrsattnteosol t#8nmmad) added
dropwi se at the sane tenperature, and the m xture was stirred, then all owed
t o st andsediiuh, baad2sepahakedthdhe) atamihiimghpdgadecakagefcvwasenasthed Wt h
20 g (10% wei ght concentration) of an aqueous sodi um chl oride solution at

t he sanemieupesatané omeepixnd-d washert washkedtwithle 2amg cempatretutrei ce.
After distilling off the solvent fromthe resulting organic |ayer under

reduced fpoessuheucsndi Thbnxead tdalruni gRueent fgqud dgak0aNflgzEyie) daef
96. 096) of Conpound B was obtained. The yield was determned in the sane

HPLC conghtbomasogpapkaipl@: Mbnditions for analysis were the same as
the GC conditions in Example 3.
Conversion rate from raw materials to product: 98.1%
Ratio of Compound A to over-reduced form: 99.7/0.3
GC area percentage of Compound A: 96.1%

Example 7

[Step A]: Synthesis of Compound A
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Conversion rate fromraw materials to product: 99.8% Rati o of Conpound A to
over-reduced form 99.3/0.7 Exanple 22 [Steps A+B] : Synthesis of Conpound
B Conmpound E (14.0 g) (65.0 mol) , 1.46 g (13.0 nmol) of potassium
tert-butoxide and 28.0 g of tetrahydrofuran were m xed and then cooled to
-10C. Thereto was added dropwi se 15.0 g of a toluene solution (70% wei ght
concentration, 52.0 mmol) of sodium bis (2-nethoxyethoxy) alum num hydri de
at -10C over 2 hours,_and the m xture was stirred at the sane ggeng rature
(

for 20 hours. GIPTEREE di -H&SUr & wds B8@Ed dPopfi Fe (£o45. WBO . 3%

wei ght concentration) of a methanol solution of acetic acid. To this

react i orPOtags HIMESTadBugoHiGeRRe 31P. B af touraydepEurasfEentiaeion, 78.2
mol ) of an aqueous sodi um cyani de solution at 5C over 35 mnutes, and the
m Xt ur e awas$ tddr hedtedt toheosane Thempecavaseadded drdmmikse 1T gabfer, 0.78
g of acetic acid was added dropw se thereto at 5C over 5 mnutes, and the
m xtur e avasokténe esbttide 620k vehpht atomeehbratifonoubsé8 Fumeherofat the
sanme tenperature, 0.32 (6.52 mmol) of sodium cyani de was added, and the

m Xt ur e ¥68ighi i€ fetBohpst Box{ Va1 et fm ehyr 6degat 1809C mxedy o sodi um
cyani de was added at the sanme tenperature, and the m xture was stirred for
3 hour s.mihet ¢€sWHnd nhe eaciture Mag wtd driequiadt whe addedtdmppwaserto a

m xed liquid of 4.44 g of sodium gluconate and 49.0 g (2. 85% wei ght

concent r &1+ @) hehiran ageousasedictniniy 8ue%i Xensid whisoanal y16&€ byagdst he
m xture was stirred at the sane tenperature, then allowed to stand still

and sepatiRiSfatdfLapepUl NG RIdAidhd B MRS MA@ theb2ahegab2. 0%
wei ght concentration)” of an aqueous sodi um hydroxi de sol ution three tines,

and t hen fur ghegonasheshwi 1 29afinde (4. 8% wei ght concentration) of an
aqueous sodium chloride solution.” After distilling off the solvent fromthe

Lo o con SPAS AR5 S Lecedy pRER L foRY Lol 8 ge0l
O s e JAELS ST Yol P e uatg 6. bpatbe f ol o o
Scientific, Ing.),Deteclion fethody ELRELAY A3t g dsM /M n (helium

-Example 8

[Step A]l: Synthesis of Compound A

Compound E (1.50 g) (6.97 mmol), 38 mg (0.70 mmol) of

sodium methoxide and 3.0 g of tetrahydrofuran were mixed and

then cooled to -10°C. Thereto was added dropwise 1.64 g of a

toluene solution (70% weight concentration, 5.68 mmol) of

sodium bis (2-methoxyethoxy)aluminum hydride at -10°C over 20

minutes, and the mixture was stirred at the same temperature

for 25 hours. This reactionmixture liquid was analyzed by HPLC.

HPLC conditions for analysis were the same as the HPLC

conditions in Example 1.

Conversion rate from raw materials to product: 99.9%

Ratio of Compound A to over-reduced form: 97.8/2.2
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Col umm tenperature: Tine(nm) O 10 46 55 Tenperature(C) 100 100

HPLC area peréentage of Compound A: 96.7%
Example 9
[Step A]: Synthesis of Compound A

Compound E (1.50 g) (6.97 mmol), 75 mg (1.39 mmol) of
sodium methoxide and 3.0 g of tetrahydrofuran were mixed and
then cooled to -10°C. Thereto was added dropwise 1.64 g of a
toluene solution (70% weight concentration, 5.68 mmol) of
sodium bis (2-methoxyethoxy)aluminum hydride at -10°C over 20
minutes, and the mixture was stirred at the same temperature
for 1 hour. This reaction mixture liquid was analyzed by gas
chromatography. GC conditions for analysis were the same as
the GC conditions in Example 3.

Conversion rate from raw materials to Compound A: 98.4%

Ratio of Compound A to over-reduced form: 99.2/0.8

GC area percentage of Compound A: 92.7%
Example 10
[Step A]: Synthesis of Compound A

Compound E (1.50 g) (6.97 mmol), 151 mg (2.79 mmol) of
sodium methoxide and 3.0 g of tetrahydrofuran were mixed and
then cooled to -10°C. Thereto was added dropwise 1.64 g of a
toluene solution (70% weight concentration, 5.67 mmol) of
sodium bis (2-methoxyethoxy)aluminum hydride at -10°C over 20
minutes, and the mixture was stirred at the same temperature
for 25 hours. This reactionmixture liquid was analyzed by HPLC.

HPLC conditions for analysis were the same as the HPLC
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280 280 Injector tenperature: 150C Detector tenperature: 280C Exanple 23
[Step B]: Synthesis of Hydrochloride salt of Conpound B To 8.83 g of
a concentrate containing 7.38 g (32.6 nmol) of Conpound B were added 20 m
of ethyl acetate and 20 m of nethyl ethyl ketone, and the m xture was
cooled to OC. Thereafter, thereto was added dropwise 9 m of a 4 N HCL
ethyl acetate solution, the mxture was stirred at 0OC for 25 m nutes, and
then the precipitated crystals were collected by filtration. The resulting
crystaIsC&BSét BRedWFER™@EeNt - of methyl ethyl ketone and dried under
reduced pressure to obtain 7 . 60 g of white crystals containin% 7.60 g
(28.9 mmol, yiePAVRFSBBN7U4LSf LHAr B2N| BRFBELI3AFt tof PLeAP6tnd1lBY - PRe yiel d
was quantitatively determ ned using HPLC in the same HPLC conditions in
Exanpl e 18. 1}3@@@@[2@)§@mpound A to over-reduced form: 99.7/0.3

HPLC area percentage of Compound A: 98.5%
Example 11
[Step A]: Synthesis of Compound A

Compound E (1.50 g) (6.97 mmol), 95 mg (1.40 mmol) of
sodium methoxide and 3.0 g of tetrahydrofuran were mixed and
then cooled to -10°C. Thereto was added dropwise 1.64 g of a
toluene solution (70% weight concentration, 5.68 mmol) of
sodium bis (2-methoxyethoxy)aluminum hydride at -10°C over 20
minutes, and the mixture was stirred at the same temperature
for 25 hours. This reactionmixture liquid was analyzed by HPLC.
HPLC conditions for analysis were the same as the HPLC
conditions in Example 1.

Conversion rate from faw materials to product: 99.8%

Ratio of Compound A to over-reduced form: 99.7/0.3

HPLC area percentage of Compound A: 98.1%
Example 12
[Step A]: Synthesis of Compound A

Compound E (0.43 g (content of 99.3%, 1.86 mmol)), 0.17
g (1.93 mmol) of N,N'-dimethylethylenediamine and 3.7 g of
tetrahydrofuran were mixed and then cooled to -10°C. Thereto
was added dropwise 0.86 g of a toluene solution (70% weight

concentration, 2.98 mmol) of sodium
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8.57(1H, s), 7.55-7.12(5H, m), 5.05(2Hs), 4.24(1H m, 4.02(1H d,
J.16Hz), 2. 73(1H, br.$), 2. 49( 1H,

bis (2-methoxyethoxy)aluminum hydride at -10°C over 20 minutes,
and the mixture was stirred at the same temperature for 22 hours.
Thereafter, thereto was added dropwise 0.59 g of a toluene
solution (70% weight concentration, 2.04 mmol) of sodium
bis(2-methoxyethoxy)aluminum hydride at -10°C, and the mixture
was stirred at the same temperature for 3 hours. This reaction
mixture liquid was analyzed by gas chromatography. GC
conditions for analysis were the same as the GC conditions in
Example 3.

Conversion rate from raw materials to Compound A: 95.3%

Ratio of Compound A to over-reduced form: 100/0

GC area percentage of Compound A: 95.3%
Example 13
[Step A]: Synthesis of Compound A

Compouﬁd E (1.00 g) (4.64 mmol), 0.40 g (2.32 mmol) of
N,N,N',N", N"-pentamethyldiethylenetriamine and 2.0 g of
tetrahydrofuran were mixed and then cooled to —10°C.
Thereafter, thereto was added dropwise 2.19 g of a toluene
solution (70% weight concentration, 7.58 mmol) of sodium
bis(2-methoxyethoxy)aluminum hydride at -10°C over 20 minutes,
and the mixture was stirred at the same temperature for 25 hours.
This reaction mixture liquid was analyzed by gas chromatography.
GC conditions for analysis were the same as the GC conditions
in Example 3.

