1,5,9-Cyclododecatriyne. Synthesis and Conversion to
Intermediate 1,2:3,4:5,6-Tricyclobutabenzene
Sir:

Models indicate that 1,5,9-cyclododecatriyne (1) should
exhibit significant g-overlap of the acetylenic p orbitals in the
plane of the molecule as well as w-overlap of the acetylenic p
orbitals perpendicular to the molecular plane. Thus, the
question arises whether 1 is capable of existence as such,
whether it could be in rapid equilibrium with the highly
strained 1,2:3,4:5,6-tricyclobutabenzene (2), or whether it
might exist as an extreme canonical form of an intermediate
structure with m-resonance but decreased ring strain, Com-
pound 1 could also be viewed as a suitable precursor to the
elusive 2,12 of interest for its anticipated cyclohexatrienic
properties and its potential to undergo a degenerate structural
isomerization 2a = 2b (detectable only by suitable labeling)
via two isomeric intermediates (or transition states), the ra-
dialene 3 and its “rotamer” 4, The latter structure has the
stabilizing characteristic of an aromatic 6« system surrounded
by a peripheral 65 framework.

3 4

Simple HMO calculations on 1 indicate only weak (ca. 1-3
kcal) w-resonance stabilization? similar to the related, poten-
tially homoaromatic cis,cis,cis-1,4,7-cyclononatriene* and
cis,cis,cis-1,5,9-cyclododecatriene.’ On the other hand heat
of formation estimates using group equivalent techniques®
predict the 1 to 2 interconversion to be exothermic by at least
23 kcal/mol. We now wish to report the synthesis and prop-
erties of this fascinating hydrocarbon, 1,5,9-cyclododecatriyne
(1).

Our approach to 1 was modeled after the well-documented
synthesis” of medium ring cycloalkynes from cycloalkenes by
a bromination-dehydrobromination sequence. Applying this
sequence to commercially available all-trans-cyclododeca-
triene led to a mixture of sym- and asym- all-E-trivinyl bro-
mides. These compounds proved stable to a variety of dehy-
drobromination conditions and in no case could acetylene
formation be observed. Assuming that unfavorable cis-elimi-
nation was the cause of this failure to obtain 1 we turned to the
all-cis-isomer 5.° Bromination, followed by dehydrobromi-
nation led® to a 1:2 mixture of a/l-Z-trivinyl bromide 6 and the
corresponding asym isomer, separated by column chroma-
tography. The structural assignment of compound 6 (20%;
colorless crystals, mp 115-116°; m/e 402, 400, 398, 396 (1:
3:3:1); NMR (CCls) 74.70 (bt, J = 6 Hz, 3 H), 7.50 (m, 12
H)) is based on the statistical relative yield obtained, the
smaller Ry value (in comparison with the less symmetrical
isomer), and the relatively simple NMR spectrum.’ Treatment
of this isomer with a tenfold excess of sodium methoxide in
refluxing methanol containing 2% water for 72 h led to almost
quantitative conversion to 1,5,9-cyclododecatriyne (1)8 isolated
as colorless crystals after sublimation (50°, 0.05 mm). Inter-
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estingly, however, dehydrobromination of the unsymmetrical
isomer could not be effected under these or even more drastic
conditions. Triyne 1 (mp 89-90°) shows a sharp singlet in the
NMR spectrum at 7 7.70 (CCly) and 7.62 (benzene-dg), re-
spectively, and a molecular ion base peak at m/e 156.0930
(caled for C12H2: 156.0938). The electronic spectrum (Amax
(95% EtOH) large end absorption, 258 sh (¢ 25.2), 264 (28.4),
267 sh (28.1), 279 (24.9) nm) is striking with vibrational
structure and absorption maxima characteristic of strained
benzene derivatives,’ but extinction coefficients indicative of
an acetylenic chromophore.!%3! Proof of the triacetylene
structure is provided by the ir spectrum which reveals a very
weak acetylene stretching frequency at 2220 cm™! and the 13C
NMR spectrum (6 (ppm from Me,Si in benzene-dg) 19.28,
80.05) with clearly acetylenic absorptions.!?2 The 3C-H
coupling constant (ca. 131 Hz) also appears normal for pro-
pargylic moieties.!? Catalytic hydrogenation leads to cyclo-
dodecane identical (GC, NMR, mass spectrum) with authentic
material.

