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Synthesis of Derivatives of Pyrimidine-5-carboxylic Acid

By EL1zABETH BALLARD? AND TREAT B. JOHNSON

Biochemical interest was really first focused
upon pyrimidine carboxylic acids in 1907 when
Wheeler and co-workers considered the possibility
of such constructions of uracil, thymine, etc., as
functioning in the organic constitution of nucleic
acids®; and later when it was shown that uracil-4-
carboxylic acid* is identical with the naturally
occurring substance—orotic acid—isolated from
milk whey by the Italian chemists Biscaro and
Belloni in 1905° As a result of contemporary
biochemical research in the expanding fields of
enzyme, vitamin and plant hormone chemistry,®
heterocyclic constructions of this class are now
attracting attention. It is important, therefore,
that practical methods of synthesis be developed
for making such heterocyclic constructions easily
available for future research.

The three esters, namely: diethyl ethoxymeth-
ylene malonate (I),%" ethyl ethoxymethylene
cyanoacetate (II),® and carbethoxymalonic alde-
Liyde (III),° have all been used with success in the
Yale Laboratory for pyrimidine syntheses by con-
densation with pseudothioureas. The resulting 2-
mercaptopyrimidine derivatives are all easily con-
C;H;,OCH=C(COOC:H;); C:H;OCH=C(CN)COOC,H;

I I

HOCH=C(CHO)COOC,H;
111

verted into pyrimidine carboxylic acids by acid
hydrolysis.
Wheeler, Johnson and Johns® reported that di-
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ethyl ethoxymethylene malonate (I) does not react
with urea at 140°, and undergoes no condensation
with it in the presence of alkali to form a pyrimi-
dine. The authors now find that this ester (I) con-
denses smoothly with thiourea in the presence of
sodium ethylate to give in excellent yield the
sodium salt of ethyl 2-thiouracil-5-carboxylate
(Iv).

NH—CO NH—CO NH,

éS éCOOCsz éO %COOH.HzO élso-;H

NH—CH NH—CH NH
v v VI

Desulfurization of this pyrimidine to uracil-5-
carboxylic acid (V) is accomplished quantitatively
by interaction with chloroacetic acid.'® Desul-
furization by treatment with hydrogen peroxide
was unsuccessful.!?

A satisfactory condensation of formamidine sul-
finic acid!? (VI) with the ester (I), either in con-
centrated sulfuric acid or in alkaline solutions, was
not obtained. The acid condensation yielded a
trace of uracil, the alkaline only a small quantity
of diethylureido-malonate.”

QOur study of these condensation reactions has
now been extended to include practical methods
for synthesizing new and important derivatives of
pytimidine-3-carboxylic acid (VIII), the pyrimi-
dine analog of nicotinic acid (VII). The authors
are now prepared to report that the 2-mercapto-6-
oxypyrimidine-5-carboxylates (IX) are practical
reagents serving as starting points for the synthe-
sis of many new derivatives of this acid (VIII).
Ethyl 2-ethylmercapto-6-chloropyrimidine-5-car-
boxylate (X)!* and the corresponding 2-benzyl-
mercapto- derivative, described for the first time
in this paper, are formed smoothly by interaction
of phosphorus oxychloride and pentachioride with
the corresponding 2-mercapto-6-oxypyrimidines
(IX). The uracil-3-carboxylates, however, do not
undergo chlorination smoothly by interaction
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with the phosphorus halides. Wheeler, Johnson
and Johns® met with unexpected difficulties in
their attempts to chlorinate uracil-5-carboxylic
acid (V) or its ethyl ester. The authors repeated
this work and attempted also to accomplish the
desired change by using the methyl ester of uracil-
5-carboxylic acid, but without success.

