DESCRI PTION Title of invention: METHOD FOR PRODUCI NG 3,4 SUBSTI TUTED
PYRROLI DI NE, DERI VATI VE Techni cal Field [0001] The present invention
relates to a novel nmethod for producing a 3, 4-disubstituted pyrrolidine
derivative, which is an internediate for production of antibacterial agents
which. are effective also to resistant bacteria. Prior Art [0002] Patent
Docunents | and 2 disclose a 10-( 3D®sCURIPTOPY 1lam nonet h) (14- substitucti

| S1. - pyrrolidinyl)pyridobenzoxazi necarboxylle acid. derivative and a 7(3-
cycl opropyl am nonet hyl-4-substituted | -pyrrolidinyl)qui nol onecarboxylic
aci d derilitlt b¥EvastientNIBAEICE? FOIR RIYOPEC NG ¢H-13kvdiBEXd&ITEHAt anti bacteri al
activiti i liﬁgg ia and are highly safe, [0003]

However, eltﬁﬁlgﬁggjrr%gﬁ%?sﬁ es?ﬁligged in Patent Docunents 1 and 2 have a

(3R, 48)- 3-kyl ai ni noi nethyl-4-flutiropyrro]idinyi group at the 7-position,
but for thensysithegi s of its raw material, that is,

(3R, 43) - 3-al kyl am Torret ayl-4-fluoropyrrolidine, there have been probl ens
such as nul ti e@g&lﬂ process (Patent Docunents 1 and 2) and the difficulty in
purification (Patendsedaauvereion r&htes 2§ HAOVl method for Plvelneingraed, 4-divubaitetnd
Docunent 4 . 1.npr. . RO ' ' - ket oest er
derivati \/pt-:YT rl?zilglr{lﬁrga%ﬁl%gtg‘%m <,?1|1g aﬁ?@?@%@ﬁﬁaﬂ%gx@g@@? gggrlﬁ%g)tsay%ggln;{gg}l{sécl osed.
That 10s, which gregifectivs aldo tdwgsistant bgstdrgal |y active form of an

aati-($S, 4R) - 3- al koxycar bonyl - 4- hydroxypyrrolidine derivative or it's
enantioraer can he obtained with 30high stereoseleetivity by carrying out
asymmet rilziﬂor’iyf*tﬂr ogenation using an optically active catalyst of a racemc
3-al koxycar bonydpod oxopyrrolidine derivative. [0005] In addition, it
i s disclosed that opticall ctive fai of, an_apti.- (3SAR) 7 3-, ..

al kyl carbarri oé?ﬁepgﬂﬁﬂﬁg@%;#%?id CXOée agloi)'((\l;—ayﬂ?grqu agﬂpéﬁnﬁ@éﬁ'ﬁ?u%%%\l/egrti ng
an esber gpypugidyhyyetdpbafzokenabtaixpkdaopdeceativy andaimE-f or m of t he

anti - (3S, - 3- 1Y 1 d= I C . I i i \.e: 4 Nt

2yl ar o) e DA o B R D B bR PP R 1 e
enant i oniasenfip@rrig yeansy Yhishahp v excelleas pebagiseplachyitiep ei dgessstand @agréiuct |

whi ch ar enRLROMEEN daft. sl | ampunts from the asymretric hydrogenation step,
can be renoved (%)%5 ecrystallization or the like. Thereafter, an optically
active form of [ 1 48) - 3- al kyl am nanet hyl - 4-fl uoropyrrolidine my be

deri ved t hr oughotleeess tieprosipohndsddsktibed indatcnn Doturaerkty draost lhage o (JR.4Pat ent
Docurment. Alyib 3% thethyl-4-AuckdbtBRAMBI Souf itk 3 dokitiohod6r #RIFndlsitsH N9 an

optically Act Ve o
( 3R, 48) - 3tsahwaraterdrl bibayis, ARy balkplanriodhehned-depiopartolidine dheigprr e atdny
active f CHI‘HBI%S Quch as multi-step process (Patent Documents 1 and 2) and the difficulty in
purification (Patent Document 3).
25 [0004]

Therefore, in Patent Document 4, an improved method for producing an o-
substituted B-ketoester derivative using an asymmetric hydrogenation reaction has been
disclosed. That is, it is disclosed that an optically active form of an anti-(3S,4R)-3-
alkoxycarbonyl-4-hydroxypyrrolidine derivative or it’s enantiomer can be obtained with

30  high stereoselectivity by carrying out asymmetric hydrogenation using an optically active
catalyst of a racemic 3-alkoxycarbonyl-4-oxopyrrolidine derivative.

[0005]

In addition, it is disclosed that an optically active form of an anti-(3S,4R)-3-
alkylcarbamoyl-4-hydroxypyrrolidine derivative is obtained by converting an ester group

35  moiety of the obtained optically active form of the anti-(3S,4R)-3-alkoxycarbonyl-4-
hydroxypyrrolidine derivative into an alkylamide group.

[0006]



10( 3S, 4R) - 3- ai kyl am not net hyl - 4-fl uoropyrrolidine may he derived (Patent
Docunent 4). [0008] On the other hand, there are few exanpl es of
catal ytic asymetric hydrogenation reactions using an a-substituted

Il -ket oam de derivative. In Non-Patent Docunent 1, exanples of the

catal ytic asymetric hydrogenati on using an a-al kyl-f3-ketoam de are 1
Sdescri bed. Pr iTbe cémpodaichassnperfeatcerstallDoty ashths eh@0@)er 20N, Fatfonn] Dok ument

11 Int ' icati 10784
It er nat onSro R, bR EN s G R pr b B IRt Shrbm he
Pat ent Pulsyinggtticoly IeEenrtioesp, 230 69 rerpeeddntrepgsiahigaionr thatikenat i onal

Publ i cati : TR h A QA -
Dgculm(;ﬁt 'Tﬁéﬁ%@(;ﬁ%?%%ﬂ%?ﬁ%g?@%rﬁg%ﬁ?g&stg .512%?4 5 Sum’rlja“rﬂh?fp Iﬁ{)}giﬁ on

Pr obl ens 0% tedesyied dyongh thestapsvehes ¢ 94 pf 2 Ydroxyl‘lﬂ’f@‘}{lb GiRéti on net hod
descri bedddundent €y, nat i onal Publication WO 2007/ 102567 (Patent Docunment 4)
is significant LQIOO? eful in that it has a small nunber of steps involved and
permts easy puriftcation, but it provides problens that high-pressure

condi ti ons ar eFoelprinoed sishigarly & thy icarg cdusingranapyisatist adtive ydr olgpreati- on
reaction | R : ok : ik th

o . pr odunt Saat Sk AT AR Sl FRIRIN R LR, RSP SRR e e
12(3}0 5138 885 3caleriapmostthbsc Ineapyrglidiae mag ha dejivedy(Fatsrt Dasuned 4-or m and
does not provigmoghe anti-formas a main product. [0012] ' Therefore, the
et hod for pr olaaMuehaH Bk e i e FrEPoP oty dhprers B pRpgon

al kyl car heacnioyd udnhydoexppitnted|fi-kitommide denredtive e h’ana-rPlateonﬁb;:umbﬁtdh is a

Kev it . : e : _ : g ;
(311, oy bR B A A Ob AR Rl KRBk BRI EMOKEILRET

usef U aslesmiibiet er nedi ate for produci ng pharmaceuticals. Means for Sol ving
t he Probl ens 0013] The present inventors have nmade extensive studies
in order to solve the above-described problens, and as a result, they have
found t haricarhraDbeunid$, 4R) - 4- hydr oxypyrrol i di ne- 3- ear boxam de derivative

or it's ationer i.s obtained with high optical purity by carrying out
catal yti ?&%&,Pﬁ&lrp?rgs hydr ogenati on using a rae.ernie 4-
oxupyrrol i di ne{@09r boxam de derivative, thereby conpleting the present

i nve@éi on (St eﬁ’ea'_ta%% aﬂlpglgr}léﬁtl (aIntgrnatil)Hal%giiéé‘]tf?)ﬂ’r}NM3W%é ound that a

4- oxopyrrolidi oxam erirvative Ich is areaction starting
mat eri al for thRatagyovehrent2 hiptrogenalk Pudicetaom W 8§0iv0isdidZed ef ficiently by

a step of usin -1 (al k. ar bonyl met-hyl.) am n r opi-onj cid ester
20derivative a az?ﬁqf}%Q(ﬁu}pgpgﬁ/%paréeﬁaiggtgpteﬁ;%l%%l(&pﬁ%w;?ﬁg%bﬁe of ester
groups into cafkaxtDdument 4] International Publication WO 2007/102567

Non-Patent Document

25 [0010]
[Non-Patent Document 1] Organic Letters, 2010, 12(3), 512-515

Summary of Invention
Problems to Be Solved by the Invention
30 [0011]
The production method described in International Publication WO 2007/102567
(Patent Document 4) is significantly useful in that it has a small number of steps involved
and permits easy purification, but it provides problems that high-pressure conditions are
required when carrying out an asymmetric hydrogenation reaction and a large amount of
35  catalysts are used. In addition, the main product obtained as a desired product in Organic
Letters, 2010, 12(3), 512-515 (Non-Patent Document 1) is a syn-f-hydroxyamide form and
does not provide the anti-form as a main product.
[0012]



acid (Step D), a step of subjecting the obtained nonec. arboxylic acid
derivative to amdation (Step C), and a step of carrying out D eckmarin
cyclizatiort (Step B), thereby conpleting the resent invention. [00151 That
is, the present invention includes the follow ng inventions. A nethod for
produci ng an optically active anti-4-hydroxypyrrolidine-3- carboxam de
derivative r epfrhsneﬁiredhbprdsm igemeiva Iprdviddsiannaexpehsivoand indsstealfnt i onmer by
carrying ou >t i.cal td_ve catal yst
a%(\)fgntg eoﬁ?é‘@ﬁ? H%lq&?lg]%g%bgg@ly%tl@gfoqﬂl SR 8L (|3§ %S/ 4.

of a 4- vative repr esent & t he general
formul a (ail;yl(@ba;poﬁ% hyc[rg@ﬂmqrr({lm@rﬁeny]itlve or[ifpamAptiomer, which ig al$¥ fornul a

g'yémp@ ihfRAf %t%ﬂoHﬁaﬁgﬁhigiﬂ Lwllgueptfcanyaal@rfbﬁﬁog(mnsmn Rl represents

e substi t ut ed, to C8
cycl ogl kyal ﬁ@@upms&h%ﬁ* ﬂwowré%@t ?rtlﬁﬁé’éﬁlﬂtloflﬁbﬂ%‘]%“ [%ﬁ@r’dﬂeﬁ?edlf%g@] [In
t he for myradcidg phaiacaifidalse have the same meani ngs as described above. ]
[2] A method for producing an optically active anti-44hydroxypyrrolidine-3-
ear boxam de derivative represented by the general formula (ii) or it's
enant i omavigarcdopselsingghSPepdens and A bel ow; (Step B) a step of
heating a conp represented by the general forrmula (I1l) with at |east
one kind of base Selected froman alkali netal carbonate, an alkali netal
am ded an al kalThe pEsset inyantore 8avearmadeastenske studiest imlordarie solde thebebt-ai n a

]fl oxopyr Ec{%kér?deﬂ%‘m%biém@aar hB QX Ak, dﬁ!‘ylh‘dﬁé fo}ﬁﬁd &ma@taﬂm(%im y-4t he gener al
oorm a of. subjectin
repr esent}@élr%‘ypi’%%h‘agﬁér‘%f ‘P‘%ﬂ‘r%ﬂ ger{"la B4 ﬁ’?—:%l lloﬁleégse‘ﬁ’qﬁn?‘g&ggy]féj%t ric
% d: gggg ;iigg@ﬂ p.ll@llt)VeTEy azmpg%g bﬁ‘aidtallymasym&ncﬁﬁt ajdrspertadonhtiagm racendnpou nd

S
[ Chem 310 piolde IFAR i Bl A ety oplylo e BBl Biatilanih PRERY,

(rrryp PdAx)represents a protecting group for an am no group, R represents
hydr ogen, dA wﬁG al kyl group which may he substitut ed, or a C3 to CS
rob

cycl oal kyl ch may be substituted, an epresents a.C.to C6
a?/kyl gr )c/)up] [ t10n they have found that a 4-oxopyrto 1d1ne 3- ca&%oxanrlllde derivative

which is a reactlon starting material for the asymmetric hydrogenation can be synthesized
efficiently by a step of using a 3-[(alkoxycarbonylmethyl)amino]propionic acid ester

20  derivative as a raw material and selectively converting one of ester groups into carboxylic
acid (Step D), a step of subjecting the obtained monocarboxylic acid derivative to
amidation (Step C), and a step of carrying out Dieckmann cyclization (Step B), thereby
completing the present invention.

[0015]

25 That is, the present invention includes the following inventions.

[1] A method for producing an optically active anti-4-hydroxypyrrolidine-3-
carboxamide derivative represented by the general formula (II) or it’s enantiomer by
carrying out an asymmetric hydrogenation using an optically active catalyst of a 4-
oxopyrrolidine-3-carboxamide derivative represented by the general formula (I) (Step A).



[Chem 4] [0023] [In the formula (1), PG and. have the sane neani ngs as
descri bed above] 1 5[0024] [Chem 5] R HRttH (11) PGL [00251
20[In the formula (11), Pd and R/ have the same neani ngs as descri bed above
1. 31A method for producing an optically active anti-4-hydroxypyrrol ne-3-
car boxam de derivative represented by the general formula (lI1) or it's

enanti onner, coptéjsing Steps D to A bel ow. (Step D) a step of
treating a co nd presented by the general formula (IV) with an acid to
obtain a conpo e?le[irfesent ed by the general fornula CV); (Step ©) a

step of condensing the conpound represented by the general formula (V)
obtained in Step Dwith an am ne represented by the general fornmula (VI) to
obtain a conpound r resew by the general formula (111); (Step B)
a step of treating t co und represented by the general formula (I111)
obt ai ned in Si® i H east one kind of base selected froman al kali
nmet al carbonat e | kal1 metal am de, an alkali netal hydride, and an

al kali metal al e to obtaj,n a 4- oxopyrrolidine-3-earboxam de
derivative represented by the“general formula (1): (Step A) a step
of subjecting th onpound represented by the general formula (1) obtained
in Step B to asy tric hydrogenation using an optically active catal yst
havi ng chiral IigpIG1to obtain a conpound represented by the general
formula (11) or it's enannoner. 100261 [Chem 6] R2Q2CNOX ' [00271

[In the foninula (I1V). PC represents a protecting group for art am no
group®and Rl rdfPEHents a G to C6 al kyl group.] [0028] [Chem 71

R202C- - N-COn  [In the formula (I), PG' represents a protecting group for an amino group, and R'

represents hydrogen, a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.]

[0018]
10 [Chem. 2]
0 /R1
HO, NH
(1)
N
|
PG’
[0019]

[In the formula (II), PG! and R! have the same meanings as described above.]

15 [2] A method for producing an optically active anti-4-hydroxypyrrolidine-3-
carboxamide derivative represented by the general formula (If) or it’s enantiomer,
comprising Steps B and A below:

(Step B) a step of treating a compound represented by the general formula (IIT)
with at least one kind of base selected from an alkali metal carbonate, an alkali metal

20  amide, an alkali metal hydride, and an alkali metal alkoxide to obtain a 4-oxopyrrolidine-3-
carboxamide derivative represented by the general formula (I); and

(Step A) a step of subjecting the compound represented by the general formula (I)
obtained in Step B to asymmetric hydrogenation using an optically active catalyst to obtain

a compound represented by the general formula (II) ) or it’s enantiomer.

4



PG ' 10029/ [In the formula (Vk PC and R2 have the sanme neani ngs as
descri bed above] [00301 [Chem 8] 131-NH2(VI) [0031] [In the
formula (VMI), Rl represents hydrogen, a d to C6 al kyl group which t ay be
substituted, or a C3 to C8 eyel oal kyl group which may be substituted.]
[0032] [Chem 9] 1 R202C--- N NeR (ID) le)GL a .5 [0033] [In the formula
(rer)y, PC, Rijocod above] [0034] [Chem 10] have t he sane neani ngs as
descri bed {gg 5],20[In the formula (j), PC and |e have the sane

meani ngs as destPfBedl above.] [0036] [Chem 11]

0
_R!
Rzozc/\ql/\)Lu )
PG!

5 [0021]
[In the formula (IIT), PG' represents a protecting group for an amino group, R!
represents hydrogen, a C1 to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted, and R? represents a C1 to C6 alkyl group.]

[0022]
10 [Chem. 4]
o /R1
o NH
()
N
b
PG
[0023]
[In the formula (1), PG! and R' have the same meanings as described above.]
15 [0024]
[Chem. 5]
o] ,R1
HO, NH
(n
N
ba !
PG
[0025]
20 [In the formula (II), PG! and R' have the same meanings as described above.]



[0037] [in the formula (I1), PG and | e have the sane neani ngs as descri bed

above. ] [ 4] The production nethod described in any one of [1] to [3]
above, wherein the optically active catalyst in Step Ais an optically
active rutheniumcatal yst having a chiral ligand. 151The production net hod

described in any one of [1] to [4] above, wherein in Step A the chiral
ligand in the dp}i calnyethat forprabicalgystoptisalyractipe aotaddtlyy dactyipysoRdiae-3-

bi s(di phe Rhosphj - - D | ' S - 5, 5-

b1 o(di phey I BASEENeREsace dridtRERY) e LB bl (b 0B REMRer °

anal ogue,copprisgBtepsd) saApletnyIl phosphi no) -6, 6' -di rri et hoxy-1, 1' - bi phenyl
(Me0- 111 PHEP) - @) DI%§ P QHARNg Qébﬁg&'ﬂﬁi RpRUELd BNiRBhad] fhesarl(bed | n any
one of [1].to 5(]i above, wherein in Step A _the chiral Ilgand in the

opti cal | yViseen 4ad taebipiict cq%p%{na-rfﬁreiear rerihs prsEpiPmads (V)

1, 1" - bi napht hy {81 8ARkteprof condensing the compound represented by the general formula

(71 The: BVSBUEtIon neprad udtrg ey Tt Bt omtrtybighuain ner ei -

t he - pr oteeatpongd gppoaspnted by tthegawial dorgrudu@Ih:epr esented by Pfil is an

ar al koxycar bon r

pr oduc;(iyon met K%gggzggtre bo(gf@x%ﬁﬁ%ﬂé%%ﬁ@%@@{ep%%%@? ]ﬁ ﬂ%aeb%e\? Sfai gd?élrﬂgeﬁl]mt he
prot et i riptagrasiip Stew Covith airdeashong bing of baresslepied dropy apaikpli metad garbonate,

ar ai koxy Garpemythetdr S#de, an alkali meia@}l{cﬂi&, RRAOSHISKAIO heB b 1des obiakeslsi n any

one of [1] to [ 8] above, wherein 25the protecti roup.for the am no group
r epr esent pg#lp%;ne- SAPOK, @V@%Yeor&ﬁ erﬁ?‘f}{%&g g%nerapfor‘[ﬂf@]( he

producti on net (Rebh desestepddubjactarpythe nempdurdditpriecent@] byathevenecrahfereula (B is a
cycl opropyl..ar J i . SCri i N one
of 1] ¢ gepe s uen v pypaatie AR ARE Ml TRLORR, SRRE ARG ALY
condiLbi ordirefliganiyelpbigere prressmdaeprtsentadrhyche gerargl fprregle (Heotipsl ess than 1
MPa. [ 12} Ihenpioduction nethod described in any one of [1] to [11] above,
wherein the optically active catalyst in Step Ais used in an anmount of
fromO0,0] to 2 (056104 with respect to the general formula (1), [1$] The
production net hogerdesicri bed in any one of [1] to [12] above, wherein 6the
optically active catalyst in Step Ais used in an anmount of fromO0.01 to
mol % wth respect to the general fornula (1), [14] A method for producing
a conpound represented by t@e general formula (1) for the asymetric

hydr ogenat i on usi n/q\an/o\pti/{j&l |y active catal yst, conprising
N
1

)

R20,C OBu (Iv)
PG1

20

[0027]

[In the formula (IV), PG’ represents a protecting group for an amino group and R?

represents a C1 to C6 alkyl group.]

[0028]

25 [Chem. 7]

O
PG

[0029]
[In the formula (V), PG' and R? have the same meanings as described above.]



(Step B) a step of treating the conpound represented by the general
foiraula with a base selected. froman al kali netal carbonate, an al kali
netal am de, an alkali netal hydride, and an al kali mnetal al koxide to
obtain a 4-cixopyTrolidine-3-carboxanm de derivative represented by the

general formula (1). [003K] [Chem 12] O ---,WR202C N'"Ne 101 [0039] [In
the formula MB 003D]01 represents a protective group for an am no group, R
represents hydr en, to C6 al kyl group which may be substituted, or a
C3 to C8 20cycl[g:§ group whi ch may be substituted, and R2 represents a

C to C6 al kyl group] [ 0040] [Chem 1.3] [0041] [mtheforrrula(l) PG
and RI have the sane neani ngs as descri bed above. ] [ 15] The
producti on t1h descr KW? in any one of [2] to [141, above, wherein the
base in St egs an al nmet al al koxi de. [ 16] The production

met hod desert bed in any one of [2] to [15] above, wherein the base in Step
B i s potassi um@®lf- pent oxi de. [ 17] The production nethod descri bed

in any one of [f fr]th%?(irl;%ﬁlt ‘@Boﬁereﬁm@ﬁ@h?#o?&l Q@Fto‘ @6 §1tk?p%1§un%§vhlrl§ﬁ9a}} n the

amount of from ound

r epr esenthecsubstitpise, ‘@f@@?&lcﬁt‘iy#ﬂi‘l&ﬂ(&rplﬂ) which may oo SUbS‘{‘tPEﬂd The production
met hod describgdpiz) any one of [1] to [17] above, wherein the protecting
group for the oup represented by PG is an aral koxycarbonyl group
| LOand Rl is a elai‘e%gpropyl group. [19] . A nethod for producing a
conpaund represented by the general formula (V), conpri sing (Step D)
treating a conpound represented by the general fornmula (W with an acid.
[0042] [Chem 14] 0 R202C N\ttgu PGL (1V)

,
R202C/\N/\/LL”’R D)

|
PG!
[0033]
[In the formula (III), PG!, R!, and R? have the same meanings as described
above.]
15 [0034]
[Chem. 10]
o R
O NH
()
N
ey
PG
[0035]
20 [In the formula (I), PG! and R! have the same meanings as described above.]



[0043] 20[in the fornmula (1V), PG represents a protective group for an
am no group and R2 represents a . to C6 al kyl group.] [0044] [Chem 15]
R202C7 N "91(V) [0045] [In the :formula (V), Pd and R2 have the sane
meani ngs as descri bed above. ] [ 20] The production net hod
described in any one of [3] to [13] above and 1191 above ; herein the acid
in Step D is t{Gd3bliorocacetic acid. or form c acid. [ 21] The
producti on netTQHQQegﬁribed in any one of [3] to [[19], and [20] above
wherein the acid in Step Dis formc acid. [ 22] The production
met hod described in any one of [2] to [21] above, wherein the protecting
group for the am no group represented by PO is an aral koxycar bonyl group
and R2 is a G to |OM?? al kyl group. Effects of the Invention [0046]
According to the pragent,/tnvention, a raceme.

4- oxopyrrol i dHEE- 3- ¢ Kanm de derivative represented by the genera
formula (1) can btained in high yield. [0047] Furt her nor e,
according to thg prgsent in¥gntion, an optically active formof an
mti-(3SAR)-4-hy ypyrrolidine-3-carboxam de derivative, or it's
enanti oi ner can he optained with high optical purity by carrying out.
asymetric hydrogEK3 ion using an optically active catalyst of a racenaic
4- oxopyrrolidine-3-carboxam de derivative. [0048] An optically active form
of art anti- (38, 4RH hydroxypyrrolidi ne-3-carboxam de 20derivative, or it's
enant 5oi ner obfgi3ngd by the nethod of the present invention can be

converted to an opti.call ctive i m of . .
(3R 49) S3- al kykaibncrmh RS kS Fet & Bhih vorvns meonipes g5 doogibsdbprsh: et
useful as an i fdler nEbhegtreddaionpnablodt desgripdvbimiaag @ut o€ Bl]g0 3] ahoks ovheravet hod

I nt er natj i L 7 i i ,
gccordingh€®ﬁkﬁgygb@%ﬂ%&ﬁfﬁX%ﬁ%gg%#%gﬁéﬁéﬁgg%gggﬁh%?guué?Féﬁ?ﬁééﬁ%g for an
opti cal | whueltligaadf or m of (3R, 4S) - 3-al kyl ami nonet hy1-4-fl uoropyrrolidine or
BE '03 L g?ant i omersj s prigvirdeshtioBMaHbdBAESbEDIh &R hY b Pl | @ T4]tdbeve, WaREdiON 3

in Step A, the chiral ligand in the optically active catalyst is an optically active 2,2°-

bis(diphenylphosphino)-1,1°-binaphthyl(BINAP) or it’s analogue, 5,5’-

bis(diphenylphosphino)-4,4’-bi-1,3-benzodioxole (SEGPHOS) or it’s analogue, or (2,2’-

bisdiphenylphosphino)-6,6’-dimethoxy-1,1’-biphenyl (MeO-BIPHEP) or it’s analogue.

