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Tue series of reactions, constituting a general synthesis of e¢-amino-acids,
devised by Erlenmeyer [1893] and since employed by many other workers,
can be conducted, in most cases, with little trouble and excellent yields except
at one stage. The condensation of an aromatic aldehyde with hippuric acid
and the conversion of the resulting azlactone into the corresponding a-
benzoylaminoacrylic acid proceed almost always in yields of 70 9, or over.
The ease with which the acrylic acid derivative may be reduced to the corre-
sponding propionic acid varies considerably, however, in different cases.
Moreover, even in those cases in which the ultimate yield obtainable is fairly
high, the reaction is apt to be somewhat troublesome to carry out. Inorder
to bring about this reduction, Erlenmeyer employed sodium amalgam, in
which he has been followed by the majority of subsequent workers, although
occasionally [cf. Barger and Ewins, 1917] sodium in alcohol has been used
with success.

In the synthesis of thyroxine [Harington and Barger, 1927] where it was
desired to utilise Erlenmeyer’s method for the preparation of §-3 : 5-diiodo-
4-[4'-(hydroxyphenoxy)phenyl]-«-aminopropionic acid, the use of any allcaline
reducing agent was precluded by the presence of iodine atoms in the molecule.
We attempted at first to surmount the difficulty by using hydrogen and
palladium in neutral or acid solution, but our efforts in this direction were
entirely without success. It then occurred to us that the desired end might
be achieved by the use of hydriodic acid and red phosphorus, since we had
previously obtained evidence that the iodine atoms, in the compounds with
which we were working, were stable towards these reagents. This experiment
was successful, and we were able, by boiling the ¢-benzoylamino-3 : 5-diiodo-
4-(4-methoxyphenoxy)cinnamic ester with hydriodic acid and red phos-
phorus, to obtain a 25 9, yield of the desired amino-acid.

Later it became necessary, for further work, to prepare larger quantities
of this amino-acid, and experiments were therefore undertaken with the
object of improving the yield. Without going into the various unsuccessful
variations that were tried, it may be said at once that we have succeeded in
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improving the above-mentioned yield of 25 9%, to one of 82 %, by the simple
modification of substituting for the constant boiling hydriodic acid originally
employed a mixture of equal parts of the latter and of acetic anhydride. This
mixture is an excellent solvent, and, by its use, the reaction could be made
to proceed smoothly and to yield a clean product which could be worked up
without difficulty. It may further be remarked that the whole reaction,
i.e. the reduction and the simultaneous hydrolytic removal of the benzoyl
group, was complete after boiling for 1} hours with the hydriodic acid-acetic
anhydride mixture, so that the saving. of time effected, as compared with
Erlenmeyer’s original method, even supposing the latter to have been applic-
able in this case, was very considerable.

The surprising success of this method in the case under discussion, and its
great rapidity, led us to investigate its applicability to the synthesis of some
other amino-acids. In particular were we interested to try to prepare in this
way 3 : 4-dihydroxyphenylalanine, the synthesis of which by Erlenmeyer’s
method has been carried out by Funk [1911], but with unsatisfactory yields.
Using vanillin as our starting point we were indeed able to prepare this amino-
acid in yields which were satisfactory, whilst not being so good as those which
we obtained in other cases. We have further applied the method to the
synthesis of phenylalanine, tyrosine, and desiodothyroxine, the results in all
cases being superior to those obtainable by Erlenmeyer’s original method.

It will be noticed in the experimental part that we have employed in some
mstances the benzoylaminoacrylic acid and in others the ester; we have
observed slight but definite differences in the yields of the different amino-
acids obtainable from the acid and the ester; it appears to be a matter of
experiment to determine, in any given case, which is the more suitable.

EXPERIMENTAL.
B-[3 : b-Diiodo-4-(4'-hydroxyphenowy) phenyl |-a-aminopropionie acid.

a-Benzoylamino-3 : 5-diiodo-4-(4'-methoxzyphenozy)cinnamic acid. The azlac-
tone prepared by the condensation of 3 : 5-diiodo-4-(4"-methoxyphenoxy)-
benzaldehyde with hippuric acid [cf. Harington and Barger, 1927] was dropped
into 100 parts of a boiling solution of 1 %, sodium hydroxide in 70 %, alcohol;
the substance passed rapidly into solution and the reaction was complete after
boiling for 5 minutes. The hot solution was acidified with hydrochloric acid,
whereupon the acid began immediately to crystallise; after standing a few
hours in the ice-chest, the acid was filtered off; the first crop so obtained
amounted to 60 %, of the theoretical yield; a further 30 9, was obtained by
heating the filtrate to boiling, diluting with an equal volume of hot water,
and again cooling; the total yield was therefore almost quantitative. The acid
was moderately soluble in hot alcohol, and sparingly soluble in water; on re-

crystallisation from 90 9, aleohol it formed colourless needles, m.p. 239-241°
(decomp.).
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Analysis. 18-3 mg. gave 0-38 mg. N (micro-Kjeldahl).
Calculated for CopH,,0,NT, 2:2 %, N; found 2-1 % N.

B-[3 : b-Diiodo-4-(4"-hydroxyphenoxy)phenyl |-a-amainopropionic acid. 5 g. of
the foregoing acid were boiled for 1} hours under a reflux condenser with a mix-
ture of 25 cc. hydriodic acid (Sp. Gr. 1-7) and 25 ce. acetic anhydride together
with 3 g. red phosphorus. The solution was filtered hot through asbestos into
a Claisen flask, the phosphorus being washed with acetic acid. The filtrate was
evaporated to dryness in vacuo; some water was added and the evaporation
repeated. The residue was dissolved in about 40 ce. boiling water; the solution
was cooled under the tap, the flask being well shaken, and the precipitate, con-
sisting of the hydriodide of the amino-acid mixed with benzoic acid, was filtered
off and washed thoroughly with ether; the aqueous portion of the filtrate was
extracted twice with ether, and warmed to remove dissolved ether. The first
crop of hydriodide was added to the boiling aqueous solution, a little hydro-
chloric acid being added, if necessary, to obtain complete solution, and the
free amino-acid precipitated by the cautious addition of ammonia; 3-35 g. of
the pure amino-acid, or 82 9, of the theoretical amount, were obtained.

Phenylalanine.

10 g. of a-benzoylaminocinnamic acid, obtained by the method of Erlen-
meyer [1893], were boiled under a reflux condenser with 100 cc. of the hydriodic
acid-acetic anhydride mixture and 10 g. of red phosphorus for 1} hours; the
solution was filtered and evaporated to dryness @n vacuo; water was added
and the evaporation repeated; the residue was shaken up with water and
ether; the aqueous layer was separated, and, after a second extraction with
ether, was heated to boiling and carefully neutralised with ammonia; on
cooling there separated, in colourless plates, analytically pure phenylalanine.
The yield was 88 9, of the theory.

Analysis.  8-8 mg. gave 0-74 mg. N (micro-Kjeldahl).
14-19 mg. gave 2-0 ce. moist N, at 19° and 766 mm. (Van Slyke).

Total N NH,-N
Caleulated 859, 8:5 9,
Found . 81
Tyrosine.

In a precisely similar manner there was obtained from ethyl «-benzoyl-
amino-p-methoxycinnamate a 60 %, yield of tyrosine.
Analysis. 155 mg. gave 1:2 mg. N (micro-Kjeldahl).
14-11 mg. gave 1-83 cc. moist N, at 19° and 766 mm. (Van Slyke).

Total N NH,-N
Caleulated 71% 77 9%
Found 77 T4

3 4-Dilydroxyphenylalanine.

Azlactone from vanillin and hippuric acid. An intimate mixture of vanillin
(15-2 g.), hippuric acid (17-9 g.), and freshly fused sodium acetate (15 g.)
was treated with 30 cc. acetic anhydride and heated on the water-bath for
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15 minutes. The reaction product was ground up with water, filtered, and
the precipitate well washed. The crude product was crystallised from glacial
acetic acid, and formed yellow needles, a.p. 189°. The yield was 75 9.

Analysis. 152 mg. gave 0-646 mg. N (micro-Kjeldahl).

Calculated for C;gH;O,N 4-15 %, N; found 4:25 %, N.

Ethyl a-benzoylamino-3-methoxy-1-hydrozycinnamate. 10 g. of the above
azlactone were dissolved in 100 cc. alcohol to which were added 10 ce. con-
centrated sulphurie acid, and the solution was boiled under a reflux condenser
for 15-20 minutes; the greater part of the aleohol was then distilled off under
reduced pressure, and the residue was poured into a dish and allowed to stand.
After some days erystallisation began and, at the end of a week, was complete;
the ester was filtered off and recrystallised from dilute aleohol. It formed
colourless prisms, a.p. 128-129°. The yield was 65 %, of the theoretical amount.

