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(57) ABSTRACT

The present invention relates to the field of pharmaceutical
chemistry, and particularly to a novel class of benzazepine
ketone derivatives (I), their preparation method and their
pharmaceutical uses. The compounds have glycogen phos-
phorylase inhibiting effect and can be used in the preparation
of anti-diabetes and its complications medicaments, anti-
cerebral ischemia medicaments, anti-cardiovascular dis-
eases medicaments, blood lipid-lowering medicaments,
weight-reducing medicaments, anti-atherosclerosis medica-
ments, medicaments for treating metabolic syndrome or
anti-tumor medicaments. The present invention also relates
to a preparation method of the class of compounds and
pharmaceutical formulations containing the same.

11 Claims, 1 Drawing Sheet
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1
BENZAZEPINE KETONE COMPOUNDS AS
GLYCOGEN PHOSPHORYLASE INHIBITOR,
PREPARATION METHOD THEREFOR, AND
MEDICAL USES

TECHNICAL FIELD

The present invention relates to the field of pharmaceu-
tical chemistry and particularly relates to a novel class of
benzazepine ketone glycogen phosphorylase inhibitors. The
compounds can be used in the preparation of anti-diabetes
and its complications medicaments, anti-cerebral ischemia
medicaments, anti-cardiovascular diseases medicaments,
blood lipid-lowering medicaments, weight-reducing medi-
caments, anti-atherosclerosis medicaments, medicaments
for treating metabolic syndrome or anti-tumor medicaments.
The present invention also relates to a preparation method of
the compounds and pharmaceutical compositions containing
the same.

BACKGROUND ART

Glycogen metabolism is an important part of glucose
metabolism. In particular, glycogen metabolic disorders
become a major pathological factor in certain disease states.
Research shows that the regulation and control of insulin on
liver glycogen metabolism is one of the key mechanisms for
maintaining whole body blood glucose equilibrium, myo-
cardial ischemia injury has definite correlations with abnor-
mal cardiac glycogen metabolism, and abnormal brain gly-
cogen metabolism also has some correlations with cerebral
ischemic injury (Journal of China Pharmaceutical Univer-
sity, 2006, 37, 1).

At present, some signal conducting molecules and recep-
tor proteins of glycogen metabolism, such as glycogen
synthase kinase-3, glycogen phosphorylase, protein kinase
B and glucagon receptor, etc., have become potential drug
targets for treating type 2 diabetes, ischemic cardiovascular
diseases, tumors, psoriasis and so on (Med. Res. Rev, 2002,
22, 373; Curr. Protein Pep. Sci., 2002, 3, 561; Cancer Res.,
2006, 66, 5130; Expert Opinion Therap. Pat., 1999, 9, 701).

Among them, glycogen phosphorylase (GP) is a key
enzyme in glycogen metabolism. Said enzyme can catalyze
the phosphorolysis of glycogen to release glucose-1-phos-
phate, which is then converted into glucose-6-phosphate
under the catalyzation of phosphoglucomutase. Glucose-6-
phosphate is either converted into glucose for body tissues
under the catalyzation of glucose-6-phosphatase, or directly
involved in energy supply in anaerobic and aerobic meta-
bolic pathways. Since the glycogen phosphorylase is a key
factor in glycogen metabolism, the pharmacological inhibi-
tion of the glycogen phosphorylase might be used to treat the
diseases associated with excessive glycogen degradation
such as diabetes, ischemic myocardial injury, tumors and so
on (Curr. Protein Pept. Sci., 2002, 3, 561; Am. J. Physiol.
Heart. Girc. Physiol., 2004, 286, H177).

Moreover, hypertension and its associated pathological
changes, such as atherosclerosis, hyperlipidemia and hyper-
cholesterolemia, etc., have been all associated with elevated
insulin levels. Inhibition of glycogen phosphorylase can
effectively reduce insulin levels, and thus can be used in the
treatment of diseases such as hypercholesterolemia, hyper-
insulinemia, hyperlipidemia, atherosclerosis and myocardial
ischemia, etc.

In recent years, the development of novel glycogen phos-
phorylase inhibitors has attracted wide attention. For
example, U.S. Pat. No. 6,297,269 and European Patent
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Application No. EP0832066 described substituted N-(in-
dole-2-carbonyl) amides and their derivatives as glycogen
phosphorylase inhibitors. U.S. Pat. No. 6,107,329 described
substituted N-(indole-2-carbonyl) glycinamides and their
derivatives as glycogen phosphorylase inhibitors. European
Patent Application No. WO2006059163 described pyrrolo-
pyridine-2-carboxylic acid amide derivatives as glycogen
phosphorylase inhibitors.

