
2264 Journal of the American Chemical Society / 100:7 / March 29,1978 

We feel that the experimental evidence that we have pre
sented for selective photomobilization and photoaggregation 
of metal atomic species, as monitored by our mixed metal 
atomic-bimetallic cluster optical experiments, is overwhelm
ingly positive. Nevertheless further experimental probes of 
these new and interesting photophysical-photochemical phe
nomena, together with an intensive search for still higher 
clusters are planned for these as well as other metallic and 
bimetallic systems. The impetus for such "mini-alloy" cluster 
experiments, besides the intrinsic chemical novelty of "few-
atom-bimetallics", is the long-range goal of probing the 
"molecular metal cluster-bulk metal particle interface",2 the 
objective being a fundamental enquiry into bimetallic cluster 
electronic, geometric, chemisorptive, and catalytic properties 
as a function of the size and composition of the cluster.9 
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Preparation and Isolation of A'^-BicyclofLLOlhexene 

Sir: 

We wish to report details of the preparation and properties 
of the highly strained olefin, A1-4-bicyclo[2.2.0]hexene (1). 
Three previous papers have reported evidence for the presence 
of this compound, but none has described isolation of the pure 

Br 

CD 
i 

material.1 Bromochloride 2 was prepared as previously de
scribed.2 Compound 2 can be electrochemically reduced only 
with difficulty (£1/2 = —2.50 V vs. saturated calomel electrode 
in dimethylformamide),lb behavior not characteristic of 
1,2-dihalides.3 Dipole moment measurements of 22b-4 suggest 
a large intervector angle between the carbon-halogen bonds. 
Since the molecule may also be twisted, these two effects could 
explain the observed electrochemical behavior.5 

Controlled current electroreduction of 400 mg of 2 in 40 mL 
of dimethylformamide6 in a divided cell, with 0.18 M 
tetramethylammonium hexafluorophosphate7 was conducted 
at — 14 0C over a stirred mercury pool cathode8 while the ap
paratus was maintained at 2 X 1O-3 Torr pressure in a vacuum 
line. Volatile effluents were collected in cold traps maintained 
at —23, —45, and —95 0C, respectively, while 2.0 F of current 
were passed. The current was held at 100 mA, and resulted in 
an applied voltage of 10-14 V. The -95 0C trap contained 
10-30 mg of a white crystalline solid, melting below -60 0C, 
which could be identified as A''4-bicyclo[2.2.0]hexene (1) from 
the behavior and properties described below. 

In contrast to its behavior in dilute hydrocarbon solution,10 

the pure olefin 1 is extremely reactive. It can be transferred 
from a -45 0C bath to a -200 0C bath over a short path length 
with some loss to polymer, but at —23 0C the neat olefin po
lymerizes with a half-time of <10 s. Vapor pressures of >1 
Torr have not been obtained, owing to polymerization. The 
polymer is a clear solid, insoluble in most solvents: IR (cm-1) 
3000, 2960, 2880, 1425, 1225, 1010. 

The ' H NMR (CD2Cl2) of 1 consisted of a sharp singlet at 
3.24 ppm.la In dilute solution (~1%) in C6D5CD3, the olefin 
disappeared with a half-time of 420 s at 0 0C. The product was 
an insoluble polymer. The '3C NMR of 1 at —50 0C showed 
peaks at 163.5 and 43.7 ppm (CD2Cl2) (relative to Me4Si). 
The low field peak, assigned to the olefinic carbon, is signifi
cantly further downfield than any other simple olefinic reso
nance heretofore reported." The mass spectrum, recorded at 
2.1 kV, show m/e (percent of base peak) of 80 (49) (M+), 79 
(100), 77 (28), and 43 (26). 

