Innmrrion oF THYROXINE

over 10 min with good stirring, keeping the temp below 20°.
The cooling bath was removed and stirring was continued for 1
hr, after which time the evolution of CO, stopped. The CHCI;
layer was washed with 20 ml of 59, HCI, then H,O and dried
(Na;S04) and the solvent evaporated. The oily prodict was
crystallized from CCls-hexane, decolorizing with charcoal, to
give 6.7 g (399%) of small white needles, mp 68-70°. Recrystal-
lization from pet ether (bp 60-110°) gave an analytical sample:
mp 72-74°; ir A% 3.0 (OH), 5.87 (C=0).
o-Carbomethoxyphenyl [-Ephedrinecarbamate.—A mixture
of 4.95 g (0.03 mole) of {~ephedrine in 50 ml of CHCl; and 1.7 g
(0.016 mole) of Na,CO; in 20 ml of Hy,O was cooled to 5°. A
soln of 6.66 g (0.031 mole) of o-carbomethoxyphenyl chloroformate
in 20 ml of CHCl; was added over 10 min with good stirring,
keeping the temp below 15°. The cooling bath was removed
and the reaction mixture was stirred for 1.5 hr. The organic
layer was washed with 20 ml of 59, HCl and 20 ml of H,O and
dried (Na;S0,) and the solvent evaporated. The solid product
was recrystallized from CHCly-hexane, decolorizing with char-
coal, to give 7.66 g (749) of fine long white needles, mp 95-96°.
Bis(phenyl dl-p-hydroxy-a-methylphenethylcarbamate )piper-
azine Salt.—A stirred mixture of 6.96 g (0.03 mole) of dl-p-
hydroxyamphetamine-HBr, 3.4 g (0.032 mole) of Na,CO; 30
ml of H,O and 60 ml of CHCI; was cooled in an ice bath. A soln
of 4.85 g (0.031 mole) of phenyl chloroformate in 20 ml of CHCl;
was added over 5 min. After stirring at room temp for 2 hr,
the partially soluble free phenolic amine gradually reacted and
dissolved in the CHCIl; giving 2 clear layers. The CHCIL; layer
was washed with 2 X 50 ml of 5%, HCI, dried (Na;SQ,), and the
solvent evaporated to give 8 g of a colorless oil. This was dis-
solved in 150 ml of C¢Hg and 4 g of piperazine was added to the
warm soln, followed by 80 ml of hexane. The resnlting ppt was
recrystallized from Ce¢Hs giving 4.9 g (529) of white crystalline
prodiiet, mp 115-116°, that analyzed correctly for the bis salt.
o-Nitrophenyl dl-a-Methylphenethylcarbamate.—A soln of
13.9 g (0.1 mole) of o-nitrophenol in 30 ml of solvent A was added
to a solution of 17 g (0.17 mole) of COCl, in 150 ml of solvent A
at 0° with no noticeable rise in temperature. However, an
exothermic reaction ocenrred during the gradnal addition of 10.1
g (0.1 mole) of Et;N in 30 ml of solvent A and a solid formed.
After stirring out of the cooling bath for 1 hr, 100 ml of H,O was
added cantionsly to dissolve the pptd salt. The organic phase
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was washed with H.O, dried (CaCly), and evapd to abont 50 ml
of yellow soln containing the e¢-nitrophenyl chloroformate, from
which the carbamate was prepared.

