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sorption spectrum showed maxima at 226 mu (log ¢ 4.15)
and 288 my (log € 3.58) when run in ethanol containing one
drop of sodium hydroxide.

Anal. Caled. for CyHy)NO;: C, 71.56; H, 6.71; N,
4.91. Found: C,71.46; H, 6.87; N, 4.98.

The picrate was prepared by the addition of ethanolic
picric acid to an ethanolic solution of 64 mg. of the methine.
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The picrate was recrystallized from acetone to give 51 mg. of
yellow prisms, m.p. 209-211°, [a]?% —19.4°, [a]®%sse
—28.0° (¢ 1.25, acetone-water, 90:10). The infrared
spectrum (Nujol) was identical with that of dihydro&xo-
crinine methopicrate. A mixture melting point was not
depressed.
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1-(3-Amino-3-deoxy-g-p-ribofuranosyl)-thymine (VII) was prepared wia the condensation of dithyminylmercury (II)

with 1-chloro-2,5-di-O-benzoyl-3-deoxy-3-phthalimido-3-p-ribofuranose (V).
(III) with V gave, after deblocking, 3’-amino-3’-deoxycytidine (IX).

Condensation of N-acetylcvtosinemercury
The versatile intermediate, 1-(2,3-di-O-benzoyl-3-

deoxy-3-phthalimido-8-p-ribofuranosyl)-4-ethoxy-2-pyrimidinone (XVII) was prepared from chloromercuri-4-etlioxy-2-

pyrimidinone (IV) and V.

Ammonolysis of XVII afforded a second synthesis of IX. Treatment of XVII with butyl-

amine or with dimethylamine gave the corresponding 4-butylamino- (XVIII) and 4-dimethylamino- (X) ‘analogs‘of IX.
Reaction of XVII with methanolic hydrogen chloride produced, after deblocking, 3’-amino-3’-deoxyuridine (XIX). -
(5-Amino-3-deoxy-8-p-ribofuranosyl)-thymine (XXII) and 5’-amino-5'-deoxycytidine (XXIV) were prepared by similar

procedures.
glycosyl derivative XV.

A considerable number of purine nucleosides have
been prepared in this Laboratory as analogs of the
aminonucleoside, 6-dimethylamino-9-(8-amino-3-
deoxy-B-p-ribofuranosyl)-purine (I), derived from
the antibiotic puromycin.! In the course of this
work it was demonstrated that the carcinostatic?
and trypanocidal®® activities of the aminonucleo-
side were dependent on the presence of the 3-ami-
no-3-deoxy-D-ribose portion and only to a lesser ex-
tent on the nature of the purine moiety. Thus, 3'-
amino-3’-deoxyadenosine  [6-amino-9-(3-amino-3-
deoxy-8-p-ribofuranosyl)-purine®] was at least as
active as the aminonucleoside, whereas 6-dimethyl-
amino-9-4-D-ribofuranosylpurine had no trypano-
cidal activity and showed antitumor activity only in
tissue culture. Also, a large number of 9-(3-ami-
no-3-deoxy-g-p-ribofuranosyl)-purines with vari-
ously substituted amino groups in the 6-position
had trypanocidal and 4n vivo antitumor activity.®
Therefore, it was of interest to determine the ef-
fect on the chemotherapeutic activity resulting
from the substitution of nucleic acid pyrimidines
for the purine portion of the aminonucleoside I.
The preparation of several 1-(3-amino-3-deoxy-8-p-
ribofuranosyl)-2-pyrimidinones is the subject of
this paper. ’

The most commonly used method for the synthe-
sis of pyrimidine nucleosides has been the one de-
vised by Hilbert and Johnson® which involves the

(1) B.R. Baker, J. P. Joseph and J. H. Williams, THIS JoURNAL, 77,
1 (1953).

(2) (a) P. L. Bennett, S. L, Halliday, J. J. Oleson and J. H. Wil-
liams, “Antibiotics Annual 1954-1955,”” Medical Encyclopedia, Inc.,
New York, N. Y., 1954, pp. 766-769; (b) R. I. Hewitt, A, R, Gumble,
W. 8. Wallace and J. H. Williams, Antsbiotics & Chemotherapy, 4, 1222
(1954).

(3) B. R. Baker, R. E. Schaub and H. M, Kissman, THIS JOURNAL,
77, 5911 (1955). .

(4) H. M. Kissman, C. Pidacks and B. R. Baker, ibid., 77, 18 (1955).

(8) L. Goldman, J. W. Marsico and R. B. Angier, 7bid., T8, 4173
(1956).

(6) G. E. Hilbert and T. B. Johnson, ibid., 62, 4489 (1930).

Condensation of a mercury derivative of 4-dimethylamino-2(1H)-pyrimidinone (XI) with V gave the O-

condensation of a 2,4-dialkoxypyrimidine with an
acylated 1-halo sugar. Good results have been ob-
tained on application of this method to the prepara-
tion of pyranosyl nucleosides,” but the procedure
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gave poor yields® or compounds of doubtful
structure® when used with poly-O-acyl-p-ribofuran-
osyl halides for the synthesis of the naturally
occurring pyrimidine nucleosides. No practical
synthesis of these latter compounds was available
until Fox and his co-workers'*—'? demonstrated the
utility of the mercury derivatives of certain 2-py-
rimidinones in condensation with suitably blocked
glycofuranosyl halides for the preparation of the
required 1-8-D-glycofuranosyl-2-pyrimidinone de-
rivatives. Thus, dithyminylmercury (1I) upon re-

(7) J. J. Fox and 1. Goodman, ¢bid., 73, 3265 (1951).

(8) G. A. Howard, B, Lythgoe and A. R, Todd, J. Chem. Soc., 1052
(1947).

(9) M. Roberts and D. W. Visser, THIS JoURNAL, T4, 668 (1952);
¢f. J. O. Lampen, in W. D. McElroy and B. Glass, ‘“‘Phosphorus
Metabolism,”” Vol. I1, The Johns Hopkins Press, Baltimore, Md., 1952,
p. 368.

(10) J.J. Fox, N. Yung, J. Davolland G. B. Brown, THIS JoURNAL,
78, 2117 (1956). For unequivocal proof of the anomeric configuration
of 1-8-p-ribofuranosylthymine, ¢f. J. J. Fox, N, Yung and A. Bendich,
ibid., 19, 2775 (1957).

(11) J. J. Fox, N. Yung, I, Wempen and L. L. Doerr, sbid., 79, 5060
(1957). ‘

(12) J.J. Fox, N, Yung and D, Van Praag, Federation Proc., 16, 182,
(1957).
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action with tri-O-benzoyl-p-ribofuranosyl chloride
followed by deblocking afforded 1-8-p-ribofuran-
osylthymine. In a similar manner, cytidine was
prepared by the condensation of N-acetylcyto-
sinemercury (III) with two equivalents of the same
chloro sugar.!' Treatment of chloromercuri-4-
ethoxy-2-pyrimidinone (IV) with this chloro sugar
afforded 1-(tri-O-benzoyl- 8- D-ribofuranosyl) -4 -
ethoxy-2-pyrimidinone which could be converted to
cytidine on ammonolysis and to uridine by acid
hydrolysis and debenzoylation.!!

We have been able to adapt these methods to
the synthesis of a variety of 3’-amino-8’-deoxypy-
rimidine nucleosides. The most satisfactory de-
rivative of 3-amino-p-ribose for nucleoside synthesis
has been found to be 1-chloro-2,5-di-O-betizoyl-3-
deoxy-3-phthalimido-3-D-ribofuranose (V)'* and,
therefore, this sugar halide was used for condensa-
tion with the mercury pyrimidines mentioned
above. Reaction of V with dithyminylmercury
(11), under the conditions described by Fox and co-
workers, ' afforded crystalline 1-(2,5-di-O-benzoyl-
3-deoxy-3-phthalimido-8-p-ribofuranosyl) - thymine
(VI) in 399, yield. Removal of the phthaloyl and
benzoyl blocking groups was accomplished by re-
fluxing with butylamine in methanol® and there was
isolated a 629 yield of crystalline 1-(3-amino-3-de-
oxy-3-D-ribofuranosyl)-thymine (VII). The ano-
meric configuration of this nucleoside VII and of its
precursor VI was not established experimentally.
However, the 8-configuration is assumed by anal-
ogy to the results obtained by Fox" in the synthesis
of 1-8-p-ribofuranosylthymine, the 8-configuration
of which was established conclusively by periodate
oxidation to a known dialdehyde.'* Furthermore,
it is reasonable to expect the formation of a f-nu-
cleoside fromn the reaction of a 1-halo-2-acyl sugar,
such as V, with a pyrimidylmercury derivative in
view of the results reported previously for the
condensation of 1-halo-2-acyl sugars with various
purine®® and benzimidazole!® mercuric chloride
derivatives. In all cases, the major product of
such a condensation had the C,—C; trans configura-
tion.'” Although nucleosides having the C,—C,
¢is configuration have been obtained in certain in-
stances,®51 the yields of these compounds have
been low and they have alwayvs been accompanied
by substantially larger amounts of the C,—C; trans
products. Therefore, the fact that the nucleoside
VI was obtained in relatively good yield (399%)

(13) B.R. Baker, J. P. Joseph and R. E. Schaub, TH1s JoUrNaAL, TT,
5905 (1935).

