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adjacent to the aromatic ring to —-CH(OH)-. They
based this suggestion on a model reaction in which
tetraiodothyroacetic acid is formed when 3,5-
diiodo-4-hydroxyphenylacetic acid is incubated.
The reaction mixture contained glyoxylic acid, the
formation of which is easily explained by an oxida-
tion of the starting material to 3,5-diiodo-4-hy-
droxyphenylglycolic acid, followed by a hydroxyla-
tion of the aliphatic side chain according to John-
son and Tewkesbury’s mechanism. However, the
choice of the acetic acid analog of diiodotyrosine
as a model for the study of the fate of the ‘lost side
chain” in the synthesis of thyroxine is not a fortu-
nate one. In contrast to diiodotyrosine and to its
propionic acid analog which we chose as a model, the
acetic acid analog contains an active methylene
group that is very susceptible to oxidation. While
3-(3,5-diiodo-4-hydroxyphenyl)-hydracrylic  acid
could not be detected with certainty in the reaction
mixture from the incubation of diiodophloretic
acid,® the homologous 3,5-diiodo-4-hydroxyphen-

(37) A small amount of an unknown substance was found which may
be this acid. It had Rf 0.05 in 1-butanol-2 N ammonia and 0.11 in

1-butanol-dioxatte—ammonia.! It does not seem to be 3,5-diiodo-4-
hydroxybenzoic acid since it has a somewhat different R¢-value in 1-
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ylglycolic acid is present in fairly large amounts in
the reaction mixture from the incubation of 3,5-
diiodo-4-hydroxyphenylacetic acid.! Furthermore,
in order to explain the formation of hydracrylic
acid from 3-(3,5-diiodo-4-hydroxyphenyl)-hydra-
crylic acid one would have to assume that the ali-
phatic side chain is eliminated as a carbanion
—CH(OH)CHZCOOH a reaction mechanism that is
difficult to conceive. The much more plausible
mechanism of Johnson and Tewkesbury would
lead not to hydracrylic acid but to the semi-alde-
hyde of malonic acid. Decarboxylation of this
unstable compound followed by oxidation would
yield acetic acid.® The small amount of acetic
acid found in fraction C-2 may have been formed in
this manner since hydracrylic acid does not give
rise to even traces of acetic acid under the condi-
tions of the incubation experiment. Only a small
fraction, if any, of the incubated diiodophloretic
acid follows this pathway. Reduction of an aliquot
of fraction C-2 by diphosphopyridine nucleotide in
the presence of alcohol dehydrogenase from horse
liver showed that only a minute amount (about
0.01 mmole in the total fraction) of a carbonyl
compound reducible by this system, presumably
acetaldehyde, was present.

It can be concluded from the present model ex-
periment that in the synthesis of thyroxine from
diiodotyrosine the alanine side chain which is elim-
inated is probably converted to a hydroxylated
compound (either serine or hydroxypyruvic acid),
not to alanine or dehydroalanine (pyruvic acid and
ammonia). It is not likely that the elimination is
preceeded by a hydroxylation of the side chain.
butanol-pyridine—water.! It gives a brownish-yellow spot on paper
chromatograms when sprayed with reagent 2, which indicates that an
oxygen function is probably present on the carbor atom adjacent to

the aromatic ring.!
(38) Cf. H. D. Dakin, J. Biol. Chem., 5, 409 (1909).
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Model reactions are preseuted for the biosynthetic scheme (equations 1-3) proposed by Johnson and Tewkesbury for

tlie formation of thyroxine from diiodotyrosiue,

t Sterically hindered analogs of the quinol ether 11I have been synthesized
in a sequence of free radical reactions and tlien converted to the corresponding analogs of thyroxine.

Some of the properties

of the quinol ethers and of the analogs of thyroxine are described.

The mechanism of the reaction in which thyrox-
ine is formed from diiodotyrosine in wivo or in
vitro*isstill obscure. Various hypotheses concerning
this mechanism have been proposed.® The present
report deals with the mechanism that was first sug-
gested by Johnson and Tewkesbury® and elaborated

(1) Paper 11, H, J, Cahnmann and T. Matsuura, THIS JOURNAL, 82,
2050 (1960).

(2) A preliminary report of this work has been presented at the 134th
Meeting of the American Chemical Society, September, 1958, Chicago,
.

(3) Visiting Scientist from Osaka City University, Japan.

(4) P. von Mutzenbecher, Z. physiol, Chem., 361, 253 (1939).

(3) For references ¢f. paper I of this series.!?

by Harington.” This mechanism is based on the
extensive studies of Pummerer and his co-work-
ers®#—% who have found that many oxidations of

(8) T. B. Johmson and L. B. Tewkesbury, Jr., Proc. Natl. Acad. Sci.
U. S., 28, 73 (1942).

(7) C. K. Harington, J. Chem, Soc., 193 (1944).

(8) (a) R. Pummerer, H. Puttfarcken and P, Schopflocher, Ber., §8,
1808 (1925); see also (b) R. Pummerer and F. Frankfurter, ¢bid., 47,
1472 (1914); (c) 53, 1416 (1919); (d) R. Pummerer and E. Cherbuliez,
ibid., 47, 2957 (1914); (e) 62, 1392 (1919); () R. Pummerer, sbid.,
62, 1403 (1919); (g) R. Pummerer, D. Melamid and H. Puttfarcken,
tbid., B8, 3116 (1922); (h) R. Pummerer and A. Rieche, bid., 89,
2161 (1926); (i) R. Pummerer and F, Luther, #bid., 61, 1102 (1928);
() R. Pummerer, G, Schmidutz and H. Seifert, Chem. Ber., 86, 535
(1952); (k) R. Pummerer and I. Veit, ibid., 86, 412 (1953).
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phenols take place #ie a free radical mechanism.
That the first step of most, if not all, oxidations of
phenols is the formation of a free radical was borne
out by the classical work of Michaelis on the mech-
anism of the oxidation of hydroquinones to qui-
nones®® and by many subsequent investigations.

According to the hypothesis of Johnson and
Tewkesbury, the first step in the synthesis of thy-
roxine from diiodotyrosine (I) is an oxidation of
the latter to a free radical II.
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The second step is a dimerization of two molecules
of the free radical to form a quinol ether III.
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Finally, the loss of the side chain R, attached to
the dienone ring leads to thyroxine (IV).
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Although this hypothetical mechanism appears
plausible, it has not previously been substantiated
experimentally. No attempts to demonstrate the
formation of a quinol ether intermediate in the
synthesis of thyroxine or its analogs® have been
reported. TFurthermore, no aromatic quinol ethers
of the type I1I carrying an aliphatic acid side chain
in p-position to the ether bridge are known. Only
a few otlier aromatic p-quinol ethers have been
synthesized.®.11.12 The possibility of their con-

(9} (a) I. Michaelis, Cold Spring Harbor Symposia Quant, Biol., 7,
33 (1939); (L) Ann. N. Y. Acad. Sci., 40, 39 (1940).

(10) For leading references concerning the mechanism of biological
axidations of phenols see D. H. R. Barton and T. Cohen, **Festschrift
A. Stoll, Birkhduser, Basel, 1957, p. 117, and H. Erdtman and C. A.
Wachtmeister, 7bsd., p. 144. Extensive studies on the mechanisin of
the in ritro oxidation of phenols have been made by Pummerer and
co-workers$®—¥ and by Goldschmidt and co-workers [first contribution:
St. Goldschmidt, Ber., 65, 3194 (1922); last contribution: St. Gold-
schmidt, E. Schulz and H. Bernard, Azn., 478, 1 (1930)].

(11) E. Miiller, K. Ley and G. Sclicchte, Chem. Ber., 90, 2660
(1957).

