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6-Uracilsulfonamide and 6-uracil methyl sulfone were prepared for testing as metabolic antagonists of orotic acid.

The

sulfonamide was not available through 2,4-dimethoxy-6-pyrimidinesulfonic acid, since attempts to prepare the corresponding

sulfonyl chloride were not successful.

Phosphorus pentachloride gave either 2,4-dimethoxy-6-chloropyrimidine or 2,4-

dimethoxy-5,6-dichloropyrimidine depending on the conditions employed. The sulfonamide was prepared by converting
2,4-dimethoxy-6-pyrimidinethiol to the sulfenamide with ammoniacal hypochlorite and then oxidizing and demethylating

the product.
tion.

The interest in compounds which might serve
as metabolic antagonists of orotic acid (6-uracil-
carboxylic acid) has been mentioned in a previous
report dealing with the synthesis of 6-uracilsulfonic
acid.?  Although this simple analog has not shown
the type of biological activity desired, several
related compounds of much greater promise have
now been prepared. Preliminary biologic studies
of two of these compounds, 6-uracilsulfonamide
(VII) and 6-uracil methyl sulfone (X), have
indicated that they are potent inhibitors of the
growth of orotic acid-requiring strains of Lacto-
bacillus bulgaricus, and that they are also inhibitors
of the enzymatic decarboxylation of orotic acid
(or its appropriate metabolic derivative) by an
avian liver system.? The preparation of the sulfon-
amide and of the sulfone is described in this report.

Although the most obvious approach to the 6-
uracilsulfonamides appeared to be through a sul-
fonyl halide derived from 2,4-dimethoxy-6-pyrimi-
dinesulfonic acid (I) (an intermediate used in the
preparation of the above-mentioned 6-uracilsulfonic
acid), various attempts to convert I to its corre-
sponding sulfony] halide have not met with success.
The compound did not react with thionyl chloride
under reflux and fusion with a large excess of phos-
phorus pentachloride afforded only a sulfur-free
substance which melted at 103-104°. The elemen-
tary analysis data and the typical pyrimidine ultra-
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(1) This work was supported by a grant from the American Cancer
Society upon recommendation of the Committee on Growth of the
National Research Council. Presented in part before the Division of
Medicinal Chemistry, 126th Meeting of the American Chemical
Society, New York, N. V., September 15, 1954; Abstracts of Papers,
p. 17 N.

(2) S. B. Greenbaum and W. L. Holmes, THIS JourNaL, 76, 2899
(1954).

(8) W. L. Holmes and A. D. Welch, 126th Meeting of the American
Chemical Society; Abstracts of Papers, p. 41 C.

The sulfone was prepared from 2.4-dimethoxy-6-methylmercaptopyrimidine by an oxidation and demethyla-

violet absorption spectrum (A\ECH 277 mu, € 6,780)
identified this reaction product as the previously
unrejported 2,4-dimethoxy-3,6-dichloropyrimidine
(I1I).

In an additional experiment, only a bare excess
of phosphorus pentachloride was employed and
phosphorus oxychloride was used as a solvent.
This modification eliminated the chlorination at
the 5-position, but did not eliminate replacement
of the sulfonic group; the product obtained under
these conditions was the known 2,4-dimethoxy-6-
chloropyrimidine (II).* There was no reaction
with phosphorus oxychloride alone or with cold
phosphorus pentachloride.®

The ability of phosphorus pentachloride or
thionyl chloride to cause replacement of a sulfonic
group by chloride has been encountered elsewhere.®
If it is assumed that the formation of a sulfonyl
halide is the first step in such a reaction,® then it
would appear that the sequence of events in the

(2)

case at hand is I —> (sulfonyl chloride) —> II
(3)

—> III, and that reaction 2 proceeds at such a rate
as to destroy rapidly the sulfonyl halide even in the
absence of excess reagent. Reaction 3 was con-
firmed by the isolation of III as the product of a
reaction of I1 with excess phosphorus pentachloride.
In connection with these negative results, it might
be noted that Pynian and co-workers were unable
to convert various 4-imidazolesulfonic acids to their
sulfonyl chlorides.’

