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The use of lactones in the synthesis of pyrimidines has been explored, and the method has been applied to
the synthesis of & series of 5-hydroxyalkylpyrimidine analogs of naturally occurring compounds.

A number of naturally occurring pyrimidines possess a
mono- or a polyhydroxyalkyl group attached to posi-
tion 5 of the pyrimidine ring. Of these, the first iso-
lated was 5-hydroxymethyleytosine present in the
nucleic acid of the T-even coliphages as a nucleotide
glucosylated on the side chain.? Subsequently, Kallen,
et al.,* reported the occurrence of 5-hydroxymethyl-
uracil in the DNA of Bacillus subtilis bacteriophage
SP8, and Tanaka, ef al.,® isolated an antibiotic (Baci-
methrin) from Bacdlus megatherium, which was shown®
to be 4-amino-5-hydroxymethyl-2-methoxypyrimidine.
The more complex 5-ribosyluracil (pseudouridine), to
which no specific biological role is yet attributed, was
found to be a normal component of RNA.7

We undertook the synthesis of a series of 5-(2-hy-
droxyalkyl)pyrimidines analogous to the foregoing.
In addition we studied some transformations of sub-
stituents on the pyrimidine ring in the presence of
such alkyl side chains.

Condensation products of epoxides with ethyl cyano-
acetate have been used in the synthesis of 2,4,6-tri-
substituted-5-hydroxyalkylpyrimidines. Schrage and
Hitchings® prepared 2,6-diamino-5-(2-hydroxyethyl)-4-
hydroxypyrimidine from a-cyano-y-butyrolactone and
guanidine, and Davoll® found that glycide condenses
with ethyl cyanoacetate to give a product which reacts
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directly with guanidine or thiourea to give the corre-
sponding pyrimidines, .e., 4-amino-5-(2,3-dihydroxy-
propyl)-2,6-dihydroxy- and 4-amino-5-(2,3-dihydroxy-
propyl)-8-hydroxy-2-mercaptopyrimidine.

Similar procedures were used in the synthesis of
pyrimidines II to V. «a-Cyano-y-valerolactone was
prepared by the method of Glickman and Cope.? A
modified procedure of Feofilactov and Onishchenko!!
was used for the synthesis of a-cyano-y-butyrolactone.
Condensations of the lactones with thiourea were satis-
factory and the products were readily isolated. With
urea the reaction required several days to give appreci-
able yields.!?
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Attempts to convert V to a 5-hydroxyethyluracil via
thiation of the 6-position were unsuccessful, but there
was some evidence that its diacetyl derivative (VI)
could be thiated. TUse of the sodium derivative of the
a-hydroxymethylenebutyrolactone (IX) did permit the
synthesis of pyrimidines unsubstituted at position 6.

This sodium derivative, previously mentioned by
Korteand Machleidt,*® was prepared from butyrolactone
and methylformate in dry ether in the presence of sodium
methoxide. Its enolic nature is indicated by the strong
ultraviolet absorption of an aqueous solution of its
sodium salt (Amax 277.5 mu), and the absence of selective
absorption in acid. With guanidine hydrochloride in
absolute ethanol, IX gave compound X. 4-Hydroxy-5-
(2-hydroxyethyl)-2-mercaptopyrimidine (XI) was pre-
pared by reaction of IX with saturated aqueous thio-
urea.!* This pyrimidine was subsequently used in the
preparation of 5-hydroxyethyluracil (XII). IX and
urea gave XII, but in poor yield. The preferred route
to XII was the methylation of the 2-mercapto analog
(XI) with methyl iodide in alkali followed by acid hy-
drolysis of the resulting 4-hydroxy-5-(2-hydroxyethyl)-
2-methylmercaptopyrimidine (XIII) (see Scheme I).
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The 5-hydroxyethyluracil (XII) served as starting
material for the synthesis of the corresponding cytosine
derivative. When the hydroxyl group in the side
chain was protected by acetylation, the resulting prod-
uet (XIV) could be thiated to XV under the controlled
conditions of Mizuno, et al.}3 Only the use of 0.5 mole
of phosphorus pentasulfide, based upon the formula
P,3;, gave a satisfactory yield of the 4-thio derivative
(XV). This mercapto compound was then treated with
ammonig in methanol at 100° to yield 5-hydroxyethyl-
cytosine (XVI). The ultraviolet spectral properties
and ionization constants of 5-hydroxyethyl- and 5-
hydroxymethyluracils are similar (see Fig. 1), as are
those of the corresponding cytosines (Fig. 2, Table I).