E N_coon N/ 7COOH
o )

VII VIII

Ethyl 2,6 - dichloropyrimidine - 5 - carboxylate
(XI) can be prepared easily in quantity from
ethyl 2-ethylmercapto-6-chloropyrimidine-5-cdr-
boxylate (X) by an improvement in the original
technique described by Sprague and Johnson.!4
Reduction of this same 2-mercaptopyrimidine (X)
by digestion in dilute alcohol with zinc dust gave
ethyl 2-ethylmercaptopyrimidine-5-carboxylate
(XII). The latter compound on chlorination
yields, in accordance with the Sprague-Johnson
technique, the desired ethyl 2-chloropyrimidine-5-
carboxylate (XIII) in a yield of 799,. Ethyl 2-
ethylsulfon-pyrimidine-5-carboxylate (XIV) is
formed as a secondary product of the reaction.
The 2-chloropyrimidine ester (XIII) interacts
quantitatively with ammonia to form ethyl 2-
aminopyrimidine-5-carboxylate, which is con-

verted by hydrolysis into the corresponding free

acid.

NH—CllO I|\I=CC1
C2H55|é| CCOOC,H; CszS?ll léCOOCZHs
N—-~CH N—CH
IX X
I|\I=C11C1 N=C|1H
CiC C”lCOOC2Hs CszSlél ?COOCsz

N—CH N—CH
XI XII
L S
CIC CCOOCH; CgHESOZﬁl é{COOQHa
N—CH N—CH
XIII X1V
Experimental
Diethyl Ethoxymethylene Malonate, C;H;OCH=,

C(COOC,;Hy);.—This malonic ester derivative was pre-
pared according to slight modifications in the Claisen tech-
nique,” as proposed by Wheeler and Johns.1?

(14) Sprague and Johnsom, THrs JourNar, 87, 2252 (1035);
United States Patents, 2,146,744 (Feb. 14, 1939); 2,147,346 (Feb. 14,
1939).

(18) Wheeler and Johns, Am. Chem. J., 40, 238 (1908).
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Ethyl 2-Thio-6-oxypyrimidine-5-carboxylate (IV).—Sev-
eral condensation experiments were conducted by the
authors before the optimum conditions were established for
carrying out successfully the condensation of thiourea with
Claisen’s ester. The procedure finally adopted was as
follows: sodium ethylate was first prepared by dissolving
5.4 g. of metallic sodium in 300 cc. of absolute ethanol.
Finely pulverized thiourea (17.6 g.) was then dissolved in
the warm sodium ethylate solution and the requited propor-
tion of diethyl ethoxymethylene malonate (50 g.) added
slowly to the alcohol solution during continuous agitation.
Much heat was evolved. After final addition of the ma-
lonic ester the mixture was refluxed for one hour at 100°
and then allowed to stand overnight at ordinary tempera-
ture, The weight of sodium salt of the crude condensa-
tion product that deposited was practically the theoretical
(61 g.). This was dissolved in 400 cc. of hot water, the
solution acidified with 25 cc. of concentrated hydrochloric
acid, and the free pyrimidine ester that separated, on cool-
ing, was then recrystallized from boiling water. This
pyrimidine crystallized from boiling water in the form of
needles without water of crystallization, and melted at
245° to a clear oil. The yield was 85%,.

Anal. Calced. for C;:H:O3N.S: C, 41.98; H, 4.03; N,
14.00. Found: C, 42.09, 42.15; H, 4.05, 4.25; N, 13.89,
14.04, 14.12.

C:H,CH,S—CNCCOC(COOC,H;)=CH.N, Ethyl 2-
Benzylmercapto - 6 - oxypytrimidine - 5 - carboxylate.—This
mercaptopyrimidine was obtained according to the tech-
nique applied by Wheeler, Johnson and Johns® by con-
densation of benzylpseudothiourea with diethyl ethoxy-
methylene malonate. The compound crystallized from
95%, ethanol in prismatic crystals and melts at 174-179°,
The yield was 40%,.

Anal. Caled. for CyH14O3N:S: N, 9.67. Found: N,
9.60, 9.61.

