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The reduction of 2,2-dinitrobiphenyl to 2,2’-diamincbiphenyl proceeds by two mechanisms. A quantitative yield of 2,2"
diaminobiphenyl is obtained using active Raney nickel which contains negligible amounts of aluminum. Using old catalysts
with high contents of aluminum, benzo[c]cinnoline-5,6-dioxide, benzo[e]cinnoline-5-oxide and benzo[c]cinnoline can be
isolated in good yield. Benzo|c]cinnoline can be reduced to 2,2’-diaminobiphenyl. 2,2-Diaminobiphenyl can be separated

from benzo[c]cinnoline.

Aromatic nitro compounds are reduced to the
corresponding amines with hydrazine hydrate in
ethanol using Raney nickel as a catalyst.? Blood
and Noller* found that the reduction of 2,2’-dini-
trobiphenyl by this method gave erratic results.
Bavin® used palladized charcoal, as well as Raney
nickel, and also obtained erratic results. It is known
that large solvent volumes favor amine formation
and small volumes give intermediate reduction
products.® We now find that the activity and type
of Raney nickel catalyst can be critical.

In a large volume of ethanol, 2,2’-dinitrobiphenyl
(I) is easily and quantitatively reduced to 2,2'-
diaminobiphenyl (IV) with approximately eight to
ten mcles of 1009, hydrazine hydrate, if reduction
is conducted rapidly with active W-2 Raney nickel.
This catalyst contains a negligible amount of alu-
minum. Catalysts high in aluminum, such as W-7
W-6, or W-5, need more hydrazine to cause com-
plete reduction; for example, with fresh W-7 about
eighteen moles are required. With older catalyst
more reducing agent is needed; for example, with
two-year-old W-5 about forty moles is required.
Reduction carried out slowly also requires more
hydrazine.

The initial reaction after introduction of catalyst
is exothermic and nitrogen is rapidly evolved. The
reaction soon slows down considerably and ammo-
nia begins to be evolved also. At this point the 2,2'-
dinitrobiphenyl has been reduced to either diamine
or benzo[e]cinnoline-5,6-dioxide (V). The proposed
mechanism can be represented’” by Route 1 and
Route 2. The nitro compound is probably first
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reduced to 2,2’-dinitrosobiphenyl (II), which can
either be reduced to 2,2’-dihydroxylaminobiphenyl
(III) and then to the diamine (Route 1) or cyclized
to the dioxide (Route 2). With a pure nickel cata-
lyst the nitroso groups are probably reduced so
rapidly to the diamine that there is not much cyeli-
zation to the dioxide (almost colorless solution).
while with a catalyst high in aluminum, cyecliza-
tion predominates (reddish-brown solution). Cata-~
lyst age does not appreciably affect this step.

As the Route 2 mechanism proceeds, a yellow
color appears. The dioxide is first reduced to benzo-
[e]einnoline-5-oxide (VI) and then to benzolc ]cm-
noline (VII) which is yellow. The yellow color is
slowly discharged and an almost colorless to dark
reddish-brown solution is again formed. Benzo[c]-
cinnoline is presumably reduced to 5,6-dihydro-
benzo[cleinnoline (VIII) and finally to the dia-
mine,

The reduction of benzo [¢]cinnoline to the diamine
is difficult. The amount of hydrazine hydrate
needed to completely reduce benzo{cleinnoline be-
comes enormous as catalyst age increases. W-2
Raney nickel does not deteriorate as rapidly on aging
as high-aluminum catalysts (e.g., W-7). For this
reason fresh W-2 requires about 16 moles of hydra-
zine hydrate and three-month-old W-2 about 26
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while fresh W-7 needs about 22 moles and four-
month-old W-7 about 72. Very old catalysts still
did catalyze the benzo[clcinnoline reduction, but
only with huge amounts of reducing agent; for ex-
ample, 1!/;year-old W-2 required about 200 moles.
The aluminum content in the catalyst seems to
have much less effect than the age.

