SPECI FI CATION METHOD OF PRODUCI NG POLYCYCLI C PRCLI NE
DERI VATI VE OR ACI D ADDI TI ON SALT THEREOF 5 Techni cal
Field The present invention relates to a nethod

of producing a polycyclic proline derivative or an

acid addition salt thereof. 10 Background Art
Conventionally, as a nethod for producing a polycyclic
proline derivative, the follow ng nethod (see,

WD 2004113295) and the |like are known. 15

M emanSt ep8 In t kerabpyea@emcri bed net hod,
however, a nulti-stage conplicated process including

as NHEYHGS (¥ PROPSCING MOLECKELNE€GRESANY HOETUNTAYBCHR 01D
of a final conpound ladbrenor saw A@ERRbLEr i al conmpound

bl, additionally, the raw material conmpound Il is a
nesteéptiBaorpeuad, that is, it is necessary to carry
out furtherpaBeapt i CAmach Yalitds tHeal ABAtod D B%oducing

st ep bolydycohtaproTithd Rerfiaedve ¥WaHNEdcia AHidon salt
opt thatdor.acti ve body, thus, the above-descri bed

leret hod is not recognized as an industrially sinple and

advpatiegening et hod. The present inventors have

i nvest i galvemtionding, &s a method for producing a polycyclic
proline derivative, the following method (see, WO-
2004113295) and the like are known.
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In the above-described method, however, a multi-stage
complicated process including as many as 9 steps or more is
necessary for production of a final compound I from a raw

20 material compound II, additionally, the raw material
compound II is a meso form compound, that is, it is
necessary to carry out further an optical-activatioen
treatment in the step I for obtaining the final compound I



5 met hod of producing a polycyclic proline derivative

having little of the problens as descri bed above, and

found that a polycyclic proline derivative can be

produced sinply and industrially advantageously by

using pyrrolidinones as a raw material. 10 D sclosure

of the Invention The present invention has an object

of providing a sinple and industrially advantageous

nmet hod of producing a polycyclic proline derivative or

an agi 8n agishi itda@ySaktivied bblg! eus, the AP elddsctifea
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[ 1] aafaiBiddfhsOhePhOGUCI Ng @ proline derivative of the

fol | owi fige f¥dBEn (AYyeMordNnach di @ity d £ind a

bt hemeehod 2 ﬂqgwaﬁeﬂ@ga ey EPE] QWG 1H QU a S i8R% 1 6 Lihving
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adj peepéydive pRbIVAE R ALaUDSe (NS hlh MhdiReoR0sa1t

1pol yretdyd ene group may be mutual ly connected via an
oxygen @ahomigTethy! SRS H0URve St 1BH PREvIEOHRAHR' Following
Vi Nyl eng qreyp, Rl, R2, R3, R4, R5 and R6 not
constitptjng haeha@oyﬁgd@ageilb@% Efi‘o}iﬁﬁé hyd:8R@ 95 0UPE the
I ept e imRAEbriatependent by iy daagefoRtal: BRLAGAN
2@t oBdmEYAINgItRYPEo DIWiAGaEbyr FrepbAt 14 Uied | i near,
branched gsagyclic al kyl group having 1 to 10 carbon

at ons, ¥ |y substituted |inear, branched or
cyclic ] eny| gup fpving 2 to 10 carbon at ons,

opti onal’l y Bubgtituted aryl group having 6 to 20

car bon at ong, Optional ly substituted am no group, -OR
gr olwhesrein,4engRvwo gfoBp, K. &id Rb, rkfprazsieRf @ach

i ndeprreitied §oaf émeramg ent ey lyalskip b tatrdimedy pogymeihylene
have¥ePR haying tatdbdncarbem,atoms, one or no-mutually-

5 adjacent two methylene groups constituting the

polymethylene group may be substituted by an oxygen atom,
one or two ethylene groups constituting the polymethylene
group may be substituted by a vinylene group, no-mutually
adjacent two methylene groups constituting the

30 polymethylene group may be mutually connected via an oxygen
atom, methylene group, ethylene group or vinylene group,

R', R*, R’, R', R® and R® not constituting the above-

described polymethylene group represent each independently
a hydrogen atom, halogen atom, cyano group, optionally

35 substituted linear, branched or cyclic alkyl group having 1
to 10 carbon atoms, optionally substituted linear, branched
or cyclic alkenyl group having 2 to 10 carbon atoms,
optionally substituted aryl group having 6 to 20 carbon
atoms, optionally substituted amino group, -OR, group or -

40 SR, group, R. and R, represent each independently a hydrogen
atom, alkylcarbonyl group having 2 to 10 carbon atoms,
arylcarbonyl group having 7 to 20 carbon atoms, aralkyl
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aryl carbonyl group having 7 to 20 carbon atons,

aral kyl group having 7 to 20 carbon atons,

al koxyal kyl group having 2 to 10 carbon atonms,
trialkylsilyl group having 3 to 10 carbon atons, alkyl
group having 1 to 10 carbon atons or aryl group having
6 to 20 carbon atons, 5R2 represents an optionally
substituted Iinear alkyl group having 1 to 10 carbon
atons, branched al kyl group having 2 to 10 carbon

at OgBoup INRAhgAhKEAY20 Ha@¥Bn NAVANY, 21kB8x+O1 r%?%u having
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at 0gBri¥n Aty ! a SEPURAAAY REvind A %a €87 LG, A mI or
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pyrroligh nepgesehtl Ne Tl oL 0Oy fQIIh ubdd MR 2a1xy1
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of hheidpll ewi ng soruB achmd: MRS 110 rolip’haPing 2
[ whes eid).caRbonRRto®, tR4nch®g aftd 1@9&@%@1&563 sgg\% 0
MEaghF¥Hn %&oﬂgSSf'$ﬁﬁiH§Q0§§o%PFﬁ%ngg RE, 24 bgn atoms. ]
lfwhesedna)11l, R2, R3, R4, RS and represent the

sane NeRan s o@SréeSCidPRIpAOOVE:da 20E Bﬁfdﬁ?ones of the
St eRolowieaCELBGu LG ) BEOA EL LRMARYBEORAIIONS BlodlE u-
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agent, to gpegduce N-protected cyanopyrrolidines o%’
foIIovvin@f la (4): Ft, R4 R5R6 -
R

RN~ O (2)
S A, |
15 [wherein, R', R®*, R®, R*, R° and R® represent the same

meanings as described above.]
R4 RSRG

R3
Spe
RZ™~N~ TOH @)

Lok
[wherein, R', R*, R’, R*, R® and R® represent the same
meanings as described above. ]

20 (Step B)

A step of reacting the N-protected pyrrolidinols of
the formula (3) obtained in the step A with a cyanodizing
agent, to produce N-protected cyanopyrrolidines of the
following formula (4):

JR4RS

R R®
R2 CN
L X
0o "0
[wherein, R', R*, R®, R*, R® and R® represent the same
meanings as described above. ]
(Step C)
A step of reacting the N-protected cyanopyrrolidines
30 of the formula (4) obtained in the step B with alcohols and

a base, to obtain imidates of the following formula (5),
and treating the imidates with an acid, to produce N-

25



2 CN (4) 250 0 [wherein, B, R2, B3, R4, 5 Rand R6
represent the sane neani ngs as descri bed above.] (Step
C) A step of reacting the N-protected
cyanopyrrolidines 30 of the fornula (4) obtained in
the step B with alcohols and a base, to obtain
imdates of the following fornmula (5), and treating
the imdates with an acid, to produce N- protected
prolines of the following formula (6): Fe R3leR OW
(5) pFttieaNbe &) {the i@l Bhe 122118 ngRBorita (B5: R5 and
R7 represagggthe sane neani ngs as descri bed above ] R3
R4 R6 R6
7
RZ N OR (5)

>Lb/koNH

[wherein, R', R?, R®, R*, R®, R® and R’ represent the same
meanings as described above.]

R® RRY R®
R1

2
R*“™N

5 >LDJ§°°

[wherein, R', R?, R®, R*, R®, R® and R’ represent the same
meanings as described above.]
(Step D)

A step of treating the N-protected prolines of the
10 formula (6) obtained in the step C with an acid, to produce
a proline derivative of the above-described formula (1) or
an acid addition salt thereof.

[2]. A method of producing a proline derivative of the
following formula (1) or an acid addition salt thereof,
15 comprising the following three steps A, B and E:

OR’ )

R3 RIRS RS
R! 1
: OR’ (1)
R*" SN
H o

[wherein, R*, R?, R®, R*, R®, R® and R’ represent the same
meanings as described above.]

(Step A)

20 A step of reacting N-protected pyrrolidinones of the
following formula (2) with a reducing agent, to produce N-
protected pyrrolidinols of the following formula (3):

R | RE
R
R? (o) (2
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20R7(6) 5>Q0 [wherein, Rl, R2, R3, R4, R5, R6 and R7
represent the sane neani ngs as descri bed above.] (Step
D) A step of treating the N-protected prolines of the
10 forrmula (6) obtained in the step Cwith an acid, to
produce a proline derivative of the above-descri bed
formula (1) or an acid addition salt thereof. [2]. A
nmet hod of producing a proline derivative of the
following formula (1) or an acid addition salt
therenfthd FoaaRas Si2)J ahfe (9] IOW RY, BT eQIST @PSAy B
andrpré&dih Qﬂe0§aﬁ§1ﬂ%%nﬁﬂﬁgr5%'Bes%%nbgg e R4 RS,
-6 xse8sl 57 represent the sane neani ngs as descri bed
above. ]A(éiéﬁ?oé)r&é&%iﬂbthefNIﬁ%ﬁ%éd%@d“bf%fﬁf%&i%@ls of
pyr enki gimenes (9f ddraiheh! oM fige fs%gu @imn
r edugémng, agﬁ@trod&ae m-%%fﬁec%@u%ta% %ar&ﬂdl%'es bﬁ

of £8e1dwidOWoRGuiLr(MYl.a
formul ae gg@mand (3), R2, R2 R3, R4, RS and R6

represeng:jhﬁfsane nmeani ngs as descrlbed above.] (Step
B) R27Ny” TCN

:J\,J§ 4

[wherein, R*, R?*, R®, R', R® and R® represent the same

10 meanings as described above. ]

(Step E)

A step of reacting the N-protected cyanopyrrolidines
of the formula (4) obtained in the Step B with alcohols and
an acid, to produce a proline derivative of the formula (1)

15 or an acid addition salt thereof.

[3]. The production method according to [1] or [2],
wherein R' and R®> represent a hydrogen atom.

[4]. The production method according to any one of [1]
to [3], wherein R® and R® represent a hydrogen atom.

20 [5]. The production method according to any one of [1]
to [4], wherein R' and R® are connected to form an
optionally substituted polymethylene group having 1 to 4
carbon atoms.

[6]. The production method according to any one of [1]

25 to [5], wherein R* and R® are connected to form a (CH3 ),C<
group.

[7]. The production method according to any one of [1]
to [6], wherein R’ is an alkyl group having 1 to 4 carbon
atoms.

30 [8]. The production method according to any one of [1]
to [7], wherein the reducing agent to be used in the step A
is lithium triethylborohydride or diisobutylaluminum
hydride.

[9]. The production method according to any one of [1]

35 to [8], wherein the cyanodizing agent to be used in the
step B is trimethylsilyl cyanide.

[10]. The production method according to [9], wherein
the cyanodizing agent to be used in the step B is
trimethylsilyl cyanide, and a boron trifluoride complex is

40 used together as an acid catalyst.

[11]. The production method according to [9] or [10],
wherein N-protected pyrrolidinols of the formula (3) and



A step of reacting the N-protected pyrrolidinols of 5
the fornmula (3) obtained in the step Awith a

cyanodi zi ng agent, to produce N protected
cyanopyrrolidines of the followng forrmula (4):
2RAR5Rs 2 ON --L 0 O [wherein, 112, R2, R3, R4,
R5 and R6 represent the sane 10 neani.ngs as descri bed
above.] (Step E) A step of reacting the N protected
cyanopyrrolidines of the formula (4) obtained in the

St epr By sah §2h&)ahiaRda Bl @pedt On s AWUGEuRLHE Ol i N
der by@td M nQf at bordP ik dudlael @oppraR. aci d addition
salt thereof me proddotiblem@fsHGlaRaiRy N aagcondi g
to [1] @ (hal, &inn the 2o t32pkeRsES Nt tie YK PILANG
At Ofhe step Ells ﬂ}‘@rog@gdgﬁdlqraeqet hod according to any
one of [ﬂd?.tQhE3 rod8i8h méBh AN & Bera ERY 83LRhyfone of
hydf ogeds qh@gx widRlin Ahgo P Aduetinght BNRY186COE A iea
to sy ¥NRgOhnlddidigihg] agihienel RnB4sadil g6 are
connect ey 1 0 Nf gEHY &t P L PRG 134 nUBSbE e Eo110wing
1ol yomiiv €B¢.group having 1 to 4 carbon atons.
[6]. The Qhogucti on nmethod according to any one of [1]
25 to [5R ein R4 and R6 are connected to forma
( CH3) 2C<Rlgy oup. | 71-_The production nethod
accor di to ar%"'one(bf [1] to [6], wherein R7 is an
al kyl up/@avi ng 1 to 4 carbon atons. 30[8]. The
productTorP'mehod acgordjng to any one of [1] to [7],
wheb@tereime RedRing agknt R oapd Rseprnesept thepame s
| i t RPAAATSI 86 Y HBridRgdabere-dr- di i sobutyl al umi num
hydri del15]1. The Ngﬂﬂqte‘Fﬁéd pi?ltﬁﬁﬁ’étiféﬂoja%tmsréééﬁr"‘eﬁ g41.
to e 18f the |foymuly (). RameRei iRt R@dcfantrRAsegt a
agePfinagepeatieBd ad Rheard dp BrPscernefdedy s fogm an
cyafRigenally syhsfjitutpd prlomistbvoanengtoy® BevHrdingo 8
[ 9] S25R& &A™t he cyanodi zi ng agent to be used in the
tep B [ l-r BrkehliRitoyycaybanvde 8 - Andiee thaion -

o rig?achi‘r‘iy&é%%n“m pepgn-2-01. _

[17]. (1R,5S)-3-tert-butoxycarbonyl-6,6-dimethyl-3-

azabicyclo[3.1.0]hexan-2-01l.
[18]. N-protected cyanopyrrolidines of the following
formula (4):

rRIK Roge ,
]S
RESNTON
A
[wherein, R', R?, R®, R*, R® and R® represent the same
meanings as described above.].
[19]. The N-protected cyanopyrrolidines according to
[18], wherein in the formula (4), R!', R?, R® and R®
30 represent a hydrogen atom, and R* and R® are connected to
form an optionally substituted polymethylene group having 1
to 4 carbon atoms.
[20]. 3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carbonitrile.

35 [21]. (1R,2S,5S8)-3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carbonitrile.

25



40 -used together as an acid catal yst. [11]. The
production method according to [9] or [10], wherein
N-protected pyrrolidinols of the formula (3) and
trimethylsilyl cyanide are dropped into a sol ution
containing a boron trifluoride conpl ex. [12].
The production nethod according to any one of [1] to
[11], wherein the acid to be used in the step D and 5
the step E is hydrogen chlori de. [13]. The
product [ zm] .mehhadt &€ cor dhsgedé Dl dihgOReratld 1]s)to [ 12],
wherein a_[RORs- I reat ment operation is carried out
usi ng an i di-Ri ng agent in the step B.
[14]. N teteq,,@yrr(gjlidinols of the follow ng
10formuld (3 R4R6 2 OH(3) O O [wherein, R.
R2, 113xJR4,| RNaind R6 represent the sanme neani ngs as
descri béd @bo®e.]. [15]. The N-protected pyrrolidinols
accovrpregnt oRf 148° . B .wRer &°n iR’ tdmsl ROr mebreged)t, thelyame
R2, m¢anineus RE depemidwdt abovydr.ogen atom and R4 and R6
are conmdtl-e@heoihidahesnaopeidimal [ty §2D5! ivheredn in the
pol §ermud éhié. gt ouR’ha®f nepd R ordpresdrun aahyisogdrl Gltom,
3- tBY tarsuROx gear romettedeteli frarhypt- GptRMally substituted
az aboimetdy3ene 0Jtraiahaging .1 to 4 paFhon atoms and R’ is an
( 1ReBg)L Zrpupt haygknex \lc &p bdrgarb@ncatemet hy 1- 3-
1&zabi cyld4d[-331tet heyexgcatbonyl-6,p18ime tayir-6t-ect ed
cy aROPAYELP 83 nks0 Bfexehe- 2 otdhgiipgdabenul a (4): R3S R4
R5 R1 [25]. Methyl 3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]lhexane-2~-carboimidate.

[26]. Methyl (1R,2S,5S)-3-tert-butoxycarbonyl-6,6-

15 dimethyl-3-azabicyclo[3.1.0]hexane-2-carboimidate.

Modes for Carrying out the Invention
The present invention will be illustrated in detail
below.

20 The production method of the present invention is a
method containing the four steps A to D described above.
First, the step A of the present invention will be
illustrated.

In the N-protected pyrrolidinones of the formula (2)

25 to be used in the present invention [hereinafter,
abbreviated as N-protected pyrrolidinones (2) in some
cases.], any two of R', R*, R®, R*, R® and R® are connected
to form an optionally substituted polymethylene group
having 1 to 4 carbon atoms, one or no-mutually-adjacent two

30 methylene groups constituting the polymethylene group may
be substituted by an oxygen atom, one or two ethylene
groups constituting the polymethylene group may be
substituted by a vinylene group, no-mutually adjacent two
methylene groups constituting the polymethylene group may

35 be mutually connected via an oxygen atom, methylene group,
ethylene group or vinylene group.

R', R*, R®, R*, R® and R® not constituting the above-
described polymethylene group represent each independently
a hydrogen atom, halogen atom, cyano group, optionally

40 substituted linear, branched or cyclic alkyl group having 1

to 10 carbon atoms, optionally substituted linear, branched




R2ON 250 O [wherein, R, B2, H3, H4, -5 _

and R6 represent the same nmeanings as described
above.]. [19]. The N-protected cyanopyrrolidines
according to [18], wherein in the formula (4), Rl, R2,
115 and R5 30 represent a hydrogen atom and R4 and R6
are connected to forman optionally substituted

pol ymet hyl ene group having 1 to 4 carbon atons.

[20]. 3-tert-butoxycarbonyl-6, 6-dinmethyl-3-

azabt Cd%l@{cgaikgﬂlf'f)@‘b%pzhﬁ*@{rb@rﬂ ttU b6 c 1htoms,
(1Ropbir113- b8bEt DMLY a3y D p 68y &l ﬁ§é§ﬂfﬁ é carbon
azabteys) Qpdidnfl NEXAMRTLL6RE Qﬂh.@'%fo or -
| m grf @%o@p, tRE ahal ROWe QeLQﬁMaQ:h dlagdhd% %‘% Bgen
R2 &&bﬁ)(%lkgmbgfs%ﬂyl Hbup Ra 2Réo
repéﬁﬁﬁﬂirb‘b 91S@%maaﬂ S/ 8%, %sea Q&@' }?i
5[ 28toupl M dat€s CearHbNhtothsl, 241 % n J:gu%b fving
forpua 1(05}:a n d¥omsR3tafgh srﬁ.g.rl eéﬁmp

at opardh %‘ﬂgmgfi a1&§1C %QBQﬁt O &) C%Q%ER ré/s or

16 ubsiy i WredpPRLYIRY 2y kenso géa%%n aybmg, 1 to 4 car

at ons afchmBiekSofNt 1Y Kﬁéllogéﬁ’u@tcﬂﬁ\ihegu&e tap c%l%ﬁiﬁ?gnatom,
at opFomike] dfbm, e irtinBUL O CRIGOIBYLad £

azabi cygapIed- Q%hﬁf&a%%tgoﬁﬁiﬂp's%ggiﬁuted alkyl group

having 1 to 10 carbon atoms include alkyl groups having 1

15 to 10 carbon atoms such as a methyl group, ethyl group, n-
propyl group, isopropyl group, n-butyl group, cyclohexyl
group and the like; halogenated alkyl groups such as a
chloromethyl group, dichloromethyl group, trichloromethyl
group, fluoromethyl group, difluoromethyl group,

20 trifluoromethyl group and the like; hydroxyalkyl groups
such as a hydroxymethyl group, hydroxyethyl group and the
like optionally substituted by a substituent such as a
methyl group, benzyl group, phenyl group, methoxymethyl
group, trimethylsilyl group and the like: aminoalkyl groups

25 such as an aminomethyl group, aminoethyl group and the like
optionally substituted by a substituent such as a methyl
group, benzyl group, phenyl group, tert-butoxycarbonyl
group, benzyloxycarbonyl group and the like; aralkyl groups
such as a phenylmethyl group, phenylethyl group and the

30 like optionally substituted by a substituent such as a
halogen atom, alkoxy group, nitro group, cyano group, lower
alkyl group, aryl group and the like; etc.

Examples of the optionally substituted alkenyl group
having 2 to 10 carbon atoms include a vinyl group, ethenyl

35 group, l-propenyl group, 2-propenyl group, l-butenyl group,
2-butenyl group, 3-butenyl group and the like.

Examples of the optionally substituted aryl group
having 6 to 20 carbon atoms include a phenyl group,
naphthyl group and the like optionally substituted by a

40 halogen atom, alkoxy group, nitro group, cyano group or
alkyl group having 1 to 6 carbon atoms.