CgH‘;CHgS(.I‘,N=CCIC(COOC,H5)=CH1"{, Ethyl 2-
Benzylmercapto-6-chloropyrimidine-5-carboxylate.—This
pyrimidine was obtained by warming ethyl 2-benzylmer-
capto-6-oxypyrimidine-5-carboxylate (10 g.) with phos-
phorus oxychloride (30 cc.) at 130-135° for seven hours.
After distilling off the excess of phosphorus oxychloride ¢»
vacuo, the resulting reaction product was poured onto finely
crushed ice and the chlorinated pyrimidine extracted with
ether. The yield of the crude pyrimidine was 7.5 g. On
distillation it boiled without decomposition at 248° (11
mm.).

Anal.
8.97, 9.05.

Desulfurization of Ethyl 2-Thlo-6-oxypyrimidine-5-
carboxylate (IV). (1) The Formation of Uracil-5-car-
boxylic Acid (V) by the Action of Chloroacetic Acid.—A
description of one experiment will serve to demonstrate the
practicality of this method of synthesis. Digestion of 3
g. of the sulfur pyrimidine with a boiling solution of 3 g.
of chloroacetic acid in 25 cc. of water for one and one-half
hours led to complete solution, desulfurization and
saponification of the pyrimidine ester. On evaporating
the solution to dryness, sulfur-free uracil-5-carboxylic acid
was obtained. This melted at 268-270° with effervescence

Caled. for C14H130.N.SCl1: N, 9.08. Found: N,
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after recrystallization from boiling water. It contained
water of crystallization and crystallized in the form of
diamond-shaped prisms as previously described by Wheeler
and co-workers.? The yield of purified acid was 85%.

Anal. Caled. for CGGHONH:0: H0, 10.3. Found:
H,0, 10.1, 10.2. Calcd. for C;H;O4N;: N, 17.95. Found:
N, 18.07, 17.99.

No success resulted from the authors’ attempts to con-
vert, by the action of dilute nitric acid, ethyl 2-thio-6-oxy-
pyrimidine-5-carboxylate into 6-oxypyrimidine-5-carbox-
ylic acid. Using nitric acid of different concentrations the
only sulfur-free product obtained by digestion was uracil-5-
carboxylic acid (V), or its ethyl ester,

(2) Desulfurization by Treatment with Hydrogen Per-
oxide.—Under none of the experimental conditions applied
by the authors did the action of hydrogen peroxide on ethyl
2-thio-6-oxypyrimidine-5-carboxylate proceed in such a
manner as to give a uniform product. Superoxol (30%
hydrogen peroxide) diluted with several volumes of water
interacted with the sulfur pyrimidine in 109, sulfuric acid
solution at 90-100° to give uracil-5-carboxylic acid (V) in
a yield of 50%. Action of hydrogen peroxide at a lower
temperature was productive of the ethyl ester in about the
same percentage yield. In one experiment the oxidation
with hydrogen peroxide was applied for only fifteen min-
utes at steam-bath temperature. Sulfur was precipitated
immediately in about 259, yield. After removal of the
sulfuric acid by precipitation as barium sulfate and evapo-
ration of the resulting solution to dryness i» vacuo at 60°,
the residue on extraction with ethyl acetate yielded ethyl
uracil-5-carboxylate, This was contaminated with a
small quantity of a basic compound melting at 185° with
sintering. The analytical results indicated that we were
dealing here with the ethyl ester of 6-oxypyrimidine-5-
carboxylic acid.

Anal. Caled. for C;HyO3N,:
16.89, 16.7.

Condensation Experiments with Formamidine-sulfinic
Acid (VI).” Interaction with Ethyl Ethoxymethylene
Malonate.—(1) Two grams of the sulfinic acid (VI) and 4
g. of this ester (I), were dissolved in 5 cc. of cold concd.
sulfuric acid. This solution was then allowed to stand
at room temperature for twelve hours and poured onto
crushed ice. One ml. of the unaltered ester was recovered
by extraction with ether. The aqueous solution was
treated with barium chloride to remove sulfuric acid,
filtered, and then concentrated by warming on a steam-
bath. This yielded no organic substance that could be
definitely identified.

