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perconjugation serves quite adequately to explain the 
behavior of the E isomers provided it is modified to include 
stabilization of the pyramidal E cation by double hyper- 
conjugation as denoted by canonical structure 3. However, 
the significant accelerations found for the 2 isomers are 
not directly predicted from any earlier considerations. 
Here we postulate that the accelerations are due to isom- 
erization of the (pyramidal) 2 cation" to the more stable 
E cation, thereby reducing internal return. Evidence for 
this mechanism comes from preliminary findings of the 
lack of sulfonyl oxygen scrambling in 180-labeled 5(2)- 
(trimethylstannyl)-2-adamantyl brosylate that was re- 
covered after 1 half-life of solvolysis.12 We are currently 
attempting to confirm or reject this explanation by exam- 
ination of a-deuterium isotope effects. An alternative 

explanation is that hyperconjugation is transmitted 
through the intervening five C-C bonds having a less than 
optimal 0rientati0n.l~ 
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Summary: The [3 + 41 cycloaddition of 1,1,3,3-tetra- 
methylindane-2-thione S-methylide (1  1) and 2,3-bis(tri- 
fluoromethy1)fumaronitrile (2c) afforded 86% of the 
ketene imine 14, the X-ray structure of which revealed a 
strained ring; the thermolysis to thione 9 + cyclopropane 
18 constitutes a novel reaction course. 

A great difference between the T-MO energies of 
1,3-dipole and dipolarophile as well as steric hindrance of 
the concerted process are prerequisites to the two-step 
pathway of cycloaddition. The nonstereospecific combi- 
nation of the nucleophilic thiocarbonyl ylide 1 with the 
electrophilic ethylenes 2a and 3a, both giving thiolanes 6a 
and 7a, suggested the zwitterionic intermediate 4 . ' g 2  
Furthermore, the zwitterion 4b generated in THF + 2 vol 
% methanol in the presence of 2b furnished lactim ether 
8b and thiolane 6b in a 6535 ratio;3 a reversible 1,7 re- 
combination of 4b affording the cyclic ketene imine 5b was 
conjectured. 

The reaction of 1 with the cis acceptor olefin 3c provided 
71% of the ketene imine 5c, 16% of trans-thiolane 6c, and 
10% cis-thiolane 7 ~ ; ~  5c was stable at  room temperature, 
but rearranged to 6c at  60 0C.5 Ketene imine 5c was 
crystalline, but single crystals suitable for X-ray analysis 
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thione 9 (red crystais, mp 41-42 "C); addition of diazo- 
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from 10 proceeded at  50 "C in xylene with t l l z  = 68 min 
and in acetonitrile with tl = 148 min. The thione S- 
methylide 11 set free in C6b6 (10,16 h, 50 "C) cyclized to 
give thiirane 12 quantitatively (NMR analysis with 
weighed standard, 3-H2 s 6 2.54). When 11 was generated 
in methanol at 60 "C, the 0,s-dimethyl acetal 13 (73%, 
bp 100-110 oC/O.O1 Torr, SCH, bH 2.04, OCH, 3.541, a 1,3 
adduct of methanol, was isolated. 
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Elimination of N2 from 10 in the presence of 1.1 equiv 
of trans acceptor olefin 2c7 in [Dlz]cyclohexane (7.5 h, 50 
"C) gave rise to 86% of ketene imine 14 ('H NMR anal- 
ysis), whereas the 19F NMR spectrum indicated 83% 14, 
4% thiolane 17, and 4% cyclopropane 18. The reaction 
with the cis olefin 3c provided nearly the same product 
mixture under conditions where the cis - trans isomeri- 
zation 3c - 2c was slow. 
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The lemon-yellow crystals of 14, mp 88-89 "C, are 
moderately stable on exposure to air. The AB spectrum 
of 7-H2 occurs a t  6 3.15 and 3.48 with 16 Hz (CDCl,); the 
13C signals, 6 185.7 for C-4 and 61.7 for C-5 (9, JC,F = 39 
Hz), agree with those of 5c4 and open-chain ketene imines? 
The IR absorption of the cumulated bond system at 2019 
cm-' (CCl,) is the strongest in the spectrum. 
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Figure 1. ORTEP drawing of the X-ray structure of ketene imine 
14 (thermal ellipsoids represent a 30% probability level). 

