DESCRIPTION PROCESS FOR PREPARING CYCLIC AMINE COMPOUNDS 5 TECHNICAL FIELD
[0001] The present invention relates to a process for producing a cyclic amine compound,
specifically, a cyclic amine compound which has an amino group and a carboxyl group as substituents

and their 10 configuration is trans, and espgeialty: agtanssb-aminopiperidine-2-carboxylic acid
derivative, which is useful for an intermediate for pharmaceuticals. BACKGROUND ART 15[0002]

The process represented in the following scheme is known for producing a
trans-5-aminc%é%i§eridine-2-carbox>%i}rc] acid derivative, which is useful for an intermediate for

pharmaggﬁt? (6063 F X NOBh SNt iaE AMINE COMPOUNDS

5 TERCHNTCAL FTELD
[ D001}

The present invention relates to a process for producing a
cyclic amine compound, specifically, a cyclic amine compound which
has an amino group and a carboxyl group as substituents and their

10 configuration is trans, and especially a
trans-S—aminopiperidine~2~carboxylic acid derivative, which is

useful for an intermediate for pharmaceuticals.

BACKGROUND ART

15 [ 0002]

The process represented in the following scheme is known for
producing a trans-5~aminopiperidine-2-carboxylic acid derivative,

which is useful for an intermediate for pharmaceuticals.
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Iinthismethod, L- pyroglutamic acid is protected by introducing



BnO2C NaOAc  NISCH Na2CO3 CI  OBn LICI/McOH B113.pyBnO NI-IBooNHOBnN 0 (2S,
5R) / (2S, 5S) =50/ 50 [ 0004]

a penzyl group at the carboxylic acid and introducing a
tert-butoxycarbonyl group {(a Boc group) at tThe amino group, and
then coupling reaction with a sulfoxonium vlide is carried out.
Next, the obtained compound is converted into a chlorocketone, and
5 is subsequently reacted with benzvloxyamine to obktain a
corresponding imine derivative. Following deprotection of the
above Boc group and the cyglization under basic condition lead to
{S)~5~(benzyloxyiminec)~piperidine-Z2~carboxylic acid benzyl
ester. The reaction with borane-pyridine-complex in the presence
10 of a2 hydrogen chloride leads to
(25} -5-(benzyloxyamino) ~piperidine-2-carboxylic acid benzvl
ester, then a salt is formed between oxalic acid, and the isolation

ig performed (Fatent Document 1).

15 PRIOR ART DOCUMENT
Patent Document
[ 0005]

Patent Document 1: WO2008/090320

20 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[ 0006€]
In the process described in the Patent Document 1, the target
compound 1is obtained after forming a salt with oxalic aclid as a
25 diastereomer mixture, in which the (25,5R} derivative (trans
isomer) and the (25,58) derivative {¢cis isomer) exists in the.ratio
of 50 : 50. The diastereomer mixture can be separated with a
purification method such as a chromatography, however, the
unnecessary cis lsomer is to be discarded, and therefore, the

30 process has problems in points of producing efficiency, cost, and



a benzyl group at the carboxylic acid and introducing a tert-butoxycarbonyi group (a Boc group) at the
amino group, and then coupling reaction with a sulfoxonium ylide is carried out. Next, the obtained
compound is converted into a chloroketone, and 5 is subsequently reacted with benzyloxyamine to
obtain a.cerresponding:imine gerivative. Following deprotection of the above Boc group and the
cyclization under basic condition lead to (5)-5-(benzyloxyimino)-piperidine-2-carboxylic acid benzyl
ester. The reaction with borane -pyridine-complex in the presence 10 of a hydrogen chloride leads to
(2S)-5-(benz Io amlno iperidine-2-carboxylic acid benzyl ester, then a salt is formed between
oxalic al‘ér%A glsoq I0 ng pefilForr%%%B(]F’%@ent Document 1). 15 PRIOR ART DOCUMENT Patent
Docum r@jd@@@)S] Patent Document 1: W02009/090320 20 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0006] In the process described in the Patent
Dodument 1, theltarget cormpomd-idcobtainedafter forming ansait witls oxalie acititasd 25
diastereomer mixture, in which the (2S,5R) derivative létrans isomer) and the (2S,5S) derivative (cis

isomer) Exists it the (g bf 50t% e didbterdmer titure-c4r Be 1’s%f)a ted wi & purification

method,sych ﬂ§1%CE@%%t88(ﬁP$‘Yah9W§M§V {he Hppecessary. @J'%%m%léq@ %Hﬁ%'}g@d and
therefore, the 30 process has problems in points of producing efficiency, cost, and environmental

load. efficiently by performing a reduction reaction of an imine
derivative in the presence of a sulfonic acid, and accompiished
10 the present invention.
[ 0co8] ~[ 06014}
The present invention relates to a process for producing a
cycelic amine compound, comprising the step of reacting an imine

derivative represented by the following formula {(1):

RS
S
0 P
R ()
N
O R‘Z

15
wherein R’ is an organic group forming an ester bond, an amide bond,
or a thioester bond with the carbonvyl group binding to R* itself;
R? is hydrogen atom, Ci.: alkyl group, Cp.2 alkenyl group, Ci.o:
aralkyl group, or Ceas aryl group; R’ is hydrogen atom, Ciis alkyl
20 group, C:o.ip alkenyl group, Cr-z1 aralkyl cgroup, Ceis arvl group,
hydroxy group, Ciay alkyloxy group, Csop alkenvloxy group, Cim
aralkyloxy group, or Csas arvloxy group; and n is an integer of 1,
2, or 3,
with a reducing agent In the presence of a sulfeonic acid,

25 wherein the cyclic amine compound 1s represented by the



MEANS FOR SOLVING THE PROBLEMS [0007] 5Under the above-described circumstance, as a
result of intensive study, the present inventors discovered that it is possible to produce a trans isomer
of a. cyclic amine compound efficiently by performing a reduction reaction of an imine derivative in the
presencenfa-sulfonicaeid, and aecomplished 10 the present invention. [0008] -[ 0014] The
present invention relates to a process for producing a cyclic amine compound, comprising the step of
reacting an imine derivative represented by the following formula (1): 15 wherein Rl is an organic
group forming an ester bghd, an amide bond, or a thioester bond with the carbonyl group binding to RI
itself; R2 is hydrogen atzzw 01112 alkyl group, C2-12 alkenyl group, 07-21 aralkyl group, or 05_18 aryl
group; R3 is hydragen atom, C1_12 alkyl 20 group, 01112 alkenyl group, 01121 aralkyl group, 06-18
aryl group, hydroXy grqup, 01-12 alkyloxy group, 02-12 alkenyloxy group, 01121 aralkyloxy group, or

wherein RY, R?, R and n are the same as the above or the reduced
form thereof,

5 cr the following formula (3):

R (3)
7 N

wharein RY', R%, R°® and n are the same as the above or the reduced
form thereof.
[ 0015}

10 Rlis, for example, Ci-1p alkyloxy group, Cs.iz alkenyloxy group,
Ciop» aralkyloxy group, Ce-1z aryloxy group, Cs.ig trialkylsilyloxy
group, amino group, Ci-12 alkylamino group, Cs;-1z alkenylamino group,
Cqy.p1 aralkylamino group, Cs.ae arvliaminc group, Csos dialkyvlamino
group, Cy-zq dialkenvylaming group, Cia-az diaralkylamino group, Ciz-ae

15 diarylaminc group, thiol group, Ciu alkyithioc group, Cooiz
alkenvithioc group, Cy.y; aralkyithio group, or Csip arylthio group.
The above sulfonic acid is preferably sulfuric acid,
camphorsulfonic acid, or others; and the reducing agent is
preferably borane.

20 [ 0016} ~{ 0018]



following formula (2):  wherein R, Ré, R3 and n are the same as the above or the reduced form
thereof, 5or the following formula (3): R3 wherein RI, R2, R3 and n are the same as the above or the
reduced form thereof. [ 0015] 10RlI is, for example, C1_12 alkyloxy group, C2-12 alkenyloxy group,

C21 aralkyloxy;group..G6+12 arylaxy:greup.1G3-36-dalkyksilyloxy group, aming.gredp.Clspalkylamino
group, C2-12 alkenylamino group, C7_21 aralkylamino group, C6-12 arylamino group, C2_24
- dialkylamingigroupyg C#-24 disgkersdamino {group ©€14-92 diaralkylamino group, C12-36 15diarylamino
group, thiol %roup, C1-12 alkylthio groug,, 02 12 _ ‘
S-(benzyloxyamino)-piperidine-Z-carboxylic acid benzyl ester,
wherein R* is benzyloxy group, R? is hydrogen atem, R® is benzyloxy
5 group, and n is 2; and more preferably a process for producing

(28,5R) -5-(benzyloxyamine) -piperidine-2-carboxylic acid benzyl

ester represented by the following formula (5):

OBn

BnO . (%)

wherein R' is benzyloxy group, R® is hydrogen atom, R is benzyloxy

=z

10 group, nis 2, and the carbon atom to which the group R'CO is connected
is 1in the 3 configuration.
[ 0C19] ~[ 0020}
The present invention also includes a process for producing
a trans iscmer (90} of 5SH-benzyloxyamino-piperidine-Z-carboxylic
15  acid dibenzylamide, wherein R' is dibenzylamino group, R’ is
hydrogen atom, R is benzyloxy group, andn is 2; and more preferably
a process for producing
(23,5R) -5~ (benzvyloxyamino) ~piperidine-Z-carkboxylic acid

dibenzylamide represented by the fellowing formula (9):

20



alkenyithio group, C7-22 aralkyithio group, or C6-18 e[rylthio group. The above sulfonic acid is
preferably sulfuric acid, camphorsulfonic acid, or others; and the reducing agent is preferably borane.
20[ 0016]-[ 0018] The present invention includes, for example, a process for producing a trans

isomer (503 of br(bgnzyroxyaming).pipgridine:2-carboxylic agid,.henzyl ester. wherein Rlds benzyloxy
group, R2 is hydrogen atom, R3 is benzyloxy 5 group, and n is 2; and more preferably a process for
producing (25, 5R¥-5-(benzyloxyaminc)-piperidine-2-carboxyliccatid: benzyitestér repeesented by the
following formula (5): Bn0." 1 0 Crn NH (5) wherein Rl is benzyloxy group, R2 is hydrogen atom, R3
is henzyloXy 10%rotp. 7 i8-% “and the carBonatoritowhichtiegralipRICO is connected is in the S
configuragien [ 09%9]-E0020]  The present invention also includes a process for producing a trans
isomer (90) of 5-benzyloxyamino-piperidine-2-carboxylic
5 The present invention includes, for example, a process for
producing a trans isomer {(70) of a
5-{benzyloxyamino)-piperidine-2-carboxylic acid derivative in

which R' is a group represented by the following formuia (8):

H
e

4 (8)
-

10 wherein P represents a protecting group for the amino group,
preferably benzyloxycarbonyl group; R® is hydrogen atom; R® is
henzvloxy group; and n is 2; and more preferably a process for
producing a (28, 5R) -5~ (benzyloxyamine) ~piperidine-2-~carboxylic

acid derivative represented by the following formula (7):

OBn

:

NH

N
TN ™
.
N O
P/

15
wherein R* is a group represented by the previocus formula (8), R*
is hydrogen atom, R’ is benzyloxy group, n is 2, and the carbon atom
to which the group R'CO is connected is in the S configuration.
[ 00261 -1 0028)

20 The cbhtained trans isomer (50) can forma salt with oxalic acid,

to precipitate a solid in either one of the solvents selected from

methanol, ethanol, isopropancl, a mixed sclvent containing



15 acid dibenzylamide, wherein Rl is dibenzylamino group, R2 is hydrogen atom, R3 is benzyloxy
group, and n is 2; and more preferably a process for producing
(25,5R)-5-(benzyloxyamino)-piperidine-2-carboxylic acid dibenzylamide represented by the following
formulafQ):nwherein Riis dibenzylamino groups R2iishydragen atomnR3ishenzyloxy goup, nis 2,
and the carbon atom to which the group RICO is connected is in the S configuration. [0021]-[0025]
5The presentinventipniinelrdesaforexample, a process for producing a trans isomer (70) of a
5-(benzyloxyamino)-piperidine-2-carboxylic acid derivative in which. Ri is a group represented by the
following oA Gy LGB abrESintS & DIGSEHIE GToUE (on SHesAuit Gt referably
benzyloxycarbonylgroupisRa:is hydragen %&f&d&%ﬁle%w{%mm@:%@@dm@re
preferably a process for producing a (2S,5R)-5-(benzyloxyamino)-piperidine-2-carboxylic acid
derivative:tepresented by:the following fermulag?k 15 2BaNH (7p wheremRIia group represented
by the previous formula (8), R2 is hydrogen atom, R3 is benzyloxy group, n is 2, and the carbon atom

to which! ther grolp RIEKS I SorHertst ioh The & dortyuration: 10626)f og2efc 1o penzil

ester represented by the following formula (5):

Bn

. H
BnO vw[::/t::I“ (5)
T
H

O

Z-—0

containing (2S5,538)-5-(benzyloxyamino} ~piperidine-2-carboxvlic
10  acid benzvyl ester as an impurity, and oxalic acid, to precipitate
a solid in methanol or in a mixed solvent containing methanol. It
is possible in the production process of the present invention to
use a compound which is obtained by reacting
(S)~5-(benzyloxyiminc} -piperidine-2-carboxylic acid benzyl ester

15 represented by the following formula (4} :

OBn

N
BnO “ﬂu[::jﬂj::]/’/ )
N

&

0

with a reducing agent in the presence of a sulfonic acid, as the

compound represented by the above formula ().

20 EFFECT OF THE INVENTION



20The obtained trans isomer (50) can forma salt with oxalic acid, to precipitate a solid in either one of
the solvents selected from methanol, ethanol, isopropanol, a mixed solvent containing methanol, a
mixed solvent containing ethanol, and a mixed solvent containing isopropanol.  Further, the present
inventiondncluges a process for producing a solid of 4
(2S,5R)-5-(benzyloxyamino)-piperidine-2-carboxylic 5 acid benzyl ester oxalate, wherein a salt is
formed from @238BR)B-({ehzyldxyarmino)piperidina-2-caesocylicvacid benzyh esterlreprasénted by the
following formula (5): ?Bn NH (5) containing (2S,5S)-5-(benzyloxyamino)-piperidfne-2-carboxylic 10
acid berizyT&tE ‘as A frfipurity, AidokaltSadid, %&B?eréﬁﬁ%{ Sesﬁf%lrirpm%ﬁ%a%%%ﬁ’nc& nfiked
solvent gantaining,methanol Jit is,possible in the progduction progess.af the present ipyention to use a
compound which is obtained by reacting (3)-5-(benzyloxyimino)-piperidine-2-carboxylic acid benzyl
estér 15ttepresentedigythe following formmdad@d): OBproduced with high convenience

and high efficiency.

