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THE ADDITION OF 1,2-CYCLOHEXADIENE TO SUBSTITUTED STYRENES.

S. Harnos, S. Tivakornpannarai, and E. E. Waali*
Department of Chemistry, University of Montana
Missoula, Montana 59812

Abstract: 1,2-Cyclohexadiene (4) undergoes addition to a series of substituted styrenes with a
Hammett p value of +0.79. Deuterium labelling shows the addition is stepwise.

The involvement of 1,2,4,6-cycloheptatetraene (l) in the thermolysis or photolysis of the sodium salt of
tropone tosylhydrazone (2) has been indicated by reports from several research groups.1 We concluded that
the previously proposed cycloheptatrienylidene (3) was actually a planar transition state for the

interconversion of chiral, nonplanar 1 and its enantiomer.'® Since the nucleophilicity of the C,Hg intermediate,
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as shown by its positive Hammett p value (+1.0) in its addition to a series of substituted styrenes, was taken
as early evidence for the intermediacy of 1,2 it was decided to study the addition of an authentic strained
allene [1,2-cyclohexadiene (5)3] to substituted styrenes.

The addition of 4 to styrene itseif has been reported to give a 2.2:1 mixture of (E) and (Z)—§.3b" The
Hammett study was conducted by generating 4 in the presence of at least a ten-fold excess of a mixture of
styrene and a substituted styrene. Gas chromatographic analysis provided the product ratio.> With the
knowledge of the starting ratio of styrenes,5 the relative rates of reaction were calculated according to the

formula on the following page. The plot of k ,, vs. o is shown in Figure 187
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Koo = Kx/Ky = (Py/P){1y/1y) where X = sustituted styrene, H =styrene;

(PX/PH) = product ratio, (IH/IX) = initial styrene ratio

The least-squares o value (+0.79) indicates 4 is acting as a nucleophile in its addition to styrene but its

small magnitude would indicate a small amount of charge separation in the transition state or, perhaps, that

the experiments were being carried out near the isokinetic temperature.8 The latter point was not checked.
The nucleophilic addition of 4 to styrene is consistent with what was found for 1.2
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Figure 1. Plot of log k, vs. 0 for the reaction of 4 with substituted styrenes.'S

The addition of 4 to styrene could occur by a concerted "25+(“23+“28)9 or stepwise mechanism. This
was studied with the use of cis-B-deuterostyrene (g) and proton-decoupled deuterium (ZD) magnetic
resonance spectroscopy. If the reaction was concerted, only two 2p resonances due to 5a and 5b should be
found. If the reaction was stepwise, four 2p resonances should be obsarved (';}3-9). In order to determine
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the chemical shifts of these four types of zD, the reaction of 4 with B,B'-dideuterostyrene (Z) was carried out.
This material (5e-f) gave the NMR spectrum shown in Figure 2.1 The 2D NMR spectrum of the product of 4
with 6 is also shown in Figure 2 and is seen to be essentially identical with the product which has the 2D in
all possible positions (5e-f). Thus, the reaction of 4 with styrene is stepwise and probably diradical in
character in view of the small p value found above. Positive p values of the magnitude found in the present
work have also been reported for the reaction of alkyl radicals with substituted toluenes.'!
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Figure 2. Proton-decoupled 2D NMR spectra (61.4 MHz)} of 5 derived from 6 (a) and from 7 (b).'o
The solvent was CHCI;. The chemical shifts are reported in 8 units and are measured relative to the
internal standard CDCI; which was set at 7.26 ppm.
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