The X-ray analysis (Figure 1)9 confirmed the seven- 
membered ring structure of 14. Bond lengths of 133 and 
120 pm for the cumulated system C=C=N hardly deviate 
from those of diphenylketene p-tolylimine (133 and 121 
pm)l0 or o-tolylimine (136 and 121 pm).l' The involve- 
ment of the allenic type bond system into a seven-mem- 
bered ring creates strain. The C=C=N bond system is 
not linear but rather bent to 163.8 "C.12 The N-C single 
bond should form a 90" angle with the plane of the olefinic 
C-atom (C5), an expectation fulfilled, e.g., in diphenyl- 
ketene o-to1ylimine.l' However, in 14 the dihedral angle 
C6-C5-N3-C2 has shrunk to 58 "C. Furthermore, the 
bond system at C5 is not planar; its deviation -C5 is 
located 13 pm above the plane of C4, C6, C10-signals 
another deformation caused by ring strain. 

So far, the smallest ring harboring a ketene imine group 
was the eight-membered 3,8-dibenzyl-l-azacycloocta-1,2- 
diene.13 With two stereocenters, i.e., C-6 and the ketene 
imine system, two diastereoisomers of 14 are conceivable. 
Only one species appears to be formed although a few 
percent of a second isomer in the mother liquor cannot be 
excluded. A fast N-inversion (NMR time scale) as ob- 
served for open-chain ketene imines14 appears improbable 
for 14 since inversion is slow for the eight-membered cyclic 
repre~entative'~ and should be even more hindered for the 
seven-membered ring. In fact, the thermal ellipsoid of N3 
(Figure 1) is normal and does not suggest a preinversion 
mode. 

The rearrangement of ketene imine 5c to the thiolane 

(9) Crystallographic data: C&I1PBN$, mol wt 438.4, orthorhombic, 
a = 30.444 (14), b = 10.659 (4), and c = 6.217 (2) A, space group h a l ,  
2 = 4, D, = 1.443 g ~ m - ~ ,  F(000) = 888.0, T = 213 K, ~ ( M o  K,) = 2.12 
cm-'. Data collection: Syntex R3 diffractometer, crystal (size 0.31 X 0.35 
X 0.45 mm) mounted in a glass capillary, cell constants from 25 centered 
reflexions, Mo K a  radiation, graphite monochromator, X = 0.71069 A, w 
scan with profile fitting, scan rate variable 1.8-29.3' min-' for <150 to 
>2500 counts s-l, scan ranges 0.4, 0.4", backgroundjscan ratio 0.5, in- 
tensity of two standard reflexions checked after every 48 intensity mea- 
surements, 20 range 2-45' for all h +/-k +/-l,4233 reflexions measured, 
129 rejected (3 with too high an intensity, 122 with spikes, 4 asymmetric), 
data corrected for Lorentz and polarization effects as well as changes in 
standards intensities (<1.5%), 3808 unique reflexions, 3567 considered 
as observed with I > 3u(n. Structure solution and refinement: direct 
methods of the SHELXTL program package (Nicolet version 4.1), non-hy- 
drogen atoms refined anisotropically, hydrogen atoms isotropically with 
fixed Vi = 0.05, blocked matrix refinement. Final R and R, values were 
0.051 and 0.054, respectively (R = Ela/EIFo\ and R, = (El- 
~w' /* ) / (~ . IF . . , Iw~/~ )  with l / w  = $(F) + 0.00143 (F) ). GOOF = 1.435, 
final mean A/u = 0.05, pma. = 0.43 e A". The final difference map was 
featureless for 314 refined variables. 
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6c a t  60 "C is 850 times faster in acetonitrile than in cy- 
~ lohexane ,~  suggesting the gauche zwitterion 4 as an in- 
termediate. The half-life of 14 a t  40 "C amounted to 138 
h in CS2 and 35 h in CDC1,. Products were the trans- 
thiolane 17 and the trans-cyclopropane 18 in the time- 
independent ratio of 78:22 (kinetic control); in addition, 
the 'H NMR spectrum showed the methyl singlet of thione 
9. An equilibration of the gauche zwitterion 15 with anti 
conformation 16 is assumed. The cyclopropane formation 
is interpreted by an intramolecular nucleophilic substitu- 
tion of 16, thione 9 being the leaving group. The prefer- 
ence for the trans structures of 17 and 18 may result from 
steric factors. 

In contrast to 4c - 6c, the ring closure 15 - 17 is 
reversible. In benzonitrile at  80 "C, 17 is converted to 18 
+ 9 with a half-life of 13 h. The thermodynamic preference 

of 18 + 9 must be due to the loss of steric strain in the 
indane-spiro-thiolane 17 and the entropy factor (two 
molecules from one), thus outweighing the ring strain of 
cyclopropane 18. 

