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Abstract: A convenient synthesis of precursors of bicyclic p-lactam compounds from 4-acetoxy-
1-(bistrimethylsilylmethyl)azetidin-2-ones prepared in few steps from the acid chloride-imine
approach is described. A novel method to construct a bicyclic B-lactam ring system through an
intramolecular Peterson type alkenation catalyzed by fluoride ion is also made.

Since the discovery of nonclassical B-lactam antibiotics!, much attention has been focused on
the exploration of new synthetic approaches to these and related systems2. in compounds like
cephalosporins, the increased chemical reaclivity seems to be associated with the presence of a double bond
in conjugation with the nitrogen atom of the B-lactam ring3. A similar relationship exists in the new
family of the synthetic B-lactam antibiotics which derive from 1-oxacephem 14 (X:0). The main strategies
(figure 1) toward B-lactam synthesis usually involve first the construction of an appropriately
substituted monocyclic B-lactam 4 with the correct stereochemistry at C3-C4 of the B-lactam ring,
followed by chemical manipulations at Ny and C4 and subsequent ring closure to form the bicyclic ring
system 1 in the last step of the synthesis2.5. From this strategy, 4-acetoxyazetidin-2-ones of type 3 are
recognized as the most useful intermediates for synthetic work in p-lactam chemistry. The replacement of
the acetoxy group by a variety of nucleophiles provides an easy access to a wide variety of bicyclic B-
lactam precursors8. The most direct access to 4-acetoxyazetidin-2-ones is the addition of chlorosuifonyl
isocyanate (CSI) to the corresponding vinyl acetate. Following this approach, Nayler et al.7 reported a total
synthesis of oxacephalosporins which involves substitution of the acetoxy group by alcohols, foliowed by an
intramolecular Wittig reaction. However, apart from the low yields reported and the lack of
stereoselectivity in the cycloaddition step, CSl is reactive towards several functional groups and such a
process to introduce substituents at Cg position is not usually feasible8. We wish to report a new entry to
bicyclic B-lactams through our recently developed acid chloride-imine methodology, which involves the
use of Schiff bases derived from bis(trimethylsilyl)methylamine® and an intramolecular Peterson-type

olefination to produce the bicyclic ring system.
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First, the access to 4-acetoxyazetidin-2-ones of type 3 was examined from the imine §
following our protocol!9(Scheme 1). Thus, reaction between phthalimidoacetyl chloride 5 and this imine
in the presence of triethylamine furnished the B-lactam Z in 77% as single cis isomer. The B-lactam 7
thus prepared was then subjected to low temperature ozonolysis followed by dimethylsulphide workup, to
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give the 4-acetyl-B-lactam 9 in 53% yield together with a small amount of the dimeric product 8 in 13%
yield. Subsequent Baeyer-Villiger oxidation of 9 with m-chloroperbenzoic acid (mCPBA; molar ratio,
1:4) in boiling benzene for 3h gave the desired acetoxy derivative 10 (m.p: 144-1462C) in quantitative
yield with retention of configuration at C4-C4 of the B-lactam ring. Although 8 can be transformed into the
mathyl ketone 9 by thermal decomposition in boiling chlorobenzene, better overall yield could be obtained
when the above approach was tested from the glyoxalate imine 11 (Scheme 2).
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Scheme 1. Reagents and Conditions: i) PMtCH,COCI § NEt3, CHyCly,r.t. 5h, ii) O3, CHyCl,, -78°C, then, Me,S. iii)
Chlorobenzene, reflux, 1hr. iv) mCPBA, CgHg, reflux., 3hr,

