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Interest i the tunior growth retardation character-
istics of aldehyde hydrazone derivatives! and pyrinii-
dines in general has prompted an extension of previons
investigations? councerning derivatives of pyrimidine-5-
carboxaldeliydes.

Substituted hydrazone derivatives of the 5-carbox-
aldehydes of  2,4,6-trihydroxy-, 2 4-dihydroxy-,
6-methyl-2,4-dihydroxy- and 4,6-dihydroxypyrimidine
have been prepared and characterized along with a
variety of anil derivatives of 2,4,6-trihydroxypyrimi-
dine-j-carboxaldehyde (Tables I and II).

TasLe I
DERIVATIVES OF
2,4,6-TRIHYDROX YPYRIMIDINE-3-CARBOXALDEHYDE

Reagent Pro- M.p., Recryst.® N Analyses, %
used® cedure? °C. from Caled, Found
Isonicotinic acid
hydrazide 1 330 A 25.45 25.56
p-Nitrophenyl-
hydrazine I 305 DMF 24.05 23.91
p-Hydrazino-
benzoic acid [ 339 DMF/W 19.30 19.01
2-Hydrazino-
quinoline 1I 275276 DMS/W 23.56 23.42
p-Nitroaniline? 1 >360 DMF 20.29 20.47
3,4-Dichloroani-
line 1 >360 DMF 14.00 14.01
p-Fluoroaniline 1 345 DMF/W 16.86 16.96
2,5-Difluoroani-
line 1 325 DMF/W 15.73 15.77
p-Hydroxy-
aniline I >360 DMF/W 16.96 17.06
p-Anisidine I >360 DMF/W 16.09 16.35
m-Anisidine 1 324 DMF/W 16.09 16.01
Dimethyl-
aminoaniline I 357/dec  DMF/W 20.42 20.43
p-Diethyl-
aminoaniline I 200/dec  DMF/W 18.53 18.76
p-Aminobenzoic
acid 1 >360 DMF/W 15.27 15.30
3-Aminopyridine 1 >360 DMS/W 24,13 23.99
Pyridoxamine 1 307 DMF/W 18,29 18.05
Adenine¢ 1 330 DMF/W 35.80 35.65
Sulfathiazole I 351/dec  DMA/W 17.80 17.92
Sulfamerazine 1 320/dec  DMF/W 20.89 20.83
Sulfapyridine 1 326/dec  DMF/W 18.08 17.99
Sulfaguanidine I 323/dec  DMF/W 23.85 23.70
Sulfamethazine 1 276/dec  DMF/W 20.18 20.14
Sulfadiazine 1 344/dec DMS/W 21.64 21.59

@ The first four reagents yield hydrazone derivatives. The re-
mainder yield anil derivatives. * Procedures I and II were used

(1) (a) R. H. Wiley, H. K. White, and G. Irick, J. Org. Chem., 24, 1784
(1959); (b) R. H. Wiley and G. Irick, ¢bid., 24, 1925 (1939);: 26, 393
(1961); (¢) R. H. Wiley, G. Irick. and H. K. White, ibid., 26, 589 (1961);
(d) R. H. Wiley and G. Irick, J. Med. Pharm. Chem., 6, 49 (1962); (e) R.
H. Wiley and R. L. Clevenger, tbid., § 1367 (1962).

(2) R. H. Wiley and Y. Yamamoto, J. Org. Chem., 38, 1906 (1960).
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in preparing derivatives: I. The aldehyde was prepared by the
Reimer-Tiemann reaction.? The reaction mixture was cooled
and filtered to remove precipitated salts, including the potassium
salt of the aldehyde. This salt mixture was suspended in enough
6 N sulfuric acid to form a thick slurry which was heated for a few
min. at 60°. The suspension was cooled, filtered and the pre-
cipitate washed with cold 0.1 & sulfuric acid and with cold water
until free of potassium. The dried aldehyde was suspended in
boiling dimethylformamide. To this solution was added a slight
excess of the amine or hydrazine in dilute acetic acid. The
resulting mixture was boiled for a few min., cooled and water
added to assure complete precipitation of the product. The
product was collected on a filter and recrystallized. II. The
aldehyde was prepared by refluxing barbituric acid with di-
methylformamide.? The reaction mixture was cooled overnight
and filtered to yield a solid intermediate. To this solid in hot
water was added the hydrazine in dilute acetic acid. The reac-
tion mixture was heated for a few min., cooled and the product
collected on a filter, dried and recrystallized. ¢ A, not recrvstal-
lized; DMF, dimethylformamide; W, water; DMS, dimethyl-
sulfoxide; DMA, dimethylacetamide. ¢ Caled. for Ci,\HsN,O;:
C, 47.83; H, 2.92. Found: C, 47.63; H, 2.86. ¢ Caled. for
C10H7N70aﬁ C, 4340, H, 2.08. Found: C, 4317, H, 2.88.

