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REACTIONS OF STBAINED TRICYCLIC HEXANES WITH TRANSITION METALS
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Valence isomerizations of hexa.me4:.hy11:e1:r&cyc1c>[2.2.0.02’603 ’S]hexa.ne (1) have been found

to give hexamethylbenzene (2) and hexamethyldewarbenzene (3). It was found that by suitable choice

of reaction conditions either isamer could be obtained as the major product.1

In continuing our investigations of the catalytic effects of transition metals on (valen~
ce) isomerizations of strained molecules, we have been studying the action of AgCth and 1’!112(00)1}CJ2
on e_xg-l,2,3,&,5,6-hexanethyltricyclo[2.2.0.02'6]hexa.ne (3)2 end 1,2,4,5,6-pentamethyl -3-methylene -

tricyclo[e.a.0.0.2’6]hexane (i).3
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Compound 4b was synthesized in 60% yield from the reaction of endo-5-bramo-1,2,3,4,5,6-
hexamethylbicyclo[2.1.1]hexenyl cation (6) with LiAthu as described previously for the undeutera-
ted compound E.Zb The structure of 4b follows from its nmr spectrum (CDClB): 4 singlets at g (ppm):
1.21 (3H); 1.05 (6H); 0.93 (6H); 0.68 (3H); ir (CClu, c= 1 mg/ ml): strong CD-stretch at 2150 em™)

mn/e (C 166.
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When l_+' or 5 were treated at room temperature with AgCth (5 mol% in chloroform) or
R112 (CO),*Cl2 (15 mol® in chloroform) 2 was formed nearly quantitatively within three minutes.5 We
were able, however, to trap the intermediates from the reaction E — 2 and 5 — 2 at low tempera-
ture, The present report describes the results of this study, which demonstrates agein the speci-
fic effect of transition metals on catalytic processes of strained campounds. At -50°C 4 was trans-
formed under the influence of transition metal catalysts stereospecifically into cis-hexamethylcy-
clohexadiene (7) (observed by n.mr6), which at 20°C iscmerized rapidly to the more stable trans-iso-
mer 8. Nevertheless, 8 cou.ld not be isolated from the reaction product mixture, e.g., on distilla-
tion only 2 was obtained. Tt was found, ﬁmever, that if the catalyst was deactivated by adding
anhydrous Nags to the reaction product mixture at -50°C followed by warming to room temperature,
_8_ could be isolated in about 70% yield. It was identified by nmr, ir and uv data which were iden-
tical with those of an authentic sample.7
The formation of 7 from 4 is rationalised in terms of the mechanistic scheme outlined

below (M= Ag(D or RhI):
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Steric considerations lead us to expect that attack of the catalyst takes place on the 02-C6 bond
from the sterically least hindered side of the compound to form 9. Subsequent cleavage of the
Cl'ch bond proceeds in a fashion similar to that described pr‘evic:rusly8 to form 10, which after
intramolecular[1,2]H-shift and loss of the metallic catalyst gives the cis-cyclohexadiene 7.
Evidence for the intramolecular nature of the hydrogen shift in the case of the silver ion cataly-
sed reaction of 4 is cbtained from an experiment in which a 1:1 mixture of 4a and 4b gave only
undeuterated and dideuterated trans-hexamethylcyclohexadienes _8_ Mass spectra which were taken
before and after the reaction was carried out showed a constant ratio (100:15:100) for the mole-
cular ion peaks at m/e 164 (due to ha, respectively 8a), at m/e 165 (due to 2 isotopes of lLa,
respectively 8a) and at m/e 166 (due to 4b, respectively 8b). The peak at m/e 165, which would
correspond also to the monodeutero trans-hexamethyleyclohexadiene, showed no increase in intensity,
demonstrating that no scrambling of deuterium occurs between the undeuterated and dideuterated com-
pounds during the reaction. Attempts to trap ocne of the proposed intermediates (9, 10 or l_]_) as a
methoxy derivative by carring out the reaction in methanol (instead of chloroform) failed, sugges-
ting that either the intramolecular reaction steps are rapid compared to attack of the nucleophilie
solvent or that the reaction proceeds via a concerted mechanism,

In contrast to 4, the unsaturated compound 5 reacts with AgCth (5 mol®) or ha (CO)hCle
(15 mol%) in chloroform at -50°C rapidly to give 2. However, when 5 was treated at -50°C with these
catalysts in methanol, a complex mixture of methoxylated compounds was observed in the nmr spectrum,
suggesting that the transition metal catalysed rearrangement of 5 —>» 2 is a stepwise process in

which the catalyst acts as a Iewis acid.9 Product 16, present in the reaction mixture in 50% yield
(according to mmr), was isolated by glcwa and identified by comparison with published spectral
properties of authentic material.mb We were unable to isolate the other methoxylated campounds,
because of their instability in the gle column.

We assume that the reaction 5 —> 2 proceeds via the mechanistic picture outlined below.
Significantly, M (Ag® or RhI) attacks 5 at the double bond rather than at the cyclopropane ring
to give the carbonium ion 12, in a manner similar to the protonation of 5 with E‘SO_),H.H A subsequent
1-2 carbon shift would lead to 13, which is followed by a ring opening process to give 1_lt, in the
same fashion as described eaar-lier'.3 In chloroform 1% would lose a proton to give 15 which,on pro-
1:onolysis9a of the carbon metal bond, affords 2, whereas in methanol solution, the carbonium ion
14 is trapped to give 16. Support for the proposed mechanism9b is found in the fact that 1,2,3,5,6-
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pentamethyl-4-methylene-bicyclo[3.1.0]hex-2-ene (17) which is an isomer of 5, gives
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also 2 (80%) upon reaction with Agclo,4 in chloroform at -50°C and gives 16 when the reaction is
carried cut in methanol (70%). This implies that attack of the catalyst occurs on the exocyeclic
double bond (in preference to the endocyclic double bond or cyclopropane ring) to give initially

13 (Mx'1= Ag), which subsequently leads to the observed products as described above.
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