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Synthesis of 8-Cyano-8-cycloheptatrienylheptafulvenylium Fluoroborate 
By TAKAO OTOMO, MASAJI ODA, and YOSHIO KITAHARA* 

(Departmest of Chemistry, Faczclty of Science, Tohoku University, Sendai 980, Japaw) 

Szcmwavy 8-Cyano-8-cycloheptatrienylheptafulvenyliun1 
fluoroborate (IV), a stable salt of a new carbonium ion, 
has been synthesised. 

WE report the formation of a salt (IV) of the 8-cyano-8- 
cycloheptatrienylheptafulvenylium carbonium ion. 

Reaction of 8-cyanoheptafulvene (I)1 with tropylium 
tetrafluoroborate in the presence of a small excess of tri- 
ethylamine in methylene chloride at room temperature gave 
the substituted product, 8-cyano-8-( 7-cycloheptatrienyl) 
heptafulvene (II),,? red needles, m.p. 61-5-62", (84%) , vmax 
(KBr) 300Ow, 2200m, 1630w, 1549s, 741s, and 709vscm-l; 
hmax (iso-octane) 239(loge 4-17), 255sh(4.11), 334(4.25), 
420sh(2.69), 450sh(2.59), 492sh(2*40) and 535sh nm (2.12) ; 
7(CCl,, Me,Si) 3.04(br. d, J ca. 10 Hz, lH), 3*25(t-like, 2H), 
3.76(m, 7H), 4*70(ddd, J 9-2, 5-2, and 1.0 Hz, 2H), and 7.80 
(dt, J 5-2, and 1.0 Hz,  1H). The spectral data are con- 
sistent with structure (11). 
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Hydrogen abstraction from (11) with triphenylmethyl 
fluoroborate was unsuccessful; (11) was therefore converted 
into the isomer (111) by heating under reflux with xylene for 
2 h. Compound (111) was obtained in 53% yield together 
with a yellow oil (340/,), the structure of which has not yet 

been deduced. The compound (111) is a red liquid with 
spectral data: Vmax (liquid film) 3000m, 219Os, 1630111, 
1605w, 1545s, 1257rn, 807s, 750s, 733s, and 669mcm-l; 
Amax (iso-octane) 217sh (loge 4.24), 280sh(3*80), and 
364nm (4.22); 7 (CCl,, Me,Si), 6.9(m, 2H), 6.3(m, 7H), 
5.5(m, 2H), and 2-35(tJ J 6.6 Hz, 2H). 

When triphenylmethyl fluoroborate was added to a 
solution of (111) in methylene chloride a dark blue colour 
was immediately obtained; the addition of dry ether then 
gave dark blue crystals of 8-cyano-8-cycloheptatrienyl- 
heptafulvenylium fluoroborate (IV),? m.p. 159-5-160.5", 
(69%). Compound (IV) is stable in air at room temper- 
ature; it is readily soluble in acetonitrile, and in O.OIN-HC~, 
slightly soluble in methylene chloride, and insoluble in 
ether. The spectral data of (IV) are: Vmax (KBr) 220Om, 
l603m, 1470s, 1368s, 1238s, 1060s, 826s, and 768scm-l; 
Amax (O-~N-HC~) 216(1oge 4*56), 270(3*95), 300(3-53), and 
592 nm (4.41) ; T(M~CN,CH,C~, as a secondary standard) 
1.70 (m, 16Hz), and 2-20(m, W& 10Hz) in a ratio of 
1 : 2 of integral area, T(CF,CO,H, CH,CI, as standard) 
1.33(m) and 1.90(m) in the ratio 1 : 2. The visible absorp- 
tion at 592 nm is intense, suggesting full conjugation. The 
n.m.r. spectra show only two kinds of protons, indicating 
the equivalence of the two seven-membered rings. The 
signals at 7 1.70 can be assigned to the four ortho-protons 
(1-, 6-, 1 '- and 6'-H) and at 7 2.20 to meta- and $ara-protons 
(2 - 5-H, and 2' - 5'-H), the former probably being de- 
shielded by the cyano and the cycloheptatrienyl groups. 
These results indicate that the positive charge is not local- 
ized in any part of the molecule. The chemical shift of the 
ring protons (7 2.20) is 7 1.3 higher than that of tropylium 
fluoroborate (70.91 in MeCN), which is consistent with a 
decrease of positive charge on each carbon atom from 
ca. 1/7 to 1/15. 

The observed p h ' ~  .value for (IV) in 23% aqueous 
EtOH, 3-44 rfi 0.05,: lies in between values for the tropylium 
ion (4*7)2 and the triphenylcyclopropeniutn ion (2.8),3 and 
confirms the stability of (IV). 

The dilute methanolic solution of (IV) is orange but i t  
turns dark blue on the addition of a small amount of 
mineral acid. Addition of a weak base yields quantitatively 
a mixture of isomeric methyl ethers (Amax 368 nni) the n.m.r. 
spectrum of which suggests the predominance of compound 
(V). The n.m.r. spectrum of the mixture in trifluoroacetic 
acid is identical with that of (IV) in  the same solvent, 
indicating a reversible interchange. 

In view of the negative stabilization effect of the cyano- 
group on carbonium ions, a higher electronic stability of the 
parent cation of (IV) might have been expected. 

(Received, October 26tJi, 1970; Gem. 1851.) 

t Satisfactory elemental analyses have been obtained. 
This was measured spectroscopicalIy. 
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