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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 nmethod for producing a polycyclic
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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, additionaily, the raw material
compound II is a meso form compound, that is, it is
necessary to carry out further an optical-activation
treatment in the step I for obtaining the final compound I



little of the problens as descri bed above, and found
that a polycyclic proline derivative can be produced
sinmply and industrially advantageously by using
pyrrolidinones as a raw material. 10 D sclosure of
the I nvention The present invention has an object of
providing a sinple and industrially advantageous

nmet hod of producing a polycyclic proline derivative
or an acid addition salt 15 thereof. That is, the
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aryl group having 6 to 20 carbon atons, 5 R7 )

represents an optionally substituted |inear alKkyl

group having 1 to 10 carbon atons, branched al kyl

group having 2 to 10 carbon atons, |inear al kenyl

group having 2 to 10 carbon atons, branched al kenyl

group having 3 to 10 carbon atons or aral kyl group

having 7 to 20 carbon atons.] 10 (Step A) A step of
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[wherein, R', R*, R*, R*, R® and R® represent the same

meanings as described above. ]
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[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):

s R4RS

R R®
RZ™Ny” ~CN
4
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[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-




H O-ON [wherein, R, R2, R3, R4, R5, R6 and R7
represent the sane neanings as described above.] R3 R
RSRe | Rz OR7 (6) 5 0~0 O[wherein, R3, R2, R3, R4,
R5, R6 and R7 represent the same nmeanings as

descri bed above.] (Step D) A step of treating the
N-protected prolines of the 10 fornula (6) obtained in
the step Cwith an acid, to produce a proline
derivative of the above-described fornula (1) or an
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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:
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[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):

(2)

3)




following formula (4): RBRA RS R R RZ N CN (4)

O ~O[wherein, RlL, R2, R3, R4, R5 and R6 represent the
same 10 meani ngs as descri bed above.] (Step E) A step
of reacting the N-protected cyanopyrrolidines of the
formula (4) obtained in the Step B wth al cohols and
an acid, to produce a proline derivative of the
formula (1) 15 or an acid addition salt thereof. [3].
The production nethod accordi ng to [1] or [2],

wher i) Rl ang. gg éegese (s hydr o en a;om [4
d b d R}- Koa pdyRe
b okebt d@gﬁ sseeprmeeggﬁﬂgg e oo b o] )
Th di t f

(4], bt 5] %Ezﬂ o %"h' Heestast °S§rﬁ9#mm o

0
Wibtih & iSignedising
ont| S5 t%dggf’hﬁjz g il i

to any one wherein R4 and R6 are
connect edRt 8fma (CH3)2C< group. [7]. The
producti oRj hod according to any one of [1] to [6],
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to be u%g? 'fhé'ﬂ%oé&gpion méihod according to any one of [1}

25  to [5], wherein R* and R® are connected to form a (CH; ), 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 triethylborchydride or diisobutylaluminum
hydride.

[92). 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




5 the step E is hydrogen chloride. [13]. The
production nmet hod according to any one of [1] to
[12], wherein a post-treatnent operation is carried
out using an oxidizing agent in the step B. [14].
N-protected pyrrolidinols of the following 10 fornula
(3): R3 12405 Re R R2 NOH (3) ~OAO [wherein, R,
R2, R3, R4, R5 and R6 represent the same neani ngs as
descri bed above.]. [15] The N-protected pyrrolidinols
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descrlbedR oyers]. (19]. The N-protected
cyanopyrrnﬁ' \nes according to [18], wherein in the
formul a (A8 ~NRTOHR2, B and R5 30 represent a hydrogen
atom aqﬂiﬁA and R6 are connected to form an
opt i onal tituted pol ynmethyl ene group having 1
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carbon atoms.

[16]. 3-tert-butoxycarbonyl-6,6- dimethyl 3-

20 azabicyclo[3.1.0]hexan-2-ol.

[17]. (1R,5S)-3-tert- -butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]hexan-2-0l1.

[18]. N-protected cyanopyrrolidines of the following
formula (4):

R} RIRS R®
e
R? CN
LT
(o 3i's)

[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 RS
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-
azabicycleo[3.1.0lhexane-2-carbonitrile.

f211. (1R,2S,5S)-3-tert-butoxycarbonyl-6,6-dimethyl-3-
azablcyclo[3.1.0]hexane-2-carbonitrile.




R2 NORS (5 O '~ONH (wherein, R, R2, R3, R4, R5,
R6 and R7 represent the sane neanings as descri bed
above.). 5 [23]. The imdates according to [22],
wherein in the fornmula (5), RlL, R2, R3 and R5
represent a hydrogen atom R4 and R6 are connected to
forman optionally substituted polynethylene group
having 1 to 4 carbon atons and R7 is an al kyl group
having 1 to 4 carbon atonms. 10 [24].
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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




SRb group, Ra and Rb represent each independently a
hydrogen 5 atom al kyl carbonyl group having 2 to 10
carbon atons, arylcarbonyl 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 atons,
trialkylsilyl group having 3 to 10 carbon atons,

al kyl group having 1 to 10 carbon atonms or 10 aryl
group having 6 to 20 carbon atons. Exanples of the
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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 ofl R, of the -OR, group include a hydreogen




atom al kyl carbonyl groups having 2 to 10 carbon atons
such as an acetyl group and the like, arylcarbonyl
groups having 7 to 20 carbon atoms such as a benzoyl
group and the like, aralkyl groups having 7 to 20
carbon atons such as a benzyl 5 group and the I|ike,

al koxyal kyl groups having 2 to 10 carbon atons such as
a met hoxynmet hyl group and the like, trialkylsilyl
groups having 3 to 10 carbon atons such as a
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Exanpl es of the N-protected pyrrolidinones (2) include
3-tert-butoxycarbonyl - 3-azabi cycl o[ 3. 1. 0] hexan- 2- one,
35

tert-but oxycarbonyl - 3- azabi cycl o[ 3. 2. 0] hept an- 2- one,

3- tert-butoxycarbonyl - 3-azabi cycl o[ 3. 3. 0] oct an- 2- one,
8-tert- butoxycarbonyl -8-azabi cycl o[ 4. 3. 0] nonan- 7- one,
3-tert- butoxycarbonyl -6,

6- di met hyl - 3- azabi cycl o[ 3. 1. 0] hexan- 2- one,

3-tert-but oxycarbonyl -6, 6-di chl oro-3 10

azabi cycl o[ 3. 1. 0] hexan- 2- one,
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5 tetranet hyl anmoni um bor ohydri de, tetranmethyl anmoni um
triacetoxy borohydride, l|ithium alum num hydri de,
tri-tert- butoxylithium al um num hydri de,
tri-sec-butyllithium borohydride,
tri-sec-butyl potassi um borohydri de, sodium cyano
bor ohydri de, sodi um di ( 2- net hoxyet hoxy) al um num 10
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di met hyl sulfide conplex and the like; etc.
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trie dr| e and dii sobutyl al um num hydri de.
As t f e re aDOVESHARTEIRAY yedvaindifigent]Snclude
agen 1th1 . &Yfiﬁbg‘é pHdsePegyialuiaume hrdr bie .
syst 8 3 198 fREFUM (BRFOBYARIE®E for m of
sol u 5 g% %.;%31 "h%ﬁ"’é?% $6tvare thydypmpeniwed.
The e e © SBovet ABERinwe Jwidyddagetmi-tert-
is ul_aglD y)érli J"lj"ﬁe‘i‘lr"g‘r’r amRYGEie o tEh: fef BUtaLie thium

3 L5 SECE PRET P taSsd Ui PeF hrddde . t godium
r? hfe- [ oLt (yBeEbersEitioggd aluminum
redu n{e%ﬂ ]Efﬁ“?'s B5RF |SPMPLEXEF cBBUERSi A Perane-

e} afCEP SO¥ thepkikgi @éfcof such an
or 9a}isG, gof e‘Fi]f’ Gand) epnts dngduds dhgddupon
sol ven OJBY 28n End Sz;‘i’r’i’@tYEi’/Jc‘F“&Wé‘%'ahﬁdrhﬁﬂ} t he
g d\?éﬂrf‘g LIV Srs cOBMBERERL LY papélable

¢ cAFOrO9ss, BReParRf dRe the keeacdiiienr
£BETr athosfe iRy Ehe cfaum gfy polution
I fgnsrgin AHTEREARY tPhasafd the | ke;

hal g U f)iaﬁ“)gﬁllngcgfbighe ﬁﬂW@ng‘%s%‘ikbr‘Fdaé"ed‘JCing agent
i c g g && Ranete M -BrdBurake apgetrsably
i k a coho solrv :h? ltﬁ’uEﬁSBECF\e‘E%%QF“%‘F%d{aCtMS

1-
L piShin %@%ﬁg e et s

€3
ot aq or n-g % Ty ipﬁlu@qngyggﬁ tic
2@”0!1'595 9 :E 1\@@ E 1‘.: SS%CYIeFL ge:é%%%:gt)a%, qxg,lghe.gane
rat lnen%ﬁ LoBRRES nse Cga : o THE oo
redHGlbéﬂEé‘Eﬂ%ﬁ'gE TRy QEP uCa rggg ﬁgytyleiﬁtr
of dr 9ppi A% Qﬁf“%t%_ﬁ? éle fi ?{ 1 halogenated
3pr eRRERSE Db '§§ &l s & o) q-foa %kbaen eHOL?ed??o?Jt

Ib; Sﬂg%:%ﬁﬂ%&h%néoi%}%ﬁ%r@aﬁ% nf rglnérl% E solvents
u ethan hano ap 1, 1-

N Poet&eded 2-RYEA el 5;[ Soq’i‘ﬂpa R

congahm,{ig az,ag,egg%é&ljig gﬁoix 4}5 % fikn'iiffel’a SEar 05
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The reduction reaction is usually carried out by a
method of dropping a reducing agent into a solution
40 prepared by dissolving N-protected pyrrolidinones (2) in an
organic solvent, and it may also be carried out by a method
of dropping a solution containing N-protected
pyrrolidinones (2) into a solution containing a reducing
agent.
45 The temperature of reduction reaction is usually in
the range of -80 to 30°C, preferably -40 to 10°C.
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containing N-protected pyrrolidinols (3) is obtained.
This reaction solution is usually subjected to a
post-treatnment for renoval of an unreacted reducing
agent and the like. 5 Mentioned as the post-treatnent
met hod are, for exanple, a nethod of mxing a
reaction solution with water to hydrolyze a reducing
agent, and if necessary, adding an organic sol vent
separ abl e fron1mater to cause liquid partitioning,
thereby r|bu I norgani c conponents 10
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4i clakscoI8d1aBBve include aliphatic hydrocarbon solvents such
as hexane, heptane, cyclohexane and the like; aromatic
solvents such as toluene, xXylene, monochlorobenzene,
dichlorobenzene and the like; ether solvents such as methyl
tert-butyl ether, 1,2- ~-dimethoxyethane and the like:

4) halogenated hydrocarbon solvents such as dichloromethane,
dichloroethane, chlorobutane and the like; ketone solvents
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di chl or oet hane, chl orobutane and the |ike; ketone
solvents 12 such as nethyl ethyl ketone, nethyl

i sobutyl ketone and the 1like; ester solvents such as
met hyl acetate, ethyl acetate, butyl acetate and the
i ke; etc. The organic |ayer obtained by
liquid-partitioning may 5 be further subjected to
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with acidic water, and the |ike. Thus obtained
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optically active bodies thereof, and the |ike. Wen
optically active bodies are used as the N-protected
lactans 45 (2), the resultant N-protected _
pyrrolidinols (3) are wusually optically active
bodi es. 13 Next, the step B of the present invention
will be illustrated. The step B is a step of reacting
the N-protected pyrrolidinols (3) obtained in the
step Awith a cyanodi zi ng 5 agent in the presence of
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‘such as acetonitrile, propionitrile and the like: ester

40 solvents such as ethyl acetate, butyl acetate and the like:;
etc. These organic solvents may be used in admixture of
two or more.

The use amount of the organic solvent is usually in

the range of 1 to 100-weight ratio, preferably 2 to 20-

45 weight ratio with respect to N- -protected pyrrolidinols (3).

