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tane dihydrochloride (I1Ve) was dissolved in 50 cc. of metha-
nol and hydrogenated over 6 g. of 109, palladized charcoal.
The absorption of hydrogen was essentially complete in 90
seconds. This is a reduction rate comparable with that
found with benzyl aleohol and cyclohexene and is the most
rapid the senior author has observed in an N-debenzylation
except for the first step in the debenzyvlation of IVb to Vb.
After removal from the catalyst, the solvent was evaporated
in vacnwo and the residue was recrystallized from methanol.

3-Acetyl-8-ethyl-3,8-diazabicyclo[3.2.1)octane (VIe). One-
tiftieth mole (4.3 g.) of Ve dihydrochloride was placed in a
flask and covered with 25 cc. of acetic anhydride. Three
grams of potassium carbonate was added and the flask was
heated, first on a steam bath, then cautiously with a free
flame. There was considerable but not violent evolution of
gas. As the reaction-mixture became rather thick from dep-
osition of solid, 12 cc. more of acetic anhydride was added,
and boiling was continued until the still-head, used as con-
denser, was thoroughly heated. Five grams more of potassium
carbonate was then added and the mixture was refluxed a few
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minutes longer. The reaction-mixture was cooled, methanol
was added to react with the excess anhydride, and volatile
material was removed in vacuo. The residual material was
diluted with water to about 50 cc. and coned. potassium
hydroxide solution was added to pH 8. The solution was
cooled and then made strongly alkaline. The solution (vol-
ume now about 80 cec.) was extracted thrice with 1:1 ether-
benzene mixture (3 X 50 ce.). The third extract, when
evaporated, was found to contain only 0.2 g. of oil.

The combined extracts were dissolved in 20 cc. of hexane
and refrigerated, however, no crystals formed. The material
was therefore converted to the hydrochloride which was
crystallized from ethanol-ether mixture.
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The syntheses of all eight structural analogs of orotic acid which contain amino, hydroxy, and thio substituents at positions
2 and 6 are reported. The chlorination of orotic acid with phosphorus oxychloride and N,N-dimethylaniline yields 2,6-di-
chloro-4-pyrimidinecarboxylic acid. Previous structures proposed for this chlorination product have been shown to be in
error. A practical, large-scale synthesis of orotic acid has been devised, and a new route to the useful synthetic intermediate,
methyl 2,6-dihydroxy-4-pyrimidinecarboxylate is reported. Formamidine has been condensed with the sodium derivative
of diethyloxalacetate to give 6-hydroxy-4-pyrimidinecarboxylic acid in good yield. Several novel reactions involving methyl
2,6-dichloro-4-pyrimidinecarboxylate and methyl 6-chloro-2-methylthio-4-pyrimidinecarboxylate have been studied.

The importance of orotic acid in pyrimidine nu-
cleotide synthesis has been well established.?
Derivatives such as 5-chloro-, 5-bromo-, and 5-
fluoroorotic acid+® have been shown to exhibit
orotic acid antimetabolite activity in various bio-
logical systems. 6-Uracil methyl sulfone and 6-
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uracilsulfonamide, synthesized® as orotic acid antag-
onists, have exhibited significant antitumor ac-
tivity’—1® against several types of tumor growth.
Other pyrimidines related to orotic acid have been
shown to exhibit interesting antitumor properties. !

As part of a general program to investigate py-
rimidines as potential anti-neoplastic agents!? a
synthetic study of simple orotic acid derivatives
was undertaken in this laboratory. As a result of
this effort all the structural isomers of 2,6-disubsti-
tuted 4-pyrimidinecarboxylic acid which contain
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the hydrogen bonding functional groups, hydroxy,
thio, and amino at positions 2 and 6 (I-1X) have
now been prepared.

R, N_ _R;
R
Nx

COOH

I. Ry, R, = OH VI. R; = 8H, R, = NH,
II. Ry = NH,, R, = OH VII. R; = OH, R, = SH
IIIl. R, = SH, R, = OH VIII. R; = NH,, R; = SH
IV. Ry = OH, R, = NH, IX. R, R; = SH

V. Rl, Rz = NHz

The isolation!® and various syntheses!4—26 of
orotic acid (I) have been reported. Mitchell and
Nyec?h22 and Fox and co-workers? have adequately
reviewed this earlier work. Two of these eight ana-
logs of orotic acid, 2-amino-6-hydroxy-4-pyrimidine-
carboxylic acid? (II) and 6-hydroxy-2-thio-4-
pyrimidinecarboxylic acid#2328 (III), were known
prior to the present study.

The chlorination of orotic acid (I) with phos-
phorus oxychloride has been reported by Biscaro
and Belloni.?® Later Bachstez!” employed a mix-
ture of phosphorus oxychloride, N,N-dimethyl-
aniline and phosphorus pentachloride as a chlorin-
ation medium. Neither of these investigators
definitely established the structure of their chlorin-
ation products. Since at the time of their work
the structure of orotic acid (1) had not been clearly
cstablished, Biscaro and Belloni did not attempt to
assign a definite structure to their compound but re-
ported it to have the empirical formula CsH4N,0,Cl,-
1,0. However, Bachstez, on the basis of elementary
analyses, postulated the structure of his chlorina-~
tion product to be a dihydropyrimidine (XI),
LIxperiments performed in this laboratory prove
conclusively that the correct structure of the chlo-
rination product is the expected, 2,6-dichloro-4-
pyrimidinecarboxylic acid (XII}. The potassium
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salt of orotic acid® and phosphorus oxychloride in
the presence of N,N-dimethylaniline resulted in
the preparation of XII in 509} yield. This compound
exhibited identical ultraviolet and infrared spectra
and possessed identical paper chromatographic
behavior when compared with the products ob-
tained according to the directions of Biscaro and
Belloni® and Bachstez.

The analytical results (see Table I) reported by
Biscaro and Belloni?®® and Bachstez!” strongly sug-
gest that these investigators actually had isolated
the mono- and dihydrates of XII. It has been dem-
onstrated in our laboratory that 2,6-dichloro-4-
pyrimidinecarboxylic acid (XII) gradually absorbs
moisture from the air.