MODE FOR CARRYING OUT THE INVENTICON
[ 0030
10 First, the starting material of the present invention is
explained.
[ 0031] ~[ 0034]
The imine derivative used in the present invention is

represented by the following formula (1):

Rﬁ
:
n
R! )
N
o ég

15

wherein R' is an organic group forming an ester bond, an amide bond,
or a thioester bond with the carbonyl group binding to R' itself.
Whean Rl forms the ester bond, Rl includes Ci-ip alkyloxy group, Croiz
alkenyloxy group, Cr-z1 aralkyvloxy group, Cg-1s arvioxy group, and
20 silvloxy group wherein Cilzg hydrocarben group binds to silicon atom
{such as trialkylsilyloxy group, triarylsilyloxy group,
alkylarylsilylexy group, and others). Whenfg‘forms the amid bond,
R; includes monc~substituted amine group such as amino group, Ci-12
alkylaminc group (mono-alkylamine group), Cs-1z alkenylamine group

23 {(mono-alkenylamino group), Cip1 aralkylamino group



with a reducing agent in the presence of a sulfonic acid, as the compound represented By the above
formula. (5). 20 EFFECT OF THE INVENTION [0029]  According to the method of the present
invention, a cyclic amine compound, which is useful as an intermediate for pharmaceuticals, having an

amino graup and:a6arboxyligreup s substituents wherein 5. their.configuration is trans-can-be
produced with high convenience and high efficiency. MODE FOR CARRYING OUT THE INVENTION
[0030] kDFirst the Startiflg srdtetial-ofithd prasent ipvention is explaiiet [ ©03Lh4 10084t ed The imine
derivative used In the present inyention is represented by te folowing formula (1%t s suen

as Cpopq dialkylamine group, Ci-ze dialkenylamino group, Cig-i:

5 diaralkylamino group, Ciz.zg diarylamino group and others, and
disubstituted amino group substituted with different kinds of
substituents such as alkylalkenylamino group and others. When R1
forms a thicester group, Rl includes, for example, thiol group, Ci-1
alkylthio group, Cpqz alkenylthic group, Crozp aralkylthio group and

10 Cg1g arylthio group. R* can be substituted with one or more
substituents. Such substituent includes halogen atom, alkoxy
group, alkylamino group, dialkylamine group, alkylthioc group, and
heterccyclic ring.

[ 0035]

15 The alkyloxy group may include cycloalkyloxy group, and the
alkylene unit of the alkylexy group can be substituted with -NH-,
-, =5-, =3{=0)~, ~-5(=0),;~ or others, and the ~Nl~ can be protected
with a protecting group. The examples of such alkyloxy group are
specifically methoxy group, ethoxy group, l-propyloxy group,

20 isopropvloxy group, cyclopropyvlioxy group, l-butvioxy group,
ischutyloxy group, sec-butvyloxy group, tert-butyloxy group,
cvclobutyloxy group, l-pentvioxy group, Z-pentyvloxy group,
3-pentyloxy group, lsopentyloxy group, necopentyloxy group,
cyclopentyloxy group, l-hexyloxy group, 2Z-hexyloxy group,

25 3-hexvloxy group, cyvclohexviexy group, and others.

i 0036]

The alkenvloxy group may include cvycloalkenvlioxy group, and
the alkylene unit of the alkenvyloxy group can be substituted with
-NH-, -0~, -8~, =-S5(=0)-, -5(=0):- or others, and the -NH- can be

30 protected with a protecting group.) The examples of such alkenyloxy



15 (1) wherein Rl is an organic group forming an ester bond, an amide bond, or a thioester bond with
the carbonyl group binding to Rl itself. . When R1 forms the ester bond, Rr includes C1-18 alkyloxy
group, C2-2 alkenyloxy group, C6_61 aralkyloxy group, C6-18 aryloxy group, and 20 silyloxy group

whereingG3,,,:36 hydracakben, group bindsto silicen:atam:-tsuch .asdralkylsiyloxy graup.driapdsilyloxy
group, alkyélarylsilyloxy group, and others). When R1 forms the amid bond, 1 . R includes
mono-sabstittited> aming- groupsucheas ainy grolp; Glan sudikyiammblgroupy(nwno-alkytamino
group), C8-18 alkenylamino group 25(mono-alkenylamino group), C7_21 arglk lamino group

(mono- aﬁfflltaaﬁfﬁoilgmr%ﬁf %B-L%S% AMirtd group aé:%)ﬁﬁ&gm&rf%]o%%u%xoa ' disubstituted amino
group, inclyding.disubstityted amipo group sybstituted-with the- samekind of substifuents,such as
C2-24 dialkylamino group, 04-24 dialkenylamino group, C14-42 5 diaralkylamino group, 012-36
diafylanfinogroup. addothens, and disubstituted aniine group substituted waithodifferent kinds of
substituents such_as alkylalkenylamino group and others. When R forms a thioester group, R1

includes. ToF&xathpre; HHiBIgroup, €1°17 alidyithilty groupc E2¥10 &IkBRYIHE gtod, &7 21 aralkylthic

@DUpa@goup, 3-methyl-2-penten-l-yloxy group,
d-methyl-Z-penten-1l-yloxy group, cyclopenten-3-yloxy group,
Z-hexen-i-yloxy group, cyclohexen-3-yloxy group, and others;

10 alkenyloxy group in which the oxygen atom binds to the sp’ carbon
atom of the alkenyl group, such as vinyloxy group {ethenvyloxy
group}, l-propen-l-vloxy group, l-buten-l-yloxy group,
Z-buten-2-yloxy group, l-penten-l-yloxy group, Z-penten-Z-yloxy
group, 2Z-penten-3-vlioxy group, cvclopenten-l-vlioxy group,

I5 l-hexen-1-vyloxy group, Z-hexen-Z-yloxy group, 2Z-hexen-3-yloxy
group, 3-hexen~3-vloxy group, cyclchexen-l-yloxy group, and
others; and octhers.

[ 00371
The example of the aralkyloxy group includes benzyloxy group,

20 diphenylmethyloxy group, trityloxy group, l-naphthylmethyloxy
group, Z-naphthylmethyloxy group, l-antracenylmethyloxy group,
Z-antracenylmethylioxy group, and S-antracenylmethyloxy group; the
example of the arvioxy grdup includes phenvloxy group,
l-naphthyloxy group, Z-naphthvloxy group, l-antracenyloxy group,

23 2—antracenyloxy group, and S~antracenyloxy group; and the example
of the Silyloxy group wherein hydrocarbon group binds to silicon
atom includes trimethylsilyloxy group, triethylsilvloxy group,
triisopropylsilvloxy group, triphenylsilvloxy group, and
tert-butyldiphenylsilyloxy group.

30 10038)]

10



" 10 C6-18 arylthio group. RI can be substituted with one or more substituents. Such substituent
includes halogen atom, alkoxy group, alkylamino group, dialkylamino group, alkylthio group, and
heterocyclic ring. [0035] 15The alkyloxy group may include cycloalkyloxy group, and the alkylene unit

of the alkyloxy-groyp-can he substituied with sl Hne0-1%:1 RE ke mE0)R1 U-athens, andshe -NH-

can be protected with a protecting group. The examples of such alkyloxy group are specifically
methoxygroup, ethioky-group; Lypgrepyloxy grou, 20:isopropytexy:group;] oyclopropyleergiotp,
1-butyloxy group, isobutyloxy group, sec-butyloxy group, tert-butyloxy group, cyclobutyloxy group,
1-pentylo%y @F&Jﬁ%ﬁeﬁ@?&yﬁ%ﬁp, 3 pentyioxy g“r%t(??igapeﬁéfo §J@r"o&br, radpeEhtyloRy Group,

cyclopentyloxygroup, 1-nexylexy group, 2;nexylgxy. groun, @&%—fﬁ%@gy gFRUPGYEIRhexylexy group,
and others. [0036] The alkenyloxy group may include cycloalkenyloxy group, and the alkylene unit of

the falkenyloxyrgroup £ahbexsubstituted withsNH:( <0, mS+ = 8(-0)+] »S(@)2-ugr, otheny, landi the -NH-
can be 30 protected with a protecting group.) The examples of such alkenyloxy group are alkenyloxy

group inAWHIEH the oRYGEN afdh Bihds o the sh3UArbEN Atdth b? t 8ikenyl group, such as allyloxy

group, 2=methylJ-propen;3zyloxy. group, 2-butenslyloxy groun, 1-methyl:2-buten-yloxy group,
2-methy1-2-buten-1-yloxy group, 5 3-methyl-2-buten-I-yloxy group, 2-penten-I-yloxy group,

1-methyd=2-pententbyloxy group; 2-methyi-2-penten:isdoxyrgroup, 3smethiyl:2pemten:-byloxy group,
4-methy1-2-penten-1-yloxy group, cyclopenten-3-yloxy group, 2-hexen-l-yloxy group,
Cydohe%&?@gﬂOﬁfﬁﬁﬁﬁﬁéﬂ@%ﬁﬁagFou?' Z-pentylamine group, 3~pentyliamino

10 group, iscpentylamino group, necpentylamino group,
cyclopentylamine group, l-hexylamino group, Z2-hexylamino group,
3-hexylamino group, cyclohexylamino group, piperidin-4-ylamino
group and the N-protected compcounds thereof {(for example,

N- (benzyloxycarbonyl) -piperidin-4-ylamino group,

15 N-{tert-butoxycarbonvl)-piperidin-4-vylamino group, and others}),

and cothers.
[ 0039]

The mecno-alkenvlamince group may include
mono-cycloalkenylamino group, and the alkylene unit of the

20 mono-aikenylamino group can be substituted with ~-WH~, ~0-~, ~5—,
=S {(=Q)~, -3(=C),~ or others, and the -NH- can bhe protected with a
protecting group. The examples of the monco-alkenylaminoe group are
mono-alkenyl amince group 1n which the nitrogen atom binds to the
sp3 carbon atom of the alkenyl group such as allylamino group,

25  Z-methyl-l-preopen-3-ylamino group, Z-buten-Il-ylamino group,
l-methyl-Z-buten-l-ylamino group, 2Z2-methyl-Z-buten-l-ylamino
group, 3-methyl-Z-buten-l-ylaminc group, Z-penten~l-ylamino
group, l-methyl-Z-penten-l-ylamino group,
2-methyl-Z-penten-l-ylamine group, 3-methyl-Z-penten-l-ylamino

30 group, 4-methyl-Z-penten-l-vlamino group, cyvclopenten-3-vylamino

H



10 alkenyloxy group in which the oxygen atom binds to the sp2 carbon atom of the alkenyl group, such
as vinyloxy group (ethenyloxy group), 1-propen-I-yloxy group, 1-buten-l-yloxy group, 2-buten-2-yloxy
group, 1-penten-l-yloxy group, 2-penten-2-yloxy group, 2-penten-3-yloxy group, cyclopenten-I-yloxy
group, 1h-t-hexen-hyloxyrgroup: 2-hexen-2-wWoxy grup, 2hexen-3ylopmgreypg3-hexenz3ryloxy
group, cyclohexen-l-yloxy group, and others; and others. [0037] The example of the aralkyloxy group
includes bésziAaxyigroups 20diphemimetiioxyrgfoup: trityloxyigronp t teaphtiaiimetiyios group,
2-naphthylmethyloxy group, 1-antracenylmethylo roup, 2-antracenylmethyloxy group, and
5-antracte%nyﬁr?"l‘lgthsil?oxﬁj 8?0%%?’ the %%%%)Iet%F th%%ryf&é g%ﬁﬁ inditides Sﬁeﬁ)ﬁgyﬁ% érbg y, O
1-naphthylexy, graup, 2-paphthyloxy,greup, L-antracenyloxy.group, 25 2tapiragenyloxy group, and
5-antracenyloxy group; and the example of the silyloxy group wherein hydrocarbon group binds to
silidon atomuibeludés rimethyisilyloxyrodp reethydsilytoxy arome, thisopropylsilyloxy group,
triphenylsllyloxy group, and tert-butyldiphenylsilyloxy group. 30[0038] The mono-alkylamino group
may inc —o%er?igﬁ&?: E%]aﬁpy?é}’ﬁin%%/r D, %Té) %ﬁ%i}ﬂ%ﬁ Uit dfthe hdho-alkylamino group can be
substituted-with sNHz,+01,-9r  29(709)-5 29(70) 2-10r:thers. and the :NH- canbe protected with a
protecting group. The example of 5 such mono-alkylamino group includes methylamino group,
ethylaminggrotip;- 2-propylanting group, isoprepyaming group; cycloprapylamino group, 1-butylamino
group, isobutylamino group, sec-butylamino group, tert-putylamino group, cyclobutylamino group,
1-pentylanifié Gioup, 2t pentyfarine groupy S-pertyifino 10 Yoty B6p&Rtyl4HiNa grotps -
negpentylamino,greup, cyclopentylamino group, 1-hexylamino group, 2-hexylamino group,
3-hexylamino group, cyclohexylamino group, piperidin-4-ylamino group and the N-protected
compounds 4éreof (for example, N-(benzyloxycarbony1)-piperidin-4-ylamino group, 15
N-(tert-butoxycarbony1)-piperidin-4-ylamino group, and others), and others. £0039] The
mono-alkenylaming §fotip-may indifide HidHY-GycioaikdAiamin G §rotip, ahd tHeatkylene unit of the

benzylaminoe group, diphenylmethylamine group, tritylamino group,

I1-naphthylmethylaminc group, Z-naphthylmethylamine group,

5 l-antracenylmethylamino group, Z-antracenylmethylaminoe group,
b-antracenylmethylamine group; and the example of the
mono-arylamine group includes phenylamino group, l-naphthylamino
group, zZ-naphthylaminoe group, l-antracenvlamino group,
Z2—antracenylamino group, and S-antracenylamino group.

20 [ 0G41)

The disubstituted aminc group can be dialkylamino group,
dialkenylamino group, diaralkylamino group, diarylamino group, and
others. The example of the disubstituted amino group includes a
group having twe substituents, wherein the example of the

25 substituents includes such & group which 1s listed as the

. subkstituents for the above mono-substituted amine group {éuch as
mono-alkylamino group, mono-alkenvlamino group, monc-aralkylamino
group, and mono-arylamino group), and two of the substituents may
be the same or different.