Examples of the optionally substituted amino group
include amino groups optionally substituted by a methyl
group, benzyl group, tert-butoxycarbonyl group,

45  benzyloxycarbonyl group and the like.

Examples of R, of the -OR, group include a hydrogen



[25]. Methyl 3-tert-butoxycarbonyl-6, 6-dinmethyl-3-
azabi cycl o[ 3. 1. 0] hexane- 2- car boi m dat e. [ 26] .
Met hyl (1R, 2S,58)-3-tert-butoxycarbonyl-6, 6- 15
di met hy1- 3- azabi cycl o[ 3. 1. 0] hexane- 2- car boi m dat e.
Modes for Carrying out the Invention The present
invention will be illustrated in detail below 20The

. production nethod of the present invention is a nethod
containing the four steps Ato D described above.

Fi ratom} hakstieprhotfl dr@upke8S&Pind BVERt i ®talubh BEoms such

i || astadtaetylngtde Mopr eheci ot Pk oLhM RN 8lipd Neiving

formita {R)kazboh Cattsusadni As téheoe‘?lrz%§§n§rdt{bvgﬂﬁ| Phe 1ike,

[ heaeangf1t @froupdiBMingt §0+8S20N AU @HECLEShs such as a benzyl

pyr godugliananesne (2)kd N a3RBRy 21 x¥33.grBAps CasESgl 2 8YY14 WO
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Z%ydnﬂmbkyilﬂ[ Cg_t[bubthdikgirﬂg 130 t$01 ¢ aHdnA kL OHRs such as a

opttmimeithylsibst igrdtipdahd gy 1iReanehed o@bufy Hdving 1 to

al Kenylargpouptdrayisngh2asé o 12 tegl berows,0Ehy0P§+aRal hy

sulistoplydt gdowas y |isgboopy haytioug , 6 te ot A tgar BOsupt L1 ithe

optlidkeal byys upstupisuhedi@giaaogRoUParbddRatghdUsud as a
25SRiphegyduprold; addtRe Idpyeseet each independently a

hydr ogéys Bhat suhstaltkyh t ashionalqsyosipb dtautgd 204 @ 10

cardsdymetbybenegybopr ionirg gr aup4 heariteg Atbas Adreaubep

at orpmnegkadkydf gnyupwdiand Ry , 7Rt 0 20, ®Ar,bRh AIOME, in the

al Ropyatkgtedymyupohddimenes t(@)l0tivardame atbsfRituents as
30 r itdlek pove ydesgmabpd hewh sty tBehos Lesmasbaneat R’ akky|r®,

gr ®ip Ravémy Rf not 1¢omsribortiayotise qrol¥fieahylergs attpup are

hawieagiened. 20 car bon at ons. Exanpl es of the

hal ogefxarphes gl soecsf bhlsOmuetuaéomE khenyneumtfodmed by

f | gonpaetigmiandyi teb g & onR® EXRINpRes BT dad@eR® include
$boptdigadeny snsypsi phit U doljbwingufprmulae, and the like.

-CHz~, -(CHz)2~-, -(CHz)3-, -(CHz)4-, (CH3),C<, (Cl),C<,
(F)2C<, >CH(CO,C3H;5)

AN AN -
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having 1 to 10 carbon atons include al kyl groups
having 1 15 to 10 carbon atons such as a nethyl group,
et hyl group, npropyl group, isopropyl group, n-butyl
group, cycl ohexyl group and the |ike; hal ogenated

al kyl groups such as a chl oronet hyl group,

di chl oronet hyl group, trichloronethyl group

fl uoronet hyl group, difluoronethyl group, 20
trifluoromethyl group and the Iike; hydroxyal kyl
groups such as a hydroxymnet hyl group, hydroxyet hyl
group and the like optionally ubstituted by a
substﬁfue °such® a‘hethyl{gfbup benzyl group
pheny|;§ up, met haxymet hyl group, trimethylsilyl
group ,and\the |i ke ani noal k T groups 25 such as an
am nonet hyl group, ani noet hyl \bgoup and the |ike
optionally substltuted by q substituent such as a

met hyl rgg be@z he yI r ou

terg p %rsbgn 8&?&5‘?‘! Sgr(alzlpl]é‘ﬁ]d‘lde

5 lat ' I}c{§ o%r ﬁéa% }rci - Ifo?xz%uﬁ

phe@ x%rcglrJ ondg 11?0 g ?1%1} é’ one rﬁ ~-tert-

ot g aﬁf’ G cﬁ Paa - kG-

al Kg¥v¥o 85}& c1:cy§10 3E)2‘ HﬂpagabeZ one,

1§hgggt i XY;Q b%ﬁi H g@ ° éhé? ErowgPﬁgsln 2 to

P s L e

gr ogP,-+ - fb QUi fSé ruicBr o) P dPl(éH&] g%%?l oné 4;—

§r5 qug Z trsiucl:]{S Iog t %aozylﬁl] RIS -3-one,

EV Y yEAGAAY 1 28 OB, G WS PR 3 el -one

nap]; tQﬁQUQ otn - '— at%clygﬁlofé.z. . P} ! —&Q)Zn-:;—

a 49n<ba|4o-g:% 40%§latn5.c rc S.BD undeca-

gr0§¥bﬂﬂéi%5 y 7£M i 163%‘-r 1ﬂ%t§ % ioxa-7-

agPAﬁ%y%lof e3 QHto onsﬁl'I %—1!:13 E—eb at:ngg 'O‘tiﬁi

26 ot eodmwﬁsag%i Jr%. 5ubsiddUCedcD
éo:ﬂfc‘&%gonﬁ?@% a%h 1.8 5xQU5 0 a%%o%%(ﬁ]é! :Ii 5 ctan-

45 boig rael L hand Lhe. i s

R, &iattﬂ%ycﬁls.gfqugzm rpgen. ghe

al ke AR L G4BT s 1aV TH 51590408.%% 300, *%Efrmﬂl ’
20S Bt E¥boﬂ§%a§9g1$MJ ke, O%é@ 000yl gr 1R4RS
havthitk ch @by 13730k B4RITE, [§U§ 0 fScth %nésaﬂ ALQUR
anthdtxylcbkBonyl -Al-K¥ hp & 4NaVvh N caf %I.:I.Lt-
at a5 oyeArBSnyl -2 Ybi KAl ngp:;a@fioé{l@; eh §*one 2 tert—
alhgraaﬂy&xkbéaga S ahaw] 1% 1202 19715820 385 005
308 nEFtesy Ny v@rey@légukﬂé%@oklkéhateﬂeahkﬂ
gr oups 'Iilh@V Nnﬁr&é&eéopfﬁf&@'dlﬁbﬁg (Sil)crbaﬁsb@ prodﬁlced
triveialylySEloth tHeOdBrAdYhdnla@nk | ﬁﬁrcﬁllfﬁkogég ghggal
1 tprok@cedbh Ol tho@Hi S ML ERS , Ar H R dREM
gr Qifingndi lfeA-ORYl1 0l boha 08" S la %"a@ﬂ arldertthe h¥é
35gr oup ardthBenlddeRecBbd | py@r@UREI NGYANY 5, thsoe G3eB3Pea
at @y okHeh mstrdaBheRyd HOWBoRRdad 18 1lbklCme may also
Exayghesaof Rb of the -SRI, group include a hyéﬁo gn
atom ahlkyk€as bony! a%@éﬂ’%fh%\éheglx?ﬁ N pdBes é&’” at ons
SUQYrio188imdheaCebY | wiiO WP rafdci del® &M prdeicRORY !
4001 @t ebayd r@r‘éo&@dﬁ%ﬁs&fo&o@hét%lﬁﬁcw?Ssl?e ‘?LH Ql‘ér
gr einpraiatde ds Keprstedl eyl p?f@&fﬁllﬁ@\ibn?%)

carbon atons such as a benzyl group and

al koxyal kyl groups having 2 to 10 carbon atons such as
a met hoxynmet hyl group and the like, 20 trialkylsilyl
groups having 3 to 10 carbon %tons such as a
trimethylsilyl group and the Ilke al kyl groups havi ng
lto



10 carbon atons such as a nethyl group, ethyl group,
npropyl group, isopropyl group, tert-butyl group and
the |ike, aryl groups having 6 to 20 carbon atonms such
as a 25 phenyl group and the |ike; etc. As the
substituent optionally substituted on a pol ynet hyl ene
group having 1 to 4 carbon atons fornmed by connection
of any two of R2, R2, R5, R4, R5 and R6 in the
N-protected pyrrolidinones (2), the sane substituents
as &&kddhg.above-described substituents represented by

R, R2EeBdp1B4, o RXNALE6e N s GABREI Folliddihd BEent include
pol yiwii ePee tHAHIr3hGarEdd | FSedobEAMNES nlh hydride,
SPeLi i 10mS bb KOk PHae0" sbBEIIRAHBRLGETRS DY 2, R3. R4,
£ 0 NPGlEn@Rh 1 ardhbh it bOF o ik ar 133N dt Ebrd it e Smmon 1 um
di Vﬂi@@et@k?%&fyd&ﬁ@ef of 1 WWhRY 2l QIR d?ﬁ]ﬁe,t N&i-tert-
| Ik&htaﬁ?BZthium(éiu%%h@m-hydé%h%Z)gri-gééJﬂ%iéllithium
( CH)rfmyart &) @a-s@e)g@@g&aégggmah%ﬁ&u )N AR
EX aRir@S btk Mel Qb8 LER iRl @t h SHARRSS v 81 wrhd ude
13- tigfdriaut OAYVISHLRNY boBad alnipy 6k JsulerDLREX afsLirAE,
3- cf!i.methyl sulfide complex and the like; etc.
tert - but@xear Omelndiagabions ahdidadlNgplian- 2- one,
3- ttﬁ@th?%@i‘d’fﬁﬂiﬂ@%ygm - SZaRIa ¥ G & it REEAIL- ONE,
8-tert asbuhexy CdRANY- 8géadl evmheldiad1q] RYAsyTLOLNE,
153- tfdnitet AXY Ofd heRwl- Bad-did@R! Brdparar ali exel Aladtiofl h
exadysdedNflay bd QiseadUtrtaakhofdlsed 18- 8he E P02~ sdPution
azabisepeled 3in . Beyantd-Y1&ent may be used.
3-tert -mhdt QXY CaidiNY b£6tke above-described reducing agent
di fidieseadipzabittpchkahde lolohexas-20-¥e 3at£6! preferably
2butaey ear bomyle kaphenyitB-spbieyed N-prbt@bhexanc2anse
v (2).
tert - buhexybavdaivsbrdvad atdduite b feao thodl'i 8] deGA13- On
e, derried out in the presence of an organic solvent.
t ert - bekanpres bomsticl- az adrdaaypel 8bbveht2 1021648 NKIeGRa31c
20neéhydtbcarbon solvents such as hexane, heptane, cyclohexane
8- teard that Dikc:ardrony i 8-szaknty Cddrd a3 QbNeswd)- Xyeand;
onegonochlorobenzene, dichlorobenzene and the like; ether
4- tsenlivebtis oxydaraso ng tradhyerattoray ¢ Ingfthyd. te?t Gjuigaae8ner,
n- 3k, 40d¢pxane, 1,2-dimethoxyethane and the like; halogenated
304 - thydtrobationy canlivenyd - sacie atsr dLyitl afdme2hand?. 6] undeca8
- eighdnegethane, chlorobutane and the like; alcohol solvents
7- tsrch- bat roeticanodongthéhy -, dilrpt bydndl, , 4 2d poagancl, 1-
az dvitepol o Z-r3:tByde L aprdpagiod, add tErd -1hkboxytar bonyde 3-
20 gleryts 2nalr dieonaed - ar agsimdxthod f3 . thpoot amere.0ne,
357- t er t Thet vxe cardvary o£ 3418 dingehhy Is@vexa- Is azakdlayclio]
3. 3h@| venge -G dnep 200 -ereti-ghdit payo@r (poefdérdbhy & 10- 20-
oxatedigbycraf i FithOLedjeddc do3Nepeytected lactams (2).
4-t ert That ox§udriponydadtion is usually carried out by a
az aetbodxef rdropplofSa 2redueing] dgoe: 8ngn- 8- soltidnt ert -
4025 nyepex9é dnb diipto 2viraN-prokef Bed jriroX Adirese (2) in an
2- taaganipus @bvendr bang 1it2 magablsy deo[c3riéf omttaby3aOmethod
7- todr Bbopping d@r Isohyiioh aoaltrdythe[NM-pFodEabedn- 8- one,
2- trarrbliidiny@sbd Ay 1itmzakboiytia] 303t8lntig & erdBeime
, agent.
- 492- t er t Bbeokgnpataduye - OF azmslvictjyoh ofsh@idhhiéptwwua3lgnen
andha0rapdé o |-goatd i chogereriabeyeoio wndotdre |ike.
The N-protected pyrrolidinones (2) can be produced
usually fromthe correspondent pyrrolidinones by a
gener al ‘
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protection nethod with N-Boc, for exanple, by a nethod
using di-tert-butyl dicarbonate and a base, and the
like. 35 As the N-protected pyrrolidinones (2), those
prepared by other nethods than the above-described
met hods may al so be used. The step Ais a step of
reacting N-protected pyrrolidinones (2) with a
reduci ng agent to produce N- 40 protected
pyrrolidinols of the fornula (3) [hereinafter,
abbr evi By ethasetubt 268 ChEtAVhR! Oh | NS ( 311 ¢} 530N
casesntaining N%Q@é@&@fpyﬁ:lﬁ@l?@ﬂ%ﬁfsd?%:r.}Lpecq)ﬂ'aq. UG NGyjg
agetreattitdril @@ 1kt b Bh U18 tl:_fs‘u%tlﬁ%‘! Sos phavdal 88 4 post-treatment
di | FobuietctalMorUAN NittdadReal HddidiMPALORY AU A8 Like.
$0di um heoroloda 68, the LItARBL ByhAT HRLHER DALOMAILT TE,
t et eIy, AMHBBLYE 4 MAGEHEXY RURRYAr LRt ddnt B ¥ water
al umb Nkyadngizeds, rédicingl bBELAOXdd RisURR SR gding an
hydoirgenid lso1seft Pedpddaint B E%xb%a%@%dfb d€ause liquid-
tri paeeitidnihpot esstdby, bak by i tdey $RGLSHR QY 2B R nents
Do obysitriate bySRLHN Y162 oRELROXERABERY) AL NUTh L0
hy dagierusdila@eangnd AR LGOI QKBS0 BHEFE @S v3 rolidinols
bor appdineet Ayl O:Sglir'fildea‘]@Bp! &4 ei‘hﬁe%ﬂ&fs‘. etc.
Pref er abdl eneeddst ngr 53+ 8% | 4448 bl b B PN component s
tri gthepdredoby diydie 135 sdbfsamgdwbih{;'“&m,h)é&[ekﬁe- As
1§ hesempaints NPap O8N remoGOANHY G Fih¥raVadd %@e@a%jﬁon. _
agent s Ty watetdSed, beA i xbBOFELLIPILRBREH: b édl%t&@?clé e
syspamnitmylabey Us@trilitetiNedng tl29SBel Red iyl QLA pasic
sol afuenmsdsssat vaf, ot apifidatueocss! ¥&itiMRY be-di58 bly
Theuss® aasDaGie@is Soauahone-stesabr§esh ¢ elliekNg,a9e
20 s amulil yetal thRidoxAges Ofuch Ast QodParklRIrLALED, potassium
pr efwimixige 28nd. thet Qike IDhEkd1a!l M t¥A tEbrfRTBCEL d¢kh as
N- ps@tient edrbecd e ,Nnpot2gsium ca?h@n@leVaﬁrdeﬁﬁrlp}?@, alkali
r ecuegttdlobicaaindrnaesi Sudh Usd |sbagamnl hpdrdyen cBrbdgate,
pr esErrssioh BydmwrggancarbahatenandEXRel 8% ,0h14ChéRarth
2or gegtiad bplventddsnchioHeas| ndyalbi Gm 25y d¥okiaear 8811 um
sollyghogidacinastheeiare, dl1ARe, et aR@¥ANEa AW Athe
| i ksichapemaagroesioiy eatBosate @altohmle@boXtE8NEhd the
nondiddel.or obenzene, di chl orobenzene and the like; ether
sol ventds thehacial tiet thhycsod wiransenet tl alceft c badodous
Skt realution, df ox axemple 2-lidreigeoxyrt dvdde , aRgatdead ikBnide
hal 8génatiedadol, hptirepheiion asdldvend stisllaikaScan be used.
di chl ofheetdermmoutitc hE otloetch anderc hbayeo hndaaei@nts e
| i kerticebiroly selstoncteduchnagnaetthanokss&iyhdoe! |
1- p}i@,gghgtn}org.qfr dpanganid mayetrdabs ,generated by hydrolysis’
3. raft By Fedueinshageht agah thee usklle; akiternathesty Sl @fbsnt
mayiusé neeessarvadotxhydm lofsiswof oa medueing agent may be
used, and inorganic components generated may be removed by
filtration and the like.
Examples of the organic solvent separable from water
40 described above include aliphatic hydrocarbon solvents such
as hexane, heptane, cyclohexane and the like; aromatic
solvents such as toluene, xylene, monochlorobenzene,
dichlorobenzene and the like; ether solvents such as methyl
tert-butyl ether, 1,2-dimethoxyethane and the like;
45 halogenated hydrocarbon solvents such as dichloromethane,
dichloroethane, chlorobutane and the like; ketone solvents
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35The use anobunt of the organic solvent is usually in
the range of 1 to 100-weight ratio, preferably 2 to

20- weight ratio with respect to N-protected | actans

(2). The reduction reaction is usually carried out

by a nethod of dropping a reducing agent into a

sol ution 40 prepared by dissol ving N protected
pyrrolidinones (2) in an organic solvent, and it my

al so be carried out by a nethod of dropping a solution
consathi &g Methyat ethyed Kaytohel, | kb t11eSsoBItyNk@tdne and the
sol atken etriraisblngnts IRGHCEBOMEGHI acdbdf€, ethyl acetate,
t enpetyal LHeetafter ef@ciieonikeacét®n is usually in the
range ofhe &rdanid0Cayqy efteaahby bA#Qil@idOfartitioningYmay
§ hebe efluctliean subaect te toawh SALHG G tHOHELON waRAL Al N {ith
N- pbasbetwatepyr wath i &ish( 3¢idsc aRitairnesha THheS1ike.
react i onhsoldtitia@Aed Ssalitalohy cotid BGINRANL frétected
pospytrehidimotsf 08) maypwal uséd als URr @aciedkHeLdUBE8@uent
ageate@pn 1 mayl b&keonddVirblated WBE sbheeppSdordde8@t-F€dn andg
loret hbel Biles. fBuirgwanphie, méy et hadiofedivy AOmetE&RGUBNas
sol ublwm whirbmaaberaghy , hydr otysamiaizaedueh i ageniikxand

i f necewsamf, addirfy ® angawi Cinsol-pedtesORbHePLE1{d0IM1s
wat €8) trepeseat| tiggpichmepantahingd »@, fbher’ebw?, R, R*, RS
di sand Rft iimgNi-pos gestied caspanentzy .10 obt ai ned by

lhydr ol ySpexidfict beamerhciofgN agested o pafrsiaads s ayer
andigkbkidd Buteny-befungicacbeaty PyI-aakbiepal s 3(.3) 0 | Réard? -
or gahi C34t@yerbutolgirbeny el haddicyclol . 1.vghepsenof -0l ,
depdstdrntoutbxycargmyile 3canmaitgnils [ gedes ki@dnby-o01, 8-
hy dt et t-tivg ogfrcarvadilcisrgz algisiiclotlhe 3 €0 ibore@IPosENt B-tert -
2fraybiveorveasbedy byé & -dinbthyl-ch aepiayé o3, 1.0 |hd¥en-2-01,
wat @ftexd -betokyxearhwinyll -4, 6 ediothlemrosst uti on i s not
parafdulcudlp [ Bebt 0 ilead -2 a0, rBa\telve -etdxtydlarvehel -6, 6 -
basdtf larpreodsasabidyicdo[ 30t . @ltietkian -aqoEo s teak t | on.

