structural proof of 6 (and thereby also of 5) was given by
the X-ray analysis of 12, The crystal structure of §
itself has not been solved so far.*®

It is obvious that the present findings—besides being
relevant to the problem of bicyclobutane hydrogenoly-
sis—have several other points of interest. For example,
an easy access to the novel, biologically active 8«-me-
thylestrane system is provided and the sequence ex-
emplified by 9 — 5 — 6 — 11 offers considerable poten-
tial as a method for introducing angular methyl (or
CH;-d,_3) groups. Both the scope of this method as
well as further aspects of the reactivity of 5 are under
active investigation.
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On the Electrogeneration and Characterization of a
Stable, Solid, Ionic Free Radical
Sir:

We wish to report the direct electrogeneration of a
stable, solid, ionic organic free radical. This entity is
prepared in greater than 9097 current yield by electro-
oxidation at a platinum anode of 3,3’-dimethyl-4,4'-
diaminobiphenyl (o-tolidine) in methylene chloride
containing tetraethylammonium perchlorate (TEAP).
The blue-black electrolysis product of o-tolidine (o-T)
under these conditions adheres tenaciously to the
electrode surface as it is formed, yet does not “block”
the electrode surface with respect to continued electro-
oxidation of o-T. The progress of the reaction is
followed by spectral monitoring of the decrease of o-T
or by the decrease in current under potentiostatic
electrolysis conditions. Following exhaustive electro-
oxidation, the electrode product is mechanically
removed from the anode. Elemental microanalysis of
this material shows it to be the o-T analog of Wurster’s
Blue perchlorate, namely, I (4nal. Calcd for CyiHye-

N;O,Cl: N, 9.00; Cl, 11.37. Found: N, 9.52;
HBC CH;] *
HQNNHQ CI0,~
1
Cl, 10.77). The composition of the electrolysis product

is independent of the oxidation potential from +0.5 to
+0.8 V us. sce.

The electrochemistry of o-T was examined in a solvent
in which compound I is soluble. Thus in acetonitrile
(AN) containing TEAP, cyclic voltammetry at a
platinum electrode shows that o-T is oxidized in two
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p—— 10 Gauss ——

Figure 1. The esr powder spectrum of I in dry KCl; concentration
is 0.32% by weight; temperature = 40°; g, = 2.0037; g, =
2,0021.

steps with peak potentials of 0.5 and 0.7 V wvs. sce.
Controlled-potential coulometry shows that each of
these two steps involves the heterogeneous transfer of
one electron per molecule, as has been observed for
o-T in aqueous acidic medium,' corresponding to the

H.G CH,
1II

H,C CH, H,C CH;

+ 1o~ + +
OB £ wi o

I v

@

!

respective formation of the cation radical and diimine of
0-T. The spectral characteristics of compounds II-1V
are summarized in Table I. The hyperfine electron spin
resonance (esr) spectrum of III is observed for both
in situ and external electrooxidations of o-T in degassed
AN containing TEAP. More than 60 lines are resolved
with a total spectrum width of 38 G having (g) = 2.0023.

Dissolution of the titled material (I) in AN gives rise
to visible and hyperfine esr spectra which are identical
with those obtained through direct electrooxidation of
o-T in AN.

The solid-state esr spectrum of polycrystalline I in
dry KCl is shown in Figure 1. The temperature
dependence of this magnetic resonance spectrum of
1.0 X 10=* m 1 in KCl is shown in Figure 2. This
change in paramagnetism with temperature is analogous
to that found in the case of Wurster’'s Blue (WB)
perchlorate?-7 with the ‘“‘transition temperature” of I
occurring at ca. 335°K as opposed to 186°K for WB
perchlorate. These results suggest that a dimerization
of I occurs in the solid state as reported by McConnell,

(1) T. Kuwana and J. W, Strojek, Discuss, Faraday Soc., 45, 134
(1968).

(2) L. Michaelis and S. Granick, J. Amer. Chem. Soc., 65, 1747
(1943),

(3) G. K. Hughes and N, S. Hush, Proc. Roy. Soc., 81, 48 (1947).

(4) K. H. Hausser and H. Kainer, Chem. Ber., 86, 1563 (1953).

(5) N. Elliot and M. Wolfsberg, Phys. Rer., 91, 435 (1955).

(6) K. H. Hausser, Z, Naturforsch, A., 11, 20 (1956).