The oxidation of sulfenamides to sulfonamides
has been described in the patent literature® and
this alternate approach to the 6-uracilsulfonamides
became feasible when it was found that the in-
termediate 2,4-dimethoxy-6-pyrimidinethiol (IV)
could be converted to a stable sulfenamide V in
679% vyield upon treatment of its sodium salt with
an ice-cold ammoniacal hypochlorite (¢.e., chlor-
amine) solution. These conditions are similar
to those described by Carr, Smith and Alliger for
the preparation of 2-benzethiazolesulfenamide.?
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Sons, Inec., New York, N. Y., 1944, pp. 459 and 500.
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ding, British Patent 551,205 (1943), 551,206 (1943), 551,207 (1943);
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(9) E. L. Carr, G. E. P. Smith and G. Alliger, J. Org. Chem., 14, 921
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Oxidation of V with potassium permanganate
readily produced the sulfonamido derivative VI
in similar yield, and a demethylation with dilute
acid gave the desired 6-uracilsulfonamide.
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2,4 - Dimethoxy - 6 - methylmercaptopyrimidine
(VI1I) was prepared simply by the action of di-
methyl sulfate on the thiol IV. An oxidation with
performic acid produced the corresponding methyl
sulfone IX in 829, yield; demethylation with
dilute hydrochloric acid gave the desired 6-uracil
methyl sulfone (X).

The ultraviolet absorption characteristics of the
6-uracilsulfonyl derivatives thus far prepared have
been collected in Table I. It may be noted that
although the spectra of the derivatives are dis-
placed toward the visible with respect to the spectra
of uracil itself, the magnitude of the bathochromic
shift caused by a change from acid to basic solvent
is roughly the same in each case (27 = 2 mu).

TaABLE I
ULTRAVIOLET ABSORPTION

0.1 N HCI 01N NaOH

mh emex mE emer

Uracil® 259 8200 284 6150
6-Uracilsulfonic acid 264 8470 293 9190
6-Uracilsulfonamide 267 7700 292 9180
#-Uracil methyl sulfone 270 7080 206 68730

Solutions of the 6-uracil sulfone and sulfonamide
are markedly acidic, and the solubility of these
substances in water is greatly increased by the
addition of alkali.

In view of the biological results obtained with
these new compounds, the synthesis of a number
of substituted 6-uracil sulfones and sulfonamides
has been undertaken in this Laboratory and will be
presented in a future publication.

Acknowledgment.—The author wishes to express
his appreciation to Professor Arnold D. Welch
for his continued interest and encouragement in
these investigations.

Experimental

The absorption spectra were determined with a Beckman
model DU quartz spectrophotometer using matched silica
cells. The melting points were taken with a calibrated
thermometer but are otherwise uncorrected. Microanaly-
ses were performed by the Huffman Microanalytical Labora-
tories, Wheatridge, Colorado.

(10) D. Shugar and J. J. Fox, Biochim. Biophys. Acia, 9, 199
(1952).
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Action of PCl; on 2,4-Dimethoxy-6-pyrimidinesulfonic
Acid and 2,4-Dimethoxy-6-chloropyrimidine.—(a) A mix-
ture of 0.5 g. of 2,4-dimethoxy-8-pyrimidinesulfonic acid?
and 2.25 g. of phosphorus pentachloride was heated slowly
to 130°. When this temperature was reached the mixture
fused and refluxing began. After 30 minutes, the mixture
was cooled and extracted with benzene. The extract was
shaken with concentrated ammonia, washed with water and
dried. Following the removal of the solvent at room tem-
perature, the residue was dissolved in ethanol (95%) and
crystallization was induced by the addition of an equal vol-
ume of water. This afforded 0.26 g. of a sulfur-free com-
pound, m.p. 103-104°. The substance was identified by
its analysis and ultraviolet spectrum as 2,4-dimethoxy-
5,6-dichloropyrimidine; absorption AE:Q® 277 my, € 6,780.