15 [6] The production method described in any one of [1] to [5] above, wherein
in Step A, the chiral ligand in the optically active catalyst is 2,2’-bis(diphenylphosphino)-
1,1’-binaphthyl(BINAP) or 5,5’-bis(diphenylphosphino)-4,4’-bi-1,3-benzodioxole
(SEGPHOS).

[7] The production method described in any one of [1] to [6] above, wherein

20  the protecting group for the amino group represented by PG! is an aralkoxycarbonyl group
or an alkoxycarbonyl group.

[8] The production method described in any one of [1] to [7] above, wherein
the protecting group for the amino group represented by PG! is an aralkoxycarbonyl group.
[9] The production method described in any one of [1] to [8] above, wherein

25  the protecting group for the amino group represented by PG! is a benzyloxycarbonyl
group.

[10]  The production method described in any one of [1] to [9] above, wherein
R! is a cyclopropyl group.
[11]  The production method described in any one of [1] to [10] above, wherein

30 the reaction in Step A is carried out under the conditions of a hydrogen pressure of from

ordinary pressure to less than 1 MPa.



il ereinbelow, the present invention will he described in detail. [0051] The
production nethod of the present invention will be described in Schene 1,
[ 0052] [Chem 16] Schene 1 PGL (1)(1D [0053] in the formulae (1)
to (IV), PA represents a protecting group for an am no group. In the
formulae (I) to (I1l), R3 represents hydrogen, a CI to C6 al kyl group which
may be substi tl{llgﬁ, Dhie pro@dction Shey atseabkd/in @Fy@up offijab [ MEybbee, wherein

n.t

substituted. | e.forml ge o (Il R2 r se t 0,0 .al kyl
aroup, - arde ppardy aiye ey As Sip 4 Bk i i e R ESE o Pibgapet il g
descri bedespect foehppasesitfospde ()i cati on, the "protecting group for an am no
group’ 1s ot RASH! CHnabiodudddhhaflo@aedcABE Ay ¥e RE PHAGTI NALATO Yhelehn
commonl y known "as’ a pr ec%ll.n group ?or an anino gr a may | ncl ude,
-for éxaript epticahly acayesatalystion gt@l&ﬁ uged e gyeuny pﬁ?rpnb&o htgpl met g(b)‘(’v@enzyl
grgup, aqggje%p%xﬁ@éggwlfogﬁ,ggp{)such as a 15net hoxycbonyi group, an
et hoxycar bonyl group, a propyl oxyearbonyl group, an isopropyl oxycarbonyl
group, a butyl ({gﬂ:ar%&P’F};ﬁ("g&’éIHH),dy“ﬁng%ﬁﬂ@?&&%@ﬁ?@gz’%m’gg‘%ﬁbﬁ%‘?mﬁ‘?a
L ert- Ibut y(II)Oﬁ(@% mra:@mnieugd Byipoganatian adikgxy optidatinybtigr ety s peimasieg
enzyl oxycar bo Qu - et hax nz X
p- ni t robenzyl 0%8%%8 ﬁ)%p Ogrt%&ﬁ‘?g Q'%(% ?ﬁﬁ%’%@%&ﬁ%gﬁ{t&g% lﬁ}begéeglgl%l go;rmglla (I
met hoRy mevitly k begeowlected frren ko riketi meostal reethophtegaroaljsali metal emidsx 9 elkehyietayr oup
or a met Yihé,oc]%%)éhka%ﬁe'tat alROKIBEW o5 RUPL-SHH B8R dRB-33CRbMandlOUP, @
irititioroacetyl group, a propion group, a buatyryl group, a pival oyl
group, a dsengd fegﬁeé?}ﬁe%?Y%er@PPFﬁ{f?@ﬁﬂ )-group, or the like. [005$]
Among these, ap@gal koxycarbonyl group or an al koxycarhonyl group is
preferred, an ﬁrsl Oﬁcar bonyl group is nore preferred, and a
benzyl oxycar bonyPYr &p i s even nore preferred. [0056] As descri bed
in the present specification, the "C to C6 al kyl group which may he
substituted" nmeans a G to C6 al kyl group which may have one to five
substituents selected 'from ghe group consisting of a halogen atom a
hydr oxyl group, a cyan group, G to CO al koxy group, an aryl oxy group
whi ch may be zubsti/ta{[e a to,m al kyl earbortyl group, a d to C6
al koxycar bonfR Q;z@up, M a Yo ciNal kyl (“60 group, an amno pinp, a nono- or
di -substituted C to | kyl anmihlo group, a ¢4 to C cyclic am no group
whi ch may include one 't three hater atons, a forrnylarnino group, a d to
CO al kyl car bonyl am no group, a G to C6 al koxycarbortylamno group, a d to
CO al kyl sui fongé@r;;; no group and an aryl sul fonyl am no group which nay be

0

substi t ut ed. The "G _to O al kyl group’ means_a straight chgin or
branched al kyl [Hy@pormula (IIT), PG represents a protective group for an amino group, R

represents hydrogen, a C1 to C6 alkyl group which may be substituted, or a C3 to C8
20  cycloalkyl group which may be substituted, and R? represents a C1 to C6 alkyl group.]

[0040]
[Chem. 13]
o) /R‘
O NH
()

N

|

PG’
25 [0041]

[In the formula (1), PG! and R! have the same meanings as described above.]
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1. OExanpl es of the CI to C6 al kyl group may include a nethyl group, an

et hyl group, a propyl group, a 1l-nethylethyi group, a |-nethylpropyl group,
a 2-triethyl propanThyl group, a tert-butyl group, a |-ethyl propyl group, a
2- et hyl propyl group, a butyl group, a hexyl group, or the |ike. Anmong
these, an ethyl group or a tert-butyl group is preferred. [0058] 1. 5As
described in tHes]pr e‘El&ﬂ;brodnmminfrhﬂhd)d describéchia 2hCdnt of 3 te yied] ehbkey whgreoup

whi ch may, be sub C8 cycl oal kyl group which may have
one to fltveg%sﬁﬁnslgepueﬁtag alk taﬁa@’%ﬁ?t he group consisting of a hal ogen
atom a hydroxyl6lgr ol prad@qtmﬁn@h@il@escabﬂ intapy 0ap af dxy [yl ebpye. aferedr y| oxy

group whi;ghy,nay, ke %‘Rjio‘tés’s‘lhﬁ{jter@peﬁoﬁd% CO al kyl ear bonyl group, a C to C6
al koxycar Eonyl rog al kyl thj o, group, % rou nono-
g Thedﬁre@l%ovayneth?ﬂ a?fc’fj?%‘ﬁ :any opg Of 2 Hf{]@b ‘E‘?b“ gr oup

or di ®substitutl
whi ch naythd B&skuldste@@lst@e& hme a‘fi@'uﬁl &t festh 1 ta 1f0sqmitaddnnd, RaAtHOe SRt toathl to CO
al kyl ear bon ﬁa rou b ﬁ&’ to g§)ahk@ﬁ¥carbonylanlno group, a G to CO
aIkyIsuIFBHéPH ﬁ@“%?%ﬁg AP S {TE 4 9Py | ami no group whi ch may be
substituted, [Q0§9] TPheskhéudtica mah@dcsynb@hlhlayly oge ofipl'] toreki sibave, ahkygin gr oup
havi ng a

i ncl ude, tﬁyﬁkg%lﬁ%ﬁnﬁbqgrtclo rog§W§ dﬁg&mg%*5?§§ﬁ8%¥%%9?%§¥%§gﬁ§#%%
cycIé@utymdé¢ompCYd9mwab§@Wle group, a eyel ohexyl group; a cycloheptyl
group, a cycl Ogﬁ]yl &h%ﬁﬂ)d fRF pHi'l%m ?‘ﬁ%nﬁv@dn@re@%ﬁl&ﬁ@d epYhe EHnOHD fdrﬁlula
preferred. [0060] anples of the" to CO al koxy group” may

i ncl ude, (Morcogibpalspige, a.nethoxy group, an ethoxy group, a butoxy group, a
hexyl oxy gr oup(Stes DY heatingkecorhfiimti]refgiosenteairyl thx geigpralfornatiia ¢V ymayh bie
substltute%' means an aryl.oxy group which Qmay have one to five
substitudft’s sel ected froma group consisting of a hal ogen atom a hydroxyl
groupp a cyano[@4dlp, a nitro group, a G to C6 alkyl group, a G to C6

al k. oxy group i@ : to C6 al kylthio group. [0062] Exanpl es of
the "aryl oxy group” n&y i nclude, for exanple, a phenoxy group, a
naph. t hyl oxy group, or the like. [0063] Examples of the " to C6

al kyl ear bonyl group"” may include, for exanple, an acetyl group, a propionyl
group, a tnityryl group, an isohntyryl group, a valeryl group, an

i soval eryl group, a hexanciy/ gr@)p, or the like. [0064] Exanples of the
" to CO alkoxycarbonyl gr oup y include, for exanple,, me oxycarbonyi
group, an ethqf car hory| ?peqé/(gtL { hut oxycar bonyl group, or the Iike,

[ 0065] . Ieshﬂ th aIk |o group” may include, for
exanple, a nethyl hi o grb6£1 an ethylthio gr up, a .propylthio group, an

i sopropyl thio group, or P&='1ike. [ 0066]
[0043]
20 [In the formula (IV), PG! represents a protective group for an amino group and R®

represents a C1 to C6 alkyl group. ]
[0044]
[Chem. 15]

O
PG’

25
[0045]

[In the formula (V), PG! and R? have the same meanings as described above.]
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The "nono- or di-substituted CI to CO al kyl am no group” nmean.s a Cl to CO
al kyl am no group which may have one to two substituents selected fromthe
group consisting of a hal ogen atom a hydroxyl group, a cyano group, a CE
to CO al koxy group, a O to C6 al kylihio group, an am no group, a C4 to C9
cyclic am no group which may include one to three hater atons, a

fornyl am no gr ([QO], aTke protioct{oh rabtkiyd d@s’cﬁbé’tyin&milym)(negf @Hpo [B:S]@ibotze)alﬁCPW]

al kyl sul f 0 a tbn m n i,ch may be
subst i tutf’g’ﬂ¥ etrfﬂg%ﬁ %Ed 111[3%8%?]'1s%2g eﬁ&ac@ﬁg rﬁﬁcta%ldCG al kyl ani no
group" may i ncI[BbI]e Tbepmdwtpjnanethodréem;abatmamaogcoﬁﬁ] tahl it H>9I i h]gr oup,

an n-propyl oup, a. see-hutytam no group, an
n- pentyl %ﬁ%ﬂﬂ%raﬁ%am%%#ﬁ%%qé?gﬂgfgg or the like, £)0068 The "C4 to

C9 cyélic am n?[%g} ouphe ]W@dh@loél ragtapd éeséﬁb%mg?\ndwe\ﬂﬁ i 2H0 §&HtakpyR Wherein one
or nore rthé RSN (:Etg?cmi) ﬂoPtHehﬁ‘mhb %g)@r}@lpﬂegbnw BIP@his %8R0 C)?&:@ﬂ%ﬁ?l gowgl fur

aton1nay @Iso resent e ring, Exanples of the to C9 cyclic
am no gr g 6P§&é°“?b? ¥k@ﬁﬂpe an aziridyl group, a pyrrolidyl
group, a plperldyl group, a norpholyl gaup, an oxazolyl group, an

azabi cycl.ghe an azabi cycl ooctyl group, or the like, [0069]
Exanpl es ?%%tlth%invegﬁ?fb al kyl carbonyl am ti o group” ma.y include, for

exanpPe, 35an §¥EY| ai ni no group, a propionyl ami no group, a butyrylainino
group, or th.eQ8Ns to the present RRIPh easra&%(mlﬁ: meoxoi;}'rrbﬁdlﬁg3 -carboxamide

al koxycar bony/am ti o group I nc ude or ex
net hoxyczﬂf’l.’)‘@iﬁut)l/‘{eafrelaﬁeﬁ‘%}g‘f’;ﬁr Bhﬁle g&ﬁer@ &%f%ddpgi}ﬁﬂ“ yigld.

tertbut oxycar b 7§1m no group, a hexyl oxycar bonyI anmno group, or the I'ike.
[ 007 | | es C6, al sulfort oup

i ncl ude for e B @Orﬁ@?ﬁvag’ﬁlt?él?ﬁlﬁ’rg tbcﬁlpang %@P{ ﬁu‘fqi BIALS m no
groups orantllﬁ(éSJ4iRl§el -hjdd0x@]yrrolidine-3- Eﬁrboﬁaamgle daifivatng,| carnd mnangpmepcamhech may

be substlt : j ne to
five subsot % en‘fV %%eog)@leélr}%ﬂ % gllﬁguﬂ?;%gcona S{’;‘{Hr{%gel#éﬁgnﬁgi}ﬂ ggn atom a
hydr oxyl aptiedlpy, ac&weyaﬁalysg%m@ceralqﬂ pmpy dige- %C@boxaésm deivaiivegr oup, a C

to C6 al koxy grm and a CI to C6 al kylthio gr oup 100731 Exanpl es
of the "arylsu

f I , )
Phenyi sul t hny| 4 TRUCERHGHCdOHE REERPIRE T Sty Sy T rggrbogamide
![ Rapbb hyk&%&kfﬁt@v’by bfﬂms I’e:ﬁalgt(ﬁnhﬂ obm’indd’lg/ thie Iﬁ&.th([d)cﬁ'ﬂkl} present inveAtotlescld bed in
e present specifica 0 i near
or b amerRavaRaGP b PRk IDaiVE fortd off GRet T Rifihe BUIOH R BRI idinc |
i ncl ude arrnitt ¢nghtigmeuysefidns en m}tbrngerdmtp forgredusng phgroageutieals bhﬂtkhﬂ\’@t hyl

group, ax%etﬁ&fh}{eﬁ{a‘?igﬁhlﬁﬁﬂi‘é%“@%@f@%kWOpan |-yl group, a tertbutyl
group, a {MUF’ or the I1ke. Anobng these, a nethyl group or an ethyl

group is prefe with the ethyl group being nore preferred,
25 Therefore, according to the present invention, an industrial production method for

an optically active form of (3R,4S)-3-alkylaminomethyl-4-fluoropyrrolidine or it’s

enantiomer is provided.

Embodiments for Carrying Out the Invention
30 [0050]
Hereinbelow, the present invention will be described in detail.

[0051]
The production method of the present invention will be described in Scheme 1.
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[ 0075] As described in the present specification. exanples of
the "alkali metal" include 25lithium sodium potassium or the |like. [0076]
(Step D The step Dis a step of subjecting an ester group
(tert-butyl ester group) on one side of a diester conpound represented by
the general fornmula (1V) to ester cleavage by the 30addition of an acid to
obtain a nonocagdsexylic acid conpound (V). [0077] As used in the
reaction of St%@h[) %ﬁe "acid" means an organic acid or an inorganic acid,
wi th the organi %%1 2 being preferred. [0078] 35As used in the reaction of
Step D, the "organic acid" neans an organi ¢ conpound having an acidic
functional group, such as carboxylic acid, sulfonic acid, sulfinic acid,
phenol , or tkmalééﬁ%nmgﬁanples of the organic acid include form c acid,
acetic acid, tri oroacetic acjid (TEA), p-thiibenes%§fog%$ acid (p-Ts®l 1),
and mei ht resuifonie acid. 00 pD ﬁUDpQJﬂhese,t?P the tR!
of yield, trifIuggg@ﬁémfbvngdUOL_Lgrﬁﬂbcach i's Preferred, éné:fﬁknic cid
is nmore preferred, in fdte case where form cP@cid is used, there arée

advant ages that control of calorific values,pr isolation is easy. (j0080]

As used in the reactiof of Step D, the "inoyganic acid"_neaps an acid
obtained in the chem cal react'onéofﬁan I Qor gani ¢ conpoyn ﬁ Exanpl es of the
i norganic acid incluéﬁehﬁﬂrocﬁk vcNHci d, ﬁ%&gic aci d—gphosphoric acid,

sul furic acid, hydroftuorie acild, ) boric acid,—hydrog hl ori de, or the

i ke. Anong these, hydrochloricfcid is preferred. [OdBl] in the
case where trifitioroacetie aci®®r formc acid is usé® as an organi ¢ aci d,
the anount of trifluoroacetic aci)d or formc acid to hg used is usually
preferably from 10 to 100 equi valents, and nore preferably from 10 to 60
equi valents, wth respect to the conpound represented. by the general

f or nuPa (rvy. o8 er, in the case where ptoluenesulfonic acid is used as
an organi ¢ aci th the fernautaai(ly toofl Vip-RG' represid 4 pritetiag igebupdoben msath greup.
preferably fromQ,1 ival en r r 0.5
equi val en[ﬁ%},le %l“flﬁla? th g%ﬁlﬁ?% {elqree%g%g’% %ﬁgerg’rglp@ e@e(gé %%9%8%8% g%lcnhé%ya‘i[’eo
fornul a (subdtitute®082]C3 tv €heydeakyhherewhicdmpyhhetubgtitatsidd Isthgdenndae @h

i nor gani H\Op2 e j } y
prof or ably (EPok [P HBETL (or o AR EBRRD, B sreRELR L 81 17 CHGHet BB 50
equi V8l ents, wilf¢pMespect to the compound represented by the genera

formula (1V). Rdb&igibed intHehReRasHrifichton tHry Giagamecdtbas fdehanliyd acetate
solution is ysed as an inor. %nig %ids theocmgunt of .the h qr en
chi or i de/&Hy 1 Aeatsia ety iefion ot Braas diediordtiskals i SPPERABTY Prdh 1. to
5 equi valpeotstingarduprirenpnehe getvipy arfd way hofideofo eSarepja) ansdrelidysgrowp sieh
(esPeCt e GATROY NG KSR SIRBLSR, Do ASuRRIeI By MM ANCLY - (0059]
012, 160 methoxylsarbooyll gragp. poicthoxytarbhey] g5rupe APTONYHE cpberE 2y afir om 25C. to
the boi | i;8g8,H318MycBfboh e rduf SobuRBkycaditthy EY@0p MR iSoRitAbRy A hyf §@0p 4Pat O
>0C. tert-butyloxycarbonyl group, an aralkoxycarbony! group such as a benzyloxycarbonyl
group, a p-methoxybenzyloxycarbonyl group or a p-nitrobenzyloxycarbonyl group, a 1-
(alkoxy)alkyl group such as a methoxymethyl group, a methoxyethoxymethyl group, a 1-
20  (ethoxy)ethyl group or a methoxyisopropyl group, an acyl group such as an acetyl group, a
trifluoroacetyl group, a propionyl group, a butyryl group, a pivaloyl group, a benzoyl
group or a methylbenzoyl group, or the like.
[0055]
Among these, an aralkoxycarbonyl group or an alkoxycarbonyl group is preferred,
25  an aralkoxycarbonyl group is more preferred, and a benzyloxycarbonyl group is even more
preferred.
[0056]
As described in the present specification, the “C1 to C6 alkyl group which may be

substituted” means a C1 to C6 alkyl group which may have one to five substituents
12



[ 0084] The reaction solvent for Step Dis not particularly limted
as long as it is stable tinder the reaction conditions and it is inactive
and does not interfere with the reaction, or wthout solvent, Exanples of
such a solvent include hydrocarbons such as hexane, $5eyel ohexane,
fteptane, or the |ike, aromati c hydrocarbons such as benzene, tol uene,

Xyl ene, geletthé ﬁlohkfh,e gedipecasBtiog ofis hdlogenditomy hbydrek yiagreurt, BMypno group, a

t et rahydr d I t

et ranycropbrnekarond eGSR ER Flien Bk GICANE] RILEAT o o suen
as met hylallaztt@rlmneyl gethyh Cadeﬁétaékoxysmpomxi;glroupaeéﬂatpé36 tiliylyhlogw@a@re or the
like, ni taﬁhél(?%%)iﬁﬂCynﬁangﬁeth%h%t{th‘éeﬁ ClptF)QR? Eﬁ’l@%éﬂli oegrm% t(F"?t(J tkgycl@l cohol s

such as net r oaanol
2- met hox et RRESHp v@uﬁymewc@m e to éhre@ PI‘@r?éDIQ$ ycf@rmylamu%%efopp Kkl to

Qalzogenﬁ}@sﬂa Gﬁx@@ﬁﬂb&lﬁﬁ) 151 261 dﬂ GGthbQY@&ml?ﬁmﬁ@bﬂf@f #0Nto C6
|1 e

ent onbut anc. or .t des such
as N N d| f’lﬁlF‘Wél?'ﬂ %‘é’uP BWF‘—'?‘ PW@P’W %fe}‘%f”z;l?ﬁq’d@ Eﬁé‘fﬁ‘?&)}ﬁﬁ% oi i done,
or the I|ke [ Q@B5] These sol vents are properly sel ected depending on the

ease of 1 {1 aty,08ck BE aREhflhn k¥ 3H ghm%{n&lb%?h%aawlg i nati on.

Further, the solVent nay Ueous 8ol vent g a proper
dehydd at iBxgmatpsmt tl@rCUésCéeHm groap nepysinglade ap@d%group,anethv ngtleGl D. in the

case wherg, &Jﬁgmu @'ﬂeth?leﬂ@?gro% AN-raghFpr 91 g@uﬁrﬁ—ﬁ{eﬁWlﬁrob& ¢aqry out
t he reaclpl gbsence 0 sol vent in i e casg V\?ere t he
react i on &f&Peaf§t EEFY giovbst h‘gj’t EPY I eh %{ Ylagopy BB Dt 21Pup: 2

pr ef er ablhyxy\ees @) iot tHellkeor Ampbntethese, amethgbgreud obpteed-Butabgipup ¢ prefeered.[ 0087]
(Step O q?gip Cis a step of condensing the nonocarboxylic acid
conpound repreé(e d by the general fornmula (V) with an am ne represented
by the gener al Afsclemarited (Vile freseobsi@icification? Oz Cfetocohrpoierlkylepousehickd by

the genera] ﬁ]e kil hehns ?@@ tglsag d&@f&‘éﬁcﬁ?éﬂ&ﬂg%@ﬁ&ﬂnggha&é‘&xe%@ﬂ@ns' ng

condi ti ons are e)g(;lenera e us Chem 17] R
NH2( V1) EBbS[UO@@@j sejagt rfé)méberﬂrpap G%S}Stmal?fhéé Ogﬁea@m@ré hh‘é&ﬁ‘lyh%m&g’ Hescri bed

?bove- QOMA group, a C1 th€6 amugatgraf b @ryﬂiﬂy@oﬁ;ﬁﬂhﬁﬁ%ﬁﬁﬁlﬂ: hpstitiedgeaetal
AR RN R MR T T DA T
equi ¥@l entrsno gioup, 4 @epecdr disubditutediau i adleparesergred, ayC4 toeCYeyrdical
formila (ar\ﬁ}no ér%%* uhich may include one to three hetero atoms, a formylamino group, a C1 to
C6 alkylcarbonylamino group, a C1 to C6 alkoxycarbonylamino group, a C1 to C6
alkylsulfonylamino group and an arylsulfonylamino group which may be substituted.
[0059]

25 The “C3 to C8 cycloalkyl group” means an alkyl group having a cycloalkyl ring.
Examples of the C3 to C8 cycloalkyl group may include, for example, a cyclopropyl
group, a cyclopropylmethyl group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, or the like, and a cyclopropyl group is
preferred.

30 [0060]

Examples of the “C1 to C6 alkoxy group” may include, for example, a methoxy
group, an ethoxy group, a butoxy group, a hexyloxy group, or the like.

[0061]

The “aryloxy group which may be substituted” means an aryloxy group which

35  may have one to five substituents selected from a group consisting of a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a C1 to C6 alkyl group, a C1 to C6 alkoxy
group and a C1 to C6 alkylthio group.