Pr epetaiioprbgnyl af-eohequé odisa =dlieycdo b3 of . dlhergar? o1, 4-
Ipaskersitioaycatbailali- anetmicyopdl 6x2 deD’sfiteds-3-01, 4-
sodtent thpdersxcefebonydt-4s s ratmivpdiok b d2. 2utd  f hendédes 3-01,
al k&t tentetakospearhoarads 8 samdbiaycd ol udn Clavobenad esne-7-o1,
pot AstuimbasphyerittonyAd4 t tratricyclal ka2 i1.98t Hldeca-8-ene-

bi carBondt-&sr§uettoxycastémnd Hardr ogen car bonat e,
3hot aaatinieye}ef Dgbi? -Oar bbwrteraafdentie3 1dlke 7-aékiad i ne
ear PH 2y cgEPany IndiBoRiigethglréh 4adiowgriesi um hydr oxi de,
cal @ IhhwFde bk i TP losdanhe- 9% k& - tarkadpitnxyearbonyiet3al
carBRffatle - §udtodss Tmagnbieumhod 3r Botbeatanc 4ol uni-tert -
car pHreAveagheny dred |3-Reme ey k17 oxer §- a3rbilgyrcabd. D0 loskan-
Sof @rPlacidditerh cagberikrt4-ona-ioroxacanyl e,
hy dF 6t 1ehP of i Hed” * Ry AperyelT oBr oAt Bt t Juwitbuy artmivd -4 -aza-
phoshiesaEi-¢Taey el Hbd 2t he01'i Kdecand benarse@l, 2-temte use
angRiio*ycar hesel warérbigrgle [#nd . Athekans 3nel. 2-tert-
(ﬁartfqté’a‘lyé’r"‘?’ oRgkiiagpBHCYH? [Brdufi ovlaredsaly Tdrert-
i Ryoxvicanbery I orgahi ey shatldr Baf inepareBapéd bytert-
hy RHIo9picerBanyk- 21 azabieyfiep [3g8nfP 1 eclir e ensedol, 2-tert-
al tRHPFICFEPYRY kn? -2RBDAEY GRS - Ael tRertiap-Bopl hyalrdl ysi s
of WHERdEY neCllyEnbofdgs dareed, ardl theoldkei c When
co cRldY gatielve bedhey are uspdvad e Nrpretrdted dadtams
4% he(3)j.kdhe resultant N-protected pyrrolidinols (3) are
usually optically active bodies.
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Exanpl es of the organic solvent separable fromwater
40 descri bed above include aliphatic hydrocarbon
sol vents such as hexane, heptane, cycl ohexane and the
i ke; aromatic solvents such as tol uene, xylene,
nonochl or obenzene, di chl orobenzene and the |ike; ether
sol vents such as nethyl tert-butyl ether,
1, 2-di met hoxyet hane and the |ike; 45 hal ogenat ed
hydr ocar bon sol vents such as di chl or onet hane,
di chl orpethande sbéProlst ane prebdnite ihiketidieWwdne ve
sol yeniscraéah as net hyl ethyl ketone, nethyl isobutyl
ket one gl dthe Bi k&;a aslepr o8 OkaIHiBgSURE MprREBYEG
acepptolictifvl sacet alvraifbd Yin atet step alGyittheal b¥&odizing
Bt Cagdihe 167 @RI présitRie 0Bt al NAAd dO¥athopd€- RAr bbtaONiINLg
maypbo s tfdd thehoshicacietled o vanbi Rermii (Wt er,
was [ duee WM et ePAS A MR B e d VS I -RE otk EPe @ ydnepYBt &l idines
and(ieid idome cases.ffhus obtai ned sol uti on containing
N- pr ot esteh1R%r 66| 11 RYasod R iMPhBAtUSLEL AR It IS in
10 het Sithsagueily 3t 8niQe , "BYakyeANe9ah 5@ AlRAilN cyanide,
sol yerds LeC ephhadd Adanle 0ide phbkeradiyf, t ReimeiyIRY y1
be gpdriifdecdsbysag et hod such as col uim chronat ogr aphy,
re-crystid iszahindintOloft hbel dlkdre-descrBbed REanBaiz By
RS agshtRGs Rsbhprptiectad pyidedlocdong! so (13)-mbepr £5ENY,
11 hepsargramanings Bwmofler riltio MAthReespdet Ko RDpr&edtlra
N ppeteaiiddnbast e (2). 15Speci fic exanpl es of
N- pr ot exsteatbieyr 60| tiH RRl8 ¢aaly’el dd61ude boron
3- t erifludraycashsikbs3saaikisc e bofan ltfilhesande-aidthyl
3- t etliedhWompyeR| hiwrph- Brazntirayel af e th il hepEdde odlplex
2B- tad -tnet axyeardanyind- arpdia| ef Badiy qavancrtddide,
8- tar t(-1wt exyeaidronyl uiamalkinayel aé 4. Seitlerbpasnt iir101
3- terifludFomethanesulfonate, and the like. As the acid
but catyedarsionpdrdn Gzdifrebhide Toapabkey cdrm PprécOffienamsad.
-0, 3-Irerthebobsx yemnzenyt - theé-adiiahbatatyst, the use
2z admnaynd off3the Oddigix @at@iydt, is usually in the range of 0.1
3- t &o t5-nutlexyebtdompyre£brebly 0.5 to 3-mole ratio with
di frerpest3tazBbpteictpd. dyfdidaxanePs o(3) .
3- t ert bilteo apose bdesc-ibepheypriodd-zanghreyct ign3 i&. @ leelan
- 2-carried 28t in an organic solvent. Examples of the organic
3¢ ersobiendx yoabborsell 4natlet riyeypoliof En@. et 16h devaludieo|
, 4daliphatic hydrocarbon solvents such as hexane, heptane,
t ereydiphexpoar dohythed laket rdmopetdf S5s@1 w2, 6hcmdera- 3-
ol ,toluene, xylene, monochlorobenzene, -dichlorobenzene,
8- t erifimgrokgtuenroapd- 8heZdlkecy ektbéd. 2 Wjendnasuc arse- 7
32 o] tetrahydrofuran, methyl tert-butyl ether, diethyl ether,
4- t br4~doxerg c at doifjmethewyethhiapg chnd St 1iB2; thalegendted
end¥¥drpcazrbpar soiendry sugh grpy Gighlgoomethane,
az d¥qhdypriogtBane 2 ch2ogpbiptansa a8dehke 3Llide; nitrile solvents
7- tsuath @sorgeteidmiled prefiipmifiylle andlitdealyke; ester
44z atnlipaits] Such (Joethrl credtate. t butyburaptptar vhythe3like;
phe#ficl- 2Thesk exrganiazsdliveptsoh@y Polusedahn cadiixture of
7- tl8rq O93umexgear bony1- 3, 3- di net hyl- 2- oxa- 7- azabi cycl of
3.3.0] dregpise3am@ung] of the organic solvent is usually in
4- tiere rigmgex9€ ak Hony 00 Awebgiit] gagkat rpxsficirepby 22 150 206]
4Yecieiphd| ratio with respect to N-protected pyrrolidinols (3).
4- t er t Asutthryvetiysh Forimpiin-thraravi rgdrifpds2and 02' 6]
deca- 8- ene- 3- ol ,
2-tertbutoxycarbonyl-2-azabicycl o[ 3, 1, 0] hexan- 3-ol,
2-tertbutoxycarbonyl-2-azabicycl o[ 3. 3. 0] oct an- 3-ol,
7-tert- 40 14
but oxycar bonyl- 7- azabi cycl o[ 4. 3. 0] nonan- 8- ol ,
2-tertbutoxycarbonyl-2-azabicycl o[ 3. 3. 0] oct a- 7- ene- 3-0
I,
2-tertbutoxycarbonyl-2-azabicycl o 2. 2. 1] hept an- 3- ol ,
and optically active bodies thereof, and the |ike.
When optically active bodies are used as the
N-protected lactans 45 (2), the resultant N-protected



Next, the step B of the present invention will be
illustrated. The step Bis a step of reacting the
N-protected pyrrolidinols (3) obtained in the step A
with a cyanodizing 5 agent in the presence of an acid
catal yst, to obtain N-protected cyanopyrrolidines of
the fornmula (4) [hereinafter, abbreviated as
N-protected cyanopyrrolidines (4) in some cases.|.
Exanpl es of the cyanodi zi ng agent include 10
tri peddpion krphgéyedi ddcrived QoRReCYANEKIES, eé%ﬁ@liyﬂing
CyapéslesidQt asht ibhdy arkderandxahg1l] ke mdthehesAbddbpping
tri Regfoteviten! pgyedli id@nbss UsEd and a Ji@nd&%iagv {ntOlinto
t hea adMA-1aS 66h PLh GYARRUAZI I GaRE8PE | S We¥BbhYod N
§ hedf ept@1g0hn0adid akA14Bt 8idtd BOso 1ot {¥reiehall ¥irly
3- Npt@r dleldOpYh-l @RSt (3P a&&apaowsﬁ@ﬁﬂamgr gbésh NQl s
(3) metr@RiECAr&hp e Nkt EXM A Y§trbNEd 4R sPPEPNinto 4
tri fduedione ceRTRLEXRS aBUsE1 @TarallPEPNand a cyanodizing
tribhgarnd,i @emé’_tﬁédﬂ)df Ql&BﬁbilQ@@'c?&no@Qiﬂ{b agent into a
16 ri fdLpiionecoht@idifg RUbFbEe @Bl X0 2R st 018 |4 an
andadid&athh 9t feand iokaBi Una oMy . C<Orhdeprdfdtdbh¥) methoa
chl of iR cghHPaIMHAL bt Odh, o h@?ﬁ@dlﬁ la¢¥bpping N-
triproycaeat paresuldiodat e 3 prtat Becyiksi A8 gt B§edCiidito a
cat séMadionbebRfaididd War dckn GANRLPXESi AnRnREEHES abl Y
1used. |Md Rea6856n Ofenpsablird h.@x_ @ﬁédaE&IéﬂJd}é@Eriﬁé@ use
25 ayanvitizohgt heaciGiont €at@uaillyl $n UshIdangknot her gianrge
of ok, t procd®iAy' abbOro RNGPE DI y O_. 5to 3-nble ratio
Wi th resfieet cbRp N 86t 8ebiPW Lohhdirny ¢BhctiE a
aboygerfaser tbeth MO 31 NE JtRACE Moy d3¥al hds (4) is
2car sbh@Andt hia alk trdaBhs1 SQAlKeBE . kX &BlRsoR 4 NRst-
OF OEl A m3A + SOp eI dnO 1 BeuHBAA vy BatREe £ YRR0ELE! Ahoval of
r eagd Iéaa&elsacamwdfpaﬁaﬁéaﬁﬁbosaé@@rhn%%walt&t%i%,t in
as hexakactheptanmiacycl ohexane and the |ike;, aromatic
sol venth sHuehpastitlda@nent XygedaRioAPNAGNlQbpbeOZ eNe,
28li chdytabangenesidn iahliUpdedr0lakengi 2ddl, then! | k€ n&iRehry,
sol aerdryatti6 hsebrett b8haPAWIY @hbk afatdeliBY had&d trdhube
et herquidi-pbbyl t ®idiel, thds diadX8REesd . sAodinBEbH yLaidaaneng
andaddit bhhleacimlegengsed dnadnacaghort TRhBEALSES Waded
di chy arvareihsne, tidirebkor eal hanaiserd vitelaut angn aifheblie
30 i kbgyeii.t rnidanwhallgentise HimbdaSomsRind)i Nrptétected
pr ofy avviplyt-irb Biditkst e )| tde becali Str Afl1t@l Y &BS Sard Wilyaasc
et hydyeacetmirthelyt yhemqet ahetRébddte thbkenert Gs ZRSEine,
Or gariyansal v ey sagemy , becis G talysfirnd UhergéniovEodbonents
norebtaihedusye landllysné tHeredofgam e dAivepibutedisual |y
38 n efficiently into an aqueous layer, thus, it is preferable
that, in the above-described post treatment, the reaction
solution and water are mixed, then, a base is added to make
it alkaline, or a basic aqueous solution is used as the
water to be mixed with the reaction solution. The range of
40 pH in the post-treatment operation is usually from 7 to 14,
preferably 9 to 13.

As the base to be used in the post-treatment
operation, inorganic bases such as alkali metal hydroxides
such as sodium hydroxide, potassium hydroxide and the like,

45 alkali metal carbonates such as sodium carbonate, potassium
carbonate and the like, alkali metal bicarbonates such as
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the range of 1 to 100-weight ratio, preferably 2 to
20- 45 weight ratio with respect to N-protected
pyrrolidinols (3). As the nmethod for mxing the raw
materials and reaction reagents descri bed above in

t he cyanodi zi ng reaction, nentioned are, for exanple,
a nethod of dropping N-protected pyrrolidinols (3) and
a cyanodi zing agent into a solution containing an acid
catal yst, a nethod of 5 dropping an acid catalyst into

a sEbiidnPRyaPHE&t rﬁé}%oNaEéPtﬁﬁta%@iﬂﬁirlgﬁﬂdaeﬂob§rlg&)ate and
andy e C;A0dLEZE NGAQ@RL, a met hod of droppi ng

N-prot eglpeh1¥r 68! 1Kl NRbe(Bsd iR aA08§hMd @B 1vent

CoNL &b At e 2Prif Ih i@t 2h¥Bladnd 13n¥ 80 Al &oRErB8e NHo1v@nts
fret boch Qfs HEQRRE NGhed ta%aNodt i@ xad8Nknd M@ 81k, aromatic
SOl Y51 Ah 08L&k NG NuRAET 66f 186 DY bR 1l J1@bEn k&le AN

an aciyh £3bshyste ARdt@bheikdBlhads. s&bvddte BLEH e4RMeny1
et pogk ightlee E¥AN0Ai 21 Ané GRHdye?Rand LRI had fke; |
dr oppi Stk nbht BE R FELRABYAT 841 AR 8ubB)adi cBloromethane,
16Y 280 YR8 tAGRD! dH1lbRoBuBLhdIHnAN tRON AtdY REt8Ae a6d Wents
cat ghystad mePRPL I ANRA. kdBINE, MRAGYEONsSRITAr REYESe idhd the
t he; fhov @sdescid Rethtay 0o Zd %thgﬁcﬁé@ﬂ‘hﬂes, debdl lakdtBte,
t hepgang@cltatd Mhd ant0&ikPr &fter.ably -80 to -10C

After opiphethPPadf cx¢ehRis XL BErf183CHeOBubfected
150! b 1\ U3 a8t /i i RE NPT PLOCLR] wBYANERYId Waltdi-Nesaditihg

is gdcwhiaangdvatdyd ahkietn&omyeet i on of the reaction,

a post tFRAlaRBBhp &P Al @BxiS Sriraliyifgrddend out {or

r eﬁﬁi’@ﬁex@bl@”t&%&% @[feuﬂltpdb‘t—ﬁ:)fa.a@ﬂéﬁfﬁ pedgehén Ai¥dng an
aci gx LtAhYShgédk t hEsr eRCtdxAQiki Ay &benlt) EBL example,
2P0SEodTRAhFBBEN DREIRL, | BRdrdsdn PeRORLEe ahd3heealtd Qe

sol Wtddn anél tWala@medt ewilX @G, okheizidd aldea€SHalprefaiably
Or ga@tEi e beNin&aPar dakec féaaiwabal it addedcd«e cause

| i quashepasEt plii DHivihallljusSromly @¥Ccess prERsiabdf 9 to 13.
cyanpdiid RgoargeidsaitheaCpéls € airdlaysbnt angingnar gasi€ agqueous
28 onpenediion , Obh ad:hiet Zavnghygemt yiiyS bk h@ddal inCaadrberming the
di stréduutedd.i N an aqueous 30 |ayer. Meanwhile, the

ai ned coffeeumnde Ab@redidecteibey anepymnent iwkings ag4dxD@iring
be dyaitr, hetetdaltarish magafirthleaybe. cdatiriteldeppt wieingpln

I N abBd peat hdentierillys altkadatmentawtyarodiediining agent
Jagendy wCicdreaédl ot fardthaqngpoise ¢OHNpErEPbsiodta rxdess
by aysirdd p€i sxidierieqf agant be Edaspredbutfedh85acid include

ef f agueants| golluttoren oXqtivonganiay ecids haigsh jats hgdrochloric
pr edet@bhgdrbbtomia aichd, abolvByudes ecibedipephoric acid and
t r etlterehnitke , t Ague@eactsiodnt $ohsitafowrgadioedadsasecm aedicetic
3§ heacid, ltdseicsaciddeddt bhenkiked;t esdbkalbxamples f Hasi c
aqueediscisgl agenn irscludedaqeedyse spdtbions dfe spiiken sulifhite,
t hesodiant itbhoswlidtiecomndThee rkitkgs of 40 pH in the

post - t rBatsnebtabped atdlotips cwusiningr Hrprotegted,

pr eCramidyrrolidined (4) maAy beasedsest bt bies dsethen t he
4Hossubyseapient ns tepercat mey, bé noraganisol bbed Pys sohvest

al kabpncemdtrak iby darok itdhes Lskeh Fsrthelr umthydyoke dairified by
pot asme thudhgdclxaseodmunt blerdndtographyl ked-cryetallization
car bondteedikech as sodi um car bonat e, potassium

car bonak'e & d Rhe RYi.k& ah&ah% imeNabrtesctreldonates such
4as cypathpyrrhyidogen (ddr bepegssntpdhassananneatdiogenas for
carRonat’e ahd Rhe R°i ked RY dlefisedsinl. N-protegkedpl es of

t he above-descri bed organi c sol vent separable from

wat er include aliphatic hydrocarbon sol vents
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5 such as hexane, heptane, cycl ohexane and the |ike;
aromati c solvents such as tol uene, xyl ene,
nonochl or obenzene, di chl orobenzene and the like; ether
sol vents such as nethyl tert-butyl ether,

1, 2-di net hoxyet hane and the |ike; hal ogenated

hydr ocar bon sol vents such as dichl oronet hane, 10

di chl or oet hane, chl orobutane and the |ike; ketone

sol vents such as nethyl ethyl ketone, nethyl isobutyl

ket pperanidinbges | k). ester sol vents such as nethyl

acet at egxaiglpk aeetdd - phdt¥btAL Alyahepdhth 1 nleiskea)

et Cinclude 3-tdhe-t@RycARboRy UM iaGabayPE1dTaY, 1f Ui hbedne-2-
be saipsfilited1dd 3oaashuRExytdtborgties. washing with
bashganipdy’iio [ 9030 NEpMahB - ACédiorat-ele, aNdhe | ke.

For bees:8/1Re5bRg1 88 14haibs cG¥ 8P ZioNgc 8GN ~carboh$trile, 8-
pr et er el ok@c &R Iy 106t adaPOSTcild 228 MBYorARERAt | 0N

US| BErisehi®fhidbZi ﬁgtea&elahto;éiﬁc_atmng&@l | gldcher@QML 3- f OF
exagpdicy2Q o$9di WnHakaaehh ofdtdn iRy d1o9eN Hagoxi de and

10 heblhtdp@@cﬁrrﬁoﬂﬁﬁ% . Gtmch_ﬂ.gﬁé RNz Bk Ec BY 33.)1!.@] AeRShe-2-
agesirisnikicel gl ablerdabit 6y dttbonRdes , & hidbro-3-
congidn yc1bnat hid Heashe - b hearngerofe pHiterisual |y
f r optostyRatBon Pl ef kY - 9- 4 k3ych 8 3 NE 0 Jhexane-2-
aboygrsiesertibed pasdrtl-baabiPpdirvssiyNgsa basi c aqueous

125 afd##ilcy@lops). DX .O*ZF Nge dyDcaiBynE-iAGIEd - tOrt -
perbe@tdiy@rbbeyl fealzmRet cyclo[ Akt &1 01 1P undeca-3-
aboverniesetibed §-atrpatokpddi®boag1oxi di zi ng agent,
neu&f#diickal b 0n. 3R] nonahherelde CaaEkbEesh il eyS h Nge BEL-
aci vyt @fyEaadohyi-onalzlay riayére@.nent ot tileaar 8 deted No-

lagecdrtihiRBy1bpe Ladritedudbtkydarbohke-pur pose of
decampasicyglans X3 - aNMbnddc6B -exe B ddi®oafehile, 7-tert-
Ex avpt @sycak-bbhel -a8G,i3d dime tgle- Aguanosa-sol uti ons of

i noagmiicycao( 8ls3 i tasn - hyckwhlieriTe ACi-terRydr obroni c
aci oyt sxyichubory @ -phephdsplrdioxach dasdtd dybeol 8 k®,0] octan-

Zaqueatsreoliotibns 76ftedt gant exyaeirtienglicth), 3adineehy - Boxa-7-
aci azakgidycilo[ 2c3 . Jardath he-takenietrtle Exateles of the
r ediorct axycageony 1-1iclazde 1 gerenusriegt Lo | Dres 100% sHildema-3-
sul ¢attnigsodiem4-Hieasubibbeycardonfe-4 idem-10-oxaThus
obt erivectledb uz i bro*c dntlacat frpnd-prcaxtmigidrile, 2-tert-

3ty amoppycerbarye? a4 pbirmyche ded I hexarte -i3s canbomict vile, 2-
s ubsstudut oxy egxbamy lryabab oryed ol § 08 & ety -86l vent
coneariondtirbhe arith telrg - bukexydanbbhgt;741t may be
pur&fdbdgtyigyo b4 nbttHognsued- cesrtpolitnilehrorerbgr aphy,

r e-kutostygakbory I -@rragrblibpclallde 3. RlocRX7-RBe-B4, -5 A

3andeRPani tRipe otZedead - U6t exparapprybt 2-di nes (4)

r epredEiRyclnb2 sarid hepdanagd-caarbpoitille aRd, tRe, 184, RS
and R6 Aefthael-prertegiedt exarebynppilidines fdnesopPically
Exaagliiee bpdi¢re df thet aboertaxeapdpfiedidodpnusdg 4)and the
i nclikte are mentioned. When optically active bodies are used

43- t 25 ttheuNoryetadiedy py8reliudinols| 63 B. 1the] hegaheart N-
cariyatiectefecy@rapyrrobid gt driloayd -8suad ly optically
az ot teyiel bp&ies 0] hept ane-2-carbonitril e, :

3-t er t Nexdxythe borgpl C3o8zhle ayrsisep 8. BrGinddioanw2lk drebon
i t ri}aistgated. _

4% er t - bthex gt ap o riysl 28 sfenbv€ yslagitdng . Ylendhamovected
car@gsmopyirreli®@inesr ( 4huobiaicwdbonyihes sGepi Bevhiil-83.cohols
azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile, 3-tert- 10
but oxycar bony1- 6, 6-di chl or o- 3- azabi cycl o[ 3. 1. 0] hexane-
2- carbonitrile, 3-tert-butoxycarbonyl-6, 6-difl uoro-3-
azabi cycl o[ 3. 1. 0] hexane-2-carppnitrile,
3-tertbutoxycarbonyl-1-phenyl-3-azabicycl o[ 3. 1. 01lhexan
e-2- carbonitrile, 4-tert-butoxycarbonyl-4- 15
azatricyclo[5.2.1.02' 6] deca-3-carbonitrile,
4-tertbutoxycarbonyl-4-azatricyclo[5.2.2.02' 6] undeca-3
- carbonitrile, 8-tert-butoxycarbonyl- 8-
azabi cycl o[ 4. 3. 0] nonan- 3-ene-7-carbonitrile,
4-tertbutoxycarbonyl-4-azatricyclo[5.2.1.02"' 6] deca-8-e



25 6-carbonitrile,

7-tert-butoxycarbonyl- 3, 3-di net hyl-2-oxa- 7-

azabi cycl o[ 3. 3. 0] octan-6-carbonitrile, 4-tert-

but oxycar bonyl- 4-aza-10-oxa-tricycl o[ 5. 2. 1. 02. 6] deca- 3

- carbonitrile,

4-tert-butoxycarbonyl-4-aza-10-oxatricyclo[5.2.1.02' 6]

deca- 8-ene-3-carbonitrile, 2-tert- 30

but oxycar bonyl- 2- azabi cycl o[ 3, 1, 0] hexane-3-carbonitril

e, 2n tisy tpreubndy ol ROBYde 2- 6 Albiteyal OhBistdl] o6t awe 3-

car potinild [(8) ThéddinaFuboXyasbhuted-as imidates (5) in

azabomy dailed. 3. 4 noNant8re@d iy, t khkf, treating with an

2- t eeidWOXPEaLh aMprotedadi gidliaks. 8f O t@riueaer ey

85 Credhimidfitel e, abbrieftibt b8t &XWCRBeBY¥de@prolines (6) in

azabomy Jazled. 2. 1] hept ane- 3-carbonitrile and the |1 ke.

