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Several blocked glucosamine-pyrimidine nucleosides were svnthesized from
1-chloro-3,4,6-tri-O-acetyl-2-deoxy-2-acetamido-, 2-carbobenzyloxyamino-, and 2-
carbomethoxyamino-p-glucopyranose (I, IT and ITI, respectively) by the Hilbert -
Johnson and the acetyleytosine—mercury procedures. Tuterconversions of these
nucleosides showed that they all had the same configuration at the nucleosidic
center. This was unequivocally established to be 8 by periodate fission of 1-(2-
deoxy-2-amino-g-p-glucopyranosyl)-cytosine (XIII) to the known dialdehyde
XXIII, and in addition by cleavage studies on the uracil XV. Hydrogenolysis
of the carbobenzyloxy-nucleoside VIII gave XXVI, reductive methylation of
which afforded the dimethylaminonuecleoside XXVII. XXVII conld also be
made by hydrogenolysis of V to XXVIII, reductive methylation of XXVTIT to
the dimethylamino compound XXIX and ammonolysis of XXIX to XIV followed
by acetylation of XIV.

The antibiotic amicetin, isolated from Sireptomyces plicatus® has
been shown to have a structure* incorporating an aldosyl-cytosine
nucleoside with an aminosugar (in a disaccharide link with the
aldosyl nioiety) and a peptide (on the cytositte moiety). Amicetin
and two other similar antibiotics, baniicetin and plicacetin, isolated
from the same fermentation,® exhibit. interesting autibacterial and
antitumor activities. A coniparative study of the activities of these
antibiotics and their derivatives® led to the speculation that amino-
sugar—pyrimidine nucleosides with an unblocked amino group in the
sugar residue and an acylated amino group on the cytosine moiety may
possess similar properties. This paper reports the results of a study
directed toward the synthesis of simple aminosugar--pyrimidine -
cleosides that would incorporate these features and serve as models
for the synthesis of amicetin. Although the syuthesis of a variety
of aminosugar-purine nucleosides® hag been stinulated by structural

i1 Presented hefore the Division af Organic Cleaiistry, 13ith Meetiaz o»f The Ameriean
Chemical Society, Boston, Masr., April 3-10, 1919,

(2) This investigation was made possible by Research Craut ('Y 3772 fromn the Natianal fn-
stitutes of Health, Public Health Service.

(3) T. H. Haskell, A. Ryder, R. P, Frohardt, 8. A, Fusari, 4. L. Jakuhawski, and Q. R.
Bartz, J. dm. Chem. Soc., 80, 743 (1958).

14y C. L. Stevens, . Nagarajan, and T. H. Haskell, /. Ovg. Chem., 27, 2001 {186?).

() T\ H. Haskell. J. dm. Chem. Soc., 80. 747 (198).

(6) B. R. Baker, R. E. S8chaub, J. P. Josenh. and J. H, Williams, a4, 77, 17 (19537) and =ev-
cral pther publications of that groap.
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work on puromyecin,” no pyrimidine analogs had been prepared when
this work was undertaken.® Glucosamine was chosen because of its
ready availability.

The earliest nucleoside synthesis in this work was achieved using
3,4,6-tri-0-acetyl-2-deoxy-2-acetamido-p-glucopyranosyl chloride (I)
which already was known in the literature and had been used suc-
cessfully in the synthesis of a purine nucleoside.® Application of the
Hilbert—Johnson procedure!® involving refluxing the chlorosugar (I)
with excess 2,4-dimethoxypyrimidine in benzene solution afforded a
499, yield of 1-(3,4,6-tri-O-acetyl-2-deoxy-2-acetamido-8-n-glucopy-
ranosyl)-4-methoxy-2-pyrimidinone (IV).!! The ultraviolet absorp-
tion spectrum of IV with a maximum at 276 mg (e 5,900),2 and the
stability of the sugar—pyrimidine linkage to acidic and basic conditions
(see below) clearly showed that compound IV was a nucleoside and
not a glycoside.!3*® Ammonolysis of IV proceeded in 599, yield to
1-(2-deoxy-2-acetamido-8-p-glucopyranosyl)-cytosine (X1I), which was
further characterized as the fully acetylated derivative VII (529,
yield). VII could also be formed from the chlorosugar I by applica-
tion of the acetylcytosine-mercury procedure of Fox and co-workers, !4
which involved addition of 2 moles of the chlorosugar to a suspension
of the 1:1 acetyleytosine-mercury salt in refluxing toluene. VII was
formed only iu very poor yield in this reaction, although yields were
considerably better with the two other chlorosugars studied in the
course of this work. The nucleoside XI exhibited an intense absorp-
tion maximum at 276 my in acid solution®1%* and showed the presence
of a single basic function with pK’a at 3.9.2® These features are

(7) P. H. Fryth, C. W. Waller, B. L. Hutchings, and J. H, Williams, J, Am. Chem. Soc., 80.
2736 (1938).

(8) H. M. Kissman and M. J. Welss, ibid., 80. 2575 (1958), have subsequently reported the
synthesis of some 3’-deoxy-3’-amino and 5’-deoxy-3’-aminoribose-pyrimidine nucleosides. It
may be pointed out, however, that their method of using the phthaloy! group for blocking the
aminosugar would not lend itself readily to the synthesis of the model compounds (XXVI and
XXVII) prepared in this work.

(9) B. R. Baker, J. P. Joseph, R. E. Schaub, and J. H. Williams, J. Org. Chem.. 19, 1786
(1954).

{10) G. E. Hilbert and T. B. Johnson, J. Am. Chem. Soc., 63, 4489 (1930); conducting the
condensation in refluxing benzene is in fact a slight modification of the procedure adopted by
these authors, since they used no solvent for the reaction. In our experience, the use of benzene
was found to result in less decomposition of the reactants.

(11) Proof of 8-configuration for this and other nucleosides is presented later. For the sake
of convenience it is assunied at this stage.

(12) J. E. Austin, J. Am. Chem. Soc., 56, 2141 (1934), has studied the ultraviolet spectra
of N- and O-alkylated pyrimidine derivatives and reports Amax values of 256, 276 and 276 mu
(e 5,400) for 2,4-dimethoxypyrimidine, 1-methyl-4-methoxy-2-pyrimidinone and 1-(2,3,4,6-
tetra-O-acetyl-g-p-glucopyranosyl)-4-methoxy-2-pyrimidinone (XIX), respectively.

(13) (a) P. Newmark and I. Goodman, ibid., 79, 6446 (1957), reported the formation of gly-
cosides rather than nucleosides in similar reactions of glycosyl halides with substituted alkoxy-
pyrimidines: (b) G, E. Hilbert, 1bid., §9, 330 (1937).

(14) J. J. Fox. N. Yung, I. Wempen, and I. L. Doerr, ibid., 79, 5060 (1957); also see refer-
ence (8).
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characteristic of t-substituted cytosine derivatives and hence con-
firm the structural assignment of this compowntd ag XI. The acetyl
derivative VII had maxima at 246 and 302 g, characteristic of the
{-acetamido-2-pyrimidinone chromophore' and pK’a of 11.1, due
to the weakly acidic character of the vinylogous imide structure in
the pyvrimidine moiety ¥

In initial attenipts to remove the protecting group from nucleoside
XI, hot aqueous or alcoholic alkali was used. Theoretically, the
resulting compound (XIII) could be used for the synthesis of XXVI
and XX VII, and for elucidation of the configuration at the nucleosidic
center. However, hydrolysis of the acetamido group could not be
achieved. Under a variety of mild conditions, XI could be recovered
unchanged. Baker and co-workers® have encountered similar resist-
ance to hydrolysis of the N-acetyl funetion i 6-dintethylamine-9-
(2’-acetamido-2’-deoxy-8-p-glucopyranosyl)-purine.

Attention then was directed toward the use of other protecting
groups for the aminosugar. The carbobenzyloxy group was selected
for protecting the amine, since hydrogenolvsis could be expected to
proceed under mild conditions to liberate the free amine. 1.3,4,6-
Tetra - O - acetyl - 2 - deoxy - 2 - carbobenzyloxyamino - 8 - b-
glucose was therefore synthesized by a known procedure® and cou-
verted to the chlorosugar II in 729, yield by saturating an ether—
acetic anhydride solution of it with hydrogen chloride. Refluxing
the chlorosugar I1 with excess 24-dimethoxyvpyrimidine in benzene
solution afforded the 4-methoxy-2-pyrimidinone nucleoside (V) in
8497 yield. Application of the acetyleytosine-mercury procedure’
to IT led to varying yields of nucleoside. Using pure starting mate-
rials, a maximum of 239 yield of VIII could be obtained. The con-
version of VIIT and V to models XX V1 and XXVII is taken up it a
later portion of the discussion. Now alkaline hydrolysis of VIII to
XIII could be expected to proceed more readily than hydrolysis of
XI to XIII. Alternatively, the possibility of making the carbo-
niethoxynuecleoside (IX) in good yield was studied.

Hydrolysis and decarboxylation of an N-carbalkoxy group under
alkaline conditions has been utilized® for the syuthesis of methyl

(15)(a) Z. A. Shabarova, N. I. Sokolova, and M. R. Prokofyev, J. Gen. Chem., U. S. S. R., 27,
2831 (1957) [Russian Edition}: 27, 2928 (1957) [English Edition}; (b) J.J. Fox and D. Shugar,
Biochim. et Biophys. Acta, 9, 369 (1912).

(16) D. M. Brown, A. R. Todd, and 8. Varadarajan, J. Chem. Soc., 2384 (1976).