[0062]
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It is preferable to use a condensing agent in the reaction of Step C. The
condensing agent is not particularly Ilimted as |ong as an am de bond can
be produced froma carboxylic acid and an am ne. [0092] Exanpl es of
t he condensi ng agent include |-ethyl-343- dinethyl am nopropypcarbodiim de
(MCl') or a hydrochloride thereof, dicyclohexylearbodiiinide (DCC),

di i sopropyl car bodipies @€ thdPtadbxy ioRpemal phasd) snexamplee pheRRN)growd, et hyl
cyanophos hﬁ%e %DE PC) ’ep?heﬁ otriazol -11-1- oxyl ri sdi et hyl am nophosphoni ui n
hexaf | uor‘%ﬁ oK% YPBEYIC S%ﬁﬂr ohenzotriazol - lc, 1,3, 34etranet hyl uroni um
hexaf | uor ophospt@3g¢ (11 BTUT), 2-(14tydrobenzotriazol-1-

yl)-1,1, 3, 3--tetranet [gatal] f b ) gll\/lm =N N, 2-
trimet hyl pr ope%ﬁgﬁeﬁyk - 32]: %:%éétﬁ(glcgﬁ%r%ﬂéé@ﬁn , D- hdle’gfzo?ggé}%‘%ﬁ% ,

445, 65 diavetyhgeyp.la Bopionyl groip-pbugyiyl dronpst anyiseyipbBione, hyaeyt BIosp. de

(DMTNI' M ;27 z ifbnbum iipdi de (CNIP1), or the like. [0093]
Anong thégéaﬁﬁlgrﬂl{ig%%?%doygeoghyl am r%opr opyl ) earbodiimde (EDO or a

hydr ochl ori de ¢ eof is preferred, and

1- et hyl - 3- ( 3- digxeiREs AT MITAPr PIYK alkbogiaibvngeg by ahimiudefd(ERGHHIER i s nore

preferred. [0094 The ampunt of the condensi agent. to, be used, | g, hot
parti cul a[?‘ftbo’fyicﬂ’%bf)gg, SraYR ap§ﬂtP§<¥gqrf>?}1y6'géqugr 33‘?@9‘1“?%%3("%“3 1 groél U?r\(}}é‘% @ﬁ ‘s,
and more prefef@dsy from1l.0 to 1.5 equivalents, with respect to the

conpound r epr e%g(gtéﬁ%s BY 1l & BRNES Qﬁ%lft}g? gﬂalgal”ggﬂ%sig delQé’,%r exameple, aln the

reaction of Ste an additive 1s pr ] since the reaction yield
i s enhandedthyifén 2rove, BoeEiP @50 Uy 8 REOAYEhPSEEUR, G5 eSPEPXNENSAHP- L4 di% i ve,

[ 0096] like. Exanples of the additive include 1-hydroxybenzotriazole
(1-10B0, 1-hydroxy-7- azabenzotriazole (BOA, | -hydroxysuccinimde (110Su),
and 3, 4-di hydré- -%ydr oxy-4- oxobenzotriazine (MOB. Anong these,

1- hydpoxysucci mheta@nb-lerld Supstantet -C 130G al bydyinanzgbnp’ amehes  EIOBCCH s
preferred nd. 1- hydr ox. i e ] r 0097]

The. amurt Bk R EE Bkl LR G PP BB D Brorby ™ Tl e
react i on oph&ftihgadn Hebogeniatinai medirexpd sraup, & Reanvaseumie eto ¢6 plkogesiosised to

0. 01 equigy OWT???%H&E ggttﬁfp? fﬁﬁ’ 8Gind SobN& CPMPOUIBELITeREiAS grigdviiyh iA¢ gener al

formula. ( of the addi f've to be Uéid S ri‘}‘erab from0.01

to 5 equilbdbdsans o dwge heler Hp@sct pnylapippeipup2 tq.Céa@a( YRYNYIAILNO [ 098]

In Step Grodphe (188€16 ARyIBLIGSBLH8Ine \Lesupihil AlHulfoslanfindgloas eshidihay be use of
i together with a base increases the reaction conversion

t he condensin ent
rate, V\hiSBﬁSt’it‘ge‘i%ﬁgheplrd% erabl e, [0099] The base may be any one which does
not interfere WadY]t he reacti on, and exanpl es

Examples of the “C1 to C6 alkylamino group” may include, for example, a
methylamino group, an ethylamino group, an n-propylamino group, an n-butylamino
25  group, a sec-butylamino group, an n-pentylamino group, an n-hexyl amino group, or the
like.
[0068]
The “C4 to C9 cyclic amino group” means a cyclic amino group which contains
one or more nitrogen atoms in the ring and in which an oxygen atom or a sulfur atom may
30  also be present in the ring. Examples of the C4 to C9 cyclic amino group may include,
for example, an aziridyl group, a pyrrolidyl group, a piperidyl group, a morpholyl group,
an oxazolyl group, an azabicycloheptyl group, an azabicyclooctyl group, or the like.
[0069]
Examples of the “C1 to C6 alkylcarbonylamino group” may include, for example,
35  anacetylamino group, a propionylamino group, a butyrylamino group, or the like.
[0070]

14



t hereof include organic bases such as triethylamne, trinmethylam ne,
tripropylam ne, dirsopropyl ethylam ne, pyridine, dinetlaylaniline,

N- net hyl nor phol i ne, Nmet hyl pyrrolidine, and 4-di net hyl am nopyri di ne, [0100]
Anong t hese, N-nethyl norpholine, N-nethylpyrrolidine, or trieth famne is
preferred, and triethyiamne is nore preferred. [0101] For the

reaction of SteRafaplesbftif WSlU@| ¢6/a126§}fc@fb@h&l@nﬁ1ﬂ) g&‘@ap’anﬁ@hﬂ@lﬁﬁe fdxanpl es of
t he sol vent include este uch as eth acet but cet? i sopropyl
acet at e, S5#MPle? meﬁwXY&aféwi?rﬁW&fﬁwﬁﬁ §y"saﬂalﬁ%fyclf§n18§r$£% ?’gl uene,

xyl em orbutdxycdrbktﬁ/larhyﬂrgmw,tadnsy]smzdmrlamytmnaugroulpepiﬁmélker cycl ohexane, or
the like, et her® ;JCh as dl ogane, tetrahydrofuran

2-met hyl t et rah)L tiliantert-butyl methyl ether (TBME), dinethoxyethane
(DVE) 5 di gl yme Exemplehef ek 1 todl oyfkyiarléanytamine cantyd meaysinelndggor example,

di ehl or O%ﬁ&ﬁﬂ?ulf&@lé?ﬁlﬁf) ﬁﬁl%ﬁ?&ﬂf@ﬁﬂﬁﬁ%ﬁb&& or the2il@l i chl omet hane, or

44

the like, nitrites such % ancetonl trile or i ke, am des such as

N, N- di et hyl f ol YA de (DMF), N, N- dinetlaylacetam de, N-nethyl pyrrolidone,
or the like, V\@h@l“aryﬁhlf@nﬂhﬁhﬁw Qohﬁ@hﬁiﬁfma}[ pladktituted” meahsong t hese,

t et rahydr of d t d

NN ot RSB RiED 5P a i B Bbr< Sk SRS TRaiRdf Slsectst iwmets #28P and

N, N}:l @ Sdmnmstthrgl c}‘fcamamged atdns, qineifr@(m gthupamdyanetgratiyy dmﬂr@gmgp! & Cinbo @Iél
referre e i S usua

P y gljoglﬁ aCl to C6 a-ﬁgﬁ(yrgig@ !it 2% ﬁ@g%% l&'itﬁlo % lr?% p y

preferab e range from I'ng poi of the solvent to
be used, nore ﬂ?Q—:7f3érany in the range fromOC to the boiling point of the

sol vent, and eE%&nBEE%fﬂfeefa%ﬂﬁhonlyfahﬁﬁ& §Q>ub01r§9(ﬁncl{1@e1@éﬂ exaSipepaB) Step B is
a step of tr?ﬂ%gthe am de n% 5?%@%% )ﬁnted t he general formula
(111) wi Phe BYREH ERUR: 340 Eﬂﬁ Yo arran B%)?am de derivative

r epr esenheghthylstlfieygenies grodponthedikel) . 3 5[ 0LOS] Exanpl es of the
base i ncl ude am(@l Tal i nmetal carbonate, an alkali netal am de, and an

al kal'i netal or an alkali metal hydride, Anong these, alkali
metal al koki deds deseripecinethe geksenpegifation, the “Cthe Clapriar #lkiegrahp’ caedbnat e

means a. %@M@&ﬁ@%%ﬁk Péx‘&ﬂg FRLi@bles gf(tﬁgpb@sto ol 1bher ﬁkiﬂlaérbuﬁ’fﬂh@hde a

carbonate 1 nclu | um car onate sodi um at e, d t assi
car bonat &€tHAE HH: & SihFheORPHRRLPY! $r§u1braelf B’Fﬁ@ﬁf’ @I@"‘iﬁ al met?’y? aI kal i

met ato amg@tmp, ﬁ@f@étﬁyIFmp&nQO?pg)ﬁﬂﬂ aftelrtmacyl tgyoupubsmyl gidupgorethbjide.ogemong om of
an amne Wt tge g% tlﬁggn;p eg ﬁ}l'eﬂﬁt aIu . deml0 cl ude
l'ithium gfﬁsﬁ@mg IR g %QEBES&FF%H] e hyTamCde, 1ithium
di i sopr opydfamédie, |ithi um cycl ohexylisopr opyI amde, lithium

t et ranmet hyl pi p@r |7§ de ['ithium hexamet hyl 10di sil azi de (LENDS) sodi um
hexanmet hyl dis cé)NaTI MDS), and potassi um hexanet h % di si | a2| de
(KHVDS) , ~ AnpngAs H@S;@élbe ot the Sresantresafeation cuimatesafdee | dkyi et isglude

25  lithium, sodium, potassium, or the like.
[0076]
(Step D)
The step D is a step of subjecting an ester group (tert-butyl ester group) on one
side of a diester compound represented by the general formula (IV) to ester cleavage by the
30 addition of an acid to obtain a monocarboxylic acid compound (V).
[0077]
As used in the reaction of Step D, the “acid” means an organic acid or an inorganic
acid, with the organic acid being preferred.
[0078]
35 As used in the reaction of Step D, the “organic acid” means an organic compound
having an acidic functional group, such as carboxylic acid, sulfonic acid, sulfinic acid,
phenol, or the like. Examples of the organic acid include formic acid, acetic acid,

trifluoroacetic acid (TFA), p-toluenesulfonic acid (p-TsOH), and methanesulfonic acid.
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[0108] The "al kali netal allroxide" refers to a conmpound fornmed by
substituting a 1 5hydroxyl group of an al cohol with an al kali netal,
Exanpl es of the alkali netal al koxide include sodi umret hoxi de (NaOMe),
sodi unet hoxi de (NaOF,t), potassiumnmethoxide (KOEt), sodiumtert-butoxide
(tai ONa), potassiumtert-butoxide (tBuOK), lithiumtert-butoxide (tBlJOU),
?Odl umC'E ert)pe%m jde (C2115C(CF13)20Na), potassiumtert-pernoxide

C2113C( CH3) 20K)_or .t hese
ert-but ox e, AstiedhiEe FPERF GyPaa obyick i TRRR L AR En AR AT
preferr eoprefaneld patl deshio mcidds mopepteberiede  Isthewaes whet éommd ac@()s_:m:}i there

Exanpl es a?é &J&ﬁta&@g %ﬁ{ éor%%tl gkczﬁ%ﬁﬁé ?ﬁﬂesld?[l%%ﬁl%]% %_hﬁé}' um hydride sodi um

hydri de, fass) dri e anount of the base to
be uséd |s not Q%ﬂ]lcul arly linited, and is usually preferably froml to 4

equi val ents, wik Qséc@ﬁ%@?eaﬁ:ﬁoﬁ BﬁSt@ﬁ']]p%é”Qndrgﬂﬁ@ﬁﬁﬂi’ ﬁﬂ:aﬁ)é/aﬂﬂﬁ‘d gearkadln
romthe. vi ewpol nt of su r oduct.i.on

formula (111)
si de- pr odé“c%]?ml@grr%%cé‘ﬁflé’é AR P PRI e Eﬁﬁveﬁe E m‘? rganig aﬂf}ﬂ%clﬂe
F(r)il;-g]r ab|}wdi;]dchmr1|c alcfal, hithc acidi p!lﬁi\s[p]litir& acid, @dltajc zﬁ@hd@ﬂroﬂh&hc HERICH MR RG

t.he a | t. [
L0180] | GcREREal Aike. (X5, RS 09, Bl tsid 05 aqm, moan nos as
preféPably in {lW8liange from-20 to 10100 C, and fromthe viewpoint of the

suppr essi on of IrpﬁugqgéétWH&e ﬂédrggceﬂfz QQHQ)E ?oﬁrﬁ'@ﬁ@iﬁ‘?@ﬁ&q a@ﬁnbrﬁn&%ﬁf Ale
formula (VW it 1S nore flera front 35 3 even nor

pr ef er ablanoAbHA, tm@uptpas@@ a‘{“@)@l@fmlc acid to 'Fd}se F?élSP%léDéPﬁe&{a@V f@%go B it is

usual Iy poefeghighlestst ﬂldhil@re?préf&a\lﬂ?ﬁ fromEP(H%FﬂO%luﬁfaleﬁlfbe w1l rvsmbt tonied ude
al cohol s such as

th | t t b I hol , 2-
net boxy etBAREI @PF&?F@ﬁ@bEﬁ Iﬂgec%ei%gpat]j F%T‘T‘l{l;? @ﬁgno# ¥ 3]? u% e’f%gj 0est ers
suchlas eblhyhesalfetiated ibused asaoetr@dné; acd, thehanbmlte)f papblemsutfonl@ mpnidn #s such
as benz qugd { é{gx%%lg ff&lnqpﬁto ?Eﬂﬁlbﬁeﬁth K&d e hpéf@fapﬂfrﬁorﬁ W@, § hexane,

hept ane exan or t ers suc diroxane, tet rahydr of ur an,
2-met hy| tegtivaleyisr with respecidp s sroxgend aerresentsidy| the gensral pmylp K)-
hal ogenat ed hygmg r bons such as di ehl or onet hane, chl orof orm carbon

tetrachl ori de, 2 dic ne, or the like, nitrite uch as
et orat i1 o ol hiagata Watre byt eRoth anids et PR an et et Aot e TRts0r)

N,h N- db ][YEtHWiO@Bbhambdleto H&lisa@tsh;shﬂw prefeirabdn &onot td HE) dquikerlerandndmmirext ur e
t hereo

i e R S R I
Step A i geaerskiepnola (b\ﬁb j dotrthey imtheaees wherefadyyarqgen chlorige/gthyk egsjaiol i di ne- 3-
solution is used as an inorganic acid, the amount of the hydrogen chloride/ethyl acetate
solution to be used is usually preferably from 1 to 5 equivalents, and more preferably from
25 1.5 to 2.5 equivalents, with respect to the compound represented by the general formula
(IV).
[0083]
The reaction temperature for Step D is usually preferably in the range from 0°C to
the boiling point of the solvent, more preferably from 25°C to the boiling point of the
30  solvent, and even more preferably from 40 to 50°C.
[0084]
The reaction solvent for Step D is not particularly limited as long as it is stable
under the reaction conditions and it is inactive and does not interfere with the reaction, or
without solvent. Examples of such a solvent include hydrocarbons such as hexane,
35  cyclohexane, heptane, or the like, aromatic hydrocarbons such as benzene, toluene, xylene,
or the like, ethers such as 1,2-dimethoxyethane (DME), tetrahydrofuran (THF),
diisopropylether, 2-methyltetrahydrofuran, tetrahydropyran, diglyme,
cyclopentylmethylether, or the like, esters such as methyl acetate, ethyl acetate, isopropyl
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30car boxam de derivative to asymmetric hydrogenati on using an optically

active catalyst to obtain an optically active thnn (I1) of an

anti - (3S, 4R) - 4- hydr oxypyrrolidine-3- carboxianide derivative or it's

enanti oi ner. [0118] The "optically active catalyst” is au optically

active transition nmetal conpound obtained by m xing a transition netal

E? onpou ]n d Aektate, Bnﬁtypmeitaﬁca,lolr ]yheal(iltei, YiRrileh kiichl aslaicgaﬂildrilieﬂplapio@ttg'm;l bf:the dikeent .
011.9 anpl es of the transitign t 0 nd jnc

F ut heni uﬂ@éﬂh&gﬁbg e PR ﬁtﬁf’“&"d B TaranOl e Rty aif]%%@g%rglaﬁa)fyegﬁiaﬁmlogkel

conpound etleylgeal dlpail uliethplepe ghdol, ar pledikerhatogoated ipdiocabonheichiake, and a

rut heni um:. LS red. ;: e ium

Corpound S Sastnt SHRIGHER, T2-athbtiihane, 1 11 R AR R BpuhidSof HLIRE

di br ofro( pnd emédas)shel eNiNmdmethy demeanide (TaME digesterectapideruma di ner, a

di ehl or o(de(Ryipyich RARE aski gp ke ut heni ui n(1l) polymer, a
di chl or obenzentci nt heni uni cie 1 5chinch a di bronobenzenerut henitin(10
ditner, a diioterizencr ut heni ur n(B) &rar, or the like. Anong these, a

di chl or obenzen®hexcheNehtdrate pjopetilyresledtad upehding ed thd €k2 df indsatinigehe hi r al

ii,gand, a chiral, |igand ich is u ly u o]

thereor” Bttt R g dr T s AT TS RABURE ey BRI s
20Setdnd nediagiens spBO0t, uMing ByrdieCdehysiratihg agest or[dggigegnt, as desiredexanpl es  of
the chiral lig 'g%' ncl ude C2-chiraidi phosphilles such as (S)431NAP,
(S) - To1BI NAP, E'sék | BI NAP, (S)-Cy-1SINAP, (S)-H8- BIPQAP,, ( S).- NeO4AMPHEP,
(S)-p- Tol Me0- IBStppERin Hiesasywieie fempe peg is pssyl.aspaya rt‘ﬁﬁpr(%@)f@ SHERT| O,
(S ) DL (S SYAPHES, (e o x4 RAROS
(S S} b SBLBHEOTE i AEids: R SV e P TPk RHNC opforuete, id Hofe

non- C2- chir¢fatabliypobsephi nes such as (R)-(S)-13PPFA, (R)-(S)-BPPECH,
(2S, 41S) - BPPM (({Ry1 (S) - JOSI PHOS, (R)-(S)-XYLI PHOS, (R)- PROPIIOS,
(R) - Me0- MOP, oL thIe i ke, and enantioniers thereof. 30[0123] Anong
t hese, (S)-BI NA&ep C5) - Tol SI NAP, (S)-Me0-BI PHEP, (S)-SEGPHOS, (5)-

DM SECI PHCS,  oftehlteisra Wdoﬂﬁ&{sﬁlﬁhg g}lfn@fzﬁbéﬂdﬁc 2Bt dnipouBl NP Rhiteti thy s

ti i f , 10124 NAP .
o b o (o BHGT) FORBNG A WBALE £0 B KBBAOHGA b (10 2By e plac Thig hteis o
- hi sfdi plaﬁﬂ%é, &hﬂﬁﬁiﬂd_ 3gg@rei§an4édbﬂfyi thﬁ_,andielrszdeQHt)l eFof ﬂ&&ghderﬂl&/lgSE[(ngiaisz? ]OS
means 5,5 -hi I, - sphi no) -4, 4 -.bi - - hgnzodi o al e,

Tol i i 3l %@E‘%;;g] Spicionse |129%gﬁe<%e§%r6ﬁ%§%ﬁ%d‘n%‘%'?§?%ﬁ: bi napl i t hyt |
0
[Chem. 17]

RI-NH, (V)

25
[0089]

In the formula (VI), R! has the same meaning as described above.
[0090]
The amount of the amine represented by the general formula (VI) to be used is not
30  particularly limited, and is usually preferably from 1 to 3 equivalents, and more preferably
from 1.0 to 1.5 equivalents, with respect to the compound represented by the general
formula (V).
[0091]
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[0128] MeO-BI PLI EP neans

(6, 6" -climethoxybi phenyl -2,2'-divyi)his(di phenyl phosphine). [0129]

The BTNAP anal ogue neans a conpound each having | to 5 substituents such as
an al kyl group or the like in 4 benzene rings on phosphorous atons of

BLNAP, a conpound having a substituent such as an alkyl group and an aryl
group on a i napht pidferiblago Qe :&Nﬁdﬂsns’lﬁ)g sgenoimibe nehctiay bhgtep haplitehyl ring

partially hydrogenated h | es _of Bl.NAP i ncl ude

(5) - ol BIRAETRRRARYat 3p{ Ryl e RABE 5 it RUARAR 5P DR

[ 0130] Trfe)nSEGlﬁ(H@SylamahngméamnR a conpound each having 1 to 5

substituents SWZ 5as an al kyl group, an al koxy group, or the like in 4
nop

benzene rings osphorous atonms of SEGTI OPS. Exanpl es of the SEGHOPS
anal ofue i ncl uaéar(lst)e pifhsEepiasingegpnt ipgpis Setpl-Pr@s, or the |ike. [0131]

gge Mﬁo- 134 BER i rQﬁyl?caBlﬁﬁitfih%né? gm@k gwad ga@ahtmibmrédfo 5 f,UbSth i tuents
such as_an r Lke in nze s on phosphor ous
atons of dElo 1‘%‘?‘1‘%@8‘&&%&P£ ?hlstoﬁﬁ’p%@r@ﬁpﬂl‘%ﬂghgﬁ’ogue !Dncl 3de

(S) - p- loldipweadiphbsgRoERazidé (BPRA )Bdic30 ¢ l:doPhiphate (DERE) | ickeotrip@ll 32§1- The

OBt ol SR 0 T RO BBR PG SBo  pron et

opti tal | yi- Yib.“tl1lvfé3tt¢trma¢th}’1|ugmmn|hnX?€ﬂ110m@amlmtes@{R'Hd) 2E>1§mp1|r@®nmm@m 1-
opticall %1 fﬁ&lsvzete%hé 1%% hmﬁhyﬁeemrmm@ ym Sz)tclﬁ&'&ﬁﬁil gatal yst produced
from a. eni um co 8

rut en ta SEGPHOS
cat al yst tpms@w&&apw&wlae,r%elﬂem ﬁﬁ‘idé@ﬁ'ﬁ@ﬁﬁd Hlaz(@) Ci@éﬁ ‘I‘%ﬁ g
rut heni uranﬁ&ho @-353 Bidﬂz%}@w&ylmqﬂmﬁahi}dxeamanw(mmmm imclﬂomabund
and (S)- TEP 5’216‘9 Megl H% ) - DM SEGPHOS cat al yst produced from
a rut hen| @)M Anmong these, a ruthenium(S)-
BENAPS cat al yst[(]093])r eferred. [0133] The anount of the optically acti ve
catalyst to be, n t ok
b e AN
even nor dyproshleridpther¢afdrpeioned Bnd 1-cHpl-3va- dlmiethbﬂ%g@@epylt)@rb%iaml@q the

conpound W 8RLEREAE ADLY. HA§idppRAfefred.mul @ 0). In the reaction of Step A
even in the caE@ V\Tere t he amount of the optically active catalyst to be
used i s decreat®d*o 0.1 not % the reaction proceeds while not affecting
the yoeld or tfhke smenﬁaffehcecﬁﬂdehstizyg adenatodesiseéd ds pot pducularfyQiididdd, andis  I'n
the case where t mpunt Lcall i | arge, a

transiti (Wiu%tpéfagaa orﬁrﬁndl gors %‘ﬂﬁ @QI{E[L 4 n¥or9§>¥éf¥r%?]§/aﬁ(§£)[30§)tgn r epr esent ed
by the g@qelrva]enlfsowmblr%sp(eqtltp theprinegrouing r%prgb@stedéﬁd the senseal forrida b\d}l fication

is difficult, 51 he optically active catalyst is expensive. 'Therefore, a
smal | er am)unt he optically active catalyst to be used is. nore
preferred. In the reaction of Step C, an additive is preferably used since the reaction yield is

25  enhanced when the condensing agent is used together with an additive.

[0096]

Examples of the additive include 1-hydroxybenzotriazole (HOBt), 1-hydroxy-7-
azabenzotriazole (HOALt), 1-hydroxysuccinimide (HOSu), and 3,4-dihydro-3-hydroxy-4-
oxobenzotriazine (HOOBt). Among these, 1-hydroxysuccinimide (HOSu) or 1-

30  hydroxybenzotriazole (HOBY) is preferred, and 1-hydroxybenzotriazole (HOBt) is more
preferred.

