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AbStMCt: A series of 2-(l,l-diphenylalkylamino)-1,3diazaheterocycles was prepared and evaluated as 
antagonists of Ltype calcium channels. Of the eighteen derivatives in thii series, tetrahydropyrimidine 6h and 
hexahydro-1,3diamcine 6n were the most potent calcium antagonists, beiig essentially equipotent to both 
diltiazem (2) and amidine 5. 

There are currently a substantial number of compounds which have been reported as antagonists of L 

type calcium channels. These compounds may interact with six or mom discrete binding sites on this channel1 

In spite of the structural diversity of these agents, from a therapeutic standpoint, the area is still dominated by 

the l&dihydropyk%nes, e.g. nifedipine (l), the benzothiazepines, e.g. diltiazem (2), and the phenylallqlamines, 

e.g. vempamil (3). Our interest in calcium channel antagonists evolved from the pharmacology we observed 

with a series of hetemcyclic amidines. Selected members of this series were shown to possess activity as 
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hypoglycemk+6 diuretic,6 and antiin~ammatory agents6 as well as inhibiting bleed platelet aggregation.6?7 

Subsequent investigadons revealed that amidine 4 inhibited stimulated adenylate cyclase activity*-11 and 
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produced negative inotropic and chronotropic effects on isolated guinea pig hearts which could be reversed by 

calcium.I~ More recently we reported 13 that amidine 5 was a calcium antagonist in vitro, with an activity 

profde and potency that was similar to diltiazem (2). Pursuant to these investigations, we now report the 

calcium antagonist properties associated with a related series of heterocyclic guanidines 6. 

The guanidines which were evaluated in this study were prepared as depicted in Scheme I. Thus, 

reaction of diamkes 7 with carbon disultide afforded the dithiocarbamic acid inner salts 8 which were 

subsequently thermalkd yielding the cyclic thioureas 9. Methylation of 9 using iodomethane afforded the 

corresponding isothiourea hydroiodides 10. Displacement of methyl mercaptan from 1014 with various 

diphenylallcylamines 11 gave the desired guanidine hydroiodides which were neutralized and converted to the 

corresponding hydrochlorides 6 (Table I). 

Scheme1 

/ 

CHaI 
CH,OH 

The calcium channel-blocking effects of the compounds presented in Table I were assessed in potassium 

ion depolarized guinea pig ileum strips by recording the contractile responses produced by varying 

concentrations of calcium chloride. The potencies are expressed as pA2 values which were determined 

according to either the method of Van RossumlS or by Schild plot analysis. l6 

Contained in generic structure 6 are three structural variables. Two of these variables produced a clear 

impact on the observed activity. Fiit, methylation of a ring nitrogen invariably led to a decrease in activity 

when compared to the corresponding unsubstituted compounds (compounds 6d, 6e, 6i, 6j versus compounds 

6b, 6c, 6g, 6h). Second, increasin g the length of the alkyl chain connecting the guanidine and benxhydryl 

moieties generally resulted in an incmase in activity. For example, diphenylethyl-substituted guanidine 6b was 

more active than the corresponding benzhydryl-substituted guanidine 6a. Likewise, diphenylpmpyl-substituted 

guanidks (compounds 6c, 6e, 6h, 6j, 61, 6n, 6r) were more potent than the corresponding diphenylethyl- 

substituted guanidines (compounds 6b, 6d, 6g, 6i, 6k, 6m, 6q). In the only case we examined, this trend 

seemed to plateau since diphenylbutyl-substituted guanidine 6f was only slightly more active than the 

corresponding diphenylpropyl-substituted guanidine 6e. Finally, changing the sire of the guanidine moiety gave 
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Table I. Heterucyclic Diphenylalkylguanidines 

6 

comwunda 
6a 

6b 

6c 

6d 

& 

6f 

6g 
6h 

6i 

61 

6k 

61 

6m 

6n 

60 

6~ 

acl 

6r 

2 

5 

A 

(CH2)2 

(CH2)2 

(CH2)2 

(CH212 

(CH2)2 

(CH2)2 

(CH2)3 

(CH2)3 

(CHi)3 

(CH2)3 

(cH2)4 

(CH2)4 

W2)5 

(05 

g 

g 

h 

h 

B 

H 

H 

H 

CH3 

CH3 

m3 

H 

H 

CH3 

CH3 

H 

H 

H 

H 

H 

H 

H 

H 

xl 

0 

1 

2 

1 

2 

3 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

mid!2 
m-2nd 

162-164 

119-120 

238-241e 

202-204 

158-159 

180-182 

144-146 

155-157 

178-180 

173-175 

151-152 

195-197 

160-162 

216-218 

155-157 

243-245 

178-180 

abyieldb 
31 

44 

34 

68 

61 

32 

40 

31 

22 

51 

64 

43 

22 

16 
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5.6OkO.06 (5) 

6.17M.08 (5) 

7.24kO.11 (4) 

5.73kO.06 (5) 

6.59kO. 17 (5) 

6.77M.08 (6) 

6.1 lfo. 17 (4) 

7.46kO.05 (4) 

5.96ItO. 10 (5) 

6.62k0.23 (5) 

6.26kO.04 (4) 

6.62kO. 11 (4) 

6.6OkO.02 (4) 

7.43kO.06 (5) 

6.85fo.06 (6) 

6.88kO.04 (4) 

7.w.09 (7) 

7.3OkO.09 (5) 

7.38iO. 13f 

7.27kO. 19f 

aSatisfactory analyses (C, H, and N f 0.4% of theoretical values) were obtained for all compounds. byield for 

10 + 6. cm = Number of determinations. d~teraturel7 mp 207-209 T. eLiteraturel4 mp 235-237 “C. 

fRefere.nce 13. 
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variable results. For example, imidazoline 6c, tetrahydropyrimidine 6h, hexahyclro-1,3diazocizocine 6n, and 25 

dihydro-lH-2,4benzodiazepine 6r were essentially equiactive with diltiazem (2) and amidine 5. 

Lee and coworkers have reported that amidine 4, like diltiazem, enhanced the specific binding of 

[3l+itrendipine in both the rat cerebral cortex and heart with EC50 values of 6.1 x 108 and 3.4 x IO-* M 

respectively.18 We have reported that amidine 5 produced a similar enhancement of [3HJnitrendipine 

binding.l3 On the other hand, other researchers have found that under certain circumstances amidine 4 and 

diltiazem have opposing actions on [3IIj1,4dihydropyridine binding.1g This implies that amidines such as 4 

defme a site on the the calcium channel that is distinct fmm that of the benzothiazepines. With these studies in 

mind the guanidines in Table 1 were examined for effects on [3Hjnitmndipine binding in rat heart membranes. 

These componds displayed weak inhibitory effects on [3H]nitrendipine binding (IQ0 values > 1 pM) and in no 

instance was enhancement of binding noted. These results suggest that the guanidines described in Table 1 may 

bind to a site which is distinct from that of amidines 4 and 5. 

In conclusion, we have prepared a series of heterocyclic guanidines 6 and we have evaluated them as 

antagonists of L-type calcium channels. Several of the compounds exhibited pA2 values which were essentially 

equivalent to those of both diltiazem (2) and an&line 5. In contrast to both 2 and 5, however, none of these 

compounds potentiated the binding of [3H’jnitrendipine in rat heart membranes. 
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