(2) Two grams of the sulfinic acid was suspended in
absolute alcohol containing one equivalent of sodium
ethylate, and 4 g. of ethyl ethoxymethylene malonate
added. This mixture was then digested at 100° for one
hour, allowed to cool and then filtered. Sulfur dioxide was
evolved when the solution was acidified with hydrochloric
acid. Upon evaporation of this solution to a small volume
there finally separated a crystalline product which decom-
posed without melting at about 300°. This behaved in
every way like slightly impure uracil-5-carboxylic acid (V).

Anal. Caled. for CHOWN:: N, 17.95. Found: N,
18.10, 18.30.

N, 16.67. Found: N,
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(8) In this experiment the sulfinic acid (V1) was dis-
solved in water containing two equivalents of potassium
hydroxide. To this aqueous solution while heating on a
steam-bath was added one equivalent of ethyl ethoxy-
methylene-malonate (I). Aside from free sulfur, potas-
sium sulfate and sulfite, the only organic product identified
wasureidomethylene-malonic ethyl ester, NH;CONHCH=
C(COOC:H;); in 109, yield. This melted at 207-212°
after thorough washing with carbon bisulfide and two re-
crystallizations from 959, alcohol.

Anal. Caled. for CoHO:N;: C, 46.94: H, 6.13; N,
12.18. Found: C, 46.74, 47.19; H, 5.86, 5.92; N, 12.15,
12.19.

This experiment was repeated without heating, the solu-
tion being allowed to stand at room temperature for one
day. The clear solution was then acidified with hydro-
chloric acid and evaporated to dryness. A mixed residue
of organic and inorganic material was obtained, which
gave after solution in water and cooling a small quantity
of an organic product having all the properties of uracil.
It gave a strong Wheeler and Johnson color test for this
pyrimidine,1®

An Attempt to Chlorinate Methyl Uracil-5-carboxylate by
Interaction with Phosphorus Oxychloride.—Wheeler,
Johnson and Johns? reported difficulty in accomplishing
smooth chlorinations by interaction of both uracil-5-car-
boxylic acid (V) and its ethyl ester with phosphorus oxy-
chloride. The authors likewise met with similar difficul-
ties in their work with the corresponding methyl ester.
‘When methyl uracil-5-carboxylate (5 g.) was refluxed with
25 cc. of pure phosphorus oxychloride for five hours, there
was no evidence of a reaction. Upon the addition of
phosphorus pentachloride (5 g.) to the phosphorus chlo-
ride solution hydrochloric acid was immediately evolved
and on heating at 130° the pyrimidine completely dis-
solved. After the evolution of hydrochloric acid had
ceased the excess of phosphorus chloride was removed iz
vacuo and the resulting oil then poured over finely crushed
ice. A thick oil insoluble in water resulted which refused
to solidify. This reaction product was dissolved in ether
and dried over calcium chloride. Attempts to purify it by
distillation were unsuccessful. Only a small quantity of
a colorless product was obtained boiling at 130-135° (16
mum.), The major portion refused to distill and decom-
posed completely at 200°. Evidence that this small frac-
tion boiling at 130-135° was the desired methyl ester of
2,6-dichloropyrimidine-5-carboxylic acid was revealed by
its behavior toward concentrated ammonia. They inter-
acted at ordinary temperatures to give an amino derivative
to which was assigned the formula of methyl 2-chloro-6-
aminopyrimidine-5-carboxylate. Thiscompound was puri-
fied by recrystallization from commercial xylene and melted
at 159-161°, It dissolved immediately in dilute hydro-
chloric acid, but was insoluble in cold alkali as expected.

Anal. Caled. for CaHstNsCl: N, 22.41.
N, 22.49, 22.56.