(17) Physical data for only a few compounds typieal af most of the nucleosides reported in
this paner are presented in the introduction, aud these are briefly discussed in terms of their
structures.  Data for all other similar nnecleasides are merely recorded in the experiniental ~ec-
ton,

(18) 5, Akiya and T. Osawa, Chem. Abatcacts, 61, 17763g (19437): Vakugake Zasshkd, T7, 72G
(1987},
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glucosaminide. In the present work, 1,34,6-tetra-O-acetyl-8-n-
glucosamine!® was carbomethoxylated using methyl chloroformate to
give the N-carbomethoxy derivative® and this was converted into the
chlorosugar III in 889 yield. IIl could be obtained only as a waxy
or amorphous solid and did not have a sharp melting poiut, but had
the correct analysis. Further, it gave the best results in 11ucleoside
formation, yielding 849, of the 4-methoxy-2-pyrimidinone (VI)
in the Hilbert—Johnsou reaction! and 6539, of the acetyleytosine
nucleoside (IX) by the procedure of Fox and co-workers, !4

Several interconversions of these nucleosides were made with a view
of relating them to one another. Ammonolysis of V afforded in 759
vield a crystalline compound, m.p. 280-281° (dec.), forming a crys-
talline picrate and a polyacetate X. Analysis indicated an empirical
formula C,;H;;N;O¢ for this compound and potentiometric titration
showed the presence of two weakly basic groups with pK'a 2.2 and 4,
respectively, in water. On the basis of these data, it was clearly
the urea derivative XII, XII was also obtained in fair yields by
ammonolyzing VI or IX,

Hydrolysis of nucleoside IV with refluxing 6 N hydrochloric acid
removed all the blocking groups on the sugar portion and cleaved the
methyl ether at the 4-position of the pyrimidine moiety, affording a
crystalline hydrochloride (919, yield), also obtained in 539, yield
from VI. The free nucleoside, 1-(2-deoxy-2-amino-g8-p-glucopy-
ranosyl)-uracil (XV), could be recovered from the hydrochloride in
919, yield by neutralization with diethylamine in alcohol and was
further characterized as a picrate, m.p. 2564-255° (dec.). XV ex-
hibited a maximum at 259 mp (H,0) in the ultraviolet region (e
9,870) and had an acidic hydroxyl with pK’a 9.9 in 509, methanol.
These are in good agreement with the values Ayq, 258.5 mpu (e 9,190)
and pK'a 10 in 509, methauol, observed by us for the very similar
compound 1-8-p-glucopyranosyl uracil (XX).®® The amino group
in XV had a pK’a of 6.1 in 509, methanol, indicating a drop of 1.7
units from glucosamine itself (pK'a 7.8 in 509, methanol). This was
obviously due to the electron-withdrawing effect of the spatially
proximate 2-carbonyl group of the pyrimidinone moiety, and had a
good analogy in 1,3,4,6-tetra-O-acetyl-3-p-glucosamine (XXX) with
a pK’a of 5.2 in 509, methanol, representing a drop of 1.3 units for
each adjacent acetate.

Treatment of TV and V with aleoholic hydrogen e¢hloride under
transesterification conditions'® gave the uracils XVI (81%) and XVII

(19) M. Bergmann and T.. Zervas, Ber., 64, 975 (1931).
(20) W. H. Bromund and R. M. Herbst, J. Org. Chem., 10, 267 (1945).
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(H89%), respectively. Structure assignment was confirmed by analy-
s1s, ultraviolet aud infrared spectra and pK’a measurements. Acety-
lation of XVII afforded a fair yield of the erystalline tri-O-acetate
XXI, which could also be obtained in one step from V in 979, vield,
by the action of hydrogen chloride iir a mixture of chloroform and
acetic anhydride. Hydrogenolysis of XXI proceeded smoothly
in dioxane using a 109, palladium-on-charcoal catalyst and the
product (XXV) was isolated in 889 vield ag the erystalline hydro-
chloride, m.p. 230° (dec.). Dioxane was found to be the solvent of
choice for this and other reductions reported in this paper, because
considerable reduction of the pyrinidine ring occurred in acetic
acid or aleohol or other similar polar solvents. The free amino
group in XXV had a pK’a at 4.9 in 509% niethanol, in good agree-
ment with the value (5.2) found for the similar compound XXX,
Treatment of XXV with alcoholic hydrogen chloride removed the
ester groups and gave the hydrochloride of XV in 859 yield.

Hydrolysis of the carbomethoxyaminonucleoside IX oecurred with
hot aqueous barium hydroxide.!* The precipitated barium car-
bonate was filtered off and the filtrate acidified with a slight excess of
sulfuric acid. From the filtrate the crystalline sulfate of 1-(2-deoxy-
2-amino-B-n-glucopyranosyl)-cytosine (XIII) was igolated in 57%
vield. In agreement with the proposed structure, XIII had an ab-
sorption maximum in the ultraviolet region at 274 mu (¢ 12,700) in
acid solution and had two basie groups, oue with pK’a 3.7 in 509
methanol, representing the 4-amino group of cytosine and the other
with pK’a 6.3 in 509, methanol, corresponding to the aminosugar.
Further, XIII reduced a little over 2 moles of sodium nietaperio-
date?’b¢ at room temperature in 48 hours. Acetylation of the frec
base from the crystalline sulfate with acetie anhydride in pyridine
gave VII in 669, yield.

The reactions described so far indicate that the various nucleosides
formed by the Hilbert—Johnson and the acetyleytosine-mercury pro-
cedures all have the same configuration at the nucleosidic center,
thus confirming previous indications.'*2*  Proof that this configura-
tion is 8 is now discussed. The chlorosugars 1,° IT and III all have
high specific rotations, varying from 115 to ++130° and hence may
he assumed to have the a-configuration, although no rigorous chent-
ical proof is adduced. It has been proposed®?? that, irrespective

(21) (a) L. L. Jackson, “Organic Reactions,” Vol. II, 1944, p. 341; (by J. M. %o,
Adrances in Cavbohydrate Chemistry, 11, 1 (1956): () 1. J. Fox, N. Yung. J. Davell aw) G, 13,
Birown, J. Am. Chem. Soc., 78, 2117 (1954); J. J. Fax anl L, Wewpen, Adeanves 1o Carboloe
draie Chemistry, 14, 338 (1979).

{12y I R. Baker, "*The Chemistry and Biology of Parines,” Ciba Foundation Syndgeasion:.
Little, Brown & Co., Baston, Mass.. 1937, p. 120.
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of the configuration of the glycosyl halide used, the nucleoside formed
would be trans to the 2-acyloxy or acylamino function, giving the
more stable g-configuration for glucose or glucosamino derivatives.
This result would arise from participation by the 2-substituent on the
sugar portion, when possible. This has been proved to be the case in
the Hilbert—Johnson reaction on the anomeric pair of acetochloroglu-
cose.?? The nucleosides obtained from the acetyleytosine-mercury
procedure on such halides similarly have been found to have the
B-configuration,® In fact, the formation of appreciable amounts
of a-nucleosides is possible only when there is no participation from
the 2-position, as in the case of the 2 3-cyclic carbonate of p-ribosyl
bromide?¢ or when a deoxyglycosyl halide is used.? The assignment
of B-configuration to 3’-amino-3’-deoxy- and 5’-amino-5'-deoxy-
eytidine® was based on these arguments alone, since periodate fission
of these compounds, a simple method useful for assigning configura-
tion,? was not helpful due to anomalous overoxidation %%

The nucleosides prepared in the course of this study may be ex-
pected to have the g-configuration, siuce there is an acylamino fune-
tion at the 2-position which is capable of participation, when re-
quired.*22 The close similarity in specific rotations of related nucleo-
side pairs IV (433° aud 1-(2,3,4,6-tetra-O-acetyl-3-n-glucopy-
ranosyl)-4-ethoxy-2-pyrimidinone!s® (4+36°) and of XV (416°)
and XX (+21°),% lends additional support for the g-configuration,
Numerous instances®—3 can be cited from the literature to show
that the molecular rotations of a- and g-anomers of sugar derivatives
do not change significantly when a hydroxyl group therein is re-
placed by an amino group. Nevertheless it was the goal of this
investigation to prove the configuration rigorously. Since the di-
amine XIII was obtained only at a later stage in our work, initial
experiments were carried out on XV and its derivatives.

Periodate oxidation of XV led to consumption of 2.35 moles of the
reagent in 48 hours. This rate was comparable to that for the cleav-
age of XX alone or in the presence of 1 mole of ammonium hydroxide

22y I. J. Fox and I. Goodman, J. Am. Chem. Soc., 78. 3256 (19il).

(14, R. 8. Wright, (i, M. Tener, and 1. G. Kharana, ihid., 80, 2004 (1938).

(2% M. Hoffer, R. Duschinsky, J. J. Fox, and N. Yung, tbid., 81, 4112 (1959).

(26) J. Davoll, Ii. Lythgoe, and A. R. Todd, J. Chem. Soc., 833 (1946).

(27) M. J. Weiss, J. 1. Joseph, H. M. Kissinan, A. M. 8mall, R. F. 8chaub, awl F. J. MebBvoy,
J. Am. Ckem. Soc., 81, 4050 (1959).

(28) R. E. Schaub and M. J. Weiss, itid., 80, 4683 (JO58).

(240) R. Kuhn and W, bister, Ann., 617. 92 (1938).

(30) E. . van Tamelen, J. R. Dyer, H. E, Carter, J. O. Pierce, aud 1. E. Duniels, J. 4Am.
Chem. Soc., T8, 4817 (1936).

(31) A. Neuberger and R. I’. Rivers, J. Ckem. Sor., 122 (1939), and other references citerl
therein.
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(see Table I). However, the solution from XV had a final specific
rotation of +30°, compared to +16°, reported® for XX. The
picrate of XV reduced the theoretical amount of 2 moles of sodium
metaperiodate in 4 hours, with no further uptake in 48 hours. Al-
though the solution had [«]p 4+ 24° at the end of 4 hours, it dropped
to 4+15.6° in 24 hours and did not change in 48 hours (see Table II).
In the presence of 1 mole of ammonium picrate, XX consumed 2
moles of periodate during the same period and the solution had [a]n
4+ 15.5°. Similar results were obtained by using a different salt
of XV or by the addition of pieric acid, after 2 moles of periodate
had been consumed by XV. The cleavage of XX with periodate
leads to the dialdehyde XXII,* although it was not isolated. The
same dialdehyde probably is formed from XV in the presence of a
mole of stroug acid. The anomalous rotation observed when XV is
cleaved as the free base with sodinm metaperiodate perhaps arises
because the amino group is bound in an aldimine or equivalent struc-
ture.® The presence of a strong acid may help to hydrolyse the
imine to the dialdehyde XXII expected from this reaction. The
periodate cleavage of 3-amino-3-deoxy-2.%.5 and 2-amino-2-
deoxy-2"2%3 pyranosyl hexose derivatives has been found to be
normal, although isolation of products seems to have been achieved
only i some cases.? %32  The identity of rotations of the periodate
cleaved solutions of XV and XX would lend support to the assign-
ment of S-configuration to XV, since the anomerie center iu XX has
that configuration.? However, since the dialdehyde XXIT could not
be isolated in either study, and since fortuitous coineidence of rota-
tions is 1ot entirely unknown in such reactions,? it seemed desirable
to reinforce this evidence by other experiments.