Conversion rate from raw materials to product: 98.3%
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br.$), 1.27(3H, s), 0.88(3H, s). Exanple 24 [Step C: Synthesis of nethyl
(1R, 2S,5S) - 3-benzyl-6, 6- di nmet hyl- 3-azabicycl o[ 3. 1. 0] hexane- 2- car boxyl ate
(Conpound d) Compound B (15.0 g) (66.3 mmol ) and 23.8 g of

met hanol were m xed, and cooled to -30C, then 37.2 g (1.02 nol) of hydrogen
chloride gas was blown thereinto at -10C or | ower over 2 hours and 30

m nutes, and the m xture was stirred at a tenperature of -15C to -10C for 2

hours. Thereafjer, t esul ti reaction m xtur iquid added dropw se
to 300 g of waF{ag_‘rloatO d‘%’“&ﬁmﬁ% CENPE rflﬁeeé %?r%l%?zlg%h %W? opwi se

addition, while stirring at 20C, the m xtur s_adjysted to have a pH of 9
with 70.4 g (FSER P C%?%%%i%ﬂ\%‘ﬂ?%%%‘? :aﬁg-%ktract ed with 100 nl of

toluene twice. The resulting organic |ayers were conbi ned and m xed, and
washed Vi¥3BY% skt i ne. The resul ti ng organi c | ayer was dried over anhydrous
magnesium sul fate and filtered. The resulting filtrate was concentrated
under rebRiesR Jr esErtenedigli fi FPmBPENEH2 sol vent, obtaining 16.0 g of a
solution containing 14.4 g (55.5 mol : yield of 83.7% of Conpound C . The
yi el d was quarfoneaund|s det®d rned -$H 7§odl (i § -ée Isdre 3EOmBEAdi Pfons in
Exanpl e 22. 1H NVMR(CDC13)8.: 7.30-7.19(5H, m, 3.73(2H d, J=16 Hz) ,

3. 70( 3H,1s}2 - dimlyl amynogt gl I H -welthykoippragipe) and 8op 16, °8, J=9 Hz),
1.37-1.30(2H, m, 1.17(3H, s), 1.00(3H, s) Exanple 25 [Step C]: Synthesis
of Conmpotsithrfhydrofuran were mixed and then cooled to -10°C. Thereto

was added dropwise 2.19 g of a toluene solution (70% weight
concentration, 7.58 mmol) of sodium
bis(2-methoxyethoxy)aluminum hydride at -10°C over 20 minutes,
and the mixture was stirred at the same temperature for 25 hours.
Thereafter, this reaction mixture liquid was analyzed by gas
chromatography. GC conditions for analysis were the same as
the GC conditions in Example 3.

Conversion rate from raw materials to product: 98.1%

Ratio of Compound A to over-reduced form: 82/18

GC area percentage of Compound A: 79.6%
Example 15
[Step A]: Synthesis of Compound A

Compound E (1.00 g) (4.64 mmol), 0.37 g (2.31 mmol) of
bis(2- dimethylaminoethyl)ether and 2.0 g of tetrahydrofuran
were mixed and then cooled to -10°C. Thereto was added dropwise
2.19 g of a toluene solution (70% weight concentration, 7.58
mmol) of sodium bis (2-methoxyethoxy)aluminum hydride at -10°C

over 20 minutes, and after the dropwise addition, the mixture

65



Hydrochl ori de salt of Conpound B (2.63 g) (10.0 mmol ), 0.48 g of nethanol

- and 15.8 g of toluene were m xed, and cooled to -10C, then hydrogen

chl oride gas was blown thereinto while nmintaining the tenperature at -10C
or |ower over 2 hours. This mxed liquid was stirred at -10C for 18.5
hours, and then heated to 25C. Thereafter, 1.78 g (15.0 nmol) of thionyl
chloride and 3.20 g of a nethanol solution were added dropw se thereto in
turn at a tenperature . of 25 to 30C. After_the conpl etiaqn .of dropw se

addi 1 o243 REPERAT oA 17 KLU & TRETREAFEL $h 25660 Eny St Ea2GE LPRe sane
tenperature for 9,5 h(gurs. Thereafter, 1.19 ﬁr§1o.o mo] ) of _t hi onyl

chl ori deM4EE Frt Her1Addes AR BT BRdIRReCRT RTaFeIvARIEL i 1F%ed at 66C for
2 hours. This reaction mxture |iquid was cooled to roomtenperature, 32 ¢
of an acdtRRLELUF iR A FOVRIE Y66t £BA PG VRS gHte S6heenBi&Lirss) ikas added
thereto, and the m xture was stirred, then allowed to stand still, and
separ at é&gXammbe r2sul ti ng organi ¢ | ayer was washed w th aqueous sodi um

chl oride (5% wei ght concentration) , to obtain an organic |ayer containing
2.07 g (8.0 meEdnversioh ofaigd. H84m ofavConpoemiaTs . tFhprgdetd: was. 9%
gquantitatively determ ned using HPLC in the sane HPLC conditions as in
Exanpl e 1. Exaatio 26 [ Srtrapo@id (A Symtdrest sreduGedpborm: CG85/15 To 10.2 g
of a toluene solution containing 4.32 g (19.1 mmol) of Conpound B were
added 21.8 g diCtateensearehtads @f cfompdilmadod; smd2%he m xture was cool ed
to -10C. To this mxed liquid was added dropwi se 1.92 g (20.0 nmol) of

met hanesEntdmwie B&i d at -10C over 15 mnutes, and then 6.5 g (178.3 mmol)
of

[Step A]l: Synthesis of Compound A

Compound E (1.00 g) (4.64 mmol), 0.56 g (2.29 mmol) of
bis(2-morpholinoethyl)ether and 2.0 g of tetrahydrofuran were
mixed and then cooled to -10°C. Thereto was added dropwise 2.19
g of a toluene solution (70% weight concentration, 7.58 mmol)
of sodium bis(2-methoxyethoxy)aluminum hydride at -10°C over
20 minutes, and the mixture was stirred at the same temperature
for 25 hours. This reaction mixture liquid was analyzed by gas
chromatography. GC conditions for analysis were the same as
the GC conditions in Example 3.

Conversion rate from raw materials to product: 97.8%

Ratio of Compound A to over-reduced form: 81/19

GC area percentage of Compound A: 77.1%
Example 17
[Step A]l: Synthesis of Compound A

Compound E (1.00 g) (4.64 mmol), 0.31 g (2.32 mmol) of

bis(2-methoxyethyl)amine and 2.0 g of tetrahydrofuran were
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hydrogen chl ori de gas was bl own thereinto while maintaining the tenperature
at -10C or lower. The reaction m xture was stirred at -10C for 1.5 hours,
and then stirred at 5C for 20 hours. Thereafter, the m xture was heated to
20C, and 9.61 g of nethanol was added dropw se thereto at a tenperature of
20 to 30C, then 7.69 g (80.0 nmmol) of nethanesul fonic acid was added
dropwi se thereto. After the conpletion of dropwi se addition, the reaction
m xture liquid was heated to 60C, and stirred at the same tenperature for
23. 5 houméXettrn@shearcoehed foxt L€ waFhesstedvas agged doopgwbte iatldr was
added thereto and the m xture was adjusted to have a pHof 7.6 with 6.45 ¢
(25% wei GHPL diCEHang iSeRPtéPradiesuse Aghbrrencani s i ed Sd&immed was
filtered, then allowed to stand still, and separated. In the resulting
organi c bayeodidmosig(215e6hunpéthoy?bhﬂuminﬂm.Hpﬁiidé Lonpdoil Slerwas
contai ned. The yield was quantitatively determ ned using HPLC in the sane
HPLC cond@Ptmimstas, iandEkhapliscthireEwaspei27ed [a85t epeGane Spntdeesituref (1R,
2S, 5S) -3-benzyl-6,6-dinmethyl-3 - az abicyc lo [3.1.0] hexane -2-

car boxantde Z5 GompaundTE2} reactiorAnticdtugiec]l sghidives &h51§z¢) SpRriaai ni ng
12.0 g (53.0 nmmmol ) of Conpound B was added dropwi se to 36.8 g (4596 wei ght
concent r ahronatofrhpiiyochtOrésndct thed ot carl youied weOWiss <HiE tahe

m xture was stirred at the sane tenperature for 23 hours. To the reaction

m xture thgucd wesdaddedslIndrgapblwater, then 35.8 g of an aqueous sodium
hydr oxi de sol ution (4896 wei ght concentration) was added dropw se thereto,

and the pH wascagdidgtednt 8atl. rFbhSralkXRdeki-gdhd waspsblnked, shheg al | owed
to stand still, and separated. To the resulting aqueous | ayer was added

26.6 g of an aﬂaewsogoébmgbﬁﬁh%l de é%&ltk@au&ég weight ogogcentration) for
washing. After distill |ng of f the solvent fromthe resulfing organic |ayer

under reduced @&g§§ gggghkéggsofa 88# ggn%coggabalng 11.9 g (48.7 mol,

yield of 91.9% oun was obta he yield was quantitatively
deternlnggagﬁ gglgPLC in the sane conditions as in Exanple 1. 1H NMR(CDC13)
. 7.36 % , 5. 58 (1H br.$) , 3.79(1H, d, J=13 Hz), 3.58(1H, d,

R NN RORER MR TN
0'96(3H’aggb1cychHg %8O]hexane 2-carbonitrile (Compound B)
Compound E (20.0 g) (92.9 mmol), 1.00 g (18.5 mmol) of
sodium methoxide and 40.0 g of tetrahydrofuran were mixed and
then cooled to -10°C. Thereto was added dropwise 21.46 g of
a toluene solution (70% weight concentration, 74.3 mmol) of
sodium bis(2-methoxyethoxy)aluminum hydride at -10°C over 2
hours, and the mixture was stirred at the same temperature for
21 hours. The reaction mixture was added dropwise to a mixed
liquid of 6.35 g (29.1 mmol) of sodium gluconate, 5.46 g (111.4
mmol) of sodium cyanide and 40 g of water at 5°C over 30 minutes,

further 1.67 g (27.8 mmol) of acetic acid was added dropwise

at 5°C, and the mixture was stirred at the same temperature for

12 hours. Thereafter, 10 g of toluene was added thereto, and
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[Step C] : Synthesis of Conmpound C2 A toluene solution (53.7 Q)
containing 37.6 g (166.2 muol) of Conpound B was added dropwise to 173.3 ¢
of hydrochloric acid (35% wei ght concentration) at 17C over 20 m nutes, and
the m xture was stirred at the sane tenperature for 48 hours. To the
reaction mxture were added 76 g of water and 115 g of toluene, then 142 g
of an aqueous sodi um hydroxi de sol uti on (48% wei ght concentration) was
added drapwi se thereto nd the pH was justed to 9. .The.m xture was

o owed Th¥ STRAIEE | 172 A rLehar Hhen = PEOYE0 ERoriahd Rad hadBitt o the
resul ting aqueous | ayer, and the m xture was stirred, allowed to stand
still a E%ﬁ%?%@edi%ﬁIrQﬂu%HﬁQQWQﬁﬂQH%ﬁ;%ﬁ%&éhﬁ@sl§9§P§dmgﬂéhnpﬁea, and
then thereto was added 84 g (5% wei ght concentration) of an_aquegus sodi um
chl ori de{Zof fit Yohdhlor CORGHR HeR L 1PREr OF| 3R | FEPRAGUST FOLREMSBYFEAY 18R om t he
resulting organic |ayer under reduced pressure conditions, a solution

cont ai ni $@l8aien gteuz 1t ignefwlanditdlan durgheryagheSomiding2C2 WAs8sbt ai ned.
The yield was quantitatively determ ned using HPLC in the same HPLC

condi t i oneight igrrBerpiad ibn)Erdnphea@@e st egpddium Sydhrdgiessoluthapound C2
Hydrochloric acid (23.1 g) (35% wei ght concentration) and 5.90 g of a

t ol uene BbHteri dhstoht mgi ot St goleenB fmoh)thé CeapdthdgBoweariai xed,
and the m xture was stirred at 15C for 4 hours. Thereafter, 10.9 g of

hydr ogenlay¢ prurtiegasduaedbees sulrer eontiotiand, t he. oxtafr @ satusionred for
further 2 hours. To the reaction m xture were added dropw se 16 g of

tol uene amdt&Ingngf2iare gquesus madl purpiyidl et deosdl of i ntARIE Bevght
concentration) , and the pH was adjusted to 7. The m xture was allowed to
stand stébtaingd. t hersepahatieit BUWeRUSuARY Ef a VBSe B¥ tdeat et ndd is18g9 of
toluene. The resulting organic layers were mxed to obtain a solution

cont ai nigprdé. 48 €nhé 1811 HDhg ¥b8EH: 06n88. 699 of Conpound C2. The yield was
guantitatively determ ned using HPLC in the same HPLC conditions as in

