SPECI FI CATI ON CYANOPYRROLI DI NE DERI VATI VES TECHNI CAL FI ELD The present
I nvention relates to novel 5 cyanopyrrolidine derivatives. BA Ajm
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Di peptidyl peptidase IV (DPP IV) is a kind of serine proteasemmwmmmwmmwm
hydrol yze the dipeptide fromthe peptide chain having proline
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I nhibition é&cﬁéﬂéﬁﬁﬁﬂaﬁf be useful for treating type 2
Dipeptidyl peptidase IV (DPP IV) is a kind of serine
proteases which can hydrolyze the dipeptide from the
peptide chain having proline or alanine at the second
10 position from the N-terminus. DPP IV is distributed 1in a
varlety of the tissues (including kidney or liver) and
plasma, and participates in the metabolisms of varilous
physiologically active peptides.
Recently, it has been made clear that DPP IV acts on
15 the metabolism of glucagon-like peptide-1 (GLP-1). That 1s,
DPP IV hydrolyzes the dipeptide of the N-terminal His-Ala
of GLP-1, thereby, GLP-l is 1nactivated, and the
inactivated product acts as an antagonist of GLP-1 receptor.
GLP-1 has been found to have physiological actions
20 such as an accelerating action of insulin-secretion from
the pancreas, a prolonging action of gastric emptying time
or an inhibitory action of eating. Accordingly, DPP IV
inhibition elevates the GLP-1 effect, enhances the insulin
effect and improves glucose metabolism, therefore, DPP IV
25 inhibition is expected to be useful for treating type 2
diabetes mellitus.
In addition, DPP IV has been found to participate in

the metabolism of neuropeptide Y which is a kind of
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di abetes nellitus. In addition, DPP IV has been found to participate in

t he metabolism of neuropeptide Y which is a kind of -, 1 neuropeptides,
activation of T cells which are inmunoconpetent cells, adhesion of cancer
cells to the endotheliumor invasion of HV virus into |ynphocytes.
Accordingly, DPP IV inhibition is considered to be useful 5 for treating

| mmune di seases, etc. Furthernore, a high |evel of DPP |V expression has
been found in fibroblasts of the skin of human subjects of psoriasis,

r heumat oi d rewhepeptided, | achtvapliemust Breebls hhfkclDAre V activity has
been found in the subjects of 10 benign prostatic hypertrophy. Accordingly,
DPP |V inhimnaneaoneebeBb esbbet cafdhedion @f feancel ¢olkkitP WH&eases and

beni gn prostatic higertrophy. Anong DPP_IV inhibjting conpounds which have
been knoweR@cthetin® orndhvester of HiVhevtoHhotmtr iWWRﬂP%¥¥9515

Ved.  cnem AagorafeBlY 5686 TyebaRl SLrten s EotpridtRetus EPa el 1Tt e
M e7sL, ¥ 1obo8 ERpabLagcintalR thatteRpolhbE whi ch ar o substituted 20’ with
5571560 °4E, ™ | B AR O Sy YT ALY RSy BT
o oELem o begcoldicin, ci09LeFPINe b BB o il B0ttt oy
cyanopyrrol ,dipeadeki VahbUR8toid arthritis and lichen planus, and a
high DPP IV activity has been found in the subjects of
10 benlgn prostatic hypertrophy. Accordingly, DPP IV
inhibition 1s also expected to be effective to skin
diseases and benign prostatic hypertrophy.
Among DPP IV inhibiting compounds which have been
known up to this time, there are the compounds which are
15 substituted with a phosphorus atom at the 2-position of
pyrrolidine (J. Med. Chem., 37, 3969 - 3976, 1994), and the
compounds which are substituted with a boron atom at the
2-position of pyrrolidine (Biochemistry, 32, 8723 - 8731,
1993). Also are known the compounds which are substituted
20 with a cyano group at the 2-position of pyrrolidine (Arch.
Biochem. Biophys., 323, 148 - 152, 1995; Bioorg. Med. Chem.
Lett., 6, 1163 - 1166, 1996; Blochemistry, 38, 11597 -
11603, 1999), but there is no report on any inhibitors
which have substituent(s) at the 3- or 4-position of 2-
25 cyanopyrrolidine derivatives.
An object of the present invention 1s to provide
novel cyanopyrrolidine derivatives which have an excelient

DPP IV inhibition activity.



An object of the present invention is to provide novel cyanopyrrolidine
derivatives which have an excellent DPP IV inhibition activity. 2

DI SCLOSURE OF THE | NVENTION As a result of the continued extensive studies
in order to achieve the above-nentioned object, the present inventors
have found that certain cyanopyrrolidine 5 derivatives have an excel | ent
DPP IV inhibition activity, and thereby the present invention has been
acconpl i shed. One aspect of the present invention is to provide a conpound

rePrese”teQu&Xuﬁggﬂﬁiiniébﬂégﬂhggﬂﬁﬂﬂfr referred to as "the conpound of
t he present 1T nventr on present invention conmpound"): (1)
[wherein RLis a hal %Q%S%kﬁ%fat@éd'e%e'in%auextaﬁsab@éxud%eumnhav' ng 1

to 5 carbon atons or an al group havin carbon atons, R2 is a

hydrogen atfyfer2 {13! f9efewd Ofie aabdw@n@wdicg{é&%bﬁwl ke prieidnthavi ng 1
to 5 carbon atoms 15 or an alkyl group having 1 to 5 car bon “at ons, or

and R2  todqiviiitd:d Mave 0XSund thl et AN Gffidpyradialdimeyi M no  gr OUIO
having 1 to 5 carbon atons or an al kylidene group having 1 to 5 carbon

atons, B3 awtiRhtrvesdtdve iy wngerlaitmpPR haliageimiation aciivd tyy,dr oxyl
group, an al koxy group having 1 to 5 carbon atons or an al kyl group havi ng
1 to 5 car lzord athemebwrtis prexkeriR trogettiem flersmbsreroagcanpbidtheds m no
group, an al koxyimno group having 1 to 5 carbon atons or an - 3
One aspect of the present invention is to provide a
compound represented by Formula (1) (hereilnafter referred
to as "“"the compound of the present invention” or "the

10 present invention compound”):

X R
Ny AL~
2 ANy (1)
RS
CN R4

.[wherein Rl is a halogen atom, a hydroxyl group, an alkoxy
group having 1 to 5 carbon atoms or an alkyl group having 1
to 5 carbon atoms, RZ is a hydrogen atom, a halogen atom, a
hydroxyl group, an alkoxy group having 1 to 5 carbon atoms
15 or an alkyl group having 1 to 5 carbon atoms, or Rl and R2
together form an oxo, a hydroxyimino group, an alkoxyimino
group having 1 to 5 carbon atoms or an alkylidene group
having 1 to 5 carbon atoms,
R3 and R4 are each a hydrogen atom, a halogen atom,
20 a hydroxyl group, an alkoxy group having 1 to 5 carbon
atoms or an alkyl group having 1 to 5 carbon atoms, or R3
and R4 together form an oxo, a hydroxyimino group, an

alkoxyimino group having 1 to 5 carbon atoms or an
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al kyl'idene group having 1 to 5 carbon atoms, X is an oxygen atomor a
sulfur atom Y is -CR5R6- [wherein R5 and R6 are the same or different,
and each a hydrogen atom a hal ogen atom an 5 alkyl group having 1 to 10
carbon atons which is optionally substituted with at |east one sel ected
fromthe group consisting of a halogen atom a hydroxyl group, a

hydr oxyal kyl group having 1 to 5 carbon atons, a carboxyl group, a
mercapt o group, an al kylthio group having 1 to 5 10 carbon atons, a

guani dyl gralkyladenpt gooabl hasihgt 1t tded caphieoyl agomsip, an i m dazol yl
group, an indolyl group, -NHR11 (wherein R11 is a hydrogen atom an
optionally substi tXitisl arphexgdergradugm @an aoEuldheat lataubsti t uted pyri dyl
group, a tert-butoxycarbonyl group or a benzyl oxycarbonyl group), 15

- CONHRL2 { wher ei n WRiis i <CRPRRdriogewretohbrand GR)anerithe (3 &ith mis an
integer of 1 to 5 and R13 is a hydrogen atom a nethoxycarbonyl group, an
ethoxycarboﬂ?ffgrénﬁ oang eééhz?l ¥gragenngtonr oaphalagen - om: (herei n R14
is a chain alki group_ havi ng to 5 carbon atons or a benzyl rou 1 20
or an al%engltky OEEOHthﬁﬁiEQté Ee ¢8r GBRPAR oRAEOMA| FRiPR 1gpep %P?g Y

substituted with at one sel ected fro t he roup consisting of a
hal ogen at ofipbgt E§HF8§ &GPOGB EﬁaSEaPﬁﬁxﬁ? %?Bﬁggfﬁﬂﬁaﬁ?ﬁo ?Bﬁg an

25 or - CRIECTRSREEP( B P AR R P e "R Bl R B ottt o
51 nt S saSayBSE OOy 2,30 TR ST B L A1 12,
one SeleCteQrBﬁBUIBhﬁercépto group, an alkylthio group having 1 to 5
10 carbon atoms, a guanidyl group, an optionally substituted
phenyl group, an imidazolyl group, an indolyl group, -NHR11
(wherein R1! is a hydrogen atom, an optionally substituted
phenyl group, an optionally substituted pyridyl group, a
tert-butoxycarbonyl group or a benzyloxycarbonyl group),
15 -CONHR12 {wherein R12 is a hydrogen atom or -(CHy)p-R13
(wherein m is an integer of 1 to 5, and R13 i1s a hydrogen
atom, a methoxycarbonyl group, an ethoxycarbonyl group or a
benzyloxycarbonyl group)} and -OR14 (wherein Rl4 i1s a chain
alkyl group having 1 to 5 carbon atoms or a benzyl group):
20 or an alkenyl group having 2 to 10 carbon atoms which 1s
optionally substituted with at least one selected from the
group consisting of a halogen atom, a hydroxyl group, a
carboxyl group, an amino group, an aminocarbonyl group and
a chain alkoxy group having 1 to 5 carbon atoms],
25 or -CR7R8-CRI9R10- (wherein R7, R8, R? and R10 are the same
or different, and each a hydrogen atom; a halogen atom; or

an alkyl group having 1 to 10 carbon atoms which 1s

optionally substituted with at least one selected from the
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group consisting of a halogen atom a hydroxyl group, a hydroxyal kyl group
having 1 to 5 carbon atons, a carboxyl group, a nercapto group, an

al kylthio group having 1 to 5 carbon atons, a guanidyl group, an
optionally substituted 5 phenyl group, an i m dazolyl group, an indolyl
group, -NHR11 (wherein R11 is a hydrogen atom an optionally substituted
phenyl group, an optionally substituted pyridyl group, a

tert-but oxycarbonyl group or a benzyl oxycarbonyl group), -CONHR12 (wherein
R12 is a hygtragencatehsbing (CHY) rh&ASgdD {wer e hydriexyln daauwgera of 1 to
5, and R13 is a hydrogen atom a nethoxycarbonyl group, an ethoxycarbonyl
group or a hydroyyakirhrooeyp kpolpd)l abel 5 GRbqQwWRiAS, 43K Ehai n

al kyl group having 1 to 5 carbon atons or a benzyl group), or R7 and RO

t oget her wWdreEPe @IPPHPAREVNIFRRN| 2h FHEYL sl rEr iR RKENT o kS S

cycl oal kyl group having 3 to 8 carbon atons which is optiqnal
subst i t ut eFHFRPN AR LIt 8 oHEAN LAY £ cTERUR 1 oFF t FREIARAML o?igt?ssqj'rtﬁ'bt?ﬂ a

hal '
ar Egﬁgﬁﬁégg”ﬁeénﬂégéﬁéﬁéﬁLfrﬁf@@%‘;‘oé?%g%%%%@?L%‘l‘?iq%o“%va@oe“%’% bori Mo and
a Cchaln a r .
naving ot DB rR T ohe o RS R (PR i PRl P S e s
: P |
oroup. o carBeNyF BradR? HPRRPIEhELLR s RhePLR AR AN R 2 chain

(oL o UL b e T bine e sbion A 0,
is optionaltyngRb2t ({HESd1M Rb2al 5| gapyapHEes caesh o6l f £ OomS fif-R1D
10 (wherein m is an integer of 1 to 5, and R13 is a hydrogen
atom, a methoxycarbonyl group, an ethoxycarbonyl group or a
benzyloxycarbonyl group)} and -OR14 (wherein R14 is a chain
alkyl group having 1 to 5 carbon atoms or a benzyl group),
or R7 and R? together with the carbon atom to which they
15 are attached form a cycloalkyl group having 3 to 8 carbon
atoms which is optionally substituted with at least one
selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, an amino group, an
aminocarbonyl group, a chain élkyl group having 1 to 5
20 carbon atoms and a chain alkoxy group having 1 to 5 carbon
atoms; a cycloalkenyl group having 4 to 8 carbon atoms
which is optionally substituted with at least one selected
from the group consisting of a halogen atom, a hydroxyl
group, a carboxyl group, an amino group, an aminocarbonyl
25 group, a chain alkyl group having 1 to 5 carbon atoms and a
chaln alkoxy group having 1 to 5 carbon atoms; a

bicycloalkyl group having 5 to 10 carbon atoms which is

optionally substituted with at least one selected from the
. s



group consisting of a halogen atom a hydroxyl group, a carboxyl group, an
am no group, an am nocarbonyl group, a chain alkyl group having 1 to 5
carbon atons and a chain al koxy group having 1 to 5 carbon atons; or a 5
bi cycl oal kenyl group having 5 to 10 carbon atons which is optlonally
substituted wth at | east one selected fromthe group consisting of a

hal ogen atom a hydroxyl group, a carboxyl group, an am no group, an

am nocar bonyl group, a chain alkyl group having 1-to 5 carbon atons and a

chain 10 aldeip i fem@oi 4 hdl bt at oS hy@fukyl igrauglyd ogen
atom or an alkyl group having 1 to 10 carbon atons which is optionally
substi t ut eccartbdx@l gre@s; ameamiieagmshy ) am tdveirgyaaybaylsigtdury, &f a
hal ogen atom a hydroxyl group, a hydroxyal kyl group having 1 to 5 15
car bon at omain callbwkydroumpupgvingrel capt® cpmhgn abomsaldnd tehighagroup
having 1 to 5 carbon atons, a guanidyl group, an optionally substituted
phenyl grouplkexy dgndupzibdyingrbupy Zarcari ydtamsumr -aNHR11 (wherein R11
is a hydrogen atom an optionally substituted phenyl group, an 20

opti onabl y mm@lb@lwrgmp di@wg ® t@tl%mm Ebféﬂ‘}ﬁf wikGuplor a
benzyl oxycar bonyl gr.oup (wherein RL2 is dr en aton1or
-(CH2) m Rlsoqwa@ra@f%y nﬁu%sw:lm%g@th At 1835°T, O%osﬁﬁi Rfen

gte(r)l;nyl gxggf’;lg% C?‘r"%gé?Bﬁ’gr Ougnﬂ%éiaé)%ﬁgéﬁsyﬂ%F?P%fﬁﬁqw al%kyl group

e 19 1L 0, SRR B SBE0 ol U afhndl Aot cgeLllEr anth (e

2 to 10 - ESchain alkyl group having 1 to 5 carbon atoms and a chain

10 alkoxy group having 1 to 5 carbon atoms), and

Z 1s a hydrogen atom; or an alkyl group having 1 to

10 carbon atoms which is optionally substituted with at
least one selected from the group consisting of a halogen
atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5

15 carbon atoms, a carboxyl group, a mercapto group, an
alkylthio group having 1 to 5 carbon atoms, a guanidyl
group, an optionally substituted phenyl group, an
imidazolyl group, an indolyl group, -NHR1l (wherein R11l is
a hydrogen atom, an optionally substituted phenyl group, an

20 optionally substituted pyridyl group, a tert-butoxycarbonyl
group or a benzyloxycarbonyl group), -CONHR12 {wherein R12
is a hydrogen atom or -(CHz)m—R13 (wherein m 1s an integer
of 1 to 5, and R13 is a hydrogen atom, a methoxycarbonyl
group, an ethoxycarbonyl group or a benzyloxycarbonyl

25 group)} and -OR14 (wherein R14 is a chain alkyl group
having 1 to 5 carbon atoms or a benzyl group),

or Y and % together with the nitrogen atom to which they

are attached form a cyclic amino group having 2 to 10
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carbon atons which is optionally substituted with at | east one selected
fromthe group consisting of a halogen atom a hydroxyl group, an ami no
group, a chain alkyl group having 1 to 5 carbon atons and - OR15 (wherein
Ri5 is a chain alkyl 5 group having 1 to 5 carbon atons, an

am nocar bonyl net hyl group or a benzyl group)] or a pharnaceutically
acceptable salt thereof. REST MODE FOR CARRYI NG QUT THE | NVENTI ON Anot her
aspect of the present invention is to 10 provide the cyanopyrrolidine
derivati ve cdrten natang WhiotherseioptRbrial ly albtegdrt utteginwidbhywdr degstgr oup,
an al koxy group having 1 to 5 carbon atons or an al kyl group having 1 to
5 carbon atars,selecty] fRPmncheRyrzoup exglsis thydr ofern hatlegena at@mgén
atom a hydroxyl group, an al koxy group 15 having 1 to 5 carbon atons or an
al kyl groupynexyl 19%euD, aardwkArErAlP o2 e ish Aldacte @GR MRvAdkpt abl e

salt thereof. A still another aspect t he present. invention is _t
provi de t hel cyaNdSAFRPR @ FRNY and atQR/e ofwhegrahi é{h(Sl)ls ?OW’eiar?‘kﬂ% is a

fluorine atomor a chlorine atom or the har maceut i cal. | cceptabl e salt
t her eof 3 A §XR¥RRaRERRct BF % r%a’f)t?%%e?'ﬁon?%véarﬂ iadrﬂ'r}%caﬁp%ﬁf?'&ﬁqﬁ’é’ he
cyanopyrrolidine derivative of Fornula (1) . wherein Rl . l,he, atom
and R2 is &FP oen a"?%’i‘r?Y]ZSQJEJ?uQﬂt Hhet ngbaeTiﬂqcceal}qing egaléaclbeitbgés%et
‘thereof. A %%iﬁltfurth r aspect of the present invention is to provide the
cyanopyrrol? e ﬁ% $9ative of Fornmula (1) wherein RL is a fluorine atom

and R2, R3 gy Rlopk °rSREafReING OUT THE INVENTION

Aﬁother aspect of the present invention is to
10 provide the cyanopyrrolidine derivative of Formula (1)
wherein Rl 1s a halogen atom, a hydroxyl group, an alkoxy
group having 1 to 5 carbon atoms or an alkyl group having 1l
to 5 carbon atoms, and R2, R3 and R4 are each a hydrogen
atom, a halogen atom, a hydroxyl group, an alkoxy group
15 having 1 to 5 carbon atoms or an alkyl group having 1 to 5
carbon atoms, or the pharmaceutically acceptable salt
thereof.
A still another aspect of the present invention is
to provide the cyanopyrrolidine derivative of Formula (1)
20 wherein Rl is a fluorine atom or a chlorine atom, or the
pharmaceutically acceptable salt thereof.
A further aspect of the present invention is to
provide the cyanopyrrolidine derivative'of Formula (1)
wherein Rl is a fluorine atom, and R2 is a hydrogen atom,
25 or the pharmaceutically acceptable salt thereof.
A still further aspect of the present invention is
to provide the cyanopyrrolidine derivative of Formula (1)

wherein Rl is a fluorine atom, and R2, R3 and R4 are each a

-7 -



hydrogen atom or the pharnaceutically acceptable salt thereof. A stil
further aspect of the present invention is to provide a cyanopyrrolidine
derivative represented by 5 Formula (2): CN wherein X, Y and Z are defined
as above) or a pharmaceutically acceptable salt thereof. A still further
aspect of the present invention is to provide the cyanopyrrolidine
derivative of Fornmula (1) 10 or (2) wherein X is an oxygen atom or the
pharmaceutically acceptable salt thereof. A still further aspect of the

(1) or (2 el Rttt il L MR d ) COL

t her eof . /\fﬁé}éogurther aspect of the present invention is to provide the
cyanopyrrol rdiné derivative of Formula (1) ~or (2) wherein Y is -CH2- and Z

s a branched of Q¥Gdia1 @ditned! At ldtd thel Qrb3endl Hoedidn W ch i s

optionally 20 substituted wt ast one sel éct fromthe group

consi sting @f FrdyfdOxy!cgs 2R fa 18l ey Al A v ipre devid® Py t 0 5

carbon atons, ‘or the pharnaceutically acceptable salt thereof. stil
further saspesime@fat i) present invention is to provide the cyanopyrrolidine
derivative of Formula (1) or (2) wherein Yis -CH2- and Zis a tert-butyl
group, a (1-hydroxynethyl)cyclopentyl group or a (2-hydroxy-1,1 5

di met hyl ) et hyl group, or,tqf pij[jaceutiﬁglly accept abl e
N

N
27 Y (2)

CN

wherein X, Y and Z are defined as above) or a
pharmaceutically acceptable salt thereof.
A still further aspect of the present invention is
to provide the cyanopyrrolidine derivative of Formula (1)
10 or (2) wherein X 1s an oxygen atom, or the pharmaceutically
acceptable salt thereof.
A stilll further aspect of thé present invention i1s
to provide the cyanopyrrolidine derivative of Formula (1)
or (2) wherein Y is -CHy-, or the pharmaceutically
15 acceptable salt thereof.
A still further aspect of the present invention is
to provide the cyanopyrrolidine derivative of Formula (1)
or (2) wherein Y is -CHy- and Z is a branched or cyclic
alkyl group having 4 to 10 carbon atoms which is optionally
20 substituted with at least one selected from the group
consisting of a hydroxyl group and a hydroxyalkyl group
having 1 to 5 carbon atoms, or the pharmaceutically

acceptable salt thereof.



salt thereof. A still further aspect of the present inventionis to
provi de the cyanopyrrolidine derivative of Fornula (1) or (2) wherein Y is
-CR5R6- (wherein R5 is a hydrogen atom) 10 and Z is a hydrogen atom or the
pkarmaceutically acceptable salt thereof. A still further aspect of the
present invention is to provide the cyanopyrrolidine derivative of Fornula
(1) or (2) wherein Yis -CR5R6- (wherein R5 is a hydrogen atom 15 R6 is a
branched or cyclic al kyl group having 3 to 6 carbon atons) and Zis a

hydrogen atom or a k& ipharrmadidr et d¢Cepkapraseakt 1hhehedbn Asstill
further of the present invention is to provide the cyanopyrrolidine

derivative & posvide fHe OfandPyLz)l e derivat iviedEHESIIRa (1)

-CH C(CH3)3]- or -CH CH(CH3)CH2CH3]- and Z is a hydrogen atom or the

phar maceut ienl {¥) aciceps bl ¢ sal 1CHijreraod .72 Astd |Hedftnddierl aamant, of the
present invention is to provide a pharmaceutical preparation which

conpri ses a6l -R¥dooxwié oyl ey hopenieht gtdup abowee-(Britydrmgy -1, 1-
cyanopyrrolidine derivative or the pharmaceutically acceptable salt

t hereof 5 A ¢iméthyliethyl agpeep. ofr t Hee phavaraceutdgaloh deceptabie provi de
t he above-nenti oned pharmaceutical preparation for preventing or treating
a di sease ofatbntheredt capabl e of being inproved by inhibition of

di peptidyl peptidase IV. A still further aspect of the present invention is

5 to provide the dbdifeftidied AeRatic&f iha PFessAtatiygntion is

to provide the cyanopyrrolidine derivative of Formula (1)
or (2) wherein Y is -CR5R6- (wherein R5 is a hydrogen atom)
10 and Z is a hydrogen atom, or the pharmaceutically
acceptable salt thereof.
A still further aspect of the present invention is
to provide the cyanopyrrolidine derivative of Formula (1)
or (2) wherein Y is -CRSR6- (wherein R is a hydrogen atom,
15 R6 is a branched or cyclic alkyl group having 3 to 6 carbon
atoms) and Z is a hydrogen atom, or the pharmaceutically
acceptable salt thereof.
A still further of the present invention is to
provide the cyanopyrrolidine derivative of Formula (1) or
20 (2) wherein Y is -CH[CH(CH3)2]-, -CHI[C(CH3)3]- or
-CH[CH(CH3)CHpCH3]- and Z 1s a hydrogen atom, or the
pharmaceutically acceptable salt thereof.
A still further aspect of the present invention is
to provide a pharmaceutical preparation which comprises as
25 an effective ingredient the above-mentioned
cyanopyrrolidine derivative or the pharmaceutically
acceptable salt thereof.

A still further aspect of the present invention is
- 9 -



wherein the di sease or condition capable of being inproved by inhibition
of dipeptidyl peptidase IV is diabetes nellitus. A still further aspect of
the present invention is 10 to provide the above-nentioned pharmaceuti cal
preparation wherein the disease or condition capable of being inproved by
i nhi bition of dipeptidyl peptidase IV is an imune disease. In the present
invention, "chain" neans a straight 15 or branched chain. The hal ogen atom
means a fluorine atom a chlorine atom a bromne atomor an iodine atom

The al koxy 5 optpotiddé nghd dvowe OO oME @ NPh ARG Ee ot i Y PrHBardttasnched or
cyclic al koxy group, exanples thereof 20 are a nethoxy group, an ethoxy
group, a préoEoXxyrgrenpin@nor SopsapPhxy @rdlpsase bt coonditolgn capatsbdut oxy
group, a tert-butoxy group, a cycl opropyl methoxy group, a pentyl oxy group
and an isopehtlyéing impoeved hiey al iyl bhrbop dviiwedtidy b mepthiciasd off6. means
a 25 straight, branched or cyclic al kyl group, and exanples thereof are a
met hyl group, an &t Btiilgr diysthempragpdctgraduphe preiseoydr dpyendgionp isa

cycl opropyl group, a butyl group, an isobutyl group, a sec-butyl group, a
tert-bubyl &poRpovhde the ahevevmentiepedpbharnieewptepy BREPIFAG YU, a

pentyl group, an isopentyl group, a cyclopentyl group, a cycl obutyl pethyl
group and avReEehy| prepylSeRe®poT TRenG} kY i ‘Fﬁﬁ’ﬂpg‘? o‘h% W%gi“iplf%‘y%d car bon

atoms 5 means ANy {51 0008 SHPaEESti by Feptifade S A SN abd A0 NEd
mellitus.
A still further aspect of the present invention is
10 to provide the above-mentioned pharmaceutical preparation
wherein the dilsease or conditlion capable of being improved
by inhibition of dipeptidyl peptldase IV is an immune
disease.
In the present invention, "chain” means a straight
15 or branched chain.
The halogen atom means a fluorine atom, a chlorine
atom, a bromine atom or an iodine atom.
The alkoxy group having 1 to 5 carbon atoms means a
straight, branched or cyclic alkoxy group, examples thereof
20 are a methoxy group, an ethoxy group, a propoxy group, an
isopropoxy group, a butoxy group, an lsobutoxy group, a
tert-butoxy group, a cyclopropylmethoxy group, a pentyloxy
group and an lsopentyloxy group.
The alkyl group having 1 to 5 carbon atoms means a
25 straight, branched or cyclic alkyl group, and examples
thereof are a methyl group, an ethyl group, a propyl group,
an isopropyl group, a cyclopropyl group, a butyl group, an

isobutyl group, a sec-butyl group, a tert-butyl group, a
- 10 -



or cyclic al koxy group, and exanples thereof are a methoxyimno group, an
et hoxyi mi no group, a propoxyimno group, an isopropoxyimno group, a

but oxyi mi no group, an isobutoxyim no group, a tert-butoxyimno group, a 10
cycl opr opyl net hoxyi m no group, a pentyloxyimno group and an

i sopentyl oxyi m no group. The al kylidene group having 1 to 5 carbon atons
nmeans a straight, branched or cyclic al kylidene group, and exanples

t hereof are a methyl ene group, an ethylidene group, 15 a propylidene group,

an i sopr opydy€esicu gy Dugroap bua yeydeoeropy npthyh dgismiof ya | ey raegyp a
cycl opropylnet hyl ene group and a pentylidene group. The al kyl group havi ng
1 to 10 cardonisdpestyhi ghoup, opt cyahbpsnsybsyrewn eoh nespeisou sy Irae thy 1
branched or 20 cyclic alkyl group having 1 to 10 carbon atons which is
substi t ut edgooupnaudsai i tetdylpndprkagpdes. t hereof are a met hyl group, an
et hyl group, a propyl group, an isopropyl group, a butyl group, an

i sobutyl group, a Be- %Ylglijdu’-p graun daving vy t@r &J;S’aréoé’eﬁ‘tt)ﬂmsgr oup, an
|sopentyl group, a 25 hexyl group, a heptyl group, an oct ro a_nonyl
group, 2a dBRgRS g@Buﬁmiﬁoc%P‘éﬁl RYPSE BUbe AV HY 3 %Brﬁ%g%%r %?J’FP’?%?

gsc?obu?yr%%%ﬁ §gg¥8u%££§?¥ygi8 éL;ggéyéﬁﬁmBr%%p?h%F%?%ﬂ%ﬁ%d¥y|gé?ggb gr a
t - i 4 . g.,
2 eyer opur BBy S iSEgRpop it eRpFHBHBRG "rdub e, £ BELISHy BAEAT (©,0
CyC|OhEpten%roggou8n0m588%¥ﬁ599iﬁfﬂxlgQBQBp)a @uéo@&fﬁfﬁ@aékaﬁpgrQHp havi ng

5 to 10 car {ons
isobutoxyimino group, a tert-butoxyimino group, a

10 cyclopropylmethoxyimino group, a pentyloxyimino group and
an isopentyloxyimino group.

The alkylidene group having 1 to 5 carbon atoms
means a straight, branched or cyclic alkylidene group, and
examples thereof are a methylene group, an ethylidene group,

15 a propylidene group, an isopropylidene group, a butylidene
group, an isobutylidene group, a cyclopropylmethylene group
and a pentylidene group.

The alkyl group having 1 to 10 carbon atoms which
is optionally substituted means a'straight, branched or

20 cyclic alkyl group having 1 to 10 carbon atoms which is
substituted or unsubstituted, and examples thereof are a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group,
a fert-butyl group, a pentyl group, an isopentyl group, a

25 hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, a cycloalkyl group having 3 to 10 carbon
atoms (e.g., a cyclopropyl group, a cyclobutyl group, a

cyclopentyl group, a cyclobutylmethyl group, a cyclohexyl
- 11 -



optionally substituted (e.g., a bicyclopentyl group, a bicyclohexyl group,
a bicycl oheptyl group, a bicyclooctyl group, a bicyclononyl group or a
bi cycl odecyl group), a bicycloal kenyl group having 5 to 10 carbon atons
which is 10 optionally substituted (e.g., a bicyclopentenyl group, a
bi cycl ohexenyl group, a bicycl oheptenyl group, a bicyclooctenyl group, a
bi cycl ononenyl group or a bicycl odecenyl group), a bridged cyclic
hydrocarbon group (e.g., an adamantyl group, a bornyl group, a norbornyl 15
group, a pidquedyp, giorpcleheptyy| gosupipor e caygloguiogh group) camphanyl
group), and the al kyl group of which the hydrogen atomis substituted with
at | east oneyskbatkenylrgnotbehaygingps comsd starkpwfatomsl e atdm a
hydroxyl group, a hydroxyal kyl group having 1 to 5 carbon atons, a
car boxyl 20cgcbobutenykrgapup, ga otyslepenteyyt oW oud FEcdpRenyl 5
carbon atons, a guanidyl group, an optionally substituted phenyl group, an
i mi dazol yl group, ancyadeheptegprplipIronpran a (¢Fekeratenyl i%r%ilmf//dr%gen
atom an optionally_ substituted fhen | group, an optjonally, substituted
pyri dyl Sgr obpcyaloalkElt 95AEBx)R% B%nglt%r%ﬁuF%ﬁb%Pb%B?@?d%%b bohyl
group), -CONHR12 (wherejn R12 i ?r1moemau)cw$#gﬁgﬂﬂ% (wherein
mis an int@BEioBRLIY BUBSLIFRtRE 3(fs9a: hY dPHEEROREBH * I H2 M hoxT car bonyl
group, an et&ox bonyl group or - %g%n€ y% ar 6@%%;and
“OR14 (wherB ﬁyéi%ﬁf%yi gggflpai ahpfgyc Pah ﬁi%i ’Pédyﬁg?gﬁ%é%%\{/‘?ng to 5
carbon atons__Qor a_benzyl %. S 0&1&?813&@ it hegyl group
of the 5 o%F?SRaleBgéﬁg%gbgﬁg ggénglggr%up are a pﬁ%ny#igg%gp
bicycloalkenyl group having 5 to 10 carbon atoms which is
10 optionally substituted (e.g., a bicyclopentenyl group, a
bicyclohexenyl group, a bicyclqheptenyl group, a
bicyclooctenyl group, a bicyclononenyl group or a
bicyclodecenyl group), a bridged cyclic hydrocarbon group
(e.g., an adamantyl group, a bornyl group, a norbornyl
15 group, a pinanyl group, a thujyl group, a caryl group or a
camphanyl group), and the alkyl group of which the hydrogen
atom is substituted with at least one selected from the
group consisting of a halogen atom, a hydroxyl group, a
hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl
20 group, a mercapto group, an alkylthio group having 1 to 5
carbon atoms, a guanidyl group, an optionally substituted
phenyl group, an imidazolyl group, an indolyl group, —NHRil
(wherein R11l is a hydrogen atom, an optionally substituted
phenyl group, an optionally substituted pyridyl group, a
25 tert-butoxycarbonyl group or a benzyloxycarbonyl group) .,
-CONHR12 {wherein R12 is a hydrogen atom or -(CHp)p-R13

(wherein m is an integer of 1 to 5, and R13 is a hydrogen

atom, a methoxycarbonyl group, an ethoxycarbonyl group or a

- 12 -



substituted wth at | east one selected fromthe group consisting of a
hydroxyl group and a straight or branched al koxy group having 1 to 5 carbon
atons (e.g., a 4- hydroxyphenyl group or a 3, 4-dinet hoxyphenyl group). 10
Exanpl es of the substituted pyridyl group of the optionally substituted
pyridyl group (e.g., a pyridin-2-yl group) are a pyridyl group substituted
with at | east one selected fromthe group consisting of a cyano group, a
nitro group, a hal ogen atom and an am nocarbonyl group 15 (e.g., a

5- cyanopyr islinzyPtosty @isiny R drdup y praid dior12 yiwhegredup R is a

chl oropyridin-2-yl group or a 5- am nocarbonyl pyridin-2-yl group). Exanples
of the hydrobaysidyt a@r duparnzhedoalkyb drouwmtizonng dnecarke cadpody @bams hy|
group, a 1-hydroxyethyl 20 group, a 2-hydroxyethyl group, a

1- hydr oxypraapyd Wgprozgpl @rowd hydr oxypr opyl group, a 3- hydroxypropyl group, a
1 (hydroxynet hyl) et hyl group, a 1- hydroxy- 1- net hyl et hyl group

4- hydr oxybut yl ~ gr Gxsmpdésa of- H?UHéﬂﬁﬁéﬁﬂwﬂegr@@snYlEE§@EPe§fthﬁhe an
al kylthio group having 1 to 25 carbon atons are a net Ithlo roup, an
et hyl t hbo gcrmwn@llqbrWth%t@fioﬂben% LR R thiRP ‘“g’{ utyl thio
group, a tert-butylthio %éoug and a ent lthlo‘%ﬁ%ﬁ? 1§U§ aIkenyI gr oup
havi ng 2 tosq‘?ﬁ%ja\?‘b%%da‘t’% heas & Felepts w THR ed means a
strai ght, branched c.al keny rou %aV|n 0 éﬁ
which is §ﬂ%%?*?5%%% o H@%%§?¥¥ﬁ %Eﬁh P aiqmeré%ﬁﬁéggﬂl kenyl
Do pery ey S¥oud BEPindl ko Vs SAAHE &éngrpge@y' grpup, an
|sopropenyl t'eny

hydroxyphenyl group or a 3,4-dimethoxyphenyl group).

10 Examples of the substituted pyridyl group of the
optionally substituted pyridyl group (e.g., a pyridin-2-yl
group) afe a pyridyl group substituted with at least one
selected from the group consisting of a cyano group, a
nitro group, a halogen atom and an aminocarbonyl group

15 (e.g., a 5-cyanopyridin-2-yl group, a 5-nitropyridin-2-yl
group, a chloropyridin-2-yl group or a 5-
aminocarbonylpyridin-2-yl group).

Examples of the hydroxyalkyl group having 1 to 5
carbon atoms are a hydroxymethyl group, a l-hydroxyethyl

20 group, a 2-hydroxyethyl group, a l-hydroxypropyl group, a
2-hydroxypropyl group, a 3-hydroxypropyl group, a l-
(hydroxymethyl)ethyl group, a l-hydroxy-1l-methylethyl group,
a 4-hydroxybutyl group and a 5-hydroxypentyl group.

Examples of the an alkylthio group having 1 to 5

25 carbon atoms are a methylthio group, an ethylthio group, a
propylthio group, an isopropylthio group, a butylthio group,
a tert-butylthio group and a pentylthio group.

The alkenyl group having 2 to 10 carbon atoms
- 13 =



| sobut enyl group, a pentenyl group, a hexenyl group, a heptenyl group, an
octenyl group, a cyclopentenyl group or a cyclohexenyl group) and the

al kenyl group of which the hydrogen atomis substituted with at |east one
group 10 selected fromthe group consisting of a hal ogen atom a hydroxyl
group, a carboxyl group, an am no group, an am nocarbonyl group and a
straight or branched al koxy group having 1 to 5 carbon atons. The

cycl oal kyl group having 3 to 8 carbon atons 15 which is optionally

substitut edyRBaASia 6peieabkyy sapyPitubé@hmésnsubsstiaigidt proranched
unsubstituted, and exanples thereof are a cycloal kyl group (e.g., a

cycl opropyl ogr eyplia atkehobugybugrbhaping 2ytédopentytbon carpoms wlyttbhexyl
group, a cycloheptyl group or a cyclooctyl group) and the 20 cycl oal kyl
group of whiiehstibethydtedenratnsubstitbsedt uard emamplas theaseobnareel ect ed
fromthe group consisting of a halogen atom a hydroxyl group, a carboxyl
group, an aailkenydr gupupan(engnocar bdnyl group, ansatiyyhgTrevPbra@nched

al kyl group having | to 5 carbon atonms and a straight or branched 25

al koxy dr ouprhRentiid IrpspP5 aar BEAPEPBABY1THECBDe| BaPREAYYL g¥BOBP ha®fng 4 to

8 carbon atonms. which is optionally substituted nepans a Cécloalkenyl gr oup
whi ch is sub§PPUEBYloPTQHBuUbLSt PEDLERY1afHCERaNDI BEXERE; BFOUP 13 "are a

vl onexenyhedtaayl F:Byby orByPERshYLoboanPor RacegiPEERERRL Broul) Shna the
oyl 9oL Koyl SRR 2LVl 3105 AT RE" SRR SRRt b UhRCH et | oo
hydrogen atom 1s substituted with at least one group
10 selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, an amino group, an
aminocarbonyl group and a straight or branched alkoxy group
" having 1 to 5 carbon atoms.
The cycloalkyl group having 3 to 8 carbon atoms
15 which is optionally substituted means a cycloalkyl group
which is substituted or unsubstituted, and examples thereof
are a cycloalkyl group (e.g., a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group or a cyclooctyl group) and the
20 cycloalkyl group of which the hydrogen atom 1is substituted
with at least one selected from the group consisting of a
halogen atom, a hydroxyl group, a carboxyl group, an amino
group, an aminocarbonyl group, a straight or branched alkyl
group having 1 to 5 carbon atoms and a straight or branched
25 alkoxy group having 1 to 5 carbon atoms.
The cycloalkenyl group having 4 to 8 carbon atoms
which is optiohally substituted means a cycloalkenyl group

which is substituted or unsubstituted, and examples thereof

- 14 -



hydroxyl group, a carboxyl group, an ami no group, an am nocarbonyl group,

a straight or branched alkyl group having 1 to 5 carbon atoms and a

strai ght or branched alkoxy group having 1 to 5 carbon atons. 10 The

bi cycl oal kyl group having 5 to 10 carbon atonms which is optionally

substituted neans a bicycl oal kyl group which is substituted or

unsubstituted, and exanples thereof are a bicycloalkyl group (e.g., a

bi cycl opentyl group, a bicyclohexyl group, a bicycloheptyl group, a

bi cycl ooct ydrd %a gfy¥LinaTkdi gl cdnany(e gy oupa arydl diiubesiyddemdumgr @up) and

t he bicycl oal kyl group of which the hydrogen atomis substituted with at

| east one sefeEbdépehtemyl tdmwoup pun cyoiwhetenyl drauthalaogarelahmntennlydr oxyl

group, a carboxyl group, an am no group, an am nocarbonyl group, a straight

20 or branamesupl dyla grychodeivenyl 19r@s) cairddihaterslaHkeny sigzayht or

branched dl koxy group having 1 to 5 carbon atons. The bicycl oal ken.

group havi nef Svhiach Otherhpdregemsateni i $EHptiwRd IW Huskt i terYd ns a

bi cycl oal kenyl 25 group which is substituted or_unsubstituted, and exanpl es

t her eof Sar es@legtedaf ReMyFher SEREP (RS 1sHLRg S 1 dPEERN A tuF a

bi cycl ohexenyl group, a bicgclohe tenyl group, a bicyclooctg&yl group, a
€

bi cycl onone¥ATg¥BhpIBrUR, -3183TH XVt RN " iRy R n

P oo el n3CeHR Rl S0 e YOLATE o Sy B B D

1Y 06y 049158 L0 B0 BNP Bl A% U5 g G HRARGHEEOTY| 7 OUD
alkoxy group having 1 to 5 carbon atoms.

10 The bicycloalkyl group having 5 to 10 carbon atoms
which 1s optionally substituted means a bicycloalkyl group
which is substltuted or unsubstituted, and examples thereof
are a bicycloalkyl group (e.g., a bicyclopentyl group, a
bicyclohexyl group, a bicycloheptyl group, a bicyclooctyl

15 group, a bicyclononyl group or a bicyclodecyl group) and
the bicycloalkyl group of which the hydrogen atom is
substituted with at least one selected from the group
coﬁsisting of a halogen atom, a hydroxyl group, a carboxyl
group, an amino group, an aminocarbohyl group, a straight

20 or branched alkyl group having 1 to 5 carbon atoms and a
stralght or branched alkoxy group having 1 to 5 carbon
atoms.

