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ABSTRACT

Derivatives of azabicyclo octane of the formula (IB),

wherein R is the following formula:

R5 R7}—W

\)\g”}g
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methods of making such compounds, compositions containing the same and uses thereof as

inhibitors of dipeptidyl peptidase |V (DPP-1V).
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DERIVATIVES OF AZABICYCLO OCTANE, THE METHOD OF MAKING THEM AND THE
USES THEREOF AS INHIBITORS OF DIPEPTIDYL PEPTIDASE |V

FIELD OF THE INVENTION
This invention relates to derivatives of azabicyclo octane, the method of making them, and

the compositions containing the same and the uses thereof, particularly their pharmaceutical use

as inhibitors of dipeptidyl peptidase |V (DPP-1V).

BACKGROUND OF THE INVENTION

Diabetes refers to a disease process derived from multiple causative factors and
characterized by elevated levels of plasma glucose or hyperglycemia along with sugar, fat and
protein metabolism disorder caused by insulin secretion and/or the action defects. Diabetes Is an
ancient disease, and due to the human body absolute or relative lack of insulin resulting in
increased concentrations of glucose in the blood which largely discharges in urine with more

drink, more urine, more food, weight loss, dizziness, weakness and other symptoms.

Dipeptidyl peptidase-IV (DPPIV) is a serine protease which cleaves N-terminal dipeptides
from a peptide chain containing, preferably, a proline residue in the penultimate position.
Although the biological role of DPPIV in mammalian systems has not been completely
established, it is believed to play an important role in neuropeptide metabolism, T-cell activation,
attachment of cancer cells to the endothelium and the entry of HIV into lymphoid cells

(W098/19998).

More recently, it was discovered that DPPIV is responsible for inhibiting the secretion of
glucagon-like peptide (GLP)-1. More particularly, DPPIV cleaves the amino-terminal His-Ala
dipeptide of GLP-1, degrading active GLP-1(7-36)NH, into inactive GLP-1(9-36)NH,
(Endocrinology, 1999, 140: 5356-5363). Under the physiological condition, the half-life of the
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whole GLP-1 in blood circulation is short, the inactive metabolite from GLP-1 degraded by DPPIV
can combine with GLP-1 receptor to antagonize the active GLP-1, so the physiological response
to GLP-1 is shortened. The endogenous even exogenous GLP-1 can be entirely protected by the
DPPIV inhibitor from being deactivated by DPPIV, and the GLP-1 bioactivity can be significantly
increased (5- to 10-fold). Since GLP-1 is a major stimulator of pancreatic insulin secretion and
can directly effect on glucose disposal, the DPPIV inhibitor is well useful for treating

non-insulin-dependent diabetes mellitus (NIDDM) (US6110949).

SUMMARY OF THE INVENTION
Accordingly, the present invention relates to compounds having formula (l) or

pharmaceutically acceptable salts thereof:

(1

wherein:

R Is selected from the group consisting of alkyl, cycloalkyl, haloalkyl, aryl, heteroaryl,
aminocarbonyl alkyl, amide alkyl, aminocarbonyl alkyl having heterocycle and aminoalky!,
wherein the heterocycle is 5- or 6-membered hetero ring further substituted with one or more
groups selected from the group consisting of alkyl, aryl, heteroaryl, haloalkyl, haloalkoxyl,
hydroxyl, amino, alkylamino, amide group, aminocarbonyl, cyano, alkynyl, alkoxyl, aryloxyl,
aminoalkyl, hydroxyalkyl, heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen;

R, Is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl;
heteroaryl, -C(O)NR3R,4, -C(O)R; and -C(O)ORs, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group

consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl;

2
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R, is selected from the group consisting of hydrogen and methyl;

R, and R, are each independently: selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,
carboxylic acid, carboxylic ester, halogen and -NR;R4; and

n is an integer from O to 4.

