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DESCRIPTION BICYCLOESTER DERIVATIVE [TECHNICAL FIELD]
[0001] 5 The present invention relates to bicycioester derivatives and
pharmaceutically acceptable salts thereof that have dipeptidyipeptidase
IV (DPP-IV) inhibitory activity and are useful in the prevention and/or
treatment of type Il d3iabetes and other diseases that involve DPP-IV. 10
[BACKGROUND ART] 0002] Dip%ptid ipeptidase IV (EC3.4.14.5,
referred to as "DPP- IV" or CBE% Ph%%é%\é)ﬁer) IS a serine protease that
specifically hydrolyzesB[fo%Eg%tides ha\g%%?{]%!i{le or alanine 15 at

position 2 on the C-tertin &'0f these amifio acid residues, cleaving

' ide -Pro or Xaa-Ala from the N- terminus of the polypeptides

[TEC%@afgg%gay%béggrﬁ) amino acid). 0003] One biological function of DPP-IV is

e inactivation of 20 giucagon-like peptide 1 (GLP-1) by hydrolyzing the

-terminal His-Ala dipeptide of GLP-1 (Non-Patent Document 1) The
GLR-1 inactivated by DPP-IV is thought to act as an antagonist on _ . :
GLPT rBESSIoIA fiRNG Hobrading Tt BhySioiDa ek achviy of BT 2t ves
ana {an:FatentDocument 2). GLP-La pepide hormone 25 secreted from

ndocrine L-cefls o%daprlmgrlly in ntestinal

dipeptidylpeptidase IV (DPP-IV) inhibitory activity and are

[000

useful in the prevention and/or treatment of type II d3iabetes
and other diseases that involve DPP-IV.

[BACKGROUND ART]

[0002]

Dipeptidylpeptidase IV (EC3.4.14.5, referred to as "DPP-
IV" or "CD26," hereinafter) is a serine protease that
specifically hydrolyzes polypeptides having proline or alanine
at position 2 on the C-terminal side of these amino acid
residues, cleaving dipeptides Xaa-Pro or Xaa-Ala from the N-
terminus of the polypeptides (Xaa may be any amino acid).
[0003]

One biological function of DPP-IV is the inactivation of
glucagon-like peptide 1 (GLP-1) by hydrolyzing the N-terminal
His-Ala dipeptide of GLP-1 (Non-Patent Document 1). The GLP-1
inactivated by DPP-IV is thought to act as an antagonist on
GLP-1 receptors, further decreasing the physiological activity
of GLP-1 (Non-Patent Document 2). GLP-1, a peptide hormone

secreted from endocrine L-cells found primarily in intestinal
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epithelium, is known to act on Q-cells of the pancreatic Langerhans'islets
in a glucose level-dependent manner to promote the insulin secretion,
thus decreasing the blood glucose level (Non-Patent Documents No. 3
and 4) . Having an 5 ability to promote insulin biosynthesis and Q-cell
growth, GLP- 1 is an essential factor for the maintenance of Q-cells (Non-
_ Patent Documents 5 and 6). It has been reported that GLP-1 also acts to
SP1t BRombte gldcose MiliZation B pertpherattisste Cdnd; Mhdrfncreatic
. intrﬁ;lvent{icuiaii% administered, decreases fqod 10 intake and motili]p/ of Gl
aNIGReE(Non-Patent Doclinfents 9Cf?1?8ug T 10). [8&?@ Bp-RF HRBitor fs
believed to .increase the GLP-1 activity by suppressing the decqmposition
PTom e o BHE L T2 helebRBd GEE Bty S e iR o0
secretion and jmproves glucose metabaolism, For this reasan, DPP-IV
SRS Gl CADECIEA 15 b6 USRI Rganto Hihe préVeuton: andfor o 20
. . treatment of diabetes, in particular type Igl?iabetes gsl -Patent
b3 1ECE eniE TTANG 12 Tho-bmGundL: 476 expeaitl 20 55 b g™ e CL2-
effective in IIIQ? prev ntion an]g(/)or tr%atment of other dise iﬁ% théi_tL

. re
L 18 AlssdSPNbrsenet by decrésded Giucbse thethboiismY x%mgﬁ, (Non~—

soc L IR P e SOBE AR ORIV
also acts to promote glucose utilization by peripheral tissue
and, when intraventricularly administered, decreases food
intake and motility of GI tract (Non-Patent Documents 7
through 10).

[0004]

A DPP-IV inhibitor is believed to increase the GLP-1
activity by suppressing the decomposition of innate GLP-1. The
increased GLP-1 activity stimulates insulin secretion and
improves glucose metabolism. For this reason, DPP-IV
inhibitors are expected to be useful agents in the prevention
and/or treatment of diabetes, in particular type II diabetes
(Non—-Patent Documents 11 and 12). The compounds are expected
to be also effective in the prevention and/or treatment of
other diseases that are caused or worsened by decreased
glucose metabolism (for example, diabetic complications,
hyperinsulinemia, hyperglycemia, abnormal lipid metabolism,

and obesity).

[0005]
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The roles of DPP-IV in a living body other than the inactivation of GLP-1
and how the enzyme is involved in the onset of various diseases have
been described in many reports as described below. 5 [0006] (a) DPP-IV
inhibitors and their antibodies prevent the invasion of HIV into cells.
Expression of CD26 is reduced in T-cells derived from patients infected
with HIV-1 (Non-Patent Document 13) . HIV-1 Tat protein binds to
DPRIR, RO Ptn 16 Do 11 GO0 65 BPPERES hied I
. immune responses. DPP-IV. inhibitors and their antibodies suppress the
1aCH) SRR 67T SIS SR8 by AhibBRs (NEH Badt DEEEAtISy The
T-ce%ls 15 stimulag?.d by antigens express an increa%e%le_vel of DPP-IV ‘
ONSEINGH-PaTENt Ddcumént 1) "DPPIV i3 TivolVed in the cytokiné “production = °
and otherJu%ct!Loon% of T-cells (Non-Patent Document 17). DPP-IV binds

as d?osg elr?oesme dearinase (ADA) on the T-cell surface (Non-Patent

[oooafcument 18). 20 [0008] (c) Expression of DPP-1V is increased in the skin
Ibroblasts of patients with rheumatoid arthritis, psoriasis, and lichen

gif‘%ﬁé@'%%%?:gé@vaﬁgggP% 12); 4009713 25 (D High RBE-Y, AV 1S 1
invasion of HIV into cells. Expression of CD26 1is reduced in
T-cells derived from patients infected with HIV-1 (Non-Patent
Document 13). HIV-1 Tat protein binds to DPP-IV (Non-Patent
Document 14).

[0007]

(b) DPP-1IV is involved in immune responses. DPP-IV
inhibitors and their antibodies suppress the growth of T-cells
stimulated by antigens (Non-Patent Document 15). T-cells
stimulated by antigens express an increased level of DPP-IV
(Non-Patent Document 16). DPP-IV is involved in the cytokine
production and other functions of T-cells (Non-Patent Document
17). DPP-IV binds to adenosine deaminase (ADA) on the T-cell
surface (Non-Patent Document 18).

[0008]

(c) Expression of DPP-IV is increased in the skin
fibroblasts of patients with rheumatoid arthritis, psoriasis,
and lichen planus (Non-Patent Document 19).

[0009]

(d) High DPP-IV activity is observed in patients with
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benign prostatic hypertrophy and in the homogenate of the prostatic
tissue (Non-Patent Document 20) . DPP-IV in the lung endothelium acts
as an adhesive molecule for lung-metastatic breast cancer and prostatic
cancer in rats (Non-Patent 5 Document 21). [0010] (e) The DPP-IV
defective variant of F344 rats has lower blood pressure than the wild-type
. F344 rats. DPP-IV interacts with a protein that plays a crucial role in
LENLGBHiBhT £0 Peas oo by ﬂ?&k’idﬁgﬁl (Pateht BoliMRATE andY). The
[;nOOlllé(féThe inhigition_of DPP-IV activir'r[¥ offerfogn effective apfroa%b tol
bros aetﬁr Vvention an }g)?]ilrePaﬁ%SﬁttofD%il% oes%%pre sive %Fs%a%‘e’s, Whild'® +ung
DPP-IV-activating asgegwts ar 15 f\)f(gecteg to serve.as dil{gzsﬁt_ofgggaegggtic
aten
Vv inhipitors
I

endo %ev%/ﬁllfé“ bibod cell” cotint andisr treat infectious df‘cs%]éses
Document 3). [lezllghﬁlg% observations |nd|cat% tha

PP-
breast cancer, S 1C Cancer a on—kPate
can be usefu?age S In the prevenﬁon ané}br]frea ment (r)]f iabetes 20

Docu&i\g I[i)@rt'éq‘t:lar, type 1l diabetes) and/or diseases other than diabetic
complications that involve DPP-1V. For example, DPP- IV inhibitors are
pected to be useful in the prevention and/or treatment of AIDS
[001?1 ted fo be Usett entie ! .
ollowing infection with HIV-1, rejection following organ/tissue

gﬁ‘gr%l?éa;?’hﬁéioﬂpﬁ‘%'%&?e% erogis, theumatoid.arthyifis, inflammation, .
blood pressure than the wild-type F344 rats. DPP-IV interacts
with a protein that plays a crucial role in sodium
reabsorption by the kidney (Patent Documents 1 and 2).

[0011]

(f) The inhibition of DPP-IV activity offers an effective
approach to the prevention and/or treatment of
myelosuppressive diseases, while DPP-IV-activating agents are
expected to serve as drugs to increase the white blood cell
count and/or treat infectious diseases (Patent Document 3).
[0012]

These observations indicate that DPP-IV inhibitors can be
useful agents in the prevention and/or treatment of diabetes
(in particular, type II diabetes) and/or diseases other than
diabetic complications that involve DPP-IV. For example, DPP-
IV inhibitors are expected to be useful in the prevention
and/or treatment of AIDS following infection with HIV-1,

rejection following organ/tissue transplantation, multiple

sclerosis, rheumatoid arthritis, inflammation, allergies,
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osteoporosis, psoriasis and lichen planus, benign prostatic hypertrophy,
lung metastasis of breast and prostatic cancers, hypertension and
infectious diseases. DPP-1V inhibitors are also expected to be used to
facilitate diuresis, decrease 5 myelosuppression and increase white blood
cell count. [0013] Among existing DPP-IV inhibitors are pyrrolidine
derivatives described in Patent Documents 4 through 11, heterocyclic
OSTefRIVARES dd3tiibed fit Pafdht Dothiiehts 13 4her 10° 13 14 &gr%ﬁ?otlc
acid dei{ivati es described in Paten fDgcuments 14 and 15. [0Q14] Patent

t .
hyPehieiment 1674 VS patent iddioses &5fiitfe BICIER Y 2fbetane 2 xS/

hypeg%re"éas%ﬁhg%ga% DF. el;)c_!cvi 'O”Qéb"c?{% elgsa%é".’"y%y%@ [y n “{‘SJ'TQ8¥V.§Y§%e
IS completely different from the compounds’of the present invention in its
soSHyeture and .meghanism for PRP.LY infibilion: Fatent Document 17
mentions a bicycle derivative structurafy Similar to the conﬁpoundrs of the
gresent invention. ngever there is no desgripti%p in Qlthis literature
myel Sué)é)rESSlOH fatﬂ increase V% 1te lO? ce coun%.
concerning any of the compounds of the present invention, nor have any
[Ooﬁjamples been presented of the compounds. [0015] None of the
previously described DPP-IV inhibitors are 25 practical enough in terms

Ofﬁﬁgﬁg/g@¥%¥{%gcﬁﬂ9i§v inhibitors are pyrrolidine

al

derivatives described in Patent Documents 4 through 11,
heterocyclic derivatives described in Patent Documents 12 and
13, and P-amino acid derivatives described in Patent Documents
14 and 15.
[0014]

Patent Document 16, a US patent, discloses a single

bicycle[2.2.2]octane derivative that has DPP-IV inhibitory

activity. This compound, however, is completely different from

the compounds of the present invention in its structure and

mechanism for DPP-IV inhibition. Patent Document 17 mentions a

bicycle derivative structurally similar to the compounds of
the present invention. However, there is no description in
this literature concerning any of the compounds of the present
invention, nor have any examples been presented of the
compounds .
[0015]

None of the previously described DPP-IV inhibitors are

practical enough in terms of DPP-IV inhibitory activity,



10

15

20

25

selectivity for DPP-IV, stability, toxicity and biological kinetics. Thus, a
constant need exists for effective DPP-1V inhibitors. [Non-Patent
Document 1] American Journal of Physiology, Vol. 5 271 (1996):
pPpE458-E464. [Non-Patent Document 2] European Journal of
Pharmacology, Vol. 318 (1996): pp429-435. [Non-Patent Document
3]Eurgpean Journal Clinical Investigation, Vol. 22 (1992): p154. 10

s Le i Potork Boclihent 4] LAREBLVr 2 (1957} dbeE (o Fafet o=

i DocumenTt S%Endocrinolo%évm. 42 (1992): ESS . Nor%fatent Do%uPrEe_:r%tV

lneg]lﬁlsabeto% i, Vol 42 fl tS:p : ﬁ\iiolns- atent oec:umee%ti%‘]’e
ndocrinology, Vol. 135 (1994): p2070. [Non-Patent Document 8]

inhipl

tabetslogia, Vol. 37 (1994): p1163. 15 [Non-Patent Document 9]

Digestio ,\éol. 54 (1993); p392. .[Non-Patent Docu t 10] Dig. Dis. Sci.,
INon e ol T, TG ELANT DALt 117 DRAMaE yaoyy oL
571 9 % :)ppléggégf_?lg. %(a [Non-Patent Document 12] Diabetologia, Vol. 42

1999):" pp -133 .1Nor’1-Patent Document 13] Journal of Immunology,

Vol. 149 (][?923: p30§>7é n-Patent Documen 14]?] rnal of
NonYPat 2 { 4 logy, Vol.
HNon hnology Vol 160 2 “ﬁ@@%ﬁepaz%mgma oF Fharmacosogy. v
318 (1996): pp429-435.

[Non-Patent Document 3]European Journal Clinical Investigation,
Vol. 22 (1992): plb54.

[Non-Patent Document 4] Lancet, Vol. 2 (1987): pl300.
[Non-Patent Document 5] Endocrinology, Vol. 42 (1992): p856.
[Non-Patent Document 6] Diabetologia, Vol. 42 (1999):p 856.
[Non-Patent Document 7] Endocrinology, Vol. 135 (1994): p2070.

[Non-Patent Document 8] Diabetologia, Vol. 37 (1994): pll63.

[Non—-Patent Document 9] Digestion, Vol. 54 (1993): p392.

[Non—-Patent Document 10] Dig. Dis. Sci., Vol. 43 (1998):
plll3.

[Non—-Patent Document 11] Diabetes, Vol. 47 (1998): ppl663-
1670.

[Non—-Patent Document 12] Diabetologia, Vol. 42 (1999):

ppl324-1331.

[Non—-Patent Document 13] Journal of Immunology, Vol. 149
(1992): p3037.

[Non—-Patent Document 14] Journal of Immunology, Vol. 150

(1993) : p2544.
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[Non-Patent Document 15] Biological Chemistry (1991): p305.

[Non-Patent Document 16] Scandinavian Journal of Immunology, Vol. 33

(1991): p737. [Non-Patent Document 17] Scandinavian Journal of 5

Immunology, Vol. 29 (1989): p127. [Non-Patent Document 18] Science,

Vol. 261 (1993): p466. [Non-Patent Document 19] Journal of Cellular

Physiology, Vol. 151 (1992): p378.,é}Non-Patent Document 20] European
[Non 35 nal bf CRTEAF 1D Cremistry &t

p333. [Non-Patent Document 21] Journal of Cellular Physiology,_Vol. 121
[Non Fya§ 1454 Batdht Dotument 1] WO 031815775 Pafightet [Patent

Document 2] WO 03/017 Pamphlet 15 [Patent Document 3] WO
ImmuBQ%%%SS\éa\‘{rvﬁph gt [éag?grﬁ)Dogugrgjﬁt 4] WO 95/15309 Pamphlet
[Pat

(Nond ant oli)%rgente ?J‘E[W%i&l%%slgam hletv Pate Docuanienth] WO
08/33 %4 amblﬁ]e Patent Docuriient 7] WO'02/14 ?fﬁémphciet 20

Patent Do en /3089 mphlet [Patent Document 9] WO
TG EEEY ) F%g)rrgphl%a%][ %%’e%% bbcﬁr?n%ﬁt 10] WO 03/002553 Pamphiet

o OB U5 021 bl gL DODEN e
[NonEgggg*% Bocument 19]

151

Journal of Cellular Physiology,

Vol. (1992): p378.

[Non-Patent Document 20] European Journal of Clinical

Chemistry and Clinical Biochemistry, Vol. 30 (1992): p333.

[Non-Patent Document 21] Journal of Cellular Physiology,

ChAtaP BiochEmMsty; Vol 307(1992°0° -

Vol. 121 (1993): pld23.

[Patent Document 1] WO 03/015775 Pamphlet
[Patent Document 2] WO 03/017936 Pamphlet
[Patent Document 3] WO 03/080633 Pamphlet
[Patent Document 4] WO 95/15309 Pamphlet
[Patent Document 5] WO 98/19998 Pamphlet
[Patent Document 6] WO 00/34241 Pamphlet
[Patent Document 7] WO 02/14271 Pamphlet
[Patent Document 8] WO 02/30890 Pamphlet
[Patent Document 9] WO 02/38541 Pamphlet
[Patent Document 10] WO 03/002553 Pamphlet
[Patent Document 11] US 02/0193390 Publication
[Patent Document 12] WO 02/062764 Pamphlet
[Patent Document 13] WO 03/004496 Pamphlet

7
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[Patent Document 14] WO 03/000180 Pamphlet [Patent Document 15]
WO 03/004498 Pamphlet [Patent Document 16] US 02/0193390
Publication [Patent Document 17] WO 02/38541 Pamphlet 5
[DISCLOSURE OF THE INVENTION] [PROBLEMS TO BE SOLVED BY
THE INVENTION] [0016] It is an object of the present invention to provide

a novel compound that has high DPP-IV inhibitory activity, as 10 well as
[Pat ﬁﬂgrr}ﬂl?gccelﬂﬂ%)?tﬁl;/ aéde ptab%oéif’sz%gpéogfblt ]%?Igﬁ%‘r}w%#\gg}ect of thvev

resent invention rovide a rmaceutical composition containing the
[Patggf?el%%ﬁ%ﬂq%rhtd tiﬁ(éﬁ) has W%h%géq%‘%mﬁsw e ﬁ/ﬁy ora
[parRN@rmaceutically f@cfpt?‘kﬂ% Sgl é‘g‘i@%’f%%'sps“ﬁﬁ‘é’éhte{ pject of the 15
presen?lnvenﬂon 0 provide a prophylactic and/or erapeutrllc agent for
diabetes and assaciated complicatiops, as well as.a prophylactic and/or
[Patﬁwr?etraé&ﬁ}lcma?égnﬁfcﬁdisea%s #?\%%/é:r%%gﬁﬂ&lh\ﬁgANs TO SOLVE
[DISEE‘ES?%Q%‘EEM?% 28 |9191%%7_]Iédﬁﬁrording to the present invention, there are
p ed a nove er de

rovi icycloes ivative that has high DPP-1V inhibitory

[pRog%tMy, and pharmaceutically accental tsfhereof. Also provided is a
Y

armaceutical composition containing the novel 25 bicycloester
mmg?rivative that has high DPP-IV inhibitory 8

It is an object of the present invention to provide a
novel compound that has high DPP-IV inhibitory activity, as
well as pharmaceutically acceptable salts thereof. It is
another object of the present invention to provide a
pharmaceutical composition containing the novel compound that
has high DPP-IV inhibitory activity or a pharmaceutically
acceptable salt thereof. It is still another object of the
present invention to provide a prophylactic and/or therapeutic
agent for diabetes and associated complications, as well as a
prophylactic and/or therapeutic agent for diseases involving
DPP-IV.