(14) Unfortunately, this procedure i{s not applicable to the amino-
nucleosides of this investigation. In general, it has been found in this
Laboratory that 3-amino-p-ribofuranosides react with periodate to
consume two rather than the expected one equivalent of oxidant.
It also has been shown that the oxidation products obtained from vari-
ous 3’-aminonucleosides, such as 3’-aminocytidine (IX), 3’-amino-
adenosine? and the puromycin aminonucleoside (I) [unequivocally a
B8-nucleoside; c¢f. B. R, Baker and J. P. Joseph, THIls JoURNAL, 77,
15 (1955)], were not the dialdehydes which are obtained from the
corresponding non-amino ribonucleosides; M. J. Weiss, J. P. Joseph,
H. M. Kissman, F. J. McEvoy, R. E. Schaub and A. M. Small, to be
published.

(15) B. R. Baker, J. P. Joseph, R. E. Schanb and J. H. Williams,
J. Ovg. Chem., 19, 1780 (1954).

(16) H. M. Kissman, R. G. Child and M. J. Weiss, THIS JOURNAT,,
79, 1185 (1957).

(17) Ci—-Cg refers to the sugar carbons. With a p-ribose derivative,
a C1—Cs irans configuration is therefore the @-configuration.
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supports the assignment of the B-configuration.
For similar reasons, the 8-configuration is assigned
to the other nucleosides (IX, X, XVIII, XIX) re-
ported in this paper.
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The synthesis of 3’-amino-3’-deoxycytidine (IX)
was accomplished by the method outlined by Fox
and co-workers!! for the preparation of cytidine.
Acetyleytosinemercury (II1I)'! was condensed with
two equivalents® of the 1-chloro sugar V in reflux-
ing xylene and the blocked nucleoside VIII was
isolated after chromatography on silica gel as a
crystalline solid in 599 yield. Treatment of com-
pound VIII with butylamine in refluxing metha-
nol® removed all the blocking groups and afforded
crystalline 8’-amino-3’-deoxyeytidine (IX), 1-(3-
amino-3-deoxy-8-D-ribofuranosyl)-cytosine, in 749
yield.
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From the condensation of III with chloro sugar V
there also was obtained a highly dextrorotatory,

(18) It should be noted that, contrary to the usual pyrimidine,
purine and benzimidazole mercury derivatives, acetylcytosinemer-
cury (TII) appears to be a structure in which both valences of mercury
are bonded to the pyrimidine moiety., Apparently, an additional
equivalent of the chloro sugar is required!! for cleavage of one of these
bonds to give an intermediate, which is then capable of undergoing
nucleoside condensation with a second equivalent of the chloro sugar.
‘These phenomena have been discussed in detail by Fox and co-work-
ers, 11
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less polar substance with m.p. 140-141°, which gave
combustioni values in fair agreement with the for-
mula CyHNO.. Ultraviolet and infrared spec-
troscopy indicated the presence of the benzoate and
phthalimido groups and the absence of the pyrimi-
dine moiety. No further structural work has been
done on this compound, but it is thought to have
originated from that first equivalent of the chloro
sugar V'8 which reacts but does not condense with
the pyrimidine mercury compound.

It was also of interest to prepare 1-(3-amino-3-
deoxy - 8 - D - ribofuranosyl) - 4 - dimethylamino-
2-pyrimidinone (X) because of a certain similarity
between the dimethylamino-2-pyrimidinone por-
tion of X and the 6-dimethylaminopurine portion
of the aminonucleoside I. At the same time, it was
relevant to determine whether mercury derivatives
of N,N-dialkylated cytosines (z.e., 4-dialkylamino-
2(IH)-pyrimidinones) could be used in condensa-
tion reactions with chloro sugars such as V. There-
fore, the synthesis of X was attempted starting
with a mercury derivative of 4-dimethylamino-2-
(1H)-pyrimidinone (XI). The 4-dimethylamino-
2(1H)-pyrimidinone (XI) was prepared from 4-
dimethylamino-2-mercaptopyrimidine (XII)'* by
an adaption of the methods reported for the syn-
thesis of cytosine.®?' Compound XII was con-
densed with chloroacetic acid and the resulting 2-
carboxymethylthio - 4 - dimethylaminopyrimidine,
without isolation, was hydrolyzed to afford XI in
539, yield. Depending on the proportion of the
reagents used, the reaction of 4-dimethylamino-2-
(1H)-pyrimidinone (XI) with mercuric chloride
could be made to yield either the chloromercuri-
pyrimidinyl or the dipyrimidinylmercury (XIII)
derivative. The latter compound (XIII) was
condensed with chloro sugar V, to give a crystalline
reaction product (859 yield) which had the correct
combustion values calculated for the anticipated,
blocked nucleoside XIV. However, further in-
vestigation of this substance showed that it could
not have structure XIV. In acid solution, its
ultraviolet absorption maximum shifted from 274
to 282 my in a period of less than 20 minutes and
the final spectrum was very similar to that of 4-
dimethylamino-2(1H)-pyrimidinone (XI).  This
observation indicated a facile hydrolysis to the free
pyrimidinone. Additionally, this product reduced
Benedict reagent?® and gave a 679, yield of pyrimi-
dinone XI when refluxed with methanolic butyl-
amine.?® Such behavior is in contrast to the well
known stability of pyrimidine nucleosides toward
acidic and basic conditions, but it is in accordance
with the lability of O-glycosylpyrimidines. These
facts strongly suggest the O-glycosyl structure XV
for the product obtained from this condensation,
Formation of O-glycosyl derivatives of pyrimi-
dinones previously have been reported to result

(19) P. B. Russell, G. B. Elion, E. A. Falco and G. H. Hitchings,
TH1s JOURNAL, T1, 2279 (1949).

(20) G. H. Hitchings, G. B. Elion, E. A, Falco and P. B. Russell,
J. Biol. Chem., 177, 357 (1949).

(21) D. J. Brown, J. Soc. Chem, Ind. (London), 69, 353 (1950).

(22) E. Fischer and B. Helferich, Ber., 47, 210 (1914), reported that
O-glycosylpyrimidines reduced Fehling reagent.

(23) It should be noted that the N-glycosylpyrimidinones dis-
cussed in this paper are stable under these conditions.
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from the reaction of sugar halides with the silver
salts of pyrimidinones.?224.2

N(CHas). T(Cﬂs)z N(CH;).
A y N
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The synthesis of X finally was achieved from 1-
(2,5-di-O-benzoyl-3-deoxy-3-phthalimido -8 - p-ribo-
furanosyl)-4-ethoxy-2-pyrimidinone (XVII). This
versatile intermediate was also used for a second syn-
thesis of 3’-amino-3’-deoxycytidine (IX) and for the
synthesis of 3’-amino-3’-deoxyuridine (XI1X). The
possibilityof preparing an intermediate such as XVII
by the condensation of a chloro sugar with chloro-
mercuri-4-ethoxy-2-pyrimidinone (IV) wasindicated
by the work of Fox.!! Condensation of the chloro-
mercuri derivative IV with the blocked chloro sugar
V in refluxing xylene gave, after purification by
chromatography on acid-washed alumina, an amor-
phous material (599 yield) with the characteristics
expected for the N-glycosyl derivative XVII,

Conversion of blocked nucleoside XVII to the
dimethylamino derivative X was effected with
methanolic dimethylamine in a sealed tube at 100°
followed by complete deblocking with methanolic
butylamine.’ The desired nucleoside was ob-
tained in crystalline form in 319, over-all yield
after partition chromatography on Celite. Simi-
larly, the 4-butylamino compound, 1-(3-amino-3-
deoxy - 8 - D - ribofuranosyl) - 4 - butylamino - 2-
pyrimidinone (XVIII), was prepared by reaction
of the blocked nucleoside XVII with butylamine
in refluxing methanol, This product (XVIII)
could not be obtained in crystalline form, even after
partition chromatography, but the amorphous solid
which was isolated gave good combustion values
and was indicated to be homogeneous by paper
chromatography (see Table I).

