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Sulfuric Acid Treatment of Phendimetrazine Diastereoisomers.
—Samples (50 mg.) of d-threo- (1) and l-erythro-3,4-dimethyli-2-
phenylmorpholine (I1) were dissolved in concentrated H.SO, (0.5
ml. each) and left standing at room temperature. After 15 and
64 hr., respectively, the samples were diluted with water to make
a 109 solution, and the optical rotation was determined (Table
I). The 64-hr. samples (in triplicate) were rendered alkaline,
the free bases were extracted with ether, dried (Na.80:), and
treated with HCI, and the mixture was evaporated to dryness
under redunced pressure. The residue!® was dissolved in water to
make a final concentration of 1 X 1033/, and the effect on guinea
pig liver MAO was determined 7n vitro.”” The inhibition was 50

49,. Compared to the valnes listed in Table I11, such a degree
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of inhibition corresponds to a mixture consisting of about 809 of
the threo diastereoisomer.

Acknowledgment.—We wish to thank Dr. Frank
A. L. Anet for the n.m.r. spectra and their interpreta-
tion and Jean Dubuc and his group, respectively,
for the MAOQO assays.

(19) Thin layer chromatography [methanol~benzene, 1:10; sprayed with
concentrated H:SO4 followed by Draggendorf's reagent as modified by
Munier and Macheboeuf (¢f. K. Randerath, ' Diinnschichtchromatographie,”
Verlag Chemie, Weinheim, 1962, p. 128)] indicated a mixture consisting of
the unchanged erythro (Rt 0.25) and the newly formed threo (R¢ 0.33) isomers.
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The syntheses of eight novel analogs of thyroxine are reported. Advantages of using the monobenzoate esters
of requisite hydroquinone intermediates in the Glaxo method are described. Preliminary testing data for 3.5-
diiodo-3’-methyl-L-thyronine and the corresponding ¢-butyl compound are noted. R¢ values for the thyroxine

analogs are recorded,

In a previous communication,® the basis for our ap-
proach to the synthesis of thyroxine analogs and poten-
tial inhibitors of thyroxine was summarized. The
syntheses of eight novel analogs, Ia—d, Ila-¢, and III
are now reported; the synthetic scheme for Id was
briefly communicated previously,?

In view of current theories of thyroxine action and
results of testing, the choice of compounds was made on
the basis of the postulated relation between activity and
presumed ability to form a quinoid structure,* the easy
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Ia, R = --CH,CH(NH,)COOH: R’ = CHg: R = H
b, R = 1-CH,CH(NH,)COOH; R’ = t-Cilly; R = H
c, R = CHzCHzCOOH, R’ = VCqu; R =H
d R = CH.CH,COOH: R’ = R = t-CsH,
IIa, R = CH,COOH
b, R = CH,CH.COOH
¢, R = 1-CH,CH(NH,)COOH

(1) This study was supported in part by Grant A-703 from the National
Institutes of Health and in part by supporting grants from the Travenol
Laboratories, Skokie, Ill., and the Upjohn Company, Kalamazoo, Mich. An
independent synthesis and a rat antigoiter assay of 1-3,5-diiodo-4-(3-t-butyl-
4-hydroxyphenoxy)phenylalanine (Ib) is reported by E, C., Jorgensen and
J. A. W, Reid, J. Med. Chem., 8, 533 (1965).

(2) To whom inquiries should be addressed,

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

(4) C. Niemann and C. E. Redemann, J. Am. Chem. Soc., 63, 1549 (1941);
C. Niemann and J. F, Mead, ibid., 63, 2685 (1941); C. Niemann, Fortsch.
Chem. org. Naturstoffe, T, 167 (1950),

oxidation of ¢-butylhydroquinone, the tendeney of
highly hindered phenols to be converted to cyclohexa-
dienone derivatives, and the thyroxine-like activities
of methyl analogs in the tadpole.®® For further ref-
erences, the monographs of Pitt-Rivers and Tata® and
the papers of Lissitzky and Bouchilloux” are also of
direct interest in connection with biochemical activities
of substances related to those of the present study.

Pittman, Shida, and Barker® found that Ia (the 3’-
methyl analog of trilodothyronine) was 449, as active
as L-trilodothyronine and twice as active as L-thyroxine
in basal metabolic tests in thyroidectomized rats, The
testing of two of the analogs prepared in the present
study was carried out with Mr. Roy G. Robinson, but
only in tadpoles. Using the method for detecting the
relative rates of the induced metamorphosis of Rana
catesbeiana tadpoles developed by Bruice, Winzler, and
Kharasch,?® it was found that the 3’-methyl analog (Ia),
as well as the 3’-t-butyl analog (Ib), had activities
equivalent to that of L-thyroxine. Thus, the biologieal
effects of these 3’-alkyl analogs as thyromimetic agents
appears to be substantiated in these preliminary screen-
ings and is of particular interest in view of earlier con-
siderations on the activities of alkyl-substituted thy-
ronines,’®® Tt is of special interest to note that a single
alkyl group in the prime ring (in place of lodine) exerts
a definite positive effect on activity, since it is known

(5) (a) See, e.g., H. 8. Blanchard, J. Org. Chem., 25, 264 (1960); E. Muller,
et al., Chem. Ber., 92, 2278 (1959), and references therein; (b) C. Hansch and
T. Fujita [J. Am. Chem. Soc., 86, 1621 (1964) | have also recently commented
on the problems of correlating biological activities with structures in the
thyroxine series; (c) ¢f. also T. C. Bruice, N. Kharasch, and R. J. Winzler,
Arch, Biochem. Biophys., 62, 305 (1956); (d) T. C. Bruice, R. J. Winzler,
and N. Kharasch J. Buol. Chem., 210, 1 (1954).

