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Abstract: A series of subnanomolar (ICso) triazolinone-based AT1/AT2balanced AII antagonists has been 
identified. The 70-240-fold gain in AT2 activity relative to prototype compounds was achieved by the 
introduction of a 5acylamino group on the N%ryl moiety and the addition of (3-F-S-Pr)biphenyl substituents 
on 4. These analogues exhibited AT2/ATl IC!so ratios of 5 1 in multiple assay systems including human admnal. 

Angiotensin II (AII) is the principal effector hormone of the renin-angiotensin system @AS).2 This 

cctapeptide has equivalent affinity for both of the major subtypes of the AII receptor (AT1 and AT2).3 The AT1 

receptor is crucial in the regulation of blood pressure and electrolyte homeostasis, and is associated with most of 

the known physiological effects of AII. 3 The investigative drug Cozaar@ (losartan, DuP 753, MK954,l) is a 

nonpeptide ATl-selective antihypertensive agent.4 The physiological role of the AT2 receptor has yet to be clearly 

defined although it has been associated with the regulation of renal function.5 and may be involved in restenosis 

following vascular injury.6 in wound healing.7 and in cardiac fibroblast collagen synthesis.8 In addition, it has 

been implicated in various cell differentiation and cell proliferation processes.3*9 Recently, high affinity 

nonpeptide AT2-selective ligands have been described also. 10 The administration of an ATI-selective AII 

antagonist results in an increase in the plasma levels of AII. 11 The effect of prolonged stimulation of AT2 

receptors by elevated levels of AII is not known. Dual-action AII antagonists capable of simultaneous blockade 

of both receptor subtypes (ATt/ATz-balanced AI1 antagonists) would be useful as pharmacological tools and 

could have advantages as therapeutic agents over ATt-selective compounds. 

1 
2: AT1 ICm-1.7nM 3: ATI ICSD I 0.29 nM 

AT2 I+, I 0.7 nM AT2 ICs, - 1 .O nM 

Many dual-action peptide ligands for the AII receptor are known but have unsatisfactory pharmacokinetic 

properties, and are of limited pharmacological value. 3.12 The discovery of a series of high affinity ATt/AT2- 

balanced (N-alkyl-N-acyl)aminoquinazolinone tetrazoles such as 2 (L-159,689).13 paved the way towards the 

identification of other dual-action AI1 antagonists. 14 In the triazolinone series, starting from a 

benzoylsulfonamide (4, RJ = CF3, R2 = R3 = R4 = H, R5 = CgHg. L-159,913) with an AT2 It& value of 300 

nM (rat midbrain),15 judicious replacement of the N-substituent of the sulfonamide, and the addition of a 5- 
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acylamino group on the N%ryl moiety resulted in compound 3 (L-163.007) which had an AT2 IC!m value of 1 

nh4 and an AT2/ATl I& ratio of 3 (rat midbrain/rabbit aorta). 1 Other approaches to enhance AT2 binding 

affinity include: (1) replacement of the terminal phenyl ring of the biphenyl moiety by a .5-alkyl-substituted thienyl 

group as shown in a series of imidaxopyridine-based compounds, 16 and (2) the addition of a 3-fluoro substituent 

on the biphenyl moiety in a series of imidaxole-based acyl (or related) s~fon~d~, demonstrated by the DuPont 

Merck group.17 Modifying triaxolinone biphenylsulfona~des 4a and 4b which had modest AT2 binding 

affinity18 (see Table l), we have prepared and evaluated compounds 4c-m in attempts to obtain structurally 

diverse, potent, and fully balanced AI1 antagonists which show oral activity in animal models. To ensure 

equivalent coverage of both receptors under physiological conditions, we looked for compounds with AT$ATl 

ICx, ratios of $1 in three pairs of tissue preparations (rat ~d~~bbit aorta, rat adrenal, and human adrenal). 