As the method for mixing the raw materials and
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40 solvents such as ethyl acetate, butyl acetate and
the like; etc. These organic solvents may be used in
adm xture of two or nore. The use anount of the
organic solvent is usually in the range of 1 to
100-wei ght ratio, preferably 2 to 20 45 weight ratio
Wth respect to N-protected pyrrolidinols (3). As the
nmet hod for mxing the raw materials and 14 reaction
reagents descri bed above in the cyanodi zing reaction,
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pr efﬁlﬁb.k@n il teatkl & nAXBY¥S" gl?ecﬁ: sQ f’é added to make
treattmgika1idle 326 b&% e agueous 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

I
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solution and water are m xed, then, a base is added to
make it alkaline, or a basic aqueous solution is used
as the water to be mxed with the reaction solution
The range of 40 pH in the post-treatnent operation is
usually from7 to 14, preferably 9 to 13. As the base
to be used in the post-treatnent operation, inorganic
bases such as al kali metal hydroxides such as sodi um
hydr oxi de, potassi um hydroxi de and the |ike, 45 al kal

et a ar.ban tes such .as sodi um car.bonat e, potassium
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¥ohESnd the ik
! §ﬁ o ygag%% e ey oy spiave. Subiegied
g & i DrgaRTC ¥

ac etv?i.‘te}

h
6‘ Wwashi vv| t h vva er
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o o BB g ngﬁﬁﬁtyt Fitals ﬁ@%ﬁra”%si% aqueous
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BCI hd1BG| H0eri AGEeaUSnE Alrd H9RS; Oftd NOEYAN PGl j,
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aci dodR RSt dA £aek daGhe 1ike.
Thus obtained solution containing N-protected
cyanopyrrolidines (4) may be used as it is in the
40 subsequent step, or may be once isolated by solvent
concentration and the like. Further, it may be purified by
a method such as column chromatography, re-crystallization
or the 1like.
R', R*, R, R*, R® and R® in N-protected
45 cyanopyrrolidines (4) represent the same meanings as for
R*, R*, R’, R', R® and R® defined in N-protected
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the 1ike, aqueous solutions of organic acids such as
acetic 35 acid, citric acid and the |ike; etc.
Exanpl es of the reducing agent include aqueous
solutions of sodiumsulfite, sodiumthiosulfate and
the |ike. Thus obtained sol ution containing
N-protected cyanopyrrolidines (4) nmay be used as it
is in the 40 subsequent step, or may be once isol ated
by sol vent concentration and the like. Further, it may

be pprifdadil%ned p@?ﬁod such as col um
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30 As the N-protected cyanopyrrolidines (4), opticall

butanytfﬁkhB@MeSZOﬂZEﬁE(HH5NQL3xj;ﬂmﬂﬁi§an§6éﬁéﬁﬂa@°nhﬁ&' he
2ike are mentioned. When optically active bodies are used

40 as the N-protected pyrrolidinols (3), the resultant N- |
protected cyanopyrrolidines (4) are usually optically
active bodies.

Next, the step C of the present invention will be

illustrated.

45 The step C is a step of reacting the N-protected
cyanopyrrolidines (4) obtained in the step B with alcohols
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tert-butoxycarbonyl - 2- azabi cycl o[ 3. 3. 0] oct an- 3-
carbonitrile, 7-tert-butoxycarbonyl-7 azabicycl of 4.
3. 0] nonan-8-carbonitrile, 2-tert-
but oxycar bonyl - 2- azabi cycl o[ 3. 3. 0] oct a- 7- ene- 3- 35
carbonitrile, 2-tert-butoxycarbonyl-2 azabicycl o[ 2. 2.
1] hept ane-3-carbonitrile and the like. As the .
N- protected cyanopyrrolidines (4), optically active
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acetcardonate, potassium carbonate, cesium carbonate and the
1ike; alkall metal alcoholates such as sodium methoxide,
sodium ethoxide and the like; alkali metal hydrides such as

40 sodium hydride, potassium hydride and the like; organic
bases such as triethylamine, diisopropylethylamine, 1, 8-
diazabicyclo[5.4.0]undeca-7-ene, pyridine and the like;
etc.

The use amount of the above-described hase is usually

4% 1in the range of 0.5 to 10-mole ratio, preferably 1 to 5-

mole ratio with respect to N-protected cyanopyrrolidines

rop

1,2~

18



met hyl ethyl ketone, nethyl isobutyl ketone and the
like; ester solvents such as nethyl acetate, ethyl
acetate, butyl 30 acetate and the |ike; am de solvents
such as N, N dinethyl formam de, N, N-di net hyl acet am de,
N- net hyl pyrrolidinone and the Iike; etc. These
solvents may be used singly or in adm xture of two or
nore. Exanples of the base include al kali netal

hydr oxi des 35 such as sodi um hydroxi de, potassi um

hydr pxj de and the like; alkali netal carbonate
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can gk ]? dlonFB NSrosecacto prevembssid@) reycaions
aci “1: e3f MAfemegehtten mfkiingdakes (5dci Hyerevatss, ofr an
Phe °Firke. )13 fPeNrpEtkectiedhpael es WAl er dé rutatsesion of
a8y AnpTEtectige s 95ihd® Bt PEREigtgdaprdltnemt(sr) .| Abd the

or
a rea% éoﬁ°§of‘ RrRFsiggnthe munyer Apaereed Bjidearemt hians

of CYRESAhdIR - LRSI PR S e dt e APV O ndewiitiedn reat bion
aci gl cu ?i’fbd"a&'Pr RX | by PonEed boienldenepiblyl so
zgeacfl 0, :1' PRRAPEr neutnfdn,  addi ng acidic

wat g . olé £ R AHROVe1 3o RFItRS ABAGES derteri Badiude

reag I g%us = E °(fn ”‘PE cdtal&’llésl sugly 5 hydrechimric

rang o{ ik i[gr' i¢ aghdy phigphosécagcid and
pr e Sle a?%%%gjo t%ﬁ’&‘h °d‘s °H€éﬁﬁﬁo%q1tqsoﬁu9h as acetic
. é*if T s,
N‘ t edfi wdngphe range
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mayy LSI it steaﬁﬁ%ﬁsjt’y § TeRCtiPke&poptpiming

dropplrg% 9%8 é%ry an organic solvent separable from water
can be added to the N-protected prolines (6) in the
reaction solution, thereby, distributing the N- prrotected
4 prolines (6) into an organic layer,

Examples of the organic solvent separable from water
to be used in distribution include aliphatic hydrocarbon
solvents such as hexane, heptane, cyclohexane and the like:;
aromatic solvents such as toluene, Xylene,

45 monochlorobenzene, dichlorobenzene and the like; ether
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25 Exanpl es of the above-described acidic water

i ncl ude aqueous sol utions of inorganic acids such as
hydrochloric acid, hydrobrom c acid, sulfuric acid,
phosphoric acid and the |ike, aqueous sol utions of
organi c acids such as acetic acid, citric acid and
the like; etc. 30 The use anount of these acids is
usually in the range of 1 to 20-nole ratio with
respect to N-protected cyanopyrrolidines (4), and
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subj &ed1061 GRoME HEVIG Wt fo VB arbWaShidls W th™ basi c

wat er, vEstifgc Wbl GECNWcﬁ:rectéadpi'Mrje'sk?s) 1bhe1uge

ThuSccmmoamaedssah WHd R tepPimidtxRgabbdrpiect ed prolines

(6) amabilegcuses. RO lbexbfiel - ddiDokYDEE MM metBPL Nter, 3-
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col Larabichenohs OQroARRY ané €2 GWakbbiyh i @ 3ddidNmekhfN&ster, 8-
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pyr risintdbodoggcd{Yonyl-6, 6-dichloro-3-azabicyclo[3.1.0]hexane-
2-carboxylic acid methyl ester, 3-tert-butoxycarbonyl-6,6-
difluoro-3-azabicyclo[3.1.0]hexane-2-carboxylic aclid methyl
ester, 3-tert-butoxycarbonyl-1l-phenyl-3- .

40 azabicyclo[3.1.0)hexane-2-carboxylic acid methyl ester, 4-
tert-butoxycarbonyl-4-azatricyclo[5.2.1.0° ¢ Jdeca-3-
carboxylic acid methyl ester, 4-tert- -butoxycarbonyl-4-
azatricyclo[5.2.2.02%" 6]undeca 3-carboxylic acid methyl
ester, 8-tert-butoxycarbonyl-8-azabicyclo[4.3.0)nonan-3-

45 ene-7-carboxylic acid methyl ester, 4-tert- -butoxycarbonyl-
4-azatricyclo[5.2.1.0% % Jdeca-8-ene-3-carboxylic acid
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R7 represents an optionally substituted al kyl group
having 1 to 10 carbon atons, optionally substituted
al kenyl 25 group having 2 to 10 carbon atons or
optionally substituted aralkyl group having 7 to 20
carbon atons. Specific exanples of N protected
prolines (6) include conpounds such as
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zabigpy 1¥ap€ Al

esteptiﬂalﬂyeztc:b% Q:?b)lﬁ%é Z:)ﬁy - 3, &Sng%h(/jq) 2 rgxgsvally

azabi cynde,3th3. 01oS traebrhar RIS 18GLE BIONL ) e
est £Xluskrated.

t ert - burtex\saapbpnyd -# 5388 4P- %ttih C¥ﬁéq~£ rotec 2 6ld
32 capidl ieaan bpxohtisinaqi §n e\ tepS Eg{lith an%ac:.d So de-
4- tprdtdutt axyR apliedtide group in the N-prot cted iln s
azatql- ahereby comtlaahing. 4 - HwiGhdesar a@hﬁ oga£he§§’1l

aci tl) rmbelrglinesteyt, aBbieFiatdd [xYg iva (1) in
azadiney caeks, 11, 0] hexane-3-car boxy I C aC| HX/‘?

4lest er, Examples of the de- protecti i
terd mahoﬂyaardwpbhna &iaiai(ayskgﬂ - Qn mg&: °$n%’§b°3*§?
;y

| i @ciBbiato da neillnthof Sh#dparéal 6§t A%

azapiodyoks| d6 B.1r0kNeSBFerit-,CAl RE¥NL4 Cofa%h.gw Qﬁt:zzgdin

estidre, £2rm of gas into a solution repar d:lfsolvi g N-
45¢ egghg;b«@mﬁ&ﬁ;i@;@z pzia,blacgg(jg‘ngt 3. agﬂtgd gp ing a

carsodxylion amtchife fA%ktekt CAl G on

azabi cycl o[ 2. 2. 1] hept ane- 3- cgr b%zit{/il cgagg(y ¥‘ acid

ester,

rmula
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20 and the like. Also nentioned are conpounds obtai ned
by substitution of a nethyl ester group in these
conmpounds with an ethyl ester group, n-propyl ester
group, isopropyl ester group, n-butyl ester group,
sec-butyl ester group, isobutyl ester 25 group,
tert-butyl ester group, allyl ester group, benzyl

ester group, p-methoxybenzyl ester group, and the
like. Further, optically active bodies of the above

Gescak P B ars hof TR OB5S. NP RLLSE! '
2cglnve. nﬁ:al L% %wj esgrgsbo{ag L8 . Ztiz'arganlc
yanopydd % tﬂfg%‘%e E Ch}.?ri §| | 5 99 q?(?a\fl. sulfuric
'\‘*E‘Xtmeﬂﬂé%eghf 1"1-'i<:p act.l.ﬁe Prl u(}r % Sl l ee like.
| 618# ﬁ}é

N- prgf %teeg. 5 R 0' rge§ ac b% ppECisua Ly
Wi t A 3Gk do ¥ i 8 L ﬁpa’“l)l Kl
the N-preLeq re % éﬁP AL
b it @%}g 3 9“; A @Fﬁa?ig?:z;: a
abbraqwo%gd s[lS? $r| V i' t-[hT é nol, 2-
Cas§soban E Olp { €T q@ﬁ rerc?gQRP
col (orBincar @ﬁﬂaﬁ'ﬁge i dth %pglg ety

1ven a ne (o] (o) e a e e;
bl il Z@das pf’sz epes Yo Sk e
a Mejohgdn? Y H agi obanz Of as, Ienth?a:ra
sol Wol19Bn P esﬂﬂhe‘i y aciﬁfﬂrof T‘Pﬁi Y&, 1tyl ether
prolii,ged; §find N 12258  NéHoxvat iﬁ“g th E e ;io nated
sol %&BQBG%@'SB‘IOQn P %Ee i&{ ome B i Gl
28C1 dicRioPbethad@l, UL PO L::% g. &t ﬁtderl ﬁ f[varéts
met aes. as Wleﬁcgéag Yeag etfﬁ%r I Euty g

@ﬂé gngg may be

| NORGBNL Cx AL IR FHED- E:&% gf eC

br ogkde, sﬂ&ﬁwbtccin E.
aci ds swebn a8 fenBE! ba %Hhce oo b' gog&ﬁ%%%hc it

2aci dsapgetdr@piickes uJéTea uge

abovergesgdidiad asih '&Eké.%ugffw : 4k r eSter Sal ejl.lr::es

to 203 e dsahb®, t&'&fifeaR! ¥rdn pro ei\%’o%r‘lﬂith
|

respnéteéﬂbﬂVgﬁbﬂﬁQﬁIQﬁp&%@kbﬂ&&
react i Oror Sextampdk| Y1 AHd @dsQUbs 'ﬂl'o%uc%,@oéogf/%n compound
JEXampl wh1dh tliheixﬁb@-‘f@bqgé%d tiﬁ%ﬁﬁ ¥e£$) IcLuge Ethyl group,
al cobols sAlererhblIS U B3 RELHENA ﬁ;‘i rresponding
1- paDpshvll so2veRt OPAAOLhe ledud @@0 brodidtdban ek '@ compound
2- med hytidh RF oaR@l etRyl r@ﬁcﬂﬁﬂ 1t p{@&ﬁ%@er@ﬂi’e 48 use
| i kethyl iqedhte 4y dHRC abRPBspSRINENEstSH G133 npexanNe,
$hept anerhe yrleobaX@NE cENdnbNEbdv ek RiestPiBE@ Bildahiic solvent
sol ¥enismaughifsthedlraane, ok Yd %o 1PMAIYHR" 2RENZ ENE,
di cpirefeiadnyenct@ b -waght kit 1@ HeEh respect to N-protected
prolines (6}).
The reaction temperature in the de- -protection reaction

40 is usually in the range of -20 to 100°C, preferably 0 to
50°C.