Analysis. 0-0862 g. gave 0-2109 g. CO,; 0-0450 g. H,0.
15:7 mg. gave 0-63 mg. N (micro-Kjeldahl).
C H N
Caleulated for C),H,,0,N 668 9, 36 9, 419,
Found 667 58 40

It will be noted that the analysis indicates that the acetyl group, which was
present in the azlactone, was split off in the process of preparation of the ester.
3 d-Dilydrozyphenylalanine. 5 g. of the ester were boiled for 13 hours
with 25 ce. hydriodie acid, 25 ce. acetic anhydride and 5 g. red phosphorus,
in an atmosphere of hydrogen: the solution was filtered and evaporated to
dryness under diminished pressure, hydrogen being led into the capillary tube
of the Claisen flasl; the acqueous solution of the residue, after removal of the
benzoic acid by ether extraction, was neutralised with ammonia and evaporated
to dryness under the same precautions to avoid access of air; the product was
dissolved in a little water and the solution treated with a large excess of alcohol
which precipitated the greater part of the pigment; the latter was rapidly
filtered off and the filtrate once more taken to dryness. The residue was dis-
solved in hot water containing a little sulphur dioxide, the solution was boiled
with charcoal and filtered, and the filtrate allowed to erystallise in a vacuum
desiccator. In this way the amino-acid was obtained almost colourless and
in well-formed crystals. The yield was 50 %, of the theoretical. The substance
melted at 269° (decomp.) and agreed in its properties with the product
described by Funk [1911].
Analysis. 14-3 mg. gave 0-98 mg. N (micro-Kjeldahl).
21-3 mg. gave 255 cc. moist N, at 17° and 760 mm. (Van Slyke).
Total N NH,-1

Calenlated Y354 719
Found G-9 G-9
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Desiodothyrozine.

The azlactone was prepared in the usual manner from 4-(4’-methoxy-
phenoxy)benzaldehyde [cf. Harington, 1926] and hippurie acid; there was
obtained 70 %, of the theoretical amount of a substance which, after erystal-
lisation from glacial acetic acid, formed yellow needles, m.p. 141°.

Analysis. 16:0 mg. gave 0-575 mg. N (micro-Kjeldahl).

Calculated for C,yH;,0,N 3-8 9, N; found 3-6 %, N.
The above azlactone was converted into the acid by boiling for 5 minutes
with 100 parts of 1 %, sodium hydroxide in 45 9%, alcohol: the acid, on re-
crystallisation from dilute aleohol, formed colowrless branched needles,
M.P. 192-5°. The yield was 95 9, of the theory.

Analysis. 15-8 mg. gave 0-554 mg. N (micro-Kjeldahl).

Calculated for CoyH;gO;N 3-6 9%, N found 3-5 9, N.
The preceding compound was converted into the amino-acid in a precisely
similar manner to that described for tyrosine and phenylalanine. The yield of
amino-acid was 61 9% of the theoretical. The product melted at 253-254°
(decomp.), and gave a hydrochloride with a.p. 239-2407; it was therefore in
all respects identical with the substance previously prepared by Harington
[1926].

Analysis. 19-9 mg. gave 1:02 mg. N (micro-Kjeldahl).

26-8 mg. gave 2-22 ce. moist N, at 17° and 760 mm. (Van Slyke).

Total N NH,-N
Calenlated for Cy;H,,0,N 519, 519,
Found 51 4-9
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THE SYNTHESIS OF AN ISOMER OF THYROXINE

AND OF SOME RELATED COMPOUNDS.

I, INTRODUCTION

As soon as the structure of thyroxine had been
elucidated and had been established by synthesis(l’ i
it became of interest to attempt to prepare analogous
and isomeric substances, The problems encountered
in the synthesis of thyroxine itself had indicated
some lines along which progrese in the preparation
of such compounds might be made, as well as some of
the difficulties which would have to be surmounted.

It is to be expected, of course, that some at
least of the isomers of thyroxine will have
importent physiological properties, From the
physiological as from the chemical point of view
the most interesting of such substances may be
supposed to be those in which the distribution of
the iodine atoms is different from what it is in the

thyroxine molecule, but in which also the constitution
of that molecule is otherwise unaltered. For

©xemple/
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For example, in view of the (unpublished)
observation that, as regards physiological activity,
the 3:5-di-iodo derivative of desiocdothyroxine is
compareble rather with thyroxine itself than with
3:5-di-lodotyrosine, the investigation of the
physiological properties of:

B- [3:5-ai-i0do-4-( 2':6'-di-iodo-4'-hydroxyphenoxy)-

phenyl] -a=aminopropionic acid

in which the four iodine atoms are grouped symmetri-
cally round the phenjl-ether linkage, might yield
interesting results,

The number of possible compounds formed by
replacing by iodine four hydrogen atoms of the
benzene rings of desiodothyroxine is considerable,
But there was evidence that serious obstacles might
be met in endeavouring to prepare even one of them,
This being so, it was decided to attempt, in the

first place, to synthesise an isomer (&) having the

structure:
T
HO—
(a) . T'T CH,CH(NH, ) . COOH.
Ho "Isothyroxine"
g

BB- [Di-( 5:5-diiodo=-4=-hydroxyphenyl )] =g=amino
propionic acid, i.e., a compound isomeric with

thyroxine/



thyroxine but in which the two benzene rings are
linked through carbon instead of, as in thyroxine
itself, through oxygen. Such a substance would be
expected to result from the direct iodination, in
one operation, of the corresponding desiodo compound,
Desiodothyroxine, on the other hand, camnot be con-
verted into thyroxine by direct introduction of
iodine. '

At the seme time the preparation of the compound
(®), similer to "isothyroxine" but without the

hydroxyl groups and icdine atoms was undertaken,

< /;
(B) CH,CH(NH, ) ,COOH
Diphenylalanine

BR=Diphenyl-c-aminopropionic Acid

Thereafter it was hoped that at least some advance
might be made in the preparation of the thyroxine
isomer which was mentioned sbove, i.e., the one

in which the iodine atoms occupy the four positions
grouped round the central oxygen atom, This

isomer, (C), would have the structure:

5

(c) HOQ’

I
O—OGHE.CH(NHQ ) COOH
Lt

B= [3 :5-diiodo-4-(2':6"'-d1i0d0~-4"-hydroxyphenoxy)-
Phenylj -g-amino-propionic acid,
It/



=l =

It was intended in addition to prepare,if
possible,the amines corresponding to the acids (4)
and (B) as well as that corresponding to the non-
iodinated acidé from which (A) is derived. These
emines woulc be formulated thus:

I
Ho

L CH.CH, .NH,
Ho '

BB= EDi-(3:S-dﬁpdo—4-hsdroxypheny1)J -ethylamine

"Isothyroxamine"
CH,CH, NH,
BB=-Diphenylethylamine
HO ~
CH.CH; ,NH,

HO -

BB= [Di-(4-hydroxyphanylj] -ethylamine
"Isodesiodothyroxemine"”

Finally the question presented itself as to
whether the substances analogous to thyroxine,
but containing bromine instead of iodine, might be
synthesised although it was considered probable
that such bromine compounds would not have any
physiological/



-5-

physiological adventages over thyroxine, The
synthesis of "tetrabromothyroxine":

8 Br

| Ho —O 0 *Q—— CH, .CH(NH, ) .COOH
ﬁ-p[szsféibromo-4fks':5'dibromo-4'-hydroxyphenoxy)-
phenylﬂ-a-aminopropionic acid
would proceed, it was thought, along the same lines
as that of thyroxine itself, starting with 3:5-di-
bromo-4-iodonitrobenzene and finishing with a
bromination instead of an iodination. But this
synthesis was not underteken, since, from a private
commnication, it was learned that it had already
been carried out in another leboratory. "Dibromo-

thyroxine:

S¢ L
79 ‘Q“O"Q—- CH, .CH(NH, ) .COOH
B, T
B= [5:5-diodo-4—(3':5'-Bibromou4'-hydroxyphencxy—

phenyl] =a-aminopropionic acid
was very simply obtained, however, by bromination
of the precursor of thyroxine -—

B= [3 :5=dii0do-4-(4'-hydroxyphenoxy) -phemyl] Q=
amino proplonic acid.
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II. Description of the Syntheses and Theoretical

Discussion.

General.

At an early stage in the synthesis of thyrox-
ine a phenyl ether condensation had to be carried
out and, as will be emphasised later, it was
essential that one of the compounds which took part

in the con¢ensation should contain iodine atoms in

the desired positions. Because of this, certsin
difficulties, some of which afe indicated in the

2
original paper on the subject s &rose. But,

further, the presence of iodine in the phenyl ether,
when it was obtained, caused additional difficulties
due to the physical properties of the various sub-
stances which formed the later steps in the synthesis,
to the fact that the iodine atoms would readily be
displaced if certain desired reactions were carried
out and to other causes.

Isothyroxine is not a phenyl ether derivative,
and, as was pointed out in the introduction (see
Page 3 ) it was expected that all ite four iodine
atogs could be introduced in one operation at the
conclusion of the synthesis. Hence none of the

difficulties/
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difficulties outlined in the preceeding paragraph
were likely toc arise. In addition, it was fairly
certain that any method of synthesising isodesiodo-
thyroxine could equally well be used for the
synthesis of diphenylalanine and, in fact, this
proved to be so. Those obsgtacles which were en-
countered in the synthesis of isothyroxine were of
g different kind and are described below. (See pages
8-13 ). In the case of the isomer C, however,
the formidable nature of the difficulties which
had to be faced in the thyroxine synthesis, again
became significant, and, although the lessons
taught by the work invelved in that synthesis were
very valuable, it was not found possgible to proceed
very far in the direction of success. The
description, given below, (see page 16) of the
attempts to prepare isomer C shows to some extent
what problems are here involved. Perhaps_some
pProcedure very different from those adopted, or it
may be some as yet untried modification of one of
the methods employed might lead to a solution. But
it seems probable that whatever plan may be adopted
thg route to be followed will be a lengthy and an

arduous one.

