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This mventlon relates to a process for reducing
p~n1troa1ky1benzenes and to the products ob-
tained by such a process.

In my copendmg application Serial No. 547,296,
filed July 29, 1944, now Patent Number 2,446,519,
T have shown that treatment of nitrobénzenes in
‘which there is no substituent in the poSlthn paia
to the nitro group, with aluminiuti and an aqueotis

Solution of a mineral acid, e. g. sulfuric aeid; .

yieldls, not aniline nor phenylhydroxylamme but
father p- amlnophenol I have now found that
p-nitroalkylbenzenes ‘when treated in the ‘same
manner yield Caalkylhydroqumones and C-alkyl-

10

p-aminophenols even though the para position of .

the starting nitro compound is occupiéd by an

alkyl group.

It is, accordingly, ah object of my invention to

i5

provide a procegs for redueing p- mtroalkylben- :

zenes. A further object is to provide a process
for preparifig C-aikylhydroquinones and C-alkyl-
p—ammophenols Still further objects will bé-

‘tome apparent heéreinafter.

In accordance With my invention, I reéduce a
nitrophenyl ¢ompoutid containing in the position
pars to the nitro groub & primary alkyl group ¢on-
taining froim 1 to 4 caibon atoms, simultaneously
with aluminiuth ahd an aqueous soliition of an
geid. The aluminitim which I employ is prefer-
ably used in finely divided form; for exainple, as
flakeés of 4 powder. The aglieous solution of the
acid advantageoiisly contains not more than 50
per cent by weight of acid, and T have found that
agueous yolutions containitig niot moré than from
10 to 15 per gent by weight of a¢id ave éspecially
tiseéful in practieing the process of my invention.
The quantity of aeid tsed, s well as the soncen-
tration, should be suﬁici_ent to maintain an aeid
medium until thé reduetion is substantially ¢oi-
plete. Especially advatnitagecis results have been
obtainéd wheti sulfuric acid was used, althoetigh
other miineral deids; such as phosphorlc acid or
hydfochlorié aéid, dah be used. Organic acids

‘Have also been fourd t6 Be 86Ul in practicins the

process of my inventiod; and those acids having

‘& dissolition éonstant in watér at 25° C. not ¢

smaller than that of oxalic aecid (first hydiogen)
Have been fouhd to Bé especially useful. Adids

‘Wwhich redet with any of the intermediate of final
“prodicts formed in my process undér the condi-

tions employed are_to be avoided. For exaniple,

with the amine dérivatives formed. Typical or-
gatié acids inelude okalis acid, ah 4lkane sulfonic

acid eontaining from 1 to 4 carbon atoms (e. .
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due to its reactivity -
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methanesulfomc, ethanesulfonlc propane-1-<sul-
fonie, propsné-2-sulfonie, n-bitane-l=sulfonic,
ispbutane=1-sulfoniie, sulfoacetic, p-hydroxy-
ethanesilforie, ete. &Cldo, a sulfonic acid of the
bendernie Series (¢. €. benzenesulfonic, p-toluene-
sulforie, o-toluenesilfonie, m-benzenedisulfonie,
1,3 5-henzenstrisulfonic, ete. acids) and a sulfonie
geid of the naphthalens séries (e. g. naphthalene-
a-sulfonic acid, naphthalene-g-sulfonic acid, 1,5-
naphtha,lenedlsulfomc 2,6-naphthalenedisulfon-
ie, ete). The reduction of the mtrophenyl com-
‘potnd cohtammg in the position para to the nitro
grouD &N alkyl groun containihg from 1 to 4 €ar-
Boh atoins with the aluminium and aguéous solu-
tion of the acid is advantageously efféeted at tem-
peratives varying from 50° C. to 100° C. Al-
though the témperature is apnarently 1ot eritical,
especially efficacious yesults have besn obtained
at temperatures between 80° C. and 100° C. In

the vase of the highey melting aromatic nitro
’c()mpounds cotitaining an alkyl group in the para

position; & water miséible solvent, sieh &§ ethyl
aleohol, ér o water immiscible solvent, such 45 a
hydfoearbon, can be added to the reaction mix-
ture to promote dispérsion in the aqueous acid.
When I rédice my n1tropheny1 compounds,
gontaining in the position para to the nitre grotip
4 prifary alkyl groud contammg from 1 t6 4
garbon 5toms, in thé presenés of aluminum and
an adieonus colufnon of an acid, a C-alkylhydro-
quinone whose. alkyl group is correspondingly a
primary alkyl group containing from 1 to 4 car-
bhon atoms is always obtained in substantial pro-
portion. A minor or vefy small proportion of
the correspeonding p-alkylahiline is usually ob-
tained in addition to the C-alkylhydroquinone.
When the primary alkyl group in the position
pare to the nitro group of my nitrophenyl com-
pounds contains from 2 {0 4 carbon atoms, there
are obtainied varying amolinty of 4 C-alkyl-p-
aminophenol, the amounts depsndihg updn the
conditions of readtion and the tyse of compound
being reduced. That is to say, that upon réduc-
tioh of pamtrotoluene in thé préseénce of alu-
miniiim afid ah aguecus solution of an acid, such
as sulfuric acid, for examplé, no 2-hydroxy-p-
toluidine (4-afhino-o-cresol) can be detected. I
have found further that when mtrophenyl ¢om-