Further, the present invention includes the compounds of formula (IA) or pharmaceutically

acceptable salts thereof:

wherein:

R is selected from the group consisting of alkyl, cycloalkyl, haloalkyl, aryl, heteroaryl,
aminocarbony! alkyl, amide alkyl, aminocarbonyl alkyl having heterocycle and aminoalkyl,
wherein the heterocycle is 5- or 6-membered hetero ring further substituted with one or more
groups selected from the group consisting of alkyl, aryl, heteroaryl, haloalkyl, haloalkoxyl,
hydroxyl, amino, alkylamino, amide group, aminocarbonyl, cyano, alkynyl, alkoxyl, aryloxyl,
aminoalkyl, hydroxyalkyl, heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen;

3
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R, is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryi,
heteroaryl, -C(O)NR3R, -C(O)R; and -C(O)OR;, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted:with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocycio alkyl;

R, is selected from the group consisting of hydrogen and methyl;

R,; and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R, and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,

carboxylic acid, carboxylic ester, halogen and -NR3R;.

Preferably, in the compounds having formula (I) or pharmaceutically acceptable salts

thereof, R is the following formuia.:

wherein Rs is selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl,
heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo
alkyl is further substituted with one or more groups selected from the group consisting of alkyl,
cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl,

4
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amino, alkylamino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid
and carboxylic ester,

Rs and R; are each independently selected from the group consisting of alkyl, aryl, heteroaryi,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyl,
heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen; and

Wis C, S or O atom.

Further, the present invention includes the compounds of formula (IB) or pharmaceutically

acceptable salts thereof:

~wherein R is the the following formula:’

R, is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NR;R, -C(O)R; and -C(O)ORs, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl,

R; and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyil,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,

trifluoromethyl, carboxylic acid and carboxylic ester; or

<
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R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyi,
carboxylic acid, carboxylic ester, halogen and -NR3;R;

Rs is selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and
heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo alkyl is further
substituted with one or more groups selected from the group consisting of alkyl, cycloalkyl, aryl,
heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl, amino, alkylamino,
cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid and carboxylic ester,;

Rs and R; are each independently selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyl,
heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen; and

Wis C, S or O atom.

Further, the present invention includes the compounds of formula (IC) or pharmaceutically

acceptable salts thereof:

wherein R is the following formula:

R5 RY}-W

Yy

o Ré6

R; is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,

6
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heteroaryl, -C(O)NR;R4 -C(O)R; and -C(O)OR3, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl;

R; and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,
carboxylic acid, carboxylic ester, halogen and -NR3Rj,;

Rs is selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and
heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo alkyl is further
substituted with one or more groups sclected from the group consisting of alkyl, cycloalkyl, aryl,
heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl, amino, alkylamino,
cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid and carboxylic ester;

Rs and R; are each independently selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyil,
heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen; and

Wis C, S or O atom.

This invention provides compounds having formula (I) or pharmaceutically acceptable salits,

wherein the salts comprise the salts formed with the acids selected from the group consisting of

22771167.1
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hydrochloric acid, p-toluenesulfonic acid, tartaric acid, maleic acid, lactic acid, methanesulfonic
acid, sulfuric acid, phosphoric acid, citric acid, acetic acid and trifluoroacetic acid, preferably, the

acids are p-toluenesulfonic acid, hydrochloric acid or trifluoroacetic acid.

In a particularly preferred embodiment, the compounds having formula (1) or

pharmaceutically acceptable salts include:

Example No. | Structure Name
HGI-H /\JN? cis-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-oxo-
S 4 ethylamino]-hexahydro-cyclopentac]pyrrole-2
1 N -carboxylic acid dimethylamide hydrochloride
04[\1?1/
1
, N
Ho HN/\IJ)/ cis-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-
5 . § 'N oxoethylamino]-hexahydro-cyclopenta|c]
pyrrole-2-carboxylic acid methyl ester
N .
hydrochloride
P
0”0

cis-1-{2-[2-(2-Hydroxy-acetyl)-octahydro-
cyclopenta|c]pyrrol-5-ylamino}-acetyl}-
pyrrolidine-2-carbonitrile hydrochloride

: O:ﬁ
-

HCI - H /\H/N?

