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7) ABSTRACT

Compounds are provided which are useful as antidiabetic
agents and antiobesity agents and have the structure

R3
|
AN Y

(CH )i (CHp)z

wherein mis 0,1 or 2; nis 0, 1 or 2;

Qis Cor N;

A is (CH,), where x is 1 to 5, or A is (CH,)," where x*
is 1 to 5 with an alkenyl bond or an alkynyl bond
embedded anywhere in the chain, or A is —(CH,),*—
O—(CH,),>— where x*is 0 to 5 and x> is 0 to 5,
provided that at least one of x* and x° is other than 0;

B is a bond or is (CH,),* where x* is 1 to 5;
X is CH or N;

X,isC,N, O orS;

X;isC,N,OorS;

X,isC,N,OorS;

X5is C,N,O or S;

Xsis C,N, O or S;

and A, R*, R2, R??, R??, R?¢, R® and Y are as defined herein.

15 Claims, No Drawings
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SUBSTITUTED HETEROCYCLIC
DERIVATIVES USEFUL AS ANTIDIABETIC
AND ANTIOBESITY AGENTS AND METHOD

This application claims priority from U.S. Provisional
Application 60/394,553, filed Jul. 9, 2002 which is incor-
porated herein by reference.

FIELD OF THE INVENTION

The present invention relates to novel substituted hetero-
cyclic derivatives which modulate blood glucose levels,
triglyceride levels, insulin levels and non-esterified fatty
acid (NEFA) levels, and thus are particularly useful in the
treatment of diabetes and obesity, and to a method for
treating diabetes, especially Type 2 diabetes, as well as
hyperglycemia, hyperinsulinemia, hyperlipidemia, obesity,
atherosclerosis and related diseases employing such substi-
tuted heterocyclic derivatives alone or in combination with
another antidiabetic agent and/or a hypolipidemic agent
and/or other therapeutic agents.

DESCRIPTION OF THE INVENTION

In accordance with the present invention, substituted
heterocyclic derivatives are provided which have the struc-
ture I:

R3
R
NY | Y
d’ I ey

wherein mis 0, 1 or 2; nis 0, 1 or 2;

QisCorN;

A'is (CH,), where x is 1 1o 5, or A is (CH,)," where x*
is 1 to 5 with an alkenyl bond or an alkynyl bond embedded
anywhere in the chain, or A is —(CH,),>—0—(CH,),”—
where x% is 0 to 5 and x° is O to 5, provided that at least one
of x* and x> is other than 0;

B is a bond or is (CH,)," where X" is 1 to 5;

X is CH or N;

X,is C,N, O or S;

X;isC,N,OorS;

X,is C,N,OorS;

X5is C,N,Oor S;

Xsis C,N, OorS;
provided that at least one of X,, X5, X, X5 and X, is N; and
at least one of X,, X;, X, X5 and X is C, and specifically
excluding the structure(s) as shown below:

RZb 3
2 \ R
R \//_ l_\\ (CHz)X r /\ | A
&—l—/\X// | (CH )m (CH )n
RZc \X
4 R!

where X,=N, X,=C, X,=0 or S, Z=O or a bond

In each of X through X, as defined above, C may include
CH.

R1 is H or alkyl;

11111 11 . 1 ata a1
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R?“, R?” and R* may be the same or different and are
selected from H, alkyl, alkoxy, halogen, amino, substituted
amino or cyano;