Thus, the imine 11 prepared from methyl glyoxalate and bis(trimethyisilylmethylamine,
was allowed to react with phthalimidoacetyl chloride 5 under standard conditions!. After workup, the B-
lactam 12 was isolated in 80% yield as a single cis isomer. Saponification of the methyl ester in 12 lead
to the carboxylic acid 13 with concomitant opening of the phthalimido group. Treatment of the crude
compound 13 with twofold excess of thionyl chloride in the presence of triethylamine, followed by aqueous
workup, produced the expected B-lactam 14 in 80% overall yield. As expected, the oxidative acetoxy-de-
carboxy substitution2 proceeded smoothly to furnish the desired 4-acetoxy derivative 15 (m.p: 170-
1722C) in 70% vyield as a single trans isomer.
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Scheme 2. Reagents and Conditions: i) Pht-CH,COCl1 § , Ei3N, CH,Cly,2h, r.t., ii) LiOH, THF-H,0, 60min, r.t., iii)
Cl,S0, Pyridine, CHyCly, 0°C, 1h, iv) Pb(OAc),, Pyridine, CgHg, S0°C, 30min.

The extension of this method is shown in Scheme 3. For instance, reaction between
phenythioacetyl chloride 16 and the imine 11 in a molar ratio 2:1, in boiling methylene chloride,
produced the B-lactam 18 (m.p: 113-115°C) in 82%yield as single c¢is isomer. Under similar
conditions, but using benzene as solvent, butanoyl chloride 17 afforded the cis-B-lactam 19 (b.p: 130-
1352C/0.02torr) in 98%yield. Particularly noteworthy is the fact that reaction between 17 and the
imine 6 , under the described conditions did not lead to the formation of the corresponding B-lactam13,
Therefore, from this approach, a wider range of C3 substituted B-lactams suitable for further chemical
elaboration can be obtained in excelient yields. It is also worth of noting that only the cis isomer was
formed in the cycloaddition reaction by using the bulky (bistrimethylsilyl)methyl group in the starting
imines14. The B-lactam 18 thus obtained, upon saponification and further oxidative acetoxy-decarboxy
substitution, furnished the corresponding acetoxy derivative 20 in 80% yield as a mixture of cis and
trans isomers in a 6:94 ratio. Similarly, 19 produced a mixture of cis and trans isomers of 21 (83%
yield) in a 20:80 ratio, respectively.
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Scheme 3. Reagents and conditions: i) 11, NEt3, CgHg or CHyCly, reflux, 12h. ii) LiOH, THF-H,0,60min, r.t. iii)
Pb(OAc)y, pyridine, CgHg, 50°C, 30min. iv) Me3SiOCH,CO,S1Mes, TfOSiMescat., CHCly, r.t., 1.5h. then, H30%.

At this stage, we examined the conversion of these 4-acetoxyazetidin-2-ones to suitable B-
lactam building-blocks. For example, the B-—lactam 22 , obtained in 76%yield by reaction between 20 and
trimethylsilyl trimethylsilyloxyacetate (1:2.5 molar ratio) under trimethyisilyl triflate as catalyst!S,
was subjected to tributyltin hydride reduction to afford 25 in 73% yield. Compound 25 was esterified and
further treated with benzaldehyde under tris(dimethylamino)sulphonium difluorotrimethylsiliconate
(TASF) catalysis, and the resulting N-vinyl-B-lactam 26 was transformed into 27 in 70% yield as
precursor of oxacephalosporins!. The wide utility of these N-[bis(trimethylsilyl)methyl--lactams can
be further shown in the formation of oxacephalosporin 29 from the precursor 28 through an
intramolecular Peterson type olefination. Thus, compound 23 obtained in 80% yield by treatment of 10
with trimethyisilyloxy-1-propyne (1:2.5 molar ratio) under trimethylsilyl triflate catalyst, was
subjected to hydration18 with mercuric oxide in acetone-water to afford 28 in 70% yield. Alternatively,
15 upon treatment with trimethylsilyloxy 2-methyl-1-phenyl propene, under the same conditions as
above, gave 24 as a syrup, which was directly subjected to low temperature ozonolysis, to afford 28 in
40% overall yield. As expected, in all cases the substitution reaction of the acetoxy group occurs
stereospecifically leading to the corresponding alkoxy compounds as single trans isomers.
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Scheme 4. Reagents and Conditions. i) N,O-bis(trimethylsilyl)acetamide (BSA), Me3SiCl cat. 30min, r.t., CHyCl,, then, n-
Bu3SnH, AIBN cat., toluene, reflux. ii) PhCH,Br, NEt3, CH3CN, r.t., 6h. iii) PhCHO(Sequiv.), TASF cat., THF, r.., 60min,
iv) ref. 9, v) HgO, Hy0-Me,CO, HySOy cat, reflux, 10min vi) TASF, THF, reflux, 1.5hr

