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INTRODUCTION AND HISTORICAL

The object of this investigation was to pre
pare iodo derivatives of a substituted diphenyl 
ether, and its intermediate compounds, The diphenyl 
ether studied was 4-phenoxyhydrocinnamic acid.

The study of iodo derivatives of diphenyl
ether has been recently stimulated by the work of

2Harington and Barger, who proved quite conclusively 
that thyroxine was a tetra iodo derivative of a sub- 
stituted diphenyl ether. Thyroxine, a normal con
stituent of the thyroid gland has been the subject of 
much controversy in the last twenty years. The work 
of Harington and Barger, however, has settled the 
question as to the constitution of thyroxine, and much 
is now being done toward .studying its physiological 
activity.

Thyroxine is classified as a hormone, a name 
given to the compounds of secretions in certain glands.

1

1. Vanston H. Ryan, Doctors Dissertation. The University of Kansas, 1937.
2. Harington and Barger. Biochem. J. 21.169, (1927). ------ - ~ '
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Bayliss and. Starling1 named substances of these kinds, 
which were secreted into the blood and aroused other 
organs to activity, hormones, from the Greek word 
"hormeo," meaning I arouse. Several of these hormones 
have been isolated and their chemical structure ob
tained. Isolating these hormones made possible their 
synthesis•

2Kendall at the Mayo Clinic was the first to
isolate thyroxine in a pure condition. He did this
by hydrolyzing the gland with five per cent sodium
hydroxide solution and then continuing the hydrolysis
with barytra. This hydrolysis and the fact that the
sodium salt of thyroxine is soluble in water made

2possible his success. Kendall gave the name thyroxine 
to this product as he was of the opinion that the 
compound was an oxindole derivative. The crystalline 
compound which he isolated contained sixty-five per 
cent iodine and was very physiologically active.
However the method by which he obtained this product 
was very costly and the yields were small, only 0.0011 
per cent. He obtained only thirty grams of thyroxine 1 2

1. Matthews, 11 Principals of Biochemistry.w 
(1936) page 128.

2. Kendall, J. Biol. Chem.. 39, 125, (1917).
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from three tons of fresh thyroid glands. Because of 
the possibility of benefitting humanity, Kendall’s 
proceedure was adopted commercially by Squibb’s and 
Sons .

chemical properties and constitution of thyroxine. In 
1917 he published a paper wherein he gave the empirical 
formula for thyroxine as C^HioOgHn-j. He also assigned 
to it the following structural formula:

Osterberg at thi*s time claimed to have syn
thesized the aforementioned compound. His synthesis, 
as Kendall thought at that time, proved that the struct
ural formula which he assigned to thyroxine was correct. 
However no experimental evidence was ever offered to
substantiate Osterberg’s claims. Kendall later with
drew his claims when the work of Harington and Barger 
was published.

Kendall proceeded at this time to study the

HI

HI= C H H
C ■=■ G —  C —  C —  COOH 
I H

C N
H H

2
N
H

2.265, (1919).

1. Kendall, Ibid., 125.
2. Kendall and Osterberg, J. Biol. Chem.. 40,
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In 1924 Harington and Barger undertook the 
task of determining the structure of thyroxine. In 
1927 they published the results of their investigation. 
There is no question as to the accuracy of their re
sults since they determined the structure of thyroxine 
both by degradation and by synthesis. The following 
formula was submitted:

I I

The compound is a tetra iodo derivative of a
substituted diphenyl ether. Comparing this formula
with Kendall’s formula, one notices that his has four

*

carbon atoms, one hydrogen atom, one oxygen atom and 
one iodine atom less than the accepted formula. A 
brief scheme for the preparation of thyroxine is given 
as follows: 1

1. Harington and Barger, loc. cit.
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There were only a few iodo derivatives of 
diphenyl ether known ■until the work of Brewster and 
Strain1 was published in 1934. They prepared three 
mono-iodo and five di-iodo derivatives of diphenyl 
ether. The positions emphasized were the 2-, 2-4-, 
4_4.L and 2-4- • In this work of Brewster and Strain 
nitro and amino groups were substituted in the 2- and 
4- position.

