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Abstract: 3-Fluoro-azetidinones were prepared by both the enolate-imine and ketene-imine
condensatlop reactions. The reactions of fluorinated ketenes with imines were remarkably
stereoselective forming products derived from /k reaction topicity.

The stereoselective synthesis of fluorinated materials is important not only for the preparation of
biologically active substances? or for the construction of novel ferroelectric devices3 but also as test of synthetic
strategy. 3-Fluoro-azetidinones derivatives may be employed not only as synthetic intermediates for the
preparation of fluorinated P-lactam antibiotics but also as building blocks for carbohydrates and amino acids,
however only limited reports have been made of the synthesis of these compounds 4 Now we describe two
approaches to the construction of 3-fluoro-f-lactams using the ketene-imine condensation method® o the enolate-
imine condensation method.®

We employed enolates prepared from the appropriate 2,4,6-timethylphenyl (TMP) esters based upon our
previous experience with these enolates.” Unfortunately these enolates did not exhibit stereoselectivity in the
enolate-imine condensation even under a variety of experimental conditions. (Table 1)

In contrast the ketene-imine condensation to form 3-fluoro-azetidinones was highly stereoselective,
forming only a single detectable diastereomer in all cases but one.8 This selectivity may result from selective
reaction of ﬂuoroketcne,9 formed by treatment of the required acid chloride with triethylamine. The fluoroketene
must react from the face opposite fluorine, this selectivity may be derived from simple dipolar effects or
secondary orbital interactions,l % butis likely not related to steric effects as the selectivity is retained even in the
reactions of ketenes with a more bulky substituent on the o-carbon. However it may be possible that the
intermediate zwitterion is undergoing equilibration to form the product lactam selectively.

Dipolar Effects Secondary Orbital Effects on LUMO

The involvement of ketenes in the ketene-imine condensation process has recently been established by IR
spectroscopy.“
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Table 1 Formation of 3-Fluoro-azetidinones via Enolate-Imine Condensation

Ester 1 R R} R? Method Ratio Yields®
2.3
a Me Ph  4-MeOCH, A 1.09 32%
a Me Ph  4-MeOC¢H, C 1 35 68%
b Et Ph  4-MeOCH, A 13 12%
b Et Ph 4-MeOCH; B 1-08 35%
¢ Ph Ph  4MeOC¢H, A 1:25 26%
d Ph CO,Bt 4-MeOCgH, A 1-36 48%
e Me  CO,FEt 4-MeOC¢H; B 1 09 34%
t Me Ph Ph A 1-21 59%
f Me Ph Ph B 1-1.8 93%
g Et Ph Ph A 11 20%
g Et Ph Ph B 1:03 80%
h Ph Ph Ph A 1:04 70%

a. Each diastereomer was purified by chromatography Yield reported is
that of the combined punfied diastereomers

Method A: To a tetrahydrofuran solution (5 mL) of diisopropylamine (0.37 mL, 2.6 mmol was added dropwise
2.5 M n-butyllithium 1n hexane (1.0 mL, 2.5 mmol) at -20 °C with stirring. The solution wus stirred for 10 mun.
at -5 °C, and cooled to -90 to -100 °C. To this solution was added dropwise a tetrahydrofuran solution (3 mL) of
the appropriate ester (2.5 mmol) at a rate such that the temperature did not exceed -90 °C and immediately was
added dropwise a tetrahydrofuran solution (3 mL) of the appropriate imine (2 5 mmol) below -90 °C. The
reaction muxture was allowed to warm up gradually to room temperature and stured overnight Then
dichloromethane (30 mL) and water (25 mL) were added and the organic layer was separated, washed with
water, dried with anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was
punified by silica gel column chromatography (eluted with an appropriate ethyl acetate-n-hexane mixture) to give
the corresponding B-lactam dervatives  All compounds gave the desired spectral and elemental microanalytical
data