(12) Tle transient formation of an aromatic p-quinol ether in the
course of the oxidatlon of p-cresol to ’Pummerer’s ketone’’ reported
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version to diphenyl ethers, a reaction that is
analogous to the lust step in Johnson and Tewkes-
bury’s reaction scheme, has not been investigated.

In the present paper we report the synthesis of
several analogs of the quinol ether IIT in a sequence
of free radical reactions closely resembling the first
two steps of Johnson and Tewkesbury’s mechanism.
We further report the conversion of some of the
quinol ethers thus synthesized to the corresponding
analogs of thyroxine.

From what is known about the relationship be-
tween the stability of free radicals and their chemi-
cal structure!® b the free radical I1, if formed at all
in the course of the synthesis of thyroxine, must be
expected to be unstable. In contrast, the analo-
gous free radical II (R; and R, = C(CH,),) is
known to be quite stable in the absence of oxy-
gent4b.lab due to the resonamnce stabilization and
steric hindrance provided by the three ¢-butyl
groups. Therefore, the corresponding phenol
2,4,6 - tri - i- butylphenol (I, R; and Ry = C(CHj)s)
has been selected as a starting material for the
synthesis of several analogs of the quinel ether III.

The first step in this synthesis is the removal of
an electron from this phenol leading to the corre-
sponding free radical (reaction 1; R; and R; =
C(CHs);3). This reaction was carried out with po-
tassium ferricyanide as the electron-removing
agent.fa—.1415 A solution of an analog of tyrosine
was then added to the blue solution of the stable
free radical. The analogs of tyrosine used for this
purpose were of the general type V characterized
by a free or esterified aliphatic acid side chain in the
p-position to the phenolic hydroxyl and by o-posi-
tions that are either free or substituted with bro-
mine or iodine. An electron transfer takes place
resulting in the oxidation of the added analog of
tyrosine to a free radical VI and the concomitant
reduction of the blue free radical to tri-f-butylphe-
nol.

R R
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Ryand Ry = C(CH);;, R; = Hor Bror I; Ry = CH;-
COOC,H; or (CH.),COOC,H; or (CH;);COOH

In the coursc of the addition of the analog of ty-
rosine the blue solution becomes colorless or almost

by R. Pumunerer, H. Puttfarcken and P. Schopflocher®® was subse-
qquently shown not to occur [D. H. R. Barton, A, M. Deflorin and O. E.
Edwards, J. Chem. Soc., 530 (1956); V. Arkley, F. M, Dean, A. Rob-
ertson and P. Sidisunthorn_ #bid.. 2322 (1956)].

(13) (a) C. D. Cook, N. G. Nashand H. R. Flanagau, THIS JOURNAL,
77, 1783 (1955); (b) C. D. Cook, D. A. Kuhn and P. Fianu, fbsd., 78,
2002 (1956).

(14) (a) C. D. Cook, J. Org. Chem., 18, 261 (1953); (b) C. D. Cook
and R. C. Woodworth, Tuis JournaL, 78, 6242 (1953).

(13) (a) E. Miiller and K. Ley, Chem. Ber., 87, 922 (1054);
Miiller, K. Ley and W. Kiedaisch, ¢bsd., 87, 1605 (1954).

(16) For the sake of simplicity ouly one of the canomnical structures
of the free radicals is shown.

(b) E.
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colorless since the free radical VI reacts, as soon as it
is formed, with unreduced free radical II to form
the quinol ether VII which is an analog of Johnson
and Tewkesbury’s hypothetical quinol ether III.

R, R;
O:Z:.w o Y
R, 1 R, VI

(5) 10

vIiI Bs

R1 and Rz = C(CHa)a; R; = HorBrorl; Ry = CHz-
COOC.H; or (CH;),COOC:H; or (CH,),COOH

Thus two molecules of the blue free radical II react
with one molecule of the analog of tyrosine (V)
to form one molecule of quinol ether VII and one
molecule of tri-f-butylphenol (I). By subjecting
the reaction mixture to a second treatment with
potassium ferricyanide the latter can again be
oxidized to the stable blue radical which, with more
of the analog of tyrosine, forms an additional
amount of quinol ether. If the process of oxida-
tion, followed by the addition of the analog of tyro-
sine, is repeated a few times practically all of the
tri-t-butyl originally present is converted to the
quinol ether.!! Only a single oxidation could be
carried out when a phenol (V) was used in which R;
was iodine or Ry a side chain with a free carboxyl
group. The crude quinol ethers were contami-
nated with the starting phenols and with bis-(4-oxo-
1,3,5-tri-t-butyl-2,5-cyclohexadien-1-yl) peroxide,*®
formed from two molecules of the free radical II(R,,
R; and R; = ¢-butyl) and one molecule of oxygen.
These impurities can be removed by recrystalliza-
tion or by washing with methanol and #-pentane.

One of the quinol ethers (VII, R; and R, =
C(CHg)s, R3 = H, R4 = CHzCOOCsz) was also
prepared by a different route described earlier for
the synthesis of other quinol ethers.!! This pro-
cedure in which the sodium salt of ethyl p-hy-
droxyphenylacetate was condensed with 2,4,6-tri-
t-butyl-4-bromo-2,5-cyclohexadienone gave, how-
ever, a much lower yield than the oxido-reduction
procedure described above.

The quinol ethers VII are yellow crystalline sub-
stances. Those in which R; is hydrogen are quite
stable in the solid state. Replacement of these
hydrogen atoms with bromine, and much more so
with iodine, renders the quinol ethers less stable.
Those in which R; is iodine decomposed on long
standing at room temperature. In solution, all the
quinol etliers dissociate to a greater or lesser de-
gree at the ether linkage into the corresponding free
radicals IT and VI, particularly at elevated tempera-
tures. The yellow or greenish-yellow solutions of
the quino] ethers turn blue on heating and assume
again their original color on cooling. The bulkier
the substituents R; are the lower is the transition
temperature from yellow to blue. The blue color is
evidently caused by the free radical II. The free
radicals formed by dissociation of the quinol ethers,
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particularly the iodinated ones, tend to react fur-
ther with the formation of various decomposition
products (the parent phenols, polymers, etc.).
The dissociation of the quinol ethers is therefore
only partially reversible. The quinol ethers in
which Rj; is iodine are so unstable in solution that
they can be isolated only under constant cooling in
an ice- or Dry Ice—acetone-bath. The instability
of the quinol ethers in which R; is iodine or bromine
is at least in part due to the steric hindrance caused
by the close proximity of several bulky substitu-
ents (¢-butyl and halogen). An inspection of atom
models (Stuart-Briegleb) suggests that there exists
a strong barrier to free rotation about the ether
oxygen as a result of ¢-butyl-halogen (R,-Rj) in-
teraction. An inspection of atom models shows
further that as a result of this interaction, two geo-
metrical forms are theoretically possible, one an ex-
tended form (VIIa) with an extremely rigid ether
bridge, the other less rigid one, a dihydral struc-
ture approaching a sandwich (VIIb).

) R,
R R. R,
o o)
0 0
R3 R4
R
Vlila ! V1Iip R

The infrared spectra of the quinol ethers VII, de-
termined in the solid state, show a twin band at
about 6 u characteristic for the dienone structure
in quinols and bands at about 8§ and 10 u character-
istic for semi-aromatic ethers.11.1b

When the quinol ethers VII in which R; is hydro-
gen are heated above their melting points to about
150-180°, isobutene is evolved (bubbling). The
residual melt consists largely of the corresponding
analog of thyroxine (VIII). The same conversion
can be carried out in boiling ethyl acetate in the
presence of an acidic catalyst.