Heating the blocked 4-ethoxynucleoside XVII
in a sealed tube with methanolic ammonia followed
by methanolic butylamine treatment produced 3’-
amino-3’-deoxycytidine (IX). The product was
isolated? as a crystalline solid in 439, yield and it
was identical in all respects with the material pre-
pared from N-acetylcytosine (see above).

(24) P. A. Levene and H. Sobotka, J. Biol. Chem., 68, 469 (1925).

(25) The concurrent development of the '’4-ethoxy-2-pyrimidinone”’
procedure made feasible a synthesis of X from the blocked 4-ethoxy-
nucleoside XVII, Therefore, an investigation of the use of the chloro-
mercuri-4-dimethylamino-2-pyrimidinone was not undertaken. It is
conceivable that the use of this derivative might have resulted in the
formation of N-glycosides.

(26) In the pilot experiment, crystalline TX conld be isolated only
after partition chromatography on Celite,
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The uridine analog, 3’-amino-3’-deoxyuridine
(XIX), was obtained as a crystalline solid in 419,
yield by treatment of the blocked 4-ethoxynucleo-
side XVII with methanolic hydrogen chloride and
subsequently with butylamine in methanol.?

oH
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N | HOCH/ { XIX
/L\"/I \
4 | 1
o7 o
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1V NH, OH
C‘)Et R'—N—R
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0=C_ _~¢=0  x,r'=RrR-1U
CeH4 Xv\«vII X, Rl = R = CH';
XVIII, R’ = H, R = (CHy);CH;,

The availability in this Laboratory of the 1-
chloro-2,3-di-O-benzoyl-5-deoxy -5 - phthalimido-Dp-
ribofuranose (XX)¥ led us to investigate the
syntheses of certain 5’-amino-5’-deoxypyrimidine
nucleosides. Condensation of XX with dithy-
minylmercury (II) afforded a product from which
the blocked nucleoside XXI could be isolated, after
chromatography on alumina, as an amorphous solid
(219, vyield) with satisfactory analytical values.
There was also obtained a crystalline CyH;zNO;
product,® m.p. 144-145°, which did not contain the
pyrimidine moiety. This compound gave a posi-
tive Benedict test and decolorized bromine in car-
bon tetrachloride solution. The substance was not
investigated further. Removal of the blocking
groups from XXI with methanolic butylamine’ led
to the isolation of amorphous 1-(5-amino-5-deoxy-
g-p-ribofuranosyl)-thymine (XXII) (499, vyield),
which was approximately 709, pure as estimated by
comparison of the ultraviolet spectrum with that
of 1-8-p-ribofuranosylthymine.l It has not been
possible to purify this compound as such, but an
amorphous hydrochloride salt with satisfactory
analytical values was obtained.

The 5-phthalimido halogenose XX also was con-
densed with acetyleytosinemercury (I1I) to afford
a blocked nucleoside XXIII, which was obtained in
crystalline form aftersilica gel chromatography (549

(27) H. M. Kissman and B. R. Baker, Abstracts of Papers, 130th
Meeting of the A.C.S., Atlantic City, N. J., September, 1956, p. 19D.

(28) This formula would fit a structure derived from tlie chiloro sugar
XX by subtraction of the elements of benzoyl chloride.
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vield). The CyHsNO; by-product was also iso-
lated from this reaction. Deblocking of XXIII
under the usual conditions yielded amorphous
5’-amino-5'-deoxycytidine (XXIV) (849, pure
by ultraviolet analysis) which could not be ob-
tained analytically pure but which was charac-
terized as a crystalline picrate.

The B-configuration was assigned without ex-
perimental proof to the 5’-amino-5’-deoxynucleo-
sides XXII and XXIV for reasons analogous to
those advanced above for the assignment of the §-
configuration to the 3’-aminopyrimidine nucleo-
sides.

Biological Testing.—None of the deblocked
nucleosides prepared in the course of this investi-
gation showed any significant antitumor or trypano-
cidal activities.?® It must be concluded that sub-
stitution of nucleic acid pyrimidines for the purine
portion of the aminonucleoside I from puromycin
leads to loss of these biological activities.

TaBLp I

PAPER CHROMATOGRAPHY OF 3’-AMINO-3’-DEOXYPVRIMIDINE
NUCLEOSIDES®

RS values in
solvent systems
Compound A B

1-(3-Amino-3-deoxy-8-D-ribofuranosyl)-

thymine (VII) 0.47 0.62 0.60
3’-Amino-3’-deoxycytidine (IX) .26 .52 .80
1-(3-Amino-3-deoxy-B-p-ribofuranosyl)-

4-dimethylamino-2-pyrimidinone (X) .52 .69 .69
1-(3-Amino-3-deoxy-8-p-ribofuranosyl)-

4-butylamino-2-pyrimidinone

(XVIID) 76 .90 .78
3’-Amino-3’-deoxyuridine (XIX) .37 .50 .51

o The circular paper chromatography apparatus (26 cm.
diameter) described by E. Kawerau, Chromatographic
Methods, 1, No. 2, 7 (1956), was purchased from Shandon
Scientific Co., Ltd., London, England. The chromato-
grams were run on \Whatman #1 filter paper (KCT-26) in
the following solvent systems: (A) butanol:water; (B)
isopropyl alcohol:1 N ammonium hvdroxide (7:2); (C)
ethanol:concd. ammoniuin hydroxide:water (80:4:16).
Spots were located by inspection in ultraviolet light.
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Experimental®

1-(2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-3-p-ribo-
furanosyl)-thymine (VI).—Tpn an azeotropically dried sus-
pension of 4.51 g. (10 muoles) of dithyminylmercury? (II)
in 200 cc. of xylene was added a suspension of 1-chloro-2,5-
di-O-benzoyl-3-deoxv-3-phthalimido-g-p-ribofuranose  (V),

(29) Private communicatious from Dr. R. I. Hewitt, Miss S. L.
Halliday and Dr. J. J. Oleson of these laboratories.

(30) Melting points were taken on a Kofler micro hot-stage and are
corrected. TUliraviolet absorption spectra were determined on a Cary
recording spectrophotometer and infrared spectrn on a Perkin—-Flmer
dcuble beam spectrophotometer, model 21,
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obtained from 11.0 g. (20.8 mmoles) of 1-O-acetyl-2,5-di-O-
benzoyl-3-deoxy-3-phthalimido-p-ribofuranose,’® in 75 cc. of
xylene. The stirred mixture was refluxed for three hours
and was then filtered while hot from 0.923 g. (7.3 mmoles)
of thymine. The filtrate was evaporated under reduced
pressure and the residue was dissolved partially in 120 cc.
of chloroform.  The filtered solution was washed with two
20-cc. portions of 309, aqueous potassinm iodide solution
and then with 20 cc. of water. The chloroform solution
was dried over magnesium sulfate, filtered and evaporated
in vacuo to leave a vellow gum as residue. This was crys-
tallized and recrystallized from ethyl acetate—ethanol to
afford 4.87 g., m.p. 218-219° (399, yield based on 20.8
mmoles of 1-O-acetyl sugar derivative). Two recrystalli-
zations from ether-methylene chloride gave analytically
pure material with m.p. 222-223°, [«]%Dp —37.8° (¢ 1.98 in
chloroform). In the ultraviolet, the compound showed
AMeOH 263 mu (e 14,320 in acid), 263 mu (e 13,860 in meth-
anol) and 268 mpu (e 11,460 in base).3!
Amnal. Caled. for ngHz,g.NsOg: C, 6453, H, 423, N,
7.06. Found: C, 64.73; H, 4.23; N, 6.95.
1-(3-Amino-3-deoxy-B-p-ribofuranosyl)-thymine (VII).—
A suspension of 0.595 g. (1 mmole) of the blocked thymine
derivative VI in 12 cc. of absolute methanol containing 0.7
cc. (7 mmoles) of butylamine was heated under reflux for
18 hours. The solution was evaporated under reduced
pressure, the residue was triturated with 80 cc. of water
and the mixture was filtered. The precipitate was washed
well with water and the combined filtrate and washings were
extracted with three 15-cc. portions of ether. The aqueous
solution was evaporated iz vacuo and the residue was dried
by a triple evaporation with absolute ethanol. Crystalliza-
tion from methanol-ethanol afforded 0.188 g. (629,) of crys-
talline solid, m.p. 214-216°. Analytically pure material
was obtained after two recrystallizations from the same
solvent mixture. The sample was dried at 110° in vacuo;
m.p. 223-225°, [«]®D +41.0° (¢ 1.93 in water); A% 265
myu (e 9,570 in acid), 266 mu (¢ 9,650 in water), 267 mu (e
7,270 in base).%!
Anal. Caled. for CyHisN;0;: C, 46.69; H, 5.88; N,
16.34. Found: C, 46.75; H, 6.01; N, 16.26.
1-(2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-g8-p-ribofur-
anosyl)-4-acetamido-2-pyrimidinone (V1II).—A suspension
of the chloro sugar V, obtained from 10.85 g. (20 mmoles)
of 1-O-acetyl-2,5-di-O-benzoyl-3-deoxy-3-phthalimido-p-

