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A recent report by Ja.penga, Kool a.nd Klumpp’ on the thermolysis of bicyclo[3.2.1 jocta-2,6-diene (1, 

and bicyclo[3.2.2]nona-2,6-diene (2), prompts us to report our related experiments with bicyclo[3.3. lj- 

nona-2,6-diene @3. 
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Attempted thermolysis of 3a by heating at 3OO’C (sealed tube, 24br) or by passing it through a hot - 

silica tube at 590’ in a strea.m of nitrogen (contact time ca.. 30sec), resulted only in the recovery of un- - 

changed s4. Use of higher temperatures (650’) in the flow system ga.ve extensive charring and low 

recovery of volatile materia.1, whose g. 1. c. analysis showed a.t least four new compounds. The n. m. r. 

spectrum revealed the presence of aromatic species. 

The possibility that the recovered diene had undergone a degenerate rearra.ngement wa.8 investigated 

using the specifically 3,7-deuteriated derivative 3b. - This diene was prepared from the known 3,3,7,7- 

tetradeuteriated bicyclo[3.3.l]nonane-2,6-dione (4)5 by the sequence of reactions indicated. m 

DBU = 1,5-diazabicyclo[5.4.Ojundec-5-ene 
3b - 

The labelled diene thus prepared, vmax . (Ccl4 solution) 2250cm 
-1 

(olefinic C-D stretch), was identica.1 

in its g. 1. c. beha.viour to authentic unlabelled materia13. The 220 MHz n. m. r. spectra of 3a a.nd 2 allowed - 

unambiguous assignment of all protons (see TABLE6) and confirmed the specific labelling of 3b a.t the 3- - 

and 7- positions. 
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TABLE : 220 MHz n. m. r. spectra of m 

(CC14 solution). 

Signal (3a) 

I 1.65 (2H) 

% 9 

Hs H5 
H y3b- 4p a H4cl 

3 

al H2 

I I Integrals (-+ 0.05m 
Pa.ttern (3a.) Protons 

2 (cold) 3b (pyrolysed) - 
I I 

t; JI,9 3.2Hz H9x2 2.00 2.00 

dd; J 
4o, 48 

17.5Hz, J5, 48 4.5Hz 
H46+H86 

2.00 2.00 

dm; J 
48,4a 

17.5Hz (Wh,2 10Hz) 
H4a+H8a 

1.97 1.99 

m (Wh,2 11.5Hz) 
H1+H5 

2.00 1.58 

dq; J2,3 10.5Hz, J40 3 4.6Hz, JI 3 1.6Hz 
H3+H7 

0.18 0.62 
, 

dq; J3 2 10.5Hz, Jl,24.5Hz, J4,,,21.9Hz 
H2+H6 

1.90 1.90 
9 

Pyrolysis of 3b as before (sea.led tube, 350°, - 24hr) ga.ve only unchanged sta.rting material, but the diene 

recovered from pyrolysis in the flow system at 590-600’ showed evidence of degenerate rearrangement. 

The 220 MHz n. m. r. spectrum of the recovered diene showed over 300% enha.ncement of the signals from 

the 3- and 7- positions, with a corresponding decrea.se in signal from the bridgehead l- a.nd 5- positions. 

The other signals were unchanged in strength (see TABLE). The i. r. spectrum (Ccl4 solution) of the 

recovered diene showed a. new band at 2140 cm 
-1 

(a.liphatic C-D stretch) a.nd mass spectral a.nalysis showed 

that there wa.s no loss of deuterium from the sa.mple during pyrolysis. 

These observa.tions are consistent with specific exchange of label between the olefinic 3- and 7- posi- 

tions and the bridgehead l- and 5- positions. Although there are other possibilities7, the most likely 

expla.nation is that this process is a further exa.mple of a. therma. 1.3 carbon shift reaction’. Thus, 

cleavage of a. 1,s (or 4,5) bond and formation of a new bond between C3 and C8 (or between C4 and C7) would 

regenerate the diene fra.mework (see FIGURE). In the absence of any isotopic preference’, such shifts 

would be expected to distribute the deuterium label equa.lly between the olefinic (3 a.nd 7) positions and the 

bridgehea.d (1 and 5) sites. 
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FIGURE : Degenera.te rearra.ngement of Bicyclo[J. 3.l]nona-2,6-diene. 

D 
It is evident (see TABLE) that full equilibration of the label ha.s not tazkenplace under the reaction con- 

ditionsl’. The observed distribution corresponds to only 47% equilibration, giving a. ra.te constant for the 

exchange process of 3. 10 
-2 -1 

set . The activation energy must lie between 60 and 65 kcal. mol 
-1 

. This 

value would be consistent with a mechanism involving homolysis of a. 1,8-bond to generate a diradical species 

5. 

Both radical centres are formally allylic, but the stereochemica.1 constraints imposed by the molecular 

framework of 2 are such that, while the cyclohexenyl centre can benefit from allylic stabilisation (ca. 13 

-1 12 
kcal. mol ) , the migrating centre would be formed as a ‘perpendicular’ ally1 radical in the transition 

state and would not be stabilised. An estimation using Benson’s group increments 
13 

, predicts that the con- 

version of Jj to 5 should be endothermic by 66 kca.1. mol 
-1 

. 

Further discussion of the mechanism requires determination of accurate activa.tion pa.ra.meters, and of 

the stereochemical fate of the migrating centre. 
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