(7) W. Duffey, Jr., J. Chem. Phys., 36, 490 (1962).
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Table I. Absorption Maxima in Acetonitrilec

Compd N A 104 A A 104 A A 104 n A 104 A A 1074

1L 2860 3.2

(2820) (2.9)
111 36602 0.9 4255 1.0° 4450 1,20 4565 1.3 6400 0.5
(3650):  (4.8) (6300)¢  (2.8)

v 4400 6.2

(4370) (6.2)

= Dimer bands as discussed in text,
process I + IV = 2111 has a value of 3.2 X 103,

et al.,* ® and others!-!* for WB perchlorate. In
2:1 ethanol-ether solution, the hyperfine esr spectrum of
1 (the cation radical of 0-T) was examined as a function
of temperature. This dependence is shown in Figue 2.
This behavior is also analogous to the WB perchlorate
case as reported by Kawamori, et a/.,'* and suggests a

T T T T
14k §
fOOo_

212k o 4
Z
S /
£ 1.0+ e} O O -
3 / o
T o8f Vad .
=) 9
g /
= o6f A -
2 O/O O
%1 0'4}- /o/ —
= P o O

0-29 O O -

A

1 ! !
0‘150 200 250 300 350
Temperature (°K)

Figure 2. Temperature dependence of the integrated esr spectral
intensities for 1.0 X 104 m I in dry KCl (small circles) and 6 X
10~¢ M 1in 2:1 ethanol-ether (large circles).

dimerization of the cation radical of o-T. Further
evidence in support of this suggestion is provided by the
concentration and temperature dependence of the
visible spectrum of either I or electrogenerated o-T-+
in both AN and ethanol-ether, the bands shown in
Table I at 3660 and 6400 A decreasing with both in-
creasing temperature and decreasing concentration.
The solution dimerization of o-T-* has also been ob-
served in aqueous acidic medium, and a solid electrolysis
product (presumably dimer) has also been noted.! The
nature of the solution dimerization process is quite prob-
ably the formation of a charge-transfer complex. 316

(8) D. D. Thomas, H. Keller, and H, M, McConnell, J. Chem. Phys.,
39, 2321 (1963).

(9) H. M. McConnell and R. Lynden-Bell, ibid., 36, 2393 (1962).

(10) R. Lynden-Bell and H, M. McConnell, ibid., 37, 794 (1962).

(11) A.Kawamori and K. Suzuki, Mol. Phys., 8, 95 (1964).

(12) K. Uemura, S. Nakayama, Y. Seo, K. Suzuki, and Y. Ooshika,
Bull. Chem, Soc. Jap., 39, 1348 (1966).

(13) G. R. Anderson, J, Chem. Phys., 47, 3853 (1967).

(14) A, Kawamori, A. Honda, N. Joo, K. Suzuki, and Y. Ooshika,
ibid., 44, 4363 (1966).

(15) K. H. Hausser and J. N. Murrell, ibid., 27, 500 (1957),

(16) K. Takemoto, S. Nakayama, K. Suzuki, and Y. Ooshika, Bull.
Chem, Soc. Jap., 41, 1974 (1968).

b Relative molar absorptivities at 25° where the equilibrium constant, K, for the disproportionation
¢ Parenthetical values are for o-T in aqueous solution, ref 1.

Assuming a dimerization mechanism, the temperature
dependence of the integrated esr spectral intensities in-
dicates that the enthalpy of the dissociation process is
approximately 4 kcal mol~!for I bothin solid KCl and in
ethanol-ether solution.

The electropreparation and chemical and structural
characterization of a series of these solid, stable, ionic
free radicals are in progress.
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Synthesis of Aldehydes and Secondary Amines from
Carboxylic Acids via Imines!’
Sir:

Burgstahler, Worden, and Lewis? have reported the
reduction of carboxylic acids with lithium in ethylamine
to a mixture of alcohols and aldehydes, the latter
having been isolated in most cases as their 2,4-dinitro-
phenylhydrazone derivatives. They made no effort
to develop this reaction as a general synthetic route to
aldehydes. Since it has been shown in these lab-
oratories that the reduction of carboxylic acids can be
stopped cleanly at the aldehyde stage,? it was felt that
further investigation of the reaction for use as a syn-
thetic method was warranted.

Multigram quantities of carboxylic acids were used
and the aldehydes were isolated in pure form rather
than as derivatives. Glpc of the reduction product
showed that little if any alcohol was present. A
significant result of the investigation was the identifi-
cation of an imine* formed during the product isolation
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