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and a consequent unusual degree of reactivity, small strained-ring 
propellanes have generated considerable recent interest both from 
theoretical and synthetic points of ~iew.~-'O Much evidence for 
the transient existence of [2.2.l]pr0pellane'~ (1) has been amassed 

Because of an inverted geometry at the bridgehead 
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from both chemical and electrochemical reduction of 1,4-di- 
halonorbornanes,"*f*'o but attempts to isolate this compound have 
failed so far. We now report the preparation of matrix-isolated 
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Figure 1. (Top) Matrix IR absorption spectrum (29 K) of the reaction 
products of 4a with potassium at  120 'C in nitrogen. (Bottom) Matrix 
IR absorption spectrum of [2.2.l]propellane (29 K) with norbornane 
computer subtracted. More norbornane is subtracted than is actually 
present so the norbornane bands are now negative. The band marked X 
probably belongs to 6. Those marked XX are unidentified. Note change 
of vertical scale below 700 cm-I. 

1 by the method of gas-phase dehalogenation with metal  atom^^^,'^ 
and its characterization by chemical and low-temperature spec- 
troscopic means. 

In the present version of the method,12b which developed from 
that described in ref 13, the vapor of the dihalide precursor in 
a sonicated stream of excess matrix gas is allowed to react with 
alkali metal vapor in a reaction cell (12 cm), whose extension 
reaches into an ultrasound cleaning bath, and is subsequently 
deposited on a cold CsI window. In this fashion, 1,3-diiodopropane 
yields cyclopropane and propene and 1,5-diiodobicyclo[ 3.2.11- 
octane4f (2) yields the known4 [3.2.l]propellane (3). 

Using 1,4-diiodobicyclo[2.2.l]heptane (4a)loa3l4 purified by 
preparative VPC (mp 103-104 "C), sonicated nitrogen carrier 
gas, and potassium vapor a t  120 OC and trapping at  29 K, we 
obtained the FT IR matrix spectrum shown in Figure 1 (top). 
Comparison with authentic samples shows the presence of nor- 
bornane (4b) and another major component and the absence of 
significant amounts of l-iodobicyclo[2.2. l]heptaneIs (4c), 1,l'- 
binorbornyl16 (5), 1,3-dimethylene~yclopentane'~~J~ ( 6 ) ,  and 
4-methylenecy~lohexene~**~~ (7). 
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Computer subtraction of the spectrum of 4b isolates the 
spectrum of the second major reaction product (Figure 1, bottom). 
We assign its structure as 1 on the basis of the following evidence: 
(i) the relative intensities of peaks in the IR spectrum remain the 
same in a series of experiments under varying conditions, indicating 
that only one species is involved; (ii) the I R  spectrum remains 
unchanged when the matrix is annealed a t  45 K for 3 h,zo indi- 
cating that none of the major peaks belong to radicals;z1 (iii) the 
use of cesium in argonzz at 115 OC in place of potassium and the 
use of 1,4-dibromobicyclo[2.2.l]heptane at  150 OC in place 
of the diiodo precursor 4a still lead to spectra containing the bands 
assigned to 1 and 4b, although the degree of conversion is lower, 
demonstrating that neither the metal nor the halogen are present 
in the molecule;" (iv) the spectrum is compatible with the structure 
and quite similar to that of 3, with characteristic cyclopropane 
CH2 stretches at  3056 and 2997 cm-' (3065 and 2989 cm-' in 
3), CH2 bends at 1445,1439, and 1430 cm-' (1454 and 1438 cm-' 
in 3), and intense peaks at  1044 and 906 cm-' (1030 and 955 cm-' 
in 3) in regions characteristic for cyclopropanes and cyclobutanes, 
respec t i~e ly ;~~ both spectra exhibit a very intense peak at  low 
frequencies (1, 530 cm-', 3, 515 cm-'); (v) heavy doping of the 
matrix with bromine during the course of the deposition,z6 isolation 
of warmup products by pumping into a trap and working up 
rapidly with pentane and aqueous bisulfite, followed by comparison 
of G C  retention times and mass spectra (E1 and CI), show the 
presence of 12% 4b, 11% 5, and 77% 4d as the only major 
p r o d ~ c t s . ~ ~ J *  

The importance of ultrasound mixing to the success of the 
experiments should be noted. Without sonication, higher reaction 
temperatures were necessary and the reaction was still incomplete. 
The trapping with bromine then produced 12% 4a, 52% 4c, 23% 
4, and 8% l-bromobicyclo[2.2.1]heptane (4e) as the major 
products. 