Ryan*2 prepared eight di-iodo and two mono- 
iodo compounds of substituted diphenyl ether. In the 
di-iodo compounds the iodine atoms were substitutedt i ,
in the 3- 5- positions, the 4- position was occupied 
with one exception by an hydroxyl group (the exception

1. Brewster and Strain, J. Am. Chem. Soc., 
56, 117, (1934).

2. Ryan, Loc. Cit.
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held an -OCH COOH group) and In the 1- position were
substituted respectively -OH, -CGOH, -COCH , -CECOOH,3 fi
-OCH COOH, -NH , -NO groups. The two mono-icdo com- 2 2* 2 ,
pounds had the iodine atom in the 4- position while a
-OCH COOH or a -COCH^ occupied the 1- position.2

Diphenyl ether itself has been known for nearly
a century. It was prepared in 1845 by Ettiine and 

1Stenhouse by destructive distillation of copper
2benzoate. Ten years later List and Lampricht isolated

a substepace from the destructive distillation of copper
benzoate which they called phenyl oxide. The properties
of diphenyl ether were first studied in detail in 1870
by Hoffmeister^, who prepared it by the action of
benzenediazosulphate on phenol. Since then one of the
successful methods of preparing diphenyl ether is the

»treatment of sodium phenolate with chlorobenzene. This
4was first accomplished by Maikapar in 1873.

1. Ettiine and Stenhouse, Ann., 53, 77, (1845)
2. List and Lampricht, Ann. 90, 209, (1845).
3. Hoffmeister, Ann. 159, 191, (1871).

Ber. 3, 747, (1871).
4. Maikapar, Ber. 6, 564, (1873).
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Many derivatives of diphenyl ether have been 
prepared, both from direct substitution on diphenyl 
ether and from fusion of substituted phenols and halogen 
derivatives of benzene, Ullman^ was the first to use 
a copper catalyst in this type of reaction. He reports 
that in the preparation of diphenyl ether from phenol 
and bromobenzene, the yield increased from 0.9 per cent 
to 87 per cent when the copper catalyst was used,

Coofĉ  and his coworkers prepared many diphenyl 
ether derivatives. Included in these were nitro- 
methyl-phenyl ethers, tolyl, bromtolyl ethers, and mono- 
nitrophenyl ethers. MaiMe1 2 3, Sabatier4, and other 
French Chemists made a study of the nitration products 
of diphenyl ether»,

1. Ullman et al., Ber. 29, 1881, (1896).
Ber. 37, 854, (1904).
Ber. 38, 2113, (1905). 
Ann. 350, 83, (1906).
Ann. 355, 362, (1907).

2. Cook et al., Aon. Chem. J. 24, 525, (1900).
Ibid. 28, 486, (1901).

J. Am. Chem. Soc. 23, 806, (19'01).
~ Ibid. 24, 1200, (1902).

Ibid. 25, 60, (1903).
Ibid. 32, 1285, (1909). 
Ibid. 37, 1836, (1915).

3. Maihle and Murat, Compt. rend. 154. 601.(1908). ----
4. Sabatier, Compt. rend. 151, 492, (1910).
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Their work included, the reducing of the nitro
group to the amino group and the subsequent formation
of dyes by azo coupling. In England Scarborough1 and
his coworkers have prepared many nitro derivatives of
diphenyl ether as well as some methoxy and methyl

2derivatives. In America Raiford and Colbert have
worked on amino derivatives of diphenyl ether as inter-

3mediate for the manufacture of dyes. Suter and his 
associates have carried on considerable work on phenoxy 
sulfonic acids and other derivatives of diphenyl ether.

As the present time diphenyl ether and di
phenyl derivatives are being studied in England, Germany 
and America. The use of diphenyl ether as a heat 
transfer agent is being investigated. Some derivatives 
of diphenyl ether have been patented as bactericides 
and as internal disinfectants1 2 3 4 5. Suter'' has studied the 
anaesthetic properties of diphenyl ether derivatives.

