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data were then refit by unweighted least squares to the equation y = 
axx, and the calculated value of a\ was taken as the second-order rate 
constant k\. 
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fractional crystallization. Geometric assignments were made 
by a 1H NMR method based upon the multiplicity charac­
teristics of the ortho protons of the a-aryl ring cis to the oxygen 
atom.8,9 Thus (Z)-I exhibits a low-field two-proton doublet 
at S 7.99 which can be attributed to the ortho protons on an 
a-aryl ring which is (a) substituted in the para position and (b) 
cis to the oxygen atom. The doublet is presumably half of the 
AA'BB' signal involving coupling of the ortho protons to the 
meta protons which are obscured in the remaining complex 
aromatic multiplet at higher field. By contrast the two-proton 
absorption for [E)-I in the region 5 8.14-7.43 is a complex 
multiplet. 

The two 0-benzhydryl oximes, [Z)-A and [E)-A, were pre­
pared by the alkylations of the geometrically pure oxime anions 
employing benzhydryl bromide in acetone. The geometric 
assignments were based upon the assumption that geometric 
retention of configuration was maintained during the alkyla­
tions.I0 This is also consistent with the observed configurational 
stability of these oxime anions described below. Further sup­
port for these assignments comes from the composition of the 
O-ethers obtained from thermolyses (interrupted at early 
stages of the decompositions) of isomerically pure12 ni­
trones. 

Thermal Decompositions of Nitrones. O-Ether Product 
Composition as a Function of Percent Nitrone Decomposition. 

Rearrangements of Nitrones to O-Alkyl Oximes 
via Geometrically Isomerizing Iminoxy Radicals1 
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Abstract: The isomeric iV-benzhydryl-a-phenyl-a-p-tolylnitrones [[E)-I and (Z)-I) have been prepared and separated. The 
stereochemical courses of their thermal rearrangements to the O-benzhydryl p-methylbenzophenone oximes ([E)-4 and (Z)-
4) have been determined in tert-buty\ alcohol. Initial rates of the N to O rearrangements have been measured in the same sol­
vent. Using these data, the rates of interconversion of the intermediate E and Z iminoxy radicals have been estimated. Rates 
and activation parameters for the geometric isomerization of [E)- and (Z)-sodiump-methylbenzophenone oximate in metha­
nol are reported. These data are discussed in terms of mechanisms for the N to O rearrangement and syn-anti isomeriza­
tions. 
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Table I. Geometric Compositions of TV-Benzhydryl Nitrones ( Z ) - I and ( £ ) - l and O-Benzhydryl Oximes (Z) -4 and (£ ) -4 Recovered from 
Partial Decompositions of the Isomeric A'-Benzhydryl-a-(/>-tolyl)-a-phenylnitrones at 144 0 C 

Nitrone 

(E)-I 
(E)-I 
(E)-I 
(Z)-I 
(Z)-I 
(Z)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(E)-I 
(Z)-I 
(Z)-I 
(Z)-X 
(Z)-I 
(Z)-I 
(Z)-I 

Solvent 

DEC* 
DEC 
DEC 
DEC 
DEC 
DEC 
J-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 
/-BuOH 

% dec of 
nitrone" 

7 
22 
40 
10 
30 
48 
4 
6 
8 
8 

25 
25 
49 
49 
69 

5 
10 
31 
49 
69 
75 

Nitrones 
(E)-V(Z)-I 

85/15 
69/31 
52/48 
19/81 
35/65 
45/55 
91/9 
90/10 
83/17 
82/18 

66/34 
49/51 
53/4V 
49/51 
10/90 
17/83 
36/64 
48/52 
49/51 
49/51 

Geometric composition 

O-Benzhydryl oximes 
(£)-4/(Z)-4 

62/38 
53/47 
47/53 
32/68 
38/62 
39/61 

60/40 
62/38 

54/46 
56/44 
50/50 
52/48f 

49/51 
30/70 
31/69 
37/63 
39/61 
42/58 
43/57 

" Calculated from first-order rate constants for the A'-benzhydryl nitrones (see Table II). * Diethyl carbitol. c Elemental analyses were 
obtained for these samples. Anal. Calcd for C27H23NO: C, 85.91; H, 6.14. Found for nitrone: C, 85.95; H, 6.02. Found for O-benzhydryl oxime: 
C , 8 5 . 9 1 ; H , 6 . 1 0 . 

