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Abstract:

Novel compounds having a dual pharmacophore were synthesised and evaluated for their insulin sensitiser and
anti-inflammatory properties in different animal models. © 1998 Elsevier Science Lid. All rights reserved.
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Combination of two active pharmacophores into one molecule is one of the novel drug designing techniques
used in drug discovery programme [1]. In this communication, we report our early attempts to design and
evaluate some of the novel molecules for antidiabetic and antiinflammatory activities. With the recent increased
interest in the above area {2,3], search for such potential drugs has been in the forefront of pharmaceutical
sciences. In this series, we have combined two active pharmacophores, namely a thiazolidinedione of
antidiabetic drugs like troglitazone and a methoxy naphthyl moiety of nabumetone, which is under clinical
practice for the treatment on inflammatory disease. Of particular interest in this context is a phase-II antidiabetic
candidate, MCC-555 developed by Mitsubishi [4], which exhibits interesting antidiabetic activity along with a
marginal antiinflammatory activity (cf. table-1).
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An interesting feature of this class of compounds is that they can be retrosynthetically cleaved into two motifs -
of which one part, the alkoxy naphthyl motif, resembles an antiinflammatory drug - nabumetone, while the
other part, the thiazolidinedione motif is a pharmacophore of the insulin sensitiser drug - troglitazone, which has

recently been launched in the Japanese and US markets. Nabumetone produces an active metabolite 6-MNA [5]
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and the same is expected to be released slowly in most of the compounds that are discussed in this
communication. The structural similarities between MCC-555 and the compounds described in this
communication are very striking. MCC-555 is a 6-(2-flourobenzyloxy)-2-naphthyl derivative of thiazolidine-
2,4-dione, which is very similar to the compounds discussed in the present communication, wherein 6-methoxy-
2-naphthyl derivatives are described. Spacers with varying carbon chain length have been introduced.
Considering the structure-activity relations, it is reasonable to expect similar biological activity for these
molecules, when compared with MCC-555 (cf. table-1). Thiophene [6] and furan [7] being two of the most
commonly seen moeities in pharmaceutical molecules and an attempt is made to incorporate these two motifs,

as well, in our model compounds.
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The reaction of nabumetone with 2,4-thiazolidinedione 1 under the standard Knoevenagel reaction conditions'
led to the formation of the unsaturated mixture of E & Z compounds represented by 2. Despite several
meticulous attempts, the two isomers could not be separated. Hence, the mixture was hydrogenated under Pd/C
catalysis to give a mixture of diastereoisomers 3 (Scheme 2). Separation of the diastereoisomers was not
attempted as our earlier studies with troglitazone proved that the methine proton on the thiazolidinedione ring
is prone to rapid epimerisation. However, The activity data (vide infra) showed that the E,Z mixture of the

unsaturated compounds (2) was more active than the diastereomeric mixture of the saturated compounds (3).
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On reacting the enol ketone 4 [8], with thiazolidine-2,4-dione 1, gave a mixture of E & Z compounds, as
expected, but the obtained compounds, 6 and 7, were found to be different from the expected compounds, 8 and
9. However, in this instance, separation of these two compounds was reasonably straightforward. The mixture
was stirred in cold dichloromethane and the undissolved solid was filtered which was found to be the Z-isomer
6 while concentration of the filtrate gave the E-isomer 7. Concerning the assignment of the two isomers 6 and 7,

IR and Mass spectral data has been used. In compound 6, there exists a possibility of C—H---O interaction

! General Pracedure: The ketone (0.5 M), 2,4-thiazolidinedione (0.5 M), benzoic acid (0.05 M), piperidine (0.05 M) and toluene (250
ml) are mixed and refluxed for a period of 5-15 hours with azeotropic removal of water. After, the completion of the reaction as
judged by TLC, the solvent is removed under reduced pressure and the product is purified by chromatography and/or recrystallisation.
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between the y-hydrogen and the carbonyl oxygen of the thiazolidinedione, as shown in scheme-3. Hence, the
carbony] of thiazolidinedione in 6, shifts by ~25 cm™ to lower frequency (1706 cm™) compared to compound 7
(1733 cm’") wherein this possibility of C—H---O interaction does not exist. The intense fragment peak at 298
(M-43, due to loss of acetyl) in the mass spectrum of 6. The facile loss of acetyl group in the Z-isomer 6 can
also be explained by the interaction of y-hydrogen with the carbonyl oxygen of the thiazolidinedione. The E-
isomer 7 also showed the 298 peak in its mass spectrum corresponding to the loss of acetyl group but the
fragment was not very intense, supporting the fact that the carbonyl oxygen of thiazolidinedione was not in
proximity. Moreover, DEPT spectra showed the presence of one methyl, one methylene and one methine group

in the molecule which supports the composition of compounds 6 and 7.

