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Abstract The y,6-unsaturated nitrile 2 equilibrates at room temperature with the N-allylketene
imine 3. Deuterium labeling established an intramolecular rearrangement, and the small influence
of solvent polarity on the rate constants is in accordance with a concerted [3,3]sigmatropic shift.

The ene reaction of 2,2-bis(trifluoromethyl)ethylene-1,1-dicarbonitrile (BTF, 1) 2 with 2,3-dime-
thyl-2-butene furnished 2 3. When the conversion in CDCl, or C¢Dg at 25°C was monitored by IH NMR
spectroscopy, 2 turned out to be the primary product which subsequently equilibrated with the isomeric
ketene imine 3.
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Pure 2 was isolated from the equilibrium mixture (4 d, CH,Cl,, 25°C) by distillation at 60°C/ 10 torr
(84%) and crystallization from pentane at -15°C, mp 65°C (after recryst.)*. The 'H and 'F resonances
of 2 were recorded immediately after dissolving in CDCl,. Two vinyl-H at 8y 5-22 and 5.39, s for 4-
(CH,), at 1.57 and 5-CH, at 2.04 established the shifted double bond in 2; d at §-61.8 (.IF’H = 8.1 Hz)
for two CF, groups and sept at §;; 3.64 for 2-H revealed the type of ene product 3 with terminal
trifluoromethyl groups.

New resonances appeared in the NMR spectra of 2 on storing the CDCl, solution, and a 50:50
equilibrium is approached with a half-reaction time of 12.3 h at 25°C, Singlets at §y 1.76 for one CHj,
1.79 for 2 CH,, and at 4.40 for N-CH, indicate 3 as substitution product of 2,3-dimethyl-2-butene; d at
§p -68.2 and sept at &y 3.47 (JH’F = 7.7 Hz) signal the group -CH(CF;),. é(alkenyl-CH,) occurs at
lower field and §(CF;) at higher field than expected for 4 on the basis of §(4-H,) 2.9 - 3.1 and § (CF;)
in compounds structurally related to 4 3. The lower solubility of 2 prevented the isolation of 3.
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Like many polynitriles with neighboring CF, groups, 2 does not show a C=N stretching frequency
in the IR spectrum (CCl,). However, the rearranged isomer 3 displays the sharp CaN absorption of a
conjugated nitrile at 2218 cm'], and the band at 2075 cm'l for C=C=N belongs to the most intense of
the spectrum. These values correspond to 2210 and 2140 cm™! reported for an a-cyanoketene imine 6
2031 and 2019 cm™! were observed in our laboratory for the C=C=N stretching frequency of two cyclic
7-membered, CF;-substituted ketene imines 78, The trifluoromethyl groups apparently increase the
thermal stability of the ketene imine.
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In 1965 Brannock and Burpitt ° converted N-allylcarboxamides § into imidoyl chlorides by PCl,
or phosgene; refluxing with triethylamine in benzene or THF led to nitriles 7; the ketene imine 6 was a
plausible intermediate, although its isolation or spectroscopic analysis were not accomplished. A Clai-
sen-type rearrangement, 6 ~ 7, was proposed. Recently Walters et al. 191! studied further examples of
5 - 7 in a "one-pot procedure" at room temperature with various reagents, 2 equiv. (C4Hs;),P + 2 CCl,
+ 3 (C,Hg);N being the best. The "3-aza Claisen" rearrangement of the supposed ketene imine
intermediate 6 proceeded at room temperature whereas the [3,3]sigmatropic equilibration of 1-hexene-
5-yne with 1,2,5-hexatriene, the all-carbon analog, requires >300°C 12
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Figure 1. Solvent dependence of the rate
constants for the [3,3]sigmatropic rearrange-
ment 2 = 3 (solvent key in Table 1)
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Pure 2 was equilibrated with 3 in various solvents at 25°C, and the 2/3 ratio was monitored by the 'H
NMR integrals of the vinylic methyl groups as a function of time 13, k, and k, were evaluated with the
rate law of reversible first-order reactions 4, The rate constants (Table 1) increase only by a factor of 6
in going from tetrachloroethylene to acetonitrile indicating a modest increase of charge separation in
the activation process, well in accordance with a concerted {3,3]sigmatropic rearrangement. Fairly good
linear relations resulted for the plots of log k vs. Reichardt’s parameter Ep. of solvent polarity 15 (Fig.
1). Interestingly, the equilibrium constant, K = 0.8 - 1.2, does not depend on solvent polarity.
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Although the isomerization 2 = 3 is hardly conceivable as a process involving a dissociation or
ionization, we probed the intramolecular course by reacting (D;C),C=C(CH,), 16 with 1. The ene pro-
duct, isolated after 4 d as described above, contained 8 and 9 in the ratio 82:18, corresponding to
(kgg/p)intra = 4-5 at 25°C. After several d of equilibration with the ketene imine isomer, the MS analy-
sis of the isolated deuterated 2 showed only M* 304 (6 D incorporated) with m/z = 305 only negligibly
deviating from the 13C isotope peak. A crossing over of fragments resulting from 8 and 9 should have
led to some 10 (D,) and 11 (Dy).

Why are 2 and 3 at nearly the same free energy level in contrast to the irreversible rearrange-
ment 6 ~+ 7 ? The 3,4-bond of 2 signalizes a hexasubstituted ethane; strain relief by breaking this bond
may play a role.
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