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Abstract: The Lewis acid-catalyzed reactions of 1-trimethylsilyloxyfuran and the 4-methyl analog with 4-
acetoxyazetidinone 1 are highly stereoselective, and give condensation products that can be elaborated into tricyclic
PB-lactams incorporating a carbacephem structure.

In the preceding Letter,! we described the synthesis of four 1-substituted 7-(R-1-hydroxyethyl)
carbacephems (Figure 1, B) as hybrids of carbacephems? and carbapenems? of the thienamycin type.4 Continuing
our studies in the design and synthesis of novel B-lactam structural types,5 we became interested in exploring the
prospects of introducing a third ring in the carbacephem skeleton as illustrated in Figure 1,C. Such a prototypical
tricyclic carbacephem would combine the structural and functional features of the "hybrid" structure reported in the
preceding letter,! in addition to the incorporation of elements of constraint6 as a part of a hitherto unexplored
topological feature. There have been limited efforts in the synthesis of tricyclic or polycyclic f-lactam motifs,” the
most successful and clinically promising example being the Glaxo "tribactams”.8

Figure 1

COo,y MY
B
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Treatment of the readily available azetidinone derivative 1,9 with 2-trimethylsilyloxyfuran!0-11 in the
presence of zinc chloride gave the butenolide adduct 2 in excellent yield (Scheme 1). Conjugate addition of a vinyl
moiety gave 3 as a crystalline solid. The structure of 3 was unambiguously established from an X-ray crystal
structure of a related intermediate.12 The lactone unit was transformed into the tetrahydrofuran unit as shown in
expression 5. At this point, it was necessary to exchange the TBS group for a TMS group because of the
incompatibility of the functional groups with reagents utilized later in the synthetic sequence. Thus, the TMS
derivative 7 was acylated to give the oxalimide derivative 8.
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def

—_—

0]
~98:2 ratio 3, R=H, mp 134-135°C, [a]p+32.86° (¢ 0.7)
2, mp 117-118°C, [at]p -44.0° (c 1.0) G
4, R=TBDMS, [a];-19.27° (¢ 1.5)

5,R,R;=TBS,[a]p -10.11° (c 0.9}
4

6,RR,=H 8, [a])p -45.32° (¢ 0.62) 9, [a]p -52.44° (c 0.9)
h
7, R=TMS, R;=H, [a]p +33.08° (c 2.5)

o Me
—_— 14
Oj\OR
10, R=Bn, R;=SPh, [a]p +61.25° (c 0.8)
m
6 11, R=Allyl, R;=SPh, [a]p +62.4° (c 0.5) mp 216-220°C(dec.)
12, R=Allyl, R;=SO,Ph [ot]p -12.69° (c 0.52)

(a) ZnCl2(20% mole), CH2Cly, rt, slow addition of 2-trimethylsilyloxyfuran(1.5 eq) over 10 h, 85%; (b)
vinylmagnesium bromide(3 eq), Cul(1.2 eq), MeS, THF, -78°C o0 -23°C, 1.5 h, 86%; (c) TBDMS-triflate (1.2 eq),
2,6-lutidine(1.5 eq), CH2Cly, OOC. 2 h, 84%; (d) DIBAL-H(1.2 eq), THF, -78%C 1o 0°C, 1.5 h, 84%; (e) BuzP(2.2
eq), PhSSPh(2.2 eq), CH2Cly, 1t, 18 h, 70%; (f) BusSnH(2.7 eq), AIBN(2.7 eq), toluene, reflux, 1 h, 83%; (g)
BF3:Et20(2.9 eq), CH3CN, 1t, 12 h, 74% to 83%; (h) TMSCI( 4eq), EtzN(4 eq), CH,Cl,, 0°C, 5 h, 80%; @)
K2C03(3.7 eq), pyridine(7 eq), BnOCOCOCI(1.4 eq), CHaCly, 0°C, 1 h, 58% to 70%; (j) O3, (MeO)sP(3 eq),
CH;Cl, -78°C to t; (k) (MeO)sP(5.5 eq), o-xylene, reflux, 10 h, $2%; (1) PhSH(2.4 eq), EIN-iPry(2.4 eq),
PhSH(2.4 eq), benzene, 1t, 1 h, 78%; (m) Ti-(isopropoxide)y (cat), allyl alcohol(excess), reflux, 2 h, 99%; (n)
Oxone(3.5 eq), MeOH:H»0, 1t, 30 m, 91%; (o) DBU(cat), CCly, rt, 1 h, 90%; (p) pyrrolidine(1.2), Pd(PPhs)4 (15%
mole), PPhy, 3,3,6,9,9-pentamethyl-2,10-diazabicyclo[4.4.0]dec-1-ene(1 eq), CHzClp, 1t, 30 m, 82%.
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Ozonolysis of 8 led to the corresponding aldehyde without any epimerization as evidenced by NMR. Treatment of
the dicarbonyl intermediate with trimethylphosphite in refluxing xylene13 led to the tricyclic intermediate 9, whose
structure and stereochemistry were satisfactorily confirmed by detailed NMR analysis.