(6) R. Pitt-Rivers and J. R. Tata, ""The Thyroid Hormones,"
Press, London, 1959.

(7) 8. Lissitzky and 8. Bouchilloux, Bull. soc. chim. biol., 89, 1215 (1957),
and earlier articles.

(8) C. 8. Pittman, H. Shida, and 8. B. Barker, Endocrinology, 68, 248

(1961); cf. also, S. B, Baiker, Federation Proc., 21, 635 (1962); A. Wahlborg,
C. Bright, and E. Frieden, Endocrinology, T8, 561 (1964).
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that the 3",5'-dihydro compound (1.-3, )d11<)d01h\10-
nine) has a lower activ itity than does th§ rOX1IC,

The studies of Calunmaun and co-workers,¥ concern-
mg the nonenzymatic coupling of two dilodotyrosiue
derivatives, admirably illustrate the formation of cy-
clohexadienone precursors of thyroxine and its analogs
and provide a unique route to substances related to
those of the present study. Compounds IV and V, 5o
prepared by Matsuura and Cahimmamn,® were tested

- CH,
HO 0] ‘@— CH,CH,CO,H
t-CHs
v
t-C,Hy Br
HO 0] CH,CH,CO,H
t- C4H9 r
v

by them, since these substances were of special interest,
in view of positive activities reported earlier®®¢ for 3,5-
dimethyl-3",5’-dilodothyronine, and the considerations
of IKharasch and Saha® on the possible effects of cou-
pounds hke Id as antagonists of thyroxine. Cahn-
mwann and Matsnura found that IV and V were both de-
void of activity in tadpole metamorphosis tests, and IV
was also mnactive in the oxygen cousuniption assay in
the rat. Iurthermore, both IV and V showed o
effect as thyroxine antagonists in the rat. The con-
clusion of Matsuura and Calmmnaun® that the pres-
ence of two bulky substituents, as -butyl, ortho to the
phenolic hydroxyl group precludes both thyroxine ac-
tivity, as well as activity as a thyroxine anutagonist,
thus seeunis definitive. However, since IV lacks iodine
atoms in the 3,3-positions, the presence of which is
known to be importaut for thyroxine activity, and since
it is known that bronio analogs are of considerably
lower activities than are the iodo compounds,® the
desirability for further testing of selected analogs is
still indicated.

Cowmpounds of types I and I1 were synthesized by
modifications of the Glaxo method.’® Compound Ia
was prepared by using 3-methyl-4-benzoyloxyphenol for
condensation to the diphenyl ether. The latter was
obtained by a sequence which involved benzylation of
toluhydroquinoue, followed by beuzoylation and re-
moval of the benzyl group by hydrogenation to yield
the desired protected toluhydroquinone derivative,
nl.p. 144-145°, which gave a melting point depression
on admixture with the alternate isomer.

The benzoate group proved to be a satisfactory block-
nig group for later steps in the syntheses. These in-
cluded coupling to the diphenyl ether with the appropri-
ately blocked 3,5-dinitrotyrosine, reduction of the
nitro groups, diazotization of the amino groups, and

(9) (a) H..J. Cahumann, and 7. Matsaura, J. Am. Chem. Soc., 88, 2050
(1960); (by T. Matsnuura and . 1. Cahnmann, bid., 82, 2055 (1960):
(¢) A. Hofer and H. J. Cahnwmaun, J. Med. Chem., T, 326 (1964); .
also A. Nishinaga and T. Matsuura, J. Org. Chem., 29, 1812 (1964).

(10) (a) J. H. Barnes, R. C. Conkson, G. T. Dickson, J. Elks, and V. D).
Poole, J. Chem. Soc., 1448 (1953), and previous articles; (b) cf. especially,
J. R. Chambers, G. T. Dickson, J. Elks and B. A. Hems, tbid., 3424 (1949).
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conversion to the 3,5-ditodo compounds.  After thesc
couversions, the blocking groups were readily removed
by refluxing with mixtures of hydrochloric nnd acetie
acids,

The use of the benzoate function as a protecting group
w1 the synthesis of thyroxine compounds has been pre-
viously considercd.  Dickson™ reported the ethyl ester
of N-acetyl-4-(4-henzoyloxyphenoxy)-3.5-diiodophenyl-
alanine, but to onr knowledge details of the hydrolysis
to 3,5-ditodothyronine have not been recorded.  The
siecess of the Glaxo syuthesls requires purification of
ltermediates at appropriate stages.  T'o test the of-
fectiveness of the benzoate blocking gronp, we mvesti-
gated the comparative synthests of Via—d with the ben-
zoates and by conventional methods.  In o experi-
cuee we found that ihe nse of the benzoates was ad-
vintageows,  Partienlarly, for example, the bloeked di-

O

Via, R = COOH
h, 1 = CH.COOH
¢, R = CH.CH,COOH
d, R = 1-CH,CH(NH.)COOH

nitrodiphienyl ether in the case of the acetic acid analog
(VIb) is an especially difficult intermediate to purify
beeanse of 1ts relatively low melting point (76°) and high
solubility if the methoxy derivative!? is used in place of
the benzoate.  “The latter, however, nielts at 146-147°
and is easily purified by crystallization. The nild con-
ditions for removing the benzoate blocking group is an-
other advantage, especially with more sensitive coni-
pounds, where the usc of hydrobromie or hydriodie
acid may lead to undesirved side reactions.

In the preparations of Ila-c, the use of 1,5-dihydroxy-
naphthalenc  monobenzoate also  proved effective.
However, we were unable to prepare the required ester
cther of 2,6-di-t-burylhydroquinone, and in this casc
nused the hydroquinone directly, with attendant side
reactions, for the conpling to the diphenyl ether,

Attempted  conversions of Ia to 3'-methyl-3,5,5'-
irnodothyrouine by lodination of la were not success-
ful, althongl it might be anticipated that this conld be
readily achieved. '

Compound III was obtained via VII as shown below.

