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I.. INTRODUCTION: HISLORY AND OBJECY

This research was undertaken to determine to what
extent the reduction of nitrobenzene with sodium methylate
in absolute methyl alcohol solution in the presence of lead
would be comparable to the reducing action of aqueous sodi-
um hydroxide and methyl alcohol in the presence of lead as
previously investigated by Fry end Andress (1).

Since the history of the various methods of re-
ducing nitrobenzene has been thoroughly reviewed in earlier
theses from this laboratory, only a few of the more perti- -
nent reductions will be noted.

The reduction of nitrobenzene has been known since
1845 when Zinin (2) prepared azoxybenzene by treating nitro-
benzene with alcoholic potash. He postulated no equation to
represent the character of the reaction. Alexeyeff (3)
prepared azoxybenzene by adding sodium amalgam to an alco-
holic solution of nitrobenzene acidified with acetic acid.
He also stated that zine dust, in the presence of small
quantities of alkali, acts analogously to sodium amalgam.

Rosenack (4) found that azoxybenzene is formed

- when nitrobenzene is added in small quantities to a solu-

tion of sodium hydroxide and alcohol. He further noted
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that sodium or sodium amalgam has no effect on perfectly
dry nitrobenzene, but a vigorous reaction follows when a few
drops of water are added and agoxybenzene results.

Schmidt and Sehultz (5) prepared azoxybenzene by
the action of alecoholic potassium hydroxide on alcoholie
nitrobenzene. They mention by-products of aniline, oxalie
acid and a dark resinous product similar to the blazoxy-
benzoic acid of Miechler (6).

Klinger (7) devised a new method for the reduction
of nitrobenzene to azoxybenzene by using sodium and methyl
alcohol as the reducing agentg that 1s, sodium methylate.

A yield of 85 - 89% was obtained.
Moltschonowsky (8) repeated Klinger's work, but
-obtained somewhat lower yields. Bruhl (9) prepared azoxy-
benzene in almost quantitative yield by SuSpending sodium
methylate in xylene and then boiling the mixture with nitro-
benzene for seven hours. |

Lachman (10) repeated Klinger's method and obtained
95 - 97 percent yield. He stated that the water present in
methyl alcohol has little effect upon the yield of azoxyben-

Zene.

Evans and Fry (11) prepared azoxybenzene in 90
percent yield by the action of magnesium and methyl alcohol
on nitrobenzene. The magnesium methylate has no reducing

action; it is chiefly the hydrogen liberated when magnesium
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reacts with methyl alcohol that reduces the nitrobenzene.

Snowden (12) lists several known methods, chemical
and electrical, for feducing nitrobenzene to azoxybenzene.

0f all the methods that have been cited, that of
Klinger has been adopted as the standard method for prepar-
ing'azoxybenzene from nitrobenzene.

As previously stated, Klinger found that nitroben-
zene 1s reduced by sodium methylate, in methyl alcohol solu-
tion, to azoxybenzene. He proposed the equation,

9
4 @ Nop + 3CH30Na —— - > 2 @-N=N-¢g &
3 HCOONa + 3H0

but he gave no experimental data to substantiate the stoi-
chiometric proportion of the equation. This reaction was
quantitatively_investigated by Fry and Cameron (13) and was
found to be correct.

In the course of their investigation, Fry and -
Cameroh proposed a mechanism for the reaction, involving the
theory of acidic dissociation of sodium hydroxide, a dis-
cussion of which will subsequently follow. They found that
increasingly large quantities of water, which promotes
basic dissociation of sodium hydroxide, when added to the
reaction mixture, lowered the percent reduction from the
normal 88.45 per cent to 19 per cent. These results were

in direct contradiction to the statement of Lachman to the -
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effect that water present in methyl aleochol has little ef-
fect upon the yield of azoxybenzene. <They further found
that pyridine, which being basic should pfomote acidiec dis-
sociation of sodium hydroxide, greatly increased the per
cent reduction when 1t was present in the reaction mixture.

In view of this establishment of the Klinger equa-
tion and this hypothesis, Fry and Bowman (14) carried on a
further investigation to try the effect of various other
organic bases upon the extent of the reducing action of sodi-
um methylate on nitrobenzene. They found that lncreased
molar quantities of organic bases (aniline, meﬁhyl aniline,
dinethyl aniline, quinoline and isoamyl amine) caused in-
creased per cent yield of sodium formate in each case.

Fry and Andress (1) found that nitrobenzene was
gquantitatively reduced to azoxybenzene by solutions of so-
dium hydroxide in methyl alcohol and water in the absence
of lead with the accompanying evolution of large volumes of
hydrogen. Furthermore, with increasing concentrations ei-
ther of sodium hydroxide or of nitrobenzene, hydrogen was
evolved in increasing volumes. These runs were repeated in
the presence of lead and the following results were obtained:

(1) The volumes of hydrogen evolved were
greatly in excess of those obtained in the absence of lead.
(2) The nitrobenzene was reduced to mix-

tures of azoxy- and azo-benzene.
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(3) "Yhe lead reacting was converted into
sodium plumbite.

To determine whether nitrobenzene could be re-
duced by sodium hydroxide and lead in the absence of methyl
alcohol or not, reactions were investigated wherein nitro-
benzene was dissolved in pyridine and refluxed with lead
and sodium hydroxide. In this instance the nitrobenzene
was reduced chlefly to azoxybenzene and some azobenzene.
The lead reacted to form sodium plumbite and red lead,

presumably according to following egquations:

Pb  + 2 NaOH ——we- > NapPbOp +- 2H
3Pb + 4 Hy0 —omee > Pbg0, + B8 H

No hydrogen wasvevolved. The available hydroger was &as-
sumed to effect reduction.

They further found that sodium plumbite partially
reduces nitrobenzene to azoxybenzene according to the fol-
lowing equation:

9 NapPbOs ¢ 2 § NOp + 9H30 ——» ¢-%‘= N-g + 3Pb304 +
18 NaOH

The intermediate formation of hydrogen peroxide
on the interaction of lead, sodium hydroxide, and nitroben-
zene in aqueous solution and also in the presence of methyl

aleohol and water was shown to take place according to the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



following egquation:
3Pb + 6 NaOH 4+ 4 @ NOp e 3 NaQPbQQﬁ1¢—§=N—¢ + 3Ho09p

This research is a further study of the reduction
of nitrobenzene under different experimental conditions,
namely, dilute and nearly saturatéd solutions of sodium
methylate in absolute methyl alc§hol with snd without lead.
As previously noted, the study by Fry and Andress was con-
ducted principally in alkaline agueous medis and under these
conditions a variety of concurrent reactions were shown to
take place. Since in the present study the iniltial reac-
tion mixtures were anhydrous methyl alecohol solutions of

- sodium methylate, either in the absence or in the presence
of lead;:it'mas haped that the oceurrence of concomitant
reactions might be eliminated and at the same time faecili-
tate some quantitative correlation of the yields of sodium
formate with the corresponding yields of the reduction pro-
ducts. it was desired to explain further, if possible, the
effect of the presence of lead upon the nature and extent

of the reduction.
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IT. THEQORETICAL
A, THE KLINGER REACTION AND THE MODIFIED KLINGER REACTION.

Although Klinger's reaction was adopted as the
standard method for preparing azoxybenzene from nitrobenzene,
no attemp t was made &0 ascertain the mechanlsm of the reac-
tion until Fry and Cameron(13) investigated it from a quanti-
tative standpoint. The stolchlometric proportions suggested
by Klinger were confirmed, énd in addition, the following
mechanlism was proposed:

3CHzONa 4 3HOH ----- > 3CHz0H  + 3HONa (a)
3CHz0H + ZHONa ----5 3HCOONa « 12H (D)
Lg NOp ¢ 12 H ==e-y §—%=N—¢ +# 6 HYO (e)

£ a,b,c 4 ¢ NO, « 3CH;0Na  =---e >
2¢—%= N-¢§ +« 3 HCOONa + 3 HyO (4)

In dillute solutions of sodium methylate in methyl
alcohol only azoxybenzene was obtained; but in a nearly
saturated solution of sodium methylate in methil alcohol,
the nltrobenzene was reduced to a mixture of azo- and azoxy-
benzene,

The intermedlate reactions, entalling the amphoteric
dissociation of sodium hydroxide postulated by Fry and

coworkers, culminating in the final equation for the Klinger

reaction have herewith been modified to show the intermediate

formation of nitrosobenzene and phenylhydroxylamine be-
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cause the extent of the formation of these substances may
have a bearing upon the relative yields of the concurrently
azoxy- and azo-benzene with the higher concentration of
sodium methylate. Lhe revised reaction’mechaniém scheme for

the reduction to azoxybenzene may be written as follows:

3 CHg0Na 4+ 3 HOH -—---3 3 CH90H + 3 HONa (a)

3 CH30H + 3 HON@ ——eee 5 3HCOONa + 12 H (b)
L@PNOp, 4+ 8H o 54PN 0 + 4HO (o)
: 4 . H
29N0 + 4H o »>2 0 Mo, (8)
29N0 +20NE 502 ¢~§=N-¢ + 2 H0 (e)
“« OH . )
£ a, b,c,d,e—— 4 @ NOp 4+ 3CHgUHa e >

3 HCOONa + 3 H0 + 2 ¢-§=N~¢

In using a higher concentration of sodium methylate,
more extensive reducing conditions &ere imposed. Hence,
one would expect an excess of /phenylhydroxylamine to be
formed by the reduction of the intermediate nitrosobenzene.
Fﬁrthermore, an excess of phenylhydroxylemine is required
for the formation of azobenzene, as noted in the following

reaction mechanism scheme:

2 CI—I3ON& + 2 HOH —ewnn - 2 ”C;H5OH + 2 HONa (a)
2 CHsOH . + 2 HONa --——-s 2 HCOONa + 8 H | (b)
2P N0, + ALH 5 28N0 &+ 2H0 (¢
2980 4 4LH ""“““"2“153 | (a)
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531\1(% +- ¢Ngﬂ ----- > BN=N@ + 2Hy0 (e)
g a,b,c,d,e: 2CH;ga + 20 NO, ———-- >

2 HCOONa + @ N=N @ + 2 Ho0

In comparing the reaction mechanism schemes for
the concurrent formation of agoxy- and azo-benzene, it should
be noted that in the former, azoxybenzene is the product
of the interaction between nitrosobenzene .and phenylhydrox-—
ylamine, whereas, in the latter, the formation of azoben-
zene is the product of the interaction of two molecules of

phenylhydroxylamine.
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B. THE EFTFECT OF LEAD UPON THE REDUCTION OF NITROBENZENE,

In the previous investigation by Fry and Andress(l),
the presence of lead in the resction mixture of sodium hydr-
oxide, methyl alcohol and water, the réductmon of nitro-
benzene was shown to be accompanied by the liberation of
hydrogen, the formation of sodium p»lumbite, red lead and
hydrogen peroxide, In the equations, propoded and checked
for these reactions, sodium fTormate was not formed. Since
godium formate accompanies the reduction by sodium methylate
of nitrobengene to elther azoxybenzene, azobenzene, and even
to hydrezobenzene, it 1s appearently concluded that the
function of lesd in effecting the reduction off nitrobenzene
is as a direct reducihg agent,

The possibility of correlsting the quantities of
lead reacting with the ylelds of the reduction product will

be considered in the experimental part of this thesis,
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III, EXPERIMENTAL

All reactions investigated in thls study were
conducted in duplicate 1n one liter three-necked round-
bottomed flasks., The middle neck of the flask was connected
with a mechanical stirrer through a mercury seal. Each
flask was securely attached tova short Liebig condenser,
which was, in turn, connected to a spiral condenser,

Regular type condensers were first used, but check
results could not be obtained since methyl alcohol was not
completely condensed., Spiral condensers were next used,
but they "flooded" too readily, A combination of the two
types as described above worked very efficiently., Most of
the methyl alcohol vapors condensed in the Lieblg condenser,
and these vapors which passed on were condensed in the more
efficlent spiral condenser, The upper end of the 1lnner
tube of the spiral condensef.was fitted with glass tubing
which led to an inverted 1000 ml, graduated cylinder filled
with water serving as a.gasometer.

The thiré neck of the reaction flask was fitted with .
a dropping funnel through which ﬁhe nitrobenzene was added.
All conections were made with rubber tubing, wired and
sealed to prevent any leakage of gas., The reaction flasks
were heated, in each experimental run, on constand level
water baths, kept at the boiling temperature for the same
length of time, namely, five hours,
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A, REDUCTION WITH THE LOWER CONCENTRATION OF SODIUM METHYLATE
(The Klinger Reaction)

The Klinger reaction was studied with the view of
determining not only the percent theory yleld of reduction
products of nltrobenzene; but, more especially; the yilelds
of sodium formate when the concentrations of sodium methylate
were varied by the addltion of more of less absolute methyl
alcohol. Three different concentratlons of sodium methylate
were used, namely: 17,3 grams of sodium dissolved in 250 ml,,
300 ml., and 600 ml. of absolute methanol, To each of these
solutions, 20.44 ml, (.2 moles) nitrobenzene were added,

The following 1s a description of a typical experi-
mental runs

300 ml, of absolute methyk alcohol measured in
volumetric flasks were poured into the liter three-necked
flask, equlpped as previously describved,

17.3 g. of sodlum, cut into small pleces, welighed
under ligroin, was introduced into the reaction flask, When
all the sodium was dissolved 1nf§%thil alcohol, a dropping
funnel conteaining 20,44 ml, (.2 mole) nitrobenzene was in-
serted in the third neck of the flask, The water bath was
heated and the solution was brought to its‘boiling point.,

The solution was refluxed untll no more air passed into the

gasometer, The gasometer was refllled wlth water and then

the 20,44 ml, of nitrobenzene in the dropping funnel were
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added, drop by drop, within a period of fifteen minutes.

The reaction mixture was refluxed for five hours.
No gas (hydrogen) was evolved in any of the experimental
runs of this section.

The reaction mixture was steam-distilled to re-
move the unreacted nitrobenzene and the excess methyl al-
cohol. Steam distillation was continued until the odor of
nitrobenzene was no longer perceptible in the reaction mix-
ture. ALbout 800 ml. of distillate were collected.

Ihe reaction residue, thus obtained, consisted of
an agueous solution of sodium formate and sodium hydroxide
(obtained from the hydrolysis of sodium methylate) and the
insoluble reduction.pro&uct, aﬁoxybenzene, which had settled
to the bottom of the flask.

When this reaction mixture was poured into 1ice
water, the azoxybenzene crystallized, was filtered off on a
Buchner funnel, washed repeatedly with cold water, dried
and weighed. Further purification of the reduction product
was unnecessary since it melted at 36° C., the recorded |
melting point of pure azoxybenzene.

A1l the agueous washings of the azoxybenzene were
added to the main filtrate, which contained the sodium form-
ate. The solution was diluted to 2000 ml. in a volumetric
flask. The yleld of sodium formate was determined by the
alkaline permanganate method described by Oesper (15). The

procedure employed was as follows:
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50,00 ml., of the 2000 ml. dilution were transferred
to a 500 ml. volumetric flask. A 100 ml. sample at this
latter dilution is equivalent to a 10.00 ml. sample of the
original 2000 ml. dilution. The formate determination was
conducﬁed as follows: 10 ml. of 30 per cent sodium hydrox-
ide was added to 20.00 ml. 0.5 N Kiin0y, solution. 100.00
ml. of sample were added, followed by 30 ml. more of the
sodium hydroxide sclution. The mixture was allowed to stand
ten minutes., 31 ml. sulfuric acid (1 : 1) and 10 ml. man-
ganese sulfate solution (5%) were next added. Atter add-
ing 20.00 ml. oxalic acld (34 g. per liter), the solution
decolorized and 1t was quickly heated to 50° C. The excess
oxalie acid was titrated with .1084 N potassium permangonate.

Only the titer of the .1 N potassium permanganate
was determined independently. It was not necessary to ac-
curately determine the normality of the .5 N KMHOA dnﬂ the
oxalic acid solution, since in the actual titration 20 00
ml. of each of the latter solutions were used in every deter-
mination. & Y"Blank run"™ was made as follows:

5ml., of 1 ¢ 1 sulfuric aeid were added to 20.00
ml. oxalic acid (34 g./liter). The solutions was warmed to
509 €, and 10 ml. manganese sulfate solution and 20.00 ml.

.5 N permanganate were added. All the permanganate was de-
colorized. The excess oxalic acid was titrated with .1084
N permanganate which was previously standardized agaiﬁst pure

sodium oxalate. The volume of .1084 N permanganate used
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represents the blank consumption®.

The volume of .1084 N permanganate used in the
actual titration minus the volume consumed in the blank run
represents that volume of .1084 N permanganate equivalent to
the sodium formate being determined.

The following table I records the data obtained
to establish the normal yield of sodium formate and azoxy-
benzene for the reduction of nitrobenzene by sodium methylate
in the three concentrations following the procedure des-
cribed. Klinger's equation was used as the basis fer'cal—
culating the theoretical yields. Column 1 indicates the
number of each duplicate run. ne volume of absolute meth-
y1 alcohol in which 17.3 g. of sodium were dissolved is
given in column 2. The actual and theoretical yields of
sodium formate are given in columns 3 and 4, respectively.
Column 5 notes the per eent reduction of nitrobenzene cal-
culated from the actual yvield of sodium formate and the th
theoretical yleld according to the Klinger equation.

Columns 6 and 7 record the actual and theoretical yleld of
azoxybenzene respectively. In column 8, the per cent re-

duction based on the yield of azoxybenzene is tabulated.
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The above data leads to the following conclusions:

(1) 1In runs I and II, the yields of sodium
formate and azoxybenzene are in exact conformity with the
equation for the Klinger equation.

