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INTRODUCTION

Diphenyl ether was prepared as early as 1843 "by 
Ettling and Stonehouse. (l) They subjected copper ben
zoate to destructive distillation. This was repeated by 
List and Limpricht (1855) and Fittig (1862)

Maikopar (1873) first prepared a nitrophenyl
ether by treating a nitrohalogen benzene with an alkaline 
phenolate in alcoholic solution. Willgerodt (1879) 
Haeussermann and Teichraann (1896) Ullmann (1896)
and Cook (1900) popularized this method and added much
prestige to its possibilities.

, X (8)Cook and Jones (1916) prepared the potassium
phenolate by fusion and without a solvent refluxed it 14 
hours with p-bromonitrobenzene and claimed to have pre
pared the ether. This work has since been discredited. 
Mention is made by them that a menstruum in some cases 
is unnecessary and in others harmful.

/ x (9)Raiford and Colbert (1926) prepared the ether
by a slight modification of the general method and ob
tained a good yield. '

Nitrophenyl ethers are more easily prepared than
the corresponding non-nitro compounds due to the pres
ence of the negative nitro group. Increasing the number 
of nitro groups increases this activity of the molecule.



The position of the nitro- group with respect to the 
halogen affects the activity of the molecule and also 
the stability of the ether. The meta compounds will 
scarcely react without a catalyst, while the ortho com
pounds react more easily than the para compounds. How
ever the ortho compounds are not as stable as the para 
compounds. The para compounds are uniformly better 
crystalline than the ortho compounds, less soluble and 
without exception melt and distill at higher tempera
tures .

The general method of preparation seems to have 
been brought about by Maikopar. The halogen nitro-ben- 
zene compound, caustic potash and phenol are heated in 
solution. The menstruum generally employed is alcohol 
or phenol. Water is used in the method of Raiford and 
Colbert (1926) ^ to dissolve the potassium hydroxide
and excess phenol is present as a menstruum. The reac
tion may be represented thus ;

N02C6H4C1 + KOC6H5 ---> N02C6H40C6H5 +  KC1

The salts of this ether are also readily pre
pared from the sulfonic acid derivative.

The 4-nitro diphenyl ether is easily reduced 
with tin and hydrochloric acid and the sulfonic acid
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derivative is even more readily reduced. (12)
The amino

compound has been used extensively in the preparation of 
(13)many dyes. ' '

EXPERIMENTAL

Materials .--The p-nitrochlorbenzene, phenol, and 
potassium hydroxide were Merck's G. P. qiiality. The 
p-nitrochlorbenzene was recrystallized once with 9 5 %  

alcohol. The phenol was kept in a calcium chloride des- 
sicator. Technical potassium hydroxide was also tried.

Melting points were taken with a thermometer 
having a stem correction.

Preparation of 4-Nitro Diphenyl Ether .--Twenty- 
five grams of p-nitrochlorbenzene dissolved in the 10 g. 
excess of phenol were refluxed with 25 g . of phenol dis
solved in 30 cc of 5® % potassium hydroxide. This mix
ture was kept in an oil bath at 180° for 4 hours. Runs 
were also made for 6 and 8 hours.

The excess p-nitrochlorbenzene was separated by 
steam and distillation and the ether solidified upon 
cooling. The p-nitrochlorbenzene was dried and weighed 
to compare the approximate amounts recovered. It was 
recrystallized and used in later experiments. The ether
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was recrystallized twice from hot 95^ alcohol. It cryst
allizes in flat pentagonal plates that grow quite large 
if not disturbed.

The pure product melts at 60.3--60.70 G which is 
in good agreement with that given in the literature .

This general method was followed in all the ex-
operimental work and 180 C was adopted as a standard 

temperature.
A summary of the experimental data will he found 

in the table.

Preparation of the Ether Using a 60# Concentra
tion of Potassium Hydroxide .--The general method was 
used but 50%  potassium hydroxide was replaced by a con
centration of 60^ and this heated on the oil bath for 
8 hours. This resulted in the decomposition of the 
product. Ho yield of pure ether was obtained. A black 
tarry mass showed that the ether had formed and decom
posed .

Unsuccessful Attempts to Prepare the Ether with
1

Lithium Phenolate.--The general method was followed and 
the reaction mixture refluxed for 8 hours on the oil bath. 
After steam distillation of the p-nitrochlorbenzene a 
clear solution remained. The ether was not obtained in
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3 or 4 trials with slightly modified conditions. The 
idea was then abandoned.

Preparation of the Ether Using Sodium Phenolate. 
The proceedure followed was exactly the same as in the 
lithium phenolate experiments. The mixture was reflux
ed for 4 hours. The presence of some ether and consider 
able charred material showed the formation of the ether 
followed by decomposition. Shorter periods of heating 
gave only crude ether. The melting point of the product 
after two recrystallizations from hot 95^ alcohol was 
57-59° C.

Unsuccessful Attempts to Catalyze the Prepara
tion of 4-Nitro Diphenyl Ether with Cuprous Compounds. 
Copper Powder and Ground Glass.--Cuprous compounds were 
used in an attempt to catalyze the reaction. The gen
eral method was the same but about 1 g . of cuprous com
pound was added to the mixture. Reduction in the flask 
resulted in finely divided copper powder.

The following experiments were all heated on the 
oil bath for 4 hours.

(a) Cuprous oxide was tried but failed to 
give any noticeable increase in yield. The ether was 
somewhat purer.