Compound XII reacted smoothly with thiourea in
ethanolic solution to yield 2,6-dithio-4-pyrimidine-
carboxylic acid (IX). Also XII reacted with ethano-
lic ammonia and methylamine to form 2,6-diamino-
4-pyrimidinecarboxylic acid (V) and 2,6-bis(meth-
yvlamino)-4-pyrimidinecarboxylic acid, respectively.
When XII was allowed to react with ethanolic
ammonia at lower temperature, a mixture of iso-
mers, which could not be separated, was produced.

When 6-hydroxy-2-methylthio-4-pyrimidinecar-
boxylic acid?® was heated in methanol saturated
with dry hydrogen chloride, a readily separable
mixture of two esters, XIV and XV, was obtained.
The structure of the major product, XIV, was
easily identified as the expected methyl 6-hydroxy-
2-methylthio-4-pyrimidinecarboxylate. The struc-
ture of the other product, methyl 6-methoxy-2
methylthio-4-pyrimidinecarboxylate (XV), was es-
tablished as follows: Acid hydrolysis of XV gave
orotic acid in excellent yield. When XV was hy-
drolyzed in base, it was converted almost quan-
titatively to the starting material, 6-hydroxy-2-
methylthio-4-pyrimidinecarboxylic acid (XIII). So-
dium methoxide, in methanol, containing a trace of
water, hydrolyzed the ester group of XV to form
6 - methoxy - 2 - methylthio - 4 - pyrimidine-
carboxylic acid (XVIII). This acid (XVIII) was
also prepared from methyl 6-chloro-2-methylthio-
4-pyrimidinecarboxylate (XVII), sodium methox-
ide, and a trace of water. Compound XVII, in turn,
was obtained in excellent yield from methyl 6-
hydroxy - 2 - methylthio - 4 - pyrimidinecarboxylate
(XIV) and phosphorus oxychloride. The minor
product resulting from the esterification of XIII,
which possesses an ‘“‘extra’”’ methyl group, is the
6-methoxy derivative, XV, rather than either of the
theoretically possible N-methyl derivatives. When
XIIT was esterified in methanol containing a trace
of water, a good yield of the methyl ester of orotic
acid (XVI)1517.2328 wag obtained. Since no pre-
viously reported synthesis of orotic acid ester could
be satisfactorily adapted to large-scale preparations

(30) The potassium salt of orotic acid rather than orotic
acid itself was used for the chlorination, since the latter
contains one mole of water of erystallization which can only
be removed with great difficulty.
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TABLE I

CHLORINATION PrRODUCT

O:jo OY

oF OroTIc Acip (I)

?’ Y/

HN-# H HN
COOH 0O H Cl! COOH COOH
I x* Xr XII
Caled CsHN,0;Cl;- H,O XI XII XII-H.0 XII-2H,0
C 26.2 26.4 31.1 28.5 26.2
H 2.62 1.76 1.04 1.90 2.62
N 12.2 12.3 14.5 13.3 12.2
Cl 31.0 31.3 36.8 33.6 31.0
H,O 7.86 8.53 15.7
Mol. wt 229 227 193 211 229
Our Chlorination Product
Biscaro and Dried at 80° Dried at room temp.
Found Belloni® Bachstez!” (12 hr.) (3 weeks)
C 31.2 28.7
H e e 1.34 1.95
N 13.16,13.10,12.04 12.13 14.6 13.1
Cl 31.39 31.9
H:0O 8.26 -
Mol. wt. ce. 235 . A
M.p. 115°C 115°C 115-117°C 115-117°C

@ Structure assigned by Biscaro and Belloni® for orotic acid. ? Structure assigned by Bachstez!" for the chlorinated product

of orotic acid.

ou”
[l HCt CHiOH 3 hr. |
HO._N_OH . H,CS. N _OCH; H,CS H,cS._N._OH
U SL \:j TJ T
N N N
COOCH COOCH; COOCH; COOH
I XV XIv XIII
PGCL 4o
Naoc}{al ";I\:(_)Of l 3 Lrac .zgfl HCL, CH,0H
H.,CS N. _OCH, H,CS_ N Cl HO_. N_ _OH
R g T g
NY NaOCH;, N Ny
trace of
COOH H.0 COOCH, COOCH;
AVIIL XVII XVI
l NasIl ll'(.’)( Iy
HeN NI, ¢l Nl HS. N_ SsH ¢l _N_ (I
N1 PRI = thiourea =~ thiourea =~
e ety
COOH COOH COOH COOCH,
XII IX XIX

in this laboratory, this new synthesis proved to be
highly useful.

The chlorination of the methyl ester of orotic acid
(XVI) in phosphorus oxychloride produced a 729,
yield of methyl 2,6-dichloro-4-pyrimidinecarboxyl-
ate (XIX). This compound was readily converted
to IX by thiourea in ethanol. IX was also prepared
from methyl 6-chloro-2-methylthio-4-pyrimidine-
carboxylate (XVII) and sodium hydrosulfide in

cthylene glycol at 150°. 2-Methylthio-6-thio-4-
pyrimidinecarboxylic acid (XX) was obtained from
XVII and sodium hydrosulfide when ethanol rather
than ethylene glycol was used as the reaction sol-
vent. When XX was refluxed in 2N hydrochloric
acid an almost quantitative yield of 2-hydroxy-6-
thio-4-pyrimidinecarboxylic acid (VII) was ob-
tained. The structure of VII was established since
the isomeric 6-hydroxy-2-thio-4-pyrimidinecarbox-
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CIT/N cl HOYN NH, HO\r/N SH g H,cs\r/ SH
— NS | NS | 130° | — |
NH,OH NS Ny
COOCH, COOH COOH COOH
XIX / v VII NaSH_~ XX
10°| 5% llo% NaOH 80
alc. NH, 25° | alc. NH, THCl
Cl__ N__NH. H,C N H,CS_ N__Ci H,C N _q
| T 1 SW/ 0 \(/ ] % ’ 7
N ale. NH; N alc. NH; N
CONH, CONH; COOCH;, CONH,
XX1V NaSH XXI11 XVII XXI
\ leSH 1CH3—NH, lNaSH
Cl\r/N Cl HS\r/N NH, HaCS\r/N NHCH; HS /N SH
S 4 . ,
N N N NX
CONH. COOH CONHCH, COOH
XXV VI XXII X

vlic acid (II)??® is known. Aqueous ammonia and
VII heated at 130° gave 6-amino-2-hydroxy-4-py-
rimidinecarboxylic acid (IV).

