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Summary. The reaction of vinyl epoxides with isocyanates proceeded with overall retention 
of configuration. 

The reaction of vinyl epoxides with cumulative unsaturated electrophiles like carbon 

dioxide1 and isocyanates 2 provides a facile entry to five membered ring heterocycles 

according to eq 1.3 Whereas, the use of carbon dioxide as the reaction partner proceeded 

Pd(Oj X=C=Y - (1) 

stereospecifically; the stereochemistry of the reaction with isocyanates depended upon the 

choice of isocyanate. Aryl 

condense with vinyl epoxides 

disubstituted-oxazolidin-Z-ones 

epoxide (eq 2). The possibility 

0 _/, 

isocyanates, especially Z-methoxynaphthyl-l-isocyanate, 

to form the thermodynamically less stable cis-4,5- 

regardless of the stereochemistry of the starting vinyl 

arises that the explanation may lie in a pathway in which 

TBDMSO 

nitrogen initially coordinates to the palladium in the 

this species then collapses to product (eq 3a).4t5 
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intermediate a-ally1 complex, and 

(3) 

Establishing the stereochemistry of the nitrogen addition relative to the 

stereochemistry of the palladium in the intermediate a-ally1 complex provides a test for 

such a pathway. The reaction of carvone epoxides 1 and 2 should test this question, as 

shown in the Scheme. Since palladium initiated ionization has been established to proceed 
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Table 1. 'H and 13C NHR Shifts for Diastereomeric Oxazolidin-2-onesa 

1H 
sb 

1, ___f 

2, ___f 

3. 5.76(b) 
4. NAg 

5. NAg 
6. NAg 

7. 1.86(s) 
8. ___f 

9. 4.66(s) 
4.74(s) 

10. 1.69(s) 
11. 4.22(d) 

4.27(d) 
12. ---f 

R = Ph 

1% 

66.1 
135.8 
128.4 
30.7 

39.0 
37.6 

17.9 
137.3 
110.4 

20.8 
74.5 

157.1 

lH 
ac 

f ___ 
f ___ 

5.80(b) 
NAg 

NAg 
NAg 
2.23(d) 
1.92(s) 
-__ 

4.44(s) 
4.64(s) 
1.50(s) 
4.08(d) 

4.3$(d) ___ 

Td R=4JJJ6e 
1% 

= i 

1H 13c 1H 

64.2 
133.3 
129.8 
30.1 

37.0 
41.0 

17.7 
136.7 
110.4 

20.8 
73.9 

157.7 

f ___ 
f ___ 

5.80(b) 
1.75(dd) 
2.10(d) 
2.10(m) 
1.48(t) 
1.90(d) 

2:'F) 

4.46(s) 
4.61(s) 
1.55(s) 
4.48(d) 

4.5?d) ___ 

67.4 
135.3 
129.2 
30.9 

39.4 
38.7 

18.2 
135.9 
110.3 

20.8 
76.7 

157.4 

f ___ 
f __. 

5.83(b) 
1.77(m) 

0.99(m) 
1.46(t) 
2.24(d) 
2.0;(s) 
___ 

4.00(s) 
4.38(s) 
0.93(s) 
4.30(d) 

":5:(d) 

1% 

65.2 
132.7 
129.8 
29.9 

36.5 
40.9 

17.8 
135.2 
109.8 

20.3 
73.9 

157.7 

(a) All shifts in ppm downfield from internal TMS in CDC13. Abbreviations are standard. 
(b) Oil; (c) Mp 106-8'; (d) Mp 190.2O; (e) Mp 140°; (f) No signal; (g) Not assigned. 

function of oxazolidin-2-one stereochemistry. Models show that the aryl group for 

diastereomers 6 are forced to adopt a conformation depicted in 2 in which the isopropenyl 

group lies in the shielding region of the aryl rings (cf shifts for positions 9 and 10 in 

each pair). The extended shielding region of the naphthalene nucleus compared to the 

phenyl nucleus leads to even larger shielding. NOE studies reinforce these assignments. 

Eu(+3) induced solvent shifts for 2 (Ar=l-naphthyl) demonstrate that the absorption for the 

equatorial proton at position 6 shifts more rapidly than that for the axial proton at this 

same position - an observation also in agreement with the assignments made. Similar 

chemical shift trends are observed for all of the oxazolidin-2-ones and thus the same 

assignments are made. 

