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Carbamate ester latentiation of phenethiylaniine, ¢i- and d-ampheraniine, ~ephedrine, and di-p-hydroxyam-

phetamine is dexeribed, partienlarly in regard to the central activity of these dings.

By inereasing lipophilicity of

the amine and protecting it against enzymatic deactivation, carbuntoylation facilitutes transport into the brain.
The lack of a carbamate-specific enzyine in mammals requiives that a potency toward biologieal livdrolyvsis he in-

trinsic in the dmg in order for aniine release to ocenr in a useful period of time.

IKight different aleoholic leaving

gronps werce mcorporated into the carbamate esters and studied for their ability to facilitate such hydrolysis,
Funetional gronps in the alcoholic moiety which cai act on the carhamate ester nkage by electron withdrawal and
neighboring group participation appear to facilitate amine relense.  The most active carbamate estersin thisseriex
have a biphasie spectrim of activity characterized by mild sedation initially followed by moderate stimlation.
Anorexigeniy activity of the rarhamates oceurs with considerably less central stimnlation than with mmphetamine,

and a degree of selectivity in modifying snch dmg action is apparen.,

Prehminary stidies with the o-nitrophenyl

and o-carbomethoxyphenyl carbamate esters of a-[“Clumphetamine demanstrate that these carbamates rapidly

¢pter the monse brain where they are readily hydvolyzed.!

Sinee Ehrlich's orginal observation about restricted
penetration of drugs into the brain? the blood-brain
barricr has come to be recogmzed as a complex bio-
chemical phenomenon with no single hypothesis ex-
plaining all of the events*=% Nevertheless, i the
case of amines, transport scems to depend primarily
on two aspects of metabolism. lipophilicity and bio-
transformation.  l'or compounds whieh 1onize, the
rate of transport appears to be proportional to the
concentration of undiszoeiated molecules m the blood
and its degree of ipid solubility.  Since carbamoylated
amines do not womze. they are more soluble in orguiic
and lipoidal =ystems,  This hipophilicity theory ix onc
that has been broadly useful in correlating the action
of centrally active drug+”>  In the case of amines,
Lowever, an enzymatic barricr must be considered
i addition to the lipoid barrier.  Metabolizing enzymes
present i the brain may  deactivate amines before
they reach their proper site of activity. For example,
prescnee of monoamine oxidase (MAO) in bramn cap-
illaries destrovs dopamine and other phenethylamines
before their entry ito the brain.” By proteeting the
amine from deactivation by MAO, carbamoylation
facilitates 1t= transport.

Success with earbamate ester latentiation of amines
requires that the drug be hydrolvzed to a carbamie
acid and aleohol moicty after penetration into the

TG whonn cocrespoondence slonld be nddressed.
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brain, At physiological pH values carbamic acids
are unstable and decompose to the parent amine and
CO.Y The release of COy 1s phyvsiologieally com-
parable to the decarboxvlation of indogenous amino
acids to form their amine analogs, =uch as the deenr-
boxylation of S-hvdroxyvtryptophan in brain tissue to
form the blogenic amine, serotonin.

BNHCOOR? + 11,0 —> ROH + RNTICOOQI] ~—
BNTL 4 O,

The aleoholie feaving group can act like a “carvier”
and contains a potential for variation whereby mwmine
drug transport and release characteristics ¢ant be modi-
fied for specific usex. Several ethyvl carbumate ia-
tentinted drugs. such ax normeperidine!! and chior-
phentermine,’ have been reported and the low toxicity
of EtOH favors ity use as o leaving group.  However,
the wse of simple aleohols ax leaving groups in the
carbamate osters has not often met with suceess,
probably because the cesters are relatively stable to
biological hydroly=iz.  In this regard, therc does not
appear to be a carbamate ester specific hyvdrolytie
enzyme i mammaly, although one has been found
i =oil organisms.*  Cholinesterase will hydrolyze car-
bamates and become reverszibly nhibited during the
process.'* The hyvdrolysis proceeds via carbamoyla-
tion of the enzyvme with release of the aleohol moiety,
followed by decarbamoylation with release of amine.
Shiee both rates are relatively slow. cholinesterase
cainot be entinted upon to =plit carbamate esters. Al
though chyvmotrypsin can undergo carbamoyiation,
thix reaction does not generally oceur with carbamate
eSters,

no0s C, Yanrkoh, J. Crine Phys., 22, 1 (g2 0, Olsea, I, Vel andd
(', Faurholt, deto Chemn, Scund., 6, 398 (1952).