Assays of Ia and Ib.—Usiug the procedure of Bruiee,
et al. " and with 30 selected Rana catesbeiana tadpoles
m the test gronps, in the groups subjected to standard
L-thyroxine, and in the control groups, Ia was found to
be equally as active as L-thyroxine, both tested at 10
M concentrations.  The per cent activity of Ia was 100.8
and of Ih was 99.3 (10— 1/ for Ib and r-thyroxine

(11) G.T. Dickson, British 'atent 671,070 (April 30, 1953); Chem. Abstir.,
47, 7543 (1953): Glaxo Iaburatories Ltd., German Patent 896,946 (Nov.
16, 1953): . T. Dicksan, U. & Patent 2,680,762 (June 8, 1954).

(12y J. 1. Wilkinson, B)o }mm J.. 68, 803 (1958); J. H. Wilkinson,
Britsh Patenl 800,761 (Der. 10, 1958): Chem. Abstr., 58, 8074 (1959).

i13) Compare reported diffienlties in the iodination of vL-thyronine: FP.
Block and G, Powell, /. 4m. Chem. Soc., 64, 1070 (1942); ¢f. . L. Gemmill,
Arch. Biochem. Biophygs., 68, 177 (1956); aund of 3,5-diiodo-27,6'-dimethyl-

thyronine: N. Zenker and I, C. Jorgeusen, J. Am. Chem. Soc., 81, 4643
(1950).
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1. chloromethylation
2. N-acetylmalonic ester
OQNOOQ ..
3. reduction, diazotization,
hydrolysis
VI CH; 4. iodination
HO OQCHz-CIHCOOH
I CH, NH;
DL-IIT

also). In a shmilar series of tests, but using Ia (5 X
1077 A7) admixed with L-thyroxine (also 5 X 107 Af)
vs. L-thyroxine at 10—% 37, the activity was 879,. With
Ib, similarly, 949, activity was detected.

Experimental'*

Hydroquinone Monobenzoate.—To 27.5 g. (0.25 niole) of
hydroquinone and 20.6 g. (0.26 mole) of pyridine in 250 ml. of
carbon tetrachloride was added dropwise during 1 hr., with rapid
stirring, 34 g. (0.24 niole) of benzoyl chloride in 75 ml. of carbon
tetrachloride. The mixture was acidified with 100 ml. of 1.2 ¥
HCI, and solid products were collected and washed with water.
The precipitate contained hydroquinone mono- and dibenzoate.
The dibenzoate was sparingly soluble in hot ethanol and was
separated using 200 nil. of boiling alcohol; crude yield 16 g. The
hot filtrate was diluted with 1 vol. of water and cooled. The
vield of hydroquinone monobenzoate was 24 g. (509), m.p.
162-163°.13

5-Benzoyloxy-1-naphthol.—A solution of 16.1 g. (0.10 mole) of
1,5-naphthalenediol and 9.8 g. (0.26 mole) of dry pyridine in 600
ml. of ether was stirred, chilled in ice, and treated with 15.2
g. (0.24 mole) of benzoyl chiloride in 1-ml. portions during 30
min. The mixture was kept at room temperature for 1 hr.
and filtered. The filtrate was evaporated to dryness and the
residue was triturated with dilute HCL. The dibenzoate was
separated from the monobenzoate as above, giving 10.6 g.
(37%) of product, m.p. 165-166° after recrystallization from di-
lute ethanol.

Anal. Caled. for C;Hi.05: C, 77.25; H, 4.57.
77.51; H, 4.65.

4-Benzoyloxyphenyl Benzyl Ether.—This was prepared in 797,
vield by benzoylating 10 g. of hydroquinone monobenzyl ether
by the Schotten-Baumann technique; and in 897, yield, using
pyridine-benzoyl chloride, in benzene. The samples were
crystallized from 959 ethanol and melted at 135-136°,

Anal. Caled. for CoH,0;: C, 78.93; H, 5.17.
78.75; H, 5.17.

3-Methyl-4-benzoyloxypheny! Benzyl Ether.—To 41 g. (1.02
moles) of NaOH in 100 ml. of water was added rapidiy 124 g.
(1 mole) of toluhydroquinone and 127 g. (1 mole) of benzyl
chloride, in 600 ml. of 959, ethanol. The resulting solution was
steam heated for 3 hr. while solvent escaped. The mixture was
cooled and neutralized with 1 1. of 5% aqueous NaOH. The
dibenzyl ether was separated by extraction with benzene, the
aqueous layver was acidified with 5 N HC], and the crude mono-
benzyl ether was extracted with benzene. The benzene layer
was washed with water and solvents were distilled under reduced
pressure. The residue was dissolved in a solution of 26.7 g. (0.66
mole) of NaOH in ca. 500 ml. of water at 0° and, with stirring in
an ice bath, 94 g. (0.66 mole) of benzoyl chloride was added in
10-g. portions. Sodium acetate was added as required to main-
tain alkalinity. After 2 hr. the precipitate was collected and
washed with water and 959 ethanol. The product was dissolved
in benzene and the solution was distilled until water and alcohol
were removed. The solution was cooled, partially decolorized
with alumina, filtered, and evaporated to dryness, The residue
was crystallized from 959 ethanol; yield 60 g. (199), m.p. 71—
72°, and raised to 81-82° by further recrystallization.

Anal. Caled. for CyHis0;: C, 79.22; H, 5.70. Found: C,
78.85; H, 5.82.