The bicycloalkenyl group having 5 to 10 carbon atoms
which is optionally substituted means a bicycloalkenyl

25 group which is substituted or unsubstituted, and examples
thereof are bicycloalkenyl groups (e.g., a bicyclopentenyl
group, a bicyclohexenyl group, a bicycloheptenyl group, a

bicyclooctenyl group, a bicyclononenyl group or a
- 15 -



having 1 to 5 carbon atons and a straight or branched al koxy group having
1 to § carbon atoms. The cyclic amno group having 2 to 10 carbon atons
which is optionally substituted nmeans a cyclic amino group 10 which has at
| east one nitrogen atom and has optionally at |east one of an oxygen atom
and a sulfur atomon the ring, and is substituted or unsubstituted, and
exanpl es thereof are a cyclic amno group (e.g., an aziridyl group, an
azetidyl group, a pyrrolidyl group, an inidazolidyl group, 15 an oxazolidyl
group, a t fiizyellicfidcegrumraumi pard dile @doyeload keyghairiowp ofr eiad.chan
azabi cycl oheptyl group or an azabicyclooctyltgioup), the cyclic am no
group whi ctthies hysbrurems etk ot t1e @Wstddngad g tr ad gpaisdi 9&er ig¥@UPand t he
cyclic amno group (including those which are condensed 20 with a benzene
Ir| ng or a Baliafted fire) e QP tInsigtdnsyaf & Salicgedupidm-ufed with at
east one group selected fromthe group consisting of a halogen atom a
r11ydroxyl g[) O FHHMP grdFRTRP%H A P'oraer&HgWe(?roéﬂHcyla%group havi ng
to 5 carbon atons, and -ORl5 (wherein. 25 R15 is rai.ght or hranched
gl kyl I gFou&WﬁQ%Etloq FTUHR hdh sattli?rf‘sg,h%ér?ra W&%@% A% oup or a
enzy gr Qup)., I of .the phar maceutjcally acce |+ are - 16
ﬁaljt S Wt hq}#)")r?er}gg(far% ?Ii %%910%35)%%‘1‘% Lﬁr}d; aacsl%c#é/lﬁl&drc%}:h oaﬁ}(%laegzi d,
ydr obrom ¢ id o ' 1 d, ith organic acids such as
acetic aci aaﬁ%éggf iir%?m#%t?g&gc? , baor %éoznégci d, fumaric acid, maleic

acid, 5 trifluoroaget ic%(ﬁqicd a?r{in'SEtg'}%%%SH|af\1‘1BigC 28¢hd10 carbon atoms

which is optionally substituted means a cyclic amino group
10 which has at least one nitrogen atom and has optionally at
least one of an oxygen atom and a sulfur atom on the ring,
and is substituted or unsubstituted, and examples thereof
are a cyclic amino group (e.g., an aziridyl group, an
azetidyl group, a pyrrolidyl group, an imidazolidyl group,
15 an oxazolidyl group, a thiazolidyl group, a piperidyl group,
a morpholinyl group, an azabicycloheptyl group or an
azabicyclooctyl group), the cyclic amino group which is
condensed with a benzene ring or a pyridine ring, and the
cyclic amino group (including those which are condensed
20 with a benzene ring or a pyridine ring) of which the
hydrogen atom 1is substituted with at least one group
selected from the group consisting of a halogen atom, a
hydroxyl group, an amino group, a straight or branched
alkyl group having 1 to 5 carbon atoms, and -OR15 (wherein
25 R15 ig a straight or branched alkyl group having 1 to 5
carbon atoms, an aminocarbonylmethyl group or a benzyl
group) .

Examples of the pharmaceutically acceptable salt are

- 16 -



Preferred conpounds of the present invention are shown as follows: In view
of DPP I'V inhibition activity, Rl is preferably a halogen atom and
especi‘al |y preferably a 10 fluorine atom R2 is preferably a hydrogen atom
or a hal ogen atom and especially preferably a hydrogen atom In Fornul a
(1) or (2), when Yis -CH2-, Zis preferably an alkyl group having 1 to 10
carbon atons which is optionally substituted with at |east one sel ected
from 15 the group consisting of a hydroxyl group, an al koxy group having 1

to 5 carboraatengith iMdledaraldedldsgsaup Bavsagfiritoakiaarbon atons, an
optional Iy substituted phenyl group and -NHR11 (wherein R11 is an

opt i onal | y nydkeichilvirad pyiiady hy@rebmbmicl actilli srcakesphorscprefidrabhyd a
branched 20 or cyclic alkyl group having 4 to 10 carbon atons which is
optional |y sauhst mitihe drgani catadidizs tsuche aselbeetéd fcdd,t hgaldcoapid,
~consisting of a hydroxyl group, a hydroxyal kyl group having 1 to 5 carbon
atons and dmctikoacigr,omitaning atido fEmexdgoacddondalgag aspdeial |y
preferably a branched al kyl 25 group having 4 to 10 carbon atons which is
opt i ona¥ | y taulfdrianease tlia madd (dasetdsaessiléondg A3t he group

consi sting of a hydroxyl group and_a hydroxyal kyl grou having 1 to 5
cgrbon afons, ac @S@&FK? SPBHBUH§§iﬁé Eh?opgeg?n 16“@%PBbﬂnagﬁﬁ1or an
adamantyl group, and nost preferably a tert-butyl group, a

(1- hydr oxy FRaNp &fc NA% group or a (2-hydroxy-1, 1-di nethyl)ethyl

I
0L our | eEor g () pee! " A BhEfEEEBheab DB 1HEnY Bal 5 - OORE-

preferably a halogen atom, and especially preferably a

10 fluorine atom. R2 is preferably a hydrogen atom or a
halogen atom, and especially preferably a hydrogen atom.

In Formula (1) or (2), when Y is ~CHp-, Z is

preferably an alkyl group having 1 to 10 carbon atoms which
is optionally substituted with at least one selected from

15 the group consisting of a hydroxyl group, an alkoxy group
having 1 to 5 carbon atoms, a hydroxyalkyl group having 1
to 5 carbon atoms, an optionally substituted phenyl group.
and -NHR1! (wherein R1l i1s an optionally substituted
pyridyl group) . In this case, Z is preferably a branched

20 or cyclic alkyl group having 4 to 10 carbon atoms which is
optionally substituted with at least one selected from the
group consisting of a hydroxyl group, a hydroxyalkyl group
having 1 to 5 carbon atoms and an alkoxy gdgroup having 1 to
5 carbon atoms, and especially preferably a branched alkyl

25 group having 4 to 10 carbon atoms which is optionally
substituted with at least one selected from the group
consisting of a hydroxyl group and a hydroxyalkyl group

having 1 to 5 carbon atoms, a cycloalkyl group having 4 to
- 17 -



optionally substituted al kyl group having 1 to 10 carbon atons) or

-CR7R8- CRORI O (wherei.n R8 and R10 are each a hydrogen atom and R7 and R9
together with the carbon atom to which they are attached form a cycl oal kyl
group having 3 10 to 8 carbon atons), Zis Hor -CH3 In this case, it is
further preferable that when Y is -CR5R6- (wherein R5 is a hydrogen atom
R6 is a branched or cyclic alkyl group having 3 to 6 carbon atons which is
optionally substituted with at | east one selected fromthe 15 group

consi sting 10f cardnsh addm BOUh aThnddRYA (ddeepei randldnosits parefleraibdiyt aor
branched al kyl group having 1 to 5 carbon atonms or a benzyl group)), Zis
a hydr ogen wadmmbuttyl sgrdup t her( priefédranire thydtcwelapentyl -gTRER6-0 wher ei n
R5 is a hydrogen atom and R6 is a branched or cyclic alkyl group 20
havi ng 3 t o %-hgatthmry 6t osdimethsl e thydr ayipat om and it is especially
preferable that when Y is -CH CH(CH3)21-, -CH C(CH3)31- or

- CH[ CH( CH3) CH2CH3In, Fprimtila Hyldr oFer 2at.oft LA PEeferable) that(yhenpreferred
exanpl es of the]ﬁﬁgiionally sub%%ituted cyclic am no q%ﬁqp having 2 to 10
25 carb®n atomEC h (whemReRhylsy ahyraserHam it h e i trogen atom

Lo uihich ey, et By achicts 18,2 BUCTOU LN, Aoy P 0L RS S g oUP and
PO e PSP (T S PIESTC e LR S T
) od T ETAT G 5 B YRR A o R
to which they are attached form a cycloalkyl group having 3
10 to 8 carbon atoms), Z is H or -CHjz.

In thls case, it is further preferable that when Y
is -CRSR6- {wherein R® is a hydrogen atom, R® is a branched
or cyclic alkyl group having 3 to 6 carbon atoms which is
optionally substituted with at least one selected from the

15 group consisting of a hydroxyl group and -OR14 (wherein r1l4
is a straight or branched alkyl group having 1 to 5 carbon
atoms or a benzyl group)}, Z is a hydrogen atom. It is
further preferable that when Y i1s -CRSR6- (wherein R® is a
hydrogen atom, and R6® is a branched or cyclic alkyl group

20 having 3 to 6 carbon atoms), Z is a hydrogen atom, and it
is especlally preferable that when Y is -CH[CH(CH3)]-,
-CH[C(CH3)3]- or -CH[CH(CH3)CHpCH3]-, Z is a hydrogen atom.

In Formula (1) or (2), preferred examples of the
optionally substituted cyclic amino group having 2 to 10

25 carbon atoms which is formed by Y and Z together with the
nitrogen atom to which they are attached, are a pyrrolidyl
group, a piperidyl group and a cyclic amino group which is

formed by condensing a pyrrolidyl group or a piperidyl
- 18 -



insulin activity, inprove glucose netabolism and can contribute to

i nhibition of neuropeptide Y netabolism inhibition of T-cell activity,

i nhi bi'ti on of adhesion of cancer cells to the endothelium and prevention
of invasion 10 of HV virus into |ynphocytes. Accordingly, the present

i nvention is to provide a pharnmaceutical preparation for preventing or
treating diseases or conditions capable of being inproved by inhibition
of di peptidyl peptidase IV, for exanple, 15 diabetes nellitus (especially
the type 2)griupruricthliasdeseaene aring i tangd motefanned @edddedits, conditions
of glucose tolerance, benign prostatic hypertroph r skin dis es. The
phar maceut i dwrepfpretudes farhydramel dBEer Heudedhanaidsuppriesor s
for tissue transplantation, for 20 exanple, cytokine-release inhibitors in
vari ous aut@aFinel a5 sTRRWR) such as inflammatory enteritis, nultiple

sclerosis or chronic rheumatoid arthritis %RA) dh$gs usef ul, bo Lt
preventing or tredtien FORPRENFe Of thee PEFELHT dPVERTASPof 2 o B9 Ltht o

T-cel | d f t ast asi byi ation,, .25 ' '

obuiat | 8 GFLBFRELTE Do ELASRT IV £ b e Ty, (e RE et cal
tion, of . d t] ol 1 |

Pocarty, ortorabhy Grtsv YE Liea N M R ST Wheous v,

L Arscul ok b OLE S BN Lo Spstbis o i gl sorpound of
be 5 proper}y, 56l ££58AoASTIEELESAEY1¢L L) SPAKLh LOMBIOTIE ifMSesion of
cancer cells to the endothelium and prevention of invasion

10 of HIV virus into lymphocytes.

Accordingly, the present invention is to provide a
pharmaceutical preparation for preventing or treating
diseases or conditions capable of being improved by
inhibition of dipeptidyl peptidase IV, for example,

15 diabetes mellitus (especially the type 2), immune diseases,
arthritis, obesity, osteoporosis, conditions of glucose
tolerance, benign prostatic hypertrophy or skin diseases.

The pharmaceutical preparation for immune diseases
includes immunosuppresors for tissue transplantation, for

20 example, cytokine-release inhibitors in various autoimmune
diseases such as inflammatory enteritis, multiple sclerosis
or chronic rheumatoid arthritis (RA), drugs useful for
preventing or treating AIDS due to prevention of invasion
of HIV into T-cells, drugs for metastasis obviation,

25 especially, metastasis obviation of breast or prostatic
cancer into lung.

The pharmaceutical preparation of present invention

can be administered systemically or locally, or orally or
- 19 -



| i quid conpositions and other conpositions. The pharnmaceutical preparation
of the present invention can be produced by conbining the conpound of the
present invention wth pharmaceutically acceptable carriers. Specifically,
10 tablets, pills, capsules, granules, powders, fine powders, solutions,
enul si ons, suspensions or injections can be produced by addi ng conveni ent
excipients, fillers, binders, disintegrators, coating agents, sugar
coating agents, pH nodul ators, solublizing agents, or aqueous or

non- aqueouspdbestéYent suakcas dregtadly hesehhowemteansly phar maceuti ca
preparation techni ques. Excipients and fillers include |actose, magnesi um
stearate, simtramusabtariyelainhravgaouslyectiperewbdneusdyn olive oil,
sesanme oil, cacao butter, ethylene glycol and other conventi onal

materials. 20 Fur tHer mee, of hthe orprenmity] off tihe mnesent iinvention asn be
formul ated into the formof an inclusion conpound with a-, P- or

y- cyclodextalnhaﬁmaﬁﬁvhypaieHrépéFGHéQBr|ﬂnYA@@%§%eo$°¥%ec%%n®%und of the
present invention varies depending upon disease,_ condition body wei ght,
age, 2% seRFOREFLHi selacted asu{leceﬁa?wh%r%s%omi %W?Sf%l%%f erably

f bout 1.t b t 10 f |
aéﬁ?h?s??at%%ﬂgl nag@BBESFFgg 8n8pPgP%¥aﬁ?Vp$§bﬁ?%%%u?H%gg?o about 200

/ k f bod ht/d ' d di\ng. Th
Comounds. oPLEEPAGE %?icB%XB%%?}?%%ﬁ?%geﬁgétvﬁﬁegé%ﬁgga 8 iy Peh ChBO- The

Processes. LS%HEE@E PyeB8hBLheRgPtRECEShpotnd REACLAENpPEEERE Lhvention

with pharmaceutically acceptable carriers. Specifically,

10 tablets, pills, capsules, granules, powders, fine powders,
solutions, emulsions, suspensions or injections can be
produced by adding convenient excipients, fillers, binders,
disintegrators, coating agents, sugar coating agents, pH
modulators, solublizing agents, or agueous or non-agueous

15 solvents according to the conventional pharmaceutical
preparation techniques. Excipilents and fillers include
lactose, magnesium stearate, starch, talc, gelatin, agar,
pectin, arabic gum, olive oil, sesame oil, cacao butter,
ethylene glycol and other conventional materials.

20 Furthermore, the compounds of the present invention
can be formulated into the form of an inclusion compound
with a-, B- or y-cyclodextrin, or methylated cyclodextrin.

A dose of the compound of the present invention
varies depending upon disease, conditions, body weight, age,

25 sex, administration route, but the dose for adult is
preferably from about 1 to about 1000 mg/kg of body
weight/day for oral administration, and specifically

preferably from about 10 to about 200 mg/kg of body
- 20 -



Rbo X Z'-"N% NRL H ZEN,, Y wherein X, Y, Z, Rl, R2, R3 and R4 are
defined as above, Ra is a cyano group, an am nocarbonyl group or an

al koxycarbonyl group, and Rb is a protecting group of an am no group. 10
The deprotection can be carried out by the nethod described in Protective
G oups in Organic Synthesis by Theodora W G eene and Peter G M W Ts.
For exanple, the conpound wherein Rb is a group to be deprotected with an
acid (e.g., a tert-butoxycarbonyl 15 group, a trltyl group or

o- nitroben r@?}g(jﬂzu' <?%QY Gan Q,eq}e%rto %%tee%ru , dq?l&d such as

hydr ochl ori'c urlc acid, Iuoroacetlc enesul foni c

acid or methanesyhLoplmAghds b %%gfnuﬁasgu.tgﬁndsergggﬁ&epvbgaehge

carried out using e ac mhlch is dilute Issolved in an

organi ¢ sol (ﬂg or Hratihth HadddeLan be carried out at a tenperature
of -50 to C Exanpl es o the organi ¢ sol vent are ethanol, nethanol,

tetrahydrofuran, [NeNedHaTEPh¥phearashderodegBhor omet hane, chl or of or m and
1,2- - 21 dichloroethane. Furthernore, for exanple, the conpound wherein

Rb is asgr qureddxfvh dgramectpd by hydrogenolysis (e.g., a

benzyl oxycar bonyl group) can be deprotected by hydrogenolysis using a
netal catalyst (e.g. palladiun) 5 The solvent to be used includes a
reaction-inert soI¥Fnt

X
H R2
N\ )t@ —_— 7 N\Y/U\N/;t
R
a . Ra R4

wherein X, Y, %, Rl, R2, R3 and R4 are defined as above, Ra
ls a cyano group, an aminocarbonyl dgroup or an
alkoxycarbonyl group, and Rb 1ls a protecting group of an
amino group.

10 The deprotection can be carried out by the method
described in Protective Groups in Organlc Synthesis by
Theodora W. Greene and Peter G. M. Wu Ts.

For example, the compound wherein Rb is a group to
be deprotected with an acid (e.g., a tert-butoxycarbonyl

15 group, a trityl group or an o-nitrobenzenesulfenyl group)
can be deprotected using an acid such as hydrochloric acid,
sulfuric acid, trifluoroacetic acid, p-toluenesulfonic acid
or methanesulfonic acid. In this case, the deprotection
can be carried out using the acid which 1s diluted with or

20 dissolved in an organic solvent or water. The reaction can
be carried out at a temperature of -50 to 50°C. Examples of
the organic solvent are ethanol, methanol, tetrahydrofuran,

N,N-dimethylformamide, dichloromethane, chloroform and 1,2-
- 21 -



(e.g., ethanol, nethanol, tetrahydrofuran or ethyl acetate). The reaction
can be carried at a tenperature of 0 to 100C. Furthernore, this reaction
can be also carried out using a hydrogen gas or using a conbination of
reagents (e.g., 10 formc acid - ammnium formate). For another exanple,
the conmpound wherein Rb is a protective group to be deprotected by a base
(e.g., a fluorenyl oxycarbonyl group) can be deprotected using a base
(e.qg., diethylamne, piperidine, ammonia, sodium hydroxide or potassium
car bonat e) .dildieserdétHmses Farthermoee , dfoecekpmpileaf tbe gompering wit h,

di ssol ving or suspending in a solvent. In this case, exanples of the
sol vent to Wexsiol Rb elswa egrowp Humdle demstaimwdied thet mairaasmalagis

N, N- di et hyl f ormam de, di chl or omet hane, chl orof orm and 1, 2-di chl or oet hane.
The 20 reacte o coh BRNZBIPX¥CATRANEE FrQWhpral e WPRPLeLtRb®Y |n

addi tion, the conpound wherein Rb is a group to be deprotected by a netal
catal yst (&¥Arogenalysiexyeroohyretal qahal¥Est v dkpr (ﬂaelcfjt%ﬁwd% ng, for

exanpl e, tetrakis(triphenyl phoshi pne)pall adium as_a cat al yst 25
reagent Ji n e e2RIYME | Tﬂ%r‘ge s‘b?%n’cn%]g':“g‘?gj Eﬂirce?ﬁ%trlo%"tjﬁé‘?%ﬁs so(%‘f%}tof orm or

LA orof b o) - JHeah SPC G SRR L% BRI B R o EIPETA £, O 0
The reaction can be carried at a temperature of 0 to 100°C.
Furthermore, this reaction can be also carried out using a
hydrogen gas or using a combination of reagents (e.qg.,

10 formic acid - ammonium formate). For another example, the
compound wherein Rb is a protective group to be deprotected
by a base (e.g., a fluorenyloxycarbonyl group) can be
deprotected using a base (e.g., diethylamine, piperidine,
ammonia, sodium hydroxide or potassium carbonate). These

15 bases can be used directly or after diluting with,
dissolving or suspending in a solvent. In this case,
examples of the solvent to be used are water, ethanol,
methanol, tetrahydrofuran, N,N-dimethylformamilde,
dichloromethane, chloroform and 1,2-dichloroethane. The

20 reaction can be carried out at a temperature of 0 to 100°C.
In addition, the compound wherein Rb is a group to be
deprotected by a metal catalyst (e.g., an allyloxycarbonyl
group) can be deprotected using, for example,
tetrakis(triphenylphoshine)palladium as a catalyst or a

25 reagent in a reaction-inert solvent (e.g., dichloromethane,
chloroform or tetrahydrofuran). The reaction can be
carried out at a temperature of 0 to 100°C.

[Reaction Scheme 2]
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wherein X, Y, Z, Rl, R2, R3, R4 and Ra are defined as above, and Rc is a

| eaving group (e.g., a halogen atomor a sulfonyloxy group) or a group
capabl e of being converted 5 into a | eaving group. For exanple, the
conpound wherein Rc is a leaving group (e.g., a chlorine atom a brom ne
atom an iodine atom a nethanesul fonyl oxy group or a p-toluenesul fonyl oxy
group) can be subjected to a substitution reaction using a 10 primry am ne
(Z-NH2) (e.g., ethylam ne, isopropylamne, tert-butylamne, benzylamne, a
substituted benzyl am ne, phenethylam ne, a substituted phenethyl am ne or a
2- (substituted pyridylamno)ethylamne). In this case, the amne may be
used in an excess anmgunt, or blternatively a 15 bise may RJe further added.
Exanpl es of the base|jto adged are an am He (efg., trijet hyl am ne or

di i sopropyl et h\R I norgani c base fe. g,/ £S1 Um car bonate) .

| f necessary, for &xa odiun+—+ed¥de2ﬁ§yeﬁg add br accel erating the
reaction. The 20 reactiornsaql it includes a. reaction gT ™R30l vent such as
N, N-di met hyl f or mami de, tgtralydrofuran, dioxane, dichl or\gpet hane or
chloroform The reaction"€an be carried out at a tenp@rafure of 0 to 100C.
- 23 An exanple of the group, presented by Rc, capable of being converted
into a |l eaving group, is a hydroxyl group, in this case, the
above-nentioned reaction can be carried out after chlorination,

br oni nat i owhaxsfimati oh, % fethdtes BF oRft iand Re waleudieduiedho@st i@eVs t he

i ke. Exanples of chlorination ace a nmethod using carbon
and Rc 1s a leaving group (e.g., a halogen atom or a

sulfonyloxy group) or a group capable of being converted

5 into a leaving group. |

For éxample, the compound wherein Rc is a leaving

group (e.g., a chlorine atom, a bromine atom, an iodine
atom, a methanesulfonyloxy group or a p-toluenesulfonyloxy
group) can be subjected to a substitution reaction using a

10 primary amine (Z-NHZ)(e.g.,.ethylamine, isopropylamine,
tert-butylamine, benzylamine, a substituted benzylamine,
phenethylamine, a substituted phenethylamine or a 2-
(substituted pyridylamino)ethylamine). 1In this case, the
amlne may be used in an excess amount, or alternatively a

15 base may be further added. Examples of the base to be
added are an amine (e.g., triethylamine or
diisopropylethylamine) or an inorganic base (e.g.,
potassium carbonate). If necessary, for example, sodium
iodide may be added for accelerating the reaction. The

20 reaction solvent includes a reaction-inert solvent such as
N,N-dimethylformamide, tetrahydrofuran, dioxane,
dichloromethane or chloroform. The reacfion can be carried

out at a temperature of 0 to 100°C.
- 23 -



tetrachl oride and triphenyl phosphine, a nethod using thionyl chloride or
phosphorus oxychloride and a nethod for substituting a |leaving group with
lithiumchloride or the 10 like after forming the |eaving group with tosyl
chloride, etc. These reactions can be carried out using a reaction- inert
sol vent such as tetrahydrofuran, dioxane, dichloronethane, chloroformor
N, N-di net hyl fornam de, at a tenperature of -50 to 100C. An exanpl e of
brom nation is a 15 nethod using carbon tetrabrom de and

triphenyi phosphi nen eReinfpllecadt it Gad dgf: Sie c@UbyDRCYSicABadle of
reaction-inert solvent such as tetrahydrofuran, dioxane, dichloronethane,
chl or of or mwsi iy Neshvet teyd f Ditdna deeaving domes atdire lofdrobfl tardfs. An
exanpl e of iodination is a nethod using 20 iodine, triphenyiphosphine and
i m dazol e. ihithisacdsen thanabeveansnebomed 1nacisiony ean daxtcarEierdrt

sol vent such as tetrahydrofuran, dioxane, dichloronethane, chloroformor
N, N- di met hyddoragpédechbor tnaehper dbrereindti@o, tiodgod.1omet hanesul f onati on
and p-tol uenesul fonation are each 25 carried out by a nethod using

met hane$ul freelihareswlferathen . ppt boLeeresnitmmatimn a7 d&e redfectively. In
these cases, a suitable base can be optionally_ added. Exaqyles of the
base to be %H@Eﬂl%ﬁeoﬁnc%%?ﬁbn?ﬁlﬁn a¥ei atMIROA AEs g -camp

i1 Sopropy| eLL 3t ned 2nd, 80101 S, 0888 L. % e AGLRS3AHNG oo DOnate)
MR M ey A
a tenperatug§b8£it§9138 éofgéving group with lithium chlqude or the
10 like after forming the leaving group with tosyl chloride,
etc. These reactions can be carried out using a reaction-
inert solvent such as tetrahydrofuran, dioxane,
dichloromethane, chloroform or N,N-dimethylformamide, at a
temperature of -50 to 100°C. An example of bromination is a
15 method using carbon tetrabromide and triphenylphosphine.
This reaction can be carried out by using a reaction-inert
solvent such as tetrahydrofuran, dioxane, dichloromethane,
chloroform or N,N-dimethylformamide, at a temperature of
-50 to 50°C. An example of iodination is a method using
20 iodine, triphenylphosphine and imidazole. This reaction
can be carried out by using a reaction-inert solvent such
as tetrahydrofuran, dioxane, dichloromethane, chloroform or
N,N-dimethylformamide, at a temperature of -50 to 100°C.
Methanesulfonatioh and p-toluenesulfonation are each
25 carried out by a method using methanesulfonyl chloride and
p-toluenesulfonyl chloride, respectively. In these cases,
a sultable base can be optionally added. Examples of the

base to be added are an amine (e.g., triethylamine or

- 24 -



[ Reaction Schenme 3] X RL Ro,,Y)~"N ------- W Rb I Z--" N., Y wherein
X, Y, Z, R, R2Z, R3, R4, Ra, Rb and Rc are defined as above. 10 For
exanpl e, the conpound wherein Rc is a leaving group (e.g., a chlorine
atom a brom ne atom iodine atom a nethanesul fonyl oxy group or a

p-t ol uenesuf onyl oxy group) can be subjected to substitution reaction using
a conpound represented by Z-NH-Rb (wherein Z and Rb are defined as 15
above). In this case, for exanple, sodium hydride, potassium

tert - but oxide,. n- | Jhigqhi l.id hi j | am_d b d

3_ base. Asdgigcﬂrb\}%#}i(:egﬁh}%gﬁ trﬁse&rj ﬁd%%érmqo%ﬁaﬁggm%%ﬁ% a(@alfpet'gt'ggﬂydremch arGanagr
i oxane. I 594 car ki f1ab 20

500C. An e%gﬁa%?ﬁﬁdgﬁé gnéﬁ%)bréggﬁngkgéEﬁg?hgggggﬁgeggaﬂbg?ngs%gnverted

into a | eay REQHoWh. sinkd HEARAM @ QP %'méimeﬁcn%%mamde,

above-nentione reaction can be carrie out affer chlorination,
brom nat i oR e tr@y¥idfRiban MR ARaR IR Hordtmled| Wanetdtoanatdron as
illustrated in Reaction Schene 2. [Reaction Schene 4] H2N~y
5 1,2-dichloroethane), and the reaction can be carried out at
a temperature of -50 to 50°C.

[Reaction Scheme 3]

X R Rb X R
Row )I\ ;@Rz IEJ /u\ R2
R3 R3
Ra R " Ra R
. i
wherein X, Y, %, R, R2, R3, R4, Ra, Rb and Rc are defined
as above.
10 For example, the compound wherein Rc is a leaving
group (e.g., a chlorine atom, a bromine atom, iodine atom,
a methanesulfonyloxy group or a p-toluenesufonyloxXy group)
can be subjected to substitution reaction using a compound
represented by Z-NH-Rb (wherein Z and Rb are defined as
15 above). In this case, for example, sodium hydride,
potassium tert-butoxide, n-butyl lithium or lithium
diisopropylamide can be used as a base. As a solvent can
be used N,N-dimethylformamide, tetrahydrofuran or dioxane.
'The reaction can be carried out at a temperature of -50 to
20 50°C.
An example of the group, presented by Rc, capable of

being converted into a leaving group, 1is a hydroxyl group.

In this case, the above-mentioned reaction can be carriled
- 25 =~



R Z-Rd " H ----- "IN~-YR3 - 0or zRRZ= 05 wherein X, Y, Z, Rl, R2, R3,
R4 and Ra are defined as above, and Rd is a |eaving group such as a

hal ogen atom or a sul fonyl oxy group. Wien Z-Rd is used, the am no group of
the material can be reacted with Z-Rd to give the object conmpound. For 10
exanpl e, the conmpound wherein Rd is a chlorine atom a brom ne atom an

I odi ne atom a net hanesul fonyl oxy group, a p-tol uenesul fonyl oxy group or
the like can be reacted with an am no conpound of the material in the

presence of, 3 a%%%&a%hﬂoﬁﬁﬁgiigﬁﬁ”%E%ﬁiﬂ%tﬁgﬁdba%aihﬁtgﬁnédded_are am nes
15 (e.g., triethylamné or diisopropylethylam ne) and i norganic bases

(e.g., pot %%]&h‘é‘?i‘e%%ge AtQon aMRURT uhesileoh824bhORsS N YR rakeq

N, N- di met hyl'f'or mam tetrahydrofuran and di oxane. The reaction can be
carried oyt %ha%tﬁ%ﬁp%kﬁkaﬁzqf 0 to 100C. 20 In addition, when Z=0

(al dehyde or ketone conpound) is used, the reaction can be carried out
using a primary aRkRet@bauBcAbmehgjmaterial under the conditions for a

sui tabl e reducti on nmethod. The reduction nethod to be used - 26 includes a
hydr ogenati on using a reductant (e.g., sodium borohydride or sodium
cyanobor ohydri de) or falladiRM1 Exanpl es of the so] vent tqvbe used are

reaction-inert
. R 7z—Rd" H R2
Ra R¢ =0 Ra R*

5 wherein X, Y, Z, R1, R2, R3, R4 and Ra are defined as above,
and Rd is a leaving group such as a halpgen atom or a
sulfonyloxy gdgroup.

When Z-Rd 1s used, the amino group of the material

can be reacted with Z-Rd to give the object compound. For

10 example, the compound wherein Rd i1s a chlorine atom, a
bromine atém, an iodine atom, a methanesulfonyloxy group, a
p-toluenesulfonyloxy group or the like can be reacted with
an amino compound of the material in the presence of a
suitable base. Examples of the base to be added are amines

15 (e.g., triethylamine or diisopropylethylamine) and
inorganic bases (e.g., potassium carbonate). Examples of
the reaction solvent are N,N-dimethylformamide,
tetrahydrofuran and dioxane. The reactlon can be carried
out at a temperature of 0 to 100°C.

20 In addition, when %Z=0 (aldehyde or ketone compound)
is used, the reaction can be carried out using a primary
amino group of the material under the conditions for a

suitable reduction method. The reduction method to be used

- 26 -



solvents (e.g., ethanol, nethanol, tetrahydrofuran, dioxane 5 or water).
The reaction can be carried out at a tenperature of -20 to 100C. [Reaction
Scheme 5] Ro'X i HN,~Y N Rl wherein X, Y, Z Rl, R2, R3, R4, Ra, Rb and Rd
are defined as above. 10 The protected am no group of the material is
reacted with Z-Rd to give the object conpound. In this case, the reaction
can be carried out by adding a suitable base, exanples of which are sodi um
hydri de, potassiumtert- butoxide, n-butyl lithiumand |ithium

di i sopropylijffdfies 1 m%@or{ hes ITRAE iX¥Euslatant( el , sodium
N, N- di et hyl f ormam de, " tetrahydrofuran and di oxane. The reaction can be

carried O%ﬁhéﬁiﬂﬂ@%ﬁtw@im crthdt g diResc tdopaSdiaiiens] R1 Re., N
Re,, N CONH2R4 IR4A - 27 wherein Re is -C(=X)-Y-NH2Z, -C(=X)-Y-N(Rb)-2Z,
- C(=X) - Y- RExamip e cndtiRl, sdverRB, tdRbe Xise ake Reartd die-lavesrtdefi ned as
above. The am nocarbonyl group can be converted into a 5 cyano group by a
gener al dehysdnadriton, (euy exaathanal, wietitanol, tetrahydrofuran, dioxane
5 or water). The reaction can be carried out at a
temperature of -20 to 100°C.

[Reaction Scheme 5]

1 : : 1
R /ﬁ\ N Z—Rd R /ﬁ\ .
. , RS C RS

Ra R4 ' : Ra R4

wherein X, Y, %, Rl, R2, R3, R4, Ra, Rb and Rd are defined
as above.

10 The protected amino group of the material is reacted
with Z-Rd to give the object compound. In thils case, the
reaction can be carried out by adding a suitable base,
examples of which are sodium hydride, potassium tert-
butoxide, n-butyl lithium and lithium diisopropylamide.

15 Examples of the reaction solvent are N,N-dimethylformamide,
tetrahydrofuran and dioxane. The reaction can be carried
out at a temperature of -50 to 50°C.

[Reaction Scheme 6]
R?

' ' -R1.
R2 R2

R
e\.N ' —— Re\N
: RY .
R4
CONH, ON RS
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Is a nethod using trifluoroacetic anhydride. The solvent to be used herein
includes a reaction-inert solvent such as dichloronethane, chloroform

1, 2-di chl or oet hane, tetrahydrofuran, dioxane or N, N-di nethylformam de. In
this 10 case, a base (e.g., triethylam ne, diisopropylethylamne, sodium
bi carbonat e or potassium carbonate) can be used if necessary. The reaction
can be carried out at a tenperature of -50 to 50C. Another exanple is a
met hod usi ng phosphorus 15 oxychloride. In this case, the solvent to be
used herei whéenelndres s che O£X0heY ez, cht o+XF oF +IV ( R P-2j ¢t prdet haie,
tetrahydrofuran, dioxane or_pyridine. They can be used alone or in

conbi nat i onomi R, aand eR5f RAp BI| vRhi sXt her edf .Rb Tamd Reazté oiefrnyede
carried out by adding imdazole, etc., 20 at a tenperature of -50 to 50C.
Still anothas ahevele is a nethod using cyanuric chloride and

N, N-di met hyl formam de. In this case, the solvent to be used herein

i ncl udes di chl or orfiteh @Rl nogaTaMSlorgRoup £all & srsstarhied Idr @hydr of ur an,

di oxane or 25 pyridine. They can be used_al one or in conblnatlon mnth at
| east t\Wo sBYIRAtSTPRRRYBf2 Qﬁpgr?%aﬁ?h%ﬁréﬁho%e B exIWPLle ot grhich

tenperatureiOfa_ggt£8d58ginéR%%E%iggrgggggfc7&nhy§§idgu'E%he so J%nf N'RLR

to be used herein includes a reaction-inert solvent such as
dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, dloxane or N,N-dimethylformamide. In this

10 case, a base (e.g., triethylamine, diisopropylethylamine,
sodium bicarbonate or potassium carbonate) can be used if
necessary. The reaction can be carried out at a
temperature of -50 to 50°C.

Another example is a method uslng phosphorus

15 oxychloride. 1In this case, the solvent to be used herein
includes dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, dioxane or pyridine. They can be used
alone or in combination with at least two solvents thereof.
This reaction may be carried out by adding imidazole, etc.,

20 at a temperature of -50 to 50°C.

Still another example ls a method using cyanuric
chloride and N,N-dimethylformamide. 1In this case, the
solvent to be used herein includes dichloromethane,
chloroform, 1,2-dichloroethane, tetrahydrofuran, diloxane or

25 pyridine. They can be used alone or in combination with at
least two solvents thereof. This reaction can be carried
out at a temperature of -50 to 50°C.

[Reaction Scheme 7]
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R3 wherein Re, Rl, R2, R3, R4 and Ra are defined as above, and Rla, R2a,

" R3a and Rda are the sanme as Rl, R2, R3 and R4, respectively, or the groups
capabl e of being converted into Rl, R2, R3 and R4, respectively. 5 An
exanpl e of nodification of the pyrrolidine ring is a conversion of the
substituent(s). For exanple, the conpound wherein one of Rla, R2a, R3a and
Rda is a hydroxyl group is subjected to halogenation to give a fluorine
conmpound, a chlorine conpound or a brom ne conpound or the 10 like. In
detail, exanples of fluorination are nmethods using diethylam nosul fur
trifluoride, dinethylsulfur Rtgifluoride, etc. Thegg reactions are started
at a tenperature of -78C to ropsy tenperature and gqchieved by nmaintaining
a tenperature at rooRe{e#pe ure to 50C usi ng Réction-inert sol vent
such as tetrahydrofuranN_di oxane, -ei-chior %EN an chl or of orm

1, 2-di chl or oet hane or tol ~R¥%¥not her exanp rination is a nethod
for converting a hydroxyl g Hp into a | eavingf group, foll owed by
conversion into a fluorira athrﬁ The conversiompd ntR} the 20 | eavi ng group
is carried out by the same nethod as illustrated in Reaction Schene 2.
After the conversion into the |eaving group, the nethod for converting
into a flyeydrmtrem irlc] whes Rt Rddafd Rar @aet ideif Iniekth as 2bove, and

t et rabut yl ammoni um fl uori de, caesiumfluoride, or the |like. These nethods
can be car Rled, ®Ra usidy and &fct iaome ither samsolase®L sRCh &S @ad &f\dr of ur an,

di oxane, dichloronethane, chloroform N, N-dinethylformam de or water at a
t enper at ur ¢espectively, or the groups capable of being converted into

R1, R2, R3 and R4, respectively.

5 An example of modification of the pyrrolidine ring
is a conversion of the substituent(s). For example, the
compound whefein one of Rla, R2a, R3a and R%4a is a hydroxyl
group 1s subjected to halogenation to give a fluorine
compound, a chlorine compound or a bromine compound or the

10 like. In detail, examples of fluorination are methods
using dilethylaminosulfur trifluoride, dimethylsulfur
trifluoride, etc. These reactions are started at a
temperature of -78°C to room temperature and achieved by
maintaining a temperature at room temperature to 50°C using

15 a reaction-inert solvent such as tetrahydrofuran, dioxane,
dichloromethane, chloroform, 1,2-dichloroethane or toluene.
Another example of fludrination is a method for converting
a hydroxyl group into a leaving group, followed by
conversion into a fluorine atom. The conversion into the

20 leaving group 1is carried out by the same method as
illustrated in Reaction Scheme 2. After the conversion
into the leaving group, the method for converting into a

f£luorine atom includes methods for reaction with
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5 of -50 to 100C. Exanples of chlorination are a nmethod using carbon
tetrachl oride and triphenyl phosphine, a nmethod using thionyl chloride and
phospﬁorus oxychloride and a nethod for converting into a |eaving group
using tosyl chloride, 10 etc. and substituting it with |lithiumchloride,
etc. These reactions can be carried out using a reaction-inert solvent
such as tetrahydrofuran, dioxane, dichloronethane, chloroform and

N, N-di met hyl f ormam de at a tenperature of -50 to 100C. 15 Still anot her

exanpl e i s @ Riheey T Hfimsh Bl CRL hyriddy esdéstu fbRad, pouhe exidopl e of
which is a Mtsunobu reaction. In this reaction, the hydroxyl group is

reacted withesk ehdiho@godas asdoxytaied éut phenyd phasgrs eoenithert
carboxylic acid such as acetic acid to give a sterically 20 inverted ester,
whi ch is t hesl hemit odyeiedas ot gt vehpdroferamd dhyxhmxy|diglolgrometianeact i on
Is carried out using a reaction-inert solvent such as tetrahydrofuran,

di oxane, delthdooHoenhalel-d¢hhetiny bf ormamddel off ea ¥8A fak mMntieperauire
tenperature of -50 to 50C. 25 The conmpound wherein RL and R2, or R3 and R4
t oget he5 f 00fn ah0oke t8H be synt hesi zed by an oxidation using a conpound

wherein one of Rla, R2a, R3a and Rd4a is a dr ox u Exanpl.es of the
oxi dation are a miFRPlesPL @Wj@%ﬁﬁ%é “T\%%rh% éjpsd‘ ﬁbcﬂ Thi um
activating EeeRRen1ELEae andethyPhenrroaraRnLre: cRaMy e A4y et hod using
exanpl e, ththigggilgﬁloriag BX&'S Qéﬂﬂ%rus oxychloride and a method

for converting into a leaving group using tosyl chloride,

10 etc. and substituting it with lithium chloride, etc. These
reactions can be carried out using a reaction-inert solvent
such és fetrahydrofuran, dioxane, dichloromethane,
chloroform and N,N-dimethylformamide at a temperature of
-50 to 100°C.

15 Still another example is a method for sterically
inverting a hydroxyl group, example of which is a Mitsunobu
reaction. In this reaction, the hydroxyl group is reacted
with diethyl azodicarboxylate, triphenylphosphine and a
carboxylic acid such as acetic acid to give a sterically

20 inverted ester, which is then hydrolyzed to give a inverted
hydroxyl group. This reaction is carried out using a
reaction-inert solvent such as tetrahydrofuran, dioxane,
dichloromethane, chloroform or N,N-dimethylformamide at a
temperature of -50 to 50°C.

25 The compound wherein Rl and R2, or R3 and R4
together form an oxo can be synthesized by an oxidation
using a compound wherein one of Rla, R2a, R3a and R%a is a

hydroxyl group. Examples of the oxidatlon are a method
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5 chl orochromate can be carried out using a reaction-inert solvent such as
di chl oronet hane, chloroform N, N- ‘di nethyl formam de, tetrahydrofuran or

di oxane at a tenperature of 0 to 50C. [Reaction Scheme 8] HN 10 wherein
Rl, R2, R3, R4, Re and Ra are defined as above. A 1-Hpyrrolidine
derivative or a salt thereof is subjected to condensation to give an am de
conpound, a thioam de conpound or a carbamate conpound. For exanple,

am dation can be carried out using an acyl halide (e.g., an 15 acyl

chloride Orﬁgﬁg?gghp%%%%%%ﬁ%x&?aﬁt&?%ﬁpiOn'kgiﬁiniﬁﬂl¥ﬁﬂ5r§5ﬁboﬁ§te

di chl or omet’ of o8 ane, tetrahydrofuran, dioxane,

tol uene or et Eggiggﬁgﬁ} ﬁ_iich{}ﬁgln?ita)cﬂﬁa 628MBe B%2HadiBASAetB¥ANELERgOS

whi ch are am am ne or 20 diisopropylethylamne), organic

aci d sal tsa(2;0at1590i¢onts qllYl.heyanedhg105upebasabuaNd- ekaYkhexanoat e)
and i norganic gases Fé.g., pot assi um carbonate). These reactions can be

carried ouppdbraddedTPeFatubRafhle0the 2086x1HN0LEENg -pPRidamigation can be
carried out using an activating ester such as 1l-benzotriazolyl ester or

succi nign dyh18%behrichate '¢2AL HeORag@l v@nbulte ugingdiac reacatenkdnert
chloroform 1,2- dichloroethane, N, N-dinethylformam de, tetrahydrofuran, 5

di oxane, t gusBfatoswith\ds atieihdioeomethanesachilorofammbeN . darri ed out at a

tenperature of -50 to 50C. Still another am dation can be carried out by

using a caribethlyilEoamianiate), &edoatiandsiofgrageor Adoxgary dtadi on.
temperature of 0 to 50°C.