A mixture of 9.02 g (0.245 mole) of dl-amphetamine snlfate
and 5.3 g (0.05 mole) of Na.COj; in 70 ml of H,O with 50 ml of
CHCl; was cooled to 0°. The o-nitrophenyl chloroformate
solution was added with stirring and cooling over 10 min. The
cooling bath removed and the mixture was stirred for 2 hr where-
npon both layers became clear yellow at pH 7-7.5. The organic
phase was washed with 50 ml of H,0, two 50-ml portions of 55
HCI, H,O again and then dried (Na,SO4). Most of the solvent
was evaporated and npon the addn of hexane a solid formed.
Recrystallization from CCly gave 12.3 g (849%) of crnde produet,
mp 80-86°. Further recrystn from dry -Pr,O gave analytically
pure prodnet, mp 89-90°, as very light vellow needles,

o-Carbomethoxphenyl {!‘C]-d-a-Methylphenethylcarbamate
(21).—A mixture of 20 mg (0.055 umole) of {1C]-d-amphetamine
sulfate (6.0 uCi/mg), 35 mg (0.33 umole) of Na,CO;, 40 mg (0.2
umole) of o-carbomethoxyphenyl chloroformate, 1 ml of H0,
and 3 ml of CHCl; was shaken for 0.5 hr at room temperature.
The mixture was dild with 10 ml of CHCl; and 4 ml of HyO. The
organic phase was washed with dil HCI and H;0, dried (Na,SOy),
and evaporated to an oil that crystallized. After trituration with
pet ether the solid was recrystallized from CCl, and pet ether,
eventually giving 30 mg (87%,) of white needles with a specific
activity of 3.5 uCi/mg. Tlc on an Eastman Kodak 6060 chroma-
gram silica gel sheet using C¢He developer indicated that the
product was homogeneons with an R: 0.21 corresponding exactly
to that of the unlabeled material. A radioscan of the strip
showed a single peak corresponding to the visual spot, indicating
radioactive homogeneity as well.

o-Nitrophenyl {!'‘C]-d-a-methylphenethylcarbamate (22) was
prepd from 25 mg (0.068 umole) of {**C]-d-amphetamine sulfate
(6.0 uCi/mg) by procedures similar to those in the preceding
experiment and those given here for the prepn of the unlabeled
product. A 30-mg yield of long, yellow-tinted needles was even-
tually obtained with a specific activity of 3.7 uCi/mg. Tlc on
Eastman Kodak 6060 Chromagram silica gel sheet using CeH,
as the developer showed the prodnct to be homogeneons with an
R; 0.54 corresponding exactly to that of the unlabeled product.
A radioscan indicated that the product was radiochemically
pure and corresponded to the visnal spot.
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A number of 3-phenyl-2-thiohydantoins with nonpolar snbstituents at the 5 position inhibited the peripheral

effect of T, as measured by the liver GPD) response.
given exogenons Ty.

Like TU and PTU, they also increased the PBI in rats
These PTH derivatives of valine, leucine, norleucine, isoleucine, etc., were very weak

goiterogens which had only little or no effect on thyroid weight or radioiodine nptake.

Barker, et al.? originally showed that a given dose of
T, did not restore the metabolic rate as well in rats
made hypothyroid with TU as it did in surgically thy-
roidectomized rats. In a reecent summary by de
Escobar and del Rey? the minimal daily T, require-
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ment was found to be increased twofold in rats receiving
TU, PTU, or MTU when a variety of biological end-
points was used (metabolic rate, liver GPD, goiter pre-
vention, pituitary basophilia, normal plasma TSH, and
suppression of thyroid '*'I release). These thiouracils,
in addition to preventing the biosynthesis of thyroid
hormones, inhibited the peripheral action of T;.24

This paper reports a study of the inhibition of the
GPD response to exogenous T, by a series of 3-alkyl-3-
phenyl-2-thiohydantoins derived from amino acids by
the Edman reaction®® in an attempt to establish the
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molecular requirements for the peripheral inhibition of
T). The effect of some of these PTH-AA’s on the thy-

HN——R

HNCHRCOOH + CHNCS  — N

N—=0)

" H.
PTH-AA

roid gland wes alzo determined to see if there was o cor-
relation between the structural requirements for the in-
hibition of the peripheral action of T, and the biosyn-
thesis of the hormone.