Table II. First-Order Rate Constants for the Thermal N to O 
Rearrangement of Nitrones ( £ ) - l and (Z) - I in /e/7-Butyl 
Alcohol" at 144 0 C 

Nitrone kibX 10s, s-

(E)-I 
(E)-I 
(Z)-I 
(Z)-I 

1.12 ±0.12 
0.92 ±0.11 
1.39 ±0.05 
1.43 ±0.08 

" Initial concentrations of nitrones ~3.6 XlO 3 M . * First-order 
rate constants, înitial, determined from 0-10% reaction. 

Geometrically pure nitrones were subjected to thermal de­
composition in degassed tert-butyl alcohol or bis(2-ethoxy-
ethyl) ether (diethyl carbitol). Because of overlapping chemical 
shifts for the nitrones and O-ethers, direct NMR analyses of 
product mixtures were not possible. The nitrones and O-ethers 
were thus separated chromatographically and the geometric 
composition of each determined by its 1H NMR spectrum. The 
results are shown in Table I. The O-ethers (Z)-4 and (E)-4 
were shown to be stable toward decomposition and configu-
rational isomerization under the conditions leading to greater 
than 99% decompositions of the nitrones. 

Figure 1 shows a plot of the geometric compositions of O-
ethers (extrapolated to "zero percent decomposition" of nitrone 
(Z)-I or (E)-I) as a function of extent reaction of nitrone in 
ten-butyl alcohol. 

Kinetics of the Thermal Decompositions of (E)-I and (Z)-I 
in tert-Butyl Alcohol at 144 0C. The rates of disappearance of 
nitrone were determined spectrophotometrically (UV) making 
use of their intense absorption near 311 nm. Numerous points 
were obtained during the first 10% of the decomposition so that 
"initial" rate constants could be determined. It was necessary 
to determine rate constants during early stages of the decom­
positions because, although the two isomeric nitrones de-

-o D . 

T i T ""StT "RT TB -

Percent Decomposition of Nitrone 

Figure 1. Plot of composition of 0-benzhydryl-/)-methylbenzophenone 
oximes (O for % (£)-4 from nitrone (E)-I and © for% (Z)-4 from ni­
trone (Z)-I) formed from nitrone decompositions in /m-butyl alcohol 
at 1440C. 

compose at measurably different rates when geometrically 
pure, they gradually approach an equilibrium mixture (pre­
sumably via a competitive rotational process and recombina­
tion at nitrogen of equilibrating iminoxy radicals). These 
"initial" first-order rate constants are listed in Table II. 

Kinetics of the Thermal Geometric Isomerizations of (Z)-
Sodium p-Methylbenzophenone Oximate. The isomerization 
rates were conveniently determined by following the changes 
in intensities of the two methyl proton singlets, the chemical 
shifts for which differ by approximately 0.07 ppm. Although 
high-purity solvents were used and careful deoxygenations of 
solutions were performed, the rate constants (shown in Table 
III) in some cases have sizable probable errors along with 
moderate precision. This accounts for the uncertainty in A^*. 
The activation parameters obtained from the average of the 
rate constants at each temperature in Table III are E& = 26 
± 2 kcal/mol, AS* = - 2 0 ± 7 eu. 
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Scheme I 
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Discussion 
The principal reaction steps occurring during the thermo-

lyses of the nitrones (Z)-I and (E)-I in terr-butyl alcohol are 
shown in Scheme I. Evidence for the intermediacy of the 
benzhydryl and iminoxy radicals from nitrone decompositions 
in /er?-butyl alcohol is derived from (a) the stereochemical 
course of this rearrangement (discussed below), and (b) 
crossover studies employing iV-benzhydryl-a,a-diphenylni-
trone (6) and its para-tetradeuterated analogue (6-fiU) which 
demonstrate extensive intermolecularity in the N to O rear­
rangement,13 and the similarity in rates and activation pa­
rameters for the decomposition of /V-diarylmethyl-a,a-diar-
ylnitrones in dimethylacetamide, tert-buty\ alcohol, and di­
ethyl carbitol.4,13 In the latter solvent radicals have been de­
tected by electron spin resonance.5 Caged and free radicals are 
not distinguished in Scheme I, but possible effects of caged 
processes are discussed later. 