(2) In run III only a trace of azoxybenzene
was formed, insufficient to be recovered.

(3) & marked difference in the extent of
the occurrence of the Klinger reaction is noted in rums I,
I, and III; namely in the 250 ml. dilution of sodium
methylate, the yield of sodlum formate and azoxybenzene 1s
a little more than double (86.+%) thet obtained with the
300 ml. dilution (43%), while with the 600 ml. dilution the

extent of the reduction is practically negligible.

B, REDUCTION WLTH HIGHER CONCENTRATION OF SODIUM MELHYLATE,

The object in making the runs to be described in
this section was twofold: first, to establish the extent
of the occurrence of the Klinger reaction with a higher
concentration of sodium methylate in the absence of lead to
furnish data for the subseduent comparison with the extent
of oceurrence of reactions when conducted in the presence
of lead; second, to establish a quantitative correlation of
the total yleld of sodium formate with the yields of both

azoxy- and ago-benzene, which were the reduction products.
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in the more concentrated solutions of sodium methylate.

twice as much sodium, namely, 34.6 grams. was
dissolved in 300 ml. absolute methyl alcohol. <Yhe solution
was refluxed until no more ailr was collected in the gaso-
meter. 'Lhe gasometér was refilled with water and 20..44 ml.
nitrobenzene was added dropwise over a period of fifteen
minutes. <The practically negligible volume of hydrogen
evolved varied from 40 to 150 ml. in the various runs. In-
cldentally, the hydrogen evolved came over within twenty-
five minutes after the addition of nitrobenzene was begun.
It ies to be noted that Fry and Andress found that when nitro-
benzene 1s reduced in a solution of sodium hydroxide in
water and methyl alcohol, the volumes of hydrogen evolved
varied from 163 ml. to 1776 nl. with various concentrations
of sodium hydroxide and nitfobenzene. They further found
that 55% of the total volume of hydrogen was evolved within
the first hour of the five-hour refluxing.

The formation of hydrogen described in the pre-
ceding research of Andress (1) in this laboratory is prob-
ably due to the amphoteric action of sodium hydroxidé on
methyl alcohol,

3 CH;0H s+ 5 HONa -————3 3 HCOONa + 12 H (1)
Not all of fhis nascent hydrogen formed in the earlier part
of the reacéion period was utilized in the reduction of

nitrobenzene. Parenthetically, in order to explain the
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evolution of hydrogen predominantly in the earlier period
of the reaction, it may be logically assumed that the re-
duction of nitrobenzene to nitrosobenzene does not occur as
reagily as the subsequent reduction of nitrosobenzene to
phenylhydroxylamine, Accordingly, any hydrogen evolved
would be that fraction of the available hydrogen (reaction
1) which is not active in the reduction of nitrobenzene to
nitrosobenzene. Therefore, one would expect most of the
hydrogen, if any, to be evolved in the earlier stages of
the reduction.
After the reesction mixture had refluxed five hours

most of the excesg methyl alcohol wag distilled off., There

odor of nitrobenzene Was‘not present in the reaction mix-
ture, showing that all nitrobenzene had been reduced. Dur-
ing the distillation about 200 ml. water were added. The
reaction mixture was poured on to ice water: an orange pre-
cipitate (a mixture of azoxy- and azo-benzene) formed.

This precipitate was filtered from the solution, washed
thoroughly with ice water, air dried and welghed.

No hydrazobenzene was formed, as indicated by a
negative benzidine test. <The percentages of azoxy- and
azo-benzene contained in each reaction residue were deter-
mined vy the freezing point method described by Fry and
Bowman. Their curve for the freezing points of mixtures of

azo- and azoxy-benzene was used throughout this investiga-
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tion.

The filtrate obtalned from the azoxy- and azo-
benzene residue congisted of a golution of sodium formate,
sodium hydroxide, methyl alcohol and possibly some unhy-
drolyzed sodium methylate. 4dn order that the yield of
sodium formate be determined accurately, it was absolutely
necessary to free the solution of all remaining traces of
‘methyl alcohol, since thls substance 1s also oxidized by
alkaline potassium permangenate solution.

The filtrate.was diluted to 2000 ml. in a volu-
metric flask. 500 ml. of this solution wewetrensferred to
the three-necked reaction flask and steam distilled after
the solution was made just acid by.adding the calculated
amount of sulfurie acid and then Jjust basic by adding sodium
carbonate. Previous experiments showed that 1f some of the
alkali were not neutralized all the methyl alcohol would not
completely distill off. This phenomenon is undoubtedly due
to the fact that sodium methylate is not quantitatively
hydrolyzed in a too strongly elkaline solution. It is es-
sentlal that the solution be slightly alkaline before dis-
tilling because in acid solution formic acid is produced
and this substance distils over. After some 300 ml. of dis-
tillate were collected, the contents of the distilling flask
was diluted to 500 ml. and the yieldsof sodium formate in

aliquot portions were determined as previously described.
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In order to determine whether or not all methyl
alcohol had been removed in the first distillation, advan-
tage was taken of the fact that sodium formate reacts more
readily with alkaline permangenate than does methyl‘alcohol.
The test was conducted as follows. Duplicate samples of
the sodium formate solutions were analyzed asg previously
described. Une of the samples was allowed to stand ten
minutes with the alkaline permengenate; the other samole
was allowed to stand only a few seconds with the alkaline
permanganate before the solution was acldified with sul-
furic acid, and the determination was completed. 1In those
instances wherein check results were not obtained, 250 ml.
of the sodium formate solution were redistilled as before
and then the sodium formate yield was determined on dupli-
cate samples.

In the following table II, column 1 records the
number of each run; column 2, the weight of azo- and azoxy-
benzene obtained. Colums 3, 4,and 5 record respectlively
the freezing points of the mixtures of azo-and azoxybenzene,

the percents of azoxybenzene, and the percents of azoben-

zene. In columns 6 and 7, the corresponding weights of
azoxybenzene and agzobenzene in the reaction mixture are
respectively tabulated. Columns & and 9 indicate the grams
of sodium formate equivalent to the azoxybenzene and azoben-

zene formed, respectively, according to eguations (&) and
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~(B). Column 10 indicates the total calculated yields of
sodium formate formed by both reactions (A) and (B}.
Column 11 records the grams of sodium formate actually
found, In column 12, the per cent theory ylelds of sodium
formate calculated on the basis of the occurrence of the

two reactions (A) and (B). .
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(1) (»)
azZoxy &
Run azo-benzene
yield
(g.)
1 19f69
2 19.36
3 19.57
4 19.60

TABLE

KLINGER REACTION DATA

N=N g+

I1I

3 HCOONa =+ 3 Hs0

4 A NOg 4 3 CH3ON& we=eady 2 g
2 f NOg 4 2 CH3ONa =----~» @ N:-N@ + 2 HCOONa ¢ 2 Hp0O
(3)  (4) (s) (6) (1) _(8) (o} (10)
Percent Percent azoxy- azo- BCOONa - HCOONa Eg. A &
F.P. azoxy- azo-  benzene benzene (¢§i0 %N . Eq. B.
benzene benzene {g.) (go) Y/2° (8 M)  caleulated
Eq. A. Eg.B. grams
g. calc. g.Calc,
33,0° 95.5 4.5 18.80 0.89 9.68 «66 10,34
33,0° 95,5 4.5  18.49 0.87  9.52 .65 10,17
33,0° 95.5 4,5 18.69 0.88 9,63 «66 10,29
23,0° 95,5 4,5 18.72 0,88 9.56 .66 10.22

(calculations based on Klinger (A) and modified Klinger Reactions (B))
" 0 .

(4)
(B)

1
o3

yield
HCO(Na
Found
(g.)
10.27
10,72
10.88

10,79

pb 18t
theory
yield
HCOONa

99,1
105.4
105.7

105.5



- 24

The data 1~ the above table II lead to the
following conclucionst

(1 ) At this higher concentration of sodium
methylate, the nitrobenzene 1s completely reduced to g mix-
ture composed of 95.5 per cent azoxybenzene and 4,5 per
cent azotengzene,

(2) The total yield of sodium formate cal-
culated from the ylelds of aroxy- and azo-benzene according
to the reactions represented by equations (A) and (B) is,
within the limita of experimecntal error, equal to the quan-
tity of sodlum formate actually formed,

(3) These results prove that in the higher
concentration of sodium methylate solutlon nitrobenzene in
conformity with the Klinger equation is reduced not only to
azoxybenze,e but is also concomitantly reduced to azoben-
zene gccording to the modified Klinger equation, theréby
supporting the occurrence of the two postulated reactlons.

(4) It is of interest to note that in the
previous research of Fry and Andress that either with in-

creasing concentration of sodium hydroxide or ilncreasing
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concentration of nitrobenzene in methyl alcohol and water
solution, increasing volumes of hydrogen were evolved but
azobenzene was never formed. The yields of azoxybenzene

varied from 93 to 96% theory.

