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Oxidation of Dibenzylhydroxylamines to Nitrones. Effects of
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A group of dibenzylhydroxylamines bearing a para substituent (nitro, chloro, methyl, methoxy), a meta substit-
uent (nitro, methoxy), or an ortho substituent (nitro, chloro, methoxy) as well as the p-methoxy-p’-nitro deriva-
tive, and the a-phenyl derivative, was treated with the oxidizing agents N-bromosuccinimide, (diacetoxyio-
do)benzene, mercuric oxide, iodine, tert-butyl hydroperoxide, or ceric ammonium nitrate. The products were
pairs of isomeric substituted N-benzyl-a-phenylnitrones; the compositions were determined by NMR. The isomer
ratios differed from the known equilibrium ratios, in most cases only moderately, but markedly with the p-me-
thoxy-p’-nitro and the a-phenyl examples; these facts imply kinetic control of product composition. Isomer ratios
generally varied with the oxidizing agent used from slightly to moderately, a circumstance not altogether consis-
tent with a common product-determining step, such as disproportionation of an intermediate nitroxide. Oxida-
tions with mercuric oxide differed noticeably from those with the other oxidizing agents, especially in the cases
with ortho substituents, Variation among oxidizing agents was marked with the «-phenyl derivative. Alternative
product-determining steps, not involving nitroxide disproportionation, appear to be involved: )

Oxidation of N,N-disubstituted hydroxylamines to ni-
trones (eq 1) has long been known, and occurs easily with a
variety of oxidizing agents and in good yields. Although no

(©)
(R,CH),NOH — R,C=N—CHR, (1)

0]

general study of this reaction has been reported,? it has
generally been presumed to proceed by a one-electron oxi-
dation to an intermediate nitroxide radical. Support for
this view is to be found in the work of Sheina and Gallai,?
who observed a one-electron stage in the electrolytic oxida-

tion of N-phenyl-N-benzylhydroxylamine, and that of ‘

Gutch and Waters,* who observed ESR signals correspond-
ing to nitroxides during oxidation of several hydroxylamine
derivatives with ceric ion or ferricyanide.

Oxidation of dibenzylhydroxylamine by oxygen in basic
solution has been studied kinetically by Cowley and Wa-
ters,® who followed the appearance of the ESR signal of di-
benzyl nitroxide. The second stage in the reaction was pre-
sumed to be disproportionation of the nitroxide into benz-
aldehyde N-phenylnitrone and dibenzylhydroxylamine (eq
2), but it was not specifically investigated.

Gz
(PhCH,);NOH — (PhCH,);NO"

2(PhCH,),NO+ —> PhCH:If—CHZPh + (PhCH,),NOH

O (2)

Oxidation of hydroxylamines bearing two different N
substituents appears not to have been studied, except for
the work of Johnson, Rodgers, and Trappe® on the autox-
idation of N-methyl-N-ethyl- and N-methyl-N-propylhy-
droxylamine, and certain cases where only one of the sub-
stituents bore an « hydrogen, and was thus oxidizable. If

both substituents have o hydrogens, one would expect a
pair of isomeric nitrones to be formed. If the ratio of iso-
mers is thermodynamically determined, it would be identi-
cal with that determined from experiments on the equili-
bration of nitrones, modified slightly by any necessary dif-
ferences in experimental conditions (i.e., temperature and
solvent), but if the ratios are kinetically controlled, some
differences from the equilibrium ratios might be found. If
disproportionation of an intermediate nitroxide is the
product-forming stage in the oxidation, the isomer ratios
obtained would be the same, regardless of the oxidizing
agent, even if kinetically determined. However, if the oxi-
dizing agent is involved in the product-forming step, the
isomer ratios might be sensitive to the nature of the oxidiz-

ing agent, presuming kinetic control,

We have undertaken a study of the ratios of isomeric ni-
trones produced from substituted dibenzylhydroxylamines,
using a variety of oxidizing agents. We anticipated that the
results would clarify some of the features of the mecha-
nism, and would also have some practical value for the pre-
diction of the major product to be expected where two are
possible.