Anal. Caled. for CéHsCl;N:0,: C, 34.47; H, 2.89; Cl,
33.92; N, 13.10. Found: C, 34.64; H, 3.04; CI, 33.63; N,
13.10.

(b) A mixture of 0.5 g. of the sulfonic acid, 0.5 g. (5%
excess) of phosphorus pentachloride and 5 ml. of phosphorus
oxychloride was heated to 120° in an oil-bath. At this tem-
perature refluxing began and solution occurred within 30
minutes. The cooled solution was poured onto ice and the
product was isolated and recrystallized in the manner de-
scribed under (a). This procedure afforded 0.2 g. of 2,4-
dimethoxy-6-chloropyrimidine, m.p. 73-74°. The melting
point was not depressed by admixture with an authentic
sample prepared from trichloropyrimidine and sodium
methylate, m.p. 74-75° (lit.¢ 76°).

(¢) A mixture of 0.5 g. of 2,4-dimethoxy-6-chloropyrimi-
dine and 2.25 g. of phosphorus pentachloride was heated for
one hour at 140°. The reaction mixture was worked up as
in (a) and afforded 0.3 g. of crude benzene extract. Three
recrystallizations from aqueous ethanol (as above) gave 0.1
g. of 2,4-dimethoxy-5,6-dichloropyrimidine, m.p. 103-104°.
The melting point was not changed by admixture with a
sample of the compound obtained in (a).

2,4-Dimethoxy-6-pyrimidinethiol (IV).—The thiol was
prepared from 24-dimethoxy-6-chloropyrimidine and ab-
solute alcoholic sodium hydrosulfide by a modification of
the procedure previously described.? It was found that a
good yield was more consistently obtained if the well stirred
reaction mixture was first heated overnight at 50-55° and
then heated under reflux for an additional four hours.

2 ,4-Dimethoxy-6-pyrimidinesulfenamide (V).—A chlor-
amine solution was prepared from a well-stirred 180-ml.
portion of cold concentrated ammonia (d. 0.9) by the drop-
wise addition of 90 ml. of cold 5.259, sodium hypochlorite
(Chlorox). This was followed by the dropwise addition
(during a period of 15 minutes) of a cold clear solution of
10.3 g. of 2,4-dimethoxy-8-pyrimidinethiol in 63 ml. of 1 N
sodium hydroxide. The temperature was kept below 15°
during both reactions. After an additional 5 minutes of
stirring, the precipitate of sulfenamide was collected by
filtration, washed free of alkali with ice-water and dried iz
vacuo at room temperature. Recrystallization was effected
by dissolving the compound in benzene at room temperature
and adding two volumes of petroleum ether (30-60°). The
vield of finely powdered sulfenamide was 7.3 g. (67%),
m.p. 123-124°. The analytical sample was recrystallized
an additional time and dried in the same manner.

Anal. Caled. for CeHyN;0,S: C, 38.49; H, 4.84; N,
§2"11’?;OOS’ 17.13. Found: C, 38.62; H, 4.86; N, 22.24;

2,4-Dimethoxy-6-pyrimidinesulfonamide (VI).—A well-
stirred suspension of 7.5 g. (0.04 mole) of the above sulfen-
amide in 160 ml. of water was oxidized by the dropwise addi-
tion of 161 ml. of 0.4 M potassium permanganate over a
period of 15 minutes. (The temperature was not allowed to
rise above 30° during the reaction.) After an additional 15
minutes of stirring, the manganese dioxide was destroyed
with an excess of saturated sodium bisulfite solution. The
tan precipitate was collected, washed first with 150 ml. of
cold 1 N hydrochloric acid and then with cold water. The
dried sulfonamide was dissolved in absolute ethanol, treated
with Norit and precipitated by the addition of two volumes
of petroleum ether (30-60°); yield 5.51 g. (64%,), needles,
m.p. 188-189°. The analytical sample was recrystallized
twice more in the same manner; m.p. 189-190°.
Anal. Caled. for CeHN:0,S: C, 32.88; H, 4.14; N,
éQ.%Z;‘lgs, 14.63. Found: C, 33.02; H, 4.14; N, 19.29;
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6-Uracilsulfonamide (VII).—The dimethoxysulfonamide
(above) was demethylated by autoclaving a suspension of
5.5 g. in 750 ml. of 0.1 N hydrochloric acid for two hours
at 250°F. (15 p.s.i.). The solution was brought to dryness
under reduced pressure and the residue was recrystallized
from water. The fine crystals of 6-uracilsulfonamide gradu-
ally decomposed above 235°; the yield (including work-up
from mother liquor) was 2.8 g. (589%). The analytical
sample was recrystallized twice more from the same solvent.
The absorption is given in Table I.

Amnal. Caled. for CHN,O,S: C, 25.13; H, 2.64; N,
21.98; S, 16.77. Found: C, 25.20; H, 2.67; N, 21.86;
S, 16.57.

2,4-Dimethoxy-6-methylmercaptopyrimidine (VIII).—A
solution of 6.88 g. (0.04 mole) of 2,4-dimethoxy-6-pyrimi-
dinethiol? in 80 ml. of 2.5% sodium hydroxide was treated
dropwise with 7.2 g. (0.056 mole) of dimethyl sulfate. The
mixture was stirred for 1.5 hours with the occasional addi-
tion of enough 109, sodium hydroxide to keep the mixture
alkaline. The insoluble methylmercapto derivative crystal-
lized when the reaction mixture was cooled in ice, and was
apparently reasonably pure after it was collected and washed
with water; yield 5.9 g. (80%,), m.p. 44-46°. Recrystalli-
zation was effected by dissolving the compound in hot eth-
anol (959, ) and then adding an equal volume of water to the
cooled solution. This returned 5 g., m.p. 45-46°. The
analytical sample was recrystallized an additional time.
171431{[11. Caled. for CjHpN:0:S: 8, 17.22. Found: §,

2,4-Dimethoxy-6-pyrimidine Methyl Sulfone (IX).—A
solution of 5 g. of the above methylmercapto derivative in
135 ml. of 889, formic acid was treated with 13.5 ml. of
Superoxol and allowed to stand for 3 hours. It was then
diluted with an equal volume of water and allowed to stand
overnight. The residue obtained by evaporating the solu-
tion to dryness under reduced pressure was collected by
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means of a small amount of cold absolute ethanol and sucked
dry. A recrystallization from absolute ethanol afforded
the sulfone in the form of long needles; yield 4.81 g. (829,),

m.p. 122-123°, The analytical sample was recrystallized
a second time.
Anal. Caled. for C;HpN.0,S: C, 38.52; H, 4.62; N,

12.84; S, 14.69. Found: C, 38.48; H, 4.80; N, 12.87;
S, 14.60.

6-Uracil Methyl Sulfone (X).—The dimethoxy sulfone
(above) was demethylated by autoclaving a suspension of
4.8 g.in 700 ml. of 0.1 N hydrochloric acid for two hours at
250°F. (15 p.s.i.). The solution was brought to a small
volume under reduced pressure and the crystalline material
which separated out was collected (3 g.) and recrystallized
from water. By reworking the mother liquor a totalof1.9¢g.
(459,) of the recrystallized product was obtained, m.p. 299-
300° dec. The analytical sample was recrystallized from
glacial acetic acid and washed with petroleum ether, m.p.
307-308°. The absorption data are found in Table I.

Anal. Calcd. for C5H3N204S: C, 31.58; H, 318, N,
1%.;3; S, 16.86. Found: C, 31.73; H, 3.37; N, 14.44; S,
16.70.

