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corresponding in composition to a hydrolysate of
bovine serum albumin. This suggests that the
phosphate itself has no appreciable effect on the
hydrolytic destruction of serine. It is apparent
from the last column of Table IV that a correction
for losses of serine by extrapolation of the results
to zero time, assuming first-order kinetics for the
decomposition, would lead to considerable error.
Phosphoserylglutamic acid was first isolated by

-
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Levene and Hill* from an enzymatic digest of
casein. de Verdier® has reported the presence of
phosphoserylglutamic and phosphoserylalanine and
several other peptides of phosphoserine from acid
digests of casein but was not able to establish that
serine was N-terminal.

(39) C. H. de Verdier, Acta Chem. Scand., 8, 1302 (1954).
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Methods of preparing some N-alkyl and O-alkyl pyrimidine nucleosides are described.

In order to study the tautomeric forms of certain
nucleosides and nucleotides in solution! by their
infrared spectra it was desirable to have deriva-
tives of the possible tautomeric forms in which the
labile hydrogen is replaced by methyl or ethyl
groups. The present article describes the syn-
thetic methods used for the compounds not pre-
viously reported.

Direct N-Methylation of Nucleosides.—Levene
and Tipson? reported the preparation of 3-methyl-
uridine by use of diazomethane on 2/,3’-di-O-ace-
tyl-5/-O-triphenylmethyluridine in ether solution.
It was found recently! that 3-methyluridine could
be prepared much more conveniently by direct
treatment of the nucleoside in methanol with diazo-
methane, thus obviating the introduction and sub-
sequent removal of acetyl or trityl groups. By this
method 3-methylthymidine, 1-8-p-glucopyranosyl-
3-methyluracil and 1-8-p-glucopyranosyl-3-methyl-
thymine have been prepared for the first time. In
each case only the product of N-methylation was
isolated.

Preparation of the O-Alkyl Nucleosides.—The
1-(27,3’,4’,6’-tetra- O-acetyl) - 8- D- glucopyranosyl-
4-alkoxypyrimidines (I and VII) were prepared by
the method of Hilbert and Johnson.! Compound I
has been reported before® and readily can be iso-
lated from the reaction mixture in crystalline form.

OC.H,

H,C—( XN

NN

o
GlAce, VII
The corresponding thymine compound VII,
however, has not been isolated by previous work-
ers*s though it obviously has been present in reac-

(1} H. T. Miles, Biochim. Biophys. Acta, 23, 247 (1956).

(2) P. A. 8. Levene and R. S. Tipson, J. Biol. Chem., 104, 385
(1934).

(3) G. E. Hilbert and T. B. Johnson, THiS JoURNAL, 62, 4489
(1930).

(4) W. Schmidt-Nickles and T. B. Johnson, $bid., 82, 4511 (1930).

(5) D. W. Visser, 1. Goodman and K. Dittmer, $bid., 70, 1926
(1948),
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tion mixtures. Since the O-ether was required as
such and not merely as an intermediate, attempts
were made to prepare it by varying the pyrimidine
and the glucosyl halide reactants, the temperature
and the pressure; but from none of the reactions
could the desired product be isolated. Finally a
chromatographic method was found which per-
mitted isolation of the pure material from the reac-
tion mixture.

Deacetylation of I and VII was accomplished by
treatment with a catalytic amount of potassium
methoxide, followed by removal of the potassium
ion by titration with 609} perchloric acid to a pH
meter reading of 8.15 In each case the product
was a glass, which could be reacetylated to the orig-
inal O-alkyl material.

Synthesis of 1-Giucosyl-4-dimethylamino-2-py-
rimidone (V).~—In order to have a model compound
for cytidine which would be incapable of tautom-
crizing, it was desired to prepare a compound of
structure V. For this purpose it was fouud that
when the enol cther I or its ethoxy analog was
treated with dimethylamine at room teinperature V
was produced in alimost quantitative vield. Acet-
vlation with acctic anhydride in pyridine gave the
tetraacetate of V.