Results

A geries of N,N-dibenzylhydroxylamines was prepared
by treatment of monobenzylhydroxylamines’ with benzyl
halides in the presence of sodium carbonate. The yields
and properties are reported in Table I. «-Phenyldi-
benzylhydroxylamine (N-benzyl-N-benzhydrylhydroxyl-
amine) was prepared by the reaction of phenylmagnesium
bromide with benzaldehyde-N-phenylnitrone.

Oxidations were carried out with N-bromosuccinimide in
chloroform in the presence of pyridine or other amine, with
(diacetoxyiodo)benzene (phenyliodoso acetate} in meth-
ylene chloride in the presence of cyclohexylamine, with
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Table I
Dibenzylhydroxylamines® YC¢H4CH2N(OH)CH2CsH4Z from YCeH4CHNHOH and ZCsH,CH X
Source

Registry no. Substituent Y z X Yield, %P Mp, °c NMR, 6
55648-93-6  p-NO, H Br 79 127-128°  3.79 (s, 4 H)
55648-94-7 p-Cl1 H Cl 56 105106 2.60 (s, 2 H), 2.66 (s, 2 H)
55648-95-8 p-CH, H cl 54 96-99 2.26 (s, 3 H), 3.64 (s, 4 H)
55648-96-9 p-CH;0 H Br 27 95~96.5 3.66 (s, 3 H), 3.68 (s, 4 H)
55648-97-0 m-NO, H Br 30 97.5-100 3.78, 3.80(singlets, 4 H total)
55648-98-1 m-CH,;O H Br 47 58—59 3.64, 3.66, 3.72 (singlets, 7 H total)
55648-99-2 0-NO, H Br 49 93-95 3.79 (s, 2H), 4.12 (s, 2 H)
55649-00-8 0-Cl 0-Cl Cl 75 91-92.5 3.64 (s, 2 H), 3.76 (s, 2 H)
55649-01-9 0-CH;0 H Br 39 121123 3.54, 3.64, 3.68 (singlets, 7 H total)
55649-02-0  0-CH,0 p-NO, Br 295 118-119 3.84 (s, 4 H), 3.76 (s, 3 H)

a Satisfaétory analyses for C, H, and N (£0.25%) were obtained for all new compounds. ? After one or more recrystallizations; yields of
crude product were in most cases nearly twice as great. ¢ Lit.30 mp 125,5-126.5°.

Table II
Ratios of Isomeric Nitrones Obtained by Oxidation of Dibenzylhydroxylamines YCsH4CHzIN(OH)CH2CsH4Z

A = YC¢H4CHyN(—0)=CHCgH4Z; B = YCsH4sCH=N(—0)CH2CeH4Z

Oxidizing agent e

R G NBS PhI(OAc), FHgO I {-BuOCH  Ce(NH,)5(NO3)g Registry no.

Y 2 %B A/B %B  A/B  %B  A/B A/B %B  A/B - %B  A/B A B
p-NO, H 58.5 0.71 66.5 0.50 68.5 0.46 62.0 0.61 62.5 0.60 g 22661-28-5 22661-23-0
p-Cl H 54.5 0.83 59.0 0.69 62.0 0.61 61.5 0.63 58.5 0.71 57.0 0.75 55606-33-2 22687-09-8
p-CH;y H 48.0° 1.09 49.5° 1.02 56.5° 0.77 55606-34-3 55606-41-2
p-CH,O0 H 51,5 0.94 50.5 0.98 52.5 0,90 55.5 0.80 54.5 0.83 55606-35-4 32114-41-3
m-NO, H 56.0 0.79 61.1 0.64 66.5 0.50 59.5 0.68 55606-38-7 5367-21-5
m-CH;0 H 48.0 1.09 49,5 1.02 555 0.80 55606-39-8 55606-43-4
0-NO, H 56.6 077 51.5 0.94 45.0 1.22 22661-27-4 22661-22-9
0-Cl1 H 55.0 0.82 49.0 1.04 44.0 1.27 55606-36-5 22687-07-6
0-CH;0 H 28.0 2.56 37.5 1.67 33.5 2.00 55606-37-6 55606-42-3
p-CH,0 p’-NO, 34,0 1,92 32,6 2,08 27.0 2.70 26.5 2.78 55606-40-1 55606-44-5
PhZCHNCHZPhh 89.0° 0.12 71.0 0.41 50.5 0.98 72.0 0.39 i 3376-29-2  3376-27-0

