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Abstract: Phenanthridines 4 and the 11H-dibenzo[b.elazepin-11-one 17 were used as the imine
componeits in the ketene-imine B-lactam synthesis to provide the fused tetracyclic B-lactams 7, 8 and 18
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The discovery of 2-azetidinone 1 as a novel cholesterol absorption inhibitor (CAI)' led to an extensive
structure-activity effort culminating in the development of 2, which is being evaluated in humans for the

(¥}

treatment of hypercholesterolemia.” One of the chemical modifications of 1 that we considered during the carly
phases of this study, was aimed at determining the conformational requircments for CAl activity of the N, and
C, phenyl groups in this lead molecule. We report here the synthesis of the two fused tetracyclic azetidinones 3

(n=0, 1) which are conformationally rigid analogs of 1.
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The ketene-imine r

methodology was attractive for preparing compounds 3 from an appropriatc aromatic heterocycle. However,
there are no prior literature reports on the use of a nitrogen containing aromatic heterocycle as the imine
component in the ketene-imine reaction. We have found that phenanthridine (4a) reacts with phenylvaleryl
chloride (Scheme 1) under the recently reported conditions for the acid chloride-imine reaction®, to afford in low

yield the fused frans-betalactam 7a (6%) and the cis-isomer 8a (1.2%).> Similarly, 9-methoxyphenanthridine
ide ta afford red ns-betalactam 7b (;‘7\
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f 7b was confirmed by X-ray crystallography (Figure 1).’
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A major product isolated in the

same reaction of 4b with phenylvaleryl chloride was characterized as the tetracyclic dihydropyridophenanthridine
Ny ™ r ne cinm anmimemard e s L A TATEDT Aamcealntimme 1 a
9b. The structure for %b was assigned on the basis of INEPT correlations in the NMR ( Figure 2
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Figure 1. ORTEP Diagram of 7b Figure 2. Selected INEPT correlations for 9b
A possible reaction pathway for the formation of 9b is shown in Scheme 2. In this pathway, the initial

acyliminium chloride 10 reacts with a second molecule of the acid chloride to form a B-dicarbony! intermediate

11. Enol acylation of 11 by a third acid chloride molecule forms the vinylogous amide 12 which undergoes a
base catalyzed cyclization resulting in 9b.
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The ketene-imine reaction was also applied to the tricyclic imine 9-methoxy 11H- dibenz[b,e]azcpin-11-one

(17) in order to access the fused betalactam homolog 3 (n=1). The synthesis of 17 is shown in Scheme 3.



Directed ortho lithiation of 13 with tert.-butyl lithium® in Et,0 followed by reaction with 2-methyi-3,1-
benzoxazin-4-one (14)”'® and regeneration of the aldedyde by exposure to dil. HCI afforded after
chromatography the o-acetamido benzophenone 15 (30%). A diacylated product 16 was also isolated in low
yield (2%). Deacetylation of 15 with dil. HCI afforded the desired azepinone 17 (quant).

Scheme 3?
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* Reagents: (a) i. 1.7M ¢-BuLi / pentane (2eq) -78 “C, Et,O. 5h. ii.
lithiated 13 added to 14 (1.7 eq), Et,0, -78 °C- rt, 1h. iii. 0.5N HCI, rt.
iv. chromatography/silica-gel (b) 2N HCI, MeOH, 100 °C, 40min.

Reaction of 17 with phenylvaleryl chloride (Scheme 4) under the same conditions’ used for 4, afforded the
fused betalactam 18 in higher yield (47%) relative to compounds 7. The increased yield of 18 versus 7 reflects
on both the reactivity of the precursor imine and the relative strain differences of the reaction products. Catalytic
reduction of the carbonyl group of 18 afforded the desired fused betalactam 19 (80%)."
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In summary we report here the application of ketene-imine betalactam synthesis to phenanthridines 4 as the
imine component of this reaction. The low yield obtained for the resulting fused tetracyclic betalactams 7 is not
surprising since the cyclization step is energetically less favorable and the products are highly strained molecules.
The tetracyclic fused betalactams 7a, 7b, 8a and 19 are conformationally rigid analogs of 1; the compounds

were found to be essentially inactive as CAI agents,'? thereby demonstrating the importance of conformational
mobility of the phenyl groups for the CAI activity of compound 1 and its analogs.

