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However more quantitative studies are required for a
complete understanding of the present results. The calori-
metric measurements of solution enthalpies of the reactants
in various media are under way.

Acknowledgement. This work was supported by the
grant from the Korea Science and Engineering Foundation.
The author also thanks Miss. Seung Eun Lee for the help of
experiments.

References

1. J. O. Edwards and R. G. Pearson, J. Am. Chem. Soc., 84,
16 (1962).

2. Reviews; {a) N. J. Fina and J. O. Edwards, t. J. Chen.
Kinet., 5, 1(1973). (b) A. P. Grekovand V. Y. Veselov,
Usp. Khim., 47, 1200 (1978). (c) E. Buncel and S. Hoz,
Isr. J. Chem., 26, 313 (1985).

3. M. M. Heaton, J. Am. Chem. Soc., 100, 2004 (1978).

4. E. Buncel, H. Wilson, and C. Chuaqui, J. Am. Chem.
Soc., 104, 4896 (1982).

5. W.P. Jencks, *‘Catalysis in Chemistry and Enzymology”’,
McGraw-Hill, New York (}972).

6. Favors; (a) S. Wolfe, D. J. Mitchell, H. B. Schlegel, C.
Minot, and O. Eisenstein, Tetrahedron Lett., 23, 615
(1982). (b) C. H. DePuy, E. W. Della, J. Filley, J. J. Gra-
bowski, and V. M. Bierbaum. J. Am. Chem. Soc., 105,
2481 (1983).

7. Against; (a) M. J. Gregory and T. C. Bruice, /. Am.
Chem. Soc., 89, 4400(1967); (b) R. Curciand F. Di Furia,
Int. J. Chem. Kinet., 7, 341 (1975); (¢} M. Laloi-Diard, J.
F. Verchere, P. Gosselin, and F. Terrier, 7efrahedron
Lett., 25, 1267 (1984); (d) R. A. Moss, S. Swarup, and S.
Ganguli, /. Chem. Soc., Chem. Commaun., 860 (1986).

8. E. Buncel and 1. H. Um, J. Chem. Soc., Chem. Commun.,
595 (1986).

9. D. S. Kwon, G. J. Lee, and 1. H. Um, Buil. Kor. Chem.
Soc., 10, 620 (1989),

10. J. H. Fendler and E. J. Fendler, *Catalysis in Micellar
and Macromolecular Systems”, Academic Press, New
York (1975).

11. C. A. Bunton and L. Sepulveda, Isr. /. Chem., 18, 298
(1979).

12. C. A. Bunton, J. Phys. Chem., 83, 680 (1979).

13. E. Buncel, I. H. Um, and S. Hoz, /. Am. Chem. Soc., 111,
971 (1989).

14. W. P. Jenks and F. Regenstein, In Handbook of Bioche-
mistry. Selected data for Moleculay Biology, H. A. Sober
Ed., The Chemical Rubber Co., Cleveland, OH, 1968.

A Novel Synthesis of Penems From Oxalimides

Jahyo Kang*, Weon Bin Im, Daesung Lim, Young Ro Choi,
and Bong Young Chung*

Sogang University, Seond 121-742
* Department of chemistry, Korvea University, Seoud 136-701

Received January 8, 1990

Bull. Korea Chem. Soc., Vol 11, No. 3, 1990 175

Methods for construction of the thiazoline rings in
penems from preexisting azetidinones have been subjects of
numerous studies’ because of the emerging importance of
this class of compounds as chemotherapeutic agents against
bacteria. The reason for this is that the azetidinones are
readily available by asymmetric synthesis, or by manipula-
tion of cheap 6-aminopenicillanic acid and its derivatives.
Among the thizoline—forming reactions, the phosphite-medi-
ated reactions on 1-alkoxyoxaly! azetidinones 1 are used
most widely’. And, this reaction is considered to proceed
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through an e«-carboalkoxy carbene species, which is cap-
tured by phosphite to generate an ylide. Then, intramole-
cular olefination gives the penem 2. The intervention of car-
bene species was further supported by Kametani ¢f a/. on the
coupling reaction of 2-{di(alkylthio)methyl) azetidinene 3 by
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triethyl phosphite to penam 6, which was subsequently
desulfurized by #-Bu,SnH to the corresponding penem?.
Recently, we have reported a novel C,-S cleavage of
penams by Seyferth reagent to give 4—dihalomethyl azetidi-
none 83, Since then, efforts were made to further function-
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alize the C-4 dihalomethyl side chain in 8 and to prepare
penems thereout. Although the former task was unsuccess-
ful in our hand, this commumication reports a new direct path-
way to penems from oxalimides derived from ester 8.