CONTENTS OF THE INVENTION

The present invention discloses for the first time ben-
zazepine ketone compounds of Formula (I) with medicinal
value, their preparation methods and pharmaceutical uses,
including the use in the preparation of anti-diabetes and its
complications medicaments, anti-cerebral ischemia medica-
ments, anti-cardiovascular diseases medicaments, blood
lipid-lowering medicaments, weight-reducing medicaments,
anti-atherosclerosis medicaments, medicaments for treating
metabolic syndrome and anti-tumor medicaments. In par-
ticular, the compounds of Formula (I) are novel glycogen
phosphorylase inhibitors and therefore can be used for
treating the diseases associated with abnormal glycogen
metabolism. These diseases include diabetes (particularly
type 2 diabetes) and its complications, ischemic cardio-
cerebrovascular diseases (particularly myocardial infarction,
angina, arrthythmias, coronary artery disease, stroke, cere-
bral infarction or ischemic neurodegenerative diseases, etc.),
hyperinsulinemia, insulin resistance, metabolic syndrome,
obesity, fasting hyperglycemia and tumors. Furthermore, the
present invention further provides a pharmaceutical formu-
lation containing the compounds of Formula (I).

The present invention herein relates to the compounds of
Formula (I) and pharmaceutically acceptable salts or esters
thereof:

wherein,

all of X, X,, X5 and X, are C, or one of X, X,, X; and
X, is N and all the others are C;

each of R, and R,', independently, is H, halogen, hydroxy,
cyano, C,_, alkyl, C, _, alkoxy, fluoromethyl, difluoromethyl,
trifluoromethyl, ethenyl or ethynyl;

each of R, and R, independently, is H, halogen, hydroxy,
cyano, C,_, alkyl, C, , alkoxy, fluoromethy], difluoromethyl,
trifluoromethyl, ethenyl or ethynyl;

R; is H, unsubstituted or X-substituted linear or branched
C, o alkyl, alkenyl and alkynyl, substituted or X-substituted
aryl, substituted or X-substituted heteroaryl;

each of R, and R, independently, is H, unsubstituted or
X-substituted linear or branched C, ,, alkyl, alkenyl or
alkynyl;

Y is CHRy, NH, O, S;

Ry is H, unsubstituted or X-substituted linear or branched
C, ., alkyl, alkenyl, alkynyl, phenyl, benzyl, naphthyl or
nitrile group;
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X represents H, F, Cl, Br, I, CN, NO,, NH,, CF;, SH, OH,
OCH,, OC,H;, COOH, linear or branched C, ,, alkyl,
alkenyl, alkynyl, aryl or heteroaryl.

The preferred compounds of the above-mentioned com-
pounds are:

all of X, X,, X; and X, are C;
each of R, and R ', independently, is H, halogen, cyano;
each of R, and R,', independently, is H;

R, is H, unsubstituted or X-substituted linear or branched
C,_, alkyl, substituted or X-substituted aryl, substituted or
X-substituted heteroaryl;

each of R, and R, independently, is H;
Y is CH,, NH, O;

X represents H, F, Cl, Br, I, CN, NO,, NH,, CF;, SH, OH,
OCH,;, OC,H;, COOH, linear or branched C, ,, alkyl,
alkenyl, alkynyl, aryl or heteroaryl.

The more preferred compounds are:
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-continued
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The compounds of the present invention can be prepared
using the reported methods or the following method:

Substituted indole carboxylic acid or pyrrolopyridine-2-
carboxylic acid and a benzazepine ketone compound are
dissolved in an organic solvent, and a condensing agent, and
an organic amine or an inorganic base are then added. The
reaction is conducted from 1 to 72 hours at a temperature
ranging from 0° C. to 45° C. The solvent is generally
selected from inert solvents, particularly aprotic solvents
such as acetonitrile, chloroform, dichloromethane, 1,2-di-
chloroethane, N,N-dimethylformamide, toluene, n-hexane,
cyclohexane, tetrahydrofuran, tert-butyl methyl ether or
mixed solvent of the above solvents, preferably dichlo-
romethane, 1,2-dichloroethane or N,N-dimethylformamide.
The condensing agent can be a common condensing agent
for amidation, such as 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDCI), N,N'-dicyclohexylcar-
bodiimide (DCC), O-benzotriazolyl-N,N,N',N'-tetramethyl-
uronium tetrafluoroborate (TBTU), 2-(7-azabenzotriazolyl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate
(HATU), 1-propylphosphonic anhydride (T;P). The inor-
ganic base can be selected from sodium carbonate, sodium
bicarbonate, potassium carbonate or potassium bicarbonate,
and the organic base can be selected from N,N-diisopropy-
lethylamine or triethylamine.

The present invention also provides pharmaceutical for-
mulations, which comprise the compounds of Formula (I),
pharmaceutically acceptable salts or esters thereof as an
active agent, or pharmaceutically acceptable carriers.

Said pharmaceutically acceptable carriers are common
pharmaceutical carriers in pharmaceutical field, referring to
one or more inert, non-toxic, solid or liquid fillers, diluents,
or adjuvants, etc., which could not act adversely with active
compounds or patients.

The dosage forms of the pharmaceutical compositions
according to the present invention can be tablets, capsules,
pills, suppositories, soft capsules, oral liquids, suspensions,
injections and other dosage forms commonly used in phar-
maceutics.

Tablets and capsules for oral administration may contain
conventional excipients such as fillers, diluents, lubricants,
dispersants and binders.

Various dosage forms of the pharmaceutical compositions
according to the present invention can be prepared according
to processes well-known in pharmaceutical field.

The dose of the above active agents will be variable
depending on formulations.

In general, it has been proved that the following advan-
tageous dose can be administrated to achieve desired results:
the total dose of the compounds of Formula (1) is about 0.01
to 800 mg, preferably 0.1 to 100 mg/kg per kilogram of body
weight per 24 hours. If necessary, the compounds can be
administrated in the form of several single doses. If neces-
sary, however, the above dose can also be deviated, depend-
ing on type and body weight of a subject to be treated,
individual behavior towards medicament, nature and sever-
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ity of disease, type of formulation and administration, and
time and frequency of administration.

DESCRIPTION OF FIGURES

The present invention will be further illustrated herein
below with reference to examples and the figures of the
accompanying drawings.

FIG. 1 indicates general formula of compounds of the
present invention.

FIG. 2 indicates a preparation process of some derivatives
of the present invention.

In FIG. 1 and FIG. 2, X, X,, X5, X4, R, R, Ry, Ry, Ry,
R,, Rs, R4, X and Y are as defined in the above-mentioned
Formula ().

EMBODIMENTS

Hereinafter, the present invention will be specifically
illustrated with reference to the specific examples. In the
present invention, the following examples are intended to
better illustrate the present invention, rather than to consti-
tute a limitation of the protection scope of the present
invention.

The implementation of the present invention will be
further illustrated by way of the following examples.

Example 1

7-(5-Chloro-1H-indole-2-carboxamido)-3,4-dihyd-
robenzo[f][1,4]oxazepin-5(2H)-one

5-Chloro-1H-indole-2-carboxylic acid (593 mg, 3.03
mmol) and 7-amino-3,4-dihydrobenzo[f][1,4]oxazepin-5
(2H)-one (450 mg, 2.53 mmol) were dissolved in dry
dichloromethane (10.0 ml), slowly added with the solution
of 1-propylphosphonic acid cyclic anhydride in ethyl acetate
(T3P, 50 wt. %, 3.02 mL, 10.12 mmol) and N,N-diisopro-
pylethylamine (DIPEA, 1.3 mL, 7.59 mmol). After the
addition, the mixture was stirred at room temperature for 2
h under nitrogen. After completion of the reaction, the
mixture was washed successively with 1N aqueous hydro-
chloric acid, saturated aqueous NaHCO; and saturated salt
water, dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was separated by a reversed-phase
HPLC (mobile phase: (ACN—H,O (0.1% TFA), gradient:
40% to 70%) to afford a white solid (70 mg, 16%).

ESI-MS m/z: 354.1 [M-H]".

