


Journal of JIcrlicinni Chemistry, lH70, T'oi. 13, .\-o. 6 1177 

T.\I~LF: I 
CARBAMATE ESTERS 

?H 

No. 

1 
2 
3 
4 

6 

8 
I) 

10 
11 
12 
I :i 
14 
1 .i 
16 
17 
18 
19 
20 

) 

r 

81 NH, 
I 

Compound- 

I 
til-I1 
tll-I1 
(11-11 
dl-I1 
dl-I1 
dl-I1 
d-I1 
d-I1 
(1-11 
(1-11 
tll-I1 
1-111 
1-111 
1-111 
1-111 
1-111 
2-111 
dI-11- 
dl-IT' 

______ 
\mine 

Q/YCHJ NHCH, 

I11 

Purification wI\ rn t  

CCl,-hewiie 
Hexane 
z-PI ?O-hexane 
CHClt-hexane 
CHClt-hexane 
z-Pr2O 
Hexane 
Hexane 
z-PrIO-hexane 
%-PI 2 0  

csH~-?-PrlO 
C ~ H G - Z - P ~ ? ~  
Pet ether 
CHCI7-hexane 
CHClr-hexaiie 
CHClJ-hexane 
CHCli-heume 
Hexane 
C6Hs 
CsH6-hexane 

i r p ,  o c  

96-98 
66-67 
71-7ih 
87-88 
79-81 
86-90 

Oik 
64-65 
87-X8 
92, :t94 

123-123.5 
124-124.5 
72-74 
9.5-96 

Oil 
Oil 
Oil 
Oil 
113-116' 
114-1 16 

HO 
IV 

/ a ] Z i D ,  I1P.p 

((TIiCh, r I )  

- 24 
- 20 
-41 
-11 
- 29 
- 13 
- 39 
- 29 
- 24 
-21 
- 27 

a All compounds were analyzed for C, H, N.  * After several crystallizations the product was chromatographically pure on tlc. c Corn- 
d C: calcd, 69.00; 

f Bispiperazine salt complex [J. D. Benigni and A. J. Verbiscar, J .  J Ied .  Chem., 
pounds 7 and 15-18 were purified by pptg and evacuat,irig the oil. 
found, 68.21. e Calcd: C, 61.81; H, 5.49; X, 8.48. 
6, 607 (1963)]. 0 C :  calcd, 68.55; found, 67.42. 

They were chromatographically pure on tlc. 

I n  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.16 
The carbamate esters were readily prepared by stan- 
dard methods17 from the amine and an appropriate 
ester of chloroformic acid.18 Most of the carbamates 
were crystalline although several of the 1-ephedrine 
carbamates were resistant to crystallization and were 
obtained as oils. Four diff ererit physiologically active 
amineh were carbamoylated including phenethylamine, 
(11- and cl-amphetamine, 1-ephedrine, and dl-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 linomn 
pharmacological action. 

Pharmacological Results.-In Table I1 the pharma- 
cological effects of 8 of these carbamate esters are com- 
pared with those of &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) .\I. J. Kolbezen. R. L. Metcalf, and T. R .  Fukuto,  J .  Agr.  Food 
Chem., 2, 864 (1954); L. W. Dittert and T. Higuchi, J .  Pharm. Sci., 62, 
852 (1963); I. Christenson, Acta Chem. Scand., 18, 904 (1964): A l .  I,. Ben- 
der and R. H .  Homer, J .  Oro. Chem., 30 ,  3975 (1965). 

(17) P. 4 d a m s  and F. A .  Baron, Chem. Rev., 66, 567 (1965). 
(18) hI .  M a i m e r ,  R. P. Kurkjy, and  R. J. Cotter, zbzd., 64, 645 (1964). 

TABLE I1 
PH.IRMACOLOGIP.IL EFFECTS OF THE C . ~ R ~ . I M . ~ T E  ESTF:RS 

Initial 
Compd Hyperactivity" tranquilizationb .\norexigenicc 

0 1 d-Amphetamine 1 
1 0 + 1 .i 
6 1/10 ++ 1,'2 

10 1/10 ++ 1 ,'2 
11 1/15 + 1 /:3 

17 1/30 + 1 :'3 
19 1/100 + 1 /4 

12 1/15 + 1 :'3 
16 0 0 1/13 

a Hyperactivity is expressed relat,ive to amphetamine (10 mg. 
kg) and as for the 1-2 hr period following administration of 25 
mgjkg ip the "initial tranquilization" period referred to the first 
40 min. * Initial tranquilization observed for 0 4 0  min. An- 
orexigenic action was measured for a period of 5 days, following ad- 
ministration of 10 mg/kg of the driig twice daily, 12 hr apart. 
The results are expressed relative to a 1 mg/kg dose of amphet- 
amine, ako administered twice daily. 