[0097]

The amount of the additive to be used is not particularly limited, and the reaction
yield can be maintained even in the case where it is decreased to 0.01 equivalents with

35  respect to the compound represented by the general formula (V). The amount of the
additive to be used is preferably from 0.01 to 5 equivalents, and more preferably from 0.01
to 1.2 equivalents.

[0098]
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[ 01351 | DExanpl es of the hydrogen source include hydrogen or formc

aci dhri et hyl am nes, form c acidl a- phenet hyl am nes, formc

aci dl tri phenyl am nes, anmonium fornmate, cycl ehexenes, 2-propanol, or the
i ke, and hydrogen is preferred. [0136] For the reaction of Step A
it is usually preferable to use a solvent. Exanples of the solvent include
wat ﬁr, or gﬁn: CliaStef €, ﬂitCI’@a@}i)nfpiMéeds afeindvit}ﬁmeltléez)fadiade,bmt}tehsebfﬁe, esterﬁ
such as et acet at tyl..acetate, or e like, aromati suc
as benzeﬁ@?&?ﬁFﬁéﬁgﬁﬁgﬁﬁg?ﬁﬁghiE??dFQQV?%hgfe%?wPﬁgnV?%g?Hﬁ% rocaﬁg%%% such
as hexanerethepteane, cycl ohexane, or the |ike, alcohols such as nethanol,

et hanol , 2,2, 210008 fl uor oet hanol (CE3C1I 201E, 2-propanol (2-PrAf), terthutyl
al cohol , ethyILne blycol, 20di et hyl ene glycol, or the |like, ethers such as
di oxahe, tetrahhelbaseumanbe aymsendige dersme! ingergirg math the rapiéon, japd examples

hal ogenatgg.sdiingasams batshuasadietymnnB tharetylShihe! eihefpilantias,bon
tetrachIoL|de,ﬁé,%é&;chloneapan , OL tqﬁgll e, Eﬂ%ﬁ%ﬁﬁiucqqas

N, Ndi met HYeRsPRdmirpepE)ding fmethylgpibas Ay i Hne, =

N- met hy| pydthybideliine, and 4adimekiylanginbivaidied.. 2 5[ 01371 Anong t hese,
diehloronietha[}g0 ietrahydrofuran, et hyl acetate, toluene, xylene, or

chl or obenzene 8 eferred, and dichl oronet hane or ehl orohenzene is nore
prefefred. [ 0138jonghkeseddonétbylnteephpdingt Nrreethglpprolading, qstedtbylapine isn t he
range of 3 > erably in the range of thom 25C to
T20C, ev %ﬁﬁg?%%ggﬁ %?égﬁggﬁﬁn?ﬁ%ﬁ$§%§g°of from60C to 100C, and
particularly plEfétably in the range of from60 to 80C. [0139] The

reaction presspg€ht seadfibn PASED CYktas Lyualypréfedbleandsd Heolveact Eammpanobe
Ssu 9 10

usual | rriied out under the condjtions.of .fr aor di nar I e,
TOTARIE TR ot %‘ﬁgf“%ﬁt%)&! ac Oy bu“f’Yl praTk PR PRRESHRE 1L, 1
carrigd aumatitdempohedcontias bemzeot, thlowng xekseresholikd, hgdroparbonosuch®Pri , t he
reaction e il f i i iy ty of
- aest r oqPRREaERadlr SoRBbAG 6ihe I, ity hEh & Blor bl Sl SRR O

i ndust r i arhgthgligteadnieaan (BAde IR t-Patgkmethybstpberdd BME), dhacthpercdmdte, a

' O\N]?r r glf"(tDM]ngitgwrﬁé WER 1, Bél@é?fa’fe@%gdg&fiﬂbﬁs Bw%mm%clg@@ﬁiemﬂe, t R]get .
prefera reaction pressyre.js_ framO. 0 . er e
reaction Cgllor@ggﬁ %?@?o‘ﬁt,ra(i %“‘ieorlrﬁo‘ﬁﬁ]&"&eﬂ’taﬂ‘é %é@‘éﬁ{’ n?tﬂfﬁlﬁﬁ}l%%l ™1) can be

i sol a(lo ed abytopittile oy tHedikeasmities Fl}i@ﬂhs NUN-dingetigyéfoeimani dee(AvIEY, NN - n’e?ni § for
exanpl e, ext tion, recryst i zatjo r i ke

Coan " dEhAEL R SEndRVLARO T R PeROLbER M ukfSe, | D)
reaction of StEPOA, it is possible to renpve enantioners and di astereuners

(syn-forms) of Amﬁgmk,rtsgalﬁrd%u%?a%ﬁ%u SHvRt 8f REAMESErdd R 9 5RI | amount,

thereby obtaining an optically pure anti

_A-
hydr oxy pyirethydptmangde o sorisi ae Vet vansthgltetaly dodiran ppd Nad- case where the

amount  ofgiAnhPRbinGilY isgatieved Caldabyslydiduie iusett prefedred. Mol % or less, a
purification oRﬁrifion other than recrystallization is not required for
removal of residd netal s, [0142] The reaction of Step Ais an
excel | ent pr odilid teactioretehpdraiture ol tept s useabit proferady itbihe cangeifenn edft*Cunder

a. low pr re. condi.t i o] |V, ' o hve
catalyst § ROl o s BTRE BledDing R, BIRRIP S, il SR H S B
cont r ol | ibadingtpeingeb thetsobfent, wad gpert ward gregeatly Eomattalioy¥Ct o be used, as

conpaged with phpds in the prior art using an asymmetric hydrogenation

reaction of an, a-substituted P-ketoester derivative
(Step B)

Step B is a step of treating the amide compound represented by the general
formula (III) with a base to obtain a 4-oxopyrrolidine-3-carboxamide derivative
represented by the general formula (I).

35 [0105]

Examples of the base include an alkali metal carbonate, an alkali metal amide, and

an alkali metal alkoxide, or an alkali metal hydride. Among these, alkali metal alkoxides

are preferred.
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20(international Publication WD 2007/102567). [0143] Furt her nore,
the reaction of Step Ais an exanple of catalytic asymetric hydrogenation
usi ng an a-substituted p-ketoam de derivative as a substrate, but thereby
obtaining a desired product, an anti-P-hydroxyam de derivative, as a nmain
product. Although an exanple of catalytic asymretric hydrogenation using
a-substituted Rkespam de can he found in Organic Letters, 2010, 12(3),

512-515, a syn=ftaydr.ox ide farmis provide a i 0 i-ch is
Cotally diffor Sht HRURHERS chpabhy bl FEhIRE Ay gl N Wb

ant i - P- hylir aikylameté cirbonatasndudedithivon catbartate, Exdinpl @sbdn@te44id potassium Next
the pres Lavent j ri ith reference to Exanples, but the
pr esent ?%gh%b%}%@@%s\ﬁ% f%‘lg?tg%éit\sdjr?%gg%w Exanpl es. [0145] 3 5In Exanpl es,
Ref erence Exanfll®d] and Conparative Exanples, "-tbid anount” neans an

amount (L) of Tge SQkMERetaMatnidd”@8RECH alc@ntpdendBsifel B sQbstRutsiHIShyRbEn
[01461 (Reference Exa

3- { N- benAAB L %?@Wn@#g{@ﬂ&t@ﬁ;} gﬁ%@ﬁ’lﬁ%‘eﬁfw il metdghis fglude lithium g

gl yei ne eiliyd, sodisheamidy dpasdsiuat baiéle( lithdurg diethylamale] Jithiwen diipaptopyl8nitlem xed

sol vent of,.2-propanol .. an er. ( . Py ' m xture
and tri e?’ﬁ@fl yﬁg()%{z P Oﬁgql?%ge’llﬁng@ %@gtgg@g&?%é&%é{lo alﬁlhg% nltlér%tﬂ}gr nal

t enpef at Wielagide SOBEMITD), sordium headmeihgLdigilageds QUEBIDE).apdirstastivint - but y|

acryl ate i HMS) 2N AidnS iRAL, fRIRRhAA gty ilamif0E to 62C,
foll O\A/ed,h(:gﬁméqg?/lrcglslg%%ae{man I nt)er nal gen’per%t ure of frgmy60CS: tc} 62C for 2
hours. Fw¥tfeEedore, to the nixed liquid was added dropw se tert-butyl
acrylate (50.0[@o8P.390 nol) at an internal tenperature of from 62C to 63C,

foll owed by stiyrij, at an jnternal.t erature, of from 60 to 62C for 3
hour s. 10[0147irfle alKal} m?f?éa]rké’é i6ﬁe%§§?ﬁ?@P°WsR’888ﬁq gﬁs&c?g}ué%l % enperature
and was alyiewebgioop sf amdlcoberwitlyh alkdhenctadacEkonples xf the ellatisnatil alikaxadeby t he

addi tion; t t ddi_tii
20di um ny S REuRGELEkRe (adyle), ARHlrithe A8 Bkl i atRl Nk OES,
separ at i 6pdive teBttaitoxide §BrUNaprpobFssiuEy @rtﬂmt(yqldg(_t uOK), lithium tert-butoxide

15( et hoxygardianybinet RULRFAQIOIOPI:ONaTS,0Na e hhtkksiaaeiabentodiae product was
parti al I§ (‘ﬁgzcﬁé%trg) d Is”,ééiltl%H Ni/CI% vsvag@trlrgzasur)gg. [ 0148] P NI VIR (400
Mz, cociSys:(Cilsp L@?fie{%ﬁ‘-l-r 2Hz), 1.45 (9H, s), 2.44 (211, t,
1-6,644z), 2.8[010211, t, J=6.6Hz), 3A | (2H, s), 4.20 (2H q, 1=7. n[0149]
To the total anpount .of the sol uti tert- T .

(et hoxycar bony Phoggit%sg No Sburn(%)”[t)eirgﬁlétg Iéld%’ngog{“ﬁyfe#é%%{%ﬁl%e’v?/zraQOtéal%i(ljlle% teart sodi um
hydr ogen pestobuiaas prefateads pohptagsium ¢er{-per8&0ders| orsforefodttdim hydr ogen

car bonat e was ﬁj@gpl ved in 1.3 L of water) at approximtely room
tenperature, a c} enzyl chloroformate (133 g, % 780 Za{ngl) ¥vas added

dropwi se at anExamplenal theealhel agipldyerids r igplude biymdnends, splgindeydpige,

sti rzgngp@{asﬁﬂmi}ghga@,airth@np@r ature of from28C to 33C for 2 hours. [0150]
The reaction ntoﬁiﬁe was cooled to roomtenperature and allowed to stand

over ni ght and extracted. The organic | ayer was col |l ected by
separ ati on, an®@ih¢ m@ount of the base to be used is not particularly limited, and is usually

preferably from 1 to 4 equivalents, with respect to the compound represented by the
general formula (IIT), and from the viewpoint of suppression of production of side-products
30  represented by the general formula (VII), it is more preferably from 1 to 1.5 equivalents.
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30 organic |layer was sequentially washed with 0,5 nola, hydrochloric acid
(0.5 L) and 5% brine (0,5 L), and dried over anhydrous sodium sul fate. The
insoluble materials were separated by filtration and the filtrate was
concentrated under reduced pressure to obtain 265 g of a title conpound as
yellow oil. [0151] NVR (400 MHz, CDC13) 5: 1.23 (311, di, J=29. 3.
7,3Hz), 1,43 (®412p), 2.56 (OH, dt, .1=22.5, 6.4Hz), 3.56-3.64 (2H, ri),
4.054.21 (411, é%g 18 .11-5.17 (2H, m, 7.297.38 (5H, m. [0152]

The reaction cb i%n rates of Exanples 1 to 3 in Table | are val ues
calculated as follows, by carrying out HPLC neasurenent using the

measur enment condition A below and taking the area percentages (% of the
obt ai ned substrate and desired product to give a total percentage of 100%

[ 0153] Reaction conversion rate&(0 - Desired produet/(Substrate 4. Desired
product)x 100 [0154] The substrdéite resters to tert-butyl 3-{Nbenzy
oxycarbenyl-N—pﬂjQCﬁf%é Car yl'ipqét hyDami nol propi onate and the desired
product refers to“3-IN 1 eqzyloxyqqrbonyl-N—(ethoxycarbonylnethyDanino
propioni c acid, respectR@Gl'y. [0155] Measurenent Condition A Col um;

Chem cal s Eval uati on and Research institute, CERL E-eolunn2 ODS, 154.6yxl| 50
mm 3 tun), pre-colum: Chem cals Evaluation and Research Institute, CER

L- colum2 ODS, 4, 0x10 ﬂﬁﬂﬁnﬁﬂle phase: Solution A: nethanol, Solution B
phosphate buffer (pH 6.9), 0 to 5 mnutes; A 13--53:47 (isocratic), 5 to 15
m nutes; A :B=53:47->75:25 (linear gradient), 15 to 40 m nutes; A B-75:25
(i socpatic), dEtlddtion wavel ength: 210 urn, colum tenperature: 40C, flow
rate: 0.80 mi[H fhe g2RYRel RRhIAMTVIIIEG' st iakehe apRy @udniBEelsyledRibat nut es,
desired product; approximately 6 mnutes [0156] The reaction
conversi 6Vt ates of Exanples 4 to 7 in Table 1 are val ues cal cul ated as
foll ows, by caf(ly#hg out 'PLC neasurenent using the neasurenent condition B
bel ow and t aki . 9 ' and
desi red product ot ke GLERBEIGEREANED (o bully BRI B HEdpRITLD S

conve? si dA0TGtaad fogm thepaewpaint ¢frtbel sptsgf peadactignesf iduPigdseset ) x 100

30[ 0158] represented Hy&hS g&ﬁetrﬁl%ﬁnlﬁlﬁf(eﬂz, it B riedrk ﬁ%ﬂ:ﬁibly from 35 to 55°C, and even
3-IN—berz.yloxycagggqén-Nfe%83§ycar onyl met hyDam nol propi onate and t he
desired prYBRECIARYFEN #0507,

3- 1Nbenzyl oxyegoibdnyl - N- f et hoxycar bonyl met hypani no) pr opi oni ¢ acid,

cspect ey, FSEPLRSRATOREL SPUSLIL SR Bt o g SRV, Sl rccs

ODS- B85 ( 4 I sotdedt mejudermbiphbls sphlasemeBehelt ttbanod: 2-amipeneniertrbutel algdioLi on B:

dil uted mﬁmfﬂaﬁol?%weﬁé 2yed DAV AL, 01Qhd Bkl RstBEsMER 8 ethy1Brb@ic40
butyl acetate, or the like, aromatic compounds such as benzene, toluene, xylene, or the like,
hydrocarbons such as hexane, heptane, cyclohexane, or the like, ethers such as dioxane,
tetrahydrofuran, 2-methyltetrahydrofuran, dimethoxyethane, digylme, or the like,

20  halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, or the like, nitriles such as acetonitrile or the like, amides such as N,N-
dimethylformamide (DMF), N,N-dimethylacetamide, N-methylpyrrolidone, or the like,
and a mixture thereof.

[0116]
25 Among these, N,N-dimethylformamide, tetrahydrofuran, or toluene is preferred,
and toluene is more preferred.
[0117]
(Step A)
Step A is a step of subjecting a racemic form (I) of a 4-oxopyrrolidine-3-

30 carboxamide derivative to asymmetric hydrogenation using an optically active catalyst to
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(isoeratie), detection wavel ength: 210 am colum tenperature: 40C, flow
rate: 1,0 nUmn, Retention tinme: substrate; approximately 3 m nutes,
desired product; approximtely 14 mnutes [0160] (Exanple 1)

3- (N- Benzyl oxycar bonyl - N- (et hoxycar bonyl nmet hypam nolpropi onic acid

To tert-hutyl

34N benzlxdbmaiuaﬂbb@cmﬂyuﬂw ftrimo Xl od abh any- 3t R4 hadrixgpypolopnedat e (500 ng,
1.37 mml) was added form c .acid .5 nE, 66 3 nmol), followed by stirring
at an outc)élfbot’%tﬁlb‘gercgeflﬁ’?téve Oertltf‘nen%@é“\‘e ir 3 hours. After |eaving |obe cool ed,

to the reactiofliBkture were added ethyl acetate (10 and water (10 ail).
a0 e CLIan e hENRLIYASRAA AR S dRpRERR RO TndRof REAGUARNR aver

was added et hy tate t he or anl ayer was co ecte

separ at i cﬁbtauaﬁdobx Imsﬂng héraaSrlgamn@tql ag@pow@swlb%mwllmﬁwre@lml ll&a@dfl @Rat ed
brine (1Q:fanldsolvedthen dried over anhydrous sodium sul fate, and
concentrated gﬁ{g reduced pressure. The obtained concentrated residue was
dried, at roo érl)erature wi der reduced pressure to obtain 421 ng (yield
99% of a titl Exeapesufitheamneitioomessonipbund Dtk a(Ehaniphesnzpdund,?

The r eaCt g&lﬁml\’\%hl%oﬁﬁlé a 1Hd81% C&HS&{ndt QﬁlCE&%%hHOBH& ad]%ﬁﬁf-u%%ﬂl&u{&bd el

usi ng ter

3-{ Nlbenmtnwycwmmwlﬂ; Akt Hissypodraoyhivet ¢nperovind ol piebpiednat e, and t he

éh:)\lj\’nlgcl rnre_?_zglr g[(:pil { ppof t gi (r:e(ilct [ og m i(t ure was carried ?ut TheHr esul t s4gr i
equi val ent s), 3]§X%IBP1&S *FA“WQ]B}“H] ‘“éteﬁ’gﬁ(’:q}‘:%iaéﬁ‘fﬁ‘é%]v‘fr SI E’L?@g?e&%h%iﬂ'%ﬁﬁj , ( 30C
p- Ts01- 14irhe0a dhrdmegtnadiusheniuhelly @iger( 5df1@dd?(p&maﬂé))uthérﬁlf1ﬁ1m() dimer,
Femper at i Fiph-SasHonrraerufro Ak ivare! 6 sl mo b 2Ra by bR
t enpeb at ety ditveinbberizenauihdniusg 1) diaogri wéﬂlteimbsqzenﬁnmn(lﬁn Dlddmemotithe ) ,
room t empgkat Whfong these, a dichlorobenzeneruthenium(ll) dimer is preferred.
[0121]
As the chiral ligand, a chiral ligand which is usually used can be used. Examples
thereof include the ligands described in CATALYTIC ASYMMETRIC SYNTHESIS,
20  Second Edition, 2000, WILEY-VCH, p. 2 to 6.
[0122]
Examples of the chiral ligand include C2-chiraldiphosphines such as (S)-BINAP,
(S)-TolBINAP, (S)-XyIBINAP, (S)-Cy-BINAP, (S)-H8-BINAP, (S)-MeO-BIPHEP, (S)-p-
Tol-MeO-BIPHEP, di-t-Bu-MeO-BIPHEP, (S)-SEGPHOS, (S)-DM-SEGPHOS, (S)-

25 DTBM-SEGPHOS, (S)-QUINAP, (S,S)-BDPP, (S)-BIPHEMP, (S)-Me-BPE, (8S,S)-DIOP,
(S,S)-DIOP-OH, (8,S)-DIPAMP, (S)-SYNPHOS, (S,S)-CHIRAPHOS, (8S,S)-Me-DuPHOS,
or the like, and their enantiomers, or non-C2-chiraldiphosphines such as (R)-(S)-BPPFA,
(R)-(S)-BPPFOH, (28,4S)-BPPM, (R)-(S)-JOSIPHOS, (R)-(S)-XYLIPHOS, (R)-
PROPHOS, (R)-MeO-MOP, or the like, and enantiomers thereof.

30 [0123]

Among these, (S)-BINAP, (S)-TolBINAP, (S)-MeO-BIPHEP, (S)-SEGPHOS, (S5)-
DM-SEGPHOS, or their enantiomers are preferred, and (S)-BINAP or it’s enantiomer is
more preferred.

[0124]

35 BINAP means 2,2’-bis(diphenylphosphino)-1,1°-binaphthyl.

[0125]

SEGPHOS means 5,5’-bis(diphenylphosphino)-4,4’-bi-1,3-benzodioxole.

[0126]
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Exanple 7 Hydrochloric acid (58.1 equivalents); THET (5- fold anount);
roomteninerature [0163] In any case of the reaction conditions shown in
Table I, the reaction of Step D proceeded., thereby obtaining a desired
product (Exanples |I to 7). Particularly, in the case of using formc acid
and nifinoroacetic acid as an acid, the reaction of Step D proceeded

snmoot hly, t her Bby-SEIIRHOS ngags 8,85biséd (ps-adiytphosphiodd, 4/ttt 13 -b&vadpkels. 1 and
2). [0164] In E’@?%ﬁs 2 to 4, the reaction conversion rate refers to a val ue
cal cul ated as ows, by carrying out FIRER neasurenent using the

measur ement  cofolBINA®R r@edns 12534+ tas(di-p-awdy phosihéncarlek -permdhitlages (% of the
obt ai ned substfabe; and desired product to give a total percentage of 100%
[016519 Reactioh conversion rate (% = Desired roduct/,(Sgﬁ;t rate + Desired
produe0x100 [ 066} BIPIBER&esnn§ afiléleﬁ@fiél?lﬁ’h‘frbd%ﬁ{ﬂyl)ﬁs@ PY18R8FeRIBbNy | - N-
(et hOﬁyfawoBy[mppyl )am no} propionic acid and the desired product refers
to ethy e arbonyi - N- 1( 2- cycl opropyl am nocar bgny.l ) et hyl.|

ani noacet at e, ?é%bﬁﬁ%“?\?@?&?g&f Wf%“iﬁ(a?ﬂ?ééé%’f’ ﬁ%‘ﬁ%/haéfbl}ﬁjfﬁ %ﬁ‘ﬁé e SXC}@?I um;
COL Sci enaeskyl Bup dr mier tilsd in 40RGz8nd doB InlH0sphvyquspitens of BRMAP,AE conSourhces
Inc., Inertsil - 0 i : j : .Eﬁf\]g'nile,
Sol uti on%é%l%éi Sugﬁsggé_%(tégp %célﬁ%éwggfgo%ﬁa%ﬁpué?%%% %Hidémfgﬁ.m nu'zlj es;

A: B=60: 40 omposndhadhg a deplebylirong navalvergroeenaied, anrthe liko| drmmmienditat ur e;

40C, f1 owi@tinaoclle MATAY (S2IBESIRNE, 08)-K i MRNARIBSCABIN AR PX3-BRIRPY 22
m nut es, desi rencall p%?gduct; (aggrBoxi mat’g?)y %5 m nﬁ@s }EL0168?’lo anpl e 8’3/ Et hyl
N- benzyl &k%ﬂﬁonyl .-N-{(2-eycl epropyl am nocar bonyf) et hyl } am noacetate 3