1. Scarborough, J. Chem. Soc. 1202, (1930).Ibid. 705, (1934)./
2. Raiford and Colbert, J. Am. Chem. Soc. 48, 

2660, (1926).
3. Suter, Ibid. 51, 2581, (1929).
4. German patent, _C. A. 29, 5601, (1933).
5. Suter and dberg, J. Am. Chem. Soc, 53,

1566, (1931).
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As far as the literature has been searched no 
iodine substituted diphenyl ether, except thyroxine, 
has been reported to possess the physiological pro
perties peculiar to thyroxine.
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DISCUSSION OF INVESTIGATION

For the preparation of these Iodine compounds 
two schemes presented themselves. They are:

I

NO 0
H H 
:CCOOH

NH
HH
CCOOH

HH

0
HH
OCCOOH
HH

1. Harlngton and Barger, Blochem. J. 20 
293, (1926). Harlngton and Barger used the Gatterman- 
Koch reaction. Here the Adams modification of that 
reaction was used. J. Am. Chem. Soc. 46, 1518, (1924).
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CH,s° >  CHO +  CH3COOH -  GH30 ___ y O
H H
CsCCOOH

Considering scheme I, it was found that the
reaction

NO, H0+ CH COOH — N0rs 8\ y  °
H H 
¡CCOOH

takes place quite readily and in good yield. However 
the reduction of this compound is not so easy.
Catalytic Hydrogen was tried with no results. Whether 
it was due to the catalyst or to the compound itself is 
not known. Perhaps an explanation of the failure might 
be in a Zwitter ion formation, e. g* '

H
:CCOO~
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There is, however, no experimental evidence to support 
this theory.

There was no reaction even after six hours of refluxing, 
due perhaps to the insolubility of the nitro compound. 
Hydrogen sulficke and ammonium hydroxide were tried with 
no better results even under a pressure of two atmosphers. 
Iron and glacial acetic acid gave about a five per cent 
yield of a product, the hydrochloride salt of which 
checks by analysis with the theoretical nitrogen. At 
present this is as far as scheme I has been carried.

to prepare 4-(4-methoxyphenoxy)-benzaldehyde from 
4-bromanlsole and 4-hydroxybenzaldehyde. The reaction

yields a small amount of oil upon vacuum distillation 
of the reaction products. But no crystals were obtained 
as Harington and Barger reported. Thi3 is probably 
due to the presence of unreacted materials. The low 
yield from this reaction may have been caused by a 
condensation of products of higher molecular weight,

Iron and hydrochloric acid were also tried.

In scheme II an unsuccessful attempt was made
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because after a small portion of the oil had distilled 
over the residue in the flask formed a gummy reddish 
brown mass, which upon cooling became quite hard*

The oil obtained from the above mentioned re
action was condensed with acetic acid by the Perkin 
reaction and a compound was obtained, the sodium and 
potassium salts of which were, as reported by Harington
and Barger, insoluble in cold water. The melting

opoint they report is 175*5 . The one obtained here 
(uncorrected) was 164°-168°*

/
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EXPERIMENTAL

4-(4-NITR0PHEN0Xy) -CINNAMIC ACID. 26 grams 
of 4-(4-nitrophenoxy)-benzaldehyde1, 25 grams of freshly 
fused sodium acetate and 75 cc of acetic anhydride 
were refluxed 16 hours in a 500 cc round bottom flask 
in an oil bath.held at 160°-170°. At the end of this 
period the reaction mixture was poured into 500 cc 
of water containing 10 grams of potassium hydroxide and 
the whole brought to a boil. A sticky, gummy residue 
collected on the bottom of the beaker. The supernatant 
liquid was decanted and the precipate boiled with 
another 500 cc of water containing 10 grams of 
potassium hydroxide. The precipate passed into solution. 
This solution was filtered hot bv suction and allowed 
to cool. A slight precipitate came down, which proved 
to be mostly unchanged 4-(4-nitrophenoxy) benzaldehyde. 
This was filtered off. The filtrate was acidified and 
a very heavy precipitate of 4-(4-nitrophenoxy)
cinnamic acid resulted. This oossessed a creamy color,/

4-(4-nitroohenoxy) benzaldehyde may be pre
pared in good yield from 4-nitrochlorobenzene and 
4-hydroxybenzaldehyde by the method of Suter and Oberg 
(J. Am. Chem. 5oc. 55. 1162, (1931). or bv the 
method of Brewster, Rarick and Dains (J. Am. Chem. Soc. 
55. 1289, (1933) from 4-nitrofluorobenzene and 4-hydroxybenzaldehyde.
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o oweighed 26 grams and melted at 192 -205 • Upon re

crystallization from toluene a dark yellow product 
o omelting at 209 -213 was obtained.

