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A relatively simple preparation of di-o-, m-, and p-tolylamines and di-p-anisylamine is described. The proce-
dure involves the reaction of the corresponding aryl Grignard reagent with nitrosyl chloride. Although yields are
not high by this method (<28%), the secondary amines are uncontaminated by isomeric impurities and easy to
isolate. The attempted synthesis of dimesitylamine failed, producing mainly nitrosomesitylene.

Several routes to symmetrically substituted diarylamines
exist in the literature. Various procedures include acid, alu-
mina, or acid-alumina catalyzed condensations of aniline
derivatives at 300-500°,2 condensation of 1,1-diarylhydra-
zines with dichlorocarbene,® and iodine-catalyzed conden-
sation of aniline derivatives at normal reflux tempera-
tures.* Of all the synthetic methods, the latter appears to
be the simplest and one of the best suited for small-scale
laboratory preparation.

As an alternate to the above procedures, we decided to
extend® our investigation of the phenyl Grignard-nitrosyl
chloride reaction,'2 since the major product of the reaction
proved to be diphenylamine (eq 1).

PhMgBr + NOCI — > Ph,NH 1% M

Thus, the ethereal Grignard reagents from o-, m-, and
p-bromotoluene, p-bromoanisole, bromomesitylene, and 1-
and 2-bromonaphthalene were allowed to react with nitro-
syl chloride at —~78°. After hydrolysis and steam distillation
the respective amine product was isolated either as the
HBr salt or as the free amine. Product identification was
made by spectral analysis as well as by melting point corre-
lation with literature values.

Results

Table I outlines the volatile products isolated from NOCI
addition to various aryl Grignard reagents. '

As noted in the above table, 0- and p-bromotoluene
yielded only the respective diarylamine product. In the
case of the para isomer steam distillation gave a solid
amine product and isolation was simple. Steam distillation
of the o-bromotoluene product, however, gave an oil which
necessitated conversion to the HBr salt. This done, later
reconversion to the free amine with NaOH gave the amine
in high purity.

Diarylamine products were also formed from m-bromo-
toluene and p-bromoanisole, but their production was ac-
companied by significant yields of the corresponding nitro-
so derivatives. In addition, the p-anisyl Grignard reagent
gave the parent ether, anisole, as well as a 5% yield of
methyl-cleaved p-nitrosophenol.

The mesityl and naphthyl Grignard reagents failed to
give any diarylamine product. The first produced a rela-
tively large amount of nitrosomesitylene and a secondary
product which we have tentatively identified as trimes-
itylhydrazine. The second, both the « and the 8 isomers,
gave mostly intractable tars in addition to ca. 20% yields
(or recoveries) of the parent hydrocarbon, naphthalene.
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Table I
Diarylamine Yield,
Aryl halide yield, %% ? Other products %@
o-Bromotoluene 23.8°
m-Bromotoluene  11.6° m-Nitrosotoluene 14
p-Bromotoluene 28.4
p-Bromoanisole 16.7 Anisole 18.0
p-Nitrosoanisole 10.4
p-Nitrosophenol 5.0
Bromomesitylene 0.0  Nitrosomesitylene 22.8
Trimesitylhydrazine 11.7
a- and Bg-~Bromo- 0.0  Naphthalene 21.0
naphthalene

@ Yields are based on aryl Grignard Reagent. ® A 2:1 Grignard-
NOCI stoichiometry is assumed; see ref la. ¢ Calculations are
based on isolated HBr salt.

Discussion

The mechanism of the phenylmagnesium bromide-nitro-
syl chloride reaction has already been discussed.'# From
the results described above this mechanism would seeming-
ly hold for the substituted phenyl Grignards as well. Thus
the nitroso and nitric oxide intermediates’2 are involved in
the present reactions (eq 2).

(ArMEX) Ar,NO- + -MgX(ArMgX),

/ I 2)

Although the hydroxylamine was never isolated by us
and only once by Gilman,'®8 its presence was certainly
proven by Wieland” and Maruyama.? Its conversion to di-
arylamine does not require excess NOCI or Grignard re-
agent and apparently occurs via its dissociated radical
form.1a

Diarylamine Formation. While the three bromo-
toluenes and p-bromoanisole gave significant yields of di-
arylamine, the corresponding mesityl compound gave none
of the product. One would assume that this result reflects
the steric requirements of the second step in eq 2.9 In sup-
port of this argument it is noted that in the mesityl case the
yield of nitroso product was correspondingly high. The fact
that no diarylamine was formed from the naphthyl Gri-
gnard reagents was probably due to the peculiar physical
nature of these reagents in diethyl ether as mentioned ear-
lier. Modification of the reaction conditions, e.g., solvent,
etc., would perhaps allow formation of diarylamine.