The nitrous acid deamination of XV and XXV then was studied.
Over-all retention of configuration in thig reaction could be utilized
to get XX, while a net inversion® would still be useful to obtain a
mannose nucleoside which could not be niade via the Hilbert- Johnsou
reaction.’™®  However, although both XV and XXV evolved ni-
trogen on treatment with nitrous acid, uracil and a gunimy reducing
sugar were the only produets from XV, while the product from XXV
on deacetylation yielded only a gum and not erystalline XX

Clontelusive evidence for the g-configuration of these nucleosides wis
obtained by fission  of  1-(2-deoxy-2-autino-g-b-glicopyratosyl)-
evtosine (XIIT). Tn spite of numerous attempts, the pierate salf
1 DL R, Walters, J, D0 Darciier, ansl O, Wintersteinee, . dm. Chem. S, T8, 076 (101375,
) R, W. Jeanlwz and X. Feuchiclli, . Biol. Chem., 188, 361 (1951%.

) Footuote (20) in reference (27},
3 A Foster, B Fo Martlew and M. Stavey, Cheow and Ind., 825 (1933).
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required for this reaction could not be obtained crystalline. Hence
the periodate fission was ruit on the free base in the presence of picric
acid. At the end of 60 hours, a little over 2 moles of the oxidant
had been reduced and a crystalline picrate, m.p. 218-220° (dec.), was
obtained in good yield. This was shown to be identical with the
picrate of 1-[formyl-(1-formyl-2-hydroxyethoxy)-methyl]-cytosine
(XXIII),% isolated by Todd and co-workers from the fission of cyti-
dine picrate. The g-configuration of cytidine (XXIV) has been
established by X-ray studies and by chemical evidetice resting on the
formation of a cyclonucleoside from a derivative. This is possible
only if the substituents at the 1 and 5 positions of ribose are in the
same direction.”” The anomeric configuration is thus unequivocally
established to be 8 for XIII and for all other nucleosides prepared in
this study, since they have been related to XIII.

The configuration of the nucleosides having been thus settled, the
syithesis of the model compounds XXVI and XXVII was under-
taken. These compounds had the required features of an unblocked
aminosugar and an acylated eytosine moiety. Hydrogenolysis of
VIIT in acetic acid, alcohol, or ethyl acetate using a variety of cata-
lysts led to intractable products, perhaps due to partial reduction of
the nucleus. Only by the use of dioxane as a solvent and 109, pal-
ladium-on-charcoal as catalyst could the isolation of XXVI be
achieved. Even here, the course of the reaction could not be fol-
lowed because of the variable uptake of hydrogen observed. This
may be because the carbon dioxide resulting from the hydrogenolysis
of the carbobenzyloxy group was being desorbed to different degrees
in different experiments. That the carbobenzyloxy group was indeed
split readily was demonstrated by running the hydrogenation for 30
minutes and codistilling the toluene formed with dioxane. A mini-
mum of 0.7 mole of toluene per mole of VIII could be detected by
ultraviolet spectrophotometry. Although the product could be
obtained in quantitative yield as a crude gum, only 409 of a crystal-
line material could be recovered. Further crystallizations resulted
in further depletion of yields but gave XXVI as a nicely crystalline
solid. Ultraviolet and infrared absorption spectra and potentiometric
titrations coufirmed the structure, although combustion values were
erratic,

Reductive methylation of XXVI in dioxane, using aqueous form-

(36) Chemical Abstracts nomenclature; the English authors use the name a—(cytosine-l)-a‘—
hydroxymethyldiglycolic dialdehyde: dialdehydes XXII and XXIII are perhaps better repre-
sente(l as the cyclic hemiacetals; ¢f. J. E. Cadotte and co-workers, J. Am. Chem. Soc., 79 691
(1957).

(37) V. M. Clark, A, R. Todd and J. Zussman, J. Chem. Soc., 2952 (1951).
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aldehydr and palladized charcoal catalyst, afforded XXVIT in 317
overall yield from VI1I. However, since VIIT itgelf was formed nuly
in 259, vield from the chlorosugar IT under the best conditions, an
alternate route to XX VII was explored.

Hydrogenolysis of V proceeded with a reproducible uptake of nearly
I mole of hydrogent® aud gave the free aminonucleoside XXVIIT in
769 yield. Im analogy with XXV and XXX, the amino group in
XXVIIT had a pK'a at 5.2 in 509, methanol. Ammonolysis of
XXVIII afforded a mixture of produets fron1 which the acetamido-
nucleoside XI was isolated in 409; yield. Such O—XN migration of
acetyl groups in glucosamine derivatives under these conditions is
known®*P and in compounds such as XXVIIT where there iz a
stable substituent at position 1, the acetyl group at carbon atom 3 i
considered?®®s the one most likely to undergo migration to the ni-
trogen at position 2. Reductive methylation of XXVIII as bhefore
afforded the dimethylaminonucleoside XXI1X in 519, vield. Tts
structure was supported by elemental and group aunalysis and by
ultraviolet and infrared spectra. The pK’a value of XXIX (4.3
in 509, methanol), was lower thau that of the corresponding priniary
amine XXVIII (pK'a 5.2) but this phentomenon had analogies in the
literature.®® A closer model (XXXI) was synthesized by reductive
methylation of 1,3,4,06-tetra-0-acetyl-g-n-glucosamine (XXX) 1in
629, vield and was found to have a pK’a of 4.2, The presence of a
dimethylamino group in XXIX was confirmed further by conversion
to XVIII (909, yield) aud isolation of dimethylaniine as its crystal-
line p-hydroxyazobenzene-p’-sulfonic acid salt® from the periodate
fission of XVIII.

Ammonolysis of XXIX afforded the diamine XIV as a crystalline
sulfate (869, yield) which exhibited pK’a’s of 3.1 and 5.5 in 3097
methanol, corresponding respectively, to the amine in the cytosine
portion aud the dimethylamino group in the sugar residue. The
latter value again showed a drop of about 1 unit from 6.3 for the re-
lated primary amine XITI. Structure assignment to XIV was sup-
ported by periodate fission and isolation of the dialdehyde (XXIII)
picrate (519, yield) and of dimethylamine in 509 vield. Acetylation
of XIV afforded in 899 vield a tetraacetyl derivative ideutical in all
respects with XXVII from the reductive methylation of VIII. Al-
though the pK'a value of 2.8 for XXVII was lower than expected,

(38) The carbon dioxide formed in this reaction was evidently camipletely retained by the
hasie product and was lost later in the work up, on evaporation of the solvent.

(39) (a) F. Maley, G. F. Maley and H. A. Lardy, J. Am. Chem. Soc., T8, 5303 (125G}, (1)
T. White, J. Chem. Soc., 1498 (1938).

{40) J. D. Roberts and V. C. Chambers, .J. 4Am. Chent. Svc., T8, 5030 (1451).
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there was no doubt about its structure because of the mode of its
formation by two independent routes. Further it could be am-
monolyzed back in 809 yield to XIV of established structure,

The extension of the Hilbert—Johnson reaction to the syuthesis
of the 2-deoxy-N-methyl-2-acetamido nucleoside XXXII was briefly
studied. Conversion of pentaacetyl-N-methyl-a-p-glucosamine*! to
the chlorosugar even under the vigorous couditions recommended for
glucosamine- a-pentaacetate,*2 led to a substantial recovery of starting
niaterial. The chlorosugar from the reaction could not be crystal-
lized and was subjected as a syrup to reaction with dimethoxypyrim-
idine to yield the nucleoside XXXII. The ultraviolet and infrared
spectra of XXXII were in agreement with the structure. However,
the yield in this reaction was minute and hence further conversions of
XXXII were not attempted.
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(41) F. A. Kueh! aud co-workers, J. Am. Chem. Soc., 69, 3032 (1947).
(42) D. H. Leaback and P. G, Walker, J. Chem, Soc,, 4754 (1957).
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Biological Testing.—The compounds were tested for autitumor
activity in the tissue culture and the mouse tests of the Cancer
Chemotherapy National Service Center, the protocols of which tests
are described in Cancer Chemotherapy Reports, No. 1, Jan., 1959, pp.
42-64. The following compounds were tested for eytotoxicity in the
tissue culture test: II, V, VI, VIII, X, XII, XIII, XIV, XVII,
XVIII, XX, XXI, XXVIII and XXXII. All were inactive. Com-
pound IX was tested against adenocarcinoma 755 at a dose range of
250-375 mg./kg. and against sarcoma 180 at a dose level of 400 mg./
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kg. and found to be nontoxic but inactive in hoth tumors. Com-
pound XV, in the sarcoma 180 tumor, was toxic at a dose level of 500
mg./kg. and inactive at 125 mg./kg. In both the adenocarcinoma
755 tumor and the lymphoid leukemia L1210, XV was not toxic but
inactive at 100 mg./kg.

Experimental

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-acetamido-3-D-glucopyranosyl)-4-methoxy-2-

pyrimidinone (IV).—A sohttion of 5 g. of 1-chloro-3,4,6-tri-O-acetyl-2-deoxy-2-
acetamido-D-glucopyranose (I)? and 6 ml. of 2,4-dimethoxypyrimidine in 25 ml.
of dry benzene was refluxed on the steam bath for 48 hr. The solution was
diluted with 20 ml. of ether and filtered from 60 mg. of uracil, m.p. above 300°
dec. The filtrate was diluted with petroleum ether to turbidity, and allowed to
stand at room temperature for a few hr. The crystals were collected and washed
with ether to give 3.40 g. of a solid, m.p. 160-180°. Recrystallization from
ethanol-ether—petroleum ether mixture gave 2.45 g. of needles, m.p. 189-191°.
Dilution of the mother liquors with more petroleum ether and cooling at 0° gave
an additional 0.40 g. of solid, which was dissolved in benzene and filtered from
n little insoluble material. Concentration of the filtrate and addition of ether
gave 0.20 g., m.p. 185-188°. The mother liquors from the various crystallizations
were combined and the solvents evaporated. The residue was taken up in benzenc
and chromatographed over 100 g. of alumina. Waghing with 400 ml. of benzene
gave unreacted dimethoxypyrimidine, while elution with 200 ml. portions of
benzene containing 0.5% and 1%, alcohol, respectively, brought down negligible
material. Further elution with 200 ml. of benzene containing 2%, alcohol,
evaporation of the eluate and crystallization from benzene-ether gave 0.4 g.,
m.p. 188-190°. A total of 3.05 g. (49%,) of the nucleoside (IV) was thus obtained.
An analytical sample, crystallized fromm methanol-ether—petroleum ether gave
white needles, m.p. 192°; [&]%D + 32.9 (¢ 0.95 in CHClL;); A2!9% 276 mu (¢ 5,920).

Anal. Caled. for CisHasN;3Ow: C, 50.11; H, 5.53. Found: C, 49.85; H,
5.69.