Found: C,

Found: C,

(14) All melting points are uncorrected.
(15) T. Kehrmann, M. Sandoz, and R. Monnier, Helv. Chim. Acta, 4,
943 (1921).
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The product was also obtained by benzoylation of the sodium
sulfate-dried benzene solution of the crude nionobenzyl ether with
equimolar amounts of pyridine and benzoyl chloride. The mix-
ture was washed with water, dilute HCI, and water, and concen-
trated in vacuo. The residue was crystallized from 959, ethanol;
vield 67 g. (219%), m.p. 75-77°.

4-Benzoyloxy-3-t-butylphenyl Benzy! Ether.—This product
was prepared as above, using pyridine-benzoyl chloride. The
desired monobenzyl ether of t-butyvlhydroquinone was insoluble
in dilnte alkali and was extracted with benzene directly from
the alkaline solution. The crude sample thus contained the
dibenzyvl ether formed, but this did not interfere with isolation of
the desired product. After recrystallization fromi absolute
ethanol the melting point was 78-79°, vield 339 (1 M run).

Anal. Caled. for CoHyO;: C, 79.99; H, 6.69. Found: C,
80.12; H, 6.81.

4-Hydroxy-3,5-di-t-butyiphenyl Benzyl Ether.—This was ob-
tained by benzylating 2.0 g. of 2,6-di-t-butylhydroquinone,
as above, and recrystallizing from ligroin (60-70°); m.p. 88-
%9°, yield 60%.

Anal. Caled. for CaHuOs: €, 80.73; H, 9.03. Found: C,
81.08; H, 9.40.

The ether did not undergo benzoyvlation or methylation nor-
mally at the hindered hyvdroxyl group.

Hydroquinone Monobenzoate by Hydrogenolysis.—A suspen-
sion of 5.5 g. of 4-benzoyloxyphenyl benzyl ether in 150 ml. of
95%, ethanol was shaken in the presence of palladium on char-
coal at 2.81 kg./cin.? (40 p.s.i.) for 6 hr. The organic material
dissolved slowly. After separation of catalyst, the filtrate was
concentrated and diluted with water; yield 3.5 g., ni.p. and
m.m.p. 161-162° with an authentic sample.

3-Methyl-4-benzoyloxyphenol.—This phenol was prepared
by hydrogenolysis of the corresponding benzyl ether (53 g. in
500 ml. of absolute ethanol) for 24 hr. and erystallization fron:
benzene; yield (in two crops) 33 g., 879, m.p. 142-144°;
analytical sample, m.p. 145-146°. A mixture melting point with
product prepared by direct benzoylation of toluhydroquinone!®
(m.p. 110-111°) was 101-108°.

Anal. Caled. for CsH1.05: C, 73.67; H, 5.30. Found: C,
73.37; H, 5.35.

3-t-Butyl-4-benzoyloxyphenol.—This was obtained similarly
as the methyl analog from benzene; 889 yield, m.p. 148-149°.

Anal. Caled. for C;H;sO;: C, 75.53; H, 6.71. Found: C,
75.42; H, 6.91.

2-t-Butyl-4-benzoyloxyphenol.—This was prepared by ben-
zoylation of 10 g. of t-butylhydroquinone, using equimolar
anlounts of benzoyl chloride and sodium acetate by the Schotten—
Baumann method; yield 489, m.p. 112-113° after recrystalli-
zation from benzene.

Anal. Caled. for CsH;305: C, 75.53; H, 6.71.
75.54; H, 6.61.

A mixture melting point with the 3-t-butyl isomer was 102-
109°.

2,6-Di-t~-butylhydroquinone.—2,6-Di-t-butylphenol was nitro-
sated, in 689, yield, to give 2,6-di-t-butyl-4-nitrosophenol,??
ni.p. 211-212°. The latter was hydrogenated at 1.4 kg./cm.?
(20 p.s.i.) over Raney nickel, and 2,6-di-t-butyl-4-aminophenol
was isolated as the bisulfate, m.p. 151.0-151.5°, in 989, yield.
Oxidation of this in concentrated HCI at 55-60°, with ferric
chioride, gave 819 of 2,6-di-t-butylbenzoquinone,’® m.p. 68°.
The latter was reduced to the hydroquinone, m.p. 99-101° (979,
yield), using zinc dust and acetic acid.

4-Hydroxy-3,5-dinitropheny! Esters.—p-Hydroxybenzoic acid,
p-hydroxyphenylacetic acid, and N-acetyltyrosine were nitrated
at —10 to —20° and esterified as follows. To 100 g. of the 3,5-
dinitro-4-hydroxyphenyl acid, in 250 ml. of absolute ethanol,
was cautiously added 40 ml. of acetyl chloride. The warni solu-
tion was refluxed 1 hr. (omitted in case of tyrosine derivative)
and the volume was reduced to one-third by distillation in zacuo.
The solution was chilled and the precipitate was collected. The
product was washed with a little cold ethanol and dried. Yields
of the compounds thus obtained were: ethyl 3,5-dinitro-4-hy-
droxybenzoate,'? m.p. 84-85°, 709%; ethyl 3,5-dinitro-4-hydroxy-
phenylacetate,® m.p. 72-73°, 909,; and the ethyl ester of N-

Found: C,

(16) A. Jacob, F. K. Suteliffe, and A. R. Todd, J. Chem. Soc., 327 (1940).

(17) 8.J. Metro, J. Am. Chem, Soc., T7, 2901 (1955).

(18) W. R, Vaughan and G. K. Finch, J. Org. Chem., 21, 1201 (1956);
A. F, Bickel and E. C. Kooyman, J. Chem. Soc., 3211 (1953).