[MEANS TO SOLVE THE PROBLEMS]
[0017]

According to the present invention, there are provided a
novel bicycloester derivative that has high DPP-IV inhibitory
activity, and pharmaceutically acceptable salts thereof. Also
provided is a pharmaceutical composition containing the novel

bicycloester derivative that has high DPP-IV inhibitory

8
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activity, or a pharmaceutically acceptable salt thereof. Further provided
are a prophylactic and/or therapeutic agent for diabetes and associated
complications, and a prophylactic and/or therapeutic agent for diseases
involving DPP-IV. 5 [0018] Thus, the present invention concerns the
following: 1) A bicycloester derivative represented by the following
. general formulaéllg: 0019] 10 [Chemical formula 1] O~ RHO"x H o CN
2Ct LU 00207 wheb S°4 SdibstitdtedBr UrRBEHTRPET 166 SR

upt Jroup, substituted or unsubstitéﬂtlqulgllmethgl gy)el#:) or 15 substtit_uted or .
UEE Undubstitied a yI%Fh?/I ﬁr urpc;’ i Jé,léH "or 2? and s 6rc2]?%?n
for % Pt arrygce%trllcc?l_lg acceptable salt thereof. 9, 2)nThe blccycgJester

ernva |vesaccord|n§ o} i} %nge,coorm p %?r%%\geﬁticaw acceE)tra%f)ehgza]ﬂfal ctic

thereof, wherein in the general formula (1), X is CH2. 3) The bicycioester
and/ 85ri§§hévrea§)cec%lrgd‘lﬁg (o] %]gbc%é:, oéslg%a[%asrmla%\éﬂ ica yga(‘]:a%%%ta%?é salt

(00 1&!1]ereof, wherein in the

Thus, the present invention concerns the following:

1) A bicycloester derivative represented by the following
general formula (1):
[0019]

[Chemical formula 1]

o)

Rk)*@\ rx
D

CN
1)

[0020]

[wherein R' is a substituted or unsubstituted C; to C¢ alkyl
group, substituted or unsubstituted arylmethyl group, or
substituted or unsubstituted arylethyl group; X is CH,, CHF or
CF,; and n is 1 or 2], or a pharmaceutically acceptable salt

thereof.
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general formula (1), X is CHF. 4) The bicycioester derivative according to
any of 1) to 3) above, or a pharmaceutically acceptable salt thereof,
wherein in the general formula (1), nis 1. 10 5) The bicycioester derivative
according to any of 1) to 3) above, or a pharmaceutically acceptable salt
thereof, wherein in the general formula (1), n is 2. 6) The bicycioester
derivative according to an% of 1% tg 5) above, or a pharmaceutically
acCeptabfe satthersst S1S eréin i the' Geréia formiuta (1), RY i§ 3L
to C6 alkyl .group that may have 1 to 5 substituents selected from.the

o PRGRRS SosIdtg of FIGGRH 18, ot BTOUD, LyalB Groud: &1 1525

aik?_)qé roup, ésul{?t)itut or.un; bstituted aryioxy group, C1to C6

genegﬁ‘(ylcar onyl group, C to'C6 ai oxycarbonyi 20 group, C1 to C6 aikyithio

graup, .amino group, mono- or di- substituted C1 to C6 aikyiamino grou
o TR e RS it SRouD ol ey orin Loy Sebe,

heteroatoms, formylamino group, C1 to C6.alkyl carbonyl amino gro
= P sy hrony AT HouB. C1 14 C ARyl Storyioming o1

reln .Irn e
aikoxycar mino group, nylamino group

geneagq sg(tg%trggﬁeg erLirlsgpsgtsut%qlgr-yisuifonylamino group.57) The
Blcycloester derivative according to any of 1) to 5) above, or a

phaimaseutically aesentale saltihereof, whereinn the generg) foruia
(1), RIisan aﬁi%/i:group selected from the group consgtlng of a et yl
ag;ogﬂ% eliyl 9roHR, RIORYI.QTOUR, 1smethylgtavigrau, L-methyipropy!

wherein in the general formula (1), n is 1.

5) The bicycloester derivative according to any of 1)
3) above, or a pharmaceutically acceptable salt thereof,
wherein in the general formula (1), n is 2.

6) The bicycloester derivative according to any of 1)
5) above, or a pharmaceutically acceptable salt thereof,

wherein in the general formula (1), R' is a Ci1 to C¢ alkyl

group that may have 1 to 5 substituents selected from the

or

or

to

to

to

group consisting of halogen atom, hydroxyl group, cyano group,

C; to C¢ alkoxy group, substituted or unsubstituted aryloxy
group, C; to C¢ alkylcarbonyl group, C; to Cg alkoxycarbonyl

group, C; to C¢ alkylthio group, amino group, mono—- or di-

substituted C; to Cg alkylamino group, 4- to 9-membered cyclic

10
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10 2-methyipropyi group, 1-ethyipropyi group, 2-ethyipropyi group, butyl
group and hexyl group. 8) The bicycloester derivative according to 1)
above, or a pharmaceutically acceptable salt thereof, wherein the
compound represented by the general formula (1) is a compound 15
selected from the group consisting of (2S,4S)-I-[[N-(4-

ethoxycarbonyibicycio[2.2.2]oct-1- |)am|no]acet _
amlnﬁugﬁﬁk}ﬁoﬁgﬁﬁ& éﬂégrbsﬂﬁ Igl&% |t[ﬁ\| 4 etggoatoms, formylamino

ethoxycarbonyi 2.2.2]oct-1- amlno acetyilp rrolldlne-
9T OUB carhohitrile’ (?é%%i%?ﬁ%f% Al noe gjlouP’ e

ethox arb Ib clo[2.2.1]hept-1 I)a inolacetyl]-4- 11
alkOﬁgom%%”OH %e--caron? %} PH&P %i { Llfonylamlno group

ang € t}(})xxc%rbon bIC]}/CI o[2. 2 1 ]i§§ 4%1)%?[}@(45“1“0 group.

yiyaminoJacetyl]pyrrotidir hee -ca onltrlle

bet} yl(f)lslyc bO lilc Iggzg%ofgi%%z;rf%g?oicﬁ (ng to any of 1) to

fluoropyrroli |ne 2car rile

4 trifluorometh benz carb ylbicyclo 2 oct |-

?amfno?acetyn% %rroril trff‘(gé ?S% f flﬁgr%; thereot,

1-[[N-(4-i butylox carhony |b|c 0[2 lo
Where}émlgno]?agcqetyl?pyrr};oﬁ%lne Clonltr e? arﬁ% (233S 4%5] 4af6< yl group

selec %%?H% $4|(%N§%g$$y§g9%n£%m QOF%ZQ]‘%éh roup, ?thyl

yi)amino]acetyi|pyrrolidi arbonitri 0024] 9) A phar maceltic

grouggi‘;t;g}?]%?{”giﬁ%%sj an aglive, ingregient e Bigyciqester denyatvs 1 group,
2-methylpropyl group, l-ethylpropyl group, 2-ethylpropyl group,
butyl group and hexyl group.

8) The bicycloester derivative according to 1) above, or
a pharmaceutically acceptable salt thereof, wherein the
compound represented by the general formula (1) is a compound
selected from the group consisting of (2S,4S)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile, (2S)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-
2—carbonitrile, (2S5,4S)-1-[[N-(4-

ethoxycarbonylbicyclo[2.2.1]lhept-1-yl)amino]acetyl]-4-

11
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15 to 8) above or a pharmaceutically acceptable salt thereof. 0025] 10) A
DPP-IV inhibitor containing as an active ingredient the bicycioester
derivative according to any of 1) to 8) above or a pharmaceutically
acceptable salt thereof. 20 12 0026] 11) A therapeutic agent for diabetes,
diabetic complications, hyperinsulinemia, hyperglycemia, abnormal lipid
metabolism, obesity, AIDS follpwing infection with HIV-1, 5 rejection

£ LUokSIBWiT drghhiitfsstie P plamtatiort mulfiple~ Sciérosis Theumatoid

arthritis, inflammation, IEEr ies, osteoporosis, psoriasis and lichen
etho}ﬁ%%ﬁlé?gﬁélﬁ% lp?é@t%ﬁ? y%e?t}(})lpel?ytjuln_g metastasis of breast and

rostatic cancers, hypertension, diuresis, decreased myelosuppres ,
ey o e Ca A i e A S (4
agent containing.as, an active ingredient the bicycioester derivatjve
ben g A e T At Ase st

F1uofiSHe0t [021] 1> 1212 Ierapeytis agentior gabejes.andior diabefig (o
' he bic

uoxro e
cor]%ﬁcatlons, containing as an acjtlve mgredfen ycloester
(a-c oAt according o 1) abaye ot 2, pharmaceytialy;aceepfable spl

yl)amino]acetyl]pyrrolidine-2-carbonitrile, (2S,4S)-4-fluoro-
1-[[N-(4-isobutyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile, and (2S,4S)-4-
fluoro-1-[[N-(4-isopropyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]lpyrrolidine—-2-carbonitrile.

[0024]

9) A pharmaceutical product containing as an active
ingredient the bicycloester derivative according to any of 1)
to 8) above or a pharmaceutically acceptable salt thereof.
[0025]

10) A DPP-IV inhibitor containing as an active ingredient
the bicycloester derivative according to any of 1) to 8) above

or a pharmaceutically acceptable salt thereof.

12
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0028] The term "substituted or unsubstituted C1 to C6 alkyl group" as

used herein refers to a C1 to C6 alkyl group (such as methyl group,

cyclopropylmethyl group, ethyl group, propyi 5 group, 1-methyiethyi group,

1-methyipropyi group, 2- methyipropyi group, 1-ethyipropyi group,

2-ethyipropyi group, butyl group, t-butyi group, or hexyl group) that may

have 1 to 5 substituents selected from halogen atom, hydroxy group,
[OOZ&Jano group, C1 to C6 aikoxy group, substituted or 10 unsubstituted

aryigxy group, C1 to C6 aikyicarbonyi group, C1 to C6 aikoxycarbonyi

groll?[}, C,%i %ﬁéé aaﬂ%/ﬁﬁﬁ)cgr%%%?gmﬁ/%? g%&&%%ﬁo- 6rdi*Sbstituted C1

Eo. CGtajk iamino group, 4- to. 9-membered c¥cl'ic aminp group that may . ig
cOMPLontan 116 3 hétéfoatoms, formylarhing*group, €116 T alkyl carbonyl™ P+

jno 15 group, .C1 to 1% rbonyi amino group, Cl.to C

metaaf&yﬁsﬁ%nﬁ%ren?ﬁg6fou%?§§1d%§%ggﬁ%%é¥ of lr}nseugbrcs ii%}eg 64 %IV_l’

. _aryisulfopyiamino group. 0030] The term "substituted or unsubstituted
< o Ry oy 50 TSRS (0 SHmBlgh o0 (L AL ptymEt)

sc1o$190Ps NABNIMTENY] croup, PyrYme i dlons, UnO eI, araup

1 i
or mdofylmeﬁwl group) that may havé 1to substituénts sele om
oste3§'8982f‘§9m gybstityted Oarnanﬁlibﬁ%'é%eg 1 10:06,alky] éO%Pfé‘gg%%xj}’c
group, cyano group, nitro group, substituted or unsubstitut to
hype?%@é%gyyuﬁung metastasis of breast and prostatic cancers,
hypertension, diuresis, decreased myelosuppression, increased
white blood cell count or infectious diseases, the therapeutic
agent containing as an active ingredient the bicycloester
derivative according to any of 1) to 8) above or a
pharmaceutically acceptable salt thereof.
[0027]
12) A therapeutic agent for diabetes and/or diabetic
complications, containing as an active ingredient the

bicycloester derivative according to 1) above or a

pharmaceutically acceptable salt thereof.

13
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substituted or unsubstituted aryloxy group, C1 to C6 5 alkylcarbonyl
group, C1 to C6 alkoxycarbonyl group, C1 to C6 alkylthio group, amino
group, mono- or di-substituted or unsubstituted C1 to C6 alkylamino
group, substituted or unsubstituted arylamino group, 4- to 9-membered
cyclic amino group that may contain 1 to 3 heteroatoms, formylamino
[002§roup, 10 C1 to C6 alkyl carbonyl amino group, C1 to C6 alkoxycarbonyl
fino group, C1 to C6 alkyl sulfonylamino group, and substituted or

unsubstituted arylsulfonylaminp group. [0031] The term "substituted
u ngﬁﬁstﬁﬁt@a Z‘trﬁ)ﬂ%%ﬁ 6‘” E%Cir)e%errs ‘Ftl)g %Hbaﬁéllefh%}f Eﬁ%]ucp1 (§:L?chcés 2tk vl

1-phenethyl group, 2- phenethyl group, 1-naphthyleth Ilir up, and
950U Sty GHAU) thAL Ay NSt 10 5 StioSinant SelbPrrdmich 23

halogen atom, substituted or unsuhstituted C1 to C6 alkyl group, hydroxy
et e e Eo oM R 10U, BHbatihiatFor 20 IR UGG G KPE

alkoxy gr upstituted or unsubstituted. aryloxy group, C1 to C6

ool Sroup! 2 TS 1608 akows A BeRyarodb i to 58 aikyithio
oup, amino _group, monp- or di-substituted or unsubstituted C1 tq C6

meth%&@é@&x ﬁ%up T.e%ﬁygpro SE § e%%égﬁﬁfgiﬁogroup,

A groyp,
0 g?oup, substitute unsubstituted arylamino
-membered cycli ing group that.may contain 1 to 3.5 heteroatoms
y h . o) 1
bUty? r%lrﬁindc_%ugy it ex?%y?] a%f,ggp} gaEﬂ%Yc ave Lte

ormy 0 group, alkyl carbo group,
: lami 11 visuifonylam
5 s@%‘%ﬁ%ﬁ%ﬁﬁ%’%‘éﬁ%ﬁ@fl%m oG8 kyisuifonylaming groyp.and,

cyano group, C; to Cg4 alkoxy group, substituted or
unsubstituted aryloxy group, C: to Cg alkylcarbonyl group, C;
to C¢ alkoxycarbonyl group, C; to Cg¢ alkylthio group, amino
group, mono—- or di-substituted C; to C¢ alkylamino group, 4- to
9-membered cyclic amino group that may contain 1 to 3
heteroatoms, formylamino group, C; to Cgs; alkylcarbonylamino
group, C; to C¢ alkoxycarbonylamino group, C; to Cg
alkylsulfonylamino group, and substituted or unsubstituted
arylsulfonylamino group.
[0030]

The term "substituted or unsubstituted arylmethyl group"
refers to an arylmethyl group (such as phenylmethyl group,
naphthylmethyl group, pyridylmethyl group, quinolylmethyl

group, or indolylmethyl group) that may have 1 to 5

14
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aryisuifonylamino group. [0036] 10 Preferred examples of the compounds
of the present invention include (2S,4S)-1-[[N-(4-ethoxycarbonyi
bicycio[2.2.2]oct-1-yi)amino]acetyl]-4-fiuoropyrrolidine-2- carbonitrile,
(2S)-I-[[N-(4-ethoxycarbonyibicycio[2.2.2]oct-I- 15
yi)amino]acetyl]pyrrolidine-2-carbonitrile,

g ﬁ%; 4-t-butox carbo ibicycio[2.2.2]oct-I-
subs§|3} M tjcésﬁlipeﬁ &ﬁﬁn%g aﬁ?&h?tgﬁsen atom, substituted or
2S,4S E4 (2- tetrahyc&r ran Zg cahb
unsu ‘%%l%%f OCt- f?ﬂ]gﬁnﬁ ty?]- Oro o?é%egzr-oéboéar%%ﬁ?rcﬂegrouP’
. ZS -|- 2tetra dropyranyi)oxycarbonyi
nltr O[FfZ 2% Ckfﬁ. epc%/ ryh g % guEed Cdm%rciecgj alkoxy group,

Cio oct-1-y amlno]acetyﬁpyrroﬁldln carb

oo B AP I eroneamonycico G, o

amino ace uoropyrro car

alkyg%lrlb[LNé% teé%gxycar%on bIC CIO&%{% ]Slh arbonyl group, C; to Cg

minoJace ero’Ildlnle carbon rlle

4S) I- 4 benz |oxycarbony|b|c cio[2,2.2
alkygzSamlno acet 1 4aﬁtﬁorop)%r(ﬁ idie goélrbonltnlgl substituted or

anst 2|cSC gl%%Zl g%]c%it(-: 3321::1)%?ceta;ﬁﬁﬁ?ﬁé?ggyéroham}és% 1t0uct:§r onltrlle
unsultFekgdlioreHIN (4 (-giflygromethy)Reszylaxycarionyly c1ic amino
group that may contain 1 to 3 heterocatoms, formylamino group,
C; to C¢ alkylcarbonylamino group, Ci; to Cg alkoxycarbonylamino
group, C; to Cg¢ alkylsulfonylamino group, and substituted or
unsubstituted arylsulfonylamino group.

[0031]

The term "substituted or unsubstituted ethyl group"
refers to an arylethyl group (such as l-phenethyl group, 2-
phenethyl group, l-naphthylethyl group, and 2-naphthylethyl
group) that may have 1 to 5 substituents selected from halogen
atom, substituted or unsubstituted C; to Cg¢ alkyl group,
hydroxy group, cyano group, nitro group, substituted or
unsubstituted C; to Cy4 alkoxy group, substituted or

unsubstituted aryloxy group, C; to C¢ alkylcarbonyl group, C;

15
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bicycio[2.2.2]oct-1-yi)amino]acetyi]pyrrolidine-2-carbonitrile,
(2S,4S)-4-fluoro-I-[[N-(4-isobutyloxycarbonyi
bicycio[2.2.2]oct-1-yi)amino]acetyi]pyrrolidine-2-carbonitrile, 15 and
(2S,4S)-4-fluoro-1-[[N-(4 isopropyloxycarbonylbicyclo[2.2.2]oct-I-
yi)amino]acetyi]pyrrolidine-2-carbonitrile. [ADVANTAGE OF THE
INVENTION éOOS? 20 Novel compounds that have high DPP-IV _
B0 iRy Hetiviy e CBmpSunds of the préseht imventioR are tise i+ °
agents in the prevention and/or treatment of diabetes and associated 17
It OURemplilations: a We?lua]lossi%%@%? Véttion dHtSTHtréathisht “of dideSses
involving DPP-IV. [BRIEF DESCRIPTION OF THE DRAWINGS] [0038] 5
aLkYEE A g‘%ﬁﬁﬁ%hov%%ﬁ%st}%é%%u 5 SF TSP EXBMp &BFT\S{@W%BE“J
1 +FOR GARRYING OUT THE INVENTION] 0030} When the compounds of
the present invention form p]ﬂérmagelﬁ}l Ily acce&a%le salts: examples
of su%ch a salttolro in&lude salts with inorcga_r{i% a&idsdggc as tydrg?/q_ha{oq%o

hetero. .
YS! ,?11r§1/%lfobromﬂ|1 acid, sulfiticadid, nitric acid, an B/ho%%ﬂoﬁc acid, or

orga@ictggidé, sgfp as acetig acidl, maieic acid fuméric acidC succinic

> up., . .
grOug\(zld, factic acéid, maﬁé%%? ; té)l’rtl I’ICarg.JCIIa? c?{ﬁé’ a]gld, n%et%%ne%ulfonlc acid,

alky9g8¥§88§¥g%g%o group, and substituted or unsubstituted
arylsulfonylamino group.
[0036]

Preferred examples of the compounds of the present
invention include (2S,4S)-1-[[N-(4-ethoxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2—-
carbonitrile,
(2S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile,

(2S)-1-[ [N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine—-2-carbonitrile,
(2S5,4S)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]lamino]lacetyl]—-4-fluoropyrrolidine-2-
carbonitrile,

(28)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl

16
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15 acid, benzenesulfonic acid, salicylic acid, stearic acid, paimitic acid
and trifiuoroacetic acid; metal salts, such as sodium salt, potassium salt,
calcium salt, magnesium salt, aluminum salt, and zinc salt; ammonium
salts, such as ammonium salt and tetramethyiammonium salt; organic
amine salts, such 20 as salts with morpholine and piperidine; and amino

bi acid salts, such as salts withﬁ%i cine, lysine, air%i/nine, Eherlyi"i‘ia”i”e’ and . 1

LY Giihe.: [o0AOT The SoMpUHAGFHE praskhY fventin Paprasented byt~ 1o

the 25 general formula (1) or salts thereof may contajn a single or 18 two

(25, 6p ﬁfofe_ Elflh}éla(céle_n%rﬁsoéi LRHAE MG ﬁliﬁrﬁeoﬁp%i'c%r iigcf)%lneﬁgFs_r‘?[e_suIting

from these ch'ir Icer}t rs. Any of th(ise .orptic | isomers and d'iastereomers
vl)aminolacetr —4—-rfluoropyrrolidine—-2-carbonitrile .
are encompassed by the™ present invention, as are any mixtures thereof in

an arbitrary, 5 mixing ratio, including racemic mixtures. When the
(28) cgmgi)uncié oeﬁﬁé) pﬁr/e(fsaern'ft)Cl)r%1 f]fﬁoﬁ%gr%?eﬁ edijtj%ﬁi%tgg[neral formula

s o e fee e oy e -

-configuration y of the mixtures of these corhpounds in an

(25, 32juary miving,ratio.are alsa encompassed by the 10 resent invention.

e of the c mpoun e prese Invention represen e& ) the
2BF0N ycoerlg‘\o/ 6}Qﬂ)—%ﬁ%‘;t%othg{%%ff“i@iﬁé‘-’% %‘%@%ﬁ%% fofational
ISOMErs, a which isomer re encompasse y the present invention,
(25, 3% fre any \of the mixtures tereatinam arbifrary,mixing ratio.
bicyclo[2.2.2]oct-1-yl)amino]lacetyl]—-4-fluoropyrrolidine-2-

10 carbonitrile,
(25,4S)-4-fluoro-1-[[N-(4-(4-trifluoromethyl)benzyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]lpyrrolidine—-2-carbonitrile,
(2S5,48)-4-fluoro-1-[[N-(4-isobutyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-2-carbonitrile,

15 and (2S,4S)-4-fluoro-1-[[N-(4-
isopropyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]lpyrrolidine—-2-carbonitrile.