1-(2-Deoxy-2-acetamido-3-p-glucopyranosyl)-cytosine (XI).43—A suspension of
1 g. of nucleoside (IV) in 25 ml. of ethanol saturated with ammonia at 0° was
sealed and heated at 100° for 48 hr. The tube was opened and the contents were
filtered to give 0.4 g. (59%,) of thick, colorless cubes, m.p. 280~285° dec. Re-
crystallization from aqueous alcohol gave a sample, m.p. 285-286° dec.; [«]%D +
105° (¢ 1.14 in H0); A%L ¥ ¥ 276.5 mu (€ 12,300); pK’a 3.9 (509 alechol),

Anal. Caled. for C,H;sN,Oe: C, 45.85; H, 5.77; N, 17.83. Found: C,
46.00; H, 5.73; N, 17.89.

The picrate was formed in aqueous alcohol and recrystallized from the same
solvent pair, m.p. 224-225° dec.

Angl. Caled. for C;sHaN:Oy5: C, 39.79; H, 3.90; N, 18.05. Found: C,
40.08; H, 3.94; N, 18.04.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-acetamido-3-p-glucopyranosyl)-4-acetamido-

2-pyrimidinone (VII). A. By Acetylation of Cytosine Nucleoside (XI).—A sus-
pension of 0.20 g. of the cytosine derivative XTI in 20 ml. of pyridine containing

(43) This compound was first prepared and characterized in this laboratory by Dr. E. R.
Burrows.
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16 ml. of reetic nnhydride wag boiled for 15 min. 1o cteet, complete sabition. The
solation was then heated over a stenm bath for 18 hr. and evaporated o cacuo vo
drymess. The residue was taken up in water and pxtracted with chloroform,
Evaporation of the chloroform layer and crystaliization of the residuc from
ethanol-cther gave 0.16 g. (529,) of the acetyl derivative, m.p. 218-219°,
Reerystallization from L-butanol gave VII, m.p. 210-220°; [a]®D — 9.9°(c 0.7
in CHCL): A%L Y€ 246 my (6 10,7000, 302 miu (e 9,060); pK’a 11.1 (water?.

Anal.  Caled. for CoHoeNyOr: C, 49.80; H, 5.43; N, 11.61; O, :43.19.  Fonnd:
C,49.87; H, 5.58; N, 11.66; O, 32.81.

B. Fiom Chlorosugar I by the Acetylcytosine—-Mercury Procedure.—To an
azeotropically dried suspension of 0.53 g. (1.5 mmoles) of acetyleytosine-mercury
was added 0.55 g. (1.5 mmoles) of chlorosugar I. The mixture was refluxed for
30 min. with stirring. Another lot of 0.55 g. (1.5 mmoles) of the chlorosugar was
added and the heating and stirring continued for an additional hr. During this
period the suspension turned into a sticky brown mass and settled at the botiom
leaving a yellow solution. The mixture was cooled and excess hexance added.
After cooling ut 5° for 1 hr., the mixture was filtercd. The residuc was stirred with
150 ml. of chloroform and filtered from 0.35 ¢. of insoluble substance. The
filtrnte was shaken with 20 ml. of 309 aqueons potassium iodide solution and
then with water. The dried ebloroform extract, on evaporation, left about 0.5 g.
of a gum which was dissolved 1n 3 ml. of benzene and excess ether added to the
solution. The precipitate wns dissolved in aleohol, and some amorphous material
romoved by gradual addition of ether. The clear solution on standing deposited
50 mg. of crystals, iv.p. 216-218°. Recrystallization from alcohol-ether gave
needles, m.p. 219-220°, nndepresscd by admixture with the acetyl derivative
(VII) obtained by procedure A, The infrared spectra of the two preparations
were identical.

The decanted henzenc-ether solution in the foregoing procedure, on standing
overnight, deposited thick cubes which were collected and washed with ether to
give 100 mg. of a solid, m.p. 188-189°. Recrystallization from alcohol-ether gave
a sample, m,p. 190°, which showed ester and amide carbonyl in the infrared, had no
titrable group and no absorption in the untraviolet region. No structure proof
was done on this componnd ontside of analysis.

Anul. Caled. for CigHisNO;s (chlorosugar minus the elements of hydrogen
chloride); C, 51.06; H, 5.82. Found: C, 51.05, 51.03; H, 5.88, 6.04.

1-Chloro-3,4,6-tri-(-acetyl-2-deoxy-2-carbobenzyloxyamino-«-p-giucopyranose
{IT).—A suspension of 5 g. of 2-carbobenzyloxyamino-g-p-ghicopyranose tetra-
acetate? in 125 ml. of dry ether and 15 ml. of acetie anhydride was saturated with
dry hydrogen chloride gas at 0 to —10° and the resultant solution held at 0°
for 24 hr. The solvents were then removed in caceo below 25°. The residuc
was taken up in chloroform and washed successively with ice-water, a saturated
tve-cold aqueons solution of sodinm bicarbonate and then again with ice water.
The chloroform layer was quickly dried over sodium sulfate and evaporated i
egeno.  The residual syrup was rubbed with petroleum ether to induce crystal-
lization. On washing with petroleum ether, 3.4 g. (729,) of chlorosugar II,
m.p. 111-112° was obtained. A sample prepared by two crystallizations from
henzene—ether—petroleum ether mixture formed colorless needles, m.p. 112-113°
dec.: [«]®p + 118.6° (¢ 1.08 in CHCL;). The sample was dried 92 vacuo atroom
temperature for analysis, since prolonged drying at 60° caused conplete de-
enmposition.
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Anal, Caled. for CoHu.CINOg: C, 52.46; H, 5.28. Found: C, 52.53, 52.33:

H, 5.23, 5.44.

1-(8,4,6-Tri-O-acetyl-2-deoxy-2-carbobenzyloxyamine-3-p-glucopyranosyl)-4-
methoxy-2-pyrimidinone (V).—A solution of 1 g. of chlorosugar II in 5 ml. of
dry benzene and 1.2 ml. of dimethoxypyrimidine was refluxed on the steam bath.
In the course of a few hours, a solid began to separate. At the end of 24 hr., 50
ml. of ether was added to the mixture which was then cooled in an ice chest for 1
hr, Filtration and washing with ether gave 1.1 g, of nucleoside V, m.p. 238-241°.
Crystallization from alcohol afforded 1 g, (849%) of minute needles, m.p. 242-
243°, A second crystallization gave the analytical sample, n.p. 244-245°;
[a]®D -+ 31.1° (¢ 0.79 in CHCLy); AEQR 275 mu (€ 5,860).

Anal. Caled. for CoHaeN301: C, 54.84; H, 5.34; N, 7.67. Found: C,
54.90; H, 5.53; N, 7.69.

1-(2-Deoxy-2-ureido-5-D-glucopyranosyl)-cytosine (X1I).—A suspension of 1
g. of nucleoside V in 30 ml. of alcohol saturated with ammonia at 0° was sealed
in a tube and heated at 100-110° for 40 hr. The ureide XII had crystallized
during this period and was collected by filtration and washed with alcohol to
give 0,435 g. (75%), m.p. 275-280° dec. Crystallization from aqueous alcohol
aflorded white needles, m.p. 280~281° dec.; [«] %D + 71.8° (¢ 0.83 in H,0); A% L YH¢!
210 my (e 10,400), 276.5 mu (e 11,500); pK’a 2.2 (estimated) and 4 (in H,0).

Anal. Caled. for C,,Hi7N;O06: C, 41,90; H, 5.44; N, 22.22. Found: C, 41.31;
H, 5.67; N, 22.17.

The picrate was formed in hot aqueous methanol and recrystallized from aqueous
aleohol; m.p. 208-209° dec.

Anal. Caled. for CirHyNgOy: C, 37.51; H, 3.70; N, 20.59. Found: C,
37.26, 37.14; H, 3.90, 3.74; N, 20.20, 20.57.

The acetyl derivative was made by refluxing 27 g. of nucleoside XII with 20
ml. of acetic anhydride and 20 ml. of pyridine for 30 min., whereupon complete
solution occurred. This was left at room temperature overnight and then
evaporated in vacuo to dryness. Crystallization from alcohol with the aid of
charcoal gave 0.15 g. (33%) of needles, m.p. 263-264° dec.; [a]%D + 42.3° (¢
0.97 in CHClLy); A2:%F 251 mu (e 9,560), 280 my (e 8,880); pK’a 11.0 (in 509,
MeOH).

Anal. Caled. for CyHyN:On:4¢ C, 48.00; H, 5.18; N, 13.33. Found: C,
48.10; H, 5.40; N, 12.92, 13.16.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-carbobenzyloxyamino-3-p-glucopyranosyl)-4-
acetamido-2-pyrimidinone (VIII).—To an azeotropically dried suspension of 1.94
g. (5.5 mmoles) of acetylcytosine—-mercury in 120 ml. of toluene was added 2.52 g.
(5.5 mmoles) of chlorosugar II. The mixture was stirred and refluxed for 30
min. A second lot of 2.52 g. (5.5 mmoles) of the chlorosugar then was added
and the heating continued for 1.5 hr. The mixture was cooled and after addition
of 300 ml. of petroleun: ether, held at 5° for 2 hr. It was then filtered, the residue
stirred with chloroform and filtered again. The chloroform extract was washed
with 309, aqueous potassium iodide solution and then with water, dried and
evaporated in vacuo 1o give a gum. This was dissolved in 20 ml. of alcohol and
after standing for a day, 1.05 g. of crystals separated, m.p. 230-240°. Crystal-
lized once from alcohol-ether, the nucleoside formed minute needles, 0.78 g..
m.p. 256-257°. The combined mother liquors on standing gave an additional

(44) The compound is formulated with the amino group of the urea as being also acetylated
because the analysis checks for this structure rather than for the one where it is not acetylated.
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crop; 010 g, nup. 265--256°. A total yield o 0.85 g, (2777 based on accivieyta-
shire-amercury used) was tlais obtatned,  An malyGeal sample, erystallized (ram
aleohol-ether, had m.p. 256-257°; 1o [**n — 9.6° (¢ 0.84 in CHClgy; ABOH 250 iy
(e 15,600), 300 mpu (e 6,410); pA’s 10.4 (in 50¢, MeOH),

Anal. Caled. for CpeHuN Oy C, 54.35; H, 5.26. N, 9.75, Pound: ()
54.53; H, 5.38; N, 9.70.

