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DESCRIPTION BICYCLOESTER DERIVATIVE TECHNICAL FIELD
[0001] 5 The present invention relates to bicycloester derivatives and
pharmaceutically acceptable salts thereof that have dipeptidylpeptidase
IV (DPP-IV) inhibitory activity and are useful in the prevention and/or
treatment of type Il diabetes and other diseases that involve DPP-IV. 10
BACKGROUND ART [0002] Dipeptidylpeptidase IV (EC3.4.14.5, referred
to as "DPP- IV" or "CD26," hePe%Milﬁgerine protease that
specifically hydrolyzesB %oI¥E%%%(jSes %a\grE]% E){/%!iTnIevor alanine 15 at
position 2 on the C-teftinal side of these amino acid residues, cleaving
[ id -Pro or Xaa-Ala from the N- terminus of the polypeptides

TECH %g%a%y%b‘%;fgny amino acid). [0003] One biological function of DPP-IV is

e inactivation of 20 glucagon-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 rEESSIoLA fRNG Hebriading Toe BhySioio ek achvity of LT 2t ves
ana {om-Petent Document 2). GLP-1,.a peptide hormone, 25 segreted from

ndocrine L-cells o%daprlmgrlly n intestinal 1

dipeptidylpeptidase IV (DPP-IV) inhibitory activity and are

[000

useful in the prevention and/or treatment of type II diabetes
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
SP 1t Bfoidte glicose (tiizatitn B petipheral issde Cdnd; Mhdipncreatic
. intrﬁ;lvent{iculail% administered, decreases fqod 10 intake and motili%y of Gl
aNIGALE(Non-PAtent Doclinfents 9Cf?1?8ug T 10). [85(?@ BFp-RF HRBitor fs
believed to.increase the GLP-1 activity by suppressing the decqmposition
P oM RS o PHE L TE TEASHt OLPEE st i e ot e o0
secretion and jmproyes glucose metabolism. For_this reason, DPP-IV
SRS e SHGBCIEA 15 b (LCTN SgBnts 1the préventon. andfor o 20
. . treatment of diabetes, in particylar type Igl?iabetes ggl -Patent
20110k eni TTah8 12 Tho CbrhGundL: 476 expedttl 20 55 b i L2~
effective in IIIQ? prey, ntion ang(/)or tr%atment of other dise gﬁ% théat_tL

. re
L 18 AlssdSPNbrseneti sy deeréSded iucbse thethboiismY x%m;;%, (Non

Pate %%?g@c% I@r?% Qﬁgr%g%ob%sgﬁf;@eg | Fo%%ig]g?isa’ hypgralygemia, goparmal dipid ;
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
DPPIR RO PAENC 18 Docutort L) 0087F ) DFP I s FiBReEhs
. immune responses. DPP-IV_inhibitors and their antibodies suppress the
1aCE) SRR BTG ShmbIAB by ShibaRs (UGN ARt DOCTHERELSy. Pe
T-ce%ls 15 stimulatéa.d by antigens express arf] increa eoclile.vel of DPP-IV .
OTSEINGN-Patent Documént 18) . DPP-TV 1S involved in the Cytokine Y “Por-S
o d%roduft\:;iorgl @g]dlo(;[bver functions of T-cells (Non-Patent Document 17).
PP-IV' Bind3%0 ddenosine deaminase (ADA) on the T-cell surface
on-Patent Document 18). 20 [0008] (c) Expression of DPP-IV is
increased in the skin fibroblasts of patients with rheumatoid arthritis,
Peqzsisp prgchen pisfus (Mo Caten Decument 48 [0093240) cne

activity I1s ollaserved In patients wi

[000

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 DPP-IV (Non-Patent
Document 14).

[0007]

(b) DPP-IV 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
beni F344 rats. DPP-IV interacts with agrotein that plays a crucial role_in "
SN 1gBaiGhT TG Pedls oo by the'KidAey (Pateht Boliertd f and). t1e
LhOOlllé(féThe inhigition_of DPP-IV activir'r[¥ offerzqoan effective apf)roa%p tol
bros aetﬁr vention an }g)?]ilrePaﬁ%gﬁlf:ofD%il% oes%%pregslve %FsPeaggs, White'® ~419
enaoP LT ACAlng agents arp, 19 expected o sprve.as diugs o inerease, ,
EWhite' biood cell” colintandior treat infectious diseases‘%ﬁaf‘én
Document 3). [leqghﬁ%% observations i.ndicat% tha \% int;lipitors

PP-
breast ancer, S 1C Cancer a on—Pate .
can be usefu?age S In the prevenﬁon ané/%r]frea ment 8f iabetes 20 (|n

articu?{[? type Il diabetes) and/or diseases other than diabetic

Docuggrrﬁfolica ons that involve DPP-IV. For example, DPP- |V inhibitors are

wm?ipected to be useful in the prevention and/or treatment of AIDS
ollowing infection with HIV-1, rejection following organ/tissue

gﬁ‘gr%l?'ez ’ ﬁaetioﬂp mujtiple 23 selerosis, heumatoid 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 .
©STeBAVARES de3Ehibed it Paftht Dottfiehts 13 htr 183 T4 &gr%ﬁ?ot e
" acid deﬁivati es described in P.atentthcuments 14 and 15.140014] Patent
YPeRbkiment 164 VS pafent Hiddoses a5l BIEYtIER Y 2fGdtane 3T s
derivative that has DPP-|V. inhibitory 15 activity, This compqund, however,
e it Birel oo e COGRTUR of HetprocenthyErior 1
sosueture and meghanism for DPE.IY iphibiion. Patent Document 17
mentions a bicyclé derivaiive structurafy Similar to the conﬁpound:s of the
my1BIESSRL Invention. However, lnere is o desgiption in 29 this ligrature
Y con@é)rnlng any of the compounds of the presen? 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

Ofgﬁgﬁ@/gﬁﬁggﬁ%gcﬁﬂﬁﬁ§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,
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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]
European Journal Clinical Investigation, Vol. 22 (1992): p154, 10 |

s Le iy botort ool ihant 4] LARBC Yoy (1087} HLI0R g PaAt o=

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

lneg]lﬁlsabeto% i, Vol 42 fl 1ﬁ:p : ﬁ\folns- atent oecumeecﬂilf]’e
ndocrinology, Vol. 135 (1994): p2070. [Non-Patent Document 8]

inhill

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

Digestio ,gol. 54(1ﬂ939 ) R392. .[Non-Patent Document 10] Dig. Dis. Sci.,
on e ok TS, TG ELANT Dol 117 DRAMaE yiody oL
271 9 % :)p_pl66r§2-4%§;7_01E &[Non-Patent Document 12] Diabetologia, Vol. 42

" pp -1331. [Non-Patent Document 13] Journal of Immunology,

Vol. 149 (]D9922l: p30§>7é n-Patent Documen 14]fJ rnal of
NonYPat oY { o4 logy, Vol.
o B nology Vol 160 2 “E%%ﬁepaz%mgma oF Fharmacosogy. Ve
318 (1996): pp429-435.

[Non-Patent Document 3]European Journal Clinical Investigation,
Vol. 22 (1992): plb4.

[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
5lmmunology, 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. European Journal of Clinical
[Nonﬁg

(1992): p333. [Non-Patent Document 21]Journal of Cellular Physiology,
Non B E G BB TS W 0310157 7 BN TP Btk ent 1]

WO 03/017936 Pamphlet [Patent ument 2] [Patent Document 3 ] WO
ImmuB@%%%%SS almp%rgt[ a%egr}s Dogul?nggrit 4] WO 95/15309 Pamphlet

is[Patent Document 5] 98/19998 Pamphlet [Patent Document 6] WO
o e N Dot ST G300 D PR

Immunology, Vol. 29 (1989): pl27.

[Non—-Patent Document 18] Science, Vol. 261 (1993): p466.

[Non—-Patent Document 19] Journal of Cellular Physiology,

Vol. 151 (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,

-Phtert SOELRRENt 20] 10Ch&midhy EhePClinicaBisEemidty VdiiaoP=0° -

Vol. 121 (1993): pl4d23.

[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
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[Patent Document 8 ] WO 02/30890 Pamphlet [Patent Document 9] WO
02/38541 Pamphlet 20[Patent Document 10] WO 03/002553 Pamphlet
[Patent Document 11] US 02/0193390 Publication [Patent Document
12]WO 02/062764 Pamphlet 25[Patent Document 13]WO 03/004496
Pamphlet 7 [Patent Document 14] WO 03/000180 Pamphlet [Patent
Document 15] WQ 03/004498 P hIe rE}I}i’atent Document 16] US
[PatB5/n193388 Biblication [Iﬂ’&?er% L&t TAWO' 62738541 Pamphlet 5
5 tDISCLOSURE OFl%gE INVENT. (?b\l PR%)?LEMS TO BE SOLVED BY
[PatehE RR7ERTION 16] It |8 bjgét he %ré)sen‘ﬁnventlon to provide

[Pateﬁarmeolgg ung at ha %{‘PSPE 95\/| I@thob{actlwt as 10 well as

aceutic yac epta ereot.’ It is anothero ject of the

(Pa tgreﬁse&t} g\&/r%ntl #tr[)rowdﬁgh%ggg% aIc %gsmon containing the

novel compound t has ctivity or a

DISCBB%%?JC%%IC % accep %ﬁalt thereof. It is stlll another object of the 15

resen mven on to provide a prophylactic and/or therapeutic
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
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-TIV.

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
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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 20 [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 25
aCt 1R eineSter YeRUAINE HAY has high’ D%%?R%ﬂ]?o]n%rfé]a%cti\tzﬁg? o
harmaceu.tigal acceptable salLtt ereof. Furtg r grovided are a
- e

I .
Furt pForph@FaOc‘ﬁ% a%(g;oarrtﬁef‘ap%ﬂﬁg a}jeﬁF %dr-diab and adsieated © a9ent
omplications, and a prophylactic and/ar therapeutic agent for diseases | .
for NG DPPY. 001G This N bl&eh TEHIoh ChroF R L 2ct i°
following: 1) A bicycloester derivative represented by the followin
a1 b EROIL (O DO16] O Rio 10 AF SN O CAf e SHiay.
[0018]

Thus, the present invention concerns the following:
1) A bicycloester derivative represented by the following

general formula (1):

[0019]
0]
R'0 =
N
N
H o CN
€Y
[0020]

[wherein R' is a substituted or unsubstituted C: to Cg4 alkyl
group, substituted or unsubstituted C3 to C¢ cycloalkyl group,
tetrahydropyranyl group, substituted or unsubstituted
arylmethyl group, substituted or unsubstituted arylethyl group,
substituted or unsubstituted aromatic hydrocarbon group,
substituted or unsubstituted aromatic heterocyclic ring, or
substituted or unsubstituted aliphatic heterocyclic ring; X is
CH,, CHF, CF,, CHOH, S, or O; and n is 1, 2, or 3.], or a
pharmaceutically acceptable salt thereof.

[0021]

2) An intermediate in the production of the bicycloester



(1) [0020] [wherein Rl is a substituted or unsubstituted Cl to C6 alkyl
group, substituted or unsubstituted C3 to C6 cycloalkyl group,
tetrahydropyranyl group, substituted or unsubstituted 15 arylmethyl group,
substituted or unsubstituted arylethyl group, substituted or unsubstituted
aromatic hydrocarbon group, substituted or unsubstituted aromatic
. heterocyclic ringg, or substituted or unsubstituted aliphatic heterocyclic
deri¥ALINTs CH2 CRROER2, EHORSENEPE; &id hS 159,10r°% 1 bt a5 eral
formgggrm? eutically acceptable salt thereof. [0021] 2) An intermediate in the
Fotucidn of the bicycloester 9 derivative of 1) above, represented by the
[002%0 lowing general formula (2): [0022] 0 R'O rX N-~YN pl 0 CN (2) 5 [0023]
herein Rl is a substituted or unsubstituted Cl to C6 alkyl group,
Slébstituted or unsubstituted C3 to C6 cycloalkyl group,

R'O X
N
N
F'n/\c'ar CN
2
[0023]

[wherein R' is a substituted or unsubstituted C: to Cg4 alkyl
group, substituted or unsubstituted C3 to C¢ cycloalkyl group,
tetrahydropyranyl group, substituted or unsubstituted
arylmethyl group, substituted or unsubstituted arylethyl group,
substituted or unsubstituted aromatic hydrocarbon group,
substituted or unsubstituted aromatic heterocyclic ring, or
substituted or unsubstituted aliphatic heterocyclic ring; X is
CH,, CHF, CF,, CHOH, S, or O; n is 1, 2, or 3; and pl is a
protective group for an amino group.].

[0024]

3) A pharmaceutical product containing as an active
ingredient the bicycloester derivative of 1) above or a
pharmaceutically acceptable salt thereof.

[0025]

4) A DPP-IV inhibitor containing as an active ingredient

the bicycloester derivative of 1) above or a pharmaceutically

acceptable salt thereof.

10
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tetrahydropyranyl group, substituted or unsubstituted arylmethyl group,
substituted or unsubstituted arylethyl group, 10 substituted or
unsubstituted aromatic hydrocarbon group, substituted or unsubstituted
aromatic heterocyclic ring, or substituted or unsubstituted aliphatic
heterocyclic ring; X is CH2, CHF, CF2, CHOH, S,or0; nis 1, 2, or 3; and
[oozgl iIs a protective group for an amino group.]. 15 [0024] 3) A
harmaceutical product containing as an active ingredient the
bic%r/cloest r derivative of 1) abgve_or a IS;z:fgart]rmaceutic:ia}llIg aiccegtab]ljeP salt

thetéof. [ l]af(? ﬂfACDI?’fsﬁ{l/tinrfﬁ%ﬁo ]’tgﬁﬁﬁge as Ah‘active ?ngre%i_eln\t]
tth.e bicycloester deriyative aof g above ora hargnaceuiicall A acc%ptable y
CONt AR eSS 1010626]'5) A HETApSULc agent for A diseads ihvolving ™ - Vet ve
PP-IV containing as an active ingredient the bicycloester. derjvative
o 15} BSS o s phat LI Gy Aeron o SaF s BT G
1002 erapeutic agent according to 5) above, wherein the disease involving

P-IV is diabetes or an associated complication. [0028] 10 The term
S%Stl%%d tg)}[lunsubstguted Cl t0.C6 alkg

erapeutic agent acc Eding to 5) above, wherein
the disease involving DPP-IV is diabetes or an associated
complication.

