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Studies on Stable Free Radicals. XII.”

ESR Spectra of

2-t-Butylaminotropone N-Oxyl Radicals
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We observed a well resolved ESR spectrum of 2-t-butylaminotropone N-oxyl radical generated by the oxi-
dation of the corresponding amine with perbenzoic acid, and assigned the values of hyperfine coupling constants
of protons in the tropone ring by a comparison with the ESR spectra of deuterium substituted 2-t-butylamino-

tropone N-oxyl radicals:
tropone ring.

ESR spectra of arylnitroxide radicals, such as di-
phenylnitroxide radical® or ¢-butylphenylnitroxide
radical® have been reported. However, the ESR
spectrum of the nitroxide radical having aromatic
seven-membered ring has not yet been reported. We
observed the ESR spectrum of 2-t-butylaminotropone
N-oxyl radical (ITa) and assigned the values of hyper-
fine splitting constants of protons on the tropone ring
in ITa by a comparison with the ESR spectra of deu-
terium  substituted  2-t-butylaminotropone  N-oxyl
radicals.

Results

We prepared 2-t-butylaminotropone (Ia) by the
reaction® of 2-methoxytropone® with #-butylamine
and obtained the corresponding nitroxide radical
(ITa) by the oxidation of Ia with perbenzoic acid.®)
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Since the nitroxide radical IIa is unstable and uniso-
lable, we measured the ESR spectrum of IIa obtained

an=12.7 gauss, ag’=ap’=ay’

=1.86 gauss and ag*=a®=0.93 gauss for protons on

by mixing a solution of Ia in benzene and perbenzoic
acid in the ESR sample tube directly at room tem-
perature.

The ESR spectrum of IIa is presented in Fig. l-a.
Triplet lines due to the interaction of a MN (12.7
gauss) and nine lines (0.93 gauss, the intensity ratio
is1:2:4:6:6:6:4:2:1) of each component of
the triplet were observed. Further splittings in.each
component of the triplet would be caused by the interac-
tion with protons on the tropone ring, because no
interaction with protons of ¢-butyl group in t-butyl-
phenylnitroxide radical have been observed in the
ESR spectrum.?
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Fig. 1. ESR spectra of 2-t-butylaminotropone N-oxyl radi-
cals (IIa).
a): Spectrum observed in benzene at room temperature.
b): Stick spectrum consisting of the values of the assigned
splitting constants.

To assign the values of coupling constants of protons
on the tropone ring in Ila, we prepared deuterium
substituted 2-f-butylaminotropones (Ib, Ic, and Id)
as shown in Chart 1 and measured the ESR spectra
of the corresponding nitroxide radicals (IIb, IIc, and
I1d).
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sl b: X=Z=H, Y=D
N c: X=Y=H,Z=D

x O d: X=Y=Z=D
(I e: X=z=H, Y=C

Chart 1

The nitroxide radical IIb gave the spectrum shown
in Fig. 2, in which seven lines (splitting at 0.93 gauss,
1:3:3:4:3:3:1) were observed in each com-
ponent of the triplet. Radical Ilc also showed a
spectrum (each component of the triplet was split into
seven lines at 0.93 gauss) similar to that of IIb. Simi-
larity of both spectra of IIb and IIc suggests that each
value for the coupling constants of protons at the
5- and 7-positions on the ring in Ila is the same.

We observed slightly broadened triplet lines (ay=
12.7 gauss) in the spectrum of IId as shown in Fig. 3.
Each component of the triplet lines would not be
resolved in the ESR spectrum because of small coupl-
ing constant values of the protons at the 4- and 6-
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Fig. 2. ESR spectrum of 2-t-butylamino-5-d-tropone N-oxyl
radical (IIb).
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Fig. 3. ESR spectrum of 2-t-butylamino-3,5,7-tri-d-tropne
N-oxyl radical (I1d).

positions and of deuterium at the 3-, 5- and 7-posi-
tions on the ring in IId.

From the results, we assigned the values of the
coupling constants of protons on the tropone ring
and of nitrogcn in IIa as follows:
1.86 gauss, ay*=a,%=0.93 gauss and ay=12.7 gauss.

The stick spectrum consisting of these values is
shown in Fig. 1-b and agrees with the observed spec-
trum of IIa.

The results obtained for IIa are comparable with
those for t-butylphenylnitroxide radical (agzt=ayz®=
ag®=2-a3=2-a;°=1.9 gauss and ay=13.4 gauss).®

We obtained the following values for the coupling
constants of nitrogen and the protons in 2-t-butylamino-
5-chlorotropone N-oxyl radical, Ile: ay=12.4 gauss
and ay’=a,"=2-a,=2-a,%=1.98 gauss. The spec-
trum is given in Fig. 4. The values are also comparable
to those of the #-butyl-p- chlorophenylnitroxide radical

a=ag’=ay"=

(axy=13 gauss and agx’=ay’=2-a43=2+a5z°=2.01
gauss).?)
—_
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Fig. 4. ESR spectrum of 2-t-butylamino-5-chlorotropone

N-oxyl radical (IIe).

The results indicate that the distribution of an
unpaired electron at the 3—7 positions on the tropone
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ring in Ila is similar to that at the 2—6 positions on
the phenyl ring in the f-butylphenylnitroxide radical.

Experimental

Melting points and boiling points are uncorrected.

ESR Measurements. ESR spectra were obtained with a
Hitachi MES 4001 type X-band spectrometer employing
100 kHz modulation. The samples prepared by mixing the
solution of the amines (ca. 3%) in benzene and perbenzoic
acid (ca. 5 mg) in an ESR sample tube were fully degassed
and sealed. The splitting constants were measured relative
to the aqueous solution of Fremy’s salt.