[Reaction Scheme 8]

R R
R2 R2
HN;i . Re\N;i
RS RS
. Ra R4 Ra R4
10 wherein R1, R2, R3, R4, Re and Ra are defined as above.
A 1-H-pyrrolidine derivative or a salt thereof is
subjected to condensation to give an amide compound, a
thioamide compound or a carbamate compound. For example,
amidation can be carried out using an acyl halide (e.g., an
15 acyl chloride or an acyl bromide) in a reaction-inert
solvent such as dichloromethane, chloroform, 1,2-
dichloroethane, tetrahydrofuran, dioxane, toluene or ethyl
acetate. In this case can be used a base, examples of
which are amines (e.g., triethylamine or
20 diisopropylethylamine), organic acid salts (e.g., sodium 2-
éthylhexanoate or potassium 2-ethylhexanoate) and inorganic

bases (e.g., potassium carbonate). These reactlons can be

carried out at a temperature of -50 to 100°C. Another

- 31 -



Exanpl es of the condensi ng agent for dehydration are 1 10

et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m dehydr ochl ori de,

di cycl ohexyl car bodi i mi de, di phenyl phosphoryl azide and

carbonyl di i m dazole. |If necessary, an activating agent (e.g.,

1- hydr oxybenzotri azol e or hydroxysucci ni mde) can be used. Exanples of the
reaction solvent are dichioronethane, 15 chloroform 1, 2-dichl oroethane,
N, N- di met hyl f or mam de, tetrahydrofuran, dioxane, toluene and et hyl
acetate. | mmidisigmseandre beaxsitell o sy inex armplast vfatina e slier gHdes
(e.g., triethylam ne or diisopropylethylamne), organic acid salts (e.qg.,
sodi um 2- et3s/| hdxemzetelazont aesteim @0 SUGEIAM &RtST &l 3 nor gani ¢
bases (e.g., potassium carbonate). The reaction can be carried out at a

t enper at ur ecACt BN t o LoRnt F{ t Gier ndtEh 1RRMeshant o ChHRTREIEN card be
carried out, by usi n%b; m xed _aci d anhydri de obtai ned fro(ir%Q}CZS car boxylic
acid and a ¢hFioleEasbRAgP atd- Bedhpet It e, fiptnaly W5 i ncl udes
reaction-ingrt solvents such as _tefrahydrofuran, dioxane, dichiqromethane,
chl or of gr m&\?’l‘\?n%li rrg?i'}’/?@%r?rﬁn‘?wit%‘? BHe by Ireggg:tlé’ e.calnn%t i s case
- 32 can be used.a base, ex | f leh ) (e.g.,
triethylani%%r e%i?g p?Bp§|g?ﬁ@?%%ﬁ%%%bégrd%%ﬁ%?gil “salts (e.g., sodium
2- et hyl hexanoat e t ' -at a IO Qani (e.qg.,
pot assium 5 car bo(ngaﬁig)i aa?[@eﬂ{rge%c "ﬁ#c%ﬁf(g%%ctg?r ic% oit?{&)é)?ﬁab%t téﬂ.'rrf)iglr%"ature

of -50 to 59085r§$%§f£%iQ@i@faﬁ@ea38$ﬁ@bﬂﬁfﬁ$ EGéh Per SR o IBFa Pt 1 onST NG
di -tert-butyl dicarboxyl ate, benzyl oxycarbony
Examples of the condensing agent for dehydration are 1-

10 ethyl-3-(3-dimethylaminopropyl)carbodiimide -hydrochloride,
dlcyclohexylcarbodiimide, diphenylphosphoryl azide and
carbonyldiimidazole. If necessary, an activating agent
(e.g., l-hydroxybenzotriazole or hydroxysuccinimide) can be
used. Examples of the reaction solvent are dichloromethane,

15 chloroform, 1,2-dichloroethane, N,N-dimethylformamide,
tetrahydrofuran, dloxane, toluene and ethyl acetate. 1In
this case can be used a base, examples of which are amilnes
(e.g., triethylamine or diisopropylethylamine), organic
acid salts (e.g., sodium 2-ethylhexanoate or potassium

20 2-ethylhexanoate) and inorganic bases (e.g., potassiuﬁ
carbonate). The reaction can be carried out at a
temperature of -50 to 50°C.

Furthermore, fbr example, amidation can be carried
out by using a mixed acid anhydride obtained from a

25 carboxylic acid and a chlorocarboxylate ester. The solvent

for the reaction includes reaction-inert solvents such as

tetrahydrofuran, dioxane, dichloromethane, chloroform, N,N-

dimethylformamide, toluene or ethyl acetate. In this case
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chloride or fluorenyl methoxycarbonyl chloride in the 10 presence of a

sui tabl e base. Exanples of the base are amnes (e.g., triethylamne or

di i sopropyl et hyl am ne) and inorganic bases (e.g., potassium carbonate).
The solvents in these reactions include reaction-inert solvents such as
tetrahydrofuran, dioxane, dichloronethane, chloroform NN 15

di met hyl f ormam de, toluene, ethyl acetate or water. These reactions Can be
carried out at a tenperature of -50 to '900C. [Reaction Schene 9]: R

Re~"N Re"chSég;ﬁgﬁg E?bégé,Fg&gkﬁgngngQEEEhnagé1aﬁgne33(eR§.¢nd Re are

defined as ogen atom a |lower al kyl group, a

benzyl or oWRy 3fy1ali¥le GEOWR1eBbEopIBLATLBAUNLY, 2osgaNeLshondof a

car boxyl group, ereo an ester thereof into an am nocarbonyl

- 33 grougy, eraet.gﬂ: CQUERAAYRM 2MRehe1ReRRRBEtES o2 pataexumgreup or a salt
t hereof is used as materi al, ammonia can be wused under an ordinary

am dation geRJ1HeIAnlodtehand uhickesinic Aasexalfpl.g.of potasatudation is a
met hod for 5 Converting a carboxyl group or a salt thereof into an acid
chlori d¢ UgiaRbdnat@)y.! Thkorkdetriphosphobescaxytédooutieatra
temperature of -50 to 50°C.
Protection of the amino group can be carried out
using di-tert-butyldicarboxylate, benzyloxycarbonyl
chloride or fluorenylmethoxycarbonyl chloride in the
10 presence pf a suitable base. Examples of the base are
amines (e.g., trliethylamine or diisopropylethylamine) and
inorganic bases (e.g., potassium carbonate). The solvents
in these reactions include reactlon-inert solvents such as
tetrahydrofuran, dioxane, dichloromethane, chloroform, N,N-
15 dimethylformamide, toluehe, ethyl acetate or water. These
reactions can be carried out at a temperature of -50 to
50°C.

[Reaction Scheme 9]:

Rt - R
R? : 2
Re\N o Re\ R
. —» N
R® R3
R4 . R4
. COORT CONH2

wherein Rl,le, R3, R4 and Re are defined as above, and Rf
20 is a hydrogen atom, a lower alkyl group, a benzyl group, an
allyl group, etc.
The method is a conversion of a'carboxyl group, a

salt thereof or an ester thereof into an aminocarbonyl
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oxal yl chloride, followed by condensation with anmoni a. Exanples of the
solvent in these reactions are reaction- inert solvents such as

t et rahydr of uran, di oxane, 10 di chl oronet hane, chl oroform

1; 2-di chl oroet hane, N, N- di nethyl formam de, toluene or ethyl acetate. These
reactions can be carried out at a tenperature of -50 to 50C. Anot her
exanple of the amdation is a nethod using a condensing agent for
dehydration and ammnia. In this 15 reaction is used a condensi ng agent
such as 1- eghyhp 3- (rerditiet Rydmpauep whyere)ioa ICOORE Hisde lepdboatyllogireap

di cycl ohexyl car bodi i m de, di phenyl phosphoryl azide or carbonyl dii m dazol e.
| f necessaryr ansattivhaéreof abenisedeasg.a matgurtiakyumenia gan Oor

hydr oxysucci ni mi de) can be 20 added. Exanples of the solvent in these
reacti ons augedreaderoani aedinaoyvanidatien eendbtiemyER®fithean, di oxane,

di chl oronet hane, chloroform 1, 2-dichloroethane, N, N dinethy]formm de,
tol uene, ethyhtheeiate A exanie t9f |the amHdadi0dqdS bhd%arried out

at a tenperature of -50 25 to 50C. Still another exanple. of the ani%ation
i's a methodCoR¥PRELRI nRxEATRERUL aBRGHP; 08 RoBRaF nEPFTOM P ErHdFTTC  aci d

d hi b d ' Ex | f.- I [
The reacti oALAPRLABARESBR: FRAPEYLOPOLRTLao . BRORRETELT AP AFARE 48 ) ane,
di chl th f 2- di.chl ' I de,
Lol uene or BRAYFLaERLBF R0 Eed  pukl; PEnkORaRAREe by NrELTChitfon R e

tenperaturepof - 90:!8:5%re EBIVERE! 90 PheSEREbWILRE hfeaPefEEESN-OF the

inert solvents such as tetrahydrofuran, dioxane,

10 dichloromethane, chloroform, 1,2-dichloroethane, N,N-
dimethylformamide, toluene or ethyl acetate. These
reactions can be éarried out at a temperature of -50 to 50°C.

Another example of the amidation is a method using a
condensing agent for dehydration and ammonia. In this

15 reaction is used a condensing agent such as l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride,
dicyclohexylcarbodiimide, diphenylphosphpryl azide or
carbonyldiimidazole. If necessary, an activating agent
(e.g., l-hydroxybenzotriazole or hydroxysuccinimide) can be

20 added. Examples of the solvent in these reactions are
reaction-inert solvents such as tetrahydrofuran, dioxane,
dichloromethane, chloroform, 1,2-dichlorbethane, N,N-
dimethylformamide, toluene, ethyl acetate or acetonitrile.
These reactions can be carried out at a temperature of -50

25 to 50°C. |

Still another example of the amidation is a method
using a mixed acid anhydride (obtained from a carboxylic

acid and a chlorocarbonate ester) and ammonia. Examples of
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conpound i nto an am nocarbonyl group can be carried out by a direct
reaction with ammonia, or can be carried out by conversion of the ester
into a carboxylic acid or a salt 10 thereof, followed by conversion of the
carboxylic acid into an am nocarbonyl group according to the
above-nentioned nethod. The conversion of an ester into a carboxylic acid
or a salt thereof is carried out according to the nethod described in
Protective Groups in Oganic Synthesis by 15 Theodora W G eene and Peter

G M Wi T%Q The c%n e& We Q%aEQ§OQ'%?%trﬁﬁaﬁﬁbﬁniﬁbEQ apgigBhasi s carried

out using r aqueous anmonia In a solvent e.g., water,

et hanol . SL0gn %'s ¢ ec&ra%%gf Firan: dlogsaue, of d%ﬁﬁb%ﬁn@%bﬁﬂ@e chl or of orm

N,N—dlneth r mam ¢ ol uen a solvent at a tenperature

of 0to : e : sgal Nne - h@rn RhQUEBmatide,
volatlllzat%?)grcl’q:%%orIITI Q_%F E%%é?%%%mgbhene 10] Rf ,NHN RL - 35 wherein

RL, R2, R3to@ﬁen%@c&n% 1@%%é$%weﬂedTﬁésébﬁé§ct15@5(Mbncbeleaﬁrpedtecting
group of an -am no group) "can be deprotected, for exanple, by a nethod

descri bed ight Raad itmpaahiidrel ofTh&or @sulsoi’og ami ne can be obtained as 5
a base or an acid salt. Exanples of the suitable acid to be used are

hydrochl oric aci dcoawvklretion a€i GOOREI {Whachatst an estéyr)pofokhenesul fonic
actd compound into an aminocarbonyl group can be carried out by

a direct reaction with ammonia, or can be carried out by
conversion of the ester into a carboxylic acid or a salt

10 thereof, followed by conversion of the carboxylic acid into
an aminocarbonyl group according to the above-mentioned
method. The conversion of an ester into a carboxylic acid
or a salt thereof is carried out according to the method
described in Protective Groups in Organic Synthesis by

15 Theodora W. Greene and Peter G. M. Wu Ts. The conversion
by the direct reaction with ammonia is carried out using
ammonia gas or aqueous ammonia in a solvent (e.g., water,
methanol, ethanol, tetrahydrofuran, dloxane,
dichloromethane, chloroform, N,N-dimethylformamide or

20 toluene) or without a solvent at a temperature of 0 to
100°C and, if necessary, with sealing for preventing
volatilization of ammonia.

[Reaction Scheme 10]
R : R?
| _re R2
.Rs | "
Ra R Ra R
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met hanesul fonic acid and acetic acid. The present invention is illustrated
in nore detail 10 by the follow ng reference exanples, exanples and
experinments, however, being not limted thereto. Reference Exanple 1

Synt hesi s of (2S,4S)-1-(tert-butoxycarbonyl)-4-

fl uoropyrrolidine-2-carboxylic acid 15 Referring to Tetrahedron Letter
39(10), 1169 - 1172 (1998), the title conpound (4.5 g) which is the

mat eri al of Exanple 1(1% was obtained fromnethyl (2S 4R)-1-(tert-

but oxycar bortyéye#n hRHr ok pyR? pl R4 ke 2amdrbinxatatde (el @s dhyovew steps.
20 Reference Exanple 2 Synthesis of (2S,4R)-1-(tert-butoxycarbonyl)-4-

fl uoropyrrolidi neR2-(edrismixyils @ auicteRdfiany igngupo ofeEnaaadinen Jreuper
39(10), 1169 - 1172 (1998), the title conmpound (370 ) which is the
material 2ABDfbE@aPretactsd nwatonbrramke f rivin mm@horfxgzd&%ssiqeq t¥ t

but oxycar bonyl ) - 4- hydr oxypyrrol i di ne- 2- car boxyl ate (500 n%% by two steps.
Ref er ence BB@@ption” Scheme gl nt (fdg Fefultigu pnine s&t, beaPhsrrd 86t ert -

P R A L S R s
(2 30,9), M e S OReL el e Qe LB, e e
25@6aqueoustff??@$§0£9e§§cn&%id, p-toluenesulfonic acid,
methanesulfonic acid and acetic acid.
The present invention 1s illustrated in more detail
10 by the following reference examples, examples and
experiments, however, being not limited thereto.
Reference Example 1
Synthesis of (2S,4S)-1-(tert-butoxycarbonyl)-4-
fluoropyrrolidine-2-carboxylic acid
15 Referring to Tetrahedron Letter 39(10), 1169 - 1172
(1998), the title compound (4.5 g) which is the material of
Example 1(1l) was obtained from methyl (2S,4R)-1-(tert-
butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (6.8 g)
by two steps.
20 Reference Example 2
Synthesis of (2S,4R)-1-(tert-butoxycarbonyl)-4-
fluoropyrrolidine-2-carboxylic acid
Referring to Tetrahedron Letter 39(10), 1169 - 1172
(1998), the title compound (370 mg) which is the material
25 of Example 3(1) was obtained from methyl (2S,4S)-1-(tert-
butoxycafbonyl)-4-hydroxypyrrolidine-2-carboxylate (500 mg)
by two steps.

" Reference Example 3
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were added with ice-cooling. The tenperature was gradually raised to room
tenperature, and then, the mxture was 10 stirred overnight. The reaction
sol ution was concentrated under reduced pressure, and the resulting
residue was purified by a silica gel columm chromatography (devel oping
solvent; chloroform: nmethanol =100:3 - 100:7) to give the title conpound
(2.19 g) as a colorless powder. 15 Exanple 1 Synthesis of
(2S,49)-1-[(2S,39)-2-am no-3- methyl pentanoyl]-2-cyano-4-fl uoropyrrolidine
hydrochl ori de (1)3?%&@1@@@_%' 9£0f( 267 %8R4 Sh~ 2amanboachohghy ) - Lterert -

but oxycar bonyl )-4-fluoropyrrolidine 20 I n acetonitrile (50 nL) was

di ssol ved (Rtdkycarbdiel ) - bihyynargyamd)i-dnid uor opyrrol i di ne-2-carboxylic
acid (4.5 g) obtained in Reference Exanple 1, then 1- hydroxybenzotriazol e
monohydrate (3.6 gh dldxkne3, (30 mmﬁewbybasusppndpﬁlXzswéRhyﬂcétﬁﬁarlnlde
hydrochloride (4.5 25 g) were added with ice-cooling. The tenperature was
gradual | y rmmdgcaambmymh-4fmwimmmqwsi1§t€i72r'&iil?h°}wddm acdither at ure
overnight. The reaction solution was again ice-cooled, 25% aqueouys anmoni a
(5 nmL) Was GRId¥H, ghrend B7hy@roxyhengaldsl atmke mfétPthc%ﬁecechH g for 30
m nutes then at roomte erature for 30 m nutes,. he reagct. o sol ution
was added aard cirenle(3 5o~ dimethAmIPGRERRY ) - E's ai%@" Shoved by

filtration. The filtrate

purified byl'”édr%‘i’lﬂ-%iﬁ%l %o}ﬁn%g)(r:]%?e rfgf%géj%%%n%%ra%@g Pl n@r ellisﬁfsven and

hexane : EtQXre acghé, Cwithliceled 11J§ tRge %%Wﬂ€f¥¥ure was gradually

raiséd to room temperature, and then, the mixture was
10 stirred overnight. The reaction solution was concentrated
under reduced pressure, and the resulting residue was
purified by a silica gel column chromatography (developing
solvent: chloroform : methanol =100:3 - 100:7) to give the
title compound (2.19 g) as a colorless powder.
15 Example 1
Synthesis of (28,48)-1-[(2S,3S)-2-amino-3-
methylpehtanoyl]—2-cyano-4-f1uoropyrrolidine hydrochloride
(1) Synthesls of (2S,4S8)-2-(aminocarbonyl)-1-(tert-
butoxycarbonyl)-4-fluoropyrrolidine
20 In acetonitrile (50 mL) was dissolved (2S,48)-1-
(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid
(4.5 g) obtained in Reference Example 1, then 1-
hydroxybenzotriazole monohydrate (3.6 g) and 1-(3,3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (4.5
25 g) were added with ice-cooling. The temperature was
gradually raised, and then, the mixture was stirred at room
temperature overnight. The reaction solution was again

ice-cooled, 25% agueous ammonia (5 mL) was added, and
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resi due was added hexane to give the title conpound (4.2 as a col
powder. 10 MS(ESI pos.)m z: 255([ MtNa] +, (ESInEeg.)n§z: Zgi([hﬂkﬂ-? OE£$SS
Synt hesi s of (2S,4S)-2-(am nocarbonyl) - 4- fl uoropyrrolidine hydrochl ori de
I'n 4M hydrochloric acid-di oxane (45 nL) was suspended

(2S,45) - 2- (am nocar bonyl ) -1-(tert 15 butoxycarbonyl)-4-fluoropyrrolidine
(4.2 g) and, after stirring at roomtenperature for 2 hours, the reaction
sol ution was concentrated under reduced pressure. To the residue was added

tol uene (505pd)y 148! hQMeEoRY1AbEd hRlth CoRS s REnNEaNde0 migdutees] tvass
. . )
Thi s was repeatedﬁg 20 tines to give the title céﬁpound (3.1 g) as a SHre

colorl ess powdgsm dbmserateraedbat 80 wasnuisesl. f do tthe meactieact i on
wi t hout purification. (3) Synthesis of (2S,4S)-2-(am nocarbonyl)-1- [(2 S
3S) - 2- (f | uogenyt vBh ey cacheayhaeton)tBils (50 mL), and an insozuble ’
net hyl pent anoyl ] - 4-fluoropyrrolidine In tetrahydrofuran (40 ) -
N, N- di met hykfips tantdewas 1pembyedeby 8i3tpaviben (2Fhesfidlizgane, bonyl ) - 4-
Eiroropyr{olgglne hygrochloride (2.4gg) and (28,3&»-2 - §8

uor eyl nevhoeutaabedyhndenoyreduaedhDr peRvER 1fgeqd bya
1- hydr oxybenzotri azol e ﬁnnohyd?ate JrPEARSRopeTaRrt % _Q 97 and then

g?igbgigg;ngﬁgrgﬁgﬁgp?;};@ﬁgfh&ﬁﬁgﬁésgggﬁ?ggiﬁ¥8%8€ﬁ?8rFS%VG?E?3 g) and

t enper at ur en@E3NGr ad&_&&‘b’} pgetade Fér oﬁe&%?fstf? Irﬁ%ca%%%lﬁ g(rjrpte? gture

overnight. The _solutionvas gancentratgd undfe £edueedonpeantr ¢4.ang)vat er
as a colorless powder.

10 MS(ESI pos.)m/z: 255( [M+Nal*, (ESI neg.)m/z: 231([M-H]")

(2) Synthesis of (ZS,4S)—2-(aminocarbonyl)-4-
fluoropyrrolidine hydrochloride

In 4M-hydrochloric acid-dioxane (45 mL) was
suspended (ZS,4S)-2-(aminocarbonyl)—1-(tert—

15 butoxycarbonyl)-4-fluoropyrrolidine (4.2 g) and, after
stirriné at room temperature for 2 hours, the reactilon
solution was concentrated under reduced pressure. To the
residue was added toluene (50 mL), followed by further
concentration under reduced pressure. This was repeated 3

20 times to give the title compound (3.1 g) as a colorless
powder. Thils intermediate was used for the next reaction
without purification.

(3) Synthesis of (2S,48)-2-(aminocarbonyl)-1-
[(ZS,SS)—2-(fluorenylmethoxycarbonylamino)-3—
25 methylpentandyl]—4-fluoropyrrolidine
In tetrahydrofuran (40 mL) - N,N-dimethylformamide
(10 mL) were dissolved (ZS,4S)-2-(aminocarbonyl)—4-

fluoropyrrolidine hydrochloride (2.4 g) and (25,35)-2-
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was added to the resulting residue. The resulting powder was collected by
filtration and purified by a silica gel 10 columm chromat ography
(devel opi ng sol vent; hexane : ethyl acetate =4:1 - 1:4) to give the title
conpound (6.9 g) as a pale yell ow anorphous substance. MS(ESI pos.)m z:
490([ MtNa] +) . (4) Synthesis of (2S,4S)-2-cyano-I1-[(2S,3S)-2- 15

(fl uorenyl net hoxycar bonyl am no) - 3- net hyl pent anoyl | -4-- fl uoropyrrolidine In
tetrahydrofuran (70 nL) was dissol ved (2S,4S)-2-

(anmi nocar borigoredy 2@ td®xyrarbonylamino) -3-methylpentanoic acid (5.1

(fl uorenyl net hoxycar bonyl am no) - 3- net hyl pent anoy11-4- 20 fl uoropyrralidine

(6.9 g)l,.arﬁj) ]E ra}nl‘d m&razad bclethscdramﬁhﬁumri(a@@er@%%&@d (Bhg), 1-
i ce-cooling ol | one stirring_wth ice-cooling for 1.5 hours. The
react i (ﬁiﬂqTﬂi%ﬁﬁhyﬁaﬁkRQRPQRXkﬁIﬁﬂﬁﬁhﬁ%ﬁﬁﬁﬂﬁﬁ My ICgGR Lord i d
was :oapi ;‘Si ed by a sil| idc__@%el col u% hr omat ogr pﬁﬁ?ﬁel (o] o) 25 Ole\s/:an?;e
he?ane ;_)I ethii3 ®eahd —bggro\?%:%%%%’v@et l%%t I“i})]z;ffﬁp&a%%( ?ﬂ;} ) as a
pal e yell ow anmor phous subs ce. 03, d¥ leﬂgiékd 5
Synt hesPs ofCq S oMdTg . [k WIS tembgnatur® Waggdra :

t hyl t - 2= - A= ol '
T ol orCerbere (8P ME (il FOX S Fler it URifiEne ! he
2-cyano-| - u@%tﬁ%‘é f%fé(; lé%(%ﬂ#fﬁé@%lb%@gd‘@fé%sure, and water

nmet ~yl pent ano uoropyrrolidine (6.2 g) and, after 5 addition of
di et hyl am ngad 1dddd ¥ tihéd e SHPDEidYy reStddd .| NGheWa® sGORENGUSBwdelrh

I ce-cooling for 30 mnutes and then at roomtenperature for 5 hours. The
sol ution Wagas collected by filtration and purified by a silica gel
10 column chromatography (developing solvent; hexane : ethyl
acetate =4:1 - 1:4) to give the title compound (6.9 g) as a
pale yellow amorphous substance.
MS(ESI pos.)m/z: 490([M+Nal®*).
(4) Synthesis of (2S8,4S)-2-cyano-1-[(2S,38) -2~
15 (fluorenylmethoxycarbonylamino)~-3-methylpentanoyl]-4-
fluoropyrrolidine
In tetrahydrofuran (70 mL) was dissolved (2S,4S)-2-
(aminocarbonyl)-1-[(25,3S)-2-
(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]—4-
20 fluoropyrrolidine (6.9 g), and trifluoroacetic anhydride
(4.0 mL) was added with ice-cooling, followed by stirring
with ice-cooling for 1.5 hours. The reaction solution was
concentrated under reduced pressure, and the residue was
purified by a sillica gel column chromatography (developing
25 solvent; hexane : ethyl acetate =8:1 - 3:2) to glve the
title compound (6.2 g) as a pale yellow amorphous substance.
MS(ESI pos.)m/z: 472([M+Nal*t)

(5) Synthesis of (2S,4S)-1-[(2S,35)-2-amino-3-
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concentrated under reduced pressure, the residue was dissolved in a

m xture of diethyl ether (100 nL), 10 tetrahydrofuran, (50 ni) and
chloroform (50 nmL), and then 4M hydrochloric acid - dioxane (4.0 nL) was
added with ice- cooling. The resulting salt was collected by filtration
and washed with diethyl ether. The resulting powder was purified by a
silica gel colum chromat ography (devel opi ng 15 sol vent; chloroform:

nmet hanol : 25% aqueous anmonia =40:1:0.1 - 25:1:0.1). The resulting

resi due WasnertitggiQietfchndyl 148 -aryceroy - -affidy o rafptyenr cllddi dnieo i ys¥raplaliogahdsc hi or i ¢
acid - dloxane (4.0 mL) with ice-cooling, the resulting salt was collected
by filtration, washed,a-dhichiloaoeftbameatdodmiadwas dageplveduéed ffdssure
to give the title conmpound (2.9 g) as a colorless powder. NMS(ESI pos.)nlz:
228( [ MHH| +)2 - &E0(d N-Na( 2 , 35 ES} - ( flaepyenvlmetdmeygacenylamino) -3 -

1H NVR( DMSO- d6; 500MHz) 8; 8.59(3H,br s), 5.54(IH br d, . 25 J=52, | Hz)

5. 06( 1H, d, Jeexhyplenwarorye Bl 74 BHogoprmEL A ing A6 42 ') ,afid]eétﬁﬁ%% :
1.61(IH M, 1.17(IH m,_ 0.94(3H d, J=6. 7THz ),D.83£3ktt 457;3th APl e 2
D40 Shnt traditien (o, dythylapipe 16 mhy) gty ice-cdoling, sti HeY

Zﬁ Ao Saed Vharty Siad vibh (BASTEPIAG B YO RRLA S end b el (1
2- am no- 3-met hyl pent anoyl ] - 2-¢ -4-f | j.di -
2 o o 5 TEL N PSR ARG ZeEY Rk Gyt or Tl i 0 © 9) 0Bt 2l nec

égngz%eoz3%%%%Q%ﬂf€g£gg1&n&&fdreégcgg PrissiiHs t hene pEHBMEE wasnl) and

dissolved in a mixture of diethyl ether (100 mL),

10 tetrahydrofuran (50 mL) and chloroform (50 mL), and then 4M
hydrochloric acid - dioxane (4.0 mL) was added with ice-
cooling. The resulting salt was collected by filtration
and washed with diethyl ether. The resulting powder was
purified by a silica gel column chromatography (developing

15 solvent; chloroform : methanol : 25% aquéous ammonia
=40:1:0.1 - 25:1:0.1). The resulting residue was dissolved
in chloroform and, after addition of 4M hydrochloric acid -
dioxane (4.0 mL) with ice-cooling, the resulting salt was
collected by filtration, washed with chloroform and dried

20 under reduced pressure to give the title compound (2.9 g)
as a colorless powder.

MS(ESI pos.)m/z: 228([M+H]*), 250( [M+Na]*), (ESI
neg.)m/z: 262([M+CL]").
14-NMR (DMSO-d,500MHz)8; 8.59(3H,br s), 5.54(1H,br d,

25 J=52.1Hz), 5.06(1H,d,J=9.4Hz), 4.07-3.77(3H,m), 2.55-2.34(2
H, m), 1.88(1H,m), 1.61(1H,m), 1.17(1H,m), 0.94(3H,d,J=6.7Hz
),0.88(3H,t,J=7.3Hz).

Example 2
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added and stirred, and the precipitated crystals were collected by
filtration. The resulting crystals were 10 di ssolved iin nethanol (1.75 niL)
and added to an ice-cooled 2-propanol (14 nL). To this was added pentane
(3.5 n.), followed by stirring. The precipitated crystals were collected
by filtration to give the title conpound (0.28 g) as a colorless powder.
15 Anal. calcd for C11H1I8FN3OHBr: C, 42.87;H,6.21;N,13.63;Br, 25.93;F,6.16.
Found: C, 42. 98; H, 6. 26; N, 13. 54; Br, 25. 85; F, 6. 15. Exanple 3 Synt hesi s of

(2S, 4R) - 1- [ ( 2S, 3S)syhrtamgie Df nerhydSenit-di@F ,]353-@yamd-nd-B31-uor opyr r ol i di ne
hydrochl oride 20 (1) Synthesis of (2S, 4R)-2-(am nocarbonyl)-1-(tert

but oxycar bomgthyZipéhtanop¥i f 2+ c¥ane- 4 AW X pir T@L tdn erdtir@Eroyonids: to
that of Exanple 1(1), the title conpound (270 ng) was qbtai ned as a

col orl ess gumy substetivandy o (U9, 4Rs Migselvess (25,48)-1-[(25,35)-

but oxycar bonyl ) - 4-fl uoropyrrolidine-2-carboxylic acid (370 obtained in
Ref er ence E&aﬁ@l@OZS'NSFES#PﬁB%@?ﬁY%J'%5€¥T$R¢&ﬂﬂ3? ¥%§¥rFﬁiﬁgRH%:{€?§
R ) o) el hoagnbEonds v SSECEERY ad dadl co an
et Do A0S e DUSLRRNE O BEch D Ay PR oo G020 (3
Cemper at ur o (Poté2mdur o OF HS e TteT ol S Befianey (L PUe s oo
reduced pregaﬂéﬁ'aga EQirred, and the precipitated crystals were
collected by filtration. The resulting crystals were
10 dissolved in methanol (1.75 mL) and added to an ice-cooled
2-propanol (14 mL). To this was added pentane (3.5 mL),
followed by stirring. The precipitated crystals were
collected by filtration to give the title compound (0.28 g)
as a colorless powder.
15 Anal. calcd for C,,H,;FN;O'HBr: C,42.37;H,6.21:N,13.63;Br;
25.93;F,6.16. Found:C,42.98;H,6.26;N,13.54;Br,25.85;F,6.15.
Example 3
Synthesis of (2S8,4R)-1-[(28,38)-2-amino-3-
methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride
20 (1) Synthesis of (2S,4R)-2-(aminocarbonyl)-1-(tert-
butoxycarbonyl)-4-fluoropyrrolidine
According to the manner simlilar to that of Example
1(1), the title compound (270 mg) was obtained as a
colorless gummy substance from (25,4R)-1-(tert-
25 butoxycarbonyl)-4—fluoropyrrolidine42-carboxylic acid (370
mg) obtained in Reference Example 2.
MS(ESI pos.)m/z: 255([M+Nal*), (ESI neg.)m/z: 231([M-H]")

(2) Synthesis of (28, 4R)-2-(aminocarbonyl)-1-
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resi due was added chloroform (10 m), followed by further concentration
under reduced pressure. The procedure was 10 repeatedi 3 times. The

resul ting residue, (2S, 3S)-2-

(f 1 uorenyl met hoxycar bonyl am no) - 3- met hyl pent anoi ¢ acid (400 ng) was

di ssolved in N, N-dinethyl formam de (5 nL), and then 1-hydroxybenzotriazole
nmonohydrate (210 ng), 1-(3,3- dimethylam nopropyl)-3-ethylcarbodiim de
hydrochl oride 15 (260 ng) and diisopropylethyl amne (0.20 nL) were added
with |ce-cqqusngsyﬂgaaﬁﬂﬁunéﬂynmetmemmambmmwbﬁmim0§e@; and then, the

m xture was stirred at roomtenperature overnight. The reaction m xture

was taken uethyMrirsrarayd | extflactmepymintol iétimel acetate. The organi c phase
was washed 20 with 0.1 M aqueous hydrochloric acid solution and a

sat ur at ed aqueousIaodMuhw@hb@hﬂdeigohaﬁﬂon,déeaéégsKﬁem}) Y8PBi ed over
anhydrous sodium sul fate and, after renoval of the drying agent by
filtration,suspestad ot 28 4Rbed - (amdneaprygneddnle (tAfE T esi due was purifi ed

by a silica gel columm 25 chromatograph hexane : et hyl t =1:1 -
1: 4) to5gi \m:thmcarmréﬂebnboﬂﬂpmmm%‘)i(%ea ((?()q(blﬂf&sar%rcﬂe)r tgelfs '

substance. MS(ESI pos,)miz. 490NNl eor 2 Houds) RIS
o (PR AR AT AT MM Sttt onty et
(oS 2 Chebla i AR R W R SR P )
concentration under reduced pressure. The procedure was
10 repeated 3 times. The resulting residue, (2S,3S)-2-
(f1uorenylmethoxycarbonylamino)—3-methylpentanoic aclid
(400 mg) was dissolved in N,N-dimethylformamide (5 mL), and
then l-hydroxybenzotriazole monohydrate (210 mg), 1-(3,3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
15 (260 mg) and diisopropylethylamine (0.20 mL) were added
with ice-cooling. The temperature was gradually raised,
and then, the mixture was stirred at room temperature
overnight. The reaction mixture was taken up in water and
extracted with ethyl acetate. The organic phase was washed
20 with 0.1 M aqueous hydrochloric acid solution and a
saturated aqueous sodium chloride solution, successively,
dried over anhydrous sodium sulfate and, after removal of
the drying agent by filtration, concentrated under reduced
pressure. The residue was purified by a silica gel column
25 chromatography (hexane : ethyl acetate =.1:1 - 1:4) to give
the title compound (450 mg) as a colorless amorphous
substance.

MS(ESI pos.)m/z: 490([M+Nal]t).
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met hyl pent anoyl | - 4-f| uoropyrrolidine (440 ng). MS(ESI pos.)nl z:

472([ MtNa] +) . 10 (4) Synthesis of (2S,4R)-1-[(2S, 3S)-2-am no- 3-

met hyl pent anoyl ] - 2- cyano- 4-f | uor opyrrol i di ne hydrochl oride According to
the manner simlar to that of Exanple 1(5), the title conpound (60 ng) was
obtained as a colorless powder from (2S, 4R)-2-cyano-I|-[(2S, 3S)-2- 15

(fl uorenyl nmet hoxycar bonyl am no) - 3- net hyl pent anoyl ] -4 fl uoropyrrolidine (320
ng). MS(ESI pos.)nlz: 228([ MrH +), 250([ M+Nal +), (ESI neg.;niz:

262([ MFCL] -) ExamiBe Syashggdshefi §286f 4R)-2-cyano-1-[(28,35)-2-
(2S,4S)-2-cyano-1-[2-[(5-nitropyridin-

2-yl ) am no] i anan reethaxy cariqigrashn o1 3 -ae R viResdaRoYddy 45ynt hesi s of
(2S, 4S) - 2- (am nocar bonyl )-1 bronpacetyl -4-fluoropyrrolidine In
tetrahydrofﬁ#%ﬁ??ﬂ&¥#ﬁ$& suspended (2S, 4S)-2- 25

an nocar bory! -4 ,uor SRl e idrach bopl dea( 80 Bk BB gk
1) wasS - ek Saddi b ehe el i e Can AR e M ART, 1
OO0 1 L o AL RS SORAGHTOISI R S SpPihocitonyD L e
stparated oy T ETT o Toh: e TR F T G o under reduced
pressure. Therk&ehaNEaNGP1 PULLFi €S dYyProlidine (440 mg).
MS(ESI pos.)m/z: 472([M+Nal*).
10 (4) Synthesis of (28,4R)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]—2-cyano-4-fluoropyrrolidine hydrochloride
According to the manner similar to that of Example
1(5), the title compound (60 mg) was obtained as a
colorless powder from (2S,4R)-2-cyano-1-[(2S,38)-2~
15 (fluorenylmethoxycarbonylamino)—3—methylpentanoyl]—4-
fluoropyrrolidine (320 mg).
MS(ESI pos.)m/z: 228([M+H]*), 250([M+Nal*), (ESI
neg.)m/z: 262([M+CL]")
Example 4
20 Synthesis of (ZS,4S)-2—cyano-1-[2-[(5—nitropyfidin-
2-yl)amino]ethylamino]acety1-4-fluoropyrrolidine maleate
(1) Synthesis of (2S,48)-2-(aminocarbonyl)-1-
bromoacetyl-4-fluoropyrrolidine
In tetrahydrofuran (10 mL) was suspended (2S,48)-2-
25 aminocarbonyl-4-fluoropyrrolidine hydrochloride (650 mg)
obtained 1in Example 1(2), and then potassium 2-

ethylhexanoate (1.6 g) was added with ice-cooling, followed

by stirring for an hour. Bromoacetyl bromide (0.37 mL) was
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silica gel colum chromat ography (devel oping solvent; chloroform:

met hanol =40:1 - 25:1) to give the title 10 conpound (570 ng) as a

col orl ess anorphous substance. MS(ESI pos.)nm z: 275([ MtNal +),

277([ MtNa] +) . (2) Synthesis of (2S,4S)-I|-bronpacetyl-2-cyano-4-
fluoropyrrolidine In tetrahydrofuran (6 nL) was dissolved (2S,4S)-2- 15
(am nocar bonyl ) -1 - bronoacetyl - 4-fl uoropyrr olidine (560 ng), and then
trifluoroacetic anhydride (0.62 nL) was added with ice-cooling, followed
by stirringa@déd withcbeéogolimganandostirdieg reast¢ont boied iwhthas
concentrated under reduced pressure, and the residue was purified by a
silica gel 26eecbolinghforadognimhyes cene| apiFreBotReratire b ran

met hanol =50:1 - 30:1) to give the title conmpound (540 nq% as a colorless

solid. MS(BsSbupoes.Tanthe 257G Na]solutizgy wasnadded chdyo Sis of
(28,4S)-2-cyano-1-[2-£é5-'25 nitrop ridin-Z-gI)aginolet@;hanino]acetyl-?
f1 uor opyrr ohetharokal &8t &, | ROt BE) ahfet bPHPAPY 18 HET 0@ s Hi 58FF ved 2- (2
et 1 ahydl of GPERESSFUFPOROF2LS REPUBES( 2L iRsPeaiaed fiatt vas
G b L RAtBYahoky e ERoNE) VSRR et £ CORLATErTE,
ressurer  anBieRePoRREaft PRetPErB o b e AP B RN Lol
chromat ogr aphy , (deygh ORLRAmACLY EBhat6BapRYO( Beve TBHAAGOLo1Vent ;
chloroform : methanol =40:1 - 25:1) to give the title
10 compound (570 mg) as a colorless amorphous substance.
MS(ESI pos.)m/z: 275([M+Nalt), 277([M+Nal*).
(2) Synthesis of (2S,4S)-1-bromoacetyl-2-cyano-4-
fluoropyrrolidine
In tetrahydrofuran (6 mL) was dissolved (25,4S)-2-

15 (aminocarbonyl)-1—bromoacetyl-4-fluoropyrrblidine (560 mg),
and then trifluoroacetic anhydride (0.62 mL) was added with
ice-cooling, followed by stirripg with ice-cooling for an
hour. The reaction solution was concentrated under reduced
pressure, and the residue was purified by a silica gel

20 column chromatography (developing solvent; chloroform :
methanol =50:1 - 30:1) to give the title compound (540 mg)
as a colorless solid.

MS(ESI pos.)m/z: 257([M+Nal*), 259 ([M+Nal*).
(3) Synthesis of (28,48)-2-cyano-1-[2-[(5-

25 nitropyridin—z—yl)amino]ethylamino]acetyl-4-

fluoropyrrolidine maleate

In tetrahydrofuran (10 mL) was dissolved 2-(2-

aminoethylamino)-5-nitropyridine (580 mg), and then a
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=50:1 - 25:1). The resulting residue was dissolved in ethanol (1 nL), and
then an ethanol solution (1 nm.) of 10 maleic acid (52 ng) was added. To the
reaction solution was added aiethyl ether and, after renmoval of the
supernatant, the precipitate was washed with diethyl ether. The residue
was dried under reduced pressure to give the title conmpound (160 ng) as a
yel | ow powder. 15 MS(ESI pos.)mz: 337([ MtH] +), 359([ MtNa] +), (ESI

neg.)mz: 335([MH-). Exanple 5 Synthe5| of

(2S, 4S) - 2- ngﬁmﬁnngp#qga@yggk*@¢qm,Qp. mL) of (2S,4S8)-1l-bromoacetyl-

2-yl)am no] et hyl am no] acetyl -4-f] uoropyyrolidine e According to
the manner iPNaR@- 4o'liwowrm3a%%¢%£ 12y | mq)né”’alsi ta}‘ﬁ%doﬁﬁ%th] d9%0 ng) was
obtai ned as a col orl ess powder from 2-(2-am.no )" Y% yr|d|ne
(520 ng) arkPebings) The) tERREEAWH rezw r%‘az?ua% or Tﬁr@r&m?‘ .E‘ngﬁl‘

Sha AR PRI T e B
methy! pent ?ggugz VRL0G8ATBAEREYRY & R&éP'P@d@d@&%@@édP@, 4dd Syt hesi s

butoxycarbon &léiggtpggxﬁﬁérgggdgﬁﬁigig&rQ@xglgificégi)l column

N, N-dlnethyF r mam or onet hane wer e di ssol ved
met hyl (2S, éﬁ*}o ﬁ‘c{as 8Hgt @d¥9éi89wb)soﬂvéﬁﬁlfodumféﬂérrdl nem@ticanbbxyl at e
et hy |

(400 ny) an e (0.1 , and then 65@6sod|un1hydr|de (oily, 60
ny) =50:1 - 25:1). The resulting residue was dissolved in

ethanol (1 mL), and then an ethanol solution (1 mL) of

10 maleic acid (52 mg) was added. To the reaction solution
was added dilethyl ether and, after removal of the
supernatant, the precipitate was washed with diethyl ether.
The residue was dried under reduced pressure to give the
title compound (160 mg) as a yellow powder.

15 MS(EST pos.)h/z: 337([M+H1*Y), 359([M+Na]*), (ESI
neg.)m/z: 335([M-H]").
Example 5

Synthesis of (28,4S)-2-cyano-1-[2-[(5-cyanopyridin—

2-yl)amino]ethylamino]acetyl—4-fluoropyrrolidine maleate

20 According to the manner similar to that of Example
4(3), the title compound (70 mg) was obtained as a
colorless powder from 2-(2—aminoethylamino)h5-cyanopyridine
(520 mg) and (2S,4S)-1-bromoacetyl-2-cyano-4-
fluoropyrrolidine (250 mg).