(19) H. Salkowski, Ann., 163, 44 (1872).
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4= BENZOYLOXY ARYLOXY =3, 0-DINTTROPUENY L LSt RS

O.N
ArO I
O.N
Ar 1

A = 4-Beuzoyloxyphenyl G = CO0Lt

B = 4-Benzoyloxy-s-methyiphenyl H = CH.COOLIt

C = 4-Benzoyloxy-3-t-butylphenyl I = CH=C(COOLt}

1) = 5-Benzoyloxy-1-naphthyl J = L-CH,CH(NHA¢;COOLt

Ii = 4-Hydroky-3-t-butylphenyl K = CH.CH,COOLt

F = 4-Hydroxy-3,5-di--butylphenyl I. = CH.CH(COOEt).

Curbyn, 6% . Rydrogen, '
Ar R Yield, % M.p., °C. Formnla Calil. Faond aled. naml
A (¢ 50 158160 Ca 16N Oy AN DSOS BLOT 3,05
A 11 45 146147 («_rdl{lgN:()t- ol
: 1 s 152153 CyHaaN2On 58 at RNt 405 4 ost
A A 7 159160 CasHaaN2Onye » i
13 J 70 193-154 ) : 0. N0O ONLTO 407 476
& J 60 103-104 CaoHaN3Ou, ! g
D 154 50 184-185 CrHeNLOw (2. 80 62T 3,00 4,08
1) 1 7N 147-148 CyHagNOn, 62 .00 (2,04 4.03 +4.20
D J 69 167-168 ClaoHa: N0y 61.32 (G1.72 +.29 4.29
14 I 23 141-142 CysHug N0 57 .36 a7 .44 5.2 5.20
F K 47 04-45 CuHp N Oy h
» Anal. Caled.: N, 6.09. Fouud: N, 6.26. *_tnal. Caled.: N, 5.09. Fonnd: N, 5250 ¢ ¢foref. 200 9 [o]®p —81° (¢ L.

acetone); 1it.2 [a]®n —12° (diexane).
fAnal. Caled.: N,7.08. Found: X, 6.95.
acetyl-3,5-dinitro-L-tyrosine,8” m.p. 118-120°, 90, Ethyl 3-(4-
hydroxy-3,5-dinitrophenyl)propionate  wns  prepared as  pre-
viously described. 2

Propionic Acid Analogs.—Ethyl p-hydroxybenzalmalonate?!
wus prepared and nitrated in 737 vield. Tle side-chain double
houd was hydrogenated simultaneously with the nitro groups.

Condensation of the benzoyloxyphenols with 3,5-dinitro-4-hy-
droxyphenyl acids were carried out in general by the method of
Clayton, Green, and Henis.? "The reaction imixtures were re-
fluxed for 15-45 min. instead of 1 hr., and methanesulfonyl
chloride was sonietinies substituted for p-toluenesulfonyl chla-
ride. In the preparation of I¢ and Id, the appropriate esters
were condensed with unprotected t-butylhydroquinone and 2,6-
di-t-butyvlhydroquinone. The yields were low in these cnses,
because of formation of corresponding benzoquinones. Yields
and data are in Table 1.

The conversion of 4-(benzovloxyaryloxy)-3,5-dinitro esters to
ditodo esters was as follows. A suspension of 1) g. of the dinitra
cotnponnd and 5 g. of 5¢% palladiumi on charcoal, i1 150 ml. of
ncetic ucld, was hydrogenated 3 he. initially at 3.16 kg. /cin.? (45
pi). Raney nickel (15 g. in 13 ml of acetie ueid) was added
cautionsly and hydrogenation continued for 10 hr. A solution
containing nitrosylsulfurie acid was prepared by adding 4.5 g. of
finely powdered sodinm nitrite to H,SO; cooled to 0°, The ten-
perature was raised slowly, with good stirring, to 45-50°, giving a
clear solution.  The solution was cooled to 5° and 84 ml. of ace-
tie acid was ndded while the temperature was held below 10°.
The filtered pale green diamine solution was added dropwise with
stirring at 0-4°.  The resulting orange solution was stirred 30
min. more and poured in a thin stream during 3-4 miu. into a well-
stirred niixture containing 25 g. of todine, 39 g. of sodiuni iodide,
560 ml. of water, 5 g. of urea, and 165 ml. of chloroform. "The
mixture was stirred 16 hr., and the chloroforni layer was sepa-
rated and extracted with 2 3/ sodium bisulfate solution and
water. Chloroform was removed by distillation in vacuo and 50
ml. of ethyl alechol was added to the residue. The flask was
scratelied and let stand overnight. The crystals were collected
and recrystallized from ca. 85% ethanol. The product was col-
lected, washed with water, and dried; yields and other data nre in
Table 11.

(20) J. C. Clayton, (*. F. H. Green, and B. A. Hems, J. Chem. Soc., 2473
(19A1).

(21) R. 1. Meltzer, D. M\, Lastgarten, and A. Fisrhman, J. Org. Chen.,
22, 1577 (195%).

Our sample had a siwilar low rotation in this solvent.
? (a3 =35.8° (¢ 1, ieetone).

¢ [a]®p —A.34° (¢ 1, acetone).
O refl .

The blocked ditodo compounds were liydrolyzed, and in the
enses of the malonie neid derivatives decarboxylated, in o HCI-
acetie neid mixture.  The samples were mixed with 5 parts of
concentrated HCI and treated with enough acetic acid (2-3
parts) to dissolve bat, The solutions were refluxed 1016 hr.
and concentrated in recro to 0.5 vol., cooled, and diluted with
concentrated HCI, if necessary, to precipitate the product. The
alanine analogs separated as the hvdrochlorides. When de-
sired, these componnds were converted to the free amino actds by
nentralizing with sodinm acetate solntion, in methanol. Data
wre in Table TTI.

p~Nitrophenyl 0-Tolyl Ether.—This was prepared by an adup-
tation of the method in “"Organic Syntheses’?2 for p-nitrophenyl
phenyl ether. A mixture of 324 g (0.30 mole) of o-cresol
and 15.2 g, (0.27 mole) of KOH was heated at 160° for 30 min.
After cooling to 100-110°, the mixture was treated with 0.1 g.
of activated copper metal?? and 7.8 g. (0.05 mole) of p-chloro-
nitrobenzene,  The stivred mixtnre was refluxed at 138-145° for
10 n1in. (exothermic reaction) and cooled, 7.8 g. (0.05 mole) move
af p-chloronitrabenzence was added, and the mixtire finally was
heated at 1:38-145° for 40 min.  The resulting dark red mixture
wis cooled, ponred onta an lce-nqueous NaOH mixture and ex-
iracted with chloroform,  The chiloroforni layer was washed well
with water aud distilled.  The desired etber distilled at 174-175°
. ), 2 a2in 10053, vield 16 g. (70¢).

