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Standard Enthalpies of Formation of cis- and frans-Bicyclo [6.l.O]nonanes 
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Sztt.nmary The standard enthalpies of formation of both 
L ~ S -  and tra~zs-bicyclo[6.l.0]nonane have been determined 
in the liquid and gas phases : the results show that these 
are the smallest bicycloalkanes for which the tvans-fused 
isomer is more stable than the corresponding cis-isomer. 

only 28.7 kJ mol-l greater than that in cyclopropane itself 
and is considerably less than the sum of the strain energies 
in cyclopropane and cyclo-octane (1  74.3 k J mol-1). 

IN the course of experiments designed to investigate the 
stereochemistry of a cyclopropane ring-opening reaction, 
we became interested in the trans-bicyclo [6.1. Olnonane 
system. No reliable thermochemical data were available 
for trans-bicyclo [6.1.0]nonane (I),2 but i t  was envisaged 
that the trans fusion would impart a strain energy appreci- 
ably greater than that in cyclopropane itself. To obtain 
evidence for this, force field calculations were carried out 
on (I).3 From these, the calculated value for the gas-phase 
enthalpy of formation, A H f " ( g ) ,  of (I) was estimated to be 

gave a value of -29.8 kJ mol-1. Surprisingly, therefore, 
the trans-isomer seemed move stable than the cis-isomer, 
with a calculated strain energy of 155.8 k J mol-l. This is 

-40-0 kJ mol-1; parallel calculations on the cis-isomer (11) (1) 

FIGURE. Computer generated drawings of the most stable con- 
formations calculated for trans-bicyclo[6.1 .O]nonane (I) and 
cis-bicyclo[6.1.0]nonane (11) 
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In order to obtain experimental verification for these 
results, the hydrocarbons (I) and (11) were prepared. 
Compound (I) was obtained by making the pyrazoline from 
trans-cyclo-octene and diazomethane and pyrolysing it. 
This gave predominantly the trans-product (63 "/o yield 
after preparative g.1.c.). Compound ( IJ )  was prepared by 
conventional Simmons-Smith cyclopropanation of cis- 
cyclo-octcne. Both compounds were rigorously purified 
by fractional distillation and preparative g.1.c. Their 
standard energies of combustion were then determined using 
the aneroid static bomb microcalorimeter described 
pre~ious ly .~  

The bomb calorimetry yielded the following standard 
enthalpies of formation : h H f "  {tva~zs-bicyclo[6. I.O]nmane, 
(I), l}  = - 82.4 & 3.2 kJ md-l and AHf" {cis-bicyclo- 
[6.1.0]nonane, (11), 1) = - 80-3 f 3.7 kJ md-l where the 
uncertainties are twice the standard errors of the mean.4 
The corresponding standard enthalpies of vaporization, 
AH," (I) -= 42-7 & 0.6 kJ mol-l and AH," (11) = 49.8 
f 0.8 1cJ mol-l, were derived from vapour pressure vs. 
temperature data obtained by a semimicro-ebulliometer 
method5 in excellent agreement with previously reported 
values.6 s7 From the above results AHf" (trans-bicyclo- 

[B.l.O]nonane, g) = - 39.7 & 3.3 kJ mol-l and AHf" (cis- 
bicyclo[6.1.O]nonane, g) = - 30.5 & 3.8 kJ mol-l in ex- 
cellent agreement with the force field calculations. The 
value for (11) is also in close accord with the earlier experi- 
mental results of Chang et a1.' 

Substantiation of the unexpected vaIue for (I) was 
obtained by conventional static bomb calorimetry at 
Leeds.* A gas-phase enthalpy of formation of (I) of 
-49-1 4.4 kJ mol-l is calculated from their calori- 
metric data. Although this is very slightly less than the 
microcalorimetric result, it  fully supports the conclusion 
that the tvaizs-isomer is less strained than the cis. 

That the tvans-bicyclo [6.1 .O]nonane should be more 
stable than the cis-isomer by 9.2 +- 5-0 kJ mol-l in the gas 
phase is rather unexpected. In  the liquid phase both 
isomers are of similar stability. The extra stability of the 
tvans isomer in the force field calculations arose mainly in a 
decresse in the torsional strain energy term. In an attempt 
to obtain true global minima, the energies of several 
conformations of both molecules were minimized in the 
programme. t 

(Received, 17th May 1998; Corn. 634.) 

t A referee states t ha t  the pre-1977 force fields are known to  contain errors in the non-bonded potential functions which can 
give rise to serious error under certain circumstances, a comment with which one of us (W.V.S.) wholeheartedly agrees and has 
tried to show in earlier work (ref. 4). Here the non-bonded strain contribution did not vary very much between (I) and (11) and 
hence can be neglected in any comparison. 
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