Methods and Materials

Groups of 6 1o 9 male Sprague-Dawley rats weighing
approx 150 g were fed a purified basal diet (6) = 0.29;
of the test compound and saerificed on the 12th day.
Some rats were simultaneousty injected with 15 ug of
T,/100 g of body wt per day subeutancously. Liver
GPD was determined manometrically;™ several of the
active inhibitors (PTH-valine, PTH-leucine, PTU) were
tested and found to have no effeet on the GPD assay 1
vitro, and did not produce an inhibitor i vievo which in-
terfered with the GPD determination in normal or
hyperthyroid hver.  RATU values were determined by
injeeting rats subcutaneously wirh 0.2 ¢Ci of Na’#1
(Oriodide from Abbott Radiopharmacenticals without
added carriery; 24 hr later the thyroid gland was
weighed and counted it a Packard Auto-y solid seintil-
lation system,  Chemical PBI determinations were per-
formed by Bio-Seience lLaboratories on trozen sera
pooled from several rats,

PTH-AAs were synthesized from 60 ml of phenyl
sothioevanate and 25 g of a pr-amino acid and the prod-
uets were cheeked for identity and purity by compar-
son with available standards (Mann Research Labora-
tories).  The mehting point and mixture melting point
were essentially the same as those reported by Edman®
and Brautleeht.®  The Ry values on tle agreed well with
those reported by StahL? and a mixture of each compd
with it= own standard could not be =epd by tle.

Results

Induction of Liver GPD by T..--Table I shows the
inhibition of the Twinduced inerease in liver GPD
when rats were also given various PTH-AA’s in the diet.
Those compds with a noupolar side chaitin the H posi-
tton were most potent; those with polar substituents
had little or no aetivity, A comparison of those de-
rivatives with mereasing carbons i an unbranched.
nonpolar side chain (PTH-a-aminoburyrate, -norvaline,
-norleucine) shows increasing activity with chain length
up to 4 C (PTH-norleueine): the t-carbon side chain
(PTH-g-aminooctanoate) was  less aetive.  PTH-
glyeine and alanine were alko relatively inactive, but
the vesults are not comparable because of poor food
consumption and growth with these compds.  Compds

(7) D). Riebert, J. Sehienkman, and W, Weslerfebl, . Mutr,, 88, 332 (10641,

(8) (. Prantleeht, Am, Chem. J., 14, 3406 (1N1 1),
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Acmlemie Press, New Yok aml Lumlon (1963),
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with branched 3 or 4 €, nonpolar stide chains (PT'H-
valine, leucine) had good activity. bnt the isoleucine
dertvative was less active. Phenyhsothioeyanate itselt
and monophenylthiourca were relatively toxie, but did
not inhibit GIPD mduction by Ty: another side product
formed in the svnthesis of the PTH-As, 1.3-diphenyl-
thiourer. was a moderate inhibitor of T without -
hibiting  growth or food consumption appreeiably.
None of the PTH-As which showed good activity
againtst the peripheral action of T were contaminated
by Poas-diphenylthionren,

When no T wax admintztered simultanconsly with
the drug. the Iatter conld decrease the basal GPD tevel
by blocking the hiosvnthesis of T ax well as by inthibit-
g 1tz periphersd action. While many of these com-
pounds did depress the basal GPD levels somewhat
(Table 1), only the proline derivative produced thy-
rordectomy levels of hver GPD. PTH-projine was also
very effeetive in blocking exogenous T but it wax rela-
tively toxic.

Some compds which inhibit the peripherat action of
T (eg. TUD PTU ulso inerease the PBL in rats fed o
ascin diet®™ and given exogenous Ty Within this
series of compds, ome of the better peripheral inhibitors
of T, (PTH-valine. -leucine, -i=oleucine) also inereased
the PBI i rats given T (133 to 1589 of the 8.8 ug €
found in control rats fed the basal diet and also injected
with T} (Table 1. However, the two phenomena
were ot abways assoctated. PUH-proline  inhibited
the GPD induetion by exogenous Ty, but did not catse
an accumitlation of exogenous Ty i the phisma; mono-
phenyvithiourea mmercased the PBL accmulation o
plasma, but did not inhibit the peripheral ¢ffeet of T
When exogenous T, was nat administered. many of the
compds decrcased the PBILL and the correlation cocffi-
cient between this effect and o deerease in basal GPD
wis 0.62; both ceffects were consistent with a mild
gotterogente action.