In later work it was found more advantageous to de-
methylate the demethoxy sulfone by heating it with a 909,
acetic acid solution which was 0.2 N with respect to hydro-
chloric acid. This procedure afforded a somewhat higher
yield and gave a product which was chromatographically
homogeneous after only a single recrystallization. Thus a
mixture of 21.8 g. of the demethoxy sulfone (IX), 1575 ml.
of glacial acetic acid and 175 ml. of 2 N hydrochloric acid
was heated under reflux for three hours. The solution
was evaporated to dryness under reduced pressure and the
residue was recrystallized from water. The uracil methyl
sulfone was obtained in the form of fine rods; yield 10.1 g.
(54%,), m.p. 307-308° dec.
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Influence of Optically Active Acyl Groups on the Enzymatic Hydrolysis of
N-Acylated-L-amino Acids

By Suou-CHENG J. FU, SANFORD M. BIRNBAUM AND JESSE . GREENSTRIN
RECEIVED JuLy 26, 1954

L- and p-alattine werc converted to the correspouding optically active a-chloropropionic acids without loss of configuration,
and the halogenated acids combined through their acid chlorides with glvcine, r-alanine, r-butvrine and r-norvaline for
studies with renal acyvlase I, and with L-phenylalanine and L-tyrosine for studies with pancreatic carboxyvpeptidase. The
acylated amino acids with 1-acvl substituents were hydrolyzed by renal acylase at greater rates than those with n-acyl sub-
stituents, but the difference between the rates for the r- aud p-acyl substituents was very much greater when the acyl groups
were alanvl than when they were a-chloropropionyl. With increasing length of the side-chain of the terminal rL-amino acid
this difference increased in the case of the a-chloropropionyl derivatives and was practically constant in the case of the alanyl

derivatives.
tively small except for the carbobenzoxyalanyl derivatives.

In the case of pancreatic carboxypeptidase, the difference in rates between L- and p-acyl derivatives was rela-
Unlike renal acylase I, pancreatic carboxypeptidase attacks

the L-chloropropionyl residue much more readily than it does the r-alanyl or propionyl.

Acylase I 1s a soluble, intracellular carboxy-
peptidase which catalyzes the hydrolysis of a wide
variety of N-acetylated amino acids at rates which
are dependent upon the nature of the N-acyl
group and of the terminal amino acid residue.!-8
N-Chloroacetyl-L-amino acids are hydrolyzed by ac-

(1) 8. M. Birnbaum, L, Levintow, R. B. Kingsley and J. P. Green-
stein, J, Biol. Chem., 194, 455 (1952).

(2) P. J. Fodor, V. E, Price and J. P, Greenstein, $bid., 183, 467
(1950).

(3) K. R. Rao, 8. M. Birnbaum, R. B. Kingsley and J. P. Green-
stein, ibid., 198, 507 (1952).

(4) K. R. Rao, 8. M. Birnbaum and J, P, Greenstein, 1bid., 208, 1
(1953).

() W. S. Fones and M. Lee, ibid., 201, 847 (1953).

(6) S-C. J. Fu and S. M. Birnbaum, THIS JoURNAL, 75, 918 (1953).

(7) W. S. Fones and M. Lee, J. Bioi, Chem., in press.

(8) J.P. Greenstein, S, M. Birnbaum and M. C. Otey, ibid., 204, 307
(1953).

ylase I at faster rates than are corresponding N-gly-
cyl-L-amino acids.? On the other hand, N-pL-chloro-
propionyl-L-alanine is hydrolyzed at a much slower
rate than is either r-alanyl-L-alanine,® or N-pro-
pionyl-L-alanine,®and it would appear that electronic
effects alone are insufficient to account for the in-
fluence of the nature of substituents in the N-acyl
group on the susceptibility of the substrate to
acylase I. Moreover, although vr-alanyl amino
acids are hydrolyzed much more rapidly than are
p-alanyl amino acids, inspection of the hydrolytic
curve of bpL-chloropropionyl-L-alanine?* suggests
that the susceptibility of the two optical forms to
acylase I is not greatly different. Vet one of these
two forms corresponds in optical configuration to
that of r-alanyl-L-alanine, and the other to that of
p-alanyl-L-alanine.