(4) /



(A) Synthesis of BE-Di-f(3:5-dilodo=4=hydroxy-

phegylﬂ-a-aminoprbpionic Acid,

(HO.CgH, I, ), CH,CH(NH, ) .COOH

The starting point in the preparation of this
compound was the appropriate methoxyphenyl deri-
vative of methyl chloride, This substance was
chosen after one or two unsuccessful attempts had
been made to prepare a suitable halogen derivative
of diphenyl_methanse, Some of the methods given
in the literature for preparing such derivatives
were found, in the present instance, to bse rather
unsatisfactory if not altogether unsuitable,

Di=(4-mesthoxyphenyl)=-methyl chlorids was
synthesised a few years ago by Straus and Dﬂtzméﬁg,)
and can be obtained in good yield from the product
of reduction of the ketone which is formed when
anisols acts on 4-methoxybenzoyl chloride in the
presence of sluminium chloride. It was expected
that the di-{4-methoxyphenyl)-methyl chloride
would react with ethyl potassio-malonate in the
usual menner giving ethyl di-{4-methoxyphenyl)-
methylmalonate; it was then 1ntend9d to convert
the corresponding malonic acid by Fischer's method,

l.e. by bromination, decarboxylation and treatment

with/
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with ammonia, into BB=- [di—(4-methoxyphan31)] -a-
aminoproplonlec acid, From this latter substance,

by demethylation and subsequent iodination the com-

pound desired would result., According to this

plan, then, the synthesis would proceed in the

manner summarised in the following scheme:

CHs 0.CgH, «COC1— (CH50,CgH, )2 .CO—> (CHz0,CgH, ), « CHOH—
(CH50.CgH; ), o+ CHC1— (CH50.CgH, ), o CH.CH, (COOC, Hy )
(CH50,CgHy )2 o CH.CH, (COOH),—> (CH50,CgHy )2 « CH,CBr, (COOH)
(CHs 0.CgH, ) « CH.CHBr ,COOH — (CH30.CgH, ), .CH.CH, (NH, ) . COOH—
(HO.CsH, ), . CH.CH(NH, ) , COOH — (HO.CgH, I, ),. CH.CH(NH, ) . COOH

When an alcoholic solution of di-(4-methoxy=-
phenyl)-methyl chloride was treated with a solution
of ethyl potassio-malonate in the same solvent a
reaction took place and potassium chloride separ-
ated, But the reaction did not proceed in the
anticipated direction. The product was poursd
into water and extracted with ether; the ethereal
solution was dried, the ether was removed by
distlllation and the residue, an oll, was distilled
under reduced pressure, The portion of the dis-
tillate which did not consist of ethyl malonate,
however, was apparently not an ester at all., (It

could not be hydrolysed even on prolonged bolling
with/



=)

with a 10 per cent. solution of potassium hydroxide
in amyl aleohol)., It was found later that when
the reaction between di-{4-methoxyphenyl)-methyl
chloride and ethyl potassio-malonate is brought
about in the esbsence of alcohol (dry xylene being
used as a solvent for the methyl chloride and the
potassio-malonate being in suspension) the expected
product — the ethyl ester of di-({4-methoxyphenyl)-
methylmalonic acid — is obtained. This was
proved by comparing the melting point of the pro-
duct with that of the compound formed from 4-methoxy-
phenyl megnesium iodide and the ethyl ester of 4-
methoxybenzilidenemalonic acid (see below, page 13 )
end also by the determination of a mixed melting
point, -

Straus and Dhtzmann s had pointed out that
the halogen atom of compounds of the di-(4-methoxy-
phenyl)-methyl chloride type is, as they say,
'ionogenically' bound, that it reacts readily and
reversibly with hydroxyl,methoxyl etec. in the
following manner:

R,CHC1 + HOR' == R,CHOR' + HCl
and that altogether, such compounds like the halogen
compounds of triphenyl-methyl, may exhibit, to same
extent, the properties of electrolytes. They
detarmined/



determined the dissoclation constant of di-(4-
methoxyphenyl)=-methyl chloride dissolved in sulphur
dioxide and found it to be X = 0.84 x 10'4. The
supposition had been made in the present instance,
however, that the reaction between the potassium of
the ester and the chlorine of the methyl chloride
would have proceeded in preference to that between
that chlorine and the hydrogen of the alcoholic
hydroxyl group, i.e., that the reaction:

R, CHC1 + KCH,(COOC,Hg). = R,CH.CH.(CO0C,Hg)s+ KC1

would take place rather than the reactions:

R,CHC1 + HOC,Hg = R,CH.0,C.Hg + HCl
HC1 + KCH,(C00CzHg), = KC1 + CH,.(C00C;H),

(4)
Quite recently Ward s, investigating the bi-

valency of cerbon, found that diphenylmethyl
chloride reacts even at a temperature so low as 25°
with ethyl alcohol snd with aqueous alcohol either
alone or in ;he presence of sodium hydroxide to
give a mixture of diphenylmethyl ethyl ether and
benzohydrol, He also found that — at least at the
temperatures of 25° and 35° = the sodium hydroxide
(or, also, sodium ethoxide) plays no direct part

in the displacement of the halogen.

It may, therefare, be assumed that in the case
Oﬂﬁi-(4nmethoxyphanyl)-msthyi chloride, one or both
of the following reactions had taken place:

(1) /



(1) (CHs0,CgH,)2CHCL + HOC,Hg = HC1 + (CHs0.CgH, )z CH,04C,Hg
(2) (CH;0.CgH,),CHCl + C,HgOH = G,HgCl + (CHs0.CgH, ), .CHOH

The examination of the product of the reaction
between ethyl potassio-malonate and di-{4-methoxy-
phenyl)-methyl chloride in the presence of alcohol
was not pursued further, No di-{4-methoxyphenyl)-
carbinol was detected in it,but a very small amount
of a colourless crystalline compound melting at
142° was deposited from the high-bolling portion of
the distilled material, It is possible that thils
substance was di-{4-methoxyphenyl)-methyl ethyl
ether,

It was now decided to adopt another method of
procedure, Kohler(5 )ahowed many years ago that
unsaturated derivatives of ethyl malonate would
react with magnesium aryl halides end that the pro-
ducts of reaction could readily be decomposed so as
to give saturated substances, esters of substituted
malonic acids, From ethyl 4-methoxybenzilidene-
malonate and 4-methoxyphenyl magnesium iodide,
then, it would be possible to obtain a compound
which would yield the ethyl ester of di-(4-methoxy-
phenyl)-methylmalonic acid on decomposition in the

manner indicated below, Thereafter the synthesis
would/
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would procseed as in the first scheme outlined above

(see page 9 ):

(1) CH;0.CsH,.CHO + H,C.(COOC,Hg), = H,0 +
CHs 0.Cg Hy +CH; C(C00C, Hy )

(2) CHs0.CgH, .CH;C(COOC,H;), + CHs0,CgH Mgl =

C00GC, Hy
(CH50.05H4)28H.C\<0,002H5
: N oMgT
C00C, He
(3) (CH;0.C6H,)z CH.C <C/002H5 FHeO
N\ oMgI

(CH; 0.Cg H, ) CH.CH, (COOC, Hg), + MgIOH

Ethyl di-{4-methoxyphenyl)-methylmalonate was
prepared in this way without any serious difficulty
end the yield was satisfactory. But preliminary
experiments with small quantities of material showed
that the bromination and subsequent decarboxylation
of the malonic acid did not proceed smoothly.
Moreover, the replacement of the bromine of com-
bounds of this type by the amino group is sometimes
very troublesome, In these circumstances a third
method, which eventually proved successful was

adopted,

This/
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This was the phthalimide method which was
originate% by Gabriel(6 )and extenslvely used by
Sgrensen particularly for the synthesis of di-
amino acids, Di=(4-methoxyphenyl)-methyl chloride
was caused to react with ethyl potassio-phthalimino-
melonate and the ester so formed was hydrolysed with
potassium hydroxide, The product of hydrolysis,

e phthalamino melonic acid, was converted by heating
into the anhydride of the corresponding phthalamino-
propionic acld, and when this anhydride was boiled
with'a mixture of hydriodic acid and acetic anhégrids
the desired amino acid was obtained. It was con-
verted into isothyroxine by direct iodination, The
series of reactions involved in this procedure is
summarised thus:

(C00C, Hs)
(CH50,CgH, )2 «CHC1 — (ca,o.csm)e.c:ﬂ.c< CO . O
N

s
e///f//””’ \CO:>CGH£

(COOH)
(01{30.051{4)2011.0< p
] l NH. CO. 061{4 aCOOH
00 ———=—6
(CH5 0. Cg H, )2 o CH, CHC I

NH.CO.CgH, CO

(HO.C¢H, ), .CH,CH(NH, ) ,COOH — (HO.CgH, - ) . CH,CH(NH, ) . COOH

In preparing the amine of the non-iodinated acid

the method first used was that developed by JOhnso? 0)
(9) 1
and Daschavsky and by Abderhalden and Gebelein

In/



In this method the amino acid is mixed with diphenyl-
amine and heated to about 230°, Later, it was

found that better results could be obtained in this
case by heating the amino acid alone, From the
amine thus produced the corresponding tetraiodo-

amine was obtained by direct iodination,

(B) Synthesis of BB-Diphenyl-c-aminopropionic Acid.