Thus, a proline derivative (1) is obtained, and after
completion of the above-described de- -protection reaction,
the proline derivative (1) is usually present as an

45 addition salt of an acid used in the reaction, and by
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sol vents such as tetrahydrofuran, nethyl tert-butyl
ether, 1, 4-dioxane, 1,2-dinethoxyethane and the |ike;
hal ogenat ed hydrocarbon sol vents such as

di chl or onet hane, 20 di chl or oet hane, chl or obut ane and
the |ike; ester solvents such as nethyl acetate,

ethyl acetate, butyl acetate and the |ike; and water,
and the like. These solvents nay be wused singly or in
adm xture of two or nore. Wen al cohol sol vents and

est eeoﬁeénmtﬁner@hﬁ%%t%n de3 oR" €6 (gx%lne toaHS cid

an Zéfﬁ?&g%‘%%p%?“f T BG4 e e é{é%' =

as
not 10 Ok rle! FRIP SR, th 1OR eagtLom m ! L0g §tive
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int fmé@%%lﬁ aE& sgﬂt iva t:L eC %) can
R7 'ﬂe l\ksFU tt%ﬁt ﬁrlCEr'a@‘Egn when the
i's pg d?‘sr E;E Sad'iiti 18 réaeﬁ:p '% tﬁg proline
g;)ﬁg 1\:%‘%'1‘&% I&{hﬂ:%% Easﬁj}lﬁgog t can be
ase dition
prefgfable tRe %E-h larf\? SLAlE (@Z %OE. ei?lpe nc;aa{srt]agof no
est efe sl teBh- o Gcliiac a NS the [pro ﬁ
cbovgerlngiide prgc@.@ Gosh avmttiohssgf 3 i‘ e
rang@eﬂ Q %Ew@bg del1dzeaPLi 9:{‘}%
vwgr 1hg ta aMII ohGaRE prot ec pfO'
(6) hesy

ehiiion: %Sfiécﬂsﬁ*@*&%f%ﬁ éﬁ%{g&és i %*‘“"iﬁgtgs i

s solid

P i ﬁﬁqgarﬁu%go CEpe e ahd
s on t t i i t of the proline

AbOVRerd836h DR FGuRr 65 SebdWadkRact 1 om, - Tiie B BTF 2

derivat ind@mbles | ¢ Usdabbyvdl £3RMipas 3&1.—4%0&%}2,20 Pe1ude

sal torfandt 361¢bdtsedubn 40411886 H OThy @' ¥ al¥on 26o1vents

CONCAHY aki Rekde hERELAON éj@l‘éi‘lé?@né Q ry:ﬂ@s?iik aromat:l.c

aci tho1addieli Ofors et tQiuér’f@ Riyakhae dc‘&'ﬁbﬁ:)ﬁ?

e t(ﬂl&zfloreblénzéﬂvéeBnhhﬁléclid:eadgtﬁélprboﬁ.%htg shde

prolidteat@atyairate metdyl Q%sthﬁﬁ%ﬁfélxl 1af11@:[oxane 1,2-

CONT 16/t @BxPéLHMR BRACEAON 1K Cha PhEL1GI Hyardhd iy

sal tsdifvehlbe fidH iR ad6hidttinietBahd) &dhickBetBRhA €d by

fil torliroButah tha khke1 1Rl bBeEr yRRNEEE sudE NS inldtah1

Hourtetate! hetgal dcatdid ] Vutsdl hedfatlh@nBr 8héNBike; etc.

der iTtiisieVerddnid $o3tBhts ndyS bdeRosSd tdi@x?l?”@ﬂnin GRthiReur

10 igrcreases dnreaddi ng a poor solvent for the acid

addi ti oiThesasé d@founiCoPrand R®oder dasdrtivRda( drgaflé & diRent

t he izaseuailnan daposAidgOHOb thez@ciwdighdi tapib salt

Of thhrefprabiyna tdesdviadidgir (dtiotwErracedpadditd Qnéﬁ-altécted

of tfrelpnesi¢ey. derivative (1) can be crystallized and

t aken o@heasesfltafit acid addition salt of the. proline
derivative (1) may be further purified by a method such as
re-crystallization and the like.

40 For example, by mixing solid of the acid addition salt
of the preline derivative (1) obtained in the above-
described operation with water and an organic solvent
separable from water, and neutralizing an acid forming the
addition salt using a base, a free proline derivative (1)

46 can be extracted into the organic solvent. Further, also
by adding a base for neutralizing the acid used and water,
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15 by addi ng a poor solvent. 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
amount of the acid addition salt of the proline 20
derivative (1) can be increased. Exanples of the
above-descri bed poor solvent include organic solvents
such as aliphatic hydrocarbon solvents such as

helxan ? hteQ]t ane, cl ohexane and thetl 'sE qb rom water,
= ;nggn ;gr;egﬁggﬂg;gfrw r it %ﬁgggﬁcé;n e”%ergfﬁ"tm“
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ggs_uﬁﬁ o o3l el it e le e BBl ey o5 meta
A EL IO ) ;&j&{ PR IY 3l Gt
g% %Eé ) fﬁ(ﬁzt?l 1 c?a%ae edc?"a Ed? e|oa‘n éaPlt1 Y

suchS e

exarrgfg‘f gh g

the pro d&‘in 29 eu. m@f@éﬂ&&eqnog LRE aobaose% suc

gescLij ?ﬁ bifi

Sepag.h &m@omi S ui@ Bl 1 Al a0, (ﬁ,%'ti ¥

the E }t &SI 8s ecar%o LFE P ¢neCr1xke; alkal

ot yota i) bor 1486 £X1 gawg NEabA0S

sol VE. ass&"&ﬁ &ro ™ %ar ¥n 'aﬂlgl h ka i metal

AUl LR d Ala7d 1 h@cl@cdsd 43884404 pREBh E sium

neces phat@ @1dsddm RO ggiki %ﬁ%@bgg &, ﬂ%@t‘é@&fﬁm

L0 tRParRARN bREsHItHTYE 20H g 4136 ses such

de- PELLAGY1ARind ewfiaaneanpiﬂwi%%w 20 84l 3Gkb Oran

freeargﬁ&{ilangnge{ﬁé/qtfk\ée (1)"can bé obtained in the

o5 gani ¢ Bl YaBkgarid NR19XE5 364 | DAeAPehAtdMHunMihE the

Of Jagkfraxhi VRNLF AV endG L6PEA SfrtEXLIACTY QRstricted, and

ef f i £62NGAMPRY, A SDLURE cBNHAUL PoYasafeth G137 1de, ammonium

| Nor @iR1Y2G.a88! bodiith 1RArbyKS cEtRRALES MitddiSuRl Bfdidyen

S0l VeskbenaRar akh od ATKMALEE mdntabHde, al i phatic

by dr ocarin r8eLYEAM £ cHeahi18S144R1AR8ntd IndGPIRRE, proline

cycl ahexanravangl i hanld kRe Mm@ iErEeSPLYBIHeS ag¥ehatf® (1)

t ol ugse, bdib&ﬂ@tem%hhafwmﬁeas disttet@AeNSLBE the

and 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 1s 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

40 organic solvent and the like may be purified by a method
such as column chromatography. re-crystallization and the

.‘..)

ass:.um
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the |like; ether solvents such as nethyl tert-butyl
ether, 1, 2-dinethoxyethane and the |ike; hal ogenated
hydrocarbon solvents such as dichl oronet hane,

di chl or oet hane, 15 chl orobutane and the |ike; ketone
sol vents such as nethyl ethyl ketone, nethyl isobutyl
ketone and the |like; ester solvents such as nethyl
acetate, ethyl acetate, butyl acetate and the |ike;
etc. Exanples of the base include inorganic bases such
as 2Qglkali netal hydrOX|des such as sodlum

hydrOXI d@ MXEH 03(' (Ji..e nd thse l I also
et al, tafifly hretsft ; e%% §
2;‘?9525% . 5& fgggﬂ :L gnf il E e

bg e H A h%
gﬁgh as fﬁ¥% E f oig si m i@ate
di SOQ%H:E%&?V gEEnE Og,p e fogrln ég g’gg ﬁﬁﬂg a the step
eSS A R B hpee £ o
ot g i %ot%ﬁ R Ao el Tttt Cane
adde jermae% E g&agtw@ 5 he' S05Y Al a5 1n

I odi
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and the g mad fgee IP'rO'dsnﬁnQeéd Vﬁmt '1: € b5, ?vatlve 1
i sol abedt s.@fltatﬁgté e} ﬁg Co }l‘ % %tﬁ ané }
o5 0 b iae e fen e & Baﬁénpgn 'g %%
derivatige reﬂesghygst d %gmeorn@a Lak &th"'r %&1‘18&] in

t her gy N-9gkBgt4d 1‘311%? I'mer - such

di ket opi BghRAkBE,ANGhd hechiiKE aéﬁqu‘s fﬁslnctlnaé 3-

the &@J&%@Eﬁ.@ihoﬁ @]f 35 05 V8o 1 ester 3-

oy ef ezahlofcasf sl £ fidptahea &!ﬂ&e er, 3-

| ow agariQgeh Bl €, 3 USlialthate BP0 r5okYE1 £ Oadiome r,

pr ol 4N ideich ¥Rk | ¥ 9 (nbhafbL Al S6% J1$0NEES ruétthgf

t he é&—@iﬂ@ﬂhglsﬁlMic?BQofﬁel lo1kexaRY- N R¥bkii £d jq:)ﬂ.d

a mMehdwr1 4€8r ASe @Jdi@ﬂlsmﬂj@ﬁg&é?@j/ow 1.0)hexane-2-

802~ Codntoxyll 38k 0 msttivh NEst el g, ka1 hkb-aRoduCt 1 on

met rm@fcyemmprﬁ&g%xhaaeﬂidmdleﬁésgcﬁ EE%‘%;B&’E‘ ester, 1-

contgidhiynd 3t B &8 SicART 3. L he -8R BA1B acig methyl

descgdter] abayerrandia[sien E)’deﬁﬁéwﬁﬁ-da%ekylﬁc ”

st emmettefl bBEeP) eseitatic¥Paid @ 20k, b2 bﬂun‘d’ebﬂsﬁf&h%xyllc

Fhe sdifPmethel destied) 6L atQRIYANG (R Bl O1Rf8d3-ene-7-

Cyanambosghidi fesa alethpe ordnil a-(4) obtained via the

Stepzatricyclo[5.2.1.0% ® Jdeca-8-ene-3-carboxylic acid methyl
ester, 4-azatricyclo[5.2.2.0%‘°Jundeca-8-ene-3-carboxylic
acid methyl ester, 3,3-dimethyl-2,4-dloxa-7-

40 azabicyclo[3.3.0]octan-6-carboxylic acid methyl ester, 3-
phenyl-2,4-dioxa-7-azabicyclo[3.3.0]octan- 6-carboxylic acid
methyl ester, 3,3-dimethyl-2-oxa-7-azabicyclo[3.3.0]octan-
6-carboxylic acid methyl ester, 4-aza-10-oxa-
tricyclo[5.2.1.0%' ¢ Jdeca-3-carboxylic acid methyl ester, 4-

45  aza-l0-oxa-tricyclo[5.2.1.0%'°]deca-8-ene-3-carboxylic acid
methyl ester, 2-azabicyclo[3,1,0)hexane-3-carboxylic acid
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A and the step B with alcohols and an acid, to produce

a 10 proline derivative of the fornula (1) or acid
addition salt thereof. The step E can be carried out

in the sane manner as in the step D excepting that

N- protected cyanopyrrolidines (4) are used instead of
N-protected prolines (6) as a raw 15 materi al conpound

in the step D. As the alcohols and acid to be used,
t he sane conpounds as descri bed above are nentioned.