Chambers, Kurkov, and Shapiro®® proposed that
differences between the spectra of thymine and 5-
hydroxymethyluraecil at pH 12 could be attributed to a
hydrogen bond between the 5-hydroxymethyl group
and the 4-carbonyl group in the latter.1®® By analogy
they argued that the thymine-like spectrum of pseudo-
uridine B (a-furanosyl) and the hydroxymethyluracil-
like spectrum of pseudouridine C (8-furanosyl) could
likewise be explained by stereochemical features which
render the H-bond unlikely in the former. In the 5-(2-
hydroxyethyl)uracil such an H-bond is sterically per-
missible, but its spectrum is similar to those of uracil
and thymine and not to that of 5-hydroxymethyluracil.

Experiemntal

Melting Points.—All melting points were determined with a
Fisher-Johns apparatus and are uncorrected.

Paper Chromatography.—Ascending technique on Whatman
No. 1 paper was used with the solvents: A, n-BuOH-HOAc-H,0
(12:3:5); B, n-BuOH-H,0 (85:15); and C, {-PrOH-H.0O-
NH.OH (7:2:1).

a-Cyano-v-butyrolactone.—A solution of 11.6 g. (0.5 g.-atom)
of sodium in 250 ml. of ethanol was cooled to 5°, and 58 g. (0.5
mole) of ethylcyanoacetate was added dropwise with vigorous

(15) Y. Mizuno, M. Ikehara, and K. A. Watanabe, Chem. Pharm. Bull.
(Tokyo), 10, 647 (1962).

(16) (a) R. W. Chambers, V. Kurkov, and R. Shapiro, Biochemistry, 2,
1192 (1963). (b) The Aso-Aszeo ratio at pH 12 of > 1.8 waa the criterion of the
presence of an H-bond. The authors thank Dr. R. W, Chambers for draw-
ing our attention to this point prior to appearance to their publication, and
for discussion of its significance.
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Fig. 1.—Spectra of 5-hydroxymethyl- and 5-(2-hydroxy-
ethyl)uracils. W. E. Cohn [J. Biol. Chem., 235, 1488 (1960)]
records pK 9.8 for 5-hydroxymethyluracil.
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Fig. 2.—Spectra of 5-hydroxymethyl- and 5-(2-hydroxyethyl)-
cytosines. The difference, 0.20 units, between pK values
observed for these cytosine derivatives is similar to that, 0.28,
observed for the corresponding uracils.

stirring which was continued overnight without further cooling.
To this suspension of the sodium derivative was added 28 g.
(0.63 mole) of ethylene oxide in 50 ml. of absolute ethanol and
the mixture was heated to 45° to yield a light amber solution
which was kept for approximately 6 hr. at 45-50°, and then at
room temperature overnight. After the solvent had been evapo-
rated under vacuum, 100 ml. of ice~water and 50 ml. of concen-
trated hydrochloric acid were added to the residue. The result-
ing solution was continuously extracted with ether for 72 hr.,
the ether extract was concentrated under vacuum, and the residue
was fractionated. After redistillation, 24 g. (44%) of a colorless
sirup boiling at 115-117° at 0.18 mm. was recovered.!”
6-Amino-4-hydroxy-5-(2-hydroxyethyl)-2-mercapto- and 6-

Amino-4-hydroxy-5-(3-hydroxy-n-propyl)-2-mercaptopyrimidine
(IITand II).—To 1.15 g. (50 mg.-atoms) of sodium dissolved in 160
ml. of dry ethanol, 2.3 g. (30 mmoles) of thiourea and 30 mmoles
of the appropriate a-cyanolactone were added. The reaction
mixture was refluxed with stirring for 18 to 20 hr., then taken to
dryness under vacuum, and the residue was dissolved in 25 ml. of
cold water. This solution was extracted twice with 10-ml. por-
tions of ether, acidified with 3 ml. of glacial acetic acid, and
cooled. The product that precipitated was collected, washed
with cold water, and recrystallized from boiling water.