[0028]

The term "substituted or unsubstituted C; to Cs alkyl
group" as used herein refers to a C; to Cg alkyl group (such as
methyl group, cyclopropylmethyl group, ethyl group, propyl
group, l-methylethyl group, l-methylpropyl group, 2-
methylpropyl group, l-ethylpropyl group, 2-ethylpropyl group,
butyl group, t-butyl group, and hexyl group) that may have 1
to 5 substituents selected from halogen atom, hydroxy group,
cyano group, C; to Cg alkoxy group, substituted or
unsubstituted aryloxy group, Ci; to Cg¢ alkylcarbonyl group, C;
to Cg 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, Ci; to C¢ alkylcarbonylamino
group, C; to C¢ alkoxycarbonylamino group, C; to Cg

alkylsulfonylamino group, and substituted or unsubstituted

arylsulfonylamino group.

11
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group" as used herein refers to a Cl to C6 alkyl group (such as methyl
group, cyclopropylmethyl group, ethyl group, propyl group, 1-methylethyl
group, 1-methylpropyl group, 2- methylpropyl group, 1-ethylpropyl group,
2-ethylpropyl group, 15 butyl group, t-butyl group, and hexyl group) that
may have 1 to 5 substituents selected from halogen atom, hydroxy group,
ano group, Cl to C6 alkoxy group, substituted or unsubstituted aryloxy
[Oozéﬁoup, Cl to C6 alkylcarbonyl group, Cl to C6 alkoxycarbonyl group, ClI to
, mono- or di-substituted Cl to C6

C6_alkylthio grqup, amino 20 grou

alkﬁla?nﬁgﬁgoué)uﬁstgl&%ﬁgﬁuﬁ'bgreau @fclﬁ% %\Hiﬁgtg? urgj fhé:tom%/ contain
crerd e o g O Cosycuanianio ..
o U RS PR oLNSSMICS S OGO SO
crsi JERE SERI8 OISRl AR Gk RO o)

fromh%\ﬁl to5 sué)stitu nts,selected from haloggg atom hydr(xf)ixyt%roep,

cyanoO I%Ill,lp? 116 C yﬁﬁ&i}’ g?&?ﬁl,%hbg flted or Srfffdbs tuted ar§/lc‘)axlykoxy

oron SRR ELL 0 loleriamtataun 000 o oo e 1
alky MKV ARG 8royR; 4 to O, membered gyclic aming group thatmay. ., ¢,
alkylthio group, amino group, mono— or di-substituted C; to Cg
alkylamino group, 4- to 9-membered cyclic amino group that may
contain 1 to 3 heterocatoms, formylamino group, C; to Cg
alkylcarbonylamino group, C; to Cg4 alkoxycarbonylamino group,

C:1 to C4 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, gquinolylmethyl
group, and indolylmethyl group) that may have 1 to 5
substituents selected from halogen atom, substituted or
unsubstituted C; to C¢ alkyl group, hydroxy group, cyano group,
nitro group, substituted or unsubstituted C; to C¢ 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 or

12



10

15

20

25

contain 1 to 3 heteroatoms, formylamino group, Cl to C6
alkylcarbonylamino group, Cl to C6 alkoxycarbonylamino group, Clto C6
alkylsulfonylamino group, and substituted or unsubstituted
arylsulfonylamino group. 15 [0030] The term "substituted or unsubstituted
arylmethyl group” refers to an arylmethyl group (such as phenylmethyl

roup, naphthylmethyl group, pyridylmethyl group, quinalylmethyl group,
unsulid T atisiteyi gronp) THCMAT hide 116520 SUBSOEH ol Sed

rom halogen atom, substituted or unsubstituted Cl to C6 alkyl group, .
s SR - Rt 1 bt SubSRTRA o e Bt e
to C6 alkoxy group, substjtuted qr unsubstituted aryl roup, Cl to C6
IO RO 6L T o C6 dkar BT ordas, i Ea S dlkyltis o

roup, amino grau ono:- or di-substituted or 12 unsupstituted
S R

gx car gu)ggmino
Ikylaming group;, arylamino group, “tf

9-m%mbcereg cyﬂ%} Fi;%q(%gug that maécontain %Ij[l% 3{%1 tggjg%%rpgd or

IO rmylamino Gréup, kyicarbonylaming group, T 10

Ilkoxycarbgnylamino 5 group, Cl.to C6 alkylsulfonylamino group, and
ansu R R B S Po grou. 10031] The term
[003"%ubstituted or unsubstituted ethyl group” refers to an arylethyl group

%such as 1-phenethyl group, 2 10 phenethyl group, 1-naphthylethyl group,
an?ﬁ%”@%?HWQQQ%stituted or unsubstituted ethyl group"

refers to an arylethyl group (such as 1l-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 Cg¢ alkoxy group, substituted or
unsubstituted aryloxy group, C; to Cg alkylcarbonyl group, C;
to C¢ alkoxycarbonyl group, C; to C¢ alkylthio group, amino

group, mono- or di-substituted or unsubstituted C; to Cg

alkylamino group, substituted or unsubstituted arylamino group,

4- to 9-membered cyclic amino group that may contain 1 to 3
heteroatoms, formylamino group, C; to Cg alkylcarbonylamino
group, C; to Cg alkoxycarbonylamino group, C; to Cg
alkylsulfonylamino group, and substituted or unsubstituted
arylsulfonylamino group.

[0032]

The term "substituted or unsubstituted aromatic
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group) that may have 1 to 5 substituents selected from halogen atom,
substituted or unsubstituted Cl to C6 alkyl group, hydroxy group, cyano
group, nitro group, substituted or unsubstituted Cl to C6 alkoxy group,
substituted or 15 unsubstituted aryloxy group, Cl to C6 alkylcarbonyl
group, CI to C6 alkoxycarbonyl group, Cl to C6 alkylthio group, amino
o droup, mono- or di-substituted or unsubstituted Cl to C6 alkglamino
v P i HGHER! or THEBSURed A AN roupy JE 26 SHmEmbEra™
cyclic amino group that may contain 1 to 3 20 heteroatoms, formylamino,
(sucf i, ETRG SR ORTORRG G000 ST ok BSEARRA Hmihses)
group, Cl to C6 alky|sulfonylamino group, and substituted o
that eibeiiEd aryfoUToRyIARTAG BFoUs [S092]° 25 Theehm "Sd6Sited o™
h drog{uns%bs&ituteg agcr)lmatic %g hydrrlolt;carrgon grou " rsferg()tocan g&qarggtic fou
Y ﬁygro%ar%o%’gro%p f)su%ﬁ asBenzene rir%, haphthalene ring, an Y groupy
c, t(gn@raCerlrjcr}gzothatrgna have.1 to 5 substituents selecte%fr_orqlgglé) en

tom, ahy&4oxy grouci), clf/ ho ‘arrnoldlp? ntro BPo’upr??ﬂ?o_ cbal c%xyS group, uted

c, t(g:l 0 %‘i%,kfgﬂi&%ro”@ amino group, g1ono- or diéaut():stit teg Clto C6

alkyﬁamln group, 4-to ‘hémbere cyclic amino grougct at maar&lc%%tgﬁoup

1 to 3 heteroatoms, formylamino gro Cl to .C6 alkylcarbonylamino
that [« » IOIMYI3MING group, ! 10 ¢ Ky ) o)t
@ g%au%,%??o Chal ylsfl)lfonylaemﬁ]o Eroug,s and substituted (O)r>glroulo Lo

Cs aﬂ?ﬂ9%@%3?19;;%%@%%8”@%%@9 gﬁqu%ol%p%?ﬁlylsulfonylamino group,
and substituted or unsubstituted arylsulfonylamino group.
[0033]

The term "substituted or unsubstituted aromatic
heterocyclic ring" refers to an aromatic heterocyclic ring
(including a 5- or 6-membered aromatic monocyclic heterocyclic
ring or a 9- or 1l0-membered aromatic condensed heterocyclic
ring, such as pyridine ring, pyrimidine ring, pyridazine ring,
triazine ring, quinoline ring, naphthylidine ring, quinazoline
ring, acridine ring, pyrrole ring, furan ring, thiophene ring,
imidazole ring, pyrazole ring, oxazole ring, isoxazole ring,
thiazole ring, indole ring, benzofuran ring, benzothiazole
ring, benzimidazole ring, and benzoxazole ring, containing 1
to 3 heteroatoms arbitrarily selected from nitrogen, oxygen
and sulfur) that may have 1 to 5 substituents selected from
halogen atom, hydroxy group, cyano group, nitro group, Ci to Cg
alkoxy group, C; to Cg alkylthio group, amino group, mono— Or

di-substituted C; to C¢ alkylamino group, 4- to 9-membered
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The term "substituted or unsubstituted aromatic heterocyclic ring" refers
to an aromatic heterocyclic ring (including a 5- or 6-membered aromatic
monocyclic heterocyclic ring or a 9- or 10-membered aromatic condensed
heterocyclic 15 ring, such as pyridine ring, pyrimidine ring, pyridazine ring,
triazine ring, quinoline ring, naphthylidine ring, quinazoline ring, acridine
ring, pyrrole ring, furan ring, thiophene ring,_imidazole ring, pyrazole ring,
eVl 4o T WGk I Ting THiaZBIE-ATg: HdGIE rrigh BEESTarAHTing,
. b?nzo,thiazole 20 rin ,benzimidaﬁ%lelrin ,.and benzoxazole rirr:g, . c
CrMEontaining 17108 he eroators atbi I%riﬁfgé‘péﬂ@gt}é Hom Ritfdger ,’oxyc}]eﬁO 6
nd sulfur) that may have 1 to 5 substituents selected from halogen atom,
e T o o, 0 oF s . oy n e B
ar lglk}/l#%ig}?fg%e,n%minoo roup, mono- or 25 di-substituted Cl to C6
Y ah1<y amino group, £18 Frnembered 14 cyclic amino group that may
[0032 ntain 1 to 3 heteroatoms, formylamino group, Cl to C6
alkylcarbonylamino group, Cl to C6 alkylsulfonylamino group, and
subsituted of unsybstituted apisulfonyiamino,group,,5 [0034) The term
"su s%tuteé or unsubstituted a |pﬁatic eterocyclic ring" re%éjrs to an
net o BUPRAlE eteraeyalic fing (indyding 4 fo fymembered aliphalie, s« rin
mo cycjﬂlc hete ocycﬁc ring or a 8-'or I0‘mémbered a Ip afi¢ condense

(incmggqgamﬁg1QJ”EL$gﬁBg§§geggmgﬂg§&gyﬂ@ﬁ@@?éﬁ%k heterocyclic
ring or a 9- or 10-membered aliphatic condensed heterocyclic
ring, such as azetidine ring, pyrrolidine ring,
tetrahydrofuran ring, piperidine ring, morpholine ring, and
piperazine ring, containing 1 to 3 heterocatoms arbitrarily
selected from nitrogen, oxygen, and sulfur) that may have 1 to

5 substituents selected from halogen atom, substituted or

unsubstituted C; to C¢ alkyl group, hydroxy group, cyano group,

nitro group, substituted or unsubstituted C; to C¢ alkoxy group,

C; to Cg alkylthio group, amino group, mono- or di-substituted
or unsubstituted C; to Cg 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 Cg
alkoxycarbonylamino group, C; to C¢ alkylsulfonylamino group,
and substituted or unsubstituted arylsulfonylamino group.
[0035]

The term "substituted or unsubstituted C; to C¢ alkoxy

group" refers to a C; to Cg alkoxy group (such as methoxy group,
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tetrahydrofuran ring, piperidine ring, morpholine ring, and piperazine ring,
containing 1 to 3 heteroatoms arbitrarily selected from nitrogen, oxygen,

and sulfur) that may have 1 to 5 substituents selected from halogen atom,
substituted or 15 unsubstituted Cl to C6 alkyl group, hydroxy group, cyano
group, nitro group, substituted or unsubstituted Cl to C6 alkoxy group, CI

to C6 alkylthio group, amino group, mono- or di-substituted or
et hofiis etitied kI8 65 ARGIRRTInG GFodt 4t 16 Simahibered ‘Cyefic BtnG=ve

1 1 9mu hat ma%/ contain 1 to :13:h te£oatorr}%fo formylgmino grocéjp, Cl to
°Ct & k%iéé:rb% §|réﬁ]s,n8 %r&fp, t6'C8" al ox%grrbo%y%%ino% oUpXCito° P
rlC6 alk Isulfogyl%mir%o ar Lg) and substituted or u subi jtu etd%.
CY AN EnAsut o%ylarﬁinoogroﬁp?% 038] PAe térm "substituted or unsubstituted &’
. 1o C6 alkoxy 25 group" refers tq a Cl to C6 alkoxy group (such as methox
s SRS oURAY ora, BUIGHY ol Bhd e oty Cretb) tiat Ay 2 oue:

_ . haye 1 tg 5 substituents selected from halogen atom, hydroxy group,
4 g Grin: G 6 Eb ko Brodp: CI Kb Cb Myt orctin: ming £© >

roup, mono: or di-substituted Cl to C6, alkylaming group, 5 4- to .
et o R S oy e ikl amino

formylaming.gro | to alkylcarbonylamino group, Clto C6
o0 o0 200 Sy e Uhe ol e Teuted o

unsu%@’t'%%‘i?{‘%é‘”g%ﬂé%‘i% e GH, Iro ﬁé%%e grpp LA, amINg GIoYR’; ¢

refers to t-butoxycarbonyl group, 1 xycarbonyl group,
grougll)gg)%ycﬁb%@ryhg{)o%oup" refers to t-butoxycarbonyl group,

benzyloxycarbonyl group, allyloxycarbonyl group,
methoxycarbonyl group, ethoxycarbonyl group, 2,2,2-
trichloroethoxycarbonyl group, trifluorocacetyl group, acetyl
group, benzyl group, and 2,4,6-trimethoxybenzyl group. The
term "halogen atom" refers to fluorine atom, chlorine atom,
bromine atom and iodine atom.