When methyl 6-chloro-2-methylthio-4-pyrimi-
dinecarboxylate (XVII) was allowed to react with
ethanolic ammonia at low temperature, the 6-
chloro group was retained and the ester was con-
verted to an amide to yield 6-chloro-2-methylthio-
4-pyrimidinecarboxamide (XXI). In a similar
manner 2,6 - dichloro - 4 - pyrimidinecarboxamide
(XXV) was obtained when methyl 2,6-dichloro-4-
pyrimidinecarboxylate (XIX) was treated with 5%,
ethanolic ammonia at 10°,althoughanequal amount
of 6-amino-2- chloro -4 - pyrimidinecarboxamide
(XXIV) was found to be present. When 109,
ethanolic ammonia was employed at room tempera-
ture XXIV was produced exclusively. The chloro
and the ester groups of XVII were both replaced at
a higher temperature or when methylamine was
employed. Thus, while the preparation of 6-amino-
2 - methylthio - 4 - pyrimidinecarboxamide
(XXII1) resulted from XVII and ethanolic am-
monia at 100° in a sealed vessel, methylamine and
XVII reacted readily at 15-20° to give 6-methyl-
amino - 2 - methylthio - 4 - pyrimidine - N - meth-
ylearboxamide (XXII) in excellent yield. Hence,
the site on chloro-4-pyrimidinecarboxylates most
susceptibile to nucleophilic attack is the carbonyl
carbon atom at position 4 rather than the chloro-
substituted ring carbon atoms at positions 2 and
6.

The structure of XXIV was established as
follows: When XXIV was subjected to paper chro-
matographic analysis in various solvent systems
only one spot was observed. Sodium hydrosulfide
in ethylene glycol at 150° converted XXIV to 6-
amino-2-thio4-pyrimidinecarboxylic acid (VI) in
good yield. This product was identical in every
respect with a sample of VI prepared from sodium
hydrosuifide and 6-amino-2-methyithio4-pyrimi-

dinecarboxamide (XXIII). Furthermore, 6-amino-
2-hydroxy-4-pyrimidinecarboxylic acid (IV) was
readily obtained by acidic hydrolysis from XXIII
or by either acidic or basic hydrolysis from XXIV.
The instability of the 4-carboxamide group of com-
pounds XXIIT and XXIV in aqueous media is to
be noted since hydrolysis occurred very readily in
either acid or base.

HzN\rN OH (yom HzN\r/N OH
H,S0, e
COOH COOCH;
II PSS, XXVI

lmcng
S
H,N_ N __SH I} H,N__N__Cl
U H,N-C—NH, j’/
N
COOH COOCH;
VIII XXVII

2-Amino-6-hydroxy-4-pyrimidinecarboxylic acid
(II) was esterified and the ester (XXVI) was
smoothly chlorinated with phosphorus oxychloride
to yield methyl 2-amino-6-chloro-4-pyrimidinecar-
boxylate (XXVII) which was converted in 549,
yield to the desired compound, VIII, by reaction
with thiourea in ethanolie solution. 2-Amino-6-
thio-4-pyrimidinecarboxylic acid (VIII) was also
prepared in lower yield (359) by the direct thia-
tion of XXVI. The ultraviolet absorption data of
orotic acid analogs are listed in Table II.

A new method of preparation of 6-hydroxy-4-
pyrimidinecarboxylic acid (XXVIII)3'—3 was ac-

(31) H. Bredereck, H. Ulmer, and H. Waldman, Ber., 89,
12 (1956).

(32) E. Cherbuliez and IX. N. Stavritch, Helv. Chim. Acta,
5, 267 (1922).

(33) M. Claesen and H. Vanderhaeghe, Bull. Soc. Chim.
Belges, 66, 292 (1957).
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TABLE II
ULTRAVIOLET ABSORPTION OF OROTIC AcCID ANALOGS
P
N\
COOH
pH1 pH 11
Amax Amax
Compound R, R, (mpu) € (mpy) €
I OH OH 282 8,000 284 6,300
II NH, OH 276 5,600 293 4,200
III1 SH OH 270 22,800 234 11,100
262 17,600
320 4,150
v OH NH, 294 9,000 285 6,550
\' NH; NH. 287 6,150 300 5,000
VI SH NH, 226 12,300 270 16,900
277 32,000
325 3,200
VIl OH SH 250 5,100 342 11,000
346 11,500
VIII NH: SH 263 7,000 328 8,300
347 10,400
IX SH SH 278 30,600 262 19,200
359 9,800 279 19,500
370 8,400

complished by the condensation of formamidine
acetate® with the sodium salt of diethyloxalacetate
in aqueous solution. Contrary to the report by
Claesen and Vanderhaeghe?? that 6-hydroxy-2-thio~
4-pyrimidinecarboxylic acid (III) could not be
successfully dethiated by Raney nickel, it was found
in this laboratory that XXVIII was produced in
489, yield by this method, thus providing a second
practical route to 6-bydroxy-4-pyrimidinecarboxylic
acid (XXVIII).

N__OH

oy

COOC,H,
o 7 oo
1] XXVIII
CONa T
COOC.H;

I;IH
H(IJ-CH3COOH +

NH,

HS. N__OH

TJ
NX
COOH
111

Several alkylthio derivatives (see Table III)
were prepared by direct alkylation of the appro-
priate thio-orotic acid derivative.

EXPERIMENTAL?%

2,6_‘-D’ichloro-4-pyrimidinecarbozylic acid (XII). To a sus-
pension of 100 g. of finely powdered potassium salt of orotic

(34) E. C. Taylor and W. A. Ebrhart, J. Am. Chem. Soc.,
82, 3138 (1960).