(11) 8. M. Kupehan and A, (. Isenberg, J. Med. Clem., 10, Y60 (1067).

(127 P. Bjarulf, 2. Carlstrom. and G. Rorsmar, Acto Med. Seond.. 182,
253 (19673,

(1:3) P.C. Kerney and D, D), Kaufman, Sectence, 147, 740)19065).

(14) R. D. O'Brien, 13. 1. Hilion, and L. Gilmour, Mol. Phurmaucol., 2,
503 au66): R. L. Melealf, and T. R. Fukuto, J. Agr. Food Chon., 183, 220
19651 1. 1B, Wilson. M. A, Harrwou, aud 8, Ginsburg, J. Brol. Chem., 286,
408 1061y s I 1. Cassida, X, I', Augastinsson, and G. donsson. /.
Feosi. Entomol., B3, 205 110601,

(15 10 1, Urlanger and V. Vdel, Bivehemistry, 8, 346 (1014



Riovhiinistr.il

CARBAMATE EsTER LATENTIATION OF AMINES

Journal of Medicinal Chemisiry, 1970, Vol. 13, No. 6 1177

TasLe I
CARBAMATE ESTERS
OH
CH, CH; /O/\(CHS
T
mHg ©/\1\EI? NHCH, HO NH,
I I I v
Compound [a]?lD, deg
No. Amine Alkyl molety Purificalion =olvent Mp, °C (O, 0 1) Formula”
1 I 0-)Ie():CC6H4 CCh"hQX&lle 96-98 CnH’le(h
2 ([/-II Ph Hexane 66-67 C15H17N03
3 dI-11 0-MeO0,CCeH, 7-PryO-hexane 71-77F CixHsNOy
4 di-11 p-MeOCsH, CHClj-hexane 87-88 CH) 3 NO;
b di-I1 0-OCHCH, CHCl;-hexane 79-81 CiHi:NO;
6 dl-11 0-0.NC¢H, -PryO 86-90 CisHisN3O,
7 di-I1 o-E10,CC:H; Hexane Oile Ci:HaNO,
8 d-11 Ph Hexane 64-65 —24 CisHy;;NO.
9 d-11 0-MeQ,CCeH, 7-Pr.O-hexane 87-88 —20 CisHidNO,
10 d-11 O-OzNCsH4 i-Pl‘QO 92.5-94 —41 015H15N304
11 d-11 'm-OQNCsH4 CsHs—ZT-PI‘_rO 123-123.5 —~11 CmHlsNgoK
]2 lH-II p-OzNCsI‘L CsHs——i-PI‘-_AO 124——124 N ——29 C16H16N204
13 [-I11 Ph Pet ether 72-74 —13 Cy:H yNO;
14 [-I11 0-MeO.CCe¢H, CHCl3-hexane 95-96 —39 C:HaNO;
15 -111 p-MeOCsH, CHCl;-hexane Oil —29 CisHuy NO#
16 [-111 0-OCHC4H, CHCl;-hexane il —24 Ci:H\¢NO,
17 I-I11 0-0;NC¢H, CHCl;-hexane 0Oil —21 CiHisN:0:e
18 -I1I a-Et0.CCsH, Hexane Qil —27 CsHa:NO:
19 dI-IV Ph CsHg 115-116/ C6HuN;O;
20 di-1V 0-OCHC¢H, CgsHe-hexane 114-116 CisHi:NO,

@ All compounds were analyzed for C, H, N. ? After several crystallizations the product was chromatographically pure on tie. < Com-

pounds 7 and 15-18 were purified by pptg and evacuating the oil.

found, 68.21. ¢Caled: C, 61.81; H, 5.49; N, 8.48.
6, 607 (1963)]. ¢ C: caled, 68.55; found, 67.42.