Conversion of O-Methyl- to N-Methylnucleo-
side.—This transformation was carried cut by two
methods. The first was a thermal lactim-lactam
rearrangement in which the enol ether I was
hieated at 230° to give the N-methyl compound II.

Although the formation of methyl bromide as a
by-product of the glycosylation reaction of Hilbert
and Johnson® results in the formation of N-methyl-
pyrimidines, no formation of N-methylnucleosides
has been reported among the reaction products.
It was found. however, that heating the enol ether
with methyl iodide at 100° resulted in the smooth
conversion of T to IT.  When the analogous O-ethyl
compound was heated with methyl iodide, the prod-
uet has a methyl rather than an ethyl group on the
nitrogen, as would be expected from direct N-
methylation followed by thermal elimination of
cthvl 1odide.

Cowmpound 11 also was prepured by methylating
L-g-p-glucopyranosyluracil with diazomnethane, as
described above, and acetylating the product I1I to
give TI.

Since the water-soluble compounds are to be used
as model compounds for spectral study, it is neces-
sary that their structures be proved by other means.
The availability of the same compouud by inde-
pendent synthetic routes does much to establish «
structure as well as to provide desirable flexibility
11 choice of starting materials. Such independent
evidence was sought originally inn the present case
because the N-mtethyl determinations carried out i
the usual way gave erratic results, the value found
cenerally being about an eighth of the calculated
amount. It has since been found possible to ob-
tain good N-methyl values, though both analysts
have reported that the methyl groups are very dif-
ticult to split off.7

{G) W, Benuer and W. L., Koeliler, Tiusg JuurNarn, 70 314 (1948.)

(75 “Microanalyses,” by J. F. Alirino, Metuchen, New Jersey, with

exceptinn af O-CI{; aud N-CHj reterminations of compounds IT,
IX (M) aud XTI, wliieh were done b W, Manser of Zurich, Switeer
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Paper Chromatography.-—The Ry values of the
water-soluble members of the present series as well
as some of the natural nucleosides were determined
in two solvents and are presented in Table I.
While these values are not precise physical con-
stants they are reasonably reproducible even when
no elaborate precautions are taken; they indicate
the relative mobilities of the compounds and show
which separations can be achieved readily. The
compounds were detected by queunching of the
fluorescence caused in the paperby a Mineralite ultra-
violet lamp. Ascending chromatograms were uscd.

In all cases the 3-N-methyl compound had u
higher R; than the parent nucleoside. presuinably
because of its greater relative solubility in the uou-
aqueous phase. Comparison of IV with X, of IV
with uridine, and of uridine with thyudine sug-
gest that with analogous conipounds the Ry gencr-
ally decreases with the number of hydroxyl groups
on the sugar and increases with the number of
methyl groups on the ring, especially if « labile Iiy-
drogen has been replaced by methyl. ‘

A useful application of paper chromutography of
these compounds is in following the diazomethane
methylation. It iseasy to tell whether the reaction
has gone to completion or not and even, roughly,
the ratio of reactant to product.

A Cornwvenient Micro Method for Distinguishing
O-Methyl from N-Methyl.-—The greatest useful-
ness of paper chromatograms in the present study
was in demonstrating with a few micrograms ot
material whether a methyl or ethyl group was
attached to oxygen or nitrogen. When little
material is available it is often impractical to carry
out an acid hydrolysis of the enol ether and isolate
the crystalline nucleoside.

A few micrograms of the methyl nucleoside were
added to concentrated hydrochloric acid. After the
solution had stood overnight the acid was evapo-
rated and the reaction product was chromato-
graphed. The compounds which were derived from
acetates of nucleoside enol ethers (the structures of
the acetates have been demonstrated by acid hy-
drolysis of larger quantities to known nucleosides®?)
by potassium methoxide deacetylotion gave prod-
ucts which had the same R; values as the corre-
sponding nucleosides.

