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Cations. Primary Carbon as the Electrofuge

Bernhard Goer, Wolfgang Kirmse,” and Aribert Wonner

Fakultat fur Chemie, Ruhr-Universitat Bochum
D-44780 Bochum, Federal Republic of Germany

Received April 7, 1993

The Grob fragmentation, eq 1, is promoted by electron donation
to the electrofugal carbon atom (C-3) and by the relief of ring
strain.! Numerous derivatives of bicyclo[2.2.1Jheptane, -4
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bicyclo[3.1.1]heptane,>7 and bicyclo[2.1.1]hexane? were found
to undergo ring cleavage with departure of a tertiary carbon
atom.

More recently, we observed fragmentation reactions of bicyclo-
[2.1.1]hexanes (e.g., 1 — 8) in which the electrofugal carbon is
secondary.® Both bridged and open carbocations are apparently
involved (Scheme I). Predominant inversion of configuration
(93% for 1-OBs) suggests that 5 originates mainly from the bridged
ion 4. Partial racemization (— %’) and 1,2-hydride shift (— 3)
point to a minor contribution of the open ion 2.1

The previous work relied on ring strain to compensate for poor
leaving groups. It occurred to us that inductive destabilization!!
of the precursor ions could provide additional driving force. We
now report on fragmentation reactions of electronegatively
disubstituted 2-bicyclo(2.1.1]hexyl triflates that involve primary
carbon as the electrofuge.

Syntheses of the alcohols 6a'2 and 6b!3 have been described.
Sulfonates and diazonium ions related to 6a,b solvolyze without
fragmentation.1213 PCC oxidation of 6a,b provided the ketones
7a,b, which were treated with Me;SiCN and C,FsLi, respectively,
to give the alcohols 8a,b and the triflates 9a,b derived therefrom
(SchemeII). Solvolyses of 9a afforded products of fragmentation
(12a) and substitution (11a) in the solvent-dependent ratios of
2.3:1 in acetone~water (1:1), 4.3:1 in formic acid, and 13:1 in
trifluoroacetic acid. The half-life of 9a in HCO,H-1.5 M

(1) For reviews, see: (a) Grob, C. A.; Schiess, P. W. Angew. Chem. 1967,
79,1; Angew. Chem., Int. Ed. Engl. 19617,6, 1. (b) Grob, C. A. Angew. Chem.
1968, 81, 543; Angew. Chem., Int. Ed. Engl. 1969, 8, 535. (c) Becker, K. B.;
Grob, C. A. In The Chemistry of Double-Bonded Functional Groups; Patai,
S., Ed.; Wiley: New York, 1977; Part 2, Chapter 8.

(2) Huckel, W.; Kern, H. J. Liebigs Ann. Chem. 1969, 728, 49.

(3) Banthorpe, D. V.; Morris, D. G.; Bunton, C. A. J. Chem. Soc. B 1971,
687

(4) Kirmse, W.; Brandt, S. Chem. Ber. 1984, 117, 2510.

(5) Winstein, S.; Friedrich, E. C. J. Am. Chem. Soc. 1964, 86, 2721.

(6) Salmon, J. R.; Whittaker, D. J. Chem. Soc. B 1971, 1249.

(7) Indyk, H.; Whittaker, D. J. Chem. Soc., Perkin Trans. 2 1974, 313,
646.

(8) (a) Meinwald, J.; Gassman, P.G. J. Am. Chem. Soc. 1963, 85,57. (b)
Meinwald, J.; Crandall, J. K. J. Am. Chem. Soc. 1966, 88,1292. (c) Meinwald,
J.; Shelton, J. C.; Buchanan, G. L.; Courtin, A. J. Org. Chem. 1968, 83, 99.

(9) Kirmse, W.; Kampmann, K. H.; Zellmer, V. Chem. Ber. 1987, 120,
1301.