In several previous studies, equilibrium mixtures of geo­
metrically isomeric iminoxy radicals have been observed fol­
lowing the oxidation of isomerically pure oximes.14 The data 
in Tables I and II allow one to estimate the rates of geometric 
isomerization of iminoxy radicals (Z)-I and (E)-I in terf-butyl 
alcohol. The isomerization of nitrones (Z)-I and (E)-I proved 
to be competitive15 with the rates for the N to O rearrange­
ments as can be seen from Table I. Thus in order to determine 
the geometric compositions of O-ethers (Z)-4 and (E)-A 
formed from an isomerically pure nitrone it was necessary to 
extrapolate these compositions to "zero percent decomposi­
tion" of the given nitrone. This is shown in Figure 1. These 
extrapolations lead to the following results. Under the condi­
tions of these studies (144 0C, tert-buiyl alcohol solvent, initial 
nitrone concentrations 10_2-10 -3 M) pure (Z)-I produces a 
mixture of O-ethers in a ratio (Z)-4/(£)-4 of 72/28. The 
corresponding ratio (£)-4/(Z)-4 formed from pure (E)-I is 
approximately 62/38.16 Kinetic data for the decompositions 
of the two nitrones in the same solvent were also analyzed at 
early stages of the N to O rearrangements prior to substantial 
geometric equilibration of (Z)-I and (E)-I.17 Thus for (Z)-I, 
A:0bsd is 1.4 X ICT5 s-'; for (E)-I kobsd is 1.0 X 10~5 s"1 at 144 
0C. 

Two observations regarding the stereochemical results are 
particularly interesting. First, at very early stages of the re­
arrangements (as measured by nitrone disappearance) when 
the starting nitrone has undergone little configurational 
isomerization, the O-ethers are formed with extensive con­
figurational isomerization. This is inconsistent with predictions 
based upon a concerted mechanism2 and supports the proposal 
that the products are formed largely from intermediates (im­
inoxy radicals) that do not maintain their geometric configu­
ration. The second noteworthy point is that O-ether composi­
tions indicate that the products are not being formed by the 
reaction of benzhydryl radicals with iminoxy radicals which 
have achieved and are maintaining a state of geometric (k^/ki) 

(E)-A 

Table III. Kinetic Data for the Thermal Isomerization".b of (Z)-
Sodium p-Methylbenzophenone Oximate in Methanol^ 

C6H5 

/ N . *-
P-CH3C6H4 0 " N a + 

(Z)S 

C6H5 / 0 " N a + 

C = N 

P-CH3C6H4 

(E)-S 

Temp, 0C 

135 

144 

160 

kt X 10s 

1.27 ± 0.11 
1.33 ± 0.48 
3.25 ± 0.25 
3.05 ± 0.22 
3.24 ± 0.18 
3.07 ± 0.27 
8.61 ± 0.60 
8.35 ±0.90 

flData are for k1 in approach to equilibrium. ' 'The value of K de­
termined by separate approach from both isomer is 0.65. c The 
oximate concentrations were approximately 0.09 M. 

equilibrium. 
With reference to Scheme I, the stereochemical and rate 

data (Tables I and II) in tert-buty\ alcohol can be used to es­
timate the rate constants (^3 and k$) for iminoxy radical 
geometric isomerization. In doing this we assume that both 
types of processes involving radical-radical combination 
(namely, benzhydryl radical recombination at nitrogen or 
oxygen) are diffusion controlled. The value of ka in this anal­
ysis is assumed to be 109. The effect of the uncertainty of the 
exact magnitude of ki upon the derived values of /C3 and k$ is 
discussed later. In a related study13 crossover experiments 
employing 6 and 6-^4 decomposing in ferf-butyl alcohol have 
shown that the rate constants (at least for intermolecular re­
action) for benzhydryl radical recombination with diphenyl-
iminoxy radicals at oxygen and nitrogen are nearly equal.18 

Using Scheme I, the "steady state" concentrations of iminoxy 
radicals (Z)-2 and (E)-I and benzhydryl radicals 3 can be 
computed at very early stages of the N to O rearrangement. 
Thus, the rate of disappearance of nitrone (E)-I measured 
spectrophotometrically is equal to the rate of product forma­
tion, i.e. 

