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Stable N-tert-alkoxy-2,4-diphenyl-6-tert-butylphenylamin-
yl radicals were prepared by heating 2,4-diphenyl-6-tert-butyl-
phenylnitrosobenzenes and azo compounds in refluxing benzene
and isolated as radical crystals. Their structures were confirmed
by the elemental analyses, ESR, and X-ray crystallography.

Although a vaiety of N-alkoxyalkylaminyls and N-alkoxyar-
ylaminyls have widely been investigated by ESR,1 their isolation
has been unsuccessful for a long period. In quite recently, how-
ever, we have succeeded in the first isolation of N-tert-butoxy-
2,4,6-triarylphenylaminyls (1), N-tert-butoxy-2,4-diaryl-6-tert-
butylphenylaminyls (2), N-tert-butoxy-2,6-diaryl-4-tert-butyl-
phenylaminyls (3), and their analogues (Chart 1).2–5 In recent
years, isolable stable free radicals have attracted much attention
as spin sources in molecule-based magnetism6 and as mediators
in the controlled/living radical polymerization.7 However, in
spite of their increasing importance, a family of isolable stable
free radicals are still rare.8

N-tert-butoxyarylaminys 1–3 were prepared by the reaction
of the lithium salts of 2,4,6-trisubstituted anilines with tert-butyl
peroxybenzoate in THF at �78 �C. After column chromatogra-
phy, they were isolated as red crystals in 17–25% yields. Inter-
estingly, the isolated radicals were oxygen-insensitive and ther-
mally very stable. The thermal stability was shown by the obser-
vation that although they were heated at 80 �C for 10 days in de-
gassed benzene, 80% of the radical survived. A problem for this
synthetic method is the use of butyllithium. This does not allow
the introduction of functional groups into N-tert-alkoxyaryl-
aminyls, and this limitation prevents the preparation of a wide
vaiety of N-tert-alkoxyarylaminyls. Effort has been paid to over-
come this problem, and we have now established a new conven-
ient synthetic route to isolable N-tert-alkoxyarylaminyls. Herein
we report the new synthetic method of N-tert-alkoxy-2,4-di-
phenyl-6-tert-butylphenylaminyls (6) by the reaction of 2,4-di-
phenyl-6-tert-butylnitrosobenzene4 (4b) and azo compounds,
5. This method is well known as the spin trapping technique
which has been widely used to identify transient radicals in the
fields of photochemistry and biochemistry.9,10

A general procedure for preparation of 6 is as follows: mix-
tures of 2,4,6-tri-substituted nitrosobenzenes 4 and azo com-
pounds in benzene were heated to 80 �C for 0.5–4 h, and the re-
sultant reaction mixtures were subjected to ESR measurements.
When 2,4,6-triphenylnitrosobenzene11 (4a) was used as the
nitroso compound, the radicals detected were always N-tert-
alkyl-2,4,6-triphenylphenylaminoxyls (7a–7c) alone, and the
ESR signals due to the desired N-tert-alkoxy-2,4,6-triphenylphe-
nylaminyls (6a–6c) were not detected. In contrast, 4b was used,
the reaction mixtures showed strong ESR signals due to N-tert-
alkoxy-2,4-diphenyl-6-tert-butylphenylaminyls (6d–6f), and the
ESR signals due to N-tert-alkyl-2,4-diphenyl-6-tert-butylpheny-

laminoxyls (7d–7f) were much weaker. This result prompted us
to isolate 6d–6f. Isolation of the radicals was quite easy: the re-
action mixtures were concentrated under reduced pressure and
the resultant residues were chromatographed to give 6d–6f as
red crystals in 18–49% yields (Scheme 1).12 The results are sum-
marized in Table 1.