“pounds, containing in the position para to the

nitro gr()up an alkyl group which is not a pnmary

‘alkyl group, are reduced in the presence of alu-
minium and an agueous solution of an acid, the

réaction procéeds in a manner contrary to thut

set Torth above.
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Example I.—Toluhydroquinone
OH

—CH;

OH

175 g. of p-nitrotoluene, 37.5 cc. of sulfuric
acid (sp. g. 1.84) and 500 cc. water were heated
to about 95° C. and maintained at that tempera-
ture while 7.5 g. of aluminium flakes were slowly
added to the mixture over a period of 1.5 to 2
hours. The reaction mixture turned orange to
reddish in color and finally became light yellow as
the aluminium was added. The reaction mixture
was stirred for about one hour after the alu-
minium has been added. The small amount of
excess aluminium was then filtered off and the
filtrate was subjected to steam distillation. A
small amount of p,p’-dimethyldiphenylamine
came over (M. P. 78° to 79° C.). No cresol could
be detected. The reaction mixture was cooled
and extracted with 500 cc. of diethyl ether.
Upon evaporting the ether extract, 4.5 g. of tolu-
hydroquinone were obtained. On recrystalliza-
tion from benzene and then from petroleum ether,
it melted at 125° C. When a portion of the prod-
‘et toluhydroquinone was mixed with an au-
thentic sample of toluhydrogquinone, no depression
in melting point of the sample was observed. the
mixture melting at 124° C. to 125° C. It acted as
a photographic developer and on oxidation the

product toluhydroquinone gave tolugquinone melt-~ |,

ing at 69° C.

The reaction mixture remaining after the ex-
traction with petroleum ether was made alkaline
to brilliant yellow paper by the addition of so-
dium sulfite and sodium carbonate. The mix-
ture was then filtered, and the filtrate extracted
with diethyl ether while the precipitate was
washed with alcohol. After evaporation of al-
cohol washings and ether extract, 0.65 g. of

-p-toluidine melting at 44° C. was obtained.
When it was mixed with an aqueous solution of
sodium hydroxide, and the mixture extracted
with diethvl ether, no p-aminophenol could be
detected when the alkalinity of the aaueous al-
kali layer was reduced until it was only faintly
alkaline by the addition of sodium bisulfite,

Example II—Toluhydroquinone
(')H

—~CHs

OH

35 g. of p-nitrotoluene, 75 cc. of sulfuric acid
(sp. g. 1.84) and 1000 cc. of water were heated
“to about 95° C. and maintained at that tempera-
ture while 12 g. of aluminium flakes were added to
the mixture over a period of 1.5 to 2 hours. 'The
reaction mixture turned orange-red in color and
_finally became light yellow as the aluminium was
~added. At this point a noticeable odor of eresol
.was present,.
.for about one hour after the aluminium was
--added and the small amount of excess aluminium
.was -filfered off. On subjecting the fAltrate to
Steam distillation, 2.5 to 3 cc. of p-cresol came
.over., On further steam distillation a small
amount of p,p’-dimethyldiphenylamine. came
over (M. P. 78° C. to '79° C.). The reactionn mix-

The reaction mixture was stirred -

10

20

30

40

50

55

80

70

75"

4

£

ture was allowed to cool down to room tempera-
ture and was extracted with diethyl ether. Upon
evaporating the ether extract 17 gm. of toluhy-
droguinone were obtained. When recrystallized
first from benzene and then petroleum ether, it
melted at 125° C. If acted as a photographic de-
veloper when added to an aqueous solution of
sodium sulfite and sodium carbonate. The
p-toluidine present in the agueous acid solution
after extraction was not recovered.

