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Summary: The title compounds undergo a novel 2-aze- 
tidinone ring fragmentation by reaction with ozone fol- 
lowed by NaBH4 workup to stereoselectively yield vinyl 
ethers via intermediate N-nitroso-8-lactams. 

The strained @-lactam ring renders these fascinating 
molecules powerful synthetic building blocks' and useful 
intermediates in the synthesis of a variety of 8-lactam 
antibiotics.2 Opening of the 2-azetidinone ring can occur 
through cleavage of any of the single bonds of the four- 
membered ring (Figure 1). Cleavage of the amide bond 
(a in Figure 1) by nucleophiles is a well-known process 
and has been the subject of many  investigation^.^ N- 
Carboxy anhydrides have been obtained by cleavage of 
the C2-C3 bond ( b  in Figure l), either by peracid 
oxidationk3b of azetidine-2,3-diones or ozonationk of 
a-ethylidene-2-azetidinones. This type of cleavage has 
also been reported to occur in N-halo-2-azetidinones to 
form hdoalkyl iso~yanates.~ 3,3-Diphenyl-P.amino 8-lac- 
tams undergo C3-C4 bond cleavage (c in Figure 1) in the 
presence of moisture to give substituted amideseB C4-Nl 
bond breakage (d in Figure 1)' is known to occur when 
4-aryl @-lactams are subjected to palladium-catalyzed 
hydrogenation or metal-ammonia reduction.8 Addition- 
ally, cleavage of monocyclic @-lactams under electron- 
impact mass spectrometry is known to occur to produce 
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two different fragmentation patterns, leading to ketene 
and/or imine ions (A-type cleavage) or to olefin and/or 
isocyanate ions (B-type clea~age).~ A-type ring cleavage 
also occurs under photolysis10 while pyrolysis promotes 
B-type fragmentation.'l 

Here, we report the novel fragmentation process of 
N-arylidene- or N-(alkylideneamino)-@-lactarns 112 to yield 
vinyl ethers stereoselectively. Thus, reaction of com- 
pounds 1 with ozone at -78 O C followed by standard sodium 
borohydride reductive workup affords vinyl ethers 2 in 
fairly good yields (Table I), and with good stereoselectivity, 
together with the expected primary It is 
noteworthy that this reaction is the reverse of the well- 
known vinyl ether-isocyanate route to the 2-azetidinone 
system but with the opposite regiochemistry,14 and, to 
the best of our knowledge, this is the f i i t  time that a 
B-type cleavage of the 2-azetidinone ring is reported under 
smooth chemical conditions. Furthermore, although sev- 
eral routes to vinyl ethers are hown,16 none of them involve 
a stereoselective process starting from @-lactame. 

Formation of vinyl ethers 2 may occur through the 
electrophilic attack of ozone on the C-N double bond, 
assisted by the lone electron pair of the endocyclic nitrogen, 
to form an intermediate N-nitroso-&lactam 3.16 Inter- 

(9) See, for example: (a) Bourgeois, G.; Picard, J. P.; Cwio, F. P.; 
Palomo, C. Adv. Mass Spectrom. 1989,11A, 876. (b) Georgiev, V. S.; 
Coomber, D. C.; Mullen, G. B. Org. Mass. Spectrom. 1988,224 283 and 
references cited therein. 
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reversion. See: Paquette, L. A,; Wyvratt, M. J.; Allen, 0. R., Jr. J. Am. 
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Kappe, C. O., Kollenz, G., Natech, K.-P., Leung-Toung, R., Wentrup, C. 
J. Chem. SOC., Chem. Commun. 1982,488. 
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Nicolau, K. C., Magolda, R. L.,Claremon, D. A. J. Am. Chem. Soc. 1980, 
102, 1404. 
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Chem. Ber. 1971, 104,2002. 
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J. C.; Lungle, M. L.; Mercer, G. D. J. Org. Chem. 1969,34, 2961. 
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Table I. Preparation of Enol Ethers  2 by Ozonation of 

compd 1 compd 26 

&Lactame 1' 

entry isomer R1 R2 ZIE ratioe yie1dd.e (%) 
a cis Ar CH3 8: 1 60 
b cis Ar CHzPh 81 64 
C trans Ar CH2Ph 1:12 52 
d cis i-Pr CHzPh 3.41 44 
e trans i-Pr CH2Ph 1:7 52 

