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A series of 2-benzyl-1,3-dicabonyl derivatives was synthesized.
Their insulin-sensitizing activity was evaluated in 3T3-L1

preadipocyte cells. Compounds 3, 26 and 27 were found to possess
strong insulin-sensitizing activity in vitro and were selected for fur-
ther hypoglycemic evaluation in vivo.
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Introduction

Non-insulin-dependent diabetes mellitus (NIDDM) is a
metabolic disorder characterized by hyperglycemia as well as
insulin resistance and/or impaired insulin secretion. Hyper-
glycemia often leads to several complications such as neuropa-
thy, retinopathy, nephropathy and premature atherosclero-
sis, ! which greatly increase the risk of heart attack, blind-
ness, kidney failure, stroke and amputation. Therefore, it is
important to maintain an appropriate blood glucose level, es-
pecially during the early stage of the disease. The therapy for
NIDDM is caloric restriction and aerobic exercise, but the
most widely used is oral pharmacological agents.? Since the
pioneer ciglitazone improves glycemic control in insulin resis-
tant animal model of NIDDM by increasing insulin sensitivi-
ty,> three insulin sensitizers, troglitazone,* piglitazone® and
rosiglitazone® have been launched into market for the treat-
ment of type 2 diabetes. However, possibly due to their com-
mon thiazolidinedione group, these compounds are associated
with a poor safety profile.’

We were interested in developing a series of non-thiazo-
lidinedione insulin sensitizer, which might surmount the hep-
atic toxicity problems associated with thiazolidinediones. Non-
thiazolidinedione compound 1 was reported to be able to de-
crease blood glucose level in ob/ob mice.® We now report the

synthesis and insulin-sensitizing activity of 34 new compounds
based on compound 1.

Chemistry

Knoevenagel condensations between the 4-[2-(methyl-2-
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pyridylamino) ethoxy ] -benzaldehyde® and corresponding mal-
onate derivatives followed by catalytic hydrogenation with
10% Pd/C give compounds 1—8, 11—16. and 18 (Scheme
1).
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Reagents: (a) NaH, 4-fluorobenzaldehyde, DMF; (b) piperidini-
um acetate, toluene, reflux; (c¢) H;, 10% Pd-C.
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Coupling of compound 1 with hydroxylamine and hy-
drazine gave compounds 9 and 10. The diamide 17 or 19 was
prepared from 1 with methylamine hydrochloride or cyclo-
propylamine in basic conditions. The triesters 20 or 21 was
prepared by coupling 1 and methyl chloroacetate or ethyl
chloroacetate. Compound 22 was obtained by reduction of
compound 1 with LiAIH,. Treatment of 22 with formic acid or

acetic anhydride yields compounds 23 or 24 (Scheme 2) .

Mitsunobu reactions beteween indole-alkyl alcohol and.
dimethyl 2-(4-hydroxybenzyl) malonate give compounds 25—
32 and 34. Reduction of 31 with 10% Pd/C in formic acid
give compounds 33 (Scheme 3) . The structures of compounds
1—34 can be seen in Tables 1 and 2.

Table 1 Structure of compounds 1—24
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Compd R! R? R Compd R! R? R®
1 CO,CH, CO,CH; H 13 CO,CH, CONH-4-Py H
2 CO,Et CO,Et H 14 CO,Et CONH-2-Py H
3 CO,-Pr-i CO,-Pr-i H 15 CO,Et CONH-3-Py H
4 CO,-t-Bu CO,-t-Bu H 16 CO,Et CONH-4-Py H
5 —CO0,-C(CH;),-CO,— H 17 CONHCH; CONHCH,3 H
6 COCH, CO,Et H 18 CONH-Ph CONH-Ph H

0 0
7 COCH; CO,CH H 19 )l\NH—<] )J\NH_<] H
8 CO-n-Pr CO,Et H 20 CO,CH; CO,CH, CO,CH,
9 CONHOH CONHOH H 21 CO,CH; CO,CH, CO,Et
10 CONHNH, CONHNH, H 2 CH,0H CH,OH H
11 CO,CH, CONH-2-Py H 23 CH,0CHO CH,0CHO H
12 CO,CH, CONH-3-Py H 24 CH,O0Ac CH,0Ac H
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Reagents: (a) LiAlH,; (b) HCOOH, reflux; (c) Ac,0, pyridine, reflux; (d) 5 equiv. of hydroxylamine hydrochloride or hydrazine hydrate,
Na,CO;, reflux; (e) NaH, methyl chloroformate or ethyl chloroformate, CHCI;.
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Table 2 Structure of compounds 25—34

insulin-regulated cell differentiation, which was monitored
from the enhancement of triglyceride accumulation in 3T3-L1