(CsHg )2 « CH.CH (NH, ) .COOH

This acid was synthesised in precisely the same
menmner as that adopted for the preparation of iso-
desiodothyroxine, starting from diphenylmethyl
bromide, The amine corresponding to the acid
was prepared by the method of Johnson and Daachég;ky
as modified by Abderhalden and Gebelein(lo). When
diphenylalanine was heated alone a crystalline dis-
tillate, sparingly soluble in alcohol, was obtained;

but this substence was not diphenylethylamine,
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(c) Attempted Synthesis of B- [3:5-Diiodo-4-12':6'-

diiodo-4'-ngﬂroggphanogg)-phaqgl] =a-amino

propionic Acid,

i L |
i
HO —D— 0 —{_)—CH, ,CH(NH), . COOH
U T

In the synthesls of thyroxine it had been fc&éa
that p-hydroxy-phenyl ethers (including desiodo-
thyroxine itself) could readily be caused to take
up two atoms of iodine in the 3':5' positions. But
no method could be found for the introduction of
more than two such atoms, The iodine atoms (or
other replaceable groups) in the 3:5 positions had
therefore to be introduced before the phenyl ether
synthesls was carried out, It was evident £hat
in the case of the isomeric substance now in view
these considerations would apply with even greater
foree since the introduction of the iodine atoms
into the positions 2':6' could not be accomplished
directly, This being so, it was obviously
desirable to have all four iodine atoms introduced
before the phenyl ether synthesis was undertaken.
Iodine atoms (or replaceable groups) then,had,if
 POssible, to be present in the ortho positions both

to the halogen and to the phenolic group which were

tO/
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to take part in the phenyl ether condensation, thus

R |
X-D—-:Hal + HO — Y
1 =Sl e f

, R R

where R represents iodine or atoms or groups re-

placeable by ilodine and X, Y, represent -OH and

~=CH,CH, (NH, ) ,COOH or stoms or groups which could

be replaced respectively by —O0OH and —~CH,CH,(NH; ).COQOH.,
If such a synthesis could be carried out at all

then the most attractive method would be by com-

bination of the 3:5-diiodo-N-benzoyl derivative of

tyrosine with a derivative of benzene containing the

two lodine atoms in the desired positions:

I I
o r0-{ Do T
I I

I I
( £ NH. CO.C.H
. ——
Hhalc o x —O—'O“D“ CH.CH-—COOCZHS 2
1 f
I

I

It would only be necessary after that to replace X
by =0H and to remove the N-benzoyl and ethyl groups.
When a solution of the ethyl ester of 3:5-diiodo~
N-benzoyl tyrosine and 3:4:5-triiodonitrobenzene

in methyl ethyl ketone was boiled with dry potassium
carbonate for over twelve hours, however, it was

found/



found thet the desired condensation had not taken
place and most of the triicdonitrobenzens was
recovered unchanged, Nor could the result be
achieved by heating at the boiling point for some
hours a solution of the triiodonitrobenzene in dry
xylene with the potassium salt of the tyrosine ester,
Equally unsuccessful were attempts to condense,
in these ways, 3:4:5-triiodonitrobenzene or 3:4:5-
triiodotoluene with the ethyl ester of 3:5-diiodo-
4-hydroxybenzoic acid (or the potassium sslt of
this ester),
(11)
In a recent patent the claim is made that
iodine-substituted diphenyl ether derivatives can
be obtained by heating together in sesled vessels
at high temperatures iodine-substituted phenol
ethers and metallic salts of lodine-substituted
hydroxybenzonitriles in the presence of copper as
a cataelyst, or by treating similarly lodine-sub-
stituted mono ethers of dihydric phenols with iodine-
substituted benzonitriles or with iodine-substituted
nitrobenzenes, Thus 2:4-dilodoanisole is said
to condense with the potassium selt of 3:5-diiocdo-
4=hydroxybenzonitrile in the presence of copper
at 220%-230° to give 4-(3'-iodo-4!methoxyphenoxy)-
S3:5=-dliodobenzonitrile:

i
CH,0 >——O———®- CN
3 1‘{ >

7

and/
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end the same compound results when the potassium

salt of the o-iodo monomethyl ether of hydrogquinone
is similarly treated with 3:4:5-trliodo-penzo-
nitrile, Whether these condensations occur or not
it was found that when 3:4:5-trilodonitrobenzene and
the potassium salt of ethyl 3:5-dilodo-4-hydroxy-
benzoate were treated in this manner very extensive
decomposition and ilodine liberation occurred, the
product being a charred mess from which nothing could
be isolated.

After a very considerable number of unsuccessful
attempts had been made to bring sbout condensation
between pairs of compounds each of which contained
two iodine atoms in the appropriete positions it
became evident that the ortho-substituted iodine
atoms conferred such acidity on the phenolic hydroxyl
group that the splitting off of the metal halide
would not teke place, In these circumstances it
seemed that there were three ways in which the
difficulty might be overcome: (1) less acidic ai-
lodo phenols might be used; (2) a metal which
forms a feebly basic oxide might be substituted for
the potassium hitherto used to promote condensation;
(3) & non-iodineted phenol might be employed in the
hope that the iodine atoms might be introduced at a
later stage of the synthesis,

All three possibilities were investigated. For

®Xample/



(12)
example: (1) 2:6-~Dilodo-4-aminophenol was

boiled with 3:4:5-triiodonitrobenzene in methyl
ethyl ketone solution in the presence of dry pot-
assium carbonate end the same thing was done with
the Schiff's base formed from thet phenol and
benzaldehyde, It was found that the potassium
salts of these phenols could not be cbteined in
the dry stete for treatment with the triiodonlitro-
benzene in bolling xylene because they decomposed

suddenly at temperatures near 100°,

I !I /T II
e R e
I L T 7

(2) silver carbonate was substituted for potassium
carbonate in attempting to condense 3:4:5-triiodo-
nitrobenzene with ethyl 335-diilodo-4-hydroxy-

benzoate, in boiling methyl ethyl ketone,

(3) 3:4:5-triiodonitrobenzene was condensed with
ethyl p-hydroxybenzoate in boiling methyl ethyl
ketone, dry potassium carbonate being present., The
condensation product, which was obtained in good
yield, was hydrolysed with concentrated sulphuric
acid, and the.nitro group was reduced by pouring

an excess of a solution of stannous chloride in

concentrated/
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soncentrated hydrochloric acid into a suspension

of the nitro compound in boiling acetone(lz). Then
the hydrochloride of the amino compound thus
obteined was suspended in glaciel acetic acid and
diazotised with amyl nitrite, The diazonium salt
was prgcipitated with ether and made into & cream
with water. To convert the diazo group into a
phenolic group this cream was stirred vigorously

in small portions, into a large volume of a solution
of sodium sulphate in fairly concentrated sulphuric
acid at 150°, After purification the hydroxy
compound which had been formed was methylated with
methyl sulphate., The series of reactions may be

represented thus:

No -O:'J. + HO— O__ Cooc, He—> NO,- C)...O_D Coot. H.f'—-)

20

No, - <:>—CDDHH—?NH—-<:> o—( }-coon —5
1
. OT 6o D_COOH —> CHO0— _>_0_.O-COQH

It was thought that lodine atoms might be intro-
duced (say by nitration followed by reduction and
subsequent diszotisation) into the desired positions
in the methoxy acid which had been prepered in this
way (or into a derivative of it) and if so the tetra-
lodo compound formed might conceivably be converted

into/
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into the thyroxine isomer, But, at the best, the
process seemed likely to be very tedious and this
route was not further explored.

Much time was spent on these and other similar
attempts and eventually some preliminary steps were
also taken towards preparing phenyl ethers by quite
different methods, But finally it had to be con-
cluded that the problem of the synthesis of this

isomer could not, for the present, be solved,

(D) Synthesis of "Dibromothyroxine",

B- [3:5-Dii0do-4=(3":5'-dibromo-4'-hydroxy-
phenoxy)-phenyl]-a-aminopropionic acid,

HO,Cg H, Br, ,0,C¢ Hy I, CH, ,CH(NH, ) ,COOH

The steps in the synthesis of this compound
were exactly the same as those in the preparation
of thyroxine except that bromination was substituted
for the finel iodination, The brominetion was
carried out in much the same way as in the case of

the preparation of dibrcmotyrosinegls)



1II, EXPERIMENTAL

(A) Synthesis of BB~ [di-(3:5-diiodo-4-hydroxyphenyl))
-a-aminopropionic acid (HO.CgH, I, ), CH,CH(NH; ),COOH
and of the corresponding amine, BB-fhi-(szs-diiodo-

4-hydroxyphenyl)] -ethylamine, (HO.CgH, I, ), .CH.CH;NH,.

(1) 4-Methoxybenzoyl Chloride.
CHs 0,Cg H, »COC1,

Anisic acid was bolled under reflux on the water-
bath with five times 1its weight of thionyl chloride
until hydrogen chloride ceased to bse evolved, The
excess of thionyl chloride was then distilled off
on the water-bath, the last traces belng removed
under reduced pressure, Next the acid chloride was
distilled under reduced pressure {(about 15 mm,)
over a smoky flame, At asbout 150° a colourless
liquid, which afterwards solidified to an almost
colourless crystalline mass, passed over, The
vield was 75% of the theoretically possible quantity.

A, Schoonjans(l4)dascribas this compound &s a
colourless, highly refractive liquid, which
crystallises in needles melting at 22° and boiling at
145° ( 14 ym,).

() /



(2) Di<{4-methoxyphenyl) Ketone.

(CH5 0.CgHy )2 +CO.