Table 2 summarizes the analysis of the product mixtures starting from three different 

isomeric ratios of carvone epoxide - 1:2. being 80:20,1°a 89:11,1°b and O:lOO.loc Within 

experimental error, the product ratios reflect the ratios of the diastereomeric starting 

materials. The overall stereochemical result is net retention of configuration. Thus, the 

mechanism of the oxazolidine-2-one formation is the double inversion as depicted in 1 -->3 

-->i and 2 --> & --> 6 in the Scheme. 

This result requires that the selectivity for cis-oxazolidin-2-ones in acyclic cases 

must arise via path "b" of eq 3 and that equilibration of the diastereomeric 

n-allylpalladium complexes to the one depicted in eq 3b must be faster than cyclization. 

The source for the kinetic selectivity to be opposite that of the thermodynamic stability 

of the products remains yet to be established. 
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Table 2. Oxazolidin-2-one Ratios @:a) as Function of Isocyanatea 

Awl isocvanate/Epoxide Ratio 1:2 4:1 8.6:1 

Ph 3.5:1 1O:l 

4.0:1 711 

2.5:1 N.D.b 

OCH, 

2.6:1 8.6:1 

o:100 

N.D.b 

0:lOO 

N.D.b 

N.D.b 

0:lOO 

(a) Determined by nmr spectroscopy. (b) N.D.-not determined. 

Acknowledgment. We thank the National Science Foundation and the National Institues of 

Health for their generous support of our programs. We are especially grateful to Dr. Karl 

Thomae GmbH for making the stay of RH in our laboratories possible. Mass spectra were 

gratefully provided by the Mass Spectrometry Facility, University of California-San Francisco, 

supported by the NIH Division of Research Resources. 

1. 

2. 

3. 

4. 

5. 

6. 
7. 
8. 
9. 

10 

References 

Trost, B.M.; Angle, S.R. J. Am. Chem. Sot., 1985, 107, 6123; Fujinami, T.; Suzuki, T.; 
Kamiya, M.; Fukuzawa, S.; Sakai, S. Chem. Lett., 1985, 199. 
(a) Trost, B.M.; Sudhakar, A.R. J. Am. Chem. Sot., 1987, 109, 3792. 
(b) idem., 1988, 110, 7933. 
For related work see Trost, B.M.; Tenaglia, A. Tetrahedron Lett., 1988, 29, 2931; 

Suzuki, S.; Fujita, Y.; Kobayashi, Y.; Sato, F. Tetrahedron Lett., 1986, 27, 69. 
Trost, B.M.; Keinan, E. J. Am. Chem. sot. ( 1978, 100, 7779; Larock, R.C.; Harrison, 
L.W.; Hsu, M.H. J. Org. Chem., 1984, 49, 3664. For related work on carboxylate 

nucleophiles see ref 5d; Trost, B.M.; Verhoeven, T.R.; Fortunak, J. Tetrahedron Lett., 

1979, 2301; Backvall, J.E.; Bystrom, S.E.; Nordberg, R.E. J. Org. Chem., 1984, 49, 

4619; Backvall, J.E.; Nordberg, R.E.; Wilhelm, D. J. .&II. Chem. Sot., 1985, 107, 6892. 
(a) Trost, B.M.; Weber, L. J. Am. Chem. Sot., 1975, 97, 1611. 
(b) Trost, B.M.; Weber, L.; Strege, P.; Fullerton, T.J.; Dietsche, T.J. J. Am. Chem. 
sot., 1978, 100, 3426. 
(c) Trost, B.M.; Verhoeven, T.R. J. Org. Chem., 1976, 41, 3215. 
(d) Trost, B.M.; Verhoeven, T.R. J. Am. Chem. Sot., 1980, 10.2, 4730. 
(e) Hayashi, T.; Hagihara, T.; Konishi, M.; Kumada, M. J. Am. Chem. Sot., 1983, 105, 

7767. 
Corey, E.J.; Chaykovsky, M.J. J. Am. Chem. Sot., 1965, 87, 1353. 
Tanis, S.P.; McMills, M.C.; Herrinton, P.M. J. Org. Chem., 1985, 50, 5887. 
For use of cesium reagents in general see Imamoto, T. J. Org. Chem., 1984, 49, 3904. 

All new compounds have been fully characterized spectroscopically and elemental 
composition established by combustion analysis and/or high resolution mass spectroscopy. 
(a) Obtained by method 2 in text. 
(b) Obtained by method 1 in text. 
(c) Obtained by chromatographic separation of the hydroxysulfides prepared in method 2 
followed by methylation and base. 
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