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The zinc reduction of the tropylium ion was carried out in the presence of 2-methyl-2-nitrosopropane (a

radical scavenger) in H,O-THF (7: 3 by volume) at room temperature.

In the reaction mixture with a short

reaction time (5 min), &-butyl tropyl nitroxide (II) (a radical-trapping product) was identified by the ESR analysis.
a-Phenyl-N-t-butylnitrone (I), which was isolated from the reaction mixture during a prolonged reaction time
(30 min), was proved to be derived from the nitroxide IT through the hydrogen abstraction by #-butyl nitroxide,
which was itself formed from 2-methyl-2-nitrosopropane in situ in the acidic reaction mixture in the presence of
zinc powder. The hydrogenation (on Pd/C) of the product mixture for a short reaction time (1 min) gave N-t-

butyl- N-cycloheptylhydroxylamine and bicycloheptyl.

On the basis of these observations, it is concluded that

the primary product of the zinc reduction of the tropylium ion must be the tropyl radical.

The formation of bitropyl by the zinc reduction of
the tropylium ion was first found by Doering and
Knox.) They suggested an initial “one-electron” re-
duction, resulting in the formation of the tropyl (cyclo-
heptatrienyl) radical, and a subsequent radical coupling.
Since this mechanism seems certainly to be the most
probable one, we have been considering the same
mechanism in our series of studies of the reduction of
substituted tropylium ions.? However, there has been
no clear and direct evidence for the intervention of the
tropyl radical in the course of the bitropyl formation.
Thus, in order to confirm the validity of this mecha-
nism, we have applied the “spin-trapping” technique?®
using ¢-nitrosobutane (2-methyl-2-nitrosopropane) to the
zinc reduction of the tropylium ion.

Results and Discussion

The tropylium ion was allowed to react with an
excess of zinc powder in the presence of 8 molar equiv-
alents of ¢-nitrosobutane in H,O-THF (7:3 by
volume) at room temperature for 30 min. The reac-
tion products were then separated by elution chromato-
graphy to give bitropyl, a-phenyl-N-i-butylnitrone (I),
and a comparable amount of N-t-butylhydroxylamine.
The product distributions for the shorter reaction times
were also examined to give the results summarized in
Table 1.

The yields of bitropyl are almost invariable (504
59%,), whereas those of the nitrone I and N-i-butyl-
hydroxylamine definitely increase with a prolonged
reaction time. On the other hand, an analysis of the
aqueous layer by means of ultraviolet spectroscopy
revealed that the tropylium ion was completely con-
sumed within one minute.

These results seem to indicate that the zinc reduc-
tion, which initially gives a primary product (pre-
sumably the tropyl radical), is rapidly completed and
that about a half of the primary product so formed is
trapped by t-nitrosobutane to give a transient product

* Presented at the 24th Annual Meeting of the Chemical
Society of Japan, Osaka, April, 1971,

TasLe 1. THE PrRODUCT DISTRIBUTION FOR THE ZINC
REDUCTION OF THE TROPYLIUM ION IN THE
PRESENCE OF [-NITROSOBUTANE?)

Reaction ~ Temp. Yield, %
time, min c Bitropyl Nitrone I Hydroxylamine®
1 24.0 50.4 4.4 ~0
2 31.0 54.3 8.6 ~0
15 31.0 45.5 32.0 ~10.7
30 31.0 47.1 42.6 ~21.0

a) [Tropylium fluoroborate]=1.91x 102 M; [Zn]=5.0
atom equivalent with respect to the tropylium ion; [¢-
BuNO]=0.153 M; Solvent=H,O-THF (7: 3 by volume).
b) N-t-Butylhydroxylamine; the yield is calculated with
reference to the tropylium ion. The real yield of this
compound is supposed to be greater; see Ref. 15 in the
Experimental.

(II), which subsequently rearranges to the nitrone 14
(see Scheme 1).