Anisole (11 grams) was mixed with one part of
dry carbon disulphide and the mixture was run into g
large flask, into which elso 15 grams of powdered
enhydrous aluminium chloride were then rapidly
weighed out, The flask was fitted with a reflux
condenser and placed in ice, 4-Methoxybenzoyl
chloride (21,7 grams),dissolved in one part of carbon
disulphide was then run in, drop by drop, from a tap-
funnel, Meanwhile the flask was shaken and
occasionally removed from the ice so as to prevent
over-cooling., Evolution of hydrogen chloride took
place, at first slowly, eventually vigorously and the
contents of the flask set to a solid mass, The
flask was now warmed at 50°-70° for half an hour
and then ice and cold water were added with shaking.
Next the mixture was steam-distilled till the
distillate was passing over as a clear liquid. The
80114 residue in the flask was filtered off, washed
successively with sodium hydroxide solution, dilute
hydrochloric acid, and water, and dried in the steam
oven, The yield was almost theoretical and the
material obtained was sufficiently pure to be used
for the next stage in the synthesis, A small
sample, /



sample, further purified by crystallisation from
shbsolute alcohol, melted at 143°-144°, Schnacken-
berg and Scholl, who prepared this ketona(IS)in a
somewhat similar way, give 144° as its melting

point.

(3)_Di-~{4-methoxyphenyl) carbinol.

(CH; 0.CgH, ), o CHOH,

For the preparation of this compound the
method of Schnackenberg and Scholl(lsjwaa adopted,
The corresponding ketone (15 grams) was boiled on
the water-bath for two hours with zinc dust (10
grams) and potassium hydroxide (5 grams) in 95%
alcohol (25 grams). During thils operation the
mixture was frequently shaken vigorously, Dilute
aleohol (12 c¢.c, of 50%) was then added and the
mixture was brought to the boll, filtered rapidly
and the filtrate allowed to stand, The hydrol
c#yatallised as the liquid cooled and from the
mother-liquor a further quantity of it was obtained
by addition of water followed by cooling in the ice-
chest for a time, <Yield, almost theoretical.
Melting point 72°, The product was thoroughly

dried in a vacuum desicecator.

| (4) /
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(4) Di-(4-methoxyphenyl)-methyl Chlorids.

(CHs 0.Cg H, ), CHC1.,

The carbinol (10 grams), prepared in the
menner just described ,was dissolved in dry benzene
(100 e.c., ), & gquantity of granulated anhydrous
calcium chloride was added, and the mixture was
cooled in ice while dry hydrogen chloride was.
passed in to saturation, After this the mixture
was allowed to stand for four hours in a cool
place, As much as possible of the excess hydrogen
chloride was removed by drawing dry alr through the
ligquid and the clear benzene solution was rapidly
poured off from the calcium chloride into a
distillation flask whence the benzene was driven
off by distillation under reduced pressure, The
sollid residue was crystallised from petrol ether
(boiling point 60°-80°). The product, which was

brown in colour, but almost pure, was obtained in

83% yield., A small sample of the cerefully
recrystallised material, formed perfsctly colourless
needles melting at 83°, (Straus and Dbtzmann( :
give 82-82,5°),

(8) /



(5) Ethyl-di-(4-methoxyphenyl)-methylphthaliminomalonate.

C00C
(CHs 0,Cg H, )acH.cécoocggg

I _Co
N
' <co> s

(a) Ethyl Bromomalonate.

BrCH, (C00C, Hy )a

Ethyl malonate (1 mol. dissolved in one part
of carbon tetrachloride) was mixed with bromine (1
mol, dissolved in one part of carbon tetrachlorids)
and the mixture was exposed to sunlight, After
some time bubbles of hydrogen bromide were evolved and
a vigorous reaction took place, When this had sub-
sided the mixture was allowed to stand for half an
hour, washed with water containing sodium carbonate
and a little sodium bisulphite, then with pure
water and dried over calcium chloride, From the
dried solution carbon tetrachloride was removed by
distillation on the water-bath, first at atmospheric,
later under reduced pressure. Finelly the bromo
ester was distilled under reduced pressure over a
smoky flame, The boiling point at about '15 mm,
was in the neighbourhood of 125°,

(v) /



(b) Ethyl Phthaliminomaslonate.

co
G(’H“<co> N.CH. (CO0C, Hy),

Potassium phthalimide and ethyl bromomalonate
in the proportions 1 mol.: 1.1 mol, were heated
together in a metal bath at 150° for forty-five
minutes with occaslional stirring, The cooled
product was dissolved in ether-water mixture and
the ethereal portion was separated and dried over
calcium chlorids, Then the ether was distilled off,
On pouring the thick syrupy residue into a beaker and
rubbing it with a 1little alcohol rapid crystallisation
took place, The cooled crystalline mass which
formed was rubbed well on & porous plate and dried
in a vacuum desiccator, Yield - almost theoretical.

The melting point of a recrystallised sample was 75°,

(¢) Ethyl Potassiophthaeliminomalonete.

_co
O He<( co> N.CK, (G00C, H; )2

This compound was prepared according to the
method described by Stephen and Weizmanntl6 s
ethyl phthaliminomalonate (1 mol, ) was dissolved
in hot alcohol (1 part) and added slowly to a
solution of potassium (1 mol.) in alcohol (10-20
rarts). The bright yellow paste of potassium

compound/
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compound which was formed almost at once was com-
pletely freed from alcohol as follows, Most of the
alcohol was distilled off on the water-bath, first
at atmospheric, later under reduced pressure, Next
the flask containing the material was heated under
reduced pressure at 110° for a time, The last
traces of alcohol were removed by shaking the yellow
cake of potasslo=-oster with sodium-dried xylens,
distilling the hydrocarbon off on the water-bath
under reduced pressure and removing the last traces
of it by heating the flask at 110° for a time

under reduced pressure in a metal-bath, Finally the
distillation with dry xylene was repeated and the
dry potassio-ester was used without further treat-
ment for the next stage of the synthesisa,

(d) Ethyl Di=-(4-methoxyphenyl)-methylphthaliminomalonate

COOC, H
(CHs 0, Cg Hy )3 CH. C< COOC, Hy

I €O
: 6H,
G

Still following the procedure of Stephen and
Woizmann( = )di-(dg-methoxyphenyl)-mathyl chloride
(ealeulated quantity) was dissolved in one part of
sodium-dried xylene end poured on to the potassium

compound/
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compound prepared in the manner just described. The
mixture was then heated in a metal bath at 145° for
four hours with occasional shaking, care being taken
that good contact was maintained between the Xylene
solution and the insoluble potassio-sster, The
mixture was now poured into water and well stirred
when a large part of the product separated in the

solid state and was filtered off, washed successively
with dilute potassium hydroxide solution and water,
dried in a vacuum desiccator and crystallised from
alcohol, The rest of the product remained

dissolved in the xylene which was likewise successively
washed with dilute potassimum hydroxide and water and
dried over calcium chloride. After the xXylene had
been distilled off under reduced pressure there
remeined a thick syrup which was rubbed with alcohol
till a semi-solid paste formed and then crystallised
from alcohol., The crystals were dried in a vacuum
desiccator, The yield was about 75% of the
theoretical quantity, The melting point of the
pure substance is 106°., It sepafatea from alcohol
in colourless prisms,

Analxsis:
0,1533 grams gave 00,3802 grams CO, and 0.080% grams
Hy

20,5 mgm. gave 0,594 mgm., N (micro-Kjeldshl)
Found /



C H N
Found: _ 8T1.7% 5.5% 2,49
Calculated for

CzoHog 0N - 67.8% 5.8% 2.6%

(6) Di-(4-methoxyphenyl)-methylphthalaminomalonic Acid.

(COOH),
(CHs 0.Cg Hy ) CH.G(
HH.GO.G@&COOH

The ester (29.5 grams) was molstened with
aleohol and treated with a hot solution of
potassium hydroxide (37 grams) in water (75 c.c.).
The mixture was stirred well and was heated on the
water-bath with further frequent stirring for one
hour, After about fifteen minutes the potassium
salt of the acid began to separate, At the end of
the hour this salt was filtered off, washed twice
with absolute alcohol and then dissolved in hot
water, The agueous solution was cooled as rapidly
and as much as possible without precipifation of the
salt and then, with continued cooling, was cautlously
acidified, first with dllute acetic acid end finally
with hydrochloric acid. In this way the acid was
precipitated and after standing for some time in
the ice-chest it was filtered off and dried in the
steam/
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steam oven, Neither the acid itself nor its
potassium salt could be obtained in a condition

suffieiently pure for analysis,

(7) Anhydride of BB- [bi—(4-metho§gpheg31)] -Q=
phthalaminopropionic Acid.

cO——0
e 7Sl <NH C0.C.H éo
L] L] 6 4

The crude phthalaminomalonic acld (22 grams)
was heated in a metal-bath under reduced pressure
at 180°-200° for about one hour, (The pressure
was about 15 mm, ). As decarboxylation proceeded
the material first became soft and afterwards
hardened again, A minute amount of phthalic
Ianhydride sublimed into the neck of the flask, The
solid cake which remained was dissolved in the
minimum emount of boiling glacial acetic acid and
the bolling solution was diluted with boiling water
until a very faint turbidity appeared. On ellow-
ing the solution to cool slowly the anhydride
separated in colourless prisms, Yield - 75%
(calculated on the malonic ester). A sample of

‘the product, twice crystallised from acetic acild
With/
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with dllution in the manner described, formed

colourless prisms melting at 209°-210°,

Analzsia:

0,1172 grams gave 00,2084 grams CO, and 0,0505 grams

H0
25,6 mgm, gave 0,743 mgm, N (micro-Kjeldahl)
; C H N

Found 69.4% 4,8% 2,9%
Calculated for

Cogtgq O N 69.4% 4.9% 341%

(8) BB—[ii-(4—hydroxyphenyl)] -a=-ominopropionic Acid

(Isodesiodothyroxine).
(HO.Cg H, ) CH, CH(NH, ) . COOH

The anhydride of the phthalamino acid was
'boiled for two hours with a mixture of acetic an-
hydride (5 parts) and hydriodic acld (sp. gr. 1l.7;
:5 parts). Then the whole was evaporated to
dryness on the water-bath under reduced pressure,
 some water was added to the residue and distillation
to dryness weas repeated. The partielly crystalline
Iresidue was dissolved in hot water and the cooled
| aqueous solution was extracted twice with ether,
IEther was then boiled off from the extracted aqueous |

solution and concentrated ammonia solution was added |

' to/



to it, while still boiling, till neutralisstion

was Just exceeded. Once more the soclutlon was
taken to dryness by distillation on the water-bath
under reduced pressure, The residue was dissolved
in just sufficient boiling alcohol. VWhen the
alcoholic solution had cooled and had stood for

some time in the ice-chest the product separated in
the form of colourless crystals, These were
filtered off, dried in a vacuum desiccator and
purified by disselving in just sufficient boiling
‘water, adding a little charcoal, bolling for a few
minutes and filtering repidly through a hot funnel.
The pure emino-azcid crystallised slowly from the
filtrete after it had been cooled in the ice-chest
for a time, Further smell quantities were obtained
both from the aqueous and alcoholic mother-liquors
by concentration. The acid forms very fine
colourless needles which soften at 190°-200° and
‘melt with decomposition at 241°, On exposure to
the atmosphere it rapidly sbsorbs moisture. The
emount of water thus absorbed is equivelent to ebout
;six molecules, but experiment showed that, apparently,
'no definite hydrate was formed, Yield - sbout 60%.

;Analysis/
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Anelysis.

0,1445 grams gave 0,348l grems CO, and 0,0738 grams
H, 0.

15,2 mgm, gave 0,762 mgm, N (micro-Kjeldehl)
16,3 mgm, gave 1,5 ¢.,c, N at 20° and 750 rm,

(ven Slyke)
C Bt N Amino N
Found . e e egh % L S Ut E, 02 5.2%
Calculated for
C15H150sN 65.9% 5.5% 5.13% 5,13%

(9) EﬁJbi-(3:5-diiodo-4-h1§roxyphenx;ﬂ-a-amino-
propionic Acid. (Isothyroxine)

(HO.Cg Hp I, )o CH,CH(NH, ) , COOH

The amino acid was dissolved in just sufficient
concentreted ammonia (sp, gr. 0.,880); the solution
was cooled in ice-water while the calculated amount
of the strongest iodine in potassium iodide solution
(2,64 N) was slowly added drop by drop. At first
the iodine was taken up fairly repidly but towards
:the end of the addition the uptake was rather slow,
:so the addition of iodine was interrupted and the
 mixture was allowed to stend in the ice-water until
the brown colour of the halogen had disappesred.
Throughout/
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Throughout the process the mixture was frequently
well sheken, When all the iodine had been added the

contents of the vessel in which the iodination had
been carried out were transferred to a Claisen
flesk, the ilodination flask being washed with a
little alcohol and the washings added to the main
solution, Next the liquid in the Claisen flesk was
entirely removed by distillation on the water-bath
under reduced pressure. The residue was washed out
of the flask with water and acetic acid on to a
Buchner funnel, filtered with suction and washed
with the filtered liquid, It was then dissolved
in a considerasble quantity of hot water containing

8 little dilute hydrochloric acid, just sufficient
elcohol being also added to bring about solution

of the salt formed, (A small quantity of flocculent
material remeined undissolved). The liquid was
boiled with animel charcoal for a few minutes and
filtered while hot., - To the filtrate, heated to
boiling, on the water-bath, saturated sodium acetate
solution was added until the liquid was no longer
acid to congo-red paper, when the tetra-iodo acid
separeted almost immediately. The hot suspension

vwes cooled to room temperature and then placed in

:tha/
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the ice-chest for a time, Finally the elmost

pure product was filtered off, washed with water,

end dried in a vacuum desiccator, It was later
further purified by redissolving in hot water with
diiute hydrochloric acld and alcohol followed by re-
precipitation with saturated sodium ascetate solution.
In this way an slmost 6olourleas sphaero-crystalline
product was obtained. Its melting point was 218°
(decomposition). The yield was about 60%.

Isothyroxine is insoluble or almost insoluble
in water, cold or hot, and it is only very slightly
- soluble in alcohol. It is likewise insoluble in
dilute hydrochloric acid (2 N ) and in dilute
sulphuric acid (2 N ) though it is readily soluble
in these acids when sufficient alcohol is added to
the warm suspension of the substance in the hydro-
chloric or sulphuric acid. In dilute sodium car-
bonate solution (2 N) and in dilute sodium hydroxide
solution (2 N) it is easily soluble in the cold.
Analysis:

62.5 mg. gave 1.104 mg. N (micro-Kjeldahl)

1.66 mg. required 10.2 c.c. N/200 sodium thiosulphate
(Kendall, 1914)

N I
T P R S BB b - | 65.1%

Calculated for CygHy 04NI4 —— 1.81% 65. 3%
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(10) BB~ Di-(4-hydroxyphenyl) -ethylamine (Isodesiodo-
thyroxamine)

(HO.G&H.q. )2 .CH'CH'E 'NHQ

Isodesiocdothyroxine (0.5 grams) was heated with
twenty times its welght of diphenylamine in a metal-
bath for about one and a half hours, the temperature
being gredually reised to 275°. During the heating
a current of hydrogen was passed through the flask
containing the mixture. The acid, which did not
-dissolve in the molten diphenylamine, began to decom-
pose at about 210° and bubbles of carbon dioxide
appearsed, Eventuelly the evolution of this gas
became fairly brisk and when the maximum temperature

 Was reached almost all the acid had disappeared. The
' mixture was then allowed to cool and wes poured off
from the small quantity of solid residue. Benzene
(15-20 ¢.,c,) was added and the diphenylamine mixture
was stirred into it after which petrol (15-20 c.c.;
boiling point 100°-120°) was edded. After the well
' stirred mixture had been allowed to stand for one
%hour the amine which had separated was filtered off
end allowed to dry in air, The yleld of the
' material thus obtained was about 60%. It was
:further purified in the following menner. It was
!haated/
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'heated in portions welghing about 0,5 grams in a
sublimation apparatus in a metal-bath, the pressure
being reduced to about 1 mm, and the heating was con-
'tinued till no more material distilled. The meXimam
temperature attained was sbout 315°, The
erystalline material which distilled was bolled

with ethyl acetate, filtered from a little undissoclved
material, and the boiling filtrate was treated with
petrol (boiling point 100°-120°) till a faint
turbidity appesared. On cooling the petrol-ethyl
acetate solution, first to room temperature, then

in the ice-chest a crystalliné precipitate appeared.
'This was filtered off and dried in the steam oven,
IThe yield of purified material, however, was only
:40% of the theoretical amount and it was afterwards
found that a yield of about 60% could be obteined by
heating the dried recrystallised amino-acid directly
in the sublimation spparatus under reduced pressure
(about 1 mm,) in the menner just described for the
‘product from the diphenylemine treatment. The
 product was washed with a 1little boiling ethyl
iacetate and was then dissolved in the minimum of
fboiling water, (A rather large volume of water was
Erequired and a small amount of material remalned
'undissolved). The boiling aqueous solution was
decolorised as much as possible with charcoasl and
filtered/
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filtered rapidly through a hot funnel. As the
filtrate cooled the amine separated in the form of
rosettes of fine, short, colourless needles and
when cooling was continued in the ice-chest for a
time a further gquantity of it separatsd. It was
filtered off, washed with water and dried in vacuo.
The yield of recrystallised substance was sbout 55%.
Isodesiodothyroxamine 1s insoluble in cold
water but dissolves in a rather large volume of
boiling water from which it separates in colourless
needles, These appear to contain water of
crystallisation and they darken somewhat on keeping.
' The amine 1is soluble in alcohol and in methyl
' alcohol, sparingly soluble in benzene even at the
boll end insoluble, or almost so, in ether and in
chloroform, In dilute sulphuric acid and in
dilute hydrochloric acid it is readily soluble and
;separates from the solutions, when they are medse
;alkaline with ammonlia, in the form of clusters of
 short needles,
| For purposes of analysis the amine was dried to
| constant weight over phosphorus pentoxide, in vacuo,

at 80°, Dried thus it had the melting point
 R07-208°, .

Anelysis/
|
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Anglysis:

0.1218 grams gave 00,3273 grams CQ, and 0,0727 grams

H, 0
15.4 mg, gave 0,934 mg. N (micro-Kjeldahl)
C H N

Found T 6.6%  6.1%
Calculated for

CiaHys0¥ = 73.4% 6.6%  6.1%

The salts of isodesliodothyroxamine ars very

- soluble and hence difficult to prepare in a pure

~condition from small quantities of material, When

larger amounts of the base are avallable it will be

possible to prepare pure salts and other derivatives,

' The Hydrochlorids. Dry hydrogen chloride was

 passed to saturation into an alcoholic solution of

 the amine and the solution was then diluted with a

- large volume of dry ether which produced a fairly

dense turbidity, When the turbld liquid had been

- allowed to stand in the ice-chest over night the

- hydrochloride of the amine was found to have

separated in the form of fairly large thin leaflets.

' These were filtered off, washed with dry ether, and

dissolved in a 1little alcohol. The alcoholic

solution was boiled with charcosl, filtered, and

' @llowed to evaporate almost to dryness in a vacuum.