self. Although less active than the X02, the formyl 
derivatives exhibited both stimulating and anorexigenic 
activity. This series of compounds possess anorexigenic 
activity a t  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 mas always a delayed sedative 
action prior to the onset of central stimulation although 



.Iltliougti it I -  iiot krio\vn whether tlie hydrolyzed 
produeti \\ere formed entirely in the brain, it i b  reu- 
 ona able to astumc that the carbamate- can be 11.1 - 
drolyzed in  the brain, particular1.1 4nce they can be 
-ho\v11 to do ho zri  z i z t i o .  Both the delayed onqet arid 
tlic greater duration of action of the carbamates sup- 
port tlic notion that the hydrolytic product I$ required 
tor tlieir itimuluting action. 

Th(> preient ytudies bugge-t that lateritiatiori ot 
ccntrall? iictivt. ;tmineq appear\ fea-ible M U  c:u- 
b:mo> latiori .A degree of ielectivity in  modifying 
the drug action i -  possible through the leavirig alkyl 
group. which temporarily protects the amine againqt 
tleactivlttion by 1 IAO and increases lipophilicity . Fur- 
ther manipulatiori i i  possible through leavirig group- 
containing wbstituents which can act on the carbamate 
(.iter linkage by electron R ithdrawal or by neighboring 
group participation to  facilitate hydrolysis. The coti- 
cepts developed 111 this stud) are being extended to 
tlir IatcJntiation of biogenic arid other amines. 



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 evolut,ion of COJ stopped. The CHC18 
layer was washed with 20 ml of 5% HC1, then H 2 0  and dried 
(XasS04) and the solvent evaporated. The oily product was 
crystallized from CC14-hexane, decolorizing with charcoal, t,o 
give 6.7 g (5970) of small white needles, mp 68-70". Recrystal- 
lization from pet ether (bp 6O-llO0) gave an analytical sample: 
mp 72-74'; ir Xc:233.0 (OH), 5.87 (C=O). 

o-Carbomethoxyphenyl I-Ephedrinecarbamate.-A mixture 
of 4.95 g (0.03 mole) of /-ephedrine in 50 ml of CHC18 and 1.7 g 
(0.016 mole) of YazC03 in 20 ml of H 2 0  was cooled to 5". A 
soln of 6.66 g (0.031 mole) of o-carbomethoxyphenyl chloroformate 
in 20 ml of CHC13 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 5Yc HC1 and 20 ml of HzO and 
dried (Pia2S04) and the solvent evaporated. The solid product 
\vas recrystallized from CHCls-hexane, decolorizing wit,h char- 
coal, to give 7.66 g (747,) of fine long white needles, mp 95-96", 

Bis(pheny1 dl-p-hydroxy-a-methylphenethy1carbamate)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 ?;anC03, 30 
ml of HzO 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 CHCh 
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 CHC13 giving 2 clear layers. The CHCL layer 
was washed Lvith 2 x 50 ml of 5y0 HC1, dried (Na2SOa), and the 
solvent evaporated t,o give 8 g of a colorless oil. This was dis- 
solved in 150 ml of CsHs and 4 g of piperazine was added to the 
warm soh, followed by 80 ml of hexane. The result,ing ppt was 
recrystallized from C6H6 giving 4.9 g (5270)  of white crystalline 
product, mp 115-116", that  analyzed correctly for the bis salt. 

0-Nitrophenyl dl-a-Methylphenethy1carbamate.-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 COC12 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 Et& in 30 ml of solvent A and a solid formed. 
After stirring out of the cooling bath for 1 hr, 100 ml of H2O was 
added raiitioiisly to dissolve the pptd salt. The organic phase 

was washed with HJO, dried (CaC12), and evapd to about 50 ml 
of yellow soln containing the o-nitrophenyl chloroformate, from 
which t'he carbamate was prepared. 