(31) The compound was dissolved in the solvent indicated. Ali-
quots were diluted 1:10 with 0.1 N aqueous hydrochloric acid for the
acid spectrum and 1:10 with 0.1 N sodium hydroxide for the base
spectrum.

ribofuranose,!? in 50 cc. of xylene was added to an azeotrop-
ically dried suspension of 3.51 g. (10 mmoles) of N-acetyl-
cytosinemercury®®? (III) in 200 cc. of xylene. The stirred
mixture was refluxed for two hours and was then evaporated
under reduced pressure. The residue was dissolved in 200
cc. of chloroform and the solution was washed twice with 20-
cc. portions of 309, aqueous potassium iodide solution and
then with 50 cc. of water. The solution was dried and
partially decolorized over magnesium sulfate and Darco,??
and was freed from solvents in vacuo to afford 11.8 g. of
viscous residue. This was mixed with 100 cc. of benzene
and was decanted from 3 g. of a dark gum. The benzene
solution and the gum were chromatographed separately on
silica gel.

The benzene solution was added to a column (25 X 4.5
cm.) prepared from 200 g. of silica gel®* and benzene. The
column was washed with 200 cc. of benzene, 100 cc. of ben-
zene—ether (9:1) and 100 cc. of benzene—ether (8:2); these
washings were discarded. Elution with 200 cc. of benzene—
ether (6:4) afforded crystalline material (compound A).
Further elution with 100 cc. of benzene—ether (4:6), 150 cc.
of ether, 250 cc. of ether-chloroform (2:3), 150 cc. of chloro-
form, 100 cc. of chloroform—acetone (9:1) and 100 cc. of
chloroform-acetone (6:4) vielded only small quantities of
colored gums which were discarded. Elution with 200 cc.
of chloroform—acetone (2:8) afforded a second crystalline
substance (compound B). There was obtained by recrys-
tallization from ethanol-ethyl acetate 2.9 g. of compound A
(m.p. 129-138°) and 2.5 g. of compound B (m.p. 243-246°).

The 3 g. of benzene-insoluble gum was dissolved in 30 cc.
of methylene chloride and the dark red solution was chroma-
tographed on a column (2.5 cm. i.d.) containing 50 g. of
silica gel (prepared with methylene chloride). Washing with
150 cc. of methylene chloride eluted a small amount of gum.
Elution with methylene chloride—acetone (9:1) (150 cc.) and
with methylene chloride—acetone (8:2) brought down 0.56
g. of colored gum which was discarded. Further elution
with 200 cc. of methylene chloride-acetone (6:4) afforded
solid material which was crystallized from ethyl acetate—
ethanol; 1.13 g., m.p. 245-248°. This was shown to be
identical with compound B as obtained from the first
column,®

(32) H. L. Wheeler and T. B. Johnson, Am. Chem. J., 29, 402
(1803).

(33) Darco and Norit are activated charcoal.

(34) Davison Silica Gel, mesh size 200, a product of the Davison
Chemical Co., was used as such.

(35) Product recovery was not satisfactory when the total reaction
product was chromatographed on one column from benzene—chloro-
form (3:1),
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The two fractions of compound B (VIII) were combined to
vield 3.65 g. (599, based on 10 mnioles of the inercury de-
rivative, III) of product. Material obtained m a sitnilar
experiment wus recrystallized from ethanol-etliyl acetate and
from methylene chloride-ether; m.p. 245-246°, [«]%D
—20.3° (¢ 1.08 in cliloroform); MM 305 mu (e 13,130 in
acid), 298 mu (e 9,350 in methanol), 272 mu (e 13,130 in
base).3!

Iu the infrared, the compound showed AEE! 5.62 » (phthali-
niido carbonyl), 5.78 u (pthaliinido and ester carbonyl), 5.96
p {N-acetyl carbonyl), 6.11 x (C=N).

Anal. Caled. for Cy3HaeN4Oy: C,63.66; H,4.21; N, 9.00,
Found: C, 63.81; H, 4.38; N, 9.17.

Compound A was purified for analysis by several recrys-
tallizations from ethanol-ethyl acetate; m.p. 140-141°,
la]®Dp +202° (¢ 1.03 in chloroform); AMSOH 223 mu (e
70,500) and 263 mu (e 7,990) in acid, 221 mu (e 64,400) and
263 mu (e 7,050) in methanol and 214 my (e 73,300) and 262
np (e 3,750) in base; AEP 5.62 » (phthalimido carbonyl)
und 5.80 u (phthalimido carbonyl and ester carbonyl).®

Amnal. Caled. for CHypNO7 (chloro sugar V minus the
elements of benzoyl chloride): C, 69.08; H, 4.08; N, 2.98.
Found: C, 68.59; H, 4.16; N, 3.11.

4-Dimethylamino-2-mercaptopyrimidine (XII)."—Dithio-
uracil (30 g., 20.8 mmoles) was shaken with 259, aqueous
dimethylamine (180 cc.) in 2 bomb at 130° for 3.5 hours.
The cooled bomb was opened and the contents were col-
lected with 100 cc. of water., The mixture was evaporated
in vacuo and the residue was mixed with 300 cc. of 2 N hy-
drochloric acid and filtered tlirough Norite.33 The filtrate
was brought to pH 8 with concentrated ammonia and the
solid which crystallized on standing was collected, washed
with water and dried in air. The filtrate and washings were
evaporated i# vacuo and the residue was mixed with 80 cc. of
2 N hydrochloric acid. The orange solid which precipi-
tated was removed by filtration and discarded. The filtrate
was made alkaline with concentrated ammonium hydroxide
and the resulting solid was combined with the first portion
of product. Recrystallization from 900 cc. of water with
Norit afforded 17.9 g. (55%) of a tan solid with m.p. 266—
270° dec. One additional recrystallization from water with
Norit gave a white crystalline solid, m.p. 265-270° dec.
(lit.¥ m.p. 280-283° dec.).

Anal. Caled. for CeHyN;S: C, 46.43;
27.07; S, 20.66. TFound:
S, 20.90.

4-Dimethylamino-2(1H)-pyrimidinone (XI).—Water (17
cc.) was added to a mixture of 2.68 g. (17.25 mmoles) of 4-
dimethylamino-2-mercaptopyrimidine (XII)® and 1.7 g.
(18 mmoles) of chloroacetic acid. The mixture was
heated on the steam-bath with stirring until all of the solid
had dissolved and heating was continued for an additional
40 minutes. Concentrated hydrochloric acid (16 cc.) was
added and the solution was allowed to reflux for 2 hours,
after which it was kept at room temperature overnight.
The solution was evaporated i# vacuo and the residue was
evaporated several times with water in order to remove
traces of hydrochloric acid. The residue was then mixed
with 2 cc. of water and 4 cc. of concentrated ammonium hy-
droxide solution. The suspension was chilled and filtered.
The dark filtrate was concentrated to a small volume and
was again treated with ammonium hydroxide. The mixture
was filtered once more and the highly colored filtrate was
passed through a column (11.5 X 2.5 cm.) of Amberlite
IRA-400 anion exchange resin® (OH form). Tlie product
was eluted with 300 cc. of water, while colored impurities
remained on the column. The effluent was evaporated
under reduced pressure and the residue was crystallized from
ethanol-isopropyl alcohol to afford 1.28 g. (539,) with m.p.
248-250°, Reytosine 1.03.%® For analysis, a sample was sub-
limed in vacuo; m.p. 248-249°; AM:°H 282 1nyu (e 13,460),
281 mnp (€ 11,130), 284 mu (e 9,452).51

Anal. Caled. for CeHN;O: C, 51.78; H,6.52; N, 30.22.
Found: C, 51.90; H, 6.78; N, 30.56.

