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Abstract. To find out selective potassium channel openers (PCOs), we synthesize.A several 3,5-disubstituted 
phenylcyanoguanidine den~,atives and investigated their structure-activity relationships (SAR). As a result, we discovered 
selective PCOs having 1,1-diethylpropyl group toward antihypertensive activity. © 1998 Elsevier Science Ltd. All rights reserved. 

Potassium channels play a central role in the regulation of cellular excitability, which are involved in setting the 

membrane potential and controlling the frequency and shape of actions) In addition, recent advanced studies indicate that 

there are numerous types of potassium channels, each has specific dismbution and function in the body. 2 It is expected that 

PCOs could he useful to treat various ~ ,  e.g., hypertension, asthma, urinary incontinence, and hypertrichosis so on, 3 in 

fact, a large number of therapeutic targets are being investigated with PCOs. However, one of drawbacks in well-known 

PCOs such as pinacidil 4 and cmmakalim 5 is their lack of tissue selectivity, 6 which limits their clinical utilities. This 

disadvantage of first generation PCOs pmrnpted nrAicinal chemists to find out tissue selective ones. Although a few 

compounds have been reported as cardiac-selective 7a or urinary bladder-selective PCOs, r° the selective PCOs toward 

antihypertensive activity have not been found out yet. Therefore, the discovery of vascular-selective PCOs t~s been 

exceedingly desired. 

By the way, it has been reported that pinacidil and crornakalim are attractive antihypertensive agents based on the 

opening of potassium channels. 8 We focused on the modification of pinacidil and have recently reported that compound 1 

(KB-R5608) had stronger and more lasting antihypertensive activity than that of pinacidil. 9 However, both pinacidil and 

KB-R5608 still have broad pharmacological profiles such as relaxation of urinary bladder and trachea, in addition to the 

antihypertensive activity. 
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To find out the tissue selective PCOs, we investigated the SAR ofcompound 1, and successfully found the selective 

PCOs (2f, 2h) toward antihypertensive activity. 
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Chemistry Novel phenylcyanoguanidines 2a-h 1° listed in Table 1 were synthesized from the corresponding 3,5- 

disubstituted anilines 3 via phenylthioureas 5 (Scheme 1). Among the 3,5-disubstituted anilines 3 used in this study, 3- 

bromo-5-finoroaniline 3a" was prepared from 4-fluom-2-nitroaniline 7 in three steps (Scherm 2). The others were 

commercially available and/or were synthesized according to literatures. The 3,5-disubstituted anilines 3 were treated with 

thiophosgene to afford the corresponding phenylisothiocyanates 4, which were converted into phenylthioureas 5 by reaction 

with alkylamines H2N-R 3. Atr~ng H2N-R 3, 1-methyl-l-ethylpmpylamine ( H2NC(CH3)(CH2CH3)2 ) and 1,1- 

diethylpropylamine ( H2NC(CH2CH3)3 ) were synthesized from the corresponding alcohols 10 by Ritter reaction (Scheme 

3). The removal of hydrogen sulfide from 5 by treatment with triphenylphosphine, carbon tetrachloride, and triethyamine 

gave carbodiimides 6. The desired phenylcyanoguanidines 2 were prepared by the addition of cyanamide to carbodiimides 

6. 
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Reagents: (a) CSCl2; (b) H2N-R3; (c) PPh3, CCI4, EtaN ! CH2Cle; (d) 
H2NCN, i-Pr2EtN 

Results and Discussion We have already reported that the relaxant activity toward taenia caecum could be a good index 

for the estimation of potassium channel opening activity. 9 As shown in Table 1, pinacidil, cromakalim, KB-R5608 (1), and 

corr~ounds 2a-h exhibited the taenia caecum relaxant activity, especially the activities of compounds 2a-h were 10-80 fold 

rr~re potent than that of pinacidil. Namely, it was found that compounds 2a-h possessed the potent potassium channel 



K. Yoshiizumi et al. / Bioorg. Med. Chem. Lett. 8 (1998) 3397-3402 3399 
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opening activity compared to pinacidil and/or cromakalim. Against all of the compounds, we evaluated the urinary bladder 

relaxant activity for urinary incontinence, the tracheal relaxant activity for asthma, and the antihypertensive activity using dogs 

for hype~ension to investigate the SAR regarding the selectivity of pharmacological profile. 

At first, we fixed the alkyl group on the cyanoguanidine unit of compound 1 to the tert-pentyl group and estimated the 

urinary bladder and trachea relaxant activities of compounds 2a-c. As a result, comtmunds 2a--c showed almost the same 

urinary bladder and trachea relaxant activities as 1. This result indicates that two substituents on the benzene ring do not 

affect the selectivity at all. 

