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By use of the condensation reaction of aryliminodimagnesium reagents (ArN(MgBr),) with nitroarenes,
six symmetrical and eight unsymmetrical azoxyarenes including four pairs of isomers were prepared in 40—809,

yields.

The deoxygenation reaction of the azoxyarenes by treating with five molar equivalents of p-MeOCgH,N-

(MgBr), at 55 °C in tetrahydrofuran was also studied, and the reactivity of deoxygenation was correlated to the
shift of the electronic absorption maximum of azoxyarene.

So far, unsymmetrical azoxyarenes have been ob-
tained by oxidation of unsymmetrical azoarenes,'~% by
condensation of nitrosoarenes with N-arylhydroxyl-
amines,*% or by selective substitution on azoxyben-
zenes.®) The first method often gives a mixture of
isomers, their separation not always being easy.®) The
second method is more selective, but is ultimately lim-
ited by the instability of the starting materials. A
method involving a Grignard reaction of substituted
N-nitrosohydroxylamine derivatives?) has also been re-
ported, depending on the uncommon type of the start-
ing material. These limitations have been an obstacle
to the development of azoxyarene chemistry: The elec-
tronic effect of substituents on the deoxygenation by
use of phosphorus(III) reagents, for instance, has not
been studied enough.?)

In the preceding paper,® the condensation of nitro-
arenes with aryliminodimagnesium reagents (ArN-
(MgBr),, aryl-IDMg) was reported. The reaction in-
volves rapid deoxygenative condensation affording the
azoxyarenes followed by much slower deoxygenation
giving the azoarenes (Scheme 1). Since the interme-
diately formed azoxyarenes do not isomerize under the
reaction conditions,” the IDMg method provides a
novel route for preparing unsymmetrical azoxyarene
isomers independently.

Ar'NO, + Ar®*N(MgBr), —
Arl-N(O)=N-Ar? + Ar!-N=N-Ar? + Ar?>-N=N-Ar?

Scheme 1.

The authors first endeavored to find the optimum
reaction conditions for preparing typical symmetrical
and unsymmetrical azoxyarenes, and second to study
their substituent effect on the deoxygenation by the
treatment with an aryl-IDMg reagent. The results
are reported in this paper.

Results and Discussion

Preparation of Azoxyarenes. On the basis of the
reaction profiles given in the preceding paper,? the
reaction conditions suitable for preparing unsymmet-
rical azoxyarenes (Scheme 1) are i) a less electron-
donating reagent, ii) a less electron-accepting substrate,
and iii) a lower molar ratio of reagent to substrate.
However, the formation of the final products, unsym-
metrical azoarenes, as well as that of the oxidative

coupling products, symmetrical azoarenes, are unavoid-
able.

The molar ratio of the IDMg reagents to the nitro-
arenes used in Expts 1—6 (Table 1) were chosen
in order to convert the substrates completely and also
to minimize the subsequent deoxygenation of the pri-
marily produced azoxyarenes. No substrate was re-
covered except in Expt 3 in which ca. 59, of the
nitroarene was found in the product mixture. The
facts that the most electron-donating p-methoxyphenyl-
IDMg gave the highest combined yield of the azo
products and that the least electron-donating m-meth-
oxyphenyl-IDMg gave the lowest yield of the sym-
metrical azo product accord with the previous re-
sults.®

In the reactions carried out for preparing symmetri-
cally substituted azoxyarenes (Scheme 2), the amount
of the symmetrical azoarenes formed comes partly from
the deoxygenation of azoxyarenes and partly from the
oxidative coupling of the reagent molecules: The re-
sults are given in Table 2 (Expts 7—12).

RCH,NO, + RC;H,N(MgBr), —>
RCH,-N(O)=NC¢H,R + RC¢H,-N=N-C,H,R
Scheme 2.

The remarkable recovery of the substrate in Expt
8 is ascribable to the weakest electron-donating ability
of p-chlorophenyl-IDMg.