Method B* All operations were 1dentical with method A except 1,3-dimethyt-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (N,N'-dimethyl-propyleneurea, DMPU) (1 mL, 8 3 mmol) was added prior to addition of ester.
Method C. All operations were 1dentical with method A except hexamethyldisilazane (2 6 mmol) was employed
1n place of diisopropylamine
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Table 2. Formation of 3-Fluoro-azetidinones via Ketene-Imine Condensation

Acyl Chloride4 R R! R? Yield*
c Ph Ph -4-(MeO)CH, 16%
d Ph CO,Et ~4-(MeO)CH, 48%
h Ph Ph Ph 51%
1 Ph Ph Et 40%
j Ph Ph Me 10%

CH,
k Ph Ph C-Ph () 10%"
1 H Ph Me 33%
m H Ph Ph 70%
n H Ph -4-(MeO)CgH, 70%
0 H PhCH=CH  -4-(MeO)C¢H, 15%
p Ph PhCH=CH  -4-(MeO)CcH, 25%
q H CO,Et -4-(MeO)CH, 66%°

? Yield chromatographically pure product. Only a single diastereomer was
formed unless otherwise noted. ® No asymmetric induction observed.

€ 19 : 1 mixture of 2 to 3.

The following procedure was utilized for the ketene-imine condensation method. Under an argon atmosphere, to
a dichloromethane solution (15 mL) of 6.8 mmol 1mine and 6.8 mmol triethylamine was added dropwise a
dichloromethane solution of 6.8 mmol «-fluorocarboxylic acid chloride'? at ambient temperature with stirring.

The reaction mixture was stirred overnight. The reaction mixture was washed with water, dried over anhydrous
MgS04 and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluted with an appropriate ethy! acetate-n-hexane mixture) to give the corresponding 3-fluoro-

B-lactam derivative.

The Ik topicity of lactam formation which selectively creates the diastereomer found experimentally,

follows from the requred conrotatory motion of the ring closure.
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Further studies of the synthetic utility of these potential building blocks are in progress.

13



464

Acknowledgements. Financial support of this work by the National Science Foundation Grant number CHE-
8901986, and DARPA Contract DAAL 0398K0198 1s gratefully acknowledged

References and Notes

1.
2

10.
11.

13

Visiting Research Chemust, Mitsubishi Petrochemical Co

a) Welch, J T.; Eswarakrishnan, S. Fluorine in Bioorganic Chemistry, John Wiley and Sons: New York,
1991, b) Selective Fluorination in Organic and Bioorganic Chemistry Welch, J.T Ed ; ACS Books'
Washington, D C., 1991 ¢) Shimizu, M; Yoshioka, H. J Syath Org. Chem Jpn 1989, 47, 27-39
d) Takeuchi, Y.J Synth Org Chem Jpn. 1988, 46, 145-159. e) Liebman, J F; Greenberg, A.,
Dolbier, Ir W.R. Eds Fluorine-Containing Molecules-Structure, Reactivity, Synthesis, and Applications,
VCH Publishers New York, 1988 f) Welch, J T Tetrahedron 1987, 43, 3123-3197 6 Filler, R.;
Kobayashi, Y Eds Biomedical Aspects of Fluorine Chemistry ; Kodansha and Elsevier Ltd. Tokyo,
1982

a) Walba, D M.; Razavi, H A., Clark, N A.; Parmar, D.S. J. Am Chem Soc 1988, 1/0, 8686-

8691 b) Kitazume, T., Ohnogy, T ; Ito, K. J. Am Chem. Soc 1990, 112, 6608-6615.