OTo 3- 1N-benzyfmsypar bonyl - N- (et hoxycar bonyi ni et hyDam nol propi oni e acid
(295 % SO VARt B L S BAIEF LA 1T 0 ot
7. 081 fmola}y an atkdtl EOGk] €@ alk&52gngp, B tHolikminl4) baneere rsegsarmhiogphoyowsdigierds of
thereto, Jroht@ped BY.mbics bf Y HGHOPTLLANPR Atiae ovMLshestios, (S)-
DTBM-SEGPHOS, or the like.
[0131]
The MeO-BIPHEP analogue means a compound each having 1 to 5 substituents
20  such as an alkyl group or the like in 4 benzene rings on phosphorous atoms of MeO-
BIPHEP. Examples of the MeO-BIPHEP analogue include (S)-p-Tol-MeO-BIPHEDP, di-
tert-Bu-MeO-BIPHEP, or the like.
[0132]
The optically active catalyst may be any optically active transition metal
25  compound which is obtained by mixing a transition metal compound with an optically
active chiral ligand in an organic solvent. Examples of the optically active catalyst
include a ruthenium-(S)-BINAP catalyst produced from a ruthenium compound and an (S)-
BINAP, a ruthenium-(S)-SEGPHOS catalyst produced from a ruthenium compound and
(S)-SEGPHOS, a ruthenium-(S)-MeO-BIPHEP catalyst produced from a ruthenium
30  compound and (S)-MeO-BIPHEP, and a ruthenium-(S)-DM-SEGPHOS catalyst produced
from a ruthenium compound and (S)-DM-SEGPHOS. Among these, a ruthenium-(S)-
BINAP catalyst is preferred.
[0133]
The amount of the optically active catalyst to be used is not particularly limited,
35  and is usually preferably from 0.01 to 20 mol %, more preferably from 0.01 to 2 mol %,
and even more preferably from 0.01 to 1 mol %, with respect to that of the compound
represented by the general formula (I). In the reaction of Step A, even in the case where
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3 5[0169] After being allowed to stand at room tenperature
overnight, 2 inol/L hydrochloric acid (10 inE) and ethyl acetate (20nl)
were added to the reaction mxture, and the organic | ayer was coll ected by
separation. To the aqueous |ayer was added ethyl acetate (20 M,), the
organic |l ayer was collected by separation, and then the organic |ayer was
conbi ned, ths egueittdfahd (thwaﬂg aelive datnlvatcebe (<20 inddd)cassbioll. ahed 9gaki um

hyd b 20, 1, )., it), ' ,
and ¢ hon "HRI1R8 PP SRRt R tkoRf phirk s FORsBR PR Sk RebER, N

under reduced piléd$ure, the concentrated residue was purified by silica gel

col unm chr omat ﬂg{h%QQ%/ee\§/i§é}gtrt]}gp aﬁ??tgﬂé%?%hero callyj Deive caB {sﬁﬂggr&rt si)ti’oa

eltient: ethyl "aceta : red a om t'enperature un educe
pressr e mega opn or thertike(tgmaing iy hwpcompound fepresertehpy theeeasrabiafmutee
solid. [QiyL]hitiExanmsasd Brdd@efl 8dd purificatioBYs difftusiasml Melbbaeslyastive Exanpl e
8, the reaction was carried qut a{) roomte efr%ture in cg(%lo ro;[)) | am ne
(1.1 to Z0hMHXRrents) Bt RO Tadamame o0 te gaficrlb atys SHATEHE Pmount s
shown i n ukablsanéreanefede®: 1 i xed sol vent (20401d anobunt) of 1_ 5TI TE/ Dh4F
or 2- MeTHEI DI Vt(ﬁ gf a reaction solvent. [0172] Subsequently, the 1-11)LC
measur enent of ﬁ' reaction mxture was carried out and 20 a desired
produ6t resul t Exampleshbthe Hydtogsh spiiabinsiudekadragen pf foenni¢ aridvativteylapaiespr opyi

am ne ( e%Mﬁ@Ia@i@’&%héﬁ@h}il%hﬁgﬁgrrﬁk acid/triphenylamines, ammonium formate,
cyclohexenes, 2-propanol, or the like, and hydrogen is preferred.
[0136]
For the reaction of Step A, it is usually preferable to use a solvent. Examples of
15  the solvent include water, organic acids such as formic acid, acetic acid, or the like, esters
such as ethyl acetate, butyl acetate, or the like, aromatic compounds such as benzene,
toluene, chlorobenzene, xylene, or the like, hydrocarbons such as hexane, heptane,
cyclohexane, or the like, alcohols such as methanol, ethanol, 2,2,2-
trifluoroethanol(CF;CH,OH), 2-propanol(2-PrOH), tert-butyl alcohol, ethylene glycol,
20  diethylene glycol, or the like, ethers such as dioxane, tetrahydrofuran, dimethoxyethane,
diglyme, or the like, halogenated hydrocarbons such as dichloromethane, chloroform,
carbon tetrachloride, 1,2-dichloroethane, or the like, amides such as N,N-
dimethylformamide (DMF), N,N-dimethylacetamide, N-methylpyrrolidone, and a mixture
thereof.
25 [0137]
Among these, dichloromethane, tetrahydrofuran, ethyl acetate, toluene, xylene, or
chlorobenzene is preferred, and dichloromethane or chlorobenzene is more preferred.
[0138]
The reaction temperature is usually preferably in the range of from -20°C to
30  200°C, more preferably in the range of from 25°C to 120°C, even more preferably in the
range of from 60°C to 100°C, and particularly preferably in the range of from 60 to 80°C.
[0139]
The reaction pressure is not particularly limited, and the reaction can be usually
carried out under the conditions of from ordinary pressure to 10 MPa. In the reaction of
35  Step A, even in the case where the reaction is carried out under the condition of low
pressures of from 0.1 to 1 MPa, the reaction proceeds while not affecting the yield or the
stereoselectivity of a desired product. The reaction under the high pressure condition is

not industrially suitable and has a high risk of explosion, and therefore, a lower reaction
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HOBP1120 (equival ents) by silica gel columm chromat ography. Sol vent
Reaction conversiou rate (M) The Yield (tr,) nple 9 .55 1.2 1.2 THF
THF/ D1\ 413 100 10D 72 ; ENal [ Erit 10

pressure is preferred. In the present reaction, the preferable reaction pressure is from 0.1
to 1 MPa.

[0140]

After the reaction of Step A ends, the compound of the general formula (II) can be

5  isolated by purifying, as desired, with a general separation means (for example, extraction,
recrystallization, chromatography, or the like).

[0141]

Particularly by carrying out recrystallization, in the reaction of Step A, it is
possible to remove enantiomers and diastereomers (syn-forms) of the desired products

10  which are produced in a small amount, thereby obtaining an optically pure anti-4-
hydroxypyrrolidine-3-carboxamide derivative. Further, in the case where the amount of
an optically active catalyst to be used is 0.1 mol % or less, a purification operation other
than recrystallization is not required for removal of residual metals.

[0142]

15 The reaction of Step A is an excellent production method in that the reaction can
be carried out under a low pressure condition, the amount of an expensive optically active
catalyst to be used can be decreased, and the purification is easy by controlling the amount
of the optically active catalyst to be used, as compared with methods in the prior art using
an asymmetric hydrogenation reaction of an a-substituted f-ketoester derivative

20  (International Publication WO 2007/102567).

[0143]

Furthermore, the reaction of Step A is an example of catalytic asymmetric
hydrogenation using an o-substituted B-ketoamide derivative as a substrate, but thereby
obtaining a desired product, an anti-B-hydroxyamide derivative, as a main product.

25  Although an example of catalytic asymmetric hydrogenation using o.-substituted f3-
ketoamide can be found in Organic Letters, 2010, 12(3), 512-515, a syn-f-hydroxyamide
form is provided as a main product, which is totally different from the present reaction for

providing an anti-B-hydroxyamide form as a main product.

30  Examples
[0144]
Next, the present invention will be described with reference to Examples, but the

present invention is not limited to these Examples.
[0145]
35 In Examples, Reference Examples, and Comparative Examples, “-fold amount”
means an amount (mL) of a solvent with respect to the mass (g) of a substrate.
[0146]
(Reference Example 1)
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14 2.5

tert-Butyl 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino} propionate

To glycine ethyl ester hydrochloride (163 g, 1.17 mol) were put a 3:1 mixed
solvent of 2-propanol and water (600 mL), followed by warming the mixture and
triethylamine (174 mL, 1.25 mol) was added thereto at an internal temperature of 59°C.
To the mixed liquid was added dropwise tert-butyl acrylate (50.0 g, 0.390 mol) at an
internal temperature of from 60°C to 62°C, followed by stirring at an internal temperature
of from 60°C to 62°C for 2 hours. Furthermore, to the mixed liquid was added dropwise
tert-butyl acrylate (50.0 g, 0.390 mol) at an internal temperature of from 62°C to 63°C,
followed by stirring at an internal temperature of from 60°C to 62°C for 5 hours.

[0147]

The reaction mixture was cooled to room temperature and was allowed to stand
overnight. The reaction mixture was diluted by the addition of ethyl acetate (1 L), and
extracted by the addition of 3% sodium hydrogen carbonate (1 L). The organic layer was
collected by separation to obtain a solution of tert-butyl 3-
(ethoxycarbonylmethylamino)propionate in ethyl acetate. The product was partially
concentrated and '"H NMR was measured.

[0148]

'H NMR (400 MHz, CDCl;) 8: 1.28 (3H, t, J=7.2Hz), 1.45 (9H, s), 2.44 (2H, t,
J=6.6Hz), 2.87 (2H, t, J=6.6Hz), 3.41 (2H, s), 4.20 (2H, q, J=7. 1Hz).

[0149]

To the total amount of the solution of tert-butyl 3-
(ethoxycarbonylmethylamino)propionate in ethyl acetate was added a sodium hydrogen
carbonate solution (72.1 g (0.860 mol) of sodium hydrogen carbonate was dissolved in 1.3
L of water) at approximately room temperature, and benzyl chloroformate (133 g, 0.780
mol) was added dropwise at an internal temperature of from 26°C to 33°C, followed by
stirring at an internal temperature of from 28°C to 33°C for 2 hours.

[0150]

The reaction mixture was cooled to room temperature and allowed to stand
overnight and then extracted. The organic layer was collected by separation, and the
organic layer was sequentially washed with 0.5 mol/L hydrochloric acid (0.5 L) and 5%
brine (0.5 L), and dried over anhydrous sodium sulfate. The insoluble materials were
separated by filtration and the filtrate was concentrated under reduced pressure to obtain
265 g of a title compound as yellow oil.

[0151]

'H NMR (400 MHz, CDCl,) 6: 1.23 (3H, dt, ]=29. 3, 7.3Hz), 1.43 (9H, 5), 2.56
(2H, dt, J=22.5, 6.4Hz), 3.56-3.64 (2H, m), 4.05-4.21 (4H, m), 5.11-5.17 (2H, m), 7.29-
7.38 (5H, m).

[0152]
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2 -MeTHE! DM F 100 56 Exanple 15 2.1 0.05 2.-MT1lI ELDVE 100 70 [ Exanpl e

16 0.0.5 2-1vie THEZDM F 100 83 [0174] Under all the reaction conditions

shown in Table 2, the reaction of Step C was carried out snoothly (Exanples
8 to 16). Even when HOBt.|1120 as an additive was not added, the reaction of
Step C proceeds (Exanple 14), but in the case where 0.01 to 0.1 equivalents
of t /0. 81E20 waghaddeton dolesdiseehtqroddiainpwes tolBtiamaee 1i die exloed datnilatyd el d

(Exampl es to 13). Furth it becane clear .that the equivalen of

Cyo opr og Al heY sarreiie s HELCope us) bSte dergeati el FAURTA BBanpi o
16) . [ 017w} t{iExatiplaes fdetcdntag2®) %) of the obtainkd substrate and desired product to give a
3-{N-ben 11 et hoxyear bonyl i net hyDam no} propi onic acid

(cor respéﬁ%?ﬁéégﬁggg%{)%{lrgg%'o, 311 ranmol) was added THE (0.5 nfi.,), followed
by di §sol uti on[0158B4. 1120(2.39 ma, 0.0156 irtnol), a base shown in Table 3

(Li equival ent RkactfohCofPESRY rate TV & Ddked ptdduct/@Rdgrd@ Desiradd EDCL. 1- 1C1
(712(5 nmg, 0,373 {)‘ﬁml) were nsequentially added thereto, followed by
e

stirring Papdugh* 40 er tenperature set of 40C for 1 hour. Then, the 1-113LC
measur ement of [G154$ reaction mxture was carried out. The results are shown

in Table 3. [ OJng LuleltrMel rgfe:r)’slto tert-butyl 3-{N-benzyloxycarbonyl-N-
10  (ethoxycarbonylmethyl)amino }propionate and the desired product refers to 3-{N-
benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionic acid, respectively.

[0155]

Measurement Condition A

Column; Chemicals Evaluation and Research Institute, CERI L-column2 ODS,

15  4.60x150 mm, 3 pm), pre-column: Chemicals Evaluation and Research Institute, CERI L-
column2 ODS, 4.00x10 mm, mobile phase: Solution A: methanol, Solution B: phosphate
buffer (pH 6.9), 0 to 5 minutes; A:B=53:47 (isocratic), 5 to 15 minutes; A:B=53:47—-75:25
(linear gradient), 15 to 40 minutes; A:B=75:25 (isocratic), detection wavelength: 210 nm,
column temperature: 40°C, flow rate: 0.80 mL/min.

20 Retention time: substrate; approximately 32 minutes, desired product;
approximately 6 minutes

[0156]

The reaction conversion rates of Examples 4 to 7 in Table 1 are values calculated
as follows, by carrying out HPLC measurement using the measurement condition B below

25  and taking the area percentages (%) of the obtained substrate and desired product to give a
total percentage of 100%.

[0157]

Reaction conversion rate (%) = Desired product/(Substrate + Desired
product)x100

30 [0158]

The substrate refers to tert-butyl 3-{N-benzyloxycarbonyl-N-
(ethoxycarbonylmethyl)amino} propionate and the desired product refers to 3-{N-
benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino} propionic acid, respectively.

[0159]

35 Measurement condition B

Column; GL Sciences Inc., Inertsil ODS-3 (4.6¢x150 mm), pre-column; GL
Sciences Inc., Inertsil ODS-3 (4.0¢0x10 mm), mobile phase; Solution A: acetonitrile,
Solution B: diluted phosphoric acid (1->1000) solution, 0 to 25 minutes; A:B=60:40
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Base Trietlayl am ne N Methyl pyrrolidine Reaction conversion rate (%
100 87.5 97.5 97,5 [0177] Under all the reaction conditions shows
in Table 3, the reaction of Step C proceeded (Exanples 17 to 20). Even when
t he base was not added, the reaction of Step C proceeds (Exanple 20), but
in the case where the base was added, the reaction conversion rate was

i mpr oved ({sExatip), @stedtiort wadength: 12 1p ant, icoluinar temiparatire: 48Ce{lovente: 1.0

triethyl ani/]e was added as a base, the reaction conver sion rate was highest
( Exanpl el 10178] (Exanples 21. to 29)

? { N- beri zyl oxRewnbom{imeNadishiairyanprdyomgictied nynqtasndn@rqdrmpdml c acid

corresp 0. 311 mmol ) was added the, solvent shown in Table
4 (0.5 n?‘ﬁ?“‘&?“ Pl IQ@nEHJteéI ssol ution, HOBPI 420 (2.39 ng, 0.0156 nmmol),
triethyl am ne [WP0k |t11" 0.342 mmi), cyclopropyl amine (23.7 pi, 0.342
rerI) an]g lEPC@E)Jani;ﬂél)(“ 5 ng, 0.373 nmol) were sequentially added
thereto ollo irrin n.outer te ure set of.40C for 1 to
4.5 hours. Theg\%?\bgé"??é G?@ﬁ@ﬁt‘Ngfithf)m%aﬂ?oélﬁﬁgﬁgﬁs TOPIRAL Lt i ed out .
The results ar &o sdioimxyl 3 {Rabdreybxycdrbdig®N-[ f abl e 41 SoI vent Reaction
conversi g%%hgr%%lmetﬁq%ﬁgfbrgﬂféh% Q%U 1?1%, 1@3{11?&1?“413 added! frntdQcil EX

anple 212-
10 (2.5 mL, 66.3 mmol), followed by stirring at an outer temperature set of 40°C for 3 hours.

After leaving to be cooled, to the reaction mixture were added ethyl acetate (10 mL) and

water (10 mL), and the organic layer was collected by separation. To the aqueous layer
was added ethyl acetate (10 mL), the organic layer was collected by separation, and then
the organic layer was combined, washed with saturated brine (10 mL), then dried over
15  anhydrous sodium sulfate, and concentrated under reduced pressure. The obtained
concentrated residue was dried at room temperature under reduced pressure to obtain 421
mg (yield 99%) of a title compound as colotless oil.
[0161]
(Examples 2 to 7)
20 The reactions were carried out under the conditions described in Table 1 using tert-
butyl 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionate, and the
HPLC measurement of the reaction mixture was carried out. The results are shown in

Table 1.
[0162]
25 [Table 1]
Reaction
Reaction condition conversion Yield (%)
rate (%) .
Exa’;“ple HCO,H (48.4 equivalents),35 to 45°C 99.3 99
Example | TFA (24.6 equivalents), CH)Cl, (5-fold 5
) amount), 30°C 100 Quantitative
Example | p-TsOH-H,O (0.1 equivalents), Toluene (5-fold
100 81
3 amount), reflux
Example | p-TsOH-H,O (1.5 equivalents), acetonitrile (10- 86.2 i
4 fold amount), room temperature B )
Example | Hydrogen  chloride/ethyl acetate (2.0
: 84.2 -
5 | equivalents), room temperature
Example | Hydrochloric acid (58.1 equivalents), 2-PrOH
97.3 -
6 | (5-fold amount), room temperature B
Example | Hydrochloric acid (58.1 equivalents), THF (5-
98.2 -
7 fold amount), room temperature )
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[0163]

In any case of the reaction conditions shown in Table 1, the reaction of Step D
proceeded, thereby obtaining a desired product (Examples 1 to 7). Particularly, in the
case of using formic acid and trifluoroacetic acid as an acid, the reaction of Step D

5  proceeded smoothly, thereby obtaining a desired product in high yield (Examples 1 and 2).

[0164]

In Tables 2 to 4, the reaction conversion rate refers to a value calculated as
follows, by carrying out HPLC measurement using the measurement condition C below
and taking the area percentages (%) of the obtained substrate and desired product to give a

10 total percentage of 100%.

[0165]
Reaction conversion rate (%) = Desired product/(Substrate + Desired
product)x100
[0166]
15 The substrate refers to 3-{N-benzyloxycarbonyl-N-

(ethoxycarbonylmethyl)amino } propionic acid and the desired product refers to ethyl N-
benzyloxycarbonyl-N-{(2-cyclopropylaminocarbonyl)ethyl} aminoacetate, respectively.
[0167]
Measurement Condition C
20 Column; GL Sciences Inc., Inertsil ODS-3 (4.6¢9x150 mm), pre-column; GL
Sciences Inc., Inertsil ODS-3 (4.00x10 mm), mobile phase; Solution A: acetonitrile,
Solution B: diluted phosphoric acid (1—1000) solution, 0 to 25 minutes; A:B=60:40
(isocratic), detection wavelength: 210 nm, column temperature: 40°C, flow rate: 1.0
mL/min.
25 Retention time: substrate; approximately 22 minutes, desired product;
approximately 25 minutes
[0168]
(Example 8)
Ethyl N-benzyloxycarbonyl-N-{(2-cyclopropylaminocarbonyl)ethyl} aminoacetate
30 To 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino} propionic acid (866
mg, equivalent to 2.83 mmol) were added THF (17 mL), followed by dissolution.
HOBt-H,0 (521 mg, 3.40 mmol), cyclopropylamine (0.49 mL, 7.08 mmol), and EDCI-HC]
(652 mg, 3.40 mmol) were sequentially added thereto, followed by stirring at room
temperature for 1 hour.
35 [0169]
After being allowed to stand at room temperature overnight, 2 mol/L hydrochloric
acid (10 mL) and ethyl acetate (20 mL) were added to the reaction mixture, and the organic
layer was collected by separation. To the aqueous layer was added ethyl acetate (20 mL),
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94,0 4,5 Exanple 29 THE: 1120-9:1191.9 4.5 [0180] Tinder all the reaction
conditions shown in Table 4, the reaction of Step C 5proceeded (Exanples
17, 21 to 29). In particular, in the ease where THE was used as a sol vent,
t he reaction conversion rate was highest (Exanple 17). [0181] In
Tables 5 to 6, HPLC (% refers to a value calculated as foll ows, by

carrying geuty hi?b@yap%yﬁammd Bysgegﬂaﬁ&e aﬁEﬂ&lﬁrtB@B@hnféQ%Ma@@oﬂbbﬁBOW and
taking the are erce %gs 2@1 of the ng B % subst 2% red

br oduct . SEHAMHRU SFTFAd B et 20 T Grviets wdian g Rntab g I5oh | o182
Area Per eendrage naf), kaichaturGledpeane (@0 (B) , 4o than Watdieverfankadrbus sodium
Corrponentzl{éTot al Area Val ue of Each Corrponent)xlOO 1/ 0183] The substrate
refers t§ é N- benzyl oxycar bonyl - N-{ ( 2-

cycl opr opyl ami [Od(z'a} bonyeet hyl } ani noacetate, the desired product refers to

henzy13- (cycl r I th
hydr )(;I vz eg )p/)r Og@%{?&})ﬂc@fﬁﬂf oD refa RAPRYEHR) ihdichbh&nracabox Wi LourARd the

N benzyl 6xyE Wﬁéhﬂumg-cb{%naé%ﬁﬁﬁfWoaﬁh%’@é]r%‘?an‘!cl)eqtlﬁ@(sipg?ﬁ‘%@aﬁlef’mc aci d,

20r especieih laobtatépa&fl&mé&a&ué@rfaﬂbe@mwuﬁde@Pedac@blumre dotsghanzes | nc.
| nertsil % px150 ru presc oI G Sci ences Inc., Inertsil
oS- 3 (408 of A (foénfﬁﬂ%gé" aé%hﬂllﬁtsf) A acetonitrile, Solution B:

di l uted phosphpi’t] acid (1-41000) solution, O to 25 minutes; A: B-38:62

(isocratic), d length: 210 rim columm tenperature: 40C, flow
e 1.0 ﬁéx%ﬁltp'le%rb 95
By the same methods as in Example 8, the reaction was carried out at room

temperature using cyclopropylamine (1.1 to 2.5 equivalents) and HOBt-H,O(0 to 1.2
equivalents) in the amounts shown in Table 2 and a 2:1 mixed solvent (20-fold amount) of
15  THF/DMF or 2-MeTHF/DMF as a reaction solvent.
[0172]
Subsequently, the HPLC measurement of the reaction mixture was carried out and
a desired product was purified and isolated by silica gel column chromatography. The

results are shown in Table 2.

20 [0173]
[Table 2]
Cyclopropyl Reaction
amine HO.Bt'HZO Solvent conversion | Yield (%)

(equivalents) (equivalents) ~ rate (%)
Example 8 2.5 1.2 THF 100 72
Example 9 2.5 1.2 THEF/DMF 100 68
Example 10 2.5 0.1 THF/DMF 100 73
Example 11 2.5 0.1 2-MeTHF/DMF 100 71
Example 12 2.5 0.05 2-MeTHF/DMF 100 69
Example 13 2.5 0.01 2-MeTHF/DMF 100 68
Example 14 2.5 0 2-MeTHF/DMF 100 56
Example 15 2.1 0.05 2-MeTHF/DMF 100 70
Example 16 1.1 0.05 2-MeTHF/DMF 100 83

[0174]
Under all the reaction conditions shown in Table 2, the reaction of Step C was
carried out smoothly (Examples 8 to 16). Even when HOBt-H,O as an additive was not
25  added, the reaction of Step C proceeds (Example 14), but in the case where 0.01 to 0.1
equivalents of HOBt-H,O was added, a desired product was obtained in excellent yield
(Examples 11 to 13).  Further, it became clear that the equivalents of cyclopropylamine as
an amine can be decreased to 1.1 equivalents (Example 16).
[0175]
30 (Examples 17 to 20)
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Retention tinme; substrate; approximtely 21 m nutes, desired product;
approximately 13 m nutes, and hydrol yzed products: approximately 6 m nutes
[ 0185] (Exanple 30) Benzyl

3- (cycl opropyl car banoy1l) 4- oxopyrrol idine-I|-carboxyl ate To a solution
of ethyl N-benzyl oxycl ubonyi-N-1(2-

((33/0' opr 0pyl ar aigg(3C{aﬂ-lbenﬁn&e@l}hyﬂbbﬁyrﬂ-mE(am&ﬁdaﬁ)dng’lﬁﬂethg)arﬂlnfi}ﬁélropm:ic)acldﬁ t ol uene
. VVaS a 1
o outs) Rt LA Re Ty e bRy T P d: PRVERRY dSoiflygioe &

t he HPLC Hi@BsHs@{eitt mgf 0.0hd G mued); vibese shommuné“ablas?s (@drequechlous), The results

are sho ] met hod
as in Eng: Bgr-[)%giaﬁ} ﬁe (%3071@9 &g@iﬁﬂmlf ent s) (gltshnelg’s% ven'ltﬁﬁ) )ig&f%ol d
amounb) , SG@!?@Flﬂlbé@ldded thriBioe ft lovwérbé/ %lfmrgfédm&weéﬁpwr@tﬂret whpetatuoelset of
40C, for fup 'heh, MOYIM.C fRefireth B BMIs FRBEHM ARG Wis dalii&l sl@actThon m xture
was carried out. The r éats are shown in Table 5. [0187] Ml e 5]

Subst r at dSHYS AReHOWBAR 42851 ent product: hydrol yzed product Exanple 10

t BuOK Tol uene [0188)3' 16 7 Exanple 31 tBuONa Tol uene 0:55.0:45,0 Exanple
32 di uOLi

[Table 3] -
Base Reaction conversion rate
(%) -

Example 17 Triethylamine 100
Example 18 N-Methylpyrrolidine - 87.5
Example 19 N-Methylmorpholine 97.5

~ Example 20 - 97.5

10 [0177]

Under all the reaction conditions shown in Table 3, the reaction of Step C
proceeded (Examples 17 to 20). Even when the base was not added, the reaction of Step
C proceeds (Example 20), but in the case where the base was added, the reaction
conversion rate was improved (Examples 17 to 19). In particular, in the case where
15  triethylamine was added as a base, the reaction conversion rate was highest (Example 17).
[0178]
(Examples 21 to 29)
To 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionic acid
(corresponding to 100 mg, 0.311 mmol) was added the solvent shown in Table 4 (0.5 mL),
20  followed by dissolution. HOBt-H,O (2.39 mg, 0.0156 mmol), triethylamine (47. 4 pL,
0.342 mmol), cyclopropylamine (23.7 pL, 0.342 mmol), and EDCI-HCI (71.5 mg, 0.373
mmol) were sequentially added thereto, followed by stirring at an outer temperature set of
40°C for 1 to 4.5 hours. The HPLC measurement of this reaction mixture was carried

out. The results are shown in Table 4.
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Tol uene 40.0: 52. |
NaHVDS Tol uene 0:87.6:12.4
36 NaH TIIF 0:87.0:13,0 Exanple 37 NaOMe Met hanol
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20
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[0179]
[Table 4] 3
Solvent Reaction conversion Reaction
rate (%) hours(hours)

Example 17 THF 100 1
Example 21 2-MeTHF %46 2
Example 22 2-MeTHF/DMF 96.7 2
Example 23 TBME 95.7 2
Example 24 DME 923 2
Example 25 Toluene 95.4 2
Example 26 Isopropyl acetate 89.5 2
Example 27 DME:H,0=15:1 83.5 1.5
Example 28 DME:H,0=20:1 94.0 4.5
Example 29 THF:H,0=9:1 91.9 4.5

[0180]

Under all the reaction conditions shown in Table 4, the reaction of Step C
proceeded (Examples 17, 21 to 29).
solvent, the reaction conversion rate was highest (Example 17).