Example III—Ethylhydroquinone

(l)H

—C:H;

OH

A mixture of 15 g. of p-nitroethylbenzene, 35
ce. of sulfuric acid (sp. g. 1.84) and 300 cc. of
water was heated to 95° C. and maintained at
that temperature while 5 g. of aluminium flakes
were added with vigorous stirring over g period
of 1.5 to 2 hours. The reaction mixture turned
orange to reddish in color and finally became
light yellow as the aluminium was gdded. The
reaction mixture was then stirred for an addi-
tional hour after all of the aluminium had been
added, and the small amount of undissolved alu-
minium was filtered off. The filtrate was ex-
tracted with diethyl ether, and upon evapora-
tion of the ether extract, 3.6 g. of ethylhydro-
quinone were obtained. When this product was
subjected to steam distillation a very small
amount of a sweet smelling oil, the cdor of which
resembled acetonhenone, came over. When the
product ethylhydroguinone remaining in the dis-
tilling flask was recrystallized from water and
then from a mixture of benzene and petroleum
ether, it gave a melting point of 114° to 115° C.
It also acted as a photographic developer. It
was found to cortain 69.46 per cent carbon and
713 per cent hydrogen (calculated for carbon
69.52 per cent and for hvdrogen 7.3 per cent).
Its identitv was further e<tablished by oxidation
to a ouinone havine a melting point of 37.5° C,,
which is the recorded melting point of ethyl-
auinone.

The reaction mixtrre remaining after extrac-
tion with the diethvl ether was made alkaline
to brilliant yel'ow paper by the addition of sodium
sulfite and sodium carbonate and filtered hot.
The filter cake was thoroughly washed with ethyl
aleohol while the filtrate was extracted with ethyl
acetate. The washings were combined with the
extraction licuid and the mixture evaporated to
dryness to give 6.9 g. of an oilv solid. When 50
cc. of a 15 per cent solution of sodinm hydroxide to
which a small amount of sodium hynosulfite had
been added was added to the oily solid, nart of it
dissolved in the lionid while the remainder formed
a second liavid laver lighter than the alkaline
solution. When this top liguid layer was ex-
tracted with diethyl ether and the ether evap-
orated off, p-ethylaniline was obtained as an oil
having the odor of aniline. When purified by
steam distillation, it was obtained as a clear,
practically colorless liauid. Its sulfate was pre-
pared by dissolving the p-ethylaniline in dilute
sulfuric acid. The sulfate was found to have a

_carbon content of 56.71 per cent, a hydrogen con-
-tent of 6.87 per cent and a nitrogen content of

8.02 per cent (carbon calculated as 56.42 per cent,
hydrogen gs 7.11 per cent and nitrogen as 8.22
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per cent). Acetylation of the p-ethylaniline with
acetic -anhydride in dilute aqueous acetic acid
gave p-ethylacetanilide melting at 91°:C. It'was
found to have a carbon content of 735 per cent,
a hydrogen content of 8.2 per cent and a nitrogen
content of 8.3 per cent (calculated for carbon
73.57 per cent, for hydrogen 8.58 per cent and for
nitrogen 8.03 per cent). :

“To the lower aqueous layer remaining after tha
ether extraction sodium bisulfite was added until
it was only slightly alkaline to brilliant yellow
paper. A precipitate of 2-ethyl-p-aminophenol

having the formula:
,?»H

: NH,
was obtained in the form of light colored-crystals.

On drying 4 g. of crude product remained. It
wag recrystallized from benzene to give a solid

melting at 168° to 168.5° C. with decomposition .
and discoloration. Typical of the behavior of

aminophenols, it dissolved in cold aqueous sodium
hydroxide, was inseluble in cold agqueous sodium.
carbonate, but was disselved by cold dilute min-
eral acids. Tts alkaline solution darkened rapidly
due to aerial -oxidation, and it was found to act
as a photographic developer when -dissolved .in
aqueous sodium carbonate-sodium suilfite -selu-
tion. The 2-ethyl-p-aminophenol was proved to

be a p-aminophenol by :diazotizing = portion of .

the product obtained ahove with :cold dilute sul-
furic acid and sodium nitrite, and decomposing
the diazo compound formed by boiling in a
hot solution of about 10 per cent aqueous sul-
furic acid. The dihydroxybenzene -compound so
obtained did not form a precipitate when treated
with a 209% lead acetate solution and had a melt-
ing point of 114° to 115° C. These data indicated
the dihydroxybenzene compound was not derived
from an o-aminophenol, and it gave the same
melting point as ethylhydroguinone.
small quantity of the 2-ethyl-p-aminophenol was
oxidized with dichromic acid (sulfuric acid plus
potassium dichromate), ethyl-p-quinone melting
at 37.5° C. was obtained. An o-aminophenol
would have been oxidized completely and no
-quinone could have been isolated. The 2-ethyl-
p-aminophenol gave a hydrochloride which was
found to contain 54.89 per cent carbon, 6.63 per
cent hydrogen and 8.30 per cent nitrogen (calcu-~
lated for carbon 55.04 per cent, for hydrogen 6.93
per cent and for nitrogen 8.02 per cent). Since
the reduction of p-nitroethylbenzene could have
given 3-ethyl-p-aminophenol instead of 2-ethyl-
.p-aminophenol, the aminophenol of the above ex-
ample (designated Sample A in the table below)
was compared with 3-ethyl-p-aminephenol:

OH
|

i CaHy

NHa

{designated Sample B in the table below) preA- 7

pared from 3-ethylphenol by nitrosation and re-
duction of the nitroso derivative to the aminc-
‘phenol and another specimen of 3-ethyl-p-ami-
nophenol prepared from o-nitroethylbenzene
"tdesignated Sample C in the table below) by re-

When 2 °
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.odor resembling that of a quinone.