*ob.d[(£)-l] = \[(E)-2] + [(Z)-2]|[3]*„ 

We have also shown that O-benzhydryloxime formation is 
nearly quantitative in tert-butyl alcohol.19 Therefore 

[(£)-2] + [(Z)-2] = [3] 

The values of JWi (~1.00 X 1O-5 s_1) and initial [(£)-!], 
namely, 3.6 X 1O-3 M, are known. This leads to a value of [3] 
= [(E)-I] + [(Z)-I] = 6.02 X 10-9 M. Now using the ste­
reochemical data for the decomposition of pure (E)-I, the ratio 
[(£>4/(Z)-4] of products formed initially (which from Figure 
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1 is 1.6) equals the ratio of initial "steady state" concentrations 
of the iminoxy radicals, [{E)-2/(Z)-I]. Thus, [(£)-2]init = 3.7 
X 10-9 M and [(Z)-2]init = 2.3 X 1(T9 M. From the steady 
state approximation for [(E)-I] one obtains 

k2[(E)-\] + h[(Z)-2] = 2M3][(£)-2] + k4[(E)-2] (1) 

And since ki = 2fc0bsd in this scheme,20 all quantities in eq 1 
are known except k^ and Ar4. The ground states of nitrones 
(Z)-I and (E)-I are identical within experimental error.21 

Thus a value of k^/k4
 = 0-"7 can be deduced from the initial 

first-order rate constants for decomposition of (Z)-I and for 
(E)-I (1.4 X 10~5 and 1.0 X 10~5 s~>, respectively). If this 
ratio is now combined with the other known quantities in eq 
1, the rate constants k^ = 9 s~' and £4 = 13 s~' are obtained. 
A value of 1010 may be a better estimate for the value of the 
diffusion-controlled rate constant under these conditions. If 
this is the case, magnitudes of these rate constants would be 
increased by a factor of (10)1/2, i.e., kj = 28 s_ l and kt, = 41 
s_1. These values may still be somewhat low because of the 
possibility of cage recombination occurring with higher re­
tention of geometric configuration.22 

Relatively few data bearing on the rates of syn-anti isom-
erization are available in the literature to compare with our 
values of £3 and k4. Norman and Gilbert (private communi­
cation) have placed a lower limit of about 30 s_1 for the in-
terconversion of the iminoxy radicals obtained by oxidation 
of benzil monoximes in a flow system at room temperature. 
However, even under these conditions, only equilibrium mix­
tures were observed; thus the rate constants may be consider­
ably higher than this lower limit estimate. If a preexponential 
Arrhenius factor of 10'3 is assumed for our syn-anti isomer­
izations (giving an estimated Ea of 22 kcal) ki and £3 at 25 0C 
would be approximately 4 X 1O-4 s_1. When compared with 
Norman and Gilbert's lower limit estimate, our rates appear 
remarkably slow. Furthermore, Ingold and Brownstein23 have 
observed a configurational interchange rate constant for the 
di-/e/-/-butyliminoxy radical of about 6 X 105 s~' at 14 0C 
using ESR techniques. To further complicate the picture, 
Wolodarsky and Wan24 have reported that the acetyltrifluo-
roacetyliminoxy radical (7) generated as 7a from trifluoro-

O. 

Il 
As 

CF3C CCH, 

,0-
N 

=#= 
10-30°C CF3C CCH3 

O O O O 

7a 7b 
acetylacetone by NO2 is configurationally stable in chloro-
carbon solvents within the temperature range (10-30 0C) 
studied. There is no apparent reason to anticipate such large 
differences in rates of thermal syn-anti iminoxy radical 
isomerizations (usually assumed to proceed via a lateral shift). 
Thus, it would seem prudent to consider mechanisms involving 
catalysis particularly for the faster rates. One reasonable 
possibility would appear to be trace metal-ion catalysis. A 
reversible electron transfer involving a multivalent metal ion 
could effect geometric isomerizations of iminoxy radicals via 
an intermediate nitrosodialkyl (or diaryl) cation 8. Bird and 
Diaper25 have studied the stoichiometry and calorimetry of 
ceric(IV) oxidations of several ketoximes in aqueous solutions 
containing an alcohol or acetonitrile. They propose that the 
initially formed iminoxy radicals undergo a further one-elec­
tron oxidation giving intermediates 8 which are trapped by 
water.26 The interesting question is whether the one-electron 
oxidation of iminoxy radicals is reversible. The reported24 

configurational stability of 7a may reflect the absence of trace 
metal ions (note that metals are not used in the generation of 