R, H/ \C(CHB\2 A )/_—\x /_\
6\ R, orH™ -O.>:/ -0 — R,
o{_\}l{, R R; ®)

R, i VIII

vir B o .
H,C=C(CH,), + H
R1 = C(CHa)a, R3 = }I, R4 = CH2CO0C2H5 or (CHz)z
coon

If R; is not hydrogen but bromiue the yield of the
analog of thyroxine (VIII) is comsiderably lower
since in this case the competitive reaction, viz., the
earlier described dissociation of the quinol ether
into two free radicals, followed by further decom-
position, takes place to a much larger extent. If R;
1s iodine, this competitive reaction is the predomi-
nantone. When the quinol ether VII (R;jand R, =
C(CHj)s, R; = I, Ry = (CH,),COOH) was heated
above its melting point until bubbling ceased, the
weight loss was 279, of the theoretical amount cor-
responding to the loss of ome ¢-butyl group.V

(17) Part of this weight loss may be due to the sublimation of some
iodine liberated in the coursc of the pyrolysis.
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However, no analog of thyroxine could be isolated
from the complex dark brown reaction mixture in
which various other reaction products, e.g., phlo-
retic acid and iodinated phloretic acids, iodine and
unidentified polymerized material, were present.
Evidently, milder methods not requiring elevated
temperatures are required for the conversion of
the iodinated quinol ethers to the corresponding
analogs of thyroxine.

Those hindered analogs of thyroxine (VIII) in
which the carboxyl group of the side chain Ry is
esterified can be converted to the free acids by al-
kaline hydrolysis. The analogs of thyroxine in
which Ry is a propionic acid side chain and R; hy-
drogen could not be obtained in crystalline form
and was therefore isolated as its crystalline monoso-
dium salt.

The infrared spectra of these analogs of thyrox-
ine show a band at about 2.8 u characteristic for
a phenolic hydroxyl and a series of bands at about
7.7, 8.0, 8.2, §.4 and 10.4 u, most of which must be
attributed to the diaromatic ether linkage.!® The
twin band at about 6 u that characterizes the quinol
ethers from which the analogs of thyroxine are pre-
pared is absent.

The hindered analogs of thyroxine do not couple
with diazonium compounds. They cannot therefore
be detected on paper chromatograms by means of
diazotized sulfanilic acid (Pauly reagent) or of di-
azotized N1 Nl-diethylsulfanilamide.l’®* They re-
act, however, with ferric chloride—potassium ferri-
cyanide® to form ferrous ferricyanide. They
appear as blue spots on paper chromatograms after
spraying with this reagent.

It has been predicted that analogs of thyroxine in
which the iodine atoms in o-position to the phenolic
hydroxyl are replaced with electron-releasing groups
should exhibit thyromimetic activity.?! It has
also been pointed out, however, that these analogs
might act as inhibitors of thyroxine if the o-substit-
uents are bulky, e.g., {-butyl groups.?> The rea-
soning behind this prediction was that bulky groups
might inhibit the dehydrogenation of tlie analog to
a quinoid form, a reaction which, according to a
Liypothesis of Niemann, 2 is a prerequisite for thyro-
mimetic activity.

Two of the hindered analogs of thyroxine syu-
thesized in this Laboratory (VIII, R; = H or Br,
Ry = (CH,);COOH) were tested for their thyro-
mimetic activity in the tadpole metamorphosis and
in the rat oxygen consumption tests? and for both
their thyromimetic and thyroxine-antagonistic ac-
tivities in the rat goiter prevention test.? Both

(18) Cf. S. Kimoto, J. Pharm. Soc., Japan, 78, 763 (1955).

(19) T. Matsuura and H, J, Cahonmann, THIS JOURNAL, 81, 871
(1959).

(20) G. M. Barton, R. S, Evans and J. A. F, Gardner, Nature, 170,
249 (1952).

(21) T. C. Bruice, N. Kharasch and R. J. Winzler, Arch, Biochem.
Biophys., 63, 305 (1956).

(22) N. Kharasch and N. N. Saha, Science, 127, 756 (1958).

(23) C. Niemann, Fortschr, Chem. org. Natursioffe, T, 173 (1950).

(24) We wish to thank Dr, William Money of the Sloan—~Kettering
lostitute, New York, for the performance of the tadpole metamor-
phosis test and Mr. Neil Stasilli and Dr. Robert Kroc of the Warner—
Lambert Research Institute, Morris Plains, N. J., for the performance
of the rat oxygen consumption test.

(25) E. B, Astwood and E. W, Dempsey, Endocrinol., &, 312
(1952).
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substances were devoid of any activity in the doses
used.?® It may be assumed that the steric hin-
drance caused by the f-butyl groups prevents the
fixation of the hindered analogs to the natural re-
ceptor sites for thyroxine.

The synthesis of analogs of thyroxine from the
corresponding analogs of diiodotyrosine, involving
first the formation of a quinol ether vig a free radi-
cal mechanism and then the conversion of this
quinol ether to a diphenyl ether, represents a com-
plete model for the mechanism by which, according
to Johnson and Tewkesbury, thyroxine is syn-
thesized ¢n wvivo. It offers the first experimental
proof that such a mechanism is indeed possible.

Experimental?

4-[p-(Carbethoxymethy!)-phenoxy]-2,4,6-tri-;-butyl-2,5-
cyclohexadien-1-one (VII, Rs = H, R, = CH,COOC:H;).
—A solution of 3.93 g. (15 mmioles) of 2,4,6-tri-f-butyl-
phenol® in 200 ml, of benzene was stirred for 2 hours with a
solution of 15 g. (46 mmoles) of potassium ferricyanide and
8.4 g. (0.15 mole) of KOH i1 75 ml. of water. The aqueous
layer was removed and the blue benzene layer washed with
water. To the washed benzeue laver a 0.3 M solution of
ethyl p-hydroxyphenylacetate (V, R; = H, Ry = CH,COO
CyH;)?® in benzene was added until the reaction niixture be-
came pale green (24.7 1nl., 7.4 mmoles)., A solutionof 7.5g.
(23 mmoles) of K;[Fe(CN)s! and 4 g. (71 mmoles) of KOH
in 50 ml. of water was then added aud the reaction mixture
stirred for 2 hours. The aqueous layer was removed and the
benzene layer washied with water and titrated with a 0.3 M
solution of ethyl p-hydroxypheuylacetate as before (8.9
ml., 2.7 mmoles). The treatment with K;[Fe(CN)],
followed by washing and titration with ethyl p-liydroxy-
phenylacetate (8.2 nl., 2.5 nunoles), was repeated. This
time tlie stirring time was extended to 5 liours. A
total antouirt of 12.5 rmnoles of ester was used 1n the three
additious.

(26) In the tadpole metamorphosis test [C. J. Shellabarger and J. T.
Godwin, Endocrinol., 64, 230 (1954); W. L. Money, R. I. Meltzer, J.
Young and R. W, Rawson, $bid., 63, 20 (1958)] one group of animals
received up to 180 ug. of the halogen-free compound and another group
up to 100 gg. of the bromo compound. Higher doses were toxic. In
the oxygen consumption test [N. R. Stasilli, R. L. Kroc and R. L.
Meltzer, Endocrinol., 64, 62 (1959); administration by stomach tube]
the rats were giveu 0.5 mg. of substance/100 g. of body weight/day
for 4 days. In the goiter prevention test ome group received 429 ug.
of the halogen-free compound and another group 612 ug. of the bromo
compound/animal (100~115 g.)/day for 10 days, In order to test the
thyroxine antagonistic activities, two other groups of rats received
the above-mentioned amounts of analog of thyroxine togetlier with
3.4 pg. of sodium-L-thyroxine pentahydrate (corresponding to 3 wg. of
thyroxine). This is a ratio of 300 1noles of analog to 1 mole of thy-
roxine.