N-Methyluridine, whose structure was proved by
Levene and Tipson,? and the other compounds
prepared by diazomethane methylation in this
study were unaffected by acid treatment. Siuce
both N-methyl and O-methyl compounds move
well above the parent nucleoside in all solvents.
there is no difficulty distinguishing the two by acid
treatment eveu when they have the same /.

The Rf’s after acid treatment of the sevei coni-
pounds tested are given for two solvents in Tuble 1.

Experimental™®
3-Methylthymidine.~-To & solutiun of 840 mg. of thyurn-

land. The second N--Clii determination of IX(A) was dome by Ali

cino by running the same sample through the procedure fonr times and
using longer heating periods. The first three titrations gave roughly a
third each of the theoretical value, and the fourth titration a negligible

amount, A repeated N-CH: analysis of 3-methylthymidine has not
yvet heen obtained,
(87 Melting yoints wire senoredsin a Kaofler senpara) s a1 are vas

RN
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TaBLE 1
Schleicher & Schuell no. 598 paper was used for the chro-
matograms.
Solvent As Solvent Bb
After After
acid acid
treat- treat-
Compound ment ment
Uridine 0.286 ., 0.26 ..
3-Methyluridine .69 0.68 .44 0.42
Thymidine 62 .. 47 ..
3-Methylthymidine .84 .83 .72 .74
Cytidine .28 .. .20
1-8-p-Glucopyranosyluracil .19 . .15
1-8-p-Glucopyranosyl-3-methyl-
uracil (111) .60 .60 .31 .30
1-3-p-Glucopyranosylthymine .34 .. .24
1-8-p-Glucopyranosyl-3-methyl-
thymine (XI) .68 .70 .40 .39
1-8-p-Glucopyranosyl-4-ethoxy-
2-pyrimidone’ .63 .20 .43 .13
1-8-p-Glucopyranosyl-4-meth-
oxy-2-pyrimidone’ .00 .20 .28 .14
1-8-p-Glucopyranosyl-4-ethoxy-
5-methyl-2-pyrimidone® 70 .83 .40 .21

1.8-p-Glucopyranosyl-4-di-
methylamino-2-pyrimidone
V) .29 .17

@ Solvent A: triethylamine, ¢-butyl alcohol, water (2:
10:3). °® Solvent B: 889, formic acid, n-butyl alcokol,
water (10:10:3); let stand 24 hr. and use upper layer.
Fresh solvent was not used because of the rapid esterifica-
tion, which caused a marked change in composition and
deposition of an aqueous layer during the running of the
chromatogram. A 24-hour period of storage was chosen for
convenience, though it does not represent equilibrium.
¢ The values are reported for compounds from which the
potassium ion has been removed. When this has not been
done, the R¢ values are lower though still reproducible for a
given sample.

dine (Schwarz) in 70 ml. of methanol was added 80 ml.
of a solution of diazomethane? in ether. The loss of color
and evolution of nitrogen were rapid during the early part
of the reaction. After the addition the solution was allowed
to stand several hours in an ice-bath. The product after
evaporation of solvent was a sirup which could not be in-
duced to crystallize.

The reaction mixture was then chromatographed on 100
g. of potato starch in butanol saturated with water. The
progress of the chromatogram was followed by the optical
density at 260 mu. The peak of optical density came at
about 80 ml. of effluent, and the fractions from 60 to 120
ml. of effluent, representing 540 mg., were combined and
crystallized from a mixture of methanol, ethyl acetate and
ether.10

Further crystallizations were from methanol and ether
and gave a material melting at 132.5-134° (unless the ma-
terial had been thoroughly dried, it melted at about 72°,
then resolidified aud melted at 130-131°).