0
cells.’ Rosiglitazone was selected as positive control com-
OCH, pound (Tables 3 and 4) .
>
R\(");,O o OCH; Table 3 Percentage enhancement of triglyceride accumulation in 3T3-
L1 cells®
Compd R n | Compd n Concentration of test compound (pmol./1.)
CH;0 Compound
4 0.01 0.1 1
25 B 2 1 1 31.34 45.53 39.8
2 26.81 39.54 36.49
©j/§ 3 14.06 71.07 73.73
2% C :1;1: N 1] A N 2 : N5D17 - 21;\1'1)8;7 - ;D 56
CH
, ’ CHs 6 -0.16 2.28 55.79
CH0 @-/"/f 7 -8.1 ~17.06 14.25
27 1| 32 N 1 8 -9.69 9.57 31.9
Ch, 9 1.88 2.67 8.21
10 0.27 0.44 3.24
CU\‘ @j/i 11 -2.81 10.52 13.85
28 1] 33 N 2 12 3.08 12.48 20.6
CH, 13 3.64 14.75 18.91
CH,0 14 -6.88 4.34 17.01
m “ @j/i . 15 6.36 19.57 18.87
» Ny N 16 6.23 14.06 2%.47
CH, CH, 17 ND 16.09 3.20
18 5.38 13.17 11.11
19 2.53 -5.68 11.09
Scheme 3 20 1.20 3.73 2.36
oH COOCH, 21 -4.77 21.60 25.83
W /©/Y 2 6.21 4.62 5.41
COOCH, 23 14.44 -5.02 19.80
24 -23.51 -17.9 -18.08
H, 25 2.01 2.1 23.36
COOCH, 26 26.24 54.36 50.14
R /©/\( . 27 13.78 50.66 57.01
I :]\_n 28 13.27 34.81 41.18
. COOCH EE—
N/\(v):,o 3 29 ~5.49 ~2.85 12.85
| 30 -5.03 13.09 16.04
CH, 31 3.95 17.01 53.3
25-32, 34 32 2.29 3.07 12.64
33 15.64 34.56 48.38
R COOCH; M 20.97 23.83 31.46
: /Q/Y rosiglitazone®  31.45+16.57  40.0713.77  38.9 11, 67
NNO COOCH;4 ® mean, n=3. ® mean +SD, n=22. ° ND: not done.
(I;H3 Table 4 ECys® and ECsp®(pumoL/L) of compounds 1, 3, 26 and 27
33 Compound 1 3 26 27 108,
’ ECys 0.07 0.016 0.034 0.022 0.0063
Reagents: (a) Ph,P, DEAD, Et,0; (b) 10% Pd-C, HCOOH.
(a) Phy 203 (b) 10% v ECy 1.90 0.1 0.33 NG*  0.086

Results and discussion

All compounds prepared were identified with 'H NMR
spectra, mass spectra, elemental analyses and infrared spec-
tra. Insulin-sensitizing activity were evaluated by the effect on

¢ Effective concentration for 25% (ECys) or 50% (ECsy) enhancement
of insulin-induced triglyceride accumulation in 3T3-L1 cells. ®* NG: not
got the accumulation of 50% enhancement.

Among all diester derivatives, compound 3 (ECs, 0.1
pamoL/L) exhibited almost equal insulin-sensitizing activity to
rosiglitazone (ECsy 0.086 pmoL/L), and a higher potency
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compared to leading compound 1 (ECs 1.9 pmoL/L). Di-
amide or mono-amide compounds lead to decreased activity.
The propanediol derivative 22 also showed weak activity. This
might mean that high-polarity group is not favorable for the
insulin-sensitizing activity of these compounds. The electron-
ic-isomeric 23, 24 of compound 1 were hardly active, indi-
cating that the 1, 3-dicarbonyl structure is essential for in-
sulin-sensitizing activity. The tricarbonyl derivatives 20, 21
also showed decreased potency. All indole derivative com-
pounds 26 (ECs; 0.38 pmol/L) and 27 (ECys 0.022 pmol/
L) showed satisfactory insulin-sensitizing activity.

In summary, we have found non-thiazolidinedione com-
pounds 3, 26 and 27 which show potent insulin-sensitizing
activity in 3T3-L1 cells. According to the conclusion that
compounds with good potency in the lipogenesis assay have
antihyperglycemic and antihyperlipidemic activity in rodent
models of type 2 diabetes,!® compounds 3, 26 and 27 were
selected for further tests in vivo in KKAy mice.
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