[ADVANTAGE OF THE INVENTION]
[0037]
20 Novel compounds that have high DPP-IV inhibitory activity,

the compounds of the present invention are useful agents in

the prevention and/or treatment of diabetes and associated

17



10

15

20

25

15 [0041] The compounds of the present invention represented by the

general formula (1) or salts thereof include intramolecular salts, addition

products, solvates, and hydrates thereof. [0042] 20 The compounds of

the present invention represented by the general formula (1) or salts

thereof may be used as a pharmaceutical composition either individually

or.in_conjunction with one or more pharmaceutically acceptable auxiliar
comP AgERtsI TREy nfiy BE fornftifatel v&iﬁwepl%’gr?n"a%é‘bﬁ%lﬁ@p GleptabR et
dcarriers or excipients %s}ug&g_sg}arch, lactose, 19 calcium phosphate, and

CalCitiny Earjb%\ﬁ%%éﬁ,lﬂj ricants(Such as magnesium stearate, calcium

[BRI%ﬁéel%%%tgég'fp%Qgﬁt%?ﬁ;/clceﬁd)mlﬂm%r& {such as starch, crystalline

0se, carboxyme ulose, gum arabic, polyvinylpyrrolidone, and
g Iginic acid), disintegrating agents (such as talc and
[003 f . : .
carboxymethylcellulose calcium) or diluents (such as saline, aqueous
. _solutiops of glucose, mannitol or lactose). Using ordinary technigues, the
[Flg(':olﬁpo%n%rs ﬁhashpdrve%gﬁt i%%/gnﬁgr? urjsé%%'ege%lntggsoty é%né)nfeera formula
(s {hrsalts hersokmen e 10 formylategniguablets. capsules, granules,
powders, subtle granules, ampoules, or injections for oral or parenteral
3 t]*Iministration. The compounds of the present invention represented by
the general formula (1) or salts thereof are generally administered to

hu%@gﬁ %r}geo@g%fanoaunrlmg‘lso%t atggs%resent invention form

of

[00

pharmaceutically acceptable salts, examples of such a salt
include salts with inorganic acids, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, and phosphoric
acid, or organic acids, such as acetic acid, maleic acid,
fumaric acid, succinic acid, lactic acid, malic acid, tartaric
acid, citric acid, methanesulfonic acid, p-toluenesulfonic
acid, benzenesulfonic acid, salicylic acid, stearic acid,
palmitic acid and trifluorocacetic acid; metal salts, such as
sodium salt, potassium salt, calcium salt, magnesium salt,
aluminum salt, and zinc salt; ammonium salts, such as ammonium
salt and tetramethylammonium salt; organic amine salts, such
as salts with morpholine and piperidine; and amino acid salts,
such as salts with glycine, lysine, arginine, phenylalanine,
and proline.
[0040]

The compounds of the present invention represented by the

general formula (1) or salts thereof may contain a single or

18
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15 of 0.0001 to 1000 mg/kg/day while the dose may vary depending on
the type of the compound or salt, route of administration, and the age,
body weight, and symptoms of the subjects. The compounds of the
present invention or salts thereof may be administered in a single daily
dose or multiple doses per day. 20 [0043] When necessary, the
compounds of the present invention represented by the general formula

EWO oy A} Ualts theredf may Be Usedih chRjuRchion i Uo]ntel%)rlr%o%:’ GibbRtic
. therapeuticl agents other than DPPEIV inliibitors. Among such gzjébeﬁic 25
1soMiltapEirit agatis forUse Wit the Eampouiiad ofthe presdht Yo tese
iy inngntion or salts thc?r of are insulin and its derivatives, GLFé- and its
Pt G8rivativeband dther OraIdah&lE therapeuitic™ Agente Examplas c‘%fl‘*}ﬁe

oral diabetic therapeutic agents include sulfonyJCHrea digbetic therap%utié:
presen ilnven lOIilf, as are aw{ mlx‘%ures %reo .q;_n .aB roitrary
agents, non 5 sulfonylurea insulin secretagogues, biguanide diabetic

. . therapeutic agents, a-glycosidase inhibitors, giucagon. antagonists, GLP-1
5 Sforits. PPAR aGORRIS: RS agorists, SGLT THbitos. PRC oo,

of t 9%’;& 2 S’X@t{‘éaﬁ‘(%?‘%’}lag%fogésgé e %@é@t%ﬁ’ pcrﬁ%e DYOSNE £ormula

P atase nhibitors, potassium charinel openers,

insulin sensitizers cose, uptake modulators, compounds modifyin 3
(1) safg ﬁ%eré%u cont.apln a oPouubéle[g%oQl ExglrinepYegngfynyézle Z

ﬁf)fid metabolism, and appetite suppressors. [004 G
or Egggﬁ§f§%¥§@%%%mg%@ea(§a%%m9he mixtures of these compounds

in an arbitrary mixing ratio are also encompassed by the
present invention. Some of the compounds of the present
invention represented by the general formula (1) or salts
thereof may have tautomers or rotational isomers, all of which
isomers are encompassed by the present invention, as are any
of the mixtures thereof in an arbitrary mixing ratio.

[0041]

The compounds of the present invention represented by the
general formula (1) or salts thereof include intramolecular
salts, addition products, solvates, and hydrates thereof.
[0042]

The compounds of the present invention represented by the
general formula (1) or salts thereof may be used as a
pharmaceutical composition either individually or in
conjunction with one or more pharmaceutically acceptable
auxiliary agents: They may be formulated with pharmaceutically

acceptable carriers or excipients (such as starch, lactose,
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15 and NN-2211. Examples of sulfonylurea diabetic therapeutic agents
include toibutamide, giibenciamide, giiciazide, glimepiride, and glipizide.
Examples of non-sulfonylurea insulin secretagogues include nateglinide,
repaglinide, mitiglinide, and JTT-608. Examples of biguanide diabetic 20
therapeutic agents include metformin. Examples of a- glycosidase
inhibitors include voglibose and_mIiTglitoI. Examples of PPAR agonists
calChduderSgitazsite, t0Sigfitazone ™ pioghtizbne Sdiglitzbne! R?%i%gfsuc}l as
%MK-?GQ isaglitazone, ?LI- 262570, and JTT-50§L Examples of R3 g
magn S SRSt heHe AY-0677.C 2B NI 178" ahd N-8984. 27 0045 e © 2T/

. __,compounds (1) of the present invention can be produced by various
ot R THE COMPOTRIL (1151 T DIoKERTinvention can be

isolate common 5 segggation mﬁ?ns rSrSLiCh a:} gﬁt{%g)tion,

carboxym OrPgQQ%dP¥ gum a o) o) 1 T ne, and
reéfysetaﬁll ation, distilfation? and cﬂromal’og]?ap y‘f. 3ﬁepé’ompoun S may

. be obtained in the form of various salts hy using common technigues or
19 et (L S e ASBhen: 10046 L0 RepoLentin

similat tec riques ! sTheu : prese_n?a ve

core BT R s STy o TR B 0 o
aqueous solutions of glucose, mannitol or lactose). Using
ordinary techniques, the compounds of the present invention
represented by the general formula (1) or salts thereof may be
formulated into tablets, capsules, granules, powders, subtle
granules, ampoules, or injections for oral or parenteral
administration. The compounds of the present invention
represented by the general formula (1) or salts thereof are
generally administered to humans and other mammals at a dose
of 0.0001 to 1000 mg/kg/day while the dose may vary depending
on the type of the compound or salt, route of administration,
and the age, body weight, and symptoms of the subjects. The
compounds of the present invention or salts thereof may be
administered in a single daily dose or multiple doses per day.
[0043]

When necessary, the compounds of the present invention
represented by the general formula (1) or salts thereof may be
used in conjunction with one or more diabetic therapeutic

agents other than DPP-IV inhibitors. Among such diabetic

therapeutic agents for use with the compounds of the present
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15 [Chemical formula 3] O I'X O 1 Y1 1IN (4) RO rX\ RO O CN N-Y N~
~NH2 Step 1 HO CN (3) (1) [0049] Step 1 (Process A) In this step, a
haloacetic acid derivative of the general 20 formula (4) (where Y'is Cl or
Br, and X is as defined above.) is reacted with a bicycioamine derivative
of the general formula (3) (where R1 and n are as defined above.) to
_ obtain a bicycioester derivative of the general formula (1) (where R1, n,
1nvens Lo X aré s Uefifed abtve J - fhe fedttioR i Bared ot i et ves-
c1.p_Presence or absence of a base. Tr%}e baﬁe for use in this_reaction may be iy
an ?ﬁlorg%lﬁ% baes]r‘é,l\sfl“ilgfhl A5 3oditit h%‘ro J|fde?r§‘o a ?ﬁﬁ%eﬁylcﬁo;(ila%, apeutic
agengdium bicarhonate, petassium bicaianale, 5 spdium carbonate,
potassium dartidhate, and c&sitim Carbonate. or an m%anlc ase; such as

. triethylamjne, diisopropylethylamine . B
e N R ey e e A 2RSS iGis 867 SindRe8ie,
diaz?giggcloﬁiig.01—15-n0nene phosphazene base, argjep

Sulf%%%propy?guam&me%%%rlté i%al%o esired to'Use a %:ataI)E/%l:gtt{flrkl3 ?h%ic

ther (EaGHON, SUCh aé’ata'ﬁ—t ”ir";?’c&‘?i phase e fer catalyst or an Inorganic
Rt Suth a&7 Rtrabut lafimomam bromide. tettab iy famfonittd uide,

antagonists, GLP-1 agonists, PPAR agonists, B3 agonists, SGLT

inhibitors, PKC inhibitors, glucagon synthase kinase 3 (GSK-3)

inhibitors, protein tyrosine phosphatase 1B (PTP-1RB)

inhibitors, potassium channel openers, insulin sensitizers,

glucose uptake modulators, compounds modifying lipid

metabolism, and appetite suppressors.

[0044]

Examples of GLP-1 and its derivatives include betatropin
and NN-2211. Examples of sulfonylurea diabetic therapeutic
agents include tolbutamide, glibenclamide, gliclazide,
glimepiride, and glipizide. Examples of non-sulfonylurea
insulin secretagogues include nateglinide, repaglinide,
mitiglinide, and JTT-608. Examples of biguanide diabetic
therapeutic agents include metformin. Examples of oO-
glycosidase inhibitors include voglibose and miglitol.
Examples of PPAR agonists include troglitazone, rosiglitazone,
pioglitazone, ciglitizone, KRP-297 (MK-767), isaglitazone, GI-
262570, and JTT-501. Examples of B3 agonists include AJ-9677,

YM-178, and N-5984.
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benzyltriethylammonium bromide, lithium bromide, lithium iodide, sodium
iodide, potassium bromide, potassium iodide, 15 cesium bromide, and
cesium iodide. The solvent for use in the reaction may be an inert solvent
such as acetone, ethanol, toluene, acetonitrile, tetrahydrofuran, dioxane,
ethylether, t-butylmethylether, dimethoxyethane, ethyl acetate,
dichloromethane, N,N-dimethylformamide, dimethylsulfoxide, and 20
[004RImethyl-2-pyrrolidone. This reaction proceeds smoothly at 0 to 150C.
[0050] Process B [0051] 25 [Chemical formula 4] 23 p x O Pz0 Y™YN-?
(4)%@0‘?2“&?&6@?1 IR yl\tﬁe]\lﬁbeﬁqn\tflJ(%)"%fb%@%)c&?:h?étep 2

3 (7). f N\ . RO'Y 4
prodBceg tep 7t\9lgﬁlpcg)s é%g leéété;? hl}ll c}ues &Eecr)éé%%})om?ds (1) of

the present invention can be isolated or purified by common
separation means (such as extraction, recrystallization,
distillation, and chromatography). The compounds may be
obtained in the form of various salts by using common
techniques or similar techniques (such as neutralization).
[0046]

Representative processes for producing the compounds of
the present invention and salts thereof will now be described.
[0047]

Process A
[0048]

[Chemical formula 3]

)

i
1 Y1/\n/ \8 (4) H1O ,/X
H

NH, Step 1
3) ¢y

[0049]

Step 1 (Process A)
In this step, a haloacetic acid derivative of the general

formula (4) (where Y' is Cl or Br, and X is as defined above.)

is reacted with a bicycloamine derivative of the general

formula (3) (where R!' and n are as defined above.) to obtain a

bicycloester derivative of the general formula (1) (where RY,
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n N Nx p+ O CN (10) 0052] Step 1 (Process B) In this step, a haioacetic

acid derivative of the general 5 formula (4) (where X and Y1 are as

defined above.) is reacted with a bicycioamine derivative of the general

formula (5) (where P2 is a protective group for a carboxyl group, and n is

as defined above.) to obtain a bicycioester derivative of the general

formula (6) (where P2, n and X are as defined above.). 10 The reaction is
and ¥amied Gt inleielpredenbe or absenéd of acbase. Thellsas@for L@ intlis 1n

reaction may be an inorganic base, such as sodium hydroxide, potassium
the Rygdites sediufd BicsiBoRate? pBisssiumBicarbdiatel sodivae 1n this

carbonate, potassium carbonate, and cesium carbonate, or an organic |

reachiel T5LURH adtriethy e CaisbpTopyiyiatiing NN, RY L 0% e,

tetramethyiethyienediamine, diazahicyclo[5.4.0]-7-undecene, .
P eyttt 3 O S noRee. DhoChRAZOR Bk, A ot tam bicarbonste,

sod i BfNAisopsapyiquanidine  When it i desireato usea catalysh 241008, .o,

reaction, the catalyst may be a phase transfer catalyst or an inorganic
or afalbRUchas telrabutyiammoniun bramidg, Jfgtrabutyiammonium iodide,

benzyitriethyiammonium bromide, lithium bromide, lithium iodide, sodium
diisioside,potassjumine, N,N,N,N-tetramethylethylenediamine,
diazabicyclo[5.4.0]-7-undecene, diazabicyclo[4.3.0]-5-nonene,
phosphazene base, and pentaisopropylguanidine. When it is
desired to use a catalyst in the reaction, such a catalyst may
be a phase transfer catalyst or an inorganic salt, such as
tetrabutylammonium bromide, tetrabutylammonium iodide,
benzyltriethylammonium bromide, lithium bromide, lithium
iodide, sodium iodide, potassium bromide, potassium iodide,
cesium bromide, and cesium iodide. The solvent for use in the
reaction may be an inert solvent such as acetone, ethanol,
toluene, acetonitrile, tetrahydrofuran, dioxane, ethylether,
t-butylmethylether, dimethoxyethane, ethyl acetate,
dichloromethane, N,N-dimethylformamide, dimethylsulfoxide, and

N-methyl-2-pyrrolidone. This reaction proceeds smoothly at O

to 150°C.

[0050]
Process B
[0051]

[Chemical formula 4]
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5 bromide, potassium iodide, cesium bromide and cesium iodide. The
solvent for use in the reaction may be an inert solvent such as acetone,
ethanol, toluene, acetonitriie, tetrahydrofuran, dioxane, ethylether,
t-butyimethyiether, dimethoxyethane, ethyl acetate, dichioromethane, N,N
10 dimethylformamide, dimethyisulfoxide, and N-methyi-2- pyrrolidone.
This reaction proceeds smoothly at 0 to 150C. [0053] Step 2 (Process B)
In this step, the secondary amino group of the 15 bicycioester derivative of

e general for@x Ig)(6) (Where P2, n, and X are as glefined abo)\(/e.) is
pzogg@gted fg\@’ivg,a bidyCidesler e,t’i\\éhtive of the §&nda)l fo m%(?}
according o glgim 2 (where PRis protectiyg group for aﬁé{ni graitgp 3
and P2, n, and X are as descrified above.). The protective@0 group P1 for

he secondary amine group ma be t-butoxycarbonyi group

"o yioxy'yfx bonyi group, ‘o tr roackt i group. The pnotecy] group?
can bé/mr(ﬁum%wn techn%ﬁs:wh@em is t-butoxycar (s
group,(si)t can be}reziiintroducgg reacting di-t-butyidicarbonage with

the bicycioester 25.grepvative, of the |gasesal formula (6) (where P2, n, and
X are 25 as defined abovey reseqce or absence of triethyiamine
or 4-dimethyiaminopyridine. WirisPenzyioxycarbonyi group, it can
be readily introduced by reacting b%g?yi&ycarbonyi chloride with the
bicycloester derivative of the general

[0052]
Step 1 (Process B)
In this step, a haloacetic acid derivative of the general
formula (4) (where X and Y! are as defined above.) 1s reacted
with a bicycloamine derivative of the general formula (5)
(where P? is a protective group for a carboxyl group, and n is
as defined above.) to obtain a bicycloester derivative of the
general formula (6) (where P2, n and X are as defined above.).
The reaction is carried out in the presence or absence of a
base. The base for use in this reaction may be an inorganic
base, such as sodium hydroxide, potassium hydroxide, sodium
bicarbonate, potassium bicarbonate, sodium carbonate,
potassium carbonate, and cesium carbonate, or an organic base,
such as triethylamine, diisopropylethylamine, N,N,N,N-
tetramethylethylenediamine, diazabicyclo[5.4.0]-7-undecene,
diazabicyclo[4.3.0]-5-nonene, phosphazene base, and

pentaisopropylguanidine. When it is desired to use a catalyst
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5 formula (6) (where P2, n and X are as defined above.) in the presence
of triethyiamine, diisopropyiethyiamine, or potassium carbonate. When P1
is trifiuoroacetyi group, it can be readily introduced by reacting
trifluoroacetic acid anhydride with the bicycioester derivative of the
general formula (6) (where P2, n, 10 and X are as defined above.) in the
_ resence of triethyiamine or_N,N-dimethyiaminopyridine. [0054] Step 3
+n t?ﬁro%%é%}?ﬁlthi E%p?ﬁ?eaﬁsgfroﬂ‘ﬁ%fha%epr&e%aﬁ% BBV °15 Groupt VSt

of the bicyclqester derivative of the general formula (7) (where P2, P1, n,
0r 2o SRR Gefifat b T B e I R BN B

the general formula (8) (where P1, n, and X are as defined above.). P
cetr R O, e e S R o B e

15 nZ0peadiy remover by sing rforaacetic adi of 8 solution of hydrogen
chiGridé/dioxane. When B2 is Benzyi ‘gréGp, it Can be reatily femoved by

using palladium carbon jn combination wjth hydrogen or ammonium_ . .
oo B WRER s 127ARGrORT oy OrBA iF St he rSamiy Tomevairte

the DYpSINg acetic acid, p 25 fojuenesuifonic acid, o hydrachioric gcid, 26,
fO%E%T tep ' (F}lrocess B)%n this step, the gllc\y/cllc derivative of the
sucn982egl forpula (8) (where P11y and X are as defiped phove.) is
tetrahydrofuran, dioxane, ethylether, t-butylmethylether,
dimethoxyethane, ethyl acetate, dichloromethane, N,N-
dimethylformamide, dimethylsulfoxide, and N-methyl-2-
pyrrolidone. This reaction proceeds smoothly at 0 to 150°C.
[0053]

Step 2 (Process B)

In this step, the secondary amino group of the
bicycloester derivative of the general formula (6) (where P?, n,
and X are as defined above.) is protected to give a
bicycloester derivative of the general formula (7) according
to claim 2 (where P' is a protective group for an amino group,
and PZ, n, and X are as described above.). The protective
group P' for the secondary amine group may be t-butoxycarbonyl
group, benzyloxycarbonyl group, or trifluoroacetyl group. The
protective groups can be introduced by known techniques: When
P’ is t-butoxycarbonyl group, it can be readily introduced by
reacting di-t-butyldicarbonate with the bicycloester

derivative of the general formula (6) (where PZ, n, and X are
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5 esterified or aikylated to obtain a bicycloester derivative of the general
formula (9) (where R1, P1, n, and X are as defined above) . When the
bicycloester derivative of the general formula (9) (where R1, P1, n, and X
are as defined above.) is produced by esterification, the bicyclic derivative
of the 10 general formula (8) (where P1, n and X are as defined above.)
is_esterified with an alcohol derivative reepresented by R10OH (where R1is |
as dg& Hofiled 3BEYe ) in the PresBhcs of'a co%e?’@ﬁﬁé?%ggﬁtt Lgive the-amine
4kzi Xcloeﬁte derivative of the generﬁl formula (9) (where R1, P1, n, and X
o 436 5S o 15 ABBYE T BRampled St the condEnEton gt ior e 9 Cur
. esterification in_this.step include dicyciohexyicarbodiimide (DCC),
L O3 E ety mirEprRy Tbadimmde. WydraeHionaé (EDRi Y

corn{JoTP 0 i Lo o piton 2 repg st WD o
oresigl APURIe S g SQULCHIETER A0, AP 1
carslyelymeicice. 27 deeeherclls 407 e, PIGNSLE -eaisy

intrég'ﬁ"ére‘%f‘?#f% é%Ehcei%%”dceﬁ‘f?ﬁi%%E%%Céieot“ir@a)é DA INSTLFANENAYH the

as N,N-dimethyiformamide, N,N
bicycloester derivative of the general formula (6) (where P?, n,
and X are as defined above.) in the presence of triethylamine

or N,N-dimethylaminopyridine.
[0054]
Step 3 (Process B)