° cis-1-{2-[2-(Piperidine-1-carbonyl)-
4 e\ octahydro-cyclopentalc]pyrrol-5-ylamino]-
acetyl}-pyrrolidine-2-carbonitrile hydrochioride

227711671
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HCl -HN™ N
0 cis-1-[2-(2-Acetyl-octahydro-cyclopentalc]
5 Hop—foH N pyrrol-5-ylamino)-acetyl]-pyrrolidine-2-
N carbonitrile hydrochloride
) A
5
HCI- HN N
/\g | cis-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-oxo-
. T wH N ethylamino]-hexahydro-cyclopenta|c]
N pyrrole-2-carboxylic acid isopropylamide
hydrochloride
OJ\H_< y
6
HCI 'HN/\H’N?
0 Lj cis-1-{2-[2-(Morpholine-4-carbonyl)-
7 | T octahydro-cyclopentalc]pyrrol-5-ylamino]-
j‘\ acetyl}-pyrrolidine-2-carbonitrile hydrochloride
0O” "N
(O
4
HOI-HN ™ Yy N
O
l\l cis-1-{2-[2-(Pyrrolidine-1-carbonyl)-
8 i ' octahydro-cyclopentalc]pyrrol-5-ylamino]-
j‘\ acetyl}-pyrrolidine-2-carbonitrile hydrochloride
O rD
8
TFA-HN™ N
O cis-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-0xo0-
9 H «H N ethylamino]-hexahydro-cyclopentalc]
N pyrrole-2-carboxylic acid dimethylamide
OJ\T/ trifiutate
9
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ethylamino]-hexahydro-cyclopentajc]
pyrrole-2-carboxylic acid dimethylamide
A~ | triflutate

TFA -HN" NS
g c trans-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-oxo-
Hop—vH N

10

Further, this invention relates to compounds of the following formula (I-1c) as intermediates

in the synthesis of compounds having formula (i):

wherein:

R, is selected from the group consisting of hydrogen, alkyi, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NRsR4 -C(O)R; and -C(O)OR;, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl;

R; and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3to 8 membered rings are further

substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,

10
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haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyi,

carboxylic acid, carboxylic ester, halogen and -NR3R,.

Furthermore, this invention relates to the preparation process of compounds of formula (IB),
wherein the preparation process comprises the following steps of:

0 O

Q %

()ﬁl\C) THA

-1a -1b

reacting starting material 5-oxo-hexahydro-cyclopentafc]pyrrole-2-carboxylic acid tert-butyl
ester (I-1a) with trifluoroacetic acid in the solvent of dichlormethane in an ice-water bath to obtain

hexahydro-cyclopenta[c]pyrrol-5-one triflutate (I-1b);

O O
h
R1

TFA
-1b -1¢

reacting hexahydro-cyclopenta[c]pyrrol-5-one triflutate (I-1b) with acyl chloride or ester, in

the presence of base to give the compounds of formuila (I-1c);

. .R
O AN
Q B H“QH
N N
R1 R1

I-1¢ (1B}

reacting the said compounds of formula (I-1¢) with equivalent amounts of different amines,
sodium triacetoxyborohydride and triethylamine in the solvent of methanol at room temperature
to obtain the compounds of formula (IB);

wherein:

R is selected from the group consisting of alkyl, cycloalkyl, haloalkyl, aryl, heteroaryl,

aminocarbonyl alkyl, amide alkyl, aminocarbonyl alkyl having heterocycle and aminoalkyl,

11
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wherein the heterocycle is 5- or 6-membered hetero ring further substituted with one or more
groups selected from the group consisting of alkyl, aryl, heteroaryl, haloalkyl, haloalkoxyl,
hydroxyl, amino, alkylamino, amide group, aminocarbonyl, cyano, alkynyl, alkoxyl, aryloxyl,
aminoalkyl, hydroxyalkyl, heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen;

R, is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NR;R, -C(O)R; and -C(0)OR3, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyi;

R3; and R, are each independently selected from the group consisting of hydrogen, alkyil,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl,'heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

Hs and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,

carboxylic acid, carboxylic ester, halogen and -NR;R..

Preferably, in the preparation proress described above, R is the following formula:

rg R7

wherein:

Rs is selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and
12
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heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo alkyl is further
substituted with one or more groups selected from the group consisting of alkyl, cycloalkyl, aryi,
heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl, amino, alkylamino,
cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid and carboxylic ester;

R¢ and R; are each independently selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxy!, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyl,
heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen; and

Wis C, S or O atom.