The Klinger reaction runs as described in part

(A) were repeated with the addition to each reaction mix-
ture of 0.4 moles (82.89 grams) of Baker's C.P. Analyzed
granular lead. Duplicate runs were made wherein 17.3 grams
sodium were dissolved in 300 ml. and 600 ml. of methyl al-
cohol.

The immediate purpose of this section was to de-
termine the effect of the presence of lead upon the extent
of the reductlion of nitrobenzene in relation to the res-
pective ylelds of azoxybenzene, azobenzene, lead monoxide,
and sodium formate.
sodium and 0.4 moles (82.89 g.) lead.

17.3 g. of sodium, cut into small pleces, were
welghed over ligroin on the small laboratory balance. The
ligroin was poured off and a current of carbon dioxide gas
was used to dry perfectly the sodium and facilitate accurate
welghing.

The sodium was dissolved piece by piece in the
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methanol and 82.9 gms. of finely divided lead wer¥eadded to
the solution. The mixture was heated to boiling on a con-
stant level water bath and was allowed to reflux until no
more air was expelled into the gasometer. The air in the
gasometer was replaced with water; the mechanical stirrer
was adjusted to a speed which provided mixing of the compon-
ents and 20.44 ml. nitrobenzene was added dropwise over a
period of fifteen minutes. The mixture wags refluxed five
hours. No gas was evolved in the runs at this concentra-
tion., Within a half hour, a light yellow precipitate (lead
monoxide) formed in the reaction mixture.

At the end of the refluxing period the reaction
mixture, which consisted of lead monoxide, unreacted lead,
unreacted nitrobenzene, sodium formate, azmoxy- and azoben-
zene, sodium plumbite and methyl alcohol, was filtered
through a large Buchner funnel., The solid residue of lead
monoxide and unreacted lead was washed geveral times wifh
bolling water; the filtrate and water washings were trans-
ferred back to the original reaction flask. The lead and
lead monoxide precipitaté was next washed with ether until
the filtrate was no longer colored (a colored ether washing
indicates that nitrobenzene reduction products are being
removed from the precipitate). The lead and lead monoxide
residue was then washed with acetone and ether, dried and
weighed. The ether and acetone washings were evaporated to

dryneés and the solid obtained was transferred to the main
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filtrate in which it dissolved.

The dried and weighed mixture of lead monoxide and
unreacted lead was digested with 400 ml. freshly made 6N
sodium hydroxide to dissolve all lead monoxide. After all
the lead monoxide had gone into solution, the mixfure was
filtered. The remaining lead was washed with water, acetone
and ether, dried and weighed.

The welght of lead monoxide formed was obtained by
subtracting the weight of recovered or unreacted lead from
the combined weights of lead monoxide and unreacted lead.

The remaining products of the reaction in the
methyl alcohol filtrate, namely, azoxybenzene, azobenzene,
sodium formate, sodium hydroxide, sodlum plumbite, and un-
reacted nitrobenzene, was steam distilled until all methyl
aleohol and unreacted nitrobenzene were removed.

The contents of the distilling flask (500 ml.)
were added to the same volume of iced water. This effected
the solidification of agzoxy- and azo-benzene which was fil-
tered off and washed with ice water. To remove slight
traces of foreign matter, the azoxy-azobenzene residue was
redissolved in ether. To remove traces of water from the
filtrate, calcium chloride was added. The solution was
again filtered and evaporated to dryness. The residue, which
was found to be free from hydrazbbenzene by the benzidine
test, was weighed and the freezing point was taken in order

to ascertain the percentage of azoxy- and azo-benzene

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



present.

- The aqueous filtrate obtained after filtering off
the azo- and azoxy-benzene, contained sodium fdrmate, sodilum
plumbite and sodium hydroxide. Before the yield of sodium
formate could be determined, it was necessary to remove the
sodium plumbite, since the latter substance interferes with
the quantitative determination of the former. The filtrate
was transferred to a R-liter volumetric flask, made acid to
litmus by adding.the caleulated amount of sulfuric acid.
Lead sulfate was precipitated, but not cuantitatively under
these conditions.(t6) Thus, to insure complete precipita-
tion of all lead, 100 ml. of 2 N ammonium carbonate was
added. The soluble lead sulfate was converted into insol-
uble lead carbonate. The solution was diluted to 2000 ml.
in a volumetric flasgk with distilled water; After thorough
mixing, the precipitate was allowed to settle (let stand
overnight).

The content of sodium formate in the supernatant
liquid was determined by the method previously described.

After the sodium formate determinations were made,
the precipitate of lead sulfate and lead carbonate was fil-
tered from the sodium formate solution. The filtrate, whieh
wasg previously analyzed, was discarded. The lead, con-
tained in the lead sulfate-lead carbonate preclpitate, was

determined by the methud of Griffin (;7) as follows:
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The lead sulfate and lead carbonate précipitate
was dissolved in bolling concentrated nitric acid contalning
a little bromine water., The solution was transferred to an
Erlenmeyer flask and'15 ml, of concentrated sulfurin acid
were added. The mixture was evaporated to strong fumes of
sulfur trioxide, After cooling, 100 m}l., water and 50 ml,
ethyl alcohol were added, After standing one hour, the lead
sulfate was filltered off in a welghed Gooch crucible, dried
at 150° @, and welghed.

The data obtained in relation to the disposition
of lead are glven in ghe following table III,

TABLE III
DISPOSITION OF LEAD
Run Run
1 2

&1; Reactlon Mixture: PbO + unreacted lead ----- 81,76 T5.70
2 : unreacted lead —--wcccceccna 55,06 53,65
(3) " "t PbO sol. in NaOH(l=2) --ce- 26,70 22,05
(&) PbS0, from flltrate ----------eeooocommoooooo - 3.94 10,90
(5) Pb = PPO (3) mmmommmmm e e 24,78 20,46
(6) Pb — PbSOp(4) —ewm- —————— e ——— 2,78 746
(1) <= (2), (5) 8Na (6) =memmece————————————— —————— 82,52  81.57
(8) Initial weivht of lead =—cem—acmcecaa -————————— -~ 82,80 82,89
(9) Lead reacting (8 = 2) wweeccasn e mm—————————— 27,83 29,24

The above results indicate that all of the lead
which participates in the reduction or in any other possible

reaction is converted into lead monoxide, A portion of the

lead monoxide first formed 1s subsequently converted into
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gsodium plumbite by the alkaline solution.,

It was found that 1f the stirrer motors were not
adjusted at exactly the same speed, checks on.duplicate
runs could not be obtained. Therefore, it was declded to find
out just how much effeet the rate of stlirring had upon the
reduction of nltrobenzene under these conditlons, Duplicate
runs were made in which the motor was set at the same speed
using the same stlrrer and three-necked flask,

The data obtained for the dlspositlion of lead

when thls higher rate of stirring was employed are as follows:

TABLE IV
DISPOSITION OF LEAD

(1) Reaction Mixture: PB) - unreacted Pb ----. 80,90 81,85
(2) " " i unreacted lead wemm——- w 46,02 46,13
(3) " " : PbO soluble NaOH(l - 2)- 34,88 35,72
(4) P8O, from filtrate =—em=- e o o i o e ——————— 645 - #,96
(5) Plb"h PO mmcmeen T I A 0 O O O 0 o 52037 33016
(6) PO PDSO0, (4) mmmmmmmmcmcme oo cmmmmccmeee - 440 3,39
(7) £ 2, 5, 8nd 6 =ccemcccacccaacamaccaacaa-" - 82,79 82,68
(8) Initial weight of lead —ecemccmmmmmcccacaa- 82,89 82,89
(9) Lead reacting (8 = 2) —vcemaa mmmmmrm—————— 36,87 36,76

By comparing the data of tables III amd I¥, it is
seen that the more vigorously the reactlon mixture is agltated
the more lead enters into the reaction. At the lower
speed , 28,5 grams(average) were converted into lead mon-

oxide, wheread at the higher agltation speed 36.5 grams of
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lead entered into the reaction,

The orange colored reduction products obtained
from rune at each agltation speed falled to give the benzi-
dine test for hydrazobenzene., However, the freezing points
obtained indicated that each sample was a mixture of azo-
benzene and azoxybenzene, Agaln the freezing point curve of
Fry and Bowman(/#) wasyused to determine the relatlive percent-
ages of azo- and azoxy-benzene in the samples,

Runs I and II were made at lower and higher speeds
of agitation to afford data on the yields of reduction
products, freezing points, the respective percentages of azoxy-
and azo-benzene, the weklght of each component present, andt
the total ylelds of sodium formate. The data follows in
table V,
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(1)

Run
No.

