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Abstract: 6-Substituted benzopyran-4-(N-cyano)amidines 1 and their analogs have been synthesized. Some of
these compounds, 1a, 18, and 1f 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 discases such as hypertension, angina pectoris, asthma, and alopecia.! It is
recognized that these potassium channel openers consist of a chemically diverse type of compounds, represented
by cromakalim, pinacidil, and RP49356.! Although they differ from each other in their structure, they are
thought to open ATP-sensitive potassium channels and their actions are competitively antagonized by glyburide, a
selective blocker of ATP-sensitive potassium channels. These, as well as the receptor binding study,? seem to
imply that the binding sites involved are at least in part the same.!
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We previously found that N-cyano-N',N',2,2-tetramethyl-6-nitro-2H-1-benzopyran-4-carboxamidine
(1a) exhibited selective activity for guinea pig trachealis.> The previous paper reported the effect of N'-alkyl
substituents on selectivity in guinea pig trachealis.3 Moreover, it is very interesting to explore the effects of the
other substituents 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 1. The known amides 24 were converted by N-methylation to N,N-dimethyl derivatives 3 (Mel, NaH,
THF, reflux, 1 h). The thioamides 4 obtained by thiation of 3 (Lawesson's reagent, benzene, reflux, 1 h), were
converted under the two conditions to 1 (method A : Mel, THF, reflux, 1 h then HNCN, NaH, THF, reflux,
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2 h; method B : Mel, H,NCN, NaH, THF, room temp., 15 h). Compound 4a was also converted to 5a (Mel,
THF, reflux, 1 h then CH3NO,, NaH, THF, reflux, 0.5 h, 53%) and 7a (Mel, THF, reflux, 1 h then
H;NSO,;NH;, NaH, THF, reflux, 2.5 h, 48%). Compound 6a was obtained by hydrolysis of 1a (HCI,
EtOH-CHCl3, 4 °C, 10 days, 98%).
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CONHMe CONMe, CSNMe,
Rm— Mel R X Lawesson's reagent m
Me . Me Me
0" Me NaH 0" Me 0" Me
2 3 4
method A NCN NMe, O,NCH NMe,
1) Mel
2) H,NCN, NaH R x 1) Mel ON x
B ——E— 43 ————r—e——
method B oL 2) CHNO,, Nait e
Mel, H;NCN, NaH 1 sa
H,NCONg__NMe, HaNSO,N -NMe,
HCl ON S 1) Mol O=N =
4a —
EtOH-CHCK o\ Me 2) H,;NSO NH,, NaH o T Me
Me Me
6a 7a

The smooth muscle relaxant activities of compounds were determined by the effects on 30 mM KCl
responses in rat aorta and spontaneous tone in guinea pig trachealis, and are listed in Table I in comparison with
cromakalim,’ pinacidil,6 and RP49356.7

The N-methylcarboxamide 2a, N,N-dimethylcarboxamide 3a, and N,N-dimethylcarbothioamide 4a
showed no selectivity for guinea pig trachealis. Replacement of the cyanoimino group of 1a to nitrtomethylene
(5a), aminocarbonylimino (6a), and sulfamoylimino (7&) groups also gave disappointing resuits. 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 1a is mandatory for the selectivity to the trachea. Among the
6-substituted amidines, compound 1@ as well as the 6-trifluoromethyl and 6-trifluoromethoxy compounds 1e
and 11, exhibited selective activity, with somewhat lower activity of the latter. The 6-cyano and 6-
benzenesulfonyl compounds 1b and 1¢ showed no the selectivity with weak activity for both tissues. Other
compounds 1d and 1g-1j were devoid of activity for both tissues. Thus, among tested compounds, 18
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 RP49356 showed the selectivity (Table I). To our
knowledge, there is no report of potassium channel opener with selectivity in vitro to trachea, such as 1a.
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Table I.  Smooth Muscle Relaxant Activities of 6-Substituted N-Cyano-N',N',2,2-tetramethyl-2H-1-
benzopyran-4-carboxamidines 1 and the Derivatives 2a-7a

NCNs_NMe, O,NCH_NMe, HaNCONs__NMe, HNSO,N_NMe,
R A ON A\ O,N A ON Q
Me Me Me Me
o Me © Me © Me o Me
1 5a 6a 7a
rat aorta guinea pig trachealis

No. R  method Yield(%) mp(°C) PpECso®  IA(%)° n° pECso?  1A@)® aS
1a¢  NO; 45> ; 3 7291004 906111 9
2a .8 NO, 797+004 610:+51 4 7481008 89.6:30 8
3af NO, 92 115-118 6894013 799+77 3 6404008 783194 3
af NO, 84 139-141 602009 715:33 3 6311004 7741108 3
5a 53 217-219 519+007 831426 3 5954021 848468 4
6a 98 157-159 45> - 1 45 - 4
7a 48 212-214 45> ) 2 45> ; 2
b CN A 56 219-221 5301004 737186 3 5671019 856141 3
it  PhSO, A 22 200-201 548+010 738:05 3 5441011 911239 3
1d  MeSO; A 43 246-247 45> . 2 45> - 2
1 CFs A 17 132-133 490:009 752388 3 6751015 741180 3
1 CFRO B 58 123-124 50> . 2 639:004 561183 3
g Br A 98 164-165 45> . 2 45> - 2
ih  Cl B 56 167-168 45> ) 2 45> - 2
1 H B 66 77-78 45> . 2 45> . 2
11  MeO B 61 111-112 45> . 2 45> . 2
Cromakalim 6774003 747+2125 6073008 851341 7
Pinacidil 6145003 919+25 5 5804007 973307 6
RP49356 6283:004 797+22 6 5391004 919:23 8

2 Negative logarithms of the molar concentration required to relax rat aorta grecontracted with 30 mM KCl by
50% of 1A, with + SEM. See footnote 8 for experimental details. Intrinsic activity + SEM (%).
C Number of determination. 4 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. © See reference 3. I See scheme I for the structures. & See reference 4b.

Part of the interesting pharmacological properties of compound 1a (KC-128) as an ATP-sensitive
potassium channel opener have been presented elsewhere.1® Further biochemical and pharmacological studies of
compound 1a (KC-128) are in progress.

Compound 1a (KC-128) will be widely applicable in biochemical and pharmacological studies of
potassium channels.
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