As the Begnpakecbediiy anepusll imditngs Lyl Qldotals Yhaving

activeo hadicasveh dtumsabaveexemnbohbed anpguUDds, BNd

t hecairtod anemsprddukgd. aY¥eno10PhiaGahy Y7 ad i2vechpsbe S toms
lar eansehedAiR6 $leh Msphetesiad RYhaAbl dingksphsdl, the

r esprdEnio N prvieaicad aypaeyno,okigdenes (14prap&nol, 2-

us uad thy 16pt-beapano18ChILYE1 OER®1, bendNEXtalcbheistgp C

of méithdy®eanyl i dMhbionand [dhdb@ikkl ustrated. 45The

step C T abstepdedcdi®adt aDfoHdIe Naprpé aidealso as a
1oy aneyutriionl sdlvast .( 4fhobisai amduht dhahst @pove idddribed

al cahmdi®1si st eugligsencendfrangbase, 01D 1@bBaiReight ratio,

i m phed fearabliyt hetd @oruwkaghd)rdtier @i tRftedpectbbs aviptRdcted

as eydmdplyesolbiinas gane cases.] as an internediate,

then, tEsemipilag of tdthemr acacktion ebiabntdN-yHa6t €Eéesbove-
2pr ofiesmesibel aheoHcasmihal{de A iphetec nafd@icarbon solvents

abbswh aisetlessnd\- reptant pbyriohenese (&)d itheSDike; aromatic

caseslvents sucloeamtodsend, tidydeakcohabschHinebudezaldy |

al ctidileorbbhenrenel and tBe chirkeon edhenssolatehenybueh cahol s

havieigahydgofi@raar menhhal orms;t-dualkyétiadmcohoh sdhandneyg 7,2-
2% 0 @OneddobypatizrenmndOthadlikee hbakegsnatedabyies dwmrtain,

et hagiotents- pudpasoldicRlopoeiduack, didhitcaoelthane,

2- behlayobutanersinddy (the - piloparkeitond - seitdnts- 2ugh cpargletone,

al Ingthyllcehbyl Kedongl médutolisopneyhdetverzghd atheoldke ;

ancester spkeentEheughoge-wedwli bedtateoledhylcaretreusedtyl
3k sarefats asd ridectliiba: sohidentsolTaet siseicineantl, f t he

abdldenedayd £ peanisglec oNolN sdime thylat ¢ yanisdet, h¥-r ange of

0. Zn¢ihy3Qywee bifdinoaei and prhef dikbl yete t oTREsavsiodlvents may

r athe ugeghsirghieor ipn adniduaet e twarrspyerel i di nes

(4). bBExagpéses oif diigebaseddtdlydesalkalit metthdnhydroxides
Sabotch 2g dedium hdrexidholpetpaeiun divsriophdeiand the like;

hy it lgedibBatablcpahenate cdidid ipaxaakbts Isighape, sodium

cyctasberahe. amtasgdun grrbonedeat Festw wenbgnatr langs the

t ol kidite, akhakhaetgdnateohnisienzeneh af sleddnobesthoxdde,

ancadiam pkloxidenapdsthe drite : satkhabls mediedahydiristas snch as
retgpdivumehydpide;| petpssium hydgiggamnd the2like; organic

di rRAseSxjeeh At tanathnkaninge; dhhserpraraiedhniatiowar Boh-

sol diarabisvielr [Fs 4dPEnréstet-rane, PXidiingr aed hehree 1ike;

chl®i%but ane and the |ike; ketone solvents such as

acet ondhenenyamauniy pf Ko pdovaedagPribashbege ketuswelly
thandin fbe| rarge ©ft 8r 5 st idmmelsuratis mrefgrakietlate, 5-

et lAlegEat e evithuresraet doelNaprotertatheyrhRpyrrpliidénes

sol vents such as N, Ndi et hyl f or mam de,

N, N- di et hyl acet am de, Nnet hyl pyrrolidinone and the

i ke; etc. These solvents may be used singly or in

adm xture of two or nore. Examl es of the base include

al kali netal hydroxides : '



35 such as sodi um hydroxi de, potassi um hydroxi de and
the like; alkali netal carbonate addition salts such
as sodi um carbonate, potassium carbonate, cesium
carbonate and the like; alkali metal alcohol ates such
as sodi um net hoxi de, sodi um et hoxi de and the |ike;
al kali netal hydrides such as 40 sodi um hydri de,
pot assi um hydride and the Iike; organic bases such as
triethylamne, diisopropylethylamne, 1, 8-
di agebi cycl o[ 5. 4. O] undeca- 7-ene, pyridine and the
l'i ke; elthe. reaction Teepeset@r®OUmt obtaidthg imidates (5)
ab ofreond &¥s prb etk diasgahSpysttalilayndd (4) tikeusasus; G @nd
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(6as S Pé gndp % tect | ve gr oup 1n
95N pr ot %‘i fI @ﬁé Ve-ﬁ% cl‘ eci alég.dlg water in lude
SURRKESSE ngol 9 oRBOYL- AR3GEHPE b Slole s[ERCL % a0
de GRAROSh d: bR 6 AN, oulPuBhOVR-ASS ekl A IHEAGLE Mlrg .
SOl Qﬂk@nqiq%‘ébg‘s CSM@L nS8Ys d&(ﬁli[:e %%(& ultcﬁng E?Jzé/tlc

S0 @34l 0ckeaR BHibN.4H ORRI g DEWLAT .
30t he abQH@ &S Gniohad @f'\‘q'le“sewﬁtzfés 1%Clu %fp’éé%%mtie range
P

solg#t hoRS Af-mofQr P4 & AGhUSe SHt Y +24!

aCicHanbyFF QiR hes acd ¥, 294! fﬂf’éfé&:a%(i&dls SRIRQEECo cked

angyt Bsa A ®),. 52@H PR 130/ E§ 9N 1 r85P80¢ G K- ér
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35USReafPaziQly hhEsse aAfdeds 1hstlyegli%|at:¥1bﬁ] 51“%&%&‘9&

t0i%Qan®vde (s3tio with respect to N-protected

cyanopyer fdddiisaes, (4l  oraRiBr 86 BF Y ¥ebsrath ARUA vater

obtahnse duaeaddbnend 1 grot2ered &ﬂﬁﬁhgs W ¢ shegpect to

N- %aeemrecéoqﬁam@@yrmﬂe@yneéls( bh@ihderTRUBLoPLc Ay
40acipghol &6k 1(@J fiffo I RAYEhaLI Zdyeg.a base used in the

react i @Raff1e@Dbal BhdGbidindat §§l\£e51)t separabfe FEORSHA o

an ter ganigeds ehVvend +:5aR&1 8R! Snd 1 ad Wal §ia S nhara49a5hn

t 0 sbiiPeMNPIRAACLE thdiRlel, NBEpEfe,| BybDEndBa! 'aﬁa the like;

SObbbh@fhic [S38UERYs HcH bkbEdi el Ny iy ot ect ed

45 monochlorobenzene, dichlorobenzene and the like; ether
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40 prolines (6) into an organic | ayer. Exanpl es of
the organi c sol vent separable fromwater to be used in
di stribution include aliphatic hydrocarbon sol vents
such as hexane, heptane, cycl ohexane and the I|ike;
aromati c solvents such as toluene, xylene, 45
nonochl or obenzene, di chl orobenzene and the |ike; ether
sol vents such as nethyl tert-butyl ether, 1, 2-

di met hoxyet hane and the |ike; hal ogenated hydrocar bon
sol seltrenssicduchs adi métoriorreirhametydiedhkor orfhane,

chl dimbtbhaxye tadet &ed | tHee1iket el ®@ine@ad ShidiolkafBon
nmet lspllvénit hetichk e ofisch Iatohigk hasop Wiyhlkedéeutanand t he

| i kehlesdeutael went she Uciikeaskaedly |soaoehas esucht BY | methyl
aceeahe]l katople,anetiaye ianduthe kéttie @hg. tHhaiU8e ester
anosnivefitd lemchr gannetisdl westats, ushatll ¥cétvdd)epaapge
of dcetvaldanteitybt 11led; @tcpreferably 2 to 20- 10

wei ght Thtiwsenambunespecihet orbapioteaivedt is usually in
cyanbpyramde difneésté4)ao-weightheatvsupirapérayigani €o 20-
1Dayerigny fatribhet therespeicectedNimroreshcdgeyddopywadEidines
waslithg with basic water, washing with acidic water,
and t heThe keesulFahtsoxdirdicnedyso| ndyt Gurebét denisifjected
N- ptot ezsteichgowaith mest ) waakibe witedbasic twadteri, Nwadieing
subwttbemtidiicepater, nand hikeobhile=i sol at ed by sol vent

Igoncent Tats arptandeti hsolitkden tont@mining fNuptdesctedr pfoBthes
by #&6hatdodbesushdass cidl usnishtiosretubgeapdlyt step, or may be
r e- ongstiddlatatli by swlvelnd bokeent3GRlionREnd Rhe Rike RSIt
andmg&g bhen MNrrhetr epteict ipdoby ne smeodr epelesentcotlhen sane
nmeaahnematagraphy Rl reR2ysR311R4qtikn andtiR ldéki.ned in
20 pr ot eRt eR*py RF ol R'di M3nesd (R .irRN-peptesasnt prahines (6)
opt Fepegsentstbset sang acbaalikgs @¥ digr Ravikg R’toR10 R® and
car Bondefiioves, ioplimreieoped ubstidlitiddontkef®). 25 group
havi ng R’ txepr@sentbom apsisnatlypribstattyed Wisylt otad
ar ahgyingriode hOvéapon edore. cartionadlpnsibstituted alkenyl
28pegFovrR hawingl eéstoflONcproercaunsp eyl PpernEd)lLlyi sicbsidduted
conpbahesl Sxekp akaBinge 7t thu? @ xsarpoboaydms-
azabi cy2PefiFic. ekxpenkare of- Napbobgdted ncoHinest gD include
est gqarppcgm@osuch as 3-tert-butoxycarbonyl-3-

t er 82BRADEICABbbNYIheXageaBr edataxvdie. 8¢k medhel 2estabo 3~
3y Feradiut orweAyPOnss-@r az8bi@ralod 3t 8x Y themiamy 12 3carboxylic
azaBfty d‘l‘e(ﬂ*{xls‘?@'f%‘bt andept chipsr@arbonyt ¥ net hyl
est @§§b:i8qyc o[3.3.0]Joctane-2-carboxylic acid methyl ester, 8-
t er FeBtnIPEIFBEPRIYIS BaRaRP EGRIS][4. 3 OlnrnsageT 7Tormraxalic
[ ec:aq:inda tlh?Ft%TS't é’,r-’tert—butoxycarbonyl—G,6—dimethyl—3-

3%4%?%125&}10&?;&%& pORpEapes2 ufdarylig- agyl methyl ester, 3-
azabP ey PRy s edaie 6 29t ey Bi-azakiqycded Byl - 0 Thexane-
est éfcarboxylic acid methyl ester, 3-tert-butoxycarbonyl-6,6-
t er BLHIHAPASar BN 06 3l chl hi*ang - A e Rayail o e 3aaidieshy

an®2tar BoXerF cPB Iy cREPPRY L olsberyl-3- .

4 _t%¥QQJﬁﬁc&£ éa} W_ae’esz-carboxylic acid methyl ester, 4-
di f Fefol RutoxysprRemiloptsatatyHascdnd 522 chrloxyfeea v d
met FSFPESHIAL, agid dyathy: 85 Yok Tt 1o pineEFerkonyly 4-
az abFYFEIONS 0f Hefanelyn Ix§Rreoseli¢ Aeidyrethyl

st %sl;i’:eq,_ 8-tert-butoxycarbonyl-8-azabicyclo{4.3.0]nonan-3-

Y er $RYUL SRFLAFBLI ReAdaBaEhY o \REtEE . 4 B DB} eRstgaTonyl -
car beARATTECEEL Bl et Hy 0™ esldgca-3-enet ItAABRFEAI D ARLL 4-
azatricycl o[ 5.2.2.02. 6] undeca- 3-carboxylic acid mnethyl
ester,
8-tert-butoxycarbonyl-8-azabicycl o[ 4. 3. 0] nonan- 3-
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45 ene-7-carboxylic acid nethyl ester,
4-tert-butoxycarbonyl-
4-azatricycl o[ 5.2. 1. 02" 6] deca- 8- ene- 3-carboxylic acid
nmet hyl ester, 4-tert-butoxycarbonyl-4-
azatricyclo[5.2.2.02' 6] undeca- 8- ene- 3-car boxylic acid
nmet hyl ester,
7-tert-but oxycarbonyl-3, 3-di met hyl-2, 4-di Oxa7-azabi cyc
| o[ 3. 3. 0] oct an- 6-car boxylic acid methyl ester, 7- 5
t er ine i DXeptRED 0D Y derd-DR@BYY cdribrfliinya- 7-
azabizayed Bfclod 50k 02l © Gusas S dne -aCE Sl AYL g8igr,
7- ety Dwsaey;ay besl bdt dx P AR A3 8X@infethyl-2, 4-dioxa-
azabi &0 1aly%13{ 8] 96 REtEnC oL H20PxvA 18CLE1 ABIdNy 1688 &Ly, 7-
8- tert -butoxycarbonyl-3-phenyl-2,4-dioxa-7-
t er azdni pe1eaBheNY lockaaz 8- Byl G¥Eh Hheridilef2e 6] 0.
ecated) LirtoxkBaXYbAEL -AC Bda IR #1141 S b8h .7 -
4-t&£&bibi#dl>éY_GaB boryekah= 6-carboxylic acid methyl ester, 4-
azatdfk -Mirrokibe¥68f15 42 ada 020 810 G318 81653 2L Al BOXY] deta -
laci 8-ceidtxy1e6t &6ia %rettﬁﬁrﬁ.'M&(,yqaﬁ:ggﬂygﬁt%xycarbonyl—4—
az abk £y10 -@f3 - r ¢ FEreaBe 2 31 Ce7-BEkbhCe Al IBEPY L xv1ic acia
est@ethyd- ester, 2-tert-butoxycarbonyl-2-
t er azdniloyei6as ponyeaagabl é%ﬂo@c[yglé Q0L hRAng1 CALRAXY -
[ Ctéﬁ:-aﬁjtdxﬁ‘eﬁﬂydnyﬁ.sbeﬁzabicyclo[3.3.0]octan—3-carboxylic
17 - tecia matthyy casbany l7- fazabhwdtsdyehdvdnPl Fanan_8- car box
yl | #zacicgcawl byi.(E]&ioﬁ&n-Q=c_:arboxylic acid methyl ester, 2-
t er tedHbmepeachosynk-12 2 a2 kb L1l 3. 3. O] a7 L8863 3-
cardmmbdxyd iacacididetyily 1 esd€dn, 2-k6it-Buldasb Ly 2-
azamabiclyefld] 2. 4] erbaske B -cAIDoxyh ié atiddmeeh{V!ester,
2estard the amket he |i ke. Al so nentioned are
conpourtdsscobtat hetkdyrs ubshpduiidsOBbehided®iyN¥lib 861 @1t ion
gr oo & methgdeectponads i tdhedd eblydurfSt @i tBr S RBthyl
N- propy gestpl MHOWPYli SOEORHoupSt EEorHoPYR, efitdititgHoup,
estrerbudiydups teegdoupy | sesitertygr esper | grtut, Vi s€Si©f1 22ter
2igr cappupt eterbiitytlylesteer grmup, aliyl esfer gge@wp benzyl
berestieregrenp groue thpxysdhony benay | gusitr agaoths ARG .
the |i @arther, Foptived lyopttical bydaetioe thedassvef the
abdlescddbedi dab amdp oane salaoe mah s Domemt | wed .opieally
optaatdiveybadi¢y ereodsed @ ehesNdpastddiedNcpandBairedidines
S0cy alfdpy thel reswWdmn30N{ Miqtedtedr psoltrant (bh pans astrdly
pr ciitiesllp)aclizveubodiesy. optical ly active bodi es.
Next, tNextstthe Btelp Phef pries @resentenivemtivhl il ve
i | 1iddpsgratiedThe step Dis a step of treating the
N- pr ot E&eedt8® Drisl eneter ) dreatheg the NApretegptdd
Shni tRYodAnge t6 )k obdeipedtigrtthansheprotedhi we geioliftol Ae-
t h@ILEr5t ke tePrpitertes grepp iLhetlsbW-plibaériet prolines
pr dl6)netherekmiobraining fre pirod imé addiivafthee evhaftiee Eprmula
abtrldvil hereinaf tere| ablereideitedt ay epxdl)iinendenivattiaeesl) . in
40BeAgprasedsl + he de-protection reaction nethod
40 ncl udExampehf dheddeomyotgcamonciehaioa sethid dnclude
cort #ptiPag e dropaingtan @#cddl ori orsqiuépanecoraining an
di SSEPVLREC Nt Roduséer dPypeiredeby (B)ssonvang o ymmnttecaed
metPRedines bl Owilgaapokuand .i o néthddof blogirsy iant acad in
soltiei arprahdesdinto di sodhviony MeepsFepdr by ettsasdlving N-
$pr pretiested)pnodigesof Glerin, aasoivérdd of mdtiopdiafy dzopping a
solsgtpshor orndiadnhng NEprotected mradlinees(§6)intot anamcid
acid or a solution containing an acid, and ot her
met hods. Exanpl es of the above-described acid
i ncl ude i norganic acids such as hydrogen chl ori de,
hydrogen bronide, sulfuric agi,d and the like, and
organi ¢ aci ds such as



5 met hanesul fonic acid, trifluoroacetic acid and the

Iike. The use anmount of the above-described acid

is usually in the range of 0.5 to 20-nole rati o,

preferably 1 to 10- nole ratio with respect to

N-protected prolines (6). The de-protection reaction

is usually carried out in a 10 solvent. Exanple of the

above-descri bed sol vent include al cohol solvents such

as net hanol, ethanol, 1-propanol, 2- propanol,

1- att @aneblulidnitcmdbinPagredhdeid; paopandler Rethods.

met hy 1-Exappdpanst tard abbee ! ddeiridbd phaid Grleydaecaidi@Rnic

sol ateirilss sadle hasahyligvger, chieptidee, hedsd eheyabriddnd suheuric

| i kezidlanar tiwatliikesohu@ndrsgamichadsdd Ausenas xyl ene,

5o matihlaaeebefreire acdic ht arfherseset e didide aha keie atifker

sol ventmhesusd asourt bahyné afbovendesetindd aeil- Dotodually

et hiar ,thd, datijo)@ne,. 5112 zb iwikoxyeidhaneecaadabhe 1 ideeio-

halnegenateto hyiioee@spest st Wepiktetitdd @Folines (6).