1a,
Lower
Speed

Ib.
Lowen
Speed

I-Aver-
age:

IIa.
Higher
Speed

Ilb.
Higher
Speéd

TABLE

v

YIELDS OF AZOXY-, AZO-BENZENE, AND SODIUM

FORMATE. LEAD PRESENT IN 300 ML, DILUTICN,

(2)  (3) (4)

Azoxy-
Aso Freez- Per-
Ben- ing cent

zene,g. Point azZoXy

11,81  27.6 84,2

11.98 27.7 84,2

11.80 = 27.7 84,2

14,00 28,4 86,3

14,12 28,4 86.3

II-Aver- 14,06 28.4 86.3

ages

(5)

Per-
cent
2z0

15.8
15.8

15.8

13.7
13,7

13.7

(6)
Azoxyv-
ben-
zene,

Ee
9.95

10,08

10,01

12,08

12.19

12,13

(7)
Azo-
ben-
pene,
&re

1,86

1.90

1.88

1.92

1.93

1.92
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(8)
HCOONa
found

Lo

4,56

4,61

4,58



It may be noted that even though the percent of
azobenzene formed at the lower speed is greater than the
percent formed at the higher speed of agitation, the total
reduction is only slightly greater at the higher speed.

The conclusion may be drawn that the more lead which enters
into the reaction, the greater is the extent of the reduc-
tion of nitrobenzene; but it hes been found impossible on
The basis of the equations proposed for reactions
to correlate quantitatively the increased quantity of lead
reacting'ﬁith the increased extent of the reduction and

he increased yield of sodium formate.

Nevertheless, & surprising relationship is found
in the fact that the ratio of the combined welghts of the
reduction products (azoxy- and azo-benzene) obtained in
runs I and I is identical with the ratio of the respec-
tive total yields of sodium formete, namely 0.895 to 1.

The amounts of lead reacting, however, in runs I and II stand
in the ratio of 465 to 1. This indicates that here also, as
previously shown in section B, table II, the yields of re-
duction products are cquantitatively related to the yields

of sodium formate. This dircrepancy in the lead ratios

will be considered later

(b)) _Reaction with 600 ml. methyl alecohol, 17.3 g.
sodium ang .4 moles leada
It was found in part (A) that when 20..44 ml. of
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nitrobenzene was reduced in a solution of 17.3 g. sodaima ip
600 ml. methyl alcohol, no lead being present, a neglligible
amount of reduction of nitrobenzene took place. Further-
more, in part € (a) it was found that the amount of reduc-
tion of nitrobenzene «t 200 wml. dilution of sodium methylate
was increased by the addition of lead, It was algo found
that the inereased reduction was accompanied by the oxida-
tion of lead to lead monoxide. To explain the incresced
reduction in relation to the concomitent formetion of lead
monoxide, several reaction mechanism schemes may be considered
wherein it is assumed that lead is direetly oxidized to lead |
monoxide by nitrobenzene.

It is concelveble thal lead alone may effect re-
duction of nitrobenzene to azoxybenzene and to azobenzene in
conformity with the following reaction mechanism schemes

giving the summation equations (4) and (Ai) respectively:
3

2 8 N0y —meem N ¢~§=N¢¢ + 30 (2)
3Pb + 30 ~——me 5 3 PbO (b)
2 a,b,-—— 2 ¢ NO, +n 3 Pb ——emm > @-N=N-g + 3 Pb0 (&)
2 @ NOp —oeeme 4 ¢§=N~¢ + 40 (at)
LPb + 40O ammee 3 4 PbO (bt)
B al,b'--2 g NOp + 4 Pb  —mm > 4 PhO ¢—1%=N-¢ (A1)

It has also been shown by Fry and Andress that

nitrobenzene is reduced in the presence of lead and sodi-
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um hydroxide to azoxybenzene with the formation of hydrogen
peroxide rather than sodium formote in conformity with the
following eqguation B:

S aPb . 4 NaoH 4 @ NOp  ———mm > 3 NapPbOgo +

2 g-N=N-¢g + 2 Hy0p (B)

Further reduction of nitrobenzene to azobenzene
accompanying the formetion of hydrogen peroxide with no
sodium formate may be represented by equation B':

2Pb + 4 NaOH & 20 N0p -y

N
2 NaoPbOy G-N=N-¢g + 2 HoO2n
(B1)
Thé two followlng reaction mechanism schemes en-—
tailing the concurrent reduction of nitrobenzene, both by

sodium methylate and metallic lead, lead to such summation

. 4
eguations C and CI.

CH30Na + HOH w——mm- 5> CH30H + DNeaOH (a)
CH30H + NaOH -----» HCOONa + 4 H (b)
4@ NOp + 4Pb -y LPDO + 4LEN O (c)
2BN 0 +« LH-——s 20N . (d)
2N E 420N 0 o > 2 ¢-N=N-g + 2 HO (e)
2 a,b,c,d,e: CH40Na + 4¢ NO, 4+ 4 Pb ——ee—e >
4 PbO + 2 gzj-l?LN—ﬂ + HCOONa
P HO (B
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CH30Na + HOH ———oe $ CHq0H + NaOH (2)
CH30H  + NaOH -————-3 HCOONa + 4 H (b)
2 @ NOp + PD ———=3 2Pb0 + 26N 0 (o)
280 0+ LH ——ne > 2008, (d)
PNy r PN - > $N=NF + 2 H0 (e)
$ a,b,c,d,er CH ONa %2 § NOp, + RPb ——ere-m >

gu=N@ + 2Pb0 + H0 + HCOONa
(c)

The object in making the runs of this section was
to determine what other reactions were teking place in the
runs of section C (a) (300 ml. methyl alcohol solution with
.4 moles lead) in addition to the Klinger and modified K
Klinger reactions. Other reactions effecting the reduction
of nitrobenzene to agoxy- and azo-benzene undoubtedly occur
since the yields of sodium formate were considerably lower
than the calculated equivalent quantities required by the
Klinger and modified Klinger equations.

Since at least four concomitant reactions were
responsible for the formation of azoxy- and azo-benzene, it
was not possible to determine from the yields of sodium
formate and the weight of lead reacting to form lead mono-
xide which of the proposed reactionsg took place in addition
to the Klinger and modified Klinger reactions.

To shed more light upon this question, it waé de—

cided to devise an experiment with lead wherein lead mono-
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xide, sodium formste and only azoxybenzene were formed.
Since it was previously found that when nitrobenzene was
reduced with sodium methylate at a 600 ml. methyl alcohol
dilution (Section III (A)), only a negligible amount of re-
duction took place in the absence of lead, it was hoped that
if lead were introduced into this reaction mixture that
azoxybenzene would be the only reduction préduct and thereby
simplify the calculations.

To this end 17.3 g. sodium was dissolved in 600

- ml. of absolute methyl alcohol and 82.89 gm. of finely di-

vided lead and 20.44 ml. (.2 mole) nitrobenzene were added.
The mixture was stirred and refluxed for four hours.

The data obtained relating to the disposition of
lead are recorded in the following table V.iI:

TABLE VII
DISPOSITION COF LEAD

(1) Reaction mixture* "PbC + unreacted Pb ——eea 82.35 82,48
(2) | : unreacted 16a8d —-ce——eo 7.50 67,65
(3) " " i PpO soluble (NaOH (1 - 2)14 85 14 83
(4) PbSO, from F1lltrate m-eeeeecocmccccocaoaeo 1.9%2 1,943
(B) PB2r PDO oo e 13,79 13,78
(6) Poxx PbSO; (4)-cmmmccm e e - 1,32 1,33
(7) € 2, 5, aNQ bemmcmme e -- 82,61 82,76
(8) Initlal weight Of 180 w-meceececcmcccc———— 82,890 82.89
(9] Lead reacting {8 = 2 ) eememocm e 15.39 15,24
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The above data indicate that all of the lead which
reacﬁs 18 converted into lead monoxide, part of which in
turn 1s convérted inte sodlum plumbite,

The solé reduction product of nitrobensgene was
azoxybenzene (M.P, 36° C,) , which was isolated 28 pre-
viously described. The formate determinations were conducted
as described in Section III (a),

The date presented in the following table VIII
recording the quantities of lead reactling, the yields of
azoxybenzene and sodium formate should be considered from

the point of view of its being correlated with equation C,

TABLE VIII

DATA BASED UPON EQUATION Cs

4L Pb CH5ONe 4+ 2 § NOp w----» 2 (FN)0 «
4 PO 4 HCOONa «+ Hp0

@ @) ) (=D «)
o 870Xy = sodium azoxy- Pb re-
Pb ber zene formate bDenzene acted
Run reacted yield yileld yleld Eq. C.
(%-) (go) (go) EQ-C(S-) (é?,o)
I 14,05 4,o72 .76 T3 6.71
Aver'age 13098 L}_ 262 75 073 60 69
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It will be noted that the aetuzl yield of sodium
formate, column 4, is practically identical with the theor-
etical yield, column 5, in conformity with equation C.

The correspondihg yields of azoxybenzene, column
3, however, are considerably less than the yields required
by equation C calculated on the basis of the quantity of
lead reacting.

An explanation for this discrepancy is afforded
by the fact that more lead reacts than is indicated by
reaction C to form sodium plumbite without the accompanying
formation of azoxybenzene. This has been proved to be the
case by digesting finely divided lead with sodium hydroxide
solution, whereupon appreciable quantities of lead undergo
reaction. Sodium hydroxide while not initially present in
the reaction nmixture is formed during the course of the
reduction.

