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GAMMA-LACTAMS AND RELATED COMPOUNDS AS CHOLESTEROL
ABSORPTION INHIBITORS: HOMOLOGS OF THE BETA-LACTAM
CHOLESTEROL ABSORPTION INHIBITOR SCH 484611
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Abstract: Our search for potent cholesterol absorption inhibitors led to the discovery of the -lactam SCH
48461. Structure activity relationship studies prompted us to this study of y-lactams, ring homologs of B-
lactam SCH 48461, to determine their potential as cholesterol absorption inhibitors. The results indicate
that the y-lactams have moderate cholesterol absorption inhibitory properties.

High serum cholesterol levels have been unequivocally implicated as a cause of coronary artery
disease (CAD). A diet high in saturated fat and cholesterol has been singled out as a major risk factor for
CAD and hence drug therapy to inhibit intestinal cholesterol absorption has been important for control of
hyperlipidemia.2 Though numerous agents that affect cholesterol absorption inhibition (CAI) have been
reported, the search for safe and effective inhibitors of cholesterol absorption has continued unabated.3 Our
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research efforts to develop novel hypolipidemic agents led to the identification of SCH 48461 as a very
potent CAI in vivo, as determined in the cholesterol fed hamster model.1:# The compounds in this series
appear to inhibit cholesterol absorption by a new and as yet undefined mechanism.? Further studies
indicated that SCH 48461 was also very effective in lowering plasma lipoprotein levels in cholesterol fed
rhesus monkeys,5 and demonstrated a synergistic effect with HMG-CoA reductase inhibitor, lovastatin, even
in chow fed dogs and rhesus monkeys.® As a part of our structure activity studies we decided to investigate
whether the rigid p-lactam ring is acting merely as a template to optimally orient the various substituents or
is an integral part of the pharmacophore in itself. To evaluate this we decided to investigate the potential of
conformationally flexible y-lactams as cholesterol absorption inhibitors, Figure 1.

Homologation of the B-lactam ring to a y-lactam results in the three y-lactam regioisomers A, B, and
C, Figure 1. This required the evaluation of all three diastereomers that were direct homologs of SCH
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Figure 1

47949 to identify the diastereomer, if any, that was a potential cholesterol absorption inhibitor and then
further investigate the structure activity relationships in this series. The compounds for this study were
synthesized by the routes outlined in Schemes I, II, ITI, IV, V and VI
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Scheme I. Synthetic route for y-lactams A, compounds 1,4 - 8, 11 and 12.
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Scheme II. Synthetic route for y-lactams B, compounds 2, 9 and 10.
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Scheme III. Synthetic route for y-lactams C, compound 3.
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Scheme IV. Synthetic route for imidazolidinone and oxazolidinones, compounds 13, 14, and 15.

+PPhg |- 1 nBuli, THF 1. m-CPBA, CH,Cl,
NN " 2. ArcHo n,/\/“\c_-./” 2. PhANCO, Py, CH,Cl,
Ar ’ Ar
BF3.E1,0, CH,CI
Ph/\/\‘/l‘-ococ.;H.-a-m BFaB120, CHC  (
OCONHPh Ph O\r("“m

:

Scheme V. Synthetic route for oxazolidinone, compound 16.
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Scheme VI. Synthetic route for B-sultams, compounds 18 and 19.

In Table 1 compounds 1, 2, and 3 represent the three phenylpropyl y-lactams that are the direct
homologs of SCH 48461. Of the three only 1 (Diastereomer Type A) showed any hint of activity.?
However, the corresponding cis- isomer 4, appeared to have moderate CAI activity. We were encouraged
by the activity of 4 to further investigate this class of compounds. The effect of varying the length of the
side chain (cf. compounds § and 6) indicated that both the phenylpropyl and the phenylbutyl side chain
analogs were moderately active. Interestingly, for the phenylbutyl series both the trans-diastereomer 8 and
the cis-diastereomer 6 appeared to have moderate activity, in contrast to the phenylpropyl side chain analogs
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4 and 1. In fact, the trans-phenylbutyl y-lactam (8), was the most active compound in this series, although
still not as active as its B-lactam analog SCH 47949. Of the three phenylbutyl y-lactam diastereomers 8, 9
and 10 only 8 was found to be active. The two naphthyl analogs 11 and 12, representing partially restricted
analogs of the side chain, appeared less active than the straight chain analogs 8 and 6 respectively.

