Tetrahedron Letters,Vol.23,No.17,pp 1805-1808,1982 0040-4039/82/171805-04$03.00/0
Printed 1n Great Britain ©1982 Pergamon Press Ltd.

E3
THE THERMOLYSIS OF 1,1'-BIADAMANTANE1) )

)

Hans-Dieter Beckhaus, Manuela A.Flamm and Chraistoph Ruchardt+
Chemisches Laboratorium der Universitat Freiburg, Albertstr. 21, D-7800 Frei-

burg 1.Br. (Germany)

Abstract The activation parameters for the homolytic cleavage of the cen-

tral CC-bond in 1.1'-biadamantane 5 and their comparison with cor-
responding data for 2.2.3.3-tetramethylbutane 6 together with the strain ent-
halpies of 5 and 6 are conclusive experaimental evidence for the absence of
appreciable strain in 1-adamantyl radicals 3. This supports predictions made
on the basis of calculations using a recently developed force field for
radicals.

Investigations of the reactivities at bridgehead positions 1n dissociation

reactions leading to traivalent carbon intermediates have been used for de-

ciding on the question of the preferred geometry of such 1ntermed1ates3—6).

The decreased reactivity in SN1—solvoly51s reactions at bridgehead positions

1s the classic example and 1s 1in agreement with force field calculatlons4),

which show e.g. that the strain enthalpy increases by as much as 12.6 kcal-

-1 4)

mol in going from adamantane to the 1-adamantyl carbenium ion”’. The large

force constants for bending a planar carbenium center to pyramidal geometry

3)

are responsible for thais 1increase™’.

The picture of the radical reactivity at bridgehead positions 1s much less

5,6)

uniform . Not only the thermodynamic stabilities of the radicals being

generated, but frequently also polar effects and other steric shielding
5)

effects are responsible for reactivity patterns, depending e.g. on the

5,6)

position of the transition state on the reaction coordinate . The low rate

of thermolysis of 1-azoadamantane ] as compared with that of azoisobutane 2,

R-Ng £ 5 2r. 4w

YN-R

_ 103 0. 5)
) k,/k,=2.38-10> at 300°C

5,7)

1s believed™’ to reflect substantial bridgehead strain in 1-adamantyl
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radicals 3. EFF calculations, on the other hand, predict only 1.4 kcal-mol_1

increase 1n strain on going from adamantane é (Hsp=7.9 kcal'mol—1) to the 1-

adamantyl radical 3 (Hsp=9.3 kcal-mol_1)8). This reflects the high flexibili-

ty of alkyl radicals in comparison to the corresponding carbenium ions or,
8,3a
1n other words, the comparatively small bending force constants in radicals .

In order to test this prediction independently, we investigated the thermo-

lysis of 1.1'-biadamantane 29)
1-ad-1-ad —L—» 2 1-ad- -X¥i€Me, . gamantane (1)
5 3 4

between 440 and 500°C 1n glass ampules under N2 in the presence of xylene as

radical trap1o)

. Adamantane 4 was formed under these conditions in a yield

> 1.2 mol per mol 5 (GC). Because 4 itself decomposes slowly under these con-
ditions, this is a lower limit for eq. (1) being the main thermolysis process.
The activation parameters in the table were calculated from a weighted least

11)

squares fit of the recorded k values.

Table. Kinetics of Thermal Decomposition of 5

a) 5 ]As* + ofle.u]

T[%C] n 107k + o®) [sec™! *

1 AHT + oP) [kecal -mo1”"

440.0 8 0.707 + 0.062

450.0 5 1.61 + 0.18

460.0 12 2.24 + 0.19 68.8 + 2.2 12.7 + 2.9
475.0 5 6.88 + 0.32

500.0 11 31.9  + 1.3

a) number of points for determining k b) standard deviation of the mean

A comparison of the kinetic data for the decomposition of 5 on the one hand

5
and for the open chain analogue 2.2.3.3-tetramethylhexane 6 on the other

1

$_ . -
(CH3)3C-C(CH3)3 _— 2 (CH3)3C- AH"=70 kcal-mol (2)

6 vl 8s¥=17 e.u.1?
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is revealing. Because the enthalpies of decomposition of 5 and § are almost

1dentical and the strain enthalpies of 5 (Hsp=6.7 keal-mol™1)13)

-1,10)

) and § (Hs =

P

6.9 kcal-mol are almost the same, 1t 1s concluded that the strain en-

thalpy of the t-butyl radicals 7 1is also nearly the same as that of 1-ada-

mantyl radicals 3 14).

This experimental result supports the computational prediction of 1.4 kcal-

-1

mol difference 1n strain enthalpy between 3 and 4 mentioned above, and

1t illustrates the high flexibility of the bond angles at alaiphatic carbon

3a,8)

radical centers . Although 49° out of plane bending 1s calculated for the

radical center in 3, no appreciable additional strain was recognized experi-
mentally. The difference in thermal stability between 5 and 6 1s apparently

mainly due to differences in AS*. The higher as* value for reaction (2) than

15)

for (1) may reflect the hagher flexibility of the t-butyl radical 7 than

of 1-adamantyl 3 at transition state. This 1s the first experimental evidence

for the very flat out of plane bending potentials at the traivalent carbon 1in

3a,15,16)

alkyl radicals Preliminary kinetic data of high precision for the

decomposition of 1-azoadamantane point in the same directlon17).
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