Chemistry 

Two routes were used to prepare these compounds, depending on whether R3 in 4 is H or F. For 

compounds with R3 = H (4c,d,h,i) 19, the requisite biarylmethyl side chain was appended onto the 4- 

unsubstituted triaxollnone under Mitsunobu conditions. The synthesis for compounds 4c,d is shown in Scheme 

1. 4-n-~opyl~n~~sulfonyl chloride was made into its ~-t-bu~lsulfona~de, which was deprotonated by 

excess n-butyllithium and then treated with triisopropyl borate to furnish the boronic acid 5.20 Palladium(O)- 

catalyzed biaryl coupling between 4bromobenzyl alcohol and 5 provided the corresponding biphenylmethauol 

6.2la Alkylation of the triaxolinone 718 using 6, trlphenylphosphine, and diisopropyl azodicarboxylateZ2 

provided the intermediate 8. Removal of the t-butyl group followed by acylation or alkoxycarbonylation 

according to previously described procedure&l* gave target compounds 4c,d. Analogues 4h-m have a chloro 

instead of a trlfluoromethyl group at Rl since 2~hlo~S-ni~phenylhy~~ne, required for the synthesis of the 

key intermediate 9 for these derivatives, was readily available from the corresponding aniline while S-nitro-2- 

(trifluoromethyl)aniline had been synthetically elusive.1 

Scheme 1 

d 

a: (I) *BuNH$Sifif~ O’C- rt# (ii) NaOH. b: (i) 2.5 eq. nBulUlMF, -40X-n, (ii) (iPrO)& OX- it 
(19 aq. HCI. 90% for a,b. c: 3 eq. (4.Br)~H&H20H. 3 mow0 Pd(PPh& NaOH. tokienMEtOH, 
100X, 3h, 62%. d: 6, P(Phb, DIADfTHF, ~15’C- rt. 66%. e: TFA, ct. 73%. 1: (2-Ci)qHf; OzH, 
Im$O, DBWTHF, 86%. 9; NaH, (BOC)@THF, 95%. 

The synthesis for compounds 4k,l, shown in Scheme 2, is typical of the route taken to prepare analogues 

with a 3-fk~0 substituent on the biphenyl moiety (4e-g, j-m). Alkylation of the anion of the N4-unsubstituted 
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triaxolinone 9l by 4-bromo-2-fluorobenxyl bromide provided the intermediate 10. Tbis compound underwent 

Pd(O)-catalyzed cross coupling reaction with boronic acid 5 to provide 11.21 containing the 3-fluoro-S- 

propylbiaryl sulfonamide moiety. The nitro group on the N%uyl was reduced by stannous chloride and then 

acylated using acetyl chloride.fJ* Subsequent removal of the t-butyl group provided the free sulfonamide 

12.1.18 Acylation or alkoxycarbonylation furnished the desired analogues 4kJ.lJ* 

Schema 2 

n 

0 

a: NaHlDMF. (4-Br,2-F)C&CH@. 50’-9o’C, 799(. b: 2 6-q. $5 mot?& W(PPh&, 4 taq. 
NaOH. tOiUOne/EtoH, 90%. 6 h, 66%. c: HdPtOz EtOH, 76%. d: DMAP, pyridine, CICOMe, 
66%. 0: TFA, 66%. f: (2-F)C&C02H, Im2C0, DBUTTHF. 56%. g: NaH. (BOC)&YTHF. 72% 

Biological Results and Discussion 

The ability of compounds 4c-m to block competitively the specific binding of the radioligand 

1251[Sar1,11e%Il to a rabbit aorta (for AT1 receptor) and a rat midbrain (for AT2 receptor) membrane preparation 

was assessed as previously described.23 Compounds which showed AT2/ATl ICso ratios of G were further 

evaluated in the rat and/or human adrenal AT1 and AT2 receptor tissue preparations.~ Multiple runs of the assays 

were conducted for each key compound to ensure consistency in the IC=jo values obtained. For simplicity, Table 

1 shows only data from the aorta/midbrain and human adrenal assays. In general, these ligands were equally 

potent or, slightly more active at the rat adrenal AT1 and AT2 receptors compared to the aorta/midbrain 

combination. The AT2/ATl ICN ratios were generally very similar for these pairs. 