H, 5.84; X\,
C, 46.20; H, 6.07; N, 26.69;

(36) The 5.96 and 6.11 g maxima of a 4-acetamido-2-pyrimidinone
nucleoside were absent.

(87) This resin is a product of the Rohm and Haas Co., Pliladel-
phia, Pa.

(38) Ry compound/Ry
acid:water (50:25:35).

eytosine = Rgyoeme in  butanol:acetic

Henry M. KissmaN AND MARTIN J. WEISS

Vol. 80

Chloromercuri Derivative.—To a solution of 0.139 g. (1
mmole) of 4-dimethylamino-2(1H)-pyrimidinone (XI) in 1
ce, of 1 N sodium hiydroxide was added 0.271 g. (1 mnole)
of mercuric chloride dissolved in 3 cc. of hot ethianol.  The
resulting precipitate was collected, washed with water,
ethanol and ether and was dried at 74° in vacuo: 331 g,

(89%,).
Anal. Culed. for CeHsN;OHgCl: C, 19.26; H, 2.15;

N, 11.23; C1,9.48. Found: C, 20.28; H, 2.56; N, 10.54;
Cl, 12.24,

Dipyrimidinylmercury Derivative XIII.—To a solution of
0.139 g. (1 mmole) of XI in 1 cc. of 1 N sodium hygiroxule
solution was added 0.135 g. (0.5 mmole) of mercuric chlo-
ride in 2 cc. of hot ethanol. A precipitate formed on
scratching. It was collected and washed with water and
ethanol by centrifugation, The dried solid (74° in vacuo)
weighed 0.211 g. (89%,).

Anal. Caled. for CleleNeOQHg: C, 3022; H, 338;
N, 17.62; C1,0.00. Found: C,29.03; H, 3.68; N, 16.05;
Cl, 1.18.

Condensation of 1-Chlorov2,S—di-O-benzoyl-:ivgieoxy-S-
phthalimido-p-ribofuranose (V) with the Dipyrimidinylmer-
cury Derivative XIII. 4’-Dimethylamino-2’vpyrlmldlpyl
2,5-Di-O-benzoyl-3-deoxy - 3 - phthalimido - b -ribofuranoside
(XV).—To an azeotropically dried suspeusion of 2.7 g. (5:6
mmoles) of the dipyrimidinylmercury derivative XIII in
200 cc. of xylene was added the chloro sugar V, prepared
from 2.7 g. (5.1 mmoles) of 1-O-acetyl-2,5-di-O-benzoyl-3-
deoxy-3-phthalimido-p-ribofuranose, in 80 cc. of hot xylene.
The stirred mixture was allowed to reflux for 3 hours and
was then filtered while hot. The precipitate® (1.75 g.) wus
washed with a little xylene and washings and filtrate were
combined and evaporated under reduced pressure. The
residue was taken up in 100 cc. of chloroforin and Fhe re-
sulting suspension was washed with two 13-cc. portions of
309, aqueous potassium jodide solution and then with 15 ce.
of water. Tle organic phase was dried over magnesiu
sulfate and the filtered solution was freed from solvent in
vacuo. The residue solidified when triturated with ethverw.
It was collected, washed with ether and dried; 2.6 g. (83%
based on V), m.p. 160-168°, For analysis, the supstange
was recrystallized three times from ethanol; m.p. 165-166°,
{¢}®p +30.0° (¢ 1.75 in chloroform). The substance re-
duced Benedict reagent when heated. In the infrared, it
showed the carbonyl absorption bands of the benzoyl and
phthalimido groups at 5.62 and 5.81 u. However, there
was no absorption in the 5.95-6.05 u region, mdmaung_tlu_:
absence of the 2-pyrimidinone carbonyl group. The 5.95
g (lactam C==0) and 6.10 g (C=N) bands found in the
spectra of normal, blocked pyrimidine nucleosides (¢f. XVII)
was also lacking. In the ultraviolet, the compound showed
AMOH 974 mu (e 13,400 in acid after 8 minutes), 282 mu (e
11,900 in methanol) and 280 mu (e 9,450 in base after 3
mninutes).’1 Exposure to 0.1 N hyvdrochloric acid caused a
shift of the absorption maximum from 274 to 282 mu 1n a
period of 20 minutes.

Anal. Caled. for CpHNOs: C, 65.12; H, 4.64; N,
9.21. Found: C, 65.42; H, 4.97; N, 9.39.

Reaction of Compound XV with Methanolic Butylamine.—
A solution of 0.2 g. (0.29 mmole) of XV in 10 cc. of methanol
containing 1 cc. of butvlamine was refluxed overn'lght and
was then evaporated 77 vacuo. The residue was mixed with
40 cc. of water and 20 cc. of ether. The aqueous phase was
further extracted with three 10-cc. portions of ether.
Evaporation of the water solution left a residue which was
purified by sublimation and crystallization frpm methanol-
ethyl acetate to afford 0.027 g. (67%) of 4-dimethylamino-
2(1H)-pyrimidinone (XI), m.p. 246-248°. Identity wus
established by mixed m.p. and by paper chromatography.

Chloromercuri-4-ethoxy-2-pyrimidinone (IV).—To a solu-
tion of 4-ethoxy-2(1H)-pyrimidinone® (0.14 g., 1 nunole)
in 2 cc. of warm water was added 0.271 g. (1 mmole) of mer-
curic chloride dissolved in 4 cc. of hot ethianol. The 1nix-
ture was kept at 50-60° to prevent precipitathn_of the comnt-
ponents and there was added dropwise with stirring, 1 cc. of
1 N sodium hydroxide solution. The yellow color cgqsed
by each drop of sodium hydroxide disappeared on mixing.

(39) Analysis indicated this solid to be at least in part chloromercuri-
derivative XT. Axral. Found: C, 22.80; H, 232, N,11.00; (I,
10.77.

(40) (5 10 Hilbert aud E. ¥, Japsen, Tu1s Jorrnar, 67, 552 (1935).
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The last drop produced a permanent, slightly yellow color.
The precipitate which had formed during the addition
process was collected, washed with water, ethanol, and
finally with ether, and was dried at 74° iz vacuo to afford
0.344 g. (929,) of light yellow powder.

Anal. Caled. for CeHsN,0,-HgCl: C, 19.21; H, 1.88;
N, 7.47; Cl, 9.45. Found: C, 19.54; H, 1.96; N, 7.61;
Cl,9.21.

Very similar results were obtained!! when mercuric chlo-
ride was added to a mixture of the pyrimidinone and sodium
hydroxide.

1.(2,5-Di-O-benzoyl-3-deoxy-3 -phthalimido-3-p-ribofur-
anosyl)-4-ethoxy-2-pyrimidinone (XVII).—To an azeotrop-
ically dried suspension of 29.6 g. (78.7 mmoles) of chloro-
mercuri-4-ethoxy-2-pyrimidinone (IV) in 840 cc. of xylene
was added cliloro sugar V, prepared from 45.5 g. (86 mmoles)
of 1-O-acetyl-2,5-di-O-benzoyl-3-deoxy-3-phthalimido-p-ri-
bofuranose, as a suspension in 100 cc. of xylene. The mix-
ture was stirred and refluxed for 3 hours and was then fil-
tered while hot through a bed of Celite®! to remove a small
amount of brown solid. The filtrate was evaporated under
reduced pressure and the residue was dissolved with warm-
ing in 300 cc. of chloroform. The solution was filtered from
a small amount of insoluble precipitate (discarded) and was
washed twice with 60-cc. portions of 309, aqueous potassium
iodide solution and then with 50 cc. of water. The dried
(magnesium sulfate) chloroform solution was evaporated
in vacuo and the residue (34.5 g.) was dissolved in 60 cc. of
benzene. A solid product formed as a gel was removed by
filtration. After washing with benzene and drying 4n vacuo,
there was obtained 2.8 g. of product, m.p. 128-135°. It
was not possible to obtain additional quantities of product
by crystallization and therefore the benzene mother liquors
(200 cc.) were chromatographed on 517 g. of acid-washed
alumina.4** The column (31 X 5 cm.) was washed with
400 cc. of benzene and these fractions were discarded. Fur-
ther elution with 1400 cc. of benzene and 1600 cc. of ben-
zene—ethyl acetate (85:15) yielded, on evaporation of the
pooled fraction, a light vellow gum from which there could
be obtained by trituration with ethyl acetate 25.5 g. of an
amorphous (gel-like) solid, m.p. 130-138°. Combined with
the 2.8 g. isolated above this represented a 599 vield (based
on XVI) of product with sufficient purity for subsequent
steps.