The diamine solution from reduction of benzo[c]-
cinnoline or benzo[c]einnoline-5-oxide is always
colorless, but that from reduction of the dioxide is
always reddish-brown, The color is probably caused
by a side reaction of the dioxide with hydrazine or
one of its decomposition produets. The colored by-
product is present only in traces and was not iden-
tified. The persistent color of the diamine from the
dinitro reduction »iec Route 2 presumably has the
same explanation.

The presumed intermediate 5,6-dihydrobenzo{c]-
cinnoline has not been isolated. Evidence for an in-
termediate has been found by spectral analysis of a
partially reduced solution of benzo[c]cinnoline?
Chemical analysis showed only the presence of the
diamine. T#uber? isolated this eyclic hydrazo com-
pound as the hydrochloride after reduction of
benzo[c]einnoline with zinc and hydrochloric acid,
and reports that the free base is immediately oxi-
dized to benzo{c]cinnoline on exposure to air. In our
present work no precautions against oxidation were
taken.

From polarographic reduction studies of the di-
oxide, monoxide and benzo{c]cinnoline, Roos,
Kahan, and Leach® postulate that the hydrazo
compound is the end product. Radell, Spialter, and
Hollander!! hydrogenated benzo[c]cinnoline suc-
cessfully to the diamine using Raney nickel catalyst
while Blood and Noller!? found that benzo[¢]cinno-
line-5,6-dioxide was hydrogenated to benzo[c]ecin-
noline, using either Raney nickel or Adams cata-
lyst, but no further. With the hydrazine and Raney
nickel method, the diamine is definitely the end
product of Route 2.

Use of a small solvent volume and an old catalyst
with high aluminum content causes the insoluble
dioxide to precipitate. The yields are highly erratic
and optimum conditions seem to depend on the
catalyst. Two-year-old W-5 was effective if the re-
action was carried out rapidly at a temperature be-
tween 55-60°. Three-month-old W-7 worked with a
longer time and slightly higher temperature. Fresh
catalysts with high aluminum contents gave reac-
tions which could not be properly controlled, but
did produce dioxide oceasionally. Old W-2 yielded
no dioxide.
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Reduction to benzo[cleinnoline-5-oxide was best
achieved by continuing the reaction until most of
the dioxide had redissolved. Further delay resulted
in a mixture of the monoxide and benzo[c]cinnoline
which was extremely difficult to separate. Separa-
tion of small amounts of dioxide from the monoxide
was easier because of the enormous difference in
solubility in cold ethanol.

Reduction to benzo[c]cinnoline was easy. Hy-
drazine hydrate had to be decreased if active cata-
lysts containing aluminum were used, since these
catalysts were able to reduce benzo[c]einnoline to
the diamine. Old W-2 gave a low yield of benzo[e¢l-
cinnoline and, as already mentioned, required a
large amount of hydrazine hydrate to reduce benzo-
[c]einnoline; this supports the assumption that the
aluminum is mainly responsible for cyclization, and
that the diamine is produced mainly »¢a Route 1.

Some catalysts (e.g., W-T) contain absorbed so-
dium hydroxide; however, this did not seem to pro-
mote cyclization, since a well-washed W-7 catalyst
still produced the same results, as did W-2 contain-
ing absorbed alkali.

EXPERIMENTAL

2,2’-Diaminobiphenyl from 2,2'-dinitrobiphenyl. Two milli-
liters of 1009, hydrazine hydrate (0.04 mole) was added to a
solution of 1.22 g. of 2,2’~dinitrobiphenyl (0.005 mole) in 40
mi. of hot 959, ethanol. Freshly prepared W-2 Raney
nickel catalyst!® was added at intervals sufficient to maintain
a vigorous reaction without causing excessive frothing. The
initial reaction was exothermic and nitrogen was rapidly
evolved. After a short time (2-3 minutes) the solution be-
came almost colorless, ammonia began to be evolved also,
and the reaction subsided. External heat was applied and
the reaction continued until all the hydrazine had decom-
posed, during which time the solution turned yellow and
finally almost colorless (light pink or brown).! The catalyst
was filtered off and the filtrate immediately evaporated to
dryness (darkens on standing). The yield of crude diamine,
slightly brown in color, was 0.91 g. (99%), m.p. 76-79°.
After several recrystallizations from ethanol the diamine
was obtained as colorless plates, m.p. 78-79° (reported,
m.p. 77.5-78.5°11 and 79-80°12).