30 10042]
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20 mono-alkenylamino group can be substituted with -NH-, -0-, -S-, -S(=0)-, -S(=0)2- or others, and
the -NH- can be protected with a protecting group. The examples of the mono-alkenylamino group are
mono-alkenyl amino group in which the nitrogen atom binds to the sp3 carbon atom of the alkenyl
group such as-allylamino graup 2% 2omethyll-roper-3-ylamino groum i2-byten:bylamino:greup,
1-methyl-2-buten-I-ylamino group, 2-methyl-2-buten-I-ylamino group, 3-methyl-2-buten-l-ylamino
group, 2-péntentlsylamino groube lamethyl-2isententrylaminbgroup s 2-methglH2useritentlEtamino
group, 3-methyl-2-penten:-I-ylamino 3Q group, 4-methyl-2-penten-l-ylamino group, .
cyclopen?en’-S-fIaming {fj% p; 2- g%gﬁ-ﬁ-y?agm?ﬁ‘c? EFo%p,aé@%& éexen%.,-(flfé%}f}neo%%l} ES,Ca"n(?]dothers;
mono-alkenylamine group inwhich, the nitkogen atam binds,to the. sp2 carbgn atem akthe-alkenyl
group such as ethenylamino group, 1-propen-1-ylamino group, 1-buten-l-ylamino group, 5

2-bbitens 2 glayning groyp; dupentehhlcyiamino grouwy, 2-petenr2-ylamino grows, . 2-penten-3-ylamino
group, cyclopenten-l-ylamino group, 1-hexen-I-ylaming group, 2-hexen-2-ylamino group,
2-hexen-3amind grodp, @-ﬁ%&%n-ﬁ%ﬁ?ﬁﬁ& oup; &y |o%§£éﬁ?-1-yﬂa‘r%%3@%&?&,%%8%%5; 10 and
others. [0040]. - , Theexample;of the mono-aralkylamino group includes, benzylaming.group, _
diphenylmethylamino group, tritylamino group, 1-naphthylmethylamino group, 2-naphthylmethylamino
group, ¥5/t-antracenylmethylamimo gloups 2tantracenyhmethylanine group, S:antrgeenymethylamino
group; and the example of the mono-arylamino group includes phenylamino group, 1-naphthyla no

group, 22RBFRthYIAMIAG gFoH Pr-ant SEEVIAiInG Grotip O 2 FantrateR§RAMING group! ande
5-aptracenylaming group,/Q[Q0A1] Eh%g%yé%tﬂ%mm@,9@%@@@%@@'@%@0 group,

dialkenylamino group, diaralkylamino group, diarylamino group, and others. The examf)lé of the

disubstitutéd amind grouprinciudes acgroup-having twe sohbstituents, wherein thergxarhplgdicthe 25
substituents includes such a group which is listed as the substituents for the above mono-substituted
amino group'tsuch as mono-alkylamino group, mono-alkenylamino group,mono-aralkylamino group,
and mo %-@M?mino group), and two of the substituents may be the same or different. 30[0042]
The alkylthio group may include cycloalkylthio group, and the alkylene unit of the alkylthio group can
be substitutedrivitha=Ntn 50-4 ES o S(=0Q)z, rS(70)2< on dthers-and. the=:NH < edm berprotectedwvith a
protecting group. The example of the alkyithio group includes

15 the alkylene unit of the alkenylthio group can be substituted with
-NH-, =-0-, -8-, =S5{=0}-, -3(=0C);- or others, and the -NH- can be
protected with a protecting group. The example of the alkenyithio
group includes alkenylthic group in which the oxygen atom binds
to the sp’ carbon atom of the alkenyl group, such as allylthio group,

20 Z-methyl-l-propen-3-yithio group, 2Z2-buten-l-ylithio groug,
l-methyl-Z-buten~1-ylthic group, Z2-methyl-Z-buten-~l-ylthic
group, 3-methyl-2-buten-l-ylthio group, Z-penten-il-vlthio group,
l-methyl-Z-penten-1-ylthic group, Z2-methyl-Z-penten-l-vithio
group, 2-methyl-Z-penten-l-vylthic group,

25  d4d-methyl-2-penten-l-ylthic group, cyclopenten-3-ylthio group,
Z-hexen—li-ylthio group, cyclohexen-3-ylthio group, and others;
alkenylthio group in which the oxygen atom binds to the spzcarbon
of the alkenyl group, such as ethenylthio group, l-propen-l-ylthio
group, l-buten-l-ylthioc group, Z-buten-Z-vlithic group,

30 i-penten~-l-ylthio group, Z-penten-Z2-yithio group,
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5 methylthio group, ethylthio group, 1-propylthio group, isopropylthio group, cyclopropylthio group,
1-butylthio group, isobutylthio group, sec-butylthio group, tert-butylthio group, cyclobutylthio group,
1-pentylthio group, 2-pentylthio group, 3-pentylthio group, isopentylthio group, neopentylthio group, 10
cyclopeptylthio-group,- 1-hexylthig.grapp, 2-hexyithia geaup,-3,hexyithio;graup, cyclohexylthio group,
and piperidiny1-4-thio group. [0043] The alkenylthio group may include cycloalkenylthio group, and 15
the alkyleriecgrsitoflthe lalkenylthio group chf e substituted withe K-, -B=h8xe18(-0)y - §(=.0)2- or
others, and the - I—_|j-ncan be protected with a %rotecting group. T_Ple_ eigmgle of the alkenr}/lthio group
includeggfﬁ%ﬁy’/lthlo g?cé)ﬁ%1 in‘which the o {/83 Atom binds to the's caﬂ)o% atony 6f thaéLéjikenyI group,
such as.allykthio.greyp, 20 2=-msthyl-I-propen-3-yithio group, 2-buten-I-ylthio group,
1-methyl-2-buten-I-ylthio group, 2-methyl-2-buten-I-ylthio group, 3-methyl-2-buten-I-ylthio group,
2-pentendthio group, 1-methyl-2-penten-l-ylthio group, 2-methyl-2-penten-I-ylthio group,
3-methyl-2-penten-I-ylthio group, 25 4-methyl-2-penten-I-ylthio group, cyclopenten-3-ylthio group,

> hexen--yhio GroUB. B oRexeR- )it BIoup, Afd Bikere) A6 Bidki IhWHEH e oxygen

atom bi@@%%@?ﬁﬁ@t bon of tB%&Hﬁ?,nYJ;QiQ%%% %ﬁ%ﬁbﬁDYﬂh@a$HHHyliH£QB§H'~kME%iO group,
1-buten-1-ylthio group, 2-buten-2-ylthio group, 30 1-penten-1-ylthio group, 2-penten-2-ylthio group,
2-penteg:3:yithiogroap ¢ycidpenten-l-yithio groupy 1-Aexen:kylto giowd, 2rhéxens 2ayithig group,
2-hexen-3-ylthio group, 3-hexen-3-ylthio group, cyclohexen-l-ylthio group, and others; and others.

5[0044]° ~*Thb ExalinplE Of e &Ptk ithic’ GFoup-inErides Bengytio Group, dipfeiimetithio group,
trityjthio groun,. Lipaphthyimettylthio, group..2-naphinyimethylibio greup,, 1-antracenylmethylthio group,

2-antracenylmethylthio group, 5-antracenylmethylthio group; and 10 the example of the érylthio group
includes! phemylthio,grdup; lenaphthylthie group; 2inaphthyltitio group, drantracenylthio. geoup,
2-antracenylthio group, and 5-antracenylthio group. [0045] The above R1 is preferably an organic
group forfiig’ ang)eé?é}thaﬁﬁﬁé’ te<hridiy HtaIky %S grodp: HIRERASKY GrotipHrithéthers) or an
organic[gé%%%forming an amide bond (especially mono-cycloalkylamino group and others). R2 is more
preferably benzyloxy group, allyloxy group, or N-(benzyloxycarbony1l)-piperidin-4-ylamino group. R is
further The above R' is preferably an organic group forming an ester

15 bond (especially aralkvyloxy group, alkenvloxy group and others)
or an organic group forming an amide bond {especially
monc-cycloalkylamino group and others). Rl is more preferably
benzyloxy group, alliyloxy group, or
N~ ({benzvloxycarbonyl)-plperidin-4~vylamine group. Rl is further

20 more preferably benzyloxy group. The preferable example of R’
includes a group comprising cyclic structure among the above listed
groups, for example, cycloalkyloxy group, cycloalkenvloxy group,
aralkyloxy group, aryloxy group, mono-cycloalkylamino group,
mono-cycloalkenylamine group, monc-aralkylamino group,

25 mono-arylamino group, and a group (group A) in which the
monosubstituted aminoe group listed here is pbound further by alkyl
group, alkenvl group, aralkyl group, or arvl group, wherein the
group A includes dicycleoalkylamine group, dicycloalkenylamino
group, diaralkylamino group and diarylamino group. The preferable

1 . . . .
30 example of R alsec includes cycloalkylthio group, cyclcalkenylthio
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20 more preferably benzyloxy group. The preferable example of Ri includes a group comprising cyclic
structure among the above listed groups, for example, cycloalkyloxy group, cycloalkenyloxy group,
aralkyloxy group, aryloxy group, mono-cycloalkylamino group, mono-cycloalkenylamino group,

mono-aralkylaming-group: 25 more-aryaming group, apdugrouprdgroumAl in. whigh-the
monosubstituted amino group listed here is bound further by alkyl group, alkenyl group, aralkyl group,

or aryl groep awhéreinahie wroupoR includes! dicyefoalkglamino greupy, disycloalkempaminoidroup,

diaralkylamino grou diarylamino group, The preferable 3 mple or, Rl als includes
cycloall@ahﬁloygro%rgu rlloaﬂ«%X |o grou%k;}arréﬁll(ylrtjﬁlo"Jg‘;hroup?%%(/j’rJl |oeg1r151ulp, and others. More

preferahle group @@M@z@e&@dpg apg-having and greup-taspecially phenyl group) ingpart. In
addition, the alkylene unit included in the preferable groups can be substituted with -NH-, -0-, -S-, 5 -S

(=03-, -S(20y2+Jor othérs=@nhd-ther-NHhears begprotégted with-a proteeting yrogs: J0046]L t1h Fhe above
R2 represents hydrogen atom, C1,12 alkyl group, 02-12 alkenyl group, C7-21 aralkyl group, or C6-18
aryl grofip °TheE g%l% TI0’E4 be substituted with one or more substituents. As the substituents,
similar orsae kind of substituents listed for R1 can also be provided as examples. f 0047] The
example of the alkyl group (mcludmg cycloalkyl group) 15 of R2 includes specifically methyl group,

ethyl group, 1rpropsibgroup: isopropyt group, cycloprepy group, Bltyl:geodp; isabutylgrolp,:sec-butyl
group, tert-butyl group, cyclobutyl grou pentyl group, 2-pentyl group, 3-pentyl roup isopentyl group,
neopenfin‘ LR c%fb%%htf;l ‘gtoup; ‘?1%%% group- 2 ’h@)&lgﬁdﬁp? 3ihexdf 205group! and cYcihexyl

greyp. [0048],. fhe.exampleoffhe alkenyl groupincluding cyeloalkeny! group).af R2 includes
alkenyl group having an atomic bonding on the sp3 carbon atom at 1-position such as allyl group,

2-methydud-properyt 25 ,greup,.2-butenyl groep <t-methyl-2-bluteniyt groups 2-methyyd-2£buteRyl group,
3-methyl-2- butenyl %roup 2- pegéeélyés evamples
can also be provi o
[ 0047]
The example of the alkyl group {(including cycloalkyl group)
15  of R® includes specifically methyl group, ethyl group, l-propyl
group, lsopropvl group, cyvclepropyl group, butyl group, ischutyl
group, sec—butyl group, tert-butyl group, cyclobutyl group, pentyl
group, Z-pentyl group, 3-pentyl group, isopentyl group, neopentyl
group, cyclopentyl group, hexvl group, Z2-hexyl group, 3-hexyl
20 group, and cyclohexyl group.
[ 0G48]

The example of the alkenyl group (inciuding cycloalkenyl group)
of R* includes alkenvyl group having an atomic bonding on the sp3
carbon atom at l-position such as allyl group, 2-methyl-Z-propenyl

25 group, 2Z-butenyl group, l-methyl-Z-butenyl group,
2-methyl-Z-butenyl group, I-methyl-2-butenyl group, Z-pentenyl
group, l-methyl-Z-pentenyl group, Z-methyl-Z-pentenyl group,
3-methyl-Z-pentenyl group, 4-methyl-Z-pentenyl group,
2-cyclopentenyl group, Z2-hexenyl group, Z-cyclohexenyl group, and

30 others; and alkenyl group having an atomic bonding on the sp” carbon
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group, 1-methyl-2-pentenyl group, 2-methyl-2-pentenyl group, 3-methy1-2-penteny1 group,
4-methyl-2-pentenyl group, 2-cyclopentenyl group, 2-hexenyl group, 2-cyclohexenyl group, and 30
others; and alkenyl group having an atomic bonding on the sp2 carbon atom at 1-position such as
ethenyl greup, sl-propenyt group, dduteny greupni-ethyk-d-gthenylgreupnl-pegtenybgroup,
1-propyl-1-ethenyl group, 1-ethyl-1-propenyl group, 1-cyclopentenyl group, 1-hexenyl group,
1-buty1it=bthenyl group? B:1-propy - propenii group, A-ethyl-I-Buteayi'grotp, t-eyeidhexenyl group,
and others. [0049] The example of the aralkyl group of R2 includes benzyl group, diphenylmethyl
group, trity? gf‘)(zijlﬁmlf-‘lﬁg[%hht%9&nfetﬁﬁlogur%Up,1 I&g@gﬁ]gp_ ﬁﬁﬁﬁ”l%%‘?ﬁ 5?0[?&01}3-%{?‘1tracenylmethyl group,
2-antragenylmethyl group, b-gntracenyimethyd group:-and-the example-of the eyl group OfR2 includes
phenyl group, 1-naphthyl group, 2-naphthyl group, 1-antracenyl group, 2-antracenyl group, and
5-ahtracdenyt group; aridothersy 15R2d4s preferati hydrogentatom: [ 9050P, The above R3
represents hydrogen atom, 01 12 alkyl group, C2-12 alkenyl group, 07-21 aralkyl group, C6-18 aryl
group, hydr ﬁ}ﬁgb%?%ﬁl-lﬁgﬁ&%’xy%f up. 0212 ‘alkenyloxy group, 02_21 aralkyloxy group, 20 or
C6-18 aryloxy,group. The groups can be substituted with one or more substituents. As the
substituents, similar or same kind of substituents listed for Rl can also be provided as examples. [
0051] The spé&tificeexanples of théalkyt gidup.(includingedydidalkyt Ludes benzyl group,

diphenyimethyl group, trityl group, L-naphthylmethyl group,

10 Z-naphthylmethyl group, l-antracenylmethyl group,
2—antracenylmethyl group, bS-antracenyimethyl group; and the
example of the aryl group of R? includes phenyl arcup, l-naphthyl
group, 2Z-naphthyl group, l-antracenyl group, Z-antracenyl group,
and 5-antracenyl group, and others.

15 R? is preferably hydrogen atom.

[ 0050]

The above R’ represents hydrogen atom, Ci-:12 alkyi grocup, Cioi»
alkenyl group, Cr.z1 aralkyl group, Csais aryl group, hydroxy group,
Ci-12 alkyloxy group, Cioi1z alkenyloxy group, Cr-p; aralkyloxy group,

20 or Cs1g arvylioxy group. The groups can be substituted with one or
more substituents. As the substituents, similar or same kind of
substituents listed for R' can also be provided as examples.