25 MS(ESI pos.)m/z: 317([M+H]Y), 339([M+Nal]*), (ESI
neg.)m/z: 315([M-H]").
Example 6

Synthesis of (25,4R)-1-[(25,38)-2-amino-3-
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was added with ice-cooling. The tenperature was gradually raised to room
tenperature, and then, the mxture was 10 stirred overnight. The reaction
m xture was taken up in a saturated aqueous sodi um bi carbonate sol ution
and extracted wth ethyl acetate. The organi c phase was washed with 5%
aqueous sodiumthiosul fate solution and a saturated aqueous sodium
chl oride solution, successively, dried over 15 anhydrous sodium sulfate
and, after renoval of the drying agent by filtration, concentrated under
reduced pressthglpedb&noesi dpecyaso pdrmé troxyyyrrsiidine duydrethheride
chromat ogr aphy (devel opi ng sol vent; hexane : ethyl acetate =8:1 - 4:1) to
give the title confbureki3sdsim)ofasnatdd dRASordRIsd -ditlertsubst ance.  MS( ES
pos.)m z: 282([ MtNal +). (2) Synthesis of (2S,4R)-1-(tert-butoxycarbonyl)-4-
net hoxypyr riohtdkpeagbonybox¢mnethekvpynrotbdore 141 ¢rPE MYt @as di ssol ved
met hyl (2S,4R)- 25 ) ] 1
1- (tert - but oxycar bEmyf )N-d e thud Fernamidn nd AldarbShAaronediipnfy (1 1v
aqueous |ithium hydroxi de sol ution il.S % added with ice- kLng,
and stiryinglhayegendifrgedvedi PRTIE -&88?% é'rgft%ﬁggPﬂg%ﬁgcﬁﬁﬁoﬁﬁg at
room- 46 tenperature for_2 _hours. Furthe I e | £ hi ydr oxi de
sol ution (048 Hgfoﬁagyﬁaﬂé&giPSF?6&€E£8§yiéF?Pk%gH §§§r%%§1 gg%ggature f or
an hour. The reaction_sol ution aF | dmenSak-ugat ediaguegysmgdi um
chlori de soFBgsaﬁ égaﬁé,mgffanﬁgipﬁg Eg gg?%ﬁ?oﬁ§ac?§?c?m%t '1NIaq§eous
hydr ochl ori ¢ acig sal uti.on _h) tr agh £d Wb dr £t dYd wasefri@ualg
organi c pha¥SSW§ dﬁﬁsﬁ@&%vﬂ%% a sa%&?étedﬁ e
raised to room temperature, and then, the mixture was
10 stirred overnight. The reaction mixture was taken up in a
saturated aqueous sodium bicarbonate solution and extracted
with ethyl acetate. The organic phase was washed with 5%
aqueous sodium thiosulfate solution and a saturated aqueous
sodium chloride solution, successively, dried over
15 anhydrous sodlum sulfate and, after removal of the drying
agent by filtration, concentrated under reduced pressure.
The residue was purified by a silica gel column
chromatography (developing solvent:; hexane : ethyl acetate
=8:1 - 4:1) to gilve the title compound (330 mg) as a
20 colorless olly substance.
MS(ESI pos.)m/z: 282([M+Nalt).
(2) Synthesis of (2S,4R)-1-(tert-butoxycarbonyl)-4-
methoxypyrrolidine-2-carboxylic acid
In acetonitrile (3 mL) was dissolved methyl (28,4R)-
25 1—(tert-butoxycarbonyl)-4-methoxypyrrolidine-2-carboxy1ate
(330 mg), 1M aqueous lithium hydroxide solution (1.5 mL)
was added with ice-cooling, and stirring was continued

with ice-cooling for 30 minutes and then at room
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aqueous sodi um chl oride solution, dried over anhydrous sodium sulfate and,
after renoval of the drying agent by 10 filtration, concentrated under
reduced pressure to give the title conpound as a col orl ess gunmy
substance. This internediate was used for the next reaction w thout
purification. (3) Synthesis of (2S,4R)-2-(am nocarbonyl)-I-(tert- 15

but oxycar bonyl ) - 4- met hoxypyrrol i di ne According to the manner simlar to
that of Exanple 1(1), the title conpound (260 ng) was obtained as a

col orl ess gusmpesabat@neerf PORLGES. 4RudtHder tIM aqueous lithium

but oxycar bonyl ) - 4- net hoxypyrrol i di ne-2-carboxylic acid (330 20 ng). MS(ESI
pos.)m z: ZhydidkhNAg+$01lGEDBONNEQ. 3mik) WdS(adddl; ) folldyedyy helsisriig

(2S, 4R) - 2- (am nocar bonyl )-1- [(2S, 3S)-2-(fluorenyl met hoxycar bonyl am no) - 3-
met hyl pent aabytbent- trempexgpureofodi ap RSuACcAld nrpadicd omrsodutdion wWas t o
that of Exanple 3(2), the title conpound (400 ng) was obtained as a

col orl ess bakephuvpsiBudssatvsatednagleOuR) sodiam eloterbdmysglutiorrt -

but oxycar bonyl ) - 4- met hoxypyrrolidine (250 ng). - 47 NMS(ESI pos.)nl z:

502([ M+Ra] +3nd¢ 53 tpRt RaksiBdothe 2s0dRE1on cgahdle -yivls BE)agueous

(f 1l uorenyl net hoxycar bonyl am_no) - 3- net hyl pent anoy11- 4- nethoxxg rrolidine 5
Accor di ng tBYHREChARREP §Pﬁﬁ|éPlFBi9Ha¥40$LExaﬁ§F§a°ﬁ?QJWl¥%e ¥?Y}e

compound (2601} vase obt &l 1t 25,2, B WY APPSR o0 from

agqueous sodium chloride solution, dried over anhydrdus
sodium sulfate and, after removal of the drying agent by
10 filtration, concentrated under reduced pressure to give the
title compound as a colorless gummy substance. This
intermediate was used for the next reaction without
purification.
(3) Synthesis of (2S,4R)-2-(aminocarbonyl)-1l-(tert-
15 butoxycarbonyl)-4-methoxypyrrolidine
According to the manner similar to that of Example
1(1), the title compound (260 mg) was obtained as a
colorless gummy substance from (2S,4R)-1-(tert-
butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid (330
20 mg).
MS(ESI pos.)m/z: 267([M+Nal*), (ESI neg.)m/z: 243([M-H]").
(4) Synthesis of (2S,4R)-2-(aminocarbonyl)-1-
[(28,38)-2-(fluorenylmethoxycarbonylamino)-3-
methylpentanoyl]-4-methoxypyrrolidine
25 According the manner similar to that of Example 3(2),
the title compound (400 mg) was obtained as a colorless
amorphous substance from (2S,4R)-2-(aminocarbonyl)-1-(tert-

butoxycarbonyl)-4-methoxypyrrolidine (250 mg).
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1-[(2S, 3S)-2-(fluorenyl net hoxycar bonyl am no) - 3-

met hyl pent anoyl | - 4- met:hoxypyrrolidine (390 ng). 10 MS(ESI pos.)nl z:

484([ MkNa] +). (6) Synthesis of (2S,4R)-1-[(2S, 3S)-2-ani no- 3-

met hyl pent anoyl | - 2- cyano- 4- met hoxypyrrol i di ne hydrochl oride According to
the manner simlar to that of Exanple 1(5), the title conpound (70 ng) was
obtained as a 15 colorl ess powder from (2S, 4R)-2-cyano-1-[(2S, 3S)-2-

(f 1 uorenyl met hoxycar bonyl am no) - 3- neth%lpentanoyll 4- met hoxypyrrolidi ne
(250 ). NBMESESFoOsm)R/ z24GORNH MR 62([M+Na] +), (ESI neg.)m z:
274([ M+CL] -). 20 Exanple 7 Synthesis of g i% % m no- 3-

net hyl pent anoyl | - 25dy§H@I@3ﬁé§h@%yﬁﬁﬁwé d?n@YHQBr Bg éé ?I) Synt hesi s
of methyl (2S, 4S)-1-(tert

butoxycarboh@iQQQﬁGX&WﬁﬁSRﬁN?Qﬁ??ﬂ¥&9%ﬁ§%%1ﬁiaﬁEHXJPQﬁ$%ﬁﬁ%ﬁkﬂﬁﬁ;to t he

manner 5|n1lar to that anple 6(1), the title conpound (360 ng) was
obt ai ned ad"&th Q%ﬂQﬁ??ﬁ%iQJ?( substance from nethyl (2S,4S)-1-(tert-

but b | ) - 4- '
pos Y 3. 2851 i ALCPF RN i, B s R ol FACTRE: é‘?&“&?yﬁéﬁﬂ) 4
et hoxypyrrwsﬂ' B8 EREDO oS U £66 UidH hd G BIne Sigiior o

that of Ex the t econpoun 310 ng) was obtained as a

col orless goxf:ré?r% FRL S é@h?s'ééicé ﬁcﬂﬁttzs 4R)-2- (aminocarbonyl) -
butoxycarb 4- et hoxypyrrol i di ne- 2- carboxylate (350 ny) .

1- [(ZS,3S) -2-(fluorenylmethoxycarbonylamino)-3-
methylpentanoyl]-4-methoxypyrrolidine (390 mg).
10 MS(ESI pos.)m/z: 484([M+Nal®*).
(6) Synthesis of (ZS,4R)—1—[(ZS,BS);Z-amino-B—
methylpentanoyl]-2-cyano-4-methoxypyrrolidine hydrochloride
According to the manner similar to that of Example
1(5), the title compound (70 mg) was obtalned as a
15 colorless powder from (2S,4R)-2-cyano-1-[(2S,38)-2-
(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4-
methoxypyrrolidine (250 mg).
MS(ESI pos.)m/z: 240([M+H]*), 262([M+Na]*), (ESI
neg.)m/z: 274([M+CL]").
20 Example 7
Synthesis of (2S,48)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]-2-cyano-4-methoxypyrrolidine hydrochloride
(1) Synthesis of methyl (2S,4S)-1-(tert-
butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylate
25 According to the manner similar to that of Example
6(1), the title compound (360 mg) was obtained as a
colorless olily substance from methyl (2S,4S)-1-(tert-

butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylate (400 mg).
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‘This internedi ate was used for the next reaction without purification. 10
(3) Synthesis of (2S,4S)-2-(am nocarbonyl)-Il-(tert-

but oxycar bonyl ) - 4- net hoxypyrrolidine According to the manner simlar to
that of Exanple 1(1), the title conpound (290 ng) was obtained as a

col orl ess gummy substance from (2S,4S)-1-(tert 15

but oxycar bonyl ) - 4- met hoxypyrrol i di ne-2-carboxylic acid (310 ny). MS(ESI
pos.)nml z: 267([ MtNal +), (ESlIN%%JFﬂZ: 243([MH -). (4) Synthesis of

(2S, 4S) - 2- (adS(dEF s )mlz: [38H BHHNDLF 4 uor enyl met hoxycar bonyl ani no) - 3
20 net hyl pent anoyl | - 4- met hoxypyrrolidine According to the manner simlar to
that of Exanple 3(2) S¥mehes$i§ OF o) 1dd o - Mo BIahtdy Ws 4r

col orl ess anor phous substance fron1g28,48)-2-
(aninocarbom9F£°¥YPY§FP159%B§y8a965 9xy1iC 38ldet hoxypyrrolidine (280 ny).

E?(SE?S) Pg?cg,glﬂg_ | _5@?2%“%%% ;‘%6 | tlieS)masr}/rpetrhess.n?:l.loa];.z.;L to that 9of Example

uoren X rbonyl am no) - 3- entanoylls-4- . -

nethoxyﬁ%rr k?grﬁggeAg&%hﬁiﬁ&m%8uPﬁ§&Héhﬁ@9 sVﬁ%léPé?%n?ﬁa ®of Exanpl e
1(4), the tit 3 ' _as L |l h
subbi ance 1 PRCESaASHost i HE i helBTar 28, 89- 82 (RepeLe vellow amorphons

e L e g e )
484([ MtNa] +phig intermediate was used for the next reaction without
purification.
10 (3) Synthesis of (2S,4S)-2-(aminocarbonyl)-1-(tert-
butoxycarbonyl)-4-methoxypyrrolidine
According to the manner similar to that of Example
1(1), the title compound (290 mg) was obtained as a
colorless gummy substance from (2S,4S5)-1-(tert-
15 butoxycarbonyl)-4-methoxypyrrolidine-2-carboxylic acid (310
mg).
MS(ESI pos.)m/z: 267([M+Nal*), (ESI neg.)m/z: 243([M-H]7).
(4) Synthesis of (ZS,4S)-2-(aminocarbohyl)-1-
[(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-
20 methylpentanoyl]-4-methoxypyrrolidine
According to the manner similar to that of Example
3(2), the title compéund (450 mg) was obtalned as a
colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-
25 methoxypyrrolidine (280 mg).
MS(ESI pos.)m/z: 502([M+Nal™).
(5) Synthesis of (28,48)-2-cyano-1-[(2S,38)-2-

(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4—
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(6) Synthesis of (2S,4S)-1-[(2S, 3S)-2-am no- 3-

met hyl pent anoyl | - 2- cyano- 4- met hoxypyrrolidi ne hydrochloride 10 According
to the manner simlar to that of Exanple 1(5), the title conpound (150 nm)
was obtained as a colorless powder from (2S,4S)-2-cyano-|-[(2S, 3S)-2-
(fluorenyl met hoxycar bonyl am no) - 3- net hyl pent anoy11- 4- net hoxypyrrolidi ne
(320 ng). 15 MS(ESI pos.)m z: 240([ M+H +), 262([ MtNa] +), (ESI neg.)nl z:
274([ M+CL] -). Exanple 8 Synthesis of (2S,4R) -1-[(2S, 3S)-2--am no- 3-

et hyl pent anoyh dxvpeyesntdihe dr oxypyrrol i di ne hydrochl oride 20 (1)

Synt hesi s of nethyl (2S,4R)-2-(am nocarbonyl)-1-

[ (2S, 3S) - 2- (f | uor eyedoretiax wearthenylaamerosigiilar to that of Example

met hyl pent anoyl | - 4- hydr oxypyrrol i dine According to the manner simlar to
that of Exampip, ®@)tithe tompeundnpdimhdng)l. B Pbi@inashtas fedPBL a 25
golorlessbannifhous substance from (2S,4R) -1 - ter{- -

ut oxycar boygllo@- gmoi plocas bewnly$ §anc e yEFek rH% ) o e G- RPRY
pos.)nlz: 488([M:tNa]+). - 50 (21 S%/nt hesiys of j( % Jf\)S'( =
(2S, 4R) B2- cyah628, 38 ps236f1porenylme hoxycarbonylamino)-3-

(fluorenyl met hoxycar bonyl am - 3- hyl -4 i di
tetrahydrof@@thXBgnﬁﬁggMgglE?égBhgggpgfégigéqgg18450 ﬁgpfoxypyrrol|d|ne In

(28,4R)-2-(aniqpcarbonI?@}-[(%é aﬁL]ﬁy+
(Elggrenylne@ﬁ%QV%br ohy nf ho -%- ¢ Iﬂéntanoyl]-4- hydr oxypyrrol i di ne
(1.06 g), and then fyidluqroacetie (2s,4s)-1-[(28,38)-2-amino-3-
methylpentanoyl]—2-cyano-4-methoxypyrrolidine hydrochloride
10 According to the manner similar to that of Example
1(5), the title compound (150 mg) was obtailned as a
colorless powder from (28,48)-2-cyano-1-[(2S,38)-2-
(fluorenylmethoxycarbonylamino)—3-methylpentanoyl]-4-
methoxypyrrolidine (320 mg).
15 MS(ESI pos.)m/z: 240([M+H]*), 262([M+Nal*), (ESI
neg.)m/z: 274([M+CL]").
Example 8
Synthesis of (28,4R)-1-[(2S,38)~-2~-amino-3-
methylpentanoyl]—2-cyano-4-hydroxypyrrolidine hydrochloride
20 (1) Synthesis of methyl (28,4R)-2-(aminocarbonyl)-1-
[(ZS,BS)—Z-(f1uorenylmethoxycarbonylamino)-3—
methylpentanoyl]-4-hydroxypyrrolidine
According to the manner similar to that of Example
3(2), the title compound (1.30 g) was obtained as a
25 colorless amorphous substance from (2S,4R)-1-(tert-
butoxycarbonyl)-2—(aminocarbonyl)—4-hydroxypyrrolidine
(0.96 g).

" MS(ESI pos.)m/z: 488([M+Na]*).
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anhydride (0.72 nmL) was added with ice-cooling. After stirring at the sane
tenperature for an hour, the reaction 10 solution was concentrated under
reduced pressure. To the resulting residue was added net hanol (10 niL), and
concentrated under reduced pressure. This procedure was repeated once
nore, then nmethanol (10 mL) was added, followed by stirring overnight. The
reaction solution was 15 concentrated under reduced pressure, and the
resulting residue was purified by a silica gel colum chronat ography

(devel opi ng sol venty) i siLioty!( 230 art-@ —eliadb -116 [gi28g 3s)ha-titl e
conmpound (0.69 g) as a col orl ess anor phous substance. 20 MS(ESI pos.)m z:
470( [ MtNa] H) £1 4 StePy hEERORYOAr A1y Xddido | { 2SSy PoamtiarooBL ] -4 -

net hyl pent anoyl | - 2- cyano- 4- hydr oxypyrrol i di ne hydrochl oride According to
the manner mydrbdeypyorobadiné Exanple 1(5), the title conpound (41 ng) was
obtained as a 25 colorless powder from (2S, 4R)-2-cyano-1-[(2S, 3S)-2-

(f1 uorenyl nmet hoxydar boewatahgdo)fidaret (B0 pent avesy |di-sbsolvedt oxypyrrol i di ne
(151 nmg). MS(ESI pos.)mlz: 248([ M+Na]+), (ESI neg.)mlz: 260([ M+CLI- - 51
Exanpl e 59 Sy2% h4R) s2of an2sp4arbanyl PSl 36§22, 3% nd= 3-
nethylpentanoyl]-2-0{ano-4-hydroxyp rrolidine hydrochloride _5 (1)

Synt hesi s of £lesrasy me‘ab@ms@rlzowﬁmmo ) (%S}l%é)lylzp%lﬁtanoﬂl -4~

| uor enyl met hoxycar bonyl am - 3- t hyl I lidi
ot ahyclr of BYABOTEPREFORRNH: Lobbed ( panaryhen EiEfuofodletls

anhydride (0.72 mL) was added with lce-cooling. After
stirring at the same temperature for an hour, the reaction

10 solution was concentrated under reduced pressure. To the
resulting residue was added methanol (10 mL), and
concentrated under reduced pressure. This procedure was
repeated once more, then methanol (10 mL) was added,
followed by stirring overnight. The reaction solution was

15 | concentrated under reduced pressure, and the resulting
residue was purified by a silica gel column chromatography
(developing solvent; hexane : ethyl acetate =1:3) to give
the title compound (0.69 g) as a colorless amorphous
substance.

20 MS(ESI pos.)m/z: 470([M+Nal*).

(3) Synthesis of (25,4R)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]-2-cyano-4-hydroxypyrrolidine hydrochloride
According to the manner similar to that of Example

1(5), the title compound (41 mg) was obtained as a

25 colorless powder from (2S,4R)-2-cyano-1-[(2S,3S)-2-
(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4-
hydroxypyrrolidine (151 mg).

MS(ESI pos.)m/z: 248([M+Nal*), (ESI neg.)m/z: 260 ([M+CL] "~
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cyano-| -[(2S, 3S)-2-(fluorenyl net hoxycar bonyl am no)-3- 10

met hyl pent anoyl | - 4- hydroxypyrrolidine (200 ng) obtained in Exanple 8(2)
and tri phenyi phosphi ne (258 ng), and then acetic acid (0.05 nL) and

di et hyl azodi carboxyl ate (40% toluene solution, 0.47 nL) were added with
ice-cooling. The tenperature was raised to roomtenperature, and then, 15
the m xture was stirred overnight. The reaction solution was concentrated
under reduced pressure, and the resulting residue was purified by a silica
gel columm ¢hromat ography (devel oping solvent; hexane : ethyl acetate =3:2
- 1:1) to give the title conpound (135 ng) as a col orl ess anorphous 20
subst ance. Ramplepos. ) m z: S512([ MkNa] +). (2) Synthesis of

(2S,4S)-1-[(2S, 3S)-2-am no- 3- net hyl pent anoyl | - 2- cyano- 4- hydr oxypyrrol i di ne
hydrochl oride |n sgpitieewsds (df 6(268.,)4 Wasl di (D38 A-28,149)~% 25

acet oxy-2-cyano- 1-[(2S, 3S)-2- (fluorenyl met hoxycar bonyl am no) - 3-

met hyl pent ameyhyppentandiyhé-@1¢$angy 4 - hndrokepy el kgl e kedrechkorige was
added at roon1tenperature followed by - 52" stirring at the sanme
tenperature for 9 hburSynthestsliofy ¢35, 4% padsieatioeyBrddure siml ar
to that of Exanple lg ), the title conpound (28 @é was obtai ned as a

col orl ess akbRBh3ES -3nbELHAEENYEMREREXYCABRORY BMiBOKT § 1\ H] +) |

248([ M:Nal +) ( ES) 2. 260([MrCL]-). Exanple 10 Synthesis of
(2S, 4S)-1- [@9 gépegtgﬁpﬁgjgyrrolgkine

In tetrahydrofuran (5 mL) were dissolved (2S,4R)-2-
cyano-l-[(ZS,3S)-2-(fluorenylmethoxycarbonylamino)-3-'

10 methylpentanoyl]-4-hydroxypyrrolidine (200 mg) obtained in
Example 8(2) and triphenylphosphine (258 mg), and then
acetic acid (0.05 mL) and diethyl azodicarboxylate (40%
toluene solution, 0.47 mL) were added with lce-cooling.

The temperature was ralsed to room temperature, and then,

15 the mixture was stirred overnight. The reaction solution
was concentrated under reduced pressure, and the resulting
residue was purified by a silica gel column chromatographf
(developing solvent; hexane : ethyl acetate =3:2 - 1:1) to
glve the title compound (135 mg) as a colorless amorphous

20 substance.

MS(ESI pos.)m/z: 512([M+Nalt).
(2) Synthesis of (25,4S)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]-2-cyano-4-hydroxypyrrolidine hydrochloride
In methanol (1.6 mL) was dissolved (2S,4S)-4-

25 acetoxy-2-cyano-1-[(2S,38)-2-
(£luorenylmethoxycarbonylamino)-3-
methylpentanoyl]pyrrolidine (115 mg), and then diethylamine

(0.4 mL) was added at room temperature, followed by
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met hyl pent anoyl | - 4- chl or 0- 2- cyanopyrrol i di ne hydrochloride 10 (1)

Synt hesi s of (2S,4S)-4-chl oro-2-cyano-|

[ (2S,3S)-2-(fluorenyl met hoxycarbonyl ani no) - 3- met hyl pent anoyl | pyrrolidi ne
In di chl oromethane (2 nL) - carbon tetrachloride (2 nL) was di ssol ved
(2S,4R) - 2-cyano-1-[(2S,3S5)-2 15

(fl uorenyl nmet hoxycar bonyl am no) - 3- net hyl pent anoyl ] - 4- hydr oxypyrrolidi ne
(200 ngy) obtained in Exanple 8 (2), and then tri phenyl phosphi ne (234 ng)

was added, Jofl.omes DY tiRd | ddnid) G Mpd RO dL Y af WoRrdV.er Rogblrdifg the
reaction solution was added ethanol (0.5. nmL), followed by stirring 20 at

room t enpergigdirgurof 1 datHBH S prodedueaciini1ael ol @hatast Eaampleraisd,under
reduced pressure, and the resulting residue was purified by a silica gel

col uim chr offed og €8 Yconstaved ofE aigngP | weentabtiepE as ef ydlacdsst e =1:1 -
2:3) to give the title compound (126 ng) as a col orl ess anorphous 25
subst ance. affEftowpossyvgzandB3([ MtNa] +). (2) Synthesis of

(2S,49)-1-[(2S, 39)-2-am no-3- met hyl pent anoyl ] - 4-chl oro-2-cyanopyrrolidine
hydr ochbor i de4s (ESE3 poAcdar/di:ng 26d [Mél Itanned 84ilM+Nar *do tE&L of Exanple 1
(5), the title conmpound (32 ngé_mas obtained as a colorless powder from
(2S, 4S) - 4- cie@r bm Lz cy26dC IMT¢IRE BS) - 2 (1 uor enyl net hoxycar bony!l ami no)-3- 5
nethylpentanoyl%ggrrolidine (100 ng). MS(ESI pos.)m z: 266([ M:tNa]' +).
Exanpl e 11 Eyam i 50of (2S)-1-[(2S, 3S)-2-ani no- 3-

Synthesis of (2S,4S)-1-[(2S,3S8)-2-amino-3-
methylpentanoyl]-4-chloro-2-cyanopyrrolidine hydrochloride

10 (1) Synthesis of (2S,4S)-4-chloro-2-cyano-1-
[(2S,38)-2-(fluorenylmethoxycarbonylamino)-3-
methylpentanoyl]pyrrolidine

In dichloromethane (2 mL) - carbon tetrachloride
(2 mL) was dissolved (2S,4R)-2-cyano-1-[(2S,3S)-2-

15 (fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-4-
hydroxypyrrolidine (200Img) obtalned in Example 8 (2), and
then triphenylphosphine (234 mg) was added, followed by
stirring at room temperature overnight. To the reaction
solution was added ethanol (0.5 mL), followed by stirring

20 at room temperature for 4 hours. The reaction solution was
concentrated under reduced pressure, and the resulting
residue was purified by a silica gel column chromatography
(developing solvent; hexane : ethyl acetate =1:1 - 2:3) to
give the title compound (126 mg) as a colorless amorphous

25 substance.

MS(ESI pos.)m/z: 488([M+Nal*t).
(2) Synthesis of (2S5,4S)-1-[(25,38)-2-amino-3-

methylpentanoyl]-4-chloro-2-cyanopyrrolidine hydrochloride
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met hyl pent anoyl | - 2- cyano- 4- oxopyrrolidine trifluoroacetate 10 (1)

Synt hesis of (2S, 4R)-2-(am nocar bonyl) - | ,

[ (2S, 3S)-2-(tert-butoxycarb. onyl am no) - 3- met hyl pent anoyl | - 4-

hydr oxypyrrolidi ne According to the manner simlar to that of Exanple 3
(2), the title conpound (260 ng) was obtained as 15 a col orl ess anor phous
subst ance from (2S, 4R)-2 (am nocar bonyl)-I-(tert-butoxycarbonyl)-4-

hydr oxypyrrolidine (276 ng) obtained in Reference Exanple 3 and

(2S, 39) - 2- (tert - byt areiiored aHd) MantrdFeldin N aroithataeifd EkAG®Leg)l. 20
MS(ESI pos.)mlz: 366([ MtNa]+), (ESI neg.)m z: 342([MH-). (2) Synthesis
of (2S)-2- (s NOEREbOOYL Y- bohpdn@S]32 mg) was obtained as a colorless

2- (tert-butoxycarbonyl am no) - 3- net hyl pent anoyl | - 4- oxopyrrolidine In

di chl or onet pen@et 16rom) (2ES48) s§othborg 25; dRn@-126(2S,3S) -2~

(am nocar bonyl )-1-[(2S, 3S)-2-(tert-but oxycarbonyl am no) - 3-

met hyl pent agbyhbrdnhiniebhgpycavbodyhami2s)d-8y), and then Mol ecul ar

Si eves-4A (1.5 g), pyridinium chlorochromate (235 ng) and acetic acid
(0.07 n5 weethyidipentahoylopydroyidise (E@9rmghg at room tenperature for 2
hours. The reaction solution was directly purified by a silica gel colum
chr omat ogr apiYs (BBl v @Di Hy/ 3ol 2t EMHEE N : ethyl acetate =1:1 - 1:3) to
give the title conmpound (180 ng) as a brown 5 anorphous substance. MS(ESI
pos.)m z: 3B3aMRARal}), (ESI neg.)mz: 340([MH-). (3) Synthesis of

(29)-1-1(25,39) - 2-(Ler o Put QXVERLPOIY| A8 N9dy %5 TR pent anoyl | - 2- cyano- 4-

methylpentanoyl]-2-cyano-4-oxopyrrolidine trifluoroacetate

10 (1) synthesis of (ZS,4R)-2-(aminocarbonyl)—l-
[(ZS,3S)-2—(tert-butoxycarbonylamino)—3—methylpentanoyl]-4-
hydroxypyrrolidine

According to the manner similar to that of

Example 3 (2), the title compound (260 mg) was obtalined as

15 a colorless amorphous substance from (2S,4R)-2-
(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-
hydroxypyrrolidine (276 mg) obtained in Reference Example 3
and (ZS,3S)-2-(tert-butoxycarbonylamino)—3-methylpentanoic
acid (290 mg).

20 MS(ESI pos.)m/z: 366([M+Nal*), (ESI neg.)m/z: 342([M-H]").

(2) Synthesis of (25)-2-(aminocarbonyl)—1-[(2S,3S)—
2- (tert-butoxycarbonylamino)-3-methylpentanoyl]-4-
oxopyrrolidine
In dichloromethane (10 mL) was dissolved (2S,4R)-2-

25 (aminocarbonyl)-l-[(ZS,BS)-2-(tert-butoxycarbonylamino)—3-
methylpentanoyl]-4-hydroxypyrrolidine (250 mg), and then
Molecular Sieves-4A (1.5 g), pyridinium chlorochromate (235

mg) and acetic acid (0.07 mL) were added, followed by
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oxopyrrolidine 10 In tetrahydrofuran (10 nL) was dissolved (2S)-2-
(am nocar bonyl )-1-[(2S, 3S)-2-(tert-butoxycarbonyl am no) - 3-
met hyl pent anoyl | - 4- oxopyrrolidine (168 ng) and, after ice- cooling,

trifluoroacetic anhydride (0.21 nmL) and diisopropylethylamne (0.51 nl)

wer e added,

reaction solution was diluted with ethyl acetate (100 niL), and washed

with water,

chl oride solution, successively, 20 and the organic phase was dried over

foll owed by 15 stirring with ice-cooling for an hour. The

- 10% aqueous pot assium bisul fate solution, water, a saturated
aqueous sodiiHrPiEqr HONBS 6 SObmpéPat@rsl for SAthgated ateedeactadnum

anhydr ous nagnEeie wasll detect iyt pliri £ldy aby i $1ki ek ygel) @agbunin by

filtration,

title conpottiforndfdgiaphps( e e DopimgosEhwerst s Ubstamee: B{ESIaposaten z:

t he sol vent was evaporated under reduced pressure to give

346([ MtNa] +), (ESI neg.)m z: 322([MH-). 25 (4) Synthesis of
(2S)-1-[(25:B8) - 2- and hot3- giree hyheett BheyddmpPowy@nol 80 ar@byas od i ki ofen

trifluoroacetate In ice-cooled trifluoroacetic acid (0.5 nL) was

(28%-:-p(ZsaﬁéprG@Sesubbuanﬁﬁcarbonylanino)-3- - 55
met hyl pent anoyl ] - 2- cyano- 4- oxopyrrolidine (91 ) and, after stirri at
Jéi £ fESda %

room t enper atMf
pressure. To the residue was added diisopropyl. ether
R s e

super nat ant

10

15

20

25

Sorogm. i 6564 ¢ RENas] hie

vas r el nthesie Qs il Mis

oxbpyrrolidine

In tetrahydrofuran (10 mL) was dissolved (2S)-2-
(aminocarbonyl)—l-[(ZS,BS)-2-(tert-butoxycarbonylamino)-3-
methylpentanoyl]-4-oxopyrrolidine (168 mg) and, after ice-
cooling, trifluorocacetic anhydride (0.21 mL) and
dilsopropylethylamine (0.51 mL) were added, followed by
stirring with ice-cooling for an hour. The reaction
solution was diluted with ethyl acetate (100 mL), and
washed with water, 10% aqueous potassium bisulfate solution,
water, a saturated aqueous sodium bicarbonate solution and
a saturated aqueous sodium chloride solution, successively,
and the organic phase was dried over anhydrous magnesium
sulfate. After removal of the drying agent by filtration,
the solvent was evaporated under reduced pressure to gilve
the title compound (174 mg) as a brown amorphous substance.

MS(ESI pos.)m/z: 346 ([M+Nalt), (ESI neg.)m/z: 322([M-H]").

(4) Synthesis of (2S)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]-2-cyano-4-oxopyrrolidine trifluoroacetate

In ice-cooled trifluorocacetic acid (0.5 mL) was

dissolved (28)-1-[(2S,3S8)-2-(tert-butoxycarbonylamino)-3-
- 55 -

t he
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ed izt et UddbH dduced
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MS(ESI pos.)m z: 246([ M+tNal +). 10 Exanple 12 Synt hesis of
(2S,39)-1-[(2S, 3S) - 2-am no- 3- net hyl pent anoyl | - 2- cyano- 3- hydr oxypyrrol i di ne
(1) Synthesis of (2S,3S)-2-(am nocarbonyl)-I-(tert '

but oxycar bonyl ) - 3- hydr oxypyrrolidine 15 According to the manner simlar to
that of Reference Exanple 3, the title conpound (3.19 g) was obtained as a
colorless solid from (2S, 3S)-1-(tert-butoxycarbonyl) - 3-

hydr oxypyrrol i di ne-2-carboxylic acid (3.47 g). MS(ESI pos.)nl z:

253([ MrNa) %ethﬁﬁbeﬁegnb?u -22396hdk b oYopy2Po (a1 Nt HESHE) 0dind,

(2S, 3S) - 2- (am nocar bonyl ) - 3- hydroxypyrrolidi ne hydrochl oride According to
t he manner afterastierihat aef rbsanpeepetdfirethert2o|rivobpountheas
obtained from (2S, 3S)-2- (anm nocarbonyl)-1-(tert-butoxycarbonyl)-3 25

hydr oxypyrrebildene waslévgporatied underneddatedveasessede. f do tthe next
reaction wi thout purification. (3) Synthesis of

(2S, 3S) - 2- (meshduer veryhjlded [Ai2Sp88ppPl(étherehyd mthoxgedr Badyl ani no) - 3-
- 56 nethyl pentanoyl | - 3- hydroxypyrrolidine In dichloronethane (20 nL) was
suspendéd (88pespazapt| wasempmeretoxyBardunesidiy YRHadRiHatdadbi c acid
(1.87 g), and then thionyl chloride (3.81 nL) was_added, .5 followed by
refl ux wi t hdhdaPPREPYr eZbem AdPeBl) ThandopDehRSQRELEG apBPEEBUCE NHRT

duced p , I 20 L dded id h
ol vent waccobbapset BY BadcretdahcEn BREEctRe. tHhIE FPBRCADAC! (And)

as a brown solid.
MS(ESI pos.)m/z: 246([M+Nal*t).
10 Example 12
Synthesis of (2S8,3S8)-1-[(25,3S)-2-amino-3-
methylpentanoyl]-2-cyano-3-hydroxypyrrolidine
(1) Synthesis of (2S,3S8)-2-(aminocarbonyl)-1l-(tert-
butoxycarbonyl)-3-hydroxypyrrolidine
15 According to the manner similar to that of Reference
Example 3, the title compound (3.19 g) was obtained as a
colorless solid from (ZS,BS)-1-(tert-butoxycarbonyl)-3-
hydroxypyrrolidine-2-carboxylic acid (3.47 g).
MS(ESI pos.)m/z: 253([M+Nal*), (ESI neg.)m/z: 229([M-H]7).
20 (2) Synthesis of (2S,38)-2-(aminocarbonyl)-3-
hydroxypyrrolidine hydrochloride
According to the manner similar to that of Example
1(2), the title compound was obtained from (2S,3S)-2-
(aminocarbonyl)-1-(tert-butoxycarbonyl)-3-
25 hydroxypyrrolidine (1.11 g). This intermedlate was used
for the next reaction without purification.
(3) Synthesis of (2S,3S)-2-(aminocarbonyl)-1-

[(2S,38)-2-(fluorenylmethoxycarbonylamino)-3-
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repeated once nore to give the crude product of the acid 10 chloride. In
N, N-di net hyl f or mami de (20 nl) was di ssol ved

(2S, 35) - 2- (ani nocar bonyl ) - 3- hydr oxypyrrol i di ne hydrochl oride obtained in
the above (2), and diisopropylethylamne (1.00 nL) was added, followed by
i ce- cooling. To this solution was added dropwi se a N, N 15

di met hylf ormam de solution (10 nL) of the previously resulting acid
chloride, followed by stirring with ibe- cooling for 20 m nutes. The
reaction sahéthghpa@batioyll es-hydidxgdytoro®tms e (100 nl) and washed with
a saturated aqueous sodium chloride solution, a saturated aqueous 20

sodi um bi car bonat ars @ idh lar et arsat(20amdd ause eus pendiedm ( 26h1361)i-de

sol ution, successively, and the organic phase was dried over anhydrous
magnesi um s(f fabeenpinethoryocarbowylamnimo b+ 3imatlagepentyndid tacid on, the
sol vent was evaporated under reduced pressure, and the resulting residue
was 25 puri€led7bg)a andithegethtonyhnclthonhie oG ephymk Hewes opddRA . sol vent ;
chl oroform: nmethanol =100:2 - 100:5) to give the title conpound (1.08 Q)
as a colr | Estleywed phvuseElnst whtle heabirs fops2§ Mmynubey( | | +). - 57
(4) Synthesis_of (28,38)-2-cyano-1ﬁ£é28,3%%-2-

(1 uor enyl nBPhBRYEaVB8NGVaRPRBY 4- HRERT | FetiCed\PTeSSURS dr B3 BSAT ol i di ne

compound. (7680 ngh T WHasBRaPReE abhe FEBHEHF el AnE Bt StbsYEhce 1rom
(1 uor enyl nEERBRS CF BoRyeH: REFOSeH=PHEFBERE andjie procedure was
repeated once more to give the crude product of the acid

10 chloride. In N,N-dimethylformamide (20 mL) was dissolved
(28,38)-2-(aminocarbonyl)-3-hydroxypyrrolidine
hydrochloride obtained in the above (2), and
diisopropylethylamine (1.00 mL) was added, followed by ice-
cooling. To this solution was added dropwise a N,N-

15 dimethylformamide solution (10 mL) of the previously
resulting acid chloride, followed by stirring with ice-
cooling for 20 minutes. The reaction solution was diluted
with ethyl acétate (100 mL) and washed with a saturated
aqueoué sodium chloride solutlon, a saturated aqueous

20 sodium bicarbonate solution and a saturated aqueous sodium
chloride solution, successively, and the organic phase was
dried over anhydrous magneslium sulfate. After removal of
the drying agent by filtration, the solvent was evaporated
under reduced pressure, and the resulting residue was

25 purified by a silica gel column chromatography (developing
solvent; chloroform : methanol =100:2 - 100:5) to give the

title compound (1.08 g) as a colorless amorphous substance.

MS(ESI pos.)m/z: 488([M+Nal™t).
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hydr oxypyrrolidine (920 ng). 10 MS(ESI pos.)m z: 470([ M+Na] +). (5)

Synt hesis of (2S,3S)-1-[(2S, 3S)-2-ammo- 3- :

met hyl pent anoyl | - 2- cyano- 3- hydroxypyrrolidine In nmethanol (1.8 nl) was

di ssol ved (2S, 3S)-2-cyano 1-[(2S, 3S)-2-(fluorenyl met hoxycar bonyl am no) - 3-
15 net hyl pent anoyl | - 3- hydr oxypyrrolidine (415 ng), and then diethyl am ne
(0.4 nm.) was added, followed by stirring at roomtenperature for 4 hours.
The sol ution was concentrated under reduced pressure, and the residue was
purified by a sili(@ag @ehthelsimn oFhr(@sgBegrapbyafidetel ¢pEngs)2a@-sol vent;
chl or of or m net hanol 25% aqueous ammoni a solution =40:1:0.1 25:1:0.1) to

gi ve the ti (i leacuempolnmest hdx8Ea o) n yphans reo) -@-resshydigen tanestlande.  MS( ES
pos.)nml z: 248([ MtNa] +). Exanple 13 25 Synt hesis of

(2S, 3R) - 1- [(ER@Yprrmwi dide net hyl pent anoyl | - 2- cyano- 3- fluoropyrrolidine
trifluoroacetate (1) Synthesis of (2S, 3S) 2S,3S)-2-(tert- -

butoxycarbonylanlﬂm¥xaihﬁmhykpéﬂﬁammﬂmer2Séwé&§r3iohyb x?ﬁyﬁﬁéWP&Pne I n
dichloronethane (5 nm) was dissolved 28,38?-I-

[ (2S, 3SP- 2-&M ho- Bheret kil 9 epempoynd - © ¥as; qmimﬁpﬁ%& i di ne (170
ng) obtained in Exanple 12 (5), and then di -tert-but di carboxyl ate (198
my) and diSSHFIRST APQFRAPRE FEPIEBNGR )ETRM o %ﬁhﬂﬁﬁ\ﬂil1 i ce- cooling,

fol |l oned by al:l_r?g\éarx]xgbonyfgafd[?5859§)fé)r 2 days.

(fluorenylmethoxycarbonylamino)-3-methylpentanoyl]-3-
hydroxypyrrolidine (920 mg).

10 MS(ESI pos.)m/z: 470([M+Nal*t).

(5) Synthesis of (28,3S)-1-[(2S,35)-2-amino-3-
methylpentanoyl]-2-cyano-3-hydroxypyrrolidine

In methanol (1.8 mL) was dissolved (2S,3S)-2-cyano-
1-1(2S,3S)-2-(fluorenylmethoxycarbonylamino)-3-

15 methylpentanoyl]-3-hydroxypyrrolidine (415 mg), and then
diethylamine (0.4 mL) was added, followed by stirring at
room temperature for 4 hours. The solutlon was
concentrated under reduced pressure, and the residue was
purified by a silica gel column chromatography (developing

20 solvent; chloroform : methanol.: 25% agqueous ammonia
solution =40:1:0.1 - 25:1:0.1) to give the title compound
(185 mg) as a colorless oily substance.

MS(ESI pos.)m/z: 248([M+Nalt).
Example 13

25 Synthesis of (2S,3R)-1-[(2S,3S)-2-amino-3-
methylpentanoyl]-2-cyano-3-fluoropyrrolidine
trifluoroacetate

(1) Synthesis of (25,3S)-1-[(25,3S)-2-(tert-
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The solution was concentrated under reduced Pressure, and 10 the residue
was purified by a silica gel colum chromatography (devel opi ng solvent;
hexane : ethyl acetate =1:1) to give the title compound (173 ng) as a

col orl ess anorphous substance. MS(ESI pos.)m z: 348([ M+tNa] +), (ESI
neg.)m z: 324([MH-). 15 (2) Synthesis of (2S3R)-1-[(2S,35)-2-(tert-
but oxycar bonyl am no) - 3- met hyl pent anoyl | - 2- cyano- 3- fl uoropyrrolidine
According to the manner simlar to that of Exanple 54, the title conpound

(65 ng) wapualhaidiachasy ancial ®F | Bese tHQ penvanoyly -2+oyieaced -f r om

(25,39 -1-[(2S,39)-2-(tert

but oxycar beipdryyreIeiing pent anoyl | - 2- cyano- 3- hydroxypyrrolidine (168
MS(ESI pos.)m z: 350([M+:Na]+). (3) Synthesis of

(2S, 3R) -1 - [ (2S, 3SIn2ddwhierdme2hane (5 mL) was dissolved (2S,38)-1-

net hyl pent anoyl | - 2-cyano- 3-fl uoropyrrolidine trifluoroacetate According to
the manner [si28 J3§) +2- amno o -medENpiRen tENY 1 hre 193 conpound (32 ng) was
obtained as a yellow - 59 powder fron1&§; S, 39 -2-(tert-

but oxyc&r bdwdzaryRyrme HedKe pehiGmg) 12 Séc&gﬁol@[ (Efz’iq.‘j‘lﬂlr?p)}r?r i g 62
(58)-1-{ (23798 A abent B0 enL e dnmaria g g ) £ i 11 i
hydrochloriae - -474-di fl uoropyrrolidine
diisopropylethylamine (0.158 mL) were added with ice-
cooling, followed by allowing to stand at 5°C for 2 days.
The solution was concentrated under reduced pressure, and
10 the residue was purified by a silica gel column
chromatography (developing solvent; hexane : ethyl acetate
=1:1) to give the title compound (173 mg) as a colorless
amorphous substance.
MS(ESI pos.)m/z: 348([M+Nalt), (ESI neg.)m/z: 324([M-H]").
15 (2) Synthesis of (2S,3R)-1-[(25,38)-2-(tert-
butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-3-
fluoropyrrolidine
According to the manner similar to that of Example
54, the title compound (65 mg) was obtained as a colorless
20 amorphous substance from (28,38)-1-[(2S,38)-2-(tert-
butoxycarbonylamino)-3-methylpentanoyl]—2-cyano—3-
hydroxypyrrolidine (168 mg).
MS(ESI pos.)m/z: 350([M+Nal*).
(3) Synthesis of (28,3R)-1-[(2S,3S)-2-amino-3-
25 methylpentanoyl]-2-cyano-3-fluoropyrrolidine
trifluoroacetate

According to the manner similar to that of Example

11(4), the title compound (32 mg) was obtained as a yellow
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(1) Synthesis of (2S)-2-(am nocarbonyl)-I-(tert- 10

but oxycar bonyl ) -4, 4-difl uoropyrrolidine According to the manner simlar to
that of Exanple 1(1), the title conpound (2.8 g) was obtained as a

col orl ess powder from (2S)-I-(tert-butoxycarbonyl)-4,4-

di fl uoropyrrolidine-2-carboxylic acid (3.2 g). 15 MS(ESI pos.)nl z:

273([ MtNal +), (ESI neg.)mz: 249([MH -). (2) Synthesis of
(2S)-2-(am nocar bonyl )-4,4- difluoropyrrolidine hydrochloride According to
t he manner sowdémrframt 2%, 3R) Ekahfp2@, 3923 (témt+itl e conpound (3.9 g) was
obtained as a 20 col orl ess powder from (2S)-2-(am nocarbonyl)-1-(tert-

but oxycar bdmytyxycarbipny Lambpy ) r dtmekhiglpendargyl  ERICYRIPR I N 2:

149([ M HI -), 185([N%CLI;%: (32 Synt hesi s of

(29) - 2- (ani hbéerepyyrolidines(&x)mg) .