[0181]

In Tables 5 to 6, HPLC (%) refers to a value calculated as follows, by carrying out
HPLC measurement using the measurement condition D below and taking the area
percentages (%) of the obtained substrate, desired product, and hydrolyzed products to give

In particular, in the case where THF was used as a

a total percentage of 100%.

[0182]

Area Percentage of Each Component (%) = (Area Value of Each
Component)/(Total Area Value of Each Component)x100

[0183]

The substrate refers to ethyl N-benzyloxycarbonyl-N-{(2-
cyclopropylaminocarbonyl)ethyl }aminoacetate, the desired product refers to benzyl 3-
(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate, and the hydrolyzed product refers
to N-benzyloxycarbonyl-N-{(2-cyclopropylaminocarbonyl)ethyl } aminoacetic acid,
respectively.

[0184]

Measurement Condition D

Column; GL Sciences Inc., Inertsil ODS-3 (4.6¢0x150 mm), pre-column; GL
Sciences Inc., Inertsil ODS-3 (4.0px10 mm), mobile phase; Solution A: acetonitrile,
Solution B: diluted phosphoric acid (1—1000) solution, 0 to 25 minutes; A:B=38:62
(isocratic), detection wavelength: 210 nm, column temperature: 40°C, flow rate: 1.0
mL/min.

Retention time: substrate; approximately 21 minutes, desired product;

approximately 13 minutes, and hydrolyzed products: approximately 6 minutes
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Tol uene 0:94.2:5.8 Exanple 40 C2115C(C113)20Na Tol uene 0:74,6:25.4 [0188]
Tinder all the reaction conditions shown in Table 5, desired products could
be obtained by the reaction of Step B (Exanples 30 to 40). Particularly, in
the case where potassiumtert-hutoxide, sodiumtert-butoxide, potassium
hexanet hyl disil azide, sodi um bexanethyl disilazide, |ithium hexanethyl

di silazide, soghigs hydride, or sodiumtertpentoxide was used as a base,
hydi ol yzed pro ctslm§6 generated as side-products, but the reaction could
be conpl et ed (%’8&%‘]% B0, 31,33 to 36, and 40). [0189]

Furt her nore, |Benn&3qaydopn@ybaﬂﬂmasb#uﬁnmwﬂbﬁdmenfmmb@quas used as a

ess than 10% "BadopuPREey| RN @ ol of eZ”E’EiiiE?S 39).

[ 0190F ( Exeleplopyhm)ingdarkonm)ettalamiyesicetpied 39 o Béﬁﬁmnql)mts&wlﬁ@ danl)
i ne- 1 - carROlia fotassium terf BuidxRel(Wd 8, Ph1 ﬁﬁﬁﬁ’lga% beRzy hosyeptRRYabd { ( 2-

cycl opropyl am nocar bonypet hyl ] a acet a 44 nTTD| in tol uene
(5.0 i nE)SeuRd<HO a@dg’éloé’eé%y shBie fg‘élzg‘f’}“@n Erge% the HEEE mgaswe)n Bf thiot assi um
tert- Pentr@a@tldﬁmlﬁtufr@{vue&ﬁnaﬂ ofil Olheeesulte aireshatwirie Takele sof 40C, fol | owed by
stirring for (ﬂgg , [0191] The reaction m xture was ice-cooled, 2 non
hydr ochl ori c a[: ilo mLl.) and ethyl 1. Oacetate (20 nE) were added

t her&bo, and t iexaordenilctol4dyer was col |l ected by separation. To the aqueous
ngg; _vas adde, Gdulnag %@hgﬁlrgﬁfe{r@ﬁr 300 pALHRR CobBYRALIAR GELbRELed bY
sat ur at edl@ﬁlﬁém(ozot)nie)scrﬂ[’ 19 Mjable 5, were stjggadeqt a@lpyﬁeh&nﬁiﬁé@tu@rﬁ%@ﬁ'%g 8bdi um
sulfate a)nsitotmdhrgorrpmlt fRUIPOC WS hireme fiUTeHis RERESH hxtutd @ acaneenbitat ed

reS| due s i gel colum chromat ography (Kanto Chem cal
Co. , Inc t(;gf?rfg’PW%‘d fai’lgasuent hexane/ et hyl acetate:.. 1/5). and dried

at _rﬂ)Bmterrper X187 under reduced pressure to obtain 337 rrg (yield 779 of

atitle conpou Ssj@ reddi sh brown solid. [0193] (Exanples 42 to 45)
By the Sﬂ%—-ﬂ?ﬂ%@%—ﬁ—%ﬁﬁ—e—ﬂ,— gan
equi val ents of potassiumter ent ox to 3. %@ g d
rgacti or terrpergture (BOC t @8 (1), d%l‘g to Emr‘?B ydﬁ%lg%er‘%g%ggfmittn Tabl e
6, and tlhhe reaction was eval uated us|ng ' pl (‘ The erA‘ fo) $01

Example 30 tBuOK Toluene 0: 83 3:16.7

Example 31 tBuONa Toluene 0:55.0:45.0 |

Example 32 tBuOLi Toluene 40.0:52.1:7.9

Example 33 KHMDS Toluene 0:61.3:38.7

Example 34 NaHMDS Toluene 0:87.6:12.4

Example 35 LHMDS Toluene 0:84.5:15.5

Example 36 NaH THF 0:87.0:13.0

Example 37 NaOMe Methanol 0.7:70.7:28.6

Example 38 NaOMe Toluene 81.3:7.7:11.0

Example 39 C,HsC(CH3),OK | Toluene 0:94.2:5.8

R Example 40 C,H5C(CH3),ONa | Toluene 0:74.6:25.4
[0188]

Under all the reaction conditions shown in Table 5, desired products could be
obtained by the reaction of Step B (Examples 30 to 40). Particularly, in the case where
20  potassium tert-butoxide, sodium tert-butoxide, potassium hexamethyl disilazide, sodium
hexamethyl disilazide, lithium hexamethyl disilazide, sodium hydride, or sodium tert-
pentoxide was used as a base, hydrolyzed products were generated as side-products, but
the reaction could be completed (Examples 30, 31,33 to 36, and 40).
[0189]
25 Furthermore, in the case where potassium tert-pentoxide was used as a base, the
side production of hydrolyzed products could be suppressed to less than 10%, and further,
the reaction could be completed (Example 39).
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results are shown Potassiumtert- pentoxide (equivalents) in Table 6.
Tenperature (O Desi red product: hydrol yzed product(HPLCY Yield (%
Exanpl e 41 4093.8:6,2 Exanple 39 2,114094,2:5.8 Exanple 42 4097.6:2.4 84
Exanpl e 43 1,1 13094.0:6,0 Exanple 44 1.1 15097,1:2.9 Exanpl e 45

10

15

20

25

30

[0190]

(Example 41)

Benzyl 3-(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate

To a solution of ethyl N-benzyloxycarbonyl-N-{(2-
cyclopropylaminocarbonyl)ethyl} aminoacetate (500 mg, 1.44 mmol) in toluene (5.0 mL)
was added a 1.7 mol/L solution (2.6 mL, 4.46 mmol) of potassium tert-pentoxide in
toluene at an outer temperature set of 40°C, followed by stirring for 2 hours.

[0191]

The reaction mixture was ice-cooled, 2 mol/L hydrochloric acid (10 mL) and ethyl
acetate (20 mL) were added thereto, and the organic layer was collected by separation.

To the aqueous layer was added ethyl acetate (20 mL), the organic layer was collected by
separation, and then the organic layer was combined and washed with saturated brine (20
mL).

[0192]

After drying over anhydrous sodium sulfate and then concentrating under reduced
pressure, the concentrated residue was purified by silica gel column chromatography
(Kanto Chemical Co., Inc. Si60 (spherical), eluent: hexane/ethyl acetate=1/5), and dried at
room temperature under reduced pressure to obtain 337 mg (yield 77%) of a title
compound as a reddish brown solid.

[0193]

(Examples 42 to 45)

By the same method as in Example 41, the reaction was carried out using
equivalents of potassium tert-pentoxide (1.1 to 3.1 equivalents), at a reaction temperature
(30°C to 60°C), for 0.5 to 1 hour, described in Table 6, and the reaction was evaluated
using HPLC. The results are shown in Table 6.

[0194]
[Table 6]
Potassium tert- Temperature Desired
pentoxide C) product:hydrolyzed Yield (%)
(equivalents) product(HPLC%)

Example 41 3.1 40 93.8:6.2 77
Example 39 2.1 40 iR 94.2:5.8 -
Example 42 1.1 40 97.6:2.4 84
Example 43 1.1 30 94.0:6.0 -
Example 44 | 50 97.1:2.9 -
Example 45 1.1 60 95.4:4.3 -

[0195]

Under all the reaction conditions shown in Table 6, the side production of
hydrolyzed products could be suppressed to less than 10% by the reaction of Step B
(Example 39, 41 to 45). Particularly, the equivalents of potassium tert-pentoxide were
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6095.4: 4.3 [ 0195] Under all the reaction conditions shown in Table
6, the side production of hydrol yzed products could be suppressed to | ess
than 10% by the reaction of Step B (Exanple 39, 41 to 45). Particularly,

t he equival ents of potassiumtert-pentoxide were investigated, and as a
result, it was proved that if 2.1 equivalents were decreased to 1,1
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[0200]

Measurement condition E

Column; GL Sciences Inc., Inertsil ODS-3 (4.6¢x150 mm, 3 pm), pre-column; GL

25  Sciences Inc., Inertsil ODS-3 (4.0¢x10 mm), mobile phase; Solution A: methanol, Solution
B: diluted phosphoric acid (1-»1000) solution containing 5 mmol of sodium 1-
octanesulfonate, 0 to 30 minutes; A:B=42:58 (isocratic), detection wavelength: 215 nm,
column temperature: 40°C, flow rate: 0.80 mL/min.

Retention time: substrate; approximately 22 minutes, syn-form; approximately 15

30  minutes, and anti-form; approximately 16 minutes.

[0201]

In Tables 7 to 10, the enantiomer excess (ee) is a value calculated as follows, by
carrying out HPLC measurement using the measurement condition F and taking the area
percentages (%) of the obtained (3R,4S)-forms, (3S,4S)-forms, (3R,4R)-forms, and

35  (3S,4R)-forms to give a total percentage of 100%.

[0202]

ee (%) = [(3S,4R)-forms - (3R,4S)-forms]/[(3S,4R)-forms + (3R,4S)-forms]x100

[0203]
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(38, 48) - 3- (,cycl opropyl car.bano -4- hyd I.idli oxyl ate, and
the 5(3 S%X&S%W Oll(ﬁé?- ?csapcz%é(y%%% %ﬁ @ﬁ,ilg)-(fo}(ﬁ%fre% th %eﬂf\y'l %31@,‘3515’%

( 3S, 4R) - Ieyadymbeycabyhonh Bamuly Gy Hdiosy pyarbadyiads, ke (35,4rfbor yelatsdo
respecti 16 =Y 4:3B.1, < i t he
(35 410 1orPn QS e S SR ALA LG AR AP BILE L Ao B BB ety

fr om 8acK3d¢Reornt rederp @ bary b(GSAR)03 -(Grlopsenylqashamadls -y &l diRohn t he
above de,camdslyM&eebsptRCA]l MMVERSIAEEHBE Okt bPthe F3RARYAOim Bad gel Cheni cal
i ndustri e(? ;'E , Ogi rabl gak§4é 6\/\/)(?]’1(?[0. rp n) %nd Dol ce! qgf ical | ngu tries,
Lrd s S BT QIR £ 88Oy R LR FRmEST Ao TR eebnces

I nc., | nehd piekenCOBD, ofledhxdim wap caleohicddrquh dseboBotetanduséd. acetonitril e,
Solution B: di Ldé*oﬁ phosphoric acid (1-4,1000) solution, 0 to 30 mnutes; 1

SA:B-25:75 (isocratic), detection wavelength: 215 rim colum tenperature:
40C, 1P1 ow r at eMeaswemantrdondition F Retention tine: (3R 4S)-thrtn;

ag% r 2>F<{ i rr:gt ely &Znmhufs] dh3Ridd) gk, 28D cagkggg& Ah)fLR}ﬁ(M@Mtsesgm) andl 20
§n' nut e)sj %%@g@g%%ﬁggéa,@h?rgfpgﬁwqggr{%?pklﬁg ;nn%rcr(r)]nngft)gc{, %)r(é-rrat ey

3- : oneI fpbmﬁ :G:H mme{ﬂc.,omen%r O@S—&i'l(éllr]@(pﬁlo_cmnbmybiﬁ ﬁl&ﬁ;g&)lﬂﬂdﬁ@:_ a |

catal ys i chloroheri zene. rut heni untl 1) (fi . e ra

T gand [ ¢85 EM R RAOEBOTHA BRGSO T el irdnafdie sy
anmouhb) . ATBe2i7& (ispeatig)s d@6etirh) watedangtiy 2h§ dnme gelnmsubsipetatre o) Cafldwhydr ogen

pressure (0. bot,g /Qi$ MPa) was applied thereto, followed by stirring at an
outer tenperature of approximtely 60C for 8 hours. The TIPLC nmeasurenent

of this reactiBaleRii%t e Whs*Daiormetprogtimatehe |4 BuuIes (23-855H6Wn. in Tabl e
7. [ 0206]psRkxaap! lgﬁnﬂﬁtésQﬁmlaﬁﬂ)rﬁQWéﬁmw&y Ex aiphtes ahd{(38,3R)-form; By
t he same rrethodt s Ji.n_Exanpl e 46, the reaction was carried out for 6 to 10
hours usPREFOEHRMEIAVARUES: 5-f 01d anount) described in Table 7, The results
are 3hown in TRADE] 7, [0207] (Table 71 Exanple 46 Exanple 47 Exanple 48
Sol vent Di chl 0(%%@@% Met hanol 2-Prd1l - CT3CI12011 DWW Reaction
To benzyl 3-(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate were added a
catalyst (dichlorobenzene ruthenium(Il) dimer, 0.5 mol %), a chiral ligand [(S)-(-)-BINAP,
1.0 mol %], and a solvent (dichloromethane, 7.5-fold amount). The mixture was
25  subjected to hydrogen substitution, and hydrogen pressure (0.5 to 0.6 MPa) was applied
thereto, followed by stirring at an outer temperature of approximately 60°C for 8 hours.
The HPLC measurement of this reaction mixture was carried out. The results are shown
in Table 7.
[0206]
30 (Examples 47 to 55 and Comparative Examples 1 to 2)
By the same method as in Example 46, the reaction was carried out for 6 to 10
hours using the solvent (7.5-fold amount) described in Table 7. The results are shown in

Table 7.
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conversion rate 100 HPLC (% de 97,1 ee 94.9 32.1 51,5 66.9 77,9
83.5 78.8 89.3 92,1 88,4 NT NT 99.8 94.9 86.9 81.3 85.8 90.5 78,3 69.7
92.6 90.9 97.0 96.6 96.3 3.0 52.4 Exanple 49 Exanple 50 Exanple 51 EXx
anple 52 Exanple 53 Exanple 54 Exanple 55 Conparative Exanple 1

Conpar ati ve Exanple 2

[0207]
[Table 7]
HPLC (%)
Solvent Reaction
. de ee
| - conversion rate
Example 46 Dichloromethane 100 97.1 94.9
Example 47 Methanol 99.8 85.8 32.1
Example 48 2-PrOH 94.9 90.5 51.5
Example 49 CF5;CH,0H 86.9 78.3 66.9
Example 50 DMF 81.3 69.7 77.9
Example 51 Ethyl acetate e 92.6 83.5
| Example 52 THF 100 90.9 78.8
Example 53 Toluene 97.2 97.0 89.3
Example 54 Chlorobenzene 99.8 96.6 921
Example 55 Xylene 90.3 96.3 88.4
Comparative | 4 oo nitrile 0.5 3.0 NT
Example 1
Comparative Solkane®
Example 2 365mfc 0.1 524 NT
(C4HsF5)
NT: Not tested (not measured)
[0208]
5 In the case where dichloromethane was used as a solvent (Example 46), the

reaction of Step A proceeded with good selectivity. In the case of using methanol
(Example 47), 2-propanol (Example 48), 2,2,2-trifluoroethanol (Example 49), N,N-
dimethylformamide (Example 50), ethyl acetate (Example 51), or tetrahydrofuran
(Example 52), the selectivity was lowered, as compared with dichloromethane, but the
10  reaction of Step A proceeded well.
[0209]
Furthermore, in the case of using toluene (Example 53), chlorobenzene (Example
54), and xylene (Example 55), each of which is an aromatic solvent, the reaction of Step A
proceeded with good selectivity. On other hand, in the case of using acetonitrile
15  (Comparative Example 1) or Solkane (registered trademark) 365mfc (Comparative
Example 2), the reaction of Step A substantially did not proceed.
[0210]
(Examples 56 to 62)
By the same method as in Example 46, the reaction was carried out for 6 to 10
20  hours with the hydrogen pressure and the amount of the catalyst described in Table 8.

The results are shown in Table 8.
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Et hyl acetate THE Tol uene Chi orohenzene Xyl ene Acetonitrile Sol kane6

365nfc (..CAfisFs) 100 100 97.2 99,8 90,3 0.5 0,1 NT: Not tested (not
nmeasured) [0208] in the ease where dichl oronet hane was used as a sol vent
(Exanmpl e 46), the reaction of Step A proceeded with good selectivity. In

the case of using nethanol (Exanple 47), 2-propanol (Exanple 48),
2,2,2-trilluomgadianol (Exanple 49), N, Ndtnethylformam de (Exanple 50),
et hyl acetate ili)&fnﬁl e 51.), or tetrahydrofuran (Exanple 52), the
sel ecti virty—wa Poner-ed,—as eonpared—w-t-h—di-chl = tion
of Step |[A proceeded well. [020%mount of [Furthernore, -ase—of—usiing
t ol uene |( Exanpl e 53), PIeRivss ri benzengst (B an%?aéUS‘A) ,| and xyl ene (Exanpl e |55),
each of [which is an ardH®ic sol yefiby) t Necematioon of Stcep A|proceded [with
good sellectivity. On other hand, 1 n t’he|casealgf us|ing acetonitrile
( Conpar gt Exemfdsaapl e 2)5-p7 Sol kane.o(r egi st erl@d tradena®k) 36%5nf c87.2
( Compar a't]_gyﬁmﬁéagrjp e 2)s-0bhe reacbipon of StegppA substagg.pally di dinot
proceed.EDZIOL s§EXampl£§.656 [F0 62)y 100 96.3 91.2
Example 59 |  0.3-04 2.0 100 96.3 92.0
Example 60 0.1-0.2 2.0 100 96.5 93.7
Example 61 0.5-0.6 0.5 100 95.3 87.9
Example 62 0.5-0.6 0.1 100 95.1 84.0

[0212]
In the case of changing the pressure in the range shown in Table 8 (Examples 56 to
5  60), the reaction of Step A proceeded with good selectivity in any case, and the pressure
could be decreased to 0.1 to 0.2 MPa (Example 60).
the amount of the catalyst (Examples 61 and 62), the reaction of Step A proceeded with

Further, also in the case of changing

good selectivity in any case, and the amount of the catalyst was decreased to 0.1 mol %
(Example 62).
10 [0213]
(Examples 63 to 66)
By the same method as in Example 46, the reaction was carried out for 6 to 10

hours using the chiral ligand described in Table 9. The results are shown in Table 9.

[0214]
15 [Table 9] B
HPLC (%)
Chiral ligand Reaction
. de ee
conversion rate
Example 46 (S)-BINAP 100 97.1 94.9
Example 63 (S)-TolBINAP 100 96.0 94.4
Example 64 (S)-SEGPHOS 100 95.3 98.7
Example 65 (S)-DM- 100 96.5 98.3
SEGPHOS
Example 66 | (S)-MeO-BIPHEP 100 95.1 969 |

20

[0215]

In the case of using the chiral ligand shown in Table 9 (Examples 63 to 66), the

reaction of Step A also proceeded while maintaining good selectivity. Particularly, in the
case of using (S)-SEGPHOS (Example 64), (S)-DM-SEGPHOS (Example 65), or (S)-

MeO-BIPHEP (Example 66), it was confirmed that the optical purity (ee) was enhanced in
any case, as compared with a case of (S)-BINAP.

[0216]

(Example 67)
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By the sane nethod as in Exanple 46, the reaction was carried out for 6 to
10 20hours wth the hydrogen pressure and the anount of the catal yst
described in Table 8. Th.e results are shown in Table 8. [0211] 1113. bk ]
hessure (W) catalyst ( 11101 (YO) Amount of Reactionl conversion rate HP
LC C (9% dc cc Exanple 56: 252.7 2.0 100 95,3 87.2 Exanple 57 0.8-0.9

2,0 100 96,0 To benzyl 3-(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate were added a
catalyst (dichlorobenzene ruthenium(Il) dimer, 0.5 mol %), a chiral ligand [(S)-(-)-BINAP,
1.0 mol %], and a solvent (toluene, 7.5-fold amount). The mixture was replaced by
hydrogen, and hydrogen pressure (0.5 to 0.6 MPa) was applied thereto, followed by
5  stirring at an outer temperature of approximately 55°C for 8 hours. The HPLC
measurement of this reaction mixture was carried out. The results are shown in Table 10.
[0217]
(Examples 68 to 70)
By the same method as in Example 68, the reaction was carried out for 6 to 10

10  hours at the temperature described in Table 10. The results are shown in Table 10.