(27) Melting points were taken in capillary tubes and are uncor-
rected. The infrared spectra were determined by Mr. H. K. Miller of
this Institute in a Perkin-Limer recording spectrophotometer, model
21, equipped with sodium chloride optics, The microanalyses were
made by Dr. W. C. Alford and his associates, also of this Institute.
Paper chromatograms were made using both the ascending and the
descending method (Whatman paper 3 MM). Chromatographic sol-
vents were the upper phases of (1) l-butapol-2 N ammonia; (2) 1-
butanol—dioxane-2 N ammonia (4:1:5); (3) ¢-amyl alcohol-2 N am-
momnia. The syntheses of the quinol ethers were carried out in an at-
mosphere of oxygen-free nitrogen. Seaford nitrogen of the Air Re-
duction Corp., Baltimore. Md., containing not more than 0.002%
oxygen was further purified according to L. Meites and T. Meites, Anal.
Chem., 30, 984 (1948). For these syntheses a flat-bottom reaction
fAask was used that was equipped with a nitrogen inlet tube, an opening
for the escape of mitrogen and the addition of reactants. and a stop-
cock arranged at angles of about 6, 30 and 280°, respectively, from the
vertical center line. The nitrogen escape opening was made of a ta-
pered joint so that it could be closed with a glass stopper. Thereaction
mixtures were stirred magnetically.

(28) Kindly supplied by the Gulf Research and Development Co.,
and by the Koppers Co., Inc., m.p, 130-131°,

(29) Ethyl p-hydroxyphenylacetate was synthesized according to H.
Salkowski, Ber., 32, 2140 (1889); b.p. 139-140° (1 mm,), yield 78%.
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The pale green solution, after evaporation iz vacuo, gave a
greenish-yellow sirup which became a yellow crystalline
mass after several days at 2°. Rapid recrystallization from
methianol gave yellow prisms, m.p. 64-66°; yield 3.71 g.
(67%, based on ethyl p-hydroxyphenylacetate); after a
second recrystallization, m.p. 65-67°; yield 3.06 g. (55%).
When the green melt is further heated, a gas which decolorizes
a bromine solution begins to evolve at about 155° (probably
isobutene).

Anal. Caled. for CysHuOs: C, 76.32; H, 9.15. Found:
C,76.18; H,9.27.

The ultraviolet absorption spectrum (cyclohexane) shows
a main peak at 229 mu (log € 4.13) and minor peaks at longer
wave lengths.® Tlie infrared spectrum (KBr) shows bands
at 5.77 (carbonyl of COOC,H;), 6.0 and 6.03 (carbonyl and
double bonds of the quinol ring), 8.10 and 10.20 u (aromatic
quinol ether).%

The samne quinol ether was also prepared from 3.41 g.
(10 mmoles) of 4-bromo-2,4,6-tri---butyl-2,5-cyclohexadiene-
1-one and 1.80 g. (10 mmoles) of the sodiuin salt of ethyl -
hydroxyphenylacetate according to the method described by
Miiller, et al.!! for other quinol ethers. The yield was 0.75
g. (17%,) of yellow crystals, m.p. 61-63°.

4-[p-(2-Carbethoxyethyl)-phenoxy]-2,4,6-tri-t-butyl-2,5-
cyclohexadien-l-one (VII, R; = H, R, = (CH,),COO0C.H;).
—The synthesis of this quinol ether was similar to the one of
the quinoletlier VII (R; = H, R, = CH,COOC;H;) described
above. Tliree successive oxidations of 2,4,6-tri---butyl-
plienol (5.25 g., 20 mmoles) dissolved in 200 ml. of benzene
were made. The period of stirring during these oxidations
was 2 hours each time. An aqueous solution containing 209,
K;3[Fe(CN)s] and 119, KOH was used (100 ml. in the first
oxidation and 50 ml. in the second and in tlie third oxidation).
A 0.4 M solution of ethyl 3-(p-hydroxyplienyl)-propionate
(etlivl ester of phloretic acid)® was added. After the first
oxidation 24.8 ml. (9.9 mmoles) was used, after the second
oxidation 10.4 ml. (4.2 mmoles), and after the third oxida-
tion 6.6 ml. (2.6 mmoles), wliich is a total of 16.7 mmioles.

The residue obtained after evaporation of tlie pale green
solution was permitted to stand at 2° for several days. Then
tlie crystalline mass was digested with a small amount of ice-
cold®? methanol. After renioval of the metlianol and recrys-
tallization front #-pentane, 5.0 g. (659, yield based on the
ester) of yellow prisms, m.p. 32.5-33.5°, was obtained. At
tlie melting point the fusion is greenish-yellow. It begins to
bubble at about 170°.

Anal. Caled. for CyHyuO4: C, 76.61; H, 9.31.
C, 76.65; H, 9.32.

The infrared spectruun (KBr) shows bands at 5.77 (car-
bouyl of COOC,H;), 6.00 and 6.08 (carbonyl and double
bonds of the quinol ring), 8.10 and 10.20 u (aromatic quinol
etlier).%

4-[p-(2-Carboxyethyl)-phenoxy!-2,4,6-tri-t-butyl-2,5-cy-
clohexadien-1-one (VII, R; = H, R, = (CH,),COOH).—A
blue free radical solution was prepared from 5.25 g. (20
mmoles) of 2,4,6-tri--butylphenol as described in the svn-
thesis of tlie quinol ether VII (R; = H, Ry = (CH;),COO-
C,H;). A solution of 1.66 g. (10 inmoles) of phloretic acid!
in a mixture of 20 nil. of benzene and 30 ml. of ethvl acetate
was tlien added. Tlie resulting greenish-yellow solution was
evaporated in wvacwo. Tlie crystalline residue was well
niixed witlt 38 ml. of 0.5 N NaOH. The mixture was ex-
tracted witll #-pentaune to remove 2,4,6-tri-f-butylphenol
and the aqueous layer which contained the sparingly soluble
sodium salt of the quinol etlier, partially in solution and par-
tially in suspension, was acidified with 1 ¥ HCl. The vellow
precipitate, m.p. 108-111° (3.9% g., 929), gave, upon
recrystallization from dilute methanol, 2.65 g. (629%) of
vellow prisms, melting at 111-113°. The fusion was light
green at the melting point. Bubbling started at about 130°.

Anal. Caled. for CyHyO4: C, 76.02; H, 8.98. Found:
C, 76.67; H, 9.03.

The infrared spectrum (KBr) shows bands at 5.83 u
(carbonyl of COOH); 5.98 and 6.06 u (carbonyl and double

Found:

(30) Cf.ref. 11 and 14b.

{31) Phloretic acid was prepared as described in paper II of this
series.! It was esterified according to the procedure used for the
preparation of p-hydroxyphenylacetate®; yield 899, of a colorless,
viscous liquid, b.p. 135-136° (1 mm.).

(32) The crude crystals melt slightly above room temperature.
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bonds of the quinol ring); 8.06 and 10.19 u (aromatic quinol
ether).% )

Ethy! 3,5-Dibromo-4-hydroxyphenylacetate.—A solution
of 3.09 ml. (60 milliatoms) of bromine in 20 ml. of chloro-
form was slowly added to a solution of 5.41 g. (30 mmoles)
of ethyl p-hydroxyphenylacetate in chloroform. _The reac-
tion mixture was cooled in an ice-bath during this addition
and then permitted to stand overnight at roon: temperature.
The sclvent was removed in vacuo, Recrystallization of the
crystalline residue from benzene—isoéctane gave colorless
silky needles melting at 106-108°; vield 8.90 g. (88%,).