In this step, the p? group that protects the carboxyl
group of the bicycloester derivative of the general formula
(7) (where P2, Pl, n, and X are as defined above.) is removed
to give a bicyclic derivative of the general formula (8)
(where Pl, n, and X are as defined above.). P’ can be removed
by known techniques: When P? is t-butyl group, it can be
readily removed by using trifluoroacetic acid or a solution of
hydrogen chloride/dioxane. When P? is benzyl group, it can be
readily removed by using palladium carbon in combination with
hydrogen or ammonium formate. When P? is tetrahydropyranyl
group, it can be readily removed by using acetic acid, p-

toluenesulfonic acid, or hydrochloric acid.
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5 dimethyiacetamide, dimethyisulfoxide, acetonitrile, tetrahydrofuran,
dioxane, ethyl ether, dimethoxyethane, ethyl acetate, toluene, and
dichioromethane. This condensation reaction proceeds smoothly at -20 to
150C. [0056] 10 When the bicycloester derivative of the general formula
(9) (where R1, P1, n, and X are as defined above.) is produced by
005aikyiation, the bicyclic derivative of the general formula (8) (where P1, n,
[ gllld X are as defined above.) is reacted with a compound represented by
st R'Y2 (where Y2 ]iss Cl, Br, I, OMs, OTs 15 or OTf, and R1 is as defined
P abo e.fl%ct%%spre%ence or absence of a base to give the bicycioester
derivatjve. of the general formula (9) (where.R1, P1, n, and X are as
oo GO s e P ASarai o (o2 BAL FFtiehoRblo e Tabe
sornJEY D8 A alkall catbonate, such 35 sodium bigarbonate. Rotassiym 20
carbona nd-cesium’carbonate, or a tertiary amine, such'as

este%&%qwgnﬂ%iéﬁﬁﬁgg%git@%ag%yahkngﬂ 1§é§8@gg¥%r a rivatave of

azabicyC -undecene, pyridine, 4- hylaminopyridine, an

the 1@5%“?&%@5%%’1‘2”9%@%'[’“ haiene, g}d poosphazene hase and o ¢ineq
gentalsopropylguanldl e. When'it is 25'desifed to usea cata‘Tyst in the

abové%a.c“%%é@le %%tea'ygf'& may,he 28 phase %%“8%?%%08‘?'3&%0%%%@%3\%
salt, such as tetrabutyfammonium bromide, tetrabutyiammonium iodide,

£ormBIAVIEIPIMALAIORUM BrOmIge, IR BOMIde, MU 0813, 508 1 5
lodide, potassmmebromlde, potassium iodide,
produced by esterification, the bicyclic derivative of the
general formula (8) (where Pl, n and X are as defined above.)
is esterified with an alcohol derivative represented by R'OH
(where R' is as defined above.) in the presence of a
condensation agent to give the bicycloester derivative of the
general formula (9) (where R', P', n, and X are as defined
above.). Examples of the condensation agent for the
esterification in this step include dicyclohexylcarbodiimide
(DCC), 3-ethyl-1-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCI), dimethylimidazolinium chloride (DMC),
ethyl chloroformate, isobutyl chloroformate, and pivaloyl
chloride. These agents may be added in the form of solid,
liquid or a solution in a proper solvent. When it is desired
to use a base in the condensation reaction, the base may be an
alkali carbonate, such as sodium bicarbonate and potassium
carbonate, or a tertiary amine, such as triethylamine,

diisopropylethylamine, N-methylmorpholine,
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5 cesium bromide, and cesium iodide. The solvent for use in the reaction
may be an inert solvent such as acetone, ethanol,
N,N-dimethylformamide, N,N-dimethyiacetamide, dimethyisulfoxide,
acetonitriie, tetrahydrofuran, dioxane, ethylether, dimethoxyethane, ethyl
acetate, toluene, and 10 dichloromethane. This reaction proceeds
. smoothly at -30 to_150C. 0057% Step 5 (Process B) In this step, the
diazgRyueiCaérivative bf tHe JeREraT "8 fdrshuta (8} iwhere P1, n, and X are
Qimed® dffined above.&is conv%rt d%ao_ bic 'loest%r erivative of t e%erleral
kot ém(TBﬂO\]/fhleré i€ Ateaction residue GucH a8 halogelr oM - &kl
Th hal'idesﬁ{mitdazoiides, arrlwdtaﬁtive er?éerg of carbnox;[[lic atcidsri erch S. an
© 1Smidazoiyi GFolp -AitrophenRy group: 20 Pentafiiorophenoyy group;
. imidoyioxy succinate groyp,and.1- benzotriazolyloxy graup (or
ther -bse%xz\é?rlatzoﬁ}f%%ox?%e Igfgﬁ_p - Bfl?t%ni,/?ziga W%lrel%deolsh:fn ed above.].

dime LHSSRR £aN be readily carried outhy kngwn techniques; When W is
imidoyioxy Succinate group, the blcy(ﬁlc erfvafive of the general 25

tetrfﬁrﬂaﬁé"%@r(%"r?ef%f& 0p,and X are,as, "?%ﬁenre,d AovE:)is, 23 feacted with,
-ny I’OX)/SUCC{FIIC aclid In ?He pres%nce ora con&ensatlon agen?to glve

acett}}iec,lesciro%u%roguc'[al\a/\/he 1\c/\ﬂ. O]pgrr[{z%t}qigzce)lyb%qrgug Oéensat ion
- enzotrlazo]Pyl 3-0xu?e group), the bicyclic derivafive of the genera
reacg¥g%“%ggé$g§gaE%ogthly at -20 to 150°C.
[0056]

When the bicycloester derivative of the general formula
(9) (where Rl, Pl, n, and X are as defined above.) is produced
by alkylation, the bicyclic derivative of the general formula
(8) (where Pl, n, and X are as defined above.) is reacted with
a compound represented by R1y? (where Y? is cl, Br, I, OMs, OTs
or OTf, and R' is as defined above.) in the presence or absence
of a base to give the bicycloester derivative of the general
formula (9) (where Rl, Pl, n, and X are as defined above.).
When it is desired to use a base in the reaction, the base may
be an alkali carbonate, such as sodium bicarbonate, potassium
carbonate, and cesium carbonate, or a tertiary amine, such as
triethylamine, diisopropylethylamine, N-methylmorpholine,
diazabicyclo[5.4.0]-7-undecene, pyridine, 4-
dimethylaminopyridine, and 1,8-bis(dimethylamino)naphthalene,

and phosphazene base and pentaisopropylguanidine. When it is

desired to use a catalyst in the reaction, the catalyst may be
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5 and X are as defined above.) is reacted with 1- hydroxybenzotriazole in
the presence of a condensation agent to give the desired product.
Examples of the condensation agent for use in this step include
dicyciohexyicarbodiimide (DCC),
3-ethyl-I-(3-dimethylaminopropyi)carbodiimide 10 hydrochloride (EDCI),
dimethylimidazolinium chloride %(SDMC , ethyl chloroformate, isobutyi

a phé‘ﬁl%r&%ﬁﬂ&t%%na%’i\?a&é’ﬁtcrﬂ rid& CFITEE Sy etits riay’Bé 3dd&d in the

et fogrm oflsolid, liquid or a solution in af[prgpier 10Ivent. When_itg%sl_ esired to

ST 88 BibadE IR IHE RordERsation regtt n, el 3%“%“?7%3}1 Be aR“rs alkali
carbonate, such as sodium bicarhonate .and. potassium. carbaonate,.or a

iR e AT AR

... N-methyimorpholine,. diazabjicyclo[5.4.0]-7-undecene, pyridine, 4- .

o Ao an e ‘B ta HimB A RGN, 36 e

.soIKEnt forélse in thc? %ond.ensatlo {%ac.tlonrmeay belz\afn |gerg()srolvent sucht

cesiyd ,ﬁ(-)é‘irlne?ﬁyi%?mamelgé,%,l\fio |me?hylacetamsi8e, (%rrhethylsuiyo%del,n he

reacgSgignitile, tetraydrofuran. digrane, ety ether, dimethoxyethane, ety
acetate, tgluene, andl Ichioromethane. IS condensation 25 reaction

raoceeds smoothly at -20 5QC. The resulting 30 bicyclic derivative of
n-Broceeds 5 EP&—%\W bg re g CyClIC O

t lemSengraﬁ%]?rrﬁﬂélé%) (where ‘P11, “and %Hgalre a5 described above.)
dime E@’flbs%bﬂ 24 ngbe S&é’é@%ﬁ% %?é’, affer écraé%r&%%ﬁ%%'ﬁyogf‘ggane,

purification or as the unpurified crude proauct.
ethylether, dimethoxyethane, ethyl acetate, toluene, and
dichloromethane. This reaction proceeds smoothly at -30 to
150°cC.
[0057]
Step 5 (Process B)

In this step, the bicyclic derivative of the general

formula (8) (where Pl, n, and X are as defined above.) is

converted to a bicycloester derivative of the general formula
(10) [where W is a reaction residue (such as halogen atoms,

and halides, imidazolides, and active esters of carboxylic
acids, such as l-imidazolyl group, 4-nitrophenoxy group,
pentafluorophenoxy group, imidoyloxy succinate group and 1-
benzotriazolyloxy group (or l-benzotriazolyl 3-oxide group), P!,
n, and X are as described above.]. This step can be readily
carried out by known techniques: When W is imidoyloxy

succinate group, the bicyclic derivative of the general

formula (8) (where Pl, n, and X are as defined above.) is
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5 [0058] Step 6 (Process B) In this step, the bicyclic derivative of the
general formula (10) (where W, P1, n, and X are as described above.) is
reacted with an alcohol derivative represented by R10H (where 10 R1 is
as defined above.) to give a bicycioester derivative of the general formula
(9) (where R1, P1, n, and X are as defined above.). When a base is used
in the reaction, the base may he .an inorganic salt, such as sodium

reaCh§drokite p%f&%%ﬂﬁﬁwa%‘z?dé? Koditim bickPodrate Ppotagsitm °F @
bicarbonate, sodium_ 15 carbona}'%e, potassium carbonate, and. cesium ,

CondERBohate! of AR brdani@biSe, Sich K ttietitylamine <t - When W is
diisopropylethylamine, N,N,N,N-tetramethylethylenediamine, .

e AT S R 01 Wt Se, IIEZANE) oA S ORnBnRACE IOV

imethylaminopyridine, phosphazene base dfo 1
e e roR B ARG THE SR enEit Sk e Teson Sha BEES = ™
ert solvent (gu h as ﬂ?l ene agetonltrllea tetrahydrofuran, dioxane,

and gh@fe?hgrs, t- %fyllrrﬁe y?etﬁ\éré,' imlesthgfye(fhane, eJthy acetate,

dichioromethane, N,N- dimethyiformamide, dimethyisuifgxide, and
e e Ayitaidons. T AGTon Siocbbds crmusthl ol 30 o 25

co oifiCtR DOSE St Eroess BLA S Sop e L AL 1o
agenge@%?luse in this step include dicyclohexylcarbodiimide
(DCC), 3-ethyl-1-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCI), dimethylimidazolinium chloride (DMC),
ethyl chloroformate, isobutyl chloroformate, and pivaloyl
chloride. These agents may be added in the form of solid,
liquid or a solution in a proper solvent. When it is desired
to use a base in the condensation reaction, the base may be an
alkali carbonate, such as sodium bicarbonate and potassium
carbonate, or a tertiary amine, such as triethylamine,
diisopropylethylamine, N-methylmorpholine,
diazabicyclo[5.4.0]-7-undecene, pyridine, 4-
dimethylaminopyridine, and 1,8-bis(dimethylamino)naphthalene.
The solvent for use in the condensation reaction may be an
inert solvent such as N,N-dimethylformamide, N,N-
dimethylacetamide, dimethylsulfoxide, acetonitrile,
tetrahydrofuran, dioxane, ethyl ether, dimethoxyethane, ethyl

acetate, toluene, and dichloromethane. This condensation

reaction proceeds smoothly at -20 to 150°C. The resulting
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5 formula (9) (where R1, P1, n, and X are as defined above.) is removed
to give a bicycloester derivative of the general formula (1) (where R1, n,
and X are as defined above). P1 can be removed by known techniques:
When P1 is t-butoxycarbonyl group, it can be readily removed by using
trifluoroacetic acid 10 or a solution of hydrogen chloride/dioxane. When
. P1is benzyloxycarbonyl group, it can be readily removed by usin 1
o1 cY GGG catBon HrcSthbintol WFFHr Semar Amhidiurh Rithaedls P+ ™
When P1 is trifluoroacetyl group, i%can be readilby removed by us'ng an
SER Wb e N e e A B
formula5]00 HO r-X R10rX N"-rNStep INHOCNHOCN (11) (1)
<0 8 (b8 e FloGis &f e Sep PR b Udeatér dehRRtvE of bt
U e??rglj 32rf1%mulargl& \(/:vp[ere R1, n, and X are as defined above.) is
PUbbtained t%rougeh Bsterification or aikyiation. When the bicycioester
[oo5g?rivative of the general formula (1) (where R1, n,

Step 6 (Process B)
In this step, the bicyclic derivative of the general
formula (10) (where W, Pl, n, and X are as described above.) 1is

reacted with an alcohol derivative represented by R'OH (where

R' is as defined above.) to give a bicycloester derivative of
the general formula (9) (where Rl, Pl, n, and X are as defined
above.). When a base is used in the reaction, the base may be

an inorganic salt, such as sodium hydroxide, potassium
hydroxide, sodium bicarbonate, potassium bicarbonate, sodium
carbonate, potassium carbonate, and cesium carbonate, or an
organic base, such as triethylamine, diisopropylethylamine,
N, N, N, N-tetramethylethylenediamine, diazabicyclo[5.4.0]-7-
undecene, diazabicyclo[4.3.0]-5-nonene, 4-
dimethylaminopyridine, phosphazene base, and
pentaisopropylguanidine. The solvent for use in the reaction
may be an inert solvent such as toluene, acetonitrile,
tetrahydrofuran, dioxane, ethylether, t-butylmethylether,
dimethoxyethane, ethyl acetate, dichloromethane, N,N-
dimethylformamide, dimethylsulfoxide, and N-methyl-2-

pyrrolidone. This reaction proceeds smoothly at -30 to 150°C.
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and X are as defined above.) is obtained through 5 esterification, a
bicyclic derivative of the general formula (11) (where n and X are as
defined above.) is esterified with an alcohol derivative represented by
R10H (where R1 is as defined above.) in the presence of a condensation
agent to give the bicycioester derivative of the general formula (1) 10
(where R1, n, and X are as defined above.). Examples of the
[0058dndensation agent for use in the esterification include
dicyciohexyicarbodiimide (DCC), 3-ethyi-1-(3-
Stepdiméthyiartifidpropyi)carbodiimide hydrochloride (EDCI),
dimethylimidazolinium chloride (DMC), ethyl chloroformate, 15 isobutyi
chibFofbithateS Bill pivaiGyi'chIBREEPTHER 'addrits Sk bEHudea R tHE Ty
._form of solid, liquid ar a solytion in a proper solvent. W it is desired.to
ami g Lo (R oMo BHT et e basEidy beln

FormG@PONaIE, SHEhas sodium bicarbopate,and potassiym:¢abenals, or 82q

tertiary amine, such as triethyiamine, diisopropyiethyiamine,
remodepethyigotpholing ; digzabicyelals. 4.0)-7undegens spyidinge nera 1
4-dimethyiaminopyridine, and 1, 8-bis (dimethylamino) naphthalene. The
formgolyentifor usadr therEpndensationxyeaegton maydre ar dneg selvent seichcan
as N,N-dimethyiformamide, N,N 25 dimethyiacetamide, dimethyisuifoxide,
be ragetonifriley 3tetrahyarofuraay divxarnecethyl ether-dimethoxyetamney 1
ethyl acetate, toluene, and dichioromethane. This condensation reaction
groupjoceedsamduthlyead2d Yo 150CVAHemmativelynthetrif luoroacetic acid

or a solution of hydrogen chloride/dioxane. When P’ is
benzyloxycarbonyl group, it can be readily removed by using
palladium carbon in combination with hydrogen or ammonium
formate. When P' is trifluorocacetyl group, it can be readily
removed by using an ammonia/methanol solution.

[0060]

Process C

[0061]

[Chemical formula 5]

0 o)
N\e N\e
N Step 1 N
H/\(r)r CN H/Wc])/ CN
(11) M
[0062]

Step 1 (Process C)

In this step, a bicycloester derivative of the general
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condensation reaction may be carried out via an active ester 5 or acid
chloride having 1-imidazoiyi group, 4-nitrophenoxy group,
pentafiuorophenoxy group, imidoyioxy succinate group or
1-benzotriazoiyioxy group (or 1-benzotriazoiyi 3-oxide group). In such a
case, the active ester or acid chloride may be used in the subsequent
step after carrying out,isolation and 10 purification or as the unpurified

form e Prbdddl U0b3F Whiin tHE Bicycloestet Heluaties ot (HEgdneral:
formula (1) fjwhere R1, n, and X are as defined above.) is obtained

Ot 2l ASHton & ey Lic CRHY e Bf the GoRara TS forliuia (£1)°

bicyffirenand X are as defined ghove,) s reagted with p.compound, o g1,
yrepreser‘leted yR}'W (w‘ﬁere 27and are as described abo e.?m?he r

resence or absence. of a base to give the bicycioester derivative of the
and B Rl T (1 are R n. ek Se e Hehnbd Aibve.). When it
este'rsid.rgiséraeditSnuseazooi‘c??é‘i i%.”éFebrrela&%'QE‘vt%‘eobfaS&@a be %“a?c'kg%mula
carbonate, such as sodium bicarbona e, potassium carbonate, an