R? is selected from H, alkyl, arylalkyl, aryloxycarbonyl,
alkyloxycarbonyl, alkynyloxycarbonyl, alkenyloxycar-
bonyl, arylcarbonyl, alkylcarbonyl, aryl, heteroaryl,
cycloheteroalkyl, heteroarylcarbonyl, heteroaryl-
heteroarylalkyl, alkylcarbonylamino, arylcarbonylamino,
heteroarylcarbonylamino, alkoxycarbonylamino,
aryloxycarbonylamino, heteroaryloxycarbonylamino,
heteroaryl-heteroarylcarbonyl, alkylsulfonyl,
alkenylsulfonyl, heteroaryloxycarbonyl, cyclohetero-
alkyloxycarbonyl, heteroarylalkyl, aminocarbonyl, substi-
tuted aminocarbonyl, alkylaminocarbonyl,
arylaminocarbonyl, heteroarylalkenyl, cycloheteroalkyl-
heteroarylalkyl; hydroxyalkyl, alkoxy, alkoxyaryloxy-
carbonyl, arylalkyloxycarbonyl, alkylaryloxycarbonyl,
arylheteroarylalkyl, arylalkylarylalkyl, aryloxyarylalkyl,
haloalkoxyaryloxycarbonyl, alkoxycarbonylaryloxycar-
bonyl, aryloxyaryloxycarbonyl, arylsulfinylarylcarbonyl,
arylthioarylcarbonyl, alkoxycarbonylaryloxycarbonyl,
arylalkenyloxycarbonyl, heteroaryloxyarylalkyl,
aryloxyarylcarbonyl, aryloxyarylalkyloxycarbonyl,
arylalkenyloxycarbonyl, arylalkylcarbonyl,
aryloxyalkyloxycarbonyl, arylalkylsulfonyl,
arylthiocarbonyl, arylalkenylsulfonyl, heteroarylsulfonyl,
arylsulfonyl, alkoxyarylalkyl, heteroarylalkoxycarbonyl,
arylheteroarylalkyl, alkoxyarylcarbonyl, aryloxyheteroaryl-
alkyl, heteroarylalkyloxyarylalkyl, arylarylalkyl,
arylalkenylarylalkyl, arylalkoxyarylalkyl, arylcarbonyl-
arylalkyl, alkylaryloxyarylalkyl, arylalkoxycarbonylhetero-
arylalkyl, heteroarylarylalkyl, arylcarbonylheteroarylalkyl,
heteroaryloxyarylalkyl, arylalkenylheteroarylalkyl,
arylaminoarylalkyl, aminocarbonylarylarylalkyl;

Y is CO,R* (where R* is H or alkyl, or a prodrug ester)
or Y is a C-linked 1-tetrazole, a phosphinic acid of the
structure P(O)(OR**)R>, (where R** is H or a prodrug ester,
R? is alkyl or aryl) or a phosphonic acid of the structure P(O)
(OR™),;

(CHQX’ (CH2)x1’ (CH2)x2’ (CH2)x3’ (CHZ)x4’ (CH2)m’ and
(CH,),, may be optionally substituted with 1, 2 or 3 sub-
stituents;

including all stereoisomers thereof, prodrug esters
thereof, and pharmaceutically acceptable salts thereof.

Examples of

which are present in the compounds of the invention include,
but are not limited to,

N. O
g A g <
N\/ﬁ \ﬁ
N N
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as well as the five-membered rings covered under the
definition of heteroaryl set out hereinafter,
preferably

o
_<\N

7

Preferred are compounds of formula I of the invention
having the structure [A:

and

IA
R® RZ\ R
’d
\//_l_\ Xy, .~ (CHL /r/ /\I\ /IL\ A
&_ X4 tol A (CHn (CHyY
=%l X
R X/XS

Rl

where X is CH
More preferred are compounds of formula I of the inven-
tion having the structure IB:

R3

|
7
Kj\«:m)m/ "
\

In the above compounds, it is most preferred that R>*, R??
and R?° are each H; R* is alkyl, preferably CH,; x* is 1 to
3; R*is H; m is 0 or (CH,),, is CH, or CHOH or CH-alkyl,
X5, X5, X,, X5 and X, represent a total of 1, 2 or 3 nitrogens;
(CH,), is a bond or CH,, R?® is arylalkyloxycarbonyl,
arylheteroarylalkyl, aryloxyarylalkyl, arylalkyl,
aryloxycarbonyl, haloaryloxycarbonyl, alkoxyaryloxycar-
bonyl, alkylaryloxycarbonyl, aryloxyaryloxycarbonyl,
heteroaryloxyarylalkyl, heteroaryloxycarbonyl,
aryloxyarylcarbonyl, arylalkenyloxycarbonyl,
cycloalkylaryloxycarbonyl, arylalkylarylcarbonyl,
heteroaryl-heteroarylalkyl, cycloalkyloxyaryloxycarbonyl,
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cycloheteroalkylalkyloxycarbonyl, cycloheteroalkyloxy-
carbonyl, or polyhaloalkylaryloxycarbonyl, which may be
optionally substituted, more preferably alkoxyaryloxycarbo-
nyl.