Data from analogues 4c.d show that, compared with 4a.b. the added S-propyl group provided a 2-3- 

fold increase in the AT2 binding affinity but resulted in a lO-20-fold loss in AT1 potency. Compound 4c, with a 

2-chlorobenxoylsulfonamide moiety, was less adversely affected on AT1 than the sulfonylcarbamate 4d. This 

effect of the 5’-alkyl group in increasing the AT2 binding affinity at the expense of AT1 potency was also 

observed in other hetemcyclic series.16 Analogue 4d was a balanced compound from the aorta/midbrain assays 

but was not examined further because of insufficient aorta AT1 potency and poor IC5o values from the human 

adrenal assays. Compounds 4e,f contain a 3-fluoro substituent on the biarylmethyl moiety. Comparing these 

with the unsubstituted acylsulfonamide 4a and sulfonylcarbamate 4b, a 3-fold increase in AT2 binding affiiity 

was achieved while maintaining subnanomolar AT1 potency. From these data, we inferred that 4g. an 
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acylsulfonamide containing both the 3-F and S-Pr substituents, could be a balanced compound. Indeed, 4g was 
balanced in all pair2 of tissue preparations (rat adrenal ATilct,= 1.5 nM, ATz~c~=l.l nM). High human adrenal 

ICm values, however, precluded further interest. 

TABLE 1. m VITRO SAR OF VARIOUS NLARYL TRIAZOLINONE 
AT? -OR SUB- 

Human- 
AT2r’ATl 

Cpd. An a0 I(rsa LnMI Qo 
no.R12R3R4RSAIlATrRlrtlalATII- 

ad’ CFs H H H (2.CI)Ph 0.11 36 300 

4bb CFI H H H 0-1.Bu 0.45 17 39 

4c CFs H H n-Pr (2-CI)Ph 1.3 14 11 

46 CFs H H n-Pr 0-t-Bu 10 8.1 0.8 150 270 1.8 

4e CF, H F H (2-CI)Ph 0.15 12 80 

41 CFI H F H 0.t-Bu 0.31 4.2 14 

4g CFs H F n-Pr (P-CI)Ph 3.9 3.5 0.9 110 140 1.3 

4h Cl NHCO-n-Bu H Et (P-CI)Ph 1.0 4.9 4.9 

41 Cl NHCOEt H Et (2.CI)Ph 0.25 3.5 14 

4J Cl NHCOM. F n-Pr (2-CI)Ph 0.90 0.15 0.2 16 (0.483 17 1.1 

4k Cl NHCOM. F n-Pr (P-F)Ph 0.62 0.15 0.2 5.9 2.4 0.4 

41 Cl NHCOMe F n-Pr 0.t-Bu 0.84 0.24 0.3 14 (0.823 12 0.9 

4m Cl NHCOM. F n-Pr O-Et 1.4 0.10 0.07 15 2.6 0.2 

4tt* Cl NHCO-n-Bu H H (P-CI)Ph 0.16 1.6 10 

4o* CI NHCOEt H H (2-CI)Ph 0.17 2.5 15 

4p* CI NHCOM. H H (2-CI)Ph 0.052 12 230 

cL For the rabbit aorta and rat midbrain binding assays, no bovine serum albumtn (BSA) was added to tbe 
assay mtxtures. For the human adrenal assays, 0.2% BSA was present in the assay mixtures unless 
otherwise indicated. b This compound was reported in reference 18. c Data from cloned human AT1 receptor 
(no BSA in assay mfxture). d This compound was reported in reference 1. 