Furthermore, this invention relates to a pharmaceutical composition comprising compounds
or salts thereof having formula (l) in an effective therapeutic dose, as well as pharmaceutically

acceptable carrier.

Furthermore, this invention relates to a use of the compounds or pharmaceutical acceptable
salts having formula (1) in the preparation of a medicament as a dipeptidyl peptidase (DPPIV)

inhibitor.

In other words, this invention is intended to provide the new aza-bicyclo alkane derivatives
of formula (ID) and (IE) and tautomers, enantiomers, non-enantiomers, racemes, and

pharmaceutically acceptable salts, and metabolites and metabolic precursors or prodrugs

thereof.
R7
R5 R7
N)—x R5 X
HN 1) HN/kn/Ni)
O CN CN
n I n O
& H H ey H
) N
R1 R1
1D =
wherein:
13
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R, is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NR;R, -C(O)R3;and -C(O)ORg3, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alky];

Rs; and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloaikyl, aryl, heféroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyil,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,
carboxylic acid, carboxylic ester, halogen and -NR3;R,.

n is an integer from O to 4;

Rs is selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and
heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo alkyl is further
substituted with one or more groups selected from the group consisting of alkyl, cycloalkyl, aryl,
heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl, amino, alkylamino,
cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid and carboxylic ester;
and

R7 Is each independently selectea irom the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyl,

heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen.

14
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Preferably, this invention relates to compounds or pharmaceutically acceptable salts of

formula (IF) and (1G):

R5 R7

R7
N AN
o CN

T Cn HN
H "g" H H "Q” H

) \
R R
IF G

wherein:

R, is selected from the group con;isting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NR;R, -C(O)R3 and -C(O)OR;, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl;

R, and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R; and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,
carboxylic acid, carboxylic ester, halogen and -NR3R,.

Rs is selected from the group cons'isting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and
heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or heterocyclo alkyl is further

substituted with one or more groups selected from the group consisting of alkyl, cycloalkyl, aryl,
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heteroaryl, alkoxyl, cycloaikoxyl, aryloxyl, heteroaryloxyl, halogen, hydroxyl, amino, alkylamino,
cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl, carboxylic acid and carboxylic ester;
and

R, is each independently selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkynyl, alkoxyl, aryloxyl, hydroxyalkyl,

heterocyclo alkyl, carboxylic acid, carboxylic ester and halogen.

Furthermore, this invention also relates to compounds of the following formula (I-1c) or (I-1g)

as intermediates in the synthesis of compounds having formula (l):

wherein:

R, is selected from the group consisting of hydrogen, alkyl, cycloalkyl, heterocyclo alkyl, aryl,
heteroaryl, -C(O)NR3R, -C(O)R; and -C(O)OR;, wherein the alkyl, cycloalkyl, heterocyclo alkyl,
aryl or heteroaryl is further substituted with one or more groups selected from the group
consisting of alkyl, aryl, hydroxyl, amino, alkoxyl, aryloxyl and heterocyclo alkyl;

R, and R, are each independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclo alkyl, wherein the alkyl, cycloalkyl, aryl, heteroaryl or
heterocyclo alkyl is further substituted with one or more groups selected from the group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, alkoxyl, cycloalkoxyl, aryloxyl, heteroaryloxyl,
halogen, hydroxyl, amino, cyano, hydroxyalkyl, heterocyclo alkyl, heterocyclo alkoxyl,
trifluoromethyl, carboxylic acid and carboxylic ester; and

R, and R, are attached together with the N atom to form a 3 to 8 membered hetero ring,
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wherein the 3 to 8 membered hetero ring further contains one or more heteroatoms selected
from the group consisting of N, O and S atom, and the 3 to 8 membered rings are further
substituted with one or more groups selected from the group consisting of alkyl, aryl, heteroaryl,
haloalkyl, haloalkoxyl, hydroxyl, amino, cyano, alkoxyl, aryloxyl, hydroxyalkyl, heterocyclo alkyl,

carboxylic acid, carboxylic ester, halogen and -NR3R,.