Compound III, 3.66 g. (659%) of light brown needles, had
m.p. 299-300° dec.

Anal. Caled. for CeHN;O0,S: N, 22.21; S, 16.95.
N, 22.30; 8, 17.50.

Compound IT, 3.20 g. (53%) of pale yellow prisms, had m.p.
262° dec.

Anal. Caled. for C:H;N;O:S: N, 20.88; S, 15.93.
N, 20.70; 8, 15.77.

6-Amino-2,4-dihydroxy-5-(2-hydroxy-n-propyl )pyrimidine (IV).
—A solution of 5.75 g. (250 mg.-atoms) of sodium in 400 ml. of dry

Found:

Found:

(17) V. V. Feofilactov and A, S. Onischchenko!! report yellow oil, 30.4%
yield, b.p. 176-178° (8 mm.).
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TasLE 1
Positions of —————--——-8pectral data~—-——--—e—o— -
— substituents on pyrimidines——————— 0.1 N HCl 0.1 N NaOH ~——R; in solvents——
Compd. 2 4 5 6 A, mp e X 108 A, mu e X 103 A B C
?H
1I SH OH CH,CHCH; NH, max. 282 20.0 294 11.1 0.70 0.54 0.50
242 7.8 264 11.2
240.5 15.4
min. 252.5 5.8 273.5 9.4
229 6.6 254 10.0
111 SH OH CH,CH,0H NH, max, 282 20.0 280 10.7 0.53 c 0.46
241 7.7 247.5 12.5
min. 252 5.9 263 7.7
237 10.8
CI)H
v OH OH CH,CHCH;, NH, max. 272 20.4 273 17 .4 0.53 0.31 0.43
min. 243 3.3 247 2.7
v OH OH CH,CH.OH NH, max. 271 18.9 274 15.9 0.41 0.17 0.34
min. 243.5 3.1 246.5 2.4
VI OH OH CH,CH,0Ac NHAc max. 276 12.4 274.5 15.1 0.70 0.53 0.53
min. 240 2.2 248 2.9
X NH, OH CH,CH.0H H max. 261.5 7.3 278 6.9 0.49 0.24 0.48
233 7.4
min. 242 4.7 253 2.5
X1 SH OH CH,CH,0OH H max. 275.5 16.1 259.5 12.6 0.63 0.43 0.58
min. 241 3.1 243.5 9.9
XII OH OH CH,CH.OH H max. 264 7.4 289 5.9 0.46 0.28 0.48
228.5 4.2
min. 233.5 1.7 245.5 1.9
XII1 SCH;, OH CH,CH,0OH H max., 273 9.6 280 8.0 0.82 0.73 0.66
250 9.4 247.5 9.3
min. 260.5 8.9 263 5.7
240.5 8.7 237 8.1
X1V OH OH CH,CH,0Ac H max. 263.5 7.8 289 5.9 0.71 0.55 0.65
min. 233 1.8 245.5 2.0
XV OH SH CH.CH,0Ac H max. 333.5 15.9 Hydrolyzes in e . 0.82
243 3.8 basic soln.
min. 279.5 2.8
XVI OH NH, CH,CH,OH H max. 284 9.3 287 7.2 0.39 0.12 0.53
min. 243 0.8 254 1.6