Preferred compounds of the invention include the follow-
ing:

/\COZH

%ﬂjf ¢j

OCH,

o

N CH,

h—N

OCH;,

CH
N. 3
VAR N/\COZH
Ph—N
\ e
N o o 0

OCH,

o
N
VA N/\COZH
Ph—N
\ —
N CH, o o

OCH,4
CH,
/©/\ N/\COZH
/ 0 o)\o
Ph |
o—N
[aYals .
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-continued -continued
CHs CH;
O~ : IS :
. N N7 con O—N N co
’ \ /lk/\ )\ S \
N o) o (o) \N o o o
10

o
H o— “cou
j\/\ o @

20

CHj, o— O/\ CO,H
: N
o A~ @—4
HyC \ J\/\ )\ 25
N o)

@) (0]

CH,
30 A
O0—N N Ncon
ocths X )\/\ )\
CH, N (¢} o ¢}
N/\COZH

35

0—N )\
N
0 0—N N o
CH, X )\/\ )\
: N o o o

N/\COZH
- AT K

I N e
et LI A A
N

CH,
: 50
BQ N/\COZH
O—N )\
A )\/o o o) C02H
) H/ 5
CHs
H OCF;
CHa N/\COZH 60 In addition, in accordance with the present invention, a

O0—N method is provided for treating diabetes, especially Type 2
diabetes, and related diseases such as Type I diabetes, insulin

\
X )\/ © © ® resistance, hyperglycemia, hyperinsulinemia, elevated blood
K/ levels of fatty acids or glycerol, hyperlipidemia, obesity,

65 hypertriglyceridemia, inflammation, Syndrome X, diabetic
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of a compound of structure I is administered to a patient in
need of treatment.

In addition, in accordance with the present invention, a
method is provided for treating early malignant lesions (such
as ductal carcinoma in situ of the breast and lobular carci-
noma in situ of the breast), premalignant lesions (such as
fibroadenoma of the breast and prostatic intraepithelial neo-
plasia (PIN), liposarcomas and various other epithelial
tumors (including breast, prostate, colon, ovarian, gastric
and lung), irritable bowel syndrome, Crohn’s disease, gas-
tric ulceritis, and osteoporosis and proliferative diseases
such as psoriasis, wherein a therapeutically effective amount
of a compound of structure I is administered to a patient in
need of treatment.

In addition, in accordance with the present invention, a
method is provided for treating diabetes and related diseases
as defined above and hereinafter, wherein a therapeutically
effective amount of a combination of a compound of struc-
ture I and another type antidiabetic agent and/or a hypolipi-
demic agent, and/or lipid modulating agent and/or other type
of therapeutic agent, is administered to a human patient in
need of treatment.

In the above method of the invention, the compound of
structure I will be employed in a weight ratio to the
antidiabetic agent (depending upon its mode of operation)
within the range from about 0.01:1 to about 100:1, prefer-
ably from about 0.5:1 to about 10:1.

The conditions, diseases, and maladies collectively refer-
enced to as “Syndrome X” or Dysmetabolic Syndrome (as
detailed in Johanson, J. Clin. Endocrinol. Metab., 1997, 82,
727-734, and other publications) include hyperglycemia
and/or prediabetic insulin resistance syndrome, and is char-
acterized by an initial insulin resistant state generating
hyperinsulinemia, dyslipidemia, and impaired glucose
tolerance, which can progress to Type II diabetes, charac-
terized by hyperglycemia, which can progress to diabetic
complications.

The term “diabetes and related diseases” refers to Type II
diabetes, Type I diabetes, impaired glucose tolerance,
obesity, hyperglycemia, Syndrome X, dysmetabolic
syndrome, diabetic complications and hyperinsulinemia.

The conditions, diseases and maladies collectively
referred to as “diabetic complications™ include retinopathy,
neuropathy and nephropathy, and other known complica-
tions of diabetes.

The term “other type(s) of therapeutic agents” as
employed herein refers to one or more antidiabetic agents
(other than compounds of formula I), one or more anti-
obesity agents, and/or one or more lipid-lowering agents,
one or more lipid modulating agents (including anti-
atherosclerosis agents), and/or one or more antiplatelet
agents, one or more agents for treating hypertension, one or
more anti-cancer drugs, one or more agents for treating
arthritis, one or more anti-osteoporosis agents, one or more
anti-obesity agents, one or more agents for treating immu-
nomodulatory diseases, and/or one or more agents for treat-
ing anorexia nervosa.