The 24-hn RATU s (Table 1) were unaffeeted by all
compds tested exeept PTH-valine, and the effeet of this
compd wux very weak by comparison with PTU. Nev-
crab compds {PTH-valine, -teucine, -profine. -glyveine,
-norleuchne) imereased the wt of the thyrotd gland
shightly, but they were all very weak goiterogens by
compartzon with PTU.  Unlike the morganic thio-
evanates. phenyvl isothioeyanate was found to have no
effcet on the RATU or wt of the thyroid ghand.

Discussion

The results of the present study showed that the
PTH-AA’s with o nonpolar side chain in the 5 position
were the most effective in preventing the induction of
liver GPD by exogenous Ty; the PTH-AA’s with polar
substituents  were  generally  inactive. White  these
PTH-AA’s are moderate inhibitors of T, peripherally,
they are not very potent inhibitors of the thyroid gland;
however, the same strueture-activity relationship in
this series is applicable to the inhibition of the periph-
eral action of T, as was previously developed for the
inhibition of the bioxynthesis of the thyroid hormone by
other thioamides.

The most aetive thioamides which produce gross and
histological hyperplasia of the rat thyroid gland are the
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TasLe I
Tue ErFects of PTH-AA’s ox THE LEVELs oF Liver GPD axp Servm PBIe

Av food
Av weight gain consumption

Compd +T. No T« =+ Ty
PTH-proline -7 17 74
PTH-valine 93 74 93
PTH-lencine S7 a9 N5
PTH-narleacine 02 32 70
1,3-diphevylthionrea 130 80 101
PTH-ixo0lencine 74 93 109
PTH-norvaline 75 7 9
PTH-a-aminobntyrate 64 09 96
PTH-tryptophan 98 99 101
PTH-2-methylalanine 40 4] 92
PTH-phenylalanine 5 87 95
PTH-threonine R7 74 93
PTH-alanine —46 0 69
PTH-a-aminooctanoate 81 76 102
PTH-xerine 123 R3 105
PTH-cystine 104 104 104
PTH-methionine 56 53 78
PTH-glycine —-95 —h4 H0
PTH-arginine 56 35 102
PTH-tyrosine 88 79 94
PTH-asparagine 104 100 92
PTH-aspartate 94 117 91
Monophenylthiourea —200 —108 31
PTH-glntamate 94 87 92
Phenyl isothiocyanate —-27 -2 66
Basal diet (control) 100 100 100
Absolnte valnest 51 £ 3 72 + 4 16.4 = 0.4

% in-
Liver GPD Serum PBI hibi-
+ T4 No T« +Ts No T« of T4
36 = 6* 36 = 6* R4 65 100
37 = 4% 61 = 6* 156 47 N1
41 = 3* 09 =+ 4% 155 SO NS
46 = 5* 67 = 16 07
53 = 4% 79 =7 122 71 03
AT £ N 70 &= {* 133 67 50
61 &= 4* 72+ 9 51
63 £= 10 73 £ 5* 95 56 43
66 = 6 89 = 8§ %
69 = 10 50 =+ 2* 9N 67 37
70 =7 80 =9 83 72 45
71 £ 4* 72 £ 8 131 S8 38
73 £ 6 50 = 9* 94 46 41
76 = 6 83 £ 5 32
77 =6 55 = 12* 111 R4 25
82 + 6 100 = 10 31
86 = 7 72 = 10 81 49 23
88 = 9 70 = 13 49 23
97 = 2 K7 =9 98 4
99 = 5 67 = 7* 77 66 0
100 = 7 79 =12 99 0
105 = 11 94 £ 10 109 0
105 = 12 73 =6 176 42 0
113 = 6 111 = 8 99 0
127 = 9 127 = 9 101 62 0
100 = 7 100 = 6 100 100
132 = 12 19 =1 8.8 0.3 5.6 =0.2