Table 1 shows that as the bulkiness of the tert-alkyl radicals
generated by thermolysis of azo compounds increases, the yields
of the corresponding 6 are increased. This is clearly shown by
the results that the reactions of 4b with 5b or 4b with 5c give
the corresponding 6 in higher yields than the reaction of 4b with
5a. This is further supported by the ESR measurements of the re-
action mixtures. While the relative integrated ESR signal inten-
sity ratios of 6d to 7d were ca. 5–6, those of 6e to 7e or 6f to 7f
were ca. 10.

The yields of 6 also depended on the ratio of 5 to 4b. A large
excess of azo compounds reduced the yields of 6. A typical ex-
ample is shown by the reaction of 4b with two equiv. of 5b. The
yield is only 18%, which is much lower than those for the reac-
tions of 4b with 0.65–1.0 equiv. of 5b or 5c. This can be readily
accounted for in terms of the further coupling reaction between 6
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and alkyl radicals giving 8, shown in Scheme 2.
Although the elemental analyses for 6 gave satisfactory re-

sults,12 we cannot unequivocally conclude that the isolated rad-
icals are 6 only by their elemental analyses because the molecu-
lar formulas of 6 are the same as those of the corresponding 7.
The most convenient method to distinguish them is to compare
their ESR parameters (aN and g). ESR measurements were car-
ried out using benzene as the solvent, and their aN and g values
were determined to be 0.988–0.998mT and 2.0038–2.0039,12 re-
spectively. The ESR parameters for 6 obtained are very close to
those for 1–3 (aN ¼ 0:984{1:05mT, g ¼ 2:0041{2:0043), but
are quite different from those for aminoxyls 7 (aN ¼ 1:27mT,
g ¼ 2:0062),4 indicating that the isolated radicals are certainly
N-tert-alkoxyphenylaminyls, 6.

Fortunately, we succeeded in the X-ray crystallographic
analysis of 6f.13 The ORTEP drawing is shown in Figure 1.
The torsion angle of O1–N1–C1–C2 is �18:5ð6Þ�, indicating
that the �-conjugated system is somewhat twisted. The dihedral
angles between the C1–C6 ring and the C7–C12 ring and be-
tween the C1–C6 ring and the C13–C18 ring are 69.7� and

38.7�, respectively, indicating that there is a serious steric con-
gestion around the radical center.

References and Notes
1 a) W. C. Danen and F. A. Neugebauer, Angew. Chem., Int. Ed.

Engl., 14, 783 (1975). b) W. C. Danen, C. T. West, and T. T.
Kensler, J. Am. Chem. Soc., 95, 5716 (1973). c) R. A. Kaba
and K. U. Ingold, J. Am. Chem. Soc., 98, 7375 (1976). d) H.
Woynar and K. U. Ingold, J. Am. Chem. Soc., 102, 3813
(1980). e) W. Ahrens, K. Wieser, and A. Berndt, Tetrahedron
Lett., 1973, 3141. f) A. T. Balaban, P. T. Frangopol, M.
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Table 1. Results for the preparation of 6 by the reaction of 4b
with 5 in benzene at 80 �Ca

Azo
Compoundb

(amount/mmol)

Ratio
of 5
to 4b

Time
/h

Isolated
radicalc

(yieldd/%)

5a (0.515) 0.65 1.0 6d (20)
5a (0.515) 0.65 2.0 6d (32)
5a (0.515) 0.65 4.0 6d (37)
5a (0.793) 1.0 4.0 6d (38)
5b (0.515) 0.65 1.0 6e (27)
5b (0.793) 1.0 0.5 6e (49)
5b (1.59) 2.0 0.5 6e (18)
5c (0.515) 0.65 0.5 6f (33)
5c (0.793) 1.0 0.5 6f (49)

a4b 0.793mmol, benzene 30 cm3. bThe �1=2s of 5a and 5b in
toluene at 80 �C are 80 and 10min, respectively, and that of
5c in toluene at 70 �C is �3:5min. cAll the radicals isolated
gave satisfactory elemental analyses. dIsolated yield based on 4.
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Figure 1. ORTEP drawing of 6f.
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