Rl, R2, R3, R4, R5 and R6 in the proline derivative

(1) megprisesten.h@-saaeicmani[Ags . asodtan-BlcafRoxfBc Reid
R5 aféthpd RBtatof iTnedabiridie M- pr0lmotad 8-carboxylic acid
pyr r 8etErhorstey 2R - af@biqmled 808 S0 ldut sSARRnERANG b oXT 1ic
for RPidefethul iesterhe2 Nzmbdegcletl (r.allheesaté)3-carboxylic
Exanpréd méthite esteri nenddehievatkee (1) incl ude 3-

azabi cycFefthdar, @Gompramds Ditaibedyby sueitdtaeily|the above-
est efes@rilgl medbiytyes i3 b2 Bhhepiyinestecar hopydpyd ester,
aci dipephepylests¢er. 3ndnnlyilcpskef 3.skc-butyl ester, isobutyl
O%oc?&hQEQ-tﬁﬂﬂbbnyY1Cesnﬂrd aelhy| estsirer peflzyl ester or p-
4% abmeykdsfbbrzyd] reheme-andc ahbokiMe C azei flemeidndd.
ester, Furthermore, acid addition salts obtalned by addition
6, 6- €f nen hifloraniabicid |solcB. 4s hicaee- 2hTarhnxy hiy@rogen
aci dbremidn,. saydferic acid and the like, and acid addition
6, 6- 8attd mtd-adnadaby addlisfien loH]drexanan2c 3dcnBrduery biC
é%idmﬁ%hﬁﬂﬁsuétpeig &l dtrifbuordacetic acid and the like, to
azabtls cis{va-tedthibeth@r2ltae bdsaylviat igei (L netdnel also
est epxemplifiiedy| - 3- azabi cycl o[ 3. 1.
0] hexaneSRiafvaxet c andildapky hgdtivesbeldies of the above-
4- az8e3eTipeidopsobine Grrdydttee8-(ddr boxgtid mldidion salts
ﬁ%th9¢e¥ﬁﬂﬁeﬁFe also mentioned. When optically active bodies
4- az3? iUBEd af5the N-grogkobed grd@-1ioesbok)yl ithe3Teacithnt
met hpFolddee fergvatiisiscyad) ofn. 8310 mddahich exedtE- thereof are
car H&S8ALly getdcabinhpctéve dhodies.

at ri cyA9ereing 1to g @cescst coredtdan boxyrodiaei d

%éth@qr q§§ggp,(l) or acid addition salt thereof can be
4- aZRFFUEPE| §pmpLy Andh igflusiried 18- efvaBtageousty| from the
aci dCIEReRPPrnadsRkrpYTFodigimendsyl - 2, 4- di oxa- 7 40 '
azabj cy s Brolynpe denivetéue bohy lorc agdd crdddttiph ester,

. theéreof obtained in the present invention is useful as a
%e(rj@fr%"?fsé-ldréyam?te&ia%i oy dres{izal - ayntewlitugad adbexy| i
aci dre4eErR paggtfqu for example, can be used suitably as a
3, 3-%‘1*°rFé’Fﬁ§PD 2insermedaate) ok Ithp3f el biwiadagompound (see, WO
6- caA PSP PE23atiaF meengf astichepativis | depgs (HCV drug).
tricyclo[5.2.1.02. 6] deca-3-carboxylic acid nethyl

ester, 4- 45
aza-10-oxa-triggcl o[ 5.2, 1. 02, 6] deca- 8-ene-3-carboxylic
acid nethyl r,H 9

2-azabi cycl of . - Bkar boxyl i ¢ acid 25 met hyl
ester, azabi cl B[ 3.]13. O oct an- 3- car boxylic acid

nmet hy TS bi cyk¢lO[ 4. 3. 0] nonan- 8- car boxyl i c
acid t Byl ®ster,

2-azabi cycl ~3. 0] octa~7=ene-3-carboxylic acid

$et hyl ester, 2-azabicycl o[ 2. 2. 1] heptane-3-carboxylic’
5 acxdMpeEdyl ester, and the like.

The present invention will be illustrated further in
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Furt her, conpounds obtained by substituting the above-

descri bed nethyl ester by an ethyl ester, n-propyl

ester, isopropyl ester, n-butyl ester, sec-butyl

ester, isobutyl ester, tert-butyl ester, allyl ester,

benzyl ester or p- 10 net hoxybenzyl ester, and the

i ke, are nentioned. Furthernore, acid addition salts

obtai ned by addition of an inorganic acid such as

hydr ogen chl ori de, hydrogen brom de, sulfuric acid

and the |ike, and acid addition salts obtained by
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abovE¥ABBESS bed proline derivative (1), are al so

eﬁenglified. Still further, optically active bodies of

t he &BBURL® described proline derivatives (1) or acid
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tiher Rehtétud R6J207C.t hEEYUTC$EBEng NV HehPBrhsurtseill 4a8r a

g 30% C&kﬁi‘ﬂtﬁahyﬂm?&j %fi:hébu@rsn%lfﬁu@ﬂ' wé‘ég rdxofhpled’ athen, the
I UOmi £ SFd TRk 81 rifdil 2ft0h 5 @X AP €, 34438 gdLgithal was

sui t abl ¥raaead tREPSMAF tdu@Bih I re[“ﬂ'l‘i‘e%gtéi or t

f ol | OW NGeG0MRBLNEe £ $RG t Vo t SOOH 1 T3200) @5 Qe elfge

30t | vBORAL hitich 6005 UHS etV ibtibaral), SO LRINSLAL R

U O 3BoqAMPLES e present  invention wll bé

i [l ustratied foekbh@Esdiibedbrdtt Ale RAGCHa NN £XATRLES were

bel omtxdnittd bbkaineeHodse1bR Rkn Lhat thde wikBE8NEnree

| NVepimdd Wishnob & id¥ aedst Sod NBS BydBSAHM eJuesub e @on.

15 SyrhiesiashExgnphEldes( AR by udgker £t D06y 6k b Wl ra-

6, 6- paeitinidg admdd:C %€k 0f 3sfadilihgxan- 2-ol = 25.0 g

(111 mMoine deshlBa®S)ordah@tt 1AEOXKEINRAMBH twice with 22 g

6, 6- 6if M wkidnazakheyerinicl 1888 XM tadnefCadbst Jasting

of was concentrated under reduced pressure condition, then, to
30 the resultant concentration residue was added 75 g of

toluene and 25 g of water and mixed before liquid-
partitioning.

The resultant organic layer was concentrated under
reduced pressure to distill off the solvent, obtaining 25.0

3% g of a solution containing 24.1 g (106 mmol) of (1R,5S)-3-
tert-butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexan-
2-0l1.

The yield with respect to (1R,5S)-3-tert-

butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexan-2-one
40 was 95.5%.

The guantitative determination of 3-tert-
butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexan-2-0l
was performed by high performance liquid chromatography.

As the column, ZORBAX SB-Phenyl, 4.6 mm ¢ x 250 mm, 5 pm,
46 manufactured by Agilent was used.
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10 tetrahydrofuran were m xed, and cool ed down to
-10C, then, 105 g of a toluene solution (1 nol/1) of
di i sobutyl al um num hydri de was dropped at -10C over a
period of 3 hours. After conpletion of dropping, the
m xture was stirred for 1 hour at the sane
tenperature, then, the reaction |iquid was 15 heated
up to 20C. After rising of tenperature, 22 g of a 2%
sodi um hydr oxi de aqueous sol uti on was dropped, then,
the m X re was stirred at 25C. The deposited crystal

|t‘ gt'é%las"c’%?é’PQEyr%‘E]a‘i%Oﬁ "H-NNR {(DMSQ-AR,QE
the r@? ? arg - YakiteP PSP’:‘.Y‘EﬁFer?WéP%Ml -30 washed
Wit h aée C¥FLe e LaRyReErtiri®l 868 aF By PRASK: ng
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| Pquild 38ef el 9Hli.xdd4¥ ot @bt dlidn ma (86} utd.®% whi 8H) wes 82hen (3H)
washed three times with 22 g of a 2% sodi um hydroxi de
aque&¥3mBEE & i on. 25 This washing includes m xi ng
under st F¥YRirgpisndxpingie of Fatert +owtanycamdenys+6 ./6-
st andiRgthIhas seghicapto [Gr-dafil bexaryer-odas washed twi ce
Wth 227 §1-9fg (3% mapl heof Théeot ghnaxicayrbpnpbt &itred
af t eALRASHT I - akablerplaid-lap dbexamter- onedan@dl 35 esodr e
conditetoahydrvdmrah owSt: tnlixedesahd astdolednaewh rad i-20°C, then,
resi G8emvast addetirdydyrafurahobobmneicand 12hol/ Df ofAll&Ehium
and mrxethiiforolyiriae drasparbppe®HtNg20i0e hesel tpletion
db ganf cataptamgyashé aiGaitirealrad sideled EBHUSL AthMLaSUERe
to dbsahé|tenplefratlife sotheant 142b§ M idNP225081um hydirehed
sol UkhBPoral aqnea.gs 2540111&0(119@5 HiRleh, Osn& “dp to 0°C.
tert -DEgaX¥ERERENYE -RnPedh fBLLY 1'3:')’96‘355'l L1 % B& xide

Xan- ,2¢ & wa-gqﬁr Ll V\hk e84 %O 13587 bt s,
byt OxYE ag H 2"
'gnefz é’@%r gg & %Ei&%%&vgbﬁfﬁgejﬁégé J: Qolvent

3-t egi s+ DULIQNY GAE a1 1 of yat d 100 ml
6- di FBiKY t%r@za@e chét%ﬁ amﬁff"‘ ; E o Whaa "

perfg&f@ﬂ:ﬁﬁhbg sﬁ%& QNBEEQ q'ug h & %fg‘!i’m fter
— ti cted nvand

pm ﬂ@qﬁﬁllﬁ:faéﬁéw{&ﬁ gk V@ﬁ LJ,S s

Measteé LML yiesthd:S, l'gylfeﬁ\ dO% 0:1‘5 wgrfe methyl

(1R 5bi3relallih- &w@wg@,wem tfi, @h%ﬂe 1t t

azabh&yed ,0laddlm X%‘ﬂe - Ob o PYE waldO¥Bn on

8D 4add the( B+ r e e cé:lrcl;'antx?&t%ﬁ quéi‘ edu%enl.l §sure to

(9H) a1t berlede s'BlGr 2hning3t .0 G 32 3-L8H)-

Exangh o c8YBbREE ¢, GEﬁiﬂ'Q\t:ﬁy PI3-azabicyclo[3.1.0]hexan-2-o0l

3-tedn -the es¥RasOWIMte05611d. The yield of 3-tert-
butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexan-2-ol

36 with respect to 3-tert-butoxycarbonyl-6,6-dimethyl-3-
azabicyclo[3.1.0]lhexan-2-one was 98.5%.

The measurement results by 'H-NMR {DMS0O-d6) of 3-tert-
butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]lhexan-2-o0l
are shown below.