[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]lacetyl]—-4-fluoropyrrolidine-2-
carbonitrile,
(2S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile,
(25)-1-[[N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile,

(2S5,45)-1-[ [N-[4-(2-tetrahydropyranyl) oxycarbonyl
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methoxycarbonyl group, ethoxycarbonyl group, 2,2,2-
trichloroethoxycarbonyl group, trifluoroacetyl group, acetyl group, benzyl
group, and 2,4,6-trimethoxybenzyl group. The term "halogen atom" refers
to fluorine atom, chlorine atom, 15 bromine atom and iodine atom. [0036]
Preferred examples of the compounds of the present invention include
ézs 42) %N (4-ethox carbo é}é o

bicy ﬂc% Sy ArmiriacetyIf asHubtopyrrdiidii 2P 36 tarddhitife,

i[ -(4-ethoxycarbonylbicyclo[2.2.2]oct-1-
Carbyﬁé ino §cfetyl]pyrrolld|ne 2-carbonitrile,

utox car. Ib cloz
(29) Z)Larhlho]a{ t)fl? yrr0|d|nE ¥ca onitr %éxycarbonyl

S,4S)-1- -(2- tral d b
blcy Zi %% 2[% Ci- -yﬁér]m rz(a)([:%e )f]agl%%ﬁgl(fr ?2 dlnei car%onﬁ‘rllbonltrlle’
t trahyd b
0 )cl%%% B RSy e 2aonle 5 -

a‘nlz ?g 1e[LeN§{f? eih%ycarb%i%:bl%d%{z s lwegarbonltrlle,

minoJacetyl]-4 fluoropyrr cargonltrlle

(25) %) N(f-e H?X¥Carb08§lb'°ig glolz,21 %elclrf%ptzl 1]hept-1-

amlno]acety pyrrolidine-

%4%%@[@“ f?l zsloxucaibonviieygiola. %1]219@ 110
amino]acetyl 4ffuoropyrro idine- -carbonltrl
(2S5,45)-1-[ [N-(4-benzyloxycarbonylbicyclo[2.2.2]oct-1-

yl)amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile,
(25,4S)-1-[[N-(4-cyclopropylmethyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)aminolacetyl]-4-fluoropyrrolidine-2-
carbonitrile,
(25,45)—-4-fluoro-1-[[N-(4-(4-trifluoromethyl)benzyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-2-carbonitrile,
(25,4S)-4-fluoro-1-[[N- (4-isobutyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]lpyrrolidine-2-carbonitrile,
and (2S,4S)-4-fluoro-1-[[N-(4-
isopropyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine—-2-carbonitrile.
ADVANTAGE OF THE INVENTION
[0037]

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
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(2S,4S)-1-[[N-(4-cyclopropylmethyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile,
(2S,4S)-4-fluoro-I-[[N-(4-(4-trifluoromethyl)benzyloxycarbonyl 15
bicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-2-carbonitrile,
(2S,4S)-4-fluoro-I-[[N-(4-isobutyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-2-carbonitrile, and
comp ,ﬂ%g-ﬂ%orSE-[ﬁ{%—%fis%%rolﬁﬁll aFBory ity S22 S10ot 1 562 tment
I amino%ac.et [lpyrrolidine-2-carbonitrile. ADVANTAGE OF THE
of dINNERT Oﬁﬂ% J/J]l]Rf%)v%i_[)cE:)o_nlﬁﬁounds that have high DPP-1V inhibitory
ctivity,. t ound t invention are useful agents in 25
BRIE he% ér%%g io%n?g]%lpdfgftr%eﬁme%tgé?%?géetes and associated 17
0035 mplications, as well as in the prevention and/or treatment of diseases
mnvolving DPP-IV. BRIEF DESCRIPTION OF THE DRAWINGS 003815

Fig, 11 h showing th Its of Test E le 3. _.BEST MODE
FOR EARRYING GUTEPHE INVENHONG, 6 6.5 8 T i the-Cormpaliaes
BESTO&%EW?@%”%RE%J%}[JO '@Tpl}ggﬂaﬁﬁ}gﬁ?%ﬁcceptame salts,

n
examples of such a salt 10 include salts with inorganic acids, such as
)fdrochloric acid,

(

[0036

When the compounds of the present invention form
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
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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 15 acid, benzenesulfonic acid, salicylic acid, stearic
acid, palmitic acid and trifluoroacetic acid; metal salts, such as sodium
salt,rgotassium salt, calcium salt, magnesium salt, alumjnulm salttand 1
EWO oSl aftidiium SIS E Gt BS ahEnilfY SaltangtPte optica

, tetramethxlf{nmoni m salt;horganic}?min? s.alts,t such 20 Aas salt Wi%lh
lsomﬁﬁﬁpﬁ@l%e and’ ﬁipeﬁafﬁei,—’ and antind adid Saits; Such as $aIts with <5<

opt 1 ifpine, lysine, ardinine, phenyialanine, and proline, [90.4.9 1.The,, .
compounds of the presentinvention represented by the genera
forgwla g]lg r salts thereof magl contain.a single %r 18 twfo or more chiral

presen in é%%on as aﬁe n .mﬁxture t efeo in %n arhltrary
centers an us have multiple oBtlca iSsomers resulting from these chiral

mi i GEELS: A Qb fese opticalisomers and diaslereomers e, o oovoounds
encompassed by the present invention, as are any mixtures thereof in-an

o <RPITANS Mixing ratlg. including racemic mixtyres, When the compaunds,
of the present invention represented by the general formula or salts

thereof %osnt%lgearg% le bond theé/ raawfge Z- or, E-%%nefiguratlorhggg 7

(1) or s? contain bOBd' mag.
any o the mixtures of these compounds In an ar |trary mixing r tio are

or E%l t%nef“f MPasssd by fhe L0 prezeptioventign, Rome of he.compeunds. nas

e present

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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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. 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.
CalCfdﬁﬁzﬁ”é@Sﬁ%?aaéo%p8ﬁ‘ﬁjds%ﬁﬁé%?e%&ﬁl?ﬁx?&ﬁ%%'reb%s%h?@d‘w theuch as
eneral formula élg or sa(its thereof may be used as a Rgarmaceu,tical
f

magn%&ﬁb%si%ﬁaeﬁﬁ ndivi L?ziﬂgl/morsiﬁe onﬁﬁﬁct%‘?‘] With 3R of i’ © acid),

bind r%%rmﬁs%ec%lcgléy g%%ejjzat blec%u%aari/lai%eentsc:eﬁmeglrgg be formulated
with pharmaceutically accep¥a € carriers or excipients (such as starch,

lactose, 19 calcium_phosphate, and calcium carbonate), lubric n.tgb such
e N RE - S ERrats tho 2 CILR Hecch . s 2

such as, %{?rchg {:gy.lsrtl%lline cglllulose, car?oxyzg%tg Icglslulgg?t, gum rabic,

algiéélcf/v%%py rolidone, and” 5 alginic acid), disintegrating agents (Such as

carb@iSAnd h‘f)]r 98’:‘L>i@‘i‘ft£‘é|/'ece<':'g?§%ﬂ9"éf@ 59{'1%6‘”5% (?'g*scli‘c%s. 2INey 4 e,
aqueous solutions of glucose, mannitol or lactose). Using ordinary
technia?Uﬁs the compounds_of the present.invention re&reser}ted %ythe

ut gse Ss1ng

aqueous S 10N O ucoOse, /mannit or a . 1
d genera ormula fl) or salts thereof may e 10 formulated into tablets,

ordi8%@%”%%éH%QgSést%%gscgwggﬁnds 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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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 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, bodg weight, and symptoms of the subjects.

inveithé Compotinds 6f thePreséntinvention or'shifs thereof nfiyBe 2t ves:

dminjstered in a single daily dose or multiple doses_per day. 20 004? ,
GLP_@\/ﬁennO!nel&:esssé] 7, cofpounas of fhrg;hﬁrgs%ﬁfa invgr&:ﬁ‘one tréﬁretslé%f:ea l?)}l tic
he genperal formula (1) or salts thereof may.be used in conjunction with
AN S e e e et L e

e {079 et diabetic 25 lerapeutic agents for yse with the compounds of
fhe present Invention or salts thereof are’insulin‘and its defivatives,

agen

su1 egFPLand s derivatives, and other pral diaBetic nerapeulic_ggents.
xamples of the bral diabetic ﬁwe?ageu%c’agen?s include stiffonyl Urea
diabetic theragel,tltlc agents, non 5 (fulfon){lu%ei%lfgulm secrétacgaoggues,

uanide diabetic therapeutic agents, cc-glycosidase in ors;”glucagon
therg eut.d &g ntsth HFO se 1n dors ﬂ % op

antagopists, GLP-] agonists, PPA nists, D3 agonigts, SGLT.
e ore PRC e T

ors,"PKC’inhibi 8rosr,lglfu%§agon synth%%grﬁﬁa S,

inhiB%Qé%iP%Yroﬁﬁte %%Sip%_‘f{%sres}sé'ﬂgé@%r}osi%iw?ﬁgrg‘e PRGSSIUM 3 (Gsk-3)
channel openers, Insulin sensitizers,

inhibitors, protein tyrosine phosphatase 1B (PTP-1B)
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 0O-
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.

21



10

15

20

glucose uptake modulators, compounds modifying lipid metabolism, and
appetite suppressors. [ 0 0 4 4 1 Examples of GLP-I and its derivatives
include betatropin 15 and NN-2211. Examples of sulfonylurea diabetic
therapeutic agents include tolbutamide, glibenclamide, gliclazide,
glimepiride, and glipizide. Examples of non-sulfonylurea insulin
OO4secretagogues include nateglinide, repaglinide, mitiglinide, and JTT-608.
[ EJ(ampIes of biguanide diabetic 20 therapeutic agents include metformin.

E I fU.- ' inhipitors include voglibose and miglitol.
EARbIGR R AR agrets ndiie WEGNAIna, Toaadbris | D

ioglitazone, ciglitizone, KRP-297 (MK-767), isaglitazgne, Gl- 262570,
prod e e B e G e R 00F SE R DR ad) Of

N-5984. 21.[0045] The compounds (1), of the present invention can be
the B Rt S TS The o BoMd Ty er e

fo pounds

recsent invention (Ean e isolatedcor pl%rified by comman ﬁjs_egaration
sepraractlo mgans uc as ex ?IC %.Ol’l, r?.ﬁr STta dl athl’l,

meansn(suc as extraction, recrysfa ization, distillation, an

dist‘i'irf’éntaf8%rap£‘9{&- The gon QUPQSHmS‘Y be ptained,n the form of,
various salfs by using commo te% P]/ICIUGS or smﬁaptecﬂnlques%suc% as

obr 2 EUtRRIZRtRR), [POAB] 10 Representative progegses for prodycing the
compounds o
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]
o) r\r\? 4 I X
FnoJ\@ YV\Q/ CN >HOJ\@\N/Y{
NH Step 1 H o ©N
() M
[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 R, n,
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the present invention and salts thereof will now be described. [0047]
Process A [0048]0R'O15(3)rXO0Y1"™Y N,~(4) RmNN rX OCN

NH2 Step 1 H C CN (1) [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.) 20 is reacted with a bicycloamine derivative

of the general formula (3) (where Rl and n are as defined above,) to obtain,

and ¥ idyelsstidervative %Yﬁee'éene%%fﬁﬁﬁgﬁ)o&/ﬁesre??,rﬁ,lféiaﬁ’dlg( +

th are as defined ab ve.?}. The rfeacti%n is carriﬁj Olfft in thg resence. or "
© BbSENCE6f & base.*The base for UsdTn this réacd %ﬁemax?p Eeua%einﬁpgathicl S
base, such %sesodium hydroxide, potassium hydroxide, sodiu

reacgloq)ma an .ingrganic base, such as so 1umiﬁydroxide,
iIcarnonate, potassmm i€arbona e,

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 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]
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5 sodium carbonate, potassium carbonate, and cesium carbonate, or an
organic base, such as triethylamine, diisopropylethylamine,
N,N,N,N-tetramethylethylenediamine, diazabicyclo[S.4.0]-7-undecene,
diazabicyclo[4.3.0]-S-nonene, phosphazene base, and
pentaisopropylguanidine. When it is 10 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,

enzyltrieth Ia,ﬁlx pium promide, lithium bromide, Iithium iodide, sodium
St ,poi’a)s%ju broffde Kbtassifin iodide, 15 €&sitm) bromide, and
ce%luﬁT‘ioWolvent for ﬁl%;{inotﬁe geaction may béff'}r{in t sobugns

such as acetone, ethanol, tol{&ne, acetonitrile, tetrahydrofuran, dioxane,
igthylether, t-butylmethylethgt, dimethoxyethane, ethyl acetate,

HO oromgthane, N,N-dinf&th mamid , dimethylsulfoxide; 20 X
N-methyl-2-hyrrdigpae. This reactﬂaﬁr?c‘br:&ee&eamoothly at 0 SOC’\? .