'H-NMR (d,-DMSO, 400 MHz): 11.94 (s, 1H), 10.39 (s,
1H), 8.37 (t,J=4.4 Hz, 1H), 8.13 (d, J=2.0 Hz, 1H), 7.97 (dd,
J=2.4, 8.8 Hz, 1H), 7.94 (dd, J=2.4, 8.8 Hz, 1H), 7.78 (s,
1H), 7.48 (d, J=8.8 Hz, 1H), 7.43 (s, 1H), 7.23 (d, ]=8.4 Hz,
1H), 7.05 (d, J=8.8 Hz, 1H), 4.28 (t, J=4.4 Hz, 2H),
3.33-3.35 (m, 2H).

Glycogen Phosphorylase In Vitro Inhibitory Activity Assay

Preparation of reagents: 1) preparation of color develop-
ing solution: 5 g of ammonium molybdate was weighed,
dissolved in 500 ml of 1M HCI and stirred with a stirrer until
completely dissolved. Then the mixture was added with 190
mg of malachite green with stirring until completely dis-
solved. The solution prepared was wrapped with an alumi-
num foil to protect it from exposure to light; 2) preparation
of buffer: 1 0.5958 g of Hepes was precisely weighed and
dissolved in 5 ml H,O. The solution was adjusted to pH 7.2
using 10M NaOH to formulate a Hepes solution with a final
concentration of 0.5 M; 2 0.3728 g of KCl was precisely
weighed and dissolved in 5 ml H,O to formulate a KCl
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6

solution with a final concentration of 1 M; 3 0.0255 g of
MgCl, was precisely weighed and dissolved in 1 ml H,O to
formulate a MgCl, solution with a final concentration of 125
mM; 4 0.0476 g of BGTA was precisely weighed and
dissolved in 5 ml H,O. The solution was adjusted to pH 7.0
using 10M NaOH to formulate a EGTA solution with a final
concentration of 25 mM; 5 0.0152 g of G-1-P was precisely
weighed and dissolved in 10 ml H,O to formulate a G-1-P
solution with a final concentration of 5 mM; 6 10 mg of
glycogen was precisely weighed and dissolved in 1 ml H,O
to formulate a glycogen solution with a final concentration
of 10 mg/ml; 3) preparation of solution of positive drug
caffeine: the caffeine was dissolved in 10 ml H,O to for-
mulate a solution of 0.5, 5, 50 and 500 uM; 4) preparation
of GPa solution: 1 ul GPa was added to 100 pl of the reaction
system to achieve a final concentration of 250 ng/100 pl; 5)
preparation of the solution of test compound: the test com-
pound was dissolved in DMSO to prepare a solution with a
concentration of 10 mM. Appropriate amount of compound
solution was added to the reaction system to achieve differ-
ent final concentrations.

Determination of dose-response curve of rabbit muscle
glycogen phosphorylase activity: a dose-response curve was
determined by reading OD values of various concentrations
of GPa solutions at 655 nm after added with a color
developing solution. The amount of GPa can be 250 ng as
determined from the dose-response curve.

Experimental procedure: 1) designing PC (positive con-
trol), Blank (blank control), positive drug (caffeine); 2)
adding 52 pl of reaction buffer; 3) adding the test compound
to a final concentration; 4) adding 1 ul of enzyme to a final
concentration of 250 ng/100 pul; 5) adding 150 pl of the color
developing solution; 6) reacting at 30° C. for 20 minutes; 7)
colorimetry determination at a wavelength of 655 nm; 8)
reading data and calculating inhibitory activity:

Inhibitory Activity=(PC-test sample)/(PC-Blank)

The result showed that the compound in Example 1 had
an 1C5;<0.1 uM. The pharmacological data indicated that
the compounds of Formula (I) had the effect of inhibiting
glycogen phosphorylase, and therefore can be used to pre-
pare anti-diabetes medicaments, anti-cerebral ischemia
medicaments, anti-cardiovascular diseases medicaments,
blood lipid-lowering medicaments, weight-reducing medi-
caments, anti-atherosclerosis medicaments or anti-tumor
medicaments.