0 All @-lactams 1 ueed in ozonolysis reactions were stereochemically 
pure compounds. * All compounds 2 exhibited physical and spec- 
troscopic properties consistent with their structure. c The ratio of 
ZIE ieomere was determined by integration of well-resolved signals 
in the 'H-NMR spectra of crude reaction mixtures. Assignment of 
ZIE stereochemistry was made according to the values of the coupling 
constant between the vinyl protons (for Z isomers J = 6.0-6.9 Hz and 
for E ieomer J = 12.6-13.2 Hz). d Isolated yield in pure pr0duct.e In 
all CBBW Ar = pCH30C& 

Scheme I 
R2 
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.. 
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i) Od CH2C12/ -78OC. ii) NaBH4/ EtOH-H20 (1 : 1)/ 0 OC *RT 

mediate 3 decomposes to fiial products 217 together with 
unidentified nitrosoisocyanates, either by concerted cy- 
cloreversion or through zwitterionic intermediate 4 (for- 
mally a resonant form of 3) (Scheme 11). Although partial 
loss of the starting @-lactam stereochemistry's in the final 
vinyl ethers may be better explained by rotation of the 
intermediate zwitterion 4, stereospecific concerted cyclo- 
reversion could be an alternate competitive reaction 
pathway.11 

In order to establish the role of N-nitroso-&lactams 3 
as intermediates in vinyl ether formation, the synthesis of 
compound 3 (R1 = p-MeOCfi, R2 = PhCH2) was 
attempted via N-nitrosation (HNOdAcOH) of N-unsub- 
stituted 8-lactam 6 following the previously reported 
methodol~gy.~~ Much to our surprise, vinyl ether 2b was 
obtained as a 2.5:l ZIE mixture in nearly quantitative 
yield instead of the expected &lactam (Scheme 111). Other 
reaction conditions, such as N-nitroaation in neutral 
medium (Cl2CH2 or mixtures C12CHdEtOHIH20) or by 
using NOBF,, lead to either unreacted starting material 
or complex reaction mixtures.20 Therefore, although 
reaction conditions were different from those used in the 

(17) Ozonide decomposition byM& Zn/AcOH, or NaOHIH202 gave 
complex reaction nusturea confinnurg that vinyl ethers are not the primary 
reaction producta. Furthermore, it  in known that vinyl ethers are reactive 
toward ozone. See: (a) Crocker, H. P.; Hall, R. H. J.  Chem. SOC. 1955, 
2062. (b) Schmit, U.; Grafen, P. Liebigs Ann. Chem. 1962,97,656. (c) 
Griesbaum, K.; Kim, W.-S. J. Org. Chem. 1992,57,5574 and references 
cited therein. 

(18) In situ ZIE isomerization of vinyl ethers wan ruled out by stirring 
an ZIE mixture of compound 2b for 24 h under identical conditione to 
those uaed in NaBb workup. ZIE ratio remains unaltered under these 
conditione. 

(19) Pifferi, G.; Consonni, P.; Testa, E. Cazz. Chim. Ital. 1967, 97, 
1719. 

(20) Formation of vinyl ethers by N-nitroeation of N-uneubetituted 
@-la-. and related p r o c "  are currently under investigation in our 
laboratonw. 
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ozonolysis of compounds 1, the results can support 
N-nitroso-8-lactams 3 as probable intermediates in the 
formation of vinyl ethers 2. 

In conclusion, a B-type cleavage of the 8-lactam ring 
under smooth thermal conditions is reported, providing 
a novel and stereoselective route to vinyl ethers. Studies 
concerning the scope and generality of this methodology, 
including the synthesis of optically active vinyl ethers as 
well as mechanistic implications, are underway in our 
laboratories. 
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