The mother liquors from the above erystallizations after standing for several
days gave a new crop of crystals, 0.12 g., m.p. 168-169°, with some softening
nbove 160°. Recrystallization from alcohol gave long needles, m.p. 170-172°,
The compound was not further characterized.*

1-Chloro-3,4,6-tri-O-acetyl-2-deoxy-2-carbomethoxyamino-n-glucopyranose
(TIT).—A suspension of 3 g. of 1,34 6-tetra-O-acetyl-2-deoxy-2-carbomethoxy -
amino-g-d-glucopyranose® in 30 ml. of dry ether and 10 ml. of ncetic anhydride
was saturated with dry HCI gas at 0°.  After standing in the ice box for 30 hi.,
using the work-up employed in making chlorosugar II, 2.5 g. (88%) of chlora-
sugar I1I was obtained as a waxy solid, which on rubbing with petrolewn ether
formed an amorphous powder, melting indefinitely {rom 50 tn 65°. The snb-
stance showed the presence of chlorine and was quite satisfactory for use in
(arther experiments. An analytical sample prepared by ervstallization from
benzene—ether—petroleum ether mixtire had the smme meltivg point behavior,
but after drying for 24 hr. ¢n zacro at room temperature. the melting paint
roge to $2-84°, with some prior shrinking.

Anal. Caled. for C,HaCINOg: C, 44.04; H, 5.28. Cl, 929, TPound: €,
14.20, 44.55; H, 5.47, 5.49; Cl, 0.22, 0.24.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-carbomethoxyamino-3-p-glucopyranosy! )-4-
methoxy-2-pyrimidinone (VI).—A solution of 0.6 g. of chlorosugar 111 iund 0.6 ml.
of 2,4-dimethoxypyrimidine in 2 ml. of dry benzenc was refluxed an the steam
bath. At the end of 5 hr., a solid began to separate. After 20 hr., 20 ml. of ether
was added to the cooled mixture. After filtering and washing with ether, 0.62
2. (84%,) of the nucleoside (VI) was obtained, m.p. 206—205°. Recrystallization
from methanol-ether gave slender needles, m.p. 207--208°%; [a]*p + 30.3° (¢
1.3 in CHClLy); AECH 275 mu (e 5,940).

Anal.  Caled. for CigHasN3O00: €, 48.41; H, 5.35; N, 831, Found: C,
48.51; H, 5.47; N, 812

Ammonnlysts of 0.4 g. of the nucleoside by the usual procedire yielded 0.14
g. (529%) of the nrea XII, m.p. 275-278° dec., undepressed by admixtare with
the sample from the previous preparativn. The acetyl derivative was sdse
prepared, m.p. and mixture m.p. 263-264° dec.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-carbomethoxyamino-3-p-glucopyranosyl )-4-
acetamido-2-pyrimidinone (IX).—A soltion of 3.82 g. (10 mmoles) of chlorosugar
11T in 40 ml. of toluene was added to an azcotropically dried suspension of 3.51 g.
{10 mmoles) of acetyleytosine—mercury in 150 ml. of tolnene. After refluxing
with stirring for 20 min., a second It of 3.82 g. (10 mmoles) of the chlorosugar in
40 ml. of toluene was added and the refluxing continned for 80 min. when complete
solution occurred. By employing the usual work-ap, a crystalline solid wns
obtained. One recrystallization from alcohol-ether gave 3.26 g. (6539%) of

(45) This eompound niay perhans be the oxazolone derivative, m.p. 174-1717 described by
8. Konstas, I. Photaki, and L. Zervas, Chem, Ber., 92, 1288 (1959). These authors made this
camponnd by the actian of titanium tetrachloride or a mixture of phosphorus oxyehloride and
nhiminum chloride on 1,3,4,6-tetra-O-acetyl-2-deoxy-2-carbobenzyloxyamino-g-n-glueapsyra-
nose and nostulated its faormation throngh the chlurosngar (1) intermediate.



November, 1962 SYNTHESIS OF AMINOSUGAR N UCLEOSIDES 1139

nucleoside IX, m.p. 260-261°. An analytical sample, recrystallized from aleohol,
formed slender needles, m.p. 261-262°; [a]*D + 4.5° (¢ 0.94 in CHCL); AE©H
249 mpu (e 17,300), 299 my (¢ 6,780).

Anal. Caled. for CooHaeNsOn: C, 48.20; H, 5.26; N, 11.24. Found: C,
48.04; H, 5.32; N, 11.34.

Ammonolysis of the nucleoside IX gave the urea XII, m.p. and mixture m.p.
275-278° dec., confirmed further by comparison of the acetyl derivatives.

1-(2-Deoxy-2-acetamido-3-p-glucopyranesyl)-uracil (XVI).—A solution of 0.5
g. of nucleoside IV in 7 ml of warm methanol was added to 3 ml, of ethanol
containing 0.8 g. of hydrogen chloride. After 24 hr., the slightly brown solution
was evaporated to dryness in vacuo yielding 0.345 g. of a white froth which was
dissolved in hot alcohol. On cooling, thick cubes were deposited. These were
collected and washed with alcohol to yield 0.28 g. (81%) of uracil XVI, m.p. 215°
dec. Recrystallization from methanol-ether gave a pure sample, m.p. 216-217°
dec.; [a]®p + 71.3 (¢ 1.05 in Hy0); M2 258 mu (¢ 9.020); pK’a 9.9 (in 509
MeOH).

Anal. Caled. for CHyN;O7: C, 45.71; H, 5.44; N, 13.33. Found: C,
45.45, 45.47; H, 5.66, 5.57; N, 13.11.

1-(2-Deoxy-2-amino-3-p-glucopyranosyl)-uracil (XV).—A solution of 1 g. of
nucleoside IV in 10 ml. of water and 10 ml. of coned. hydrochloric acid was re-
fluxed for 10 hr. The solution was then evaporated to dryness /n vacuo. The
residue was dissolved in a small volume of methanol and deposited crystals on
standing. These were collected, wuashed with a little methanol and then with
ether to give 0.615 g. (81%) of 1-(2-deoxy-2-amino-g-p-glucopyranosylj-uracil
hydrochloride, m.p. 275-278° dec. TRecrystallization from aqueous methanol
gave an analytical sample, m.p. 280° dec., with blackening above 240°; [«]%p +
40° (¢ 1.2 in Hy0); AB20 257 mu (¢ 9,790); pK‘a 6.2, 10.1 (in 505, MeOH).

Anal. Caled. for CieHisCIN:Os: C, 38.77; H, 5.21; N, 13.57; Cl, 11.45.
Found: C, 38.92, 39.10; H, 5.24, 5.56; N, 12.85; Cl, 11.39.

The same compound could also be prepared by vigorous acid hydrolysis of 1-
(3,4,6 - tri - O - acetyl - 2 - deoxy - 2 - carbomethoxyamino - 8 - D - glucopyranosyl)-
4-methoxy-2-pyrimidinone (VI) in 53% yield, m.p. and mixture m.p. 280° dce.
The infrared spectra of the two preparations were superimposable,

A suspension of 0.68 g. of this hydrochloride in 6 ml of ethanol containing 0.6
ml. of diethylamine was shaken for several hr.  The mixture was filtered and the
precipitate again shaken ag a suspension in 2 ml. of ethanol containing 0.2 ml. vf
diethylamine. Filtration and washing with ethanol afforded 0.495 g. (919) of 1-
(2-deoxy-2-amino-g-p-glucopyranosyl)-uracil (XV), m.p. 239-240° dec. One
crystallization from moist methanol-ether gave needles, m.p. 241-242° dec.;
[@]®Dp + 15.66° (¢ 1.1 in HaO); AMeQER0 259 mu (e 9.870); pK'a 6.1, 9.9 (in
509, MeOH); pK’a 5.87, 9.17 (in water).

Anal. Caled. for C,oH;;N3;Os: C, 43.93; H, 5.53; N, 15.36. Found: C,
44.16; H, 5.48; N, 15.34.

The picrate was formed by warming the hydrochloride with aleoholic picric
actd. Crystallization from methanol-ether gave yellow cubes, m.p. 254-255°
dec., [«]®D + 25.1 (¢ 1.1 in H:0).

Anal. Caled. for C,sHiNeOi: C, 38.25; H, 3.61; N, 16.73. Found: C,
38.47; H, 3.58; N, 16.72.

1-(2-Deoxy-2-carbobenzyloxyamino-3-p-glucopyranosyl)-uracil (XVII),.—A so-
lution of 0.28 g. of nucleoside V in 20 ml. of warm methanol was added to 7 ml,
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of alcohol containing 0.5 g. of hydrogen chloride. After leaving for 24 hr. at
room temperature, the solution was evaporated to dryness. The residue was
dissolved in 5 ml. of alcohol and on standing deposited 0.12 g. (589%) of crystals,
m.p. 225-226° dec. Recrystallization from methunol-ether gave a sample of the
same melting point; [«]®Dp — 54° (¢ 0.78 in H.O); BN 258 myu (e 9,410).

Anal. Caled. for CHaN:0s: C, 53.07; H, 5.20; N, 10.32. Found: (,

53.25, 52.73; H, 5.53, 5.05; N, 10.58.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-carbobenzyloxyamino-3-p-glucopyranosyl)-
uracil (XXT).—A solution of 1 g. of nucleoside V was converted to 1-(2-deoxy-2-
carbobenzyloxyamino-3-p-glucopyranosyl)-uracil as above. The crude product
was acetylated without purification by heating with 3 ml, of acetic anhydride at
100° for 4 hr. The solution was evaporated tv dryness in vacuo. Addition of
aleolol to the residue afforded 0.6 g. (629) of crystalline XXI, m.p. 190~-191°.
Recrystallization from aleohol-ether yielded shining clusters of needles, m.p.
191-192°; [a]®b — 20.2° (¢ 0.95 in CHCly}; ABOF 256.5 my (€9,290); pK’n 10.7
{in 5309 MeOH).

Anal. Caled. for GoHaN;On: €, 54.04; H, 5.10; N, 7.88. Fonnd: C,
53,92, 54.24; H, 5.23,5.28; N, 7.55.

A more direct and satisfactory preparation of this componnd (XX1) was as
follows: A solution of 1 g. of nucleoside V in 50 imnl. of chloroforni and 5 ml. of
acetic anhydride was saturated with dry hydrogen chloride gus at room tem-
perature. After leaving overnight, the solution was evaporated to dryness in
vacuo at room temperature. The residual gum was dissolved in alcohol and ether
added to it to the point of crystallization. Filtration and washing with ether
gave 0.94 g. (979) of uracil XXT, m.p. and mixture m.p. 189-110°.