4~(Chloromethy!)-2-methylphenyl p-Nitropheny! Ether.-
This was prepared by adapting the method of Southwick,
Foltz, and Melnivre2t for chloromethvlation of p-nitrophenyl
phenyl ether, A solution of 160 g. (0.70 mole) of p-nitrophenyl
o-tolyl ether, 45 g. of paraformaldehyde, 82 ml. of sirupy phos-
phorie acid, 210 wl. of concentrated HCL, and 400 ml. of glacinl
acetic acld was stenm heated for 48 hr., with stirring.  More
paraformaldehvde (30 g.) and 150 ml. of concentrated acid war
added, and heating continned 18 hr. 'The orange-yellow mixture
separated into two layers; the lower, oily layer was poured onto
ice. The oil sulidified to a granular produet which was separated
and washed well with water, then 5% Na.CO; solution, and finally
with witer. After drying i vacwo, the pale yellow product

(22) R. Q. Brewster and T. Groening, '"Organic Syntheses,” Cnll. Vol
11, Johu Wiley and Suns, Inc., New York, N. Y., 1943, p. 445.

(23) A, N. Cnok and C. F. Eherly, J. Am. Chem. Soc., 24, 1200 (1902),
report b.p. 420-2322° (27 mm.).

24) 7. L. Saachwick, G. 1. Toltz, and W. L. Melntyre, ibid., 75, 0877
1953
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Tasre 11
4-(BENZOYLOXYARYLOXY)-3,5-DIIODOPHENYL ESTERS
I
Ar—O— R
I
Compd.? M.p., Carbon, Y%—— —-—RHydrogen, % —~—ILodine, %-——
Ar R Yield, % °C. Formula Caled. Yound Caled. Found Caled. Found
A G 60 138-139 CaHi61:0s5 43.02 4210 2.63 2.71 41.33 41.44
A H 50 102-103 CosH 31205 43.97 44 .42 2.89 3.05 40.41 39.95
A L 60 129-129 Cs:Hosl,04 45.40 45.23 3.38 3.50 35.54 35.47
A J 7 147-148 Cs6H2s1oNOg b
B J 45 170-171 Co Ha: ILNOs 45.46 45.20 3.53 3.71
C J 55 159-160 CsHuINOs 47.70 47 .42 4.14 3.80¢
D H 62 183-184 CarHI05 47.81 47.81 2.97 3.14 37.42 37.60
D L 65 138-139 CaHa6I20, 48.71 48 .88 3.43 3.36
D J 55 164-165 CyoHasI.NOs 48.08 48.20 3.36 3.51 33.87 33.69
E L 70 73-74 CasHas 1,06 43.26 43.19 4.24 4.66
F K 15 120-121 CuHp 1,04 d
e See Table I for groups represented by letters for Arand R. ? Ref. 11. ¢ [«]?D2°. 4 Ref. 3.
Tasie 111

THYROXINE ANALOGS

——=~Carbon, % —— ~——Hydrogen, %———ru

Compd, Yield, %% M.p,, °C.E Formula Caled. Found Caled, Found
Via 87 256-258¢ C1sH;1:0,
VIb 94 215-216¢4 C.H101:0,
Vie 92 244-245¢ Cl5H121204
VIid 85 254-2557 CsHisI:NO,
Ia 82 225-227¢ Ci1sHisI.NO, 35.64 35.74 2.81 3.044
1b-HCI 67 195-197 C.1eH:CIIN Oy 36.93 37.08 3.59 3.55¢
Iec 79 127-1297 CisHyI,04 40.30 40.62 3.57 3. 90+
1d 57 197-198 CosHaI:0, !
ITa 80 215-217 CisH2 104 39.58 39.69 2.22 2.61
IIb 84 186-188 CreHul,04 40.74 40.74 2.52 2.94
I1c 73 214-217™ CisH,;: 1N O, 39.67 39.61 2.63 2.97
s Yield on the removal of the blocking groups. * Samples melted with decomposition. ¢ C. R. Harington and G, Barger [Biochem.
J., 21, 169 (1927)] report m.p. 252-254°. 4 C. R. Harington and R. Pitt-Rivers [ibid., 50, 438 (1952)] report m.p. 214-216.5°, ¢ Lit.20

m.p.250°. 7 Lit.®m.p. 235°. 7 3,5-Dilodo-3’-methylthyronine hydrochloride melts at 248° dec. * Anal. Caled.;: 1,47.08. Found:
1,47.70. *Anal. Caled.: N,2.27. Found: N,2.09. 7 Recrystallized from diluteaceticacid. * Anal, Caled.: I,44.83. Found:
I, 45.45. t(Cf.ref. 3. ™ 4-(5-Hydroxy-1-naphthyloxy)-3,3-diiodo-L-phenylalanine hydrochloride melts at 235° dec.

melted at 44-45° (189 g., 989, yield). It was converted to the
thiuronium salt by heating with an equimolar amount of thiourea,
in aleohol, for 3 hr.; m.p.215-216°, yield 95%.