The attempt to isolate this transient product was
unsuccessful because of its instability and volatility.
However, the reaction mixture with a short reaction
time (5 min), after the usual work-up and vacuum
distillation, gave a red oil which, after an immediate
dissolution in benzene, exhibited an ESR spectrum
composed of an equivalent triplet of the doublet; this
radical was assigned to be #-butyl tropyl nitroxide (II)
(ax=14.6 G, ay=2.2 G), the trapping product. The
identical ESR spectrum was observed in the reaction
of t-nitrosobutane with the tropyl radical, which was
itself produced by the thermal dissociation of bitropyl®
in m-xylene at 60 °C (see Experimental). Furthermore,
when the product mixture with a short reaction time
(1 min) was catalytically hydrogenated on palladium-
carbon, N-t-butyl-N-cycloheptylhydroxylamine (III),
which was supposedly derived from the trapping product
(the nitroxide II), was isolated (9%, yield), along with
bicycloheptyl, which was produced by the hydrogena-
tion of bitropyl. These results are illustrated in Scheme
1

The control experiments to examine the course of the
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formation of I indicated that the coexistence of three
components, t.e., i-nitrosobutane, zinc, and proton,9 is
a necessary condition in order to transform II into I.
That is, the three reactions were continued for 30 min
each after the immediate removal of the f-nitrosobutane
(by bubbling off with air), zinc powder (by filtration),
and proton® (by neutralization with NaOH) from the
reaction mixtures with a short reaction time (1 min);
no more than a trace amount of the nitrone I was
detected in any of the reaction mixtures, whercas
bitropyl was always found as the major product.

In another control experiment, the interaction of
t-nitrosobutane with zinc in an aqueous tetrahydrofuran
solution, acidified by the addition of acetic acid,® was
found to give #-butyl nitroxide (IV), which was iden-
tified by means of its ESR spectrum (an equivalent
triplet of doublet; ax=13.9 G, ay=12.9 G?). In addi-
tion, a nitroxide radical is known to be able to abstract
a hydrogen atom.®

Consequently, it is most probable that, in the mix-
ture with a prolonged reaction time, the nitroxide IV
is produced ir situ and that it immediately abstracts a
hydrogen atom from the nitroxide II or its valence
tautomer, II’, to give N-t-butylhydroxylamine. This
is illustrated in Scheme 2.
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In Course (A), the nitrone V would be produced by
the abstraction of a-hydrogen of the nitroxide II, and
would subsequently be converted into the nitrone I
through a norcaradiene-type intermediate, V', under
acidic conditions in the reaction mixture or in the
course of isolation, e.g., during elution chromatography
on silica gel.

As for Course (B), it is supposed that the cyclo-
heptatriene-norcaradiene equilibrium lies to the nor-
caradiene side (II') when the electron-withdrawing
nature of the partially polarized N-O bond in the
nitroxide II is taken into consideration.” The sub-
sequent f-hydrogen abstraction from the norcaradienyl
system (II") to give the benzal system (I) seems plausible
by analogy with the ionic rearrangements of a similar
type found in the literature.»»'® Thus, the preferred
course (A or B) of the formation of the nitrone I from
the nitroxide II has not yet been completely clarified.

However, on the basis of the ESR spectrum of the
nitroxide II and of the isolation of the nitrone I and
also the hydroxylamine III from the reaction mixture,
it may be concluded that the primary product of the
zinc reduction of the tropylium ion must be the tropyl
radical.

Experimental'?)

Materials. Tropylium fluoroborate and ¢-nitrosobutane
were prepared according to the methods of Conrow!? and
of Emmons?® respectively. The zinc powder was of a reagent-
grade quality. THF was distilled over 2,6-di-t-butyl-p-
cresol; bp 66.0—66.2 °C.

Zinc Reduction of the Tropylium Ion in the Presence of t-Nitro-
sobutane. The Procedures for a representative run with
the reaction time of 30 min will now be described. To a
stirred solution of 0.750 g (4.20 mmol) of tropylium fluo-
roborate and 2.95 g (33.9 mmol) of ¢-nitrosobutane in 220 ml
of H,O-THF (7: 3 by volume), we added 1.38 g (21.0 mg-
atom) of zinc powder under an atmosphere of nitrogen.
After a 30 min reaction at 31 °C in the dark, the excessive
zinc powder was filtered off. The filtrate was then worked
up in the usual way to give 0.667 g of a partially-solidified
red oil, which was then chromatographed over 25 g of silica
gel (Nakarai, No. II-A, 100—200 mesh). Elution with
n-hexane-benzene (4:1 by volume) afforded 0.180 g (0.989
mmol) of bitropyl as white crystals, with an infrared spectrum
identical with that of the authentic sample; 47.1%, yield.
The fractions eluted with benzene-ether (3:2 by volume)
gave 0.317 g (1.79 mmol) of the nitrone I as white crystals;
its identity was established by means of the infrared and
ultraviolet spectra and by a mixed mp; 42.6%, yield; mp
73.0—74.5 °C (lit,"® mp 75—76 °C). On the other hand,
fractions eluted with ethanol and the ethereal extracts of
the aqueous layer, which had been made alkaline, gave
0.0870 g'® (0.978 mmol) of N-t-butylhydroxylamine as pale
yellow crystals, which exhibited an infrared spectrum identical
with that of the authentic sample; 2.99, yield based on
t-nitrosobutane; 23.3%, of the tropylium ion used.

