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TABLE I 
OROTAMIDES 

Compound 

Orotamide' 
S-( 2-Hl drouyeth\-1)orotnmide 
OrotylgIycineb 
Orotylglycine ethyl ester 
Orotylglyc) Igl\ cine 
Orotyl-DL-methioninamidec 
Orot yl-DL-methionine 
(h i t )  l-oI.-phenl-lalanine 
Oroty1-D i.-tryptophan 
Grot1 l-u~-vahne 

a After purification. * llonoliydrate. c 

hI.p., oc. 
373 
245 
26!)-270 
247-240 
280-281 der. 
249-2*50 
222 
233-238 
233-2335 dec. 
233-2.54 

Dihydrate. 

TABLE I1 
OROTYI. ESTERS 

h1.p.. Yield, Rloleculnr -Nitrogen, 5%- 
Compound 'C. 7c" comvo+iiion Calcd. Found 

Methyl orotate 2-11-?42b 02  CsHeiV\'tO$ 1 6 . 5  1 6 . 5  
Ethyl  orotate 208-209c 87 CiHsNpOi 1.5.2 15.3 
2-Ethylhexyl orotate 109-110 5 1  c;~H?aNzOa 1 0 . 4  1 0 . 4  
Octadecyl orotnte 142--1-13 2 2  CnHinN?O. 6 . 9  7 . 1  

a After purification. b Lit.Q m.p. 240-242'. c Lit.g n1.p. 207- 
208". 

TABLE I11 
EFFECT O F  OROTIC X C I D  A S D  ITS nERIVATIVES OX CHICKESS' 

Dietary Gron.th 
level, Period, of 

Compound 76 weeks control 

Orotic acid ,010 6 10.3 
6 100 
i) 101 

Octadecyl orotate ,023 

J 105 
Oro tamide ,010 

) 111) 
Ortotylglycine ,013 
Orotylmet hioninamide ,017 
S-Hydrosyethyl orotamide ,010 5 116 

These esperiments \yere conducted by the Wisconsin illumni 
Research Foundation, Madison, Wisconsin. 

Experimental8 

Orotyl Chloride (II).-Anhydrous orotic acid (I) n as prepared 
by heating the commercial monohydrate in an oven a t  125" 
until constant weight was obtained. I (15.6 g., 0.10 mole), 
40 g. (0  33 mole) of thionyl chloride, 150 ml. of dry, thiophene- 
free benzene, and 0.5 ml. of K,N-dimethylformamide were boiled 
under reflux for 1 hr. with efficient stirring and the exclusion of 
moisture. The mixture was allowed to cool, and the product was 
isolated on a sintered-glass filter, washed first with thionyl chlo- 
ride and then with benzene, and dried in a vacuum desiccator. 
The yield of acid chloride containing a trace of unreacted orotic 
acid was 16.8 g (067, as the pure product). 

Anal.  Calrd. for CjH3ClN203: C, 34.4; H ,  1.7: N, 16.1. 
Found: C,35.1; H,2.1,  N, 16.5. 

Substitution of the usual orotic acid monohydrate for the 
anhydrous starting material resulted in a product which Tyas tan 
in color but from which satisfactory derivatives could be prepared. 

Orotamide (III).-Crude I1 from 50 g. (0 29 mole) of I mono- 
hydrate was gradually added to 200 ml. of coned. ammonium 
hydroxide solution m-ith vigorous stirring. af ter  standing over- 
night, IS00 ml. of water \vas added and the mixture heated to 

(8) All melting points were measured in a Vanderkamp block and are 
Infrared spectra were measured with a Perkin-Elmer Model 21 corrected. 

spectrophotometer. 
(9) R. Vanderheeghe. Bull. 80c. chim. Belues, 62, 611 (1953). 

Yield, 70" 
9 5 
48 
43 
52 
46 
36 
15 
I9  
30 
14 

---Nitrogen. %- 
Calcd. Fzund 

24 3 24 5 
21 0 21 0 
18 2 17 9 
17 4 17 G 
20 7 20 6 
1 i  4 17 6 
14 6 14 6 
13 0 13 8 
16 4 16 1 
16 5 16 3 

boiling to dissolve the precipitated amide, decolorized with 
carbon, filtered, and alloiTed to cool. The collected solid weighed 
37 g., m.p. 3 i 3 "  dec.; recovery of a second crop of crystals from 
the mother liquors provided a total yield of 47 g. ( 0 5 s )  as I11 
monohydrate. 

Anal. Calcd. for C5H5K\;s03.H20: C, 34.7; H, 4.1; X, 24.3. 
Found: C. 35.0; H, 4.5; N, 24.5. 
A4 sanip!e was-recrystallized from water and dried a t  110' 

over pho~pkorus pentoxide. 
-2nni. Calcd. for C5H&03: C, 38.7; H ,  3.3. Found: C, 

30.0; €I, 3.4. 
0rotylglycine.--A mec*hanically stirred solution of glycine (16 

g., 0.21 mole) in 200 ml. of 4% aqueous scdivni hydroxide solution 
XIS chilled to 5'. Solid I1 (35 g., 0.20 mole) was added in small 
portions while 7 5  ml. c;f 13Yr sodium hydroxide solution n-as 
added dropwise. After addition of I1 was complete, the solution 
was stirred briefly, acidified, and the pale yellon. solid was col- 
lected by filtration, n-ashed with a small volume of water, and 
rerrystallized from 830 nil. of boiling TTater (decolorizing carbon). 
Yield, 21 g. (43Yr), m.p. 269-270'. 

Anal.  Calcd. for CiH;S305,H,0: C, 36.4; H, 3.9; S, 18.2. 
Found: C,36.2: H,4.2;  S, 17.9. 

The infrared spectrum of the compound was consistent n i th  
the proposed structure. In  addition, hydrolysis with hot 10% 
aqueous sodium hydroside solution yielded orotic acid (shom-n by 
m.p. and infrared spectrum) and glycine (shown chromatograph- 
ically by comparison with an authentic specimen). 

%Ethylhexy! 0rotate.-The acid chloride (11) (from 20 g., 0.11 
mole, uf I )  was added to 250 ml. of 2-ethylhexanol and the re- 
sulting mixture nas warmed on the steam bath for 15 min., 
filtered hot, and the excess alcohol was removed in vacuo. The 
white snlid residue \vas recrystallized tn-ice from ethanol to pro- 
vide 15 g. (517;) of crystalline ester, n1.p. 100-110". 

Anal. Calcd. for CI,H,,S204: C, 58.2; H, 7.5; ?;, 10.4, 
Found: C, 58.5; H, 7.T: S, 10.4. 

N-(2-Hydroxyethy1)orotamide.-The acid chloride (11) (35 g., 
0.20 mole) was added in small portions to a rapidly stirred solution 
of 50 g. (0.82 mole) of 2-aminoethanol in 250 ml. cf benzene. 
After stirring a t  room temperature for a few min., the mixture 
was boiled under reflux fcr 2 hr., cooled, and extracted repeatedly 
n-ith water. The aqueous extract was evaporated to dryness and 
the residue mas dissolved in hot water, ethanol added to turbu- 
lence, and the product allowed to  crystallize. Two additional 
recrystallizations from boiling water provided 19.2 g. (48y0) of 
white crystals, m.p. 275" (lit.2 2iS-280"). Spectral character- 
istics of the product were identical with those described in the 
literature2 and with those of a reference sample prepared by re- 
action of 2-aminoethanol with ethyl orotate. 

Anal. Calcd. for CiHgN304: C, 42.2; H, 4.6; 3, 21.0. 
Found: C,42.3; H,4.8; S, 21.0. 
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