Exanpl & 1 _nvp (cDC1,)8: 7.33-7.23(5H, m), 3.83-3.70(3H, m), 2.98(1H,
d, J=10 Hz) 2.82(1H, dd, J=5 Hz ,10 Hz), 1.47(1H, 4, J=8 Hz),
1.37(1H, dd, J=4Hz, 7 Hz), 1.29(3H, s), 0.99(3H, s)

[HPLC Conditions]

Column: ZORBAX CN, 4.6 mm¢ x 250 mm, 5 um (manufactured
by Agilent Technologies, Inc.)

Flow rate: 1.00 ml/min

Detection wavelength: UV 220 nm

Mobile phase: Solution A (hexane)/Solution B
(tetrahydrofuran)

Gradient conditions:

Time (min.) 0 5 30
Solution A (%) 95 95 75
Solution B (%) 5 5 25

Column temperature: 25°C

Example 19
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1. Exanple 30 [Step C] : Synthesis of Conpound C2 A tol uene sol ution
(81.7 g) containing 10.0 g (44.2 muvol) of Conpound B, and 2.12 g (66.3
nmmol ) of net hanol were m xed, and cooled to OC, then hydrogen chloride gas
was blown thereinto at a tenperature of 0 to 6C for 1 hour, and the m xture
was heated to 10C. The m xture was stirred at the sane tenperature for 3
hours, then hydrogen chloride gas was bl own thereinto at 10C for 10

m nutes, and the mxture was stirred for 1 hour. Further, hydrogen chloride
gas was bPeRRs thidilei ntnEreade ¢BrCompewdeB, and the mixture was stirred
for 1 hour. Moreover, hydr ogen chloride gas was bl own thereinto at 10C for
5 minutes, andCAUROUAKEINA Onds I3t i(#F ed5fBROY) horS0 Furitth@smpmel) h98r ogen
chl oride gas was blown thereinto at 10C for 5 mnutes, and the m xture was
stirred sotiutmgshrxidFan@ o eadt t@tnraxhx@méumnevamjeﬁxadm tbher9 g of
an aqueous sodi um hydroxi de sol ution (5% wei ght concentration) and 35 g of
an aqueogso sadliton talr oxhee etal whs GrRidebdrvpivgbe TONTE R 6Atd 06)uenand t he
pH was adjusted to 12. This mxed liquid was stirred, then allowed to stand
still, asndlstepatatrerk weoligiht aton@ehotraeben) ayer 15 Tambbe afuesodsuhmayer was
added 50 g of toluene, and the m xture was extracted. The resulting toluene

layers wef €z e StKoAY | £OuRyein IR MM Uil 26| boeDt aidurd saht i on
cont ai ni ng 9 14 g (37.4 mmol, yield of 84.6% of Conpound C2. The yield was

quant i t aghe elivccudel 581 Netk 1si ng. HRE Gk tdaey Uil Eceondicironsaas in
Example 1. Exanple 31 [Step C] : Synthesis of Hydrochloride salt of

Compoundeid s point, the éé’ngeQElB'ﬁtf@i@'aﬁ%ﬁ@rhglégf\%nﬁdﬂﬁﬂi dr epw se
21.4 g (2596 wei ght concentration, 66.9 mmol) of fumng sulfuric acid at a

t enper atyrer ofe i d &y 1R nPVr%rrelchEB%Eedt henfde R e ¥Baqheabad to 74C.

The m xture was stirred at the sane
as in Example 1. The reaction mixture was added dropwise to

a mixed liquid of 1.52 g of sodium gluconate, 2.73 g of sodium
cyanide and 20 g of water while maintaining a temperature of
4 to 7°C, and the mixture was stirred at the same temperature
for 15 hours. Further, 14.4 g (12% weight concentration) of
aqueous sodium hypochlorite was added dropwise at the same

temperature, and 10 g of toluene was added thereto. Thereafter,
the mixture was stirred, allowed to stand still, and separated.
The resulting organic layer was washed with 20 g (10% weight
concentration) of an aqueous sodium chloride solution at the
same temperature once, and then further washed with 20 g of water
twice. After distilling off the solvent from the resulting
organic layer under reduced pressure conditions, a solution
containing 10.3 g (yield of 97.6%) of Compound B was obtained.
The yield was determined in the same HPLC conditions in Example

18.
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tenperature for 0.5 hours, then 15.3 g of a toluene solution containing 8.0
g (32.7 mol ) of Conpound C2 was added dropw se thereto at 74C over 0.5
hours, and the m xture was stirred at the sane tenperature for 10 hours.
The reaction m xture was cooled to 25C, 16 g of tol uene was added thereto,
and the mxture was stirred. This toluene mxed liquid and 19.9 g (28%

wei ght concentration) of agqueous ammoni a were added dropw se at the sane

time to 17.6 of water at 5C e maintaining a pHof .9 to After the
ool et o of GERE L e tT ot iR S Eta s o b ratishhede 185y of
water, and the m xture was stlrred then allowed to stand still and

separated to GHtEr AL tOPTRANTE A0 FFRT akeeeted | E9%8P: wal- 24Practed with
16 g of toluene. The resulting toluene | ayers were conbi ned and washed with
16 g of E%A®Rlea?® the solvent was distilled off under reduced pressure
condltlons to obtain 9.75 g of a concentrate containing 8.09 g (31.2 mmol,
yield of [@6%]2&967)+B)]‘ Gypoedlc of Themgeend Ras quantitatively determ ned
using HPLC in the sane HPLC conditions as in Exanple 1. To this
concent r at e wet@npolded Elir(@@wilcsg)554§- 65 moblened and o1. (@ .¢@ X 28%lueipght
concentration) of a hydrogen chloride 2-propanol solution at 5C, the

m xt ur e swdiwt imatéddaitdd hedsa0g bénpelhatne evefrer mixhduand diekrt henlele
precipitated crystals were collected by filtration. The resulting crystals
vere wasted ¢id.h aheirsed selsubbardaotirdpiick 10l.ysng aFds0t3lgectle
2-propanol, then further with 16 g of toluene, and dried under reduced
pressur esdéDuobdmi 0178% Ode gght wbhéenerysiahs sontai mnol) 8o28sgdfdd. 0 mol ,
yield of 85.5% of hydrochloride salt of Conpound O. The yield was

quantitatiy %(yméiﬁtl&l’: %waammr%ﬁwafﬂfe 3RMEoIPLGCORAIUQANS 28 i N
Exanpl e 1. anpl e 3 [Step (J : Synthesi's of Hydrochloride sal't of

Compounde ¥l mixture w%é %'t‘i%‘i%dsgkuﬁhémsérﬁé” HerfPe SONLA HIW 1%4h5u€}s( 142
mmol ) of Conpound C, and 69.5 g of nethanol were m xed, and .2 0 (98%

wei ght conceniL dﬂ{‘u e @B%l&ex‘glc?fp%edgrﬁae@h%uga‘é bcoécbgmﬁ’éﬁn@idded

dropwi se theret a tenperature 25 to 45C over 30 m nutes.

react| O”A”tl&(té‘v&‘g@%dﬂgé‘&e? L9 Q«Qr{a %,—??cguléﬁgdsih%ﬁg Qéméhﬁﬁﬁé”e

tenperature for 40 hours Ren €00 O roomt enpérature ereafter, 70 g

of toluene addedther nd. th mxture was stirred, then hi s
Dol uane cendfe1 868 58s L I8! BB 0Ty Lol gt EonTET A O o7 Taddas

anmoni a re addddro elat t tlmeto%l f vvat \Mal|7§

ol a1 RGPUCRE 6 SoTEEe L SR 0% e SR P BT S
g of sodium cyanide, 1.39 g of acetic acid and 20 g of water
while maintaining a temperature of 4 to 8°C, and the mixture
was stirred at the same témperature for 24 hours. Further, 14.4
g (12% weight concentration) of agueous sodium hypochlorite was
added dropwise at the same temperature, and 10 g of toluene was
added thereto. Thereafter, the mixture was stirred, allowed
to stand still, and separated. “The resulting organic layer was
washed with 20 g (10% weight concentration) of an aqueous sodium
chloride solution at the same temperature once, and further
washed with 20 g of water twice. After distilling off the .

solvent from the resulting organic layer under reduced pressure
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addition, the mxed liquid was allowed to stand still and separated, and
the resulting organic | ayer was washed with 70 g of water. The sol vent was
distilled off fromthis organic |ayer under reduced pressure conditions, to
obtain 52.7 g of a concentrate containing 32.6 g (125.6 mmol : yield of
88.49% of Conpound C. The yield was quantitatively determ ned using HPLC
in the sanme HPLC conditions as in Exanple 1. To this concentrate was

added 208 g.of. tol uene, .added dropw.se 23.1 25%.wei ght ngentration) of
2y dr o e B A SORAOGEPh & TYAS LT RE Tkt OFe wab
stirred at the sanme tenperature fqor 1 h , _then the, precjpitated crystals
wer e colq%ﬁif%’“&f‘%;ﬁ f”ialstgg'f"f‘b%?dThéﬁfeeéﬁeaﬁﬁaEr %’f%ml'&%‘geugééﬁeﬁa(ﬂfth a

m xed solution of 35 g of toluene and 4 g of 2-propanol, then further with
70 g of HGerndhhtows | v FrfeRle eliced pressure to obtain 36.6 g of white
crystals containing 35.2 g (118.8 nmmol, yield of 83.6% _of hydrochloride
salt of ConpolfRR\GXSIPR ¥Atd dEYRE MMM Eerivts yracperdnakd 88i#f HPLC in
the sane HPLC conditions as in Exanple 1. Exanple 33 [Step C: Synthesis of
Conpound O  Ratio fof ferprumd|Atferoter 4dedycednieini ng202389-8 (1.51
mmol ) of Conmpound C2, 2.6 g of toluene and 0.77 g of nethanol were m xed,
and 0. 5&ExpniRld92imol ) of net hanesul fonic acid was added dropw se thereto
at a tenperature of 25 to 50C over about 5 mnutes. The reaction mxture
i quid weStdpatzeBl o $@ hands sof rcedpatnfihe sane tenperature for 24 hours,
then cooled to roomtenperature. In the reaction mxture solution, 0.38 g
(1.47 mol : yeehsbwid 37.(5%). ool ) Coapoundmabl Waso comtai (veckko Taelyi efd was
guantitatively determ ned using HPLC in the same HPLC conditions as in
Exanpl e dodfuamdttha3ddeShag I g SYnidesése afereinhybd(diR 23n &5pled

