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The prediction of homoallylic stabilization in 7_norbornenylidene, L,l has stimulated in- 

terest in its chemistry and in that of other "foiled methylenes."a The intramolecular chemistry 

of 1 is characterized by competing rearrangements, with that of the carbene's vinyl group domi- 

nant, eq. (l).aCjd To rationalize this, and parallel results obtained for related carbenes, a 

'k" mechanism has been offered, acd,g,h which follows from the prediction' that the carbenic 

bridge of 1 should incline -20" toward the double bond. The T-tJTpe rearrangement is initiatedby 

interaction between the vacant carbenic p orbital and the olefinic 71 electrons. Inclusion of a 

zwitterionic intermediate, %., ab,c,g,h A in eq. (Z), appears to have gained currency for heur- 
3 

istic reasons, if not because of mechanistic necessity. 

2, R=H 1, R=H 2, R=H 

5, R=CHs l-C&, R=CH3 4, R=CHa 

(1) 

In an alternative formulation, the carbenic p orbital interacts with the C,-C, o electrons, af- 

fording a direct vinyl migration from C, to C, via transition state B, eq. (2). This mechanism 

demands serious consideration because 1,2-vinyl shifts are surprisingly successful competitors 

in carbenic rearrangements. 4,s 

A new probe of the carbene-n interaction in I, and of the importance of species 4, can be 
obtained by studying 2-methyl-7_norbornenylidene, 1_cH?, eq. (2). If the P-IT interaction were 
dominant and best formulated as in eq. (Z), then C7 would add mainly at Ca, placing positive 
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charge ~JJ & at Cs, where it would be stabilized by CDs; completion of the rearrangement would 

give 4 ---- _* e However, if the rearrangement followed a CT mechanism, positive charge build-up On the 

migrat,ing -1 carbon would favor transition state B, eq. (2), in which this atom carries the 

doz&.ing methyl group; diene 2 would be preferentially formed.7 We now describe the rearrange- 

ment of 1_cHs to k, _, 5 and other products, and comment on the significance of the results. 

Tetrachloroketal $e was converted (90%) to the monomethyl substitution product Is"* with 

CHaLi (2.0 equiv, 3 hrs. at 0-5O, 42 hrs. a~sZ5'). Dechlorination of 1, followed by deketaliza- 

tionayll gave 2-methylnorbornene-7_one, 8, in 46% overall yield from '7, eq. (3). Ketone 8 

was converted to its ptoluenesulfonylhydrazone (1 equip of TsNHN& in refluxing CHaOH, 2 hr~> 

and thence, without purification, l3 to Li salt 2 (1.16 equiv. of C4HgLi in hexme). 
Kugelrobr pyrolysis (1'?7-lb', 0.5 mm-Hg) of dried 2 gave -40% of crude produ.ct,which was 

trapped at 77°K and stored over Dry-Ice. Gc analysis (100' SF-96 Golay column, -15") revealed 

8 products, PLP8, cf., eq. (41, which could be separated (l5' x 0.25" l5$ ~~-96 on 60/70 Ana- 
krom ABS, 48") into 4 components: Pl, E+ P3, I?I+PS, and ~Lp8.l~ R appeared to be 2-methyl- 

1_cH, “=u) p4+ l+& P7& P8=12 

Relative distribution: 1.4 1.0 8.9 4,s 
- 

2.8 

1,3_cyclohexadiene, l& on the basis of its nmr spectrum [8(CCl,) 5.80,m,ZH;5.48,m,~,2.lO,m,4H; 

1.73,m,3H; fiae splittings observable in all but the 5.48 (broad) multiple&], although corres- 
pondence to the reported spectrum was not exact.15 P4 was identified as Z-methyl-2-uorbornene, 
ll, by umr and gc comparisons with an authentic ~ample.~~ 

Ternary mixture %-~8 consisted of CeH,, dienes. Anal. Calcd: C, 90.50; H, 9.50$; g+, 
106.0782. Found: C, 90.30; H, 9.31%; lj+, 106.0745. Catalytic reduction wer lO$ Pd/C gave sat- 
urated products with the uptake of 104% of the theoretical quantity of Ha. ~8 was identified as 
5-metbylspiro[2.4]hepta-4,6-diene, l2, by gc and nmr comparisons with an authentic ,~ample.~~ Part 
titularly revealing was the sharp ainglet,17 a(G&) 1.37, for the cyclopropyl protons of l2,read- 
ily discernable in the nmr spectrum of the l&P8 mixture. 

Identification of I% and P7 as 6-methyl (4) snd 7-methylbicyclo[3.2.O]hepta-1,6-diene (z)fol- 
lowed from the analytical data and from comparison of the As-P8 nmr spectrum to that of g (see 
structure for ?i values). Thus, narrow multiplets due to H, of k and He of 2 appeared at b(CSa) 
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6.33 and 6.07, raspsctively,1s whereas multiplets due to Ha of & and 2 absorbed at 4.93 and 4.75. 

The Hs protons were visible as broad overlapping multiplets peaking at 3.30, 3.16, and 3.07. Two 
finely split methyl resonances appeared at 1.94 and 1.77, superimposed on the residual absorp- 
tions of k and 5. Nmr integration showed disne 4 (H7 at 06.33) to exceed diena 2 (He at 06.07, 
corrected for concommitant vinyl absorption by I&> by -1.4 times. Wore accurate 4/5 ratios were __ 
obtained by gc, and ranged from -1.7-2.0 over Several pyrolyses.lg These ratios were not signif- 
icantly altered by repgrolysis of the product mixture from Li ptoluenesulfinate at 200". 

Products 10-12 are analogous to those formed from carbene 1."' Diene 10 presumably stems -- 
from cycloreversion with carbon 10s~~' 

- 
of 1_cH3, whereas 11 could be an abstraction product. Spi- 

rodiene 12 is most reasonably formulated as the sigmatropic rearrangement product of l&s' the 
proximate product of 1,7-ethano migration of 

1_cH3 
-ethano , 

[mCH] -aHa 

2 12 
The preferred formation of & over 2 is modestly supportive of a x mechanism for the "vinyl11 

rearrangement of 3, but the lou selectivity indicates that charge-separated species such as 
A are neither intermediates nor representative of the transition state of a concerted reammge_ 
ment. By nay of Contrast, morwmethylation of e-7-norbornenyl-knitrobensoate at C, is worth 
a kinetic factor of l3.3, relative to the parent compound, in hydrolysis via the 7-norbornenyl 
cation at l4O"."s Though inexact, this comparison emphasizes the minimal kinetic selectivity 
conferred on 1 by methylation, and reinforces both the prediction that C,-p orbital-x interaction 
should be weaker in 1 than in the corresponding cation, 1 and the experimental demonstration that 
such interaction in 1 is mt strong enough to control the stereochemistry of its intermolecular 
addition reactions.2a'23 There remains important evidence in favor of the control of 7_norborn- 
enylidene chemistry by C,-n: interaction, i.e., the low efficiency of both ac,h,j self-insertion 

zb and intermolecular capture of 1, but the present results illustrate the limits of this formula- 
tion and suggest care in its application. 
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