di chl ormee tbapey t 2 idhchéastieinhaseusedll16r echutase andin a
10t hesdlivieat . e Exempsol yEMiH aU6he afedmRiiBEl o6BEaite inel hyd

acetlaiobplbsié Werasekate @ dhdthanbl kesthand1yal epro@hdl, 2-

t hepdopkaol Theamtanblent sbutnohe psmckisiinglhpréparidl, 2-

admiethyie2 oprdpsmodr af@r the \Wike ; ah Toielt i80hyend Saxdios

estsrlveakyenich asehusefle, iHep2anes @ffonesbhe ia use aike;
lhal coloolatsol seintents estierass dolashe £atyieagondi ng to an

estnemoghdopotdehzenel) gicli Roiobdnpend | 4165 the) 1ik®; agnagt

t 0 sdwseta fudnsestetrihwRicofamran candthgn weib-buweylestrer,

gr du@ -idhokhmps otleCt ddm@tindstyetha(é) and-ahee1aKkP} chaliogehBeed

cadydobcpriociuciolorndé sudomsodnchBérdmetivhheh R7 in -
20N- prichdotreetipmel,i tBof@utiaheaan@tthd lgkeupestdr isvlvents

pr efughabk endthywlsecebébancithyd btbetor,r bspphdaderate and

al deolike} veart wakart hendade odlker ofbese wplofensis may be

comsedndinglyveirc AinRidnsxtaureeblfiytwgraupoeret i s

pr ef er #bke alcalwd epvhyénts eindl estsr tdrdveotsespondiedyg it
Zbestier prefexaitle 36Thee iare adiwobinl ©dlvené abowstaesoilivbed

or g@arespotdiargt tosansesitdry groupht’ Aanepodted:tedt prolines

100-6dei ghtas ardto topeatdise abltyatsestQdfienghon regdckinntiith

r edpecester Neupt dot Bdpgatgictadsp@)ines (6). The

react i FoTt experiet.uie the tdnsedefpprrdirttion p€aztdampondd
30j s ipswhlely Bniphé-pratgetef ppolines106T, iprefrethplygpup,

t 0 I50&s prefemahde Hopres imedhgeel \aa ithe ¢e¥résponding

obt2dicRBEL iy eaftt erlrc dingl eesorrorrAactbyy @fdesconpmmd

de-ipy vhéekiBnircaktedyl oheupy it 46 prefematilectplyse s

us gdhyy peeladiet agsthe aFrresaPribig selterofodbvendci d used
3% n t he TREaRs Grouandobythe ghoEat derGTi®ethergani ispavent

soligt Pepatdy dvy fessrange &L @ - AdeR tiMOnwsaght gfatijee

pr GreAeTaR¥Y \lattoy 80 (Wgidhin reEie axidh seEPevhcir therateeted

ad®retdnesal&) -of the praline derivative 5 (1) deposits

as sol TheaFeagticanprePeatuse thethedierPsatechiomingagtion
Haciig¢ addatiwrdnsghe vindheofpradi e 108 ¢y aneferably c@rto

be sioéol ated by filtration and the like. Further, when

the demnsstiopemmuatdafivdrdvac( 1) addiobitanned) tan@l aEber

pr @ompetlbsr \o&t ithe 4Hgvd-Veseribed ides p#OpPOStidDFreaBOUGH,

cartheep#flimc deasedtbye qddi 1y asyEQy pobyemnt ds0ant he
45aciaddaddon i@l tsaft anfadite ugeal imedetredatioe, (@hd bl so

in the case of no deposition of the acid addition salt

of the proline derivative (1), the acid addition salt

of the proline derivative (1) can be crystallized and

taken out as solid 15 by adding a poor sol vent.
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By cooling the reaction solution after conpletion of
the de-protection reaction, the acid addition salt of
the proline derivative (1) may be crystallized, and
the deposition anmount of the acid addition salt of the
proline 20 derivative (1) can be increased. Exanples
of the above-descri bed poor solvent include organic
sol vents such as aliphatic hydrocarbon sol vents such
as hexane, heptane, cyclohexane and the |ike; aromatic
sol gemnden t3at hin@StHed lne@ne i ox yd i@ i ofiDH® cittyaveslBenae negid
25 di¢idianobent ese thedpkbeitd kizriehheve S@l)verhSbe Uedken
as betrahydrofuran, nethyl tert-butyl ether,
1, 4- di oxedie thd, 2eididotikasyetdneranie t i linee derivative
hal ogerkipediby ddOanhidanasoéy edtnpletLdn &5 the reaction, the
di chimgnrrtibasediionhkanreeshane, pebl diodranatand the can
i kee Estiare8obyefillxratiGbn asndahbyid. asetaher, attlyl the
acet@pesithohyimanst afethadadite ddikejoetanltld€Sehe proline
or gasn Braakéeni p immymhel Usetk siepghbytDdn idmomeii $anirge of
10 woitndrdased. by addilg dSpoarmullveat fdhe taloweidesddition
or gedii it oFoltenprdSings dakiyative e ) r angeoofin Othd case of no
2004w ghtionadf heldacpichedaion $ald &O-tni ghbliwdi O
W t GleriBgact (D) N-yheotetd esidqirtdbhnesld @f the prbEine
r es@étianttiaei (1 pddint bencspdtalafizeecapd aldkea datiyatdorad
1{ 1) bymaadiagf arpdwar spawehted by a met hod such as
re- cr ysiyaldoozahg othear@datheon i kelutd Ok o4 f A @@ lebion of
m xting deGlprdtedtide raacdiatditiheoacsal 4ddiftibhesplroldmahe
der praitinee détjvahitval (@fl may tdee cabsval dese,i bed the
opedepidsirtinnt dmaaite bfande aacicl gaditieolssant oseplae ghtcd ine
2§ r odemiatatrive a(il) rveamt bal igcrepsad.acid formng the
addi t i Gxas@lies ust nghea abase;desdribedppadsd e ldenitvancMmeale
(1) oddandan shivenits sotbdas mloipblagiorigahiccagbbuestlvents
Fur sddr asahewaiy, degitagea dpsleohbganaand dhiezilhge { heromatic
aci solzad sapdclwa=ertoluang, i ¥yleeeessenochlarobeyaene,
I50l dEgitlogepanzadice ahdobheal dre; tethehesqlomottsorusolag i on
" obt k¢ teadhydirpBurarhe mgghpt otedt-botyt ealdteron 1 . 4ndioxane, 1,2-
per doretihegyekiargrtandnthe frkeg prodienatehgy hydrpgarifon)
canspkvepiisaswell a,n dikblorepatihansel deeitlordeighane,
ext eetrobutaperand dhewlike t lestergapl eyl wagh anyndidyl
3¢ epecetede . Exthelctdcenatef | Ritarc peebatalans pheehbaic edc.
by BeRHengrapniqcrdannes sedy bendsefiesinddy. oExApprdmizdfure
t heo®brigenics Berrerent separabl e from water include
al i phatihe NydreaBontsshe erhayesdepcatbate paganigosolvent
heptarsuadyg| bheshengange ehd Itok @90 dredralti #asdPvent s
Syucpreferablyicheto BP-rvatghhaddll BibaipsPest to N-protected
di cPFOideEnt®he and the |ike; ether solvents such as
net hyl Ther repuitanteagdd, ai‘,iiztjdinwéﬁh‘ég‘et%@rah@n% he
| i kéeTivatdyentt edrany Beoterher e¥rifing byyehmgshod such as
di cFevrutehbiratignc Apertea Hdde: 15 chl or obut ane and
Whe | i BOT RERBRES < By BAELNG RH-14s Of ety [acddh pAdkkighsalt
et oI thes gpetine derdratiyrl (lhe oPFrineddnetheofRevR s
suchesripeanopenatdont ¥ithitpteragRd Ak onganjr aekiedte
andseRfFapilretron c!”.atE?EanE‘P%§leé'ftthéz%éni AELEgeorming the
i norYHrtienpaaks usial asba%e aldk AFpe Stoingy ApEXY #elye (1)
45 cprmdes GHF LA IR ABLP dEle [RRTARE UTR HiRdto x| s tedr . t pdsO
| i kY afldiapiakassel fear pondiadd 2408 hthes asddi yapd and water,
carbonat e, potassium carbonate and the |ike; alkali
nmet al bi carbonat es such as sodi um hydrogen car bonat e,
pot assi um hydrogen carbonate and the |ike; alkali
met al 23



25 phosphates such as trisodi um phosphat e,

tripotassi um phosphat e, di sodi um hydrogen phosphat e,

di pot assi um hydr ogen phosphate and the |ike; organic
bases such triethylam ne, pyridine, piperidine and the
i ke; and anmmonia and the Iike. 30The inorganic salt

to be added for enhancing the extraction efficiency is
not particularly restricted, and for exanple, sodium

chl ori de, potassium chloride, amoni um chl ori de,
sodandn ity deogesasgr Banat@an iotsas st daprap@s from water,
carbonaiec ragdt 1idre doilkie i coviaihieanatte3Shae deepid ferittion
or gadddt oy eénd GHr&Eonfifg fé:a@-garabh Nea dfeleV pkbVend 1) ,
andaéieraatifred( 1y emnpbel bheaidrsd vat the drjanGansdevent.

i sol at exhebgxaraetivd opeeht 8en GEARGENLhE adtddhief sbDeent may
or gvéli fepeak¥@Nt Exapdctivh ldflit@cidhey fdade aps®l b @&nhanced by
der asd@inigvan(dgojaras sase dma andehyxk ati on reaction,

t her ebyedfaapire 8 go# G- HeObrgARIP | s 1& et NBEp St edSrom water
di ket@pidee adzphe: iantyihecdidos iso186mes GasAs astkttand, he
1 oneepdanat, i 6ycIdhdxafeOaf@NIHe Iak¥eNdrdntaticeteradlts such
cars emhlaghe atxyal dnRNPRO\GCH D OBt Bens, al.ch@drébenzene and
posthdlidketseitidry sahobhts 14cH as4&hylihaelrtteBupyOIdther,
der 1 yvatdive thdlyetiiaaienafld byhe aikent hatdgphatbdt hed#drarbon

or gévilventel yedH aandithtotdnkedhamy, beiqnitddoe@Haty, a
liret diarbrabobams @@l B Cikoradedghapsylvents such as methyl
r e-ethal akkodal inethgndisdutyll ketoddeandr adecLils); ester
met selzeaft st Seclpraas aethy Dvaddtage , | stkiySacetaee hashtyl
condeetiategabdirae qtieps:etde step A and step B
descri Rmaheyeof am@d dast enmddudiesdnobgghicabases 5dith as
it eplialaf mehel pryesertidesnveanth as wodiunbayidrbusde atpetassium
Thehwimxillei snd tdlecfibé; reldetliingebapratmonetes such as
cy aswbiyomr ohrideneds ,0bothes fur malrhofdie ahitdaithedlikes tallgali
st epetAlabdcéteorsttes Bueh tds aloddhnl sydmdieancacbaohatten
pr opkize sauh Chypimdgene cdebonette wadothe higkeor plkal{ Meted
laci phoheteonswdl st heieodium phosiihatest dpibotassim
carphabhete . | ¢isdid ugahednegare phasphate hdippepsHium
excepiioggnt blzesgtateotrdt Bk dyikropyrewliadibaess (shchar e
usebriatdvéaning. NWypidiret afpsrdiinesand)theslike awnths
mat awapiacangothed liiket he step D. As the al cohol s and
3thci d t dChse inerganichesad ko donpddadsien edsacibedthhove
ar eexfacitdpedefficiency igRinot] partfgulampy regtairteticand
i n fore gFepPiee ediupachieride). pepresiam chherisdge ammonium
mea®htinyddas $etium hydrqgen RarbRpat®p rat@ssdurehfEidgged
i n ¢Fdomagerrtitde pike Avalimedtasngd) R7
3% epr esdiiies repal tante opgani pglayerf epntainefs fege| preliae
N- pieftigatdye (ol gad thy .aimed free proline derivative (1)
can be isolated by a method such as concentration of the
organic solvent, and the like. The free proline derivative
(1) gives rise to a dehydration reaction, thereby forming
40 for example a dimer such as diketopiperazine and the like
in some cases, thus, the concentration of the organic
solvent is preferably carried out at a temperature which is
as low as possible, usually about -10°C to 40°C. The free
proline derivative (1) obtained by concentration of the
45 organic solvent and the like may be purified by a method
such as column chromatography, re-crystallization and the

24



Exanpl es of the proline derivative (1) include 3-

azabi cycl o[ 3. 1. 0] hexane- 2- car boxylic acid net hyl

ester, 3- 25 azabicycl o[ 3. 2. 0] hept ane- 2- car boxylic

acid nethyl ester, 3-

azabi cycl o[ 3. 3. 0] oct ane- 2-carboxylic acid nethyl

ester, 8- azabicycl o[ 4. 3. 0] nonane-7-carboxylic acid

net hyl ester,

6, 6- di met hy1- 3-azabi cycl o[ 3. 1. 0] hexane- 2- car boxylic

aci tliket hyl ester,

6, 6- di cthermoluatabn aythod3of . td1gteBen?-iBntion is also
car bongtlical aohtanetdy lthestesterss 6ttief bty - 3nd step B

az abe syclbefd3 abo0é hestahe- 2teprbaresicirécbad i thuwet. hyl

ester, The step E of the present invention will be
phehyluskrazali. cycl o] 3. 1. 0] hexane- 2- carboxylic acid

net hyl ®sf eitep E is a step of reacting N-protected

4- aggdrdppyraodfifided .d32 t6 deeamd-aCc 34D oxytd it edC ivila Meid \Wtep
estBrand-tazabtep VB |wi[th 21201021 6 anaden aadid,arboyybdiwce3a
l@aci proveitrey deestetiveB-ofz ahe cmina14. 310] swnaiid3a@d@etilon salt
carbwendafc acid nethyl ester, 4-

azatri Ciied Gtep2E lc&?. 18] decaidd eng- 3Incandmatle mafted as in
net tiyeé sdspeb, excepting that N-protected cyanopyrrolidines (4)
4- azee risedcliofbedd 20 R-HFoteiacst drehends q@nbaxyh icaw
lacimatestiall cespeund In3tte netdyy D-.2, e dihexaidehdlls and acid
azabte declused. 3t catren cbmpauriiiaX ylsi deactiba@ebbyle eateer ,

3- mentioned.

pheny1-B,.4R4i oR%, R'az&Di ey&|RS[ In3tH$ outaiing- darbeadyilviec (1)
acixepmstsleplt the¢ eygme meanings as for R', R*’, R*, R*, R’ and

23, Rdidedtingd- 2n obtee R-arabécted] f3r8lOdocinas6{2ar boxyl i
c acid R’?emylreegmm ,the same meaning as for R’ defined in
4- attze Novoriecied droflsnes 1(€2. 6] deca- 3- carboxylic acid
met hy| Exomples 4of fthe proline derivative (1) include 3-
azaazarigyalef 3 ciydl ldeBane 12 G @odad e Sawine m@tbat bandyeri,c3-

25aciszq‘]aé{cﬁyﬂ.oégtz;_\.rq]heptane—z-carboxylic acid methyl ester, 3-
2- ardiieyele E)%-, 3., OoedrpGe2 Farpopyk it | acisc mgthyktdpter, 8-
est&Fabizygabt c3-d lejosage O] warhexgleardwid methetiekter,
metfwA - ddgeehyl 72 meabicyel o ¥ .13 00 haverer-8-ceabboxldd @cid
acietwilhestexst eq,’s—dichloro-3—azabicyclo[»3 .1.0]lhexane-2-

SO amhiogydie] 3l grsbyA- Tstate- §- Eatbbluatoc3aci d net hy!
est@aPizyarabd cly-d Idpzane 13 traxbanEl te cagisorpthyl Bsterd 1-
metMARYds Bep2aRERY AIRé 3| | K@l hexane - prearhaxylienpoithadethyl
obt®itfEd Byazubsiavcdel g2 thd éﬁé@@@'{é}?ﬂ#ﬁé&h@ lpH-d
estthEy §RLRE hyd-agstEicyFlqdido B){P - @5t drundpgap} Rpboxylic

Sestagid pephyy|esiarer 8-agrbisincirl 4s3 f Inonesbat e dst er
t erfuReEyLiesaehd methyl eshedi., 4benzyl ester or p- 10
metIFPEFBERSYP L 2t -dr 0° antPadfe 8 pRe; 3 arbrenl i@ aid methyl
FurdHé&rmof a2 2810 vsdal 81 dre -dal t $uRERcAPcanpy3 wRFPoKRGhic
of 4 AEFRRhi Sted-d3sdedimed by d? ofehlesdri de,

Wy FZEPARYBEB R e 0 1oGERIT§ 1CaxbrEYhie 3K Fekbyl aftesei 3-
ad AN - S af 1L BH-i- ABRPIRY A@d Bt B oh] AFtaRn S of kAT 1a€i @cid
suciP Y1185 HeX hahdsAimeihel -Zcrda-1r133anicveae bt i 0Odergan-
and TREPPFRLLC (38 idh Be BBy esdeZer £ 1R%P Pi0oPEAR
dertP&FCYal 7131 O & BPeGR S EAPPPYT B acid meihyl ester, 4-

4% uraAfert 0- 8% 1 eela%PLaE i Yl 04T d4e%A - &e@e-3-carboxylic acid
abRAEPIsBF Fed 2TPERPREY HeiBy At Plleexqnp- 3pparkexylic acid
addition salts 20 thereof are also nentioned. \Wen
optically active bodies are used as the N-protected
prolines (6), the resultant proline derivatives (1) or
acid addition salts thereof as usually optically
active bodies. According to the present invention, a
proline 25 derivative (1) or acid addition salt
t hereof can be produced sinply and industrially
advant ageously fromthe correspondent pyrrolidi nones.

The proline derivative (1) or acid addition salt
thereof obtained in the present invention is useful as
a



30 chem cal raw material or nedical-agricultural drug
internmedi ate, and for exanple, can be used suitably as
a production internediate for the foll owi ng conmpound
(see, WD 2004/113295) as one of anti-hepatitis C drugs
(HCV drug). EXAMPLES The present invention will be
illustrated further in detail based on exanples
bel ow, but it is needless to say that the present
invention is not limted to these exanples. 5 Exanple
1 methfynidtesi,s 2EXpai & Qb[3.3.0]octan-3-carboxylic acid
( 1RmB Bhy B-dstielr-, but exaciarsieany k 63 6o mdﬁ%hhylc&tﬁﬁ@fi'ieygﬁ%
[3.ﬁeﬁif&»@ﬂte&:0h—8£ﬁﬁhd§cﬁ$li.@Wﬁﬂ&ct@t7-ene—3-carboxylic
(1Ra5ih-ﬁbﬁhyﬂiebﬂéﬁxyxiﬁhbﬁﬂ&}clo[z.z.1]heptane—3—carboxylic
6, 6adiantidpHy13eazab) card @h3. 1104 hexan-2-one and 25 g
of 10 tetratesdr @BMb&ﬁhdﬁro%tHHﬁ8@1bﬁ%b999£@pir@ el 8vove-
- 10@estiiped #@5hgl ofstrert BUBRCe &R} 1UELRRL (1 pvﬁ ther,
di i sebpitopyal esitanm Myitydeevs: ArRnedefl eshQC OYEbndry1
per estlenf tdrhovusyl Aldiel, CAMDy£tdAR-0f ba ARPINGe T HE -
1fri xtetiboxsaenglyilr 6€6bd Ond BR&IT1Ble,t BEe SAME ioned.
t enper arwirtherldes, idiel AACLLON 44104l o¥RFned t&eaﬁ&gtion
up 60 @0GnoAbheicradGiagueh 4€MMAIRGEACchYori%e! hddddhen
sodbuomitedr @xi fer b6 uRAUS af@| td AR K8aSaH RS aglihEN,
t hesal bt Wibe aMASA Sby Idaad t 8bn 256 anT BE¢AENO U180 sGEN SEA!
asmé thdneaadonideialay ebiﬁid&ﬁ&o@tgiﬂééﬁi @&nd the like, to
Nexthe tdtoveesdstpiledTBireLind Sasivhlievd i {1)er Jwer g1 20
wasereshpdiitfhe80 g of tetrahydrofuran, obtaining washing
li qui d.stEha &bovkesesptiball{ i ddvidtenadrksashithd above-
| i q@ésbnited prokthd deehtatives Yal)Ubi Ofc1iz@h 1 Wasn LA
2@vastietreoir eeet ah®s menthoR2d g whed @A%i%adLYMEVHFOHodSes
aquecrisised] ati e N2proéhestaBPriongneac| d)deThBl X6 8¢ tant
underrolsimer dengvatiorelsi U) dopardiia hadi tiprREeEsSthdteof are
st amgliaidy optiddidlyr estiit@rdodiregani ¢ | ayer was washed
tw ce Wiaderd2ng of thsYpsaséme.inteatdsgard @rbayrs
2pbtddmiadtave et 1 Waghiangd vasdicdoae Bhl At Bhreddetar asiiced
pr esfusedoniinpivomndt hedys tmia30yt AévasidebaBly from the
corkgresarhdéent ayirdodidsoredded 75 g of tol uene and 25
g of wdher panlim xedivefove (li)quirdaphd tdddiefbAgsaiihe
r esiarsnt obtpitiadl liaythe e seomc tntemtion indeseful as a
30 chemical raw material or medical-agricultural drug
intermediate, and for example, can be used suitably as a
production intermediate for the following compound (see, WO
2004/113295) as one of anti-hepatitis C drugs (HCV drug).

