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Two novel syntheses of carbazole have resulted as an
outgrowth of our studies of hindered N-arylhydroxamic
acids and of the reactions of Grignard reagents with various
nitro- and nitroso-compounds (1,2). In one method,
carbazole was obtained in quantitative yield upon treat-
ment of N-(biphenyl-2-yl) acetohydroxamic acid (1) with
sulfuric acid. The cyclization step of this reaction is
probably similar to that of the reductive cyclization of
Z-nitrobiphenyl with ferrous oxalate (3), in that both
cyclizations may result from intermediacy of the nitrenium

ion (I).

Carbazole was also obtained from 2-nitro- and 2-
nitrosobiphenyl, albeit in low yields, via a procedure
originally devised for preparation of N,N-diarylhydroxyl-
amines (2). Treatment of either 2-nitro- or 2-nitrosobi-
phenyl with a large excess of phenylmagnesium bromide
afforded complex mixtures from which carbazole was
isolated in about 25% yield. The reaction sequence is
presumed to proceed as follows. Reaction of the Grignard
reagent with the hindered nitro group proceeds via attack
on oxygen to afford the redox reaction products, pheno-
late and nitroso-compound. This reductive reaction occurs
in preference to the usual 1,2-addition of Grignard reagents
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to unhindered nitro-compounds, which affords NV, N-disub-
stituted hydroxylamines or N,N-disubstituted amines (2,4).
Further reaction of the hindered nitroso-compound with
phenyl Grignard also occurs via attack on oxygen, afford-
ing I, in analogy with the reaction of nitroso-compounds
with phenyllithium as reported by Buck and Kobrich
(5). Elimination of phenolate and cyclization affords the
carbazole derivative (111) and benzene.

2.Nitroso-, 2,2 -azoxy-, 2,2"-azobiphenyl, and 2-phenyl-
diphenylamine were also isolated from the reaction with
2-nitro and 2-nitrosobiphenyl. The 2,2"-azoxy- and 22
azobiphenyl are envisioned as resulting from a redox
rcaction of the Grignard reagent with the dimer of 2-
nitrosobiphenyl to form 2,2"-azoxybiphenyl, which is
reduced further to form 2,2"-azobiphenyl. In a controlled
reaction, 2,2"-azoxybiphenyl was converted to the azo-
compound in 90% yield. The assumed intermediacy of
the nitroso dimer en route to the azo-compound is suggested
by evidence showing that 2-nitrosobiphenyl (6a) and other
hindered nitroso-compounds exist in solution to a large
extent as dimers (6b) (this is supported by our measure-
ments of € for 2-nitrosobiphenyl at 770 nm at varying
concentrations), and the observation that the amount of
azoxy- and azo-compounds obtained from 2-nitrobiphenyl
(14%) was much larger than that isolated from the un-
hindered 2-nitrofluorene (ca. 1%) (2,7). The phenol from
the reaction with phenyl Grignard and 2-nitrobiphenyl
was isolated by extraction (2). The yield, 88%, was
calculated on the basis of both oxygen atoms of the
nitro group.

EXPERIMENTAL

The ir spectra were recorded with a Beckman IR-10 spectro-
photometer. The uv spectra were taken with a Beckman DK-2
spectrophotometer.

Carbazole.

(a) N-(biphenyl-2-yl)acetohydroxamic acid (1), 100 mg. (0.44
mmole) was stirred in concentrated sulfuric acid (1.5 ml.) at 20°
for 1 hour. lce was added to the resulting blue solution, the
color of which is characteristic of carbazole. The mixture was
basified and extracted with chloroform. The organic phase was
dried (magnesium sulfate) and the solvent evaporated off. The
residue was carbazole in quantitative yield. It was identified by
ir spectrum.

(b) 2-Nitrobiphenyl, 3.00 g. (15.0 mmoles) in anhydrous
tetrahydrofuran (10 ml.) was poured into a cold (solid carbon
dioxide-acetone) preparation of phenylmagnesium bromide (from
2.4 g. magnesium and 5.2 ml. of bromobenzene in diethyl ether,
150 ml.). The mixture was allowed to come to room temperature
and then kept there for 30 minutes. Gentle stirring was applied
throughout. Preparation of the phenylmagnesium bromide and
other steps were performed under a nitrogen atmosphere. The
reaction mixture was then, without stirring, treated with ice-cold
water, Fther (100 mL) was added and the organic phase was
dried (magnesium sulfate), reduced in volume to ca. 18 ml. and
then diluted with methylene chloride (3 ml) and n-hexane (20
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ml.). Carbazole was collected by filtration (21%) and identified
by its ir spectrum. An aliquot of the filtrate was subjected to
tle (silica gel) and the chromatogram was developed with benzene.
The chromatogram exhibited numerous bands of which six were
prominent. The fastest band, Rf 0.9, gave the biphenyl. The
second-fastest band gave 2-phenyl-diphenylamine (13% as deter-
mined spectrophotometrically at 290 nm); A max (ethanol) 230
(log € 4.11) and 290 (4.25) nm; v max (neat) 3400 N-H em™!,
m/e 245.

Anal, Caled. for CgH;sN: C, 88.15; H, 6.15; N, 5.71.
Found: C,87.63; H, 6.41; N, 5.38.

The third fastest, an orange band, gave 2,2"-azobiphenyl
(~ 12%) followed by carbazole, Rf 0.6 (an additional 5% as
determined spectrophotometrically at 293 nm, e, 15,000). A
trace of 2-nitrosobiphenyl and 2% of 2.2"-azoxybiphenyl were
also isolated from bands that followed. The experiment was
repeated. Attempts were made to isolate only the phenol. It was
recovered in 88% vield (2). A few bands remained unidentified.

An experiment with 2-nitrosobipheny) gave very similar results.

2,2'-Azobiphenyl.

2,2"-Azoxybiphenyl, 67 mg. (0.19 mmole) in anhydrous tetra-
hydrofuran (4 ml.) was added to phenyl Grignard [from magnesium
34 mg. (1.4 mmoles) and bromobenzene 0.10 ml. (0.95 mmole)
in ether] which had been cooled to -5°. The mixture, which had
turned to the color of the product (orange), was stirred and allowed
to come to room temperature. It was then refluxed for 5
minutes and cooled. Cold water was slowly added. The organic
phase was dried (magnesium sulfate) and the solvent was evaporated
off. The product was isolated by tic (silica gel - 25% n-hexane
in benzene) in 90% yield as determined spectrophotometrically at
330 nm, log € 4.23) (1).
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