The procedure above was found ineonvenient for larger
preparations since reduction could not be conducted rapidly,
resulting in a mixture of diamine and benzo[cjcinnoline.
The following method was more satisfactory: One table-
spoon of fresh W-2 catalyst was added to a hot solution (ca.
65°) of 24.4 g. of 2,2'-dinitrobipheny! (0.1 mole) in one liter
of 959% ethanol. Fifty milliliters of 1009, hydrazine hydrate
(1.0 mole) was added dropwise to maintain a vigorous
reaction. (Important.) After the initial reaction had sub-
sided (appearance of yellow color and odor of ammonia),
more catalyst was added and the mixture heated on the

(13) Six-week-old W-2 Raney nickel was found to be satis-
factory. .

(14) With older W-2 catalysts and those with high con-
tents of aluminum it was found necessary to add more
hydrazine hydrate in small portions at a time to com-
pletely discharge the yellow color. Catalyst had to be added
regularly, since it became deactivated as the reaction pro-
ceded.

(15) If the diamine contains benzolc]cinnoline, a brilliant
yellow color appears when a sample is treated with con-
centrated hydrochloric acid.
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steam bath to complete reduction. Reduction was com-
plete in about 15 min, The catalyst was filtered off and the
filtrate immediately evaporated to dryness under reduced
pressure. The yield of crude diamine was 18.2 g. (99%), m.p.
76~79°,

2,2'-Diaminobiphenyl from benzo[c]einnoline, To 0.225 g.
of benzo[c]cinnoline (0.00125 mole) in 15 ml. of ethanol was
added 1 ml of 1009 hydrazine hydrate (0.02 mole). The
solution was heated with some freshly prepared W-2 Raney
nickel.’¥ Ammonia and nitrogen were evolved. Reduction
was complete when the solution had become completely
colorless (about 10 minutes). The yield of crude diamine was
99%, m.p. 76-79°,

Purification of 2,2’-diaminobiphenyl containing benzo[c)-
cinnoline.® The crude diamine was dissolved in a small
amount of dilute hydrochloric acid and the yellow solution
was neutralized with ammonium hydroxide until a faint
milky appearance persisted. During this time benzole]-
cinnoline precipitated and the intense yellow which it shows
in acidic solution disappeared. If the crude diamine con-
tained a large amount of benzo[clcinnoline, the latter was
removed periodically so that it would not interfere with the
detection of the end point. After filtering off the last precipi-
tate of benzo[c]cinnoline, the filtrate of diamine mono-
hydrochloride was treated with decolorizing carbon at room
temperature until the filtrate was completely colorless. The
decolorizing carbon was washed thoroughly with several
small portions of water and the combined filtrates were
basified with ammonium hydroxide. The diamine first ap-
peared as a colorless oil which solidified on standing. In
this manner the crude diamine was usually obtained as a
pale tan powder, m.p. 76-79°. After recrystallization from
ethanol (about 2 ml./gram), colorless plates, m.p. 78-79°,
were obtained.

Using this procedure for the separation of the diamine
from benzo [c]cinnoline, 2,2’-diaminobiphenyl could be pre-
pared in good yield using an old W-2 Raney nickel or even
a catalyst with a high aluminum content. For example, a
72% yield of the diamine and a 209, vield of benzo[c]-
cinnoline was obtained using the procedure described for
benzo [¢]cinnoline and 1!/:-year-old W-2 catalyst.

Reduction of 2,2'-dinitrobiphenyl to intermediates. To 1.22 g,
of 2,2’-dinitrobiphenyl (0.005 mole) in 15 ml. of ethanol was
added 1.3 ml. of 1009, hydrazine hydrate (0.030 mole). The
mixture was heated until a clear solution was obtained and
then some old W-5, W-6 or W-7 Raney nickel catalyst
added. ¥