Anal. Caled. for C,;H,¢N2Os: C, 51.56; H, 6.29; N,
10.93; OCH;, 0.00; NCH,, 5.85. Found: C, 51.51;
1, 6.34; N,10.46; OCH,, 0.00; NCH;, 0.80.7

1-Glucosyl-3-methyluracil (III).—To a suspeusion of 170
mg. of IV (prepared by the Hilbert and Johnson? method)

(9) The diazomethane sclutions used in these reactions were pre-
pared by covering solid N-methyl-N-nitroso-N’-nitroguanidine with
10 ml. of ether per g. of solid and adding 40% potassium hydroxide
solution slowly to the chilled mixture. At the completion of the reac-
tion the diazomethane soiution was decanted.

(10) In recrystallizing this and other water soluble members of the
present series the compound was dissolved in a minimum quantity of
methanol at the boiling point and either ethyl acetate (in which most of
the compounds are only slightly soluble) or ether (in which they are in-
soluble) or both were added slowly to the point of clondiness. Chilling
at —10 to 0° then generally caused crystal formation,
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in 15 ml. of methanol was added 8 ml. of ether solution of
diazomethane.! The reaction was slower than the first one,
so 1 ml. of water was added and the suspension refluxed to
bring most of the material in solution and then cooled before
the slow addition of another 7 ml. of diazomethane solution.
The product was treated with charcoal, filtered, and most of
the solvent evaporated,

The initial sirup was finally induced to crystallize from a
mixture of methanol, ethyl acetate and ether.’® After
four more crystallizations and drying under vacuum, the
m.p. was 247-248.5°.

Angl. Caled. for C,HyigN:0:: C, 45.83; H, 5.60;
N, 9.72; NCHs,, 5.20. Found: C, 45.79; H, 5.56; N,
9.93; NCH;, 5.09.

The same compound was prepared from a sample of II by
deacetylation with potassium methoxide. After crystalliza-
tion from methano! and ether the latter material had an
infrared spectrum identical with III prepared by the diazo-
methane reaction, and a mixture of the two showed no
melting point depression.

1-(Tetra-O-acetyl-8-p-glucopyranosyl)-3-methyluracil (II).
A. Reaction with Methyl Iodide.—To a mixture of 7 ml. of
methyl iodide and 4 ml. of acetone was added 400 mg. of I
(in other preparations the ethoxy analog was used with
equal success). The reaction tube was sealed and heated at
100° for about 60 hours. The tube was opened, the solvent
evaporated, the residue taken up in methanol, treated witli
charcoal and filtered. The compound crystallized to give
320 mg. of m.p. 99-103°. The material was recrystallized
to a constant m.p. of 105-108° after drying. A sample of
narrower melting range was not obtained in any of these
experiments.

Anal. Caled. for CyHuN:0y: C, 50.00; H, 5.30; N,
6.14; OCH,, 0.00; NCH;, 3.29. Found: C, 49.09; H,
5.02; N, 5.98; OCHs, 0.00; NCH;, 2.98.

The low carbon value of the analysis can be attributed to
inadequate purity of the compound, although it was re-
crystallized five times from methanol to a constant melting
range. For some reason the compound appears to be
unusually difficult to purify.

Since II could be formed by two methods from the kuown
compound I and by simple acetylation from III (which
gave a very good analysis) there is no reason to doubt that
the compound has the indicated structure. The conversion
of II back to III by deacetylation confirms that no unusual
change had taken place on acetylation.

B. Pyrolysis of I.—A combustion tube containing 300 mg.
of I was flushed out with helium, sealed and heated in a
Carius furnace at 230° for 24 hr. A solution of the material
in methanol deposited 200 mg. of crystals, m.p. 104-107°.
The light tan material was treated with charcoal and re-
crystallized, the m.p. remaining the same. An infrared
spectrum of a chloroform solution of this material was
superimposable on that of II prepared by method A.

C. Acetylation of III.—Fifty mg. of III (prepared by
diazomethane miethylation of IV) was added to 1.5 ml.
of pyridine and 1.5 ml. of acetic anhydride and the mixture
allowed to stand in the cold for a week. The solution was
worked up to give 30 mg. of m.p. 100-105°, which had an
infrared spectrum in chloroform solution identical with those
of the samples prepared by methods A and B.