-6, 6-di met hyl- 3- azabicyclo [3.1.0] hexane-2 - carboxyl ate hydrochl ori de

salt (Compoupt D) Thereto was added dropwise 10.73 g of a toluene
solution (70% weight concentration, 37.15 mmol) of sodium
bis (2-methoxyethoxy)aluminum hydride at 10°C over 2 hours, and
the mixture was stirred at the same temperature for 2 hours.
At this point, the conversion rate and the ratio of Compound
A to over-reduced form were calculated in the same HPLC
conditions as in Example 1. Thereafter, the reaction mixture
liquid was added dropwise to a mixed liquid of 1.52 g of sodium
gluconate, 2.73 g of sodium cyanide, 5.0 g of isopropyl alcohol .
and 20 g of water while maintaining a temperature of 5 to 7°C,
and the mixture was stirred at the same temperature for 18 hours.
To the resulting reactionmixture liquid was added dropwise 14 .4
g (12% weight concentration) of agueous sodium hypochlorite at
the same temperature, and was further added 10 g of toluene,

and then the mixture was stirred. Thereafter, 14.6 g (10%

weight concentration) of an aqueous sodium sulfite solution was
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Compound Cd (3.23 g) (12.5 nmmol) , 1.43 g (13.7 mol) of 35% hydrochloric
acid, 0.59 g of 10% Pd/ C (50% hydrous type) and 22.7 g of nethanol were

m xed, and heated to 45C. The inside of the reaction vessel was replaced
wi th hydrogen gas, and the m xture was stirred at the same tenperature for
5 hours. The reaction vessel was opened, then toluene was added thereto,
and the solvent was distilled off under reduced pressure conditions, to
obtain 3. f a solid containing_ 2.28 d_of 88.8% of
Compound BedrEFSerse Bk ﬁ%%n%?wst FORPSrAENER i ABY. Pl LRBRES Hobhe
follown cond tlons 5£$f ndi tiong] rs Xbrldge C18,

4.6 mmdi nEﬂU?EﬁParﬁﬁl%} Vﬁ%grgeEEFﬁB?atlo € Flow rate:
1.OmM/mn Eetectlon wavel ength: UV 210 nm Mobil e phase; Sol ution A

(10 MM NESTIPEHIRG PBFRREF | BR¥ey5Was ‘s%ﬁh%ﬁowléh(aeeaorﬁipﬁ veighter = 80/ 20)

G adient conditions: Time(mn.) . . _
concentration) of an agueous sodium chloride solution at the

same temperature once, and further washed with 20 g of water
twice. After distilling off the solvent from the resulting
organic layer under reduced pressure conditions, a solution
containing 10.00 g (yield of 96.0%) of Compound B was obtained.

The yield was determined in the same HPLC conditions in Example

18.
Conversion rate from raw materials to product: 99.8%
Ratio of Compound A to over-reduced form: 99.3/0.7
Example 22

[Steps A+B]: Synthesis of Compound B

Compound E (14.0 g) (65.0 mmol), 1.46 g (13.0 mmol) of
potassium tert-butoxide and 28.0 g of tetrahydrofuran were
mixed and then cooled to -10°C. Thereto was added dropwise 15.0
g of a toluene solution (70% weight concentration, 52.0 mmol)
of sodium bis(2-methoxyethoxy)aluminum hydride at -10°C over
2 hours, and the.mixture was stirred at the same temperature
for 20 hours. The reaction mixture was added dropwise to 2.42
g (48.3% weight concentration) of a methanol solution of acetic
acid. To this reaction liquid was added dropwise 17.8 g (21.5%
weight concentration, 78.2 mmol) of an agqueous sodium cyanide

solution at 5°C over 35 minutes, and the mixture was stirred
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0 30 Solution A(96) 100 10 Solution B(96) 0 90 Colum tenperature: 40C

at the same temperature for 11 hours. Thereafter, 0.78 g of
acetic acid was added dropwise thereto at 5°C over 5 minutes,
and the mixture was stirred at the same température for 15 hours.
Further, at the same teﬁperatureq 0.32 (6.52 mmol) of sodium
cyanide was added, and the mixture was stirred for 3 hours,
furthermore, 0.64 g (13.1 mmol) of sodium cyanide was added at
the same temperature, and the mixture was stirred for 3 hours.
The resulting reaction mixture liquid was added dropwise to a
mixed liquid of 4.44 g of sodium gluconate and 49.0 g (2.85%
weight concentration) of an agqueous sodium hydroxide solution
at 10°C, and the mixture was stirred at the same temperature,
then allowed to stand still and separated. The resulting
organic layer was washedwith 62.5 g (2.0% weight concentration)
of an aqueous sodium hydroxide solution three times, and then
further washed with 29.4 g (4.8% weight concentration) of an
aqueous sodium chloride solution. After distilling off the
solvent from the resulting organic layer under reduced pressure
conditions, 17.8 g of a solution containing 13.44 g (59.4 mmol,
yield of 91%) of Compound B was obtained. The yield was
quantitatively determined using GC in the following conditions.
[GC Conditions]

Column: DB-1, 0.25 mm$ x 30 m, 0.25 um (J&W Scientific,
Inc.)

Detection method: FID

Flow rate: 1 ml/min (helium)
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Exanple 35 [Step D]: Synthesis of Conpound D Hydrochl ori de salt of
Compound O (12.0 g) (content of 96.1% 39.0 mmol), 10% Pd/ C (50% hydr ous
type) and 2-propanol were m xed, and the inside of the reaction vessel was
replaced with nitrogen, then pressurized to 0.40 MPa with hydrogen gas, and
the m xture was stirred at 25C for 8 hours. The inside of the reaction
vessel was deconpressed and then heated to 50C, a glass filter was
precoated wit thg}n(l) gcé)f aa{tj_lltee.r aid, and the reaction mxture |iquid was
filtered. Further, the THTt7ation resi due was washed with 2- propanol at

50C, and the remiid i@mdgnwashi hg Toqui d wasiam xeld wi4éh the figgratle. In this
m xture (40| CGdhberdtpe 9(°c$8] 2 AGOI © yiehdoof [97. 98 of| Cogpeund| D was _
cont ai ned. The yieldwas quantitatively determned using HPCC T t he sane
HPLC condi ti ofstjertEmangtnpsgmture: 158G er 40. 0 g of this nixed liquid
was concentrated to 22 .1 g, 5.6 g of 2-propanol was added thereto, and the
m xture was héstesttor 40Gnpdienete: ves0d@dded 0. 01 g of a seed crystal of
Conmpound D, and the m xture was stirred for 1 hour. Thereafter, 39.6 g of
met hyl tExanpgle e2her was added dropwi se thereto at the sane tenperature
over 1.5 hours, and then the m xture was stirred for 1 hour and cooled to
-5C. ThelStueg Ble: WagnishesiedofitHydo¢lolodVddoski st abdCohpoutdeBpr eci pit at ed
crystals were collected by filtration. The resulting crystals were washed
with a mxed |Tg@i.@30G df.b cgnebnZratepasataandng. B. I8 of (3et.lBylhmbibutyl
ether at -5C, then further with 8.6 g of nethyl t-butyl ether at -5C, and
dri ed unsiercomsbieed PressairRided ot ailn ohickeyar ysbahsecantaboi Ag 451 g
(content of 10096, 34.6 mmol: yield of 88.6% of Conpound D. The yield was

quant i ta}ﬁée&?%y et $1 M oeGndiS| gy HALE ikt bfe SRR EBL{eg0pdi fé@ns in Exanpl e
34. Exanpl e "36

Thereafter, thereto was added dropwise 9 ml of a 4 N HC1 ethyl

acetate solution, the mixture was stirred at 0°C for 25 minutes,

and then the precipitated crystals were collected by filtration.
The resulting crystals were washed with 15 ml of methyl ethyl
ketone and dried under reduced pressure to obtain 7.60 g of white
crystals containing 7.60 g (28.9 mmol, yield of 88.7%) of
hydrochloride salt of Compound B. The yield was quantitatively
determined using HPLC in the same HPLC conditions in Example
18.

"H-NMR (D;0)8: 8.57(1H, s), 7.55-7.12(5H, m), 5.05(2H, s),
4.24(1H, m), 4.02(1H, 4, J=16 Hz), 2.73(1H, br.s), 2.49(1H,
br.s), 1.27(3H, s), 0.88(3H, s).

Example 24

[Step C]: Synthesis of methyl (1R,2S,5S8)-3-benzyl-6,6-
dimethyl-3-azabicyclo[3.1.0lhexane-2-carboxylate (Compound

Cl)
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Synthesis of (1R, 5S) -3 -benzyl - 6,6-dinmethyl-3 - azabicyc lo [3.1.0]
hexan- 2 -one ( Conpound E) A 200-nm. aut ocl ave was charged with
19.3 g of a toluene solution containing 15.0 g (118.6 muol) of (1R 5S) -
6,6 -dirnethyl - 3 -oxabicyc o [3.1.0] hexan- 2 -one (Compound F) , 25.7 ¢
(239.7 mmol ) of benzylam ne and 64.8 g (3.6 nol) of water, and the

resul tant was m xed and then heated to 180C under a pressure condition of
0.9 MPa. The xture r ed a erature r 10 houyrs and
cooled to 350%?W€ﬁun§,aﬁ2 %é ?T%mhf)m"@ﬁ y?darogctﬁ &fiod‘eé'rg’iadl s added
dropwi se to the reactiaqn nlxture and t he pH was adjusted to _4 . The
react | on"RERt BEESFi qAPd GRS16%t FRcred Wi t iReB 37 of FefhyP2t@PLlbafyl et her
twice. As a result of quantitative determ nation of the reaction mass, 24.1
g (111. 8PHABPISHi ErEPBidngagges il cmanpoenal Bt e cbht@pmetowahevieasul ti ng
organic |ayers were mxed, and washed with 45 g of water once, and the
organi ¢ PalerrRadnfoRfehi PREEE  UABEr thedTdE8UBFeyssr 6taaWE B6ng to di stil
off the solvent. To this concentrate was added 64 g of heptane, and the

m xt ure GBesphvatedet 0f65C5°¢ em 416°Q fofr acthomted Taehbenfweas , adted
thereto, and the m xture was stirred at the sane tenperature for 0.5 hours.
Thi's ni xEaFElEaBIf reactben mttute Fidwidmwesnaddeiddeopmisaashednigt h 45 g
of heptane. The resulting filtrate and the washing |iquids were m xed and
concent rafedatadeatr pdTesk reeestr e Aferdi thenscn®leitsbn o foldrophie ssol vent .
To the resulting concentrate was added 60 g of heptane and the m xture was

heat ed taddi€iomhewkiDe viasi aettesl &b @2°g, ofhé ik xSHre was adjusted to
- 3-benzyl- 6, 6-di net hyl- 3- azabicyclo [3.1.0] hexan-2-one, and the m xture

was stirhadefarpd dbw withereatgr (01de uib Xt W pars seaehedak®odateand the
precipitated crystals were collected by filtration. The resulting crystals

were furaher ewashedew whtB81000kh1hept aBeudhe5Ewand . thﬁﬁedfégglﬂﬂﬂg reduced
pressure to obtain 21.57 g of white crystals containing 21.52 g 9.9 mmol ,

yield of 08423% 0hyEe8PauAd Eombhgeli ghd m@§eauaahat @s'svl%bwai% ki ned
using HPLC in the same HPLC conditions as in Exanple 1. 1H NVR CD613)6

