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Abstract: 6Substituted benxopyran-4-(N-cyano)amidlnes 1 and their analogs have been synthesized. Some of 
these compounds, la, lo, and If exhibited selective activity for guinea pig trachealis. 

In the last few years, potassium channel openers have become a focus of attention, because they are 

believed to be potential drugs for diseases such as hypertension, angina pectoris, asthma, and alopecia.1 It is 

recognixed that these potassium channel openers consist of a chemically diverse type of compounds, represented 

by cromakalim, pinacidil, and KP49356.t Although they differ from each other in their structure, they are 

thought to open ATP-snsitive potassium channels and their actions are competitively antagonized by glyburlde, a 

selective blocker of ATP-sensitive potassium channels. These, as well as the receptor binding study,2 seem to 

imply that the binding sites involved ate at least in part the same.’ 

Cwnakalim (racemic) Pinacidil RP49356 (racemic) 

We previously found that N-cyano-K~,2,2-tctnunethyl-6-niao-2H-l-benzopyran-4-carboxamidine 

(la) exhibited selective activity for guinea pig trachealis. 3 The previous paper reported the effect of H-alkyl 

substituents on selectivity in guinea pig trachealis. 3 Moreover, it is very interesting to explore the effects of the 

other substhuents for the selectivity. This study documents the effects of the 6-substituents and modifications of 

the cyanoimino group on the selectivity. 

The compounds prepared in this study are listed in Table I, and their synthetic routes are outlined in 

Scheme I. The known amides 24 were converted by N-methylation to N,N-dimethyl derivatives 3 (MeI, NaH, 

THF, reflux. 1 h). The thioamides 4 obtained by tbiation of 3 (Lawesson’s reagent, benzene, reflux, 1 h). were 

converted under the two conditions to 1 (method A : MeI, THF, reflux, 1 h then HzNCN, NaH. THF, reflux, 
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2 h; method B : MeI, HzNCN, NaH, THF, room temp., 15 h). Compound 4a was also converted to 5a (MeI, 

THF, reflux, 1 h then f&NO& NaH, THF, reflux, 0.5 h, 53%) and 7a (MeI, THF, reflui. 1 h then 

HaNS02NH2. NaH, THF, reflux, 2.5 h, 48%). Compound 6a was obtained by hydrolysis of 18 (HCl, 

EtOH-CHCls, 4 “C, 10 days, 98%). 
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The smooth muscle relaxant activities of compounds were determined by the effects on 30 mM KC1 

responses in rat aorta and spontaneous tone in guinea pig trachealis, and are listed in Table I in comparison with 

cromakalim,s pinacidil,6 and RP49356.7 

The N-methylcarboxamide 2a, NJ-dimethylcarboxamide 3a, and ZVJV-dimethylcarbothioamide 4a 

showed no selectivity for guinea pig trachealis. Replacement of the cyanoimino group of la to nitromethylene 

(5a). aminocarbonylimino (6a), and sulfamoylimino (7a) groups also gave disappointing results. That is, 

these compounds showed no significant selectivity for the trachea, or were devoid of activity for both tissues. 

These results suggest that the cyanoimino group of 1 a is mandatoq for the selectivity to the trachea. Among the 

6-substituted amidines, compound 1 a as well as the 6-trifluoromethyl and 6-trifluoromethoxy compounds 18 

and If, exhibited selective activity, with somewhat lower activity of the latter. The 6-cyano and 6- 

benxenesulfonyl compounds 1 b and 1~ showed no the selectivity with weak activity for both tissues. Other 

compounds 1 d and 1 g-l j were devoid of activity for both tissues. Thus, among tested compounds, 1 a 

possessed the most potent and significant selective activity for the guinea pig trachealis. On the other hand, none 

of the reference compounds cromakalim, pinacidil, and RR49356 showed the selectivity (Table I). To our 

knowledge, there is no report of potassium channel opener with selectivity in vitro to trachea, such as la. 
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Table I. Smooth Muscle Relaxant Activities of 6-Substituted N-Cyano-N’,N’,2,2-tetramethyl-2H-l- 
benzopyran-4-carboxamidines 1 and the Derivatives 2a-7a 

7a 

No. R 

fat aorta guinea pig tracbeatis 

method YiiM(%) IrIp PECSO a IA (%)b II’ pECmd IA(%)b II’ 

ii .g % 
N02 
N@ 

:: ;g 
5a 
Q 
7s 
lb CN 
le PhSO2 
Id MeSO 
lo CF3 
11 CF30 
1Q of 
lh Cl 
II H 

11 Me0 
Cromakalim 
Pinacidil 
RP49356 

92 115- 116 
64 139 - 141 
53 217-219 
96 157 - 159 
46 212 - 214 

A 56 219 - 221 
A 22 200 - 201 
A 43 246-247 
A 17 132 - 133 
0 56 l23- 124 
A 96 164-165 
B 56 167-166 
0 66 77 - 76 
B 61 ill- 112 

4.5> 
7.97 f 0.04 
6.69 f 0.13 
6.02 f 0.09 
5.19kO.07 
4.5> 
4.5> 
5.30 f 0.04 
5.46 f 0.10 
4.5s 
4.90 f 0.09 
5.0> 
4.5> 
4.5r 
4.5r 
4.5> 
6.77 f 0.03 
6.14 f 0.03 
6.26 f 0.04 

3 
6l.Ok5.1 4 
79.9i7.7 3 
71.5 f3.3 3 
63.1 +2.6 3 

1 
2 

73.7~6.6 3 
73.6f0.5 3 

2 
75.2 i6.6 3 

2 
2 
2 
2 
2 

74.7f2.1 25 
91.9f2.5 5 
79.7f2.2 6 

7.29 f 0.04 
7.46 f 0.06 
6.40 f 0.06 
6.31 f 0.04 
5.95 + 0.21 
4.5r 
4.5> 
5.67f0.19 
5.44f0.11 
4.5r 
6.75 f 0.15 
6.39 f 0.04 
4.5> 
4.5> 
4.5> 
4.5> 
6.07 f 0.06 
5.60 f 0.07 
5.39 f 0.04 

90.6kl.l 9 
69.6k3.0 6 
76.3k9.4 3 
77.4 ~10.6 3 
64.6 + 6.6 4 

4 
2 

65.6~4.1 3 
91.1 k3.9 3 

2 
74.1 ~6.0 3 
56.1 ~6.3 3 

2 
2 
2 
2 

65.1 f4.1 7 
97.3f0.7 6 
91.9A2.3 6 

a 

a Negative logarithms of the molar concentration required to relax rat aorta recontracted with 30 mM KCl by 
50% of IA, with + SEM. See footnote 8 for experimental details. kr Intrinsic activity f SEM (96). 
c Number of determination. d Negative logarithms of the molar concentration required to inhibit 
spontaneous tone in guinea pig trachealis by 50% of IA, with + SEM. See footnote 9 for experimental 
details. e See reference 3. f See scheme I for the snuctures. g See reference 4b. 

Part of the interesting pharmacological properties of compound la (KC-128) as an ATP-sensitive 

potassium channel opener have been presented elsewhere. 10 Further biochemical and pharmacological studies of 

compound la (KC-128) are in progress. 

Compound la (KC-128) will be widely applicable in biochemical and pharmacological studies of 

potassium channels. 
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