82.5¢ 0.21
OH 84.5° 0.18
86.0° 0.16

@ The figures in the columns are averages of duplicate determinations made on the results of duplicate experiments. b One determinati‘on
only. ¢ In presence of pyridine. ¢ In presence of cyclohexylamine. ¢ In presence of 2,6-lutidine. /' In presence of triethylamine. & Extensive
hydrolysis vitiated the results. » A = a,a-diphenyl-N-benzylnitrone; B = a-phenyl-N-benzhydrylnitrone. ! Did not react.

mercuric oxide suspended in ether, with iodine in chloro-
form in the presence of pyridine, with tert-butyl hydroper-
oxide in benzene, and with ceric ammonium nitrate in
water overlaid with ether. The progress of the reactions was
followed by TLC, and when no more hydroxylamine re-
mained, the unwanted substances were removed and the
mixtures of nitrones were analyzed by NMR in the manner
previously described. In general, duplicate experiments
were carried out for each situation, and duplicate determi-
nations were made for each experiment. The results are re-
ported in Table II in two forms: the percent of the isomer
derived from the substituted benzaldehyde, and the ratio
of the two isomers. The total yields of nitrones, determined
by weighing the isolated products before analysis, were in
all cases between 90 and 99%.

- With three of the oxidizing agents that required base
[NBS, PhI{OAc)s, Io], the effect of changing from pyridine
to cyclohexylamine, involving a difference of five powers of
ten in base strength, was examined in the oxidation of N-

benzyl-N-benzhydrylhydroxylamine. There was no signifi-

cant difference in product ratio with the latter two oxidiz-
ing agents, but with NBS, an increase in the proportion of
isomer B from 82.5 to 89% was observed, reproducible in

three independent experiments. However, 2,6-lutidine did
not show this effect, and 1,4-diazabicyclo[2.2.2]octane
(triethylenediamine) showed a- difference of only 3.5%,°
close to the limit of reliability of the determinations.

The effect of degree of completion of oxidation on the
product ratio was investigated with mercuric oxide oxida-
tion of p-nitro- and p-chlorodibenzylhydroxylamine and
with oxidation of p-methoxydibenzylhydroxylamine oxi-
dizing by tert-butyl hydroperoxide. The values were con-
stant from 13 to 100% of completion, within the reliability
of the determinations. A wider selection of experiments
was not feasible for technical reasons. Table III shows the
results with mercuric oxide.

The possibility that nitrone, once formed, might be slow-
ly isomerized toward the equilibrium ratio was examined

- extensively, by conducting oxidations of hydroxylamines to

which a known amount of one of the nitrones had been
added. With NBS (eight different hydroxylamines), (diace-
toxyiodo)benzene (seven hydroxylamines), mercuric oxide-
(seven hydroxylamines), and iodine (four hydroxylamines),
the ratios of isomeric nitrones observed at completion were
identical, within the estimated experimental error, with the
ratios calculated from those of simple oxidations and the
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Table II1
Effect of Degree of Completion of Oxidation on
Product Ratios
% of B in nitrones produced
Extent of
reaction, % Y = P-NO, Y = #-C1
13 64.2
46.5 60.1
67.5 68.2
100 68.5 62.0
Table IV