[0218]
[Table 10]
Temperature - S13E81L0),
o Reaction
(°O) . de ee
conversion rate |

Example 53 60 97.2 97.0 893
Example 67 55 65.7 96.7 89.5
Example 68 70 97.3 96.3 87.8
Example 69 80 100 96.0 88.3
Example 70 100 100 92.1 83.1

[0219]

In the case of changing the temperatures in the range shown in Table 10 using
15  toluene as a solvent (Examples 67 to 70), the reaction of Step A proceeded with good
selectivity in any case. In the case of changing the temperature, a decrease in the reaction
conversion rate was observed with a decrease in the temperature, as compared with a case
with 60°C (Example 67), whereas a slight decrease in the selectivity was observed with an
increase in the temperature (Examples 68 to 70).
20 [0220]
(Reference Example 2)
tert-Butyl 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionate
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0 100 96.3

91,7 Exanple 58 0.5-0.6 2.0 100 96.3 91.2 Exanple 590.3-0,4 2.
0.6 0.5 100 95,3

92.0 Example 600,1-0.2 100 96.5 93.7 Exanple 61 05-
87.9 Exanple 62 0.1 100 95.1 84,0

[0221]
[Chem. 19]
O O J<
oS~
I\’_(O\/
O
5 [0222]

To glycine ethyl ester hydrochloride (817 g, 5.85 mol) were added water (750 mL)
and 2-propanol (2.3 L), followed by warming the mixture and triethylamine (870 mL, 6.24
mol) was added thereto at an internal temperature of from 55°C to 57°C. To the mixed
liquid was added dropwise tert-butyl acrylate (250 g, 1.95 mol) at an internal temperature
10  of from 60°C to 62°C, followed by stirring at an internal temperature of from 60°C to 62°C
for 2 hours.
[0223]
Furthermore, tert-butyl acrylate (250 g, 1.95 mol) was added dropwise to the
mixed liquid at an internal temperature of from 63°C to 64°C, followed by stirring at an
15  internal temperature of from 63°C to 64°C for 1 hour. The mixed liquid was cooled to an
internal temperature of 30°C and allowed to stand overnight. The mixed liquid was
warmed again and stirred at an internal temperature of from 55°C to 64°C for 2 hours.
The mixed liquid was cooled to an internal temperature of 30°C, and then 3% sodium
hydrogen carbonate (5 L) was added thereto, followed by extraction with ethyl acetate (5
20 L). The organic layer was collected by separation.
[0224]
To the ethyl acetate solution was added a sodium hydrogen carbonate solution
(328 g (3.90 mol) of sodium hydrogen carbonate had been dissolved in 6.5 L of water) at
an internal temperature of from 25°C to 30°C, and benzyl chloroformate (557 mL, 3.90
25  mol) was added dropwise thereto at an internal temperature of from 29°C to 36°C,
followed by stirring at an internal temperature of from 30°C to 33°C for 2 hours. The
reaction mixture was cooled to an internal temperature of 24°C and the organic layer was
collected by separation. The organic layer was sequentially washed with 0.5 mol/L
hydrochloric acid (2.5 L) and 5% brine (2.5 L), and concentrated under reduced pressure to
30  obtain 1329 g of a title compound as a reddish brown oil.
[0225]
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[ 0212] In the case of changing the pressure in the range shown in
Table 8 (Exanples 56 to 60), the reaction of Stop A proceeded with good
selectivity in any case, and the pressure could be decreased to 0,1 to 0.2
| VI Pa (Exanple 60). Further, also in the case of changing the anmpbunt of the
catal yst (Exanples 61 and 62), the reaction of Step A proceeded with good
sel ectivity in'EnNMeage) Mg Chel;peouns (3, dthe2ea3,d.3151), Was (gecnensed to

0.1 tnol %( N [ a nmet hod
as in Exa{%{f ?i@? %@aé o‘ﬁgé\@{%ﬁf @&F%]ufﬁi&% gq%l Pf%ﬁg $mé(s)l ng the
chiral 1ig3&@d,.de)scri bed in Table 9. The results are shown in Table 9,

[ 02/ 4] Pabl o. @j&?anrrpl e 46 Chiral ligand (S Reaction 100 conversion rate
I Pl,C (43) dg cc 94.9 Exanple 63 (8)-TolBINAP 100 96.0 94.4
ExampPe 64 (8JE=EGH* 705 100 95.3 98.7 Exanple 65

3-{N-Benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionic acid

[0227]
[Chem. 20]
()

10
[0228]

To tert-butyl 3-{N-benzyloxycarbonyl-N-
(ethoxycarbonylmethyl)amino } propionate (corresponding to 1329 g, 3.90 mol) synthesized
by the method of Reference Example 2 was added formic acid (4 L, 106 mol) at an internal

15  temperature of from 35°C to 40°C, followed by stirring at an internal temperature of from
40°C to 50°C for 3.5 hours.

[0229]

The reaction mixture was cooled and 5% brine (10 L) was put thereinto. Then, a
toluene/DME (4:1) mixed liquid (10 L) was added thereto, followed by extraction. To the

20  organic layer was added 20% potassium hydrogen carbonate (5 L) and the aqueous layer
was collected by separation. To the aqueous layer was added 6 mol/L hydrochloric acid
(2 L) at an internal temperature of from 10°C to 11°C to adjust to approximately pH 1,
followed by extracting with a toluene/DME (4:1) mixed liquid (7 L). The organic layer
was collected by separation, washed with water (3.5 L), and concentrated under reduced

25  pressure. To the concentrated residue was added toluene (1.5 L), followed by
concentrating under reduced pressure, to obtain 796 g of a title compound as a brown oily
substance.

[0230]

'H NMR (400 MHz, CDCl;) §: 1.22 (3H, dt, J=31.4, 7.0Hz), 2. 71 (2H, dt, J=30.0,

30  6.4Hz), 3.60-3.64 (2H, m), 4.05-4.21 (4H, m), 5.12-5.17 (2H, m), 7.28-7.36 (5H, m).

[0231]
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(S)-DM 10096.598.3 SEGPIIOS ExMe 66 (S)NlcO-BIPHEP 10095.1 96, 9 [ 0215
In the case of using the chi TU Iligand shown in Table 9 (Exanples 63 to
66), the reaction of Step A al so proceeded whil e maintaining good
selectivity. Particularly, in the ease of using (5)-SEGPHOS (Exanpl e 64),
(S)- DM SEGPHOS (Exanple 65), or (S)- 2 OisileO-BlPITEP (Exanple 66), it was
confirmed that (EtenmetRral purity (cc) was enhanced in any case, as

conpared with C of (9)-BlLNA 6 Exanpl e 67 To be l.
Sacyc opr opyl S RANG Y IR BRI AR P heny sth ) e e
catal yst (di chl@38benzene ruthenium(11) diner, 0.5 trot 3/4), a chiral
l'igand [(8)-(01BlNAR711.0 ol 3/41, and a solvent (toluene, 7,5-fold
anount). The metur'e \Jvas repl aced by hydrogen, and hydrogen pressure (0.5
to 0.8 WPa) was applied thereto, followed by stirring at an outer
tenperature of approxi ely 55C for 8 hours. The HPLC, neasurenent of this
reaction mxture was caryled out. The results are shown in 'fable 10.
[0217] (Exanples 68 to 7 By t he sgme net hod as in Exanple 68, the

reacti on wag”ca ed /6'\2]/1 “Wodrs at the tenperature [0218] [Table
101 descri bje enper at ur Tabl e 10, The results Reaction
O
O~ 'N
H

[0233]
To 3-{N-benzyloxycarbonyl-N-(ethoxycarbonylmethyl)amino } propionic acid
(corresponding to 796 g, 2.57 mol) synthesized by the method of Example 71 was added
10 THF (4.3L). HOBt-H;O (21.5 g, 0.140 mol), triethylamine (435 mL, 3.12 mol),
cyclopropylamine (216 mL, 3.12 mol), and EDCI-HCI (627 g, 4.10 mol) were sequentially
added to the mixed liquid, followed by stirring at an internal temperature of from 35°C to
49°C for 2 hours.
[0234]
15 The reaction mixture was cooled to an internal temperature of 17°C, water (8 L)
and toluene (8 L) were added thereto, followed by stirring and extracting, and the organic
layer was collected by separation. The organic layer was sequentially washed with 1
mol/L hydrochloric acid (4 L) and water (2 L), and concentrated under reduced pressure.
To the concentrated residue was added toluene (1.5 L), followed by concentrating under
20  reduced pressure. To the concentrated residue were added acetone (0.5 L) and
diisopropylether(14. 5 L), followed by warming, crystallizing at an internal temperature of
35°C, and then stirring at an internal temperature of from 30°C to 33°C for 0.5 hours.
[0235]
The mixed liquid was slowly cooled and then stirring at an internal temperature of
25  from 5°C to 9°C for 0.5 hours. The precipitated crystal was collected by filtration and
washed with diisopropyl ether (2.5 L). The wet crystal was dried at 40°C overnight under
reduced pressure to obtain 689 g (yield 51%, 4 steps) of a title compound as a slightly
yellowish white crystal.
[0236]
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conversion rate are shown in HPEC (%9 de Table 10. ee Exanple 53 60
97.297.0 89.3 Exanple 67 55 65.7 96,7 89.5 Exanple fig 70 97.3 96.3
87.8 Exanple 69 80 100 96.0 88.3 Exanple 70 100 100

'H NMR (400 MHz, CDCls) §: 0.42-0.48 (2H, m), 0.69-0.75 (2H, m), 1.23 (3H,
dt, J=26.2, 7.0Hz), 2.34-2.68 (3H, m), 3.62-3.68 (2H, m), 4.03-4.23 (4H, m), 5.10-5.19
(2H, m), 6.20 (1H, br s), 7.26-7.38 (5H, m).

[0237]

5 (Example 73)

Benzyl 3-(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate

[0238]

[Chem. 22]

oﬁ,o\/@

N

0] NH

°

To ethyl N-benzyloxycarbonyl-N-{(2-
cyclopropylaminocarbonyl)ethyl}aminoacetate (600 g, 1.72 mol) synthesized by the
method of Example 72 was added toluene (6 L), and then to the mixed liquid was added

15  dropwise a 1.7 mol/L solution (1.11 L, 1.89 mol) of potassium tert-pentoxide in toluene at
an internal temperature of from 46°C to 48°C, followed by stirring at an internal
temperature of from 48°C to 49°C for 2 hours. The reaction mixture was cooled and then
adjusted to pH 1.2 (pH-meter) by the addition dropwise of 1 mol/L hydrochloric acid (2.1

10
[0239]

L) at an internal temperature of from 4°C to 7°C.
20 [0240]
The mixture was extracted with ethyl acetate (6 L), washed with water (3 L), and
then concentrated under reduced pressure. To the concentrated residue was added 2-
propanol (2.1 L), followed by heating and dissolving, and then water (3.9 L) was added
dropwise thereto at an internal temperature of from 64°C to 68°C, followed by cooling to
25  an internal temperature of 55°C.  After cooling to an internal temperature of 35°C and
crystallizing, the mixed liquid was warmed to an internal temperature of 45°C.
[0241]
Water (2.4 L) was further added thereto at an internal temperature of from 45°C to
46°C, followed by stirring at an internal temperature of from 45°C to 46°C for 0.5 hours.

30  The mixture was cooled to an internal temperature of 25°C and stirred at an internal
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92,1 83.1 [0219] In the case of changing the tenperatures in the
range shown in Table 10 using toluene as a solvent (Exanples 67 to 70), the
reaction of Step A proceeded with good selectivity in any case. in the case
of changing the tenperature, a decrease in the reaction conversion rate was
observed with a decrease in the tenperature, as conpared wwth a case with

60C ( Examphgerbilis ¢ oﬁ/ﬁ*@ﬁQ@SCQo shi@dr odelesieas EThdpredipitaed estialivhy colgsteabser ved

Ecamplo 29 1 ROy e vﬂﬁer%‘%‘;‘@p@fﬁ%@?ﬁw&é faf @}5 Rongt <o

n’eth hly Bar rdrystalovap rdﬁipd ans € for 02&h]ghf ﬁilrbmredlll)gizd p{e@@ﬂ%&o %btaln 448 'g((:(%/g})@i:gi’/)h)e |
et hyl ester nol ) were added water an

2- pr opanoq a(tg%% @Bhl?&liiﬁdge\gg%go Wa %ﬁlﬁg the m xture and triethylam ne (870
raL, 6.24 nol)[GR42] added thereto at an |nternal tenmperature of from55C to

?755 ;r(rjmlt hea':n gﬁg{%![{g??](gl te rat Oof f%l%s U|85 ZZ\Q%Q(ZW g,
stirring &H an 3-ht dithd J18e§1@[2f§ %r%o%fz ’%4(?%@ 5'884%@1 g(is ﬁ%@rqge%[ 0223]
Fur t her my &)-6.8e(1H hhi,talo-agnybEf &).(250 g, 1.95 nol) was added dropw se to
the m xed quukﬂﬁ? an internal tenperature of from63C to 64C, followed by

stirring at an rnal tenperature of from63C to 64C for | hour. The
n1xe?dOquuid wdskaopdd @) to an internal tenperature of 30C and allowed to

stand overni gh i st LAT

nternal tor i antal o R T AR G AN R o s
cool ed to an i #2éthal tenperature of 30C, and then 3% sodi um hydrogen
carbonate (5 L)ciwas23fided thereto, followed by extraction with ethyl
acetate (5 L), The organic |ayer was collected by separation. [02241

To the ethyl acetate solution was added a sodi um hydrogen cat honat e
solution (328 g (3,90 not) of sodium hydrogen carbonate had been di ssol ved

in 6.5 L of water) at an rnal tenperature of from 25C to 30C, and
henzyl chl or of or mate (55 3.90 25nmol ) was added dropwi se thereto at an
i nternal tenper 29C to 36C, followed by stirring at an

i nternal tenperat re of from30C to 33C for 2 hours. The reaction m xture
was cooled to an iMternal tenperature of 24C and the organic | ayer was
col | ected by sephrat/i on, The organic |ayer was sequentially washed with 0.5

nmol | hydrochl ori sid (2.5 L) and 5% brine (2.5 L), and concentrated under
reduced pressHE®@ to;ﬁedﬂﬂai n 1329 g of a title conpound as a reddi sh brown
oi . [0225] (400 MHz, CDC13) 6: 123 (3H, di, J-29, 3,

73112), 1.43 (911, (s)) , 2. - (2H, dt, 6.411z), 3.56-161 (211, m, 4,05-4,21
(4H,1gr), 5,11-5.17 (2H, m, 7,30- 7.38 (5H m. [0226]
[0245]

To benzyl 3-(cyclopropylcarbamoyl)-4-oxopyrrolidine-1-carboxylate (26.0 g, 86.0
mmol) synthesized by the method of Example 73 were added a dichlorobenzene
ruthenium(II) dimer (21.5 mg, 43.0 pmol), (S)-2,2’-bis(diphenylphosphino)-1,1-

20  binaphthyl[(S)-(-)-BINAP] (53.6 mg, 86.0 pmol), and dichloromethane (196 mL). The
mixture was replaced by hydrogen and the initial hydrogen pressure was adjusted to 1.0
MPa, and the mixture was stirred at an outer temperature of approximately 60°C for 10
hours.

[0246]

25 Hydrogen was released and then the reaction mixture was concentrated under
reduced pressure. To the residue was added ethyl acetate (364 mL), followed by heating
to an internal temperature of approximately 74°C and dissolving, and then cooling to an
internal temperature of 18°C. The precipitated solid was collected by filtration and
washed with ethyl acetate (119 mL). After drying at 50°C for 2 hours under reduced

30  pressure, 21.3 g (yield 81%) of a title compound as a white floss crystal was obtained.
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(Exanpl e 71) 3- {N-Benzyl ci xycar bortyl

N-(etlitoxycarbonyl net hyl)am no}propionic acid [0227] [Chem 20] 10 [0228]
To teit-butyl3-{N benzyl oxycarbonyl - N( et hoxyear bonyl net hypam no] propi ortaie
(corresponding to 1329 g, 3.90 nei) synthesized by the nethod of 'Reference
Exanple 2 was added formc acid (4 L, 106 raol) at 311 internal tenperature
of from35C to[etag) followed by stirring at an internal tenperature of from

40C to 50C for hour s 022 tion m xture was cool ed
and 5% bri ne (M'ge“ﬁ‘}g pRget { e“ll%t%’ﬂ‘il)olwrﬁl‘h%é& | uene/ MVE (1:1) mi xed
liquid (10 L) \'/HNMRC(@(H)GlneerOtMsz &l (. 46007 YH e, r0ae3-0 G .(2Homb), hze620c8r7.gan| c

| ayer vad Rolvekled By Boph ot rpTone aneaue riye S 48,88 R,

| ayer vva ueous er-was a

hydr oghl dEHCS)aéﬁa ((H2d,1J 5 &Hzar 267 87 halll, mpnper ature of from 10C to 110 to
adj ust to appr lg‘]ately le foll owed by extracting with a tol uene/1)MB
(4:1) mxed I|i ani ¢ |layer was coI | ect ed by separati on,

washed with wa é?m(cel Bwtty 9%%% @gﬁ({eﬁ% refeRiipn ner | e aiades) prodestir@l To t he
concent r HcasheéLhic d hervaDRSIAed. ol 8@ Atn,(3LuR), lpre- célaiﬂn@mdsd@me@n@gnt rating

under uc r oota|n7 atltl . rown oily
subst ancg "F%Z@é?s?’sé to 2 ﬁ%é%&‘}tmg}‘ in Olf%f alg(g]f?%f)
7 OHEY, Z)hogkﬂ:lo(”lﬁldpld(ﬁl—)IQDOBEDIOUOIBQMjImgS rﬁﬁhollﬁﬂso@ﬁhﬁ lﬂ)ctanéstﬂﬁmdtez(ltc( 414,
, 5. 12 11, ,
N- heri zyl ?I&%lagelgc%c?n Sﬁ(i‘%graz“’g%le‘(c?gﬁ%% Velé olgaltjrlg nyl %) ﬂlﬁkr? m noacet ate
[ 02321 [ @R&m floqyate(SBRIL/min.
To3-{ N benzyl o[mq I7bonyl N- (et boxycar bonyl net hyl ) am no} pr opi oni ¢ aci d.
(correspondln

7|noI nt hesi zed b e mephod of Ex le 71
s addea oTRepteal Bt 100nee eSoloS e P SRRyC ot glomy DRCH SRTAE (435
int,13. llllndﬁstr)es, EMQUJ@MQF}HMD‘-IRH 4. BcﬂzﬁlwmﬁceﬂﬁthmlaﬂdnﬁﬁﬁhdshLﬁl (627 g,
4, 10 no rring
o Lo ARl AR R S0 RS Bt Qb B SRS 1o Bl IS (0yRYA
reaction nnn)cmbelemsecsmvéldnt/’o aafrtonlmllerMutlQme@ilacilp@SphoaC?@ld water (8 14
and tol ugﬂ%l (()j)]so utiofeh fo ?@ﬁﬁﬁlutt:@@[ BLOs: 7f5 ?ﬂsl)&&‘@éj e &lo Wdvandd215 nm,

extracti e ofganic |ayer was col'ected by separation. The organi c

| ayer wa§°@€HU€WtPF’§i’F‘F9 %§h3€w\fﬁeh1pfﬂyﬁuﬁydr ochloric acid (4 L) and water

(2 IApand concemso ?t ed under reduced pressure. To the concentrated residue
b

was added tol UENE ejé'ﬁ )12 tfh reacwen cone?s%‘r? r%tc]etsrvgetré O8ues! czﬁculated as follows,
by carrying out HPLC measurement using the measurement condition G below and taking
the area percentages (%) of the obtained substrate, syn-form, and anti-form to give a total
percentage of 100%.
25 [0251]
Reaction conversion rate (%) = Syn-form + Anti-form/(Substrate + Syn-form +
Anti-form)x 100
[0252]
The substrate refers to a 1-benzyl 3-ethyl 4-oxopyrrolidine-1,3-dicarboxylate and
30 the desired product refers to a 1-benzyl 3-ethyl anti-(3R,4S)-4-hydroxypyrrolidine-1,3-
dicarboxylate, respectively.
[0253]
Measurement Condition G
Column; GL Sciences Inc., Inertsil ODS-3 (4.6¢x150 mm), pre-column; GL
35  Sciences Inc., Inertsil ODS-3 (4.0¢x10 mm), mobile phase; Solution A: diluted phosphoric
acid (1-»1000) solution, Solution B: acetonitrile, 0 to 30 minutes; A:B=50:50 (isocratic),

detection wavelength: 210 nm, column temperature: 30°C, flow rate: 1.0 mL/min.,
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20r educed pressure. To the concentrated residue were added acetone (0.5 L)
and diisopropylether(14. 5 14, followed by warm ng, crystallizing at an
internal tenperature of 35C, and then stirring at an internal tenperature
of from30C to 33C for 0.5 hours. [02351 The mixed |lipid was sl owy cool ed
and then stirring at an internal tenperature of 25from5C to 9C for 0.5
hours. Thetepti@ciipict ddsedd prodicglapprasincotly dahidtdsyrafv ihhtesitl; appraxchanagfied wi t h
di | soprople Ftsher (2.5 14. The wet crystal was dried at 40C overni ght under
reduced pressure to obtain 689 g (yield 51% 4 steps) of atitle conpound
as a slightly y&5¥dwi sh white crystal, [0236] 1H NVErl. (400 MHz, CDCl 3)

8: 0.42-0.48 01 B9s " b
2 34.2. 68 ( 3H( ?r?n%blémltolﬁ% ?/aZQVﬁlﬁl;é' amﬂate%l a%%olﬁ&zlslby% yhg%ﬁtﬁ?gélgF%)ZH

in), §10 myasulspes) using the. meagsre(@mcorﬁi}tlon[lé bs}P]W ‘(IE&‘%‘]F}B éh%)fa PERREeS
3- (cycl opropyhieasRantOYibstaRX Spyioral i Mer=tbriaas Boxy 1Btag ptledsie 4fQnem. 22]

[0239] To et hyL(gg- |tl)enzyl oxycar bonyl - N-{ ( 2-
eyel opropyl am ar hot ryBet hyl | am noaectate (600 g, 1.72 nol) synthesized

by the net hod dé (Ckxarfpine-{é2nwaynddoe)d Syoifoene Abi-form)aid t hen to the m xed
[iquid was addﬁﬁ flropwi se al.7 nion solution (1.11 L, 1.89 not) of
potassiumtert: oxide in toluene at an internal terrperature of from46C
to 48€ foll ovxédTab}esSltll torli2nee wes analupceewated s aplérvay, by sawying oohlBBC. to 49C

Eng r2re Pg;ﬂa MEH@nf@ﬁ%t@nnéagﬁﬁemeﬁt YRRt ERN %Idllomdtthﬁﬁ A 4184 fcdiade Zkllll 3)
ion no ochlor
at an int(é‘f)ﬁ%F ‘g)ﬁii @S)oéorg‘ls’cff’rgﬁ‘g tf‘?}mfdmz‘%)zifﬁ]ns and (83%%1%3 ﬁ‘ﬁg‘%(tf’ure was
extract egiw 4 fotgipbyenagevat @%6 L), washed with water (3 L), and then
concentrat ed u[b%%e reduced pressure. To the concentrated resi due was added
2- propanol , followed by heating and dissolving, and then water
(3.91B) was addsa(f!/o)jﬂ[)@\&%%) -fohver-¢8 5,4 B)-fam]i[Rs# Haformen{iey At ufoembf100r om 64C
to 68C, tbilowrgkgl/ cooI [ ng to 2.5an internal tenperature of 55C. After
cooling to an [nterna nperature of 35C and crégtalllm ng, .the mxed

liquid was war HBe( %%hfqrmréf%%ﬂo -eeret aetye (Bh4asthyfoxinirelgting 1,62, 4 L)

was furt higdariasgege TtlliEB(B@I PRpforavefens ©F lnBénZSIBBrléﬁfya(BlR eRph-Hydemyphkolidine-

260 0 U bt S 18,3 85t B I LTSI G55 G, om 45C 0 46 (o

stirged aydanypynrdidiad-14idcarboxylate, and the (3R,4S)-form refers to 1-benzyl 3-ethyl
(3R,45)-4-hydroxypyrrolidine-1,3-dicarboxylate, respectively.

[0259]

Measurement Condition H

Column; Daicel Chemical Industries, Ltd., Chiralcel AD-RH (4.6¢x150 mm), pre-

25  column; GL Sciences Inc., Inertsil ODS-3 (4.0¢x10 mm), mobile phase; Solution A:
diluted phosphoric acid (1— 1000) solution, Solution B: acetonitrile, 0 to 30 minutes;
A:B=80:20 (isocratic), detection wavelength: 210 nm, column temperature: 50°C, flow
rate: 1.0 mL/min., retention time: desired product; approximately 23 minutes, enantiomer;
approximately 18 minutes, diastereomer; approximately 23 minutes and 28 minutes.

30 [0260]

(Reference Examples 3 to 7)

A dichlorobenzene ruthenium(II) dimer (172 mg, 0.34 mmol), (S)-(-)-BINAP(428
mg, 0.69 mmol), and dichloromethane (3.7 mL) were added, followed by stirring at an
outer temperature of from 60°C to 65°C for 0.5 hours and then cooling to a temperature of

35  approximately room temperature.

[0261]

To a mixture were added a 1-benzyl 3-ethyl 4-oxopyrrolidine-1,3-dicarboxylate
(5.0 g, 17.2 mmol) and dichloromethane (15 mL) under an argon atmosphere, followed by
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tenperature of from 20C
collected by filtration and washed with a 2-propartoliwater
was dried at 50C for ovem ght under reduced

liquid (3 L).

The wet crystal

to 25C f

or 0,5 hours.

