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Abstract: Prodrug derivatization of a potent quinolin&-carboxylic acid angiotensin Jl receptor antagonist was 
undertaken as an approach to achieve improved oral activity. A dioxolenone carboxylic ester and an alkylated 
tetrazole prodrug both showed greater oral antihypertensive activity in the salt-deplete spontaneously 
hypertensive rat and increased oral bioavailability relative to the parent compound. 

In the preceding paper, we described the design and synthesis of the potent 
non-peptidic angiotensin II receptor antagonist, quinoline-karboxylic acid derivative 

BMS183920 (la - in aitm inhibition of angiotensin II: Kt = 2.9 nM; KB = 0.061 nM).r Such 

compounds are of potential utility in the treatment of hypertension and related cardiovascular 

diseases.2 Despite excellent intrinsic potency, weak oral activity limited the in vim efficacy of 

la. This communication describes efforts to improve the oral bioavailability of la by a 

prodrug approach which ultimately led to the preparation of two compounds with improved 

oral activity and bioavailability, the dioxolenone carboxylic ester 2 (BMS184698) and the N- 

allcyl tetrazole prodrug 3. 
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Dioxolenone carboxylic ester prodrugs were originally developed for beta-lactam 
antibiotics. For example, livampicillin is a dioxolenone prodrug of ampicillin approved for 

human use in Japan.3 These prodrugs function by an initial esterase-mediated hydrolysis of 

the cyclic carbonate function followed by decomposition to parent acid and the by-products 

CO2 and butane-2,3-dione (biacetyl, a naturally occurring minor component of butter). The 

preparation of dioxolenone prodrug 2 is depicted in Scheme 1. Selective protection of the 

tetrazole ring of la was accomplished by tritylation to provide intermediate 4 in high yield. 

Alkylation with dioxolenone bromide 53 proceeded rapidly and in good yield to give 

compound 6. At this point, the trityl group was selectively removed using mild aqueous acid 

to provide the dioxolenone prodrug 2. 

Scheme 1 

a 
100% 

crude yield 

N-H 

la 

2 (BMS-184698) 

a) Ph&-Cl, NEta, DMAP, Ct$C&, rt, 4 hr 
b) KC 

4’ 
DMF, rt, 15 hr 

c) Tl!lF: tOH:PN aq. HCI, 17 :l, rl. 2 hr 

Prodrug modification of tetrazole groups has not been well studied. Nevertheless, we 

considered that blocking the acidic tetrazole group would be an important complement to 

carboxylic ester prodrugs. After an attempt to prepare a dioxolenone alkylated tetrazole was 

frustrated by instability of the final compound, we turned to applying the “double-ester” 

concept4 to the problem of temporarily blocking the tetrazole ring. Such a prodrug would 

presumably unravel in an enzymatically initiated process resembling the scheme shown 

below. 
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Tetrazole prodrug 3 was prepared by the route shown in Scheme 2. Again, the 

selectively protected intermediate 4 was used. Compound 4 was converted to ally1 ester 7 in 

high yield. Acidic removal of the trityl group gave the free tetrazole 8 in good yield. 

Allcylation of the tetrazole with chloride 9 gave two isomeric products. The major product was 

assigned structure 10 based upon predominant reaction at the less hindered nitrogen of the 

tetrazole ring. Palladium catalyzed removal of the ally1 ester was best accomplished by the use 

of dimedone as the trapping agent to provide racemic tetrazole prodrug 3. 

Scheme 2 
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Oral activity was determined using the salt-deplete spontaneously hypertensive rat 

(SHR), a model particularly responsive to inhibitors of the renin-angiotensin system.5 A 

comparison of the oral activity of la with prodrugs 2 and 3 is shown in Table 1 below, along 

with the results for a carboxylic ethyl ester (lb) and propanoyloxyisobutyl double ester (lc) 

(both synthesized by means similar to those described in Scheme 1). The simple ethyl ester lb 

failed to show improved oral activity relative to la when both compounds were dosed p.o. at 

30 wol/kg. However, both dioxolenone prodrug 2 and tetrazole prodrug 3 showed oral 

activity at 10 mol/kg equal to that of la at a three-fold higher dose. The carboxylic double 

ester lc was less active than both 2 and 3 at the 10 l.unol/kg oral dose. All of the prodrugs 

possessed significantly less in vitro activity than compound la in receptor binding affinity 

and/or functional antagonism. 

Table 1. Oral Activity in the Salt-Deplete Spontaneously Hypertensive Rat. 

compound p.o. dose % maximum decrease in mean arterial pressure 
@mol/kg) O-6 hr 6-12 hr 12-18 hr 18-24 hr 

la (BMS-183920) 30 14 14 21 23 
lb 30 17 19 25 26 
:’ (BMS-184698) 10 10 19 7 19 5 23 9 24 19 

3 10 17 17 20 19 

Oral bioavailabilities of compounds la, 2, and 3 were estimated by measurement of the 

circulating plasma levels of la after i.a. and p.o. dosing to rats. The results summarized in 

Table 2 indicate that both prodrugs provide significantly improved bioavailability of parent 

drug. Since oral bioavailability was similar for both 2 and 3, the dioxolenone prodrug 2 was 

selected for further study because of its easier chemical synthesis and structural simplicity 

(lack of a chiral center) relative to the tetrazole prodrug 3. 

Table 2. Estimated oral bioavailability in the rat for la and prodrugs 2 and 3. 

compound % oral bioavailability6 

la (BMS-183920) parent drug 

2 (BMS-184698) dioxolenone 

3 tetrazole prodrug 

11 (n=4) 

27 f 6 (n=6) 

39 f 11 (n=6) 

The dioxolenone prodrug BMS-184698 (2) was taken on to a comparison of its oral 

antihypertensive activity with that of losartan, the first non-peptidic angiotensin II antagonist 

to be advanced to clinical trials .7 This study was conducted in sodium-replete SHR with both 
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compounds dosed at 30 pmol/kg p.o. at 24 hour intervals for 7 days, followed by 7 days of 

further observation. The results of this study are shown in Figure 1. BMS184698 achieved ca. 

45 mm Hg fall in blood pressure by the sixth and seventh day of dosing that compared 

favorably to ca. 20 mm Hg reduction achieved with losartan from the fourth through seventh 

days of dosing. Significantly, no rebound hypertension was observed for BMS184698 (as well 

as losartan) as blood pressure appeared to normalize within about 2 days after cessation of 

dosing. 

Figure 1. Effects of once-daily treatment with BMS-184698 (2) and losartan on systolic blood 

pressure in SHR 
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In summary, a prodrug strategy was successfully implemented to develop BMS-184698, 

a dioxolenone carboxylic ester of the quinoline+carboxylic acid angiotensin II receptor 

antagonist la. This prodrug modification more than doubled the oral bioavailability of the 

parent compound.8 Furthermore, BMS-184698 was shown to be an effective, orally active 

antihypertensive agent in the sodium-replete spontaneously hypertensive rat. Compared to 

losartan at 30 l.trnol/kg p.o. once-daily doses, BMS-184698 was the better antihypertensive 

agent. 
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