Effect of Added Nitrone on Product Ratios in
Oxidation of Dibenzylhydroxylamines by lodine
YC7H6N(OH)CH2C3H5 —_—
YC:HgN(-+0)=CHCgHs (A) and YC:Hs=N(—0)CH2CgHjs (B)

% of B in product

Hydroxyl- Nitrone

amine, ¢ added, g Caled Found
p-NO, 0.2 B (0.1) 74.6 76.8, 71.6
p-Cl 0.2 B (0.1) 74.0 73.6, 74.1
p-CH,0 0.2 B (0.1) 70.8 70.2, 69.2
a-CH; 0.2 B(0.1) 48.1  49.0, 49.0

assumption that the added nitrone remained unaltered
throughout. The results obtained in the case of iodine oxi-
dations are representative, and are presented in Table IV.
In other experiments, pure nitrones were treated with oxi-
dizing agents under the same experimental conditions; the
recovered nitrones had not been isomerized.

Discussion

The foregoing results are best considered in the context
of what is known about the oxidation of tertiary amines in
general, of which N,N-disubstituted hydroxylamines con-
stitute a special case. Two types of mechanism have been
proposed, differing according to the initial (presumably
rate-determining) step: removal of an electron from nitro-
gen to form an aminium cation radical, R3N.*, or abstrac-
tion of hydride from an « carbon to form an aminocarbon-
ium ion (immonium ion), RyN*=CHR'. In the former, the
initial step is not product determining, but in the latter it
is.

Abstraction of hydride has been considered principally
in connection with oxidation by aqueous bromine® or tri-
phenylmethyl carbonium ions.3? For N-methyldibenzyl-
amines with a substituent on one benzyl group, Hammett
regression constants of —0.84 (aqueous Bry) and —2.0
(Ph;C*) for oxidation to immonium ions were reported.
This selectivity for different o hydrogens is consistent with
the results of hydride extraction from other classes of sub-
strate; electron-withdrawing substitution retards hydride
abstraction, and electron donation facilitates it. This be-
havior is opposite to our experimental results with diben-
zylhydroxylamines with nitro substituents. It can therefore
be concluded that hydride abstraction is not the major
pathway for oxidation of any of the oxidizing agents used in
this study. (Hull et al.!° have presented evidence that hy-
dride abstraction may compete as a minor pathway with
electron abstraction by ClO, as oxidizing agent for tertiary
amines.)

Formation of an aminium cation radical as the first step
in oxidation of tertiary amines has been demonstrated for a
variety of oxidizing conditions, and the rates have been cor-
related with the ionization potentials of the amines. Ferri-
cyanide ion,'! cupric ion,!? dibenzoyl peroxide,!! chlorine

Smith and Gloyer

dioxide,’® and electrolytic oxidation!3!'4 are among the
means studied. Product distribution from such oxidations
of unsymmetrical tertiary amines has been less extensively
studied, but investigations with substituted benzyldi-
methylamines conform to the generalization that factors
that increase the acidity of an « hydrogen favor oxidation
of that site to an alkylidene moiety (eq 3).11:15.18 1t should
©)
ArCH,N(CH,); — ArCH=N*(CH,), and ArCHQITI’=CH2

CH, (3)

be noted that this is the opposite of the effect with hydride
abstraction.

Audeh and Smith!! have proposed that the product-de-
termining step is loss of a proton from an « carbon of the
aminium cation radical, a step that they expressed as an ir-
reversible reaction, followed by oxidation of the resulting
a-aminoalkyl radical to an immonium ion (eq 4). In the

-

+ ™ M © +
(RCH,);N+ — (RCH,),N—CHR —— (RCH,),N=CHR (4)

case of N,N-dialkylhydroxylamines, the hydroxyl group
bears the most eminently acidic hydrogen, loss of which to
form a nitroxide should predominate overwhelmingly over
deprotonation from an « carbon. Such a step would not,
however, be product determining; instead, the succeeding
oxidation step to convert the nitroxide to a nitrone would
fulfill that role.