287 24051 St iy Uy Y b gl 2,
Hz, 7 Ft%agﬁeggﬁﬁHsuﬁkatQ 3&&3E&1E£rgé@”p%ﬁé3Zeéﬁi%{§§ Elftrgpgpggnd E
concentrated' under reduced pressure to distill off the solvent,
obtaining 16.0 g of a solution containing 14.4 g (55.5 mmol:
yield of 83.7%) of Compound Cl. The yield was quantitatively
determined using GC in the same GC conditions in Example 22.
1H—.I\'l'lVIR(C'DCl3)6: 7.30-7.19(5H, m), 3.73(2H, d, J=16 Hz), 3.70(3H,
s), 3.52(1H, s), 3.15(1H, dd, J=9 Hz, 5 Hz), 2.69(1H, 4, J=9
Hz), 1.37-1.30(2H, m), 1.17(3H, s), 1.00(3H, s)
Example 25
[Step C]: Synthesis of Compound C1
Hydrochloride salt of Compound B (2.63 g) (10.0 mmol),

0.48 g of methanol and 15.8 g of toluene were mixed, and cooled

to -10°C, then hydrogen chloride gas was blown thereinto while
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A 200-nL autoclave was charged with 9.82 g of a toluene solution containing
7.58 g (60.1 nmmol ) of Conmpound F, 12.87 g (120 mml) of benzyl am ne and
32.5 g (1.80 nol) of water, and the resultant was m xed and then heated to
170C under a pressure condition of 0.7 MPa. The mi xture was stirred at the
same tenperature for 15 hours to obtain a reaction mxture |iquid
containing 12.3 g (57.3 mol, yield of 95.671) of Conpound E. The yield was

guantitatively determ ned using HPLC.in t sa HPLC conditions as in
Exanpl e“fl%ﬁérﬂfir& % tet(?“k%e%%m%eesaits 'olfg%or?ﬁg‘&r?d’e% over Z BSimpunt of
wat er described in Exapple 37 was changed to_the ampunt described in Table
1, and (HES BAXEFohl AL ¢S S&dTd6L #h 11 ShRe MamdP WS i APExE e 37
except for the anbunt of water. The results are shown in Table 1, [Table 1]

Exanpl e IS8R 2536 - ExBhpreaibeexahpl® g1(15.0 mmol) of thionyl

chloride and 3.20 g of a methanol solution were added dropwise
thereto in turn at a temperature of 25 to 30°C. After the

completion of dropwise addition, the reaction mixture was

heated to 66°C, and stirred at the same temperature for 9.5 hours.

Thereafter, 1.19 g (10.0 mmol) of thionyl chloride was further
added thereto, and the mixture was stirred at 66°C for 2 hours.
This reaction mixture liquid was cooled to room temperature,
32 g of an agueous sodium carbonate solution (7% weight
concentration) was added thereto, and the mixture was stirred,
then allowed to stand still, and separated. The resulting
organic layer was washed with aqueous sodium chloride (5% weight
concentration), to obtain an organic layer containing 2.07 g
(8.0 mmol: yield of 80.0%) of Compound Cl. The yield was
guantitatively determined using HPLC in the same HPLC
conditions as in Example 1.
Example 26
[Step C]: Synthesis of Compound Cl

To 10.2 g of a toluene solution containing 4.32 g (19.1
mmol) of Compound B were added 21.8 g of toluene and 0.83 g of
methanol, and the mixture was cooled to -10°C. To this mixed
ligquid was added dropwise 1.92 g (20.0 mmol) of methanesulfonic

acid at -10°C over 15 minutes, and then 6.5 g (178.3 mmol) of
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Exanpl e 42 Exanpl e 43 Conpound F 11.34-g 89.9 mmol 15.12 g 119.9 mmol 7. 58g
60.1 mml 7.57¢g

hydrogen chloride gas was blown thereinto while maintaining the
temperature at -10°C or lower. The reactionmixture was stirred
at -10°C for 1.5 hours, and then stirred at 5°C for 20 hours.
.Thereafter, the mixture was heated to 20°C, and 9.61 g of
methanol was added dropwise thereto at a temperature of 20 to
30°C, then 7.69 g (80.0 mmol) of methanesulfonic acid was added
dropwise thereto. After the completion of dropwise addition,
the reaction mixture liquid was heated to 60°C, and stirred at
the same temperature for 23.5 hours. Thereafter, the mixture
was cooled to 25°C, 30 g of water was added thereto, and the
mixture was adjusted to have a pH of 7.6 with 6.45 g (25% weight
concentration) of.aqueous ammonia. This mixed solution was
filtered, then allowed to stand still, and separated. In the
resulting organic layer, 4.05 g (15.6 mmol: yield of 81.7%) of
Compound Cl was contained. The yield was guantitatively
determined using HPLC in the same HPLC conditions as in Example
1.

Example 27

[Step C]: Synthesis of (1R,2S,58)-3-benzyl-6,6-dimethyl-3-
azabicyclo[3.1.0] hexane-2-carboxamide (Compound C2)

A toluene solution (55.8 g) containing 12.0 g (53.0 mmol)
of Compound B was added dropwise to 36.8 g (45% weight
concentration) of hydrochloric acid at 4 to 7°C over 2 hours,
and the mixture was stirred at the same temperature for 23 hours.

To the reaction mixture liquid was added 19.4 g of water, then
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60.0 mmol 3.79 g 30.0 nmol 1.89g 15.0 mml Anmount of water 1.62g 89.9 nmol
6.48 ¢

35.8 g of an aqueous sodium hydroxide solution (48% weight
concentration) was added dropwise thereto, and the pH was
adjusted to 10. This mixed liquid waé stirred, then allowed
to stand still, and separated. To the resulting aqueous layer
was added 26.6 g of an aqueous sodium chloride solution (5%
weight concentration) for washing. After distilling off the
solvent from the resulting organic layer under reduced pressure
conditions, a solution containing 11.9 g (48.7 mmol, yield of
91.9%) of Compound C2 was obtained. The yield was
quantitatively'determined'using'HPLC in the same conditions as
in Example 1.
'H-NMR (CDC15)8: 7.36-7.24(6H, m), 5.58(1H, br.s), 3.79(1lH, 4,
J=13 Hz), 3.58(1H, 4, J=13 Hz), 3.34(1H, 44, J=10 Hz, 6 Hz),
3.19(1H, 4, J=2 Hz), 2.38(1H, dd, J=10 Hz, 2 Hz), 1.49(1H, 44,
J=8 Hz, 2 Hz), 1.234-1.39(1H, m), 1.04(3H, s), 0.96(3H, s).
Example 28
[Step C]: Synthesis of Compound C2

A toluene solution (53.7 g) containing 37.6 g (166.2 mmol)
of Compound B was added dropwise tb 173.3 g of hydrochloric acid
(35% weight concentration) at 17°C over 20 minutes, and the
mixture was stirred at the same temperature for 48 hours. To
the reaction mixture were added 76 g of water and 115 g of toluene,
then 142 g of an aqueous sodium hydroxide solution (48% weight
concentration) was added dropwise thereto, and the pH was

adjusted to 9. The mixture was allowed to stand still and
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359.6 mml 10.90g 0.61 nol 21.61 g 1.20 nol 54.01 g 3.00 nol 56.80g 3.16
nol Yield

separated, 78 g of toluene was added to the resulting aqueous
layer, and the mixture was stirred, allowed to stand still and
separated. All of the resulting organic layers were mixed, and
then'thereto was added 84 g (5% weight concentration) of an
aqueous sodium chloride solution for washing. After
distilling off the solvent from the resulting organic layer
under reduced pressure conditions, a solution containing 34.6
g (141.6 mmol, yield of 85.2%) of Compound C2 was obtained. The
yield was quantitatively determined using HPLC in the same HPLC
conditions as in Example 1.
Example 29
[Step C]: Synthesis of Compound C2

Hydrochloric acid (23.1g) (35% weight concentration) and
5.90 g of a toluene solution containing 5.04 g (22.3 mmol) of
Compound B were mixed, and the mixture was stirred at 15°C for
4 hours. Thereafter, 10.9 g of hydrogen chloride gas was blown
thereinto, and the mixture was stirred for further 2 hours. To
the reaction mixture were added dropwise 16 g of toluene and
67 g of an aqueous sodium hydroxide solution (30% weight
concentration), and the pH was adjusted to 7. The mixture was
allowed to stand still, and the separated agueous layer was
extracted with 10 g of toluene. The resulting organic layers
were mixed to obtain a solution containing 4.42 g (18.1 mmol,
yield of 88.6%) of Compound C2. The yield was quantitatively

determined using HPLC in the same HPLC conditions as in Example
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52.70% 87. 30% 92. 60% 92. 90% 94. 90% 90. 50% Exanpl e 44 Synthesis of Conpound
E A 200-nmL autocl ave was charged with 14.71 g of a toluene solution
containing 11.36 g (90.1 nmol) of Conpound F, 19.3 g (180 nmol) of

benzyl am ne, 16.2 g (899 nol) of water and 22.7 g of nethanol, and the
resul tant was m xed and then heated to 160C under a pressure condition of
1.0 MPa. The m xture was stirred at the sane tenperature for 21 hours to
obtain Y reaction m xture containing 17.5 g (81.3 muol, yield of 90.3% of

