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Abst rac t :  The 5-benzylthiazolidine-2,4-dione moiety of insulin sensitising antidiabetic agents' can 
be replaced by a range of o~-heteroatom functionalised ~-phenylpropanoic acids, o~-Oxy-carboxylic 
acids show potent antidiabetic activity and one compound, the ~-ethoxyacid 15 (SB 213068), is one 
of the most potent antihyperglycaemic agents yet reported. Copyright © 1996 Elsevier Science Ltd 

Non-insulin dependent diabetes mellitus (NIDDM) is a complex, chronic metabolic disorder characterised by 

insulin resistance in the liver and peripheral tissues. 1 Insulin resistance and associated hyperinsulinaemia are 

being implicated increasingly in the development of other metabolic disorders such as obesity, dyslipidaemias 

and hypertension. 2 Treatment of NIDDM currently centres on a combination of diet and aerobic exercise 

programmes 3 or sulfonylurea therapy. 4 The latter drugs, which are designed to stimulate insulin secretion, are 

often poorly effective and have the potential to induce weight gain and hypoglycaemia. 5 Alternative 

approaches to the treatment of the disease are being investigated. 6 
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During the last decade, an exhaustive search for novel, potent and selective antidiabetic agents based on the 

thiazolidine-2,4-dione ciglitazone 7 has yielded several development candidates. These compounds, including 
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pioglitazone (Takeda), 8 troglitazone (Sankyo) 9 and BRL49653 (SmithKline Beecham), 10 exert their 

antidiabetic effects via improvements in the sensitivity of peripheral tissue to insulin. However, despite 

numerous attempts to replace the thiazolidine-2,4-dione ring with other heterocycles, 10b, 11 an effective 

modification conferring significant potency advantages over the this moiety remained elusive. More recently, 

we have reinvestigated the thiazolidine-2,4-dione ring as a pharmacophore for optimal 7a antihyperglycaemic 

activity, and have' demonstrated that this ring can be replaced very effectively by various tx-functionalised 

carboxylic acid derivatives. In this letter we present some of our preliminary results in this new area of insulin 

sensitiser research. 12 

Table:  tx-Substituted ~-Phenylpropanoic A d d  Derivatives a 

Compound  X R ED25 P P A R  T 

([tmol.kg -1 diet) b K l (nM) c 

1 F H 10 - 

2 C1 H 10 33 

3 C1 Me 10 

4 Br Me 100 

5 SH H 300 

g SMe Me 100 600 

7 SPh H 30 37 

8 SPh Me 30 

9 SO2Ph H 1000 

10 NHMe Me 1000 

11 NMe 2 Me 1000 d 

12 NHPh H 30 

13 OMe H 3 15 

14 OMe Me 3 

15 OEt H 0.1 2.5 

16 O-n-Pr Na 0.3 

17 O-i-Pr Me <0.3 

18 OPh H 1 0.4 

19 OCH2Ph Na 0.3 

20 OCH2CH2Ph H 1 

21 H Me >2000 6000 

BRL 48482 3 22 

Troglitazone 400 3800 

Notes: (a) All compounds were evaluated as racernates. (b) See reference 14 for definition of ED25. Methyl 

esters were generally equipotent with the corresponding acids, presumably as a result of rapid in-vivo hydrolysis 

(cf. compounds 2-3, 7-8 and 13-14). (c) See reference 20 for details of the binding affinity at the PPAR7 

receptor. (d) 26% displacement of radioligand at 1 x 10 -5 M. 
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Historically, the thiazolidine-2,4-dione ring of ciglitazone was derived from an earlier series of o~-halo- and 

oHhio-carboxylic acid antihyperlipidaemic agents.lla, 13 Using BRL 48482, a potent analogue of 

BRL 49653,10 as a template and by analogy with these earlier studies, we re-examined the effect of replacing 

the heterocycle by various racemic or-halo- and et-thio-~-phenylpropanoic acid derivatives 1-9. In addition, we 

extended our study to include tx-amino- and t~-oxy-substituted carboxylic acid analogues 10-12 and 13-20 

respectively (Table). 14 

Initial results from the halogen series 15 of compounds 1-4 clearly demonstrated that derivatives of phenyl- 

propanoic acid containing small electronegative t~-substituents such as fluorine or chlorine, were effective 

replacements for the benzylthiazolidine-2,4-dione group in BRL 48482. By contrast, the corresponding 

c~-unsubstituted phenylpropanoic acid analogue 21 was relatively inactive. In keeping with the results reported 

previously, l la  the thiol 5 and methylthio analogue 6 were less potent than their heterocyclic counterpart, 

whereas the S-phenyl compound 7 showed reasonable potency. 15 Oxidation of 7 afforded sulfone 9 and 

significantly reduced activity. The activity of the amino acid derivatives 10-12 paralleled the sulfur series, with 

only the anilino-acid 12 having significant activity. 16 Methyl esters (e.g. 3 and 8) displayed activities 

comparable to the corresponding carboxylic acids, presumably as a result of rapid in-vivo hydrolysis. 17 