(11) SGSHM. catbonate ’}Praaﬁteer%ai:yo?en%lgeé%u%q)%%gl.e)th&fgmel%ec'erified with
dilsopropyiethyiamine, N-methyimorpholine,

iazabicyclo[5.4.0]-7-undecene, pyridine, 4 25:dimethyiaminopyridine, and
a0 2 L PSR P A i Ao pats Lhas

defiRSQta}ésoogr%PXig%%“igﬁQg - }g’&es“ei 5, desired Lo Use acatalyst indhe . .
reaction, tY1e catalyst may be a phase transfer cata yst or inorganic salt,
gives%g%a%icycloester derivative of the general formula (1)
(where Rl, n, and X are as defined above.). Examples of the
condensation agent for use in the esterification include
dicyclohexylcarbodiimide (DCC), 3-ethyl-1-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI),
dimethylimidazolinium chloride (DMC), ethyl chloroformate,
isobutyl chloroformate, and pivaloyl chloride. These agents
may be added in the form of solid, liquid or a solution in a
proper solvent. When it is desired to use a base in the
condensation reaction, the base may be an alkali carbonate,
such as sodium bicarbonate and potassium carbonate, or a
tertiary amine, such as triethylamine, diisopropylethylamine,
N-methylmorpholine, diazabicyclo[5.4.0]-7-undecene, pyridine,
4-dimethylaminopyridine, and 1,8-bis(dimethylamino)naphthalene.
The solvent for use in the condensation reaction may be an
inert solvent such as N,N-dimethylformamide, N,N-

dimethylacetamide, dimethylsulfoxide, acetonitrile,
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tetrabutylammonium bromide, tetrabutylammonium iodide, 5
benzyitriethylammonium bromide, lithium bromide, lithium iodide, sodium
iodide, potassium bromide, potassium iodide, cesium bromide and
cesium iodide. The solvent for use in the reaction may be an inert solvent
such as acetone, ethanol, N,N-dimethylformamide,
et N,N-dimethylacetamide, 10 dimethyisulfoxide, acetonitrile, fhvl
SLr ARy arStarn, ditxkahal thylsthér, dinttioxydtisie: Sty deatie, S0y
ttoluene, d dichloroge&har}lel. This ree ction proceeds smogthly att-_30 to
acetisge. ﬁfg\gﬁfrﬁ’Tﬁé} dva ag%ﬁg1 featiires of tFlelpsregé)ﬁil vention il
now be described with reference to experiments and ex les, which are
rea e D iEIHE Sobbb 61h6 Avenion Ty oy iy TO0RB] 20+ the
cond<r|3se<t;1ecr§n%e rEé(arrEple r]i>msaynt%ee5i%gr:ethgl out, via. an.activ ster
3-amin08|cy0|of2c. .JZ(Toctané/-l-carboxyFaJtedStep 1: Synthesis 6 me?hﬁ
4-benzyioxycarbonylamino- bicyci 2.2.%% ctane-l-car%qx late 25 Methyl
o A oD S e d KR by e R (20 g, T oRY
diphenyi hg_sL%horgi %zide>g32.5 trieth¥rllaminel(g17.3 mL) and Icoluene
. up, . d
grouFSO(f) mL) Were mixed %goet er. The" fixture was stifred for 2 hours at ~ = °F
1—beg¥ggyyggg%§ﬁ%§¥“%%@ﬁp (or l-benzotriazolyl 3-oxide group).
In such a case, the active ester or acid chloride may be used
in the subsequent step after carrying out isolation and
purification or as the unpurified crude product.
[0063]
When the bicycloester derivative of the general formula
(1) (where R', n, and X are as defined above.) is obtained
through alkylation, a bicyclic derivative of the general
formula (11) (where n and X are as defined above.) is reacted

with a compound represented by R'Y? (where Y? and R' are as

described above.) in the presence or absence of a base to give
the bicycloester derivative of the general formula (1) (where
R', n, and X are as defined above.). When it is desired to use

a base in the reaction, the base may be an alkali carbonate,
such as sodium bicarbonate, potassium carbonate, and cesium
carbonate, or a tertiary amine, such as triethylamine,
diisopropylethylamine, N-methylmorpholine,
diazabicyclo[5.4.0]-7-undecene, pyridine, 4-
dimethylaminopyridine, and 1,8-bis(dimethylamino)naphthalene,
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heated and refiuxed for 2 hours. To the resulting mixture, 5 benzylaicohoi
(122 mL) was added and the mixture was further heated and refiuxed for
17 hours. Subsequently, the mixture was allowed to cool and was
sequentially washed with a 10% aqueous citric acid, saturated aqueous
solution of sodium bicarbonate, and saturated brine. The mixture was
then dried 10 over anhydrqus sodium sulfate and concentrated under | |
and RARRRES AasRuRE The Palidiiethad paRficd By Siich gét BolumA nen 1t 1S
q . chr mato%(raé)h% (eluani: hexane: ethyl acetatte_: 2:1) tﬁ give mgthgl b
eSlﬁgoean?/io )s/ ar oﬁ?l%%iﬁgtgic%fo : .Zfoec?acnel-ﬁnc’artgox?/laﬁ%t(% b, &) gy b<
MS (FAB’) m/z: 318 (MH") [0066] Step 2: Synthesijs of
PR e e boniaiBicy Gol 5 SR e F oo o 20

ethyl 4-benzyioxycarbonylaminpbicycio[2.2.2]octane-I- carbgxylate (64.3
cetr g ORI ah e 100 P T e San ™ TV Eueous

solution of sodium hydroxide (1000 m as added and.the mixture was
nen gL e B e T Ao

; 0a1/£dUCEd 25 pressure and ihe residue was washed with dietiylether (500,
m?_’), 36 Tollowed y addition of concentrater&lhyd'rogkﬁorlc acid to” a just’

cess B AR L TUR R oS W, B B e
reaction may be an inert solvent such as acetone, ethanol,

N, N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide, acetonitrile, tetrahydrofuran, dioxane,
ethylether, dimethoxyethane, ethyl acetate, toluene, and
dichloromethane. This reaction proceeds smoothly at -30 to
150°cC.

[0064]

The advantageous features of the present invention will
now be described with reference to experiments and examples,
which are not intended to limit the scope of the invention in
any way.

[0065]

<Reference Example 1>

Synthesis of ethyl 4-aminobicyclo[2.2.2]octane-1-carboxylate

Step 1:

Synthesis of methyl 4-benzyloxycarbonylamino-

bicyclo[2.2.2]octane-1-carboxylate

Methyl hydrogen bicyclo[2.2.2]octane-1,4-dicarboxylate
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to give 4-benzyioxycarbonylaminobicycio[2.2.2]octane-I 5 carboxylic acid
(56.1 g). MS (FAB’) m/z: 304 (MH") [0067] Step 3: Synthesis of ethyl
4-benzyioxycarbonylamino- 10 bicycio[2.2.2]octane-I-carboxylate
4-Benzyioxycarbonylaminobicycio[2.2.2]octane-I-carboxylic acid (56.0 g)
was dissolved in N,N-dimethyiformamide (1000 mL) To this solution,

odium bicarbonate (46.6 %and then ethyl igdide (22.2 mL) were added
i lite AT WA STHBHAUSD 18 100E ot B itlirs Scibsdertly.

dditional sodium bicarbonate (46.6 g) and ethyl iodide (22.2 mL) were
(17 ] T R ITe A B o RS Hotre e oo
materials in ;Ch_e mixéurg werze tkilltered and the filtracte was concentratgd

re Oll m was

mixtihderedudsd Ibressuré).nl'he residie was disgbived 20 i:na(gtlﬁf/leaéaler{ate

heat PO ML) %‘”gf?&é lution was washed Vé!toh water, dried over anbydrous
soditim sulfa €, an dried ufider téduice pressure.elshe resuﬁlng residue
was purified by_silica_gel column .chromatography (eluant; hexane: eth IE,
venz Y R Oy R B e e e b

e BEYII2 2 210can Fatboryle (392 ok LS (FAR) A 2% M)

was allowed to cool and was sequentially washed with a 10%

(25.

aqueous citric acid, saturated aqueous solution of sodium
bicarbonate, and saturated brine. The mixture was then dried
over anhydrous sodium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (eluant: hexane: ethyl acetate = 2:1) to give
methyl 4-benzyloxycarbonylaminobicyclo[2.2.2]octane-1-
carboxylate (32.2 g).

MS (FAB') m/z: 318 (MH").

[0066]

Step 2:

Synthesis of 4-benzyloxycarbonylaminobicyclo[2.2.2]octane-1-

carboxylic acid

Methyl 4-benzyloxycarbonylaminobicyclo[2.2.2]octane-1-
carboxylate (64.3 g) was dissolved in ethanol (1100 mL). To
this solution, a Imol/L aqueous solution of sodium hydroxide
(1000 mL) was added and the mixture was stirred at 50°C for 1
hour ., Ethanol in the mixture was evaporated under reduced

pressure and the residue was washed with diethylether (500 mL),
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Synthesis of ethyl 4-aminobicyclo[2.2.2]octane-I-carboxylate 5 Ethyl
4-benzyioxycarbonylaminobicycio[2.2.2]octane-I- carboxylate (40.0 g) was
dissolved in ethanol (400 mL). To this solution, 10% palladium-carbon
(4.00 g) was added and the mixture was stirred at room temperature for 6
hours in a stream of hydrogen. The catalyst in the reaction mixture was
c ll10 filtered through a Celite pad and the filtered catalyst, together with the
oLIBHRfRL rad, Wik waShed With BIRERO Thé FilttdtE S5d the wishifigs were

a- C%mbﬁned %nd conceg{ﬁrated ugdgr red%%ed pressure. The resultting
2AJURGIIEWaS dridtindet redtice ?oressur% o give &thyf crystals were

. .. 4-aminobicycio[2,2.2]octane-1- 15 carhoxylate (23.9 g). MS (EI') m/z: 197
fllt](‘l\ﬁ efboég%glﬁé?l wl%% t r@yn%%leo{ _mL,dl%_am;lféa[ %Céﬁ:c'i;ipressure

eferénce Examplé 23 esis of

4-aminobicycio 2.2.2(1[oct ne-1- 20 carboxylate Step 1: Synthesis of
t0 o T FTG S0 TRt e 4 ACaORE bty
hydrpgen bicyclo[2.2.2]octane-1,4-dicarboxylate 25 (500 mg) was
Carbaé gl%%d?r%éhérém%etﬁ;ﬁe (5 mL) and sulfuric 38 acid (50 jL) was
ed to the salution, The mixture was bubbled with isobutene for 5
MS (r?n%%u?esmv&ﬁife g’##eg l;/#I-Ea?éalt/ice bath. The mixture was then stirred for 4

[006g?urs at

Step 3:

Synthesis of ethyl 4-benzyloxycarbonylamino-

bicyclo[2.2.2]octane-1-carboxylate

4-Benzyloxycarbonylaminobicyclo[2.2.2]octane-1-carboxylic
acid (56.0 g) was dissolved in N,N-dimethylformamide (1000 mL).
To this solution, sodium bicarbonate (46.6 g) and then ethyl
iodide (22.2 mL) were added and the mixture was stirred at 50
to 60°C for 5 hours. Subsequently, additional sodium
bicarbonate (46.6 g) and ethyl iodide (22.2 mL) were added and
the mixture was stirred for additional 3 hours. The insoluble
materials in the mixture were filtered and the filtrate was
concentrated under reduced pressure. The residue was dissolved
in ethyl acetate (700 mL) and the solution was washed with
water, dried over anhydrous sodium sulfate, and dried under
reduced pressure. The resulting residue was purified by silica
gel column chromatography (eluant: hexane: ethyl acetate = 2:1
- ethyl acetate) to give ethyl 4-benzyloxycarbonylamino-

bicyclo[2.2.2]octane-1-carboxylate (56.8 g).
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room temperature and was left for 4 days. Subsequently, the 5 reaction
mixture was diluted with dichioromethane (5 mL), washed sequentially
with a saturated aqueous solution of sodium bicarbonate and saturated
brine, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was dried under reduced pressure to give
1,1 10 dimethyiethyi methyi bicyclo[2.2.2]octane-1,4-dicarboxyiate (497
MS (ﬁ%%. ME(BAB Y Hi/z! B89 (MH") [0070] Step 2: 15 Synthesis of
100 6% -dimethyiethyi hydrogen bicyclo[2.2.2]octane- 1,4-dicarboxyiate
,1-Dimethyiethyi methyi bicycio[2.2.2]octane-1,4- dicarboxyiate (495 mg)
was dissolved in methanol (5 mL). To this solution, a 2moi/L aqueous
sodium hydroxide solution 20 (0.92 mL) was added and the mixture was
B e o iape

Step

Synt{

Wa]?tar?dfdél@k;[ge £e§_uolt>i<n geski)%ue nd ik}leo%rjlixturelwiﬁ sg%j%/ithe_l_
die hy*\éher and was neutralized with 3mo fgﬁyar chioric acid. “The
c<—;1rb'<8“"x§‘{1J ting crystal W§Se_ %'ée{elg%é”s%‘%%%h dj]"rg]”%%"haé%% and gripd ynder 1
reduced pressure to give 1,1-dimethylethyl hydrogen
thisb@%ﬁ@@%%ﬁﬁOq%%eﬁé%f§%¥§85@§¥%§%uhwgbo g) was added and the
mixture was stirred at room temperature for 6 hours in a
stream of hydrogen. The catalyst in the reaction mixture was
filtered through a Celite pad and the filtered catalyst,
together with the Celite pad, was washed with ethanol. The
filtrate and the washings were combined and concentrated under
reduced pressure. The resulting residue was dried under
reduced pressure to give ethyl 4-aminobicyclo[2.2.2]octane-1-
carboxylate (23.9 qg).
MS (EI") m/z: 197 (M').
[0069]

<Reference Example 2>

Synthesis of 1,1-dimethylethyl 4-aminobicyclo[2.2.2]octane-1-

carboxylate

Step 1:

Synthesis of 1,1-dimethylethyl methyl bicyclo[2.2.2]octane-

1,4-dicarboxylate

Methyl hydrogen bicyclo[2.2.2]octane-1,4-dicarboxylate

(500 mg) was dissolved in dichloromethane (5 mL) and sulfuric
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1H NMR (CDC13) 5 1.41 (s, 9H) , 1.72-1.87 (m, 12H) 5 [0071] Step 3:
Synthesis of 1,1-dimethylethyl 4-benzyloxycarbonylamino-
bicyclo[2.2.2]octane-1-carboxylate Using 1,1-dimethylethyl hydrogen
bicyclo[2.2.2]octane 10 1,4-dicarboxylate (340 mg), the same procedure
was followed as in Step 1 of Reference Example 1 to give
. 1,1-dimethylethyl 4- _ _
aC1ALdn VI calbdny IR oD cldiZ. 2555 8ah8 - cafbtky ks (435 HgF 1H
MR (CDC13) 5 1.41 (s, 9H), 1.84 %s, 12H), 4.48-4.62 (br, 15 1H), 5.03
bu}ab%@-ﬁ}f@&%ﬁ?%%ﬁ). §072] S enpuli:e yrvft &3is o?lff-%ﬁ%etﬁyle?hyl

saLcfminobicyclol2,2:2lactanc. . caboxylate 20 Using 1. dimeghyletinl
4-Jbenzy oxycarbonylamino Elcyclofz. . ?octane- -carboxylate ( mag),

the same procedure was followed as in Step 4 of Reference Example 1 to
room TR GG 4 Aty g Aofitane | O Iaa e ©oe

coac LRI 01D 0 5 0 2S00 6 S
washed sequentially with a saturated aqueous solution of
sodium bicarbonate and saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The
residue was dried under reduced pressure to give 1,1-
dimethylethyl methyl bicyclo[2.2.2]octane-1,4-dicarboxylate
(497 mqg) .

MS (FAB') m/z: 269 (MH").

[0070]

Step 2:

Synthesis of 1,1-dimethylethyl hydrogen bicyclo[2.2.2]octane-

1,4-dicarboxylate

1,1-Dimethylethyl methyl bicyclo[2.2.2]octane-1,4-
dicarboxylate (495 mg) was dissolved in methanol (5 mL). To
this solution, a 2mol/L agqueous sodium hydroxide solution

(0.92 mL) was added and the mixture was stirred at room

temperature for 8 hours and then at 50°C for 2 hours. Methanol

in the mixture was evaporated under reduced pressure. Water
was added to the resulting residue and the mixture was washed
with diethyl ether and was neutralized with 3mol/L

hydrochloric acid. The resulting crystals were filtered,
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Synthesis of 2-tetrahydropyranyi 4-aminobicyclo[2.2.2]octane- 5
1-carboxylate Step 1: Synthesis of 2-tetrahydropyranyi
4-benzyioxycarbonylamino bicycio[2.2.2]octane-I-carboxylate
4-Benzyioxycarbonylaminobicycio[2.2.2]octane-I-carboxylic 10 acid (1.00
g) was suspended in dichioromethane (10 mL). To this suspension,
3,4-dihydro-2H-pyran (1.20 mL) and then p- toluenesulfonic acid _
wa DR BNy rate (6 3'me) Werd ABed BT the SHIXKTE WASSTHHad of foof v

temperature for 30 minutes. Subsequently, the reaction mixture was
1, 1Rl Whthe LR S St e sado s SoTAF R Caonate

dica;glg;{ioq[aang V\{%’[ A glnri d over anhydrous sodium sulfate, and
Eohcentrated Under Tduced pressure. The residue was purified by silica

1 | column chromatpgraphy ant:_h : ethyl ace =4:1) to give

& N@ﬁe?%ﬁ%?&py%?argyi%gb ﬁéyig@car&dr?{/%nrﬁih%qéo(m’ tﬂ%) )

[007? ycio[2.2.2]octane-I-carboxylate (1.18 g). 1H NMR (CDC13) 5 1.53-1.95
, 18H), 3.67-3.71 (m, 1H), 3.82- 3.89 (m, 1H), 4.59(br, 1H), 5.03 (s, 2H),

539_5 (br, 1H), 7.29- 7.38 (m, 5H). [0074] 25 Step 2: 41 Synthesis of

2-tetrahydropyranyi 4-aminobicyclo[2.2.2]octane- 1-carboxylate Using

Synt%ggqgh%¥oEy%igkﬁé%ﬁ§wg%ﬂ§¥b2Q%QHE@TOxycarbonylamino—

Step

bicyclo[2.2.2]octane-1-carboxylate

Using 1,1-dimethylethyl hydrogen bicyclo[2.2.2]octane-
1,4-dicarboxylate (340 mg), the same procedure was followed as
in Step 1 of Reference Example 1 to give 1,1l-dimethylethyl 4-
benzyloxycarbonylaminobicyclo[2.2.2]octane-1-carboxylate (433
mg) .

'H NMR (CDCls) & 1.41 (s, 9H), 1.84 (s, 12H), 4.48-4.62 (br,
1H), 5.03 (s, 2H),7.28-7.38 (m, 5H).

[0072]

Step 4:

Synthesis of 1,1-dimethylethyl 4—-aminobicyclo[2.2.2]octane—-1-

carboxylate

Using 1,1-dimethylethyl 4-benzyloxycarbonylamino
bicyclo[2.2.2]octane-1-carboxylate (425 mg), the same
procedure was followed as in Step 4 of Reference Example 1 to
give 1,1-dimethylethyl 4-aminobicyclo[2.2.2]octane-1-
carboxylate (218 mg).

'H NMR (CDCl3) & 1.41 (s, 9H), 1.52-1.56 (m, 6H), 1.80-1.84 (m,
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bicyclo[2.2.2]octane-I-carboxylate (548 mg), the same 5 procedure was
followed as in Step 4 of Reference Example 1 to give 2-tetrahydropyranyi
4-aminobicycio[2.2.2]octane-|- carboxylate (357 mg). MS (EI') m/z: 253
(M") [0075] 10 <Reference Example 4> Synthesis of
(2S,4S)-1-(2-chloroacetyl)-4-fiuoropyrrolidine-2- cabonitrile According to
o) . the production process of (2S,4S)-1-(2-
" bromoacetyi)-4-fluoropyrrolidine-2-carbonitrile described in 15 WO

[0072 /38541 pamphlet, (2S,4S)-4-fiuoropyrrolidine-2 carboxamide

ydrochloride (5.00 g) and chloroacetyl chloride (2.60 mL) were used to
<Ref8btaln % $F4§\27 %g hloroacetyl)-4- fluoropyrrolidine-2-carbonitrile (4.96

gf MSEFFAIZ-To0’ (M"). 20 HRMS (EI') for CTH8CJIFN20O(M"): caicd,

Synt %%£E98§F%?€§%?O §g9$y¥§99¥:5i98160 1@§gTa%g¥gugqutane—

l-carboxylate

Step 1:

Synthesis of 2-tetrahydropyranyl 4-benzyloxycarbonylamino

bicyclo[2.2.2]octane-1-carboxylate

4-Benzyloxycarbonylaminobicyclo[2.2.2]octane-1-carboxylic
acid (1.00 g) was suspended in dichloromethane (10 mL). To
this suspension, 3,4-dihydro-2H-pyran (1.20 mL) and then p-
toluenesulfonic acid monohydrate (6.3 mg) were added and the
mixture was stirred at room temperature for 30 minutes.

Subsequently, the reaction mixture was sequentially washed

with a saturated aqueous sodium bicarbonate solution and water,

dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (eluant: hexane: ethyl acetate = 4:1) to
give 2-tetrahydropyranyl 4-benzyloxycarbonylamino
bicyclo[2.2.2]octane-1-carboxylate (1.18 g).

'H NMR (CDCl3) & 1.53-1.95 (m, 18H), 3.67-3.71 (m, 1H), 3.82-
3.89 (m, 1H), 4.59(br, 1H), 5.03 (s, 2H), 5.95 (br, 1H), 7.29-
7.38 (m, 5H).

[0074]

Step 2:

41



10

15

20

Synthesis of (2S,4S)-1-[[N-(4-ethoxycarbonyi

bicycio[2.2.2]oct-1-yi)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile 5

Ethyl 4-aminobicyclo[2.2.2]octane-I-carboxylate (92.0 mg) was dissolved

in acetonitrile (2 mL) and diisopropylamine (100 ULL) was added to the

solution. While the mixture was chilled in an ice bath,

(28 4S) 1-(2- bromoacetyl) -4- quoropyrrolldlne 2- carbonltrlle (100 mg) in
1 ThE) 2 Theahil frré '

hours while chilled in the ice bath. Subsequently, water was added and
1 - capeomidare was extracted with ethyl acetate. The ethyl acetate layer was
washed with saturated brine, dried over anhydrqous sodium sulfate, and

coHE’érﬂ%téd URGEF R RE T a8s e TTHE Pesid e Vs WaS PUHRE By~
bic Oe} geg ntchromfitoc%rgghx 1gt-ilu%\nt est ¥I ac%tate Enethanol 5:1)
yfo give (Z2S % (4-

procsﬁl%¥c%r§9”¥'9101\!8b%% 2.2Jogt:l-ypaminolaceilAs . o ce Example
fluoropyrrolidine-2-carbonitrile (132mg). MS (EI') m/z: 351 (M"). 20 HRMS

give(BOHOr CI8HZOEN03(M ) scaied, 3531 1938, dqund, 351,198, [Example

2] [0078] [Chemical formula 7] Et02C CYN”n'N H O CN 43
carboxylate (357 mg).