In searching for leaving alkyl groups that would
provide some control of hydrolytic stability in a phys-
iological environment, consideration was given to struc-
tural features which influence chemical hydrolysis.!®
The carbamate esters were readily prepared by stan-
dard methods?” from the amine and an appropriate
ester of chloroformic acid.'® Most of the carbamates
were crystalline although several of the l-ephedrine
carbamates were resistant to crystallization and were
obtained as oils. Four different physiologically active
amines were carbamoylated including phenethylamine,
dl- and d-amphetamine, [-ephedrine, and di-p-hydroxy-
amphetamine (Table I). The pharmacology of these
amines is relatively well known while the release of
the amine could be easily confirmed by its known
pharmacological action.

Pharmacological Results.—In Table IT the pharma-
cological effects of 8 of these carbamate esters are com-
pared with those of d-amphetamine. The most active
compounds in this group appeared to have a biphasic
spectrum of activity, characterized by mild sedation
initially, followed by moderate stimulation. By com-
parison with amphetamine the most active carbamate
derivatives were no more than 0.1 as effective in pro-
ducing central stimulation (hyperactivity) and periph-
eral sympathetic effects. As for anorexigenic potency,
the nitrophenyl derivatives of the amphetamine car-
bamates compared favorably with amphetamine it-

(16) M. J. Kolbezen, R. L. Metealf, and T. R. Fukuto, J. Agr. Food
Chem., 2, 864 (1954); L. W. Dittert and T. Higuchi, J. Pharm. Sei., 52,
852 (1963): I. Cliristenson, Acta Chem. Scand.. 18, 904 (1964): M. L. Ben-
der and R. B. Homer, J. Org. Chem., 80, 3975 (1965).

(17) P.Adamsand F. A, Baron, Chem. Rev., 68, 567 (1965).

(18) M. Matzner, R. P. Kurkjy, and R. J. Cotter, ibid., 64, 645 (1964).

They were chromatographically pure on tle. ¢ C:
! Bispiperazine salt complex [J. D. Benigni and A. J. Verbiscar, J. Med. Chem.,

caled, 69.00;

TasLe 1I
PrARMACOLOGICAL EFFECTS OF THE CARBAMATE EsTERS
Initial
Compd Hyperactivity® tranquilization®  Anorexigeuic®
d-Amphetamine 1 0 1
5 0 + 15
6 1/10 ++ 172
10 1/10 ++ 1/2
11 1/15 + 1/3
12 1/15 + 1/3
16 0 0 1/15
17 1/30 + 173
19 1/100 + 1/4

« Hyperactivity is expressed relative to amphetamine (10 mg/
kg) and as for the 1-2 hr period following administration of 25
mg/kg ip the “initial tranquilization’ period referred to the first
40 min. ?Initial tranquilization observed for 0-40 min. ¢ An-
orexigenic action was measured for a period of 5 days, following ad-
ministration of 10 mg/kg of the drug twice daily, 12 hr apart.
The results are expressed relative to a 1 mg,/kg dose of amphet-
amine, alro administered twice daily.

self. Although less active than the NO,, the formyl
derivatives exhibited both stimulating and anorexigenic
activity. This series of compounds possess anorexigenic
activity at doses somewhat less than those required
to produce moderate central stimulation. It would
appear that the anorexigenic action of the carbamates
occurs with considerably less central stimulation than
with amphetamine.

Gross behavioral effects in mice were observed for
all of the carbamate esters. Sedative action and central
stimulation appeared in various degrees depending
upon the particular amine and structure of the leaving
alkyl group. There was always a delayed sedative
action prior to the onset of central stimulation although
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the degree of hyperaectivity eaused by certain drugs
such o= 1, 4, 5, 13. 16, and 19 was slight. Tt is not
kuown for certain whether the initial depressant action
15 centrally mediated and attributable to the carbamate
as sl