Anal. Caled. for CyoHypBry0s: C, 35.53; H, 2.98; Br,
47.29. Found: C, 35.54; H, 3.00; Br, 47.14.
4-[2,6-Dibromo-4-(carbethoxymethyl)-phenoxy]-2,4,6-
tri--butyl-2,5-cyclohexadien-1-one (VII, R; = Br, R, = CH»-
COOC.H;).—A free radical solution was prepared fr.om 5.25
g. (20 mmoles) of 2,4,6-tri-t-butylphenol as described for
the synthesis of the quinol ether VII (R; = H, Ry, = (CHa)»
COOC,H;). A solution of 3.38 g, (10 mmoles) of ethyl 3,5-
dibromo-4-hydroxyphenylacetate in 50 ml. of benzene was
added within a few minutes. After 15 minutes standing,
the solution, which had become liglit blue, was subjectegi in
the usual manner to a second and then to a third oxidation,
each of which was followed by the addition of ethyl 3,5-
dibromo-4-hydroxyphenylacetate. After each addition of
bromoester, the solution was permitted to stand for 15
minutes. After the second oxidation, 1.70 g. (5 mmoles) of
bromoester was added, after the third oxidation 1.20 g. (3.6
mmoles). Tlhe total amount of ester used was 6.28 g. (18.6
mmoles). .
Ice-cold methanol (25 ml.) was added to the crystal'lme
residue obtained after evaporation of the light blue solution.
The mixture was kept overnight at —25°, then filtered.
Yellow crystals, m.p. 88-90° (8.50 g., 85% based on the
bromoester), were obtained which, after recrystalhzatloon
from n-pentane, gave yellow prisms melting at 89.5-90.5°;
vield 6.70 g. (67%). The fusion was greenish-blue at t}ge
melting point; evolution of isobutene began at about 145°.

Anal. Caled. for CoysHyBr,0s: C, 56.20; H, 6.40; Br,
26.71. Found: C, 55.95; H, 6.25; Br, 26.88.

The infrared spectrum (KBr) shows bands at 5.74 (car-
bonyl of COOC,H;), 5.99 and 6.07 (carbonyl and double
bonds of the quinol ring), 8.03 and 10.09 u (aromatic quinol
ether).

Ethyl 3-(3,5-Dibromo-4-hydroxyphenyl)-propionate (Ethyl
Ester of 3,5-Dibromophloretic Acid) (V, R; = Br, R
(CH,),CO0C:H;).—A solution of 3.09 ml. (60 milliatoms).of
bromine in 20 ml. of chloroform was added slowly with stir-
ring and cooling (ice-bath) toa solution of 5.82 g. (30 mmoles)
of the ethyl ester of phloretic acid®! in 50 ml. of chloroform.
The solution was tlien allowed to stand overnight at room
temperature. Tle residue obtained after evaporation pf t.he
solvent was distilled in vacuo. A colorless viscous liquid,
b.p. 163-164° (1 mm.), was obtained whicli became qrystal-
line on standing; yield 8.22 g. (78%). This material was
sufficiently pure for the preparation of the corresponding
quinol ether. On recrystallization from ether-n-pentane
it gave colorless plates, m.p. 47-48°.

Anal. Caled. for CyHpBr0s: C, 37.53; H, 3.44; Br,
45.40. Found: C, 37.27; H, 3.58; Br, 45.38.

4-[2,6-Dibromo-4-(2-Carbethoxyethyl)-phenoxy]-2 4,6-
tri-f-butyl-2,5-cyclohexadien-1-one (VII, R; = Br, R
(CH,),CO0C.H;).—This quinol ether was prepared in the
same mauner as the quinol ether VII (R; = Br, Ry = CH,-
COOC,H;) except that the ethyl ester of 3,5-dibromophlo-
retic acid was used instead of ethyl 3,5-dibroino-4-hydroxy-
phenylacetate. A total amount of 6.28 g. (17.8 mnioles) of
bromoester was used; 3.52 g. (10 mmoles) in 30 1nl. of ben-
zene after the first oxidation, 1.76 g. (5 mmoles) in 20 ml. of
benzene after the second oxidation, and 1.00 g. (2.8 mmoles)
in 20 ml. of benzene after the third oxidation.

The mixture of the crude quinol ether and methanol was
permitted to stand at —25° for several hours, then filtered.
Yellow crystals, m.p. 100-101°, were obtained; vield 10.0g.
(929% based on the bromoester). Recrystallization from
n-pentane gave yellow prisms, m.p. 103-104°; yield 8.12 g.
749%).

Anal. Caled. for CuHyBr.O,: C, 56.87; H, 6.58; Br,
26.10, Found: C, 57.46; H, 6.61; Br, 25.83.

The infrared spectrum (KBr) shows bands at 5.76 (car-
bonyl of COOC;H;), 5.97 and €.06 (carbonyl and double

4 =

4 =
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bonds of the quinol ring), 8.01 and 10.07 u (aromatic quinol
ether).%

3-(3,5-Dibromo-4-hydroxyphenyl)-propionic Acid (3,5-
Dibromophloretic Acid) (V, R; = Br, R, = (CH;),COOH).—
A solution of 3.09 ml. (120 milliatoms) of bromine in 40 ml. of
a 209 (w./v.) aqueous solution of KBr was added dropwise
with cooling (ice-bath) to a stirred solution of 4.98 g. (30
mmoles) of phloretic acid! in 150 ml. of water. The precipi-
tate formed was filtered and dried, m.p. 102-103°; vield 8.16
g. (849). Recrystallization from chloroform-benzene
gave 7.33 g. (75%) of colorless prisms, m.p. 106-108°, lit.
m.p. 107-108°% and 106-108°,3¢

4-[2,6-Dibromo-4-(2-carboxyethyl)-phenoxy]-2,4,6-tri--
butyl-2,5-cyclohexadien-1-one (VII, R; = Br, R, = (CH;),-
COOH).—A free radical solution was prepared from 10.5 g.
(40 mmoles) of 2,4,6-tri-t-butylphenol as described for the
synthesis of the quinol ether VII(R; = H, Ry = (CH;),-
COOC:H;). A solution of 6.48 g. (20 minoles) of 3,5-di-
bromophloretic acid in 50 ml. of ether was then added within
a few minutes. After standing 15 minutes the light blue solu-
tion was evaporated in vacuo. The crystalline residue was
well mixed with a small amount of ice-cold #-pentane. After
filtration, 9.69 g. (839%) of yellow crystals, m.p. 115° dec.,
were obtained. Recrystallization from 909, methanol gave
yellow prisms which melted at 119° with decomiposition
(evolution of isobutene); yield 8.00 g. (68%).

Anal. Caled. for CyHseBrOs: C, 55.49; H, 6.21; Br,
27.35. Found: C, 55.56; H, 6.42; Br, 27.22.

The infrared spectrum (Fluorolube S from 2-7.4 u, Nujol
from 7.4-15 u) showed bands at 5.83 (carbonyl of COOH),
5.97 and 6.06 (carbonyl and double bonds of the quinol
ring), 8.00 and 10.11 u (aromatic quinol ether).%

Ethyl 3,5-Diiodo-4-hydroxyphenylacetate.—A suspettsion
of 14.70 g. (36.4 mmoles) of 3,5-diiodo-4-hydroxyphenylace-
tic acid!® in 125 ml. (2.2 moles) of absolute ethanol was satu-
rated in an ice-bath with dry HCl. First a clear solution was
obtained, then a precipitate of needles formed. After stand-
ing at room temperature for one hour, the mixture was di-
luted with water. The crystals were collected by filtration,
tlien recrystallized from aqueous ethanol. Colorless fine
needles, mip. 121-122°, were obtained; yield 14.76 g.

949%).
Anal. Caled. for CyoHyloOs: C, 27.80; H, 2.33; 1,
58.75. Found: C, 27.50; H, 2.65; 1, 59.17.