35
EXAMPLES
The present invention will be illustrated further in
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reduced pressure to distill off the solvent, obtaining

25.0 35 g of a solution containing 24.1 g (106 mmol)

of (1R, 58)-3-

tert-butoxycarbonyl-6, 6-di net hyl- 3-azabi cycl o[ 3. 1. 0] he

xan2- ol . The yield with respect to

(1R, 5S) - 3-tertbutoxycarbonyl-6, 6-di met hyl- 3-azabi cycl o

[3.1.0) hexan- 2-one 40 was 95. 5% The quantitative

det erm nati on of

3-t detdiit dapedr bonsxiand16s dbeisivhy buB- Az als aeelddfSs 1td]day

exahh&t dthenpsepent amvedtbyn highotel ot veahd® kthesed

chr eratwigrsaphy. As the col um, ZORBAX SB- Phenyl,

4.6 mMm x 250 mm 5 pm 45 nmanufactured by Agilent was

UseHxample 1 The nmeasurenent results of 1H NWR

( DMSO- déyntdfesis Example of (1R,5S)-3-tert-butoxycarbonyl-

( 1Rp 5&)ainettayl - bra mmbicgrbony It .8, ]Gegdanet ol - 3-

azabi cyz$ o 31 110]) hexeln- 3£ol 1Ry 55 )sowarbebuxySarbo? -

to 6, 9Aimethyii};aBabidydtio[3dH).018eR4n ez} dnkHEnd545 3B of

1( Ot etdardrb@utad Svdre 2kBd, P cSof{Sd)dowd 83 S14@H) then,

EX&IT@$Q; Df a toﬁyéﬁ&%%ﬂﬁtféﬁﬂn(ﬂ] Qlon/l) of diisobutylaluminum
(‘ifﬁg @R¥ca f@&ﬂBﬁl a@ 6IO C over a period of 3 hours.

NEE Y -c3i 1@93&&&%5’&1%0&2 &e%@ l%lﬁuljﬁo%s sglff% for 1

mmiu%uf)fa@ 8r Lafuit efh 148 e the reaction liquid was

l?é%{%ﬁ; wu?%ﬁ%@ g%z?}gfﬁwe tg 3 oy LQS 2%‘%5 " the
I |tﬁ+§t ?\ﬁlﬁ o;§ I deﬁ?@f g B%‘?JI é:ty 3pcras

ra dt

Af t &7 T Xt ur

t S“l an e 1 fPdteF pEFEe 140
1§ padt A)sogl e aéracvad?rb MGG 0" e 19
vvas E: 4 8 ed u 1ltrate anSr r| g uid were
LoRELS eg ?-g xydro W0l Xe'ndl%a f‘% e
§0'¥§ vse@ilﬁ fi oaiix ?ée. E’“ 19 agﬁﬁ*s Ve
SO| ent o%ﬁﬁ Snde gghe(g E wf‘ﬂld 22 g
1000fr1 sgﬁ&ﬁ trﬁgt E‘%&ﬁﬂ[ 1%56%%5%% hing

ced geggtﬁeé)lﬁ%n

an exidael AR 2610 |Jealk faPa S Tl W ce
u5|§1§rgloﬁqo .ngf net hyl g‘:qerfepa;ty et eréquT ii res:l t ant
or gani cppAyRlsni VL€ 29ERLE Gh¥ecin &U 4L 08 dfer
whi £ha sl YISk @tté’ Was. 2dd f} d WxeS: t Beh 1,50y 9
3pasy &MY ed1 By bd |ddndbifihg 30 m% oot 8bE VMBS 55) - 3
C Onﬁépﬁfb%tt%ﬂyégﬁ%nyﬁee U@ n@t?&&uﬁ Saéﬁl@y%tlbt 3. 0fd; hteQSn-
sol yegpt, obtaining 11.

3-tert bﬁﬁ&’&&i‘é%b@% r@s eé’i"ﬁ?& hyk: §s?1:ﬁhie‘5:3£‘2| 0[3.1.0]h
eXahyLsRicarBohPe-d Y -BiRbt t3ea§9{)igycl 8. .Yl Shge}%fn 2 -one
4B-teLd byt @xycar bonyl 6, 6 mst hy1l- 3-"azabi cycl 0(3.1.0)h
exan- 2-rle %ﬁa‘x’i‘ti@aﬁﬁ%pﬁgﬁefnﬁnatlon of 3-tert-

3- t@ﬁfo%@&‘ﬁﬁimwalﬁeéxﬁﬂﬁetaaxgl 7clo[3.1.0]lhexan-2-ol
azaPh £ Wd1@h3nda OAJ‘%QH peimiRSe 9Bid#d chromatography.

As the column, ZORBAX SB-Phenyl, 4.6 mm ¢ x 250 mm, 5 pm,
45 manufactured by Agilent was used.

"qHé hft'rQ d'%mn en, to
3@bt g0 ttgﬁtg%;rideglﬂ!r £ E‘e‘s;ﬁﬂé Wgam%d§5%#§04 %@ G
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The neasurenent results by 1H NVR (DVSO d6) of
3-tertbutoxycarbonyl-6, 6-di net hyl- 3-azabicyclo[3.1.0]h
exan-2-ol are shown below. 40= 5.48 to 5.45 m (1H),
3.42 dd (1H), 3.24 d (1H1 1.49 to 1.44 m(1H), 1.40 s
(911), 1.31to 1.26 m(1H), 1.17 s (311), 0.98 s (311)
Exanpl e 3 45Synt hesi s Exanpl e of -
3-tert-but oxycarbonyl-6, 6-

di met hy1- 3- azabi cycl o[ 3. 1. 0] hexan- 2- ol 0.50 ¢
(2.2 nmohe nfasdrbmeht brdsamygasHony bR, GpMso-ds) of

di metRyds B-33zabt Cyet lydalnOhfEXAH-dinlenpnds 12. 5 m  of
t et aalyHRf1eT301 Ve ek edol ok GRekadbaDMW, to - 78C,
then, 563 3 gb of & doohugig) Sof Ui gR (ilmmﬂs/ 3k 84 (1

dll i s0buity| @hym nugm hydni 48 yag,dr oppgy OVeIn)3 gegﬁo 3H)
of 1 hour so as to keep the tenperature a

| OB am dlﬁfet er conpl etion of dropping, the m xture was

stirre sS r gt fifeo en,
3 ot ff@’"%%@sé‘f?ﬁ‘%{%%gé‘#ﬁ il

(fFurther;1 5 b\ﬁox i{(l’)é};lerst sbutyl

et hgfmdaiA % st i

lrlegp D‘%?@ u}{ﬂ@tl on.n Tgﬁ ;e tanﬁ Igertra awgiﬁ: then,
extgI %é,h% !tlQPfa d? ar |?|one 138 ﬁé %1"@3 ﬁ? +th1um

[ o by ’e‘ien RS AFoPRA @ffe- PR ( AbieT FgERLEtion
oydt éngo X&Haemwtlaﬁadnﬁ & POHFE UF T Aiie

vvass%\'&%l mgﬁﬁaﬁ‘l‘&ee'd theRenl i ol i0F Gad® r SRy PEGEogen

fi | FPERQTGS FRBSPES AOLHRLOR (as é‘@ée%sa%ﬁ’@@ﬁ?ﬁa‘ﬂécto 0°C.

undett feEdGd EHnPrfs SeFReFBL Wit 1B 90PF I%e hydroesn peroxide

obt‘a@tﬁmgra@ dgomp@. ohfter stirring at 0°C for 30 mlnutes

2B3_t Ehe qg}tv@gycvaqx%oﬁysrlglgdd:pﬁfethygogcentratlon under

az abr @D PBesSOichex Bn- thelrespdne eolftmrimedf afibet solvent

So|¢%ptrm*§n9|@$ﬁ wﬁq|qdﬂg§pkgg mlpoof water and 100 ml of

3- t@@ﬂnﬁuﬁgfyCgpgbhy4h3r6and mixed before liquid

di neRFRATIgnARGh| EPELBEB. TthE] REREPUD -IayernaBtined/ AL Rsr

%X q;q¢part1t{ﬂqﬁq@egp§ gy@ﬂﬁgt@doto an extraction and

3- t%ﬁquq§up6f§é%&Qﬂﬂ?@1DBeBathn twice using 100 ml of methyl

di nktHyPUsYdzaEhes cl BpS. TesyfReRhreEagic layeps xprg

(0. B RS tofIiNe & Fobutody & WBAgh - s Fum sulfate was

(gu naeqqﬁfll sng mixed,c[thpa. 15PN ikeyan- Denprieedhby fHLERatgon,
offla\HaetemWfédca%emt@e R (RAUCER PRefEyre to

a s%’r“‘i}ﬁl&n°€5n*ﬂ%f‘se9d’181en9 72:agniBg 3L hibl9 of 3t EeHium

bor YHYFICAEL ML 15 o ine theh Bap¢aPbFIFH Swds 0 &P%%& -ol

i nt’o“t‘i}%3 H8FRi YhhitecRolEt e 'H’P%p‘@’é}dsé? bafater

] ORULORYEARPRRYY & a8 1B Y e ~FERPIFY HALSs 1aP ] ??@ns'&rrﬁl

fte:?e%traﬁeec%tq et ero B grRare e faddne tap 3 ne
LO[it - AdhgEan o e VRS PRett- 15 M of wate

%bto The B‘Paﬁ@% n'ft QFF%Y PYet He‘?‘”%ve?‘@"sé’d&ééi ahd- Tort-

86§P &. (-}lmethy -3-azabicyclo[3.1.0]hexan-2-ol
are s own b
40 = 5. 48 to 5.45 m (1H), 3.42 dd (1H), 3.24 d (1H),

1.49 to 1.44 m (1H), 1.40 s (9H), 1.31 to 1.26 m (1H), 1.17
s (3H), 0.98 s (3H)

Example 3
45 Synthesis Example of 3-tert-butoxycarbonyl-6,6-
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partitioning. To the resultant organic |ayer was added
magnesi um sul fate and m xed, then, solid was renoved
by 40 filtration, to obtain a solution containing 0.16
g of 3-
tert-butoxycarbonyl-6, 6-di net hyl- 3-azabi cycl o[ 3. 1. 0] he
xan2-ol with a yield with respect to
3-tert-but oxycarbonyl-
6, 6- di met hy1- 3-azabi cycl o[ 3. 1. 0] hexan- 2-one of 80.1%
45 Ekeerplyd -B-azabicy®yntiBesi 8]1Hesmmph eodf
3-tert-buaOXydar Bomydk)6 of- 3-tert-butoxycarbonyl-6, 6-
di méitgthy3d—-azabalehcaifod 311 0§ tess@mn-2-ohe ArgDIIQL BORAL of
CONMpeBthydfroBubbhn Gudre AifBB| Jard c3oliélitaown to -78°C, then,
but oxyaar benyltéi et Mot lyios-@zabigysl f 3. 1. 0] hexan- 2

- ongibs Ayl almOiunt efaahydraidaBppes sFappedetd® of 1
2. 2nghr Qo @st @srzeéaf;ﬂrtgfeun‘:eﬂpéﬁﬂatrgoat(176@1611 Slex
l I t hl Urﬁﬂe‘i‘”c@fdﬂi@&’ﬂfd Q)% ax:op éﬁf Iﬁl}pﬁfﬂe q;lagfstilrred
hougy @pd shhe E'ér?lgé&raQureV\?érsl I5f 'hg Ol b2

10, + 1O I;l i ad d 9,91 V\éarter, nfgj
1 %‘; riin dii@@ r%ﬁ%bl%% LG agggﬁsf
ltag ”g %% E Ee-aem ¥i1 n%%l tr? Jbo o

nd _an agueous
|8vva

t h
e fé Eﬁ%ifi % e %gbi gt ?&lFéeslél ;SnSlng 10
'%‘f Rart éPf Qn@a* o gﬁ&ecd dyer @ﬁe&i%ed
MRgnes q;@ s St ded ‘E o130 Ll DES by
Besngl a%xo "%@ &gyulﬁa%t &ilwaée%v% bR0e 5 AN
13- e g SR PR R
exa@za?olglyc%fp 2 (y]'h%L: %SQﬁgtf(;rQn of white solld

3- tid yki\éﬁﬁxv)ifﬂ{ CQ§§3 P (ﬁ tert-butoxycar

di netfithy3- 32abd hickah: 2- 5 BL°3T " 20
Exanpl e ynt esl s Exanple

2§ 1Re:dampae) 23- t ert - but oxycar bony1-

6, 6- di MRikKLs3s a@%ﬂ%@[&&:@lﬂﬁ%@i&%&%ﬁ&ﬁﬁ@'?“ le
1. 9ink 1@k 123D 0 ylch bt 8101 | Fieedthgtl Hiyd1 et her “conpl ex 25
and 6 2 Bl gf (§ ddeRR1IYELE FULLLT -BRELERUSLnPOVE, §.0

- 603 melthl Q- Ehéﬁatmdy‘b%ﬁz B @keyhh 09 JHLRAREHo 1 mﬁu ng
3%&%@ 0L UIENE SOLHE | Q5L 16ANEALNI N9 1045 4:(8- 4.

d1udfiohl Sed of 0.072 3 3_mmol of 14
terﬁoz@i‘{yﬁ%Y&@r 3115 ﬁl opc';g?tgé ag’o S:: &)T%rgjedo]lngo

0 po were o s ara 'The

% > ’? %§ gtlr}%‘:}('layﬁsu p@ anl%‘% q‘? [%per
34 0 %,%Qle of gv¢ Oa%e el 80Y
co |on oppin B

stu"r"r@ % n‘}‘)%r tﬂ i tpg“% g“6f3%ﬁ“]8%fsBE'F% tert-
hyol?fﬁtg 3‘?’6&Wea B3 R %Fﬁgroﬁqﬁdélgaaﬁ%‘ﬂl 1 he
% FEIPERT IR FglYer 3igs added
war%a N} 8’8 ﬁ e% héRs g mwgﬁbfeé'tct"é& 2]
drlf PP o™ Upepa?ljo% Qlfnﬂ
J)&; 8 ; Bh me&mflaz:ga_;?b%:wa 2t ]w]égﬂgsz‘an'
W t I, ropon -
suI a6t %mﬁ}{“ ﬁ%%cliﬁ%[él 1d0\;\g%xa,neﬁ,o\9§a pf 80.1%.
fl|% on The resultant solution 40 was partially
t%d under reduced pressure to

_bQJm
g,rh-t-r-l-'
_o
—%o'ﬂ
Es
8
- rtQ
o
(DI}
G\dﬂ
e
cnmcf’
U%—-.
g
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distill off the solvent, obtaining 6.68 g of a
solution containing 1.35 g (5.7 mmol ) of

(1R 28,55)-3-tert-

but oxycar bony1- 6, 6- di net hyl - 3- azabi cycl o[ 3. 1. 0] hexane-
2- carbonitrile. 45The yield with respect to

(1R, 5S5)-3-tert-

but oxycar bonyl- 6, 6-di met hyl- 3- azabi cycl o[ 3. 1. 0] hexan- 2
-ol was 89. 3% Quantitative determ nation of
3-tert -Syutthepcar bosmypll-e of 3-tert-butoxycarbonyl-6,6-

6, 6dtheanktyly 3- 3z atzadiicay¢Bof 30 hdXahiezape- 2- carbonitril e
was 5 perdodumedn byorgaseahbon®isugaphy2 [/ UM £WaStert -
DB- iyt dky2arhony X- S -@imet 2yl {BrazaBiépeidired . BYnd€ad-2-one
STheam®|5 midgopoteliradfydrofuran was dropped into 2.2 ml of a
(1R &3ahPpr3Eted -doltuiexysal bamyl/8) 6oli TRIAYH- 31 @gaRincy
cl ohyarka@] hexan®c2ogar bo etrrlblieofvaﬁ Hburt oaééctheTQﬁxture

TH PR o PMBCY d@r qatsa Il is o
&quﬁt@fggﬁa Jédues Bhg a&aﬁhg ];%%J

l xture u
4.99 m.t1H) gt %’"H) § lze}gg%t f 4“?5‘*?%:L tefr%_ 2
m ( 1 t§ S e ggd epos:Lted [T} 1d was

(E?I(. %5 L 11 %nttﬁf)gle/ are tant filtrate was liquid-
16, 6 %n%%ini%bfgggrll o1 lco%ﬁ%%%asz ag F%d?ﬁ?ﬂ%%l@m

7. Ogo ol L%I %n cgggég |lﬁ i ot Sragfon.
(1 112t § fg Y :%%1%/ ayr —%r—] ‘%"f‘? TY< ?QVF :‘%;ﬁéoz Al
azalueVal Ol s ol I xaD 4 ' Qeri’- a

e 35 24 B0 P o

20tr| fﬁ%%gﬁ?’g@ﬂ etbﬁ%ybg? errrf:b Be erg andl t8?r zz%g‘i/\ere >
m xeGnghd gool ed domn to 40C and into this mxed

I qul dSyﬂtﬁQéi’E.eri&aﬁl !Lgt J)Erk;i})ag Ei rEg—tert -butoxycarbonyl-

?gl Hélgle J&B;lzé% 5_-8 4 exane— —c?rbond.trlle

6,
etfher }9)
W by
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&y 8 i {stHggﬂg&rogen carbonate aqueous solution
(1|‘Q"“58§i drq.ethepuisbyneamesnpeaeedup to 25°C, then, liquid-
354 WéthﬁlCBleaizabeeg/(ﬂQ@@Qu& Divrax yps2agrinnfsupjefbed ntd lae
safEtaec et érdadiquidsparpii bionima operatiemhatsiaghd® anl of
t r itPL USRS dedhet ¥gquldens  organdice lannas twinee vembiened and
i Fdgednd dHieavapvaided n2geesiamd sulfateanal sokedi othen,
Coﬁpéii-qln‘f?gs eROBEYJ -Bx filtration. The resultant solution
40t ewes pRg d¥beeRaend: retednpndar] redazedipeassof8. to 0] he
xaf2sblllamf £t thaesoimedit], y pbegiminge 6wa8 @rafhpedotttidb
t o€oppgining 1.35 g (5.7 mmol) of (1R,2S,5S)-3-tert-
butoxycarbonyl- 6 6-dimethyl-3-azabicyclo[3.1.0]hexane-2-
carbonitrile.
45 The yield with respect to (1R,5S)-3-tert-
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45 over a period of 3 hours. Exanple 9 Synt hesi s
Exanpl e of
(112, 2S,55)-3-tert-but oxycarbonyl 6, 6-di met hyl- 3-azabi c
ycl o[ 3. 1. 0] hexane-2-carbonitrile 50.81 g of a boron
trifluoride-diethyl ether conplex and 11.6 m of
met hyl tert-butyl ether were m xed and cool ed down to
-40C. Into this solution, a solution prepared by
m xing 2.40 g of a toluene solution containing 0.60 g
(2. butBBicarebn¢lR Foike iyl -3 Uz@8Y 696 1Y, 1- 0] Bexah) 2-01
di neddyglo.3eazabi cycl o 3. 1. 0] hexan-2-ol obtai ned by the
sane menigtidstife ReiRRhendtiaN®£0358e8t Qutoxycarbonyl -
t ri eed fasnsithyl - syanivdeyans #. 16 0The@bndet g bb i tr DU Was
£t NS #isedr BPPELL Q',Ihroﬁ]iét&é’raé)l‘érc[egfﬁmr@ WS b8d1 9fo 35 mmo
houk s30 A { 8 250 nfatnh@Qc % 91 the mxture was
stirredpfo e&thﬁ&rﬁbfyf ° (Iﬁ) 559 glté£¥“$ut$§y8afgonyl—
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r esHEK in Exam exce t1n
(1 l"@"’f‘ Pidt ?th%ycﬁF %%ycf“%’léxda“dt‘h“i‘%ea“%% T SYEES
[ 3. zin(b or?&%gﬁ %ovg} t5f =99 O/an ot %Sﬁh xed liquid, a
ygg o2 ntaining (1R,5S)-3- tert -butoxycarbonyl-
e i T3 koot ot IS BR A5 9195. mrab oy
cl ofBirethyR ek bk -CFARAAH oV € rq110@pedoqt g 45F te s696t P¥AT 2
conk i §L07 4PHYS-2. 0 nmmol ) of
(111 2§®S)Ylsltie‘ﬁ Ge8R %*ér‘iﬁbrf faésb i Gty 1- 3-
G B RS by A Dot AP e Lot 2-01.
i 1P 8B-8Fd with respect to
(1R, 5S) - 3- tert butoxycarbonyl 6, 6-
dirﬁﬁQRafes azabi ¢ cIo[3 1.0] hexan-2-o0l of 77.7%in the_
sane eaésu PE O FendSapti) nd t vt DHEPT ‘Farbmyl'
3% erf- %dit-‘-{f‘lethﬁle?‘r?e”'rab&g 9 b tthd 1 PE%RES T SREEO™H

o 1-cH l?u?ﬁn% s%‘c‘éﬁg’f‘e ontaining 1.12 g (4.7 mmol) of
(1R, 2S,5S8)-3-tert-butoxycarbonyl-6,6-dimethyl-3-

azabicyclo[3.1.0]hexane-2-carbonitrile was obtained with a
yield with respect to (1R,5S)-3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexan-2-0l of 73.9% in the same
40 manner as in Example 6 excepting that a boron trifluoride-
diethyl ether complex and toluene were mixed and cooled
down to -25°C, and a toluene solution containing (1R,5S)-3-
tert-butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]lhexan-
2-0l1 and trimethylsilyl cyanide was dropped at -25 to -20°C
45 over a period of 3 hours.
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Synt hesi s Exanpl e of (1R, 28,5S)-3-tert-butoxycarbonyl-
6, 6- di met hy1- 3- azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile
456.00 g of a solution containing 0.38 g (1.6 muol) of
(1R 2S,5S)-3-tert-butoxycarbonyl-6, 6-di met hyl- 3-

azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile was obtained in
the sane manner as in Exanple 9 excepting that nethyl
tertbutyl ether used in the reaction was changed to

n- heptane. 5 The yield with respect to

(1R 55)-3-tert-but oxycarbonyl-

6, 6Edamgeteh\d - 3- azabi cycl o[ 3. 1. 0] hexan- 2 ol was 61.5%
Exarrpl eSytHesaiishegamsp X afpl @R p2S, 55) ~3-tert-butoxycarbonyl -
3-t et 6 - dbidedhydan barili-cgco [ 101 .0 Jhexane-2~-carbonitrile
gi met hyd- &8t az alfi aysdnf3.tTif] hexanre-dleehybostiHer kémplex
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1oret Gyhe f1811t-3bHENb1 K101 BEL . f\Bfesz@0bed1 doyhih@a- ?Qhe same
andméhrkh GsOfinaEhainR tri fhaaristegdbet fyinehReEilyl
conpy&xi aasndr appagl dff mé8n$ D trer@8butyhe et HhE dﬁ%ped

t hegpaldsy donsybad @dedt o tAS- 138 RGImer afars L etion
g?u§§ gﬁd&%ﬂé.nfgerﬁgé@%ﬂmukﬁﬁvé@gtég?g&h?&lrmt! |h)6§',L_-ESyf g 4%? 1?0
1 e i en
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sub @dlld pgﬁ Je &Ef’l BAS a?ﬁff’] ﬁ i B pegfraction
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esoiiactS i h I0 o %i@%ng %0t
E:BQn i)- a6I %I — —%ﬁ %rclo Bmiﬁ hexane 2~
3 t Hb %E%Xi% X ﬁ}ﬁ | to (1R -hext-
i ?e?*t ; ?%li LR MO AT
@lnethyl 3 “azabi cycl of 3. 1. O]hexan 2 ol was 83.2% The
r esgy f .pH N1412 (CDC13) of 3-tert- 35

but oxy n%'aéls% yig cyce i
2- g Sé.;mettﬁgi% i %ﬂ ﬁz%g)ai.{ -t?g%ﬁ S
o ot Eiy 9 80P Hy o

35;- (7 ﬁ@s 58 ﬁntZﬁ_l to caqrb% ﬁrgatﬁy 3

bi¢yclo[3.1.0]hexane-2- carbonltrlle was obtained with a
yield with respect to (1R,5S)-3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexan-2-0l of 77.7% in the same
manner as in Example 9 excepting that methyl tert-butyl

40 ether used in the reaction was changed to 1l-chlorobutane.