Having rapidly assembled the desired tricyclic structure, there remained the simple task of removing the
benzyl ester and TMS groups. Unfortunately, all efforts at deesterification under a variety of hydrogenolysis
conditions!4 led to the saturation of the double bond. Chemical methods of hydrolysis!5 were not successful.
Thus, we were compelled to adopt an indirect route to the intended target. Addition of thiophenol to 9 under base
catalyzed conditions occurred smoothly to give 10. The benzyl ester was exchanged for an allyl ester!6 and the
resulting product was oxidized with oxone to the corresponding sulfone, with concomitant loss of the TMS
protective group. Elimination of the sulfone was effectively accomplished in the presence of DBU to give 13.
Palladium-catalyzed removal of the allyl ester!” in the presence of pyrrolidine as base and a bulky amidine,!8 led to
the tricyclic carbacephem 14, as the amidinium salt.

Scheme 2
TBSQ
Me
o
1 . 15, R=TBSé Tgolzmszz"c. 18, R=H, [ap +20.2° (c 1.0)
C [a]p -58.14° (c 8.39) 19, R= COCOBn, [ajp -52.7° (¢ 1.11)

16, R=H, mp 152-155°C,
G [0 -23.42° (c 0.82)

17, R=TMS,

o° "OBn

@ 21, R=TMS

22, R=H, [a]p -12.8° (¢ 0.5)
23, mp 169-171°C(dec.),
[o)p +7.54° (¢ 1.3)

(a) ZnCl3 (20% mole), CH2Cl,, 1it, slow addition of 5-methyl-2-trimethylsilyloxyfuran (1.5 eq) over 10 h,
89-92%; (b) BF3:Et20(3eq), CH3CN, 0°C, 3 h, 82%; (c) TMSCI(3.5 eq), Et3N(3.5 eq), CH,Cl,, 0°C, 5 h, 71%;
(d) vinylmagnessium bromide(S eq), Cul(2.5 eq), Me2S, THF, -78°C to -23°C, 5 h, 92%; (¢) BnOCOCOCI(1
eq), NaHMDS(1 eq), THF, -78°C, 30 m, 56%; (f), O3, (MeO)3P(1.9 eq), CH2Cl», -78°C 10 11; (8) (MeO)3P4.6
eq), o-xylene, reflux, 10 h, 40%; (h) PPTS(cat), THF:H,0, 6 h, 93%; (i) Pd/C(10%), H2, THF, 3,3,6,9,9-
pentamethyl-2,10-diazabicyclo[4.4.0]dec-1-ene(1 eq), 81%.
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The successful construction of the tricyclic carbacephem motif 14, prompted us to explore the synthesis of a
structural variant, namely a tricyclic carbacephem lactone (Figure 1 C, X = O) in which the angular position carried
an "o-methyl” group. Treatment of 1 with 4-methyl-1-trimethylsilyloxyfuran in the presence of zinc chloride led
to the corresponding butenolide adduct 15 in excellent yield. Exchange of the TBS group for TMS, conjugate
addition of the vinyl group, and introduction of the oxalimide group gave 19 in good overall yield. The oxidative
cleavage of the vinyl group gave the aldehyde derivative 20, which was subjected to a trimethylphosphite
mediated cyclization!3 uneventfully to give 21. Removal of the TMS group and hydrogenolysis of 17 in the
presence of the bulky amidine led to the desired tricyclic carbacephem lactone analog 23 in excellent yield.
Evidently, unlike in the case of 9, the C-1 a-oriented methyl group (carbacephalosporin numbering) in 22
prevents the catalyst from approaching the double bond, hence the selective hydrogenolysis of the benzyl ester
only.

We have developed a versatile and stereocontrolled method for the functionalization of the 4-
acetoxyazetidinone 1 with readily available furan derivatives. The resulting 4-substituted butenolide motifs lend
themselves to a host of bond forming reactions, thus allowing the introduction of several functional groups. In one
application, we have shown how such products can be transformed into tricyclic carbacephems of the types shown
in expression C, Figure 1. In spite of their rather unique structures and topologies, the carbacephems 14 and 23
were inactive against a host of selected bacterial strains (MIC, >128ug/mL). This may be due to inherent
structural, stereochemical and functional problems related to the "reactivity” of the B-lactam carbonyl group in these
structures, 19 or simply due to the absence of an appropriate leaving group at C-3 as in the normal cephems. The
methodology we have developed in the context of these novel B-lactam structures is amenable to modification in
order to incorporate potential leaving groups on the carbacephem nucleus. Studies directed at such analogs are in
progress and will be reported in due course.20
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