4-[2,6-Diiodo-4-(carbethoxymethyl)-phenoxy]-2,4,6-tri-
¢t-butyl-2,5-cyclohexadien-1-one (VII, R; = I, R, = CH,-
COOC;H;).—A free radical solution was prepared from 5.25
g. (20 muoles) of 2,4,6-tri-t-butylphenol as described for the
synthesis of the quinol ether VII (R; = H, Ry = (CH,)-
COOC;H;). A suspension of 4.32 g. (10 mmoles) of ethyl
3,5-diiodo-4-hydroxyphenylacetate in 50 ml. of benzene
was then added within a few minutes. After 15 minutes
standing the greenish-blue solution was evaporated in vacuo
at low temperature (about 5°). The sticky residue was
rapidly mixed in an ice-bath with 30 ml. of n-pentane. In-
soluble white needles of recovered iodoester were removed
by filtration (1.10 g.). The filtrate was evaporated in
vacno at low teniperature (< 0°). The crystalline residue
was rapidly digested in the cold (ice-bath) with 30 ml. of
methanol to remove tri-f-butylphenol. Insoluble yellow
crystals of the quinol ether were collected by filtration; m.p.
89-90° dec.; yield 4.31 g. (62 9, based on the amount of iodo-
ester and 839, if the recovered iodoester is taken into ac-
count),

The filtrate, upon standing at —25°, deposited yellow
crystals, m.p. 144° dec., which did not depress the m.p.
(146°) of bis-(4-0x0-1,3,5-tri-&-butyl-2,5-cyclohexadien-1-
yl) peroxide.l4b

Tle crystals of tlie quinol ether were rapidly digested in
thie cold (ice-bath) with 10 nil. of #-pentane. Tlie residual
crystals, isolated by filtration, melted at 89-90° dec., yield
3.20 g. (469,; 629% if the recovered iodoester is taken iuto

account). The fusion begins to bubble at about 150°.
Anal. Caled. for CyuHil:04: C, 48.57; H, 5.53; 1,
36.66. Found: C, 48.70; H, 5.46; I, 36.79.

The infrared spectrum (KBr) shows bands at 5.75 (car-
bonyl of COOC;H;), 5.97 and 6.06 (carbonyl and double
bonds of the quinol ring), 8.04 and 10.10 u (aromatic quinol
ether).%

(33) C. Stohr, Ann., 236, 57 (1884).
(34) G. Habild, Z. physiol. Chem., 286, 127 (1950).
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Ethyl 3-(3,5-Diiodo-4-hydroxypheny!)-propionate (Ethyl
Ester of 3,5-Diiodophloretic Acid) (V, R; = I, Ry = (CHy)s-
COOH).—A suspension of 16.0 g. (38 mmoles) of diiodo-
phloretic acid® in 75 ml. (1.3 1noles) of absolute ethanol
was saturated with dry HClin an ice-batli. After standing
for one hour at room temperature, the reaction mixtu_rg was
poured into ice-water. Recrystallization of the precipitate
from aqueous ethanol gave 15.25 g. (89'7) of colorless
prisins, m.p. 86-87°, 1it.% m.p. 86-87°. .

4-[2,6-Diiodo-4-(2-carbethoxyethyl)-phenoxy]-2,4,6-tri {-
butyl-2,5-cyclohexadien-1-one (VII, R, = I, Ry = (CH.)»-
COOC,H;).—A free radical solution was prepared from
5.25 g. (20 mmoles) of 2,4,6-tri-z-butylphenol as described for
the synthesis of the quinol ether VII (R; = H, Ry = (CHy)s-
COOC;H;). A solution of 4.6 g. (10 mmoles) of tlie ethyl
ester of 3,5-diiodophloretic acid in 50 ml. of etliyl acetate
was then added within a few minutes. After standing for 10
minutes, the slightly brownish-blue solution was evaporated
in uacuo at low temperature (< 0°). The light brown color
of the distillate indicated that some iodine had been liber-
ated. The viscous residue was well nixed with 25 1nl. of
miethanol in the cold (Dry Ice-acetone-bath). The mixture
was then permitted to stand at —25° for 30 minutes. T}_1°L
yvellow crystals formed were collected by filtration; m.p. 9%
dec.; yield 6.39 g. (90%;). Brief digestion witl n-peutaie
in a Dry Ice-acetone-bath, followed by filtration, gave 5.96
g. (84 %) of vellow crystals, in.p. 97° dec. The fusion be-
gins to bubble at about 125°.

Anal. Caled. for CuHyl04: C, 49.30; H, 5.71; I,
35.93. Found: C, 50.60; H, 5.77; I, 34.39.

Digestion of tlie crystals witll metlianol, follpwcd by
another digestion with n-pentane, both with .coolmg (Dry
Ice-acetone-bath), did not raise the melting point.

The infrared spectrum (K Br) shows bands at 5.77 (car-
bonyl of COOC,H;), 6.00 and 6.08 u (carbony! and double
bonds of tlie quinol ring), 8.06 and 10.10 u (aromatic quinol
ether).% )

4-[2,6-Diiodo-4-(2-carboxyethyl)-phenoxy]-2,4,6-tri-t-butyl-
2,5-cyclohexadien-1-one (VII, R; = I, R, = (CHg)ngOH).
—A free radical solution was prepared from 5.25 g. (20
mmoles) of 2,4,6-tri-t-butylphenol as described for thie syu-
thesis of the quinol ether (VII,R; = H, R, = (CH%):COOCz-
H;). A solution of 4.20 g. (10 mmoles) of 3,5-diiodophlo-
retic acid®® in 60 ml. of ethyl acetate was then added‘ within a
few minutes. After standing for 10 miinutes, the light blc}le
solution was evaporated in vacuo at low temperature (O_ ).
The light brown color of tlie distillate sliowed that sonie io-
dine had been liberated. The crystalline residue was well
mixed with methanol (Dry Ice-acetone-bath). After stand-
ing overnight at —25° the vellow crystals were collected by
filtration, then waslied with a small amount of cold x'{letll-
anol; m.p.111° dec.; yield 2.60 g. (389, based on diiodo-
phloretic acid). Digestion with 15 ml. of #-pentaite in the
cold (Dry Ice-acetone-bath), followed by filtration, raised
the melting point to 114° dec.; yield 1.80 g. (26%). Evolu-
tion of gas occurs already at the melting point.

Anal. Caled. for CyuHzel:04: C, 47_‘80; H, 5.35; I,
37.42. Found: C,47.84; H, 5.35; I, 37.15.

The infrared spectrum (KBr) shows bauds at 5.86 (car-
bonyl of COOH), 6.00 and 6.09 (carbonyl and double bouds
of the quinol ring), 8.06 and 10.10 u (arouatic quinol ethcir).. 30
The infrared spectrum iu Fluorolube 8 (2-7.4 w)-Nujol
(7.4-15 u) show the sauie bauds.

Sodium 3',5'-Di-t-butylthyroacetate® (VIII, R, = H, R, =
CH,COONa).—Tlie quinol ether VII (Rs = H, Ry = CH.-
COOC,H;) (1.76 g., 3 inmoles) was heated at 160-190 until
bubbling ceased (about 30 niinutes). _

The reddishi-brown reaction mixture weigled 1.35 g.
(weight loss, 12%; caled. for the elimnination of one t-butyl
group, 13%). Short path distillation in vacuo (about 0.1 umg.)
gave two fractions. Fraction 1 (batli teinperature <180°),
0.35 g. of pale yellow crystals; fraction 2 (bat_h temperature
180-210°), 0.92 g. (62%,) of a viscous orange liquid.

Recrystallization of fraction 1 from methanol gave color-
less plates of tri--butylplienol, m.p. and mixed m.p. 130-
131°.

(35) J. H. Barnes, Ii. T. Borrows, J. Elks, B. A. Hems and A. G.
Long, J. Chem. Soc., 2824 (1950).

(36) Thyroacetic acid, p-(p-hydroxyphenoxy)-phenylacetic acid;
thyropropionic acid, 3- [ - (p-hydroxyphenoxy)-phenyl}-propionic acid.
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Part of fraction 2 (0.66 g.) was refluxed for one hour with a
mixture of 2 ml. of 2 N NaOH and 10 ml. of ethanol. The
ethanol was evaporated and 20 ml. of water was added tothe
residue.

