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Matrix Isolation of a Triplet Biradical from a Carbene 
Precursor 

Sir: 

Low temperature ESR spectroscopy has been used to de
termine the geometry,1 spin distribution,2 ground-state mul
tiplicity,3 and dynamical properties4 of thermally accessible 
triplet biradicals immobilized in solid solution. The biradical 
is usually prepared by direct photofragmentation of a cyclic 
azo or carbonyl compound. The success of the method is de
pendent upon the synthetic availability of the precursor and 
a finite quantum yield for formation of the triplet biradical. 
Even if the triplet is the ground state of the biradical, and it lies 
in a potential minimum, there may be no pathway for popu
lating and observing it by ESR. 

It appeared possible that intramolecular hydrogen ab
straction of a carbene might provide an alternate method of 
biradical matrix isolation. In some cases the acyclic carbene 
precursor may be more accessible than the requisite cyclic 
compound. Inter- and intramolecular hydrogen abstractions 
are well-known reactions of singlet and triplet carbenes.5-6 The 
intermolecular process has been detected spectroscopically by 
NMR (CIDNP)7 and ESR.8 

Carbene 1 was chosen to test the feasibility of this method 
of biradical matrix isolation as a-naphthylcarbene9 and 1,8-
naphthoquinodimethane (2)10 have stable, thermally accessible 
triplet states at liquid nitrogen temperature. 

Mercuric oxide oxidation of the hydrazone1' of 8-methyl-
1-naphthaldehyde12 yields the diazo compound 3.16 Photolysis 

Figure 1. The triplet ESR spectrum of 1,8-naphthoquinodimethane in 
2-methyltetrahydrofuran at 77 K. 
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Figure 2. The Curie-Weiss Law analysis of 1,8-naphthoquinodimethane 
in 2-methyltetrahydrofuran. 

of 3 (350 < X < 700 nm) in hexafluorobenzene or 2-methyl
tetrahydrofuran at 77 K produces the spectrum of a randomly 
oriented triplet state (Figure I).1 7 This spectrum (\d/hc\ = 
0.024 = 0.002 c m - ' , \E/hc\ = 0.001 cm" ' ) is virtually iden
tical with that reported for 1,8-naphthoquinodimethane ob
tained from azo compound 4.10b Control experiments with 
acenaphthene demonstrate that triplet 2 does not arise from 
a secondary process.18 
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Trozzolo, Wasserman, and Yager have shown that triplet 
«-naphthylcarbene exists in two conformations, syn and anti.9 

The two analogous geometric forms of triplet 1 will show 
markedly different reactivity toward hydrogen abstraction, 
provided that their rate of interconversion is slower than the 
rate of chemical reaction. The photolysis of 3 at 77 or 4 K (X 
>350 and >470 nm, respectively) produces no resonances 
which can be attributed to either form of 1. However, it re
mains to be shown whether the free carbene is indeed a direct 
precursor of the biradical. If this proves to be the case, the 
carbene must be extremely short lived owing to the proximity 
of the reactive moieties. 

A Curie-Weiss Law19 analysis of 2 over the temperature 
range 4-98 K is in agreement with recent work of Wirz on the 
ethano-bridged biradical 5.20 The straight-line plot obtained 
between 10 and 98 K indicates that 1,8-naphthoquinodi
methane is most probably a ground-state triplet biradical (see 
Figure 2).21 Although very low microwave power (0.01 mW) 
is employed in the analysis, the triplet resonance absorptions 
are still saturated below 10 K, producing apparent nonlinear 
Curie-Weiss Law behavior in the lower limit of the tempera
ture range. 

Further work with carbenes and nitrenes to prepare new 
heteroatomic biradicals is in progress. 
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Redox Properties of Small Metallocarborane Clusters: 
Electrochemistry of Cobalt Triple-Decker Sandwich 
Compounds 

Sir: 

Following the reports of Werner and Salzer in 1972' on the 
synthesis of the tris(?75-cyclopentadienyl)dinickel cation, 
Cp 3Ni 2

+ , there has been considerable interest in so-called 
"triple-decker sandwich" compounds, partly due to the at
tractive possibility of building extended, electron-delocalized, 
organometallic chains.23 The oxidation-reduction properties 
of these molecules, as well as the physical properties of their 
radical ions, are of obvious interest in attempting to understand 
the nature of the metal-metal interaction in these compounds 
and the degree to which derealization may occur. 

We wish to report electrochemical data on the dicobalt 
species (1 and 2)3~5 which show that the triple-decker corn-

Table I. Reduction and Oxidation Potentials of Cobalt Carboranes 
JnCH3CN 

compound 

(1(1,7,2,3-Cp2Co2C2B3H5 

(2) 1,7,2,4-Cp2Co2C2B3H5 
; (3) 1,2,3-CpCoC2B4H6 

(4) 1,2,4-CpCoC2B4H6 
,. Cp2Co+ / 

red i 

-1.44 
-1.35 
-1.62 
-1.43 
-0.94 

red2 

-2.23 
-2.30 
-2.50 

e 
-1.88 

OX] OX2 

+0.51 + 1.72c 

+0.89 e 

+ 1.52* 
+ 1.70rf 

e 

" Volts vs. saturated calomel electrode. b Each process is a revers
ible, one-electron step, unless otherwise noted.c Irreversible wave in 
CH3CN. d Reversible in CH2Cl2, irreversible in CH3CN.e Not ob
served within available electrochemical window (+2.0 to -2.8 V). 
/Geiger, W. E. /. Am. Chem. Soc, 1974, 96, 2632. 

Volts 

Figure 1. Cyclic voltammogram of an acetonitrile solution containing 2 
X IO-4 M of 1 and 0.1 M Bu4NPF6 at a platinum bead electrode. Scan 
rate 0.20 V/s. 

pounds are part of nfive-membered electron-transfer series, 
at least four of which are stable. For comparison purposes, we 
include data 
CpCoC2B4H6 . 

on the monocobalt species6 3 and 4, 

<^ C^ 
Co 

<^ < ^ ^y C^ • = BH 
(Po) (Co) (Co 

C^ Ĉ  V--^-
(1) (2) (3) (4) 

The triple-deckers 1 and 2 undergo a series of generally re
versible one-electron oxidations and reductions in nonaqueous 
solvents7 (Table I). A typical cyclic voltammogram (CV) is 
shown in the figure for 1,7,2,3-Cp2Co2C2B3H5 (1). With the 
exceptions designated, each redox step is a diffusion-controlled, 
reversible, one-electron process. These conclusions were 
reached on the basis of dc polarography8 (diffusion current 
constants, compared to Cp2Co+ , and slope of polarographic 
wave), cyclic voltammetry9 (current function dependence on 
scan rate, anodic-to-cathodic current ratio, anodic-to-cathodic 
peak potential difference), and thin-layer coulometry, and will 
be elaborated on in a subsequent forum. 

The electron-transfer reactions of the dicobalt triple deckers 
are typified by a five-membered electron-transfer series in 
which each process except the second oxidation step is com
pletely reversible in slow (<50 mV/s) cyclic voltammetry 
scans. This behavior is in marked contrast to that of the neutral 

? — I 2 + ^ I + ^ Cp2Co2C2B3H5
0 — 1- — l 2 -

0002-7863/79/1501-3399S01.00/0 © 1979 American Chemical Society 