MS (EI") m/z: 253 (M').
[0075]
<Reference Example 4>

Synthesis of (2S,4S5)-1-(2-chloroacetyl)—-4-fluoropyrrolidine—-2-

cabonitrile

According to the production process of (2S,4S)-1-(2-
bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile described in
WO 02/38541 pamphlet, (2S,4S)-4-fluoropyrrolidine-2-
carboxamide hydrochloride (5.00 g) and chloroacetyl chloride
(2.60 mL) were used to obtain (2S,4S)-1-(2-chloroacetyl)—-4-
fluoropyrrolidine—-2-carbonitrile (4.96 g).

MS (EI') m/z: 190 (M").

HRMS (EI") for C;HgClFN,O(M'): calcd, 190.0309; found, 190.0283.
[Example 1]

[0076]

[Chemical formula 6]

F

EtOZC\@\N/\H/ Q

H o ©CN
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[0079] Synthesis of (2S)-1-[[N-(4-ethoxycarbonyibicycio[2.2.2]oct-1-
yi)amino]acetyl]pyrrolidine-2-carbonitrile Ethyl
4-aminobicyclo[2.2.2]octane-|-carboxylate (115 mg) 5 was dissolved in
N,N-dimethylformamide (1.5 mL) and diisopropylethylamine (100 L) was
added to the solution. (2S)-1-(2-Bromoacetyi)pyrrolidine-2-carbonitrile
(120 mg) in N,N-dimethylformamide (1 mL) was then added dropwise at
[007rdom temperature. The mixture was stirred for 2 hours at room 10
temperature and was concentratd under reduced pressure. The residue

rified _bhérsilica

CarbZ-cgrb rj}itrile (95.1 mg). 15 MS (EI') m/z: 333 (M'). HRMS (EI') for
03 (M"): caicd, 333.2052; found, 333.2037. [Example 3] [0080]

[C&%fﬂ'gf?' formya, 81, BUo2C NI N b4 @ GN 20 [0081] ,3uihesis 0f 92 . o mg)
(2S)-1-[[N-(4-t-butoxycarbonyibicycio[2.2.2]oct-

was didaminelacetyilpyuelidine-2:qarbenitiley sng diisopropylamine (100
UL) was added to the solution. While the mixture was chilled
in an ice bath, (25,4S)-1-(2-bromoacetyl)-4-fluoropyrrolidine-
2—carbonitrile (100 mg) in acetonitrile (1 mL) was added
dropwise. The mixture was stirred for 1.5 hours while chilled
in the ice bath. Subsequently, water was added and the mixture
was extracted with ethyl acetate. The ethyl acetate layer was
washed with saturated brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluant:

ethyl acetate: methanol = 5:1) to give (2S,4S)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-
fluoropyrrolidine—-2-carbonitrile (132mg).

MS (EI') m/z: 351 (M').

HRMS (EI') for CigHpeFN303 (M'): caled, 351.1958; found, 351.1982.
[Example 2]
[0078]

[Chemical formula 7]

TR

H o ©N
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In a similar manner to Example 2, t-butyl 4- 44
aminobicyclo[2.2.2]octane-|-carboxylate (100 mg) and (2S)-1-
(2-bromoacetyl)pyrrolidine-2-carbonitrile (90.0 mg) were used to obtain
(2S)-1-[[N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile (97.6 mg). 5 MS (E I') m/z: 361
(M"). HRMS (EI') for C20H31N303 (M’): calcd, 361.2365; found,
[007361.2373. [Example 4] [0082] [Chemical formula 9] JJJOF 011, N)(N

HOCN 10 [0083] SyntheS|s of
‘,,:...— M INEE drAoGE

% blﬁycio%[szg_{(ﬁ:tane I 7 ?%yl é @2 gm%?%*ga\,d}r 2§X§5 e ng)

V 11
moace uoropyrr dine-2-carbonit were use

was [00R18IN(E543)--[IN-UA(2 191 gﬁhjﬂ%@ﬁﬁ%@é‘) (1.5 mL) and

oxycarbonylbicyclof2.2.2]oct-1
dl1s%@%@ﬁ§%@%ﬂﬂhﬁﬁ&%@omﬂﬁﬂmmméZ%E%bgﬁﬁ@%(ﬁ%3fwg-solution.

(2S)—-1-(2-Bromoacetyl)pyrrolidine-2-carbonitrile (120 mg) in
N, N-dimethylformamide (1 mL) was then added dropwise at room
temperature. The mixture was stirred for 2 hours at room
temperature and was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(eluant: chloroform: methanol = 10:1) to give (2S)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-
2—-carbonitrile (95.1 mg).

MS (EI) m/z: 333 (M').

HRMS (EI') for CigHz9N303 (M'): calcd, 333.2052; found, 333.2037.
[Example 3]

[0080]

[Chemical formula 8]

u Z\EZB\M”jr£;>

H o0 ©N

[0081]

Synthesis of (2S)-1-[[N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-

l-yl)amino]acetyl]pyrrolidine-2-carbonitrile

In a similar manner to Example 2, t-butyl 4-
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MS (FAB') m/z: 408 (MH"). HRMS (FAB") for C21H31FN304 (MH"): calcd,
408.2299; found, 408.2295. 45 [Example 5] [0084] [Chemical formula
10] 000" X ,IN--IN_(> HO CN 5 [0085] Synthesis of
(2S)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]pyrrolidine-2-carbonitrile In a similar
manner to Example 2, 2-tetrahydropyranyl 4

amingmivolsidyrle]22-. 2]betdrnarkcarborylatex (@00 mg) Bhd (28)-1a1@ (25) -
(2-bromoacetyl)pyrrolidine-2-carbonitrile (70.0 mg) were used to obtain

(2— bﬁ&%@?ﬂ?ﬁ?ﬂ@?ﬁﬁ%ﬁ%ﬂQﬂﬁﬁhﬁ?ﬂﬁiyéﬁ%bﬁyple (90.0 mg) were used
bicyclo[2.2.2]oct- 1 i%;:slmln(’z}ﬁscet ]pyrrolldlne -2-carbonitrile (85.2 mg)

Péﬁ?n/ﬁ g (W CEANGOA (L barod 2 e -
%ééftoyf?pf’_\}%%%%% ILEX%”‘B 9119980, [Ghemical formula 111 F
MS (EI') m/z: 361 (M').
HRMS (EI") for C,oH31N305 (M"): calcd, 361.2365; found, 361.2373.
[Example 4]
[0082]

[Chemical formula 9]

CLA F

AL D
N
N
H/\IJCN

[0083]

Synthesis of (2S,4S5)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl

bicyclo[2.2.2]oct-1-yl]lamino]acetyl]—-4-fluoropyrrolidine—-2—-

carbonitrile

In a similar manner to Example 2, 2-tetrahydropyranyl 4-
aminobicyclo[2.2.2]octane-1-carboxylate (62.9 mg) and (2S,4S)-
1-(2-bromoacetyl)—-4-fluoropyrrolidine-2-carbonitrile (53.1 mg)
were used to obtain (2S5,4S)-1-[[N-[4-(2-
tetrahydropyranyl)oxycarbonylbicyclo[2.2.2]oct-1—-
yllamino]acetyl]—-4-fluoropyrrolidine-2-carbonitrile (73.3 mg).
MS (FAB') m/z: 408 (MH").

HRMS (FAB") for C,;H3:FN30, (MH"): calcd, 408.2299; found,

408.2295.
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N~ N H O CN 20 [0087] Synthesis of (2S,4S)-1-[[N-(4-ethoxycarbonyl
bicyclo[2.2.1]hept-1-yl)amino]acetyl]-4-fluoropyrrolidine-2- 46 carbonitrile
Ethyl 4-aminobicycio[2.2.1]heptane-I-carboxylate (50.0 mg) was dissolved
in N,N-dimethylformamide (2 mL) and potassium carbonate (40.0 mg)
was added to the solution. 5
(2S,4S)-1-(2-Bromoacetyi)-4-fluoropyrrolidine-2-carbonitrile (64.2 mg) in
[ExarpNisliméthylformamide (1 mL) was then added dropwise at room
temperature and the mixture was stirred for 1 hour. The insoluble
(008 hterials were filtered and the filtrate was concentrated. The resulting
[Che&esé%ﬁe was puified (5)}/ sili_ca 10 gel column chromatography (NH silica,
eluant: ethyl acetate) to give
(2S,4S)-1-[[N-(4-ethoxycarbonyibicycio[2.2.1]hept-I-
Namigolacetyi]-4-fluoropyrrolidine-2-carbonitrile (89.0 mg). MS (FAB")
Gj‘r;i 8 (MH"). HRMS (FAB") for C17H25FN303 (MH"): calcd, 338.1880;

?oun%l, 8.1835N[E ample 7] [0088] [Chemical formula 12] EtCpC~
7 N™n"N N
H o ¢N
[0085]

Synthesis of (2S)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl

bicyclo[2.2.2]oct-1-yl]amino]acetyl]lpyrrolidine—-2-carbonitrile

In a similar manner to Example 2, 2-tetrahydropyranyl 4-
aminobicyclo[2.2.2]octane-1-carboxylate (90.0 mg) and (2S)-1-
(2-bromoacetyl)pyrrolidine-2-carbonitrile (70.0 mg) were used
to obtain (2S)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]lpyrrolidine-2-carbonitrile
(85.2 mqg) .

MS (EI) m/z: 389 (M').

HRMS (EI") for C,H3:N30, (M"): calcd, 389.2315; found, 389.2296.
[Example 6]

[0086]

[Chemical formula 11]

F
Y0
N
N
H/\g/ CN

[0087]

Synthesis of (25,4S)-1-[[N-(4-ethoxycarbonyl

bicyclo[2.2.1]hept-1-yl)amino]acetyl]-4-fluoropyrrolidine-2-
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H O CN 20 [0089] Synthesis of

(2S)-1-[[N-(4-ethoxycarbonyibicycio[2.2.1]hept-I- yi)

amino]acetyi]pyrrolidine-2-carbonitrile In a similar manner to Example 6,

ethyl 4- aminobicycio[2.2.1]heptane-1-carboxylate (50.0 mg) and (2S)-1-

47 (2-bromoacetyi)pyrrolidine-2-carbonitrile (59.3 mg) were used to

obtain (2S)-1-[[N-(4-ethoxycarbonyibicycio[2.2.1]hept-I-
carbyiadrminolacetyilpyrrolidine-2-carbonitrile (79.4 mg). MS (FAB") m/z: 320

(MH"). 5 HRMS (FAB") for C17H26N303 (MH"): caicd, 320.1974; found,

32871975, [Example’8l 10096]l {CRerhidat Forfitfa 13F T orsyNaA O € O

10 [0091] %nthesis of $28,4S_)-1-%[N- 4-benzyioxycarbonyi

m9)  B§eidf2:s 210G -yiatlindlacetyi-4 ?66&%?81%%&-%- Bdrbofitrie 15
pota(szssl’ﬁrsn)-é'é Nb- %é%aérb?)@éb.i%y%%[g'%&gllsocg&&ed to the solution.
(2S5,48)-1-(2-Bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile
(64.2 mg) in N,N-dimethylformamide (1 mL) was then added
dropwise at room temperature and the mixture was stirred for 1
hour. The insoluble materials were filtered and the filtrate
was concentrated. The resulting residue was purified by silica
gel column chromatography (NH silica, eluant: ethyl acetate)
to give (2S,45)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]hept-1-
yl)amino]acetyl]-4-fluoropyrrolidine—-2-carbonitrile (89.0 mg).
MS (FAB') m/z: 338 (MH').

HRMS (FAB') for Cj7H,sFN;0; (MH'): calcd, 338.1880; found,
338.1835.

[Example 7]

[0088]

[Chemical formula 12]
9
N
H/\g/ CN

[0089]

Synthesis of (2S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]hept-1-

yl)amino]acetyl]lpyrrolidine—-2—-carbonitrile

In a similar manner to Example 6, ethyl 4-
aminobicyclo[2.2.1]heptane-1-carboxylate (50.0 mg) and (2S)-1-

47



10

15

20

yi)amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (30.0 mg) was dissolved
in N,N-dimethyiformamide (1.0 mL) and cesium carbonate (45.3 mg) was
added to the solution. Benzyi bromide (17.5 mg) in
N,N-dimethyiformamide (0.5 mL) was then added 20 while the mixture
was chilled in an ice bath and the mixture was stirred for 1 hour.
Subsequently, water was added and the mixture was extracted with ethyl
(2-bacatate dielethylracatatel el wastwashdd witlh water- andisaturated used
brine, dried over anhydrous sodium sulfate, and concentrated under
oRédticed WSpressirel The TG Fesiage Wassuifie - siicd gept—1-
column chromatography (eluant: dlchloromethane methanol = 10:1) to
a@&%ﬁé§9E5¥ﬂ|?¥@FBZ 6&?0'19 onltrlle (79.4 mg) .

E} 0;0[2{2 .2]o E -yl )E%}H“ o]acetyl]-4-fluoropyrrolidine-2- 5 carbonitrile

mg B") m/z:'414 (MH) HRMS (FAB") for C23H29FN303

HRMS(MHP)BC)al% A4 2193 ES’UWIH“)M %]a7 cﬁg)l(\l%’?ﬁl.el%h 30 [0092] 5,

Chemical formula 15,T
320.1975.
[Example 8]

[0090]

[Chemical formula 13]

[0091]

Synthesis of (2S5,4S)-1-[[N-(4-benzyloxycarbonyl

bicyclo[2.2.2]oct-1-yl)amino]lacetyl]-4-fluoropyrrolidine—-2—-

carbonitrile

(2S,4S)-1-[[N-(4-Carboxybicyclo[2.2.2]oct-1-
yl)amino]acetyl]—-4-fluoropyrrolidine-2-carbonitrile (30.0 mg)
was dissolved in N,N-dimethylformamide (1.0 mL) and cesium
carbonate (45.3 mg) was added to the solution. Benzyl bromide
(17.5 mg) in N,N-dimethylformamide (0.5 mL) was then added
while the mixture was chilled in an ice bath and the mixture
was stirred for 1 hour. Subsequently, water was added and the
mixture was extracted with ethyl acetate. The ethyl acetate
layer was washed with water and saturated brine, dried over

anhydrous sodium sulfate, and concentrated under reduced
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0093] Synthesis of (2S,4S)-1-[[N-(4-cyclopropylmethyloxycarbonyl 15
bicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile In a
similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-
fluoropyrrolidine-2-carbonitrile (20.0 mg) and 20 cyclopropyimethyl
bromide (12.8 mg) were used to obtain (2S,4S)-1-[[N-(4

presegyelepropyimetistoxycarsonyticytic 2wa2]oetrtified by silica gel
yl)amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (13.7 mg). MS (FAB’)

co L uflz CIZP NI A IRM SSFAB™ | forle SOHPIENISORINAH ) Medtednol =
378.2193; found, 378.2207. [Example 10] [0094] 5 [Chemical formula 15]

10: 14 EFoo%Ed SH -ON T0095] SPhthEsiE TF (23 X8 SEAGSHOVE:[[N-[4-(4-

o1 cyTiikprometylbenzyhoncaonybieyclol?,2. 21004 10, 013 g ne-2-
yl[aminoJace yfpyrroll ine-Z-carbonitri

carbonitrile (30.6 mg).

MS (FAB") m/z: 414 (MH").

HRMS (FAB") for Cy3H,9FN3Os; (MH'): calcd, 414.2193; found,

414.2176.

[Example 9]

[0092]

[Chemical formula 14]

[0093]

Synthesis of (25,4S)-1-[[N-(4-cyclopropylmethyloxycarbonyl

bicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-fluoropyrrolidine—2—-

carbonitrile

In a similar manner to Example 8, (2S5,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine-2-carbonitrile (20.0 mg) and
cyclopropylmethyl bromide (12.8 mg) were used to obtain
(25,48)-1-[[N-(4-

cyclopropylmethyloxycarbonylbicyclo[2.2.2]oct-1—-

yl)amino]acetyl]-4-fluoropyrrolidine—-2-carbonitrile (13.7 mg).

MS (FAB") m/z: 378 (MH").
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In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-
fluoropyrrolidine-2-carbonitrile (20.0 mg) and 4- trifluoromethylbenzyl
bromide (16.2 mg) were used to obtain 15
(2S,4S)-4-fluoro-1-[[N-[4-(4-trifluoromethylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yllamino]acetyl]pyrrolidine-2-carbonitrile (22.2 mg). MS
0 R A8 (A FIRMS (ALY foF E 7BEANSS (VI Eat,
178 ?2?.5;067; found, 20 482.2068. [Example 11] [0096] [Chemical formula
) 00F Me-Me rr11\\ TMe N'yN H 0 CN 0097] Synthesis of
[EXaézpﬁ],g%-&ﬂuoro-l-[[N-[4-(2- methylpropyl) oxycarbonylbicyclo[2.2.2]oct-1-
y aman]acetyl]pyrrolidine-z-carbonitrile In a similar manner to Example
(009 ﬁ (2S,4S)-1-[[N-(4- carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-
aoropyrrolidine-2-carbonitri|e (20.0 mg) and isobutyl bromide (9.3 mg)
were ES%% %(?n 89?”\_ %S,4S)-4-fluoro-1-[[N

[ChemIca
o F
O R
[0095]

Synthesis of (2S,4S)-4-fluoro—-1-[[N-[4-(4-

trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct—-1-

yl]amino]acetyl]lpyrrolidine—-2—-carbonitrile

In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine-2-carbonitrile (20.0 mg) and 4-
trifluoromethylbenzyl bromide (16.2 mg) were used to obtain
(2S5,4S)-4-fluoro-1-[[N-[4-(4-trifluoromethylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]lpyrrolidine-2-carbonitrile
(22.2 mg) .

MS (FAB') m/z: 482 (MH').

HRMS (FAB') for C,sHpgF4N3;03 (MH'): caled, 482.2067; found,
482.2068.

[Example 11]

[0096]

[Chemical formula 16]

50



10 [4-(2-methylpropyl)oxycarbonylbicyclo[2.2.2]oct-1-
yllaminoJacetyl]pyrrolidine-2-carbonitrile (14.2 mg). MS (FAB’) m/z: 380
(MH"). HRMS (FAB") for C20H31FN303(MH"): calcd, 380.2349; found,
380.2361. 15 [Example 12] [0098] [Chemical formula 17] IMe 0 F Me”O'
~l IWV~N~{N H 0 CN [0099] 20 Synthesis of
(2S,4S)-4-fluoro-1-[[N-[4-(2- methylethyl)oxycarbonylbicyclo[2.2.2]oct-1-

yllamiholacetyl]pyrroligine-2-carbonitrile 51 In a similar manner to
Me (2S,4S [N-(4- carboxybicyclo[2.2.2]oct-1-yl)amino]
nxcetyl]- idine-2-carbonitrile (20.0 mg) and isopropyl iodide

(10.5 mg) werleam‘ed obtain (2S,4S)-4-fluoro-1-[[N 5

[4-(2-methylethyl)oxycarbonylbicyclo[2.2.2]oct-1-

yllaminoJacetyl]pyrrolidine-2-carbonitrile (11.2 mg). MS (E I') m/z: 365
[009(I). HRMS (EI') for CL9H28FN303 (M"): calcd, 365.2115; found,

365.2096. [Example 1321]
Synthesis of (2S,4S)—-4-fluoro-1-[[N-[4-(2-

methylpropyl)oxycarbonylbicyclo[2.2.2]oct—-1-

yl]amino]acetyl]lpyrrolidine—-2—-carbonitrile

In a similar manner to Example 8, (2S5,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (20.0 mg) and isobutyl
bromide (9.3 mg) were used to obtain (25,4S)-4-fluoro-1-[[N-
[4— (2-methylpropyl)oxycarbonylbicyclo[2.2.2]oct-1-
yl]amino]acetyl]lpyrrolidine—-2-carbonitrile (14.2 mg).

MS (FAB') m/z: 380 (MH").

HRMS (FAB') for C,oH3FN303(MH'): calcd, 380.2349; found,
380.2361.

