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the transmission of conjugation between two substituents via 
a cyclopropane bond is known to be very small.21 The greater 
stability of 3 compared with 4 also follows from a comparison 
of the extreme resonance structures 10 and 11 in which the 

C(6)-C(ll) bond is broken. The stabilizing contribution of 
11 to 4 will be far less than that of 10 to 3 in view of the stronger 
inductive repulsion between the two charges with 11 (via two 
a bonds) than 10 (via three a bonds), the direct field effect in 
both structures being the same. 

Carbodications were reported very recently, but only as 
transient intermediates, e.g., the Wheland intermediates for 
the H-D exchange of an aromatic cyclopropenium ion22 and 
monoprotonated 3-hydroxyphenalenone23 or as species con
taining conjugative stabilizing electron-donating oxygen 
substituents, like the protonated 2,2',2",6,6',6"-hexa-
methoxytrityl cation23 and diprotonated 3-hydroxyphenal
enone.24 The present dication 3 is the first reported stable di-
cation which is devoid of this type of electron-donating het-
eroatom substituents. 

In conclusion evidence is presented that the 1,1-diallylcy-
clopropane moiety of the dication 3 has the allylcyclopropane 
elements in fixed geometries comparable with that calculated 
for conformation 6 of the cyclopropylcarbinyl monocation. 
Further and more detailed work on the protonation of annu-
lenes is currently in progress. 
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Lack of Tunneling in the Excited-State 
Double Proton Transfer of 7-Azaindole Dimer? 

Sir: 

Hydrogen-bonded dimers of 7-azaindole (7-AI) undergo 
a photoinduced double proton transfer. The tautomeric form 
(T), stable in the excited state only, exhibits green, excimer-like 

hv 

D T 
fluorescence (F2), red shifted by 10 000 cm -1 relative to the 
normal violet fluorescence (Fi). The dynamics of the cooper
ative two-proton transfer have been intensively studied.1"5 Two 
mechanisms have been proposed. The first one is a thermal 
process where the two protons move over the energy barrier 
from high vibrational levels, populated according to a 
Boltzmann distribution. The second, a tunneling mechanism, 
has been postulated in order to explain the cooperative proton 
transfer (green fluorescence) observed at low temperatures, 
down to 4 K. Our results show that a tunneling mechanism is 
not necessary to account for the observed experimental ef
fects. 

Few data have been published concerning the triplet-state 
spectroscopy of 7-AI.1 It is well known that the reactivities, 
especially acid-base properties, of molecules in the triplet state 
differ from those in the excited singlet state.6 Moreover, the 
geometry of the triplet excimer formed from naphthalene was 
shown to be completely different from that in the fluorescent 
state.7 The main task of our work was to find evidence for the 
existence of a tautomeric form of the dimer in the triplet state. 
By studying the phosphorescence and triplet ESR spectra we 
hoped to provide additional information on the mechanism for 
the cooperative two-proton transfer. 

The procedure for measuring of luminescence and triplet 
ESR spectra were described elsewhere.8 In the ESR mea
surements the triplet state was populated by continuous irra
diation with a HBO-200 high pressure Hg lamp filtered 
through 5 cm of H2O and a UG 11 Iena glass filter, containing 
mainly 313- and 302-nm Hg line groups. Concentrated solu
tions (10_3-10_2M) of 7-AI have been used. Relatively strong 
ESR signals were observed in alcohols and in aqueous-alco
holic solutions where the dimerization does not occur. In 3-
methylpentane (3-MP) solutions where the dimerization is very 
efficient3 the Aw = ± 1 signals were extremely weak; only 
"Aw = ±2" transitions could be measured. The zero-field 
splitting (ZFS) parameters remained constant upon changing 
solvents and concentrations (see Table I). Our attempt to find 
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Table I. Zero-Field Splitting Parameters and Triplet Lifetimes of 7-Azaindole in Various Solvents at 77 K 

solvent 

3-methylpentane 
3-methylpentane 
l-propanol 

C,Ma 

1 X 10-2 

1 X 10-3 

1 X 10-3 

±0.001 cm-' 
O * "Am = 2 " 

0.123 
0.124 
0.123 

±0.0005 
\D\ 

0.0919 

cm" -i 

\E\ 

0.0465 

±0.2 s 
TESR Tphosph 

3.0 3.0 
3.1 3.1 
2.9 3.0 

" Concentrations measured at room temperature. 