The results obtained from a study 18 of o~-oxy-carboxylic acid derivatives 13-20 stand in contrast to those 

described above. In general, potency in this series was comparable with that of BRL 48482 and much higher 

than that observed in any of the other series of compounds that were investigated. These results were 

surprising since we had previously shown that in the heterocyclic series, the thiazolidine-2,4-dione ring was 

preferred over the oxazolidine-2,4-dione. 10b Nevertheless, several ~-oxy-acids (e.g. 15, 16, 17 and 19) showed 

activities an order of magnitude more potent than BRL 48482. In particular the o~-ethoxyacid 15 (SB 213068) 

had an ED25 value of 0.1 ~tmol.kg -1 diet, and is one of the most potent anfihyperglycaemic agents yet reported. 

It has recently been shown that benzylthiazolidine-2,4-dione insulin sensitisers selectively activate a 

peroxisome proliferator-activated receptor (PPARy), a member of the steroid nuclear receptor superfamily. 19 

Activation of PPARy shows a good correlation with antidiabetic activity, suggesting that this receptor is a 

molecular target for this class of antidiabetic agents. Comparison of the binding of selected ~-functionalised 

I~-phenylcarboxylic acids at PPARy 20 with antihyperglycaemic potency also shows a general correlation 

between the K i and ED25 values (Table). In view of this correlation and the structural similarities between 

compounds 1-21 and the insulin sensitisers BRL 48482 and BRL 49653, it is likely that these new analogues 

share a common mechanism of action with the thiazolidine-2,4-diones and that this activity is at least partly 

mediated via the PPAR7 receptor. The differences in potency observed with the various ~-functionalised 

phenylpropanoic acids 1-21 may thus reflect subtle changes in steric and electrostatic interactions with the 

receptor and may aid an understanding of the structural requirements for optimal antidiabetic activity. 

A diverse range of synthetic procedures have been utilised in the preparation of the racemic compounds 

described. 15, 16, 18 Representative methods are illustrated in the accompanying schemes. The phenylpropanoic 

acid 21 was readily prepared from the previously described 10b methanesulfonate 22 (Scheme 1). The chloro- 
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and bromo-acid analogues were prepared by quenching the anion of 21 with the appropriate 

N-halosuccinimide. Sulfur compounds were readily prepared from the corresponding halogen derivative. 

Scheme 1 :- Representative Syntheses of Halogen and Sulfur Analogues 
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Reagents:- (i) Nail, 76%. (ii) LDA, NBS, 70%. (iii) PhSH, Nail, 66%. 

Simple o~-oxy-carboxylic acids were prepared from diazoester 23 by a rhodium carbenoid mediated insertion 

reaction 21 and subsequent alkylation of the insertion product 24 (Scheme 2). However, a more versatile 

method for the synthesis of these compounds utilised substituted phosphonoacetates 25 in an olefination and 

reduction sequence 22 with the previously described 10h aldehyde 26 (Scheme 3). Amino acid derivatives were 

prepared by alkylation of an appropriate tyrosine derivative (not shown) or by rhodium carbenoid chemistry 

similar to that shown in Scheme 2. 

Scheme 2:- Representative Synthesis of ~-Oxy-[~-Phenylpropanoic Acids (Route 1) 
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Reagents:- (i) Rh2(OAc) 4, MeOH, 49%. (ii) Nail, 22 (Scheme 1), 72%. (iii) Aq. NaOH, 82% 

In summary, we have now established that using potent thiazolidine-2,4-dione analogues such as BRL 48482 as 

a framework on which to explore modifications, this heterocyclic moiety can be replaced by various 

o~-heteroatom functionalised [~-phenylpropanoic acid derivatives. Such compounds possess a range of 

antidiabetic potencies reflecting subtle changes in structure-activity relationships within each series. A 

collection of et-oxy-acids was shown to be particularly potent, with several members of the series having 

potencies exceeding that of the template BRL 48482 by an order of magnitude. These analogues thus have the 

potential to provide the next generation of antihyperglycaemic drugs, having a profile superior to that of the 

existing thiazolidine-2,4-dione agents. 
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Scheme 3:- Representative Synthesis of wOxy-[~-Phenylpropanoic Acids (Route 2) 
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Reagents:- (i) Nail, 2,6, 80%. (ii) H 2, 10% Pd-C, 91%. (iii) Aq. NaOH, 71% 
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