Example 11
Synthesis Example of (1R, 2S5,5S)-3-tert-butoxycarbonyl-
6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2~-carbonitrile
45 6.00 g of a solution containing 0.38 g (1.6 mmol) of
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Exanpl e 13 Synt hesi s Exanpl e of
3-tert-butoxycarbonyl-6, 6-

di met hyl- 3- azabi cycl o[ 3. 1. 0] hexane- 2-carbonitrile 0. 27

g of a boron trifluoride-diethyl ether conplex 45 and

10 mM of nethyl tert-butyl ether were m xed and

adjusted to -40C. Into this mxed |iquid was added

0.18 g of trimethylsilyl cyanide, then, a solution
prepared by mxing 0.77 g of a toluene solution

cont BR JUSNGS0 - 20t g -BuB8xpE@mtyorsfl-6, 6-dimethyl-3-

3- t exdbilylcasysar omekate 62 didamiony trBie Svas obtained in the
az abay/ elagh3dr lad]iexxamgiel 9 axcziphetyi thdth@esAFE tert-
manpefyiasthBr Bxeeplie 3heanchckiin @hs n@idnged ebt nbhéptane .
Bt heie W 1dr 9ppie retipecdS5td o tI3HE.) - Af t&rt thebRgbarbonyl -

I Ns§l| @tdiga tayl i hemdreyteaperiatoyhexbns2-»>1@asss1558. ¢

of a 7% sodi um hydrogen carbonat e agueous sol uti on was
addegargné the m xture was 10 heated up to 25C before
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15 geswedmbyhfidilyat coaniddeandesdl hBndf selthlyl Ofemadutyl
1par ¢ty Was0B66Yd Aot HHUEFs EEdEE® D R7€GSUE €a tikdron
dlSEfiéldaE&déh&hé%ﬂyﬂe@Ehe@tﬁdﬁﬂme&gwgsCE% peli at -78 to -
sol @ﬁdcon 'ﬁ%mirﬁk@ P@ ans]'%hgrx(lQl 1'H§‘ﬁ|l)at9 at the same

3za erntt ek%:utcoxxc %n¥10ur"s E -40°C ein
ngéaia omt Ing I%gryll rs.
rogen g rbonate
EK l'Ll r was hea ed‘?gpg/(é)l 25°C
e aqueous layer was further

%_a?rt 1*3 ‘béﬂ‘%&ﬁ uiacpa e

3“%1 ‘ﬁ;f?lﬁg éii i e 7| sg% i:? ogqrfigved
e Wi e e i

'[O 9%%21“5 ﬁ aining 0 f% solV\@lon d-cci%(i nfrg % 0?7 g

mmol) of 3-tert- butoxycarbonyl 6,6-dimethyl-3-

azab1cyclo[3.1.0]hexane-z—carbonitrile.

The yield with respect to 3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexan-2-0l was 83.2%.

The results of 'H-NMR (CDCl;) of 3-tert-

35 butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]lhexane-2-

carbonitrile are shown below.

0= 4.41 to 4.30 d (1H), 3.63 to 3.54 m (1H), 3.49 to
3.36 m (1H), 1.76 to 1.42 m (2H), 1.49 s (9H), 1.10 s (3H),
0.91 s (3H)

40
Example 13
Synthesis Example of 3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexane-2-carbonitrile
0.27 g of a boron trifluoride-diethyl ether complex
45 and 10 ml of methyl tert-butyl ether were mixed and
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trifluoride-diethyl ether conplex, then, a solution
conposed of 0.18 g of trinethylsilyl cyanide and 2 ni

of nmet hyl tert-butyl ether was dropped at -80 to

-70C. After stirring for 4 hours at the sane

tenperature, 5.3 g of a 7% 35 sodi um hydrogen

carbonat e aqueous sol ution was added and the m xture

was heated up to 25C before |iquid-partitioning. The
aqueous | ayer was again subjected to an extraction and
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4056.0 g of a solution containing 36.5 g(154 mmol ) of
(1R, 25,5S)-3-tert-butoxycarbonyl-6, 6-di net hyl- 3-
azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile obtained in the
same manner as in Exanple 9, and 349 g of nmethanol and
53.4 g of potassium carbonate were m xed, then, cool ed
down to OC, 45 and stirred for 9 hours at OC A
sol ution containing 40.0 g (149 nmmol) of nethyl
(1R, 2S,5S)-3-tert-butoxycarbonyl-6, 6-di met hyl- 3-
azabi cythe[B.eld0thek aresp2ctat b Niedat-eutasy @iriraingeds , ¢-
The dyinet Iy Iwi3t- b zalesqyecio (301 ( A {23 r53) o8- & t59 .53 .
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45 twice. The resultant organic layers were all m xed,
then, sodiumsulfate was added into this organic
| ayer and m xed, then, solid was renoved by
filtration. The resultant solution was concentrated
under reduced pressure to distill off the sol vent,
obtaining a solution containing 1.38 g of 5 ethyl
3-tert-but oxycarbonyl-6, 6-di met hyl- 3- _
azabi cycl o[ 3. 1. 0] hexane- 2-car boxylate. In this
sol uti oA, sebouton] @¥nbaining 40.0 g (149 mmol) of methyl
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t heReshrdamtt bb§aﬁ&&!ﬂé‘érka¥§£e was added sedhum gyl { e
andwat e hasNadlied Satld divas €4 |éaﬂ1§taegiqﬁl’h‘i—|iyar beso ing.
r esthé afdsuflithht ad£5MaS Q@gmé'saE%QCé‘ﬁlﬁedterde HEEL reducea
2pr epseddnrte0 tdi 814411100kt Bige SU1vRAL, AdEr 109 g of toluene
di svad |miritaBr dadda,g t8bnd SIENEPALLE ERIE-ALBERG4 - 18
g (#réssurel roofi€fil off the solvent, obtaining 75.0 g of a
3- t es1unitoax yontnal: Go b6 of NEIsY ho3) aczﬁbde(ﬂﬁ?iogfk,lzsq]sé) -
ex ahetekt -bakbeyyd Bioaynas, ohfiaiaragi-Jhe yield o
28- texdbioytc0xy 8 at iomekafe 52 Hardbolylads.
azabi cyMeofy3eld Ofhax arepaceard Uy, bs, &) B-ebhyl ester
Wt 3kycespenyl16) 6-dimethyl-3-azabicyclo[3.1.0hexane-2-
3- teanbdnitoxye ardzonyls6, 6- di met hyl- 3-
azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile was 98. 6%
3(EX Brpimp1281%ynt hesi s Exanpl e of net hyl |
(1R, 28, Mth8sierkxan®ie of ethyl 3-tert-butoxycarbonyl-6,6-
butdimecaybebydzhi®ydiiobl hy. D 18eaandi TyRirbbsiyiatd hexane-
2- carboi3s dat® a solhitddn gcaftaansagul jomn ocQBt Aintdlg of
1. 0O tprit4b@Boxymirboofl-6, 6 -dimethyl-3- _
3 1RZ2DIEFF1GL3 or.10-lbekany-cadaabyidi € freli BRENYL & of
az gfihapolof®d 11 .3j6hgx aficpdtasanbnntart dratebivat & et iirreiNgt
sar 46 safma@orasoiodnsaMehen 9, 18M0g508 By afyarBtRadeic
anchchdt¥ad @fofRIEASE! SN CAHHOP LG MET 8nlT R EH 30005
coqdtadrdaWiot B Qeur8Nd By concentration under reduced
40 pressure, the solvent was distilled off, then, 10 ml of
methyl tert-butyl ether and 10 ml of water were added and
mixed before liquid-partitioning. Next, an operation of
extraction of an aqueous layer with 10 ml of methyl tert-
butyl ether and liquid-partitioning thereof was repeated
45 twice. The resultant organic layers were all mixed, then,
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stirred for 20 hours at OC. To this solution was added
5.0 g of water and 5.0 g of toluene at 0OC and a
liquid-partitioning operation was perforned. The

aqueous | ayer 45 was again subjected to an extraction

and liquid- partitioning operation using 2.5 g of

tol uene. The resultant organic |ayers were all m xed,

and the solvent was distilled off by concentration

under reduced pressure, obtaining 1.15 g of an oily
subsbtdihee difladienvag ddded gnb 3t wakhndEé layer and mixed,
( 1RtRE&n 5890134t ent- betorepc dybonyirdt,ion. The resultant

di mebhyti amabicoycéofihtbaOhhesanse-dicear poédbuiat €o dhwrill
yi ebdf ofheretdlylent 1 R2%inShg3at estutivhoxsyebaitnyl1636-g of
di nethyll-B-t@zabboyetw]adbbnfl he xanem2thgLbei mi date with
respegbid¢yrclo[3.1.0]hexane-2-carboxylate. In this solution,

( 1RaB&1539)033-offe Bt t datit -Gritoay barlydnyd,-6-, d - anhdnnl 133 -
azabralyitw{ld[3. 0] hxaeme22casbostiitiile #Sa FJwdlaterial
Thecomsainid refmaikkdNVR (CDC13) of nethyl (1R, 28,5S)- 3-

1@ ert - butmixy ceberydl Ga1- diomet hyd ; 5amabbeyetieindi1lafi he. 46
xang2e£ ardimissiidat eaxtronasbowerdedqain added, anl the ldiftRre
4. Othasl Ltlifrea3a8lae Ha3kb)c 5164 7t Bode43 thehd(23 1, gcc1%of 7%

1. 5ﬂy&:§bcﬂhl%§1@ gg:l.'a ’wajs ﬁgoég )at ]Zé);%é% °%11):her9

( 3HhiEx PR s19t U ESES ration under

1§ 1R PR pReBsBidBltelsd1vél: was dlst d of then
azahi Cd‘ﬁln@[p% 1. 9&%@12e9ﬁé1p% @bem 9&:{ e added
| Nt @n@ nSQleldt b@;@oPé e - Xrgi'li%?xll\ﬁbng F‘]argg 9 ueous
hydiogen &hthrabt 96n 8% W0l 84419k o B r'atgox:l'

of Bai0ldiLRAtSehidd %199”1@':5!1 e ﬁeﬁﬁyf 48P derdle.
20met 'hIYé resultant organic layers were all mixed, then, into
(1ReREs Bgadiberd gl“%é)’&@&&@%ddlﬁm 656 FERLd g 3 Aoy .
azabéﬂyds@[l@dlw&)&%ﬁ)i Retda Caaxykat er&hiaingd fiﬁtfen:% was
SangonBHeL a8 mﬁa&x&@ahseéﬁva@%u%ow%sactlﬁ%k@ +HLC
ovVesoBved.i OKEtfr Jibevlfatidnd 4.324kg A at ebvenVas
2addesh tithingel M atgina . vogmst )y rdred eyl 25 #£3-+30C for 4
houbst o:3@aRbkgy Df 6 eeldamb ther 13-Rizhyh cps 1er3 Was 1pedad - o -
andcarteasdate ysaaloprkaidfa et hyl
(1R, 25,15 ydefddbfres-hptt3vazabicbbal 3- 4, dldiexang: -
car amevilagictony dr aritestahde2 vas-vastgetc aécﬁi)@-thyl ester with
3Bubsexpeent lty, 3 78t -batokys@ivuly1t-61 & - bisethyet ber was
dr oqqad ogead [ 3. parlibestant - 2- hiibonitEhed wdhesnbxt ure
was cool ed down to - 5C over a period of 11 hours, and
st iExaagblat 185C for 3 35 hours. The deposited crystal
was fi |Synahedistiemplwashimgriniit 12328, k) -of- taet hyl
3% ertutaxtyylarbboingt - aya#s dtas thield- 306k abDERELA[I3TRS 0 | KesDthek g -
of ¢dwboiegdbtant crystal was dried under reduced
pr essurle,420lt af n g 14tddn kepr(tliningol )o®fg q4ceyshdi) of
cont 1M ,12iSn § S ired hiydrt(- bRt @8y Girjbomy - 6| 6red dmeknhdi - 40
azarmabjiclyoll 8[ 1. D]dHaeaare 22 carboxytal Fe pdaaabd ofri dde same
40Thenazinelrd aef imRAmpip 1€ 1R, 25,65 S).06g6eflininaybdiland 1.47 g of
az o 1eieeli 0 Scdr iR ¥ apere nhidelao ¥ih adso sl uesh! €8 i€, ana
Wi tdy il8eReEby t 5 'H%hlﬂél at 0°C. To th:L solution was added

<1F%?o5 5% éas ORVE AL -né
aRes
SR e e

tdt
[cont Al |ng J(?c §'an
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g of nmethyl (1R 25,55)-6, 6-di nethyl- 3-

azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de]

and 274 g of 2-propanol were m xed and heated up to 45
to 50C to dissolve the crystal. To this solution was
added a seed 5 crystal of nethyl

(1R, 2S, 55) -6, 6-di et hy1- 3-

azabi cycl o( 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de at
38C. After stirring for 30 minutes at 38C, the m xture
waspavul HendognoperatiOnoueing e igodfofoBudiaur SThef t er

sti reswitamt o5@ahde lavieasr vePd4lj ofixpet hgrd tohet sblterdt
10 wéhetistdd lddoppedywvwencenpesation chd8r houfwedaptessure,
f ur oheaininige 1nil Xt giret \sas ot her sldtypnicasobmtaichiay 1565 g
The(dePogialadotr YR S \b&3 - B+ tertatbadpxybarhonyasked-

t wi emenitiytl -8 -spdlit ¢yorl od BN 08 Bek:aine3 8 - gatifo idri@a@panahe
andyB6ld odff meehhy | (tRer2iSh a6y} 3 etdrar buaogly dantidnei -eashed

usi Giméthyd -6f apelh hgptcliod Bt 1 . A Padhusingl 2etheoiniildate with

r esoéspavt doy$1R) 29ES )dBbertntlaoxyeduedy pree sdigethyl-3 -
1obt azatiimycB4[ 2. §. ©fhexapey 8t chrtamitet hylwas 93.4%.

(1R, 25, B8) 1®s61ds nef MHENBRazEhtIey)C bo[ e b herans; 2S)-3-
car bextHbattexgdrivohitlon, dedime tthyd -Bekgbicydllod 3. 1.0 Thexane-
r e- 2rgett@limidate careopdoani belaf. 89. 2% 20The overal |
yield foemanet hyd 4.DR, d5(5HD),- 3-.Ber&-(3H), 3.64 to 3.43 m
1hut paycarhenyte 61 admmebhy l-B-mzabug¢ycl dB.sl.(Bhhexans s
2- caboxyl ate was 81.2% Exanple 20 25Synt hesi s

Exanpl e of nethyl (1R 23,55)-6, 6-di net hyl- 3-

azakbxaydleo[t8. 1. 0] hexane- 2- car boxyl at e hydrochl ori de

Into 17%m3hekia EednidROlofSOé 10N 1RQDS A5 18] 62Q 11k thwrf- 3 -
2hy dazgeicychb 08 | Uy Jhexaaku? i @arboxepat € chiradhibngdd 52 ¢

of a tdntena solutiwon prephaedibyg d36s31gifB2L soRYE) oHfa
netihgdrad@n chloride gas in 6.82 kg of methanol, 9.13 kg of a
( IR &B1elle) s81ltetdn huwnorysimidan\es- Bg6¢Zh remoy) - 3F methyl
azabirRy28,6F3 - 1- tievanexPeactrdnyly b a6 ed Dl taiyned-i n t he
Isanezatdimyel o83 . 1 10 IBexapk e2 A€ rvaxgldfe Chfadhetioflnettee same
wasmalirepped ah BOmp18. e gwad dropyedcavas added anaei-hg

m xperiwavas Sthdumd ahd20Q fiyy oF BoUE&ne Tast BiGed and the
SOl st 1RV E s 36hhaE-c35 21036 & Blo°dBidtla hetlsbub¥l o xg of
et hdthyliheart o wi8Ad ceh¥ st s adeBt "¥ha a seed crystal of
30 1RneXnyaS) 18, Bs Hayelchy la Sna@ahi- @yskmﬁayélelo)][aexa@ﬁl&ane 2-
car ho:ah & OV ARMILEIE: YRS %qes ‘af Eurtsﬂ%rs &dly,
g Ofg MELRY bt Sl ttléktefa 1 Wqfed rv9 c% $Eh 9v ral 0
Of I;erlod Eoyrhou kESH! tﬂ{g mqkfg e dlég“ ofea &

vé’?a 2 5 Per hod, and W13 A“Pr 5%'%“%9
flolr‘%{ ;&r %iﬁ %%EESJ- %& (E%llfgg% :L}istfrate tfhen washing

e was rried out
ter{h refSl‘f: apl ?’1%7]1 ?VS\? wa% drfLed
undgf ke agg&i e%%g[fg o ,% G227 ot Plos a
of 5@ % i tl@y (rﬁz )é )-6,6-dimethyl-3-

40 azabicyclo[3.1.0]hexane-2-carboxylate hydrochloride.

The yield of methyl (1R,2S,5S)-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carboxylate hydrochloride with
respect to methyl (1R,2S,5S)-3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxylate was 91.0%.