[OOSO](s)Proce B [0051] 23 P20 HO 0 (5) NH a
Step5 o Step 6

W
ol
Y
(10)
[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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rXo0Y.-y (4) PLOr-X 20--"--~ Step 1 (6) ocN Step 2 N rX N'O N psi
CN Step 4 (8) 0 (9) Step 0 jStep6 X rrX 11 P+ ocN Step 3 (7) 0 [0052]
Step 1 (Process B) In this step, a haloacetic acid derivative of the general
5 formula (4) (where X and Y' are as defined above.) is reacted with a
bicycloamine derivative of the general formula (5) (where p2is a

, Brotective roup for a carboxYI %rourﬁ, and n is
in the reactlon, the 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 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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as defined above.) to obtain a bicycloester derivative of the general
formula (6) (where P2, n and X are as defined above.). 10 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
Olcarbonate kgotassmm carbonate, and cesium carbonate, or_an or% nic C 1 ami
as dpAdReTs 4ok as ridthylNine GirsEpropyidthyRITIAE NN, NoR2 S EhY Lamine
te ramet enediamine, dlazablc%cloﬁ 4.0]- %unde ene, . 1
SlEy f‘ié%f%yno elnnee phosp azene E‘Jﬁse At oxycar onyL group,
entaisoprop uanldlne When it s desired to us cat yst 24 in the
it Crgeacﬁ? t%edZa glystrl ma %Ce? phcﬁ%’e franster cgtekfysl% é;ari an. %?é:grﬁ(r:lyl
sal such S tetrabutylam on| m bro |de tetrabut f onium |od(;’jL
Eer(%{zyltrleTf‘%}l Ianﬁlmoy?]%lljr% ‘bromide, “lithit Bromld% Er?.o&[ﬁe sodium
io |de é)ot shum 5 lBrgoml ? 8ta>§5|um |od|deQEL cte5|ur'& br%mlde :}1 fhe
cesiu |od &. “Thhe solvent for use in the Feaction may be'an inéft solvent

presguch as acetone, £ tﬁnol tolue e, acetonltrllfét%tr%a}{Tclirofuran d|ox xane, ... -
etrhy?etﬁer %utyﬁ yTetﬂer‘ metﬁgxyeE%Kane acetdte,

dichloromethane, N,N 10 dimethylformamids, dimethylsulfoxide,
car bﬁnme%yl-ygpyrro idone. T |sgrieg)\/ctloor?pc):egtc%(?L S thlytcat% i%%geadlly

int (90231 $16R, 2 (BLoGeSR B0 1i, pleR, dhe secondary aming Jrou ofing, tne

formu

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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15 bicycloester derivative of the general formula (6) (where P2, n, and X
are as defined above.) is protected to give a bicycloester derivative of the
general formula (7) according to claim 2 (where Pl is a protective group for
an amino group, and P2, n, and X are as described above.). The
protective 20 group PI for the secondary amine group may be
OO5t-butoxycarbonyl group, benzyloxycarbonyl group, or trifluoroacetyl group.
[ The protective groups can be introduced by known techniques: When PI
st is 4t-lePtoxy(:arbor]13yI group, it can be readily introduced by reacting
epdl-t-ﬂu@%%easrﬁonéte with the bicycloester 25 derivative of the general

formula (6) (where P2, n, and X are.25 as defined above.) in the presence
o LB e oI Bt e b et TR py G W 7 Tl

benzylaxycarbonyl grqup, it can be readily introguced by reacting . .
formﬁgﬁzy %chgvrv%oen%? c;;hlbriaé vﬁtrﬁoff?e( ballgye(:Ioaessté:ge&(;lr?v%%vg]%?‘tfhee' éeﬁesral

este2OMUAL0) (here 2. nand Xiate as definedapove ) i the presence, -
of triethylamine, |sopropyleﬂ1y?am|ne, or potlasglum carbonate. When PT

is triflugrpacetyl group, it.can be readily intfoduced by.reactin .
e e ot S Ent btk e Biogeloebior Tt o (g Gerined

ner%{orm Ig%?)P(iwher? 2 .n,10.and X are as defined above.) in-the
abov%?e’sencee& tlﬁ“let yarr?i & (C)E;eﬁTﬁ-]air%gt Waar%iﬁggyr? ine. [005" ]iaétep

formiAETOGERS BB s steppthe p2 group that protects e Aoyl e ) 15

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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15 group of the bicycloester derivative of the general formula (7) (where
p2' P1, n, and X are as defined above.) is removed to give a bicyclic
derivative of the general formula (8) (where P1, n, and X are as defined
above.) . p2 can be removed by known techniques: When p2 is t-butyl
group, it can be 20 readily removed by using trifluoroacetic acid or a

. __solution of rgdrog)en ghloride /dioxane. When p2 is benzyl group, it can
d1azgR1LEGiHy femdved by UsiHy alktiuR £a ffr combination with

. __hydrogen or ammanium formate. When p2.is te raliydro yranyl group, it
dime Sy DR AAR oA B Qe acine LT e eI TR e
h acid. 26 [9055]n Step 4 (Process B) In this steg, the bicyclic
& m

The gTQCQ@“ use q the F% Dﬁatlﬁ rea%f Q ay, be an
aerlvaetlve o Cfﬁe general formula ?W ere , Ny an )]( are as‘de me%

ine rﬁb%\éeﬂ,iesn eSteéifje(%%)E@wl%g%%%ﬁ?%% a bicycloester derivative of

S U
€ general formula where nd X are ds défined above) .

asne PN e b caester ferivalive of e ogneral formula (9)here R1, P1,
d X are as défined above.

n, an iS progfuced by eStefification, the bicyclic

derivative of the 10 general formula (8),(where P1, n.and X are as defin
et ncE U Lo ol e o SO by Mk ey

2cec{ilereR1 a8 defleg ahave.) in hepresence of a condensaian agent

to give the %lcycfoester erivative of the general formula (8) ?v?here f
reacEilbpl’ @%%(e%rgsass%%cioncelgly 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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15 above.) . Examples of the condensation agent for the esterification in
this step include dicyclohexylcarbodiimide (DCC),
3-ethyl-I-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI),
dimethylimidazolinium chloride (DMC), ethyl chloroformate, isobutyl
chloroformate, and pivaloyl 20 chloride. These agents may be added in
the form of solid, liquid_or a solution in a proper solvent. When it is

& Phagsirdd 16166 'a bASEintRE cohdeRSAibH reaction, the BASE Msy be an

ot ag(ali cirbonate, such as sodium bicarbonateland otassium carbonate,
StrapPydr i%.II%I/n SMine, SUERAS ﬁethE/?a%i%%}J% dﬁgﬂ(r)“pr%bw&thlycfgrﬁmee’,

N-methylmorpholine, 27 djazabicyclo[5.4,Q]-7-undeceng, pyridine, 4-

ez e A By B

. . solvent for use in the condensation reaction may be an inert solvent_ such

REH Nt s echeo s e et Mt car

cesi fReIOniTe, detraiyprofuran, dioxane, ethyl ether, dimethoxyethane, ety ..
acetafe,ntloluehe, and alcﬁforome ane. This con ensaﬁlon reaction

reacgr.oceeds smoothIX afﬁzo to 1599. [QOSSGLSJTg'When thg bé(?/clo ter

énvative'of the agenera?%rrr?u?a (S) (vaher °PI,  and X are as 88f?nléd

_above.) i oducedlﬁ% alkylation, the bicyclic derivative of the general
- R rencrd with a

dimeE@?PQH@%5%8%%?”%@4@6@9@%@T¥?eﬁé%?ﬁ%@ £b%8¥%§bogﬁoxane,

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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15 or OTf, and Rl is as defined above.) in the presence or absence of a
base to give the bicycloester derivative of the general formula (9) (where
R', PI, 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 20 carbonate, and cesium carbonate, or a tertiary
amine, such as triethylamine, diisopropylethylamine, N-methylmor%holine,
reachaZabichtiols. 4 017 i detens” b?ri&f%l,%l&imte?ﬁyl%ﬁ?oeﬁﬁ/ﬁ%in%, ahd
1,8-bis(dimeth Iamino%na hthalene, and.phosphazene base and .
Condsgﬁtaa}fso%?oﬁ &%fnial eIWien itfs 25 desiréd 1 058 5tcataf’3q/1§F i tHets
benz [)etac{igg,o elcaialystrrga b O28 a Hglage trtanis,ferO tq,lyit_%rgriworganiposalg,
Stich 88 Yetra u?QIa%mu ium bromide, %&ra%u?ﬁlarr%r‘onlum iodided “OHP
che DEEYMiethylammonium bromids, lthium bromide, ithium iadide, sodium,:
l0dide; potassium bromide, potassmrﬁlocﬁée, césium bromide, and- !
esium iodide. The solvent for use.in the _reaction e an inert solvent
and G SRetinb: Charer NN HS Y 17
N,N-dimethylacetamide, dimethylsulfoxide, acetonitrile, tetrahydrofuran
s sy e Sy Sietite Cohe Siag do2ent
to gfigharpmetane, This ieaglion progeeds gmootlly 81,809, 1506, [0057]
étep % rocess%%qn?his step, the bicyclic derivative of the general

agent for use 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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15 formula (8) (where PI, 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 1-imidazolyl group,
4-nitrophenoxy group, 20 pentafluorophenoxy group, imidoyloxy succinate
bi %ro,u and 1- benzotriazolyloxy rou§ or 1-benzotriazolyl 3-oxide£rou )
LCYBE L ST X'ate R destribed above 1 orhid 3B ¢ah Be féadily Cafied” F - 1
out by known technjques: When W is imidoyloxy succinate group, the
2l eoHfe deriviive orthe GBREIAT 25 U (8 (aRerd Pl andi3¢ a8 ag®
defined above.g{is 29 reacted with N-hydroxysuccini¢ acid in the presenc
3teD oF 4 LedndenbAton Sgantto give e esirall proGUEr WRER W is L 20 Che
benzotrjazolyloxy grou % r 1-benzotriazolyl 3-oxide group), the bicyclic
unpuaé%aﬁlc\l/eco%f?g géﬁgraLf %rmula (8) (where P1, n, 5 and X are as defined
(00 5@30%.) is reacted with 1- hydroxybenzotriazole in the presence of a
condensation agent to give the desired product. Examples of the
Ste cl%nd rsa(t:iorsl a gnt for use in this step include dicyclohexylcarbodiimide
p( C ,f—e?hy?—l-% -dimethylaminopropyl)carbodiimide 10 hydrochloride
(EDCI) gimeth limid zglini m chlcl)r.ide DMC\) ethyl chkor Lormate, 1
ety i e e i G
rormifathe form of splid. liguid or a solufign i@ prapersolvent, Whep tisove ) s

esired t0 use a base in the condensation reaction, the base may be an

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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15 alkali carbonate, such as sodium bicarbonate and potassium
carbonate, or a tertiary amine, such as triethylamine,
diisopropylethylamine, N-methylmorpholine,
diazabicyclo[S.4.0]-7-undecene, pyridine, 4- dimethylaminopyridine, and
1,8-bis(dimethylamino)naphthalene. 20 The solvent for use in the
(005 ?ndensation reaction may be an inert solvent such as
,N-dimethylformamide, N,N- dimethylacetamide, dimethylsulfoxide,
aget nitrile, tetrthydrofuran, dioxane, ethyl ether, dimethoxyethane, ethyl
acetaté, 16lUéie, And dichloromethane. This condensation 25 reaction
praceeds smoaqthly at -20 to 150'C. The resulting 30 bjcyclic derivative pof
the G g Ao (10} herd B 1 hE X are 55 deierifes Srdary
aminBPO¥ENMaYDE used in the subsequent, step after carying ot solation
and purlﬁca jonor as the’ unpurlﬁed:crud]é product. 5? 0 eSt%p%e
I:iré)ceﬁi/Béln this step, tpe bi%yclic derivative of tshe O,%efn.eral dforgmla O)O)is

formf h .
Orlmther {,'h, &and X are as describe a%g\?ej‘ is reacted with an~

remogiSahplaerivative represeqted B R'OH (where 10 RL is a3 defined .,
agove.ftoggive a bicyt%ester derivative of the genera formulg%') @vahere

fornflaPh . 306 X areae defined above). When ahasesiseddy the,.
reaction, the base may be "an inorganic salt, such as sodium hydroxide,

be rgggféﬁn%JWPH@ﬁﬂef%%ﬂﬁ?&ﬁ%@?Oﬂﬁﬁ%ﬁ¥ﬂa%%wPl%%@Q99%§Ebony1

Step

group, it can be readily removed by using trifluoroacetic 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 trifluoroacetyl group, it can be readily
removed by using an ammonia/methanol solution.

[0060]

Process C

[0061]

X R'O X
HO Q . nEe
N Step 1 N
p N

O CN
(11) (1)

[0062]
Step 1 (Process C)

In this step, a bicycloester derivative of the general
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15 carbonate, potassium carbonate, and cesium carbonate, or an organic
base, such as triethylamine, diisopropylethylamine,
N,N,N,N-tetramethylethylenediamine, diazabicyclo[S.4.0]-7- undecene,
diazabicyclo[4.3.0]-S-nonene, 4 dimethylaminopyridine, phosphazene
base, and 20 pent ai sopropylguanidine. The solvent for use in the
reaction maéﬁe an inert solvent such as toluene, acetonitrile,

Formptean{dtofdf4R: tioxare, Mthyllthef, thftylAtetiibterd above-) 1s
dimethoxyethane, ethyl acetate, dichloromethane, N,N-
ot e AR 78 GO Bt HIARSES 25 SHFGIdoRE.

bicy'lf'gis reaction gro.ceeds SmMoo hlgﬁaé -30 to 15(%'0 31]][9359] §1?Eep 7

f3cess ﬁ) Tin this <‘élttelp\,’?heo I group(%ﬁgteﬁr% ectS the'séco dary' amino

ana OUpn the bicycloester,doyivalive of the general 5 farmula (9) (where RI
1,5, and™X are as defined above J s femoved to givea Bicycloester

derivative.of the general formula (1) (where RI, n, and X are as defined
=== L0000} Pl cAH b rolet by Ko S, Wber Bl e ol

(11) tRuiexyearbonyl, agoup. I can e readily remoyed py.using rflueracetc, .
acid 10 or a solution of hydrogen chloride/dioxane. enPlis

enzyloxycarbonyl group, it can be readi rem \@d by using_palladium
an acar o?ﬁlnCc%%?nlb\fr%t%ﬁewﬁﬁ%%rso%%%egg ahlg mor%um(%?n%?e.%hlesn Blis

de 1 HorQaceLy| r?‘rﬁp’tiﬁ%?‘ga?%é%%%”é’ Lemved AXUSING A0, agent to
ammonia/methanol solution.
give the bicycloester 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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15 [0060] Process C [0061] 0 20 HOH O CN (11) r-X IN. R10 /N Step |

0 (1) [0062] Step 1 (Process C) In this step, a bicycloester derivative of

the general 32 formula (1) (where R, n, and X are as defined above.) is

obtained through esterification or alkylation. When the bicycloester

derivative of the general formula (1) (where R', n, and X are as defined

above.) is obtained through 5 esterification, a bicyclic derivative of the
LetraaXSaPfothitiy (T1PENSe AR X &6 5 defhdlfabsveyfis betsmfied Y 1

ith hol derivative, ted by R'OH (where Rl is as_defined
oo EhBie I ootk 6 & RUHENESLH Stont '3 g HG B3 BlohSler

ceacfiSffalye of he deneral formula (1) 40, (where Yo angt are g defiged .
condensation reaction may be carried out via an active ester
or acid chloride having l-imidazolyl group, 4-nitrophenoxy
group, pentafluorophenoxy group, imidoyloxy succinate group or
l-benzotriazolyloxy group (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.) 1s 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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condensation agent for use in the esterification include

dicyclohexylcarbodiimide (DCC), 3-ethyl-I-(3- dimethylaminopropyl)

carbodiimide hydrochloride (EDCI), dimethylimidazolinium chloride

(DMC), ethyl chloroformate, 15 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 pbase inthe |
and REReHEATIGR TeREtion, TS bRSE hiay 58 AR KT CHIBOHALE ; sUthas 1t 13
desi sodjum bicarbonate an(:1L potassium}g:arbonate,,or aZ20 tertiagta inet, such b

©51 48 TidtRylRRiiné, difdbpropytethiahiiive, - Kemetimorpholing -2 -Y st may be
hdiazabicgclo .4.0{1—7-ur1decene, pyLridine, 47dimett1)élamino ridine, and 1,

¢ Ph8%is Ecﬁmré?hﬁé:mlnaosarua?éﬁ%hacfé:ne.n?ﬁg $olvent for use’in the *°

condensation reaction ma #}5 an inert solvent such as . .
e b R AT Ee ik LGP LT Y

acetonitri 3 tetrahydrofuran, .dioxane, ethyl ether, dimethoxyethane,
nen 2 N e,

C Broceeda smoo.thlg .aé -20 to %SO'C. Altekr)nativel the _condensation ..
iodidle, sodium jodide go assium bromx gQ a%fl%P 1o0dide,
reaction may be carrled out via an active ester 6[‘ Cld chioriae havmg

cesifiMdazolyl graup, 45@'?98#@9%”%&%QUPTR%”%‘QE%%’IE’@G’ Y IRy the
imidoyloxy succinate group or~ I-benzotriazolyloxy group (or

reac%%bc?r?zﬁgi Z0ly| §ﬁ°>g%%9£°“s°3%x'z%§%c%c‘i?5§ the adtiveesteroracd
chloride may be used in the subsequent step after carrying out isolation
n, n-820JORHfISation oras the ynpytfied.crude araguyct.
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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[0 0 6 31 When the bicycloester derivative of the general formula (1)
(where R1, n, and X are as defined above.) is obtained through alkylation,
a bicyclic derivative of the general 15 formula (11) (where n and X are as
defined above.) is reacted with a compound represented by Rly2 (where
y2 and R1 are as described above.) in the presence or absence of a base
to give the bicycloester derivative of the general formulaél,) where R1,

R, Bl X e AUy WhERTL IS osted 16 Usb 20 SHAUB IR
gwe reactiogi, thef)ase magé §§ aan%lIkaIi carbonated such a sodiumh

icAfon4 ; ptﬁaélselﬂ% carbondte! afd rc%smlrﬁ{ecarl%&?a%, ora ter%a?y

i B T T ROl

(25.

(17.

SdecentS pyiiding, 4 P2 dimetRiaminopyriding,

heat &1¢ &h%bksé?ﬂ“ueére‘%a?‘é“ro) aphthalene, 34 and phosphazene base.and,
pentaisopropylgianiding. When'it is” desired to use a catalyst'in the

venz {FFEION, e calalystinay b, aphiase transfen catalyst orinoraanic salt,

uch as tetrabutylammonium bromide, tetrabu y?ammonlum iodide,

heat B8N2YltHethylammoniym bromide, lithium bromide, lithium, iodide, sodium.
lodide, potassium romlge, potassium |od|d"é, cesium rgr’nl ean(rjn
ce iumeigditdoe. 'Cl'gg o(lﬂvneiﬁn for use in the reaﬁion maézhbe an jn%rt golysg/gt

vas gUC Ogs acetone, ethanol, N?I\?-d?r%g%ﬁﬂgrlrﬁam}]devfa SaTwLt

aque tOI\é l%lrge;ﬁ%/rg?g%' é:ﬁ?e%?ﬁ(gr?% %Q udﬂg]‘géwl%%{%dodues ag 8?19@5”0% 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 qg).

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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ethylether, dimethoxyethane, ethyl acetate, toluene, and
dichloromethane. This reaction proceeds smoothly at -30 to 150C. [0064]
15 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] 20

c ll<Reference Example 1> Synthesis of ethé/l , ,

© L A inBBic 0122 PotanE TG ExY fats “StEp T Syhtiesis of friethyi©
. 4-benzyloxycarbonylamino- bicyclo[2.2,2]octane-1-carboxylate 25 Methyl
adjuﬁ}ydr%g%n %{cﬁ?o[ﬁé%%gtaﬁ%ﬁ,ﬁdica%o‘?(yﬁﬁg 3 t(ig.gb @?yStals were

£11cfipfienvinhosphon aside (32.5.0). tiethylamine (17,3 mi) andlluene ., .
mL) were mixéd ogether. The mixture was stifred for 2 hours &t
room femperature and was heated and.refluxe 0:1205 urs, To the
0 OO AL G B LAY S Adoi A e tire
Carb\évgsfuréh%r heat Pa d refluxed for 17 hours. Subsequently, the mixture
wad allowed 1o cool and Was sequentially washed with a 10% aqueous
itric acid, saturated ous solution of sodium bicarbonate, and
MS (gazgt%rgtené/t%rintgarie mixture was then dried 10 over anhydrous sodium

[OO6§l]|Ifate and concentrated under reduced

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 mlL) 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 qg).

37



10

15

20

25

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-I- carboxylate (32.2 g). 15

MS (FAB+) m/z: 318 (MH+) [0 0 6 6 1 Step 2: Synthesis of

4- benzyloxycarbonylaminobicyclo[2 2.2]octane-I- carboxylic acid 20

Met enzyloxycarbonylaminobicyclo[2.2.2]octane-I- carboxylate (64.3
63/ di §dlv§§?n Stharof (11200 mL). To this solution, a Imol/L aqueous

[OO6§3|u“0n of sodium hydroxide (1000 mL) was added and the mixture was

rred at 50'C for 1 hour. Ethanol in the mixture was evaporated under
reduced 25 pressure and the residue was washed with diethylether (500
m ) 36 followed by addition of concentrated hydrochloric acid to adjust

...... O ?taZ'S ¥Vere fgg%t P ¥V§.§ ate

4- %efr’]} i&xxc%rb%%}jllfmlnom § 212§ {?é oct ecr%EeszTrt%)f%H? y?glc(:jt 56 1
carba:Renzyloxygarbgnylaming- 1 1ssé!‘£'°é2 2. ZAOCt%‘H%ASE“bPM?te To

MS

—

Step

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
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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4-Benzyloxycarbonylaminobicyclo[2.2.2]octane-I-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 15 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 addijtional 3 hours., The insoluble

2c1dmbidhidls in HEmddae Ware filéted QA the fitratt Wad' dohtehrdd

nder reduced pressure. The residue was dissolved 20 in ethyl acetate
bbb R bR Ten ik Gahal i Tateraricd buat aocous

odiu sulgate, d dried under reduced pressure. The resulting residue
salt g Lee et 1 diica "o Sl SO SBa Rt Rt mekangh Byt

acetate = 2:1 4 ethyl acetate) ta give ethyl 4-benzyloxycarbonylamino
roon T S la o RS (A2 0. 375 (P PR SR (S
0068] Step 4: Synthesis.of eth . .
e by oD 3 Toind T bt S Rpgfomesbane (5 mh),

-aminobicyclo[2.
4-benzyloxycarbonylaminobicyclo[2.2.2]octane-I- carboxylate (40.0 as
e R MR E Rl R e G G

sodi{h0P 9 Y485 added f%ﬁlddthseaﬁxw{ee&’%%ﬁ%e,d aLroom t&r}‘e"rer%%\%é%ro%s
ours ina stream o ydrogen. e catalyst in the reaction mixture was

sodi%%f@ﬁﬁ%%%%S“%%é‘%%%%B%@PQQéBQQHSE¥’%¥8W§Ed pressure. The

residue was dried under reduced pressure to give 1,1-

dimethylethyl methyl bicyclo[2.2.2]octane-1,4-dicarboxylate

(497 mg) .

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,

39



10

15

20

25

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- 15 carboxylate (23.9 g). MS (EI') m/z: 197
(M) [0069] <Reference Example 2> Synthesis of 1,1-dimethylethyl
4-ami,nobicgclo 2.2.2%0ctane-,1- 20 carboxylate Steg clz% Synthesis of

I [

washgq gintéthjidtiyt methyl bicyeToi2 2226k tare 1 A dicRHSGRY e Méth§it Ve

drogen bicyclo[2,2.2]octane-1,4-dicarboxylate 25 (500 mqg) was
L1 R A e Ay St oo AR o e
added Ro he sa?jgtjlon. The mixture was bubbled with isobutene for 5
ile

dlca]r:nlr?tﬁ%s?/v i &: |Iled“|%)a' salt/ice bath. The mixture was then stirred for 4

1 ur opm.temperature was left for 4 days. Su uently, the 5

& Nb?eacfco%tcr%fﬁz’?e vgaéeldillﬁjtsédav%%ﬁ ﬁi;ﬁ%ﬁwietf%ae?% m?g,?ﬂN'ashed

[Ooﬁjquentially with a saturated aqueous solution of sodium bicarbonate and
Saturated brine, dried over anhydrous sodium sulfate, and concentrated

ugder reduced pressure. The residue was dried under reduced pressure

Stepto give 1,1 10 dimethylethyl methyl bicyclo[2.2.2]octane-1,4-dicarboxylate

Synthesis of 1,1-dimethylethyl 4-benzyloxycarbonylamino-

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 1,1l-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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(497 mg). MS (FAB+) m/z: 269 (MH+) [0070] Step 2: 15 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 aqueous
sodium hydroxide solution 20 (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
[OO7£/]23 added to the resulting residue and the mixture was washed with
rethyl ether and was neutralized with 3mol/L 25 hydrochloric acid. The
resultin %gstrﬁllslwege}filtered, 39 washed with water, and dried under

<Refreer uce pre?sﬁe‘?o give 1,1-dimethylethyl hydrogen
%ngézéﬁéékﬁhe—
€sis-of

6H)

i .2.2]octane- 4-ddr|carbox late (344 m% 1HN

1—ca1bl<59<i ethylethyl 4-benzyloxycarbonylamino-
-2-2]octane-l-carboxylate Using 1,1-dimethylethyl hydrogen
bifyclo[2.2.2]octane 10 1,4-dicarboxylate (340 mg), the same procedure

Ste ;
was followed as

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 qg).

'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:
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in Step 1 of Reference Example 1 to give 1,1-dimethylethyl 4-
benzyloxycarbonylaminobicyclo[2.2.2]octane-I-carboxylate (433 mg). 1 H
NMR (CDC13) ~~1.41(s,9H),1.84 (s, 12H), 4 .48-4 .62 (br, 15 1H),
5.03 (s, 2H),7.28-7.38 (m, SH). [00721 Step 4: Synthesis of
1,1-dimethylethyl 4-aminobicyclo[2.2.2]octane-I- carboxylate 20 Using
1,1-dimethylethyl 4-benzyloxycarbon Iaino ,

1 foglowefl as in Step 4 of Reference Example 1 to give 1,1-dimethylethyl
ﬁﬁ—a?né%e&e?clo[z.z.ﬂoctane-l- carboxylate (218 mg). 25 1H NMR (CDC

13) ~~ 1. 4}_&8 %H??gl. 52-1. 56 m, 6H—)b 1. 80-1. 84 (m, 40 6H%fn [0073]

<R&ferdAcé Exampie 33 SUnthedid of 2B ARYdropyanyP O Py Lamino™

by EIORcydol2 2 Zlogane. 5 Leboryiate Step l; Syrfesis of

@] a C
etraliydro yranyP -benz;a/loxyc rbonylamino
bicyclo[2.2.2]qctane-I-carboxylate
proc g S S carbbmy rmndbicy ol 5 21dcate LS 1658 (Fod =0
givegkw@ggyg %@?%%5?%%@?”%D§%§Wgé%9§@5bF?.2.2]octane—1—
carboxylate (357 mg).
MS (EI') m/z: 253 (M').
[0075]

<Reference Example 4>

Synthesis of (2S,4S)-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 qg).

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

HRMS (EI") for C;HgClFN,O (M"): calcd, 190.0309; found, 190.0283.

Example 1
[0076]
F
Et0,C é
E & N
N
H/\I( CN
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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 15 with a saturated aqueous
sodium bicarbonate solution and water, dried over anhydrous sodium
[Oo7s%lfate, and concentrated under reduced pressure. The residue was
Burified by silica gel column chromatography (eluant: hexane: ethyl

: ive 2-tetrahydropyranyl 4-benzyloxycarbonylamino 20

LRI AV DC13) 5 1.53-1.95

CarbZ-tgt{%q%dropyranyl 4-aminobicyclo[2.2.2]oc.tane- 1-carboxylate Using
—%}eﬂ%hyd%opyranyl 4-benzyloxycarbonylamino-

fo asin erence Example give 2-tetrahydrop

was RTURODIOYCIONZ 2 2loctaned: carbpiolals (BT, M EL )12 253

ence Example 4>

NOLOD ’éiga(ggajh

bi 2. -1-carboxyl 54 h d
Sl 2ottt AR e STE AT 102 )

(100

UL) was added to the solution. While the mixture was chilled

in an ice bath, (2S,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
washed with saturated brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure. The res
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
Example 2

[0078]

TR

H o ©N

43
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Synthesis of (2S,4S)-1-(2-chloroacetyl)-4-fluoropyrrolidine-2- cabonitrile
According to the production process of (2S,4S)-1-(2-
bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile described in 15 WO
02/38541 pamphlet, (2S,4S)-4-fluoropyrrolidine-2 carboxamide
hydrochloride (5.00 g) and chloroacetyl chloride (2.60 mL) were used to
btain (2S,4S)-1-(2-chloroacetyl)-4- fluoropyrrolidine-2-carbonitrile (4.96
[00739. MS (EI') m/z: 190 (M"). 20 HRMS (EI') for CTH8CIFN20(M"): calcd,

& g do Bl E0eC S 0715 2 0ce-1-

ine-2- carbonitrile 5
.0 mg) was dissolved

in tonitrjle (2 mL ar.ld.di'so opylamine 00 L) was added to th
e A TR T S R0 L B W81

€ was'c in‘an’ice bat

8483[-1- -hbro e %441%0 opyrrolidine- 2- ar?on' rile (100 mg) in
15 R L L) ks SHI0 10 h L P T trbios Bred for 15

.. _hours while chilled .in the ice bath, Subsequently, water was added and
IR e e LT s o o i 1wl

(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 Ci;gH,7N305 (M'): calcd, 333.2052; found, 333.2037.

Example 3
[0080]
’Buozc\@\
ﬁ;>
Y
[0081]

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

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

In a similar manner to Example 2, t-butyl 4-
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washed with saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue 15 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 (132m%€i|\§8 El") m/z; 351 (M). 20 HRMS

aminafy Gk 63 8H26FNIOS (M9 - catdt, *found, 387)198%° (¢5) -1~
oGRS ORI SIS 6 1 oo oz
co JUTEIDTYE LRSI, st mon
o SAETERISTIRIR A8 T Amcpteb e 00, ve

MS (Ellz&m?g)zir] Ig,%\(-di ethylformamide (1 mL) was then added dropwise at
room temperature. The mixture was stirred for 2 hours at room 10

temperature a as.cancentrated under r e ssure. The residu
HRMSWQ%&plEriﬁ%eO b;r/&%?\%é gﬁ 30(;;%( r;;m cﬁ?oyrﬁgit’og;%é:)%yg %I%éntg%ﬁ%géfo?r?f' 2373.
Examnhﬁéhqlnol =10:1) to give (2S)-1-[[N-(4-

et oxycarbonylbicyclo[2.2.2]oct-1-yl)amino]acetyl]pyrrolidine-

[0082]

Q‘oy\@\”/\g/ A?:

[0083]

Synthesis of (2S,4S)-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-
yl]lamino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (73.3 mg).
MS (FAB') m/z: 408 (MH').

HRMS (FAB') for C;1H31FN3O, (MH'): calcd, 408.2299; found,

408.2295.
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2-carbonitrile (95.1 mg). 15 MS (EI') m/z: 333 (M"). HRMS (EI') for
C18H27N303 (M"): calcd, 333.2052; found, 333.2037. Example 3 [0080]
tBu02C CN 20 [0081] Synthesis of
(2S)-1-[[N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-
1-yl)amino]acetyl]pyrrolidine-2-carbonitrile In a similar manner to Example
2, t-butyl 4 44 aminobicyclo[2.2.2]octane-I-carboxylate (100 mg) and

Exam&ﬂsﬁ-f (2-bromoacetyl)pyrrolidine-2-carbonitrile (90.0 mg) were used to

mwg?tain (2S)-1-[[N-(4-t-butoxycarbonylbicyclo[2.2.2]oct-1-
yhamino]acetyl]pyrrolidine-2-carbonitrile (97.6 mg). 5 MS (EI') m/z: 361
(M"). HRMS (EI') for C20H31N303 (M"): calcd, 361.2365; found,
361.2373. Example 4 [0082] 10 [0083] Synthesis of

(2P,4%)-1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl
(0)7s) oct-1-yllamino]acetyl]-4-fluoropyrrolidine-2- carbonitrile In a
similar ﬁﬁe 2, 2-tetrahydropyranyl 4- 15
2.2%oct

aminobicyclo[ -I-carboxylate (62.9 mg) and (2S,4S)-

[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-
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]pyrrolidine-2-carbonitrile
(85.2 mg) .

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

HRMS (EI") for Cy;H31N30., (M'): calcd, 389.2315; found, 389.2296.

Example 6
[0086]
Ethcﬁ 5
N
Y
[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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1-(2-bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile (53.1 mg) were used

to obtain (2S,4S)-1-[[N-[4-(2

tetrahydropyranyl)oxycarbonylbicyclo[2.2.2]oct-1-

ylJamino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (73.3 mg). 20 MS (FAB")

m/z: 408 (MH’). HRMS (FAB") for C21H31FN304 (MH"): calcd, 408.2299;

found, 408 2295. 45 Example 5[0084] 0 0"~nN HO CN [0085] 5
f(ZS) -1-[[N-[4-(2-tetrahydropyranyl)oxycarbonyl

bicyc Joct 1 amino cetyl yrralidine-2-carbonitrile In a similgr

ma%%%ztt éx%%oﬁle 12 ifgtrgn[yd‘ré%)ir %ﬁy[@f Afe 1 carboxyfate (50.0

amln%p%ycl [2.2,2]octane-1-carboxy a#%éﬁo m )ag(r%e(ﬁse?d 38%

Bromdace yl?pyrrorhdlrfe 2 canbon|1¥ 6'fig) w
btam (29)-1- 4 (2 ra ydr yran loxyc bony
pOtaﬁl‘%yl/g%[Zc %é[rl yl]a Eléno ace%%pyrr%h %Xle -car nhtnle ?éé“é mg) MS
/z; 38 I} far C21H31N304 ( calc 9.2
S, %1":5 deégz%é%m 1% EX El 21 frluoropyrrollgyll?leaé éargb J’cflle

(64.2 mg) in N,N-dimethylformamide (1 mL) was then added

carb

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,4S8)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]lhept-1-
yl)amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile (89.0 mg).
MS (FAB") m/z: 338 (MH").

HRMS (FABR") for Ci7H,sFNs;O5 (MH') : calcd, 338.1880; found,

338.1835.
Example 7
[0088]
EtO,C
S
H o 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-
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[0086] EtO2C [0087] Synthesis of (2S,4S)-1-[[N-(4-ethoxycarbonyl 20
bicyclo[2.2.1]hept-1-yl)amino]acetyl]-4-fluoropyrrolidine-2 46 carbonitrile
Ethyl 4-aminobicyclo[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
. (2S5,45)-1-(2-Bromoacetyl)-4-fluoropyrrolidine-2-carbanitrile (64.2 mg%in
(2 bﬁ%%?r%%ﬁ&%b%gﬁﬁ&elﬁ%%) WastheR auided dropwise af oy €& used

emperatyre and the mixture was stirred for 1. hour. The insglu L
0 ol ke O A AL B SOHRAH Al A b TesHRG

residue was purified by silica 10 gel column chromatography (NH silica,
yl)agu%ﬁi%ﬁﬁﬁiiLaﬁgf &t%%pe 9 car%onltrl e Egg.q &g).

4S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]hept-I-
MS (S%ignﬁng]é(%[e'tyﬁ?A‘:Qfll?gr%;?y'rrolidine-2-carbonitrile (89.0 mg). MS (FAB)

sl S50 1558 Bvmplis (0088) EX02C60 NAVNS FOTR

320.1975.
Example 8
[0090]
9 F
O
N/\n/N
H o ©CN
[0091]

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

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

carbonitrile

(25,45)-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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[0089] 20 Synthesis of (2S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]hept-|

yl)amino]acetyl]pyrrolidine-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 (2-bromoacetyl)pyrrolidine-2-carbonitrile (59.3 mg) were used to

obtain (2S)-1-[[N-(4-ethoxycarbonylbicyclo[2.2.1]hept-I-

y amlno]acetyé pyrrolidine-2-carbonitrile (79.4 mg). MS (FAB’ m/z 320
presﬁ%ﬁ% 5 M ?é)&éﬁ%?oﬁﬁééﬁ%oéf?m#}‘ cgaféue%z%yl HGtihdie !

320. 1@75 Exam 0 009&1 Sﬁ/Tthess 0 ) _
colu qn ok 2 oromethane: methanol

ic clofz zﬁ;_\;l;(tl Q} ycar tyI 4f|uoro yrrolldln 2- carbonitrile
101 TN Carb byl 2 e T 2 b on s

Na tyl]-4-f lidine-2- trile. (30.0 I
Do N e mA L rﬂ% b cesium  CABSRR oA R s

Carbadd%d tolthe cHutéon enzyl bromide (17.5 mg) in
REN- drmeﬁwy ormamici (0.5 mL) was then added while the mixture was
%a%e in nan |c% gth ﬁ@[d the mixture 20 was stirred for 1 hour.
sequently Water was added and the mixture was extracted with ethyl
HRMsaQ‘%’i‘%e The ethyl acelqle,. (uu*): calcd, 414.2193; found,
414.2176.
Example 9
[0092]
Q F
v o @ :5
N
N
H/\(’)r CN
[0093]

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

bicyclo[2.2.2]oct-1-yl)aminolacetyl]-4-fluoropyrrolidine-2-

carbonitrile

In a similar manner to Example 8, (25,4S)-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
(2S,48)-1-[[N-(4-

cyclopropylmethyloxycarbonylbicyclo[2.2.2]oct-1-

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

MS (FABR") m/z: 378 (MHY).
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layer was washed with water and saturated brine, dried over anhydrous
sodium sulfate, and concentrated under reduced 48 pressure. The
resulting residue was purified by silica gel column chromatography
(eluant: dichloromethane: methanol = 10:1) to give
(2S,4S)-1-[[N-(4-benzyloxycarbonyl
bicyclo[2.2,2]oct-1- I)amlno]a -4- quoro rralidine-2- 5 carbonitrile
1015 (Y ) 16 (P B AL (ML) FIRME (FAS 1o S2oHZ0Mi303
378 é ﬁ calcd, 414.2193; found, 414.2176. Example 9 10 [0092] [0093]
qut esis of (2S,4S)-1-[[N-(4-cyclopropylmethyloxycarbonyl
Exam bﬁgclﬂ)z .2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2- 15 carbonitrile In
similar manner to Example 8, (2S,4S)-1-[[N-(4-
00 9%3rboxyb|cyclo[2 .2.2]oct-1-yl)amino] acetyl]-4-
oropyrrolidine-2-carbonitrile (20.0 mg) and cyclopropylmethyl bromide
(12.8 mg) were used to obtain 20 (2S,4S)-1-[[N-(4

cyclopropy ethyloxycarbonyfbicyclo[2.2.2]oct-1-
o ce fluorop idine-2-carbonitrile (13.7 mg). MS (FAB")
78 (MH

[0095]

Synthesis of (25,4S)—-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, (2S5,4S)-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

(25,4S)-4-fluoro-1-[[N-[4-(4-trifluoromethylbenzyl)oxycarbonyl

bicyclo[2.2.2]oct-1-yl]lamino]lacetyl]pyrrolidine-2-carbonitrile

(22.2 mg) .

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

HRMS (FAB') for C,4HzsF4N303 (MH') : calcd, 482.2067; found,
482.2068.

Example 11

[0096]
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HRMS (FAB") for C20H24FN303 (MH"): calcd, 378.2193; found,
378.2207. Example 10 [0094] F3C 5 [0095] Synthesis of
(2S,4S)-4-fluoro-I-[[N-[4-(4-
trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
yllaminoJacetyl]pyrrolidine-2-carbonitrile 10 In a similar manner to
Example 8, (2S,4S)-1-[[N-(4- carboxybicyclo[2.2.2]oct-1-yl)amino]

acetyfl-4- fluoropyrroligine-2-carbonitrile (20.0 mg) and 4-
Me ylbenzyHyromide (16.2 mg) were used to obtain
N2S,4S) SN (4-trifluoromethylbenzyl)oxycarbonyl 15

bicyclo[2.2.2]dct-d-yl]amino]acetyl]pyrrolidine-2-carbonitrile (22.2 mg). MS
(FAB") m/z: 482 (MH") HRMS (FAB") for C24H28F4N303 (MH"): calcd,

[0094752.2067; found, 482.2068. 20 Example 11 [0096] 50 [0097] Synthesis
of (2S,4S)-4-fluoro-I-[[N-[4-(2- methylpropyl)

synt Rycarbonylnigyclol2.2.21octd o1 [ (n-[4- (2-

methylpropyl) oxycarbonylbicyclo[2.2.2]oct-1-

yl]lamino]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 (20.0 mg) and isobutyl
bromide (9.3 mg) were used to obtain (2S,4S)-4-fluoro-1-[[N-
[4- (2-methylpropyl) oxycarbonylbicyclo[2.2.2]oct-1-
yllamino]acetyl]pyrrolidine-2-carbonitrile (14.2 mg).

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

HRMS (FAB') for CyoH3;FN3;03(MH'): calcd, 380.2349; found,
380.2361.

Example 12

[0098]

Me)\O

[0099]

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

methylethyl) oxycarbonylbicyclo[2.2.2]oct-1—

yl]lamino]acetyl]pyrrolidine—-2-carbonitrile
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5 yllamino]acetyl]pyrrolidine-2-carbonitrile In a similar manner to Example
8, (25,4S)-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 (2S,4S)-4-fluoro-I-[[N 10
[4-(2-methylpropyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]amlno]acetyl rrolidine-2- carbonltrlle 4.2 mg FAB’) m/z: 380
(MEFR). HRMEY( L% B CorsL ﬁ?/ﬁ—( g ca?@& 2349 ¥arld

Carb%’;&%g?%cf uoE %nNJ'? 1%2t [2060 §¥8e]IL0£§9 ﬁ)i%r;:g:r%l |]1ylfl)|cyclo[2 2.2]oct-1-

1o TSl oot g S e

iodi%fszm)%we e e,
A oy Ao EAr AN (12 1) NS (EF) miz: 265
11 o{HEMS (B4 or COHEBENSOR (M), caled 305,215 gy

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

HRMS (EI") for Ci9HpgFN30; (M"): calcd, 365.2115; found, 365.2096.

Example 13

[0100]
o F
IS0 S Wis
EtO0.C u/\g’N L

[0101]

Synthesis of (2S,4S5)-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, (25,4S)-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
(2S5,4S5)-1-[[N-[4- (4-ethoxycarbonylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]laminolacetyl]-4-fluoropyrrolidine-2-
carbonitrile (34.7 mg).

MS (EI') m/z: 485 (M').
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10 [0100] EtO2C [0101] Synthesis of (2S,4S)-1-[[N-[4-(4-
ethoxycarbonylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1 15
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-
HRMSethoxycarfbonylbenzyl br%mide (28.1 mg) were ;érsed 0 gbtain 20
2 49)- 11N (A 4 ethBs§ealbonylbERzyTdxyc
Exambif%clﬂc;lLSZ.2.2]oct-1-yl]amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile (34.7
o). (EI') m/z: 485 (M"). 52 HRMS (EI') for C26H32FN305 (M) :
[OlOS?lCd’ 485.2326; found, 485.2309. Example 14 [0102] 5 [0103] Synthesis
of (2S,4S)-1-[[N-[4-[4-(2,2- dimethylethyl)benzyl]
oxycarbonylbicyclo[2.2.2]oct-1-
ylJamino]acejyl]-4-fluoropyrroljline-2-carbonitrile In a similar manner to
C;é)mino]acetyl]-&

Ex 012 -1-[[N-(
Me bicyclo[&.2. }oCtﬁr—N
Methmoropyrrolidine-2-cdtboaitril€N30.0 mg) and 4-(2,2- dimethylethyl)benzyl

bromide (23.2 mg) were used to obtain
[0103]

Synthesis of (2S5,4S)-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, (25,4S)-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
(2S5,45)-1-[[N-[4-[4-(2,2-dimethylethyl)benzyl]oxycarbonyl
bicyclo[2.2.2]oct-1-yl]laminolacetyl]-4-fluoropyrrolidine-2-
carbonitrile (29.9 mg).

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

HRMS (FAB') for Cp7H3;FN3;0; (MH'): calcd, 470.2819; found,
470.2859.

Example 15

[0104]

53

%0%|26; found, 485.23009.
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(2S,4S)-1-[[N-[4-[4-(2,2-dimethylethyl) benzyl]oxycarbony!
bicyclo[2.2.2]oct-l-yllamino]acetyl]-4-fluoropyrrolidine-2- 15 carbonitrile
(29.9 mg). MS (FAB’) m/z: 470 (MH") HRMS (FAB") for C27H37FN303
(MH"): calcd, 470.2819; found, 470.2859. Example 15 20 [0104] CI 53
[0105] Synthesis of (2S,4S)-1-[[N-[4-(4-chlorobenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile 5 In a
[Ologi}nilar manner to Example 8, (2S,4S)-1-[[N-(4-
crbloyblgyc!g 2’.%.2 oc -1.-yl?\1a .‘ o]( Eet;\{@"

Carb4-f|u0ro yrrolidine-2-carbonitrile (25.5 mg). MS (FAB") m/z: 448 (MH").
—Eﬁ\%ﬁzis‘) for C23H28C1FN303 (MH"): calcd, 448.1803; found,
448.1794 Example 16 1501061101071 5, (25, 45)-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-yl]amino]acetyl]-
4-fluoropyrrolidine-2-carbonitrile (25.5 mqg).

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

HRMS (FAB') for C,3HpsClFN3;O; (MH'): calcd, 448.1803; found,
448.1794.

Example 16

[0106]
Q F
O R0
Me E‘/\g’ Ly
[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, (2S5,4S)-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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Synthesis of (2S,4S)-4-fluoro-I-[[N-[4-(4- methylbenzyl)

oxycarbonylbicyclo[2.2.2]oct-1 20 yllJamino]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 4-methylbenzyl 54 bromide
were used to obtain 9628,48

18.9m -4-f|uoro-l-gN-
br Oméléfﬂ-r‘n]e hylbBIRy )8y Earboh b&?c%ﬁf??ﬁ]oc@ ., 48) —4-tluoro-1-[[N-
llami tylJpyrrolidine-2-carbonitrile (9,2 mg), MS. (FAB") m/z: 428
(4= CAIR), SRS (LA for CEARBENSO (VY CAb 12812346 found,
428.2382. E le 17 [0108] MeO 10 J0109] Synthesjs qf
) S Er O CH e BN e (o2 ma)

rbonylbic [ Joct-1- yllJamino]acetyl]pyrrolidine-2-carbonitrile In
Ms (R Pt %% @i&ﬁ%p‘le 8, (2S,4S)-1-[[N-(4- 15
c ybicyclo[2,2.2]oct-1-yl)amijnolacetyl]-4- )
s O honae 2 b Oe (0.0 me) abda-hekicigbehasicBRGride
428 93689 mg) were used to obtain (2S,4S)-4-fluoro-I-[[N- [4-(4-methoxybenzyl)
" oxycarbonylbicyclo[2.2.2]oct-1- ylJamino]acetyl]pyrrolidine-2-carbonitrile

Examg¥%8{®g)

[0108]
e F
O R 5
MeO n/\[or (

[0109]

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

methoxybenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]lamino]acetyl]pyrrolidine—-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-
yllamino]acetyl]pyrrolidine-2-carbonitrile (29.8 mg).

MS (FAB') m/z: 444 (MH").
HRMS (FAB') for CyH31FN30, (MH'): calcd, 444.2299; found,
444 .2269.

Example 18
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20 MS (FAB’) m/z: 444 (MH"). HRMS (FAB") for C24H31FN304 (MH"):
calcd, 444.2299; found, 444.2269. Example 18 55 [0110] [0111]
Synthesis of (2S,4S)-4-fluoro-I-[[N-[4-(2 5
trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
yllaminoJacetyl]pyrrolidine-2-carbonitrile In a similar manner to Example
ﬁ (2S,4S)-1-[[N-(4 carboxybicyclo[2.2.2]oct-1-yl)amino] acetyl]-4-

[011 Jloropyrrolidine-2-carbonitrile (30.0 mg) and 2 10 trifluoromethylbenzyl

bromide (25.4 mg) were used to obtain

(2S,4S)-4-fluoro-I-[[N-[4-(2#rifluoromethylbenzyl)oxycarbonyl

2 t-1-y|]a Q]acetyl]pyrrolidine-2-carbonitrile (39.9 mg). MS

z: 4 S (EI') for C24H27F4N303 (M"): calcd,
481.1989; found H815194¢n Example 19 [0112] [0113] 20 Synthesis of
(2S,4S)-1-[[N-[4-(2,6-dichlorobenzyl)oxycarbonyl

[Ol1Qi]cyclo[2.2.2]oct-1-yl]amino]acetyl]-4-f|uoropyrrolidine-2 56 carbonitrile

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

trifluoromethylbenzyl)oxycarbonylbicyclo[2.2.2]oct-1-

yl]lamino]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
(2S5,45)—-4-fluoro-1-[[N-[4-(2-trifluoromethylbenzyl)oxycarbonyl
bicyclo[2.2.2]oct-1-yl]amino]acetyl]pyrrolidine-2-carbonitrile
(39.9 mqg) .

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

HRMS (EI') for C,uH,7F4N305 (M"): calcd, 481.1989; found, 481.1944.

Example 19
[0112]
ol 0 F
O R 5
N
[0113]

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

bicyclo[2.2.2]oct-1-yl]lamino]acetyl]—-4-fluoropyrrolidine—-2-
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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 (30.0 mg) and 2,6 5 dichlorobenzyl bromide
(24.5 mq) were used to obtain (2S,4S)- 1-[[N-[4-(2,6-dichlorobenzyl)
oxycarbonylbicyclo[2.2.2]oct-1-
yllJaminp]acetyl]-4-fluoropyrrolidine-2-carbonitrile (40.0 mg). MS (EI') m/z:

*iéi—iﬁal—%c RMS (EI') for C23H26C12FN303 (M"): calcd, 481.1335;
found, 10 481 366. Example 20 0114] [01 5] ynthesis ~
s/ fjruoroall[[l\lf‘f‘z{l?f,g,4t€6 rampie £ ETOTS Phy

afluoro yl o o Ib| clo[2. oct 1-
carb ITé’m ace f ?py%rro ine- 2n](}:/a¥ 5 #e acselrwar] manner to Example

flu Oﬁugr%p?/ﬁ%% éILN 4 Earbo b|0}2g 2 2 %(8 I)galg‘gmo]nadceéyl -4 20

ine-2-Carbonitrile mg) and penta uorobenzyl
dlchibf ?Q(sz\?ugro %[\ﬁeélee(uz 2(1'[ Obt in were used to obtain (2S5,48S) -
entaflygrobenz ca bon ycI 0[2.2. oct 3
&]%n@? cety %/ll)rl?o 5|n£ 2yqbonl aZI%l }3 CﬁX§](lglLfm322§OCt !
yv1] aé&g%@% §E‘§< %230@20%@@'\1]:30(13 Mr}ecalccar%‘?’o%?%%lfﬁ?unqil 0.0 mg) .

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

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

481.1366.
Example 20
[0114]
F 0 E
F 0
Y vy
F H lo) CN
[0115]

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

pentafluorobenzyl)oxycarbonylbicyclo[2.2.2]oct—-1~-

yl]lamino]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 2,3,4,5,6-
pentafluorobenzyl bromide (26.6 mg) were used to obtain
(25,4S)-4-fluoro-1-[[N-[4-(2,3,4,5,6—
pentafluorobenzyl)oxycarbonylbicyclo[2.2.2]oct-1-
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5[0116] [0117] Synthesis of (2S,4S)-4-fluoro-I-[[N-[4-(2- methylbenzyl)
oxycarbonylbicyclo[2.2.2]oct-1 10 yllJamino]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 bromide
18.9 mgg were_used to_obtain (2S,4S)-4-fluoro-I-[[N 15
vl aéhl-(ffnlnae fyIBeANyokgearbongibey 22 pb&er-s (41-2 ma) -
MS %&amiqn}%]aqe% yrrolidine-2-carbonitrile (34.1 mg). MS (EI') m/z: 427
(V). FIER1S (BT fof C24H30FN303 (M) : calcd, 427.2271; found,
427.2312, Ex le 22 20 [0 18&58019 S esis of
HRMS(Zzg‘;i ’1,§3)_]1_ 3 _36‘ﬁ1é]ﬁ%/FetiD§l X.yCé.r:‘][OCnJyl gBt\?. f 44; found, 503.1681.
Exam%%/c' &2.2.2]oct-1-yl)amino]acetyl]-4-f|uoropyrrolidine-2- carbonitrile 5
4S)-1-[[N-(4-Carboxybicyclo[2.2.2]oct-1-
[Ol1%?amino]acetyl]-4-f|uoropyrrolidine-z-carbonitrile (50.0 mg),
-hydroxybenzotriazole (26.0 mg),1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (32.5 mg), and (1S)-phenethyl alcohol

(0.094mL) were dissolverd in N,N-dimethylformamide 10 (0.9 mL) The

@Eﬂm tirred atrem temperature for 22
Me

N
N
H/\g’ CN
[0117]

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

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 2-methylbenzyl
bromide (18.9 mg) were used to obtain (2S,4S)-4-fluoro-1-[[N-
[4- (2-methylbenzyl) oxycarbonylbicyclo[2.2.2]oct-1-
yl]lamino]acetyl]lpyrrolidine-2-carbonitrile (34.1 mg).

MS (EI') m/z: 427 (M').
HRMS (EI") for C,4H30FN30; (M"): calcd, 427.2271; found, 427.2312.
Example 22

[0118]
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days and was subsequently concentrated under reduced pressure. [0120]
The resulting residue was purified by thin layer chromatography (eluant:
dichloromethane: methanol = 10:1) to 15 give
(2S,4S,1'S)-1-[[N-(1-phenylethyloxycarbonyl
bicyclo[2.2.2]oct-1-yl)amino]acetyl]-4-fluoropyrrolidine-2- carbonitrile (4.6

[onén ). MS (FAB") m/z: 428 (MH") HRMS (FAB") for C24H31FN303 (MH"):
|

Zhgﬁ%4g%4i[Nﬁéfluoropyrrolidine—Z—

carbglfllorgPY rolidine-2-carbonitrile (50.0 mg), 1- hydroxybenzotriazole (26.0
—mgj—),ﬁﬁtigll?)-phenethyl alcohol (0.094 mL) were used to obtain

2S.4S,1'R)-I-[[N-(] 10 .
SRR B e AR Ao 2

1o <JPEADE SRS GAOLNS ERINE R0 o
)

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)aminolacetyl]-4-fluoropyrrolidine-2-
carbonitrile (4.6 mg).

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

HRMS (FAB') for CpH3;FN3;0; (MH'): calcd, 428.2349; found,
428.2369.

Example 23

[0121]
SRS

59



428.2342. 15 Example 24 [0123] [0124] Synthesis of
(2S,4S)-4-fluoro-I-[[N-(5 20 hydroxypentyloxycarbonylbicyclo[2.2.2]oct-1-
yl)amino]acetyl]pyrrolidine-2-carbonitrile
(2S,4S)-1-[[N-(4-Carboxybicyclo[2.2.2]oct-1
yl)amino]acetyl]-4-fluoropyrrolidine-2-carbonitrile(50.0 mg), 60

ue was purified by

g resid
g QML

bicyPIOPAS e lestng

5-h drb pentyloxycarbonylbicycld[Z.2.2]oct-1-
@éﬁ%%fﬁle%cetyl]pyrrolidine-2-carbonitrile(32.4 mg). 10 MS (FAB’) m/z: 410

(MH). HRMS.(FAB") for C21H33EN304 (MH,); calcd,.41Q.2455; found,

413%4%0?@32£Tr<12%%?%ex§mtp?e Ell\%a[rflgstefo% ﬁw’e a?giﬁt’y%o%%hg c rﬁ%oﬂ%ds

of the. 15 invention tg jnhibit of dipeptidylpeptidase IV gctivity] The
caro g A O e Bine T Bar AM)

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]—-4-
fluoropyrrolidine-2-carbonitrile (3.6 mg).

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

HRMS (FAB') for C,4H3FN30s (MH'): calcd, 428.2349; found,
428.2342.

Example 24

[0123]
Q F
HO/\V/\V/\OJLEEEl~ £;§
:/\g/ CN

[0124]

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

hydroxypentyloxycarbonylbicyclo[2.2.2]oct-1-

yl)amino]acetyl]lpyrrolidine-2-carbonitrile

(25,45)-1-[[N-(4-Carboxybicyclo[2.2.2]oct-1-
yl)amino]acetyl]—-4-fluoropyrrolidine-2-carbonitrile(50.0 mg),
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generated by hydrolysis of H-Gly-Pro-AMC HBr substrate by plasma
dipeptidylpeptidase IV was determined by fluorometry. Method 20 A 20
RL 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 20RL of plasma diluted 8-fold
with saline in a well of a 96-well flat bottom plate. The plate was left at

S~bT 5 tempBratirelforl 28 5 mitutes BREADSREDS BARIRGIATS (235 mI),
H-Gly-Pro- HBr solution was 61 added to each well to initiate the
and Péa%figﬁm‘?ﬁg%ﬁaﬁg ¥/\5[1a“’lsm]re$f3 in (aldgrkmeLHviF'g) hient at T orﬁ?g%%}é?é:mre o
.. 20 minutes, at which point 20gl, 25% acetic acid was d%(la%oil)to terminate
e réqéalc%io%F b%lfnegda %Eofe%%%n%: Sfﬁ?eefeaa%%F,ethgngee%A 55 it
<‘1eentration Waﬁ%eteﬁmm?ed by. exciting the safmeltees at 355 n 12%réd

. 0 '
lHSOEU materia 1 ixture a S r a
measuring W fiorestance inténsity at 260nm. Using' Prism 3.0

11 {Giaphbad Softuare). the resuits were analyzed to. determine the S0%
Inhibitory concen%rarhona(é )U'F'he fesults are shown in Table 1.

r68115:1261 Teasble 1] In \E/litsro dipe iflé(gpelgtidgse I\{Eilnchailbitoerygagti%i‘tjélge L1iant -

PO mdﬁ%l vanmoplﬂ_r) xampleylo -5 xamgle 0.4 xmp?e

chlo%g%gf%: methanol = 10:1) to give (2S,4S)-4-fluoro-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;1H33FN30, (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 UL 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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Exarnple 110.1 3 Compound A3.3 [ 01271 Compound A:
(2S)-I-[[(3-hydroxy-l-adamantyl)amino]acetyl]-2- 15 cyanopyrrolidine
(LAF-237) [01281 <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
addeq dar RSH WES trally admiinisteled to S week Bid fhte ICK dicgte Was
1 ft(CharIes Riv]?r Laboratories Japan) at a dose of 10 mL/kg.stir;gOan T
SHEEDTA Zg-at}:eat&ﬁl ‘ééﬁfﬁ%et%e?&ojéa%%n%ﬁé“? Wets Udslletted from g utes -
tajl vein before administration and 30 5 minutes after administration. The
at Whiod damiples Wete Gettriftigal dt 60B0tpHifor At o Separarte the
lasma. The enzymatic activity was determined using the same
reac U5k To B e T R DI as eterirer FoR e
decrease in the enzymatic activity.from the initial activity 10 (% inhibjtion =
com e Mol S TN ity s AdmbiStaRony bty o> P

ana REOLS 2OMINENa“ar)L A00) The reshls are showp 1 Jgtie 2 (920N,

Prism 3.02 (GraphPad Software), the results were analyzed to

jo]

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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Inhibition of plasma dipeptidylpeptidase IV activity by oral administration
lest compound% inhibition Example 11 0 0 Example 994 Example 119 3
Compound A8 1 1s [0130] Compound A:
(2S)-1-[[(3-hydroxy-I-adamantyl)amino]acetyl]-2- cyanopyrrolidine
(LAF-237) [0131] 20 <Test Example 3> [Oral glucose tolerance test in
mice] The compound of thedgéesent invention of Exam%Ile 1 was 63

PTEPgSTertediAD. 8% sodlum EatBoxymMethyickfuldsd TEMCNG, "Sigha) CF

. Szv%n WeeksEgld male I\%R miceéCharIes Riv%rrn Laboratories Jaipa{% Lk
mice, Sreatdlimatized for 13 eoeﬁétlj)urﬁ]egsthgagéai &izafio ?o%?io the® ™0/ <9
. _animals were allowed to freely 5 consume standard feed (CE-2, Clea
050 B AR water FRETCR oL Shing DUTooks 0 heh 6 TEAES 10r°Fs
hours. bsequently, the animals, were orally administer dO.S%C%ICF- a
oL 1) 3 oo 1 (1 MRS 15 Py AT re e neidtery
. dministered a glucose, solution orally, at a dose 10 of 5.g/kg. Using an
i e S AR locs SR AR BT S Han the
cent BIEI Before cadpinistration of glucose, solution and 15,30, 60, and. 1201,
enzymatic activity 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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minutes after administration. The blood glucose level was 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 hypoleukocyt03|s]

SUSP TG Shety ot e EOMUINGE bt BrESENOG O Syt e

S drug- mduced PO euko]ctﬁtoss was evaluated byC conducting an

lgm%)(pen%%n?accor%lng {3 tHe Pethod desdritéd IS ROk E et A"

Lab (I anese P arma olog and Ttleragl utics V l. 19 64 N 6(]‘5991) h
abo § ). ]filgehst WEeks did mal% IER mice ?dhar es River Laboratorles J%lp%n}t ©

were |ntr erltoneall min steredaS| le dose of yclop hami
aCClﬂ'ﬂﬁ) ﬂ( I’Say% gtart;ng § from the pLgfof%wmg g[ty, co%t?co(ﬁg]r%up

cons lr}{gnssallneil ang t%(iet Lé% pWas o§allél a%mlnlst red the comepoundfdof tthR
02

Fffvention mg/kg) once or]?wme a Say over a five

mice eeoad h?Ioodﬁsamgl]es were coIIecte]oI ﬁ gnd 81%61)@ after the

beglnnlng e test and & white bloo count was 10 monitored over

t|me T Whltceh}kzlood ceIIJ?ount of the te grou&) at agven tlme)wgscwlc Na

Subse Uén cred
paredy with the white blood cell coun fore administration of

(10 SE?%%QO%E?QH%%%S%E&3W3¥E 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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the efficacy of the compound of the present invention against the
drug-induced hypoleukocytosis. 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. [01331 <Test Example 5> [Test for the ability of the
. comik)g%nds: of t5he 2 0 invention to increase the blood G-CSF level] Seven
°- \?/eé id malte @R mice (Charles River Laboratories Japan) were used.

Cogtro rou§ as 89’ ns ineflgg test ro(l%waf orall ,admin{stered for
the ¢ ound 6F the preSent inventi%? to armﬁlﬁg ONEE or fitigs AT OTLes

7 dc?y overafi}l/ da 25,@er}lod. ice w re r?neg,theticz{ed on.tgelday f ¢
*Pfbliowing the 65 cESsation of administration and bicod sdmpies were S ©
collected. Plasma G-CSF level was determined ysing mouse G-CSF

ey L ERTERRHETRED SYSTEN The restitd indicate thatthe pidsma G.CSE

h%)regf}lts indicate t
Fo118V8l wa gign'ﬂg%ﬁtiyo'{‘cﬁfra&?g in the ri%“éonagcfgi“i%gr%fn%‘et%st group
compound of the present invention as compared to control group.

vas INDUSTRIAL ARPLICABILITY [0134] Ag setfoth, the compounds ofhe . .
presen¥|nventlon are novel bicycloester %erlvatlves and pharmaceutically

(1 t%f]%eo%a%?/%%fag%éhee%%f @?1598"% hic9ah¥Dg\Ff)é|¥ igh@é@?’ ggti\/itg'eriod.

armaceutical compositions that contain he compounda o the 3[73)[' sent
Bloo@vggmglgéQR§¥%W8£Q§%@§%EE§?“ﬁ?ﬂ%y‘gﬁd 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 o0ld 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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prevention and/or treatment of diabetes and associated 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): 0OR'OrX NHCCN (1)

5 [wherein Rl is a substituted or unsubstituted Cl to C6 alkyl group,

substituted or unsubstituted, C3 to C6 cycloalkyl group, tetrah dropyran)EI
25 Bloddh sbsII OAITLbSHER Srhietry BB CoLESThRed OF Lot ed.-

o1 unsub_stituFte ar |fth‘¥| %r%#t%), 10 s,ubsgtuted or unsubstit%tgd aFrorELaticA it
asﬁf}dr%cgéoon &ro%p, Lubstitated Br 0Rsubstititdd BromStE hgts’erocy&ié +

ring, substituted or unsubstituted aliphatic heterocyclic ring; X is 2
(RO IS CHOM, S 510 and 4 or 3T or & prdifiatbbnicay - -7

accerp.t%ble salt thereof. 15 2. én jntegﬂediate in the C{:JroductLon of O{hg
was plorl 1caﬁ§%%/%ncr?aﬁe 11 2 A By il ra S hF
|c%cloester erfvative of claim 1, represented by the following genera
compound of the present invention as compared to control group.
INDUSTRIAL APPLICABILITY

[0134]

As set forth, the compounds 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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formula (2): 0 P1 O CN (2) 67 [wherein Rl is a substituted or
unsubstituted Cl to C6 alkyl group, substituted or unsubstituted C3 to C6
cycloalkyl group, tetrahydropyranyl group, substituted or unsubstituted
arylmethyl group, substituted or unsubstituted arylethyl group, 5
substituted or unsubstituted aromatic hydrocarbon group, substituted or
unsubstituted aromatic heterocyclic ring, or substituted or unsubstituted
aliphatic heterocyclic ring; X is CF&A , CF2, CHOH, S, 0r0; nis 1, 2,
or 3; and pl is a protective group for an amino group.]. 10 3. A
pharmaceutical product containing as an active ingredient the

bicycloester derivative af claim 1 or a pharmaceutically acceptable salt .
L lebt 154 S BEPV PGB SEA G Se AN D e g™ no
enebg:¥clgester Peri\( ive of claim 1 or a pharmaceutically acceptable salt
I hereof, 51 A therapeutic agent for a disease involving DPP-IV 20

containing as an active ingredient the bicycloester derivative of claim 1 or
a pBarmaceutically acceptable salt thereof. 6. The therapeutic agent
cedrdipg to claim 5, wherein the disease involving DPP-1V is diabetes or

[wherein R' is a substituted or unsubstituted C: to Cg4 alkyl
group, substituted or unsubstituted C3 to C¢ cycloalkyl group,
tetrahydropyranyl group, substituted or unsubstituted
arylmethyl group, substituted or unsubstituted arylethyl group,
substituted or unsubstituted aromatic hydrocarbon group,
substituted or unsubstituted aromatic heterocyclic ring, or
substituted or unsubstituted aliphatic heterocyclic ring; X is
CH,, CHF, CF,, CHOH, S, or O; and n is 1, 2, or 3.], or a

pharmaceutically acceptable salt thereof.

2. An intermediate in the production of the bicycloester
derivative of claim 1, represented by the following general

formula (2):

0]
R'O X
)
N
éf\(l)l’ CN
()

67



10

15

20

25

25 complication. 68

[wherein R' is a substituted or unsubstituted C: to Cq4 alkyl
group, substituted or unsubstituted C3 to Cg4 cycloalkyl group,
tetrahydropyranyl group, substituted or unsubstituted
arylmethyl group, substituted or unsubstituted arylethyl group,
substituted or unsubstituted aromatic hydrocarbon group,
substituted or unsubstituted aromatic heterocyclic ring, or
substituted or unsubstituted aliphatic heterocyclic ring; X is
CH,, CHF, CF,, CHOH, S, or O; n is 1, 2, or 3; and pl is a

protective group for an amino group.].

3. A pharmaceutical product containing as an active
ingredient the bicycloester derivative of claim 1 or a

pharmaceutically acceptable salt thereof.

4. A DPP-IV inhibitor containing as an active ingredient the
bicycloester derivative of claim 1 or a pharmaceutically

acceptable salt thereof.

5. A therapeutic agent for a disease involving DPP-IV
containing as an active ingredient the bicycloester derivative

of claim 1 or a pharmaceutically acceptable salt thereof.

6. The therapeutic agent according to claim 5, wherein the
disease involving DPP-IV is diabetes or an associated

complication.
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