350 400 450 500 550 
WAWELENGTH (NM) 

Figure 1. Solid curve: phosphorescence spectrum of 7-Al, 10~2 M in 3-MP 
at 77 K, excited at 313 nm using front surface excitation, corrected for 
spectral response (present work). Dashed curve: uncorrected fluorescence 
spectrum of 10-2 M solution of 7-AI in 3-MP excited at 285 nm (published 
in ref 3). 

and select the second species, corresponding to the tautomeric 
form, failed. The phosphorescence spectrum was measured by 
the use of a chopper with a frequency of ~ 4 kHz. The same 
solutions as for ESR measurements have been used. Only one, 
well-structured spectrum (Figure 1) independent of solvents, 
concentration, and excitation wavelength has been observed. 
The following evidence excludes ascribing it to a delayed flu
orescence: (1) the same lifetime, independent of observation 
wavelength, as that of the triplet ESR signal (see Table I); (2) 
appearance first at low temperatures (110 K in 3-MP) and an 
increase of intensity with lowering of temperature. In Figure 
1 the low-temperature fluorescence published by El-Bayoumi 
is also reproduced for comparison. The energetic and vibronic 
similarities of the two spectra are astonishing. To elucidate this 
particular coincidence we have measured the temperature 
dependence of luminescence. The green fluorescence was un
structured down to 115 K. At 110 K we first observed the ap
pearance of both vibronic structure and long-lived emission. 
We were unable to observe the fluorescence separately. The 
phase sensitive detector used by El-Bayoumi et al. also could 
not have achieved such a separation, despite their interpreta
tion.!~3 The existence of a structured, green fluorescence at 
low temperatures led those authors to infer a tunneling 
mechanism. Our measurements show that, at low temperature, 
the tautomeric fluorescence is overlapped by the isoenergetic 
monomeric phosphorescence. To test the postulated tunneling 
mechanism we have measured the temperature dependence 
of the fluorescence. Solutions (IQ-3-IQ-2 M) of 7-AI in 3-MP 

Figure 2. Effect of temperature on the F2/F1 ratio of 7-AI in 3-MP excited 
at 313 nm, using right-angle excitation. Intensities measured at the 
maxima of the corresponding bands (480 and 354 nm). 

have been excited by the 313-nm Hg line. Thus the dimeric 
species have been excited preferentially.3 The F2/F1 ratio was 
determined by comparing the maxima of the corresponding 
bands, corrected for spectral response. In Figure 2 the F2/F1 
ratio vs. temperature for two solutions of different concen
tration is shown. As one can see, the prominence of the tauto
meric (F2) fluorescence decreases upon lowering of tempera
ture. Both curves in Figure 2 approach zero (the lowest value 
of F2/F1 ratio was 0.003) at temperatures where the phos
phorescence was not yet observable. The lowest F2/F1 value 
reported by El-Bayoumi et al.,3 2.5 at low temperature, was 
interpreted as evidence of tunneling. However, the large value 
of the low-temperature plateau seems to be due to phospho
rescence. Contrary to that, our results strongly suggest that 
the cooperative two-proton transfer proceeds via an activated 
process only (on excitation with the 313 nm). It is noteworthy 
that the energy dependence of the efficiency of tautomerization 
has been reported recently by Eisenthal et al.9 They found also 
two different pathways for the generation of tautomer, and 
ascribed the slow component to thermally activated tautom
erization rather than to tunneling. 