+ M 
B-I J)=N 

+ 
M" 

R S> 
C=N R + 

E< J )D-N-O 
+ R^ 
M" ^ = ( 

R 
\—N=O 

R1 

8 

the radical). Or this iminoxy radical may simply resist oxida­
tion because of the instability of the corresponding cation which 
would have CF3CO and CH3CO groups attached to the central 
electron-deficient carbon.28 Clearly these proposals suggest 
several lines of further investigation which may help establish 
the basis for these divergent rate data for syn-anti isomer­
izations of iminoxy radicals. 

Our experience with the stereospecific phenylation of 
(Z)-sodium 4-methylbenzophenone oximate9 suggested that 
a comparison of its Z ^ E interconversion with that of the 
corresponding iminoxy radicals would be of interest. Sur­
prisingly, almost no kinetic data for oxime anion geometric 
isomerizations have been previously published.29 Referring to 
Table III, it is seen that under reasonably comparable condi­
tions, the iminoxy radical geometric interconversion rate is 
approximately 106 faster than that of the corresponding oxi-
mates. However, speculation concerning the origin of this rate 
difference must be deferred until there is greater certainty that 
both systems represent uncatalyzed, thermal isomerizations. 
It is interesting to note that the value k^/k4 (0.7) estimated 
indirectly for the iminoxy radical interconversions is equal, 
within experimental error, to the equilibrium constant (0.65) 
directly obtained for the isomerizations of the corresponding 
oximates. 

The oxime anions and iminoxy radicals probably isomerize 
thermally via a lateral shift (as opposed to rotation). A cal­
culated (CNDO/2) barrier for a "lateral shift" of acetone 
oxime anion (28 kcal/mol)32 is close to our measured value of 
26 kcal/mol for the isomerization of (Z)-S to (£)-5. Although 
the agreement is certainly fortuitous, the much higher value 
calculated for a rotational transition state renders this pathway 
very unlikely. Interestingly, a recent CNDO/2 calculation33 

of the energy barrier for "isomerization" of the dimethylimi-
noxy radicals via a linear (C-N-O) transition state (27 kcal/ 
mol) is almost identical with that for the oxime anion. Again 
a rotational barrier is calculated to be much higher. 

Experimental Section34 

(Z)-p-Tolyl phenyl ketoxime was separated from a mixture con­
taining its geometric isomer by crystallization from ethanol following 
previously described procedures.35 It was obtained as colorless needles: 
mp 153-155 0C (lit.36 mp 155-157 0C); NMR (pyridine) <5 2.30, 
P-CH3; UV (C2H5OH) Amax (t) 235.0 nm (16 500) (lit.36 235 nm 
(16 000); IR (KBr) 950 (N-O), 818 (para-disubstituted aromatic 
C-H bend), and 693 cm"' (monosubstituted aromatic C-H bend). 

(E)-p-Tolyl phenyl ketoxime was also obtained as above as colorless 
needles: mp 136.5-139 0C (lit.36 mp 136-137.5 0C); NMR (pyridine) 
S 2.22, /)-CH3; UV (C2H5OH) Xmax (e) 234.0 nm (14 970) and 256.0 
(12 620) (lit.36 234 nm (15 400) and 256 (13 000)); IR (KBr) 984 
(N-O), 822 (para-disubstituted aromatic C-H bend), and 695 cm-1 

(monosubstituted aromatic C-H bend). 
(Z)-O-Benzhydryl-p-methylbenzophenone oxime ((Z)-A) was pre­

pared by a method previously described by Smith and Robertson37 

for the syntheses of some O-benzylbenzophenone oximes. From 1.09 
g (5.15 mmol) of the Z oxime and 1.35 g (5.45 mmol) of benzhydryl 
bromide was obtained 0.870 g (45%) of (Z)-4 as a white powder (from 
ethanol): mp 139-140.5 0C; NMR (CDCI3) 5 7.48-6.94 (m, 19, ar­
omatic), 6.37 (s, 1, benzhydryl CH), and 2.38 (s, 3, P-CH3); UV 
(C2H5OH) Xmax (f) 263 nm (14 390). 
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Anal. Calcd for C27H23NO: C, 85.91; H, 6.14; N, 3.71. Found: C, 
85.83; H, 6.08; N, 3.88. 