40 0 = 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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di met hyl - 3-azabi cycl o[ 3. 1. 0] hexan-2-ol 10 11.0 g (49
mmol ) of 3-tert-butoxycarbonyl -6, 6

di met hyl - 3- azabi cycl o[ 3. 1. 0] hexan- 2-one and 196 g of
t et rahydrofuran were m xed, and cool ed down to -20C,
then, 59 m of a tetrahydrofuran solution (1 nol/1)
of lithium triethyl borohydride was dropped at -20C
After conpletion 15 of dropping, the m xture was
stirred for 2 hours at the sane tenperature, then,

142 guafatﬁyma%%wewyai%ge% hE25LPONGe aqueous
sol uti ongwgg

WR-bQt MycarBLhfl- 6"63' ng
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d ft
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100 AF(ee 8 ? CoMPRE AT RS 17 Q5 Befaner

li qui g g (3l tl%r‘ﬁwéirr°PPF1’égaqU€oﬂ'§xFH’§"‘érwas stirred
obt aPhet*aride t2‘§ PTYHTE- & QFtilt?d?ﬂ“t’Fﬁ ~waBeR y i} -gc ddof
a2 E&E reas |a§ﬁe§n@1nd |Hegted- pare t35681 nguspbent ioml of
tvvl c¥aber APAG9 ML of watd} terbrhutydt ghher hegre Fdded,
r esultPamt S5Pesi b8k rsp Lidr was conmsivieddby of itmatdon. The
sol uFF%ﬂlfi%‘t\/\ﬁi&ﬁré%l"{ﬂﬂ ddnpidwrants tiguedd, arghdn aqueous
xeUBYRRHRS SOPLE Swracssdyend hliquidr partbilored aadng 10
e Fi| % Methydsteshiurlaetherindai L efidded Tesustante
to Breinlq IGFPTE hEeRy(CpaRinedrang mixgdl jamd dgaghesium
3-t efplfate was added and mixed, then, so0lid was removed by
but o£ Teraddiny- - othe d‘eﬁ’éil t £idizpte \Wap[Pneepfhetath under
El r ‘?1“%% PEGPRIEE tmidLatidtiEr the gP%Y%Pfof taéping 0.48
Blit o8y d:ﬁ’ﬁt B“'BO‘&TWEPHEV-IBG 7 A3MeRYBf 3 1. 0] hexan- 2
%/)a%ct ECQ hexan-2-ol in the form of white solid.
3 te? e6:t6ta| ?re‘iel'ﬁﬂ bytoxycarbonyl-6,6-
azab Jc% IaﬁT eﬁ}Oi ohel IRFEag3250pe TiRs 94 .- 4%.
gpas re nt results by 'H NVR (DVBO d6) of 3-tert-
ut o

6- di gpt | Z%E‘g%ﬁl §f13 Tﬁ(éﬂ?tixﬁFarW%ﬁoﬁn

bel oW "4 )T 3"131}';;’&- (}‘59 3,24
d (1
5 659"\? g aﬁ_aibicgc fl)od ]é?xg.n %@é’ﬁ]pl
nt ARISHA0OB WRBP é“jd‘fedsaflér‘t"’%‘tﬁdo bar b6, sthezve a
di me¥ ti@ agZamp 830103 rexdn 32mpal) ®E5@ighign 2
mmlz ygrlig?ta 1&(%&?% r_a@’y@rofuran was divided into
di me ‘fﬁ/IP"S‘Ia?aﬁ)IW(ﬂho 8Trq . drdnpednseparatediyd at2-509%¢. dfhe
%et re R RSt Hﬁﬁnsﬁﬁé?r@dnfﬂéd” drrsoat ethal ®amet bemFBQ@ ture,
herthens 3 g af witex wasuedfedolndi bre (Mxtuks lyamtheated up
di i sb&Sy¢ al Faichler hyldr mdeofiasattroppad3owel of pethpl tert-
of Ilbutiyduptber aseneo akidep amt nigepercdumimgalliqd O or
| owsgpartitioning. To the resultant organic layer was added
magnesium sulfate and mixed, then, solid was removed by
40 filtration, to obtain a solution containing 0.16 g of 3-
tert-butoxycarbonyl-6,6-dimethyl-3-azabicyclo[3.1.0]hexan-
2-0l with a yield with respect to 3-tert-butoxycarbonyl-
6,6-dimethyl-3-azabicyclo[3.1.0)hexan-2-one of 80.1%.

45 Example 5
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After conpletion of dropping, the m xture was stirred
at the sane tenperature for 1.5 hours, then, 8.7 m of
10 water was added and heated up to 25C. Further, 5 ni
of water and 10 ml of nethyl tert-butyl ether were
added, then, the deposited solid was renoved by
filtration. The resultant filtrate was
liquid-partitioned, and an agueous |ayer was again
extracted and |iquid-partitioned using 10 15 m of
met hyl t - I l._of the resultant _organic
'aveagraang{i’g% 5, el irf%%?séf%;ﬁdﬁfﬁ‘ ﬁé‘gﬁﬂ'ﬁ’[’l’ﬁ" ate
vas added anddTixed, 30p! L Was J Gmove _tert-
{1 Gat i berbiyl o8 AL Li@?ﬁ%gb Fg,cggﬁ?g@%fgﬁeiﬁﬁ-me
gg?:iﬁiﬁlﬁcg g ?gs drotlrih Shds droppe ntso |2.2 ?nc.‘l. of a
34%%59”& o)aéclég %‘ﬂy 3 ,1 _dl(%r-erilchl)/ll_)spf lithium alumi'num
azabi 3/031 Of 371707 FeR¥AT 22 #5499 RE 1 HHDF affi the mixture
sol i §& refof o v t5h hopgpert 119°C. To this solution was
g-te‘?‘?q%t‘_’o% clrpbrifateg . 6and further, 0.32 g of a 10% sodium
| et ¥RAOX4d57 agReSRT SP3UTLON hebhen 2 thaanixtyired was, hosted up
Exanf? @3C sy Fumsbes, Exaploé whter and 10 ml of methyl tert-
3- t PHLFuLERYE aWerem\Added6- then, the deposited solid was
di me¥¢iAved- BY abl Eymatdps . 1. Mieheoranlfard £i0t28t¢ wdk Q9quid-
gqrm”)ard:fltgo{leqat -and deyenr ogarics 18yer was added magnesium
mettHyfats. apdpnixad.oftBen, 0jdiddamag- vemovrdd byO£ il tdtion,
30 ¥t iPRiksinwRreotitien aeritaiodingdodadng taf 3tBErt+ hen,
a SOI@KYEATReRoSod -Lmetin7> 3gag8b ey [)3 . 6f 0 héskdrnn-ol
bor Iyl Pd¥lekd WiFnicegpegiotton By tie vt tirstvxwmsrtony e, 6 -
0t FimelBY hod 134t axgle h3 werld herapp2 dorse pdr A7 e5Yy. at
-10C. The mxture was stirred for 17 hours at the
same &r&ture, 35 then, 2 g of water was added, and
t he e{n x CHPEhGELs Heemedeupt (IR 26C5S Fu? ttestt -beSoxycarfbonyl -
wat &t Safdmeth - ezaRiayslals. L- 0 baexanehenrbenit tideed
and mi xed?7caudf iy orgRi trifjaoride oflelhylTethee complex
PesAndaft 2 grlyafl dollugee were added ambgmededmicw ftat €60°C.
and TRtRelhis Helxtusel | @ swistieropeepdned Oyf nitimd 508, g of a
to JSdEPRe SFBItdenonoreminding Ag49.d 6 6 40fm8L) of (1R, 55)-3-
ter ttPBGfBSE%b’a?%ﬂ??PYBT &-Gtidtmehlyl 33 mzabicyclo[B.11 0Qhkean-
an2-91 0P {ginedy by thel sfmehmpvieects tie Example 1, 1.37 g of .
_télrﬂ-r_nﬁtﬁx)yaﬂéé?ﬂ.bgﬁwlide and 2.5 ml of toluene was dropped
6, 6°¥PHER BATIRdardbB dywimg] 3tl- 69 hexas52c onaroér &dbmpXetion
45 BXadpdEping29 tBynihesire RXaMPter:¥a at -60 to -55°C, then,
3-t 85t gbot Gty Gar bo@yhm thyrogen carbonate aqueous solution
di mebbyhddedz aheCrek 0l kall hEXAN %EpOItoAZ%.UEhQE, liquid-
Ssonpaset ndd.50me (24udoiBldysd was! £5d1n subjected to an
but _exyf,mﬁmmyhnﬁ, liquid-partitioning operation using 10 ml of
6- ditoetdnd - 3TAE aki il ehot JodgdikeXaPers GNGe BofBfhel Hnd
of mekedhyd @hiikasamadaOREGkd 0 s818atd M3 Rixed, then,
t et sahydlvaislrafnoted Wy @ 1ttafidd. 1) TRE it At 2L 4T 14
{hydwadepait1alQ¢ evedentraebiOthdr kellia pHHhsbiE to
m x8lg€eill off the solvent, obtaining 6.68 g of a solution
containing 1.35 g (5.7 mmol) of (1R, 28,58)-3-tert-
butoxycarbonyl-6,6-dimethyl-3 -azabicyclo[3.1.0]lhexane-2-
carbonitrile. '
45 The yield with respect to (1R,5S)-3-tert-
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was stirred for 1.5 hours at -10C. To this solution

was added 0.13 g of water, and further, 0.32 g of a

10% sodi um 10 hydr oxi de aqueous sol ution, then, the

m xture was heated up to 25C. Further, 5 ml of water

and 10 m of nethyl tert- butyl ether were added,

then, the deposited solid was renoved by filtration.

The resultant filtrate was |iquid- partitioned, and to

an organic | ayer was added magnesi um 15 sul fate and

m xe hen, .sol id s..rempved by filtration, 0
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t he Pang meanpasahddat dgauple 6 2B3Cepthag, tHatgai dogén

par t ¥¥ifgvedidghdiethydoathenymmpigs agdi telebecwere mixed

an &nad rofledndand tlo qad panti Lhoni thgsopekad i Diydisi,ng

10 ntolofenet sblretison Tohetabsind AR, 66Yani tedtapaksxy€dbonyl -

¢onbé rfediimedhy hi X-etabtioyt hé (3 \Ma® 1adega- 2vegnasadum

sul fat#neahe1 51 Xell cyah@le wadldrdppasd semisedobys0°c over a

fil tpeatiiodnof Thendwsul t ant sol ution 40 was partially

concent ritiec ¢ iebdevitteddepdePres JUREsEP-3 exlti-1 | of f

t he wmoxgetrbobf Bia)icRgine iS5 30hzabs6fdlid[AN1. 0 Jhexan-2-0l

tontwdniseg6t.35 g (5.7 mol) of (1R 2S,5S5)-3-tert-

but oxycar bonyl - 6, 6- di net hyl - 3- azabi cycl o[ 3. 1. 0] hexane-

2- cewdopniet Bile. 45 The yield with respect to A

(1R, 5S) S§nttéesis Hkample of (1R, 2S,5S)-3-tert-butoxycarbonyl-

but okyécaiimenyy -6 -Gzdbireydyd [-33-1ap dhéxartd -0f-3atb O e 2

301 wWas.$98. 3%f Quanilutfdh eord@iaiAgNBI120F Q1.7 mmol) of

3- t efXR. 26t 58y erleortybutoxycarbonyl-6, 6-dimethyl-3-

6, 6-alamdchgle 3 dzallheyahe| B-.chrBphtkaiie: Fasavboditdd Wath a

was yieldewfth m=bpeytgas CIR,GEE0gtapiibyteayarbosl -6, 6-

DB- 1din@tR51abHazablcyclo[3.1.0]hexan-2-01 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,5S5)-3-
tert-butoxycarbonyl-6, 6-dimethyl-3-azabicyclo[3.1.0]hexan-

2-0l and trimethylsilyl cyanide was dropped at -25 to -20°C
4) over a period of 3 hours.