The isolation of 17, mp 113 "C, required removal of 18 
+ 9 by distillation. The CF, groups of 17 appear at 8~ -58.2 
and -63.9 (JF,F = 11.6 Hz), less different than in 14 (-55.6, 
-73.7). After thermolysis of 17 (140 "C, neat), cyclopropane 
18, mp 58-59 "C, was sublimed at  40-50 "C. The singlet 
of 3-Hz at  6 2.46 is broadened by H,F coupling. The CF3 
groups form a singlet at  6 -66.2 in the 'H-decoupled 19F 
NMR spectrum. 
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Summary: Treatment of methanesulfonate esters of ter- 
minal glycidols obtained by epoxidation in the Sharpless 
kinetic resolution (SKR) of 1-substituted 2-propenols 
(secondary allyl alcohols) with telluride ion (Te2-) converts 
the glycidols to allyl alcohols of the same stereochemical 
configuration as the unreacted enantiomer from the SKR. 

The Sharpless kinetic resolution (SKR) of secondary 
allyl alcohols,' like all resolutions, is limited to a theoretical 
yield of 50% of one enantiomer from the racemic mixture. 
In the Sharpless procedure, one enantiomer of the allyl 
alcohol is converted to a glycidol, leaving the slower re- 
acting enantiomer virtually untouched. The mixture is 
easily separated, and the allyl alcohol and the glycidol of 
high optical purity can be obtained when the relative rates 
of epoxidation of the two enantiomers are sufficiently 
different. We report that the glycidol, whose carbinol 
carbon atom has a configuration opposite to that of the 
allyl alcohol, can be converted to the same allyl alcohol 
obtained in the kinetic resolution. The process involves 
an application of telluride chemistry used in our earlier, 
general synthesis of allyl alcohols.2 This combination of 
the SKR and our telluride method effects a conversion of 
a racemic allyl alcohol to a single enantiomer, the theo- 
retical yield being 100%. The inversion of configuration 
that occurs in the telluride-mediated reactions that we 
have studied is complete, and the yields of allyl alcohol 
in this process are generally high (typically 87-93%, al- 
though in one case a 69% yield was obtained). Combined 
yields of allyl alcohol from both the kinetic resolution and 
telluride steps range from 75-88% ., 

(1) (a) Gao, Y.; Hanson, R. M.; Klunder, J. M.; KO, S. Y.; Masamune, 
H.; Sharpless, K. B. J. Am. Chem. SOC. 1987,109,5765-5780. (b) Ros- 
siter, B. E. Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press: 
New York, 1985; Vol. 5, pp 193-243. (c) Finn, M. G.; Sharpless, K. B. 
Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press New York, 

(2) Polson, G.; Dittmer, D. C. Tetrahedron Lett. 1986,27,5579-5582. 
(3) The deviation from 100% ee is the result of the kinetic resolution 

step and depends on the relative rates of epoxidation of the two enan- 
tiomers of the allyl alcohol. The overall yields suffer both in the ep- 
oxidation step and in the telluride step. However, no attempts were made 
to optimize them. 

1985, Vol. 5, pp 247-301. 
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The glycidol product in the SKR is converted to the 
methanesulfonate ester by the action of methanesulfonic 
anhydride and pyridine, followed by treatment with tel- 
luride ion generated by the in situ reduction of the element 
by sodium hydroxymethanesulfinate dihydrate (Rongal- 
ite).4 The overall transformation that occurs is the de- 
oxygenation of the epoxide with concurrent inversion of 
the carbinol center to give the desired allyl alcohol. De- 
oxygenations by tellurium reagents of epoxides that do not 
bear proximate leaving groups have been reported previ- 
ously.5,6 

R' 

(a) Ti(0-i-Prl4, TBHP, (+)- or (-)-DIPT, CHzClz; (b) chroma- 
tographic separation (silica gel); (c) (CH3SOz)z0, pyridine, DMAP, 
CHZClz; (d) T e  (1.1 equiv), HOCHzS0zNa.2Hz0 (3 equiv based on 
tellurium), NaOH (5 equiv based on tellurium, 1 N), 50 "C, 2 h; 
cool to room temperature; add mesylate in THF.  

Although there are a number of methods for inverting 
carbinol carbon centers, we know of no single-step proce- 
dure to deoxygenate an epoxide and invert an adjacent 
carbinol center. Furthermore, the tellurium from these 
reactions is recovered and may be reused. If the epoxy 
alcohol is desired, the allyl alcohol from the SKR may be 
epoxidized, inverted via the telluride method, and re-ep- 
oxidized under the conditions for the Sharpless asymmetric 
epoxidation.la 

(4) Tschugaef, L.; Chlopin, W. Ber. 1914,47, 1269-1275. 
(5) Clive, D. L. J.; Menchen, S. M. J. Org. Chem. 1980,45,2347-2354. 
(6) Barton, D. H. R.; Fekih, A.; Lusinchi, X. Tetrahedron Lett. 1985, 

26, 6197-6200. 
(7) When R = Ph (eq l), the telluride reaction fails, possibly because 

of an intervening SN1 reaction. 
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