6
duction with -alominium and aqueous ‘sulfurié’
acid (Bean application Serial No. 547,296, filed
July 29, 1944). The results are given in the table
below.: )

| Melting Pt., | Analysis;?

‘Bample | Melting Pt. {Analysis? Acetyl Acetyl

) . Deriv. Deriv

. . ) C 67.0%.
A 168°-168.5° |- () 141°-142° C_|<H 7.2%,.
C. N 7.6%.

B C 60.7%.0. C 67.1%.

Bois 166°-167° C_.{H 8.0%..(f171° C_.___.. H 75%.
N10.4% N 7.8%.

‘ o CT01% 1 C 86.7%.
[ H 167°-188°C. s H8.1%. . [11T1° C__.__.. H 7.29%
N 10.4% N 7.1%

1 Caleulated; C—70:02%; H—8.08%; N—10.21%.

3 Calculated: C—87.00%,; H—7.31%; N—7.81%,.

3 Analysis for hydrochloride given above.

From the above table it can be seen that the
aminophenol resulting from the reduction of p-
nitroethylbenzene contains its ethyl group in the
2-position, since only two isomers are possible,
and the derivatives of Saniples B and C (both
3-ethyl compounds) show that this aminophenol
(Sample A) is not a 3-ethyl compound.

Ezample IV.—n-Propylhydroquinone
OH

—C3Hy

|
OB

895 g. of p-nitro-propylbenzene, 15 cc. of

‘sulfuric acid (sp. g. 1.84) and 200 ce. of water

were heated at 95° C. and maintained at that

‘temperature while 3 g. of aluminium flakes were
‘added over a period of 1.5 to 2 hours with vig-
‘orous stirring.

The reaction mixture turned
orange to reddish inh color and finally became

light yellow as all of the aluminium was added.
The reaction mixture was stirred for an addi-

tional hour after all of aluminium was added,

‘and the small amount of excess aluminium was
filtered off. The filtrate was cooled and then ex-

tracted with diethyl ether. After evaporation of

‘the ether from the extract, there remained 1.5 g.

of n-propylhydroquinone. It was recrystallized
from a mixture of benzene and petroleum ether

f‘to give a pure product melting at 89° to 50° C.
On oxidation with dilute aqueous potassium di-

chromate, it gave a yellow oil having a pungent
The n-pro-
pylhydroquinone was soluble in ether and ifs
aqueous solution with sodium sulfite and sodium

‘carbonate acted as developers for exposed pho-
tographic paper and film. It had a carbon con-

tent of 71.7 per cent and a hydrogen content of

1.8 per cent (calculated for carbon 71.00 per cent
‘and for hydrogen 7.88 per cent), The reaction
‘mixture which remained after extraction with

the diethyl ether was made alkaline with sodium

3 sulfite and sodium carbonate -and then: filtered.

The filter cake was washed with alcohol and the
filtrate was extracted with diethyl ether. The
washings were combined with the extract, and
the mixture was made acid and evaporated to
dryness. The dried residue was taken up in 50
ce. of water and an excess of 40% sodium hydrox-
ide to which some sodium sulfite and sodium
hyposulfite had been added was stirred into the .

-agueous ‘solution. An oily layer fortned on ‘top
‘the aqueous lower layer and.this was removed.
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in a separatory funnel.  This oil, p-n-propylani-
line, was insoluble in sodium hydroxide, had a
strong odor resembling that of aniline, and it
acted as a photographic developer in sodium sui-
fite-sodium carbonate solutions. It was con-
verted to its hydrochloride for analysis. The hy-
drochloride contained 62.8 per cent carbon, 8.1%
hydrogen and 8.4 per cent nitrogen (calculated
for carbon 62.89, for hydrogen 8.22 per cent and
for nitrogen 8.10 per cent). The alkalinity of
the lower aqueous alkaline layer remaining affer
removal of the oily layer was reduced by the ad-
dition of sodium bisulfite until it was only slightly
alkaline to brilliant yellow paper. A precipitate
of * 2-n-propyl-p-aminophenol separated which
was recrystallized from a mixture of benzene and
petroleum ether to give a product melting at
91° C, and having the formula: ‘

(|)H

—CsHy

II\IH'.'