The 5 earbamate esters of amphetamine and ephe-
drine with nitrophenyt leaving groups showed the
highest degree of activity. A countributory factor to
the higher activity of the nitrophenolie carbamates
ix their ease of hydrolysis in aqueous media, whiel
ix attributable to the cleetron-withdrawing character
of the NO, substituent. It adzo appewrs that the
0-N(O); participates i this hydrolysis to some degree
because of the higher overall activity of o-nitrophenyl
d-amphetaminecarbamate compared with the m- and
p-NO, 1omers. The o-carbomethoxyphenyl carba-
muates &, 9, and 14 also show somewhat higher activities
as compared with the phenyl, p-methoxyphenyl, and
lactyl carbamates.  Although the o-carbomethoxy-
phenyl carbamates are not as active as the nitrophenyi
carbamates, the toxieity of salievlate ax o leaving
group is <omewhat lower.

Direet evidence that the carbamate esters were hy-
drolyzed after entering the brain was obtained from
radiotracer studies.  Two carbamate esters of -am-
plictamine labeled with MC in the amine side chain «
to the ring were found to enter the brain (Tabie III).

Tanue 111
Disreisrrion or BC-Ianenep Compousbs 18 Mouse Braw

Amount in

Time of brain, ug
e DL LI sgerifice, Carl»  d-Ampliel-
Drug adminisiered uCl i e amate amine
[MCl-d-Amphetaminet .20 200 0.5 12.0
ap 0.70 200) 0.5 3.0 3.6
1.0 2.0 4.0
s .74 200 0.5 3.3 2.5
1.0 3.8

« Sulfate xalt.  *o-Carboniethoxyphenyl {M*C]-d-amphetamine.
carbamate.  ~ o-Nitrophenyvl [“C|.d-amphetaminecarbamate.

Although it is not known whether the hydrolyzed
products were formed entirely in the brain, it is rea-
sonable to assume that the carbamates can be hy-
drolyzcd in the brain, particularly since they can be
<hown to do so vn vitro. Both the delaved onset and
the greater duration of action of the carbamates sup-
port the notion that the hydrolytic produet is required
for their stimulating action.

The present studies suggest that latentiation of
centrally  active amines appears feasible via car-
bamoyvlation. A degree of selectivity in modifying
the drug action is possible through the leaving alkyl
group, which temporarily protects the amine against
deactivation by MAO and increases hipophilicity. Fur-
ther manipulation is possible through leaving groups
containing substituents which can act on the carbamate
ester linkage by electron withdrawal or by neighboring
group participation to facilitate hvdrolysis. The con-
cepts developed in this study are being extended to
the latentiation of biogenic and other amines.

Experimental Section

Melting points were determiined 1using a Thomas-Hoover
melting point apparatns and are corrected.  Analyses were per-

AT Vernwsese azp Lo Co Anona

formed by Midwest Mierolab, Ine, Indianapolis, Ind. 46226,
Where analy=es are indicated only by symbolx of the elements
analytical resnlts obtained for those clements were¢ within i
0.4C0 oI the theoretical vahiex.  Specific rotations were mea-
siured on a Franz Sehmidt and Haensch, Berlin, 8., palarimeter.
Radioseanning af the He sheets was done with an atomie scamner,
Atomie Accessaries, Inc., New York, N. Y.,

Pharmacological Measurements.---1'he measirement ol motor
activity was carried ot as described elsewhere.’d  For the re-
=ults described in Table 11 a dose of 25 mg/kg (in propylene
glyeoly administered ip was employed, althongh ~imilar effeets
were obtamed in the 10-50 mglkg dase range. Usnally the
animals were =edated the first 3050 min prior to 1he onset of
mereased motor activity.  During this initial period the animals
al~o exhibited decreased skeletal nimscle topus and were geverally
les= rexponsive to noxions stimuli.  The merease mmotor active
ity was observable 1-2 hr following dmg administration.  With
6, 10, and 11 =ome pupillary dilatdon and piloerection were
observed during the 1-2 hr period.  The anorexigenic action was
measnred over a period of 5 days ntilizing a dose of 10 mg kg
administered ip twice daily at intervals of 12 hr.  Ampletamine
11 g kg twice daily) was nsed as a reference standard.  The
food consmmnption of both the experimental and control gronps
was nreasired.