A mixt'ure of 9.02 g (0.245 mole) of dl-amphetamine sulfate 
and 5.3 g (0.05 mole) of NanC03 in 70 ml of HzO wit'h 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- 
upon both layers became clear yellow at pH 7 - 7 5  The organic 
phase was washed with 50 ml of HZO, two 50-ml portions of .ici 
HC1, HZO again and then dried (i%'a2S0,). Nost of the solvent 
was evaporated arid upon the addn of hexane a solid formed. 
13ecrystallization from CC1, gave 12.3 g (84Yc) of criide prodiict, 
mp 80-86". Further recrystn from dry i-Pr20 gave analytically 
pure product, mp 89-90', as very light yellow needles. 

o-Carbomethoxphenyl [ '%c] -d-a-Methylphenethylcarbamate 
(21).-A mixture of 20 mg (0.055 pmole) of [14C]-d-amphetamine 
sulfate 16.0 pCi/mg), 35 mg (0.33 pmole) of Na2C03, 40 mg (0.2 
pmole) of o-carbomethoxyphenyl chloroformate, 1 ml of H20, 
and 3 ml of CHCL was shaken for 0.5 hr at  room temperature. 
The mixture was dild with 10 ml of CHCI, and 4 ml of H20. The 
organic phase was washed with dil HC1 and H20, dried (NasSOd), 
and evaporated to an oil that cryst,allized. After trituration with 
pet ether the solid was recrystallized from CC1, and pet ether, 
eventually giving 30 mg (87%) of white needles with a specific 
activity of 3.5 pCi/mg. Tlc on an Eastman Kodak 6060 chroma- 
gram silica gel sheet using C ~ H G  developer indicated that the 
product' was homogeneous with an Rf 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 ['4C] -d-a-methylphenethylcarbamate (22) was 
prepd from 25 mg (0.068 prnole) of [14C]-d-amphetamine sulfate 
(6.0 pCi/mg) by procedures similar to t'hose in the preceding 
experiment, and those given here for the prepn of the unlabeled 
product. A4 30-mg yield of long, yellow-tinted needles was even- 
tually obtained with a specific activity of 3.7 pCi/mg. Tlc on 
Eastman Kodak 6060 Chromagram silica gel sheet using C6H6 
as t'he developer showed the product to be homogeneous with an 
Rt 0.54 corresponding exactly to  that of the unlabeled product. 
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'" 
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A mimber of d-phenyl-2-thiohydant,oins with nonpolar siibstitiients at the 5 position inhibited the peripheral 
Like TZ: and PTU, they also increaqed the PBI i n  rats 

These P T H  derivatives of valine, leucine, norleucine, isoleucine, etc., were very weak 
effect of T, as measiired by the liver GPI) response. 
given exogenous T,. 
goiterogens which had only little or no effect on thyroid weight or radioiodine uptake. 

Barker, et a1.2a 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 Rey2h the minimal daily T, require- 

* To whom correspondence should he addressed. 
(1) (a) This study was aided b y  Grant No. 5-R01-AM-09106 from t h e  Na- 

tional Insti tute of .4rthritis and  Metabolic Diseases of t h e  National Institutes 
of Health, and Grant No. 5-R01-CA-01852-17 from the  National Cancer In- 
stitute, U. S. Public Health Service. (b) Abbreviations used are: GPD.  mito- 
chondrial u-glycerophosphate dehydrogenase (EC 1.1.99.5) : MTU, 6-methyl- 
2-thiouracil; PBI ,  protein-bound iodine; PTH-AA, 5-alkyl-3-phenyl-2- 
thiohydantoin derived from amino acid: PTU, 6-n-propyl-2-thiouracil, 
T,, 3,5,3',5'-tetraiodo-~-tbyronine. L-thl roxine; TSH,  thyroid stimulating 
hormone: TU. 2-thiouracil; R h I U ,  radioiodine uptake. 
(2) (a) S. Barker, C. Kiely, and H. Lipner, Endocrznology ,  45, 624 (1949); 

(b) C. hlorreale de Escobar and  F. Escohar del Rey, Recent Progr. H o m .  
Res., 23, 87 (1967). 

ment was found to be increased twofold in rats receiving 
TU, PTU, or AITU 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 I3lI  release). These thiouracils, 
in addition to preventing the biosynthesis of thyroid 
hormones, inhibited the peripheral action of T,.3t4 

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 reaction5*6 in an attempt to establish the 

( 3 )  I\. Ruepamer, JV. W. Westerfeld, and D. i. Richert, E ~ ~ O C T W I G ~ O ~ ~ ,  

(4) I F ,  Hoffman, D. Richert, and W, \V. IVesterfeld, %bad., 78, 1189 (1966). 
(5) P. Edman, Aetn Chem. Scand. ,  4 ,  277 (1950). 
(6) JV. Westerfeld, R .  Doisy, and D. Richert, J .  Nulr., 78, 393 (1962). 

75, 908 (1964). 