It was soluble in sodium hydroxide and also di-
lute acids. Its aqueous solutions with sodium
sulfite and sodium carbonate acted as strong
developers for exposed photographic paper or
film. On oxidation with dichromic acid (sulfuric
acid plus potassium dichromate), it gave n-
propyl-p-quinone as a yellow oil which was lg-
uid at room temperature. On reduction, the n-
propyl-p-quinone gave n-propyl-p-hydroguinone
having a melting point of 89° to 80° C. The 2-n-~
propyl-p-aminophenol had a carbon content of
7152 per cent, a hydrogen content of 8.64 per
cent and a nitrogen content of 9.38 per cent (cal-
culated for carbon 71.47 per cent, for hydrogen
8.60 per cent and for nitrogen 9.26 per cenb).
The propy! group in the aminophenol prepared
by the reduction of p-nitro-n-propyl-benzene
was proved to be in the 2-position by preparing
3-n-propyl-p-aminophenol and comparing the
properties of the two compounds. The 3-n-
propyl-p-aminophenol was prepared by the re-
duction of o-nitro-n-propylbenzene according
to the process described in Bean application
547,298, filed July 29, 1944, and after purification
by recrystallization from a mixture of benzene
and petroleum ether, it gave a pure product melt-
ing at 119° to 120° C. It analyzed 71.10 per cent
.carbon, 8.40 per cent hydrogen and 9.26 per cent
nitrogen (caleulated for carbon 71.47 per cent,
for hydrogen 8.60 per cent and for nitrogen 9.26
per cent).. Since the 3-n-propyl-p-aminophenol
had a melting point far removed from that of the
aminophenol obtained by the reduction of p-
nitro-n-propylbenzene and there are only two
possible isomers for a n-propyl-p-aminophenol,
the aminophenol obtained by the reduction of
‘p-nitro-n-propylbenzene had a n-propyl group
in the 2-position.

Example V.—n-~Butylhydroquinone

o

—CHy

. OH

8.95 g. of p-nitro—h-butylbenzene, 15 ce. of sul-
“furic acid (sp. g. 1.84) and 250 ce. of water were
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heated to 95° C. and maintained at that tem-
perature while 2 g. of aluminium flakes were
added over a period of 3 to 4 hours with vigorous
stirring. The reaction mixture turned from yel=
low to red in color and finally changed to brown-
ish yellow as the last of the aluminium was
added. Since the reaction proceeded quite slowly
toward the end of the four-hour period of heat-
ing, the reaction mixture was stirred at 95° C. for
an additional 1.5 hours after all of the aluminium
had been added. 'The reaction mixture was then
diluted to 759 ce. with water, and a small amount
of summy material and undissolved aluminium
were filtered off while the mixture was still hot.
After allowing the filtrate to cool, it was ex-
tracted with diethyl ether. The ether was evap-
orated off from the extract to give 1.3 g. of n-
butylhydroquinone. After recrystallization from
a mixture of benzene and petroleum ether, the
n-butylhydroguinone melted at 86.5° to 87° C.
On analysis, it was found to contain 72.08 per
cent carbon and 8.53 per cent hydrogen (calcu-
lated for carbon 72.24 per cent and for hydrogen
8.49 per cent). On oxidation with potassium
dichromate in dilute aqueous sulfuric aecid, it
gave n-butyl-p-quinone as g light yellow product
having a noticeable quinone odor and a melting
point of 31.5° C. The n-butylhydroquinone was
soluble in aqueous caustic alkalis and diethyl
ether, but was insoluble in dilute mineral acids.
It acted as s photographie developer and could
be employed as an antioxidant for gasoline, oils,
rubber, ete. )