It can also be shown that equation C can be de-
rived as a summation equation entailing two reactions; name-
ly, the direet reduction of nitrobenzene by lead concur-
rently with the Klinger equation. It has not been possible,
however, to calculate the extent of the occurrence of
each of these reactions &s based upon the amounts of lead
reacting, and the sodium formate and the reduction product

formed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ate in the Presence of Lead.

The experimental procedure employed in this por-
tion of the research was substantially the same as that used
in section C, except that the nitrobenzene was completely
reduced and steam distillation was necessary only to get
rid of the execess methyl alcohol. Previous experiments in-
dicated that in those cases wherein a high concentration of
sodium methylate was used the solution became so alkaline
that the equilibrium,

NaOCH; + HOH oo NaOH + CH30H
was not displaced quantitatively to the right, and therefore,
all the methyl alcohol was not removed uncer these condi-
tions. 8ince in the runs of this section twice the amount
of sodium methylate as used in sections (X) and (C) w@se
used, one half of thesodium methylate was neutralized with
the calculated amount of sulfuric acid after the unreacted
lead and lead monoxide were filtered from the reaction mix-
ture., %he procedure following steam distilling of the ex-
cess methyl alcohol was identical to that previously des-
cribed in section C. |

34.6 grams of sodium were dissolved in 300 ml. of
absolute methanol. 82,89 g. of granular lead was added to

the reaction mixture and 20.44 ml. nitrobenzene were added

drop by drop through a dropping funnel. The mixture was
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was refluxed’five hours. Hydrogen gas was evolved in almost
8 steady stream only for the first twenty minutes of reflux-
ing. 650 and 675 ml. of hydrogen were collected in dupli-
cate runs, By the time all the hydrogen had passed into

the gasometer, a gradual color change from pale yellow to
dark red took place in the reaction mixture.

Again it is pertinent to compare the volumes of
hydrogen evolved in the reactions of this study with those
volumes found by Fry and ZAndress to be evolved when lead
was added to a Klinger reaction mixture under different con-
ditions; namely, 82.9 g. lead, 100 grams sodium hydroxide,
200 ml. methyl alcohol, 100 ml. water and .2 moles nitroben-
zené.A They found that over two liters of hydrogen was
evolyed under these conditions (the quantity of sodium hydro-
xide ~- 100 g. -- is practically equivalent to 34.6 g. so-
dium).

The lead which reacted was converted into lead
monoxide. Part of the lead monoxide was isolated as such.
The remainder of the lead monoxide reacted with the alkall
present to form sodium plumbite. This soluble sodium plumb-
ite was determined as lead sulfate by the method previously
described¢. The data in,relation to the disposition of lead

. . . dre . -
in this reaction 35 given in table X,
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TABLE X
DISPOSITION OF LEAD

High concentration sodlum methylate in the presence of lead.

Run Run

1 2

(1) Reaction mixture: PbO + unreacted Pb --- 51,90 53,87

(2) " " : unreacted PO —mcececmaca 40,49 41,80
(3) " " 1 PbO soluble in NaOH (

(1 = 2) wemwe 11,41 12,32

(4) PpsSOy from Filtrate =--e-eememcmmomcoeean 46,40 44,17

(5) Po== PO (3) =mmmeeme e e 10,59 11,43

(6) Pb ‘:& Pb504 (4) “““““““““““““““““““““ - 51.70 3@.18

(7) & 2,5, 8nd 6 eecmcce e 82,78 83,11

(8) Initiel quantity of 168d weeeccecemmccmcm—- &.8 82,89

(9) Pb reacting (8 = 2) mecmmmcc e 42,40 42,%9
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The nitrobenzene was completely reduced to a mix-
ture of azo- and hydrazo-benzene. The qgualitative test for
hydrazobenzene was condueted as follows?! a pinch of the
orange reduction product was dissolved in about 10 ml. of
95% alcohol in a test tube. The solution was heated to
about 500 and a few drops of concentrated sulfuric acid were
added. Immediately a white precipitate of bengzidine sulfate
formed. ©Since hydrazobenzene was present, it became neces-
sary to determine quantitatively the extent to which it was
formed. The method devised by Fry and Roseég;or converting
hydrazobenzene into benzidine was employed.

A R.5 to 3.0 gram-sample of the reduction product
was weighed into a 400 ml. beaker, The sample was moistened
with 7 ml. water and 20 ml. concentrated hydrochloric acid
was added with thorough stirring. This was covered and al-
lowed to stand one hour,then heated to 70 - 80° for another
hour. After cooling, the solution of benzidine hydrochloride

was filtered from the solid residue, which may have been
elther a mixture of azoxy- and azo-benzene or just azobenzene.
The residue, later shown to be azobenzene, was heated to
melting with dilute hydrochloric acid, and then the solution
was allowed to cool until the solid crystallized, when the
acid solution was decanted off. The solid was washed three
times in this manner to Tremove any traces of benzidine hydro-

chloride. The washings were added to the original filtered
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solution, which now had a volume of about 400 ml., and made
alkeline with ammonia to liberate the benzidine which was
extracted thoroughly with ether. A dark residue observed at
this point was separated with the aqueous layer. Calcium
chloride was added to the ether solution. After standing for
a few minutes, the solution was filtered, evaporated to dry-
ness in a weighed crystallizing dish, dried at 85-909 for

15 minutes in an oven, cooled, weighed, and recorded as the
benzidine yield.

The solid obtained in the above determination after
all the hydrazobenzene had been converted into benzidine was

dissolved in ether. The ether extract was dried with cal-
cium chloride, filtered and evaporated to dryness. The
orange residue thus obtalned was found to melt at 67.59.
The melting point of azobenzene is 67.8°. Therefore, it is
evident that the organic reduction products of nitrobenzene
in these runs were solely agzobenzene and hydrazobenzene at
these higher concentrations. No azoxybenzene was formed.

In table XI, the number of each run is given in
column 1, Column'z records the total yield of nitrobenzene
reduction products (azo- and hydrazo-benzene); column 3,
the weights of duplieate hydrazo- azobenzene sample taken
for the determination of hydrazobenzene; column 4, the
welghts of benzidine equivalent to hydrazobenzene; obtained

from the hydrazo- azo benzene samples by the above proced-
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ure; column 5, the percent of hydrazobenzene; columns 6 and
7, the yields of hydrazobenzene and azobenzene, respec-

tively; and column 8, the yilelds of sodium formate.

' TABLE XI
(1) (2) (3) (4) (5) ,_H(g) (7) Hcég%

,  Hydrazo azo- COONa,

%un Yieé? Hydrazo- (ﬂ!NH2)2§2§§ benzene benzene yield

o. (8 N), azo (4 &H y, hy- yleld yleld  grams.

2

-& =Y .
(ﬁNH)z Sg?g%; found ~drazo grams grams

2,702 0.309 11.07 1.92 15.44 12,87
I 17.36 2.841 0.327 11.50 1.99 15.37 12,90

IT 17.12 2.765 0.306 11.09 1.90 15,20 12,81
2,931 0,342 11.69 2,01 15,11 12,88
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At this higher concentration of sodium methylate in
methyl alcohol in the presence of lead, nitrobenzene is re-
duced to mixture of 98.% azo- and 2.% hydrazobenzene with
the concomitant formation of lead monoxide and sodium form-
ate.

In the preceding section C, with the lower concen-
tration of sodium methylate, 44.5 per cent of the lead
present entered into the reaction while in this section D,
with double the concentration of sodium methylate, 51.2
percent of lead present reacted. Here also 1t was not pos-
sible to ecorrelate the ylelds of reduction products either
with the amount of lead reacting and the sodium formate
formed, apart from the significant finding that nitroben-
zene ylelded chiefly azobenzene and some hydrazobenzene, but

no azoxybenzene.

E. Reducti {th Sodi Methylate i . s 3 ]

The experimental procedure employed in this por-
tion of the research was substantially the same as that
used in previous sections, except that Mathieson Alkali
Company's sodium methylate (95.4% pure) was used in 250 ml.
of xylene and 250 ml. of pyridine, rather than sodium meth-
ylate made directly from metallic sodium and methyl alco-
hol. Sodium methylate equivalent to 17.3 g. sodium and

34.6 g. sodium were used in the various runs.
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In all runs, the reduction product was azoxyben-
zene with the exception that in the solvent pyridine and the
higher concentration of sodium methylate not more than 1
per cent of azobenzene was formed in addition to chief and
practically sole product, azoxybenzenec.