The term “lipid-modulating” agent as employed herein
refers to agents which lower LDL and/or raise HDL and/or
lower triglycerides and/or lower total cholesterol and/or
other known mechanisms for therapeutically treating lipid
disorders.

DETAILED DESCRIPTION OF THE
INVENTION
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thetic schemes, as well as relevant published literature
procedures that are used by one skilled in the art. Exemplary
reagents and procedures for these reactions appear herein-
after and in the working Examples. Protection and depro-
tection in the Schemes below may be carried out by proce-
dures generally known in the art (see, for example, T. W.
Greene & P. G. M. Wats, Protecting Groups in Organic
Synthesis, 3" Edition, 1999 [Wiley]).

Scheme 1 describes a general synthesis of the amino acids
described in this invention. An alcohol 1 (R*(CH,),>OH) is
coupled with a hydroxy aryl- or heteroaryl-aldehyde 2
(preferably 3- or 4-hydroxybenzaldehyde) under standard
Mitsunobu reaction conditions (e.g. Mitsunobu, O.,
Synthesis, 1981, 1). The resulting aldehyde 3 is then sub-
jected to reductive amination using procedures known in the
literature (e.g. Abdel-Magid et al, J. Org. Chem. 1996, 61,
3849) with an a-amino ester hydrochloride 4. PG in Scheme
1 denotes a preferred carboxylic acid-protecting group, such
as a methyl or tert-butyl ester. The resulting secondary
amino-ester 5 is then subjected to a second reductive ami-
nation using methods known in the literature (e.g. Abdel-
Magid et al, J. Org. Chem. 1996, 61, 3849) with an R3*
aldehyde 6. Final deprotection of the carboxylic acid ester
under standard conditions known in the literature (reference:
Greene et al supra) utilizing basic conditions (for methyl
esters) or acidic conditions (for tert-butyl esters) then fur-
nishes the desired amino acid products II.

An alternative route to the aldehyde 3 is shown in Scheme
1A. Alcohol 1 (R*(CH,),OH) is treated with methanesulfo-
nyl chloride to give the corresponding mesylate 7. The
mesylate 7 is then alkylated under standard basic conditions
with a hydroxyaryl or hydroxyheteroaryl aldehyde 2 to
furnish the aldehyde 3.

A route to the amino acids III is shown in Scheme 2. The
secondary amine-ester 5 is deprotected under standard con-
ditions (basic conditions if the protecting group (PG) is
methyl; acidic conditions if PG is tert-butyl; ref. Greene et
al supra) to furnish the corresponding amino acid 8. Reduc-
tive amination with aldehyde 9 under analogous conditions
as described in Scheme 1 provides the desired tertiary amino
acid products III.

Alternatively, as shown in Scheme 3, reaction of the
secondary amine-ester 5 with an alkylating agent 10 (with an
appropriate leaving group (LG) such as halide, mesylate, or
tosylate) under standard conditions followed by deprotec-
tion of the carboxylic acid ester 11 provides the desired
tertiary amino acids III.

As shown in Scheme 4, the tertiary amino acid III may
also be assembled through reductive amination first of the
R>“ aldehyde 12 with an appropriate amine ester hydrochlo-
ride 4. The resulting secondary amine-ester 13 then is
subjected to reductive amination with appropriate alkyl, aryl
or heteroaryl aldehydes 3 (as in Scheme 1) followed by
deprotection of the carboxylic acid ester to give the desired
amino acid analogs III.

An alternative general synthesis of amino acid analogs II
is shown in Scheme 5. A hydroxyaryl or heteroaryl aldehyde
2 is subjected to the usual reductive amination conditions
with an appropriate amine-ester hydrochloride 4. The result-
ing secondary amine-ester 14 is functionalized, in this case
by a second reductive amination with aldehyde 6 to furnish
the corresponding hydroxy tertiary amine-ester 15. Phenol
15 now undergoes a Mitsunobu reaction with a preferred
alcohol 1 (RS—(CHZ),,,OH) which is followed by the depro-

A a O
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