Experiments with Ethyl 2-Ethylmercapto-6-chloropyrim-
idine-5-carboxylate (X).!¥3 The Formation of Ethyl 2-
Ethylmercaptopyrimidine-5-carboxylate by Reduction with
Zinc Dust (XII).—One part by weight of the pyrimidine

Found:

(16) Wheeler and Johnson, J. Biol. Chem., 8, 183 {1907).
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ester and 5 parts by volume of ethyl alcohol and water
respectively were used. A solution of the ester in alcohol
was first prepared and kept at the boiling point while the
zinc dust and water were added in portions. Refluxing was
continued for three hours and the solution then filtered from
excess of zinc. Removal of alcohol left behind a tarry
product suspended in water which was extracted with
ether to remove the desired reduction product. Much of
this tar refused to dissolve in the ether and the amount
varied in quantity in each experiment. With units of 5 g.
of the 6-chloropyrimidine derivative (X) about 2 g. of the
reduction product was obtained which crystallized from
dilute alcohol in colorless crystals melting at 49-51°, The
compound proved to be identical with the ethyl 2-ethyl-
mercaptopyrimidine-5-carboxylate (XII) previously de-
scribed by Dyer and Johnson.? Separation of this reduced
pyrimidine from the tarry reaction product was also ac-
complished by distillation. The reduced pyrimidine boiled
at 172° (14 mm.) and the yield in the different experiments
varied between 40-509,. Attempts to apply this tech-
nique of reduction to ethyl 2,6-dichloropyrimidine-5-car-
boxylate (XI) with any practical success were unsuccessful.

Reduction of Ethyl 2,6-Dichloropyrimidine-5-carbox-
ylate (XI) with Hydriodic Acid. Formation of 6-Oxypyrimi-
dine-53-carboxylic Acid.—A mixture of this pyrimidine (2
g.) with red phosphorus (2 g.), hydriodic acid of sp. g. 1.7
(12 cc.) and glacial acetic acid (12 cc.) was refluxed at the
boiling point for fifteen minutes, filtered and the resulting
solution finally evaporated to dryness in a vacuum.
Treatment of the residue with cold water precipitated 0.9
g. of a crystalline product which was easily recrystallized
from hot water. This reaction product was free from
chlorine, was soluble in both acid and alkali solutions and
decomposed, on heating, at about 238° with evolution of
carbon dioxide. This decomposition point varied in the
different preparations between 220-250°. The analytical
values confirmed the conclusion that we were dealing here
with the unknown 6-oxypyrimidine-5-carboxylic acid.

Anal. Caled. for C;HO:N,: N, 20.01. Found: N,
20.14, 20.18.

A sample of this pyrimidine acid was decomposed by
heating in a sealed tube at 250°. Carbon dioxide was
evolved and the residue badly charred. Extraction of this
fused residue with boiling ethyl acetate yielded crystalline
6-oxypyrimidine which melted at 163-165°. It was
identical with the sulfur-free pyrimidine prepared by
Wheeler?” by desulfurization of 2-thiouracil with hydrogen
peroxide.

The Formation of Ethyl 2,6-Dichloropyrimidine-5-car-
boxylate (XI) by Direct Chlorination of Ethyl 2-Ethyl-
mercapto-6-chloropyrimidine-5-carboxylate (X).—Sprague
and Johnson have reported!¢ that according to the tem-
perature conditions ethyl 2-ethylmercapto-6-chloropyrimi-
dine-5-carboxylate may give upon direct chlorination
either ethyl 2,6-dichloropyrimidine-5-carboxylate or 2-
ethylsulfon-6-chloropyrimidine-5-carboxylate. Some diffi-
culty was first encountered by the authors in controlling the
two changes and in spite of variations of both temperature
and acidity of solution over a wide range the formation of
the dichloropyrimidine was completely suppressed in favor
of the sulfone. A simple modification in experimental

(17) Wheeler, J, Biol, Chem., 8, 286 (1907).
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technique, however, corrected this difficulty. If the mer-
captopyrimidine was kept immersed in a good volume of
water and the chlorine gas admitted directly into the ester
layer freely through a perforated disk and without stir-
ring, we always obtained a satisfactory yield of the de-
sired chloropyrimidine. The best results were obtained
by keeping the reaction temperature between 40-50°.
The end of the chlorination was indicated by the separation
of the emulsified mixture into two layers and the bubbling
off of excess chlorine. The dichloropyrimidine was ex-
tracted by petroleum ether and distilled. It boiled at
145° (11 mm.) and the yield was 76%,.

