
2537 

Table I. FT NMR Data for Enone II 

- Relative area-

Compound 
Carbonyl 

C CQ; ce 

No. of 
pulses 

(20-sec 
intervals) 

Unenriched II 
13C enriched II 

1.02 
0.84 

0.62 
5.06 

(1.00) 
(1.00) 

2000 
1710 

Table II. Product Ratios For Various Aqueous Acetone Mixtures. 

%H20 
(by volume) 

(H + X)/ 
Vila 

%H20 
(by volume) 

(H + X)/ 
Vila 

10 
5 

>160 
43 

34 
19 

shown. While the major product was still enone II, the mo
nocyclic ketone product, VIIb, clearly derived from bridge
head olefin IXb, was also formed in considerable quanti
ty.16 The presence of X1 7 (later identified as a product from 

Ib 
5 equiv of AgClO^ 

* 
90% aqueous acetone 
24 hr, room temp 

CHCl 

II 
31fo 

OH COOH 

- J 
VIIb 
28% 

+ { 

^ Il 
O 

X 
6% 

J + I -J^ 
Xl" 

4% 

J + > 2 
others 
<9% 

Ia, too) proved to be a key finding; X is presumably cis-
fused, although we have not shown that. Brief treatment of 
X with concentrated HCl (room temperature) gave II, as 
did exposure of X to the acidic solvolysis conditions.12 

When Ib, enriched at C n such that C n contained 5.8% 
13C (high resolution mass spectrometry, hereafter, hrms), 
was treated with AgClCu as above, the enone II contained 
one carbon with 5.3% 13C (hrms).18 Unfortunately, the 
fragmentation of II did not separate the carbonyl carbon 
from C a , and thus allowed no mechanistic conclusions. 
However, the application of 13C NMR proved fruitful. The 
carbonyl, a, and /3 carbons of II resonate at 205, 135, and 
153 ppm, respectively. Table I shows the integrated intensi
ty of these three peaks after data collection at 20-sec pulse 
intervals. If Q is taken as a standard (neither mechanism 
would place the label there), then it is seen that, within ex
perimental error, all of the label winds up at Ca (which 
would contain 5.6% 13C, in good agreement with the hrms 
results, especially considering the vagaries of integrating 
FT N M R spectra). This requires that II may be formed via 
the mechanism shown in Scheme II, i.e., via protonation of 
the bridgehead double bond intermediate, IX. 

Since the mechanism given in Scheme II requires that 
the ratio of (II + X) to VII varies with the [H2O] in the 
solvolytic medium, and since we have been unable to isolate 
XII,12 we undertook a study of the aforementioned ratio, 
beginning with Ia. The results (GLC analysis), summarized 
in Table II, support Scheme II. 

In conclusion, there yet appears to be no case in which an 
intramolecular shift process competes with ring opening of 
a "cyclopropyl cation".19 
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Am = 3 Electron Spin Resonance in a Quartet Molecule 

Sir: 

In order to confirm the identification of a recently pre
pared series of organic molecules as electronic quartets,1-5 

we have sought for and observed the Am = 3 transition in 
the electron spin resonance of one of them. The designation 
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Figure 1. L Band ESR spectra of 1: (a) experimental in a solid solution 
of polystyrene-2% divinylbenzene copolymer beads at 298°K; (b) com
puted for an ensemble of randomly oriented radicals on the basis of a 
second-order perturbation treatment, D = 82 G. 

Am = 3 refers to the transition between the levels identified 
by the approximate quantum numbers m = -3Ii and m = 
+ %. The transition is observed because the magnetic dipo
lar interaction admixes, at most orientations of the mole
cule relative to the external field, components with m = ±lh 
into each of the levels m = —% and m = %. The amplitudes 
of the admixtures are of order D/H, D being the dipole-di-
pole coupling parameter and H the external field. Owing to 
the shifts in energy produced by the dipolar interaction and 
to the aforementioned admixtures, the spectrum at each ori
entation of the quartet molecule consists of three lines near 
H = a;/Y (Am = 1), a pair of lines near H = CO/2Y (Am = 
2), and a single line at H = i»/3y (Am = 3). u is the angu
lar frequency of the radiation, H the field, and y the mag-
netogyric ratio of the electron. Nonrotating randomly ori
ented molecules yield spectra with characteristic shapes in 
each of the three regions,6 the Am = 3 transition being a 
single fairly sharp line, just as is the Am = 2 transition in a 
triplet molecule. Appearance of the sharp Am = 3 transi
tion requires that three electron spins be coupled to each 
other. 

The intensities of the three transitions Am = 1,2, and 3 
are in the approximate ratio \:(D/H)2:(D/H)4.7 

The I,8 whose spectrum we report here, has D ~ 80 G. 
At the commonly used X band frequency the intensity of 
the Am = 3 transition would be only 3 X 10 - 5 relative to 
Am = 1. It has, obviously, not been observed at X band de
spite careful search for it. We, therefore, turned to lower 
frequency, L band, with frequency 1 X 109 Hz. The L band 
spectrometer is less sensitive by a factor of about 100 in the 
minimum number of spins which it is capable of detecting 
than the X band one, but owing to the large volume of ma
terial which it accomodates, its concentration sensitivity ap
pears to be superior. 

The 1, synthesized at the University of Freiburg,5 was 
dissolved in a toluene solution of polystyrene-2% divinyl
benzene copolymer beads. A uniformly colored solid re
mained after evaporation of the toluene. Its spectrum is 
characteristic of a randomly oriented solid solution. No 

signs of the spectrum of microcrystals of the radical are ob
served. 

The L band spectrum at room temperature is shown in 
Figure la. A computed spectrum is shown in Figure lb. The 
agreement is good except for the positions marked by aster
isks. The extra feature at the latter positions arise from a 
contamination of bishydrazyl. The Am = 3 resonance, 
which can arise only from molecules with three spins, 
stands out clearly. 

H5C6 C6H5 

N C V ^ C N 
N" 
I 

H5C6 C 6H 5 
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Generation, Nuclear Magnetic Resonance 
Spectra, and Structure of 
9-Pentacyclo[4.3.0.02-4.03'8.05'7]nonyl Cations 

Sir: 

The hydrolysis of 9-pentacyclo[4.3.02'4.03-8.05-7]nonyl p-
nitrobenzoate (1-OPNB) proceeds with a very large rate 
enhancement (1010-1012) and leads to a statistical, but ste-
reospecific, rearrangement which regenerates the parent 
pentacyclic alcohol (1-OH) with positions 6, 7, and 9 and 
positions 1, 5, and 8 each having been completely ex
changed.1 These observations were explained by ionization 
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