[ 0051]

The specific examples of the alkyl group {(including cycloalkyl

25 group), The. alkenvl group (including cycleoalkenyl group), the
aralkyl group, and the aryl group of R’ are similar as or same as
those listed for R®. The alkyloxy group of R3 may include
cycloalkyloxy group, and the alkylene unit of the alkyloxy group
can be substituted with -NH-, -C-, =8~, -S(=0}~, =8{(=0),~, or the

30 others, and the -NH- can be protected with a protecting group. The
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25 group), the alkenyl grdup (including cycloalkenyi group), the aralkyl group, and the aryl group of R3
are similar as or same as those listed for R2. The alkyloxy group of R3 may include cycloalkyloxy
group, and the alkylene unit of the alkyloxy group can be substituted with -NH-, -0-, -3-, -S(-0)-,

-S(=0)2 pr dhe, 30:08hets, andthe-NH= gan-he protected with & protesting group, The, alkenyloxy
group of R3 may include cycloalkenyloxy group, and the alkylene unit of the alkenyloxy group can be
substituteldwith 2R} 10- e 54 bS(D) ke (=E0)2y, 6irthierother, BifidsthesNH-Wantbe brotedi8d with a

protecting group, The specific examples of the 5 alkyloxy group, the alkenyloxy group, the aralkyloxy
group, ar?%j the a?rylbxy%gr‘eoéé of RL;g ag’egs}lr?\ilar as ogé%m%egég t'ﬁ'os%rh%tlétci1 é)r [0052]° " e above

R3 is prgtesablyalkylaxy-groups alkenyloxy graup.uid amikylenearoup-or-arioxy SLoue; make
preferably aralkyloxy group, and especially preferably benzyloxy group. 0053]  The above n

repbesentskan irtegermiumber-dfel, 2Lée3 vdikH ig praferably 2. E3[0054]L o= Thestelic confiyuration of
R3 can be either F or R., and the E_jsomer and the Z isomer can be mixg;jl in an arbitrary#'atio. [ 0055]

-[0061] ~¢ The abiovedmine dérivative'(T) s Preférably a“compotind (40) 20 Wherdir Rl Ts’

S 6enzyloxy
group, R2 is hydrogen atom, R2 is benzyloxy group, and n is 2, and more preferably (S) -5-

(benzyloxyimino) -piperidine-2-carboxilic acid henzyl ester represented by the following formula (4): rn
[ 0052]

The above R” is preferably alkyloxy group, alkenvlioxy group,
10 aralkyloxy group or aryloxy group, moere preferably aralkyloxy
group, and especially preferably benzvloxy group.
[ 0053]
The above n represents an integer number of 1, 2 or 3, and n
is preferably 2.
15 [ 0054]
The steric configuration of R® can be either I or Z, and the
E isomer and the Z isomer can be mixed in an arbitrary ratic.
[ 00655} ~[ 0061]
The above imine derivative (1) is preferably a compound (40)
20 wherein R' is benzyloxy group, R® is hydrogen atom, R’ is benzyloxy
group, and n is 2, and more preferably
(3) -5—-{benzyloxyimino) -piperidine-Z-carboxilic acid benzyl estar

represented by the following formula (4):

e
5
N N
H

1

25 wherein R' is benzyloxy group, R’ is hvdrogen atom, R™ is benzyloxy

Znn (O

BnO
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BnO,(4) H 0 25 wherein R1 is benzyloxy group, R2 is hydrogen atom, R3 is benzyloxy group, nis 2,
and the carbon atom to which the group RICO is connected is in the S configuration. Other preferable
example of the above imine derivative (1) is a compound (60) in which Rl is a group represented by
the following: formula (8): - ~2Wherein R reprasents-a.pretacting-aroup: for the aming ghaup;R2 is
hydrogen atom; R3 is benzyloxy group; n is 2; and more preferable example is a
(S)-5-(benzyloxihming)piperiding-2-carboxyfid-heid derivative vepresentadl by tie folfowingfermula (6):
OBn (6).0 10 wherein R1 js a group represented by the above formula (8), R2 is h droge_n atom, R3 is
benzyloxy gFup: T is 2 ahtthé carbdh ﬁtocﬁf?rfbt)%‘%lllﬁt% tha'grodf RICT 18 donnectéd i mthe S

configuraligie sented by the following formula (8} :

e
~
N ®
5
wherein P represents a protecting group for the amino group; R® is
hydrogen atom; R® is benzyloxy group; n is Z; and more preferable
exampla 1s a (8)-5-{benzvloxyinino)-piperidine~2Z-carboxylic acid
derivative represented by the following formula {6&):
OBn
=N
A .
w\\\*“‘ N (6)
Ch
P’/N O
10

wherein R* is a group represented by the above formula (8), R® is
hydrogen atom, R® is benzyloxy group, n is 27, and the carbon atom
to which the group R'CO is connected is in the S configuration.

The protecting group in the present invention 1s not

15 particularly restricted as long as the protecting group can protect
aminc group, and the example of the protecting group includes the
protecting group listed in pp.4%4-653 of Protective Groups in
Organic Chemistry by Thecdora W. Greene, Peter G. M. Wuts (the 3xd
edition, JOHN WILEY & SONS, INC). The protecting group is

20 preferably a carbamate type protecting group such as

methoxycarbonyl group, ethoxycarbonyl group, ilsopropoxycarbonyl
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The protecting group in the present invention is not 15 particularly restricted as long as the protecting
group can protect amino group, and the example of the protecting group includes the protecting group
listed in pp.494-653 of Protective Groups in Organic Chemistry by Theodora W. Greene, Peter G. M.

Nuts (thg3rdedition: JOHN WIEY-&SQNS; ING),, The protecting.aneup ja 20 pseferably a carbamate
type protecting group such as methoxycarbonyl group, ethoxycarbonyl group, isopropoxycarbonyl
group, terrbutcxycarsoriyb group;: altexybarbonykgroupn benzyloxycartbonyEgroup; ptieaoxycarbonyl
group, and others; an acyl type protecting group such as folmyl group, acetyl group, trichloroacetyl
aroup. (AGSTORGEM T GioURS BRSOV GTaU. 5 pntraBenzogt Grtp, And oltters: 8F6anzyl group, more

preferably an,carbamate type retgeting greup, sweh as mathgxysasbonyd greup, ethexycarbonyl group,
isopropoxycarbonyl group, tert-butoxycarbonyl group, allyloxycarbonyl group, benzyloxycarbonyl group

and® phenoxycarboaylzgroupard vthersdand k) especidily preferabiy e carlbarmate ¢ype piotecting
group such as benzyloxycarbonyl group. [ 0062 The production process for the above imine

derivativd'céfi folfgi e hrotess destribed in hé PatERf Dotimbnt 1 for ekanmplé - THe 18 entire
contents, f,the. Ratept bocument 1 (WQ2Q09/090320) afe incorporated by reference herein. [0063]

Next, the amine derivative as the resultant compound is explained. 20[0064]-[ 0069] The cyclic
amine compotindiobtainedibythé presem inventionds yepresented eithariby the following formula (2):
R3 benzyloxycarbonyl group and phenoxycarbonyl group and others, and
10 especially preferably a carbamate type protecting group such as
benzyloxycarbenyl group.
[ 0062]
The productiocn process for the above imine derivative can follow
the process described in the Patent Document 1, for example. The
15 entire contents of the Patent Document 1 (WO2000/050320) are
incorporated by reference herein.
f0663]
Next, the amine derivative as the resultant compound 1is
explained.
20 [ 0064 - 0069l
The cyclic amine compound obtained by the present invention

is zrepresented either by the following formula (Z2):

R @

or by the following formula (3):
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or by the following formula (3): wherein Ri, R2 and R3 are the same as the above. Depending on the
combination of the adopted substituent and the reducing agent, Rl, R2 or R3 may be reduced, and the
present invention also includes 5 such compound (reduced compound). For example, in case either
Ri, R2 or R3 has alkenyl group and the reducing agent adopted to be used is borane, the alkenyl
group may be hydroboratgd. In case the reducing agent adopted to be used is borohydride compound,
the alkenyl group may be feduced. 10[0070] The amino group obtained by the reduction of the
imino group in a Compoug #{1) and the carbonyl group on the ring become in the trans configuration. [
0071] -[ 0078] 15T re—akjove cyclic amine compound is preferably a compound (50) wherein R1 is
benzyloxggroup, R
(28,5R)-5-(b&itZyloxyg
formula (5): § |

wherein R*, R® and R’ are the same as the above. Depending on the
combination of the adopted substituent and the reducing agent, R',
2% or RY may be reduced, and the present invention also includes

5 such compound (reduced compound) . For example, in case either RY,
rR? or R® has alkenvl group and the reducing agent adopted to be used
is borane, the alkenyl group may be hydroborated. In case the
reducing agent adopted to be used is borohvydride compound, the
alkenyl grcocup may be reduced,.

10 [ CC703

The amino group obtained by the reduction of the imino group

in a compound (1) and the carbonyl group on the ring become in the
trans configuration.
[ 0C71} ~[ 0078]

i35 The above cyclic amine comgpound is preferably a compound {50)
wherein R' is benzyloxy group, R is hydrogen atom, R” is benzyloxy
group, and n is 2; more preferably
(25, 5R) -5~ (benzyloxyamino) -piperidine-Z~carboxylic acid benzyl

ester represented by the following formula (5):

?Bn
NH

BnO (5

\”\\“\\“

Iz

20
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0Bn NH (5) 20 0 wherein R2 is benzyloxy group, R2 is hydrogen atom, R3 is benzyloxy group, nis 2,
and the carbon atom to which the group RiCO is connected is in the S configuration. Other preferable
example of the above cyclic amine compound is a compound (90) whereinRlis dibenzylamino 5 group,

R2 is hygdregen atom, R31s henaylaxy group andnis 2 paorequaferable, exampledsnz yloxy
(2S,5R)-5-(benzyloxyamino)-piper dine-2-carboxylic acid dibenzylamide represented by the following
formula g9y Ure0fwheréindR2 s BiveAzyiaminoGrouprR2GE iyt cen atdi, R3 sscsarzylioxygroup, n
is 2, and the carbjl n gtom t WhICh ;Che %rou%R COisc d@nect |s in the ? conﬁrgugatror%j Other

preferaﬁ]e example of the above cyclic aminé compéZD I8 compound.(70) in "whith RP RS group

representediby-the followingfermula 8 compound (90) wherein R' is dibenzylamino
5 group, R? is hydrogen atom, R° is benzyloxy group and n is 2, more
preferable example is
{25, 5R})-5-(benzyloxyamino)-piperidine-2-carboxylic acid

dibenzylamide represented by the following formula (9):

OBn

10 wherein R’ is dibenzylamino group, R is hydrogen atom, R® is
benzyloxy group, n 1s 2, and the carbon atom to which the group
R'CO is connected is in the § configuration. Other preferable

example of the zbove cyclic amine compound is a compound (70) in

which R' is a group represented by the following formula (8):

S

N (8)

wherein P represents a protecting group for the amino group:; R® is
hydrogen atom; R is benzyloxy group; andn is 2; and more preferable
example is a (Z5,5R)-5-(benzyloxyamino)-piperidine-Z-carbocylic

acid derivative represented by the following formula ({7):
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(8) N I 5 wherein P represents a protecting group for the amino group; R2 is hydrogen atom; R3 is
benzyloxy group; and n is 2; and more preferable example is a
(2S,5R)-5-(benzyloxyamino)-piperidine-2-carbocylic acid derivative represented by the following
formula (7): ?en NH (7) wherein Rr is a group represented by the above formula (8), and P is the
same as the above; R2 is hydrogen atom; 348 isbenzyloxy group; n is 2; and the carbon atom to which
the group RICO is connected 5 is in the S gonfiguration. These preferable cyclic amine compounds are
obtained from the correspondin [ rivative of the above: for example, the cyclic amine
compound represented By the formula {5) is obtained from the imine derivative represented.by the
formula (4), a C 1At Q ound rgpresented by the formula (7) 10 is obtained from the
imine derivatiye reprg¢sented by theqformula (6). 10079]  The above amine derivative is obtained by
reacting apn/im' e defivatived1) with a reducing agent in the presence of a sulfonic

wherein R' is a group represented by the above formuia (8), and P
is the same as the above; R? is hydrogen atom; R® is benzvloxy group;
n is 2; and the carbon atom to which the group R'CO is connected
5 isin the S configuration. These preferable cyclic amine compounds
are obtained from the corresponding imine derivative of the above:
for example, the cyclic amine compound represented by the formula
{5) is obtained from the imine derivative represented by the formula
{4}, and the cycllc amine compound represented by the formula (7)
10 is cobtairned from the imine derivative represented by the formula
{(6).
10679
The above amine derivative is obtained by reacting an imine
derivative (1) with a reducing agent in the presence of a sulfonic
i3 acid. In this reaction, a solvent {(a reaction solvent) can be used
cptionally. By performing the reacticn in the presence of a
sulfonic acid, it becomes possible to reduce an imine derivative
(1) diastereo-selectively. Hereinafter the sulfonic acid used in
the present reaction is explained in more details.
20 [ 0080]

The example of the sulfonic acid used in the reaction includes
specifically sulfuric acid, alkanegulfonic acid {such as
methanesulfonic acid, trifluoromethanesulfonic acid,
ethanesulfonic acid, n-~propanesulfonic acid, n-butansesulfonic

25 acid, n-pentanesulfonic acld, n~hexanesulfonic acid,
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15 acid. In this reaction, a solvent (a reaction solvent) can be used optionally. By performing the
reaction in the presence of a sulfonic acid, it becomes possible to reduce an imine derivative (1)
diastereo-selectively. Hereinafter the sulfonic acid used in the present reaction is explained in more

details. 20,0080 nThe example,efithe sulfonic-acid yised in theteactipn includes specifically sulfuric
acid, alkanesulfonic acid (such as methanesulfonic acid, trifluoromethanesulfonic acid, ethanesulfonic
acid, n-propahesulforic acidy hbutanesidfonic 25 adid, nypemanesiifoniciadidi-nexanesulfonic acid,
isopropanesulfonic acid, and_others), cycloalkanesulfonic acid (such as cyclobutanesulfonic acid,

cycloperitanestifoic Acit cyeidpropnesulfohic £LdCand otrersy & Slfonic Seid in‘witich tle SO2

group iStQ%‘n%Ee%E%HE tertiary cadoon.(such as3 tef&'@’é%“@%@ﬁ&@ide adamantylsulfonic acid,
camphorsulfonic acid, and others) and aryisulfonic acid (such as benzenesulfonic acid,
p-taluenesulfohic taeid; paflicrobenzenesulfoniczacid, 2,4, 6Etrimetadliehz enesulfonic:adidnand others).
In case the listed sulfonjc acid contains an asymmetric carbon, the sulfonic 10 acid can be either an

enantioMer Br atadefdté “The Slfforit Acklib5rRirably StIftrid deid SalkaneSioRit 488 {Especially
methanesulfonicagid). arylsulfanic acid (espgcially prtgluenesuifonic acid) or;a sulfonjc acid in which

the SO2 group is connected to the tertiary carbon atom (especially 15 camphorsulfonic acid and
2,4,6-trilhethyibenzenesulfonic racid) e morie preferably sulfuriclacid hanyisulfonic acid especially
p-toluenesulfonic acid), or a sulfonic acid in which the SOZ%oup is connected to the tertiary carbon

atom (espediafy EAmpRBr<uIfbRicCh&a): BhtFespetidRyprafarably Sttiric eidBF 20tahBHG sulfonic
acig, In terms of digstereo-gelectiyity. of the: reduction reaction, camphorsulfonis acid.is espegially

preferred. The camphorsulfonic acid can be (+)-camphorsulfonic acid, (-)-camphorsulfonic acid, or
()-camphersufetiicracid.[0081]225The usdge ambkat:ebtheabove sulfonic(acid«elative to 1 mole of an

imine derivative (1) is preferably not less than 1 mole and not more than 50 mole, and more preferably
not Iessf?ﬁéﬁﬁqﬁéié]'}?ﬂilﬁ& MBrEthan? il iidtd. TFRe- Gsdge ambtiRP6Fthe suffonic acid

p-toluenesulfonic aclid), or a sulfonic acid in which the 50; group
is connected to the tertiary carbon atom (especially

i5 camphorsulfonic acid ana Z,4,6~trimethylbenzenesulfonic acid},
more preferably sulfuric acid, arvlsulfonic acid {(especially
p-teluenesulfonic acid), or a sulfonic acid in which the 50; group
is connected to the tertiary carbon atom (especially
camphorsulfonic acid), and especially preferably sulfuric acid or

20 camphorsulfonic acid. In terms of diastereo-selectivity of the
reduction reaction, camphorsulfeonic¢ acid is especially preferrad.
The camphorsulfonic acid can be (+)~camphorsulfonic acid,
(—)-—camphorsulfonic acid, or (&) -camphorsulfonic acid.