Nitrosoarene Formation. The two cases in which no ni-
troso products were isolated (excluding a- and B-naphtha-
lene) are the two instances of highest amine production
(Table 1), It would appear, therefore, that the second step
in eq 2 is relatively fast compared to the first for com-
pounds like the o- and p-tolyl Grignards. Although a more
detailed kinetic argument could be advanced here to ex-
plain the results with the tolyl Grignards—especially the
ortho and para isomers vs. the meta isomer—it would be
risky to do so based on yield data alone, especially when
75% of the starting material was not accounted for.

The apparent stability of nitrosomesitylene and p-nitro-
soanisole certainly deserves some mention. As noted above,
the first probably owes its unreactivity toward more Gri-
gnard reagent to an ortho steric effect. The second, how-
ever, must be purely electronic in nature, and could per-
haps be related to a resonance structure such as 1. Contri-
bution of 1 would make p-nitrosoanisole less likely to un-

NCCl
ArMgX — ArNO

Waters and Marsh

+ -
CH;;—-O=®=N'—O

1

dergo addition across the N-O bond for ground state rea-
sons. The effect of such a resonance contribution to the
transition state of the second step in eq 2 is, of course,
speculative since the exact nature of that step has not yet
been determined. However, no obvious destabilization is
apparent.

Reaction By-products. In addition to the amine and ni-
troso products the reaction of p-anisylmagnesium bromide
with NOCI gave substantial amounts of anisole and p-ni-
trosophenol. Although it was first suspected that anisole
was the result of unreacted Grignard reagent, a Gilman test
shortly before hydrolysis showed the absence of any or-
ganomagnesium compound. Also, previous work with phen-
ylmagnesium bromide and nitrosobenzenel® showed that
the production of benzene began only after the yield of di-
arylamine had already peaked, and was therefore not con-
nected with the conversion to the amine. Clearly, then, the
formation of anisole must be a competing reaction which
the Grignard reagent can undergo after the concentration
of NOCI has been sufficiently lowered. The exact mecha-
nism of its formation, i.e., the source of the acidic hydro-
gen, has not yet been discovered.

The by-product p-nitrosophenol is probably the result of
the well-known alkyl cleavage reaction of aryl alkyl ethers
by Grignard reagents.!® p-Nitrosoanisole should be espe-
cially susceptible to this type of cleavage owing to partici-
pation of resonance structure 1.

Finally, the formation of trimesitylhydrazine from mes-
itylmagnesium bromide and NOC! rates some attention.
Based on Bamberger’s hypothesis that nitrosobenzene
slowly disproportionates to nitrobenzene and phenylhy-
droxylamine,’! and Busch and Hobein’s observation that
the reaction of phenylhydroxyiamine and phenylmag-
nesium bromide gives triphenylhydrazine as the major iso-
lated product,'? it is supposed that a similar path occurs
for nitrosomesitylene. The fact that such hydrazine-type
products were not isolated in the other reactions may be
explained by their facile oxidation to a radical species and
subsequent dimerization.13

Conclusion

The reaction of aryl Grignard reagents with nitrosyl
chloride is definitely a convenient laboratory method for
the preparation of symmetrical diarylamines. Although
yields are not high by this method, the secondary amines
are uncontaminated by isomeric impurities and easy to iso-
late. Future investigations will include the formation of un-
symmetrical diarylamines via the preformed nitroso com-
pound and various phenyl-substituted Grignard reagents.

Experimental Section

Melting points were taken on a Mel-Temp melting point appa-
ratus and are uncorrected. All gas chromatography work was done
on a Varian 1700 gas chromatograph. Infrared, nuclear magnetic
resonance, electron spin resonance, and mass spectral data were
recorded on the Beckman IR-33, Varian HA-60, Varian E-3, and
Varian MAT-111 instruments, respectively. Elemental analyses
were performed by Meade Microanalytical Laboratory, Amherst,
Mass., and Galbraith Laboratories, Inc., Knoxville, Tenn.