(b) Cuprous bromide gave a very pure ether
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tut no catalysis. One recrystallization with alco
hol gave an ether with a melting point of 60.3— 60.5° C.

(c) Cuprous chloride likewise gave a pure 
sample of ether "but the yield was approximately the same. 
One recrystallization gave a pure sample of the ether.

(d) Copper powder increased the yield about 
5 g but a crude product was obtained. Two recrystal
lizations with 95^ alcohol and a little animal charcoal 
did not give a pure sample of the ether.

(e) Ground glass was tried because flasks 
that had become etched by the strong basic solutions 
appeared to influence the results. About 1 g. of the 
ground glass was added to the reflux mixture. The yield 
was not increased and the product was very impure.

/



Exp.
No.

Time of 
Heating

Temp.
°C.

Wt. ofciphiro2 Vol. &
$ KOH

Wt. of 
Phenol

Wt. of
Solvent
Phenol

Wt. of
p-NOpPh 0 
Oht. *

Wt. of 
CIPhNO 
■Hecov. '

$ Yield

1. 4 hrs. ISO 25 g. 3 0 cc
50$

25 g. 10g. 14.5 g. 8.5 g. 42
2. b hrs. ISO 25 g. 3 0 cc

50$
25 g. 10g. 1 9 .5 g- 8 g. 56

3- 8 hrs. ISO 25 g. 3 0 cc
50$

25 g. 10g. 12. g. 8 g. 35

4. 8 hrs. ISO 25 g. 3 0 cc
50$

25 g. 10g. 17 g. 3-5 g- *+9

5- g hrs. 200 25 g. 3 0 cc t 
50$

25 g. log. 12.5 g. 9 g. 36

6. g hrs. ISO 30 g. 3 0 cc
50$

25 g. log. 15 g. 15 g*

7- g hrs. ISO 25 g. 3 0 cc
50$C.P.

25 g. log. None 3 g. — —

S. 4 hrs. 180 17 g. 3 0 cc
50$ c .p .

25 g. log. 10.5 g. 2 g. ^5

9. 4 hrs. ISO 25 g. (1 2 .5  g)
1 7 cc
50$c.P.

25 g. log. 7 g. is g. 21

10. 4 hrs. ISO 25 g.CUpO 3 0 cc
50$C.P.

25 g. log. 14.5 g. 8 g. 42

11.' 4 hrs. ISO 25 g. 
Cu3r

3 0 cc
50$C.P.

25 g. log. 12 g. 12 g. 35

12. 4 hrs. ISO 25 g. 
CuCl

3 0 cc
50$e.p. 25 g. log. 11 g. 11 g. 32

13- 4 hrs. 180 25 g-
CuMet

3 0 cc
50$c.P. 25 g. log. 17 g. 8 g. 49

14. 4 hrs. ISO 25 g.
Powd.
Glass

3 0 cc
50$c.p. 25 g. lOg. 12 g. 10.5 g- 35
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DISCUSSION OF RESULTS

A technical grade of potassium hydroxide serves 
tetter than the C. P. material for the longer periods of 
heating. Pure samples of ether were obtained with it.
The C. P. potassium hydroxide gave only a charred, tarry 
mass at the end of 8 hours refluxing.

The highest yield reported for this ether was re
ported by Raiford and Colbert. They obtained yields as 
high as 60^ but did not mention if this was the crude 
product or a purified product.

The use of a highly basic solution and dissolv
ing the p-nitrochlorbenzene in phenol with heating gave 
about as the highest yield with 6 hours refluxing.
The average percentage yield for 4 hours refluxing was 
about and wî th the cuprous compounds the ethers ob
tained were much purer. These yields were all figured 
at the end of two recrystallizations with 95^ alcohol.

If calculations were made from the crude samples 
of ether, yields as high as 70%  would be reported.

The temperatures reported for this 'reaction by
M

such workers as Maikopar, Haussermann and Teichmann,
Cook, Raiford and Colbert was approximately 160°. By 
using 180° c as the approximate refluxing temperature 
the results were satisfactory but higher temperatures
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retarded the yield due to decomposition of the product 
with charring.

Attempts to prepare the p-nitrophenyl ether from 
lithium and sodium phenolate failed completely in the 
case of the lithium phenolate and only a very crude pro
duct was obtained with sodium phenolate. The direction 
is clearly toward the higher atomic weights of rubidium 
and cesium but on account of the scarcity of these com
pounds trials with them were not completed.

The cuprous compounds employed in attempted cat
alysis were chosen to provide a very finely divided metal
lic copper for the reaction. Reduction to free copper 
occurred in the flask due to the phenol and heating.

Ground glass was tried as a catalyst because 
flasks that were slightly alkali bitten seemed to pro- 
duce varied results. Only a crude ether was obtained 
even after two recrystallizations.

The cuprous compounds failed as catalysts but 
were employed to obtain a purer ether.

Twenty grams of p-nitrochlorbenzene was later 
found to give better results than 25 g.

Duplicate runs of all experiments gave results 
that were almost identical.
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SUMMARY

1. 4-nitro diphenyl ether was prepared with a 
few modifications of the general method.

2. Excess potassium hydroxide, 4 to 6 hours re
fluxing at 180° and from 20-25 g- of p-nitrochlorbenzene 
gave optimum results.

3. Catalysts were slightly successful because of 
the improved quality of the ether.

4. Lithium and sodium hydroxide failed to pro
duce any yield of ether.
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