1-(8,4,6-Tri-O-acetyl-2-deoxy-2-amino-8-p-glucopyranosyl ;-uracil (XXV).-—A
solution of 1 g. of carbobenzyloxynucleoside XXT in 40 ml. of purified, acid—frec
dioxane was subjected to hydrogenation at atmospheric pressure using 0.5 g. of
10% palladium-on-charcoal as a catalyst. At the end of 2 hr., after an uptake of
0.9 mole of hydrogen, absorption slackened considerably. The reaction was
stopped at this stage. The mixture was filtered and the filtrate evaporated in
vacuo at room temperature. Since attempts to crystallize the aminonuecleoside
failed, it was converted to the hydrochloride salt, using an ether solution of
hydrogen chloride. The precipitated salt was collected, washed with ether and
dried to yield 0.72 g. (889%,) of white solid, m.p. 230° dee.  Crystallization from
methanol-ether gave an analytical saniple, mu.p. 232--233° dee.; [o]®p 4 29.97
(¢ 0.66 in Ha0)); Apuk ¥ HO 256 mu (69,1103 pK’a 4.9, 0.6 (in 507, MeOH).

Anal. Caled. for C\gH.CINOq: C, 44.10; 11, 5.00: N, 9.64: (1, 8.0?. Found:
C, 44.03, 43.92; H, 5.40, 5.40; N, 0.74; (1, 7.03.

The free base was liberated by dissolving 0.1 g. of the hyilrochloride in 2 ml.
of water containing 0.1 g. of sodium bicarbonate. The solution was cooled to 0°
and shaken with 51nl. of chloroform containing 0.2 ml. of a 409 solution of carbo-
benzyloxychloride in toluenc. On evaporation of the chloroform layer and
crystallization of the residue from alcohol, 30 ng. of erystals, m.p. 160~-170%,
could be recovered. (n two more recrystallizationg, the elting point rose to
183-185°, and was not, depressed by achnixture with the carbobenzyloxyvnucleoside
(XXI).

Deacetylation of Nucleoside XXV. A solutian of 0.2 g, of the hydrochloride of
X XVin 3 ml. of methanol was mixed with 5 ml. of ethanol saturated with hydrogen
chloride gus. Crystals started to separate from the clear solution at the end of a



November, 1962 SYNTHESIS OF AMINOSUGAR NUCLEOQSIDES 1141

few hr. These were collected after 24 hr. and washed with a little methanol and
then with ether to give 0.12 g. (85%) of XV-HCI, m.p. 270-274° dec,, undepressed
by admixture with the hydrochloride of nucleoside XV. The infrared and ultra-
violet absorption spectra of the two samples were identical.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-amino-3-p-glucopyranosyl)-4-methoxy-2-
pyrimidinone (XXVIII).—A solution of 1 g. of nucleoside V in 50 ml. of purified,
acid—free dioxane was subjected to hydrogenation at atmospheric pressure, using
0.5 g. of 109, palladium-on-charcoal as catalyst. The uptake of hydrogen was
rapid and amounted to 0.95 in mole 1.75 hr., when it stopped almost completely.
The mixture was filtered and the filtrate evaporated to dryness in vacuo at room
temperature. Recrystallization of the 1esidual crystalline solid from alcohol-
ether gave 0.57 g. (75%) of XXVIII, m.p. 207-208°. Another crystallization
from the same solvent mixture afforded an analytical sample as slender needles,
m.p. 208-209°; [a]®D + 42.2° (¢ 1.3 in CHCLy); AE0H 276 my (¢ 5,200); pK’a
5.2 (in 509, MeOH).

Anal. Caled. for CirHesN;Oo: C, 49.39; H, 5.61; N, 10.17; 3 CH;CO,
31.23. Found: C, 49.31, 49.72; H, 5.67, 5.91; N, 10.08; CH,CO, 32.07.

One attempt to make the hydrochloride using an alcoholic solution of the base
and ethereal hydrogen chloride, led to demethylation in the pyrimidine ring. The
resultant salt has m.p. 227-230° dec., undepressed by admixture with the hydro-
chloride of XXV.

The nucleoside XXVIII could be carbomethoxylated using methyl chlorofor-
mate in chloroform solution to give a rather poor yield of VI.

1-(2-Deoxy-2-amino-3-p-glucopyranosyl)-cytosine (XIII). A. From Carbo-
methoxy Nucleoside IX.—A solution of 0.6 g. of nucleoside IX and 2 g. of barium
hydroxide monohydrate in 60 ml. of water was heated on the steam bath for 45
min. and then left at room temperature overnight. The solution was brought to
pH 3-4 by the addition of 22 ml. of 1.22 & sulfuric acid. The precipitated barium
sulfate was removed with the aid of Celite and the filtrate evaporated to near
dryness in vacuo at room temperature. The residue crystallized on rubbing with
agueous methanol and gave 0.28 g. (57%) of the sulfate dihydrate, decomposing
at about 250°. An analytical sample was obtained as minute needles from
aqueous methanol. This blackened and partially decomposed between 240 and
250° in a preheated bath but when heated in a bath from room temperature, the
compound blackened at about 250° without melting or decomposing: [a]%*D +
49.8° (¢ 1 in H,0); ALY HC 210 mu (¢ 10,300), 274 mu (e 12,700); AEE7 236 mu
(e8,370), 267 mu (¢ 8,740); pK’a 3.7, 6.3 (in 509, MeOH).

Anal. Caled. for CioHysN,008:2 H,O: 4 C, 29.54; H,5.46; N, 13.79; neutral-
ization equivalent, 203.2. Found (for samples from different lots dried under
various conditions): C, 29.20, 29.25, 29.49, 29.70; H, 5.63, 5.69, 5.50, 5.50; N,
14.06; neutralization equivalent, 200.4, 203.9,

B. From 1-(3,4,6-Tri-O-acetyl-2-deoxy-2-amino-3-p-glucopyranosyl)-4-meth-
oxy-2-pyrimidinone (XXVIII).—A solution of 0.2 g. of nucleoside XXVIII in 8
ml. of alcohol saturated with ammonia at 0° was left in a sealed tube at 100—
110° for 45 hr. The tube wasg then opened and the solution concentrated to 4 ml,,
whereupon crystals started separating, After cooling at 5° for 2 hr., filtering
and washing with alcohol, 60 mg. (40%) of 1-(2-deoxy-2-acetamido-8-p-gluco-

(4G) Attempts to estimate the water of hydration by the Fisclier method indieated some water
to be present, but results were grossly inaccurate beeause of poor solubility of the compound in
the salvents eommonly used for this estimation.
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pyranosyl)-cytosine (XI), m.p. 285° dec., was obtained. The melting point,
was undepressed by admixture with a sample from the previous preparation.
The identity was further confirmed by making the picrate, m.p. and mixture m.p.
224-225° dec.

The mother liquor from the foregoing crystallization was evaporated to dryness.
A few drops of sulfuric acid in 2 ml. alcohol were added to the residue, followed by
cther. The gummy precipitate crystallized on rubbing with aqueous methanol.
Recrystallization from aqueous methanol gave 25 mg. (129, of a solid, m.p.
250° dec., undepressed by admixture with the sulfate of nucleoside XIII; the
ultraviolet absorption spectrum, A% ¥ BC 2745 mu (¢ 12,900) and the infrarcd
spectrum of this sample were also identical with those of the sample from
preparation (A).

Acetylation of 1-(2-Deoxy-2-amino-g3-p-glucopyranosyl)-cytosine (XIII)..—An
aqueous solution of 0.675 g. of the crystalline sulfate dihydrate was neutralized
with aqueous barhmm hydroxide solution. FExcess barium was precipitated by
bubbling carbon dioxide into the suspension. The mixture was filtercd and the
filtrate evaporated in zacuo at room temperature. The free basc thus obtained
was boiled with 10 inl. of acetic anhydride and 5 ml. of pyridine for 10 min. and
the solution left overnight at room temperature, The residue obtained by
evaporation of this solution in wacuo wns dissolved in 10 ml. of water and the
solution extracted with chloroform. The dried chloroform layer was evaporated
to dryness and the residue crystallized from methanol-ether to give 0.53 g. (6697)
of the acetyl derivative, m.p. 218-219°.  After two recrystallizations, the melting
point was 219-220°. The melting poiut was undepressed by admixture with
nucleoside VII and their infrared and ultraviolet spectra were superimposable.

Periodate Cleavage Studies.—1-8-p-Glucopyranosyluracil (XX) required in
the late experiments was made by the procedure of Hilbert and Johnson.?® A
solution of 0.456 g. (1 mmole) of 1-(2,3,4,6-tetra-O-acetyl-g-p-glucopyrano-
syl)-4-methoxy-2-pyrimidinone (XIX) in & ml. of hot methanol was mixed with
2 ml. of alcohol containing 409 of its weight of hydrogen chloride gas. The
glistening hard crystals that had separated at the end of 24 hr. were collected,
washed with aleohol and then with ether to afford 0.259 g. (959%) of 1-8-p-ghico-
pyranosyhiracil hemihydrate, m.p. 195-197°: [o 1% + 19.8 (¢ 1.1 in H,O; A5G
258.5 mu (€9,190); pK’a 10 (in 509, MeOH); pK'a 9.15 (water, cf. ref. 15h).

Fission of 1-(2-Deoxy-2-amino-g-p-glucopyranosyl)-uracil (XV).—A solution
of 69.9 mg, (0.255 mmole) of uracil XV in 10 ml. (10 mmoles) of 0.2 N sodiin
metaperiodate solution was kept at room temperature in a volumetric flask.
Two ml. aliquots were withdrawn at various intervals and the consumption of
periodate determined by standard procedure.?” The changes in rotation of the
solution were measured using an aliquot in a 1 dm. polarimetric tube. TFor coin-
parison, similar data were gathered for the cleavage reaction of 75.7 mg. (0.28
mmole) of 1-8-D-glucopyranosyluracil using 10 ml. (10 mmoles) of 0.2 N sodium
metaperiodate solution in the presence of 0.29 ml. (0.28 mmole) of 0.9716 N
aqueons ammonium hydroxide. Table I presents the comparative data.

Fission of 1-(2-Deoxy-2-amino-3-p-glucopyranosyl)-uracil (XV) Picrate.—The
cleavage reaction was studied as before using 93.6 mg. (0.19 mmole) of the pic-
rate and 10 ml. of (10 mmoles) 0.2 ¥ metaperiodate solution. Comparison wns
made with the fission of 70 mg. (0.255 mmole) in the presence of 58 mg. (0.255
mmole) of picric acid and 0.26 ml, (0.255 minole) of 0.976 N ammonin hy-
droxide solution.  The data are presented in Table T1,
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Tanrr 1
104~

Time, uptake [a}?D

Compound cleaved hir. moles degrees
1-(2-Deoxy-2-amino-g-p-glucopyrano- 0 +15.72

syl)-uracil 12 2.28 .