Radiochemical Drug Study.-- The dimgs in T'able 111 were given
to nice in a single injection at 10 mg/kg ip in propylene glyeol.
One-half and ove hour later the mice were sacrificed and their
brains removed and analyzed. An average ol 4 animals were
axed to obtain each vahie and agreement was good.  The original
drig penetrating into the brain and the hydrolyzed produets
were separated and identified nsing tle and antoradiography.
The valiues given iv Table ITT ave for inicrograms present in the
whale brain. Al mice were extremely hyperactive at time nf
sacrifice. Onset of activity was within 3-5 min with amphet-
amine and 8-10 min with 21 and 22,

Chloroformic Acid Esters. o-Formylphenyl Chloroformate.
A =oln of 97.6 g (0.8 mole) of =alicaldehyde, 96.7 g (0.8 mole) nf
PhNMes, and 8.1 g (0.08 mole) of INtaN in 100 ml of solvent A
t10¢, PhMe and 90 CsHy) was added =lowly with cooling to
90 g 10.9 mole) of COCH in 400 ml of solvent A, After stirring
for ¢ hr, H,0 was added cantionsly. The organic phase was
washed with 505 HCLand 1,0, and dried (CaCly).  The solvent
was removed and the residne erystallized nicely from hexane ax
white needles, 97.5 g (6697), mp 80.5-81.5°. The product is
nnstable and slowly decomposes while standing in a closed con-
tainer, apparently eliminating HCL It can be stored for only «
short time.  Anal. (CJ1.CI1O,) C, 11, CL

The other chloroformic acid esters were prepared similarly
from COCL, an aleohol, and with ap organic base as a scavenger
for HCI and ax a catalyst. The varions prodncts, their yields
and a brief description are given here: p-methoxypheny! chloro-
formate,™ 80¢; colorless oil, bp %5-%8° 3 mm), ir A0 5.5%:
a-carboethoxyethyl chloroformate,?! 66, colorlesx lachryinatory
oil, bp 55-57° ¢4 um), ir AQY 5.58, 5.66. o-carbomethoxy-
phenyl chloroformate **% (5¢,, colorlesx oil, bp 106--108° (3
unn), ir A% 558 5.77. p-nitrophenyl chloroformate,®-?
4207, white erystals (from /-Pry0), mp 65-72° {reported nip K0-
%1°). su=-Nitropheny! chloroformate? and o-nitrophenyl chloro-
formate? 2 were prepared by standard methods and were nxed
inmediately withont ixolation. Phenyl chloroformate was »
comuercial prodnec

Carbamate Esters.- -The carbamate exters in Table 1 were pre-
pared by methods similar to the examples given helow, with minar
varigtions.

Phenyl /-Ephedrinecarbamate.--A mixture ol 6.6 g (0.04
mole) of /-ephedrine in 40 ml of CHCl; and 2.33 g (0.022 mol«)
of NaaCOy in 12 ml of HiO was cooled to 10°. A =olu of 6.66 g
(0.044 mole) of phenyl chloroformate in 10 ml of CHCL wax added

119 L. (5. Abood, iu Drugs Affectiug the Ceniral Nervous Nystem,
A, Burger, Ed., Vol, 2, M. Dekker, New York, N. Y., 1968, p 127,

“0y M., J, Zabikaud R. D. Schuetz, J. Org. Chem., 8323, 300 (1967).

«21) 1. Thiele and F. Dent, Justus Liebigs Ann. Chem., 302, 245 (1898).

22) A. Einlornand A. von Baglh, Chem. Ber., 48, 322 (1910).

1237 N. Saciu, Rer. Roum, Chim., 11, (8), 745 (1966).

24 Y.lwakuraand A. Nabeya, J, Org. Chem., 28, 1118 11060).

25) R. E. Oesver, W. Broker, and W, A, C‘ook, J. Amer. Clhen Sne.,
47, 2609 11625).

+26) 1. . Raiford and G, Q. luman, ikid., 56, 1586 (1434).