The number of each run is recorded in column 1 of
table XII. Column 2 notes the solvent used in each run; col-
um 3, the grams of sodium methylate used; columns 4 and 5,
the actual yileld of azoxybenzene and the theoretical yilelds,
respectively; column 6, the percent theory yields; columns
7 and 8, the actual and theoretical ylelds of sodium form-
ate; column 9, the percent reduction based on the theoreti-
cal yield of sodium formate calculated on the basis of

Klinger equation.
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(1) (2)

Run  Solvent

Ia Zylene

b Xylene

Ila xylene

b xyiene
1Ila pyridine
b pyridine
IVa pyridine
b pyridine

TABLE X1I1I
EXPERIMENTAL DATA BASED ON KLINGER BQUATION:

4§ NOp 4 3 CH3ONa ——---» 2(fE)20 + 3 HCOONa + 3 H20

(3) . () (%) (6) AN (8) (9
zwoomw Azoxy-  Azoxybenzene Percent HCOONa  BCOONa  Percent
Mwm 1% pure) benzene  iheory theory found theory theory
( grams) found (grams) yield (grams) (grams) yield

(grams)

Fm.mm 17.23 15.21 87.0 2.91 10.20 87.3

ho,.55 17.13 19.81 86,8 8.32 16.20 86.5

85.11 18.72 19.81 9L,5 9.73 10.20 95. k4

g5.11 18.81 19.81 gl.9 9.70 10.20 55.1

42.55 15.31 19.81 . 77.3 8.25 10.20 80.9

xw.mm 15.72 19.81 75.4 8.27 19.20 81.1
&5.11 159,11 19.81 10.37 10.20 101.
85.11 18.85 19.81 10.33 . 10.20 101,
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Coneclusionst

1. Even though sodium methylate 1s only
slightly soluble in elther xylene or pyridine, nitrobenzene
is reduced in either of these mixtures in accordance with
the Klinger equation.

2. In all rﬁns, the percent theory yields of
azoxybenzene and sodium formate are infconformity with the
Klinger equation.
| 3. At the lower concentfation of sodium
methylate in iylene and pyridine, .2 mole nitrobenzene is
reduced to pure agoxybengzene in 87 per cent and 8l per cent
theory yleld, respectively.

4. AT the higher coacentrationlgf sodium
methylate in xylene, a 95 pércent theory;yield of azoxyben-
zene was obtained. .

5. At the higher cancentration of sodium
methylate in pyridine, a practicaily quantitative yield of
azoxybenzene (freeging point 359) wag obtained. |

6. It i1s of particular interest to note that
in the previous sections, A and B, wherein higher concentra-
tions of sodium methylate in methyl alcohol as solvent med-
ium yieléed both azoxy- and azo-benzene in conformity with
the Klinger and modified Klinger reactions, respectively,
but with’the higher concentration of sodium methylate in ei-

ther pyridine or xylene as solvent medium, azoxybenzene is
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the sole product of the reduction. Accordingly, it appears
that the modified Kiinger reaction yieldling azobenzene ocC-
curs only in methyl alcohol medium, with the occurrence to
a very minimum extent of the modified Klinger reaction with
the higher coneentration of sodium methylate in pyridine.
(This is shown by slightly lower f.n. of the reaction pro-
duet and the slight excess yield of sodium formate above
that for the straight Klinger reaction).

7. No hydrogen was evolved during the course

of any of the foregoing reactions.

the Presence of Lead.

It should now be noted that it was impossible in
preceding reductions of nitrobenzene by sodium methylate in
methyl aleohol in the presence of lead to obtain data cor-
relating the amaunts of lead reacting and the quantities of
sodium formate formed with the ylelds of the reduction pro-
duct. This inability was attributed to the fact that defi-
nite qguantities of lead apparently interacted with the sol-
vent or in other unknown reactions. Accordingly, the lmmed-
iate purpose of conducting reductions in the presence of
inert solvents, xylene and pyridine, was to preclude the

possibility of the occurrence of side reactions between the
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lead and the solvent medium and thereby secure data which
could be correlated quantitatively with the assumed reactions.
The runs of section E, reductions with sodium meth-
ylate in pyridine and xylene, were repeated with the addi-
tion of 82.89 g. of lead to the regpective reaction mix-
tures. The experimental procedure was substantially the
same as that used in sections C and D, in methyl alcohol
solution, except that powdered sodium methylate in 250 ml.
of xylene and 250 ml. of pyridine were used.
In the runs of this section appreeciable volumes
of hydrogen were evolved in contrast to the almost negli-
gible volumes obtained in previous sections. The source
of this hydrogen is attributed to the concurrence of the
reaction

CH;0Na + HOH —ee—- » HCOONa +'1Ha (E)

which is one of the intermediate summation eguations pos-
tulated in the reaction mechanism schemes postulatec for.
the Klinger.and modified Klinger reactions.

The data obtaineda%gerecorded in the follbwing
table XIll. Column 1 notes the number of each'run; column
2, the solvent used; column 3, the grams of sodium used;
column 4, the grams of lead reacting; colums5 and 6, the
yields of reduction products and the freezing points of the
azoxy-azo mixtures, respectively; columns 7 and 8, the

yields of azoxy- and ago-benzene, respectivelyp column 9,
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the volumers of hydrogen evolved (N.T.P.); column 10, the
grams of azoxybenzene equivalent to the weight of lead
reacting according to egquation (4); column 11, the grams of
azobenzene equivalent to the lead reacting (equation B); col-
umn 12, the grams of sodium formate equivalent to the azo-
xybengzene, formed in excess of the lead reaction A in con-
formity with Klinger equation C; column 13, the grams of
sodium formate equivalent to the azobenzepye formed in ex-
cess of the lead reaction B, in conformity with the modi-
fied Klinger reaction, D; column 14, the grams of sodium
formate equivalent to the volume of»hydrogen.evolved (N.7.P.)s
in accordance with equatlon E; column 15, the sum of thé
yields of sodium formate from equations C, D, and E; and

column 16, the actual yield of sodium formate found.
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 TABLE XIIX

REDUCTION WITH NaOCHz IN PYRIDINE AND XYLENE IN THE PRESENCE OF LEAD
(based upon the following eqﬁations)

3Pb &+ 2 RO =----3 (£ N)z + 3 PbO (4)

4 Pb & 2§ NOg —=-===3> (fN)g + 4 PbO (B)

3 CHz0ONa & 4 f NOg —~---> 2 (fN) O + 3 HCOONa + 3 Hy0 (C)

2 CHz0ONa ¢ 2 ff NOg =---=3 (f N)2 & 2 HCOONa &« 2 HoO (D)

CHz(Na ¢ HOH w----3> HCOONa «+ 2 Hp - (D)

(1) (@) (3) - (4 () (&) (7)) (8 (9) (10) (11) (12) (13) (14) (15) (18)

Run Solvent NaOGH3 - Pb azoxy F. P. azoxy. azo Hp e= groxy azo HCOONa HCUNa HCOONa HCOpNa HGOONa
(g.) reacting and Mix- benzene benzenms volved {} = ¢} |} 4 lwyr

(g.) az0  ture yield yield N, LR Pb Pb azoxy azo @ gram found

yield, 8 (g.) Liters Eq{d 51(3% Eq.(C )Eq(B) (Bq.B) Eq.CDE \g-)
(e) (8e) (2. %g ) (g.) (g.)  Theory .
Iz pyridine 85,11 34.80 17.79 66.4 «54 17.285 2,9 - 7:.65 28 7.16 4,45 11.89 13.50
b pyridine 85,11 34.65 18,01 66.0 «81 17,20 2.9 - Te62 L42 7.15 4,45 12,02 13.6
IIa pyridine 42,55 32,37 17.13 64.4 1.38 15.75 1,65 = 7.14 .85 6,44 2,51 9,80 11,37
b pyridine 42,55 32,62 17.42 65,0 1l.39 16,03 11.60 = 7+16 .83 6.62 2.49 9.94 11.58
IIIa xylene 85,11 17.90 13,36 2848 11.B2 1,84 3,0 5,71 =~ 2.99 1.37 4,55 8,91 8,86
b xXylene 85,11 17.,72 13,51 28.5 11.62 1.87 2.'.9 5.66 -~ 3.08 1.41 4,45 8.94 8.72
8 . T _ =
IVa xylene 42,55 10,98 13,70 ..'f::&r;e 12,20 1.50 le7 3450 . - 4,48 1.12 2.58 8.18 8.86
b ZXylene 42,55 11.10 13.81 fzraa 12.18 1.63 1.65 3,53 - 4.45 l.22 2,51 8,17 8.48
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The data in the above table XIII lead to the
following interpretations and conclusions:

(1) In the runs using pyridine as solvent,
the nitrobenzene reduction product was chiefly azobenzene
with very little azoxybenzene whereas in xylene the princi-
pal reduction product was agoxybenzene with very little
azobenzene.