TasLe II
HyvrazoxeE DERIVATIVES® oF HYDROXY
SUBSTITUTED PYRIMIDINE-3-CARBOXALDEHYDES

Aldehyde Deriva- Recryst. N Analyses, 9
of? tive® M.p., °C. from?® Caled. Found
I IN 334-335 A 27.02 26.86

I NP 332 DMF 25.45 25.65
1I DP 336 dec. DMF 25.15 25.17
11 NP 347 DMF 24.21 24.14
IT IN 323 DMF 25.63 25.36
11 P 316 DMF 22,94 23.06
111 NPe >360 DMF 25.45 25.66
111 DP 285 dec. DMF/W  26.25 26.38
111 BP 265-266 DMF 18.36 18.21

@ All derivatives were prepared from solutions of the uniso-
lated aldehyde prepared by the Reimer-Tiemann reaction.? The
reaction mixture was cooled and filtered to remove any precipi-
tated potassium chloride. The filtrate was acidified with acetic
acid and refiltered if necessary. To the hot acidified filtrate was
added an excess of the hydrazine in dilute acetic acid. The reac-
tion mixture was boiled for a few min. and then cooled in an ice
bath. The product was collected on a filter and recrystallized.
*1, 2,4-Dihydroxypyrimidine; II, 2,4-dihvdroxv-6-methyl-
pyrimidine; III, 4,6-dihydroxypyrimidine. ¢ IN, Isonicotinoyl-
hydrazone, NP, p-nitrophenylhydrazone; P, phenylhydrazone;
DP, 2 4-dinitrophenylhydrazone; BP, 1,1-diphenvlhydrazone.
4 A, not recrystallized, DMF, dimethylformamide; W, water.
e Caled. for C,,HeN:O4: C, 48.00; H, 3.30. Found: C, 48.13;
H, 3.33.

Screening data® for these compounds have shown
borderline response (£) in Sarcoma 180 tests in two or
three determinations for the sulfamerazine, sulfapy-
ridine, and sulfaguanidite anils and the p-carboxy-
phenylhydrazone (Table I) and for the isonicotinoyl-
hydrazone derivative of the 2 4-dihydroxypyrimidine
structure (Table IT). The p-hydroxy and p-carboxy
anils (Table I) have shown single = Sarcoma 180 tests.

(3) The authors are indebted to Drs. C. C. Stock, R. K, Barclay, Christine
Reilly, Elvira Falco, and Sophronia Myron, Sloan Kettering Institute for
Cancer Research, for conducting these tests. The rating scales and pro-
cedures for the Sarcoma 180 test are given in Cancer Res., Suppl. No. 1, 91
(19533), Suppl. No. 2, 179 (1955), and Cancer Res., 18, No. 8, 49 (1958),

(4) M. Ridi and P. Papini, Gazz. chim, ital., 76, 369, 376 (1946).
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Experimental

Barbitnrie acid, nracil, G-methybieoeil, and 46-dibyvdroxy-
pyrimidine were conunercial pyrimidines used as receivel.  The
j-carboxaldehyvdes of 2,4 6-trihvdroxy-21 2 4-dilivdroxy-? aid
6-methyl-2,4-dihydroxypyrimidine? were prepared as previously
described.  4,6-Dihydroxypyrimidine J-carboxaldebyde was pre-
pared by the Reimer-Tiemann reaction but bo atteipt was dode
to isolate the aldehyde. The procedires wsed in preparation of
the derivatives are given in footnotes to the tables. The com-
pounds were dried at 150° (1 m.) for 4 by, prior to analysis?
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Orotic acid (uracil-G-carboxylic acid, 1) has received
atl inereasing amount of attention because of its im-
portant function in nucleic acid biosynthesis.  In this
connection, several of its carboxyl derivatives have
been preparcd as possible cancer chemotherapentic
agents.?

It also hasbeen clatnied to promote growth ina number
of antmal species® and, it fact, frequently has becn
suggested to be a vitamin, However, extensive nn-
tritional examination in this and other laboratories
indicates that the effect iz sporadic in oceurrcirce, A
erowth factor thought to be I or a closely related com-
pound has been found n a variety of natnral feedstnffs,*
but only fragmentary evidence of the structure of
the biologieally active principal has heen reported.