The reaction mixture remaining after the ex-
traction with diethyl ether was cooled to 0° C.
and 3.85 g. of precipitate separated out. On
evaporating the mixture to 250 ce. and cooling
to 0° C. again, another 0.47 g. of precipitate was
obtained. The mother liquor was made alka-
line to brilliant yellow paper by the addition of
sodium sulfite and sodium carbonate and filtered
hot. The filter cake was washed with hot ethyl
alcohol and the filtrate was extracted with di-
ethyl ether. 'The washings were combined with
the ether extract and the mixture made acid to
Congo red with dilute sulfuric acid, and then
evaporated to dryness. The 2.5 g. of dried prod-
uct sc obtained were combined with the 3.85 g.
and 0.47 g. of precipitate obtained above by cool~
ing the reaction mixture. The mixture of solids
was mixed with water and made strongly alka-
line with excess sodium hydroxide. An oily layer
formed on top of the alkaline aqueous layer and
was extracted with diethyl ether. The ether was
evaporated from the extract to give 2.7 g. of p-n-
butylaniline having a strong aromatic amine
odor. It was converted to the sulfate which
gave a melting point of 210° to 215° C. with dis-
coloration. The sulfate on analysis was found
to contain 60.64 per cent carbon, 8.18 per cent
hydrogen and 7.06 per cent nitrogen (calculated
for carbon 60.6 per cent, for hydrogen 8.1 per
cent and for nitrogen 7.02 per cent). The sul-
fate was soluble in alkali and dilute aqueous
acids. The alkalinity of the lower aqueous alka-
line layer remaining after’extraction with di-
ethyl ether was reduced by the addition of sodi-
um bisulfite and a small amount of dilute hydro-
chloric acid until it was only slightly alkaline to
brilliant yellow paper. A precipitate separated
out at once, and the agueous layer was cooled
and then filtered. There were thus obtained 1.26
g. of n-butyl-p-aminophenol. After recrystal-
lization from a mixture of benzene and petroleum
ether, it melted at 81° to 82° C. On analysis it
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contained.73.06 per cent carbon, 8.84 per cent
hydrogen and 8.63 per cent nitrogen (calculated
for carbon 72.67 per cent, for hydrogen 9.15 per
cent and for nitrogen 8.47 per cent). It was
soluble in aqueous caustic alkali and dilute aque-
ous acids, and it also acted as a photographic
developer. On oxidation with dichromic acid
(potassium dichromate plus sulfuric acid) it gave
n-butyl-p-quinone as a yellow solid (an o-amino-
phenol would have been completely oxidized).
On reduction of the quinone with aqueous sodi-
um hyposulfite it gave n-butylhydroquinone as
a solid melting at 86° to 87° C. To prove that
the n-butyl group in the p-aminophenol obh-
tained by the reduction. of p-nitro-n-butylben-
zene was in the 2-position, its properties were
compared with those of 3-n-butyl- p-aminophe-
nol prepared by the reduction of o-nitro-n-bu-
tyl-benzene prepared according to the process
described in Bean application Serial No. 547,296,
The 3-n-butyl-p-aminophenol so prepared had
the formula:

OH
|

CiHy

IlTHT

and after recrystallization from a mixture of
benzene and petroleum ether it melted at 80° to
81° C. On microanalysis, it contained 72.6 per
cent. carbon, 9.0 per cent hydrogen and 8.2 per
cent. nitrogen (calculated for carbon 72.67 per
cent, for hydrogen 9.15 per cent and for nifro-
gen 8.47 per cent). It was soluble in aqueous
sodium hydroxide and dilute aqueous acids, On
oxidation with dichromic acid (potassium di-
chromate plus aqueous sulfuric acid) the 3-n-
butyl-p-aminophenol gave n - butyl-p-quinone
melting at 31.5° ¢. Since the melting point of
the n-butyl-p-aminophenol prepared by the re-
duction of p-nitro-n-butylbenzene was too close
to the melting point of the 3-n-butyl-p-amino-
phenol to serve as a means of differentiation, a
mixed melting point determination was made. A
mixed melting point of 60° C. to 70° C. was ob-
tained which showed that the two compounds
were not identical. Since there are only two pos-
sible n-butyl-p-aminophenols and the n-butyl-
p-aminophenol obtained by the. reduction of p-
nitro-n-butylbenzene was not identical to the 8-
n-butyl-p-aminophenol obtained by the reduc-
tion of o-nitro-n-butylbenzene, the former com-
pound must contain its-n-butyl group in the 2-
position, thus:

(0228

CiHy

NHz:

Instead of adding the aluminium flzkes to the
the mixture of the. p-nitroalkylbenzene; water
and sulfuric acid as is done.in the abeve: exam-

ples, a. sulfuric acid solution: in water can. he:

added to a hot, stirred suspension:of aluminium
in water and the. nitroalkylbenzene.. Other acids

can be advantageously. employed:in- place:of the
sulfuric acid in the above examples, such as oxalic
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acid, phosphoric acid, hydrochloric acid, the al-
kane-sulfonic acids (e. g. methanesulfonic acid;
ethanesulfonic acid, etc.) and the aromatic sul-
fonic acids (e. g. those of the benzene and naph-
thalene series, such as p=toluenesulfonic acid,
g-naphthalene-sulfonic acid, ete.).

Ezxample VI

A mixture of 15 g, of p-nitroethylbenzene, 40
g. of oxalic acid and 200 g. of water was heated
at 95°-100° C., and mainiained at that tempera~
ture while 5 g. of aluminum flakes were added
with vigorous stirring over a period of 1% to 2
hours. The reaction mixture was stirred an ad-
ditional 1% to 2 hours after all of the aluminum
had been added. The undissolved aluminum was
filtered off. and. the. reaction mixture was sub-
jected to steam distillation. A very small amount
of sweet smelling oil caimne over. Ifs odor resem-
bled acetophenone,

The cooled reaction mixture was extracted with
diethyl ether. TUpon evaporation of the ether
about 4 g. of ethyl hydroquinone were obtained.