Example 30
[Step C]: Synthesis of Compound C2

A toluene solution (81.7 g) containing 10.0 g (44 .2 mmol)
of Compound B, and 2.12 g (66.3 mmol) of methanol were mixed,
and cooled to 0°C, then hydrogen chloride gas was blown thereinto
at a temperature of 0 to 6°C for 1 hour, and the mixture was
heated to 10°C. The mixture was stirred at the same temperature
for 3 hours, then hydrogen chloride gas was blown thereinto at
10°C for 10 minutes, and the mixture was stirred for 1 hour.
Further, hydrogen chloride gas was blown thereinto at 10°C for
5 minutes, and the mixture was stirred for 1 hour. Moreover,
hydrogen chloride gas was blown thereinto at 10°C for 5 minutes,
and the mixture was stirred for 1 hour. Furthermore, hydrogen
chloride gas was blown thereinto at 10°C for 5 minutes, and the
mixture was stirred for 15 hours. To the reaction mixture were
added dropwise 29 g of an aqueous sodium hydroxide solution (5%
weight concentration) and 35 g of an aqueous sodium hydroxide
solution (15% weight concentration), and the pH was adjusted
to 12. This mixed liquid was stirred, then allowed to stand
still, and separated, to obtain a toluene layer. To the aqueous
layer was added 50 g of toluene, and the mixture was extracted.
The resulting toluene layers were.combined and dried over sodium
sulfate to obtain a solution containing 9.14 g (37.4 mmol, yield

of 84.6%) of Compound C2. The yield was quantitatively
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Compound E. The yield was quantitatively determ ned using HPLC in the sane
HPLC conditions as in Exanple 1. Exanple 45 Synthesis of Conpound E

A 200-nL autoclave was charged with 5.05 g (39.6 muol, content of 99.0% of
Compound F, 8.49 g (79.3 mol) of benzylamne, 17.96 g of water and 10.03 g
of methanol, and the resultant was m xed and then heated to 165C under a
pressure condition of 0.9 MPa. The m xture was stirred at the sane

tenmperature for 12 haurs obtain a re i on _m.xture containpin .39 ¢
(3670 mToeTTiage Sl BRCorh Ehimaana L conaitipperdgif Bediods® ) O
35% hydrochl oric acid was added thereto to adjust the pHto 5, and then the
m xture Was extracted with 15 g of toluene twice. The resulting organic
| ayers were conbi ned and concentrated under reduced pressure conditions to
distill Bf3meHe 3blvent, and then 23 g of heptane was flown thereinto. The
m xture was cooled to 10C, and the precipitated crystals were collected by
filtratibF-eRmaShedSYmEResusgobf Hyéppapeoradd ariedoft govpeund ¢105 g (32.7 -
mol , yield of 82.5% of Conpound E. The yield was quantitatively
det ermi ned usiTy 3P f mdttearsdmecHRPEG torkfid wansadsed driepamsee2l1. 4Exanpl e
46 Synt hesis of Conpound E A 200-nL autocl ave was charged with
14. 69 g of(2%% etught swiaantoreicion akhi. Agnidl B4 gfeeing suidlurisf a€édpound F,
16.39 g (153 nmol) of benzylam ne, 16.2 g (900 nol) of water and 22.78 g of
met hanol at and evp@ ra@sidd aift swes 18°xedvandlt heolneat athdro the mixture

was heated to 74°C. The mixture was stirred at the same

temperature for 0.5 hours, then 15.3 g of a toluene solution

containing 8.0 g (32.7 mmol) of Compound C2 was added dropwise

thereto at 74°C over 0.5 hours, and the mixture was stirred at

the same temperature for 10 hours. The reaction mixture was

cooled to 25°C, 16 g of toluene was added thereto, and the mixture

was stirred. This toluene mixed liquid and 19.9 g (28% weight
concentration) of aqueous ammonia were added dropwise at the
same time to 17.6 g of water at 5°C while maintaining a pH of
9toll. After the completion of dropwise addition, to the mixed
liquid was added 16 g of water, and the mixture was stirred,
then allowed to stand still and separated to obtain a toluene
layer. The aqueous layer was extracted with 16 g of toluene.
The resulting toluene layers were combined and washed with 16
g of water, and the solvent was distilled off under reduced
pressure conditions to obtain 9.75 g of a concentrate containing
8.09 g (31.2 mmol, yield of 95.2%) of Compound Cl. The yield

was quantitatively determined using HPLC in the same HPLC

81



170C under a pressure condition of 1.2 MPa. The m xture was stirred at the
sane tenperature for 15 hours to obtain a reaction m xture containing 17.96
g (83.4 mol, yield of 92.8% of Conpound E. The yield was quantitatively

determ ned using HPLC in the same HPLC conditions as in Exanple 1. Exanple

47 Synt hesi s of Conmpound E A 200-nL autocl ave was charged with 9. 80
g of a toluene solution containi ng 7.57 g (60.0 nmmol ) of Conpound F, 32.1
g (300 mml ). of benzyl am e an .8 g (600 nol) of water, and the

resul t antONBE- hPRE P antf t ?1'“5?1 %t d to 170C under a pressure condi ti on of
0.6 MPa. The m xtyre was stirred at the enperature f 15 hours to
s A "

obtain a reactidHHikEIRE TGRS E0R 19 P §40 PER§iel d of
91.5% of Conpound E. The yield was quantitati veI y. det erm ned_usi n HPLC in
the sameMPLE %o?rdﬂ??on‘%ela%h? CEREFPFE2 1108k afthl @ BEILYEEResPLOBE €onpound
E A 200-nL autoclave was charged with 14.69 g of a toluene solution
cont ai ni hrgpudpadoy JBitd amek) 56, Ebhapuimdure weg 26igred 78t &henshipeof
benzyl am ne, 16.25 g of water, 22.71 g of methanol and 3.51 g (18.0 mmol)
of p-t ol temesritene el dawnohpdrithen thedrraeipbbaredmrids kg wedeand t hen
heated to 170C under a pressure condition of 1.2 MPa. The m xture was
stirred e@lisetedney tohidaratioe. f Ghel Zelsoulitd ndandyshelesewalrei wgshedct i on
m xture liquid was quantitatively determ ned. The yield of Conpound E based
on Conpowitch B mage85sdPat ildre ofi 8lglofiasoluene and 0.8 g of 2-propanol,

then further with 16 g of toluene, and dried under reduced

pressure to obtain 9.02 g of white crystals containing 8.28 g

(28.0 mmol, yield of 85.5%) of hydrochloride salt of Compound

Cl. The yield was quantitatively determined using HPLC in the

same HPLC conditions as in Example 1.

Example 32

[Step C]: Synthesis of Hydrochloride salt of Compound Cl

A toluene solution (53.1 g) containing 34.7 g (142 mmol)

of Compound C, and 69.5 g of methanol were mixed, and 71.2 g

(98% weight concentration, 711 mmol) of concentrated sulfuric

acid was added dropwise thereto at a temperature of 25 to 45°C

over 30 minutes. The reaction mixture was heated to 60 to 65°C,

and stirred at the same temperature for 40 hours, then cooled

to room temperature. Thereafter, 70 g of toluene was added

thereto, and the mixture was stirred, then this toluene mixed

liquid and 50.2 g (28% weight concentration) of agqueous ammonia

were added dropwise at the same time to 76 g of water while

maintaining a pH of 9 to 11. After the completion of dropwise
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guantitatively determ ned using HPLC in the sanme HPLC conditions as in
Exanpl e 1. Exanple 49 Synthesis of Conpound E A 100-nmL aut ocl ave was
charged with 4.90 g of a toluene solution containing 3.78 g (30.0 mmol) of
Compound F, 3.54 g (33.0 nmmol) of benzylamine, 5.5 g (305 nmmol) of water
and 0.38 g (3.00 mml) of y-alumna, and the resultant was m xed and then
heated to 170C in the autoclave. The m xture was stirred at the sane

tenperature. for 15 .hours nd. wat er__was ded.tp the_res i ng action
e ur o Fge in rrete bl RrdELE vl R LR SERRAR L TSR e
organic layer and the water |ayer were quantjtatively determned._The yield
of S Comp U T R e (Uth e BEa R e 896861 HE WAL MFAIES AR Taci el y
determ ned using HPLC in the same HPLC conditions as in Exanple 1.

| NDUSTRIALCAPH Bl [TRpysolvent wasofdshd et RéTpfEoBN N RVBRERBAC a
proline conpound represented by formula (1), or a salt thereof useful as an

i nt er nedh3Y LT fERrAeHE SHUIRRE IGEBIra SR IGIRAS ot aGRd&iéhidcal” 9geht or the

| i ke can be produced in a high yield. CLAIM
a concentrate containing 32.6 g (125.6 mmol: yield of 88.4%)

of Compound C1. The yield was quantitatively determined using
HPLC in the same HPLC conditions as in Example 1.

To this concentrate was added 208 g of toluene, added
dropwise 23.1 g (25% weight concentration) of a hydrogen
chloride 2-propanol solution at 7 to 12°C, and the mixture was
stirred at the same temperature for 1 hour, then the
precipitated crystals were collected by filtration. The
resulting crystals were washed with a mixed solution of 35 g
of toluene and 4 g of 2-propanol, then further with 70 g of
toluene, and dried under reduced pressure to obtain 36.6 g of
white crystals containing 35.2 g (118.8 mmol, yield of 83.6%)
of hydrochloride salt of Compound C2. The yield was
quantitatively determined using HPLC in the same HPLC
conditions as in Example 1.