[Example 12]

[0098]

[Chemical formula 17]

Me O F
e S Wy
N
N
H/\g/ CN
[0099]

Synthesis of (2S,4S)-4-fluoro—-1-[[N-[4-(2-

methylethyl)oxycarbonylbicyclo[2.2.2]oct—-1—

yl]amino]acetyl]lpyrrolidine—-2-carbonitrile
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10 [0100] [Chemical formula 18] JJJO~~~ ~~ NF EtO2C1/0'"M N~N /Y'H
0 CN [0101] Synthesis of (2S,4S)-1-[[N-[4-(4 15
ethoxycarbonylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
ylJamino]acetyl]-4-fluoropyrrolidine-2-carbonitrile In a similar manner to
Example 8, (2S,4S)-1-[[N-(4 carboxybicyclo[2.2.2]oct-1-yl)amino]
acetyl]-4- fluoropyrrolidine-2-carbonitrile (32.3 mg) and 4 20
ethboxyearbonylbenzyldaromide (281 ang)lwere usedtbtodsbtaih— [ [N- (4~
(25,4S)-1-] Nj;—(4-ethoxycarbon Ibenzyl)oxycarbonyl

car bBFéX]E)IbEZ’.?.LT -RyhdrfiroTdcetyl]-a%iordpyifdlidine-2-carbonitrile (34.7
mg). MS E_I‘é m/z: 485 (M"). 52 HRMS (EI') for C26H32FN305 (M"):

ELUCEQIRYT 4652326 Fotnd 248558308  {xa de%ﬂ%@}d{dﬁe@rﬁﬁa%yl

ioai@rmula 1919 £y~ Qril Me L/ NN Me Me HOLCN ) 4 f1uoro-1-[ [n-
[4-(2-methylethyl)oxycarbonylbicyclo[2.2.2]oct-1-
yl]amino]acetyl]lpyrrolidine—-2-carbonitrile (11.2 mg).

MS (EI') m/z: 365 (M").

HRMS (EI") for CioH,sFN503 (M) : calcd, 365.2115; found, 365.2096.

[Example 13]
[0100]

[Chemical formula 18]

o F
O 9
N
Et0,C N
H/\g/ CN

[0101]

Synthesis of (25,4S)-1-[[N-[4-(4-

ethoxycarbonylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile

In a similar manner to Example 8, (2S5,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (32.3 mg) and 4-
ethoxycarbonylbenzyl bromide (28.1 mg) were used to obtain
(2S5,4S8)-1-[[N-[4-(4-ethoxycarbonylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]lamino]lacetyl]—-4-fluoropyrrolidine-2-
carbonitrile (34.7 mg).

MS (EI') m/z: 485 (M").

52



10

15

20

[0103] Synthesis of (2S,4S)-1-[[N-[4-[4-(2,2-
dimethylethyl)benzylloxycarbonylbicyclo[2.2.2]oct-1-
ylJamino]acetyl]-4-fluoropyrrolidine-2-carbonitrile 10 In a similar manner to
Example 8, (2S,4S)-1-[[N-(4- carboxybicyclo[2.2.2]oct-1-yl)amino]
acetyl]-4- fluoropyrrolidine-2-carbonitrile (30.0 mg) and 4-(2,2-
dimethylethyl)benzyl bromide (23.2 mg) were used to obtain

HRMS (2634 5)- 15[pN- [44dH (2 dfimeltHylethyifbepdyl|h§earbbngF 15 ound, 485.2309.

bicyclo[2.2.2]oct-1-ylJamino]acetyl]-4-fluoropyrrolidine-2- carbonitrile (29.9
Exaﬁ'ﬁﬁ%/.eM “(FAB") m/z: 470 (MH') HRMS (FAB") for C27H37FN303 (MH"):
[Olo?ﬁtlcd, 470.2819; found, 470.2859. 20 [Example 15] [0104] [Chemical
ormula 20] OF O %N'y H O CN 53 [0105] Synthesis of

[ Chek@49)-d[INnl4-44-chlorobenzyl)oxycarbonyl

bicyclo[2.2.2]oct-1-yl]amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile

Q F
O 9
Me N
N

[0103]

Synthesis of (25,4S)-1-[[N-[4-[4-(2,2-

dimethylethyl)benzyl]oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]-4-fluoropyrrolidine—-2—-carbonitrile

In a similar manner to Example 8, (2S5,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (30.0 mg) and 4-(2,2-
dimethylethyl)benzyl bromide (23.2 mg) were used to obtain
(25,4S)-1-[[N-[4-[4-(2,2-dimethylethyl)benzyl]oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]—-4-fluoropyrrolidine—-2—-
carbonitrile (29.9 mg).

MS (FAB') m/z: 470 (MH").

HRMS (FAB") for C,;H37FN3O3 (MH"): calcd, 470.2819; found,
470.2859.

[Example 15]

[0104]

[Chemical formula 20]
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5 In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 4-chlorobenzyl bromide
(21.0 mg) were used to obtain (2S,4S)-1-[[N-[4-(4- chlorobenzyl)
oxycarbonylbicyclo[2.2.2]oct-1-ylJamino]acetyl] 10
4-fluoropyrrolidine-2-carbonitrile (25.5 mg). MS (FAB’) m/z: 448 (MH").
[010HRMS (FAB") for C23H28C3FN303 (MH"): calcd, 448.1803; found,
448.1794. [Example 16i 15 [0106] [Chemical formula 21] JJO,,~~ ~"F
SyntjesiNz 9B LAPNIN H o TINNoi1d71(Syhésisgpenzyl) oxycarbonyl

. (25,49)-4-flu
bicyglg

olsage l-4-fluoropyrrolidine—-2-

b lla n actyl]prrolidin-2-arbor.1it.rile In a similar manner to Example 8,

%éz%s&é%i—?[[_u-m- carboxypic_:yclo[Z.2.2]oct-1-y|)amino] acetyl]-4- .
flugropyrrolidine-a-carbonittile (30,0, 9@%‘,“?5@’,' benzy| 54 promide
(18.9 mg) were used to obtain (2S,4S)-4-fluoro-1-[[N-

carblk{Asmethyibenzy)oxycarbonylbicyslo[2.2: 2loct-41 1 -4

ylJamino]acetyl]pyrrolidine-2-carbonitrile (9.2 mg).
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 4-chlorobenzyl

bromide (21.0 mg) were used to obtain (2S,4S)-1-[[N-[4-(4-
chlorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-yl]amino]lacetyl]—
4-fluoropyrrolidine-2-carbonitrile (25.5 mg).

MS (FAB') m/z: 448 (MH").

HRMS (FAB") for C,3H,sClFNs0; (MH"): calcd, 448.1803; found,
448.1794.

[Example 16]

[0106]

[Chemical formula 21]

0

Feag Wis!

[0107]

Synthesis of (25,4S)-4-fluoro-1-[[N-[4-(4-

methylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]lpyrrolidine—-2—-carbonitrile

In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (30.0 mg) and 4-methylbenzyl
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MS (FAB') m/z: 428 (MH"). 5 HRMS (FAB") for C24H31FN303 (MH"):

calcd, 428.2349; found, 428.2382. [Example 17] [0108] [Chemical

formula 22] 0J~ ~I~Y~F Me0 0'~, n1 NTh(0 CN 10 [0109] Synthesis of

(2S,4S)-4-fluoro-1-[[N-[4-(4- methoxybenzyl)

oxycarbonylbicyclo[2.2.2]oct-1- ylJamino]acetyl]pyrrolidine-2-carbonitrile

15 In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
bromgghoxyBicyclofR).2 Rioct- 1uifemine] abétyl]- (25, 4S) —4-fluoro-1-[ [N-

quoro rrolidine-2-carbonitrile (30.0 mg) and 4-methoxybenzyl chloride

B8 Thg) NREFEAS L CHAT (2 5 S B L A1 OOT - 1
[4- (4 methoxybenzyl) oxycarbonylbicyclo[2.2.2]act-1 20

a%é%%%?a?&dﬂ%ﬁuakedé%ﬁ ritrife (29’8 hg)S MS (FABY m/z: 444
MS 24H31FN304 (MH"): calcd, 444.2299; found,
%E' gzéﬁ? fExgr:n%?e fgﬂr § 5[0110] ( ) = o

HRMS (FAB") for C,4H3FN303 (MH"): calcd, 428.2349; found,
428.2382.

[Example 17]

[0108]

[Chemical formula 22]

[0109]

Synthesis of (2S,4S)-4-fluoro—-1-[[N-[4-(4-

methoxybenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]lpyrrolidine—-2-carbonitrile

In a similar manner to Example 8, (2S5,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (30.0 mg) and 4-methoxybenzyl
chloride (16.0 mg) were used to obtain (2S,4S)-4-fluoro-1-[[N-
[4— (4-methoxybenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
yl]amino]acetyl]lpyrrolidine—-2-carbonitrile (29.8 mg).

MS (FAB') m/z: 444 (MH").
HRMS (FAB') for C,sH3FN30, (MH'): calcd, 444.2299; found,

444.2269.

[Example 18]
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[Chemical formula 23] 0 F CF3%N"YN H O CN [0111] 5 Synthesis of
(2S,4S)-4-fluoro-1-[[N-[4-(2-
trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
ylJamino]acetyl]pyrrolidine-2-carbonitrile In a similar manner to Example 8,
(2S,4S)-1-[[N-(4- carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4 10
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 2- trifluoromethylbenzyl

[0118domide (25.4 mg) were used to obtain
(2S,48)-4-fluoro-1-[[N-[4-(2-trifluoromethylbenzyl)oxycarbonyl

[Chefgi]c%l%[zf.?%-al-glﬂmino]acetyl]pyrrolidine-2-carbonitri|e (39.9 mg). 15
MS (EI')gn/z: 481 (M") HRMS (EI') for C24H27F4N303 (M"): calcd,

81.198% found, 481.1944. [Example 19][0112] [Chemical formula 24]

10O~ O v N+ r\N H O CN 20 [0113] Synthesis of

%8)-1-[ -W% orobenzyl)oxycarbonyl
(o] CN

[0111]

Synthesis of (2S,45)-4-fluoro-1-[[N-[4-(2-

trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]pyrrolidine-2-carbonitrile

In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 2-
trifluoromethylbenzyl bromide (25.4 mg) were used to obtain
(2S5,48)—-4-fluoro-1-[[N-[4-(2-trifluoromethylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]lamino]acetyl]pyrrolidine-2-carbonitrile
(39.9 mqg) .

MS (EI') m/z: 481 (M').

HRMS (EI') for Cy4H27F4N303 (M"): calcd, 481.1989; found, 481.1944.
[Example 19]

[0112]

[Chemical formula 24]

(¢]] o) E
R, D
N
cl N
H/\cl)r CN
[0113]

Synthesis of (25,4S)-1-[[N-[4-(2,6-dichlorobenzyl)oxycarbonyl

bicyclo[2.2.2]oct-1-yl]amino]acetyl]—-4-fluoropyrrolidine—2—-
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bicyclo[2.2.2]oct-1-yl]amino]acetyl]-4-fluoropyrrolidine-2 56 carbonitrile In
a similar manner to Example 8, (2S,4S)-1-[[N-(4
carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 2,6 5 dichlorobenzyl bromide
(24.5 mg) were used to obtain (2S,4S)-
1-[[N-[4-(2,6-dichlorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

carbyidrhinblacetyl]-4-fluoropyrrolidine-2-carbonitrile (40.0 mg). MS (E I') m/z:
481 (M’). HRMS (EI') for C23H26C12FN303 (M"): calcd, 481.1335; found,
10 48121 366" {EREMPRIPGIT [012 4F fCHEM R aP forrhtifx é§]>|= bH Br/(E-
N"YN FOFHOo CN 15 [0115] Synthesis of

carb@gﬁéf_\ﬁ%% 2 [[I%I [2%5 314% amino]acetyl]-4-

entaﬂuoro l)oxycarbon 0[2.2,2]oct-1-
fluogﬁ:ﬁ%ﬁ% aceC? p%/r%())(ll mel% 0 btborﬁtrlle(%]%a glml%l‘ manner to Example 8,

dichi%%’é§%ﬂ'z?¥l(%rgglfég)o&@'cgcl%z) -2,2logt- %x'g@mml%%eéxllé (25, 45)

fluoropyrrolidine-2-carbonitrile (30.0'mg) and 2,3,4,5,6
1-[[N-[4-(2,6-dichlorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]lamino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (40.0 mg).

MS (EI') m/z: 481 (M").

HRMS (EI") for C,3H,sCl,FNs05 (M"): calcd, 481.1335; found,
481.1366.

[Example 20]

[0114]

[Chemical formula 25]

F o) E

[0115]

Synthesis of (2S5,4S)-4-fluoro-1-[[N-[4-(2,3,4,5,6-

pentafluorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amino]acetyl]lpyrrolidine—-2—-carbonitrile

In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (30.0 mg) and 2,3,4,5,6-
pentafluorobenzyl bromide (26.6 mg) were used to obtain
(25,4S8)-4-fluoro-1-[[N-[4-(2,3,4,5,6-

pentafluorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
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pentafluorobenzyl bromide (26.6 mg) were used to obtain
(2S,4S)-4-fluoro-I-[[N-[4-(2,3,4,5,6- pentafluorobenzyl)
oxycarbonylbicyclo[2.2.2]oct-1 57 yllJamino]acetyl]pyrrolidine-2-carbonitrile
(41.9 mg). MS (EI') m/z: 503 (M"). HRMS (EI') for C23H23F6N303 (M"):
calcd, 503.1644; found, 503.1681. [Example 21] 5[0116] [Chemical
formula 26] OJjF O/ M N H O CN [0117] Synthesis of

yl]am§§q$§qqﬁxﬁégyﬂmqaqgimg—2—carbonitrile (41.9 mg) .
methylbenzyl)oxycarhonylbicyclo[2.2.2]oct-1-

M3 @Ifaﬁ"liﬁlgééetéﬁ yrr(g{idine-Z-carbonitrile In a similar manner to Example 8,

HRMS(Z(%fSQ']f%{NT(éLE %%2*%%1%8'53/&%@%52-8&950&&; y'?d‘%'f‘?li ﬁigty'%'éﬁ d, 503.1681.
fluoropyrro idine22-carBonitrile (30.0 mg) and 2-methylbenzyl 15 bromide

[Exafd8:2 mg)jwere used to obtain (2S,4S)-4-fluoro-1-[[N- [4-(2-methylbenzyl)
oxycarbonylbicyclo[2.2.2]oct-1- ylJamino]acetyl]pyrrolidine-2-carbonitrile

5 [011634.1 mg). MS (EI') m/z: 427 (M"). HRMS (EI') for C24H30FN303 (M"):

calcd, 427.2271; found, 427.2312.
[Chemical formula 26]

@f*@wé

[0117]

Synthesis of (2S,4S5)-4-fluoro-1-[[N-[4-(2-

10 methylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1—-

yl]amino]acetyl]pyrrolidine-2-carbonitrile

In a similar manner to Example 8, (2S,4S)-1-[[N-(4-
carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine-2-carbonitrile (30.0 mg) and 2-methylbenzyl

15 bromide (18.9 mg) were used to obtain (2S,4S)-4-fluoro-1-[[N-
[4— (2-methylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
yllamino]acetyl]pyrrolidine-2-carbonitrile (34.1 mg).

MS (EI') m/z: 427 (M').
HRMS (EI') for Cy4H30FN303 (M"): calcd, 427.2271; found, 427.2312.

20 [Example 22]

[0118]

[Chemical formula 27]
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20 [Example 22] [0118] [Chemical formula 27]Me OF I/ O"~”~1 N~Nr H
O CN 58 [0119] Synthesis of (2S,4S,1'S)-I-[[N-(I-phenylethyloxycarbonyi
bicycio[2.2.2]oct-1-yi)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile 5
(2S,4S)-1-[[N-(4-Carboxybicycio[2.2.2]oct-1-
yi)aminolacetyi]-4-fluoropyrrolidine-2-carbonitrile (50.0 mg),
1-hydroxybenzotriazole (26.0 mg),1-(3-dimethylaminopropyi)-3-
[Ollgtlnymarbodumrde hydrochloride (32.5 mg), and (1S)-phenethyi alcohol
(0.094 mL) were drssolved in N,N- drmethylformam|de 10 (0.9 mL). The

subsequentl concentrated under reduced pressure [0120] The resultrn
bicyedidite wad urifisd by thirMapsd RESMAtbglaphy et rolidine-

drchroromethane methanol 10 1) to 15 give
)-I-[[N-(I-phenylethyloxycarbonyi

Doysel e s otopriolina - aporrle (4.

1)a&§@9 %%%g§i?f@g@Quoropyrrol1d1ne—2—carbon1trlle (50.0 mg),

carb

l-hydroxybenzotriazole (26.0 mg).l-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (32.5 mg), and (1S)-phenethyl
alcohol (0.094 mL) were dissolved in N,N-dimethylformamide
(0.9 mL). The mixture was stirred at room temperature for 22
days and was subsequently concentrated under reduced pressure.
[0120]

The resulting residue was purified by thin layer
chromatography (eluant: dichloromethane: methanol = 10:1) to
give (2S,4S,1'S)-1-[[N-(l-phenylethyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2—-
carbonitrile (4.6 mg).

MS (FAB') m/z: 428 (MH").

HRMS (FAB") for C,4H3:FN3O3 (MH"): calcd, 428.2349; found,
428.2369.

[Example 23]

[0121]

[Chemical formula 28]

Me O
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20 428.2369. [Example 23] [0121] [Chemical formula 28] Me OF 0 I'/V
N'-r N HO CN 59 [0122] Synthesis of
(2S,4S,1'R)-I-[[N-(I-phenylethyloxycarbonyi
bicycio[2.2.2]oct-1-yi)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile 5 In a
similar manner to Example 22, (2S,4S)-1-[[N-(4-
arboxybicycio[2.2.2]oct-1-yi)amino]acetyi]-4-
[012%&0r0pyrrolld|ne 2-carbonitrile (50.0 mg), 1- hydroxybenzotriazole (26.0
mg), and (1R)-phenethyi alcohol (0.094 mL) were used to obtain

Syntigs s PR)-FAN-#301 'R) -1- [ [N- (1-phenylethyloxycarbonyl
phenylethyloxycarbonylblcyclo[2 2. 2]oct 1 I)amino]acetyl]-4-
bicyglerha etz ARILT] IS &4 akyls Midine—-2-

HRMS (FAB ) for C24H31FN303 (MH ): calcd 428 2349; found
15 [Example 24] [0123] [Chemical formula 29] OF

In a similar manner to Example 22, (2S,4S)-1-[[N-(4-

carb

carboxybicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile (50.0 mg), 1-
hydroxybenzotriazole (26.0 mg), and (1R)-phenethyl alcohol
(0.094 mL) were used to obtain (2S,4S,1'R)-1-[[N-(1-
phenylethyloxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]
fluoropyrrolidine-2-carbonitrile (3.6 mg).

MS (FAB') m/z: 428 (MH").

HRMS (FAB") for C,4H3:FN3O3 (MH"): calcd, 428.2349; found,
428.2342.

[Example 24]

[0123]

[Chemical formula 29]

HO/W\OJ\@\N/\H/ N:SF

H o ©N

[0124]

Synthesis of (2S,4S5)-4-fluoro—-1—-[[N-(5-

hydroxypentyloxycarbonylbicyclo[2.2.2]oct-1-

yl)amino]acetyl]lpyrrolidine—-2-carbonitrile

(2S,4S)-1-[[N-(4-Carboxybicyclo[2.2.2]oct-1-

yl)amino]acetyl]—-4-fluoropyrrolidine—-2-carbonitrile(50.0 mg

60
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HO"--'~O%N"Y N H 0 CN [0124] 20 Synthesis of
(2S,4S)-4-fluoro-1-[[N-(5- hydroxypentyloxycarbonyibicycio[2.2.2]oct-1- yi)
amino]acetyi]pyrrolidine-2-carbonitrile
(2S,4S)-1-[[N-(4-Carboxybicycio[2.2.2]oct-1- yi) aminQ]
acetyi]-4-fluoropyrrolidine-2-carbonitrile(50.0 mg), 60 5-bromo-I-pentanoi

(18.7 RL), potassium carbonate (23.5 mg), and N,N-dimethyiformamide
5-bremg miRFelemiked thiethethe Rfixilire Was Stifétatidont 23> m9)

ares GPSEMIE 014 ot The Tk et oo nas o
iS58 oS s pure o sl g couy ey gy

inoc SO OREA0EL T e .
L D AOGT95] et Examile 15 [TES1or theraoify o e chivpounds

oo LS ST SR LS PO N ST e
ch1o¥drolysis of HiGiyRro-AMC. HBr substrate by, < 1oy _4_£1uoro-1-[ [N-
(5-hydroxypentyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile(32.4 mg).

MS (FAB') m/z: 410 (MH").

HRMS (FAB") for C,H33FN30s (MH"): calcd, 410.2455; found,
410.2420.