For analysis a sample of the substance was dissolved in
methylene chloride—ether, and ether was added to the solu-
tion at the b.p. until gel formation started. The solid was
collected, washed with ether and dried. This procedure
was repeated several times. Material dried at 74° in vacuo
had m.p. 138-148°, [«]®D +41.5° (¢ 0.92 in chloroform);
AMeCH 273 mpu (e 10,830 in acid), 274 mpu (e 11,020 in meth-
anol) and 273 mu (e 10,650 in base)s!; AEE: 5,62 and 5.80 u
(phthalimido and benzoyl carbonyl), 5.95 u (pyrimidinone
carbonyl) and 6.10 g (C=N).

Anal. Caled. for Cu3HpN;Op: C, 65.02; H, 4.46; N,
6.89. Found: C, 64.73; H, 4.51; N, 7.04.
3’-Amino-3’-deoxycytidine [1-(3-Amino-3-deoxy-8-D-
ribofuranosyl)-cytosine (IX)]. (A) From 1-(2,5-Di-O-
benzoyl- 3-deoxy-3-phthalimido-3- p-ribofuranosyl)-4-acet-
amido-2-pyrimidinone (VIII).—A suspension of 4.22 g.
(6.8 mmoles) of VIII in 110 cc. of absolute methanol con-
taining 11 cc. of butylamine’ was allowed to reflux overniglit,
The light yellow solution was evaporated iz vacuo and the
residue was mixed with 50 cc. of ether and 80 cc. of water.
The layers were separated and the water phase was washed
with 15 cc. of water, and the aqueous layers were combined
and evaporated in vacuo. The residue was dried by evapo-
ration with ethanol and was then triturated with hot meth-
anol. The crystalline product which resulted was collected
and washed with more methanol. There was obtained 1.43
g. with m.p. 212-215°. Recrystallization from methanol
with Norit afforded 1.22 g. (749,), m.p. 220-222°, For

(41) Celite, a product of the Jolns—-Manville Corppration, is
diatomaceous earth.

(42) Reagent grade alumina (Merck and Co., Inc.) was washed
with 1 N hydrochloric acid and then with water till neutral, It was
dried at 170—-178° for 24 hours,

(43) Experience with similar, blocked nucleosides, obtained sub-
sequent to this experiment (see below), showed that silica gel chroma-
tography would probably liave given hetter results in the purification
of XVI1L

NEW 3’- AND 5’-AMINONUCLEOSIDES
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analysis, the substance was recrystallized twice more from
the same solvent and the sample was dried at 74° in vacuo:
m.p. 221-223° (slight dec.), [«]¥Dp +91.7° (¢ 0.43 in H,O);
Azster 277 mu (e 13,320 in acid), 270 mu (¢ 8,970 in water)
and 272 mu (e 9,200 in base).3!

Anal. Caled. for CQH14N404: C, 44.62; H, 5'83; N,
23.13. Found: C, 44.21; H, 5.91; N, 22.71.

(B) From 1-(2,5-Di-O-benzoyl-3-deoxy-3-phthalimido-
B-p-ribofuranosyl) -4-ethoxy-2-pyrimidinone (XVII).—A
mixture of 1.83 g. (3 mmoles) of XVII and 50 cc. of meth-
anolic ammonia (saturated at 0°) was heated in a sealed
tube at 100° for 16 hours, The tube contents were evapo-
rated iz vacuo and the residue was dissolved in 35 cc. of
1nethanol containing 3 cc. of butylamine. The solution was
refluxed for 16 hours and was then evaporated im wvacuo.
The residue was dissolved in 20 cc. of water and 30 cc. of
ether. The layers were separated and the water layer was
washed with two 10-cc, portions of ether. The combined
ether layers were washed with 5 cc. of water and the com-
bined water solutions were evaporated in wacwo. The
residue was crystallized from methanol to afford 0.316 g.
(43%) with m.p. 204-208° (slight dec.). Material recrys-
tallized twice more from the same solvent (once with Norit)
had m.p. 220-222° (slight dec.); a mixed m.p. with material
obtained under (A) was undepressed; [«]}®D +93.8° (¢
0.99 in water). Ultraviolet and infrared spectra as well as
R; values (see Table I) in three solvent systems were iden-
tical with the product obtained under (A).

Anal. Caled. for CgH1aN O4: C, 44.62; H, 5.83; N,
23.13. Found: C, 44.64; H, 6.02; N, 22.91.

The first few times that this reaction was carried out, the
product had to be isolated by partition chromatography on
Celite** from a butanol-ethyl acetate—water (2:1:1) sys-
tem. The product was eluted in the third, fourth and fifth
hold-back volumes.4

1-(3-Amino-3-deoxy-3-p-ribofuranosyl)-4-dimethylamino-
2-pyrimidinone (X).—A mixture of 1.83 g. (3 mmoles) of
the blocked nucleoside XVII and 35 cc. of methanolic di-
methvlamine (1 cc. contained 2.52 mmoles of dimethylamine)
was heated at 80° in a sealed tube for 16 hours. The tube
contents were evaporated in vacuo and the residue was
treated with butylamine and methanol as described for the
synthesis of IX, section B. The crude, deblocked nucleo-
side (0.84 g. of glass) was partitioned on Celite4¢ in the sys-
tem butanol-ethyl acetate—water (2:1:1). The material
was dissolved in 2 cc. of the upper layer of this solvent sys-
tem and 5 g. of Celite was thoroughly mixed with this solu-
tion. This wet Celite was added to the top of a column*
containing 250 g. of Celite which had been mixed well with
100 cc. of the lower phase of the solvent system. The
column (3.8 X 70 cm.) had a hold-back volume# of 350 cc.
The column was washed with the upper phase of the solvent
system and the effluent was allowed to pass through a re-
cording ultraviolet spectrophotometer which had been
set at 270 mu. Some colored impurities were eluted in the
first hold-back volume and were discarded. A peak con-
taining material with absorption at 270 mu was eluted in the
last half of the second and all of the third hold-back volume.
These last fractions were combined and evaporated iz vacuo
to afford 0.425 g. of residue. This was crystallized from
methanol to give 0.301 g., m.p.203-205°. Recrystallization
from methanol-ethanol with Norit afforded 0.247 g. (319%,)
with m.p. 223-225°, [«]®D —+13.2° (¢ 2.20 in ethanol);
Araver 284 mu (e 16,170 in acid), 277 mu (e 13,580 in water)
and 279 mu (¢ 13,460 in base).3!

Anal. Caled. for CnH;sNOy: C, 48.88; H, 6.71; N,
20.73. Found: C, 48.94; H, 6.94; N, 20.45.

1-(3-Amino-3-deoxy-S-p-ribofuranosyl)-4-butylamino-2-
pyrimidinone (XVIII).—A mixture of 1.83 g. (3 mmoles) of
the blocked nucleoside XVII and 40 cc. of absolute methanol
containing 7 cc. of butylamine was heated under reflux for
16 hours. The dark yellow solution was evaporated under
reduced pressure and the solid was dissolved in 50 cc. of
ether and 60 cc. of water. The layers were separated and
the aqueous phase was extracted three times with 15-cc.

(44) The material used for partition chromatography was Celite!!
545 which had been washed with 6 N hydrochloric acid and then with
distitled water until nentral and finally with methanol. The material
was drieil at 50°.