The slightly colored crystals formed were collected by
filtration; yield 0.55 g. (519 based on the quinol ether).
Recrystallization from aqueous ethanol gave colorless plates
which contained water of crystallization. This was elimi~
nated by drying at 80° 2 vacuo. On heating, the dried crys-
tals turned brown at about 230°, without melting.

Anal. Caled. for C22H2704N8.: C, 6982, H, 7.19.
Found: C, 69.57; H, 7.34.

The infrared spectrum (KBr) shows bands at 2.84 (phenolic
OH); 6.29-6.34 (carbonyl of COO™); 7.71,8.01,8.22, 8.35.
10.36 u (several of these bands are caused by the diphenyl
ether linkage!®).

Acidification of the sodiuin salt gave the free acid in the
formn of a viscous oil that could not be crystallized.

Thie Rg-values in paper chromatograms are 0.83 (solveut
1), 0.75 (solvent 2) and 0.67 (solvent 3).

3,5-Di-t-butylthyropropionic Acid® (VIII, R; = H, R, =
(CH,),;COOH).—A. By Pyrolysis.—The quinol ether (V1I
R; = H, R, = (CH,;),COOH) (2.13 g., 5 mmoles) was heated
at 165° for 10 minutes, then at 190° until bubbling ceased
(about 20 minutes). The brownish-yellow reaction mixture
weighed 1.88 g. (weight loss, 12%,; caled. for the elimination
of one t-butyl group 139,). It was dissolved in 50 ml. of 0.1
N NaOH and this solution was extracted with n-pentane.
Evaporation of the pentane extract gave brownish crystals
(0.30 g.) which, upon recrystallization from methanol,
vielded colorless plates of 2,4,6-tri---butylphenol, m.p. and
mixed m.p. 130-131°,

The aqueous layer was acidified with 5 ml. of 1 N HCI.
The light browu precipitate formed (1.30 g., 709;) gave,
upon two recrystallizations fron: benzene—isotctane, 0.65 g.
(359%) of colorless needles, m.p. 187-189°.

Anal. Caled. for CpuHyO4: C, 74.56; H, 8.16. Found:
C, 74.80; H, 8.08.

The infrared spectrum (KBr) sliowed bands at 2.84 (pheu-
olic OH); 5.87 (carbonyl of COOH); 7.72, 7.97, 8.19,
8.38, 10.37 u (several of these bands are caused by the di-
phenyl ether linkage!®).

The Rg¢-values in paper chromatogranis are 0.80 (solvent
1), 0.74 (solveut 2) and 0.67 (solvent 3).

Paper chromatography of the mother liquors from the re-
crystallization of the di-f-butylthyvropropiouic acid followed
by spraying with diazotized N!,Nl-diethylsulfanilanmide!®
revealed the presence of phloretic acid.

B. By Acid Catalysis.—A solution of 0.21 g. (0.5 mmole)
of the quinol ether VII (R; = H, Ry = (CH;),COOH) and of
0.01 g. of B-naphthalenesulfonic acid in 5 ml. of ethyl acetate
was refluxed for 20 minutes. The originally yellow solution
became first green, then browuish-vellow. The residue ob-
tained after the remioval of the solvent in wvacuo was dis-
solved in beuzene. The solution was filtered to remove in-
soluble B-naphthalenesulfonic acid and the filtrate was evap-
orated in vacuo. The residue was recrystallized from ben-
zene—isodctane. The less soluble fraction (0.02 g.), upon
recrystallization froin beuzene-ethyl acetate, gave colorless
plates, m.p. 118-122°, whicli were identified by paper chro-
matography'?® as impure phloretic acid. The more soluble
fraction (0.09 g., 489%,), m.p. 178-183°, upon recrystalliza-
tion from benzene-etliyl acetate and tlhien from aqueous
ethanol, gave colorless needles of 3,5-di-f-butylthyropro-
pionic acid, m.p. 187-189°. A mixture of this acid and the
(meoprepared by pyrolysis (procedure A), also melts at 187—

In a blank experiment in whicli a solution of tlie quinol
ether in ethyl acetate was refluxed witliout S-naplithalene-
sulfonic acid, 1o 3,5-di-t-butylthyropropionic acid could be
detected in the reaction mixture that remained green. Most
of the starting material was recovered unchauged.

3,5-Dibromo-3’,5'-di-t-butylthyropropionic Acid® (VIII,
R; = Br, Ry = (CH,),COOH). A. By Pyrolysis.—Tlie
quinol etlier VII (R; = Br, R, = (CH,),COOH) (2.92 g., 5
mmoles) was heated at 135-140° for 5 minutes, then at 165~
170° for another 5 minutes. Vigorous bubbling ceased
after tlie first 3 minutes at 135-140°; thereafter, ouly little
evolution of gas took place. The dark brown reaction mix-
ture weighed 2.74 g. (weight loss, 6.2%; caled. for the elim-
ination of one ¢-butyl group, 9.69;). After the addition
of a mixture of 25 ml. of 0.2 N NaOH and 15 ml. of ethanol,
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the reaction mixture was extracted several times with ligroin
(b.p. 66-75°). Evaporation of the ligroin extract gave 1.15
g. of crude 2,4,6-tri-t-butylphenol. The aqueous layer was
acidified with 1 N HCl, then extracted with ether. Tle
ether extract was evaporated and the residue dissolved in 50
ml. of 1-butanol. The butanol layer was washed 20 ml. of
2 N NaOH and then with 20 ml. of water.!%-¥% Evaporation
in vacuo of the butanol layer, followed by acidification of the
residue with dil. HC}, gave 0.75 g. of a sticky brown material
which was recrystallized from benzene; yield 0.28 g. (11%).
Recrystallization from benzene gave 0.23 g. (9%) of color-
less needles, m.p. 169-171°,

Anal. Caled. for CyHyBr,Oy: C, 52.29; H, 5.34; Br,
30.26. Found: C, 52.19; H, 5.37; Br, 30.08.

The infrared spectrum (Fluorolube S for 2-7.4 u; Nujol
for 7.4-15 u) shows bands at 2.82 (phenolic OH); 5.82
(carbouyl of COOH); 7.72, 7.95, 8.24, 8.38,10.41 u (several
of these bands are caused by the dipheny! ether linkage!®).

The Rg-values in paper chromatograms are 0.85 (solvent
1), 0.82 (solvent 2) and 0.78 (solvent 3).

Acidification of the combined aqueous layers obtained in
the butanol extraction with dil. HCl gave 0.91 g. of a red-
dish-brown solid. Recrystallization from benzene gave 0.40
g. of colorless prisms, m.p. 105-108°, wlich were shown by
mixed m.p. and by paper chromatography!® to be 3,5-dibro-
mophloretic acid.

B. By Acid Catalysis.—A solution of 1.0 g. (1.7 mmoles)
of the quinol ether VII (R; = Br, Ry = (CH,),COOH) and
of 0.03 g. of B-naphthalenesulfonic acid in 17 ml. of ethyl
acetate was refluxed for 20 minutes. The brownish-greeu
solution was evaporated ¢ vacuo to dryness, aud the residue
was taken up in benzene. Insoiuble -naphthalenesulfouic
acid was removed by filtration and the filtrate was evapo-
rated in vacuo. The residue was dissolved in 15 ml. of 1-bu-
tanol. This solution was treated with 2 N NaOH and worked
up as described in procedure A. Needles (0.06 g., 7% ) were
obtained which, upon recrystallization, melted at 168-170°.
A mixture with 3,5-dibromo-3',5'-di--butylthyropropionic
acid prepared by pyrolysis (procedure A) had the same
melting point.

Acidification of the combined aqueous layers from the bu-
tanol extraction again yielded 3,5-dibromophloretic acid (see
procedure A).