2-t-Butylaminotropone (Ia). A solution of 13.6g (0.1
mol) of 2-methoxytropone® and 14.6 g (0.2 mol) of ¢-butyl-
amine in 100 m! of ethanol was heated under reflux for 24 hr.
After removal of ethanol, the resulting oil was distilled:
bp 122—133°C/2 mmHg. Yield, 12.7g (68.3%). The
distilled oil solidified on standing. Recrystallization from
cyclohexane gave an analytically pure sample: mp 61—
62°C. Found: C, 74.28; H, 8.56; N, 7.78%,. Calcd for
C;;H;;ON: G, 74.54; H, 8.53; N, 7.90%. IR (cm™?)
(Nujol): 3250, 1604 and 1597. UV (mg): A5 248, 338
and 407. NMR (7) (in CCl,): 2.95—3.50(5H) and 8.50
(9H).

2-t-Butylamino-5-chlorotropone (Ie). A solution of 8.0g
(45 mmol) of 2-methoxy-5-chlorotropone” and 6.6g (90
mmol) of +-butylamine in 100 m!/ of ethanol was heated under
reflux for 24 hr. After removal of ethanol, the redidue was
chromatographed on an alumina column. Eluting with
ethanol afforded 6.2 g (65.0%) of Ie. Recrystallization
from petroleum ether gave a pure sample: mp 81.5—83°C.
Found: G, 62.42; H, 6.68; N, 6.67; Cl, 16.75%,. Calcd
for C;,H,,ONCI: G, 62.40; H, 6.66; N, 6.64; ClI, 16.749,.

2-t-Butylamino-7-bromotropone (If). A solution of 8.6
g (40 mmol) of 2-methoxy-7-bromotropone® and 6.0g
(83 mmol) of ¢-butylamine in 100 m!/ of ethanol was refluxed
for 27 hr. After ethanol was removed under reduced pres-
sure, the resulting crystalline solid was recrystallized from
methanol to give 6.1 g (59.5%) of If: mp 138.5—140°C.
Found: G, 51.35; H, 5.52; N, 5.41; Br, 30.909%,. Calcd
for C;;H,;,ONBr: G, 51.57; H, 5.51; N, 5.49; Br, 31.199%,.

2-t-Butylamino-5-d-tropone (Ib). A solution of 4.3g
(20 mmol) of Ie and 3.0 g of triethylamine in dry dioxane was
shaken with 1.0 g of anhydrous palladium chloride and 6 m/
of deuterium oxide in an atmosphere of deuterium. After
about 130 m/ of deuterium was absorbed, the reaction mixture
was filtered to separated a precipitate. The filtrate was
concentrated under reduced pressure and the residue was
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distilled: bp 126—130°C/2 mmHg. The distilled oil solidi-
fied on standing. Recrystallization from cyclohexane fur-
nished a pure sample: mp 61.0—62.5°C. Yield, 2.1g
(59.0%). Found: C, 74.20; H(D), 9.19; N, 7.85%,.
Caled for C;;H,,DON: C, 74.12; H(D), 9.07; N, 7.89%,.

2-t-Butylamino-7-d-tropone (Ic). By a method similar
to the above, 2.6 g (73.0%) of Ic was obtained from 5.1g
(20 mmol) of If: mp 61.5—62.5°C. Found: C, 73.91;
H(D), 9.05; N, 7.81%. Calcd for C,;H,;,DON: C, 74.12;
H(D), 9.07; N, 7.899,.

2-t-Butylamino-3,5,7 -tri-d-tropone  (1d). A solution of
35.8g (0.1 mol) of 3,5,7-tribromotropolone® and 40.0 g of
triethylamine in 300 m/ of dry dioxane was shaken with
5.0 g of anhydrous palladium chloride and 30 m! of deuterium
oxide in an atmosphere of deuterium. After about 7/
of deuterium was absorbed during 4 hr, the reaction mixture
was filtered to separate a precipitate. The precipitate was
dissolved in 60 m/ of aqueous sodium hydroxide (50%) and
extracted with 200 m! of chloroform. The filtrate and the
chloroform layer were combined, dried over sodium carbonate
and concentrated under reduced pressure. The residue was
distilled to give 6.5g of 3,5,7-tri-d-tropolone: bp 106—
110°C/12 mmHg. The oil solidified on standing. Re-
crystallization from benzene gave a pure sample: mp 51.5—
53°G. Found: C, 66.99; H(D), 7.75%. Galed for C,-
H,D;0,: 67.19; H(D), 7.25%. NMR (r) (in CCl,):
1.50(1H) and 2.78(2H). To a solution of 29g (23
mmol) of 3,5,7-tri-d-tropolone in 50 m/ of ether was
added a solution of diazomethane (3 g) in 100 m/ of ether
dropwise with ice bath cooling. The solution was allowed
to stand overnight at room temperature. After removal of
ether, the resulting oil was distilled to give 2.0 g (57.5%,) of
2-methoxy-3,5,7-tri-d-tropone: bp 138—142°C/5 mmHg.
By a similar procedure used for Ia, 1.6 g (61.4%) of Id was
obtained from 2.0g (14 mmol) of 2-methoxy-3,5,7-tri-d-
tropone: mp 60.0—62°C. Found: C, 73.07; H(D), 10.36;
N, 7.59%. Caled for C;H;;D,ON: GC, 73.28; H(D),
10.05; N, 7.78%,.

Perbenzoic Acid. Perbenzoic acid was prepared by
the usual way® and purified by sublimation under reduced
pressure: 35—40°C/4 mmHg.
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