In another run on half the scale of the above-mentioned
reaction, after a reaction time of 5 min and the usual work-up,
the reaction mixture was distilled under a vacuum to give
0.0184 g of a brownish-red oil; bp 70—85 °C (bath tem-
perature)/0.4 mmHg. The distillate was immediately dis-
solved in benzene and sealed in a Pyrex tube (outer diameter,
4 mm) under a vacuum. An ESR spectrum was taken on
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the sample to give the results described in the text.

Hydrogenation of the Crude Product Mixture. In the same
way as has been described above, 1.00 g (5.60 mmol) of
tropylium fluoroborate was reduced with 1.83 g (28.0 mg-
atom) of zinc powder in the presence of 3.90 g (44.8 mmol)
of t-nitrosobutane in 292 ml of H,O-THF (7: 3 by volume)
at room temperature. After 1 min, the reaction mixture was
worked up and concentrated in vacuo to ca. 10 ml, which was
subsequently hydrogenated over 0.8 g of palladium carbon
(Nakarai, 5%) in dry THF to give 0.519 g of a yellowish oil.
From this oil we isolated 0.315g (1.62 mmol) of bicyclo-
heptyl (589, yield; NMR, ¢, 7.9 (br, m, 2H, methine),
8.5 (br, s, 24H, methylene); vSS% 1450 (sh), 1460, 2870,
2940 cm-') and 0.088 g (0.51 mmol) of N-t-butyl-N-cyclo-
heptylhydroxylamine (9.2% yield; NMR, 7o, 6.3 (br, s,
1H, methine), 7.1 (br, s, 1H, OH), 8.5 (br, s, 21H, methylene,
methyl); & 1025, 1120, 1215, 1350, 1380, 1450 (sh),
1460, 2870, 2930, 3420, 3630 cm-1), by the use of preparative
thin-layer chromatography over silica gel (Merck, Kieselgel
PF,;,), with benzene—ether (2: 1) as the eluent.

Found: C, 71.53; H, 12.30%,. Calcd for C;;H,;NO: C,
71.30; H, 12.519%,.

Reaction of t-Nitrosobutane with Zinc in an Acidic Solution.
ESR Measurements. Into a Pyrex tube (outer diameter,
10 mm) with a capillary side tube (outer diameter, 1 mm)
for ESR measurement, we charged 0.020 g (0.23 mmol) of
t-nitrosobutane and 0.10g (1.5 mg-atom) of zinc powder.
The tube was then connected to a vacuum line, and 1.6 ml
of a solution of acetic acid (0.04 M) in H,O-THF (1:1 by
volume) was transferred into the tube with vacuum distilla-
tion. Alter sealing off the tube under a vacuum, the mixture
was shaken at room temperature in the dark and an ESR
spectrum of the supernatant solution was immediately re-
corded to give the results described in the text.

Thermal Dissociation of Bitropyl in the Presence of t-Nitrosobutane.
ESR Measurements. Into a Pyrex tube (outer diameter,
5mm) for ESR measurement, we charged 0.015 g (0.17 mmol)
of ¢-nitrosubutane and 0.090 g (0.50 mmol) of bitropyl, which
had been purified by sublimation (50 °C/1 mmHg). The
tube was then connected to a vacuum line, and 0.5 ml of
dry m-xylene was added by vacuum distillation. After being
sealed off under a vacuum, the tube was shaken well in the
dark and introduced into the ESR cavity, which had been
kept at 60 °C with JEOL variable-temperature equipment,
JES-UCT-2X. After 10 min, signals composed of an equi-
valent triplet of a doublet (ay=14.5 G, ayz=2.2 G) began to
appear in the ESR spectrum and kept increasing in intensity.
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