
2146 

absence from the product mixture of unrearranged ace­
tate or any related acetate product containing geminal cy-
clopropyl protons is consistent with cyclopropyl partici­
pation and suggests that nonclassical ion X, probably 
formed initially, experiences further rearrangement be­
fore solvent capture at C-IO; however, a complete 
structure analysis of the products is required before any­
thing definite can be inferred about the nature of the 
ionic intermediate(s) involved. 

While it is clear that ionization of IV-OBs is exten­
sively accelerated, the degree of assistance provided by 
the cyclopropyl ring is substantially lower than that pro­
vided by the double bond in V.3 This result is in strik­
ing contrast to the previous observationlde in the nor-
bornyl series (compare relative reactivities of I and VI). 
Since V and VI are of comparable reactivity one can es­
timate that cyclopropyl assistance to ionization in IV is 
some 105 less efficient than in endo-anti-l. Of the sev­
eral possible rationalizations of this curious anomaly, 
the explanation which we prefer is that based on a 
simple examination of molecular models. Thus for I 
the c-orbital plane of the cyclopropyl ring is more fa­
vorably oriented toward the developing carbonium ion 
center than is the 7r-orbital plane of the double bond in 
VI. Just the opposite relationship is observed when 
molecular models of IV and V are compared. The 
participating T orbital of V is oriented directly toward 
the reaction center whereas the corresponding cyclo­
propyl orbital is directed into the cavity region between 
the two bridges. The latter orientation would lead to 
less favorable interaction in the early stages of ioniza­
tion. An additional factor which may be of relevance 
here is the often-argued!h_k relief of ground-state strain 
involved in the opening of the encfo-cyclopropyl ring of 
I. The exo geometry of the cyclopropane ring pre­
cludes such arguments in the case of IV. 
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1-Methylbicyclo[4.3.0]nonatrienyl Cation. 
A 1,4-Bishomotropylium Ion1 

Sir: 
The successful generation and direct observation of 

the monohomotropylium ion (IV)2 has inspired much 
(1) Research supported in part by the National Science Foundation. 

work to show the existence of polyhomotropylium ions.3 

We now wish to report the first successful generation 
and observation of one in a series of potential bishomo-
tropylium ions, the 1,4-bishomotropylium ion (III).4 

H 2 - H 6 = T 1.5 
IV 

9-Methyltricyclo[3.3.1.02'8]nona-3,6-dien-9-ol (I),5 

prepared from barbaralone6 and methyllithium, was ex­
tracted from a CD2Cl2 solution into a mixture OfFSO3H 

FSO.H-SOiCIF 
(1:3 v/v) k = 2.2 X 10"» sec"" 

I > II >• III —*• unidentified 
-135° -116° -50° products 

and SO2ClF (1:3 v/v) at ca. -135° and observed by 
nmr at — 116°. The first ion observed, the 9-methyl-9-
barbaralyl cation7 (II), rearranged exclusively to III at 
-116° with a rate constant of 2.2 X 10-3 sec-1 (AF* 
= 11.0 kcal/mol). Ion III was found to be stable over 
a relatively large temperature interval which allowed 
extensive nmr work to be done with the ion at —80°. 
Quenching experiments on ion III were not successful. 

The structure l-methylbicyclo[4.3.0]nonatrienyl cation 
was assigned to III on the basis of its nmr data. Some 
of the coupling constants were obtained from the follow­
ing double irradiation experiments. Proton H6 (T 6.63) 
appears as a complex multiplet which, on irradiation of 
Hs (r 3.39), collapses into a doublet (Z6,? = 2.0 Hz) that 
has fine structure. Also, on irradiation of H7 and H9 

(T 1.99), H6 collapses into a doublet (/5,6 = 4.9 Hz). 
Protons H7 and H9, which have accidental chemical shift 
equivalence, appear as a doublet further complexed 
by small coupling. On irradiation of either H2 (T 3.73) 
or H6, protons H7 and H9 collapse into a doublet (/7,s 
= y8,9 = 4.0 Hz). It was impossible to irradiate either 
H2 or H6 without simultaneously irradiating the other. 
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Proton H8 (r 2.82) appears as a triplet which collapses 
into a singlet on irradiation of H7 and H9. Protons H3 

and H4 (r 2.33), which accidentally have the same chem­
ical shift, appear as a complex multiplet. On irradia­
tion of H2 or H6, protons H3 and H4 collapse into a 
doublet with some further fine structure. Irradiation 
of H6 causes a slight change in the center of the H3-H4 

