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Abstract: A series of optically active tetrahydro-oxazino[2,3-c]benzopyran derivatives have been synthesized
and evaluated for potassium channel opening activity. (4aR,11bR)-1-Benzoyl-5,5-dimethyl-2,3,4a,11b-
tetrahydro-oxazino[2,3-c]benzopyran-9-carbonitrile ((-)-11e) was identified as a bladder-selective potassium
channel opener (ICso, pladder = 8.15 UM, ICsp, portat vein = 34.5 UM). © 1998 Elsevier Science Ltd. All rights reserved.

Since the discovery of cromakalim ((+)-1) as a typical ATP-sensitive potassium channel opener (PCO), a large
number of 3,4-dihydro-2H-1-benzopyran derivatives have been synthesized and demonstrated to possess
potent relaxant activity on blood vessels, cardiac muscle, and other smooth muscles.' These agents may find
use in the treatment of a variety of diseases such as hypertension, asthma, ischemia, and urinary incontinence.
However, their clinical utility may be limited largely due to a lack of tissue selectivity. In this paper, we would
like to report the stereoselective synthesis of a series of tricyclic 2,3,4a,11b-tetrahydro-oxazino[2,3-
c]benzopyran-9-carbonitriles (5a-e, 11a-e, 13a-c, and 14),2 which were designed on the basis of rigidization of
the amide function and the 3-hydroxyl group in cromakalim. Within the series, the cis benzamide ((-)-11e)
was found to be 4 times more potent on rat bladder detrusor muscle than on rat portal vein. Bladder-selective

potassium channel openers, including series of anilide tertiary carbinols,’ have only recently been reported.
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Compounds 5a-e, which maintain the stereochemistry of lemakalim ((-)-1), the active enantiomer of
cromakalim, were synthesized according to Scheme 1. The starting epoxide (-)-2, prepared from 6-cyano-2,2-
dimethyl-2H-1-benzopyran via Mn(salen)-catalyzed asymmetric epoxidation,* was subjected to ring-cleavage
by 2-aminoethanol to give the diol intermediate (+)-3. Treatment of 3 with Ph;P/DEAD® resulted in the
desired cyclization to form the tricyclic oxazino[2,3-c]benzopyran derivative (+)-4. Acylation of 4 under
appropriate conditions as shown then provided the target compounds (+)-Sa-e. The cis-isomers of 5a-e,
namely (-)-11a-e, were also prepared in a stereoselective fashion as shown in Scheme 2. The key steps are the
inversion of the 3-OH function in amide-alcohol (+)-7 effected by DAST® and the protection of the amino
group in the resultant cis-aminoalcohol 8 as an o-nitrophenylsulfonamide.” The sulfonamide 9 then underwent
the desired double alkylation with 1-bromo-2-chloroethane, albiet in low yield (30%), followed by
deprotection to form the cis-oxazino[2,3-c]benzopyran derivative (-)-10. Acylation of 10 as described
provided the cis-tetrahydro-oxazino[2,3-c]benzopyran derivatives (-)-11a-e. 2-Oxo0-3H,5H-0xazino[2,3-
c]benzopyran derivatives (-)-13a and (-)-13b, whose carbonyl groups are located within the tricyclic ring
system at position 2, were also prepared. The starting frans-aminoalcohol (+)-6 was treated with chloroacetyl
chloride to give amide (+)-12, which underwent intramolecular O-alkylation to provide the target compound
(+)-13a. Compound 13a was treated with CHsI/NaH to give the methyl analog (+)-13b. Interestingly, if an
excess of NaH was used in the above methylation reaction, (+)-13b isomerized to the more stable cis isomer

(-)-14. (Scheme 3) The N-benzyl analog 13¢ was similarly prepared in racemic form from racemic epoxide
(¥)-2. The structure assignment of target compounds® is supported by X-ray crystal structure analysis, as

represented by Sb, 11b, and 13b. (Figure 1)
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Figure 1. X-ray Crystal Structures of 5b, 11b, and 13b

The PCO activity of the target compounds were evaluated in vitro with preparations of spontaneously
contracting rat portal vein and KCl-stimulated rat detrusor strip based on literature procedures.” (Table 1)
Most compounds tested, except 5a, Se, 13a, and 13¢, demonstrated significant relaxant activity on both rat
portal vein and detrusor strip. The compounds are less potent than lemakalim. However, the observed relaxant
activity was antagonized by the potassium channel inhibitor glibenclamide, indicating the direct involvement
of potassium channels. Compounds Sa, Se, 13a, and 13¢ showed weak enhancement activity on the portal vein,
while maintaining weak relaxant activity on the detrusor. Within the 2-oxo series, only the methyl analogs 13b
and 14 showed relaxant activity on the portal vein. In general, the cis isomers (11) are more potent than the
trans isomers (5), in contrast to the earlier finding that the (3R,4R)-cis isomer of lemakalim is 50 times
weaker than lemakalim itself.!® It is noteworthy that the cis-isomer 14, which has a reversed configuration at

C-11b as compared to that of the corresponding C-4 in lemakalim, is more potent than the (4aS,11bR)-trans



isomer 13b. Among all the compounds synthesized, cis-benzamide 11e is the most interesting, which showed
the highest potency (ICso, 8.15 pM) and selectivity (ICsp ratio, 4.2) on rat detrusor muscle and may serve as a
lead compound for the discovery of clinically useful bladder-selective potassium channel openers. Further

SAR study based on the above findings is currently in progress.

Table 1. Mechanoinhibitory Activity of 2,3,4a,11b-Tetrahydro-oxazino[2,3-c]benzopyran-9-carbonitriles on
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Rat Portal Vein and Rat Detrusor Strips®
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(+)-5a-¢ (-)-11a-¢ (+)-13a,b (-)-14
(H)-13¢
ICso(uM) in the presence of
ICso (LM) Glibenclamide®

compd R [o]o  portal vein®  detrusor®  ICsoratioc®  portal vein detrusor
(+)-5a H +79.8 +f 152+28.4 — ND® 158
(+)-5b Me  +333 5.9+2.1 70.1+24.2 0.08 79.3 153
(+)-5¢ Et +24.6  64.9+10.6 47.2+18.1 1.38 92.6 318
(+)-5d i-Pr  +56.9 127+12.3 104+8.7 1.22 ND 244
(+)-5¢  Ph  +53.9 + 6620 — ND 123
(-)-11a H -125 62.8+18 51.8+17.6 1.21 117 279
(-)-11b Me -244 2.741.0 8.8+3.1 0.31 60.9 53.2
(-)>-11c Et -310 20.1+8.9 51.84+3.06 0.39 52.6 141
(-)-11d i-Pr -155 18.4+2.5 56.4+5.2 0.33 58.9 268
(--1le  Ph  -114 3454071  8.15+19 423 455 32.8
(+)-13a H +150 + 53.1+14 — ND 56.3
(+)-13b Me  +85.7 50.2+16 43.8+7.2 1.15 72.8 79.5
(£)-13¢ Bn — + 68.2+14.5 — ND 130
(-)-14 Me -185 26.2+5.6 65.7+18.5 04 283 129
lemakalim 0.13+0.08 0.824+0.2 0.16 4.9 8.7

“Data represents the mean of three experiments each performed in duplicate. ®1 uM. ‘spontaneously
contracting rat portal vein. disolated rat detrusor strips exposed to extracellular KCI(20 pM). “ICs0 portal

vein/1C50 bladder- The “+” sign indicates enhancement of the spontaneous contraction. ®ND: not determined.
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