Consequently, ozonolysis of the e, f-unsaturated esters
8% (CH,(1,, -78°C) followed by reductive work-up (Me,S,
-78°C - 23°C) provided the oxalimides 9 in nearly quantita-
tive yields. Initially, it was thought that treatment of the oxa-
limides 9 with trialkyl phosphite would provide 2,3-dihalo
penams 10 through the reaction path analogous to Eq. 2,
which was not the case (vide infra.) (Eq. 4).
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Thus, heating of a solution of oxalimie 11 and P(OMe); in
toluene to reflux for 5h generated two polar compounds, one
minor (less polar) and major one {more polar), both of which
were quite unstable enough to resist numerous attempts for
isolation and characterization. However, treatment of the
reaction mixture with an amine such as Et;N or /~Pr,NEt at
rt for 12 h transformed the major one directly into methyl
ester of the known penem 13* devoid of chlorine, isolated in
27% vyield after aqueous work-up and chromatography,
which was rather surprising. The same behavior was noted
for the silyloxyethyl oxatimide 12 (yield of 14, 43%).
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It was subsequently found that, understandably, 4-dibro-
momethylthio azetidinone oxatimides, 15, regardless of sub-
stitution pattern at the C-3 position and those with halogen
atom(s) at 3-position of the azetidinone ring, 16-18, gave
complex mitures under the same reaction condition. Also,
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the phosphorus reagent for this reaction had to be specific:
Among many phosphines and phosphites (PPh,, P(z-Bu),,
P(OMe),, P(OEt),, P(OPh),, P(O-i-Pr);, P(OSiMej);) ex-
amined so far, only trimethyl phosphite behaved properly.
Among the many possibilities, the mechanistic rationale
at the moment may be outlined as described below ; Initially,
the oxalimide %X = Cl) is converted to an a-alkoxycarbonyl
carbene, which is eventually transformed into the 2,3-dichlo-
ropenam 10X = (j) through the ensuing intermediacy of a
chloronium ylide (analogous to 4) and a 1,5~dipole (similar to
5%, Since trialkyl phosphite is known to dehalogenate
a, g~dihalo carbonyl compounds (Eq. 6)°, the dichloride 10
may well be reduced by trimethyl phosphite, eventually to
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the corresponding penem. But the fact that the penems were
not generated until the base treatment does suggest that the
overall reaction occurred in a stepwise sense or the
Perkow-type reaction somehow intervened during the pro-
cess.

Regardless of the mechanistic details of the present reac-
tion, herein is reported a new annulation of penem rings.
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Kinetic studies for ketonization of enols have been carried
out in aqueous solutions' as well as in some nonaqueous sol-
vents.? But there has not been a report on kinetics for the
ketonization in chioroform probably because it could not be
clearly explained why the rate of ketonization in chloroform
is unusually fast compared with those in H,0! and in nona-
queous solvents.'*? According to the mechanism suggested
for ketonization of enols whose pK, values are smaller than
those of solvents (Eq. 1),"# observed rate constants (A gx kg;+)
are closely refated with pX, values of both solvents (5) and pro-
tonated solvents (SH*).

Ks
R'R'C=C (OH)R*+$ ==R'R*C=C (O~ )R*+SH*
—Hi_, R'R*CHCOR'+S (1)

The pK, value of CHCl, (25)° is somewhat comparable with
those of H;0 (15.7), CH,0H (16), CH,COCH; (20) and CgH,
(37)* and the ketonization is considerably slower in H,0,
CH,OH, CD,0D, CD,COCD, and CgDg than in CDCl,.2 (No