2-(tert-butox carbonylanino)-S-netgﬁ

bpeqjanoyll-4,4- 25
di - f | uor opyr M8 (ER PO/ ng 3 M &aderer “similar to that of Exanple

1(3), the title conpound (1.0 g) was obtained as a colorless anorphous
subst ance f¥%APP2%)1%. (ami nocarbonyl) - 60 4, 4-di fl uoropyrrolidine
hydr ochl ori de (0.

2-(tert-butoxycar %ﬂ'&)%eraﬁnjrqfo§ngi(%§)h—ﬁ —p[e(rﬁsa'n3cﬁ S za'ca}m&‘n(oo_.afo g). MS(ESI
pos T Sl LUl FF 2 0edd1 4.+ 2L Bgbrro s dfle Dt e = o

(25)-1-[(2
butoxycarbo$¥hgggﬂggf§?gethyIpentanoylI-2-cyano-4,4- di fl uoropyrrolidine In
y .5

N, N-di net h or mam de m.) was di ssol ved
(1) Synthesis of (2S)-2-(aminocarbonyl)-1-(tert-
10 butoxycarbonyl)-4,4-difluoropyrrolidine
According to the manner similar to that of Example
1(1), the title compound (2.8 g) was obtained as a
colorless powder from (2S)-1-(tert-butoxycarbonyl)-4,4-
difluoropyrrolidine-2-carboxylic acid (3.2 g).
15 MS(ESI pos.)m/z: 273([M+Nal*), (ESI neg.)m/z: 249([M-H]7).
(2) Synthesis of (2S)-2-(aminocarbonyl)-4,4-
difluoropyrrolidine hydrochloride
According to the manner similar to that of Ekample
1(2), the title compound (3.9 g) was obtained as a
20 colorless powder from (2S)-2-(aminocarbonyl)-1-(tert-
butoxycarbonyl)-4,4-difluoropyrrolidine (5.4 g).
(ESI neg.)m/z: 149([M-H]"), 185([M+CL]").
(3) Synthesis of (2S)-2-(aminocarbonyl)-1-[(2S,38)-
2-(tert-butoxycarbonylamino)-3-methylpentanoyl]-4,4-
25 difluoropyrrolidine
According to the manner similar to that of Example

1(3), the title compound (1.0 g) was obtained as a

colorless amorphous substance from (28)-2-(aminocarbonyl) -
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(2S)-2-(am nocarbonyl)-1-[(2S,3S)-2-(tert- 10

but oxycar bonyl am no) - 3- net hyl pent anoyl | -4, 4 difluoropyrrolidine (0.90 g),
and t hen cyanuric chloride (0.28 g) was added, followed by stirring at
room tenperature for an hour. The reaction solution was taken up in
water, and extracted with ethyl acetate. The organic 15 phase was washed
W th a saturated aqueous sodium bicarbonate solution and a saturated
aqueous sodium chloride solution, successively, and dried over anhydrous

sodi um sul f gt g. qTRELEFYHPEr89E81 n¥esy A LHONESr D¥e f (d IF6td Prand aruk [ 3) -
filtrate was concentratéd under reduced pressure. 20 The residue was

purified byza(gbktCBubgskyEatbohy18hi AORL Donephyl dterel ot ngc 501 v@mo hexane
. ethyl acetate =20:1 - 4:1) to give the title conpound (0.76 g) as a

col orl ess agwprphous substance. MS(ESI pos.)m z: 368([ M-Na] +), (ESI
neg.)mz: 344([MH-). 25 (5) Synthesis of (2S)-1-[(2S, 3S)-2-am no- 3-

met hyl pent anays$ ( EQE qyeso}d/, 21+ d3 86 Qd-a¥yi ol | (BSe nelgpdimdehl d62dd Mrai] ™) -
(28)-I-[(28,38)-2-(tert-butoxycarbonylamlu?-S- - 61

met hyl pent anoyl | - 2¢ ¢y aSyn theis i fofiot Pl r¥ol (28 &8 )@ Hdept- was added 2M
aqueous hydrochloric acid solution (12 nmL), followed by stirring at room
t enper at ur eboterycghbonydamhao) sgruetbrlnastanerl] »h- R etdndt 2M aqueous
hydrochloric 5 acid solution (6 nmL) and, after stirring at room

t enper at ur eddféuargryrrohédafteous sol uti on was washed with ethyl acetate.

To the agueous phase weye, addad, (M aquepts (£ HY gl Aol on (35
(28)-2-{(aminocarbonyl)-1-[(2S,3S)-2-(tert-

10 butoxycarbonylamino)-3-methylpentanoyl]-4,4-
difluoropyrrolidine (0.90 g), and then cyanuric chloride
(0.28 g) was added, followed by stirring at room
temperature for an hour. The reaction solution was taken
up in water, and extracted with ethyl acetate. The organic

15 phase was washed with a saturated aqueous sodium
bicarbonate solution and a saturated aqueous sodium
chloride solution, successively, and dried over anhydrous
sodium sulfate. The drying agent was removed by filtration,
and the filtrate was concentrated under reduced pressure.

20 The residue was purified by a sllica gel column
chromatography (developing solvent; hexane : ethyl acetate
=20:1 - 4:1) to give the title compound (0.76 g) as a
colorless amorphous substance.

MS(ESI pos.)m/z: 368([M+Nal*), (ESI neg.)m/z: 344([M-H]").

25 (5) Synthesis of (28)-1-[(25,38)-2-amino-3-
methylpentanoyl]-2-cyano-4,4-difluoropyrrolidine
hydrochloride

To (2S)-1-[(2S,3S)-2-(tert-butoxycarbonylamino)-3-
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sodium chloride and, after stirring, the mxture was taken 10 up in a
sat urat ed aqueous sodi um bi carbonate solution and extracted with ethyl
acetate. The organi c phase was washed w th a saturated agueous sodi um
chloride solution and dried over anhydrous sodium sul fate. After renoval
of the drying agent by filtration, the filtrate was concentrated under 15
reduced pressure to give (2S)-1-[(2S, 3S)-2-am no- 3-
met hyl pent anoyl | - 2-cyano-4 4-difl uoropyrrolidine, which was then dissolved
in di ethyl métieylpeftandyl e oyeno by, 4 adtf I waropyradl hitnect® o¥é cd hci d
(ethyl acetate solution, 0.50 nL) with ice-cooling. The precipitated
i nsol ubl e 2@asubddedczMwagueottebyédobiyléricracidnseobuior (he mhtie
conmpound (0.37 g) as a colorless powder. MS(ESI pos.)nlz: 246([ MtH +),
268([ MtNa] Hfol1&8td hegsyhrringddt[ wpef- fempeug fwael §vernighp| &0 5hss
Synthesis of (2S,4S)-1-[(2S)-2-am no- 3- .
met hyl but aneglutRoryuns- addedonBpyfdbtianat BYdREEPPYFi A¥AredleghEhesis of
(28,48)-2-(aninocarbonyl)-l-[gZS)- ,
2- (tert Sout 8ky@afebRyiam 8)B) neRfy| BEESROFFLTEIRI63T FPOBr opyrrol i di ne
According to the manner simlar to,that of Example 1(3). th i tle ound
(4.22 q) vvaEe’BB?EPﬁ‘éHeagvﬁrn&SF‘Brl Ebg aﬁB?BﬂﬁugggﬂBi{’Bn%Sfﬁ%%qh%és‘f’gg‘?z 5
(am nocar bon -4-fluoropyrrolidine hydroc ' )
(28)-2-(ter?¥hzﬂ}o§98§i?%8nyl %#&?-%?%&W%%ér&?%%cﬁd #45 3B ES
pos.)m z: 3246k ML Ekox( B8 sBFEthBh?(383RL) Mk dn excess amount of
sodium chloride and, after stirring, the mixture was taken
10 up in a saturated aqueous sodium bicarbonate solution and
extracted with ethyl acetate. The organic phase was washed
with a saturated aqueous sodium chloride solution and dried
over anhydrous sodium sulfate. After removal of the drying
agent by flltration, the filtrate was concentrated under
15 reduced pressure to give (2S)-1-[(2S,3S5)-2-amino-3-
methylpentanoyl]-2-cyano—4}4—difluoropyrrolidine, which was
then dissolved in diethyl ether (20 mL), followed by
addition of 4M hydrochloric acid (ethyl acetate solution,
0.50 mL) with ice-cooling. The precipitated insoluble
20 substance was collected b& filtration to give the title
compound (0.37 g) as a colorless powder.
MS(ESI pos.)m/z: 246([M+H]*), 268([M+Nal*), (ESI
neg.)m/z: 244([M-H]"), 280([M+CL]").
Example 15
25 Synthesis of (2S,4S)-1-[(28)-2-amino-3-
methylbutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride
(1) Synthesis of (ZS,4S)-2-(aminocarbonyl)-1-[(ZS)-
2-(tert-butoxycarbonylamino)-3-methylbutanoyl]-4-
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(2) Synthesis of (2S,4S)-1-[(2S)-2-(tert 10

but oxycar bonyl am no) - 3- met hyl but anoyl | - 2- cyano-4- fluoropyrrolidine In

N, N- di met hyl f ormam de (16 nlL) was dissol ved

(2S, 4S) - 2- (am nocar bonyl )-1-[(2S)-2-(tert-

but oxycar bonyl am no) - 3- net hyl but anoyl | - 4-fl uoropyrrolidine 15 (4.03 g), and
cyanuric chloride (1.35 g) was added, followed by stirring at room
tenperature for an hour. The reaction solution was taken up in water and
extract ed witwmorephwirohtéinee. The organi c phase was washed with a
saturated aqueous sodium chloride solution and dried over 20 anh%Qrous
sodi um sul fate. AfRasonding dio dthe manney fgmidganit ooyrhat ofaB¥eAPrien

filtrate was concentrated under. reduced pressure tqHﬁ%ye the title
conpound (3149) g)the Eitle| eeme_und of f ¢22 V\& BES RRt3 BB [ M-Na] +) ,

ESI m 312 4S) -1 -[(2S) - 2- 3-
gethyrggt;Naél?r%eé%aﬂggﬁg?Pﬂﬁr6%9 F%ﬁ?%|ﬁ€“ﬁy§é%cﬁ$% ée IL(nE%hangr]?il
m.) was dis S

(oot b ox BT BORSFERTRG) - 4+ FERRGPRYFERbY IS Hydrochloriqy (2.33 o)
fluorOpyrrO"g'Q?sﬂ%fZgég%gg§g59§§%§£b§gﬁp g+6$93 i n fBﬁ%%EbiUd&@f@'OflC

aci d sol utidh e was r |sed to a room
tenperature agg éZen the mxture was stirred overnight. The met hanol was
5 concentra ed reduced pressure, and the resulting aqueous sol ution

as vashed viydy @iy PYoBORh £ TR il PSS PASE. M6 sl M pabcous
sodlunlhydrOX|de utiton (12 nLS and sodi um chl oride and, after
extraction (2) Synthesis of (2S,4S)-1-[(2S)-2-(tert-
10 butoxycarbonylamino)-3-methylbutanoyl]-2-cyano-4-
fluoropyrrolidine
In N,N-dimethylformamide (16 mL) was dissolved
(28,48)-2-(aminocarbonyl)-1-[(28)-2-(tert-
butoxycarbonylamino)—3-methylbutanoyl]—4-fluoropyrrolidine
15 (4.03 g), and cyanuric chloride (1.35 g) was added,
followed by stirring at room temperature for an hour. The
reaction solution was taken up in water and extracted with
ethyl acetate. The organic phase was washed with a
saturated aqueous sodium chloride solution and dried over
20 anhydrous sodium sulfate. After removal of the drying
agent by filtration, the filtrate was concentrated under.
reduced pressure to give the title compound (3.49 g) as a
colorless solid.
MS(ESI pos.)m/z: 336([M+Nalt), (ESI neg.)m/z: 312([M-H]").
25 (3) Synthesis of (2S,48)-1-[(28)-2-amino-3-
methylbutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride
In methanol (11 mL) was dissolved (25,4S)-1-1(28)-2-

(tert-butoxycarbonylamino)-3-methylbutanoyl]-2-cyano-4-
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with ethyl acetate, the organic phase was washed with a 10 saturated
aqueous sodi um chloride solution. The resulting organic phase was dried
over anhydrous sodium sul fate, the drying agent was renoved by filtration,
ahd the filtrate was concentrated under reduced pressure to give
(2S,4S)-1- [(2S)-2-am no- 3-net hyl but anoyl | - 2-cyano- 4-fl uoropyrrolidine 15
(0.80 g) as a colorless solid, an aliquot (0.60 g) of which was then

di ssolved in nmethanol, and added to a diisopropyl ether solution (22 m)
of 4M hydr odRluomopyasiod iddmiey|(1.d0etgdt endol afitem, 18e7¢onil)ing,t M

I ce-cooling. The solution was stirred at roomtenperature for an hour, and
the 20 precieguegued hytagadior isukbstidnselwddovol(lécmdd bps fddedat iBimet o
give the title conmpound (0.75 g) as a colorless powder. MS(ESI pos.)niz:
214( [ MrH] +) terpegpimmg was edisedndg. pmrpom2igmprkatury, 254 then, the

1H NVR( DMSO- dG, 500vHz) 88. 57( 3H, br s), 5. 55(1 H, br

d, J=51. 8Hz) M XbEmeHw@s) =¢ ixed ovegnighdo( JFheymatbanel wag=7. 3Hz), 2. 55-
2.34(2H, M, 2.12(IH M, 1. 01(3H,d, J=6. 7Hz) , O. 98(3H,d, J=6. 7THz) - 64 Exanple
16 Synt hesi §°8F P§§%§)-Iu- SEERpcedyprRgsyre., and the resulting

met hoxybut anoyl | - 2- cyanq-,4-f | uar o ral i dine hydrochl oride 1),.Synt hesis
of (25, 4S)-f— gl%llﬁogé)ﬁﬁl n)_VﬁaSSW%%li'le% W tpx et¥1y5_ ace%ate. é‘o thé/

2S, 3R) - 2- - REL Qg 23 P R
#fuorop;rro%%gk%%gﬁéﬁorggﬁgato %ﬁéﬁgg#ﬁggﬁépﬁ?rgghgg%gh Fégﬁlg%anple 1(3),

the title cQuEA4id( 4128 ) Yo SRW@LRELH38r3de and, after extraction

with ethyl acetate, the organic phase was washed with a

10 saturated aqueous sodium chloride solution. The resulting
organic phase was dried over anhydrous sodium sulfate, the
drying agent was removed by filtration, and the filtrate
was concentrated under reduced pressure to give (25,4S8)-1-
[(2S)-2-amino-3-methylbutanoyl]-2-cyano-4-fluoropyrrolidine

15 (0.80 g) as a colorless solid, an aliquot (0.60 g) of which
was then dilssolved in methanol, and added to a diisopropyl
ether solution (22 mL) of 4M hydrochloric acid (ethyl
acetate solution, 0.77 mL) with ice-cooling. The solution
was stirred at room temperature for an hour, and the

20 precipitated insoluble substance was collected by
filtration to give the title compound (0.75 g) as a
colorless powder.

MS(ESI pos.)m/z: 214([M+H]*), 236([M+Nal*), (ESI

neg.)m/z: 248([M+CL]").

25 1H-NMR(DMSO—d6,500MHz)68.57(3H,br s),5.55(1H,br
d,J=51.8Hz),5.06(1H,d4,J=9.2Hz),4.08-
3.90(2H,m),3.83(1H,d,J=7.3Hz),2.55~

2.34(2H,m),2.12(1H,m),1.01(3H,d,J=6.7Hz),0.98(3H,d,J=6.7Hz)
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col orl ess anor phous substance from (2S,4S)-2 10

(am nocar bonyl ) - 4-fl uoropyrrolidine hydrochloride (1.18 g) and

(2S, 3R)-2-(tert-butoxycarbonyl am no) - 3- et hoxybutanoic acid (1.63 g).
MS(ESI pos.)mlz: 370([ M+tNal +), (ESI neg.)m z: 346([MH-). (2) Synthesis
of (2S,49)-1-[(2S,3R)-2-(tert 15

but oxycar bonyl am no) - 3- net hoxybut anoyl | - 2- cyano-4- fl uoropyrrolidine
According to the manner simlar to that of Exanple 15(2), the title
conpound (1EQ8mpg)lewdé obtained as a colorless solid from

(2S, 4S)-2-(am nocarbonyl)-1-[(2S,3R) 20

2- (tert-but oxycar bRyythes iw)oB- (@8 M)olr RS/ IR Y2 fdmigrao@H rol | di ne (2. 17
g). MS(ESI pos.)nfz: 352( &N%hb]+) (ESI neg.)m z: 328([MH -). (3)

Synt hesi s omepggxggytanpy $-3rRyyanan#nblgoropyrrolidine hydrochloride

met hoxybut anoyl ] - 2 cyano- 4-fl uoropyrrolidine hydrochl oride 25 According to
the manner simlar(} $Yﬁﬁh%ﬁl$39£&ﬂ%§ 43\ -H- (qmiPQQQqQ9Qﬁﬁﬂpéund (0.61 Q)
was obtai ned as a_.col orl ess. powder fron1£28 4S}-I]% S,3R)-2-(tert-

but oxycar boh{EamRey 23{ ﬁ@i—'l’ié?%&%‘&ﬁ%ijp‘l’nfé %‘9%6 23 -mgEhoxy BF%%?/Y%T?du ne
(1.82 g). ESI 230([ M¥H +), 252[ MkNal +), (ESI neg. ) nl z:

264 M-CLI - ) EQﬁ Vﬁrégﬁéigﬁnthe3|s of (2S,4S)-1-[(2S)-2-anino-3, 3-

di met hyl but anoy | g cxneed £ uek oL AL AR TSN U s s o

2- (tert-but pxygar baayl3gh BOLompdula s MY b0Y) aP¥! bpfainea as a
colorless amorphous substance from (2S5,4S8)-2-

10 (aminocarbonyl)-4-fluoropyrrolidine hydrochloride (1.18 g)
and (2S,3R)-2-(tert-butoxycarbonylamino)-3-methoxybutanoic
acld (1.63 g).

MS(ESI pos.)m/z: 370([M+Na]l*), (ESI neg.)m/z: 346([M-H]").
(2) Synthesis of (2S5,4S)-1-[(2S,3R)-2-(tert-

15 butoxycarbonylamino) -3-methoxybutanoyl]-2-cyano-4-

fluoropyrrolidine

According to the manner similar to that of Example
15(2), the title compound (1.96 g) was obtained as a
colorless solid from (2S,4S)-2-(aminocarbonyl)-1-[(25,3R)-

20 2-(tert-butoxycarbonylamino)-3-methoxybutanoyl]-4-
fluoropyrrolidine (2.17 g).

MS(ESI pos.)m/z: 352([M+Nal*), (ESI neg.)m/z: 328([M-H]").
(3) Synthesis of (2S8,48)-1-[(2S,3R)-2-amino-3-
methoxybutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride

25 According to the manner similar to that of Example
15(3), the title compound (0.61 g) was obtalned as a
colorless powder from (2S5,4S)-1-[(2S,3R)-2-(tert-

butoxycarbonylamino)-3-methoxybutanoyl]-2-cyano-4-
- 65 -



fluoropyrrolidine 10 According to the manner simlar to that of Exanple
1(3), the title conpound (4.14 g) was obtained as a colorless anorphous
substance from (2S, 4S)-2- (am nocarbonyl)-4-fluoropyrrolidine hydrochl oride
(2.00 g) and (2S)-2-(tert-butoxycarbonyl am no) -3, 3-di net hyl butanoic 15
acid (2.74 g). MS(ESI pos.)mlz: 368([MtNal +), (ESI neg.)m z: 344([MH-).
(2) Synthesis of (2S,4S)-1-[(2S)-2-(tert-
butoxycarbon{Ianino)-3,3-dinethylbutanoyll-2-cyano-4- fl uoropyrrolidine 20
Accor di ng t §lupsopunnedidinel 42 .88 ghat of Exanple 15(2), the title
conpound (2.90 8% was obtained as a colorless solid from

(2S, 4S) - 2- (arfPOBERF PGt Jm/ 2| (2F) (M+H]*), 252[M+Nal*), (ESI neg.)m/z:
(tert-butoxycarbonyl am no) - 3, 3-di net hyl but anoyl | -4- fluoropyrrolidine (4.10
g). 25 MVB(E3P4pYEChd 2+ 350([ M¥Na] +), (ESI neg.)mz: 326([MH-). (3)

Synt hesi s of %28 4S&-I-[(28)-2-anino-3,3-

di met hyl but B¥8FPrLe22dyano- 4- f | uor opyrrol i di ne hydrochl ori de According to

Egg Zg;] r[?IZQ) l gr%ﬁﬁ%gaiﬁo%f Eé?ﬁa%m%n@&s])-l%?%%%:?ﬂﬁﬁ uor opyrrolidine

2.25 . i )
(55 s 1\ T RABP RYRB Ty 2o cvpngy ¢ fhugrogysroliaine hyarocnioride

di et hyl but anoyl ] - Y& 5 oL PP 0} 4 fli 1 quot
(0.80 g) of the regﬁ ti“agtlg?%%ﬂcéﬁv\g%é't#eﬂuf éxﬁ%ﬂn%%&%t?%ﬁiﬂfieﬂ [ggbr;%{)und

(0.92 g). MgC @brﬁo%uk@&&ba%@@hgwﬁm?hébr3(ESB1MQgh¥MB&ta36 ghMmCL] -
r s ,

1H NVR( DMSO- d6, 500MHz) 58. 54( 3H, , 5. 55( 1H, br =51.5Hz),
fluoropyrrolidine
10 According to the manner simllaxr to that of Example

1(3), the title compound (4.14 g) was obtained as a
colorless amorphous substance from (ZS,4S)—2—
(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (2.00 g)
and (2S)-2-(tert-butoxycarbonylamino)-3, 3-dimethylbutanoic
15 acid (2.74 g).
MS(ESI pos.)m/z: 368([M+Nal*), (ESI neg.)m/z: 344([M-H]").
(2) Synthesis of (28,4S)-1-[(28)-2-(tert-
butoxycarbonylamino)-3,3-dimethylbutanoyl]-2-cyano-4-
fluoropyrrolidine
20 According to thé manner similar to that of Example
15(2), the title compound (2.90 g) was obtained as a
colorless solid from (2S,4S)-2-(aminocarbonyl)-1-[(28)-2-
(tert-butoxycarbonylamino)-3,3-dimethylbutanoyl]}-4-
fluoropyrrolidine (4.10 g).
25 MS(ESI pos.)m/z: 350([M+Nal*), (ESI neg.)m/z: 326([M-H]").
(3) Synthesis of (2S5,4S)-1-[(2S)-2-amino-3,3-
dimethylbutanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride

According to the manner similar to that of Example
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10 5.07(1H,d, J=9. 8Hz), 4. 15-3.93(2H, M, 3. 79(1H, s), 2. 55- 2. 32( 2H,

m, 1. 05(9H s)o Exanple 18 Synthesis of (2S,4S)-1-[(2S)-2-am no-3, 3-

di met hyl but anoyl ] - 2- cyano- 4-fl uoropyrrolidi ne hydrobrom de* 15 nonohydrate
In methanol (6 nlL) was dissolved (2S,4S)-1-[(2S)-2-

am no- 3, 3-di net hyl but anoyl ] - 2- cyano-4-fl uoropyrrolidine (0.25 g) obtained
i n Exanple 17, and then added to an ice-cooled m xture of 48% hydrobrom c
acid (0.14 nL) and 20 diisopropyl ether (9 nlL). Further, diisopropyl ether
(5 nl) wasladded, (2d,ld@ded -y 2st)i-2ramgnotBe3pdemephiyabatdanoyystals were
collected by filtration, and the resulting crystals were dissolved in

met hanol ( 1cyamb)4-d£dadedopyrawlidieecdal.2d g3opaspypbtadeedt Erém7 nL) and
stirred. The 25 precipitated crystals were collected by filtration to give
the title céd@BodRd -(10.[2QSJ) 2ad tertobutoxysapbadydaminnat3¢dtcd. for
C1l1H18FN3OHBr H2O C, 40.50; H, 6. 49; N, 12.88; B r, 24.49; F, 5. 82. Found: C, 40. 57;

H, 6. 44; N, 13ddmeghylbuwanoyd. 18 2-cygpo-3 - flpexppysredidinenésdi- 41 g) .
(28,48)-I-[%28,3R)-2-anino-3- net hyl pent anoyl | - 2- cyano- 4-f | uor opyrrol i di ne
hydr ochl®r i d&oms an pldmmciediOs 88f 9)28f1&heoTregnilhdigr BEAGITE| was™ then

[ (2S, 3R) - 2-(tert-but oxycarbonyl am no) - 3- net hyl pent anoyl | - 4-
quoropyrro%&’&ﬁ%@eﬁc%i% COHPO rqnéto's?izrrgﬁar to that of Example 1(3),

the title comparpdy($o30)0)212558PtALRET+ S fest neg.)m/z: 262(IM+cLI-
).
'H-NMR (DMSO-dg, 500MHz )88 .54 (3H,br s),5.55(1H,br d,J=51.5Hz),
10 5.07(1H,d4,J=9.8Hz),4.15-3.93(2H,m),3.79(1H,s),2.55-2.32(2H,
m),1.05(9H,8).
Example 18
Synthesis of (25,48)-1-[(2S)-2-amino-3,3-
dimethylbutanoyl];2-cyano-4-fluoropyrrolidine hydrobromide:
15 monohydrate
In methanol (6 mL) was dissolved (25,4S)-1-[(28)-2-
amino-3,3—dimethylbutanofl]-2-cyano—4—fluoropyrrolidine
(0.25 g) obtained in Example 17, and then added to an
ice-cooled mixture of 48% hydrobromic acid (0.14 mL) and
20 dilsopropyl ether (9 mL). Further, diisopropyl ether (5
mL) was added, followed by stirring. The precipitated
crystals were collected by filtration, and the resulting
crystals were dissolved in methanol (1.5 mL), added to an
ice-cooled isopropyl acetate (17 mL) and stirred. The
25 precipitated crystals were collected by filtration to give
the title compound (0.20 g) as a colorless powder.
Anal.calcd. for C,,H,,FN,0'HBr'H,0:C,40.50;H,6.49;N,12.88;B

"'r,24.49;F,5.82. Found:C,40.57;H,6.44;N,13.02;Br,24.52;F,5.8
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10 col orl ess anorphous substance from (2S, 4S) - 2-

(am nocar bonyl ) -4-fl uoropyrrolidine hydrochloride (0.67 g) and
(2S,3R)-2-(tert-butoxycarbonyl am no) - 3-met hyl pentanoi ¢ acid hem hydrate
(0.96 g). MS(ESI pos.)m z: 368([MNa]+), (ESI neg.)mlz: 344([MH-). 15
(2) Synthesis of (2S,4S)-1-[(2S,3R)-2-(tert-

but oxycar bonyl am no) - 3- net hyl pent anoyl | - 2- cyano-4- fl uoropyrrolidine
According to the manner simlar to that of Exanple 15(2), the title
conpound (1315 g) was obtained as a 20 col orl ess anorphous substance from
(2S,4S)-2- (am nocarbonyl)-1-[(2S,3R)-2-(tert-butoxycarbonyl am no) - 3-

nmet hyl pent aBsgampl4- lBuor opyrrolidine (1.23 g). MS(ESI pos.)m z:

350([ M+Nal +), (ESI neg.)m z: 326([MH] - 2 (3? Synt hesi s of

(2S, 4S)-I-[(28 3R)Syn‘ah€ﬁb83(%% 45)-1-1(2S,3R)-2-amino-3-

met hyl pent anoyl | - 2- cyano-4-fl uoropyrrolidi ne hydrochl oride_ According to
t he nmanner @ﬁ%hwape%apﬁatllofz -eXaRpré-figesppyrRreliding hydpechdcrsdeo g)

ot hy | pent anoy! | - 2 £ SEREReH 01 by 1491 11 1o (VGG LONBLED - pob )i 2:
228([ M+ 0
SyngLesr1+é{(§§ g%g“ kf@§§(gg%o§ygarh8n§1am§ng N% t%ylpenggnoy%?-é-

met hyl pent a |l -2- fl uoropyrrolidine hydrochloride (1) Synthesis
of (2S, 49)- g%&ﬁf’ﬁ’é’ rggﬁil")ﬁ

[ (2S,35)-2-(tert - bytoxygan§opy! M NpansFEL I PLRLANOMA L 45f Example

fl uoropyrrolidine
1(3), the title compound (1.30 g) was obtained as a

10 colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (0.67 g)
and (2S,3R)-2-(tert-butoxycarbonylamino)-3-methylpentanoic
acid hemihydrate (0.96 g).

MS(ESI pos.)m/z: 368([M+Nal*), (ESI neg.)m/z: 344([M-H]").

15 (2) Synthesis of (2S5,4S)-1-[(2S,3R)-2-(tert-
butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-
fluoropyrrolidine

According to the manner similar to that of Example
15(2), the title compound (1.15 g) was obtained as a

20 colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-l-[(ZS,3R)-2-(tert-bufoxycarbonylamino)—3-
methylpentanoyl]-4-fluoropyrrolidine (1.23 g).

MS(ESI pos.)m/z: 350([M+Nal*), (ESI neg.)m/z: 326([M-H]").
(3) Synthesis of (2S,4S)-1-[(2S,3R)-2-amino-3-
25 methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochlorilde
According to the manner similar to that of Example
15(3), the title compound (0.29 g) was obtained from

(28,48)-1-[(2S,3R)-2-(tert-butoxycarbonylamino)-3-
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v ’ =

10 According to thé‘!;nner simlar to that of Exanple 1(3), the title
conpound (0.99 g) was obtained as a colorless anorphous substance from
(2S, 4S)-2- (am nocarbonyl)-4-fluoropyrrolidine hydrochloride (0.51 g) and
(:2S, 3S) - 2-(tert - but oxycar bonyl am no) - 3- et hyl pentanoic 15 acid (0.69 g).
MS(ESI pos.)nlz: 368([ MtNal +), (ESI neg.)m z: 344([MH -). (2) Synthesis
of (2S,4S)-1-[(2S,39)-2-(tert- _ :

but oxycar bonyl am no) - 3- net hyl pent anoyl | - 2- cyano-4- fl uoropyrrolidine 20
Accor di ng tmethglpentanogilii-Racyanot AaflubrErmnpbdidine2jl.08edlditle
conpound (0.83 g) was obtained as a colorless anorphous substance from
(2S, 4S) - 2- (s OBSErbosy) /2 [228 BSHHDE |t 6250 biN-IgLar boBSTani no) - 3-

met hyl pent anoyl | - 4-fl uoropyrrolidine (0.84 g). 25 MS5(ESI pos.)niz:

350( [ M+Na] +heg(. B8l 2ne@ 6RMIM+CBAG0[-M HI -). (3) Synthesis of

(2S,4S)-1-[(2S, 3S)-2-am no-3- net hyl pént anoyl | - 2- cyano- 4-fl uoropyrrolidine
hydr ochl ori &am®der @0ng to the manner similar to that of Exanple - 69

obt i nech i n Exampl SYACDGASS bt of PeitF) ol (25, 3674 &fno 1811 (1E compound
et hy!bent aRBJ I TBS RO GO Bg Aor LHCREDYbEabLgf e shEdERgPAoT e
ryclraohl or1 e 1 ¢ L4 aRYAFBPBEAN ot 1070 ot b Rt aR e L e
(0.47 9), anq & Ry anydrilidit 03] ddrdRyidnThb ) - 3-methylpentanoyl]-4-
fluoropyrrolidine
10 According to the manner similar to that of Example
1(3), the title compound (0.99 g) was obtained as a
colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (0.51 g)
and (ZS,BS)-2—(tert—butoxycarbonylamino)-3-methylpentanoic
15 acid (0.69 g).
MS(ESI pos.)m/z: 368([M+Nal*), (ESI neg.)m/z: 344([M-H]").
(2) Synthesis of (25,4S8)-1-[(25,3S)-2-(tert-
butoxycarbonylamino)-3-methylpentanoyl]-2-cyano-4-
fluoropyrrolidine
20 According to the manner similar to that of Example
15(2), the title compound (0.83 g) was obtained as a
colorless amorphous substance from (2S,48)-2-
(aminocarbonyl)-l-[(ZS,BS)—2-(tert-butoxycarbonylamino)-3-
methylpentanoyl]-4-fluoropyrrolidine (0.84 g).
25 MS(ESI pos.)m/z: 350([M+Nal*), (ESI neg.)m/z: 326([M-ﬁ]').
(3) Synthesis of (2S5,4S)-1-[(28,3S)-2-amino-3-
methylpentanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride

According to the manner similar to that of Example
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10 of (2S,4S)-1-bronoacetyl -2-cyano-4-fluoropyrrolidine (0.30 g) was added
W th ice-cooling. The tenperature was gradually raised. and, after stirring
at roomtenperature overnight, the solution was concentrated under reduced
pressure. To the resulting residue was added a saturated 15 aqueous sodi um
bi carbonate solution, followed by extraction wth chloroform The organic
phase was washed with a saturated aqueous sodi um chl ori de sol ution and
dried over anhydrous sodium sulfate and, after renoval of the drying

agent by fil%¢aliobhethitliel compeunds(Qohtent r atlichuntRys Zepntedised
pressure. The resulting residue was suspended in diethyl ether, and an

i nsol ubl e swibkh ablee @empevnfeebtaingd in|Exampls 1o vgas/@btalned from
(2S,4S)-1-(tert-but Ianlno%acet yl -2- cyano-4-fluoropyrroljidine (0.26 g) as
g col oIrI gsz( powdie) - 1-hh28) sglok- (’9‘32'5 @'}t%’FYWW rh%%’:‘édded to an ice
5 cool e i ethyl ether solution of 4M hydrochlorjc_acid h acetate
sol uti on, %thi}PeFBPPﬁﬂéé ByCYene T £ nhl BT ORHOT? ¥9ﬁﬁﬁzﬁ9n%§ *an hour.

An i nsol ubl e sub tagge was collected by filtration to give the title
conpouné (0E 0O as a colorless powder. MS(ESI pos.)nl z:

R A 36228%“‘%#% S 2Ry e AR Ny tphn ORI ) - 1
21 %% Bacr v SrBhoduz LB lilrbiading Rifodnigkidh 9706, 21

2.40(2H m, 1. 33( 9H$) t o EXAPA Lo Rieray U TEHIS) Had 2B A rvesewrar4-fl uoro-| -

butylamine (0.47 g), and a tetrahydrofuran solution (3 mL)
10 of (2S,4S)-l-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.30
g) was added with ice-cooling. The temperature was
gradua;ly raised and, after stirring at room temperature
overnight, the solution was concentrated under reduced
pressure. To the resulting residue was added a saturated
15 aqueous sodium bicarbonate solution, followed by extraction
with chloroform. The organic phase was washed with a
saturated aqueous sodium chloride solution and dried over
anhydrous sodium sulfate and, after removal of the drying
agent by filtration, the filtrate was concentrated under
20 reduced pressure. The resulting residue was suspended 1n
diethyl ether, and an insoluble substance was collected by
filtration to give (2S,4S)-1-(tert-butylamino)acetyl-2-
cyano-4-fluoropyrrolidine (0.26 g) as a colorless powder,
an aliquot (0.25 g) of which was then added to an ice-
25 cooled diethyl ether solution of 4M hydrochloric acid
(ethyl acetate solution, 0.3 mL), followed by stirring at
room temperature for an hour. An insoluble substance was

collected by filtration to give the title compound (0.28 g)
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10 (isopropyl am no)acetyl pyrrolidine hydrochloride According to the manner
simlar to that of Exanple 21, the title conpound (0.16 g) was obtai ned as
a col’orless powder fromisopropyl am ne (0.65 g) and (2S, 4S)-1-

br onbacet yl - 2- cyano-4-fl uoropyrrolidine (0.50 g). 15 MS5(ESI pos.)m z:

214([ M+H] +), 236([ MtNa] +), (ESI neg.)mz: 212([MH -), 248([ M+CL]-).
Exanpl e 23 Synthesis of (2S,4S)-2-cyano-| -

(cycl opropyl am no) acetyl -4-fl uoropyrrolidine hydrochloride 20 According to
t he manner asnal ablbolebat pofvdExanpl e 21, the title conpound (0.28 g) was
obt ai ned as a colorless powder fron1cyc|opropy|an1ne (0.86 g) and

(2S, 4S) - 1- brMsSESEtYyds 2} myzano2 28 € Nt by r28 0 diMeNg 100 )71 (ST MS( ESI
pos.)m z: 212([ MtH +), 234([M:Na]+), (ESI 25 neg.)m z: 246([ M+CL]-).
Exanpl e 24 sggt hméis 626GQB;H$Y)2 aﬁaﬁbMFCL]‘)

(cycl obutyl am no) acet yl - 4-f| uoropyrrol i di ne hydrochl oride - Accordlng
to the manneH- EMHPMS%@HWMH% é(d{%l%l bzfls)trﬁef’ﬁl(tlﬁeb(’foﬁp%uﬁa pBz31 q)
was obtai ned as a col or wder fron1cyc|obut i HO% g

(25, 49) A1- ereﬁoac@@szmayénmwpeerapg;ftr6»;ta.ﬁ {ourizbnd, by Bepn
pos.)nm z ( 8( [ MtNa], + g z OL[ ) anpl e
b5 synt 2. 228¢ 1[5 1}1;3}1 %—ggaﬁ'ﬁa Y a6TTh, a895L96%0, 29061 M¥hly) o Byamp

(cyclopenty&aqbqghac?txl3%(5 uoropyrrolidine hydr ochl ori de

Example 22
Synthesis of (2S,4S)-2-cyano-4-fluoro-1-
10 (isopropylamino)acetylpyrrolidine hydrochloride
According to the manner similar to that of Example
21, the title compound (0.16 g) was obtained as a colorless
powder from isopropylamine (0.65 g) and (2S5,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.50 g).
15 MS(ESI pos.)m/z: 214([M+H]*), 236([M+Nal™*), (ESI
neg.)m/z: 212([M-H]~), 248([M+CL]1").
Example 23
Synthesis of (2S,4S)-2-cyano-1-
(cyclopropylamino)acetyl-4-fluoropyrrolidine hydrochloride
20 According to the manner similar to that of Example
21, the title compound (0.28 g) was obtained as a colorless
powder from cyclopropylamine (0.86 g) and (2S,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g).
MS(ESI pos.)m/z: 212([M+H]*), 234([M+Na]*), (ESI
25 neg.)m/z: 246([M+CL]").
Example 24
Synthesis of (2S,4S)-2-cyano-1-

(cyclobutylamino)acetyl-4-fluoropyrrolidine hydrochloride
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10 According to the manner simlar to that of Exanple 21, the title
conpound (0.58 g) was obtained as a colorless powder from cycl opentyl am ne
(1.28 g) and (2S,4S)-1- bronvpacetyl -2-cyano-4-fluoropyrrolidine (0.71 g).
MS(ESI pos.)mlz: 240([ M+H] +), 262([ MtNa] +), (ESI 15 neg.)m z:

274([ M+CL] -). Exanple 26 Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(1-

hydr oxynmet hyl ) cycl opent yl am no] acetyl pyrrol i di ne hydrochl oride 20
According to the manner simlar to that of Exanple 21, the title conpound
(0.51 g) was obt ai RecoB&img CbbotheSpanpomdeimiYaxnto that of Example

(1- hydr oxymet hyl ) cycl opentyl am ne (0.59 g) and

(2S, 4S) - 1- bponoanet yit2ecyanpohnid Yoropyy)olvadi opt&fnéd gy. aMSOESHless
pos.)m z: 292([ MtNa] +), (ESI neg.)m z: 268([MH-), 25 304([ M+CL]-).

1H NVR( DVSOpd@de@0 fipin5 8yed obHtlamind. 68( QH, o) shd5(35¢48) blr

d, J=52. 4Hz), 5. 08-5. 05(1H, m, 4. 17( 1H, br d,J=16.5Ft),4.09§1
H, dd, J=23. 1bt2mRHEZEt3198¢ Chlabo-d -Fiuerspyyrolidine (0d73=89. - 72
.3,12.2,3. 1Hz), 3. 51&3. 48( 2H, ABq, J=12. 5Hz), 2. 56-2. 36(2H, m ,1 .86-1.

68(6H M5 1. BO(ESHEPOs: W/ z Exadpl EMpH] ) nt e BIg¥al ™), (ESI

(2S, 4S) - 2-cyano-4-fluoro-1-(3 5 isopropoxypropyl am no)acetyl pyrrolidine
hydr ochl ori Be9-DR/Eét PRRYdM3Cldan -(15 nL) was dissol ved 3-

i sopropoxypropylamne (1.1 g), and then a tetrahydrofuran solution (5 ni)
of (28,48)-?3 &6a3étyl-2-cyano-4- fluoropyrrolidine (0.45 g) was added

W th ice-cooling. g@%thesis of (2S,4S)-2-cyano-1-

(cyclopentylamino)acetyl-4-f1uoropyrroiidine hydrochloride

10 According to the manner similar to that of Example
21, the title compound (0.58 g) was obtained as a colorless
powder from cyclopentylamine (1.28 g) and (2S,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g).

MS(ESI pos.)m/z: 240([M+H1*), 262([M+Nal*), (ESI

15 neg.)m/z: 274([M+CL]").

Example 26
Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(1-

hydroxymethyl)cyclopentylaminolacetylpyrrolidine
hydrochloride

20 According to the manner similar to that of Example
21, the title compound (0.51 g) was obtained as a colorless
powder from (1l-hydroxymethyl)cyclopentylamine (0.59 g) and
(2S,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.60 g).

MS(ESI pos.)m/z: 292([M+Nal*), (ESI neg.)m/z: 268([M-H]"),

25 304 ([M+CL]").
1H-NMR (DMSO-d4, 500MHZ )88.99 (2H,br s),5.68(1H,br s),5.55(1H,b
r d,J=52.4Hz),5.08-5.05(1H,m),4.17(1H,bxr d4,J=16.5Hz),4.09(1

H,dd,J=23.1,12.2Hz),3.98(1H,br 4,J=16.5Hz),3.82(1H,ddd, J=39
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10 tenperature was gradually raised, and then, the mxture was stirred at
roomtenperature overnight. The solution was concentrated under reduced
pressure and dissolved in chloroform and the organic phase was washed
with a saturated aqueous sodi um bi carbonate solution and a 15 saturated
aqueous sodi um chl ori de solution, successively, and dried over anhydrous
sodiumsul fate. The drying agent was renoved by filtration, and the
filtrate was concentrated under reduced pressure. The residue was
purified by.3,3Rl.2¢3.08z)cal.Bma3cUBYH, AGuaphy2( 882 ¢l Bpbhg2206 §HYRNt 1
chloroform: nethanol =50:1 - 25:1). The resulting residue was dissol ved
in diethyl esléedl.gB(6H),m),Ané9%ddda (28, ,a)di et hyl ether solution (40 nmL) of
4M hydrochloric acid (ethyl acetate solution, 0.33 nL) with ice-cooling.
The preci pi BExaeghlien®dl ubl e substance was 25 collected by filtration, and
washed with diethyl ether to give the title conpound (0.32 g) as a

col orl ess powder. S¥BtESsipoef) (25 4@72%fﬂm¢ﬂqj4 wa%%%&khﬂij (ESI
neg.)mz: 270([MH-), 306([ MCL]-). npl e. 28 Synt hesi_s of

(2S, 4S) -B- cYERBLIOP FYPEIOPY 151:9.)ﬁ@ﬁé@féwrr@lflﬁaaﬁobyﬂrephapﬁéde

hydrochl ori de According to the manner sinm|ar to_that_ of a le 5 27, the
title conpound (0. 33 §?gﬁﬁ§Y€5P5Pﬁ€H §4° kaI%§$e§£SS%%%ﬁ% Tpgn1

cyclooctyla ne 1

br onpacet yl - Oaf RS%iRHQRg 8&6%@ hdln@)(oaﬂg éyenwﬁ(ﬁgFrahgdfnfuran
282([NHFU+)Soi %Skwkw%lﬁt) %%Suzsp%%))qi%ro%%gghy5§LZlcy%%g(hN%Cl] )

fluoropyrrolidine (0.45 g) was added with ice-cooling. The

10 temperature was gradually raised, and then, the mixture was
stirred at room temperature overnight. The solutlion was
concentrated under reduced pressure and dissolved in
chloroform, and the organic phase was washed with a
saturated aqueous sodium bicarbonate solution and a

15 saturated aqueous sodium chloride solution, successively,
and dried over anhydrous sodium sulfate. The drying agent
was removed by filtration, and the filtrate was
concentrated under reduced pressure. The residue was
purified by a silica gel column chromatography (developing

20 solvent; chloroform : methanol =50:1 - 25:1). The
resulting residue was dissolved in diethyl ether (5 mL),
and added to a diethyl ether solution (40 mL) of 4M
hydrochloric acid (ethyl acetate solution, 0.33 mL) with
ice-cooling. The precipltated insoluble substance was

25 collected by filtration, and washed with diethyl ether to
give the title compound (0.32 g) as a colorless powder.