(35) All melting points were taken on a Thomas-Hoover
melting point apparatus. The infrared spectra were taken
with a Perkin-Elmer infracord and the ultraviolet absorption
were determined with a Beckman DK-2.
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acid in 1.5 1. of phosphorus oxychloride was added 100 ml. of
c.p. N,N-dimethylaniline. The resulting reaction mixture
was heated under reflux for 3 hr. The excess phosphorus oxy-
chloride was then distilled from the reaction mixture under
reduced pressure using a steam bath as a source of heat.
The dark, sirupy residue was poured onto 2-3 kg. of crushed
ice accompanied by vigorous stirring. This ice-cold aqueous
solution was extracted with 750-1000-ml. portions of ether
until a total of 6 1. of ether had been used or until evapora-
tion of a small volume of the ether extract showed no prod-
uct to be present. The combined etheral extract was washed
with ice water until the pH of the water was 4. The ether was
then shaken with 25-50 g. of charcoal, filtered, and dried
over sodium sulfate. Upon distillation of the ether 57 g. of
crude product, m.p. 108-110°, was obtained. This yellow
product *was recrystallized from heptane to yield 50 g.
(50%) of pure, white 2,6-dichloro-4-pyrimidinecarboxylic
acid (XII); m.p. 115-117°, AZHH 273 mu (e 5000). For
analysis a sample was dried at 80° for 12 hr.

Anal. Caled. for C;H,N,O.Cl.: C, 31.1; H, 1.0; N, 1.45.
Found: C, 31.2; H, 1.34; N, 14.6.

A sample allowed to stand for three weeks at room tem-
perature had an analysis corresponding to the monohydrate.

Anal. Caled. for C;H:N:0.Cl,-H:O: C, 28.5; H, 1.9; N,
13.3. Found: C, 28.7: H, 1.95; N, 13.1.

2,6-Dithio-4-pyrimidinecarbozylic acid (IX). Method A.
A mixture of 6.5 g. of methyl 6-chloro-2-methylthio-4-py-
rimidinecarboxylate (XVII) and 10 g. of sodium hydrosulfide
was suspended in 25 ml. of ethylene glycol and heated at
130° for 30 min. The deep red sclution was then poured into
300 ml. of water, boiled with charcoal, and filtered. The hot
filtrate was acidified with hydrochloric acid and the result-
ing precipitate filtered. The dry product (4.8 g.) was re-
crystallized from water to yield 3.9 g. (69%) of IX as yellow
crystals, m.p. 281-282°,

Anal. Caled. for C;HN:053;: C, 31.9; H, 2.1; N, 14.9.
Found: C, 32.1; H, 1.8; N, 15.2.

Method B. A mixture of 25 g. of thiourea and 25 g. of 2,6-
dichloro-4-pyrimidinecarboxylic acid (XII) was suspended
in 400 ml. of ethanol and heated under reflux for 3 hr. The
solution was then diluted with 500 ml. of water, boiled with
charcoal, and filtered. The filtrate was acidified with hydro-
chloric acid and the resulting yellow precipitate was filtered,
washed with water, and dried. The crude product (12.2 g.)
was recrystallized from water to yield 9.7 g. (39.5%) of
product which exhibited identical ultraviolet and infrared
spectra with a sample prepared by Method A.

Method C. A mixture of 10 g. of thiourea and 10 g. of
methyl 2,6-dichloro-4-pyrimidinecarboxylate (XIX) was
suspended in 200 ml. of ethanol and heated under reflux for
1-2 hr. during which time the solution became clear and
finally a yellow precipitate formed. This precipitate was fil-
tered from the cold solution and dissolved in dilute sodium
hydroxide. This soluticn was boiled with chareoal for 15
min., filtered, and acidified with hydrochloric acid. The re-
sulting yellow precipitate was filtered and dried. This crude
product (6.8 g.) was recrystallized from water to yield 5.1
g. (56%) of IX identical in every respect with samples pre-
pared by methods 4 and B.

Method D. A mixture of 3 g. of XXI and 3 g. of sodium
hydrosulfide in 25 ml. of ethylene glycol was heated at
130° for 45 min. The reaction mixture was then poured into
150 ml. of water and the resulting solution was boiled with
charcoal for 15 min., filtered, and the filtrate was acidified
to yield 1.9 g. of 2,6-dithio-4-pyrimidinecarboxylic acid (IX).

2,6-Diamino-4-pyrimidi bozylic acid (V). A mixture of
15 g. of 2,6-dichloro-4-pyrimidinecarboxylic acid (XII) and
650 ml. of 109, ethanolic ammonia was heated in a sealed
vessel at 130° for 7 hr. After the reaction mixture had
cooled, the product was filtered and dissolved in boiling di-
lute aqueous ammonia, treated with charcoal, and filtered.
The boiling filtrate was acidified with hydrochloric acid to
pH 3 and the product was filtered, washed with water, and
dried. The yield of V (sublimed at 345°) was 9.2 g. (77%).
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Anal. Caled. for CHN,O;: C, 38.9; 11, 3.9; N, 36.3.
Found: C, 38.8; H, 4.1; N, 36.2.

2,6-Bis(methylamino)-4=pyrimidinecarbozylic acid. A solu-
tion of 10 g. of 2,6-dichloro-4-pyrimidinecarboxylic acid
(XII) in 100 ml. of 409, aqueous methylamine was stirred
in an ice bath for 8 hr. The solution was then diluted with
100 ml. of water and the pH was adjusted to 3 with hydro-
chloric acid. The volume was concentrated to 100 ml. and
the product was filtered from the cool solution. After re-
crystallization from water 4.3 g. (45%) of 2,6-bis(methyl-
amino)-4-pyrimidinecarboxylic acid monochydrate, m.p.
314° dec., was obtained. 3?2 200 mp (e 7400), M 233 my
(e 12,600), 310 mp (e 6000).

Anal. Caled. for CyH,2N,O3-H,0: C, 41.9; H, 6.0; N, 28.0.
Found: C, 41.7; H, 5.9; N, 28.0.

6-Hydrozy-2-methylthio-4-pyrimidinecarbozylic acid*?
(XIII). To 6 . of water containing 400 g. of sodium hy-
droxide was added 1050 g. of the sodium salt of diethyl-
oxalacetate and 660 g. of S-methylthiouronium sulfate. The
resulting solution was stirred at room temperature for 8
br., then boiled with charcoal, and filtered. The hot fi-
trate, while being stirred vigorously, was acidified to pH
1 with hydrochloric acid. After 30 min. the product was fil-
tered, washed with water, and suspended in a large volume
of acetone. After the acetone mixture was stirred for 1 hr.
the product was again filtered and dried. The yield of 6-hy-
droxy-2-methylthio-4-pyrimidinecarboxylic ~acid (XIII),
m.p. 252-254° was 563 g. (63%) which was sufficiently pure
for synthetic purposes. A sample recrystallized from water
melted at 253-254° (lit.?? m.p. 250-252°). N5} 240 mp
(e 8700), 310 mu (e 5100); N2 250 mg (e 3900).