Chlorination of Ethyl 2-Ethylmercaptopyrimidine-5-
carboxylate (XII).—The authors have extended the appli-
cation of the Sprague-Johnson chlorination technique, and
applied it with success to ethyl 2-ethylmercaptopyrimidine-
5-carboxylate.

An emulsion of ethyl 2-ethylmercaptopyrimidine-5-
carboxylate (3.3 g.) in 30 cc. of water was chlorinated at 45°
at which temperature the ester was melted, The reaction
products were then extracted as usual with petroleum
ether. During this extraction operation 0.6 g. of crystal-
line material separated which proved to be ethyl 2-ethyl-
sulfonpyrimidine-5-carboxylate. This crystallizes nicely
from 959, ethanol and melted at 87-89° to an oil.

Amnal. Caled. for CgHpO4N,S: N, 11.47. Found: N,
11.42, 11.51.

Evaporation of the petroleum ether extract gave a crys-
talline product which was easily purified by crystallization
from 959, ethanol. It melted at 61° to an oil and was
identified as ethyl 2-chloropyrimidine-5-carboxylate (XIII).
In subsequent preparations 10-cc. units of the 2-mercapto-
pyrimidine were chlorinated at 40-70° and the yields of
this ethyl 2-chloropyrimidine-5-carboxylate averaged about
79%. New research with this important pyrimidine deriv-
ative will be undertaken when time permits.

Anal. Calced. for C;HO:N,Cl: N, 15.02. Found: N,
15.02, 15.08.

NH,C—N=CHC(COOC;H;)=CH.N, Ethy! 2-Amino-
pyrimidine - 5 - carboxylate.—2 - Ethylmercapto - 5 - car-
bethoxypyrimidine (XII) wasrecovered unchanged by heat-
ing with aqueous or alcoholic ammonia solution at 100°.
2-Chloro-5-carbethoxypyrimidine (XIII) (0.1 g.) and
saturated alcoholic ammonia (2 cc.) were heated at
100°. On cooling, this 2-aminopyrimidine derivative sepa-
rated in the form of colorless needles. The ester was puri-
fied by crystallization from hot water and melted at 147-
149°.

Anal. Caled. for C;HyO.N;:
25.10, 25.14.

HzNIC‘—N=CHC(COOH)=CHk, 2-Aminopyrimidine-
5-carboxylic Acid.—The above ester (0.32 g.) was saponi-
fied by dissolving in 5 cc. alcohol and 3 ce. of 109}, potas-
sium hydroxide solution and heating the solution to the
boiling temperature. An insoluble potassium compound
was formed which was separated by filtration. This salt
was then dissolved in water and hydrochloric acid added
in exact quantity to liberate the pyrimidine acid. The
latter separated in quantitative yield, and was purified by
crystallization from boiling water. It crystallized in

N, 25.15. Found: N,
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needles which showed no change when heated at 300°,
The acid is insoluble in alcohol and dissolves immediately
in hydrochloric acid.

Anal, Caled. for CiHzO:N3:
30.27, 20.15.

This same new pyrimidine acid is also formed by boiling
a strong hydrochloric acid solution of its ethyl ester,

Summary

1. Diethyl ethoxymethylene-malonate con-
denses with thiourea in alcohol solution and in the
presence of sodium ethylate to give ethyl 2-
thiouracil-5-carboxylate. This sulfur pyrimidine
is desulfurized by interaction with chloroacetic
acid giving a quantitative yield of uracil-5-car-
boxylic acid.

2. Benzylpseudothiourea condenses with di-
ethyl ethoxymethylene-malonate to form ethyl 2-
benzylmercapto-6-oxypyrimidine-5-carboxylate.