ethanol, to which had been added 9.0 g. (150 mmoles) of urea and,
13.5 ml. (125 mmoles) of a-cyano-y-valerolactone, was refluxed
for a week with stirring. It was taken to dryness under vacuum,
and the residue was dissolved in a liter of water and extracted
twice with 50 ml. of ether. The aqueous phase was neutralized
with Amberlite CG-50 (H* form). A partial separation of the
product resulted. The aqueous phase was decanted carefully,
the resin was washed well with water, and the combined aqueous
phases when filtered yielded 3.0 g. of crude product. The filtrate
was concentrated to 125 ml. under vacuum, treated once more
with a small volume of Amberlite CG-50, filtered, and contin-
uously extracted with ether for 12 hr. Further concentration
and cooling of the aqueous phase yielded another 1.5 g. of product.
The combined crude samples recrystallized from boiling water,
to yield 3.0 g. (189%) of a white solid, m.p. 252-253°.

Anal. Catled. for C7H11N303: C, 4540, H, 5.99; N, 22.69.
Found: C, 45.57; H, 6.20; N, 22.64.

6-Amino-2,4-dihydroxy-5-(2-hydroxyethyl)pyrimidine (V).—
Urea (15 g., 0.25 mole) was added to a solution of 11.5 g. (0.50
mole) of sodium in 300 ml. of absolute ethanol followed by 24 g.
(0.2 mole) of a-cyano-y-butyrolactone, and the mixture was re-
fluxed with stirring. After 24 hr., an additional 7.5-g. portion of
urea was added and the refluxing was continued for a total of 4
days. The flask was then allowed to stand in the cold for a
few days, and the solid that separated was collected, washed
with ether, and dried under vacuum; yield 35.5 g. This ma-
terial was dissolved in 300 ml. of water, filtered, and the filtrate
was neutralized with Amberlite IRC-50 (H*, 20-50 mesh).
The product that separated from the solution was recovered by
shaking the resin with water, letting the resin settle for a few
seconds, and then decanting the supernatant which contained

the product in solution and as a fine suspension. The several
liters of water thus collected were concentrated under vacuum to
a small volume, cooled, and filtered. The solid (13.8 g.) was dis-
solved in 2.3 1. of boiling water, and the solution was treated
with Norit, filtered, and cooled. The small white needles were
collected, washed with water and methanol, and dried under
vacuum; yield 11.25 g. (339%,), m.p. 308-310°. After recrystal-
lization once more from water the melting point was unchanged.

Anal. Caled. for C¢HgN;0;: C, 42.10; H, 5.30; N, 24.55.
Found: C, 42.00; H, 5.41; N, 24.52.

6-Acetamido-5-(2-acetylhydroxyethyl)-2,4-dihydroxypyrimi-
dine (VI).—A mixture of 170 mg. (1 mmole) of XI and 5 ml. of
acetic anhydride was refluxed gently for 5 hr. The clear solution
was cooled; the resulting crystalline product was collected and
washed several times with ether and dried under vacuum over
solid potassium hydroxide and phosphorus pentoxide; yield 210
mg. (829%), m.p. 268-269° dec.

Anal. Caled. for 010H13N3051 C, 4705, H, 513, N, 16.46.
Found: C, 47.49; H, 5.13; N, 16.65.

Sodium Derivative of o-Hydroxymethylene-v-butyrolactone
(IX).—To a cooled suspension of 54.0 g. (1 mole) of sodium
methoxide in a liter of dry ether, a mixture of 80 ml. (1.3 moles)
of methylformate and 76 ml. (1 mole) of ~y-butyrolactone was
added dropwise with stirring over a 2-hr. period; the stirring
was continued at room temperature overnight. The reaction
mixture was then cooled in an ice bath for 1 hr. to complete the
separation of the cream-colored product which was then col-
lected, washed with dry ether, and dried under vacuum; yield
123 g. (909%,), sinters at 117°, and melts at 123-126°. It was
found to be stable if kept under vacuum over phosphorus pent-
oxide and was used without further purification.
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2-Amino-4-hydroxy-5-(2-hydroxyethyl)pyrimidine (X).’%—
The sodium derivative of a-hydroxymethylene-v-butyrolactone
(IX, 1.36 g., 10 mmoles) was added to a solution of 955 mg. (10
mmoles) of guanidine hydrochloride in 50 ml. of absolute ethanol,
and the reaction mixture was boiled under reflux for 5 hr. with
stirring. [t was taken to dryness under vacuum; the residue was
dissolved in 60 ml. of hot water, filtered, and cooled. The
crude product was crystallized once more from 25 ml. of hot water
to vield short white needles, 300 mg. (199%), m.p. 268-270°.