Anal, Caled. for CsHgNyO58: N, 15.0. Found: N, 15.1.

A conventent large-scale preparation of orotic acid (I).
Since relatively large amounts of orotic acid were required
for this investigation, a study of the various synthetic
routes’s~* was made. The method best adapted to the prepa-
ration of orotic acid in practical scale involves the acid hy-
drolysis of the readily available 6-hydroxy-2-methylthio-4
pyrimidinecarboxylic acid (XIII) which produced orotic
acid of high purity.

Six hundred grams of 6-hydroxy-2-methylthio-4-pyrim-
idinecarboxylic acid (XIII) was suspended in 9 1. of 2N
hydrochloric acid and heated under reflux with stirring for 3
hr. The product was then filtered and suspended in 6 1. of
hot water. Solid potassium hydroxide was carefully added
until complete solution was attained. Charcoal was added
and the solution was boiled for 15 min, and then filtered.
The hot filtrate wag then scidified to pH 1 with hydrochlorie
acid. The precipitated product was filtered, washed well
with water and acetone, and dried. The yield of 447 g. (79%)
of I, m.p. 336-338° dec., was sufficiently pure for all syn-
thetic purposes deseribed in this paper.

Action of alcoholic hydrogen chloride on 6-hydrozy-2-
methylthio-4-pyrimidinecarbozylic acid (XIII). A suspension
of 175 g. of 6-hydroxy-2-methylthio-4-pyrimidinecarboxylic
acid (X1II) in 4 1. of methanol was refluxed and stirred vigor-
ously while a stream of gaseous hydrogen chloride was
passed through continuously until solution was complete
(approximately 1-3 hr.). After 15 additional min. of reflux-
ing the volume of the solution was concentrated under re-
duced pressure to 500 ml. The resulting white precipitate
was filtered, washed well with cold methanol, and dried.
The dry product (138 g., m.p. 210-216°) was recrystallized
from water to yield 123 g. (61%) of methyl 6-hydroxy-2-
methylthio-4-pyrimidinecarboxylate (XIV) ,m.p. 218-219°.
NED 240 mu (e 10,000), 310 mpu (e 5700); A5 295 mu
(e 4600).

Anal. Caled. for G;H,N.0;8: C, 42.0; H, 4.0; N, 14.0.
Found: C, 41.9; H, 4.1; N, 13.9.

To the filtrate from the above preparation was added 1 1.
of water and the resulting copious, white precipitate was
filtered, washed well with water, and dried. After recrystal-
lization from heptane, 35 g. (17.5%) of methyl 6-methoxy-2-
methylthio-4-pyrimidinecarboxylate (XV), m.p. 100-102°,
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was obtained. NR! 267 mpu (e 14,100); N5 252 mpu
(& 14,000).

Anal, Caled. for C;HioN:0:S: C, 44.8; H, 4.7; N, 13.1.
Found: C, 44.4; H, 4.6; N, 13.0.

Methyl 2,6-dihydrozy-4-pyrimidinecarboxylate's 17,3326
(XVI). A suspension of 175 g. of 6-hydroxy-2-methylthio-4-
pyrimidinecarboxylic acid (XIII) in 3 1. of methanol was
refluxed, accompanied by mechanical stirring while a stream
of gaseous hydrogen chloride was passed through continu-
ously. When solution was complete 150 ml. of coned. hydro-
chloric acid was carefully added. Reaction conditions were
maintained for an additional 10-12 hr. during which time a
white precipitate was formed. After the solution was allowed
to cool, the prcduct was filtered and washed well with
methanol and then water. After drying, 98 g. (71%) of XVI,
m.p. 240-241°, was obtained. The melting point was not
altered by recrystallization from water. No' 282 mu
(€7300); 225" 284 my (e 5550).

Anal. Caled, for CsHoN,0,: N, 16.5. Found: N, 16.5.

Methyl 6-chloro-2-methylthio-4-pyrimidinecarboxylate
(XVII). A mixture of 177 g. of methyl 6-hydroxy-2-methyl-
thio-4-pyrimidinecarboxylate (XIV) and 1300 ml. of phos-
phorus oxychloride was heated under reflux until solution
was complete and continued for an additional 10 min, (a
total reflux time of approximately 30 min.). The excess phos-
phorus oxychloride was distilled under reduced pressure and
the sirupy residue was poured, accompanied by vigorous
stirring, onto 2-3 kg. of crushed ice. The copious, white pre-
cipitate which appeared wag stirred in the ice-water suspen-
sion for about 30 min. and filtered, washed well with 5%, so-
dium bicarbonate, and then with water. After drying over-
night in the air, the product (193 g., m.p. 80-90°) was re-
crystallized from heptane to yield 162 g. (84%,) of XVII,
m.p. 118-119°, ACHOE 263 m, (¢ 12,800), 320 my (¢ 1700)

Anal. Caled. for C;H3N,0,SCl: C, 38.5; H, 3.2; N, 12.8.
Found: C, 39.0; H, 3.3; N, 12.7.

6-M ethozy-2-methylthio- j~pyrimidinecarboxylic acid
(XVIII). Method A. To a solution of 4 g. of sodium meth-
oxide in 150 ml. of methanol was added 10 g. of methyl 6-
chloro-2-methylthio-4-pyrimidinecarboxylate (XVII). The
resulting mixture was heated under reflux conditions for 2
br., then cooled, and the white precipitate filtered. This pre-
cipitate was dissolved in 100 ml. of water and the pH of
the resulting solution adjusted to 2 with hydrochloric acid.
The precipitated product was filtered, washed with water,
and dried. The crude product was recrystallized from etha-
nol to yield 5 g. (51%) of XVIII, m.p. 233-234°. \on,! 257
mu (e 14,600); M2 251 mu (¢ 13,200), 290 mpu (¢ 3400).

Anal. Caled. for C:HsN:O:S: C, 42.0; H, 4.0; N, 14.0.
Found: C, 42.2; H, 4.1; N, 14.1.

Method B. Ten grams of methyl 6-methoxy-2-methylthio-
4-pyrimidinecarboxvlate (XV) was treated with 4 g. of
sodium methoxide in 150 ml. of refluxing methanol contain-
ing several drops of water. The product was isolated and
purified as described in Method 4, to give 5.4 g. (57%) of
XVIII, identical in every respect with a sample prepared by
Method A.