(a) Benzolcleinnoline-5,6-dioxide. The temperature was
maintained at 55-65° while the reaction was kept at a moder-
ate rate by adding more catalyst, if necessary. The mixture
turned green on addition of the catalyst, and after a short
time (3—-15 min.), it became slightly reddish-brown. Color-
less crystals of the dioxide appeared. At this point the mix-
ture was cooled at the tap and filtered when effervescence
had almost ceased. The solid was washed thoroughly with
ethanol and then with acetone. The dioxide was then ex-
tracted with cold chloroform, and the solution filtered and
evaporated to dryness. The total yield of white to very pale
vellow erystals amounted to 0.14-0.51 g. (13-48%,), m.p.
234-236° (dec.) [reported, m.p. 240°? and 233-236°w
(dec.}). A sample was purified by recrystallization from
ethanol. Its ultraviolet spectrum was identical with that in
the literature.®

(b) Benzo[c]cinnoline-5-oxide. The procedure for the
monoxide was the same as that for the dioxide except that

(16) Six-week-old W-2 Raney nickel and freshly prepared
W-7 and W-5 were also effective, but needed about 1.5 ml,
of 1009 hydrazine hydrate using the above procedure.
Older catalysts, especially those high in aluminum, required
more reducing agent.

(17) Two and three-month-old W-7 gave good results.

(18) 8. Roos and I. Kuntz, J. Am. Chem. Soc., 74, 1297
(1952).
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the reaction was allowed to proceed until most of the
dioxide had redissolved. The mixture was then filtered and
the filtrate evaporated to dryness. The reddish-brown
residue was recrystallized from dilute ethanol, using decolor-
izing carbon and filter aid, and the filtrate cooled to 5-10°
for several hours: The precipitate of crude monoxide was dis-
solved in ethanol at room temperature and the solution
cooled to 0° for several hours to precipitate most of the
dioxide along with a considerable amount of the monoxide,
After filtering off the precipitate, the solution was then
concentrated to a small volume and deposited 0.37 g. of
light tan needles, m.p. 139-141° (reported, m.p. 139°1°
and 139-140°1), on strong cooling. An additional yield of
0.21 g., m.p. 141-145°, was obtained from the precipitate
of dioxide and monoxide by repeating the procedure above.
The total yield was 59%. Both samples gave the same ultra-
violet spectrum as that reported in the literature.18

The melting point was compared with that of a sample
prepared by the oxidation of benzo[c]cinnoline with hydro-
gen peroxide, A solution of 225 mg. of benzolc]einnoline
(0.00125 mole) in 5 ml. of glacial acetic acid and 0.5 ml. of
30% hydrogen peroxide was heated on the steam bath for
3 hr. An additional 0.5 ml. of peroxide was then added and
the solution heated for an additional @ hr. The solution
was immediately® diluted with water to 20 ml. and allowed
to stand at 5-10° for an hour. The yield of pale yellow needles
was 215 mg. (889%), m.p. 136-139°.

(e) Benzolclcinnoline. The original mixture was heated
(cautiously at first) until all the hydrazine had decomposed
or until the color had changed from green through reddish-
brown to a distinct yellow-brown.?! The catalyst was fil-
tered off and the filtrate evaporated to dryness. The reddish
mass was recrystallized from ethanol to give 0.56-0.72 g,
of vellow needles (62-80%,), m.p. 155-156° (reported, m.p.
156°% and 156-158°1t), The ultraviolet spectrum agreed
with that reported in the literature.??

The dioxide and monoxide were also reduced to benzol[e}-
cinnoline by a similar procedure in yields of 88 and 979
respectively. The reduction of the dioxide behaved like the
reduction of 2,2’-dinitrobiphenyl and gave an impure
benzo[clcinnoline, possibly due to a side reaction of the
dioxide with hydrazine or one of its decomposition products.
The crude benzo[clcinnoline obtained by the reduction of
the monoxide was fairly pure, m.p. 1563-156°.

Reaction of benzolclcinnoline-5,6-diozide with hydrazine,
A small amount of the dioxide was stirred with a concen-
trated solution of hydrazine hydrate in ethanol. When all
the solid had dissolved (1-3 days), & dark red solution re-
sulted, The solvent and excess hydrazine hydrate were
evaporated off and the reddish solid residue thoroughly dried.
The infrared spectrum was identical with that of benzo[c}-
cinnoline-5-oxide. Despite the red color the spectrum gave
no indication for any large amount of impurity.
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