(E)-0-Benzhydryl-p-methylbenzophenone oxirne ((E)-4) was sim­
ilarly prepared (51% yield) by alkylation of the isomeric oxime. This 
isomeric O-benzhydryl derivative was obtained as a white powder: 
mp 84-85 0C; NMR (CDCl3) 5 7.45-6.89 (m, 19, aromatic), 6.37 
(s, 1, benzhydryl CH), and 2.29 (s, 3, p-CH3); UV (C2H5OH) Xmax 
U) 265.5 nm (15 680). 

Anal. Calcd for C27H23NO: C, 85.91; H, 6.14; N, 3.71. Found: C, 
85.76; H, 6.36, N, 3.52. 

Phenyl-p-tolylketimine was prepared by the addition of p-tolunitrile 
to phenylmagnesium bromide using a procedure described by Pickard 
and Vaughan38 for the preparation of other diarylketimines. The 
ketimine was obtained as a pale yellow liquid in 59% yield: bp 127-131 
0C (1.2 mm); NMR (CCl4) S 9.45 (s, 1, NH), 7.67-6.80 (m, 9, aro­
matic), and 2.30 (s, 3, />-CH3). This imine was used without further 
characterization. 

(E) and (Z)-N-Benzhydryl-a-(p-tolyl)-a-phenylnitrone ((E)-I and 
(Z)-I). The mixture of nitrones was prepared by the reaction of phe­
nyl-p-tolylketimine (described above) with A'-benzhydrylhydroxyJ-
amine39 using a procedure previously reported for the preparation 
of A,-benzhydryl-a,a-diphenylnitrone.3 The isomers (initially formed 
in 66% yield) were separated by fractional crystallizations from 
methanol. Further purifications of the separated isomers were per­
formed by chromatography on Florisil columns. The nitrones were 
eluted with benzene/ether (19/1) and recrystallized from metha­
nol. 

The E isomer was obtained as colorless crystals: mp 151-153 0C; 
NMR (CDCl3) 5 8.14-7.43 (m, 2, aromatic), 7.43-6.90 (m, 17, ar­
omatic), 6.43 (s, 1, benzhydryl CH), and 2.41 (s, 3, p-CH3); UV 
(hexane) Xmax (e) 310.0 nm (16 314); IR (KBr) 1222 cm"1 (N -+ O); 
mass spectrum (15 eV) M+- m/e 377, P - oxygen 361. 

Anal. Calcd for C27H23NO: C, 85.91; H, 6.14; N, 3.71. Found: C, 
85.70; H, 6.41; N, 3.61. 

The Z isomer was isolated as colorless crystals: mp 139-142 0C; 
NMR (CDCl3) b 7.99 (d, 2, aromatic), 7.54-6.93 (m, 17, aromatic), 
6.38 (s, 1, benzhydryl CH), and 2.30 (s, 3, p-CH3); UV (heptane) Amax 
(e) 312.5 nm (17 970); IR (KBr) 1222 Cm"1 (N -~ O); mass spectrum 
(15 eV) M+- m/e 377, P - oxygen 361. 

Anal. Calcd for C27H23NO: C, 85.91; H, 6.14; N, 3.71. Found: C, 
85.94; H, 6.11; N, 3.51. 

Thermal N to O Rearrangement Studies of (Z)-I and (E)-I. 1. In 
ferf-Butyl Alcohol at 144 0C. A solution of ~30 mg of geometrically 
pure (Z)-I or (E)-I dissolved in tert-buly\ alcohol (contained in a 
Pyrex tube) was degassed (by repetitive freezing, evacuating, ad­
mitting N2, thawing, and equilibrating), sealed, and heated in an oil 
bath. After an appropriate time, the tube was removed from the bath, 
cooled, and opened. The solution was concentrated to an oil which was 
chromatographed on a 10 X 300 mm column packed with 60-100 
mesh Florisil. Hexane-benzene (4:1) eluted the O-benzhydryl oximes 
as a clear oil. Benzene-ether (9:1) eluted the nitrone as a clear oil 
which solidified after several hours in vacuo. The NMR spectra 
(methyl protons) of the O-benzhydryl ethers and of the nitrones were 
used to determine isomer ratios. 