2-Methylthio-6-thio-4-pyrimidinecarbozylic acid (XX). A
mixture consisting of 50 g. of methyl 6-chloro-2-methylthio-
4-pyrimidinecarboxylate (XVII) and 50 g. of sodium hydro-
sulfide was suspended in 750 ml. of ethanol and heated under
reflux for 3 hr. The orange solution which contained a small
amount of solid material was poured into 1°1. of hot water.
The resulting solution was boiled for 30 min., treated with
charcoal, and filtered. The hot filtrate while being vigorously
stirred was acidified to pH 2 with hydrochloric acid. After
the solution was allowed to cool, the product was filtered,
washed with water, and dried. The yield of XX, m.p. 231~
233° was 35 g. (75%). A sample recrystallized from ethanol-
water melted at 235°. N2E! 246 mu (e 13,400), 279 mu
(e 11,000), 372 mp (e 7300); A°E, " 250 mu (e 15,500), 332 mu
(e 6900).

Anal. Caled. for CsHeN:0:8,: C, 35.6; H, 3.0; N, 13.8
Found: C, 35.7; H, 3.4; N, 13.9.
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2-Hydroxy-6-thio-4-pyrimidinecarbozylic acid (VII). To 1
1. of 2N hydrochloric acid was added 15 g. of 2-methylthio-
6-thio-4-pyrimidinecarboxylic acid (XX) and the resulting
mixture was heated under reflux for 3 hr. during which time
solution became complete. The orange solution was then
cooled and the crystallized product was filtered, washed
with water, and dried. The product (12 g.) was reerystal-
lizsed from an ethanol-dimethylformamide mixture to yield
9.7 g. (76%) of VII as deep orange needles, m.p, 307-308°.

Anal. Caled. for G:HiN1OsS: C, 34.9; H, 2.3; N, 16.3.
Found: C, 34.9; H, 2.2; N, 16.1.

8-Chloro-2-methylthio-4-pyrimidinecarbozamide (XXI). A
suspension of 10 g. of finely powdered methyl 6-chloro-2-
methylthio-4-pyrimidinecarboxylate (XVII) in 300 ml. of
10% ethanolic ammonia was stirred in an ice bath for 2 hr.
The crude product was filtered, washed well with ethanol,
and dried. After recrystallization from a mixture of water
and dimethylformamide 6 g. (669%,) of XXI, m,p. 204-205°,
was obtained. A2 240 mu (c 6500), 312 mpu (¢ 4000); A"
301 my (e 2900).

Anal. Caled, for CeHsN,OSCl: C, 35.5; H, 3.0; N, 20.7.
Found: G, 36.2; H, 2.9; N, 20.7.

6-Amino--methylthio-4-pyrimidinecarbozamide (XXIII).
A mixture of 15 g. of methyl 6-chloro-2-methylthio-4-pyrimi-
dinecarboxylate (XVII) and 400 ml, of 28% aqueous am-
monia was heated in a sealed vessel at 100° for 8 hr. After
the reaction mixture was allowed to cool the product was
filtered and dried. Recrystallization from water and di-
methylformamide gave 7.5 g. (61%) of XXIII m.p. 294°.
At 243 mu (e 17,900), 207 mp (e 4000); X2 308 my
(€« 3900). ‘

Anal. Caled. for CHN,08: C, 39.1; H, 43; N, 304.
Found: C, 39.4; H, 4.2; N, 30.3.

6-Methylamino-2-methylthio-j-pyrimidine-N-methylcarboz-
amide (XXII). To 200 ml. of 209, ethanolic methylamine
stirring at 5° was added in small portions 30 g. of methy! 6-
chloro-2-methylthio-4 pyrimidinecarboxylate (XVII). After
the resction mixture had stirred for 2 hr. at 5-15° the prod-
uet was filtered, washed with methanol, and dried. Re-
erystallizsation of this ecrude product from water and di-
methylformamide yielded 19 g. (65%,) of XXII, m.p. 191~
102° 225" 251 mp (¢ 27,800), 300 my (s)(e 5000); N2 235
mp (c 25 400), 321 mp ( 4900).

Anal. Caled. for CiHisN,OS: C, 45.3; H, 5.7; N, 26.4.
Found: C, 4.9; H, 58: N, 28.3.

Methyl 2,6-dichloro-j-pyrimidinecarbozylate (X1X). A mix-
ture of 23 g. of methyl 2 6-dihydroxy-4-pyrimidinecarboxyl-
ate (XVT) and 300 ml. of phosphorus oxychloride was heated
under reflux until complete solution was attained (about 5
br.). The excess phosphorus oxychloride was distilled under
reduced pressure and the sirupy residue was poured, aceom-
panied by vigorous stirring, onto 500 g. of crushed ice. The
resulting white precipitate was filtered and dissolved in a
small volume of ether. The filtrate was extracted twice with
250-ml. portions of ether and discarded. The combined ether
extract was washed well with water, treated with charcoal,
and filtered. After being dried over sodium sulfate, the
ether was evaporated, yielding 24 g. of product, m.p. 50—
54°. After recrystallization from heptane-benzene 20 g.
(72%) of XIX, m.p 55-56°, was obtained. AEXT 274 myu
(e 4100).

Anal. Caled. for CeH,N,0.Cls: C, 34.7; H, 1.9; N, 13.5.
Found: C, 34.9; H, 2.3; N, 13.5.

The action of ethanolic ammonia on methyl 2,6-dichloro-4-
pyrimidinecarbozylate (XI1X). A solution of 20 g. of methyl
2,6-dicbloro-4-pyrimidinecarboxylate (XIX) in 150 ml. cf
ethanol was added slowly to 150 ml. of 109, ethanolic am-
monia which was stirred at 10° in an ice bath. After 2 hr.
14 g. of erude product was filtered and the filtrate was con-
centrated to yield an additional 2 g. This combined crude
product was extracted with boiling ethyl acetate and yielded
8.0 g (43%) of 2,6-dichloro-4-pyrimidinecarboxamide
(XXV), m.p. 170°. A25' 287 myu (¢ 3900); Ma" 202 mp
(€ 3200).
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Anal. Caled. for C:Ha.N,OCle: C, 31.3; H, 1.6; N, 21.9.
Found: C, 31.1; H, 1.6; N, 21.6.