Review of the chemical and physical information
available indicated that this "“whey factor” indeed
ntight be a carboxyl devivative of 1, perhaps a sub-
stituted amnide or peptide conjugate. Although orot-
antide (IIT) has been known for many vears,” only a
few N-snbstituted amides have been reported.  All of
these conpounds have been prepared by aminolysis of
simple orotic esters.?  Attempts to prepare the orotyl
derivatives of aniino acids by the mse of dicyelohexyl
carboditimide failed because of the insoluble natnre of
I.  Likewise, syntheses of these snbstances from ethyl
orotate were unsucceesstul.  Althongh fruitless efforts
to prepare orotyl chloride (I1) have beent reported,?
the conpound was formed smoothly and in high yield

(1) To whom inquiries sliould be sent,  University of California, Davis.
Cabif,

(2) L. O. Raoss, I.. Goadman, and B, R. Baker, J. Org. Chem., 26, 1950
(1960).

¢3) Go o Combs, G, H. Arscott, and H. 1. Jones, Poultry Sci., 38, 71
119a4), K. Makino, T, Kinosbita, K. Satob, nnd T. Sasaki, Nature, 172,
914 (1953):  A. Rabhhi, M. Marchetti, R. Viviani, pml G. Moruzz, 1hd.,
177, 757 (1976).

1) H. Menge, G. F. Combs, and M. 8, Shorb, Paultry Sci., 28, 775 (1944
A. . Novak and 8. M. Hange, J. Biol. Chem., 202, 91 (1953).

(3) R. Belrend and K. Struve, Ann., 378, 1953 (1911).
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tn the present investigation.®  Reaction of Tand thionyl
ellortde i benzene in the presence of a catalvtie quan-
tty of N N-dimethylformamide’  gave  the  desired
produet, even thongh both T and TT appeared to he
tu=oluble  the reaetion mixtine.

Ax expected. T proved to be somewhat unstable, and
the general msolubility and nop-volatility of hoth T and
IT precluded purification.  Although satisfacrory ana-
Ivtical data proved diffiendt to obtain, the infrared
spectrum of the tsolated produet exhibited o strong
band ascribable to the carbonyl part of the COCI
funetion £5.52 w), o C-C1 bapd (12,25 ), and o <hwaop
amide band (5.90 p).  Converston to the acid chlonde
was essentially guantitative as shown by the absence
of carboxyl absorption in the infrared and fatlure to
observe any insoluble T following the reaction of ernde
[T with excess concentrated ammonnm hydroexide or

methanol.  In both instances, removal of the sohvent
reactant provided high vields of TIT or methyl orotate
OH QH OH
N# ‘ N/} N,
HOS~cox  HOSJcor Hol FeonscHRCOONH
X=0R"orNHR" I.R=0OH I
III.LR'=H II.R=C]

Xeaction of 1T with a varicty of e-amino acids hy the
Schotten -Baumann technigue provided the correspond-
ing orotylamino acids (IV) (Table 1), Attempts to con-
diret the preparation in o nonpolar solvent with pyr-
idine as acid acceptor were nnstiecesstul,. - The amino
acid dertvatives were found to be remarkably solnble
i polar solvents: althonph cmde vields were high,
considerable loss of matertal was suffered npon purni-
fication.

The preparation of orotic esters from IT and the
appropriate alcoho} proceeded smmoothly ax indicated
above (Table 1), 2-Fthylhexyl orotate was found to
he of partientar interest: it melted at 109-110° (orotic
actd nep. 345% and was fonnd to be very soluble
nonpolar solvents such as cthyl ether and benzene.
The biological properties of these “fat-soluble” dertva-
tives are now mnder ipvestigation,

Reactton of I with 2-aminocthanol in benzene re-
sulted in the isolation of N-(2-hvdroxyethyljorotamide
rather than the related aminoester. The produet was
tdentical in its properties with that prepared by aminol-
vaix of either ethyl or butyl orotate.” and its =frcture
was confirmed by speetral data.

Contrary 1o =everal reports,? dietary administration
of orotic acid and its esters was withont appreciable
effeet on the growth rate or feeding efficiency of chick-
et grown nn practical type rations.  However, as
shown i Table 1L orotyvlmethioninamide. orotyl-
glveine,  and  N-hydroxyethylorotamide  prodieed
statistically significant increases in weight compared
to nntreated controls in five-week trials.

Despite these responses, the resnlts of other series of
experiments were pot always consistent.  Althongh the
present work supports the view that the “whey factor”
ndeed nwy be an orotie acid conjugate, it is apparent
that the mechantxim by which this type of componnd
exerts its physiological effect rernains to be explained.

a3 After sabnission of the present oanvseriit, the preparation of I1 D
nrotic achl and thionyl eblaride was reported by Ho Gerson [, Org. Chenr,
27, 3309 (19621).

(71 I UL Bosshord, R Mory, M. 8cdmnd, and 1. Zollinger, Hebr, Chin
Acta, 42, 1653 (1959
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