If the assumption of Cowley and Waters® is correct that
in the oxidation of hydroxylamines to nitrones, conversion
of intermediate nitroxides to nitrones takes place by dis-
proportionation, the product-determining step would be
the same, regardless of the oxidizing agent used (cf. eq 2).
Two other pathways deserve consideration. One of these
assumes that deprotonation of hydroxylaminium cation
radicals is actually reversible, and that the nitroxide or its
conjugate acid may also be deprotonated at carbon, albeit
very slowly (eq 5, 6). The product-determining step would

4

H +
= (RCH,),N—OH — RCH,N(OH)CHR

(RCH2) QN_‘O .
Sty
(5)
(0)

RCH,N(OH)CHR — RCH,N(~0)=CHR (6)

then be the same as that for oxidation of tertiary amines.
The product distribution would be determined largely by
the relative acidities of the o hydrogens and would also be

.independent of the oxidizing agent used so long as the last

oxidation step is faster than reprotonation of the carbon
radical to reform the hydroxylaminium cation radical. This
mechanism was invoked by Johnson, Rodgers, and Trappe
to explain their observation that autoxidation appeared to-
involve only the methyl group of N-methyl-N-alkyl hy-
droxylamines in basic medium.®

An alternative is that the nitroxide (or its conjugate acid)
is attacked by more oxidizing agent, in effect removing H-,
and thereby forming nitrone directly (eq 7). With such a

©)
(RCH,),N—O+ —> RCH,N(~0)=CHR (n

mechanism, the product distribution would show some sen-
sitivity to the oxidizing agent used. The results shown in
Table 1I show that such a dependence, varying from slight
to moderate, does exist. It may be presumed to involve
both the electronic demand of the oxidizing agent and its
steric requirements. Mercuric oxide deviates more than the
other oxidizing agents, a circumstance that must be con-
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nected with the fact it is the only one of the group in which
oxidation takes place on a solid surface.

Observation of a dependence of product distribution on
oxidizing agent limits the mechanisms of eq 2, 5, and 6 to a
minor role in the oxidation of hydroxylamines in compari-
son with eq 7. However, it does not preclude a minor com-
petitive role for the deprotonation pathway of eq 6. For sit-
uations in which the rates of the two pathways are not ex-
tremely different, their relative importance might be in-
fluenced by changes in basicity of the reaction medium in
such a way as to be reflected in observable changes in prod-
uct ratio. The observations of the effect of different bases
on oxidation by NBS may perhaps be due to an effect of
this sort.

Some incidental observations on the effect of degree of
completion of oxidation on product ratios provide further
evidence against a significant role for the disproportiona-
tion path (eq 2); the reaction is second order in nitroxide in
eq 2 but first order in eq 7. If the concentration of nitroxide
varies in proportion to concentration of the hydroxylamine
from which it is produced, the disproportionation path
would contribute less toward the end of the reaction, so
‘long as a substantial excess of oxidizing agent is present.
The product distribution would thus vary with the stage of
completion of the oxidation if the two pathways indepen-
dently resulted in different product ratios. No dependence
on degree of completion was observed in a limited variety
of experiments (Table III), This evidence does not rigor-
ously exclude disproportionation as a contributing path-
way, but it does mean that either its contribution must be
small, or the product distributions from the two paths are
not substantially different.

We had originally considered that eq 7 might in some in-
stances be sufficiently reversible to provide a path for the
isomerization of unsymmetrical nitrones, alternative to the
base-catalyzed prototropy examined in the accompanying
paper. However, the fact that our oxidations produced mix-
tures of kinetically determined composition demonstrates
that the reduced forms of the oxidizing agents used do not
promote isomerization significantly. In addition, we -at-
tempted to equilibrate a-(o-chlorophenyl)-N-benzylnitro-
ne by treatment with ferrous sulfate in ethanol, but no
isomerization could be detected after 18 hr. Equation 7 is
evidently not significantly reversible under the conditions
of our experiments; eq 6, however, could be reversible with-
out effecting equilibration of isomers.