Reaction of NOCI with Aryl Grignard Reagents. General
Procedure. In a typical reaction 100 mmol of aryl bromide was
treated under a nitrogen atmosphere with 100 mmol of 1,2-dibro-
moethane and 600 mmol of magnesium in a total of 500 ml of dry
diethyl ether. After addition of the bromide, the mixture was heat-
ed under reflux for 2 hr. A measured aliquot was then removed and
hydrolyzed, and the dried ether solution was analyzed by VPC in
the presence of tetralin (VPC internal standard). By comparing
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the amount of benzene in the solution with that in a flash-distilled
aliquot of Grignard solution, it was determined that 95-97% con-
versions of aryl bromide to arylmagnesium bromide usually oc-
curred.

The unfiltered Grignard solution was next cooled to —78° under
a nitrogen atmosphere. To this, 45 mmol of NOC! in 150 ml of dry
ether was added in a dropwise fashion over several hours. The so-
lution was stirred for an additional 2 hr and then hydrolyzed with
a minimum of pH 10 buffer solution (NaOH-NayCOg). The orange
ethereal phase was separated, the solid was washed three times
with 25-ml portions of ether, and the combined solutions were
steam distilled. Concentration of an ether extract of the 5-1. distil-
late usually afforded the crystalline amine. In cases where the
amine had a low melting point, HBr was bubbled through the
ether extract and the precipitated salt collected. Regeneration of
the amine with hot NaOH solution and subsequent recrystalliza-
tion from ligroin gave solid amine.

p-Tolylmagnesium bromide (83.8 mmol) was allowed to react
with 45 mmol of NOCI at ~78° as described above. An ether ex-
tract of the steam distillate yielded 2.34 g (11.9 mmol, 28.4%) of di-
p-tolylamine: mp 77-78° (lit.14 mp 79°); ir (melt) 3400, 3030, 2920,
1800, 1610, 1520, 1100, and 800 cm~%; NMR & (CDCl3) 2.28 (s, 6),
5.4 (s, broad, 1), 6.89 (d, J = 9.0 Hz, 4), and 7.09 (d, J = 9.0 Hz, 4).

o-Tolylmagnesium bromide (93.5 mmol) and 45 mmol of
NOCI yielded only an oil upon evaporation of the ether extract.
HBr treatment gave 3.10 g (111 mmol, 23.8%) of di-o-tolylamine
hydrobromide: mp 197-202°; ir (KBr) 2860-2440, 1480, 760, and
740 cm™~!, Di-o-tolylamine, mp 48.5-9.5° (lit.'4 mp 52-53°), was re-
generated from the amine salt with hot NaOH and subsequent
crystallization from ligroin. Spectra were as follows: ir (melt) 3430,
3020, 1480, 1290, 1140, 740, and 710 em™~!; NMR § (CDCl3) 2.09 (s,
6), 5.0 (s, broad, 1), 6.9 (s, 8).

m-Tolylmagnesium bromide (89.2 mmol) and 45 mmol of
NOCI yielded 1.3 g of a green oil as the first portion of the steam
distillate. Upon standing at 0° the oil precipitated 150 mg (1.2
mmol, 1.4%) of m-nitrosotoluene: mp 48-50°, white crystals to
green melt (lit.!5> mp 53.5°); ir (melt) 3040, 2900, 1400, 1380, 780,
and 680 cm~1.

Continuation of the steam distillation gave 3.1 g of an orange-
red oil which upon HBr treatment yielded 1.45 g (5.10 mmol,
11.6%) of di-m-tolylamine hydrobromide: mp 192-196°; ir (KBr)
2860-2420, 1560, and 725 cm™!. Conversion to the free amine with
NaOH gave di-m-tolylamine: oil (lit.15 mp <—12°); ir (neat) 3370,
3015, 2900, 1590, 1570, 1470, 1300, 760, and 680 cm™1.