MS(ESI pos.)m/z: 272([M+H1*), 294([M+Nal*), (ESI

neg.)m/z: 270([M-H]"), 306([M+CL]").
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10 Exanmpl e 29 Synthesis of (2S,4S)-2-cyano-1-[2-(3, 4-

dl met hoxyphenyl ) et hyl am nol acetyl - 4-f | uoropyrrolidine .hydrochloride
According to the manner simlar to that of Exanple 15 27, the title
conmpound (0.24 g) was obtained as a colorless powder from

2- (3, 4-di met hoxyphenyl )ethylam ne (0.5 g) and

(2S,4S)-1-bronoacetyl -2-cyano-4-fluoropyrrolidine (0.25 g). MS(ESI

pos.)m z: 336([ MrH] +), 358([M+Na]+), (ESI neg.)m z: 334([MH -),

370([ M+CLI - Exad@1Exaspl e 30 Synthesis of (2S, 4S)-2-cyano-4-fluoro-1-[(1-
met hoxynet hyl -1 - met hyl ) et hyl am nol acetyl pyrrolidine hydrochloride In a

m xture of tetrahysywtheshs (df5(28)4aeR-etyemotl-25 (2.5 nL) was di ssol ved
(1- met hoxymet hyl -1 -met hyl ) et hyl ami ne hydrochloride (0.74 g) and, after
neut r al i zat i ogchypoaddgilapindi) asepydpyt fkiincopPreolifiinei hndreechtonideag,
(2S,4S)-1 brompacetyl -2-cyano-4-fluoropyrrolidine (0.62 g) was added. - 74
After stirring w thc¢erdingl tagthermapnépusinther tergrtatef EXaP et ur ned
to roomtenperature, and then, the mxture was stirred for 2 days. Wrking
up i n tHe n@dnethesitditilgr componad &0 . RRadpl wagiobiadnedt fE RofPpLORESED. 07
g) 5 was obtained as a col orl ess_powder. NB(ESI os.%niz:'z 8([ MtH] +) ,
280( [ MrNal +povwdes) freagcygirociyigmimpe (1y 1 aﬁgﬁe( 2:4§hfhasi s of

(28’48)-2-0%%%%6262%% [%:gygg%lqx%&%é%bpyrrolidine (0.45 g).
MS(ESI pos.)m/z: 282([M+H]*), 304([M+Nal*), (ESI
neg.)m/z: 280([M-H]"), 316([M+CL]").
10 Example 29
Synthesis of (2S5,4S)-2-cyano-1-[2-(3,4-
dimethoxyphenyl)ethylaminolacetyl-4-fluoropyrrolidine
hydrochloride
According to the manner similar to that of Example
15 27, the title compound (0.24 g) was obtained as a colorless
powder from 2—(3,4-dimethoxyphenyl)ethylamiﬁe (0.5 g) and
(28,4S)-1-bromoacetyl-2-cyano-4-fluoropyrrolidine (0.25 g).
MS(ESI pos.)m/z: 336([M+H]*), 358([M+Nal*), (ESI
neg.)m/z: 334([M-H]"), 370([M+CL]").
20 Example 30
Synthesis of (2S,48)-2-cyano-4-fluoro-1-[(1-
methoxymethyl-1-methyl)ethylaminolacetylpyrrolidine
hydrochloride
In a mixture of tetrahydrofuran (7.5 mL) and ethanol
25 (2.5 mL) was dissolved (l-methoxymethyl-l-methyl)ethylamine
hydrochloride (0.74 g) and, after neutralization by adding
diisopropylamine (0.92 mL) with ice-cooling, (28,48)-1-

bromoacetyl-2-cyano-4-fluoropyrrolidine (0.62 g) was added.
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10 1, 1-di net hyl) et hyl am nol acetyl pyrrolidine hydrochloride According to
the manner simlar to that of Exanple 21, the title conpound (0.62 g) was
obtained as a pale pink powder from 2-am no-2-nethyl-I|-propanol (0.71 Q)
and (2S,4S)-1-bronmpacetyl -2-cyano-4-fluoropyrrolidine (0.54 g). 15 MS(ESI
pos.)m z: 244([MrH +), 266([ MtNal +), (ESI neg.)nmlz: 242([MH -),

278([ MFCLI -) . Exanple 32 Synthesis of (2S,4S)-1-(2-adamantyl am no)acetyl -2-
cyano-4-fl uoropyrrolidine hydrochl oride 20 According to the manner simlar
to that of AERkeeplsetifFingheithtiececoopbimg for 280 g)owks W ai ned as a
colorless powder from 2-adamantanam ne (0.4 g) and (2S,4S)-1-

br onpacet y| t@mpgnatunef wasr vpynreed dtaergom Jeepperakirss i they, the
306([ MrH] +), 328([MrNa]+), (ESI 25 neg.)m z. 304([MH-), 340%&PMCLI-).
gxa(rjrpl e 33|®jmtn@gi wagf stiurad) forcyadeva. f (WRINY (R Wy lde manner
-adamant yl am no) acet yl pyrrol i di ne hydrochloride - 75 Accordj

manner sini$aml@6rtﬁattgPtEQEHEFEmPég,Z%het??tFit%%nﬁﬂﬁﬂ%u? .Q§9%§O%LQE
obtained as a col orl ess gomder from 3-ani no-I| -adamant anol (0.70 g) and
(2S, 4S) A - ¥eenpREetppdoa yan89&9rﬁaaﬁogwa%¥ tdine (0.47 g). 5 MS(ESI

vos e TG o LR Y, 285 PN
gsg}gg%[g;?é§893%7£LUQBQXHMQELHyQ(oxy- 4- adamant yl am no) acetyl pyrrolidi ne
Example 31
Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[(2-hydroxy-
10 1,1-dimethyl)ethylamino]acetylpyrrolidine hydrochloride
According to the manner similar to that of Example
21, the title compound (0.62 g) was obtained as a pale pink
powder from 2-amino-2-methyl-1-propanol (O.71'g)land
(ZS,4S)-1—bromoacetyl—2-cyano—4-fluoropyrrolidine (0.54 g).
15 MS(ESI pos.)m/z: 244([M+H]*), 266( [M+Nal*), (ESI
neg.)m/z: 242([M-H]"), 278([M+CL]").
Example 32
Synthesis of (2S,4S)-1-(2-adamantylamino)acetyl-2-
cyano-4-fluoropyrrolidine hydrochloride
20 According to the manner similar to that of Example
27, the title compound (0.23 g) was obtained as a colorless
powder from 2-adamantanamine (0.4 g) and (2S,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.25 g).
MS(ESI pos.)m/z: 306([M+H]"*), 328([M+Nal]*), (ESI
25 neg.)m/z: 304([M-H]"), 340 ( [M+CL]").
Example 33
Synthesis of (28,48)-2-cyano-4-fluoro-1-(1l-hydroxy-

3-adamantylamino)acetylpyrrolidine hydrochloride
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10 In tetrahydrofuran (10 nL) - ethanol (5 nL) was dissol ved

4-am no-| -adamantanol (0.5 g), and (2S,4S)-1-
bronpacetyl - 2- cyano-4-fl uoropyrrolidine (0.45 g) was added wth
ice-cooling. The tenperature was gradually raised, and then, the mxture
was stirred at roomtenperature 15 overnight. The solution was taken up in
a saturated aqueous sodi um bi carbonate solution and extracted wth ethyl
acetate. The organic phase was washed with a saturated aqueous sodi um

chl oride sol ution agdotldird ©yethe andytkepusimblarints utiat eof tEwamiple ng
agent was renoved by 20 filtration, and the filtrate was concentrated under
reduced pregsuthe Tthelecsiodpeunds (PudiRf gedwhy abshlined gel acobdpnless
chromat ogr aphy (devel opi ng solvent; chloroform: nethanol 25% agueous
anmoni a sol pbiwder=£@om G-aminbeltadampntinel K8siPt Bngaprdsidfe4Rdsl-

di ssolved in ethyl acetate (5 nL), 25 and 4M hydrochl oric acid (ethyl
acet at e sol bromeacetyd R-cyanes daddegrapyrroddddssl (Ag47THS - preci pi t at ed

i nsol ubl e substance was collected by filtration and yashed wi th ethyl
acetate 30 giMS(ESE pPPsl dméaapdaAlMoHDY) g) 344 (BMtNRbr | es6EST1 76  powder .

MS(ESI pos.)m z: 322([ MtH +), 344([ MtNa]l+), (ESI neg.)m z: 356([ M+CL]-).
Exanpl e 35 9egynf&si $2%( [(NE:‘},MQ)'- %—5@5#69}-]“ voro-1- (I -net hoxy-[ 1
3;adananty|an1n%2acetylpyrrolidine hydrochl ori de According to the manner
simlar to EFINPIE mpl e 34, (2S, 4S)-2-cyano-4-fluoro-I-(I-methoxy- 3-

adanantylanino)ace§¥hgﬁggggig%n?2§94§§—QlcygﬁogQLfiﬂggoiiQUl-hydroxy-

4-adamantylamino)acetylpyrrolidine hydrochloride

10 In tetrahydrofuran (10 mL) - ethanol (5 mL) was
dissolved 4-amino-l-adamantanol (0.5 g), and (2S,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.45 g) was added
wlth ice-cooling. The temperature was gradually raised,
and then, the mixture was stirred at room temperature

15 overnight. The solution was taken up in a saturated
aqueous sodium bicarbonate solution and extracted with
ethyl acetate. The organic phase was washed with a
saturated aqueous sodium chloride solution and dried over
anhydrous sodium sulfate, the drying agent was removed by

20 filtration, and the filtrate was concentrated under reduced
pressure. The residue was purified by a silica gel column
chromatography (developing solvent; chloroform : methanol :
25% aqueous ammonla solution =40:1:0.1 - 10:1:0.1). The
resulting residue was dissolved in ethyl acetate (5 mL),

25 and 4M hydrochloric acid (ethyl acetate solution, 0.30 mL )
was added with ice-cooling. The precipitated insoluble
substance was collected by filtration and washed with ethyl

acetate to give the title compound (0.27 g) as a colorless
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10 1- et hoxy- 3- adamant anam ne (0.17 g) and (2S,4S)-1

br onbacet yl - 2-cyano-4-fl uoropyrrolidine (0.17 g). An aliquot (0.22 g) of
this product was dissolved in ethyl acetate (4 nL), and then 4M

hydrochl oric acid (ethyl acetate solution, 0.20 nL) was added. To the
solution was 15 added diethyl ether (8 niL), and the precipitated insol uble
subst ance was collected by filtration to give the title conpound (0.10 g)
as a colorless powder. MS(ESI pos.)m z: 336([ M+H] +), 358([ M+tNa] +), (ESI
neg.)m z: 3%RiadeCLI -). 20 Exanpl e 36 Synthesis of
(2S,4S)-1-(I-adamantyl am no) acetyl -2- cyano-4-fl uoropyrrolidine

hydrochl ori deMA¢ESIdpBg. Y@/ Ehe3pROMEEHBT I | 3u4{ pMikal+ pf Exemple 35, the
title conpound (0.15 g) was obtained as a colorless 25 powder from

| - adamant anaeigne m(/Q.:435@)( [ME1(29,.4S) - |

br onpacet yl - 2- cyano-4-fl uoropyrrolidine (0.235 g). MS(ESI pos.)nlz:

306([ Mi+H] +) ExaaplleMEsa) +), (ESI neg.)ml z: 340([ MCLI-). - 77 Exanple 37
Synt hesis of (2S,4S)-1-[2-[(5-chl oropyridin-2-
yl)aninoﬁethylaninﬁya§b§§i520§yéﬁ§~ﬂSXf&oﬁﬁﬁyﬁréffH@%QO'HThydm%Ehpﬁdee 5
(1) Synthesis of (2S,4S)-1-[N-(tert-butaoxycarbony

) -
2- [ (5- chl or Sp@dagantyhaming )scedypraroddfdast WQQ?OEP&F?SM@

fluoropyrrolidine In ethanol (15 nL) was dissolved, 2-(2-
aninoethylanino)-SASHPGP$B9rFéiﬁEe(&?BEeﬁ)?iﬁggthEﬂ éhat of Example

34, (2S,4S)-2-cyano-4-fluoro-1l-(l-methoxy-3-
adamantylamino)acetylpyrrolidine (0.23 g) was obtained from
10 l-methoxy-3-adamantanamine (0.17 g) and (2S,4S)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.17 g). An
aliquot (0.22 g) of this product was dissolved in ethyl
acetate (4 mL), and then 4M hydrochloric acid (ethyl
acetate solution, 0.20 mL) was added. To the solution was
15 added diethyl ether (8 mL), and the precipitated insoluble
substance was collected by filtration to give the title
compound (0.10 g) as a colorless powder.
MS(ESI pos.)m/z: 336([M+H]*), 358([M+Nal*), (ESI
neg.)m/z: 370([M+CL]1~).
20 Example 36
Synthesis of (2S,4S)-1-(l-adamantylamino)acetyl-2-
cyano-4-fluoropyrrolidine hydrochloride
According to the manner similar to that of Example
35, the title compound (0.15 g) was obtained as a colorless
25 powder from l-adamantanamine (0.45 g) and (2S,45)-1-
bromoacetyl-2-cyano-4-fluoropyrrolidine (0.235 g).
MS(ESI pos.)m/z: 306([M+H]™*), 328([M+Nal*t), (ESI

neg.)m/z: 340([M+CL]").
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10 tetrahydrofuran solution (15 nL) of (2S,4S)-1-bronoacetyl -
2-cyano-4-fluoropyrrolidine (0.71 g) was added with ice- cooling, followed
by stirring with ice-cooling for 10 mnutes and then at roomtenperature
f.or 30 minutes. The solution was again ice-cooled, and a tetrahydrofuran
15 solution (10 nmL.) of di-tert-butyldicarbonate (1.96 g) and

dii sopropyl ethylam ne (0.52 nL) were added. The tenperature was raised,
and then, the m xture was stirred followed by stirring at roomtenperature
for an hourgxdkiplesghvent was evaporated under reduced pressure, and the 20
residue was purified by a silica gel colum chromatography (devel oping

sol vent; hexane : Syimlesicetat e 22, 4S }- 1ol 2+ [ (E+oHlemapytigiin-@gi ve t he
title conpound (1.07 g) as a colorless anorphous substance. MS(ESI
pos. ) z: 4¢8(akkhie]l ethyl&Binodgcehyi-248%eR0s £ £luopepyprobidinesi s of
(2S,4S)-1-(2-[(5-chl oropyridin-2- yl)am nol et hyl am no] acetyl - 2- cyano- 4-

f 1 uor opyr r oflibydeocbilhyddechl oride I n 1, 4-dioxane (2.5 nL) was dissol ved
(2S,4S)-1-[N- - 78 (tert-butoxycarbonx%%-Z-[(5-ch|orolyridin- -

yl ) am nd et hyl am nbl AcBYRrhests 0H- 129 )mbyw-oqii%ﬁ%-@p YoXYPATRONE T am
hydrochloric acid (1, 4-di oxane solusion, 7.5 gL% ma? adgeﬂ %ﬁth _4-

i ce- cool i ng2-1&Pr rRPYELALRr AgYs) AtACH EELELAMIRG I RGP TEA ACEY A0 T he
reaction sol uti on was ggged toluene (30 L), and an insol ubl e substance
was col | ecEEHOBOPYEECLAEABR. The resulting powder was dissol ved in

met hanol (2 L), a dedb$$%§ggyf§qnéﬁgwg})diggghvéﬁiij@g_at room

tenperature. The p BcF NSO
aminoethylamino)-5-chloropyridine (1.54 g), and then a

10 tetrahydrofuran solution (15 mL) of (25,48)-1-bromoacetyl-
2-cyano-4-fluoropyrrolidine (0.71 g) was added wlth ice-
cooling, followed by stirring with ice-cooling for 10
minutes and then at room temperature for 30 minutes. The
solutlon was again ice-cooied, and a tetrahydrofuran

15 solution (10 mL) of di-tert-butyldicarbonate (1.96 g) and
diisopropylethylamine (0.52 mL) were added. The
temperature was raised, and then, the mixture was stirred
followed by stirring at room temperature for an hour. The
solvent was evaporated under reduced pressure, and the

20 residue was purified by a silica gel column chromatography
(developing solvent; hexane : ethyl acetate =2:1 - only
ethyl acetate) to give the title compound (1.07 g) as a
colorless amorphous substance.

MS(ESI pos.)m/z: 448([M+Nal*), (ESI neg.)m/z: 424([M-H]")

25 (2) Synthesis of (2S,4S)-1-[2-[(5-chloropyridin-2-
yl)amino]ethylamino]acetyl—2—cyano—4-fluoropyrrolidine
dihydrochloride

In 1,4-dioxane (2.5 mL) was dissolved (2§5,48)-1-[N-
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10 substance was collected by filtration to give the title
g) as a colorless powder. MS(ESI pos.)nmlz: 326([ MtH] +),. 348(
neg.)m z: 324([MH -), 360([ MCL]-). Exanple 38 15 Synthesis
(2S, 4S) - 2-cyano- 4-fluoro-1-[ 2-

[ (pyridin-2-yl)am nol et hyl am nol acetyl pyrrolidine dihydroch
Synthesis of (2S,45)-1-[N-(tert-butoxycarbonyl)-

2-[ (pyridin-2-yl)amn nol et hyl am nol acetyl 72-cyano-4- 20 fl uor
Accordi ng t ¢tebe-panosycarbbhgl )t2-( hatcbloEepypi@in3y{|), t

compound (0. 75
[ MtNa] +), (ESI
of

| oride (1)

opyrrolidine
he title

conpound (0.60 g) was obtained as a colorless anorphous substance from
2-(2- am noglhgmdnbietpylanine ]60e821lgP - anqnpzs—ﬂsyoronzrrolidlne

br onbacet yl - 2- cyano-4-fl uoropyrrolidine (0.71 ? NS&ESI pos.
414([ MrNal +X 1 .0ESH)negnyinfi¥: hxgmepwﬂﬂriy acig) éyﬁrﬂ
(2S, 4S) - 2-cyano-4-fluoro-1-[2

Q¥angf so ution,

KRttt tituiaipn il frbie
sikmlar 10 a
CO”DOUHdg(0w2¥hgﬁcﬁﬁ§°@ﬂﬂ§ﬁn5&ra§nah°HBP8F?%sgg%dééﬁﬁé#QQnﬁgfhtiéAE%as

(2S,45)-1-[N-(tert

[ (pyridin- 2¢ fgﬂﬁﬁgytoxy(ébPﬁ@xacgpgla? tPEREVRIP) BBPSFSPFS Fafne (0. 54
géo([xF&FS;bo@gg%%fﬁﬁfyg?%ﬁéigghpé 3%ﬁé[%@£@iting(ﬁg%defeﬂaé”12

dissolved in methanol (2 mL), added to toluene (50 mL), and

stirred at room temperature. The precipitated insoluble

10 substance was collected by filtration to give the title

compound (0.75 g) as a colorless powder.

MS(ESI pos.)m/z: 326([M+H]*), 348([M+Nal*), (ESI

neg.)m/z: 324([M-H]"), 360([M+CL]").

Example 38

15 Synthesls of (28,48)-2-cyano-4-fluoro-1-[2-

[ (pyridin-2-yl)aminolethylamino]acetylpyrrolidine

dihydrochloride

(1) Synthesis of (28,48)-1-[N-(tert-butoxycarbonyl)-

2-[(pyridin-2-yl)amino]ethylaminolacetyl-2-cyano-

20 fluoropyrrolidine

According to the manner similar to that of

4~

Example

37(1), the title compound (0.60 g) was obtained as a

colorless amorphous substance from 2-(2-

aminoethylamino)pyridine (0.82 g) and (25,48)-1-

25 bromoacetyl-2-cyano-4-fluoropyrrolidine (0.71 g).

MS(ESI pos.)m/z: 414([M+Nal*), (ESI neg.)m/z: 390([M-H]").

(2) Synthesis of (2S,4S)-2-cyano-4-fluoro-

1-[2-

[(pyridin-z-yl)amino]ethylamino]acetylpyrrolidine
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10 Synthesis of (2S,4S)-I|-[2-[(5-am nocarbonyl pyrldin-

2-yl ) am nol et hyl am nol acetyl - 2-cyano-4-fl uoropyrrolidine dihydrochloride
(1) Synthesis of (2S,4S)-1-[N-(tert-butoxycarbonyl)- '

2- [ (5-am nocar bonyl pyri di n- 2-yl )am nol et hyl am no] acetyl -2- 15
cyano-4-fluoropyrrolidine According to the manner simlar to that of
Exanple 37(1), the title conmpound (0.36 g) was obtained as a colorless
anor phous substance from 2-(2-am noet hyl am no) -5- am nocar bonyl pyri di ne
(1.08 g) andih@&réShibrbaenvacetyl -2 20 cyano-4-fluoropyrrolidine (0.71 g).
MS(ESI pos.)mlz: 457([ M#tNa]+), (ESI neg.)m z: 433([MH-). (2) Synthesis
of (2S,4S)-1-[2-[(Becording to the manner similar to that of Example

am nocar bonyl pyri di n- 2-yl )am no] et hyl am no] acet yl - 2- cyano-

4- quoropyrBoKlenehdlmydiecbbmpodad250A2dogd|wgstobthénﬁdnneraS|nllar to
that of Exanple 37(2), the title conmpound (0.26 g) was obtained as a pale
pi nk powder cbilomleas, psydbr[prmeKQSbanxicéNbéﬁyrﬁ butpegycarbonyl)-2-

am nocar bonyl pyri di n- 2- yI)an1nolethylan1no£gcetyl -cyano- - 80

4-f | uor dpyr [ 6PYHLAANEB. le)g)ninlvg@ESNlpménp Eetxéserwmfm 357([ MtNa] +) ,
(ESI  neg.)m z: 333([MH 369([[MtCLI -). Exanple 40 5 Synthesis of

(2S, 4S)-I-[F@ES?QEY§FPH&d§neCJ@I HeRyl-] acetyl | - 2- cyano- 4 fl uoropyrrolidine

DO oCh o o ks BTt o3P ek L HLADERIRRTY) ) Lot (29
neg.)m/z: 290([M-H]"), 326([M+CL]").
Example 39
10 Synthesis of (2S,48)-1-[2-[(5-aminocarbonylpyridin-
2-yl)aminolethylaminolacetyl-2-cyano-4-fluoropyrrolidine
dihydrochloride
(1) Synthesis of (2S,4S)-1-[N-(tert-butoxycarbonyl)-
2-[(5-aminocarbonylpyridin-2-yl)aminolethylaminojacetyl-2-
15 cyano-4-fluoropyrrolidine
According to the manner similar to that of Example
37(1), the title compound (0.36 g) was obtalned as a
colorless amorphous substance from 2-(2-aminoethylamino)-5-
aminocarbonylpyridine (1.08 g) and (2S,4S)-1l-bromoacetyl-2-
20 cyano-4-fluoropyrrolidine (0.71 g).
MS(ESI pos.)m/z: 457([M+Nal*), (ESI neg.)m/z: 433([M-H]").
(2) Synthesis of (25,4S)-1-[2-[(5-
aminocarbonylpyridin-2-yl)amino]lethylamino]acetyl-2-cyano-
4-fluoropyrrolidine dihydrochloride
25 According to the manner similar to that of Example
37(2), the title compound (0.26 g) was obtained as a pale
pink powder from (2S,48)-1-[N-(tert-butoxycarbonyl)-2-[(5-

aminocarbonylpyridin-2-yl)amino]ethylamino]acetyl-2-cyano-
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10 fluoropyrrolidine According to the manner simlar to that of Exanple
1(3), the title conpound (0.88 g) was obtained as a calorless anorphous
substance from (2S, 4S)-2- (am nocarbonyl)-4-fluoropyrrolidine hydrochl oride
(0.30 g) 15 and [(2S)-2-fluorenyl met hoxycar bonyl am no-2- cycl ohexyl | acetic
acid (0.71 g). MS(ESI pos.)m z: 516([M+Na]+). (2) Synthesis of
(2S,4S)-2-cyano-1-[[(2S)-2-

f I uor enyl met hoxycar bonyl am no- 2- cycl ohexyl | acetyl | -4- 20 quoropyrrolldlne
Accordi ng t a-fFheorepyerodiidinegr (0032hagt) .of Exanple 1(4), the title
conpound (0.76 g) was obtained as a colorless anorphous substance from
(2S,4S)-2- (amS(PSErposyhin/k+ [PBREﬁMﬂHiThDrEmWGHéﬂﬁmk?barﬁﬁﬁ&lan1no 2 25
cycl ohexyl | acetyl | -4-fl uoropyrrolidine (0.86 MS(ESI pos.)m z:
498( [ MtNal +heg(.3m/Bynt33Si[M-dF] - ()28%3)(IM*FMZ%) 2- am no- 2-

cycl ohexyl | acetyl | - 2-cyano-4-fluoropyrrolidine - 81 hydrochloride
Accordi ng t &xempleardder sinilar to that of Exanple 1(5), the title conpound
(0.27 g) was obtained as a colorless po

(2S, 4S) -2- cyano- |_F¥pggysgs5of (ZS 4S5) - [[(ZS) 2 amino-2-
quorenyInethoxycarbonylan1no clohex IIacet | uor opyrrolidine

(0.73 g). vspediohssyhigest Yz"514(?{ gPe) 4 -3 HBPERR fi?;tid&Eg neg.)m z:
252([MI—I]-)hy%ro(C[hl\fBC|ﬂ]dQ Exanpl e 41

(1) Synthesis of (25,48)-2-(aminocarbonyl)-1-[[(2S)-
2-fluorenylmethoxycarbonylamino-2-cyclohexyl]acetyl]-4-
10 fluoropyrrolidine
According to the manner similar to that of Example
1(3), the title compound (0.88 g) was obtained as a
colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-4-fluoropyrrolidine hydrochloridé (0.30 g)
15 and [(2S)-2-fluorenylmethoxycarbonylamino-2-
cyclohexyllacetic acid (0.71 g).
MS(ESI pos.)m/z: 516([M+Nal®t).
(2) Synthesis of (2S,4S)-2-cyano-1-[[(28)-2-
f1uorenylmethoxycarbonylamino-2-cyclohexyl]acetYl]-4-
20 fluoropyrrolidine
According to the manner similar to that of Example
1(4), the title compound (0.76 g) was obtained as a
colorless amorphous substance from (2§S,4S)-2-
(aminocarbonyl)-l—[[(ZS)-2-fluorenylmethoxycarbonylamino-2-
25 cyclohexyl]acetyl]-4-fluoropyrrolidine (0.86 g).
MS(ESI pos.)m/z: 498([M+Nal*).
(3) Synthesis of (25,48)-1-[[(2S)-2-amino-2-

cyclohexyl]acetyl]-2—cyano—4-fluoropyrrolidine
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10 Synthesis of (2S,4S)-1-[(2S)-2-am no-4-[]5-

(benzyl oxycar bonyl ) pent yl am nol car bonyl ] but anoy11- 2- cyano-

4-fl uoropyrrolidine hydrochl oride According to the manner simlar to that
of Exanple 40, the title conpound (0.16 g) was obtained as a colorless 15
anor phous substance from (2S, 4S) - 2- (am nocar bonyl)-4 fluoropyrrolidine
hydrochl oride (0.30 g) and [(2S)-2- fluorenyl net hoxycarbonyl am no-4-[(5-
benzyl oxycar bonyl pent yl ) am nocar bonyl | butanoic acid (1.07 g). 20 MS(ESI
pos.)m z: ARYQrWehloxiae69([ MkNa] +), (ESI  neg.)m z: 445([MH -),

481([ MtCL] -). Exanple 42 Synthesis of (2S,4S)-1-[[(2S)-2-am no-6-

benzyl oxycar bonyl antoottrgnbyl the- mganer 4s 1Bl 4t uoe oplyat od £ dixample
hydrochl ori de (1) Synthesis of (2S,4S)-2-(am nocarbonyl)-I-[[(2S)-

2- (tert-but aXgdar ey ltdrtileocofpound (0.27 g) was obtalned as a

benzyl oxycar bonyl am nol hexanoyl | -4-fl uoropyrrolidine - 82 1In

di met hy1f or cediogd.eB mpowdser & ndims @ISud ) (-2Scgspo-1-[[(28)-2-

2- (am nocar bonyl ) - 4-fl uoropyrrolidine hydrochloride (Q.30 g} and

hydr oxys¥iccEAugreaylrmethpiysarbonydapdacndnyrsrrhgxyllacetyl] -4~

6- [ benzyl oxycar bonyl am_no] hexanoate (0.71 g), and then 5 diisopropyl am ne
(0.26 m) wadueFedyTrIodiy @ 7k iF)ing at room tenperature overnight.

corpound (0. o8b (BsTuagsodmarneadas 1B+ rY, a2 bt BNERS e (BRI ance. “ve( s
pos.)mz: SLE NENRLas A G- ) W ( (aRe™My -) -
Example 41
10 Synthesis of (2S,4S)-1-[(2S)-2-amino-4-[[5-
(benzyloxycarbonyl)pentylamino]carbonyl]butanoyl]-2-cyano-
4-fluoropyrrolidine hydrochloride
According to the manner similar to that of Example
40, the title compound (0.16 g) was obtained as a colorless
15 amorphous substance from (2S,4S)-2-(aminocarbonyl)-4-
fluoropyrrolidine hydrochloride (0.30 g) and [(2S)-2-
fluorenylmethoxycarbonylamino-4-[(5-
benzyloxycarbonylpentyl)aminocéfbonyl]butanoic acid (1.07
g).
20 MS(ESI pos.)m/z: 447([M+H]Y), 469 ([M+Nal*t), (ESI
neg.)m/z: 445([M-H]"), 481([M+CL]").
Example 42
Synthesis of (2S,4S)-1-[[(2S)-2-amino-6-
benzyloxycarbonylamino]hexanoyl]-2-cyano-4-
25 fluoropyrrolidine hydrochloride
(1) Synthesis of (2S,48)-2-(aminocarbonyl)-1-[[(2S)-
2-(tert-butoxycarbonylamino)-6-

benzyloxycarbonylamino]hexanoyl]-4-fluoropyrrolidine
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10 (2) Synthesis of (2S,4S)-1-[[(2S)-2-(tert-
but oxycar bonyl am no) - 6- pbenzyl oxycar bonyl am no] hexanoyl ] - 2-
cyano-4-fluoropyrrolidine According to the nmanner simlar to that of

Exanple 1(4), the title conpound (0.36 g) was obtained as a 15 col orl ess
anor phous substance from (2S, 4S) - 2-

(am nocarbonyl )-1-[[(2S)-2-(tert-butoxycarbonyl am no) - 6-

benzyl oxycar bonyl am nol hexanoyl | - 4-fl uoropyrrolidine (0.65 g). MS(ESI
pos.)m z: 499([ MrNai Qimd B 1 QGnanides (47 H)Mwdre) .A1s201468)0 st Asgi-s of
(2S,4S)-1-[[(2S)-2-am no-6- benzyl oxycar bonyl am nol hexanoyl ] - 2- cyano- 4-

f | uor opyr r op i damenbydrpehiyd) i deflnotogytiakiiitnd Znpdmbdh msi dké s6d! 3@d
(2S,4S)-1- [[(2S)-2-(tert-butoxycarbonyl am no)-6- 25

benzyl oxycagpoayt ahydopRgranoyhim2deyap®) 42 { t et opytoxycaipenybagneg) , and
t hen 4M hydrochloric acid (1, 4-dioxane solution, 2.0 nL) was added,
fol | oned by6-Ebeneyhgxgtarbonylempro thexanéate2(6. hbugk, am@ ERemtion - 83
was concentrated under reduced pressure, and the resultin resi due was

di ssol véd bgihddpngpglpmbpandP-@§. OL ) yaanadded: hEebloyad ooy §tiaRtRY hen

| sopropyl ether (10 nL) was added. The solution was stirred at room

t enper at ur eatorogmotempenRturRe OBPERLBRE at APTHIH UHR &7 G AR ST

S
bourlor . NE( ELPLBBS. Jy 2had7 Sel RFPRRLS 3650 vkRE] B tit eamothend) 1,68 °"' °°°
375([hﬂkﬂ_)9)4%%g[g%%%kh£d as a colorless amorphous substance.
MS(ESI pos.)m/z: 517([M+Na]l*), (ESI neg.)m/z: 493([M-H]").
10 (2) Synthesis of (2S5,4S)-1-[[(28)-2-(tert-
butoxycarbonylamino)—6-benzyloxycarbonylamino]hexanoyl]-2-
cyano-4-fluoropyrrolidine
According to the manner similar to that of Example
1(4), the title compound (0.36 g) was obtained as a
15 colorless amorphous substance from (25,48)-2-
(aminocarbonyl)-1-[[(28)-2-(tert-butoxycarbonylamino)-6-
benzyloxycarbonylamino]hexanoyl]-4-fluoropyrrolidine (0.65
g).
MS(ESI pos.)m/z: 499([M+Nalt), (ESI neg.)m/z: 475([M-H]"™).
'20 (3) Synthesis of (25,4S)-1-[[(28)-2-amino-6-
benzyloxycarbonylaminolhexanoyl]-2-cyano-4-
fluoropyrrolidine hydrochloride
In 1,4-dioxane (2.0 mL) was dissolved (25,4S)-1-
[[(28)-2-(tert-butoxycarbonylamino)-6-
25 benzyloxycarbonylaminolhexanoyl]-2-cyano-4-
fluoropyrrolidine (0.34 g), and then 4M hydrochloric acid
(1,4-dioxane solution, 2.0 mL) was added, followed by

stirring at room temperature for 2.5 hours. The solution
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10 Exanpl e 43 Synthesis of (2S,4S)-2-cyano-4-fluoro-I1-[[(2S, 3S)- 3-
met hyl - 2- met hyl ami nol pent anoyl | pyrrolidine hydrochloride (1) Synthesis of
(2S, 4S) - 2- (am nocar bonyl ) - |
[(2S, 3S)-2-EN-(tert-butoxycarbonyl)-N nethyl | am no-3- 15
met hyl pent anoyl | - 4-fl uoropyrrolidine According to the manner simlar to
that of Exanple 1(3), the title conpound (1.35 g) was obtained as a
col orl ess amor phous substance from (2S, 4S) - 2-
(ami nocar bowsk) cénflendremedr unidérneedyudedc piresstirze(0a8d ghe2pesndting
(2S,3S)-2-[N-(tert-butoxycarbonyl)-Nnethyl]am no-3- nethyl pentanoic acid
(0.98 g). MBeESHugowapmddssedxe[dVbNapaiingEtprogapalz { 33980 ARA( 2)
Synthesis of (2S,4S)-1-[(2S,3S)-2-[N-(tert 25
butoxycarboﬁ?tﬁanﬂﬁeﬂHyKlaﬁﬂnoﬁgﬂngbﬁylééﬁP&ﬁ@Yﬂlﬁihéya&éo mL) was
4-f| uoropyrraolidine According to the manner simlar to that, of Exanple
15(2), the efded.cofpeufalrblied Yaswakleredi Akdraematemporalyre Foks
anor phous subst ance fr?g% 28,%&2-2-
(am nocat boflyP) hpyro dhegpreaigitated Ansgbie, shpsfFance was
met hyl ] am no- 3-net.h ent | ],-,4-f 1, uor rrolidi (1. : (
E)(Z)g . )4 g z 2 36% 1@%;%%%5' (fggl%r%&dio)nmt?: gg.%( [t%lel—ﬂ -:&ﬁ'e( %o?ﬁé? Hg ﬁeé?s’ Iy(?f Eﬁ
: - 2-cyanq- 4- ro-J -
[[(2S,39)- 3%%etah3.1°- i‘i:(r)'rLee’[OSr1%/Ipé)r"rg{dr‘?d:]'pent anoyl ] pyrrolidine hydrochloride 10
According to LBReRERNBBE . Shik:as7yQ (MPRY+9T 5¥9(PMENal+), (ESI
neg.)m/z: 375([M-H]"), 411([M+CL]").
10 Example 43
Synthesis of (2S,4S8)-2-cyano-4-fluoro-1-[[(2S,3S)-3-
methyl-2-methylamino]pentanoyl]pyrrolidine hydrochloride
(1) Synthesis of (28S,4S)-2-(aminocarbonyl)-1-
[(28,38)-2-[N-(tert-butoxycarbonyl)-N-methyl]amino-3-
15 methylpentanoyl]-4-fluoropyrrolidine
According to the manner simlilar to that of Example
1(3), the title compound (1.35 g) was obtalned as a
colorless amorphous substance from (2S,4S)-2-
(aminocarbonyl)-4-fluoropyrrolidine hydrochloride (0.67 g)
20 and (2S,3S)-2-[N-(tert-butoxycarbonyl)-N-methyllamino-3-
methylpentanoic acid (0.98 g).

MS(ESI pos.)m/z: 382([M+Nal*), (ESI neg.)m/z: 358([M-H]~

(2) Synthesis of (2S,4S)-1-[(2S,38)-2-[N-(tert-
25 butoxycarbonyl)-N-methyl]amino-3-methylpentanoyl]-2-cyano-
4-fluoropyrrolidine
According to the manner similar to that of Example

15(2), the title compound (0.89 g) was obtained as a
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15(3), the title conmpound (0.053 g) was obtained as a colorless powder
from (2S,4S5)-1-[(2S,3S5)-2-[N-(tert-

but oxycar bonyl ) - N- met hyl ] ami no- 3- net hyl pent anoyl ] - 2- cyano-

4-fl uoropyrrolidine (0.10 g). 15 MS(ESI pos.)m z: 242([ M+H +),

264([ MtNa] +), (ESI neg.)m z: 276([ M+CL]-). Exanple 44 Synthesis of
(2S,49)-1-[[(2S,3R) -2-am no-3-(tert-

but oxy) | but anoyl ] - 2- cyano- 4-f | uoropyrrol i di ne hydrochloride 20 (1)

Synt hesi s ofol@51486$- Ambtphdubusobytanbenftom2(28ysdp-2~ f | uor opyrrol i di ne
According to the manner simlar to that of Exanmple 15(2), the title
conpound ( 9(&B8igdcambonPpl i hefl( 23S, 3S) €2t BNt éserpohutieoxycamponyl) -N-

(2S, 4S) - 2- (am nocar bonyl )-1-(tert 25 butoxycarbonyl)-4-fluoropyrrolidine
(10.0 g). mNStESL]poindrBzmekBYLpasdanoyl](2)fByoropyrrobidine (1.32
(2S,4S)-2-cyano-4-fluoropyrrolidine hydrochloride - 85 According to the
manner simyar to that of Exanple 15(3), the title conpound (5.76 g) was
obt ai ned as aspal e pink powder from

(2S, 4S) 51- (t 49 (BRE BQR albohy| 360 LAY . (B S8 roVizd iéddMdlly) . 5
VS( ESI pos.iniz: 115([M+H +), (El pos.)mz: 114([M+). (3) Synthesis of
(2S,4S)-2-cyano-1-[[(2S, 3R) - 2-

F1 Uor opyr ol i di e ELOVERTATE e (Al o WS T i % Bampl & 10
1(3), the tiik559ggBQBDQeQRyﬁzZg%e%ﬁ§lQR&ﬁBT§gn@én§yl]pyrrolidine
hydrochloride
10 According to the manner similar to that of Example
15(3), the title compound (0.053 g) was obtained as a
colorless powder from (ZS,4S)—1-[(ZS,BS);Z-[N-(tert-
butoxycarbonyl)-N-methyl]amino-3-methylpentanoyl]-2-cyano-
4-fluoropyrrolidine (0.10 g).
15 MS(ESI pos.)m/z: 242([M+H]*), 264([M+Nalt), (ESI
neg.)m/z: 276 ([M+CL]").
Example 44
Synthesis of (28,48)-1-[[(2S,3R)-2-amino-3-(tert-
butoxy) ]butanoyl]-2-cyano-4-£fluoropyrrolidine hydrochloride
20 (1) Synthesis of (2S,4S8)-1-(tert-butoxycarbonyl)-2-
cyano-4-fluoropyrrolidine '
According to the manner similar to that of Example
15(2), the title compound (9.23 g) was obtalned as a
colorless powder from (2S,4S)-2-(amlnocarbonyl)-1-(tert-
25 butoxycarbonyl)-4-fluoropyrrolidine (10.0 g).
MS(ESI pos.)m/z: 237([M+Nalt).
(2) Synthesis of (2S,48)-2-cyano-4-fluoropyrrolidine

hydrochloride
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col orl ess anor phous substance from (2S, 4S)-2-cyano-4- fluoropyrrolidine
hydrochl oride (0.30 g) ,and [(2S, 3R)-2-

f I uor enyl met hoxycar bonyl am no- 3-(tert-but oxy)] butanoic acid (0.80 g). 15
MS(ESI pos.)mlz: 516([ MrNa] +). (4) Synthesis of

(2S,49)-1-[[(2S, 3R) - 2- am no- 3-
(tert-butoxy)]butanoyl]-2-cyano-4-fluoropyrrolidine hydrochloride
According to the manner simlar to that of Exanple 20 1(5), the title
conmpound (0. 28 g) Aesomdbing nesl tise anammEord lasisl gaovibertfatonf Example

(2S5, 4S)-2-cyano-1-[((2S, 3R) - 2-

f1 uorenyl nethosycathenyliabenceBpéurdt { bui6xg) | was avbidlngd as a pale
fluoropyrrolidine (0.71 g). MS(ESI pos.)m z: 272([ MtH] +), 294([ M:tNa] +) ,
(ESI 25 nepihki powB08( ENWPEOL] 25, 48X akpl tent-Byheoxpeasbenyl) -2-Ccyano-4-
(28,48)-2-cyano-4-fluoro-l-[[&SS)- 1,2,3,4-

t et r ahydr oi §dyarapvrnodidineafBef9l Ppyrrolidine - 86  hydrochloride (1)
Synt hesi s ofyéZS,4S)-1-[(38)-2-é%ert +

but oxycd¥ bony§ (HSD, BOg. I8 % ahlth ol ML} hol §FEL os . m/z: 114(IM]7).

