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Experimental

Barbitnrie acid, nracil, G6-methybirocil, and 4 6-dibydraxy-
pyrimidine were connnercial pyrimidines used us received. The
5-carboxaldehydes of 2,4,6-trihydroxy-*1 2 4-dihydraxyv-? und
6-methyl-2,4-dihydroxypyrimidine? were prepured as previously
described. 4,6-Dihydroxypyrimidine 3-curhoxaldehyde wus pre-
pared by the Reimer-Tiemann reaction but no attempt was made
to isolate the aldehyde. The procedires used in prepuration of
the derivatives are given in foatnhotes to the tubles, The com-
pounds were dried at 150° (1 ) for 4 br, prior to anulysis,®
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Orotic acid (uracil-G-carboxylic acid, I) has received
an inereasing amount of atteution because of itg im-
portant function in mucleic acid biosyuthesis. In this
connection, several of its carboxyl derivatives have
beeur prepared as possible caucer chemotherapentic
agents.®

It also has been clatimed to promote growth in a number
of animal species® and, in fact, frequently has been
suggested to be a vitamin, However, extensive -
tritional examination in this and other laboratories
indicates that the effect iz sporadic in occurrence, A
growth factor thought to be I or a closely related com-
ponnd has been found it a variety of natnral feedstnffs,
but only fragmentary evidence of the strueture of
the biologically active principal has been reported.

Review of the chemical and physical iuformation
available indicated that this “whey factor” iundeed
might be a carboxyl derivative of 1. perhaps a sub-
stituted amide or peptide coniugate. Although orot-
antide (IIT) has beent known for many vears,® only a
few N-substituted amides have been reported.  All of
these componnds have becn prepared by aminolysis of
simple orotic esters.?  Attempts to prepare the orotyl
derivatives of amino acids by the use of dicyclohexyl
carbodiimide failed because of the insoluble natnre of
I.  Likewise, syntheses of these substances from ethyl
orotate were unsuccesstul.  Althongh fruitless efforts
to prepare orotyl chloride (II) have been reported,?
the compound was formed smoothly and i high yield
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tu the preseut investigation.t  Reaction of Tand thionyl
chloride i benzene hir the presence af a catalvtic qian-
tity o N N-dimethylformamidet gave  the  desired
produet, even thonglt both T and IT appeared to be
tuxoluble tie the reaetion mixtire.

As expected. T proved to be somewhat nnstable, ad
the general insohibility aud nop-volatility of hoth T and
IT precluded purification.  Although =atistactory ana-
Ivtical data proved difficnlt to ebtain, the infrared
speetruit of the ikolated product exhibited o strong
band ascribable to the carbonyl part of the COCI
funetion £5.52 x). o C-CI band (12,25 1), and a <shap
amide band (3.90 x).  Conversion to the acid chloride
was essentially quantitative as shown by the absence
of carboxyl absorption in the infrared and fatlure to
observe any insolible T following the reaction of crude
[T with excess concentrated ammoninm hydroxide or

methanol,  In both instances, removal of the solvent
reactant proviled hieh vields of TIT or niethyl orotate
~OH OH OH
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Xeaction of 11 with a variety of e-amino acids by the
Schotten -Bamann techiigue provided the correspond-
g orotylamino acids (IV) (Table 1), Attempts to con-
duet the preparation in a nonpolar solvent with pyr-
idine as acid acceptor were nusniecesstul. The amino
acid dertvatives were found to be remarkably solnble
b polar solvents: althongh crmde vields were high,
considerable loss of material was suffered npon purni-
fication.

The preparation of orotic esters from IT and the
appropriate alcoho} proceeded smoothly ax indicated
above (Table 1), 2-Fithylhiexyl orotate was found to
he of partientar interest; it melted at 109-110° (orotie
actd mep. 345% and was fonnd to be very =oluble i
noupolar solvents =uch as cthyl ether and benzene.
The biological properties of these fat-solnble™ deriva-
tives are now nnder investization.

Reaction of 11 with 2-aminoethanol i benzene re-
sulted in the isolation of N-(2-hydroxyethylorotamide
rather than the related wninoester. The prodnet was
tdentical in its properties with that prepared by aminol-
valx of cither ethyl ur butyl ovotate.® and its sfrneture
was confirnied by spectial data.

Contrary 1o several reports,? dictary administration
of orotic acid and its esters was without appreciable
effect on the growth rate or feeding efficiency of chick-
et grown on practical tvpe rations.  However, us
shown i1 Table 1L, orotyvhinethioninamide, orotyl-
glyeine,  and  N-hvdroxyvethylorotamide  produced
statistically stgnificant inereases i weight compared
to nitreated controls in five-week trials,

Despite these responses, the results of other series of
experiments were pot always eonsistent.  Althongh the
present work supports the view that the “whey factor”
indeed may be an orotie acid conjugate, it is apparcnt
that the mechanixin by which this type of componnd
exerts its physiological effect remiains to be explained.

- After subinission of the joesent wanusen |, the preparation of It fHras
wrotic achl and thionyl eldorade was reported by H. Gerson . Org, Chene,
27, 3309 (1962)).