The very high intensity of the peak a t  530 cm-', located in a 
region characteristic for skeletal deformation vibrations, which 
are usually of negligible intensity, is quite striking and may reflect 
an unusual charge distribution in small-ring propellanes. 

All attempts to isolate or chemically trap 1 by distilling the 
matrix into a cold vessel met with failure. We hypothesize that 
1 oligomerizes or polymerizes with extreme ease. This is perhaps 
not surprising in view of the expected extreme weakness of the 
central bond. Taking 27 and 28 kcal/mol as the strain energy 
of cyclobutane and cyclopropane, respectively, 17 kcal/mol as the 
strain energy of norbornane, and an estimate of 10 kcal/mol for 
the bridgehead distortion energy of 1, one finds that approximately 
75 kcal/mol of strain energy is relieved in breaking the bridge- 
head-bridgehead bond. Even if the bridgehead distortion energy 
were zero and the strength of a C-C bond were taken as 85 
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kcal/mol, the energy of this bond can be no more than 20 
kcal/mol. This indicates that 1, along with [2.2.2]pr0pellane,s*~~ 
may contain the most highly strained C-C bond yet synthesized. 
A more detailed discussion of this point is not warranted at  this 
time, but it is interesting to note that barring a dramatic increase 
in the bridgehead distortion energy, the bridgehead-bridgehead 
bonds of both [2.1.1]- and [l.l.l]propellanes will actually be 
stronger than that in [2.2.l]propellane due to the larger residual 
strain left in the resultant biradical. 

Further investigations of 1 and of the reaction of 1,4-diiodo- 
bicyclo[2.1.1] hexane with alkali metal vapors are currently under 
way. 
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It is well recognized that metalloporphyrin cation radicals play 
a key role as reaction intermediates in photosynthetic and met- 
abolic processes.' They are also an interesting group of com- 
pounds insofar as metal ion is surrounded by a conjugated 7r 
radical. For these reasons, they have been attracting the increasing 
attention of chemists in diverse fields. Cation radicals with 
different central metal ions have been generated chemically, 
electrochemically, and photochemically, and their electronic 
structures have been extensively investigated by optical absorption 
and ESR spectrosc~py.~-~ The central metal ions studied so far 
are mostly diamagnetic. It is expected that ESR spectra of the 
cation radicals with paramagnetic metal ions, if observed, will 
provide valuable information about the electronic structure of the 
systems. Copper porphyrin cation radicals belong to such species. 
They are the systems with one odd electron on the central metal 
ion and the other on the porphyrin ring. Therefore, their spin state 
is either singlet or triplet depending on which is lower in energy. 
No triplet ESR spectrum, however, has been detected for any of 
them. This has been speculated as being due to a singlet ground 
state or to line broadening of triplet spectra. 

We report the first detection of a triplet ESR spectrum of a 
copper porphyrin cation radical produced in tetrachloroethane 
matrix at 77 K by y radiolysis. Figure 1 shows the X-band ESR 
spectra a t  77 K of a degassed tetrachloroethane solution of 
M copper octaethylporphyrin (Cu"0EP) before and after y ir- 
radiation. The solution was irradiated with a 3.2 Mrd dose of 
y rays from a 6oCo source. Since little information was available 
in the region around g = 2 owing to the strong signal of solvent 
radicals, the spectra taken with high gain are presented showing 
clear signals in the other region. The irradiated sample shows 
a pair of signals on both sides of the solvent radical signal with 

(1) Dolphin, D.; Felton, R. H. Acc. Chem. Res. 1974, 7, 26-32. 
(2) Fuhrhop, J. H.; Mauzerall, D. J .  Am. Chem. SOC. 1969, 91, 

(3) Wolberg, A.; Manassen, J.  J .  Am. Chem. SOC. 1970, 92, 2982-2991. 
(4) Dolphin, D.; Muljiani, Z.; Rousseau, K.; Borg, D. C.; Fajer, J.; Felton, 

(5) Fajer, J.; Davis, M. S. "The Porphyrins"; Dolphin, D., Ed.; Academic 

41 74-41 8 1 .  

R. H. Ann. N.Y. Acad. Sci. 1973, 206, 177-200. 

Press: New York, 1979; Vol. IV, Chapter 4. 

0 1982 American Chemical Society 