16 2.28 +27.7b

36 2.30 +27.5

48 2.35 +32.3

60 +29.5

108 +30.3
1-8-n-Glucopyranosyl-uracil (in presence 0 +19.82
of 1 mole of ammonium hydroxide)+ 12 2.28 +16.9°%

18 2.28 +16.9

36 2.25 +16.0

48 2.19 +16.0

® In water. " These and suhsequent rotations are based upon the theoreticnl
concentration of dialdelivde pradnet that shonld be in the solution,

Tarie 11
I10.-
Time, uptake [a]%D
Compound eleaved hr, moles degrees
1-(2-Deoxy-2-amino-g-n-glttcopyrano- 0 .. +25.1¢
syl)-uracil picrate 1 1.66
2 1.79
3 1.92 ..
4 1.99 +24.4°
24 2.06 +15.6%
48 2.05 +15.6b
1-(8-p-Glucopyranosyl)-uracil (in pres- 0 .. +19.8¢
ence of 1 mole of ammoninm picrate) 1 1.7
2 1.85
3 1.90
4 2.00 .
24 2.00 +15.5%
48 2.00 +15.5%

“ In water. °Rotation based upon thcorctical concentration of dinldehyde
product that should be in the solution,

Fission of 1-(2-Deoxy-2-amino-S-p-glucopyranosyl)-cytosine (XIII). A. As
the Sulfate Salt.—A solution of 52,5 mg. of the sulfate dihydrate in 7 ml. of 0.2 N
sodium metaperiodate solution was left at room temperature, At the end of 48
hr. an uptake of 2,13 moles of 104~ was observed.

B. In Presence of Pieric Acid.—An aqueous solution of 0.202 g. (0.5 mmole)
of the sulfate dihydrate was neutralized with 20.2 ml. of 0.049 N barium hydroxide
solution. A little solid carbon dioxide was added to the mixture to precipitate
any excess barium ions. The mixture was filtered and the filtrate evaporated to

(47) J. Davoll, et al., % found that this compound when cleaved alone with sodium metaper-
iodate took up 1.98 moles of periodate and that the resultant solution had [a}y -+ 16.0°.
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dryness on vacdo a1t raom tempernture to leave 0.145 g (106% 3 of the gaaimy buwse.
Plerie acid (275 mg., 1.2 mmoles) was added to a solution of the base in 5 ml. al
water. With a little warming, the picric acid went into solution nnd a gunmymy
picrate separated on cooling. A solution of 0.61 g. of gsodium metaperiodate in
5 ml. of water was added to the mixture which was left at room temperaturce
with occasional shaking. After a few hours the yvellow gunt began to change over
into a crystalline precipitate. At the end of 60 hr. the mixture was filtered and the
crystals washed with a little water. The filtrate was made np to 50 ml aml ay
aliquot on titration by standard procedure showed that 2.5Y moles of periodate
had been consumed during this period.” The erystalline precipitate on drying
weighed 0.15 g. (65%), m.p. 210-212° dec. On two recrystallizations from water,
a pure specimen of 1-[formyl-(1-formyl-2-hydroxyethoxy -methyl]-cytosine
(XXITII)® picrate was obtained, m.p. 218-220° dec. (rapid heating); [a«]?n
+ 56.1° (¢ 0.58 in pyridine’.

Anal.  Caled. for C;H 1 NgOp: C, 38.31; H, 3.00: N, 17.87. Pound: C.
38.13; H,2.93; N, 17.76.

A sample was made for comparison according to the directions of Davoll,
ctal.® A solntion of 0.24 g. of cytidine pierate and 0.8 g. of sodinm metaperiodate
in 10 ml. of water after 48 hr, at room temperature gnve 0.17 g. of the dialdchyde,
m.p. 220° (dec. and charring). The mixture melting points of the two samples
were the same.  Their infrared spectra were supertinposable and X-ray powder
patterns were indistinguishable.

1-(3,4,6-Tri-O-acetyl-2-amino-2-deoxy-3-p-glucopyranosyl)-4-acetamido-2-py-
rimidinone (XXVI).—A solntion of 0.2 g. of the carbobenzyloxyaminonucleoside
VIIT in 8 ml. of dioxane was subjected to hydrogenation at atmospheric pressure
using 0.1 g. of 10¢% palladium-on-charcoal ag catalyst. After 2.5 hr. the mixture
was filtered and the filtrate evaporated to dryuess.  The residual guin was brought
to crystallize by addition of ether to its methanol solution and evaporation to the
point where a solid began to uppear.  After standing overnight in the icebox, the
mixture was filtered to give 60 mg. (3964) of a solid. The products from two
batches were combined and recrystallized twice from methanol-ether to give
beautiful rosettes; the melting point behavior of this compound was unsatis-
factory. On a Kofler hot stage, it melted sharply to a gum at 143-146°, hut
flowed, however, only above 160°. In a bath, it shrank and softencd av 137°,
flowing occurring at 165-167°; ACOLT g (e 15,8000, 249 mp (e 15,700), 297 mu
(7,350); AC LY 210 11 (e 13,7000, 250 my (e 12,800), 300 mpu (e 7,8805; pA’a
5 ~6,0~ 10 (in 50¢; MeOH).

Anal. Caled. for CisHouNOgs: C, 40.00; H, 5.49; N, 12.72. Found: C,
48.35, 40.82, 40.83: H, 5.60, 5.84. 5.61; N, 12.40, 12.63, 12.35.

Attempts to characterize this compound further as a hydrochloride resulted
in partial deacetylation of the cytosiie moicty in the process of crystallization, as
evidenced by the appearance of an intense peak at 273 mg, characteristic of cy-
tosine and 1-substituted cytosines.® The picrate could not be crystallized either.

1-(8,4,6-Tri-O-acetyl-2-deoxy-2-dimethylamino-3-p-glucopyranosyl)-4-meth-
oxy-2-pyrimidinone (XXIX;.-—A solution of (.85 g. of aminomicleoside XXVTIII in
20 ml. of acid-free dinxane containing 1.7 ml. of aqueons formaldehyde (36-38¢;;

(48) The true periodate uptake may be soinewhat nearer to 2 moles because of a little reten-
tion of the oxidant by the flocculent preeipitate, even after washing. This could be inferred
from the observatiou that a trace of iodine was )iberated by suspeuding g little of the washed.
moist precipitate in aqueons potassium iodide solution in the presence af sodium bicarbonate.
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reagent, grade supplied by the Coleman and Bell Co.) was subjected to hydrogena-
tion at atmospheric pressure, using 0.85 g. of 109 palladium-on-charcoal as a
catalyst. Hydrogen uptake was rapid initially but after 1 mole had been con-
sumed, it slackened appreciably. The next mole was taken up over a period of
several hr. and in some experiments, the hydrogenation stopped at a total of
1.8-1.9 moles. At the end of this period, the mixture was filtered from the catalyst
and the filtrate evaporated at room temperature in vacio to remove all the dioxane
and part of the formaldehyde. The residual syrup crystallized on rubbing with
5-10 ml. of ice water. The precipitate was collected and washed with a little
water and then crystallized once from methanol-ether mixture to give 0.405 g. of
a solid, m.p. 262-263°. The aqueous filtrate from the first crystallization was
extracted with chloroform. Evaporation of the chloroform extract and crystal-
lization of the residue yielded an additional 60 mg., m.p. 261-262°. A total of
0.465 g. (51%) of dimethylaminonucleoside XXIX was thus obtained, An
analytical sample was obtained as colorless needles from methanol-ether and had
m.p. 262-263°, with change in crystalline shape at 240-250°; [«]®D + 82.8
(c0.83in CHCL); AE'CH 275 mu (€5,870); pK’a 4.3 (in 509, MeOH).

Anal. Caled. for CigH2N3Os: C, 51.70; H, 6.17; N, 9.52; OMe, 7.03; 2
NMe, 6.81. Found: C, 51.36, 52.00; H, 6.18, 6.14; N, 9.74, 9.40; OMe,
6.85; NMe, 6.15.

One attempt to obtain the dimethylaminonucleoside XXIX directly from the
carbobenzyloxyaminonucleoside V in the presence of formaldehyde by simul-
taneous hydrogenolysis and reductive methylation resulted in no uptake of hy-
drogen and 849, recovery of starting material in a somewhat impure state.

In another experiment, the unstable dimethyl derivative of nucleoside XXVIII
was igolated, and then reduced to the dimethylamino compound. A solution of
0.10 g. of nucleoside XXVIIT in 10 ml. of dioxane containing 0.2 ml. of 35%,
aqueous formaldehyde was shaken for 40 min. and then evaporated in vacuo
below room temperature. On rubbing with water, a solid separated. Filtration
and washing with water afforded 0.1 g. (94%) of solid, m.p. 210-213°. One
crystallization from methanol raised the melting point to 215-216°. The mixture
melting point with starting material was elevated to 229-230° dec., with pre-
liminary blackening. The compound could not be satisfactorily purified for
analysis, but catalytic hydrogenation using 109 palladium-on-charcoal in dioxane
by the usual procedure gave a 37% yield of dimethylaminonucleoside XXIX,
m.p. and mixture m.p. 262-264°.

1-(2-Deoxy-2-dimethylamino-g3-p-glucopyranosyl)-uracil (XVIII).—A solution
of 0.25 g. of nucleoside XXIX in 3 ml, of warm methanol was mixed with a
saturated solution of hydrogen chloride gas in 4 ml. of alcohol. The gelatinous
precipitate that separated initially changed into chunky crystals after 24 hr.
These were collected and washed with alcohol to yield 0.175 g. (909%), of the hy-
drochloride, m.p. 258-261° dec. Recrystallization from aqueous aleohol gave
0.125 g. of a pure sample, m.p. 261-263° dec.; [a]*D + 49.4° (¢ 0.72 in H,0);
A0 955 my (9,660); pK’a5.3,9.8 (in 50% MeOH).

Anal. Caled. for CioHxyCIN;Os: C, 42.67; H, 5.97; N, 12.44. Found: C,
42.85: H, 6.10; N, 12.40.

A solution of 80 mg. of the hydrochloride and 0.16 g. of sodium metaperiodate
in 3 ml. of water was allowed to stand for 48 hr. Excess iodate and periodate ions
were precipitated by the addition of aqueous barium hydroxide solution. The
mixture was filtered, the filtrate was made strongly alkaline and then distilled
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into a solution of 70 mg. of p-hydroxyazobenzene-p/-sallonic acid in 5 mb. of water.
The red solution was evaporated to dryness aiad alver Iractionsd ervstallizadion
tn remove excess silfonic neid, 17 myg. (2290 ol the dimethyhamino salt was ob-
tained as orange needles, m.p. 215-216° ilee, m.p. undepressed by admixture
with an authentic specimen.®
1-(2-Deoxy-2-dimethylamino-g3-p-glucopyranosyl)-cytosine (XIV).—A  solu-
tion of 0.35 g. of nucleoside XXIX in 20 ml. of aleohol saturated with ammonia
nt 0° was heated in a sealed tube for 40 hr. The tube was opened and the soln-
tion evaporated to dryness. The residual gnmmy base wonld not erystallize
and was converted into the sulfate by addition of 2 drops of coned. sulfurte acid
to its alcoholic solntion. The salt was completely precipitated by addition ot
cther. Crystallization from agueons alcohol afforded 0.285 g. (86931 of the
sulfate monohydrate, m.p. 240° dec. with blackening above 230°; [a]¥%D +
56.7° (¢ 1.05 in Ho0); A%L A 272 5 mu (¢12,200); pK'a3.1, 5.5 (in 504 MeOH ).