Anal. Caled. for C;HsCIN;0:8: C, 50.91; H, 4.56; S, 9.06.
Found: C, 50.92; H, 4.90; 8, 9.00.

Diethy! 4-(4-Nitrophenoxy)-3-methylbenzylacetamidomalo-
nate.—To 3.22 g. (0.14 g.-atom) of sodium in 330 ml. of absolute
ethanol, protected from atmospheric moisture, was added 30.45
g. (0.14 mole) of diethyl acetamidomalonate. The mixture was
refluxed 90 miin., 36.2 g. (0.13 mole) of 4-(chloromethyl)-2-
methylphenyl p-nitrophenyl ether was added, the mixture was
refrigerated, and the product was collected and washed well
with water, yielding pale yellow needles (52 g., 859), m.p. 133~
134°.

Anal. Caled. for CiHaeN.Qs: C, 60.25; H, 5.72; N, 6.11.
Found: C, 60.35; H, 5.56; N, 6.30.

3-Methyl-pL-thyronine.—A solution of 30 g. (0.109 mole)
of ethyl 4-(4-nitrophenoxy)-3-methylbenzylacetamidomalonate
in 50 nil. of absolute methanol was hydrogenated over 1.5 g. of 59,
palladium on charcoal for 2 hr. at 2.11 kg./cm.2 (30 p.s.i.).
After renioving the catalyst, the filtrate was treated with dry HCL.
Ethyl  4-(4-aminophenoxy)-3-methylbenzylacetamidomalonate
hivdrochloride separated as a paste. This was collected, washed
with ether, and dried /n vacuo; yield 45 g. (88G3), nLp. 124-125°.
The hydrochloride (4 g.) was dissolved in 160 ml. of warm 509,
H:S0, solution and cooled below 10°. With continuous stirring,
a1l aqueous solution containing 0.8 g. of sodium uitrite in 8 ml. of
water was added. Then 0.5 g. of urea was added and the mixture
was refrigerated for 3 hr.

To a refluxing solution of 224 ml. of concentrated H.SOy in 300
nil. of water, the diazontum salt solution was added dropwise with
vigorous stirring during 45 min. Water (150 ml.) was added to

the resulting golden yellow solution, which was then refluxed for
4.5 hr. The material was allowed to cool, concentrated to 0.5
vol. by distillation in varuoe, cooled by adding ice, and neutralized
(pH 5-6) with concentrated NH,;OH, After refrigeration over-
night, the tan flaky product was collected, 1.91 g. (839 yield),
m.p. 230-232° dec. The material was purified by dissolving in
dilute H.80, and precipitation with NH,OH, m.p. 249-250°.
This was converted to the hydrochloride (hydrate) by adding
concentrated HCl to the acetic acid solution.
Anal, Caled. for CsHisNO“HCI-H,O: C, 56.22; H, 5.90.
Found: C, 55.92; H, 5.91.
3-Methyl-3',5'-dilodo-pL-thyronine.—To 0.30 g. (0.00104
mole) of 3-inethyl-pL-thyronine in 10 ml. of 409 aqueous ethyl-
amine was added dropwise 2.1 ml. of a solution of 4.82 g. (0.038
g.-atom) of iodine in 10 ml. of saturated KI solution. The re-
sulting solntion was shaken mechanically for 45 min., cooled,
and neutralized with 159, HCI to pH 4-5. The mixture was
refrigerated 2 days, the pale tan product was collected, washed
well with distilled water, and dried; yield 0.23 g. (439). To
purify, the sample was dissolved in methanol containing 2 drops
of concentrated HCI, charcoaled, and poured into a solution of
1.7 g. of sodium acetate in 40 nil. of water. Tle mixture was
distilled in wacuo until a floceylent precipitate appeared. The
product was separated as before; uL.p. 202-203° dec.
Anal. Caled. for CgH;:I.NOy: C, 35.64; H, 2.81; I, 47.08;
N,2.60. Found: C,36.06; H, 3 04; I,46.94; N, 2.15.
5-{4-(4-Nitrophenoxy )-3-methylbenzal] hydantoin.—4-(Chlo~
romethyl)-2-nethylpheny! p-nitrophenyl ether was converted to
the hexaminiwmn salt (m.p. 205-206° dec.).? The salt was

(25) 8. .I. Angyal, Org. Reactions, 8, 205 (1954).
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decomposed to the aldehvde (ni.p. 94-95°) in 504 acetic acid.
A mixture of 0.7 g. of the aldehyvde, 0.7 g. of fused sodium acetate,
0.27 g. of hydantoin, 5 ml. of acetic acid, and 3 drops of ncetic
anhvdride was refluxed 2 hr. The mixture was clrcoaled,
cooled, treated with 2.0 ml of water, and refrigerated. The pre-
cipitated solid was separated washed with water, and oven-
dried.  The straw yvellow product (0.83 g, 90¢ vield] wos re-
erystallized from absolute ethanol, w.p. 264--265°.

Anal. Caled. for C;HuNWOw: C, 80.17: H, 3.86; N, 12519,
Found: €, 59.80; H, 4.08; N, 12.15.

Paper Chromatography.—The thyronines were chromato-
graphed in ¢-amyl alcohol saturated with 2 N NH,OH.2¢  All
saniples except IIT gave one spot. R values observed for the

(16) G. 1. Gleason, J. Bial. Chem., 2183, 837 (1945).

substituted thyronines were:  3'-methyl-3,5-ditado-, 0.6:1:
butyl-s3’ 0 '<dilodo-, 0.77;  3-nethyl-, 0.535: 3-methy -
ditodo-, 0.35 rcompured to  3,5-diiodothyronine, A
second mitor spat in the sample of TIT was obtained at fi¢ 94X,
Ths may be dne to 1he presence of ;¢ snudl noeouat of 3-merthyl-
Setadathyronine.  The naplithalene derivorives were similirly
chromatographed ol spotted with pipbvdiin o pitroso-
Z-uaphthols /20 volnes obtained  were:  d-5-hydroxy-t-unph-
chybxy 3 S-ditado-L-pbenylalimine, 0,320 the peetic vad amdey,
0.62: s 1he propionie ped aalog, 0.56.