[t
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x 30 m 0.25 pm manufactured by J&]. The nelting

poi nt of (1R, 25,5S)-3-tert-butoxycarbonyl- 6,

6- di met hyl - 3- azabi cycl o[ 3. 1. 0] hexane- 2-carbonitrile
was 45 to 46C. The 1H NVR (DVBO- d6) data of

(1R 2S,55)-3 10

tert - but oxycar bonyl - 6, 6-di net hyl - 3- azabi cycl o[ 3. 1. 0] he
xane- 2-carbonitrile are shown below. 6= 5.22 to 4.99
m(iH, 3.43 dd (1H), 3.24 dd (1H), 1.47 to 1.13 m
(2H) 1383(9H) 0.96 s (3H), 0.82 s (3H) 15
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88. 698°Cexahphe Bid®ydthest stionadp| ermf agueous layer obtained
(1R bs, BQuid-pertibidningceaboagdin subjected to an extraction
6- andreltilgpid3pazaltiopdhg[ SpdrdYivexantad -1wamOnEt métieyl
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1R Bx)diztidat oblitowpesr bbnitie Godvent, obtaining 6.06 g of a
et tiPna cantaiding] 8. 49 0§ Nexdnm@ob) «ff (1B, 9% 5%) {heert-
samePUPHysanbenys-§ 16 -Bineph el -6 -exebbtyekp [t3hat 0 Ahdxaren 2-
tri fFURONdEriYe crihi acvheld cuhy erspect ttol (@Re5SkT-tert-
m x R EaFT casbral - énwdinethYlsG - agabicyels [IeAeO Hdxari-GRol
ont%f Mng%¢ 1R 5S) - 3-
rt- butoxycarbonyl 6, 6- di met hyl - 3- azabi cycl o[ 3. 1. 0] he
xan-E2mpleaAd trinet hyl silyl cyani de was dropped at
-25 to S¥mthegis Fxampdepefi Ok .&¥S. 3Sholrert3buksuygarbodyl -
Sy nthrdsidd Myt %aéﬁb(imclzg 3 3). 03bexaneRacaxyenityidy -
. 6- d| meﬁt | 9395 A fodpéLen contGiRiRAN®-4T FalBofimrdl)e of
0. @R §S0PS k-t - PPF@*XRﬁnba’eyar@tﬁrﬂimetthﬁl Tonpl ex

and aj?f CHF16E3 et pexere 12 narppnitrice Wascohtadedamdth a
yleld 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 1-chlorobutane.

Example 11
Synthesis Example of (1R, 28,58) ~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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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 (2.6 muol) of

(1R 5S)-3-tert-butoxycarbonyl-6,6 10

di met hyl - 3- azabi cycl o[ 3. 1. 0] hexan- 2- ol obtai ned by the
sane nmanner as in Exanple 1, and 0.53 g of
trimethylsilyl cyanide and 4.6 nl of methyl

tert-butyl ether was dropped at -45 to -35C over a

peri Qdpoig %ﬁo%r %er@fglﬂo%%%ggbgﬁgrk Lfodti%eggﬁ

:nh)e(thESb [3r Ha h 5 itr ﬁ. Wﬁs obt 06% the
ey j;g;s: PR i
ggtcégﬁggﬁ gﬁgéll i 5 gggg;@ Hearagr-
to an ex%ir actl on “{fgw 3 %%xgﬂi géo%p“éargateq g
f thyl 20 tert b tyl ther. Th

lrjzlsﬂﬁt an |mé Lé}( Eget ;@ﬁ‘% ﬁediragd Slo this

s aﬂﬂ@&i’ .%nsgsg bGP L R

was remnoy da,(i % ﬁ,?s E%ﬁf_ gé’]' Irién Yase 3.
concentis 4 (i ﬁss gc .c.sagag -atzg,f-é%y Bifpen
(F:)ont @ ’t ts sg 8 algie and 0.19

5
sjt oxycar onyI é '_';%a%tzab é% 19 énelha* hé)%ﬁﬁebutyl
r|F Q¥"§ | & it n P s% % gt & boron
(1R Pl beBapiRiex wa
6 d| Gy The %EPE?C‘F%‘{ sthfr@?ﬁ%&awszﬂa{tedo#t 7thep gxamg(
r@pemtgy"m ﬁ@g,%h@@gﬁm theyf, heated up to -40°C and

1R 15@1.13_ tefpliadorycihrdorpme temperature for 4 hours.

0 6-Be nidtiisy Was_ addast Syl 6] of 12 O]therdium hydnogeni caibenate
6. O4aguesfusg sedltitioron andnthe ming: eddag HeatRdmupl Yo 025°C
35 (b eS, 3spuidtmnttibdbokygar Phaysqisdsdilapehywas3-further
azabf@yiacses. 1o @ hrestamet Row carisbAiitinidl epandtsi tabhahged
wi t heReraftiiopdtwicd usdopetd nb of methyl tert-butyl ether.
g5lR Ty xespatenpuanoepdar baysts @e@e all mixed, and to this
di ne¥dy [added; apd by syl 8ate (drive wepred, otheyf, 291780 was tiemoved
samePY rfdiditErtaen i nThg apgiud tangxeeuting waat pastiailly
t er tCfReptrapedtipderyredueed tonessuaet tomigkd 1 hofifcthe
to 15¢HiedtebobtdiningERadd| @ difl aSyplnbiens dengaphenef0.17 g
tUR 05 Bopmgl) 9% -Jyikeak yerrdryeprbonyl-6,6-dimethyl-3-
6, 6-RIRICHPILO B ab-diheyanef B crrbphékphke 2- carbonitril e
45 6. 00 Treo¥iald grihty saspert dimu%gegtswvmasbmas 6-
of YMetRY2S] smabdoyelel huk AdpearpoRyel 6126- 8B n2t hy! -
ﬁﬁablcyEWG[ges L6 1 AHCNMR cliDSani t oF | 3 texd - obtalned

°X§Sﬁ§b?ﬁﬁﬁn§‘5a§im¢¢45&5ﬁpﬁéaEﬁQ§K@éﬂﬁ|hgoihﬁﬁane 2-
net HATROEETIMR ta0e ehAwR REIQ¥F-in the reaction was
changed 4® $-4leprane30 58 K )yi 8l 63 viid I8 .5dspetiH),03.49 to
(1R 596 8- ( BHI - Hut7éxpoal bohyl {2H), 1.49 s (9H), 1.10 s (3H),
0.91 8 (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
46  and 10 ml of methyl tert-butyl ether were mixed and
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6, 6- di et hyl - 3-azabi cycl o[ 3. 1. 0] hexan-2-ol was 61. 5%
Exanpl e 12 Synt hesis Exanpl e of

3-tert-but oxycarbonyl -6, 6- 10

di met hyl - 3- azabi cycl o[ 3. 1. 0] hexane- 2-carbonitrile A
solution prepared by mxing 0.20 g (0.88 nmol) of 3-

tert - but oxycar bonyl - 6, 6-di net hyl - 3- azabi cycl o[ 3. 1. 0] he
xan- 2-al obtained in the sane manner as in Exanple 3,
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3 te? tl‘b@t dﬂyéér% 8- Befetppoxgcarbonyl-6, 6 -dimethyl -3-
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results f H-NI\/R(CDC13) of 3-tert 35
but dlﬂEth¥ - 3- azabi cycl o[ 3. 1. Q] hexane-
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%{me? )ﬂet Yéz%%’r'fc‘ Selh HEBEafaoded Aypniter r7&C-
onnta’ EBF%M’% II&SP 14 ean edhg therd eén@ roms

and fiuopt derdighhvile pther GAMPdERer ERER o AFRART LGN
33 JUMRSTEE ©b 2-40CT Pht brMOYAFILR! | TRRRIdenaRe atiddd o
0. 187qfhydf tert rRutyl sither wammirgeped nth,-88 ol ul9'6n After

ep%’fric,rd“lﬁ £04 »4 APUISTFE gth sameotempRTaS@IaL | B3 g of a 7%
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3- t ethe dxduye ardso mplatédcupli te 2Bl -tfore liquid-
partitioning. The aqueous layer was again subjected to an
extraction and liquid-partitioning operation using 10 ml of
methyl tert-butyl ether. The resultant organic layers were
all mixed, then, sodium sulfate was added and mixed. Next,
sollid was removed by filtration. The resultant solution
was partially concentrated under reduced pressure to
distill off the solvent, obtaining 2.17 g of a solution
containing 0.10 g (0.52 mmol) of 3-tert-butoxycarbonyl-6,6-
dimethyl-3-azabicyclo[3.1.0)hexane-2-carbonitrile.
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5 azabi cycl o[ 3. 1. 0] hexan-2-ol obtained in the sane
manner as in Exanple 3, and 4 m of nethyl tert-butyl
ether was dropped at -45 to -35C. After therma
insulation at the sane tenperature for 3 hours, 5.3 g
of a 7% sodi um hydrogen carbonate aqueous sol ution
was added and the m xture was 10 heated up to 25C
before |liquid-partitioning. The aqueous |ayer was
again subjected to an extraction and quuid-
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& niﬁw{}-“?

ablc cIoLB 1. 0] hexane-2-carbonitrile. 34

The e t@ Zethyl- b’oﬁc%g{@ﬁﬂ bdrkeris, 6-
| Le§ef oftm héxagnbdcyiclehsd . b9 d@xane-2-
Exa i ate and me hyl (1R, 28,58)-3-tert- -butoxycarbonyl-
, 6~ d methyl-3-azabicycle[3.1.0]hexane-2- -carboxylate
40 56.0 g of a solution containing 36.5 g (154 mmol) of

(1R, 28,58)-3-tert-butoxycarbonyl-6,6- -dimethyl-3-
azabicyclo[3.1.0]lhexane-2-carbonitrile obtained in the same
manner as in Example 9, and 349 g of methanol and 53.4 g of
potassium carbonate were mixed, then, cooled down to o°c,

45 and stirred for 9 hours at 0°C.
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5 Synt hesi s Exanpl e of

(1R, 2S,5S) - 3-tert-butoxycarbonyl -

6, 6- di et hyl - 3-azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile
1.97 g of a boron trifluoride-diethyl ether conplex
and 7.5 g of toluene were m xed and cool ed down to
-40C. Into this cooled liquid, a solution prepared by
mxing 6.0 10 g of a toluene solution containing 1.50
g (6.6 nmmol) of
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ent 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 agueous 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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The yield with respect to (1R 2S,55)-3-tert 5

but oxycar bonyl - 6, 6- di net hyl - 3- azabi cycl o[ 3. 1. O hexane-
2- carbonitrile was 96.5% Into a solution containing
40.0 g (149 mmol) of nethyl

(1R 2S,5S)-3-tert-butoxycarbonyl - 6, 6-di met hyl - 3-

azabi cycl o[ 3. 1. O hexane- 2- car boi m dat e descri bed
above, 491 10 g of 7% hydrochloric acid was dropped at
OC over a period of 1 hour, then, the m xture was
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hydr G te 8 '8 aeabtrydoidel - f axanena-
m Xt ure Wasfg E ours. By concentration
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azabicyclo[3.1.0]hexane-2-carbonitrile obtained in the same
40 manner as in Example 9, and 5.0 g of methanol and 1.47 g of

potassium carbonate were mixed and cooled down to 0°C, and
stirred for 20 hours at 0°C. To this solution was added

5.0 g of water and 5.0 g of toluene at 0°C and a liquid-
partitioning operation was performed. The agueous layer
45 was again subjected to an extraction and liquid-
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sol ution was concentrated under reduced pressure to
distill off the solvent, obtaining a solution
containing 1.38 g of 5 ethyl

3-tert-but oxycarbonyl -6, 6-di net hyl - 3- azabi cycl o[ 3.

1. 0] hexane- 2-carboxylate. In this solution, about 10%
of 3-tert-butoxycarbonyl -6, 6-di net hyl - 3-

azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile as a raw
material conpound renai ned. 10 Into the resul tant
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but (c:)%ycq %Sis @ di %NS éailicycl o 5) pe %] gimethyl s
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@é&g”f e
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manner

but gX ;ex@m&lﬁe&ﬁ asy 55288?% t 3P3te. BYifepuRE-2
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l stlrred at 25 to 30°C for 4 hours. 28.0 kg of
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2, afle é’Fo ’3“12%]5ﬁéx5n% dimethydnd razakiqysial fel- Q Mhexgae-2-
sanéeF0CcHEnRE? hydreahlnpigs wag, added 310 3§°0f Sebbequintly,
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40 azabicycle[3.1.0)hexane-2-carboxylate hydrochloride.

The yield of methyl (1R,2S,55)-6,6-dimethyl-3-
azabicyclo[S.1.0]hexane-2-carboxylate hydrochloride with
respect to methyl (1R,2S,5S)-3-tert-butoxycarbonyl-6,6-
dimethyl-S-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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resultant organic |layers were all mxed, and the
solvent was distilled off by concentration under
reduced pressure, obtaining 1.15 g of an oily
substance containing 1.06 g 5 (3.95 nol) of

(1R 2S,5S)-3-tert-butoxycarbonyl -6, 6-

di net hyl - 3-azabi cycl o[ 3. 1. 0] hexane- 2- car boi m date. The
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sanme(1REE)SS)as, ¢ Naimeanph o3 &z ameydnepper. cﬁ]lhe&%nta 0230C
over carbPsilatd RFdrbdMdisde antkid a2 vkg1afid alheere-was
addedrgsrhinieat Db idfe@a@6n Sé# raeadsat 25 to 30C for 4
Bours. 2the) ckgrall yiatlay lErbermetnilyi(1rt bersses -added,

and buisestacbysyblé ,@Gf-diflet®¥IVd-azabicyclo[3.1.0]hexane-2~
(1R e&EXy16t6- dadretihyehl- 3- azabi cycl o[ 3. 1. 0] hexane- 2-

car boxyl ate hydrochl ori de was added at 30C.