It seems that the low-temperature experiments of El-Bay
oumi et al.2-3 inferring the tunneling need to be reinterpreted. 
There is not enough evidence to confirm the generally accepted 
tunneling mechanism of tautomerization. 
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Photochemical Preparation of a 
[3.1]Metacyclophane and [3.2]Metaparacyclophane 
through Internal Charge-Transfer Sensitization 

Sir: 

A recent publication by Atzmiiller and Vogtle1 on the low 
yield preparation of [4.1]metacyclophane and their unsuc
cessful attempt to prepare the lower [3.1] homologue prompts 
us to communicate the photochemical synthesis and spectral 
properties of a novel [3.1]metacyclophane and l-aza[3.2]-
metaparacyclophane. 

The benzyl alcohol 1 (n = 3) was prepared by NaOC 2 H 5 

catalyzed condensation of ethyl w-acetylbenzoate with p-
dimethylaminobenzaldehyde, followed by sequential catalytic 
(Pd/C) and UAIH4 reduction of the resulting chalcone (40% 
overall yield).2 Irradiation of a deoxygenated methanol solution 
of 1 (n = 3) using Pyrex-filtered light (Rayonet reactor, 300 

Scheme I 
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nm) afforded, after TLC on silica (30% ether-petroleum 
ether), 34% [3.1]metacyclophane2 (2) and 37% recovered 1. 
In addition there were isolated compounds 3-5 (n = 3) in 2, 
9, and 4% yield, respectively, which were shown by their NMR 
spectra to have the TV-methyl and/or hydroxyl groups of 1 
replaced. 

The ultraviolet absorption of compound 2 was shifted to 
longer wavelength [XjJJf" 323 nm (e 1250)] than the starting 
benzyl alcohol [X££fH 302 nm (e 1650)] and displayed a 

CH2OH 

N(CH3), 

OH" ^ 8 - J N ( C H a ) 2 

n - 3 

shoulder in place of the maximum of the latter compound at 
254 nm in accord with the presence of a distorted benzene ring 
in the molecule.3 The structure 2 was further supported by the 
NMR spectrum (CDCl3) which showed at - 3 0 0 C an AB 
quartet (CH2) at 5 3.58 and 4.20 (J = 17 Hz) and highly 
shielded aromatic singlets at 5 5.44 (1 H) and 5.91 (1 H). In 
addition, complex multiplets were observed at 5 1.7 (2 H) and 
2.5 (4 H) for the propylene hydrogens and at 5 6.8 (5 H) for 
the remaining aromatic protons. The two methyl groups ap
peared as a singlet at 5 2.80. The AB quartet coalesced to a 
broad singlet at 68 0 C and total band shape analysis4 using a 
modified QUABEX 5 computer program yielded rate constants 
for the expected conformational interconversion 2a «=* 2b which 
increased from 1.8 s - 1 at 13 0CtOSSOOs-1 at 109 0 C. Using 
the Eyring equation6 and assuming a unit transmission coef
ficient,5 the activation parameters A/7* = 16.3 kcal/mol and 
A S * = -0 .21 cal/deg were obtained. 

For purpose of comparison with other values, the rate of 
exchange was determined at the coalescence temperature from 
the relationship7 kc = 7r [(Av2 + 6 / 2 ) / 2 ] ' / 2 and gave Af* = 
16.7 kcal/mol. This energy is much lower than that of the rigid 
[2.2]metacyclophane (>27 kcal/mol)8 '9 and is similar to the 
homologous [3.2]metacyclophanes (15.8-19.1 kcal/mol).10 

The reported value1 for the more flexible [4.1]metacyclophane 
of AF* = 19.6 kcal/mol at 115-12O0C is based on a ques
tionable NMR analysis and appears from the present data to 
be too high. 

Attempts were made to prepare a highly strained [2.1]-
metacyclophane by irradiation of alcohol 1 (n = 2). This 
compound was prepared in 81% yield by Wittig condensation 
of m-carbomethoxybenzyltriphenylphosphonium bromide and 
p-dimethylaminobenzaldehyde followed by UAIH4 reduction 
(Et2O) and catalytic (Pd/C) hydrogenation. Irradiation of 1 
(n = 2) followed by TLC on silica yielded none of the desired 
[2.1]metacyclophane. Instead, the unexpected TV-methyl-1-
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