{0 that of Exampl o(1| SYSEREELR 198 EORpRbE (o 0f WELSTITEG ac & pal e
D o, PO 3Bk Db e BRg ekl H8" 9P EERkL BPGxy Y BERaRbYTH dg- (O 69
pos. )i z:  SSAPRRRGTE LR Reg S 2t Bra(iniH . T
According to the manner similar to that of Example
10 1(3), the title compound (0.87 g) was obtained as a
colorless amorphous substance from (2S,4S)-2-cyano-4-
fluoropyrrolidine hydrochloride (0.30 g) and [(28,3R) -2~
fluorenylmethoxycarbonylamino-3—(tert-butoxy)]butanoic acld
(0.80 g).
15 MS(ESI pos.)m/z: 516([M+Nal*t).
(4) Synthesis of (2S,48)-1-[[(2S5,3R)-2-amlno-3-
(tert-butoxy) ]butanoyl]-2-cyano-4-fluoropyrrolidine
hydrochloride
According to the manner similar to that of Example
20 1(5), the title compound (0.28 g) was obtained as a |
colorless powder from (28,48)-2-cyano-1-[[(25,3R)-2-
fluorenylmethoxycarbonylamino-3-(tert-butoxy)]butanoyl]-4-
fluoropyrrolidine (0.71 g).
MS(ESI pos.)m/z: 272([M+H]+),_294([M+Na]+), (ESI
25 neg.)m/z: 306([M+CL]").
Example 45
Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[[(38)-

1,2,3,4-tetrahydroisoquinolin-3-yl]lcarbonyl]pyrrolidine
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(2) Synthesis of (2S,4S)-2-cyano-4-fluoro-I-[[(3S)-

1, 2, 3, 4-tetrahydroi soqui nol i n-3-yl | carbonyl | pyrrolidine hydrochloride In
et hanol (6 nL) was suspended (2S,4S)-1-[(3S)-2- 15
(tert-butoxycarbonyl)-1, 2,3, 4-tetrahydrol soqui nolin-3-

yl | car bonyl - 2- cyano-4-fl uoropyrrolidine (0.30 g) and, after ice-cooling,
6M aqueous hydrochloric acid solution (3 nm.) was added. The tenperature
was gradually raised to room tenperature, and then, the m xture was
stirred ovengagbchld@idert her, nmethanol (6 nL) and 6M aqueous hydrochloric
acid solution (3 n.) were added, followed by stirring at room tenperature
for a day. The sol yeht Syasheshseof r 428d4Shedbr [ (3@ edteressure, and the
resulting residue was washed with diethyl ether, dissolved in nmethanol (2
m.) and addedt2xydeapenyd )tad et Byl -dedrahydredsaapingdinnd-sol uti on was
added diethyl ether (10 nL), and the precipitated insoluble substance was
col | ect ed bylflicambaniydm 2-gydngadirdd varopyrephidiageet ate - diethyl ether

&é:l) to give the title - 87 conpound (0.%2 g%ﬁgs a pale gégém ﬁﬁﬁder'
(ES| pos.)niz: 2RaCPRALRY) Lo2bBE[ NARBET) S1p R gERRF 20T FPRMRAE - )
?gg( 5&%1&{1&@@%2%{5&1&}% %%_Snlﬂ_s (%f.83 g) was obtained as a pale
SEERIER S o L e e R S
o oot DO h B 4 9 X0 B oabBony) -
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (0.41 g).
10 MS(ESI pos.)m/z: 396([M+Nal*), (ESI neg.)m/z: 372([M-H1").
(2) Synthesis of (25,48)-2-cyano-4-fluoro-1-[[(38)-
1,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl]pyrrolidine
hydrochloride
In ethanol (6 mL) was suspended (2S5,4S)-1-[(3S)-2-
15 (tert-butoxycarbonyl)-1, 2,3, 4-tetrahydroisoquinolin-3-
yl]carbonyl-2-cyano-4-fluoropyrrolidine (0.30 g) and, after
ice-cooling, 6M aqueous hydrochloric acid solution (3 mL)
was added. The temperature was gradually raised to room
temperature, and then, the mixture was stirred overnight.
20 Further, methanol (6 mL) and 6M aqgueous hydrochloric acid
solution (3 mL) were added, followed by stirring at room
temperature for a day. The solvent was concentrated under
reduced pressure, and the resulting residue was washed with
diethyl ether, dissolved in methanol (2 mL) and added
25 dropwise to ethyl acetate (10 mL). To the solution was
added diethyl ether (10 mL), and the precipitated insoluble

substance was collected by filtration, and washed with

ethyl acetate - diethyl ether (1l:1) to give the title
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According to the manner simlar to that of Example 1(3), the title
conpound (2.81 g) was obtained as a colorless anorphous substance from
(2S, 45) - 2-cyano-4- fluoropyrrolidine hydrochloride (1.54 g) and
(3S)-2-(tert 15 butoxycarbonyl)-7-hydroxy-1, 2,3, 4-tetrahydroi soqui nol i ne- 3-
carboxylic acid (3.00 g). MS(ESI pos.)m z: 412([ MtNa]+), (ESI neg.)nl z:
388([M4ﬂ-). (2) Synthesis of (2S,4S)-2-cyano-4-fluoro-I-[[(3S)-

7- hydroxy-1, 2, 3, 4-t et rahydr oi soqui nolin-3 20 yl |l carbonyl | pyrrolidine
hydrOCh'Orld@mﬁ@ﬁﬁ&dK0919090hasﬂanpanesbﬂanrpbwdehat of Exanple 45(2),
the title conmpound (0.12 g) was obtained as a pale brown powder from

(2S,4S9) -1 -[ (IR ¢@ST tess - it DXYyZ24 DM ) ), 296 ([M+Nal™), (ESI

7- hydroxy-1, 2, 3, 4-t et rahydr oi soqui nol i n-3-yl | carbonyl -2 25

cyano- 4- f | unegpymyal:i d2n2( [19-BD" ) . 308 BStCIpbs) ) m z: 290([ M+H] +),

312([ MtNa] +), (ESI neg.)mz: 288([MH -), 324([MWCL]-). Exanple 47 - 88
Synt hesi s oEx@@Bl4SH62- cyano-4-fluoro-1-[[(3S)-7-

met hoxy- 1, 2, 3, 4-t et r ahydr oi soqui nol i n- 3- yI]carbon rro i he
hydr ochl®ri de (1) Syntgesig @g (2%, 4%) - 2= ¢y -5- f%$$§ o1 £585-7-

but oxycar bonyl ) - 7- net hoxy- 1, 2, 4 tetrah dr0|iiﬁ bnolln 3-
yI]carbonyIhYd€9§HGl42fﬁu&r&ﬁ}FﬁBﬁpﬁpﬁéo dPiet hyl f or mami de (5 niL)

et ahydr of F3dGARBORY I SFOL BN PEOEIERESETA80 T 1 bor opyrr ol | di he (0. 63
9). and then "Ethy (1) °g§9%hé91%5of (25,4S)-1-[(38)-2-(tert-
butoxycarbonyl)—7-hydroxy-1,2,3,4-tetrahydroisoquinolin-B-
10 yl]lcarbonyl-2-cyano-4-fluoropyrrolidine
According to the manner similar to that of Example
1(3), the title compound (2.8l g) was obtained as a
colorless amorphous substance from (25,48)-2-cyano-4-
fluoropyrrolidine hydrochloride (1.54 g) and (3S)-2-(tert-
15 butoxycarbonyl)-7—hydroxy—1,2,3,4-tetrahydroisoquinoline-3-
carboxylic acid (3.00 g).
MS(ESI pos.)m/z: 412([M+Nal*), (ESI neg.)m/z: 388([M-H]").
(2) Synthesis of (28,48)-2-cyano-4-fluoro-1-[[(3S)-
7-hydroxy-1,2,3,4-tetrahydroisoquinolin-3-
20 yllcarbonyllpyrrolidine hydrochloride
According to the manner similar to that of Example
45(2), the title compound (0.12 g) was obtained as a pale
brown powder from (ZS,4S)-1-[(3S)-24(tert-butoxycarbonyl)-
7-hydroxy-1,2,3,4-tetrahydroisoqu1nolin-3—yl]carbonyl-2-
25 cyano-4-fluoropyrrolidine (0.30 g).
MS(ESI pos.)m/z: 290([M+H]*), 312([M+Na]*), (ESI
neg.)m/z: 288([M-H]"), 324([M+CL]7).

Example 47
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nm) and potassium carbonate (0.25 g) were added, followed by stirring at
roomtenperature overnight. The reaction solutlon was, taken up in water
and extracted with ethyl acetate. The organi c phase was washed with 0.5 M
aqueous 15 hydrochloric acid solution, a saturated aqueous sodi um

bi carbonat e sol ution and a saturated aqueous sodium chloride solution,
successively. After drying over anhydrous sodium sulfate, the drying agent
was separated by filtration, and the filtrate was concentrated under

reduced 20 pressyhthEifld asf AU WEy -Weehesh oMal-F 1diorsen-guyi3sgther to
give the title conpound (0.42 g) as a pale yellow powder. MS(ESI pos.)m z:

426( [ MrNa] e th&Dy- DeD, 3HiZteﬂﬁiﬁf&&éﬁsdquiﬂémlﬁWm{heS|s of
(2S, 4S)-2-cyano-4-fluoro-1-[[(3S

7- met hoxy- iyﬁ]@aﬁbbﬁ?l?byﬂfﬁlﬁdﬂuenm&drbéhfﬁkydéCafbonyl3pyrro|idine
hydrochl ori de According to the manner simlar to that of Exanple 45(2),

the title conmpound X)0.Sk#hig)esis aﬂ)t(aa'Sq,d(S)ad-a[ (3 Je- 2 Hrt@mt -powder from
(2S,4S)-1-[(3S)-2-(tert-but oxycarbonyl) -

7- met ho¥y- 1b@t6x¥eaeboahydr@rmquDNE+ln233y4+t©tb@ﬁ$¢rQisoquin011n 3-

cyano-4-fluoropyrrolidine (0.30 g). MS(ESI pos@i 304([ MtH] +) ,

326( [ MrNa] +y1]@EsbonnégZ)rﬁﬁnosssﬂmnrolsi %mpl e 48 -Synthesis of
(2S,4S)-1-[(3S)-7- an1nocarbonglnethox -

1, 2, 3, 4-t et r ahydr ot dhy 1&} Jy#?’%‘é%'ﬁd’rﬁ/l(-sz o 125 AXS5S0HVES r r ol i di ne
AN X .lé)SKnE‘LsS%bEaﬁ{sr%a?hﬁs?{;oayéﬁém )17 hyatdey-1.2,3,4-
tetrahydroisoquinolin-3-yl]carbonyl-2-cyano-4-

10 fluoropyrrolidine (0.63 g); and then methyl iodide (0.15
ml,) and potassium carbonate (0.25 g) were added, followed
by stirring at room temperature overnight. The reaction
solutlon was taken up in water and extracted with ethyl
acetate. The organic phase was washed wilth 0.5 M aqueous

15 hydrochloric acid solution, a saturated aqueous sodium
bicarbonate solution and a saturated aqueous sodium
chloride solution, successively. After drying over
anhydrous sodium sulfate, the drying agent was separated by
filtration, and the filtrate was concentrated under reduced

20 pressure. The residue was washed with diisopropyl ether to
give the title compound (0.42 g) as a pale yellowlpowder.

MS(ESI pos.)m/z: 426([M+Na]*), (ESI neg.)m/z: 402([M-H]").
(2) Synthesis of (28,48)-2-cyano-4-fluoro-1-[[(3S)-
7-methoxy-1,2,3,4-tetrahydroisoquinolin-3-

25 yllcarbonyl]pyrrolidine hydrochloride

According to the manner similar to that of Example
45(2), the title compound (0.12 g) was obtained as a pale

brown pbwder from (ZS,4S)-1-[(BS)-2—(tert-butoxycarbonyl)—
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t et r ahydr oi soqui nol i n-3-yl ] carbonyl - 2-cyano-4- fluoropyrrolidine According
to the manner simlar to that of Exanple 47(1), the title conmpound (0.55
g) was obtained as a 15 colorless powder from (2S,4S)-1-[(3S)-2-(tert-

but oxycar bonyl ) - 7- hydr oxy- 1, 2, 3, 4-t et r ahydr oi soqui nol i n- 3-

yl | car bonyl - 2- cyano-4-fl uoropyrrolidine (0.60 g) and bronopacetam de (0. 32
g). M5(ESI pos.)nmz: 469([ M+Na] +), (ESI neg.)m z: 445([MH -). 20 (2)

Synt hesis of (2S,4S)-1-[(3S)-7-

am nocar bony+methoxy-1, 2, 3, 4- tetrahydrol sogui molim-3-yl]carbonyl-2-

yl | car bonyl - 2- cyano- 4-fl uoropyrrolidine hydrochloride In ethyl acetate (12
m.) was susgpaded4(2BndBppyrrolidine (0.30 g).

[ (3S)-2-(tert-butoxycarbonyl)-7- anlnocarbonylnethoxy-

1,2, 3, 4-t et r NSRBI womi ol 3 n-34/(0 186 Bony 1326 e U- ):f | st opyrrol i di ne
(0 30 g), and then 4M hydrochloric acid (ethyl acetate solution, 12 nL) was
added wi t h neg- dwdki ng338 ¢ BI+&wkd) by stirring with ice-cooling for 15

m nutes and - 90 then at roomtenperature for an hour. Ethyl acetate (12
m.) was Saddeé¥amphe fA8sulting insol uble substance was collected by

Sy e e R
e s, B8 T RSB 8L A00OR bashasi 4O et hano
pos. ) 2: 41CLeEhn s AGR6! HybebohaobBRL 10 neg. )iz 3aS([MH-),

381([ M+CLI -
(1) Synthesis of (25,4S)-1-[(3S)-2-(tert-

10 butoxycarbonyl)-7-aminocarbonylmethoxy-1,2,3,4-
tetrahydroisoquinolin-3-yl]lcarbonyl-2-cyano-4-
fluoropyrrolidine

According to the manner similar to that of Example
47(1), the title compound (0.55 g) was obtalned as a

15 colorless powder from (2S5,4S)-1-[(3S)-2-(tert-
butoxycarbonyl)-7-hydroxy-1,2,3,4-tetrahydroisoquinolin-3-
yllcarbonyl-2-cyano-4-fluoropyrrolidine (0.60 g) and
bromoacetamide (0.32 g).

MS(ESI pos.)m/z: 469([M+Nal*), (ESI neg.)m/z: 445([M-H]7).

20 (2) Synthesis of (28,4S)-1-[(3S)-7-
aminocarbonylmethoxy-1,2,3,4-tetrahydroisoquinolin-3-
yl]carbonyl-z-cyano—4-fluoropyrroli§ine hydrochloride

In ethyl acetate (12 mL) was suspended (25,48)-1-
[(38)-2-(tert-butoxycarbonyl)-7-aminocarbonylmethoxy-

25 1,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl-2-cyano-4-
fluoropyrrolidine (0.30 g), and then 4M hydrochloric acid
(ethyl acetate solution, 12 mL) was added with ice-cooling,

followed by stirring with ice-cooling for 15 minutes and
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Exanpl e 49 Synthesis of (2S,4S)-2-cyano-1-[(3S)-6, 7-di met hoxy-

1, 2, 3, 4-t et rahydr oi soqui nol i n-3-yl | carbonyl -4- fluoropyrrolidine

hydrochl oride 15 (1) Synthesis of (3S)-2-(tert-butoxycarbonyl)-6, 7-

di met hoxy- 1, 2, 3, 4-t et rahydr oi soqui nol i ne-3-carboxylic acid 1In
tetrahydrofuran (6 nL) was suspended (3S)-6,7

di met hoxy- 1, 2, 3, 4-t et rahydr oi soqui nol i ne- 3- car boxyl ate p- tol uenesul fonate
(0.50 g), and then a saturated aqueous 20 sodium bicarbonate solution (3

M) was addetiedt gt0HBInEMRGITRIratRref Forowed Hoyirst i Ethyy &tetaben { ERperature
until bubbles were no | onger fornmed. The solution was cooled on an

i ce-bat h, dimif)emiasdadedi ,camew iaistltAndl imispolwdd eadded tantleewhasnper at ur e
was gradually raised, and then, the m xture 25 was stirred at room

t enper at ur e coddredtgd byl Middiredion laypdr oalsbed eridbi @thylluaicetat® o) and an
excess anmount of sodiumchloride were added, followed by extraction with
et hyl acet atgdveTle palganiel lsivapowies wathedresuhting powdent waat tledqueous
sodi um chl ori de solution and, after drying over anhydrous sodi um sul fate,
the dryi bg agependsd irepthandy (5 midat isdirred athaorm tepperadare
concentrated under reduced pressure. The residue was washed with hexane 5

- di i sopr opyioretaterhquy giGelkartad e fdFatden @rgg vgshed v le yel | ow
S Nt hesi & OISYARGIS) Gy s (trkd BURRYELT B 6 27 & SATRARE 2, 3, 4
10 tetrahydgﬁ&g&g@noIin-3-y|Icarbonyl-2-cyano-4-
MS(ESI pos.)m/z: 347([M+H1*), 369([M+Nalt), (ESI
10 neg.)m/z: 345([M-H]"), 381([M+CL]").
Example 49
Synthesis of (2S,4S)-2-cyano-1-[(3S)-6,7-dimethoxy-
1,2,3,4-tetrahydroisoquinolin-3~yl]carbonyl-4-
fluoropyrrolidine hydrochlorilde
15 (1) Synthesis of (3S8)-2-(tert-butoxycarbonyl)-6,7-
dimethoxy-1, 2,3, 4-tetrahydroisoquinoline-3-carboxylic acid
In tetrahydrofuran (6 mL) was suspended (3S)-6,7-
dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylate p-
toluenesulfonate (0.50 g), and then a saturated aqueous
20 sodium bicarbonate solution (3 mL) was added at room
temperature, followed by stirring at room temperature until
bubbles were no longer formed. The solution was cooled on
an ice-bath, di-tert-butyldicarbonate (0.31 mL) was added,
the temperature was gradually railsed, and then, the mixture
25 was stirred at room temperature overnight. 1M aqueous
hydrochloric acid solution (5 mL) and an excess amount of
sodium chloride were added, followed by extraction with

ethyl acetate. The organic phase was washed with a
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fluoropyrrolidine According to the manner simlar to that of Exanple 1(3),
the title conpound (0.34 g) was obtained as a colorless powder from

(2S, 45) - 2-cyano-4-fluoropyrrolidine 15 hydrochloride (0.15 g) and
(38S)-2-(tert-butoxycarbonyl)-

6, 7- di met hoxy- 1, 2, 3, 4-t et rahydr oi soqui nol i ne-3-carboxylic acid (0.34 g).
MS(ESI pos.)nfz: 456([ MNa] +). (3) Synthesis of (2S,4S)-2-cyano-1-[(3S)-6,7
20 di net hoxy- 1, 2, 3, 4-t et r ahydr oi soqui nol i n- 3-yl ] car bonyl -

f 1 uor opyrr okh@upatendagekbosi dedhamoctiogitde tbaubmoneandj nafderto that of
Exanple 45(2), the title conmpound (0.20 g) was obtained as a pale yellow
powder fromieg$ngShvier] GAByd2olkesbdhumoxutfnbenykthe28rying agent was

6, 7- di met hoxy-1, 2, 3, 4-t et rahydr oi soqui nol i n-3-yl | car bonyl -

2- cyano- 4- f remowpyr byl ifdilteatdod) ghd NVBEESLlpvatpnwas geuphpEfrared

356([ M+tNa] +), (ESI neg.)m z: 368([ MtCLI-). - 92 Exanple 50 Synthesis of
(2S, 4S)-1- [ppﬂs;smpdgqmﬁ pregsure. The residue was washed with hexane

benzyl oxy] but anoyl ] - 2- cyano- 4-f | uoropyrrolidi ne hydrochlorlde 5 1
Synt hesi%s of @g$s¢gpopyp[@ggegRyozg@y@rﬁhe title compound (

but oxycar bonyl am no) - 3- benzyl oxy] but anoyl ] - 2- cyano- 4- quoropyrrolldlne
Accordi ng t & PRden¥ieddiovsineWder -t o that of Exanple 1(3), the title

O . kst 508 )2/ 588 Pullafe ) 10(BEE a5 PRPL 538 L ERL ATCF. o
(2) Synthesis of (25,4S)-1-[(3S)-2-(tert-
butoxycarbonyl)-6,7-dimethoxy-1,2,3,4-
10 tetrahydroisoquinolin-3-yllcarbonyl-2-cyano-4-
fluoropyrrolidine
According to the manner similar to that of Example
1(3), the title compound (0.34 g) was obtained as a
colorless powder from (2S,4S)-2-cyano-4-fluoropyrrolidine
15 hydrochloride (0.15 g) and (BS)—2-(tert-butoxycérbonyl)-
6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline—3-carboxylic
acld (0.34 g).
MS(ESI pos.)m/z: 456([M+Nal™).
(3) Synthesis of (2S,48)-2-cyano-1-[(38)-6,7-
20 dimethoxy-1,2,3,4-tetrahydroisoquinolin-3-yl]jcarbonyl-4-
fluoropyrrolidine hydrochloride
According to the manner similar to that of Example
45(2), the title compound (0.20 g) was obtalned as a pale
yellow powder from (2S,48)-1-[(38)-2-(tert-butoxycarbonyl)-
25 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolin-3-yl]jcarbonyl-
2-cyano-4-fluoropyrrolidine (0.30 g).
MS(ESI pos.)m/z: 334[M+H]*), 356([M+Nal*), (ESI neg.)m/z:

368([M+CL]").
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fl uoropyrrolidine hydrochloride (0.30 g) and [(2S, 3R)-2-
(tert-butoxycarbonyl am no) - 3- benzyl oxy] but anoi ¢ acid (0.62 g). M5(ESI
pos.)m z: 406([M+H +), 428([M+Na]+), (ESI 15 neg.)m z: 404([MH-). (2)
Synt hesis of (2S,4S)-1-[[(2S, 3R)-2-am no- 3-

benzyl oxy] but anoyl ] - 2- cyano- 4-fl uoropyrrolidine hydrochloride According to
the manner simlar to that of Exanple 20 48(2), the title conpound (0. 34
g) was obtained as a browmm powder from (2S,4S)-1-[[(2S,3R)-2-(tert-

butoxycarbogyhg?n@pkﬂﬁ-benzyloxy]butanoyl]-2-cyano-4- fl uoropyrrolidine

(0.49 g). MS(ESI pos.)m z: 306([ MtH] +), 328([ M+tNa]+), (ESI 25 neg.)nl z:

340([ MFCL] -) . Examegﬁtﬁés%nbbe@izs,@é%(zst flﬁ?.S,ZBI@Ya@DarﬂiﬂéUQI o-1-[[(2S)-
oc

pyrrolidin-2-yl]carbonyl]pyrrolidine hydr oride - 93 (1) Synthesis of
(2S, 49) - 2- ( dEn2YADYIMU anloy1(123)}cyano-4-£luoropyrrolidine o
1-(tert-butoxycarbonyl)pyrrolidin-2-yllcarbonyl-4- fluoropyrrolidine
Accordi ng t bydhrecdorerdesi mlar to that of Exanple 5 1(3), the title
conmpound (0.88 g) was obtained as a colorless anorphous substance from
(2S, 4S) -2- ami nocar bdnyBynthékler ofy( 28l 48) nk- hyt2SHcBRpr2det €0t 50 g) and
(2S)-1- (tert-butoxycarbonyl)-2-pyrrolidinecarboxylic acid (0.64 g). MS(ESI
pos.)m z: 3batommgdrbonyIRsineeg 3y-ienzyd syl uEanpyl]11@-cypnsydthesi s of
(28,48)-I-[%28)-I-(tert-

luoropyrrolidine

According to the manner similar to that of Example

1(3), the title compound (0.81 g) was obtained as a pale
10 brown amorphous substance from (25,4S)-2-cyano-4-
fluoropyrrolidine hydrochloride (0.30 g) and [(2S,3R)-2~
(tert-butoxycarbonylamino)-3-benzyloxylbutanoic acid (0.62
g).
MS(ESI pos.)m/z: 406([M+H]*), 428([M+Nal*), (ESI
15 neg.)m/z: 404([M-H]").

(2) Synthesis of (25,4S8)-1-[[(2S,3R)-2-amino-3~
benzyloxy]lbutanoyl]-2-cyano-4-fluoropyrrolidine
hydrochloride

According to the manner similar to that of Example

20 48(2), the title compound (0.34 g) was obtalned as a brown
powder from (25,4S)-1-[[(28,3R)-2-(tert-
butoxycarbonylamino)-3-benzyloxy]lbutanoyl]-2-cyano-4-
fluoropyrrolidine (0.49 g).

MS(ESI pos.)m/z: 306([M+H]*), 328([M+Nal*), (ESI
25 neg.)m/z: 340([M+CL]").
Example 51

Synthesis of (2S,4S)-2-cyano-4-fluoro-1-[[(2S)-

pyrrolidin-2-yl]lcarbonyl]pyrrolidine hydrochloride
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but oxycar bonyl ) pyrrolidin-2-yl | carbonyl - 2-cyano-4- fl uoropyrrolidine
According to the manner, simlar to that of Exanple 11(3), the title
conmpound (0.65 g) was obtained as a 15 colorless solid from

(2S, 4S) - 2- (am nocar bonyl )-1-[(2S)-1 -
(tert-butoxycarbonyl)pyrrolldin-2-yllcarbonyl -4- quoropyrroIidine (0.80
g). MS5(ESI pos.)nmz: 334([M+tNa] +). (3) Synthesis of
(2S,4S)-2-cyano-4-fluoro-1 20 [[(2S)Pyrrolidin-2-yllcarbonyllpyrrolidine

hydrochloride In diptéyhtigddes 4A0(28.)49p2 SuspgRdRt oS 4S)H[-(28) -
[(2S)-1-(tert-butoxycarbonyl)pyrrolidin-2-yllcarbonyl-2-

cyano- 4-fl uor ¢pgrtebudorgcabbbiiyl) pyandliaen- 20 hydancdhpl + 4-aci d (di oxane
solution, 15 nL) was added, 25 followed by stirring at roomtenperature
for 3.5 houfiuordbpyerodvdpneati on of the solvent, diisopropyl ether (15 ni)
was added to the residue, followed by stirring. The precipitated insoluble
subst ance was col | hetendbyg -t@4thé imanner osilmblay Vo tihat iaf Examplaind
(0.53 g) as a pale orange solid. MS(ESI pos.)nm z: 212([ MtH +),

234( [ MrNa] +} (30 ESkhengd tiler gompegpp @:LPB)Q)SWEﬁa%FéiB?dS?ﬁtﬁea s of
(.2S,,4S)-1-[(cis-2-am no-cycl opent an-1 -

yl ) car bony| PO2OE}&HE- AMOIREPYSy FHEFLANAE RFEMoLRT of a2~ PR RGATRBRYL  of
(2S,49)-1-

butoxycarbo%yFéHPFgPYE§PP&GéHFaHyerP?&SFBSﬁy‘P 50 ghndnd. (3§)-1-

fIuorOpyrrC)l(ltdlnebutoxycarbonyl) 2-pyrrolidinecarboxylic acid (0.64 g).

MS(ESI pos.)m/z: 352([M+Nal*), (ESI neg.)m/z: 328([M-H]").
10 (2) Synthesis of (2S5,4S)-1-[(2S)-1~(tert-
butoxycarbonyl)pyrrolidin¥2-yl]carbonyl-2—cyano-4—
fluoropyrrolidine
According to the manner similar to that of Example
11(3), the title compound (0.65 g) was obtained as a
15 colorless sollid from (2S,4S)-2-(amlnocarbonyl)-1-[(2S)-1-
(tert-butoxycarbonyl)pyrrolidin-2-yl]carbonyl-4-
fluoropyrrolidine (0.80 g).
MS(ESI pos.)m/z: 334([M+Nal*t).
(3) Synthesis of (2S,4S)-2-cyano-4-fluoro-1-
20 [[(28)pyrrolidin-2-yl]carbonyl]lpyrrolidine hydrochloride
In diethyl ether (10 mL) was suspended (2S,48)-1-
[(28)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]lcarbonyl-2-
cyano-4-fluoropyrrolidine (0.66 g), and then 4M |
hydrochloric acid (dioxane solution, 15 mL) was added,
25 followed by stirring at room temperature for 3.5 hours.
After evaporation of the solvent, dlisopropyl ether (15 mL)
was added to the residue, followed by stirring. The

precipitated insoluble substance was collected by
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The crude product which was obtained from (2S, 4S)- 2-
cyano- 4-fluoropyrrolidine hydrochloride (0.30 g) and cis-2-
(tert-butoxycarbonyl am no) - cycl opent ane-1| -carboxylic acid (0.50 g)
according to the manner simlar to that of Exanple 15 1(3) was separated by .
a silica gel colum chromatography (devel oping solvent; hexane : ethyl
acetate =4:1 - 3:2) to give two diastereoisoners of the title conpound, a
| ower pol ar conponent (0.25 g) as a colorl ess powder and a hi gher polar
conponent (PlRfraiies Bocglvel ths pbtdler cofolmdvefO pid ag) casponesate Silica
gel TLC, Rf:0.17 (developing solvent; hexane : ethyl acetate =1:1), MS(ESI
pos.)nl z: 3dBandeNadid. (ESI neg.)m z: 324([MH-). H gher polar conponent;
Silica gel TLC, Rf:0.10 (developing solveftt; hexane : ethyl acetate
=1:1), NB(ESMS FESHaes miny/z 34(3 MM 1)), (233 ( [¥edialiiz: ESH[MH-). (2)
Synthesis of (2S,4S)-1-[(cis-2-am no-
cycl opent ann@gdy)méar bordH 6 (-IM+Sleno--4- f | uor opyrrol i di ne hydrochl oride - 95
According to the_nmanner simlar to that of Exanple 48(2), the title
conpoun® (OE¥@BPE® AAs obtained as a col orl ess powder from|ower polar
((2S5,4S)-1-[(cis-2;(tert- .
but oxycar bonyl am Qﬁk&ﬁ%ﬁxﬁﬁeﬁ%%ﬁ@ﬁ5?%ﬁ&ﬁﬁﬁﬁ]zﬁgmﬁﬂﬂﬂﬁxP¥9pentan'1'
fl uoropyrrolidine, (0. ) _obt ai eg i.n._Exanmpl ) é§§ ym z:
206 [ W ) YL DB PR 7L cPRup - ISELhOrbE PR B At nyq LA PRS )
Synthesis of (2S, 4 5 | Sz 4= am Nos &y ] - _
yl ) car bonyl ] - 2- cya@oZ %*4%})?%%%’% &d?'nééﬁyd%%%rzl cli@:ert
butoxycarbonylamino)-cyclopentan-1-yl)carbonyl]-2-cyano-4-
10 fluoropyrrolidine
The crude product which was obtained from (2S,4S)-2-
cyano-4-fluoropyrrolidine hydrochloride (0.30 g) and cis-2-
(tert-butoxycarbonylamino)-cyclopentane-l-carboxylic acild
(0.50 g) according to the manner similar to that of Example
15 1(3) was separéted by a silica gel column chromatography
(developing solvent; hexane : ethyl acetate =4:1 - 3:2) to
give two diastereoisomers of the title compound, a lower
polar component (0.25 g) as a colorless powder and a higher
polar component (0.27 g) as a colorless powder.
20 Lower polar component; Silica gel TLC, Rf:0.17
(developing solvent; hexane : ethyl acetate =1:1), MS(ESI
pos.)m/z: 348([M+Nal*), (ESI neg.)m/z: 324([M-H]").
Higher polar component; Silica gel TLC, Rf:0.10
(developing solvent; hexane : ethyl acetate =1:1), MS(ESI
25 pos.)m/z: 348([M+Nal*), (ESI neg.)m/z: 324([M-H]").
(2) Synthesis of (2S,4S)-1-[(cls-2-amino-
cyclopentan-1-yl)carbonyl]-2-cyano-4-fluoropyrrolidine

hydrochloride
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According to the manner simlar to that of Exanple 48(2), the title
conpound (0.067 g) was obtained as a colorless powder. from higher polar
((2S,4S)-1-[(cis-2-tert-

but oxycar bonyl am no) - cycl opent an- 1-yl ) car bonyl ] - 2-cyano-4- 15
fluoropyrrolidine (0.10 g) obtained in Exanple 52(1). MS(ESI pos.)m z:
226([ MtH] +), 248([MtNa]+), (ESI neg.)m z: 260([ M+CL]-). Exanple 54

Synt hesi s of (2S,4S)-2-(am nocarbonyl)-1-(tert- 20

but oxycar bonyl ) - 4-A¢cordiyg rod | theenameir chilnolr lare tttansh g2 ® frihxamsl e
suspended (2S, 4R)-2- (am nocarbonyl)-1-(tert-butoxycarbonyl)-4-

hydr oxypyr r 4Bi(@i)netpe. @igleobbapreddi H10REFerghceasxabpatned aand

di et hyl am nosul fur trifluoride (2.3 nL) was added 25 dropwi se with cooling
(-780) on acdlgpriees- pavdesn&rpat AoweThpolarpéf a8 utB) vas! (ehsuat ( Ye¥hf sed
to roomtenperature, and then, the mxture was stirred for 6 hours. The
reaction ni UMPEYWG§bPaYéﬁmGBODnCxcéapeﬂéﬁédlaﬁhé@ﬁ%bgﬁﬂibh? cyeno-4-

bi carbonat e solution and extracted with eth acetate. The F;ganlc phase

was masHEd ﬁﬂPﬁrQP§§§84&FéﬂsﬁdGe&Qsgéo&PGﬂFXBFcéPbEﬁﬁ?Elgo?% nh and a
| d dried
Sahydrous o S8t BT choP atmy S ar ref CIERBIS! T ope ThERREIVE sy o0 O

filtration, _the.filtrat concentrated under reduced pressure. The
resi due was §dr PV é&d byfgwgﬁﬂ(ggf g col um chronat ogr aphy (devel opi ng

sol vent; yl acetate =4:1 - 1:5) to give the title conpound
(300 ng) asﬁggﬁg co%grless sol id.

Synthesis of (2S,4S)-1-[(cis-2-amino-cyclopentan-1-
10 yl)carbonyl]-2-cyano-4-fluoropyrrolidine hydrochloride
According to the manner similar to that of Example
48(2), the title compound (0.067 g) was obtained as a
colorless powder from higher polar ((ZS(4S)-1-[(cis-2-tert-
butoxycarbonylamino)—cyclopentan—l-yl)carbonyl]-2-cyano-4-
15 fluoropyrrolidine (0.10 g) obtained in Example 52(1).
MS(ESI pos.)m/z: 226([M+H]*), 248([M+Nal*), (ESI
neg.)m/z: 260( [M+CL]~).
Example 54
Synthesis of (2S,4S)-2-(aminocarbonyl)-1-(tert-
20 butoxycarbonyl)-4-fluoropyrrolidine
In dichloromethane (20 mL) was suspended (2S,4R)-2-
(aminocarbonyl)-1-(tert-butoxycarbonyl)-4-
hydroxypyrrolidine (2.0 g) obtained in Reference Example 3,
and diethylaminosulfur trifluoride (2.3 mL) was added
25 dropwise with cooling (-78°C) on a dry ice - acetone bath.
The temperature was gradually raised to room temperature,
and then, the mixture was stirred for 6 hours. The

reaction mixture was taken up in a saturated aqueous sodium
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MS(ESI pos.)mlz: 255([ M+Na]+), (ESI neg.)m z: 231([MH -). Results of a
hi gh resol uti on mass spectrography of the conpounds in the above-nentioned
exanpl es are shown in 15 the follow ng table. Exanple |onization Detected
Conpositional Cal cd. Found Number net hodi onf or nul aval ueval ue 1ESI[ M+H] +C11
H19 F N3 0228.1512228. 1508 3ESI [ MtH] +C11 H19 F N3 0228.1512228. 1518

4ESI [ MtH] +C14 H16 F N6 03337. 1424337. 1440 5ESI [ MtH] +C15 H13 F N6
0317.1526317. 1536 6ESI[ M+tH] +C12 H22 N3 02240.1712240. 1723 7ESI [ M+tH] +C12 H22
N3 02241. 17 bA2&rbbiEx 8 ES [utkdnt G [dX® e ted 34 tho=AhY¥q. bseta®eS| [ Thel +CL1
H20 N3 02226. 1556226. 1565 10ESI [ MtH] +C11 H19 C N3 0244.1217244. 1231

11ESI [ M+tH] +CYXganti®: a2 avh sl 3¢ENRd 138h B ESiHuvetledCaudg20sNgodium

02226. 1556226. 1545 - 97 13ESI[ M+H] +C11H19FN30228. 1512228. 1525

14El [ M +d , Hilreai@oms: 132i0p4in 3881 26 B tMreCECH QRIS 308i 13, 1284

16EI [ M +C1LOHL6FN302229. 1227229. 1232 17ElI [ M +d , HI8FN30227. 1434227. 1455

19EI [ M +C , Ighdmpdote sofutgqbory, mmpessively, and dried over anhydrous
5 sodium sulfate. After removal of the drying agent by
filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by a silica gel column
chromatography (developing solvent; hexane : ethyl acetate
=4:1 - 1:5) to give the title compound (300 mg) as a

10 colorless solid.

MS(ESI pos.)m/z: 255([M+Nal?t), (ESIIneg.)m/z: 231([M-H]7).

Results of a high resolution mass spectrography of
the compounds in the above-mentioned examples are shown in

15 the following table.

Example |[Ionization|Detected| Compositional Calcd. Found

Number method ion formula value value
1 ESI [M+H]* | C,, H)y F N, O |228.1512|228.1508
3 ESI [M+H]* | C,, H,, F N, O |228.1512|228.1518
4 ESI [M+H]Y | C,, H, F N, O, |337.1424|337.1440
5 ESI [M+H]* | C,s H,s F N, O | 317.1526 | 317.1536
6 ESI [M+H]" | C,, Hp; N, O, [ 240.1712240.1723
7 ESI [M+H]* | C,, H,, N, O, |[241.1712240.1712
8 ESI [M+H]T C,; Hyy N; O, 226.1556 | 226.1570
9 ESI [M+H]T C,; Hyy N; O, 226.1556 | 226.1565
10 EST [M+H]* |cC,, H,, CL N, O |244.1217 | 244.1231
11 ESI [M+H]* C,; H;3 N3 O, 224.1399 | 224.1381
12 ESI [M+H]T C,, Hy, N, O, |226.1556 |226.1545
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21ESI [ MtH] +C , HI9FN30228. 1512228. 1521 22EI [ M +C10H16FN30213. 1277213. 1297
23ESI [ MtH] +C10H15FN30212. 1199212. 1208 24ESI [ M+H] +C11H17FN30226. 1356226. 1352
25ESI [ MtH] +C12H19FN30240. 1512240. 1499
26ESI [ M+H] +C13H21FN302270. 1618270. 1621
27ESI [ MtH] +C13H23FN302272. 1774272. 1785 28El [ M +C15H24FN30281. 1903281. 1911
29ElI [ M +C17H22FN303335. 1645335. 1670 30ESI [ M+tH] +C12H21FN302258. 1618258. 1603

31ESI [ MrH| HEXHHIOFNS02244— 146124414403 2EH-M—+EHHHR24FN3636511963365—4913
33ESI [ MtH] +Cl7t@5F:E0§§§§- 193138201918 ¢c , H,, F N, O |228.1512|228.1525
34ESI [ MHH] H 0232271531322 1594
35ESI [ MrH] HC18H27FN3023B5. 20873881 210[1C36ES! FMNH]OrOLZ4 5025340 | 245.1353
FN30306. 1982306. 1943 37ET[M HCI4 HI7 [ FN5 0325. 110p325. 1112 38EI [ M +C14
H18 FN50291). 1495291. 150BT 39ES] | +C1 S BRNEON395. 1882385771 5383 . 1284
40El [ M +C13H2OFN30453. 1590253. 1605, 41l [ M. +C23H31FN404446. 23P9446, 2328
42El [ M +Cl925ERM03376 811376 i i?) ’%ﬁjl wENecQ2 1 D42 48R 95432 1686 -
pfn ol B A e o S A L S o %M Fu\g Ocih220 1434227, 1455
T G U ST Y S PP
21 ESI [M+H]* | C,, H, F N, O |228.1512|228.1521
22 EI [M]* C,o Hig FN, O |213.1277|213.1297
23 ESI [M+H]* | C)p Hys F N, O | 212.1199 212.1208
24 ESI [M+H]* | C,, H, F N, O |226.1356 | 226.1352
25 ESI [M+H]* | C,, H, F N, O |240.1512|240.1499
26 ESI [M+H]* | C;y H,y F Ny O, [270.1618 | 270.1621
27 ESI [M+H]* | C; Hyy F N, O, | 272.1774|272.1785
28 EI [M]* Cys H, F N, O |281.1903|281.1911
29 EI [MI* |cC,, H,, FN, O, |335.1645|335.1670
30 EST [M+H]* | C,, H,; F N, O, |258.1618 | 258.1603
31 ESI [M+H]T | C,, Hyy F N, O, |244.1461|244.1449
32 EI [m1™* C,, H,, FN, O |305.1903}305.1913
33 ESI [M+H]' | €, Hyy F N, O, | 322.1931 | 322.1913
34 ESI [M+H]T | C,, H,s F N, O, |322.1931|322.1949
35 ESI [M+H]* | C,, Hy; F N, O, | 336.2087 | 336.2101
36 ESI [M+H]* | C,, H,; F N, O |306.1982|306.1973
37 EI [M]* |C,, H,, CL F N, 0] 325.1106 325.1112
38 EI [M]* Cy Hjg FN, O |291.1495|291,1503
39 ESI [M+H]* | C\y H,p F N O, | 335.1632 | 335.1638
40 EI M* | c, Hy FN, O |253.1590|253.1605
41 EI [M]* |C,, Hy, F N, O, |446.2329 | 446.2328
42 ET [M]* |cC, Hy, FN, O, |376.1911376.1930
43 ESI [M+H]* | C,, H,, F N, O |242.1669 | 242.1686
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49ES| [ MrH] +C17H21FN303334. 1567334. 1566

S0ESI
52ESI

Experinment 1 [Di peptidyl

i nhibition test of dipeptidyl

pepti dase

MtH] +C16H21FN302306. 1618306. 1615 51EI [ M +C10H14FN30211. 1121211. 1129
MtH] +C1L1H17FN30226. 1356226. 1355 53ESI [ MtH] +C11H17FN30226. 1356226. 1359
Peptidase IV Activity Inhibition Test] An activity
51V (DPP IV) was carried out

according to the method described in Diabetes, 47, 764 - 769 (1998). Plasma
i ncl udi ng drpepttdyt—peptidase+VvV—wasrprepared—by entTiT fuggtTomof~—bl ood
col | ected firombeal|t hy HBzman |voMen}™ tle@,s H,FEzNM®,r pat2 i DI74R372aL792d out
using a plate wth{I0O 96 iTatf]l bottomMel TS Tn the buffer sol ptron
cont ai ni ng [25 4AM HEPEESI140 nwﬁ\lﬂ'j afds Hyp B OpH 2748:13%5 a2 x1882 ] of
25 1 of 100 .M d y-|Pro-4-net hyl cou¥pryl an1de sol ption manuf act ur ed by
Pepti de InstitfBfe | nc.BST 7 (MaH 1nﬂﬁn Fadecki | 20 43 51 240 £79%n and
51 of the ftest, conpou 5 was,.added 12 | ap LLuted to
1/100 with 7 Me_ggﬂier iMﬁgfﬁ éufﬁéL_£&k££4; 4“@4&? %@ghghkg
tenperaturel fopg2 Hoursge150 1| ¢f 0 ROHEOYS RGEDI C g@ydlsﬁg) 4l b ONsYAS
added to stipp—the reae;#on.‘TnZ .ﬁfﬁ. seéncé—itenstty—ot—the—t+berat ed
7-ani no- 4- net hybcounar iggy was| {M98]* detgr g nedN Py, UpBBY. 13561 IGBESLEBAEE
pl at e r eade—(iA20 T ARVOTM WO tTabeft{Counter; manujactured by vartac|Oy,
Exci tation:| 3960nm| EmiEss on:| 488Hh) | CLhélf [Fubs €scefB6. 1618 ¢AOPL 646 |whi ch
the reactiopn tine df the vehlcl? ?+add|t|on was O nfnute was regarded as a
b| ank Va| uel, aﬁa ETI M Clo H“ F N3 0 211.,1121 | 211.1129

| 52 ESI [(M+H]* | C,y H,, F N, O |226.1356 | 226.1355

53 ESI [M+H]* | C,; H,, F N, O |226.1356 | 226.1359

5

10

15

Experiment 1 [Dipeptidyl Peptidase IV Activity Inhibition

Test]

An activity inhibition test of dipeptidyl peptidase

IV (DPP IV) was carried out according to the method

described in Diabetes,

47

, 764 - 769 (1998).