Example 33
[Step C]: Synthesis of Compound Cl

A toluene solution (0.44 g) containing 0.37 g (1.51 mmol)
of Compound C2, 2.6 g of toluene and 0.77 g of methanol were
mixed, and 0.58 g (7.49 mmol) of methanesulfonic acid was added

dropwise thereto at a temperature of 25 to 50°C over about 5
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1 . Amethod for producing a proline conmpound represented by fornula (1),
wherein Rl represents an optionally substituted aliphatic hydrocarbon group
or a hydrogen atom or a salt thereof, conprising the follow ng steps Ato
Do [Step Al: a step of reacting a pyrrolidinone conmpound represented by
formula (2),

minutes. The reaction mixture liquid was heated to 66°C, and
stirred at the same temperature for 24 hours, then cooled to
room temperature. In the reaction mixture solution, 0.38 g
(1.47 mmol: yield of 97.5%) of Compound Cl was contained. The
yield was quantitatively determined using HPLC in the same HPLC
conditions as in Example 1.
Example 34
[Step D] : Synthesis of methyl (1R,2S8,58)-6,6-dimethyl-3-
azabicyclo[3.1.0] hexane-2-carboxylate hydrochloride salt
(Compound D)

Compound C1 (3.23 g) (12.5 mmol), 1.43 g (13.7 mmol) of
35% hydrochloric acid, 0.59 g of 10% Pd/C (50% hydrous type)
and 22.7 g of methanol were mixed, and heated to 45°C. The inside
of the reaction vessel was replaced with hydrogen gas, and the
mixture was stirred at the same temperature for 5 hours. The
reaction vessel was opened, then toluene was added thereto, and
the solvent was distilled off under reduced pressure conditions,
to obtain 3.23 g of a solid containing 2.28 g (11.1 mmol: yield
of 88.8%) of Compound D. The yield was quantitatively
determined using HPLC in the following conditions.
[HPLC Conditiomns]

Column: Waters Xbridge C18, 4.6 mm¢ x 150 mm, 3.5 um
(manufactured by Waters Corporation)

Flow rate: 1.0 ml/min

Detection wavelength: UV 210 nm
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wherein R2 represents a group represented by C(R10)2Ar, Ar is an optionally
substituted phenyl group or an optionally substituted naphthyl group, and
two R' s are each independently a hydrogen atom an optionally substituted
al kyl group or an optionally substituted phenyl group, with a reducing
agent represented by formula (3), (Ms+) /s H4 mA I( CHR 3 ) mwherein
R3 represents an optionally substituted al kyl group, M+ represents a
metal ion, s e val ence of the netal ion, and mrepresents 1, 2
or 3, in the 6&%%@%%gé%ﬁ§%fbase to obtain a pyrrolidinol conmpound

represented by forn#% 4) or_a salt tﬁgg f,, [Step.B]l._a st f reacting
the pyrrolidinol co éﬁﬁﬁQQQﬂﬁeg%ﬁﬂ@ﬁ }ﬁg?ﬁﬁLSE?Q}FLlle =" 58/8)
Solution B (acetonitrile/water = 80/20)

Gradient conditions:

Time (min.) 0 30
Solution A (%) 100 10
Solution B (%) 0 90

Column temperature: 40°C

Example 35
[Step D]: Synthesis of Compound D

Hydrochloride salt of Compound Cl (12.0 g) (content of
96.1%, 39.0 mmol), 10% Pd/C (50% hydrous type) and 2-propanocl
were mixed, and the inside of the reaction vessel was replacéd
with nitrogen, then pressurized to 0.40 MPa with hydrogen gas,
and the mixture was stirred at 25°C for 8 hours. The inside
of the reaction vessel was decompressed and then heated to 50°C,
a glass filter was precoated with 0.60 g of a filter aid, and
the reaction mixture liquid was filtered. Further, the
filtration residue was washed with 2-propanol at 50°C, and the
resulting washing liquid was mixed with the filtrate. In this
mixture (40.0g), 7.85g (38.2mmol: yield of 97.9%) of Compound
D was contained. The yield was quantitatively determined using
HPLC in the same HPLC conditions in Example 34.

After 40.0 g of this mixed liquid was concentrated to 22.1
g, 5.6 g of 2-propanol was added thereto, and the mixture was

heated to 40°C. Thereto was added 0.01 g of a seed crystal of
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wherein R2 represents the sane neani ng as descri bed above, or the salt
thereof with a cyanating agent to obtain a cyanopyrrolidi ne conpound
represented by fornmula (5) or a salt thereof; [Step O: a step of
hydr ol yzi ng or al cohol yzi ng the cyanopyrrolidi ne conpound represented by
formula (5), wherein R2 represents the sanme neaning as descri bed above, or
the salt thereof to obtain a protected proline conpound represented by

formila &8y Qind realda the'eale, A tad st ep-Lh s, fth%t?lro( o3 $HRSELEULLNG R2 11

t he prote pr ol'i ne conpoun represen erein R - and

R2 each Tféapé egseoné merl:%yﬁa@bql% | WP W %S%Ed%%ddggg%ﬁ’se thereto at

the same temperature over 1.5 hours, and then the mixture was
stirred for 1 hour and cooled to -5°C. The mixture was stirred

at -5°C for 17 hours, and then the precipitated crystals were

collected by filtration. The resulting crystals were washed
with a mixed liquid of 11.5 g of 2-propanol and 5.8 g of methyl
t-butyl ether at -5°C, then further with 8.6 g of methyl t-butyl
ether at -5°C, and dried under reduced pressure to obtain white
crystals containing 7.1 g (content of 100%, 34.6 mmol: yield
of 88.6%) of Compound D. The yield was quantitatively
determined using HPLC in the same HPLC conditions in Example
34.
Example 36
Synthesis of (1R,58)-3-benzyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexan-2-one (Compound E)

A 200-mL autoclave was charged with 19.3 g of a toluene
solution containing 15.0 g (118.6 mmol) of
(1R, 58) -6, 6-dimethyl-3-oxabicyclo[3.1.0] hexan-2-one
(Compound F), 25.7 g (239.7 mmol) of benzylamine and 64.8 g (3.6
mol) of water, and the resultant was mixed and then heated to
180°C under a pressure condition of 0.9 MPa. The mixture was
stirred at the same temperature for 10 hours and cooled to 35°C,
then, 12.2 g (117.1 mmol) of 1 N hydrochloric acid was added

dropwise to the reaction mixture, and the pH was adjusted to
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or the salt thereof by a hydrogen atom
according to claim1,

represented by fornula (8)

2

N -

4. The reactionmixture liquid was extracted with 45 gof methyl
tért—butyl ether twice. As a result of guantitative
determination of the reaction mass, 24.1 g (111.8 mmol, yield
of 94.3%) of Compound E was contained. The resulting organic
layers were mixed, and washed with 45 g of water once, and the
organic layer was concentrated under reduced pressure
conditions to distill off the solvent. To this concentrate was
added 64 g of heptane, and the mixture was heated to 65°C, then
1.5 g of activated carbon was added thereto, and the mixture
was stirred at the same temperature for 0.5 hours. Thismixture
was filtered, and the filtration residue was washed with 45 g
of heptane. Theresulting filtrate and the washing liquids were
mixed and concentrated under reduced pressure conditions to
distill off the solvent. To the resulting concentrate was added
60 g of heptane, and the mixture was heated to 47°C. Thereto
was added 0.02 g of (1R,58)-3-benzyl-6,6-dimethyl-3-
azabicyclo[3.1.0lhexan-2-one, and the mixture was stirred for
1 hour. Thereafter, the mixture was cooled to 5°C, and the
precipitated crystals were collected by filtration. The
resulting crystals were further washed with 38 g of heptane at
5°C and then dried under reduced pressure to obtain 21.57 g of
white crystals containing 21.52 g (99.9 mmol, yield of 34.3%)
of Compound E. The yield was quantitatively determined using

HPLC in the same HPLC conditions as in Example 1.

H-NMR (CDC15)8: 7.34-7.24(5H, m), 4.50(1H, 4, J=14 Hz), 4.15(1H,
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2. The production nethod
conpri sing produci ng the pyrrolidinone conpound
represented by fornmula (2) by the following step E, and subsequently
carrying out the steps Ato D. [Step E]: a step of reacting a conpound

wi th a conpound represented by fornmula (9),
R 2 wherein R2 represents the sane neani ng as descri bed above.

H



3. The production nmethod according to claim1 or 2,

wherein the reducing
agent represented by fornmula (3)

in the step Ais a conpound represented by
a formula, (Ms+) I/s H4 ,"Al - [0 (C H2) nOlR4] wherein R4 represents an
al kyl group or a cycloal kyl group, n represents 1, 2, 3 or 4, Ms+, and s
and m each represent the sane neani ng as descri bed above. 4. The
production nethod according to claim 3, wherein the reduci ng agent

[ epresent ed by, foy my 24 8 Hd,"$-3182, A 00OV RAR (7, LUKy hoxy)

al um num'hydrid ucti‘on mét'hod” acco ng to any o

cl ai ns t , rein the base,in.the.step | S | kal i al _al koxi de.
6. The é%b uégfgﬁﬁng%QOQZEchfg?ﬁngog%hyﬁ%ﬁléﬁ%ﬂfﬂgzﬁ'tg'g?q§hér3 h the
base in the step is N, N -di met hyl et hyl enedi am ne. 7. The production

éﬁﬁ S : : :
met hod atcor g Y0 any of clainms 1 to 6, wherein the cyanating agent in

the step Bis a netal cyanide or hydrogen cyani de.
[%xample 37 y y g y

Synthesis of Compound E

A 200—mL autoclave was charged with 9.82 g of a toluene
solution containing 7.58 g (60.1 mmol) of Compound F, 12.87 g
(120 mmol) of benzylamine and 32.5 g (1.80 mol) of water, and

the resultant was mixed and then heated to 170°C under a pressure

condition of 0.7 MPa. The mixture was stirred at the same
temperature for 15 hours to obtain a reaction mixture liquid
containing 12.3 g (57.3 mmol, yield of 95.6%) of Compound E.
The yield was quantitatively determined using HPLC in the same
HPLC conditions as in Example 1.
Examples 38 to 43
Synthesis of Compound E

The amount of water described in Example 37 was changed

to the amount described in Table 1, and the reaction was carried

out in the same manner as in Example 37 except for the amount

of water. The results are shown in Table 1.
[Table 1]
Example 38 Example 39|Example 40|Example 41 |Example 42 |Example 43
11.34 g 15.12 g 7.58 g 7.57 g 3.79 g 1.89 g
Compound F 89.9 mmol [119.9 mmol| 60.1 mmol | 60.0 mmol | 30.0 mmol | 15.0 mmol
Amount of 1.62 g 6.48 g 10.90 g 21.61 g 54.01 g 56.80 g
water 89.9 mmol [359.6 mmol| 0.61 mol 1.20 mol 3.00 mol 3.16 mol
Yield 52.70% 87.30% 92.60% 92.90% - 94.90% 90.50%
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8. The production nmethod according to any of clains 1 to 7, wherein the
step Cis carried out through an i m date conpound represented by fornula
(7), wherein RL and R2 each represent the sane neani ngs as descri bed
above, or a tautoner thereof. 9. The production nethod according to
any of clains 1 to 8, wherein the proline conmpound represented by fornula
(1) or the salt thereof is a proline conpound represented by fornula (Ib),

Example 44
Synthesis of Compound E

A 200-mL autoclave was charged with 14.71 g of a toluene
solution containing 11.36 g (90.1 mmol) of Compound F, 19.3 g
(180 mmol) of benzylamine, 16.2 g (899 mol) of water and 22.7
g of methanol, and the resultant was mixed and then heated to
160°C under a pressure condition of 1.0 MPa. The mixture was
stirred at the same temperature for 21 hours to obtain a reaction
mixture containing 17.5 g (81.3 mmol, yield of 90.3%) of
Compound E. The yield was quantitatively determined using HPLC
in the same HPLC conditions as in Example 1.
Example 45
Synthesis of Compound E

A 200-mL autoclave was charged with 5.05 g (39.6 mmol,
content of 99.0%) of Compound F, 8.49 g (79.3 mmol) of
benzylamine, 17.96 g of water and 10.03 g of methanol, and the
resultant was mixed and then heated to 165°C under a pressure
condition of 0.9 MPa. .The mixture was stirred at the same
temperature for 12 hours to obtain a reaction mixture containing
8.39 g (39.6 mmol, yield of 98.5%) of Compound E.