In summary, the whole evidence points to the fact that in
the oxidation of hydroxylamines to nitrones, the distribu-
tion of isomeric nitrones is determined kinetically, primari-
ly by a step in which an intermediate nitroxide reacts with
a second equivalent of oxidizing agent; alternative path-
ways may compete under certain circumstances, but their
contribution remains essentially secondary. It is possible to
influence the product distribution by choice of oxidizing
agent; the effect is generally small among substrates with
only electronic differences at the site of oxidation, some-
what larger where steric differences are involved. Iodine
and mercuric oxide are somewhat more selective than NBS
or (diacetoxyiodo)benzene.

Experimental Section

NMR spectra were determined on a Varian A-60 instrument, or,
where specified, an A-100 instrument, using CDCl; solutions with
tetramethylsilane as internal reference. Melting points are uncor-
rected. Thin layer chromatograms were prepared with Eastman
Chromagram Type 6060 sheets (silica gel with fluorescent indica-
tor) using chloroform or ethanol-chloroform mixtures for develop-
ment. Analyses are by Spang Microanalytical Laboratory, Ann
Arbor, Mich.
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Dibenzylhydroxylamines. The N,N-disubstituted hydroxy-
lamines were prepared by treating N-benzylhydroxylamines” with
the appropriate benzyl halide in the presence of sodium carbonate,
according to the general directions of Behrend and Leuchs.!? The
preparation of N-p-methylbenzyl-N -benzylhydroxylamine is rep-
resentative,

A mixture of 4.0 g (32.5 mmol) of N-benzylhydroxylamine and
4.55 g (32.5 mmol) of p-methylbenzyl chloride in 256 ml of 70% eth-
anol with 3.46 g (32.5 mmol) of sodium carbonate was refluxed
with stirring for 4 hr. Cooling and dilution with 200 ml of ice-water
caused an oil to separate, which was extracted with 200 ml of ether.
Evaporation of the dried (MgSO,) extract left 6.08 g (82.5%) of
crude product. Recrystallization from aqueous ethanol gave 3.94 g
(54%) of N-p-methylbenzyl-N-benzylhydroxylamine, mp 92-98°;
an analytical sample, mp 96-99°, was prepared by recrystallization
from ligroin (bp 90-100°); ir (Nujol mull) 3025-3150, 1520, 1500,
1360, 1105, 1080, 1035, 850, 815, 755, and 710 cm~% NMR 4 2.26 (s,
3 H), 3.64 (s, 4 H), 7.16 and 7.04 (m, total 9 H).

The results are recorded in Table I (the ir spectra, not being
particularly informative, are omitted).

Oxidations. For a given oxidizing agent, the procedure was es-
sentially the same for each hydroxylamine. A representative exam-
ple for each oxidizing agent is described.

" N-Bromosuccinimide Oxidations, A solution of 0.30 g (1.17
mmol) of N-o-nitrobenzyl-N-benzylhydroxylamine in 20 ml of
chloroform was added to a stirred, cooled solution of 0.2808 g (1.17
mmol) of N-bromosuccinimide and 0.09 g (1.17 mmol) of pyridine
in 30 ml of chloroform. The mixture was stirred for 10 min and
then washed with 50 ml of water. Evaporation of the dried
(Mg80y4) and filtered chloroform layer under aspirator vacuum left
0.281 g (94%) of mixed nitrones.

