
Patented Dec. 12, 1950 2,533,203 

UNITED STATES PATENT office 
2,533,203 

PREPARATION OF C-ALKYL, HYDROQUI NONES AND C-ALKYL p-AMINOPHENOELS 
Frederic R. Bean, Rochester, N. Y., assignor to 
Eastman Kodak Company, Rochester, N. Y., a 
'corporation of New Jersey - 

No Drawing. Application July 16, 1948, 
Serial No. 39,180 

(Cl. 260-580) 13 Claims. 

This invention relates to a process for reducing 
p-nitroalkylbenzenes, and to the products ob 
tained by such a process. - - - - - 
In my copending application Serial No. 547,296, 

filed July 29, 1944, now Patent Number 2,446,519, 
I have shown that treatment of nitrobenzenes in 
which there is no substituent in the position para 
to the nitro group, with aluminium and an aqueous 
solution of a mineral acid, e. g. sulfuric acid, 
yields, not aniline nor phenyihydroxylamine, but 
rather p-aminophenol. I have now found that 
p-nitroalkylbenzenes when treated in the same 
manner yield C-alkylhydroquinones and C-alkyl 
p-aminophenols even though the para position of 
the starting nitro compound is occupied by an 
alkyl group. 

It is, accordingly, an object of my invention to 
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provide a process for reducing p-nitroalkylben 
zenes. A further object is to provide a process 
for preparing C-alkylhydroquinones and C-alkyl 
p-aminophenols. Still further objects will be 
come apparent hereinafter. 
In accordance with my invention, I reduce a nitrophenyl compound containing in the position 

para to the nitro group a primary alkyl group con 
taining from 1 to 4 carbon atoms, simultaneously 
with aluminium and an aqueous solution of an 
acid. The aluminium which I employ is prefer 
ably used in finely divided form; for example, as 
flakes or a powder. The aqueous solution of the 
acid advantageously contains not more than 50 
per cent by weight of acid, and I have found that 
aqueous solutions containing not more than from 
10 to 15 per cent by weight of acid are especially 
useful in practicing the process of my invention. 
The quantity of acid used, as well as the concen 
tration, should be sufficient to maintain an acid 
medium until the reduction is substantially com plete. Especially advantageous results have been 
obtained when sulfuric acid was used, although 
other mineral acids, such as phosphoric acid or 
hydrochloric acid, can be used. Organic acids 
have also been found to be useful in practicing the 
process of my invention, and those acids having 
a dissolution constant in water at 250 C. not 
Smaller than that of oxalic acid (first hydrogen) have been found to be especially useful. Acids 
which react with any of the intermediate or final 
products formed in my process under the condi 
tions employed are to be avoided. For example, 
foric acid is to be av 
with the amine derivatives formed. Typical or. 
ganic acids include oxalic acid, an alkane sulfonic 
acid containing from 1 to 4 carbon atoms (e.g. 
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methanesulfonic, ethanesulfonic, propane-l-Sul 
fonic, propane-2-sulfonic, n-butane-1-sulfonic, 
isobutane-1-sulfonic, sulfoacetic, 6-hydroxy 
ethanesulfonic, etc. 'acids, a sulfonic acid of the 
benzerie series (e. g. benzenesulfonic, p-toluehe 
sulfonic, o-toluenesulfonic, m-benzenedisulfonic, 
1,3,5-benzenetrisulfonic, etc. acids) and a sulfonic acid of the naphthalene series (e.g. naphthalene 
a-sulfonic acid, naphthalene-6-sulfonic acid, 1,5- 
naphthalenedisulfonic, 2,6-naphthalenedisulfon 
ic, etc.). The reduction of the nitrophenyl com 
pound containing in the position para, to the nitro 
group an alkyl group containing from 1 to 4 car 
both atoms with the aluminium and aqueous solu 
tion of the acid is advantageously effected attem 
peratures varying from 50° C. to 100° C. Al 
though the temperature is apparently not critical, 
especially efficacious results have been obtained 
at temperatures between 80° C. and 100° C. In 
the case of the higher melting aromatic nitro 
compounds containing an alkyl group in the para 
position, a water miscible solvent, such as ethyl 
alcohol, or a water immiscible solvent, such as a 
hydrocarbon, can be added to the reaction mix 
ture to promote dispersion in the aqueous acid. 
When I reduce my nitrophenyl compounds, 

containing in the pósition para to the nitro group 
a primary alkyl group containing from 1 to 4 
carbon atoms, in the presence of aluminum and 
an aqueous solution of an acid, a C-alkylhydro 
quinone whose alkyl group is correspondingly a 
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d due to its reactivity . 