Scheme 3
OHO o0 o \FO \:j&
[ ~
H3CO o H3CO HsCO OO s~ a
s 4 5 6(45% O
+0
OXNH % OH, O
(o) AN

7 (45%

Similar reactions of 2,4-thiazolidinedione with acetyl naroline 10 [9], 4-(6-hydroxy-2-naphthyl)-butan-2-one
11, 2-acetyl thiophene 12 [10] and 2-acetyl furan 13 gave the corresponding unsaturated compounds 14-17
respectively as shown in Scheme 4.

Scheme 4

H co HO

NS0 10 1 50
NH
HyCO d ’ HO g NH

14 (77%) 15 (78%)

s
1o Y 12 ©° N
NH —_— S e}

17 (75% 1 16 (76%)

5-[3-{6-(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl-methoxy)-2-naphthyl } -1 -methylpropylidine|thiazolidine-
2,4-dione 21 was obtained by the reaction of thiazolidinedione with the hydroxyketone 20. The compound 20
was in turn prepared from the chroman derivative 18 [11] and 4-(6-hydroxy-2-naphthyl)butan-2-one 11 to give
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the MOM protected hydroxyketone 19 followed by deprotection in acidic conditions as shown in scheme 5. All

the new compounds have been unambiguously characterized by means of various spectral studies [12].

Troglitazone [13], nabumetone [14] and MCC-555 [15] were prepared employing reported procedures.
Scheme-5
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Biological Activity Studies:

The screening of antidiabetic activity was carried out in db/db mice of either sex, of 9 weeks age. The
compounds were given orally at a dose of 30 mg/Kg. The control animals were treated with vehicle
carboxymethylcellulose (0.25% CMC). The blood samples were collected through orbital-sinus in fed state on 0
and 6th days of treatment and analysed for plasma glucose (PG) and triglyceride (TG) levels using
commercially available kits. Troglitazone was used as a standard. The anti-inflammatory activity was assesed in
carrageenin induced rat paw edema model [16] in Wistar rats of weight range 120-200 g. Nabumetone was used

as a standard.

Structure Activity Relationship (SAR):

The following general remarks can be stated regarding SAR of the compounds prepared:

o the unsaturated compound 2 showed better antidiabetic activity both in terms of PG and TG reduction than
the saturated compound 3. However, compound 3 showed marginally better anti-inflammatory activity
compared to compound 2.

e compared to the Z-isomer 6 , the E-isomer 7 showed less biological activity.

e Compound 14 with a methyl group at the a position showed better PG reduction compared to compounds
6 and 7 which have a 2-oxopropyl group at the o position. However, compound 6 showed a better anti-
inflammatory action as well, thus exhibiting an interesting dual activity.

o the demethylated compound 15 has completely abolished anti-inflammatory activity, but retained the blood
sugar lowering activity

e substitution of naphthyl ring with thiophene as in compound 16, has completely abolished both the activities

while the furan analogue 17 retained the activities to a reasonable extent.
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o The naphthyl spacer group in 21 has completely abolished the antidiabetic activity when compared to

troglitazone which has a phenyl spacer. However, compound 21 exhibited marginal anti-inflammatory

activity.

¢ To Summarise, compounds 2 and 3 exhibited TG reductions comparable to troglitazone. While compounds

2, 6, 14, 15 and 17 showed interesting PG reduction, compounds 3 and 6 showed reasonably good anti-

inflammatory activities. Compounds 7, 16 and 21 did not better the biological profile of the parent

molecules. The results are shown in Table-1.

Table 1

Anti-diabetic and Anti-inflammatory Activities

Compound Dosage | % reduction in PG | % reduction inTG | % reduction in inflammation
mg/Kg (n=4) (n=4) Dosage: 100 mg/Kg ; (n =5)
2 30 16 50 10
3 30 8 44 17
6 30 16 NE 25
7 30 NE NE 7
14 30 26 NE 7
15 30 20 NE NE
16 30 NE 18 NE
17 30 16 NE 12
21 30 NE NE 12
MCC-555 30 60 72 18
Troglitazone [17] 200 16 50 3
Nabumetone 20 NE NE 30

PG: Plasma Glucose; TG: Triglycerides; NE: No Effect
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