Bioorganic & Medicinal Chemstry Letters, Vol. 5, No. 18, pp. 2101-2104, 1995
Pergamon Copyright © 1995 Elsevier Science Ltd

Printed in Great Britain. All rights reserved
0960-894X/95 $9.50+0.00

0960-894X(95)00356-8

CHIRAL SPIROCYCLIC BENZOPYRAN POTASSIUM CHANNEL OPENERS:
EVIDENCE FOR THE ACTIVE CONFORMATION OF LEVCROMAKALIM
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Abstract. Both enantiomers of a spirocyclic benzopyran imidazolone were prepared in high enantiomeric
purity. The S-isomer was found to be a potent potassium channel opener while the R-isomer was completely
inactive. Comparison of this structurally rigid compound with levcromakalim suggests that the biologically
active conformation of levcromakalim is the same as its preferred conformation in solution and solid state.

Levcromakalim (1) is a potent hypotensive agent thought to exert its vasorelaxant effect via opening
of cell membrane ATP-sensitive potassium channels in smooth muscle. Its discovery has given rise to a rich
and varied literature on the SAR of benzopyran potassium channel openers."? The key functional groups
required for optimum activity in these compounds are well recognized and include an electron-withdrawing
substituent at C6 and a hydrogen-bond accepting functional group at C4. However, little is known about the
required three dimensional relationships among these structural features. Solution phase and solid state data
suggest that the lactam and benzopyran rings of 1 prefer to be orthogonal to one another with the carbonyl
parallel to the C4-H bond.”* However, this low energy arrangement is not necessarily the active conformation
since bond rotation could occur prior to binding.
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Information on the biologically active conformation of levcromakalim could lead ultimately to more
potent or selective potassium channel openers. Evidence for the active conformation of levcromakalim requires
a rigid system having both potent biological activity and clearly defined spatial relationships. The recently
reported® spirocyclic benzopyran imidazolones (SBI's, 2) meet these criteria and, in chiral form, present a
unique tool to determine the preferred active conformation of levcromakalim.

The strategy for synthesis of the enantiomers of 2 relies on the preparation of 3 in optically pure form.
Since the chiral center of 3 is quaternary, it was expected that homochiral 3 would ultimately lead to optically

pure 2 without racemization. Although both asymmetric syntheses and resolution methods have been described
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for preparation of spirohydantoins in chiral form, none were successful in the case of 3.7'® Most notable was
our inability to add HCN to the chiral imine 4 using either HCN in ethanol or TMSCN/TiCl, in methylene
chloride." This method had been previously used for the successful asymmetric synthesis of the closely related
spirohydantoin, sorbinil (5).'° The failure of this reaction in the case of 3 is presumably due to the additional
steric hindrance introduced by the gem-dimethyl groups.
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Resolution of 3 was ultimately accomplished by reaction with R-o-methylbenzylisocyanate'* and

separation of the resulting diastereomeric ureas (6 and 7) using medium pressure silica gel chromatography
(Scheme I)."* The less polar urea diastereomer (6) was isolated in pure form (>99%) while the more polar
diastereomer (7) was obtained as an approximately 95:5 mixture with 6 (based on NMR integration).
Hydrolysis of 6 and 7 with methanolic sodium methoxide gave the two enantiomers of 3. As expected, the
enantiomer produced from 6 was isolated in optically pure form (> 99.4% ee), while that isolated from 7 was
only 95% optically pure (90% ee) as determined by HPLC analysis.”* The latter enantiomer was obtained
optically pure (> 99.4% ee) after three recrystallizations. Since 3 was a key synthetic intermediate from
which the chirality of all subsequent intermediates was derived, an absolute assignment of configuration was
made at this point in the synthesis. The enantiomer isolated from 7 was shown by X-ray crystallography' to
be R-3 (Figure 1) and the enantiomer derived from 6 was therefore assigned as S-3. The structures of 6 and

7 were correspondingly assigned as those shown in Scheme I.'®

Figure 1. X-ray structure of R-3.

The individual enantiomers of 3 were converted to R-2 (U-99,752) and §-2 (U-99,751) by conversion
to the thiohydantoins (8) with Lawesson's reagent, methylation to afford 9, and displacement with
propylamine.'® No racemization of the chiral center was observed in any of these steps. Analysis of R-2 and

§-2 by HPLC showed both enantiomers to be > 99.4% ee.”’
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(R-2 was prepared from R-3 in identical fashion.)

Both enantiomers of 2 were tested in vitro for their ability to hyperpolarize A10 (smooth muscle) cells
via opening of ATP-sensitive potassium channels.'® The S-enantiomer of 2 was found to be exceedingly active,
with an ECy, of 4 nM."” In contrast, R-2 was completely inactive even at concentrations up to 30 uM. In
vivo, §-2 was remarkably potent at lowering blood pressure (ED,, = 2.5 pg/kg) when administered i.v. to CUP-
anesthetized rats. As is commonly observed with PCQO's, tachycardia accompanied the decrease in mean
arterial pressure. Again, R-2 was inactive relative to the vehicle control even at cumulative doses up to 10
mg/kg. Although it is commonly observed that potassium channel activity resides primarily in only one
enantiomer of chiral benzopyran PCO's, the degree of discrimination between the SBI enantiomers is
unprecedented. In more conformationally flexible benzopyran PCO's, the activity of the distomer presumably
stems from its ability to adopt a conformation minimally acceptable to the target protein. In contrast, the
rigidity of 2 makes this impossible and as a resuit the distomer is completely inactive.

The identification of the eutomer of 2 as the 4S-isomer can be used to deduce the active conformation
of 1. Figure 2 illustrates the three-dimensional relationships between the structures of 1 and S-2.*° Based on
SAR data previously published, it has been suggested that the imidazolone N1 nitrogen is a bioisostere for the
important carbonyl oxygen of the lactam in 1.° Granting this assumption, the only conformation of 1 which
places the lactam carbonyl in the same location as the N1 nitrogen of S-2 is that shown in Figure 2. This is
coincident with the preferred solution and solid state conformation of 1. Based on Figure 2, the optimum
arrangement appears to be a hydrogen-bond accepting group positioned 15° below the plane of the benzopyran
ring system and 2.3 - 2.9 A from the C4 carbon. The synthesis and testing of other rigid analogues of the

benzopyran PCO's should provide further insight into the SAR of this important class of compounds.
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Figure 2. Structures of 1 (left) and S-2. All hydrogens have been removed for clarity. The
arrow points to the N1 nitrogen of 2.
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