Acknowledgment.—We are indebted to Roy .
Robinson, School of Dentistry, Department of Pliysi-
ology, University of Sounthern California, for carrving
ont the tadpole assays,

Hypocholesterolemic Agents. Thyroalkanols
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A series of thyroalkanols was prepared and tested for hypocholesterolemic activity.

The thyroalkanols, pre-

pared by diborane reduction of the corresponding thyroalkanoic aeids, showed comparable potency to the thyro-
alkanoic acids and less toxicity as exemplified by their effect on weight gain of treated and control rats.

The importance of thyroxine as a '‘metabolic regu-
lator,” aud in particular the role of thyroxine i choles-
terol nietabolism, stiniulated our interest in the chemical
modification of the thyroxine side chain with the ob-
jective of effecting a split between hypocholesterolemic
activity and calorigenic activity. The interesting hy-
pocholesterolemtc activity receutly reported® for thyro-
alkanoic acids aund the possibility that changes i
the polarity of the side chain might be of hmportance
in the absorption, distribution, metabolism, and thus
the over-all activity of a thyroxiue analog prompted
the preparation aud evaluation of a sertes of thyro-
alkkanols as hypocholesterolemic agents (Table I).

The synthesis of trilodothyroethanol has been re-
ported by Tomita and Lardy? who coupled an ap-
propriately substituted phenylethanol derivative with
p-miethoxyphenol to afford a diphenyl ether bearing an
ethanol side chain.  Subsequent reactions vielded
trilodothyroethanol. The general method of synthesis
of thyroalkanols developed i this work depends upon
the diboranc reduction of the corresponding thyro-
alkanoic acids. It is of mterest that diboranc redue-
tion wag selective and did not adversely affect the todi-
nated dipheuyl cther intermediates nusually attacked by
many other reducing agents.*?

The synthesis of 8, the thyroalkanoic acid precursor
of the thyrocthanol 1, was accomplished by the Borrows?*

i1) . % Boyd and M. I'. Oliver, J. Exdorrinof., 21, 33 (10603 1. Cor-
Jlay, L Jaffe, anel D, W, lrving, Arch, Inferal Med., 106, 800 {1960); W,
R. Rnegames, . I, Alpert, and 1°. R. Silverman, Endocrinaloyy, 66, 1611
(1460},

(2) K. Tomita and M. A. Lurdy, J. Boi, Chean., 288, 3292 (19603,

31 ) N. G. Gaylorl], “Rednctions with Lithium Aliminnne Hylride,”
lnterscience Hublishers, Ine., New York, N. Y., 136, pp. 917-924.  Nole
1hat no aruomatic ioda vomponnds were stable to LAM (Tahle XCl1;: (W
1. Matsura aw! A, Nishinga, J. Org. Chenc, 29, 3168 (1¥64): (e) K. Tomita.
H. A. Lardy, D. Jlolnson, aud A. Kent, J. Biol. Chem., 286, 2981 (1y61};
vl J. Roclbe, R. Michele, and W. Wolf, Comp(. rend., 289, 335 (19341 o
R. I Meleer, DAL Instparivn, ol AL Yisclnaan, J. Oy, Chom,, 22, 1577
(D571,

4 BT Boreoses, J0 Co Clayoon, B0 AL Nems, amd AL Gl Loy, J0 Ol
SeescoSwpph 1, 5185 (19401,

modification of the general method of Ullmann and
Nadai’>  Mlethyl  3,5-dinitro-4-ivdroxyplienylacetate
(25) was condensed with 3,5-dincthyl-4-methoxyplienol
(24) in the preseuce of p-toluenesulfonyl chiloride to
afford the diphenyl cther 26 (Scheme 1), Reduction,
diazotization, and iodination yiclded 7 which was
treated with hydrogen iodide to vield 8. The same
type of svnthesis in the 4'-dcoxy scries vielded the
thyroalkaiioic acid analog 10.

Biological Methods.-—-Hypercholesterolemia was -
duced in male Spraguc-Dawley rats (fasted weight
about 220 g.) by nsing a high cholesterol dict® contain-
mg 1097 coconut oil as fat sonrce and 1897 casein sup-
plemeuted by 0.29, methionine as a protein sourec.
Test compounds suspended in 0.259, methyleellulose
at concentrattons adjusted to 1 nmil of vehiele/100 g.
of body weight were administered orally to groups of
10 rats.  Control gronps recetved veliele only.  The
ratg, welghed three times per week, were fed ad libifum
mtil 17 hire. hetore the end of the experiment (14 days).
Blood was drawn from the aorta after treatment with
evelopal?  Food consmuption and weights were re-
corded at the cad of cach expernment.

Ferrie ehloride-sulfurie actd reagent was used for the
determination of total sterols according to Zak, el al.,?
and samples were analyzed by means of an Auto-
Analyzer.?

Discussion

A sunnnary of the hvpocholesterolemie activity of u
wroup of thyroalkanols and thyroalkanoic acids is

in] V. Ullimann and G, Nadai, Ber.. 41, 1872 (1008); N. Kharash, =, 11
Kalfayan. anl 1. D. Arterberry, /. Ory. Chem., 21, 925 (1956,

761 W AL Phillips and €. P Bere. J. Ve, 53, 481 (10541,

y7 sl evelopencylallyl bacbonrale at approximately 80 mg. kye
e

Ny B Zuk, Wl Aloss, AL L Dovle, mand AL Zlathis. e Chane, 26, 776
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