[ 0081]

25 The usage amount of the above sulfconic acid relative to 1 mole
of an imine derivative (1) is preferably not less than 1 mole and
not more than 50 mole, and more preferably nct less than 2 mole
and not more than 10 mole. The usages amount of the sulfonic acid
can be the amount at which the amcunt of the acidic proton of the

30 sulfonic acid relative to 1 mole of the imine derivative (1) is
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" can be the amount at which the amount of the acidic proton of the 30 sulfonic acid relative to 1 mole of
the imine derivative (1) is not less than 1 mole and not more than 50 mole, preferably not less than 2
mole and not more than 10 mole. [0082] The above sulfonic acid can be used directly (for example, 5

directly inthe, salid state or directly.intheiqyid state) . and specifically.candie added directly fo the
reaction vessel. The sulfonic acid can be used in the form of a solution of the sulfonic acid, and in this

case, thelsuifonicracie selutioncante:a sohutionldf the keaction solvent, or as a solution of a solvent
which is 10 different from the reaction solvent. The solvent to dilute the sulfonic acid includes the
similar érotﬂggame solvent listed as the reaction solvent described later. The reaction solvent and the

dilution solvent.cah.be the same or different; 2083} 15The example of the rgducing. agent.used for the

reaction includes aluminum hydride (such as lithium aluminum hydride, diisobutyl aluminum hydride,
bis@-methoxyethpxyhaluminum, isodivim tydride] andwothers) nbotohydiide (forsexample, atikéli metal
borohydride such as lithium borohydride, sodium borohydride, potassium 20 borohydride, and others;
calcium BaFatydrice, SBitfi cfandissroRydride; Sodilm Hridcetoxydronyefides fithfum "=
triethylborphydride, lithium. tri(sge-but)borohydride, potagsiur tri(sec hutyhborohydride, and others),

tributyltin hydride and borane. In terms of the chemical selectivity, the 25 reducing agent is preferably
borohydsided espedidlly alkali metal barohydrité)and berane; andtespecially preferably:horane. [0084]
The way to use the borane is not particularly restricted, and 30 the borane can be used either in the
SEHeOf@ESF&ﬁnEEQFBFOH solvent, or as a solution of a solvent which is

16 different from the reaction sclvent. The sclvent to dilute the
sulfonic acid includes the similar or the same solvent listed as
the reaction solvent described later. The reaction solvent and the
dilution solvent can be the same or different.

[ 0083]

15 The example of the reducing agent used for the reaction includes
aluminum hydride (such as lithium aluminum hydride, diisobutyl
aluminum hydride, bis(Z-methoxyethoxy) aluminum scdium hydride,
and others), borohydride (for example, alkall metal borohvdride
such as lithium borohydride, sodium borohydride, potassium

20  borohydride, and others; calcium borohydride, sodium
cyanoborohvdride, sodium triacetoxvborohyvdride, lithium
triethylborchydride, lithium tri (sec~butyl)borchydride,
potassium tri{sec~-butyl)borohydride, and othérs), tributyltin
hydride and borane. In terms of the chemical selectivity, the

25 reducing agent is preferably borohydride (espescially alkali metal

borohydride) and borane, and especially preferably borane.
[ 0084}

The way to use the borane is not particularly restricted, and

30 the borane can be used either in the state of gas, complex, or
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s_olutionf The borane includes specifically diborane, and borane complex (for example, borane-ether
complex such as borane-tetrahydrofuran complex; borane-dimethylsulfide complex; borane-pyridine
complex; borane-picoline complex; 5 borane-triethylamine complex, and others) for example. As

borane,horane prepargddnisite-gan alse besusediwhernein the borana-prepared in-site)ispreduced by
mixing the above borohydride (especially alkali metal borohydride) with one or more compound

selected: fromias aditicsuckrasthydrochlorieraeid: ydrobsromic agids salfuricsacid 10 and others; iodine;

and a Lewis acitjguch as tg_luo oborane, aluminum chloride, t:ltanig:%rjtn SIIV) iemr,acfhloride nd others.
The bo ?%5?)Iﬁgpar%}‘jriﬁ1 4it6 LN Added o thére8&hAN" gysdté%efi O the réaction véds iD)}%{fter
produced-ouside of the reactionsystem (in-othervessel)s or£anheireduced in the reaction system

(in 15 the reaction vessel). The preferable borane is borane complex, and especially borane-ether
complex suetnas botratd:tetrahydeofuran complex dandothers. {0085F amp 1 e Thehgsage amount of the
reducingﬁ?‘?ent (especially borane) 20 relative to 1 mole of an imine derivative gl can be not less than

1 mole ABEROTEAAR SO iolé Zahad Mot BraferabR ndt fess than s mole A ot Ridréthan 10
mole. (0086} The reaction solvent for the:reaction of the present.inyention 25 is natparticylarly

restricted, and hydrocarbon solvent, ether solvent, ester solvent, halogen solvent, nitrile solvent, and
other saiverd carmeg adeto3pecificallys the exampte of thewweactiomsalvent ineludespkntane, hexane,
heptane, cyclopentane, cyclohexane, cycloheptane, benzene, toluene, xylene, mesitylene, 30 diethyl

ether, dii€opropyl BtHet, Byclopentyi MéthyFefet < teRABUETITh BTN F ether te ity diofuran® 1 4-dioxane,
ethylene glycal dimethyl gther, methyl acetate, ethyl agetate, isopropyl.acefate, butyl acetate,

methylene dichloride, 1,2-dichloroethane, 1,1-dichloroethane, tetrachloroethane, acetonitrile, 5
benzonitrileforrexamplécThe seactionesolvent (S preferabty: benzenejdolaede pxylene, mesiylene,
diethyl ether, diisopropyl ether, cyclopentyl methyl ether, tert-butyl methyl ether, tetrahydrofuran,

1,4-dioXane2ethyierid gives! dimethiFethdh dndl acEitritiie, mttesiéferably BiEhaT cyfopentyl

mewwl%@ghreactiOﬂ,vessei) after produced ocutside of the reaction system
(in other wvessel}, or can be produced in the reaction system (in
15 the reaction vessel). The preferable borane 1s borans complex, and
especially borane-ether complex such as borane~tetrahydrofuran
complex, and others.
[ 0085)
The usage amount of the reducing agent (especially borane)
20 relative to 1 mole of an imine derivative (1) can be not less than
I mole and not more than 50 mole, and more preferably not less than
2 mole and not more than 10 mcle.
[ 0086]
The reaction solvent for the reaction of the present invention
25  is not particularly restricted, and hydrocarbon solvent, ether
solvent, ester solvent, halogen solvent, nitrile solvent, and other
solvent can be used. Specifically, The example of the reaction
solvent includes pentane, hexane, heptane, cyclopentane,
cyclehexane, cycloheptane, benzene, toluene, xylene, mesitylene,

30 diethvyl ether, diisopropyl ether, cyclopentyl methyl ether,
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10 tert-butyl methyl ether, tetrahydrofuran, 1,4-dioxane and acetonitrile, and further more preferably
toluene, cyclopentyl methyl ether, tert-butyl methyl ether, tetrahydrofuran and 1,4-dioxane. The solvent
may be used by itself, or plural solvents may be mixed to be used. 15[0087] Since the excess

amount:af selvent isinetqraterablefrom the viewppints ©f £ast,and postitreatment «thewsage amount
of the reaction solvent relative to 1 part by weight of an imine derivative (1) is preferably not more than
50 partsby weighit;-and more 20 preferabhiinot meetthan 2095ars: by Weighite[0088] P L OPlieé reaction

temperature for the present reaction is not paticularly festricted, and can e suitably set as long as the
reaction’ temperature is-hot lower than the fréezing point of the 25 rédction solvent, and is ndt higher

than the beiling peint of the, reactionsojvent.1As farthe lewerdinit, dhe reaction temperature is
preferably not lower than -78C, more preferably not lower than -50C, and especially preferably not

lower thamn-30CL As forthecupserdingif, 2he Toactionaemperatare issprefarablynsotshigherthan 30 100C,

more preferably not hiﬂher than 50C, and especgal grefe&abl)é noﬁThiggi}(]ar thar& 20C. [0089 1 The
adding OFder &' Rot partichmany radtrictéd aST6ng a8 More amountor & stiffdric Aeid 8xits Eompared

o

with the.addition amount.a of arreducingagent {especially horane) indhe Jjeactionesystem. For
example, a reducing agent (especially borane) can be added to a solution containing an imine
derivative {I)=ndia sdlfaric acid; &-siilforic acideand/a #educing agent {especiadllyetidrane} cdn be
added alternately to a solution containing an imine derivativeeél)' 10 and an imine derivative (1),

sulfonic?eid 8Rd aredbeiny Adet eSpedaiy boraney &an K SadEd Aitérhdléy 16 a SOIVERt: In terms
of {he diasterep:selectivity of the.reduction reaction.it is-preferable to add,areducing agent (especially

borane) to a solution containing an imine derivative (1) and a sulfonic acid, or to add 15 an imine
derivative: €l)candta ieducirgrdgentr(especialiy borane) ¢ alsbiutionlcantainingya sulfemc acid.
methyl ether, tert-butyl methyl ether, tetrahvdrofuran and
1,4~dioxane. The solvent may be used by itself, or plural solvents
may be mixed tce be used.
15 [ 0087]

Since the excess amount of sclvent is not preferable from the
viewpcintg of cost and post-treatment, the usage amcunt of the
reaction solvent relative to 1 part by weight of an imine derivative
(1)} is preferably not more than 50 parts by weight, and more

20 preferably not more than 20 parts by weight.
[ 0088]

The reaction temperature for the present reaction is not
particularly restricted, and can be suitably set as long as the
reaction temperature is not lower than the freezing point of the

25 reaction sclvent, and is not higher than the boiling peoint of the
reaction golvent. As for the lower limit, the reaction temperature
is preferably not lower than -78°C, more preferably not lower than
-50°C, and especially preferably not lower than -30°C. As for the
upper limit, the reaction temperature is preferably not higher than

30 100°C, more preferably not higher than 50°C, and especially
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[0090] As the post-treatment after the reaction, a general process can be performed to obtain or
isolate a product from a reaction 20 solution. Specifically, for example, an extraction process can be
performed by adding water and an organic solvent such as toluene, ethyl acetate, isopropyl acetate,

methyl tertlyutylether, hexane ang.othees tozthereaction solution. A desired substance can be
isolated by distilling organic solvents away from the extracted 25 solution, especially by heating the
extractéd’sbtdtion under reduced pressure. [0091] Thus obtained desired substance possesses

enough degre&@f g%igt%/ for th foIIowin&process.es, Engver, the d,esireg substance 30 can be further
i

wge ) ng order 15 I rotilcularlyw raestrigied as S mor
purlfled by a genera purlﬁcaﬁon metno § aLS a crystaﬁ?za%on, a fractional d?srﬁﬁa%l“(j)n 8n8 a column

chromatography.dm orderto-further dmprowe: pusty: {30921 dr the fellawing: the: purificatiopypethod is
explained 5 specifically, taking for example the case of producing a specific cyclic amine
corpound(callkedacompoand (50) lereinafte)lin which R is benZtioxy:groupiR2 is hydrogen atom,

R3is benz on}%/ roup, and n is 2, amon th cyclic amine. compound (2) or (3). The purification
method 16 B9 ERBTARecHakHU- (0 o rbler B 20 AL (e Cise P g = oo
(2S,5R)5{benayoxyamino)-piperiding-2:carhoxylic acid beazylesten (a compound (5)).J0993] At the
occasion of producing a compound (50), a cis isomer 15((2S,5S) derivative and (2R,5R) derivative) of
a sulfonic acid and a reducing agent ({(especially borane) can be
added alternately to a solution containing an imine derivative (1};

10 and an imine derivative (1), sulfonic acid and a reducing agsnt
{especially borane) can be added alternately to a solvent. In terms
of the diasterec-selectivity of the reducticn reaction, it is
preferable to add a reducing agent {especially borane) toa soluticn
containing an imine derivative (1) and a sulfonic acid, or to add

15 an imine derivative (1)} and a reducing agent (especially borane)
to a scolution containing a sulfonlc acid.

[ 0090]
As the post-treatment after the reaction, a general process
can be performed to cbtain or isolate a product from a reaction

20 solution. Specifically, for example, an extraction process can be
performed by adding water and an organic solvent such as toluene,
ethyl acetate, isopropyl acetate, methyl tert-butvyl ether, hexane
and others to the reaction solution. A desired substance can he
isolated by distilling organic solvents away from the extracted

25 solution, especially by heating the extracted sclution under
reduced pressure.

[ 0091}
Thus obtalined desired substance possesses encugh degree of
purity for the following processes, however, tThe desired substance

30 can be further purified by a general purification method such as
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5-(benzyloxyamino)-piperidine-2-carboxylic acid benzyl ester may be contained as an impurity, and at
the occasion of producing a compound (5), (2S,5S)-5-(benzyloxyamino)-piperidine-2-carboxylic acid
benzyl ester may be contained as an impurity (these impurities 20 are called "cis type impurities"
hereinafter) hp-arder to gliminate theseis type impurities; forexample qitis effective-ta use the above
compound (50) or (5) and oxalic acid with the mole ratio, "the former : the latter”, of from 1.2 :1to 1:
1.2 for exanple “preferably, from Liddnotl: furddemorepraferalhy 25 fiom 1.05: 1to 1 : 1.05, and
to form ggggén a mole ratio (the former : the latter) of about 1 : 1 (theoretically 1 : 1), in order to
precipitate a olid in an appropriate solvent (a single solvent or a mixed solvent). The mixing ratio is

not particularly.limited when pluralsolvents.are mixed £q be used,30[0094L ..,1 As-tbg above solvent
(called "purification solvent” hereinafter), water, alcohol solvent, hydrocarbon solvent, ester solvent,

ethér solvent,; Ketoneé bplvent knitrije Solventzamedl ethigr s ohvents canchecdsed. TAs the hydriocarbon
solvent, the ester sglvent 5 and the ether solvent, the solvent listed as the above reduction reaction

solvent G aiso BB Used “FRE BREMBRE oftHe preferablB PurifichtishSonént ifidiuded Water methanol,

ethanol dsopropanol, hexane, heptanertaluene ethylacgialgs, isepropyhaceiate iejranydrefuran,
tert-butyl methyl ether, acetone, 10 2-butanone and acetonitrile. The preferable solvent includes a

single ora:dnixed solentob alcohblsalverit] spedificallyomethanot] etl@anal xisgproparitlza mixed
solvent containing methanol, a mixed solvent containing ethanol and a mixed solvent containing

isopropahdi: noré préterdlly MréthafoParid aSmixed Shvent 15 Eshtaming ethar6i- hd‘e5Recially
preferakly, meshanel, Eor the.mixed solvent containing alcohol solvent, each of the above purification

solvent can be mixed to be used, and ester solvent can be mixed to be used preferably. [00951
20Since(it i5, not)preferable4g useton muoh-salventiin terms of castandl dfterdreatiment, Ahé amount of
the above gurification solvent to be used is preferably not more than 50 parts by weight, more
preferal§iy not mbte BA 20 Parts by weight, further more preferably not more than 10 parts by weight,
and es gi@lg}ZS preferably not more than 5 parts by weight, relative to one part by weight of a salt
formed from a'compound (50) or (5) and oxalic acid. The lower limit for the usage amount of a
purification salventtie notparicularly festricted; and the usage ambdu(tt ©f A puriication salvent is not
less than 0.5 parts by weight for 30 example, greferably not less than 1 part by weight, and more
15 ({Z25,58) derivative and {ZR,5R) deriwvatlive) of
5-(benzyloxyamino) -piperidine-2-carboxylic acid benzvl ester may
be contained as an impurity, and at the occasion of producing a
compeound {5), (23,58) -5~ (benzyloxyamino) -piperidine~-2-carboxyliic
acid benzvyl ester may be contained as an impurity {these impurities
20 are called "cis type impurities" hereinafter). In order to
eliminate the cis type impurities, for example, 1t is effective
to uge the above compound {30} or (5) and oxalic acid with the mole
ratio, "the former : the latter", of from 1.2 : 1 to 1 : 1.2 for
example, preferably from 1.1 : 1 to 1 : 1.1 and more preferably
25 from 1.05 : 1 teo 1 : 1.05, and to form a galt in a mole ratioc {the

-

former : the latter) of about 1 : 1 (theoretically 1 : 1), in order
Lo precipitate a scolid in an appropriate solvent (a single solvent
or a mixed solvent). The mixing ratio is not particularly limited

when plural solvents are mixed to be used.