(15) Hohl-back volume is defineil as tlie voliune of svlvent neces-
sary 1o fill the packerl enlumn,



2582

portions of ether. The combined ether layers were cx-
tracted with 15 cc. of water and the combined aqueous
solutious were evaporated iz wvacuo. The residual gum
(0.96 g.) was dissolved in 5 cc. of the lower and 5 cc. of the
upper phase of the system butanol-ethyl acetate-water
(1:6:1), and 10 g. of Celite was added and mixed with the
liquid. The mixture was packed on top of a column pre-
pured from 2350 g. of Celite which had been mixed with 125
cc. of the lower phase of the solvent mixture. The column
(3.8 X 72.5 cm.) had a liold-back volume of 450 cc. It
was developed with the upper phase of the system and the
column effluent was allowed to run through a recording ultra-
violet spectrophotometer which had been set at 270 my.
Yellow material in the first hold-back volume was discarded.
A large amount of material with ultraviolet absorption at
270 mu was eluted in the second and through 230 cc. of the
third hold-back volume. Fractions containing this peak
were pooled and evaporated iz vacuo. The residue (0.518
g.) could not be made to crystallize, but it was purified fur-
ther by precipitation with ethyl acetate from an ethanol
solution. After two such precipitutions there was obtained
0.249 ing. (289;,). The amorphous material liquefied be-
tween 95-98° and had [«]®p +65° (¢ 1.07 in water); AJiL7
279 mu (e 15,220 in acid), 271 my (e 12,530 in water) and
273 mu (e 12,530 in base).®
Anal. Caled. for C3HaNOy: C, 52.33; H, 7.43; XN,
18.78. Found: C, 52.44; H, 7.63; N, 18.27.
3’-Amino-3’-deoxyuridine [1-(3-Amino-3-deoxy-8-p-ribo-
furanosyl)-uracil (XIX)].—Blocked nucleoside XVII (2.43
g., 4 minoles) was suspended in 40 cc. of methanol and there
was added 18 cc. of a 279, (by weight) methanolic hydrogen
chloride solution.* The mixture was kept at room tempera-
ture with exclusion of atmosplieric moisture for 24 hours and
was then filtered from a small amount of white precipitate.
The filtrate was evaporated i# vacuo and the residue was
evaporated four times with ethanol in order to remove traces
of hydrogen chloride. The gummy product was kept in a
vacuum desiccator over KOH pellets overnight. It was
then dissolved in 40 cc. of methanol containing 7 cc. of
butylamine and the solution was refluxed for 16 hours.
Evaporation 4n vacuo left a solid residue which was mixed
with 50 cc. of ether and 60 cc. of water. The lavers were
separated and the iwater layer was furtller washed with
three 15-cc. portions of ether. The combined ether wash-
ings were extracted with 15 cc. of water and the combined
aqueous solutions were evaporated under reduced pressure.
The residual glass (1 g.) was dissolved in 3 cc. of the upper
and 3 cc. of the lower phase of a butanol-water nixture and
the solution was mixed with 6 g. of Celite. This mixture
was packed on top of a column which had been prepared
from 250 g. of Celite and 125 cc. of tlie aqueous pliase of the
butanol-water system. The column (6 X 72 cni.; liold-
back volume, 483 cc.) was developed with the upper plhase
of thie solvent system and the column effluent was allowed
to pass through the recording ultraviolet spectrophotonteter
(set at 262 mu) as before. The contents of the first linld-
back volume were discarded. The second and first lialf of
tlie third hold-back volumes contained naterial with absorp-
tion at 262 mu. These fractions were pooled and evapo-
rated 1n vacuo to afford a residue whicl was crystallized and
recrystallized from methanol-ethanoi; 0.428 g. {44%;), m.p.
180-181°.47 For analysis the inaterial was recrystailized
twice more from the same solvent mixture; m.p. 183-184°,
le]®D +67° (¢ 1.0 in water); A2 260 mu (e 9,860 in acid),
261 my (¢ 10,090 in water) and 2621nu (¢ 7,780 in base).
Anal. Caled. for CHi3N;0;: C, 44.44; H, 5.39; N,
17.28. Found: C, 44.72; H, 5.59; N, 17.42.
1-(2,3-Di-O-benzoyl-5-deoxy-5-phthalimido-3-p-ribofu-
ranosyl)-thymine (XXI).—A mixture of 5.29 g. (10 minoles)
of 1-O-acetyl-2,3-di-O-benzoyl-5-devxy-d-plhithaliniido-p-
ribofuranose,® 180 cc. of ethereal hydrogen chloride (satu-
rated at 0°) aud 1 cc. of acety] chiloride was allbwed to stand
at —3° for 72 hours. The light vellow solution was evapo-
rated at roomt tewmperature in vacuyo and thie residual guin
was freed from hydrogen cliloride by a triple evaporation
with dry toluene in vacwo. The guunny clilvro sugar XX
was dissolved in 20 cc. of xylene and the solution was added

(46) (&, . Hilbert, TH1s JovrNal , §9, 330 (1937).
(171 The compountd enuld be isolated erystalline withiont partition
chirnnmatngraphy, but samples so nbtained did ueot give satisfartiory
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to an azeotropically dried suspeusion of 2.25 g. (5 nnuoles) of
dithyminylmercury® (11) in 200 cc. of xylene. The stirred
mixture was allowed to reflux for three hours and was then
filtered while hot. Some 0.7 g. of thymine was recovered
inn this manner. The filtrate was evaporated 4z vacuo and
the residue was dissolved in 120 cc. of chloroform. The
solution was washed with three 15-cc. portions of a 30%
aqueous potassium iodide solution and then with 20 cc. of
water. The chloroform layer was dried over niagnesium
sulfate and the filtered solution was evaporated under re-
duced pressure. The gum (5.51 g.) was dissolved in 20 cc.
of ethyl acetate and was filtered through Norit; a solid
crystallized out on standing. This was collected, washed
with 509, ethanol in ethyl acetate and dried <m wacuo;
0.562 g., m.p. 144-145°. The substance decolorized
bromine in chloroform and gave a strong positive Benedict
reaction. It had [«]}®D 0° (¢ 2.0 in chloroform). Spectral
data indicated the absence of the pyrimidine moiety in this
substance.?

Anal. Caled. for CoHisNO3%: C, 68.76; H, 4.33; N,
4.01. Found: C, 68.94; H, 4.01; N, 4.06.

The ethyl acetate filtrate from which this solid liad been
separated was evaporated under reduced pressure to afford
3.7 g. of fluffed glass. This was dissolved in 10 cc. nf ben-
zene and the solution was added to a column of 100 g. of
acid-washed alumina‘? which had been prepared with ben-
zene. Elution of the column (3.5 X 11 cin.) with 150 cec.
of benzene yielded a small amount of gum which was dis-
carded. Further elution with this solvent (200 cc.) af-
forded 0.2 g. of solid with m.p. 144-145° (crystallized from
methylene chloride—ether), The compound was shown to
be identical with the CyHysNOj product obtuined above.
Further washing of tlie column with 150 cc. of benzene,
300 cc. of benzene-ethyl acetate (9:1), 250 cc. (75:25),
200 cc. (1:1), 150 cc. of ethyl acetate-benzene (8:2) and
150 cc. of ethyl acetate vielded portions of yellow gum
which were not further investigated. Elution with 400 cc.
of ethyl acetate—ethanol (9:1) afforded 1.8 g. of an amnor-
phous solid. This was purified by solution in methylenc
chloride and addition of ether at the b.p. until gel formu-
tion started. Thus, there was obtained 1.25 g. (21%;) of a
white powder which melted at 120-124°. For unalysis, the
material was dissolved in a small amount of acetone, and
cyclohexane was added at the b.p. till cloudy. The amor-
phous solid, so obtained, was dried in vacuo at 76° for 3
hours; [a]®p ~32.6° (¢ 1.01 in ethanol); AN 264 1m1u (e
13,860 in acid), 265 mu (¢ 13,140 in methanol), 269 mu (e
9,550 in buse).!

Anal. Caled. for CypHpsN30y: C, 64.53; H, 4.23; XN,
7.06. TFound: C,64.44; H,4.44; N, 7.27.

1-(5-Amino-5-deoxy-3-p-ribofuranosyl)-thymine (XXII).—
A mixture of 0.595 g. (1 mmole) of tlie blocked thymiine de-
rivative XXI, 15 cc. of anhydrous methanol aud 1 cc. of
butylamine was licated under reflux for 16 hours. The dark
vellow solution was evaporated under reduced pressure and
tlie residue was worked up with ether and water as described
for the preparation of VII. From the combined aqueous
solutions tliere was obtained by evaporation 0.23 g. of glass
which was dissolved in a small amount of methanol and
filtered through Norit. The solution was diluted with
ethanol at the b.p. until cloudy. The amorplious precipi-
tate which formed on standing was collected and washed witlt
ethannl and ether. The dried amorphous solid weighed
0.187 g. which was approxiinately 69, pure by ultraviolet
analysis.*® Tlhis would indicate a 499, over-all yield. The
substance could not be obtained in crystalline form or in a
greater state of purity.

A hydrochlvbride was prepared with metlhiannlic hydrogen
chloride. Tlhe solution was e¢vaporated to a small voluuie
and an amorplius precipitate was obtained by the addition
uf etlier. The sulid was purified by precipitation with
cthyl acctate from etlianol solutinn. It was dried i vacuo;
la]®p —4.0 &£ 2° (¢ 0.5] in water); Ay’ 205 mp (¢ 1,100
in acid), 265 mu (e 9,100 in water) and 267 mpu (e 7,050 in
Dase).%

Anel. Caled. for CypHi N30, HCl: C, 40.88;
N, 14.30. Found: C, 40.56; H, 5.85; N, 13.61.