Plasma

including dipeptidyl peptidase IV was prepared by

centrifugation of blood collected from healthy human volun-

teers.

Enzyme reaction was carried out using a plate with

96 flat bottom wells in the buffer solution containing 25

mM HEPES,

140 mM NaCl and 1% BSA, pH 7.8,

To a mixture of

25 pl of 100 pM Gly-Pro-4-methylcoumaryl-7-amide solution

(manufactured by Peptide Institute,

Inc.),

7.5 ul of 133 mM

magnesium chloride solution and 5 pl of the test compound

was added 12.5 ul of plasma which was diluted to 1/100 with

the above buffer solution.

After the reaction at room

temperature for 2 hours, 50 pl of 25% aqueous acetic acid

solution was added to stop the reaction.

The fluorescence

intensity of the liberated 7-amino-4-methylcoumarine was
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the specific fluorescence intensity was cal cul ated by subtracting the

bl ank value fromthe determ ned value. The inhibitionrate (% of the

di peptidyl peptidase |V activity was calculated fromthe resulting
specific fluorescence 10 intensity according to the follow ng formula. The
di met hyl sul foxi de solution containing the test conpound at high
concentration of 1000-fold was prepared and diluted with the
above-nentioned buffer solution for use. The concentration (1C50) of the
test conpouddtéemerbibby G6¥mngld fhhobettcenceaplatécntafied {16020t he
inhibition rate at each concentration. Inhibition rate (%9 = A/ Bxl OO (A=
f I uor escencaRVaTENMulyidabedhColiptaddi mapnfactunedebyehgblant@nsity of the
"test conpound addition) 20 (B = fluorescence intensity of the vehicle
addition) Bxcihattonpasifi ve,dEujsshene 4sednm)| ( Z&eFlynrescence

am no- 3- net hyl pent anoyl ] -2-(S)-cyanopyrrolidine trifluoroacetate (Conpound
A) descri bedntanpitgnat vwpdshitheoraagtiopotipe. efakbpyveliale 25
yI)anin%%eth%Ianino]acet | -2-(S)-cyanopyrralidine dihydrochloride

"~ (Conpou BRrdgdsdPrpuasPat BARUPBOBAFITSgaEHed ]S PabPLatkehaidss. akdsul t s

o e SoM | BBk e g, eoTRouads oL o1yl 00e BHERRIARMELEP LoD 202,
the pyrrol | dupe abhidy A4 838k PBTuboRBHC AR BYEEkhERLaDFELLY. T NS tion
inhibition rate (%) of the dipeptidyl peptidase IV activity
was calculated from the resulting specific fluorescence
10 intensity according to the following formula. The dimethyl
sulfoxide solution contailning the test compound at high
concentration of 1000-fold was prepared and diluted with
the above-mentioned buffer sblﬁtion for use. The
concentration (ICgp) of the test compound to exhibit 50%
15 inhibition was caiculated from the inhibition rate at each
concentration.
Inhibitlion rate (%) = A/Bx100
(A= fluorescence 1ntensity of vehicle addition -
fluorescence intensity of the test compound addition)
20 (B = fluorescence intensity of the vehicle addition)
As the comparative drugs were used 1-[(2S5,3S)-2-
amino-3-methylpentanoyl]-2-(S)-cyanopyrrolidine
trifluoroacetate (Compound A) described in Patent
W095/15309 and 1-[2-[(5-cyanopyridin-2-
25 yl)aminolethylamino]acetyl-2-(S)-cyanopyrrolidine
dihydrochloride (Compound B) described Patent W098/19998 or
US. Patent 6011155.

Results are shown in Table 1. The compounds of the
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DPP IV inhibition activity (1C50 val ue, .nM Conpound A Conpound of Exanple
1 Conpound of Exanple 15 Conpound of Exanple 17. Conpound B Conpound of
Exanpl e 5 Conpound of Exanple 21 Conpound of Exanple 26 1.5 0.6 0.7 0.6
5:5 1.1 2.9 3.3 Experinent 2 [Concentration of test drug in blood by oral
admnistration in rats] Wstar rats, nmale (8 weeks old) were used after 10
fasting fromthe day before the test. Aqueous solution of the conpound of
Exanple 1 or Conpound A (each of which was prepared by dissolving in
purified wapeeseatnikegenpivn hregtohfagmedusoshbuéi an)emidanoingl y

adm nistered at a dose of | nmg/kg(l m/kg). 15 At 5, 10, 15, 30 mnutes, 1
and 2 hoursaettigityhby ddtirodstiagi enflearhné. @tahn oh bheopywasltdlihect ed

fromthe jugular vein and, after centrifugation, the resulting plasm was
used as sanpliag., and confirmed to have an excellent DPP IV inhibition

activity.
5 Table 1
DPP IV inhibition activity (ICgg value, nM)
Compound A 1.5
Compound of Example 1 0.6
Compound of Example 15 0.7
Compound of Example 17. 0.6
Compound B 5.5
Compound of Example 5 1.1
Compound of Example 21 2.9
Compound of Example 26 3.3

Experiment 2 [Concentration of test drug in blood by oral
administration in rats]
Wistar rats, male (8 weeks 0ld) were used after

10 fasting from the day before the test. Aqueous solution of
the compound of Example 1 or Compound A (each of which was
prepared by dissolving in purified water to make up to
1 mg/ml aqueous solution) was orally administered at a dose
of 1 mg/kg(1l ml/kg).

15 At 5, 10, 15,‘30 minutes, 1 and 2 hours after the
administration, each 0.2 ml of blood was collected from the
jugular veln and, after centrifugation, the resulting
plasma was used as sample.

Concentrations of the compound of Example 1 and
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Concentrations of the conpound of Exanple 1 and -
were measured by liquid chronatography tandem mass spectrography method
(LG M5/ VMS). That is, 50 1 of the plasma was added to 200 | of acetonitrile,
stirred and, after centrlfugation, the supernatant was 5 injected to a

| i qui d chromat ography wherein CAPCEL PAK C18, UGL20 5 pm (150 mm | ong, 2
mm di aneter) was used as a colum, a m xture of 10 nM aqueous anmmoni um
acetate solution and 90% aqueous acetonitrile solution (1:9) was used as
an el uent, SompruARl 3046 pCavmaMbebgsmems(iPedkby lighlidechBomaxpgwaphused
as a M5/Ms condition, ESI was used as an ionization nethod, and cation,
and SRM ( pr tendemr mass spedtdagghpby memhoda$lLOgM8/HM8) . noFhabrisg.

I ndi cators of the conpound of Exanple 1 were mlz 228.0 and mz 86.0, and
those of CoRfouddoR wBeepkpsm21@as addedf £08800. plsoffaatetonthvike nean
concentrations in plasma at the tinme when bl ood was coll ected after oral
adni ni st r at E§Arreghandonpdled Sentrdfpoationasthenfynernasasént’edtion in

Bigzna %garﬁggsaﬁeangoaanﬁ%&P§ﬁ§%§E§&ggﬁgr9@haﬁ%ﬁgigé%|$6Pﬁggfﬁﬁgr%%§gre'3
P Co i i
plgzna gﬁﬂgﬁgé&ﬁtbgns ?Eab e gUﬁ ﬁ' HE% i on ngentratlon in

Waﬁ1ﬂsﬁ h3%r2 hours
Conpound Ofc%iﬁ%%ZS%S%gs%%geEé ngemﬁ aqueous ammonium acetate

101 Conpound A in plasma

solution and 90% aqueous acetonitrile solution (1:9) was
used as an eluent, Sciex API3000 LC/MS/MS System (Perkin
10 Elmer Sciex) was used as a MS/MS condltion, ESI was used as
an lonization method, and cation, and SRM (precursor lon

and daughter ion) was used for monitoring. Indicators of

the compound of Example 1 were m/z 228.0 and m/z 86.0, and
those of Compound A were m/z 210.1 and m/z 86.0.
15 Table 2 shows mean concentrations 1n plasma at the

time when blood was collected after oral administration.
The compound of Example 1 has a higher concentration

in plasma than Compound A, and is confirmed to increase the

concentration in plasma by introducing a fluorine atom on

20 the pyrrolidine ring.

Table 2
Plasma concentrations of the drug after administration
Concentration in plasma of drug : unit (ng/ml)
5 min. {10 min. |15 min. |30 min. |1 hour |2 hours
gi‘;‘ﬁg‘izdl"f 157 372 348 195 24 5
Compound A 122 146 113 28 6 2

(Each value is a mean value of 2 samples)
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Conpound A1221461132862 (Each value is a nean value of 2 sanples) - 102
Experinment 3 [Effect of dipeptidyl peptidase IV inhibitors on oral glucose
tol erance test (OGIT) in Zucker fatty rats] An OGIT in Zucker fatty rats
was carried out referring to the nethod described in Diabetol ogia, 42, 1324
5 - 1331 (1999). In the test, male Zucker fatty rats, 10 weeks old
(Charles River Japan, Inc.) were used after fasting for 16 hours. Rats had
free access to water up to the tinme just before the test, and did not have
up to the Ergepimehe Be$EffBetone Ghpepeidyl ngeptidhiset Bgtinthiobtiod® was
collected fromthe intraorbital vein using a heparin- treated tube for

bl ood col | eohi oralngitutastutedebyn®euteshd(OSET gninf fecker) falite tets]
conpounds were each dissolved in water for injection under Japanese

Phar macopoei a ( mani a@&TT etin bjudkdmarfatmrmatcewds adam@y.ed antt oral ly 15
adm nistered in an.amount of 2 m/kg of the body weight. The same anount

of water foregEgjrzdngotouistier meihafdedescrhbedntbpbiibebpl9dbas 4dm hP2tered
to control group. One g/kg of the body weight of glucose was dissolved in
wat er for i'njlégtli éﬁ%ﬁger I pele ske Fha e P ke mrp ora1at 90 10

adm nistered in an an?unt of 2_m/kg_of the_body wei ght aé %0 m nut es
after the aliRPKSsPL&: (GRaglefhBiVett I2BABouhBCor WGEPePSESraFhfEcti on.

aftor the oPBEESES K AOsPPREFon. M APd ARSI | et el P M ec
W th 25 hepapiny(HRNYLAGt Waed BY +x0! ML2Y PDAEMREGUALEhatR apltd- tne aNd
centrifuged at §8§% gpn1for %ﬁ m- nut €és” af 5@ to
end of the test. Before the begining of the test, blood
10 was collected from the intraorbital wvein using a heparin-
treated tube for blood collection (manufactured by Drummond
Scientifilc Co.). The test compounds were each dilssolved in
water for injection under Japanese Pharmacopoela
(manufactured by Hikari Pharmaceutical Co.) and orally
15 administered in an amount of 2 ml/kg of the body weight.
The same amount of water for injection under Japanese
Pharmacopoeia only was administered to control group. One
g/kg of the body welght of glucose was dissolved in water
for injection under Japanese Pharmacopoela and orally
20 administered in an amount of 2 ml/kg of the body welight at
| 30 mlnutes after the administration of the test compound or
water for injection. Blood was collected from the
ophthalmic vein at 15, 30 and 60 minutes after the glucose
administration. Blood samples were immediately mixed with
25 heparin (manufactured by Shimizu Pharmaceutical Co., Ltd.),
and centrifuged at 3000 rpm for 15 minutes at 4°C to

recover plasmas, which were immediately frozen.

Plasma glucose levels of the frozen samples (mg/dl)
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recover plasmas, which were inmmediately frozen. Plasma gl ucose | evels of
the frozen sanples (ng/dl) - 103 were determ ned using G ucose Cll test
Wako (manufactured by Wako Fine Chemical Industry Co.), and the area under
the curve (mn-ng/dl) was calculated fromthe plasma glucose |evels which
were determned fromthe blood collected for 5 60 mnutes after the gl ucose
admnistration. On the other hand, the plasm gl ucose |evel of the sanple
whi ch was obtained fromthe bl ood collected before the beginning of the
test was uswérasdetieshinedensfioyg Ghecpkasg@ilgkasbsWakbeymhnafadturadte. 10
Results are shown in Table 3. The conpound of Exanple 1 inhibited

si gni fi cant by WhkoelFdwnat Chemdicallh&ndpsasyacCgl. dcosndl &hel afpaOuoder Thele 3
nmean t S.E. (mn*ng/dl) Water-adm nistered groupl5545 :t 765 Conpound of
Exanpl e 1- ¢82%8 {manomgddilni veer edlgndaped SErNpUSTRI PLaAPPLILABPEETY The
present invention nakes it possible to provide conpounds having an
excel | ent dilp¥pilisdyhishpmedss dererppppd fypm fhebblpred sedierted &RF t he
conpounds of the present  invention are useful as an agent fﬁé g%ﬁg%nting

or treatd ng68omdpatese afkem itthes ILUSRSRe admdadstratdon. Epat

n rrolidin rivative repr n Eor nul
cyanopyrro hgndg %%e ﬁ%gsﬁ% 5?%&%%% E%%egyofotgg %ample which was

obtained from the blood collected before the beginning of
the test was used as substitutes for the plasma glucose
level at 0 minute.

10 Results are shown in Table 3. The compound of
Example 1 ;nhibited significantly the elevation of the
plasma glucose level (p<0.05).

Table 3

mean * S.E. (min‘mg/dl)

Water-administered group 15545 + 765

Compound of Example 1-
13248 =+ 619

adminlstered group

15 INDUSTRIAL APPLICABILITY
The present invention makes 1t possible to provide
compounds having an excellent dipeptidyl peptidase IV (DFP
IV) inhibition activity, and the compounds of the present
invention are useful as an agent for preventing or treating

20 diabetes mellitus, immune diseases, etc.
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(1): (1) [wherein RL is a hal ogen atom a hydroxyl group, an alkoxy 5
group having 1 to 5 carbon atons or an al kyl group having 1 to 5 carbon
atons, R2 is a hydrogen atom a hal ogen atom a hydroxyl group, an al koxy
group having 1 to 5 carbon atons or an alkyl group having 1 to 5 carbon
atons, or Rl and R2 together forman oxo, a hydroxyimno group, an

al koxyimno 10 group having 1 to 5 carbon atons or an al kylidene group
having 1 to 5 carbon atons, R3 and R4 are each a hydrogen atom a hal ogen
atom. a hydroxyl group, an al koxy gr@HRIggving 1 to 5 carbon atons or an
al kyl group having 1 to 5 carbon atons, " 0r R3 15 and R4 together form an

oxo, a hyds oxyi m RO gLAURy:AO1 141 KOILLLDO: B O UPeAYL K da 9y SrGAfpa at oS
or an al kyl'i dene"group gV|ng 0 carbon atons, X Is an ‘oxygen atom or
a sul fur aRQEL Y is -CR5R6- [wherein R5 and R6 are the sanme or 20

di fferent, “and each a hydrogen atom a hal ogen atom an al kyl group having
1 to 10 carbon atons which is optionally,, substituted with at | east one
selected fromthe group consisting of aRhangen atom a hydroxyl group, a
- 105 hydr oxyal kyl group Hhvind| 1 ; on atons,_ a carboxyl group, a
mercapt o group, an aIkyIthLd$g§ Qavi gltob céribbn atons, a guani dyl
group, an optionally sub&Ttuted p p, an i m dazol yl group, an

i ndolyl group, -NHR11 5 (wherein R11 js hydrogen atom an optionally
substituted CN R4

[wherein Rl 1s a halogen atom, a hydroxyl group, an alkoxy
5 group having 1 to 5 carbon atoms or an alkyl group having 1
to 5 carbon atoms, R2 1s a hydrogen atom, a halogen atom, a
hydroxyl group, an alkoxy group having 1 to 5 carbon atoms
or an alkyl group having 1 to 5 carbon atoms, or Rl and R2
together form an oxo, a hydroxyimino group, an alkoxyimino
10 group having 1 to 5 carbon atoms or an alkylidene group
having 1 to 5 carbon atoms,
R3 and R4 are each a hydrogen atom, a halogen atom,
a hydroxyl group, an alkoxy group having 1 to 5 carbon
atoms or an alkyl group having 1 to 5 carbon atoms, or R3
15 and R4 together form an oxo, a hydroxyimino group, an
alkoxyimino group having 1 to 5 carbon atoms or an
alkylidene group having 1 to 5 carbon atoms,
X 1s an oxygen atom or a sulfur atom,
Y is -CRSR6- [wherein R5 and R® are the same or
20 different, and each a hydrogen atom; a halogen atom; an
alkyl gfoup having 1 to 10 carbon atoms which 1is optionally
substituted with at least one selected from the group

consisting of a halogen atom, a hydroxyl group, a
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phenyl group, an optionally substituted pyridyl group, a

tert-but oxycarbonyl group or a benzyl oxycarbonyl group), -CONHR12 {wherein
R12 is a hydrogen atomor -(CH2)mR13 (wherein mis an integer of 1 to 5,
afid R13 is a hydrogen 10 atom a methoxycarbonyl group, an ethoxycarbonyl
group or a benzyl oxycarbonyl group)) and -OR14 (wherein Rl14 is a chain

al kyl group having 1 to 5 carbon atons or a benzyl group); or an al kenyl
group having 2 to 10 carbon atonms which is optionally substituted with at

| east one sridebed¢alkom fheupShewotg Consi St tagboh attas pgancatrboxyi

hydr oxyl group, a carboxyl group, an am no group, an am nocarbonyl group
and a chai graliboxy gpeesopphavigmgup,t anSatkybthiat gnehp baviitR/R8tGCRIR1O0-
(wherein R7, R8, RO and R10 are the sane or different, and each a hydrogen
atom a hal ogzhoat etpmsr, a2@uanildykybrgnpupahaobhgonaldy1subatbbutadons
which is optionally substituted with at | east one selected fromthe group
consi sting DBheayRabsqum.aesmimidarpdydxgrogpoupn Andaldiosyarryl -NHBLE
having 1 to 5 carbon Hons, a_carboxyl group, a nercapto grou an
al kyl thid gfyhgrean 83 11g0ashygregepoatafenaR apaaaﬂﬁﬁ}v ngaE-thaﬁed

o oup. - NRPSTEIGEErR RED PPtIoRFILEEHOREOGHCR BRFLORY BFOBBbOE t ut ed
Py O AT RS AU B B SR o851 BB o
2 " O SRR I R MBI st iggcaat L Lo ©
group or a {.henzyloyyqar Banyh 3R b ands GRl4nawheseis RlAyasogenhai n
10 atom, a methoxycarbonyl group, an ethoxycarbonyl group or a
benzyloxycarbonyl group)} and -OR14 (wherein R14 is a chain
alkyl group having 1 to 5 carbon atoms or a benzyl group):
or an alkenyl group having 2 to 10 carbon atoms which is
optionally substituted with at least one selected from the
15 group consisting of a halogen atom, a hydroxyl group, a
carboxyl group, an amino group, an aminocarbonyl group and
a chain alkoxy group having 1 to 5 carbon atoms],
or -CR7R8-CRIR10- (wherein R7, R8, R9 and R0 are the same
or different, and each a hydrogen atom; a halogen atom; or
20 an alkyl group having 1 to 10 carbon atoms which 1s
optionally substituted with at least one selected from the
group consisting of a halogen atom, a hydroxyl group, a
hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl
group, a mercapto group, an alkylthio group having 1 to 5
25 carbon atoms, a guanidyl group, an optionally substituted
phenyl group, an imidazolyl group, an indolyl group, -NHR11
(wherein R1l is a hydrogen atom, an optionally substituted

phenyl group, an optionally substituted pyridyl group, a
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al kyl group having 1 to 5 carbon atons or a benzyl group), or R7 and R9
together with the carbon atomto which they are attached forma cycl oal kyl
group having 3 to 8 carbon atoms which is optionally substituted with at

| east one 10 selected fromthe group consisting of a hal ogen atom a

hydr oxyl group, a carboxyl group, an am no group, an am nocarbonyl group,
a chain al kyl group having 1 to 5 carbon atons and a chai n al koxy group
having 1 to 5 carbon atons; a cycloal kenyl group having 4 to 8 carbon

at ons 15 whitefrti-pudpikiyeaatbonydulasionpubed awbeh zgllokgaarbonglsgkeapéd from
t he group consisting of a hal ogen atom a hydroxyl group, a carboxyl
group, an arCONHRAGUHwharedm arlsoay hydgogep, agomhein-4CKy) pgRédp havi ng
1 to 5 carbon atons and a chain al koxy group having_, 1l to 5 carbon atons; a
20 bi cycl oal(whergdoupm Hsviang i tiegeX0 ofalbde at.ospdvRichipsa bptireoanl y
substituted wth at | east one selected fromthe group consisting of a

hal ogen at omtom.hydmgbhoxyicanponyl @nowdxyengeshexyearianié roup, ©ana

am nocar bonyl group, a chain alkyl group ha&hn l1tob5 cg&bon atons .and a
chai n 25 al keRgYdoaysarbanyd snoyrs lcandon Ok ongwhsreén Bi'CydBodl KBAYR

group having 5 to 10 carbon atqonms which is optionall ubst i tuted th at
| east one s Qe@IFPﬁhﬁFﬂ@J“bﬂoﬁﬁ’ébﬁ?FbPPnGRSWSaoﬁa%o ERZY oﬁfogpﬁ;droxyl

010D P 8 IS HORY, e YR W R B RECRREY oL
b0 1§ ot T Bl 0 e d A R AR 3 20 i 010

atoms which is optionally substituted with at least one

10 selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, an amino group, an
aminocarbonyl group, a chain alkyl group having 1 to 5
carbon atoms and a chain alkoxy group having 1 to 5 carbon
atoms; a cycloalkenyl group having 4 to 8 carbon atoms

15 which is optionally substituted with at least one selected
from the group consisting of a halogen atom, a hydroxyl
grbup, a carboxyl group, an amlno group, an aminocarbonyl
group, a chain alkyl group having 1 to 5 carbon atoms and a
chain alkoxy group having 1 to 5 carbon atoms; a

20 bicycloalkyl group having 5 to 10 carbon atoms which is
optionally substituted with at least one selected from the
group conslisting of a halogen atom, a hydroxyl group, a
carboxyl group, an amino group, an aminocarbonyl group, a
chain alkyl group having 1 to 5 carbon atoms and a chain

25 alkoxy group having 1 to 5 carbon atoms; or a
bicycloalkenyl group having 5 to 10 carbon atoms which is
optionally substituted with at least one selected from the

group consisting of a halogen atom, a hydroxyl group, a
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| east one selected fromthe group consisting of a halogen atom a hydroxyl
group, a hydroxyal kyl group having 1 to 5 carbon atons, a carboxyl group,
a nercapto group, an alkylthio group having 1 to 5 carbon atons, a

gflani dyl 10 group, an optionally substituted phenyl group, an i m dazolyl
group, an indolyl group, -NHR11 (wherein R11 is a hydrogen atom an
optionally substituted phenyl group, an optionally substituted pyridyl
group, a tert-butoxycarbonyl group or a benzyl oxycarbonyl group), -CONHR12

(wherein RlZakbok§ia g&m?g%rm AmaMo0grouphZ bt BhdnbwhebehR1Myrbapanal nt eger
of 1 to 5 and R13 is a hydrogen atom a nethoxycarbonyl group, an

et hoxycar bosyiaigr adkydr gaougnsvaxygcar lhengl cagbouphtomsdan@Radchehar ei n R14
is a chain alkyl group having 1 to 5 carbon atons or a benzyl group), 20
or Y and Z tdyetiyegrwuph hialveng tlr aged abaibohoawbmsl) ,t Bad are attached form
a cyclic amno group having 2 to 10 carbon atons which is optionally
substituted with a% Leasthydnegsr| atomd 6roamtatkyt ogpoepnsavinggl otoa

hal ogen atom a hydroxyl group, an am no group, a chain alkyl group having
25 1 to 5 cdfbeardosngtoms WhRDh dshepsilenrisyi subsghiiutedl with gtoup
having 1 to 5 carbon atons, an am nocarbonyl net hyl roup or a benzyl
group)] or &eﬁﬁérﬁﬂ@e@ﬁLﬁﬂqﬁﬁ-é@@@pﬁaﬁlSrogﬁlpopﬁéﬁégﬂg of1gghajpgen The
cyanopyrrolidine derivative of Fornu according to.Claim1 wherein R1

la (1 2
is a hal ogeARt&8Monm? QYQQﬂﬁxkqﬂrQ@Pouﬁ,hX§IQWW@%§Y&r86 URaPANGTE tot8 Carbon

atoms of an aliorl, oM MY ehabd 38300 30T SR, R

alkylthlio group having 1 to 5 carbon atoms, a guanidyl

10 group, an optionally substituted phenyl group, an
imidazolyl group, an indolyl group, -NHR1l (wherein R1ll is
a hydrogen atom, an optionally substituted phenyl group; an
optionally substituted pyridyl group, a tert-butoxycarbonyl
group or a benzyloxycarbonyl group), -CONHR12 {wherein R12

15 1s a hydrogen atom or -(CHz)m-R13 (wherein m is an integer
of 1 to 5, and R13 is a hydrogen atom, a methoxycarbonyl
group, an ethoxycarbonyl group or a benzyloxycarbonyl
group)} and -OR14 (wherein R14 is a chain alkyl group
having 1 to 5 carbon atoms or a benzyl group),

20 or Y and Z together with the nitrogen atom to which they
are attached form a cyclic amino group having 2 to 10
carbon atoms which i1s optionally substituted with at least
one selected from the group conslisting of a halogen atom, a
hydroxyl group, an amino group, a chain alkyl group having

25 1 to 5 carbon atoms and -OR15 (wherein R15 is a chain alkyl
group having 1 to 5 carbon atoms, an aminocarbonylmethyl
group or a benzyl group)] or a pharmaceutically acceptable

salt thereof.
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5 and R4 are each a hydrogen atom a hal ogen atom a hydroxyl group, an

al koxy group having 1 to 5 carbon atons or an al kyl group having 1 to 5
carbon atons, or the pharnmaceutically acceptable salt thereof. 3. The
cyanopyrrolidine derivative of Fornula (1) 10 according to daim1l or 2
wherein R1 is a fluorine atomor a chlorine atom or the pharmaceutically
acceptable salt thereof. 4. The cyanopyrrolidine derivative of Fornula (1)
according to Caiml or 2 wherein RL is a fluorine atom 15 and R2 is a

hydr ogen atjom or e r [ | S r . 5. The
cyanopyrroﬁ%ﬁ ne Eé?i9&??9g§%%8é%§%thd??gggg%ggrangb%%EgﬁafgjI or 2
wherein Rl | yor.i e drogen atom
or the 20 pahcgcro%é{cie iﬂcd;l%l@&iglﬁznclep aqielé%sﬁi{%nh%r elﬁi)éflfyg%.n %Q?ﬁn(%yrrgl i di ne
derivati t E I ; i i

@ sul fur | at A B e el e By

different, fandfaphyvl yrgaihdimyl adal eeabo @domd) aalkR2,gR$up havi ng
1 to 10 carbon atons which is optionally substituted with at |east one

sel ected frhqa tRe HFdWadh @NEyEtddih Gitom hal egapgemmtan hyedhyddoxyloup, a
hydr oxyal kyl group having 1 to 5 carbon atons, a carboxyl group, a
mer capt o grgitdup Anaml &ty aggswpiharamiandl kd & ammrb@atamome, am guani dyl
group, an optionally substituted

alkyl group having 1 to 5 carbon atoms, or the

pharﬁaceutically acceptable salt thereof.
3. The cyanopyrrolidine derivative of Formula (1)

10 according to Claim 1 or 2 whereiln Rl is a fluorine atom or
a chlorine atom, or the pharmaceutically acceptable salt
thereof.

4. The cyanopyrrolidine derivative of Formula (1)
according to Claim 1 or 2 wherein Rl 1s a fluorine atom,

15 and R2 is a hydrogen atom, or the pharmaceutically
acceptable salt thereof.

5. The cyanopyrrolidine derivative of Formula (L)
according to Claim 1 or 2 wherein Rl is a fluorine atom,
and R2, R3 and R4 are each a hydrogen atom, or the

20 pharmaceutically acceptable salt thereof.

6. A cyanopyrrolidine derivative represented by Formula

(2):
H /ﬁ\ F

CN

(2)

[wherein X 1s an oxygen atom or a sulfur atom,
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phenyl group, an imdazolyl group, an indolyl group, -NHR11 10 (wherein Rl1l1
is a hydrogen atom an optionally substituted phenyl group, an optionally
substituted pyridyl group, a tert-butoxycarbonyl group or a

benzyl oxycar bonyl group), - CONHR12 (wherein R12 is a hydrogen atom or
-(CH2)mR13 (wherein mis an integer of 1 to 5 and R13 is a hydrogen 15
atom a net hoxycarbonyl group, an ethoxycarbonyl group or a

benzyl oxycar bonyl group)) and -OR14 (wherein Rl4 is a chain alkyl group
having 1 to 5 car bpnist otBORA - af wisewedn DM Rbramn tHekesgme group havi ng
2 to 10 carbon atons which is optionally substituted with at | east one

sel ected franfEEbeeld®, grodpeachsashiyfdgogénaahanoganhaloegenaahoms o’y group,
a carboxyl group, an am no group, an am nocarbonyl group and a chain

al koxy grouplkyli ggoupt basisvgar bokocalBnsprben atnmﬁawgtshlés PRhéPRAALRY,

R8, RO and R10 are the sane or different, and each a hydrogen atom a

hal ogen atoﬁPbéﬁitEEGanéﬁhyPtgﬂ@éﬁthQOPnﬁeleFBeﬁofEQWbéhea S5RBPwhich is
optionally substituted with at |east one sege ted fromthe _group

consi stithg 6PRglE4LBgeRtatoRPLRIRPIRERPr §r ﬁé?oﬁy h§GPBRyafkyl group
having 1 to 5 carbon_atons, a carhoxyl - 110 Qup,.a nerca p, an
al kyl thio gPXGEOHX9aH§ 19E8UB Pgy BgnEaF8n$,°89588nP59PSgr u%%?g%&?ﬂ
optionally substituted_ phenyl group,_an.im I (o] hndal ¥l

o oup, - N REFOUR gy BERRAL 78Ry aPBgar<It5hE 8. rsbr Myt LES B iea

phenyl grou opt.ional Ly LU yrLdy ; bstituted
tert-butoxyggF%%Ryﬁkgg%dpabpﬁggggk%ybggygér%gnbpgggggéi? SPCENHRTZ'&(\/\/nerein

R12 is a hygh%% ARAVL’ anl THAuELBLF1 GWBRBE BnMihdoaRli Birege, ofaRldo 5,
and R13 is hydr ogen

10 (wherein R11l is a hydrogen atom, an optionally substituted
phenyl group, an optionally substituted pyridyl group, a
tert-butoxycarbonyl group or a benzyloxycarbonyl group), -
CONHR!2 {wherein R12 is a hydrogen atom or -(CHp)p-R13
(wherein m is an integer of 1 to 5, and R13 is a hydrogen

15 atom, a methoxycarbonyl group, an ethoxycarbonyl group or a
benzyloxycarbonyl group)l} and -OR14 (wherein R14 i1s a chain
alkyl group having 1 to 5 carbon atoms or a benzyl group) ;
or an alkenyl group having 2 to 10 carbon atoms which 1s
optionally substituted with at least one selected from the

20 group consisting of a halogeﬁ atom, a hydroxyl group, a
carboxyl group, an amino group, an aminocarbonyl group and
a chain alkoxy group having 1 to 5 carbon atoms],
or -CRTR8-CRIR10- (wherein R7, R8, RY and R10 are the same
or different, and each a hydrogen atom; a halogen atom; or

25 an alkyl group having 1 to 10 carbon atoms which is |
optilonally substituted with at least one selected from the
group consisting of a halogen atom, a hydroxyl group, a

hydroxyalkyl group having 1 to 5 carbon atoms, a carboxyl
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atom a net hoxycarbonyl group, an ethoxycarbonyl group or a 10

benzy] oxycar bonyl group)) and -OR14 (wherein R14 is a chain alkyl group
having 1 to 5 carbon atons or a benzyl group), or R7 and RO together with
the carbon atomto which they are attached forma cycloal kyl group havi ng
3 to 8 carbon atoms which is optionally substituted with at | east one 15
selected fromthe group consisting of a hal ogen atom a hydroxyl group, a
car boxyl group, an am no group, an am nocarbonyl group, a chain alkyl|
group havi ngroupg & meadagrtoagmespandna adkyilithdbk gxpugr bapihgvingol5to 5
carbon atons; a cycl oal kenyl group having 4 to 8 carbon atons 20 which is
optional | y sarbon @tehswi th gaanidydt gosoapselacoptiionadhyt Rubgdtpted

consi sting of a halogen atom a hydroxyl group, a carboxyl group, an.amn no
group, an aPhesydr lEReEP . @nodpldazeRailn gaonp, ghodpdRAYILNgroUpPe 5N38250n
atons and a chain agbﬁﬁy group having 1 to 5 carbon atons; a 25

bi cycl oal kyl(WGeEd®I thR7ind S5 & HYEFogenhEtoltof® RRtdRANAL LY slPgRAtLyed
substituted with at | east one selected fromthe roug&ﬁgﬂsisting of a

hal ogen %tOPPQQYHyéFG%ﬁ'hﬁpoﬂﬂﬁf%naééﬁb hSt&FHGB, BY 095PYEp, 4an
! . il g
chain ol kohp o A et ohyl, Groul B3h R v Sa2p s R BLBLBTT, 201 B

having 5 to _ l\ﬁﬁflm)gv@{e%nv\mmh j_iss a dg%%gelnLé]t%Hlb%g :_g%%%g\l/nm_hhwt | east

one selected Tromth group consistin ogen a hydr oxyl

group, a  CRLMEedidhnPUly A AEdROIHR &) ATRACHLINY a0hgdPogdn Chal n
yl group having 1 to carbon atons and a chain al koxy group having 1
to 5 carbon AlgiE)a mtftthckychrbdidl QAL @ thoycRirthyd’ g¥Bupavia 1 to
10 benzyloxycarbonyl group)} and -OR14_(wherein R14 is a chain
alkyl group having 1 to 5 carbon atoms or a benzyl group),
or R7 and R® together with the carbon atom to which they
are attached form a cycloalkyl group having 3 to 8 carbon
atoms which is optionally substituted with at least one
15 selected from the group consistiﬁg of a halogen atom, a
hydroxyl group, a carboxyl group, an amino group, an
aminocarbonyl group, a chain alkyl group having 1 to 5
carbon atoms and a chain alkoxy group having 1 to 5 carbon
atoms; a cycloalkenyl group having 4 to 8 carbon atoms
20 which is optionally substituted with at least one selected
from the group consisting of a halogen atom, a hydroxyl
group, a carboxyl group, an amino group, an aminocarbonyl
group, a chain alkyl group having 1 to 5 carbon atoms and a
chain alkoxy group having 1 to 5 carbon atoms; a
25 bicycloalkyl group having 5 to 10 carbon atoms which is
optionally substituted with at least one selected from the
group consisting of a halogen atom, a hydroxyl group, a

carboxyl group, an amino group, an aminocarbonyl group, a
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10 10 carbon atons which is optionally substituted with at |east one

sel ected fromthe group consisting of a halogen atom-a hydroxyl group, a
hydr oxyal kyl group having 1 to 5 carbon atons, a carboxyl group, a
mercapto group, an alkylthio group having 1 to 5 carbon atons, a guani dyl
15 group, an optionally substituted phenyl group, an i m dazolyl group, an
I ndol yl group, -NHR11 (wherein Rl1 is a hydrogen atom an optionally
substituted phenyl group, an optionally substituted pyridyl group, a

t ert - but oxychatbonpllkydr gupupr haviiegz |l drydacbobyh gtomp) andCaNERaZn(
wherein R12 20 is a hydrogen atomor -(CH2)mR 3 (wherein mis an integer
of 1 to 5, &AKORY3group Mppawisged &ooMm carbenhekpmarbomyR group, an

et hoxycar bonyl group or a benzyl oxycar bonyl roup%) and -OR14 (wherein R14
is a chain bﬂ@yplgﬁéﬁﬁnYHaﬂﬂwgplhﬁ@iﬁgcérEénlgt§#§ er atpmazyhighodg), 25
or Y and Z together with the nitrogen atomto which they are attached form
a cyclic anPRéigngddyheubsdituted yithapbodeasdnenehsehersedpfiromathe
substituted with at | east one selected fromthe grqQup consisting of a

hal ogen %toﬁFO&P-CPffisﬁﬁﬂﬁb£¢IagPG&ﬁgegna&ﬁmnoa933359xggcﬁﬁpﬁpalEyl group
having 1 to_ 5. carhon_atons _and_ - OR15 &wherein 51s chain_al kyl _ group
havi ng 1t 0 CBTRRMIdn CEEHRE. S Ao SEPHS Ty Piio FROCGFBaRYar SEOBEN2 S

group)] Orlggggﬂr &% ti Hﬁygéﬁﬁﬁﬁhﬁbkﬁ 55c%§5% tg%%ﬁgf na'aT@ﬁain
yanopyrrol irdirne derrvative~o ormula (1) or E) accorglng to any one of
gi?égfaﬁ|éoégﬁﬁggiﬁg?b fb%v%hg AXYPER Ya2BonClatbhe)phangeceutical ly
Z 1s a hydrogen atom; or an alkyl group having 1 to
10 10 carbon atoms which is optionally substituted with at
least one selected from the group consisting of a halogen
atom, a hydroxyl group, a hydroxyalkyl group having 1 to 5
carbon atoms, a carboxyl group, a mercapto group, an
alkylthlo group having 1 to 5 carbon atoms, a guanidyl
15 group, an optionally substituted phenyl group, an
imidazolyl group, an indolyl group, -NHR!1l (wherein R11l is
a hydrogen atom, an optionally substituted phenyl group, an
optionally substituted pyridyl group, a tert-butoxycarbonyl
group or a benzyloxycarbonyl group), -CONHR!2 {wherein R12
20 1s a hydrogen atom or —(CHz)m—R13 (wherein m is an integer
of 1 to 5, and R13 is a hydrogen atom, a methoxycarbonyl
group, an ethoxycarbonyl group or a benzyloxycarbonyl
group)} and -ORl4 (wherein R14 is a chain alkyl group
having 1 to 5 carbon atoms or a benzyl group),
25 or Y and Z together with the nitrogen atom to which they
are attached form a cyclic amino group having 2 to 10

carbon atoms which is optionally substituted with at least

one selected from the group consisting of a halogen atom, a
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10 B. The cyanopyrrolidine derivative of Fornula (1) or (2) according to
Caim?7 wherein Y is -CH2-, or the pharmaceutically acceptable salt
thereof. 9. The cyanopyrrolidine derivative of Fornmula (1) or (2)
according to Claim8 wherein Zis a branched or cyclic 15 al kyl group
having 4 to 10 carbon atonms which is optionally substituted with at |east
one selected fromthe group consisting of a hydroxyl group and a

hydr oxyal kyl group having 1 to 5 carbon atons, or the pharmaceutically
accept abl e rglitokker gebup20ahOamThe gyanppyarchatinnalkieli gavupeha?vifFar nul a
(1) or (2) according to Caim8 wherein Zis a teri-butyl group, a

(1- hydr oxynet hgl bcypelrbpanagomgr eng ePRAS ( pwhedebdryR1d 1isganehain) aikyl
group, or the pharmaceutically acceptable salt thereof. 25 11. The
cyanopyr r ol gabnp Hewvilwngt ilvéoot Farhghaateypseran(amipeearbppyloetleydim 7
wherein Y is -CR5R6- (wherein R5 is a hydrogen ato and Zis a h%ﬁéogen
atom or theroppap¥acebereyl graspdpt a5l 8 BRprmaReptirallyggcenbabifo
cyanopyrrolidine derivative of Fornula (1) or (2) according to Claim?7
wher ei n % i §alERER6XeOkherein R5 is a hydrogen atom R6 is a branched or

o5 the phdr raceuThearrsiasesne b heiv et varRed o F oS L ELOME 5l al ne
Gy o) 39). SRR o peobrEchE by b croblof! ASBEESR 2 o B o
atom or th%x@%@%ﬁ%ﬁﬁﬁﬂj(gﬂlﬁ%e@%ﬁ%&h%@%ﬁti@%&1&hﬁﬁégbtable salt
thereoff
10 8. The cyanopyrrolidine derivative of Formula (1) or
(2) according to Claim 7 wherein Y is -CHj;-, or the
pharmaceutically acceptable salt thereof.
9. The cyanopyrrolidine derivative of Formula (1) or
(2) according to Claim 8 wherein Z is a branched or cyclic
15 alkyl group having 4 to 10 carbon atoms which 1s optionally
substituted with at least one selected from the group
consisting of a hydroxyl group and a hydroxyalkyl group
having 1 to 5 carbon atoms, or the pharmaceutically
acceptable salt thereof.
20 10. The cyanopyrrolidine derivative of Formula (1) or
(2) according to Claim 8 wherein Z is a tert-butyl group, a
(1-hydroxymethyl)cyclopentyl group or a (2-hydroxy-1,1-
dimethyl)ethyl group, or.the pharmaceutically acceptable
salt thereof.
25 11, The cyanopyrrolidine derivative of Formula (1) ox
(2) according to Claim 7 wherein Y is -CRSR6- (wherein RS
is a hydrogen atom) and Z is a hydrogen atom, or the

pharmaceutically acceptable salt thereof.
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10 14. A pharnaceutical preparation which conprises as an effective
i ngredi ent the cyanopyrrolidine derivative or the pharmaceutically
acceptabl e salt thereof according to any one of Clainms 1 to 13. 15. The
pharmaceutical preparation according to Claim14 15 for preventing or
treating a disease or condition capable of being inproved by inhibition of
di pepti dyl peptidase IV. 16. The pharnaceutical preparation according to
G aim15 wherein the disease or condition capable of being inproved by
i nhibition bR.di pephe dyyapepyroabsiins i dexivbetws A0 Faatniulais(1)1Ar The
phar maceuti cal preparation according to Caim15 wherein the disease or
condi ti on cépabhecofrdbagngoi fprdmed wherehhi Bi i8onCRPRAF péphedginpRPti dase
IV is an inmune disease.

is a hydrogen atom, R6 1s a branched or cyclic alkyl group

having 3 to 6 carbon atoms) and Z is a hydrogen atom, or

5 the pharmaceutically acceptable salt thereof.

13. The cyanopyrrolidine derivative of Formula (1) or

(2) according to Claim 7 wherein Y is -CH[CH(CH3)31-,

~-CH[C(CH3)3]- or -CH[CH(CH3)CH,CH3]- and Z 1s a hydrogen

atom, or the pharmaceutically acceptable salt thereof.

10 14. A pharmaceutical preparation which comprises as an
effective ingredient the cyanopyrrolidine derivative or the
pharmaceutically acceptable salt thereof according to any
one of Claims 1 to 13.

15. The pharmaceutical preparation according to Claim 14

15 for preventing or treating a disease or condition capable
of being improved by inhibition of dipeptidyl peptidase IV.
16. The pharmaceutical preparation according to Claim 15
wherein the disease or condltion capable of being improved
by inhibition of dipeptidyl peptidase IV is diabetes

20 mellitus.

17. ‘The pharmaceutical preparation according to Claim 15
wherein the disease or condition capable of being improved

by inhibition of dipeptidyl peptidase IV 1s an immune

disease.
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