Subsequently, we investigated compounds 4h,i which have a S-ethyl substituent and an amide moiety on 

the S-position of the N%ryl ring. The amide moiety is known to enhance AT2 activity in the triazolinone series1 

Compared to the S-propyl group, the S-ethyl group was expected to induce a smaller increase in AT2 binding 

affinity but suffer less of a loss in AT1 potency. Together, these modifications might result in a balanced 

compound more potent than 4d or 4g. Table 1 shows that, unfortunately, the S-ethyl group resulted in a 

decrease in AT2 binding affinity in 4h,i compared to 4n,o, unsubstituted at the 5’-position, and the AT2/ATt 

ICSO ratio remained unsatisfactory in the 5’-ethyl analogues. 

Next, we considered using a combination of an acetylamino group at the 5-position of the N&y1 and 3- 

fluoro-5’-propylbiaryl substituents to enhance AT2 potency. The expected loss in AT1 potency owing to the S- 

propyl group was designed to bc partially offset by the presence of the acetylamino group, which had previously 

provided an exceptionally potent AT1 derivative (e.g., 4p vs. 40). 1 Four analogues were synthesized in this 

series, 4j-m. The first compound prepared, 4j (rat adrenal AT11~~~=0.38 nM, AT21~~~=0.11 nM), had 
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Subnanomolar intrinsic potency at both receptors. superior in this respect compan5d to a close analogue 4g. In 

addition, 4j was balanced in all 3 sets of tissue preparations. The 2-fluorohenzoylsulfonamide 4k was slightly 

more favored at AT1.18 providing a compound with AT2/ATt ICm ratios consistently cl. The r-butyl sulfonyl- 
carbamate 41 (rat adrenal ATirM=0.70 nM. AT21~@ 17 nM) also met our criterion for a balamxd compound 

(human adrenal AT2/ATl ICa ratio -1). The cloned human AT1 receptor ICm values for 4j.l were 0.48 nM snd 

0.82 nM. respectively.25 These data suggest an approximate equivalence in intrinsic potency between the rabbit 

aorta ATI and the human AT1 receptors. Finally, the ethyl sulfonylcarbamate 4m showed a -6-1Cfold 

preference for the AT2 receptor. Relative to the r-butyl group, the less bulky ethyl group was able to achieve 

greater AT2 binding affinity but incurred a modest loss of AT1 potency. 

The inhibition of pressor response to exogenous AI1 challenges by 4j.l was studied in conscious 

normotensive rats according to protocols described previously.26 At 3 mg/lcg i.v., 4j showed 71% peak 

inhibition with a duration of 5 h and 41 showed 41% peak inhibition. Neither 4j nor 41 was active orally at this 

dose. This contrasts dramatically with conscious rat data for compounds 4a.b and 3. For these compounds, 

which contain an acylsulfonamide or sulfonylcarbamate, with or without an acylamino moiety, excellent efficacy 

(generally ~85% peak inhibition) and long duration of action (6 c t < 24 h) were observed at 1 mg/kg both i.v. 

and orally. U8 The DuPont Merck AI1 group has shown that the 3-F substituent on the biaryl moiety is consistent 

with good oral activity in rats.17 Therefore, the present data imply that, in the triazolinone series, the S-propyl 

group on the biaryl (perhaps in conjunction with the 2-chloro substituent on the N’&ryl) appear to reduce in vivo 

efficacy and adversely affect oral activity in conscious rats. 

In summary, we have described triazolinone-based dual AI1 antagonists which showed subnanomolar 

binding affinity at both receptor subtypes and met goals for ATl/AT2 balance in multiple tissue preparations, 

including human adrenal. One analogue showed modest AT2 selectivity. The 70-240-fold gain in AT2 activity 

seen in 4j-m compared to 4a,b was primarily achieved by a Sacetylamino group at the @-aryl ring of the 

triazolinone and 3-fluoro, Y-propyl substituents on the biaryl moiety. This study assisted our efforts to achieve 

fully balanced and orally active triazdinone-based AI1 ligands, which will be disclosed in the near futme. 
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