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It has been previously shown that 5-ethyluracil may
undergo incorporation into bacterial DNA? and that
5-ethyldeoxyuridine readily replaces thymidine (5-
methyldeoxyuridine) in bacteriophage DNA.? Partic-
ular interest attaches to 5-ethyluracil and its glycosides,
since these would be expected to exhibit the same base-
pairing properties as the parent compounds, t.e., uracil,
thymine, and their glycosides.*

The syntheses of 3-ethyluridine,®® its 5'-mono and
pyrophosphates, and poly-5-ethyluridylic acid*® have
already been reported. The present communication de-
scribes the preparation of 5-ethyldeoxyuridine (V) and
some of its properties; preparation of its 3'-triphosphate
is under way with a view to its subsequent polymeriza-
tion with either DNA polymerase or deoxynucleotidyl
transferase. The photochemical behavior of the nucle-
oside in aqueous medium is also of special interest.”

The deoxynucleoside has been synthesized according
to standard procedures® by the condensation of the
monomereury salt of 5-ethyluracil (IT) with 3,5-di-O-p-
chlorobenzoyl-2-deoxy-«,3-p-1ibofuranosyl chloride
(I11) to give 1-(3,5-di-O-p-chlorobenzoyl-2-deoxy-«,3-D-
ribofuranosyl)-5-ethyluracil (IV), in about 509, yield
with respect to 3-ethyluracil.

The mixture of the anomers of IV was initially de-
benzoylated to give a mixture of the anomers of 5-ethyl-
deoxyuridine, which was deposited on a strongly basic
Dowex 1 X 2 column as described by Dekker,® and
eluted with NH,HCO; to give two reasonably well-
defined peaks. Slow evaporation of these two fractions
gave crystalline residues. One of these, but not the
other, proved capable of sustaining growth of the
thymine-less strain Escherichia coli 15T— and of some
of the T coliphages?® and was therefore assigned the
configuration 3.

However, subsequent attempts to effect the above
separation on & preparative scale, with the aid of larger
columns, were unsuccessful. Preparative thin layer
chromatography was then tried and the two benzoylated
anomers of I'V, but not the free nucleosides, were readily
separated and obtained in highly purified, crystalline
form. Nmr spectroscopy was then applied to establish
the configurations of each of the anomers, by reference
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to the corresponding anomers of thymidine,'® and, as
might have been anticipated, they were found to cor-
respond to those previously determined from their
ability to support bacterial and phage growth.

Aswas to be expected, the uv spectra of 5-ethyldeoxy-
uridine were very similar to those of thymidine.!? Of
special interest was the fact that the pK. (9.9) for dis-
sociation of the ring N? hydrogen, determined spectro-
photometrically,!! was praciteally identical with that
for thymidine.!

The possible mutagenic activity of 5-ethyldeoxyuri-
dine was investigated by Dr, Irena Pietrzykowska, with
d-bromodeoxyuridine as a control, by means of the spot
test of Freese,2 using 16 rII mutants of phage T, and
looking for reversions to rv. Under conditions where
5-bromodeoxyuridine gave the expected frequency of
reversions, 5-ethyldeoxyuridine was quite inactive.
Analogous results were obtained by Professor C. Heidel-
berger with a sample of V supplied to him.

The potential antiviral activity of V was examined by
Professor Heidelberger, who found that the « anomer
was inactive, as expected, while the 8 anomer was al-
most as active as 5-iododeoxyuridine and 5-bromode-
oxyuridine in inhibition of vaceinia viral replication in
Hel.a cells. Itisof particular interest in this connection
that Guari and Malorny® have reported V to be an
effective inhibitor of herpes simplex virus, although the
preparation and properties of their compound were not
described. The simultaneous presence of antiviral ac-
tivity, and absence of mutagenic activity, is rather
striking and suggests the advisability of synthesizing
additional 5-alkyl-substituted pyrimidine nucleoside
analogs. The preparation and properties of 5-ethyl-
cytidine and 5-ethyldeoxycytidine will be reported
shortly.!*