Preparation of 1-(Tetra-O-acetyl-3-p-glucopyranosyl)-4-
ethoxy-5-methyl-2-pyrimidone (VII).—A mixture of 8.5 g.
of 2,4-diethoxy-5-methylpyrimidine and 13.4 g. of freshly
recrystallized tetra-O-acetyl-a-D-glucopyranosyl bromide
was heated in a 50-ml. flask at 60°. Through a side arm
protected by a Dry Ice trap the flask was connected to a
house vacuum line of about 100 mm. pressure. The flask
was heated for a week, the last day at 75°. From the
reaction mixture there was obtained 19 g. of sirup which
resisted all attempts at crystallization (small amounts of
methylpyrimidines formed in this and similar reactions were
filtered off from ether solution).

A successful chromatographic method was found and
applied as follows to 14 g. of the sirup. A column of 350 g.
of Magnesol! (Food Machinery and Chemical Co.; the
material was previously washed with acetone and then
dried) was prepared from a benzene slurry and a benzene
solution of the 14 g. of reaction mixture poured on it.

(11) W. H. McNeely, W, W. Binkley and M. L. Wolfrom, Tnrs
JuurxNar, 87, 527 (1045).
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The eluting solution was ethanol in benzene, the volume
used at each concentration being as follows: 500 ml.,
100:1 benzene—ethanol (even with concentrated solutions
there is very little volume change on mixing benzene and
ethanol); 700 ml., 50:1; 700 ml., 20:1; 1000 ml., 10:1;
200 ml., 5:1; 300 ml.,2:1.

The effluent was tested for the desired material by placing
a drop on filter paper and looking for quenching of fluores-
cence. As long as no quenching material came off, large
fractions of 500-1000 ml. were collected and evaporated to
confirm the absence of material; 100-ml. fractions were
evaporated and weighed as the solute came off the column.
The fractions from 1970 to 2000 ml. efluent were combined
to give 4.2 g. of sirup, which crystallized spontaneously on
standing two days. The fractions from 2000 to 2200 ml.
effluent gave an additional 1.3 g. of sirup, which crystallized
on seeding. The remainder of the effluent provided no
crystalline material.

The substance obtained from the column was recrystal-
lized to a m.p. of 132-133°.

Angl. Caled. for CyHgN:Oy: C, 52.07; H, 5.83; N,
5.97. Found: C, 52.00; H, 5.91; N, 5.87.

The enol ether obtained in this manner was deacetylated
with potassium methoxide as described above to give a
glass, which could be reacetylated to the original tetra-
acetate.

More careful chromatography of 5 g. of reaction sirup
on 90 g. of Magnesol, using an automatic fraction collector
and taking 7-ml. cuts, gave a 1.6-g. fraction which pro-
vided 1.3 g. of material melting at 131.5-133°. If the
same per cent. yield of crystalline product had been obtained
in the larger chromatogram, the yield of crvstalline material
for the reaction would have been about 319, instead of the
observed 199,.

Although previous workers® failed to isolate the present
compound they obtained its acid hydrolysis product, 8-b-
glucopyranosylthymine, in 439, yield.

1-8-p-Glucopyranosyl-3-methylthymine (XI).—The most
convenient preparation of 1-tetra-O-acetyl-3-p-gluco-
pyranosylthymine (VIII) proved to be the method of con-
densing dithyminylmercury with tetra-O-acetyl-a-p-gluco-
pyranosyl bromide reported recently by Fox, Yung. Davoll
and Brown.!?