(71 I 11 Bossbard, R, Mory, M. 8cbvad, amt 11 Zollinger, Heln, Ohnim.
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TasrLE I
OROTAMIDES

Molecular ~—~—Nitrogen, %——
Conipound M.p., °C. Yield, %*° composition Caled. Ysund
Orotamide” 373 95 C;HN305 Ha0 24.3 24.5
N-(2-Hydroxyethyl)orotamide 245 48 C;HN;0, 21.0 21.0
Orotylglycine’ 269-270 43 C:HN;05H:0 18.2 17.9
Oratylglycine ethyl ester 247-249 52 CoH 1 N;30;5 17.4 17.6
Orotylglyeylglycine 280-281 dec. 46 CoH,(N O 20.7 20.6
Orotyl-pL-methioninamide® 249-250 36 C1oH1N,0,82H,0 17.4 17.6
Orotyl-pL-methionine 222 15 CioHpiN;058 14.6 14.6
Orotyl-pL-phenylalanine 237-238 19 CiHisN;505 13.9 13.8
Orotyl-pL-tryptophan 233-235 dec. 30 C16H)3N30; 16.4 16.1
Orotyl-pL-valine 253-254 14 CiocH)sN305 16.5 16.3

e After purification. ?® Monohydrate. ¢ Dihydrate.

TapLe [I
OroTYL ESTERS

M.p., Yield, Molecular .—Nitrogen, -~

Compound °C. %%  composicdion Caled. Found
Methyl orotate 241-242° 92 CsHeN204 16.5 16.5
Ethyl orotate 208-209° 87 CHsN:04 15.2 15.3
2-Ethylhexyl orotate 109-110 At CiaH20N204 10.4 10.4
Octadecyl orotate 142-143 22 C»HwN:0. 6.9 7.1

s After purification. ? Lit.° m.p. 240-242°, ¢Lit.® m.p. 207-

208°.
TasrLe III
ErrrcT oF OROTIC ACID AND 1Ts DERIVATIVES oN CHICKENs®
Dietary Growth
level, Period, % of
Compound % weeks control
Orotie acid .010 6 103
Octadecyl orotate .023 6 100
Orotamide .010 5 101
Ortotylglyveine .013 5 105
Orotylmethioninamide .017 5 110
N-Hydroxyethyl orotamide .010 5 116

* These experiments were conducted by the Wisconsin Alumni
Research Foundation, Madison, Wisconsin.

Experimentals

Orotyl Chloride (II).—Anhydrous orctic acid (I) was prepared
by heating the commercial monohydrate in an oven at 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 N,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. (9697 as the pure product).

Anal. Caled. for C;H;CIN,O;: C, 34.4; H, 1.7;
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 was tan
in color but from which satisfactory derivatives could be prepared.

Orotamide (III).—Crude II from 50 g. (0.29 mole) of I mono-
hydrate was gradually added to 200 ml. of concd. ammonium
hydroxide solution with vigorous stirring. After standing over-
night, 1800 ml. of water was added and the mixture heated to

N, 16.1.

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

(9) R. Vanderhaeghe, Bull. soc. chim. Belges, 62, 611 (1953).

boiling to dissolve the precipitated amide, decolorized with
carbon, filtered, and allowed to cool. The collected solid weighed
37 g., m.p. 373° dec.; recovery of a second crop of erystals from
the mother liquors provided a total yield of 47 g. (95%7) as III
monohydrate.

Anal. Caled. for CG:H;N;0,H;0: C, 34.7; H, 4.1; N, 24.3.
Found: C, 35.0; H, 4.5; N, 24.5.

A samiple was-recrystallized from water and dried at 110°
over phosphorus pentoxide.

Anal. Caled. for C:HsN:05: C, 38.7; H, 3.3.
39.0; H, 3.4.

Orotylglycine.—A mechanically stirred solution of glycine (16
g.,0.21 mole) in 200 ml. of 4% aqueous scdivm hydroxide solution
was chilled to 5°.  Solid II (35 g., 0.20 mole) was added in small
portions while 75 ml. ¢f 139 sodium hydroxide solution was
added dropwise. After additian of IT was complete, the solution
was stirred briefly, acidified, and the pale yellow solid was col-
lected by filtration, washed with a small volume of water, and
recrystallized from 850 ml. of beiling water (decolorizing carbon).
Yield, 21 g. (43%), m.p. 260-270°,

Anal. Caled. for CHN;0:H:0: C, 36.4; H, 3.9; N, 18.2.
Found: C,36.2; H,4.2; N, 17.9.

The infrared spectrum of the compound was consistent with
the proposed structure. In addition, hydrolysis with hot 10¢}
aqueous sodium hydroxide solution yielded orctic acid (shown by
m.p. and infrared spectrum) and glycine (shown chromatograph-
ically by comparison with an authentic specimen).

2-Ethylhexy! Orotate.—The acid chloride (IT) (from 20 g., 0.11
mole, of I) was added to 250 ml. of 2-ethylhexanol and the re-
sulting mixture was warmed on the steam bath for 15 min.,
filtered hot, and the excess alcohol was removed in racuo. The
white solid residue was recrystallized twice from ethanol to pro-
vide 15 g. (51¢¢ ) of crystalline ester, m.p. 109-110°,

Anal. Caled. for CiyHaN:0,: C, 58.2; H, 7.5; N, 10.4.
Found: C,58.5; H,7.7: N, 10.4.

N-(2-Hydroxyethyl)orotamide.—The acid chloride (IT) (35 g.,
0.20 mole) was added in small portions to a rapidly stirred solution
of 30 g. (0.82 mole) of 2-aminoethanol in 250 ml. of benzene.
After stirring at room temperature for a few min., the mixture
was boiled under reflux for 2 hr., cooled, and extracted repeatedly
with water. The aqueous extract was evaporated to dryness and
the residue was 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. (48%) of
white erystals, m.p. 275° (lit.2 278-280°). Spectral character-
istics of the product were identical with those described in the
literature? and with those of a reference sample prepared by re-
action of 2-aminoethanol with ethyl orotate.

Anal. Caled. for C:HoN;O.: C, 42.2; H, 4.6;
Found: C, 42.3; H, 4.8; N\, 21.0.

Found: C,

N, 21.0.
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