This invention relates to compounds having formula (1) or pharmaceutically acceptable salts,
wherein the compounds having formula (l) are in pharmaceutically acceptable free-form and the
forms of acid addition salts, and provides the pharmaceutically acceptable (nontoxic,
physiologically acceptable) salts thereof; wherein the pharmaceutically acceptable salts are
selected from the group consisting of hydrochloride, p-toluenesulfonate, tartarate, maleate,
lactate, methanesulfonate, sulfate, phosphate, citrate, acetate and triflutate. Preferably, the salts
are p-toluenesulfonate, hydrochloride and trifluoroacetate. More preferably, the salts are

hydrochloride and triflutate.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise stated, the following terms used in the specification and claims have the
meanings discussed below.

"Alkyl" refers to a saturated aliphatic hydrocarbon group including C+-Cyq straight chain and
branched chain groups. Preferably an alkyl group is a middle size alkyl having 1 to 10 carbon
atoms, e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, and the like. More
preferably, it is a lower alkyl having 1 to 4 carbon atoms, e.g., methyl, ethyl, propyl, 2-propyl,
n-butyl, 1so-butyl, or tert-butyl, and the like. The alkyl group may be substituted or unsubstituted.
When substituted, the substituent group(s) is preferably independentlyhalo, hydroxyl, lower
alkoxy, aryl, aryloxy, heteroaryl, heterocyclo alkyl, C(O)R3; and C(O)NR;R,

"Cycloalkyl" refers to a 3 to 8 membered all-carbon monocyclic ring, an all-carbon

5-membered/6-membered or 6-membered/6-membered fused bicyclic ring or a multicyclic fused
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ring (a "fused" ring system means that each ring in the system shares an adjacent pair of carbon
atoms with other ring in the system) group. Examples of cycloalkyl groups are cyclopropane,
cyclobutane, cyclopentane, cyclohexane, adamantane, cycloheptane, and the like. The
cycloalkyl group may be substituted or unsubstituted. When substituted, the substituent group(s)
is preferably one or more independently selected from the group consisting of lower alkyl,
trihaloalkyl, halo, hydroxy, lower alkoxy, aryl (optionally substituted with one or more groups
which each independently is halo, hydroxy, lower alkyl or lower alkoxy groups), aryloxy
(optionally substituted with one or more groups which each independently is halo, hydroxy, lower
alkyl or lower alkoxy groups), 6-membered heteroaryl (having 1 to 3 nitrogen atoms on the ring,
the carbons on the ring being optionally substituted with one or more groups which each
independently is halo, hydroxy, lower ulkyl or lower alkoxy groups), 5-membered heteroaryl
(having 1 to 3 heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur, the
carbon and nitrogen atoms of the group being optionally substituted with one or more groups
which each independently is halo, hydroxy, lower alkyl or lower alkoxy groups), 5- or
6-membered hetercyclo alkyl (having 1 to 3 heteroatoms selected from the group consisting of
nitrogen, oxygen and sulfur, the carbon and nitogen (if present) atoms of the group being
optionally substituted with one or more groups which each independently is halo, hydroxy, lower
alkyl or lower alkoxy groups), mercapto, (lower alkyl) thio, arylthio (optionally substituted with one
or more groups which each independently is halo, hydroxy, lower alkyl or lower alkoxy groups),
cyano, acyl, thioacyl, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido,
N-amido, nitro, N-sulfonamido, S-sulfonamido, C(O)R; C(O)NR;R, and -C(O)OR;

"Alkenyl" refers to an alkyl group as defined above having at least 2 carbon atoms and at
least one carbon-carbon double bond. Representative examples include, but are not limited to
ethenyl, 1-propenyl, 2-propenyl, 1-, 2-, 3-butenyl, and the like.

"Alkyny!" refers to an alkyl group as defined above having at least 2 carbon atoms and at

least one carbon-carbon triple bond. Representative examples include, but are not limited to

ethynyl, 1-propynyl, 2-propynyl, 1-, 2-, 3-butynyl, and the like.
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"Aryl" refers to groups having at least one aromatic ring, i.e., having a conjugated pi-electron
system, including all-carbon cyclic aryl, heteroaryl and biaryl group. Said aryl group may be
optionally substituted with one or more groups each independently seleted from the group
consisting of halo, trihalomethyl, hydroxy, SR, nitro, cyano, alkoxyl and alkyi.