Although the very strong bathochromic shifts and hun-
dredfold increase of extinction coefficients in the electronic
spectrum of 1 in comparison with acetylene!© point to effective
interaction of the three acetylene groups!* the molecule is
surprisingly stable!? to exposure to heat (220°), light (high
pressure mercury lamp), pressure (15 kbar), acid (CF;CO,H;
addition of H,SO4 leads to slow decomposition), and CpCo-
(CO),'° (in refluxing n-octane). However, reaction of 1 with
dimethyl maleate (solvent) at 230° for 16 h (sealed tube) led
to the triadduct 7 as a mixture of isomers® (34%, semicrys-
talline solid; m/e 588.2224 (calcd for C30H36012: 588.2206);
NMR (CCly) 7 6.34 (bs, 18 H), 6.2-8.0 (bm, 18 H); uv (Et,0)
Amax large endabsorption, 267 sh, 277 sh, 290 nm; ir vc—o
1730, varom 758 cm™!). Ester hydrolysis followed by lead tet-
raacetate oxidation?® gave triphenylene, identical with au-
thentic material.

The formation of 7 most likely proceeds via the intermediate
generation of tricyclobutabenzene 2 followed by either step-
wise ring opening to corresponding o-xylylenes or concerted
transformation to 3 or 4, respectively, and subsequent reaction
with dimethyl maleate. It is interesting to note that the solvent
recovered from this pyrolysis reaction had partially (40%)
isomerized to crystalline dimethyl fumarate. In addition,
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controls showed that the onset of isomerization coincided with
the beginning of adduct formation. Under the same conditions
without any triyne present, starting material was recovered
unchanged. It is tempting to associate the biradicaloids'? 3
and/or 4 with the catalytically active species in the maleate-
fumarate interconversion, although clearly other radical
mechanisms are possible.!® Clarification of this point will have
to await further studies.

Current efforts are directed toward the isolation of 2, the
design of labeling experiments to identify the nature of the
precursor to 7, and the use of 1 as a template for organometallic
transformations.
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Topomerization of the (Z,E)-1,3-Diphenyl-2-cyanoallyl
Anion
Sir:

Three points are of interest in connection with the topom-
erization of allyl anions: the geometric stability of the allyl
anion, its ionic character, and the mechanism of the topom-
erization. The investigation of the (Z E)-1,3-diphenyl-2-
cyanoallyl anion (1) together with semiempirical and ab initio
calculations provides pertinent results.

Ring opening of 2-cyano-cis-2,3-diphenylcyclopropyl anion
(2) (or of the trans isomer!-?) afforded 1 (Scheme I), which
was identified by its NMR spectrum at 5 °C. Especially the
high-field absorption of the phenyl protons in para position at
6 6.5 ppm is diagnostic of the ionic character3-6 of 1 (sodium
salt in Me,SO). The (Z,E) configuration’ is revealed by the
different absorptions of H! and H? at § 5.4 and 4.65 ppm, re-
spectively.®

On warming, a broadening and, at 62 + 3 °C, the coales-
cence of the signals of H! and H? are observed. This is indic-
ative of a process that exchanges the environments of these
hydrogens. From a lineshape analysis® the following kinetic
data were calculated: kgrocc = 100s™!; AG¥g300 = 16.5 kecal/
mol; AH¥ = 12.5 + 4.0 keal/mol; AS¥ = —12 + 8 eu. Con-
cerning the mechanism of this exchange process, the following
cases have to be considered.

(1) The reaction proceeds via cyclopropyl anion 2 as an
intermediate (Scheme I). This is attractive since the thermal
cis-trans isomerization of butadiene is dominated by a valence
isomerization via cyclobutene.!® Likewise, according to ab
initio calculations'! the 2-methylallyl cation should prefer to
topomerize via the 1-methylcyclopropyl cation rather than by
rotation around the allyl cation bond.

Scheme I
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