The precipitated crystal

(1:3) m xed

was

pressure to obtain 448 g (yield 86% of a title conpound as a pale brown
NVR (400 MHz, CDCL) 6: 0.50-0.58 (211, m,
0. 75- 0. 85tifr2dglat annnterral Gap2ratifre(dfHkontryQ° Btodd5 °Clfbt § hbyrs Bhidgr, hydr@@n4, 07 (211,

crystal, [0242]
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(0]

3.91-4.15 (1H (ﬁ% 4.35-4.49 (1IH, 0y, 5.10 (211, s), 6,57d, J-T5.9Fz),
7.26-7.37 (5H, [ ?l [0248] Chemi cal purity: 98.3%(99.6%de, retention tine
17. 0 m nut es), Refetancn Ex@inpssiBendese prar. artsl deecrtteil lin GDSn3ti¢rbl BybkliGlonm 3
pm, pre | , nmobi | e
Bhnse, SoF o ot RS 4 pd A SRR s Mmoo Wl o segy bl Rl

(1- 41000Y-a@piepldined i-dicaibayylstenmsl casfbesest liat 1fﬂl§>ch}’z§1r¢@§mr¢%h@tle 0to 30

m nuies; w&&% B8m(0.5 L0 8NIRY, thdRh&Ed ] Qhv¥aNal 8 RweddP(RBRres@l UM
t enper at yr e: flow rate: 0.80 pd.Umin. [0249] Optical purity: 100% ee

(retenti a“fﬂilf’}‘ﬁs3 16.4 mnutes), colum Dul cet Chem cal
[0264]
On the other hand, according to the present invention, as shown in Examples 46 to
55 and 58 to 70, the reaction proceeds without a decrease in the reaction conversion rate
15 even at a low pressure of from 0.5 to 0.6 MPa or lower. The reaction under the high
pressure condition is not industrially suitable and has a high risk of explosion, and
therefore, it can be said that the present invention is more useful than prior arts.
[0265]
(Reference Examples 8 to 10)
A dichlorobenzene ruthenium(II) dimer, (S)-(-)-BINAP, and dichloromethane (3.7
mL) were added, followed by stirring at an outer temperature of from 60°C to 65°C for 0.5
To the

mixture were added a 1-benzyl 3-ethyl 4-oxopyrrolidine-1,3-dicarboxylate (5.0 g, 17.2

20

hours and then cooling to a temperature of approximately room temperature.

mmol) and dichloromethane (15 mL) under an argon atmosphere, followed by stirring at an
25  internal temperature of from 60°C to 65°C for 8 hours under hydrogen pressurization of
from 2.0 to 2.5 MPa.

The results are shown in Table 12.

The HPLC measurement of this reaction mixture was carried out.
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modifications may be added without departing from the spirit or scope of the present

invention.

The present application is based on Japanese Patent Application No. 2010-238077,

filed on October 25, 2010, the content of which is hereby incorporated by reference.

Industrial Applicability
[0270]

The present invention allows industrially advantageous preparation of an optically

active form of an anti-(3S,4R)-3-alkylcarbamoyl-4-hydroxypyrrolidine derivative or it’s

enantiomer, which is a key intermediate for producing a high-quality optically active form

of (3R,48)-3-alkylaminomethyl-4-fluoropyrrolidine or it’s enantiomer useful as an

intermediate for producing a pharmaceutical, and is thus useful.
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Measurenent Condition H Colum; Daicel Chem cal |Industries, Ltd., Chiraleel
AD- REI (4. 6px150 mm), pre- colum; Sciences Inc., inensil ODS-3 (4.0tpx10
MI)), nobile phase; Solution A: diluted phosphoric acid (iH+ 1000)
solution, Solution B: acemitrile, 0 to 30 m nutes; A B=80:20 (isocratic),
detecti on wavel ength: 210 rim colum tenperature; 50eC, flow rate:
1.0retention tine: desired product; appiRxi mtely 23 m nutes, enantioner;
approximately 18 m nutes, diastereoner; approxinmtely 23 mnutes and 28

m nut es, 30[ 0260] (Reference Exanples 3 to 7) A di chl or obenzene

rut heni ufCHimdijmer (A #izthngl, foDpBSduding b ppiG)ly (aclivBAMNARPHEAX ypuigolidind 9

rinnol), i.ehl or: 7 i [t foll o ; tirring at
an outer C? %%%bg{gl# éQ%F\;e]t} r gms%geé ?3’0%5%&}9‘% %ff"g%gﬁﬂgb Pgitgﬁggﬁhoﬁe@gol ing to a
t enped at yrkieding3bhppomxiaialing-3-caboramidaperi wativeesprp @R8] by the genergidomnuti xt ur e
wer e add 7 I - *%?qg .o g i ylate (5.0 g,
17.2 nnnﬁ?t§ﬁ%“§@%%%%b8ﬁ§?%§%gl%i nﬁ%ﬁ%%%%%hgﬁ%gégghégéﬁgéphere, fol | owed
by stifling atChgsn.ilht er nal tenperature of from60C to 65C for 8 hours
under hydrogen pressurization. The LIPLC neasurenent of this reaction

m xture was carded out. The results are shown in Table H [02621 (Table 11.
[ 0263] Reference Ex les 8d1to 7 are prior arts described in international
Publ i cati on WO 2007-102567,* and are each an asymretri c hydrogenation
reaction of 1€penzyl | 4-oxopyrrolidine-1, 3-di earbox2,4ate. It can be
seen that if t h ogen pressure is 10lowered to fromO0.5 to 0.6 ! APR
the reaction copvergsion rate is | owered (Reference Exanple 3). [0264]

On the other hand, according th.e present invention, as shown in
Exanples 46 to hd 58 to 70, the reaction proceeds w thout a decrease in
the reaction convgrsion rate even at a | ow pressure of from0.5 to 0.6 MPa
or |l owerreaction tr the high pressure condition is not industrially

sui tabl e and has 'a high risk of explosion, and therefore, it can be said
that the present invention is nore useful than prior ails, [0265]

(RefEd ence Exalviieesn,dntloe fbdula (I), PG’ represents a protecting group for an amino group,

and R! represents hydrogen, a C1 to C6 alkyl group which may be substituted, or a C3 to

C8 cycloalkyl group which may be substituted],
[Chem. 2]

O R
/

HO, NH

\
"

()

el
15
[wherein, in the formula (II), PG' and R' have the same meanings as described

above].

[Claim 2] A method for producing an optically active anti-4-hydroxypyrrolidine-3-
20  carboxamide derivative represented by the general formula (II) or it’s enantiomer,
comprising Steps B and A below:
(Step B) a step of treating a compound represented by the general formula (III)
with at least one kind of base selected from an alkali metal carbonate, an alkali metal
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A di ehi or obenzene rutheniun(ll) dimer, (S)-(-)411NAP, and di ehi oronet hano
(3.7 trit,) were added, followed by stirring at an outer tenperature of
from60ClL to 65C for 0.5 hours and then. cooling to a tenperature of
approximately roomtenperature. To the m xture were added a 1-benzyl 3ethyl
4- oxopyrrolidine-1, 3-di earboxylate (5.0 2, 17,2 mml) and di ehi or onet hane
(15 iii) aaideranafkaairgenl hadrimespledealkilhhbanaitobye & bisthinngd-ako@mrdlidiner3aal

tenperature of from60C to 65C f hour s, unde drogen pressuri zati m of
from. 2. Gt Samidagiut ey Copseathy il BPni O BAETTToh o xt ur o was
carried out. TheerApabtep ofrejshimgrihé corljahing rdi®esenfed2§6he Fedzra fa@jula Kl) PLC

(% React}] i . . :

Ret er oncd RS R 30 of oy oy R RRARIR AR A qhiclf) GRTRPIRIG &
Exanpbe biraklégapdite pbiain scefepamdyertesantadriyetha denasradprrmypl(Ht 201 68 WO

2007/ 102584ntichd, are an asymretric hydrogenation reaction of 1-benzyl
3-ethyl 4-oxop élgoli i ne4, 3-di carboxyl ate, It can be seen that if the
amount of the @Pyst is decreased to 1 nol Yo, the reaction conversion
rate is decreased (Reference Exanple 10), [0268] On the ot her hand,
according to the present invention, as shown in Exanples 46 to 55, 61 to
66, 68 to 70 and 74, the reacE on proceeded wi thout a decrease in the
reaction conversion rate evenljat t anount of the catalyst. of 1 not % or

| ess, or evRez(Qo n e \é(ilm:/poi nt that optically active
catal ysts a %Pensi e, it can e sai at the present invention in which

the reaction pr oceedsPGﬂh a stria/l anount of the catalyst is industrially
excel l ent, [02.69] The present invention is described in detail and
with reference to specific enbodinents, but it is apparent to persons
skilted in t helvhareipparthe frpwilas (Hhdi{g a8pigsenioriPiofCanE SHPHAY AheNEdded

wi t hout glepay Ri' Rehréde@oHylleogeR) 4 Tl 1O C6SU8Rerdih Wiieh Rlag $eRUbIHIMENtdr a3

The present, application is.hased. on Japanese, Pat ent pl tj.on ,

2010" 23389 5 SFeRiS bt i T3k b SERB R o b GRTsBR A ECP S4Rbr eby

i ncor por gr@g|by reference, Industrial Applicability [0270] The
present invent t/(%% I4|Llnows i ndustrially advantageous preparation of an
optically active tormof an

anti 1§38, 4R) - 3- al kyl eat hanoy1- 4- hydr oxypyrrolidine derivative or it's
enantioiner, which is a key internediate for producing a high-quality
optically active f@m ofR( 3R, 48) - 3- al kyl anti nonet hyl-4-fl uoropyrrolidine or
it's enantiongr usejul an internediate for producing a pharnaceuti cal,
and is thus u ms [C ai nA nethod. for producing an optically
active anti-4- xypyprolidine3 carboxam de derivative represented by the
general . formul/a (NI) or i¢l)s enantiumer by subjecting a

i di ~carboxam de derivative represented by the general
formula (1) to asymmetric hydrogenation using an optically active catal yst
(Step A, [ChemPG!

[wherein, in the formula (I), PG and R! have the same meanings as described

above],
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PG4 ' 1 O[wherein, in the formula (1). PG represents a protecting group
for an am no group, and. re represents hydrogen, a O to C6 al kyl group
whi ch may be substituted, or a C3 to CS cycl oal kyl group which may be
substituted], [Chem 21 [wherein, in the formula (I1). PC and it" have the
sanme neani ngs as descri bed above] [C aim21A nethod for producing an
optically acti (éheazi5i 4- hydro, xypyrro ion -- earboxanede derivative
represented by the general forrmula (11) or it's enantiomer, conprising
Steps B and A below. (Step B) a step of treating a conpound represented by
the general fornmula (111) ast one kind of base selected froman al kal i
metal carbonate, ampal kagit nmetal amde, an alkali metal hydride, and an
al kali et al koxi t@ obtain a 4-oxopyrrolidine-3- earboxam de
derivative re'g esen Ny the general formula (1); and (step A) a
step of subjecti t he conpound represented by the general formula (1)
obtained in Step B yo asyn(#kric hydrogenation using an optically active
catal yst havi ng Iigand to obtain a conmpound represented by the
general formula (ID,) ot it's enantioiner, [Chem 3] 0 - R202C--"N N-t"\
W(lit) 10[vx/nere|lHG1|n the formula (H), PG’ represents a protecting group
for an am no group, Rl represents hydrogen, a O to C6 al kyl group which

cupstituted, ot gnragPeBined AT THRE Yne b GRS B AR i n, i1

the thrmabeve(l), PGL and Rl have the sane neani ngs as descri bed above],

[Claim 3] A method for producing an optically active anti-4-hydroxypyrrolidine-3-
carboxamide derivative represented by the general formula (II) or it’s enantiomer,
comprising Steps D to A below:
10 (Step D) a step of treating a compound represented by the general formula (IV)
with an acid to obtain a compound represented by the general formula (V);
(Step C) a step of condensing the compound represented by the general formula
(V) obtained in Step D with an amine represented by the general formula (VI) to obtain a
compound represented by the general formula (III);
15 (Step B) a step of treating the compound represented by the general formula (III)
obtained in Step C with at least one kind of base selected from an alkali metal carbonate,
an alkali metal amide, an alkali metal hydride, and an alkali metal alkoxide to obtain a 4-
oxopyrrolidine-3-carboxamide derivative represented by the general formula (I);
(Step A) a step of subjecting the compound represented by the general formula (I)
20  obtained in Step B to asymmetric hydrogenation using an optically active catalyst having a
chiral ligand to obtain a compound represented by the general formula (II) or it’s
enantiomer,
[Chem. 6]

o)
RZOZC/\F?I/\/”\O‘BU (V)
PG1

25
[wherein, in the formula (IV), PG' represents a protecting group for an amino

group and R? represents a C1 to C6 alkyl group],
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[ Chem 5] erein, in the formula GP, PGL and Ri have the sanme neani ngs as
descri bed above]. [Claim 3] A nethod for producing an optical!), active

anti - 4- bydroxypyrrolidi ne-3- carboxam de derivative. represented by the
general formula (I1) or it's enantiorner, conprising Steps D to A bel ow
10(Step D) a step of treating a conpound represented by the general formula
(I'V) with an a¢fCkkr.o7lobtain a conpound represented by the general fornmula
(V); (Step © a step of condensing the conpound represented by the
general fornmula (V) obtained. in Step Dw th an amine represented by the
general formula (VI) to obtaiy a conpound represented by the general

formul a (Step B) a st of treating the conpound represented by the
general for rrunheg(zglzl’)\ﬁmgg\g&& Cwith at |east one kind of base

sel ected froma kal'|" nmetal c onatd, an alkali netal am de, an al kali
metal hydride, and an rRGlali metal raoxide to obtain a 4-

oxopyrrolidi ne-3-carboxam de derivative represented by the general formula
(1); (Step A pwisireip, pfths filnjreds (Vg POhend BArpountle sape exeningdaddestiiieedgener al
fornuka (}),400btained in Step B to asymetric hydrogenation using an

optically active catalyst having a chiral ligand to obtain a conpound
represent ed byl¢heen.déneral formula go or it's enantiomer, |Che 6] (Pi
R202C---" N x 'OBU PG [wherein, in the fornula (1V), PGL represents

a protecting group for an amno group and H2 represents a C to C6 al kyl
group], [Chem ﬁnl( Fﬁ(v) FG [wherein, in the formula (V), PG and R2
have the sarf® riddig ngs escri bed above], [Chem 8]

[wherein, in the formula (VI), R! represents hydrogen, a C1 to C6 alkyl group
10  which may be substituted, or a C3 to C8 cycloalkyl group which may be substituted],
[Chem. 9]

0
;
Rl’ozc/\N/\)kﬁ'R ()

PG!

[wherein, in the formula (III), PG', R}, and R? have the same meanings as
15  described above],

[Chem. 10]
O /R1
O NH
)
N
|
PG'

[wherein, in the formula (I), PG' and R! have the same meanings as described
20  above],
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Ri - NH2 [wherein, in the formula (VI), R represents hydrogen, a d to
C6 al kyl group 10which may he substituted, or a C3 to C8 cyc]oal kyl group
whi ch may be substituted], [Chem 9] RL 'N PGL [wherein, in the
Ibrmula (111), PG, R, and. R2' have the sane neani ngs as descri bed
above], [Chem 10] [wherein, in the formula (1), PGL and Rl have the sane
nmeani ngs as defdrenbdd] [Chem 11] 0 WHR t-N1-1 ((11) IbGlL [wherein, in
the formula (I1). PG and R have the same neani ngs as descri bed 5above],

[ Cl ai m 4] The production nethod according to any one of clains 1 to 3,
wherein the optically active catalyst in Step Ais an optically active

rut heni um catal ystQhavi g a chiral 2. 0 [C ai m5] The production method
according to ﬁgy on f'ﬁlains 1. to 4, whereinin Step A the chira

ligand in the oOptic I)}\I ctive catalyst is an optically active 2,2%

hi s(di phenyl phosphino) -1 , 1%bi napht hyl (BINAP) or it's anal ogue, 5,5'-

hi s(di phenyl phosphi no) -4, 4 -1, 3-herizodi oxole (SEGPII0S) or it's

anal ogue, or (2, 2Pb bi sdi phenyl phosphi no) -6, 6' -di net hoxy- 1, 1%bi phenyl
(N4cO- BI PHEP) or E&§B anal ogue. [C ai m 61The production nethod according to
any one of clains I"to 5, whereinin Step A, the chiral ligand in the
optically active catalyst is 2,2%i s(di plienyl phosphi no) - , 1 -bi
napht hyl (BI NAP) or 5,5 '-bis(di heqé]phosphin%%%4,4 "-bi- ,3-benzodirgiole
20 ( SEOPHOS) . cx5ipn I HhOEREdlR F G nande Wisere sleccwsis meanivesasylesmdedt cl ai ms
1 to®, whergin the protecting group for the ami no group represented by PG
is an aral koxycar bony! group or an al koxycarbonyl group. 2 5

[Claim 4] The production method according to any one of claims 1 to 3, wherein the
optically active catalyst in Step A is an optically active ruthenium catalyst having a chiral
ligand.
10
[Claim 5] The production method according to any one of claims 1 to 4, wherein in
Step A, the chiral ligand in the optically active catalyst is an optically active 2,2’-
bis(diphenylphosphino)-1,1’-binaphthyl(BINAP) or it’s analogue, 5,5°-
bis(diphenylphosphino)-4,4’-bi-1,3-benzodioxole (SEGPHOS) or it’s analogue, or (2,2’-
15  bisdiphenylphosphino)-6,6’-dimethoxy-1,1’-biphenyl (MeO-BIPHEP) or it’s analogue.

[Claim 6] The production method according to any one of claims 1 to 5, wherein in
Step A, the chiral ligand in the optically active catalyst is 2,2’-bis(diphenylphosphino)-
1,1’-binaphthyl(BINAP) or 5,5’-bis(diphenylphosphino)-4,4’-bi-1,3-benzodioxole

20  (SEGPHOS).

[Claim 7] The production method according to any one of claims 1 to 6, wherein the
protecting group for the amino group represented by PG'isan aralkoxycarbonyl group or
an alkoxycarbonyl group.

25
[Claim 8] The production method according to any one of claims 1 to 7, wherein the

protecting group for the amino group represented by PG' is an aralkoxycarbonyl group.

[Claim 9] The production method according to any one of claims 1 to 8, wherein the
30  protecting group for the amino group represented by PG'isa benzyloxycarbonyl group.
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[ Cl ai m 8 The production nethod according to any one of clainms Ito 7,
wherein the protecting group for the am no group represented by PG is an
ar al koxycarbortyl group. [Cairn 9] The production nethod according to any
one of clainms ito 8, wherein the 30protecting group for the am no mnut)
represented by PG is a benzyl oxycarbonyi group. [C aim 10] The production

met hod a Coifi g t 0 BHYprofectdh dtRddEccdrdift B anvhRE @i Blalfnd $ 19 GykdrERROPYI
group. ai m‘éprL@Qcﬁr roductl on nethod according to any one of claims | to

10, wheré??rcft"ﬂ % in Step Ais curried out wider the conditions of a
hydr ogen pressure of from ordi nary pressure to less than 1 MPti. [Claim

12] The pr, de ccordi one of cI 1,. wherein
the opt | (GG UBE s Vet Bh Mt d S Alind Qe onf of MG K1 iR 6. 01
to 2 aw tbg rew;ttdm 1m($rtmzbm:¢am@i orktelngetrtbc abndivemadfa I(yld)rqge{l@eassme b8frofhe

producti t one of clainms 1 to 12, wherein the
%E’dlg&? é&s&%‘%&ﬁé@k Rhnt OVPRY

optically a e catalyst 1n Step Ais used in an anount of fromO0,01 to 1
nmol % with respect to the general formula (1). [Caim14] A nethod for

produci It ngcamﬁqapoundrtrreqﬂbmeh%bﬂmd ddagrdagneraal ohebitiand 1 )ot flOl’wHel’é@n y
asymetr atl o r|srn eatil n
t hg corrpélﬁﬁﬁ?# ‘&? %@’é’ﬁto ¥y %tggﬁ‘elﬁg AN 34%{?‘%“? Qﬁé’? é’cYVet fr omg

an al kal irespedtad t}magehenahfc&mudaﬂ) al kali netal amide, an alkali metal hydride,
and an al kali netal alkoxide to obtain a 4- oxopyrrol i di ne- 3- car boxam de
derivative represented by the general fornula {_Chem 12

R202C- - - '[N 3] | 11)The productiph aeshas acpwdmgewfa@mnea ¢lpinps 1 top] rwheeqm esents

a prot ecrneV®tﬁarwwctrvercaerys@m ep AiOURd iRan8RUESEMN S YA ©des] B, Gltht 0 C6
?ut ed, or a C3 to C8 cycloal kyl group which

al kyl group whi é’ BF
may be stFeesiiut cgen i % }“esents a d to C6 alkyl group], [Chem 13]
0 1104 [wherei above];

[Claim 14] A method for producing a compound represented by the general formula
(1) for the asymmetric hydrogenation in Step A, comprising
(Step B) a step of treating the compound represented by the general formula (III)
with a base selected from an alkali metal carbonate, an alkali metal amide, an alkali metal
20  hydride, and an alkali metal alkoxide to obtain a 4-oxopyrrolidine-3-carboxamide
derivative represented by the general formula (1),
[Chem. 12]

O
:
Rzozc/\rﬂ/\)l\”,R ()
PG!

25 [wherein, in the formula (III), PG' represents a protective group for an amino
group, R! represents hydrogen, a C1 to C6 alkyl group which may be substituted, or a C3
to C8 cycloalkyl group which may be substituted, and R? represents a C1 to C6 alkyl

group],
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W-NH e formula (1), PG and Rl have the sane neanings as described [Caim
15] The production nethod according to any one of clains 2 to 14, wherein
the base in Step Bis an alkali netal al koxide, 1 O[C aim 16] The production
met hod according to any one of clains 2 to 159 wherein the base in Step B
is potassiumtert-pentoxide. [Claim17] The production nethod according to
any one of claj@fen? 189 16, wherein the base in Step B is used in the amunt
of from1l to 1.5 equivalents, with respect to the conpound represented by
the general fornula [C aim 18] The production nmethod according to any one of
claims 1 to 17, wherein the protecting group for the am no group
represented by PG/o' s an ghl koxycarbonyl group and H is a cycl opropyl
group. [C aim 19] A\get hod." for producing a conpound represented by the
general for@la (V) ising (Step D) treating a conmpound represented by
t he general mul Z2 (1 with an acid, [Chem 14] R202C ts;il PGL O

QE u(lv) wherein, in the formula. (1V), PGL represents a
protective gr r an am group and R2 represents a C to C6 al kyl
group], [Chem ﬁ [wherein, in the fornula (V), PG and R2 have the sane
meani ngs as desfMi bed 10above]. [C aim 20] The production nmethod according
to any one of déé\ﬁé\s 3 to 13 and claim

—

[wherein, in the formula (I), PG’ and R! have the same meanings as described

5  above].

[Claim 15] The production method according to any one of claims 2 to 14, wherein

the base in Step B is an alkali metal alkoxide.

10 [Claim 16] The production method according to any one of claims 2 to 15, wherein

the base in Step B is potassium tert-pentoxide.

[Claim 17] The production method according to any one of claims 2 to 16, wherein
the base in Step B is used in the amount of from 1 to 1.5 equivalents, with respect to the

15  compound represented by the general formula (III).

[Claim 18] The production method according to any one of claims 1 to 17, wherein
the protecting group for the amino group represented by PG is an aralkoxycarbonyl group
and R' is a cyclopropyl group.
20
[Claim 19] A method for producing a compound represented by the general formula
(V), comprising
(Step D) treating a compound represented by the general formula (IV) with an

acid,
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19, wherein the acid in Step Dis trifluoroacetic acid. or formc acid.

15[ d ai m 21] The production nethod according to any one of clains 3 to 13,

19, and 20, wherein the acid in Stop Dis formc acid. [Caim22] The

production nmethod according to any one of clains 2 to 21, wherein
protecting group for the amno group represented by P@ is an
ar al koxycar bonjChegti.ddpp 20and R2 is a Cte C4 | ower al kyl group.

O
R202C/\ N /\)J\OtBu (lV)
PG!

[wherein, in the formula (IV), PG! represents a protective group for an amino
5  group and R? represents a C1 to C6 alkyl group],
[Chem. 15]

O
1

PG

[wherein, in the formula (V), PG' and R? have the same meanings as described

10  above].

[Claim 20] The production method according to any one of claims 3 to 13 and claim

19, wherein the acid in Step D is trifluoroacetic acid or formic acid.

15 [Claim 21] The production method according to any one of claims 3 to 13, 19, and 20,

wherein the acid in Step D is formic acid.

[Claim 22] The production method according to any one of claims 2 to 21, wherein
the protecting group for the amino group represented by PG' is an aralkoxycarbonyl group

20  and R*is a C1 to C4 lower alkyl group.
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