multiplet. Proton H2 appears as a complex multiplet 
which is somewhat simplified on irradiation of H7 and 
H9. Irradiation of H6 gives no detectable simplification 
of the H2 multiplet. Irradiation of H3 and H4 changes 
H2 into a singlet; however, H7 and H9 probably were 
irradiated at the same time. On irradiation of H6 or 
protons H7 and H9, the H5 complex multiplet collapses 
somewhat, and on irradiation of H3 and H4, the H6 

multiplet collapses into a doublet. 
In view of the complexity of the nmr spectrum, a com­

puter simulation was carried out in order to obtain some 
of the coupling con stants. From the decoupling experi­
ments described above, it is clear that the group of four 
protons (H2-H5) are coupled only slightly to the group 
of three protons (H7-H9). Therefore, the two groups 
can be treated separately, with H6 decoupled, in order 
to simplify the calculation. The four-spin system was 
simulated using the computer program LAME8 (LA-
OCN3 with magnetic equivalence), and the results are 
given in Table I. 

Table I 

H3, H4 H 

J 
Hz 

J 
Hz 

2,3 
8.9° 
4,5 
7.7° 

° Calculated. 

2,4 
0.1° 
4,6 

Small" 

2,5 
0.0» 
5,6 
4.9" 

b Measured. 

2,9 
Small6 

5,7 
Small6 

3,4 
6.7° 
6,7 
2.06 

3,5 
1.7° 
7,8 
4.06 

3,6 
Small6 

8.9 
4.0" 

The coupling constants in Table I clearly indicate the 
structure of ion III. Hence, /7|8 and T8,9 are both 
4.0 Hz, which, when compared to Jij2 = 3.8 Hz in cyclo-
pentenyl cation,9 indicates that carbons C7-C9 are part 
of a five-membered ring. Furthermore, the coupling 
constants observed in the four-spin group, H2-H5, 
closely resemble those of naphthalene10 (J12 = 8.3, 
.Zi3 = 1.3, /2)3 = 6.5 Hz) and those of 1,3-cyclohexa-
diene11 (7li8 = 9.42, / M = 1.06, / M = 0.91, 72,3 = 
5.14 Hz), which indicates that C2-C6 comprise part of a 
six-membered ring. 

Derealization of charge is indicated by the proton 
chemical shifts in ion III. The protons H7-H9 in III 
are shifted considerably upfield relative to H3 (T 1.54) 
and H4 (j —1.10) in cyclopentenyl cation.9 This dem­
onstrates that C7-C9 in III are not part of an isolated 
allylic ion. The average shift of protons H2-H5 in III 
is T 2.95, whereas that of the olefinic protons in 1,3-
cyclohexadiene is r 4.22 and that of naphthalene is r 
2.45. The deshielding of H2-H6 in III compared to 
H1-H4 in 1,3-cyclohexadiene indicates derealization 
of positive charge onto C2-C6. This evidence for 
charge derealization over the seven carbons C2-C6 

and C7-C9 suggests the presence of homointeraction 
between C2 and C9, and between C6 and C7. In the 

(8) Private communication from Dr. B. Kaptein to Dr. F. A. L. Anet. 
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Figure 1. Nmr spectrum (100 MHz) of l-methylbicyclo[4.3.0]-
nonatrienyl cation(III) in F S O S H - S O 2 C I F (1:3 v/v) at - 8 5 ° (the 
methyl absorption is not shown). CDHCl2 was used as an internal 
standard, r 4.70. 

transformation of ion II to ion III, four protons in­
cluding the bridgehead, H6, and the methyl protons are 
shifted upfield a total of ca. 13.1 ppm, and the other seven 
downfield ca. 16.6 ppm. The deshielding of the seven 
peripheral protons indicates the presence of a ring cur­
rent in a seven-membered ring in analogy to that ob­
served in monohomotropylium ion IV.2 This, to­
gether with the evidence for charge derealization, 
demonstrates substantial homoaromatic character in cat­
ion III. 

Work on the generation and observation of other 
bishomotropylium ions is in progress in these labora­
tories. 
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Flash Vacuum Pyrolysis. VII.1 Fulvenallene. 
The Ring Contraction and Expansion of Phenylcarbene 
Sir: 

It now appears that the high-temperature fragmenta­
tion of aromatic intermediates such as la-c to cyclo-
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