45 Next, 79.6 g of the resultant crystal [containing 72.0
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azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de.
The yield of nmethyl (1R, 25,55)-6, 6-di nethyl- 3-
azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de
with respect to nethyl
(1R 2S, 55)-3-tert-butoxycarbonyl-6,6- 5
di met hyl- 3-azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e was
81. 6% Exanple 21 Synthesis Exanpl e of nethyl
6, 6-di met hyl1- 3- azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e
hydg och|m@thge (R ERRIBSY-6 16 Aimashyles- net hyl
3- t @zabimytcdrysal MoekabBe 62 -carboxylate hydrochloride] and
di nethygl o2- azpbbgatd10kdrd . Pihaxane- Regedd apy kat £5 @NGo°c
1. 1o ai¥soanre ety lcrgeehat € 90kt & 0o 16ANLAI WaHhddedVeYeed
f Bygdtegesrchéedyldg 1vepe, 58 Xad satikdthyt-ken,
t heap@dilayciossl] BleEthethind 58 caipldix§ 2R PE M AIGRh0br 1@t Iyt
3 t@éirknﬁf¥€$C§E§RH¥ Qk@‘BO minutes_at 38°C, the mixture
n%pyc]o 3z ?z&\ |nc cI %]rhgxsnlel 51 c%rgo?gl at e Xfé
con 3 h action ncent ra
1¢J ¥ dddcal ‘gQﬁﬁdEaFe trﬁ’udﬁ s??ﬁl i Itrgyl‘,o'f 'thtﬂ)
Ry "eEntT QPAL 7 FRETES §he’ v%?riddéadof%‘“fh&
of Fléﬂ’ JEFEUDO AR thresmal Lnfinfailping) at _a'ﬁS&Ct_hé'hm depeeited
wasCHEHEddvap Foltagtefe HralboMpshedetwigsositida solution
crySemRosedned Ihd OdsarPEeRangd| arfoft 9 .of methyl gty
%er‘?”‘kﬁ}t yPlthet hetrddyrgheppearhed Yping yv7 2 Gneai Reryk Hert-
ep‘b‘éWJthE?%jst aPewReS AN d CHBR kR, d’aGCdr Fed wWiderr yeduced
i RFLPNES - PR IO £8- BT Afh 2aCEYSAof2BeiRYEh was
thehl%\,a?éhéﬁ)u@% imetthyl - 3 1 43PAGY 10 ket HeO I hepane-2-
r esTAERHFY LBF§ st c\ﬁ£‘§°ﬁ+ﬁ1‘°ed”’1fl}i‘d€ry+%]cﬂjdé‘dtBFe§§ure to
z(gbt‘é’ﬁfﬁt@lﬂzg 3‘6‘ Q?eﬁnar*ﬁ Dot §8r Rt 6, 6-di net hg
zabi ¢ E 0’86{?%5’)12 | LR c?rsdcﬁr FFie.
Y§a Po?%& |6 ElgeEHX%B@h f g10¥&}0 1.0]hexane-2-
aza‘ﬁ;/rttif’é‘ly&flgelwatﬂ Béxafie- 2- car boxyl ate hydrochl ori de

WasP(,é}?falAr %W|9(th respect to nethyl
t car.bon
Zgl met fl}%ﬁ%éﬁ B é 3°$ %aﬁ Ry2 drgﬁxfa?’emethyl 3-

oride
Exa%iﬁ o é an soﬁutlon ontalnlng 20 wt? of
(]:}ﬁg%o -

30 _ ”2
(1

- %_ogﬂexa ifbon¥l 6 6(?1metﬁ§1 % a%ﬂP'CXme

2 Xane- 2 @om gxylate g S
Thol_Soltt i anm gont al nih R Was ﬁiroppe
Chi 5 1 deC wePed nf v T 09BE ‘?%s JgaZalt o o, Ryartd HENFS was
i nstitigred at 3he Saned thovser atter ghigy %%kiﬁéé’lnaﬂé% %ﬁded
3% hel $3fwanaf @?%Y%éﬁﬁbuwwheﬁnﬁ%da fpe¢ cxysdal of
redtetibgd (1Rutt SRas bebneimathyled- afrhdicyicd@ld el 0 1hexane-2-

pr eSxhogyL atelidrochieridg agopdeed, and SBrERer1.698 g of
of Mgthyl tert-butyl ether was dropped over a period of 1

hour. The resultant mixed liquid was cooled down to 0°C
40 over a period of 2 hours. After stirring for 2 hours at

0°C, the deposited crystal was filtrated, then, washed
using 210 g of methyl tert-butyl ether. The resultant
crystal was dried under reduced pressure to obtain 53.8 g
of a crystal of methyl (1R,2S,5S)-6,6-dimethyl-3-
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45 oily substance containing 0.55 g (2.67 mol ) of

nmet hyl

(1R, 2S, 5S) -6, 6-di met hyl- 3-azabi cycl o[ 3. 1. 0] hexane- 2-

car boxyl at e hydrochl ori de. The yield of nethyl

(1R, 2S, 5S) -6, 6-di met hy1- 3- _

azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de
with 5 respect to _

(1R, 23,5S)-3-tert-butoxycarbonyl- 6, 6-di met hyl- 3-
azabkizepttri R [B..0} hikewmre2-2¢ anbpdritlkitleehywaso @d.ok%e .

| ndust r Tae Yilld ofbnéilyl The,ps pbd ne ,dedivathwe: 3 -

obt @izabicpyldilde 1po Digkrciniesn - tBrvetiiad eOhy dPecHl@S a8t with

i nvertpent it methyl ER,2SCHON T-alertabuidkedd@ongnds, 6-
nediddmk gk - Twulzbbiaycllrisg 1i. 0f kexmthi-at earbdehyAldYe was 81.6%.
1. A nmethod of producing a proline derivative of the 5

f ol Esampye faarmula (1) or an acid addition salt

t her eof Syntmgaiiss Ergmp e dfolkony s feodimetieps-3A t o D
R2R42BREcR2 o [ 30 R7¢ I exarel 2| nhss@iyvl atanyydssriabrRie R2,

IR3, R4, 0R32 and 1R@ mmel k eieetreyll (3 teat Abato:8piare8all e, 6 -
subgtiné titeld 3pekybbtinllodne 1ab ] iggsaing -Davarigpxly 1la@ed and 1.16
car bonf adroreghybnecetratreo splitiddil wadjtacenig t1so wiret byl ene

gr oLperéguis ichlibtidd vdie Rekyariihylsede tHeaUPtABYMPE y
subgshbhid€t Ry 2grcoxygen atom one or two ethylene

1gr oups ﬁ%b}iﬂeﬁa%hh@& amermg,xrrwwte%tgfgﬁk 108, 6-
subgtié i 3b¥z§bfﬁiaioqge196fﬁﬂkan@QZ— was

adj aeepirdatd RBRLAY!@RE rEROHPSH GQ! Eht*g§'3$n5 ﬁtrated under
pol yaBhded @ResehrdIRJTRY ske1 Mdalchy SONNGH! €0py 13,2

OXY g88u Bt P caﬁééﬂ%fﬁﬁiogr98§hdd@:@XEeQ&BéH(NJﬁzog of toluene
20i NYh@NE. YhQUBF methanBh, Ba 4R m Rétu v@&%dhggté]&’ up to
congpid yil aﬂs&hﬁ, abpyes feeiq %L”Et enc%eggrgggltant
repseseiiontagh 6'@%%@@ E pped. A
hal ggeh- tc%mtaff{ﬁ{gj t@ﬂ'eOHQ o ’);/af %tl Hg[&?pdowdx to

lglaP & r@tv&%s%%h§§¥oié% Wagfs%y%fé FI gaﬁﬁﬁggal
optgﬂﬁf Rtizarc g i

%%Ry aé”6n%1me gy 3—
car

Q&‘olcyclo [3.1.0]lhexane-2-carboxylate hydrochloride.

The yield of methyl 6,6-dimethyl-3-
30 azabicyclo[3.1.0]hexane-2-carboxylate hydrochloride was
44.9% with respect to methyl 3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxylate.

Example 22
35 Synthesis Example of methyl (1R,2S,5S)-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carboxylate hydrochloride
1.00 g (4.23 mmol) of (1R,2S,5S8)-3-tert-
butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-
carbonitrile, and 7.00 g of a methanol solution containing
40 20 wt® of hydrogen chloride were mixed at 20°C to 30°C,
then, thermally insulated at the same temperature.
Disappearance of the raw material compounds was confirmed,
then, the reaction liquid was concentrated under reduced
pressure to distill off the solvent, to obtain 1.06 g of an
45 o0ily substance containing 0.55 g (2.67 mmol) of methyl
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25 atons, optionally substituted am no group, -OR
group or - SRI, group, R and Rb represent each

i ndependently a hydrogen atom al kyl carbonyl group
having 2 to 10 carbon atons, aryl carbonyl group having
7 to 20 carbon atons, aral kyl group having 7 to 20
carbon atons, al koxyal kyl group having 30 2 to 10
carbon atons, trialkylsilyl group having 3 to 10
carbon atons, alkyl group having 1 to 10 carbon atons
or &i¥l2r56Up 6havdinge tByfle3 28z gairdysdo B ohs) 1hRkane-2-

r epreskonyslade bpdraridlorydsubstituted |inear al kyl

group hBhe ryg-eldt of e tdanrlbd AR a2 DrisS ) -16r. &ndiresk eyl B

gr oapaiBicirdwil Agl 20 Irexbeecar barbatydate hydmwahlakrkéayith
gr oupsprenti g 21R 2.6 S0aBbberttn®xybaanaid 6akkéindthyl-3-
gr oapatrecsiaig (3. 1 o0 Ixeaebdncatome tod laredk\6l3 . géoup
having 7 to 20 carbon atonms.] (Step A A step
of IedwstiniglNAppbiedtiddtpyrrolidi nones of the 40

f ol | ow Tee fraroddha d&)ivaittiire aobedinsidnyyatientprodoction
1Hr oderceodNofr thecpezsemir Loventi ol dsofis¢efsl fasl kovhergical raw
f or mayteried) andmeedigrgs agsicesomadiedrapoiveepmRERARS. R1
2 00 5[wherein, R, R2, R3, R4, R5 and R6 represent

t he same neanings as descri bed above.] (Step B) A
step of reacting the N-protected pyrrolidinols of the
formula (3) obtained in the step A with a cyanodi zi ng
10 agent, to produce N-protected cyanopyrrolidines of
the followng fornula (4): R&04 05 R1 [ wher ei n,
R2, R2, R3, R4, R5 and R6 represent the sane neani ngs
as descri bed above.]
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15(Step C) A step of reacting the N-protected
cyanopyrrolidines of the fornmula (4) obtained in the
step B with alcohols and a base, to obtain imdates of
the followng fornula (5), and treating the im dates
with an acid, to produce N- 20 protected prolines of
the following formula (6): gRAR5 g RR- RL 20N5) NH O
O [wherein, R, R, R2, R4, Rs, -6 It and R7 represent
t he same neani ngs as descri pggpabove.] R3R4R5 6
20R7(6) [wherein, R, 112, R3, R4, RS, R and R7
represent the sane neani ngs as descri bed above.] (Step

5

D) A Stleponﬁ\e{:ﬁcﬁ?tdfng)rt)aﬁc:NigPrao eol e Pt ivReSvEf of e

ﬁl‘f&n@n& oiﬁml%' Re§ &P 4N SheRaivddd sait aghdhredO
mu

%1?1 5 Ctdd & o %H@é'f/cﬁuo tbps abqyer.described
for a an acid dition salt thereof. 2. A
nmet hod qf3 déci ng a proI i ne derivative of the

10

15

20

25

30

35

40

orR7 (1

IZ
O

[wherein, any two of R', R?>, R®, R*, R’ and R® are
connected to form an optionally substituted polymethylene
group having 1 to 4 carbon atoms, one or no-mutually-
adjacent two methylene groups constituting the
polymethylene group may be substituted by an oxygen atom,
one or two ethylene groups constituting the polymethylene
group may be substituted by a vinylene group, no- mutually
adjacent two methylene groups constituting the
polymethylene group may be mutually connected via an oxygen
atom, methylene group, ethylene group or vinylene group,

R', R?*, R}, R*, R® and R® not comstituting the above-
described polymethylene group represent each independently
a hydrogen atom, halogen atom, cyano group, optionally
substituted linear, branched or cyclic alkyl group having 1
to 10 carbon atoms, optionally substituted linear, branched
or cyclic alkenyl group having 2 to 10 carbon atoms,
optionally substituted aryl group having 6 to 20 carbon
atoms, optionally substituted amino group, -OR, group or -
SR, group, R, and R, represent each independently a hydrogen
atom, alkylcarbonyl group having 2 to 10 carbon atoms,
arylcarbonyl group having 7 to 20 carbon atoms, aralkyl
group having 7 to 20 carbon atoms, alkoxyalkyl group having
2 to 10 carbon atoms, trialkylsilyl group having 3 to 10
carbon atoms, alkyl group having 1 to 10 carbon atoms or
aryl group having 6 to 20 carbon atoms,

R’ represents an optlonally substituted linear alkyl
group having 1 to 10 carbon atoms, branched alkyl group
having 2 to 10 carbon atoms, linear alkenyl group having 2
to 10 carbon atoms, branched alkenyl group having 3 to 10
carbon atoms or aralkyl group having 7 to 20 carbon atoms.]
(Step A)

A step of reacting N-protected pyrrolidinones of the
following formula (2) with a reducing agent, to produce N-
protected pyrrolidinols of the following formula (3):
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following formula (1) or an acid addition salt
thereof, 10 conprising the following three steps A B
and EE R3RAR5R6 R1 OR7(1) R2 O [wherein, 111, R2 R3,
R4, R5 , -6 x and R7 represent the sane neani ngs as
descri bed above.] (Step A) 15A step of reacting
N-protected pyrrolidinones of the follow ng formula
(2) with a reducing agent, to produce N protected
pyrrolidi r;@IRs of the followng fornula (3): R3 R4 R5R6

200 0 [ R fornmulae (2) and (3), R, le, R3, R4,
R5 and ﬁ_ruip%esen2 t he sane neani ngs as descri bed
above.] "( Sthe %ep of reacting the N-protected
pyrr ol CdLngLs of 25 the formula (3) obtained in the

tep. Awi Ph d
N 8?—&“% Cyatopyt1 o AcRbt 1 haBPBRPORF st GPRE o

eanlngs as sch above. ﬁ
s RYRS

RS
pt
RSN OH @)
S

[wherein, R', R?, R?, R*, R® and R® represent the same
meanings as described above.]
(Step B)

A step of reacting the N-protected pyrrolidinols of
the formula (3) obtained in the step A with a cyanodizing
agent, to produce N-protected cyanopyrrolidines of the
following formula (4):

mwwﬁ
] S
R? CN
Sl Ji *
~o” Yo

[wherein, R', R?, R}, R*, R® and R® represent the same
meanings as described above.]
(Step C)

A step of reacting the N-protected cyanopyrrolidines
of the formula (4) obtained in the step B with alcohols and
a base, to obtain imidates of the following formula (5),
and treating the imidates with an acid, to produce N-
protected prolines of the following formula (6):

sR*RS

R R®
R?
Rzi:&"/o R (g)
S A, M
0" ~0

[wherein, R, R?, R*, R*, R®, R® and R’ represent the same
meanings as described above. ]
R*R®
R3

R1
2

ok

RB
7
OR (6)
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,RA RS RR6 RL CN(4) [wherein, R, R2, R3, R4, RS and
R6 represent the sanme neani ngs as descri bed above. ]
(Step E) A step of reacting the N protected
cyanopyrrolidines 5 of the formula (4) obtained in the
Step B with alcohols and an acid, to produce a proline
derivative of the fornmula (1) or an acid addition salt
t her eof . 3. The production nethod according to
d alwhelregm ,2R" WieT eirl , Rt* arrf RR°r epdeRenteprebyflt 0gan same
at onearlilvys #hedesadibeld ahovet hod accordi ng to any one
of Chaap®)l to 3, wherein R3 and R5 represent a
hydr ogem sttepmof treatingTlike pi gsitetidcaadnptéicheac 68r €heg
t o fowmwae (6) Ebdiredlihotde segr € wit¥ andicRE,até produce
conagetodd nkodénivataveopti omaldypveuastet bt formula (1) or
pol ymetdiyll eneigiauzadiavingrdot.o 4 15 carbon atons.
6. The praeduethed dEtgroduacedrdlipi®itineadyrona it of the
Cl atomloking Bormdler il B4 anchdi@ aaeicosmechedthord®F M
1l (CPAGLngr Oikp.following threh&tppedacth Gmdamet hod
accordin RERS gny one of 20 Cains 1 to 6, wherein RY
[ oup having 1 to 4 carbon atorms. 8.
n_ort hol) according to any one of Clains 1
to 7, wherﬂ n it he reduci ng agent to be used in the
steg Ais Iltﬁﬁuq1tr5ethylbqroh%grlde or
di i SBFePal Tmi Rim 25 ndr iRd andg R’ TRePFRssiic thensame

?ﬂ?%&?SoFﬂlq&fqﬁib&ﬁya?ﬁﬁ?(ﬁ= Clainms 1 to 8, wherein
1 I zing agent to be used in the step Bis

|S eP¥?§é§&ﬂﬁ tdag N- PrO?ﬁ?teﬁhéyﬁFQk&ﬂﬁﬁoaﬁsnﬁfrﬁhﬁ

acc ? i 13 42) Jpitihét SedUrhRI 38rEdi EPnBredan N-
t o FE5EE8Y Wﬁ%l&l@ﬁlﬁ s BG ABLhYLRY ioTEPARI () :

and a bogz?é%:ﬂﬂtmwlde conpl ex is used together as an

aci d catgl 11. The production nethod
accordi iR} Cai m 9(2pr 10, wherein N protected

pyrrolgg%Tol of the formula (3) and $5 trimethyl silyl

cyanid opped into a solution containing a boron
trifluoride conplex.
4 Rb
R?R'RR
R1
2 OH (3)

[in the formulae (2) and (3), R', R?, R®, R', R® and R®
represent the same meanings as described above. ]
(Step B)
A step of reacting the N-protected pyrrolidinols of
25 the formula (3) obtained in the step A with a cyanodizing
agent, to produce N-protected cyanopyrrolidines of the
following formula (4):
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12. The production nmethod according to any one of

Claims 1 to 11, wherein the acid to be used in the

step D and the step E is hydrogen chloride. 4013. The

producti on nethod according to any one of Clains 1 to

12, wherein a post-treatnment operation is carried out

usi ng an oxidi zing agent in the step B. 14.

N-protected pyrrolidinols of the follow ng formula

(3)iwheRgimA B .RR*2 B’ 0 R‘[,wRera&idh, R°RirepResemt2 3TheR4am5

andepBingpras gieiscribed atwverdni ngs as descri bed

abdvéep . E) 15. The N-protected pyrrolidinols

accor ddngtem @ aieachidd, thehdr-erotectéheyboopytzo (ifines

R1.0fRehe | forand aR54) ephiasierd anhylde djep 8t oihth anldoR41ls and

an@nRécid e wopredtied & prodrineadenitatdvel by SubJFtortnuted(1)

poloynmet hgd¢shedgrhiddpn healiinghéréof 4 car bon at ons.

16. . 3- Ber Thoumdpcaibo mydiipdoadocording -t8- C18im 1 or 2,

azabecyih 0f'3.ahdORhexepredenlt. a hydrogeh atom.

(1R, 5Sy- 3The rirdiutcoxyc andidwyl abcordimettoy 4nB-one of

az&hatyel [ B.Oyhexain X’obnd R® reph®sent a hydrogen atom.

3-t ert ShuThx ywardoonydn Gré:hdidmethyidiag to any one of

az&batyel D[t 4., 0yhexaire K- aadbvhidrd lcennd&lddi to form an

(1Rp25o68) 13 -stubst i but @X ypodyhehlytl éne-ghonpt ydindr 1 to 4

azgbrbyuel afdhsl. 0) hexane-2-carbonitrile. 20.1m dates of

t he f obl otheproduntilian (fthod R4c&BA diidRE oORTY S)ne\id £
Claims 1 to.5, wherein R' and R® are connected to form a
{CH; ), C< group.

7. The production method according to any one of
Claims 1 to 6, wherein R’ is an alkyl group having 1 to 4
carbon atoms.

8. The production method according to any one of
Claims 1 to 7, wherein the reducing agent to be used in the
step A is lithium triethylborohydride or diisobutylaluminum
hydride.

9. The production method according to any one of
Claims 1 to 8, wherein the cyanodizing agent to be used in
the step B is trimethylsilyl cyanide.

10. The production method according to Claim 9,
wherein the cyanodizing agent to be used in the step B is
trimethylsilyl cyanide, and a boron trifluoride complex is
used together as an acid catalyst.

11. The production method according to Claim 9 or 10,
wherein N-protected pyrrolidinols of the formula (3) and
trimethylsilyl cyanide are dropped into a solution
containing a boron trifluoride complex.

12. The production method according to any one of
Claims 1 to 11, wherein the acid to be used in the step D
and the step E is hydrogen chloride. '

13. The production method according to any one of
Claims 1 to 12, wherein a post-treatment operation is
carried out using an oxidizing agent in the step B.

14. N-protected pyrrolidinols of the following formula
(3):
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0 0 (wherein, R, R2, H3, R4, 115, R6 and R7 represent
the sane 20 neani ngs as descri bed above.). 21.
The im dates according to Claim20, wherein in the
formula (5), R, R2, le and R5 represent a hydrogen
atom R4 and R6 are connected to forman optionally
substituted pol ynet hyl ene group having 1 to 4 carbon
atons and R7 is an 25 al kyl group having 1 to 4 carbon
at ons. 3R4R . 3-tert-butoxycarbonyl-6, 6-diimet hyl- 3-
azabicyc1o . 0] hexane- 2- car boi m dat e. 23.
Met hyl 2 t oxyggr bonyl- 6, 6-di met hyl- 3-
azabicyclo[ . 1. 0] hexane- 2- car boi m date. 3024. Met hyl
(1R 2S, dert- but oxycar bonyl- 6, 6-
i Rt 20Dk Sy, GENGXATE: 2S00 Game
meanings as described above.].
15. The N-protected pyrrolidinols according to Claim
5 14, wherein in the formula (3), R', R?, R® and R® represent
a hydrogen atom, and R* and R® are connected to form an
optionally substituted polymethylene group having 1 to 4
carbon atoms.
l6. 3-tert-butoxycarbonyl-6,6-dimethyl-3-
10 azabicyclo[3.1.0]hexan-2-0l.
17. (1R,5S)-3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]lhexan-2-0l1.
18. 3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carbonitrile.
15 19. (1R, 2S,5S)-3-tert-butoxycarbonyl-6, 6-dimethyl-3-
azabicyclo{3.1.0]hexane-2-carbonitrile.
20. Imidates of the following formula (5):
sRYRS

"R RS
R1
Rzi_N‘g\{(O R (s)
:;\ NH
0" Yo

(wherein, R*, R?>, R®, RY, R®, R® and R’ represent the same
20 meanings as described above.).
21. The imidates according to Claim 20, wherein in the
formula (5)., R', R?, R® and R® represent a hydrogen atom,
R* and R® are connected to form an optionally substituted
polymethylene group having 1 to 4 carbon atoms and R’ is an
25 alkyl group having 1 to 4 carbon atoms.
22. 3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2- carboimidate.
23. Methyl 3-~tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]lhexane-2-carboimidate.
30 24. Methyl (1R,2S,5S)-3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0]hexane-2~-carboimidate.

46