Table 1: Activity of Various y-Lactams

Ry Re
H 3 S Ra
0; :Nj ~ Rs
t Rs
Ar
# R 1 E §3 §4 ﬁs Ar BLICE
1 H Ph(CHz)3 H 4°McOPh H 4-MeOPh -12
2  Ph(CHa)3 H H 4-MeOPh H 4-MeOPh NE
3  Ph(CH2)3 H 4-MeOPh H H 4-MeOPh NE
4 H H Ph(CH2); 4-MeOPh H 4-MeOPh -43
5 H H Ph(CHz); 4-MeOPh H 4-MeOPh -16
6 H H Ph(CHp)4 4-MeOPh H 4-MeOPh -30
7 H Ph(CH2), H 4-MeOPh H 4-MeOPh -24
8 H Ph(CH2)4 H 4-MeOPh H 4-MeOPh -52
9  Ph(CHy)4 H H 4-MeOPh H Ph NE
10 Ph(CHjy)4 H H H 4-MeOPh Ph NE
11 H 2-naphthyl H 4-MeOPh H 4-MeOPh -28
12 H H 2-naphthyl 4-MeOPh H 4-MeOPh -21

¥Reduction of Liver Cholesterol Ester (L/CE) levels in the cholesterol fed Hamster model
@50mpk.47 NE - no effect. n = 4/group.

Homologation of the p-lactam ring clearly results in moderation of CAI activity. To suggest a
possible cause for this we performed conformational analyses on the B-lactam and the y-lactam rings using
ab initio calculations. This indicated that in homologating the B-lactam ring we have changed the
orientation of the substituents and that of the carbonyl moiety, structure C, compared to the p-lactam
structure, Figure 2.8 In order to determine the specific importance of the p-lactam ring we needed to design
a template that does not change the orientation of the substituents. Towards this end we investigated the
conformations for the imidazolidonone D and the oxazolidinone E, Figure 2. These ab initio calculations
indicated that the imidazolidinones D and the oxazolidonones E, with their flatter ring system, more closely
mimic the p-lactam ring with respect to the orientation of the substitutents.

Based on our modeling results we synthesized and tested imidazolidinone 13 and the oxazolidinones
14, 15, and 16, Table 2. All four compounds had moderate activity in the cholesterol fed hamster assay.
For compounds 13, 14, and 15 their seemed to be no substantial improvement over their corresponding y-
lactam analogs. Compound 16 was decidedly more active than its y-lactam analog 1 (p<0.05), although the
potency was still somewhat below that of the B-lactam, SCH 47949. This attenuation of activity upon ring
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Figure 2. Ab initio minimum energy conformations at the 3-21G(*) level for the B-lactam,
ylactam C, imidazolidinone D and the oxazolidinone E.

expansion indicated that the carbonyl group of the -lactam ring is partly responsible for the activity of SCH
47949 and its analogs . The importance of the carbonyl group in the g-lactams was further corroborated by
the attenuated activity of the thio-g-lactam 179 and the p-sultams 18 and 19. All three of these compounds
have the rigid framework of a B-lactam but lack the appropriately oriented carbonyl group.

Table 2. Activity of oxazolidinones and imidazolidinone
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# El ﬁz X % T/CE®
13 Ph(CH2), H NH -34
14 Ph(CHz)» H (0] -34
15 H Ph(CHa)2 o) 21
16 Ph(CHj2)3 H (e] -47

# Reduction of Liver Cholesterol Ester (L/CE) levels in the
cholesterol fed Hamster model @50mpk.4 n = 4/group.
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In an effort to understand the SAR around our potent cholesterol absorption inhibitor SCH 48461 we

investigated this series of ylactams as potential cholesterol absorption inhibitors and found that certain -
lactams and oxazolidinones related to SCH 47949/48461 moderately inhibited absorption of dietary
cholesterol ir vivo in our hamster model. The poor potency of the y-lactams compared to that of the p-
lactams leads us to conclude that the azetidinone ring is an integral and essential pharmacophore.
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