Anal. Caled. for CgHoN;0,: C, 46.44; H, 5.85; N, 27.08.
Found: C, 46.70; H, 5.87; N, 26.80.
4-Hydroxy-5-(2-hydroxyethyl)-2-mercaptopyrimidine (XI).—
The sodium derivative of e-hydroxymethylene-v-butyrolactone
(61 g., 450 mmoles) was dissolved in 400 ml. of a saturated,
aqueous solution of thiourea. The reaction mixture, allowed to
stand at room temperature overnight, was then heated on the
steam bath for 0.5 hr. The warm solution was filtered, cooled
to room temperature, and acidified with glacial acetic acid.
The white crystalline precipitate was collected, washed with
cold water, and dried over phosphorus pentoxide and solid potas-
sium hydroxide under vacuum. When recrystallized from hot
water, it yielded white needles, 33.8 g. (44%). For analysis,
it was recrystallized once more from water, m.p. 253-256°.
Anal. Caled. for CgHN,0.S: N, 16.23; S, 18.62. Found:
N, 16.88; S, 18.64.
4-Hydroxy-5-(2-hydroxyethyl)-2-methylmercaptopyrimidine
(XIII).—The thiol XI (18.7 g., 110 mmoles) was dissolved in
143 ml. of 1 N sodium hydroxide, 14.3 g. {110 mmoles) of methyl
iodide was added, and the mixture was shaken for 3 hr. The
precipitate was collected, washed three times with cold water,
and dried under vacuum over phosphorus pentoxide; yield 14.05 g.
(70%). It was used without further purification for the prepara-
tion of XVII. A small sample was recrystallized from hot water
as white needles melting at 184-185°.
Anal. Caled. for C:H(N,O,S: C, 45.14; H, 5.41; N, 15.04.
Found: C, 44.88; H, 5.28; N, 14.61.
5-(2-Hydroxyethyljuracil (XII). Method A.—To sodium
(2.3 g., 0.1 g.-atom) dissolved in 150 ml. of dry ethanol 6.0 g.
(0.1 mole) of urea, followed by 13.6 g. (0.1 mole) of the sodium
derivative of a-hydroxymethylene-y-butyrolactone, was added.
The mixture was refluxed with stirring for 48 hr., when an addi-
tional 6.0 g. of urea was added and reflux was continued for a total
of 5 days. After removal of the solvent under vacuum, the
residue was dissolved in 250 ml. of water and neutralized with
Dowex-50 (H+, 20-50 mesh). The resin was separated by filtra-
tion and washed with water until the O.D. of the washings dropped
below 0.2 at 265 mu; the combined filtrates were then taken to
dryness under vacuum. The residue was dissolved in 500 ml.
of methanol, filtered, and cooled in a dry ice bath for a day.
The solvent was decanted from the precipitated solid, which
was transferred to a filter with petroleum ether (b.p. 30-60°)
and washed with a small volume of cold methanol. It was re-
crystallized twice, first from 20 ml. of water and methanol (5:15)
and then from 10 ml. of methanol after treatment with Norit.
Additional erystals were obtained from the mother liquors by
concentration to one-half volume, cooling to —40°, and recrystal-
lizing the solid from 15 ml. of methanol after treatment with
Norit. The combined batches were recrystallized once more

(18) The abstract of U. 8. 8. R. Patent 129,650 (1960) states that X,
X1, and XII have been synthesized; Chem. Abstr., 88, 5548d (1961).
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from methanol as clusters of small prisms, yield 400 mg., sublimes
above 200°, and melts at 273-274°.