Compound 28 was then subjected to treatment with TASF in boiling tetrahydrofuran to furnish the
bicyclic compound 29'7 in 28% overall yield from 101'8. Attempted intramolecular cyclization of 28 to
29 under usual Peterson reaction conditions, by using either lithium diisopropylamide or n-butyllithium,
was unfruitful. Particularly noteworthy is that this type of intramolecular alkenation represents the first
example of a regioselective generation of a carbanion through a modified Peterson methodology19.

In conclusion, the presently described synthesis constitutes a tactically new approach for the
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construction of bicyclic B-lactam compounds, which may be readily extended to further applications in
heterocyclic chemistry. Such extensions are now underway in our laboratory and we wish to report our
results in due course.

REFERENCES AND NOTES:

1.- For reviews on B-lactam antibiotics, see: a) "Chemistry and Biology of B-Lactam Antibiotics"; Horin, R.B.; Gorman, M.;
Eds.; Academic: New York, 1982; vol. 1-3. b)"Recent Advances in the Chemistry of B-lactam Antibiotics"; Brown, A.G.;
Roberts, S.M.; Eds.; The Royal Society of Chemistry. Burlington House, London, 1984. c¢) "Topics in Antibiotic
Chemistry"; Samnies, P.G.; Ed.; Ellis Horwood: New York, 1980, vol. 3-4. d) Southgate, R.; Elson, S. In "Progress in the
Chemistry of Organic Natural Products”; Herz, W.; Grisebach, H.; Kirby, G.W.; Tamm, Ch.; Eds; Springer-Verlag; New York,
1985; p.1.

2.- For reviews on the synthesis of B-lactam antibiotics, see: a) ref.1. b) Ratcliffe, R.W.; Albers-Shonberg, G. In "Chemistry and
Biology of B-Lactam Antibiotics" ; Morin, R.B.; Gorman, M.; Eds.; Academic: New York, 1982, vol. 2, p. 227; c) Hoppe, D.
Nachr. Chem. Tech. Lab., 1982, 30, 24 . d) Kametani, T.; Fukamoto, K. ; Thara, M. Heterocycles, 1982, 17, 463. ¢)
Labia, R.; Morin, C.; J. Antibiot.,1984, 37, 1103. f) Nagahara, T.; Kametani, T. Heterocycles, 1987, 25, 729.

3.- a) Sweet, R.M. In "Cephalosporins and Penicillins: Chemistry and Biology". Flynn, E.H. Ed.; Academic: New York, 1972, p.
280. b) Durckheimer, W.; Blumbach, J.; Latrell, R.; Shevnmann, K.H. Angew. Chem. Int. Ed. Engl., 1985, 24, 180.

4 ~For recent reviews, see: a) Narisada, M. Pure Appl. Chem., 1987, 59, 459. b) Nagata, W. Pure Appl. Chem., 1989,
61, 325.

5.- Christensen, B.G.; Salzmann, T.N. In "Handbook of Experimental Pharmacology”, Demain, A.L.; Solomon, N.A.; Eds.;
Springer Verlag: New York, 1983. vol. 67/1, p. 329.

6.- For comprehensive reviews, see: a) references 2c and 2e, b) Davies, D.E.; Storr, R.G. In "Comprehensive Heterocyclic
Chemistry”; Lwowski, W.; Ed.; Pergamon: New York, 1984, vol. 7. p. 237.