The ethyl acetate insoluble portion was recrystallized
from water-dimethylformamide and yielded 6.3 g. (38%) of
6-amino-2-chloro-4-pyrimidinecarboxamide (XXIV), m.p.
333-335° (bloek preheated to 325°). M 236 mu (e 6900},
300 mp (e 2400); X251 237 mp (e 6700), 300 me (e 2400).

Anal. Caled. for CH,N,OCIL: C, 348; H, 29; N, 32.5.
Found: C, 35.0; H, 3.0; N, 32.2.

When 25 g. of methyl 2,6-dichloro-4-pyrimidinecarboxyl-
ate (XIX) was stirred for 3 hr. in 300 ml. of 109, ethanclic
ammonia at room temperature and the precipitate which re-
sulted was filtered and recrystallized from water-dimethyl-
formamide, 17 g. (829,) of 8-amino-2-chloro-4-pyrimidin~-
earboxamide (XXIV), m.p. 333-335°, was obtained. The
product gave only one spot in different paper chromato-
graphie solvent systems and exhibited identical ultraviolet
and infrared sbsorption spectra with the previously men-
tioned ethyl acetate inscluble product.

6-Amino-2-thio-4-pyrimidinecarboxylic acid (V1). Method
4. A mixture of 10 g. of 8-amino-2-chloro-4-pyrimidine-
carboxamide (XXIV) and 10 g. of sodium hydrosulfide was
gugpended in 100 ml. of ethylene glycol and heated in an
oil bath to 130-140°. After 1 hr. the reaction mixture was
poured into 300 ml. of 2N scdium hydroxide and boiled for
30 min, The solution was then treated with charcoal and
filtered. The pH of the hot filtrate was adjusted to 2 with
hydrochloric acid and the resulting yellow precipitate was
filtered, washed with water, and dried. *fter recrystalliza-
tion from water-dimethylformamide, 6.2 g. (66%) of VI,
m.p. 272-274° dec., was obtained.

Method B. A mixture of 7.5 . of 6-amino-2-methylthio-4-
pytimidinecarboxamide (XXT1I1) and 7.5 g. of sodium hydro-
sulfide was suspended in 30 ml. of ethvlene glycol and heated
in an oil bath at 150° for 1 hr. The reaction mixture was
then poured into 200 ml. of 2N sodium hydroxide and boiled
for 30 min. The solution was then treated with eharcoal, and
filtered. The hot filtrate was acidified to pH 2 with hydro-
chloric acid and the resulting precipitate was filtered, washed
with water, and dried. After recrystallization from water-
dimethylformamide, 3.2 g. (419%) of VI, identical with that
prepared by Method A, was obtained.

6-Amino-8-hudrozy-4-pyrimidinecarbozylic  acid (IV).
Method A. A suspension of 10 g of 6-amino-2-methylthio-4-
pyrimidinecarboxamide (XXIII) in 250 ml. of 2N hydro
chloric acid was refluxed for 3 hr. The reaction mixture was
cooled and the product was filtered, washed with water, and
dried. This crude product was recrystallized from water and
7.3 g (81%) of 6-amino-2-hydroxy-4-pyrimidinecarboxylic
acid hemihydrate (IV), m.p. 203-294° dec., was obtained.

Anal, Caled. for C;H.N;Op1/.H,O: C, 36.6; H, 3.6; N,
25.6. Found: C, 36.6; H, 3.5; N, 25.7.

Method B. A solution of 5 g. of 2-hydroxy-6-thio-4-pyrimi-
dinecarboxylic acid (VII) in 200 ml. of 289 aqueous am-
monia was heated at 130° in a sealed vessel for 8 hr. The
cooled solution was boiled with charcoal and filtered. The
hot filtrate was acidified to pH 2 with hydrochloric acid and
the precipitated product was filtered, washed with water,
and dried. After recrystallization from water 2 g. (42%) of
1V identical with that prepared by Method 4, was obtained.

Method C. A solution of 15 g. of 6-aminc-2-chloro-4-pyrimi-
dinecarboxamide (XXIV) in 300 ml. of 2N sodium hydroxide
was heated under reflux conditions for 4 hr. The hot solu-
tion was then treated with charcoal and filtered. The filtrate
was acidified to pH 2 with hydrochloric acid and the result-
ing white precipitate was filtered, washed with water, and
dried. After recrvstallization from water 8 g. (56%) of prod-
uet, identical with IV prepared by Methods A and B, was
ohtained.

2-Amino-6-hydroxy-4-pyrimidinecarboxylic acid? (11, To
1 1. of water containing 100 g. of sodium hydroxide was
added 240 g. of practical grade guanidine carbonate. A small
amount of insoluble residue was filtered and 560 g. of the
sodium salt of diethyloxalacetate was added to the clear
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filtrate. The resulting solution was stirred at room tempera-
ture for 6 hr. and finally the copious precipitate which ap-
peared during the course of the reaction was filtered and
dissolved in 1.5 1. of dilute aqueous sodium hydroxide. This
solution was boiled with charcoal and filtered. The hot fil-
trate was acidified to pH 2 with hydrochloric acid. The pre-
cipitated product was filtered, washed with water and ace-
tone, and dried. The dry 2-amino-6-hydroxy-4-pyrimidine-
carboxylic acid (II), 270 g. (669,), melted with decomposi-
tion at 340-345°. After a second reprecipitation a sample
melted at 343-345° dec.

Anal. Caled. for C;H:Ns(Qy: N, 27.1. Found: N, 27.3.

Methyl 2-amino-6-hydrozy-4-pyrimidinecarborylale. To a
solution of 4 1. of methanol and 350 ml. of concd. sulfuric
acid was added 100 g. of 2-amino-6-hydroxy-4-pyrimidine-
carboxylic acid (II). The resulting mixture was heated under
reflux, accompanied by mechanical stirring until total solu-
tion was achieved, and continued for an additional 5 hr.
(total reaction time was about 15-18 hr.). The volume of
the solution was then reduced to 500 ml. and enough water
was added to double the volume. The pH of the solution was
carefully adjusted to 5 with aqueous ammonia. (Note: The
appearance of a precipitate when the pH is 2 to 3 indicates
that the reaction was incomplete.) A small amount of un-
changed starting material was filtered and the pH of the
filtrate was then adjusted to 5. The precipitated crude prod-
uct was filtered, washed well with water, and dried. The
dry product (76 g., m.p. 280-285°) was recrystallized from
a water-dimethylformamide solution to yield 71 g. (63%)

of methyl 2-amino-6-hydroxy-4-pyrimidinecarboxylate
(XXVI), m.p. 293-294°, A™9' 276 mu (¢ 8150); Ao’ 203
my (¢ 5900).