Anal.  Caled. for CaHuNOS-H,0:4 C, 34.61; H, 5.81; N, 13.46; ncu-
tralization equivalent, 208.2. Found: C, 34.36. 34.98; H, 5.63, 5.87; N, 1:3.55,
13.36; neutralization equivalent, 202.3.

Periodate Fission of 1-(2-Deoxy-2-dimethylamino-g-p-glucopyranosyl)-cyto-
sine (XIV).—A solution of 0.243 g. of the sulfate monohydrate wns nentralized
with barinm hydroxide and the base isolated as a gum by the usnal procedre.
This was dissolved in 10 ml. of water containing 0.80 g. of sodium metaperialide
and 0.31 g. of picric acid.  After 70 hr. at room temperature, the picrate salt: was
collected and washed with a little water to afford 0.14 g. (519%), m.p. 2053-210°
Jdec.; on two recrystallizations from water, the melting point rose to 215-216°
dec.; [a]®p + 55° (¢ 0.67 in pyridine). Identity was established by mixtare
melting point with the picrate of dialdehyde XXIIT from the fission of cytidine
and the superimposability of their infrared spectra.

Anal. Caled. for CiHiNeOw: C, 38.31; H, 3.00. Found: C, 38.18, 37.80;
H, 3.19, 3.17.

The mother liquors from this rcaction were combined and passed through a
15 X 2 em. column of Dowex 50 (25-50 mesh). After washing with water nntil
the eluate was neutral, the colimn was rinsed with 125 mnl. of 2 ¥ hydrochloric
acid and the eluate evaporated ¢n vacuo to dryness. The residue was dissolved
in a little water and after addition of 20 ml. of 10¢7 potassium hydroxide solution
it was distilled into an aqueous solution of 0.175 g. of p-hydroxyazobenzene-p'-
sulfonic acid. Evaporation of this solution and crystallization from alcohol,
atforded 90 mg. (50%) of the dimethylamine salt, m.p. and mixture m.p. with nu-
thentic spechmen,® 216-217° dec. Identity was further confirmed by comparisoa
of infrared and ultraviolet absorption spectra and X-ray powder patterns.

1-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylamine-3-p-glucopyranosyl)-4-acet-
amido-2-pyrimidinone (XXVII). A. From 1-(2-Deoxy-2-dimethylamino-g8-p-
glucopyranosyl)-cytosine (XIV).—An aqueous sohttion of 0.27 g. of the sulfate
monohydrate of nucleoside XIV was neutralized with aqueous barium hydroxide.
The free base, isolated by the usual procedure, was then refluxed with 5 ml. ol
acetic anhydride and 2 ml. of pyridine for 5 min. The solution was allowed to
stand overnight and then evaporated to dryness 7 vacuwo. The residue was stirred
with 5 ml. of water and extracted with chloroform. The chloroform layer was

(49) After drying to constant weight n vacuo at 100°, the sample still had a eorrect analysis
exeept for o hemihydrate: Caled.. C,35.47; H,1.71; N,13.80. Found: C, 35.18,35.44; H.
5,52, 5.77; N, 13.43, 13.58.
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dried over sodium sulfate and evaporated to dryness in vacuo. The residue was
triturated with ether and the crystalline solid collected by filtration. There was
thus obtained 0.27 g. (899,) of the acetyl derivative, m.p. 258-259°. Crystalliza-
tion from 1-butanol gave needles, m.p. 259-260°; [a]®D + 73.4° (¢ 0.92 in
CHClLy); A%.L ~ #C(initial) 251 mu (e 15,700), 297.5 mpu (¢ 7,540); A%.L ¥ HO (after
24 hr.)270.5 mp (€12,410); pK’a 2.8 (in 509, MeOH).

Anal. Caled. for CppHasNiOs: C, 51.27; H, 6.02; N, 11.96; O, 30.74; 4
CH,CO, 36.77. Found: C, 50.90, 51.04; H, 6.32, 6.14; N, 11.75, 12.14; O,
30.34, 30.60; CH;CO, 36.40.

The hydrochloride was prepared in chloroform solution by the addition of
ethereal hydrogen chloride. The erude compound was hygroscopie, shrank above
150° and melted at 180° dec. By addition of sodium bicarbonate to an aqueous
solution of the salt, the base could be recovered unchanged. An attempt to
crystallize the hydrochloride from ethanol—1-butanol afforded, after several days,
white crystals, m.p. 228-229° dec. This compound however had an ultraviolet
absorption maximum at 276 mu (E1 222), indicating considerable hydrolysis of
the acetyleytosine moiety to free cytosine.'

B. From 1-(3,4,6-Tri-O-acetyl-2-deoxy-2-amino-3-D-glucopyranosyl)-4-acet-
amido-2-pyrimidinone (XXVI).—A solution of 0.2 g. of carbobenzyloxyamino-
nucleoside VIIT in 10 ml. of dioxane was subjected to hydrogenation using 0.1
g. of 109, palladium-on-charcoal as a catalyst. The mixture was filtered without
isolating the aminomicleoside XXVI. Aqueous formaldehyde solution (0.3 ml.)
was added to the filtrate and reductive methylation carried out, using 0.15 g. of
fresh catalyst. In the course of 20 hr., about 1.6 moles of hydrogen (theoretical,
2 moles) was absorbed. Since no more hydrogen was taken up, the mixture was
filtered and the filtrate evaporated ¢n vacuo to dryness. The residual syrup was
triturated with 5 ml. of ice water, whereupon crystallization occurred. After
cooling at 5° for 1 hr., the mixture was filtered and the residue washed with 2
little water to give 50 mg. (31%) of product, m.p. 255-257°. After one crystal-
lization from methanol—ether, the dimethylaminonucleoside XX VII was obtained
as needles, m.p. and mixture m.p. 259-260°. The ultraviolet and infrared ab-
sorption spectra of the two samples were identical.

Ammonolysis of 1-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylamino-3-p-gluco-
pyranosyl)-4-acetamido-2-pyrimidinone (XXVII).—A solution of 35 mg. of nucleo-
side XXVII in 5 ml. of aleohol saturated at 0° with ammonia was heated in a
sealed tube at 100-110° for 48 hr. The solution was evaporated to dryness and
the gummy base converted into the sulfate salt. Crystallization from aqueous
alcohol gave 25 mg. (809) of product, m.p. 234-236° dec., undepressed by ad-
mixture with the sulfate salt of nucleoside XIV. Identity was confirmed by com-
parison of infrared and ultraviolet absorption spectra.

1-(3,4,6-Tri-O-acetyl-2-deoxy-N-methyl-2-acetamido-3-p-glucopyranosyl)-4-
methoxy-2-pyrimidinone (XXXII).—A solution of 4 g. of pentaacetyl-N-methyl-a-
glucosamine*! in 20 ml. of acetic anhydride was cooled to 0° and saturated with
dry hydrogen chloride gas. The solution was kept at room temperature for 24
hr., then cooled to 0°, saturated with hydrogen chloride gas and set aside for
another 3 days. The solution was then evaporated in vacuo, the residue dissolved
in chloroform and shaken successively with ice water, cold sodium bicarbonate
suhition and again icc water. The chloroform layer was dried and evaporated
in vacwo. The residunl syrup was triturated with ether, whereupon u crystalline
solid separated. This was colleccted and washed with a little ether to give 1.6 g.,
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m.p. 158-159°, identical with the starting pentaacetate. The ether filtrate, on
evaporation, left a halogen-containing syrup which was then refluxed with 3 ml.
of 3,4-dimethoxypyrimidine and 15 ml. of benzene on a steam bath for 40 hr.
The solution was decanted from the black tar that had formed and subjected to
chromatography over a eolumn of 50 g. of alumina. After removal of excess
nnreacted dimethoxypyrimidine by elution from alumina with benzene, thc
material eluted by the first 50 ml. of benzene containing 0.59, alcohol was dis-
carded. The nucleoside was obtained from the eluate of the second 50 ml. portion
of benzene containing 0.5¢% alcohol. Kvaporation of this fraction and rubbing
with ether afforded approximately 0.1 g. of needles which were recrystallized from
aleohol-ether, m.p. 227-229°; AZ0% 276 mu (¢ 4,800).

Anal. Caled. for CpoHaN;3;Op: C, 51.16; H, 580; N, 8.95. Found: C,
50.74; H, 6.12; N, 9.54.

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-dimethylamino-g3-p-glucopyranose (XXXI).—
To a solution of 1.91 g. (0.5 mmole) of 8-1,3,4,6-tetra-O-acetylglucosamine hy-
drochloride (XXX)! in 10 nml. of water was added 2 g. of sodium acetate. The
base which was liberated was extracted with 3 X 25 ml of chloroform. The
chloroform extract was evaporated in vacuo. The residue was dissolved in 20
ml. of dioxane containing 3 ml. of a 359} aqueous solution of formaldehyde. Hy-
drogenation was carried out at atmospheric pressure using 0.5 g. of 109, pallu-
dium-on-charcoal as a catalyst. TUptake of hydrogen ceased at 2 moles at the
end of 15 hr. The mixture was filtered and the filtrate evaporated in vacuo.
The syrupy residue, smelling strongly of formaldehyde, was dissolved in water and
extracted with chloroform. The chloroform layer was dried over sodium sulfate
and evaporated. Addition of ethereal hydrogen chloride to an ether solution
of the residue gave the crystalline hydrochloride salt, 1.32 g. (629,), m.p. 167-168°.
Recrystallization from alcohol-ether gave colorless prisms, m.p. 168-170° dee.,
[a]®D + 28.5° (¢ 0.6 in H-0); pK’a 4.2 (in 509, MeOH).

Anal. Caled. for CiHwCINOg: C, 46.67; H, 6.37;, Cl, 8.61. Found: C,
46.54, 46.37; H, 6.31, 6.34; Cl, 8.54.

Acknowledgment.—The authors wish to thank Dr. J. M. Vandeu-
belt and associates at Parke, Davis & Co., for the spectral and titra-
tion data published herein and C. E. Childes and associates of thc
same company for most of the analytical determinations.