primary alkyl group containing from 1 to 4 car 
bon atoms is always obtained in Substantial pro 
portion. A minor or vefy Small proportion of 
the corresponding p-alkylaniline is usually ob 
tained in addition to the C-alkylhydroquinone. 
When the primary alkyl group in the position 
para to the nitro group of my nitrophenyl com 
pounds contains from 2 to 4 carbon atoms, there 
are obtained varying amounts of a C-alkyl-p- 
aminophenol, the amounts depending upon the 
conditions of reaction and the type of compound 
being reduced. That is to say, that upon reduc 
tion of p-nitrotoluene in the presence of alu 
minium and an aqueous solution of an acid, such 
as sulfuric acid, for example, no 2-hydroxy-p- 
toluidine (4-amino-o-cresol) can be detected. I 
have found further that when nitrophenyl com 
pounds, containing in the position para to the 
nitro group an alkyl group which is not a primary 
alkyl group, are reduced in the presence of alu 
minium and an aqueous solution of an acid, the 
reaction proceeds in a manner contrary to that 
set forth above. 
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Eacample I.--Toluhydroquinone 
OH 

-CH3 

OH 

17.5 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 creSO 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 
uct toluhydroquinone was mixed with an all 
thentic sample of toluhydroquinone, 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 toluguinone 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 diethyl ether, no p-aminophenol could be 
detected when the alkalinity of the aqueous al 
kali layer was reduced until it was only faintly 
alkaline by the addition of sodium bisulfite. 

Eacample II-Toluhydroquinone 
QH 

-CH 

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 12g. 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 cresol 
WaS present. 
for about one hour after the aluminium was 

- added and the Small amount of excess aluminium 
Was filtered off. On subjecting the filtrate 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 reaction mix 

The reaction mixture was stirred 
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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 
droquinone were obtained. When recrystalized 
first from benzene and then petroleum ether, it 
melted at 125° C. It acted as a photographic de 
veloper when added to an aqueous solution of 
Sodium sulfite and sodium carbonate. The 
p-toluidine present in the aqueous acid solution 
after extraction was not recovered. 

Eacample III.-Ethylhydroquinone 

O 

A mixture of 15 g. of p-nitroethylbenzene, 35 
cc. 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 Stiring over a, period 
Of .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 then stirred for an addie 
tional hour after all of the aluminium had been 
added, and the Small amount of undissolved alu 
Ininium 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 odor of which 
resembled acetonhenone, came over. When the 
product ethylhydroquinone 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 contain 69.46 per cent carbon and 
7 13 per cent hydrogen (calculated for carbon 
69.52 per cent and for hydrogen 7.3 per cent). 
Its identity was further established by oxidation 
to a ?uinone havinor a melting point of 37.5° C., 
which is the recorded melting point of ethyl 
?uinone. 
The reaction mixttire remaining after extrac 

tion with the diethvil ether was made alkaline 
to brilliant yellow paper by the addition of sodium 
sulfite and sodium carbonate and filtered hot. 
The filter cake was thoroughly washed with ethyl 
alcohol while the filtrate Was extracted with ethyl 
acetate. The Washings were combined with the 
extraction liquid 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 sodium hydroxide to 
which a small amount of sodium hynosulfite had 
been added was added to the oily solid, part of it 
dissolved in the liquid while the remainder formed 
a second lidiid laver lighter than the alkaline 
Solution. When this top liquid 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 liquid. 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 

5 
8.02 percent (carbon calculated as 56.42 per cent, 
hydrogen as 7.11 per cent and nitrogen as 8:22 

  



2,538,208 
5 

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 73.5 per cent, 
a hydrogen content of 8.2 per cent and a nitrogel 
content of 8.3 per cent (calculated for carbon 
73.57 per cent, for hydrogen 8.58 per cent and fo 
nitrogen 8.03 per cent). - 
To the lower aqueous layer remaining after the 

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: 

pH 

NH, 
was obtained in the form of light-colored crystals. 
On drying 4 g. of crude product remained. It 
was 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 insoluble in cold aqueous sodium 
carbonate, but was dissolved by cold dilute min 
eral acids. Its 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 sulfite solu 
tion. The 2-ethyl-p-aminophenol was proved to 
be a p-aminophenol by diazotizing a portion of . 
the product obtained above 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 Sull 
furic acid. The dihydroxybenzene compound so 
tobtained did not form a precipitate when treated 
with a 20% 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 

When a '' amelting point as ethylhydroquinone. 
small quantity of the 2-ethyl-p-aminophenol was 
oxidized with dichronic 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-aminophenol: 

O 

-CH 

H, 
(designated Sample B in the table below) pre 
pared from 3-ethylphenol by nitrosation and re 
duction of the nitroso derivative to the amino 
phenol and another specimen of 3-ethyl-p-ami 
nophenol prepared from O-nitroethylbenzene 
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5 odor resembling that of a quinone. 

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

Melting Pt., Analysis? 
Sample Melting Pt. Analysis Acety Acetyl 

Deriv. Deriv. 

C 67.0%. 
A -------------- 1689-168.5° (3) 1419-142 C-H 7.2%. 

C. N 7.6%. 
- - - - - - C 69.7%. C6%. 

B-------------- 1669-167 C.R.H.8.0%-171° C------H 7.5%. 
N10.4%. N 7.8% 

v - - - C 70.1%. C 66.7%. 
C-------------- 1679-168°C.H.8.1%. 17° C------- H 7.2%. 

N10.4%. N 7.7%. , . 