When /
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When the solution thus obtained was cooled for some
time in the ice-chest the product separated as a
mass of colourless crystals which were dried, first
on a porous plate and then in the steam oven,
Isodesiodothyroxamine hydrochloride is very

easily soluble in water and in alcohol. It melts

- at 275°,

' The Hydrobromide. To an alcoholic solution of the

amine a few drops of a concentrated solution of

hydrogen bromide in glacial acetic acid were added

' followed by sufficlent dry ether to produce a rathsr

_deap turbidity. The turbid liquid was allowed to

¢ool in the ice-chest for a wesk , At the end of

' that time an almost colourless crystalline deposit

had appeared but the amount of the impure salt thus
formed was too small for purification; the melting

point and other properties could not be determined.

(11) BR-Di-(3:5-diiodo- 4-hydroxyphenyl)-ethylamine.

(Isothyroxamine)

(HOoCGHQ Ig )2 QGHQGHE .HHE

Isodesiocdothyroxamine (1 gram) was dissolved
with gentle warming in concentrated ammonia (sp.gr.

0.880; about 150 parts) and was treated with
the/
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'fthe theoretical eamount of the strongest solution of

' iodine in potassium 1odide in the same menner as was

used for the iodination of isodesiodothyroxine
except that cooling was not em?loyed. The product
began to separate after rather less than half the
iodine had been added. At the end of the addition
the mixture was allowed to stand for a few hours,
diluted with water and the product filtered off.
This was then suspended in a rather large volume of

dilute sulphuric acid, free iodine was removed by

' the addition of a very little sodium bisulphite, and

an equal volume of alcohol was added. When the
aqueoua-alcoholi; solution was boiled most of the
base went into solution and the residue was
separated by filtration. To the filtrate about
its own volume of dilute sulphuric acid (2 N ) was

added, most of the alecohol was bolled off and the

'liquid was filtered rapidly through a hot funnel

' in order to remove some tarry matter which had

Iformed. As the filtrate cooled the sulphate of the

 base erystallised end was filtered off when it had

ceased to separate, It was then dissolved in just
suffieient hot dilute alcohol (50%)(a rather large
volume was required) and enough ammonia solutlon was
edded to dissolve the precipitate first formed.
Finally the solution was bolled till the base began
to/
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to separate and allowed to cool first to room
temperature, then in the ice-chest, The amine
.was then filtered off end washed with a little
dilute alcohol (50%). For further purification it
was dissolved in a considerable volume of dilute
ammonia, filtered from a little undissolved
material and the solution boiled till ammonia
ceased to be given off, The mixture thus obtained
was cooled to room temperature and then in the ice-
Eehast and the product which had separated was
Ifilterad off, washed well with water and dried ever
phosphorus pentoxide in vacuo at 100°, Thus

' obtained isothyroxamine forms clusters of short,
;almoat colourless needles which.melt with decom-

' position and lodine liberation at 232°-233°, It

is insoluble in water, alcohol, dilute hydrochloric
acid or dilute sulphuric acid, In dilute sqdium
ihydroxide end in mixtures of dilute hydrochloric

' acid or dilute sulphuric acid with alcohol it is
Eaasily soluble, The yield was about 30% but

could almost certainly have been improved by working
' Up the various mother-liquors. Salts or other
éderivativea of this base have not yet been prepared

'in the pure state.

Analysis/
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Analzsis:

50,2 mg. gave 0,944 mg. N (micro-Kjeldahl)

1,44 mg, required 9.3 c.c. N/200 sodium thiosulphate
(Kendall, 1914)

N I
- Found SRS SRR BT, o T 68,5%

Calculated for
Cy4H710NI, TSRS R e R S 0 4, S 69.3%




(B) Synthesis of BB-Diphenyl-a-aminopropionic Acid

(CgH5), CH.CH(NH, ) .COOH, and of the corresponding
amine, BB-Diphenyl-sthylemine (C¢Hs), CH.CHy NH;

(1) Benzohydrol.

(CgHg) CHOH, This compound was prepared
by two methods,

(17)
(a) Method of Marschelk

Benzophenone (10 grams), calclum turnings (30
grams) and absolute alcohol (about 400 c¢.c,) were
pleced in a flask fitted with a reflux condenser and
heated to boiling on the water-bath, At first the
reaction was very slow but after about half an hour,

beceame suddenly very vigorous, When this occurred

- heating was at once stopped and the reaction

gradually subsided, Next the contents of the flask

were largely diluted with water and acidified with

' hydrochloric acid, The hydrol separated from the
- cold mixture first es an oil, then as a crystalline
| solid, It was filtered off, dried in a vacuum

 desiccator and twice crystallised from petrol ether

(boiling point 60°-80°)., Yield - about 32%. The

recrystallised substance melted at 66°-68°.

(v) /
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(18 )
(b) Method of Elbs,

Benzophenone (45 grams) was dissolved in 95%
alcohol (625 c.c.) and zine dust (340 grams) wes
added followed by &a solution of potassium hydroxide
(10 co.c. Of a solution of 20 grams potassium
hydroxide in 20 grams of water)., The mixture was
well sheken and allowed to stand in the incubator
(temperature about 40°) for three days with
occasional shaking and with the addition of pot-
assium hydroxide (10 c.c, of the solution already
used) . Then the solid matter was filtered off
end carbon dioxide was passed through the filtrate
till all the zinc present had been precipitated,
When this precipitate had been separated the
solution was diluted with a large quantity of water
which precipliteted the hydrol, It was separsted
by filtration and dried in vacuo. Yield - 73%
of material sufficiently pure for use in the next
stege of the synthesis, The melting point of the
product was 61°-65° wherees pure benzohydrol melts
at 68°,

(19)
(2) Diphehylmethyl Bromide.  (CgHs)p .CHBr.

The hydrol (15,75 grams) was dissolved in
three times its weight of carbon tetrachloride and
rhosphorus/
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phosphorus tribromide (10,1 grame = 3,6 c.c.,) was
added. The mixture was allowed to stand for one day
in a flask having a calcium chloride tube in the
stopper. Then the flask was attached to a reflux
condenser and was warmed on the weter-bsth at 60°-70°
for six hours, After cooling, the solution was
poured off from e smell quantity of syrupy materisl,
washed with ice-water end with sodium acetate solution
and dried over calcium chloride, The cerbon tetra-
chloride was then distolled off on the water-bath,
When the residue was distilled under reduced

pressure (about 15 mm,) over a smoky flame, the

bromo compound passed over at about 180° as en almost
colourless liquid, which, on cooling, solidified to

& crystalline mass, The melting point of the

erystals was about 39°, Yield 76%.

Except for slight modifications which are
mentioned at the eppropriete points, the subsequent
steges in the synthesis of BB-diphenyl-e-amino-
propicnic acid were exactly similar to the
corresponding ones in the synthesis of isodesiodo-
thyroxine,

(3) /
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(3) Ethyl Diphqu1map§ylphthaliminomalonate.

(CgHs)a CH,C <~ COOC, H 5

[ CO
o

This ester is more soluble in xylene than
the corresponding dimethoxy ester and does not
separate in the solid state when the xylene solution
is poured into water. The residue after the
removal of the xXylene was a thick syrup which was
dissolved in a small amount of boliling alcohol. The
erystalline solid which separated on cooling the
ealcoholic solution was filtered with suction and
washed well with alcohol which had been cooled in
a freezing mixture., Yield - 57%. Melting point
of a semple twice crystallised from 90% alcohol:
117° (with softening from 95° upwards). The pure
material separates from alcohol in colourless

prisms,

Analysis:

0.1503 grams gave 0,3909 grams CO, and 0.0?é?ograme

50,8 mgm, gave 1.51 mgm, N (micro-Kjeldahl)

Found /
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C H N
Found 70.9% 5.3% 2.97%
Cslculated for
CBSHBBOBH 71.3% 5.3% 2.97%

(4) Diphenylmethylphtheleminomalonic Acid.

(COOH),

o4
(CgHg) CH,C

NH.CO.G&Hq, OCOOH

the
Like corresponding di-(4-methoxyphenyl) acid,
this compound could not be obtained in the pure

condition,

(5) Anhydride of BB-Diphenyl=-a-phthaleaminopropionic

Acid,
G ————> 9

(csﬁi)gcn.cn<</
HH. 30.0534 .00

Crystallised in colourless prisms melting at
2142215°, 7vield - almost theoretical ( caleculated

on the crude malonic acid).

Analysis/
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Analxsis:

0,1527 grems gave 0,415l grams CO, and 0,0652 grams
Hy O,

30,2 mgm, gave 1,142 mgm, N (micro-Kjeldahl)
C H N

Found 74,2% 4.7% 3.8%
Celculated for

(6) BB-Diphenyl-c-aminopropionic Acid (Diphenylalanine.)

(Cg Hg)2 CH,CH(NH, ) . COOH

This acld is considerably less soluble in water
than isodesiodo-thyroxine and is precipitated almost
immediately when ammﬁhia is edded to the solution of
the hydriodide, so that subsequent eveporation to
dryness and solution in alcohol is not necessary.

The compound was purified by being dissolved in a
little more than sufficient dilute ammonia and
precipitated from the boiling solution by the addition
of enough acetic acid to make the liquid faintly

acid, It separated rapidly and almost completely
from the hot solution in the form of fairly large,
flat, colourless prisms which were filtered off and
washed well with cold water. When precipitated

¥\
& N



=52-

thus from dilute solutions the substance contained
water of erystallisation (equivalent to rather less
than one molecule) but it separated from more con-
centrated solutions apparently without such water.