The invention claimed is:

1. A compound of Formula (I), or a pharmaceutically
acceptable salt or ester thereof:

@

wherein,

all of X, X,, X, and X, are C, or one of X, X,, X; and
X, is N and all the others are C;

each of R, and R,', independently, is H, halogen, hydroxy,
cyano, C,_, alkyl, C,_, alkoxy, fluoromethyl, difluo-
romethyl, trifluoromethyl, ethenyl, or ethynyl;



US 9,868,735 B2

7

each of R, and R,', independently, is H, halogen, hydroxy,
cyano, C,, alkyl, C, , alkoxy, fluoromethyl, difluo-
romethyl, trifluoromethyl, ethenyl, or ethynyl;

R; is H, unsubstituted or X-substituted linear or branched
C, .50 alkyl, unsubstituted or X-substituted linear or
branched C, ,, alkenyl, unsubstituted or X-substituted
linear or branched C,_,, alkynyl, substituted or X-sub-
stituted aryl, or substituted or X-substituted heteroaryl;

each of R, and R, independently, is H, unsubstituted or
X-substituted linear or branched C,_,, alkyl, unsubsti-
tuted or X-substituted linear or branched C, ,, alkenyl,
or unsubstituted or X-substituted linear or branched
C, 5, alkynyl;

Y is CHRg, NH, O, or S;

Ry is H, unsubstituted or X-substituted linear or branched
C, .o alkyl, unsubstituted or X-substituted linear or
branched C, ,, alkenyl, unsubstituted or X-substituted
linear or branched C, ,, alkynyl, phenyl, benzyl, naph-
thyl, or nitrile group;

X represents H, F, Cl, Br, I, CN, NO,, NH,, CF;, SH, OH,
OCH,, OC,H,, COOH, linear or branched C, _,, alkyl,
linear or branched C, ,, alkenyl, linear or branched
C,.;0 alkynyl, aryl, or heteroaryl.

2. The compound of Formula (I), or the pharmaceutically

acceptable salt or ester thereof according to claim 1,
wherein,

all of X, X,, X; and X, are C;

each of R, and R,', independently, is H, halogen, or
cyano;

each of R, and R,', independently, is H;

R; is H, unsubstituted or X-substituted linear or branched
C,_, alkyl, substituted or X-substituted aryl, substituted
or X-substituted heteroaryl;

each of R, and R, independently, is H;

Y is CH,, NH, or O;

X represents H, F, Cl, Br, I, CN, NO,, NH,, CF;, SH, OH,
OCH,, OC,H;, COOH, linear or branched C,_,, alkyl,
linear or branched C, ,, alkenyl, linear or branched
C,_ 1o alkynyl, aryl, or heteroaryl.

3. The compound of Formula (I), or the pharmaceutically

acceptable salt or ester thereof according to claim 1, wherein
the compound is
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-continued
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4. A method for preparing the compound of Formula (I)
according to claim 1, comprising:

dissolving a substituted indole carboxylic acid or a sub-

stituted pyrrolopyridine-2-carboxylic acid, and a ben-
zazepine ketone compound in an organic solvent to
form a solution;

adding a condensing agent, and an organic amine or an

inorganic base to the solution,

wherein a reaction is carried out in the solution for 1 to 72

hours at a temperature ranging from 0° C. to 45° C.

5. A pharmaceutical composition, comprising a therapeu-
tically effective dose of the compound of Formula (I)
according to claim 1, a racemic mixture thereof, an optical
isomer thereof, or a pharmaceutically acceptable salt or ester
thereof, and a pharmaceutically acceptable carrier.

6. The compound of Formula (I) according to claim 1,
wherein the compound is a glycogen phosphorylase inhibi-
tor.

7. The method of claim 4, wherein the solvent is selected
from the group consisting of acetonitrile, chloroform,
dichloromethane, 1,2-dichloroethane, N,N-dimethylforma-
mide, toluene, n-hexane, cyclohexane, tetrahydrofuran, tert-
butyl methyl ether, and mixtures thereof.

8. The method of claim 4, wherein the solvent is dichlo-
romethane, 1,2-dichloroethane, or N,N-dimethylformamide.

9. The method of claim 4, wherein the condensing agent
is selected from the group consisting of 1-ethyl-3-(3-dim-
ethylaminopropyl)carbodiimide hydrochloride (EDCI),
N,N'-dicyclohexylcarbodiimide (DCC), O-benzotriazolyl-
N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU),
2-(7-azabenzotriazolyl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU), and 1-propylphosphonic
anhydride (T5P).
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10. The method of claim 4, wherein the inorganic base is
sodium carbonate, sodium bicarbonate, potassium carbon-
ate, or potassium bicarbonate.

11. The method of claim 4, wherein the organic base is
N,N-diisopropylethylamine or triethylamine. 5
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