Six g. of VIII was dissolved in 40 ml. of chloroform and 10
ml. of methanol. On chilling VIII came out of solution, but
as the material reacted with the first 15 ml. of diazomethane
solution (a total volume of 40 ml. was eventually used) it
all went into solution. The solvent was evaporated, more
chloroform added, the solution treated with charcoal and
again evaporated. Thesirupy product could not be induced
to crystallize; after standing several days without sol-
vent, it crystallized spontaneously. The yield of IX was
5 g., m.p. 112-116°. A mixture of ethanol, ether and a
little hexane was found to give the best results of the solvents

tried. The m.p. of the purified material was 120-122°.
Anal. Caled. for ConzsNzOni C, 51 OG, H, 557, N,
5.96; OCHj;, 0.00; NCH;, 3.19. Found: C, 51.23; H,

5.46; N, 5.89; OCHj;, 0.00; NCH,, 3.13 (M); 3.57 (A)a
The above tetraacetate IX was converted to XI by

(12) J. J. Fox, N. Yung, J. Davoll and G. B. Brown, TH1s JoURNAL,
78, 2117 (1956).
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treating a solution of 500 mg. of pure tetraacetate in 18 ml.
of absolute methanol with several mg. of potassium, warming
for 10 min. and leaving overnight. When ether was added
to the solution, tlie product came out as a sirup. The
potassium ion was then removed by titration with perchloric
acid followed by centrifugation.® This time when ether
was added to the point of turbidity and the solution cooled,
crystals separated. The yield was 250 mg. of m.p. 197~
200°. This material was treated with alumina and charcoal
in methanol and crystallized 5 times to a constant melting
range of 196-202°. (The upper limit is the point at which
the last crystals visible under the polarizer disappear.)
Despite the broad range, the analysis indicated that the
material was pure and had the expected constitution.

Anal. Caled. for C,,H;3N0;: C, 47.68; H, 6.00; N,
9.27; OCH;, 0.00; NCH,;, 4.96. Found: C, 47.79; H,
5.90; N, 9.33; OCHj, 0.00; NCH,, 3.85.

Alternate Preparation of IX.—In view of the originally
poor NCHj; analyses it was considered desirable to carry out
thereverse of the above transformation, that is, the methyla-
tion of 1-8-p-glucopyranosylthymine, 2 known compound,®
to give IX.

Accordingly, dry hydrogen chloride was passed into a cold
solution of VIII in 200 ml, of methanol for 15 minutes and
the stoppered solution allowed to stand a day. The solu-
tion was evaporated under vacuum and the sirup crystallized
from methanol and ether. After one recrystallization the
m.p. was 272-274.5°, in agreement with the reported value®
of 271°.

The glucosylthymine was then treated in aqueous meth-
anol (109, water to increase solubility) with ethereal
diazomethane, as described above for IV. The product was
a sirup that crystallized on seeding with a crystal of IX
obtained by the potassium methoxide deacetylation fie-
scribed above. After recrystallization the present material,
when mixed with XI, showed no melting point depression
and had an identical infrared spectrum.

1-8-p-Glucopyranosyl-4-dimethylamino-2-pyrimidone (V).
—To a mixture of 30 ml. of dimethylamine and 15 ml. of
methanol in a pressure bottle was added 1.5 g. of the 4-
ethoxy analog of I. The bottle was closed and allowed to
stand at room temperature for two days. Most of the
solvent was evaporated under air stream on the steam-b.ath
and ethyl acetate and ether! then added to cause crystalliza-
tion. The yield was 0.95 g. (99%). The material even
after several crystallizations and drying for analysis ex-
hibited a double melting point, the first at about 170-180°,
with subsequent crystallization of the melt, the second at
271-273°. )

In an earlier experiment the same reaction was carried out
with I at 60° and the same product obtained in 829 yield.

Anal. Caled. for C,HuN;Oq: C, 47.83; H, 6.36; X,
13.95; NCH,, 9.96. Found: C, 47.53; H, 6.59; N,
13.96; NCH;, 6.75.

The tetraacetate of V was prepared by reaction with
acetic anhydride in pyridine in the cold. The m.p. of the
pure material was 281-282°,

Anal. Caled. for CoHuNsOy: C, 51.17; H, 5.80; N,
8.95; NCHs, 6.40. Found: C, 51.21; H, 5.87; N, 9.04;
NCH;, 6.74.
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