(10) Kirmse, W.; Zander, K. Angew. Chem. 1988, 100,1596; Angew. Chem.,
Int. Ed. Engl. 1988, 27, 1538.

(11) For a recent comprehensive review, see: Creary, X. Chem. Rev. 1991,
91,1625. Shorter reviews dealing with CN-and CF;-substituted carbocations
have appeared: Gassman, P. G.; Tidwell, T. T. Acc. Chem. Res. 1983, 16,
279. Tidwell, T. T. Angew. Chem. 1984, 96, 16; Angew. Chem., Int. Ed. Engl.
1984, 23, 20.

(12) Kirmse, W.; Goer, B. J. Am. Chem. Soc. 1990, 112, 4556.

(13) Kirmse, W.; Wonner, A. Chem. Ber. 1993, 126, 409.

0002-7863/93/1515-5849$04.00/0

Scheme I ;
Js—0H——0(
X oS
1 2 k]
I I
‘ SOH HOS
é é
s 3
Scheme 11
A;/OH——-’A% —_— A;{R -
o]
R R R OH
6 7 8
R &

s O R
OTf
9 10 . 9
l » l a \
os ®
! s N\ 0§ é PP
R
R R R R R
11 12 13
a:R=CN b : R=C)Fs

NaOCHO at 80 °C was found to be 44 = 3 min, whereas only
23% of 9a had reacted after 4 days in CF;CO,H-2 M NaOCOCF,
at 80 °C. Thus, the half-life of 9a increased with decreasing
nucleophilicity of the solvent, suggesting a significant k, com-
ponent. Starting with [2-13CN]}9ain HCO,H-1.5 M NaOCHO,
scrambling of the label in the recovered triflate (32% after
50% conversion, 46% after 75% conversion) uncovered the
degenerate Wagner—Meerwein rearrangement, 9a = 9a’. The
distribution of 1*CN in 11a lagged behind the scrambling in 9a
(36% and 46%, respectively, after 75% conversion of 9a in
HCO,H-1.5 M NaOCHO at 80°C). Nucleophilicdisplacement
at 9a, rather than capture of 10a, appears to be the major route
to 11a.

Analogous substitution of 9bshould be seriously impeded, owing
to the voluminous C,Fs group. As expected, solvolyses of 9b in
dioxane-water (8:2), trifluoroacetic acid (TFA), and 2,2,2-
trifluoroethanol (TFE) did not produce significant amounts of
11b, the virtually exclusive product being 12b. Degenerate
rearrangements were detected by means of [3-2H,}9b. Equili-
bration of 9b and 9b’, mediated by 10b, was found to proceed
readily (53% in TFA and 68% in TFE after 2 half-lives).
Interconversion of 10b with open ions should lead to exchange
of C-3,5 with C-6, i.e., to equivalence of all CH;, groups.!¢-16
Only a minor fraction (1-3%) of the label was recovered in the
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exocyclic CH; group of the solvolysis product 12b. Therefore,
we invoke the bridged ion 10 as the predominant intermediate
and precursor to 12. The intervention of 13 on the reaction path
to 12 is very unlikely. Aside from the instability of primary
carbocations, no 1,2-hydride shift was observed (cf. 2 — 3 in
Scheme I).

In summary, we have adduced evidence for degenerate 1,2-
carbon shifts in electronegatively substituted carbocations (ion
pairs). Associated with the degeneracyis a unique fragmentation
in which primary carbon assumes the role of the electrofuge. We
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postulate that bridged ions or ion pairs (10) are germane to both
reactions.!” The electron-withdrawing groups are thought to
divert solvent attack at 10 from C-1,2 to C-6.

(17) Ring strain remains an important factor. 2-Norbornyl analogues of
9donot undergofragmentation. The homologuesof the bridgedion 10appear
to be deprotonated rather than substituted (Siegfried, R.; Wonner, A.,
unpublished results). Deprotonation of 10 wouldlead toa prohibitively strained
tricyclo[2.2.0.026] hexane.
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