Anal. Caled. for CH,N;0;: C, 42,6; H, 4.1; N, 24,9,
Found: C, 42.6; H, 4.1; N, 24.6.

Methyl 2-amino-6-chloro-4-pyrimidinecarbozylate (XX VII),
A mixture of 80 g. of methyl 2-amine-6-hydroxy-4-pyrimi-
dinecarboxylate (XXVTI) in 600 ml. phosphorus oxychloride
was heated under reflux until solution was complete (about
1 hr.). The excess phosphorus oxychloride was then distilled
under reduced pressure. The residue was poured, with vigor-
ous stirring, onto 1 kg. of crushed ice. The resulting aqueous
solution was adjusted to pH 9-10 by the careful addition of
28% aqueous ammonia. During the addition of the am-
monia, additional crushed ice was added to the solution to
keep the temperature of the mixture below 0°. This strongly
basic solution was extracted four times with 300-400 ml.
portions of 2-butanone. The combined extracts were washed
with water, treated with charcoal and, after drying over
sodium sulfate, evaporated to dryness to yield 46 g. of prod-
uet, m.p. 133-137°, After recrystallization from benzene
38 g, (43%) of XXVII, m.p. 135-137°, was obtained. N5}
319 mu (¢ 4700); A%, 308 mu (e 4300).

Anal. Caled. for CiHN,0,Cl: C, 38.5; H, 3.2; N, 22,5,
Found: C, 38.1; H, 3.3; N, 22.5.

2-Amino-6-thio-4-pyrimidinecarbozylic acid (CIII), Method
A. A mixture consisting of 20 g, of methyl 2-amino-6-chloro-
4-pyrimidinecarboxylate (XXVII) and 20 g. of thiourea was
suspended in 300 ml. of ethanol and heated under reflux for
2 hr. During this time complete solution was attained and
finally a yellow-orange precipitate was formed. This precipi-
tate was filtered from the cooled solution and dissolved in
250 ml. of 2N potassium hydroxide solution. The solution
was boiled with charcoal for 15 min., the charcoal was fil-
tered, and the hot filtrate was acidified to pH 2 with hydro-
chloric acid. The precipitated yellow-orange product was
filtered, washed with water, and dried. The yield of VIII,
m.p. 291-293°, was 12 g. (569). The melting point of a
sample recrystallized from water and dimethylformamide
was unchanged.
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Anal, Caled, for C;H,N,0.8H,0: C, 31.7; H, 3.7; N, 22,2,
Found: C, 32.1; H, 3.7; N, 22.2.

Method B. A finely powdered mixture consisting of 30 g.
of methyl 2-amino-6-hydroxy-4-pyrimidinecarboxylate
(XXVI) and 60 g. of phosphorus pentasulfide was added in
small portions, with vigorous stirring, to 500 ml. of pyridine
preheated to 80-90°, After the addition was complete the
reaction conditions were maintained for 45 min, The volume
of the pyridine was concentrated to 250 ml. by distillation
under reduced pressure and this concentrated reaction mix-
ture was poured slowly into 2 1. of water and allowed to stand
for 12 hr. After this time the solution was brought to boiling
and enough solid potassium bydroxide was carefully added
so that the pH of the solution was 9 to 10. After the solu-
tion had boiled for 30 min., it was treated with charcoal
and filtered. The hot filtrate was acidifed with hydrochloric
acid to pH 2-3. After standing 24 hr. in a refrigerator the
product was filtered, washed with water, and dried. This
crude product was reprecipitated from a hot dilute potas-
gium hydroxide solution with dilute hydrochloric acid to
yleld 12.5 g. (359,) of product, m.p. 292-293°, identieal in
every respect with a sample prepared by Method A.

6-Hydrozy-4-pyrimidinecarbozylic acid®~* (XXVIII).
Method A. To 1 1. of 149, aqueous ammonia were added 75
g. of 6-hydroxy-2-thio-4-pyrimidinecarboxylic acid (III)#
and 225 g. of Raney nickel (wet with water). The reaction
mixture wae heated under reflux for 2 hr. following which
the Raney nickel was filtered and washed with 260 ml. of
hot water. The combined filtrate and washings was acidified
to pH 2 with hydrochlorie acid and the resulting blue erystal-
line produet was filtered. This erude product was dissolved
in dilute sodium hydroxide, boiled with charcoal, and fil-
tered. The hot filtrate was acidifed with hydrochloric acid
and cooled. The still pale blue crystalline product was fil-
tered and recrystallized from water yielding 33 g. (48%) of
6-hydroxy-4-pyrimidinecarboxylic acid hydrate (XX VIII) as
white needles, m.p. 276°. \%5' 227 mp (e 7400), 280 mpu
(& 3000); A2 232 my (s) (< 8700), 280 mp (s 3200).

Anal. Caled. for C;H,N,0,-H;0: N, 17.7, Found: N, 17.5.

Method B. To 11. of water containing 20 g. of sodium hy-
droxide was added 110 g. of the sodium salt of diethyloxal-
acetate and 52 g. of formamidine acetate.3® The resulting
solution was stirred at room temperature for 12 hr., then
acidified to pH 2 with hydrochlori¢ acid, and the precipi-
tated product was filtered. The filtrate was refrigerated over-
night and a second crop was obtained. The combined crude
product was recrystallized from water to yield 20 g. (63%)
of product identical in every respect with a sample prepared
by Method 4.

Preparation of alkylthio derivatives (see Table I1I). A solu-
tion consisting of 0.05 mole of the thiopyrimidinecarboxylic
acid in 250 ml, of 1/ sodium hydroxide was stirred at room
temperature while 0.06-0.07 mole of the appropriate alkyl
halide was added. After stirring for 5 hr. the reaction mix-
ture was acidified to pH 3 and after 15 min. the precipitated
product was filtered, washed with water, and dried. The
product was recrystallized from the solvent or solvents indi-
cated in Table IIT.
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