3. Diethyl ethoxymethylene-malonate inter-

N, 30.21. Found: N,

Avcust H. HOMEYER AND V. H. WALLINGFORD

Vol. 64

acts with formamidine-sulfinic acid in alkaline solu-
tion to give ureido-methylene-malonic ethyl ester,
NH,CONHCH=C(COOC.Hs)s.

4. An improved method for the preparation of
ethyl 2,6-dichloropyrimidine-5-carboxylate has
been described.

5. 2-Ethylmercaptopyrimidine- 5 - carboxylate
has been prepared by a new method. This acid is
converted into ethyl 2-chloropyrimidine-5-car-
boxylate by treatment with chlorine gas.

6. Ethyl 2-chloropyrimidine-5-carboxylate re-
acts with ammonia to form ethyl 2-aminopyrimi-
dine-5-carboxylate. The latter yields on saponifi-
cation 2-aminopyrimidine-5-carboxylic acid.

7. Reduction of ethyl 2,6-dichloropyrimidine-
5-carboxylate by digestion with hydriodic acid
gave G-oxypyrimidine-5-carboxylic acid.

New HaveN, Conn. RECEIVED OCTOBER 22, 1941

[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF THE MALLINCKRODT CHEMICAL WORKS]
A Study of Diethyl 1,4-Dihydroxy-2,3-naphthalate’

By AvcustT H. HOMEYER AND V. H. WALLINGFORD

The chemistry of 1,4-oxygenated naphthalene
derivatives has been studied extensively in recent
years because of the antihemorrhagic activity of
many members of the group. Yet comparatively
little is known about the 1,4-dihydroxy derivatives
of 2-naphthoic and 2,3-naphthalic acids. Diethyl
1,4-dihydroxy-2,3-naphthalate (I) was obtained in
59, yield by Schwerin? from the condensation of
diethyl phthalate with diethyl succinate. The
yield of the dihydroxy ester has been increased to
489, by use of an excess of diethyl phthalate and
more suitable conditions for the reaction. This
material being readily available, it was interesting
to study its methylation and hydrolysis.

The mono- and dimethoxy derivatives (V and
1I) were prepared by the action of methyl iodide
and sodium ethylate. The monomethoxy com-
pound was converted smoothly to the dimethoxy
derivative by the same reagents. When the di-
methoxy compound was prepared directly from the
dihydroxy ester (I), an oil was also produced
which showed marked antihemorrhagic activity.
This product .was 2,3-dihydro-2,3-dimethyl-2,3-

(1) Presented before the Division of Organic Chemistry at the
Atlantie City meeting of the American Chemical Society, September
9, 1941,

() Schwerin, Ber., 37, 112 (1894).

dicarbethoxy-1,4-naphthoquinone resulting from
methylation of the §-keto ester form of compound
I in the 2 and 3 positions. Its hydrolysis was ac-
companied by loss of carbon dioxide and 2,3-
dimethyl-1,4-dihydroxynaphthalene was formed.

Hydrolysis of diethyl 1,4-dimethoxy-2,3-naph-
thalate (II) gave a stable dicarboxylic acid (III)
which formed an anhydride (IV) on heating, The
monomethoxy ester (V), however, lost carbon di-
oxide on hydrolysis yielding 1-hydroxy-4-methoxy-
3-naphthoic acid (VI). Similarly, hydrolysis of
the dihydroxy ester (I) was accompanied by loss
of carbon dioxide giving 1,4-dihydroxy-2-naph-
thoic acid (VIII) which Russig® obtained by car-
bonation of thedisodiumsalt of 1,4-dihydroxynaph-
thalene. The easy loss of carbon dioxide from
these two naphthalic acids was surprising since
other known naphthalic and dihydroxyphthalic
acids that have come to our attention are stable
and form anhydrides readily. Traces of sub-
stances believed to be dicarboxylic acids were men-
tioned by Schwerin? and Russig? but they were
not characterized.

Methyl alcoholic hydrogen chloride converted
1,4-dihydroxy-2-napthoic acid (VIII) to its 4-

(3} Russig, J. prakt. Chem., [2] 62, 33 (1900).