1-(2,3-Di-O-benzoyl-5-deoxy-5-phthalimido-8-n-ribofu-
ranosyl)-4-acetamido-2-pyrimidinone (XXIII).— A solution of

H, 3.50;

{18 Thi extinction at 26t mu was coniparerl 10 1hat of The enrre
spunding 1thymine ribosile. 1o
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the chloro sugar XX, prepared as described above (¢f. prepa-
ration of XXI) from 5.29 g. (10 mmoles) of 1-O-acetyl-2,3-
di-O-benzoyl-5-deoxy-3-phthalimido-p-ribofuranose, in 50
cc. of xylene was added to an azeotropically dried suspen-
sion of 1.75 g. (5 mmoles) of acetyleytosinemercury (III)1in
180 cc. of xylene. The stirred mixture was allowed to re-
flux for three hours and was then evaporated 7 vacuo. The
residual brown gum was dissolved in chloroform (200 cc.)
and the solution was washed with two 20-cc. portions of
309, aqueous potassium iodide solution and with 40 cc. of
water. The organic phase was dried and partially decolor-
ized over magnesium sulfate and Norit. The filtered solu-
tion was evaporated 7%z vacuo and the residual gum (6.05 g.)
was dissolved in 10 cc. of chloroform and 10 cc. of benzene.
The solution was chromnatographed on a column prepared
from 120 g. of silica gel in benzene—chloroform (1:1). The
column (3.5 X 29.5 cm.) was eluted with 400 cc. of this sol-
ventnixture and the 0.22 g. of gum obtained from the pooled
fractions was discarded. Elution was continued with 200
cc. of chloroform, 200 cc. of chloroform-acetone (98:2) and
150 cc. of chiloroform—acetone (97:3). Solid material was
isolated fromm the following fractions which were eluted
with 100 cc. of chloroform-acetone (97:3) and 100 cc. of
chloroform—acetone (95:5). By crystallization and one
recrystallization from ethanol-ethyl acetate there was ob-
tained 1.03 g. (299 based on 10 mmoles of sugar derivative
XX), m.p. 145-146°, undepressed by admixture of the Cy-
H;;NO; compound isolated in the preparation of XXI.
Continued elution of the column with the last mentioned
solvent mixture (1350 cc.), with 350 cc. of chloroform—
acetone (9:1) and with 100 cc. of chloroform—acetone (85:15)
afforded gummy material (1.06 g.) which was discarded.
Washing the column with 450 cc. of chloroform-acetone
(65:35) yielded a solid which was crystallized and recrys-
tallized from acetone to afford 1.69 g. (279, based on 10
mmoles of XX; 549, based on III), m.p. 147-150°. For
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analysis the substance was recrystallized twice more from
acetone; m.p. 146-148°, Material dried at 74° in vacuo
still contained acetone of crystallization. The compound
showed [a]®D +37.8° (¢ 0.98 in CHCls); M&SH 283 myu
(e 10,880 in acid), 298 mu (e 7,480 in methanol) and 272
mu (e 11,700 in base).?!

Anal. Caled. for 033H26N409'03H601 C, 6352, H, 4:'74:;
N, 8.23; C-CH,, 4.42. Foupd: C, 63.24; H, 4.83; N,
8.01; C-CH;, 3.91.

5’-Amino-5’-deoxycytidine [1-(5-Amino-5-deoxy-3-D-
ribofuranosyl)-cytosine (XXIV)].—A mixture of 1.86 g. (3
mmoles) of the 4-acetamidopyrimidinone derivative XXIII,
40 cc. of absolute methanol and 7 cc. of butylamine was
heated under reflux for 16 hours. The reaction mixture
was worked up as described in the preparation of VII and the
residue (0.74 g.) obtained by evaporation of the combined
water lavers was dissolved in 30 cc. of hot methanol and
filtered through Norit. The filtrate was evaporated to a
small volume and decanted from a small amount of yellow
gum, Ethanol was added at the b.p. until the solution
became cloudy. The solid which precipitated on standing
was collected, washed with ethanol and ether. The vacuum-
dried material (0.37 g.) was amorphous and melted around
145°; ultraviolet analvsis indicated a purity of 84G;%;
the 0.37 g. of product, therefore, represented a 749, vield.
The compound as such could not be purified further and was
characterized through the picrate prepared in methanol and
recrystallized from methanol-ethanol; m.p. 218-220° dec.,
[a]®D +21.5° (¢ 1.02 in methyl Cellosolve).

Anal. Caled. for C15H11N7011-H202 C, 3681, H, 391,
N, 20.04. Found: C, 36.51; H, 3.23; X\, 19.37.

PeEARL RIVER, NEW YORK

(49) The extinction of cytidine at 269 myu was used for comparison.
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sym-DIPHENYLPYROPHOSPHORODIAMIDIC ACID:

A NEW SUBSTRATE FOR THE COLORIMETRIC
ESTIMATION OF ENZYMES

Sir:

N-Phosphorylated nitrogen mustards which have
been shown to be non-toxic are potentially cytotoxic
agents with a high selectivity for cells with high
phosphamidase activity.'>—® The distribution of
phosphamidase enzymes in malignant tissues is,
therefore, a matter of interest in chemotherapy.
Studies have shown that some tumors do have high
phosphamidase  activity.*—® However, con-
firmation, extension and exploitation of these re-
sults have been hampered by the fact that the sub-
strates used are unstable below pH 5.0 where the
enzyme(s) 1s active.®~¢  On the basis of the struc-

(1) (a) O. M. Friedman and A. M. Seligman, THa1s Jour~NarL, TQ’
3082 (1948); (b) 76, 135 (1954); (c) 76, 638 (1951); (d) A. M. Selig”
man, M. M. Nachlas, L. H. Maunleimer, O. M. Friedman and G.
Wolf, dan. Surg., 180, 333 (1949); (e) A. M. Seligman, M. Milden
and O. M. Friedman, Cuascer, 2, 701 (1919); (f) A. M. Rutenburg,
L. Persky, O. M. Friedman and A. M, Seligman, J. Pharm. Exp.
Therap., 111, 483 (1951); (g) O. M. Friedman and E. Boger, THis
JourNAL, 78, 4659 (1956).

{2) (a) G. Gomori, Proc. Soc. Expil. Biol, Med., 89, 407 (1948);
(b) J. Meyer and J. P. Weinmann, J. Dent. Res., 32, 669 (1953);
(¢) J. Meyer aml J. P, Weinmanu, J. Histochew. aml! Cyiochem,, 1,
305-314 (195:3): (d) §, 32 (1957).

(3Y () J. D. Chanley aml IZ. Feageson, Abst. of Paper, 130th ACS
Neeting, Sept., 19515, 49-O; (b) H. Holter and Si Oh Li, Compt. Rend.

tural features apparently necessary for enzymatic
activity* and from theoretical considerations with
regard to stability, pyrophosphoroamidic acids,
although previously unreported, appeared attrac-
tive as substrates for enzymes of the phosphamidase
type. In addition, chromogenic pyrophosphoro-
amidic acids would be satisfactory prototypes for
toxagenic analogs potentially useful in the treat-
ment of cancer.

We report here the synthesis of sym-diphenyl-
pyrophosphorodiamidic ~ acid  (II). O-Benzyl-
phenylphosphoroamidic acid,® m.p. 118-119°, on
treatment with dicyclohexyl carbodiimide in di-
methylformamide gave sym-0,0-dibenzyldiphenyl-
pyrophosphorodiamidate (I) (m.p. 142-143°; Anal.
Caled. for CzengNszOsI C, 614-1, H, 516, N,
5,52, Found: C, '61.44: H, 5.533; N, 5.49).
Debenzylation of I with hydrogen over palladium
afforded the dibasic pyrophosphoroamidic acid 1I
which was isolated both as the dicyclohexylam-
monium salt (m.p. 223-224°, :lnal. Caled. for
C24H40N4O5P2; C, 0475, H) 762, N, 10.04.

Trav. Lab. Carlsberg, Ser. Chim., 27, 393 (1951); (c) K. M. Moller,
Biochem. et Biophys. Acta, 16, 162 (1953).

(4) Active substrates have in common structures with at least one
ionizable phosphoric acid group, ref. 2a.

(5) V. M Clark and A. R. Todd, J. Chem. Soc., 2034 (1930);
(1957).
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