Since azoxybenzene and azobenzene may arise not
only from the concurrence of reactions A and B, respectively
without the formation of sodium formate but also through
the concurrence of reactions C and D with the formation of
sodium formate, it is impessible to correlate the yields of
'each of the reduction products with the quantities of lead
reacting (equations A and B) and the yield of sodium form-
ate (equations € and D). In order to approach as far as
possible a desired correlation, calculations were made
relative to the reduction first in pyridine on the basis of
the predominant occurrence of the one lead reaction (B),
yielding azobenzene according to eguation B. On the other
hand, in xylene, calculations were made relative to the re-
duction on the basis of the predominant occurrence of the
other lead reaction (4), yielding azoxybenzene,

While thus omitting equation 4 in the solvent
pyridine and equation B in the case of xylene, the calcula-

tions made in terms of the predominant reactions just noted
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leed to the following conclusionsy which are indicative of
the nature and extent of the occurrence of the predominant
reactionss

Re In all the pyridine and xylene runs the
total yield of sodium formate is very nearly equal to the
sum of the yields of sodium formate, formed in conformity
with and thereby confirming the occurrence of reaetions
represented by equations C, D, and E.

3. In all runs the total amount of lead
reacting was accounted for in terms of eguation B, in the
case of pyridine, and equation A, in the case of xylene.

e TFrom 2 and 3, it follows that the concur-
rence of reactions in conformity with equations 4, B, C, D
and E 1s confirmed.

Other observations may be noted:

5. With the two concentrations of sodium
methylate (one double the other) in pyridine there was 1it-
tle difference in the welghts of lead reacting and the com-
position of the reduction products.

6. &As should be expected, the volumes of
hydrogen evolved were greater with the higher concentration
than with the lower coneentration of sodium methylate used.
Furthermore, in runs with both solvents the ratio of the
ylelds of hydrogen with the higher concentration to the

yiélds with the lower concentration of sodium methylate was
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practically identical, namely 1.75 to 1.

7. The qﬁantities of lead reacting in pyri-
dine solvent were approximately from two to three times
as great as the quantities of lead reacting in xylene sol-
vent. This may be due to the fact that pyridine acts ags

@ catalyst in many and varied reactions.
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IV, SUMMARY AND CONCLUSIONS

I. Reduetion in the Absence of Lead,

The nature and extent of the reduction of nitroben-
zene with sodium methylate in anhydrous solvents- methyl al-
cohol, pyridine, and xylene - was studled in order to deter-
mine and explain the effect, thereupon, of the presence of
lead In these varlous reaction mixtures. The most 1mportant
observations and conclusions are as follows:

1. Nitrobenzene is reduced 1ln methyl aleohol
solution, dependent upon the concentration of sodium methyl-
ate, either to azoxybenzene in conformity with the Klinger
reaction:

4 o NO, + 3CHzON& —-ce---o »2 g g=-N # + 3HCOONa + 3H,0
or to a mixture of azoxy- and azo-benzene, in conformity
withthe Klinger reaction and the concurrent modified Klinger

reaction:

2 f NO; + BCH30Na =e-m-w- » P N=Ng + BHCOONa + 2H,0
2. There is no record in the llterature

that both products of reductlon were formed when a high con-

centration of sodlum methylate in anhydrous methyl alcohol

was used., It has also been shown that the total yleld of

~sodium formate accompanying the respectively determined

vlelds of azoxy- and azo-benzene may be cofrelated.‘

according to the Klinger gnd modified Klinger reaction.
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and-modified Klinger reaction.

3. Powdered sodium methylate suspended in
either of the inert solvents, pyridine or xylene, effected
reduction of nitrobenzene to azoxybenzene in quantitative
conformity with the Klinger reaction. The extent of re-
duction varied from 80 to 95 per cent of the theoretical
yield of azoxybenzene and sodium formate, depending upon
the concentration of sodium methylate.

With the higher concentration of sodium methylate
“in pyriﬁineAa.very small amount (not greater than 1%) of
azobenzene was formed through the concurrence of the moditfied
Klinger reaction.

4e It is particularly interesting that with
a high concentration of sodium methylate in methyl alcohol
(conclusions 1 and 2) both the Klinger and modified Klinger
reactions occurred but with the same concentration of sodium
methylate in the pyridine and xylene reaction mixtures, re-
duction was practically limited to the occurrence of the

Klinger reaction.

Il. Reductions in the presence of lead.
Experimental runs conducted in the absence of lead
were repegated in the presence of lead.

l., With =2 low concentration of sodium methyl-

ate in methyl alcohol, hoth azoxy- and azobenzene were formed.
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2+ With high concentration of sodium methylate

in methyl aleohol ggo- and hyvdrazo-henzene were formined,

3. Results (1) and (2) conclusively show that
the presence of lead in the reaction mixture markedly effects
both the nature and extent of the reduction.

Le While it was possible to correlate quan-
titatively the yields of azoxy- and azo-benzene with the
yields of sodium formate in conformity with the Klinger and
modified Klinger reaction in me€thyl alcochol solution, simi-
lar correlations could not be revealed when reductions oc-
curred in the presence of lead. This difficulty may be
attributed to the fact that appreciable cuantities of lead
effected reduction of nitrobenzene to azoxybenzene and to
azobenzene with the formation of lead monoxide according to
the concurrent reactions: |

3Pb + 2 PNO, ——> Q-%:wg + 3 PbO

. Pb + 2 @ NOp ——rmy Qéﬁ: N-@ + /L PbO
Furthermore, lead ap?arently reacted with sodium hydroxide
(formed during the reaction) yielding sodium plumbite and
hydrogen

Pb & 2 NaOH ———mcy NagPhO, + H,
which hydrogen could also effect reduction.

To restrict or limit the occurrence of the various

concomitant reactions reductions with powdered sodium methyl-

ate in pyridine and xylene in the presence of lead gave data
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leading to the following conclusions based upon the occur-

rence of the following reactions:

3Pb + 2@ NOp —eeees> gzN 8 +« 3 Pb0 (A)
4Pb + 2@ N0y —eee- > gﬁ:myj + 4 PbO  (B)
3 CHj0Na ¢ 4 @ N0, —ny 20 %:N # + 3 HCOONa

3 Hy0 (C)
2 CH30Na + R @ NOp ———-3 @ N=N @ + 2 HCOONa +
2 H0 (D)
CHgONa + HOH —-mwe + HCOONa + 2Hp; (E)

5. In pyridine medium, both with the lower
and higher concentrations of sodium methylate, azobenzené@as
the predominating reduction produet with very little azoxy-
benzene whereas in xylene the principal reduction product
was azoxybenzene with very little azobenzene. Accordingly,

6. Irom pyridine medium reaction data cal-
culations were based upon the concurrence of reactions B,
C, D, and E., and from xylene medium, reaction data, cal-
culations were based upon the concurrence of reactos A,

C, D, and E. Accordingly, ommitting equation A4 %Pyridine
medium) and equation B (Xylene medium) the following con-
clusions may be noted:

7. The total yield of sodium formate was
very nearly equal to the sum of the yields of sodium form-

ate, formed in conformity with and thereby confirming the
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occurrence of reactions represented by equations C, D, and

E.
8. In all runs the total amount of lead

reacting was accounted for in terms of equation B, in the

caséfbyridine, and equation &4, in the case of Xylene,

Finally, the predominating reactions occurring in
the reduction of nitrobenzene by sodium methylate in pyridine
and xylene in the presence of lead have been correlated
quantitatively with the respectively proposed reactions rep-

resented by equations A, B, C, D, and E.
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ADDENDUM: A MODIFIED PREPARATION OF AZOXYBENZENE.

Since in section III (E) it was shown that nitro-
benzene dissolved in xylene or pyridine was readily and
almost completely reduced to azoxybenzene when heated with
p owdered sodl um methylate, the followlng modiflied method
for the laboratory preparatlon of azoxybenzene 1s recorded

Suspend 90 g, Mathieson sodl um methylate (95.4%
pure) in 250 ml, xylene (U.8.P.) in a l-liter three-
necked flask, Fit a mercury sealed mechanical stirrer to
the cenﬁral neck and a Liebig condenser to gach of the two
side necks of the flask, Add 50 ml, of nitrobenzene (C.P .)
through one of the condensers, Heat with a free flame un-
til the reaction mixture turns brown., Extingulsh the
flame, This color ohangé marks the beginning of the reac-
tion., After fiften or twenty minutes, the reaction sub-
sides and an additional 50 ml. nitrobenzene 1ls added, a few
ml, at a time, over a period of fifteen minutes at such a
rate as to maintain constant and gentle refluxing of the
solvent, After all the nitrobenzene 1s added, the reactlon
flagk with contents 1s placed in an oll bath and heated for
one anc one half hours cautlously at first and finally the
temperature of the bath is gradually raised to 130-140° ¢,
The reaction mixture is refluxed, a total of two hours,

Remove the o0il bath and add 100 ml, water to the
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reaction mixture, Continue stirring until the bfown solid
mgss dissolves., The Xylene and unreacted nltrobenzene 1s
removed‘by steam distillation. Pour the reaction mixture
onto ice and water, Azoxybenzene solidified, Filter, alr
dry, and weigh., The agoxybenzene 1g pure (M.,P, 34,5 -
35,00 C,), and the yleld is 90 - 92 g, (93 - 95 percent

theory).
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