ANALYSIS
Calculated Pound

Carbon 63.14 63.09
Hydrogen 3.89 4.01
Nitrogen 4.91 4.66

4-(4-AMINOPHENOXY)-HYDROCINNAMIC ACID. In a
500 cc round bottom flask 8 grams of 4-(4-nitrophenoxy)
-cinnamic acid were dissolved in 50 cc of glacial acetic
acid. This was raised to the boiling point under a
reflux condenser and 10 grams of iron was added in
small quantities. The whole mixture was refluxed
for six hours. At the end of this period the liquid
was filtered off and poured into 100 cc of ice water.

»The residue left in the flask was boiled with two 
100 cc portions of glacial acetic acid. The acetic 
acid in each case was filtered and poured into ice 
water as above. The precipitate resulting was filtered 
off and washed thoroughly with cold water. This 
precipitate was placed in a 500 cc round bottom flask 
and refluxed thirty minutes with 250 cc of 6N HC1.
The H01 portion was filtered off and allowed to cool.
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A white precipitate settled out upon cooling. The 
residue in the flask was treated in the same manner 
■until practically no more was left. The melting point 
was above 235,

ANALYSIS
Calculated Pound

Nitrogen 4,82 4,86
4-(-METHOXYPHENOXY)-BENZALDEHYDE•̂  In a 250 cc

erlenmeyer flask which has been fitted with an inlet
tube, an efficient reflux condenser and a stirrer with
a mercury seal is placed 25 grams of 4-(4-methoxyphenoxy)

2benzene, 35 grams of Zn(CN)^ and 50 cc of dry benzene.
To the inlet tube is attached a safety bottle, a drying
bottle and an hydrogen chloride generator. The excaping
gases are fed from the top of the reflux condenser

»through a safety bottle, a drying bottle and then into 
a solution of sodium hydroxide. The stirrer is started 1 2

1. Harrington and Barger, Biochem. J. 20, 293,(1926).
Adam3 and Montgomery, J. Am, Chem. Soc. 46, 1518, (1924). “

2. ZINC CYANIDE, 167 grams of reagent grade 
KCN were dissolved in water. This solution was added 
to another solution of 190 grams of ZnCl„ dissolved in 
as small an amount of ethyl alcohol as possible. The 
Zn(CN)2 which precipitates is filtered, washed with ethyl alcohol then with ether and dried at 50° in an air 
bath. It Is kept in a dessicator until needed. Yield 
is 90 per cent.



18

and a rapid stream of dry hydrogen chloride is passed
oin for an hour at 0 . Then 50 grams of anhydrous

aluminum chloride are added and a slow stream of hydro-
o ogen chloride is passed in for three hours at 40 -50 .

At the end of this period 70 cc of 10 per cent hydro
chloric acid are added and the mix steam distilled 
for thirty minutes. The oil which appears is taken up 
with chloroform. The chloroform solution is placed in 
a 750 cc distilling flask with a very high side arm
(about ten inches) and the chloroform distilled off.

oThe residual oil is then vacuum distilled. At 190
(30 mm) the oil starts distilling over. At 210° a
reddish brown mass forms in the bottom of the distilling
flask. About 14 grams of oil are obtained.

4-(4-METH0XYPHEN0XY)-CINNAMIC ACID.1 16 grams »
of the oil obtained from the previous reaction are re
fluxed 25 hours with 11.5 grams of freshly fused 
sodium acetate and 50 cc of acetic anhydrode. The 
reaction mix is then poured into water and made basic 
of litmus with sodium hydroxide (20 per cent), boiled 
with charcoal, and filtered while hot. It is boiled a

1. Harington and Barger, loc. cit.
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second time with charcoal, filtered and acidified with 
hydrochloric acid. This mixture is cooled and the 
precipitate filtered from the mother liquor, m. p. 
164° - 168° .

/
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SUMMARY

1* Two new compounds have been prepared. They 
are 4-(4-nitrophenoxy) cinnamic acid and 4-(4-amino- 
phenoxy) hydrocinnamic acid,

2. The Perkin’s reaction has been found satis
factory for lengthening the chain on the 1- position,

3. The Adams modification of the Gatterman- 
Koch reaction has been successfully applied,

4. No new iodo compounds have been prepared.

/

/
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