Calculated: C-70.02%; H-8.08%; N-10.21%. 
Calculated: C-67.00%; H-7.31%; N-7.81%, 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 Samples B and C (both 
3-ethyl compounds) show that this aminophenol 
(Sample A) is not a 3-ethyl compound. 

Eacample IV-n-Propylhydroquinone 
OH 

OE - 

, 8.25 g. of p-nitro-propylbenzene, 15 cc. of 
sulfuric acid (sp. g. 1.84) and 200 cc. 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 in 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 
to give a pure product melting at 89° to 90° 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 its 
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 
.7.8 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 
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 
cc. 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 
aqueous solution. An oily layer formed on top 

(designated Sample C in the table below) by re- 3 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 Sul 
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 after 
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: S. 

SH, 
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 lid 
uid at room temperature. On reduction, the n 
propyl-p-quinone gave n-propyl-p-hydroquinone 
having a melting point of 89° to 90° C. The 2-n- 
propyl-p-aminophenol had a carbon content of 
71.52 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 cent). 
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 
547,296, 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 9.30 per cent 
nitrogen (calculated 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. 

Eacample V-n-Butylhydroquinone 

on 
-CH 

OH. 

8.95 g. Of p-nitro-n-butylbenzene, 15 cc. of Su 
furic acid (sp. g. 1.84) and 250 cc. of water Were 
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heated to 95° C. and maintained at that ten 
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 yell 
IoW 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 750 cc. With water, and a Small amount 
of gummy 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-butylhydroquinone 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 acid, it 
gave n-butyl-p-quinone as a light yellow product 
having a noticeable quinone odor and a melting 
point of 3.5 C. The n-butylhydroquinone was 
soluble in aqueous caustic alkalis and diethyl 
ether, but was insoluble in dilute mineral acids. 
It acted as a photographic developer and could 
be employed as an antioxidant for gasoline, oils, 
rubber, etc. 
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 cc. 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 so 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 25° 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 Sull 
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 
Lin bisulfite aid a Sinal amount of dilute hydro 
chloric acid until it was only slightly alkaline to 
brilliant yellow paper. A precipitate separated 
Out at Once, and the aqueous 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 ob 
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: w 

gh 

CE9 

NEI 
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 nitro 
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° C. 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 3 
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: 

OH 

CHg 
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Instead of adding the aluminium flakes to the 
the mixture of the p-nitroalkylbenzene, water 
and Sulfuric acid as is done in the above exam 
pies, a Sulfuric acid solution in water can be 
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. 

70 

75 

10 
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, etc.). 

Eacample 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 maintained 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 1/2 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 
Gf Sweet Smelling oil carine over. Its odor resem 
bled acetophenone. 
The cooled reaction mixture was extracted with 

diethyl ether. Upon 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 
dissolve and the p-aminoethylbenzene to separate 
as an oil. The oil was extracted with a small 
annount. 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. With 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 a primary alkyl group 
in the para position can advantageously be uti 
lized in the process of my invention. 
What I claim and desire secured by 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 a pri 
mary alkyl group having from 1 to 4 carbon 
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 benzenese 
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 come 
plete, and separating the alkyl-substituted hydro 
quinone from the reaction mixture. 

2. 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 aqueous solution of Sulfuric acid, said solution 
containing not more than 50% by weight of said 
acid, the quantity of said acid present being stif 
ficient to maintain an acid medium until the re 
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duction is substantially complete, and separating 
the alkyl-substituted hydroquinone 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 aqueous Solution of an acid selected from 
the group consisting of sulfuric acid, phosphoric 
acid, hydrochioric acid, oxalic acid, an alkane 
Sulfonic acid containing from 1 to 4 carbon atoms, 
a sulfonic acid of the benzene Series and a sul 
fonic acid of the naphthalene 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 
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 alumin 
ium 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 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 position a primary 
alkyl group having from 1 to 4 carbons atoms, 
Simultaneously with finely divided aluminium 
and an aqueous Solution 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 45 
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: 

U 

20 

25 

30 

35 

50 

OH 
55 

&H 60 

whereinR represents 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: tis 

OE 

O 

NH 

wherein R represents a primary alkyl group hav 
ing from 2 to 4 carbon atoms, comprising reducing 75 

2 
a compound selected from those represented by 
the general formula: 

No. 

k 
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 

8 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 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 
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 

B. 

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: 

pH 

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 

k 
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, oxalic 
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 
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. 

  



2,588,208 
13 

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

OE 

-R 

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: 

OE 

NH 

wherein R represents a primary alkyl group haW 
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, Oxalic 
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 
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. 

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: 

OE 

-R 

NH, 
wherein R represents a primary alkyl group hav 
ing from 2 to 4 carbon atoms, comprising reduc 

20 

25 

30 

35 

40 

50 

55 

60 

O 

4. 
ing 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 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. v v - 

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

OE 

(H 
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 haW 
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 

k 
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 con 
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-In-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 Sufi 
cient to maintain an acid medium until the re 
duction is Substantially complete. 

13. A process for preparing a mixture of n-bu 
tylhydroquinone and 2-m-butyl-p-aminophenol 

W 

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 reduction 
is substantially complete. 
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