7.-Branch, C.L.; Nayler, J.H.C.; Pearson, M.J. J. Chem. Soc. Perkin I, 1978, 1450. For a Wittig-Homer version, see:
Guthikonda, R.N.,; Cama, L.O.; Christensen, B.G., J. Am. Chem. Soc., 1974, 96, 7582.

8.-For recent reviews on CSI, see: a) Dhar, D.N.; Murthy, K.C.K. Synthesis, 1986, 437. b) Kamai, A.; Sattur, P.B.,
Heterocycles, 1987, 26, 1051.

9.- Lasarte, J.; Palomo, C.; Picard, J.P.; Dunogues, J; Aizpurua, JJM, J. Chem. Soc.; Chem. Commun., 1989, 72.

10.-For leading references, see: a) Arrieta, A.; Lecea, B.; Cossio, F.P.; Palomo, C.; J. Org. Chem., 1988, 53, 3784. b)
Palomo, C.; Cossio, F.P.; Arrieta, A.; Odriozola, J.M.; Oiarbide, M.; Ontoria, J. M. , J. Org. Chem., 1989 34, 5736.

11.-Huffman, W.F.; Holden, K.G.; Buckley; Gleason, J.G.; Wy, L., J. Am, Chem. Soc. 1977, 99, 2352.

12.-For leading references, see: Georg, G.I; Kant, J.; Gill, H.S., J. Am. Chem. Soc. 1987, 109, 1129.

13.-Direct preparation of 3-alkyl-B-lactams from monoalkylketenes, generated from their corresponding acid chlorides, is often
limited in scope. For leading references, see: C. Palomo, F.P. Cossio, J.M. Odriozola, M. Oiarbide, J.M. Ontoria,

* Tetrahedron Lett. 1989, 30, 4577.

14.-For a discussion on the factors that control the stereoselectivity of the cycloaddition between ketenes and imines, see: H.W.
Moore, G. Hughes, K. Srinivasachar, M. Fernandez, N.V. Nguyen, D. Schoon, A. Tranne, J. Org. Chem. 1985, 50, 4231.

15.-a)Aurill, R.P.; Barrett, A.G.M.; Quayle, P.; Van der Westhuizen, J. J. Org. Chem. 1984, 49, 1679.b )Arrieta, A.; Cossio,
F.P.; Garcia, J.M. ; Lecea, B.; Palomo, C. Tetrahedron Lett., 1988, 29, 3129.

16.-Stacy, G.W.; Mukulec, R.A. Organic Syntheses Coll. vol. IV, Wiley: New York, 1963. p. 13.

17.-Physical data: m.p.: 202-204°C. 1H-NMR(CDCI;;, Sppm): 7.75-7.91(m, 4H, arom.); 6.53(d.d, J=3Hz, J'=1.5Hz, CH=);
5.29(d, J= 1.5Hz, 1H, NCHO); 5.28(d, J=1.5Hz, 1H, Phth-CH); 4.35(d.d, J=17Hz, J'=1.5Hz, 1H, OCH,); 4.20(d,d, J=17Hz,
J'=1.5Hz, 1H, OCH,); 1.68(s, 3H, CH3).

18.-The oxacephem nuclei 29 lacking the carboxyl moiety present in oxacephalosporins, would be easily elaborated according to
a recently described protocol; see: Miwako, M, Higuchi, Y.; Kagechika, K.; Shibasaki, M., Heterocycles, 1989, 29, 853.

19.-For this Peterson type olefination under fluoride ion catalysis, see Palomo, C; Aizpurua, J.M.; Garcia, J.M.; Ganboa, 1.;
Cossfo, F.P.; Lecea, B.; Lépez, M.C., J. Org. Chem., in press (1990). For a recent paper on N-
[bis(trimethylsilyl)methyl]amides, see: Cuevas, J.C.; Patil, P.; Snieckus, V. Tetrahedron Lett., 1989, 30, 5841.

(Received in UK 5 February 1990)



