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We have discovered that copper-catalyzed decomposition of the anion derived from ]a pro-
duces the stable, cyclic tetra-acetylene 2 Thus, deprotonation of tetrahydropyranyl ether 1a
with 1.0 eq of n-BuLi in THF at -78° fo]]owed by warming overnight with a catalytic amount of
CuCl gives the title compound (E) in 5% yield; chromatography on silica gel, recrystallization
from ethanol, and sublimation serve to free this white, crystalline product from the Targe
amounts of accompanying polymer. Propargylic acetate 1b also functions successfully in this
reaction; however, the corresponding methyl ether (ls)mgnd chloride (lg) did not.
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Table 1 summarizes the physical and spectroscopic properties of tetrayne E; the ultraviolet
spectrum of % agrees well with that of the parent 1,3,7,9-cyclododecatetrayne reported by
Sondheimer? (A ea 236,247,263 nm). Chemical evidence for the structure of 2 includes its
oxidation (Ru04, £-BuOH/H,0) to tetramethyl succinic acid® and its reduction (3 atm H,, Rh/
Alumina) to the completely saturated hydrocarbon 1,1,2,2,7,7,8,8-octamethylcyclododecane, some
properties of which are summarized in Table II.

The incorporation of two 1,3-diyne units into a twelve membered ring should have inter-
esting structural consequences. Unfortunately, the rapid polymerization of unsubstituted 1,3,
7,9-cyclododecatetrayne has precluded isolation, purification, and study of the parent
cyclyne. The octamethyl derivative (2), however, can be easily purified and survives unchanged
even at temperatures up to 150°, both neat and in concentrated solutions. Accordingly, we
have been able to examine this strained tetra-acetylene in some detail. .

Preliminary X-ray crystallographic data? support the assignment of structure 2 A1l eight
acetylenic carbon atoms have bond angles of agq 166°, and the two "bowed" diyne un1ts 1ie in
different planes.

2663



2664 No. 31

The unusual electronic nature of 2 is most dramatically revealed by its He(I) photoelectron
spectrum (Table 1). Whereas linear d1acety1enes, eg, CH3C=C-C=CCH; have only two low-energy
m-ionization poientials (Vabie £9§}, 1he FES of Z shows a substantial spiitting (ez 0.5 &v) in
both of these. Such splitting of the vr—molecular orbitals could arise from bending in the
diacetylene units and/or from electronic interaction between the two diynes. The U-shaped bending
of a conhupated DYacERNENe YIYT WIT) PECESSAYTLY SDYYY Ihe Bepenerary pY ¥ne “in-p)ang“ and
"out-of-plane™ r-motecutar orottals™: however, MU sprittings as large as 0.3 ev have been gb-
served® for strained moncacetylenes only in cases with a deformation from linearity at the
acetylenic cartnn adams avarading 307, $loca b dand annla 3k qach acatylanic cardan, atam, <o,

2 deviahins T3um Wirurhts By vy dhurt K L Y1 SEER mhOsEYs Ut U tversed YR-uh i 15
ca 0.5 ev could resu]t entire]y from bending Through-space and/or through bond interactwns
large for this to be the sole factorS,

A substantial bathochromic shift in the ultraviolet spectrum of 2 {Table I) relative to that
of acycdic dyypes PJadie 111) IIxewise reFects Ine wousua) &) ec‘cron‘;\é nature o¥ s cyc’)yne" .

The scheme below outlines a mechanism by which 2 might be formed from I Generation of
allenyTidenes and cumuienes by related y—ehmmaﬂons s well estabhsnea’s’, however, the YTnaj
(symmetry farbtddeny cycioaddition Tacks precedent to the best of our knowtedge.
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Two pieces of evidence support the intermediacy of 3 in this reaction. The air-sensitive,
yellow pentaene’ 3 can actually be isolated by 1nterrupt1ng the reaction before completion.
Furthermore, pur#xed cumulene 3 <n the presence of homogensous Cul(I) does indeed dimerize to

tetrayne 2 in refiuning THE. 'Sgth the dHmer{zation m‘ and the original formationr of 2 fram

la fail m the absence of Cu(I).
’\m x

The compliete k-ray structure, W0 caicuiaiions wnd detaiied wnadysis of ife ey phete~
electram sqrarivam oF 2 il R regarted o dug Surse. Mg are curnspily investigating the

’\;
chemistry of dboth cyciyne 2 and comulene %
n
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Table I: Physical data for 5,5,6,6,11,11,12,12-0ctamethylcyclododeca-1,3,7,9-tetrayne (2).
AN N

150° (dec., sealed capillary under N,)

z. Calcd for C:oH2y: C, 90.85; H, 9.15
Found: C, 90.57; H, 9.45
Ln]. wt. (osmometric) Caled for CogHzs: 264
Found: 260 + 10
ass spec {70 ev) M* Calcd for CaoHau: 264.1878
r Found: 264.1880 + 0.0003

m/e (r.a.) 264 {ao;, 249 (4), 234 (5), 219 (9), 181 (15),
180 (86), 165 (6), 133 (12), 132 (100),
117 (16), 91 (11)

pmr (COCT3) 51.18 ppm (s)
cmr (CeDg) 623.51 (CHa), 42.59 (quaternary carbon)
70.51 and 95.44 ppm ?acetylenic carbons)
ir (KBr) 2250 (C=C}, 1450, 1395, 1365 cm ! (gem-dimethyl)
Raman (crystal) 2234 cm ' (C=C, very strong)
uv (EtOH) Amax 236 (£720), 248 {€770), 263 nm (e510)

He(1) photoelectron spectrum (IPV)a 8.27, 8.80, 10.72, 11.24 ev (+0.05)

These are the four distinct Tow energy maxima, but some may correspond to more than one
ionization process.®

Table II: Physical data for 1,1,2,2,7,7.8,8-octamethylcyclododecane
ANV

mp 54-55°
nal. Calcd for CppHye: C, 85.63; H, 14,37
Found: C, 85.73; H, 14.14
pmr (CDC13) 80.83 (s, 24H, -CHs) and 1.37 ppm (s, 16H, -CHz~)
mass spec (70 ev) Mt at m/e 280

Table III: Spectral data for 2,4-hexadiyne {CHsC=C-C=CCH,)
ANANNANN

wv (alc.)? A .. 218.5 (e300), 226.5 (360), 236.0 (330), 250.0 nm (e160)
He(I) photoelectron spectrumb (IPV) 8.91 and 11.46 ev
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