Next, we fixed two substituents on the benzene ring to the chloro and cyano groups, and investigated the SAR of 

compounds 2d-f. Among the compounds with the 3-chlom-5-cyanophenyl moiety, compounds 2d and 2e exhibited the 

potent urinary bladder and trachea relaxant activities (EDso values; 0.19 ~ 1  and 0.69 ~ / I  for 2d, 0.016 IxM and 0.19 ~M for 

2e, respectively). Surprisingly, it was to note that compound 2f with l,lMiethytpropyl group, C(C2H5)3, revealed much 

weaker activities toward urinary bladder and trachea than 1 with tert-pentyl group, 2(1 with 1,1,2-tfilnethylpropyl group, 2e 

with 1-ethyl-l-rnethylpropyl group, and pinacidil with 1,2,2-tfin~thylpropyl group. Interestingly, con~und  21' still has 

more potent taenia caecum relaxant and antihypertensive activities compared to pinacidil. Although a successful selectivity 

of 2f toward vasorelaxation may depend on the structure of the alkyl group, there is very few infonmtion to conclude so. 

In order to clarify this point, we synthesized the 3,5-dichlorophenylcyanoguanidine derivatives 2g and 2h, and evaluated their 

pharmacological profile. As shown in Table 1, conlpound 2h with the 1,1-diethylpropyl group showed the potent relaxant 

activity toward taenia caecum (EDs0 = 0.18 kLM), but the weak activities toward urinary bladder (< 5% at 1 ~M) and trachea 
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(30 IxM). On the other hand, corr~ounds 2g with the 1-ethyl-1-methylpropyl group showed the potent relaxant activities 

toward all of three types of srrooth rrmscles. These findings indicate that the urinary bladder and wachea relaxant activities 

would be comparatively sensitive against the structure of the alkyl group on the cyanoguanidine unit. The relaxant activities 

of pinacidil and cromakalim toward vascular smooth nmscle, urinary bladder, and trachea are known to be based on the 

opening of ATP-sensitive potassium channels among several types of potassium channels. 3" It is considered that 

compounds 2f and 2h would open ATP-sensitive potassium channels in vascular smooth rroascle, not open ones in urinary 

bladder and trachea. It is not clear why 2f and 211 with the l,l-diethylpropyl group show the selectivity, but two possibilities 

can be considered. One is the difference in the delivery of the compounds to potassium channels in each tissue, and the 

other is the difference in the structure of potassium channels in each tissue. 

Tab le  1 Bio logical  Act iv i t ies of Pinacidil, Cromakal im,  Compounds  1 and 2a-h 

NCN 
R ~ N H - C - N H - R  3 

Compound R 1 R 2 R 3 TCRAa) UBRAb) TRAC) AHAd) 
(ED5o, ~.M) (ED5o, ~M) (EDso, I~M)  (AmrnHg) 

pinacidil 2.0 0.31 2.3 -11.3± 1.1 

cromakalim 0.47 0.042 1.2 -37.8-1-6.2 

l(KB-R5608) CI CN -C(CH3)2CH2CH 3 0.075 0.02 0.28 -29.8+5.0 

2a F Br -C(CH3)2CH2CH 3 0.025 0.016 0.18 -33.4-1-0.9 

2b Br CN -C(CH3)2CH2CH 3 0.032 0.011 0.08 NT °) 

2c F CI -C(CR3)2CH2CH 3 0.054 0.032 0.26 NT e) 

2d CI CN -C(CH3)2CH(CH3) 2 0.17 0.19 0.69 -20.3"+-2.9 

2e CI CN -C(CH3)(CH2CH3)2 0.10 0.016 0.19 -25.2-t-7.8 

2f CI ON -C(CR2CH3) 3 0.094 >I~M ~ 5.6 -18.9-t-2.5 

2g CI CI -C(CH3)(CH2CH3)2 0.081 0.013 0.44 -26.1-1-1.8 

2h CI CI -C(CH2CH3) 3 0.18 >lp-M g) 30 -15.9-1-3.4 

a) TCRA: taenia caecum relaxant activity. See References and Notes 12. b) UBRA:urinary bladder relaxant activity. 
See References and Notes 13 for details, c)TRA: trachea relaxant activity. See References and Notes 14 for details. 
d) AHA:antihypertensive activity in dogs by i.v. injection at a dose 30 p.g/kg. Each value represents the mean ± S.E. 
of a maximum decrease in mean blood pressure, n=-20 for pinacidil, n=-5 for 1, n=3 for the others. See References 
and Notes 15. e) not tested, f) 22% at l l ,  M. g) <5% at l l ,  M. 
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In conclt~ion, we investigated the SAR of corr~und 1 (KB-R5608) for the discovery of the selective PCOs, and 

found that the modification of the alkyl group of convound 1 (KB-R5608) could give pharmacological selectivity for the 

potential PCOs. Especially, the two phenyicyanoguankfine derivatives having the 1,1-diethylpropyl group, 2t" and 211, were 

good PCOs with resp~t of the selectivity toward the antlhypertensive activity. These new findings will he useful for the 

design of new types of PCOs. 
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