Diacetoxyiodobenzene Oxidations. A solution of 0.378 g (1.17
mmol) of diacetoxyiodobenzene (phenyliodoso acetate) in 20 ml of
methylene chloride was added dropwise to a cooled solution of 0.30
g (1.7 mmol) of N-o-nitrobenzyl-N-benzylhydroxylamine and 0.23
g (2.34 mmol) of cyclohexylamine in 30 ml of methylene chloride.
The mixture was then stirred for 1-5 hr, washed with two 50-ml
portions, dried (MgSQy), and filtered. Evaporation of the solvent
under aspirator vacuum left a mixture of nitrones with some iodo-
benzene, which did not interfere with NMR analysis and was not
removed.

Mercuric Oxide Oxidations. A suspension of 1.0 g of mercuric
oxide in 30 ml of ether containing 0.20 g (0.775 mmol) of N-o-ni-
trobenzyl-N-benzylhydroxylamine was stirred for 3 hr at ambient
temperature. Monitoring by TLC analysis showed incomplete re-
action. A further 1.0 g of mercuric oxide was added and the mix-
ture was stirred for 3 more hr, but TLC still showed incomplete re-
action. A third 1.0-g portion of mercuric oxide was added and the
mixture was stirred for 2 hr and then filtered. Evaporation left
0.181 g (91%) of mixed nitrones.

Todine Oxidations. A solution of 0.207 g (0.83 mmol) of iodine
in chloroform was added over a period of 0.5 hr to a solution of
0.20 g (0.82 mmol) of N-p-methoxybenzyl-N-benzylhydroxylam-
ine and 0.13 g (1.64 mmol) of pyridine in 50 ml of chloroform, and
the mixture was stirred for 0.5 hr. Washing with three 50-ml por-
tions of water removed the small amount of precipitate that had
formed. Evaporation of the dried (MgSO4) and filtered solution
under aspirator vacuum left 0.198 g (99%) of mixed nitrones.

Oxidations by tert-Butyl Hydroperoxide. A solution of 0.30 g
(1.21 mmol) of N-p-chlorobenzyl-N-benzylhydroxylamine and
0.117 g (1.3 mmol) of tert-butyl hydroperoxide in 5 ml of benzene
was heated at 55° for 3 hr and then at gentle reflux for 21 hr (TLC
showed that reaction was complete at that time). The solvent was
removed under aspirator vacuum, and the residue was used direct-
ly for NMR assay.

Oxidation by Ceric Ammonium Nitrate. A solution of 0.2 g
(0.81 mmol) of N-p-chlorobenzyl-N-benzylthydroxylamine in 40 ml
of ether was shaken for 5 min with a solution of 0.89 g (1.62 mmol)
of ceric ammonium nitrate in 40 ml of water. The ether layer was
separated, washed with 50 ml of dilute sodium carbonate solution,
dried (MgS0,), and filtered. Removal of the solvent under aspira-
tor vacuum left 0.184 g (93%) of mixed nitrones.

NMR Analysis. The mixtures of nitrones were dissolved in
CDCls containing a trace of triethylamine, and analyzed according
to the method in the preceding paper.

Registry No.—N-p-Nitrobenzylhydroxylamine, 2912-97-2; N-
p-chlorobenzylhydroxylamine, 51307-688-7; N-p-methylbenzylhy-
droxylamine, 16814.17-8; N-p-methoxybenzylhydroxylamine,
51307-59-6; N-m-nitrobenzylhydroxylamine, 55606-47-8; N-m-
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methoxybenzylhydroxylamine, 55606-48-9; N-o-nitrobenzylhy-
droxylamine, 37558-77-3; N-o-chlorobenzylhydroxylamine,
55606-45-6; N-0-methoxybenzylhydroxylamine, 55606-46-7; a-bro-
motoluene, 100-39-0; a-chlorotoluene, 100-44-7; p-nitro-a-bromo-
toluene, 100-11-8; N-benzylhydroxylamine, 622-30-0; p-methyl-
benzyl chloride, 104-82-5; N-bromosuccinimide, 128-08-5; phe-
nyliodoso acetate, 3240-34-4; mercuric oxide, 21908-53-2; iodine,
7553-56-2; ceric ammonium nitrate, 16774-21-3.
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Photochromism of Quinolylhydrazones. III.! The Mechanism of