SubseExpreritel gp  78.7 kg of nmethyl tert-butyl ether was

dr opped Sywaheais pexdampdeobf 2méhyls,( 1RheS, 58 he ,Bi-Alsehyl-3-
was azodiieycdois. I.@ Ihex@nevefcarbpayilate dydrbchaus sde and
stirred &tto 3C3f @rof3 a3mehbansl sHlmtdeposertedndhyst@lwty of
was fydrogenedhlétigie, wasblugionvpirbpaBed® Heg makingtiBsd g of a
t ar ttdteple ebheriamasoodatnby @6t. 3 ph 2zl tmmdy. of . ikltHy]

& t R 1285 61 adit teortyduabxywertemiydd6 , 6ndtiave thgdu8 ed

pr eszszptd cyeho b ni .9j héxdFe k2r dadbokyiete adtadnedr ystidtle same
contmantierg agetnixampbRe 285 5 3nd5 18- 0i gedhyliolded® was dropped
azabatcyaoro[ 381 60§ hex andudne awdoadaedeahy dfne igtte. was

The ¥telrdaokt n®dRykof IR 12rES) - @ndkNBEIWEiodr was added

3z abi £36C190b 8- e tiilin@sabepdepiarchaxy] atigedly & Q6BA Okl a1 of
Wi t hnettgapetk, 39, 559 BYb-dimethyl-3-azabicyclo[3.1.0]hexane-2-
(I R ZdxtoRyidté aifaridehsyLdd Ry ba8e®; and further, 6906 g of
di nekdvny13tazeiuiyal Gi:ﬁeﬂ- W @rapged- G ax pbaisa s 1

91. 0%uriS PeXtreghPtént MifxeldN 214854 W bobi¥E Id@wn to 0°C
hcondainiaNgedfod 0£38 nours. 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 ¢
of a crystal of methyl (1R,2S,5S)-6,6-dimethyl-3-
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g of nethyl (1R 2S,5S)-6, 6-di nethyl -3 azabi cycl o[ 3. 1.
0] hexane- 2- car boxyl ate hydrochl oride] and 274 g of
2-propanol were nm xed and heated up to 45 to 50C to
di ssolve the crystal. To this solution was added a
seed 5 crystal of nethyl (1R 2S,5S)-6, 6-dinethyl-3
azabi cycl o[ 3. 1. 0] hexane- 2-carboxyl ate hydrochl ori de
at 38C. After stirring for 30 mnutes at 38C, the
m xture was cooled down to -5C over a period of 9

hour sz 24 Elo '1r ng 259a‘§: ouﬁn{ydzeréhgorl

met hyl te§k- od

of 3 hawss ﬂS‘ i hi'E

}Pfﬂﬁ%ﬂ@%c}éc ‘é; é ane 5 ":i 3- e tzd;gcrbog;fgﬁwth

cgnposed g r}:lza ég propanol andu§é§car Oﬁ%%?ﬁﬁ was 81.6%.

tert g.RupY , and further washed using 72 ¢ of

met hyl t%grhtﬂés anfl0%e mElfyi Cotk 1A G é}

dri e UpdEyc]1 E% F%a §§ié¥e gy roéh é?éea

8“”%.3%&3;1 B sﬂéég SRy fﬁg e E?“B’éf SAgyL-6.6-

hydr@cakoaideecg % e, %?c RUGTRL T 2L CBR -2

??g %ldg eré de were mixegre%l: 25¥'|Ce thenr ortr:]herma}./ly
oxPEat B Iat628 & met hyl - 3- azabi cycl o[ 3. 1. 0] hexane-

r boRyF %e%ﬁgcm"%%etéﬁé I kel byd oxyaarkanyd -6, 6-
rrar'L oY 'ﬁiﬁb ta¥ed 354 %h%‘adﬁerf@rﬁ agylate was

azabl 835 heitih&eac é?%déﬁ“&@ewﬁ§d?%}ﬂﬁn6FPHéd under
I nto 955  neh rssdidt o9 t6neatfenly 280 wkbs of
dr5 ‘éen alsiogy F‘éﬁl??ee Fatecfddsd ¢5otgluene
? o? I’ﬂ‘f’ QonfBf nthfy mdEterg Y@P%@gﬁﬁ)uﬁfm
met h o dissolve the deposited crystal. Into the resultant
(1R, %1 °’?3 tleth%LRfoWGHY’bo t-Hudyd eehery wag- dropped. A
azabF [Gorfaipine dlive dorest sk prasbabifad regled down to

same? Granfles slgnry Bawds) eras6fibinhted Gogobfatmlauemgstal
was WRbfpeths shepo@st@dsuging nejhyantempwgdedthed. The
t he FPHFBTWEEYSERY WasddaleQomdesr rediend prefgurdi sto
sol uPP¥HiMds ladaetl 33 108d) gobimerhyhy6 . 6 chimellbyyt3-
et hefzalityelod3sbjhaxpseal - eArbogwiAye hydrochloride.
é R, 2S, 59)¢ §isldi etathyd- fzablamedhbyfl334. 0] hexane- 2-

r b%&i‘h%ftl’@lﬁi'ar bchihsrege - hezarhszdatetydnochherid 9ks
g of 44 it WJEDt EpsResih gp BeHeYl \iatedt oppetkyowaeboryl-6, 6-
per | SV - 3nptrbicmed of dshi ¢ Hyerane x2eanbpeydahes
cool ed down to OC 40 over a period of 2 hours. After
%l rF¥H®¥0222 hours at 0C, the deposi t ed cryst al was

| trat cFPHORSES GEARdE ofsnelhyi1 618, oF - Tt-6y6-dimethyl-3-
tert %ﬁh Yolph 1. Ojhexppe1? 19ATbOXELYEY AivaRashiieride
under r @e& fe%%t!ﬂ“@lt)o"%bﬂdi #5585 %- qt%ﬁﬂ: a crystal
of M -gigethylm3hprablagrlol3.1. 0 hexane-2-

car oni riie an 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 oily substance containing 0.55 g (2.67 mmol) of methyl
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azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de.
The yield of nmethyl (1R, 2S,5S)-6, 6-di nethyl-3

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

(IR 2S,5S)-3-tert-butoxycarbonyl-6,6 5

di net 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 et hyl - 3- azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl ate

hydr?ﬁﬁ'%]'ﬁﬁ—%QGQd 1yl 322000 vy Al (3B ¥ hexane-2-
3- t ephrRUEARNRAY, 89%1@:3%3 vere! i

di et RYT 1% azahiet Bel Rl ek GhRe N e
1 10pe oty cibysl /by Gebal ooy oML A R
of 9¥£§éﬁ¥3&oCQhﬂrh S ehRe O XE i% ChohPETh, 6-dimethyl-3-
ther gal{ Yo d1agul 2f oAl n25§=c 3RREA,ENCE Qs |

nmet hyl 3-tert-butoxycarbonyl -6, b-

di meghylsid-84aRpb6Y£Lal:341,0] hexane-2- carboxyl ate was
conf”’me\zmgrf%ﬁméﬁwsnoaﬁe%@s RONGEMIRY S
?ﬂgeﬁzégﬁfé%‘;fehhgrgféﬂn? 4 Qv 8hS1d (iﬁo eélﬁf \;Eﬂ%zi g& raw
of t%luenelég gn S.SJh?bg Qﬁ%t éhoﬁfwgni &R R

was heated up to 40C to dissolve the deposited

crystal. Into the resultant solution, 1.6 nl of

net hyl tert-butyl ether was dropped. A slurry

cont ai ning the deposited crystal was cool ed down to
0C. The slurry liquid was filtrated to obtain a
crystal 25 which was then washed using nethyl
tert-butyl ether. The resultant crystal was dried
under reduced pressure, to obtain 0.11 g (0.53 mmuol)
of methyl 6, 6-dinethyl-3- azabicycl o[ 3. 1.

0] hexane- 2- car boxyl ate hydrochl ori de. The yield of
nmet hyl 6, 6-di net hyl -3 30

azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e hydrochl ori de
was 44.9%w th respect to nethy
3-tert-butoxycarbonyl -6, 6-

di met hyl - 3- azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl at e.
Exanpl e 22 35 Synt hesi s Exanpl e of nethyl

(1R 2S,5S) -6, 6-di net hyl - 3- azabi cycl o[ 3. 1.

0] hexane- 2- car boxyl ate hydrochl oride 1.00 g (4.23
mmol ) of (1R 2S,5S)-3-tert-

but oxycar bonyl - 6, 6- di net hyl - 3- azabi cycl o[ 3. 1. 0] hexane-
2- carbonitrile, and 7.00 g of a nmethanol solution
containing 40 20 wt % of hydrogen chloride were m xed
at 20Cto 30C, then, thermally insulated at the sane
tenperature. D sappearance of the raw nateria
conpounds was confirned, then, the reaction liquid
was concentrated under reduced pressure to distil

off the solvent, to obtain 1.06 g of an 45 oily
substance containing 0.55 g (2.67 nmol) of nethyl 40

ure
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(1R 2S, 5S) - 6, 6-di net hyl - 3-azabi cycl o[ 3. 1. 0] hexane- 2-
carboxyl ate hydrochl oride. The yield of nethyl

(1R, 2S, 5S) -6, 6-di net hyl -3- azabi cycl o[ 3. 1.

0] hexane- 2- car boxyl ate hydrochloride with 5 respect to
(1R 2S,5S)-3-tert-butoxycarbonyl - 6, 6-di met hyl - 3-
azabi cycl o[ 3. 1. 0] hexane-2-carbonitrile was 63. 1%

I ndustrial Applicability The proline derivative
obt ai ned by the production 10 nethod of the present
invention is useful as a chem.calyyaw material and
nmedi cal -agricultural drug internedi ate. 41 CLAIMS 1.
A net hod of producing a proline derivative of the 5

fol | owi ng fﬂ’ﬁﬁ%’élﬁ:d(

o g ga iY%)qf the
Eﬁeégﬁﬁe@i gg gkgé_ folair tlﬁ“ HURAR
R1 m5MR0 an

conne%i ed o form an

REtuted pol ymat hyl ene 10 group havi ng
torrs , One, or no- nmut ual |y adj acent two
nmet hyl engg2 Gttt ng the pol ynethyl ene group
may be substi utgd by an oxygen atom one or two
ethyle e ups onstituting,the polynefhylene group

H '| Eiveive o4 Ri- ngreng3 oupR En@'l‘inﬁ uakey
JIE a %’aee?i‘te%e ﬁeﬂi Vi P t4PBa ﬁi@ttpsutechgpqm@ethylene
pon gedu °n"a arLoRy EEeMS ¢ BEnAECReduLUR LAH -

oX tW PR %]rPé‘ BI50BPs tatdfat§rg uheor

opii onel I R5
1to 4 cagb

Hptoxygen atom,

vin
con>s/ P? tig ehﬁlﬁﬂﬁe gd’é’é‘Bﬁ B HATAFABE hihe RO 1gFethy Lene
hepr i iY VY ainveneogetrmyt gormutually
e %% S we i %ﬁ;ggrs PRt eh utine o oo

i negg(j Sé bg Hrlguporaes iR Yiat an 1grygen
car bon ﬂiﬁ §Elr3§3r ‘Ieutgé'd’uPi e afinY3LRACHBMP -

or cg&é I ha0R My 29t Ceps EhrHdidathesabove-
opti o 2 B FFPRESPRY eAdty ipdependently

fgv capyPeiens
gi‘bstclytaﬂf’e %Hﬁ'ndpgriﬁﬂ pLiy

Jr

13q &R tL

ear b% %ﬁogﬁ gﬁ%

thav1ng 1
 ndetior e, i gg ?j ram i FBu ranched
haw&g;;t tagl% 3%1 av on
P ek T %S@f §§§¥ ”ae 0 EP o -
10 Cg{ a‘§€ é } t}% idlydrogen

wﬁa h;;y tB i
Or p ﬂE@ﬁﬁ 90 c éiom oxyalﬁ?i grou;kgiving

30 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 optionally substituted linear alkyl
group having 1 to 10 carbon atoms, branched alkyl group