Summarizing the results given in Tables 1 and 2,
the optimum molar ratio suitable for preparing azoxy-
arenes seems to depend mainly on the electron-do-
nating ability of the aryl-IDMg reagents. The most,
the medium, and the least electron-donating reagents
require the lowest, the medium, and the highest molar
ratio respectively (Table 3).

An unusual result was obtained when p-dimethyl-
aminophenyl-IDMg, which was expected to be more
electron-donating than the p-methoxyphenyl reagent,
was allowed to react with N, N-dimethyl-p-nitroaniline
(molar ratio=1.5). A 359, yield of the final prod-
uct, the symmetrical azoarene, and a 389, of the un-
reacted substrate were isolated. The result, which is
in conflict with all the preceding ones, is probably to
be ascribed to the aggregation of the reagent mole-
cules, due to the coordination ability of the nitrogen
atom of the substituent.

The effectiveness of the aryl-IDMg method for pre-
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TaBLE 1. YIELDS OF UNSYMMETRICALLY SUBSTITUTED AZOXYBENZENES (SCHEME 1)
Yields/9
B an . Mol &
Azoxy Unsym. azo Sym. azo
1 CH; p-MeCgH, 1.5 (60 : 40)»
2 p-MeCgH, CeH; 1.5 (70 : 30)=»
3 m-ClCgH, p-MeOC.H, 1.5 48 21 15
4 p»-MeCH, m-MeOGCgH, 2.0 62 22 2.8
5 m-ClCgH, CeHj, 2.0 71 17 8.1
6 CeH; m-ClCgH, 2.0 81 10—12
a) The product ratio was estimated by NMR.
TaBLE 2. YIELDS OF SYMMETRICALLY SUBSTITUTED TABLE 4. DEOXYGENATION OF SYMMETRICAL AND
AZOXYBENZENES (SCHEME 2) UNSYMMETRICAL AZOXYBENZENES (SCHEME 4)
: R1C¢H,-N(O)=N-C¢HR?
Expt R Molar Yields/% HANO) i
. "
No. ratio Azoxy Azo RI_R2 Deooxygn. RIxR2 Deogcygn.
(%) (%)
7 p-MeO 1.2 59 26 $-MeO 16 p-Cl  p-MeO 18
8 p-Cl 1.5 412 162 $-MeO p-Cl 48
9 p-Cl 2.0 (71 T 29D »-Me 41 $-MeO p-Me 39
10 p-Me 2.0 (64 36)» p-Me  p-MeO 30
11 m‘Cl 2 .5 78 17 I]-Cl 47 p_Me m_MeO 59
12 meO 2.0 80 15 pMe H 63
a) A 27% of p-CICgH,NO, was recovered. b) The H 75 H p-Me 54
product ratio was estimated by NMR. m-Cl H 80
m-Cl > 100 H m-Cl >100

TaABLE 3. OPTIMUM MOLAR RATIO OF REAGENTS TO
SUBSTRATES BASED ON THE ELECTRON-DONATING
ABILITY OF THE REAGENTS

RCH,-IDMg Molar Yields jof
R ratio azoxyarenes/%,
p-MeO 1.2—1.5 50—60
p-Me, m--MeO, H  1.5—2.0 55—70
p-Cl, m-Cl 2.0—2.5 65—80

paring unsymmetrical azoxyarenes is demonstrated by
the successful preparation of a new azoxy isomer de-
rived from l-phenylazonaphthalene (Scheme 3a).

a. 1-NaphNO, + PhN(MgBr), — 1-Naph-N(O)=N-Ph
(x-isomer)
b. PhNO, + 1-NaphN(MgBr), —— 1-Naph-N=N(O)-Ph
(B-isomer)
Scheme 3.