Isomerization of the Photocolored a~-Quinolylimino-(Z)-hydrazone to the
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The kinetics and mechanism of the thermal decay of the photocolored form la of salicylaldehyde 2-quinolylhy-
drazone (1) are reported. T'wo isomerization reactions, viz., a-imino- to a-aminoquinoline and Z — E hydrazone,
are involved. The first conversion occurs via an intramolecular transfer of the phenolic hydrogen to the a-imino
group. This is deduced on the basis of medium effect, concentration effect, and base inhibition studies. The decay
of the 8-nitro colored form 2a confirms this and implicates the quinoline NH as the source of the phenolic hydro-
gen of the uncolored form. The overall deuterium isotope effect of 1.84 denotes the non-rate-determining nature
of the participation of the OH and NH. Since plots of the logarithm of the decay rate constaunt k vs. solvent Z or
ET (30) values show linear relationship and large negative AS* values accompany the decay process, a rotation
mechanism is postulated for the Z — E hydrazone isomerization. Also, acid catalysis substantiates the mechanis-

tic scheme proposed for the decay process.

The photochromic phenomena of anils? and hydrazones®
are generally observed only in a solid matrix. The instabili-
ty of these colored forms in solution is typified by the N-
salicylidene anil in the trans-quinonoid structure,® which
showed a half-life of 1 msec at 30° in ethanol.?2 The tran-
sient hydrazone photocolored species remains elusive. By
contrast, the photochromism of salicylaldehyde 2-quinol-
ylhydrazone (1) has been shown as follows (Scheme I).1

Scheme I
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The quinolylhydrazone 1 in ethanol is readily converted to
the colored form la when irradiated in the uv region of
250-400 nm at room temperature. This colored species has
shown remarkable stability in both protic and aprotic sol-
vents at room temperature. The availability and stability of
la thus afforded us an opportunity to investigate the rela-
tively unexplored isomerization of a-heterocyclic imines
and Z hydrazones. While E,Z isomerizations of the azom-
ethine double bond in aldimines® and ketimines® have been

the subjects of intensive studies, there is as yet no reported
mechanism for the interconversions of hydrazones. This ar-
ticle details the kinetics and mechanisms of these isomer-
izations. The sequence of events reported herein also repre-
sents the first elucidated thermal decay process of the hy-
drazone photochromism.

Results and Discussion

Intramolecular Hydrogen Transfer. In the isomeriza-
tion of 1a to 1, involving imine — amine and Z — E hydra-
zone conversions, one or more hydrogen transfer steps
must intervene. They may occur inter- or intramolecularly
as shown in Scheme II. Scheme Ila supposes a hydrogen
transfer between la and a protic solvent. That this is not
generally applicable is shown by (1) the instant conversion
of 1a to 1 when the colored form is heated to its melting
point at 152° in an evacuated sealed tube, and (2) the
decay constant of la to 1 at 25° in an aprotic medium such
as dimethyl sulfoxide (1.2 X 10~ sec™1) is similar to that in
ethanol (3.0 X 1076 sec™1). Scheme ITh assumes intermolec-
ular transfer between adjacent molecules of la. Such a
mechanism should be facilitated by increasing concentra-
tions of 1a. However, when the decay of 1a was followed in
ethanol at 25°, varying the concentration of la from 4 X
1075 M to 20 X 1075 M caused only negligible change in the
first-order rate constant (k, 106 sec™!, 2.11 and 2.0, re-
spectively). A corollary observation was made in methylcy-

.clohexane, a solvent which facilitates aggregation of solute

molecules. In this case, the decay constant k (1078 sec™l,
25°) actually decreased from 2.56 at 0.5 X 10~5 M to 1.25 at