The reaction mixture, after ether extraction,
was made hot and then made alkaline to brilliant
yellow paper with sodium sulfite and sodium car=
bonate. Some p-aminoethylbenzene came out of
solution at this point and was separated off. On
cooling. the alkaline solution, 2-ethyl-p-amino-
phenol precipitated with some p-aminoethylben-
zene. These organic bases were filtered off and
then treated with a small amount of sodium
hyposulfite and an. excess. of. sodium hydroxide
solution: causing the 2-ethyl-p-aminophenol to
dissoclve-and the p-aminoethylbenzene to-separate
as an oil. The oil was extracted with- a small
amount. of ether. On evaporation it was con-
verted to the hydrochloride with hydrochloric
acid and 2 g. of product were obtained.

The 2-ethyl-p-aminophenol contained in solu~
tion wtih the sodium hydroxide was precipitated
by adding sodium bisulfite. -3 g. of product were
obtained.

Operating in a similar manner, other acids and
nitrobenzenes containing & primary alkyl group
in the para.position can advantageously be uti-
lized in'the process of my invention.

What I claim and desire secured Ly Letters
Patent of the United States is:

1. A process for preparing an alkyl substituted
hydroquinone comprising reducing a nitrophenyl
compound: containing in the para position & pri~
mary alkyl group having from- I to 4 carben
atoms, simultaneously with finely divided alu-
minium and an aqueous solution of an acid se-
lected from the group-consisting of sulfuric acid,
phosphoric acid, hydrochloric acid, oxalic acid,
an alkane sulfonic acid: containing from 1 to 4
carbon atoms, a sulfonic acid of the benzene se-
ries and a sulfonic acid of the naphthalene series,
said solution containing not more than 50% by
weight of said acid; the quantity of. said acid
present. being sufficient to maintain an acid me-~
dium until the reduction is substantially com=-
plete, and separating the alkyl-substituted hydro-
quinone from the reaction mixture.

2. A process for preparing an alkyl substltuted
hydroquinone comprising reducing a nitrophenyl
compound containing in the para position a pri-
mary alkyl group having from 1 to 4 carbon atoms
simultaneously with finely divided aluminium and
an aqueous solution of sulfuric acid, said solution
containing not more than 50% by weight of said
acid; threrquantity of said acid present Peing suf~
ficient:to maintain: an-acid medinm until:the ré+
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duction is substantially complete, and separating
the alkyl-substituted hydrequinone from the re-
action mixture.

3. A process for preparing an alkyl substituted

hydroquinone comprising reducing a nitrophenyl
compound containing in the para position a pri-
mary alkyl group having from 1 to 4 carbon atoms,
simultaneously with finely divided aluminium
and an aqueocus solution of an acid selected from
the group ccnsisting of sulfuric aeid, phosphoric
acid, hydrochioric acid, oxalic acid, an alkane
sulfonic acid containing from 1 to 4 carbon atoms,
& sulfonic acid of the benzense series and a sul-
fonic acid of the naphthalense series, said solu-
tion containing not more than 10% by weight
of said acid, the quantity of said acid present be-
ing sufficient to maintain an acid medium until
the reduction is substantially complete, and sepa-
rating the alkyl-substituted hydroquinone from
the reaction mixture.
4, A process for preparing an alkyl substituted
hydroguinone comprising reducing a nitrophenyl
compound containing in the para posiiion a pri-
mary alkyl group having from 1 to 4 carbon
atoms simultaneously with finely divided alumin-
ium and an agueous solution of sulfuric acid, said
solution containing not more than 10% by weight
of said acid, the gquantity of said acid present be-
ing sufficient to maintain an acid medium until
the reduction is substantially complete, and sepa-~-
rating the alkyl-substituted hydroquinone from
the reaction mixture.

5. A process for preparing an alkyl substituted
hydroquinone comprising reducing, at a tempera-
ture of from 50° C. to 100° C., a nitrophenyl com-
pound containing in the para posifion a primary
alkyl group having from 1 to 4 carbons atoms,
simultaneously - with finely divided aluminium
and an aqueous sclution of an acid selected from
the group consisting of sulfuric acid, phosphoric
acid, hydrochloric acid, oxalic acid, an alkane sul-
fonic acid containing from 1 to 4 carbon atoms, a
sulfonic acid of the benzene series and a sulfonic
acid of the naphthalene series, said solution con-
taining not more than 50% by weight of said acid
the quantity of said acid present being sufficient
to maintain an acid medium until the reduction
is substantially complete, and separating the
alkyl-substituted hydroquinone from the reac-
tion mixture.

6. A process for preparing a mixture of an alkyl
hydroquinone selected from those represented by
the general formula:

(I)H

I
OH

whereinRrepresents a primary alkyl group having
from 2 to 4 carbon atoms, and an alkyl p-amino-
phenol selected from those represented by the
general formula:

OH

|
NH:

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, comprising reducing
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a compound selected from those represented by
the general formula:

I]IOz

®

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, with finely divided
aluminium and an aqueous solution of an acid
selected from the group consisting of sulfuric
acid, phosphoric acid, hydrochloric aecid, oxalie
acid, an alkane sulfonic acid containing from
1 t0 4 carbon atoms, a sulfonic acid of the benzene
series and a sulfcnic acid of the naphthalene
series, said solution containing not more than
509% by weight of said acid, the quantity of said
acid present being sufficient to maintain an acid
medium until the reduction is substantially com-
plete.

