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Our interest in allene oxides® and oxaspiropentanes® has prompted an investigation of the
epoxidation of the fully methylated alkenylidenecyclopropane? 1, a potential precursor of one
or both of these intreguing functional moieties. Oxidation was performed with one equivalent
of peracetic acid in cold methylene chloride solution containing suspended sodium carbonate
as an acetic acid scavenger®. This treatment afforded two major products and a third uniden-
tified minor component (9%).

The predominant material (64%) was a crystalline solid, mp L4-4L,5°, identified as cyclo-
propyl ketone 2 on the basis of spectroscopic data® and chemical precedent®, The infrared
spectrum of 2 displays carbonyl absorption (S.TT, 5.90 u) appropriate for acetate and cyclo-
propyl ketone” functions, whereas the nmr spectrum evidences three different pairs of identical
methyl groups on quaternary carbon (t 8.83, 8.81, 8.59), an acetate methyl (1 7.95), and a
one-proton singlet at relatively high field (7 8.48). The second important product {27%) was
found to be 2,5,5,6-tetramethylhept-3-yn-6-en-2-ol (3). 1Its infrared spectrum indicates
hydroxyl (2.9 u) and disubstituted terminal methylene signals (3.21, 6.19, and 11,2 w), while
the mmr shows two unsplit six-proton methyl resonances (T 8.72, 8.55), an olefinic methyl
(7 8.18), and typical terminal methylene multiplets (7 5.30, 5.05). The clear definition of
an otherwise transparent acetylene group in the form of intense absorption at 4.48 p in the
Raman spectrum® and the lack of a conjugated vinylacetylene chromophore® in the ultraviolet
unambiguously secure structure 3.

The most straightforward description of these facts utilizes the allene oxide intermediate
4 derived from selective attack of peracid at the allene double bond remote from the cyclo-

propyl ring. The addition of acetic acid to 4 yields 2 via its enol. Alternatively, pro-

tonated 4 can fragment with cleavage of both epoxide and cyclopropyl rings to establish the
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acetylenic function in the open-chain, cationic precursor to 3,
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For comparison, the acid-catalyzed reaction of 1 was examined in an acetic acid-sulfuric
acid mixture. The three products, formed ir the ratio of 27:36:37, were identified as 2,3,3,6-
tetramethylhept-4-yn-l-ene (3) [ix: 6.05 and 11,1 ,, C=CHp; nmr: 7 8.85 (d, 6, J = 6.4 Hz) and
7.50 (septet, 1, J = 6.4 Hz) CH(CHg)z, 8.72 (s, 6) C(CHg)z, and 8,18 (bs, 3), 5.%2 (m, 1),

5.05 (m, 1) C(CHg)=CHp; uv (hexane): Mnax 228 mm (e 157)1, 2,3,3,6-tetramethylhept-4-yn-2-0l
(6) [ir: 2.9 p; Raman: 4. 49 |, C=C; nmr: 7 8,85 (d, 6, J = 6.6 Hz), 8.84 (s, 6), 8.80 (s, 6),
7.48 (septet, 1, J = 6.6 Hz), and 8.13 (s, 1)], and the corresponding acetate 7 [ir: 5.75 u;
nmr: 7 8.84 (d, 6, J = 7.0 Hz), 8.78 (s, 6), 8,41 (s, 6), 8,06 (s, 3) OAc, and 7,49 (septet, 1,
J = 7.0 Hz). These compounds were interrelated by the clean 400° pyrolysis of T to give 5

and by >lithium aluminum hydride cleavage of the acetate group of T to yield 6.

Electrophilic attack on 1 by a proton is apparently also specific for the olefinic unit
away from the cyclopropyl ring. Furthermore only open-chain compounds are found in this
instance. These products have as their immediate precursor the acetylenic cation § which
is best seen as arising from the vinyl cation 9, although this latter species could actually

be bypassed in a concerted transformation of 1 to §.
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Some understanding of the specificity of electrophilic attack and of the facile formation
of open-chain acetylenic products can be achieved by consideration of the special spatial re-
lationship of the cyclopropyl ring and the remote double bond, Atomic orbital representation
10 illustrates the overlap of the cyclopropyl g-bonds with the pg-orbital of the reactive
olefinic unit which is rigidly enforced by the allene geometry. An important consequence of
this feature of 10 is the ability of the cyclopropyl system, with its well-known propensity
for stabilizing cationic centers'®, to participate favorably in the transition state for
electrophilic attack at this double bond without appreciable change of molecular geometry.
This process is thereby promoted relative to its competitors,l® As indicated above it is
not clear that vinyl cation 9 is a true intermediate in the attack of a proton on 1, since the
orbital system is perfectly arranged for synchronous fission to 8, a process potentially
favored by substantial relief of bond-angle strain. It is, furthermore, possible that allene
oxide U4 does not intervene in the formation of acetylenic alcohol 3 in the epoxidation re-

action, but we view a concerted process as less likely in this case,



5066 No.49

1.

10.

11,

References

a. Support of this research by a National Science Foundation research grant (GP-6610)
is acknowledged.

b, National Institutes of Health Predoctoral Fellow, 1965-1968.

c. Indiana University Foundation Undergraduate Research Assistant in Chemistry,
J. K. Crandall and W. H. Machleder, Tetrahedron Letters, 6037 (1966).

J. K. Crandall and D. R. Paulson, J. Org. Chem., 33, 991 (1968).

H. D. Hartzler, J. Amer, Chem, Soc., 83, 4990 (1961).

M. Korach, D. R. Nielson, and W, H, Rideout, ibid., 82, 4329 (1960). The acetic acid was
removed from commercial 40% peracetic acid by preliminary treatment of a methylene chloride
solution with sodium carbonate at 0°,

Satisfactory analytical data was obtained for all new compounds.

R. T. Conley, Infrared Spectroscopy, Allyn and Bacon, Inc., Boston, 1966, p. 163,

N. B. Colthup, L, H. Daly and S. E. Wiberly, Introduction to Infrared and Raman
Spectroscopy, Academic Press, New York, 1964, p. 202.

A. I. Scott, Interpretation of the Ultraviolet Spectra of Natural Products, Pergamon
Press, New York, 1964, p. 55.

For a leading reference to cyclopropyl carbinyl systems, see: P. R. Schleyer and G. W.
Van Dine, J. Amer. Chem. Soc., 88, 2321 (1966).

An indication of the current status of electrophilic additions to allenes can be found in
the following: K. Griesbaum, Angew, Chem. Intern, Ed. Engl., 5, 933 (1966); W. L, Waters
and E. F. Kiefer, J, Amer. Chem, Soc., 89, 6261 (1967); T. L. Jacobs, R. Macomber, and

D. Zunker, ibid, 89, 7001 (1967T).