[0125]

<Test Example 1> [Test for the ability of the compounds of the
invention to inhibit of dipeptidylpeptidase IV activity]

The concentration of free 7-amino-4-methyl-coumarin (AMC)
generated by hydrolysis of H-Gly-Pro-AMC-HBr substrate by
plasma dipeptidylpeptidase IV was determined by fluorometry.
Method

A 20 pL of buffer (25mmol/L hepes, 140mmol/L sodium
chloride, 1% bovine serum albumin, 80mmol/L magnesium chloride
hexahydrate, pH 7.4) containing each compound was added to 20UL
of plasma diluted 8-fold with saline in a well of a 96-well
flat bottom plate. The plate was left at room temperature for

5 minutes and 10 uL of 0.lmmol/L H-Gly-Pro-AMC-HBr solution was
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plasma dipeptidyipeptidase 1V was determined by fluorometry. Method 20
A 20 RL of buffer (25mmoi/L hepes, 140mmoi/L sodium chloride, 1%
bovine serum albumin, 80mmoi/L magnesium chloride hexahydrate, pH
7.4) containing each compound was added to 20L of plasma diluted
8-fold with saline in a well of a 96-well flat bottom plate. The plate was left
at room temperature for 25 5 minutes and 10 RL of 0.1mmoi/L
addeqy_&R-PrREAME HBr'Sdlutibh Was b1 afdéf téaci well 10 Tniia the S
1 ftre_action. The plate was left in a dark envirtonment a% room empgé?tur_e fotr
Lt 20 Mifufed” “ar Which BBIRt 20L Y50k 2R8ti¢ 88RISHAS Baded 6 tetmifaB S
the reaction. Using a fluorescent plate reader, the free AMC 5

at whdclertfatioh wadldetermirEe by ExGfind i SampSht B85 i ang te the
easuring the fluorescence intensity at 460 nm. Using Prism. 3.02
oo C NPl SwArG), T ERUe erd Sy 2616 derbHRnEARE SO0E
inhibitory concentration (IC50). The results, are shown in Table 1. 1
S o] 1A Hin VArS BbBieh S apt e o IO AL

compound 1 C 5 0 (pmol/L) Example 1 Q. 2 5. Example, 9 0. 4 8 Exam le
and TS%?%%%1%G§§&e%gﬁia%§cené% 1é%en81 N a@ 4%& nm. %%1ng

355 nm

Prism 3.02 (GraphPad Software), the results were analyzed to
determine the 50% inhibitory concentration (IC50). The results
are shown in Table 1.

[0126]

[Table 1]

In vitro dipeptidylpeptidase IV inhibitory activity

Test compound, IC50 (nmol/L)
Example 1 0. 25
Example 9 0. 48
Example 10 0. 23
Example 11 0. 13
Compound A 3. 3
[0127]
Compound A: (235)-1-[[(3-hydroxy—-l-adamantyl)amino]acetyl]—-2-

cyanopyrrolidine (LAF-237)
[0128]
<Test Example 2> [Test for the inhibition of
dipeptidylpeptidase IV activity in mice by oral administration
of the compounds of the invention]

Each compound was suspended in 0.3% sodium

carboxymethylcellulose to a concentration of 0.1 mg/mL. The
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Compound A 3. 3 [0127] Compound A:
(25)-1-[[(3-hydroxy-l-adamantyi)amino]acetyi]-2- 15 cyanopyrrolidine
(LAF-237) [0128] <Test Example 2> [Test for the inhibition of
dipeptidylpeptidase IV activity in mice by oral administration of the
compounds of the invention] 20 Each compound was suspended in 0.3%
sodium carboxymethylcellulose to a concentration of 0.1 mg/mL. The_ 62

P ePBteat Qb Was %Trgﬂgﬁé’d MiistBreti o8- Wekk old Wi ICR nfice © ICR

(Charles River Laboratories Japan) at a dose of 10 mL/kg. Using an

EBTR 3K featdd Capiiary baCBibod SAMHAES wibte coeted florh Ind™ /<9

tail vei%8$for3£g@gi§gago% and 30 5 minutes af er administration. The

USing039 sambﬁes were cen‘?nfug%@la ]6?)66 rﬁlrln for 2°minu essﬁ‘)mgepeasratvéere

lasma. The epzymatic activity was determined. using the same
ot R R Emie T, Tre e Wae Sebaatfin e
minu?ecreat% in thedrennzrylrg%tlrc %cltglrlltyfrcirt}qeth il’(])lg | activity 10 (% inhibition =

(%(S:ti\ﬁ efore administration - activi y aftera ministra %%)V arcﬁvity

before administration)} x 100). The results are shown in Table 2. [0129]
oo A0 O B ip2p ) Lo s 10 Bty by afal = e

mice

enzy%ngggggcgbity was determined using the same procedure as

in Test Example 1. The inhibition was determined from the
decrease in the enzymatic activity from the initial activity

(% inhibition = {(activity before administration - activity

after administration)/(activity before administration)} x 100).

The results are shown in Table 2.
[0129]

[Table 2]

Inhibition of plasma dipeptidylpeptidase IV activity by oral administration

Test compound % inhibition
Example 1 100
Example 9 94
Example 11 93
Compound A 81
[0130]
Compound A: (2S)-1-[[(3-hydroxy—-l—-adamantyl)amino]acetyl]-2-

cyanopyrrolidine (LAF-237)
[0131]
<Test Example 3> [Oral glucose tolerance test in mice]

The compound of the present invention of Example 1 was
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lest compound % inhibition Example 1 1 0 0 Example 9 94 Example 11 9
3 Compound A8 1 15[0130] Compound A:
(2S)-1-[[(3-hydroxy-I-adamantyi)amino]acetyi]-2- cyanopyrrolidine
(LAF-237) [0131] 20 <Test Example 3> [Oral glucose tolerance test in
mice] The compound of the present invention of Example 1 was 63
suséoended in 0,3% sodjum carboxymethylcellulose éCMC-NaC Sigma) .

SUSPRYER Weleke ol nTAIe IR rHich (CHANES ReT™ LABIAT6Tiek Yapary

S igmiere acclimatized for 1 \ﬂ\;gek. %urirﬁé%{he acclimaﬂzat'&on period, the

Lo himardSVere lfowed B eenlli?1 Constine Standard feed ?C%%Zeélea

Labol3FA.and water, The ICR micg reaching Bweeks old were fasted for 16,
héurs: ‘Stibsetuen ly, thé animars were oraﬂy administéred 0.3%CMENa

accl glOarthI: ékagg icég g? gfrg Q(J).%%q L ‘%?i em g;(r‘%%fnJé gn égésqe)ei%\déﬁg %eﬁ(%m{nped%%tee lé/ ly

administere ucoge solution ora yata Sing an
cons T S FSLALE. PRRUEI U0, boog Syl e ol o ey
mice THAYER After gdminipiration, The blood glucose levelwag, s .
Subsequently, the animals were orally administered 0.3%CMC-Na
(10 mL/kg) or Compound 1 (1 mg/kg, 10 mL/kg) and were
immediately administered a glucose solution orally at a dose
of 5 g/kg. Using an EDTA 2K-treated capillary tube, blood
samples were collected from the tail vein before
administration of glucose solution and 15, 30, 60, and 120
minutes after administration. The blood glucose level was
determined using glucose B-test Wako (Wako Pure Chemical
Industries). The results were shown in means * standard errors.
Statistical analysis was performed using t-test with a
significant level of less than 5%. The results are shown in
Fig. 1.
[0132]
<Test Example 4> [Test for the efficacy of the compounds of
the invention against drug-induced hypoleukocytosis]

The efficacy of the compounds of the present invention

against drug-induced hypoleukocytosis was evaluated by

conducting an experiment according to the method described by

Okabe et al (Japanese Pharmacology and Therapeutics, Vol. 19,
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determined using glucose B-test Wako (Wako Pure Chemical 15
Industries). The results were shown in means standard errors. Statistical
analysis was performed using t-test with a significant level of less than
5%. The results are shown in Fig. 1. [0132] 20 <Test Example 4> [Test
for the efficacy of the compounds of the invention against drug-induced
hypoieukacytosis] The efficacy of the compounds of the present invention
No. ggél%gg &r)ug-iﬂaa&ed hypoieukocytosis was evaluated by conducting an
ex erir}qent acciordin?éo thgL method describe@jbyfztg Okabe et al .
(Jap%%e%e‘ﬁ%r%a%o og@aan% 'FP(T‘eRraBel:ﬁt?csf ol ,565{ NG. 6 (]I@Bffatorles
5). Eight weeks old male ICR mice (Charles River Labarataries  Japan
e it Gy Mo S SO e s By aaprdiado "
200 mg/kg) on D Startjing from the 5 followipg day, control group was
eve L TR Ch 1ok Wik Py Bmiiaterd T Esmbodi b
resent invention (1 to 200 mg/kg) once or twice a day over a{:ve da
o1 1B B0 SO elb S leNen 5 & ag B et gt Sroup
e blood Ig:gll sount was 108@8{3“%?(1 over

Japa

was g%%im;ingao nme t%sct 6%:ned thghvghig ou re vention
time. ew |ten61008 cell count Ofotrﬁg test group at a Slven time was

co red with the white blood cell count before administration of .
1 it & .
(1 e S Syt TRS oficady of s compaund SFtheP =T 10

Bloogmggﬁﬁyg?naggggggfﬁected 2, 4, 6, and 8 days after the

beginning of the test and the white blood cell count was
monitored over time. The white blood cell count of the test
group at a given time was compared with the white blood cell
count before administration of cyclophosphamide to evaluate
the efficacy of the compound of the present invention against
the drug-induced hypoleukocytosis. The results indicate that
the decrease in the white blood cell count was significantly
suppressed in the group administered the compound of the
present invention as compared to control group.

[0133]

<Test Example 5> [Test for the ability of the compounds of the
invention to increase the blood G-CSF level]

Seven weeks old male ICR mice (Charles River Laboratories
Japan) were used. Control group was given saline and test
group was orally administered the compound of the present
invention (1 to 200 mg/kg) once or twice a day over a five day

period. Mice were anesthetized on the day following the
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the drug-induced hypoieukocytosis. The results indicate that 15 the

decrease in the white blood cell count was significantly suppressed in the

group administered the compound of the present invention as compared

to control group. [0133] <Test Example 5> [Test for the ability of the

compounds of the 20 invention to increase the blood G-CSF level] Seven

weeks old male ICR mice (Charles River Laboratories Japan) were used.
ceSSEbhHBI GroupWas giveh¥afing ahtitest: GRoUP WAS orally Sdiminfstéred =9

o1 the com ou d of tj[mejgesent inventiog (1tq 200 m%/k%) once or %/\I/jclz%g it
*58ay Gvera five day 5eﬁioeot. Mild Were Aresthelized onthe u%y +

following the cessation of administration ng blood samples wer
(REDCIRHAT) Placiil G ESH Ioter Was dereminEd uSiE ads G-Lers" Leve
ELISA kit (R&D SY.STEM). The results indicate that the plasma G-CSF
was T e o e e R Ay il
compound of the present invention as compared to control group.
e g oo

“OTPIND APPLICABILITY| 10134 AS Set 161t the Compounds of the? P+
rese invepti icycioester derivatives and pharmaceutically
[INDgccep%[gleggg%%?é%%?gg liat have high DPP-1V inhibitory activity.
013 E?armaeeutical compositions that contain the compound of the present
invention as an active ingredient are useful in the prevention and/or

Ueggn%@%ﬁ§w¥%ﬂ?59ﬂgEE@BQ@&%%S of the present invention are

[

novel bicycloester derivatives and pharmaceutically acceptable
salts thereof that have high DPP-IV inhibitory activity.
Pharmaceutical compositions that contain the compound of the
present invention as an active ingredient are useful in the
prevention and/or treatment of diabetes and associated
diabetic complications, as well as in the prevention and/or

treatment of other diseases that involve DPP-IV.
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diabetic complications, as well as in the prevention and/or 15 treatment of
other diseases that involve DPP-IV. 66 CLAIMS 1. A bicycloester
derivative represented by the following general formula (1): 5 [Chemical
formulal] ORHO X N H~rv OCN (1) [wherein R1 is a substituted or
unsubstituted C1 to C6 alkyl group, substituted or unsubstituted
arylmethyi group, or substituted or unsubstituted aryiethyi group; X is
CH2, CHF or 10 CF2; and n is 1 6112}I¥Fa pharmaceutically acceptable
salt thereof. 2. The bicycioester derivative according to claim 1, or a
pharmaceutically acceptable salt thereof, wherein in the 15 general
formula (1), X is CH2. 3. The bicycioester derivative according to claim 1,

Lo ork prahracettiaty Scceptatie Caithereof iiidinh theSgéteraP 119

gene}‘fo%?u%aoglq}uﬁs &I—;F 20 4. The bicycloester derivative according to any
of Claims
[Chemical formula 1]

(o)
X

':ﬁor@

CN
M

R'O

[wherein R' is a substituted or unsubstituted Ci1 to C¢ alkyl
group, substituted or unsubstituted arylmethyl group, or
substituted or unsubstituted arylethyl group; X is CH,, CHF or
CF,; and n is 1 or 2], or a pharmaceutically acceptable salt

thereof.

2. The bicycloester derivative according to claim 1, or a
pharmaceutically acceptable salt thereof, wherein in the

general formula (1), X is CH;.

3. The bicycloester derivative according to claim 1, or a
pharmaceutically acceptable salt thereof, wherein in the

general formula (1), X is CHF.

4. The bicycloester derivative according to any of claims 1

to 3, or a pharmaceutically acceptable salt thereof, wherein
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to 3, or a pharmaceutically acceptable salt thereof, wherein 67 in the
general formula (1), n is 1. 5. The bicycloester derivative according to any
of claims 1 to 3, or a pharmaceutically acceptable salt thereof, wherein 5
in the general formula (1), nis 2. 6. The bicycloester derivative according
to any of claims 1 to 5, or a pharmaceutically acceptable salt thereof,

_ wherein in thegeneral formula (1), R1 is a C1 to C6 alkyl group that 10

In CREVIEVE Flo 5 UBEtifents'seldctéd from the group consisting of
halogen atom, hydroxyl group, cyano group, C1 to C6 aikoxy group,
substituted or unsubstituted aryioxy group, C1 to C6 aikyicarbonyi group,
C1, to C6 aikoxycarbonyi group, C1 to C6 aikyithio group, amino group, .

5. oS o i SR ) T T8 Ry R S10u, & G mbeidTs 1

cyclic amino group that, may.contain 1 to 3 heteroato formyiamino .

e, TR R CHr AP B 1 0 b R Carbatr ==

. mino grou 1 to C6 aikyisuifonyiamino group and substituted or

H tuﬁs es%?lftgé ;%rﬁgﬂﬁ?c}?layig%?n’o élrobp. 0 7. The bicycloester derivative
according to any of claims 1 to 5, or a pharmaceutically acceptable salt
thereof, wherein in the general formula (1), R1 is an alkyl group selected
from1 th group, con isting .of a meth)(; rQu et%){l roup, propyi 25 group, .

© Lmaihyiethy roup, T-methyipropy! group, 3680 10 1y o Ske

t

O

to 5, or a pharmaceutically acceptable salt thereof, wherein
in the general formula (1), R' is a C; to Cg alkyl group that
may have 1 to 5 substituents selected from the group
consisting of halogen atom, hydroxyl group, cyano group, C; to
Cs alkoxy group, substituted or unsubstituted aryloxy group, Ci
to Cg¢ alkylcarbonyl group, C; to C¢ alkoxycarbonyl group, C; to
Cs¢ alkylthio group, amino group, mono—- or di-substituted C; to
Cs alkylamino group, 4- to 9-membered cyclic amino group that
may contain 1 to 3 heteroatoms, formylamino group, C; to Cg
alkylcarbonylamino group, C; to C¢ alkoxycarbonylamino group,
C; to C¢ alkylsulfonylamino group and substituted or

unsubstituted arylsulfonylamino group.

7. The bicycloester derivative according to any of claims 1
to 5, or a pharmaceutically acceptable salt thereof, wherein
in the general formula (1), R' is an alkyl group selected from
the group consisting of a methyl group, ethyl group, propyl
group, l-methylethyl group, l-methylpropyl group, 2-
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methyipropyi group, 1-ethyipropyi group, 2-ethyipropyi group, butyl group
and hexyi group. 8. The bicycioester derivative according to claim 1, ora 5
pharmaceutically acceptable salt thereof, wherein the compound
represented by the general formula (1) is a compound selected from the
group consisting of (2S,4S)-I-[[N-(4-

hethoxycarbon% lﬁg/Clo 2.2.2]oct- amlnci]acetyl] 24 ol 1
met K I &opHoldihe ORitHie, Eﬁs%% ethylpropyl group,

thox carbonyibjc CIO 2.2.2]oct-1-yi)amino]acetyi]pyrrolidine-
bUtyg &?trl e¥(2 ) I- [ﬁﬁ%ﬂp
ethoxycarbonylblcycm[z 2.1]hept-1-yi)amino]acetyi]-4-
fiuoropyrrolidine-2- carbonitrile (2S)-I-[[N-(4-

8. ethﬂ%%c%rbonx ICQ/C %heeatlv ea(igoi%csilr‘tﬁ\l_‘i&)_ claim 1, or a

yi)amino]ac tyI pyrio |d|ne- “carbonitr

benzyi xy OnbeIC % 2]oct ino i]-4- .

phar ?uor%{ﬁ%rro ne- fcaé%gzbl i )El%fe oro @-<t" the compound
4tr|f|uo eth benzyiox rl%gn b| ci ct I-

represente IJYQ %\41 Inyl r¥n ¥\ 35 uoromé) und selected

y| amino ace\{yl pyrrofidi 5:car onltrle (

reom i CompREbDTAZS 2Ll (o

iyamin onitrile, and (2

ethox %rg Ulj'}lé;ité °d3yr8 yioxycarhqnyibic C'Qﬁé%ﬂ%‘%]acet 1]-4-

f)amino ijpyrro |d|ne 2- carbonltrl 69 9. A phar Maceutical

fluoP raduict 89'1@!{1{%& 3s 20 a¢liye  pgredientihe bicycigester derivative

according to any of
ethoxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-

2—carbonitrile, (2S,4S)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.1]lhept-1-yl)amino]acetyl]—-4-
fluoropyrrolidine-2-carbonitrile, (25)-1-[[N-(4-
ethoxycarbonylbicyclo[2.2.1]hept-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile, (2S,4S5)-1-[[N-(4-
benzyloxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]—-4-
fluoropyrrolidine—-2-carbonitrile, (2S,4S)-4-fluoro-1-[[N-(4-
(4-trifluoromethyl)benzyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile, (2S,4S)-4-fluoro-
1-[[N-(4-isobutyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile, and (2S,4S)-4-
fluoro-1-[[N-(4-isopropyloxycarbonylbicyclo[2.2.2]oct-1-

yl)amino]acetyl]lpyrrolidine—-2-carbonitrile.
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claims 1 to 8 or a pharmaceutically acceptable salt thereof. 5 10. A
DPP-IV inhibitor containing as an active ingredient the bicycloester
derivative according to any of claims 1 to 8 or a pharmaceutically
acceptable salt thereof. 11. A therapeutic agent for diabetes, diabetic
complications, 10 hyperinsulinemia, hyperglycemia, abnormal lipid
metabolism, obesity, AIDS following infection with HIV-1, rejection

7 foII%mﬁﬁﬁ%?baa%?tlfstsh%at}ar%b?fnlﬁﬁorﬁ?ﬁﬁlﬁbf&lﬁer%gis‘?r}’héﬁﬁ‘ﬁa‘fﬁd

_ ar hritisE inf}llam ation, allergies, asteoporosis, psoriasg,and lichen .
lngrs anus, bé:mSn R ﬁ)s/ gr]fro%ﬁf/,l 5 Fuln\éem%fa%?éfasl P bicast B¥d°

. prostatjc cancers, hypertension, dieresis, decreased myelosuppression,
1ot} ancei 2 bibott Coll COTH G boe B BSbe the Hrapadfe T

&otnt orin
agent containing as an active ingredient the bicycloester derivative
according to any of claims 1 to 8 or a pharmaceutically 20 acceptable salt

10. theiei?)fp%?I\T/hﬁ}lﬁelrSEE‘éF}c %%%@taggﬁg%?beéess %%d/gr%g@xp?etlgr%gredient the
complications, containing as an active m&redlen he ICyCloester
bicy?fgé‘é%s:}é’e‘i;g%’ﬂ'@%%‘%%@'chlcgE%izr?gphcaémaa}%?“%%a"Xlaé:fr%BtaP'%éa'é or a

pharmaceutically acceptable salt thereof.

11. A therapeutic agent for diabetes, diabetic complications,
hyperinsulinemia, hyperglycemia, abnormal lipid metabolism,
obesity, AIDS following infection with HIV-1, rejection
following organ/tissue transplantation, multiple sclerosis,
rheumatoid arthritis, inflammation, allergies, osteoporosis,
psoriasis and lichen planus, benign prostatic hypertrophy,
lung metastasis of breast and prostatic cancers, hypertension,
dieresis, decreased myelosuppression, increased white blood
cell count or infectious diseases, the therapeutic agent
containing as an active ingredient the bicycloester derivative
according to any of claims 1 to 8 or a pharmaceutically

acceptable salt thereof.

12. The therapeutic agent for diabetes and/or diabetic
complications, containing as an active ingredient the
bicycloester derivative according to claim 1 or a

pharmaceutically acceptable salt thereof.
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