The previous study on the peroxy acid oxidation of
1-phenylazonaphthalene® showed the exclusive forma-
tion of the sterically less hindered ‘f”-isomer (cf.
Scheme 3b). By use of two molar equivalents of the
respective reagents and the substrates as shown in
the scheme, both the “&”- and ‘“f”-isomers were
prepared in yields of 43 and 639, respectively.
Deoxygenation of Azoxyarenes by the Aryl-IDMg Proce-
dure. The deoxygenation of the substituted azoxy-
arenes by the IDMg method was studied. Since the
deoxygenation is quite a mild reaction,” the azoxy-
arenes were treated with five molar equivalents of the
most electron-donating p-methoxyphenyl-IDMg at 55

°C for 3h (Scheme 4). The percentage of deoxy-
genation observed is given in Table 4.

5 p-McOCgH,-IDMg
RIC,H,-N(0)=N-C,H;R? o

55°C, 3h
R!1CH,-N=N-C;H,R?
Scheme 4.

Among the results obtained in the deoxygenation
of symmetrical azoxyarenes, the strongly retarding ef-
fect of the p-methoxyl substituent and the accelerating
effect of the m-chloro substituent of the azoxyarenes
should be noted first. The p-chloro substituent, which
usually shows an electron-attracting character, exhibits
a medium retarding effect: Retardation to a compar-
able extent was also shown by the p-methyl substituent
which usually acts as a weak electron-donating group.
These results suggest a remarkable enhacement of elec-
tron-repelling resonance operating in the deoxygena-
tion reaction.

Table 4 also contains the results obtained in the
deoxygenation reactions of unsymmetrically substituted
azoxyarenes under the same conditions. The effect
of the retardation by the p-methoxyl substituent as
well as the acceleration by the m-chloro substituent
is evidently enhanced when these groups are attached
to the phenyl group opposite to the azoxy nitrogen
atom. A qualitative explanation for the retardation
by the p-methoxyl group opposite to the azoxy nitro-
gen can be given by the charge-separated resonance
structure, A, which reduces the positive charge on the
azoxy-nitrogen and prevents the attack of the anionic
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PHYSICAL CONSTANTS OF AZOXYARENES

R1C,H,-N(0)=NC,H,R?

Expt R1 R2 Mp Amax NMR data
No.® 0.m/°C nm 6
11 m-Cl m-Cl 98.5—100H 323.0 8.22—7.99(3H, m, ArH), 7.99—7.80(1H, m,
ArH), 7.52—7.20(4H, m, ArH).
6 H m-Cl 53.0—53.5 322.0 8.36—8.14(3H, m, ArH), 8.02—7.86(1H, m,
ArH), 7.50—7.20(5H, m, ArH).
5 m-Cl H 23.5—24 327.5 8.35—8.02(4H, m, ArH), 7.52—7.10(5H, m,
ArH).
Pl H H 35—35.5% 323.5 8.42—8.15(4H, m, ArH), 7.56—7.30(6H, m,
ArH).
2 p-Me H 62—64.512 325.5 8.34—8.10(4H, m, ArH), 7.52—7.26(3H, m,
ArH), 7.16—6.98(2H, m, ArH), 2.16(3H, s,
Me).
4 p-Me m-MeO 60—62 325.0 8.06(2H, d, ArH), 7.84—7.60(2H, m, ArH),
7.34—7.02(3H, m, ArH), 6.90—6.86(1H, m,
ArH), 3.72(3H, s, Me), 3.22(3H, s, Me).
1 H p-Me 50—51.5® 332.5 8.36—8.10(4H, m, ArH), 7.48—7.28(3H, m,
ArH), 7.16(2H, d, ArH), 2.30(3H, s, Me).
P1 p-MeO p-Cl 105.5—107Y 340.0 8.27(8.15) and 7.42(4H, ABq, ArH), 8.15
(8.27) and 6.93(4H, ABq, ArH), 3.87(3H,
s, Me).
9 p-Cl p-Cl 154—156'% 335.0 8.50—8.24(4H, m, ArH), 7.72—7.50(4H, m,
ArH), 7.72—7.50(4H, ArH).
10 p-Me p-Me 68—6919 333.0 8.24—8.04(4H, m, ArH), 7.18(4H, d, ArH),
2.34(6H, s, Me).
P1 p-MeO p-Me 77—79Y 339.5 8.28(8.13) and 7.28(4H, ABq, ArH), 8.13
(8.28) and 6.94(4H, ABq, ArH), 3.84(3H, s,
Me).
P1 p-Me $-MeO 108.5—110v 349.0 8.30(8.20) and 7.24(4H, ABq, ArH), 8.20
(8.30) and 6.92(4H, ABq, ArH), 3.86(3H, s,
Me), 2.44(3H, s, Me).
Pl p-Cl 5-MeO 144—146.5Y 359.0 8.56(8.46) and 7.65(4H, ABq, ArH), 8.46
(8.56) and 7.17(4H, ABq, ArH), 3.98(3H, s,
Me).
7 p-MeO $-MeO 12019 353.5 8.40—8.20(4H, m, ArH), 7.10—6.86(4H, m,
ArH), 3.84(3H, s, Me), 3.82(3H, s, Me).
12 m-MeO m-MeO 51—51.5 325.0 7.96—7.64(4H, m, ArH), 7.44—7.16(2H, m,
ArH), 7.04—6.80(2H, m, ArH), 3.78(6H, s,
Me).
N $-MeO H 53—54 331.5 8.38—8.10(4H, m, ArH), 7.54—7.30(3H, m,
ArH), 6.98—6.80(2H, m, ArH), 3.78(3H,"s,
Me).
3 m-Cl §-MeO 97—99.5 359.0 8.40—8.10(4H, m, ArH), 7.48—7.38(2H, m,
ArH), 6.98—6.80(2H, m, ArH), 3.82(3H, s,
Me).
S3 1-Naph. H 69.5—71 — 8.36—8.16(3H, m, ArH), 7.84—7.64(3H, m,
ArH), 7.56(6H, m, ArH).
S3 H 1-Naph. 82.5—84% — 9.10(1H, d, ArH), 8.66—8.56(1H, m, ArH),

8.46—8.30(2H, m, ArH), 7.82—7.72(2H, m,
ArH), 7.68-—7.36(6H, m, ArH).

a) The number indicates the Expt No. given in Tables 1
to Scheme 3, and Pl means the products obtained in the
yield nor the deoxygenation reactivity were determined.

and 2. S3 means the products prepared according
previous work: N indicates that neither the prepative

part of the reagent molecule. Since the isomeric reso-
nance structure, B, cannot reduce the positive charge,
the dramatic retardation is unexpected in this case.

% 0
R’-@g‘gyN—'@%Me «—> R’-@N—@%Me (A)
=) o eq
@ > OO

Me0 (8)

From the given explanation, the reactivity of de-
oxygenation should be correlated with the shift of the
electronic absorption maximum, 4,,,, for z—a* transi-
tion.1®  Since the deoxygenation is generally slow even
on treatment with five molar equivalents of the re-
agent, the percentage of the deoxygenation given in
Table 4 can be substituted, as a rough approximation,
for the relative reaction rate constant. The 4., of
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Fig. 1. Correlation between the relative deoxygena-
tion reactivity and n—>z* transition energy.

azoxyarenes are listed in Table 5 together with the
other physical constants observed. The expectation is
verified as shown in Fig. 1: The logarithm of the rela-
tive deoxygenation, log[DO/DOy] (the value for the
unsubstituted substrate was taken as the standard), is
less satisfactorily but nevertheless still correlated with
the reciprocal of the Amax’s.

Explicit evidence for the attack of the reagent’s
anionic nitrogen on the substrate’s positive nitrogen
is provided by the identification of the by-product
formed in the reaction. The formation of a trace
amount of by-product containing a methoxyl group
was detected by NMR in the reaction (Scheme 4)
of an azoxyarene which has no methoxyl group; the
formation is usually negligible and the structure of
the by-product is unidentifiable. The formation, how-
ever, becomes notable when a reactive azoxyarene is
treated with p-methoxyphenyl-IDMg. The most re-
active, 3,3'-dichloroazoxybenzene, which was consum-
ed completely under the conditions given in Scheme
4, gave the corresponding azoarene and a 209, yield
of 3-chloro-4'-methoxyazobenzene. The same by-prod-
uct was obtained in a 219, yield in the reaction of
3-chloro-NNO-azoxybenzene, m-CIC;H,N(O)=NCH,.
In the reaction of the isomeric 3-chloro-ONN-azoxy-
benzene, m-ClICH,N=N(O)CeH;, 4-methoxyazoben-
zene was isolated in a 179, yield. The other possible
by-products were not detected. The results show that,
in the reaction with ArN(MgBr),, an unsymmetrical
azoxyarene, Ar!N(O)=NAr?, gives Ar'N=NAr but not
ArN=NAr? as the by-product.

The mechanism of both the major and minor reac-
tion is still equivocal. Undoubtedly, however, the ex-
istence of such an exchange reaction is evidence for
the attack of the anionic nitrogen on the positive azoxy
nitrogen. In order to reduce the by-product formation
in the deoxygenation of the very reactive azoxyarenes,
the less electron-donating p-methylphenyl-IDMg is re-
commended.

Experimental

The melting points are uncorrected. All the nitroarenes
and the arylamines were commercially available, and were
purified by distillation before use.
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Procedures. To an aryliminodimagnesium reagent (15.9
mmol) prepared under N, atmosphere in THF (35 ml) ac-
cording to the reported method,” a THF solution (15 ml)
of nitroarenes was added at once at 0 °C. The deeply col-
ored?® reaction mixture was stirred gently at 55 °C for 3 h.
The mixture was quenched at 0 °C with aqueous ammonium
chloride, and worked up as reported previously.” The yields
of the individual products were obtained by column chro-
matographic separation as well as estimation by measuring
the fractions by NMR.?

The experiments for the deoxygenation of azoxyarenes
were carried out similarly: The color change of the reaction
mixture was slow at 0 °C but a reddish brown color develop-
ed on heating.

The electronic spectra of azoxyarenes were recorded on
an Hitachi 323 Spectrophotometer using 1.0 X 10-¢ mol dm-3
solution in 1,4-dioxane (spectrograde).

For convenience, the physical constants of nineteen azo-
xyarenes prepared in this and the preceding® works are
summarized in Table 5. The fourteen among the nineteen
azoxyarenes are listed in decreasing order of the deoxygena-
tion reactivity (¢f. Table 4). Among the NMR data, some
aromatic proton signals which consist of two AB-quartets
are not assigned and the figures are given in parentheses.

Molecular weight of the product was recorded on a Denshi
Kagaku EMD-05A Mass Spectrometer. The result of the
elemental analyses of the new azoxyarenes, which are re-
presented by the Expt Nos. given in Table 5, are given
below.

(6): Found: C, 62.01; H, 3.90; N, 12.00%. Calcd for
C,.H,CIN,O: C, 61.93; H, 3.87; N, 12.04%.

(5): Found: C, 62.08; H, 3.82; N, 11.93%. Calcd for
C,.H,CIN,O: C, 61.93; H, 3.87; N, 12.04%.

(4): Found: C, 70.01; H, 5.71; N, 11.60%. Calcd for
C,; H,,N,O,: C, 69.42; H, 5.78; N, 11.579%,.

(N): Found: C, 68.50; H, 5.32; N, 12.219,. Calcd for
C;H,,N,O,: C, 68.42; H, 5.26; N, 12.289%.

(3): Found: C, 60.01; H, 4.21; N, 10.60%. Calcd for
C;H;;,CIN,O,: C, 59.43; H, 4.19; N, 10.679%,.

(S3): Found: C, 77.49; H, 4.91; N, 11.32%. Calcd for

CyH,N,O: C, 77.42; H, 4.83; N, 11.29%.
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