Experimental Section

5-Ethyluracil was prepared according to the method of Burck-
halter and Scarborough® as modified by Shapira.s

N-1-Acetyl-5-ethyluracil (I) was obtained as described by
Spector and Keller® for other diketopyrimidines. 5-Ethyluracil
(1.4 g, 10 mmoles) in 3 ml of AcsO containing 25-50 mg of pyridine
was heated for 15-20 min under reflux. Several minutes of heating
sufficed to completely dissolve the ethyluracil. The solution was
brought to room temperature and the crystalline precipitate was
filtered off and washed (AcyO) to give 1.41 g (78%) of 1, mp
142-145°,

Monomercury Salt of 5-Ethyluracil (II))—To a solution of
2.46 g of Hg(OAe); in 77.5 ml of anhydrous MeOH, heated
under reflux and constantly stirred, was added 1.41 g of I.
Heating was continued for 2 hr and the mixture then was left
overnight. The resulting precipitate was filtered off and dried to
give 2.65 g (1009,) of II, mp >360.°

3,5-Di-O-p-chlorobenzoyl-2-deoxy-a,3-p-ribofuranosyl chio-
ride (IIT) was prepared according to Fox, et al.,® by chlorination of
methyl «,8-2-deoxy-p-ribofuranoside.” The product, following
prolonged washing with Et,0, had mp 113°, as compared to a
literature® value of 118-120°. Other observers® have also
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reported difficulties in obtaining a product with mp 118-1207.
It is therefore of interest that, during chlorination, the resulting
precipitate of III consisted initially of needles, followed by tiny
platelets; prior to extensive washing with It:0, the precipitate
melted in two steps under a microscope hot stage, mp 94 (plate-
lets) and 102 ° (needles). These are obviously the two anomers of
IIT and the melting point of the final product will clearly depend
on the ratio of the two anomers which, in turn, determines the
ratio of the two anomeric nucleosides in the condensation reac-
tion.'* Because of the lability of ITI, the freshly prepared mixture
of anomers was used as such immediately in the subsequen!
condensation step.

1-(3,5-Di-O-p-chlorobenzoyl.2-deoxy-«,3-p-ribefuranosyl)-5-
ethyluracil (IV).—1II (1.49 g, 4.4 mmoles) was suspended in about
130 ml of anhydrous PhMe, vigorously stirred, and dried azeo-
tropically by removal of about one-third of the solvent; 3.8 g of
1IT (8.8 mmoles), previously dried, was added rapidly, and the
mixture was heated 3 min, then cooled and filtered through glass
wool.  The precipitate was dissolved (CHCL), the solution was
washed (309, KI, H,0), and the orgnic phase was dried (Na,SO;).
The salt was ﬁltered off, the CHCI; solution was brought to dry-
ness, and the residue was dissolved in hot anhydrous FtOH.
Crystallization occurred on cooling to give 1.1 g (47¢%) of IV,
melting at 154-178° and exhibiting under a4 microscope hot stage
two types of crystals.

Attempted Separation of the Anomers of ¥ by Ion-Exchange
Chromatography,—A Dowex 1-N2 (200-400 mesh) (OH™)
column, 23 X 2 em, was washed with 500 ml of 30¢¢ aqueous
MeOH, and 15 mg of V in the same solvent deposited on the
column. The latter was then washed with 250 ml of 60¢,
aqueous MeOII and 250 ml of 90 aqueous MeOH. The
nucleoside was then eluted with 0.05 3/ NHHCO; at a flow rate
of about 1.5 ml/min and fractions of 13 ml were collected. The
nucleoside appeared in two fairly-well-defined peaks: fraction 13
(4.9 mg, mp 172-174.5°) and fraction 16 (5.2 mg, mp 145-147° .
Traction 16, but not fraction 13, supported bacterial and phage
multiplication and is therefore the 8 anomer of V.