Anal. Caled. for CHgN,Op: C, 46.15; H, 5.16; N, 17.94.
Found: C, 46.42; H, 5.25; N, 18.10.

Method B.—XIII (7 g., 37.6 mmoles) was dissolved in 200 m].
of 6 N hydrochloric acid and the solution was refluxed for 24 hr.
When it had been cooled to room temperature, a crystalline
product separated and was collected. The filtrate was taken
to dryness under vacuum, dissolved and re-evaporated five to six
times with methanol, and finally dissolved in ca. 350 ml. of hot
water, and filtered; the filtrate was neutralized with 50 ml. of
Amberlite IR-4B resin (20-50 mesh, OH-). The resin was
washed with 1200 ml. of water; the washings were taken to dryness
under vacuum. The residue was recrystallized from methanol
to yield 2.5 g. of product. The crystalline product that was col-
lected after the initial cooling was dissolved in 200 ml. of 6 N
hydrochloric acid, refluxed for 24 hr., and taken to dryness under
vacuum. The last traces of hydrochloric acid were removed;
the residue was dissolved in 250 ml. of hot water, chilled overnight
filtered, and then neutralized with Amberlite IR-4B as the fore-
going. The combined washings were taken to dryness, and the
residue was recrystallized from boiling methanol to yield 1.1 g.
of produet.

The melting points of the different batches of product varied
from 265-275° when samples were placed on a preheated stage,
but they resolidified immediately to a material with m.p. >300°.
This transition can pass unnoticed on slow heating. The samples
were used without further purification for the preparation of XIV.

5-(2-Acetylhydroxyethyl)uracil (XIV).—A mixture of 1.0 g.
(6.4 mmoles) of 5-(2-hydroxyethyl)uracil, 5 ml. of acetic an-
hydride, and ca. 30 ml. of dry pyridine was stirred for 1 hr. under
anhydrous conditions. The clear solution was treated with water
and evaporated under vacuum at 40° to leave a white residue
that was recrystallized from water to yield the monoacetate as
white needles, yield 1.06 g. (83%), m.p. 204-205°.

Anal. Caled. for CsH(N,Os: C, 48.55; H, 5.09; N, 14.12.
Found: C, 48.28; H, 5.26; N, 14.05.

5-(2-Acetylhydroxyethyl)-2-hydroxy-4-mercaptopyrimidine
(XV).—A mixture of 2.14 g. (10.8 mmoles) of XIV and 1.3 g.
of phosphorus pentasulfide was refluxed in ca. 90 ml. of dry
pyridine with stirring for 4 hr. The dark brown solution was
concentrated under vacuum at 40° to a few milliliters, twice
diluted with water, and reconcentrated. Water was added to
the yellow-brown solids and the mixture was cooled overnight.
The solids were then collected, washed with cold water,
redissolved in 350 ml. of boiling water, treated with charcoal
(Darco), filtered, and cooled overnight. Yellow needles separ-
ated; yield 600 mg. (269%), starts decomposing at 200°, and melts
at 216-219°.

Anal. Caled. for CsH;(N0;8: N, 13.08; S, 14.97.
N, 12.80; 8, 14.79.

5-Hydroxyethylcytosine (XVI).—XV (215 mg., 1 mmole) was
treated with 20 ml. of methanolic ammonia, saturated at 0°,
and heated in a sealed tube at 100° for 18 hr. The clear reaction
mixture was then chilled for several hours and the product that
separated as small white needles was collected, washed with a
small volume of cold methanol, and dried under vacuum over
phosphorus pentoxide; yield 93.5 mg. (60%). This fairly pure
material, further purified for analysis by recrystallization from
hot methanol containing a few drops of water, starts decompos-
ing above 200° and melts at 275°.

Anal. Caled. for CcHoN;0q:  C, 46.44; H, 5.85; N, 27.08.
Found: C, 46.35; H, 6.07; N, 27.20.

Found:



