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264-272° dec., vmar. 3400, 3200, 1660, 1630, 1595,
1540 cm. 3, AEWQHE 2486, 302, 385 mu (e 5400, 3000, 10800)
and was identical with natural holomycin (infrared and
ultraviolet spectra, mixture m.p. determination and
R¢ value in paper chromatography!?).
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GEORGE Luxkas!!

METAL-AMMONIA REDUCTION OF ALLENES!
Sir:

The sodium—ammonia reduction of 1,2-cyclonona-
diene to ci¢s-cyclononene was described recently.??
Subsequent examination of additional members—both
cyclic and acyclic—of the allene family has shown
the reaction to be completely general and not peculiar
to strained medium-rings. Moreover, it appears to
be rapid and quantitative® and the product mixtures are
free of rearrangement products.

The reduction of 2,3-nonadiene afforded cis- and
trans-2-nonene (50/50) and less than 19, of two other
substances, assumed to be c¢is- and {rans-3-nonene.
Similarly, 2-methyl-2,3-pentadiene gave rise to trans-
4-methyl-2-pentene  (489;), cis-4-methyl-2-pentene
(34%) and 2-methyl-2-pentene (189;).  1,2-Cyclo-
decadiene gave only cis-cyclodecene while 1,2-cyclo-
tridecadiene? afforded equal amounts of cis- and trans-
cyclotridecene. The synthetic utility of the method is
illustrated in the reduction of readily available® 1,2,6-
cyclononatriene to pure c¢is,cis-1,5-cyclononadiene.?
Finally, the reduction of 1,2-nonadiene, the only termi-
nal allene studied, gave cis-2-nonene (859;), trans-2-
nonene (89;) and 1-nonene (69;).

Excluding for the moment 1,2-nonadiene, these
reductions share one very important feature; the most
hindered double bond is reduced. The attack of an
electron on the allene linkage is electrophilic and there-
fore probably occurs at the central atom’ giving rise to
intermediate radical-ion I. It isimportant to note that
this species (and those formed from it) does not ap-
proach pi-symmetry (i.e., become an allyl radical
or allyl anion) as such symmetry would leave only the
substituent effects of alkyl groups to dictate the site of
protonation by solveunt. It is clear that I retains the
configurational identity of the allene and that the
direction of approach taken by the electron in the
formation of I determines which double bond is re-
duced. This direction appears to be determined by the
relative magnitude of steric interaction of the enlarged
pi-orbital coutaining the extra electron with R and R’.
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Thus, in representation I, R would be larger than R’.
The attack of a second electron then precedes protona-
tion (which would give an allyl radical) with consequent
formation of dianion II. The configurational ge-
ometry of II must be as shown for reasons pointed out
in the description of I; a 90° twist between the two
charged atoms would give a species having symmetrical
pi geometry. The rehybridized dianion (II11)% in which
coulombic repulsions are minimized at the expense of
overlap energy cannot be discarded.® Structure II
would appear to be more consistent with the observed
cis/trans ratios of products.

The anomalous reduction of 1,2-nonadiene suggests
that terminal allenes react by a different mechanism.
This possibility is under investigation.
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(8) Cf. A.J. Birch and H. Smith, Quari. Rev., 12, 17 (1958), and refer-
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(8) Likewise, orbital geometry analogous to that in 1I cannot be ruled
out as a representation of the dianion formed in the reduction of a disub-
stituted acetylene. The observed {rans geometry® of the resulting olefin
would seem consistent with the type of orbital geometry shown in either I1
or III.
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BICYCLIC ENAMINES. I. THE FORMATION OF A
SUBSTITUTED NORTRICYCLENE FROM A
BICYCLIC ENAMINE!

Sir:

It has been noted previously that the addition of a
proton to an enamine takes place at the 3-carbon atom
to form an iminium salt? unless protonation at the
@-carbon atom 1is sterically prohibited, in which case
N-protonation takes place.*? Iniinium salts possessing
endocyclic double bonds**® and exocyclic double
bonds®—% have been synthesized previously. It has
been found in this laboratory that protonation of
certain bicyclic enamines resulted in the formation of
substituted nortricyclenes. The production of sub-
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