7. A process for preparing a mixture of an
alkyl hydroquinone selected from those repre-
sented by the general formula:

OH

—R

H

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon. atoms, and an alkyl
p-aminophenol selected irom those represented
by the general formula:

(I)H

NH;

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, comprising reduc-
ing, at a temperature of from 50° C. to 100° C.,
a compound selected from those represented by
the general formula.:

NO3

%

wherein R represents g primary alkyl group hav-
ing from 2 to 4 carbon atoms, with finely divided
aluminjium and an aqueous solution of an acid
selected from the group consisting of sulfuric
acid, phosphoric acid, hydrochloric acid, oxalic
acid, an alkane sulfonic acid containing from
1 to 4 carbon atoms, a sulfonic acid of the benzene’
series and g sulfonic acid of the naphthalene
series, said solution containing not more than
50% by weight of said acid, the quantity of said
acid present being sufficient to maintain an acid
medium until the reduction is substantially com-
plete. .
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8. A process for preparing a mixture of an
alkyl hydroquinone selected from those repre-
sented by the general formula:

OH

—R

"

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, and an alkyl
p-aminophenol selected from those represented
by the general formula:

. OH

|
NH;

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, comprising reduc-
ing, at a temperature of from 50° C. to 100° C.,
a compound selected from those represented by
the general formula:

NO:

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, with finely divided
aluminium and an aqueous solution of an acid
selected from the group consisting of sulfuric
acid, phosphoric acid, hydrochloric acid, oxalie
acid, an alkane sulfonic acid containing from
1 to 4 carbon atoms, a sulfonic acid of the benzene
series and a sulfonic acid of the naphthalene
series, said solution containing not more than
109 by weight of said acid, the quantity of said
acid present being sufficient to maintain an acid
medium until the reduction is substantially com-
plete.

9. A process for preparing a mixture of an
alkyl hydroquinone selected from those repre-
sented by the general formula:

OH

H

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, and an alkyl
p-aminophenol selected from those represented
by the general formula:

OH

—R

NE;

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, comprising reduc-
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ing a compound selected: from those represented
by the general formula;

NO:

wherein R represents g primary alkyl group hav-
ing from 2 to 4 carbon atoms, with finely divided
aluminium gnd an aqueous selution of sulfuric
acid, said solution containing not more than 50%
by weight of said acid, the quantity of said acid
present being sufficient to maintain an acid
medium until the reduction is substantially com-
plete. P

10. A process for preparing a mixture of an
alkyl hydroquinone selected from those repre-
sented by the general formula:

OH

om

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, and an alkyl p-ami-
nophenol selected from those represented by the
general formula:

OH

NH;

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, comprising reduc-
ing, at a temperature of from 50° C. to 100° C,,
a compound selected from those represented by
the general formula:

NO;

®

wherein R represents a primary alkyl group hav-
ing from 2 to 4 carbon atoms, with finely divided
aluminium and an aqueous solution of sulfuric
acid, said solution containing not more than 10%
by weight of said acid, the quantity of said acid
present being sufficient to maintain an acid
medium until the reduction is substantially com-
plete.

11. A process for preparing a mixture of ethyl-
hydroquinone and 2-ethyl-p-aminophenol com-
prising reducing, at a temperature of from 80 C.
to 100° C., p-ethylnitrobenzene simultaneously
with finely divided aluminium and an aqueous
solution of sulfuric acid, said solution containing
not more than 10% by weight of said acid, the
quantity of said acid present being sufficient to
maintain an acid medium until the reduction is
substantially complete.

12. A process for preparing a mixture of n-pro-
pylhydroquinone and 2-n-propyl-p-aminophenol
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comprising reducing, at a temperature of from
80° C. to 100° C., p-nitropropylbenzene simulta-
neously with finely divided aluminium and an
aqueous solution of sulfuric acid, said solution
containing not more than 10% by weight of said
acid, the quantity of said acid present being suffi-
cient to maintain an dcid medium until the re-
duction is substantially- complete.

13. A process for preparing a mixture of n-bu-
tylhydroquinone and 2-n-butyl-p-aminophenol
comprising reducing, at a temperature of from
80° C. to 100° C., n—butylnitrobenzene simultane-
ously with finely divided aluminium and an aque-
ous solution of sulfuric acid, said solution con-
taining not more than 10% by weight of said acid,
the quantity of said acid present being sufficient
to maintain an acid medium until the 1ed.1ct10n
is substantially complete.

FREDERIC R. BEAN.
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