Separation of anomers of IV was achieved on Gl'yy silical gel,
deposited as 1.0-mm layers on 20 X 15 cm glass plates, with the
solvent system CHCL-Et,O (8:2, viv). It was necessary to run
each plate three or four timnes to obtain adequate separation, the
final B¢ values for the & and 8 anomers being about 0.85 and 0.95.
The gel containing each of the spots was deposited on a sintered-
glass filter and eluted with CHCl;. The eluates were brought to
dryness and the residues crystallized from IStOH to give the pure
o and g anomers of IV “with mp 186-187.57 and 196-197°,
respectively.

2’-Deoxy-a(3)-p-ribefuranoesyl-5-ethyluracil (V).—The « and
8 anomers of IV were debenzoylated according to Prystas and
Sorm?® and each was recrystallized (EtOH) to give the a and
8 anomers of V with mp 177-170° and 152-133°, respectively.
The spectral data of the & anomer was as follows: AE: 268 mp
(emax 9.78 X 10%), NH2 085 mp (emsn 242 X 10%), NI 268 mu
{(emax 7.40 X 103/, APEC 045 mp (emin 4.27 X 103); pA, = 0.56.
The spectral data of the 8 anomer was as follows: A&}fx 267.5 mu
(eswax D61 X 10%), NoE2 255 mu (ean 285 X 10%), AL 267.5 mu
(max 7.28 X 103), NEZ 945 mp (emin .62 X 103); ph, = Y.98.

Nmr spectra were determined in ),O lor each of the anomers
at 30° with a Varian HA-100 spectrometer and Me;3i as external
standard. Lxcept for the added signals due to the presence of a
5-I5t in place of a 6-Ale substituent, the spectra were similar to
those of the corresponding anomers of tllymi(line A0 for a-5-ethyl-
(Ioo\vuridine 6.51 ppm (Hy, quartet), Ju,/ -’ = 8.0 ¢ps, Ju/~as’*

3.6 (ps for the 8 anomer, 6.58 ppm (H,, triplet) Jy,7 o =
./ ey = 7.0 ¢ps.
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4,47,6,6’-Tetrabromo-2,2’-biphenyldiol
A New

Agent for Combating Distomatosis!

Mono(dihydrogen phosphate).
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In the course of investigation= on agents for combut-
ing distomatosis, a disease of sheep and cattle caused
by the liver fluke, Fasciola kepalica, the title com-
pound (IV) was synthesized acecording to Scheme I
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Br Br
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O\ /OH

/ \

OH OP(O}OH),

I IV

The starting material I was obtained by bromination
of 2,2’-biphenyldiol.?  Treatment with POCL; in toluene
provided the eyelic phosphoroehlorvidate (I1). Hy-
drolysis of TI was carried out best by dissolving the
erystalline compound in toluene, adding this olution to
an aqueous 1tOH solution of NaOH, and refluxing the
mixture. In this way the poor solubility of the sodium
salt of the mtermediate IIT did not mterfere.  Pro-
tracted boiling of the alkaline solution results i com-
plete loss of the aeld group. The few per cent of |
formed along with the open phosphate IV is castly re-
moved by the purification proecess deseribed o the
Fxperimental Section.

Pharmacology.---The title conipound has been found
to bhe a potent agent in controlling distomatosis,
Therapeutie doses of 16 and 12 mg/kg, respectively, in
sheep and cattle would require doses of 20 and 16
my/ kg of the standard drug 2,2’-methylenebis(3,4.0-
trichlorophenal} to obtain comparable results The
acute toxieity in mice (LD > 150 mg/kg) was lower
than that of the standard. A dose of 36 mg/kg may be
safely administered to cattle. ILaboratory tests with
mice and rats? and field trials with some thousands of
cattle’ indicate also activity against immature liver
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