30 [ 0094]
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preferébly not less than 3 parts by weight, relative to 1 part by weight of the above salt. [0096] The
process to precipitate a solid is not particularly 5 restricted. For example, the above compound (50) or
(5) and oxalic acid may be mixed in a solvent to form a salt, and the salt may be directly precipitated

as a solid. Altgmatively, 8. splid fnay, be precipitated by-decreasing the salubility, ethe salt using
well-known appropriate method as necessary. Such method is 10 exemplified by the followings: (a) a

method 'of nixing fhe aboveadompound:-(50) br{5) with loxalig @citinZosolvent, te precipitatera solid,
(b) a methad of mixing, the above compound (50) or. (5) with oxalic acid in a solvent, and then cooling

the mixtife {6 pretipitats a T80, f(6) arhetHod 8f rixifg the Abové cdfpsuhd G 6t @5 ith oxalic

acid in a;splvent; and,thep concentrating the yixture 10 precipifate-a solid, - {d} a methad ptmixing
the above compound (50) or (5) with oxalic 20 acid in a solvent, and then adding a poor solvent

thereto torprecipitate assoligdy (ekamethod ofmixing:thelabove eampoendi(s@)ror&jwithiaxalic acid
in a solvent, and then substituting the solvent with a poor solvent for concentration, to precipitate a

solid. 25{6697] THe AetHEdS (8710 (&) tante Bppfopridiely EoTABIEE (0 pretipifaté Aol -4nd a seed
crystal can,be-added to,leadisplid precipifgtion; The above,poor solventdngludes, for example, a
hydrocarbon solvent such as ethyl acetate, toluene, hexane, and
iscpropanol, hexane, heptane, toluene, ethyl acetate, isopropyl
acetate, tetrahydrofuran, tert-butyl methyl ether, acetone,

10 2-butancne and acetonitrile. The preferable solvent incliudes a
single or amixed solvent of alcohol solvent; spacifically methanol,
ethanocl, isopropanocl, a mixed solvent containing methanol, a mixed
solvent containing ethanol and a mixed solvent containing
isopropancl; more preferably methanol and a mixed solvent

15 containing methanol; and especially preferably methanocl. For the
mixed solvent containing alcgohol solvent, ecach of the above

purification solvent can be mixed to be used, and ester solvent

can be mixed to be used preferably.

20 Since it is not preferable te use too much solvent in terms
of cost and after treatment, the amount of the above purification
solvent to be used 1s preferably not more than 50 parts by weight,
more preferably not more than 20 parts by weight, further more
preferably not more than 10 parts by welght, and especially

25 preferably not more than 5 parts by welght, relative to one part
by weight of a salt formed from a compound {50} or (35) and oxalic
acid. The lower limit for the usage amount of a purification solvent
1s not particularly restricted, and the usage amcunt of a
purification solvent is not less than 0.5 parts by weight for

30 example, preferably not less than 1 part by weight, and more
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30others. [ 0098] In the above methods of precipitating a solid, the operating temperature (the
temperature during the solid precipitation) is not particularly restricted, and can be set suitably
depending on 5 the kind of the solvent to be used. Preferably, the operating temperature is lower than
the temperatwre=ai whicb thesalf ofithe abavercompound (9hand oxalic-acid can besoiibleyn the
adopted single solvent or mixed solvent, and the operating temperature can be set in accordance with
the desitéd afount of fife preeipitatin 10 and the desired quality of the crystal. [ 00991  The salt of
the aboygggg pound (5) and oxalic acid precipitated by the above methods can be isolated and
collected by a process such as a filtration under reduced pressure, a pressure filtration, 15 or a
centrifugal separation, and other processes: it case the diasteseemeric exeess: (%de),decreases
because of the remaining mother liquid in the collected solid, the quality can be even more improved
optionaliely: frtHier vashing with Watér of f RNt Solvent (espediallp a purifieation sehint).

20[0100] .. ,The drying method for the crystal is not particularly restricted, and it is preferable to dry
under reci:ulc%dm pa?gsél?renk%)}r{%% Gndér vsa%%ﬂ?n !Eat% oﬁ? EHCaorﬁé%s in c?r%ceir ﬁ()% gvc“;’lgﬁf?%a @y

decompgsitignraneling: 25[01011 ce dlnuecase therdiastereomeric.excess (%0dg) doesmat increase
sufficiently, it is effective to re-precipitate a salt as a solid following the above methods. Specifically it is

effectivéfo ie-precipitatd acksdlid folowing Ihe methed ®) Selected-fromthe30 alsove meiliads (a) to
(e). ltis alioltgtfective to rinse a sal;g formquk1 from the above compound é?lO)mor %52> g{mdﬁoxalic acid with
an appr‘é“?f)irla e Solvent ahd itis afso effective to ?3—p?§§8i?ast8r solid? By 4 Similar fhetiod to the above
methods (a)te1(e):1nthe abpve metheds {(a)49 {e), a salt should be formed from the

{a) a method of mixing the above compound (50) or (5) with oxalic
aclid in a solvent, to precipitate a solid,
(b) a method of mixing the above compound {50) or (5) with oxalic
acid in a solvent, and then cooling the mixture to precipitate a
13 solid,
{(c) a method of mixing the above compound (50} or {(5) with oxalic
acld in a solvent, and then concentrating the mixture to precipitate
a solid,
(d) a method of mixing the above compound {50) or {5) with oxalic
20 acid in a solvent, and then adding a poor solvent thereto to
precipitate a solid,
{e) a method of mixing the above compound (50) or (5) with oxalic
acid in a scolvent, and then substituting the solvent with a poor
solvent for concentration, to precipitate a solid.
25 [ 0097]

The methods (a) to (e) can be appropriately combined to
precipitate a sclid, and a seed crystal can be added to lead solid
precipitation. The above poor solvent includes, for example, a
hyvdreocarbon sclvent such as ethyl acetate, toluene, hexane, and

30 others.
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5 compound (50) or (5) and oxalic acid, however, the salt formation process is obviously unnecessary
in the re-precipitation since the salt exists from the beginning. [0102] The salt of the above compound
(50) or (5) and oxalic acid 10 obtained by the above methods may be optionally desalted to obtain the
above gompognd (50) or (5) with the enhanced diastereomeric excess (%de). As the process for
desalting, for example, it is effective to separate the compound (SO) or (5) from the salt by adding an
alkaline aquedus sblutishofsoium hyeroxide rpotassiunt-15 hydroxide Ssoditmm carboadte; potassium
carbonate, sodium hg/dro en carbonate, potassium h drqggeﬁn carﬁonate or other alkalis to the salt of

the abové E5MpoURd (50) 0r(5) 2HE Bxalie atid Rext, fo eXffactthe Separdted compotid (50) or (5)

by using,an grganic selvent such as.ethyl.acetate; tellene. methyktert-hutyl ether 20-and.others, and
to heat the extracted compound (50) or (5) under reduced pressure or to process it in other methods to
distl thetéxtrattion soivertawayl [G103] Thisapplication dtaieseprdrity to JapaneserRatent 25
Application No. 2011-079033 filed on March 31, 2011, the entire contents of which are incorporated by
reference H&Tain EXAMPLES [ 0104] 30HetGinatdr the preseAtintRhtidn'is Yesdtibed inHdre detail

with Examples; however, if is nptiptended that the present invention is restricted, by the, Examples in
any way. [0105] The yield and the preparation ratio of the each compound used 5 in the present
invention were arralyzethby digh perforaranceriguid chromatographly wvith thefelowing eondition.
be set in accordance with the desired amount of the precipitation
Y and the desired gquality of the crystal.
[ 0089

The salt of the above compound (5) and oxalic acid precipitated
by the above methods can be isclated and cocllected by a process
such as a filtration under reduced pressure, a pressure filtraticn,

15 or a centrifugal separaticn, and other processes. In case the
diastereomeric excess (%de) decreases because of the remaining
mother liguid in the collected solid, the quality can be even more
improved optiocnally by further washing with water or an organic
solvent (especially a purification solvent).

20 [ 01007

The drying method for the crystal is not particularly
restricted, and it is preferable to dry under reduced pressure (or
dry under vacuum} at about 60°C or less in order to avoid heat
decomposition or melting.

25 [ 0101]

In case the diastereomeric excess (%de) does not increase
sufficiently, it is effective to re-precipitate a =salt as a solid
following the above methods. Specifically it is effective to
re-precipitate a solid following the method(s) selected from the

30 above methods (a) to (e). Itisalsoeffective torinse asalt formed
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Column: CAPCELL PAN MG, manufactured’by SHISEIDO COMPANY, LTD. Flow rate: 1.0 ml/min
Detection wave length: 210 nm 10Column temperature: 35C Mobile phase A: 0.1% by weight
phosphoric acid aqueous solution Mobile phase B: acetonitrile Time Program: 0 minA: 70%, B: 30%

1530 mipA:20% B: 80% 4048inA: 2050, B::80%:r ( Thed28)-ashenzyloxyining-piperidine-2-carboxilic
acid benzyl ester used in the following examples was synthesized in accordance with the Patent
Documertils 20[0106% s Exarndle 1m@r@dudti@nadf80 effective to re-precipitate
(25,5R)-5- berz on amino- plp ridine-2- caé) Cld enzyl ester oxalate Under nitrogen

atmospi‘?ter?‘géO pﬁoréf‘ﬂ? % adf (793 o A6 Al tatraRydFofuran (1% ml) whre added
to (25)- QH@“%MW{&H@%W%Z@@MPC gcgia@%n%@ﬁtga (2314 684 mmal), and.the

mixture was cooled down to -16C. Borane-tetrahydrofuran complex (1.06 M tetrahydrofuran solution,
32.3 ml,c3 P emmal) Wwas addedo thedmixturkifor 4¢5 Hours; and<30, theebtained mixtuee was stirred

for 18 hours. Saturated sodium
process is obhviously unnecessary in the re-precipitation since the

galt exists from the beginning.
[ 0102]
The galt of the above compcund (5C) or (5} and oxalic acid
16  obtained by the above methods may be optionally desalted to obtain
the above compound (50} or (5) with the enhanced diastereomeric
excess (%de). As the process for desalting, for example, it is
effective to separate the compound {50) or (5) from the salt by
adding an alkaline aquecus solution of sodium hydroxide, potassium
15  hydroxide, sodium carbonate, potassium carkbenate, sodium hydrogen
carbonate, potassium hydrogen carbonate or other alkalils to the
salt of the above compound (50) or (%) and oxalic acid, next, to
extract the separated compound (50) or (5) by using an organic
solvent such as ethyl acetate, toluens, methyl tert-butyl ether
20 and others, and to heat the extracted compound (50) or (5) under
reduced pressure or to process 1t in other methods to distil the
extraction solvent away.
[ 0103]
This application claims priority to Jazpanese Patent
25 Application No. 2011-079033 filed on March 31, 2011, the entire

contents of which are incorporated by reference herein.
EXAMPLES

F0104]

30 Hereinafter, the present invention is described in mere detail
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hydrogen carbonate aqueous solution (40 ml) was added to the reaction mixture, and the pH of the
mixture was adjusted at pH 10.9 with 30% by weight sodium hydroxide aqueous solution. The reaction
mixture was extracted with ethyl acetate (40 ml), and the organic 5 layer was washed with water (20

-ml) and-gopgentrated under reduced.pressure; Thevesidue wassanalyzed with high, pgrformance liquid
chromatography to find that the residue contained 1.92 g of the desired substance, and the reduction

reactioniproecesserhwitls yietd bf 883 9 dThe didsterépsealectivity was(2S;5R)/(2S,53)=91.4/8.6 10(82.8
%de). [()107%,; To the above product (0.946 g, 2.78 mmol), ethyl acetate was added to adjust the
total Wé‘ig% r8.63 g. The obtained mixture was heated up to 60C, and methanol solution (0.875 g)

containing 15-axali¢ acid;(Q.228.9,2 a3 mmeb)was,added for,3 minutes, the. gbtaingdireaction mixture
was cooled down to room temperature, and the precipitate was filtrated. The precipitate was washed
with ethyhacétate (2 mtyfori3ntirnes, and dried wnder reducéed presgunedo obtainnce liquid

(25,5R)-5-benzyloxyamino-piperidine-2-carboxylic acid 20benzyl ester oxalate (0.903 g, 2.10 mmol,
yield: 76965, °fte- Giasteres ratid 8t thissdiidwas {29,593 55J299.3/0.7 (98.6 %de). [0108] 25To

the above golid {0.597,9)-methanal (30 9)was added,.and the ebtainadRixiyiewas stifred for 1 hour

at 60C. The reaction mixture was cooled down to room temperature, and the precipitate was filtrated.
The precigitater was washediwith rmethanol (2 ml) for 2 times, and dried under reduced pressure to

obtain 30(25,5R)-5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester oxalate (0.542 g). The
diastereo r&tioGHthidTsdlid as B 5R)/(25,855299.93/0.07 (99.9 %de) . [0109]

10 Column temperature: 35°C
Mobile phase A: 0.1% by weight phosphoric acid aqueous solution
Mokile phase B: acetoniitrile
Time Program:
0 min A: 70%, B: 30%
15 30 min A 20%, B: 80%

40 min A: 20%, B: 80%

The (28)-5-benzyloxyimino-piperidine-Z~carboxilic acid
benzyl ester used in the following examples was synthesized in
accordance with the Patent Document 1.

200 [ 0106]

Example 1t Production of
{253,5R)-5~benzyloxyamino~piperidine~2-carboxylic acid benzyl
ester oxalate

Under nitrogen atmosphere, (+)-camphorsulfonic acid (7.93 g,

25 34.1 mmol) and tetrahydrofuran (15 ml) were added to
{28)-5-benzyloxyimino-piperidine-Z-carpoxylic acid benzyl ester
(2.31 g, 6.84 mmel), and the mixture was cooled down to -16°C.
Borane-tetrahydrofuran complex {(1.06 M tetrahydrofuran solution,
32.1 ml, 34.0 mmol) was added to the mixture for 1.5 hours, and

30 the obitained mixture was stirred for 18 hours. Saturated sodium
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Example 2: Production of 5(28,5R)-5-benzyloxyamino-piperidine-z-carbdxylic acid benzyl ester
Under nitrogen atmosphere, ()-camphorsulfonic acid (0.697 g, 3.00 mmol) and tetrahydrofuran (2 ml)
was added to (25)-5-benzyloxyimino-piperidine-2-carboxylic acid benzyl ester 10 (0.169 g, 0.50 mmol),

and the mixture was-coalesh down-9.:268 6. Berane:tetrahydrofuran.complex £l 06M teteahydrofuran
solution, 2.4 ml, 2.54 mmol) was added to the mixture for 1.5 hours, and the obtained mixture was

stirred f61e6 BbuFS! THE FeHttorAmiXtufe vias ahalyredwith high pesferthantbdiguid aifohtat8graphy to
find that 15 the reaction mixtyre contained 0.140.g of the title compound, and the reduction reaction
bt g s Clia ity ek LI L I bbi ST oy
[0110] Example 3 Rredugtion of 20(23,5R)5-henzyexyaminorpiperidine-2-carbpxylic-acid oenzyl
ester Under nitrogen atmosphere, the same process was operated as Example 2 except that

2,4 %-trifnetitylbeazeriesiifohic acid (0.663 d,2301 mmal¥was usadtinstesd of (jscamphiorsatfonic acid.

The 25 reaction mixture was analyzed with high performance liquid chromatography to find. that the
roaction hAAGS"Contai 6,068 o1 (He-ifE CorNRGANd Ard tNeVeduciion Fosetion prodeedied with

yield of 3%% Thediasterep seleetivity was £23,5R)K23,p8)=r 2:2/27.8 (44:9 Pde). 300111

Example 4: Production of (25,5R)-5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester Under
nitrogercatmospherepthessame prodessavas dperated aszaction processed with yield

of B3 %. The diastereo gelectivity was (25,5R)/{(28,55)=91.4/8.¢6
10 (82.8 %de).
[ 0107}

To the above product (0.946 g, 2.78 mmol}, ethyl acetate was
added to adjust the total welght at 8.463 g. The obtained mixture
was heated up to 60°C, and methanol sclution (0.875 g) containing

15 oxalic acid {0.228 g, 2.53 mmol) was added for 5 minutes. The
obtained reaction mixture was cooled down to room temperature, and
the precipitate was filtrated. The precipitate was washed with
ethyl acetate (2 ml) for 3 times, and dried under reduced pressure
te obtain (25, 5R) -5-benzyloxyvamino-piveridine-2-carboxylic acid

20 benzyl ester oxalate (0.903 g, 2.10 mmol, yieid: 76%). The
diasterec ratio of this solid was (25,5R)/(25,58)=99.3/0.7 {98.6

sde) .

[ 0108]

25 To the above sclid (0.597 g), methanol (3.0 g) was added, and
the obtained mixture was stirred for 1 hour at 60°C. The reaction
mixture was coolad down to room temperature, and the precipitate
was filtrated. The precipitate was washed with methanol (2 ml) for
2 times, and dried under reduced pressure Lo obtain

30 (28, 5R)-S5-benzyloxyaminc-piperidine-Z2~-carboxylic acid benzyl
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5 Example 2 except that p-toluenesulfonic acid (0.520 g, 3.02 mmol) was used ins‘_teabl of
()-camphorsulfonic acid. The reaction mixture was analyzed with high performance liquid
chromatography to find that the reaction mixture contained 0.115 g of the title compound, and the

reductiopreaetion progeeded withvyigld, of 68%. The-1Qdiasteren-seleetivitywas so1id was
(25,5R)/(23,55)=75.6/23.4 (52.2 %de). [ 0112] Example 5: Production of
(28,5R)-52Benziidxyamind pigéridind 2-CarbokylicPacidbenzyl ester 15Under nitrogen atmosphere, the
same péog?gg was operated as Example 2 except that methanesulfonic acid (0.286 g, 2.98 mmol) was
used inst c;f ()-camphorsulfonic acids The reaction mixture was analyzed with high performance
liquid chromatography: te fing that:.the reaction mixture contained 0.093 g of the title compound, 20 and
the reduction reaction proceeded with yield of 52%. The diastereo selectivity was
(2S35R)N(25,586)=67:2/32.8Y B4 4 %de).0n 1 BEEXample-@. PRroduction. 6f: acid benzyl
(28,5R)-5-benzyloxyamino-piper dine-2-carboxy c acid benzyl 25ester Under nitrogen atmosphere,
the same process was operated as Example 2 except that sulfuric acid (0.147 g, 1.50 mmol) was used

instead of ()-camphorsuifonic.acid. The reaction mixture was analyzedwith highypesfogmance liquid
chromatography to find that 30 the reaction mixture contained 0.133 g of the title compound, and the
reductioh.re@ctior proceedetdavitteyiglt-off78%nTHE diasterensselectivity was
(2S,5R)/(2S,55)=79.5/20.5 (59.0 %de). [0114] Example 7: Production of ~
5(25,5Ré@%éﬁz‘%f&ﬁrﬁ%ﬁﬁiﬁ‘éﬁ&ﬁ@%@érb%ﬂzi}l‘?c“ cidbefggiy tic acid benzyl ester

10 (0.169 g, 0.50 mmol), and the mixture was coocled down to —-20 °C.
Borane-tetrahvydrofuran complex (1.06 M fTetrahvdrofuran solution,
2.4 ml, 2.54 mmel} was added to the mixture for 1.5 hours, and the
obtained mixture was stirred for 6 hours. The reaction mixture was
analyzed with high performance liguid chromatography o find that
15 the reaction mixture contained 0.140 g of the title compound, and
the reduction reaction proceeded with yield of 82%. The diastereo
selectivity was {2S5,5R)/(28,53)=87.8/12.2 (75.6 %de).
[ 0110]
Example 3: Production of
20 (258,5R} ~b-benzyloxyanino-piperidine-Z-carboxylic acid benzyl
ester
Under nitrogen atmosphere, the same process was operated as
Example 2 except that 2,4, 6~trimethylbenzenesulfonic acid (0.603
g, 3.01 mmol) was used instead of (t)-camphorsulfonic acid. The
25 reaction mixture was analyzed with high performance liquid
chromatography to find that the reacticn mixture contalined 0.098
g of the title compound, and the reduction reaction proceeded with
vield of 57%. The dilastereo selectivity was
(25,5R)y/(253,58)=72.2/27.8 {(44.9 %de).

30 [ 0311%]
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ester Undernitrogenatmosphere, tetrahydrofuran (3 ml) and sulfuric acid (0.151 g, 1.53 mmol) were
added to sodium borohydride (0.101 g, 2.66 mmol). The obtained mixture was added dropwise at -10C
10 to the mixture consisting of (2S)-5-benzyloxyimino-piperidine-2-carboxylic acid benzyl ester (0.168
g, 0.50 mmol); {x)}gamphorsulfenicacid £0.695¢g, 2.99 mmol) and tetrahydrofuran (2m1) for 0.5hour.
After 22 hours of stirring, the obtained reaction mixture was analyzed with high performance 15 liquid
chromatog¥asiiy tosfiriethiat Hee: sedction Thixture containgd 0225 g o the titlelcompound, and the
reduction reaction proceeded with yield of 74%. The diastereo selectivity was
(25,5R)?(§§?5r8)=81.4/18.6 (62.8%de). [0115] 20Example 8: Production of 4-[ C (2S,5R)-5-[

(benzyloxy)aminelpiperidin-2yicarbanyhamino Ipiperiding-kcarbgxylicsacid benzyhester s
(+)-Camphorsulfonic acid (0.350 g, 1.51 mmol) and tetrahydrofuran (1 ml) was added to 254-[(2S)-5.[
(behzyldrpinmine] piperidim-2-¢lladarhonylamino] pi peridineslcatb oxylic-acid benAyt esterl(0.113 g,
0.25 mmolz, and the obtained mixture was cooled_down to -2QC. Bor ne-tetrahﬁ(]jrofuran complex

(0.9514" 13 WITT. 24 ifiol) Was'addéd IS tha miktire” afid*4ttet 9 holirs ot Stifririy! Eatirated sodium

30 hydrogen gatbonate aguequs §§’f_9t' @A@JE%N@%@@%&@%WQ%@P@@@W@@ extragted with
ethyl acetate (10 ml), and the organic layer was dried with anhydrous sodium sulfate, and then

concentratet uiderreguced:pressurete obtainetheditlé) cArhpoundi(95:8 mg)-as brownwib(¢rude yield:
84%). The d astereo selectivity was 5%2},5R)/(23,53);93.2/6.8 (86.4 %de), [0116] Example 9:

Purificafidit of {28, 5R 518 Heriyloxyamma Pigeridirie: 3 Earbdyic Acitbenzyl 85ter oxXaidte

10 diastereo selectivity was (285,5R)/(23,53)=T75.6/22.4 (52.2 %de).
(01123
Example 5: Production of
(25, 5R)~5~benzvloxvamino-piperidine-2-carboxylic acid benzvyl
ester
i5 Under nitrogen atmosphere, the same process was operated as
FExample 2 except that methanesulfonic acid (0.286 g, 2.98 mmol)
was used instead of (z)~camphorsulfonic acid. The reacticonmixture
was analyzed with high performance liguid chromatography to find
that Lhe reaction mixture contained 0.0923 g of the title compound,
20 and the reduction reaction proceeded with yield of 52%. The
diastereo selectivity was (23,5R)/(23,55)=67.2/32.8 (34.4 %de).
[ 0113}
Fxample 6: Production of
(28, 5R) ~5-benzyloxyamino-piperidine-Z~carboxylic acid benzyl
25 ester
Under nitrogen atmosphere, the same process was operated as
Example 2 except that sulfuric acid (0.147 g, 1.50 mmol) was used
instead of (f)-camphorsulfonic acid. The reacticn mixture was
analyzed with high performance liguid chromatography to find that

30 the reaction mixture contained 0.133 g of the title compound, and



10Methanol (4.78 g) and oxalic acid (0.219g, 2.43 mmol) was added to
5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester (0.804 g, 2.36 mmol) having diastereo
ratio of (28,5R)/(28,58)=77.4/22.6 (54.8 %db), and the obtained mixture was stirred for 2 hours. The

precipitateswvas dilirated nwashed with 4 54nethanal {0.80 g):fer & timesgand dried at 50€under reduced
pressure to obtain 5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester oxalate (0.556 g, 1.29
mmol, yislde55%yY.iThe diasteres raffo Of this SSlic-vias {28,5RY/(2S 55Y=8914/0.9 (98.2 %de). 20
[01171 . B mple 10: purification of (28,5R)-5-benzyloxyamino-piperidine-2-carboxylic acid benzyl
ester oxalate 25To 5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester (0.806 g, 2.37 mmol)
having diastefgg; rtio-0f(23:5R)428:58)n 7 ¢.4/22.6 (54.8 %de), ethanol (4.75 g) and oxalic acid (0.217
g, 2.41 mmol) were added, and the obtained mixture was stirred for 2 hours. The precipitate was
filtrated, (washéd with!30ethansl(©:80g) for 2 timet] and<dried-atB0C ndecredueed préssure to
obtain 5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester oxalate (0.947g, 2.20mmol, yield:
93%). The diastereo ratio of this solid was (2S,5R)/(2S,53)=87.2/12.8 (74.5 %de). [0118] 5Example

11: Purification-of. (23,5R)-prbenzylexyamine-pipenidingZscarboxylic agid benzyhestaroxajate  To
5-benzyloxyamino-piperidine-2-carboxylic acid benzyl ester (0.857g. 2.51mmol) having diastereo ratio
of acid {(0.151 g, 1.53 mmol} were added to sodium borohydride (0.101
g, 2.66 mmol). The obtained mixture was added dropwise at -10°C
16 to the mixture consisting of
{28)-5-benzyvloxyvimino~piperidine-2~carboxylic acid benzyl ester
(0.168 g, 0.50 mmol), (+)-camphorsulfonic acid (0.6%5 g, 2.99% mmol)
and tetrahydrofuran (2ml) for 0.5 hour. After 22 hours of stirring,
the cbtained reaction mixture was analyzed with high performance
15 liguid chromatography to find that the reaction mixture contained
0.125 ¢ of the title compound, and the reduction reaction proceeded
with vield of 74%. The diastereo selectivity was
(28,5R)/{25,58)=81.4/18.6 (62.8%de).
[ 0115]
20 Example &€: Production of
4-T {{ {2S,5R)-5-] (benzvyloxy)amino] piperidin~2~vl} carbonyl)amino
] piperidine~l~carboxylic acid benzvl ester
(+)—Camphozsulfonic acid (0.350 g, 1.51 mmol) and
tetrahydrofuran (1 ml) was added to
25 4~ {{ (28) =5~ (benzyloxy)imino] piperidin-Z-yl} carbonyl)amino] pi
peridine-l-carboxylic acid benzyl ester {0.113 g, 0.25 mmol), and
the obtained mixture was coocled down to ~20°C.
Borane-tetrahydrofuran complex (0.95M, 1.3 ml, 1.24 mmol) was added
to the mixture, and after 9 hours of stirring, saturated sodium

30 hydrogen carbonate aqueocus soluticn (5 ml) was added. The reaction
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10(2S,5R)/(25,55)=77.4/22.6 (54.8%de), isopropanol (4.86g) and oxalic acid (0.227g, 2.52 mmol) were
added, and the obtained mixture was stirred for 2 hours. The precipitate was filtrated, and washed with
isopropanol (0.83g) for 2 times, and dried at 50C under reduced pressure to obtain

5-benzyloxyamiao-piperdding-2-carboxylic, agid 1obenzyl sster oxalate)(0.9379.:4.18mmaly yield: 87%).
The diastereo ratio of this solid was (2S,5R)/(2S,5S)=88.4/11.6 (76.7%de). [0119] Example 12:
Productionysf28(25 BR)5L bardyloxyaminoipigeritine: 2-cafsoxylibzacid-benzylestenUndérnitrogen
atmosphergr, tetrahydrofyran r%%ml) was added to (25)-5-be,nza¥lox imino-piperidine-2-carboxylic acid

benzyl e5ter (0. 1689’ 0750 Rimol “&iTd te Rixtird' wascooted dowh 6 216¢ . é%%ﬁfdﬂ@aﬁg[ (0.302 g,

3.06 mmol)wasaddedto the mixture,.and then segiumsberohydeide (Q.9267 g, 1:50 pmol) was added.
After 22 hours of stirring, the reaction mixture was analyzed with high performance liquid

chrématbgaghiy) to fitid that tHe3mixtéreicoritainéd#@ie36g of the title compound, and the reduction
reaction 30 proceeded with the yield of 80%. The. diastereo selectivity was (2S,5R)/(2S,5S)=80.4/19.6
(60.8%de). [0120]

BExample 9: Purification of
(28, 5R)-5-benzyloxyamino-piperidine~2-~carboxylic acid benzyl
ester oxalate
10 Methanol (4.78 g) and oxalic acid {0.219qg, 2.43 mmol) was added
to 5-benzyloxyamino-piperidine-2-carboxyliic acid benzvl ester
(0.804 g, 2.326 mmol) having diastereo ratio of
(25,5R)/(25,58)=T77.4/22.6 (54.8 %de), and the obtained mixture was
stirred for Z hours. The precipitate was filtrated, washed with
15 methanol (0.80 g) for 2 times, and dried at 50°C under reduced
pressure to obtaln S5-benzyloxyamino-piperidine-2-carboxylic acid
benzyl ester oxalate (0.5506 g, 1.29 mmol, yield: 55%}). The

diastereo ratio of this solid was (25,5R)/(25,58)=99.1/0.9 (98.2

Fde) .
20
[ 0117]
Example 10: purification of
(25, 5R) -5-benzyloxyamino~piperidine-2-carboxylic acid benzyl
ester oxalate
25 To S-benzyloxyamino~piperidine-Z-carboxylic acid benzyl ester

(0.806 ¢, 2.37 mmol) having diastereo ratic of

(25,5R)/(25,58)=T77.4/22.6 (54.8 %de), ethanol (4.75 g} and oxalic
acid (0.217 g, 2.41 mmel) were added, and the obtained mixture was
stirred for 2 hours. The precipitate was filtrated, washed with

30 ethancl (0.804q) for 2 times, anddriedat 50°C under reduced pressure

38



Example 13: Production of  4-[ U (25,5R)-5-[ (benzyloxy)amino]piperidin-2-yllcarbonyl) am 0 5 1
piperidine-1-carboxylic acid benzyl ester To 4-[ U (2S)-5-[
(benzyloxy)imino]piperidin-2-yl}carbonyi)aminolpi peridine-l-carboxylic acid benzyl ester (0.4641 g,
1.00 mmel).detrahydrefuran £3.20n)and-acetopitrile {Q.8-mh wereradded: and 10.hg.obtained mixture

was cooled down to -10C. Sulfuric acid (0.588 g, 6.00 mmol) and subsequently sodium borohydride
(0.113 ¢ 860 memohavere dddéd o the Aiixturd, and aftér 21X ours Gstirihg ssaturatedza sodium

hydrogen carbonate aqueous solytion (5 ml) was added, The reaction mixture was extracted with ethyl
acetate ?fo i%lnﬁl),sa?agléewéara L%éc’d Péﬂt{]rzg %/asgs Weﬁ% zé%ﬁli?h‘ ing%T?orﬁ%Wcé liquid

na
chromatogtapfy to find that the extracted mixture contained 0.366g of the title compound, and the
reduction reaction proceeded with yield of 79%. The diastereo selectivity was
(2S55R)/(2S,58)a87.3#1 2.7 (726r9%0ey.:20[0121]f  Example 14: Production of
(25,5R)-5-henzyloxyamino-piperidine-2-carboxylic acid dibenzylamide . Under nitrogen
BtmOSPErS; Py aHGRFa. CLEIL) AHd 25 Zoetbritie (0 AR Were G o=n7 7
(2S)-5-henzyloxyiming-piperidine-2-carboxylic acid dibenzylamide (0.214 g, 0.50 mmol), and the
obtained mixture was cooled down to -10C. Sulfuric acid (0.302 g, 3.06 mmol) was added to the
mixture, and therd sodinayborohydride {Q.0757¢ c2.00 rimol nzais:addeda After-30: 2% heuwrs<of stirring,
ethyl acetate (10 ml) and water (5 ml) were added to the mixture, the pH of the mixture was adjusted

at 11 with’ 36% 6y weéight E8ditim Rjdroxiie’aqidcus Soldtion: and'the obtained mixture was
separated cThe:organic layer was dried with anhydrqus sodium sylfate, and gopgentrated under
reduced pressure to obtain
oxalicaclid {(0.227 g, 2.52 mmol) were added, and the ocbtained mixture
was stirred for 2 hours. The precipitate was filtrated, and washed
with isopropanol (0.83g) for 2 times, anddried at 50°C under reduced
pressure to obtain bS-benzyloxyamino-piperidine-Z-carboxylic acid

15 benzyl ester oxalate (0.837g, 2.18mmol, vield: 87%). The diastereo

ratio of this sclid was {25,5R)/(28,58)=88.4/11.6 (76.7%de}.

[0119]
Example 12: Production of
20 {28, bR} -b~benzyloxyamino-piperidine~2-carboxylic acid benzyl
ester
Under nitrogen atmosphere, tetrahydrofuran (2 ml) was added
to (28)-5-benzyloxyimino-piperidine-2Z-carboxylic acid benzyl
ester (0.168 g, 0.50 mmol), and the mixture was cooled down to ~10°C.
25 Sulfuric acid (0.302 g, 3.06 mmol) was added to the mixture, and
then sodium borchydride (0.0367 g, 1.50 mmol) was added. After 22
hours of stirring, the reaction mixture was analyrzed with high
performance liguid chromatography to find that the mixture
contained 0.136 g of the title compound, and the reduction reaction

30 proceeded with the vyield of £80%. The diasterec selectivity was
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50.176 g of the title compound (yield: 82%). The diastereo selectivity was (2S,5R)/(2S,5S)=87.7/12.3
(75.4 %de). INDUSTRIAL APPLICABILITY [0122] 10The present invention is applicable to produce a
trans-5-aminopiperidine-2-carboxylic acid derivative, which is useful for an intermediate for

pharmaceutjcals. / CLAIMS) k- process for producing;a cyclic amine compound, comprising the step
of reacting an imine derivative represented by the following formula (1): Ra 5 wherein Rl is an
organicigfduy forming an ester bond, an amide bond, or a thioester bond with the carbonyl group
binding to RI itself; R2 is ,hydrogen atom, C1_12 alkyl group, C2-12 alkenyl group, C7_21 aralkyl
group, or C5-1 aar?ﬁ%g%o&p;'Ag%soﬁ@?}&rbig%ﬁ a (Jnfﬁ”l, C1-12 alkyl 10 group, C2-12 alkenyl group, C7-21
aralkyl group; C6<13:aryl group, bydroxy.group.: Gd; 12 alkyloxy-group; C2-12-alkenyloxy group, C7-21

aralkyloxy group, or C6-18 aryloxy group; and n is an integer of 1, 2, or 3,
5 Jpipericine-i-carboxyiic acid benzyl ester
To
4wl {{ {28y =5~ (benzyloxy)imino] piperidin~2~-vl} carbonyl)amino] pl
peridine-li-carboxyiic acid benzvl ester (0.4641 g, 1.00 mmol;},
tetrahydrofuran (3.2 ml) and acetonitrile (0.8 ml) waere added, and
10 the obtained mixture was cooled down to ~10°C. Sulfuricacid (0.588
g, 6.00 mmol) and subsequently sodium borohydride (0.113 g, 3.00
mmol) were added to the mixture, and after 21 hours of stirring,
saturated sodium hyvdrogen carbonate agueous solution {5 ml} was
added. The reaction mixture was extracted with ethyl acetats (10
15 ml), and the extracted mixture was analyzed with high performance
liguid chromatography to find that the extracted mixture contained
0.366 g of the title compound, and the reduction reaction proceeaded
wlith yield of 79%. The diastereo selectivity was
(2S,5R)/{28,58)y=87.3/12.7 (74.06 %de).
20 [ Cl21]
Example 14: Production of
(25, 5R) ~5-benzyloxyamino-piperidine~Z-carboxvlic acid
dibenzvlamide
Under nitrogen atmosphere, tetrahydrofuran (1.6ml) and
25 acetonitrile (0.4ml) were added to
(28) ~S-benzyvloxyimino-piperidine-2-carboxylic acid dipenzylamide
(0.214 g, 0.50 mmol), and the obtained mixture was cooled down to
-10°C. Sulfuric acid (0.302 g, 3.06 mmol) was added to the mixture,
and then scdium borohydride (0.0757 g, 2.00 mmol) was added. After

30 ZZ hours of stirring, ethyl acetate (10 ml) and water (b ml} were
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with a reducing agent in the presence of a sulfonic acid, 15wherein the cyclic amine compound is
represented by the following formula (2): wherein RI, EJ, A3 and n are the same as the above or the
reduced form thereof, 20 or the following formula (3): NH (3) wherein Rl, R2, R3 and n are the same

as the abgve @rdberedugedfarm thereofo b 2.sThabracess,accerding &o glaimd . whereip:R'1s 04-12
alkyloxy group, C2-12 alkenyloxy group, C7-21 aralkyloxy group, C6-18 aryloxy group, C3-36
trialkylsiBéxy groap, Emirfeogroup, 312 alkidamincegrotps 02412 alkengkaininocgoupa €72 21
aralkylam}jno rou%, C6-18 %?/Iamino g,r_%lg), C2-24 dialkylamino group, C4-24Ldialkerglamino 10
group, C14° =43 QigATkIaRiNG grotp, C12 36 Halyfamindgralip® thiot grodid, C122 afkyithio group,
C2-12 alkenylthiosgroup: £7-21 aralkylthiogroup 01 6618 AAthCgrolR s sure to obtain

5 0.176 g of the titie compound (yield: 82%). The diastereo

selectivity was (25,5R)/(25,55)=87.7/12.3 (75.4 %de).

INDUSTRIAL APPLICABILITY
[ 0122]

i0 The present inventicn is applicable to produce a
trans~5—aminopiperidine~-Z-carboxyliic acid derivative, which is

useful for an intermedilate for pharmaceuticals.
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3. Theprocess according to claiml or 2, wherein the sulfonic acid 15 is sulfuric acid or camphorsulfonic
acid; and the reducing agent is borane. 4. The process according to any one of claims 1 to 3,
wherein RI-is benzyloxy group or dibenzylamino group; R2 is hydrogen atom; R3 20 is benzyloxy
group; and nis 2. 5. The process according ta-¢laiw4, further comprising the steps of forming a salt
of said cyclic amine compound and oxalic acid, and precipitating the salt as a solid in methanol, in
ethanol,lin 25 isopropanocf.dn & nigked: solventcontdining hiethamol dntadmixedisoheht gontaining
ethanol, or in a mixed solvent containing isopropanol. 6. The process according to any one of claims
1 to 3, WHETEITRLS TSk 86D TebrSentart by the olloviing Tormidla (B: Kilg (8) Wherelh B epresents
a protecting,group farthe amino group; R2 is hydrogen atom; R3 is ben zyloxy group; and nis 2. 10 7.
The process according to claim 6, wherein P is benzyloxycarbonyl group. 8. A process for producing a
solid of (2S,5R)-5-(benzyloxyamino)-piperidine-2-carboxylic acid benzyl 15 ester oxalate, comprising
the step of forming a salt iR*a mole ratio of about 1:1 from (2S,5R)-5-(benzyloxyamino)-pipe
idine-2-carboxylic acid berézyl ester represented by the following formula (5):

n_

1
R (0
N

o L

wherein R’ is an organic group forming an ester bond, an amide bond,
or a thicester bond with the carbonyl group binding to R' itself;
R? is hydrogen atom, Ci.ip alkyl group, Czo12 alkenyl group, Ci-n1
aralkyl group, or Css aryl group; R? is hydrogen atom, Ci1p alkyl
10 group, Csoyz alkenyl group, Cioz; aralkyl group, Ce-iz aryl group,
hydroxy group, C;_iz alkyloxy group, Cs.ip; alkenyloxy group, Crop
aralkyloxy group, or Ceqp arvioxy group; and n is an integer of 1,
2, or 3,
with a reducing agent in the presence of a sulfonic acid,
15 wherein the cyclic amine compound is represented by the

following formula (2}:

Rfi

|

@

wherein R}, Ra R* and n are the same as the above or the reduced
form thereof,

20  or the following formula (3):
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BnO ?Bn NH (5) 20 containing (2S,55)-5-(ben y oxyamino)-piperidine-2-carboxylic acid benzyl ester
as an impurity and oxalic acid, to precipitate a solid in methanol or in a mixed solvent containing
methanol. 59. The process according to claim 8, wherein (28,
5R)-5-(benzyloxyamino)-piperidine-2-carboxylic acid benzyl ester represented by the above formula
(5) is obtained by reactingtl8)-5-(benzyloxyimino)-piperidine-2-carboxylic acid benzyl ester
represented by the followif‘g formula (4): 0 Bn BnO,(4) 10 with a reducing agent in the presence of a

sulfon-c acid. n
1
R - (3)
.
@] R?

2

wherein Rl,I{, R® and n are the same as the above or the reduced

form thereof.

5 7. The process accoxding to claim 1, wherein R* is Cio1 alkyloxy
group, Cs-1z alkenyloxy group, Cr-p1 aralkyloxy group, Cg1s aryloxy
group, Cs-s trialkylsilyloxy group, amino group, Ci-i1z alkvlamino
group, Gz alkenyvlamino group, Cr.p; aralkvlaminge group, Csois
arylamino group, Cs..y dialkylamino group, C4.py dialkenylamino

10 group, Cie.sz diaralkylaminoe group, Ciz.zs diarylamino group, thiol
group, Ci-ip alkylthio group, Ciirz alkenylthio group, Cr.2:

aralkylthio group, or Cs1s arylthic group.

3. The process according to claim 1l or 2, wherein the sulfonic acid
15 is sulfuric acid cor camphorsuifonic acid; and the reducing agent

18 borane.

4, The process according to any one of claims 1 to 3, wherein R!
is benzvloxy group or dibenzylaminoc group; R? is hydrogen atom; R

200 is benzvloxy group; and n is 2.

5. The process according to ¢laim 4, further comprising the steps
of forming a salt of said cyclic amine compound and oxalic acid,
and precipitating the salt as a solid in methancl, in ethanol, in

25 isopropanol, in a mixed solvent containing methanol, in a mixed
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solvent containing ethanol, or in a mixed solvent containing

lsopropancl.

6. The process according to any one of claims 1 to 3, wherein R*

35 1s a group represented by the fcllowing formula (8):

H
i

{8

=

wherein P represents a protecting group for the amino group;

R® is hydrogen atom; R® is benzyloxy group; and n is 2.

10 7. Theprocess according toclaim 6, wherein P is benzyloxycarbonyl

group.

8. A process for producing a solid of

(25, 5R) -5~ {benzyloxyamino) -piperidine-Z-carboxylic acid benzvyl
I5 ester oxalate, comprising the step of forming a salt in a mole ratio

of apout 1:1 from

{25,5R) -5~ (benzyloxyamino) -piperidine-2-carboxylic acid benzyl

ester represented by the following formula (5):

=)

BnO {5)

Iz

w i\\\\“\“

o

20 containing (25,53) -5~ (benzyloxyamino)-piperidine-2-carboxylic
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acid benzyl ester as an impurity and oxalic acid,
to precipitate a solid in methanol or in a mixed solvent containing

methanol.

9. The process according to claim 8, wherein (23,

5R) =5~ {benzvloxyamino) ~piperidine-2~carboxylic acid benzyl ester
represented by the above formula (5) 1is obtained by reacting
(S) -5~ (benzyloxyiminc} ~piperidine-2-carboxylic acid benzyl ester

represented by the following formula {4):

OBn
=N

BnO - @)

b
Q

Iz

with a reducing agent in the presence of a sulfonic acid.
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