The Raman spectrum of 1 was recorded at —190 0C using 
a sample prepared by condensing vapor onto a copper plate. 
Spectra were recorded of unannealed and annealed (at —110 
0C) films excited with <~50 mW of 514.5-nm Ar+ laser ra
diation. Both C=C and C—H bands were observed. The 
C=C band appeared at 1661 cm-1 in the solid and was shifted 
when measured in solution (1664 cm -1 in CD2Cl2 at -50 0C, 
1673 cm -1 in cyclopropane at —56 0C). The C—H bands 
appeared at 2843, 2923, 2951, and 2961 cm -1 and were con
sistent with CH2 modes in normal strained alicyclic hydro
carbons.123 

The infrared spectrum of a solid film of 1, obtained by vapor 
deposition onto a cesium iodide plate at —196 0C, was recorded 
before and after annealing at -110 0C. The C—H bands ap
peared at 2832, 2930, and 2965 cm -1; the latter two appear 
normal for aliphatic CH2.12b Only five bands appear between 
650 and 200 cm"1. They were found at 424,410,400 (sh), 393, 
and 288 cm -1 and seem to account for the fundamental out-
of-plane deformation modes. It was not possible to measure 
the gas phase infrared spectrum of 1, even in a 10-m multipass 
cell, owing to decomposition of the olefin at room temperature. 
The appearance of strong, low frequency fundamental bands 
in the infrared and their complete absence in the Raman 
spectrum are consistent with D2h symmetry, characteristic of 
a planar skeleton. The unusual downfield 13C chemical shift 
of the olefinic carbon in 1 suggests a tendency toward allene-
like sp character. 

Although the olefin is reactive with cyclopentadiene,la'b it 
failed to undergo cycloaddition with 2,3-dimethyl-l,3-buta-
diene in CD2Cl2 solution at temperatures below those neces
sary for polymerization. 
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The choice of supporting electrolyte for the electrochemical 
preparation of 1 was critical. Tetraethyl- and tetrabutylam-
monium salts produced substantial amounts of tertiary amine 
and olefin, presumably from a Hofmann reaction of the in
termediate carbanion.13 These products were difficult to sep
arate from 1. A reaction using platinum cathode with tetra-
alkylammonium salts followed a different course and gave little 
or no olefin. 

Studies on the mechanism of formation of 1 and its chemical 
behavior are in progress. 
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Enthalpy Limit in The 
Laser-Induced Reaction of CH3CF2Cl 

Sir: 

Recently, Tardieu de Maleissye et al.1 reported on the py-
rolysis of ethylene induced by a CO2 laser. At a continuous 
laser intensity of 660 W/cm2 and ethylene pressure above 200 
Torr, the number of absorbed photons per decomposed mole
cule reached a limiting value of 16.7, corresponding in total 
absorbed energy per mole to the thermal activation energy 
measured by standard pyrolytic techniques. Similar results 
were claimed for ethane,2 with added SF6 as the laser absorber. 
The thermodynamic limit is set, however, not by the activation 
energy EA, but by the enthalpy difference, AH. In the exper
iments just described, there is energy per mole EA — AH being 
lost or unused. We wish to report that in similar experiments 
on the compound CH3CF2Cl the number of photons absorbed 
per molecule dissociated is considerably less than the activation 
energy equivalent and approaches AH for the reaction. 

The pyrolytic elimination of HCl from CH3CF2Cl to yield 
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Figure 1. Optical absorption coefficient a and laser-induced reaction rate 
R for various frequencies over the 966-crrr1 band of CH3CF2Cl.Thegap 
in R is due to lack of laser output at those frequencies. 
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Figure 2. Quantum requirement Q as a function of laser beam power P 
for several gas pressures. The horizontal dotted lines indicate the activation 
energy and enthalpy in units of photons/molecule. The laser frequency 
is 953 cm"1. 

CH2CF2 occurs with a enthalpy change3 and activation en
ergy4 of 59,4 and 252 kJ/mol, respectively. There is a com
peting reaction, namely HF elimination, which can amount 
to 30% of the total in reactors with quartz or inconel walls, but 
only to 2 or 3% of the total for some seasoned Ni-Cr alloy 
walls.4 In our experiments, the beam interaction region is far 
from the Pyrex cell walls, and we observe only HCl elimination 
with no evidence of the competing HF elimination reaction. 

The laser frequencies used were primarily those in near 
resonance with the 966-cm-1 absorption band OfCH3CF2Cl, 
which has been characterized as a CH3 rocking mode.5 The 
laser beam diameter was 1 mm, while the reaction cell had an 
inner diameter of 22 mm and a total volume of 50 cm3. Reac
tion rates were obtained by observing the growth of the 
1731-cm_1 absorption band of the product CH2CF2, and only 
initial rates were recorded, corresponding to small product 
concentrations. Above 10 W of laser power, rates were too 
rapid to measure in the pure continuous mode, and pulses of 
~10~'-s duration were used. This duration exceeds even the 
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