"Heteroaryl" refers to an aryl having 1 to 3 heteroatoms selected from the group consisting of
N, O, and S as ring atoms, the remaining ring atoms being C. Said ring is 5- or 6- membered ring.
The examples of heteroaryl groups include furyl, thienyl, pyridyl, pyrrolyl, N-alkyl pyrrolyl,
pyrimidinyi, pyrazinyl, imidazolyl, and the like.

"Heterocyclo alkyl" refers to a monocyclic or fused ring group of 5 to 9 ring atoms, wherein
one, or two ring heteroatoms are selected from the group consisting of N, O, and S(O)n (n is
integer from 0 to 2), the remaining ring atoms are C, in addition, the ring may also have one or
more double bonds, but not have a coinpletely conjugated pi-electron system. The unsubstituted
heterocyclo alkyl includes, but is not limited to pyrrolidyl, piperidine subbase, piperazine subbase,
morpholinyl, thiomorpholinyl, homopiperazinyl, and the like. The heterocyclo alkyl may be
substituted or unsubstituted. When substituted, the substituent is preferably one or more, more
preferably one, two, or three, further more preferably one or two groups, each independently
selected from the group consisting of lower alkyl, trihaloalkyl, halo, hydroxy, lower alkoxy, cyano
and acyl. Preferably, the heterocyclo alkyl is optionally substituted with one or two groups
independently selected from the group consisting of halo, lower alkyl, trinaloalkyl, hydroxy,
mercapto, cyano, N-amido, and carboxy.

"Hydroxy" refers to an -OH group.

"Alkoxy!" refers to both an -O-(alkyl) and an -O-(unsubstituted cycloalkyl) group.
Representative examples include, but are not limited to, e.g., methoxy, ethoxy, propoxy, butoxy,
cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the like.

"Haloalkoxy " refers to an -O-(haloalkyl). Representative examples include, but are not
limited to, e.q., trifluoromethoxy, tribromomethoxy, and the like.

"Aryloxyl" refers to both an -O-aryl and an -O-heteroaryl group, wherein the aryl and
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heteroaryl are as defined above. Representative examples include, but are not limited to, e.g.,
phenoxy, pyridinyloxy, furanyloxy, thienyloxy, pyrimidinyloxy, pyrazinyloxy, and the like, and
derivatives thereof.

"Mercapto" refers to a -SH group.

"Alkylthio" refers to a -S-(alkyl) and a -S-(unsubstituted cycloalkyl) group. Representative
examples include, but are not limited to, e.g., methylthio, ethylthio, propyithio, butyithio,
cyclopropylthio, cyclobutylthio, cyclopentylthio, cyclohexyithio, and the like.

"Arylthio" refers to a -S-aryl and a -S-heteroaryl group, wherein the aryl and heteroaryl are
as defined above. Representative examples include, but are not limited to, e.g., phenylthio,
pyridinylthio, furanyithio, thienyithio, pyrimidinylthio, and the like, and derivatives thereof.

"Acyl" refers to a -C(O)-R" group, where R" is selected from the group consisting of
hydrogen, lower alkyl, trihalomethyl, unsubstituted cycloalkyl, aryl (optionally substituted with one
or more, preferably one, two, or three substituents selected from the group consisting of lower
alkyl, trihalomethyl, lower alkoxy and halo groups), heteroary! (bonded through a ring carbon)
(optionally substituted with one or more, preferably one, two, or three substitutents selected from
the group consisting of lower alkyl, trinaloalkyl, lower alkoxy and halo groups), and
heteroalicyclic (bonded through a ring carbon) (optionally substituted with one or more,
preferably one, two, or three substituents selected from the group consisting of lower alkyl,

trihaloalkyl, lower alkoxy and halo groups). Representative acyl groups include, but are not

limited to, acetyl, trifluoroacetyl, benzoyl, and the like.
"Thioacyl" refers to a -C(S)-R" group, wherein R" is as defined above.
"Acetyl" refers to a -C(O)CH; group.
"Halo" refers to fluoro, chloro, bromo, or iodo, preferably fluoro or chloro.
"Trifluoromethyl" refers to a -CF; group.
"Cyano" refers to a -C=N group.
"Amino” refers to a -NH, group.