a) Mata, E. G, Setti, E L ; Mascarettr, O. A. J Org Chem 1990, 55, 3674-3677, b) Setti, E. L.,
Mascarettt, O A, J Chem Soc Perkinl 1988, 2059-2060, c¢) Brady, W T Hoff, E. F, Ir;J Am
Chem Soc 1968, 90, 6256, d) Spitzer, W. A, Goodson, T, Ir, Chaney, M O, lones N D,
Tetrahedron Lett 1974, 4311-4314; e) Mata, E G ; Mascarett;, O A, Zumga, A E., Chopa, AB;
Podesta, J.C. Tetrahedron Lett 1989, 30, 3905-3908; f) Blacklock, T.J., Butcher, J.W., Sohar, P ;
Lamanec, T R ; Grabowskt, EJJ J Org Chem 1989, 54, 3907-3913, g) Joyeau, R, Molines, H.;
Labia, R ; Wakselman, M J. Med Chem. 1988, 31, 370-374, h) Tada, K. Toda, F. Tetrahedron Lett
1978, 563-564, i) Thaisrivongs, S . Schostarez, H I.; Pals, D., Turner, SR J Med. Chem. 1987, 30,
1837-1842: ;) Taguchi, T ; Kitagawa, O., Suda, Y., Ohkawa, S ; Hashimoto, A_, Trtaka, Y., Kobayashi,
Y Tetrahedron Letr 1988, 29, 5291-5294,

a) Nelson, D A Tetrahedron Lett. 1971, 2543-2546; b) Bose, A K, Manhas, M S.; Chib, 1. S ;
Chawla, H. P S, Dagal, B J Org Chem 1974, 39, 2877-2884; ¢} Duran, F; Ghosez, L
Tetrahedron Lett 1970, 245-248; d) Muhlbacher, M ; Ongama, K Z. Naturforsch 1982, 376, 1352-
1354;. d) Bose, AK.; Anjaneyula, B: Bhattacharya, S.K ; Manhas, M.S Tetrahedron 1967, 23, 4769-
4776; é) Ojima, L., Chen, H ; Qiu, X Tetrahedron 1988, 44, 5307-5318;

a) Ha, D.-C; Hart, D J; Yang T K J. Am Chem Soc 1984, 106, 4819, b) Gluchowsky, C.;
Cooper, L, Bergbreiter, D. E, Newcomb, M J Org Chem 1980, 45, 3413-3416, ¢) Hart, D J.; Ha,
D C. Chem Rev 1989, 89, 1447-1465. d) Brown, MJ Heterocycles, 1989, 29, 2225-2244, Georg,
GI; Kant, J; Gill, HS. J Am Chem Soc. 1987, 109, 1129-1135,

Welch, J T'; Herbert, RW. J Org Chem. 1990, 55, 4782-4784

Assignment of stereochemustry 1s based upon fluorme-proton coupling constants where smaller dihedral
angle between proton and fluorine 1n 3 results 1 the larger coupling constant, eg, 2a 'H NMR (CDCl3)
3498 (d,J4F =39, 1H, H-4) 373 (5, 3H, OCH3) 181 (d, Jeus,F = 21 6, 3H, CH3); 3a 'H NMR
(CDCI3) 3517 (d, J4 F = 120, 1H, H-4) 374 (s. 3H, OCH3) 1.25 (d, JcHs,F = 22 8, 3H, CH3) 6.83
(d, 2H, Ar) 7.2 - 7.4 (m, 7H, Ar}

Brady, W. T., Hoff, J. E. F J Am Chem. Soc 1968, 90, 6256

Burgess, E.; Liotta, C. J Org Chem 1981, 46, 1703-1708.

Lynch, LE., Riseman, S.M Laswell, W L | Tschaen, D M.; Volante. R P.; Smith, G.B., Shinkao, 1. J
Org Chem 1989, 54, 3792-3796

Caution' Sodium-fluoroacetate and {luoroacetyl chloride are fatal poisons affecting the central nervous
system causing epileptic convulsions. o-Fluorocarboxylic acid chlorides were handled with extreme
caution 1n an efficient fume hood.

Brady, W T..Gu, Y Q J Org Chem. 1989, 54, 2838-2842

(Received in USA 25 March 1991, accepted 12 July 1991)