Acknowledgements: The authors thank the Analytical Services for physical data on the new compounds
reported herein.
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s, 1H), 11.55 bé 1H); MS L) /2298 (MH"). Anal. Calcd for C
C, 68 67 H 502 N 471 Found: C, 68.18; H, 5.02; N, 4.69. 16: white crystals from EtOAc (2 %) mp

252-253 °C; '"H NMR (CDCl,, 300 MHz) 8 2.31 (s, 3H), 2.33 (s, 3H), 3.86 (s, 3H), 9.89 (s, 1H), 11.55
(bs, 2H); MS (FABS) m / z 459 (MH"). Al’ldl Calcd for CstzzN O,: C, 68.11; H, 4.84; N, 6.11. Found:

N £O0 2. LT AQY. NI N0 17, o ~11.0 « s v dlan Fanae T Y-l /n"r /N TR 7OLY M1\ 16£AN
v, 00. DJ, n, 4. 7&, N, Q.UZ, lI gLiucH y(;llUW UCCUICb 11U DIUF\L«“ “C)\alle \7/ 70), 1IN\ \\_IL \412} 109V

cm’'; mp 104-105 °C; 'TH NMR (CDCl,, 300 MHz) § 3.99 (s, OCH,), 7.34 (dd, J=7.5, 1 Hz, Hy), 7.52 (t,
J= 7‘§H7 H,), 7.72 (d, J=1 Hz, H, \ 7.75 (m, H,,H,), 7.78 (d, /= 7.5 Hz, H)), 8.20 (d, /=7.5 Hz, H)),
8.77 (s HG) MS (CI)m/2238 (MH) Anal. Caled forC H“NO C,75. 93; H, 467 N 5.90. Found

C, 75.79; H, 4.52; N, 5.68. 18: white crystals (47 %); IR (LH ,CL) 1755, 1640 cm™; mp 99-101 °C; 'H

NMR (CDC13, 300 MHz) 5 1.75-2.15 (m, H Hz) 272 (t, J=1.5 Hz, H,.), 379 (dt,J=7.5, 1 Hz, H)
3.85 (s, OCH,), 490 (d, /=1 Hz, H,,), 7. 107 35 (m, OH), 7.53 (1, J= 75 Hz, H/H,), 8.05 (d, J=7.5
Hz, H,), 8.27 (d, J=7.5 Hz, H,); MS (CI) m / z 398 (MH"). Anal. Calcd for C,;H,,NO,: C, 78.57; H,
5. 83 N 3.52. Found: C, 79. 04 H, 5.05; N, 3.59. 19; colorless crystals (78 %) R (CH Clz) 1740 cm

mp 112-113 °C; 'H NMR (CDCl,, 300 MHz) & 1.75-2.20 (m, H,.H,), 2.71 (1, J=7.5 Hz, H,), 3.45 (d,
J=15 Hz, Hyy), 3.65 (m, H,), 3.80 (s, OCH,), 4.70 (d, J=15 Hz, H,), 5.25 (d, J=3 Hz, Hy,,), 6.70-7.45

(m, 11xCH=), 8.10 (d, J=7.5 Hz, H,), % NOE: H,,Hg,=15.9, Hg Hye=34, HHg=21.1. MS (C) m / z
384 (MH"). Anal. Calcd for C26H25NO C, 81.43; H 6 7; N, 3 65 Found C, 81.45; H, 6.57; N 3.54.
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The (,ompounas showed iess than 30% reduction in cholest E’ 1 €sters @ i0 mpl( in the CAl assay (for assay
details see rpf 2) in hamsters
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