127 Y, Lwaknyra, Y. Isldzuka, and T, Raito. Nippon Koyakn Ziashio 76,
1108 (14593 Chem. Ahstr,, B, 17,750 11057,
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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 CHCl;
layer was washed with 20 ml of 59, HC], then H,O and dried
(Na:S0,) and the solvent evaporated. The oily product was
crystallized from CCl~hexane, decolorizing with charcoal, to
give 6.7 g (599%) 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 i~ephedrine in 50 ml of CHCl; and 1.7 g
(0.016 mole) of Na,CO; in 20 ml of H;O was cooled to 5°. A
soln of 6.66 g (0.031 mole) of o-carbomethoxypheny! 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; HC] and 20 ml of H;O and
dried (N2,S0,) and the solvent evaporated. The solid product
was recrystallized from CHCl;-hexane, decolorizing with char-
coal, to give 7.66 g (74%) of fine long white needles, mp 95-96°.
Bis(pheny! 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 CHCl; 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 CHCl; giving 2 clear layers. The CHCl; layer
was washed with 2 X 50 ml of 59, HC], dried (Na,SO,), and the
solvent evaporated to give 8 g of a colorless oil. This was dis-
solved in 150 ml of C¢He and 4 g of piperazine was added to the
warm sol, followed by 80 ml of hexane. The resulting ppt was
recrystallized from CsH, giving 4.9 g (52%) of white ecrystalline
product, 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 occurred during the gradual addition of 10.1
g (0.1 mole) of EtzN 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 (CaCl;), and evapd to about 50 ml
of yellow soln containing the g-nitrophenyl chloroformate, from
which the carbamate was prepared.

A mixture of 9.02 g (0.245 mole) of dl-amphetamine sulfate
and 5.3 g (0.05 mole) of Na,;CO; i1 70 ml of H,O with 50 ml of
CHCl; was cooled to 0°. The o-nitropheny! chloroformate
solution was added with stirring and cooling over 10 min. The
cooling bath removed and the mixture was stirred for 2 hr where-
upon both layers became clear yellow at pH 7-7.5. The organic
phase was washed with 50 ml of HyO, two 50-ml portions of 5
HCI, H,O again and then dried (Na,804). Most of the =olvent
was evaporated and upon the addn of hexane a solid formed.
Recrystallization from CCly gave 12.3 g (84%%) of crude produet,
mp 80-86°. Further recrystn from dry 7-Pr,O gave analytically
pure product, mp 89-90°, ag very light vellow needles.

o-Carbomethoxpheny! ['‘C]-d-a-Methylphenethylcarbamate
(21).—A mixture of 20 mg (0.055 umole) of [1*C]-d-amphetamine
sulfate (6.0 uCi/mg), 35 mg (0.33 umole) of Na,COs, 40 mg (0.2
umole) of o-carbomethoxyphenyl chloroformate, 1 ml of H.O,
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 mlof H;O. The
organic phase was washed with dil HCl and H,0, dried (Na,SOy),
and evaporated to an oil that crystallized. After trituration with
pet ether the solid was recrystallized from CCls and pet ether,
eventually giving 30 mg (879,) of white needles with a specific
activity of 3.5 uCi/mg. Tlec on an Eastman Kodak 6060 chroma-
gram silica gel sheet using CsH, developer indicated that the
product was homogeneous with an R; 0.21 corresponding exactly
to that of the unlabeled material. A radiosean of the strip
showed a single peak corresponding to the visual spot, indicating
radioactive homogeneity as well.

o-Nitropheny! [!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 1eedles was even~
tually obtained with a specific activity of 3.7 uCi/mg. Tle on
Eastman Kodak 6060 Chromagram silica gel sheet using C¢He
as the developer showed the product to be homogeneous with an
R;: 0.54 corresponding exactly to that of the unlabeled produect.
A radioscan indicated that the product was radiochemically
pure and corresponded to the visual spot.

Peripheral Inhibition of Thyroxine by Thiohydantoins Derived
from Amino Acids"

Josepu V. Marx, Danx A. RicgERT, AND W. W, WESTERFELD*
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A number of 3-phenyl-2-thiohydantoins with nonpolar substitiuents at the 5 position inhibited the peripheral

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

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

goiteragens which had only little or no effect on thyroid weight or radioiodine uptake.

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 recent 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,.3:
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