Thereafter, 3.99 g of 35% hydrochloric acid was added
thereto to adjust the pH to 5, and then the mixture was extracted
with 15 g of toluene twice. The resulting organic layers were

combined and concentrated under reduced pressure conditions to
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wherein Rl represents the sanme neani ng as descri bed above, or a salt
thereof. 10. A pyrrolidi none conpound represented by fornula (2)
wherein R2 represents a group represented by C(R10)2Ar, Ar is an
optionally substituted phenyl group or an optionally substituted naphthyl
group, and two R1l' s are each independently a hydrogen atom an optionally
substituted al kyl group or an optionally substituted phenyl group.

11. A pXi{QQiPingkfceﬂgqggﬁvéggregﬁgtggegyzgOéngkahéééane was flown

thereinto. The mixture was cooled to 10°C, and the precipitated
crystals were collected by filtration, washed with 14 g of
heptane, and dried, to obtain 7.05 g (32.7 mmol, yield of 82.5%)
of Compound E. The yield was quantitatively determined using
HPLC in the same HPLC conditions as in Example 1.
Example 46
Synthesis of Compound E

A 200-mL autoclave was charged with 14.69 g of a toluene
solution containing 11.34 g (90.0 mmol) of Compound F, 16.39
g (153 mmol) of benzylamine, 16.2 g (900 mol) of water and 22.78
g of methancl, and the resultant was mixed and then heated to
170°C under a pressure condition of 1.2 MPa. The mixture was
stirred at the same temperature for 15 hours to obtaina reaction
mixture containing 17.96 g (83.4 mmol, yield of 92.8%) of
Compound E. The yield was guantitatively determined using HPLC
in the same HPLC conditions as in Example 1.
Example 47
Synthesis of Compound E

A 200-mL autoclave was charged with 9.80 g of a toluene
solution containing 7.57 g (60.0 mmol) of Compound F, 32.1 g
(300 mmol) of benzylamine and 10.8 g (600 mol) of water, and
the resultant was mixed and then heated to 170°C under a pressure
condition of 0.6 MPa. The mixture was stirred at the same

temperature for 15 hours to obtain a reaction mixture solution
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6L OH (4) N R2 wherein R2 represents a group represented by C (Rl)2Ar, Ar
Is an optionally substituted phenyl group or an optionally substituted
napht hyl group, and two R3-' s are each independently a hydrogen atom an
optionally substituted al kyl group or an optionally substituted phenyl
group, or a salt thereof. 12. A cyanopyrrolidi ne conpound
represented by fornula (5), R2 wherein R2 represents a group represented

by C (RL Ar. . A ti | | bsti.t
opt onal 157 ETHE (rié g iy R oug LA rug RIS ¢ 257 6ongeRbaE.

opt 1 el igF SHE3ET VaF S BHar TS froky de raiHne P HBTh HEEE ) fne SLAUP OF an

HPLC conditions as in Example 1.
Example 48
Synthesis of Compound E

A 200-mL autoclave was charged with 14.69 g of a toluene
solution containing 11.34 g (89.9 mmol) of Compound F, 19.26
g (179.8 mmol) of benzylamine, 16.25 g of water, 22.71 g of
methanol and 3.51 g (18.0 mmol) of p-toluenesulfonic acid
monohydrate, and the resultant was mixed and then heated to 170°C
under a pressure condition of 1.2 MPa. The mixture was stirred
at the same temperature for 15 hours, and the resulting reaction
mixture liquid was quantitatively detefmined. The yield of
Compound E based on Compound F was 95.4%. The yield was
quantitatively determined using HPLC in the same HPLC
conditions as in Example 1.
Example 49
Synthesis of Compound E

A 100-mL autoclave was charged with 4.90 g of a toluene
solution containing 3.78 g (30.0 mmol) of Compound F, 3.54 g
(33.0 mmol) of benzylamine, 5.5 g (305 mmol) of water and 0.38
g (3.00 mmol) of y-alumina, and the resultant was mixed and then
heated to 170°C in the autoclave. The mixture was stirred at

the same temperature for 15 hours, and water was added to the

resulting reaction mixture liquid. The mixture was stirred and
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or a salt thereof. 13. An im date conpound represented by fornula
(7), ORL(7) NH wherein Rl represents an optionally substituted aliphatic
hydr ocarbon group or a hydrogen atom R2 represents a group represented by
C (R1)2Ar, Ar is an optionally substituted phenyl group or an optionally
substituted naphthyl group, and two R1' s are each independently a hydrogen
atom an optionally substituted al kyl group or an optionally substituted

phenyl group, or a tautomer thereof., 14, protected proline
o oundt I ASSE TR Dy SO FHF P (LC ARIE) R sheater 13yel el
quantitatively determined. The yield of Compound E based on

Compound F was 89.9%. The yield was quantitatively determined

using HPLC in the same HPLC conditions as in Example 1.

INDUSTRIAL APPLICABILITY

According to the present invention, a proline compound
represented by formula (1) or a salt thereof useful as an
intermediate for the production of a medicinal or agrochemical

agent or the like can be produced in a high yield.
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wherein Rl represents an optionally substituted aliphatic hydrocarbon group
or a hydrogen atom R2 represents a group represented by C (R1l)2Ar, Ar is
an optionally substituted phenyl group or an optionally_substituted

napht hyl group, and two R1l' s are each independently a hydrogen- atom__an
optionally substituted al kyl group or an optionally substituted phenyl
group, or a salt thereof. . S

B

CLAIMS —e

1. Amethod for producing a proline compound represented

by formula (1),

(1)

wherein R' represents an optionally substituted aliphatic
hydrocarbon group or a hydrogen atom,

or a salt thereof, comprising the following steps A to D:
[Step A]:

a step of reacting a pyrrolidinone compound represented by

formula (2),

wherein R® represents a group represented by C(R').Ar, Ar is
an optionally substituted phenyl group or an optionally
substituted naphthyl group, and two R'°'s are each independently
a hydrogen atom, an optionally substituted alkyl group or an
optionally substituted phenyl group,

with a reducing agent represented by formula (3),

(M**) ,_. H,_.Al~ (OR?) _

5

wherein R? represents an optionally substituted alkyl group,
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M®" represents a metal ion, s represents a valence of the metal
ion, and m represents 1, 2 or 3,

in the presence of a base to obtain a pyrrolidinol compound
represented by formula (4) or a salt thereof;

[Step B]:

a step of reacting the pyrrolidinol compound represented by

formula (4),

wherein R’ represents the same meaning as described above,
or the salt thereof with a cyanating agent to obtain a
cyanopyrrolidine compound represented by formula (5) or a salt
thereof;

[Step C]:

a step of hydrolyzing or alcoholyzing the cyanopyrrolidine

compound represented by formula (5),

wherein R’ represents the same meaning as described above,
or the salt thereof to obtain a protected proline compound

represented by formula (6) or a salt thereof; and
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[Step D]:
a step of substituting R® in the protected proline compound

represented by formula (6),

OR' (6)

wherein R' and R® each represent the same meanings as described
above,

or the salt thereof by a hydrogen atom.

2. The production method according to claim 1,
comprising producing the pyrrolidinone compound represented by
formula (2) by the following step E, and subsequently carrying
out the steps A to D:

[Step E]:

a step of reacting a compound represented by formula (8)

() (&)
O
with a compound represented by formula (9),

H,N—R?

wherein R® represents the same meaning as described above.

3. The production method according to claim 1 or 2,
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wherein the reducing agent represented by formula (3) in the
step A is a compound represented by a formula,

(M**) . __ H,__Al- [0 (CH,) ,OR*] .,
wherein R4'represents an alkyl group or a cycloalkyl group, n

represents 1, 2, 3 or 4, M, and s and m each represent the

same meaning as described above.

4. The production method according to claim 3, wherein
the reducing agent represented by formula (3) in the step A is

sodium bis (2-methoxyethoxy)aluminum hydride.

5. The production method according to any of claims 1

to 4, wherein the base in the step A is an alkali metal alkoxide.

6. The production method according to any of claims 1
to 4, wherein the base in the step A is

N,N'-dimethylethylenediamine.

7. The production method according to any of claims 1
to 6, wherein the cyanating agent in the step B is a metal cyanide

or hydrogen cyanide.

8. The production method according to any of claims 1
to 7, wherein the step C is carried out through an imidate

compound represented by formula (7),
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" OR' (7
N (7)
I
RZ2 NH

wherein R' and R? each represent the same meanings as described
above,

or a tautomer thereof.

9. The production method according to any of claims 1
to 8, wherein the proline compound represented by formula (1)
or the salt thereof is a proline compound represented by formula

(1b),

R! (Ib)

IZ

wherein R' represents the same meaning as described above,

or a salt thereof.

10. A pyrrolidinone compound represented by formula

(2),

wherein R® represents a group represented by C(R'®),Ar, Ar is
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an optionally substituted phenyl group or an optionally
substituted naphthyl group, and two R'°'s are each independently
a hydrogen atom, an optionally substituted alkyl group or an

optionally substituted phenyl group.

11. A pyrrolidinol compound represented by formula (4),

OH

22
wherein R® represents a group represented by C(R@)zAr, Ar is
an optionally substituted phenyl group or an optionally
substituted naphthyl group, and two R*°'s are each independently
a hydrogen atom, an optionally substituted alkyl group or an
optionally substituted phenyl group,

or a salt thereof.

12. A cyanopyrrolidine compound represented by formula

(5),

wherein R? represents a group represented by C(R'),Ar, Ar is

an optionally substituted phenyl group or an optionally
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substituted naphthyl group, and two R'°'s are each independently
a hydrogen atom, an optionally substituted alkyl group or an
optionally substituted phenyl group,

or a salt thereof.

13. An imidate compound represented by formula (7),

1 7
X OR' (7)

R2 NH

wherein R' represents an optionally substituted aliphatic
hydrocarbon group or a hydrogen atom, R? represents a group
represented by C(R'®) ,Ar, Ar is an optionally substituted phenyl
group or an optionally substituted naphthyl group, and two R*%'s
are each independently a hydrogen atom, an optionally
substituted alkyl group or an optionally substituted phenyl
group,

or a tautomer thereof.

14. A protected proline compound represented by formula

(6),

OR' (6)

RZ
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wherein R' represents an optionally substituted aliphatic
hydrocarbon group or a hydrogen atom, R’ represents a group -
represented by C(R'®),Ar, Ar is an optionally substituted phenyl
group or an optionally substituted naphthyl group, and two R*"'s
are each independently a hydrogen atom, an optionally
substituted alkyl group or an optionally substituted phenyl
group,

or a salt thereof.
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