¢ Each compound was fed as 0.29 of the diet for 11 days, and the amonnt of drug administered was proportional to the food con-

sumption as listed. All values are shown as a percent of the corresponding control (basal diet rats).
significantly different from the controls at p = 0.02 or less as indicated by *.
follows: GPD = ul of O, consumed per 10 min per 150 mg of wet liver at 30°.

snmption (g /rat per day) was not altered significantly by T..

For GPD values, the means are
» The nnits for the abs values on the basal diet are as
PBI = ug of iodine per 100 ml of serum. Food con-

Weight gain = number of grams gained during 11 days of treatment.

¢ Restoration of liver GPD from 132 to 19 by the consumption of 0.14 mmole of drllg!’dax would be 1009 inhibition of the T,. All
valiies were calenlated as a per cent of this inhibition at this constant dosage as an approximation of relative activities.

TasLe 11
THE ErFrects oF SeveEraL PTH-AA’s oN THE WEIGHT
AND RaptoropiNi Uprake oF THE THYRO!D GLAND

¢ dose uptake mg of gland/100

Compd (RAIU) g of body wt
PTH-valine 4.3 = 0.5* 6.7 = 0.5*
PTH-lencine 7.2 0.5 5.6 0.3
PTH-aspartate 6.5 = 0.4 5.0 +=0.4
PTH-methionine 6.4 = 0.8 5.1 0.3
PTH-norlencine 9.4 1.6 6.6 =0.7
PTH-tyrosine 6.9 +0.6 5.1=+0.3
PTH-proline 7.9=x0.7 5.7 +=0.2*
PTH-glycine 8.0 =0.4 8.3 %= 0.8*
Phenylisothiocyanate 7.6 =0.7 51=x0.4
0.06% PTU 0.5 = 0.05* 18,8 = 0.8*
Basal diet (control) 7.2 0.4 4.7+0.1

e Mean =+ SE. The means are significantly different from
the controls (basal diet) at p = 0.02 or less as indicated by *.

2-thiouracils.’®=!3  Substitution with alkyl groups at
the 5 or 6 position gives peak activity with the 6-

(10) E. Astwood, Harvey Lect., 40, 195 (1945),

(11) E. Astwood. A. Bissell, and A. Hughes, Endocrinology, 87, 456 (1945).

(12) E. Astwood, J. Sallivan, A. Bissell, and R. Tyslowita, tbid., 82, 210
(1943).

propyl or 3-ethyl-2-thiouracil. Of the thiohydantoins
tested!*—1 5 5-dimethyl-2,4-dithiohydantoin!® and 5-
isobutyl-2-thiohydantoin'* have good activity; in gen-
eral, 2-thiohydantoin derivatives with a nonpolar sub-
stituent at the 5 position effectively depress the RAIU
of the thyroid gland' while derivatives with polar sub-
stituents at the 5 position are ineffective. Similarly
the 3-allyl-2-thiohydantoin derivatives containing non-
polar substituents at the 5 position decrease Na'l
uptake, whereas those with polar substituents do not.1®

The inhibition of T, biosynthesis can be separated
from the inhibition of the peripheral effect of T..
Methimazole is a very effective inhibitor of T: bio-
synthesis, but has no effect on the peripheral action of
T,. Several of the PTH-AA’s are moderate inhibitors
of T, peripherally, but have ouly little or no effect on
the gland.

(13) J. Cheymol, P. Chabrier, and Y. Gay, drch. Int. Pharmacodyn,, 88,
343 (1951): 90, 78 (1952).
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J. Amer. Chem. Soc., 70, 2884 (1948).

(15) R. Kilpatrick, D. Elmore, and D. Wood. Brit. J, Pharm., 18, 350
(1958).
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