2. In Diethyl Carbitol at 144 0C. An analogous procedure was used 
for partial decomposition studies of the nitrones in diethyl carbitol. 
Since the yield of O-benzhydryl oximes was reduced as a result of side 
reactions, a larger sample of nitrone was used in each decomposi­
tion. 

Control experiments demonstrated that (a) geometrically pure 
nitrones and O-benzhydryl oximes are configurationally stable on a 
Florisil column and in CDCl3 (conditions employed for separation and 
spectral analyses), (b) the O-benzhydryl oximes are configurationally 
stable at 144 0C in either tert-buty\ alcohol or diethyl carbitol for 
periods required for >99% decomposition of the nitrones. (The con-
figurational stabilities of these products were determined both alone 
in a given solvent and in the presence of decomposing Ar-benzhy-
dryl-a,a-diphenylnitrone.) (c) The starting nitrone is configurationally 
stable at 80 0C for 12 h in tert-buty\ alcohol while 2-azobisisobuty-
ronitrile (AIBN) was decomposed in situ. 

Kinetic Measurements of the Thermal Decompositions of the Iso­
meric Nitrones (Z)-I and (E)-I. First-order rate constants for the de­
compositions in thoroughly degassed solutions of nitrone in tert-buty\ 
alcohol and in diethyl carbitol were measured at 144.0 0C. The nitrone 
dissolved in freshly distilled solvent was pipetted into 8 X 180 mm glass 
tubes. After the solutions were degassed, the tubes were sealed under 

vacuum. The sealed tubes were placed in the constant temperature 
bath, removed periodically, quenched in ice water, and opened. Care 
was taken to exclude light during all manipulations of solutions con­
taining nitrone, since photochemical isomerization of this nitrone to 
oxaziridine can occur. Aliquots from the quenched tubes were diluted 
with chloroform and analyzed by ultraviolet spectroscopy. In this way 
the rates were followed by monitoring the decrease in UV absorbances 
near 311 nm. 

Kinetic Measurements of the Thermal Geometric Isomerizations 
of (Z>Sodium p-Methyl Benzophenone Oximates ((Z)S). Isomerically 
pure oxime samples in absolute methanol were converted to the anions 
with sodium methoxide. The solutions were degassed, sealed in tubes, 
and immersed in the constant temperature bath. Tubes were period­
ically removed and quenched in ice water and the extent of isomer­
ization determined by NMR. Changes in intensities of the two 
methyl-proton singlets (the chemical shifts for which differ by ap­
proximately 0.07 ppm) were used to follow the isomerizations. The 
first-order rate constants were calculated by a method of least squares 
according to the expression 

which is the rate law derived from a reversible first-order reaction. 
In this expression Ae is the mole fraction of one isomer at equilibri­
um. 
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Abstract: Electrochemical studies were carried out on a series of cyclic 1,2-diones under nonaqueous conditions. From the re­
duction potentials and Hiickel molecular orbital calculations, the increase in antiaromatic destabilization of cyclobiitenedione 
upon reduction is estimated to be at least 14 kcal/mol. The EPR spectrum of the radical anion of naphtho[6]cyclobutadieno-
quinone is presented. Also, INDO calculations were carried out on several of the diones and the results are consistent with the 
experimental observations. 

Recently there has been considerable interest in small ring 
compounds possessing four electrons in a -a system.lc-2 Cy-
clobutadiene is the most studied member of this group of 
molecules.'c There is evidence that the cyclic array of four 
electrons in a Hiickel basis set significantly destabilizes the 
molecule, and this destabilization is termed antiaromaticity.lc-2 

Owing to the instability of antiaromatic compounds, quanti­
tative estimation of antiaromatic destabilization is difficult and 
few experimental estimates have been published.lc Breslow and 
co-workers3 have oxidized hydroquinone anions electroche-
mically and reported the antiaromatic destabilization of cy-
clobutadiene to be 15-20 kcal/mol. Recently, Breslow and 
Sondheimer reported the reduction of some cyclobuten-
ediones.3 

In this paper we would like to present our attempt to mea­
sure the increase in antiaromatic destabilization of cyclobu-

tenedione from the reduction potential of cyclic 1,2-diones 
(Figure 1). From classical resonance arguments, semidione 
(II) has increased double bond character between the carbonyl 
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