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Abstract: A series of 5,7-diphenyl-3-ureidohexahydroazepin-2-one cholecystokinin-B (CCK-B) receptor
antagonists was synthesized using Beckmann ring expansion of a suitable 2,4-diphenylcyclohexanone as a key
step. SAR studies revealed the importance of the S-aryl group for high and selective CCK-B receptor affinity,
as illustrated in compound (-)-10i (CCK-B ICs9 = 6.8 nM).

The discovery that CCK-4, a selective ligand for the cholecystokinin-B (CCK-B) receptor, causes panic
behavior in humans set the stage for the development of CCK-B antagonists as novel therapeutants for panic
disorder and anxiety.] Subsequent studies have suggested CCK-B receptors may be involved in pain? and
control of central dopaminergic function3 While CCK-B antagonists have been developed from numerous
structural classes,® one of the most versatile is the benzodiazepine family, represented by the potent and
selective CCK-B antagonist L-365,260, 1, below 5 In a search for alternatives to the benzodiazepine nucleus,
we chose the 5,7-diphenylhexahydroazepin-2-one structure for investigation, and report our SAR studies
leading to the high affinity CCK-B receptor ligand 10i herein.
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The preparation of the 3-ureido-5,7-diphenylhexahydroazepin-2-one system is outlined in Scheme 1. The
key step for construction of the azepin-2-one nucleus is the Beckmann ring expansion reaction of oxime 6. Its
precursor, ketone 5, was prepared by addition of an aryl Grignard reagent to the 2-chloro derivative of ketone 4,
derived from the monoethylene ketal of cyclohexane-1,4-dione by addition of an aryl Grignard reagent followed
by hydrogenolysis and hydrolysis To introduce the ureido and amide side chains, dibromination at the 3-
position was followed by treatment with palladium-on-carbon in the presence of quinoline and hydrogen to
selectively remove one bromine. Addition of the acetamido side chain by N-1 alkylation, followed by
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Scheme 1. Preparation of 5,7-diarythexahydroazepin-2-ones 10.
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displacement of the C-3 bromide with azide, and reduction to the corresponding amine then produced a
separable mixture of diastereomers; acylation afforded the final products 10.6 Determination of the
stereochemistry was carried out by X-ray analysis of single crystals of compound 10m 7 Correlation of the
stereochemistry with the other compounds 10 was facilitated by the characteristic 'H-NMR AB quartet signal
for the methylene group between N-1 and the amide group for each diastereomer.8 Resolution was carried out
by forming the t-BOC-L-phenylalanine derivative of 9i, followed by removal of the t-BOC group and
separation of diastereomers by column chromatography Edman degradation to remove the L-phenylalanine
group provided the separate enantiomers of 9i, and acylation then provided the enantiomers (+)- and (-)-10i.8

Table I CCK SAR at the 5- and 7-positions in 5,7-diphenyl-3-ureidohexahydroazepin-2-ones.

vz ()
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N N CH,4
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CONHtBu 10 CONH1Bu

CPD. X X CCK-B ICso®  CCK-A. ICso°
10a H H 16+44 823 + 206
10b 4-F H 203 + 33 2,800 + 1,200
10¢ 3-F H 31+067 1,000 + 290
10d 4-CH; H 560 + 57 970 + 250
10e 3-CH3 H 141 + 49 1,600 + 500
10f H 4-F 654033 700 + 120
10g H 4-CH3 190 + 40 1,100 + 320
10h H 3-CH3 66+22 1,300 + 383
10i H 2-CH3 78+27 580 + 77

10j H 2-CH,CH> 25+38 810 + 130
10k H 2-OCHj3 28469 750 + 40

11 H H 450 + 160 >10,000
(+)-10i H 2-CHj 527 +210 610+ 95
(-)-10i H 2-CH3 68+19 930 + 290
L-365,260 81+15 86 + 27

SAR around the 5- and 7-phenyl rings (above) shows little room for variation on either ring, with the
exception of the 2-tolyl ring at the 5-position, compound 10i The improved CCK-B receptor affinity of 10i
would seem to result from a conformational effect on the hexahydroazepin-2-one nucleus rather than a
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stereoelectronic or lipophilicity effect, since the 3- and 4-methyl substituents in 10g and 10h decrease CCK-B
receptor affinity relative to 10a. Other 2-substituted 5-phenyl groups, as in 10j and 10k, showed decreased
CCK-B receptor affinity relative to 10i, confirming the tight SAR in this region, and suggesting that this
proposed conformational effect is not increased by a larger 2-substituent The importance of the spatial
relationship between the cis 5,7-diphenyl template and the 3-ureido side chain for CCK-B receptor affinity is
illustrated by lack of CCK-B affinity of diastereomer 11, alternative diastereomers with trans-oriented 5,7-
dipheny! groups were not examined Resolution of 10i demonstrates that the (-) isomer possesses the higher
CCK-B receptor affinity, again demonstrating the specificity of the interaction between the 5,7-
diphenylhexahydroazepin-2-one template and the CCK-B receptor. The flexibility of the SAR of the amide and
ureido groups is indicated below; the N-(1-methyl)cyclohexyl and N-2-chlorophenyl amide, prepared as
indicated at the bottom of Scheme 1, and the 3-trifluoromethyl and 3-nitrophenylureido side chains provide
compounds with high and selective CCK-B receptor affinity

Table 2. CCK SAR at the N-1 and C-3 ureido positions in 5,7-diphenylhexahydroazepin-2-ones

O CHgy

H H 10
NYN | = X
N o O Z
CONHR;,
CPD, R X CCK-B,ICs0®  CCK-A. ICsy?
10i {Bu 3-CHj 78427 583 + 77
101 (1-CH3)c-hexyl 3-CH3 134+44 1,300 £ 230
10m (1-CH3)-hexyl  3-CHpCH;  38+78 >10,000
10n CH(tBu); 3-CH3 453 £ 62 >10,000
10t 2-propyl 3-CHs 80+ 19 560 + 110
10u (2-Cl)Ph 3-CH; 28166 1,100 + 290
10v (3-Cl)Ph 3-CH;3; 79 + 38 >10,000
10w (4-Cl)Ph 3-CHj 278 + 131 >10,000
10x (2-CH3)Ph 3-CHj 71484 1,100 + 230
10y (4-CH3)Ph 3-CHs 40+12 >10,000
100 tBu 3-CF3 28+58 2500 + 740
10p tBu 4-Cl 117+ 12 >10,000
10q tBu 3-F 36151 1,800 + 380
10r tBu 4-OCHj3 87+ 12 2,200 + 360
10s tBu 3-NO; 10+12 >10,000

L-365,260 8115 86+ 27
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The strategy of altering the benzodiazepine template of 1 to a 5,7-diphenylhexahydroazepin-2-one affords
compounds with comparably high and selective affinity for the CCK-B receptor. This 5,7-
diphenylhexahydroazepin-2-one structure thus provides a new "template" for CCK-B receptor ligands, joining
the collection of "privileged structures” previously described in this area.!® By expanding the library of
"privileged structures” and their SAR, chemists may provide tools for understanding the mechanism of receptor
antagonism while at the same time enabling more efficient discovery of antagonists at new receptors.
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