"Carboxylic acid” refers to a -COOH group.
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"Carboxylic ester" refers to a -COOR group, wherein R is alkyl or cycloalkyl.

"Hydroxyl alkyl" refers to a-(CH,)rNH, group, wherein r is an integer from 1 to 4.

"Optional” or "optionally” means that the subsequently described event or circumstance
may or may not occur, and that the description includes instances where the event or
circumstance may or may not occur. For example, "heterocycle group optionally substituted with
an alkyl group” means that the alkyl may or may not be present, and the description includes
situations where the heterocycle group is substituted with an alkyl group and situations where the
heterocyclo group is not substituted with the alkyl group.

A “pharmaceutical composition" refers to a mixture of one or more of the compounds
described herein, or physiologically/pharmaceutically acceptable salts or prodrugs thereof, with
other chemical components, such as physiologically/pharmaceutically acceptable carriers and
excipients. The purpose of a pharmaceutical composition is to facilitate administration of a

compound to an organism.

SYNTHESIS METHOD OF THE INVENTION COMPOUND
In order to complete the objective of the invention, the invention applies the following

technical solution:

A preparation process of compounds of formula (IB) or pharmaceutically acceptable saits of

the invention, comprising the following steps of:

H. R
0 O O H“'N’R acid N
Q ] ] Q - H“Q'H i H“QH
N
1k : i ) i
TFA
00 R1
-1b -1¢ (IB)

Reacting starting material 5-oxo-hexahydro-cyclopenta[c]pyrrole-2-carboxylic acid tert-butyi
ester (I-1a) with trifluoroacetic acid in the solvent of dichlormethane in an ice-water bath to obtain

hexahydro-cyclopentalc]pyrroi-5-one triflutate (I-1b); reacting
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hexahydro-cyclopentajc]pyrrol-5-one triflutate (I-1b) with acyl chloride or ester in the presence of
base to give the compounds of formula (I-1¢); reacting the compounds of formula (I-1c¢) with
equivalent amounts of different amines, sodium triacetoxyborohydride and triethylamine in the

solvent of methanol at room temperature to obtain the compounds of formula (1B).

This invention relates to a pharmaceutical composition comprising a compound or salt
having formula (1) in an effective therapeutic dose, as well as a pharmaceutically acceptable
carrier, or this invention relates to a use of the compounds or salts in the preparation of a
medicament as a dipeptidyl peptidase inhibitor. In other words, this invention also provides the
composition comprising the above compound in an effective therapeutic dose, and the use of the

compounds in the preparation of a medicament as a dipeptidyl peptidase inhibitor.

SPECIFIC IMPLEMENTION METHODS
The following examples serve to illustrate the invention, but the examples should not be

considered as limiting the scope of the invention.

EXAMPLES

The compound’s structure determination was confirmed by NMR and MS. NMR chemical
shifts were given in ppm (10°). NMR was determined by a Bruker AVANCE-400 machine. The
solvent were deuterated-chloroform (CDCI;) and deuterated-dimethyl sulfoxide (DMSQO-d6) with

tetramethylsilane (TMS) as internal standard. Chemical shifts were given in ppm (10°).

MS was determined by a FINNIGA N LCQ Ad (ESI) mass spectrometer.

The average of inhibitory rate of kinase and 1Cs, was determined by a NovoStar ELIASA
(BMG Co. German).

Thin-layer silica gel was yantai huanghai HSGF254 or gingdao GF254 silica gel plate.

Column chromatography generally used yantai huanghai 200-300 mesh silica gel as carrier.

DMSO-Dg: deuterated-dimethyl sulfoxide.
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cis-5-[2-(2-Cyano-pyrrolidin-1-yl)-2-oxo-ethylamino]-hexahydro-cyclope nta[c]

pyrrole-2-carboxylic acid dimethylamide hydrochloride
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