35 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

40 following formula (2) with a reducing agent, to produce N-
protected pyrrolidinols of the following formula (3):
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R7 represents an optionally substituted |inear alkyl
group having 1 to 10 carbon atons, branched al kyl
group 35 having 2 to 10 carbon atons, |inear al kenyl
group having 2 to 10 carbon atons, branched al kenyl
group having 3 to 10 carbon atons or aral kyl group
having 7 to 20 carbon atons.] (Step A) A step of
reacting N-protected pyrrolidinones of the 40
following formula (2) with a reducing agent, to
produce N punetected pyrrolidinols of the follow ng
formul a (33 RRO R4 R5 R6 RI RZNO(2 -~0O70
[ wher ei n, "ﬁ_&? R3, R4, RS and R6 represent the sane
meani ngs s d€scti bed®bove.] R3 R4 R5 R6 RZ N OH (3)
G-~105 gh;ei n, R, R, R3, R4, RS and R6 represent
t he age anﬁngszas fdesgribed above.] (Step B) A
st ep ‘BPCFeHt ithg fhe R protelt ednd i r sepapaent tdfe seme
f or niP&™t 39S dif} %Eﬁﬁﬂi‘?ﬁgtaﬂ?@v&ép A with a cyanodi zi ng
10 agent, g2 rgduce N-protected cyanopyrrolidines of
the foll aw formula (4): RS R4 05 R6 RL R NCN
(4) 10 -8 el n, W, R2, R3, R4, R5 and R6
representjt hg sane neani ngs as descri bed above.] 15
(Step O “A@t of reacting the N protected
cyanbphereii.diRiesR® ofR*,h&'f ORIl ®4) represerad the thge
st epmEaRings scdhetsital abavbate, to obtain inidates
of tkEtémIBlowi ng fornula (5), and treating the
i m dat esAvtep @f zseactingm tpeolupeotedt@dppetesiviinols of
pr ol FRRstamuliae (B bl dwheimgdf bn mthe stép: A WtiR% ByaR3aRing
ks % nt ,OtoOPKRPAfigh df-@imteRied RYyaniByrRd]1idimesR6£anke
R7 r g%yémg“tf?@m%mem:

s R*R

R R®
N
R? CN
S X
~0" o
[wherein, R', R*, R®, R*, R® and R® represent the same
meanings as described above. ]
15 (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-

20 protected prolines of the following formula (6):
R*R®
3

R R®
R1
OR?
RZQIK\W (5)
S A, M
070 ,
[wherein, R', R*, R?, R*, R®, R® and R’ represent the same
meanings as described above.]
R*RS
RS R®

Rl
RPN R @
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meani ngs as described above.] R4 05 R3 R3 Rz N OR7
(6) R O-k-0 O43 [wherein, R, R2, R3, R, R5, R6 and
R7 represent the sanme meanings as descri bed above.]
(Step D) A step of treating the N-protected prolines
of the 5 fornmula (6) obtained in the step Cwth an
acid, to produce a proline derivative of the
above-described fornmula (1) or an acid addition salt
t hereof. 2. A nethod of produci ng a proline derivative
of t hemek@hh OWhINg ghor gul sor rENAciE additio

t her @(ngfanln&g) gvgmrﬁbﬂggd;j@ ohl Swi nSdCtth &eP 5?%%‘2': E%eBsame
and g H O [wherein, Rl, R2,

RS, RE RS
descrfogﬁgléb ggétiﬁﬁfeﬁéw ng@eg@%rgerpgg m R of ‘the
b 4?8%%3

N- pr gf gesﬁﬂn@yaerquz "ﬁ“’v% g T e
(2) Wt Boda Ll Q? tohe gogro uce ¢ prot a (1) or
pyrroli dunoAsm@f.fhoh 4 2B R

R EblE@ﬁ 10 ga e 0eof ©
200, 2O e Hb‘i ) ¢ 5 %X iy

R5 and §4e,{3resent t e ae neani | gs as d¥% i bed

above.] ( Bj A step of reacting the N-protected
pyrrolidi s)\Of or?5 the formula (3) obtained in the

step A h 4 C anod| zing agent, to produce

N- pr ot ect ed 'Eyamopyrrol i dines of the follow ng

f or miveexemn, R3. A& RR°ReR*RIRRz Af Gdhd 4 represent the same
meanings as described above. ]

(Step A)

5 A step of reacting N-protected pyrrolidinones of the
following formula (2) with a reducing agent, to produce N-
protected4pyrrolidinols of the following formula (3):

JR*RS

R RS
gt
RZ"Ny O (3}
N
R? ol RSRG
R27\y~ ~OH 3)
A .

[in the formulae (2) and (3), R', R?, R*, R', R®° and RS
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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44 [wherein, Rl, R2, R3, R4, R5 and R6 represent the

sane neani ngs as descri bed above.) (Step E) A step of

reacting the N-protected cyanopyrrolidines 5 of the

fornmula (4) obtained in the Step B with al cohols and

an acid, to produce a proline derivative of the

formula (1) or an acid addition salt thereof. 3. The

producti on nethod according to Claim1l or 2, wherein

Rl and R2 represent a hydrogen atom 10 4. The

pr odyrhési dTERAQARAC Qe diRNY RD AW RONeepfosddtdithE dahd

3, WhesrinyRAsaRdsEPL1BAPBS9A 1@ hydrogen atom 5.

The peogsiaty on met hod according to any one of Clains 1

to 4, whereidp B¢ 288cEh AP eCRDPESLEt d0ct2Edp A olidines

opt i enathe oSt ht Y4 phHIQlNER Y |19Re seepUR idH R9cdnbPs ana

4 1hncashon tat pABaude al PeoRiAd Ufd QR iRt hod 3G ebdhith (1)

to apy S&cdla abhatiBn Lah® BneMdirein R4 and R6 are

connect egl, tihef @irBldct {dHme2koa AHraifg T8 GAUCLE0R,

met heteASGORAT BEd 1P apreBenPfa 3yaCbdbPation.0 6.

wherei n K7 1ne aRodhédiordm¥RolNEEaknb0td aliAdR@Nes

at onBlafins Theops odmddean REtH0f rAcepdifthd @ ﬂgﬁrg_[f@n atom.

of C aisp thet préqustiiieimethbe 4&B11Rg 89ty (RebEs

usedcidinmdha tst #p whdreihi khiakn R GEBYEQRIQANAT tHeer Qi an

dii saﬁmqﬂaallyﬂhﬂb&miﬁﬁeﬁygélﬁﬁet%leﬁaegfwﬁjlx&‘&b&ﬁ 1 to 4

et hedr@msic@rdhpg to any one of aimse 1 to 8, ereln

t he cyanodirhiengra@eitidmomBené® asbdoraihherStfly BnbSor

trinetdiwlssill ¥b syaed@inlRt e rOr QdeCedie ABENEE form a

acco(aeHing ckogtbap.m 9, 30 wherein the cyanodi zi ng agent

to be usedThe bhedwdtonBmkshod rddBRIAYhE ! 4 angy 8L ISE

éhd cldiarson t6ié) udlerd@nCRMPIL%nl 81kyE e JuR0RENEEg a5 to 4

an acarbomakabyist. 11. The production nmethod accordi ng

to Cai m9Tae pboductivnemsthbyraiceetienly Pod raaki dhaoss

of tdlmifmar nuta 1 3)whatein3thd rMambhyl Sidedt ¢¥ankdesed Qn the

dr oppeg Antle AiGnluti itee ERYIRITdhRYr 8Bd WrOR1E Ebhh AT 1681 num

tonpiwiride2. The producti on net hod according to any

one of S ghesplodurtibn mbe®i ckbedssd Gtd @neonsesk i

t he GladmsDl o8 i vhestep thd Tyhydangoiy eyeat €6 . bedGised in

13. tHee sgepdBicis arimethpisidagaokgangddé 0 any one of

Cl ai s 1L0t.0THE, pwdirotiinn amekigid acearabiy teperaimoy, i s

Har Mhedednt thisiqxpnadioxngli #jeng agebé used he shestBp B is

14. t-ipesheisbidrlpyvaolidej rolds aobotdwe fralflavkd@e faumpllea 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

35 trimethylsilyl cyanide are dropped into a solution
contalning 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.

40 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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(3): 5 RBRRA RS R RLRR NOH (3) O-~O[wherein,
R, R, R3, R4, R5 and R6 represent the sane neanings
as described above.]. 15. The N-protected
pyrrolidinols according to Caim5 14, wherein in the
formula (3), RL, R2, R3 and R5 represent a hydrogen
atom and R4 and R6 are connected to form an
optionally substituted pol ynet hyl ene group having 1 to
4 carbon atons. 16.

3-tert-buto rbonyl - 6, 6-di met hyl - 3- 10

azabi cycl 3. 1, B hexan-2-ol . 17.

(I R 5S) - 3Rtgrt\ but oxycar bonyl - 6, 6-di et hyl - 3-

azabi cycl 873N WHhexad®2- ol . 18. N-prot ect ed
cyanopyrrglidines of the followwng formula (4): RR4
05 RB 1 (4) 15 O~O[wherein, Rl, R2, R3, R4,

RS abeh&@imepResert, thle RANER® nBANIRIYSepbe S9RC thBEFame
aboveednirdgs afhdedepimddabedecyanopyrrolidi nes

accor di nip t FheCNapmidstatheyeralidmiddie teestdand 4% claim
R, R, R@rand RS tiRD floepuese(d) A Ry drOgER? ain@RS aPEpresent
R4 aachy&romes ebomecred Rf oahdrrh aireopbhiddtdd/ to form an
Subseprtianed lgobybet Hiydtede pgL gt Hid\enaggtoup ha¥iagl Dofo 4
at ongartit;n a3oter t - but oxycar bonyl - 6, 6- di net hyl - 3-

azabi cyclf| 3-tedt hextangrcdrbanpbig ta-ididet 2Pl 24

{0 R 2&m15S)yc3of 3r 1 ~itexape arbbdnyl - 6, 6- di net hyl - 3-

azabi cycdd[ 31R. 63 hexdrert2boasciopedibonlye - 6, @23inethgat s

of tamakisiyicanl digl fdibexka-£591. R4 05 R3 R6 R R2 OR2

(5) O -8 -.NN-pwhtectied cRanopPrrd3diRés &5,tHS raldoiing

r eprieegamlat é) same 30 nmeani ngs as descri bed above.).
23. The iggaénﬁ§ according to Caim22, wherein in the

R‘l

RN
:J\OILND

[wherein, R', R*, R®, R*, R® and R® represent the same
meanings as described above.].
19. The N-protected cyanopyrrolidines according to
Claim 18, wherein in the formula (4), R', R?*, R? and RS
20 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.
25 21. (1R,2$,55)-3—tert-butoxycarbonyl-6,6—dimethyl—3—
azabicyclo[3.1.0]hexane-2-carbonitrile.
22. {Fi?ates of the following formula (5):
sR*R

R R®
R1
Rzi;-g‘,OW (5)
j\ PO
0" ™0 _
(wherein, R*, R*, R®, R*, R®, R® and R’ represent the same
30 meanings as described above. ).

23. The imidates according to Claim 22, wherein in the
formula (5), R', R*, R® and R® represent a hydrogen atom,
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formula (5), RlL, R2, R3 and R5 represent a hydrogen
atom 46 R4 and R6 are connected to form an
optionally substituted polynmethylene group having 1
to 4 carbon atons and R7 is an al kyl group having 1
to 4 carbon atons. 24.
3-tert-butoxycarbonyl -6, 6-di nethyl-3- 5
azabi cycl o[ 3. 1. 0] hexane- 2- car boi m date. 25. Met hyl
3-tert-but oxycarbonyl -6, 6-di net hyl - 3- azabi cycl o[ 3.
1. 0] Rexaier2- a2k bebildAle® t86s0 MY bptionally substituted
(1R BSipmtnyieBE! PP REGARBONYEs & Qarbon atoms and R? is an
di meh iyt 3nRaabhe¥LAP18 th QI BeXL-Aonal boi mdate. 10
47 24. 3-tert-butoxycarbonyl-6,6-dimethyl-3-
5 azabicyclo[3.1.0]hexane-2-carboimidate.

25. Methyl 3-tert-butoxycarbonyl-é6,6-dimethyl-3-

azabicyclo[3.1.0]hexane-2-carboimidate.
26. Methyl (1R,25,5S)-3-tert-butoxycarbonyl-6,6-

dimethyl-3-azabicyclo[3.1.0]hexane-2-carboimidate.
10
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