Decomposition of the Quinol Ether VII (R; = I, Ry =
(CH,),COOH). A. By Pyrolysis.—The quinol ether VII (R3
=1,Rs = (CH;),COOH) (0.3441 g.,0.51 mmole) was heated
at 125-135° for 5 minutes; weight loss 3.9 mig. (1.19;; caled.
for the elimination of one {-butyl group, 8.2%). The reac-
tion mixture was then heated at 155-160° until bubbling
ceased (2 minutes). The total weiglit loss was 7.8 mg. (2.3
9 of the starting material or 279, of thie theory). The
dark brown reaction mixture was dissolved in 20 nil. of 1-
butanol. This solution was washed with 15 ml. of 2 N Na-
OH aud witli 10 ml. of water, then evaporated in vacuo to
dryness. The residue was acidified witli aqueous HCl and
the acid mixture again evaporated. Extraction of the resi-
due with benzene, followed by evaporation of the extract,
gave 0.20 g. of a sticky dark brown mass. Attenipts to ob-
tain crystals failed. The paper chromatogram (solvent 2),
after spraying with FeCl;-K; [Fe(CN)g) followed by washing
with dil. HCI and water,? showed no distinct spots between
Rt 0.8 and 0.9, where 3,5-diiodo-3',5'-di-¢-butylthyropro-
pionic acid must be expected. (There was a spot with an Ri-
value of 0.97 which is probably too high for the expected
analog of thyroxine.)

The conbined aqueous layers from the butanol extraction
were acidified with dil. HCl, then extracted witli ether.
Evaporation of the ether gave a sticky nmiass in whicli phlo-
retic acid, 3-iodophloretic acid and 3,5-diiodophloretic acid
were identified by paper chromatography.!®

. By Acid Catalysis.—The quinol ether VII (Rs = I,
R, = (CH,),COOH) (0.20 g.) and B-naplithalenesulfonic
acid (0.02 g.) were dissolved in 5 ml. of ethyl acetate. The
solution which was first blue slowly became dark brown.
After standing at —25° for 18 days, the reaction mixture
was evaporated. The residue was extracted with methanol.
Yellow crystals (0.05 g.), m.p. 144° dec., which did not dis-
solve in methanol, proved to be bis-(4-oxo0-1,3,5-tri-t-butyl-
2,5-cyclohexadien-1-yl) peroxide.!*® Paper chromatography
of the methanol extract carried out as described in procedure
A showed the presence of the same substances that were ob-

(37) J. P. Leland and G. L. Faster_J. Biol. Chem., 95, 165 (1932).
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tainted during pyrolysis (procedure A) and in addition a com-
pound with an R¢ value of 0.82. As this compound reacted
not ouly with FeCl-K;[Fe(CN)s] but also with diazotized
N!,Nl-diethylsulfanilamide (brownish-yellow spot), it can-
not be a 3’,5’-di~¢-butyl analog of thyroxine. It is suspected
to be 2,4,6-trilodophenol.1®

Spontaneous Decomposition of the Quinol Ether VII (R; =
I,R, = CH,COOC;H;).—The following is an example for the
spontaneous decomposition of solutions of the iodinated
quinol ethers of the type VII, in the absence of an acidic
catalvst.

Tlie quinol etlier VII (R; = I, Ry = CH;COOC,H;) (0.80
g., 1.2 mmoles) was dissolved at room temperature in 30
wl. of n-pentanie. The resulting liglit-blue solution began to
turn brownish-red after a few minutes. After standing 3
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daysat room tenmperature the reaction mixture was filtered to
remove an amorphous precipitate thiat liad formed (0.13 g.).
The filtrate was titrated with 0.1 NV sodiurn thiosulfate. This
titration showed that 249, of the iodine of the quinol ether
had been liberated as iodine. Tlie pentane layer was comn-
centrated, and the concentrate filtered to remove some niore
aniorphous precipitate (0.18 g.). Attempts to crystallize
the two batches of amorplious powder (total weight 0.31
g.), failed. Tlie powder seenis to cousist of a mixture of
polymerized substances. It was apparently foruted by free
radical-induced polymerization.

The filtrate, upon standing at —25°, deposited yellow
crystals of bis-(4-oxo-1,3,5-tri-t-butyl-2,5-cyclohexadien-1-
yl) peroxide,®® m.p. 144° dec.

BETHESDA, 14 Mb.
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The Synthesis of L-Histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and L~
Histidyl-D-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and their Melanocyte-
stimulating Activity

By Cron Hao L1, EUGEN SCHNABEL AND Davip CHUNG
RECEIVED AUGUST 7, 1959

Thie synthesis of peptides L-histidyl-L-phenylalanyl-L-ornithyl-L-tryptophyl-glycine and r-histidyl-p-phenylalanyl-L-orni-
thyl-L-tryptophyl-glycine is described. These two synthetic peptides liave been shown by biocassay to possess melano-
tropic activities identical to their L-phenylalanyl- and L-arginyl analogs.

In the course of the purification and isolation of
adrenocorticotropins (ACTH) from pituitary glands
of various species, it has been observed by a number
of investigators that every adrenocortically-active
fraction always possesses melanocyte-stimulating
activity.! It is now well established that the
melanocyte-stimulating activity found in the
adrenocorticotropins is an intrinsic biologic prop-
erty of the hormone.? When the chemical struc-
ture of the melanotropins (MSH)®* is compared
with that of the adrenocorticotropins,!f it is evi-
dent that a heptapeptide sequence, L-methionyl-
glutamyl-L-histidyl-L-phenylalanyl-L-arginyl-L-tryp-
tophyl-glycine, occurs in all preparations of these
two hormones. Indeed, synthetic peptides®’® re-
lated to this heptapeptide have recently been shown
to possess melanocyte-stimulating activity. One
of the outstanding features of these natural and
synthetic peptides is the effect on them of alkali-
heat treatment. For examnple, when a solution
of L - histidyl - L - phenylalanyl - L - arginyl - L
tryptophyl-glycine (1 mg. per ml.) in 0.1 A NaOH
was kept in a boiling water-bath for 15 minutes,
the activity which is respousible for darkening the
skin of hypophysectomized frogs was greatly
prolonged.”.? It was suspected from unpublished
observations in this Laboratory that either the
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conversion of arginine to ornithine or the race-
mization of L-phenylalanine, or both, may be
responsible for the ‘‘prolongation” effect of the
alkali-heattreatment; consequently, thesynthesisof
L-histidyl-L-phenylalanyl-L-ornithyl-L-tryptophy -
glycine (I) and L-histidyl-p-phenylalanyl-L-ornithyl-
L-tryptophyl-glycine (II) was undertaken.

The synthesis of I was accomplished in two dif-
ferent ways, which differed only in the blocking of
the imidazo group of histidine. In one instance,
the benzyl group was used to protect the imidazo
group, whereas in the other the imidazo group re-
mained free. Carbobenzoxy-L-histidine azide was
coupled with L-phenylalanine methyl ester and
converted to the carbobenzoxy-dipeptide hydrazide
in the manner described by Hofmann, e al.*
The azide was only slightly soluble in ethyl acetate
and chloroform; thercfore, after the amorphous
material was filtered, it was suspended in an
ethyl acetate solution of §-carbobenzoxy-L-orni-
thine methyl ester!! and kept in the refrigerator
for 3 days with occasional shaking. The carbo-
benzoxy-L-histidyl-L-phenylalanyl-§-carbobenzoxy -
L-ornithine methyl ester was contaminated with
some histidyl carbobenzoxy-L-histidyl-L-phenyla-
lanine! and material formed by Curtius degradation,
and could be purified only by recrystallization
from a mixture of boiling water and ethyl acetate.
The crystalline product was saponified with Ba-
(OH);, and carbobenzoxy-L-histidyl-L-phenylala-
nine-8-carbobenzoxy-L-ornithine (I1I) was obtained
in crystalline form. The condensation of III with
L-tryptophyl-glycine benzyl ester (IV) was ac-
complished by means of the dicyclohexylcarbodi-
imide (DCCI) method.'* The product V was
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