The steam distillation pot residue was extracted with ether,
yielding 4.2 g of brownish-black oil. No attempt was made to iden-
tify this material. .

p-Anisylmagnesium bromide (79.2 mmol) and 45 mmol of
NOCI were allowed to react in the usual manner, but stirred for an
additional 3 days. The first 125-ml portion of steam distillate
yielded 2.66 g of a green oil which was shown to be 58% anisole and
42% p-nitrosoanisole by weight (GC, 10 ft X 0.125 in. 10% FFAP,
tetralin standard). Thus the oil contained 1.54 g (14.2 mmol,
18.0%) of anisole (GC coinjection with known anisole, ir and NMR
comparison with known anisole) and 1.12 g (8.21 mmol, 10.4%) of
p-nitrosoanisole: ir (neat) 1410, 1265, 1110, and 835 cm~!; NMR &
(CDCly) 3.70 (s, 3), 6.80 (d, J = 9.1 Hz, 2), and 7.75 (d, J = 9.1 Hz,
2).

The second 750 ml of the steam distillate yielded 490 mg (3.98
mmol, 5.0%) of p-nitrosophenol: mp 130° dec from Et;O-hexane
(1it.26 mp 132-134° dec); ir identical with Sadtlerl? Spectrum No.
23689; NMR § (DCDIs) 6.60 (d, J = 10.0 Hz, 2) and 7.64 (d, J =
10.0 Hz, 2); MS M* m/e 123. Anal. Caled for CgHsNO,: C, 58.53;
H, 4.10; N, 11.38. Found: C, 58.24; H, 3.71; N, 11.20.

The final 15-1. portion of the steam distillate and the pot residue
yielded a total of 1.51 g (6.59 mmol, 16.7%) of di-p-anisylamine:
mp 93-96° from hexane (lit.'®* mp 96.8°); ir identical with Co-
blentz!? Spectrum No. 2521; NMR § (CDCl;3) 2.8 (s, broad, 1), 3.75
(s, 8), and 6.9 (m, 8); MS M* m/e 229, base 214.
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Mesitylmagnesium bromide (90.4 mmol) and 45 mmol of
NOCI yielded a yellow crystalline precipitate upon hydrolysis of
the reaction mixture. Extraction of these crystals with excess Et,O
gave 3.07 g (20.6 mmol, 22.8%) of nitrosomesitylene: mp 117-
117.6° white crystals to green melt, from EtOH (lit.20 mp 122-
123°); ir agreement with literature;2! NMR & (CS,) 2.38 (s, 3), 2.43
(s, 8), 2.67 (s, 3), 6.99 (m, 2); MS M+ m/e 140, 134, 119, and 104.

The ethereal mother liquors from the above isolation yielded 4.7
g of tarry material, from which 1.38 g of ether insoluble brown
powder (mp 235° dec from CCly~hexane) was obtained. The mate-
rial was tentatively identified as trimesitylhydrazine: MS M* m/e
386, 385, 267, 252, and 134; NMR é (CDCls) 2.02 (s, broad, 6), 2.30
(s, broad, 3), 6.90 (m, 2); ir (KBr) 3400, 2920, 1595, 1480, 1315, and
860 cm~!; ESR unsymmetrical multiplet at ~G = 2.003.

a- or B-naphthylmagnesium bromide (ca. 100 mmol) and 45
mmol of NOCI did not yield any isolable product besides 2.69 g
of naphthalene (21.0 mmol, 21.0%): mp 65-72° (lit.1* mp 80.5°); ir
identical with Sadtler!” Spectrum No. 865. Excessive high molecu-
lar weight tars were formed by the reaction, probably owing to the
extreme heterogeneous nature of the naphthyl Grignard reagents
at even room temperature.

Registry No.—NOCI, 2696-92-6; p-tolyl bromide, 106-38-7; di-
p-tolylamine, 620-93-9; o-tolyl bromide, 95-46-5; di-o-tolylamine
HBr, 56553-64-1; di-o-tolylamine, 617-00-5; m-tolyl bromide, 591-
17-3; m-nitrosotoluene, 620-26-8; di-m-tolylamine HBr, 56553-65-
2; di-m-tolylamine, 626-13-1; p-anisyl bromide, 104-92-7; p-ni-
troanisole, 100-17-4; p-nitrosophenol, 104-91-6; di-p-anisylamine,
101-70-2; mesityl bromide, 576-83-0; nitrosomesitylene, 1196-12-9;
trimesitylhydrazine, 56553-66-3; a-naphthyl bromide, 90-11-9; 3-
naphthyl bromide, 580-13-2. ‘
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