Diphenylalanine is insoluble, or almost in-
soluble, in water cold or hot. It is fairly
readily soluble in hot alcohol and somewhat less
soluble in boiling methyl alcohol. From these
two solvents it crystallises on cooling in the
form of fine needles. It is also soluble in cold
dilute sulphuric acid, in hot dilute hydrochloric
acid, in glacial acetic acid, in dilute sodium
carbonate solution and in dilute sodium hydroxide
solution. From the hot solution in dilute hydro-
chloric acid, small prisme-shaped crystals, presumably
- of hydrochloride, separated on cooling but these
were rather badly formed and may have been mixed
with crystals of the free acid.

Diphenylalanine melts with decomposition
(evolution of gas and frothing) at 236°. The
yield was 77%.

Analzsis:

0.1195 grams gave 0.3720 grams COg and 0.0682 grams
Ho0

21.8 mg. gave 1.222 mg. N (micro-Kjeldahl)

: c H N
Found . n4.6% 6.3% 5.6%

Calculated for CygH;50oN — 74 . % 6. 2% 5.8%
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(7) BB-Diphenylethylamine,

(CgHg)2 «CH. CH, «NH,

Just after the preparation of this compound
had been begun it was found that some previous
syntheses of it had been overlooked. As long ago
as 1890 Freund and Immerwahr(QS) reduced diphenyl-
acetonitrile with sodium and alcohol and obtained
e very small amount of the amine, Konowalow end
Jatzewitach(24) alsc seem to have prepared it,
in 1905, in an impure condition. More recently
it has beeéen prepared by Sie litz(as), by Rupe and

(26) (27}
Gisiger , end by Lipp . All of these
workers used methods quite different from that
described here, however, and the yields obtained,
except by Rupe and Gisiger, were very poor.

Diphenylalanine (2 grams) was mixed with
twenty times its weight of diphenylamine and the
mixture wes slowly heated for an hour in a metal-
bath in a current of hydrogen till the temperature
reached 250°., Bubbles of carbon dioxide first
begen to appear at sbout 200° and at 230° the gas
was being freely evolved, As the amine has a low
melting point (about 40°) the hydrogen which passed
through the reaction-flask was led into dilute :
sulphuric acid (2 N ) before being allowed to
escape and this aclid was afterwards used to extract

the/
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the benzene solution of the emine, At the end of
the time of heating all the amino acid had dis-
appeared and no more carbon dioxide was coming off,
The reaction mixture was cooled and was dissolved
in benzene, the benzene solution was extracted
with dilute sulphuric acid and the acid extract,
after belng filtered from a little solid matter,
was made alkaline with dilute sodium hydroxide
solution, The oily material which was thus
precipitated was extracted from the agueous liquid
with ether, the ethereal solution was dried over
anhydrous sodium sulphate and the amine was
obtained from solution as a slightly brown coloured
01l by distilling off the ether, On allowing the
liquid amine to stand in the ice-chest for some
time partial crystallisation took place but the
material was naturally not quite pure, In view
of the probably large loss which would have
occurred in dealing with such a small esmount of
substance it was not distilled. The yleld of the
not quite pure, oily amine was 75%. Four salts

of the amine were prepared,

The Hydrochloride. The amine was dissolved in

dilute hydrochloric acid and the solution was taken
to dryness by distilling off the liquid on the

water-bath under reduced pressure. The solid
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residue was dissolved in hot alcohol, and the
alcoholic solution was boilled with charcoal,
filtered and concentrated, From the coolad con-
centrated solution the hydrochloride of the amine
separated in colourless needles, When further
purified by recrystallisation from boiling alcohol
these melted at 259°, (Freund and Immerwanr(gs)
(25) (27)
give 255°, sSieglitz gives 253° and Lipp
263°-265°,
A sampls of the hydrochloride was also preparsd
in needle-shaped prisms by precipitation from

aleohol with a large volume of ether,

The Picrats.

Alcoholic solutions of pieric acid and the
amine hydrochloride were mixed and the mixture
was allowed to stand for several days. Long
yellow needle-shaped prisms of the picrate of the
amine separated slowly. These melted, after
darkening and shrinking at a somewhat lower
temperature, at 216°-217° (Sieglitz e gives
212°-213°), From more concentrated solutions of
picric acid and amine hydrochloride the plcrate

separated fairly quickly in smaller crystals.

The Gold Salt.

When agqueous solutions of gold chloride and

the amine hydrochloride were mixed the gold salt

i was/
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was precipitated at once in the form of bright

yellow, irregular plates,

The Platinum Salt.

This salt was easlily and immediately precipi-
tated from the concentrated aqueous solution of the
hydrochloride by the addition of platinum chloride
solution. Crystallised from a rather large
volume of hot water it formed rectangular yellow

tables.
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(C) sSynthesis of "Dibromothyroxine"

HO.CgH, Br, .0.Cg Hy I,  CH,CH(NH, ) . COOH

B~ [3:5-Di10dow4~(3":5"-aibromo-4'~hydroxy-
phenoxy)-phanyl] -az=gminopropionic Acid,

The diiodo acid, B- [3:5-diiodo-4~(4'hydroxyphen~
oxy)-phenyl] =a=gninopropionic acid 8 )(0.55 grams)
was mixed with glacial sacetic acid (1,7 ¢.c.) and
to the mixture there was added, slowly, a solution
of bromine (0.l c.c,) in glacial acetic acid (0.3
0.0s) % Heat was developed end a cleer solution
produced., This solution, after being cooled in
ice, was allowed to stand over-night at room
temperature and the crystalline material (presumebly
the hydrobromide) which had separsted was filtered
off, washed with a little glacial acetic acid and
dried in vacuo, (Yield of presumed hydrobromide -
0.5 grams), The dry material was then dissolved in
& little emmonie solution (ebout 2 N ) with the
addition of an equal volume of 95% alcohol and the
solution was filtered., To the bolling filtrate
sufficient glaclal acetic acid to make the solution
acid was added. Almost at once the crystalline
product separated, After the mixture had been
cooled/



cooled in the ice-chest for some time the dibromo
acld was separated by filtration, washed with water,
and dried in vacuo, The yield was 45% of the
theoretical quantity. It was not found possible
to obtain the acid in well-formed crystals, The

melting point was 244,5° (decomposition).

Analysis:
52,8 mgm, gave l.104mgm, N (micro-Kjeldehl)

3,03 mgm, required 10,7 c¢.c, N/200 sodium thiosulphate
(Kendall, 1914)

N I
Found — - SRR IR - T L e L

Calculated for
C5H110:N BroIp 2.,1%  37.2%
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1V. PHYSIOLOGICAL

As yet there is very little to record concern-
ing the physiolcgicel properties of the more important
substances described in the preceding sections. Some
observations may be made, however, about the kind
of experiments which might be made, taking into
account the effects known tc be produced by analogous
compounds and also the fates of these compounds in

the animal organism.

Isothyroxine. Since thyroxine has such a
powerful effect on the metabolic rate, it would
naturally be of interest to compare isothyroxine
physioclogically with thyroxine itself, although the
fact that the phenyl ether linkage of the latter is
absent in the former would lead to the supposition
- that there might be considerable difference between
. the two compounds. GaddunJEO) has carried out
some preliminary quantitative observations on the

- effect of thyroxine and allied substances on tad-

; Poles and has found that, es far as his experiments
. went, isothyroxine shows none of the activity

exhibited by thyroxine. It is not impossible,
; however/
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however, that other methods of examination might
show that the isomer has some effect on metabolic

rate.

"Dibromothyroxine®. This substance might also

be compared with thyroxine especislly in view of

the fact, slready mentioned in the introduction (see
page 2 ) that the 3:5~diiodo derivative of desiodo-
thyroxine rhysiologically resembles thyroxine to
some extent. No information about the properties
of "tetrabromothyroxine® has so far been received
but should it have any noteworthy physioclogical
effects the intermediate position which "dibromo~
thyroxine" occupies, chemically, between thyroxine
and the tetrabromo compound would lend additional

' interest to the investigation of the bromoiode compound.

Diphenylalanine. Diphenylalanine would, of

course, be compared with phenylalanine; it would

be of considerable interest to know whether the two
benzene rings of the diphenyl compound would be
oxidised in the same way as is the single ring of

' Phenylalanine. The diphenyl compound might also

Ibe compared with phenylacetic acid and Tiz? diphenyl -
éacetic acid. Miriam, Wolf and Sherwin ; have

recently/
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recently investigated the fate in the animal body

of the latter substance and found that it is resis-
tant to biclogical oxidation, being recovered, for
the most part, unchanged. It had been found
earlier(zz)that rhenylacetic acid and its derivatives

were remarkable in this respect.

Isodesicdothyroxine. Just as isothyroxine would

be compared with thyroxine so this substance would
be compared with desicdothyroxine, which, in Gaddum's
experiments(EO) appeared to be quite devoid of

specific thyroid action.

Isodesiodothyroxamine. Isothyroxamine.

When the effects of the corresponding substances
in the thyroxine series have been investigated, it
might be worth while to determine the physiolcgical
properties of these two amines. In addition,
‘experiments might be made to discover if the pressor
effect produced by tyramine is also produced by iso-
desiocdothyroxamine and if the action of isothyroxamine
'is similar te that of diiodotyramine.

Diphenylethylamine. The sympathomimetic action of
‘Phenylethylamine might also be looked for, to some

‘extent/
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‘extent at least, in this diphenyl compound.

Although both phenylprepylamine and benzylamine are
considerably less active than phenylethylamine
itself the effect of the presence of another phenyl
group would prcbably be different from that produced

by alteration in the length of the chain.
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